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1.0 INTRODUCTION 

The preferred remedial alternative for Operable Unit 2 includes an on-site disposal of remediation 

material.. The design of a disposal facility is required as part of Operable Unit 2 remedial action 

plans. Also, the design will include accepting waste materials generated from other on-site 

remediation. Initial screening for an acceptable location for the disposal facility was performed using 

available environmental sampling data. This data was evaluated by using an uncertainty kriging 

model to determine if enough data was available to ensure accurate geological predictions. The model 

results indicated that an unacceptable uncertainty existed in predicting lithologies for locating a 

disposal facility. Therefore, a predesign investigation was performed to define the most suitable 

location of the disposal facility within an identified best area at the Fernald Environmental 

Management Project (FEMP) based on Operable Units 2 and 5 Remedial InvestigatiodFeasibility 

Study (RI/FS) investigations. The identified best area is located on the east side of the FEMP and 

measures approximately 2000 feet east to west by 5300 feet north to south (see Figure 1-1). This 

area is considered the best location for an on-site disposal facility primarily based on the greatest 

thickness of gray clay which provides a protective layer over the Great Miami Aquifer. Fate and 

transport modeling and risk assessments in the Operable Unit 2 Feasibility Study (FS) report have 

shown that a disposal facility in this area, based on a feasible facility design and a 12-foot gray clay 

layer, will be protective of human health and the environment. The boundary of the identified best 

area, identified on Figure 1-1, is bounded on the north, east, and south by the Ohio Environmental 

Protection Agency (OEPA) siting requirements (buffer from ,property line and water supply wells). 

The west boundary follows the 12 feet of gray clay contour line with the exception of the northern 

portion of the west boundary line (above the Production Area), which was made based on 

identification of sand lenses within the gray clay. 
~ - _ -  - - ~- _ _  - -- - _  - - _. 

Based on information obtained from the predesign investigation, estimates of waste volumes for on- 

site disposal, and preliminary disposal facility design; the proposed location for the on-site disposal 

facility has been identified (see Figure 1-2). 

The objective of this geotechnical sampling and testing plan is to obtain engineering and geotechnical 

data necessary for the engineering design of the site-wide disposal facility. The data obtained through 

this investigation will support engineering analyses for the disposal facility design including 

F\WPSl\GEOSAMPL\SEC.1-2 April 26. 1995 8:41am 1-1 
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settlement, earthquake stability, structural support, liquefaction potential, slope stability and other 

design requirements. Data will also be obtained to determine if engineering controls will be required 

, to minimize potential flow pathways from granular materials. This investigation will provide further 

refinement to the evaluation of the location and extent of identified interbedded and interconnected 

granular materials and perched groundwater identified in the pre-design field investigation phases I 

and 11. The final geotechnical investigation will be performed within and adjacent to the general 

area proposed for the disposal facility with emphasis being placed on the areas proposed for the 

construction of the disposal facility dikesherms. The data qualitjr objectives are identified in 

Appendix A. 

The proposed location and depth for geotechnical borings and Cone Penetrometer Testing (CPT) have 

been based on an examination of existing geotechnical information within and near the proposed area, 

and estimated till thickness. The proposed sampling locations are being evaluated and refined as data 

from the Pre-Design Field Investigation is received and reviewed. The Scope of Work included in 

this Geotechnical Sample and Testing Plan (GSTP) is based on the current understanding of site 

conditions and anticipated findings of the Phase I1 Pre-design Investigation. Revisions to the Phase I11 

fieldwork may be necessary to ensure that the objectives are satisfied as the geotechnical 

investigations proceed. Investigative findings which could materially affect the conclusions of the 

Phase I1 Pre-design Investigation will be discussed with the agencies prior to modification or 

expansion of Phase 111 fieldwork. 

F\WPSI\GEOSAMPLWC.1-2 April 26, 19% 841m 

000~”$63 
1-4 



6869 
Geortchnical Sampling and Testing Plan 

for Phase 111 of the Site-Wide 
Disposal Facility Field Investigation 

FEMP-OU2, Revision 2 
April 1995 

2.0 SUMMARY OF PREVIOUS INVESTIGATIONS 

Existing FEMP reports were reviewed to obtain information that would be useful in locating the 

disposal facility and/or in planning this final geotechnical investigation. The reports reviewed are 

listed in Table 2-1. 

TABLE 2-1 

SUMMARY OF REPORTS REMEWED DURING GSTF' PREPARATION 

The "Conceptual Design Report for the Engineered Waste Management Facility" performed 

geotechnical testing of soils mainly from the northern and eastern side of the site. 

? 

The "Central Storage Facility Subsurface Exploration" Report evaluated the subsurface conditions at a 

proposed Central Storage Facility (approximately 1 acre in area) located to the north of the production 

area. 

The report "On-Site Waste Disposal Cell Pre-Design Activities Engineering Report" and 

'I.. .Supplemental Report" (Parsons, 1994) focused on geological testing from the southeastern comer 

of the site. 
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The OU4 Feasility Study Geotechnical Analysis (see FERMCO letter M:CRUS(OR):94-0071 

"Transmittal of Geotechnical Data to the Administrative Record," dated January 28, 1994) contains 

soil sample information taken from a preliminary location for an on-property disposal facility north of 

the Production Area. 

"The Draft Remedial Investigation Report for Operable Unit 5 at the FEMP" (DOE, 1994) contained 

interpretations of stratigraphy and boring/well log data that was used in preparation of the GSTP. 

The study "Phases I and 11 of the Operable Unit 2 Pre-Design Field Investigation" performed 

geological and geotechnical testing of soils within the identified best area shown in Figure 1-1. 

Phase I comprised of CPT. Phase I1 comprised of soil borings and geotechnical testing. 

A summary of the types and number of existing geotechnical tests related to the proposed location for 

the On-Site Disposal Facility for the purpose of locating additional borings are listed in Table 2-2. 

Table 2-3 summarizies the types and numbers of total geotechnical tests planned to be performed after 

the completion of the Phase I11 Geotechnical Investigation. - 

The existing data obtained from the reports identified in Table 2-1, as well as miscellaneous 

monitoring activities undertaken during remedial investigations, have provided more than 150 

borings/wells within the boundaries of the identified best area shown in Figure 1-1. Diagrams 

indicating thickness of the gray till (see Figure 2-1) and thickness of the total till (see Figure 2-2) 

have been developed from information obtained from these borings, wells, and cone penetrometer 

testings. Figure 2-3 shows the approximate depths required to penetrate soils contaminated with 

uranium at levels above the Operable Unit 5 Proposed Final Remediation Level for leachable uranium 

from on-site soils (20 mgkg) as reported in the November 1994 Draft Proposed Plan for Operable 

Unit 5 .  Special precautions will be required in areas containing soils (at depth) with uranium levels 

in excess of 20 mgkg to assure protection of the groundwater (See Appendix H for the Methodology 

for Using a Hollow-Stem Auger as a Temporary Casing in Zones of Subsurface Uranium 

Contamination). 

2-2 



PRE-DESI52 
(PHASE II) 

CENTRAL 
STORAGE 
FACILITY 

SUBSURFACE 
EXPLORATION 

- 12 

Atterberg Limits 

Consolidation 
(Undisturbed) 

Consolidation 
(Remolded) 

UU Triaxial 
Vndisturbed) 

92 37 

IO 3 

-- - 

- - 

14 --- 

6 8 6 9  
Geotechnical Sampling and Testing Plan 

for Phase UI of rhe Site-Wide 
Disposal Facility Field Investigation 

FEMP-OW. Revision 2 
April 1995 

TABLE 2-2 
SUMMARY OF REVIEWED GEOTECHNICAL TESTING 

TEST EMF* OU2 DISPOSAL 
FACILITY 

GEOTECHNIC AL 
REPORT 

INCLUDING 
SUPPLEMENT 

REPORT 

OU4 
FEASIBILITY 

STUDY 
GEOTECHNIC AL 

ANALYSIS 

5 

Moisture Content I 99 I 32 89 I 21 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 
23 

24 

2s 
26 
n 

28 

29 

30 

3' , 

32 

Unit Weight ; :I 
Grain Size/ 
Hydrometer 116 I 7 

Specific Gravity I 99 I 39 -- 89 I 
-- 
I- 

- 

CU Triaxial 
(Undisturbed) 

CU Triaxial 
pemolded) 

Hydraulic 
Eonductivity 
vndisturbed) 

10 4 14 -- 27 

Xydraulic 
Eonductivity 
Remolded) 

~ 

8 

* 

** As specified on the Request for Analysis forms sent to the geotechnical laboratory 

As presented in the H. C. Nutting Report 
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.Moisture Content 
(Microwave) 

Unit Weight 

TABLE 2-3 
SUMMARY OF TOTAL GEOTECHNICAL TESTING 

- 18 18 

29 48 77 

ti I I I 

Specific Gravity 

Anerberg Limits 

Consolidation (Undisturbed) 

Consolidation (Remolded) 

W Triaxial (Undisturbed) 

UU Triaxial (Remolded) 

CU Triaxial (Undisturbed) 

CU Triaxial (Remolded) 

227 14 24 1 

252 63 315 

22 16 38 

3 16 19 

3 17 20 

- 8 8 

29 13 42 

6 7 13 

Hydraulic Conductivity 
(Undisturbed) 

Grain Size/ ll Hydrometer 

55 8 63 

292 I 

Standard Proctor 34 16 50 

1 Modified Proctor 1 

Organic Matter - 42 42 

Soundness -- 5 5 

Bulk Specific Gravity - 5 5 

- 

- 

8 8 

8 8 

Sulfate I 

Chloride - 

391 I 99 

22 I Hydraulic Conductivity II (Remolded) 
14 I 36 

11 R-value 3 1 3  
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3.0 ORGANIZATION AND RESPONSIBILITIES 

3.1 ORGANIZATION 

This section describes the organizational and management structure to be used in implementing the 

Operable Unit 2 Predesign Work Plan at the F E W .  An Environmental Restoration Management 

Contract (ERMC) has been implemented at the FEMP site to manage the restoration activities, with 

Fernald Environmental Restoration Management Corporation (FERMCO). FERMCO reports directly 

to the Department of Energy-Fernald Area Office and acts as the main contractor for FEMP activities 

and coordinator of technical support and remediation subcontractors. Under the current FERMCO 

organizational structure, Operable Unit 2 activities will be the responsibility of Comprehensive ' 

Environmental Response, Compensation, and Liability Act/Resource Conservation and Recovery Act 

(CERCLA/RCRA) Unit 2 (CRU2), with such activities being conducted by individuals of various 

disciplines matrixed to CRU2 from other FERMCO departments (see Figure 3-1). 

3 .2  RESPONSIBILITIES 

The major tasks that constitute the Operable Unit 2 Predesign Investigation organizational 

responsibilities to carry out those tasks are identified here. Primary responsibilities for implementing 

the Operable Unit 2 Predesign Work Plan will rest with Operable Unit 2 of the FERMCO 

organization, with additional necessary support provided through matrixing from other FERMCO 

departments and through subcontracts as appropriate to ensure quality and timeliness. Task-specific 

responsibilities will be implemented as follows: 

1. Complete overalLplanning, integration, execution, and support of the Operable Unit 2 pre- 
design program. Implementation of these activities is the responsibility of the 
Environmental/Engineering Section matrixed to CRU2. 

- - 2. Prepare and obtain approval of Operable-Unit 2 sampling and analytical procedures. 
Development of any new procedures will be the responsibility of the Planning Group within 
the EnvironmentaVEngineering Section of CRU2. New procedures will be submitted to 
EPA for approval, as exceptions or addenda to the SCQ. 

3. Prepare a Geotechnical Sampling and Testing Plan (GSTP) per CERCLA guidance for 
conducting field investigations, sampling, and analytical tasks. Each GSTP will be 
provided to the U.S. Environmental Protection Agency (EPA) and the Ohio Environmental 
Protection Agency (OEPA) for their review and approval before sampling activities are 
initiated. 
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4. Conduct the field program in accordance with the SCQ, established procedures, and the 
GSTP, including all aspects of monitoring, sampling, and shipment of samples. 
FERMCO’s Site Restoration Services (SRS) will provide the necessary matrixed support to 
CRU2 to ensure completion of these tasks. Parsons will provide technical oversight and 
perform the geotechnical testing for geotechnical sample selection, analysis, and 
interpretation. 

5. Review and validation of chemical data collected during field sampling/field 
characterization program will be conducted by the Data Quality Management Department of 
the Environmental Division. These tasks will be performed in accordance with the 
approved SCQ data validation procedures. Validated data will be entered into the FEMP 
SED. 

6 .  Assess and evaluate the field data to the requirements of DQOs and the Work Plan. 
Various facets of this task will be the responsibility of the EnvironmentaUEngineering 
Section of CRU2, including the Predesign Investigation Group, and the Data Management 
Group. 

3.3 SAMPLE TEAM ORGANIZATION 

3.3.1 Organizational Structure 

Sampling for this project will be performed by both Parsons and the SRS Department of FERMCO. 

A schematic presentation of the organization in provided in Figure 3-1. Due to the nature, objectives, 

and programmatic requirements of this project, actual sampling locations and analysis parameter 

selection have been designated by FERMCO/Parson personnel of Operable Unit 2. 

Pinon’s geotechnical personnel will be responsible for selecting geotechnical samples and producing 

the subsequent field boring logs. FERMCO personnel will be responsible for assisting in soil sample 

collection, and shipping of samples to the analytical lab. 

Additional sampling custodian staff may be utilized to provide an interface between the sampling 

crews and the FEMP or contract laboratory to be used for sample analysis. 
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3.3.2 Responsibilities of Team Members 1 

Overall project management will be provided by Steve Garland, P.E. who is matrixed into CRU2. 

Reporting to him are the following functional groups: 

2 

3 

Remlatow Programs - responsible for assuring that the regulatory basis for the design is 
met by the proposed data collection 

Procurement/Contractinp: - Responsible for obtaining the required subcontract services 

Proiect Controls - Responsible for tracking costs and scheduling data 

Final Geotechnical Investigation Task Manager - Responsible for implementing program 
objectives and reviewing data 

Engineering - Responsible for geotechnical testing and geotechnical data interpretation. 

Oualitv Assurance - Independent of investigation activities and responsible for assuring field 
activities follow the identified procedures. Provide QA oversight of subcontractor 
activities. 

Safetv and Health - Responsible for assuring the safe conduct of investigation field activities 
and for the overall health of site workers. 

Field sampling personnel from SRS are responsible for the collection and transportation of the 

samples and for the performance of slug tests and groundwater monitoring in accordance with the 

approved GSTP. All activities associated with the execution of sampling are to be documented on the 

appropriate Field Activity Logs (FALs) which are to be completed, by the A-E's geologist, for each 

location. These technicians are also responsible for ensuring that the proper sampling equipment is 

available and in serviceable condition. Also, proper decontamination of equipment between each 

sampling point is the responsibility of these staff. Additional sampling custodian staff who interface 

with the FEMP or contract laboratory are responsible for ensuring that proper sampling containers, 

are available and in serviceable condition. Drillers are responsible for their equipment. 
~ - ~ ~ _. - - - - 

~ 

Also, sample labeling, handling, storage, and a Site-Wide Analysis Request/Custody Record 

(SWARKR) Form to be completed prior to submittal to the appropriate FEMP or contractor 

laboratory for analysis, are the responsibility of the sampling custodian. Finally, sampling custodians 

are responsible for logging in all collected samples, delivering the samples to the FEMP laboratory or 

sending the samples, with accompanying paperwork, to the contract laboratory. These personnel are 
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a part of the SRS Department. 

3.3.3 Responsibility Matrix 

The following is a responsibility breakdown of the geotechnical field investigation tasks. 

1. Procurement 
a. Drilling 
b. CPTs 
c. Location Surveying 
d. Laboratory Testing 

FERMCO 
FERMCO 
FERMCO 
A-E Contracted Laboratory 

2. Access 

a. Access Coordination FERMCO 
b. Vehicle/Equipment Inspection FERMCO 
c. Site Access Training FERMCO 
d. Health & Safety Training FERMCO 

3. Permits & Approvals 

a. Site Penetration Permits 
b. Other Site Permits/Approvals 

4. QA/QC Activities 

a. Overall QA/QC Management 
b. Field Activities QNQC 
c .  Laboratory QA/QC 

FERMCO 
FERMCO 

A-E+FERMCO 
A-E 
A-E 

5. Field Investigation Program 

a. Technical & Commercial Direction of 
Field Program FERMCO 

c. Document Sampling Methods are in accordance with 

d. Coordinating Movement of Equipment 
On-Site FERMCO 

e. Coordinating Movement & Release of 
Samples FERMCO 

f. Preparing Field Notes and Other 
Documents FERMCO 

h. Health & Safety Management/Oversight FERMCO 

j . Slug TestdGroundwater Measurements FERMCO 

b. Specify Sample Depth, Type, Quantity A-E 

ASTM Standards A-E + FERMCO 

g. Preparing Boring Logs A-E 

i. Field Health & Safety A-E+FERMCO 
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1 

3.3.4 Sampling Schedule 2 

Sampling will be accomplished according to the schedule contained in the approved work plan and 

Appendix G of this GSTP. In general, sampling will be performed concurrent with other 

investigative activities such as soil boring. 
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4.0 HEALTH AND SAFETY 

The most successful methodology for providing an effective health and safety program for any activity 

is to ensure that involved personnel have received adequate training prior to implementation of the 

fieldwork. Employee awareness of all physical, radiological, and chemical hazards which may be 

encountered will be accomplished by training throughout the planning and execution of this project. 

All FEMP employee and subcontractor personnel who will be performing fieldwork during this 

project will be required to have participated in all Occupational Safety and Health Administration 

(OSHA)-mandated 1910.120 Hazardous Waste Site Worker training. In addition, all applicable 

annual refresher training will have been taken by the individuals. 

DOE Order 5700.6C (Quality Assurance) require a series of site-specific training courses for workers 

at the FEMP. These courses are designed to augment OSHA required training and provide additional 

training specific to the hazards which exist at the FEMP. 

Field personnel participating in the performance of this project will be trained to the SCQ 

requirements, the FEMP and Project Specific Health and Safety Plan, and the GSTP. 

In summary, employee awareness and clearly delineated lines of authority and responsibility have 

been designed to provide for effective health and safety related knowledge specific to each activity. 

4.1 

All aspects of this GSTP will be performed in accordance with all existing applicable U.S. DOE, 

U.S. EPA, OSHA, and State of Ohio Health and Safety Regulations. Additionally, all practices will 

be managed in accordance with commonly accepted practices used in the hazardous waste industry. 

GEOTECHNICAL SAMPLING AND TESTING PLAN 

Prior to the implementation of fieldwork which involves cone penetrometer work, drilling, trenching, 

or soil boring, a Penetration Permit will be obtained. Before a Penetration Pennit is obtained, the 

area of concern is investigated and compared against the site database for underground utilities in the 

area. No drilling, trenching or soil borings will be performed without a valid Penetration Permit 

being obhined prior to actual performance of the fieldwork. 
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Field activities require a health and safety plan. A health and safety plan has been prepared in 

accordance with the FEMP Site Health and Safety Plan. For each project task and subtask, health 

and safety technician coverage is provided by the assignment of a technician to monitor the activities 

of the field crew. Health and safety plans provide for the hazards typically encountered by personnel 

when performing the specified fieldwork. 

Proper equipment to be used for health and safety monitoring and personnel protection will be 

specified in the Project Specific Health and Safety Plan (Attachment B -- Personnel Environmental 

Monitoring Action Levels). Criteria for the selection of monitoring equipment and protective clothing 

will also be detailed in the Project Specific Health and Safety Plan (Attachment A -- Project-Specific 

Health and Safety Requirements Matrix). 

Each member of the field crews is required to participate in a h.ealth and safety training session which 

is specific to each field project, prior to performance of that fieldwork. 

4.2 RADIOLOGICAL MONITORING AND CONTROL 

Radiological monitoring for this work plan will be achieved using existing institutional controls 

commonly utilized at the FEMP. For those areas of the FEMP which are under existing institutional 

radiological controls, any employee who will be entering such areas is required to possess and wear a 

Thermoluminescent Dosimeter (TLD) to monitor for exposure to radiation. In addition, each 

employee is required to participate in a regularly scheduled urinalysis program which is designed to 

monitor for radiological exposure. In addition, each employee performing work in the former 

production area or in any radiologically controlled area must attend and pass appropriate on-site 

radiological training. 

Monitoring results, which exceed FEMPdetermined exposure guidelines, will be further evaluated as 

to the possible source(s). Measures necessary to reduce personnel exposure to radiation will be 

implemented. Such measures may include, but are not limited to, personnel training, 

decontamination, employee exposure monitoring, increased personnel monitoring, personnel 

protective equipment, and sampling of suspect materials encountered. 
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If the responsible radiological technician assigned to the field activities identifies a real or potential 

condition which could or will result in an unsafe condition, then that person has the responsibility to 

cease field operations until such time as the unsafe condition has been corrected. 

4.3 NON-RADIOLOGICAL MONITORING AND CONTROL 

Monitoring of potential health and safety problems associated with non-radiological hazards are 

evaluated by a health and safety technician. Also, all field crews are responsible for hazard 

awareness and recognition. Task-specific training is designed to enhance the performance of all 

fieldwork using good and safe work practices. 

Evaluating the potential for personnel exposure to organic Contaminants will be achieved mainly 

through the use of a Photoionization Detector. Other equipment which could potentially be used 

includes oxygen meters, and combustible gas indicators. Appropriate PPE levels will be determined 

and governed by the radiological, and health and safety technicians prior to the execution of field 

activities. 

If the responsible industrial hygiene technician assigned to the field activities identifies a real or 

potential condition which could or will result in an unsafe condition, then that person has the 

responsibility to cease field operations until such time as the unsafe condition has been corrected. 
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5.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The primary objectives of the QNQC sections of this plan relate to the collection of 

engineering/geotechnical information needed to support the design of an on-site disposal facility with 

an approximately 2.5 million cubic yard capacity. Specific objectives of this field sampling effort will 

be designed, organized, and implemented in a manner which will optimize the collection of 

information which meets predetermined DQOs. To ensure that information is gathered in such a 

manner that DQOs are met, QC measures will be used to determine conformance with overall 

program objectives. 

The fundamental mechanisms used to achieve these project quality goals can be categorized as 

prevention, assessment, and correction. These components are further described as follows: 

1 .  Prevention of defects in the data quality through planning and design, documented 
instructions and procedures, and careful selection and training of skilled, qualified 
personnel. 

2. Quality assessment through a program of regular audits and surveillances to supplement 
continual informal review. 

3. Permanent correction of conditions adverse to quality objectives through a close-looped 
corrective action system. 

5.1 ACCURACY, PRECISION AND SENSITIVITY 

For the purposes of this GSTP, accuracy, precision, and sensitivity are defined in the following 

manner : 

Accuracv and Precision 

Accuracy is defined as degree of conformity to the true value, and is achieved by using recognized 

calibration standards. Precision is defined as degree to which measurements of replicates agree to one 

another, being free from bias or drift in the measurement data. 

~~ ~ ~~. - ~ ~~~ ~~ ~~~ 

Accurate and precise data will be achieved through the use of sampling and analysis procedures that 

minimize biases, through the use ofstandard procedures, through the meticulous calibration of field 

and testing equipment, and by implementing corrective action whenever measured accuracy and 
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precision exceed pre-established limits. 

Sensitivity 

Sensitivity is defined as the capability of indicating minute differences. The sensitivity of field 

measurements (eg., penetrometer measurements) will be estimated. 

Refer to Section 4.2 of the SCQ for additional detail. 

5.2 COMPLETENESS. AND COMPARABILITY 

For the purposes of this GSTP, Completeness, and Comparability are defined in the following 

manner : 

Comdeteness 

A sufficient number of successful measurements, at least 90 percent, must be obtained to characterize 

the extent and nature of soil, subsoil, perched water and groundwater within the proposed waste 

disposal facility site. 

Comuarabilitv 

Comparability is the extent to which comparisons among separate measurements will yield valid 

conclusions. Comparability among measurements in the final geotechnical investigation will be 

achieved through the use of rigorous standard field installation, sampling, document control, data 

reporting, and analytical procedures. Refer to Section 4.3 of the SCQ for additional detail. 

5.3 TRAINING 

All FEMP employees and subcontractors assigned to this project will be required to participate in a 

series of regularly scheduled training sessions which are designed to enhance employee awareness of 

each one's responsibilities and duties in the project. Field staff will receive comprehensive project 

and task specific training. Project daily "Tailgate Safety Meetings" will augment health and safety 

and project objectives training prior to the project start. Refer to Section 4.4 of the SCQ for 

additional details. 
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5.4 PERFORMANCE AND SYSTEM AUDITS 

To verify compliance with the SCQ and project-specific requirements, the FEMP project manager and 

designated FEMP QA organization shall be responsible for scheduling and conducting QA audits and 

surveillance. Audit results of activities covered by the SCQ are available to the EPA upon request to 

DOE/FN. EPA may conduct external audits of FEMP activities covered by the 1991 Amended 

Consent Agreement as required. 

As a minimum, audits shall consist of evaluation of the QA program and procedures, effectiveness of 

the implementation, and review of associated project documentation. Audits shall cover applicable 

laboratory activities, field operations and documentation, and final reports. Auditing shall be 

performed in accordance with DOE guidelines, the SCQ and applicable GSTPs. 

Planned QA oversight of Parsons and Geotechnical subcontractor analysis will be conducted by 

FEMP QA. 

As a minimum, surveillance shall consist of monitoring/observing ongoing project activity and work 

areas to verify item and activity conformance 'to specified requirements. Surveillance shall be 

scheduled, planned, and documented. Refer to Section 12 of the SCQ for additional details. 

5.5 

Field changes to the GSTP are at the discretion of the architect-engineering subcontractor's 

representative, field geologist, sampling technician, and/or the Task Manager. Prior to 

implementation of the field changes, the Task Manager shall be informed of the proposed changes and 

the circumstances requiring the changes. Any changes to the activities specified in the GSTP or the 

DQO must have the approval of the Task Manager and Quality Assurance prior to implementation. 

Changes to the program shall be documented on the applicable Variance Request Form within 24- 

hours of verbal approval. Field changes to the sampling activities defined in this GSTP may change 

the location of sampling or add additional sampling locations. Scope changes to the GSTP or DQO 

will require respective document revisions. Specific DQOs for this GSTP were developed and are 

presented in Appendix A. 

FIELD CHANGES TO THE GSTP 
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6.0 FIELD ACTIVITY GUIDELINES 1 

6.1 FIELD ACTIVITY REOUIREMENTS 

This section presents a generalized description of the field activities proposed to complete the Final 

Geotechnical Investigation. Field activities will consist of geotechnical surveying using a cone 

penetrometer and sampling of subsurface soils using an auger rig, installation of groundwater wells 

using, measurements of water levels, and slug tests. 

Procedures to be used during the performance of the field operations are derived from several FEMP 

program plans, procedures, ASTM guidance, and EPA sources. FEMP program plans, specifically 

the SCQ and FEMP SC/DM Department Standard Operating Procedures will be used as guidance 

documents. U. S . EPA procedure reference sources include the "Compendium of Superfund Field 

Operations Methods" and "Hazardous Waste Site Disposal Operations. " Guidance for field activities 

is presented in Section 6.2 below. 
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For those field activities for which adequate procedures do not exist, activity-specific procedures are 

presented. These procedures will be in accordance with commonly accepted investigative techniques 

16 

17 

and recognized industry practices. 18 

Because there is a possibility that the FEMP and surrounding area may contain archaeological sites, 

which are protected under Federal law, procedures have been developed to properly protect these 
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21 

sites. If any material is encountered during this investigation which may be a cultural or 

archaeological resource, work will stop immediately and the appropriate people notified. Appendix B 

22 

23 

outlines this procedure in greater detail. 24 
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6.2 FIELD OPERATIONS PROCEDURES 

Tables 6- 1 through 64 provide references for administrative, field, and sample handling/laboratory 

procedures for various activities in the Final Geotechnical Investigation for the On-site Disposal 

Facility. These activities are: 

Geological survey using a cone penetrometer 
Soil sampling for geotechnical soil properties 
Soil sampling for selected radiological analysis 
Well installation 
Water level measurements 
Slug Tests 

F:\WPSI\GEOSAMPL\SEC.6, April 26. 1995 8:34am 

(308C32 
6-2 



6869 
Geotechnical Sampling and Testing Plan 

for Phase I11 of the Sitewide 
Disposal Facility Field Investigation 

FEMP-OU2. Revision 2 
April 1995 

. . ~ .  

TABLE 6-1 

REFERENCE GUIDELINES 

Administrative Procedures Reference Documents 5 

QAIQC SCQ Sections 4, 5, 10, and 11; Appendix NTable 2-2; Appendix D; Appendix J 

Chain of Custody SCQ Volume I, Section 7.1; 
RI/FS Fernald Project Policy and Procedures Manual, FPP-401, Section 5.1.12 

Corrective Action SCQ Volume I, Section 15.2; 
RI/FS Fernald Project Policy and Procedures Manual, FPP-210 

SCQ Appendix J, Subsection J.4.1 

SCQ Volume I, Section 15.4.1; 
RI/FS Femald Project Policy and Procedures Manual, FPP-203 

SCQ Volume I, Section 4.4.3.2; 
RI/FS Fernald Project Policy and Procedures Manual, FPP-200 

Daily Logs 

Variances 

Document Change Request 

6 

7 

8 

9 

IO 

11 

Field Procedures Reference Documents 12 
~~ ~~ 

General Drilling Practices 

Monitoring WellPiezometer 
Design, Installation, and 
Abandonment 

Abandonment 

' Well Development 

Field Screening of Samples 
for Radioactive 
Contamination 

Decontamination 

SCQ Section 5.2.1; Appendix J, Subsection 5.4.2 

SCQ, Section 5.2.2; Appendix J, Subsection J.4.3; 
PCN-EM-GW-004-1-01 and -02 - Standard Operating Procedure for Well 
Plugging and Abandonment 

ASTM D5299-42 "Standard Guide for Decommissioning of Groundwater Wells, 
Vadose Zone Monitoring Devices, Boreholes and Other Devices for 
Environmental Activities" 

OAC 3745-9-10 "Abandonment of Test Holes and Wells" 

ASTM C 150-92 "Standard Specification for Portland Cement" 

SCQ Appendix J, Subsection J.4.4 

SCQ Appendix K, Subsection K.5.3.2; 
W S  Fernald Project Policy and Procedures Manual, FPP-600 

SCQ Appendix K, Subsection K. 1 1 

Sample Handling/ 
Laboratorv Procedures Reference Documents 

Classification, 
Transportation, and 
Shipment of FEMP RVFS 
Samples 

RI/FS Fernald Project Policy and Procedures Manual, FPP-601; 
SCQ Appendix K, Subsection K.lO; Volume I, Subsection 6.7; 
Compendium of Superfund Field Operations Methods, Section 6.0 
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TABLE 6-2 

GEOTECHNICAL SURVEYING PROCEDURES 

Administrative Procedures Reference Documents 

See Table 6-1 See Table 6-1 

Field Procedures Reference Documents 

Penetrometer Techniques Section 7.2.3 of this GSTP; 
ASTM D 3441-86 "Standard Method for Deep, Quasi-Static, 
Cone and Friction-cone Penetrometer" 

F:\WPSl\GEOSAMPL\SEC.6, April 26. 1955 8:34am 
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TABLE 6-3 

SOIL SAMPLING PROCEDURES 

Administrative Procedures Reference Documents 5 

See Table 6-1 See Table 6-1 

~~~ ~ ~~ 

Field Procedures Reference Documents 

General Drilling Practices 

Subsurface Sampling 

See Table 6-1 

SCQ Appendix K, Section K.5.3 

Surface Sampling 

Field Screening of Samples for Radioactive 
Contamination 

Decontamination See Table 6-1 

SCQ Appendix K, Section K.5.1 

SCQ Appendix K, Section K. 11; 
RVFS Fernald Project Policy and Procedures Manual, FPP-600 

Sample Handlingnaboratory 
Procedures Reference Documents 

Classification, Transportation, and Shipment of 
FEMP RI/FS Samples 

Material Testing 

See Table 6-1 

EPA Method 9038 Sulfate (Turbidimetric) 

EPA Method 9252A Chloride (Titrimetric, Mercuric Nitrate) 

American Society of Agronomy Method - Procedure 10-2.3.2: 
Extracts at SoillWater Ratios 1:l to 1 5  from ”Method of Soil 
Analysis, 2nd Edition 1982” - Part 2: Chemical and 
Microbiological Properties [#9 (Part 2) in the Agronomy 
series]. 

Geotechnical Analyses 

F:\WPSl\GEOSAMPL\SEC.6, April 26, 1995 1013am 

[See Appendix K for Material Testing Methods] 

ASTM reference methods as shown on Table 7-5 

Dry Weight, Army Corp, Engineers EM100-2-1906. 

6 

7 

8 

9 

10 

I I  

12 
13 

14 

15 

16 . 
17 

18 

19 

20 
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TABLE 6 4  

GROUNDWATER SAMPLING PROCEDURES AND REFERENCE DOCUMENTS 

Administrative Procedures Reference Documents 

See Table 6-1 See Table 6-1 

Field Procedures Reference Documents 

‘General Groundwater Purging and 
Sampling Techniques 

SCQ Volume I, Subsection 6.2; Appendix K, Subsection K4.2; 
SC-GWM-FO-201 Groundwater Sampling Activities 

Water Level Measurements SCQ Volume I, Section 6.2.2.1; Appendix K, Subsection K.4.2.1; 
EP-GWM-FO-201 Groundwater Elevation Measurements 

Field Analytical Methods SCQ Volume I, Subsection 6.2; Appendix K, Subsection K.4.1 

Slug Tests 

Decontamination 

SCQ Appendix J.4.6.2, Borehole Hydraulic Testing for Aquifer 
Characteristics 

ASTM reference methods as shown on Table 7-5 

SCQ Appendix K, Subsection K. 11 
SC-GWM-FO-201 Groundwater Sampling Activities 

Sample Handlingbboratory 
Procedures Reference Documents 

Classification, Transportation, and 
Shipment of FEMP RVFS Samples 

See Table 6-1 

F:\WPSl\GEOSAMPL\SEC.6, April 26, 1995 8:34am 
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- _ _  __ - - .  - ._. ._ - - ..- ._ - 

7.0 FIELD SAMPLING PLAN 

7.1 GENERAL 

The information generated by the geotechnical investigation study is essential in determining the 

geotechnical properties of the subsurface soils within and adjacent to the proposed area of the on-site 

disposal facility. This information is necessary in order to perform the detailed design including the 

stability and anticipated performance evaluation of the subject disposal facility. 

As part of the geotechnical investigation study, both geotechnical sampling and in-situ testing will be 

conducted to determine the geotechnical properties of the subsurface soils. Three different types of 

geotechnical investigations are currently planned: soil borings, shallow soil sampling, and cone 

penetrometer testings. The following sections discuss the sample collection methods, field and 

analytical methods, procedures, and types of geotechnical sampling and in-situ investigation. 

Changes to the sampling plan made in the field to conform with sampling and geological conditions 

will be documented in accordance with section 5.5. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

7.2 FIELD PROGRAMS 19 

20 

7.2.1 Samding From Soil Boring Locations 21 

22 

7.2.1.1 Obiectives 23 

Borings will be completed within and adjacent to the proposed location for the disposal facility for the 24 

25 

16 

~ purpose of collecting soil samples to facilitate-additional engineering/geotechnical soil tests, and- . 

gathering additional soil profile information. Figure 7-1 shows the proposed locations for the 14 

boring locations. n 

28 

29 

30 

31 
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7.2.1.2 Soil Sample-Collection (Geotechnical) 1 

Truck-mounted hollow-stem auger drill rigs will be used to drill 14 geotechnical soil borings. Split- 

spoon or Shelby tube, or Denison samplers will be used to collect soil samples from the 14.borings 

(See Appendix F for Denison Sampling Method). Penetrationhesistance testing @lows/6") performed 

in the field will be used to correlate settlement, strength, bearing capacity, consistency of soil, and 

content, strength, compressibility, consolidation, and hydraulic conductivity will be performed on 

2 

3 

4 

5 

6 liquefaction parameters. Geotechnical testing required to determine soil characterization, moisture 

7 

samples taken from both the brown and gray till. 8 

Four of the borings are designated to penetrate the till to depths of about 80 feet. This is to provide 

properties of deeper soils which are required for evaluation of liquefaction, stability, and settlement of 

subsurface soils below the disposal facility. Geotechnical testing required to determine the grain size 

distribution, and moisture content will be performed on soil samples taken from the Great Miami 

Acquifer . 

Planned boring depths, type and depth of samples, and corresponding geotechnical testing required for 

each sample are identified in Table 7-1. Split spoon and Shelby tube samples will be collected 

alternately at intervals of about 2.5 feet to a depth of about 20 feet and then at intervals of 5 feet to 

the bottom of the boring. Only Spilt spoon samples will be collected in the Great Miami Acquifer 

(the soils immediately below the glacial till). Denison samplers may be substitued in place of Shelby 

9 

10 

I 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

tubes for the collection of undisturbed samples in soils having a standard penetration resistance higher 21 

than 20 blows/ft. Sample volumes, containers, and preservation methods are listed in Table 7-2. 22 

23 

Thin-walled Shelby tube samples and Denison samplers will be shipped "upright" in 85-gallon drums. 24 

2s The sample pbes will be packed with vermiculite or similar packing material. All applicable - shipping - _ _  

requirements including chain of custody will be followed. 26 

t7 

7.2.2 Samding From Shallow Soil Excavation Locations 28 

29 

7.2.2.1 Obiectives 30 

In addition to the 14 borings detailed in Section 7.2.1, 14 shallow excavations (less than 5 feet in 31 

depth) will be completed for the purpose of collecting bulk soil samples to facilitate additional 32 

F\WPSI\GEOSAMPLLSEC.7 April 26. 1995 815am 7-3 
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for pbax ILl of the Site-widc 

Disposal~FSCiiiFi&l~lnva tigation 
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TABLE 7-1 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

Boring Planned Grey Clay" Soil4 SPT Shelby 
Number DeDth(ft1 Depthlftl T m  DeDth [ft) DeDth Cftl Geotechnical Testinq 
G2-120 20 10 ~maq 2.5-4 - - 

~ m ~ l a y  7.59 - - 
Grey clay 12.514 - - 
Grey clay 18.520 - - 

Bm clay - 5 7  CON- + GS + AL + MC + MC, + UW 

Grey clay - 1012 UU + UUf + UU, + GS +AL+ MC + UW 

Grey clay 1517 

,- _.____- - _._. 
Bm Clay 
Bm Clay 
Bm Clay 
~m clay 

Grey clay 
~ r e y  clay 
Grey clay 
Grey clay 

. ._________.________ 
2.5-4.5 

7.59.5 

12.514.5 

- 
- 
- 

17.519.5 - 

_..___.__________-_______.____. - 
CU + GS + AL+ UW 

P+ GS + AL+ MC+ MC, + UW 

P+ GS +AL+ MC + UW 

- 
- 
- 

G2-122 20 10 ~m clay 2.5-4 - 
Btn Clay - 5-7 CON+ CU + GS + AL+ UW 
~m clay 7.59 - 

Grey Clay - 1012 UU + UU,+ UU,+ GS + AL+ MC+ MC, + UW 
GreyClay 12.514 - - 
Grey clay 1517 Cum+ GS + AL+ MC+ UW 
Grey clay 17.519 - - 

13 Bm Clay - 2.5-4.5 - 
Bm Clay 56.5 - - 
en Clay - 7.59.5 CU + GS + AL+ WV 
BmClay 1Ck11.5 - - 

Grey clay - 12.514.5 P + GS+AL+ MC + MC, + W 
Grey Clay 15.-16.5 - - 
Grey clay 175-19.5 CU + GS + AL+ UW 
Grey Clay -21.5 - 
Grey Clay - 23-25 

_______._________.______________________-....----..--.--------------..---------..---------------- 

7-4 April 26,1995 
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TABLE 7-1 (continued) 
- GEOTECHNICAL LABORATORY TESTING PROGRAM - - - 

(SOIL BORINGS) 
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for-Phase-m-of the-Sit&W& 

Disposal Facility Field Invatigarion 
FEMP-OUZ. Revnin  2 TABLE 7-1 (continued) 

April 1995 
GEOTECHNICAL LABORATORY TESTING PROGRAM 

(SOIL BORINGS) 

Boring 
Number 
G2-127 

Planned GreyClay3 Soil4 SPT Shelby 
DeDth(ft1 DeDth(ft1 T a  DeDth (ft) Depth fftl Geotechnical Testing 

Grey clay L a22 - 

2.5-4 

7.59 

12.514 

- 

- 
17.519 

2526.5 

35-36.5 
40-41 5 
w . 5  
5051.5 
s565 
6061.5 
65-66.5 
70.71.5 
7576.5 

- 
- 

- 
UU +GS + AL+ MC+ MCm + UW 

CU + GS+ AL+ UW 

CON + CONa+ CON,+ UU + GS+ AL+ SG + UW 

Cur+ GS+AL+ MC+ UW 

CU + GS+ AL+ UW 

MC+GS 
MC + GS 
MC + GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 

- 

- 
- 

- 
- 
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/ TABLE 7-1 (continued) 

GEOTECHNICAL LABORATORY TESTING 
(SOIL BORINGS) 

Boring Planned Grey Clay Soil4 SPT Shelby 
Number Deothfft) DeDth(ft1 TvDe Depth Cff) DeDth Cft) 
G2-130 - 8041.5 - 

(continued) 

GarcshnLal- and Tesring Plan 
for Rlase m of me sitc-wide 

Disposal F- Field Investigation 
FEMP-OUZ. Revision 2 

April 1995 

PROGRAM 

Geotechnical Testing 
MC+GS 

G2-131 80 9 ~m clay 
BII clay 
Brn clay 
Grey clay 
Grey Clay 
Grey Clay 
Grey clay 
~ r e y  clay 
Grey clay 
Grey clay 
~ r e y  clay 
Grey clay 
Grey clay 
Grey clay 

f 

c 

- 
- 
- 
L 

c 

- 
5-6.5 

10-11.5 
- 
- 

15.-16.5 

20-21.5 

30-31.5 

W 1 . 5  

- 
- 
- 

- 
-51.5 
5556.5 
6061.5 
65-66.5 
70-71.5 
7576.5 
8061.5 

25-4.5 

7.59.5 

12.514.5 

- 
- 

- 
17.519.5 - 

2527 

35-37 

45-47 

- 

- 

- 
- 
- 
- 
- 
- 

- 
- 
UU+ UUr+GS+AL+ MC+ MC,+ UW 

CON + CON, + GS+ AL+ UW+ SG 
- 
- 
- 
- 
CON+ UU+GS+ AL+ UW+ SG - 

CON+CON,+ UU +GS+AL+ UW+ SG 

MC + GS 
MC+GS 
MC+GS 
MC + GS 
MC+GS 
MC+GS 

- 

7-7 
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FEMP-OU2. Revirion 2 
TABLE-74 (continued) 

April 1995 GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

Boring Planned Grey Claf Soil4 SPT Shelby 
Number DepthCftl DeDthlftl T- DeDth C f t l  DeDth Cft) Geotechnical Testing 
G2-133 Greyclay 30-31.5 - 

(continued) Grey clay - 35a7 - 
.............................................................................................................................. 

Notes: 
1. 

2. 

3. 

4. 

The definitions of the geotechnical laboratory testing are as follows: 
MC = 

uw= 
GS = 
SG = 
AL= 
CON = 
CON, = 
CON, = 

CON, = 

uu = 

MCm= 

uur = 

uum = 

cu = 

cu, = 

cum = 

SP = 
P =  
P =  

oc= 
R =  
S =  
A =  

Moisture Content, ASTM 02216. 
Moisture Content, ASfM 04643. This test is being performed for comparison and calibration purposes with MC (ASTM D2216). 
Dry Unit Weight, Army Cop. Engineers EMlW2-1906. 
Grain Site/&rometer, ASTM M22. 
Specific Gravity, ASTM D854. 
Atterberg Limits, ASTM D4318. 
Consolidation with time readings, ASTM 02435, undisturbed sample at natural moisture. 
Consolidation with time readings, ASTM M435, undisturbed sample at saturated condition. 
Consolidation with time readings, ASTM 02435. remolded sample with 95% relative compaction at moisture content wet of 
optimum in accordance with ASTM 0698. 
Consolidation with time readings, ASTM M435, remolded sample with 85% relative compaction at optimum moisture content in 
accordance with ASTM 0698. 

Unconsolidated, Undrained Triaxial Compression, ASTM D2850, undisturbed sample. 
Unconsolidated, Undrained Triaxial Compression, ASTM M850. remolded sample with 95% relative compaction at moisture 
content wet of optimum in accordance with ASTM 0698. 
Unconsolidated, Undrained Triaxial Compression, ASTM M850. remolded sample with 85% relative compaction at optimum 
moisture content in accordance with ASTM 0698. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM W767. undisturbed sample. Three 
samples to be used at three different confining pressures. If Three samples are not available, perform an stage test on one 
sample. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM 04767, remolded sample with 95% 
relative compaction at moisture content wet of optimum in accordance with ASTM D698. Three samples to be used at three 
dfferent confining pressures. If Three samples are not available, perform an stage test on one sample. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM W7m, remolded sample with 85% 

relative compaction at optimum moisture content in accordance with ASTM D698. Three samples to be used at three different 
confining pressures. fi Three sahples are not available, perform an stage test on one sample. 
Standard Proctor, ASTM D698. 
Permeability, ASTM Dx)84, undisturbed sample. 
Permeability, ASTM D5084, remolded sample with 95% relative compaction at moisture content wet of optimum in accordance 
with ASTM D698. 
Organic Content, ASTM D2974. 
Resistance R-value, ASTM 02844. 

Soundness, ASTM C88. 
Resistance to Abration, ASTM cs35. 

Where * is shown, if clayey Soils are encountered, representative undisturbed samples shall be obtained and AL along 
with other wamnted strength or compressibility tests shall be assigned.’ 
Approximate depth to the top of Grey Clay based on the available information extracted from the existing adjacent 
brings. 
General soil type information based on the available information extracted from the existing adjacent brings. 
It should be noted that, where CON and CU tests are performed, MC test shall also be performed as part of the CON 
and CU tests themselves. 

7-8 I April 26,1995 
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engineering/geotechcal soil tests on both topsoil and underlying till. Figure 7-1 shows the proposed 

locations for the 14 excavation locations. 

Geotechnical testing required to determine soil characterization, moisture content, standard proctor 

densities, and permeability will be performed on samples of till. Sulfate and chloride ion contents 

will also be performed on samples of till. Topsoil (top 18-inches) will be tested to determine ash and 

organic matter content. 

7.2.2.2 Soil SamDle Collection (Geotechnical) 

A backhoe or hand-operated power auger will be used to collect disturbed soil samples from sixteen 

shallow excavations for the purpose of providing bulk samples of topsoil and soils underlying the 

topsoil which are intended to be used as liner material. The topsoil will be used for organic content 

tests while the surface soil samples below the topsoils will be used for remolded permeability and 

standard proctor density testing. 

TABLE 7-2 

SAMPLE VOLUME, CONTAINERS, AND PRESERVATION - 
SOIL SAMPLES 

~~~ 

Parameter Container Preservation 

Gross AlphdBeta' 4 ounces None 

Specific Gravity, 
'Moisture Content, 
Atterberg Limit, 
Grain Size/Hydrometer 
Analysis 

Dry Unit Weight, 
Undisturbed Hydraulic 
Conductivity (Permeability), 
Unconfined UU Triaxial 
Compressions, Undisturbed 
Consolidation 

Undisturbed Consolidated 
Undrained Triaxial, with 
pore pressure' measurement 

1 x 500 ml glass 
wide mouth or 
(1) 3 (O.D.) x 30 
in. Shelby tube' 

(1) 3 (O.D.) x 30 
in. Shelby tube' 

(1) 3 (O.D.) x 30 
in. Shelby tube' 

None 

None 

None 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 
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' 

Remolded Hydraulic 
Conductivity (Permeability), 
Remolded Unconfined 
Undrained Triaxial 
Compressions, Remolded 
Consolidation 

Remolded Consolidated 
Undrained Triaxial , with 
pore pressure measurement 

Total UranidIsotopic 
Uranium 

Ash and Organic Matter 
Content 

Chloride 

Sulfate 

Soundness 

Bulk Specific Gravity 

F\WPSl\GEOSAMPL\SEC.7 April 26. 19% 3:25pm 

8 ci 8 5 

5-gdlOnS (45 kg) 
(field weight - 
taken from (1) 3 
(O.D.) x 30 in. 
Shelby tube', 
shallow 
excavation, or 
shallow auger 
cuttings) 

5-gdlOn~ (45 kg) 
(field weight -- 
taken from (1) 3 
(O.D.) x 30 in. 
Shelby tube', 
shallow 
excavation, or 
shallow auger 
cuttings) 

500 ml 

250 ml 

l x 5 0 0 m l  
polyethylene with 
polyethylene or 
polyethylene-lined 
closure 

1 x 500 ml 
polyethylene with 
polyethylene or 
pol yethylene-lined 
closure 

5-gallons (45 kg) 
(field weight -- 
sampled from 
stockpiled stone) 

5-gdl0n~ (45 kg) 
(field weight - 
sampled from 
stockpiled stone) 

7-10 

None 

None 

None 

None 

None 

None 

None 

None 
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Resistance R-value 

Standard Proctor 

* ASTM D1587 Suitable Tube 

1-gallon (6 kg) 
(field weight) 

5-gallons (45 kg) 
(field weight -- 
taken from auger 
cuttings or 
shallow 
excavations) 

Geotechnical Sampling and Testing Plan 
for Phase HI of the Site-Wide 

Disposal Facility Field Investigarion 
FEMP-OU2; Revision 2 

April 1995 

None 

None 

1 Only required for soils collected within the restricted area fence of the F E W  or in areas of known 
contamination. 

The planned depths, type and depth of samples, and corresponding geotechnical testing required for 

each sample are identified in Table 7-3. Two composite samples will be prepared by combining 

samples taken from designated locations. In addition, four samples will be selected along a proposed 

roads (not shown in this report) for performance of R-value tests. 

Sample volumes, containers, and preservation methods are listed in Table 7-2. 

All applicable shipping requirements including chain of custody will be followed. 

7.2.3 Cone Penetrometer Testing 

7.2.3.1 Objectives 

Cone penetrometer testings (CPT) will be performed within and adjacent to the proposed location for 

the disposal facility for the purpose of providing continuous stratigraphy information and strength data 

for engineering evaluation and analyses. Dissipation tests will also be conducted at selected locations 

to estimate in-situ soil horizontal permeability in saturated zones. Additionally, the CPT data are 

used to interpolate soil properties between samples and borings. Figure 7-1 shows the proposed 

locations for the 48 CPTs and Table 7-4 indicates the planned CPT depths. Fourteen of the CPTs are 

designated to penetrate the till by being performed to depths of 100 feet or to refusal, whichever is 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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TABLE 7-3 (continued) 

Gmecbnical Sampling and T a i q  Plan 
for Pbase Ill of the S i W &  

Disposal Facility Frld Invdgaticm 
FEMP-ou2. w i n  2 

April 1995 

GEOTECHNICAL LABORATORY TESTING PROGRAM - 

(S HALL0 W BORl NGS/MCAVATIONS) 

Shallow 
Boring Planned Soil Sample 

Number Deothfftl TvDe DeDth fft)  Geotechnical Testinq 
G2-SB-10 5 oc 

oc 
oc 
SP+ Pr+ GS+AL+ MC+ MC,+ SU+ CL 

Topsoil 
Topsoil 
Topsoil 
Bm aay 

____________ .  
Topsoil 
Topsoil 
Topsoil 
Bm aay 

0.0-0.5 
0.5-1 .o 
1.0-1.5 
1.55.0 

0.0-0.5 
0.51 .o 
1 G1.5 
1.550 

--._______. ._. 

7-1 3 
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TABLE 7-3 (continued) April 1995 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SHALLOW BORlNGS/EXCAVATIONS) 

Shallow 
Boring Planned Soil Sample 

Number DeDthUt) TvDe Depth rftl Geotechnical Testing 
- 5S+5BSG Borrow Area4 _- Riprap 

Notes: 
1. 

2. 
3. 

4. 

The definitions of the geotechnical laboratory testing are as follows: 
MC = 
MCm = 

GS = 
SG = 
AL= Atterberg Limits, ASTM D4318. 
CON, = 

CON- = 

SP = 
P =  

oc = 
S =  Soundness, ASTM C88. 
BSG = 
su = 
CL = 

Moisture Content. ASTM D2216. 
Moisture Content, ASTM D4643. This test is being performed for comparison and calibration purposes with MC 
(ASTM D2216). 
Grain Size/Hydrometer, ASTM D422. 
Specific Gravity, ASTM D854. 

Consolidation with time readings, ASTM D2435, remolded sample with 95% relative compaction at moisture content 
wet of optimum in accordance with ASTM D6S8. 
Consolidation with time readings, ASTM D2435. remolded sample with 85% relative compaction at optimum moisture 
content in accordance with ASTM D698. 
Standard Proctor, ASTM 0698. 
Permeability, ASTM D5084, remolded sample with 95% relative compaction at moisture content wet of optimum in 
accordance with ASTM D698. 
Organic Content, ASTM M974. 

Bulk Specific Gravity, ASTM C l n .  
Sulfate (Turbidimetric), EPA Method 9038. 

Chloride (Tiimetric, Mecuric Nitrate). EPA Mod 9252A. 

Composite sample prepared by combining samples taken from the designated locations. 
Shallow borings/excavations GP-SB-15 through G2SB-17 shall be selected at the proposed roads to collect 
samples for performance of R-value tests. 
Location of the borrow area for obtaining the riprap samples will be specified by FERMCO. 
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Planned Depth Cft) 
71 

CPT Soundina Number 
G2-CPT-500 -. 
G2CPT-501' 100 
G2-CPT-502 20 
G2CPT-503' 100 
G2-CPT-504 22 
G2-CPT-505 21 
G2-CPT-506' 100 

G2-CPT-509 19 

G2CPT-512. 100 
G2-CPT-513. 100 

G2-CPT-515 21 
G2-CPT-516 29 
G2CPT-517' 100 

G2-CPT-507 23 
G2CPT-508 25 

G2-CPT-510 25 
G2-CPT-511 24 

G2-CPT-514 25 

G2CPT-518 30 
G2-CPT-519 28 
G2CPT-520 27 
G2-CPT-521 26 

G2CPT-523 29 
G2CPT-522' 100 

G2CPT-524. 1 00 
G2-CPT-525 39 
G2-CPT-526 35 
G2-CPT-527 35 
G2-CPT-528 30 
G2-CPT-529' 100 
G2-CPT-530' 100 
G2-CPT-531 48 
G2-CPT-532 43 
G2CPT-533 43 
G2CPT-534. 100 
G2CPT-535 48 
G2CPT-536. 100 
G2-CPT-537 
G2CPT-538 37 
G2CPT-539 45 
G2CPT-540 39 
G2CPT-541' 100 
G2cPT-542' 100 
G2CPT-543 43 
G2-CPT-544 37 
G2CPT-545 45 
G2CPT-546' 100 
G2CPT-547 34 

- - _ _  45 _. 
~ 

The CPT soundings marked by * shall be performed to 1 0 0  feet or 
equipment refusal. 

-0 
. ~ April26.1995 7-1 5 
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TABLE 7-5 

SUMMARY OF ASTM PROCEDURES 

TEST NO. TITLE 

C88 

C127 
D75 Practice for Sampling Aggregates 
D420 
D42 1 

Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 
Standard Test Method for Specific Gravity and Absorption of Coarse Aggregate 

Standard Guide for Investigating and Sampling Soil and Rock 
Standard Practice for Dry Preparation of Soil Samples for Particle-Size Analysis 
Determination of Soil Constants 

D422 
D698 
D854 
D1452 
D1586 
D 1587 
D22 16 

D22 17 

D2435 
D2487 
D2488 
D2573 
D2844 . 

D2850 

D2974 

D3080 

D3441 

Standard Method for Particle Size Analysis for Soils 
Laboratory Compaction Characteristics of Soil Using Standard Effort 
Standard Test Method for Specific Gravity of Soils 
Standard Practice for Soil Investigation and Sampling by Auger Borings 
Standard Test Method for Penetrometer Test and Split-Barrel Sampling of Soils 
Standard Practice for Thin-Walled Tube Sampling of Soils 
Standard Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 
Standard Practice for Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination of Soil Constants. 
Test Method for One-Dimensional Consolidation Properties of Soil 
Standard Classification of Soils for Engineering Purposes 
Standard Practice for Description and Identification of Soils 
Standard Test Method for Field Vane Shear Test in Cohesive Soil 
Standard Test Method for Resistance R-value and Expansion Pressure of 
Compacted Soils 
Standard Test Method for Unconsolidated, Undrained Compressive Strength of 
Cohesive Soils in Triaxial Compression 
Standard Test Method for Moisture, Ash, and Organic Matter of Peat and Other 
Organic Soils 
Standard Test Method for Direct Shear Test of Soils Under Consolidated 
Drained Conditions 
Standard Test Method for Deep, Quasi-Static, Cone and Friction Penetration 
Tests of Soil 

F\WF5l\GEOSAhfPL\SEC.7 April 26, 1995 1:4Opm 7-16 
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D3550 
D4044 

D4104 

D4186 

D4220 
D43 18 
D4546 

D4643 

Standard Practice for Ring-Lines Barrel Sampling of Soils 
Standard Test Method for (Field Procedure) for Instantaneous Change in Head 
(Slug Test) for Determining Hydraulic Properties of Aquifiers 
Standard Test Method (Analytical Procedure) for Determining Transmissivity of 
Nonleaky Confined Aquifers by Overdamped Well Response to Instantaneous 
Change in Head (Slug Test) 
Standard Test Method for One-Dimensional Consolidation properties of Soils 
Using Controlled-Strain Loading 
Standard Practices for Preserving and Transporting Soil Samples 
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
Standard Test Methods for One-Dimensional Swell or Settlement Potential of 
Cohesive Soils 
Standard Test Method for Determination of Water (Moisture) Content of Soil by 
the Microwave Oven Method 

D4767 

D5084 

D5092 

Test Method for Consolidated-Undrained Triaxial Compressive Test on 
Cohesive Soils 
Standard Test Method for Measurement of Hydraulic Conductivity of Standard 
Porous Materials Using 4 Flexible Wall Parameter 
Standard Test Method for Design and Installation of Ground Water Monitoring 
Wells in Aquifers 

less. This is to provide properties of deeper soils which are required for evaluation of liquefaction, 

stability, and settlement of subsurface soils below the disposal facility. 

7.2.4 Phase I11 Well Installation 

7.2.4.1 Obiective 

Approximately four additional Type I wells will be installed during Final Geotechnical Investigation 

to further identify and quantify the lateral extent of zones of interbedded and interconnected granular 

materials in the till, and to further characterize the perched ground water. The additional wells will 

be installed in selected geotechnical borings to be completed in the Final Geotechnical Investigation. 

To avoid installing wells incapable of producing water and to maximize the usefulness of the 

additional wells, the locations of these wells will be selected based on field observations during the 

advancement of the geotechnical borings. The Lead FERMCO Geologist will determine the well 

location with approval from the OU2 Environmental Task Manager. 
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7.2.4.2 Well Construction 

Wells will be completed using 2-inch ID, 316 stainless steel riser and .010-inch slotted screen 2 to 5 

feet in length across the perched ground water interval. The screening interval will be determined by 

the Lead Geologist with approval from the OU2 Environmental Task Manager. Filter pack will be 

well-sorted quartz sand of 20-40 mesh (medium). A bentonite seal will be placed above the filter 

pack, and will be a maximum of 5 feet in length. The annular space will then be filled to 2.5 feet 

below ground surface with a slurry of volclay grout. Wells will be developed after the grout surface 

seal has cured per the SCQ requirements. 

A concrete cap and a 3 feet by 3 feet by 4-inch pad will be poured from 2.5 feet below surface. 

10-inch carbon steel protective casing 5 feet in length with a hinged lid will be lowered into place to a 

depth of 2.5 feet below surface. Protective casing lid will be stamped with the corresponding five 

digit well identification number using a standard metal stamping set. All wells will be surveyed by a 

State of Ohio licensed surveyor and their locations (Northing, Easting, and elevations) will be added 

to the Site-Wide Environmental Database (SED). 

A 

7.2.4.3 Well DeveloDment 

Wells will be developed according to the procedure (SRS-FO-005) Monitoring Well Development, if 

possible. If the well does not recharge in a reasonable period of time to allow development of the 

well per procedures, the well will be bailed dry three times. 

Well development ground water will be collected in either a 55 gallon d& or a development/purge 

tank in a Ground Water Monitoring truck, drums shall have the well identification number and date 

development started. Each must be labeled as IDW water. IDW development water will be handled 

in accordance with the OEPA Approved Policy for Management of Aqueous Investigation Derived 

Waste (see Appendix J, OEPA Approved Policy for Management of Aqueous Investigation Derived 

Waste). 

7.2.4.4 Groundwater Measurements 

Ground water level measurements will be collected from each additional well at the time of 

completion and after well development. Ground water measurements will be collected on a weekly 

basis for a period of one month. Collection of ground water measurements will be conducted within 

F\WPSl\GEOSAMPLSEC.7 April 26, 19% 8:15am . 7-18 
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a 24-hour period of consistent weather conditions to minimize atmospheric and precipitation effects on 

ground water levels. Section K.4.2.1 of the SCQ outlines the procedure for taking water level 

measurements. Water level and bottom of well measurements shall be recorded to the nearest 

0.01 feet. 

Ground water measurements for five wells installed during Phase I1 of the Pre-Design Field 

Investigation will be monitored for a period not to exceed 5 working days to assess the influence of 

atmospheric effects on the perched ground water. A transducer attached to a data logger, will be 

placed in the well being monitored. Data will be collected until a sufficient number of readings have 

been made to clearly show a trend. The wells to be monitored shall be screened exclusively in the 

gray clay. The selection of the wells to be monitored will be determined by the OU2 Environmental 

Task Manager. 

7.2.5 Phase I11 Slug Testing 

7.2.5.1 Obiective 

Point measurements of hydraulic conductivity in the glacial overburden will be obtained to further 

quantify the hydrogeologic conditions of the disposal facility footprint. Slug testing will be conducted 

on the 18 existing Type I wells installed during Phase I1 of the Pre-Design Field Investigation, and 

the Type I wells installed during the Final Geotechnical Investigation. 

All slug testing will be conducted in accordance with American Society for Testing and Materials 

(ASTM) Standard Test Method for (Field Procedure) for Instantaneous Change in Head (Slug Tests) 

for Determining Hydraulic Properties of Aquifers (D 4044), and performed under the policies and 

guidelines provided in the SCQ, Appendix 5.4.6.2 procedures. 

In the event that a well has an inadequate water volume to complete a slug test the well will not be 

slug tested. The OU2 Environmental Task Manager will make this determination. 

During the slug testing water levels will be monitored using pressure transducers and recorded with a 

data logger. Operation of the pressure transducer and the data logger will be in accordance with the 

manufacturer’s instructions. The pressure transducers will be installed no lower than 1 foot above the 
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base of the well screen. Two or three data loggers (In Situ" Hermit 2000 or equivalent) will be used 

along with pressure transducers attached to 150 to 200-foot cables on spools. 

Slugs that will be inserted into the Pre-Design Investigation wells will have a nominal OD of 1-114 

inch. The slugs will be solid cylinders of known volumes, and each slug will have dimensions that 

allow it .to occupy an interval no more than 1 foot above the base of the well screen and no less than 

1/2 foot below static water level once the water level has equilibrated. 

Since the pressure transducers will be in place before the slug in lowered into the well and will be left 

in place after the slug is removed, care must be taken while lowering into and retrieving slugs from 

the test well. Striking or bumping the transducer, or a sudden pressure increase caused by dropping 

the slug into the well may damage the transducer. The slug will be lowered and retrieved from the 

test well with a white nylon rope. After each slug test is completed the nylon rope will be discarded. 

Each well will respond differently during the test. The length of a test may range from a few minutes 

to several hours. As specified in the SCQ Appendix 5.4.6.2 the test shall continue until the water 

level in the test well returns to equilibrium, or for slowly recovering wells, until a sufficient number 

of readings have been obtained to clearly show a trend on a semi-log plot of time versus water level. 

The readings can be recovered from the data logger during the test and will be recorded along with 

other pertinent information on the slug test forms included in this GSTP. 

' 

7.2.5.2 Slug Test Data Analysis 

Slug test forms will be submitted to OU2 Environmental Task Manager along with data logger field 

tapes and computer discs. Data from the slug tests will be analyzed using ASTM Standard Test 

Method for (Analytical Procedure) for Determining Transmissivity of Nonleaky Confined aquifers by 

Overdamped Well Response to Instantaneous Change in Head (Slug Test), D 4104. 

7.3 FIELD METHODS 

7.3.1 Subsurface Soil Samuling 

Soil borings will be drilled using a truck-mounted hollow-stem auger drill (see Table 7-5 for 

applicable ASTM drilling and sampling standards). Soil samples will be collected by split spoon or 
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Shelby tube type sampler. After drilling and sampling is complete, each boring will be plugged with 

a non-shrinking (Type K) portland cement (see Appendix E) grout from the bottom to surface through 

the hollow stem auger or via a tremie pipe; after grout has cured, a minimum of a 12-inch cement 

plug will be placed in the hole. 

Sampling will be conducted in advance of the hollow-stem auger described above, from six inches 

below surface to planned total depth. A Parson’s geoligidengineer will describe the soil in 

accordance with ASTM D2478 and record classifications on the lithologic log. A FERMCO. 

geologist/engineer will direct the drill rig operator thoughout drilling operations and record activities 

on a Field Activity Log. All samples will be field screened with bedgamma and photoionization 

detectors (PID), and values recorded by FERMCO radiological technicians. 

7.3.2 Shallow Excavations 

Shallow excavationshorings will be made using a backhoe or hand-operated power auger. Disturbed 

soil samples will be collected by hand using either a shovel, hand auger, or scoop. After 

excavating/drilling and sampling is completed, excavation will be backfilled with the removed soils 

and tamped down with the backhoe and borings will be plugged with a non-shrinking (Type K) 

portland cement (see Appendix E) grout from the bottom to surface. All samples will be field 

screened with bedgamma and photoionization detectors (PID), and values recorded. Excavations 

will either be backfilled or covered over and isolated when left unattended. A FERMCO 

geologist/engineer will direct the drill rig/excavation equipment operator thoughout drilling/excavating 

operations and record activities on a Field Activity Log. 

The topsoil will be used for organic content tests while the surface soil samples below the topsoils 

will be -used for remolded permeability and standard proctor density testing. 

7.3.3 Cone Penetrometer Testing Method 

See Appendix I for the complete D3441-86 method. In summary, truck-mounted hydraulic pushing 

equipment is used to push a 1.5-inch diameter steel rod into the ground. Pressures, up to 40,000 

pounds, are used to push the rods while end bearing resistance and friction resistance are measured by 

transducers located at the tip. Rate of penetration is maintained constant at 2 to 4 feet per minute 

while the resistkce is recorded by data logger equipment in the truck. 
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The ability of the CPT to define shear strength and lithological contacts will be assessed by collecting 

CPT data adjacent to existing borings where geotechnical data are available. Precision of the CPT 

will be assessed by conducting at least two pushes of the cone penetrometer within 5-feet of each 

other. CPTs will be calibrated by conducting at least two pushes within 5-feet of two different auger 

borings. The mechanical/electrical precision for the method is stated to be & 5 to 10 percent in end 

bearing resistance and 10 to 20 percent in friction resistance. This range of variance is acceptable in 

the calculated shear strength since a safety factor of 1.5 to 2 is usually applied to these data. 

The report from the penetrometer will include lithological interpretations based upon the shear 

strength encountered. The CPT holes will be abandoned by filling with a non-shrinking (Type K) 

portland cement grout (Appendix E). 

7.3.4 Waste HandlindDisDosal 

During the performance of this fieldwork, wastes in the form of drill cuttings, excavated soils, and 

decontamination wastes will be generated. Drill cuttings and excavated soils will be field screened 

during removal using Geiger-Muller detectors and PID probes to assure that the cuttings are 

radiologically uncontaminated. The radiological monitoring results will be recorded by FERMCO 

radiological technicians. In addition, the areas where soil excavation is to occur will be monitored 

using Geiger-Muller detectors and PID probes prior to the initiation of excavation activities. 

Cuttings will be placed into clean 55-gallon drums during boring operations. After each borehole has 

been grouted, drummed cuttings having a radiological activity monitored to be below 100 pCi/g Total 

Uranium will be emptied in the area of the boring and spread over the ground surface. Cuttings 

having a radiological activity monitored by field instruments to be at or above 100 pCi/g Total 

Uranium will be disposed on-site in accordance with Removal Action 17 (Improved Storage of Soil 

and Debris) for later disposition under Operable Unit 5. Also, if redistribution of the clean soil is 

not feasible (i.e. due to a paved area, etc.), the soil will be emptied onto a controled stockpile. 

Excavated soils will be temporarily stockpiled on plastic until bacHilling operations begin. Excavated 

soils at or above 100 pCi/g Total Uranium will be disposed on-site in accordance with Removal 

Action 17 (Improved Storage of Soil and Debris) for later disposition under Operable Unit 5. 

However, areas of excavation will be monitored prior to excavation. If radiological surface 
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contamination is discovered to be at or above 100 pCi/g Total Uranium then the excavation will be 

relocated to an area that does not have radiological surface contamination at or above 100 pCi/g Total 

Uranium. 

Decontamination of drilling and sampling equipment will be performed at the Drilling Contractor’s 

Decontamination Area. Drilling equipment used within the FEMP restricted area or any large scale 

decontamination will be performed at the on-site Decontamination and Decommission Facility. Fluids 

and any solid materials generated will be handled in accordance with the normal operation of that 

facility’s contamination treatmentkontrol devices. Decontamination water generated at the Drilling 

Contractor’s Decontamination Area will be placed in the FEMP General Sump. 

Decontamination of the slugs, transducers, cables, and electronic water level probes will be performed 

in accordance with the Ground Water Monitoring Sampling Activities Procedure (SC-GWM-FO-201). 

7.3.5 Proiect Surveving 

Land surveying will be performed at all cone penetrometer, drilling, and excavation locations. 

Surveying results will be approved and certified by a State of Ohio Registered Professional Land 

Surveyor. All surveyed locations will be accurate to the nearest 0.01 feet elevation accuracy. Survey 

points will be located to within 0.5 feet accuracy and integrated into the existing FEMP Geographic 

Information System (GIS), and incorporated into the site Geotechnical Data Base being developed by 

Parsons and into the Sitewide Environmental Database. 

7.4 GENERAL SAMPLING REOUIREMENTS 

7.4.1 Field OC Samples 

Since no environmental sampling will be taken, field QC samples will not be collected during the 

Operable Unit 2 Final Geotechnical Investigation. The rationale for selection follow: 

No duplicate soil samples will be collected due to the lack of an effective field cornpositing 
technique which would produce meaningful data where discrepancies are considered a 
laboratory precision problem. 
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Container blanks will not be collected because containers used for sampling activities are pre- 
cleaned by the manufacturer and have a certificate of analysis for each lot of containers. 

9 

7.4.2 Alternate SamDling Procedures 

The implementation of alternate sampling procedures could be necessary if any unanticipated problem 

developed during the field investigative effort. Alternate sampling procedures, or deviations, consist 

of either GSTP plan variances or GSTP non-conformances. 

If it becomes necessary to deviate from a sampling standard operating procedure, such a deviation 

will be handled in the following manner: 

1. 

2. 

3. 

4. 

5 .  

6 .  

The field sampling technician or geologist will identify the need to deviate from the sampling 
plan or procedure. 

The technician will bring the problem to the attention of field crew management and make 
recommendations about how to best proceed with sample collection with minimal impact to the 
existing sampling procedures and project DQOs. 

Possible solutions and the impacts of the solutions on the project DQOs will be determined. 

A Variance Request Form (example in Appendix C) will be implemented which describes the 
nature of the variance, the need for the variance, and how variation from the GSTP will 
minimize or have no impacts to the project DQOs. 

QA will evaluate and approve the Variance Request. Verbal approval from QA will be 
received prior to implementation of the variance. 

The approved Variance Request Form will become a part of the overall project historical file, * 

and will be reported in the final project report. 

GSTP non-conformances are defined as field or laboratory activities which have been completed, but 

are subsequently found not to have been performed according to the GSTP. A non-conformance may 

have a significant impact on the usability of field- or laboratory-derived investigation results. 

Resolution of a project non-conformance will be the responsibility of the FERMCO Program 

Manager. 
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7.4.3 Sample EauiDment and Materials 

All environmental media samples will be collected with equipment which is functional, designed for 

the specific purposes of the sampling event, and properly decontaminated. Sampling will be 

accomplished with equipment which is constructed of nonreactive materials. 

Sampling containers will be composed of materials which are commonly used for the type of media to 

be sampled. All sample containers will be of the volume necessary for laboratory analysis purposes. 

Appendix D lists equipment typically used per type of sampling activity. 

7.4.4 Equipment Decontamination 

All drilling and media sampling equipment will be decontaminated to Level I in accordance with 

Appendix K of the SCQ specifications. 

7.4.5 

Sample containers will be pre-cleaned by the manufacturer and will be accompanied by a certificate of 

analysis. The sample container types and preservative requirements are specified in the FEMP SCQ 

and are summarized in Tables 7-2. Sample volumes will be consistent with the contract laboratory 

requirements. 

SamDle Volume. Containers. and Preservation 

7.4.6 Sample Collection Documentation 

The collection of soil and subsoil materials are documented on the following forms: 

Lithologic Log 
Sample Collection Log 
Site-Wide Analysis RequestKustody Records 

Examples of these forms are shown in Appendix C. 

. .  

In addition to these forms, daily field activities are recorded on the Field Activity Log form. This 

form is included in Appendix C of this report. 
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7.4.7 Samde Collection ReDorts 

No specific sample collection field reports are proposed for this project. Rather, the information 

contained in the field forms specified in Section 7.4.6 of this report serve as the basis for 

documenting all significant aspects of the sample collection activities. 

Upon completion of the project, all significant task related information, including copies of field 

forms and laboratory related forms, including analytical results of samples taken, are included in a 

Task Closure Report. This report is initiated by the SC/DM Department of the Environmental 

Technical Services Division, and will be sent to Operable Unit 2 for their records. 

7.5 SAMPLE MANAGEMENT 

7.5.1 SamDle Identification and Labeling 

A unique six-digit sampIe number will be assigned to each sample collected by SRS. Each sample 

container will also be affixed with a sample label containing, at’a minimum, the information specified 

on Form 7-2, Appendix B of the FEMP SCQ. 

7.5.2 

Sample custody procedures as outlined in the FEMP SCQ will be observed throughout the sample 

handling process from field collection to shipment or delivery of the samples to the laboratory. The 

Site-Wide Analysis RequestICustody Record (SWARKR) will be completed for all samples delivered 

SamDle Chain of Custody Records and Field Data Documentation 

to the on-site sample processing laboratory 

In addition to the custody records, a Sample Collection Log will be completed which summarizes all 

samples collected from a single borehole or well. A Groundwater Quality Report will be prepared for 

each well sampling event to document the well purge data and groundwater conditions prior to sample 

collection. A lithology will be completed for soil borings when appropriate. Furthermore, all field 

investigation work is documented in detail on a daily basis using the Field Activity Log 

(see Appendix C). 
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7.6 FIELD EOUIPMENT METHODS 

7.6.1 Calibration of Field Euuioment 

Field equipment to be used during this investigation is divided into the categories of health and safety 

monitoring and field screening and monitoring. At a minimum, all equipment will be operated and 

calibrated according to the equipment manufacturer’s specifications. All instruments are calibrated to 

manufacturers’ Specifications. Written logs of equipment calibration are maintained by the 

appropriate personnel in charge of performing the instrument calibrations. 

7.6.2 Documentation of Calibration 

Separate logbooks are kept for each type of instrumentation. The logbooks contain a history not only 

of the instrument calibration but also of any unusual or irregular problems noted during the use of 

that particular instrument. Four separate documents are used to record calibration of instruments. 

Appendix C contains examples of the calibration documentation. 

The forms are labeled as follows: 

Water Quality Field Collection Report 

Instrument Calibration Log 

Field Activity Log 

7.7 LABORATORY METHODS 

Geotechnical testing performance requirements shall be used as guidelines for evaluating laboratory 

capability to provide specific analytical services to the FEMP. Audits shall be performed to verify 

laboratory performance using the performance evaluation sample results specified in Appendix E of 

the SCQ. 

- 

7.8 SAMPLE TESTING 

Sample testing will be performed in accordance with the guidance and requirements contained in the 

FEMP’SCQ. This task consists of sample management; quality control; and data reduction and 

reporting. These subjects are discussed in detail in the SCQ. Geotechnical samples will not be 

validated and will comply with the standards listed in Table 7-5. 
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GeotechnicaJ Sampling and Testing Plan 
for Phase I11 of the Site-Wide 

Disposal Facility Field Investigation 
FEMP-OU2. Revision 2 

April 1995 

Sample management and control will be in accordance with Section 7 (Analytical Laboratory Sample 

Custody) of the SCQ. Sample custody will be maintained and documented from the time of collection 

through analysis. Appropriate records will be maintained in the chain-of-custody process for sample 

tracking and control during shipment. 

Data reduction and reporting for each ASL will be in accordance with Section 2.3.3 (DQOs) of the 

SCQ. Numerical analysis, including manual calculations, mapping, and computer modeling, will be 

documented and subjected to peer review. 

Once the samples are collected and sent to the appropriate laboratory for analysis, field information 

will be received by SRS to verify that all required field information is complete and accurate, and the 

information will be forwarded to Data Quality Management if the analyses generated for the task are 

either ASLs C, D, and/or E. Field records generated for ASL B analyses will be forwarded to Data 

Quality for field validation. 

The laboratory will then analyze the samples per the requirements set forth in the GSTP. After the 

laboratory has analyzed the samples and verified that the quality of the data meets the requirements 

of the analytical method, and that all deliverables are included, the data will be delivered to Parson’s 

representatives to perform the following tasks: 

Verify that all required deliverables have been received; 

Verify that contract performance requirements have been met. These contract performance 
requirements will be identified in the GSTP; 

Enter data into the SED; and 

Copy data packages and deliver them to Data Quality Management personnel. The original of 
the data packages will be stored in a secure location. 

Confirm with an initial screening that the appropriate information is present; 

Log the package into a tracking database; 

Ensure that all QC information required to qualify data is present with supporting documents 
which can impact qualification of data from the laboratory. 
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MAR-09-95 THU 13:59 SCQ IMPLEMENTATION 

Rev # 0 

Date 3/9/95 
> 

FAX NO. 5137388271 686b0' 

Fern a Id Envi ro n me n tal Man age men t Project 

Data Quality Objectives 

Title.- G eotechn ical 1 nvest ig a tion On-si te Disposal Faci I i ty 

Number: GT-006 

Revision: 0 

Effective Date: 3/9/95 

Contact Name: Tony Snider 

6. L? dQ0 Coordinator 



. .  . 

GEOTECHNICAL INVESTIGATION 
ON-SITE DISPOSAL FACILITY 

(Put an X in the appropriate selection.) 
~. 

RI 0 FS 0 RD 0 RA R& OTHER Specify: Geotechnical 
Investigation 

Air 0 Biological Groundwater 0 Sediment 0 
soil El Waste 0 Wastewater Surface water 0 
Other (specify) 

(Put an X in the 
ion ( s )  beside each 

applicable Data Use.) 

Site Characterization Risk Assessment 
A D  B U C U D U E O  A n  B U C O D U E O  

Evaluation of Alternatives Engineering Design 
A n  B O C U D O E U  A m  B U C U D U E U  
Monitoring during remediation activities Other (Explain) 
A n  B O  C O D n E n  A n  B O  C O D O E U  

CRU2 Feasibility Study preferred alternative, and 
landfill siting regulations. If the pre-design 
identifies this area to be a suitable location, then 
be utilized in the DOE Title I/Title I1 design and 
construction oversight. 

State of Ohio 
siting study 
this data will 
DOE Title I11 

The information generated by the geotechnical investigation study 
along with the available data will be used to perform the detailed 
des'ign including the stability and anticipated performance 
evaluation of the subject disposal facility which are pivotal to 
the remediation of the FEMP. 
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Ef f ec.the-Dates 

The in-situ testing and soil sampling will occur in an area on the 
east boundary of the FEMP that measures approximately 800 feet wide 
by 4,320 feet long, with the long edge parallel with the east 
boundary of the site. The site is relatively flat and covered with 
grass. 
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DQO Number: 

analyses required. Then select the type- of equipment to 
perform the analysis if appropriate. Please include a 
reference to the SCQ Section.) 

1. 

4. 

PH 0 2. Uranium [7 3 .  BTX [7 
Temperature Full Radiologic I7 TPH [7 
Specific Conductance 0 Metals 0 
Oil/Grease 0 
Dissolved Oxygen 0 0 
Silica 0 

Cyanide 

Cat ions 5. VOA 

Anions 0 ABN 0 
TOC 0 Pesticides 0 
TCLP PCB 0 
CEC I7 
COD 0 

0 6. Other 
(specify) 

Geotechnical; See 
Attachment 

Equipment Selection Refer to SCQ Section 

(Put an X in the appropriate selection.) 

Biased FXI Composite Environmental Grab 
Grid 0 Intrusive IXI Non-Intrusive Phased 0 
Source 0 
Other (specify) : 
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Revision: 1 Page 4 of 11 
Ef fective-Date-: 

DQO Number: 

(List the samples required. 
I1 of the Site-Wide Disposal - 

Facility Field Investigation) 

Background samples: SamDles have been Dreviouslv collected from 
this area. 

(Please provide a specific 
subsection guiding sampling 

collection procedures.) 

Sample Collection Reference: ADDendix K 

(Place an "Xff  in the 

. . . . . . . . . 

Trip Blanks 0 Container Blanks 
Field Blanks Duplicate Samples 
Equipment Rinsate Samples 0 Split Samples 

n 
Preservative Blanks U 
Samples 0 

Performance 

Other (specify) 

Method Blank 0 Matrix Duplicate/Replicate 
Matrix Spike Surrogate Spikes 

Other ( specify) 

appropriate 

0 
0 

Evaluation 

Please provide any other germane information that may 
data quality or gathering of this particular objective, 

task or data use. 
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DATA QUALITY OBJECTIVE LOGIC FLOW 
GEOTECHNICAL INVESTIGATION 
ON-SITE DISPOSAL FACILITY 

1 Problem Statement 

CRU2 has been tasked to manage the DOE Title I/Title I1 design and 
DOE Title I11 construction oversight for a proposed on-site 
disposal facility. This will require a geotechnical investigation 
study to provide data to be used in conjunction with the data 
generated during the pre-design field study to characterize the 
geotechnical properties of the potential site of the facility. 

Using all available information, a potential site which is located 
on the eastern portion of the FEMP has been established for the 
disposal facility. This site is approximately 800 feet by 4,320 
feet in size and is sufficient for the layout of a facility capable 
of handling 2.5 million cubic yards of material. An additional 
section approximately 800 feet by 780 feet in size is also 
considered north west of the original facility area as potential 
expansion areas. This geotechnical study is intended to 
investigate both the disposal facility and the potential expansion 
area. 

As part of the geotechnical investigation study, geotechnical 
sampling and in-situ testing will be conducted to determine the 
geotechnical properties of the subsurface soils. The collected 
data in conjunction with available data will be used for detailed 
design, stability evaluation, and anticipated performance of the 
disposal facility. 

2 Identification of a Decision that Addresses the Problem 

The information generated by the geotechnical investigation study 
along with the available data are essential in determining the 
geotechnical properties (including the strength, compressibility, 
and hydraulic conductivity) of the subsurface soils in the 
footprint of proposed cell and its potential expansion areas. This 
information is necessary in order to perform the detailed design 
including the stability and anticipated performance evaluation of 
the subject disposal facility which are pivotal to the remediation 
of the FEMP. 

3 Identification of Inputs that Affect the Decision 

To develop design parameters, and evaluate stability and 
anticipated level of performance of the disposal facility, the 
geotechnical properties of the subsurface soils need to be known. 
Based on review of existing geotechnical data, known variability of 
geotechnical parameters, and engineering judgement, it has been 
determined that a total of 16 soil borings, 4 0  cone penetrometer 
tests (CPTs), and 16 shallow borings/excavations are needed. These 
additional samples are needed in order to develop the required 
geotechnical data for design. This number of soil borings and.CPT 



DQO SUMMARY FORM 

TEST TYPE 

-Moisture Content, MC 

11 -Moisture Content, MC, 
I 

Revision: 1 Page 6 of 11 
-Ef f ective-Date-: 

STANDARD NO. OF 
TESTS 

ASTM D2216 76 

ASTM D4643 18 

will provide sufficient information, when used in conjunction with 
existing information, to adequately determine geotechnical 
properties of the soils for the detailed design purposes. In 
general, the in-situ testing and sampling will be conducted in a 
manner to accurately determine the soil properties from the surface 
to approximately the bottom of the till. However, at isolated 
locations outside the footprint of the disposal area, the CPT and 
borings may extend to depths of about 80 to 100 feet. Three of the 
borings are designated to be performed to depths of about 80 feet. 
This is intended to provide properties of deeper soils which are 
required for evaluation of both liquefaction and settlement of 
subsurface soils below the disposal facility. 

I -Unit Weight, UW 

The soil borings are intended to provide undisturbed and disturbed 
samples for log preparation and laboratory testing. Additionally, 
as part of the soil borings, Standard Penetration Test ?(SPT) blow 
counts will also be collected in both cohesive and granular soils. 
SPT values in cohesive soils will provide a measure of the soil 
consistency and strength values. In granular soils, SPT blow 
counts will provide a measure of the soil density and strength 
values. SPT values in granular soils will also be used in 
estimating the liquefaction potential of the saturated zones. The 
planned depth of each of the geotechnical borings along with 
tentative sampling type and depths are provided in the attached 
GSTP. Split spoon and Shelby tube samples will be collected 
alternately at intervals of about 2.5 feet to a depth of about 20 
feet and then at intenrals of 5 feet to the bottom of the boring. 
The Shelby tube or Denison samples will be used to collect material 
for tests that need undisturbed samples; e.g., consolidation, 
triaxial shear, and permeability. Split spoon samples will be used 
to collect material for the other tests; e.g., grain size, 
Atterberg limits, and moisture content. 

EM100-2-1906 
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ASTM D422 - -  

ASTM D854 
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14 
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ASTM D4318 

ASTM D2435 

Page 7 of 11 

63 

~~ 

-Grain-Size/Hydrometer, GS 

I 
11 -Specific Gravity, SG 
-Atterberg Limits, AL 

ASTM D2844 

ASTM D698 

-W Triaxial 
Undisturbed sample, W 
Remolded, Wet of optimum 
moisture, W, 
Remolded, 85% relative 

compaction, W,, 

3 

16 

-CU Triaxial (w/pp): 
Undisturbed sample, CU 
Remolded, Wet of optimum 
moisture, CU, 
Remolded, 85% relative 
compaction, CU,,, 

ASTM D2974 

ASTM C88 

-R-value, R 

-Standard Proctor, SP 

42 

5 

-Hydraulic Conductivity: 
Undisturbed sample, P 
Remolded sample, P, 

ASTM c535 - 

-Organic Matter, OC 

-Soundness, S 
5 ~ - -  

ASTM D2850 
17 
5 

3 

ASTM D4767 
13 
5 

2 

ASTM D5084 
8 
14 

Moisture content, unit weight, grain size, specific gravity, and 
Atterberg limits are primarily used for soil: identification and 
classification purposes. Consolidation tests are performed to 
develop parameters needed for estimating the settlement of the 
subsurface soils below the facility as well as the disposal 
facility itself. Triaxial tests are performed to develop strength 
parameters needed for bearing capacity and stability evaluation of 
the foundation soils as well as stability of the facility itself. 
R-value tests are performedto develop parameters needed for design 
of roadway sections. 
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Standard proctor tests are performed to develop parameters needed 
for preparation of reconstituted samples as well as compaction 
control during the construction. Hydraulic conductivity tests are 
performed to define the permeability characteristics of the in-situ 
soils as well as the potential liner materials. 

Organic matter tests are performed to estimate organic content of 
the topsoil to aid in assessing the potential settlement of the 
wasted topsoil due to its decomposition. 

Soundness and abrasion tests are performed to evaluate the 
durability of the riprap materials. The source of the riprap will 
be a local quarry. 

The CPTs are intended to provide continuous stratigraphy 
information as well as strength data for engineering evaluation and 
analyses. Dissipation tests will also be conducted at selected 
locations to estimate in-situ soil horizontal permeability in 
saturated zones. Additionally, the CPT data are used to 
interpolate soil properties between samples as well as borings. 
The planned depth of each of the CPTs are provided in the attached 
GSTP. Fifteen of the CPTs are designated to be performed to depth 
of about 100 feet or refusal, whichever is less. This is to 
provide properties of deeper soils which are required for 
evaluation of liquefaction, stability and settlement of subsurface 
soils below the disposal facility. 

Perched groundwater is suspected to be contaminated in selected 
locations. To prevent cross contaminating the regional aquifer the 
bottom of the glacial overburden (till) will be estimated from 
kriged surfaces and the CPTs will terminate about 5 feet above the 
estimated bottom of the till. After the'CPTs are completed, they 
will be filled with expansive Type K grout. None of the deep CPTs 
are in known areas of contamination. 

The information gathered from the sampling is intended to be used 
by personnel qualified and experienced in conducting site 
investigation and disposal facility design and evaluation. 

4 Specification of the Domain of the Decision 

The in-situ testing and soil sampling will occur in an area on the 
east boundary of the FEMP that measures approximately 800 feet wide 
by 4,320 feet long, with the long edge parallel with the east 
boundary of the site. In-situ testing measurements and 
geotechnical samples will be collected from the brown clay (from 
the surface to a depth of about 15 feet) and the grey clay (from a 
depth of about 15 feet to 3 0  feet) and in selected locations from 
soils below the depth of about 3 0  feet using CPTs, as well as 
Shelby tubes and split barrel samplers. An electric CPT rig will 
be utilized to advance the CPTs while and auger drill rig will be 
used to collect the Shelby tubes and the split barrel samples. The 
tentative locations of the CPTs and soil borings are shown on 
Figure 1 of the GSTP. These locations were selected based on the 
existing available information in order to produce the 
representative subsurface soils' properties and geotechnical data 
within .the footprint of the proposed disposal facility. 
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5 Development of Logic Statements 

The result of the in-situ and geotechnical sampling and testing 
will be summarized in the geotechnical investigation report. The 
information obtained from this investigation will assist CRU2 in 
detailed design of the subject disposal facility. The primary 
objectives of the in-situ testing, and geotechnical sampling and 
testing are as follows: 

- Define the geotechnical properties of subsurface soils at 
the Disposal Facility site and provide geotechnical 
design parameters. These parameters will be used for 
subsequent bearing capacity, settlement, and stability 
analyses of the native soils under the Disposal Facility 
area. 

- Provide geotechnical properties and parameters for 
reconstituted clay samples intended for construction of 
the lining material and the perimeter dikes for overall 
stability and settlement evaluation of the Disposal 
Facility. 

- Provide geotechnical properties and parameters for 
subsurface native granular soils for potential 
liquefaction evaluation of materials below the Disposal 
Facility footprint. 

- Provide geotechnical properties and parameters for the 
topsoil and materials similar to the intended waste 
materials for overall settlement evaluation of the 
Disposal Facility contents. 

- Provide information regarding the hydraulic conductivity 
of the native clay soils below the Disposal Facility 
footprint. 

- Provide information regarding the hydraulic conductivity 
of the reconstituted clay samples intended for use as 
lining materials. 

- Report on any relevant geotechnical findings or 
observations made during execution of the work that may 
affect the geotechnical aspects of the design, 
construction and performance. 

6 Establishment of Constraints on Uncertainty 

The purpose of this step is to define possible decision errors 
based on study findings. A false positive error would 
indicate that the subsurface materials have properties more 
conducive for cell construction. This would have an impact on 
location selection and design parameters. This could result 
from laboratory or analytical testing errors, 
misclassification of soil in the field or by missing a 
significant granular pathway during the field investigation. 
The consequences would be that a false posit’ W Q U ~ ~  be ~ & o ~ ~  d’LB 
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discovered during construction or post-construction 
monitoring. This would result in a reduced factor of safety 
or a design upgrade. 

A false negative would indicate that the soil has unacceptable 
properties; therefore, creating the need for using off-site 
material, over designing the disposal cell, or eliminating the 
possibility for an on-site disposal facility. 

The impacts of a false positive or negative (in order of 
importance) : 

1.) cost 
2.) credibility 
3.) social 
4. ) ecological 

To minimize the possibility of errors, all of the procedures 
will be conducted by qualified personnel. The analysis shall 
adhere to the appropriate FEMP ASLs of quality control 
criteria as specified in the Site-Wide CERCLA Quality 
Assurance Project Plan (SCQ). The required ASLs for this 
study are level B. 

In the event that a boring cannot be completed, a new boring 
will be started a minimum of five feet from the previous 
unsuccessful boring. If a boring cannot be successfully 
completed, it is likely that results from other sampling 
locations will serve as an effective substitute. 

7 Development of a Cost-Effective Design for Obtaining Data 

Geotechnical sampling and analysis will be performed in 
accordance to ASTM standards under a quality program which 
meets NQA1, QL3 requirements to assure quality results for 
design of the disposal facility. The ASL for all geotechnical 
testing will be ASL B. All data will be checked by the 
engineer in accordance with approved design procedures and SCQ 
requirements. 

Records documenting geotechnical laboratory equipment 
calibration will be maintained and included in the project 
records. Observed variability of results may result in a 
raise in the factor of safety in accordance with engineering 
practices. Any sample which retrieves an adequate quantity 
and acceptable configuration of material will be considered a 
successful sampling event. 

The primary objective of this sampling and analytical effort 
is to facilitate the selection of location and design of an 
on-site disposal facility. 
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The geoteclmical tests of concern are listed in the table in 
Section 3 .  The samples will be collected and tested in 
accordance with engineering procedures which meet the 
requirements of the SCQ and NQAl,QL3 protocols. A1 1 
geotechnical testing will be ASL B. 
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APPENDIX B 

SSOP - 1070, 

"UNEXPECTED DISCOVERY OF CULTURAL RESOURCES" 
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DOCUMENT NO: SSOP-1070 

1 . o  

2 .o  

3 . 0  

FUw 
T h \ s  procedure provides the  c7.2thod by which Fernald Envfronnental 
Restoratfon Managenent Cotporatfon (FERMCO) or sub-contractor personnel 
shall  nottfy the fEFV4CO C u l t u r a l  Resource Coordtnator (CRC)  w i t h i n  the 
Envlronmental PI a n n l n g  Department of the Regulatory Programs Dlv! s jon of 
the unexpected dlscovery of Cultural Resources during d r l l ’ l l n g  or any other  
ground dlsturofng zctlvltles at the  Fernald fnvlronsental Hanagement 
Project (FEEiP) o r  beyond I t s  boundsr!es. 

xQ2l 
Thls  procedure applles to a l l  FEMP and subcon9ractor.personnel. 
procedure addresses a l l  ground disturblng activltles In process at the FEMP 
,and Is appl i cab le  to all FEHP, subcmtractor  and tetmlng p a r t n e r  personnel. 

Thls 

wIM.LKU 
a1 R e s o m o o r m a t o r  (Cm - The FERMCO person in charge o f  

managfng cultural resources at the FEHP. 

object  Included i n  or eltglble  for tncluslon on the Nattonal Reglster of 
Hlstorlc flaces. Such Items Include art l facts ,  recordsI and remalns that 
are related to a dtstr lc t ,  slte, butldlng, structure, or o b j e c t .  

D i s t u r m  A c t i v i t y  - Any activity that disturbs the ground eIther 
On the FEMP slte or on adjacent property, Examples of ground disturbance 
include strlpping of topsol l ,  drllllng wells, road Improvements, e t c .  

Field P e r m  - FERI4CO of Subcontractor employees t h a t  are conductfng 
ground bfs turbhg  r c t t v l t i e s .  

Ylrtotic Ptopertles - Any hlstorlc or prehlstorlc Site, structure, or 
object. 

a l l t y  for f f e ld .  activities such as Conttructlon Engineer, 
Constructlon Coordlnator or Project Engineer. 

- Any prehistorfc dtstrfct, but ld lng ,  structure, or 

e Fleld mresentatlve - The employee designated wlth 

t e  HI otoric Preservatfon Offlce - The s;ate authority respons 
for enforcement of the Natfonal His%%l Preservation Act. 

t e 

lI-1 
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DOE--rat Resources b i o t  of C o n t c  

N o t i f i e s  SHPO of unexpected cultural resource dtscovery. 

f l  tl e : UNU(PfCTED DISCOVERY OF CULTURAL RESOURCES 

MCUHENT NO: SSOP-1070 
REVISION NO: 0 

E f f e c t i v e  D a t e :  03-31-94 

~ - 

Page 4 of 8 

6 N e g o t l r t e t  rnitlgittion. 

N o t l f i e s  FERHCO o f  authorization to proceed with work. 

tal P l a n n t n a  

Notlfies DOC-FN o f  unexpected cultural resource dlscovery. 

Coordjnates mtttgatlon. 

.- 

Prehlstor!c/Hlstoric Assessment Report. 

CUI t uta\ Resource M a t o  r (  . C Q  

Coordinates Cultural Resource Managesent Program, 

Hotiftes Envfronment P I  annlng Manager o f  unexpected cul tural resource 

Conpletes and slgns Pre-historlc/Hlstorlc Assessment Report .  

A s s i s t s  i n  c o m g l e t l m  and  signs unexpected cultwal resource discovery  

discovery . 

form. 

Coordinates mitigation. 

e t t  Ena i flee- t ru ction Ena i n e e I L u t r u c t  f on -4Lna t 0 r 

0 Stops  work upon discovery o f  a cultural reswrce. 

Notifies CRC upon discovery o f  a cultura? resource. 

Completes and signs Unexpected Cultural Resource Dl scovery form. 

5 .0  &ptJ& 
The Hatlonal Hfstorlc Prerervatfon Act (36 CFR 800, Sectlon 106) requires 
Federal agencies t o  take i n t o  account the e f fec t s  of their actions on 
properties t h a t  are on, or ellglble for inclusion on, the National Register 
of Histor ic  Places L i s t .  This llst inc ludes  undiscovered resources as well 
as d i s t r i c t s ,  sites, bufldtngs, structures or objec ts .  

. 
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5.'0 GF!cu ( c o n t . )  

To conply w l t h  sectlon 106 and due t o  t h e  l a r g e  r,urr,ber of hfstoric and 
archaeological resources exist lng l n  the area, consultatlon was teqi les ted  
by t h e  Departfient of Energy (DOE) from the S t a t e  Hlstorlc Preservation 
Offlce (SHPO) concerning proposed remedial activity at the FERP.' 'Thfs 
consul tatton resulted In an agreewent t h a t  any planned surface disturbance 
actlvltles in non-controlled areas  at the FEMP must be preceded by a 
cultural rssources survey t o  determine the  exlstence of potent ia l ly  
significant hfstoric or archeo log ica l  resources. 

Any records rcsultlng frorn thfs  procedure shal l  be.arch1ved w l t h  the CRC 
program and made available on a "need t o  know" basls as spec l f fed  In publlc 
l a w  (PL)  96-95.  

All  d iscover ies ,  h is tor ic  and prehistoric, shall be included i n  the 
Cultural Resource Managezent Plan (Draft) .  

6 .0  

None 

7.0 c 

7.1  HANDLING THE DISCOVERY OF A CULTURAL RESOURCE 

FIELD PERSONNEL 

1. Upon discovery of any h l s t o r i c ,  pre-historic,  or archaeologlcal 
site, feature, or obJect, cease all ground dlsturblng actlvlty 
and contact the responslbl e F le ld Representatlve. 

RESPONSIBLE FIELD REPRESENTATIVE 

2. Immediately report the discovery t o  the Cultural Resource 
Coordinator and the rerponsfble CRU OIrector or D l v l  slon 
Manager. 

Complete the Unexpected Cultural Resources Ol scovery form 
(Figure I) and log it into the Field Activity Dally Log. Submit 
the Oiscovery form and a copy o f  the Fleld Actlvlty Dally Log to 
the CRC. 

3 .  

m:. Proper Document Control Procedures mutt be followed. 

11-3 
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T t  tle: UWEXPECIED OISCOYERY OF CULTURAL RESWRCU 

REVISION NO: 0 

7 . 1  HARDLIHPJ THE DISCOVERY OF A C U L T V U L  RESOliRCE (wnt.) 

. CULTURAL RESOURCE COOPSIKATOR 

4 .  

5 .  

6 .  D a t e m l n e  whether an on-call CUI  turrl Resources Subcontract or 

Verbally report the discovery' t o  t h e  Envlronssntrl Plannlng 
Departfient Manager. 

Complete and rfgn a Preh!storlc/Historic Assessment Report u s i n g  
the format provided (Attachment A ) .  

will be used. 

7 .  Report the assessment to the invlronamtrl  Plannlng Department 
Hanager. 

fKVIROEiWDCTAL Pu\NF(I#C DEPARTRENT W S E R  ' 

8 .  Sign t h e  Prehistorfc/Htrtorlc Atsessnant Report., 

9 ,  Verbally contact the DOE Cultural Resource Polnt of Contact and 
follow up wl th  the sfgned Prehistoric/Histortc Assessment 
Report. 
Cultural Resources form. 

Include a copy of the comp\etsd Unexpected Discovery of 

DOL C U L W L  RESOURCE POINT OF COWTACT 

10. Contact . the  State Historic Preservatton Offlce and gajn  
concurrence for t h e  mitlgatton procedure t o  be followed, i f  any. 

CULTURAL RESOURCE COORDINATOR ' 

11. Secure the cultural resource area unttl notified by DOE. 

_ _  _._ 12. Coordinate any further mitigat-ion-efforts through an on-call - 

Subcontractor or through EPD. 

CONURUCTION 

1 3 .  After receipt of written notlficatlon frm the DOE, dltect f i e ld  
personnel t o  proceed w l t h  ground rctlvltler in the affected 
area. 

I!-5 
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Effective Date: 03-31-94 Page 8 o f  8 -I L - w -  

8 . 0  

8.1 DRIVERS 

- 

Ratlve American Graves and Repatrlatlon A c t  o f  1990 ' 

Archeological and Hlstoric Act Of 1974 

National Histortc Presetvrtton Act o f  1966, as amended 

8.2 REFERENCES 

36 CFR 800,  Sactlon 106: 'Protection o f  Hirtortc Properties' 

6 'Secretrry of the Interior Standards and Guidelines for 
Atchreol ogy and Hi c tor i c  Preserw at 1 on' 
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VIF No. 

Page - of - 
Date: 

VARIANCE / FIELD CHANGE NOTICE 

WBS NO.: 20.03.08 

PDO2ECT-WTLE: PHAS-GEOTECHNICAL INVESTIGATION 

VARIANCE / FIELD CHANGE NOTICE (Include justification): 

X IF REQD VARIANCE/FCN APPROVAL DATE X IF REQD 

O U A L ~  ASSURPINCE 

OATA OUALlTY MANAGEMENT 

SAFElYRIEALTH REPRESENTATNE 

OTHER 

OTHER 

OTHER 

VARlANCElFCN APPROVAL DATE 

PROJECl MNAGER 

ENGNEERNG MANAGER 

TASK MANAGER 

FERMCO GEOLOGIST 

PARSONS GfOLOGIST 

ou2 w m  TASX MANAGCR 

VARIANCEIFCN APPROVED [ ]YES [ I N 0  1 REVISION REQUIRED: [ ]YES [ IN0  

QUALITY ASSURANCE: 

FIELO MANAGER: 

OTHER: OTHER: 

OTHER: OTHER: 
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APPENDIX D 

EQUIPMENT LIST 



6869 
Draft Geotechnical Sampling and Testing Plan 

for Phase III of the SiteWide 
Disposal Facility Field Investigation 

FEMP-OU2. Revision 1 
March 1995 

__ . - - PROJECT _. EQUIPMENT - LIST - 

REQUIRED DOCUMENTS 
SUPPLIES 

Penetration Permit 
Project Specific Health 

and Safety Plan 
FEMP Work Permit 
Flame Permit 
Radiological Worker Permit 
Training Certification Card 
Radiological Survey 
Equipment Inspection 

Project-Specific Plan 
Chemical Hazardous Materials 

Station 

Work Permit 

BLANK FORMS 
Tailgate Safety Meeting 
Field Activity Log 
Sample Collection Log 
Site-Wide Analysis Request./ 

Chain of Custody 

SAMPLING SUPPLIES 
Containers 
Sample Labels 
Permanent Indelible Markers 
Custody Tape 
CPT Sample Extractor 
Sampling Spoons/Knives 

METERSIDETECTORS - 

Beta Gamma Detector (Frisker) 
Photoionization Detector (PID) 

TAPES &PLASTICS 
Silver Duct Tape 
Yellow Radiological Tape 
Clear Tape 
Roll of Clear Plastic 
Custody Tape 

MISCELLANEOUS TOOLS 

Scissors 
Screwdriver 
Hammer 
Box Knife 
Tape Measure/Yardstick 
Carpenters Level 

EXCLUSION ZONE SUPPLIES 
Caution Tape 

Wooden Stakes 
DangedCaution Signs/Flags 

PERSONAL 

Water Dispenser 
Paper Cups 
Drinking Water 
ICe 

EMERGENCY SAFETY 
SUPPLIES/EQUIPMENT 
Radio 
Emergency Eyewash 

First Aid Kit 

DECONTAMINATION SUPPLIES 
Stainless Steel 5-Gallon Pails 
Alconox 
Elbow-length Nitrile Gloves 
Brushes 
Stainless Steel Water Sprayer 
Deionized Water 
Clear Plastic Sheeting 
Chemical laboratory wipes 

PERSONAL PROTECTION EQUIPMENT 

- - 

Cotton Coveralls 
Hard Hat 
Steel-Toed Boots 
Safety Glasses 
Dosimeter 
Latex Gloves 
Cotton Glove Liners 
Leather Work Gloves 
Ear Plugs 
Full Face Air Purifying Respira 

_ _  ~ ._ 

IDW SUPPLIES 
Plastic Trash Bags 

F\WPSI\GEOSAMPL\SEC.D March 9.1955 1016am D- 1 
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APPENDIX E 

TYPE K 

EXPANSIVE GROUT 



- Tne Expansive 
cement from Southdown. 

problems. 
ou know the problems ordinary 
Pur tland Cement concrete 
can bring to a job. Shrinbge 

mcking. Curling. Permeability. They 
often OCCUT soon after placement 
That’s because odinary conmte shrinks 
&pificantly as it dries, causing inkd 
tensile stress. when stress exceeds tensile 
s h m  the problems be& MY csacking and 
cwhg  can lead to bigger problems in the years that 
foUw as man and nature combine to attack shrinkage 

VI-1 



... 

VI-2 



In containment areas, 
vou can't a o r d  to 

_ .  . . 



Southdown makes 
Type K available 
throughout the U.S. 
Just contact the - 
Southdown Company 
nearest you. 

Southdown Companles 
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-. 

F%&g i n t e d  reinforcement at the 
u i r  haU of the slab, pdcnbly 
vWn two fn&s of the surface, is 
remmmded far  p t e s t  &a I Type &%est 

in the long run. I I 



Skzbs- Bn-Grade 

-.. 
' 5  . .c 

Pladng TVpe K in slab-an-grade 
ppoieCrs such as warehouses, 
factarkr, foodkverage pmessing 

tcrmindls, a d s ,  aircraft 
b q e m  and runways means bd&g 
a surSace that willast a bngtinx 
with less maintenance. 

'Qpe K meam leu 1 
maintenance cort. 

VI-8 
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Denison Samples 

Denison samples s h a l l  generally be thken i n  soils 
having 2 Ztandard peiietratiori resistance higher than 20 
blows/ft as directed by the Engineers. 

- Borings u t i l i z i n g  the 3enison sampler s h a l l  be - taken i n  order t o  obtain s o i l  samples for laboratory 
t e s t i n g ,  Samples shall  t ~ e  taken w i t h  a 4 i n ,  0 . D .  Denison 
sampler c a p h e  of recoverinq 2 it long sanples- Brass 
l h e r s  s h a l l  be used, Esch sample s h a l l  he taken careFully 
so that the s o i l  w i l l  remain as nearly as possible i n  an 
undisturbed state,  The extension of the inner barrel shoe 
beyond the outer barrei cutting teeth s h a l l  be t h e  least 
amount which results i n  a f u l l  inner barrel of soil, and 
which will not cause SndGrcutting or contalcination of the 
sample by d r i l l i n g  f l u i d ,  garupling shall  proceed to obtain 
a continuous verticzrl specimen, A f t e r  the hole has been 
thoruughly cleaned, the sampler s h a l l  &e lowered c a r e f u l l y  
i n t o  the hole, w i t h  
t h e  bottom of t h e  hole, The d r i l l e r  shall  make sure that 
the truck jacks are carrying the 1o;ld of tlie u u c k  so that 
the truck W i l l  not be l i f t e d  on the springs dnd t i r e s  when 
load xs applied to the sampler, The sanple tube s h a l l .  t h e n  
be forced into the gr0w.d i n  a cwntinuous drive and c i t  a 
rate pf penetration equal to the rate a t  which the outer 
b a r r e l  i s  able t o  cut, The speed of rotation s h a l l  be 
l i m i t e d  t o  that  which w i l l  nGt  rupture the  soil sarr.ple, 
&fter ttie tube has been insertsa t o  i ts  f u l l  length into the 
s o i l ,  t h e  d r i l l e r  s h a l l  w a i t  approxkndtely 5 min before 
beginnbg w i t h d r a w a l ,  xhe tube s h a l l  then be withdrawn from 
the bottom of the hole in a smooth c o n s t d r i t  iilotion usincj - ydraulic pressure to  pull  the tube at a rdte of about 1 i n ,  

-per sec- Turning ot the rods w i t h  d wrench to break the 
f r i c t i o n  OF the sample s h a l l  not Le allowed unless all other 
methods have been sttempted first and s h a l l  not be resorted 

~ _ _  t o  unless approved by the Engineers, kfttrr the sclrnple has 
pulled-free from the bottom of the hole Ey a Cleirrance of 
about 1 t o  2 f t ,  removal +=ill stop momentarily to allow the 
d r i l l i n g  f l u i d  to flow aro-md the bottom of the tube l a b o u t  
30 sec.).  _kenoval s h a l l  then contiriue a t  a slow and unirorm 
w i t h d r a w a l  rate not to  exceed 6.5 f t  per sec, Brea~chiq the 
pipe joints .during withdrawal s h a l l  he done carctully and i n  
a s  Large sections a s  can be practically  handled so a s  n o t  to 
disturb the sample, 

The sampler s h a l l  be placed in contact 

- 
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Draft Geotahnical Sampling and Testing P& 
for Phase III of the SiwWide 

Disposal Facility Field Investigation 
FEMP-OU2, Revision 1 

March 1995 

Activity 

Issue PO Plan, Rev. 0 

APPENDIX G 

SCHEDULE FOR FINAL GEOTECHNICAL INVESTIGATION 

Date 

February 22,1995 

Begin CPT Fieldwork 

Issue 90% GSTP, Rev. A 

Issue Final GSTP, Rev. 0 

Finish CPT Fieldwork 

~ ~~ 

March 20, 1995 

March 21, 1995 

March 28, 1995 

March 31. 1995 

Parsons Begin Fieldwork 

Parsons Complete Fieldwork 

Parsons Begins Laboratory Testing 

Parsons Completes Laboratory Testing 

Parsons Issues 90% Geotechnical 
Investigation Report and 
Recommendations. Rev. A 

April 4, 1995 

May 2,1995 

April 10,1995 

July 10, 1995 

July 28, 1995 

Parsons Issues Final Geotechnical Report 
and Recommendations, Rev. 0 

August 11, 1995 

F\WP5l\GEOSAMPL\SEC;G March 9, 1995 10:02am G- 1 
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APPENDIX H 

METHODOLOGY FOR USING HOLLOW-STEM AUGER 

AS A TEMPORARY CASING IN ZONES OF 

SUBSURFACE URANIUM CONTAMINATION 
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Methodology f o r  Using Hollow-Stem Auger 
a s  a Temporary Casing i n  

Zones of Subsurface Uranium Contamination 

Using a n  8.25-inch ID/14-inch OD hollow-stem auger, dri l l  through the zone of 
contamination t o  a depth four feet below the estimated depth of contamination as 
determined from Operable Uni t  5’s subsurface uranium contamination modeling. 
Raise the auger string approximately one foot t o  vacate the bottom of the boring. 
Pump a bentoni te-based sealer (Hole-Seal ) i n t o  the bottom of the boring t o  form 
an approximately 3-foot thick column of sealer. Allow the sealer t o  hydrate for 
a t  least one-hour. After the sealer has hydrated, the 8.25-inch ID/14-inch OD 
hollow-stem auger can be used as a temporary casing for the contaminated section 
of the boring. Prior t o  placing the bentonite-based sealer i n  the bottom of the 
boring,  depth t o  bottom should be measured t o  confirm t h a t  the bore hole has not 
coll apsed. 

A 3.25-inch ID/6.625-inch OD hollow-stem auger string will be used t o  dril l  
inside the 8.25-inch ID/14-inch OD hollow-stem auger and the through the column 
of sealer t o  the full depth of the boring (see Figure H-1 for a schematic showing 
the steps involved i n  using a hollow-stem auger as a temporary casing).  

After all  drilling and sampling efforts have been completed for the boring, the 
3.25-inch ID16.625-inch OD hollow-stem auger string will pulled from the boring 
and the resulting hole will be plugged with type K grout .  Once the 6.625-inch 
diameter boring hole has  been fully grouted and the 3.25-inch ID16.625-inch OD 
hollow-stem auger string has been pulled from the boring, the 8.25-inch ID/14- 
inch OD hollow-stem auger string wil l  be pulled and the resulting 14-inch 
diameter boring hole will be plugged using type K grout. 

Note: This methodology is only t o  be used a t  locations were subsurface uranium 
contamination is  greater t h a n  3 feet i n  depth.  



HOLLOW -STEM AUGER AS TEMPORARY' CASING SCHEMATIC 
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G a ~ u c h i d  Sampling and Testing Plan 
for PhaK III of the ShWidc 

Disposal Facility Field Investigation 
FEMP-OU2. Rwiision 2 

_ _  April 199s - - -  _ _  

SUMMARY OF ASTM PROCEDURES 

TEST NO. TITLE 4 

C88 

C127 
D75 
D420 
D42 1 

D422 
D698 
D854 
D 1452 
D1586 
D1587 
D2216 

D2217 

D2435 
D2487 
D2488 
D2573 
D2844 

D2850 

. - ~~ - __. 

D2974 

D3080 

D3441 

. . .. 

Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 
Standard Test Method for Specific Gravity and Absorption of Coarse Aggregate 
Practice for Sampling Aggregates 
Standard Guide for Investigating and Sampling Soil and Rock 
Standard Practice for Dry Preparation of Soil Samples for Particle-Size Analysis 
Determination of Soil Constants 

Standard Method for Particle Size Analysis for Soils 
Laboratory Compaction Characteristics of Soil Using Standard Effort 
Standard Test Method for Specific Gravity of Soils 
Standard Practice for Soil Investigation and Sampling by Auger Borings 
Standard Test Method for Penetrometer Test and Split-Barrel Sampling of Soils 
Standard Practice for Thin-Walled Tube Sampling of Soils 
Standard Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 
Standard Practice for Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination of Soil Constants. 
Test Method for One-Dimensional Consolidation Properties of Soil 
Standard Classification of Soils for Engineering Purposes 
Standard Practice for Description and Identification of Soils 
Standard Test Method for Field Vane Shear Test in Cohesive Soil 
Standard Test Method for Resistance R-value and Expansion Pressure of 

Standard Test Method for Unconsolidated, Undrained Compressive Strength of 
Cohesive Soils in Triaxial Compression 
Standard Test Method for Moisture, Ash, and Organic Matter of Peat and Other 
Organic Soils 
Standard Test Method for Direct Shear Test of Soils Under Consolidated 
Drained Conditions 

Standard Test'Method for Deep, Quasi-Static, Cone and Friction Penetration 
Tests of Soil 

- -~ -~ - Compacted Soils - -  

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 
_ _ _  ~ 

24 

25 

26 

TI 



D3550 
D4044 

D4104 

D4 186 

D4220 
D4318 
D4546 

D4643 

D4767 

D5084 

D5092 

Draft Geotshnical Sampling and Testing plan 

for Phase III of he S i W i d e  
Dkposal-Facility-Fid-tn~tig~on 

FEMP-OUZ, Revkion 0 
February 1995 

Standard Practice for Ring-Lines Barrel Sampling of Soils 
Standard Test Method for (Field Procedure) for Instantaneous Change in Head 
(Slug Test) for Determining Hydraulic Properties of Aquifiers 
Standard Test Method (Analytical Procedure) for Determining Transmissivity of 
Nonlealq Confiied Aquifers by Overdamped Well Response to Instantaneous 
Change in Head (Slug Test) 
Standard Test Method for One-Dimensional Consolidation properties of Soils 
Using Controlled-Strain Loading 
Standard Practices for Preserving and Transporting Soil Samples 
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
Standard Test Methods for One-Dimensional Swell or Settlement Potential of 
Cohesive Soils 
Standard Test Method for Determination of Water (Moisture) Content of Soil by 
the Microwave Oven Method 
Test Method for Consolidated-Undrained Triaxial Compressive Test on 
Cohesive Soils 
Standard Test Method for Measurement of Hydraulic Conductivity of Standard 
Porous Materials Using a Flexible Wall Parameter 
Standard Test Method for Design and Installation of Ground Water Monitoring 
Wells in Aquifers 
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Standard Test Method for . 

Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate' 

This standard is issued under the fixed designation C 88; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

This test method has been approved for use by agencies of the Depanment of Defense. Consult the DoD Index of Specijications and 
Standards for the spec13c year of issue which has been adopted by the Depanrnent of Defme. 

1. Scope 
1.1 This test method covers the testing of aggregates to 

estimate their soundness when subjected to weathering ac- 
tion in concrete or other applications. This is accomplished 
by repeated immersion in saturated solutions of sodium or 
magnesium sulfate followed by oven drying to partially or 
completely dehydrate the salt precipitated in permeable pore 
spaces. The internal expansive force, derived from the rehy- 
dration of the salt upon re-immersion, simulates the expan- 
sion of water on freezing. This test method furnishes infor- 
mation helpful in judging the soundness of aggregates when 
adequate information is not available from service records of 
the material exposed to actual weathering conditions. 

1.2 The values given in parentheses are provided for 
information purposes only. 

1.3 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safay and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 33 Specification for Concrete Aggregates2 
C 136 Test Method for Sieve Analysis of Fine and Coarse 

Aggregates2 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials2 
C 702 Practice for Reducing Field Samples of Aggregate 

to Testing Size2 
D75 Practice for Sampling Aggregates3 
D3665 Practice for Random Sampling of Construction 

Materials3 ' 

E 11 Specification for Wire Cloth Sieves for Testing 

E 100 Specification for ASTM Hydrometers' 
E 323 Specification for Perforated-Plate Sieves for Testing 

pUrpm4 

PUrpo~es~ 

This tm method is under the jurisdiction of ASTM Committee C-9 on 
concrete and Concrete Aggregates and is the direct responsibility of Subcommittee 
m . 2 0  on Normal Weight Aggregates . 

Cumnt edition approved Oct. 26,1990. Published December 1990. WY 
Published asC88-  31 T. Laa previous edition C 88 -83. 

Annual Book of ASTM Standards, Vol04.02. 
'Annual Book of A M  Standards, Vol04.03. 
'Annual Book of ASTM Standards, Vol 14.02. 

. . .  'Annual Book of ASTM Standards, Vol 14.03. . .. 

3. Significance and Use 
3.1 This test method provides a procedure for making a 

preliminary estimate of the soundness of aggregates for use in 
concrete and other purposes. The values obtained may be 
compared with specifications, for example Specification 
C 33, that are designed to indicate the suitability of aggregate 
proposed for use. Since the precision of this test method is 
poor (Section 12), it may not be suitable for outright 
rejection of aggregates without confirmation from other tests 
more closely related to the specific service intended. 

3.2 Values for the permitted-loss percentage by this test 
method are usually different for fine and coarse aggregates, 
and attention is called to the fact that test results by use of 
the two salts differ considerably and care must be exercised 
in fixing proper limits in any specifications that include 
requirements for these tests. The test is usually more severe 
when magnesium sulfate is used accordingly, limits for 
percent loss allowed when magnesium sulfate is used are 
normally higher than limits when sodium sulfate is used. 
NOTE I-Refer to the appropriate sections in Specification C 3 3  

establishing conditions for acceptance of coarse and fine aggregates 
which fail to meet requirements based on this test 

4. Apparatus 
4.1 Sieves-With square openings of the following sizes 

conforming to Specifications E 11 or E 323, for sieving the 
samples in accordance with Sections 6, 7, and 9: 

150 pm (No. 100) 

300 pm (No. 50) 

600 pm (No. 30) 

1.18 mm (No. 16) 
2.36 mm (No. 8) 

4.00 mm (No. 5) , 

4.75 mm (No. 4) 

8.0 mm ('116 in.) 
9.5 mm (YE in.) 
12.5 mm ($5 in.) 
16.0 mm (518 in.) 
19.0 mm ( 3 h  in.) 
25.0 mm (1 in.) 
31.5 mm ( l l h  in.) 
37.5 mm ( 1 1/z in.) 
50 mm (2 in.) 
63 mm (21h in.) 
larger sues by 
12.5-mm (b%in.) 
spread 

4.2 Containers-Containers for immersing the samples of 
aggregate in the solution, in accordance with the procedure 
described in this test method, shall be perforated in such a 
manner as to permit free access of the solution to the sample 
and drainage of the solution from the sample without loss of 
aggregate. 

NOTE 2-Baskets made of suitable wire mesh or sieves with suitable 
openings are satisfactory containers for the samples. 

4.3 Temperature Regulation-Suitable means for regu- 

39 
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ting the temperature of the samples during immersion in 
.e sodium sulfate or magnesium sulfate solution shall be 

provided. 
4.4 Balances-For h e  aggregate, a balance or scale 

accurate within 0.1 g over the range required for this test; for 
coarse aggregate, a balance or scale accurate within 0.1 5% or 
1 g, whichever is greater, over the range required for this test. 

4.5 Drying Oven-The oven shall be capable of being 
heated continuously at 230 k 9°F (1 10 f 5°C) and the rate of 
evaporation, at this range of temperature, shall be at least 25 
g/h for 4 h, during which period the doors of the oven shall 
be kept closed. This rate shall be determined by the loss of 
water fiom 1-L Griffin low-form beakers, each initially con- 
taining 500 g of water at a temperature of 70 & 3°F (21 f 
YC), placed at each comer and the center of each shelf of the 
oven. The evaporation requirement is to apply to all test loca- 
tions when the oven is empty except for the beakers of water. 

4.6 Specific Gravity Measurement-Hydrometers con- 
forming to the requirements of Specification E 100, or a suit- 
able combination of graduated glassware and balance, capa- 
ble of measuring the solution specific gravity within kO.001. 

5. Special Solutions Required 
5.1 Prepare the solution for immersion of test samples 

from either sodium or magnesium sulfate in accordance with 
5.1.1 or 5.1.2 (Note 3). The volume of the solution shall be at 
least five times the solid volume of all samples immersed at 
any one time. 

NOTE &Some aggregates containing ~ ~ b ~ n a t e s  of calcium or 
magnesium are attacked chemically by frah sulfate solution, resulting in 
erroneously high measured losses. If this condition is encountered or is 
suspected, repeat the test using a filtered solution that has been used 
previously to test the same type of carbonate rock, provided that the 
solution meets the requirements of 5.1.1 and 5.1.2 for specific gravity. 

5.1.1 Sodium Sdfate Solution-Prepare a saturated solu- 
tion of sodium sulfate by dissolving a USP or equal grade of 
the salt in water at a temperature of 77 to 86°F (25 to 30'C). 
Add sufficient salt (Note 4), of either the anhydrous 
(Na2S04) or the crystalline (Na2SO4. 10H20) form: to 
ensure not only saturation but also the presence of excess 
crystals when the solution is ready for use in the tests. 
Thoroughly stir the mixture during the addition of the salt 
and stir the solution at fresuent intervals until used. To 
reduce evaporation and prevent contamination, keep the 
solution covered at all times when access is not needed. 
Allow the solution to cool to 70 f 2'F (21 f 1°C). Again stir, 
and allow the solution to remain at the designated tempera- 
ture for at least 48 h before use. Prior to each use, break up 
the salt cake, if any, in the container, stir the solution 
thoroughly, and determine the specific gravity of the solu- 
tion. When used, the solution shall have a specific gravity not 
less than 1.151 nor more than 1.174. Discard a discolored 
solution, or filter it and check for specific gravity. 

NOTE &For the solution, 2 15 g of anhydrous salt or 700 g of the 
decahydrate per fitre of water are su5cient for sawtion at 71.6T 

Experience with the test methodindicatestbat agrade ofsodium sulfatedesig- 
natcd bythetladeasdricd powder, which may kconddcrrd asapproximatdY 
anhydrous is the most pracrical for use.. That grade is m e  aamomically available 
than the aahydrous fonn. The dccahydrate sodium sulfate prrsntsdi5iculties in 
compounding thc required solution on &mxlrlt of its cooling effect on the solution. 

(22'C). However, since these salts are not completely stable and since it 
is desirable that an excess of crystals be present, the use of not less than 
350 g of the anhydrous salt or 750 g of the decahydrate salt per litre of 
water is recommended. 

5.1.2 Magnesium Sulfate Solution-Prepare a saturated 
solution of magnesium sulfate by dissolving a USP or equal 
grade of the salt in water at a temperature of 77 to 86°F (25 
to 30°C). Add sUacient salt (Note 5), of either the anhydrous 
(MgSO,) or the crystalline (MgS04.7H20) (Epsom salt) 
form, to ensure saturation and the presence of excess crystals 
when the solution is ready for use in the tests. Thorougbly 
stir the mixture during the addition of the salt and stir the 
solution at frequent intervals until used. To reduce evapora- 
tion and prevent contamination, keep the solution covered 
at all times when access is not needed. Allow the solution to 
cool to 70 k 2'F (21 f 1°C). Again stir, and allow the 
solution to remain at the designated temperature for at least 
48 h before use. Prior to each use, break up the salt cake, if 
any, in the container, stir the solution thoroughly, and 
determine the specific gravity of the solution. When used, the 
solution shall have a specific gravity not less than 1.295 nor 
more than 1.308. Discard a discolored solution, or filter it 
and check for specific gravity. 

Nm 5-For the solution, 350 g of anhydrous salt or 1230 g of the 
heptahydrate per litre of water are sufficient for saturation at 73.4'F 
(23%). However, since these salts are not completely stable, with the hy- 
drous salt being the more stable of the two, and since it is desirable that 
an excess of crystab be present, it is recommended that the heptahydrate 
salt be used and in an amount of not less than 1400 g/litre of water. 

' 

1 
I 

6. Samples 
6.1 The sample shall be obtained in general accordance 

with Practice D75 and reduced to test portion size in 
accordance witli Practice C 702. 

6.2 Fine Aggregate-Fine aggregate for the test shall be 
passed through a 9.5;mm (3/a-in.) sieve. The sample shall be 
of such size that it will yield not less than 100 g of each of the 
following sizes, which shall be available in amounts of 5 5% or 
more, expressed in terms of the following sieves: 

Passing Sieve Retained on Sieve 
600 pg (No. 30) 300 pn (No. 50) 
1.18 mm (No. 16) 600 pn (No. 30) 
2.36 mm (No. 8) 1.18 mm (No. 16) 
4.75 mm (No. 4) , 2.36 mm (No. 8) 
9.5 mm (31s in.) 4.75 mm (No. 4) 

6.3 Coarse Aggregate-Coarse aggregate for the test shall 
consist of material from which the sizes finer than the No. 4 
sieve have been removed. The sample shall be of such a size 
that it will yield the following amounts of the indicated Sizes 
that are available in amounts of 5 5% or more: 

9.5 mm (3h in.) to 4.75 mm (No. 4) 
19.0 mm (3.1. in.) to 9.5 mm (318 in.) 

Consisting of. 
i2.5-mm (%in.) to 9.5-mm (31ein.) material 
19.0-mm (314-in.) to 12.5-mm (%in.) material 

37.5-mm ( I M i . )  to 19.0-mm (314 in.) 
Considug of: 

25.0-mm (I-in.) to 19.0-mm (Jlein.) material 
37.5-mm (1 'h-ie) to 25.0-mrn (1-h) mateTial 

63-mm (2Ih h) to 37.5-mm (1% in.) 
consisting of. 

50-mm (2 in.)to 37.5-mm(ll&in.)material 
63-mm (2V5-in.) to 5@mm (2-h)  mated 

Larga sizes by 25-mm (bin.) spread in sieve size, each e o n  

mi5 
looof  10 

330*5 
670 f 10 

1500 f 50 

500*30 
I o o o  f 50 
5 O O o f 3 o o  

2000 f 200 
u K K ) f 3 o o  
7000f loo0 
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6.4 When an aggregate to be tested contains appreciable 

amounts of both fine and coarse material, having a grading 
with more than 10 weight 5% coarser than the 9.5-mm (3h-in.) 
sieve and, also, more than 10 weight 5% finer than the 
4.75-mm (No. 4) sieve, test separate samples of the minus 
No. 4 fraction and the plus No. 4 fraction in accordance with 
the procedures for fine aggregate and coarse aggregate, 
respectively. Report the results separately for the fine- 
aggregate fraction and the coarse-aggregate fraction, giving 
the percentages of the coarse- and fine-size fractions in the 
initial grading. 

7. Preparation of Test Sample 
7.1 Fine Aggregate-Thoroughly wash the sample of fine 

aggregate on a 300-pm (No. 50) sieve, dry to constant weight 
at 230 f 9°F ( 1  10 f YC), and separate into the different sizes 
by sieving, as follows: Make a rough separation of the graded 
sample by means of a nest of the standard sieves specified in 
6.2. From the fractions obtained in this manner, select 
samples of sufficient size to yield 100 g after sieving to 
refusal. (In general, a 1 10-g sample will be sufficient.) Do not 
use fine aggregate sticking in the meshes of the sieves in 
preparing the samples. Weigh samples consisting of 100 f 
0.1 g out of each of the separated fractions after final sieving 
and place in separate containers for the test. 

7.2 Coarse Aggregate-Thoroughly wash and dry the 
sample of coarse aggregate to constant weight at 230 f 9°F 
( 1  10 f 5°C) and separate it into the different sizes shown in 
6.3 by sieving to refusal. Weigh out quantities of the different 
sizes within the tolerances of 6.3 and, where the test portion 
consists of two sizes, combine them to the designated total 
weight. Record the weights of the test samples and their 
fractional components. In the case of sizes larger than 19.0 
mm (31’4 in.), record the number of particles in the test 
samples. 

8. Procedure 
8.1 Storage of Samples in Solution-Immerse the samples 

in the prepared solution of sodium sulfate or magnesium 
sulfate for not less than 16 h nor more than 18 h in such a 
manner that the solution covers them to a depth of at least ‘12 

in. (Note 6). Cover the containers to reduce evaporation and 
Prevent the accidental addition of extraneous substances. 
Maintain the samples immersed in the solution at a temper- 
ature of 70 f 2°F (21 f 1°C) for the immersion period. 

NOTE &Suitably weighted wire grids placed over the sample in the 
mntainers will permit this coverage to be achieved with very lightweight 
aggregates. 

8.2 Dving Samples Afier Immersion-After the immer- 
sion period, remove the aggregate sample from the solution, 
Permit it to drain for 15 f 5 min, and place in the d y n g  
Oven. The temperature of the oven shall have been brought 
Previously to 230 f 9°F ( 1  10 f 5°C). Dry the samples at the 
Specified temperature until constant weight has been 
achieved. Establish the time required to attain constant 
weight as follows: with the oven containing the maximum 
Sample load expected, check the weight losses of test samples 

removing and weighing them, without cooling, at inter- 
”& of 2 to 4 h; make enough checks to establish required 
drying time for the least favorable oven loation (see 4.5) and 

condition (Note 7). Constant we@t wil l  be consid- 
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ered to have been achieved when weight loss is less than 
0.1 5% of sample weight in 4 h of drying. After constant 
weight has been achieved, allow the samples to cool to room 
temperature, when they shall again be immersed in the 
prepared solution as described in 8.1. 

NOTE 7-Drying time required to reach constant weight may vary 
considerably for several reasons. Efficiency of drying will be reduced as 
cycles accumulate because of salt adhering to panicles and, in some 
cases, because of increase in surface area due to breakdown. The 
different size fractions of aggregate will have differing drying rates. The 
smaller sizes will tend to dry more slowly because of their larger surface 
area and restricted interparticle voids, but this tendency may be altered 
by the effects of container size and shape. 

8.3 Number of Cycles-Repeat the process of alternate 
immersion and drying until the required number of cycles is 
obtained. 

- 

9. Quantitative Examination 
9.1 Make the quantitative examination as follows: 
9.1.1 After the completion of the final cycle and after the 

sample has cooled, wash the sample free from the sodium 
sulfate or magnesium sulfate as determined by the reaction 
of the wash water with barium chloride (BaQ). Wash by 
circulating water at 110 f 10°F (43 f 6°C) through the 
samples in their containers. This may be done by placing 
them in a tank into which the hot water can be introduced 
near the bottom and allowed to overflow. In the washing 
operation, the samples shall not be subjected to impact or 
abrasion that may tend to break up particles. 

9.1.2 After the sodium sulfate or magnesium sulfate has 
been removed, dry each fraction of the sample to constant 
weight at 230 f YF ( 1  10 f 5°C). Sieve the fine aggregate 
over the same sieve on which it was retained before the test, 
and sieve the coarse aggregate over the sieve shown below for 
the appropriate size of particle. For fine aggregate, the 
method and duration of sieving shall be the same as were 
used in preparing the test samples. For coarse aggregate, 
sieving shall be by hand, with agitation sufficient only to 
assure that all undersize material passes the designated sieve. 
No extra manipulation shall be employed to break up 
particles or cause them to pass the sieves. Weigh the material 
retained on each sieve and record each amount. The 
difference between each of these amounts and the initial 
weight of the fraction of the sample tested is the loss in the 
test and is to be expressed as a percentage of the initial weight 
for use in Table 1. 

Size of A 6 t e  

63 mm (2% in.) to 37.5 mm (1% in.) 
37.5 mm ( 1 %  in.) to 19.0 mm (314 in.) 
19 m m  (314 in.) to 9.5 mm (31s in.) 
9.5 mm (31s in.) to 4.75 mm (No. 4) 

Sieve Used to 
Determine Los 

31.5 mm (1% in.) 
16.0 m m  (51s in.) 
8.0 mm (’116 in.) 
4.0 mm (No. 5) 

10. Qualitative Examination 
10.1 Make a qualitative examination of test samples 

coarser than 19.0 mm (3/4 in.) as follows (Note 8): 
10.1.1 Separate the particles of each test sample into 

groups according to the action produced by the test (Note 8). 
10.1.2 Record the number of particles showing each type! 

of distress. 
NOTE 8-Many types of action may be expected. In general, they 

may be classified as disintegration, splitting, crumbling, cracking, 
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63 mm (2% in.) to 50 mm (2 in.) . 2825 g 
1958 g 

1;;; ; 
675 g 
333 g 

50 mm (2 in.) to 37.5 mm (1% in.) 
37.5 mm (1% in.) to 25.0 mm (1 in.) 
25 mm (1 in.) to 19.0 mm (% in.) 
19.0 mm (% in.) to 12.5 mm (V2 in.) 
12.5 mm ('h in.) to 9.5 mm (318 in.) 

20 4783 4.8 1 .o 
. to 3/4 in. . 45 1525 8.0 3.6 

23 1008 9.6 2.2 _' " to " in' 

.' 2'/2 to "I2 in' 

flaking, etc. While only particles larger than 31'4 in. in size are required to 
be examined qualitatively, it is recommended that examination of the 
smaller sizes be made in order to detennine whether there is any 
evidence of excessive splitting. 

11. Report 
1 1.1 Report the following data (Note 9): 
11.1.1 Weight of each fraction of each sample before test, 
11.1.2 Material from each fraction of the sample finer 

than the sieve designated in 9.1.2 for sieving after test, 
expressed as a percentage of the original weight of the 
fraction, 

11.1.3 Weighted average calculated in accordance with 
Test Method C 136 from the percentage of loss for each 
fraction, based on the grading of the sample as received for 
examination or, preferably, on the average grading of the 
material from that portion of the supply of which the sample 
is representative except that: 

11.1.3-1 For fine aggregates (with less than 10 % coarser 
than the 9.5-mm (W-in.) sieve), assume sizes finer than the 
3Wpm (No. 50) sieve to have 0 9% loss and sizes coarser 
than the 9.5-mm (Vein.) sieve to have the same loss as the 
next smaller size for which test data are available. 

11.1.3.2 For coarse aggregate (with less than 10 '3% finer 
than the 4.75-mm (No. 4) sieve), assume sizes finer than the 
4.75-mm (No. 4) sieve to have the same loss as the next 
larger size for which test data are available. 

1 1.1.3.3 For an aggregate contabhg appreciable amounts 
of both fine and coarse material tested as two separate 
samples as required in 6.4, compute the weighted average 
losses separately for the minus No. 4 and plus No. 4 fractions 
based on recomputed grading considering the fine fraction 
as 100 % and the coarse fraction as 100 %. Report the results 
separately giving the percentage of the minus No. 4 and plus 
No. 4 material in the initial grading. 

11.1.3.4 For the purpose of calculating the weighted 
average, consider any sizes in 6.2 or 6.3 that contain less than 

5 !% of the sample to have the same loss as the average of the 
next smaller and the next larger size, or if one of these sizes is 
absent, to have the same loss as the next larger or next 
smaller size, whichever is present. 

1 1.1.4 Report the weighted percentage loss to the nearest 
whole number, 

11.1.5 In the case of particles coarser than 19.0 mm (3/4 

in.) before test: (I ) The number of particles in each fraction 
before test, and (2) the number of particles affected, classi- 
fied as to number disintegrating, splitting, crumbling, crack- 
ing, flaking, etc., as shown in Table 2, and 

11.1.6 Kind of solution (sodium or magnesium sulfate) 
and whether the solution was freshly prepared or previously 
used. 

NOTE 9-Table I, shown with test values inserted for purpose of 
illustration, is a suggested form for recording test data. The test values 
shown might be appropriate for either salt, depending on the quality of 
the aggregate. 

12. Precision 
12.1 Precision-For coarse aggregate with weighted av- 

erage sulfate soundness losses in the ranges of 6 to 16 % for 
sodium and 9 to 20 9% for magnesium, the precision indexes 
are as follows: 

coeffiaent of Difference Between 
Variation Two Tests (D2S %), 
(IS %), % A  9% of AverageA 

Muliilaboratary: 
Sodium sulfate 41 116 
Magnesium sulfate 25 71 

M u m  sulfate 24 68 
Magnesium sulfate 1 1  31 

Single-Operator: 

AThese numbm represent, respctively, the (lS%) and @2S%) limits 
described in Ractice C 670. 

12.2 Bias-Since there is no accepted reference matend 
suitable for determining the bias for this procedure, no 
statement on bias is beimg made. 
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TABLE 2 Suggested Form for Oualitative Examination (with Illustrative Test Values) 
Q u a l i e  ~ x a m i ~ t m  of coarse sizes 

~ 

Parbdes Exhimng Distress 

Total No. of 
Pmdes Before 

Sieve Slze splmng Crumbhng -ng Fmng 

No. % No. % No. % No. % Test 

63 mm (2% in.) to 37.5 . 2 7 ... ... 2 7 ... ... 29 

37.5 rnm (1% in.) to 5 10 1 2 4 8 ... ... 50 
mm (1% in.) 

19.0 mm (% in.) 

The American Society for Testing and Materials takes no p i t i o n  respecling the validity of any palent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standud is subject to revision at any time by the responsible tAhniCar committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee. which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Cornminee on W a r d s .  7916 Race St.. Philadelphia. PA 19103. 
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Designation: C 127 - 88 

Standard Test Method for 
Specific Gravity and Absorption of Coarse Aggregate' 

I effort 
-con-- 

This standard is issued under the fixed designation C 127; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last mision. A number in parentheses indicates the year of last reappmval. A 
superscript epsilon (c) indicates an editorial change since the last revision or reapproval. 

This lest method has been approved for w e  by agencies of the Depanrneni of Dofmre. Consult thp DoQ Index of Specificcions and 
Stnndards for the specgc year of issue which has been adopted by the Qepanment of Defense. 

1. Scope 
1 .1  This test method covers the determination of specific 

gravity and absorption of coarse aggregate. The specific 
gravity may be expressed as bulk specific gravity, buIk 
specific gravity (SSD) (saturated-swfacedry), or apparent 
specific gravity. The bulk specific gravity (SSD) and absorp- 
tion are based on aggregate after 24 h soaking in water. This 
test method is not intended to be used with lightweight 
aggregates. 

1.2 The values stated in SI units are to be regarded as the 
standard. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 29/C 29M Test Method for Unit Weight and Voids in 

C 125 Terminology Relating to Concrete and Concrete 
Aggregates2 

C 128 Test Method for Specific Gravity and Absorption of 
Fine Aggregats 

C 136 Test Method for Sieve Analysis of Fine and Coarse 
Aggregates2 

C 566 Test Method for Total Moisture Content of Aggre- 
gate by Drying3 

C670 Practice for Preparing Precision and Bias State- 
ments for Test Methods for Construction Materials* 

C 702 Practice for Reducing Field Samples of Aggregate to 
Testing Size3 

D 75 Practice for Sampling Aggregatesz 
D448 Classification for Sizes of Aggregate for Road and 

E 1 1  Specification for Wire-Cloth Sieves for Testing 

AggregatS 

Bridge Construction2 

P u r p o d  

This test method is under the jurisdiction of ASIW Committee C-9 on 
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee 
CO9.20 on Nonnal Weight Aggregates. 

Current edition approved oct 31, 1988. Published tkcember 1988. Originally 
Pu!lished as C 127 - 36 T. Lan previous edition C 127 - 84. - Annual Book of ASTM Standards, Vols 04.02 and 04.03. ' Annual Book of ASTM Stadzrds, Vol04.02. 

Annual Book of ASTM Sianaiuak, Vol 14.02. d "9 

E 12 Terminology Relating to Density and Specific 

2.2 AASHTO Standard: 
AASHTO No. T85 Specific Gravity and Absorption of 

Gravity of Solids, Liquids, and Gases' 

Coarse Aggregate' 

3. Terminology 
e 3.1 Definitions: - I  

3.1.1 absorption-the increase in the weight of aggregate 
due to water in the pores of the material, but not including 
water adhering to the outside surface of the particles, 
expressed as a percentage of the dry weight. The aggregate is 
considered "dry" when it has been maintained at a temper- 
ature of 110 +- 5°C for sufficient time to remove al l  
uncombined water. 

3.1.2 specific gravity-the ratio of the mass (or weight in 
air) of a unit volume of a material to the mass of the same 
volume of water at stated temperatures. Values are dimen- 
sionless. 

3.1.2.1 apparent specific gravity-the ratio of the weight 
in air of a unit volume of the impermeable portion of 
aggregate at a stated temperature to the weight in air of an 
equal volume of gas-free distilled water at a stated tempera- 
ture. 

3.1.2.2 bulk specific gravity-the ratio of the weight in air 
of a unit volume of aggregate (including the permeable and 
impermeable voids in the particles, but not including the 
voids between particles) at a stated temperature to the weight 
in air of an equal volume of gas-free distilled water at a stated 
temperature. 

3.1.2.3 bulk specific gravity (SSD)-the ratio of the weight 
in air of a unit volume of aggregate, including the weight of 
water within the voids filled to the extent achieved by 
submerging in water for approximately 24 h (but not 
including the voids betweem particles) at a stated tempera- 
ture, compared to the weight in air of an equal volume of 
gas-& distilled water at a stated temperature. 

NOTE 1-The terminology for specific gravity is based on terms in 
Terminology E 12, and that for absorption is based on that term in 
Terminology C 125. 

4. Summary of Test Method 
4.1 A sample of aggregate is immersed in water for 

approximately 24 h to essentially fill the pores. It is then 
removed From the water, the water dried from the surface of 

Annual Book o f A s I U  Stadarak, Vols 04.02, 15.05. 
Available from American Association of State Highway and Trampmation 

Of€%alq 444 North Capitol St N.W., Suite 225, Washington, DC 2000 1. 
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the particles, and weighed. Subsequently the sample is 
weighed while submerged in water. Finally the sample is 
oven-dried and weighed a third time. Using the weights thus 
obtained and formulas in this test method, it is possible to 
calculate three types of specific gravity and absorption. 

5. Significance and Use 
5.1 Bulk specific gravity is the characteristic generally 

used for calculation of the volume occupied by the aggregate 
in various mixtures containing aggregate, including portland 
cement concrete, bituminous concrete, and other mixtures 
that are proportioned or analyzed on an absolute volume 
basis. Bulk specific gravity is also used in the computation of 
voids in aggregate in Test Method C 29. Bulk specific gravity 
(SSD) is used if the aggregate is wet, that is, if its absorption 
has been satisfied. Conversely, the bulk specific gravity 
(oven-dry) is used for computations when the aggregate is 
dry or assumed to be dry. 

5.2 Apparent specific gravity pertains to the relative 
density of the solid material making up the constituent 
particles not including the pore space within the particles 
which is accessible to water. 

5.3 Absorption values are used to calculate the change in 
the weight of an aggregate due to water absorbed in the pore 
spaces within the constituent particles, compared to the dry 
condition, when it is deemed that the aggregate has been in 
contact with water long enough to satisfy most of the 
absorption potential. The laboratory standard for absorption 
is that obtained after submerging dry aggregate for approxi- 
mately 24 h in water. Aggregates mined from below the 
water table may have a higher absorption, when used, if not 
allowed to dry. Conversely, some aggregates when used may 
contain an amount of absorbed moisture less than the 24-h 
soaked condition. For an aggregate that has been in contact 
with water and that has free moisture on the particle 
surfaces, the percentage of free moisture can be determined 
by deducting the absorption from the total moisture content 
determined by Test Method C 566. 

5.4 The general procedures described in this test method 
are suitable for determining the absbrption of aggregates that 
have had conditioning other than the 24-h soak, such as 
boiling water or vacuum saturation. The values obtained for 
absorption by other test methods will be different than the 
values obtained by the prescribed 24-h soak, as will the bulk 
specific gravity (SSD). 

5.5 The pores in lightweight aggregates may or may not 
become essentially lilled with water after immersion for 24 h. 
In fe many such aggregates can remain immersed in water 
for several days without satisfying most of the aggregates’ 
absorption potential. Therefore, this test method is not 
intended for use with lightweight aggregate. 

6.  Apparatus 
6.1 Balance-A weighing device that is sensitive, read- 

able, and accurate to 0.05 % of the sample weight at any 
point within the range used for this test, or 0.5 g, whichever 
is greater. The balance shall be equipped with suitable 
apparatus for suspending the sample container in water from 
the center of the weighing platform or pan of the weighing 
device. 
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6.2 Sample Container-A wire basket of 3.35 mm (No. 6) 
or finer mesh, or a bucket of approximately equal breadth 
and height, with a capacity of 4 to 7 L for 37.5-mm (I Y2-h.) 

nominal maximum size aggregate or smaller, and a larger 
container as needed for testing larger maximum size aggre- 
gate. The container shall be constructed so as to prevent 
trapping air when the container is submerged. 

6.3 Water Tank-A watertight tank into which the 
sample container may be placed while suspended below the 
balance. 

6.4 Sieves-A 4.75-mm (No. 4) sieve or other sizes as 
needed (see 7.2, 7.3, and 7.4), conforming to Specification 
c 1 1  J i  1 1 .  

7. sampling 
7.1 Sample the aggregate in accordance with Practice 

D 75. 
7.2 Thoroughly mix the sample of aggregate and reduce it 

to the approximate quantity needed using the applicable 
procedures in Methods C 702. Reject all material passing a 
4.75-mm (No. 4) sieve by dry sieving and thoroughly 
washing to remove dust or other coatings from the surface. If 
the coarse aggregate contains a substantial quantity of 
material finer than the 4.75-mm sieve (such as for Size No. 8 
and 9 aggregates in Classification D 448), use the 2.36-mm 
(No. 8) sieve in place of the 4.75-mm sieve. Alternatively, 
separate the material finer than the 4.75-mm sieve and test 
the finer material according to Test Method C 128. 

7.3 The minimum weight of test sample to be used is 
given below. In many instances it may be desirable to test a 
coarse aggregate in several separate size fractions; and if the 
sample contains more than 15 %I retained on the 37.5-mm 
(1 112-in.) sieve, test the material larger than 37.5 mm in one 
or more size fractions separately from the smaller size 
fractions. When an aggregate is tested in separate size 
fractions, the minimum weight of test sample for each 
fraction shall be the difference between the weights pre- 
scribed for the maximum and minimum sizes of the fraction. 

Nominal Maximum S i  Minimum Weight of Test 
mm (in.) Sample. k Ob) 

12.5 (Vi) or lcss 2 (4.4) 
19.0 (?A) 3 (6.6) 
25.0 (1) 4 (8.8) 
37.5 (llh) 5 ( 1 1 )  

8 (18) 
12 (26) 

50 (2) 
63 (2lh) 

18 (40) 
25 (55) 

75 (3) 
90 (3%) 
100 (4) 40 (88) 
112 (4lh) 50 ( 1  10) 
125 (5) 75 (1 65) 
150 (6) 125 (276) 

7.4 If the sample is tested in two or more size fractions, 
determine the grading of the sample in accordance with Test 
Method C 136, including the sieves used for separating the 
size fractions for the determinations in this method. In 
calculating the percentage of material in each size fraction, 
ignore the quantity of mate+il finer than the 4.75-mm (No. 
4) sieve (or 2.36-mm (No. 8) sieve when that sieve is used in 
accordance with 7.2). 

8. Procedure 
8.1 Dry the test sample to constant weight at a tempera- 
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ture of 1 10 f 5°C (230 f 9"F), cool in ~ ~ t - r w m ~ 9 . 1 ~ - B u l k - S u e c i f i c - G r a v i ~ - f S a t u r a t e d - S u ~ a c e - D ~ ) -  
temperature for 1 to 3 h for test samples of 37.5-mm 
( 1 1 h - h . )  nominal maximum size, or longer for larger sizes 
until the aggregate has cooled to a temperature that is 
comfortable to handle (approximately 5OOC). Subsequently 
immerse the aggregate in water at room temperature for a 
period of 24 f 4 h. 

NOTE 2-When testing coarse aggregate of large nominal xnaximum 
size requiring large test samples, it may be more convenient to perform 
the test on two or more subsamples, and the values obtained combined 
for the computations described in Section 9. 

8.2 Where the absorption and specific gravity values are 
to be used in proportioning concrete mixtures in which the 
aggregates will be in their naturally moist condition, the 
requirement for initial drying to constant weight may be 
eliminated, and, if the surfices of the particles in the sample 
have been kept continuously wet until test, the 24-h soaking 
may also be eliminated. 

NOTE 3-Values for absorption and bulk specific gravity (SSD) may 
be significantly higher for aggregate not oven dried before soaking than 
for the same aggregate treated in accordance with 8.1. This is especially 
true of particles larger than 75 mm (3 in.) since the water may not be 
able to penetrate the pores to the center of the m c l e  in the prescribed 
soaking period. 

8.3 Remove the test sample from the water and roll it in a 
large absorbent cloth until all visible films of water are 
removed. Wipe the larger particles individually. A moving 
stream of air may be used to assist in the drying operation. 
Take care to avoid evaporation of water from aggregate pores 
during the operation of surface-drying. Weigh the test sample 
in the saturated surfacedry condition. Record this and all 
subsequent weights to the nearest 0.5 g or 0.05 7% of the 

8.4 After weighing, immediately place the saturated-sur- 
face-dry test sample in the sample container and determine 
its weight in water at 23 k 1.7'C (73.4 f 3'F), having a 
density of 997 k 2 kg/m3. Take care to remove all entrapped 
air before weighlng by shaking the container while im- 
mersed. 

NOTE &The container should be immersed to a depth sufficient to 
cover it and the test sample during weigtung. Wire suspending the 
container should be of the smallest practical Siqe to minimize any 
possible effects of a variable immersed length. 

8.5 Dry the test sample to constant weight at a tempera- 
ture of 110 f 5°C (230 f YF), cool in air at room 
temperature 1 to 3 h, or until the aggregate has cooled to a 
temperature that is comfortable to handle (approximately 
SOOC), and weigh. 

' sample weight, whichever is greater. 

9. CalcUIations 
9.1 Specijic Gravity: 
9.1.1 Bulk Specific Gravity-calculate the bulk specific 

gravity, 23123'C (73.4/73.4"F), as follows: 

where: 
A = weight of ovendry test sample in air, g, 
B = weight of saturated-surfacedry test sample in air, g, 

C = weight of saturated test sample in water, g. 

Bdk sp gr = A/(B - C) 

and 

67 

Calculate the buk qkcilic gravity, 23123°C (73.4/73.4'F),- on 
the basis of weight of saturated-surfacedry aggregate as 
follows: 

Bulk sp gr (samted-surfacedw) = B/(B - C) 

9.1.3 Apparent Specijk Gravity-Calculate the apparent 
specific gravity, 23123°C (73.4/73.4"F9, as follows: 

Apparent SP gr = A/(A - C) 
9.2 Average Specific Gravity Values-When the sample is 

tested in separate size fractions the average value for bulk 
specific gravity, bulk specific gravity (SSD), or apparent 
specific gravity can be computed as the weighted average of 
the values as computed in accordance with 9.1 using the 
following equatiox 

(see Appendix X1) 1 G =  
p n  +...- +- p2 PI - 

100G, 100G2 lOOG, 
where: 
G = average specific gravity. All forms of ex- 

pression of specific gravity can be aver- 
aged in this manner. 

G,, G2 . . . G, = appropriate specific gravity values for each 
size fraction depending on the type of 
specific gravity being averaged. 

P,, P2, . . . P, = weight percentages of each size fraction 
present in the original sample. 

NOTE 5 A m e  users of this test method may wisb to express the 
results in terms of density. Density may be determined by multiplying 
the bulk specific gravity, bulk specific (SSD), or apparent speci.6~ 
gravity by the weight of water (997.5 kg/m3 or 0.9975 Mg/m3 or 62.27 
Ib/A3 at 23'0. Some authorities recommend using the density of water 
at 4'C (IO00 kg/m3 or 1.OOO Mg/m3 or 62.43 lb/A3) as being sufliciently 
accurate. Results should be expressed to three significant figures. The 
density terminology corresponding to bulk specific gravity, bulk specific 
gravity (SSD), and apparent specific gravity has not been standardized 

9.3 Absorption-Calculate the percentage of absorption, 
as follows: 

Absorption, % = [(B - A)/A] x 100 
9.4 Average Absorption Value-When the sample is tested 

in separate size fractions, the average absorption value is the 
average of the values as computed in 9.3, weighted in 
proportion to the weight percentages of the size fractions in 
the original sample as follows: 

where: 
A = average absorption, %, 
A,, A2 . . . A, = absorption percentages for each size fiac- 

P,, P2, . . . P, = weight percentages of each size fraction 

A = (PlAl/100) + (PZAJ100) + . . . (P,A,/lW) 

tion, and 

present in the original sample. 

10. Report 
10.1 Report specific gravity results to the nearest 0.01, 

and indicate the type of specific gravity, whether bulk, bulk 
(saturated-surfkcdry), or apparent. 

10.2 Report the absorption result to the nearest 0.1 %. 
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10.3 If the specific gravity and absorption values were 
determined without first drymg the aggregate, as permitted in 
8.2, it shall be noted in the repor& 

11. Precision and Bias 
1 1.1 The estimates of precision of this test method listed 

in Table 1 are based on results from the AASHTO Materials 
Reference Laboratory Reference Sample Program, with 
testing conducted by this test method and AASHTO Method 
T 85. The significant difference between the methods is that 
Test Method C 127 requires a saturation period of 24 f 4 h, 
while Method T 85 requires a saturation period of 15 h 
minimum. l'his difference has been found to have an 
insignificant effect on the precision indices. The data are 
based on the analyses of more than 100 paired test results 
from 40 to 100 laboratories. 

1 1.1 Bias-Since there is no accepted reference material 
for determining the bias for the procedure in this test 
method, no statement on bias is being made. 

#,'. 

TABLE 1 Precision 
Standard Deviation Acceptable Range of 

(1SP Two Results CD2SP 
~~~ 

SingIe-Operator Precisicn: 
Bulk speciiic gravity (dry) 0.009 0.025 
Bulk specific gram (SSD) 0.007 0.020 
Apparent specific gravity 0.007 0.020 

s s  
s a  

Bulk s w  gravity (dry) 

Apparent specific gravity 0.01 1 0.032 A 

Absorptione. % 0.088 0.25 s d  
Munilaborarory Precision: 

0.013 0.038 
Bulk speciiic gravity (SSD) 0.01 1 0.032 

Absorptione, % 0.145 0.41 

* These numbers represent. respectwly, the (1 S) and (D2S) limits as desaited 
m Practice C 670. The precision estimates were obtained fmm the analysis of 
combbred AASHTO Materials Reference Labomtory reference sample data from 
laboratories using 15 h minimum saturation times and other laboratories using 24 
f 4 h saturation times. Testing was performed on normal-weight aggregates, and 
started with aggregates in the ovendry condition. 

Redsion estimates are based on aggregates with absorptions of less than 
2 %. 

APPENDIXES 

(Nonmandatory Information) 

X1. DEVELOPMENT OF EQUATIONS 

X1.1 The derivation of the equation is apparent from the 
following simplified cases using two solids. Solid 1 has a 
weight W, in grams and a volume V, in millilitres; its 
specific gravity (G,) is therefore W,/V,. Solid 2 has a weight 
W, and volume V2, and G2 = WJV,. If the two solids are 
considered together, the specific gravity of the combination 
is the total weight in grams divided by the total volume in 
millilitres: 

Manipulation of this equation yields the following , 
G = (W, + Wz) / (Vi + VZ) 

1 
5 

1 

v, + vr VI +3 G =  

w, + w, VI + w, w, 

1 . G =  

However, the weight fractions of the two solids are: 

and, 

Therefore, 

An example of the computation is given in Table X 1.1. 

W , / ( W , +  W2)=Pl/100and W,/(W, + W,)=P,/IOO 

1/G, = Vl/W,  and 1/G, =.V,/W, 

G = 1 /[(PI/ lOOX 1 /GI) + (PJ loo)( 1 /G2)1 

TABLE Xl.1 Example of Calculation of Average Values of 
Spedfic Gravity and Absorption for a Coarse Aggregate 

Tested in Separate Sues 

she SampleWeght Bulkspecific Absarption. 
~ r a c t i o n , m ~ m . )  usedin~est.g ~ r a v i t y ( s ~ ~ )  % 

4.75 to 12.5 44 2213.0 2.72 0.4 

125 to 375 . 35 5462.5 2.56 2.5 

37.5 to 63 21 12593.0 2.54 3.0 

(No. 4 to 'h) 

ph to iw 
(1% to 2%) 

1 
G, = = 2.62 

0.44 0.35 021 
2.72 256 2.54 
- +-+- 

Average- 
A = (0.44) (0.4) + (0.35) (2.5) + (021) (3.0) = 1.7 % 
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-X2XNTERREUTlONSHIPS-BETWEEN-SPECIFIC-GM~ AND ABSORPTION AS DEFINED IN 
TEST METHODS C 127 AND C128 

x2.1 Let: 
Sd = bulk specific gravity (dry basis), 
S, = bulk specific gravity (SSD basis), 
So = apparent specific gravity, and 
,4 = absorption in 9%. 

X2.2 Then, 
S, = (1  + A/lOO)Sd 

sa - s A = (sa (S, -,lJ loo 

The American Scciery for Testing and Materials takes no pasifion rsspeding the validity of any patent righfs assefred in connection 
with any item mentioned in this standard. Users of Chis standard am expressly advised that de femi~ 'on  of the validity of any such 
parent rights, and the risk of infringemeq of such rights, am entirely their own responsibility. 

This standard is subject to rwision at any time by the responsible technical committee and mud be twiewed every five years and 
if nct revised, either reapproved or withdrawn. Your commem am invited either for m.&ion of this standard or for additional sfandards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consi~emlion at a meeting of the responsible 
technical committee. which you may mend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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6 8 6 9  (m Designation: D 75 - 87 (Reapproved 1992)" 

Standard Practice for - 

Sampling Aggregates' 

This standard is issued under the fixed designation D 75; the number immediately foUoWing the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of lan mpproVd. A 
superscript epsilon (0 indicates an editorial change since the last revidon or reapproval. 

This practice has been approved for rcse by agencies of the Department of Ddense. Consult the DoD Index of Spec$calions and 
Siandards for ihe spec$c year of issue which has been adoped by !he Department of Defenre. 

Nm-Editorial changes were made throughout in September 1992. 

1. Scope* 
I 
j aggregates for the following purposes: 
i 

* supply7 
' 

1.1 This practice covers sampling of coarse and fine 

1.1.1 Preliminary investigation of the potential source of 

1.1.2 Control of the product at the source of supply, 
1.1.3 Control of the operations at the site of use, and 
1.1.4 Acceptance or rejection of the materials. 

NOTE I-Sampling plans and acceptance and control tests vary with 
the type of construction in which the material is used. Attention is 
directed to F'ractioes E 105 and D 3665. 

1.2 The values stated in inch-pound units are to be 
regarded as the standard. 

1.3 This standard does not purport to address all of the 
safety problem, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 702 Practice for Reducing Field Samples of Aggregate to 

D2234 Test Method for Collection of a Gross Sample of 

D3665 Practice for Random Sampling of Construction 

E 105 Practice for Probability Sampling of MaterialsS 
E-122.Practice for Choice of Sample Size to Estimate -~ the 

E 141 Practice for Acceptance of Evidence Based on the 

Testing Size2 

coal3 

Materials4 

Average Quality of a Lot or Processs 

Results of Probability SamplingS 

I This practice is under the jurisdiction of ASTM Committee I14 on Road and 
Paving Materials and is the dirrct rrspondbility of Subcommittee DO4.u) on 
Methods of Sampling 

Current edition approved On. 30, 1987. Published December 1987. Chighdly 
Published as D 75 - 20 T. Last previous edition D 75 - 82. 

Annual Book of ASTM S1andards. Vol04.02. ' Annual Book of ASTM Siandards Vol05.05. 
Annul Book of A T M  S:a&ards. Vol04.03. ' Ann& Book of ASTM Standards. Vol 14.02. 

. 

3. Significance and Use 
3.1 Sampling is equally as important as the testing, and 

the sampler shall use every precaution to obtain samples that 
will show the nature and condition of the materials which 
they represent. 

3.2 Samples for preliminary investigation tests are ob- 
tained by the party responsible for development of the 
potential source (Note 2). Samples of materials for control of 
the production at the source or control of the work at the site 
of use are obtained by the manufacturer, contractor, or other 
parties responsible for accomplishing the work. Samples for 
tests to be used in acceptance or rejection decisions by the 
purchaser are obtained by the purchaser or his authorized 
representative. 
NOTE 2-The preliminary investigation and sampling of potential 

aggregate sources and types Occupies a very important place in deter- 
mining the availability and suitability of the largest single constituent 
entering into the construction. It influences the type of construction 
from the standpoint of economics and governs the necessary material 
control to ensure durability of the resulting structure, from the aggregate 
standpoint. This investigation should be done only by a responsible 
trained and experienced person. For more comprehensive guidance, see 
the Appendix. 

4. Securing Samples 
4.1 General-Where practicable, samples to be tested for 

quality shall be obtained from the finished product. Samples 
from the finished product to be tested for abrasion loss shall 
not be subject to further crushing or manual reduction in 
particle size in preparation for the abrasion test unless the 
size of the finished product is such that it requires further 
reduction for testing purposes. 

4.2 Idpection-The material shall be inspected to deter- 
mine discernible variations. The seller shall provide suitable 
equipment needed for proper inspection and sampling. 

4.3 Procedure: 
4.3.1 Sampling from a Flowing Aggregate Stream (Bins or 

Belt Discharge)-Select units to be sampled by a random 
method, such as Practice D3665, from the production. 
Obtain at least three approximately equal increments, se- 
lected at random from the unit being sampled, and combine 
to form a field sample whose mas  equals or exceeds the 
minimum recommended in 4.4.2. Take each increment 
from the entire cross section of the material as it is being 
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discharged. It is usually necessary to have a special device 
-consuucted-for-use-at-eachDani~larDlant.T~s device 

TABLE-l-Sire_of 3ample.s 
-- 
consists of a pan of sufficient &e to interiept the entire cross 
section of the discharge stream and hold the required 
quantity of material without overflowing. A set of rails may 
be necessary to support the pan as it is passed under the 
discharge stream. Insofar as is possible, keep bins continu- 
ously full or nearly full to reduce segregation. 
NOTE 3-Sampling the initial discharge or the final few tons from a 

bin or conveyor belt increases the chances of obtaining segregated 
material and should be avoided. 

4.3.2 Samplingfrom the Conveyor Belt-Select units to be 
sampled by a random method, such as Practice D3665, 
from the production. Obtain at least three approximately 
equal increments, selected at random, from the unit being 
sampled and combine to form a field sample whose mass 
equals or exceeds the minimum recommended in 4.4.2. Stop 
the conveyor belt while the sample increments are being 
obtained. Insert two templates, the shape of which conforms 
to the shape of the belt in the aggregate stream on the belt, 
and space them such that the material contained between 
them will yield an increment of the required weight. Care- 
fully scoop all material between the templates into a suitable 
container and collect the fines on the belt with a brush and 
dust pan and add to the container. 

4.3.3 Sampling from Stockpiles or Transportation Units- 
Avoid sampling coarse aggregate or mixed coarse and fine 
aggregate from stockpiles or transportation units whenever 
possible, particularly when the sampling is done for the 
purpose of determining aggregate properties that may be 
dependent upon the grading of the sample. If circumstances 
make it necessary to obtain samples from a stockpile of 
coarse aggregate or a stockpile of combined coarse and fine 
aggregate, design a sampling plan for the specific case under 
consideration. This approach will allow the sampling agency 
to use a sampling plan that will give a confidence in results 
obtained therefrom that is agreed upon by all parties 
concerned to be acceptable for the particular situation. The 
sampling plan shall define the number of samples necessary 
to represent lots and sublots of specific sizes. General 
principles for sampling from stockpiles are applicable to 
sampling from trucks, rail cars, barges or other transporta- 
tion units. For general guidance in sampling from stockpiles, 
see the Appendix. 

4.3.4 Sampling from Roadway (Bases and Subbases)- 
Sample units selected by a random method, such as Practice 
D 3665, from the construction. Obtain at least three approx- 
imately equal increments, selected at random from the unit 
being sampled, and combine to form a field sample whose 
mas equals or exceeds the minimum recommended in 4.4.2. 
Take all increments from the roadway for the full depth of 
the material, taking care to exclude any underlying material. 
Clearly mark the specific areas from which each increment is 
to be removed: a metal template placed over the area is a 
definite aid in securing approximately equal increment 
weights. 

4.4 Number and Masses of Field Samples: 

Maximum Nominal size 
of AggregatesA 

Approximate Minimum 
Mass of Field Samples. 

Ib 
Fine Aggregate 

No. 8 (2.36 mm) 
No. 4 (4.75 mm) 

25 (10) 
25 (10) 

Coarse Aggregate 
31s in. (9.5 mm) 
V z  in. (12.5 mm) 
% in. (19.0 mm) 
1 in. (25.0 mm) 
1% in. (37.5 mm) 
2 in. (50 mm) 
2% in. (63 mm) 
3 in. (75 mm) 
3’12 in. (90 mm) 

25 (10) 
35 (15) 
55 (25) 
110 (50) 
165 (75) 
220 (1 00) 
275 (1 25) 
330 (1 50) 
385 (1 75) 

A For processed aggregate the nominal maximum size of partides is the large 

BFor mmbined coarse and fine aggregates (for exampk, base or subbas 

sieve size listed in the a p p l i i e  specification, upon which my material 
permitted to be retained. 

minimum weight shall be coarse aggregate minimum plus 25 Ib (10 k9). 

4.4.1 The number of field samples (obtained by one of th 
methods described in 4.3) required depends on the criticalit 
of, and variation in, the properties to be measured. Designai 
each unit from which a field sample is to be obtained prior t 
sampling. The number of field samples from the productio 
should be sufficient to give the desired confidence in te! 
results. 

NOTE A u i d a n c e  for determining the number of samples require 
to obtain the desired level of confidence in test results may be found i 
Test Method D 2234, Practice E 105, F’ractice E 122, and h c t i c  
E 141. 

4.4.2 The field sample masses cited are tentative. Th 
masses must be predicated on the type and number of tesl 
to which the material is to be subjected and suficier 
material obtained to provide for the proper execution c 
these tests. Standard acceptance and control tests are covem 
by ASTM standards and specify the portion of the fie11 
sample required for each specific test. Generally speakini 
the amounts specified in Table 1 will provide adequat 
material for routine grading and quality analysis. Extract tes 
portions from the field sample according to Practice C 702 o 
as required by other applicable test methods. 

5. Shipping Samples 
5.1 Transport aggregates in bags or other containers SI 

constructed as to preclude loss or contamination of any par 
of the sample, or damage to the contents from mishandlin; 
during shipment. 

5.2 Shipping containers for aggregate samples shall haw 
suitable individual identification attached and enclosed s( 
that field reporting, laboratory logging, and test reportin] 
may be facilitated. 

6 .  Keywords 
6.1 aggregates, exploration of potential sources; aggre 

gates, number and sizes needed to estimate character 
aggregates, sampling 
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APPENDIXES 
. .  

(Normandatory Information) 

X1. SAMPLING AGGREGATE FROM STOCKPILES OR TRANSPORTATION UNITS 
x1.1 scope 

X1.l.l In some situations it is mandatory to sample 
aggregates that have been stored in stockpiles or loaded into 
rail cars, barges, or trucks. In such cases the procedure 
should ensure that segregation does not introduce a serious 
bias in the results. 

X1.2 Sampling from Stockpiles 
X1.2.1 In sampling material from stockpiles it is very 

difficult to ensure unbiased samples, due to the segregation 
which often occurs when material is stockpiled, with coarser 
particles rolling to the outside base of the pile. For coarse or 
mixed coarse and fine aggregate, every effort should be made 
to enlist the Seryices of power equipment to develop a 
separate, small sampling pile composed of materials drawn 
from various levels and locations in the main pile after which 
several increments may be combined to compose the field 
sample. If necessary to indicate the degree of variability 
existing within the main pile, separate samples should be 
drawn from separate areas of the pile. 

X1.2.2 Where power equipment is not available, samples 
from stockpiles should be made up of at least three incre- 
ments taken from the top third, at the mid-point, and at the 
bottom third of the volume of the pile. A board shoved 
vertically into the pile just above the sampling point aids in 
preventing further segregation. In sampling stockpiles of fine 

aggregate the outer layer, which may have become segre- 
gated, should be removed and the sample taken from the 
material beneath. Sampling tubes approximately 1 V4-in. 
(30-mm) min by 6 ft  (2-m) min in length may be inserted 
into the pile at random locations to extract a minimum of 
five increments of material to form the sample. 

X13 Sampling from Transportation Units 
X 1.3.1 In sampling coarse aggregates from railroad cars or 

barges, effort should be made to enlist the services of power 
equipment capable of exposing the material at various levels 
and random locations. Where power equipment is not 
available, a common procedure requires excavation of three 
or more trenches across the unit at points that will, from 
visual appearance, give a reasonable estimate of the charac- 
teristics of the load. The trench bottom should be approxi- 
mately level, at least 1 ft (0.3 m) in width and in depth below 
the surface. A minimum of three increments from approxi- 
mately equally spaced points along each trench should be 
taken by pushing a shovel downward into the material. 
Coarse aggregate in trucks should be sampled in essentially 
the same manner as for rail cars or barges, except for 
adjusting the number of increments according to the size of 
the truck. For fine aggregate in transportation units, sam- 
pling tubes as described in X1.2 may be used to extract an 
appropriate number of increments to form the sample. 

X2. EXPLORATION OF POTENTIAL AGGREGATE SOURCES 

x2.1 scope 
X2.1.1 Sampling for evaluation of potentia aggregate 

sources should be performed by a responsible trained and 
experienced person. Because of the wide variety of condi- 
tions under which sampling may have to be done it is not 
possible to dwribe detailed procedures applicable to all 
circumstances. This appendix is intended to provide general 
guidance and list more comprehensive references. 

X2.2 Sampling Stone from Quarries or Ledges 
X2.2.1 Inspection--The ledge or quarry face should be 

inspected to determine discernible variations or strata. Dif- 
ferences in color and structure should be recorded. 

X2.2.2 Sampling and Size of Sample-Separate samples 
having a mass of at least 50 lb (approximately 25 kg) should 
be obtained from each discernible stratum. The sample 
should not include material weghered to such an extent that 
it is no longer suitable for the purpose intended. One or more 
Pieces in each sample should be at least 6 by 6 by 4 in. (1 50 
by 150 by 100 mm) in size with the bedding plane plainly 
marked, and this piece should be free of seams or fractures. 
X2.2.3 Record-In addition to the general information 

accompanying all samples the following information should 
accompany samples taken from ledges or quany faces: 

X2.2.3.1 Approximate quantity available. (If quantity is 
very large this may be recorded as practically unlimited.) 

X2.2.3.2 Quantity and character of overburden. 
X2.2.3.3 A detailed record showing boundaries and loca- 

NOTE X2.1-A sketch, plan, and elevation, showing the thickness 

tion of material represented by each sample. 

and location of the merent layen is recommended for this purpose. 

X23 Sampling Roadside or Bank Run Sand and Gravel 

X2.3.1 Inspection-Potential sources of bank run sand 
and gravel may include previously worked pits from which 
there is an exposed face or potential deposits discovered 
through air-photo interpretation, geophysical exploration, or 
other types of terrain investigation. 

X2.3.2 Sampling-Samples should be so chosen from 
each different stratum in the deposit discernible to the 
sampler. An estimate of the quantity of the different mate- 
rials should be made. If the deposit is worked as an open-face 
bank or pit, samples should be taken by channeling the face 
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not be included in the sample. Test holes should be 
excavated or drilled at numerous locations in the deposit to 
determine the quality of the material and the extent of the 
deposit beyond the exposed face, if any. The number and 
depth of test holes will depend upon the quantity of the 
material needed, topography of the area, nature of the 
deposit, character of the material, and potential value of the 
material in the deposit. If visual inspection indicates that 
there is considerable vanation in the material, individual 
samples should be selected from the material in each well 
defined stratum. Each sample should be thoroughly mixed 
and quartered if necessary so that the field sample thus 
obtained will be at least 25 lb (1 2\ kg) for sand and 75 lb (35 

kg) if the deposit contains-an-appreciable-amount-of 
aggregate. 

X2.3.3 Record-In addition to the general infon 
accompanying all samples the following information : 
accompany samples of bank run sand and gravel: 

X2.3.3. I Location of supply. 
X2.3.3.2 Estimate of approximate quantity availab 
X2.3.3.3 Quantity and character of overburden. 
X2.3.3.4 Length of haul to proposed site of work. 
X2.3.3.5 Character of haul (kind of road, max 

X2.3.3.6 Details as to extent and location of m 
grades, etc.) 

represented by each sample. 

NOTE X2.2-A sketch of plans and elevations, showing the th 
and location of different layers, is recommended for this purposc 

X3. NUMBER AND SIZE OF INCREMENTS NEEDED TO ESTIMATE CHARACTER OF UNIT SAMPLE 

X3.1 Scope 

responsible committee in the development of this practice. 

X3.2 Descriptions of Terms Specific to This Standard 
X3.2.1 field sample-a quantity of the material to be 

tested of sufficient size to provide an acceptable estimate of 
the average quality of a unit. 

X3.2.2 for-a sizable isolated quantity of bulk material 
from a single source, assumed to have been produced by the 
same process (for example, a day's production or a specific 
mass or volume). 

X3.2.3 test ponion-a quantity of the material of suffi- 
cient size extracted from the larger field sample by a 
procedure designed to ensure accurate representation of the 
field sample, and thus of the unit sampled. 

X3.2.4 unit-a batch or finite subdivision of a lot of bulk 
material (for example, a truck load or a specific area 
covered). 

X3.1.1 This appendix presents the rationale used by the 
X33 Test Unit, Si, and Variabilim 

X3.3.1 The unit to be represented by a single field si 
should neither be so large as to mask the effects of signi 
variability within the unit nor be so small as to be affect 
the inherent variability between small portions of any 
material. 

X3.3.2 A unit of bulk material composed of g~ 
aggregate or aggregate mixtures might consist of a 
truckload. If it were possible, the entire load might be tc 
as a practical matter, a field sample is composed of thr 
more increments chosen at random from the material a 
loaded or unloaded from the truck. Research has shown 
such a procedure permits an acceptable estimate to be 1 
of the average gradation that might be measured from 
20 increments from the truck. 

X3.3.3 Significant variability with a lot of material, u 
it might exist, should be indicated by statistical meas 
such as the standard deviation between units selecte 
random from within the lot. 

SUMMARY.OF CHANGES 

This section identifies the location of selected changes to 
this practice that have been incorporated since the last issue. 
For the convenience of the user, Committee D-4 has high- 
lighted those changes that may impact the use of this 

practice. This section may also include descriptions of 
changes or reasons for the changes, or both. 

(1) Appendix X3 was added. 

The American Society for Testing and Materials takes no position respecting the validily d any patent rights asserted in connection 
with any item mentioned in this W a r d .  Users of this standard are expmsly advised that deterrninathm of the validily of any such 
parent rights, and the risk of infringement of such r g h ,  are entirely their own responSM~. 

This standard is sub- to revision at any time by the r%sponsiWe technical mmtltee and must be reviewed e ~ s r y  five years and 
if not revised, either rwwed or withdrawn. Your comments are invited either for revision of this standard 01 for a d d W  standards 
and should be addressed to ASTM Headquar!ers. Your comments will receive caretul comideratico at a meeting of the responsible 
technical mrninee, which you may att8nd. H you feel that your comments have not receivsd a fair hearing you should make your 
views known to the ASTM Committee on Siandards, 19 16 Race Sz.. Philadelphia, PA 191 03. 
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Designation: 0 420 - 87 [rn 
Standard Guide for 
Investigating and Sampling Soil and Rock‘ 

This aandard is k e d  under the fixed designation D 420. the number immediately following the designation indicates the year of 
e n a l  adoption or, in the casc of e o n ,  the year of last d o n .  A number in parentheses indicates tbe ycar of lan rrapproval. A 
supmcript epsilon (0 indicates an editorial change sina the lan revision or reapproval. 

INTRODUCnON 

Investigation, sampling, and identification of subsurface materials involve complex techniques 
accomplished by many different procedures and interpretations. These are frequently site specific 
and are influenced by geological and geographical conditions; purpose of the investigation; design 
requirements; and the background, training, and experience of the investigator. 
This guide for soil, rock, and ground water investigation and sampling, based on standard 

procedures, will lessen inconsistency and will encourage rational methods of site evaluation. An 
acceptable and consistent investigation and sampling program will help to determine the influence 
of geologic and geographic environment on subsurface conditions. 

1. scope 
1 . 1  This guide identifies recognized methods by which 

soil, rock, and ground water conditions may be determined. 
The objective of the investigation should be to identify and 
locate, both horizontally and vertically, significant soil and 
rock types and ground water conditions present within a 
given site area and to establish the characteristics of the 
subsurface materials by sampling and in situ testing. Labora- 
tory testing of soil and rock samples is governed by other 
ASTM standards. 

1.2 Key wora!s: 
1.2.1 Site Investigations (see Practice D 3584): 
UF Reconnaissance Surveys 

Subsurface Investigations 
Geological Investigations 
Field Investigations 

BT Explorations 
Feasibility Studies 

NT Hydrologic Investigations 
Foundation Investigations 
Geophysical Investigation 

RT Soil Surveys 
Maps 
Preliminary Investigations 
Sampling 

1.3 The values stated in inch-pound units arb to be 
regarded as the standard. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 119 Definitions of Terms Relating to Dimension 

Stone2 

’ This guide is under thc jurisdiction of Committee D18 on Soil and 
Rod; and b Ihe diner responsibility of Subcommittee D18.01 on Surface and 
SuFrfaCc RaPnaaissana. 

cwmt edition approved Aug. 19, 1987. Published Octobcr 1987. 0 1 @ d y  
Published V 420 - 65 T. Last P&OUS edition D 420 - 69 (1979)“. 

Annual Bode 0JAS’Fh.f Standards. VOI 04.08. 

C 294 Descriptive Nomenclature of Constituents of Nat- 

C 85 1 Practice for Estimating Scratch Hardness of Coarse 

D 75 Practice for Sampling Aggregates’ 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 1 194 Test Method for Bearing Capacity of Soil for Static 

D 1452 Practice for Soil Investigation and Sampling by 

D 1586 Method for Penetration Test and Split-Barrel 

D 1587 Practice for Thin-Walled Tube Sampling of Soil2 
D 21 13 Practice for Diamond Core Drilling for Site 

Investigation’ 
D2487 Test Method for Classification of Soils for Engi- 

neering purp~ses’ 
D 2488 Practice for k p t i o n  and Identification of Soils 

(Visual-Manual procedure)’ 
D2573 Test Method for Field Vane Shear Test in Cohe- 

sive %il’ 
D2607 Classification of Pats, Mosses, Humus, and Re- 

lated pr~ducts’ 
D2937 Test Method for Density of Soil In Place by the 

Drive-Cylinder Method2 
D3282 Practice for Classification of Soils and Soil-Ag- 

gregate Mixtures for Highway Construction Purpod 
D 3385 Test Method for Infiltration Rate of Soils in Field 

Using Double-Ring Infiltrometers’ 
D3397 Methods for Triaxial Classification of Base Mate- 

rials, Soils, and Soil Mixtures4 
D3441 Test Method for Deep, Quasi-Static, Cone and 

Friction-Cone Penetration Tests of Soil2 
D 3550 Practice for Ring-Lined 33arrel Sampling of Soils’ 

ural Mineral Aggregates’ 

Aggresate Particles3 

Fluid2 

Load on Spread Footin& 

Auger brings’ 

Sampling of soils’ 

86 

~~ 

Am& Bo& of ASTM Standards, VolO4.02. 
Ann& wk oJASTM Standards. Vol04.03. 
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l-D.3584.Practice-for_Indexing-~apers-and-Re~~ on Soil and for evaluating variations in soil and rock properties. 
5.1.1 Satellite a n d ~ k % f i ~ E i f @ i ~ o l s , c h T  

LANDSAT, may be used to find and maD the areal extent of 
and Rock for Engineering Purposes’ 

D 3740 Practice for the Evaluation of Agencies Engaged in 
the Testing and/or Inspection of Soil and Rock as Used 
in Engineering Design and Construction’ 

D4083 Practice for Description of Frozen Soils (Visual- 
Manual Proced~re)~ 

D4220 Practices for Preserving and Transporting Soil 
Samples2 

D4427 Classification of Peat Samples by Laboratory 
Testing’ 

G51 Test Method for pH of Soil for Use in Corrosion 
Testing 

G57 Method for Field Measurement of Soil Resistivity 
Using the Wenner Four-Electrode Method’ 

3. Significance and Use 
3.1 An adequate soil, rock, and ground water investiga- 

tion provides pertinent information for decision making on 
one or more of the following subjects: 

3.1.1 Location of the proposed construction both verti- 
cally and horizontally. 

3.1.2 Location and preliminary evaluation of suitable 
borrow and other local sources of construction material. 

3.1.3 Need for special excavating and dewatering tech- 
niques. 

3.1.4 Investigations of slope stability in natural slopes, 
cuts, and embankments. 

3.1.5 Conceptual selection of embankment types, founda- 
tions for structures, and hydraulic barrier requirements. 

3.1.6 Ground water resource planning and development 
of detailed investigations. 

3.1.7 Identification of ground water contamination and 
development of detailed monitoring studies. 

3.1.8 Development of additional detailed subsurface in- 
vestigations for specific structures or facilities. 

3.2 A subsurface soil, rock, and ground water investiga- 
tion should provide sufliciently large soil and rock samples of 
such quality as to allow adequate testing to determine the soil 
or rock classification or mineralogic type, or both, and the 
engineering properties pertinent to the proposed design. 

3.3 This guide is not meant to be an inflexible description 
of investigation requirements; other techniques may be 
applied as appropriate. 

4. Apparak 
4.1 The type of equipment required for a subsurface 

investigation depends upon various factors including the 
type of subsurface material, the depth of exploration, the 
nature of the terrain, and the intended use of the data. 

4.2 Hand Augers, Hole Diggers, Shovels, and Push Tube 
Samplers, suitable for exploration of surficial soils to depths 
of 3 to 9 ft (1 to 3 m). 

4.3 Earth Excavation Equipment, such as backhoes, 
draglines, and drilled pier augers (screw or bucket) to allow 
in situ examination of soil deposits and sampling of mate- 
rials containing very large particles. 

5. Techniques 
5.1 Geophysical or remote sensing techniques may be 

used for mapping of the areal extent of geological formations 

subsurface materials and geologic structire. Interpretation of 
aircraft photographs and satellite imagery may locate and 
identify significant geologic features that may be indicative 
of faults and fractures. Some ground control is generally 
required to verify information derived from remote sensing 
data. Table 13.8 of Ref. (1)’ is a useful summary of remote 
sensing capabilities. 

5.1.2 Seismic refraction/reflection and ground penetrating 
radar techniques may be used to map soil horizons and 
depth profiles, water tables, and depth to bedrock in many 
situations, with depth penetration and resolution varying 
with local conditions. Electromagnetic induction, electrical 
resistivity, and induced polarization (or complex resistivity) 
techniques may be used to map variations in water content 
and quality, clay horizons, strati!ication, and depth to 
aquifer/bedrock. Other geophysical techniques such as 
gravity and magnetic methods may be useful under certain 
specific conditions. Crosshole shear wave velocity measure- 
ments may provide soil and rock parameters for dynamic 
analyses. 

5.4 Currently available ASTM standards on boring and 
sampling are: 

5.4.1 Practice D 1452 on auger boring. 
5.4.2 Method D 1586 on standard penetration test. 
5.4.3 Practice D 1587 on thin walled tube sampling. 
5.4.4 Practice D 21 13 on diamond core drilling 
5.4.5 Test Method D 2573 on field vane shear test. 
5.4.6 Test Method D 3385 on double ring infiltrometer. 
5.4.7 Method D 3441 on cone penetration tests. 
5.4.8 Practice D 3550 on ring-lined barrel sampling. 

6. Exploration Plan 
6.1 The project design and performance requirement 

must be established prior to final development of th 
exploration plan. A complete soil, rock, and ground wate 
investigation should encompass the following activities: 

6.1.1 Review of available information on the geoloa 
history, rock, soil, and ground water conditions occurring i 
the proposed location and in the immediate vicinity of th 
site. 

6.1.2 Interpretation of air-photo and other remote sensin 
data. 

6.1.3 Field reconnaissance for identification of surfici, 
geologic conditions, mapping of stratigraphic exposures an 
outcrops, and examination of the performance of existir 
structures. 

6.1.4 On site investigation of the surface and subsurfa( 
materials by geophysical surveys, brings, or test pits. 

6.1.5 Recovery of representative disturbed samples fi 
laboratory classification tests of soil, rock, and local co 
struction material. These should be supplemented by und 
turbed specimens suitable for the determination of tho 
engineering properties pertinent to the investigation. 

6.1.6 Determination of the position of the ground Waf 
table, or water tables if there is perched or artesian groui 
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water, and of the variability of that position in both short and 
long time frames. 

6.1.7 Determination of the location of suitable foundation 
material, either bedrock or satisfactory load-bearing soils. 

6.1.8 Field identification of soil and rock types with the 
depth of their occurrence and the locations of their structural 
fiscontinuities. 

6.1.9 Evaluation of the performance of existing installa- 
tions, relative to their foundation material and environment 
in the immediate vicinity of the proposed site. 

7. Reconnaissance of Project Area 
7.1 Technical data should be reviewed before any field 

program is started. This includes, but is not limited to, 
topographic maps, airphotos, satellite imagery, geologic 
maps, statewide or county soil surveys and mineral resource 
surveys, and engineering soil maps covering the proposed 
project area. Reports of subsurface investigations of nearby 
or adjacent projects should be studied. 
NOTE I - W e  Certain of the older maps and reports may be 

obsolete and of limited value in the tight of current knowledge, a 
comparison of the old with the new will often reveal valuable unex- 
pected information. 

7.1.1 The United States Geological Survey and the geolog- 
ical surveys of the various states are the principal sources of 
geologic maps and reports on mineral resources and ground 
water. 

7.1.2 United States Department of Agriculture Soil Con- 
servation Service soil survey reports, where available and of 
recent date, should enable the engineer to estimate the range 
in soil profile characteristics to depths of 5 or 6 ft (1.5 or 2 m) 
for each soil mapped. 

NOTE 2-Each soil type has a distinctive soil profile due to age, 
parent material, relief, climatic condition, and vegetative cover. These 
properties can assist in identifying the various soil types, each requiring 
special engineering considerations and treatment. Similar engineering 
soil properties are'okn found where similar soil profile characteristics 
exist. Changes in soil properties in adjacent areas often indicate changes 
in parent material or relief. 

7.2 In areas where descriptive data are limited by inade- 
quate geologic or soils maps, the soil and rock in open cuts in 
the vicinity of the proposed project should be studied and 
various soil and rock profiles noted. Field notes of such 
studies should include data outlined in 8.4. 

7.3 Where a preliminary map covering the area of the 
project is desired, it can be prepared on maps compiled from 
airphotos showing the ground conditions. The distribution of 
the predominant soil and rock deposits likely to be encoun- 
tered during the investigation may be shown using data 
obtained from geologic maps and limited ground reconnais- 
sance. Experienced airphoto interpreters can deduce much 
subsurface data from a study of black and white, color, and 
infrared photographs because similar soil or rock conditions, 
or both, usually have similar airphoto patterns in regions of 
similar climate or vegetation. 

7.4 In areas where documentary information is insuffi- 
dent, some knowledge of subsurface conditions can be 
obtained from land owners and local well drillers and 
construction people. 

3-m PrelimiW map may be expanded into a detailed 
m P  by locating all ten holes, pi& and sampling &om 

and by revising boundaries as determined from the detailed subsurface 
survey. 

8. Determination of Subsurface Conditions 
8.1 Subsurface conditions are positively defined only at 

the individual test pit, hole, boring, or open cut examined. A 
stratigraphic profile can be developed by detailed investiga- 
tions only where determinations of a continuous relationship 
of the depths and locations of various types of soil and rock 
can be made. This phase of the investigation may be 
implemented by plotting logs of soil and rock exposures in 
walls of excavations or cut areas or by plotting logs of the test 
borings, or both, and then interpolating between these logs. 
The spacing of these investigations will depend on the 
geologic complexity of the project area and on the impor- 
tance of soil and rock continuity to the project design. 
Exploration should be deep enough to identify all strata that 
might be significantly afTected by the proposed use of the site 
and to develop the engineering data required to allow 
analysis of the items listed in Section 3 for each project. 

8.2 Geophysical survey methods may be used to supple- 
ment borehole and outcrop data and to interpolate between 
holes. Seismic, ground penetrating radar, and electrical 
resistivity methods can be particularly valuable when distinct 
differences in the properties of contiguous subsurface mate- 
rials are indicated. 

8.2.1 The seismic refraction method is especially useful in 
determining depth to, or rippability of, rock in locations 
where successively denser strata are encountered. 

8.2.2 The seismic reflection method is useful in delin- 
eating geological units at depths below 10 ft (3 m). It is not 
constrained by layers of low seismic velocity and is especially 
useful in areas of rapid stratigraphic change. 

8.2.3 The electrical resistivity method is similarly useful in 
determining depth to rock and anomalies in the stratigraphic 
profile, in evaluating stratified formations where a denser 
stratum overlies a less dense stratum, and in investigation of 
prospective sand-gravel or other sources of borrow material. 
Resistivity parameters also are required for the design of 
grounding systems and cathodic protection for buried struc- 
tures. 

8.2.4 The ground penetrating radar method is useful in 
defining soil and rock layers and manmade structures in the 
depth range of 1 to 30 ft ('13 to 10 m). 

NOTE 4--Geophysical investigations can be a useful guide in deter- 
mining boring or test hole locations. The interpretation of geophysical 
studies should be verified by borings or test excavations. 

8.3 The depth of exploratory borings or test pits for 
roadbeds, airport paving, or vehicle parking areas should be 
to at least 5 ft ( 1.5 m) below the proposed subgrade elevation. 
Special circumstances may increase this depth. brings for 
structures or embankments should extend below the level of 
significant influence of the proposed load as determined by a 
subsurface stress analysis. 

8.3.1 When drainage may be influenced by either per- 
vious water-bearing materials or impervious materials that 
can block internal drainage, borings should extend down 
into t h e  materials sufficiently to determine those engi- 
neering and geologic properties relevant to the project 
design. 
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- 8.3.2 In all borrow areas the borings or test pits should-be. 
-sufKcient-in-number-aKd-di@h to outline the required 

quantities of material meeting the specified quality requite- 
ments. 

8.3.3 Where frost penetration must be considered in the 
behavior of soil and rock, boring should extend significantly 
blow the depth of maximum fkost penetration. 

8.4 Exploration records shall be kept in a systematic 
manner for each project. Such records shall include: 

8.4.1 Description of each site or area investigated. Each 
test hole, boring, test pit, or geophysical test site shall be 
clearly located (horizontally and vertically) with reference to 
Some established coordinate system, datum, or permanent 
monument. 

8.4.2 Logs of each test hole, boring, test pit, or cut surface 
exposure in which the field description and location of each 
material encountered is clearly shown either by symbol or 
word description. 
NOTE S-Color photographs of rock cores, soil samples, and exposed 

mta may be of considerable value. Each photograph should include an 
identifying number or symbol, a date, and a scale. 

8.4.3 Identification of all soils based on Practice D 2488, 
Classification D 2607, or Practice D 4083. Identification of 
rock materials based on Definitions of Terms C 1 19, De- 
scriptive Nomenclature C 294, or Practice C 85 l .  Classifica- 
tion of soil materials is discussed in Section 10. 

8.4.4 Seepage and water-bearing zones and piezometric 
elevations found in each test hole, boring, or test pit. 

8.4.5 In situ test results, where required, such as the 
penetration resistance or vane shear tests discussed in 9.3, 
plate load tests, or other in situ tests for engineering 
properties of soils or rock. 

8.4.6 Percentage of core recovery and rock quality desig- 
nation in core drilling as outlined in 9.3.5. 

8.4.7 Graphical presentation of field and laboratory data 
and its interpretation facilitates comprehensive under- 
standing of subsurface conditions. 

9. Sampling and In Situ Testing 
9.1 Obtain representative samples of each subsurface 

material that is significant to the project design and construc- 
tion. The size and type of sample required is dependent upon 
the tests to be performed and the percentage of coarse 
particles in the sample. 
NOTE &The size of disturbed or bulk samples for routine tesu may 

vary at the discretion of the geotechnid investigator, but the following 
quantities are suggested as suitable for most materials: (a) Visual 
classification-50 to 500 g (2 oz to 1 Ib); (b) Soil constants and particle 
size analysis of non-graveIly soil-500 g to 2.5 kg (I to 5 Ib); (c) Soil 
compaction tests and sieve analysis of gravelly soils-20 to 40 kg (40 to 
80 Ib); ( d )  Aggregate manufacture or aggregate properties tests-50 to 
200 kg (100 to 400 lb). 

9.2 Accurately identify each sample with the boring, test 
hole, or testpit number and depth below reference ground 
surface from which it was taken. Place a waterproof identifi- 
cation tag inside the container, securely close the container, 
protect it to withstand rough handling, and mark it with 
proper identification on the outside. Keep samples for 
natural moisture determination in seaIed containers to 
prevent moisture loss. When drying of samples may affect 
classification or engineering properties test results, protect 

~them-to-minimize-moisture-loss;-Practices~D~42203 
the transportation of samples from field to laboratory. 

9.3 Recommended ASTM procedures for in situ san 
and testing are as follows: 

9.3.1 Practice D 75 describes the sampling of corn. 
fine aggregates for the preliminary investigation of a 1 
tial source of supply. 

9.3.2 Test Method D 1194 describes the estimation 
bearing capacity of soil in place by means of field la 
tests. The results can be useful for design of spread foc 
based on static loading conditions. The load test shoL 
performed in conjunction with other field tests, genera 
accordance with Method D 1586 or Method D 344 
allow a determination of the applicability of the resuk 

9.3.3 Practice D 1452 describes the use of augers ii 
investigations and sampling where disturbed soil sample 
be used. This procedure is also valuable in connection 
ground water exploration. Depths of auger investigatior 
limited by ground water conditions, soil characteristics 
equipment used. 

9.3.4 Method D 1586 describes a procedure to o 
representative soil samples for identification and class 
tion laboratory tests and to measure the resistance of thc 
to penetration by a standardized sampler. 

9.3.5 Practice D 1587 describes a procedure to re( 
relatively undisturbed soil samples suitable for labor; 
testing. 

9.3.6 Practice D 2 113 describes a procedure to rec 
intact samples of rock and certain soils too hard to samp 
Method D 1586 or Practice D 1587. 

9.3.7 Practice D3550 describes a procedure to rec 
moderately disturbed, representative samples of soil 
classification testing and in some cases shear or consolida 
testing. 

9.3.8 Test Method D 2573 describes a procedure to I 
sure the in situ unit shear resistance of cohesive soil! 
rotation of a four-bladed vane in a horizontal plane. 

9.3.9 Test Method D2937 describes a procedure 
pushing a thin-wall tube 4 to 6 in. (100 to 150 mm) in 
soil mass to recover a relatively undisturbed samplt 
known volume allowing the measurement of wet or t 
density and natural moisture content. 

9.3.10 Test Method D 3385 describes a procedure for f 
measurement of the infiltration rate of soils. Water undl 
constant head is allowed to seep into the top surface ( 
fixed soil area and the volume rate of inflow into a knc 
volume of soil is measured. 

9.3.1 1 Method D 344 1 describes the determination of 
end bearing and side friction components of the resistana 
penetration of a conical penetrometer into a soil mass. 

9.3.12 Method G 57 describes the measurement of 
electrical resistivity of a soil mass. A Wenner four-electrc 
configuration is used. 
NOTE 7-0ther in situ test procedures are being prepared by M 

Committee D-18. 

10. Classification of Earth Materials 
10.1 Identify samples of soil and rock after submission 

the laboratory for identification and ciassification tests 
accordance with one or more of the following standards 
applicable references (2 through 1 l), or both. 
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10.1.1 Descriptive Nomenclature 294. 
10.1.2 Test Method D 2487. 
10.1.3 Practice D 3282. 
10.1.4 Method D 3397. 
10.1.5 Practice D 2488. 
10.1.6 Practice D 4083. 

, 10.1.7 Classification D 4427. 

11. Subsurface Profile 
11.1 Delineate subsurface profies only from actual 

geophysical, test-hole, test-pit, or cut-surface data. Interpola- 
tion between locations should be made on the basis of 
available geologic knowledge. of the area and should be 
clearly identified. The use of geophysical techniques as 
discussed in 8.2 is a valuable aid in such interpolation. 
Geophysical survey data should be identified separately from 
sample data or in situ test data. 

12. Interpretation of Results 
12.1 Interpret the results of an investigation in terms of 

actual findings and make every effort to collect and include 
all field. and laboratory data from previous investigations in 
the same area. Extrapolation of data into local areas not 
surveyed and tested should be made only for conceptual 
studies. Such extrapolation can be done only where geologi- 
cally uniform subsurface disposition of soil and rock is 
known to exist on the basis of other data. Engineering 
properties of the soil and rock encountered on important 
projects should not be predicted solely on field identification 
or classification but should be verified by laboratory tests 
made on samples collected in accordance with Section 9 or 
by in situ testing, or both. 

12.2 The recommendations for design parameters can be 
made only by professional engineers or geologists special- 

izing in the field of geotechnical engineering and familiar 
with the purpose, conditions, and requirements of the study. 
Soil mechanics, rock mechanics, and geomorphological Con- 
cepts must be combined with a knowledge of geotechnical 
engineering or hydrogeology to make a complete application 
of the results of the soil, rock, and ground water investiga- 
tion. Complete design recommendations may require a more 
detailed study than that envisioned by this guide. 

13. Report 
13.1 The report of a subsurface investigation shall in- 

clude: 
13.1.1 Location of the area investigated in terms pertinent 

to the project. This may include sketch maps or aerial photos 
on which the test pits, bore holes, and sample areas are 
located, as well as geomorphological data relevant to the 
determination of the various soil and rock types. Such data 
includes elevation contours, streambeds, sink holes, cliffs, 
and the like. Where feasible, include in the report a geologic 
map or an agronomic soils map, or both, of the area 
investigated. 

13.1.2 Describe the investigation procedures and include 
copies of all borings and testhole logs, all laboratory test 
results, and graphical interpretations of the geophysical 
measurements. 

13.1.3 Include cross sections delineating the extent of the 
stratigraphic units and note anomalies or otherwise signifi- 
cant conditions. 

13.1.4 Describe and relate the findings obtained under 
Sections 7, 8, and 12, using the subhead titles for the 
respective sections. 

14. Precision and Bias 

precision and bias statement is not applicable. 
14.1 This guide provides qualitative data only; therefore, a 
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Designation: D 421 - 85 0 
Standard Practice for 
Dry Preparation of Soil Samples for Particle-Size Analysis and 
Determination of Soil Constants’ 

This standard is issued under the fixed designation D 42 I ;  the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapprovd. 

1. Scope 
1.1 This practice covers the dry preparation of soil sam- 

ples as received from the field for particle-size analysis and 
the determination of the soil constants. 

1.2 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of whoever uses this standard to consult and 
establish appropriate safety and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 22 17 Practice for Wet Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Constants’ 

E 1 1  Specification for Wire-Cloth Sieves for Testing 
Purposes3 

3. Significance and Use 
3.1’This practice can be used to prepare samples for 

particle-size and plasticity tests where it is desired to deter- 
mine test values on airdried samples, or where it is known 
that air drying does not have an effect on test results relative 
to samples prepared in accordance with Practice D 22 17. 

4. Apparatus 
4.1 Balance, sensitive to 0.1 g. 

. 4.2 Mortar and Rubber-Covered Pestle, suitable for 
breaking up the aggregations of soil particles. 

4.3 Sieves-A series of sieves, of square mesh woven Wire 
cloth, conforming to Specification E 11. The sieves required 
are as follows: 

No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (425ym) 

4.4 Sampler-A rime sampler or sample splitter, for 
quartering the samples. 

5. sampling 
5.1 Expose the soil sample as received from the field to the 

This practice is under the juridiction of ASTM Committee D 18 on Soil and 
Rock and is the dim responsibility of Subcommittee D18.03 on Texture, 
Plasticity, and Density Characterinics of Soils. 

Cumnt edition approved July 26, 1985. Published September 1985. Originally 
publ i shedasD421-35T.Lan~o~ed i t ion  D421 -58(1978)f’. 

Ann& Book ofASTM Standards, Vol04.08. ’ Ann& Book of ASTM Siandards, Vol 14.02. 
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air at room temperature until dried thoroughly. Break ur 
aggregations thoroughly in the mortar with a rubber-con 
pestle. Select a representative sample of the amount requ 
to perform the desired tests by the method of quarterin 
by the use of a sampler. The amounts of material require 
perform the inlvidual tests are as follows: 

5.1.1 Panicle-Size Analysis-For the particle-size a 
ysis, material passing a No. 10 (2.00-mm) sieve is require 
amounts equal to 115 g of sandy soils and 65 g of eithei 
or clay soils. 

5.1.2 Tests for Soil Constants-For the tests for 
constants, material passing the No. 40 (425-pm) sieb 
required in total amount of 220 g, allocated as follows: 

Test 
Liquid limit 
Plastic limit 
Centrifuge moisture equivalent 
Volumetric shrinkage 
Check tests 

Grams 
100 

15 
IO 
30 
65 

6. Preparation of Test Sample 
6.1 Select that portion of the air-dried sample selectec 

purpose of tests and record the mass as the mass of the 1 
test sample uncorrected for hygroscopic moisture. Seps 
the test sample by sieving with a No. 10 (2.00-mm) si 
Grind that fraction retained on the No. 10 sieve in a mc 
with a rubbercovered pestle until the aggregations of 
particles are broken up into the separate grains. 1 
separate the ground soil into two fractions by sieving wi 
No. 10 sieve. 

6.2 Wash that fraction retained after the second sie 
free of a l l  fine material, dry, and weigh. Record this ma 
the mass of coarse material. Sieve the coarse material, : 
being washed and dried, on the No. 4 (4.75-mm) sieve 
record the mass retained on the No. 4 sieve. 

7. Test Sample for Particle-Size Analysis 
7.1 Thoroughly mix together the fractions passing the 

10 (2.00-mm) sieve in both sieving operations, and by 
method of quartering or the use of a sampler, select a poi 
weighing approximately 11 5 g for sandy soils and appi 
mately 65 g for silt and clay soil for particle-size analysi 

8. Test Sample for Soil Constants 
8.1 Separate the remaining portion of the material pa! 

the No. 10 (2.00-mm) sieve into two parts by means of a 
40 (425ym) sieve. Discard the fraction retained on the 
40 sieve. Use the fraction passing the No. 40 sieve foi 
determination of the soil constants. 
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The American Society for Testing and Materials takes no position respecting the validity 01 any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that delermination of the validity 01 any such 
patent rights. and the risk of inlringement of such rigMs, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive wefu l  consideration at a meeting of the responsible 
technical committee. which you may attend. I f  you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia. PA 19103. 

1. 

tic 
di 
th 
di 
m 
se 

(4 
sic 

hi 
gr 
di 
dc 
dc 

u: 
ti 

2 

r€ 

1 - 
t 
z 
\ 

1 

! 

92 



4m Designation: D 422 - 63 (Reapproved 1990)" 

Standard Test Method for 
Particle-Size Analysis of Soils' 

This standard is isued under the fixed designation D 422; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapproval. 

Nm--Section 19 was added editorially in September 1990. 

1. scope 
1 . 1  This test method covers the quantitative determina- 

tion of the distribution of particle sizes in soils. The 
distribution of particle sizes larger than 75 pm (retained on 
the No. 200 sieve) is determined by sieving, while the 
distribution of particle sizes smaller than 75 pm is deter- 
mined by a sedimentation process, using a hydrometer to 
secure the neceSSary data (Notes 1 and 2). 

NOTE I-Sepamtion may be made on the No. 4 (4.75-mm), No. 40 
(425ym), or No. 200 (75-pm) sieve instead of the No. 10. For whatever 
sieve used, the Size shall be indicated in the report. 
NOTE 2-Two types of dispersion devices are provided: (I) a 

high-speed mechanical Stirrer, and (2) air dispersion. Extensive investi- 
gations indicate that airdispersion devices produce a more positive 
dispersion of plastic soils below the 2Gpm size and appreciably less 
degradation on all sizes when used with sandy soils. Because of the 
definite advantages favoring air dispersion, its use is recommended. The 
results from the two types of devices differ in magnitude, depending 
upon soil type, leading to marked differences in panicle size distribu- 
tion, especially for sizes finer than 20 pm. 

2. Referenced Documents 
2.1 ASTM Standards: 
D421 Practice for Dry. Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Constants2 

E 11 Specification for Wire-cloth Sieves for Testing 
Purposes3 

E 100 Specification for ASTM Hydrometers4 

3. Apparatus 
3.1 Balances-A balance sensitive to 0.01 g for weighing 

the material passing a No. 10 (2.00-mm) sieve, and a balance 
sensitive to 0.1 9% of the mass of the sample to be weighed for 
weighing the material retained on a No. 10 sieve. 

3.2 Stirring Apparatus-Either apparatus A or B may be 
Used. 

3.2.1 Apparatus A shall consist of a mechanically oper- 

' This tQt method is under the jurisdiction of ASIM Committee D18 on soid 
and Rock and is the direct rrsponsibiliry of Subcommittee D18.03 on Textwe, 

Cuncnt edition approved Nov. 21, 1963. Originauy published 1935. Replaces 

Annual Book of ASTM St&rds, Vol04.08. 
' A M M I  Book of ASTM Stam&&, Vol 14.02. 

AMMI Book of ASTM Standards, Vol 14.03. 

m t y ,  and Density Chamcmm ' 'csofsoii. 
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ated stimng device in which a suitably mounted elc 
motor turns a vertical shaft at a speed of not less than I( 
rpm without load. The shaft shall be equipped wi 
replaceable stimng paddle made of metal, plastic, or 
rubber, as shown in Fig. 1. The shaft shall be of such le 
that the stimng paddle will operate not less than 3/4 in. ( 
mm) nor more than 1% in. (38.1 mm) above the botto 
the dispersion cup. A special dispersion cup conformir 
either of the designs shown in Fig. 2 shall be provided to 
the sample while it is being dispersed. 

3.2.2 Apparatus B shall consist of an air-jet dispex 
cup' (Note 3) conforming to the general details shown in 
3 (Notes 4 and 5).  
NOTE 3-The amount of air required by an air-jet dispersion c 

of the order of 2 ft3/min; some small air compressors are not capat 
supplying sufficient air to operate a cup. 
NOTE &Another air-type dispersion device, known as a dispel 

tube, developed by Chu and Davidson at Iowa State College, has 
shown to give results equivalent to those secured by the air-jet dispel 
cups. When it is used, soaking of the sample can be done in 
sedimentation cylinder, thus eliminating the need for transferring 
slurry. When the airdispersion tube is used, it shall be so indicate 
the report. 
NOTE 5-Water may condense in air lines when not in use. 

water must be removed, either by using a water trap on the air line, a 
blowing the water out of the line before using any of the air 
dispersion purposes. 

3.3 Hydrometer-An ASTM hydrometer, graduated 
read in either specific gravity of the suspension or grams 
litre of suspension, and conforming to the requirements 
hydrometers 15 1H or 152H in Specifications E 100. Dim 
sions of both hydrometers are the same, the scale being 
only item of difference. 

3.4 Sedimentation Cylinder-A glass cylinder essentia 
18 in. (457 mm) in height and 2% in. (63.5 mm) in diamel 
and marked for a volume of lo00 mL. The inside diame 
shall be such that the 1000-mL mark is 36 & 2 cm from 1 
bottom on the inside. 

3.5 Thermometer-A thermometer accurate to 1 
(0.5"C). 

3.6 Sieves-A series of sieves, of square-mesh woven-w 
cloth, conforming to the requirements of Specification E 1 
A full set of sieves includes the following (Note 6): 

Daailcd working d r a w  for this cup an a d a b l e  at a nomid cost frc 
the American Society for Testing and Materials, 1916 R a a  St., Philadelphia, 1 
19103. Order Adjuncl No. 12-40422000. 
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( 0 )  fb) 
Metric Equivalents 

in. 0.001 0.049 0.203 '/2 v4 

mm 0.03 1.24 5.16 12.7 19-0 

FIG. 1 Detail of Stirring Paddles 

%in. (9.5-mm). No. 200 (75ym) 
No. 4 (4.75-mm) 

NOTE 6-A set of sieves giving uniform Spacing of points for the 
graph, as required in Seaion 17, may be used if desired. This set consists 
of the following sieves 

Em. (75-mm) No. I6 ( 1.18-mm) 
I H-in. (37.5-mm) No. 30 ( W m )  
%in. (19.0-mm) No. 50 ( m m )  
%in. (9.5-mm) No. 100 (ISO-pm) 
No. 4 (4.75-mm) No. 200 (75ym) 
No. 8 (2.36-mm) 

3.7 Water Bath or Constant-Temperature Room-A 
water bath or constant-temperature room for maintaining 
the soil suspension at a constant temperature during the 
hydrometer analysis. A satisfactory water tank is an insulated 
tank that maintains the temperature of the suspension at a 
convenient constant temwrature at or near 6 8 T  (20°C). 

6 8 6 9  

Sin. (75-mm) No. IO (2.00-mm) 
2-in. (50-mm) No. 20 (85O-pm) 
1%-in. (37.5-mm) No. SO (425ym) 
I-in. (25.0-mm) No. 60 (25O-pm) 
'/+in. (19.0-mm) No. 140 (lO4-pm) 

in. 1.3 2.6 3.75 
mm 33 66 95.2 

Such a device is illustrateci in Fig. 4. In cases where the work 
is performed in a room at an automatically controlled 
constant temperature, the water bath is not necessary. Metric Equivalents 

3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock with a second 

FIG. 2 Dispersion Cups of Apparatus 
- ~ 

- -- - - __ - - _  ~ 
- - ~ 

- hand. 

4. Dispersing Agent be brought to the temperature that is expected to prevail 
4.1 A solution of sodium hexametaphosphate (sometimes during the hydrometer test. For example, if the sedimenta- 

called sodium metaphosphate) shall be used in distilled or tion cylinder is to be placed in the water bath, the distilled or 
demineralized water, at the rate of 40 g of sodium demineralized water to be used shall be brought to the 
hexametaphosphatefitre of solution (Note 7). temperature of the controlled water bath; or, if the sedimen- 

slowly revert Or hydrolyre tation cylinder is used in a room with controlled tempera- 
back to the orthophosphate form with a resultant d m  in dispersive ture, the water for the test shall be at the temperam Of the 
action. Solutions should be prepared fresuently (at least once a month) room. The basic temperature for the hydrometer test is 6 8 T  
Or adjusted to PH of 8 or 9 by mem.~ of sodium carbonate. Bottles (20"~). Small variations of temperat- do not introduce 
containing s ~ ~ t i o m  should have the date of preparation mariced on significance and do not them. 

4.2 water used shall be either distilled or 
d e m i n ~ e e d  water. The water for a hydrometer test shall 

- _  

NW ' I - - S O I ~ ~ ~ ~ ~  of this salt, 8 

that are of 
prevent the use of corrections derived as prescribed. 
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CCPA CROSS SECTION 
CUP e 

FIG. 3 Airdet Dispersion cups of Apparatus B 

5. Test Sample 
5.1 Prepare the test sample for mechanical analysis as 

outlined in Practice D 421. During the preparation proce- 
dure the sample is divided into two portions. One portion 
contains only particles retained on the No. 10 (2.00-mm) 
sieve while the other portion contains only particles passing 
the No. 10 sieve. The mass of air-dried soil selected for 
purpose of tests, as prescribed in Practice D 421, shall be 
sufficient to yield quantities for mechanical analysis as 
follows: 

5.1.1 The size of the portion retained on the No. 10 sieve 
shall depend on the maximum Site of particle, according to 
the following schedule: 

. NominalDiamctcrof 
Largest Particles 

in. (mm) 
Ym (9.5) 
'14 ( 19.0) 

I (25.4) 
IVz (38.1) 
2 (50.8) 
3 (76.2) 

Approximate Minimum 
Mas of Portion, g 

500 
1000 
2000 
3Ooo 
4OOo 
5ooo 

5.1.2 The size of the portion passing the No. 10 sieve shall 
be approximately 1 15 g for sandy soils and approximately 65 
g for silt and clay soils. 

5.2 Provision is made in Section 5 of Practice D 421 for 
weighing of the airdry soil selected for purpose of tests, the 
separation of the soil on the No. 10 sieve by dry-sieving and 
washing, and the weighing of the washed and dried fraction 
retained on the No. 10 sieve. From these two masses the 
percentages retained and passing the No. 10 sieve can be 
calculated in accordance with 12.1. 

NOTE 8-A check on the mass values and the thoroughness of 
pulverization of the clods may be secured by weighing the portion 
passing the No. 10 sieve and adding this value to the mass of the washed 
and ovendried portion retained on the No. 10 Sieve. 

SEW ANALYSIS OF PORTION RETAINED ON NO. 10 
(2.oo-mm) SIEVE 

6. pFoceaure 
6.1 Separate the portion retained on the No. 10 (2.00- 

mm) sieve into a series of fractions using the 3-in. (75-mm), 

h4ebic Equivalents 
in. '/a 1 3 6% 14 
m 22.2 25.4 76.2 1582 356 

RG. 4 Insulated Water Bath 

2-in. (50-mm), 1'12-in. (37.5-mm), 1-in. (25.0-mm), 
(19.0-mm), Min. (9.5-mm), No. 4 (4.75-mm), and F 
sieves, or as many as may be needed depending c 
sample, or upon the specifications for the material 
test. 

6.2 Conduct the sieving operation by means of a 
and vertical motion of the sieve, accompanied by a 1 
action in order to keep the sample moving continuousl 
the surface of the sieve. In no case turn or mani 
fragments in the sample through the sieve by hand. Co 
sieving until not more than 1 mass '36 of the residuc 
sieve passes that sieve during 1 min of sieving 
mechanical sieving is used, test the thoroughness of 5 
by using the hand method of sieving as described ab0 

6.3 Determine the mass of each fraction on a b 
conforming to the requirements of 3.1. At the e 
weighing, the sum of the masses retained on all the 
used should equal closely the original mass of the qi 
sieved. 
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HYDROMETER AND SIEVE ANALYSIS OF PORTION 
PASSING THE NO. 10 (2.00-mm) SIEVE 

7. Determination of Composite Correction for Hydrometer 
Reading 

7.1 Equations for percentages of soil remaining in suspen- 
sion, as given in 14.3, are based on the use of distilled or 
demineralized water. A dispersing agent is used in the water, 
however, and the specific gravity of the resulting liquid is 
appreciably greater than that of distilled or demineralized 
water. 

7.1.1 Both soil hydrometers are calibrated at 68°F (20"C), 
and variations in temperature from this standard tempera- 
ture produce inaccuracies in the actual hydrometer readings. 
The amount of the inaccuracy increases as the variation 
from the standard temperature increases. 

7.1.2 Hydrometers are graduated by the manufacturer to 
be read at the bottom of the meniscus formed by the liquid 
on the stem. Since it is not possible to secure readings of soil 
suspensions at the bottom of the meniscus, readings must be 
taken at the top and a correction applied. 

7.1.3 The net amount of the corrections for the three 
items enumerated is designated as the composite correction, 
and may be determined experimentally. 

7.2 For convenience, a graph or table of composite 
corrections for a series of 1" temperature differences for the 
range of expected test temperatures may be prepared and 
used as needed. Measurement of the composite corrections 
may be made at two temperatures spanning the range of 
expected test temperatures, and corrections for the interme- 
diate temperatures calculated assuming a straight-line rela- 
tionship between the two observed values. 

7.3 Prepare lo00 mL of liquid composed of distilled or 
demineralized water and dispersing agent in the same 
proportion as will prevail in the sedimentation (hydrometer) 
test. Place the liquid in a sedimentation cyclinder and the 
cylinder in the constant-temperature water bath, set for one 
of the two temperatures to be used. When the temperature of 
the liquid becomes constant, insert the hydrometer, and, 
after a short interval to permit the hydrometer to come to the 
temperature of the liquid, read the hydrometer at the top of 
the meniscus formed on the stem. For hydrometer 15 1 H the 
composite correction is the difference between this reading 
and one; for hydrometer 152H it is the difference between 
the reading and zero. Bring the liquid and the hydrometer to 
the other temperature to be used, and secure the composite 
correction as before. 

8. Hygroscopic Moisture 
8.1 When the sample is weighed for the hydrometer test, 

weigh out an auxiliary portion of from 10 to 15 g in a small 
metal or glass container, dry the sample to a constant mass in 
an oven at 230 +- 9°F (1 10 & 5 T ) ,  and weigh again. Record 
the masses. 

9. Dispersion of Soil Sample 
9.1 When the soil is mostly of the clay and silt sizes, we@ 

out a sample of airdry soil of approximately 50 g. When the 
soil is mostly sand the sample should be approximately 100 

9.2 Place the sample in the 250-mL beaker and cover with 
125 mL of sodium hexametaphosphate solution (40 @). 
Stir until the soil is thoroughly wetted. Allow to soak for at 
least 16 h. 

9.3 At the end of the soaking period, disperse the sample 
further, using either Stirring apparatus A or B. If stirring 
apparatus A is used, transfer the soil - water slurry from the 
beaker into the special dispersion cup shown in Fig. 2, 
washing any residue from the beaker into the cup with 
distilled or demineralized water (Note 9). Add distilled or 
demineralized water, if necessary, so that the cup is more 
than half full. Stir for a period of 1 min. 
NOTE 9-A large size syringe is a convenient device for handling the 

water in the washing operation. Other devices include the wash-water 
bottle and a hose with n o d e  connected to a pressurized distilled water 
tank. 

9.4 If stirring apparatus B (Fig. 3) is used, remove the 
cover cap and connect the cup to a compressed air supply by 
means of a rubber hose. A air gage must be on the line 
between the cup and the control valve. O p n  the control 
valve so that the gage indicates 1 psi (7 Wa) pressure (Note 
10). Transfer the soil - water slurry from the beaker to the 
air-jet dispersion cup by washing with distilled or 
demineralized water. Add distilled or demineralized water, if 
necessary, so that the total volume in the cup is 250 mL, but 
no more. 
NOTE 10-The initial air prmure of 1 psi is required to prevent the 

soil - water mixture from entering the air-jet chamber when the mixture 
is transferred to the dispersion cup. 

9.5 Place the cover cap on the cup and open the air 
control valve until the gage pressure is 20 psi (140 kPa). 
Disperse the soil according to the following schedule: 

Plasticity lndcx 
Under 5 
6 to 20 
over 20 

Dispersion P m 4  
miU 

5 
10 
1s 

Soils containing large percentages of mica need be dispersed 
for only 1 min. After the dispersion period, reduce the gage 
pressure to 1 psi preparatory to transfer of soil - water slurry 
to the sedimentation cylinder. 

10. Hydrometer Test 
10.1 Immediately after dispersion, transfer the soil - water 

slurry to the glass sedimentation cylinder, and add distilled 
or demineralized water until the total volume is lo00 mL. 

10.2 Using the palm of the hand over the open end of the 
cylinder (or a rubber stopper in the open end), turn the 
cylinder upside down'and back for a period of 1 min to 
complete the agitation of the slurry (Note 11). At the end of 
1 min set the cylinder in a convenient location and take 
hydrometer readings at the following intervals of time 
(measured from the beginning of sedimentation), or as many 
as may be needed, depending on the sample or the specifica- 
tion for the material under test: 2, 5 ,  15, 30, 60, 250, and 
1440 min. If the controlled water bath is used, the sedimen- 
tation cylinder should be placed in the bath between the 2- 
and 5-min readings. 
NOTE 1 ]-The number of tur& during this minute should be 

approximately 60, counting the turn upside down and back as two turns 
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4. ‘th I ~ n y  soil remaining in the bottom of the cylinder during the hrst few 
turns should be loosened by V ~ ~ O ~ O U S  shakingsf_the.cylinder-while-it-is 

TABLE 1 Values of Correction Factqr,_a,f~rMferent.Spec 
Gravities of Soil Particles” 
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10.3 When it is desired to take a hydrometer reading, 
carefully insert the hydrometer about 20 to 25 s before the 
-ding is due to approximately the depth it will have when 
a e  reading is taken. As soon as the reading is taken, carefully 
remove the hydrometer and place it with a spinning motion 
in a graduate of clean distilled or demineralized water. 

NOTE 12-11 is important to remove the hydrometer immediately 
d e r  each reading. Readings shall be taken at the top of the meniscus 
famed by the suspension around the stem, since it is not possible to 
-re readings at the bottom of the meniscus. 

10.4 After each reading, take the temperature of the sus- 
pension by inserting the thermometer into the suspension. 

11. Sieve Analysis 
11.1 After taking the final hydrometer reading, transfer 

the suspension to a No. 200 (75-pm) sieve and wash with tap 
water until the wash water is clear. Transfer the material on 
the No. 200 sieve to a suitable container, dry in an oven at 
230 f 9’F (1 10 f 5OC) and make a sieve analysis of the 
portion retained, using as many sieves as desired, or required 
for the material, or upon the specification of the material 
under test. 

CALCLJLATIONS AND REPORT 

12. Sieve Analysis Values for the Portion Coarser than the 

12.1 Calculate the percentage passing the No. 10 sieve by 
dividing the mass passing the No. 10 sieve by the mass of soil 
originally split on the No. 10 sieve, and multiplying the result 
by 100. To obtain the mass passing the No. 10 sieve, subtract 
the mass retained on the No. 10 sieve from the original mass. 

12.2 To secure the total mass of soil passing the No. 4 
(4.75-mm) sieve, add to the mass of the material passing the 
No. 10 sieve the mass of the fraction passing the No. 4 sieve 
and retained on the No. 10 sieve. To secure the total mass of 
soil passing the 3/s-in. (9.5-mm) sieve, add to the total mass of 
soil passing the No. 4 sieve, the mass of the h a i o n  passing 
the Yein. sieve and retained on the No. 4 sieve. For the 
remaining sieves, continue the calculations in the same 
manner. 

12.3 To determine the total percentage passing for each 
sieve, divide the total mass passing (see 12.2) by the total 
mass of sample and multiply the result by 100. 

13. Hygroscopic Moisture Correction Factor 
13.1 The hydroscopic moisture correction factor is the 

ratio between the mass of the ovendried sample and the 
airdry mass before drying. It is a number less than one, 
except when there is no hygroscopic moisture. 

14. Percentages of Soil in Suspension 
14.1 Calculate the ovendry mass of soil used in the 

hydrometer analysis by multiplying the airdry mass by the 
hygroscopic moisture c o h o n  factor. . 

14.2 calculate the mass of a total sample represented by 
the mass of soil used in the hydromekr test, by dividing the 
ovendry mass used by the percentage passing the No. 10 

No. 10 (2.00-mm) Sieve 
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WcjfcGraVny COnectDn Factor” 

2.95 0.94 
2.90 0.95 
2.85 0.96 
2.80 0.97 
2.75 0.98 
2.70 0.99 
2.65 1 .oo 
2.60 1.01 
2.55 1.02 
2.50 1.03 
2.45 1.05 

A For use m equation for percentage of soil remaining in suspension when i 
Hydrometer 152H. 

(2.00-mm) sieve, and multiplying the result by 100. 1 
value is d e  weight w in the equation for percent 
remaining in suspension. 

14.3 The percentage of soil remaining in suspension at 
level at which the hydrometer is measuring the density of 
suspension may be calculated as follows (Note 13): 1 
hydrometer 1 5 1 H 

P = [( 100 OOO/W) x G/(G - G,)] (R - GI) 

NOTE 13-The bracketed portion of the equation for hydromc 
15 1H is constant for a series of readings and may be calculated first i 
then multiplied by the portion in the parentheses. 

For hydrometer 152H: 
P = (Ru/w) x 100 

where: 
(I = correction faction to be applied to the reading 

hydrometer I52H. (Values shown on the scale L 
computed using a specific gravity of 2.65. Correctit 
factors are given in Table l), 

P = percentage of soil remaining in suspension at the lei 
at which the hydrometer measures the density o f t  
suspension, 

R = hydrometer reading with composite correction a 
plied (Section 7), 

W = ovendry mass of soil in a total test sample rep1 
. sented by mass of soil dispersed (see 14.2), g, 

G = specific gravity of the soil particles, and 
GI = specific gravity of the liquid in which soil particles a 

suspended. Use numerical value of one in bo1 
instances in the equation. In the first instance ax 
possible variation produces no significant effect, an 
in the second instance, the composite correction for. 
is based on a value of one for GI. 

15. Diameter of Soid Particles 
15.1 The diameter of a particle corresponding to th 

percentage indicated by a given hydrometer reading shall b 
calculated according to Stokes’ law (Note 14), on the basi 
that a particle of this diameter was at the surface of th 
suspension at the beginning of sedimentation and had settle 
to the level at which the hydrometer is measuring the densic 
of the susuension. According to Stokes’ law - 

D = 4[30n/980(G - GI)] X L/T 
where: 
D = diameter of particle, mm, 
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n =. coefficient of viscosity of the suspending medium (in 
this case water) in po+ (varies with changes in 
temperature of the suspending medium), 

L = distance from the surface of the suspension to the 
level at which the density of the suspension is being 
measured, cm. (For a given hydrometer and sedimen- 
tation cylinder, values vary according to the hydrom- 
eter readings. This distance is known as effective 
depth (Table 2)), 

T = interval of time from beginning of sedimentation to 
the taking of the reading, min, 

G = specific gravity of soil particles, and 
G, = specific gravity (relative density) of suspending me- 

dium (value may be used as 1.OOO for all practical 
PUrPoW 

Nom 14-Since Stokes’ law considers the tenninal velocity of a 
single sphere falling in an infinity of Liquid, the Sizes calculated represent 
the diameter of spheres that would fall at the same xate as the soil 

15.2 For convenience in calculations the above equation 
particles. 

may be written as follows: 
D = ~K77 

where: 
K = constant depending on the temperature of the suspen- 

sion and the specific gravity of the soil particles. Values 
of K for a range of temperatures and specific gravities 
are given in Table 3. The value of K does not change for 
a series of readings constituting a test, while values of L 
and .T do vary. 

15.3 Values of D may be computed with sufficient a m -  
racy, using an ordinary 10-in. slide rule. 
NOTE 15-The value of L is divided by T using the A -  and B-scales, 

the square root being indicated on the D-scale. Without ascertaining the 
value of the square root it may be multiplied by K, using either the C- or 
CI-scale. 

16. Sieve Analysis Values for Portion Finer than No. 10 

16.1 Calculation of percentages pasing the various sieves 
used in sieving the portion of the sample from the hydrom- 
eter test involves several steps. The first step is to calculate 
the mass of the fraction that would have been retained on the 
No. 10 sieve had it not been removed. This mass is equal to 
the total percentage retained on the No. 10 sieve (lo0 minus 
total percentage passing) times the mass of the total sample 
represented by the mass of soil used (as calculated in 14.2), 
and the result divided by 100. 

16.2 Calculate next the total mass passing the No. 200 
sieve. Add together the hctional masses retained on all the 
sieves, including the No. 10 sieve, and subtract this sum from 
the mass of the total sample (as calculated in 14.2). 

16.3 Calculate next the total masses passing each of the 
other sieves, in a manner similar to that given in 12.2. 

16.4 Calculate last the total percentages passing by di- 
viding the total mass passing (as calculated in 16.3) by the 
total mass of sample (as calculated in 14.2), and multiply the 
result by 100. 

17. Graph 

(2.00-mm) Sieve 

17.1 When the hydrometer analysis is performed, a graph 
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TABLE 2 Values of Effective Depth Based on Hydrometer and 
Sedimentation CyTmder ot Specified Sizes* 

Hydraneter 151H Hydmneter 152H 

Actual Effective Actual Effectwe Actual 
Hydromerer Depth. Wrcwtef Depth. Hydrometer Depth. 

Readina L . m  Readma L . m  Readrnq L . m  
1 .Ooo 
1.001 
1.002 
1.003 
1 .w 
1.005 

1.006 
1.007 
1.008 
1.009 
1.010 

1.011 
1.012 
1.013 
1.014 
1.015 

1.016 
1.017 
1.018 
1.019 
1.020 

1.021 
1.022 
1.023 
1.024 
1 .025 

1.026 
1 .027 
1 .028 
1 .M9 
1 .au, 

1.031 
1.032 
1.033 
1.034 
1.035 
1.036 
1.037 . 
1 .m 

16.3 0 
16.0 1 
15.8 2 
15.5 3 
15.2 4 
15.0 5 

14.7 6 
14.4 7 
14.2 8 
13.9 9 
13.7 10 

13.4 11 
13.1 12 
12.9 13 
12.6 14 
12.3 15 

12.1 16 
11.8 17 
11.5 18 
11.3 19 
11.0 20 
10.7 21 
10.5 22 
10.2 23 
10.0 24 
9.7 25 

9.4 26 
9.2 27 
8.9 - 28 
8.6 29 
8.4 30 

8.1 
7.8 
7.6 
7.3 
7.0 
6.8 
6.5 
6.2 

16.3 
16.1 
16.0 
15.8 
15.6 
15.5 

15.3 
15.2 
15.0 
14.8 
14.7 

14.5 
14.3 
142 
14.0 
13.8 

13.7 
13.5 
13.3 
13.2 
13.0 

12.9 
12.7 
12.5 
12.4 
122 

12.0 
11.9 
11.7 
11.5 
11.4 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 2 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

112 
11.1 
10.9 
10.7 
10.6 

10.4 
102 
10.1 
9.9 
9.7 

9.6 
9.4 
9 2  
9.1 
8.9 

8.8 
8.6 
8.4 
8.3 
8.1 

7.9 
7.8 
7.6 
7.4 
7.3 

7.1 
7.0 
6.8 
6.6 
6.5 

... .~ 

A Values of effective depth are calculated from the equation: 

L = 1, + ‘h [L, - (V$A)] 

where: 
L = effective depth, cm, 
L, = distance along the a m  of the hydrometer from the top of the bulb to the 

& = overall length of the hydrometer bulb, cm, 
V ,  = volume of hydrometer bulb, cm3, and 
A = cross-seCtioaal area of sedimentation cylinder, cm2 
Values used in caladatingthevalues inTabk2 areasfollows: 
For both hydrometen. 151H and 152H: 
& = 14.0 cm 
V, = 67.0 cm3 
A = 27.8 cm= 
For hydrometer 151 H: 
L, = 10.5 cm for a reading of 1.ooO 

= 2.3 cm for a reading of 1.031 
For hydtuneter 152H 
L, = 10.5 cm for a reading of 0 pflib’c 

= 2.3 cm fora rradingof 50 fitre 

mark for a hydrometer reading, cm, 

of the test results shall be made, plotting the diameters of the 
particles on a logarithmic scale as the abscissa and the 
percentages smaller than the corresponding diameters to an 
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* .2 
: .1 
1.9 
1.7 
3.6 

0.4 
0.2 
0.1 
3.9 
3.7 

9.6 
9.4 
9.2 
9.1 
8.9 

8.8 
8.6 
8.4 
8.3 
8.1 

7.9 
7.8 
7.6 
7.4 
7.3 

7 1  

6.6 
6.5 

bulb 10 ttb 

TABLE 3 Values of K tor Use in Equation for Computing Diameter of Particle in Hydrometer Analysis 

Temperature. 
2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2. OC 

16 0.01510 0.01505 0.01481 0.01457 0.01435 0.01414 0.01394 0.01374 0.0' 

Specific Gravity of Soil Particles 

17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

0.0151 1 
0.01492 
0.01474 
0.01456 

0.01438 
0.01421 
0.01 404 
0.01388 
0.01372 

0.01357 
0.01342 
0.01327 
0.01312 
0.01298 

0.01 486 
0.01467 
0.01 449 
0.0141 

0.01 41 4 
0.01397 
0.01 381 
0.01365 
0.01349 

0.01 334 
0.01 319 
0.01304 
0.01 290 
0.01 276 

0.01462 
0.01443 
0.01425 
0.01408 

0.01331 
0.01374 
0.01358 
0.01342 
0.01327 

0.01312 
0.01297 
0.01283 
0.01269 
0.01256 

0.0149 
0.01421 
0.01403 
0.01386 

0.01369 
0.01353 
0.01337 
0.01321 
0.01306 

0.01291 

0,01264 
0.01249 
0,01236 

0.01277 

arithmetic scale as the ordinate. When the hydrometer 
analysis is not made on a portion of the soil, the preparation 
of the graph is optional, since values may be secured directly 
From tabulated data. 

18. Report 
18.1 The report shall include the following 
18.1.1 Maximum size of particles, 
18.1.2 Percentage passing (or retained on) each sieve, 

which may be tabulated or presented by plotting on a graph 
(Note 16), 

18.1.3 Description of sand and gravel particles: 
18.1.3.1 Shape-rounded or angular, 
18.1.3.2 Hardness-hard and durable, soft, or weathered 

18.1.4 Specific gravity, if unusually high or low, 
18.1.5 Any difficulty in dispersing the fraction passing the 

No. 10 (2.00-mm) sieve, indicating any change in type and 
amount of dispersing agent, and 

18.1.6 The dispersion device used and the length of the 
dispersion period. 

NOTE 16-This tabulation of graph represents the gadation of the 
sample tested. If particles larger than those contained in the sample were 
removed before testing, the report shall so state giving the amount and 
maximum sire. 

18.2 For materials tested for compliance with definite 
specifications, the fractions called for in such specifications 
shall be reported. The fiactions smaller than the No. 10 sieve 
shall be read from the graph. 

18.3 For materials for which compliance with definite 
specifications is not indicated and when the soil is composed 
almost entirely of particles passing the No. 4 (4.75-mm) 
sieve, the results read from the graph may be reported as 
follows: 

and fiiable, 

0.01417 
0.01399 
0.01382 
0.01365 

0.01348 
0.01332 
0.01317 
0.01301 
0.01286 

0.01272 
0.01258 
0.01244 
0.01230 
0.01217 

0.01396 
0.01378 
0.01361 
0.01344 

0.01328 
0.0131 2 
0.01297 
0.01 282 
0.01267 

0.01 253 
0.01239 
0.01 255 
0.01 212 
0.01 199 

0.01376 
0.01359 
0.01342 
0.01325 

0.01309 
0.01294 
0.01279 
0.01264 
0.01249 

0.01235 
0.01221 
0.01208 
0.01195 
0.01182 

0.01356 
0.01339 
0.1323 
0.01307 

0.01291 
0.01276 
0.01261 
0.01246 
0.01232 

0.01218 
0.01204 
0.01191 
0.01178 
0.01165 

~. 

0.0' 
0.0' 
0.0' 
0.0' 

0.0' 
0.0' 
0.0' 
0.0' 
0.0' 

0.0' 
0.0' 
0.0' 
0.0' 
0.0' - 

(I ) Gravel, passing f in .  and retained on No. 4 siwe 
(2) Sand, passing No. 4 sieve and retained on No. 200 sieve 

(0) Coarse sand, passing No. 4 sieve and retained on 

(b)  Medium sand, passing No. 10 sieve and retained on 

(c) Fine sand, passing No. 40 sieve and retained on No. 

..... 

. . . . . 

. . . . . 

. . . . . 

. . . . . 

(3) Sit size, 0.074 to 0.005 mm ..... 
(4) Clay size, smaller than 0.005 mm ..... 

18.4 For materials for which compliance with ( 

specifidions is not indicated and when the soil c( 
material retained on the No. 4 sieve sufficient to m 
sieve analysis on that portion, the results may be repc 
follows (Note 17): 

No. 10sieve 

No. 40 sieve 

200 sieve 

Colloids, smaller than 0.001 mm . . . . .  

SIEVE ANALYSIS 

Sieve Sic 
Sin. 
2-in. 
1 %-in. 
I-in. 
J/+in. 
'kin. 
No. 4 (4.75-mm) 
No. 10 (2.Wmm) 
No. 40 (425ym) 
No. 200 (75ym) 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 
HYDROMmR ANALYSIS 

0.074 mm 
0.005- mm 
0.001 mm 

. . . . . . . 

. . . . . . . 

. . . . . . . 
NOTE 17-No. 8 (2.36-mm) and No. 50 (3Wpm) sieves 

substituted for No. IO and No. 40 sieves. 

19. Keywords . 

ture; particle-size; sieve analysis 
19.1 grain-&, hydrometer analysis; hygroscopic 

The American So&y for Tssting and Materials takes no position respecting the validity d any patent rights med in Connection 
with any R e m  merrtioned in this standard. Users d this standerd are expressly advised that detminatim of the valid@ of any such 
gmtent rights, and the risk d infringemem of such rights, are entirely their own respu?sibil@. 

, 

This standard is subjecl to rwision at any time by the responsible technical commfiee and must be reviewed evsry fwe years and 
InU eitherrea#rovedar withdrawn. Y w  mmments are invited W formvision dthis standad or for additicnalstandards 
and sharld be addresssd to ASTM Headquarters. Ywr  m~??memS will receh d l  consideration a! a meeting d the responSibk, 
technical committee, which y w  may mend. tt you feel thal ywr comments have not received a fair hearing y w  should &e your 
views known to the ASTM connniltee on standards, 1916 Race St.. Philadelphia, PA 19103. 

99 



Designation: D 698 - 91 4B 
6869 

Test Method for 
Laboratory Compaction Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))l 
This standard is issued under the ficd designation D 698; the number imm,&teIy following the designation indicates the year of 
original adoption or, in the case of revision, the year of lm revision. A number in parentheses indicates the year of last reapprovaI. A 
supersxipt epsilon (t) indicates an editorial change since the lag revision or reapproval. 

1. Scope 
1.1 This test method covers laboratory compaction proce- 

dures used to determine the relationship between water 
content and dry unit weight of soils (compaction curve) 
compacted in a 4 or 6-in. (101.6 or 152.4-mm) diameter 
mold with a 5.5-lbf (24.4-N) rammer dropped from a height 
of 12 in. (305 mm) producing a compactive effort of 12,400 
ft-lbf/ft3 (600 kN-m/m3). 
NOTE 1-The equipment and procedures are similar as those pro- 

posed by R. R. Proctor (Engineering News Recurd-September 7, 1933) 
with this one major exception: his rammer blows were applied as "12 
inch fm strokes" instead of free fall, producing variable compactive 
effort depending on the operator, but probably in the range 15,OOO to 
25,000 A-lbf/A3 (700 to 1,200 kN-m/m3). The standard effort test (see 
3.2.2) is sometimes referred to as the Proctor Test. 
NOTE 2-Soils and soil-aggregate mixtures should be regarded as 

natural occuning fine- or coarse-grained soils or composites or mixtures 
of natural soils or mixtures of natural and processed soils or aggregates 
such as dt, gravel, or crushed rock. 

1.2 This test method applies only to soils that have 30 9% 
or less by weight of particles retained on the V4-inch 
(19.0-mm) sieve. 
NOTE %For relationships between unit weights and water contents 

of soils with 30 9% or less by weight of material retained on the 3hin. 
(19.0-mm) sieve to unit weights and water contents of the 6action 
passing 314-in. (19.0-mm) sieve, see Practice D 4718. 

1.3 Three alternative procedures are provided. The proce- 
dure used shall be as indicated in the specification for the 
material being tested. If no procedure is specified, the choice 
should be based on the material gradation. 

1 .3.1 Procedure A: 
1.3.1.1 M o l d 4 i n .  (101.6-mm) diameter. 
1.3.1.2 Material-Passing No. 4 (4.75-mm) sieve. 

1.3.1.4 Blows per layer-25. 
1.3.1.5 Use-May be used if 20 % or less by weight of the 

material is retained on the No. 4 (4.75-mm) sieve. 
1.3.1.6 Other Use-If this procedure is not specified, 

materials that meet these gradation requirements may be 
tested using Procedures B or C. 

1.3.2 Procedure B: 
1.3.2.1 kfold--4-in. (101.6-mm) diameter. 
1.3.2.2 Material--Passing %-in. (9.5-mm) sieve. 

1.3.2.4 Blows per layer-25. 

1.3.1.3 Layers-Three. 

1.3.2.3 LuY~Ls-M. 

This tat method is under tht jurisdiction of ASTh4 Committee I118 OD Soil 
and Rock and is the dimx responsibility of Subcommittee D18.03 on future, 
PksticityandDendtycharaCtenstl . 'fsofsoii  

Cumnt edition approved Nov. 19,1991. Published January 1992. 
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1.3.2.5 Use-Shall be used if more than 20 9% by weight 
of the material is retained on the No. 4 (4.75-mm) sieve and 
20 75 or less by weight of the material is retained on the 
Ys-in. (9.5-mm) sieve. 

1.3.2.6 Other Use-If this procedure is not specified, 
materials that meet these gradation requirements may be 
tested using Procedure C. 

1.3.3 Procedure C: 
1.3.3.1 Mold-6-in. (152.4-mm) diameter. 
1.3.3.2 Material-Passing 3h-inch (1 9.0-mm) sieve. 
1.3.3.3 Layers-Three. 
1.3.3.4 Blows per layer-56. 
1.3.3.5 Use-Shall be used if more than 20 % by weight 

of the material is retained on the ?&in. (9.5-mm) sieve and 
less than 30 9% by weight of the material is retained on the 
3/4-in. (1 9.0-mm) sieve. 

1.3.4 The &in. (152.4-mm) diameter mold shall not be 
used with Procedure A or B. 

NOTE 4-Results have been found to vary slightly when a material is 
tested at the same compactive effort in different size molds. 

1.4 If the test specimen contains more than 5 % by weight 
oversize fraction (coarse fraction) and the material will not 
be included in the test, comections must be made to the unit 
weight and water content of the specimen or to the appro- 
priate field in place density test specimen using Practice 
D 4718. 

1.5 This test method will generally produce a well defined 
maximum dry unit weight for non-free draining soils. If this 
test method is used for free draining soils the maximum unit 
weight may not be well defined, and can be less than 
obtained using Test Methods D 4253. 

1.6 The values in inch-pound units are to be regarded as 
the standard. The values stated in SI units are provided for 
information only. 

1.6.1 In the engineering profession it is customary prac- 
tice to use, interchangeably, units representing both mass 
and force, unless dynamic calculations (F = Ma) are 
involved. This implicitly combines two separate systems of 
units, that is, the absolute system and the gravimetric system. 
It is scientifically undesirable to combine the use of two 
separate systems within a single standard. This test method 
has been written using inch-pound units (gravimetric system) 
where the pound (lbf) represents a unit of force. The use of 
m a s  (lbm) is for convenience of units and is not intended to 
.convey the use is scientifically correct. Conversions an: given 
in the SI system in accordance with Practice E 380. The use 
of balances or scales recording pounds of mass (lbm), or the 
recording of density in lbm/A3 should not be regarded as 
nonconformance with this standard. 



L7-This~t~idaTdTioes not purport to a d d r z l l  of the (600 kN-m/m3) compactive effort applied by the equipment 

3.2.1 oversize fraction (coarse fraction), P, in %-the 
portion of total sample not used in performing the compac- 
tion test; it may be the portion of total sample retained on 
the No. 4 (4.75-mm), %-in. (9.5-mm), or 3/4-in. (19.0-mm) 
sieve. 

3.2.2 standard efort-the term for the 12,400 ft-lbf/ft3 

safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appru 
priate safity and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Specific Gravity and Absorption of 

Coarse Aggregats 
C 136 Method for Sieve Analysis of Fine and Coarse 

Aggregats 
D422 Test Method for Particle Size Analysis of Soils3 
D 653 Terminology Relating to Soil, Rock, and Contained 

D854 Test Method for Specific Gravity of Soils3 
D 1557 Test Methods for Moisture-Density Relations of 

Soils and Soil Aggregate Mixtures Using 10-lb (4.54-kg.) 
Rammer and 18-in. (457 mm) Drop3 

D2168 Test Methods for Calibration of Laboratory Me- 
chanical-Rammer Soil Compactors3 

D2216 Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil, Rock and Soil- 
Aggregate Mixtures3 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes3 

D2488 Practice for Description of Soils (Visual-Manual 
Proced~re)~ 

D4220 Practices for Preserving and Transporting Soil 

D4253 Test Methods for Maximum Index Density of 
Soils Using a Vibratory Table3 

D 47 18 Practice for Correction of Unit Weight and Water 
Content for Soils Containing Oversize Particles3 

D4753 Specification for Evaluating, Selecting and Speci- 
fying Balances and Scales For Use in Soil and Rock 
Testing3 

E 1 Specification for ASTM Thermometers4 
E 11 Specification for Wire-Cloth Sieves for Testing 

E 3 19 Practice for the Evaluation of Single-Pan Mechan- 

E 380 Practice for Use of the International System of 

Fluids3  

samples3 

purpo=s 
ical BalancesS 

Units (SI) (the Modernized Metric System)' 

AM& Book of ASTM Panaiuds, Vol04.02. 
Annual Book of ASTM Stondnrds, Vol04.08. 
ANNnl  Book of ASTM Stanahrds, Vol 14.03. 
AM& Book of ASTM Smnaizrds, Vol 14.02. 

1 
i 
! 
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and procedures of this test. 
3.2.3 standard maximum dry unit weight, Td- in lbf/fi3 

(kN/m+the maximum value defined by the compaction 
curve for a compaction test using standard effort. 

3.2.4 standard optimum water content, wo in %-the 
water content at which a soil can be compacted to the 
maximum dry unit weight using standard compactive effort. 

3.2.5 testfraction finerfiaction), PF in %-the portion of 
the total sample used in performing the compaction test; it is 
the fraction passing the No. 4 (4.75-mm) sieve in Procedure 
A, minus 3 h - i ~ ~  (9.5-mm) sieve in Procedure B, or minus 
3 1 4 - i ~  (19.0-mm) sieve in Procedure C. 

. Summary of Test Method - - 
4 I ' ' X Z G t  a selected water content is placed in three 

layers into a mold of given dimensions, with each layer 
compacted by 25 or 56 blows of a 5.5-lbf (24.4-N) rammer 
dropped from a distance of 12-in. (305-mm), subjecting the 
soil to a total compactive effort of about 12,400 A-lbf/A3 
(600 kN-m/m3). The resulting dry unit weight is determined. 
The procedure is repeated for a sufficient number of water 
contents to establish a relationship between the dry unit 
weight and the water content for the soil. This data, when 
plotted, represents a curvilinear relationship known as the 
compaction curve. The values of optimum water content 
and standard maximum dry unit weight are determined 
from the compaction curve. / / 

5. Significance and Use 
5.1 Soil placed as engineering fill (embankments, founda- 

tion pads, road bases) is compacted to a dense state to obtain 
satisfactory engineering properties such as, shear strength, 
compressibility, or permeability. Also, foundation soils are 
often compacted to improve their engineering propemeS. 
Laboratory compaction tests provide the basis for deter- 
mining the percent compaction and water content needed to 
achieve the required engineering properties, and for control- 
ling construction to assure that the required compaction and 
water contents are achieved. 

5.2 During design of an engineered fill, shear, consolida- 
tion, permeability, or other tests require preparation of test 
specimens by compacting at some water content to some 
unit weight. It is common practice to first determine the 
optimum water content (w,) and maximum dry unit weight 
(Tdmm) by means of a compaction test. Test specimens are 
compacted at a selected water content (w), either wet or dry 
of optimum (w,) or at optimum ( w,), and at a selected dry 
unit weight related to a percentage of maximum dry unit 
weight (Yd-). The selection of water content (w), either wet 
or dry of optimum (w,) or at optimum ( w,) and the dry unit 
weight (Tdma) may be based on past experience, or a range of 
values may be investigated to determine the necessary 
percent of compaction. 

6. Apparatus 

-c I 

6.1 Mold AssembIpThe molds shall be cylindrical in 
shape, made of rigid metal and be within the capacity and 
dimensions indicated in 6.1.1 or 6.1.2 and Figs. 1 and 2. The 
walls of the mold may be solid, split, or tapered. The 'split" 
type may consist of two half-round sections, or a section of 
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FIG. 1 4.0-in. Cylindrical Mold 

FIG. 2 6.0-in. Cylindrical Mold 

pipe split along one element, which can be securely locked 
together to form a cylinder meeting the requirements of this 
section. The “tapered” type shall an internal diameter taper 
that is uniform and not more than 0.200 in./ft (16.7- mm/m) 
of mold height. Each mold shall have a base plate and an 
extension collar assembly, both made of rigid metal and 
constructed so they can be securely attached and easily 
detached from the mold. The extension collar assembly shall 
have a height extending above the top of the mold of at least 
2.0 in. (50.8-mm) which may include an upper section that 
flares out to form a funnel provided there is at least a 0.75 in. 
(19.0-mm) straight cylindrical section beneath it. The exten- 
sion collar shall align with the inside of the mold. The 
bottom of the base plate and bottom of the centrally recessed 
area that accepts the cylindrical mold shall be planar. 

6.1.1 Mold, 4 in.-A mold having a 4.000 f 0.016-in. 
(101.6 f 0.4-mm) average inside diameter, a height of 4.584 
f 0.018-in. (1 16.4 f 0.5-mm) and a volume of 0.0333 f 
0.0005 AS (944 f 14 an3). A mold assembly having the 
minimum required features is shown in Fig. 1. 

6.1.2 Mold, 6 in.-A mold having a 6.000 f 0.026-in. 
(152.4 f 0.7-mm) average inside diameter, a height of 4.584 
f 0.018-in. (1 16.4 f 0.5-mm), and a volume of 0.075 f 
O.OOO9 A’ (2124 f 25 an3). A mold assembly having the 
minimum required features is shown in Fig. 2. 

6.2 Rammer-A rammer, either manually operated as 
described further in 6.2.1 or mechanically operated as 
described in 6.2.2. The rammer shall fall freely through a 
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distance of 12 0.05-in. (304.8 2 1.3-mm) from the surface 
of the specimen. The mas of the rammer shall be 5.5 f 
0.02-lbm (2.5 f 0.01-kg), except that the mass of the 
mechanical rammers may be adjusted as described in Test 
Methods D 2168, see Note 5. The striking face of the 
rammer shall be planar and Circular, except as noted in 
6.2.2.3, with a diameter when new of 2.000 f 0.005-in. 
(50.80 f 0.13-rnm). The rammer shall be replaced if the 
striking face becomes worn or bell.ied to the extent that the 
diameter exceeds 2.000 2 0.01-in. (50.80 f 0.25-mm). 

NOTE 5-It is a common and acceptable practice in the inch-pound 
system to assume that the mass of the rammer is equal to its mass 
determined using either a kilogram or pound balance and 1 lbf is e q d  
to 1 lbm or 0.4536 kg. or 1 N is equal to 0.2248 lbm or 0.1020 kg. 

6.2.1 Manual Rammer-The rammer shall be equipped 
with a guide sleeve that has sufficient clearance that the free 
fall of the rammer shaft and head is not restricted. The guide 
sleeve shall have at least four vent holes at each end (eight 
holes total) located with centers 314 f %6-in. (19.0 f 1.6-mm) 
from each end and spaced 90 degrees apart. The minimum 
diameter of the vent holes shall be %-in. (9.5-mm). Addi- 
tional holes or slots may be incorporated in the guide sleeve. 

6.2.2 Mechanical Rammer-Circular Face-The rammer 
shall operate mechanically in such a manner as to provide 
uniform and complete coverage of the specimen swface. 
There shall be 0.10 f 0.03-in. (2.5 f 0.8-mm) clearance 
between the rammer and the inside surface of the mold at its 
smallest diameter. The mechanical rammer shall meet the 
calibration requirements of Test Methods D 2168. The 
mechanical rammer shall be equipped with a positive me- 
chanical means to support the ramrner when not in opera- 
tion. 

6.2.2.3 Mechanical Rammer-Sector Face-When used 
with the Gin. (1 52.4-mm) mold, a sector face rammer may 
be used in place of the circular face rammer. The specimen 
contact face shall have the shape of a sector of a circle of 
radius equal to 2.90 f 0.02-in. (73.7 f 0.5-mm). The 
rammer shall operate in such a manner that the vertex of the 
sector is positioned at the Center of the specimen. 

6.3 Sample Extruder (optional)-A jack, frame or other 
device adapted for the purpose of extruding compacted 
specimens from the mold. 

6.4 Balance-A class GP5 balance meeting the require- 
ments of Specification D4753 for a balance of 1-g read- 
ability. 

6.5 Drying Oven-Thermostatically controlled, preferably 
of a forceddraft type and capable of maintaining a uniform 
temperature of 230 f 9°F (1 10 f 5’C) throughout the drying 
chamber. 

6.6 Straightedge-A stiff metal straightedge of any conve- 
nient length but not less than IO-in. (254-mm). The total 
length of the straightedge shall be machined straight to a 
tolerance of f0.005-in. (20.1-mm). The scraping edge shall 
be beveled if it is thicker than %-in. (3-mm). 

6.7 Sieves-314-in. (19.0-mm), %-in. (9.5-mm), and No. 4 
(4.75-mm), conforming to the requirements of Specification 
E 11. 

6.8 Mixing Tools-Miscellaneous tools such as mixing 
pan, spoon, trowel, spatula, etc., or a suitable mechanical 
device for thoroughly mixing the sample of soil with incre- 
ments of water. 
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7&alibration having-water -contents-such- that-they - b r a c k e t - t h e - ~ a t ~ -  
7.1 Perform calibrations before initial use, after repairs or 

other Occurrences that might Skct the test results, at 
intervals not exceeding 1,OOO test specimens, or annually, 
whichever occurs first, for the following apparatus: 

7.1.2 Balance-Evaluate in accordance with Specification 
D 4753. 

7.1.3 Molds-Determine the volume as described in 
Annex 1. 

7.1.4 Manual Rammer-Verify the free fall distance, 
rammer mass, and rammer face in accordance with Section 
6.2. Verify the guide sleeve requirements in accordance with 
Section 6.2.1. 

7.1.5 Mechanical Rammer-Calibrate and adjust the me- 
chanical rammer in accordance with Test Methods D 2168. 
In addition, the clearance between the rammer and the 
inside surface of the mold shall be verified in accordance 
with 6.2.2. 

8. Test Sample 
8.1 The required sample mass for Procedures A and B is 

approximately 35-lbm (16-kg), and for Procedure C is 
approximately 65-lbm (29-kg) of dry soil. Therefore, the field 
sample should have a moist mass of at least 50-lbm (23-kg) 
and 100-lbm (45-kg), respectively. 

8.2 Determine the percentage of material retained on the 
No. 4 (4.75-mm), %-in. (9.5-mm), or 3 h - h .  (19.0-mm) sieve 
as appropriate for choosing R d u r e  A, B, or C. Make this 
determination by separating out a representative portion 
from the total sample and determining the percentages 
passing the sieves of interest by Test Methods D422 or 
Method C 136. It is only necessary to calculate percentages 
for the sieve or sieves for which information is desired. 

9. Preparation of Apparatus 
9.1 Select the proper compaction mold in accordance 

with the procedure (A, B, or C) being used. Determine and 
record its mass to the nearest gram. Assemble the mold, base 
and extension collar. Check the alignment of the inner wall 
of the mold and mold extension collar. Adjust if necessary. 

9.2 Check that the rammer assembly is in good working 
condition and that parts are not loose or worn. Make any 
neceSSary adjustments or repairs. If adjustments or repairs 
are made, the rammer must be recalibrated. 

10. Procedure 
10.1 Soils: 
10.1.1 Do not reuse soil that has been previously labora- 

tory compacted. 
10.1.2 When using this test method for soils containing 

hydrated halloysite, or where past experience with a partic- 
ular soil indicates that results will be altered by air drying, 
use the moist preparation method (see 10.2). 

10.1.3 Prepare the soil specimens for testing in accor- 
dance with 10.2 (preferred) or with 10.3. 

10.2 Moist Preparation Method (prejimea+Without pre- 
viously drying the sample, pass it through a NO. 4 (4.75- 
mm), 3h-in. (9.5-mm), or %-in. (19.0-mm) sieve, depending 
On *e Procedure (A, B, or C) being used. Determine the 
water content of the p r e  soil. 

l 0 e 2 - 1  &Pare at least four (preferably five) specimens 

optimum water content. A specimen having a water content 
close to optimum should be prepared first by trial additions 
of water and mixing (see Note 6). Select water contents for 
the rest of the specimens to provide at least two specimens 
wet and two specimens dry of optimum, and water contents 
varying by about 2%. At least two water contents are 
neceSSary on the wet and dry side of optimum to accurately 
define the dry unit weight compaction curve (see 10.5). Some 
soils with very high optimum water content or a relatively 
flat compaction curve may require larger water content 
increments to obtain a well defined maximum dry unit 
weight. Water content increments should not exceed 4 %. 

NOTE 6-With pnctice it is usually possible to visually judge a point 
near optimum water content. Typically, soil at optimum water content 
can be squeezed into a lump that sticks together when hand p~srure is 
released, but will break cleanly into two sections when 'bent". At water 
contents dry of optimum soils tend to crumble; wet of optimum soils 
tend to stick together in a sticky cohesive mass. Optimum water content 
is typically slightly less than the plastic limit 

10.2.2 Use approximately 5-lbm (2.3-kg) of the sieved soil 
for each specimen to be compacted using R d u r e  A or B, 
or 13-lbm (5.9-kg) using Procedure C. To obtain the spec- 
imen water contents selected in 10.2.1, add or remove the 
required amounts of water as follows: to add water, spray it 
into the soil during mixing; to remove water, allow the soil to 
dry in air at ambient temperature or in a drying apparatus 
such that the temperature of the sample does not exceed 
1WF (60'C). Mix the soil frequently during drying to 
maintain an even water content distribution. Thoroughly 
mix each specimen to ensure even distribution of water 
throughout and then place in a separate covered container 
and allow to stand in accordance with Table 1 prior to 
compaction. For the purpose of selecting a standing time, the 
soil may be classified using Test Method D 2487, Practice 
D2488 or data on other samples from the same material 
source. For referee testing, classification shall be by Test 
Method D 2487. 

10.3 Dry Preparation Method-If the sample is too damp 
to be friable, reduce the water content by air drying until the 
material is friable. Drying may be in air or by the use of 
drying apparatus such that the temperature of the sample 
does not exceed 140°F (60'C). Thoroughly break up the 
aggregations in such a manner as to avoid breaking indi- 
vidual particles. Pass the material through the appropriate 
sieve: No. 4 (4.75-mm), 3/8-in. (9.5-mm), or 3/4-in. (19.0- 
mm). When preparing the material by passing over the 3h-h. 
sieve for compaction in the 6-in. mold, break up aggregations 
sufficiently to at least pass the %-in. sieve in order to 
facilitate the distribution of water throughout the soil in later 
mixing. 

10.3.1 Prepare at least four (preferably five) specimens in 
accordance with 10.2.1. 

10.3.2 Use approximately 5-lbm (2.3-kg) of the sieved soil 
for each specimen to be compacted using Procedure A or B, 
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TABLE 2 Metrk Eauivalenta for Fiaa 1 and 2 

il. m 
0.016 . 0.41 
0.026 0.66 
0.032 0.81 

2% 63.50 
2% 66.70 
4 101.60 
4% 114.30 
4.584 116.4 
4% 120.60 
6 152.40 
6% 165.10 
6% 168.30 
6% 171.40 
a714 209.60 

ft' an3 

7 

c 

0.028 0.71 
'h 12.70 

- 
c 

'ho (0.0333) 
O.ooo5 
'/ism, (0.0750) 
0.001 1 

~~ 

943 

2,124 
14 

21 

or 13-lbm (5.9-kg) using Procedure C. Add the required 
amounts of water to bring the water contents of the 
specimens to the values selected in 10.3.1. Follow the 
specimen prepamtion procedure specified in 10.2.2 for 
drying the soil or adding water into the soil and curing each 
test specimen. 

10.4 Compucrion-After curing, if required, each spec- 
imen shall be compacted as follows: 

10.4.1 Determine and record the 'mass of the mold or 
mold and base plate. 

10.4.2 Assemble and secure the mold and collar to the 
base plate. The mold shall rest on a uniform rigid founda- 
tion, such as provided by a cylinder or cube of concrete with 
a mass of not less than 200-lbm (9 1 -kg). Secure the base plate 
to the rigid foundation. The method of attachment to the 
rigid foundation shall allow easy removal of the assembled 
mold, collar and base plate after compaction is completed. 

10.4.3 Compact the specimen in three layers. After com- 
paction, each layer should be approximately equal in thick- 
ness. Prior to compaction, place the loose soil into the mold 
and spread into a layer of uniform thickness. Lightly tamp 
the soil prior to compaction until it is not in a fluffy or loose 
state, using either the manual compaction rammer or a 2-in. 
(5-mm) diameter cylinder. Following compaction of each of 
the first two layers, any soil adjacent to the mold walls that 
has not been compacted or extends above the compacted 
surface shall be trimmed. The trimmed soil may be included 
with the additional soil for the next layer. A knife or other 
suitable device may be used. The total amount of soil used 
shall be such that the third compacted layer slighly extends 
into the collar, but does not exceed 114-in. (6-mm) above the 
top of the mold. If the third layer does extend above the top 
of the mold by more than Y4-in. (6-mm), the specimen shall 
be discarded. The specimen shall be discarded when the last 
blow on the rammer for the third layer results in the bottom 
of the rammer extending below the top of the compaction 
mold. 

10.4.4 Compact each layer with 25 blows for the 4-in. 
(101,6-mm) .mold or with 56 blows for the &in. (1 52.4-mm) 
mold. 

Nm 'I--When compacting specimens wetter than optimum 
content, uneven compacted surfaces can OCN and operator judgemer 
is required as to tbe average height of the specimen. 

10.4.5 In operating the manual rammer, take care t, 
avoid lifting the guide sleeve during the rammer upstrokt 
Hold the guide sleeve steady and within 5" of vertical. Appl 
the blows at a uniform rate of approximately 25 blows/m.i 
and in such a manner as to provide complete, uniforn 
coverage of the specimen surface. 

10.4.6 Following compaction of the last layer, remove th 
collar and base plate from the mold, except as noted ii 
10.4.7. A knife may be used to trim the soil adjacent to th, 
collar to loosen the soil from the collar before removal tc 
avoid disrupting the soil below the top of the mold. 

10.4.7 Carefully trim the compacted specimen even witl 
the top of the mold by means of the straightedge scram 
across the top of the mold to form a plane surface even witl 
the top of the mold. Initial trimming of the specimen abovl 
the top of the mold with a knife may prevent the soil fron 
tearing below the top of the mold. Fill any holes in the to] 
surface with unused or trimmed soil from the specimen 
press in with the fingers, and again scrape the straightedgt 
across the top of the mold. Repeat the appropriate precedinl 
operations on the bottom of the specimen when the mol( 
volume was determined without the base plate. For very we 
or dry soils, soil or water may be lost if the base plate i: 
removed. For these situations, leave the base plate attachec 
to the mold. When the base plate is left attached, the volumc 
of the mold must be calibrated with the base plate attachec 
to the mold rather than a plastic or glass plate as noted ir 
Annex 1, A1.4. 

10.4.8 Determine and record the mass of the specimet 
and mold to the nearest gram. When the base plate is lefl 
attached, determine and record the mass of the Specimen, 
mold and base plate to the nearest gram. 

10.4.9 Remove the material from the mold. Obtain a 
specimen for water content by Using either the whole 
specimen (preferred method) or a representative portion. 
When the entire specimen is used, break it up to facilitate 
drying. Otherwise, obtain a portion by slicing the compacted 
specimen axially through the center and removing about 
500-g of material from the cut faces. Obtain the water 
content in accordance with Test Method D 2216. 

10.5 Following compaction of the last specimen, compare 
the wet unit weights to ensure that a desired pattern of 
obtaining data on each side of the optimum water content 
will be attained for the dry unit weight compaction curve. 
Plotting the wet unit weight and water content of each 
compacted specimen can be an aid in making the above 
evaluation. If the desired pattern is not obtained, additional 
compacted specimens will be required. Generally, one water 
content value wet of the water content defining the max- 
imum wet unit weight is sufficient to ensure data on the wet 
side of optimum water content for the maximum dry unit 
weight. 

11. Calculation 
11.1 Calculate the dry unit weight and water content of 

each compacted specimen as explained in 1 1.3 and 1 1.4. Plot 
the values and draw the compaction curve as a smooth curve 
through the points (see example, Fg 3). Plot dry unit weight 



where: 
pd 
w = water content, %. 

= dry density of compacted specimen, Mum3, and 

(3) yd = 62.43 pd in ibf/ft3 
or 

where: 
yd = dry unit weight of compacted specimen. 

1 1.5 To calculate points for plotting the 100 % saturation 
curve or zero air voids curve select values of dry unit weight, 
calculate corresponding values of water content corre- 
sponding to the condition of 100 % saturation as follows: 

yd = 9.807 pd in W/m3 

where: 
w,, = water content for complete saturation, %, 
yw = unit weight of water, 62.43 lbf/ft3 (9.807 kn/m3), 
yd = dry unit Weight Of Soil, and 
G, = specific gravity of soil. 

u T E R c o ( I p R - w - x  NOTE 10-Specific gravity may be estimated for the test specimen on 
the basis of test data from other samples of the same soil classification 
and source. Otherwise, a specific gravity test (Test Method C 127, Test 
Method 8549 Of both) is 

12. 

RG 3 Example Compaction Cune Plotting 

to the nearest 0.1 lbf/ft3 (0.2 kN/m3) and water content to 
the nearest 0.1 %. From the compaction curve, determine 
the optimum water content and maximum dry unit weight. 
If more than 5 % by weight of oversize material was removed 
from the sample, calculate the corrected optimum water 
content and maximum dry unit welght of the total material 
using Practice D 4718. This correction may be made to the 
appropriate field in place density test specimen rather than to 
the laboratory test specimen. 

1 1.2 Plot the 100 9% saturation curve. Values of water 
content for the condition of 100% saturation can be 
calculated as explained in 1 1.5 (see example, Fig. 3). 

NOTE 8 - n e  100% saturation c w e  is an aid in drawing the 
compaction curve. For soils containing more than approximately 10 % 
fines at con-= well above optimum, the two c w e s  generally 
become n u a y  parallel with the wet side of the compaction curve 
b e e n  92 % to 95 % saturation. Theoretically, the compaction Curve 
-not plot to the right of the 100 9% saturation curve. If it does, there is 
an error in speciftc gravity, in measurements, in calculations, in test 
~rocedures, or in plotting. 
NOTE 9 - n e  100 % saturation c w e  is sometimes referred to as the 

1 1.3 Water Content, w-Calculate in accordance with 
Test Method D 2216. 

11.4 Dry Unit Weights-Calculate the moist density (Eq. 
11, the dry density (Eq. 2), and then the dry unit weight (Eq. 
3) as follows: 

Pm = ~ooo(M* - M,)/V ( I )  
where: 
Pm 

Md 

12.1 The report shall contain the following information: 
12.1.1 Procedure used (A, By or C). 
12.1.2 Preparation method used (moist or dry). 
12.1.3 As received water content if determined. 
12.1.4 Standard optimum water content, to the nearest 

12.1.5 Standard maximum dry unit weight, to the nearest 

12.1.6 Description of rammer (manual or mechanical). 
12.1.7 Soil sieve data when applicable for determination 

0.5 9%. 

0.5 lbf/ft3. 

Of procedure (A, Or ') 

D 2488, or classification by Test Method D 2487. 
12-1-8 Description of material 

12.1.9 Specific gravity and method of determination. 

in test, by practice 

12.1.10 Origin of material in test, for example, 
depth, and the like. 

12.1.1 1 Compaction curve plot showing compaction 
points used to establish compaction curve, and 100 96 
saturation curve, point of maximum dry unit weight and 
optimum water content. 

12.1.12 Oversize correction data if used, including the 
oversize fradon (coarse fraction), P, in %. 

13. Precision and Bias 
13.1 Precision--Data are being evaluated to determine 

the precision of this test method. In addition, pertinent data 
is being solicited from users of the test method. 

13.2 Bias-It is not possible to obtain information on bias 
because there is no other method of determining the values 
of standard maximum dry unit weight and optimum water 
content. 

air voids Curve or the complete saturation curve. 

moist density of compacted specimen, Mum3, 
mass Of moist specimen and mold, kg, , 

mass of compaction mold, kg, and 
volume Of compaction mold, m3 (see Annex 1) 

. 
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14. Keywords RT-density; RT-moisturedensity curves; RT-proctor 
test; UF4ompaction characteristics; UF-soil compaction; 
USE-laboratory tests 14.1 NT-impact compaction using standard effort; 
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ANNEX 

(Mandatory Information) 

A l .  VOLUME OF COMPACTION MOLD 

Al.1 

mining the volume of a compaction mold. 

method and checked by a linear-measurement method. 

Al.l.l This annex describes the procedure for deter- 

A1.1.2 The volume is determined by a water-filled 

A1.2 A ~ P ~ I X ~ U S  
A1.2.1 In addition to the apparatus listed in Section 6 the 

following items are required: 
A1.2.1.1 Vernier or Dial Caliper-having a measuring 

range of at least 0 to 6 in. (0 to 150 mm) and readable to at 
least 0.001 in. (0.02 mm). 

A 1.2.1.2 Inside Micrometer-having a measuring range 
of at least 2 to 12 in. (50 to 300 mm) and readable to at least 
0.001 in. (0.02 mm). 

A1.2.1.3 Plastic or Glass Plates-Two plastic or glass 
plates approximately 8 in. square by 114 in. thick (200 by 200 
mm by 6 mm). 

A1.2.1.4 Thennometer4 to 50°C range, 0.5"C gradua- 
tions, conforming to the requirements of Specification E 1. 

A1 -2.1.5 Stopcock grease or similar sealant. 
A 1.2.1.6 Miscellaneous equipment-Bulb syringe, towels, 

etc. 

A13 Precautions 

drafts or extreme temperature fluctuations. 
A1.3.1 Perform this procedure in an area isolated from 

A1.4 Procedure 
Al.4. I Water-Filling Method: 
A1.4.1.1 Lightly grease the bottom of the compaction 

mold and place it on one of the plastic or glass plates. Lightly 
grease the top of the mold. Be careful not to get grease on the 
inside of the mold. If it is neceSSary to use the base plate, as 
noted in 10.4.7, place the greased mold onto the base plate 
and secure with the locking studs. -. - - 

A1.4.1.2 Determine the mass of the greased mold and 
both plastic or glass plates to the nearest 0.01-lbm (1-g) and 
record. When the base plate is being used in lieu of the 
bottom plastic or glass plate determine the mass of the mold, 
base plate and a single plastic or glass plate to be used on top 
of the mold to the nearest 0.01-lbm (1-g) and record. 

A1.4.1.3 Place the mold and the bottom plastic or glass 
plate on a firm. level surface and !ill the mold with water to 

Al.4.1.5 Completely dry any excess water from the out- 
side of the mold and plates. 

A1.4.1.6 Determine the mass of the mold, plates and 
water and record to the nearest 0.01-lbm (1-g). 

A1.4.1.7 Determine the temperature of the water in the 
mold to the nearest 1'C and record. Determine and record 
the absolute density of water from Table Al.l. 

A1.4.1.8 Calculate the mass of water in the mold by 
subtracting the mass determined in A1.4.1.2 from the mass 
determined in A 1.4.1.6. 

A1.4.1.9 Calculate the volume of water by dividing the 
mass of water by the density of water and record to the 
nearest 0.0o01 ft3 (1 cm3). 

A1.4.1.10 When the base plate is used for the calibration 
of the mold volume repeat A 1.4.1.3 through A 1.4.1.9. 

A 1.4.2 Linear Measurement Method: 
A1.4.2.1 Using either the vernier caliper or the inside 

micrometer, measure the diameter of the mold 6 times at the 
top of the mold and 6 times at the bottom of the mold, 
spacing each of the six top and bottom measurements 
equally around the circumference of the mold. Record the 
values to the nearest 0.001-in. (0.02-mm). 

A1.4.2.2 Using the vernier caliper, measure the inside 
height of the mold by making three measurements equally 
spaced around the circumference of the mold. Record values 
to the nearest 0.001-in. (0.02-mm). 

A 1.4.2.3 Calculate the average top diameter, average 
bottom diameter and average height. 

A 1.4.2.4 Calculate the volume of the mold and record to 
the nearest 0.0001 ft3 (1 cm3) as follows: 

(inch-pound) 
(*XhX4 + dly  V =  

(16x1 728) 

TABLE A I  Density of Weter* 

18 (64.4) 0.99862 
19 (66.2) 0.99843 
20 (68.0) 0.99823 
21 (69.8) 0.99802 
22 (71.6) 0.99779 
23 (73.4) 0.99756 

Tetnpemture. "C 0 Density of Weter. g/mi 

24 (752) 0.99733 
25 (77.0) 0.99707 
26 (78.8) 0.99681 

slightly above its rim. 
A 1.4.1.4 Slide the second plate over the top surface of the 

mold so that the mold remains completely filled with water 
and air bubbles are not entrapped. Add or remove water as 
necessary with a bulb syringe. 

A values man my be obtained by retsning to the Handbodr of 
Chemistryandphysia. chemicar RubberRm6stwg co..c%v&lld.~. 
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where: A 1.5.2-~e-difference-between-the-two-meth-  
V V o l i i E C f  mold, ft3 (an3), 
h = average height, in. (mm), 
d, = average top diameter, in. (mm), 
db = average bottom diameter, in. (mm), 
1/ms = constant to convert in3 to ft3, and 
'/lo3 = constant to convert mm3 to cm3. 

not exceed 0.5 9% of the nominal volume of the mold. 
A1.5.3 Repeat the determination of volume if these Cri- 

teria are not met. 
A1.5.4 Failure to obtain satisfactory agreement between 

the two methods, even after several trials, is an indication 
that the mold is badly deformed and should be replaced. 

A1 S.5  Use the volume of the mold determined using the 
A15 Comparison of Results water-filling method as the assigned volume value for calcu- 

lating the moist and dry density (see 11.4). A1.5.1 The volume obtained bv either method should be 
within the volume tolerance req&ments of 6.1.1 and 6.1.2. 

The American Society for Testing end Materials rakes no posfiion raspeding the validity of any patent nghts assemd in connection 
with any item mentioned in this standard. Users of this standard are equessw advised that detennination of the validity of any such 
parent rights. and the risk of infringement of such rights, are entirely their own respmsibility. 

This standard is subject to revision at any time by the responsible technical cmmittee and must be reviewed every five yeers and 
Q not revised, either reeppraved or withdrawn. Your unnments are invited &her for revision of this standard or for additimat standards 
end should be addressed to ASTM Hmdquattm. Your unnments will receive careful consideration at B meeting of the responsible 
technicel Commmee, which you may attend. I f  you feel that your comments have nor received a fair W i n g  you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. 

! 
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Designation: D 854 - 92 

Standard Test Method for 
Specific Gravity of Soils' 

This standard is issued under the k e d  designation D 854, the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the ytar of last revision. A number in parrnthevs indicates the year of last reapprod A 
supersaipt cpsilon (c) indicates ao editorial change since the last revision or rrapproval. 

1. scope 
1.1 This test method covers the determination of the 

specific gravity of soils that pass the 4.75-mm (No. 4) sieve, 
by means of a pycnometer. When the soil contains particles 
larger than the 4.75-mm sieve, Test Method C 127 shall be 
used for the material retained on the 4.75-mm sieve and th is  
test method shall be used for the material passing the 
4.75-mm sieve. 

1.1.1 Two procedures for performing the specific gravity 
are provided as follows: 

1.1.1.1 Method A-Procedure for Oven-Dry Specimens, 
dexribed in 9.1. 

1.1.1.2 Method B-Procedure for Moist Specimens, de- 
scribed in 9.2. The procedure to be used shall be specified by 
the requesting authority. For specimens of organic soils and 
highly plastic, fine-grained soils, Procedure B shall be the 
preferred method. 

1.2 When the specific gravity value is to be used in 
calculations in connection with the hydrometer portion of 
Test Method D422, it is intended that the specific gravity 
test be made on that portion of the sample which passes the 
2.00-mm (No. 10) sieve. 

1.3 The values stated in acceptable metric units are to be 
regarded as standard. 

1.4 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safkty and health practices and determine the applica- 
bility of regulatoty limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Specifiic Gravity and Absorption of 

Coarse Aggregats 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials' 
D 422 Test Method for Particle-Size Analysis of Soils3 
D 653 Terminology Relating to Soil, Rock, and Contained 

D2487 Test Method for Classification of Sods for Engi- 
Fluids' 

neering Purposes3 

' This test method is under the juridiction of ASTM Cornminee D l 8  OD Soil 
and Rock and is the dim responsibility of Subcommittee D18.03 OD T a r n ,  

c u m 1  edition approved Nov. 15. 1992. Published January 1993. Originally 

a Annual Book of ASTM Standards. Vol04.02. 
'Annual Book of ASTM Standards, Vol04.08. 

plaaiaty and Density characteristicr of soi  
PUblirhed'a D 854 - 45. Last pttviou~ edition D 854 - 91. 

D4753 Specification for Evaluating, Selecting, and Speci- 
fying Balances and Scales for Use in Soil and Rock 
Testing3 

E 1 Specification for ASTM Thermometers4 
E 11 Specification for Wire-Cloth Sieves for Testing 

E 12 Terminology Relating to Density and Specific 

2.2 AASHTO Standards:' 
AASHTO Test Method TlOO 

~rposes5  

Gravity of Solids, Liquids, and Gases6 

3. Terminology 

D653 and E 12. 
3.1 All definitions are in accordance with Terminology 

3.2 Description of Term Specific to This Standard: 
3.2.1 specific gravity-the ratio of the mass of a unit 

volume of a material at a stated temperature to the mass of 
the same volume of gas-free distilled water at a stated 
temperature. 

4. Significance and Use 
4.1 The specific gravity of a soil is used in calculating the 

phase relationships of soils (that is, the relative volumes of 
solids to water and air in a given volume of soil). 

4.2 The term solid particles is typically assumed to mean 
naturally occumng mineral particles that are not readily 
soluble in water. Therefore, the specific gravity of materials 
containing extraneous matter (such as cement, lime, and @e 
like), water-soluble matter (such as sodium chloride), and 
soils containing matter with a specific gravity less than one, 
typically require special treatment or a qualified definition of 
their specific gravity. 

5. Apparatus 

following 
5.1 Pycnometer-The pycnometer shall be one of the 

5.1.1 Volumetric Flask, having a capacity of at least 100 
mL. 

5.1.2 Stoppered Bottle, having a capacity of at least 50 
mL. The stopper shall be of the same material, and shall 
permit the emission of air and surplus water when it is put in 
place. 

NOTE I-Flask Sizes of greater than the Specified minimum capacity 
are recommended. Larger flasks are capable of holding larger specimens 
and tend to produce better statistical results. 

Annual Book of ASTM St&&. Vol 14.03. 
5 Annual Book oJASTM Standardc, Vol 14.02. 
6 Annual Book QASTM StMdU&, VOl 15.05. 
7'Available from American Association of State Highway and Transpodon 

officials, 444 N Capital St., NW. Washington, DC 20001. 
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5.2 Balance-Meeting the requirements of Specification mass of the pycnometer, soil, and water, Mb, is dete 
-D-475 3-and-readable,-without-estimationi-to-at-l~t-O~l-~-of-later~~~-v~ues-of-M~can-be-determined-ex~ri~ 

i 
the specimen mass. 

5.3 Drying Oven-Thermostaticallycontrolled oven, ca- 
pable of maintaining a uniform temperature of 110 f 5°C 
(230 f YF) throughout the drying chamber. 

5.4 Thermometer, capable of measuring the temperature 
range within which the test is being performed, graduated in 
a OS'C (1 .VF) division scale and meeting the requirements 
of Specification E 1. 

5.5 Desiccator-A desiccator cabinet or large desiccator 
jar of suitable size containing silica gel or anhydrous calcium 
sulfate.8 
NOTE 2-It is preferable to use a desiccant that changes color to 

indicate when it needs reconstitution. 
5.6 Entrapped Air Removal Apparatus-To remove en- 

trapped air, use one of the following: 
5.6.1 Hot Plate or Bunsen Burner, capable of maintaining 

a temperature adequate to boil water. 
5.6.2 Vacuum System, a vacuum pump or water aspi- 

rator, capable of producing a partial vacuum of 100 min or 
less absolute pressure. 

NOTE 3-A partial vacuum of 100 mm Hg absolute pressure is 
approximately equivalent to a 660 mm (26 in.) Hg reading on vacuum 
gauge at sea level. 

5.1 Miscellaneous Equipment, specimen dishes and insu- 
lated gloves. 

6. Reagents and Materials 
6.1 Purity of Water-Where distilled water is referred to 

in this test method, either distilled or demineralized water 
may be used. 

7. Test Specimen 
7.1 The test specimen may be oven-dried or moistened 

soil and shall be representative of the total sample. In either 
case the specimen shall be large enough that its minimum 
mass in the oven-dried state is in accordance with the 
following: 

Maximum Standard 
Panicle si Sieve Minimum Mass 

(100 56 passinp) Si of Test Specimen. g 

2 mm No. 10 20 
4.75 mm No. 4 100 

8. Calibration of Pycnometer 
8.1 Determine and record the mass of a clean, dry 

pycnometer, Mf 
8.2 Fill the pycnometer with distilled water to the calibra- 

tion mark. Visually inspect the pycnometer and its contents 
to ensure that there are no air bubbles in the distilled water. 
Determine and record the mass of the pycnometer and 
water, M,. 

8.3 Insert a thermometer in the water, and determine and 
record its temperature, T, to the nearest 0.5"C ( 1  .VF). 

8.4 From the mass, M, determined at the observed 
temperature, T, prepare a table of values of mass, M, for a 
Series of temperatures that are likely to prevail when the 

* Anhydrous calcium sulfate is sold under the hade name Dricrite. 
. 

or may be calculated as Tollom: 
M, (at T,) = [(density of water at TJdensity of water 

where: 
Ma = mass of pycnometer and water, g, 
My = mass of pycnometer, g, 
To = observed temperature of water, "C, and . 
T, = any other desired temperature, "C. 

at TJ x (Ma (at T,) - M,)] + I 

NOTE &This test method provides a procedure that 
convenient for laboratories making many determinations with 
pycnometer. It is equally applicable to a single determination. 
the pycnometer and contents to some designated temperati 
masses M, and Mb are taken, requires considerable time. It is ii 
that masses M, and Mb be based on water at the same tern 
Values for the density of water at temperatures from 16.0 to 31 
given in Table 1. 

9. Procedure 
9.1 Test Method A-Procedure For Oven-Driec; 

mens: 
9.1.1 Dry the specimen to a constant mass in i 

maintained at 1 10 f 5°C (230 f YF) (See Note 5) an1 
in a desiccator. . 
NOTE 5-Drying of certain soils at 110% (230'F) may bn 

loss of water of composition or hydration, and in such cases dr 
be done in reduced air pressure or at a lower temperature. 
' 9.1.2 Determine and record the mass of a cle 
calibrated pycnometer, Mf Select a pycnometer of SI 
capacity that the volume filled to the mark will be at 
percent greater than the space required to a m m m o  
test specimen. Place the specimen in the pym 

TABLE 1 Density of Water and Correction Factor K for 
Temperatures 

Temperature. O C  Densily of Water (UrnL) Carection F 

16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
20.5 
21 .o 
21.5 
22.0 
22.5 
23.0 
23.5 
24.0 
24.5 
25.0 
25.5 
26.0 
26.5 
27.0 
27.5 
28.0 
28.5 
29.0 
29.5 
30.0 

0.99897 
0.99889 
0.99880 
0.99871 
0.99862 
0.99853 
0.99843 
0.99833 
0.99823 
0.99812 
0.99802 
0.99791 
0.99780 
0.99768 
0.99757 
0.99745 
0.99732 
0.99720 
0.99707 
0.99694 
0.99681 
0.99668 
0.99654 
0.99640 
0.99626 
0.99612 
0.99597 
0.99582 
0.99567 

1 .Ooo 
1 .Ooo 
1 .Ooo 
1 .ooo 
1 .ooo 
1 .Ooo 
1 .Ooo 
1 .OOo 
1 .ooo 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.998 
0.998 
0.998 
0.998 

0.998 

0.998 
0.998 

0.997 
0.997 
0.997 
0.997 
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remove entrapped air. 

9-13 Fill the pycnometer to just below the calibration 
mark with distilled water at room temperature. Add the dis- 
tilled water slowly and carefully to avoid the entrapment of 
air bubbles in the specimen (Note 9). Allow the pycnometer 
to obtain a uniform water temperature mote 10). 

TABLE 2 Table of Precision Estimates" 
S m m b e  AcceptaMeRmof  

Two ResultsC 
Matenal and 
Type Index Passing Passing Passing Passiog 

No.4 N0.10 No.4 No. 10 
(4.75 mm) (2.00 mm) (4.75 mm) (2.00 mm) 

Singlwrator precision: 

Munilaboretory precision: 

Cohesive soils 0.021 0.019 0.06 0.06 
Noncohesrre scik 8 8 8 B 

cohesive soils 0.056 0.041 0.16 0.12 
NoncoheSN ' esoils 8 8 B 8 

 he iigsureS men F c ~ l u m n s  2 and 3 are the standard dewatnns that have 
been fwnd to beappropMtetorthemtenalsdescnbedm column 1 The figures 
pen m Cdumns 4 and 5 are the firms that should not be exceeded by the 
difference between me two property conducted tests 

BThese numbers represent, respectwely, the (1s) and @rs) Iimtts as de 
scnbed m R a w  C 670 

Cntena for asslgnng standard dewam values for lxxIcOheSIve so& are not 
awlable at ?he present ttme. 

Nm 10-To obtain a uniform water temperature the pycnometer 
may be allowed to sit overnight or be placed in a constant temperature 
bath. 

9.1.6 Ti the pycnometer with distilled water at the same 
temperature to the mark, clean the outside, and dry with a 
clean, dry cloth. Determine and record the mass of the 
pycnometer filled with soil and water, Mb 

9.1.7 Insert a thermometer into the water, and determine 
and record its temperature, Tb to the nearest 0.5"C (1.WF). 

9.2 Test Method B-Procedure For Moist Specimens: 
9.2.1 Place the specimen in a calibrated pycnometer. 
9.2.1.1 Disperse specimens of clay soils in distilled water 

before they are placed in the pycnometer, by use of the 
dispersing equipment specified in Test Method D 422. The 
minimum volume of slurry that can be prepared by this 
dispersing equipment is such that a 500-mL (or larger) flask 
is needed as a pycnometer. 

9.2.2 Proceed as described in Sections 9.1.4 and 9.1.7. 
9.2.3 Remove the specimen from the pycnometer, and 

dry it to a constant mass in an oven maintained at 1 10 f 5'C 
(230 i: 9°F) (See Note 5).  Cool the specimen in a desiccator. 

9.2.4 Determine and record the mass of the oven-dried 
soil, M,. 

10. Calculation 
10.1 Calculate the specific gravity of the soil, G, to the 

nearest 0.01, based on water at a temperature (Tb) as follows 

where: 
M, = m a s  of sample of oven-dry soil, g, 
M, = mass of pycnometer filled with water at temperature 

Mb = mass of pycnometer filled with water and soil at 

Tb = temperature of the contents of the pycnometer when 

G at Tb = Mol[ M, -t (Ma - Mb] 

Tb (Note 1 I), g, 

temperature T, g, 

mass Mb was determined, 'C. 
NOTE 1 1-This value can be obtained from the kble of values of Mm 

prepared in accordance with 6.2, for the temperatures prevailing when 
mass Mb was determined, %. 

NOTE 12-The equation shown in 9.1 is for computing the specific 
gravity of the soil tested in water. When kerosine is used, the Eq must be 
adjusted by multiplying the result by the specific gravity of kerosine at 
Tb and dividing it by the density of water at Tb 

10.2 Calculate the weighted average specific gravity for 
soils containing particles both larger and smaller than the 
4.75-mm sieve using the following equation: 

where: 
Gavg = weighted average specific gravity of soils composed of 

particles larger and smaller than the 4.75-mm sieve, 
R, = percent of soil particles retained on 4.75-mm sieve, 
P, = percent of soil particles pasing the 4.75-mm sieve, 
G, = apparent specific gravity of soil particles retained on 

the 4.75-mm sieve as determined by Test Method 
C 127, and 
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= specific gravity of soil particles passing the 4.75-mm 1 1.1.3 Maximum particle size of the test specimen. 
sieve as determined-bT~CtEtiWthl. l-i~;4-Specific-gravit~-to-the-nearest-O~0 1-at-a-smcified- 

10.3 Unless otherwise reqked, specific gravity (G) values 
reported shall be based on water at 20°C. Calculate the value 
@ on water at 20°C from the value based on water at the 
obsemed temperature Tb as follows: 

Gat 20'C = K x (G at Tb) 
where: 
K = a number found by dividing the density of water at 

temperature Tb by the density of water at 20°C. Values 
for the range of temperatures are given in Table 1. 

10.4 In some cases, it is desired to report the specific 
gravity value based on water at a different temperature. In 
these cases, the specific gravity value, based on any temper- 
ature T, may be calculated as follows: 

G at 20'C 

K 
Gat T,= 

11. Report 
1 1.1 The report (data sheet) shall include the following: 
1 1.1.1 Identification of the sample (material) being tested, 

such as boring number, sample number, test number, etc. 
11.1.2 Specific gravity at 20°C to the nearest 0.01. Test 

procedure used (A or B). 

temperat& otherthan 20°C, if applicable. ' - 
1 1.1.5 Type of fluid used, if other than distilled water. 
11.1.6 When any portion of the original sample of soil is 

eliminated in the preparation of the test specimen, the 
portion on which the test has been made shall be reported. 
12. Precision and Bias 

12.1 Precision-Criteria for judging the acceptability of 
specific gravity test results obtained by this test method on 
material passing the 4.75-mm sieve are given as follows: 

12.2 Statement of Precision-Criteria for judging the 
acceptability of specific gravity test results obtained by this 
test method on material passing the 4.75 (No. 4) or 2.00 mm 
(No. 10) sieve are given in Table 2. The estimates of 
precision for material passing the 2.00 mm sieve are based on 
results from the AASHTO Materials Reference Laboratory 
(AMRL) Proficiency Sample Program, of testing conducted 
on material passing the 2.00 (No. 10) sieve by this test 
method and AASHTO Test Method T100. 

12.3 Bias-There is no acceptable referene value for t h i s  
test method; therefore, bias cannot be determined. 
13. Keywords 

13.1 soil; specific gravity 

The American Sociary for Testing and Materials t&es no posit& rsspecing the validity of any parent rights asserted in connection 
with any #em mentioned in this stand&. Users of this standard are expms/y advised that determinatim of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subj6Ct to rsvision at any time by the responsible technical cofnm&ee and must be feviewed every five years and 
if not revised, either reapproved OT withdrawn. Your ccwnments are invited &?her tor revisim of this standard or for additimd standards 
and should be addressed to ASTM H~edqmen. Your comments wiN receive careful consideration at a meeting of the responsible 
technical mmiftee,  which you may aftend. /f you feel that your Commems have not received a fair hearing you should &e your 
views known to the ASTM Committee on Standards, 1916 Race St., PhiladelRhia. PA 19103. 
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Standard Practice for 
Soil Investigation and Sampling by Auger Borings' 
This standard is issued under the fixed designation D 1452; the number immediately following the designation indicates the year of 
original adoption or, in the case of rwision, the y k  of laa d o n .  A number in parcnthescs indicates the year of last rmpprovaJ. A 
superscript epsilon (0 indicates an editorial change since the lan revision or rrapprovaL 

This standard has been approved for use by agencies of the Depanmenl of Defense. C o d t  the DoD Inda of Spijccnriom and 
Standardsfor the s p $ c  year of issue which has been adopted by the Depanmeru of Defhnr. 

Nm-Section 6 was added editorially in July 1990. 

1. scope 
1.1 This practice covers equipment and procedures for the 

use of earth augers in shallow geotechnical exploration. This 
practice does not apply to sectional continuous flight augers. 

1.2 This standard does not purpon to address the safety 
problems associated with irs use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Significance and Use 
2.1 Auger borings often provide the simplest method of 

soil investigation and sampling. They may be used for any 
purpose where disturbed samples can be used and are 
valuable in connection with ground water level determina- 
tion and indication of changes in strata and advancement of 
hole for spoon and tube sampling. Equipment required is 
simple and readily available. Depths of auger investigations 
are, however, limited by ground water conditions, soil 
characteristics, and the equipment used. 

3. Apparatus 
3.1 Hand-Operated Augers 
3.1.1 Helical Augers-Small lightweight augers generally 

. available in sizes from 1 through 3 in. (25.4 through 76.2 
mm). 

3.1.1.1 Spiral-Type Auger, consisting'of a flat thin metal 
strip, machine twisted to a spiral configuration of uniform 
pitch; having at one end, a sharpened or hardened point, 
with a means of attaching a shaft or extension at the opposite 
end. 

3.1.1.2 Ship-Type Auger-Similar to a carpenter's wood 
bit. It is generally forged from steel and machined to the 
desired size and configuration. It is normally provided with 
sharpened and hardened nibs at the point end and with an 
integral shaft extending through its length for attachment of 
a handle or extension at the opposite end. 

3.1.2 Open Tubular Augers, ranging in size from 1.5 
through 8 in. (38.1 through 203.2 mm) and having the 

' This practice is under the juridiction of ASIN Cornminee D18 on soil and 
Rock and is the direct mponsibility of Subamminee D18.02 on Sampling and 
Related Field Testing for Soil 1nvmigation.s 

Cumnt edition appromi June 12, 1980. Published August 1980. C h i g h U y  
published as D 1452 - 57 T. h previous edition D 1452 - 65 (1972). 
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common characteristic of appearing essentially tubular when 
viewed from the digging end. 

3.1.2.1 Orchard-Barrel Type, consisting essentially of a 
tube having cutting lips or nibs hardened and sharpened to 
penetrate the formation on one end and an adaptor fitting 
for an extension or handle on the opposite end. 

3.1.2.2 Open-Spiral Type, consisting of a flat thin metal 
strip that has been helically wound around a circular 
mandrel to form a spiral in which the flat faces of the strip 
are parallel to the axis of the augered hole. The lower helix 
edges are hard-faced to improve wear characteristics. The 
opposite end is fitted with an adaptor for extension. 

3.1.2.3 Closed-Spiral Type-Nearly identical to the open- 
spiral type except, the pitch of the helically wound spiral is 
much less than that of the open-spiral type. 

3.1.3 Post-Hole Augers, generally 2 through 8 in. (50.8 
through 203.2 mm), and having in common a means of 
blocking the escape of soil from the auger. 

3.1.3.1 Clam-Shell Type, consisting of two halves, hinged 
to allow opening and closing for alternately digging and 
retrieving. It is not usable deeper than about 3.5 A (1.07 m). 

3.1.3.2 Iwan Type, consisting of two tubular steel seg- 
ments, connected at the top to a common member to form a 
nearly complete tube, but with diametrically opposed open- 
ings. It is connected at the bottom by two radial blades 
pitched to serve as cutters which also block the escape of 
contained soil. Attachment of handle or extension is at the 
top connector. 

3.2 Machine-Operated Augers 
3.2.1 Helical Augers, generally 8 through 48 in. (203.2 

through 1219 mm), consisting essentially of a center shaft 
fitted with a shank or socket for application of power, and 
having one to three complete 360" (6.28-rad) spirals for 
conveyance and storage of cut soil. Cutter bits and pilot bits 
are available in moderate and hard formation types and 
normally replaable in the field. They are normally oper- 
ated by heavy-duty, high-torque machines, designed for 
heavy consquaion work. 

3.2.2 Stinger Augers, generally 6 through 30 in.-( 152.4 
through 762 mm), are similar to the helical auger in 3.2.1, 
but lighter and generally smaller. ' They are commonly 
operated by lightduty machines for post and power pole 
holes. 

3.2.3 Disk Augers, generally 10 through 30 in. (254 
through 762 mm), consisting essentially of a flat, steel disk 
with diametrically opposed segments removed and having a 

6 C! 0 3-6 1 
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shank-or-socket-located-centrally-for-application-of-wwer 4;3-Thiil  auger can beused-Eth-foT6GiWthFh%lC 
Replaceable cutter bits, located downward from the iading 
edges of the remaining disk, dig and load soil that is held on 
the disk by valves or shutters hinged at the disk in order to 
close the removed segments. The disk auger is specifically 
designed to be operated by machines having limited vertical 
clearance between spindle and ground surface. 

3.2.4 Bucket Auger, generally 12 through 48 in. (304.8 
through 1219 mm), consisting essentially of a disk auger, 
without shank or socket, but hinge-mounted to the bottom 
of a steel tube or bucket of approximately the same diameter 
as the disk auger. A socket or shank for power application is 
located in the top center of the bucket diametral cross piece 
provided for the purpose. 

3.3 Casing (when needed), consisting of pipe of slightly 
larger diameter than the auger used. 

3.4 Accessory Equipment-Labels, field log sheets, sample 
jars, sealing wax, sample bags, and other necessary tools and 
supplies. 

4. Procedure 
4.1 Make the auger boring by rotating and advancing the 

desired distance into the soil. Withdraw the auger from the 
hole and remove the soil for examination and test. Return 
the empty auger to the hole and repeat the procedure. 
Continue the sequence until the required depth is reached. 

4.2 Casing is required in unstable soil in which the bore 
hole fails to stay open and especially when the boring is 
extended below the ground-water level. The inside diameter 
of the casing must be slightly larger than the diameter of the 
auger used. The casing shall be driven to a depth not greater 
than the top of the next sample and shall be cleaned out by 
means of the auger. The auger can then be inserted into the 
bore hole and turned below the bottom of the casing to 
obtain a sample. 

and for bringing i p  disturbed samples of the so3 encoun- 
tered. The structure of a cohesive soil is completely destroyed 
and the moisture may be changed by the auger. Seal all 
samples in a jar or other airtight container and label 
appropriately. If more than one type of soil is picked up in 
the sample, prepare a separate container for each type of soil. 

4.4 Field Observations-Record complete ground water 
information in the field logs. Where casing is used, measure 
ground water levels, both before and after the casing is 
pulled. In sands, determine the water level at least 30 min 
after the boring is completed; in silts, at least 24 h. In clays, 
no accurate water level determination is possible unless 
pervious seams are present. As a precaution, however, water 
levels in clays shall be taken after at least 24 h. 

5. Report 
5.1 The data obtained in boring shall be recorded in the 

field logs and shall include the following: 
5.1.1 Date of start and completion of boring, 
5.1.2 Identifying number of boring, 
5.1.3 Reference datum including direction and distance of 

boring relative to reference line of project or other suitable 
reference points, 

5.1.4 Type and size of auger used in boring, 
5.1.5 Depth of changes in strata, 
5.1.6 Description of soil in each major stratum, 
5.1.7 Ground water elevation and location of seepage 

zones, when found, and 
5.1.8 Condition of augered hole upon removal of auger, 

that is, whether the hole remains open or the sides cave, 
when such can be observed. 

6.  Keywords 
Auger borings; sampling; soil investigations 

The American Society for Testing and Materials takes no pmiiion respecting the validity of any patent rights assmed in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

, This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either resppmved or withdrawn. Your cornme& are invited either for revision of this standard or for additional standards 
and shwld be addressed to AS7M Headquarters. Yow comments will receive careful consideration at a meeting of the responsible 
technical commaee, which you may attend. I f  you feel that your comments have not received a fair hearing y w  should make your 
views known to the ASTM Commaee on Standards, 19 16 Race St., Philadefphia. PA 191 03. 
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Designation: D 1586 - 84 (Reapproved 1992)" 
6869 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils" 
This standard is h e d  under the hxed designation D 1586; the number immediately following the designation indicates the year of 
original adoption or, in the cay of revision, the year of last revision. A number in parrnthescs indicates the year of last reapproval. A 
supersrript epsilon (0 indicates an editorial change since the lan revision or reapproval. 

This standnrd has been approved for use by agencies of the Depanment of Ddense. Consult the DOD Index of SpecijiCations and 
Siandardsjbr the spm$c year of issue which has been adopied by the Department of D d m e .  

faNm-Edimrial changes w m  made throughout October 1992. 

1. scope 
1 . 1  This test method describes the procedure, generally 

known as the Standard Penetration Test (SPT), for driving a 
spljt-barrel sampler to obtain a representative soil sample 
a d  a measure of the resistance of the soil to penetration of 
the sampler. 

1.2 This standard does not purport to address all of the 
safety problems, lf any, associated with its use. I t  is the 
responsibility of the user of this standard to establish appro- 
priate saj2ty and health practices and determine the applica- 
bility of regulatory limitations prior to use. For a specific 
precautionary statement, see 5.4.1. 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 
2.1 ASTM Standards: 
D2487 Test Method for Classification of Soils for Engi- 

neering Purposes2 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Rocedure)2 
D4220 Practices for Preserving and Transporting Soil 

Samples2 
D4633 Test Method for Stress Wave Energy Measure- 

ment for Dynamic Penetrometer Testing Systems2 

3. Terminology 
3.1 Descriptions of Terms Specific to This Standard 
3.1.1 anvil-that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.1.2 cathead-the rotating drum or windlass in the 
ropeathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening 
and loosening the rope turns around the drum. 

3.1.3 drill rods-rods used to transmit downward force 
and torque to the drill bit while drilling a borehole. 

3.1.4 drive-weight assemblya device consisting of the 

I This method is under the juridiction of ASM Committee D18 on Soil and 
Rock and is the direct mponsi i ty  of Subcommittee D18.02 on Sampling and 
Related Rcld Testing for Soil Investigations 

Currcnt edition approved scpt 11,1984. Published Novembq 1984. Ong~nally 
vublishcd as D I586 - 58 T. Laa previous edition D 1586 - 67 ( 1974). 

Annual Book of ASTM Sf&&, Vol @%..a. 

hammer, hammer fall guide, the anvil, and any hammer 
drop system. 

3.1.5 hammer-that portion of the drive-weight assembly 
consisting of the 140 -C 2 lb (63.5 f 1 kg) impact weight 
which is successively lifted and dropped to provide the 
energy that accomplishes the sampling and penetration. 

3.1.6 hammer drop system-that portion of the drive- 
weight assembly by which the operator accomplishes the 
lifting and dropping of the hammer to produce the blow. 

3.1.7 hammer fall guide-that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.1.8 N-value-the blowcount representation of the pene- 
tration resistance of the soil. The N-value, reported in blows 
per foot, equals the sum of the number of blows required to 
drive the sampler over the depth interval of 6 to 18 in. ( 150 
to 450 mm) (see 7.3). 

3.1.9 AN-the number of blows obtained from each of 
the 6-in. ( 150-mm) intervals of sampler penetration (see 7.3). 

3.1.10 number of rope turn-the total contact angle 
between the rope and the,cathead at the beginning of the 
operator's rope slackening to drop the hammer, divided by 
360" (see Fig. 1). 

3.1.1 1 sampling rods-rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 
purPo=. 

3.1.12 SPT-abbreviation for Standard Penetration Test, 
a term by which engineers commonly refer to this method. 

4. Significance and Use 
4.1 This test method provides a soil sample for identi!ica- 

tion purposes and for laboratory tests appropriate for soil 
obtained from a sampler that may produce large shear strain 
disturbance in the sample. 

4.2 This test method is used extensively in a great variety 
of geotechnical exploration projects. Many local correlations 
and widely published correlations which relate SPT blow- 
count, or N-value, and the engineering behavior of earth- 
works and foundations are available. 

5. Apparatus 
5.1 Drilling Equipment-Any drilling equipment that 

provides at the time of sampling a suitably clean open hole 
before insertion of the sampler and ensures that the penetra- 
tion test is performed on undisturbed soil shall be acceptable. 
The following pieces of equipment have proven to be 
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Section A-A 

Section 6-6 

FIG 1 Definitions of the Number of Rope Turns end the Angle for (e) Counterclodrwise Rotation and (b) clockwise Rotation of the 
Cathead 

suitable for advancing a borehole in some subsurface condi- 
tions. 

5.1.1 Drag, Chopping, and Fishtail Bits, less than 6.5 in. 
(162 mm) and greater than 2.2 in. (56 mm) in diameter may 
be used in conjuction with open-hole rotary drilling or 
casing-advancement drilling methods. To avoid disturbance 
of the underlying soil, bottom discharge bits are not per- 
mitted, only side discharge bits are permitted. 

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 mm) and 
greater than 2.2 in. (56 mm) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-ad- 
vancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers, with or 
without a center bit assembly, may be used to drill the 
boring. The inside diameter of the hollow-stem augers shall 
be less than 6.5 in. (162 mm) and greater than 2.2 in. (56 
mm). 

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers, 
ess than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm) 
n diameter may be used if the soil on the side of the boring 
0es not cave onto the sampler or sampling rods during 
mpling. 
5.2 Sampling Rods-Flush-joint steel drill rods shall be 

to connect the split-barrel sampler to the drive-weight 
mbl~ .  The sampling rod shall have a *ess (moment 

to or greater than that of parallel WA 'A" 
(a steel rod which has an outside diameter of 1v8 in. 

inside diameter of 1 */8 in. (28.5 mm). 

fin&a) 

mm) and 

0 G 0 3.6 4 

i r 
a- 

NOTE &Recent raearch and comparative testing indicates the type 
rod used, with stiffness ranging from"A" Size rod to'N" size rod, will 
usually have a negligible effect on the N-values to depths of at least 100 
A (30 m). 

5.3 Split-Barrel Sampler-The sampler shall be con- 
structed with the dimensions indicated in Fig. 2. The driving 
shoe shall be of hardened steel and shall be replaced or 
repaired when it becomes dented or distorted. The use of 
liners to produce a constant inside diameter of 1% in. (35 
mm) is permitted, but shall be noted on the penetration 
record if used. The use of a sample retainer basket is 
permitted, and should also be noted on the penetration 
record ifused. 

NOTE 2-Both theory and available test data suggest that N-values 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and Anvil--The hammer shall weigh 140 

k 2 lb (63.5 k 1 kg) and shall be a solid rigid metallic mass. 
The hammer shall strike the anvil'and make steel on steel 
contact when it is dropped. A hammer fall guide permitting a 
free fall shall be used. Hammers used with the cathead and 
rope method shall have an unimpeded overlift capacity of at 
least 4 in. (100 mm). For safety reasons, the use of a hammer 
assembly with an internal anvil is encouraged. 

NIXE 3-11 is suggested that the hammer fall guide be permanently 
marked to enable the operator or inspector to judge the hammer drop 
height. 

5.4.2 Hammer Drop System-Ropeathead, trip, semi- 
automatic, or automatic hammer drop systems may be used, 
providing the lifting apparatus will not cause penetration of 

'may increase between 10 to 30 9% when linen are used 
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diameter. 

A = 1.0 to 2.0 in. (25 to 50 mm) 
6 = 18.0 to 30.0 in. (0.457 to 0.762 m) 
C = 1.375 f 0.005 in. (34.93 f 0.1 3 mm) 
D = 1.50+0.05-0.00in.(38.1f1.3-0.0~) 
E = 0.10 f 0.02 in. (2.54 f 0.25 mm) 
F = 2.00 f 0.05 - 0.00 in. (50.8 f 1.3 - 0.0 mm) 
G = 16.0' to 23.0' 

01 plastic retainers may be used to retain soil samples. 
The l%m. (38 mm) inside diameter split barrel may be used with a IE-gage wall thickness split liner. The penetrating end of the drive shoe may be slightlyrounded. ME 

FIG. 2 Split-Barrel Sampler 

the sampler while re-engaging and lifting the hammer. 
5.5 Accessory Equipment-Accessories such as labels, 

sample containers, data sheets, and groundwater level mea- 
suring devices shall be provided in accordance with the 
requirements of the project and other ASTM standards. 

6. DrillingProcedure 
6.1 The boring shall be advanced incrementally to permit 

intermittent or continuous sampling. Test intervals and 
locations are normally stipulated by the project engineer or 
geologist. Typically, the intervals selected are 5 ft (1.5 mm) 
or less in homogeneous strata with test and sampling 
locations at every change of strata. 

6.2 Any drilling procedure that provides a suitably clean 
and stable hole before insertion of the sampler and assures 
that the penetration test is performed on essentially undis- 
turbed soil shall be acceptable. Each of the following 
procedures have proven to be acceptable for some subsurface 
conditions. The subsurface conditions anticipated should be 
considered when selecting the drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous fight hollow-stem auger method. 

' 6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6.3 Several drilling methods produce unacceptable 

brings. The process of jetting through an open tube sampler 
and then sampling when the desired depth is reached shall 
not be permitted. The continuous flight solid auger method 
shall not be used for advancing the boring below a water 
table or below the upper confining bed of a confined 
nonahesive stratum that is under artesian pressure. Casing 

may not be advanced below the sampling elevation prior ' 
sampling. Advancing a boring with bottom discharge bits 
not permissible. It is not permissible to advance the borir 
for subsequent insertion of the sampler solely by means 
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the boring or hollov 
stem augers shall be maintained at or above the in sit 
groundwater level at all times during drilling, removal of dri 
rods, and sampling. 

7.  Sampling and Testing Procedure 
7.1 After the boring has been advanced to the desire 

sampling elevation and excessive cuttings have been rt 
moved, prepare for the test with the following sequence c 
operations. 

7.1.1 Attach the split-barrel sampler to the sampling rod 
and lower into the borehole. Do not allow the sampler tl 
drop onto the soil to be sampled. 

7.1.2 Position the hammer above and attach the anvil  tt 
the top of the sampling rods. This may be done before th, 
sampling rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler, rods, anvil, ant 
drive weight on the bottom of the boring and apply a seatin1 
blow. If excessive cuttings are encountered at the bottom o 
the boring, remove the sampler and sampling rods from thc 
boring and remove the cuttings. 

7.1.4 Mark the drill rods in three successive 6-in. (0.15-m 
increments so that the advance of the sampler under thc 
impact of the hammer can be easily observed for each 6-in 
(0.15-m) increment. 

7.2 Drive the sampler with blows from the 1Wlb (63.5. 
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kg) hammer and count the number-of-blows applied-in-each-strat.ification~!ka-each-mntainer-to-prevent evaporationof- 
6 k .  (0.15-m) increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any 
one of the three 6-in. (0.15-m) increments described in 7.1.4. 

7.2.2 A total of 100 blows have been applied. 
7.2.3 There is no observed advance of the sampler during 

the application of 10 successive blows of the hammer. 
7.2.4 The sampler is advanced the complete 18 in. (0.45 

m) without the limiting blow counts occurring as described 
in 7.2.1, 7.2.2, or 7.2.3. 

7.3 Record the number of blows required to effect each 6 
in. (0.15 m) of penetration or fraction thereof. The first 6 in. 
is considered to be a seating drive. The sum of the number of 
blows required for the second and third 6 in. of penetration 
termed the "standard penetration resistance," or the 8.1.4 Weather conditions, 
"N-value." If the sampler is driven less than 18 in. (0.45 m), 
aS permitted in 7.2.1, 7.2.2, or 7.2.3, the number Of  blows 
per each complete 6-in. (0.15-m) increment and per each 
p d d  increment shall be recorded on the boring log. For 
p h a l  increments, the depth of penetration shall be reported 
to the nearest 1 in. (25 mm), in addition to the nUmber Of 
blows. If the sampler advances below the bottom Of the 
boring under the -tic weight of the drill rods Or the weight 
of the drill rods plus the static weight of the hammer, this 
information should be noted on the boring log. 

7.4 The raising and dropping of the 140-b (63.5-kg) 
hammer shall be accomplished using either of the following 
two methods: 

7.4.1 By using a trip, automatic, or semi-automatic 
hammer drop system which lifts the 140-b (63.5-k) 
hammer and allows it to drop 30 1.0 in. (0.76 m k 25 mm) 
unimpeded. 8.1.16 Remarks. 

7-42 BY using a cathead to Pull a row attached to the 
hammer. When the cathead and rope method iS U s e d  the 
system and operation shall conform to the following 

7.4.2.1 The cathad shall be essentially free of rust, oil, or 
grease and have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should be Operated at a mhhmm 
speed of rotation of 100 RF'M, or the approximate speed of 
rotation shall be reported on the boring log. 

, 7.4.2.3 No more than 2% rope turns on the cathead may 

I shown in Fig. 1. 

soil moisture. Affix labels to the containers bearing job 
designation, boring number, sample depth, and the blow 
count per 6-in. (0.15-m) increment. Protect the samples 
against extreme temperature changes. If there is a soil change 
within the sampler, make a jar for each stratum and note its 
location in the sampler barrel. 

8. Report 
8.1 Drilling information shall be recorded in the field and 

shall include the following: 
8.1.1 Name and location of job, 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 

8.1.5 Date and time of start and finish of boring, 
8.1.6 Boring number and location (station and coordi- 

8.1.7 Surface elevation, if adable ,  
8.1.8 Method of advancing and cleaning the boring 
8. I -9 Method of keeping boring open, 
8.1.10 Depth of water surface and drilling depth at the 

time of a noted 10s of drilling fluid, and time and date when 
reading or notation was made, 

nates, if available and applicable), 

8.1.1 1 Location of strata changes, 
8.1.12 Size of casing, depth of cased portion of boring, 
8.1.13 Equipment and method of driving sampler, 
8.1.14 Type sampler and length and inside diameter of 

8.1.15 Size, type, and section length of the sampling rods, 
barrel (note us of finen), 

and 

8.2 Data obtained for each sample shall be recorded in the 

8.2.1 Sample depth and, if utilized, the sample number, 
8.2.2 &&ption of soil, 
8.2.3 changes within sample, 
8.2.4 Sampler penetration and recovery lengths, and 
8.2.5 Number of blows per &in. (0.15-~) or 

field and shall include the following: 

increment. 

9. fi&ion and Bias 
I be 9.1 precision-" v & j  estimate of test precision has not 

been determined because it is too costly to conduct the 
: NOTE &'The operator should generally use either 1% or 2% rope inter-labomtoq (field) tests. Subcommittee 

D18.02 welcomes proposals to allow development of a valid 
precision statement. 

9.2 B i ~ - ~ ~  the= is no reference material for this 
test 

9.3 Variations in N-values of 100 % or more have been 
observed when using different standard penetration test 
apparatus and drillers for adjacent borings in the same soil 
formation. Current opinion, based on field experience, 
indicates that when using the same apparatus and driller, 
N-values in the same soil can be reproduced with a coeffi- 
cient of variation of about 10 %. 

9.4 The use of faulty equipment, such as an extremely 
massive or damaged anvil, a rusty cathead, a low speed 
carhead, an old, oily rope, or massive or pooriy lubricated 
rope sheaves can significantly contribute to differences in 
N-values obtained between operator-drill rig systems. 

during the performance Of the penemtion test, 

tuns, depending upon whether or not the rope comes off the top (1% 
turns) or the bottom (21h turns) of the catbead. It is generally known 

, and accepted that 2% or more rope turns considerably impedes the fall 1 ofthe hammer and should not be used to perform the test. The cathead 
rope should be maintained in a relatively dry, clean, and unfrayed 

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) lifi and 
&OP shall be employed by the operator. The operation of 
Pulling and throwing the rope shall be performed rhythmi- 
d Y  without holding the rope at the top of the stroke. 

the sampler to the surface and open. Record the 
recovery or the length of sample recovered. Describe 

composition, color, smtifi- 
one or more representative 

into sealable moisture-proof con- 
or distorting any apparent 

there can be no bias 
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9.5 The variability in N-values produced by different drill 
figs and operators may be reduced by measuring that part of 
b e  hammer energy delivered into the drill rods from the 
sampler and adjusting N on the basis of comparative 
energies. A method for energy measurement and N-value 

adjustment is given in Test Method D 4633. 

10. Keywords 

barrel sampling; standard penetration test 
10.1 blow count; in-situ test; penetration mistance; split- 

The American society for Tasting and Malwiah takes no pusition respecting the valid@ d any patent rights asstwled in connection 
with any item memioned in this standard. Users o f  this standard are expressly W i s e d  that detennnatiOn of the validity of any such 
went rights, and t h  risk of infringement of such rights, ere entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical commirtee and must be reviewed every five years and 
i f  not revised# either rwpprwed or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Heedquarters. Your comments will receive careful consideration ai a meeting of the responsible 
technical commttte8, which you may attend. I f  you feel that your comments have not received a fair hearing you should make y w r  
views known to the ASTM comminee on Standards, 1916 Race Sr., Philadelphia, PA 19103. 
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4m Designation: D 1587 - 83 

Standard Practice for 
Thin-Walled Tube Sampling of Soils' 
This standard is issued under the fixed designation D 1587; the number immediately following the designation indicates the year of 
original adoption or, in the case of nvision, the year of last mision. A number in parmtheses indicates the year of last reapproval. A 
superrript cpdlon (t) indicates an editorial change sina the lan revision or reappyoval. 

This practice hac been approved for use by agencies of the Department of Defenrp and for listing in the MID Index of Specijiiatioonc and 
Stamhis .  

1. scope 
1.1 This practice covers a procedure for using a thin- 

walled metal tube to recover relatively undisturbed soil 
samples suitable for laboratory tests of structural properties. 
Thin-walled tubes used in piston, plug, or rotary-type sam- 
plers, such as the Denison or Pitcher, must comply with the 
portions of this practice which describe the thin-walled tubes 
(5.3). 

NOTE 1 --This practice does not apply to liners used within the above 
samplers. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 2488 Practice for Description and Identification of Soils 

D 3550 Practice for Ring-Lined I3arrel Sampling of Soils' 
D4220 Practices for preserving and Transporting Soil 

(Visual-Ma~ual 

sample2 

3. summary of Practice 
3.1 A relatively undisturbed sample is obtained by 

pressing a thin-walled metal tube into the in-situ soil, 
removing the soil-filled tube, and sealing the ends to prevent 
the soil from being disturbed or losing moisture. 

4. SigniTcance and Use 
4.1 This practice, or Practice D 3550, is used when it is 

necessary to obtain a relatively undisturbed specimen suit- 
able for laboratory tests of st ructd properties or other tests 
that might be influenced by soil disturbance. 

5. Apparatus 
5.1 Drilling Equipment-Any drilling equipment may be 

used that provides a reasonably clean hole; that does not 
disturb the soil to be sampled, and that does not hinder the 
penetration of the thin-walled sampler. Open borehole 
diameter and the inside diameter of driven casing or hollow 
stem auger shall not exceed 3.5 times the outside diameter of 
the thin-walled tube. 

5.2 s a m p k  Insertion Equipment, shall be adequate to 
provide a relatively rapid continuous penetration force. For 

hard formations it may be necessary, although not recom- 
mended, to drive the thin-walled tube sampler. 

5.3 Thin-Walled Tubes, should be manufactured as 
shown in Fig. 1. They should have an outside diameter of 2 
to 5 in. and be made of metal having adequate strength for 
use in the soil and formation intended. Tubes shall be clean 
and free of all surface irregularities including projecting weld 
seams. 

5.3.1 Length of Tubes-See Table 1 and 6.4. 
5.3.2 Tolerances, shall be within the limits shown in Table 

2. 
5.3.3 Inside Clearance Ratio, should be 1 % or as speci- 

fied by the engineer or geologist for the soil and formation to 
be sampled. Generally, the inside clearance ratio used should 
increase with the increase in plasticity of the soil being 
sampled. See Fig. 1 for definition of inside clearance ratio. 

5.3.4 Corrosion Protection-Corrosion, whether fiom gal- 
vanic or chemical reaction, can damage or destroy both the 
thin-walled tube and the sample. Severity of damage is a 
function of time as well as interaction between the sample 
and the tube. Thin-walled tubes should have some form of 
protective coating. Tubes which will contain samples for 
more than 72 h shall be coated. The type of coating to be 
used may vary depending upon the material to be sampled. 
Coatings may include a light coat of lubricating oil, lacquer, 
epoxy, Teflon, and others. Type of coating must be specified 
by the engineer or geologist if storage wiU exceed 72 h. 
Plating of the tubes or alternate base metals may be specified 
by the engineer or geologist. 

5.4 Sampler Head, serves to couple the thin-waUed tube 
to the insertion equipment and, together with the thin-walled 
tube, comprises the thin-walled tube sampler. The sampler 
head shall contain a suitable check valve and a venting area 
to the outside equal to or greater than the area through the 
check valve. Attachment of the head to the tube shall be 
concentric and coaxial to assure uniform application of force 
to the tube by the sampler insertion equipment. 

6. Procedure 
6.1 Clean out the borehole to sampling elevation using 

whatever method is preferred that will ensure the material to 
be sampled is not dimrbed. If groundwater is encountered, 
maintain the liquid level in the borehole at or above ground 
water level during the sampling operation. 

6.2 Bottom discharge bits are not permitted. Side dis- 
charge bits may be used, with caution. Jetting through an 
open-tube sampler to clean out the borehole to sampling 
elevation is not permitted. Remove loose material from the 
center of a casing or hollow stem auger as carefully as 
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Length os Specifled In Method 
d o s e  as 

I ' 'D D 
Imide Clearance Rotio = -!3 

De Mounting Holes 
NOTE 1-MiinimuSn OftWOmoUnting hdeSOfl opposite sides b 2  to3'h h. Salllpk. 
NOTE 2-Mium of four mounting hdes spaced at 90' for samplers 4 in. and larger. 
NOTE &Tube held with hardened smews. 
NOTE 4-Two4nch OutMedheter tubes are specified with an 1- wall fhkknes to comply with area ratio aiteria W t e d  f0r"undistwbsd samples." Users are 

advised that suchtubing is d i t o b c a t e a n d  can beextmme4yexpensive insma0 quantities. sixteerrgagetubes aregenerasyreadiavaaable. 
Equivalent. 

in. rnm 

TABLE 1 
~d~ 

in. 
mm 

wall lhMness: 
Bwg 
in. 
mm 

Tube length: 

clearanceratio.% 

m. 
m 

H 6.77 
'h 12.7 
1 25.4 
2 50.8 
3% 88.9 
4 101.6 

FIG. 1 Thin-Walled Tube for Sampling 

Suitable Thin-walted Steel Sample Tubed 

2 3 5 
50.8 762 127 

18 16 11 
0.049 0.065 0.120 
1.24 1.65 3.05 

36 36 54 
0.91 0.91 1.45 
1 1 1 

TABLE 2 Dimensional Toierances for ThiiWalled Tubs 
Nominal Tube Diameters from Table 1" Tolerams, in. 

2 3 5 Size Outside 
Diameter 

outsidediameter +0.007 +0.010 M.015 
-0.oOo -0.oOo -0.OOO 

Inside diameter +O.oOo +0.OOo +o.OOo 
-0.007 4.010 -0.01 5 

Wall thwless 33.007 33.010 iO.015 
0.015 0.020 0.030 

straightness 0.WMt 0.03OIft 0.030/fl 
OMMY 

possible to avoid disturbance of the material to be sampled. 

NUIT 2-Roller bits are available in downward-jetting and diffused- 
jet con6gurations. Downward-jetting configuration rock bits are not 
acceptable. DitTuse-jet configurations are generally acceptable. 

6.3 Place the sample tube so that its bottom rests on the 
bottom of the hole. Advance the sampler without rotation by 
a continuous relatively rapid motion. 

and 
condition of the formation, but the length shall never exceed 

6.4 Determine the length of advance by the 

5 to 10 diameters of the tube in sands and 10 to 15 diameters 
of the tube in clays. 
NOTE &Weight of sample, laboratory handling capab~ties, trans- 

portation problems, and commercial availability of tubes will generally 
limit maximum practical lengths to those shown in Table 1. 

6.5 When the formation is too hard for push-type inser- 
tion, the tube may be driven or Practice D3550 may be 
used. Other methods, as directed by the engineer or geologist, 
may be used. If driving methods are used, the data regarding 
weight and fall of the hammer and penetration achieved 
must be shown in the report. Additionally, that tube must be 
prominently labeled a "driven sample." 

6.6 In no case shall a length of advance be greater than the 
sample-tube length minus an allowance for the sampler head 
and a minimum of 3 in. for sludgeend cuttings. 
NOTE &The tube may be rotated to shear bottom of the sample 

after pressing is complete. 

6.7 Withdraw the sampler from the formation as carefully 
as possible in order to minimize disturbance of the sample. 

7. Reparation for Shipment 
7.1 Upon removal of the tube, measure the length of 

sample in the tube. Remove the disturbed material in the 
upper end of the tube and measure the length again. Seal the 
upper end of the tube. Remove at least 1 in. of material from 
the lower end of the tube. Use this material for soil 
description in accordance with Practice D 2488. Measure the 
overall sample length. Seal the lower end of the tube. 
Alternatively, after measurement, the tube may be sealed 
without removal of soil from the ends of the tube if so 
directed by the engineer or geologist. 
NOTE %-Field extrusion and packaging of extruded samples under 

the specific direction of a geotechnical engineer or geologkt is perhlined 
NOTE &Tubes sealed over the ends as opposed to those sealed with 

expanding packers should contain end padding in end voids in ordm to 
prevent drainage or movement of the sample within the tube. 

7.2 Prepare and immediately afEx labels or apply mark- 
ings as neceSSary to identify the sample. Assure that the 



markings or labels are adequate to survive transportation 8.1.8 Method of drilling, Size of hole, casing, and drillin 
and storage. fliiid-iiii - 

8.1.9 Depth to groundwater level: date and time mea 

8.1.10 Any possible current or tidal effect on water level 
8.1.11 Soil description in accordance with Practic 

8.1.12 Length of sampler advance, and 
8.1.13 Recovery: length of sample obtained. 

S u r e d ,  

D 2488, 

8. Report 
8.1 The appropriate information is required as follows: 
8.1.1 Name and location of the project, 
8.1.2 Boring number and precise location on project, 
8.1.3 Surface elevation or reference to a datum, 
8.1.4 Date and time of boring-start and finish, 
8.1.5 Depth to top of sample and number of sample, 
8.1.6 Description of sampler: size, type of metal, type of 

8.1.7 Method of sampler insertion: push or drive, 

9. Precision and Bias 

fore, a precision and bias statement is not applicable. 
coating, 9.1 This practice does not produce numerical data; then 

The American Society for Testing and Mate&k takes no position mymcting the validity of any went rights ess&ed in Connection 
with any item timntiofmd in this standard. Users o f  thb standard are expsssly advised that det#minatjon of the validity of any such 
patent rights, and the risk of inffingatnenf ot scrch rights, ere entirely their own rspnsibility. 

This standard is subject to revision at any time by the mpomibb technical cornminee and must be reviewed every five years and 
if not revised, Mher reepproved or wnhdrewn. Your ccnnments am Invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful collsideretion at a meeting of the rssponsible 
technical commiftse, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Cmmittm on Standards, 1916 Race St., Philadelphia, PA 19103. known to the ASTM Cotnmifree on 
Standards, 1916 Rem St., Philadelphia, PA 19103. 
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Designation: D 2216 - 92 4m 6 8 6 9  

Standard Test Method for 
Laboratory Determination of Water (Moisture) Content of Soil 
and Rock‘ 

This standard is issued under the fixed designation D 221 6; the number immediately following the designation indicates the year of 
original adoption or, in the ca$e of revision, the year of laa revision. A number in parentheses indicates the ycar of lan reapprod. A 
superscript epsilon (6) indicates an editorial change since the last revision or reapprod. 

1. scope 
1.1 This test method covers the laboratory determination 

of the water (moisture) content of soil, rock, and similar 
materials by mass. For simplicity, the word “material” 
hereinafter also refers to either soil or rock, whichever is 
most applicable. 

1.2 The water content of a material is defined by this 
standard as the ratio, expressed as a percentage, of the mass 
of “pore” or “free” water in a given mass of material to the 
mass of the solid material. 

1.3 The term “solid particles” as used in geotechnical 
engineering is typically assumed to mean naturally occumng 
mineral particles of soil and rock that are not readily soluble 
in water. Therefore, the water content of materials con- 
taining extraneous matter (such as cement, and the like) may 
require special treatment or a qualified definition of water 
content. In addition, some organic materials may be decom- 
posed by oven drying at the standard drylng temperature for 
this method (1 loOC). Materials containing gypsum (calcium 
sulfate dihydrate or other compounds having significant 
amounts of hydrated water) may present a special problem as 
this material slowly dehydrates at the standard drying 
temperature (1 10°C) and at very low relative humidities, 
forming a compound (calcium sulfate hemihydrate) which is 
not normally present in natural materials except in some 
desert soils. In order to reduce the degree of dehydration of 
gypsum in those materials containing gypsum, or to reduce 
decomposition in highly organic soils, it may be desirable to 
dry these materials at 60°C or in a desiccator at room 
temperature. Thus, when a drying temperature is used which 
is different from the standard drying temperam as defined 
by this test method, the resulting water content may be 
different from standard water content determined at the 
standard drying temperature. 

NOTE 1-Test Methods D 2974 provides an alternate procedure for 
determining water content of peat materials. 

1.4 Materials containing water with substantial amounts 
of soluble solids (such as salt in the case of marine sediments) 
when tested by this method will give a mass of solids which 
includes the previously soluble solids. These materials re- 
wire @ treatment to remove or account for the 
Presence of precipitated solids in the dry mass of the 

’ fhis method is under the jurisdiction of ASTM Committee D18 on Soil and 
Rock and is the dirat responsibility of Subcommittee D18.03 on Texture. 
planicity and Density charactainio of 

C m n t  edition approved June IS. 1992. Published Augun 1992. Originally 
published aS D 2216 - 63 T. Lan P ~ ~ O U S  cdition D 2216 - W’. 

specimen, or a qualified definition of water content must be 
used. 

1.5 This test method requires several hours for proper 
drying of the water content specimen. Test Method D 4643 
provides for drying of the test specimen in a microwave oven 
which is a shorter process. 

1.6 This standard requires the drying of material in an 
oven at high temperatures. If the material being dried is 
contaminated with certain chemicals, health and safety 
hazards can exist. Therefore, this standard should not be 
used in determining the water content of contaminated soils 
unless adequate health and safety precautions are taken. 

1.7 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D2974 Test Methods for Moisture, Ash, and Organic 

Matter of Peat and Other Organic Soils2 
D4220 Practice for Preserving and Transporting Soil 

Samples2 
D43 18 Test Method for Liquid Limit, Plastic Limit, and 

Plasticity Index of Soils2 
D4643 Test Method for Determination of Water 

(Moisture) Content of Soil by the Microwave Oven 
Method2 

D4753 Specification for Evaluating, Selecting, and SpeCi- 
fjing Balances and Scales for Use in So? and Rock 
Testing2 

E 145 Specification for Gravity-Convection And Forced- 
Ventilation Oven3 

3. Terminology 

of terms. 
3.1 Refer to Terminology D 653 for standard definitions 

3.2 Description of Term Specific to This Standard: 
3.2.1 water content (of a materialbthe ratio of the mass 

of water contained in the pore spaces of soil or rock material, 
to the solid mass of particles in that material, expressed as a 
percentage. 

2.4nnual Book oJ.4STM Srandards, Vol04.08. 
3 Annual Book of ASTM Srandards, Vol 14.02. 
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4. Summarya 

D2216 

Test Method sunlight,Disturbec-samples-in-jaworother contaiiiG 
4.1 A test specimen is dried in an oven to a constant mass. 

The loss of mass due to drying is considered to be water. The 
water content is calculated using the mass of water and the 
mass of the dry specimen. 

5. Significance and Use 
5.1 For many materials, the water content is one of the 

most significant index properties used in establishing a 
correlation between soil behavior and its properties. 

5.2 The water content of a material is used in expressing 
the phase relationships of air, water, and solids in a given 
volume of material. 

5.3 In fine-grained (cohesive) soils, the consistency of a 
given soil type depends on its water content. The water 
content of a soil, along with its liquid and plastic limits as 
determined by Test Method D 43 18, is used to express its 
relative consistency or liquidity index. 

6. Apparatus 
6.1 Dtying Oven, thermostaticallycontrolled, preferably 

of the forced-draft type, meeting the requirements of Speci- 
fication E 145 and capable of maintaining a uniform temper- 
ature of 1 10 +- 5'C throughout the drying chamber. 

6.2 Balances-All balances must meet the requirements 
of Specification D4753 and this Section. A Class GP1 
balance of 0.01g readability is required for specimens having 
a mass of up to 200 g (excluding mass of specimen con- 
tainer) and a Class GP2 balance of 0.lg readability is 
required for specimens having a mass over 200 g. 

6.3 Specimen Containers-Suitable containers made of 
material resistant to corrosion and change in mass upon 
repeated heating, cooling, exposure to materials of varying 
pH, and cleaning. Containers with close-fitting lids shall be 
used for testing specimens having a mass of less than about 
200 g; while for specimens having a mass greater than about 
200 g, containers without lids may be used. One container is 
needed for each water content determination. 

NOTE 2-The purpose of close-fitting lids is to prevent loss of 
moisture from specimens before initial mass determination and to 
prevent absorption of moisture from the atmosphere following drying 
and before final mass determination. 

6.4 Desiccator-A desiccator cabinet or large desiccator 
jar of suitable size containing silica gel or anhydrous calcium 
phosphate. It is preferable to use a desiccant which changes 
color to indicate it needs reconstitution. See Section 10.5. 
NOTE 3-Anhydrous calcium sulfate is sold under the trade name 

Dlierite.. 

6.5 Container Handling Apparatus, gloves, tongs, or suit- 
able holder for moving and handling hot containers after 
drying. 

6.6 Miscellaneous, knives, spatulas, scoops, quartering 
cloth, sample splitters, etc, as required. 

7. samples 
7.1 Samples shall be preserved and. transported in accor- 

dance with Practice 4220 Groups B, C, or D soils. Keep the 
samples that are stored prior to testing in noncorrodible 
airtight containers at a temperature between approximately 3 
and 30'C and in an area that prevents direct contact with 

be stored in such a way as to prevent or minimize ma 
condensation on the insides of the containers. 

7.2 The water content determination should be do 
soon as practicable after sampling, especially if poteI 
corrodible containers (such as thin-walled steel tubes, 
cans, etc.) or plastic sample bags are used. 

8. Test Specimen 
8.1 For water contents being determined in conjun 

with another ASTM method, the specimen mass re( 
ment stated in that method shall be used if one is provid 
no minimum specimen mass is provided in that mc 
then the values given before shall apply. 

8.2 The minimum mass of moist material selected 
representative of the total sample, if the total sample i 
tested by this method, shall be in accordance witl 
following: 

Recommended Recomme 
mnimum m a s  of minimum n 

moisttestspec- moisttest 
Maximum particle imen for water imen for v 

size (100 ?4 Standard Sieve content reported content rep 
pasdw) Si to a.1 x t 0 f l  s 

No. 10 20 g 20 g' 2 mm or less 
4.15 mm No. 4 100 g 20 g' 
9.5 mm %-in. 500 g 508 

19.0 mm %-in. 2.5 kg 250 g 
37.5 mm 1% in. 10 k3 1k3 
75.0 mm Sin. 50 ks 5kg  

NOTE-90 be representative not less than 20 g shall be used. 
8.2.1 If the total sample is used it does not have to 1 

the minimum mass requirements provided in the 1 
above. The report shall indicate that the entire sample 
Used. 

8.3 Using a test specimen smaller than the minin 
indicated in 8.2 requires discretion, though it ma} 
adequate for the purposes of the test. Any specimen used 
meeting these requirements shall be noted in the rep01 
results. 

8.4 When working with a small (less than 200g) specii 
containing a relatively large gravel particle, it is approp~ 
not to include th is  particle in the test specimen. Howe 
any discarded material shall be described and noted in 
report of the results. 

8.5 For those samples consisting entirely of intact r( 
the minimum specimen mass shall be 500 g. Representa 
portions of the sample may be broken into smaller partic 
depending on the sample's sue, the container and bala 
being used and to facilitate drying to constant mass, 
Section 10.4. 

9. Test Specimen Selection 
9.1 When the test specimen is a portion of a  la^ 

amount of material, the specimen must be selected to 
representative of the water condition of the entire amoun 
material. The manner in which the test specimen is selec 
depends on the purpose and application of the test, typt 
material being tested, the water condition, and the type 
sample (from another test, bag, block, and the likes,) 

9.2 For disturbed samples such as trimmings, bag sa 
ples, and the Like, obtain the test specimen by one of 
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following methods (listed in order of preference): 
9.2.1 If the material is such that it can be manipulated 

and handled without significant moisture loss, the material 
should be mixed and then reduced to the required size by 
quartering or splitting. 

9.2.2 If the material is such that it cannot be thoroughly 
&xed and/or split, form a stockpile of the material, miXing 
as much as possible. Take at least five portions of material at 
random locations using a sampling tube, shovel, scoop, 
trowel, or similar device appropriate to the maximum 
particle size present in the material. Combine all the portions 
for the test specimen. 

9.2.3 Ifthe material or conditions are such that a stockpile 
cannot be formed, take as many portions of the material as 
possible at random locations that will best represent the 
moisture condition. Combine all the portions for the test 
specimen. 

9.3 Intact samples such as block, tube, split barrel, and the 
like, obtain the test specimen by one of the following 
methods depending on the purpose and potential use of the 
sample. 

9.3.1 Carefully trim at least 3 mm of material from the 
outer surface of the sample to see if material is layered and to 
remove material that is drier or wetter than the main portion 
of the sample. Then carefully trim at least 5 mm, or a 
thickness equal to the maximum particle size present, from 
the entire exposed surface or from the interval being tested. 

9.3.2 Slice the sample in half. If material is layered see 
Section 9.3.3. Then carefully trim at least 5 mm, or a 
thickness equal to the maximum particle size present, from 
the exposed surface of one half, or from the interval being 
tested. Avoid any material on the edges that may be wetter or 
drier than the main portion of the sample. 
NOTE &Migration of moisture in some cohesionless soils may 

require that the full section be sampled. 
9.3.3 If a layered material (or more than one material type 

is encountered), select an average specimen, or individual 
specimens, or both. Specimens must be properly identified as 
to location, or what they represent, and appropriate remarks 
entered on data sheets. 

10. Procedure 
10.1 Determine and record the mass of the clean and dry 

specimen container (and its lid, ifused). 
10.2 Select representative test specimens in accordance 

with Section 9. 
10.3 Place the moist test specimen in the container and, if 

used, set the lid securely in position. Determine the mass of 
the container and moist material using a balance (See 6.2) 
Selected on the basis of the specimen mass. Record this 
value. 

NOTE 5-To prevent mixing of specimens and yielding of incorrect 
-% all containen, and lids if used, should be numbered and the 
container numbers shall be rec~rded on the laboratory data sheets The 
lid numben should match the container numben to eliminate confu- 

N m  assist in the oven-drying of- specimens, they 
should be  lad in containers having a large (such pans) 
and the material broken up into smaller aggregations. 

10.4 kmove the lid (if used) and place the container with 
moist material in the drying oven. ~ r y  the material to a 

GQU. 
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constant mass. Maintain the drying oven at 1 10 f YC unless 
otherwise specified (see 1.3). The time required to obtain 
constant mass will vary depending on the type of material, 
size of specimen, oven type and capacity, and other factors. 
The influence of these factors generally can be established by 
good judgment, and experience with the materials being 
tested and the apparatus being used. 

NOTE 7-In most cases, drying a test specimen overnight (about 12 
to 16 h) is sufficient. In cases where there is doubt c o n d n g  the 
adequacy of drying, drying should be continued until the change in mag 
after two successive periods (greater than 1 h) of drying is an insignifi- 
cant amount (less than about 0.1 %). Specimens of sand may often be 
dried to constant mass in a period of about 4 h, when a forced& oven 
is used. 
NOTE 8-Since some dry materials may absorb moisture from moist 

specimens, dried specimens should be removed before placing moist 
specimens in the same oven. However, this would not be applicable if 
the previously dried specimens will remain in the drymg oven for an 
additional time period of about 16 h. 

10.5 After the material has dried to constant mass remove 
the container from the oven (and replace the lid if used). 
Allow the material and container to cool to room tempera- 
ture or until the container can be handled comfortably with 
bare hands and the operation of the balance will not be 
affected by convection currents and/or its being heated. 
Determine the mass of the container and ovendried material 
using the same balance as used in 10.3. Record this value. 
Tight fitting lids shall be used if it appears that the specimen 
is absorbing moisture from the air prior to determination of 
its dry mass. 

NOTE 9--coOling in a desiccator is acceptable in place of tight fitting 
lids since it greatly reduces absorption of moisture from the atmosphere 
during cooling especially for containen Without tight fitting lids 

11. Calculation 

lows: 
11.1 Calculate the water content of the material as fol- 

w 1 [(M, - Mu)/(Mu - M,)] x 100 = 5 x 100 
MS 

where: 
W = water content, %, 
M, = mass of container and wet specimen, g, 
Ma = mass of container and oven dry specimen, g, 
M, = mass of container, g, 
M, = mass of water (M, = M, - Md), g, and 
Ms = mass of solid particles (M, = Me& - MJ, g. 

12. Report 
12.1 The report (data sheet) shall include the following 
12.1.1 Identification of the sample (material) being tested, 

such as boring number, sample number, test number, 
container number etc. 

12.k.2 Water content of the specimen to the nearest 1 % 
or 0.1 %, as appropriate based on the minimum sample 
used. If this method is used in concert with another method, 
the water content of the specimen should be reported to the 
value required by the test method for which the water 
content is being determined. 

12.1.3 Indicate if test specimen had a mass less than the 
minimum indicated in 8.2. 
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-12.1 .~-Indicate.if_test.specimen_contained_mne 

12.1.5 Indicate the method of drying if different from 

Therefore, results of two properly conducted tests b y A  
same operator with the same equipment should not b 
considered suspect unless they differ by more than 7. 

material type (layered, etc.). 
- -  

oven-drying at 1 10 & 5'C. 

excluded from the test specimen. 

13. Precision and Bias 
13.1 Statement on Bias-There is no accepted reference 

value for this test method; therefore, bias cannot be deter- 

percent of theit mean. 
13.2.2 Muftilaboratory Precision-The multilaborator 

coefficient of variation has been found to be 5.0 percem 
Therefore, results of two properly conducted tests by dil 
ferent operators using different equipment should not b 
considered suspect unless they differ by more than 14. 
percent of their mean. 

12.1.6 Indicate if any material (size and amount) was 

mined. 
13.2 Statements on Precision: 14. Keywords 
13.2.1 Single-Operator Precision-The singleaperator 14.1 consistency; index property; laboratory; moistui 

coefficient of variation has been found to be 2.7 percent. analysis; moisture content; soil aggregate; water content 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights Ssserted in connection 
with any item menti4ned in this standard. Users of this standard are expressly advised that detmiiMtian of NH) validity of my Sucn 
patent r q k ,  and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the r8spOmible technical Commmee and must be reviewed every fwe years and 
i f  not revised, either reapproved 01 withdrawn. Your m m n t s  are invited either for mk ion  of this standard or for additional standards 
Bnd should be addressed to ASTM Headquarters. Your Commenfs will recaive careful collsideration at a meeting Ot the respanSibkf 
technical mmittw, which you may aftend. If you feel that your comments have not received a fair hewing you should make ycur 
views known to the ASTM comminee on Standds,  1916 Race St.. Philadelphia, PA 19103. 
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#)) Designation: D 2217 - 85 

Standard Practice for 
Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination of Soil Constants' 

This standard is issued under the fixed designation D 2217; the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e)  indicates an editorial change since the last revision or reapproval. 

This practice has been approved for use by agencies ofthe Departrnenr orDefen.re and for lisiing in the DoD Index ofSpecjlicarions and 
Standards. 

1. Scope 
1.1 This practice covers the wet preparation of soil 

samples as received from the field for particle-size analysis 
and determination of soil constants. 

1.2 Procedure A provides for drying the field sample at a 
temperature not exceeding 140°F (60"C), making a wet 
separation on the No. 10 (2.00-mm) sieve, or No. 40 
(425-pm) sieve, or both, as needed, and finally drying at a 
temperature not exceeding 140°F. Procedure B provides that 
the sample shall be kept at a moisture content equal to or 
greater than the natural water content. The procedure to be 
used should be indicated in the specification for the material 
being tested. If no procedure is specified, the provisions of 
Procedure B shall govern. 

1.3 This standard may involve hazardous materials. oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with i u  use. It is 
the responsibility of whoever uses this standard to consult and 

' establish appropriate safety and. health practices and deter- 
mine the applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D421 Practice for Dry Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil Con- 
stants2 

D422 Method for Particle-Size Analysis of Soils2 
E 11 Specification for Wire-Cloth Sieves for Testing 

Purposes3 

3. Significance and Use 
3.1 Procedure A is used to prepare soil samples for 

plasticity tests and particle-size analysis when the coarse- 
grained particles of a sample are soft and pulverize readily, as 
in Practice D 421, or when the fine particles are very 
cohesive and tend to resist removal from the coarse particles. 

3.2 Some soils never dry out in nature and may change 
their characteristics greatly when dried. If the true natural 
gradation and plasticity characteristics of such soils are 

This practice is under the jurisdiction of ASTM Committee D-18 on Soil and 
Rock and is the direct rrsponsibility of Subcommittee D18.03 on Texture, 
Plasticity, and Density Characteristics of Soils. 

Current edition approved July 26, 1985. Published September 1985. Originally 
publishedasD2217-63T. last prwiousedition D2217-66(1978)". 

Annual Book ofASTM Standards, Vol04.08. 
'Annual Book of ASTM Stanahrds, Vol 14.02. 

desired, these soils should be shipped to the laboratory in 
sealed containers and processed in accordance with Proce- 
dure B of this practice. 

3.3 Liquid limit and plasticity index values derived from 
samples containing their natural moisture are usually, but 
not always, equal to or higher than values derived from 
similar samples of the dried soil. In the case of fine-grained 
organic soil, there is a radical drop in plasticity due to oven 
drying. 

4. Apparatus 
4.1 Balance, sensitive to 0.1 g. 
4.2 Mortar and Rubber-Covered Pestle, suitable for 

breaking up the aggregations of soil particles. 
4.3 Sieves, No. 10 (2.00-mm) and No. 40 (425-pm), of 

square mesh woven-wire cloth, conforming to Specification 
E 11. 

4.4 Sampler-A rime sampler or sample splitter for 
quartering the samples. 

4.5 Dryir?g Apparatus-Thermostatically controlled 
drying oven for use at 140°F (60°C) or below and at 230°F 
( 1 1 VC), infrared lamps; air drier; or other suitable device for 
drying samples. 

4.6 Filter Funnels or Candles-Buchner funnels 10 in. 
(254 mm) in diameter and filter paper or filter candles. 

4.7 Miscellaneous Equipment-Pans 12 in. (304.8 mm) in 
diameter and 3 in. (76.2 mm) in depth; a suitable container 
that will prevent loss of moisture during storage of the moist 
test sample prepared in Procedure B. 

PROCEDURE A 

5. Sampling 
5.1 Dry the soil sample as received from the field, using 

one of the following methods: ( 1 )  in air at room tempera- 
ture, (2) in a drying oven at a temperature not exceeding 
140°F (60"C), or (3) using any warming device that will not 
raise the temperature of the sample above 140°F. Break up 
thoroughly any aggregations of particles using the mortar 
and rubber-covered pestle or other suitable device (Note 1). 
Select a repksentative portion by the method of quartering 
or by use of the sampler. This portion must be suficient to 
.provide samples for particle-size analyses of material re- 
tained on and passing the No. 10 (2.00-mm) sieve, and to 
provide an adequate amount of material passing the No. 40 
(425-pm) sieve for the tests to determine soil constants. The 
amounts of material required to perform the individual tests 
are as follows: 
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Particle-Size Analysis of Material Retained on maining in the pan, and dry at a temperature not exceedin; 
140'F-(60"e),Grind-the-dried-soil-in-the-m~rtar-with~ No. 10 (2.00-mm) Sieve: 
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Sandy soils, g 
Silty or clayey soils, g 

Sandy soils, g 
Silty or clayey soils, g 

Liquid Limit, g 
Plastic limit, g 
Centrifuge moisture equivalent, g 
Shrinkage factors, g 
Check tests, g 

Particle-Size Analysis of Material Passing No. 
10 (2.00-mm) Sieve: 

Tests for Determination of Soil Constants: 

1 500 
400 

115 
. 65 

100 
15 
10 
30 
65 

NOTE 1-When the sample contains particles of soft shale or 
sandstone or similar weak material, proper care must be exercised to 
avoid excessive reduction in the size of the particles. 

6. Preparation of Test Samples 
6.1 For Particle-Size Analysis: 
6.1.1 Weigh the portion of the test sample selected for 

particle-size analysis and record as the weight of test sample 
uncorrected for hygroscopic moisture. Separate this material 
into two portions using the No. 10 (2.00-mm) sieve. Set aside 
the portion passing for later recombination with additional 
material washed from the portion retained on the No. 10 
(2.00-mm) sieve. 

6.1.2 Place the material retained on the No. 10 (2.00-mm) 
sieve in a pan, cover with water, and allow to soak until the 
particle aggregations become soft. After soaking, wash the 
material on a No. 10 (2.00-mm) sieve in the following 
manner: Place an empty No. 10 (2.00-mm) sieve on the 
bottom of a clean pan and pour the water from the soaked 
sample into the sieve. Add sufficient water to bring the level 
approximately '/2 in. (12.7 mm) above the mesh of the sieve. 
Transfer the soaked material to the sieve in increments not 
exceeding 1 lb (0.45 kg), stimng each increment with the 
fingers while agitating the sieve up and down. Crumble or 
mash any lumps that have not slaked, using the thumb and 
fingers. Raise the sieve above the water in the pan and 
complete the washing operation using a small amount of 
clean water. Transfer the washed material on the sieve to a 
clean pan before placing another increment of soaked 
material on the sieve. 

6.1.3 Dry the material retained on the No. 10 (2.00-mm) 
sieve at a temperature of 230 f 9°F (1 10 f 5"C), sieve on the 
No. 10 (2.00-mm) sieve, and add the material passing the 
sieve to similar material obtained in 6.1.1. Set aside the 
material retained on the sieve for use in the particle-size 
analysis. 

6.1.4 Set aside the pan containing the washings for a 
period of several hours or until the water above the particles 
is clear. Decant, pipet, or siphon off as much of the clear 
water as possible (Note 2). Dry the soil remaining in the pan 
at a temperature not exceeding 140°F (60°C). Grind the dried 
soil in the mortar with the rubber-covered pestle or other 
suitable device, and combine with similar material obtained 
in 6.1.1. 

6.1.5 Alternatively, after all the soaked material has been 
washed, remove most of the water by filtering the wash water 
on one or more Buchner funnels fitted with filter paper or 
by using filter candles. Remove the moist soil from the filter 
paper or filter candles, combine with any sediment re- 

rubber-covered pestle or other suitable device and combin1 
with similar material obtained in 6.1.1. 
NOTE 2-In some instances, the wash water will not become clear ii 

a reasonable length of time; in this case the entire volume must b 
evaporated. 

6.2 For Determination of Soil Constants-Proceed ii 
accordancewith 6.1, substituting a No. 40 (425-pm) sieve fo 
the No. 10 (2.00-mm) sieve. 
NOTE 3-In some areas it is possible that the cations of salts presen 

in the tap water may exchange with the natural cations in the soil anc 
alter significantly the values of the soil constants should tap water b 
used in the soaking and washing operations. Unless it is known that sucl 
cations are not present in the tap water, distilled or demineralired wate 
should be used. The soaking and washing operation will remove solubl 
salts contained in the soil. When soluble salts are present in the soil, th 
wash water should be saved and evaporated, and the salts returned to th 
soil sample. 

7. Test Samples 
7.1 Keeping each portion separate from the other portion 

mix thoroughly the portions of the soil sample paSsing tht 
No. 10 (2.00-mm) sieve and the No. 40 (425-pm) sieve. B 
the method of quartering or by the use of the sampler, selec 
and weigh out test samples of the weights indicated ii 
Section 5 ,  as may be needed to make the required tests. 

PROCEDURE B 

8. Samples 
8.1 Samples prepared in accordance with th is  procedurl 

must be shipped from the field to the laboratory in sealed 
containers and must contain all their natural moisture 
Samples obviously containing only particles passing the No 
10 (2.00-mm) sieve may be tested in the particle-size analysi 
without first washing on the No. 10 (2.00-mm) sieve 
Samples obviously containing only particles passing the Na 
40 (425-pm) sieve may be used in the tests to determine soi 
constants without fim washing on the No. 40 (425-pm 
sieve. 

9. Preparation of Test Samples 
9.1 For Particle-Size Analysis: 
9.1.1 Select and weigh a representative portion of th 

moist sample estimated to contain 50 g of particles passin 
the No. 10 (2.00-mm) sieve for silty and clayey soil, or 100 i 
for sandy soil. For samples containing particles not passin; 
the No. 10 (2.00-mm) sieve for which a particle-size analysi 
is required, select and weigh a representative sample esti 
mated to contain the required amounts of particles bod 
passing and not passing the No. 10 (2.00-mm) sieve. Deter 
mine the moisture content at 230 f 9'F (1 10 -t 5'C) using ai 
auxiliary sample, for use in Method D 422. 

9.1.2 Soak 'the moist sample and wash on a No. 1( 
(2.00-mm) sieve as described in 6.1.2. After washing, dry th~ 
material retained on the No. 10 (2.00-mm) sieve in an ovei 
at a temperature of 230 f 9°F (1 10 f 5"C), weigh, and retail 
for the particle-size analysis. If the volume of the wash wate 
and soil is too large for use in the sedimentation procedure o 
the test for particle-size analysis, evaporate excess water b: 
exposure to air at rdom temperature, by heating in an ovei 
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t a temperature not exceeding 230°F (1 10"C), or by boiling. 
:gardless of the method of evaporation used, the following 

recautions must be taken: ( 1 )  stir the slurry from time to 
ime to prevent a dry soil ring from forming on the walls of 
he evaporation vessel, and (2) return the temperature of the 
ample to room temperature before testing. 

9.2 For Delemination of Soil Constants-Select a repre- 
entative portion of the moist sample estimated to contain 
ufficient particles passing the No. 40 (425-pm) sieve to 
nake the required tests for determination of soil constants. 
;oak this selected portion of the moist sample and wash on 
he No. 40 (425ym) sieve as described in 6.2 (Note 2). 
Zeduce the moisture content of the material passing the No. 
IO (425-pm) sieve until the mass reaches a putty-like 

consistency (such as 30 to 35 drops of the cup in the liquid 
limit test) but never below the natural moisture content. 
Reduction of moisture content may be accomplished as 
follows: by exposure to air at ordinary room temperature, by 
heating in an oven at a temperature not exceeding 230°F 
(1 lO"C), by boiling, by filtering on a Biichner funnel, or by 
use of filter candles. During evaporation and cooling, stir the 
sample often enough to prevent overdrying of the fringes and 
soil pinnacles on the surface. Cool the heated samples to 
normal room temperature before testing. For soil samples 
containing soluble salts, use a method of water reduction 
that will not eliminate the soluble salts from the test sample. 
Protect the prepared sample in a suitable container from 
further drylng until all required tests have been performed. 

The American Sociery for Testing and Materials takes no pasition respecting the validity of any parent righrs assemd in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringf?ment of such rights, are entirely their own responsibility. 

This standard is subjet2 to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your m m e n r s  are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headqmers. Your mmenrs will receive careful consideration at a meeting of the responsible 
technical committee. which you may attend.. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race S., Philadelphia, PA 19103. 
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F dm Designation: D 2435 - 90 

Standard Test Method for 
One-Dimensional Consolidation Properties of Soils' 

This standard is issued under the fixed designation D 2435; the number immaiiately following tbe designation indicates tht year of 
original adoption or, in the case of revision, the year of last revision. A number in parcnrbaes indicates the year of lan reapproval. A 
supmcript epsilon (0 indicates an editorial change s ine  the last revision or reapproval. 

1. scope 
1.1 This test method covers procedures for determining 

fie magnitude and rate of consolidation of soil when it is 
&rained laterally and drained axially while subjected to 
incrementally applied controlled-stress loading. Two alterna- 
tive procedures are provided as follows: 

1.1 .1  Test Method A-This test method is performed with 
constant load increment duration of 24 h, or multiples 
thereof. Timedeformation readings are required on a min- 
imum of two load increments. 

1.1.2 Test Method B-Timedeformation readings are 
required on all load increments. Successive load increments 
are applied after 100 9% primary consolidation is reached, or 
at constant time increments as described in Test Method A. 

NOTE I-The determination of the rate and magnitude of consolida- 
tion of soil when it is subjected to controlled-strain loading is covered by 
Test Method D 4 186. 

1.2 This test method is most commonly performed on 
undisturbed samples of fine grained soils naturally 
sedimented in water, however, the basic test procedure is 
applicable, as well, to specimens of compacted soils and 
undisturbed samples of soils formed by other processes such 
as weathering or chemical alteration. Evaluation techniques 
specified in this test method are generally applicable to soils 
naturally sedimented in water. Tests performed on other 
soils such as compacted and residual (weathered or chemi- 
cally altered) soils may require special evaluation techniques. 

1.3 It shall be the responsibility of the agency requesting 
this test to specify the magnitude and sequence of each load 
increment, including the location of a rebound cycle, if 
required, and, for Test Method A, the load increments for 
which timedeformation readings are desired. 

NOTE 2-Timedeformation readings are required to determine the 
time for completion of primary consolidation and for evaluating the 
coefficient of consolidation, e, Since c, varies with stress level and load 
increment (loading or unloading), the load increments with timed 
readings must be selected witb specific reference to the individual 
project. Alternatively, the requesting agency may specify Test Method B 
wherein the time4eformation readings are taken on all load increments. 

1.4 The values stated in SI units are to be regarded as the 
standard. The values stated in inch-pound units are approx- 
imate and given for guidance only. Reporting of test results 

' This tcsl method is undcr the jurididon of AsIM Co&neC D18 on Soil 
aod Fbck and is the direct responsibility of subcommittee D 18.05 on Smrctural 
PmPeIties of soil. 

Cumnt edition approved June 29,1990. hblishcd November 1990. Origirdy 
PUMiaed D 2435 - 65T. Lasl &OW edition D 2435 - 80. 

in units other than SI shall not be regarded as noncon 
mance with this test method. 

1.4.1 In the engineering profession it is customary pi 
tice to use, interchangeably, units representing both m 
and force, unless dynamic calculations ( F  = Ma) 
involved. This implicitly combines two separate system: 
units, that is, the absolute system and the gravimetric systc 
It is scientifically undesirable to combine two sew 
systems within a single standard. This test method has bc 
written using SI units; however, inch-pound conversions 
given in the gravimetric system, where the pound ( 
represents a unit of force (weight). The use of balances 
scales recording pounds of mass (Ibm), or the recording 
density in lb/ft3 should not be regarded as nonconformai 
with this test method. 

1.5 This standard does not purport to address the saj 
problems associated with its use. It is the responsibility of 
user of this standard IO establish appropriate safety L 
health practices and determine the applicability of regulat, 
limitations prior to use. 
2. Referenced Documents 

2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soils' 
D 653 Terminology Relating to Soil and Rock2 
D 854 Test Method for Specific Gravity of Soils2 
D 1587 Practice For Thin-Walled Tube Sampling of Soi 
D2216 Method for Laboratory Determination of Wa 

(Moisture) Content of Soil, Rock, and Soil-Aggreg; 
Mixtures2 

D 2487 Classification of Soils for Engineering Purposes 
D 2488 Practice for Description and Identification of Sc 

(Visual-Manual Pr~cedure)~ 
D 3550 Practice for Ring-Lined Barrel Sampling of Soil 
D4186 Test Method for One-Dimensional Consolidatit 

Properties of Soils Using Controlled-Strain Loading 
D4220 Practice for Preserving and Transporting SI 

sample2 
D 43 18 Test Method for Liquid Limit, Plastic Limit, ai 

D 4452 Methods for X-Ray Radiography of Soil h p l c  
D4546 Test Methods for One-Dimensional Swell 

Plasticity Index of Soils' 

Settlement Potential of Cohesive Soils3 
3. Terminology 

method shall be in accordance with Terminology D 653. 
3.1 Definitions-The definitions of terms used in this te 

Ann& Book ojASZl4 Sl&&, Vol04.08. 
Ann& Book oJAST-U SI&&, Vols 04.08 and 08.04. 
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Coemcient of Consolidation, c. 

FIG. 1 Consdidation Test Summary 

4. Summary of Test Method 
4.1 In this test method a soil specimen is restrained 

laterally and loaded axially with total stress increments. Each 
stress increment is maintained until excess pore water 
pressures are completely dissipated. During the consolidation 
process, measurements are made of change in the specimen 
height and these data are used to determine the relationship 
between the effective stress and void ratio or strain, and the 
rate at which consolidation can occur by evaluating the 
coefficient of consolidation. 

5. Significance and Use 
5.1 The data from the consolidation test are used to 

estimate the magnitude and rate of both differential and total 
settlement of a structure or earthfill. Estimates of this type 
are of key importance in the design of engineered structures 
and the evaluation of their performance. 

5.2 The test results can be greatly affected by sample 
disturbance. Careful selection and preparation of test speci- 
mens is required to minimize disturbance. 

5.3 Consolidation test results are dependent upon the 
magnitude of the load increments. Traditionally, the load is 
doubled for each increment resulting in a load-increment 
ratio of 1. For undisturbed samples, this load procedure has 
provided data from which estimates of the preconsolidation 
pressure also referred to as the maximum past pressure, using 
established evaluation techniques, compare directly with 
field measurement. Other load schedules may be used to 
model particular field conditions or meet special require- 
ments. For example, it may be desirable to inundate and 
load the specimen in accordance with the wetting or loading 
Panern expected in the field in order to best simulate the 
response. Smaller than standard load increment ratios may 
be desirable for soils that are highly sensitive or whose 
response is highly dependent on strain rate. The test method 
specifid to estimate the preconsolidation pressure provides a 
simple technique to venfy that one set of time readings are 
taken after the preconsolidation pressure. Several other 

evaluation techniques exist and may yield different estimates 
of the preconsolidation pressure. Therefore, the requesting 
agency may specify an alternate technique to estimate the 
preconsolidation pressure. 

5.4 Consolidation test 'results are dependent upon the 
duration of each load increment. Traditionally, the load 
duration is the same for each increment and equal to 24 h. 
For some soils, the rate of consolidation is such that 
complete consolidation (dissipation of excess pore pressure) 
will require more than 24 h. The apparatus in general use 
does not have provisions for formal verification of pore 
pressure dissipation. It is neceSSary to use an interpretation 
technique which indirectly determines that consolidation is 
complete. This test method specifies two techniques, how- 
ever the requesting agency may specify an alternative tech- 
nique and stil l  be in conformance with this test method. 

5.5 The apparatus in general use for this test method does 
not have provisions for verification of saturation. Most 
undisturbed samples taken from below the water table will be 
saturated. However, the time rate of deformation is very 
sensitive to degree of saturation and caution must be 
exercised regarding estimates for duration of settlements 
when partially saturated conditions prevail. The extent to 
which partial saturation influences the test results may be a 
part of the test evaluation and may include application of 
theoretical models other than conventional consolidation 
theory. Alternatively, the test may be performed using an 
apparatus equipped to saturate the specimen. 

5.6 This test method uses conventional consolidation 
theory based on T e m W s  consolidation equation to com- 
pute the coefficient of consolidation, c, The analysis is based 
upon the following assumptions: 

5.6.1 The soil is saturated and has homogeneous proper- 
ties; 

5.6.2 The flow of pore water is in the vertical direction; 
5.6.3 The compressibility of soil particles and pore water 

is negligible compared to the compressibility of the sod 
skeleton; 
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5.6.4 The stress-strain relationship is linear over the load paper, if used, must be at least one order-of-magnitude-h 
than that of the specimen. -increment; 

5.6.5 The ratio of soil permeability to soil compressibility 

5.6.6 Darcy's law for flow through porous media applies. 
is constant over the load increment; and 

6. Apparatus 
6.1 Load Device-A suitable device for applying vertical 

loads or total stresses) to the specimen. The device should be 
capable of maintaining specified loads for long periods of 
time with an accuracy of .C 0.5 '3% of the applied load and 
should permit quick application of a given load increment 
without significant impact. 

NOTE 3 - h d  application generally should be completed in a time 
corresponding to 0.01 f , o o  or less. For soils where primary consolidation 
is completed in 3 min, load application should be less than 2 s. 

6.2 Consolidometer-A device to hold the specimen in a 
ring that is either fixed to the base or floating (supported by 
friction on periphery of specimen) with porous disks on each 
face of the specimen. The inside diameter of the ring shall be 
determined to a tolerance of 0.075 mm (0.003 in.). The 
consolidometer shall also provide a means of submerging the 
specimen, for transmitting the concentric vertical load to the 
porous disks, and for measuring the change in height of 
specimen. 

6.2.1 Minimum Specimen Diameter-The minimum 
specimen diameter shall be 50 mm (2.00 in.). 

6.2.2 Minimum Specimen Height-The minimum initial 
specimen h e a t  shall be 12 mm (0.5 in.), but shall be not less 
than ten times the maximum particle diameter. 
NOTE &If large particles are found in the specimen after testing, 

include in the report this visual observation or the results of a particle 
size analysis in accordance with Method D422 (except the minimum 
sample size requirement shall be waived). 

6.2.3 Minimum Specimen Diameter-@Height Ratio- 
The minimum specimen diameter-to-height ratio shall be 
2.5. 

NOTE 5-The use of greater diarneter-to-height ratios is recom- 
mended. To minimize the effects of friction between the sides of the 
specimen and ring, a diameter-to-height ratio greater than four is 

6.2.4 Specimen Ring RigiditpThe rigidity of the ring 
shall be such that, under hydrostatic stress conditions in the 
specimen, the change in diameter of the ring wiU not exceed 
0.03 % of the diameter under the greatest load applied. 

6.2.5 Specimen Ring Material-The M g  shall be made of 
a m a t e d  that is noncorrosive in relation to the soil tested. 
The inner surface shall be highly polished or shall be coated 
with a low-friction material. Silicone grease or molybdenum 
disulfide is recommended; polytetrafluoroethylene is recom- 
mended for nonsandy soils. 

6.3 Porous Disks-The porous disks shall be of silicon 
carbide, aluminum oxide, or similar noncorrosive material. 
The grade of the disks shall be fine enough to prevent 
intrusion of soil into the pores. If necessary, a filter paper (see 
Note 6) may be used to prevent intrusion of the soil into the 
disks, however, the permeability of the disks, and 6lter 

. preferable. 

NOTE 6-Whatman No. 54 filler paper has been found to 
requirements for permeability and durability. 

6.3.1 Diameter-The diameter of the top disk shall b 
to 0.5 mm (0.01 to 0.02 in.) less than the inside dime1 
the ring. If a floating ring is used, the bottom disk shall 
the same diameter as the top disk. 

NOTE 7-The use of tapered disks is recommended, with the 
diameter in contact with the soil. 

6.3.2 Thickness-Thickness of the disks shall be sufl i  
to prevent breaking. The top disk shall be loaded throt 
corrosion-resistant plate of sufficient rigidity to prt 
breakage of the disk. 

6.3.3 Maintenance-The disks shall be clean and 
from cracks, chips, and nonuniformities. New porous 
should be boiled for at least 10 minutes and left in the I 
to cool to ambient temperature before use. Immediately 
each use, clean the porous disks with a nonabrasive t 
and boil to remove clay particles that may reduce 
permeability. It is recommended that porous disks be sl 
in a jar with deaired water between tests. 

6.4 Specimen Trimming Device-A trimming turn 
or a cylindrical cutting ring may be used for trimmini 
sample down to the inside diameter of the consolidon 
ring with a minimum of disturbance. A cutter havin! 
same inside diameter as the specimen ring shall attach ' 
be integral with the specimen ring. The cutter shall ha 
sharp edge, a highly polished surface and be coated w 
low-friction material. Alternatively, a turntable or trim] 
lathe may be used. The cutting tool must be properly ali 
to form a specimen of the same diameter as that of the 

6.5 Deformation Indicator-To measure change in ! 
imen height, with a readability of 0.0025 mm (O.OOO1 i 

6.6 Miscellaneous Equipment-Including timing dc 
with 1 s readability, distilled or demineralized water, I 

ulas, knives, and wire saws, used in preparing the specii 
6.7 Balances, in accordance with Method D 2216. 
6.8 Drying Oven, in accordance with Method D 22 1 
6.9 Water Content Containers, in accordance 

Method D 2216. 
6.10 Environment-Tests shall be performed in an f 

ronment where temperature fluctuations are less than f 
(k 7°F) and there is no direct exposure to sunlight. 

7. Calibration 
7.1 The measured vertical deformations must be 

rected for apparatus flexibility whenever the calibra 
correction determined in 7.4 exceeds 5 % of the meas 
deformation and in all tests where filter paper disks are L 

7.2 Assemble the consolidometer with a copper or 1 
steel disk of approximately the same height as the 
specimen and 1 mm (0.04 in.) smaller in diameter than 
ring, in place of the sample. Moisten the porous -disk 
filter papers are to be used (see 6.3), they should 
moistened and sufficient time (a minimum of 2 n 
allowed for the moisture to be squeezed from them du 
each increment of the calibration process. 
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7.3 Load and unload the consolidometer as in the test and 
measure the deformation for each load applied. When filter 
papers are used it is imperative that calibration be performed 
following the exact loading and unloading schedule to be 
used. This is due to the inelastic deformation characteristics 
of filter paper. Recalibration for tests without filter paper 
need be done only on an annual basis, or after replacement 
and reassembly of apparatus components. 

7.4 At each load applied, plot or tabulate the corrections 
to be applied to the measured deformation of the test 
specimen. Note that the metal disk will deform also; how- 
ever, the correction due to this deformation will be negligible 
for all but extremely stiff soils. If necessary, the compression 
of the metal disk can be computed and applied to the 
corrections. 

8. Sampling 
8.1 Pradces D 1587 and D 3550 cover procedures and 

apparatus that may be used to obtain undisturbed samples 
generally satisfactory for testing. Specimens may also be 
trimmed from large undisturbed block samples fabricated 
and sealed in the field. Finally, remolded specimens may be 
prepared from bulk samples to density and moisture condi- 
tions stipulated by the agency requesting the test. 

8.2 Undisturbed samples destined for testing in accord- 
ance with this test method shall be preserved, handled, and 
transported in accordance with the practices for Group C 
and D samples in Practices D4220. Bulk samples for 
remolded specimens should be handled and transported in 
accordance with the practice for Group B samples. 

8.3 Storage-Storage of sealed samples should be such 
that no moisture is lost during storage, that is, no evidence of 
partial drying of the ends of the samples or shrinkage. Time 
of storage should be minimized, particularly when the soil or 
soil moisture is expected to react with the sample tubes. 

8.4 The quality of consolidation test results diminishes 
greatly with sample disturbance. It should be recognized that 
no sampling procedure can ensure completely undisturbed 
samples. Therefore, careful examination of the sample is 
essential in selection of specimens for testing. 

NOTE &Examination for sample disturbance, stones, or other 
inclusions, and selection of specimen location is greatly facilitated by 
x-ray radiography of the samples (see Methods D 4452). 

9. Specimen Preparation 
9.1 All possible precautions should be taken to minimize 

disturbance of the soil or changes in moisture and density 
during specimen preparation. Avoid vibration, distortion, 
and compression. 

9.2 Prepare test specimens in an environment where soil 
moisture change during preparation is minimized. 
Nom 9-A high humidity environment is usually used for this 

purpose. 
9.3 Trim the specimen and insert it into the consolidation 

ring. When specimens come from undisturbed soil collected 
using sample tubes, the inside diameter of the tube shall be at 
least 5 (0.25 in.) greater than the inside diameter of the 
con~fidation ring,, except as noted in 9.4 and 9.5. It is 

recommended that either a trimming turntable or cylindrical 
cutting ring be used to cut the soil to the proper diameter. 
When using a trimming turntable, make a complete perim- 
eter cut, reducing the specimen diameter to the inside 
diameter of the consolidation ring Carefully insert the 
specimen into the consolidation ring, by the width of the cut, 
with a minimum of force. Repeat until the specimen 
protrudes from the bottom of the ring. When using a 
cylindrical cutting ring, trim the soil to a gentle taper in front 
of the cutting edge. After the taper is formed, advance the 
cutter a small distance to form the final diameter. Repeat the 
process until the specimen protrudes from the ring. 

9.4 Fibrous soils, such as peat, and those soils that are 
easily damaged by trimming, may be transferred directly 
from the sampling tube to the ring, provided that the ring has 
the same diameter as the sample tube. 

9.5 Specimens obtained using a ring-lined sampler may be 
used without prior trimming, provided they comply with the 
requirements of Practice D 3550 and this test method. 

9.6 Trim the specimen flush with the plane ends of the 
ring. The specimen may be r e c d  slightly below the top of 
the ring, to facilitate centering of the top stone, by partial 
extrusion and trimming of the bottom surface. For soft to 
medium soils, a wire saw should be used for trimming the 
top and bottom of the specimen to minimize smearing A 
straightedge with a sharp cutting edge may be used for the 
final trim after the excess soil has first been removed with a 
wire saw. For stiff soils, a sharpened straightedge alone may 
be used for trimming the top and bottom. If a small particle 
is encountered in any surface being trimmed, it should be 
removed and the resulting void filled with soil from the 
trimmings. 

NOTE 1 &If, at any stage of the test, the specimen swells beyond its 
initial height, the requirement of lateral restraint of the soil dictates the 
use of a recessed specimen or the use of a specimen ring equipped with 
an extension collar of the same inner diameter as the specimen ring. At 
no time should the specimen extend beyond the specimen ring or 
extension collar. 

9.7 Determine the initial wet mass of the specimen, MTo, 
in the consolidation ring by measuring the mass of the ring 
with specimen and subtracting the tare mass of the ring. 

9.8 Determine the initial height, H ,  of the specimen to 
the nearest 0.025 mm (0.001 in.) by taking the average of at 
least four evenly spaced measurements over the top and 
bottom surfaces of the specimen using a dial comparator or 
other suitable measuring device. 

9.9 Compute the initial volume, V, of the specimen to 
the nearest 0.25 cm3 (0.015 in.3) from the diameter of the 
ring and the initial specimen height. 

9.10 Obtain two or three natural water content determi- 
nations of the soil in accordance with Method D 2216 from 
material trimmed adjacent to the test specimen if sufiicient 
material is available. 

9.11 When index properties are specified by the re- 
questing agency, store the remaining trimmings taken from 
around the specimen and determined to be similar material 
in a sealed container for determination as described in 
Section 10. 
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10. Soil Index Property Determinations 
10.1 The determination of index properties is an impor- 

tant adjunct to but not a requirement of the consolidation 
test. These determinations when specified by the requesting 
agency should be made on the most representative material 
possible. When testing uniform materials, all index tests may 
be performed on adjacent trimmings collected in 9.1 1. When 
samples are heterogeneous or trimmings are in short supply, 
index tests should be performed on material from the test 
specimen as obtained in 11.6, plus representative trimmings 
collected in 9.1 1. 

10.2 Specific Gravity-The specific gravity shall be deter- 
mined in accordance with Test Method D 854 on material 
from the sample as specified in 10.1. The specific gravity 
From another sample judged to be similar to that of the test 
specimen may be used for calculation in 12.2.5 whenever an 
accurate void ratio is not needed. 

10.3 Atterberg Limits--The liquid limit, plastic limit and 
plasticity index shall be determined in accordance with Test 
Method D 43 18 using material from the sample as specified 
in 10.1. Determination of the Atterberg limits are necessary 
for proper material classification but are not a requirement 
of this test method. 

10.4 Particle Size Distribution-The particle sue distribu- 
tion shall be determined in accordance with Method D 422 
(except the minimum sample size requirement shall be 
waived) on a portion of the test specimen as obtained in 
11.6. A particle size analysis may be helpful when visual 
inspection indicates that the specimen contains a substantial 
fraction of coarse grained material but is not a requirement 
of this test method. 

11. Procedure 
1 1.1 Preparation of the porous disks and other apparatus 

will depend on the specimen being tested. The 
consolidometer must be assembled in such a manner as to 
prevent a change in water content of the specimen. Dry 
porous disks and filters must be used with dry, highly 
expansive soils and may be used for all other soils. Damp 
disks may be used for partially saturated soils. Saturated 
disks may be used when the specimen is saturated and 
known to have a low affnity for water. Assemble the ring 
with specimen, porous disks, filter disks (when needed) and 
consolidometer. If the specimen will not be inundated 
shortly after application of the seating load (see 1 1.2), enclose 
the consolidometer in a loose fitting plastic or rubber 
membrane to prevent change in specimen volume due to 
evaporation. 

NOTE 1 I-In order to meet the stated o b j d v e s  of this test method, 
the specimen must not be allowed to swell in excess of its initial height 
pnor to being loaded beyond its preconsolidation pressure. Detailed 
procedures for the determination of one-dimensiond wen or =dement 
potential of cohesive soils is covered by Test Method D 4546. 

11.2 Place the consolidometer in the loading device and 
apply a seating pressure of 5 kPa (100 Ibf/ft2). Immediately 
after application of the seating load, adjust the deformation 

indicator and record the initial zero reading, d, If necessary, 
add additional load to keep the specimen from swelling. 
Conversely, if it is anticipated that a load of 5 kPa (100 
lbf/ft2) will cause significant consolidation of the specimen, 
reduce the seating pressure to 2 or 3 kPa (about 50 lbf/ft2) or 
less. 

11.3 If the test is performed on an intact specimen that 
was either saturated under field conditions or obtained below 
the water table, inundate shortly after application of the 
seating load. As inundation and specimen wetting occur, 
increase the load as required to prevent swelling. Record the 
load required to prevent swelling and the resulting deforma- 
tion reading. If specimen inundation is to be delayed to 
simulate specific conditions, then inundation must occur at a 
pressure that is sufficiently large to prevent swell. In such 
cases, apply the required load and inundate the specimen 
Take time deformation readings during the inundation 
period as specified in 11.5. In such cases, note in the tesl 
report the pressure at inundation and the resulting change: 
in height. 

11.4 The specimen is to be subjected to increments o 
constant total stress. The duration of each increment shal 
conform to guidelines specified in 1 1.5. The specific loadin: 
schedule will depend on the purpose of the test, but shoulc 
conform to the following guidelines. if the slope and shape c 
a virgin compression curve or determination of th 
preconsolidation pressure is required, the final pressure sha 
be equal to or greater than four times the preconsolidatio 
pressure. In the case of overconsolidated clays, a bettc 
evaluation of recompression parameters may be obtained b 
imposing an unload-reload cycle after the preconsolidatio 
pressure has been defined. Details regarding location an 
extent of an unload-reload cycle is the option of the agenc 
requesting the test (see 1.3), however, unloading shall alwa: 
span at least two decrements of pressure. 

11.4.1 The standard loading schedule shall consist of 
load increment ratio (LIR) of one which is obtained 1 
doubling the pressure on the soil to obtain values 
approximately 12,25,50, 100,200, etc. kPa (250,500, 100 
2000, 4OO0, etc. lbf/ft2). 

1 1.4.2 The standard rebound or unloading schedt 
should be selected by halving the pressure on the soil (that 
use the same increments of 1 1.4.1, but in reverse orde 
However, if desued, each successive load can be ox 
one-fourth as large as the preceding load, that is, skip 
decrement. 

11.4.3 An alternative loading, unloading, or reloadi 
schedule may be employed that reproduces the construd 
stress changes or obtains better definition of some part of 1 
stress deformation (compression) w e ,  or aids in int 
preting the field behavior of the soil. 
NOTE 12-Small increments may be desirable on highly compr 

ible specimens or when it is desirable to determine the prmnsolidal 
pressure with more precision. It should be cautioned, however, that 1 
increment ratios less than 0.7 and load increments very close to 
preconsolidation pressure may preclude evaluation for the coefficier 
consolidation, c, and the end-of-primary consolidation as dixusse 
Section 12. 
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Primary consolidation (for example, low LIR or rapid 
consolidation), the load increment duration shall be constant 
and exceed the time required for primary consolidation of an 
increment applied after the preconsolidation pressure and 
along the virgin compression curve. W e r e  secondary a m -  

i p m i o n  must be evaluated, apply pressures for longer 
Periods- The repoR shall contain the load increment dura- 
tion for each increment. 

NOTE 13-The suggested time intervals for recording heiL.1 or 
change in height are for typical soils and load increments. It is often 
desirable to change the reading frequency to improve interpretation of 
the data. More rapid consolidation will require more fkquent readings 
For most soils, primary consolidation during the first load decrements 
will be complete in less time (typically one-tenth) than would be 
required for a load increment along the virgin compression curve, 
however, at very low stresses the rebound time can be longer. 

11.6 To minimize swell during disassembly, rebound the 
specimen back to the seating load (5  e a ) .  Once height 
changes have ceased (usually overnight), dismantle quickly 
after releasing the final small load on the specimen. Remove 
the specimen and the ring from the consolidometer and wipe 
any free water from the ring and specimen. Determine the 
mass of the specimen in the ring and subtract the tare mass 
of the ring to obtain the final wet specimen mass, MT, . The 
most accurate determination of the specimen dry mass and 
water content is found by drying the entire specimen at the 
end of the test. If the soil sample is homogeneous and 
sufficient trimmings are available for the specified index 
testing (see 9.1 l), then determine the final water content, wf ,  
in accordance with Method D 22 16 and dry mass of solids, 
Md , using the entire specimen. If the soil is heterogeneous or 
more material is required for the specified index testing, then 
determine the final water content, w/, , in accordance with 
Method D 2216 using a small wedge shaped section of the 
specimen. The remaining undried material should be used 
for the specified index testing. 

12. Calculation 
12.1 Calculations as shown are based on the use of SI 

units. Other units are permissible, provided the appropriate 
conversion factors are used to maintain consistency of units 
throughout the calculations. See 1.4.1 for additional com- 
ments on the use of inch-pound units. 

12.2 Specimen Propenies: 
12.2.1 Obtain the dry mass of the total specimen, h f d ,  by 

direct measurement or for the case where part of the 
specimen is used for index testing, calculate the dry mass as 
follows: 

MT, 
+ w/, 

Md = 

where: 
Mq = moist mass of total specimen after test, g or Mg, and 
w4 = water content (decimal form) wedge of specimen 

12.2.2 Calculate the initial and h a l  water content, in 
percent, as follows: 

taken after test. 

initial water content wo - - MTo - Md 100 
Md 

final water content: wf=  MT,- Md 

Md 

where: 
Md = dry mass of specimen, g or Mg, and 
MT, = moist m a s  of specimen before test, g or Mg. 

follows: 
12.2.3 Calculate the initial dry density of ,the specimen as 

M 
P d = 4  

"0 
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FIG 2 Time-Defonnation Curve From Log of lime Method 

where: 
Pd = dry density of specimen, g/m3 or Mum3, and 
V, = initial volume of specimen, cm3 or m3. 

follows: 
12.2.4 Calculate the dry unit weight of the specimen as 

Yd = 9.8 X p d  in k N / d  

y d  = 62.43 x p& in ibf/ft3 

12.2.5 Compute the volume of solids as follows: 
M 
GPV 

v, = A 

where: 
G = specific gravity of the solids, and 
pw = density of water, 1.0 g/m3 or Mum3 

12.2.6 Since the cross-sectional area of the specimen is 
constant throughout the test, it is convenient for subsequent 
calculations to introduce the term "equivalent height of 
solids," defined as follows 

V 
H, = A A 

where: 
A = specimen area, cm2 or m2. 

12.2.7 Calculate void ratio before-and after test as follows: 

3 19 

H,- HL 
void ratio afier test: ef = 

HS 

where: 
H, = initial specimen height, cm or m, and 
Hf = final specimen height, cm or m. 

before and after test as follows: 
12.2.8 Calculate the degree of saturation, in p e a  

12.3 Time-Defonnation Properties-From those inc 
ments of load where timedeformation readings are obtain 
two alternative procedures (see 12.3.1 or 12.3.2) are proVic 
to present the data, determine the end-of-primary consolii 
tion and compute the rate of consolidation. Alternativc 
the requesting agency may specify a method of its choice 2 
still be in conformance with this test method. The defon 
tion readings may be presented as measured deformati 
deformation corrected for apparatus compressibility or o 
verted to strain (see 12.4). 

12.3.1 Refemng to Fig. 2, plot the deformation readil 
d, versus the log of time (normally in minutes) for e 
increment of load. 

12.3.1.1 First draw a straight line through the po 
representing the final readings which exhibit a straight 1 
trend and constant slope (0.4 Draw a second straight 
tangent to the steepest part of the deformation-log time CL 
@). The intersection represents the deformation, d,, 
time, tlm corresponding to 100% primary consolidal 
(E). Compression in excess of the above estimated 101 
primary consolidation is defined as secondary compressi 

12.3.1.2 Find the deformation representing 0 % prin 
consolidation by selecting any two points that have a t 
ratio of 1 to 4. The deformation at the larger of the two ti 
should be greater than I/., but less than V2 of the t 
deformation for the load increment. The deformation cc 
sponding to 0 %  primary consolidation is equal to 
deformation at the smaller time, less the differena 
deformation for the two selected times. 

12.3.1.3 The deformation, d,, corresponding to 5 
primary consolidation is equal to the average of the defox 
tions corresponding to the 0 and 100 % deformations. 
time, t,, required for 50% consolidation may be fc 
graphically from the deformation-log time curve by 
serving the time that corresponds to 50 % of the pnx 
consolidation on the Curve. 

12.3.2 Refemng to Fig. 3, plot the deformation read 
d, versus the square root of time (normally in minutes 
each increment of load. 
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12.3.2.1 First draw a straight line through the points 
representing the initial readings that exhibit a straight line 
trend. Extrapolate the line back to t = 0 and obtain the 
deformation ordinate representing 0 5% primary consolida- 
tion. 

12.3.2.2 Draw a second straight line through the 0 %  
ordinate so that the abscissa of this line is 1.15 times the 
abscissa of the first straight line through the data. The 
intersection of this second line with the deformation-square 
root of time curve is the deformation, d9& and time, t ,  
corresponding to 90 % primary consolidation. 

12.3.2.3 The deformation at 100 % consolidation is 119 

more than the difference in deformation between 0 and 90 5% 
consolidation. The time of primary consolidation, t,m may 
be taken at the intersection of the deformation-square root of 
time curve and this deformation ordinate. The deformation, 
d5, corresponding to 50% consolidation is equal to the 
deformation at 51’9 of the difference between 0 and 90% 
consolidation. 

12.3.3 Compute the coefficient of consolidation for each 
increment of load using the following equation and values 
appropriate to the chosen method of interpretation: 

I 
! ! 

T H 2 D m  c, = - 
t 

where: 
T = a dimensionless time factor: 

for method 12.3.1 use 50 % consolidation with T 

for method 12.3.2 use 90 5% consolidation with T 
= TSo = 0.197, 

= TW = 0.848, 

320 

t =time corresponding to the particular degree of 
consolidation, s or min; 

for method 12.3.1 use t = tSO, 
for method 12.3.2 use t = tW, and 

HDjO = length of the drainage path at 50 % consolidation, 
cm or m 
for double-sided drainage HD,, is half the specimen 
height at the appropriate increment and for one- 
sided drainage HDS0 is the full specimen height. 

12.4 Load-Deformation Properties: 
12.4.1 Tabulate the deformation or change in deforma- 

tion, df ,  readings corresponding to the end of each incre- 
ment and, if using Test Method B, corresponding to the 
end-of-primary consolidation, d,m 

12.4.2 Calculate the change in height, AH = d - d, 
relative to the initial specimen height for each reading If 
necessary, correct the deformation for the apparatus flexi- 
bility by subtracting the calibration value obtained in Section 
9 from each reading. 

12.4.3 Represent the deformation results in one of the 
following formats. 

12.4.3.1 Calculate the void ratio as follows: 
AH e = e , - -  
H* 

12.4.3.2 Alternatively, calculate the vertical strain, in 
percent, as follows: 

c = %  100 
HO 

12.4.4 Calculate the vertical stress as follows: 
P 

u, = - A 
where: 
P = applied load in N 
u, = vertical stress in kPa. 

12.4.5 Refemng to Fig. 4, plot the deformation results 
(void ratio or strain) corresponding to the end of each 
increment and, if using Test Method B, corresponding to the 
end-of-primary consolidation versus the logarithm of the 
pressure. 
NOTE 14-In some cases, it may be preferable to present the 

loaddeformation curve in arithmetic scale. 

12.4.6 Refemng to Fig. 4, determine the value of the 
preconsolidation pressure using the following procedure. 

NOTE 15-Any other recognized method of estimating 
preconsolidation pressure (see references) may also be used, provided 
the method is identified in the report. 

12.4.6.1 Estimate the point of maximum curvature on the 
consolidation curve (B). 

12.4.6.2 Draw the tangent to the consolidation curve at 
this point (C), and a horizontal line through the point @), 
both extended towards increasing values on the abscissa. 

12.4.6.3 Draw the line bisecting the angle between these 
lines (E). 

12.4.6.4 Extend the tangent to the steep, linear portion of 
the consolidation curve (virgin compression branch) (F) 
upwards to intersection with the bisector line (E). The 
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FIG. 4 Evaluation for Pteconsolidation Pressure From 
Casagrande Method 

pressure (G) (abscissa) corresponding to th is  point of inter- 
section is the estimated preconsolidation pressure. 

12.4.7 Complete evaluation often includes consideration 
of information not generally available to the laboratory 
performing the test. For this reason further evaluation of the 
test is not mandatory. Many recognized methods of evalua- 
tion are described in the literature. Some of these are 
discussed in the Refs. (1) through (8). 

13. Report 
13.1 In addition to project name and location, boring 

number, sample number, and depth, report the following 
information. 

13.1.1 Description and classification of the soil in accord- 
ance with Practice D 2488 or Test Method D 2487 when 
Atterberg limit data are available. Specific gravity of solids, 
Atterberg limits and grain size distribution shall also be 
reported when available plus the source of such information 
if other than measurements obtained on test specimen. Also 
note Occurrence and approximate size of isolated large 
particles. 

13.1.2 Soil Condition: 
13.1.2.1 Average water content of trimmings, 
13.1.2.2 Initial and final water content of specimen, 
13.1.2.3 Initial and final dry unit weight of specimen, 
13.1.2.4 Initid and final void ratio of specimen, 
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FIG. 5 Example of Consolidation Test Summary Plots 

13.1.2.5 Initial and final degree of saturation of specime 

13.1.2.6 Preconsolidation pressure. 
1 3.1.3 Test Procedure: 
13.1.3.1 Preparation procedure used relative to trimmix 

state whether the specimen was trimmed using a trimmi 
turntable, trimmed using a cutting shoe, or tested directly 
a ring from a ring lined sampler. 

13.1.3.2 Condition of test (natural moisture or inundate 
pressure at inundation). 

13.1.3.3 Method of testing (A or B). 
13.1.3.4 Test Method used to compute coefficient 

consolidation. 
13.1.3.5 Listing of loading increments and decremen 

and load increment duration, if differing from 24 h; end 
increment deformation results and, for Test Method 
end-of-primary deformation results and coefficient of cow 
idation (see Fig. 1). 

13.1.3.6 All departures from the procedure outlined, i 
cluding special loading sequences. 

13.1.4 Graphical Presentations: 
13.1.4.1 Graph of deformation versus log time (see Fig. 

or square root of time (see Fig. 3) for those load incremer 
where time rate readings were taken. 

13.1.4.2 Graph of void ratio versus log of pressure cur 
or percent compression versus log of pressure curve (see F 
4). 

13.1.4.3 In cases where time rate of deformation readin 
have been taken for several load increments, prepare a gral 
of the log of coefficient of consolidation versus average vo 
ratio or average percent compression for the respective l a  
increments (see Fig. 5). Alternatively, a graph of coeEcie 
of consolidation or log of coefficient of consolidation vers 
log of average pressine may be used. If time rate readin 
were obtained for only two load increments, simply tabula 
the values of c, versus the average pressure for the incremex 

NOTE I b T h e  average pressure between two load increments 
chosen because it is a convenient coordinate for plotting the resu 
Unless the rate of pore pressure dissipation is measured, it is not possil 
to determine the actual effective pressure at the time of 50 5% consolic 
tion. Furthermore, some ambiguity m a y  arise in cases where the test b 
been carried through one or more intermediate load-rebound cycles. 

and 
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14. Precision and Bias 
14.1 Statement offiecision-he to the nature of the soil 

materials tested by this test method it is either not feasible or 
too costly at this time to produce multiple specimens which 
have uniform physical properties. Any variation observed in 
the data is just as likely to be due to specimen variation as to 
operator or laboratory testing variation. Subcommittee 
D18.05 welcomes proposals that would allow for develop 
ment of a valid precision statement. 

14.2 Siatement of Bias-There is no acceptable reference 
value for this test method, therefore, bias cannot be deter- 
mined. 

15. Keywords 
15.1 Compressibility; compression curves; consolidation; 

consolidation coefficient; consolidation test; consolidometer; 
preconsolidation pressure; primary consolidation; rebound; 
secondary compression; settlement; swelling. 
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Standard 
Classification of Soils for Engineering Purposes 
(Unified Soil Classification System)’ 

This standard is issued under the fixed designation D 2487: the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

This standard has been approved for w e  by agencies of ihe Deparimeni of Defense. Consuli ihe DOD Index of Specijicaiions and 
Siandards for ihe speci/c year of issue which has been adopted by rhe Depanmeni of Defense. 

1. Scope 
1.1 This standard describes a system for classifying min- 

eral and organo-mineral soils for engineering purposes based 
on laboratory determination of particle-size characteristics, 
liquid limit, and plasticity index and shall be used when 
precise classification is required. 

NOTE 1-Use of this standard will result in a single classification 
group symbol and group name except when a soil contains 5 to 12 % 
fines or when the plot of the liquid limit and plasticity index values falls 
into the crosshatched area of the plasticity chart. In these two cases, a 
dual symbol is used, for example, GP-GM, CL-ML. When the labora- 
tory test results indicate that the soil is close to another soil classification 
group, the borderline condition can be indicated with two symbols 
separated by a slash. The first symbol should be the one based on this 
standard, for example, CL/CH, GM/SM, SC/CL. Borderline symbols 
are particularly useful when the liquid limit value of clayey soils is close 
to 50. These soils can have expansive characteristics and the use of a 
borderline symbol (CL/CH, CH/CL) will alert the user of the assigned 
classifications of expansive potential. 

1.2 The group symbol portion of this sytem is based on 
laboratory tests performed on the portion of a soil sample 
passing the 3-in. (75-mm) sieve (see Specification E 11). 

1.3 As a classification system, this standard is limited to 
naturally occumng soils. 

NOTE 2-The group names and symbols u+ m this test method 
may be used as a descriptive system applied to such materials as shale, 
claystone, shells, crushed rock, etc. See Appendix X2. 

? 

1.4 This standard is for qualitative application only. 
NOTE 3-When quantitative information is required for detailed 

designs of important structures, this test method must be supplemented 
by laboratory tests or other quantitative data to determine performance 
characteristics under expected field conditions. 

1.5 This standard is the ASTM version of the Unified Soil 
Classification System. The basis for the classification scheme 
is the Airfield Classification System developed by A. 
Casagrande in the early 1 9 4 0 ’ ~ ~  It became known as the 
Unified Soil Classification System when several U.S. Gov- 
ernment Agencies adopted a modified version of the Airfield 
System in 1952. 

1.6 This standard does not purport to address all of the 

1 This standard is under the jurisdiction of ASTM Committee D18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.07 on Identification 
and Classification of Soii  

Current edition approved May 15, 1992. Published July 1992. Originally 
published as D 2487 - 66 T. Lan previous edition D 2487 - 90”. 

*Casagmnde, A., ‘Classification and Identification of Sods,” Transactions, 
ASCE, 1948, p. 901. 

safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitarions prior to use. 

2. Referenced Documents 
2.1 ASTM Siandards: 
C 117 Test Method for Materials Finer Than 75-pm (No. 

200) Sieve in Mineral Aggregates by Washing3 
C 136 Method for Sieve Analysis of Fine and Coarse 

Aggregates3 
C 702 Practice for Reducing Field Samples of Aggregate 

to Testing Size3 
D420 Guide for Investigating and Sampling Soil and 

Rock4 
D421 Practice for Dry Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil Con- 
s t a n t ~ ~  

D 422 Teq Method for Particle-Size Analysis of Soils4 
D653 Terminology Relating to Soil, Rock, and Con- 

tained Fluids* 
D 1 140 Test Method for Amount of Material in Soils 

Finer than the No. 200 (75-pm) Sieve4 
D2216 Test Method for Laboratory Determination of 

Water (Moisture) Content of Soil and Rock4 
D 22 17 Practice for Wet Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil Con- 
stants* 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Proced~re)~ 

D4083 Practice for Description of Frozen Soils (Visual- 
Manual Proced~re)~ 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils4 

D 4427 Classification of Peat Samples by Laboratory Test- 
ing* 

E 11 Specification for Wire-Cloth Sieves for Testing Pur- 
poses3 

3. Terminology 

in accordance with Terminology D 653. 
3.1 Definitions--Except as listed below, all definitions are 

3 Annual Book of ASTM .%zndnrak, Vol04.02. 
Annual Book ofASTM Slandardc, Vol04.08. 
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NOTE 4-For particles retained on a 3-in. (75-mm) U.S. standard 
sieve, the following definitions are suggested: 

Cobbles-particles of rock that will pass a 12-in. (300-mm) square 
opening and be retained on a 3-in. (75-mm) U.S. standard sieve, and 

Boulders--particles of rock that will not pass a 12in. (300-mm) 
square opening 

3.1.1 gravel-particles of rock that will pass a 3-in. 
(75-mm) sieve and be retained on a No. 4 (4.75-mm) U.S. 
standard sieve with the following subdivisions: 

Coarse-passes 3-in. (75-mm) sieve and retained on 3/4-in. 
(1 9-mm) sieve, and 

Fine-passes 3/4-in. (19-mm) sieve and retained on No. 4 
(4.75-mm) sieve. 

3.1.2 sand-particles of rock that will pass a No. 4 
(4.75-mm) sieve and be retained on a No. 200 (75-pm) US. 
standard sieve with the following subdivisions: 

Coarse-passes No. 4 (4.75-mm) sieve and retained on 
No. 10 (2.00-mm) sieve, 

Medium-passes No. 10 (2.00-mm) sieve and retained on 
No. 40 (425-pm) sieve, and 

Fine-passes No. 40 (425-pm) sieve and retained on No. 
200 (75-pm) sieve. 

3.1.3 clay-soil passing a No. 200 (75-pm) U.S. standard 
sieve that can be made to exhibit plasticity (putty-like prop 
erties) within a range of water contents and that exhibits 
considerable strength when air dry. For classification, a clay 
is a fine-grained soil, or the fine-grained portion of a soil, 
with a plasticity index equal to or greater than 4, and the plot 
of plasticity index versus liquid limit falls on or above the 
"A" line. 

3.1.4 silt-soil passing a No. 200 (75-pm) U.S. standard 
sieve that is nonplastic or very'slightly plastic and that 
exhibits little or no strength when air dry. For classification, 
a silt is a fine-grained soil, or the fine-grained portion of a 
soil, with a plasticity index less than 4 or if the plot of 
plasticity index versus liquid limit falls below the "A" line. 

3.1.5 organic c l a y a  clay with sufficient organic content 
to influence the soil properties. For classification, an organic 
clay is a soil that would be classified as a clay except that its 
liquid limit value after oven drylng is less than 75 7% of its 
liquid limit value before oven drying. 

3.1.6 organic silt-a silt With sufficient organic content to 
influence the soil properties. For classification, an organic silt 
is a soil that would be classified as a silt except that its liquid 
limit value after oven drying is less than 75 !% of its liquid 
limit value before oven drying. 

3.1.7 peat-a soil composed of vegetable tissue in various 
stages of decomposition usually with an organic odor, a 
dark-brow to black color, a spongy consistency, and a 
texture ranging from fibrous to amorphous. 

3.2 Descriptions of Terms Specific to This Standard: 
3.2.1 coefficient of curvature, Cc-the ratio (D30)~/(Dio X 

DbO), where Dso, D30, and Dlo are the particle diameters 
corresponding to 60, 30, and 10 7% finer on the cumulative 
particle-size distribution curve, respectively. 

3.2.2 coeflcient of uniformity, Cu-the ratio D60/DI0, 
where Dso and DIo hre the particle diameters corresponding 
to 60 and 10 7% finer on the cumulative particle-size distri- 
bution curve, respectively. 

4. summary 
4.1 As illustrated in Table 1, th is  classification system iden- 

tifies three major soil divisions: coarse-grained soils, fine- 
grained soils, and highly organic soils. These three divisions 
are further subdivided into a total of 15 basic soil groups. 

4.2 Based on the results of visual observations and pre- 
scribed laboratory tests, a soil is catalogued according to the 
basic soil groups, assigned a grmp symbol(s) and name, and 
thereby classified. The flow charts, Fig. 1 for fine-grained 
soils, and Fig. 2 for coarse-grained soils, can be used to assign 
the appropriate group symbol(s) and name. 

5. Significance and Use 
5.1 This standard classifies soils from any geographic 

location into categories representing the results of prescribed 
laboratory tests to determine the particle-size characteristics, 
the liquid limit, and the plasticity index. 

5.2 The assigning of a group name and symbol($ along 
with the descriptive information required in Practice D 2488 
can be used to describe a soil to aid in the evaluation of its 
significant properties for engineering use. 

5.3 The various groupings of this classification system 
have been devised to correlate in a general way with the 
engineering behavior of soils. This standard provides a useful 
first step in any field or laboratory investigation for 
geotechnical engineering purposes. 

5.4 This standard may also be used as 'an aid in training 
personnel in the use of Practice D 2488. 

5.5 This standard may be used in combination with 
Practice D 4083 when working with frozen soils. 

6. Apparatus 
6.1 In addition to the apparatus that may be required for 

obtaining and preparing the samples and conducting the 
prescribed laboratory tests, a plasticity chart, similar to Fig. 
3, and a cumulative particle-size distribution curve, similar 
to Fig. 4, are required. 

NOTE 5-The 'U" line shown on Fig. 3 has been empirically 
determined to be the approximate -upper limit" for naNal soils. It is a 
good check against erroneous data, and any test results that plot above 
or to the left of it should be verified. 

7. sampling 
7.1 Samples shall be obtained and identified in accor- 

dance with a method or methods, recommended in Recom- 
mended Guide D 420 or by other accepted procedures. 

7.2 For accurate identification, the minimum amount of 
test sample required for this test method will depend on 
which of the laboratory tests need to be performed. Where 
only the particle-size analysis of the sample is required, 
specimens having the following minimum dry weights are 
required: 

Maximum Particle Si, 

4.75 mm (No. 4) 
9.5 mm (310 in.) 

19.0 mm (314 in.) 
38.1 mm ( l lh  in.) 
75.0 mm (3 in.) 60.0kg(1321b) 

Minimum Specimen Size, 
Sieve Opening Dry Weight 

100 g (0.25 Ib) 
200 g (0.5 lb) 
1.0 kg (2.2 lb) 
8.0 kg (18 lb) 

Whenever possible, the field samples should have weights 
two to four times larger than shown. 
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TABLE-1-Soil-Classification-Chart 
soil Classification 

Group Criteria for Assigning Group Symbds and Group Names Using Laboratory TestsA 
svrnht Group Namee 

COARSEGRAINED SOILS Gravels Clean Gravels Cu 2r 4 and 1 5 Cc c 3€ GW Wellgraded gravelF 
More than 50 % retained on No. More than 50 % of coarse 
200 sieve fraction retained on No. 4 

Less than 5 % finesc cu and,or > cc, 3 E  GP Poorly graded gravelF 

sieve Gravels with Fines Fines classify as ML or MH GM Silty gravelF.G.H. 

More than l2 ' Fines classify as CL or CH GC Clayey gravelF.G.H 

Sands Clean Sands Cus6and11Ccs3E SW Wellgraded sand' 
Less than 5 % f u l e s D  50 % or more of coarse 

fraction passes No. 4 sieve Cu < 6 and/or 1 > Cc > 3 E  SP Poorly graded sand' 

Sands with Fines Fines classify as ML or MH SM Silty sandGJ'J 
More than l2 ' Fines dassifv as CL or CH SC Clavev sandGeHJ 

~ 

FINEGRAINED SOILS Silts and Clays inorganic PI > 7 and plots on or above 'A' IineJ CL Lean 
50 % or more passes the No. 
200 sieve ML SiltKLeM Liquid limit less than 50 

PI c 4 or plots below 'A' lineJ 

Quid limit - not dried 
organic Liquid limit - oven dried o,75 OL Organic dafL.M.N 

Orsanic sitWM.0 
Silts and Clays inorganic PI plots on or above 'A" line CH Fat clayK.w 
Liquid limit 50 or more PI plots below 'A' line MH Elastic si1t'"L.M 

organic Liquid limit - oven dried OH Organic dafLMVP 
Orqanic siW.L.M.O 

c 0.75 Liquid limit - not dried 

Primarily organic matter, dark in color. and organic odor PT Peat 

If soil contains 2 30% plus No. 200, pre- 

HIGHLY ORGANIC SOILS 

A Based on the material passing the 3-in. (75-mm) 
sieve. 

If field sample contained cobbles or boulders, or 
both. add 'with cobbles or boulders. or both" to 
group name. 

dominantly gravel, add "gravelly" to group name. 
P 3 O Y  

Dto X Dw 
EC~=DgOIDIO Cc= 

F If to 

G If fines classify as CL-ML. use dua symbol GG 

15 % sand, add -with * PI 2 4 and plots on or above 'A' tine. 
groupname, PI C 4 or plots M o w  'A' line. 

PI plots on or above."A" tine. 
cGravels with 5 to 12% fines require dual GM.~~SCSM, PI plots below 'A' line. 

symbols: 
GW-GM wellgraded gravel with silt 
GWGC well-graded gravel with clay 
GP-GM wriy graded gravel with silt 
GP-GC poorly graded gravel with day 

Symbols: 
SW-SM well-graded sand with silt 
SW-SC well-graded sand with day 
SPSM pmly graded sand with silt 
SP-sc poorly graded sand with day 

OSands with 5 to ,  12% fines require dual 

If finesare organic, add "with organic fines" to 
group name. 

If soil contains 2r 15 % gravel, add "with gravel" 
to group name. 

If Attwberg limits plot in hatched area, soil is a 
CL-ML. silty day. 

If soil contains 15 to 29 % plus No. 200, add 
"with sand' or "with gravel.' whichever is pre- 
dominant. 

'If soil contains 5 30% plus No. 200. pre- 
dominantly sand, add "sandy" to group name. 

7.3 When the liquid and plastic limit tests must also be 
performed, additional material will be required sufficient to 
provide 150 g to 200 g of soil finer than the No. 40 (425-pm) 
sieve. 

7.4 If the field sample or test specimen is smaller than the 
minimum recommended amount, the report shall include an 
appropriate remark. 

8. Classification of Peat 
8.1 A sample composed primarily of vegetable tissue in 

various stages of decomposition and has a fibrous to amor- 
phous texture, a dark-brown to black color, and an organic 
odor should be designated as a highly organic soil and shall 
be classified as peat, PT, and not subjected to the classifica- 
tion procedures described hereafter. 

8.2 If desired, classification of type of peat can be per- 
formed in accordance with Classification D 4427. 

9. Preparation for Classification 
9.1 Before a soil can be classified according to this 

standard, generally the particle-size distribution of the minus 
3-in. (75-mm) material and the plasticity characteristics of 
the minus No. 40 (425-pm) sieve material must be deter- 

mined. See 9.8 for the specific required tests. 
9.2 The preparation of the soil specimen(s) and th testing 

for particle-size distribution and liquid limit and plasticity 
index shall be in accordance with accepted standard proce- 
dures. Two procedures for preparation of the soil specimens 
for testing for soil classification purposes are given in 
Appendixes X3 and X4. Appendix X3 describes the wet 
preparation method and is the preferred method for cohesive 
soils that have never dried out and for organic soils. 

9.3 When reporting soil classifications determined by this 
standard, the preparation and test procedures used shall be 
reported or referenced. 

9.4 Although the test procedure used in determining the 
particle-size distribution or other considerations may require 
a hydrometer analysis of the material, a hydrometer analysis 
is not necessary for soil classification. 

9.5 The percentage (by dry weight) of any plus 3-in. 
(75-mm) material must be determined and reported as 
auxiliary information. 

9.6 The maximum particle size shall be determined (mea- 
sured or estimated) and reported as awriliary information. 

9.7 When the cumulative particle-size distribution is re- 
quired, a set of sieves shall be used which include the 1 
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GROUP NAME ; GROUP 

SYMBOL 
<urx plus No. 2 <15% plus No. 200 Lean clay 1 

15-29): plus No. ZOO-% Und 2% grnal: Laan day with land 
% und <% grnal- Lean day with gravel 
<lSXgrarel-Smdy lean day 

<15% ~ n d - G m ~ d l ~  lean day 
-215% sand-Grnelly 1e.n clay ~ 8 t h  und 

215% 91N.l- laUr C h Y  W n h  O I N d  T % Mnd 8 PrJW! < 230% plus No. 200 

P1>7 and p I o a ~ L  
on of above 
"A-llln 

I 
(30% plus No. 200 <15% plus No. 200 SiW day 

-15.29% plus No. 200 % und 2%gr~#I&tv day with und 7% sand <% gmd+ Silw clay with gravel 
% rand 8 g r a e K < 1 5 %  gravel-Smdv silw clay . 

215% grevel----tSandy silw cley with gravel 
<15% uand-Gravelly silw day - 215% sand-Gravelly silw day with rand 

>30% plus No. 200 < - 4 5 ~ ~ 7  and-CL-ML 
" A - l i l n  

<30% plus No. 200 <15% plus No. 200 ,Silt 
-15-29): plus NO. 2 % und 2% gravel+Silt with ~ n d  

<15% gravel -Sandy silt 

<15% und-Gravelly silt 
>15% sand -Gravelly silt with sand 

P1<4 or p l o u ~  L 
below "A-line < -215% gravel -Sandy silt with gravel 230% plus No. 200 

% und 2% gravel 

LLC50 

4 L - S -  figure l b  
LL-ovendried 

LL-not drisd 
Organic 

<30% plus No. 200 <15% plus No. 200 
-% rand 2% prncl-fat clay with und  15-2996 plus No. 2 

% land <% gravel+Fat clay with gravel 
<15% p r a v e l L S a n d y  fat clay 

-215% gravel-bndy tat clay with ernel 
<15% und-Gravslly fat clay 
>15% und-G~~elly fat clay with und - - 
<15% grevel-Sandy elastic silt 

-215%grwei-Sandy elastic silt with gravel 

T - 

P Fat clay 

% Und 2% g r N d  

<% Und <% plNd 

>u)% p1ur*o. 200 < - PI plots on or-C H 
above "A-line 

Inoroank 

<30% pius No. 200 15% Plus No. 200 Elastic silt 
-5.29): plus No. ZOO-% und 2% grnel&stic silt with sand 

A % und <% grwel+EIutic si l t  with gravel 
% Und 2% WN.1 

<15% und-Gravelly elMtiC d t  
>15% rand-Grnelly elastic silt wim und 

< 230% plus No. 2 

PI PIOU ~NIOW-MH 
,*A"-)im LLz-50 

FIG. la flow'chart for Classifying Fine-Grained Soil (50 X or More Passes No. 200 Sieve) 

following sizes (with the largest size commensurate with the 
maximum particle size) with other sieve sizes as needed or 
required to define the particle-size distribution: 

3-in. (75-mm) 
3/4-in.( 19.0-mm) 
No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (425ym) 
No. 200 (75ym) 

9.8 The tests required to be performed in preparation for 
classification are as follows: 

9.8.1 For soils estimated to contain less than 5 75 fines, a 
plot of the cumulative particle-size distribution curve of the 

,fraction coarser than the No. 200 (75ym) sieve is required. 
The cumulative particle-size distribution curve may be 
plotted on a graph similar to that shown in Fig. 4. 

9.8.2 For soils estimated to contain 5 to 15 ?% fines, a 
cumulative particle-size distribution curve, as described in 
9.8.1 , is required, and the liquid limit and plasticity index are 
required. 

9.8.2.1 If sufficient material is not available to determine 
the liquid limit and plasticity index, the fines should be 
estimated to be either silty or clayey using the procedures 
described in Practice D 2488 and so noted in the report. 

9.8.3 For soils estimated to contain 15 ?% or more fines, a 
determination of the percent fines, percent sand, and percent 
gravel is required, and the liquid limit and plasticity index 
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are required. For soils estimated to contain 90 % fines or 
more, the percent fines, percent sand, and percent gravel 
may be estimated using the procedures described in Practice 
D 2488 and so noted in the report. 

10. Preliminary Classification Procedure 
10.1 Class the soil as fine-grained if 50 75 or more by dry 

weight of the test specimen passes the No. 200 (75-pm) sieve 
and follow Section 1 1 .  

10.2 Class the soil as coarse-grained if more than 50 7% by 
dry weight of the test specimen is retained on the No. 200 
(75-pm) sieve and follow Section 12. 

11. Procedure for Classification of Fme-Grained Soils (50 7% 
or more by dry weight passing the No. 200 (75ym) 
sieve) 

1 1.1 The soil is an inorganic clay if the position of the 
plasticity index versus liquid limit plot, Fig. 3, falls on or 
above the "A" line, the plasticity index is greater than 4, and 
the presence of organic matter does not influence the liquid 
limit as determined in 1 1.3.2. 

NOTE &The plasticity index and liquid limit are determined on the 
minus No. 40 (425 pm) Sieve material. 

11 .1 .1  classify the soil as a lean clay, CL, if the liquid 
limit is less than 50. See area identified as CL on Fig. 3. 

11.1.2 Classify the soil as afat clay, CH, ifthe liquid limit 

OC! 0 3-9 3 
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I- 
- GROUP SYMBOL j G R O U P - N A M E -  

Plus No. 200------t<15% plus No. 200 C Organic clay 
%sand 2% gravel- Organic clay with sand 
%sand <%gravel- Organic clay with gravel 
<IS% gravel -Sandy organic clay 
215% gravel-Sandy organic clay with grave 
<15% sand -Gravelly organic clay -- >IS% sand -Gravelly organic clay with san 

T 
T 

1529% plus No. 200 

% sand 3 gravel 
>30% plus No. 200 

PI- and plots on 
or above "A"- line 

(15% plus No. 200 
1529% plus NO. 2 0 0 1 .  

% sand 2% gravel 

sand <% gravel 

c Organic s i l t  
* % sand 2% gravel- Organic si l t  wi th sand 

<15% gravel- Sandy organic silt 
215% gravel-Sandy organic silt with gravel 
<15% sand-Gravelly organic silt 

-% sand <% gravel- Organic silt with gravel 
F <30% plus No. 200 

F 
T 215% sand-Gravelly organic silt with sand 

230% @us No. 200 

-35% plus No. 200 WOrganic clay 
% sand 2% gravel- Organic clay with sand 

<IS% gravel- Sandy organic clay 

- 3 5 %  sand- Gravelly organic clay 

F 1529% plus No. 200 
-0% plus No. 200 

PIC4 or p lon  
below " A -  line 

-% sand <% gravel-Organic clay with gravel 
% sand 2% gravel 

% sand <% gravel 
-215% gravel-Sandy organic clay with gravel 

-215% sand- Gravelly organic day with rani 

230% plus No. 200 
Plots on or 
above "A"- line 

> 

<IS% plus No. 200 
1529% plus No. 200 

% sand gravel <15% gravel - Sandy organic silt 

% sand <% gravel 

Organic silt 
% sand 2% gravel- Organic s i l t  with sand F% sand <% gravel- Organic silt wi th gravel 

F eo% plus No. 200 

F 2 1 5 . k  gravel- Sandy organic silt wi th gravel 

-215% ynd- Gravelly organic s i l t  with sand 
<15% sand- Gravelly organic silt 

230% plus No. 200 

OH 

FIG. l b  Flow Chart for Classifying Organic Fine-Grained Soil (50 % or More Passes No. 200 Sieve) 

GROUP SYMBOL GROUP NAME 
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FIG. 3 Plasticity Chart 

's  50 or greater. See area identified as CH on Fig. 3. 
NOTE 7-In cases where the liquid limit exceeds 110 or the plasticity 

index exceeds 60, the plasticity chart may be expanded by maintaining 
the same scale on both axes and extending the "A" line at the indicated 
slope. 

11.1.3 Classify the soil as a silty clay, CL-ML, if the 
position of the plasticity index versus liquid limit plot falls 
on or above the "A" line and the plasticity index is in the 
range of 4 to 7. See area identified as CL-ML on Fig. 3. 

1 1.2 The soil is an inorganic silt if the position of the 
plasticity index versus liquid limit plot, Fig. 3, falls below the 
"A" line or the plasticity index is less than 4, and presence of 
organic matter does not influence the liquid limit as deter- 
mined in 11.3.2. 

1 1.2.1 Classify the soil as a silt, ML, if the liquid limit is 
less than 50. See area identified as ML on Fig. 3. 

1 1.2.2 Classify the soil as an elastic silt, MH, if the liquid 
limit is 50 or greater. See area identified as MH on Fig. 3. 

11.3 The soil is an organic silt or clay if organic matter is 
present in sufficient amounts to influence the liquid limit as 
determined in 11.3.2. 

11.3.1 If the soil has a dark color and an organic odor 
when moist and warm, a second liquid limit test shall be 
performed on a test specimen which has been oven dried at 
110 +. 5'C to a constant weight, typically over night. 

11.3.2 The soil is an organic silt or organic clay if the 
liquid limit after oven dxymg is less than 75 5% of the liquid 
limit of the original specimen determined before oven drymg 
(see Procedure B of Practice D 2217). 

11.3.3 Classify the soil as an organic silt or organic clay, 
OL, if the liquid limit (not oven dried) is less than 50 9%. 

Classify the soil as an organic silt, OL, if the plasticity index 
is less than 4, or the position of the plasticity index versus 
liquid limit plot falls below the "A" line. Classify the soil as 
an organic clay, OL, if the plasticity index is 4 or greater and 
the position of the plasticity index versus liquid limit plot 
falls on or above the "A" line. See area identified as OL (or 
CL-ML) on Fig. 3. 

11.3.4 Classify the soil as an organic clay or organic silt, 
OH, if the liquid limit (not oven dried) is 50 or greater. 
Classify the soil as an organic silt, OH, if the position of the 
plasticity index versus liquid limit plot falls below the "A" 
line. Classify the soil as an organic clay, OH, if the position 
of the plasticity index versus liquid-limit plot falls on or 
above the "A" line. See area identified as OH on Fig. 3. 

1 1.4 If less than 30 5% but 15 ?G or more of the test 
specimen is retained on the No. 200 (75-pm) sieve, the words 
"with sand" or "with gravel" (whichever is predominant) 
shall be added to the group name. For example, lean clay 
with sand, CL; silt with gravel, ML. If the percent of sand is 
equal to the percent of gravel, use "with sand." 

11.5 If 30 5% or more of the test specimen is retained on 
the No. 200 (75ym) sieve, the words "sandy" or "gravelly" 
shall be added to the group name. Add the word "sandy" if 
30 75 or more of the test specimen is retained on the No. 200 
(75-pm) sieve and the coarse-grained portion is predomi- 
nantly sand. Add the word "gravelly" if 30 ?G or more of the 
test specimen is retained on the No. 200 (75-pm) sieve and 
the coarse-grained portion is predominantly gravel. For 
example, sandy lean clay, CL; gravelly fat clay, CH; sandy 
silt, ML. If the percent of sand is equal to the percent of 
gravel, use "sandy." 
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FIG. 4 Cumulative Particle-Size Plot 
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12. Procedure for Classification of Coarse-Grained Soi 
(more than 50 % retained on the No. 200 (75-pm) sieve) 

12.1 Class the soil as gravel if more than 50 % of the 
coarse fraction [plus No. 200 (75-pm) sieve] is retained on 
the No. 4 (4.75-mm) sieve. 

12.2 Class the soil as sand if 50 9% or more of the coarse 
fraction [plus No. 200 (75-pm) sieve] passes the No. 4 
(4.75-mm) sieve. 

12.3 If 12 95 or less of the test specimen passes the No. 
200 (75-pm) sieve, plot the cumulative particle-size distribu- 
tion, Fig. 4, and compute the coefficient of uniformity, Cu, 
and coefficient of qurvature, Cc, as given in Eqs 1 and 2. 

CU = D&D,o (1) 
(2) 

where: 
D,, D,, and Dm = the particle-size diameters corre- 
sponding to 10, 30, and 60 %, respectively, passing on the 
cumulative particle-size distribution curve, Fig. 4. 

X o n  8-It may be neceyary to extrapolate the curve to obtain the 
D,, diameter. 

12.3.1 Ifless than 5 % of the test specimen passes the No. 
200 (75-pm) sieve, classify the soil as a well-graded gravel, 
GW, or well-graded s a d ,  SW, if Cu is greater than 4.0 for 
gravel or greater than 6.0 for sand, and Cc is at least 1.0 but 
not more than 3.0. 

12.3.2 If less than 5 % of the test specimen passes the No. 
200 (75-pm) sieve, classify the soil as poorly graded gravel, 
GP, or poorly graded sand, SPY if either the Cu or the Cc 
criteria for well-graded soils are not satisfied. 

12.4 If more than 12 % of the test specimen passes the 
No. 200 (75-pm) sieve, the soil shall be considered a 

cc = (D,)2/(D,o x D60) 

coarse-grained soil with fines. The fines are determined to be 
either clayey or silty based on the plasticity index versus 
liquid limit plot on Fig. 3. (See 9.8.2.1 if insufficient material 
available for testing). (See NOTE 6) 

12.4.1 Classify the soil as a clayey gravel, GC, or clayqy 
sand, SC, if the fines are clayey, that is, the position of the 
plasticity index versus liquid limit plot, Fig. 3, falls on or 
above the "A" line and the plasticity index is greater than 7. 

12.4.2 Classify the soil as a silty gravel, GM, or silty sand, 
SM, if the fines are silty, that is, the position of the plasticity 
index versus liquid limit plot, Fig. 3, falls below the "A" line 
or the plasticity index is less than 4. 

12.4.3 If the fines plot as a silty clay, CL-ML, classify the 
soil as a silty, clayey gravel, GC-GM, if it is a gravel or a silty, 
clayey sand, SC-SM, if it is a sand. 

12.5 If 5 to 12 5% of the test specimen passes the No. 200 
(75-pm) sieve, give the soil a dual classification using two 
group symbols. 

12.5.1 The first group symbol shall correspond to that for 
a gravel or sand having less than 5 % fines (GW, GP, SW, 
SP), and the second symbol shall correspond to a gravel or 
sand having more than 12 % fines (GC, GM, SC, SM). 

12.5.2 The group name shall correspond to the first group 
symbol plus "with clay" or "with silt" to indicate the 
plasticity characteristics of the fines. For example, well- 
graded gravel with clay, GW-GC; poorly graded sand with 
silt, SP-SM (See 9.8.2.1 if insufficient material available for 
testing). 

NOTE 9-If the fines plot as a silty clay, CLML, the second group 
symbol should be either GC or SC. For example, a poorly graded sand 
with 10 96 fines, a liquid Limit of 20, and a plasticity index of 6 would be 
classified as a poorly graded sand with silty clay, SP-SC. 
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12.6 If the specimen is predominantly sand or gravel but 
contains 15 9% or more of the other ‘coarse-grained constit- 
uent, the words “with gravel” or “with sand” shall be added 
to the group name. For example, poorly graded gravel with 
sand, clayey sand with gravel. 

12.7 If the field sample contained any cobbles or boulders 
or both, the words “with cobbles,” or “with cobbles and 
boulders” shall be added to the group name. For example, 
silty gravel with cobbles, GM. 

13. Report 
13.1 The report should include the group name, group 

symbol, and the results of the laboratory tests. The particle- 
size distribution shall be given in terms of percent of gravel, 
sand, and fines. The plot of the cumulative particle-size 
distribution curve shall be reported if used in Classifying the 
soil. Report appropriate descriptive information according to 

the procedures in Practice D2488. A local or commercial 
name or geologic interpretation for the material may be 
added at the end of the descriptive information if identified 
as such. The test procedures used shall be referenced. 

NOTE 1QExample: Clayey Gravel with Sand and Cobbles (W)- 
46 ?6 fine to coam, hard, subrounded gravel; 30 ?6 fine to coarse, hard. 
subrounded sand; 24 % clayey fines, LL = 38, PI = 19; weak reaction 
with HCl; original field sample had 4 % hard, subrounded cobbles: 
maximum dimension 1 SO mm. 

In-Place Conditions-firm, homogeneous, dry, brown, 
Geologic Interpretation-alluvial fan. 
NOTE 1 1-Other examples of soil descriptions are given in Appendix 

x1. 

14. Keywords 
14.1 Atterberg limits; classification; clay; gradation; 

gravel; laboratory classification; organic soils; sand; silt; soil 
classification; soil tests 
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APPENDIXES 

(Nonmandatory Information) 

X1. EXAMPLES OF DESCRIPTIONS USING SOIL CLASSIFICATION 

X 1.1 The following examples show how the information 
required in 13.1 can be reported. The appropriate descriptive 
information from Practice D 2488 is included for illustrative 
purposes. The additional descriptive terms that would ac- 
company the soil classification should be based on the 
intended use of the classification and the individual circum- 
stances. 

X 1 . 1 . 1  Well-Graded Gravel with Sand (GW-73 9% fine 
to coarse, hard, subangular gravel; 23 9% fine to coarse, hard, 
subangular sand; 4 7% fines; Cc = 2.7, Cu = 12.4. 

X1.1.2 Silty Sand with Gravel (SM)-61 !% predomi- 
nantly fine sand; 23 9% silty fines, LL = 33, PI = 6; 16 9% fine, 
hard, subrounded gravel; no reaction with Ha; (field sample 
smaller than recommended). In-Place Conditions-Firm, 
stratified and contains lenses of silt 1 to 2 in. thick, moist, 

brown to gray; in-place density = 106 lb/ft3 and in-place 
moisture = 9 96. 

X1.1.3 Organic Clay (0L)-100 9% fines, LL (not dried) 
= 32, LL (oven dried) = 21, PI (not dried) = 10; wet, dark 
brown, organic odor, weak reaction with HCI. 

X 1.1.4 Silty Sand with Organic Fines (SM)-74 96 fine to 
coarse, hard, subangular reddish sand; 26 9% organic and silty 
dark-brown fines, LL (not dried) = 37, LL (oven dried) = 26, 
PI (not dried) = 6, wet, weak reaction with H a .  

X 1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and 
Boulders (GP-GM)-78 9% fine to coarse, hard, subrounded 
to subangular gravel; 16 ?6 fine to coarse, hard, subrounded 
to subangular sand; 6 9% silty (estimated) fines; moist, brown; 
no reaction with H a ;  original field sample had 7 9% hard, 
subrounded cobbles and 2 9% hard, subrounded boulders 
with a maximum dimension of 18 in. 

X2. USING SOIL CLASSIFICATION AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE, SHELLS, 
SLAG, CRUSHED ROCK, ETC. 

X2.1 The group names and symbols used in this standard 
may be used as a descriptive system applied to materials that 
exist in situ as shale, claystone, sandstone, siltstone, 
mudstone, etc., but convert to soils after field or laboratory 
processing (crushing, slaking, etc.). 

X2.2 Materials such as shells, crushed rock, slag, etc., 
should be identified as such. However, the procedures used 
in this standard for describing the p d c l e  size and plasticity 
characteristics may be used in the description of the material. 
If desired, a classification in accordance with this standard 
may be assigned to aid in describing the material. 

X2.3 If a classification is used, the group symbol(s) and 
group names should be placed in quotation marks or noted 
with some type of distinguishing symbol. See examples. 

X2.4 Examples of how soil classifications could be incor- 
porated into a description system for materials that are not 
naturally occurring soils are as follows: 

X2.4.1 Shale Chunks-Retrieved as 2 to 4-in. pieces of 
shale from power auger hole, dry, brown, no reaction with 
HCI. After laboratory processing by slaking in water for 24 h, 
material classified as “Sandy Lean Clay (CL)”-6 1 9% clayey 
fines, LL = 37, PI = 16; 33 % fine to medium sand; 6 9% 
gravel-size pieces of shale. 

X2.4.2 Crushed Sandstone-Product of commercial 
crushing operation; “Poorly Graded Sand with Silt (SP- 
SM)”-9196 fine to medium sand; 9 9% silty (estimated) 
fines; dry, reddish-brown, strong reaction with HCI. 

X2.4.3 Broken Shel l s42  9% gravel-size broken shells; 
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31 % sand and sand-size shell pieces; 7 7% fines; would be 
classified as "Poorly Graded Gravel with Sand (GP)". 

from Pit No. 7; "Poorly Graded Gravel (GP)"-89 5% fine, 

hard, angular gravel-size particles; 1 1 '36 coarse. hard, angular 
sand-size particles, dry, tan; no reacuon wth H%1; Cc = 2.4, 

.-.- - - __ - 

X2.4.4 Crushed Rock-Processed gravel and cobbles Cu = 0.9. 

X3. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES BY THE WET METHOD 

X3.1 This appendix describes the steps in preparing a soil 
sample for testing for purposes of soil classification using a 
wet-preparation procedure. 

X3.2 Samples prepared in accordance with this procedure 
should contain as much of their natural water content as 
possible and every effort should be made during obtaining, 
preparing, and transportating the samples to maintain the 
natural moisture. 

X3.3 The procedures to be followed in this standard 
assume that the field sample contains fines, sand, gravel, and 
plus 3411. (75-mm) particles and the cumulative particle-size 
distribution plus the liquid limit and plasticity index values 
are required (see 9.8). Some of the following steps may be 
omitted when they are not applicable to the soil being tested. 

X3.4 If the soil contains plus No. 200 (75-pm) particles 
that would degrade during dry sieving, use a test procedure 
for determining the particle-size characteristics that prevents 
.this degradation. 

X3.5 Since this classification system is limited to the 
portion of a sample passing the 3-in. (75-mm) sieve, the plus 
3-in. (75-mm) material shall be removed prior to the 
determination of the particle-size characteristics and the 
liquid limit and plasticity index. 

X3.6 The portion of the field sample finer than the 3-in. 
(75-mm) sieve shall be obtained as follows: 

X3.6.1 Separate the field sample into two fractions on a 
3-in. (75-mm) sieve, being careful to maintain the natural 
water content in the minus 34x1. (75-mm) fraction. Any 
particles adhering to the plus 3-in. (75-mm) particles shall be 
brushed or wiped off and placed in the fraction passing the 
3-in. (75-mm) sieve. 

X3.6.2 Determine the air-dry or oven-dry weight of the 
fi-action retained on the 3-in. (75-mm) sieve. Determine the 
total (wet) weight of the fraction passing the 3-in. (75-mm) 
sieve. 

X3.6.3 Thoroughly mix the fraction passing the 3-in. 
(75-mm) sieve. Determine &e water content, in accordance 
with Test Method D 22 16, of a representative specimen with 
a minimum dry weight as required in 7.2. Save the water- 
content specimen for determination of the particle-size 
analysis in accordance with X3.8. 

X3.6.4 Compute the dry weight of the fraction passing the 
3-in. (75-mm) sieve based on the water content and total 
(wet) weight. Compute the total dry weight of the sample and 
calculate the percentage of material retained on the 3-in. 
(75-mm) sieve. 

X3.7 Determine the liquid limit and plasticity index as 
follows: 

X3.7.1 If the soil disaggregates readily, mix on a clean, 

hard surface and select a representative sample by quartering 
in accordance with Practice C 702. 

X3.7.1.1 If the soil contains coarse-grained particles 
coated with and bound together by tough clayey material, 
take extreme care in obtaining a representative portion of the 
No. 40 (425-pm) fraction. Typically, a larger portion than 
normal has to be selected, such as the minimum weights 
required in 7.2. 

X3.7.1.2 To obtain a representative specimen of a basi- 
cally cohesive soil, it may be advantageous to pass the soil 
through a 3/4-in. ( 1  9-mm) sieve or other convenient size so 
the material can be more easily mixed and then quartered 01 
split to obtain the representative specimen. 

X3.7.2 Process the representative specimen in accordance 
with Procedure B of Practice D 2217. 

X3.7.3 Perform the liquid-limit test in accordance witk 
Test Method D 4318, except the soil shall not be air driec 
prior to the test. 

X3.7.4 Perform the plastic-limit test in accordance witl 
Test Method D 43 18, except the soil shall not be air dria 
prior to the test, and calculate the plasticity index. 

X3.8 Determine the particle-size distribution as follows: 
X3.8.1 If the water content of the fraction passing thi 

3-in. (75-mm) sieve was required (X3.6.3), use the water 
content specimen for determining the particle-size distribu 
tion. Othefwise, select a representative specimen in accox 
dance with Practice C 702 with a minimum dry weight a 
required in 7.2. 

X3.8.2 If the cumulative particle-size distribution in 
cluding a hydrometer analysis is required, determine th 
particle-size distribution in accordance with Test Metho 
D 422. See 9.7 for the set of required sieves. 

X3.8.3 If the cumulative particle-size distribution withot 
a hydrometer analysis is required, determine the particle-siz 
distribution in accordance with Method C 136. See 9.7 fc 
the set of required sieves. The specimen should be soake 
until all clayey aggregations have softened and then washe 
in accordance with Test Method C 117 prior to perf or mi^ 
the particle-size distribution. 

X3.8.4 If the cumulative particle-size distribution is nc 
required, determine the percent fines, percent sand, ar 
percent gravel in the specimen in accordance with Te 
Method C 1 17, being sure to soak the specimen long enoul 
to soften all clayey aggregations, followed by Method C 1: 
using a nest of sieves which shall include a No. 4 (4.75-mr 
sieve and a No. 200 (75-pm) sieve. 

X3.8.5 Calculate the percent fines, percent sand, ai 
percent gravel in the minus 3-in. (75-mm) fraction f 
classification purposes. 
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X4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTING FOR CLASSIFICATION PURPOSES 
- -- - -- - - -  - - - - - - _  - 

X4.1 This appendix describes the steps in preparing a soii 
sample for testing for purposes of soil classification when 
airdrying the soil before testing is specified or desired or 
when the natural moisture content is near that of an air-dried 
state. 

X4.2 If the soil contains organic matter or mineral 
colloids that are irreversibly affected by air drying, the 
wet-preparation method as described in Appendix X3 should 
be used. 

X4.3 Since this classification system is limited to the 
portion of a sample passing the 3-in. (75-mm) sieve, the plus 
3-in. (75-mm) material shall be removed prior to the 
determination of the particle-size characteristics and the 
liquid limit and plasticity index. 

X4.4 The portion of the field sample finer than the 34x1. 
(75-mm) sieve shall be obtained as follows: 

X4.4.1 Air dry and weigh the field sample. 
X4.4.2 Separate the field sample into two fractions on a 

3-in. (75-mm) sieve. 
X4.4.3 Weigh the two fractions and compute the per- 

centage of the plus 3-in. (75-mm) material in the field 
sample. 

- - .__ 

X4.5 Determine the p&ick&e distribution and- liquid 
limit and plasticity index as follows (see 9.8 for when these 
tests are required): 

X4.5.1 Thoroughly mix the fraction passing the 3-in. 
(75-mm) sieve. 

X4.5.2 If the cumulative particle-size distribution in- 
cluding a hydrometer analysis is required, determine the 
particle-size distribution in accordance with Test Method 
D 422. See 9.7 for the set of sieves that is required. 

X4.5.3 If the cumulative particle-size distribution without 
a hydrometer analysis is required, determine the particle-size 
distribution in accordance with Test Method D 1140 fol- 
lowed by Method C 136. See 9.7 for the set of sieves that is 
required. 

X4.5.4 If the cumulative particle-size distribution is not 
required, determine the percent fines, percent sand, and 
percent gravel in the specimen in accordance with Test 
Method D 1 140 followed by Method C 136 using a nest of 
sieves which shall include a No. 4 (4.75-mm) sieve and a No. 
200 (75-pm) sieve. 

X4.5.5 If required, determine the liquid limit and the 
plasticity index of the test specimen in accordance with Test 
Method D 43 18. 

X5. RATIONALE 

X5.1 Significant revisions were made to the standard 
which appeared as D 2487 - 83 from the previous version of 
D 2487 - 69 (1975). The changes are documented in the 
literat~re.~ 

Howard, A.K., “The Revised ASTM Standard on the Unified Soil classifica- 
tion System,” Geotechnical Testing Journal, GTJODJ Vol 7, No. 4, December 
1984. 
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X5.2 The 1992 edition differs from the previous edition 
in that the title was changed to better indicate the use of the 
standard and.identifying it as the ASTM version of the 
Unified Soil Classification System. 
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The Ainerican Sociely for Testing and Materials rakes no position respecting the validily of any patent rights asserted in Connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time b y  the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your wmments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headqumers. Your comments will receive we fu l  consideration at a meeting of the responsible 
technical committee, which you may altend. I f  you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on standards, 1916 Race st., Philadelphia. PA 19103. 
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Designation: D 2488 - 90 

6869 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)' 
This standad is issued under the fixed designation D 2488; the number immediatdy following thc dcsignaton indicates the year of 
original adoption or. in the case of rrviSion, the year of Iasl revision. A number in parentheses indicates the year of last reapproval. A 
suprsaipt epsilon (e) indicates an editorial change since the last revision or reapproval. 

This aandard has been approved for u e  by agmcies of the Depai lm of Defmre. C o d  the DoD I d a  of Spec$unions and 
Stnndardc for the spx$c year of issue which has been adopted by the Depnnmeru of De/mce. 

1. scope 
1.1 This practice covers procedures for the description of 

soils for engineering purposes. 
1.2 This practice also describes a procedure for identifying 

soils, at the option of the user, based on the classification 
system described in Test Method D 2487. The identification 
is based on visual examination and manual tests. It must be 
clearly stated in reporting an identification that it is based on 
visual-manual procedures. 

1.2.1 When precise classification of soils for engineering 
purposes is required, the procedures prescribed in Test 
Method D 2487 shall be used. 

1.2.2 In this practice, the identification portion assigning 
a group symbol and name is limited to soil particles smaller 
than 3 in. (75 mm). 

1.2.3 The identification portion of this practice is limited 
to naturally occurring soils (disturbed and undisturbed). 
NOTE l--lhis practice may be used as a descriptive system applied 

to such materials as shale, claystone, shells, crushed rock, etc. (See 
Appendix W. 

1.3 The descriptive information in this practice may be 
used with other soil classification systems or for materials 
other than naturally occumng soils. 

1.4 This standard does not purport to address all of the 
saf2ty problems, if any, associated with its use. It is the 
responsibility of the user of this s t e a r d  to establish appre 
priate safay and health practices and determine the applica- 
bility of regulatory limitations prior to use. For specific 
precautionary statements see Section 8. 

1.5 The values stated in inch-pound units are to be 
regardd as the standard. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

D1452 Practice for Soil Investigation and Sampling by 

D 1586 Method for Penetration Test and Split-Barrel 

I 

Fluids2 

Auger &rings2 

sampling of Soils2 
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D 1587 Practice for Thin-Walled Tube Sampling of Soils2 
D2113 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Classification of Soils for Engi- 

D4083 Practice for Description of Frozen Soils (Visual- 

Investigation2 

neering Purposes2 

Manual Rocedure)2 

3. Terminology 
3.1 Definitions: 
3.1.1 Except as listed below, all definitions are in accor- 

NOTE 2-For particles retained on a Sin. (75-mm) US standard 

Cobbles-particles of rock that will pass a 12-in. (300-mm) square 

Boulders-particles of rock that will not pass a 12-in. (300-mm) 
Squareopeniag. 

3.1.1.2 c laysoi l  passing a No. 200 (75ym) sieve that 
can be made to exhibit plasticity (putty-like properties) 
within a range of water contents, and that exhibits consider- 
able strength when airdry. For classification, a clay is a 
fine-grained soil, or the fine-grained portion of a soil, with a 
plasticity index equal to or greater than 4, and the plot of 
plasticity index versus liquid limit falls on or above the "A" 
line (see Fig. 3 of Test Method D 2487). 

3.1.1.3 gravel-particles of rock that will pass a 3-in. 
(75-mm) sieve and be retained on a No. 4 (4.75-mm) sieve 
with the following subdivisions: 

coarse-passes a 341.1. (75-mm) sieve and is retained on a 
3/4-in. (19-mm) sieve. 

fine-passes a 3/4-in. (19-mm) sieve and is retained on a 
No. 4 (4.75-mm) sieve. 

3.1.1.4 organic clay-a clay with sufficient organic con- 
tent to influence the soil properties For classification, an 
organic clay is a soil that would be classified as a clay, except 
that its liquid limit value after oven drying is less than 75 96 
of its liquid limit value before oven drying. 

3.1.1.5 organic silt-a silt with sufiicient organic content 
to influence the soil properties. For classificaton, an organic 
silt is a soil that would be classified as a silt except that its 
liquid limit value after oven dqmg is less than 75 96 of its 
liquid limit value before oven drying. 

3.1.1.6 peat-a soil composed primarily of vegetable tissue 
in various stages of decomposition usually with an organic 
odor, a dark brown to black color, a spongy consistency, and a 
texture ranging b m  fibrous to amorphous. 

3.1.1.7 sand-particles of rock that will pass a No. 4 

dance with Terminology D 653. 

sieve, the following definitions are suggested: 

opening and be retained on a 3in. (75-mm) sieve, and 
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--GROUP-SYMBOL a G R O U P - N A I  

e Lean clly -35% plus No. 200 
15.25% plus No. 200 

% Und 2% Of grJWl 

% und 2% gravel 
% sand <% QrJWl - LeJn C k V  with gravel 
<15% gravel - sudy lean d.y 

<15% und - Gravelly lean eky 

Lean &y with & 

T 215% und - Gravelly lean cky wit) 
% Mnd 4% g r a d  

230% plus No. 200 < <30% PIUS NO. 200 <15% plus No. 200 
1525% plus No. 200 

% und 2% of grawl 

% und C% gravel 

rn Silt 
% und 2% gravel -Silt with und 
% und <% gravrl -Silt with gravel 
<15% gravel SIndy silt 

<15% nnd - Gravelly silt 
215% und - Gravelly silt with und 

T - >30% plus No. 200 >15% gravel SIndy silt with gravel -- - 

<15% plus No. 200 
15-2596 plus No. 200 

bFn clry 
2% WJWl -Fat cby with und 

-96 SJnd <% WJVd -FJt clay with QrJWl 
% und 2% of gravel <15% WJWI - b n d y  fat Clay 

>15% gravel _____) sndy fat Clay wtth gr 
<15% SJnd ____) Gravelly fat CIJY -- %sand <%gravel 

<15% plus No. 200 

215% und -Gravelly fat cky with 

- >30% plus No. 200 

ElastK silt 
% rand 2% gravel - Elastic silt with und 
% SJnd <% gtJWl- E h i c  Silt with W W I  
<15% gravel - Sandy elastic silt 
215% gravel - !hndy elastic silt with 
-35% und - Gravelly e k n i  silt - - >15% und - Gravelly elastic silt w i  

F 
F 

F 15.25% plus No. 200 

~ % und 2% of gravel - >30% plus No. 200 
%and <%gravel 

NOTE- are based on estimating amounts o f  fines. sand. and grad to fb nearest 5 %. 
flG. l a  flow Chart for identitying inorganic Fine-Grained Soil (50 % or more fiw) 

(4.75-mm) sieve and be retained on a No. 200 (75-pm) sieve 
with the following subdivisions: 

coarse-passes a No. 4 (4.75-mm) sieve and is retained on 
a No. 10 (2.00-mm) sieve. 
medium--passes a No. 10 (2.00-mm) sieve and is retained 

on a No. 40 (425ym) sieve. 
fine-passes a No. 40 (425-pm) sieve and is retained on a 

No. 200 (75-pm) sieve. 
3.1.1.8 silz-soil passing a No. 200 (75-pm) sieve that is 

nonplastic or very slightly plastic and that exhibits little or no 
strength when air dry. For classification, a silt is a fine- 
grained soil, or the fine-gmined poition of a soil, with a 
plasticity index less than 4, or the plot of plasticity index 
Venus liquid limit falls below the "A" line (see Fig. 3 of Test 
Method D 2487). 

4. Summary of Practice 
4.1 Using visual examination and simple manual 

this practice gives standardized criteria and procedure 
describing and identifying soils. 

4.2 The soil can be given an identification by assip 
group symbol(s) and name. The flow charts, Figs. la an 
for fine-grained soils, and Fig. 2, for coarse-grained soils 
be used to assign the appropriate group symbol(s) and n 
if the soil has properties which do not distinctly place it 
a specific group, borderline symbols may be used. 
Appendix X3. 

NOTE 3-It is suggested that a distinction be made between 
symbols and borderline symbols. 

Dual Symbol-A dual symbol is two symbols separated by a hy 
for example, GPGM, SWSC, CLML used to indicate that the sc 
been identified as having the properties of a classification in accor 
with Test Method D2487 where two symbols are required 
symbols are required when the soil has between 5 and 12 9% fii 

GROUP SYMBOL GROUP NAI  

*Oromiccoil . <#))b plus No. 200 <15% pbs No. 200 
15.25% plus No. 200 

96 und 2% anwl 

% nnd 2% @raw- Organic coil with nnd 
% und <% g d  - Organic coil with grawl 
<15% gnwl - SMdV oromu roil 
215% g r ~ ~ l  ____.) SI* O I U J ~ ~  roil with 
<15% und - Gravelly organic roil - 215% d - Grawlly organic 8oil wil 

- 
230% plus No. 200 <%,<%mvel 

OLIO"< 

NOTE- are basad on estimating amounts o f  lines. sand. and gravel to thensarestS%. 
FIG. l b  Flow Chart for Id- Organic FmeGrained Soil (50 % or more ti-) 
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GROUP SYMBOL GROUP NAME 

when the liquid limit and plasticity index values plot in the CLML area 
of the plasticity chart. 

Borderline Symbol-A borderline symbol is two symbols separated 
by a slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol 
should be used to indicate that the soil has been identSed as having 
properties that do not distinctly place the soil into a specific group (see 
Appendix X3). 

5. Signifhnce and Use 
5.1 The descriptive information required in this practice 

can be used to describe a soil to aid in the evaluation of its 
significant properties for engineering use. 

5.2 The descriptive information required in this practice 
should be used to supplement the classification of a soil as 
determined by Test Method D 2487. 

5.3 This practice may be used in identifying soils using the 
classification group symbols and names as prescribed in Test 
Method D 2487. Since the names and symbols used in this 
practice to identify the soils are the same as those used in 
Test Method D 2487, it shall be clearly stated in reports and 
all other appropriate documents, that the classification 
symbol and name are based on visual-manual procedures. 

5.4 This practice is to be used not only for identification 
of soils in the field, but also in the office, laboratory, or 
wherever soil samples are inspected and described. 

5.5 This practice has particular value in grouping similar 
soil samples so that only a minimum number of laboratory 
tests need be run for positive soil classification. 

NOTE 4 - F e  ab~ty .  to describe and identify soils correaly is learned 
more 4 Y  under the &dance of experienced personnel, but it may 
also be acquired systematically by comparing numerical laboratory test 

results for typical soils of each type with their visual and manual 
C h a m .  

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of brings or pits, it is not 
necessary to follow all of the procedures in this practice for 
every sample. Soils which appear to be similar can be 
grouped together, one sample completely described and 
identified with the others referred to as similar based on 
performing only a few of the descriptive and identification 
procedures described in this practice. 

5.7 This practice may be used in combination with 
Practice D 4083 when working with frozen soils. 

6. Apparatus 
6.1 Required Apparatus: 
6; 1.1 Pocket Knife or Small Spatula. 
6.2 UsejU Auxiliary Apparatus: 
6.2.1 Small Test Tube and Stopper (or jar with a lid). 
6.2.2 Small Hand Lens. 

- - 

7. Reagents 
7.1 Purity of Water-Unless otherwise indicated, refer- 

ences to water shall be understood to mean water from a city 
water supply or natural source, including non-potable water. 

7.2 Hydrochloric Acid-A small bottle of dilute hydro- 
chloric acid, HCI, one part HCI(l0 N) to three parts water 
(This reagent is optional for use with this practice). See 
Section a. 



., -. 
: . - . ..  a . -  

. - _  
(a) Rounded @) Angular 

. . . . . ., . .  

(c) Subrounded (d) Subangular 

FIG. 3 Typical Angularity of Bulky Grains 

8. Safety Precautions 
8.1 When preparing the dilute HCl solution of one part 

concentrated hydrochloric acid (10 N) to three parts of 
distilled water, slowly add acid into water following neceSSary 
safety precautions. Handle with caution and store safely. If 
solution comes into contact with the skin, rinse thoroughly 
with water. 

8.2 Caution-Do not add water to acid. 

9. sampling 
9.1 The sample shall be considered to be representative of 

the stratum from which it was obtained by an appropriate, 
accepted, or standard procedure. 

NOTE 5--Preferably, the samplisg procedure should be identified as 
having been conducted in accordance with Practices D 1452, D 1587, or 
D 21 13, or Method D 1586. 

9.2 The sample shall be carefully identified as to origin. 
NOTE 6-Rem~ks as to the origin may take the form of a boring 

number and sample number in conjunction with a job number, a 
geologic stratum, a pedologic horizon or a location description with 
respect to a permanent monument, a grid system or a station number 
and offset with respect to a stated centerline and a depth or elevation. 

9.3 For accurate description and identification, the min- 
imum amount of the specimen to be examined shall be in 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles tsee Fia. 31 

accordance with the following schedule: 
Maximum Partjcle Size, Minimum Spccimen S i ,  

100 g (0..5 lb) 
200 g (0.5 lb) 
1.0 kg (2.2 lb) 
8.0 kg (18 Ib) 
60.0 kg (132 lb) 

Sieve Opening Dry weight 
4.75 mm (No. 4) 
9.5 mm (W in.) 
19.0 mm (314 in.) 
38.1 mm (1 l/z in.) 
75.0 mm (3 in.) 

NOTE 7-If random isolated particles are- encountered that 
significantly larger than the particles in the soil matrix, the soil mi 
can be accurately described and identified in accordance with 
preceeding xhedule. 

9.4 If the field sample or specimen being examinec 
smaller than the minimum recommended amount, 
report shall include an appropriate remark. 

10. Descriptive Information for Soils 
10.1 A n g u l u r i t p k r i b e  the angularity of the s 

(coarse sizes only), gravel, cobbles, and boulders, as ana  
subangular, subrounded, or rounded in accordance with 
criteria in Table 1 and Fig. 3. A range of angularity ma. 
stated, such as: subrounded to rounded. 

10.2 Shape-Describe the shape of the gravel, cob1 
and boulders as flat, elongated, or flat and elongated if 
meet the criteria in Table 2 and Fig. 4. Otherwise, do 
mention the shape. Indicate the fraction of the particles 
have the shape, such as: one-third of the gravel particle! 
flat. 

10.3 Color--Describe the color. Color is an i m p ]  
property in identifying organic soils, and within a g 
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TABLE 2 Criteria for Desaibing Partide Shape (see Fig. 



PARTICLE SHAPE 

W=WIDTH 
T,= THICKNESS 
L =LENGTH 
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FLAT: W / T > 3  
ELONGATED: L / W  > 3  
FLAT AND ELONGATED: 
- meets both criteria 

FIG. 4 Criteria for Partide Shape 

TABLE 3 Criteria for Describing Moisture Condition 

locality. it may also be useful in identifying materials of 
similar geologic origin. If the sample contains layers or 
patches of varying colors, this shall be noted and all 
representative colors shall be described. The color shall be 
described for moist samples. If the color represents a dry 
condition, this shall be stated in the report. 

10.4 Odor-Describe the odor if organic or unusual. Soils 
containing a significant amount of organic material usually 
have a distinctive odor of decaying vegetation. This is 
especially apparent in fresh samples, but if the samples are 
dried, the odor may often be revived by heating a moistened 
sample. If the odor is unusual (petroleum product, chemical, 
and the like), it shall be described. 

10.5 Moisture Condition-Describe the moisture condi- 
tion as dry, moist, or wet, in accordance with the criteria in 
Table 3. 

10.6 HCZ Reaction-Describe the reaction with HCl as 
none, weak, or strong, in accordance with the critera in 
Table 4. Since calcium carbonate is a common cementing 
agent, a report of its presence on the basis of the reaction 
with dilute hydrochloric acid is important. 
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TABLE 4 Criteria for Describing the Reaction Wlth HCI 
criteria 

TABLE 5 Criteria for Describing Consistency 

Thumb win penetrate sal more than 1 in. (25 mm) 
Thumb win penetrate soil about 1 in. (25 mm) 
Thumb Wnindent SOa abaR% in. (6 m) 
Thumb will not indent sal but readity indented with thumbnail 
Thumbnail win not indent soa 

OeSaiption criteria 
very son 
soft 

Hard 
Fm 

very hard 

10.7 Consistency-For intact fine-grained soil, describe 
the consistency as very soft, soft, h, hard, or very hard, in 
a&rdance with the criteria in Table 5. This observation is 
inappropriate for soils with significant amounts of gravel. 

10.8 Cementation-Describe the cementation of intact 
coarse-grained soils as weak, moderate, or strong, in accord- 
ance with the criteria in Table 6. 

10.9 Structure-Describe the structure of intact soils in 
accordance with the criteria in Table 7. 

10.10 Range of Particle Sizes-For gravel and sand com- 
ponents, describe the range of particle sizes within each 
component as defined in 3.1.2 and 3.1.6. For example, about 
20 % fine to coarse gravel, about 40 % fine to coarse sand. 

10.1 1 Maximum Particle Size-Describe the maximum 
particle size found in the sample in accordance with the 
following information: 

10.1 1.1 Sand Size-If the maximum particle size is a 
sand size, describe as fine, medium, or coarse as defined in 
3.1.6. For example: maximum particle size, medium sand. 

10.1 1.2 Gravel Size-If the maximum particle size is a 
gravel size, describe the maximum particle size as the 
smallest sieve opening that the particle wil l  pass. For 
example, maximum particle size, 11/2 in. (wil l pass a l%in. 
square opening but not a 3/4-in. square opening). 

10.1 1.3 Cobble or Boulder SizeIf the maximum particle 
size is a cobble or boulder size, describe the maximum 
dimension of the largest particle. For example: maximum 
dimension, 18 in. (450 mm). 

10.12 Hardness-Describe the hardness of coarse sand 
and larger particles as hard, or state what happens when the 
particles are hit by a hammer, for example, gravel-size 
particles fracture with considerable hammer blow, some 
gravel-size particles crumble with hammer blow. "Hard" 
means particles do not crack, hcture, or crumble under a 
hammer blow. 

10.13 Additional comments shall be noted, such as the 
presence of roots or root holes, difficulty in drilling or 
augering hole, caving of trench or hole, or the presence of 
mica. 

10.14 A local or commercial name or a geologic interprp 

TABLE 6 Criteria for Desaibing Cementation 
DesaiDtia, CIitetia 



TABLE 7 Criteria for Describing Struclure fines. Follow the procedures for identifying fine-grained soils 
DesaiDbM 1 of-Section 14. --I 

13.2 The soil is course main- ifit-contains-less-than-SO-Sb- 
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tation of the soil, or both, may be added if identified as such. 
10.15 A classification or identification of the soil in 

accordance with other classification systems may be added if 
identified as such. 

11. Identification of Peat 
1 1.1 A sample composed primarily of vegetable tissue in 

various stages of decomposition that has a fibrous to 
amorphous texture, usually a dark brown to black color, and 
an organic odor, shall be designated as a highly organic soil 
and shall be identified as peat, IT, and not subjected to the 
identification procedures described hereafter. 

12. Preparation for Identification 
12.1 The soil identification portion of this practice is 

based on the portion of the soil sample that will pass a 3-in. 
(75-mm) sieve. The larger than Sin. (75-mm) particles must 
be removed, manually, for a loose sample, or mentally, for 
an intact sample before classifying the soil. 

12.2 Estimate and note the percentage of cobbles and the 
percentage of boulders. Performed visually, these estimates 
will be on the basis of volume percentage. 

NOTE &-Since the percentages of the particle-& distribution in 
Test Method D 2487 are by dry weight, and the estimates of percentages 
for gravel, sand, and fines in this practice are by dry weight, it is 
recommended that the report state that the percentages of cobbles and 
boulders are by volume. 

12.3 Of the fraction of the soil smaller than 3 in. (75 mm), 
estimate and note the percentage, by dry weight, of the 
gravel, sand, and fines (see Appendix X4 for suggested 
procedures). 

NOTE 9-Since the particlesize components appear visually on the 
basis of volume, considerable experience is required to estimate the 
percentages on the basis of dry weight. Frequent comparisons with 
laboratory partide-size analyses should be made. 

12.3.1 The percentages shall be estimated to the closest 
5 %. The percentages of gravel, sand, and fines must add up 
to 100%. 

12.3.2 If one of the components is present but not in 
suf€icient quantity to be considered 5 % of the smaller than 
Sin. (75-mm) portion, indicate its presence by the term 
trace, for example, trace of fines. A trace is not to be 
considered in the total of 100 % for the components. 

13. Rehimiry Identification 
13.1 The soil is fine grained if it contains SO % or more 

fines. Follow the procedks for identifying coarse-grained 
soils of Section 15. 

14. Procedure for Identifying Fine-Grained Soils 
14.1 Select a representative sample of the material for 

examination. Remove particles larger than the No. 40 sieve 
(medium sand and larger) until a specimen equivalent to 
about a handful of material is available. Use this specimen 
for performing the dry strength, dilatancy, and toughness 
tests. 

14.2 Dry Strengrh: 
14.2.1 From the specimen, select enough material to mold 

into a ball about 1 in. (25 mm) in diameter. Mold the 
material until it has the consistency of putty, adding water if 
necessary. 

14.2.2 From the molded material, make at least three test 
specimens. A test specimen shall be a ball of material about 
'/2 in. (12 mm) in diameter. Allow the test specimens to dry 
in air, or sun, or by artificial means, as long as the 
temperature does not exceed 60°C. 

14.2.3 If the test specimen contains natural dry lumps, 
those that are about 1/2 in. (12 mm) in diameter may be used 
in place of the molded balls. 
NOTE IO-The process of molding and drying usually produces 

higher strengths than are found in natural dry lumps of soil. 

14.2.4 Test the strength of the dry balls or lumps by 
crushing between the fingers. Note the strength as none, low, 
medium, high, or very high in accorance with the criteria in 
Table 8. If natural dry lumps are used, do not use the results 
of any of the lumps that are found to contain particles ol 
coarse sand. 

14.2.5 The presence of high-strength water-soluble ce 
menting materials, such as calcium carbonate, may caw 
exceptionally high dry strengths. The presence of calciun 
carbonate can usually be detected from the intensity of th 
reaction with dilute hydrochloric acid (see 10.6). 

14.3 Dilatancy: 
14.3.1 From the specimen, select enough material to mol 

into a ball about 1/2 in. (12 mm) in diameter. Mold tt 
material, adding water if necessary, until it has a soft, but nc 
sticky, consistency. 

14.3.2 Smooth the soil ball in the palm of one hand wi 
the blade of a knife or small spatula. Shake horizontal 
striking the side of the hand vigorously against the 0th 
hand several times. Note the reaction of water appearing 1 
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TABLE 10 criteria for Descriiing Toughness 
criteria 

Low 

Medium 

Only slight plessure is required to rdl lhe thread near the 
phsticlimit.Thethreedandalehnrpareweakand soft 

Medium pressure is mquiwl to rdl thread to near the 
plastic timit. The thread and lhe lump have medrum stifmess 

pbstic limit The thread and the hmrp have very high 
stifmess 

Hiah considerablepressureisrequiredtoroamethreadtonearme 

I 

i 
, the surface of the soil. !Squeeze the sample by closing the i hand or pinching the soil between the fingers, and note the 

reaction as none, slow, or rapid in accordance with the i criteria in Table 9. The reaction is the speed with which 
I water appears while shaking, and disappears while squeezing. 

14.4 Toughness: 
14.4.1 Following the completion of the dilatancy test, the 

test specimen is shaped into an elongated pat and rolled by 
hand on a smooth surface or between the palms into a thread 
about '/E in. (3 mm) in diameter. (If the sample is too wet to 
roll easily, it should be spread into a thin layer and allowed 
to lose some water by evaporation.) Fold the sample threads 
and reroll repeatedly until the thread crumbles at a diameter 
of about '/S in. The thread will crumble at a diameter of '/8 

in. when the soil is near the plastic limit. Note the pressure 
required to roll the thread near the plastic limit. Also, note 
the strength of the thread. After the thread crumbles, the 
pieces should be lumped together and kneaded until the 
lump crumbles. Note the toughness of the material during 
kneading. 

14.4.2 Describe the toughness of the thread and lump as 
low, medium, or high in accordance with the criteria in 
Table 10. 

14.5 Plasticit)r--on the basis of observations made during 
the toughness test, describe the plasticity of the material in 
accordance with the criteria given in Table 1 1. 

14.6 Decide whether the soil is an inorganic or an organic 
line-grained soil (see 14.8). If inorganic, follow the steps 
given in 14.7. 

14.7 Identification of Inorganic Fine-Grained Soils: 

TABLE 11 Criteria for Desctibmg Plasticity 
DescriDtion criteria 
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14.7.1 Identify the soil as a lean clay, CL, if the soil has 
medium to high dry strength, no or slow dilatancy, and 
medium toughness and plasticity (see Table 12). 

14.7.2 Identify the soil as a fat clay, CH, if the soil has 
high to very high dry strength, no dilatancy, and high 
toughness and plasticity (see Table 12). 

14.7.3 Identify the soil as a silt, ML, if the soil has no to 
low dry strength, slow to rapid dilatancy, and low toughness 
and plasticity, or is nonplastic (see Table 12). 

14.7.4 Identify the soil as an elastic silt, MH, if the soil has 
low to medium dry strength, no to slow dilatancy, and low to 
medium toughness and plasticity (see Table 12). 
Non 11-These properties are similar to those for a lean clay. 

However, the silt will dry quickly on the hand and have a smooth, siUcy 
feel when dry. Some soils that would classify as MH in accordance with 
the Criteria in Test Method D 2487 are visually difficult to distinguish 
from lean clays, CL. It may be necessary to perform laboratory testing 
for proper identification. 

14.8 Identification of Organic Fine-Grained Soils: 
14.8.1 Identify the soil as an organic soil, OL/OH, if the 

soil contains enough organic particles to influence the soil 
properties. Organic soils usually have a dark brown to black 
color and may have an organic odor. Often, organic soils will 
change color, for example, black to brown, when exposed to 
the air. Some organic soils will lighten in color significantly 
when air dried. Organic soils normally will not have a high 
toughness or plasticity. The thread for the toughness test will 
be SPongY. 

NOTE 12-In some cases, through practice and experience, it may be 
possible to further identify the organic soils as organic silts or organic 
clays, OL or OH. correlations between the dilatancy, dry strength, 
toughness tests, and laboratory tests can be made to identify organic soils 
in certain deposits of similar materials of known geologic origin. 

14.9 If the soil is estimated to have 15 to 25 % sand or 
gravel, or both, the words "with sand" or 'with gravel" 
(whichever is more predominant) shall be added to the group 
name. For example: "lean clay with sand, CL" or "silt with 
gravel, ML" (see Figs. la and lb). If the percentage of sand is 
equal to the percentage of gravel, use "with sand." 

14.10 Ifthe soil is estimated to have 30 9% or more sand or 
gravel, or both, the words "sandy" or "gravelly" shall be 
added to the group name. Add the word "sandy" if there 
appears to be more sand than gravel. Add the word 
"gravelly" if there appears to be more gravel than sand. For 
example: "sandy lean clay, CL", "gravelly fat clay, CH", or 
'sandy silt, ML" (see Figs. la and lb). If the percentage of 
sand is equal to the percent of gravel, use "sandy." 

15. Procedure for Identifying C0arsd;rained Soils (Con- 

15.1 The soil is a grave/ if the percentage of gravel is 
tains less than 50 % fines) 

estimated to be more than the percentage of sand. 

TABLE 12 Identification of Inorganic Fineorained soils trwn 
Manual Tests 



-15.2 The soil is a sand if the percentage of gravel is TABLE 13 Checklist for Description of Soils 
.-timated to be eaual to or less than the percenbtZfSiKd. 1 .  G r W p m  

15.3 The soil ’is a clean gravel or clean sand if the 
percentage of fines is estimated to be 5 9% or less. 

15.3.1 Iden@ the soil as a well-graded gravel, GW, or as 
a well-graded sand, SW, if it has a wide range of particle sizes 
and substantial amounts of the intermediate particle sizes. 

15.3.2 Identify the soil as a poorly gradedgravel, GP, or as 
a poorly graded sand, SP, if it consists predominantly of one 
size (uniformly graded), or it has a wide range of sizes with 
some intermediate sizes obviously missing (gap or skip 
graded). 

15.4 The soil is either a gravel with fines or a sand with 
fines if the percentage of fines is estimated to be 15 9% or 
more. 

15.4.1 Identify the soil as a clayey gravel, GC, or a clayey 
sand, SC, if the fines are clayey as determined by the 
procedures in Section 14. 

15.4.2 Identify the soil as a silty gravel, GM, or a silty 
sand, SM, if the fines are silty as determined by the 
procedures in Section 14. 

15.5 If the soil is estimated to contain 10 9% fines, give the 
soil a dud identification using two group symbols. 

15.5.1 The first group symbol shall correspond to a clean 
gravel or sand (GW, GP, SW, SP) and the second symbol 
shall correspond to a gravel or sand with fines (E, GM, SC, 
SM). 

15.5.2 The group name shall correspond to the first group 
symbol plus the words “with clay” or “with silt” to indicate 
the plasticity characteristics of the fines. For example: 
*well-graded gravel with clay, GW-GC” or “poorly graded 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 5% or more of the other coarse- 
grained constituent, the words “with gravel” or “with sand” 
shall be added to the group name. For example: “poorly 
graded gravel with sand, GP” or “clayey sand with gravel, 
SC” (see Fig. 2). 

15.7 If the field sample contains any cobbles or boulders, 
or both, the words “with cobbles” or “with cobbles and 
boulders” shall be added to the group name. For example: 
“silty gravel with cobbles, GM.” 

sand with silt, SP-SM” ( ~ e e  Fig. 2). 

16. Report 
16.1 The report shall include the information as to ongin, 

and the items indicated in Table 13. 
NOTE 13-Example: Cla.vey Gravel wilh Sand and Cobbles, GC- 

About 50 % fine to coarse, subrounded to subangular gravel; about 30 % 
fine to coarse, subrounded sand; about 20% fines with medium 
plasticity, high dry strength, no dilatancy, medium toughness; weak 

2. Grwsymbd 
3. P H a t  os 
4. &-cent of gravel, sand, 01 fmes, 01 all three @y dry weight) 
5. Partide-sizerenge: 

6 . P a r t i d e ~ : ~ , s r b a n g u h r . s U b r w n d e d , ~  
7. partide shape: (ii appmpriate) Rat, elongated. Rat and m t a  
8. MaximumpartidesizeocdimensDn 
9.HardnS.SofCOXSesandandhrgerpartides 

boofders. 01 born (w -) 

Gravel-W. coarse 
sanbfina.medium,coane 

10. pmicity of fires: nonplastic. low. medium, high 
11. Dry strengm: m, kw. medium. high, very high 
12. ma-. none. slow, apid 
13. Toughness: bw. medium. hgh 
14. CdU(iimoiStc0ndition) 
15. ~ ( t n e f i t b U l i y ~ ~ W U . W S @  
16. ~oisture: dry, moist. wet 
17. Reaction with HCI: none. weak. strong 
For intact s a n ? ~ ~  
18. Consistency (finegrained soils 0n)Y): very Son. soft. firm. hard, 

20. EZZim: w d .  m t e .  strong 
21. L o c a l m  

23. AdditiMsll cwwnents: presence of mts or root holes. presence of mica. 

sloughing of auger hcde or trench sides. diffiamy in augering or excavating. 
etc. 

hard 
19. sbuctwe: stratified. laminated, fissured. sli-. lensed. homo- 

22. Geologicinterpretation 

sypswn. e.. surface alatings on ararse-grained partides. caving 

reaction with Ha, original field sample had about 5 % (by volume) 
subrounded cobbles, maximum dimension, 150 mm. 

In-Place Conditions-Firm, homogeneous, dry, brown 
Geologic Interpretation-Alluvial fan 
NOTE 14-Wer examples of soil descriptions and identification are 

NOTE 15-If desired, the percentages of gravel, sand, and fines may 

Trace-Particles are present but estimated to be less than 5 % 
Few-5 to IO 9% 
Little-15 to 25 % 
Some-30 to 45 % 
Mostly-50 to 100 % 
16.2 If, in the soil description, the soil is identified using a 

classification group symbol and name as described in Test 
Method D 2487, it must be distinctly and clearly stated in log 
forms, summary tables, reports, and the like, that the symbol 
and name are based on visual-manual procedures. 
17. Precision and Bias 

therefore, a precision and bias statement is not applicable. 
18. Keywords 

soil classification; soil description; Visual classification 

given in Appendixes X1 and X2. 

be stated in terms indicating a range of percentages, as follows 

17.1 This pradce provides qualitative information only, 

18.1 classification; clay; gravel; organic soils; sand; silt; 
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APPENDIXES 

(Nonmandatory Information) 

X1. EXAMPLES OF VISUAL SOIL DESCRIF'TIONS 

X 1.1 The following examples show how the information 
required in 16.1 can be reported. The information that is 
included in descriptions should be based on individual 
circumstances and need. 

X 1.1.1 Well-Graded Gravel with Sand (G W-About 
75 9% fine to coarse, hard, subangular gravel; about 25 % fine 
to coarse, hard, subangular sand; trace of fines; maximum 
size, 75 mm, brown, dry; no reaction with HCI. 

X1.1.2 Silty Sand with Gravel (SM)-About 60 9% pre- 
dominantly fine sand; about 25% silty fines with low 
plasticity, low dry strength, rapid dilatancy, and low tough- 
ness; about 15 % fine, hard, subrounded gravel, a few 
gravel-site particles fractured with hammer blow; maximum 
size, 25 mm; no reaction with HCl (Note-Field sample size 
smaller than recommended). 

In-Place Conditions-Firm, stratified and contains lenses 
of silt 1 to 2 in. (25 to 50 mm) thick, moist, brown to gray; 

in-place density 106 lb/ft3; in-place moisture 9 %. 
X1.1.3 Organic Soil (OL/OH)-About 100 9% fines with 

low plasticity, slow dilatancy, low dry strength, and low 
toughness; wet, dark brown, organic odor, weak reaction 
with HCI. 

X 1.1.4 Silty Sand with Organic Fines (SM)-About 75 !% 
fine to coarse, hard, subangular reddish sand; about 25 9% 
organic and silty dark brown nonplastic fines with no dry 
strength and slow dilatancy; wet; maximum size, coarse 
sand; weak reaction with HCI. 

X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and 
Boulders (GP-GM)-About 75 % fine to coarse, hard, 
subrounded to subangular gravel; about 15 76 fine, hard, 
subrounded to subangular sand; about 10 % silty nonplastic 
fines; moist, brown; no reaction with Ha, original field 
sample had about 5 9% (by volume) hard, 'subrounded 
cobbles and a trace of hard, subrounded boulders, with a 
maximum dimension of 18 in. (450 mm). 

X2. USING THE IDENTIFICATION PROCEDURE AS A DESC'RIFTIVE SYSTEM FOR SHALE, CLAYSTONE, 
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE 

X2.1 The identification procedure may be used as a 
descriptive system applied to materials that exist in-situ as 
shale, claystone, sandstone, siltstone, mudstone, etc., but 
convert to soils after field or laboratory processing (crushing, 
slaking, and the like). 

X2.2 Materials such as shells, crushed rock, slag, and the 
like, should be identified as such. However, the procedures 
used in this practice for describing the particle size and 
plasticity characteristics may be used in the description of the 
material. If desired, an identification using a group name and 
symbol according to this practice may be assigned to aid in 
describing the material. 

X2.3 The group symbol(s) and group names should be 
placed in quotation marks or noted with some type of 
distinguishing symbol. See examples. 

X2.4 Examples of how group names and symbols can be 
incororated into a descriptive system for materials that are 
not naturally occurring soils are as follows: 

X2.4.1 Shale Chunks-Retrieved as 2 to +in. (50 to 

100-mm) pieces of shale fiom power auger hole, dry, brown, 
no reaction with H a .  M e r  slaking in water for 24 b, 
material identified as "Sandy Lean Clay (CL)"; about 60 96 
fines with medium plasticity, high dry strength, no dilatancy, 
and medium toughness; about 35 % fine to medium, hard 
sand; about 5 % gravel-size pieces of shale. 

X2.4.2 Crushed Sandstone-Roduct of commercial 
crushing operation; "Poorly Graded Sand with Silt (SP- 
SM)"; about 90 !% fine to medium sand; about 10 !% 
nonplastic fines; dry, reddish-brown, strong reaction with 
HCI. 

X2.4.3 Broken Shells-About 60 9% gravel-size broken 
shells; about 30 % sand and sand-size shell pieces; about 
10 % fines; "Poorly Graded Gravel with Sand (GP)." 

X2.4.4 Crushed Rock-Roassed from gravel and cob- 
bles in Pit No. 7; "Poorly Graded Gravel (GP)"; about 90 % 
fine, hard, angular gravel-size particles; about 10 % coarse, 
hard, angular sand-size particles; dry, tan; no reaction with 
HCl. 

. 

i X3.1 Since this practice is based on &mates of particle I Size distribution and plasticity charade&cs, it may be 
1: dimcult to clearly identify the soil as belonging to one 

category. To indicate that the soil may fall into one of two 

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE 
IDENTIFICATIONS. 

possible basic groups, a borderline symbol may be used with 
the two symbols separated by a slash. For example: S C / a  or 
CL/CH. 

X3.1.1 A borderline symbol may be used when the 
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- h e  sym-bo1 should be for a coarse-grained soil with fines 
and the other for a fine-grained soil. For example: GM/ML 
or CL/SC. 

X3.1.2 A borderline symbol may be used when the 
percentage of sand and the percentage of gravel are estimated 
to be about the same. For example: GP/SP, SC/GC, GM/ 
SM. It is practically impossible to have a soil that would have 
a borderline symbol of GW/SW. 

X3.1.3 A borderline symbol may be used when the soil 
could be either well graded or poorly graded. For example: 
GW/GP, SW/SP. 

X3.1.4 A borderline symbol may be used when the soil 
could either be a silt or a clay. For example: CL/ML, 
CH/MH, SC/SM. 

X3.1.5 A borderline symbol may be used when a fine- 

boundary betweed a soil of low compressibility and a soil of 
high compressibility. For example: CL/CH, MH/ML. 

X3.2 The order of the borderline symbols should reflect 
similarity to surrounding or adjacent soils. For example: soils 
in a borrow area have been identified as CH. One sample is 
considered to have a borderline symbol of CL and CH. To 
show similarity, the borderline symbol should be CH/CL. 

X3.3 The group name for a soil with a borderline symbol 
should be the group name for the fvst symbol, except for: 

CL/CH lean to fat clay 
ML/CL clayey silt 
CL/ML silty clay 

X3.4 The use of a borderline symbol should not be used 
indiscriminately. Every effort shall be made to first place the 
soil into a single group. 

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND, 
AND FINES IN A SOIL SAMPLE 

X4.1 Jar Method-The relative percentage of coarse- and 
fine-grained material may be estimated by thoroughly 
shaking a mixture of soil and water in a test tube or jar, and 
then allowing the mixture to settle. The coarse particles will 
fall to the bottom and successively finer particles will be 
deposited with increasing time; the sand sizes will fall out of 
suspension in 20 to 30 s. The relative proportions can be 
&mated from the relative volume of each size separate. 
This method should be correlated to particle-size laboratory 
determinations. 

X4.2 Visual Method-Mentally visualize the gravel size 
particles placed in a sack (or other container) or sacks. Then, 
do the same with the sand size particles and the fines. Then, 
mentally compare the number of sacks to estimate the 
percentage of plus No. 4 sieve size and minus No. 4 sieve size 

present. The percentages of sand and fines in the minus sieve 
size No. 4 material can then be estimated from the wash test 
(X4.3). 

X4.3 Wash Test ror relative percentages of sand and 
fines)-Select and moisten enough minus No. 4 sieve size 
material to form a 1-in (25-mm) cube of soil. Cut the cube in 
half, set one-half to the side, and place the other half in a 
small dish. Wash and decant the fines out of the material in 
the dish until the wash water is clear and then compare the 
two samples and estimate the percentage of sand and fines. 
Remember that the percentage is based on weight, not 
volume. However, the volume comparison will provide a 
reasonable indication of grain size percentages. 

X4.3.1 While washing, it may be neceSSary to break down 
lumps of fines with the finger to get the correct percentages. 

x5. RATIONALE 

X5.1 This practice was significantly revised in the D 2488 - 
84 version from the previous version D 2488 - 69 (1975). 
The revisions are documented in the literat~re.~ 

X5.2 Changes in this version from the previous version 
include rewording of 1.2.3 to say (disturbed and undis- 
turbed), the addition of 5.7 to refer to the practice for 
describing frozen soils, and the addition of Appendix X5 on 
Rationale. 

’Howad, A. K ’The R e d  ASTM Standard on the Description and 
Identification of Sob ( V i - M a n u a l  Procedure),” Geoiechical Teszing lowral, 
GTJODJ Vol. 10, No. 4, Deccmbcr 1987. 

fhe ~merican society for resting ami ~ a t ~ i a ~ ~  takes no position respeaing the validity of any patem rigms asserted in connection 
with any item mentianed in this standard. Users d this standard are e m  advised that determination of the validity of any such 
patent rights. and the risk d infringement of sud, rights. ere entidy their own responsibility. 

This stendard is wbject to revisian et any time by Ute responsible rechnicaI CQmminee and musr be reviewed every five years and 
if not m&&, either reapproved or withdrawn. Your Ccmmems am invited either for revision d this standard CN for addifiona! standards 
and ShOuM k, eddres~ed to ASTM ~eadqrraner~. Your  nunem ems my/ receive ulreful considerafion at a meeting of rhe reponside 
technicalcanminee. which p mey mend. ff yar feel that your comments heve not received a fair hearing you shand make your 
views known to the ASTM Ccinmiuee an Standards, 1916 Racr, S?., Phi/ade/phia, PA 19103. 
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fl{]b Designation: D 2573 - 72 (Reapproved 1978) 

- Standard Test Method for 
Field Vane Shear Test in Cohesive Soil' 
This standard is issued under the fixed designation D 2573 the number immediately following the designation indicates the year of 
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
supencript epsilon (0 indicates an editorial change since the last revision or reapproval. 

This standard has been approved for use by agencies of rhe Depanmenr of D@mse. Consulr the DoD Index of Specificarions and 
StandardsJor rhe specific year of issue which has been adopred by rhe Depanmenr of Defense. 

1. Scope 
1.1 This method covers the field vane test in soft, satu- 

rated, cohesive soils. Knowledge of the nature of the soil in 
which each vane test is to be made is necessary for 
assessment of the applicability and interpretation of the test. 

2. Summary of Method 
2.1 The vane shear test basically consists of placing a 

four-bladed vane in the undisturbed soil and rotating it from 
the surface to determine the torsional force required to cause 
a cylindrical surface to be sheared by the vane; this force is 
then converted to a unit shearing resistance of the cylindrical 
surface. It is of basic importance that the friction of the vane 
rod and instrument be accounted for; otherwise, the friction 
would be improperly recorded as soil strength. Friction 
measurements under no-load conditions (such as the use of a 
'-lank stem in place of the vanes, or a vane that allows some 

.e rotation of the rod prior to loading) are satisfactory only 
provided that the torque is applied by a balanced moment 
that. does not result in a side thrust. As torsional forces 
become greater during a test, a side thrust in the instrument 
will result in an increase in friction that is not accounted for 
by initial no-load readings. Instruments involving side thrust 
are not recommended. The vane rod may be of sufficient 
rigidity that it does not twist under full load conditions; 
otherwise a correction must be made for plotting torque- 
rotation curves. 

3. Apparatus 
3.1 The vane shall consist of a four-bladed vane as 

illustrated in Fig. 1. The height of the vane shall be twice the 
diameter. Vane dimensions shall be as specdied in Table 1. 
Sizes other than those specified in Table 1 shall be used only 
with the permission of the engineer in charge of the boring 
program. The ends of the vane may be tapered (see Fig. 1). 
The penetrating edge of the vane blade shall be sharpened 
having an included angle of 90". 

3.2 The vane shall be connected to the surface by means 
of steel torque rods. These rods shall have sufficient diameter 
such that their elastic limit is not exceeded when the vane is 
stressed to its capacity (Note 1). They shall be so coupled that 
the shoulders of the male and female ends shall meet to 
prevent any possibility of the coupling tightening when the 

' This method is under the jurisdiction of ASTM Committee D-18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.02 on Sampling and 
Related Field Testing for Soil Investigations. 

Current edition approved Jan. 17. 1972. Published February 1972. Originally 
published as D 2573 - 67 T. Last previous edition D 2573 - 67 T. 

torque is applied during the test. If a vane housing is used, 
the torque rods shall be equipped with well-lubricated 
bearings where they pass through the housing. These bear- 
ings shall be provided with seals to prevent soil from entering 
them. The torque rods shall be guided so as to prevent 
friction from developing between the torque rods and the 
walls of casing or boring. 

NOTE I-If torque versus rotation curves are to be determined, it is 
essential that the torque rods be calibrated (prior to use in the field). The 
amount of rod twist (if any) must be established in degrees per foot per 
unit torque. This correction becomes progressively more important as 
the depth of the test increases and the calibration must be made at least 
to the maximum depth of testing anticipated 

3.3 Torque shall be applied to the torque rods, thence to 
the vane. The accuracy of the torque reading should be such 
that it will produce a variation not to exceed &25 lb/ft2 ( 1.20 
kPa) shear strength. 

3.4 It is preferable to apply torque to the vane with a 
geared drive. In the absence of a geared drive, it is acceptable 
to apply the torque directly by hand with a torque wrench or 
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TABLE 1 Recommended Dimensions of Field Vanes" -I Diameter, Height, Thickness of Blade. in. (mm) D i S % t T o f . V r  . 
Rod. in. (mm) in. (mm) in. (mm) Casing Size 

AX 1% (38.1) 3 (76.2) 1/26 (1.6) H (12.7) 
BX 2 (50.8) 4 (101.6) %6 (1.6) Yz (12.7) 
NX 2% (63.5) 5 (127.0) 1/B (3.2) l/z (12.7) 
4 in. (101.6 mm)e 3% (92.1) 7% (184.1) 1h (3.2) Yz (12.7) 

A Selection of the vane size is directly related to the consistency of me soil being tested, that is. the sofier the soil the larger me vane diameter. 
Inside diameter. 

equivalent. The duration of the test should be controlled by 
the requirements of 4.3. 

4. Procedure 
4.1 In the case where a vane housing is used, advance the 

housing to a depth which is at least five vane housing 
diameters less than the desired depth of the vane tip. Where 
no vane housing is used, stop the hole in which the vane is 
lowered at a depth such that the vane tip may penetrate 
undisturbed soil for a depth of at least five times the diameter 
of the hole. 

4.2 Advance the vane from the bottom of the hole or the 
vane housing in a single thrust to the depth at which the test 
is to be conducted. Take precautions to make sure no torque 
is applied to the torque rods during the thrust. 

4.3 With the vane in position, apply the torque to the 
vane at a rate which should not exceed O.l"/s. This generally 
requires a time to failure of from 2 to 5 min, except in very 
soft clays where the time to failure may be as much as 10 to 
15 min. In stiffer materials, which reach failure at small 
deformations, it may be desirable to reduce the rate of 
angular displacement so that a reasonable determination of 
the stress-strain properties can be obtained. During the 
rotation of the vane, hold it at a fixed elevation. Record the 
maximum torque. With apparatus with geared drives, it is 
desirable to record intermediate values of torque at intervals 
of 15 s or at lesser frequency if conditions require. 

4.4 Following the determination of the maximum torque, 
rotate the vane rapidly through a minimum of 10 revolu- 
tions; the determination of the remoulded strength shodd be 
srarted immediately after completion of rapid rotation and in 
all cases within 1 min after the remoulding process. 

4.5 In the case where soil is in contact with the torque 
rods, determine the friction between the soil and the rod by 
means of torque tests conducted on similar rods at similar 
depths with no vane attached. Conduct the rod friction test 
at least once on each site; this shall consist of a series of 
torque tests at varying depths. 

4.6 In apparatus in which the torque rod is completely 
isolated from the soil, conduct a friction test with a blank rod 
(Note 2) at least once on each site to determine the 
magnitude of the friction of the bearings. In a properly 
functioning vane apparatus, this friction should be neghgible. 
NOTE 2-111 some cases it is not necessary to remove the vane for the 

mcuon test. As long as the vane is not in contact with the sod, thal is, 
where it is retracted into a casing, the friction measurement is not 
affected. 

4.7 Conduct undisturbed and remoulded vane tests at 
intervals of not less than 2% fi (0.76 m) thr6ughout the soil 
profile when conditions will permit vane testing (Note 3). Do 
not conduct the vane test in any soil that will permit 

drainage or dilates during the test period, such as sands or 
silts or in soils where stones or shells are encountered by the 
vane in such a manner as to influence the results. 

NOTE 3-This spacing may be varied only by the engineer in charge 
of the boring program. 

5. Calculation 
5.1 Calculate the shear strength of the soil in the following 

manner: The turning moment required to shear the soil is as 
follows: 

T = s x K  
where: 
T = torque, lbf-ft (or N-m), 
s = shear strength of the clay, lbf/ft2 (or P a ) ,  and 
K = constant, depending on dimensions and shape of the 

vane, fi3 (or m3). 
5.2 Assuming the distribution of the shear strength is 

uniform across the ends of a cylinder and around the 
perimeter, calculate the value of K as follows: 
Inch-Pound Units: 

K = (nj1728) X (@H/2) X [l + fD/3H)] 
Metric Units: 

K = (*/lo6) X ( d H / 2 )  X [ l  + D/3H)J 
where: 
D = measured diameter of the vane, in. (or cm), and 
H = measured height of vane, in. (or cm). 
It is important that these dimensions are checked periodi- 
cally to ensure the vane is not distorted or worn. 

5.3 As the ratio of length to breadth of the vane is 2: 1, t h e  
value of K may be simplified in terms of the diameter so thai 
it becomes the following: 
Inch-Pound Units: 

K = 0.0021d 

Metric Units: 
K = 0.00000366d 

5.4 Since the value of s is required, it is more useful tc 
write the equation as follows: 

s =  Tx k 
where: 
k = 1IKand 
T, the torque, is measured so that s can be calculated. 

equation may be used for the vane constant: 
Inch-Pound Units: 

Metric Units: 

5.5 For the tapered vane of Fig. 1, the following modifie 

K =  1/1728 [ n d  + 0.37 ( 2 d  - d J ) ]  

K = 1 /io6 [no3 + 0.37 (2d - 811 
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!ere: 

rod diameter, in. (cm). For a %in. (1.27-cm) rod this 
reduces to: 

ch-Pound Units: 

etric Units: 
K = 0.00225O3 - 0.00003 

K = 0.00000388O3 - 0.00000076 

Report 
6.1 For each vane test record the following observations: 
6.1.1 Date of the test, 
6.1.2 Boring number, 
6.1.3 Size and shape of the vane (tapered or rectangular), 
6.1.4 Depth of the vane tip, 
6.1.5 Depth of the vane tip below the housing or bottom 
' the hole, 
6.1.6 Maximum torque reading, and intermediate read- 

ings if required for the undisturbed test, 
6.1.7 Time to failure of the test, 
6.1.8 Rate of remoulding, 
6.1.9 Maximum torque reading for the remoulded test. 

6.1.10 Notes on any deviations from standard test proce- 

6.2 In addition, record the following observations for the 

6.2.1 Boring number, 
6.2.2 Location, 
6.2.3 Log of the soil conditions, 
6.2.4 Reference elevation, 
6.2.5 Method of making the hole, 
6.2.6 Description of the vane, that is, housed or not, 
6.2.7 Description of the method of applying and mea- 

6.2.8 Notes on the driving resistance, 
6.2.9 Name of the drilling foreman, and 
6.2.10 Name of the supervising engineer. 

and 

dure. 

boring: 

suring the torque, 

The American Society for Testing and Materials takes no position respecting the validity of any patent rigMs asserled in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent righls, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either respproved or withdrawn. Your comments are invited either for revisionof this standard or for additional standards 
and shwld be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may anend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia. PA 19103. 
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Designation: D 2044 - 89 41b 
Standard Test Method for 
Resistance R-value and Expansion Pressure of Compacted 
Soils' 

This standard is issued under the fixed designation D 2844; the number immediately foliowing the designation indicates the year of 
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last mpproval. A 
superscript epsilon (c)  indicates an editorial change since the last revision or reapproval. 

1. Scope 
1 . 1  This test method covers the procedure for testing both 

treated and untreated laboratory compacted soils or aggre- 
gates with the stabilometer and expansion pressure devices to 
obtain results indicative of performance when placed in the 
base, subbase, or subgrade of a road subjected to traffic. 

1.2 The values stated in inch-pound units are to be 
regarded as the standard. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 670 Practice for Preparing Precision and Bias State- 

. E 4 Practices for Loading Verification of Testing Ma- 

E 11 Specification for Wire Cloth Sieves for Testing Pur- 

2.2 AASHTO Documents: 
T 19@ Test Method for Resistance R-value and Expansion 

ments for Test Methods of Construction Materials' 

chines3 

poses4 

Pressure of Compacted Soils' 

3. Significance and Use 
3.1 This test method is used to measure the potential 

strength of subgrade, subbase, and base course materials for 
use in road and airfield pavements. The R-value is used by 
some agencies as a criteria for acceptance of aggregates for 
base course and bituminous courses. 

3.2 The expansion pressure testing has been used in 
conjunction with the R-value test to determine cover re- 
quirements (thickness) and construction controls to reduce 
pavement distortion from expansive subgrade soils. 

4. Apparatus 
4.1 Kneading Compactor, capable of applying an average 

' This test method is under the jurisdiction of ASTM Commiaee D18 on Soil 
and Rock and is the direct responsibility of.Subcommittee D18.08 on Special and 
Connruction Concrol Tests. 

Current edition approved Oct. 27, 1989. Published December 1989. Originally 
oublished as D 2844 - 69. Last previous edition D 2844 - 68 (1975). 

Annual Book of ASTM Starhrds, Vols 04.01,04.02,04.03. and 04.08. 
'Annual Book ofASTM Standards, Vols 03.01.04.02,07.01, and 08.03. 

Annual Book o/ASTM Standarh, Vol 14.02. ' Available from American Association of State Highway and Transportation 
Officials. 444 N. Capitol St., NW, Suite 225, Washington, DC 20001. 

contact pressure of 350 -I- 16 psi (2410 +. 110 kPa) to the 
tamper foot shown in Fig. 1 and with provisions for 
maintaining this pressure during changes in sample height. 
The load-time trace shall be free of "chatter" or evidence of 
impact-associated changes in slope. The rise time for appli- 
cation of foot pressure, in the range from 35 to 300 psi (240 
to 2070 P a ) ,  shall not be less than 0.07 nor more than 0.20: 
The dwell time, measured at 300 psi foot pressure, shall not 
be less than 0.15 nor more than 0.45 s: The pressure-release 
or removal time shall not be greater than 0.60 s. 

4.1.1 The compactor shall include a counter or timer for 
measuring the number of tamps applied to a specimen and a 
mold holder, for use in compacting specimens, that rotates 
equally between tamps to give 5 to 7 tamps per revolution of 
the mold. The holder shall firmly restrain the mold during 
compaction. The base of the mold holder shall have a metal 
plate 33%~ in. (100.8 mm) in diameter and 0.5 in. (12.7 mm) 
high to which is cemented a rubber disk having a diameter of 
3'%6 in. (100.0 mm) and a height of '/a in. (3.2 mm). The 
plate shall be an integral part of the base of the mold holder. 
The compactor shall also include a trough for feeding the 
sample into the mold in 20 increments (Fig. 2). Troughs with 
a semicircular cross section of 6 in.' (39 cm') in area and 20 
in. (50.8 em) long have proven satisfactory. 

4.2 Compression. Testing Machine, with a minimum ca- 
pacity of 10 000 lbf (45 kN) and satisfymg the requirements 
of Practices E 4. 

I 
5 08 cm rod 

TOLERANCES 

2.00 f 0.002 incnea or 5.08f 0.0051 em 
1/4 "i 0.020 m n e s  or 0.644' 0.051 cm 

Full Scole 

FIG. 1 Tamper Shoe for Kneading Compactor 
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FIG. 2 Compactor with Sample Feed Trough 

4.3 Mold, 4 k 0.002 in. (101.6 & 0.05 mm) inside 
diameter by 5 & 0.008 in. (127 f 0.20 mm) high. (See Fig. 3 
for surface roughness.) 

4.4 Rubber Disks, 3%6 in. (100 mm) in diameter by I/s in. 
(3 mm) thick and having a durometer hardness of 60 f 15. 

4.5 Metal Follower, solid-walled, metal specimen follower 
3.95 f OB05 in. (100.33 f 0.13 mm) in outside diameter by 
5 in. (127 mm) long. 

4.6 Exudation Device, as shown in Fig. 4.6 
4.7 Phosphor Bronze Disk, as shown in Fig. 5. 
4.8 Filter Paper, 100 mm in diameter and 0.006 in. (1.5 

4.12 Stabilometer, with accessories, as shown in Figs. 7 
and 8.6 

4.13 Standard Metal Specimen, 4 in. (101.60 mm) in 
outside diameter by 6 in. ( 1  52.2 mm) high as shown in Fig. 
8. 

4.14 Balance, 5000-g capacity, accurate to 1 g. 
4.15 Sieves, 1 in. (25.0 mm), 3/4 in. (19.0 mm) and.No. 4 

(4.75 mm) conforming to the requirements of Specification 
E 1 1 .  

4. I6 Miscellaneous Equipment, including mixing pans, 
spoons, spatulas, and gallon cans with close-fitting lids. 

-- - 5. soil - _ _  Preparation 
5.1 &move my coatings from coarse aggregate and break 

clay lumps to pass the No- 4 (4.75-mm) sieve- 
5.2 Adjust the soil graduation when some of the material 

is retained on the 3/4-in. (19.0-mm) sieve. When 75 9% or 
more passes the %-in. sieve, that part of the sample 
passing the 3/4-in. sieve. If less than 75 5% of the sample passes 
the Y 4 - h  sieve use that part of the sample passing the 1-in. 
(25.0-mm) sieve. 

6.  Preparation of Soil Specimens 
6.1 Thoroughly mix four 1200-g samples of soil with the 

amount of water estimated to e q d  one half to two thirds of 
the water required to produce saturation as defined in 6.3 
and 6.4. Place the samples in covered containers and allow 

mm) thick, smooth surface, medium filtering speed, medium 
retenbon. 

4.9 Filter Paper, 110 mm in diameter and 0.006 in. (1.5 

__- -.- - 

mm) thick a p e d  mdum-fast filtering speed, 
medium retention. 

shown in Fig. 6.6 
devices for each sample to be tested within a day’s time. 

mm) and an allen wrench as shown in Fig. 6. 

4.10 Expansion-Pressure Device, with accessones as 
be at least three of these 

4.1 1 Deflection Gage, with divisions of 0.0001 in. (0.002 

Copies of detailed drawings of the apparatus shown in Figs. 4 ( I  drawing), 6 (4 
drawmgs), 7 and 8 (7’ drawingr)’are available at a nominal cost From the Am&- 
soclay for Testing and Materhk 1916 Race St, Philadelphia, PA 19103. Request 
Adjunct No. 12-428440-10, 12428440-20, and 12-42W30,  RSpe&‘ely. 
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I 4# D2844 --I I '  

1 

I 1 

4.490" Diu L 

f.005 
4 F 

r B U R R  SLIGHTLY -BOTH ENDS 

145. CHAMFER ON -6 UTSIDE ONLY -BOTH ENDS 

No=-Inside rougf~ness is obtained by smooth machining inside to required 
dlameter of 4.000 f 0.002 in. followed on final operation with a boring tool bit 
grwnd to a 90° point with sharp point ground flat 0.001 to 0.003 in. 
aunss. Depth of art is 0.002 in. with 0.010 in. feed usnrg sulfur-basedoil Codant 

FIG. 3 Mold 

them to stand overnight. Just prior to compaction, mix the 
samples with the final amount of water required to produce 
saturation. The first sample is used as a pilot specimen to 
assist in determining the final amount of water required. 

6.2 Weigh out enough material to fabricate a compacted 
sample 4 in. (101.6 mm) in diameter by 2.5 in. (63 mm) 
high. Compacted specimens having heights from 2.3 to 2.7 
in. (58 to 68 mm) are acceptable. Compact the soil into the 
mold by means of the kneading compactor as follows: Place 
the mold in the mold holder which has a rubber disk, 3 1 5 h  

in. (100 mm) in diameter and '1s in. (3 mm) thick, cemented 
to the plate. Adjust the mold for approximately V8-b. 

(3-mm) clearance between the lower edge of the mold and 
base of the mold holder. With the compactor-foot pressure 
sef at 250 +, 25 psi (1720 f 170 Wa), feed 3 in. (76 mm) of 
th: soil in the trough into the mold. Feed the balance of the 
soil into the mold in 20 equal increments with one applica- 
tion of the ram after eacb increment. Alloy 10 additional 
tamps to level the soil, then place a rubber disk on top ,of the 
specimen. Apply 100 additional tamps with a foot pressure 
of 350 psi (2410 Ha). Stop compacting the soil at any time 
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FIG. 4 Exudation-Indicator Device 

before 100 tamps if water appears around the bottom of the 
mold. 
NOTE 1-Use lower compaction pressures when necessary to limit 

penetration of the ram into the soil to not greater than ki in. (6 mm). 

6.3 Remove the mold containing the compacted spec- 
imen from the compactor. Level the tamped surface by hand 
tamping with a 1.5411. (38-mm) diameter rod. Place a 
phosphor-bronze disk on the tamped surface of the soil and 
place a filter paper on top of the bronze disk. Invert the mold 
and place it on the exudation device so that the fdter paper is 
on the bottom. Using the compression testing machine, 
apply a uniformly increasing pressure to the soil at the rate of 
2000 lbf (8900 N)/min. Water should be exuded from the 
soil at 300 psi (2070 kPa) as evidence that enough moisture is 
present to produce saturation. Stop the loading and record 
the exudation pressure when either five of the six outer fights 
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d# D2844 

L PERFORATED DISK 
PHOSPHOR BRONZE 28GAGE 

FIG. 5 Phosphor-Bronze Disk 

on the exudation pressure device are lighted or three outer 
lights are lighted and free water is visible around the bottom 
of the mold. Do not exceed a loading of 800 psi (5520 Pa) .  

6.4 Mold at least two more specimens with different 
amounts of moisture so that a range of exudation pressures 
from 100 to 800 psi (690 to 5520 P a )  (Note 2) is obtained 
which brackets the 300 psi (2070 kPa) value. For some high 
volume-change soils, additional specimens having exudation 
pressures lower than 100 psi may be necessary to obtain 
expansion pressures that are low enough to provide a suitable 
range of data for a complete expansion pressure analysis of 
the soil. 

NOTE 2--ocCaSionally, material from very plastic, clay-test 4- 
mens will extrude from under the mold and around the follower ram 
during the loading operation. Ifthis occurs when the 8OO-psi (5520-Ha) 

. .Gouge Surface,  ' 

point is reached and fewer than five lights are lighted. the soil should be ' 
reported as less than 5 R-value. Coarse granular materials and clean 
sands m a y  require the use of paper baskets to permit testing. 

7. Calibration of Expansion-Pressure Apparatus 
7.1 Calibrate the spring-steel bar of the expansion- 

pressure device (Fig. 6) by applying upward measured loads 
at the center of the bar and measuring the respective 
deflections of the bar with the deflection gage. 

7.2 The steel spring bar is considered in calibration when 
the deflections are within the following tolerances: 

Applied Load Dial Reading, in. (mm) 
8 (3.75) 0.0021 f 0.0002 (0.055 2 0.005) 

16 (7.50) 0.0042 2 0.0002 (0.1 10 f 0.005) 
24 (11.25) 0.0063 f 0.0002 (0.165 2 0.005) 
32 (15.00) 0.0084 f 0.0002 (0.220 f 0.005) 

7.3 If the deflection gage does not check the above 
readings, loosen the top frame bar and adjust the position of 
the shims, between the frame and the spring steel bar, until 
the required readings are obtained. 
NOTE 3-Some models of the expansion-pressure apparatus have set 

screw adjustments in lieu of shims. 

8. Expansion-Pressure Testing 
8.1 Allow the test specimen to rebound in a covered mold 

for at least 30 min after determination of the exudation 
preSSUre. 

8.2 Place deflection gage in position on the expansion- 
pressure device with the single-bearing end of the gage base 
resting on the adjustment ring. 

8.3 Using an allen wrench, raise or lower the adjustment 
plug until the deflection gage is on -1.0010 in. (0.025 mm). 
The deflection gage will read 0.0090 in. (0.229 mm). 

8.4 Place the perforated disk with stem firmly on the face 
of the compacted specimen in the mold and place the mold 
in the expansion-pressure device after placing creped surface 
filter paper on the turntable. 

8.5 Seat the perforated disk firmly on the specimen with 

', , . . -.: ~ .. 
< .. ; Coli broted 

Spring Steel Bor , '. ;it,.,+. :.. 
I ~ ..i 3 : :  

,^ 

Adjustable Gauge Plug =-f 
4'' 

, .,-. > . -  
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Air Adjustment, VolveJ Neaarene 

FIG. 7 HveemStabilometer. 

FIG. 8 StaMlorneter and Accessories 

pressure applied by the fingers. Raise the turntable on the 
expansion device until the deflection gage reads zero. If the 
cisice was properly adjusted, according to 6.3, this will apply 
the preset surcharge deflection of 0.0010 in. (0.025 mm). 

8.6 Put approximately 200 mL of water into the mold and 
allow pressure from expansion of the specimen to develop 
for 16 to 24 h. 

Nm 4-Do not leave a test specimen unconfined by the expansiox 
P m  device while there is free water On top of the specimen in 
mold. 
8.7 Read the deflection of the calibrated spring steel bar t 

o.oO01 in. (0.002 mm). When the deflection is greater tha 
0.0 100 in. (0.254 mm), the expansion-pressure device shoul 
be recalibrated before using again. 

8.8 Determine the expansion pressure, P, as follows: 
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P = k d  
,".e: 
= spring condant of steel bar calculated from calibration 

of the expansion-pressure apparatus and expressed in 
psi/O.OOlO in. (or kPa/0.025 mm), and, 

= deflection shown by deflection gage, in. (mm). 

Adjustment of Stabilometer 
9.1 Adjust the bronze nut on the stabilometer stage base 
that the top of the stage is 3% in. (89 mm) below the 

atom of the upper tapered ring of the stabilometer. 
dorm all tests at this setting. 
9.2 Adjust the amount of ah in the stabilometer cell so 
at 2 -C 0.05 turns of the pump handle increase the liquid 
'essure from 5 to 100 psi (34 to 690 P a )  with the standard 
etal specimen in the stabilometer chamber. 

I. Resistance-Value Testing of Specimens 
10. I After testing for expansion pressure, pour water off 

Le top of the specimen (Note 5) and place the mold with the 
xcimen on top of the stabilometer. Place the follower on 
)p of the specimen and force the specimen from the mold 
it0 the stabilometer. Lower the testing machine head until 
just engages the follower. 
NOTE 5-If all the water has drained through the specimen, add 

ater to the top and allow to stand for 15 min. Pour off any excess water 
nd continue test. 

'0.2 Apply a horizontal pressure of 5 psi (34 kPa) to the 
5men by means of the displacement pump then apply a 

fertical load using a uniform rate of movement of 0.05 in. 
1.3 mm)/min. 

10.3 Record the horizontal pressure when the vertical 
oad is 2000 lbf (8900 N) and stop loading. Reduce the 
iertical load to 1000 lbf (4450 N). With the displacement 
lump, adjust the horizontal pressure to 5 psi (34 Wa). 

NOTE "Thin will result in a further redudon in the applied load, 
and should be ignored. 

10.4 Turn the stabilometer pump handle at approxi- 
mately two turns per second and measure the number of 
turns of the pump handle (using the tums-displacernent dial 
indicator on the stabdometer) to raise the horizontal pressure 
from 5 to 100 psi (34 to 690 Wa). This is the turns 
displacement, D, of the specimen. 

10.5 Determine the resistance, R, as follows: 
R = 100 - [100/(2.5/0)(160/P,, - 1) + 11 

where: 
Ph = horizontal pressure, psi, and 
D = turns displacement reading. 
This is the R-value for specimens with compacted heights 
from 2.45 to 2.55 in. (62 to 65 mm). If the height of the 
specimen is between 2.3 and 2.45 in. or 2.55 and 2.7 in. (58 
and 62 mm or 65 and 68 mm, respectively) use the chart 
(Fig. 9) for correcting R-values to a specimen height of 2.5 
in. (63 mm). 

Nm 7-If the R-value is desired at a specific exudation pressure, for 
example, 300 psi (2070 kPa), within the range of pressures measured in 
tests of the three specimens, it is convenient to construct a graph of 
R-value versus exudation pressure and interpolate. 

11. Precision and Bias 

1 1.1 Bias statements are not applicable to this test 
method. 

11.2 The estimates of precision for this test method listed 
in Table 1 are based on the analysis of data from 13 pairs of 
AMRL, soil reference samples. Participating laboratories 
were asked to perform AASHTO Test Method T190, which 
is equivalent to ASTM Test Method D 2844, at an exudation 
pressure of 300 psi. More than 100 paired test results from 16 
to 23 laboratories were analyzed. Estimates of test precision 
for R-values greater than 50 have not been developed. 
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CHART FOR CORRECTING 'R. VALUES TO 
SPECIMEN HEIGHT OF 2.50" -. _ -  

HEIGHT CORRECTION SHOULD BE 
MADE USING THE CHART BELOW. 

NOTE: NO CORRECTION FOR SPECIMEN 
HEIGHTS BETWE EN 2.45. AND 2.55: 
INTERPRET R-VALUE CORRECTIONS 
FnR OTHER HEIGHTS. . -. 

EXAMPLE: OVERALL HEIGHT O f  2.65' 
R-VALUE (UNCORRECTED) 5 0  
R-VALUE (CORRECTED) 5 4  

n 
W c 
V 
W 

0 
0 

a 
a 

W 
3 
2 a 

a 
> I 

Y 

R-VALUE BEFORE HElGHT CORRECTlOW 

FIG. 9 Height-Conection Chart 
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S i  torpredsiar: 

!%gbqmmprecisian: 

Munilabaatay pecisioo: 

R-valuesat300psibetween5and20 3 a 

R-values at 300 psi between 21 and 50 4 12 

R-valuesat 300 psi between 5 and 20 6 i a  

R-vatuesat3OOpsibetween21and50 13 37 

"These numbers represent the(1.S) and (02s) limits as desaibed in Practice 

data avaaaMe from ASTM Headquarters. Request RR: 

Mldtaaboratayprecisian: 

C 670. 

D181000. 

The American Sociev for Testing and Materials takes no position respecting the validity ot any patent rigMs asserted in ConnecTion 
with any Rem mentioned in this standard. Usem of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entire/y their own responsibility. 

This standard is subject to revision at any time by the rssponsibre technical commfttee and must be reviewed every five years and 
if not revised. either respproved or withdrawn. Your commenfs are invited &her for revision of this srandard or for additional standards 
and should be addressed to ASTM Headquaners. Your comments will careful consideration at a meeting of the responsible 
technical committee, which you may attend. ff you fee/ that your comments have not received a fair hearing you should make ywr 
views known to the ASTM Committee on Standards. 1916 Race St., Philedelphh. PA 19103. 
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0) Designation: D 2850 - 87" 

Standard Test Method for 
Unconsolidated, Undrained Compressive Strength of 
Cohesive Soils in Triaxial Compression' 

This standard is issued under the fixed designation D 2850; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last =vision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapproval. 

NOTE-kAiOn 1 1  was added editorially in January 1991. 

1. Scope 
1.1 This test method covers the determination of the 

unconsolidated, undrained compressive strength (or max- 
imum principal stress difference) of cylindrical specimens of 
cohesive soils in undisturbed, remolded, or compacted 
conditions using constant rate of deformation (straincon- 
trolled) application of the axial compression test load and 
where the specimen is subjected to a confining fluid pressure 
in a triaxial chamber. No drainage of the specimen is 
permitted during the test. The test method provides for the 
measurement of the total stresses applied to the speCimen, 
that is, the stresses are not corrected for pore-water pressure. 
The total stress is the sum of the effective mess and the pore 
pressure. 

1.2 This test method provides data for determining un- 
:ned strength properties and stress-strain relations for 

.. - -1s. 

NOTE 1-The determination of the unconsolidated, undrained 
strength of cohesive soils without lateral confinement is covered by Test 
Methods D 2 166. 
NOTE 2-This test method does not provide a procedure for back 

pressure saturation of the test specimens. If back pressure saturation of 
the specimens is required, the test must be performed utilizing proce- 
dures and apparatus similar to those required for a consolidated 
undrained triaxial test. However, due to consolidation, which could 
occur during the saturation phase, this modified procedure is not truly 
unconsolidated. A test method for the consolidated undraned trkuhl 
test is currently under development in Subcommittee D18.05. 

NOTE 3-This test method does not include a procedure for ob 
taining pore pressure measurements. Furthermore, at the rapid strain 
rates used in this test method such measurements could be inaccurate. If 
pore pressure measurements are desired, altemative procedures such as 
the U.S. Bureau of Reclamation Method E-17 can be used. 

1.3 The values stated in SI units are to be regarded as the 
standard. 

1.4 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

. This test method is underthe jurisdiction o f A S M  Committee D-18 on Soil 
Rock and is the dircct raponsibifity of Subcommim D18.05 on Srmctural 

Current edition approved April 24, 1987. Published June 1987. Originally 
Roperties of Soils. 

published as D 2850 - 70. Last previous edition D 2850 - 82. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soils' 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of Soils'. 
D 1587 Practice for Thin-Walled Tube Sampling of Soils2 
D2166 Test Methods for Unconfined Compressive 

Strength of Cohesive Soil' 
D 2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

D2487 Test Method for Classification of Soils for Engi- 
neering pur~osesZ 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)* 

D4220 Practices for Preserving and Transporting Soil 
Sample2 

D4318 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soil? 

Fluids2 

3. Terminology 
3.1 Definitions: 
3.1.1 triaxial compression test-a test in which a cylin- 

drical specimen of soil encased in an impervious membrane 
is subjected to a confining pressure and then loaded axially 
to failure in compression (as defined in 3.2.1). 

3.1.2 principal stress diflerence or deviator stress-the 
difference between the major and minor principal stresses in 
a triaxial test. 

3.1.2.1 Discussion-The principal stress difference or de- 
viator stress is equal to the axial load applied to the specimen 
divided by the corrected cross-sectional area of the specimen, 
as prescribed in Section 8. The major principal stress in the 
specimen is equal to the deviator stress plus the chamber 
pressure, and the minor principal stress in the specimen is 
equal to the chamber pressure. 

3.2 Descriptions of Terms Specific to This Standard: 
3.2.1 failure-the failure stresses are taken as the stresses 

in the specimen corresponding to the maximum principal 
stress difference (deviator stress) attained or the principal 
stress difference (deviator stress) at 15 9% axial strain, which- 
ever is obtained first during the performance of a test. 

3.2.2 unconsolidated-undrained compressive strength- 
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the value of the maximum principal stress difference or 
deviator stress obtained during the test. 

4. Significance and Use 
4.1 In this test method, the compressive strength of a soil 

is determined in terms of the total stress, therefore, the 
resulting strength depends on the pressure developed in the 
pore fluid during loading. In this test method, fluid flow is 
not permitted from or into the soil specimen as the load is 
applied, therefore the resulting pore pressure, and hence 
strength, M e n  from that developed in the case where 
drainage can occur. 

4.2 If the test specimens are 100 ’% saturated, consolida- 
tion cannot occur when the confining pressure is applied nor 
during the shear portion of the test since drainage is not 
permitted. Therefore, if several specimens of the same 
material are tested, and if they are all at approximately the 
same water content and void ratio when they are tested, they 
will have approximately the same undrained shear strength. 
The Mohr failure envelope will usuaily be a horizontal 
straight line over the entire range of confining stresses 
applied to the specimens if the specimens are fully saturated. 

4.3 If the test specimens are partially saturated or com- 
pacted specimens, where the degree of saturation is less than 
lo0 % , consolidation may occur when the confining pressure 
is applied and during shear, even though drainage is not 
permitted. Therefore, if several partially saturated specimens 
of the same material are tested at different confining stresses, 
they will not have the same undrained shear strength. Thus, 
the Mohr failure envelope for unconsolidated undrained 
triaxial tests on partially saturated soils is usually curved. 

4.4 The unconsolidated undrained triaxial strength is 
applicable to certain design situations in geotechnical en@- 
neering practice where the loads are assumed to take place so 
rapidly that there is insufficient time for the induced 
pore-water pressure to &pate and for consolidation to 
occu during the loading period (that is, drainage does not 
occur). The unconsolidated undrained triaxial strength is 
used to determine strengths at the end of construction. 

4.5 Compressive strengths determined using t h i s  proce- 
dure may not apply in cases where the loading conditions in 
the field differ significantly from those used in this test 
method. 

5. Apparatus 
5.1 Axial Loading Device-The axial compression device 

may be screw jack driven by an electric motor through a 
geared transmission, a hydraulic or pneumatic loading de- 
vice, or any other compression device with suacient ca- 
pacity and control to provide the rate of loading prescribed 
in 7.5. When the loading device is set to advance at a certain 
rate of strain, the actual rate of strain shall not deviate by 
more than -C 10 9%. Vibrations due to the operation of the 
loading device shall be kept at a minimum. 
NOTE &A loading device may be said to provide sufficiently small 

vibrations if there are no visible ripples ip a glass of water placed on the 
loading platen when the device is operating at the speed at which the test 
is performed. 

5.2 Axial Load-Measuring Device--The axial load-mea- 
suring device shall be a load ring, electronic load cell, 
hydraulic load cell, or any other load-measuring device 
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capable of the accuracy prescribed in this section and may be 
a part of the axial loading device. The axial load-measuring. 
device shall be capable of measuring the axial load to an 
accuracy of 1 5% of the estimated axial load at failure. 

5.3 Chamber Pressure-Maintaining and Measurement 
Device-The chamber pressure-maintaining and measure- 
ment device shall be capable of applying and controlling the 
chamber pressure to within 21 5% of the applied chamber 
pressure. This device may consist of a reservoir connected to 
the triaxial chamber and partially filled with the chamber 
fluid (usually water), with the upper part of the reservoir 
connected to a compressed gas supply; the gas pressure being 
controlled by a pressure regulator and measured by a 
pressure gage, electronic pressure transducer, or any other 
device capable of measuring to the prescribed tolerance. 
However, a hydraulic system pressurized by deadweight 
acting on a piston or any other pressure-maintaining and 
measurement device capable of applying and controlling the 
chamber pressure to the tolerance prescribed in this section 
may be used. 

5.4 Triaxial Compression Chamber-An apparatus shall 
be provided in which the cylindrical specimen, enclosed by a 
membrane sealed to the specimen cap and base, may be 
placed and subjected to a constant hydrostatic fluid pressure. 
The apparatus shall include a bushing and piston, aligned 
with the axis of the specimen, through which the load from 
the axial loading device is transmitted to the specimen 
axially between the specimen cap and base. The bushing and 
piston shall be designed to minimize fricticm and lateral 
thrust to the specimen cap. 

5.5 Specimen Cap and Base-An impermeable rigid cap 
and base shall be used to prevent drainage of the specimen. 
The specimen cap and base shall be constructed of a 
noncorrosive impermeable material, and each shall have a 
circular plane surface of contact with the specimen and a 
circular cross section. The weight of the specimen cap shall 
produce an axial stress on the specimen of less than 1 
kN/m2. The diameter of the cap and base shall be equal to 
the initial diameter of the specimen. The specimen base shall 
be coupled to the triaxial compression chamber so as to 
prevent lateral motion or tilting and the specimen cap shall 
be designed to receive the piston such that the piston-to-cap 
contact area is concentric with the cap. The specimen cap 
during shear shall not tilt more than 5”. The cylindrical 
surface of the specimen base and cap that contacts the 
membrane to form a seal shall be smooth and free of 
scratches. 

NOTE 5-The stress produced by the specimen cap can exceed 1 
kN/m2 provided the test data is corrected for the effects of that stress 

5.6 Deformation Indicator-The deformation indicator 
shall be a dial indicator capable of measuring axial deforma- 
tion to within 0.03 ’% of the specimen height and having a 
travel range of at least 20 ’% of the initial height of the test 
specimen, or any other measuring device, such as electronic 
deformation measuring devices, meeting these requirements 
of readability and range. 

5.7 Rubber Membranes-The rubber membrane used to 
encase the specimen shall provide reliable protection against 
leakage. Membranes shall be carefully inspected prior to use, 
and if any flaws or pinholes are evident, the membrane shall 
be discarded. In order to offer minimum restraint to the 
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spec imFthe  unstretcha membrane diameter shall be 
tween 90 and 95 9% of that of the specimen. The mem- 

-ane thickness shall not exceed 1 9% of the diameter of the 
specimen. The membrane shall be sealed to the specimen 
base and cap by any method that will produce a positive seal. 
An equation for correcting the principal stress difference 
(deviator stress) for the effect of the stiffness of the mem- 
brane is given in 8.5. , 

NOTE 6-The membrane is typically seaied using O-rings with silicon 
grease between the cap and base and the membrane. 

5.8 Sample Extruder-The sample extruder shall be ca- 
pable of extruding the soil core Erom the sampling tube in the 
same direction of travel in which the sample entered the tube 
and with minimum disturbance of the sample. If the soil core 
is not extruded vertically, care should be taken to avoid 
bending stresses on the core due to gravity. Conditions at the 
time of sample removal may dictate the direction of re- 
moval, but the principal concern is to keep the degree of 
disturbance minimal. 

5.9 Specimen Size Measurement Devices-Devices used 
to measure the height and diameter of the specimen shall be 
capable of measuring the desired dimension to within 0.1 !?5 
of its actual length and shall be constructed such that their 
use will not disturb the specimen. 

5.10 Timer-A timing device indicating the elapsed 
testing time to the nearest 1 s shall be used for establishing 
the rate of strain application prescribed in 7.5. 

5.11 Balances-The balance used to weigh specimens 
-\all determine the mass of the specimens to within 0.1 96 of 

e total mass. 
5.12 Apparatus for Water Content, as specified in Method 

D 2216. 
5.13 Miscellaneous Apparatus-Specimen trimming and 

carving tools, membrane and O-ring expanders, compaction 
apparatus, and data sheets as required. 

6. Test Spekhens 
6.1 Specimen Size-Specimens shall have a minimum 

diameter of 30 mm and the largest particle contained within 
the test specimen shall be smaller than 116 of the specimen 
diameter. If, after completion of a test, it is found that 
oversize particles are present, indicate this information in the 
report of test data under remarks. Determine the average 
height and diameter of the test specimen using the apparatus 
specified in 5.9. Take a minimum of three height measure- 
ments ( 120" apart) and at least three diameter measurements 
at each of the quarter points of the height. The height- 
to-diameter ratio of the specimen shall be between 2 and 2.5. 

NOTE 7-If large soil particles are found in the specimen after tesring, 
a particbsize analysis in accordance with Method D422 may be 
performed to confirm the visual observation and the results provided 
with the test report. 

6.2 Undisturbed Specimens-€'repare undisturbed speci- 
mens from large undisturbed samples or from .samples 
secured in accordance with Practice D 1587 or other accept- 
-Ye undisturbed tube sampling procedures. Undisturbed 

sples shall be preserved and transported as outlined for 
Groups C or D samples in Practices D4220. Specimens 
obtained by tube sampling may be tested without trimmin& 
e x w t  for the squaring of e n 4  provided soil characteristics 

are such that no significant disturbance results from sam- 
pling and the specimen is uniformly circular: Handle speci- 
mens carefully to minimize disturbance, changes in cross 
section, or loss of water content. If compression or any type 
of noticeable disturbance would be caused by the extrusion 
device, split the sample tube lengthwise or cut it off in small 
sections to facilitate removal of the specimen with minimum 
disturbance. Prepare trimmed specimens in an environment 
where the change in the water content of the soil is 
minimized (Note 8). Specimens shalI be of uniform, circular 
cross section perpendicular to the axis of the specimen. 
Where pebbles or crumbling result in excessive irregularity 
along the outside edges of the specimen or at the ends, pack 
soil from the trimmings in the irregularities to produce the 
desired surface. As an alternative; the ends of the specimen 
may be capped with a minimal thickness of plaster of paris, 
hydrostone, or similar material. Where soil conditions 
permit, a vertical lathe accommodating the total sample may 
be used as an aid in trimming the specimen to the required 
diameter. Determine the m a s  and dimensions of the test 
specimen in accordance with 5.9 and 5.1 1. If the specimen is 
to be capped, determine its mass and dimensions before 
capping. Enclose the specimen in the rubber membrane and 
seal the membrane to the specimen base and cap immedi- 
ately after preparation. 
NOTE 8-A controlled high-humidity mom is usually used for this 

purpose. 
6.3 Remolded Specimens-Prepare the specimen by first 

thoroughly working the undisturbed specimen, which has 
been tested and is SGli encased in the rubber membrane, with 
the fingers. Then reform the specimen by forming within a 
mold having dimensions such that the remolded specimen 
dimensions will be equal to those of the undisturbed 
specimen. Exercise care to avoid entrapping air in the 
specimen. This will aid in obtaining a uniform unit weight, 
in remolding to the same void ratio as the undisturbed 
specimen, and in preserving the natural water content of the 
soil. 

6.4 Compacted Specimens-Prepare specimens using the 
compaction method, predetermined water content, and unit 
weight prescribed by the individual assigning the test. Com- 
pacted specimens may be prepared by compacting material 
in at least six layers, using a pressing or kneading action, into 
a split mold of circular cross Section having dimensions 
meeting the requirements of 6.1. Material required for the 
specimen shall be batched by thoroughly mixing soil with 
sufficient water to produce the desired water content. After 
batching, store the material a covered container for at least 
16 h prior to compaction. Specimens may be molded to the 
desired density by either: (I) kneading or tamping each layer 
until the accumulative weight of the soil placed in the mold 
is compacted to a known volume or (2) by adjusting the 
number of layers, the number of tamps per layer, and the 
force per tamp. Scarify the top of each layer prior to the 
addition of material for the next layer. The tamper used to 
compact the material shall have an area in contact with the 
soil equal to or less than Y2 the area of the mold. After a 
specimen is formed, with the ends perpendicular to the 
longitudinal axis, remove the mold and determine the mass 
and dimensions of the specimen using the devices described 
in 5.9 and 5.11. Perform one or more water content 
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determinations on excess material used to prepare the 
specimen in accordance with Method D 22 16. 

NOTE 9-It is common for the unit weight of the specimen after 
removal from the mold to be less than the value based on the volume of 
rhe mold. This occurs as a result of the specimen swelling after removal 
of the lateral confinement due to the mold. 

NOTE IO-Experience indicates that it is difficult to compact, 
handle, and obtain valid results With specimens that have a degree of 
saturation that is greater than about 90 %. 

7. Procedure 
7.1 Place the membrane on the membrane expander or, if 

it is rolled onto the specimen, roll the membrane onto the 
cap or base. Place the specimen on the base. Place the rubber 
membrane around the specimen and seal it at the cap and 
base with O-rings or other positive seals at each end. A thin 
coating of silicon grease on the vertid surfaces of the cap or 
base will aid in sealing the membrane. 

7.2 With the specimen encased in the rubber membrane, 
which is sealed to the specimen cap and base and positioned 
in the chamber, assemble the triaxial chamber. Bring the 
axial load piston into contact with the specimen cap several 
times to permit proper seating and alignment of the piston 
with the cap. When the piston is brought into contact the 
final time, record the reading on the defoxmation indicator. 
During this procedure, take care not to apply an axial stress 
to the specimen exceeding approximately 0.5 7% of the 
estimated compressive strength. If the weight of the piston is 
sufficient to apply an axial stress exceeding approximately 
0.5 5% of the estimated compressive strength, lock the piston 
in place above the specimen cap after checking the seating 
and alignment and keep locked until application of the 
chamber pressure. 

7.3 Place the chamber in position in the axial loading 
device. Be careful to align the axial loading device, the axial 
load-measuring device, and the triaxial chamber to prevent 
the application of a lateral force to the piston during testing. 
Attach the pressure-maintaining and measurement device 
and fill the chamber with the confining liquid. Adjust the 
pressure-maintaining and measurement device to the desired 
chamber pressure and apply the pressure to the chamber 
fluid. Wait approximately 10 min after the application of 
chamber pressure before continuing the test. 

NOTE 1 1-111 same cases the chamber will be filled and the chamber 
pressure applied before placement in the axial loading device. 

NOTE 12-Make sure the piston is locked or held in place by the 
axial loading device before applying the chamber pressure. 
NOTE 13-The purpose of the waiting period is to allow the spec- 

imen to stabilize under the chamber p m r e  prior to application of the 
axial load. 

7.4 E the axial load-measuring device is located outside of 
the triaxial chamber, the chamber pressure will produce an 
upward force on the piston that will react against the axial 
loading device. In this case, start the test with the piston 
slightly above the specimen cap, and before the piston comes 
in contact with the specimen cap, either (1) measure and 
record the initial piston friction and upward thrust of the 
piston produced by the chamber pressure and later correct 
the measured axial load, or (2) adjust the axial load- 
measuring device to compensate for the friction and thrust. 
If the axial load-measuring device is located inside the 
chamber, it will not be neceSSary to correct or compensate 

for the uplift force acting on the axial loading device or for 
piston friction. In both cases record the initial reading on the 
deformation indicator when the piston contacts the spec-' 
imen cap. 

7.5 Apply the axial load to produce axial strain at a rate of 
approximately 1 %/mb for plastic materials and 0.3 %/min 
for brittle materials that achieve maximum deviator stress at 
approximately 3 to 6 % strain. At these rates, the elapsed 
time to reach maximum deviator stress will be approxi- 
mately 15 to 20 min. Continue the loading to 15 % axial 
strain, except loading may be stopped when the deviator 
stress has peaked then dropped 20 96 or the axial strain has 
reached 5 96 beyond the strain at which the peak in deviator 
stress occurred. 

7.6 Record load and deformation values at about 0.1, 0.2, 
0.3,0.4, and 0.5 % strain; then at increments of about 0.5 9% 
strain to 3 9%; and, thereafter at every 1 %. Take sufficient 
readings to define the stress-strain curve; hence, more 
frequent readings may be required in the early stages of the 
test and as failure is approached. 

NOTE I AAlternate intervals for the readings may be used provided 
sufficient points are obtained to define the stress - strain curve. 

7.7 After completion of the tests, remove the test spec- 
imen from the chamber. Determine the water content of the 
test specimen in accordance with Method D 22 16 using the 
entire specimen, unless representative cuttings are obtained 
for this purpose, as in the case of undisturbed specimens. 
Indicate on the test report whether the water content sample 
was obtained before or after the shear test, as required in 
9.1.2. 

7.8 Make a sketch, or take a photo, of the test specimen at 
failure and show the slope angle of the failure surface if the 
angle is visible and measurable. 

8. Calculations 

for a given applied axial load, as follows: 
t = ALIL, 

where: 
U = change in length of specimen as read from deforma- 

Lo = initial length of test specimen minus any change in 

8.2 Calculate the average cross-sectional area, A, for a 

8.1 Calculate the axial strain, c (expressed as a decimal), 

tion indicator, and 

length prior to loading. 

given applied axial load as follows: 

where: 
A .  = initial average cross-sectional area of the specimen, 

t = axial strain for the given axial load (expressed as a 

A = Ao/(l  - 2) 

and 

decimal). 

NOTE 15-In the event that the application of the chamber pressure 
results in a change in the specimen length, A. should be corned to 
reflect this change in volume. Frequently, this is done by assuming that 
lateral strains are equal to venial strains. The diameter after volume 
change would be given by D = Ddl - ALIL). 

8.3 Calculate the principal stress difference (deviator 
stress), U ,  - u3, for a given applied axial load as follows: 
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,here: 
-' = measured applied axial load (corrected for uplift and 

A = corresponding average cross-sectional area. 
8.4 Stress-Strain Curve-F'repare a graph showing the 

relationship between principal stress difference (deviator 
stress) and axial strain, plotting deviator stress as ordinate 
and axial strain (in percent) as abscissa. Select the compres- 
sive strength and axial strain at failure in accordance with the 
definitions in 3.2.1 and 3.2.2. 

8.5 Correction of Strength Due to Stiflness of Rubber 
Membrane-Assuming units are consistent, the following 
equation, or other acceptable equations, shall be used to 
correct the principal stress difference or deviator stress for 
the effect of the rubber membrane if the error in principal 
stress difference due to the stiffness of the membrane exceeds 
5 %: 

piston fiiction, if required see 7.4), and 

where: 
A(ul - u3) = correction to be subtracted fiom the mea- 

sured principal stress difference, 

D - - = diameter of specimen, 

Em 
t 

= Young's modulus for the membrane material, 
= thickness of the membrane, and 
= axialstrain. 

8.5.1 The Young's modulus of the membrane material 
may be determined by hanging a 10.0-mm wide strip of 
membrane over a thin rod, placing another rod along the 
bottom of the hanging membrane, and measuring the force 
per unit strain obtained by stretching the membrane. The 
modulus value may be computed using the following equa- 
tion assuming units are consistent 

FL Em=--  
A m u  

where: 
E,,, = Young's modulus of the membrane material, 
F = force applied to stretch the membrane, 
A,,, = twice the initial thickness of the membrane multi- 

plied by the width of the membrane strip, 
L = unstretched length of the membrane, and 
AL = change in length of the membrane due to application 

of F. 
A typical value of E,,, for latex membrane is 1400 kN/m*. 

NOTE 16-The effect of the stiffness of the membrane on the kited 
stress is usually assumed to be negligible. 
NOTE 17-The correction for rubber membranes is based on simpli- 

fied assumptions concerning their behavior during shear. Their actual 
behavior is complex and there is not a consensus on more exact 
corrections. 

8.6 Calculate the major and minor principal total stresses 
st  failure as follows: 
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u3 = minor principal total stress = chamber pressure, and 
u1 = major principal total stress = deviator stress at failure 

8.7 Calculate the initial degree of saturation of the test 
specimen using the initial m a s  and dimensions. 

NOTE 18-The specific gravity determined in accordance with Test 
Method D 854 is required for calculation of the degree of saturation, or 
an assumed value may be used provided it is noted in the test report that 
an assumed value was used. 

9. Report 

plus chamber pressure. 

9.1 The report shall include the following: 
9.1.1 Identification and visual description of specimen, 

including soil group name, symbol, whether specimen is 
undisturbed, remolded, or compacted, and the like. Also 
include specimen identifying information, such as project, 
location, boring number, sample number, depth, and the 
like. Visual descriptions shall be made in accordance with 
Practice D 2488. 

9.1.2 Initial dry unit weight and water content (specify if 
the water content specimen was obtained before or after the 
shear and from cuttings or the entire specimen). 

9.1.3 Degree of saturation. 
9.1.4 Height and diameter of the specimen. 
9.1.5 Height to diameter ratio. 
9.1.6 The value of the compressive strength and the values 

of the minor and major principal stresses at failure. 
9.1.7 Stress - strain curve as described in 8.4. 
9.1.8 Axial strain at failure, in percent. 
9.1.9 Average rate of axial strain to failure, percent per 

minute. 
9.1.10 Liquid and plastic limits, if determined, in accord- 

ance with Test Method D 4318. 
9.1.1 1 Sketch dr photo showing type of failure, that is, 

bulge, diagonal shear, and the like. 
9.1.12 Particle-size analysis, if determined, in accordance 

with Method D 422. 
9.1.13 If a membrane correction was used, the report shall 

state that a membrane correction was used to adjust the 
compressive strength and must indicate the membrane 
correction equation that was used. 

9.1.14 In a remarks section note any unusual conditions 
or other data that would be considered neceSSary to properly 
interpret the results obtained, for example, slickensides, 
stratification, shells, pebbles, roots, or brittleness. 

10. Precision and Bias 
10.1 No method presently exists to evaluate the precision 

of a group of triaxial compression tests on undisturbed 
specimens, due to specimen variability. Undisturbed soil 
specimens from apparently homogeneous soil deposits at the 
same location often exhibit sigdicantly different strength 
and stress - strain properties. 

10.2 A suitable test material and method of specimen 
preparation have not been developed for the determination 
of laboratory variances of compacted specimens due to the 
difliculty in producing identical cohesive mil specimens. No 
estimates of precision for this test method are available. 
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(m Designation: D 2974 - 87 

Standard Test Methods for 
Moisture, Ash, and Organic Matter of Peat and Other Organic 
soils' 

This standard is issued under the fixed designation D 2974; the number immediately fonowing the designation indicates the year of 
original adoption or, in the case of W o n ,  the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 These test methods cover the measurement of m o b  

ture content, ash content, and organic matter in peats and 
other organic soils, such as organic clays, silts, and mucks. 

1.2 The values stated in SI units are to be regarded as the 
standard. 

1.3 This standard may involve hazardous materials, oper- 
ations,. and equipment. This standard does not purport to 
address all of the saf iy  problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safdy and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Summary of Methods 
2.1 Method A-Moisture is determined by drying a peat 

or organic soil sample at 105°C. The moisture content is 
expressed either as a percent of the oven dry mass or of the 

-received mass. 
2.2 Method B-This is an alternative moisture method 

which removes the total moisture in two steps: (I) evapora- 
tion of moisture in air at room temperature (&-drying), and 
(2) the subsequent oven drying of the airdried sample at 
105°C. This method provides a more stable sample, the 
airdried sample, when tests for nitrogen, pH, cation ex- 
change, and the like are to be made. 

2.3 Methocis C and &Ash content of a peat or organic 
soil sample is determined by igniting the ovendried sample 
from the moisture content determination in a mufile furnace 
at W C  (Method C) or 750°C (Method D). The substance 
remaining after ignition is the ash. The ash content is ex- 
pressed as a percentage of the mass of the ovendried sample. 

2.4 Organic matter is determined by subtracting percent 
ash content from one hundred. 

3. Apparatus 

ature of 105 f 5°C. 
Nmz-The temperature of 105% k quite critical for 0-c soils. 

The oven should be checked for 'hot spots" to avoid posible ignition of 
the specimen. 

3.2 Mufle Furnace, capable of producing constant tem- 
peratures of W C  and 750°C. 

3.1 Oven, capable of being regulated to a constant temper- 

These M methods arr under the jurisdiction of ASIM comminec D18 on 
SoilandRockand~thedindrrsponsibili*.ofSuboommi~D18.18on P k s  
andRelataihbtcds 

Cumnt edition approved May 29. 1987. Published July 1987. orisinauy 
published as D 2974 - 7 1. Last previous edition D 2914 - 84. 

3.3 Evaporating Dishes, of high silica or porcelain of not 

3.5 Aluminum Foil, heavyduty. 
3.6 Porcelain Pan, Spoons, and equipment of the like. 
3.7 Desiccator. 

less than 100-mL capacity. 
3.4 Blendm, high-speed. 

4. Reparation of Sample 
4.1 Place a representative field sample on a square rubber 

sheet, oil cloth, or equivalent material. Reduce the sample to 
the quantity required by quartering and place in a moisture- 
proof container. Work rapidly to prevent moisture loss or 
perform the operation in a room with a high humidity. 

MOISTUWCONTENT . 

5. Method A 
5.1 Record to the nearest 0.01 g the mass of a high siIica 

or porcelain evaporating dish fitted with a heavyduty alu- 
minum foil cover. The dish shall have a capacity of not less 
than1oomL. * 

5.2 Mix thoroughly the representative sample and place a 
test specimen of at least 50 g in the container described in 
5.1. Crush soft lumps with a spoon or spatula. The thickness 
of peat in the container should not exceed 3 cm. 

5.3 Cover immediately with the aluminum foil cover and 
record the mass -to the nearest 0.0 1 g. 

5.4 Dry uncovered for at least 16 h at 105°C or until there 
is no change in mass of the sample after further drying 
periods in excess of' 1 h. Remove from the oven, cover 
tightly, cool in a desiccator, and record the mass. 

6. Method A Calculation 
6.1 Calculate the moisture content as follows: 

Moisture Content, % = [(A - B) x lOOvA 
where: 
A = mass of the as-received test specimen, g, and 
B = mass of the oven-dried specimen, g. 

6.1.1 This calculation is used primarily for agriculture, 
forestry, energy, and horticultural purposes and the result 
should be referred to as the moisture content as a percentage 
of as-received or total mass. 

6.2 An alternative calculation is as follows 
Moisture Content, % = [(A - B) x 10O)lB 

where.: 
A = as-received test specimen, g, and 
B = mass of the ovendried specimen, g. 
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6.2.1 This calculation is used primarily for geotechnical 
purposes and the result should be referred to as the moisture 
content as a percentage of oven-dried mass. 

6.3 Take care to indicate the calculation method used. 

7. Method B 
7.1 This method should be used if pH, nitrogen content, 

cation exchange capacity, and the like are to be tested. 
7.2 Mix the sample thoroughly and select a 100 to 300 g 

representative sample. Determine the mass of this sample 
and spread evenly on a large flat pan. Crush soft lumps with 
a spoon or spatula and let the sample come to moisture 
equilibrium with room air. This will require at least 24 h. Stir 
occasionally to maintain maximum air exposure of the entire 
sample. When the mass of the sample reaches a constant 
value, calculate the moisture removed during air drying as a 
percentage of the as-received mass. 

7.3 Grind a representative portion of the air-dried sample 
for 1 to 2 min in a high-speed blender. Use the ground 
portion for moisture, ash, nitrogen, cation exchange capacity 
tests, and the like. 

7.4 Thoroughly mix the air-dried, ground sample. Weigh 
to the nearest 0.01 g the equivalent of 50 g of test specimen 
on an as-received basis. Determine the amount, in grams, of 
airdied sample equivalent to 50 g of as-received sample, as 
follows: 

Equivalent Sample Mass, g = 50.0 - [(50 x M)/lOO] 
where: 
M = moisture removed in air drying, %. 

proceed as in Method A. 
7.5 Place the sample in a container as described in 5.1 and 

8. Method B Calculation 
8.1 Calculate the moisture content as follows: 

where: 
B = oven-dried sample, g. 

centage of as-received mass. 

Moisture Content, % = (50 - B) X 2 

8.1.1 This calculation gives moisture content as a per- 

8.2 An alternative calculation is as follows: 

8.2.1 This calculation gives moisture content as a per- 
Moisture Content, 95 = [(50 - B) x 1001lB 

centage of oven-dried mass. 

ASHCONTENT 

9. MethodC 
9.1 Determine the mass of a covered high-silica or porce- 

lain dish. 
9.2 Place a part of or all of the oven-dried test specimen 

from a moisture determination in the dish and determine the 
m a s  of the dish and m e n .  

9.3 Remove the cover and place the dish in a muffle 
furnace. Gradually bring the temperature in the furnace to 
W C  and hold until the specimen is completely ashed (no 
change of mass occurs after a further period of heating). 

9.4 Cover with the retained aluminum foil cover, cool in a 
desiccator, and determine the mass. 

9.5 This method should be used for all geotechnical and 
general classification purposes. 

10. Method D 
10.1 Determine the mass of a covered high-silica or por- 

celain dish. 
10.2 Place a part of or all of the oven-dried test specimen 

from a moisture determination in the dish and determine the 
mass of the dish and specimen. 

10.3 Remove the cover and place the dish in a mufne 
furnace. Gradually bring the temperature in the furnace to 
750°C and hold until the specimen is completely ashed (no 
change of mass occurs after a further period of heating). 

10.4 Cover with the retained aluminum foil cover, cool in 
a desiccator, and determine the mass. 

10.5 This method should be used when peats are being 
evaluated for use as a fuel. 

11. Calculation for Methods C and D 
11.1 Calculate the ash content as follows: 

Ash Content, % = (C X 100)lB 
where: 
C =  ash,g,and 
B = ovendried test specimen, g. 

ORGANIC MATTER 

12. Calculation 

ence, as follows: 

where: 
D = ash content, %. 

' 12.1 Determine the amount of organic matter by differ- 

Organic matter, % = 100.0 - D 

13. Report 
13.1 Report the following information: 
13.1.1 Results for organic matter and ash content, to the 

nearest 0.1 %. 
13.1.2 Furnace temperature used for ash content determi- 

nations. 
13.1.3 Whether moisture contents are by proportion of 

as-received mass or oven-dried mass. 
13.1.3.1 Express results for moisture content as a per- 

centage of as-received mass to the nearest 0.1 %. 
13.1.3.2 Express results for moisture content as a per- 

centage of oven-dried mass as follows: 
(a) Below 100 9% to the nearest 1 %. 
(b) Between 100 7% and 500 % to the nearest 5 %. 
(c) Between 500 % and 1000 % to the nearest 10 7%. 
(d) Above 1000 % to the nearest 20 %. 

14. Precision and Bias 
14.1 The precision and bias of these test methods have not 

been determined. Data are being sought for use in devel- 
oping a precision and bias statement. 
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4 lb  Designation: D 3080 - 90 

Standard l e s t  Method for 
Direct Shear Test of Soils Under Consolidated 
Drained Conditions‘ 

This standard is issued under the tixed designation D 3080; the number immediately following the designation indicates the year of 
or ig id  adoption or, in the - of revidon, the year Of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This test method covers the determination of the 

consolidated drained shear strength of a soil material in 
direct shear. The test is pedormed by deforming a specimen 
at a controlled strain rate on or near a single shear plane 
determined by the configuration of the apparatus. Generally, 
three or more specimens are tested, each under a different 
normal load, to determine the effects upon shear resistance 
and displacement, and strength properties such as Mohr 
strength envelopes. 

1.2 Shear stresses and displacements are nonuniformly 
distributed within the specimen. An appropriate height 
cannot be defined for calculation of shear strains. Therefore, 
stress-strain relationships or any assoCiated quantity such as 
modulus, cannot be determined from this test. 

1.3 The determination of strength envelopes and the 
development of criteria to interpret and evaluate test results 
are left to the engineer or office requesting the test. 

1.4 The results of the test may be affected by the presence 
of soil or rock particles, or both, (see Section 7). 

1.5 Test conditions including normal stress and moisture 
environment are selected which represent the field condi- 
tions being investigated. The rate of shearing should be slow 
enough to ensure drained conditions. 

1.6 The values stated in inch-pound units are to be 
regarded as the standard. Within this test method the SI units 
are shown in brackets. The values stated in each system are 
not exact equivalents; therefore, each system must be used 
independently of each other. 

1.7 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
mer of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soils’ 
D 653 Terminology Relating to Soil, Rock, and Contained 

D698 Test Methods for Moisture-Density Relations of 
Soils and Soil Aggregate Mixtures Using 5.5 Ib (2.49 kg) 

Fluid9 

This M method is under the jurisdiction of ASTMCornmitte D-18 on Soid 
and Rock and is the direct mpondbility of Subcommittee D18.05 on Srmcnual 

Current edition approved Nov. 30, 1990. Published January 1991. OriginaUy 
RDprt iaofSoi  ’ 

poblkhed as D 3080 - 72. Last previous edition D 3080 - 72(79). 
Annual Book of ASTM standnrd, Vol04.08. 
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Rammer and 12-in. (305 mm) Drop’ 
D 854 Test Method for Specific Gravity of Soh’ 
D 1557 Test Methods for Moisture-Density Relations of 

Soils and Soil Aggregate Mixtures Using 10-lb (4.54 kg) 
Rammer and 18-in. (457 mm) Drop’ 

D 1587 Practice for Thin-Walled Tube Sampling of Soils2 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil Aggregate 
Mixtures2 

D 2435 Test Method for One Dimensiond Consolidation 
Propexties of Soils’ 

D2487 Test Method for Classification of Soils for Engi- 
neering purp~ses’ 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual procedure)’ 

D4220 Practices for Preserving and Transporting Soil 
Samples2 

D4318 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils’ 

D 4753 Specifications for Evaluating, Selecting, and Spec- 
ifying Balances and Scales for Use in Soil and Rock 
Testing 

3. Terminology 
3.1 Definitions-For d e f ~ t i o n s  of terms used in this test 

method, refer to Tenninology D 653 
3.2 Description of Terms Specific to This Standard: 
3.2.1 Relative lateral displacement-the horizontal dis- 

placement of the top and bottom shear box halves. 
3.2.2 Failure-the stress condition at failure for a test 

specimen. Failure is often taken to correspond to the 
maximum shear stress attained, or the shear stress at 15 to 20 
percent relative lateral displacement. Depending on soil 
behavior and field application, other suitable criteria may be 
defined. 

4. Summary of Test Method 
4.1 This test method consists of placing the test specimen 

in the direct shear device, applying a predetermined normal 
stress, providing for wetting or draining of the test specimen, 
or both, consolidating the specimen under the normal stress, 
unlocking the frames that hold the test specimen, and 
displacing one frame horizontally with respect to the other at 
a constant rate of shearing deformation and measuring the 
shearing force and horizontal displacements as the specimen 
issheared(Fig. 1). 

5. Significance and Use 
5.1 The direct shear test is suited to the relatively rapid 

determination of consolidated drained strength properties 
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FIG. 1 Test Specimens in (a) Single and (b) Double Shear 

because the drainage paths through the test specimen are 
short, thereby allowing excess pore pressure to be dissipated 
more rapidly than with other drained stress tests. The test 
can be made on all soil materials and undisturbed, remolded 
or compacted materials. There is however, a limitation on 
maximum particle size (see 7.2). 

5.2 The test results are applicable to assessing strength in a 
field situation where complete consolidation has occurred 
under the existing normal stresses. Failure is reached slowly 
under drained conditions so that excess pore pressures are 
dissipated. The results from several tests may be used to 
express the relationship between consolidation stress and 
drained shear strength. 

5.3 During the direct shear test, there is rotation of 
principal stresses, which may or may not model field 
conditions. Moreover, failure may not occur on the weak 
plane since failure is forced to occur on or near a horizontal 
plane at the middle of the specimen. The fixed location of 
the plane in the test can be an advantage in determining the 
-+ear resistance along recognizable weak planes within the 

,il material and for testing interfaces between dissimilar 
materials. 

5.4 Shear stresses and displacements are nonuniformly 
distributed within the specimen, and an appropriate height is 
not defined for calculating shear strains or any associated 
engineering quantity. The slow rate of displacement provides 
for dissipation of excess pore pressures, but it also permits 
plastic flow of soft cohesive soils. Care should be taken to 
ensure that the testing conditions represent those conditions 
being investigated. 

5.5 The range in normal stresses, rate of shearing, and 
general test conditions should be selected to approximate the 
specific soil conditions being investigated. 

6. Apparatus 
6.1 Shear Device-a device to hold the e m e n  securely 

between two porous inserts in such a way that torque is not 
applied to the specimen. The shear device shall provide a 
means of applying a normal stress to the faces of the 
specimen, for measuring change in thickness of the spec- 
imen, for permitting drainage of water through the porous 
inserts at the top and bottom boundaries of the specimen, 
and for submerging the specimen in water. The device shall 
be capable of applying a shear force to the specimen in water. 
The device shall be capable of applying a shear force to the 
specimen along a predetermined shear plane (single shear) 
-arallel to the faces of the specimen. The frames that hold 

specimen shall be sufficiently rigid to prevent their 
distortion during shearing. The various'parts of the shear 
device shall be made of material not subject to corrosion by 
moisture or substances within the soil, for example, stainless 

steel, bronze, or aluminum, etc. Dissimilar metals, which 
may cause galvanic action, are not permitted. 

6.2 Shear Box, a shear box, either circular or square, 
made of stainless steel, bronze, or aluminum, with provisions 
for drainage through the top and bottom. The box is divided 
vertically by a horizontal plane into two halves of equal 
thickness which are fitted together with alignment screws. 
The shear box is also fitted with gap screws, which control 
the space (gap) between the top and bottom halves of the 
shear box. 

6.3 Porous Inserts, Porous inserts function to allow 
drainage from the soil specimen along the top and bottom 
boundaries. They also function to transfer horizontal shear 
stress from the insert to the top and bottom boundaries of 
the specimen. Porous inserts shall consist of silicon carbide, 
aluminum oxide, or metal which is not subject to corrosion 
by soil substances or soil moisture. The proper grade of insert 
depends on the soil being tested. The permeability of the 
insert should be substantially greater than that of the soil, but 
should be textured fine enough to prevent excessive intrusion 
of the soil into the pores of the insert. The diameter or width 
of the top porous insert or plate shall be 0.01 to 0.02 in. (0.2 
to 0.5 mm) less than that of the inside of the ring. If the insert 
functions to transfer the horizontal stress to the soil, it must 
be sufficiently coarse to develop interlock. Sandblasting or 
tooling the insert may help, but the surface of the insert 
should not be so irregular as to cause substantial stress 
concentrations in the soil. 
NOTE 1 -Exact cnteria for insert texture and permeability have not 

been established. For normal soil testing, medium grade inserts with a 
permeability of about 0.5 to 1.0 x lo3 ft/y (5.0 x lo4 to 1.0 x 
cm/s) are appropriate for testing silts and clays, and coarse grade inserts 
with a permeability of about 0.5 to 1 .O X IO5 ft/y (0.05 to 0.10 cm/s) are 
appropriate for sands: It is important that the permeability of the porous 
insert is not reduced by the collection of soil particles in the pores of  the 
insert; hence fwuent checking and cleaning (by flushing and boiling, or 
by ultrasonic cleaning) are required to ensure the neceSSary perme- 
ability. 

6.4 Loading Devices: 
6.4.1 Device for Applying and Measuring the Normal 

Force-The normal force is applied by a lever loading yoke 
which is activated by dead weights (masses) or by a pneu- 
matic loading device. The device shall be capable of main- 
taining the normal force to within & 1 percent of the specified 
force quickly without exceeding it. 

6.4.2 Device for Shearing the Specimen-The device shall 
be capable of shearing the specimen at a uniform rate of 
displacement, with less than k5 percent deviation, and 
should permit adjustment of the rate of displacement from 
0.0001 to 0.04 in./min (.0025 to 1.0 mm/min). The rate to 
be applied depends upon the consolidation characteristics of 
the soils (see 9.12.1). The rate is usually maintained with an 
electric motor and gear box arrangement and the shear force 
is determined by a load indicating device such as a proving 
ring or load cell. 

6.4.3 The weight of the top shear box should be less than 
1 percent of the applied normal force: this may require that 
the top shear box be modified and supported by counter 
force. 
NOTE 2-Shearing the test specimen at a rate greater than specified 

may produce partdy  drained shear results that will differ from the 
drained strength of the material. 
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6.5 Shear force measurement device-A proving ring or 
load cell accurate to 0.5 lbf (2.5 N), or 1 percent of the shear 
force at failure, whichever is greater. 
6.6 Sheur box bowl-A metallic box which supports the 

shear box and provides either a reaction against which one 
half of the shear box is restrained, or a solid base with 
provisions for aligning one half of the shear box, which is free 
to move coincident with applied shear force in a horizontal 
plane. 
6.7 Controlled High Humidity Room, if reqwed, for 

preparing specimens, such that water content gain or loss 
during specimen preparation is minimized. 
6.8 Trimmer or Cutting Ring, for trimming overski  

samples to the inside dimensions of the shear box with a 
minimum of disturbance. An exterior jig may be needed to 
maintain the shear box alignment. 
6.9 Balances-in accordance with Test Method D 2216. 
6.10 Deformation Indicators-Either dial gages or dis- 

placement transformers capable of measuring the change in 
thickness of the specimen, with a sensitivity of at least 0.000 1 
in. (0.0025 mm) and to measure horizontal displacement 
with sensitivity of at least 0.001 in. (0.025 mm). 
6.11 Apparatus for Determination of Water Content, as 

specified in Test Method D 2216. 
6.12 Equipment for Remolding or Compacting Specimens, 

if applicable. 
6.13 Miscellaneous Equipment, including timing device 

with a second hand, distilled or demineralized water, spat- 
ulas, knives, straightedge, wire saws, etc., used in preparing 
the specimen. 

7. Test Specimen 
7.1 The sample used for specimen preparation should be 

sufficiently large so that a minimum of three similar speci- 
mens can be prepared. Prepare the specimens in a controlled 
temperature and humidity environment to minimize mois- 
ture loss or gain. 
7.1.1 Extreme care should be taken in preparing undis- 

turbed specimens of sensitive soils to prevent disturbance to 
the natural soil structure. Determine the initial mass of the 
wet specimen for use in calculating the initial water content 
and unit weight of the specimen. 
7.2 The minimum specimen diameter for circular speci- 

mens, or width for square specimens, shall be 2.0 in. (50 
mm), or not less than 10 times the maximum particle size 
diameter, whichever is larger, and conform to the width to 
thickness ratio specified in 7.4. 
7.3 The minimum initial specimen thickness shall be 0.5 

in. (12 mm), but not less than six times the maximum 
particle diameter. 
7.4 The minimum specimen diameter to thickness or 

width to thickness ratio shall be 2:l. 
NOTE %If large soil particles are found in the soil after testing, a 

particle size analysis should be perfomed in accordance with Method 
D422 to confirm the visual observations, and the result should,be 
provided with the test report 

7.5 Specimen Preparation: 
7.5.1 Undisturbed specimens-Prepare undisturbed spec- 

imens from large undisturbed samples or from samples 
secured in accordance with Practice D 1587, or other undis- 
turbed tube sampling procedures. Undisturbed samples shall 

be preserved and transported as outlined for Group C or D 
samples in Practice D4220. Handle specimens carefdy to . 

minimize disturbance, changes in cross section, or loss of 
water content. If compression or any type of noti-ble 
disturbance would be caused by the extrusion device, split 
the sample tube lengthwise or cut it off in small sections to 
facilitate removal of the specimen with minimum distur- 
bance. Prepare trimmed specimens, whenever possible, in an 
environment which will minimize the gain or loss of 
specimen moisture. 
NOTE 4-A controlled high-humidity room is desirable for this 

7.5.2 Compacted specimens-Specimens shall be pre- 
pared using the compaction method, water content, and unit 
weight prescribed by the individual assigning the test. As- 
semble and secure the shear box. Place a moist porous insert 
in the bottom of the shear box. Specimens may be molded by 
either kneading or tamping each layer until the accumulative 
mass of the soil placed in the shear box is compacted to a 
known volume, or by adjusting the number of layers, the 
number of tamps per layer, and the force per tamp. The top 
of each layer shall be scarified prior to the addition of 
material for the next layer. The compacted layer boundaries 
should be positioned so they are not coincident with the 
shear plane defined by the shear box halves, unless this is the 
stated purpose for a particular test. The tamper used to 
compact the material shall have an area in contact with the 
soil equal to or less than 1/2 the area of the mold. Determine 
the mass of wet soil required for a single compacted lift and 
place it in the shear box. Compact the soil until the desired 
unit weight is obtained. Continue placing and compacting 
soil until the entire specimen is compacted. 
NOTE 5-A light mating of grease applied to the inside of the shear 

box may be used to reduce friction between the specimen and shear box 
during consolidation. However, the upper ring in some shear devices 
requires friction to support the ring after the shear plates have been 
gapped. A light coating of grease applied between the halves of the shear 
box may be used to reduce friction between the halves of the shear box 
during shear. TFE-fluorocarbon mating may also be used on these 
surfaces instead of grease to reduce friction. 
NOTE &The required thickness of the compacted lift may be 

determined by directly measuring the thickness of the lift, or from the 
marks on the tamping rod which correspond to the thickness of the lift 
being placed. 
NOTE 7-The decision to dampen the porous insertS by inundating 

the shear box before applying the normal force depends on the problem 
under study. For undisturbed samples obtained below the water table, 
the porous inserts are usually dampened. For swelling soils, the sequence 
of consolidation, wetting, and sheaxing should model field conditions. 
Determine the compacted mass of the specimen from either the 
measured m a s  placed and .compacted in the mold, or the difference 
between the mass of the shear box and compacted specimen and the tare 
mass of the shear box. 

7.6 Material required for the specimen shall be batched by 
thoroughly mixing soil with sufficient water to produce the 
desired water content. Allow the specimen to stand prior to 
compaction in accordance with the following guide: 

sw, SP No Requirement 

purpose. 

Classification D2487 Minimum Standing Time, h 

SM 3 
=,ML,CL 18 
MH, 36 

7.7 Compacted specimens may also be prepared by com- 
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pacting -soil-using-the-procedures-and-. equipment-used- to- 9;5-Plmthe n o r m d - f o ~ l Z d i ~ k F i n t o  position and 
'stermine moist-iredensity relationships of soils  est 
.ethods D 698 or D 1557), and trimming the direct shear 

test specimen from the larger test specimen as though it were 
an undisturbed specimen. 

8. Calibration 
8.1 The calibration is to determine the deformation of the 

apparatus when subject to the consolidation load, so that for 
each normal consolidation load the apparatus deflection may 
be subtracted from the observed deformations. Therefore, 
only deformation due to sample consolidation will be 
reported for complete tests. Calibration for the equipment 
loaddeformation characteristics need to be performed on 
the apparatus when first placed in service, or when apparatus 
parts are changed. 

8.2 Assemble the direct-shear device with a metal calibra- 
tion disk or plate of a thickness approximately equal to the 
desired test specimen and about 114 in. (5  mm) smaller in 
diameter or width. 

8.3 Position the normal displacement indicator. Adjust 
this indicator so that it can be used to measure either 
consolidation or swell from the calibration disk or plate 
reading. Record the zero or "no load" reading. 

8.4 Apply increments of normal force up to the equip 
ment limitations, and record the normal displacement indi- 
cator reading and normal force. Remove the applied normal 
force in reverse sequence of the applied force, and record the 
normal displacement indicator readings and normal force. 
Zverage the values and plot the load deformation of the 
zparatus as a function of n o d  load. Retain the results for 

future reference in determining the thickness of the test 
specimen and compression within the .test apparatus itself. 

8.5 Remove the calibration disk or plate. 
NOTE 8-Other methock of proven accuracy for calibrating the 

apparatus are acceptable. 

9. Procedures 
9.1 Assemble the shear box. 
9.1.1 Undisturbed Specimen-Place moist porous inserts 

over the exposed ends of the specimen in the shear box; place 
the shear box containing the undisturbed specimen and 
porous inserts into the shear box bowl and attach the shear 
box. 

NOTE 9-For some apparatus, the top half of the shear box is held in 
place by a notched rod which fits into a receptacle in the top half of the 
shear box. The bottom half of the shear box is held in place in the shear 
box bowl retaining bolts. For some apparatus, the top half of the shear 
Sox is held in placed by an anchor plate. 

9.1.2 Compacted Specimen-Phce the shear box con- 
taining the compacted specimen and porous inserts into the 
shear box bowl and attach the shear box. 

9.2 Connect and adjust the shear force loading system so 
that no force is imposed on the load measuring device. 

9.3 Properly position and adjust the horizontal displace- 
ment measurement device used to measure shear displace- 
ment. Obtain an initial reading or set the'measurement 

9.4 Place a moist porous insert and load transfer plate on 
evice to indicate zero displacement. 

the top of the specimen in the shear box. 

adjust it so the loading bar is horizontal. For dead load lever 
loading systems, level the lever. For pneumatic loading 
systems, adjust the yoke until it sits snugly against the recess 
in the load transfer plate, or place a ball bearing on the load 
transfer plate and adjust the yoke until the contact is snug. 

9.6 Apply a small normal load to the specimen. Verify 
that all components of the loading system are seated and 
aligned. The top porous insert and load transfer plate must 
be aligned so that the movement of the load transfer plate 
into the shear box is not inhibited. Record the applied 
vertical load and horizontal load on the system. 

NOTE 10-The normal stress applied to the specimen should be 
approximately 1 Ibf/in? (7 Wa). 

9.7 Attach and adjust the vertical displacement measure- 
ment device. Obtain initial reading for the vertical measure- 
ment device and a reading for the horizontal displacement 
measurement device. 

9.8 If required, fill the shear box with water, and keep it 
full for the duration of the test. 

9.9 Calculate and record the normal force required to 
achieve the desired normal stress or increment thereof. 
Apply the desired normal stress by adding the appropriate 
mass to the lever arm hanger, or by increasing the pneumatic 
pressure. 

NOTE 1 ]-The normal force used for the specimen will depend upon 
the data required. Application of the normal force in one increment may 
be appropriate for relatively firm so&. For relatively soft soils, applica- 
tion of the normal force in several increments may be necessuy to 
prevent damage to the specimen. 

9.10 Apply the desired normal load or increments thereof 
to the specimen and begin recording the normal deformation 
readings against elapsed time. For all load increments, verify 
completion of primary consolidation before proceeding (see 
Test Method D 2435). Plot the normal displacement versus 
either log of time or square root of time (in min). 

9.1 1 After primary consolidation is completed, remove 
the alignment screws or pins from the shear box. Open the 
gap between the shear box halves to approximately 0.025 in. 
(0.64 mm) using the gap screws. Back out the gap screws. 

NOTE 12-There may be instances when the gap between the plates 
should be increased to accommodate sand Sites greater than the 
specified gap. Presently there is insufficient information available for 
specifying gap dimension based on particle size distribution. 

9.12 Shear the specimen. 
9.12.1 Select the appropriate displacement rate. Shear the 

specimen at a relatively slow rate so that no excess pore 
pressure would exist at failure. The following equation shall 
be used as a guide to determine the estimated minimum time 
required from the start of the test to failure: 

'/= 50t5, 

where: 
t/ = total estimated elapsed time to failure, min, 
rs0= time required for the specimen to achieve 50 percent 

consolidation under the specified normal stress (or 
increments thereof), min. 

NOTE 13-If the normal displacement versus square root of time 
used, t ,  can be calculated from the time to complete 90 % consolida- 
tion using the following expression: 
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190. tS0 = - 
4.28 

where: 
tw = time required for the specimen to achieve 90 percent 

consolidation under the specified normal stress (or 
increment thereof), min. 

4.28 = constant, relates displacement and time factors at 50 
and 90 percent consolidation. 

N m  14-If the material exhibits a tendency to swell, the soil must 
be inundated with water and must be permitted to achieve equilibrium 
under an increment of normal stress large enough to counteract the swell 
tendency before the minimum time to failure can be determined. The 
rimeconsolidation curve for subsequent normal stress increments are 
then valid for use in determining t/. 

Nm 15-Some soils, such as dense sands and over consolidated 
clays, may not exhibit well defined timesettlement curves. Conse- 
quently, the calculation of 9 m a y  produce an inappropriate estimate of 
the time required to fail the specimen under drained conditions. For 
over consolidated clays which are tested under normal stresses less than 
the soil’s pre-consolidation pressure, it is suggested that a time to failure 
be estimated using a value of 1% equivalent to one obtained from normal 
consolidation timesettlement behavior. For clean dense sands which 
drain quickly, a value of 10 min may be used for t/. For dense sands with 
more than 5 % fines, a value of 60 min may be used for t/. If an 
ahernative value of +is selected, the rationale for the selection shall be 
explained with the test results. 

9.13 Determine the appropriate displacement from the 
following equation: 

where: 
d, = displacement rate (in./min, mm/min), 
4; = estimated horizontal dsplacement at failure (in., mm), 
fs  = total estimate elapsed time to failure, min. 

Sm 1 &The magnitude of the estimated displacement at failure is 
h e n d e n t  on many factors including the type and the stress history of 
&e soil. As a guide, use df= 0.5 in. (12 mm) if the material is normally 
or lightly over consolidated fine-grained soil, othenvise use df= 0.2 in. (5 
-1. 

9.13.1 Select and set the displacement rate-For some 
q p  of apparatus, the displacement rate is achieved using 
combinations of gear wheels and gear lever positions. For 
other types the displacement rate is achieved by adjusting the 
motor speed. 

9.13.2 Record the initial time, vertical and horizontal 
displacements, and normal and shear forces. 

9.13.3 Start the apparatus and initiate shear. 
9.13.4 Obtain data readings of time, vertical and hori- 

zontal displacement, and shear force at desired interval of 
displacement. Data readings should be taken at displacement 
intervals equal to 2 percent of the specimen diameter or 
aidth to accurately define a shear stress-displacement curve. 

Son 17-Additional readmgs may be helpful in identifying the 
d u e  of peak shear stres of over consolidated or brittle material. 

Sm 18-It may be necessary to stop the test and re-gap the shear 

9.13.5 After reaching failure, stop the test apparatus. This 
c5splacement may range from 10 to 20 percent of the 
specimen’s original diameter or length. 

9.13.6 Remove the n o d  force from the specimen by 
removing the mass fiom the lever and hanger, or by releasing 
the pressure. 

9.14 For cohesive test specimens, sparate the shear box 

dr = d//+ 

halves to maintain clearance between the shear box halves. 
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halves with a sliding motion along the failure plane. Do not 
pull the shear box halves apart perpendicularly to the failure 
surface, since it would damage the specimen. Photograph, 
sketch, or described in writing the failure surface. This 
procedure is not applicable to cohesionless specimens. 

9.15 Remove the specimen from the shear box and 
determine its water content according to Test Method 
D 2216. 

9.16 Calculate and plot the following: 
9.16.1 Nominal shear stress versus relative lateral dis- 

placement. 

10. calculation 
10.1 Calculate the following: 
10.1.1 Nominal shear stress, acting on the specimen is, 

F 
A 

7 = -  

where: 
T = nominal shear stress (1bf/ia2, P a ) ,  
F = shear force (lbf, N), 
A = initial area of the specimen (in.2, mm2). 

10.1.2 Normal stress acting on the specimen is, 
N y=- 
A 

where: 
‘.n = normal stress (Ibf/in2, P a ) ,  
N = normal vertical force acting on the specimen (lbf, N). 
NOTE 19-Factors which incorporate assumptions regarding the 

actual specimen surface area over which the shear and normal forces are 
measured can be applied to the calculated values of shear or normal 
stress, or both. If a correction(s) is made, the factofis) and rationale for 
using the correction shall be explained with the test results. 

10.1.3 Displacement rate-Calculate the actual displace- 
ment rate by dividing the relative lateral displacement by the 
elapsed time, or report the rate used for the test. 

where: 
d, = displacement rate (in./min, mm/min), 
d h  = relative lateral displacement (in./mm), 
t, = elapsed time of test (min). 

10.1.4 Compute the initial void ratio, water content, dry 
unit weight and degree of saturation based on the specific 
gravity, and mass of the total specimen. Specimen volume is 
determined by measurements of the shear box lengths or 
diameter and of the measured thickness of the specimen. 

11. Report 

dr = dh/tc 

1 1.1 The report shall include the following: 
1 1.1.1 Sample identification, project and location. 
1 1.1.2 Description of type of shear device used in test. 
1 1.1.3 Description of appearance of the specimen, based 

on Practice D 2488 (Test Method C 2487 may be used as an 
alternative), Atterberg limits (Test Method D 43 18), and 
grain size data (Method D 422), if obtained (see 7.4). 

11.1.4 Description of soil structure, that is whether the 
specimen is undisturbed, remolded, compacted, or otherwise 
prepared. 

11.1.5 Initial and final water content. 

42 1 
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1-1 .-1.6-h-mass-and-initial-and-final-wet -unit-weiebt.- special-loading-sequences-or-special-wetting-requirements- 
1 1.1.7 Initial and final dry unit weight. 
11.1.8 Initial thickness and diameter (width for square 

shear boxes). 
1 1.1.9 Normal stress, rate of deformation, shear displace- 

ment, and corresponding nominal shear stress values and 
specimen thickness changes. 

11.1.10 Plot of log of time or square root of time versus 
deformation of those load increments where tSo was deter- 
mined. 

11.1.11 Plot of nominal shear stress versus percent rela- 
tive lateral displacement. 

1 1.1.12 Departure fiom 'the procedure outlines, such as 

- 
12. Precision and Bias 

12.1 Precision-Data are being evaluated to determine 
the precision of this test method. In addition, subcommittee 
D 18.05 is seeking pertinent data fiom users of the test 
method. 

12.2 Bias-There is no accepted reference value for this 
test method, therefore, bias cannot be determined. 
13. Keywords 

13.1 compacted specimens; consolidated; direct-shear 
test; drained test conditions; Mohr strength envelope; shear 
strength; undisturbed 

The American Society for Testing and Materids takes no position respecting the validity of any patent rights asserted in wnnection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the vdidity of any such 
patent rights, and the risk of infringement of such rights. are entirely their own respokibility. 

This standard is subject to revision at any time by the responsible technical wmmittee and must.be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your wmments will receive careful wnsideration at a meeting of the responsible 
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1976 Race St., Philadelphia, PA 19103. 
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0)‘ Designation: 0 3441 - 86 6 8 6 9  

Standard Test Method for 
Deep, Quasi-Static, Cone and Friction-Cone Penetration Tests 
of Soil’ 

This standard is issued under the ked designation D 3441; the number immediately following the designation indicates tbe year of 
original ad0pti00 or, in the case of revidon, the year of last revision. A number in parentheses indicate5 the year of lan reapproval. A 
superscript @on (t) indicate5 an editorial change s ine  the last revision or reapproval. 

This standard hac been approved for we by agencies of the Department of D 4 m e .  Consul1 the DoD Index of Specijkations and 
Standar& f i r  the spe@ year of issup which has been adopted by the Depaflment of Ddense. 

1. scope 
1.1 This test method covers the determination of end 

bearing and side friction, the components of penetration 
resistance which are developed during the steady slow 
penetration of a pointed rod into soil. This method is 
sometimes referred to as the “Dutch Cone Test,’’ or “Cone 
Penetration Test” and is often abbreviated as the “CPT.” 

1.2 This test method includes the use of both cone and 
fnction-cone penetrometers, of both the mechanical and 
electric types. It does not include data interpretation. It also 
includes the penetrometer aspects of piezocone soundings, 
but does not include the details of piezometer construction, 
location, measurement, or data interpretation. 

NOTE 1-The European Standard for the CPT uses a tip of right 
cylindrical shape as shown in Fig. 3, as their reference test against which 
other CPTs may be compared. 

1.3 Mechanical penetrometers of the type described in 
this method operate incrementally, using a telescoping 
penetrometer tip, resulting in no movement of the push rods 
during the measurement of the resistance components. 
Design constraints for mechanical penetrometers preclude a 
complete separation of the end-bearing and side-friction 
components. Electric penetrometers are advanced continu- 
ously and permit separate measurement of both compo- 
nents. Differences in shape and method of advance between 
cone penetrometer tips may result in significant differences 
in one or both mistance components. 

1.4 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. I t  is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations ~ prior to use. 

2. Defdtions 
2.1 cone-the cone-shaped point of the penetrometer tip, 

upon which the end-bearing resistance develops. 
2.2 cone penetrometer-an instrument in the form of a 

cylindrical rod with a conical point designed for penetrating 
Soil and soft rock and for measuring the end-beaxing 
component of penetration resistance. 

’ This test method is under the jutisdiction of ASTM Committee D 1 8  on Soil 
and Rock and is the direct rrsponsibility of Subcommina D18.02 on Sampting 
and Related Field Testing for Soil Investigations. 

currmt edition approved Oct. 31. 1986. Published December 1986. O r i g i d y  
Published as D 3441 - 75 T. Lan previous edition D 3441 - 79. 

2.3 cone resistance or end-bearing resistance, q,-the 
resistance to penetration developed by the cone, equal to the 
vertical force applied to the cone divided by its horizontally 
projected area. 

2.4 cone sounding-the entire series of penetration t&ts 
performed at one location when using a cone penetrometer. 

2.5 electric penetrometer-a penetrometer that uses elec- 
tric-force transducers built into a nontelescoping penetrom- 
eter tip for measuring, within the tip, the component(s) of 
penetration resistance. 

2.6 friction-cone penetrometer-a cone penetrometer with 
the additional capability of measuring the local side friction 
component of penetration resistance. 

2.7 friction-cone sounding-the entire series of penetra- 
tion tests performed at one location when using a friction- 
cone penetrometer. 

2.8 fiiction ratio, Rf-the ratio of friction resistance to 
cone resistance, fJqo expressed in percent. 

2.9 fiiction resistance, f,-the resistance to penetration 
developed by the friction sleeve, equal to the vertical force 
applied to the sleeve divided by its surface area. This 
resistance consists of the sum of friction and adhesion. 

2.10 fiiction sleeve-a section of the penetrometer tip 
upon which the local side-friction resistance develops. 

2.11 inner rods-rods that slide inside the push rods to 
extend the tip of a mechanical penetrometer. 

2.1 2 mechanical penetrometer-a penetrometer that uses 
a set of inner rods to operate a telescoping penetrometer tip 
and to transmit the component(s) of penetration resistance 
to the surface for measurement. 

2.13 penetrometer tip-the end d o n  of the penetrom- 
eter, which comprises the active elements that sense the soil 
resistance, the cone, and in the case of the frictioncone 
penetrometer, the friction sleeve. 

2.13.1 Discussion--The addition of a piezometer to the 
e l d c  penetrometer tip permits the measurement of pore 
water pressure during and after stopping tip penetration. A 
penetrometer including a piezometer is known as a piezo- 
cone penetrometer, or just piezocone. 

2.14 piezocone sounding-the entire series of penetration 
tests performed at one location when using a piezocone 
penetrometer. 

2.15 push rods-the thick-walled tubes, or other suitable 
rods, used for advancing the penetrometer tip to the required 
test depth. 

3. Significance and Use 
3.1 This test method supplies data on the engineering 
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properties of soil intended to help with the design and 
construction-of-earthworlc-and-the-foun&tions-for-stn1c--6~8~1. 

shall be between 0.020 and 0.040 in. (0.5 and 1.0 mm). See 

tures. 
3.2 This test method tests the soil in place and does not 

obtain soil samples. The interpretation of the results from 
this method requires knowledge of the types of soil pene- 
trated. Engineers usually obtain this soil information from 
parallel boring and soil sampling methods, but prior infor- 
mation or experience may preclude the need for boring. 

3.3 Engineers often correlate the results of tests by this test 
method with laboratory or other types of field tests, or 
directly with performance. The accuracy of such correlations 
will vary with the type of soil involved. Engineers usually rely 
on l a d  experience to judge this accuracy. 

3.4 Most engineers with offshore experience have also 
found this test method suitable for offshore use. 

4. Apparatus 
4.1 General: 
4.1.1 Cone-The cone shall have a 60" (+5') point angle 

and a base diameter of 1.406 f 0.016 in. (35.7 + 0.4 mm), 
resulting in a projected area of 1.55 in? (10 cm2). The point 
of the cone shall have a radius less than '/8 in. (3 mm). 

NOTE 2-Cone tips with larger end areas may be used to increase 
meaSuRment sensitivity in weak soils. Experience with electrical tips 
with end area between 0.78 in? (5 cm2) and 3.10 in? (20 m2) has 
shown that they produce data similar to the 1.55 in? (IO cm2) standard 
provided they maintain the same tip geometry. Cone tip Sizes in this 
range may be used for special circumstances provided the cone tip and 
friction sleeve (if any) area is noted. 

4.1.2 Friction Sleeve, having the same outside diameter 
+0.024 to -0.OOO in. (+0.5 to -0.0 mm) as the base 
diameter of the cone (see 4.1.1). No other part of the 
penetrometer tip shall project outside the sleeve diameter. 
The surface area of the sleeve shall be 23.2 in? (150 cm2) 
+2 %. 

4.1.3 Steel-The cone and friction sleeve shall be made 
from steel of a type and hardness suitable to resist wear due 
to abrasion by soil. The friction sleeve shall have and 
maintain with use a roughness of 20 pin. (0.5 pm) AA, 
+.50 %. 

4.1.4 Push Rods-Made of suitable steel, these rods must 
have a section adequate to sustain, without buckling, the 
thrust required to advance the penetrometer tip. They must 
have an outside diameter not greater than the diameter of the 
base of the cone for a length of at least 1.3 A (0.4 m) above 
the base, or, in the case of the frictioncone penetrometer, at 
least 1.0 A (0.3 m) above the top of the friction sleeve. Each 
push rod must have the Same constant inside diameter. They 
must screw or attach together to bear against each other and 
form a rigid-jointed string of rods with a continuous, straight 
axis. 

4.1.5 Inner Rods-Mechanical penetrometers require a 
separate set of steel, or other metal alloy, inner rods within 
the steel push rods. The inner rods must have a constant 
outside diameter with a roughness, excluding waviness, less 
than 10 pin. (0.25 pm) AA. They must have the same length 
as the Push rods (k0.004 in. or &O. 1 mm) and a cross section 
adequate to transmit the cone resistance without buckling or 

damage- c h a m x  between inner rods and push rods 

. .  

4.1.6 Measurement Accuracy-Maintain the thrust-mea- 
suring instrumentation to obtain thrust measurements 
within +5 % of the correct values. 

NOTE 3--SpeCial, and preferably redunbt, instrumentation may be 
required in the offshore environment to assure this accuracy and the 
proper operation of all the remote systems involved. 

4.2 Mechanical Penetrometers: 
4.2.1 The sliding mechanism neceSSary in a mechanical 

penetrometer tip must allow a downward movement of the 
cone in relation to the push rods of at least 1.2 in. (30.5 mm). 

NOTE +At certain combinations of depth and tip resistanoe(s), the 
elastic compression of the inner rods may exceed the downward stroke 
that the thrust machine can apply to the inner rods relative to the push 
rods. In this case, the tip will not extend and the thrust readings will rise 
elastically to the end of the machine stroke and then jump abruptly 
when the thrust machine makes contact with the push rods. 

4.2.2 Mechanical penetrometer tip design shall include 
protection against soil entering the sliding mechanism and 
affecting the resistance component(s) (see 4.2.3 and Note 5). 

4.2.3 Cone Penetrometer-Figure 1 shows the design and 
action of one mechanical cone penetrometer tip. A mantle of 
reduced diameter is attached above the cone to minimize 
possible soil contamination of the sliding mechanism. 

NOTE 5--An unknown amount of side fiction may develop along 
this mantle and be included in the cone resistaaCe. 

4.2.4 Friction-Cone Penetrometer-Figure 2 shows the 
design and action of one telescoping mechanical friction- 
cone penetrometer tip. The lower part of the tip, including a 
mantle to which the cone attaches, advances first until the 
flange engages the friction sleeve and then both advance. 

NOTE &The shoulder at the lower end of the friction sleeve 
encounters end-bearing resistance. In sands as much as two thirds of the 
sleeve mistance may consist of bearing on this shoulder. Ignore this 
effect in soft to medium clays. 

COLLAPSED EXTENDED 

FIG 1 Example of a Mechanical Cone Penetrometer Tip (Dutch 
Mantlecone) 
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penetrometers shall permit continuous advance and re- 
cording over each push rod-length interval. 

4.3.2 Friction-Cone Penetrometer-The bottom of the 
-- -- - friction sleeve s h d  not-be more than 0.4 in. (10 mm)-above - - -- 

the base of the cone. The same requirements as 4.3.1 apply. 
Figure 4 shows one design for an electric frictioncone 
penetrometer tip. 

4.3.3 Other Penetrometers-Electric penetrometers may 
include other transducer measurements as well as, or instead 
of, the friction sleeve measurement. Common ones are 
inclinometers to assist with the alignment control of the tip 
(see 6.3) and piezometers to provide additional data on soil 
stratigraphy and behavior. 

4.4 Thrust Machine-This machine shall provide a con- 
tinuous stroke, preferably over a distance greater than one 
push rod length. The machine must advance the penetrom- 
eter tip at a constant rate while the magnitude of the thrust 
required fluctuates (see 5.1.2). 

NOTE 7-Jkep penetration soundings usually require a thrust capa- 
bility of at least 5 tons (45 kN). Most modern machines use hydraulic 
pistons with 10 to 20-ton (90 to 180-kN) thrust capability. 

4.5 Reaction Equipment-The proper performance of the 
static-thrust machine requires a stable, static reaction. 

NOTE 8-The type of reaction provided may affect the penetrometer 
resisrance(s) measured, particularly in the surface or near-surface layen 

- - - 

COLLAPSED EXTENDED 

FIG. 2 Example of a Mechanical Friction-Cone Penetrometer Tip 5. PrOcedUre 
(Begemann Friction-Cone) 5.1 General: 

5.1.1 Set up the thrust machine for a thrust direction as 
neaf vertical as practical. 

5.1.2 Rate of Penetration-Maintain a rate of depth 
penetration of 2 to 4 ft/min (10 to 20 mm/s) +25 9% when 
obtaining resistance data. Other rates of penetration may be 
used between tests. 

N m  9-The rate of 2 ft/t/min ( 10 mm/s) provides the time the 
operator needs to read properly the resistance values when using the 
mechanical frktion-cxne penetrometer. The rate of 4 ft/min (20 mm/S) 
is suitable for the single resistance reading required when using the 

4.2.5 Measuring Equipment-Measure the penetration 
resistance(s) at the surface by a suitable device such as a 
hydraulic or electric load cell or proving ring. 

4.3 Electric Penetrometers: 
4.3.1 Cone Penetrometer-Figure 3 shows one design for 

an electriccone penetrometer tip. The cone resistance is 
measured by Of a force transducer attached to the 
cone. dectric ab le  or other suitable system transmits the 
transducer signals to a data recording system. Electricane 

FIG. 3 

1 ~ p O i n t ( 1 0 ~  
2Loadceo 
3Proteuw ' mantle 
4 Waterpoofbushing 
5orings 
6- 
7 straingages 
Econnecbon . wimrods 
9 Inc6nomater 

ElectricGone Penetrometer Tip 
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8 5 4 2 

1 coni i  point (10 UI?) 
2Loadcen 
3straingages 
4 Friction sleeve (150 
5 Adjustmentring 
6 Waterproof bushing 
?cable 
8 connectDnwithrodS 

NOTE 12--Because of soil layering, the cone resistance may change 
during the additional downward movement of the tip required to obtain 
the friction measurement 

NOTE 13-The soil friction dong the sleeve puts an additional 
overburden load on the soil above the cone and may increase cone 
m W  above that measured during the initial phase of the tip 
extension by an unknown, but probably small amount. Ignore this 
effect. 

mechanical cone penetrometer and provides for the efficient operation 
of electric penetrometers. The European standard requires 4 A/min (20 
mm/s). 

NOTE IO-Rates of penetration either slower or faster than the 
standard rate may be used for special circumstances, such as pore 
pressure measurements. This is permisible provided the rate actually 
used and the reason for the deviation is noted on the test record. 

NOTE 1 1-Pore pressures generated ahead of and around the pene- 
trating cone or friction cone penetrometer tip can have an important 
effect on the qr and f, values measured. Piemcone tips with simulta- 
neous pore pressure measurement capabfity have proven useful to help 
evaluate such effects and to provide additional data about the 
Stratigraphy and engineering properties of the soils penetrated. 

5.2 Mechanical Penetrometers: 
5.2.1 Cone Penetrometer-(I) Advance penetrometer tip 

to the required test depth by applying suflicient thrust on the 
push rods; and (2) Apply sufficient thrust on the inner rods 
to extend the penetrometer tip (see Fig. 1). Obtain the cone 
resistance at a specific point (see 5.2.3) during the downward 
movement of the inner rods relative to the stationary push 
rods. Repeat step (I). Apply sficient thrust on the push 
rods to collapse the extended tip and advance it to a new test 
depth. By continually repeating this two-step cycle, obtain 
eone resistance data at increments of depth. This increment 
shall not ordinarily exceed 8 in. (203 mm). 

5.2.2 Friction-Cone Penetrometer-Use this penetrom- 
eter as described in 5.2.1 but obtain two resistances during 
the step (2) extension of the tip (see Figs. 2 and 5). First 
obtain the cone resistance during the initial phase of the 
extension. When the lower part of the tip engages and pulls 
down the friction sleeve, obtain a second measurement of the 
total resistance of the cone plus the sleeve. Subtraction gives 
the sleeve resistance. 

FIG. 4 Electric FrictionGone Penetrometer Tip 
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5.2.3 Recording Data-To obtain reproducible cone-= 
sistance test data, or cone and friction-resistance test data 

when using a fictioncone tip, record only those thrust 
readings that occur at a well-defined point during the 
downward movement of the top of the inner rods in relation 
to the top of the push rods. Because of the elastic compres- 
sion of inner rods (see Note 4), this point ordinarily should 
be at not less than 1.0 in. (25 mm) apparent relative 
movement of the inner rods. When using the frictioncone 
penetrometer, this point shall be just before the cone engages 
the friction sleeve. 

NOIT 14-Figure 5 shows one example of how the thrust in the 
hydraulic load cell can vary during the extension of the frictionane tip. 
Note the jump in gage pressure when the cone engages the sleeve. 

5.2.3.1 Obtain the cone plus fiction-resistance reading as 
soon as possible after the jump so as to minimize the error 
described in Fig. 5. Unless using continuous recording as in 
Fig. 5,  the operator should not record a cone plus friction 
resistance if he suspects the cone resistance is changing 
abruptly or emtically. 

5.3 Electric Penetrometers: 
5.3.1 If using continuous electric cable, prethread it 

through the push rods. 
5.3.2 Record the initial readinds) with the penetrometer 

tip hanging freely in air or in water, out of direct sunlight, 
and after an initial, short penetration, test hole so that the tip 
temperature is at soil temperature. 

5.3.3 Record the cone resistance, or cone resistance and 
friction resistance, continuously with depth or note them at 
intervals of depth not exceeding 8 in. (203 mm). 

5.3.4 At the end of a sounding, obtain a final set of 
readings as in 5.3.2 and check them against the initial sd 
Discard the sounding, and repair or replace the tip if this 
check is not satisfactory for the accuracy desired for the 
resistancecomponent(s). 

6. Special Techniques and Precautions 
6.1 Reduction of Friction Along Push Rd-The purpose 

of this friction reduction is to increase the penetrometer 
depth capability, and not to reduce any differences between 
resistance components determined by mechanical and elec- 
tric tips as noted in 1.3. To accomplish the friction redue- 
tion, introduce a special rod with an enlarged diameter or 
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Example Extension of the Mechanical Friction-Cone Penetrometer Tip 

special projections, called a "friction reducer," into the string 
Jf push rods or between the push rods and the tip. Another 
allowable method to reduce friction is to use push rods with 
a diameter less than that of the tip. In accordance with 4.1.4, 
any such projections or changes in diameter must begin no 
closer than 1.0 ft (0.3 m) from the base of the cone or the top 
of the friction sleeve when using cones with the standard 
4.1.1 diameter. For other cones (see Note 2) use no closer 
than 8 diameters. 

NOTE 15-Non-mechanical techniques to reduce friction, such as the 
use of drilling mud above the tip, are also allowable. 

6.2 Prevention of Rod Bending Above Surface-Use a 
tubular rod guide, at the base of the thrust machine, of 
sufficient length to prevent significant bending of the push 
rods between the machine and the ground surface. 

NOTE 16-Special situations, such as when working through water, 
will require a special system of casing support to restrict dquately the 
buckling of the push rods. 

6.3 Drifi of Tip-For penetration depths exceeding about 
40 ft (12 m), the tip will probably drift away from a vertical 
alignment. Occasionally, serious drifting occurs, even at less 
depth. Reduce drifting by using push rods that are initially 
Straight and by making sure that the initial cone penetration 
into soil does not involve unwanted, initial lateral thrust. 
Passing through or alongside an obstruction such as boul- 
ders, soil concretions, thin rock layers, or inclined dense 
layers may deflect the tip and induce drifting. Note any 
indications of encountering such obstructions and be alert 
for possible subsequent improper tip operation as a sign of 
serious drifting. 

413 

NOTE 17-Electric penetrometer tips may also incorporate an incli- 
nometer to monitor drift and provide a warning when it becomes 
excessive. 

6.4 Wear of Tip-Penetration into abrasive soils eventu- 
ally wears down or scours the penetrometer tip. Discard tips, 
or parts thereof, whose wear changes their geometry or 
surface roughness so they no longer meet the requirements of 
4.1. Permit minor scratches. 

6.5 Distance Between Cone and Friction Sleeve-The 
friction resistance of the sleeve applies to the soil at some 
distance above the soil in which the cone resistance was 
obtained at the same time. When comparing these resis- 
tances for the soil at a specified depth, for example when 
computing friction ratios or when plotting these data on 
graphs, take proper account of the vertical distance between 
the base of the cone and the midheight of the fiction sleeve. 

6.6 Interruplions--The engineer may have to interrupt 
the normal advance of a static penetration test for purposes 
such as removing the penetrometer and drilling through 
layers or obstructions too strong to penetrate statically. If the 
penetrometer is designed to be driven dynamically without 
damage to its subsequent static performance (those illus- 
trated herein in Figs. 1 to 4 are not so designed), the engineer 
may drive past such layers or obstructions. Delays of over 10 
min due to personnel or equipment problems shall be 
considered an interruption. Continuing the static penetration 
test after an interruption is permitted provided this addi- 
tional testing remains in conformance with this standard. 
Obtain hrther resistance component data only after the tip 
passes through the engineer's estimate of the disturbed zone 
resulting from the nature and depth of the interruption. As 
an alternative, readings may be continued without first 



making the additional tip penetration and the disturbed zone approximation.for-a_conthuous.graph. 
evaluatedfromthese data. Then disregard data within the 
disturbed zone. 

NOTE I84ntermption of the piezocone sounding after a push 
allows the engineer to examine the dissipation of positive or negative 
ex- pore water pressure. 

6.7 Below or A4acent to Borings-A cone or friction- 
cone sounding shall not be performed any closer than 25 
boring diameters from an existing, unbackfilled, uncased 
boring hole. When performed at the bottom of a boring, the 
engineer should estimate the depth below the boring of the 
disturbed zone and disregard penetration test data in th is  
zone. The depth may vary from one to five diameters. Where 
the engineer does not have sufficient experience With this 
variable a depth of at least three boring diameters should be 
used. 

6.8 Mechanical Penetrometers: 
6.8.1 Inner Rod Friction-Soil particles and corrosion 

can increase the friction between inner rods and push rods, 
possibly resulting in significant errors in the measurement of 
the resistance component(s). Clean and lubricate the inner 
rods. 

6.8.2 Weight of Inner Rods-For improved accuracy at 
low values of cone resistance, correct the thrust data to 
include the accumulated weight of the inner rods from the 
tip to the topmost rod. 

6.8.3 Jamming-Soil particles between sliding surfaces or 
bending of the tip may jam the mechanism during the many 
extensions and collapses of the telescoping mechanical tip. 
Stop the sounding as soon as uncorrectable jamming occurs. 

6.9 Electric Penetrometers: 
6.9.1 Water Seal-Provide adequate waterproofing for 

the electric transducer. Make periodic checks to assure that 
no water has passed the seals. 
NOTE 19-Some electric tip sleeve designs are not compensated for 

hydrostatic end area effects and require a calibration correction. 
Determining the net end area of the cone under hydrostatic pressure also 
requires a hydrostatic calibration measurement. The tip manufacturer 
can usually supply these calibration c o d o n  constants. Their impor- 
tance increases as the soil being tested becomes weaker. 

7. Report 
7.1 Graph ofcone Resistance, q,-Every report of a cone 

or frictioncone sounding shall include a graph of the 
variation of cone resistance (in units of tons or kPa) with 
depth (in feet or metres). Successive cone-resistance test 
values from the mechanical cone and frictioncone pene- 
trometers, usually determined at equal increments of depth 
and plotted at the depth corresponding to the depth of the 
measurement, may be connected with straight lines as an 

7.2 Friction-Cone Penetrometer: 
7.2.1 Graph of Friction Resistance, &--In addition to the 

graph of cone resistance (7.1) the report may include an 
adjacent or superposed graph of friction resistance or friction 
ratio, or both, with depth. Use the same depth scale as in 7.1 
(see 6.5). 

7.2.2 Graph of Friction Ratio, RrIf the report includes 
soil descriptions estimated from the frictioncone penetrom- 
eter data, include a graph of the variation of friction ratio 
with depth. Place this graph adjacent to the graph for cone 
resistance, using the same depth scale (see 6.5). 

7.3 Piezocone Penetrometer-In addition to the 7.1 and 
7.2 report requirements, a piezocone sounding shall include 
a parallel graph, to the Same depth scale, of measured pore 
water pressure during the penetration versus depth. Excess 
pore water pressure versus time plots may also be con- 
structed at those depths where the piezocone sounding is 
intempted (see Note 1). 

7.4 General-The operator shall record his name, the 
name and location of the job, date of sounding, sounding 
number, location coordinates, and soil and water surface 
elevations (if available). The report shall also include a note 
as to the type of penetrometer tip used, the type of thrust 
machine, tip and thrust calibration information, or both, any 
zerodrift noted, the method used to provide the reaction 
force, if a friction reducer was used, the method of tip 
advancement, the method of recording, the condition of the 
rods and tip after withdrawal, and any special dimculties or 
other observations concerning the performance of the equip 
ment. 

7.5 Deviationsfrom Standard-The report shall state that 
the test procedures were in accordance with this Test Method 
D 3441. Describe completely any deviations from this test 
method. 

8. Precision and Bias 
8.1 Because of the many variables involved and the lack 

of a superior standard, engineers have no direct data to 
determine the bias of this method. Judging from its observed 
reproducibility in approximately uniform soil deposits, plus 
the q, andf, measurement effects of special equipment and 
operator care, persons familiar with this method estimate its 
precision as follows: 

8.1.1 Mechanical Tips-Standard deviation of 10 5% in qc 
and 20 96 in f, 

8.1.2 Electric Tips-Standard deviation of 5 5% in q, and 
10 96 in f, 
NOTE 20-These data may not match similar data from mechanical 

tips (see 1.3). 

The Amerim Society for Testing and Materials takes no position respecting the validity of any patent rights assBRed in cwmectiof~ 
with any item mentioned in this standard. Users of this standard are express& advised that detwrnin& of the validity d any such 
merit rights, and the risk of infringement of such rights. are entirefy their own mpcfasibilify. 

This standard is sbject to revision at eny time by the msponsiibk, technical awnminee and must be reviewed every &e years and 
if not revised, either or witMrawn. Your ELmments am invited either for revision of this standard or for eddiLiuWStendards 
and should be addnrssed to ASfM Headquaners. Y a a  ccmmnts will receive careful collsideration at a meeting d the msponsiibk, 
technical commirt~, which yw may mend. It you feel that your cunments have not received a fair hearing you should make your 
views knom, lo the ASTM Committee on Standards. 1976 Rece Sr., PhiMeIphia, PA 19103. 
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[b Designation: D 3550 - 84 (Reapproved 1991)'' 
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Standard Practice for 
Ring-Lines Barrel Sampling of Soils' 

This standard is issued under the fixed designation D 3550; the number immediately following the designation indicates the year of 
original adoption or, in the case of -0% the ycar of last d o n .  A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since tht laa revision or reapproval. 

This standard har been approved for use by agencies of the D e p m m m  of Defenre. C o d t  ihe DoD Index of Specifications and 
Stambra3 for the spec*c year of issue which hac been adopted by the Department of D d m e .  

Nun-Won  8 was added editorially in November 199 I. 

1. Scope 
1.1 This practice covers a procedure for using a ring-lined 

barrel sampler to obtain representative samples of soil for 
identification purposes and other laboratory tests. In cases 
where it has been established that the quality of the sample is 
adequate, this practice provides shear and consolidation 
specimens that can be used directly in the test apparatus 
without prior trimming. Some types of soils may gain or lose 
significant shear strength or compressibility, or both, as a 
result of sampling. In cases like these, suitable comparison 
tests should be made to evaluate the effect of sample 
disturbance on shear strength and compressibility. 

1.2 This practice is not intended to be used as a penetra- 
tion test; however, the force required to achieve penetration 
or a blow count, when driving is necessary, is recommended 
as supplemental information. 

1.3 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 1586 Method for Penetration Test and Split-Barrel 

Sampling of Soils2 
D 1587 Practice for Thin-Walled Tube Sampling of SOW 
D 21 13 Practice for Diamond Core Drilling for Site 

Investigation2 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Ro&uR)Z 

3. Significance and Use 
3.1 This practice is used where soil condition and resis- 

tance to advance of the sampler do not permit the use of a 
thin-wall tube (Practice D 1587) and where the formation 
does not require diamond coring (Practice D 21 13). 

* This practice is under the jurisdiction of ASTM Conimm& D18 on Soil and 
Rock and is the direct rrsponsibility of Subcommittee D18.02 on Sampling and 
Rdami Field T&ng for Soil Inwdgationr 

Current edition approved J a n  27. ,1984. Published April 1984. Orisinauy 
pbliskd as D 3550- 77. Last pmious edition D 3550- 77". 

Annual Book of ASTM Standards, Vol04.08. 

4. Apparatus 
4.1 Drilling Equipment-Any drilling equipment may be 

used that provides a reasonably clean hole before insertion of 
the sampler and that does not disturb the soil to be sampled. 
However, in no case shall a bottom-discharge bit be per- 
mitted. Side-discharge bits are permissible. 

' 

4.2 Drive Weight Assembly-Any drive weight assembly 
that will provide penetration in the range from 1 to 20 blows 
per foot (65 blows per metre) may be used. Whenever 
possible, soils are to be sampled by pushing instead of driving 
(see Section 5). 

4.3 Ring-Lined Barrel Sampling Assembly-This shall 
consist of a shoe, sampler, and waste barrel, as shown in Fig. 
1. 

4.4 Ring-Lined Sampler-Test specimens shall be ob- 
tained Using a suitable one piece or split sampling barrel 
lined on the inside with removable rings. These rings shall be 
thin-walled and shall conform to the size requirements of the 
particular laboratory test determinations employed. They 
shall fit snugly inside the sampler with no discernible free 
play in any direction. The sampler may be sectionalized to 
allow end-to-end make up of sections as necessary. Each 
section shall be designed so that addition or removal of 
sections will not loosen, permit movement, or otherwise 
adversely affect retention of the rings within the sampler. 
The sampler and rings shall be free of bumps, dents, 
scratches, rust, dirt, and corrosion. 

NOTE I-It is recommended that the sampler contain at least six 
rings in order to provide samples for a variety of tests 

4.5 Waste Barrel-A waste barrel that can be removed 
from the sampler in the field shall be provided to contain 
space-for disturbed soil originally at the bottom of the hole. 
The length of the waste banel shall be at least three times its 
interior diameter, and the inside diameter shall be the same, 
or slightly larger than, the inside diameter of the rings. 

4.5.1 An attachment, check valve, and one or more vents 
is required. The design of these items is optional. 

4.6 Shoe-The shoe shall be machined as shown in Fig. 1. 
The inside of the assembled shoe and ring-lined sampler shall 
be smooth, straight, and uniform. The thin-walled extension 
of the shoe shall be 2 to 4 in. (51 to 102 mm) in outside 
diameter and made of any materials of adequate strength 
and resistance to corrosion. The length of the thin-walled 
extension shall be equal to three times the diameter of its 
opening, but shall not exceed 8 in. (203 mm). The inside 
clearance ratio shall be between 0.5 and 3.0 9%. (See Fig. 1 for 
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I l- 
Thin-Walled Extension 

- - --- 

Check Valve 

NOTE 1-Inside clearance ratio = (D, - De)/De \ 
NOTE 2-Dimensional tolerance of 0, = *0.003 in. (k0.06 mm) 

FIG. 1 Ring-Lined Barrel Sampling Assembly 

inside clearance ratio formula.) The wall thickness of the 
thin-walled extension shall conform to Table 1. 

4.6.1 The thin-walled extension of the shoe shall be 
perfectly round. Shoes that have become out-of-round for 
any reason shall not be used. If the thin-walled extension of 
the shoe deforms during sampling, the sample obtained shall 
not be used for tests, such as shear strength, where soil 
3turbance is a factor. 

NOTE 2-The thin-walled extension of the shoe is not suitable for 
stiff or gravelly soils. In cases such as these, a shoe similar to the type 
specified in Method D 1586 is required for penetration. The use of this 
type of shoe, however, may result in excessive disturbance of the soil so 
that it is no longer suitable for shear or consolidation determinations, or 
both. 

4.7 Sample Extractor-Specimen-fed rings shall be re- 
moved from the sampler by pressing them out or alterna- 
tively by the use of a split barrel. The extractor disk shall be 
at least 0.5 in. (1 3 mm) thick and shall bear solidly against 
the sample rings at all points. It shall slide easily inside the 
sampler barrel without jamming and without free play. 

4.8 Containers for Specimen-Filled Rings--These shall be 
snug fitting, tightly sealed (watertight), rigid containers that 
will not permit movement of the specimen-filled rings inside. 
They shall be noncorrosive. 

4.9 Miscellaneous Equipma-This includes a pipe vise, 
pipe wrenches, spatulas, cleaning brushes, buckets, rags, data 
sheets, transporting boxes, etc. Water must be available for 
cleaning the equipment. 

5. Procedure 
5.1 Clean the hole to sampling elevation using whatever 

method is preferred that will ensure that the material to be 
sampled is not disturbed. In saturated sands and silts, 
withdraw the drill bit slowly to prevent loosening of the soil 
around the hole. When casing is used, it shall not be driven 

low sampling elevation. Water or drilling liquid within the 
Jring must be maintained at all times at or above the 

naNral ground water level; it is preferable to keep the hole 
filled. 

5.2 Keep a careful record of drill penetration and sampler 
depth to ensure that the soil being sampled is the original soil 
at the bottom of the hole and is not contaminated by soil 
falling down from the sides of the hole. If there is any 
signifcant tendency for soil to fall from the sides of the hole 
to the bottom, use water, drilling mud, or casing, as 
necessary, in order to prevent this from happening. The 
process of jetting through an open-tube sampler and then 
sampling when the desired depth is reached shall not be 
permitted. The use of bottomdischarge bits shall not be 
allowed. 

5.3 Assemble &e sampling assembly and lower it carefully 
into the hole. With the cutting edge of the shoe resting on the 
bottom of the hole and the water level in the boring at the 
ground water level or above, push the sampling assembly 
into the soil by a continuous and rapid motion without 
impact or twisting. Push the assembly in far enough so that 
all cuttings, sludge, and soil disturbed by drilling are in the 
waste barrel; however, in no case push the assembly farther 
than the total length of the shoe, sampler, and waste barrel. 
Take care that none of the sample is lost due to improper 
operation of the check valve. 

5.4 When the soils are so hard that they cannot be pen- 
etrated by pushing, using generally acceptable field proce- 
dures, and where recovery by pushing in sands is poor, use a 
driving hammer to drive the sampling assembly. In such a 
case, record the hammer weight, height of drop, and number 
of blows. 

5.5 carefully disassemble the sampling assembly in such a 
manner as to minimize soil disturbance as much as possible. 
Trim the soil flush with the ends of the sampling barrel, and 
remove the specimen (consisting of soil plus rings). Slip the 
container over the specimen-filled rin& and cap both ends. 
Be certain that there is no movement of the specimen-filled 
M g s  inside the container and that the specimen was not 
dktudxd while being removed from the barrel and placed in 
the container. Label the container in a suitable manner. If 
the soil in the bottom end ring does not protrude from the 
ring after removing the shoe, do not use the soil in the 
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bottom ring for tests other than.mil classification and 
moisture content. If the top ring or rings contain voids, 
depressions, or any material other than the soil which is 
being sampled, do not use the soil in this ring (or rings) for 
any purpose whatsoever. The filling of depressions in the end 
rings with additional soil shall not be permitted. Discard 
samples that appear to be disturbed or questionable. 

5.6 Examine the soil remaining in the shoe for structure, 
consistency, color, and condition. Record these observations 
and include them in the report (see 6.1.8). 

6.1.6 Method of advancing sampler, penetration, and 

6.1.7 Description and size of sampler, 
6.1.8 Description of soil (see Practice D 2488), 
6.1.9 Thickness of layer, 
6.1.10 Depth to water table or depth of overlying water 

6.1.1 1 Size of casing, depth of cased hole, 
6.1.12 Type of W n g  equipment-description, 
6.1.13 Names of personnel crewman, field engineer, tech- 

recovery lengths, 

and time of reading, 

nician, etc., 
6.1.14 Weather conditions, and 
6.1.15 General remarks. 

NOTE 3-The soil remaining in the shoe is relatively undisturbed and 
therefore may be suitable for a variety of laboratory tests. 

6. Report 
6.1 Data obtained in each boring shall be recorded in the 

field and shall contain the following 
6.1.1 Name and location of job, 
6.1.2 Date of boring and times of start and finish, 
6.1.3 Boring number and location, 
6.1.4 Surface elevation, if available, 
6.1.5 Sample number and depth, 

7. Precision and Bias 
7.1 ms pmctie does not produe numerical or repeat- 

able data and therefore a precision and bias statement is not 
applicable. 

8. Keywords 

sentative; ring; sampling 
8.1 consolidation; direct shear; identification; liner; repre- 

The American Society for Testing end Materials takes no pasition respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights. are entirely their own responsibili?y. 

This standard is subject to revision et any time by the responsible technical Committee and must be reviewed every five years and 
if not revised, either r w o v e d  or withdrawn. Your comments are invited either for revision of this standard or for additionaJ standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful cdnsideratim at a meeting of the responsible 
technical wmminee, which you may mend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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Standard Test Method for 
(Field Procedure) for Instantaneous Change in Head (Slug 
Tests) for Determining Hydraulic Properties of Aquifiersl 

This standard is isswd under the fixed designation D 4044, the numkr immediately following the designation indicates the year of 
original adaption or, in the cdsc of revision, the year of Is! rwi5on. A number in pannthcss indicates the year of ha reapproval. A 
superscript epsilon (e) indicates an editorial change sina the last revision or rcapprovai. 

1. scope 
1.1 This test method covers the field procedure for 

performing an in situ instantaneous change in head (slug) 
test. 

1.2 This test method is used in conjunction with an 
analytical procedure such as Test Method D 4 104 to deter- 
mine aquifer properties. 

1.3 The values stated in the SI units are to be regarded as 
standard. 

1.4 This standard does not purport to address all of the 
safety problem, if any, associated with its use. It is the 
Tesponsibility of the user of this standard to establish appre 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Docaments 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 
Fluidst 

D4043 Guide for Selection of Aquifer-Test Method in 
Determination of Hydraulic Properties by Well 
Techniques2 

D4104 Test Method (Analytical Procedure) for Deter- 
mining Transmissivity of Confined Nonleaky Aquifers 
by Overdamped Well Response to Instantaneous 
Change in Head (Slug Testy 

D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Welly 

3. Terminology 
3.1 Definitions: 
3.1.1 control well-well by which the aquifer is stressed, 

for example, by pumping, injection, or imposing a constant 
‘change of head. 

3.1.2 hydraulic conductivity--lfield aquifer tests); the 
volume of water at the existing kinematic viscosity that will 
move in a unit time under a unit hydraulic gradient through 
a unit area measured at right angles to the direction of flow. 

3.1.3 observation well-a well open to all or part of an 
aquifer. 

3.1.4 overdamped-well response-haracterized by the 
water level returning to the static level in an approximately 

1 This M method is under the juridiction of ASIM Cammittee D18 on Soil 
and Rock and is tha direct responsibility of Subcommittee D18.21 on Ground 
Water and Vadose Zone Investigations. 

Cumnt edition approved June IS, 1991. Publihed Augun 1991. 
Annual Book of ASTM Srondordr. Vol04.08. 

exponential manner following a sudden change in water 
level. (See for comparison underdamped well.) 

3.1.5 slug-a volume of water or solid object used tc 
induce a sudden change of head in a well. 

3. I .6 storage coejicienr-the volume of water an aquifei 
releases from or takes into storage per unit surface area of the 
aquifer per unit change in head. For a confined aquifer, it i! 
equal to the product of specific storage and aquifer thickness 
For an unconfined aquifer, the storage coefficient is approx- 
imately equal to the specific yield. 

3.1.7 transmissivity-the volume of water at the existing 
kinematic viscosity that will move in a unit time under a unii 
hydraulic gradient through a unit width of the aquifer. 

3.1.8 underdamped-well response-characterized by thc 
water level oscillating about the static water level following i 
sudden change in water level. (See for comparisor 
overdamped well.) 

3.1.9 For definitions of other terms used in this tes 
method, refer to Terminology D 653. 

4. Summary of Test Method 
4.1 This test method describes the field procedures in 

volved in conducting an instantaneous head (slug) test. Tht 
slug test method involves causing a sudden change in head i~ 
a control well and measuring the water level response wit hi^ 
that control well. Head change may be induced by suddenl: 
injecting or removing a known quantity or “slug” of wate 
into the well, rapid removal of a mechanical “slug” frola 
below the water level, increasing or decreasing the ai 
pnksure in the well casing, or emplacement of a mechanica 
slug into the water column. 

4.2 The water-level response in the well is a h c t i o n  o 
the mass of water in the well and the transmissivity ant 
coefficient of storage of the aquifer. One method of analysi 
of the data from this field practice is described in Ta 
Method D 4104. 

5. Significance and Use 
5.1 This slug test field procedure is used in conjunctio 

with a slug test analytical procedure, such as Test Metho 
D 4 104 to provide quick and relatively inexpensive estimate 
of transmissivity. The value of coefficient of storage dete 
mined from this test method is considered less reliable tha 
the value of transmissivity. 

5.2 The slug test provides an advantage over pumpir 
tests in that it does not require the disposal of the laq 
quantities of water that may be produced. This is of speci 
importance when testing a potentiaUy contaminated aquife 
However, slug tests reflect conditions near the well, therefo 
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are influenced by near-well conditions, such as gravel pack, 
poor well development, and skin effects. 

5.3 Slug tests may be made in aquifer materials of lower 
hydraulic conductivity than generally considered suitable for 
hydraulic testing with pumping tests. 

5.4 The method of data analysis (analytical procedure) 
should be known prior to the field testing to ensure that all 
appropriate dimensions and measurements are properly 
recorded. Selection of the analytical procedure can be aided 
by using Guide D 4043. 

6. Apparatus 
6.1 Slug-Inducing Equipment-This test method de- 

scribes the types of equipment that can be used. Because of 
the infinite variety of testing conditions and because similar 
results can be achieved with different apparatus, engineering 
specifications for apparatus are not appropriate. This test 
method specifies the results to be achieved by the equipment 
to satisfy the requirements of this practice. 

6.2 Water-Level Measurement Equipment--The method 
of water level measurement may be dependent on the 
method selected for injection or withdrawal of water, and the 
nature of the response of the well. For an open-well test, that 
is, where access to the water level is open to the surface, 
measure water levels manually as described in Test Method 
D 4750, by an automatic recording device linked to a float, 
or with a pressure transducer linked to a data logger or 
display device. A pressure transducer linked to a data logger 
will be neceSSary for a test in a closed well in which 
water-levelchanges are induced by vacuum or pressure on 
the control well and where manual measurements do not 
provide measurements of adequate frequency (see 9.3). 

7. Conditioning 
7.1 Pre- Test Procedure: 
7.1.1 Measuring Pre-Test Water Levels-Measure the 

water level in the control well before beginning the test for a 
period of about the duration of the test to determine the 
pre-test water level fluctuations and to determine a reference 
static water level. 

8. Procedure 
8.1 Cause a change in water level, either a rise or decline, 

by one of the following methods: 
8.1.1 Water Slug-Inject or withdraw water of a known 

quantity into or from the control well. 
8.1.2 Mechanical Slug-Inject or withdraw a mechanical 

slug below or above the water level. The water within the 
control well will then rise or decline an amount equal to the 
volume of the mechanical slug. 

8.1.3 Release Vacuum or Pressure-A method of simu- 
lating the injection or withdrawal of a slug of water is by the 
release of a vacuum or pressure on a tightly capped (shut-in) 
control well. After the release, the vacuum or pressure is held 
constant. 

Nu~~-There is no fixed requirement for the magnitude of the 
change in warn level. Similar results can be achieved with a wide range 
in indud head change. Some considerations indude a magnitude of 
change that can be readily measured with the apparatus selected, for 
example the head change should be such that the method of measure- 

ment should be accurate to 1 % of the maximum head change. 
Generally, an induced head change of from o n e W  to one meter is 
adequate. 

The mechanical model for the test assumes the head change i s  
induced instantaneously. R a c t i d y ,  a finite time is required to effect a 
head change. Selection of time zero can be selected experimentally. 
Refer to the method of analysis (such as Test Method D4104) to 
determine time zero and to evaluate the suitability of the change effected 
in the well. 

8.2 Measure water-level response to the change in water 
level. The frequency of water-level measurement during the 
test is dependent upon the hydraulic conductivity of the 
material being tested. During the early portions of the test, 
measure water levels at closely-spaced intervals. Measure- 
ments of water level made manually with a tape should be 
made as fresuently as possible until the water level has 
recovered about 60 to 80 %. Increase the length of time 
between measurements with increasing duration of the test. 
Since most methods of data analysis are curve-fitting tech- 
niques, it is essential that water levels are measured fie- 
quently enough to define the water-level response m e  (see 
Test Method D 4104). 

8.2.1 In aquifer-well systems where water-level changes 
are rapid, it may be neceSSary to use a pressure transducer 
linked to an electronic data logger to measure and record the 
water levels frequently enough to adequately define the water- 
level response. The use of transducers and data loggers 
generally provides a greater than adequate frequency of 
measurements, ranging from several measurements per 
second in the early part of the test to a specified frequency in 
the later portions of a test. With such equipment, the test 
analysis may use a reduced data set of measurements to 
calculate the hydraulic properties (see Test Method D 4104 
for analysis of water level data). 

8.3 Post-Test Procedure-Make preliminary analysis of 
data before leaving the field and evaluate the test regarding 
the criteria given in this test method and the method of 
analysis, such as Test Method D 4104 to determine if the test 
should be rerun. 

9. Report 

the field procedure: 
9.1 Include the information listed below in the report of 

9.2 All test reports should include the following 
9.2.1 Date, time, and well identification, 
9.2.2 Method of slug withdrawal or injection, as well as 

whether the test is a falling head (injection) or a rising head 

9.2.3 Inside diameter of well Screen and well casing above 

9.2.4 Depth of well, 
9.2.5 Length and depth setting of screen, 
9.2.6 Volume of mechanical slug or pressure change 

imposed on water level, and 
9.2.7 Pre-tsting water-level trend. 
9.3 Establish and record the measurement point 6om 

which all measurements of water level are made. Record 
date, time, and depth to water level below measurement 
point of all water levels. 

9.4 Water levels measured during the test should be 
recorded with information on date, clock time, and time 

(withdrawal) test, 

=n, 
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since test started If the water levels are measured with a 
p ~ ~ - t l ~ ~ ~ ~ ~ - ~ t e ~ t ~  bemXdabout-biZS I x m i s e - n o - t f e r e n m ~  
logger, record the name of the data file on the data logger. 

10. Precision and Bias 
,10.1 It is not practical to specify the precision of this test 

method because the response of aquifer systems during 

aquifer tests is dependent upon ambient system stresses No 

values exist. 
11. Keywords 

1 1 .1  aquifers; aquifer tests; ground water, hydraulic con- 
ductiviw, hydraulic properties; instantaneous head test; slug 
tests;storagecoefficient;transmissivity 

This stendard is sub/ect to revisim at any time by the responsible technicel committee and must lm reviewed every five years and 
f f  not revised, either ma+?prwed of wimdrewn. Your anvnents are invited either for revision d this standard 01 for a d d i t i d  standards 
and should be addmed to ASTM Mqumters. Your commcrnts will receive careful COnsideratiOn at 8 meeting d the responsiblf, 
technical committee, which you my atlend. /I you feel that your comments heve not received a fair hwing you ShOuM meke your 
vkms known to the ASTM Committee on Standards, 19 16 Ram Sf., Philadelphia PA 19 103. 
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(m Designation: D 4104 - 91 

6 8 6 9  

standard Test Method 
(Analytical Procedure) for Determining Transmissivity of 
Nonleaky Confined Aquifers by Overdamped Well Response 
to Instantaneous Change in Head (Slug Test)’ 

This standard is inUd undcr the 6x4 designation D 4104; the number immediately folio+ the -tion indicata the year of 
original adoption or, in the of d o n ,  the year of last d o n .  A number in parcnthacs indicates thc year of last rrapprovaL A 
supesuipt epsilon (6) indicates an editorial change sina the last revision or reapprovd. 

1. scope 
1.1  This test method covers the determination of 

transmissivity from the measurement of force-free 
(overdamped) response of a well-aquifer system to a sudden 
change of water level in a well. Force-free response of water 
level in a well to a sudden change in water level is 
characterized by recovery to initial water level in an approx- 
imate exponential manner with negligible inertial effects. 

1.2 The analytical procedure in this test method is used in 
conjunction with the field procedure in Test Method D 4044 
for collection of test data. 

1.3 Limitations-Slug tests are considered to provide an 
estimate of transmissivity. The determination of aquifer 
storage coefficient is less reliable. Although the assumptions 
of this test method prescribe a fidly penetrating well (a well 
open through the fidl thickness of the aquifer), the slug test 
method is commonly conducted using a partially penetrating 
well. Such a practice may be acceptable for application under 
conditions in which the aquifer is stratified and horizontal 
hydraulic conductivity is much greater than vertical hy- 
draulic conductivity. In such a case the test would be 
considered to be representative of the average hydraulic 
conductivity of the portion of the aquifer adjacent to the 
open interval of the well. 

1.4 The values stated in SI units are to be regarded as 
standard. 

1.5 This standard does not purport to address all of the 
safety problems, any, arsociared with its use, It is the 
responsibility of the user of this standard to establish appre 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Stamhr&: 
D 653 Terminology Relating to Soil, Rock, and Contained 
Fluid2 

D4043 Guide for Selection of Aquifm-Test Method in 
Determining of Hydraulic Properties by Well Techniques3 

D W  Test Method (Field Procedure) for Instantaneous 
Change in Head (slug Test) for Determining Hydraulic 
Properties of Aquifers3 

1 method is underthe jurisdiuion o f ~ c o m m i a c e  D l S  on Soil 
and Rock and is thc dinct Rspaanbility of Subcornminee D18.21 011 Ground 
wata and vadose zone Inver$gationz 

’ 3 ~ n m d ~ w k 4 f m ~ % m d a n & v o i  

Cumnt edition approved Junc 15,1991. F’ubkkd August 1991. 
*AnmdBodr 4fASlxfL%mdan& Volo4.08. 

D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well)2 

3. Terminology 
3.1 Definitions: 
3.1.1 aqufer, confined-an aquifer bounded above and 

below by confining beds and in which the static head is 
above the top of the aquifer. 

3.1.2 confining bed-a hydrogeologic unit of less perme- 
able material bounding one or more aquifers. 

3.1.3 control well-well by which the aquifer is stressed, 
for example, by pumping, injection, or change of head. 

3.1.4 head, static-the height above a standard datum of 
the surface of a column of water (or other liquid) that can be 
supported by the static pressure at a given point. 

3.1.5 hydraulic conductivity-field aquifer tests), the 
volume of water at the existing kinematic viscosity that will 
move in a unit time under a unit hydraulic gradient through 
a unit area measured at right angles to the direction of flow. 

3.1.6 observation well-a well open to all or part of an 
aquifer. 

3.1.7 overdamped-well response+Aaracterkd by the 
water level returning to the static level in an approximately 
exponential manner following a sudden change in water 
level. (See for comparison underdamped-well response.) 

3.1.8 slug-a volume of water or solid object used to 
induce a sudden change of head in a well. 

3.1.9 specific storage-the volume of water released fiom 
or taken into storage per unit volume of the porous medium 
per unit change in head. 

3.1.10 storage coelficient-the volume of water an aqder  
releases from or takes into storage per unit surface area of the 
aquifer per unit change in head. For a confined aquifer, the 
storage coefficient is equal to the product of specific storage 
and aquifer thickness. For an unconfined aquifer, the storage 
coefficient is approximately equal to the specific yield. 

3.1.1 1 transmissivit)cthe volume of water at the existing 
kinematic viscosity that will move in a unit time under a unit 
hydraulic gradient through a Unit width of the aqdkr. 

3.1.1 2 undmbped- well response-response chamcter- 
ized by the water level oscillating about the static water level 
following a sudden change in water level. (See for compar- 
ison overahped-well response..) 

3.1.13 For definitions of other terms used in this test 
method, see Terminology D 653. 

3.2 Symbols and Dimensions: 
3.2.1 Jo [nd]--zero-order Bessel function of the first kind. 
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3.2.2 - -1- J [nd)-first-order - Bessel.function.of-the-first-kind. V 

3.2.4 T rL*vi-”ansmissiviW. 
3.2.3 K K’I’-*]-hydraulic conductivity. \ I Ground surface 

3.2.5 S indl-iorage coefficie&. 
3.2.6 Yo [ndl-zero order Bessel function of the second 

3.2.7 Y, [nd]--first order Bessel function of the second 

3.2.8 r, [L.-radius of control-well casing or open hole in 

3.2.9 r, [L]-radius of control well screen or open hole 

3.2.10 u-variable of integration. 
3.2.1 1 H(L]-change in head in control well. 
3.2.12 Ho /L]--initial head rise (or decline) in control 

3.2.13 t-time. 
3.2.14 +Tt/r,Z. 
3.2.15 a-rw2S/r,Z. 

4. Summary of Test Method 
4.1 This test method dexribes the analytical procedure 

for analyzing data collected during an instantaneous head 
(slug) test using an overdamped well. The field procedures in 
conducting a slug test are given in Test Method D 4044. The 
analytical procedure consists of analyzing the recovery of 
water level in the well following the change in water level 
induced in the well. 

4.2 Solution-The solution given by Cooper et al (l)* is as 
follows: 

kind. 

kind, 

interval where water level changes. 

adjacent to water bearing unit. 

well. 

IuYdu) - 2 a Y i ( d l -  Ydw/rw) (1 
[do(u)  - 2aJ,(~)ll /A(~)lJdu I 

where: 
a = rw2S/r$, 

B = Tr/r,2, 

A(u) = [do(#) - 2d,(u)I2 + [uYo(u) - 2aY,(u)12 
and: 

NOTE I-Other analytical solutions are described by Hvorslev (2) 
Bouwer and Rice (3), and Bouwer (4). 

5. Significance and Use 
5.1 Assumptions of Solution of Cooper et d(1): 
5.1.1 The h&d change in the control well is instantaneous 

5.1.2 Well is of finite diameter and fully penetrates the 

5.1.3 Flow in the nonleaky aquifer is radial. 
5.2 Implications of Assumptions: 
5.2.1 The mathematical equations applied ignore inertial 

effects and assume the water level returns the static level in 
an approximate exponential manner. The geometric config- 
uration of the well and aquifer are shown in Fig. 1. 

5.2.2 Assumptions are applicable to artesian or confined 

at time t = 0. 

aquifer. 

The boldfaa numbers in pamthesa d e r  to a list of dmnccs at the a d  of 
the text 

I J 

1 1 1  
Conllning 1 , .  bed / 

FIG. 1 Cross Section Through a Well in Which a Slug of Water is 
Suddenly Injected 

conditions and fuIly penetrating wells. However; this test 
method is commonly applied to partially penetrating wells 
and in unconfined aquifers where it may provide estimates of 
hydraulic conductivity for the aquifer interval adjacent to the 
open interval of the well if the horizontal hydraulic conduc- 
tivity is significantly greater than the vertical hydraulic 
conductivity. 

5.2.3 As pointed out by Cooper et al(1) the determination 
of storage ccefficient by this test method has questionable 
reliability because of the similar shape of the curves, whereas, 
the determination of transmissivity is not as sensitive to 
choosing the correct curve. However, the curve selected 
should not imply a storage coefficient unrealistically large or 
small. 

6. Procedure 
6.1 The overall procedure consists of conducting the slug 

test field procedure (see Test Method D 4044) and analysis of 
the field data, that is addressed in this test method. 

6.2 The integral expression in the solution given in Eq (1) 
cannot be evaluated analytically. A graphical solution for 
determination of transmhivity and coefficient of storage can 
be made using a set of type curves that can be drawn from 
the values in Table 1. 

7. Calculation 
7.1 Plot, on semilogarithmic paper7 a set of type curves of 

values of F(B7 a) = H/Ho, on the arithmetic scale, as a 
function of 8, on the logarithmic scale &om the values of the 
functions in Table 1. 

7.2 Plot, on semilogarithmic paper of the same scale as 
that of the typecurve plot, the water level data in the control 
well, expressed as a fraction, H/Ho, on the arithmetic scale, 
versus time, t ,  on the logarithmic scale. 

NOTE 2-If the water level rise is very rapid with a small disparity 
between the calculated and measured change in water level, then time = 
0 can be used as the instant the change was initiated and H, can be the 
calculated rise. If there is a @Scant time lag bmween initiation of the 
head change and the peak rise or decline is signi6canUy less than the 
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@ D4104 6 8 6 9  

10-5 - 

1 0-2 

lo-' 

100 

10' 

102 

1 .00 
2.15 
4.64 
1 .00 
2.15 
4.64 
1.00 
2.1 5 
4.64 
1 .00 
2.1 5 
4.64 
7.00 
1 .00 
1.40 
2.15 
3.00 
4.64 
7.00 
1 .00 
2.1 5 

0.9771 0.9920 0.9969 0.9985 0.9992 
0.9658 0.9876 0.9949 0.9974 0.9985 
0.9490 0.9807 0.9914 0.9954 0.9970 
0.9238 0.9693 0.9853 0.9915 0.9942 
0.8860 0.9505 0.9744 0.9041 0.9883 
0.8293 0.9187 0.9545 0.9701 0.9781 
0.7460 0.8655 0.9183 0.9434 0.9572 
0.6289 0.7782 0.8538 0.8935 0.9167 
0.4782 0.6436 0.7436 0.8031 0.8410 
0.3117 0.4598 05729 0.6520 0.7080 
0.1665 0.2597 0.3543 0.4364 0.5038 
0.07415 0.1086 0.1554 0.2082 0.2620 
0.04625 0.06204 0.08519 0.1161 0.1521 
0.03065 0.W780 0.04821 0.06355 0.08378 
0.02092 0.02414 0.02844 0.03492 0.04426 
0.01297 0.01414 0.01545 0.01723 0.01999 
0.009070 0.009615 0.01016 0.01083 0.01169 
0.005711 0.004919 0.006111 0.006319 0.006554 
0.003722 0.003809 0.003884 0.003962 0.004046 
0.002577 0.002618 0.002653 0.002688 0.002725 
0.001179 0.001187 0.001194 0.001201 0.001208 

Fram Papadopuks, BtwMoeft, and cooper (5) 
B = rf/fc2 Q io+ 10-7 10- 10-9 io-io 

1 0.9994 0.9996 0.9996 0.9997 0.9997 
2 0.9989 0.9992 0.9993 0.9994 0.9995 

10-5 4 0.9980 0.9985 0.9987 0.9989 0.9991 
6 0.9972 0.9978 0.9982 0.9984 0.9986 
8 0.9964 0.9971 0.9976 0.9980 0.9982 
1 0.9956 0.9965 0.9971 0.9975 0.9978 
2 0.9919 0.9934 0.9944 0.9952 0.9958 

1 0-2 4 0.9848 0.9875 0.9894 0.9908 0.9919 
6 0.9782 0.9819 0.9846 0.9866 0.9881 
8 0.9718 0.9765 0.9799 0.9824 0.9844 
1 0.9655 0.9712 0.9753 0.9784 0.9807 
2 0.9361 0.9459 0.9532 0.9587 0.9631 

lo-' 4 0.8828 0.8995 0.9122 0.9220 0.9298 
6 0.8345 0.8569 0.8741 0.8875 0.8984 
8 0.7901 0.8173 0.8383 0.8550 0.8686 
1 0.7489 0.7801 0.8045 0.8240 0.8401 
2 0.5800 0.6235 0.6591 0.6889 0.7139 
3 0.4554 0.5033 0.5442 0.5792 0.6096 
4 0.3613 0.4093 0.4517 0.4891 0.5222 

100 5 02093 0.3351 0.3768 0.4146 0.4487 
6 0.2337 0.2759 0.3157 0.3525 0.3865 
7 0.1903 0.2285 0.2655 0.3007 0.3337 
8 0.1562 0.1903 0.2243 0.2573 0.2888 
9 0.1292 0.1594 0.1902 0.2208 0.2505 
1 0.1078 0.1343 0.1620 0.1900 02178 
2 0.02720 0.03343 0.04129 0.05071 0.06149 
3 0.01286 0.01448 0.01667 0.01956 0.02320 

10' 4 0.008337 0.008898 0.009637 0.01062 0.01190 
5 O.Oo6209 0.006470 0.006789 0.007192 0.007709 
6 0.004961 0.005111 0.005283 0.005487 0.005735 
8 0.003547 0.003617 0.003691 0.003773 0.003863 
1 0.002763 O.OO2803 0.002845 0.002890 0.002938 

102: 2 0.001313 0.001322 0.001330 0.001339 0.001348 
~~ ~ ______ ~ 

calculated change use I = 0 as the time of amximum observed change 
and take H, as the maximum observed change. 

7.3 Overlay the data plot on the set of type curve plots 
and, with the arithmetic axes coincident, shift the data plot 
to match one curve or an interpolated curve of the type c w e  
set. 

7.4 Using the coordinates of the point, determine the 
transmisSivity and storage coefficient from the following 

T = @r$/t 
tXpti0ns: 

and  

8. Report 
8.1 Prepare report including the information described 

in this section. The final report of the analytical procedure 
will include information from the report on test method 
selection (see Guide D 4043) and the field testing procedure 
(see Test Method D 4044). 

8.1.1 Introduction-The introductory d o n  is intended 
to present the scope and purpose of the slug test method for 
determining transmissivity and storage coefficient. Summa- 
rize the field hydrogeologic conditions and the field equip 
ment and instrumentation including the construction of the 
control well, and the method of measurement and of 
effecting a change in head. Discuss the rationale for selecting 
the method used (see Guide D 4043). 

8.1.2 Hydrogeologic Setting-Review information avail- 
able on the hydrogeology of the site; interpret and describe 
the hydrogeology of the site as it pertains to the method 
selected for conducting and analyzing an aquifer test. Com- 
pare hydrogeologic characteristics of the site as it conforms 
and differs from assumptions made in the solution to the 
aquifer test method. 

8.1.3 Equipment-Report the field installation and equip 
ment for the aquifer test. Include in the report, well 
construction information, diameter, depth, and open in- 
terval to the aquifer, and location of control well. 

8.1.3.1 Report the techniques used for observing water 
levels, pumping rate, barometric changes, and other environ- 
mental conditions pertinent to the test. Include a list of 
measuring devices used during the test., the manufacturers 
name, model number, and basic specifications for each 
major item, and the name and date of the last calibration, if 
applicable. 

8.1.4 Testing Procedures-Report the steps taken in con- 
ducting the pretest and test phases. Include the frequency of 
head measurements made in the control well, and other 
environmental data recorded before and during the testing 
procedure. 

8.1.5 Presentation and Interpretation of Test Results: 
8.1.5.1 Data-Present tables of data collected during the 

test. 
8.1 S.2 Data Plots--Present data plots used in analysis of 

the data. Show overlays of data plots and type curve with 
match points and corresponding values of parameters at 
match points. 

8.1.5.3 Show calculation of transmissivity and storage 
coefficient. 

8.1.5.4 Evaluate the overall quality of the test on the basis 
of the adequacy of instrumentation and observations of 
stress and response and the conformance of the 
hydrogeologic conditions and the performance of the test to 
the assumptions (see 5.1). 

9. Precision and Bias 

9.1 It is not practical to specify the precision of this test 
method because the response of aquZer systems during 
aquifer tests is dependent upon ambient system stresses. No 
statement can be made about bias because no true reference 
values exist. 
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10.1 Aquifers; aquifer tests; control wells; ground water; stomti'% transmissi'@ 
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Designation: D 4186 - 89 4s1b 
88‘69 

Standard Test Method for 
One-Dimensional Consolidation Properties of Soils Using 
Controlled-Strain Loading’ 

This standard is issued under the fixed designation D 4186; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of ht reapproval. A 
supmcript cpsilon (t) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This test method covers the determination of the rate 

and magnitude of consolidation of soil when it is restrained 
laterally and drained axially and subjected to controlled- 
main loading. 
NOTE I-The determination of the rate and magnitude of consolida- 

tion of soil when it is subjected to incremental loading is covered by Test 
Method D 2435. ’ 

1.2 The values stated in SI units are to be regarded as the 
standard. The values stated in inch-pound units are approx- 
imate. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safity problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D422 Test Method for Particle-Size Analysis of Soils’ 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of SOW 
D 1587 Practice for Thin-Walled Tube Sampling of Soils’ 
D2216 Test Method for Laboratory Determination of 

Water (Moisture) Content of Soil, Rock, and Soil- 
Aggregate Mix& 

D 2435 Test Method for One-Dimensional Consolidation 
Properties of So&? 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils’ 
D4220 Practices for Perserving and Transporting Soil 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

Fluids2 

Samples2 

Plasticity Index of So&? 

3. Signifcaace and Use 
3.1 Information concerning rate and magnitude of con- 

solidation settlement of soil is essential in the design of earth 
2nd earth-supported structures. The results of this method 
may be used to analyze or estimate onedimensional consol- 
idation settlements and rates. 

This tcs method is under the jurisdiction of ASIM Committee D18 on Soil 
d Rock and is the direct xtspondbility of Subcommittee D18.05 on Structural 

Current edition appro* June 30, 1989. Published October 1989. originauy 

=.&mud Book of ASTM Standnrd, Vol04.08. 

h p a t i e s  of soils. 

p&iiskd as D 4186 - 82. Lan previous edition D 4186 - 82. 

3.2 Strain Rate: 
3.2.1 It is recognized that consolidation test results are 

strain-rate dependent. Strain rates recommended in this 
standard are within the range usually encountered in Test 
Method D 2435. 

3.2.2 Field strain rates vary greatly with time, depth below 
the loaded area, and radial distance from the loaded area. 
Because field rates cannot be accurately determined or 
predicted, it is not feasible to relate the laboratory-test strain 
rate to the field strain rate. However, it may be feasible to 
relate field pore pressure ratios (ub uv) to laboratory pore 
pressure ratios. Further research is needed in this area. 

3.2.3 The constant-rate-of-strain consolidation test does 
not address the problem of strain-rate effects but does 
provide a means for studying strain rate effects. 

3.3 This method is not applicable to soils of high perme- 
ability, such as sands and other coarse-grained soils, or to 
partially saturated soils. 

3.4 This method makes the following assumptions: 
3.4.1 The ratio of soil permeability to soil compressibility 

3.4.2 Flow of soil pore water occurs only in the vertical 

3.4.3 Darcy’s law for flow through porous media applies, 
3.4.4 The soil is saturated, 
3.4.5 The soil is homogeneous, 
3.4.6 The compressibility of the soil grains and water is 

3.4.7 The log stress versus strain relationship is linear 

3.4.8 The distribution of excess pore-water pressures 

is constant, 

direction, * 

negligible, 

during a short-time interval of loading, and 

across the specimen is parabolic. 

4. Terminology 
4.1 Definitions-The definitions of terms used in this 

method shall be in accordance with Terminology D 653. 
4.2 Descriptions of Terms Specific to this Standard: 
4.2.1 back pressure-the pore-water pressure at the 

drainage boundary. 
4.2.2 excess pore-water pressure, u,-the pore-water pres- 

sure developed at the impervious end of the specimen 
(usually the base of the specimen) in excess of the back 
pressure. 

4.2.3 applied vertical stress, u,-the axial stress applied at 
the drainage boundary in excess of the back pressure. 

4.2.4 pore pressure ratio-the excess pore water pressure 
divided by the applied vertical stress. 

5. Apparatus 
5.1 Axial Loading Device-The axial compression device 
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may be a screw jack driven by an electric motor-through-a- 
geared transmission, a platform weighing scale equipped 

h a screw-jack activated yoke, a hydraulic or pneumatic 
,oading device, or any other compression device with suf€i- 
cient capacity and control to axially compress the specimen 
at the constant rate of strain prescribed in 9.6. If the axial 
loading device is outside the consolidometer, see 5.8. 

5.2 Axial Load-Measuring Device-The axial load-mea- 
suring device may be a load ring, strain-gage load cell, 
hydraulic load cell, or any other load-measuring device 
capable of the accuracy prescribed in this paragraph and may 
be a part of the axial loading device. The axial load- 
measuring device shall be capable of measuring the axial 
load to an accuracy of 0.25 % of the maximum load applied 
to the specimen. 

NOTE 2-For a constant rate of deformation to be transmitted from 
the axial loading device through the load-measuring device, it is 
important that the load-measuring device be relatively stifF. Some 
hydraulic load cells or proving rings may not provide sUmcient stiffness. 

5.3 Pore- Water Pressure-Measuring Device-The pore- 
water pressure-measuring device shall be a differential pres- 
sure transducer. Separate pressure transducers for measuring 
pore-water pressure at the base of the specimen and back 
pressures may be used if both have the required accuracy and 
both are monitored during the test. The device shall be 
constructed and located such that the pore-water pressure at 
the base of the specimen can be measured with negligible 
drainage of pore water from the base of the specimen on one 
side of the transducer. The other side of the transducer 
measures the back pressure applied to the specimen. Negli- 

le drainage of pore water from the base of the specimen 
,an be attained if the coefficient of volume change of the 
pore pressure-measuring device and de-aired, water-filled 
cavities connecting the device to the base of the specimen is 
less than ix~.~/psi (lo-* m3/Pa). The pore pressure- 
measuring device shall be capable of measuring the pore- 
water pressure at the base of the specimen to an accuracy of 
0.25 9% of the maximum anticipated pore pressure. 

5.4 Back Pressure-Maintaining Device, capable of ap- 
plying and controlling the back pressure to within k2.0 5%. 
This device may consist of a reservoir, it may have reservoirs 
connected to the top and bottom of the specimen and 
partially filled with de-aired watec the upper part of the 
reservoir shall be connected to a compressed gas supply, the 
gas pressure being controlled by a pressure regulator and 
measured by a pressure gage. (See Note 3.) However, a 
hydraulic system pressurized by a deadweight acting on a 
piston or any other pressure-maintaining device capable of 
applying and controlling the back pressure to the tolerance 
prescribed in this paragraph may be used. A low volume- 
change valve shall be provided in the back-pressure mea- 
suring device as near as possible to the base of the specimen. 
This valve, when open, shall permit the application of back 
pressure to the base of the specimen; when closed, shall 
prevent the drainage of water from the specimen base and 
pore-water pressure-measuring device to the reservoir of the 
back pressure-maintaining device. 

Ym 3-All gas-water interfaces should be small in area relative to 
area of the specimen and should be in reservoirs connected to the 

5.5 Deformation Indicator-The deformation indicator 
consolidometer by a length of small diameter tubing. 

-shall-be-a-dial-indioator-or-displacement-tranSducer -having-a- 
sensitivity of 0.002 mm (0.0001 in.) and a range of at least 
50 % of the specimen height, or other measuring device 
meeting these requirements for sensitivity and range. 

5.6 Timer, indicating the elapsed testing time to the 
nearest 1 s for establishing the rates of strain application 
prescriw in 9.6. 

5.7 Balances, devices for determining the mass of the soil 
specimens as well as portions of the apparatus. All measure- 
ments of mass should be accurate to 0.1 %. 

5.8 Consolidometer, to hold the specimen in a ring that is 
fixed to a rigid base, with porous stones on each face of the 
specimen. Any potentially submerged parts of the 
consolidometer shall be made of a material that is 
noncorrosive in relation to the soil or other parts of the 
consolidometer. The bottom of the ring shall form a leak- 
proof seal with the rigid base capable of withstanding 
internal pressures of 1400 kPa (200 psi). The consolidometer 
shall be constructed such that placement of the specimen 
into the ring and consolidometer will not entrap air at the 
base of the specimen. The axial loading device and back 
pressure-maintaining device may be an integral part of the 
consolidometer. If the design of the consolidometer is such 
that back pressures affect axial load readings (due to pressure 
pushing the piston from the consolidometer), the change in 
readings with changes in back pressure shall be determined 
by calibration. The consolidometer shall conform to the 
following requirements: 

5.8.1 Minimum Specimen Diameter shall be 50 mm (2.0 
in.) and shall be at least 6 mm (0.25 in.) less than the 
diameter of the sample tube if using undisturbed samples, 
except as indicated in 7.2. 

5.8.2 Minimum Specimen Thickness shall be 20 mm 
(0.75 in.) but shall be not less than 10 times the maximum 
grain diameter as determined in accordance with Method 
D 422. 

5.8.3 Minimum-Specimen-Diameter-teThickness Ratio 
shall be 2.5. 

5.8.4 Thickness of the Ring shall be such that, under 
assumed hydrostatic stress conditions in the specimen, the 
change in diameter of the ring will not exceed 0.03 % under 
the greatest load applied. 

5.8.5 Ringshall be made of a material that is noncorrosive 
in relation to the soil and pore fluid being tested. The inner 
surface shall be highly polished or shall be coated with a 
low-friction material. 

5.9 Porous Disk 
5.9.1 The porous stones shall be of silicon carbide, alu- 

minum oxide, metal, or other suitable material that is not 
attacked by the soil or soil moisture and shall be of medium 
grade. For soft fine-grain soils, a fine-grade porous stone shall 
be used. The stone shall be fine enough that the soil will not 
extrude into the pores, but have suflicient permeability so as 
not to impede the flow of water from the specimen. (Exact 
criteria have not been established.) 

5.9.2 The diameter of the top stone shall be 0.2 to 0.5 mm 
(0.01 to 0.02 in.) less than that of the ring. 

5.9.3 The stone shall be thick enough to prevent breaking 
The top stone shall be loaded through a corrosion-resistant 
plate of sufficient rigidity to prevent breakage of the stone. 

5.10 Moist Room-In climates where moisture loss 



during preparation exceeds 0.1 %, the specimen shall be 
prepared in a moist room. 

5.1 1 Trimmer or Cylindrical Cutter, for trimming the 
specimen down to the inside diameter of the consolidometer 
ring with a minimum of disturbance. 

5.12 Specimen-Measuring Device, capable of measuring 
specimen height and diameter to the nearest 0.02 mm (0.00 1 
in.). 

5.13 Drying Oven, that can be maintained at 230 f 9°F 
(110 f 5OC). 

5.14 Miscellaneous Equipment4pecimen trimming and 
Caning tools, including spatulas, knives, and wire saws, 
moisture content cans, and data sheets as required. 

6. Sampling 
6.1 Sampling and field investigation shall be conducted in 

accordance with Practice D 1587. Specimens cut from block 
samples may also be used. 

6.2 If suitable specimens can be obtained using Practice 
D 3550, then they may be used. 

6.3 Transport and handling of samples shall be conducted 
in accordance with Practice D 4220. 

7. Specimens 
?.l Prepare the specimen so moisture loss is less than 

0.1 R: if necessary, prepare the specimen in a moist room. 
Trim the specimen to the inside diameter of the consol- 
klometer ring, Fill with remolded soil any minor indenta- 
rions in the specimen that would leave voids between the 
m e n  and the ring. Place the specimen in the ring and 
nim it flush with the plane surface of the ring. The surface 
nust be smooth. A specimen ring with the cutting edge 
-bed provides the most accurate fit in most-soils. 

7 2  Organic soils, such as peat, and those soils that are 
easily damaged., may be transferred directly fiom the sam- 
$ing tube to the ring where the ring and tube Sizes have been 
selected for this purpose, provided that the cutting edge of 
?he ring has the same diameter as the sample. 

:.3 Determine the mass and height of the specimen. 
Rmrd the specimen mass, height, and diameter. 

SQTE 4-Precautions should be taken to minimize dishlrbance of 
&cd or changes in moisture and density during specimen preparation; 
-on, distortion, and compression must be avoided. 

7.3 Use the material trimmed adjacent to the specimen 
(see 7.1) to determine the natural moisture content (based on 
&- mass) in accordance with Method D2216 and the 
spedfic gravity in accordance with Test Method D854. 
&termhe initial wet weight of the specimen and its volume 
h m  the mass, diameter, and height of the specimen ring. A 
more accurate determination of the specimen dry weight and 
moisture is found by drying the specimen at the end of the 
*a (see 9.1 I). The value determined from the trimmings is 
approximate but permits determining the void ratio before 
&e test is complete. The specific gravity can be estimated 
ahere an accurate void ratio is not needed. 

7.5 The liquid and plastic limits as determined by Test 
Mahod D 4318, are usefbl in identifying the soil and in 
correlating the results of tests on Berent soils. These tests 
may also be performed on the trimmings 
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8. Reparation of Apparatus 

8.1 De-air the water in the back pressure-maintaining 
device and pore-water pressure-measuring system (see 5.3 
and 5.4). 

8.2 Saturate the porous stones with de-aired water. 
8.3 Place the bottom porous stone in the consolidometer 

so as not to entrap any air in the pore water pressure- 
measuring system. 
NOTE 54uidelines for system saturation may be found in one or 

more of the references listed at the end of this method. 

9. Procedure 
9.1 Assemble the specimen, ring, porous stones, and 

loading plate in the consolidometer. Avoid entrapping any 
air between the bottom porous stone and the specimen. 

9.2 Place the consolidometer in the axial loading device, 
adjust the deformation indicator for the initial or zero 
reading, and apply a seating pressure of 5 kpa (lo0 lbf/fi2). 
The axial loading device may be set to maintain constant 
seating pressure or maintain a constant specimen height. If a 
constant specimen height is desired, the seating pressure 
required to maintain constant specimen height must be 
reqtded. (For very soft soils, a seating pressure of 2.5 kPa 
(50 lbf/fi2), or less, is desirable.) 

9.3 Check to ensure that the system formed by the water 
reservoirs of the back pressure-maintaining device and the 
consolidometer is completely de-aired. Open the valve con- 
necting the consolidometer base to a de-aired water source 
and fXl the reservoir to the appropriate level. Apply the 
appropriate value of back pressure simultaneously to the top 
and bottom of the specimen for the appropriate length of 
time to ensure complete saturation of the specimen, or to 
ensure as near complete saturation of the specimen as 
practical. The back pressure shall be applied slowly to 
specimells having low initial degrees of saturation to mini- 
mize deformation of the specimen and prestressing. 

9.4 If necessary (see 5.8), adjust the axial load-measuring 
device to compensate for the load produced by the back 
pressure, or record the axial load produced on the axial 
load-measuring device by the back pressure (no volume 
change), and subtract this value from all load readings. 

9.5 If the axial loading device is set to maintain constant 
seating pressure, record the amount of consolidation or swell 
that occurs prior to controlled-strain loading. If the axial 
loading device is set to maintain constant specimen height, 
record the decrease or increase in axial load that occurs prior 
to controlled-strain loading. 

9.6 Strain Rate Selection-It is desirable to select a strain 
rate that wilI cause the absolute value of the excess pore- 
water pressure to be between 3 and 30 % (See Note 6) of the 
applied vertical stress at any time during the test. 

NOTE &To achieve this, it is good practice to target a maximum 
value of 20 % and in no case may the maximum valve exceed 30 ab. 
Guidelines for strain rate selection may be found in one or more of the 
references listed at the end of this method. The excess pore-water 
pressure may be limited to values less than 30 % for purposes of getting 
results consistent with inmental loading tests (Tm Method D 2435). 

9.7 Axid Loading-Close the valve connecting the s p  
imen base to the back pressure-maintainhg device and begn 
to apply the axial load so as to produce axial strain at the 
constant rate selected in 9.6. Record axial load, excess 
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pore-water pressure, deformation, and elapsed time values at 
anoroxlmately 1-mm mtervals for the first 10 min. 5-min 

s&men-from-the-consolidometer,-weigh,-oven~,-and- 
reweigh to obtain the weight of solids. .--__._. -- -- 

vals for the next 1 h, and 15-min intervals thereafter. 
~ a e  sufficient readings to define the stress-strain curve; 
hence more frequent readings may be required when signifi- 
cant changes in test parameters occur. Continuous recording 
or plotting, or both, may be used to obtain neceSSary data. 
Continue the loading until the desired stress or strain is 
obtained. When axial loading is complete, allow the excess 
pore-water pressure to dissipate at constant axial load or 
constant deformation and monitor axial load, deformation, 
and excess pore pressure. 

9.8 Secondary Compression may be evaluated at any time 
during the test. To obtain secondary compression data, 
interrupt the controlled-strain axial loading at any pre- 
selected axial load and maintain the axial-load constant. 
Continue to record axial load, excess pore-water pressure, 
deformation, and elapsed time as suggested in 9.7. In 
addition, record deformation and elapsed time at time 
intervalsofO.l,0.25,0.5,1,2,4,8,15,and30minmd1,2, 
4, 8, etc. h, measured from the time of interruption of 
controlled-strain loading. Readings shall continue at least 
until the slope of the characteristic linear secondary portion 
of the deformation versus log of time plot is apparent. If 
further axial loading is required, resume the controlled-strain 
axial loading at the previous constant strain rate and record 
axial load, excess pore water pressure, deformation, and 
elapsed time at the 1, 5 ,  and 15-min intervals described in 
9.7. The procedure in this paragraph may be repeated at 
subsequent higher stress levels, when necessary. 

m 7-Interruption of the controlled-strain test to obtain sec- 
o ~ ~ a r y  compression data under constant load may affect the void 
ratio-effective stress relationship. Further research is needed to define 
these effects. 

9.9 Rebound-When rebound or unloading characteris- 
tics are desired, unload the specimen at a constant strain rate 
so that a positive total vertical stress is maintained. (See Note 
8.) The excess pore water pressure will become negative. 
Back pressures must be sufficiently high or strain rates 
sufficiently low to maintain the pressure at the base of the 
specimen greater than atmospheric pressure. If the coeffi- 
cient of consolidation far the rebound portion is desired, 
back pressures must be sufficiently high or strain rates 
sufficiently low to maintain a greater p.ressure at the base of 
the specimen than the back pressure required for saturation. 
Record axial load, excess pore-water pressure, deformation, 
and elapsed time at the 1,5, and 15-min intervals described 
in 9.7. When rebound is complete, allow the excess pore 
water pressure to dissipate at constant axial load or constant 
deformation. 

NOTE 8--Some have found that unloading strain rates on the order 
of one-tenth the loading strain rates are sufficient to maintain positive 
total vertical stress on the specimen and keep reasonable values of pore 
water pressures at the base. 

9.10 An alternative loading, unloading, or reloading 
schedule may be employed that reproduces the construction 
stress changes, or obtains better definition of some part of the 

'ss-strab (or stress-void ratio) curve, or aids in inter- 
ing the field behavior ofthe soil. This shall be indicated 

clearly on the test r&ults. 
9.11 At the completion of the test, remove the entire 

10. Calculation 
10.1 Calculate the initial void ratio, water content, unit 

weight, and degree of saturation, based on the dry weight of 
the total specimen. Specimen volume is computed from val- 
ues measured in 7.3. Compute volume of solids by divid- 
ing the dry weight of specimen by the specific gravity of the 
solids. The volume of voids is assumed to be the difference 
between the specimen volume and the volume of the solids. 

10.2 Calculate void ratio, e (or alternatively, axial strain, 
e), total vertical stress, u,, and average effective vertical stress, 
u: for each set of values recorded in 9.7 through 9.9. 

10.2.1 Calculate the void ratio as follows: 
e = eo - M / H S  

whey: 
e,, = initial void ratio, 
AH = deformation, 
H, = height of solids; volume of solids divided by the 

cross-sectional area of the specimen. 
10.2.2 Calculate the axial strain as follows: 

c = AHfH, 

where: 
H, = initial height of the specimen as measured in 7.3. 

10.2.3 Calculate the applied axial stress as follows: 
uv = PIA 

where: 
P = applied axial load (see Note 9), and 
A = cross-sectional area of the specimen. 

10.2.4 Calculate.the average effective vertical stress (see 
3.4.8) as follows: 

NOTE 9-If applied axial load is measured outside the cell, the load 
must be corrected to account for the force caused by the back pressure 
acting on the piston. 

u', = ( 0 2  - 2uv,2u, + ffVUb*)l'3 

where: 
u, = excess pore-water pressure measured at the base of h e  

10.3 When the excess pore-water pressure measured at the 
base of the specimen exceeds 3 kpa (0.5 psi), calculate the 
coefficient of consolidation, C,, for the interval between two 
sets of readings (see 3.4.7), recorded in 9.7 through 9.9, as 
follows: 

specimen. 

H2 1% [3 
C" = - 

2 A z l % [ l - y  

where: 
uvl = applied axial stress at time t, 
uV2 = applied axial stress at time t2 
H = average Specimen height between t, and tz 
At = elapsed time between t, and t2 = t2 - t, 
u b  = average excess pore pressure between and t,, and 
0, = average total applied axial stress b e e n  t, and t,. 
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MTE lO-The above averages are obtained from one-half the sum of 
the-two values. 

10.3.1 It is best to compute C, between consecutive 
readings and assign the value of C, to the average value of u’, 
between the two readings. 

10.3.2 If the values of effective vertical stress do not 
change significantly between consecutive readings, the time 
interval may be increased. 

11. Report 
11.1 The report shall include the following information: 
1 1.1.1 Identification and description of sample, including 

whether soil is undisturbed , remolded, compacted, or other- 
-P- 

1 I. 1.2 Initlal moisture content, 
1 1.1.3 Initial wet unit weight, 
1 1.1.4 Initial percent saturation, 
1 1.1.5 If void ratio calculations are made, value of specifc 

gra\ity of solids in the calculations, 
11.1.6 Condition of test (value of back pressure, swell or 

consolidation during backpressure or seating pressure neces- 
saq- to maintain constant height, strain raws) during loading 
and unloading), 

If strain rates are changed at any time during the test, the 11.1.7 Plot of void ratio versus log of average effective 
vertical stress or axial strain versus log of average effective 
vertical stress, 

1 1.1.8 Plot of coefficient of consolidation versus log of 
average effective vertical stress, 

1 1.1.9 Plot of pore pressure versus log of average effective 
vertical stress. 

1 1.1.10 Plot of pore pressure ratio versus log of average 
effective vertical stress. 

1 1.1.1 1 For tests in which secondary compression data 
were obtained, a plot of deformation versus log of time shall 
be provided, and 

1 1.1.12 Departures from the procedure outlined, in- 
cluding special loading sequences. 

12. Precision 
12.1 Undisturbed soil samples from homogeneous soil 

deposits at the same location often exhibit significantly 
merent consolidation properties. No method exists to 
evaluate the precision of a group of consolidation tests on 
undisturbed samples, due to sample variability. 

12.2 A suitable test material and method of sample 
preparation have not been developed for the determination 
of laboratory variances, due to the dimculty in producing 
identical cohesive soil samples. No estimates of precision for 
this test method are available. 

values of C, calculated at those times may be inaccurate. 
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Designation: D 4220 - 89 4Tb 

1. scope 
1 . 1  These 

Standard Practices for 
Preserving and Transporting Soil Samples’ 

This standard is issued under the hed designation D 4220; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
supencript epsilon (c) indicates an editorial change since the last revision or reapproval. 

practices cover procedures for preserving soil 
samples immediately after they are obtained in the field and 
accompanying procedures for transporting and handling the 
samples. 

1.2 Limitations-These practices are not intended to 
address requirements applicable to transporting of soil sam- 
ples known or suspected to contain hazardous materials. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. See 
Section 7. 

2. Referenced Documents 
2.1 ASTM Standards: 
D420 Practice for Investigating and Sampling Soil and 

D 653 Terminology Relating to Soil, Rock, and Contained 

D1452 Practice for Soil Investigation and Sampling by 

D 1586 Method for Penetration Test and Split-Barrel 

D 1587 Practice for Thin-Walled Tube Sampling of Soils’ 
D 2488 Practice for Description and Identification of Soils 

D 3550 Practice for Ring-Lined Barrel Sampling of S o u  

Rock for Engineering Purposes’ 

Fluids’ 

Auger Borings’ 

Sampling of So&’ 

(Visual-Manual Procedure)2 

3. Terminology 

Terminology D 653. 
3.1 Terminology in these practices is in accordance with 

4. summary of Practices 
4.1 The various procedures are given under four group 

ings as follows: 
4.1.1 Group A-Samples for which only general visual 

identification is necessary. 
4.1.2 Group B-Samples for which only water content 

and classification tests, proctor and relative density, or 
profile logging is required, and bulk samples that will be 
remolded or compacted into specimens for swell pressure, 

These practiasare underthe jurisdiction of ASTM Committee D l 8  on Soil 
and Rock and arc the dinct m b i l i t y  of Subcommittee D18.02 on Sampling 
and Related F d  Testing foi Soil Investigations. 

Current edition approved July 13,1989. Published sepvmber 1989. piginally 
published as D 4220 - 83. Last previous edition D 4220 - 83. 

A d  Book of ASTM Smdards, Vol04.08. 

percent swell, consolidation, permeability, shear testing, 
CBR, stabilimeter, etc. 

4.1.3 Group C-Intact, naturally formed or field fabri- 
cated, samples for density determinations; or for swell 
pressure, percent swell, consolidation, permeability testing 
and shear testing with or without stress-strain and volume 
change measurements, to include dynamic and cyclic testing. 

4.1.4 Group D-Samples that are fragile or highly sensi- 
tive for which tests in Group C are required. 

4.2 The procedure(s) to be used should be included in the 
project specifications or defined by the designated respon- 
sible person. 

5. Significance and Use 
5.1 Use of the various procedures recommended in these 

practices is dependent on the type of samples obtained 
(Practice D 420), the type of testing and engineering proper- 
ties required, the fragility and sensitivity of the soil, and the 
climatic conditions. In all cases, the primary purpose is to 
preserve the desired inherent conditions. 

5.2 The procedures presented in these practices were 
primarily developed for soil samples that are to be tested for 
engineering properties, however, they may be applicable for 
samples of soil and other materials obtained for other 
purposes. 

6. Apparatus 
6.1 The type of materials and containers needed depend 

upon the conditions and requirements listed under the four 
groupings A to D in Section 4, and also on the climate and 
transporting mode and distance. 

6.1.1 Sealing Wax, includes microcrystalline wax, par- 
affin, beeswax, ceresine, carnaubawax, or combinations 
thereof. 

6.1.2 Metal Disks, about ‘/I6 in. (about 2 mm) thick and 
having a diameter slightly less than the inside diameter of the 
tube, liner, or ring and to be used in union with wax or caps 
and tape, or both. 

6.1.3 Wood Disks, prewaxed, 1 in. (25 mm) thick and 
having a diameter slightly less than the inside diameter of the 
liner or tube. 

6.1.4 Tape, either waterproof plastic, adhesive friction, or 
duct tape. 

6.1.5 Cheesecloth, to be used in union with wax in 
alternative layers. 

6.1.6 Caps, either plastic, rubber or metal, to be placed 
over the end of thin-walled tubes (Practice D 1587), liners 
and rings (Practice D 3550), in union with tape or wax. 

6.1.7 O’ring (Sealing End Caps), used to seal the ends of 
samples within thin-walled tubes, by mechanically ex- 
panding an Oring against the tube wall. 
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NOTE 1-PMc expandable end caps qe preferred. Metal expand- 

able end caps seal equally well; however, long-term storage may cause 
corrosion problems. 

6.1.8 Jars, wide mouthed, with rubber-ringed lids or lids 
lined with a coated paper seal and of a size to comfortably 
receive the sample, commonly 112 pt (250 mL), 1 pt (500 mL) 
and quart-sized (1000 mL). 

6.1.9 Bag, either plastic, burlap with liner, burlap or cloth 
type (Practice D 1452). 

6.1.10 Packing Material, to protect against vibration and 
shock. 

6.1.1 1 Insulation, either granule (bead), sheet or foam 
type, to resist temperature change of soil or to prevent 
freezing. 

6.1.12 Sample Cube Boxes, for transporting cube (block) 
samples. Constructed with 112 to 314 in. (1 3 to 19 mm) thick 
plywood (marine type). 

6.1.13 Cylindrical Sample Containers, somewhat larger in 
dimension than the thin-walled tube or liner samples, such as 
cylindrical frozen food cartons. 

6.1.14 Shipping Containers, either box or cylindrical type 
and of proper construction to protect against vibration, 
shock, and the elements, to the degree required. 

NOTE 2-The length, girth and weight restrictions for commercial 
transportation must be considered. 

6.1.15 Identification Material-llk includes the neces- 
sary writing pens, tags, and labels to properly identify the 
sample(s). 

7. Precautions 
7.1 Special instructions, descriptions, and marking of 

containers must accompany any sample that may include 
radioactive, chemical, toxic, or other contaminant material. 

7.2 Interstate transportation containment, storage, and 
disposal of soil samples obtained from certain areas within 
the United States and the transportation of foreign soils into 
or through the United States are subject to regulations 
established by the U.S. Department of Agriculture, Animal, 
and Plant Health Service, Plant Protection and Quarantine 
Programs, and possibly to regulations of other federal, state, 
or local agencies. 

7.2.1 Samples shipped by way of common Carrier or U.S. 
Postal Service must comply with the Department of Trans- 
portation Hazardous Materials Regulation, 49CRF Part 172. 

7.3 Sample traceability records (see Fig. 1) are encouraged 
and should be required for suspected contaminated samples. 

7.3.1 The possession of all samples must be traceable, 
from collection to shipment to laboratory to disposition, and 
should be handled by as few persons as possible. 

7.3.2 The sample collectorb) should be responsible for 
initiating the sample traceability record; recording the 
project, sample identification and location, sample type, 
date, and the number and types of containers. 

7.3.3 A separate traceability record shall accompany each 
shipment. 

7.3.4 When transferring the possession of samples the 
person($ relinquishing and receiving the samples shall sign, 

date, record the time, and check for completeness of the 
traceability record. 

8. Procedure 

labels, and markings prior to transporting them as follows: 
8.1 All Samples--Properly identify samples with tags, 

8.1.1 Job name or number, or both, 
8.1.2 Sampling date, 
8.1.3 Samplefioring number and location, 
8.1.4 Depth or elevation, or both, 
8.1.5 Sample orientation, 
8.1.6 Special shipping or laboratory handling instructions, 

8.1.7 Penetration test data, if applicable (Test Method 

8.1.8 Subdivided samples must be identified while main- 

8.1.9 If required, sample traceability record. 
8.2 Group A-Transport samples in any type of container 

by way of available transportation. If transported commer- 
cially, the container need only meet the minimum require- 
ments of the transporting agency and any other requirements 
necessary to assure against sample loss. 

or both, including sampling orientation, and 

D 1586). 

taining association to the original sample. 

8.3 Group B: 
8.3.1 Preserve and transport these samples in sealed, 

moistureproof containers. All containers shall be of sufficient 
thickness and strength to ensure against breakage and - - 
moisture loss. The container types include: plastic bags or 
pails, glass or plastic (provided they are waterproof) jars, thin 
walled tubes, liners, and rings. Wrap cylindrical and cube 
samples in suitable plastic film or aluminum foil, or both, 
(Note 3) and coat with several layers of wax, or seal in several 
layers of cheesecloth and wax. 

8.3.2 Transport these samples by any available transpor- 
tation. Ship these samples as prepared or placed in larger 
shipping containers, including bags, cardboard, or wooden 
boxes or barrels. 

Nm &-Some soils may cause holes to develop in aluminum foil, 
due to corrosion. Avoid direct contact where adverse affects to sample 
composition are a concern. 

8.3.3 Plastic Bags-Place the plastic bags as tightly as 
possible around the sample, squeezing out as much air as 
possible. They shall be 3 mil or thicker to prevent leakage. 

8.3.4 Glass-Plastic Jars-If the jar lids are not rubber 
ringed or lined with new waxed paper seals, seal the lids with 

8.3.5 Plastic Pails-If the plastic pail lids are not air tight, 
seal them with wax or tape. 

8.3.6 Thin- Walled Tubes: 
8.3.6.1 Expandable Packers-The preferred method of 

sealing sample ends within tubes is with plastic, expandable 
packers. 

8.3.6.2 Wax With Disks-For short-term sealing, parafb 
wax is acceptable. For long term sealing (in excess of 3 days) 
use microcrystalline waxes or combine with up to 15 5% 
beeswax or resin, for better adherence to the wall of the tube 
and to reduce shrinkage. Several thin layers of wax are 
preferred over one thick layer. The minimum final thickness 
shall be 0.4 in. (10 mm). 

Wax. 
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8,3.6,3-End-~aps-Setal,-rubber,-or-plastic-end-~ps~8~~1-~e-requirements-of-8.4-must-be-met,-in-addition-to~ 
with tape. For long term storage (longer than 3 days), also 
dip them in wax, applying two or more layers of wax. 

8.3.6.4 Cheesecloth and Wax-Use alternating layers (a 
minimum of two each) of cheesecloth and wax to seal each 
end of the tube and stabilize the sample. 

NOTE &Where necessary, spacers or appropriate packing materials, 
or both, must be placed prior to sealing the tube ends to provide proper 
confinement. Packing material must be nonabsorbent and must main- 
tain its propexties to provide the same degree of continued sample 
suppon. 

8.3.7 Liners and Rings-Refer to 8.3.6.3 or 8.3.6.4. 
8.3.8 Exposed Samples: 
8.3.8.1 Cylindrical, Cubical or Other Samples Wrapped in 

Plastic, such as polyethylene and polypropylene, or foil 
should be further protected with a minimum of three coats of 

8.3.8.2 Cylindrical and Cube Samples Wrapped in 
Cheesecloth and Wax, shall be sealed with a minimum of 
three layers of each, placed alternatively. 

8.3.8.3 Carton Samples (Frozen Food Cartons)-Samples 
placed in these containers must be situated so that wax can 
be poured completely around the sample. The wax should fill 
the void between the sample and container wall. The wax 
should be sufficiently warm to flow, but not so hot that it 
penetrates the pores of the soil. Generally, the samples 
should be wrapped in plastic or foil before being surrounded 
with wax. 

8.4 Group C: 
8.4.1 Preserve and seal these samples in containers as 

covered in 8.3. In addition, they must be protected against 
vibration and shock, and protected from extreme heat or 
cold. 

8.4.2 Samples transported by the sampling or testing 
agency personnel on seats of automobiles and trucks need 
only be placed in cardboard boxes, or similar containers into 
which the sealed samples fit snugly, preventing bumping, 
rolling, dropping, etc. 

8.4.3 For all other methods of transporting samples, 
including automobile trunk, bus, parcel services, truck, boat, 
air, etc., place the sealed samples in wood, metal, or other 
type of suitable shipping containers that provide cushioning 
or insulation, or both, for each sample and container. Avoid 
transporting by any agency whose handling of containers is 
suspect. 

8.4.4 The cushioning material (sawdust, rubber, polysty- 
rene, urethane foam, or material with similar resiliency) 
should completely encase each sample. The cushioning 
between the samples and walls of the shipping containers 
should have a minimum thickness of 1 in. (25 mm). A 
minimum thickness of 2 in. (50 mm) shall be provided on 
the container floor. 

8.4.5 When required, the samples should be shipped in 
the same orientation in which they were sampled. Otherwise, 
special conditions shall be provided such as freezing, con- 
trolled drainage, or sufficient confinement, or a combination 
thereof, to maintain sample integrity. 

Wax. 

8.5 Group D: 
i 

the following: 
8.5.1.1 Samples should be handled in the same orienta- 

tion in which they were sampled, including during transpor- 
tation or shipping, with appropriate markings on the ship 
ping container. 

8.5.1.2 For all modes of private or commercial transpor- 
tation, the loading, transporting and unloading of the ship 
ment containers should be supervised as much as possible by 
a qualified person. 
NOTE 5-A qualified person may be an engineer, geologist, sod 

scientist, soils technician or responsible person designated by the project 
manager. 

8.6 Shipping Containers (see Figs. 2 to 7 for typical 
containers): 

8.6.1 The following features should be included in the 
design of the shipping container for Groups C and D. 

8.6.1.1 It should be reuseable, 
8.6.1.2 It should be constructed so that the samples can be 

maintained, at all times, in the same position as when 
sampled or packed, or both, 

8.6.1.3 It should include sufficient packing material to 
cushion or isolate, or both, the tubes from the adverse effect 
of vibration and shock, and 

8.6.1.4 It should include sufficient insulating material to 
prevent freezing, sublimation and thawing, or undesirable 
temperature changes. 

8.6.2 Wood Shipping Containers: 
8.6.2.1 Wood is preferred over metal. Outdoor (marine) 

plywood having a thickness of 1/2 and 31’4 in. (13 to 19 mm) 
may be used. The top (cover) should be hinged and latched. 
or fastened with screws. 

8.6.2.2 The cushioning requirements are given in 8.4.4. 
8.6.2.3 Forprotection against freezing or extreme temper- 

ature variation, the entire shipping container should be lined 
with a minimum insulation thickness of 2 in. (50 mm). 

8.6.3 Metal Shipping Containers-The metal shipping 
containers must incorporate cushioning and insulation ma- 
terial to minimum thicknesses in accordance with 8.6.2. 
although slightly greater thicknesses would be appropriate. 
Alternatively, the cushion effect could be achieved with a 
spring suspension system, or any other means that would 
provide similar protection. 

8.6.4 Styrene Shipping Containers-Bulk styrene with 
slots cut to the dimensions of the sample tube or liner. A 
protective outer box of plywood or reinforced cardboard is 
recommended. 

8.6.5 Other Containers-Containers constructed with 
laminated fiberboard, plastic or reinforced cardboard outer 
walls, and properly lined, may also be used. 
9. Reporting 

9.1 The data obtained in the field shall be recorded and 
should include the following: 

9.1.1 Job name or number, or both, 
9.1.2 Sampling date@), 
9.1.3 Sample/boring number(s) and location@), 
9.1.4 Depth(s) or elevation(s), or both, 
9.1.5 Sample orientation, 

i 
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I I I I I 1 I ~ 

I 1 I t I I I 

Sample Identlflcation/Traceablltty Record 
(Controlled Document) 

4 . .  - - .  
'rolest: W.O. 

Shipped by: 
Shipped 10: Attentlon 0 1 :  

;omments: Hazardous materials a u s ~ e c t e d ?  
(resrno) 

Shipment prepared by: (eignaturel DatelTlme Shipment method: 

Received lor  Lab by: (signature) . DatelTIme Comments 

Receiving Laboratory: Pleaae return Original form a l ter  signing lor recelpt of samplei. 

FIG. 1 Example Layout of Record Form 

9.1.6 Groundwater observation, if any, 
9.1.7 Method of sampling, and penetration test data, if 

9.1.8 Sample dimensions, 
9.1.9 Soil description (Practice D 2488), ' 

9.1.10 Names of technician/creman, engineer, project 

9.1.1 1 Comments regarding contaminated or possible 

9.1.12 If used, a copy of traceability records, 
9.1.13 Weather conditions, and 

applicable, 9.1.14 General remarks. 

lo- Precision and Bias 
10.1 This practice provides qualitative and general infor- 

mation only. Therefore, a precision and bias statement is not 
chief, etc., 

. contaminated samples, applicable. _ .  
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14" 
(356 nun) 

2" . 

Material 

(exterior grade) 
mm) thick plywood 

10" 
(254 nun) 

18" 
(457 mm) 

10" 
(254 mn) 

FIG. 2 Shipping Box for 3-in. (76mm) Thin-Walled lubes 
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(a) Photo of Open Box For 5” (127 mm) Tubes 

6 8 6 9  

NOTE-TOP and bottom halw 8re identical. 
FIG. 3 Styrene Shipping Container for 3-in. (76-mm) Thin-Walled Tubes 
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A. TOPMEW 
(Ud open) 

I I 

B. FRONTVIEW 

BILL OF M A T E R M  
Item 

1 Plywood. 4 ft by 8 ft by JI4 in. (1220 mm by 2440 mm by 19.1 
mm) exterior. Grade AC 

2 Hinge. strap, 4 in. (102 mm). heavy duty with s m m ~ ~  
3 Hasp. hinged, 4% in. (1 14 mm). with s~ews 
4 Screw, Wood. SW, Flathead. NO. 10 by 1% in. (44.5 mm) 
5 'Son. Machine. Va in. (9.5 mm). with nut to 
6 Washer. Rat. s/e in. (9.5 mm) 
7 
8 Wesher. Rat. 314 in. (6.4 mm). for hasp bdt 
9 S H o o k .  2 in. (51 mm), open. zincpleted 

10 Chnp. adjustable. hose. steel. mnn s a w  adjustmem 
11 spring. expansion 

No. Desaipti0nof)tam 

hssps 

E@ Bo&. '12 by 2 in. (6.4 mm by 51 mm). zinc+&& .niimnut 

12 Adhesive. wOOdwOrking 

Quantny 
lSheet 

4Eaeh 
3Each 

72 Each 
3Each 
3Each 
8 -  
8Each 
8Each 
2Each 
8 -  

1 Ib (454 g) 

Item 

13 Rope. nylon. %in. (12.7-mm) diameter. solid braided 5 ft (1524 mm) 
14 Cushioning Material. expanded foam 10 lt5 (0.28 m", 

NoTEs-(a) All woodeo components can be sawed from one sheet of ptywood. 
(b) This shipping box will accunmdate approximately three 3-in. (76-mm) 

diameter tubes or two 5-in (127mm) diameter tubes up to 3Om. (762 
mm) in V. For *tubes the inside height of the box must be a 

No. Dascription of Item Quantity 

minimum of 6-h. (152 mm) greater than the length of the tube. 
(c) Aajointstobegtuedandfastenedwithscrews. 

(e) After suspendrng samples as indicated above. all void space must be 

(d) S t a n c i l a l l s i d e s a S ~ ( s e e V ~ B  and C). 
TO PROTECT FROM FREEZING 

tiuedwith asuitabkresiknt packing material. 

FIG. 4 Suspension System Container for Thin-Wailed Tubes 
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Q- - -  

3 55-gallon (0.21 m ) oi l  barrels 
w i t h  sections of Styrofoam insula- 
t ion ;  welded handles on each side. 

( a )  

(b) Same a s  ( a )  showing barrel ready 
f o r  shipment. Steel l i d s  bolted 
on t o  provide t igh t  seal .  

NOTE-Two in. (51 mm) of toam Nbber covers 2 in. of s t y m f m  at the base. 
.One in. (25 mm) of foam rubber overlays tfe top of the tubes, and the remaining 
space to the lid is filled with Styrofoam. 

FIG. 5 Shipping Banel for Thin-Walled lubes  
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FIG. 6 Shipping Box for Liner (Short Tube) or Ring Samples 
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Two additional layers of cheese 
c lo th  and  warm rubbed wax 
a r e  required t o  seal 
the sample. 

thickness of cheese cloth 
i s  placed against  s o i l ,  followed 
by an application of warm wax, 
rubbed by hand. 

A. METHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES 

F i l l  space between sealed 
sample a n d  box with moist 
sawdust packed t o  support 
sample. ) 

B. ENCASE EASILY DISTURBED SAMPLES I N  BOX PRIOR TO CUTTING 

Box constructed with 1/2"-3/4" ( 13 - 19 mm) ex te r ior  plywood. 

FIG. 7 Preparing and Packaging a Block Sample 

The American Society for resting and Materids takes no position respeding the validity of any petem rights asserted in connection 
with any item mentioned in this standard. Users of this standard are express& advised that determination of the validity of any such 
patent rights. and the risk of infringement of such rights, am entirely their own responsibility. 

This standard is subject to revision at any time b y  the responsible technical cornminee and m a t  be reviewed every five years and 
if not revised, either reaApIoved or withdrawn. Your Commens are invired either for revision of this standard or for additional srandards 
and should be addressed to ASTM Headquarters. Your comments will receive weful consideration ar a meeting of the responsible 
technical cornminee, which you may 62rend. If you feel that your comments have not received a fair hearing yw should make your 
views known to the ASTM Committee on STandards, 1916 Race SI.. Philadelphia, PA 19103. 
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#)$ Designation: D 4318 - 84 

Standard Test Method for 
Liquid Limit, Plastic Limit, and Plasticity Index of Soils' 

This standard is issued under the fixed designation D 43 18; the number immediately following the, designation indicates the year of 
original adoption or, in the case of &on, the year of last &on. A number in parentheses indicates the year of last reapproval. A 
supmcript epsilon (e) indicates an editorial change since the last rwision or reapproval. 

This standard has been approved for use by agencies of the Depanmem of D d m e .  Consult l e  DoD Inda of Specifications and 
Start&r&for ihe specfic year of issue which has been adopted by ihe Depanmmu ofD@me. 

1. Scope 
1 . 1  This test method covers the determination of the 

liquid limit, plastic limit, and the plasticity index of soils as 
defined in Section 3. 

1 . 1 . 1  Two procedures for preparing test specimens and 
two procedures for performing the liquid limit are provided 
as follows: 

A Multipoint test using a wet preparation procedure, 
described in sections 10.1, 1 1 ,  and 12. 

B Multipoint test using a dry preparation procedure, 
described in Sections 10.2, 1 1 ,  and 12. 

C One-point test using a wet preparation procedure, 
described in Sections 13, 14, and 15. 

D One-point test using a dry preparation procedure, 
described in Sections 13, 14, and 15. 

The procedure to be used shall be specified by the requesting 
authority. If no procedure is specified, Procedure A shall be 
lsed. 

NOTE 1-Prior to the adoption of this test method, a curved grooving 
tool was specified as part of the apparatus for performing the liquid limit 
test. The curved tool is not considered to be as accurate as the flat tool 
described in 6.2 since it does not control the depth of the soil in the 
liquid limit cup. However, there are some data which indicate that 
typically the liquid limit is slightly increased when the flat tool is used 
instead of the curved tool. 

1.1.2 The plastic limit test procedure is described in 
Sections 16,17, and 18. The plastic limit test is performed on 
material prepared for the liquid limit test. In effect, there are 
two procedures for preparing test specimens for the plastic 
limit test. 

1.1.3 The procedure for calculating the plasticity index is 
given in Section 19. 

1.2 The liquid limit and plastic limit of soils (along With 
the shrinkage limit) are often collectively referred to as the 
Atterberg limits in recognition of their formation by Swedish 
soil scientist, A. Atterberg. These limits distinguish the 
boundaries of the several consistency states of plastic soils. 

1.3 As used in this test method, soil is any natural 
aggregation of mineral or organic materials, mixtures of such 

I This test method isunder the jurisdiction of MThI Committee D18 on Soil 
and Rock and is the direct rrsponsibility of Subcommittee D18.03 on Tam 
planicity, and Density chmctmm . ' csofsoi i  

Cumnt edition approved ocl26,1984. Published December 1984. ChighUy 
published a~ D 4318 - 83. W-prrviou~ edition D 4318 - 83". 

materials, or artificial mixtures of aggregates and natural 
mineral and organic particles. 

1.4 The multipoint liquid limit procedure is somewhat 
more time consuming than the one-point procedure when 
both are performed by experienced operators. However, the 
one-point procedure requires the operator to judge when the 
test specimen is approximately at its liquid limit. In cases 
where this is not done reliably, the multipoint procedure is as 
fast as the one-point procedure and provides additional 
precision due to the information obtained from additional 
trials. It is particularly recommended that the multipoint 
procedure be used by inexperienced operators. 

1.5 The correlations on which the calculations of the 
one-point procedure are based may not be valid for certain 
soils, such as organic soils or soils from a marine environ- 
ment. The liquid limit of these soils should therefore be 
determined by the multipoint procedure (Procedure A). 

1.6 The liquid and plastic limits of many soils that have 
been allowed to dry before testing may be considerably 
different from values obtained on undried samples. If the 
liquid and plastic limits of soils are used to correlate or 
estimate the engineering behavior of soils in their natural 
moist state, samples should not be permitted to dry before 
testing unless data on dried samples are specifically desired. 

1.7 The composition and concentration of soluble salts in 
a soil affect the values of the liquid and plastic limits as well 
as the water content values of soils (see Method D2216). 
Special consideration should therefore be given to soils from 
a marine environment or other sources where high soluble 
salt concentrations may be present. The degree to which the 
salts present in these soils are diluted or concentrated must 
be given consideration if meaningful results are to be 
obtained. 

1.8 Since the tests described herein are performed only on 
that portion of a soil which passes the 425ym (No. 40) sieve, 
the relative contribution of this portion of the soil to the 
properties of the sample as a whole must be considered when 
using these tests to evaluate the properties of a soil. 

1.9 The values stated in acceptable metric units are to be 
regarded as the standard. The values given in parentheses are 
for information only. 

1.10 This standard may involve hazardous materials, 
operations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of whoever uses this standard to consult and 
establish appropriate saf2ty and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 
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2. Referenced Documents 
2.1 ASTM Standards: 
C 702 Methods for Reducing Field Samples of Aggregate 

to Testing Size2 
D 75 Practice for Sampling Aggregates4 
D420 Practice for Investigating and Sampling Soil and 

Rock for Engineering Purposes4 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids4 
D 1241 Specification for Materials for Soil-Aggregate 

Subbase, Base, and Surface Courses4 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures4 

D2240 Test Method for Rubber Property-Durometer 
Hardness’ 

D2487 Test Method for Classification of Soils for Engi- 
neering purposes4 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Pr~cedure)~ 

D3282 Practice for Classification of Soils and Soil-Ag- 
gregate Mixtures for Highway Construction Purposes4 

E 11 Specification for Wire-Cloth Sieves for Testing 

E 319 Methods of Testing Single-Arm Balances6 
E 898 Method of Testing TopLoading, Direct-Reading 

Purposes6 

Laboratory Scales and Balances6 

3. Definitions 
3.1 Atterberg limits-originally, seven “limits of consist- 

ency” of fine-grained soils were defined by Albert Atterberg. 
In current engineering usage, the term usually refers only to 
the liquid limit, plastic limit, and in some references, the 
shrinkage limit. 

3.2 consistency--the relative ease with which a soil can be 
deformed. 

3.3 liquid limit (LL)-the water content, in percent, of a 
soil at the arbitrarily defined boundary between the liquid 
and plastic states. This water content is defined as the water 
content at which a pat of soil placed in a standard cup and 
cut by a groove of standard dimensions will flow together at 
the base of the groove for a distance of 13 mm (V2 in.) when 
subjected to 25 shocks from the cup being dropped 10 mm in 
a standard liquid limit apparatus operated at a rate of 2 
shocks per second. 

NOTE 2-The undrained shear strength of soil at the liquid limit is 
considered to be 2 2 0.2 W a  (0.28 psi). 

3.4 plastic limit (PL)-the water content, in percent, of a 
soil at the boundary between the plastic and brittle states. 
The water content at this boundary is the water content at 
which a soil can no longer be deformed by rolling into 3.2 
mm ( 1 h  in.) in diameter threads without crumbling. 

3.5 plastic soil-a soil which has a range of water content 
over which it exhibits plasticity and which will retain its 
shape on drymg. 

2 Ann& Book ofASTM Standards, V0104.02. 
Ann& Book of ASTM Standnrdr, Vols 04.02.04.03. and 04.08. 
Ann& Book of ASTM Smndardr, V0104.08. 
Annual Book ofASTM Sfan&rds, Vol09.01. 

6 Annual Book of ASTM &~lhd~, VOl 14.02. 
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3.6 plasticity index (PI)-the range of water content over 

which a soil behaves plastically. Numerically, it is the 
difference between the liquid limit and the plastic limit. 

3.7 liquidity index-the ratio, expressed as a percentage, 
of (I) the natural water content of a soil minus its plastic 
limit, to (2) its plasticity index. 

3.8 activity number (A)-the ratio of ( 1 )  the plasticity 
index of a soil to (2) the percent by weight of particles having 
an equivalent diameter smaller than 0.002 mm. 

4. Summary of Method 
4.1 The sample is processed to remove ‘any material 

retained on a 425-pm (No. 40) sieve. The liquid limit is 
determined by performing trials in which a portion of the 
sample is spread in a brass cup, divided in two by a grooving 
tool, and then allowed to flow together from the shocks 
caused by repeatedly dropping the cup in a standard me- 
chanical device. The multipoint liquid limit, Procedures A 
and B, requires three or more trials over a range of water 
contents to be performed and the data from the trials plotted 
or calculated to make a relationship from which the liquid 
limit is determined. The one-point liquid limit, Procedures C 
and D, uses the data from two trials at one water content 
multiplied by a correction factor to determine the liquid 
limit. 

4.2 The plastic limit is determined by alternately pressing 
together and rolling into a 3.2 mm (Ys in.) diameter thread a 
small portion of plastic soil until its water content is reduced 
to a point at which the thread crumbles and is no longer able 
to be pressed together and rerolled. The water content of the 
soil at this stage is reported as the plastic limit. 

4.3 The plasticity index is calculated as the difference 
between the liquid limit and the plastic limit. 

5. Significance and Use 
5.1 This test method is used as an integral part of several 

engineering classification systems to characterize the fine- 
grained fractions of soils (see Test Method D2487 and 
Practice D 3282) and to specify the fine-grained fraction of 
construction materials (see Specification D 1241). The liquid 
limit, plastic limit, and plasticity index of soils are also used 
extensively, either individually or together with other soil 
properties to correlate with engineering behavior such as 
compressibility, permeability, compactibility, shrink-swell, 
and shear strength. 

5.2 The liquid and plastic limits of a soil can be used with 
the natural water content of the soil to express its relative 
consistency or liquidity index and can be used with the 
percentage finer than 2-pm size to determine its activity 
number. 

5.3 The one-point liquid limit procedure is frequently 
used for routine classification purposes. When greater preci- 
sion is required, as when used for the acceptance of a 
material or for correlation with other test data, the 
multipoint procedure should be used. 

5.4 These methods are sometimes used to evaluate the 
weathering characteristics of clay-shale materials. When 
subjected to repeated wetting and drylng cycles, the liquid 
limits of these materials tend to increase. The amount of 
increase is considered to be a measure of a shale’s suscepti- 
bility to weathering. 
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imounts of organic matter decreases dramatically when the 
soil is oven-dried before testing. Comparison of the liquid 
limit of a sample before and after oven-drying can therefore 
be used as a qualitative measure of organic matter content of 
a soil. 

6. Apparatus 
6.1 Liquid Limit Device-A mechanical device consisting 

of a brass cup suspended from a Carriage designed to control 
its drop onto a hard rubber base. A drawing showing the 
essential features of the device and the critical dimensions is 
given in Fig. 1. The design of the device may vary provided 
that the essential functions are preserved. The device may be 
operated either by a hand crank or by an electric motor. 

6.1.1 Base-The base shall be hard rubber having a D 
Durometer hardness of 80 to 90, and a resilience such that 
an 8-mm (5/16-in.) diameter polished steel ball, when dropped 
from a height of 25 cm (9.84 in.) will have an average 
rebound of at least 80 5% but no more than 90 %. The tests 
shall be conducted on the finished base with feet attached. 

6.1.2 Feet-The base shall be supported by rubber feet 
designed to provide isolation of the base from the work 
surface and having an A Durometer hardness no greater than 
60 as measured on the finished feet attached to the base. 

6.1.3 Cup-The cup shall be brass and have a weight, 
including cup hanger, of 185 to 2 15 g. 

6.1.4 Cum-The cam shall raise the cup smoothly and 
continuously to its maximum height, over a distance of at 

uniformly accelerated lift curve. ?'he design of the cam and 
follower combination shall be such that there is no upward 
or downward velocity of the cup when the cam follower 
leaves the cam. 

Nm 3-The cam and follower design in Fig. 1 is for uniformly 
accelerated (parabolic) motion after contact and assures that the cup has 
no velocity at drop off. Other cam designs ats0 provide this feature and 
may be used. However, if the cam-follower lift pattern is not known, 
zero velocity at drop off can be assured by carefully filing or machining 
the cam and follower so that the cup height remains constant over the 
last 20 to 45' of cam rotation. 

6.1.5 Carriage-The cup carriage shall be constructed in 
a way that allows convenient but secure adjustment of the 
height of drop of the cup to 10 mm (0.394 in.). The cup 
hanger shall be attached to the Caniage by means of a pin 
which allows removal of the cup and cup hanger for cleaning 
and inspection. 

6.1.6 Optional Motor Drive-As an alternative to the 
hand crank shown in Fig. 1, the device may be equipped with 
a motor to turn the cam. Such a motor must turn the cam at 
2 +. 0.1 revolutions per second and must be isolated from the 
rest of the device by rubber mounts or in some other way 
that prevents vibration from the motor being transmitted to 
the rest of the apparatus. It must be equipped with an 
ON-OFF switch and a means of conveniently positioning the 
cam for height of drop adjustments. The results obtained 
usig a motor-driven device must not differ from those 
obtained using a manually operated device. 

DIMENSIONS 

V DIAMETER 
CRS OR BRASS PIN 

BBER CONFORMING TO 
TO SPECIFICATION IN ,6. I. I SPECIFICATION IN 6. I. 2 

FIG. 1 Hand-Operated Liquid Limii Device 
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. FIG. 2 Grooving Tool (Optional Heightsf-Drop Gage Attached) 

6.2 Flat Grooving Tool-A grooving tool having dimen- 
sions shown in Fig. 2. The tool shall be made of plastic or 
noncorroding metal. The design of the tool may vary as long 
as the essential dimensions are maintained. The tool may, 
but need not, incorporate the gage for adjusting the height of 
drop of the liquid limit device. 
6.3 Gage-A metal gage block for adjusting the height of 

drop of the cup, having the dimensions shown in Fig. 3. The 
design of the tool may vary provided the gage will rest 
securely on the base without being susceptible to rocking, 
and the edge which contacts the cup during adjustment is 
straight, at least 10 mm ( 3 h  in.) wide, and without bevel or 
radius. 

DIMENSIONS IN MIL LIMETRES 

FIG. 3 Height of Drop Gage 

i 
SECTION 

6.4 Containers-Small corrosion-resistant containers with 
snug-fitting lids for water content specimens. Aluminum or 
stainless steel cans 2.5 cm (1 in.) high by 5 cm (2 in.) in 
diameter are appropriate. 

6.5 Balance-A balance readable to at least 0.01 g and 
having an accuracy of 0.03 g within three standard devia- 
tions within the range of use. Within any 15-g range, a 
difference between readings shall be accurate within 0.01 g 
(Notes 4 and 5). 

Nom 4-W Methods E 898 and E 319 for an explanation of terms 
relating to balance performance. 

NOTE 5-For fresuent use, a toploading type balance with auto- 
matic load indication, readable to 0.01 g, and having an index of 
precision (standard deviation) of 0.003 or better is most suitable for this 
method. However, nonautomatic indicating equal- analytical bal- 
ances and some small equal arm top pan balances having readabilities 
and sensitivities of 0.002 g or bener provide the required accuracy when 
used with a weight set of ASTM Class 4 (National Bureau of Standards 
class P) or better. ordinary commercial and classroom type balances 
such as beam balances are not suitabIe for this method. 

6.6 Storage Container-A container in which to store the 
prepared soil specimen that wiu not contaminate the spec- 
imen in any way, and which prevents moisture loss. A 
porcelain, glass, or plastic dish about 11.4 cm (4% in.) in 
diameter and a plastic bag large enough to enclose the dish 
and be folded over is adequate. 
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LMASKING TAPE APPLIED AS AID 
IN ADJUSTMENT OPERATION 

FIG. 4 Calibration for Height of Drop 

6.7 Ground Glass Plate-A ground glass plate at least 30 
cm (12 in.) square by 1 cm (Y8 in.) thick for mixing soil and 
rolling plastic limit threads. 

6.8 Spatula-A spatula or pill knife having a blade about 
2 cm (3/4 in.) wide by about 10 cm (4 in.) long. In addition, a 
spatula having a blade about 2.5 cm (1  in.) wide and 15 cm 
(6 in.) long has been found useful for initial mixing of 
samples. 

6.9 Sieve-A 20.3 cm (8 in.) diameter, 425-pm (No. 40) 
sieve conforming to the requirements of Specification E 11 
and having a rim at least 5 cm (2 in.) above the mesh. A 
2-mm (No. 10) sieve meeting the same requirements may 
also be needed. 

6.10 Wash Bottle, or similar container for adding con- 
trolled amounts of water to soil and washing fines from 
coarse particles. 

6.1 1 Drying Oven-A thermostatically controlled oven, 
preferably of the forcedraft type, capable of continuously 
maintaining a temperature of 110 f 5°C throughout the 
drying chamber. The oven shall be equipped with a ther- 
mometer of suitable range and accuracy for monitoring oven 
temperature. 

6.12 Washing Pan-A round, flat-bottomed pan at least 
7.6 cm (3 in.) deep, slightly larger at the bottom than a 
20.3-cm (8-in.) diameter sieve. 

6.13 Rod (optional)-A metal or plastic rod or tube 3.2 
mm (% in.) in diameter and about 10 cm (4 in.) long for 
judging the size of plastic limit threads. 

7. Materials 
7.1 A supply of distilled or demineralized water. 

8. Sampling 
8.1 Samples may be taken from any location that satisfies 

testing needs. However, Methods C 702, Practice D 75, and 
Recommended Practice D 420 should be used as guides for 
selecting and preserving samples from various types of 
sampling operations. Samples which will be prepared using 
the wet preparation procedure, 10.1, must be kept at their 
natural water content prior to preparation. 

8.2 Where sampling operations have prtkrved the natural 
stratification of a sample, the various strata must be kept 
separated and tests performed on the particular stratum of 
interest with as little contamination as possible from other 
strata. Where a mixture of materials will be used in construc- 

tion, combine the various components in such proportions 
that the resultant sample represents the actual construction 

8.3 Where data from this test method are .to be used for 
correlation with other laboratory or field test data, use the 
same material as used for these tests where possible. 

8.4 Obtain a representative portion from the total sample 
sufficient to provide 150 to 200 g of material passing the 
425-pm (No. 40) sieve. Free flowing samples may be reduced 
by the methods of quartering or splitting. Cohesive samples 
shall be mixed thoroughly in a pan with a spatula, or scoop 
and a representative portion scooped from the total mass by 
making one or more sweeps with a scoop through the mixed 
mass. 

case. 

9. Calibration of Apparatus 
9.1 Inspection of Wear: 
9.1.1 Liquid Limit Device-Determine that the liquid 

limit device is clean and in good working order. The 
following specific points should be checked: 

9.1.1.1 Wear of Base-The spot on the base where the 
cup makes contact should be worn no greater than 10 mm 
(W in.) in diameter. If the wear spot is greater than this, the 
base can be machined to remove the worn spot provided the 
resurfking does not make the base thinner than specified in 
6.1 and the‘ other dimensional relationships are maintained. 

9.1.1.2 Wear of Cup-The cup must be replaced when the 
grooving tool has worn a depression in the cup 0.1 mm 
(0.004 in.) deep or when the edge of the cup has been 
reduced to half its original thickness. Verify that the cup is 
M y  attached to the cup hanger. 

9.1.1.3 Wear of Cup Hanger-Verify that the cup hanger 
pivot does not bind and is not worn to an extent that allows 
more than 3-mm (%-in.) side-to-side movement of the lowest 
point on the rim. 

9.1.1.4 Wear of Cam-The cam shall not be worn to an 
extent that the cup drops before the cup hanger (cam 
follower) loses contact with the cam. 

9.1.2 Grooving Tools-Inspect grooving tools for wear on 
a frequent and regular basis. The rapidity of wear depends on 
the material from which the tool is made and the types ol 
soils being tested. Sandy soils cause rapid wear of grooving 
tools; therefore, when testing these materials, tools should be 
inspected more frequently than for other soils. Any tool with 
a tip width greater than 2.1 mm must not be used. The deptk 

L 



dm D4318 6 8 6 9  
of the tip of the grooving tool must,be 7.9 to 8.1 mm. 

NOTE &The Width of the tip of grooving tools is conveniently 
checked using a pocket-sized measuring magnifier equipped with a 
miuimetre scale. Magnifiers of this type are available from most 
laboratory supply companies. The depth of the tip of grooving tools can 
be checked using the deptb m d n g  feature of vernier calipers. 

9.2 Adjustment of Height of Drop-Adjust the height of 
drop of the cup so that the point on the cup that comes in 
contact with the base rises to a height of 10 f 0.2 mm. See 
Fig. 4 for proper location of the gage relative to the cup 
during adjustment. 

NOTE 7-A convenient procedure for adjusting the height of drop is 
as follows: place a piece of masking tape across the outside bottom of the 
cup parallel with the axis of the cup hanger pivot. The edge of the tape 
away from the cup hanger should bisect the spot on the cup that contacts 
the base. For new cups, placing a piece of carbon paper on the base and 
allowing the cup to drop several times will mark the contact spot. Attach 
the cup to the device and tum the crank until the cup is raised to its 
maximum height. Slide the height gage under the cup from the front, 
and observe whether the gage contacts the cup or the tape. See Fig. 4. If 
the tape and cup are both contacted, the height of drop is approximately 
correct. If not, adjust the cup until simultaneous contact is made. Check 
adjustment by turning the crank at 2 revolutions per second while 
holding the gage in position against the tape and cup. If a ringing or 
clicking sound is heard Without the cup rising from the gage, the 
adjustment is correct If no ringing is heard or if the cup rises fiom the 
gage, readjust the height of drop. If the cup rocks on the gage during this 
checking operation, the cam follower pivot is excessively worn and the 
worn parts should be replaced. Always remove tape afkr completion of 
adjustment opedon. 

MULTIPOINT LIQVn, LIMIT-PROCEDURES A AND B 

10. Preparation of Test Specimens 
10.1 Wet Preparation-Except where the dry method of 

specimen preparation is specified (10.2), prepare specimens 
for test as described in the following sections. 

10.1.1 Samples Passing the 425ym (No. 40) Sieve- 
When by visual and manual procedures it is determined that 
the sample has little or no material retained on a 425-pm 
(No. 40) sieve, prepare a spechen of 150 to 200 g by mixing 
thoroughly with distilled or demineralized water on the glass 
plate using the spatula. If desired, soak soil in a storage dish 
with small amount of water to soften the soil before the start 
of mixing. Adjust the water content of the soil to bring it to a 
consistency that would require 25 to 35 blows of the liquid 
limit device to close the groove (Note 8). If, during mixing, a 
small percentage of material is encountered that would be 
retained on a 425-pm (No. 40) sieve, remove these particles 
by hand, if possible. If it is impractical to remove the coarser 
material by hand, remove small percentages (less than about 
15 7%) of coarser material by working the specimen through a 
425-pm (No. 40) sieve Using a piece of rubber sheeting, 
rubber stopper, or other convenient device provided the 
operation does not distort the sieve or degrade material that 
would be retained if the washing method described in 10.1.2 
were used. If larger percentages of coarse material are 
encountered during mixing, or it is considered impractical to 
remove the coarser material by the methods just described, 
wash the sample as described in 10.12. When the coarse 
particles found during mixing are concretions, shells, or 
other fragile particles, do not crush these particles to make 
them pass a 425-pm (No. 40) sieve, but remove by hand or 
by washing. Place the mixed soil in the storage dish, cover to 

prevent loss of moisture, and allow to stand for at least 16 h 
(overnight). After the standing period and immediately 
before starting the test, thoroughly remix the soil. 

NOTE 8-The time taken to adequately mix a soil will vary greatly, 
depending on the plasticity and initial water content. Initial mixing 
times of more than 30 min may be needed for stiff, fat clays. 

10.1.2 Samples Containing Material Retained on a 425- 
prn (No. 40) Sieve: 

10.1.2.1 Select a sufficient quantity of soil at natural water 
content to provide 150 to 200 g of material passing the 
425-pm (No. 40) sieve. Place in a pan or dish and add 
sficient water to cover the soil. Allow to Soak until all 
lumps have softened and the fines no longer adhere to the 
surfaces of the coarse particles (Note 9). 

NOTE 9-In some oses, the cations of salts present in tap water will 
exchange with the ~d cations in the soil and significantly alter the 
test results should tap water be used in the soaking and washing 
operations. Unless it is known that such cations are not present in the 
tap water, distilled or demineralized water should be used. As a general 
rule, water containing more than 100 m a  of dissolved solids should 
not be used for washing operations. 

10.1.2.2 When the sample contains a large percentage of 
material retained on the 425-pm (No. 40) sieve, perform the 
following washing operation in increments, washing no more 
than 0.5 kg (1 lb) of material at one time. Place the 425-pm 
(No. 40) sieve in the bottom of the clean pan. Pour the soil 
water mixture onto the sieve. If gravel or coarse sand 
particles are present, rinse as many of these as possible with 
small quantities of water from a wash bottle, and discard. 
Alternatively, pour the soil water mixture over a 2-mm (No. 
10) sieve nested atop the 425-pm (No. 40) sieve, rinse the 
fine material through and remove the 2-mm (No. 10) sieve. 
After washing and removing as much of the coarser material 
as possible,.add sufficient water to the pan to bring the level 
to about 13 mm (‘12 in.) above the surface of the 425-pm (No. 
40) sieve. Agitate the slurry by Stirring with the fingers while 
raising and lowering the sieve in the pan and swirling the 
suspension so that fine material is washed from the coarser 
particles. Disaggregate fine soil lumps that have not slaked by 
gently rubbing them over the sieve with the fingertips. 
Complete the washing operation by raising the sieve above 
the water surface and rinsing the material retained with a 
small amount of clean water. Discard material retained on 
the 425ym (No. 40) sieve. 

10.1.2.3 Reduce the water content of the material passing 
the 425-pm (No. 40) sieve until it approaches the liquid 
limit. Reduction of water content may be accomplished by 
one or a combination of the following methods: (a)  exposing 
the air currents at ordinary room temperature, (b) exposing 
to warm air currents from a source such as an electric hair 
dryer, (c) filtering in a Biichner funnel or using filter candles, 
(d) decanting clear water from surface of suspension, or (e) 
draining in a colander or plaster of paris dish lined with high 
retentivity, high wet-strength filter paper.’ If a plaster of paris 
dish is used, take care that the dish never becomes sum- 
ciently saturated that it fails to actively absorb water into its 
surface. Thoroughly dry dishes between uses. During e v a p  
ration and cooling, stir the sample often enough to prevent 
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the mixture. For soil samples containing soluble salts, use a 
method of water reduction such as u or b that will not 
eliminate the soluble salts from the test specimen. 

10.1.2.4 Thoroughly mix the material passing the 425-pm 
(No. 40) sieve on the glass plate Using the spatula. Adjust the 
water content of the mixture, if necessary, by adding small 
increments of distilled or demineralized water or by allowing 
the mixture to dry at room temperature while mixing on the 
glass plate. The soil should be at a water content that will 
result in closure of the groove in 25 to 35 blows. Return the 
mixed soil to the mixing dish, cover to prevent loss of 
moisture, and allow to stand for at least 16 h. After the 
standing period, and immediately before starting the test, 
remix the soil thoroughly. 

10.2 Dry Preparation: 
10.2.1 Select sufiicient soil to provide 150 to 200 g of 

material passing the 425-pm (No. 40) sieve after processing. 
Dry the sample at room temperature or in an oven at a 
temperature not exceeding 60°C until the soil clods will 
pulverize readily. Disaggregation is expedited if the sample is 
not allowed to completely dry. However, the soil should have 
a dry appearance when pulverized. Pulverize the sample in a 
mortar with a rubber tipped pestle or in some other way that 
does not cause breakdown of individual grains. When the 
coarse particles found during pulverization are concretions, 
shells, or other fragile particles, do not crush these particles 
to make them pass a 425-pm (No. 40) sieve, but remove by 
hand or other suitable means, such as washing. 

10.2.2 Separate the sample on a 425-pm (No. 40) sieve, 
shaking the sieve by hand to assure thorough separation of 
the finer fi-action. Return the material retained on the 
425-pm (No. 40) sieve to the pulverizing apparatus and 
repeat the pulverizing and sieving operations as many times 
as neceSSary to assure that all finer material has been 

- -  . .  
sieve consists only of individual sand or gravel grains. 

10.2.3 Place material remaining on the 425-pm (No. 40) 
sieve after the final pulverizing operations in a dish and soak 
in a small amount of water. Stir the soil water mixture and 
pour over the 425-pm (No. 40) sieve, catching the water and 
any suspended fines in the washing pan. Pour this suspension 
into a dish containing the dry soil previously sieved through 
the 425-pm (No. 40) sieve. Discard material retained on the 
425-pm (No. 40) sieve. 

10.2.4 Adjust the water content as necessary by drying as 
described in 10.1.2.3 or by mixing on the glass plate, using 
the spatula while adding increments of distilled or 
demineralized water, until the soil is at a water content that 
will result in closure of the groove in 25 to 35 blows. 

10.2.5 Put soil in the storage dish, cover to prevent loss of 
moisture and allow to stand for at least 16 h. After the 
standing period, and immediately before starting the test, 
thoroughly remix the soil (Note 8). 

11. Procedure 
1 1.1 Place a portion of the prepared soil in the cup of the 

liquid limit device at the point where the cup rests on the 
base, squeeze it down, and spread it into the cup to a depth 
of about 10 mm at its deepest point, 'tapering to form an 
approximately horizontal surface. Take care to eliminate air 
bubbles from the soil pat but form the pat with as few strokes 
as possible. Heap the unused soil on the glass plate and cover 
with the inverted storage dish or a wet towel. 

11.2 Form a groove in the soil pat by drawing the tool, 
beveled edge forward, through the soil on a line joining the 
highest point to the lowest point on the rim of the cup. When 
cutting the groove, hold the grooving tool against the surface 
of the cup and draw in an arc, maintaining the tool 
perpendicular to the surface of the cup throughout its 

. _. .. . 
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FIG. 5 Grooved Soil Pat m Liquid Mi Device 
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FIG. 6 Soil Pat After Groove Has Closed 

movement. See Fig. 5. In soils where a groove cannot be 
made in one stroke without tearing the soil, cut the groove 
with several strokes of the grooving tool. Alternatively, cut 
the groove to slightly less than required dimensions with a 
spatula and use the grooving tool to bring the groove to final 
dimensions. Exercise extreme care to prevent sliding the soil 
pat relative to the surface of the cup. 

11.3 Verify that no crumbs of soil are present on the base 
or the underside of the cup. Lift and drop the cup by turning 
the crank at a rate of 1.9 to 2.1 drops per second until the 
two halves of the soil pat come in contact at the bottom of 
the groove along a distance of 13 mm ('12 in.). See Fig. 6. 

Nm 10-Use the end of the grooVing tool, FK 2, or a scale to verify 
that the groove has closed 13 mm ('h in.). 

11.4 Verify that an air bubble has not caused premature 
closing of the groove by observing that both sides of the 
groove have flowed together with approximately the same 
shape. If a bubble has caused premature closing of the 
groove, reform the soil in the cup, adding a small amount of 
soil to make up for that lost in the grooving operation and 

-repeat 1 1.1 to-1 1.3. If the soil slides on the surface of the cup, 
repeat 1 1.1 through 1 1.3 at a higher water content. If, after 
several trials at successively higher water contents, the soil 
pat continues to slide in the cup or if' the number of blows 
required to close the groove is always less than 25, record 
that the liquid limit could not be determined, and report the 
soil as nonplastic without performing the plastic limit test. 

1 1.5 Record the number of drops, N, required to close the 
groove. Remove a slice of soil approximately the width of the 
spatula, extending from edge to edge of the soil cake at right 
angles to the groove and including that portion of the groove 
in which the soil flowed together, place in a weighed 
container, and cover. 

11.6 Return the soil remaining in the cup to the glass 
plate. Wash and dry the cup and grooving tool and reattach 

the cup to the carriage in preparation for the next trial. 
11.7 Remix the entire soil specimen on the glass plate 

adding distilled water to increase the water content of the soil 
and decrease the number of blows required to close the 
groove. Repeat 1 1.1 through 1 1.6 for at least two additional 
trials producing successively lower numbers of blows to close 
the groove. One of the trials shall be for a closure requiring 
25 to 35 blows, one for closure between 20 and 30 blows, and 
one trial for a closure requiring 15 to 25 blows. 

11.8 Determine the water content, W ,  of the soil spec- 
imen from each trial in accordance with Method D 22 16. 
Make all weighings on the same balance. Initial weighings 
should be performed immediately after completion of the 
test. If the test is to be interrupted for more than about 15 
min, the specimens already obtained should be weighed at 
the time of the interruption. 

12. Calculations 
12.1 Plot the relationship between the water content, W ,  

and the corresponding number of drops, N, of the cup on a 
semilogarithmic graph with the water content as ordinates on 
the arithmetical d e ,  and the number of drops as abscissas 
on the logarithmic scale. Draw the best straight line through 
the three or more plotted points. 

12.2 Take the water content corresponding to the inter- 
section of the line with the 25-drop abscissa as the liquid 
limit of the soil. Computational methods may be substituted 
for the graphical method for fitting a straight line to the data 
and determining the liquid limit. 

- 

n 

I 

ONEPOINT LIQUID LIMlT-PROCEDURES C AND D 

13. Preparation of Test Specimens 
13.1 Prepare the specimen in the Same manner as de- 

scribed in Section 10, except that at mixing, adjust the water 
content to a consistency requiring 20 to 30 drops of the 
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TABLE 1 F a t t o r s _ f o r _ O b t e i n i n g . ~ q ~ d - ~ m ~ - ~ - W ~ - ~ - s o i l - t o - t h e - ~ - c ~ e n t ~ ~ ~ e l ~ ~ f a n ~ b ~ b l o ~ n g  with 
and Number of Drops Causing Closure of Groove 

N K 

20 0.974 
21 0.979 
22 0.985 
23 0.990 
24 0.995 
25 1 .ooo 
26 1.005 
27 1 .om 
28 1.014 
29 1.018 
30 1.022 

(Numberof Drops) (Factor for Liquid bnit) 

liquid limit cup to close the groove. 

14. Procedure 
14.1’ Proceed as described in 1 1.1 through 1 1.5 except that 

the number of blows required to close the groove shall be 20 
to 30. If less than 20 or more than 30 blows are required, 
adjust the water content of the soil and repeat the procedure. 

14.2 Immediately after removing a water content spec- 
imen as described in 11.5, reform the soil in the cup, adding 
a small amount of soil to make up for that lost in the 
grooving and water content sampling operations. Repeat 
1 1.2 through 1 1.5, and, if the second closing of the groove 
requires the same number of drops or no more than two 
drops difference, secure another water content specimen. 
Otherwise, remix the entire specimen and repeat. 
NOTE 1 1 - C - d v e  drying or hadequate mixing will cause the 

number of blows to vary. 
14.3 Determine water contents of specimens as described 

in 11.8. 

15. Calculations 

specimen using one of the following equations: 
15.1 Determine the liquid limit for each water content 

N 0.121 
LL= wYN(z) or 

LL = K(WNJ 

where: 
N 

W’ = water content, and 
K 

values. 

values is greater than one percentage point, repeat the test. 

PLASIlCLmm 

= the number of blows causing closure of the groove at 

= a factor given in Table 1. 

water content, 

The liquid limit is the average of the two trial liquid limit 

15.2 If the difference between the two trial liquid limit 

16. Reparation of Test Specimen 
16.1 Select a 20-g portion of soil from the material 

prepared for the liquid limit -,either after the second 
mixing before the test, or from the soil remaining after 
completion of the test. Reduce the water content of the soil 
to a consistency at which it can be rolled without sticking to 
the hands by spreading and mixing continuously on the glass 
plate. The drying process may be accelerated by exposing the 

I 

paper that does not add any fiber to the soil, such 
surface paper toweling or high wet-strength filter paper. 

hard 

17. Procedure 
17.1 From the 20-g mass, select a portion of 1.5 to 2.0 g. 

Form the test specimen into an ellipsoidal mass. Roll this 
mass between the palm or fingers and the ground-glass plate 
with just sufficient pressure to roll the mass into a thread of 
uniform diameter throughout its length (Note 12). The 
thread shall be further deformed on each stroke so that its 
diameter is continuously reduced and its length extended 
until the diameter reaches 3.2 * 0.5 mm (0.125 f .020 in.), 
taking no more than 2 min (Note 13). The amount of hand 
or finger pressure required will vary greatly, according to the 
soil. Fragile soils of low plasticity are best rolled under the 
outer edge of the palm or at the base of the thumb. 

Nm 12-A normal rate of rolling for most soils should be 80 to 90 
strokes per minute, counting a stroke as one complete motion of the 
hand forward and back to the starting position. This rate of rolling may 
have to be decreased for very fragile soils. 
NOTE 13-A 3.2-mm (Yein.) diameter rod or tube is useful for 

fresuent comparison with the soil thread to ascertain when the thread 
has reached the proper diameter, especially for inexperienced opemon. 

17.1.1 When the diameter of the thread becomes 3.2 mm, 
break the thread into several pieces. Squeeze the pieces 
together, knead between the thumb and first finger of each 
hand, reform into an ellipsoidal mass, and reroll. Continue 
this alternate rolling to a thread 3.2 mm in diameter. 
gathering together, kneading and rerolling until the thread 
crumbles under the pressure required for rolling and the soil 
can no longer be rolled into a 3.2-mm diameter thread (See 
Fig. 7). It has no significance if the thread breaks into threads 
of shorter length. Roll each of these shorter threads to 3.2 
mm in diameter. The only requirement for continuing the 
test is that they are able to be reformed into an ellipsoidal 
mass and rolled out again. The operator shall at no time 
attempt to produce faiiure at exactly 3.2 mm diameter by 
allowing the thread to reach 3.2 mm, then reducing the rate 
of rolling or the hand pressure, or both, while continuing the 
rolling without further deformation until the thread falls 
apart. It is permissible, however, to reduce the total amount 
of deformation for feebly plastic soils by making the initial 
diameter of the ellipsoidal mass nearer to the required 
3.2-mm final diameter. If crumbling occurs when the thread 
has a diameter greater than 3.2 mm, this shall be considered 
a satisfactory end point, provided the soil has been previ- 
ously rolled into a thread 3.2 mm in diameter. Crumbling of 
the thread will manifest itself differently with the various 
types of soil. Some soils fall apart in numerous small 
aggregations of particles, others may form an outside tubular 
layer that starts splitting at both ends. The splitting 
progresses toward the middle, and finally, the thread falls 
apart in many smaU platy particles. Fat clay soils require 
much pressure to deform the thread, particularly as they 
approach the plastic limit. With these soils, the thread breaks 
into a series of barrel-shaped segments about 3.2 to 9.5 mm 
(Ya to 3/e in.) in length. 

17.2 Gather the portions of the crumbled thread together 
and place in a weighed container. Immediately cover the 
container. 
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FIG 7 Lean clay s ~ i  at the plastic ~iniit 

17.3 Select anuulcl 1.5 to 2.0 g portion of soil from the 
original 20-g specimen m d  repeat the operations described 
in 17.1 and 17.2 until the container has at least 6 g of soil. 

17.4 Repeat 17.1 through 17.3 to make another container 
holding at least 6 g of soil. Determine the water content, in 
percent, of the soil contained in the containers in accordance 
with Method D 2216. Make all weighings on the same 
balance. 
NOTE 14-The intent of performing two plastic limit trials is to 

verify the consistency of the test results It is acceptable practice to 
perform only one plastic limit trial when the consistency in the test 
results can be confirmed by other means. 

18. calculations 
18.1 Compute the average of the two water contents. If 

the difference between the two water contents is greater than 
two percentage points, repeat the test. The plastic limit is the 
average of the two water contents. \ 

Pr.ASTIrn INDEX 

19. calculations 
19.1 Calculate the plasticity index as follows: 

PI = LL - PL 
where: 
LL = theliquidlimit, 
PL = the plasticlimit. 

Both U and PL are whole numbers. If either the liquid 
limit or plastic limit could not be determined, or if the plastic 
limit is equal to or greater than the liquid limit, report the 
soil as nonplastic, NP. 

20. Report . 
20.1 Report the following information: 

20.1.1 Sample identifying information, 
20.1.2 Any special specimen selection process used, such 

as removal of sand lenses from undisturbed sample, 
20.1.3 Report sample as airdried if the sample was air- 

dried before or during preparation, 
20:1.4 Liquid limit, plastic limit, and plasticity index to 

the nearest whole number and omitting the percent designa- 
tion. If the liquid limit or plastic limit tests could not be 
performed, or if the plastic limit is equal to or greater than 
the liquid limit, report the soil as nonplastic, NP, 

20.1.5 An estimate of the percentage of sample retained 
on the 425-pm (No. 40) sieve, and 

20.1.6 Procedure by which liquid limit was performed, if 
it differs from the multipoint method. 

21. Precision and Bias 
21.1 No interlaboratory testing program has as yet been 

conducted using this test method to determine multilab 
oratory precision. 

2 1.2 The within laboratory precision of the results of tests 
performed by different operators at one laboratory on two 
soils using Procedure A for the liquid limit is shown in Table 
2. 

TABLE 2 Within Laboratory Precision for Liquid Limit 
Standard 

Deviation. s Avetage Value. jt 

Soil A. 
PL 21.9 1.07 
U 27.9 1.07 

PL 20.1 1.21 
LL 32.6 0.98 

Soil B: 
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(gb Designation: D 4546 - 90 

Standard Test Methods for 
One-Dimensional Swell or Settlement Potential of Cohesive 
Soils’ 

TIus standard IS issued under the fixed dmgnauon D 45% the number immedrately follovmg the drngnatlon mdxates the year of 
ongnal adopuon or, in the case of Tcwlon, the year of last m o n .  A number m parentheses mn&catcs the ymr of last reapproval. A 
supcrscnpt @on (e) in&cates an editorial change sum? the last m o n  or reapproval. 

1. scope 
1 . 1  These test methods cover three alternative laboratory 

methods for determining the magnitude of swell or settle- 
ment of relatively undisturbed or compacted cohesive soil. 

NOTE 1-Refer to Seaion 5 to determine the best method.for a 
padcular application. 

1.2 The test methods can be used to determine (a)  the 
magnitude of swell or settlement under known vertical 
(axial) pressure, or (b) the magnitude of vertical pressure 
needed to maintain no volume change of laterally con- 
strained, axially loaded specimens. 

1.3 The values stated in SI units are to be regarded as the 
standard. The values stated in inch-pound units are approx- 
imate. 

1.4 This standard does not purport to address all of the 
safety problems associated with its use. It is the responsibility 
of the user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of S o g  
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D698 Test Methods for Moisture-Density Relations of 

Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) Drop2 

D 854 Test Method for Specific Gravity of So&? 
D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixnues Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Drop’ 

D 1587 Practice for Thin-Walled Tube Sampling of So@ 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 

D2435 Test Method for One-Dimensional Consolidation 

D 3550 Practice for Ring-Lined Barrel Sampling of S o e  
D3877 Test Methods for One-Dimensional Expansion, 

Shrinkage, and Uplift Pressure of Soil-Lime Mix& 

M i x d  

Properties of soe 

D4220 Practices for Preserving and Transporting Soil 

D4318 Test Method for Liquid Limit, Plastic Limit, and 
Sample2 

Plasticity Index of Soil9 

3. Terminology 

ard definitions of terms. 
3.1 Definitions-Refer to Terminology D 653 for stand- 

3.2 Descriptions of Terms Specific to This Standard: 
3.2.1 heave (L)-increase in vertical height, Ah, of a 

column of in situ soil of height h following sorption of water. 
3.2.2 percent heave or settlement, !%-increase or decrease 

in the ratio of the change in vertical height, Ah, to the 
original height of a column of in situ soil; h x 100 or Ah/h x 
100. 

3.2.3 settlement, Mecrease in vertical height, Ah, of a 
column of in situ soil of height h. 

3.2.4 swell, &increase in elevation or dilation of soil 
column following sorption of water. 

3.2.5 f;ee swell, %-percent heave, Ah/h x 100, following 
sorption of water at the seating pressure a,, 

3.2.6 primary swell, &an arbitrary short-term swell 
usually characterized as being completed at the intersection 
of the tangent of reverse curvature to the curve of a 
dimensional change-logarithm of time plot with the tangent 
to the straight line portion representing long-term or sec- 
ondary swell (Fig. 1). 

3.2.7 secondary swell, &an arbitrary long-term swell 
usually characterized as the linear portion of a dimensional 
change-logarithm of time plot following completion of 
short-term or primary swell (Fig. 1). 

3.2.8 swell index-slope of the rebound pressure - void 
ratio curve on a semi-log plot. 

These test methods arc under the jurisdiction of MTh4 Cornminee D-18 on 
Soil and Rock and arc the dirst respondbility of Subcorn& D18.05 on 

Currcnt edition approved Oa. 26,1990. Published Dsrmba 1990. Originauy 
struaural Ropaties of soils. 

published as D 4546 - 85. Last previous edition D 4546 - 85. 
Annual Book of AsfM SI&&, Val. 04.08. 
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'he SDeCimen from swelling as obtained in Method C. or (21 
nat pressure which is req& to return the specimen ba'ck 

to its original state (void ratio, height) after swelling in 
Method A 0r.B. 

NOTE 2 4 w e l l  pressures by Method C corrected for specimen 
disturbance may be similar to or slightly greater than those by Method 
A. 

4. Summary of Test Methods 
4.1 The following three alternative test methods require 

that a soil specimen be restrained laterally and loaded axially 
in a consolidometer with access to free water. 

4.1.1 Method A-The specimen is inundated and allowed 
to swell vertically at the seating pressure (pressure of at least 
1 kpa (20 lbf/ft2) applied by the weight of the top porous 
stone and load plate) until primary swell is complete. The 
specimen is loaded after primary swell has OcCuRBd until its 
initial void ratio/height is obtained. 

4.1.2 Method B-A vertical pressure exceeding the seating 
pressure is applied to the specimen before placement of fize 
water into the consolidometer. The magnitude of vertical 
pressure is usually equivalent to the in situ vertical 
overburden pressure or structural loading, or both, but may 
vary depending on application of the test results. The 
specimen is given access to free water. This may result in 
swell, swell then contraction, contraction, or contraction 
then swell. The amount of swell or settlement is measured at 
the applied pressure after movement is negligible. 

4.1.3 Method C-The specimen is maintained at constant 
height by adjustments in vertical pressure after the specimen 
is inundated in free water to obtain swell pressure. A 
consolidation test is subsequently performed in accordaDce 
with Test Method D 2435. Rebound data is used to estimate 
potential heave. 

5. Sisnificance and Use 
5.1 The relative swell/settlement potential of soil deter- 

mined from these test methods can be used to develop 
estimates of heave or settlement for given final moisture and 
loading conditions. The initial water content and void ratio 
should be representative of the in situ soil immediately prior 
to construction. Selection of test method, loading, and 
inundation sequences should, as closely as possible, simulate 
any construction and postanstruction wetting and drying 
effects and changes in loading conditions. 

5.2 Soils containing montmorillonites (Smectite) are 
likely to have a significant potential for swell and are 
commonly tested by these test methods. 

NOTE 3-Montmodlonitcs with divalent cations usually swell less 
than with monovalent cations. It is useful to how the type of cation as 
well as the cation ex- capacity of montmorillonite. 

the in situ soil or fieldGompacted soil conditions as closely as 
possible because relatively small variations in Unit weight 
and water content can significantly alter the measured heave 
and swell pressure. Differences in soil fabric of the com- 
pacted -.ens, such as obtained by kneading or static 
compaction, could also have a significant impact on the 
swell/settlement behavior of cohesive soils. 

5.3 Laboratory-prepared test specimens should duplicate 

or remolded Specimens, or both, as follows: 
5.4.1 Method A-This test method measures (a) the free 

swell, (b) percent heave for vertical confining pressures up to 
the swell pressure, and (c) the swell pressure. 

5.4.2 Method B-This test method measures (a) the 
percent heave or settlement for vertical pressure usually 
equivalent to the estimated in Situ Vertical overburden and 
other vertical pressure up to the swell pressure, and (b) the 
swell pressure. 

5.4.3 Method C-This test method measures (a) the swell 
pressure, (b) preconsolidation pressure, and (c) percent heave 
or settlement within the range of applied vertical pressures. 

NOTE &Methods A and C have produced estimates of heave 
consistent with observed heave. Method B may lead to estimates of 
heave less than observed heave. Method A has not been recommended 
for evaluation of swell pressure and consolidation parameters for 
d e m e n t  estimates because sorption of water under practically no 
restraint may disturb the soil structure. 

6. Interferences 
6.1 Estimates of the swell and settlement of soil deter- 

mined by these test methods are often of key importance in 
design of floor slabs on grade and evaluation of their 
performance. However, when using these estimates it is 
recognized that swell parameters determined from these test 
methods for the purpose of estimating in situ heave of 
foundations and compacted soils may not be representative 
of many field conditions because: 

6.1.1 Lateral swell and lateral confining pressure are not 
simulated. 

6.1.2 Swell in the field usually occurs under constant 
overburden pregare, depending on the availability of water. 
Swell in the laboratory is evaluated by observing changes in 
volume due to changes in applied pressure while the spec- 
imen is inundated with water. Method B is designed to avoid 
this limitation. 

6.1.3 Rates of swell indicated by swell tests are not always 
reliable indicators of field rates of heave due to fissures in the 
in situ soil mass and inadequate simulation of the actual 
availability of water to the so5 The actual availability of 
water to the foundation may be cyclic, intermittent, or 
depend on in-place situations, such as pervious soil-filled 
trenches and broken water and drain lines. 

6.1.4 Secondary or long-term swell may be significant for 
some soils and should be added to primary swell. 

6.1.5 Chemical content of the inundating water affects 
volume changes and swell pressure; that is, field water 
containing large concentrations of calcium ions will produce 
less swelling than field water containing large concentrations 
of sodium ions or even rain water. 

greatly dimininhes the meaningfulness of the results. 
6.1.6 Disturban Ce Of M t U l d Y  O W U r h g  Soil Samples 

7. Apparatus and Materials 
7.1 Consolidometm--The apparatus shall comply with 

the requirements of Test Method D2435. The apparatus 
shall be capable of exerting a pressure on the specimen of (I) 
at least 200 !% of the maximum anticipated design pressure, 
or (2) the pressure required to maintain the original spec- 
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imen height when the specimen isinundated (Method C), 
whichever is greatest. 

7.1.1 Consolidometer rigidity influences the observed 
swell, particularly with Method C. Therefore, consolido- 
meters of high rigidity should be used with Method C (see 
Test Method D 2435). 

NOTE 5-Small increases in soil volume can significantly relieve 
swell pressures. Therefore, variations in displacements that occur during 
determination of swell pressures by Method C should be as small as 
possible to reduce the magnitude of c o d o n  required in 13.2.5. The 
measurements, especially swell pressure measurements, should be based 
on corrections for compression of members 

7.2 Porous Stones-The stones shall be smooth ground 
and fine enough to minimize intrusion of soil into the stones 
if filter paper is not used and shall reduce false displacements 
caused by seating of the specimen against the surface of 
porous stones (Note 6). Such displacements may be signifi- 
cant, especially if displacements and applied vertical pres- 
sures are small. 

7.2.1 Porous stones shall be air dry. 
7.2.2 Porous stones shall fit close to the consolidometer 

ring to avoid extrusion or punching at high vertical pressures. 
Suitable stone dimensions are described in 5.3 of Test 
Method D 2435. 

NOTE 6-A suitable pore size is 10 pm if filter paper is not used 
Filter paper is not recommended because of its high compressib~ty and 
should not be used when measuring the swell/settlement of stiE clays 
and when measuring swell pressure by Metbod C. 

7.3 Plastic Membrane, Aluminum Foil, or Moist Paper 
Towel, a loose fitting cover to enclose the specimen, ring, and 
porous stones prior to inundating the specimen, used to 
minimize evaporation from the specimen. 

8. Sampling of Naturally OccPrring Soh 
8.1 Disturban ce of the soil sample from which specimens 

are to be obtained greatly diminiRhes the meaningfulness of 
results and should be minimized Practice D 1587 and 
Practice D 3550 cover procedures and apparatus that may be 
used to obtain satisfactory undhdxd samples. 

8.2 Storage in sampling tubes is not recommended for 
swelling soils even though stress relief may be minimal. The 
influence of rust and penetration of drilling fluid or free 
water into the sample may adversely influence laboratory 
test results. Water and oxygen from the sample could cause 
the formation of rust within the tube which could result in 
the sample adhering to the tube. Therefore, sampling tubes 
should be brass, stainless steel, or galvanized or lacquered 
inside to inhibit corrosion in accordance with Practice 
D 1587. 

8.3 If samples are to be stored prior to testing, they should 
be extruded from the sampling tubes as quickly as possible 
after sampling and thoroughly sealed to minimize further 
stress relief and moisture loss. The sample should be 
extruded from the sampling tube in the same direction as 
sampled, to minimize further sample disturban ce. If the 
sample cannot be extruded from the tubes immediately, they 
should be handled and shipped in accordance with Practices 
D 4220, Group D. 

8.4 Prior to sealing in storage containers, samples ex- 
truded from tubes that were obtained with slurry driuing 
techniques should be wiped clean to remove drilling fluid 

adhering to the surface of the sample. An outer layer of 3 to 
6 mm (0.1 to 0.3 in.) should be trimmed from the cylindrical 
surface of the samples so that moisture or the slurry will not 
penetrate into the sample and alter the swell potentjal, swell 
pressure, and other soil parameters. Such trimming will also 
remove some disturbance at the periphery due to s i d d  
fiiction. Drilling with air or foam instead of slurry will 
reduce moisture penetration. 

8.5 Containers for storage of extruded samples may be 
either cardboard or metal and should be approximately 25 
mm (1 in.) greater in diameter and 40 to 50 mm (1.5 to 2.0 
in.) greater in length than the sample to be encased. 

8.6 Soil samples stored in containers should be completely 
sealed in wax. The temperature of the wax should be 8 to 
14°C (15 to 25°F) above the melting point when applied to 
the soil sample; wax that is too hot will penetrate pores and 
cracks in the sample and render it useless and will also dry 
the sample. Aluminum foil, cheese cloth, or plastic wrap 
may be placed around the sample to prevent penetration of 
molten wax into open fissures. A small amount of wax 
(about 1 13-mm or 0.5-in. thickness) should be placed in the 
bottom of the container and allowed to partly congeal. The 
sample should subsequently be placed in the container, 
completely immersed and covered with molten wax, and 
then allowed to cool before moving. 

NOTE 7-A good wax for sealing expansive soils consists of a 1 to 1 
mixture of paraffin and microcrystalline wax or 100 % beeswax. 

8.7 Examine and test samples as soon as possible after 
receipt; however, samples required to be stored should be 
kept in a humid room and may require rewaxing and 
relabeling before storage. Samples encased in wax or sam- 
pling tubes may be cut using a band-saw. The soil specimen 
should be adequately supported while trimming to size Using 
sharp and clean instruments. The specimen may be extruded 
from a section of sampling tube and trimmed in one 
continuous operation to minimize sampling disturbance. 

9. Specimen Preparation 
9.1 Undisturbed or laboratory-compacted specimens may 

be used for testing. Prepare laboratory-compacted specimens 
to duplicate compacted fills as closely as possible. 

NOTE &The compaction method, such as kneading or static 
compaction, may influence the volume change bebvior when prepared 
wet of optimum water content. Compaction of laboratory specimens is 
described in Test Methods D 698 and Test Methods D 1557. Swelling 
soil is sometimes adequately treated with lime and test specimens 
compacted as described in Test Methods D 3877. 

9.2 Trim the specimei ---+mre with Test Method 
--- in.T*- D 2435. A ring extensic 

Methods D3877 may 
assembly to accommod 
thin hard disk maybe 

A 
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10. Calibration 
10.1 Calibrate the consolidation machine in accordance 

with Test Method D 2435. 
10.2 Measure the compressibility of the apparatus with a 

smooth copper, brass, or hard steel disk substituted for the 
soil specimen. The disk should be approximately the same 
height as the specimen and 1 mm (0.04 in.) smaller in 
diameter than that of the ring. Place moistened filter papers 
between the porous stones and metal disk if filter papers are 
to be used during the test. Allow sufficient time for moisture 
to be squeezed from the filter paper during each load 
increment and decrement. The deflections of the calibration 
test are subtracted &om the deflections of the soil test for 
each load increment and decrement. 
NOTE IO-When filter paper is used, calibration must duplicate the 

exact load increment/decrement sequence due to inelastic compression 
of paper; thus, calibration is needed for each test. Periodic calibration 
will suflice for tests without filter paper. 

11. Associated soil Properties 
1 1 . 1  Determine the initial (or ~ t u r a l )  water content, wet 

and dry unit weights, volume, and initial void ratio in 
accordance with Test Method D2435. Determine the spe- 
cific gravity in accordance with Test Method D854 when 
results are required in terms of void ratio. The liquid limit, 
plastic limit, and plasticity index as determined in accord- 
ance with Test Method D 43 I8 and the particle size distribu- 
Lion for soils with substantial granular material as deter- 
mined in accordance with Method D422 are useful in 
identifying the soil and correlating results of tests on Merent 
SOilS. 

12. Procedure 
12.1 Assemble the ring with the specimen recessed in the 

ring, dry filter paper if used, and airdry porous stones in the 
loading device. Enclose the specimen, ring, filter paper, if 
any, and porous stones as soon as possible with a loose fitting 
plastic membrane, moist paper towel, or aluminum foil to 
minimize change in specimen water content and volume due 
to evaporation. This wrapping may be cut away and dis- 
carded at the time of specimen inundation. 

12.2 Apply a seating pressure, a,, of at least 1 kPa (20 
lbf/ft?). Within 5 min after application of a, adjust the 
extensometer deformation device for the initial or zero 
reading. 

12.3 A graphical representation of results of the three 
alternative test methods shown in Fig. 2 includes corrections 
for consolidometer compressibility. These test methods are 
performed in accordance with Test Method D 2435 except as 
follows: 

12.3.1 Method A-AfIer the initial deformation reading at 
the seating pressure is mrded, inundate the specimen and 
record deformations after various elapsed times. Readings at 
0.1,0.2,0.5, 1.0,2.0,4.0,8.0, 15.0, and 30.0 min and 1,2,4, 
'3, 24, 48, and 72 h are usually satisfactory. Continue 
d n g s  until primary swell is complete, as detennined by 
the method iuustrated in Fig. 1. After completion of swell, 
apply a vertical pressure of approximately 5, 10,20,40, 80, 

p&ure maintained constant in a&ordan& 4 t h  10.4 of 
Test Method D 2435. Maintain pressure until the specimen 
is recompressed to its initial void ratiofieight. The duration 
of each load increment shall be equal and of a duration 
which assures 100 % primary consolidation (see 1 1.2 or 1 1.6 
of Test Method D 2435). 
NOTE 11-Some secondary swell must be recorded in order to 

NOTE 12-The duration of a typical loading increment is 1 day. 
NOTE 13-Vertical pressures may be applied to recompress the 

specimen to void ratios less than the initial void ratio (point 6, Fig 2 
(Method A)) because the exact magnitude of vemcal pressure required 
to recompress the specimen to its initial void ratio is unknown. Loading 
units equipped with pneumatic regulators are i d d y  suited for this 
purPo=. 

12.3.2 Method A may be modified to place an initial 
vertical stress, ul, on the specimen equivalent to the esti- 
mated vertical pressure on the in situ soil within 5 min of 
placing the seating pressure and securing the zero deforma- 
tion reading. Read the deformation within 5 min and 
remove the vertical stress, except for the seating pressure. 
Record the deformation within 5 min after removal of u,. 
inundate the specimen, and continue the test as in 12.3.1. 
This modification provides a correction to the initial defor- 
mation reading at use in an effort to more closely duplicate 
the in situ void ratio of the soil. 

12.3.3 Method B-Apply a vertical pressure exceeding the 
seating pressure within 5 min of placing the seating pressure. 
Read the deformation within 5 min of placing the vertical 
pressure. The specimen is inundated immediately after the 
deformation is read and deformation recorded after elapsed 
t&es similar to 12.3.1 until primary swell is complete. 
Continue the test as in 12.3.1. 

12.3.4 Method C-Apply an initial stress, u, ,  equivalent 
to the estimated vertical in situ pressure or swell pressure 
within 5 min after placement of the seating pressure. Read 
the deformation w i t h  5 min after placing u,, and immedi- 
ately inundate the specimen with water. Apply increments of 
vertical stress as needed to prevent swell (see Note 14). 
Variations from the deformation reading at the time the 
specimen is inundated at stress ul shall be kept preferably 
within 0.005 mm (0.0002 in.) and not more than 0.010 mm 
(O.OOO4 in.). Load the specimen in accordance with 12.3.1, 
following no M e r  tendency to swell (usually overnight). 
Load increments shall be sufficient to define the maximum 
point of curvature on the consolidation curve and to 
determine the slope of the virgin compression m e .  The 
rebound m e  following consolidation shall also be deter- 
mined as illustrated in Fig, 2 (Method C). Duration of 
rebound load decrements shall be in accordance with 10.6 of 
Test Method D 2435. 

NOTE 14-The use of small weight increments, such as lead shot. 
provide adequate control as needed to prevent swell. 

12.4 Measurements shall include the time of reading 
applied stress, observed deformation, and corrections for 
compression of members. 

13. Calculations 
13.1 Compute the initiaJ void ratio or height, water 

content, wet and dry Unit weights, and degree of saturation 

determine gfaphically the end of primary swell. 
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in accordance with Test Method D 2435. The void ratio or 
percent heave calculations are based on the final dial reading 
for each swell increment and load increment or decrement. 
The void ratio or percent heave may be plotted versus 
logarithm of the vertical pressure, as for examples of the 
three methods graphically illustrated in Fig. 2. The percent 
heave shaU be relative to an initial specimen height, h,, 
observed for an appropriate applied vertical pressure, u (see 
4.1.2). Void ratio or percent heave vmus vertical pressure on 
an arithmetic scale may also be useful for practical applica- 
tions. 

13.2 The data points from a plot of e versus log,, u (Fig. 
2) may be used to evaluate the swell and settlement 
parameters of the tested soil. 

13.2.1 Method A-The free swell at the seating pressure 
relative to the initial void ratio, e,, is given as follows (see 
Fig. 2 (Method A)): 

- ux 1oc)=5zix 100s 
h0 1 + e, Y& 

where: 
Ah 
h, = initial specimen height, 

= change in specimen height, 

e,, 
sure use 

e, = initial void ratio, 
ydo = dry unit weight at void ratio e, and 
yhe = dry unit weight at void ratio e,, 

= void ratio after stabilized swell at the seating pres- 

NOTE 15-Figure 2 (Method A) illustrates the free swell at a 
pressure use = 1 kPa (20 lbf/@). 

0.'08 - 0'785 x 100 = 6.9 % - h0 loo = l.OCKl+ 0.785 
The percent heave of 6.9 .% may be read M y  from the nght ordinate 
of Fig. 2 (Method A) for e,, = 0.908, point 4. 

13.2.2 The percent heave at a vertical pressure, u, up to 
the swell pressure usp relative to e, or an appropriate initial 
vertical pressure u ,  is as follows (see Fig. 2 (Method A)): e- 1) 100 

Ah e -  
h, 1 + e, 
-x 100=e,X 1 0 0 5  

where: 
e 
T d  = dry unit weight at void ratio e. 

= void ratio at vertical pressure, and 
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\ N ~ ~ - - I 6 - F i l g ~ r e - 2 - ( M e t h o d - P ; ) - ~ ~ t ~ - a - ~ t - h ~ v e ,  as 
follows: 

Ah 0.830 - 0.785 
- x  loo= 
h, 1.000 + 0.785 

X 100 = 2.5 9% 

where: 
e = e, = 0.830, and 
u = uyo = 100 kPa (2000 lbf/*). 
The swell pressure, u, is given by 400 kPa (8350 lbf/ff) relative to e, = 
0.785. 

13.2.3 Figure 2 may be plotted With dry unit weight, rch 
versus logarithm of applied pressure, u, instead of void ratio 
e Venus logarithm u if specific gravities were not determined. 
The swell for any change in dry unit weight within limits of 
the test results may be determined in a manner similar to 
that described in 13.2.1. 

13.2.4 Method B-The percent heave at the vertical 
pressure u,  applied following the seating pressure, (see 
4.1.2) relative to e, is given as follows (see Fig. 2 (Method 
B)): 

- x  oh loo=- e w - e , x  loo=(:- 1 )  loo 
h, 1 + e, 

where: 
e,, 

yho = unit dry weight at void ratio e,, 

= void ratio after stabilized swell at the applied vertical 
pressure uvm and 

NOTE 17-Figure 2 (Method B) illustrates a percent heave, as 
follows: 

Ah 0.820 - 0.785 
- x  loo= 
ho 1.ooO + 0.785 

x loo = 2.0 x 
where 
u = u, = 100 kPa (2000 Ibf/*), and . 
ow = swell pressure = 350 kPa (7300 lbf/*) for e, = 0.785. 
Computations of settlement are similar if the specimen contracts at the 
applied vertical pressure following access to water. 

13.2.5 Method C-The swell pressure us,, (poiit 3, Fig. 2 
(Method C)) shall be corrected upward by a suitable con- 
struction procedure. Soil disturban ce and the process of 
adjusting vertical pressures may allow some volume expan- 
sion to occur, which reduces the maximum observed swell 
PresSUre. 

NOTE 18-Suitable correction procedures include those based on the 
preconsolidation pressure U, A construction procedure for soils that 
break onto a ‘virgin compression” curve when the recompression curve 
is not apparent is as follows: (a) locate the point of maximum curvature 
(point 5, Fii 2 (Method C)). (b) draw horizontal, tangential, and 
b e o r  lines through the point of maximum curvature, (c) draw the 
virgin pan of the compression curve backward to intersea the bisector at 
the preconsolidation pressure u,,,,, or 780 kpa (F i i  2 (Method C)). The 
swell pressure is taken as the preconsolidation pressure. The slope of the 
rebound curve of these soils is usually much less than that of the 
compression curve. 
NOTE 19-A m&ed c o d o n  procedure may be used for soils 

that break onto the recornpression curve, FG 2 (Method C). The 
construction procedure is as follows (a) locate the point of maximum 
curvature (point 4, F- 2 (Method C)), (b) draw horizontal, tangential, 
and bisector lines through the point of maxirnum cumme, (c) extend 
the recompression line through the bisector line. intersection of the 
recompression line with the biseaor line is designated the co& 
swell pressure, u’, which is 380 kPa for the example in F i i  2 (Method 
C). A detail ofthis consrruction is shown in F i  3. dw in this case is less 
than u ,  If the recompression line is not well dehed, draw a line 
parallel with the rebound curve for void ratios greater than e, through 
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FIG. 3 Construction Detail for Method C 

the bisector line. Frequent load increments may be necessary to define 
any recompression curve. 

13.2.6 Draw a suitable curve parallel with the rebound (or 
recompression) curve for void ratios greater than e, through 
the corrected swell pressure ufsp at the initial void ratio e, 
given by point 3, Fig. 2 (Method C), to obtain the percent 
heave for any vertical pressure relative to ufSp and e, within 
the range of test results. 

NOTE 20-Percent heave calculated by Method C for uvo = 100 kPa 
(2000 lbf/ft2) is as follows: 

0.828 - 0.785 Ah 
- x  loo=- 
h0 1 + e, 1.000 + 0.785 

x 100 = 2.4 % 

13.2.7 The percent settlement (negative percent heave) 
may be evaluated fiom the void ratio e, exceeding the 
corrected swell pressure, as follows: 

h, 1 + e, 
- x  &h loo=- % - e o x  

NOTE 21-Figure 2 (Method C) illustrates the percent settlement, as 
follows: 

Ah 0.671 - 0.785 
- x  100.. 

1.000 + 0.785 
X 100 = -6.4 % 

h, 
where: 
e, = 0.671, and 
u, = 2560 kPa (53 OOO lbf/e). 

14. Report 
14.1 The report shall include the information required in 

Test Method D 2435, and shall also include the following 
14.1.1 All departures fiom procedures, including changes 

in loading sequences. 
14.1.2 The percent heave or settlement for the given 

vertical pressure and swell pressure urn or corrected swell 
pressure ufSp The compression index, C, and swell index, 
C, should be reported if these are evaluated. All departures 
from the described procedures for computing these parame- 
ters and correction procedures used to determine percent 
heave or settlement and ufW shall be described 

14.1.3 The type of water used to inundate the specimen. 

15. Precision and Bias 
15.1 Precision-Data are being evaluated to determine 

the precision of this test method. In addition, Subcommittee 
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D18.05 is seeking pertinent data from users of the test 16. Keywords 
16.1 Expansive soil; heave; laboratory tests; settlement; method. 

test method, therefore, bias cannot be determined. 
15.2 Bias-There is no accepted reference value for this pressure; inkx. 

- 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsiBility. 

This standard is subject to revision at any time by the responsible technicel committee and must be reviewed every five years and 
if not revised. either rwpprwed or wehdrawn. Ycur comments are invited eitttar for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may attend. H you fee/ that your wmments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race Sl., Philadelphia, PA 19103. 
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[S[b Designation: D 4643 - 07 

Standard Test Method for 
Determination of Water (Moisture) Content of Soil by the 
Microwave Oven Method’ 

This standard is issued under the fixed designation D 4643; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last mision or rcapproval. 

This siamhd has been approvedfor uce by agencies of the Depanmm of D&nse. Consult the DoD Index of Spec$carions and 
SIcu2dardc for the speci/ic year of isw which has bemadopted by ihe Depanmeni of De/enre. 

1. Scope 
1 . 1  This test method outlines procedures for determining 

the water (moisture) content of soils by incrementally drying 
soil in a microwave oven. 

1.2 This test method is not intended as a replacement for 
Method D 2216; but, rather as a supplement when more 
rapid results are required or desired to expedite other phases 
of testing. Method D2216 is to be used as the method to 
compare for accuracy checks and correction. 

1.3 When questions of accuracy between this test method 
and Method D 2216 arise, Method D 2216 shall be the 
referee method. 

1.4 This test method is applicable for most soil types. For 
some soils, such as those containing signilimt amounts of 
halloysite, mica, montmorillonite, gypsum or other hydrated 
materials, highly organic soils, or soils in which the pore 
water contains dissolved solids (such as salt in the case of 
marine deposits), this test method may not yield reliable 
water content values. 

1.5 The values stated in SI units are to be regarded as the 
standard. 

1.6 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. See 
Section 1. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 22 16 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate 

Fluid? 

M i x d  

3. Terminology 
3.1 Definitions: 

This test method is underthe jurisdiction of ASTM Committee D18  on Soil 
and Rock and is the direct rsponsibility of Subcommittee D18.08 on Spcial and 
Construction Gmml Tesu. 

Cumnt,cdition approved Feb. 2. 1987. Published April 1987. 
Annual Book of RSTM SI&&, Vol04.08. 

3.1.1 All definitions are in accordance with Terminology 
D 653. 

3.2 Descriptions of Terms Specijc to this Standard: 
3.2.1 water (moisture) content-the ratio, expressed as a 

percentage, of the mass of “pore” or “free” water in a given 
mass of soil to the mass of the solid particles. 

3.2.2 microwave heating-a process by which heat is 
induced within a material due to the interaction between 
dipolar molecules of the material and an alternating, high 
frequency electric field. Microwaves are electromagnetic 
waves with 1 mm to 1 m wavelengths. 

4. Summary of Method 
4.1 A moist soil specimen is placed in a suitable container 

and its mass is determined. It is then placed in a microwave 
oven, subjected to an interval of drying, and removed from 
the oven and its new mass is determined. This procedure is 
repeated until the mass becomes nearly constant. 

4.2 The difference between the mass of the moist spec- 
imen and the dried specimen is used as the mass of water 
originally contained in the specimen. The water content is 
determined by dividing the mass of water by the dry mass of 
soil, multiplied by 100. For a given soil and sample size, the 
time to achieve a constant dry mass can be noted and used as 
a minimum drying time for subsequent tests using the same 
size specimen of the same soil. 

5. S i c a n c e  and Use 
5.1 The water content of a soil is used throughout 

geotechnical engineering practice both in the laboratory and 
in the field. The use of Method D 2216 for water content 
determination can be time consuming and there are occa- 
sions when a more expedient method is desirable. The use of 
a microwave oven is one such method. 

5.2 The principal objection to the use of the microwave 
oven for waterantent determination has been the possi- 
bility of overheating the soil, thereby yielding a water content 
higher than would be determined by Method D 22 16. While 
not eliminating this possibility, the incremental drying 
procedure described in this test method will minimize its 
effects. Some microwave ovens have settings at less than full 
power, which can also be used to reduce overheating. 

5.3 The behavior of a soil, when subjected to microwave 
energy, is dependent on its mineralogical compositions, and 
as a result no one procedure is applicable for all types of soil. 
Therefore, the procedure recommended in this test method 
is meant to serve as a guide when using the microwave oven. 
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5.4 This test method is best suited for minus No. 4 sized 
material. Larger size particles can be tested; however, care 
must be taken because of the increased chance of particle 
shattering. 

5.5 The use of this method may not be appropriate when 
highly accurate results are required, or the test using the data 
is extremely sensitive to moisture variations. 

5.6 Due to the localized high temperatures that the 
specimen is exposed to in microwave heating, the physical 
characteristics of the soil may be altered. Degregation of 
individual particles may OCCUT, along with vaporization or 
chemical transition. It is therefore recommended that sam- 
ples used in this test method not be used for other tests 
subsequent to drying. 

6. Apparatus 
6.1. Microwave Oven-A household-type microwave 

oven, preferably with a vented chamber is suitable. The 
required size and power rating of the oven is dependent on 
its intended use. 
NOTE 1-For routine laboratory applications, ovens with input 

power ratings between 1 and 2 kW have proven to be adequate. 

6.2 Balances, having a precision (repeatability) of +O.O 1 g 
for specimens having a mass of 200 g or less, +0.1 g for 
specimens having a mass between 200 and lo00 g, or + 1  g 
for specimens having a mass greater than 1000 g. 

6.3 Specimen Containers-Suitable containers made of a 
nonmetallic nonabsorbant material, resistant to thermal 
shock, and not subject to changes in mass or shape when 
subjected to repeated heating, cooling, or cleaning. Porcelain 
evaporating dishes and standard borosilicate glass dishes 
perform satisfactorily. Other containers, such as paper cups 
or plates, also have been used satisfactorily; however, they 
may require pre-drying prior to use. 

6.4 Container Handling Apparatus-A glove or holder, 
suitable for removing hot containers from the oven. 

7. Hazards 
7.1 Handle hot containers with a container holder. Some 

soil types can retain considerable heat, and serious burns 
could result from improper handling. 

7.2 Suitable eye protection is recommended due to the 
possibility of particle shattering during the heating, mixing, 
or mass determinations 

7.3 Safety precautions supplied by the manufacturer of 
the microwave should be observed. Particular attention 
should be paid to keeping the door sealing gasket clean and 
in good working condition. 
NOTE 2-ne  use of a microwave oven for the drying of soils may be 

considemi abusive by the manufacturers and ConsitUte voiding of 
warranties. Microwave drying of soils containing metallic materials may 
cause arcing in the oven. Highly organic soils and soils containing oils 
and coal may ignite and burn during microwave drying Continued 
operation of the oven after the soil has reached constant weight may also 
cause damage or premature failure of the microwave oven. 

NOTE &When first introduced, microwave ovens were reported to 
affect heart pacemakers, primarily because of the operating frequencies 
of the two devices. Since that time, pacemakm have been redesigned, 
and the microwave oven is not regarded as the health hazard it once was. 
However, it is advisable to post warnings that a microwave is in use. 

7.4 Highly organic soils and soils containing oil or other 
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contaminates may ignite into flames during microwave 
drying. Means for smothering flames to prevent operator ’ 

injury or oven damage should be available during testing. 
Fumes given off from contaminated soils or wastes may be 
toxic, and the oven should be vented accordingly. 

7.5 Due to the possibility of steam explosions, or thermal 
stress shattering porous or brittle aggregates, a covering over 
the sample container may be appropriate to prevent operator 
injury or oven damage. A cover of heavy paper toweling has 
been found satisfactory for this purpose. This also prevents 
scattering of the test sample in the oven during the drylng 
cycle. 

7.6 Do not use metallic containers in a microwave oven 
because arcing and oven damage may result. 

7.7 Observe manufacturer’s operating instructions when 
installing and using the oven. 

8. Samples 
8.1 Keep the samples that are stored prior to testing in 

noncorrOdible airtight containers at a temperature between 
approximately 3 and 30°C in an area that prevents direct 
exposure to sunlight. 

8.2 The water content determination should be performed 
as soon as practical after sampling, especially if potentially 
corrodible containers (such as steel thin-walled tubes, paint 
cans, and the like) or unsealed sample bags are used. 

9. Test Specimen 
9.1 For water contents being determined in conjunction 

with another ASTM method, the method of specimen 
selection specified in that method controls. 

9.2 The manner in which the test specimen is selected and 
its required mass is basically dependent on the purpose 
(application) of the test, type of material being tested, and the 
type of sample (specimen from another test, bag, tube, 
split-barrel, and the like). In all cases, however, a representa- 
tive portion of the total sample shall be selected. If a thinly 
layered soil or more than one soil type is encountered, select 
an average portion or individual portions, or both, and note 
which portion(s) was tested in the report of the results. 

9.2.1 For bulk samples, select the test specimen from the 
material after it has been mixed thoroughly. The mass of 
moist material selected shall be in accordance with Table 1. 

9.2.2 For small (jar) samples, select a representative por- 
tion in accordance with the following procedure: 

9.2.2.1 For cohesionless soils, mix thoroughly the mate- 
rial, then select a test specimen having a mass of moist 
material in accordance with Table 1. 

9.2.2.2 For cohesive soils, remove about 3 mm of material 
from the exposed periphery of the sample and slice the 
remaining specimen in half (to check if the material is 
layered), prior to selecting the test specimen. If the soil is 
layered, see 9.2. The mass of moist material selected should 
be in accordance with Table 1, if coarse-grained particles are 

TABLE 1 Test Specimen Masses 
Sieve Retaining Not More Than Recommended Mass cf 

About1O%Ofsample Moist Specimen. g 

2.0 mm (No. IO) 1wto200 
4.75 mm (No. 4) 300to500 
19 mm (% in.) 5cotO1OOO 
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notedA3reaking-or-cuttingXf T6hBiESii$es to approxi- 
mately 6-mm (?&in.) pdc les  wiU speed drying and prevent 
crusting or the overheating of the surface while drying the 
interior. 

9.3 Using a test specimen smaller than the minimum 
mass indicated previously requires discretion, though it may 
be adequate for the purpose of the test. A specimen having a 
mass less than the previously indicated value shall be noted 
in the report of the results. 
NOTE 4-In many cases, when working with a small sample con- 

taining a relatively large coarse-grained particle, it is appropriate not to 
include this particle in the test specimen. If this occu~s, it should be 
noted in the report of the results. 

9.4 When results of a water (moisture) content determina- 
tion by the use of this test method are to be compared to the 
results of another method, such as Method D 2216, a second 
sample should be obtained during the selection of the sample 
for this test method. Precautions should be taken to obtain a 
sample of the same water (moisture) content. The compar- 
ison sample should be processed as quickly as possible to 
avoid unrecorded moisture losses. 

10. Conditioning 
10.1 Prepare and process the specimens as quickly as 

possible to minimize unrecorded moisture loss that will 
result in erroneous water content determinations. 

10.2 Cut or break up the soil into smaU size aggregations 
to aid in obtaining more unifom drying of the specimen. 

10.3 If the specimens are not to be tested immediately, 
place in containers that can be closed to prevent loss of 
moisture prior to the initial weighing. 

11. Procedure 
1 1.1 Determine the mass of a clean, dry container or dish, 

and record. 
1 1.2 Place the soil specimen in the container, and imme- 

diately determine and record the mass. 
1 1.3 Place the soil and container in a microwave oven and 

turn the oven on for 3 min. If experience with a particular 
soil type and specimen size indicates shorter or longer initial 
drying times can be used without overheating, the initial and 
subsequent drying times may be adjusted. 

NOTE 5-The 3-min initial setting is for a minimum sample mass of 
100 g, as indicated in Table 1. Smaller samples are not recommended 
when using the microwave oven because drying may be too rapid for 
proper control. When very large samples are needed to represent soil 
containing large gravel particles, the sample may need to be split into 
segments and dried separately to obtain the dry mass of the total sample. 
NOTE &Most ovens have a variable power Setting. For the majority 

of sob tested, a Setting of "high" should be satisfkctow, however, for 
some soils such a setting may be too swere. The proper setting can be 
determined only through the use of and experience with a particular 
oven for various soil types and sample sizes. The energy output of 
microwave ovens may decrease with age and usage; therefore, power 
Settings and drying timw should be established for each oven. 

1 1.4 After the set time has elapsed, remove the container 
and soil from the oven and cool to allow handling and to 
prevent damage to the balance. Deterrmn e and record the 
mass. 

11.5 With a smaU spatula or M e  carefidly mix the soil, 
taking special precaution not to lose any soil. 

1 1.6 Return the container and soil to the oven and reheat 
in the oven for 1 min. 

11.7 Repeat 11.4 through 11.6, until the change between 
two consecutive mass determinations would have an insig. 
r&cant afiect on the calculated moisture content. A change 
of 0.1 % or less of the initial wet mass of the soil should 
acceptable for most specimens. 

1 1.8 Use the final mass determination in calculating the 
water content. Obtain this value immediately after removing 
the container and soil from the oven and cooling. 

1 1.9 When routine testing of similar soils is contemplated. 
the drying times and number of cycles may be St2lndardized 
for each oven. When standardbed drying times and cycles 
are utilized, periodic verification to assure that the results of 
the final dry mass determination are equivalent to the 
procedure in 11.7 should be performed. 

N a n  7-Incremental heating, together with stirring, will minimize 
overheating and localized drying of the soil, thereby yielding results 
more consistent with results obtained by Method D 2216. The recom- 
mended time increments have been suitable for most specimens having 
particles smaUer than a No. 4 sieve and with a mass of approximate]! 
200 g; however, they may not be appropriate for all soils and ovens. and 
adjustment may be necessary. 
NOTE 8-Water content specimens should be discarded after testing 

and not used in any other tests due to particle breakdown, chemical 
changes or losses, melting, or losses of organic constituencies. 

12. c a l ~ t i o n s  
12.1 Calculate the water Content of the soil as follows: 

w = [(mass of water)/(mass of ovendried soil)] x 100 
w = [(Mi - MZ)/(Mz - M,)] X 100 = MJM, X 100 

where: 
w = watercontent,%, 
MI = mass of container and moist specimen, g, 
M2 = mass of container and ovendried specimen, g, 
M, = mass of container, g, 
M, = mass of water, g, and 
M, = massofsolidparticks, g, 

13. Report 
13.1 The report (data sheet) shall include the following: 
13.1.1 Identitication of the sample (material) being tested. 

by boring number, sample number, test number, and the 
like. 

13.1.2 Water content of the specimen to the nearest 0.1 or 
1 %, depending on the purpose of the test. 

13.1.3 Indicate if test specimen has a mass less than the 
minimum indicated in Table 1. 

13.1.4 Indicate if test specimen contains more than one 
soil type (layered, and the like). 

13.1.5 Indication of any material (size and amount) 
excluded from the test specimen. 

13.1.6 Time and setting of initial drying period and 
subsequent incremental drying periods. 

13.1.7 Initial mass of test specimen prior to drying, and 
the mass after the incremental drying periods, 

13.1.8 Identification of comparison test(s) if performed. 
and the method of test utilizd 

13.1.9 Identification of the microwave oven and the 
drying Settings and cycles used, when standadzed drying is 
Util ized.  

956 



-.-.I_-- .. - ---\ - _  

6 8 6 9  
@ D4643 

N m  9-Water (moisture) content determinations conducted in 
accordance with Method D 2216 or other methods may be recorded on 
the Same report. This is not a mandatory requirement, but may be 
convenient when the results of the two methods are to be compared. 

14. Precision and Bias 
14.1 Limited data is being evaluated to determine the 

precision of this test method. The subcommittee is seeking 
pertinent data from uses of the test method. 

.- 

14.2 Preliminary studies to determine bias indicate the , 

mean difference between the absolute value of water content, 
expressed as a percentage, when tested by the microwave 
.oven and convection oven is 0.24 7% for micaceous soils 
(having 5 to 25 '3% mica particles by mass) and 0.61 95 for 
other soils. The standard deviation of the absolute value of 
the difference between the water content, expressed as a 
percentage, by the microwave oven and convection oven is 
0.2 '3% for the micaceous soils and 0.3 7% for other soils. 

The American Society for Testing and Materials takes no position respecring the validily of any patem rights asserted in connection 
with any item mentioned in this standad. Users of this standard are exprf~~ty adwised that derennination of the validity of any such 
parent rights, and the risk of infringement of such fights, are entirety their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
it no? revised, either reappmved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and shwld be addressed to ASTM HeadquanerS. Your comments will r&e careful amsideration a! a meeting of the responsible 
technical committee, which you may attend. /f you feel that your comments have not received a fair hearing you shwld make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia. PA 19103. 

. .  
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clS[b Designation: D 4767 - 88‘’ 

Standard Test Method for 
Consolidated-Undrained Triaxial Compression Test on 
Cohesive Soils’ 
This standad is issued under the fixed designation D 4767; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last e o n .  A number in parentheses indicates the year of last reapproval. A 
supmcript epsilon (e) indicates an editorial change since the last revidon or reapproval. 

Nun-Section 13 was added editorially January 199 1. 

1. scope 
1 . 1  This test method covers the determination of strength 

and stress-strain relationships for a cylindrical specimen of 
either an undisturbed or remolded saturated cohesive soil 
when it is isotropically consolidated and sheared undrained 
in compression at a constant rate of axial deformation (strain 
controlled). 

1.2 The test method provides for the calculation of total 
and effective stresses on, and axial compression of the test 
specimen by measurement of axial load, axid deformation, 
and pore-water pressure. 

1.3 The test provides data useful in determining strength 
and deformation properties of cohesive soils such as Mohr 
strength envelopes and Young’s modulus. Generally, three 
specimens are tested at Werent effective consolidation 
sttesses to define a strength envelope. 

1.4 The determination of strength envelopes and the 
development of relationships to aid in interpreting and 
evaluating test results are left. to the engineer or office 
requesting the test. 

1.5 The values stated in either SI or non-SI units shall be 
regarded separately as standard. The values in each system 
may not be exact equivalents, therefore, each system must be 
used independently of the other, without combining values 
in any way. 

This standard may involve hazardous materials, 
operations, and equipmm. This standard does not purport to 
address all of the safety problems associated with its use. I t  is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Docaments 
2.1 ASTM Standards: 
D422 Method for ParticleSize Analysis of So&? 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of So@ 
D 1587 Practice for Thin-Walled Tube Sampling of So&? 
D2166 Test Method for Unconfined Compressive 

1.6 

Flui& 

Strength of Cohesive Soil2 

’ This tea method isunder the jurisdiction of AsT)rl Committee D-18 on soil 
and Rock and is the direct responsibility of  sub^ D18.05 oh Srmaural 
ProprtiesofSoi 

C-t edition approved May 3, 1988. Published July 1988. - R N I d  Book Of ASTM Stad.d.~, V O ~  04-08. 

D 22 16 Method for Laboratory Determination of Watei 
Content of Soil, Rock, and Soil-Aggregate Mixtures2 

D 2435 Test Method for One-Dimensional Consolidatiol: 
Properties of Soils2 

D2487 Test Method for Classification of Soils for Engi 
neering Purposes2 

D 2850 Test Method for Unconsolidated, Undrainec 
Compressive Strength of Cohesive Soils in Triaxia 
Compression2 

D4220 Practices for Preserving and Transporting Soi 
samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, an( 
Plasticity Index of Soils2 

3. Terminology 
3.1 Definitions-The definitions of terms used in this tes 

method shall be in accordance with Terminology D 653. 
3.2 Description of Terms Specific to this Standard: 
3.2.1 back pressure-a pressure applied to the specimei 

pore-water to cause air in the pore space to pass into solutioi 
in the porewater, that is, to saturate the specimen. 

3.2.2 dective consolidation stress-the difference be 
tween the cell pressure and the pore-water pressure prior tc 
shearing the specimen. 

3.2.3 failure-the stress condition at failure for a tes 
specimen. Failure is often taken to correspond to th 
maximum principal stress difference (maximum deviato 
stress) attained or the principal stress difference (deviato 
stress) at 15 96 axial strain, whichever is obtained first durin 
the performance of a test. Depending on soil behavior anc 
field application, other suitable failure criteria may b 
defined, such as maximum effective stress obliquity, u’,/u’: 
or the principal stress difference (deviator stress) at a selectec 
axial strain other than 15 7%. 

4. Significance and Use 
4.1 The shear strength of a saturated soil in triaxie 

compression depends on the stresses applied, time of consol 
idation, strain rate, and the stress history experienced by th 
soil. 

4.2 The strength in this test is measured under undraina 
conditions and is applicable to field conditions where soil 
that have been fully consolidated under one set of stresses a~ 
subjected to a change in stress without time for hrthe 
consolidation to take place (undrained condition), and th 
field stress conditions are similar to those in the test. 
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Norr: 1-If the strength is required for the case where the soil is not 
consolidated during testing prior to shear, refer to Test Method D 2850 
ir Test Method D 2166. 

4.3 Using the pore-water pressure measured during the 
test, the shear strength determined from this test can be 
expressed in terms of effective stress. This shear strength may 
be applied to field conditions where full drainage can occur 
(drained conditions) or where pore p~essures induced by 
loading can be estimated, and the field stress conditions are 
similar to those in the test. 

4.4 The shear strength determined from the test expressed 
in terms of total stresses (undrained conditions) or effective 
stresses (drained conditions) is commonly used in embank- 
ment stability analyses, earth pressure calculations, and 
foundation design. 

5. Apparatus 
5.1 A schematic diagram of a triaxial compression appa- 

ratus suitable for the performance of consolidated-undrained 
tests is shown in Fig. 1. The requirements for equipment 
needed to perform satisfactory tests are given in the following 
sections. 

5.2 Axial Loading Device-The axial compression device 
may be a screw jack driven by an electric motor through a 
geared transmission, a hydraulic or pneumatic loading de- 
vice, or any other compression device with sufficient ca- 
pacity and control to provide the rate of axial strain (loading) 
described in 8.4.2. The rate of advance of the loading device 
should not deviate by more than fl 96 from the selected 
value. Vibration due to the operation of the loading device 
shall be sufficiently small to not cause dimensional changes 
in the specimen or to produce changes in pore-water pressure 
when the drainage valves are closed. 

NOTE 2-A loading device may be judged to produce sufficiently 
small vibrations if there are no Visible ripples in a glass of water placed 
on the loading platform when the device is operating. 

5.3 Axial LoadMeasuring Device-The axial load-mea- 
suring device may be a load ring, electronic load cell, 
hydraulic load cell, or any other load-measuring device 
capable of the accuracy prescribed in this paragraph and may 
be a part of the axial loading device. The axial load- 
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FIG. 1 Schematic Diegram ol a Typical Consolidated Undrained 
Triaxial Apparatus 

measuring device shall be capable of measuring the axial 
load to an accuracy of within +.1 96 of the axial load at 
failure. If the load-measuring device is located inside the 
triaxial compression chamber, it shall be insensitive to 
horizontal forces and to the magnitude of the chamber 
pressure. 

5.4 Triaxial Compression Chamber-The triaxial cham- 
ber must be able to withstand a chamber pressure equal to 
the sum of the effective consolidation stress and the back 
pressure. It shall consist of a top plate and a baseplate 
separated by a cylinder. The cylinder may be constructed of 
any material capable of withstanding the applied pressures. It 
is desirable to use a transparent material or have a cylinder 
provided with viewing ports so the behavior of the specimen 
may be observed. The top plate shall have a vent valve such 
that air can be forced out of the chamber as it is filled. The 
baseplate shall have an inlet through which the pressure 
liquid is supplied to the chamber, and inlets leading to the 
specimen base and provide for connection to the cap to allow 
saturation and drainage of the specimen when required. 

5.5 Axial Load Piston--The piston passing through the 
top of the chamber and its seal must be designed so the 
variation in axial load due to friction does not exceed 0.1 % 
of the axial load at failure and so there is neghgible lateral 
bending of the piston during loading. 
NOTE 3-The use of two linear ball bushings to guide the piston is 

recommended to minimize fiction and maintain alignment. 
NOTE 4-A minimum piston diameter of '/6 the specimen diameter 

has been used successfully in many laboratories to minimize lateral 
bending. 

5.6 Pressure- and Vacuum-Control Devices-The cham- 
ber pressure and back pressure control devices shall be capa- 
ble of applying and controlling pressures to within f0.25 psi 
(2 P a )  for effective consolidation pressures less than 28 psi 
(200 H a )  and to within f l  96 for effective consolidation 
pressures greater than 28 psi (200 Ha). The vacuum control 
device shall be capable of applying and controlling partial 
vacuums to within H.25 psi (2 P a ) .  The devices may 
consist of self-compensating mercury pots, pneumatic pres- 
sure regulators, combination pneumatic pressure and vac- 
uum regulators, or any other device capable of applying and 
controlling pressures or partial vacuums to the required tol- 
erances. 

5.7 Pressure- and Vacuum-Measurement Devices-The 
chamber pressure, back pressure, and vacuum measuring 
devices shall be capable of measuring pressures or partid 
vacuums to the tolerances given in 5.6. They may consist Of 
Bourdon gages, pressure manometers, electronic pressure 
transducers, or any other device capable of measuring 
pressures, or partial vacuums to the stated tolerances. If 
separate devices are used to measure the chamber pressure 
and back pressure, the devices must be calibrated simulu- 
neously and against the same pressure source. Since the 
chamber and back pressure are the pressures taken at the 
midheight of the specimen, it may be neceSSary to adjust the 
calibration of the devices to reflect the hydraulic head of 
fluids in the chamber and back pressure control systems (Fig- 
1 ). 

5.8 Pore- Water Pressure Measurement Device-The Spec- 
imen pore-water pressure shall also be measured to the 
tolerances given in 5.6. During undrained shear, the pore- 

1072 

H 

li 
s: 
P 
\ 

\ 

I 



water pressure shall be measured in such a manner that as membrane to form a seal shall be smooth and free 0 
~ __ ._ I httle water as p o s s i ~ l ~ i ~ a l l ~ - t ~ i n t ~ ~ ~ u t - o f - t h e - ~ t c h ~ .  

specimen. To achieve this requirement, a very stif€ electronic 
pressure transducer or null-indicating device must be used. 
With an electronic pressure transducer the pore-water pres- 
sure is read directly. With a null-indicating device a pressure 
control is continuously adjusted to maintain a constant level 
of the water/mercury interface in the capillary bore of the 
device. The pressure required to prevent movement of the 
water is equal to the pore-water pressure. Both measuring 
devices shall have a rigidity of all the assembled parts of the 
pore-water pressure measurement system relative to the total 
volume of the specimen, satisfying the following require- 
ment: 

0 c 2.2 x lo-' in?/lb (3.2 x 10" m2/kN) (1) Au 

where: 
A V  = change in volume of the pore-water measurement 

system due to a pore pressure change, in3 (mm3), 
V = the total volume of the specimen, in3  (mm3), and 
Au = the change in pore pressure, psi (kPa). 

NOTE 5-To meet the rigidity requirement, tubing between the 
specimen and the measuring device should be short and thick walled 
with small bores. Thermoplastic, copper, and stainless steel tubing have 
been used succesllly in many laboratories. 

5.9 Volume Change Measurement Device-The volume 
of water entering or leaving the specimen shall be measured 
with an accuracy of within k0.05 7% of the total volume of 
the specimen. The volume measuring device is usually a 
burette but may be any other device meeting the accuracy 
requirement. The device must be able to withstand the 
maximum chamber pressure. 

5.1 0 Deformation Indicator-The vertical deformation of 
the specimen is usually determined from the travel of the 
piston acting on the top of the specimen. The piston travel 
shall be measured with an accuracy of at least 20.02 7% of the 
initial specimen height. The deformation indicator shall have 
a travel range of at least 20 7% of the initial height of the 
specimen and may be a dial indicator, linear variable 
differential transformer (LVDT), extensiometer, or other 
measuring device meeting the requirements for accuracy and 
range. 

5.11 Specimen Cap and Base-The specimen cap and 
base shall be designed to provide drainage from both ends of 
the specimen. They shall be constructed of a rigid, 
noncorrosive, impermeable material, and each shall, except 
for the drainage provision, have a circular plane d a c e  of 
contact with the porous discs and a circular cross section. 
The weight of the specimen cap and top porous disc shall be 
less than 0.5 % of the applied axial load at failure or less than 
0.1 Ib (50 g). The diameter of the cap and base shall be equal 
to the initial diameter of the specimen. The specimen base 
shall be connected to the triaxial compression chamber to 
prevent lateral motion or tilting, and the Specimen cap shall 
be designed such that eccentricity of the piston-to-ap 
contact relative to the vertical axis of the Specimen does not 
exceed 0.05 in. (1.3 mm). The end of the piston and 
specimen cap cpntact area shall be designed so that tilting of 
the s-en cap during the ieSt is minimal. The cylindrical 
surface of the specimen base and cap that contacts the 

5.12 Porous Discs-The specimen shall be separated fion 
the specimen cap and base by rigid porous discs of i 
diameter equal to that of the specimen. The coefficient o 
permeability of the discs shall be approximately equal to tha 
of fine sand (4 x cm/s)). The discs shal 
be regularly checked to determine whether they have becom 
clogged. 
NOTE 6-Filter-paper discs of a diameter equal to that of th 

specimen may be placed between the porous discs and specimen t 
avoid clogging of the porous discs when accurate moduli values are nc 
required. 

5.13 Filter-Paper Strips and Discs-Fdter-paper strips a! 
used by many laboratories to decrease the time required fc 
testing. If filter strips and discs are used, they shall be of 
type that does not dissolve in water. The coefficient 
permeability of the filter paper shall not be less than 4 x 10- 
in./s (1 x cm/s) for a normal pressure of 80 psi (55 
Pa) .  To avoid hoop tension, filter strips should cover I 
more than 50 7% of the specimen periphery. Filter-strip cag 
similar to that shown in Fig. 2 have been successfully used 1 
many laboratories. An equation for correcting the pnncip 
stress difference (deviator stress) for the effect of the streng 
of vertical filter strips is given in 10.6. 
NOTE 7-Whatman's No. 54 N t e r  Paper has been found to meet f 

permeability and durability requirements. 
5.14 Rubber Membrane-The rubber membrane used 

encase the specimen shall provide reliable protection agah 
leakage. To check a membrane for leakage, the membra 
shall be placed around a cylindrical form, sealed at both en 
with rubber O-rings, subjected to a small air pressure,on 1 
inside, and immersed in water. If air bubbles appear fic 
any point on the membrane it shall be rejected. To of 
minimum resuaint to the specimen, the unstretched me 
brane diameter shall be between 90 and 95 7% of that of 1 
specimen. The membrane thickness shall not exceed 1 % 
the diameter of the specimen. The membrane shall be sea 

in./s (1 x 

BASE 

FIG. 2 Fbr Strip a g e  
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to the specimen cap and bye with rubber O-rings for which 
the unstressed inside diameter is between 75 and 85 7% of the 
diameter of the cap and base, or by other means that will 
provide a positive seal. An equation for correcting the 
principal stress difference (deviator stress) for the effect of the 
stiffness of the membrane is given in 10.7. 

5.15 Valves-Changes in volume due to opening and 
closing valves may result in inaccurate volume change and 
pore-water pressure measurements. For this reason, valves in 
the specimen drainage system shall be of the type that 
produce minimum volume changes due to their operation. A 
valve may be assumed to produce minimum volume change 
if opening or closing the valve in a closed, saturated 
pore-water pressure system does not induce a pressure 
change of greater than +O. 1 psi (0.7 @a). All valves must be 
capable of withstanding applied pressures without leakage. 

NOTE 8-Ball valves have been found to provide minimum volume- 
change characteristics; however, any other type of valve having suitable 
volume-change characteristics may be used. 

5.1 6 Specimen-Size Measurement Devices-Devices used 
to determine the height and diameter of the specimen shall 
measure the respective dimensions to within 20.1 7% of the 
total dimension and shall be constructed such that their use 
will not disturb the specimen. 
NOTE 9-Circumferential measuring tapes are recommended over 

calipers for measuring the diameter. 

5.17 Recorders-Specimen behavior may be recorded 
manually or by electronic digital or analog recorders. If 
electronic recorders are used, it shall be necessary to calibrate 
the measuring devices through the recorder using known 
input standards. 

5.18 Sample Extruder-The sample extruder shall be 
capable of extruding the soil core from the sampling tube at 
a uniform rate in the same direction of travel as the sample 
entered the tube and with minimum disturbance of the 
sample. If the soil core is not extruded vertically, care should 
be taken to avoid bending stresses on the core due to gravity. 
Conditions at the time of sample removal may dictate the 
direction of removal, but the principal concern is to mini- 
mize the degree of disturbance. 

5.19 Timer-A timing device indicating the elapsed 
testing time to the nearest 1 s shall be used to obtain 
consolidation data (8.3.3). 

5.20 Weighing Device-The specimen weighing device 
shall determine the mass of the specimen to an accuracy of 
within k0.05 %I of the total mass of the specimen. 

- ~ 5.2 1 Water Deaeration Device-The amount of dissolved 
gas (air) in the water used to saturate the specimen may be 
decreased by boiling, by heating and spraying into a vacuum, 
or by any other method that will satisfy the requirement for 
saturating the specimen within the limits imposed by the 
available maximum back pressure and time to perform the 
test. 

5.22 Testing Environment-The consolidation and shear 
portion of the test shall be performed in an environment 
where temperature fluctuations are less than +7.2'F (k4"C) 
and there is no direct contact with sunlight: 

5.23 Miscellaneous Apparatus-Specimen trimming and 
carving tools including a wire saw, steel straightedge, miter 
box, and vertical trimming lathe, apparatus for preparing 

compacted specimens, membrane and O-ring expander. 
water content cans, and data sheets shall be provided 8 
required. 

6. -Test Specimen Preparation 
6.1 Specimen Size-Specimens shall be cylindrical and 

have a minimum diameter of 1.3 in. (3.3 cm). The height- 
to-diameter ratio shall be between 2 and 2.5. The largest 
particle size shall be smaller than */a the specimen diameter. 
If, after completion of a test, it is found based on visual 
observation that oversize particles are present, indicate this 
information in the report of test data (1 1.1.22). 

. 

Nm 10-If ovenize particles are found in the specimen after 
testing, a p a k 1 e - k  analysis may be performed in accordance with 
Method D422 to confirm the visual observation and the results 
provided with the test report ( 1 1.1.4). 

6.2 Undisturbed Specimens-Prepare undisturbed speci- 
mens from large Undisturbed samples or from samples 
secured in accordance with Practice D 1587 or other accept- 
able undisturbed tube sampling procedures and preserved 
and transported in accordance with the practices for Group 
C samples in Practices D 4220. Specimens obtained by tube 
sampling may be tested without trimming except for cutting 
the end surfaces plane and perpendicular to the longitudinal 
axis of the specimen, provided soil characteristics are such 
that no significant disturbance results from sampling. 
Handle specimens carefully to minimize disturbance. 
changes in cross section, or change in water content. If 
compression or any type of noticeable disturbance would be 
caused by the extrusion device, split the sample tube 
lengthwise or cut the tube in suitable sections to facilitate 
removal of the specimen with minimum disturbance. he-  
pare trimmed specimens, in an environment such as a 
controlled high-humidity room where soil water content 
change is minimized. Where removal of pebbles or crum- 
bling resulting from trimming causes voids on the surface of 
the specimen, carefully fill the voids with remolded soil 
obtained from the trimmings. Where the sample condition 
permits a vertical trimming lathe that will accommodate the 
total sample may be used as an aid in preparing the specimen 
to the required diameter. After obtaining the desired diam- 
eter, place the specimen in a miter box and cut the specimen 
to the final length with a wire saw or other suitable device. 
Trim the surfaces with the steel straightedge. Perform one or 
more water content determinations on material trimmed 
from the specimen in accordance with Method D 2216. 
Determine the mass and dimensions of the specimen using 
the devices described in 5.16 and 5.20. A minimum of three 
height measurements ( 120' apart) and at least three diameter 
measurements at the quarter points of the height shall be 
made to determine the average height and diameter of the 
specimen. 

6.3 Compacted Specimens-Compacted specimens may 
be prepared by compacting material in at least six layers 
using a pressing or kneading action into a split mold of 
circular cross section having dimensions meeting the require- 
ments enumerated in 6.1. Material required for the specimen 
shall be batched by thoroughly mixing soil with sufficient 
water to produce the desired water content. After batching. 
store the material in a covered container for at least 16 h 
prior to compaction. Specimens may be compacted to the 
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until the accumulative mass of the soil placed in the mold is 
compacted to a known volume; or (2) by adjusting the 
number of layers, the number of tamps per layer, and the 
force per tamp. The top of each layer shall be scarified prior 
to the addition of material for the next layer. The tamper 
used to compact the material shall have diameter equal to or 
less than 1/z the diameter of the mold. After a specimen is 
formed, with the ends perpendicular to the longitudinal axis, 
remove the mold and determine the mass and dimensions of 
the specimen using the devices described in 5.16 and 5.20. 
Perform one or more water content determinations on excess 
material used to prepare the specimen in accordance with 
Method D 2216. 
NOTE 11-It is common for the unit weight of the specimen after 

removal from the mold to be less than the value based on the volume of 
the mold. This occurs as a result of the specimen swelling after removal 
of the lateral confinement due to the mold. 

7. MountingSpecimen 
7.1 Preparations-Before mounting the specimen in the 

ttiaxial chamber, make the following preparations: 
7.1.1 If deemed necessary, check the rubber membrane 

for leaks (see 5.14). 
7.1.2 Place the membrane on the membrane expander or, 

if it is to be rolled onto the specimen, roll the membrane on 
the cap or base. 

7.1.3 Check that the porous discs and specimen drainage 
tubes are not obstructed by passing air or water through the 
appropriate lines. 

7.1.4 Attach the pressureantrol and volume-measure- 
ment system, and a pore-pressure measurement device to the 
chamber base. 

7.2 Depending on whether the saturation portion of the 
test will be initiated with either a wet or dry drainage system, 
mount the specimen using the appropriate method, as 
follows in either 7.2.1 or 7.2.2: 

NOTE 12-It is recommended that the dry mounting method be used 
for specimens of soils that swell appreciably when in contact with water. 
If the wet mounting method is used for such soils, it will be necessary to 
obtain the specimen dimensions after the specimen has been mounted. 
In such cases, it will be necessary to determine the double thickness of 
the membrane, the double thickness of the wet filter paper Strips (if 
used), and the combined height of the cap, base, and porous discs 
(icluding the thickness of 6lter discs if they are used) so that the 
appropriate values m a y  be subtracted from the measurements. 

7.2.1 Wet Mounting Method: 
7.2.1.1 Ffl the specimen drainage lines and the pore- 

water pressure measurement device with deaired water. 
7.2.1.2 Saturate the porous discs by boiling them in water 

for at least 10 min and allow to cool to room temperature. 
7.2.1.3 Place a saturated porous disc on the specimen base 

and after wiping away all free water on the disc, place the 
specimen on the disc. Next, place another porous disc and 
the specimen cap on top of the specimen. Check that the 
specimen cap, specimen, and porous discs are centered on 
the specimen base. 

NOTE 13--If~ter-~~discsaretobeplacedbetweentheporous 
b and specimen, they should be dipped in water prior to placement. 

. 7.2.1.4 If filter-paper Strips or a iilter-paper cage F&L 2) 
are to be used, saturate the paper with water prior to placing 

more than-50 9% of the specimen periphery with vertical ' 

strips of filter paper. 
7.2.1.5 Proceed with Section 7.3. 
7.2.2 Dry Mounting Method: 
7.2.2.1 Dry the specimen drainage system. This may be 

accomplished by allowing dry air to flow through the system 
prior to mounting the specimen. 

7.2.2.2 Dry the porous discs in the oven overnight prior to 
mounting the specimen and place in a desiccator while 
allowing the discs to cool to room temperature. 

7.2.2.3 Place a dry porous disc on the specimen base and 
place the specimen on the disc. Next, place a dry porous disc 
and the specimen cap on the specimen. Check that the 
specimen cap, porous discs, and specimen are centered on 
the specimen base. 
NOTE 14-If desired, dry filter-paper discs may be placed between 

the porous discs and specimen. 
7.2.2.4 If filter-paper strips or a filter-paper cage (Fig. 2) 

are to be used, the cage or strips may be held in place by 
small pieces of tape at the top and bottom. 

7.3 Place the rubber membrane around the specimen and 
seal it at the cap and base with two rubber O-rings or other 
positive seal at each end. A thin coating of silicon grease on 
the vertical surfaces of the cap and base will aid in sealing the 
membrane. If filter-paper strips or a filter-paper cage are 
used, do not apply grease to surfaces in contact with the 
filter-paper. 

7.4 Attach the top drainage line and check the alignment 
of the specimen and the specimen cap. If the dry mounting 
method has been used, apply a partial vacuum of approxi- 
mately 5 psi (35 kPa) (not to exceed the consolidation stress) 
to the specimen through the top drainage line prior to 
checking the alignment. If there is any eccentricity, release 
the partial vacuum, realign the specimen and cap, and then 
reapply the partial vacuum. If the wet mounting method has 
been used, the alignment of the specimen and the specimen 
cap may be checked and adjusted without the use of a partial 
vacuum. 

8. Procedure 
8.1 Prior to Saturation-After assembling the triaxial 

chamber, perform the following operations: 
8.1.1 Bring the axial load piston into contact with .the 

specimen cap several times to permit proper seating and 
alignment of the piston with the cap. During th is  procedure, 
take care not to apply an axial load to the specimen 
exceeding 0.5 % of the estimated axial load at failure. When 
the piston is brought into contact, record the reading of the 
deformation indicator. 

8.1.2 Fill the chamber with the chamber liquid, being 
careful to avoid trapping air or leaving an air space in the 
chamber. 

8.2 Saturation-The objective of the saturation phase of 
the test is to fill all voids in the specimen with water without 
undesirable prestressing of the specimen or allowing the 
specimen to swell. Saturation is usually accomplished by 
applying back pressure to the specimen pore water to drive 
air into solution after either (I) applying vacuum to the 
specimen and dry drainage system (lines, porous discs, 
pore-pressure device, filter-strips or cage, and discs) and 
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allowing deaired water to saturate the system while main- 
taining the vacuum; or (2) saturating the driGnage system by 
)oiling the porous discs in water and allowing water to flow 
through the system prior to mounting the specimen. It 
should be noted that time is required to place air into 
solution. Accordingly, removing as much air as possible 
prior to applying back pressure will decrease the amount of 
air that will have to be placed into solution and will also 
decrease the back pressure required for saturation. In addi- 
tion, air remaining in the specimen and drainage system just 
prior to applying back pressure will go into solution much 
more readily ifdeaired water is used for saturation. The use 
of deaired water will also decrease the time and back pressure 
required for saturation. Many procedures have been devel- 
oped to accomplish saturation. The following are sugested 
procedures: 

8.2.1 Starting with Initially D v  Drainage System-h- 
crease the partial vacuum acting on top of the specimen to 
the maximum available vacuum. If the effective consolida- 
tion stress under which the strength is to be determined is 
less than the maximum partial.vacuum, apply a lower partial 
vacuum to the chamber. The difference between the partial 
vacuum applied to the specimen and the chamber should 
never exceed the e f f i v e  consolidation stress for the test and 
should not be less than 5 psi (35 kPa) to allow for flow 
through the sample. After approximately 2 h, allow deaired 
water to percolate from the bottom to the top of the 
specimen under a differential vacuum of less than 3 psi (20 
P a )  (Note 15). 

8.2.1.1 There should always be a positive effective stress 
'at least 2 psi (13 kPa) at the bottom of the specimen 

during this part of the procedure. When water appears in the 
burette connected to the top of the specimen, close the valve 
to the bottom of the specimen and fill the burette with 
deaired water. Next, reduce the vacuum acting on top of the 
specimen through the burette to atmospheric pressure while 
simultaneously increasing the chamber pressure by an equal 
mount. During this process, the diffmnce between the pore 
mssure measured at the bottom of the specimen and the 
:hamber pressure should not be allowed to exceed the 
iesired effective consolidation pressure. When the pore 
iressure at the bottom of the specimen stabilizes, proceed 
vith back pressuring of the specimen pore-water as described 
n 8.2.3. To check for equalization, close the drainage valves 
o the specimen and measure the pore pressure change over a 
-min interval. Ifthe change is less than 1 % of the chamber 
mssure, the pore pressure may be assumed to be stabilized. 
NOTE 15-For saturated clays, percolation may not be necessary and 

mer can be added simultaneously at both top and bottom. 
8.2.2 Starting with Initially Saturated Drainage System- 

&er filling the burette connected to the top of the specimen 
rith deaired water, apply a chamber pressure of 5 psi (35 
Pa) or less and open the specimen drainage valves. When 
3e pore pressure at the bottom of the specimen stab- 
ccording to the method described in 8.2.1, or when the 
urette reading stabilizes, back pressuring of the specimen 
ore-water may be initiated. 
3.2.3 Applying Back Pressure-Simultaneously increase 

.e chamber and back pressure in steps with specimen 
rainage valves opened so that deaired water h m  the 
urette c o ~ e c t e d  to the top and bottom of the specimen 
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may flow into the specimen. To avoid undesirable pre- 
stressing of the specimen while applying back pressure, the 
pressures must be applied incrementally with adequate time 
between increments to permit equalization of pore-water 
pressure throughout the specimen. The size of each incre- 
ment might be 5 psi (35 kPa), 10 psi (70 P a ) ,  or even 20 psi 
(140 Wa), depending on the compressibility of the mil 
specimen, the magnitude of the desired effective consob&. 
tion stress, and the degree of saturation of the specimen just 
prior to the addition of the increment. The difference 
between the chamber pressure and the back pressure during 
back pressuring should not exceed 5 psi (35 kPa) unless it is 
deemed necessary to control swelling of the specimen during 
the procedure. The difference between the chamber and back 
pressure must also remain within k 5  % when the pressures 
are raised and witbin &2 5% when the pressures are constant. 
To check for equalization after application of a back pressure 
increment or after the 111 value of back pressure has been 
applied, close the specimen drainage valves and measure the 
change in pore-pressure over a 1-min interval. If the change 
in pore pressure is less than 1 % of the difference between the 
chamber pressure and the back pressure, another back 
pressure increment may be added or a measurement may be 
taken of the pore pressure parameter B (see 8.2.4) to 
determine if saturation is completed. Specimens shall be 
considered to be saturated if the value of B is equal to or 
greater than 0.95, or i f B  remains unchanged with addition of 
back pressure increments. 

NOTE 16-Although the pore pressure parameter B is used to 
measure the degree of saturation, the &value is also a function of soil 
sti&less. If the degree of saturation of the sample is 100 %, the &value 
measurement will increase with decreasing soil stiffness. 'Therefore. 
when testing soft soil samples, a &value of 95 % may indicate a degree 
of saturation less than 100 %. 

N a n  17-The back pressure required to saturate a compacted 
specimen may be higher for the wet mounting method than for $e @ 
mounting method and may be as high as 200 psi (1400 Pa). 
NOTE 1 &Many laboratories use differential pressure regulators and 

transducers to achieve the requirements for small differences between 
chamber and back pressure. 

8.2.4 Measurement of the Pore Pressure Parameter B- 
Determine the value of the pore pressure parameter B in 
accordance with 8.2.4.1 through 8.2.4.4. The pore pressure 
parameter B is defined by the following equation: 

where: 
Au = the change in the specimen pore pressure that OCCUD 

as a result of a change in the chamber pressure when 
the specimen drainage valves are closed, and 

A q  = the change in the chamber pressure. 
8.2.4.1 Close the specimen drainage valves and increase 

the chamber pressure 10 psi (70 Wa). 
8.2.4.2 After approximately 2 min, determine and record 

the maximum value of the induced pore pressure. For many 
specimens, the pore pressure may decrease after the imme- 
diate response and then increase slightly with time. If this 
occurs, values of Au should be plotted with time and the 
asymptotic pore pressure used as the change in pore pressure. 
A large increase in Au with time or values of Au greater than 
A+ indicate a leak of chamber fluid into the specimen. 
Decreasing values of AU with time may indicate a leak in that 

B = AUfAc, (2) 
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outside of thechamber. 
8.2.4.3 Calculate the B-value using Eq 2. 
8.2.4.4 Reapply the same effective consolidation stress as 

existed prior to the B-value by reducing the chamber 
pressure by 10 psi (70 kPa) or by alternatively, increasing the 
back pressure by 10 psi (70 @a). If B is continuing to 
increase with increasing back pressure, continue with back 
pressure saturation. If B is equal to or greater than 0.95 or if 
a plot of B versus back pressure indicates no further increase 
in B with increasing back pressure, initiate consolidation. 

8.3 Consolidation-The objective of the consolidation 
phase of the test is to allow the specimen to reach equilib- 
rium in a drained state under the effective consolidation 
stress for which a strength determination is required. During 
consolidation, data is obtained for use in determining when 
consolidation is complete and for computing a rate of strain 
to be used for the shear portion of the test. The consolidation 
procedure is as follows 

8.3.1 When the saturation phase of the test is completed, 
bring the axial load piston into contact with the specimen 
cap and record the reading on the deformation indicator. 
During this procedure, take care not to apply an axial load to 
the specimen exceeding 0.5 96 of the estimated axial load at 
failure. AEter recording the reading, raise the piston a small 
distance above the specimen cap and lock the piston in place. 

8.3.2 With the specimen drainage valves closed, hold the 
maximum back pressure constant and increase the chamber 
pressure until the difference between the chamber pressure 
and the back pressure equals the desired effective consolida- 
tion pressure. 

NOTE 19-In certain circumstances, consolidation in stages may be 
desirable, especially when radial drainage is used. 

8.3.3 Obtain an initial burette reading and then open 
appropriate drainage valves so that the specimen may drain 
from both ends into the burette. At increasing intervals of 
elapsed time (0.1, 0.2,0.5, 1,2,4,8, 15, and 30 min and at 1, 
2,4, and 8 h, etc.) observe and record the burette readings 
and after the 15-min reading record the accompanying 
deformation indicator readings obtained by carefully cou- 
pling the piston with the specimen cap. If burette and 
deformation indicator readings are to be plotted against the 
square root of time, the time intervals at which readings are 
taken may be adjusted to those that have easily obtained 
square roots, for example, 0.09, 0.25, 0.49, 1, 4, 9 min, etc. 
Depending on soil type, time intervals may be changed to 
convenient time intervals which allow for adequate defini- 
tion of volume change versus time. 

NOTE 20-111 cases where significant amounts of fines may be 
washed from the specimen because of high initial hydraulic gradients, it 
is permissble to gradually increase the chamber prssure to the total 
desired pressure over a period of up to 10 min with the drainage valves 
open. If this is done, recording of data should begin immediately after 
the total pressure is reached- 

8.3.4 Plot the burette and deformation indicator readings 
versus either the logarithm or square root of elapsed time. 
Allow consolidation to continue for at least one log cycle of 
time or one overnight period after 100 % primary consolida- 
tion has been achieved as detmnhed in accordance with one 
of the procedures outlined in Test Method D2435. A 
marked deviation between the slopes of the burette and 

deformation-indkator curves toward the end of consolida- 
tion based on deformation indicator readings indicates 
leakage of fluid from the chamber into the specimen and the 
test should be terminated. 

8.3.5 Determine the time for 50 96 primary consolidation, 
tSO, in accordance with one of the procedures outlined in 
Test Method D 2435. 

8.4 Shear-During shear, the chamber pressure shall be 
kept constant while advancing the axial load piston down- 
ward against the specimen cap using controlled axial strain 
as the loading criterion. Specimen drainage is not permitted 
during shear. 

8.4.1 Prior to Axial Loading-Before initiating shear, 
perform the following steps: 

8.4.1.1 By opening or closing the appropriate valves, 
isolate the specimen so that during shear the specimen 
pore-water pressure will be measured by the pore-pressure 
measurement device and no drainage will occur. 

8.4.1.2 Place the chamber in position in the axial loading 
device. Be careful to align the axial loading device, the axial 
load-measuring device, and tbe triaxial chamber to prevent 
the application of a lateral force to the piston during shear. 

8.4.1.3 Bring the axial load piston into contact with the 
specimen cap to permit proper seating and realignment of 
the piston with the cap. Remember that during this proce- 
dure, care should be taken not to apply an axial load to the 
specimen exceeding 0.5 % of the estimated axial load at 
failure. If the axial load-measuring device is located outside 
of the triaxial chamber, the chamber pressure will produce 
an upward force on the piston that will react against the axial 
loading device. In this case, start shear with the piston 
slightly above the specimen cap, and before the piston comes 
into contact with the specimen cap, either (I) measure and 
record the initial piston fiction and upward thrust of the 
piston produced by the chamber pressure and later correct 
the measured axial load, or (2) adjust the axial load- 
measuring device to compensate for the friction and thrust. 
The variation in the axial load-measuring device reading 
should not exceed 0.1 96 of the estimated failure load when 
the piston is moving downward prior to contacting the 
specimen cap. If the axial load-measuring device is located 
inside the chamber, it will not be necessary to correct or 
compensate for the uplift force acting on the axial loading 
device or for piston fiction. However, if an internal load- 
measuring device of significant flexibility is used in combi- 
nation with an external deformation indicator, COrreCtion of 
the deformation readings may be necessary. In both cases, 
record the initial reading on the pore-water pressure mea- 
surement device immediately prior to when the piston 
contacts the specimen cap and the reading on the deforma- 
tion indicator when the piston contacts the specimen cap. 

8.4.2 Axial Loading-Apply axial load to the specimen 
using a rate of axial strain that will produce approximate 
equalization of pore pressures throughout the specimen ai 
failure. Assuming failure will occur after 4 %, a suitable rate 
of strain may be obtained by dividing 4 96 by ten times the 
value of tso (obtained in 8.3.5). This rate of strain will 
provide for determination of accurate effective stress paths ~LI 

the range neceSSary to define effective strength envelopes. If: 
however, it is estimated that failure will OCCUT at a strain 
value lower than 4 %, it will be necessary to obtain a suitable 
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strain rate by dividing the estimated failure strain by ten 
times the value of t50. At a minimum, record load, deforma- 
tion, and pore-water pressure values at increments of 0.1 96 
to 1 96 strain and, thereafter, at every 1 96. Take sUacient 
readings to define the stress-strain curve; hence, more 
frequent readings may be required in the early stages of the 
test and as failure is approached. Continue the loading to 
15 96 Strain, except loading may be stopped when the 
principal stress difference (deviator stress) has dropped 20 96 
or when 5 96 additional axial strain occurs after a peak in 
principal stress difference (deviator stress). 
NOTE 2 1 -The use of a manually adjusted null-indicating device will 

require neady continuous attention to ensure the criterion for u n w e d  
shear. 

9. Removing Specimen 
9.1 When shear is completed, perform the following steps 
9.1.1 Remove the axial load and reduce the chamber and 

back pressures to zero. 
9.1.2 With the specimen drainage valves remaining 

closed, quickly remove the specimen from the apparatus so 
that the specimen will not have time to absorb water from 
the porous discs. 

9.1.3 Remove the rubber membrane (and the filter-paper 
strips or cage from the specimen if they were used) and 
determine the water content of the total specimen in 
accordance with the procedure outlined in Method D 2216. 
(Free water remaining on the specimen after removal of the 
membrane should be blotted away before obtaining the 
water content.) In cases where there is insufficient material 
rom trimmings for index property tests, that is, where 

specimens have the same diameter as the sampling tube, the 
specimen should be weighed prior to removing material for 
index property tests and a representative portion of the 
specimen used to determine its final water content. Prior to 
placing the specimen (or portion thereof) in the oven to dry, 
sketch a picture or take a photograph of the Specimen 
showing the mode of failure (shear plane, bulging, etc.). 

10. calculations 
10.1 Initial Specimen Properties-Using the dry mass of 

the total specimen, calculate and record on the appropxiate 
data sheet the initial water content, volume of sol i4  initial 
void ratio, initial degree of saturation, and initial dry unit 
weigbt. Calculate the specimen volume fiom values mea- 
sured in 6.2 or 6.3. Calculate the volume of solids by dividing 
the dry mass of the specimen by the speciiic gravity of the 
solids (Note 22) and dividing by the density of water. 
Calculate the void ratio by dividing the volume of voids by 
the volume of solids where the volume of voids is assumed to 
be the difference between the specimen volume and the 
volume of the solids. Calculate dry density by dividing the 
dry mass of the specimen by the specimen volume. 
NOTE 22-The specific gravity of solids can be determiaed in 

accordance with Test Method D854 or it may be assumed based on 
previous test results. 

10.2 Specimen Properties Afim ConsolidationP-"ate 
de specimen height and area after consolidation as follows 

10.2.1 Height of specimen after consolidation, I?, is 
determined fiom the following equation: 

H, = H, - AHo (3) 
where: 
H, 
MH, = change in height of specimen at end of consolida- 

10.2.2 The cross-sectional area of the specimen after 
consolidation, A, shall be computed using one of the 
following methods (assuming consistent units are used). The 
choice of the method to be used depends on whether shear 
data are to be computed as the test is performed (in which 
case Method A would be used) or on which of the two 
methods in the opinion of a qualified person yield specimen 
conditions considered to be most representative of those 
after consolidation. 

= initial height of specimen, in. (mm), and 

tion, in. (mm). 

10.2.2.1 Method A: 
A, = ( v, - Av, - AVc)/Hc (4) 

where: 
V, 
AV, 

= initial volume of specimen, in3 (mm3), 
= change in volume of specimen during consolida- 

tion as indicated by burette readings, in.3 (mm3), 
and 

AV, = change in volume of specimen during saturation, 
in.3 (mm3), as follows: 

AV, = 3V0 AHs/Ho 
where: 
AHs = change in height of the specimen during saturation, 

in. (mm). 
10.2.2.2 Method B: 

A, = ( Vw, + VsI/Hc ( 5 )  
where: 
VM = final volume of water (based on final water content), 

Vs = volume of solids, in.3 (mm3), as follows: 

where: 
w, = specimen dry mass, lb (kg), 
Gs = specific gravity of solids, and 
pw = density of water, lb/h3 (kg/mm3). 

10.2.3 Using the calculated dimensions of the specimen 
after consolidation, and assuming that the water content 
after consolidation is the same as the final water content, 
calculate the consolidated void ratio and degree of satura- 
tion. 
NOTE 23-If the specimen absorbs water from the porous discs 

during the time it is being removed From the apparatus, the calculated 
degree of saturation based on the final water content will exceed 100 %. 

NOTE 24-In this test method, the equations are written such that 
compression and consolidation are considered positive. 

10.3 Shear Data 
10.3.1 Calculate the axial strain, E,, for a given applied 

axial load as follows: 
e, = AHIH, (6) 

where: 
AH = change in height of specimen during loading as read 

fiom deformation indicator, in. (mm), and 
H, = height of specimen after consolidation, in. (mm). 

10.3.2 Calculate the cross-sectional area, A, for a given 
applied axial load as follows: 

in? (mm3), and 

vs = ws/(GsPw) 
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A = -4,L(hb (-7-~-K~n-=-load-Wed-b~-faper-stri~s-~r-unit- 

1 

where: 
A, =average cross-sectional area of the specimen after 

c l  = axial strain for the given axial load. 
consolidation, in? (mm2), and 

NOTE 25-The cross-sectional area computed in this manner is based 
on the assumption that the specimen deforms as a ri&t circular cylinder 
during shear. In cases where there is localized bulging, it may be possible 
to determine more accurate values for the area based on specimen 
dimension measurements obtained after shear. 

10.3.3 Calculate the principal stress difference (deviator 
stress), u1 - u3, for a given applied axial load as follows: 

6 1  - 63 = P/A (8) 
where: 
P = given applied axial load (corrected for uplift and piston 

friction if required as obtained in 8.4.1.3), lb (my and 
A = corresponding cross-sectional area, in? (mm2). 

10.3.4 Calculate the effective minor principal stress, u ’ ~  
for a given applied axial load as follows: 

(9) 
where: 
u3 = effective consolidation stress, psi (Pa),  and 
Au = induced pore-water pressure at the given axial load 

(total pore-water pressure minus the total back pres- 
sure), psi (Pa). 

10.4 Principal Stress Diflerence (Deviator Stress) and 
Induced Pore- Water Pressure versus Strain Curves-Prepare 
graphs showing relationships between principal stress differ- 
ence (deviator stress) and induced pore-water pressure with 
axial strain, plotting deviator stress and induced pore-water 
pressure as ordinates and axial Strain as abscissa. select the 
principal stress difference (deviator stress) and axial strain at 
failure in accordance with a definition in 3.2.3. 

10.5 p‘ - q Diagram-Prepare a graph showing the 
relationship between p’, (u’] + d3)/2 and q, (ul - u3)/2, 
plotting q as ordinate and p‘ as abscissa using the same scale. 
The value of p’ for a given axial load may be computed as 
follows: 

p’ = ((al - u3) + 20’,)/2 (10) 
where: 
u1 - u3 = principal stress difference (deviator stress), psi 

d3 = effective minor principal stress, psi (Pa). 
10.6 Correction for Filter-Paper Strips-For vertical filter- 

paper strips which extend over the total length of the 
specimen, apply a filter-paper strip correction to the com- 
pured values of the principal stress difference (deviator 
stress), if the error in principal stress difference (deviator 
stress) due to the strength of the filter-paper Strips exceeds 
5 5%. 

10.6.1 For values of axial strain above 2 %, use the 
following equation to compute the correction: 

(1 1) 
where: 
A( u - u3) = cormlion to be subtracted from the measured 

principal stress difference (deviator stress), psi 
(*a), 

u’3 = u3 - AU 

(Pa), and 

Nu1 - .3) = K/diP/A, 

.,r 

length of perimeter covered by fdGr-paper, 
lbf/in. (kN/mm), 

4.5 =perimeter covered by fdter-paper, in. (mm), 
and 

A C  = cross-sectional area of specimen after consoli- 
dation, in? (mm2). 

10.6.2 For values of axial strain of 2 % or less, use the 
following equation to compute the correction: 

(12) 
where: 
E, =axial strain (decimal form) and other terms are the 

Nom 26-For filter-paper generally used in maxial testing, Kfi is 
approximately 1.1 lb/in. (0.19 kN/m). 

10.7 Correction for Rubber Membrane-Use the fol- 
lowing equation to correct the principal stress difference 
(deviator stress) for the effect of the rubber membrane if the 
error in principal stress difference (deviator stress) due to the 
strength of the membrane exceeds 5 %: 

A(U~ - u3) = ( ~ E J ~ ~ / D ,  (13) 
where: 
A(ul - u3) = the correction to be subtracted from the mea- 

sured principal stress difference (deviator 

A(~I - us) = SQciKj..fi/A, 

same as those defined in 10.6.1. 

DC = =F- 4AJx = diameter (kpa)y of specimen after consoli- 
dation, in. (mm), 

Em 

t m  

c1 
10.7.1 The .Young’s modulus of the membrane material 

may be determined by hanging a 0.5-in. (1 5-mm) circumfer- 
ential strip of membrane using a thin rod, placing another 
rod through the bottom of the hanging membrane, and 
measuring the force per unit strain obtained by stretching the 
membrane. The modulus value may be computed using the 
following equation: 

Em = (F /Am) / (AL/L)  (14) 
where: 
E, = Young’s modulus of the membrane material, psi 

F = force applied to stretch the membrane, lbf (kN), 
L = unstretched length of the membrane, in. (mm), 
A,!, = change in length of the membrane due to application 

A, = area of the membrane = 2 t ,  W,  in2 (m2 = 

where: 
t ,  = thickness of the membrane, and 
W, = width of circumferential strip (4.5 in. or 15 mm). 

Nm 27-A typical value of E,,, for latex membranes is 200 psi 
(1400 kPa). 

Nm 28-The effect of the membrane on the lateral stress is usually 
assumed to be negligible. 

NOTE 29-The corrections for filter-paper strips and membranes are 
based on simplified assumptions c o n d n g  their behavior during shear. 
Their actual behavior is complex and there is not a consensus on more 
exact corrections. 

= Young’s modulus for the membrane material, 

= thickness of the membrane, in. (mm), and 
= axial strain (decimal form). 

psi Wa),  

(ea) ,  

of the force, F‘, in. (mm), and 

mm2/1 OO0 000) 
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10.8 Determine the major and minor principal stresses at 
failure based on total stresses, uIf and u3/ respectively, and on 
effective stresses, dlf and d3/ respectively, as follows: 
u3-/ = effective consolidation stress, psi (Pa), 
uIf = (ul - u3) at failure + u3* psi (Pa), 
d3/ = u 3 ~ -  A% Psi (kpa), and 
U', /  = (al - u3) at failure + u'3fi psi (Pa), where Au is the 

10.9 Mohr Stress Circles-Construct Mohr stress circles 
at failure based on total and effective stresses on an arith- 
metic plot with shear stress as ordinate and normal stress as 
abscissa using the same scales. As shown in Fig. 3, the circle 
based on total stresses is drawn with a radius of one-half the 
principal stress difference (deviator stress) at failure with its 
center at a value equal to one-half the sum of the major and 
minor total principal stresses. The Mohr stress circle based 
on effective stresses is drawn in a similar manner except that 
its center is at a value equal to one-halfthe sum of the major 
and minor effective principal stresses. 

induced porewater pressure at failure. 

4r-, 

+C 

TOTAL OR EFFECTIVE STRESS. UOR d 

A-= TOTAL OR EFFECTIVE MINOR PRINCIPAL STRESS- (r or a- 
B = AVERAGE OF TOTAL OR EFFECTIVE PRINCIPAL STRE~SES 

o = RADIUS OF THE MOHR'S CIRCLE; HALF THE PRINCI~AL 
C = TOTAL OR EFFECTIVE MAJOR PRINCIPAL STRESS (U or $ 

STRESS DIFFERENCE 

flG 3 Constfuction of Mohr Stress Cide 

11. Report 
1 1.1 The report shall include the following 

1 1.1.1 Identification data and visual description of spec- 
imen, including soil classitication and whether the specimen 
is undisturbed, compacted, or otherwise prepared. 

1 1.1.2 Values of plastic limit and liquid limit, if deter- 
mined in accordance with Test Method D 43 18. 

1 1.1.3 Value of specific gravity of solids and notation if 
the value was determined in accordance with Test Method 
D 854 or assumed. 

11.1.4 Particle-size analysis, if determined in accordance 
with Method D 422. 

1 1.1.5 Initial specimen dry unit weight, void ratio, water 
content, and percent saturation. 

1 1.1.6 Initial height and diameter of specimen. 
1 1.1.7 Method followed for specimen saturation (that is, 

dry or wet method). 
1 1.1.8 Total back pressure. 
11.1.9 The pore pressure parameter B at the end of 

saturation. 
1 1.1.10 Effective consolidation stress. 
1 1.1.1 1 Time to 50 % primary consolidation. 
1 1.1.12 Specimen dry unit weight, void ratio, water con- 

tent, and degree of saturation after consolidation. 
11.1.13 Specimen cross-sectional area after consolidation 

and method used for determination. 
1 1.1.14 Failure criterion used. 
1 1.1.15 The value of the principal stress difference (de- 

viator stress) at failure and the values of the effective minor 
and major principal stresses at failure. 

11.1.16 Axial strain at failure, percent 
11.1.17 Rate of strain, percent/&. 
11.1.18 Principal stress difference (deviator stress) and 

induced pore-water pressure versus axial strain curves as 
described in 10.4. 

11.1.19 Thep' - qdiagram for the test results. 
1 1.1.20 Mohr stress circles based on total and effective 

1 1.1.2 1 Failure sketch or photograph of the specimen. 
1 1.1.22 Remarks and notations regarding any unusual 

conditions or other information neceSSary to properly inter- 
pret the results obtained, including any departures from the 
procedure outlined. 

stresses. 

12. Precision and Bias 
12.1 The variability of soil and resultant inability to 

determine a true reference value prevent development of a 
meaningful statement of bias. Data are being evaluated to 
determine the precision of this test method. In addition;the 
subcommittee is seeking pertinent data from users of this test 
method. 

13. Keywords 
13.1 Back pressure situation; cohesive soils, consolidated- 

undrained-triaxial compression test; consolidated undrained 
t r i a d  compressive strength; effective consolidation stress; 
shear strength; strength envelope. 
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Standard Test Method for 
Measurement of Hydraulic Conductivity of Saturated Porous 
Materials Using a Flexible Wall Permeameter' 

This standard is issued under the hed designation D 50&, the number immediately following the designation indicates the year of 
0- adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. scope 
1.1 This test method covers laboratory measurement of 

the hydraulic conductivity (also referred to as coefficient of 
permeability) of water-saturated porous materials with a 
flexible wall permeameter. 

1.2 This test method may be utilized with undisturbed or 
compacted specimens that have a hydraulic conductivity less 
than or e q d  to 1 x io+ m/s (1 x 1 0 - ~  cm/s). 

1.3 The hydraulic conductivity of materials with hy- 
draulic conductivities greater than 1 x m/s may be 
determined by Test Method D 2434. 

1.4 The values stated in SI units are to be regarded as the 
standard, unless other units are specifically given. By tradi- 
tion in US. practice, hydraulic conductivity is reported in 
centimetres per second, although the common SI units for 
hydraulic conductivity are metres per second. 

1.5 This standard does not purpon to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

D698 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixturk Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) Drop' 

D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Dro$ 

D2113 Practice for Diamond Core Drilling for Site 
Investigation2 

D2216 Method for Laboratory Determination of Water 
(Moisture) Content in Soil, Rock, and Soil-Agregate 
Mixtures2 

D2434 Test Method for Permeability of Granular Soils 
(Constant Heady 

D4220 Practices for Preserving and Transporting Soil 

Fluids' 

D 1587 Practice Of Thin-Walled Tube Sampling of So@ 

Samples2 

lThistrstm*hodisunderthejuridictionofASIUComminceDI8.onSoil 
and Rock and is the direct responsibihty of Subcommittee D18.04 on Hydrologic 
pmpcrria of Soil and Rodn 

Current edition approved June 29.1990. Publish& October 1990. 
'Annual B o d  of ASTM Smdarak, Vol04.08. 

D 4753 Specification for Evaluating, Selecting and Speci- 
fying Balances and Scales for Use in Soil and Rock 
Testin2 

D 4767 Test Method for Consolidated-Undrained Triaxiai 
Compression' 

E 145 Specification for Gravity-Convection and Forced- 
Ventilation Ovens3 

3. Terminology 
3.1 Definitions: 
3.1.1 hydraulic conductivity, k-the rate of discharge of 

water under laminar flow conditions through a unit cross- 
sectional area of a porous medium under a unit hydraulic 
gradient and standard temperature conditions (20°C). 

DlscvssloN-The term coeficient of permt+ability is often used 
instead of hydraulic conductivity, but hydraulic conductivity is used 
exclusively in this test method. A more complete discussion of the 
terminology associated with Darcy's hw is given in the literature? 

3.1.2 pore volume offlow-the cumulative quantity of flow 
into a test specimen divided by the volume of voids in the 
specimen. 

3.1.3 For definitions of other terms used in this test method, 
see Terminology D 653. 

4. Significance and Use 
4.1 This test method applies to onedimensional, laminar 

flow of water within porous materials such as soil and rock. 
4.2 The hydraulic conductivity of porous materials gener- 

ally decreases with an increasing amount of air in the pores 
of the material. This test method applies to water-saturated 
porous materials containing virtually no air. 

4.3 This test method applies to permeation of porous 
materials with water. Permeation with other liquids, such as 
chemical wastes, can be accomplished using procedures 
similar to those described in this test method. However, this 
test method is only intended to be used when water is the 
permeant liquid. 

4.4 It is assumed that Darcy's law is valid and that the 
hydraulic conductivity is essentially unaffected by hydraulic 
gradient. The validity of Darcy's law may be evaluated by 
measuring the hydraulic conductivity of the specimen at 
three hydraulic gradients; if all measured values are similar 
(within about 25 %), then Darcy's law may be taken as valid. 
However, when the hydraulic gradient acting on a test 

'Annual Book of ASTM Smdzrak, Vol04.02. 
Olson, R. E, and Daniel, D. E, "Meanuement of the Hydraulic Conductivity 

of Fme-G~ained Si" sympoJium on Permeability and G d w a e r  Confami- 
r w i r  Transpim..ASTMSTP 746, ASTU, 1981, pp. 18-64. 

1199 

t 



. . . .. . .- -. .. . . .. , - . . . __. __ 

D5084 

specimen-is changed;-the state of stress d-also-changem&- 
‘ r  the specimen is compressible, the volume of the specimen 
dl change. Thus, some change in hydraulic conductivity 

may occur when the hydraulic gradient is altered, even in 
cases where Darcy’s law is valid. 

4.5 This test method provides a means for determining 
hydraulic conductivity at a controlled level of effective stress. 
Hydraulic conductivity varies with varying void ratio, which 
in turn changes when the e f fdve  stress changes. If the void 
ratio is changed, the hydraulic conductivity of the test 
specimen will likely change. To determine the relationship 
between hydraulic conductivity and void ratio, the hydraulic 
conductivity test would have to be repeated at different 
effective stresses. 

4.6 The correlation between results obtained with this test 
method and the hydraulic conductivities of in-place field 
materials has not been fidly investigated. Experience has 
sometimes shown that flow patterns in small test specimens 
do not necessarily follow the same patterns on large field 
scales and that hydraulic conductivities measured on small 
test specimens are not necessarily the same as larger-scale 
values. Therefore, the results should be applied to field 
situations with caution and by qualified personnel. 

5. Apparatus 
5.1 Hydraulic Sysfem-Constant head (Method A), 

falling head (Methods B and C), or constant rate of flow 
(Method D) systems may be utilized provided they meet the 
criteria outlined as follows: 

5.1.1 Constant Head-The system must be capable of 
mintaining constant hydraulic pressures to within -t5 % 

. and shall include means to measure the hydraulic pressures 
to within the prescribed tolerance. In addition, the head loss 
across the test specimen must be held constant to within 
A5 % and shall be measured with the same accuracy or better. 
Pressures shall be measured by a pressure gage, electronic 
pressure transducer, or any other device of suitable accuracy. 

5.1.2 Falling Head-The system shall allow for measure- 
ment of the applied head loss, thus hydraulic gradient, to 
within 5 % or better at any time. In addition, the ratio of 
initial head loss divided by final head loss over an interval of 
time shall be measured such that this computed ratio is 
accurate to within -c5 %. The head loss shall be measured 
with a pressure gage, electronic pressure transducer, engi- 
neer’s scale, graduated pipette, or any other device of suitable 
accuracy. Falling head tests may be performed with either a 
constant tailwater elevation (Method B) or a rising tailwater 
elevation (Method C). 

5.1.3 Comfanf Rate of Flow-The system must be ca- 
pable of maintaining a constant rate of flow through the 
specimen to within 5 % or better. Flow measurement shall 
be by calibrated Syringe, graduated pipette, or other device of 
suitable accuracy. The head loss across the specimen shall be 
measured to an accuracy of 5 % or better using an electronic 
pressure transducer or other device of suitable accuracy. 
More information on testing with a constant rate of flow is 
given in the literat~re.~ 

Olson, H. W., Morin, R H.. and Ndok, R W., “Flow Pump Applications in 
T~iaxial Testing.” Symposium on Advanced Triarial Tming of Soil and Rock 
ASTMSrP 977. ASIM. 1988, pp. 68-81. 

-5;lT4-Sy=De-airing-The hydraulic system shall be 
designed to facilitate rapid and complete removal of free air 
bubbles from flow lines. 

5.1.5 Back Pressure System-The hydraulic system shall 
have the capability to apply back pressure to the specimen to 
facilitate saturation. The system shall be capable of main- 
taining the applied back pressure throughout the duration of 
hydraulic conductivity measurements. The back pressure 
system shall be capable of applying, controlling, and mea- 
suring the back pressure to 5 % or better of the applied 
pressure. The back pressure may be provided by a com- 
pressed gas supply, a deadweight acting on a piston, or any 
other method capable of applying and controlling the back 
pressure to the tolerance prescribed in this paragraph. 
NOTE 1-Application of gas pressure directly to a fluid will dissolve 

gas in the fluid. A variety of techniques are available to minimize 
dissolution of gas in the back pressure. fluid, including separation of gas 
and liquid phases with a bladder and fresuent replacement of the liquid 
with de-aired water. 

5.2 Flow Measurement System-Both inflow and outflow 
volumes shall be measured unless the lack of leakage, 
continuity of flow, and cessation of consolidation or swelling 
can be verified by other means. Flow volumes shall be 
measured by a graduated accumulator, graduated pipette, 
vertical standpipe in conjunction with an electronic pressure 
transducer, or other volume-measuring device of suitable 
accuracy. 

5.2.1 Flow Accuraq-Required accuracy for the quantity 
of flow measured over an interval of time is 5 % or better. 

5.2.2 De-airing and Compliance of the System-The flow- 
measurement system shall contain a minimum of dead space 
and be capable of complete and rapid de-airing. Compliance 
of the system in.response to changes in pressure shall be 
minimized by using a stif f  flow measurement system. Rigid 
tubing, such as metallic or rigid thermoplastic tubing, shall 
b e d  

5.2.3 Head Losses-Head losses in the tubes, valves, 
porous end pieces, and filter paper may lead to error. To 
guard against such errors, the permeameter shall be assem- 
bled with no specimen inside and then the hydraulic system 
filled. If a constant or falling head test is to be used, the 
hydraulic pressures or heads that will be used in testing a 
specimen shall be applied, and the rate of flow measured 
with an accuracy Of 5 % or better. This rate of flow shall be at 
least ten times greater than the rate of flow that is measured 
when a specimen is placed inside the permeameter and the 
same hydraulic pressures or heads are applied. If a constant 
rate of flow test is to be used, the rate of flow to be used in 
testing a specimen shall be supplied to the permeameter and 
the head loss measured. The head loss without a specimen 
shall be less than 0.1 times the head loss when a specimen is 
present. 

5.3 Permeameter Cell Pressure System-The system for 
pressurizing the permeameter cell shall be capable of a p  
plying and controlling the cell pressure to within 5 % of the 
applied pressure. However, the effective stress on the test 
specimen (which is the difference between the cell pressure 
and the pore water pressure) shall be maintained to the 
desired value with an accuracy of 10 % or better. The device 
for pressurizing the cell may consist of a reservoir connected 
to the penneameter cell and partially filled with de-aired 



water, with the upper part of the reservoir connected to a 
compressed gas supply or other source of pressure (see Note 
2). The gas pressure shall be controlled by a pressure 
regulator and measured by a pressure gage, electronic pres- 
sure transducer, or any other device capable of measuring to 
the prescribed tolerance. A hydraulic system press- by 
deadweight acting on a piston or any other pressure device 
capable of applying and controlling the permeameter cell 
pressure to the tolerance prescribed in this paragraph may be 
used. 
NOTE 2-De-aired water is commonly used for the cell fluid to 

minimize potential for difhsion of air through the membrane into the 
specimen. Other fluids, such as oils, which have low gas solubilities are 
also acceptable, provided they do not react with components of the 
permeameter. Also, use of a long (approximately 5 to 7 m) tube 
connecting the pressurized cell liquid to the cell helps to delay the 
appearance of air in the cell fluid and to reduce the flux of dissolved air 
into the cell. 

5.4 Permeameter Cell-An apparatus shall be provided in 
which the specimen and porous end pieces, enclosed by a 
membrane sealed to the cap and base, are subjected to 
controlled fluid pressures. A schematic diagram of a typical 
cell is shown in Fig. 1. 

5.4.1 The permeameter cell may allow for observation of 
changes in height of the specimen, either by observation 
through the cell wall using a cathetometer or other instru- 
ment, or by monitoring of either a loading piston or an 
extensometer extending through the top plate of the cell 
bearing on the top cap and attached to a dial indicator or 
other measuring device. The piston or extensometer should 
pass through a bushing and seal incorporated into the top 
plate and shall be loaded with sufficient force to compensate 
for the cell pressure acting over the crosssectional area of the 
piston where it passes through the seal. If deformations are 
measured, the deformation indicator shall be a dial indicator 
or cathetometer graduated to 0.3 mm (0.01 in.) or better and 
having an adequate travel range. Any other measuring device 
meeting these requirements is acceptable. 

5.4.2 In order to facilitate gas removal, and thus satura- 
tion of the hydraulic system, four drainage lines leading to 
the specimen, two each to the base and top cap, are 
recommended. The drainage lines shall be controlled by 
no-volumechange valves, such as ball valves, and shall be 
designed to minimize dead space in the lines. 

5.5 Top Cap and Base-An impermeable, rigid top cap 
and base shall be used to support the specimen and provide 
for transmission of permeant liquid to and from the spec- 
imen. The diameter or width of the top cap and base shall be 
equal to the diameter or width of the specimen +5 %. The 
base shall prevent leakage, lateral motion, or tilting, and the 
top cap shall be designed to receive the piston or extensom- 
eter, if& such that the piston-to-top cap contact area is 
concentric with the cap. The surface of the base and top cap 
that contacts the membrane to form a seal shall be smooth 
and free of scratches. 

5.6 Flexible Membranes-The flexible membrane used to 
encase the specimen shall provide reliable protection against 
leakage. The membrane shall be carefully inspected prior to 
use and if any flaws or pinholes are evident, the membrane 
shall be discarded. To minimize reStrain to the Specimen, the 
diameter or width of the unstretched membrane shall be 
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between 90 and 95 % of that of the specimen. The mem- 
brane shall be sealed to the specimen base and cap with 
rubber O-rings for which the unstressed, inside diameter or 
width is less than 90 9% of the diameter or width of the base 
and cap, or by any other method that will produce an 
adequate seal. 

NOTE 3-Membranes may be tested for flaws by placing them 
around a form sealed at both ends with rubber O-rings, subjecting them 
to a small air pressure on the inside, and then dipping them into water. 
If air bubbles come up from any point on the membrane, or if any 
visible flaws are observed, the membrane shall be discarded. 

5.7' Porous End Pieces-The porous end pieces shall be of 
silicon carbide, aluminum oxide, or other material that is not 
attacked by the specimen or permeant liquid. The end pieces 
shall have plane and smooth surfaces and be free of cracks, 
chips, and nonuniformities. They shall be checked regularly 
to ensure that they are not clogged. 

5.7.1 The porous end pieces shall be the same diameter or 
width (+5 %) as the specimen, and the thickness shall be 
sufiicient to prevent breaking. 

5.7.2 The hydraulic conductivity of the porous end pieces 
shall be significantly greater than that of the specimen to be 
tested. The requirements outlined in 5.2.3 ensure this. 

5.8 Filter Paper-If neceSSary to prevent intrusion of 
material into the pores of the porous end pieces, one or more 
sheets of filter paper shall be placed between the top and 
bottom porous end pieces and the specimen. The paper shall 
have a negligibly small hydraulic impedance. The require- 
ments outlined in 5.2.3 ensure that the impedance is small. 

5.9 Equipment for Compacting a Specimen-Equipment 
(including compactor and mold) suitable for the method of 
compaction specified by the requester shall be used. 
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5.10 Sample Extruder-When_the.material_being.~ed-is- 
9 coil core, the soil core shall usually be removed from the 

.pler with an extruder. The sample extruder shall be 
capable of extruding the soil core from the sampling tube in 
the same direction of travel in which the sample entered the 
tube and with minimum disturbance of the sample. If the 
soil core is not extruded vertically, care should be taken to 
avoid bending stresses on the core due to gravity. Conditions 
at the time of sample extrusion may dictate the direction of 
removal, but the principal concern is to keep the degree of 
disturbance minimal. 

5.1 1 Trimming Equipment-Specific equipment for trim- 
ming the specimen to the desired dimensions will vary 
depending on quality and characteristics of the sample; 
however, the following items listed may be used: lathe, wire 
saw with a wire about 0.3 mm (0.01 in.) in diameter, 
spatulas, knives, steel rasp for very hard clay specimens, 
cradle or split mold for trimming specimen ends, and steel 
straight edge for final trimming of specimen ends. 

5.12 Devices for Measuring the Dimensions of the Speci- 
men-Devices used to measure the dimensions of the 
specimen shall be capable of measuring to the nearest 0.3 
mm (0.01 in.) or better and shall be constructed such that 
their use will not disturb the specimen. 

5.13 Balances-The balance shall be suitable for deter- 
mining the mass of the specimen and shall be selected as 
discussed in Specification D4753. The mass of specimens 
less than 100 g shall be determined to the nearest 0.0 1 g. The 
mass of specimens 100 g or larger shall be determined to the 
nparest 0.1 g. The m a s  of specimens >lo00 g shall be 

2.1 4 Equipment for Mounting the Specimen-Equipment 
for mounting the specimen in the permeameter cell shall 
include a membrane stretcher or cylinder, and ring for 
expanding and placing @rings on the base and top cap to 
seal the membrane. 

5.15 Vacuum Pump-To as& with de-airing of 
permeameter system and saturation of specimens. 

5.16 Temperature Maintaining Device-The temperature 
of the permeameter, test specimen, and reservoir of perme- 
ant liquid shall not vary more than k3”C (k5.7T). Nor- 
mally, this is accomplished by performing the test in a room 
with a relatively constant temperature. If such a room is not 
available, the apparatus shall be placed in a water bath, 
insulated chamber, or other device that maintains a temper- 
ature within the tolerance specified in 5.16. The temperature 
shall be periodically measured and recorded. 

5.17 Wuter Content Containers-The containers shall be 
in accordance with Method D 22 16. 

5.18 Drying Oven-The oven shall be in accordance with 
Specification E 145. 

rmined to the nearest 1.0 g. 

6. Reagents 
6.1 Penneunt Wuter: 
6.1.1 The pexmeant water is the liquid used to permeate 

the test specimen and is also the liquid used in backpressur- 
ing the specimen. 

1.2 The type of permeant water should be specified by 
--- requestor. If no specification is made, tap water shall be 
used for the permeant liquid. The type of water utilized shall 
be indicated in the report. 

-NoTE-4-Chemical-interactions-be~~n-a-~~t-liquid-~d-the- 
porous material may lead to variations in hydraulic conductivity. Dis- 
tilled water can significantly lower the hydraulic conductivity of clayey 
soils (see the literature)? For this reason, distilled water is not usually 
recommended as a permeant liquid. A permeant liquid used by some is 
0.005 N WO,, which can be obtained for example, by dissolving 6.8 g 
of nonhydrated, reagent-grade CaSO, in 10 L of de-au-ed, distilled water. 
This &SO4 solution is thought to neither increase nor decrease 
siwcantly the hydraulic conductivity of clayey soils. In areas with 
extremely brackish tap water, the CaSO, solution is recommended. 

6.1.3 Deaired Wuter-To aid in removing as much air 
from the test specimen as possible, deaired water shall be 
used. The water is usually deaired by boiling, by spraying a 
fine mist of water into an evacuated vessel attached to a 
vacuum source, or by forcell agitation of water in a 
container attached to a vacuum source. If boiling is used, 
care shall be taken not to evaporate an excessive amount of 
water, which can lead to a larger salt concentration in the 
permeant water than desired. To prevent dissolution of air 
back into the water, deaired water shall not be exposed to air 
for prolonged periods. I 

7. Test Specimens 
7.1 Size-Specimens shall have a minimum diameter of 

25 mm (1.0 in.) and a minimum height of 25 mm. The 
height and diameter of the specimen shall be measured to the 
nearest 0.3 mm (0.01 in.) or better. The length and diameter 
shall vary by no more than +5 %. The surface of the test 
specimen may be uneven, but indentations must not be so 
deep that the length or diameter vary by more than &5 5%. 
The diameter and height of the specimen shall each be at 
least 6 times greater than the largest particle size within the 
specimen. If, after completion of a test, it is found based on 
visual observation that oversized particles are present, mat 
information shall tk indicated on the report. 
NOTE 5-Most hydraulic conductivity tests are performed on cylin- 

drical test specimens. It is possible to utilize special equipment for 
testing prismatic test specimens, in which case reference to “diameter” 
in 7.1 applies to the least width of the prismatic test specimen. 

7.2 Undisturbed Specimens-Undisturbed test specimens 
shall be prepared from a representative portion of undis- 
turbed samples secured in accordance with Practice D 1587 
or Practice D 21 13, and preserved and transported in accord- 
ance with requirements for Group C materials in Practice 
D 4220. Specimens obtained by tube sampling or coring may 
be tested without trimming except for cutting the end 
surfaces plane and perpendicular to the longitudinal axis of 
the specimen, provided soil characteristics are such that no 
significant disturbance results from sampling. Where the 
sampling operation has caused disturban ce of the soil, the 
disturbed material shall be trimmed. Where removal of 
pebbles or crumbling resulting from trimming causes voids 
on the surface of the specimen that cause the length or 
diameter to vary by more than k5 %, the voids shall be filled 
with remolded material obtained from the trimmings. The 
ends of the test specimen shall be cut and not troweled 
(troweling can seal off cracks, slickensides, or other sec- 
ondary features that might conduct water flow). Specimens 
shall be trimmed, whenever possible, in an environment 

trolled high-humidity room is usually used for this purpose. 
The mass and dimensions of the test specimen shall be 

where changes in moisture content are minimkd . A con- 
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determined to the tolerances given in 5.12 and 5.13. The test 
specimen shall be mounted immediately in the permeam- 
eter. The water content of the trimmings shall be determined 
in accordance with Method D 2216. 

7.3 Laboratory Compacted Specimens-The material to 
be tested shall be prepared and compacted inside a mold in a 
manner specified by the requestor. If the specimen is placed 
and compacted in layers, the surface of each previously- 
compacted layer shall be lightly d e d  (roughened) with a 
fork, ice pick, or other suitable object, unless the requester 
specifically states that scarification is not to be performed. 
Test Methods D698 and D 1557 describe two methods of 
compaction, but any other method specified by the requestor 
may be used as long as the method is described in the report. 
Large clods of material should not be broken down prior to 
compaction unless it is known that they will be broken in 
field construction, as well, or the requestor specifically 
requests that the clod size be reduced. Neither hard clods nor 
individual particles of the material shall exceed '/a of either 
the height or diameter of the specimen. After compaction, 
the test specimen shall be removed from the mold, the ends 
scarified, and the dimensions and weight determined within 
the tolerances given in 5.12 and 5.13. After the dimensions 
and mass are determined, the test specimen shall be imme- 
diately mounted in the permeameter. The water content of 
the trimmings shall be determined in accordance with 
Method D 22 16. 

7.4 Other Preparation Methods-Other methods of prep 
aration of a test specimen are permitted if specifically 
requested. The method of specimen preparation shall be 
identified in the report. 

7.5 After the height, diameter, mass, and water content of 
the test specimen have been determined, the dry unit weight 
shall be calculated. Also, the initial degree of saturation shall 
be estimated (this information may be used later in the 
backpressure stage). 

8. Procedure 
8.1 Specimen Setup: 
8.1.1 Cut two filter paper sheets to approximately the 

same shape as the cross section of the test specimen. Soak the 
two porous end pieces and filter paper sheets, if used, in a 
container of permeant water. 

8.1.2 Place the membrane on the membrane expander. 
Apply a thin coat of silicon high-vacuum grease to the sides 
of the end caps. Place one porous end piece on the base and 
place one filter paper sheet, if used, on the porous end piece, 
followed by the test specimen. Place the second filter paper 
sheet, if used, on top of the specimen followed by the second 
porous end piece and the top cap. Place the membrane 
around the specimen, and using the membrane expander or 
other suitable O-ring expander, place one or more O-rings to 
seal the membrane to the base and one or more additional 
O-rings to seal the membrane to the top cap. 

8.1.3 Attach flow tubing to the top cap, if not already 
attached, assemble the permeameter cell, and fill it with 
de-aired water or other cell fluid. Attach the cell pressure 
reservoir to the permeameter cell line and the hydraulic 
system to the influent and effluent lines. Fd the cell pressure 
reservoir with deaired water, or other suitable liquid, and the 
hydraulic system with deaired permeant water. Apply a d 
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confining pressure of 7 to 35 kPa ( 1  to 5 psi) to the cell and 
apply a pressure less than the confining pressure to both the 
influent and emuent systems, and flush permeant water 
through the flow system. After all visible air has been 
removed from the flow lines, close the control valves. At no 
time during saturation of the system and specimen or 
hydraulic conductivity measurements shall the maximum 
applied effective stress be allowed to exceed that to which the 
specimen is to be consolidated. 

8.2 Specimen Soaking (Optional)-To aid in saturation, 
specimens may be soaked under partial vacuum applied to 
the top of the specimen. Atmospheric pressure shall be 
applied to the specimen base through the influent lines, and 
the magnitude of the vacuum set to generate a hydraulic 
gradient across the sample less than that which will be used 
during hydraulic conductivity measurements. 
NOTE 6-Soaking under vacuum is applicable when there are 

continuous air voids in the specimen. soaking under vacuum is only 
recommended for test specimens with initial degrees of saturation below 
70 9%. The specimen may swell when exposed to water, the effective 
stress will tend to counteract the swelling. However, for materials that 
tend to swell, unless the applied effective stress is greater than or equal to 
the swell pressure, the specimen will swell. 

8.3 Backpressure Saturation-To saturate the specimen, 
backpressuring is usually necessary. Figure 2 provides guid- 
ance on back pressure required to attain saturation. 
NOTE 7 - F i i  2 assumes that the water used for back pressure is 

deaired and that the only source for air to dissolve into the water is air 
from the test specimen. If air pressure is used to control the back 
pressure, pressurized air will dissolve into the water, thus reducing the 
capacity of the water used for back pressure to dissolve air located in the 
pores of the test specimen. The problem is minimized by using a long 
(>5 m) tube that is impermeable to air between the air-water interface 
and test specimen, by separating the back-pressure water from the air by 
a material or fluid that is relatively impermeable to air, by periodically 
replacing the back-pressure water with deaired water, or by other means 

Lowe, J., and Johnson, T. C., "Use of Badc Pressure to lnaeav Degree of 
Saturation of Triaxial Tcst Spechas," plocpedings. ASCE Recemch Conf2mc-e 
on Shear Srrengrh of Cohesive Sok. Boulder, CQ, 1960. 
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8.3.1 Open the flow line valves and flush out of the system-8.4.l-Record-the-specimen-height,-if-being-monitored~ 
anv frETiiFb3bblEing the procedure outlined in 8.1.3, If 

lectronic pressure transducer or other measuring device 
B LO be used during the test to measure pore pressures or 
applied hydraulic gradient, it should be bled of any trapped 
air. Take and record an initial reading of specimen height, if 
being monitored. 

8.3.2 Adjust the applied confining pressure to the value to 
be used during saturation of the sample. Apply backpressure 
by simultaneously increasing the cell pressure and the 
influent and effluent pressures in increments. The maximum 
value of an increment in backpressure shall be sufficiently 
low so that no point in the specimen is exposed to an 
effective stress in excess of that to which the specimen will be 
subsequently consolidated. At no time shall a head be 
applied so that the effective confining stress is (7 kPa ( 1  psi) 
because of the danger of separation of the membrane from 
the test specimen. Maintain each increment of pressure for a 
period of a few minutes to a few hours, depending upon the 
characteristics of the specimen. To assist in removal of 
trapped air, a small hydraulic gradient may be applied across 
the specimen to induce flow. 

8.3.3 Saturation shall be verified with one of the three 
following techniques: 

8.3.3.1 Saturation may be verified by measuring the B 
coefficient as described in Test Method D 4767 (see Note 8). 
The test specimen shall be considered to be adequately 
saturated if (I) the B value is 20.95, or (2) for relatively 
incompressible materials, for example, rock, if the B value 
remains unchanged with application of larger values of back 

we. The B value may be measured prior to or after 
c-dpletion of the consolidation phase (see 8.4). Accurate 
B-value determination can only be made if no gradient is 
acting on the specimen and all pore pressure induced by 
consolidation has dissipated. 

NOTE 8-The B coefficient is defined for this type of test as the 
change in pore water pressure in the porous material divided by the 
change in confining pressure. Compressible materials that are M y  
saturated with water will have a B value of 1.0. Relatively incompress 
ible, saturated materials have B values which are somewhat less than 1.0. 

8.3.3.2 Saturation of the test specimen may be confirmed 
at the completion of the test by calculation of the final degree 
of saturation. The final degree of saturation shall be 100 & 
5 % . However, measurement of the B coefficient as described 
in 8.3.3.1 or use of some other technique (8.3.3.3) is strongly 
recommended because it is much better to confirm satura- 
tion prior to permeation than to wait until after the test to 
determine if the test was valid. 

8.3.3.3 Other means for verifying saturation, such as 
measurement of the volume change of the specimen when 
the pore water pressure has been changed, can be used for 
verifying saturation provided data are available for similar 
materials to establish that the procedure used confirms 
saturation as required in 8.3.3.1 or 8.3.3.2. 

8.4 Consolidation-The specimen shall be consolidated to 
the effective stress specified by the requestor. Consolidation 
may be accomplished in stages, if desired 

TE 9-The test specimen may be consolidated prior to application 
G. -~ckpressure. Also, the backpressure and consolidation phases may 
be completed concurrently if backpressuns are applied sufiicimtly 
slowly to minimize potential for overconsolidation of the specimen. 

prior to application of consolidation pressure-and periodi- 
cally during consolidation. 

8.4.2 Increase the cell pressure to the level necessary to 
develop the desired effective stress, and begin consolidation. 
Drainage may be allowed from the base or top of the 
specimen, or simultaneously from both ends. 

8.4.3 (Optional) Record outflow volumes to confirm that 
primary consolidation has been completed prior to initiation 
of the hydraulic conductivity test. Alternatively, measure- 
ments of the change in height of the test specimen can be 
used to confirm completion of consolidation. 

NOTE 10-The procedure in 8.4.3 is optional because the require. 
menu of 8.5 ensure that the test specimen is adequately consolidated 
during permeation because if it is not, inflow and outflow volumes will 
mer significantly. However, for acauate &value determination, corn. 
pletion of consolidation should be confirmed (see 8.3.3.1). It is 
recommended that outflow volumes or height changes be recorded as a 
means for verifying the completion of consolidation prior to initiabza- 
tion of permeation. Also, measurements in the change in height of the 
test specimen, coupled with knowledge of the initial height; provide a 
means for checking the final height of the specimen. 

8.5 Permeation: 
8.5.1 Hydraulic Gradient-When possible, the hydraulic 

gradient used for hydraulic conductivity measurements 
should be similar to that expected to occur in the field. In 
general, hydraulic gradients from <I to 5 cover most field 
conditions. However, *e use of small hydraulic gradients 
can lead to very long testing times for materials having low 
hydraulic conductivity (less than about 1 x loq6 cm/s). 
Somewhat larger hydraulic gradients are usually used in the 
laboratory to accelerate testing, but excessive gradients must 
be avoided because high seepage pressures may consolidate 
the material, material may be washed from the specimen, or 
fine particles may be washed downstream and plug the 
effluent end of the test specimen. These effects could increase 
or decrease hydraulic conductivity. If no gradient is specified 
by the requestor, the following guidelines may be followed: 

Hydraulic Conductivity, Recommended Maximum 
-1s Hydraulic Gradient 

1 x 10-3to 1 x 104  2 
1 x 104 to 1 x lo-s 5 
1 x 10-5 to 1 x 104  10 
1 x i o d t o  I x 10-7 20 
ies~than 1 x 10-7 30 

NOTE 11-Seepage pressures assoCiated with large hyhulic  gradi- 
ents can consolidate soft, compressible specimens and reduce their 
hydraulic conductivity. It may be neQssary to use smaller hydraulic 
gradients ( 4 0 )  for such specimens. 

8.5.2 Initialization-Initiate permeation of the specimen 
by increasing the influent pressure (see 8.3.2). The effluent 
pressure shall not be decreased because air bubbles that were 
dissolved by the specimen water during backpressuring may 
come out of solution if the pressure is decreased. The back 
pressure shall be maintained throughout the permeation 
P b .  

8.5.3 Constant Head Test (Method A)-Measure and 
record the required head loss across the test specimen to the 
tolerances stated in 5.1.1 and 5.2.3. The head loss across the 
specimen shall be kept constant &5 96. Measure and record 
periodically the quantity of inflow as well as the quantity of 
outflow. Also measure and record any changes in height of 
the test specimen, if being monitored (see Note 11). Con- 
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tinue permeation until at least four values of hydraulic 
conductivity are obtained over interval of time in which 
( 1 )  the ratio of outflow to inflow rate is betweem 0.75 and 
1.25, and (2) the hydraulic conductivity is steady. The 
hydraulic conductivity shall be considered steady if four or 
more consecutive hydraulic conductivity determinations fall 
within -C25 !?6 of the mean value for k L 1 x lo-'' m/s or 
within &50 !% for k < 1 x lo-" m/s, and a plot of the 
hydraulic conductivity versus time shows no significant 
upward or downward trend. 

8.5.4 Falling-Head Tests (Methods B and C)--Measure 
and record the required head loss across the test specimen to 
the tolerances stated in 5.1.2. For falling-head tests, at no 
time shall the applied head loss across the specimen be less 
than 75 9% of the initial (maximum) head loss during each 
individual hydraulic conductivity determination (see Note 
12). Periodically measure and record any changes in the 
height of the specimen, if being monitored. Continue perme- 
ation until at least four values of hydraulic conductivity are 
obtained over an interval of time in which (I) the ratio of 
outflow to inflow rate is between 0.75 and 1.25, and (2) the 
hydraulic conductivity is steady (see 8.5.3). 

NOTE 12-When the water pressure in a test specimen changes and 
the applied total stress is constant, the effective stress in the test 
specimen changes, which can caw volume changes that can invalidate 
the test results. The requirement that the head loss not decrease very 
much is intended to keep the effective stress from changing too much. 
For extremely soft, compressible test specimems, even more restrictive 
Criteria might be needed. Also, when the initial and final head loses 
across the test specimen do not differ by much, great.- is needed 
to comply with the requirement of 5.1.2 that the raao of mtd to final 
head loss be detemined with an accuracy of +5 5% or better. When the 
initial and final head loss over an interval of time do not differ very 
much, it may be possible to comply with the requirements for a constant 
head test (8.5.3) in which the head loss must not differ by more than 
k5 ?6 and to treat the test as a constant head test. 

8.5.4.1 Test with Constant Tailwater Level (Method B)- 
If the water pressure at the downstream (tailwater) end of the 
test specimen is kept constant, periodically measure and 
record either the quantity of inflow or the level of water in 
the influent standpipe; measure and record the quantity of 
outflow from the test specimen. 

8.5.4.2 Test with Increasing Tailwater Level (Method 
C)-if the water pressure at the downstream end of the test 
specimen rises during an interval of time, periodically mea- 
sure and record either the quantity or inflow and outflow or 
the changes in water levels in the influent and effluent 
standpipes. 

8.5.5 Constant Rate of Flow Tests (Method DkInitiate 
m e a t i o n  of the specimen by imposing a constant flow 
rate. Choose the flow rate so the hydraulic gradient does not 
exceed the value specified, or if none is specified, the value 
recommended in 8.5.1. Periodically measure the rate of 
a o w ,  the rate of outflow, and head loss across the test 
specimen to the tolerances given in 5.1.3. Also, measure and 
record any changes in specimen height, if being monitored. 
Continue permeation until at least four values of hydraulic 
conductivity are obtained over an interval of time in which 
(I) the ratio of inflow to outflow rates is between 0.75 and 
1.25, and (2) hydraulic conductivity is steady (see 8.5.3). 

8.6 Final Dimensions of the Specimen--After completion 
Of permeation, reduce the applied confining influent, and 
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effluent pressures in a manner that does not generate 
significant volume change of the test specimen. Then care- 
fully d i k m b l e  the permeater cell and remove the spec- 
imen. Measure and record the final height, diameter, and 
total mass of the specimen. Then determine the final water 
content of the specimen by the procedure of Method D 22 16. 
Dimensions and mass of the test specimen shall be measured 
to the tolerances specified in 5.13 and 7.1. 
NOTE 13-The specimen may swell after removal of back pre-ssure as 

a result of air coming out of solution. A correction may be made for this 
effect, provided that changes in the length of the specimen are 
monitored during the tat. The strain c a d  by dismantling the cell is 
computed from the length of the specimen before and after dismantling 
the cell. The Same strain is assumed to have occurred in the diameter. 
The corrected diameter and actual length before the back pressure was 
removed are used to compute the volume of the test specimen prior to 
dismantling the cell. The volume prior to dismantling the cell is used to 
determine the final dry density and degree of saturation. 

9. Calculation 
9.1 Constant Head and Constant Rate of Flow Tests 

(Methods A and D)-Calculate the hydraulic conductivity, k, 
as follows: 

where: 
k = hydraulic conductivity, m/s, 
Q = quantity of flow, taken as the average of inflow and 

L = length of specimen along path of flow, m, 
A = cross-sectional area of specimen, m2, 
t = interval of time, s, over which the flow Q occurs, and 
h = difference in hydraulic head across the specimen, m of 

9.2 Falling- Head Tests: 
9.2.1 Constant Tailwater Pressure (Method B)-Calculate 

outflow, m3, 

water. 

the hydraulic conductivity, k, as follows: 
UL 
At 

k = - In (2) 
where: 
a =cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sxtional area of the specimen, m2, 
t = elapsed time between determination of hl and h,, s, 
hl = head loss across the specimen at time t , ,  m, and 
h, = head loss across the specimen at time t,, m. 

9.2.2 Increasing Tailwater Pressure (Method C)--calcu- 
late the hydraulic conductivity, k, as follows: 

influent liquid, m2, 

(3) 

where: 
a, = cross-sectional area of the reservoir containing the 

aout = cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectional area of the specimen, m2, 
t = elapsed time between determination of h, and h2, s, 
h, = head loss across the specimen at time 2,  m, and 
h2 = head loss across the specimen at time t2, m. 

influent liquid, m2, 

emuent liquid, m2, 
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N ~ _ l P = E o r - t h e - c a s e - i n - w h i c h - ~ - = ~ ~ - = - u ~ t h e - ~ ~ t i o n - f o r - T ~ ~ - l - ~ ~ F a ~ o r  Rr for Viscosity of Water at Various 
calculating k for a falling head test with a rising tailwater level is: Temperatures" 

(4) 

9.3 Correct the hydraulic conductivity to that for 20°C 
(68"F), k2,,, by multiplying k by the ratio of the viscosity of 
water at test temperature to the viscosity of water at 20°C 
(68'F), RT, from Table 1,  as follows: 

b = R &  (5 )  

10. Report 
10.1 Report the following information: 
10.1.1 Sample identifying information, 
10.1.2 Any speclai selection and preparation process, such 

as removal of stones or other materials, or indication of their 
presence, if undisturbed specimen, . 

10.1.3 Descriptive information on method of compac- 
tion, 

10.1.4 Initial dimensions of the specimen, 
10.1.5 Initial water content and dry unit weight of the 

specimen, 
10.1.6 Type of permeant liquid used, 
10.1.7 Magnitude of total back pressure, 
10.1.8 Maximum and minimum e f f i v e  consolidation 

stress, 
NOTE 1 5-The maximum effective stress exists at the emuent end of 

the test specimen and the minimum stress at the influent end. 
10.1.9 Height of specimen after completion of consolida- 

+ion, if monitored, 
10.1.10 Range of hydraulic gradient used, 
10.1.11 Final length, diameter, water content, dry unit 

weight, and degree of saturation of the test specimen, 
10.1.12 Average hydraulic conductivity for the last four 

determinations of hydraulic conductivity (obtained as d e  
scribed in 8.5.3 to 8.5.5), reported with two significant 
figures, for example, 7.1 X lo-'' m/s, and reported in units 
of m/s (plus additional units, if requested or customary), 

10.1.13 Graph or table of hydraulic conductivity versus 

Temperature, OC Rr Temperature. OC Rr 
0 1.783 25 0.889 
1 1.723 26 0.869 
2 1.664 27 0.850 
3 1.61 1 28 0.832 
4 1.560 29 0.814 
5 1.511 30 0.797 
6 1.465 31 0.780 
7 1.421 32 0.764 
8 1.379 33 0.749 
9 1.339 34 0.733 

10 1 . a 1  35 0.719 
11 1.265 36 0.705 
12 1230 37 0.692 
13 1.197 38 0.678 
14 1.165 39 0.665 
15 1.135 40 0.653 
16 1.106 41 0.641 
17 1 .on 42 0.629 

. 0618 18 1.051 43 
19 1.025 44 0.607 
20 1 .OOo 45 0.598 
21 0.976 46 0.585 
22 0.953 47 0.575 
23 0.931 48 0.565 
24 0.91 0 49 0.556 

A Rr (-0.02452 T + 1.495) where T is degrees CWUS. 

time or pore volumes of flow is recommended. 

11. Recision and Bias 
1 1.1 Precision-Data am being evaluated to determine 

the precision of this test method. In addition, Subcommittee 
D18.04 on Hydrologic Properties of Soil and Rocks, is 
seeking pertinent data from users of this test method. 

1 1.2 Bias-There is no accepted reference value for this 
test method, therefore, bias cannot be determined. 

12. Keywords 

draulic conductivity; liner, permeameter 
12.1 coe5cient of permeability; hydraulic barriers; hy- 

The American Society for Tssting and Mat& takes no pasition rsspecfing the validiry of any patent rights asswted in conne&m 
with any item mentbmd in this shodafd. Users ofthis standard are expressly advised that determinetian ofthe validity d e n y  such 
patem rights, and the risk of infringement of such rights, are entirely their own mpnsibiliry. 

This standard is subject to revision at any time by the mponsible technical committee and must be reviewed every five years and 
if not fi3vised, enher rf38,uproved or withdrawn. Your comments are invited either for revision of this sandad or for edditiona/ standards 
and should be addressed to ASTM H-. Your commenB will receive careful consiiderean at a meeting of the responsible 
technical comminee, which yw may anend. f f  you feel that your comments have not mM a fair haring you should make your 
views known to the ASTM Cornminee on stanaards, 1976 Race St.. Philadelphia, PA 19103. 
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qm Designation: 0 5092 - 90 
6 8 6 9  

Standard Practice for 
Design and Installation of Ground Water Monitoring Wells in 
Aquifers' 

- -  

This standard is isswd under the fixed designation D 5092; the number immediately following the designation indicates the year of 
original adoption or, in the case of mision. the year of lasl d o n .  A number in pentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last d o n  or mapproVal. 

INTRODUCIION 

This practice for the design and installation of ground water monitoring wells in aquifers will 
promote (I) durable and reliable construction, (2) extraction of representative ground water 
quality samples, and (3) efficient and site hydrogeological characterizations. The guidelines 
established herein are affected by governmental regulations and by @e specific geological, 
hydrogeological, climatological, topographical, and subsurface chemistry conditions. To meet 
these geoenvironmental challenges, this guidance promotes the development of a conceptual 
hydrogeologic model prior to monitoring well design and installation. 

1. scope 
1 . 1  This practice considers the selection and characteriza- 

tion (that is, defining soil, rock types, and hydraulic gradi- 
ents) of the target monitoring zone as an integral component 
of monitoring well design and installation. Hence, the 
development of a conceptual hydrogeologic model for the 
intended monitoring zone(s) is recommended prior to the 
design and installation of a monitoring well. 

1.2 These guidelines are based on TecognizBd methods by 
which monitoring wells may be designed and installed for the 
purpose of detecting the presence or absence of a contami- 
nant, and collecting representative ground water quality 
data. The design standards and installation procedures 
herein are applicable to both detection and assessment 
monitoring programs for facilities. 

1.3 The recommended monitoring well design, as pre- 
sented in this practice, is based on the assumption that the 
objective of the program is to obtain representative ground 
water information and water quality samples from aquifers. 
Monitoring wells constructed following this practice should 
produce relatively turbidity-free samples for granular aquifer 
materials ranging from gravels to silty sand and sufficiently 
permeable consolidated and fractured strata Strata having 
grain sizes smaller than the recommended design for the 
smallest diameter filter pack materials should be monitored 

- by alternative monitoring well designs which are not ad- 
dressed in this practice. 

1.4 The values stated in inch-pound units are to be 
regarded as standard. The values in parentheses are for 
information only. 

1.5 This standard does not purpon to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safity and 

health practices and determine the applicability of regdatoty 
limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standard: 
C 150 Specification for Portland Cement' 
C 294 Descriptive Nomenclature of Constituents of Nat- 

D 653 Terminology Relating to Soil, Rock, and Contained 

D 1452 Practice for Soil Investigation and Sampling by 
Auger Borings4 

D 1586 Method for Penetration Test and Split-Barrel 
Sampling of Soils4 

D 1587 Practice for Thin-Walled Tube Sampling of Soils4 
D2113 Practice for Diamond Core Drilling for Site 

Investigation4 
D2487 Test Method for Classification of Soils for Engi- 

neering ~wposes~ 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual 
D 3282 Practice for Classification of Soils and Soil Aggre- 

gate Mixtures for Highway Construction PurpoSeSq 
D 3550 Practice for Ring Lined Barrel Sampling of Soils4 
D4220 Practice for Preserving and Transporting Soil 

ural Mineral Aggregates3 

Fluids4 

samples4 

3. Significance and Use 
3.1 An adequately designea and installed ground water 

monitoring well system for aqucmsphase liquids provides 
essential information for decisions pertaining to one or more 
of the following subjects 

3.1.1 Aquifer and aquitard proprties, both geologic and 
hydraulic; 

' This practice is under the jurisdiaion of ASTM Cornmince D l 8  on Sod and 
Rock a d  is the dirar responsibility of Subcommittee D18.21.05 on Dcsign and 
Inaallation of Ground-Water Monitoring Wells 

C u m t  edition approved June 29,1990. Published October 1990. 
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3.1.2 Potentiometric surface of a particular hydrologic feden regulations. Since this federal definition is associated 
ttiii5iCillFttitionf many monit~ngeUs-it-is-provided-herein . . .  

UOit(SX 

parameters; 

d t i o n s ,  or both, no longer needed. 

3.1.3 Water quality with respect to various indicator 

3.1.4 Migration characteristics of a contaminant release; 
3.1.5 Additional installations or decommissioning of in- 

4. Terminology 
4.1 Definitions: 
4.1.1 annular space: annulus-the space between two 

concentric tubes or Casings, or between the casing and the 
borehole wall. This would include the space(s) between 
multiple strings of tubindcasings in a borehole installed 
either concentrically or multi-cased adjacent to each other. 

4.1.2 assessment monitoring-an investigative monitor- 
ing program that is initiated after the presence of a contam- 
inant in ground water has been detected. The objective of 
this program is to determine the concentration of constitu- 
ents that have contaminated the ground water and to quan- 
tify the rate and extent of migration of these constituents. 

4.1.3 ASTM cement types-Portland cements meeting the 
requirements of Specifications C 150. Cement types have 
slightly different formulations that result in various charac- 
teristics which address Merent construction conditions and 
different physical and chemical environments. They are as 
follows: 

4.1.3.1 Type I (Portland)-a general-purpose construction 
cement with no special properties. 

4.1.3.2 Type II (Portland)-a construction cement that is 
moderately resistant to sulfates and generates a lower head of 
hydration at a slower rate than Type I. 

4.1.3.3 Type III (Portland; high early strength)-a con- 
struction cement that produces a high early strength. This 
cement reduces the curing time required when used in cold 
environments, and produces a higher heat of hydration than 
Type I. 

4.1.3.4 Type IV (Portland)-a construction cement that 
produces a low head of hydration (lower than Types I and II) 
and develops strength at a slower rate. 

4.1.3.5 Type V (Portland)-a construction cement that is 
a high sulfate resistant formulation. Used when there is 
severe d a t e  action from sods and ground water. 

4.1.4 bailer-a hollow tubular receptacle usxi to facilitate 
withdrawal of fluid from a well or borehole. 

4.1.5 bullasf-materials used to provide stability to a 
buoyant object (such as casing within a borehole filled with 
water). 

4.1.6 blow-in-the idow of ground water and unconsol- 
idated material into a borehole or Casing caused by differen- 
tial hydraulic heads; that is, caused by the presence of a 
greater hydraulic head outside of a borehole/casing than 
inside. 

4.1.7 borehole a circular open or uncased subsurface hole 

4.1.8 borehole log-the record of geologic units pene- 
trated, drilling progress, depth, water level, sample recovery, 
volumes, and types of materials used, and other significant 
facts regarding the drilling of an exploratory borehole or well. 

DIxvssION--The definition of aquik as currently included in 
Terminology D 653 varies 6rom the &finition as prescribed by US 

createdbydlilling. 
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technical note: 
aquijir-a geologic formation, group of formation, or part 

formation that is saturated, and is capable of providing a Slgnifi 
quantity of water. 

4.1.9 bridge-an obstruction within the annulus w 
may prevent circulation or proper emplacement of ann 
materials. 

4.1.10 casing-pipe, finished in sections with ei 
threaded connections or bevelled edges to be field we1 
which is installed temporarily or permanently to count( 
caving, to advance the borehole, or to isolate the zone b 
monitored, or combination thereof. 

4.1.11 casing, protective-a section of larger dian 
pipe that is emplaced over the upper end of a smaller d 
eter monitoring well riser or casing to provide struc 
protection to the well and restrict unauthorized access 
the well. 

4.1.12 casing, su$zce-pipe used to stabilize a borc 
near the surface during the drilling of a borehole that mi 
left in place or removed once drilling is completed. 

4.1.13 caving; sloughing-the inflow of unconsolic 
material into a borehole which occurs when the bon 
walls lose their cohesive strength. 

4.1.14 cement; Portland cement-commonly know 
Portland cement. A mixture that consists of a calm 
argiuaceous, or other silica-, alumina-, and iron-o 
bearing materials that is manufactured and formulatt 
produce various types which are defined in Specific 
C 150. Portland cement is aIso considered a hydx 
cement because it must be mixed with water to foi 
cement-water paste that has the ability to harden 
develop strength even if cured under water (see A 
cement types). 

4.1.15 centralizer-a device that assists in the centeri 
a casing or riser within a borehole or another casing. 

4.1.16 circulation-applies to the fluid rotary dx 
method; drilling fluid movement from the mud pit, t b ~  
the pump, hose and swivel, drill pipe, annular space i 
hole and returning to the mud pit. 

4.1.17 conductance (specific)-a measure of the ab2 
the water to conduct an electric current at 77°F (25’C) 
related to the total concentration of ionizable solids i 
water. It is inversely proportional to electrical resistant 

4.1.18 confining unit-a term that is synonymous 
“aquiclude,” “aquitard,” and “aquifuge;” defined as a 
of relatively low permeable material stratigraphically 
cent to one or more aquifers. 

4.1.19 contaminant-an undesirable substance no1 
mally present in water or soil. 

4.1.20 detection monitoring-a program of monil 
for the express purpose of determining whether or not 
has been a contaminant release to ground water. 

4.1.21 drill cuttings--fragments or particles of sc 
rock, with or without free water, created by the d 
process. 

4.1.22 drilling fluid-a fluid (liquid or gas) that m 
used in drilling operations to remove cuttings &ox 
borehole, to clean and cool the drill bit, and to mainta 
integrity of the borehole during drilling. 
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4.1.23 d-IO-the diameter of a soil particle (preferably in 
&metres) at which 10 76 by weight (dry) of the particles of 
a particular sample are finer. Synonymous with the effective 
size or effective grain size. 

4.1.24 d-60-the diameter of a soil particle (preferably in 
m e t r e s )  at which 60 9% by weight (dry) of the particles of 
a particular sample are finer. 

4.1.25 flow path-represents the area between two flow 
lines along which ground water can flow. 

4.1.26 flush joint or j7wh c o u p l e d d g  or riser with 
ends threaded such that a consistent inside and outside 
diameter is maintained across the threaded joints or cou- 
plings. 

4.1.27 gravel pack-common nomenclature for the termi- 
nology, primary filter of a well (see primaryfilter pack). 

4.1.28 grout (monitoring wells)-a low permeability mate- 
rial placed in the annulus between the well casing or riser 
pipe and the borehole wall (that is, in a singlecased 
monitoring well), or between the riser and casing (that is, in 
a multicased monitoring well), to maintain the alignment of 
the casing and riser and to prevent movement of ground 
water or surface water within the annular space. 

4.1.29 grout shoe-a plug fabricated of relatively inert 
materials that is positioned within the lowermost section of a 
permanent casing and fitted with a passageway, often with a 
flow check device, through which grout is injected under 
pressure to !ill the annular space. After the grout has set, the 
grout shoe is usually drilled out. 

4.1.30 head (static)-the height above a standard datum 
of the surface of a column of water (or other liquid) that can 
be supported by the static pressure at a given point. The 
static head is the sum of the elevation head and the pressure 
head. 

4.1.31 head (tota&the sum of three components at a 
point: (I) elevation head, f L ,  which is equal to the elevation 
of the point above a datum; (2) pressure head, hp, which is 
the height of a column of static water than can be supported 
by the static p m u r e  at the point; and ( 3 )  velocity head, hv, 
which is the height the kinetic energy of the liquid is capable 
of lifting the liquid. 

4.1.32 hydrologic unit-geologic strata that can be distin- 
guished on the basis of capacity to yield and transmit fluids. 
Aquifers and confining units are types of hydrologic units. 
Boundaries of a hydrologic unit may not necessarily corre- 
spond either laterally or vertically to lithostratigraphic for- 
mations. 

4.1.33 jetting-when applied as a drilling method, water is 
forced down through the drill rods or casings and out 
through the end aperture. The jetting water then transports 
the generated cuttings to the ground surface in the annulus of 
the drill rods or casing and the borehole. The term jetting 
may also refer to a development technique (see well screen 
jetting). 

4.1.34 loss of circulation-the loss of drilling fluid into 
strata to the extent that circulation does not return to the 
surface. 

4.1.35 mud pit-usually a shallow, rectangular, open, 
portable container with barns into which drilling fluid and 
cuttings are discharged from a borehole and that serves as a 
reservoir and settling tank during reckdation of the drilling 

fluids. Under some circumstances, an excavated pit with a 
lining material may be used. 

4.1.36 multi-wed well-a well constructed by using suc- 
cessively smaller diameter casings with depth. 

4.1.37 neat cemm-a mixture of Portland cement (Spec- 
ification 150) and water. 

4.1.38 observation well-typically, a small diameter well 
used to measure changes in hydraulic heads, usually in 
response to a nearby pumping well. 

4.1.39 oil airfilter-a filter or series of filters placed in the 
air flow line from an air compressor to reduce the oil content 
of the air. 

4.1.40 oil trap-a device used to remove oil from the 
compressed air discharged from an air compressor. 

4.1.4 1 packer (monitoring wells)-a transient or dedicated 
device placed in a well that isolates or seals a portion of the 
well, well annulus, or borehole at a specific level. 

4.1.42 potentiometric surfae-an imaginary surface r e p  
resenting the static head of ground water. The water table is a 
particular potentiometric surface. 

DIscsvssroN-Where the head varies with depth in the aquifer, a 
potentiometric surface is meaningful only if it describes the static 
head along a particular specified surface or stratum in that aquifer. 
More than one potentiometric surface is required to describe the 
distribution of head in this case. 

4.1.43 primavfilter pack-a clean silica sand or sand and 
gravel mixture of selected grain size and gradation that is 
installed in the annular space between the borehole wall and 
the well screen, extending an appropriate distance above the 
screen, for the purpose of retaining and stabilizing the 
particles from the adjacent strata. The term is used in place 
of gravel pack. 

4.1.44 PTFE tape-joint sealing tape composed of poly- 
tetrafluoroeth y lene. 

4.1.45 riser-the pipe extending from the well screen to 
or above the ground surface. 

4.1.46 secondary filter pack-a clean, uniformly graded 
sand that is placed io the annulus between the primary filter 
pack and the over-lying seal, or between the seal and 
overlying grout backfill, or both, to prevent movement of 
seal or grout, or both, into the primary filter pack. 

4.1.47 sediment s u m p a  blank extension beneath the 
well screen used to collect fine-grained material from the 
filter pack and adjacent strata. The term is synonymous with 
rat trap or tail pipe. 

4.1.48 shear strength (monitoring wells)-a measure of 
the shear or gel properties of a drilling fluid or grout. 

4.1.49 single-cased well-a monitoring well constructed 
with a riser but without an exterior casing. 

4.1.50 static water level-the elevation of the top of a 
column of water in a monitoring well or piezometer that is 
not influenced by pumping or conditions related to well 
installation, hydrologic testing, or nearby pumpage. 

4.1.51 tamper-a heavy cylindrical metal section of 
tubing that is operated on a wire rope or cable. It slips over 
the riser and fits inside the casing or borehole annulus. It is 
generally used to tamp annular sealants or filter pack 
materials into place and prevent bridging. 

4.1.52 target monitoring zone-the ground water flow 
path from a particular area or facility in which monitoring 
wells will be screened. The target monitoring zone should be 
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a stratum ( s t s t )  in which there is a reasonable expectation mented in the Literature, the initial reconnaissance 
provide sufficient information to identify flow paths anc that a vertically placed well will intercept migrating ,contam- 

inants. 
4.1.53 test pit-a shallow excavation made to characterize 

the subsurface. 
4.1.54 transmissivity-the rate at which water of the 

prevailing kinematic viscosity is transmitted through a unit 
width of the aquifer under a unit hydraulic gradient. 

DWuSSroN-It is equal to an integration of the hydraulic 
conductivities across the saturated part of the aquifer perpendicular 
to the flow paths. 

4.1.55 tremie pipe-a pipe or tube that is used to trans- 
port filter pack materials and annular sealant materials from 
the ground surface into the borehole annulus or between 
Casings and casings or riser pipe of a monitoring well. 

4.1.56 uniformly graded-a quantitative definition of the 
particle size distribution of a soil which consists of a majority 
of particles being of the same approximate diameter. A 
granular material is considered uniformly graded when the 
uniformity coefficient is less than about five (Test Method 
D 2487). Comparable to the geologic term well sorted. 

4.1.57 vented cap-a cap with a small hole that is installed 
on top of the riser. 

4.1.58 washout nozzle-a tubular extension with a check 
valve utilized at the end of a string of casing through which 
water can be injected to displace drilling fluids and cuttings 
from the annular space of a borehole. 

4.1.59 weep hole-a small diameter hole (usually 1/4 in.) 
drilled into the protective casing above the ground surface 
that serves as a drain hole for water that may enter the 
protective casing annulus. 

4.1.60 well completion diagram-a record that illustrates 
the details of a well installation. 

4.1.61 well screen-a filtering device used to retain the 
primary or natural filter pack; usually a cylindrical pipe with 
openings of a uniform width, orientation, and spacing. 

4.1.62 well screen jetting (hydraulic jetting)-when jetting 
is used for development, a jetting tool with nozzles and a 
high-pressure pump is used to force water outwardly through 
the screen, the filter pack, and sometimes into the adjacent 

4.1.63 zone of saturation-a hydrologic zone in which all 
the interstices between particles of geol9gic material or all of 
the joints, fractures, or solution channels in a consolidated 
rock unit are filled with water under pressure greater than 
that of the atmosphere. 

geologic unit. 

5. Site Characterization 
5.1 General-Soiil mechanics, geomorphological con- 

cepts, geologic structure, stratigraphy, and sedimentary con- 
cepts, as well as the nature and behavior of the solutes of 
interest, must be combined with a knowledge of ground 
water movement to make a complete application of the 
results of the monitoring well design and installation guid- 
ance. Therefore, development of a conceptual hydrogeologic 
model that identifies potential flow paths and the target 
monitoring zone@) is recommended prior to monitoring well. 
design and installation. Development of the conceptual 
model is accomplished in two phases-an initial reconnais- 
sance and a field investigation. When the hydrogeology of a 
project area is relatively uncomplicated and well dm- 
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&et monitoring zone(s). However, where little backgrc 
data is available or the geology is complicated, a 
investigation will generally be neceSSary to completely 
velop a conceptual hydrogeologic model. 

5.2 Initial Reconnaissance of Project Area-The go; 
the initial reconnaissance of the project area is to ide 
and locate those zones with the greatest potential to tran 
a fluid from the project area. Identifying these flow pat 
the first step in selecting the target ground water m o d (  
zone@). 

5.2.1 Literature Search-Every effort should be ma( 
collect and review all applicable field and laboratory 
from previous investigations of the project area. Data 
as, but not limited to, topographic maps, aerial imagery 
ownership and utilization records, geologic 
hydrogeologic maps and reports, mineral resource sur 
water well logs, personal information from local well dri 
agricultural soil reports, geotechnical engineering re1 
and other engineering maps and report related to the pr 
area should be reviewed. 

5.2.2 .Field Reconnaissance-Early in the invest& 
the soil and rocks in open cut areas in the vicinity o 
project should be studied, and various soil and rock pri 
noted. Special consideration should be given to soil colo 
textural changes, landslides, seeps, and springs within or 
the project area. 

5.2.3 Preliminary Conceptual Model-The distributi 
the predominant soil and rock units likely to be found d 
subsurface exploration may be hypothesized at this timi 
preliminary hydrogeologic conceptual model using 
obtained in the Literature search and field reconnaissanc 
areas where the geology is relatively uniform, well c 
mented in the literature, and substantiated by the 
reconnaissance, further refinement of the conceptual t 
may not be neceSSary unless anomalies are discovered i 
well drilling stage. 

5.3 Field Investigation-The goal of the field inve 
tion is to refine the preliminary conceptual hydrogec 
model so that the target monitoring zone(s) is selected 
to monitoring well installation. 

5.3.1 Exploratory Borings and Test Pits-Chamd 
tion of the flow paths conceptualized in the initial recol 
sance involves defining the porosity, hydraulic conduc 
gradation, stratigraphy, lithology, and structure of 
hydrologic unit. The characteristics are defined by 
ducting an exploratory boring program which may ir: 
test pits. Exploratory borings and test pits should be 
enough to develop the required engineering 
hydrogeologic data for determining the flow path(s), 
monitoring zone, or both. 

5.3.1.1 Samplin@il and rock properties should I 
predicted wholly on field identification or clasdkatio 
should be checked by laboratory and field tests ma 
samples. Representative soil or rock samples, or bo 
each material that is significant to the analysis and des 
the monitoring system should be obtained and evalw 
a geologist, hydrogeologist, or engineer trained and e 
e n d  in soil and rock analysis. Soil sample extraction 6 
be conducted according to Practice D 1452, Method D 
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Practice D 3550, or Practice D 1587, whichever is appro- 
priate given the anticipated cham ten^ * ‘cs of the soil sam- 
ples. Rock samples should be extracted according to Practice 
D 21 13. Soil samples obtained for evaluation of hydraulic 
properties should be containerized and identified for ship 
ment to a laboratory. Special measures to preserve either the 
continuity of the sample or the ~ t u r a l  moisture are not 
usually required. However, soil and rock samples obtained 
for evaluation of chemical properties often require special 
field preparation and preservation to prevent significant 
alteration of the chemical constituents during transportation 
to a laboratory (see Practice D4220). Rock samples for 
evaluation of hydraulic properties are usually obtained using 
a split-inner-tube core barrel. Evaluation and logging of the 
core samples is usually made in the field before the core is 
removed from half of the split inner tube core barrel. 

5.3.1.2 Boring Logs--Care should be taken to prepare 
and retain a complete boring log and sampling record for 
each exploratory borehole and test pit. 

NOTE I-Site investigations for the installation of ground-water 
monitoring wells can vary greatly due to the availability of reliable site 
data or the lack thereof. The general procedure would however be- as 
follows: (I)  gather factual data regarding the suficial and subsurface 
conditions. (2) analyze the data, ( 3 )  develop a conceptual model of the 
site conditions, ( 4 )  locate the monitoring wells based on the fht three 
steps. Monitoring wells should only be installed with sufficient under- 
standing of the geologic and hydrogeologic conditions present on site. 
Monitoring wells often serve as pan of an overall site investigation for a 
e c  purpose, such as determining the extent of contamination 
present or for prediction of the effectiveness of aquifer remediations. In 
these cases extensive additional geotechnical and hydrogeologic infor- 
mation may be required that would go beyond the Section 5 Site 
Characterization description. 

Boring logs should include the location, geotechnical (that is, 
penetration rates or blow counts), and sampling information 
for each material identilied in the borehole either by symbol 
or word description, or both. Identification of all soils should 
be in amrdance with Practice D 2488 or Practice D 3282. 
Identification of rock material should be based on Nomen- 
clature C294 or by an appropriate geologic classification 
system. Observations of seepage, free water, and water levels 
should also be noted. The boring logs should be aammpa- 
nied by a report that includes a description of the area 
investigated, a map illustrating the vertical and horizontal 
location (with reference to nearest National Geodetic Ver- 
tical Datum [NGVD] and to a standardized survey grid, 
respedvely) of each exploratory borehole or test pit, or both; 
and color photographs of rock cores, soil samples, and 
exposed strata labeled with a date and identification. 

5.3.2 Geophysical Exploration-Geophysical surveys may 
be used to supplement borehole and outcrop data and to aid 
in interpretation between boreholes. Surface geophysical 
methods such as Seismic surveys, and electrical-resistivity 
and electromagnetic conductance surveys can be particularly 
valuable when distinct differences in the properties of 
contiguous subsurface materials are indicated. Borehole 
methods such as resistivity, gamma, gamma-gamma, neu- 
tron, and caliper logs can be usefid to confirm specific 
subsurface geologic conditions. Gamma logs are particularly 
useful in existing cased wells. 

5.3.3 Ground Wder Flow Direction-Ground water flow 
direction is generally determined by measuring the vertical 

and horizontal hydraulic gradient within each conceptual- 
ized flow path. However, because water will flow along the 
path of least resistance, flow direction may be oblique to the 
hydraulic gradient (buried stream channels or glacial valleys, 
for example). Flow direction is determined by first installing 
piezometers in the exploratory boreholes. The depth and 
location of the piezometers will depend upon anticipated 
hydraulic connections between conceptualized flow paths 
and their respective lateral direction of flow. Following 
careful evaluation, it may be possible to utilize existing 
private or public wells to ob’& water level data. The 
construction integrity of such wells should be verified to 
ensure that the water levels obtained from the wells are 
representative only of the zones of interest. Following water 
level data acquisition, a potentiometric surface map should 
be prepared. Flow paths are ordinarily determined to be at 
right an@% or nearly so, to the equipdtentid lines. 

5.4 Completing the Conceptual Model-A series of 
hydrogeologic cross sections should be developed to refine 
the conceptual model. This is accomplished by first plotting 
logs of soil and rock observed in the exploratory borings or 
test pits, and interpreting between these logs using the 
geologic and engineering interrelationships between other 
soil and rock data observed in the initial reconnaissance or 
with geophysical techniques. Extmpolation of data into 
adjacent areas should be done only where geologically 
uniform subsurface conditions are known to exist. The next 
step is to integrate the profile data with the piezometer data 
for both vertical and horizontal hydraulic gradients. Plan 
view and cross-sectional flow nets may need to be con- 
structed. Following the analysis of these data, conclusions 
can be made as to which flow path@) is the appropriate target 
monitoring zone@). 

Nm 2 4 r o u n d  water monitoring is difficult and may not be a 
reiiable technology in fine-grain, low hydraulic conductivity, primary 
porosity strata because of ( I )  the disproportionate influence that 
microstratigraphy has on ground water flow in fine-grain straw (2) flow 
lines proportionally higher for the vertical flow component in low 
hydraulic conductivity mta; and (3) the presence of indigenous 
metallic and inorganic constituents that make water quality data 
evaluation dimcult. 

6. Monitoring Well Construction Materials 
6.1 General-The materials that are used in the construc- 

tion of a monitoring well and that come in contact with the 
water sample should not measurably alter the chemical 
quality of the sample for the constituents being examined 
using the appropriate sampling protocols. Furthermore, the 
riser, well screen, and annular sealant injection equipment 
should be steam cleaned or high-pressure water cleaned (if 
appropriate for the selected riser material) immediately prior 
to well installation or certified clean from the manufacturer 
and delivered to site in a protective wrapping. Samples of the 
cleaning water, filter pack, annular seal, and mixed grout 
should be retained to serve as quality control until the 
completion of at least one round of ground water quality 
sampling and analysis. 

6.2 Water-Water used in the drilling process, to prepare 
grout mixtures and to decontaminate the well screen, riser, 
and annular sealant injection equipment, should be obtained 
from a source of known chemistry that does not contain 

1214 



-constituents that could compromise the integrity of the well Therefore, the filter pack materials must be ordered and delivered to d 
d r i l l - s i t e - b e f o r e - s o i l - s a m p l e s - ~ - b e - c o l l ~ ~ ~ I n - t h ~ - ~ - d  . .  stidlabon. 

6.3 Primary Filter Pack 
6.3.1 Materids-The primary filter pack (gravel pack) 

consists of a granular material of known chemistry and 
selected grain size and gradation that is installed in the 
annulus between the Screen and the borehole wall. The filter 
pck is usually selected to have a 30 9% finer (d-30) grain Size 
fiat is about 4 to 10 times greater than the 30 7% finer (d-30) 
p n  size of the hydrologic unit being filtered (see Fig. 1). 
usually, the filter is selected to have a low (that is, less than 
2.5) uniformity coefficient. The grain Size and gradation of 
&e filter are selected to stabilize the hydrologic unit adjacent 
to the Screen and permit only the finest soil grains to enter 
fie SCreen during development. Thus, after development, a 
correctly filtered monitoring well is relatively turbid-free. 

NOTE 3-When installing a monitoring well in Karst or highly 
fiaaured bedrock, the borehole configuration of void spaces within the 
formation surrounding the borehole is often unknown. Therefore, the 
&tallation of a filter pack becomes diacult and may not be possible. 

6.3.2 Gradation-The filter pack should be uniformly 
graded and comprised of hard durable siliceous particles 
washed and screened with a particle size distribution derived 
by multiplying the d-30 size of the finest-grained screened 
m t u m  by a factor between 4 and 10. Use a number between 
four and six as the multiplier if the stratum is fine and 
uniform; use a factor between six and ten where the material 
has highly nonuniform gradation and includes silt-sized 
particles. The grain-size distribution of the filter pack is then 
plotted using the d-30 size as the control point on the graph. 
The selected filter pack should have a uniformity coefficient 
of approximately 2.5 or less. 
NOTE 4-This practice presents a design for monitoring wells that 

will be effective in the majority of aquifers. Applicable state guidance 
may differ From the designs contained in this practice. 
NOTE 5-Because the well screen slots have uniform openings, the 

filter pack should be composed of particles that are as uniform in size as 
is practical. Ideally, the uniformity coefficient (the quotient of the 60 9% 
passing, D-60 size divided by the 10 % passing P I 0  size [effective size]) 
ofthe filter pack should be 1.0 (that is, the D-60 % and the D10 % sizes 
should be identical). However, a more practical and consistently 
achievable uniformity coefficient for all ranges of filter pack sizes is 2.5. 
This value of 2.5 should represent a maximum value, not an ideal. 

NOTE 6-AIthough not recommended as standard practice, often a 
project requires drilling and installing the well in one phase of work. 

U. SSUndud Sm Nu* 

suggested well screen slot size and filter pack materials are presented 
Table 1. 

6.4 Well Screm 
6.4.1 Materials-The well screen should be new, m 

chine-slotted or continuous wrapped wire-wound and con 
posed of materials most suited for the monitoring enviro 
ment and site characterization findings. The Screen should 1 
plugged at the bottom. The plug should be of the san 
material as the well screen. This assembly must have t! 
capability to withstand installation and development stres 
without becoming dislodged or damaged. The length o f t  
slotted area should reflect the interval to be monitort 
Immediately prior to installation, the well Screen should 
steam cleaned or high-pressure water cleaned (if approprii 
for the selected well screen materials) with water from 
source of known chemistry if not certified by the manufi 
turer, delivered, and maintained clean at the site. 
NOTE 7-Well screens are most commonly composed of P! 

stainless steel, fiberglass, or fluoropolymer materials. 

6.4.2 Diameter-The minimum nominal internal dia 
eter of the well screen should be chosen based on 1 
particular application. However, in most instances, a m 
imum of 2 in. (50 mm) is needed to allow for the introd 
tion and withdrawal of sampling devices. 

6.4.3 Slot Size-The slot Size of the well Screen should 
determined relative to the grain size analysis of the strati 
interval to be monitored and the gradation of the filter p; 
material. In granular noncohesive strata that will fall 
easily around the Screen, filter packs are not necessary. 
these cases of natural development, the slot size of the \ 
screen is to be determined using the grain size of 
materials in the surrounding strata. The slot size i 

arrangement should retain at least 90 9% and preferably 9‘ 
of the filter pack. The method for determining the cor 
gradation of filter pack material is described in 6.3.2. 

6.5 Riser: 
6.5.1 Materials-The riser should be new and compc 

of materials that will not alter the quality of water sam 
for the constituents of concern and that are appropriate 
the monitoring environment. The riser should have adeq 
wall thickness and coupling strength to withstand installa 
and development stresses. Each section of riser shod( 
steam cleaned or hi&-pressure water cleaned (if appropi 
for the selected material) using water from a source of kn 
chemistry immediately prior to installation. 
NOTE 8 - h ~  are genedy c 0 - d  of PVC, stahless 

fiberglass, or fluompolymer materials. 

6.5.2 Diameter-The minimum nominal internal d 
eter of the riser should be chosen based on the parti( 
application. However, in most instances, a minimum of 
(50 mm) is needed to accommodate sampling devices. 

6.5.3 Joints (Couplings)-Threaded joints are IW 
mended. Glued or solvent welded joints of any type an 
recommended since glues and solvents may alter the cl 
istry of the water samples. In most cases, square profile 
joint threads do not require PTFE taping, however, tal 
thread joints should be FTFE taped to prevent I& 
water into the riser. Alternatively, Grings compose 
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TABLE 1 Recommended IAchievableI Filter Pack Characteristics for Common Screen Slot Sizes 
l%pasSlngsire 
(D-1). mm 
0.09 to 0.12 
025 to 035 
0.7 to 0.9 
0.7 to 0.9 
12 to 1.4 
15 to 1.8 
2.0 to 2.4 

EftectiveSire. 30%PaSsingSize R a n g e d l h i f o m v t y R ~ ( P o w e r r  
Operrmg. mm Cm.) NamelS) 0-10). mm (D-3f-Y. coefficient -) 

0.25 (0.010) 10 20640 0.4 to 0.5 0.5 to 0.6 1.1 to 1.6 3105 

SktNO. sandpadc- SizeofScreen 

0.125 (0.00s) 5" 100 0.14 to 0.17 0.17 to 0.21 1.3 to 2.0 2toS 

0.50 (0.020) 20 1oto20 1.0 to 12 1.2 to 1.5 1.1 to 1.6 3to6 
0.75 (0.030) 30 lot020 1 .o to 1.2 12 to 1.5 1.1 to 1.6 3106 
1.0 (0.040) , 40 8-12 1.6 to 1.8 1.7 to 2.0 1.1 to 1.6 4106 

4m6 L5 (O.Os0) 60 6109 
2.0 (0.080) 80 4108 2.4 to 3.0 2.6 to 3.1 1.1 to 1.7 4to6 

A A5-?&t(0.152mm)openingisnotarrrenttyavaaaMeinJoned W C  but is available in Veewire PVC and Stainless; 6-skn opening maybe SubswRed in -caws. 

2.3 to 2.8 2.5 to 3.0 1.1 to 1.7 

materials that would not impact the water sample for the 
constituents of concern may be selected for use on flush joint 
threads. 

6.6 Casing-Where conditions warrant, the use of perma- 
nent casing installed to prevent communication between 
water-bearing zones is encouraged. The following subsec- 
tions address both temporary and permanent casings. 

6.6.1 Materials-The material type and minimum wall 
thickness of the casing should be adequate to withstand the 
forces of installation. All casing that is to remain as a 
permanent part of the installation (that is, multi-cased wells) 
should be new and cleaned to be free of interior and exterior 
protective coatings. 

NOTE 9-The exterior casing (temporary or permanent multiased) 
is generally composed of steel, although other appropriate materials may 
be used. 

6.6.2 Diameter-Several different casing sizes may be 
required depending on the subsurface geologic conditions 
penetrated. The diameter of the casing for filter packed wells 
should be selected so that a minimum annular space of 2 in. 
(50 mm) is maintained between the inside diameter of the 
casing and outside diameter of the riser. In addition, the 
diameter of the casings in multi-cased wells should be 
selected so that a minimum annular space of 2 in. is 
maintained between the casing and the borehole (that is, a 
2-in. diameter screen will require first setting a 6-in. (152- 
mm) diameter casing in a IO-in. (254mm) diameter boring). 

NOTE IO-Under dimcult drilling conditions (collapsing soils, rock, 
or cobbles), it may be necessary to advance temporary casing, under 
these conditions a smaller annular space may be maintained. 

6.6.3 Joints (Couplings)-The ends of each casing section 
should be either flush-threaded or bevelled for welding. 

6.7 Protective Casing: 
6.7.1 Materials-Protective Casings may be made of alu- 

minum, steel, stainless steel, cast iron, or a structural plastic. 
The protective casing should have a lid capable of being 
locked shut by a locking device. 

6.7.2 Diameter-The inside dimensions of the protective 
casing should be a minimum of 2 in. (50 mm) and preferably 
4 in. ( 10 1 mm) larger than the nominal diameter of the riser 
to facilitate the installation and operation of sampling 
equipment. 

6.8 Annular Sealants-The materials used to seal the 
annulus may be prepared as a slurry or used un-mixed in a 
dry pellet, granular, or chip form. Sealants should be selected 
to be compatible with ambient geologic, hydrogeologic, and 
climatic conditions and any man-induced conditions antici- 
pated to occur during the life of the well. 

6.8.1 Bentonite-Bentonite should be powdered, gran- 

ular, pelletized, or chipped sodium montmorillonite fur- 
nished in sacks or buckets from a commercial source and 
fiee of impurities which adversely impact the water quality 
in the well. Pellets consist of roughly spherical or disk shaped 
units of compressed bentonite powder. Chips are large, 
irregularly shaped, and coarse granular units of bentonite 
free of additives. The diameter of pellets or chips selected for 
monitoring well construction should be less than one fifth 
the width of the annular space into which they are placed to 
reduce the potential for bridging. Granules consist of coarse 
particles of unaltered bentonite, typically smaller than 0.2 in. 
(50 mm). 

6.8.2 Cement-Each type of cement has slightly Merent 
characteristics that may be appropriate under various phys- 
ical and chemical conditions. Cement should be one of the 
five Portland cement types that are specified in Specification 
C 150. The use of quick-setting cements containing additives 
is not recommended for use in monitoring well installation. 
Additives may leach from the cement and influence the 
chemistry of the water samples. 

6.8.3 Grout-The grout backfill that is placed above the 
bentonite annular seal and secondary filters (see Fig. 2) is 
ordinarily a liquid slurry consisting of either a bentonite 
(powder or granules, or both) base and water, or a Portland 
cement base and water. Often, bentonite-based grouts are 
used when it is desired that the grout remain flexible (that is, 
to accommodate fieemthaw) during the life of the installa- 
tion. Cement or bentonite-based grouts are often used when 
the tilling in of cracks in the surrounding geologic material, 
adherence to rock units, or a rigid setting is desired. 

6.8.3.1 Mixing-The mixing (and placing) of a grout 
backfill should be performed with precisely recorded weights 
and volumes of materials, and according to procedures 
stipulated by the manufacturer that often include the order 
of component mixing. The grout should be thoroughly 
mixed with a paddle type mechanical mixer or by 
recirculating the mix through a pump until all lumps are 
disintegrated. Lumpy grout should not be used in the 
construction of a monitoring well to prevent bridging within 
the tremie. 

NOTE 1 1-Lumps do not include lost circulation materials that may 
be added to the grout if excessive grout losses occur. 

6.8.3.2 Tjpical Bentonite Base Grout-When a bentonite 
base grout is used, bentonite, usually unaltered, must be the 
first additive placed in the water through a venturi device. A 
typical unbeneficiated bentonite base grout consists of about 
1 to 1.25 lb (0.57 kg) of unaltered bentonite to each 1 gal (3.8 
L) of water. After the bentonite is mixed and allowed to 
"yield or hydrate," up to 2 lb (0.9 kg) of Type I Portland 
cement (per gallon of water) is often added to stif€en the mix. 
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FIG. 2 Monitoring Well Design-Single-Cssed We4 

100 76 Bentonite grouts should not be used solely for 
monitoring well annular sealants in the vadose zone of arid 
regions because of their propensity to desiccate. This could 
result in non-representative waters affecting the target mon- 
itoring zone. 

NOTE 12--High solids bentonite grouts (minimum 20 % by weight 
with water) and otha bentonite-based grouts may contain granular 
bentonite to increase the solids content and other components added 
under manufactum's directions to either stiffen or retard stiffening of 
the mix. 

AI1 Oddilives to gouts should be evaluated for their effects on 
subsequent warn samples. 

6.8.3.3 Typical Cement Base Grout-When a cement- 
based grout is used, cement is usually the 6rst additive placed 
in the water. A typical cement-based grout consists of about 
6 to 7 gal (23 to 26 L) of water per 94lb (43-kg) bag of Type 
I Portland cement. From 0 to 10% (by dry weight of 
cement) of unaltered bentonite powder is often added after 
the initial mixing of cement and water to retard shrinkage 
and provide plasticity. The bentonite is added dry to the 
cement-water slurry without first mixing it with water. 

6.9 Secondary Filter Packs: 
6.9.1 Muferiuls-A secondary filter pack is a layer of 

material placed in the annulus between the primary filter 
pack and the bentonite seal, and between the bentonite seal 
and the grout backfill (see Figs 2 and 3). 

6.9.2 Gradation--The secondary filter pack should be 
uniformly graded fine sand with a 100 76 by weight passing 
the No. 30 U.S. Standard sieve, and less than 2 % by weight 
passing the 200 U.S. Standard sieve. 

6.10 Annular Seal Equipment--The equipment use 
inject the annular seals and filter pack should be si 
cleaned or high-pressure water cleaned (if appropriate fo 
selected material) using water from a source or kn 
quality prior to use. This procedure is performed to pre 
the introduction of materiais that may ultimately alta 
water sample quality. 

7. DrillingMethods 
7.1 The type of equipment required to A t e  a st; 

open, vertical borehole for installation of a monitoring 
depends upon the site geology, hydrology, and the inta 
use of the data. Engineering and geological judgmei 
required for the selection of the drilling methods utilizec 
drilling the exploratory boreholes and monitoring w 
Whenever feasible, drilling procedures should be utilized 
do not require the introduction of water or liquid fluids 
the borehole, and that optimize cuttings control at grc 
surface. Where the use of drilling fluid is unavoidable 
selected fluid should have as little impact as possible 01 
water samples for the constituents of interest. In add? 
care should be taken to remove as much drilling flui 
possible from the well and the aquifer during the 
development process It is recommended that if am 
compressor is used, it is equipped with an oil air filter o 
trap. 

8. Monitoring Well Installation 
8.1 Stable Borehole-A stable borehole must be 



structed prior to attempting to install the monitoring well 
screen and riser. Steps must be taken to stabilize the borehole 
before attempting installation ifthe borehole tends to cave or 
blow-in, or both. Boreholes that are not straight or are 
pamally obstructed should be corrected prior to attempting 
the installations described herein. 

8.2 Assembly of Well Screen and Riser: 
8.2.1 Handling-The well screen, bottom plug, riser, 

should be either certified clean from the manufacturer or 
steam cleaned or high-pressure water cleaned (if appropriate 
for the selected material) using water from a source of known 
chemistry immediately prior to assembly. Personnel should 
take precautions to assure that grease, oil, or other contami- 
nants that may ultimately alter the water sample do not 
contact any portion of the well screen and riser assembly. As 
one precaution, for example, personnel should wear a clean 
pair of cotton or surgical (or equivalent) gloves while 
handling the assembly. 

8.2.2 Riser Joints (Couplings)-Flush joint risers with 
square profile threads normally do not require additional 
FTFE taping to obtain a water tight seal. In addition, O-rings 
of known chemistry, selected on the basis of prevailing 
environmental or physical conditions, may be used to assure 
a tight seal of flush-joint couplings. Couplings are often 
tightened by hand; however, if necessary, steam cleaned or 
high-pressure water cleaned wrenches may be utilized. Pre- 
cautions should be taken to prevent damage to the threaded 
joints during installation. 

8.3 Setting the Well Screen and Riser Assembl)r-When 
the well screen and riser assembly is lowered to the predeter- 
mined level and held into position, the assembly may require 
ballast to counteract the tendency to float in the borehole. 
Ballasting may be accomplished by continuously filling the 
riser with water h m  a source of known chemistry or, 
preferably, water which was previously removed from the 
borehole. Alternatively, the riser may be slowly pushed into 
the fluid in the borehole with the aid of hydraulic rams on 
the drill rig and held in place as additional sections of riser 
are added to the column. Care must be taken to secure the 
riser assembly so that personnel safety is'assured during the 
installation. The assembly must be installed straight with the 
appropriate centralizers to allow for the introduction and 
withdrawal of sampling devices. Difficulty in maintaining a 
straight installation may be encountered where the weight of 
the well screen and riser assembly is significantly less than 
the buoyant force of the fluid in the borehole. The riser 
should extend above grade and be capped temporarily to 
deter entrance of foreign materials during completion oper- 
ations. 

8.4 Installation of the Primary Filter Pack 
8.4.1 Volume of Filter Pack-The volume of filter pack 

required to fill the annular space between the well screen and 
borehole should be computed, measured, and recorded on 
the well completion diagram during installation. To be 
effective, the filter pack should extend above the screen for a 
distance of about 20 75 of the length of the well screen but 
not less than 2 ft (600 mm) (see Figs. 2 and 3). Where there 
is hydraulic connection between the zone to be monitored 
and the overlying strata, this upward extension should be 
gauged to prevent seepage fiom overlying hydrologic units 

into the filter pack. Seepage from other units may alter the 
water sample. 

8.4.2 Placement of Primary Filter Pack-Placement of 
the well Screen is preceded by placing no less than 2 75 and 
no more than 10 75 of the primary filter pack into the 
bottom of the borehole using a decontaminated, flush 
threaded, 1-in. (25-mm) minimum internal diameter tremie 
pipe. Alternatively, the filter pack may be added directly 
between the riser pipe and the auger or borehole or casing 
and the top of the filter pack located using a tamper or a 
weighted line. The well Screen and riser assembly is then 
centered in the borehole using one or more centralizer(s) or 
alternative centering device located not more than 10 ft (3 
m) above the bottom of the well screen (see Figs. 2 and 3). 
The centralizer should not be located in the bentonite seal. 
The remaining primary filter pack is then placed in incre- 
ments as the tremie is gradually raised. As primary filter pack 
material is poured into the tremie pipe, water fiom a source 
of known chemistry may be added to help move the filter 
pack. The tremie pipe or a weighed line inserted through the 
tremie pipe can be used to measure the 'top of the primary 
filter pack as work progresses. If bridging of the primary filter 
pack occu~s, the bridged materid should be broken mechan- 
ically prior to proceeding with the addition of more filter 
pack material. The elevation, volume, and gradation of 
primary filter pack is recorded on the well completion 
diagram. 

8.4.3 Withdrawal of the Temporary Casing/Augers-If 
used, the temporary casing or hollow stem auger is with- 
drawn, usually in stipulated increments. Care should be 
taken to minimize lifting the riser with the withdrawal of the 
temporary casing/augers. To limit borehole collapse, the 
temporary casing or hollow stem auger is usually withdrawn 
until the lower most point on the temporary casing or hollow 
stem auger is at least 2 ft (608 mm), but no more than 5 fi 
(1.5 m), above the filter pack for unconsolidated materials; 
or at least 5 ft, but no more than 10 A (3.0 m), for 
consolidated materials. In highly unstable formations, with- 
drawal intervals may be much less. After each increment, it 
should be ascertained that the primary lilter pack has not 
been displaced during the withdrawal operation (that is, a 
weighed measuring device). 

8.5 Placement of First Secondary Filter-A secondary 
filter pack may be installed above the primary filter pack to 
prevent the intrusion of the bentonite grout seal into the 
primary filter pack (see Figs. 2 and 3). To be effective, 
measured and recorded volume of secondary filter m a t e d  
should be added to extend 1 to 2 A (304 to 608 mm) above 
the primary filter pack. As with the primary filter, a 
secondary filter must not extend into an overlying hydrologic 
unit (see 8.4.1). The well designer should evaluate the need 
for this filter pack by considering the gradation of the 
primary filter pack, the hydraulic heads between adjacent 
units, and the potential for grout intrusion into the primary 
filter pack. The secondary filter material is poured into the 
annular space through a decontaminated, flush threaded, 
1-in. (25-mm) minimum internal diameter tremie pipe 
lowered to within 3 ft (1.0 m) of the placement interval. 
Water from a source of known chemistry may be added to 
help move the filter pack into its proper location. The mmie 
pipe or weighed line inserted through the tremie pipe can be 
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progresses. The elevation, volume, and gradation of the 
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secondary filter pack is recorded on thewell completion 
diagram. 

8.6 Znrtallation of the Bentonite Seal-A bentonite pellet 
or a slurry seal is placed in the annulus between the borehole 
and the riser pipe on top of the secondary or primary filter 
pack (see Figs. 2 and 3). This seal retards the movement of 
cement-based grout backfill into the primary or secondary 
filter packs. To be effective, the bentonite seal should extend 
above the filter packs approximately 3 to 5 ft (1.0 to 1.5 
m)--depending on local conditions. The bentonite seal 
should be installed using a tremie pipe lowered to the top of 
the fdter packs and slowly raised as the bentonite pellets or 
the slurry fill the annular space. Bentonite pellets may bridge 
and block the tremie pipe in deep wells. In these cases, pellets 
may be allowed to free-fall into the borehole. As a bentonite 
pellet seal is poured into the tremie pipe or allowed to 
free-fall into the borehole, a tamper or weighed line may be 
necessary to tamp pellets into place. If the seal is installed 
above the water level, water from a source of known 
chemistry would be added to allow proper hydration of the 
annular seal. The tremie pipe or a weighed line inserted 
through the tremie pipe can be used to measure the top of 
the bentonite seal as the work progresses. If a bentonite pellet 
seal is being constructed above the water level, approxi- 
mately 5 gal (20 L) of water from a source of known 
chemistry can be poured into the annulus to ensure that the 
pellets hydrate. Sac ien t  time should be allowed for the 
bentonite pellet seal to hydrate or the slurry annular seal to 
expand prior to grouting the remaining annulus. The volume 
and elevation of the bentonite seal material should be 
measured and recorded on the well completion diagram. 

8.7 Final Secondaty Filter Pack-A &in. to 1-fi (152 to 
304-mm) secondary filter may be placed above the bentonite 
seal in the same manner described in 8.5 (see Figs. 2 and 3). 
This secondary filter pack wiU provide a confining layer over 
the bentonite seal to limit the downward movement of 
cement-based grout backfiU into the bentonite seal. The 
volume, elevation, and gradation of this final secondary filter 
pack should be documented on the well completion diagram. 

8.8 Grouting the Annular Space: 
8.8.1 General43routing procedures vary with the type of 

well design. The following procedures will apply to both 
single- and multi- monitoring wells. Paragraphs 8.8.2 
and 8.8.3 detail those procedures unique to single- and 
multi-cased instaUations, respectively. 

8.8.1.1 Volume of Grout-The volume and location of 
grout used to backfill the remaining annular space is 
recorded on the well completion diagram. An ample volume 
of grout should be premixed on site to compensate for 
unexpected losses. The use of alternate grout materials, 
including grouts containing gravel, may be necessary to 
control zones of high grout loss 

8.8.1.2 Znjection Procedures-The grout backfill should 
be injected under pressure to reduce the chance of leaving 
voids in the grout, and to displace any liquids and drill 
cuttings that may remain in thz annulus. Depending upon 
the well design, grouting may be accomplished using a 
pressure grouting technique or by gravity feed through a 
tremie pipe. With either method, grout is introduced in one 

continuous operation until full strength grout flows out ai 
the g roundsur fawi thXtxdmof  drill-cuttings or fluid. 
The grout should slope away from the riser or casing at the 
surface, but care should be taken not to create a groul 
mushroom that would be subjected to frost heave. 

8.8.1.3 Grout Setting and Curing-The riser or casing 01 
both should not be disturbed until the grout sets and cure! 
for the amount of time necessary to prevent a break in thc 
seal between the grout and riser or grout and casing or both 
The amount of time required wiU vary with grout conten 
and climatic conditions and should be documented on thc 
well completion diagram. 

8.8.2 Specific Procedures for Single-Cased Welk-Groul 
ing should begin at a level directly above the final secondar 
filter pack (see Fig. 2). Grout should be injected using 
trede pipe equipped with a side discharge; this dissipates th 
fluid-pumping energy against the borehole wall and rise1 
reducing the potential for infiltration of grout into th 
primary filter pack. The tremie pipe should be kept full c 
grout from start to finish with the discharge end of the pir 
completely submerged as it is slowly and continuously liftec 
Approximately 5 to 10 A (1.5 to 3.0 m) of tremie pipe shod 
remained submerged until grouting is complete. For dee 
installations or where the joints or couplings of the selem 
riser cannot withstand the shear or collapse stress exerted t 
a full column of grout as it sets, a staged grouting procedu 
may be considered. If used, the temporary casing or hollo 
stem auger should be removed in increments immediate 
following each increment of grout installation and in a 
vance of the time when the grout begins to set. If casi1 
removal does not commence until grout injection is cox 
pleted, then, after the casing is removed, additional gro 
may be periodically injected into the annular space 
maintain a continuous column of grout up to the grow 
surface. 

8.8.3 Specific Procedures for Multi-Cased Wells-If t 
outer casing of a m u l t i 4  well cannot be driven to forn 
tight seal between the surrounding stratum (strata) and t 
casing, it should be installed in a predrilled borehole. Af 
the borehole has penetrated not less than 2 A (608 mm) 
the fvst targeted confining stratum, the outer casing 
lowered to the bottom of the boring and the annular spaa 
filled with grout. Grouting may be accomplished using 
pressure grouting method or gravity feed through a t ren  
pipe. Pressure grouting will require the use of a grout shoe 
packer installed at the end of the outer casing to prev~ 
grout from moving up into the casing. If a tremie pipe is u 
to inject grout into the annular space, it should be equip] 
with a side discharge. With each alternative, the grout m 
be allowed to cure and form a seal between the casing 5 
the grout prior to advancing the hole to the next hydrolc 
unit. This procedure is repeated as neceSSary to advance 
borehole to the desired depth. Upon reaching the final t a~  
depth, the riser and screen is set through the inner casi 
Subsequent to the placement of the filter packs i 
bentonite seal, the remaining annular space is grouted 
described in 8.8.2 (see Fig. 3). 

NOTE 13-Wben using a packer, pressure may build upduringg 
injection and force grout up the sides of the packer and into the ca 

8.9 Well Protection-Well protection refers speci f id 
instaUations made at the ground surface to deter unaui 
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rized entry to the monitoring well and to prevent surface 
water from entering the annulus. 

8.9.1 Protective Casing-The protective casing should 
extend from below the frost line (3 to 5 A [ 1.0 to 1.5 m]) 
below the grade depending on local conditions to slightly 
above the well casing tip. The protective casing should be 
initially placed before final set of the grout backfill. The 
protective casing should be sealed and immobilized in 
concrete placed around the outside of the protective Casing 
above the set grout backfill. The casing should be positioned 
and stabilized in a position concentric with the riser (see Figs. 
1 and 2). Suflticient clearance, usually 6 in. (1 52 mm) should 
be maintained between the lid of the protective casing and 
the top of the riser to accommodate sampling equipment. A 
V4-in. (6.3-mm) diameter weep hole should be drilled in the 
casing 6 in. above the ground surface to permit water to 
drain out of the annular space. In cold climates, this hole will 
also prevent water freaing between the well protector and 
the well casing. Dry bentonite pellets, granules, or chips 
should then be placed in the annular space below ground 
level within the protective casing. Coarse sand or pea gravel 
or both is placed in the annular space above the dry 
bentonite pellets and above the weep hole to prevent entry of 
insects. All materials chosen should be documented on the 
well completion diagram. The monitoring well identification 
number should be clearly visible on the inside and outside of 
the lid of the protective Casing. 

8.9.2 Completion of Su&ce Installation-The well pro- 
tection installation may be completed in one of three ways: 

8.9.2.1 In areas subject to frost heave, place a soil or 
bentonite/sand layer adjacent to the protective Casing sloped 
to direct water drainage away from the well. 

8.9.2.2 In regions not subject to frost heave, a 4-in. 
(101-mm) thick concrete pad sloped to provide water 
drainage away from the well may be placed around the 
installation. Care must be taken not to lock the concrete pad 
onto the protective casing if subsidence of the surface may 
occur in the future. 

8.9.2.3 Where monitoring well protection must be flushed 
with the ground, an internal cap should be fitted on top of 
the riser within the manhole or vault. This cap should be 
leak-proof so that if the vault or manhole should fill with 
water, the water will not enter the well casing. Ideally, the 
manhole cover cap should also be leak-proof. 

8.9.3 Additional Protection-In areas where there is a 
high probability of damaging the well (high traffic, heavy 
equipment, poor visibility), it may be neceSSary to enhance 
the normal protection of the monitoring well through the use 
of posts, markers, signs, etc. The level of protection should 
meet the damage threat posed by the location of the well. 

9. Well Development 
9.1 General-The development serves to remove the finer 

grained material from the well screen and filter pack that 
may otherwise interfere with water quality analyses, restore 
the ground-water properties disturbed during the drilling 
process and to improve the hydraulic characteristics of the 
filter pack and hydraulic communication between the well 
and th6 hydrologic unit adjacent to the well screen. Methods 
of well development vary with the physical characteristics of 
hydrologic units in which the monitoring well is screened 

and with the drilling method used. 
9.2 Development Methods-Methods of development 

most often used include mechanical surging and bailing or 
pumping, over-pumping, air-lift pumping, and jetting An 
important factor in any method is that the development 
work be stated slowly and gently and be increased in vigor as 
the well is developed. Most methods of well development 
require the application of suflicient energy to disturb the 
filter pack, thereby freeing the fines and allowing them to be 
drawn into the well. The coarser fractions then settle around 
and stabilize the screen. The well development method 
chosen should be documented on the well completion 
diagram. 

NOTE 14-Any time an air compressor is used, it should be equipped 
with an oil air tilter or oil trap to minimize the introduction of oil into 
the screen area. The presence of oil would impact the organic constit- 
uent concentrations of the water samples. 
NOTE 15-Development procedures for wells completed in fine sand 

and silt strata should involve methods that are relatively gentle so that 
the strain material will not be incorporated into the filter pack. Vigorous 
surging for development can produce mixing of the fine strata and filter 
pack and produce turbid samples from the installation. Also, develop 
ment methods should be carefully selected based upon the potential 
contaminant(s) present, quality of waste water generated, and r e q d  
mens for containerization or treatment of waste water. 

9.2.1 Mechanical Surging-In this method, water is 
forced to flow into and out of the well screen by operating a 
plunger (or surge block) or bailer up and down in the riser. A 
pump or bailer should then be used to remove the dislodged 
sediments following surging. 

9.2.2 Over Pumping-With this method, the monitoring 
well is pumped at a rate considerably higher than it would be 
during normal operation. The fine-grain materials would be 
dislodged from the filter pack and surrounding strata influ- 
enced by the higher pumping rate. This method is usually 
conducted in conjunction with mechanical surging. 

9.2.3 Air L@ Pumping-In this method, an air lift pump 
is operated by cycling the air pressure on and off for short 
periods of time. This operation will provide a surging action 
that wiU dislodge fine-grained particles. Applying a steady, 
low pressure will remove the fines that have been drawn into 
the well by the surging action. Efforts should be made (that 
is, through the use of a foot valve) to avoid pumping air into 
the filter pack and adjacent hydrologic unit because the air 
may lodge there and inhibit future sampling efforts and may 
alter ambient water chemistry. Furthermore, application of 
high air pressures should be avoided to prevent damage to 
small diameter PVC risers, screens, and filter packs. 

9.2.4 Well Jetting-Another method of development in- 
volves jetting the well Screen area with water while simulta- 
neously air-lift pumping the well. However, the water added 
during this development procedure will alter the natural, 
ambient water quality and may be difficult to remove. 
Therefore, the water added should be obtained from a soufce 
of known chemistry. Water from the monitoring well being 
developed may also be used if the suspended sediments are 
first removed. 

9.3 Duration of Well Development-Well development 
should begin after the monitoring well is completely installed 
and pnor to water sampling. Development should be a n -  . 
tinued until representative water, free of the drilling fluids, 
cuttings, or other materiais introduced during well construe- 



1 

@! 05092 

tion is obtained-Representative-water_is-assumed-to-~ve~u~-~-the-reference-~int-for-water-level-m~ureme 
been obtained when pH, temperature, and specific conduc- 
tivity readings stabilize and the water is visually clear of 
suspended solids. The minimum duration of well develop 
ment should vary in accordance with the method used to 
develop the well. For example, surging and pumping the well 
may provide a stable, sediment-free sample in a matter of 
minutes; whereas, bailing the well may require several hours 
of continuous effort to obtain a clear sample. The duration 
of well development and the pH, temperature, and specific 
conductivity readings should be recorded,on the well com- 
pletion diagram. 

9.4 Well Recovery Test-A well recovery test should be 
performed immediately after and in conjunction with well 
development. The well recovery test not only provides an 
ind idon  of well performance but also provides data for 
determining the transmissivity of the screened hydrologic 
unit. Estimates of the hydraulic conductivity of the unit can 
then be determined. Readings should be taken at intervals 
suggested in the table below until the well has recovered to 
90 % of its static water level. 

NOTE 16-If a monitoring well does not recover sufficiently for 
samphg within a 24-h period and the well has been properly developed, 
the installation should not generally be used as a monitoring well for 
detecting or assesSing low level organic constituents The installation 
may, however, be- used for long-term water level monitoring i f  measure- 
ments of shorter frequency water level changes are not required. 

10. Instabtion Survey 
10.1 General-The vertical and horizontal position of 

each monitoring well in the monitoring system should be 
sweyed and subsequently mapped by a licensed surveyor. 
The well location map should include the location of all 
monitoring wells in the system and their respective identifi- 
cation numbers, elevations of the top of riser position to be 

TABLE 2 Suggested Recording Intervals for Well Recovery Tests 
T i  Since Starting Test Tnne Interval 

OtolSCnin lmin 
15to50min 5 m  
50tol1oonrin 10 min 

3omin 
60- 

100 to 300 min (5 h) 
300 to 1440 min(24 h) 

and the elevations of the ground surface protective insta 
tions. The locations and elevations of all permanent ben 
mark(s) and pertinent boundary marker@) located on& 
used in the survey should also be noted on the map. 

10.2 Water Level Measurement Rejkrence-The wi 
level measurement reference point should be permanei 
marked, for instance, by cutting a V-notch into the top e 
of the riser pipe. This reference point should be surveyec 
reference to the nearest NGVD reference point. 

10.3 Location Coordinates-The horizontal location 
a l l  monitoring wells (active or decommissioned) should 
surveyed by reference to a standardized survey grid or 
metes and bounds. 

11. Monitoring Well Network Report 
1 1.1 To demonstrate that the goals as set forth in Sect 

1, the Scope, have been met, a monitoring well netw 
report should be prepared. This report should: 

1 1.1.1 Locate the area investigated in terms pertinen1 
the project. This should include sketch maps or aerial phc 
on which the exploratory brings, piezometers, sample an 
and monitoring wells are located, as well as topograr 
items relevant to the determination of the various soil i 
rock types, such as contours, streambeds, etc. Where feasil 
include a geologic map and geologic cross sections of the a 
being investigated. 

11.1.2 Include copies of all well boring test pits i 
exploratory borehole logs, initial and postampletion wi 
levels, all laboratory test results, and all well complet 

1 1.1.3 Include the well installation survey. 
11.1.4 Describe and relate the findings obtained in 

initial reconnaissance and field investigation (Section 5)  
the design and installation procedures selected (Sections ? 
9) and the surveyed locations (Section 10). 

1 1.1.5 This report should include a recommended decc 
mission procedure that is consistent with the well constr 
tion and local regulatory requirements. 
12. Keywords 

ground wateq monitoring well; site investigation 

diagrams. 

12.1 aquifer, borehole drilling geophysical explorati 

The Americcv, Society for Testing and Materials takes no position respecting the Widiry ot any went rights esswted in connechlcn 
. with any item menficned in this standard. Users d this standerd am expressly advised that detennhtkm o f  th, validity d any such 
parent rights. and the risk ol Infringement of such rights, are emtirely their own mpondbMy. 
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APPENDIX J 

OEPA APPROVED POLICY FOR MANAGEMENT OF 

AQUEOUS INVESTIGATION DERIVED WASTE 



March 3 I, 1995 RE: DOEFEMP 
MSL #53 1-0297 

AQUEOUS IDW POLICY- 
HAMILTON COUNTY 

APPROVAL 

Mr. JackCraig 
Director 
U.S. DOE FEW 
P.O. Box 398705 
Cincinnati, OH 45329-8705 

Dear Mr. Craig: 

This letter provides Ohio EPA’s approval of DOE3 “Request for Approval of Policy for m g m m t  of 
Aqueous Investigation Derived Waste” submitted to Ohio EPA on March 24.1995. 

If you should have any questions, please contact me. 

Sincerely, 

Thomas A. Schneider 
Femald Project Manager 
Office of Federal Fadties Oversight 

cc: Jim Saric U.S. EPA - -_ 
~ - - _ _  - 

TerryHagur,FERMCO - - - -~ 

Ruth Vandegdl, ODH 
~ Manager TPSSU, DERR/CO 

Jean Michaels, PRC 
Paul Par& DHWM/SWDO 
Lisa Augusr, GeoTrans 



Oepanment of Energy 
Fernara Envrronmenral Manaaement P roiecr 

P. 0. Box 538705 
Cincinnati. Ohio 45253-8705 

*;,- +;< ?, 
, -. . -, 

:5131 648-3155 
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MAR 2 3 

DOE-0711-95 

Mr. James A. Saric,  Remedial Project Manager 
U. S . Environmental Protection Agency 
Region V-SHRE-8J 
77 W .  Jackson Blvd 
Chicago, I11 inois 60604-3590 

Mr. Tom Schneider, Project Manager 
Southwest District Office 
Ohio Environmental Protection Agency 
401 East F i f t h  S t ree t  
Dayton, Ohio 45402-2086 

Dear Mr. Saric and Mr. Schneider: 

REQUEST FOR APPROVAL OF POLICY FOR MNAGEHENT OF AQUEOUS INVESTIGATION DERIVED 
WASTE 

T h i s  l e t t e r  requests your formal approval of the Fernald Environmental 
Management Project (FMP) pol icy for management of aqueous Investigation 
Derived Waste (IDW). IOU t o  be managed under this policy includes purge water 
and development water from FEMP groundwater monitoring wells, as well as ,  
wastewater generated by decontaminating sampl ing equipment. The inventory of 
backlog aqueous IDU currently i n  storage a t  the  FMP is  a l so  included. Unused 
sample fractions,  extracts and other residues from 1 aboratory analyses will be 
managed under a separate policy currently being developed; these materials a r e  
not addressed i n  this proposed policy. 

The aqueous IDW pol icy previously presented f o r  your review has been modified 
t o  take into account the treatment provided by the Advanced Wastewater 
Treatment ( A M )  f ac i l i t y ,  which began operation January 27, 1995. This 
modified proposal is based upon the f a c t  t h a t  a l l  IDU, regardless o f  its 
source, will be treated through the AWKT facility. The A M  f a c i l i t y  
currently t r e a t s  a l l  FEMP stormwater and process uastewater, along w i t h  a 
portion o f  the South Plume groundwater. As i l l u s t r a t e d  i n  the attached 
schematic, the AUUT includes carbon filters upstream of the ion exchange beds. 
The carbon f i l ters were included i n  the design t o  protect  the ion exchange 
resin from possible damage caused by incidental  Volat i le  Organic Compound 
(VOC) contamination. These carbon filters accomplish the same level of VOC 
removal provided by the Granular Actfvated Carbon (GAC) fi l ters i n  the Plant 8 
voc system. 



Page-2 

Since all process wastewater and stormwater i s  now subjected t o  adequate VOC 
treatment, pretreatment based upon a threshold level of VOC contamination is 
no longer necessary, except for instances where VOC contamination i s  known t o  
originate from l i s ted  waste. The Fire Training Facil i ty and the Sewage 
Treatment Plant Sludge Drying Beds are potential sources of known listed 
hazardous constituents. Since these units are isolated from other potential 
sources of VOC contamination, VOCs encountered i n  perched water beneath these 
two units will be considered t o  potentially originate from l is ted waste. IDU 
from the vicinity of these two units which exhibits detectable levels of a 
"listed" VOC will be treated through the P lan t  8 GAC system t o  remove the 
l is ted RCRA constituent t o  below the analytical detection limit before being 
sent t o  the AWWT via the General Sump. 

A l l  other aqueous IDU will be discharged t o  the wastewater treatment system a t  
the location that most efficiently provides direct access t o  AWWT treatment. 
Purge water and well development water from wells i n  Operable U n i t  2 (OU2) and 
Operable U n i t  5 (Ou5) will be collected ' i n  a truck-mounted t a n k ,  transported 
t o  the Stormwater Retention Basin (SWRB) and discharged directly t o  whichever 
of the two basins i s  being pumped t o  the AWWT a t  tha t  time. Discharging purge 
water from these two areas t o  the SWRB avoids the need t o  transport the 
material through the production area and, as i l lustrated i n  the attached flow 
diagram, provides direct access t o  the AWUT. 
discharged t o  the General Sump for subsequent treatment a t  the A M .  

If you have any questions o r  comments, please contact Pete Yerace a t  (513)648- 
3161 or John Sat t ler  a t  (513)648-3145. 

A l l  other IDW streams will be 

Sincerely , 

FN: Y erace 
Jack R. Craig 
Fernald Remedial Action 
Project Manager 



cc: 

K. 
0. 
G. 
3. 
P. 
G. 
P. 
M. 
S. 
R. 
F. 
R. 
K. 
s a  
T .  
E. 
R. 
J. 

H. Chaney, EM-423/QO 
R. Kozlowski, EM-423/QO 
Jab1 onowski, USEPA-V, HRE-8J 
Kwasni ews ki , OEPA-Col umbus 
Harri s ,  OEPA-Dayton 
E. M i  tchell , OEPA-SWDO 
E. Pardi , OEPA-SWDO 
Prof f i tt , OEPA-Dayton 
McCl el 1 an, PRC 
Cohen, GeoTrans 
Bell, ATSDR 
Owen, ODOH 
A. Nickel, DOE-FN 
M. Beckman, F E M O / M S B G I 
Hagen, FERMC0/65-2 
M. Dupui s-Noui 11 e, FERMCO/MSS2-5 
D. Georqe, FERMC0/52-2 
Thiesi ni, FERMCO 

M. Yates, FERMCOj9 
AR Coordinator, FERMCO 

. 
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APPENDIX K 

MATERIAL TESTING METHODS 



METHOD 9038 6 8 6 0  
SULFATE (TURBIDIMETRIC) 

- 1.0 SCOPE AND APPLICATION . .  

1.1 This method is  applicable t o  ground water, drinking and surface 
waters, and domestic and industrial wastes. 

1.2 T h i s  method is suitable fo r  all  concentration ranges of sulfate  
(SO4-2); however, i n  order t o  obtain reliable readings, use a sample aliquot 
containing not more than 40 mg/L of 504'*. 

1.3 The minimum detectable limit i s  approximately 1 mg/L of SO4-2. 

2.0 SUMMARY OF METHOD 

2.1 Sulfate ion i s  converted t o  a barium sulfate suspension under 
controlled conditions. The resulting tu rb id i ty  i s  determined by a nephelo- 
meter, f i 1 t e r  phofometer, o r  spectrophotometer and compared w i t h  a curve 
prepared from standard sulfate solution. 

3.0 INTERFERENCES 

3.1 Color and turbidity due t o  the sample matrix can cause positive 

3.2 Sil ica  i n  concentrations over 500 mg/L will interfere. 

interferences which mus t  be accounted for by use of blanks. 

4.0 APPARATUS AND MATERIALS 

4.1 Magnetic stirrer: Variable speed so that  i t  can be held constant 
just below splashing. Use identical shapes and sizes of magnetic s t i r r ing  
bars. 

4.2 Photometer (one of the following, given i n  order=of preference): 

4.2.1 Nephelometer. 

4.2.2 Spectrophotometer: For use a t  420 nm w i t h  light path of 
4 t o  5 cm. 

- - -  - 4.2;3 Fi l t e r  photometer: With a violet f i l t e r  having a maximum 
near 420 nm and a light path of 4 t o  5 cm. 

4.3 Stopwatch: If the magnetic s t i r r e r  is not equipped w i t h  an accurate 
timer. 

9038 - 1 
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4.4 Measuring spoon: Capacity 0.2 t o  0.3 mL. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193): Water should be monitored for  
impuri t i  es. 

5.2 Conditioning reagent: Slowly add 30 mL concentrated HC1 t o  300 mL 
Type I1 water, 100 mL 95% ethanol or  isopropanol 8 and 75 g NaCl i n  solut ion i n  
a container. Add 50 mL glycerol anti mix.b 

5.3 Barium chloride (BaC12): Crystals, 20 t o  30 mesh. 

5.4 Sodium carbonate solution: (approximately 0.05 N ) :  Dry 3 t o  5 g 
primary standard Na2C03 a t  250'C for 4 hr and cool i n  a desiccator. Weigh 
2.5 2 0.2 g ( t o  the nearest mg), t ransfer  t o  a 1 - l i t e r  volumetric flask, and 
f i l l  t o  the mark w i t h  Type I1 water. 

5.5 Proprietary reaqents: Such as Hach Sulfaver o r  equivalent,  are 
acceptabl e. 

5.6 Standard sulfate  solution (1.00 mL = 100 ug SO4-2): Prepare by 
Paragraph 5.6.1 o r  5.6.2. 

5.6.1 Standard s u l f a t e  solution from HzSO4: 

5.6.1.1 Standard sulfur ic  acid, 0.1 N: Dilute 3.0 mL 
concentrated H2SO4 t o  1 l i ter  w i t h  Type I1 water. Standardize 
against  40.0 mL of 0.05 N NazC03 solution (Paragraph 5.4) w i t h  about 
60 mL Type I1 water by t i t r a t i n g  potentiometrically t o  a pH of about 
5. Li f t  electrodes and rinse i n t o  beaker. Boil gently f o r  3 t o  5 
m i n  under a watch g l a s s  cover. Cool t o  room temperature. Rinse 
cover glass i n to  beaker. Continue t i t r a t i o n  t o  the pH inf lect ion 
point. Calculate t he  normality of H2SO4 using: 

A x B  
= 53.00 x C 

where: 

A = g Na2C03 weighed i n t o  1 l i te r  flask (Paragraph 5.4); 

B = mL Na2C03 solution used i n  the standardization; 

C = mL acid used i n  t i t ra t ion ;  

. .  

5.6.1.2 Standard acid, 0.02 N: 'Dilute appropriate amount of 
standard acid, 0.1 N (Paragraph 5.6.1.1) t o  1 l i t e r  (use 200.00 mL 
standard acid i f  normality is 0.1000 N). Check by standardization 
against  15 mL of 0.05 N Na2C03 solutlon (Paragraph 5.4). 
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5.6.1.3 Place 10 mL standard su l fur ic  acid, 0.02 N (Paragraph 

5.6.1.2) i n  a 100-mL volumetric f lask  and d i lu t e  t o  the mark. 

5.6.2 Standard su l fa te  solution from Na SO4: Dissolve 147.9 mg 
anhydrous Na2S04 i n  Type I1 water i n  a 1- f i t e r  volumetric f l a sk  and 
d i lu t e  t o  the mark- w i t h  Type I1 water. - - 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been collected using a sampling plan t h a t  
addresses the considerations discussed i n  Chapter Nine of this manual. 

6.2 Preserve by refr igerat ing a t  4.C. 

7.0 PROCEDURE 

7.1 Formation of barium su l fa te  t u r b i d i t y :  

7.1.1 Place a 100-mL sample, o r  a sui table  portion di luted t o  
100 mL, in to  a.250-mL Erlenmeyer flask. 

7.1.2 Add exactly 5.0 mL conditioning reagent (Paragraph 5.2). 

7.1.3 Mix i n  the s t i r r i n g  apparatus, 

7.1.4 While the solution is  being s t i r r e d ,  add a measured spoonful 
of BaC12 crys ta l s  (Paragraph 5.3) and begin t i m i n g  immediately. 

7.1.5 S t i r  exactly 1.0 m i n  a t  constant speed. 

. 7.2 Measurement of barium su l fa te  turbidity:  

7.2.1 Immediately a f t e r  the s t i r r i n g  period has ended, pour 
solution in to  absorbance ce l l  . 

7.2.2 Measure turb id i ty  a t  30-sec in te rva ls  fo r  4 min. 

7.2.3 Record .the maximum reading obtained i n  the 4-min period. 

7.3 Preparation of cal ibrat ion curve: 

7.3.1 Prepare cal ibrat ion curve using standard sulfate solut ion 
(Paragraph 5 , 6) , 

7.3.2 Space standards a t  5-mg/L increments i n  the 0-40 mg/L s u l f a t e  
range . 

_ .  ~ 
_ _  _ .  -~ 

7.3.3 Above 50 mg/L the accuracy decreases and the  suspensions lose 
s tab i  1 i ty. 
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7.3.4 Check re l iab i l i ty  of calibration curve by running a standard 
w i t h  every three o r  four samples. 

7.4 Correction for sample color and turbidity: 

7.4.1 Run a sample blank using steps 7.1 and 7.2, w i t h o u t  the 
addition of barium chloride (Paragraph 7.1.4).  

7.5 Calculation: 

7.5.1 Read mg 504-2 from linear calibration curve: 

mg SO;'/L = mL sample 
mg SOL' x 1,000 

. 8.0 Ql LITY CONTROL 

8.1 All quality control data should be maintained and available f o r  easy 
reference o r  inspection. 

8.2 Calibration curves mus t  be composed of a minimum of a blank and 
three standards. A calibration curve should be made for every hour  of 
continuous sample analysis. 

8.3 Dilute samples i f  they are more concentrated than the highest 
standard o r  i f  they fa l l  on the plateau of a calibration curve. 

8.4 Employ a minimum of one blank per sample batch t o  determine i f  
contamination has occurred . 

8.5 Verify calibration w i t h  an independently prepared check standard 
every 15 samples. 

8.6 Run one spike duplicate sample for every 10 samples. A spike 
duplicate sample i s  a sample brought through the whole sample preparation and 
analytical process . 
9.0 METHOD PERFORMANCE 

9.1 T h i  rty-four ana'lysts in 16 1 aboratori es analyzed six synthetic water 
samples containing exact increments of inorganic sulfate w i t h  the following 
results: 
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Increment as  Precision as Accuracy as 

Sulfate Standard Deviation Bias Bias 
( W L )  (mg/L) (mg/L) 

8.6 
9.2 
110 
122 
188 
199 

2.30 
1.78 
7.86 
7.50 
9.58 

11.8 

-3 . 72 -0.3 
-8.26 -0.8 
-3.01 -3.3 
-3 -37 -4.1 
+O .04 +0.1 
-1 -70 -3.4 

(Data from: FWPCA Method Study 1, Mineral and Physical Analyses.) 

9.2 A synthetic unknown sample containing 259 mg/L sulfate,  108 mg/L Ca, 
82 mg/L Mg, 3.1 mg/L K,  19.9 mg/L Na, 241 mg/L chloride, 0.250 mg/L nitri te N ,  
1.1 mg/L n i t r a t e  N, and 42.5 mg/L to ta l  a lka l in i ty  (contributed by NaHC03), 
was analyzed i n  19 laboratories by the turbidimetric method, w i t h  a r e l a t i v e  
standard deviation of 9.1% and a re la t ive  e r ro r  of 1.2%. 

10.0 REFERENCES 

1. Annual Book of ASTM Standards, Part 31, "Water," Standard 0516-68, 
Method B, p. 430 (1976). 

2. Standard Methods f o r  the Examination of Water and Wastewater, 14th ed., 
p. 496, Method 427C, (1975). 

. .  
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METHOD 9252 

CHLORIDE (TITRIMETRIC, MERCURIC NITRATE) 

1.0 SCOPE AND APPLICATION , .  . - 
- *  - . .  

1.1 T h i s  method i s  applicable t o  ground water, drinking, surface, and 
saline waters, and domestic and industrial wastes. 

1.2 The method is sui table  for a l l  concentration ranges of chloride 
content; however, i n  order t o  avoid large t i t r a t i o n  volume, a sample al iquot  
containing not more than 10 t o  20 mg C1 per 50 mL is  used. 

1.3 Automated t i t r a t i o n  may be used. 

2.0 SUMMARY OF METHOD 

2.1 An acidif ied sample i s  t i t r a t ed  w i t h  mercuric nitrate i n  the 
presence of mixed diphenylcarbazone-bromophenol blue  indicator. The end point 
of the t i t r a t ion  is  the formation of the blue-violet mercury diphenylcarbazone 
compl ex. 

3.0 INTERFERENCES 

waters do not interfere .  However, 
certain wastes, problems may occur. 

sample solution w i t h  0.5-1 mL of H202. 

3.1 Anions and cations a t  concentrations normally found i n  surface 
a t  the higher concentration often found i n  

3.2 Sul f i te  interference can be eliminated by oxidizing the 50 mL of 

4.0 APPARATUS AND MATERIALS 

4.1 Standard 1 aboratory t i  tri metri c equipment , i ncl udi ng l-mL o r  5-mL 
m i  croburet w i  t h  0 . Ol-mL gradations . 
5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193): Water should be monitored f o r  
impurities . 

5.2 Standard sodium chloride solution, 0.025 N: Dissolve 1.4613 g + 
0.0002 g of sodium chloride (dried a t  600'C f o r  1 hr )  i n  chloride-free water 
i n  a l - l i t e r  volumetric flask and di lute  t o  the mark. 

5.3 Nitric acid (HNO3) solution: Add 3.0 mL concentrated n i t r i c  acid t o  
997 mL of Type I1 water ("3 + 997" solution). 
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5.4 Sodi'um hydroxide (NaOH) solution (10 g/L) : Dissolve approximately 
10 g of NaOH i n  Type I1 water and d i lu t e  t o  1 L. 

5.5-Hydrogen-pecox-i de-( H202-)-:-30%. 

5.6 Hydroquinone solution (10 g/L): Dissolve 1 g of purif ied 
hydroquinone in water i n  a 100-mL volumetric f lask and di lute  t o  the mark. 

5.7 Mercuric n i t r a t e  t i t r a n t  (0.141 N): Dissolve 24.2 g Hg(N03)2*H20 i n  
900 mL of Type I1 water ac id i f ied  w i t h  5.0 mL concentrated HNO3 i n  a 1-liter 
volumetric f lask  and d i lu te  t o  the mark w i t h  Type I1 water. F i l t e r ,  i f  
necessary. Standardize against  standard sodium chloride solution (Paragraph 
5.2) using the procedures outlined i n  Section 7.0. Adjust t o  exactly 0.141 N 
and check. Store i n  a dark bot t le .  A 1.00-mL aliquot i s  equivalent t o  5.00 
mg of chloride. 

5.8 Mercuric n i t r a t e  t i t r a n t  (0.025 N ) :  Dissolve 4.2830 g Hg(N03)2-H20 
i n  50 mL of TvDe I1 water acidif ied w i t h  0.05 mL of concentrated HN03 
(sp. gr. 1.42) I n  a 1 - l i t e r  volumetric f lask  and d i l u t e  t o  the mark w i t h  Type 
I1 water. Fi 1 t e r ,  i f  necessary. Standardize against standard sodium chloride 
solution (Paragraph 5.2)  using the procedures outlined i n  Section 7.0. Adjust  
t o  exactly 0.025 N and check. 

5.9 Mercuric n i t r a t e  t i t r a n t  (0.0141 N): Dissolve 2.4200 g Hg 
(NO3) -H20 i n  25 mL of Type I1 water acidif ied w i t h  0.25 mL of concentrated 
HNO3 f sp. gr. 1.42) in a 1-l i ter  volumetric f lask and d i lu te  t o  the mark w i t h  
Type I1 water. F i l te r ,  i f  necessary. Standardize against standard sodium 
chloride solution (Paragraph 5.2) using the procedures outlined i n  Section 
7.0. Adjus t  t o  exactly 0.0141 N and check. Store i n  a dark bot t le .  A 1-mL 
a l iquot  is equivalent to  500 ug of chloride. 

D i  ssol ve 0.5 g crystal 1 i ne diphenyl car- 
bazone and 0.05 g bromophenol blue powder i n  75 mL 95% ethanol i n  a 100-mL 
volumetric f l a sk  and d i lu te  t o  the mark w i t h  95% ethanol. Store i n  brown 
b o t t l e  and discard a f te r  6 mo. 

Store i n  a dark bot t le .  

5 . 10 M i  xed i ndi cator reaqent : 

5.11 Alphazurine indicator  solution: Dissolve 0.005 g of alphazurine 
blue-green dye i n  95% ethanol o r  isopropanol i n  100-mL volumetric f lask and 
d i l u t e  t o  the  mark w i t h  95% ethanol o r  isopropanol . 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been collected us ing  a sampling plan tha t  
addresses the  considerations discussed i n  Chapter Nine of this manual . 

6.2 There a re  no special requirements f o r  preservation. 
/ 

/ 
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7 . 0 PROCEDURE 

7.1 Place 50 mL of sample i n  a vessel f o r  t i t r a t ion .  I f  the 
concentration i s  greater  than 20 mg/L chloride, use 0.141 N mercuric n i t r a t e  
t i t r a n t  (Paragraph 5.7) i n  Step 7.6,  or di lute  sample w i t h  Type I1 water. If 
the concentration i s  l e s s  than 2.5 mg/L of chloride,  use 0.0141 N mercuric 
n i t r a t e  t i t r a n t  (Paragraph 5.9) i n  step 7 .6 .  Using a l - m L  o r  5-mL microburet, 
determine an indicator blank on 50 mL chloride-free water using step 7.6.  If 
the concentration i s  l e s s  than 0.1 mg/L of chloride,  concentrate an 
appropriate volume t o  50 mL. 

7.2 Add 5 t o  10 drops of  mixed indicator reagent. (Paragraph 5.10); shake 
o r  swirl solution. 

7.3 If  a blue-violet o r  red color appears; add HNO3 solution (Paragraph 
5.3) dropwise u n t i l  the color changes to  yellow. 

7.4 If  a yellow or  orange color forms immediately on addition of the 
mixed indicator, add NaOH solution (5.3) dropwise u n t i l  the color changes t o  
blue-violet; then add HNO3 solut ion (5.2) dropwise unt i l  the color changes t o  
ye1 low. 

7.5 Add 1 mL excess HNO3 solution (5 .2) .  

7.6 Ti t ra te  w i t h  0.025 N mercuric n i t r a t e  t i t r a n t  (5.8) u n t i l  a blue- 
violet color pers i s t s  throughout the solution. If volume of t i t rant  exceeds 
10 mL o r  is less than 1 mL, use the 0.141 N or 0.0141 N mercuric n i t r a t e  
solutions, respectively. If necessary, take a small sample aliquot.  
Alphazurine indicator  solution (Paragraph 5.11) may be added w i t h  the 
indicator t o  sharpen the end point. Practice 
runs should be made. 

T h i s  will change color  shades. 

7.6.1 If chromate is present a t  <lo0 mg/L and i r o n  is not present, 
add 5-10 drops of alphazurine indicator solution (Paragraph 5.11) and 
acidify t o  a pH of 3 (indicating paper). End point will then be an 
01 i ve-purpl e color. 

7.6.2 If chromate i s  present a t  >lo0 mg/L and i r o n  is not present, 
add 2 mL of fresh hydroquinone solution (Paragraph 5.6).  

7.6.3 If ferric iron is  present use a volume containing no more 
than 2.5 mg of f e r r i c  ion o r  fe r r ic  ion plus chromate ion. Add 2 mL 
fresh hydroqui none sol u t i  on (Paragraph 5.6) . 

7.6.4 If s u l f i t e  ion is  present, add 0.5 mL of H202 solution (5.5) 
t o  50-mL sample and mix f o r  1 min. 

- 
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7.7 Calculation: 

mg-ch'l-ori-de-/ll-i ter-=-( A-B mL Af  .N-x-35.-450 sampi e 

where: 

A = mL t i t r a n t  f o r  sample; 

B = mL t i t r a n t  f o r  blank; and 

N = normality of mercuric n i t ra te  t i t r a n t .  

8 .0  QUALITY CONTROL 

8 . 1  All qual i ty  control data  should be maintained and available f o r  easy 
reference o r  i nspecti'on. 

8.2 Employ a minimum of one blank per sample batch t o  determine i f  
contamination has occurred. 

8.3  Analyze check standards a f t e r  approximately every 15 samples. 

8.4 Run one duplicate sample for  every 10 samples. A duplicate sample 
is a sample brought through the whole sample preparation and analytical  
process. 

8.5  Spiked samples o r  standard reference materials shall be per iodical ly  
employed t o  ensure tha t  correct  procedures a re  being followed and t h a t  a l l  
equipment i s  operating properly. 

9.0 METHOD PERFORMANCE 

9.1 Forty-two analysts i n  eighteen laboratories analyzed synthetic water 
samples containing exact increments of chloride, w i t h  the following results: 

Increment as  Precision as Accuraiy as 
Chloride Standard Deviation Bias Bias 

(mg/L) (mg/L) (%I ( W L )  

17 1.54 +2.16 +0.4 
18 1.32 +3.50 +0.6 
91 2.92 +0.11 +0.1 
97 3.16 -0.51 -0.5 

382 11.70 -0.61 -2.3 
398 11.80 -1 . 19 -4.7 
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9.2 In a s ing le  laboratory, using surface water samples a t  an average 

concentration of 34 mg C l / L ,  the standard deviation was - +1.0. 

9 .3  A synthet ic  unknown sample containing 241 mg/L chloride, 108 mg/L 
Ca, 82 mg/L Mg, 3 . 1  mg/L K ,  19.9 mg/L Na, 1.1 mg/L n i t ra te  N ,  0.25 mg/L 
n i t ra te  N ,  259 mg/L su l fa te  and 42.5 mg/L t o t a l  a lka l in i ty  (contributed by 
NaHC03) i n  Type I1 water was analyzed i n  10 laboratories by the mercurimetric 
method, w i t h  a r e l a t i v e  standard deviation of 3.3% and a relative e r r o r  of 
2.9%. 

10.0 REFERENCES 

1. Annual Book o f  ASTM Standards, Part 31, "Water," Standard 0512-67, Method 
A, p. 270 (1976). 

2. Standard Methods fo r  the Examination of Water and Wastewater, 15th ed., 
(1980). 

3. U S .  Environmental Protection Agency, Methods f o r  Chemical Analysis of 
Water and Wastes, .,EPA 600/4-79-020 (1983), Method 325.3. 
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