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Dear Mr. S a r i c  and Mr. Schneider:  

TRANSMITTAL OF DRAFT GEOTECHNICAL SAMPLING AND TESTING PLAN FOR PHASE I11 OF 
THE SITE-WIDE DISPOSAL FACILITY FIELD INVESTIGATION 

The Department of  Energy, Fernald Area Office (DOE-FN) i s  p leased  t o  submit 
the enclosed Draft Geotechnical Sampling and Tes t ing  Plan (GSTP) f o r  Phase 111 
of  the Site-Wide Disposal F a c i l i t y  F ie ld  Inves t iga t ion  f o r  your review and 
approval.  

Both Fernald Environmental Res tora t ion  Management Corporat ion (FERMCO) and 
Parsons a r e  eva lua t ing  geotechnical  d a t a  from previous i n v e s t i g a t i o n s  w i t h i n  
the area  of i n t e r e s t  and d a t a  c u r r e n t l y  being received from the Phase I1  Pre- 
Design Inves t iga t ion  f o r  the Site-Wide Disposal F a c i l i t y .  As a n a l y s i s  of  th is  
information cont inues over the next severa l  weeks, we w i l l  cont inue  t o  
eva lua te  and refine the proposed s t r a t e g y  f o r  th is  i n v e s t i g a t i o n .  Our cu r ren t  
plan i s  t o  meet w i t h  U.S.  and Ohio Environmental P ro tec t ion  Agencies during 
the week of March-20, 1995, t o  d i s c u s s  th i s  proposed p lan  and any planned 
modi f ica t ions  which result  from our  ongoing d a t a  a n a l y s i s  a c t i v i t i e s .  

I f  you have any ques t ions ,  p l ease  con tac t  Rod Warner a t  (513) 648-3156. 

. Sincere ly ,  

FN: Ja lovec  
Jack R. Craig 
Fernald Remedial Action 
P ro jec t  Manager 

Enclosures:  As S ta t ed  /, 

@Recycled and Recvclable z@ 000002 
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1.0 INTRODUCTION 1 

2 

3 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 

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

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 

4 

5 

6 

7 

8 

9 

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

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 InvestigatiordFeasibility 
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). 

' I, 

'6  . .s Thi5 bbj&he 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 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

20 

25 

26 

27 

28 

29 

30 

31 

32 
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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 predesign field investigation phases I 
and II. 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 dikesibem. The data quality 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 111 

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 II Predesign Investigation will be discussed with the agencies prior to modification or 

expansion of Phase III fieldwork. 

F\WPSI\GEOSAMPL\SEC.I-Z March 9. 1995 l l : 2 1 ~  1-4 
I .  . . .  , ,  . 
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2.0 SUMMARY OF PREVIOUS INVESTIGATIONS 1 

2 

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

disposal facility andlor in planning this final geotechnical investigation. The reports reviewed are 

listed in Table 2-1. 

TABLE 2-1 

SUMMARY OF REPORTS REVIEWED DURING GSTP PREPARATION 

3 

4 

5 

10 

11 

16 

17 

18 

19 

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 

, 20 

21 

22 

23 

proposed Central Storage Facility (approximately 1 acre in area) located to the north of the production - 2.1 

area. 25 

26 

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

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

of the site. r) 

28 

\ 
. F ~ W P S l \ G E O ~ L 6 E C . I - 2  March 9, 1995 ll:21un . 2-1 
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The OU4 Feasility Study Geotechnical Analysis (see FERMCO letter M:CRU5(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 11 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 geotech&al tests planned to be performed after 

the completion of the Phase III 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 mg/kg 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). 

e% . , 
F \ W P S h G E W L E C . 1 - 2  Marrh 9. 1995 1l:Zlam * I  2-2 000013 
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TABLE 2-2 
SUMMARY OF REVIEWED GEOTECHNICAL TESTING 

OU2 DISPOSAL 
FACILXIY 

GEOTECHNICAL 
REFQRT 

INCLUDING 
SUPPLEMENT 

REPORT 

OU4 
FEASIBILITY 

STUDY 
GEOTECHNICAL 

ANALYSIS 

EWMF* 5 TEST' 

Moisture Content 99 
~ 

32 6 

17 1 Unit Weight 

Grain Size/ 
Hydrometer 

99 39 116 I 7 8 
9 

31 

. -  Specific Gravity 99 39 10 

Atterberg Limits 
~ 

92 37 11 

10 3 Consolidation 
(Undisturbed) 

Consolidation 
(Remolded) 

WTriaxial 
(Undisturbed) 

12 

13 

14 

IS 

16 

17 

10 8 CU Triaxial 
(Undisturbed) 

CU Triaxial 
(Remolded) 

18 

19 

2 4 1  - m 
21 

~~ ~ 

Hydraulic 
Conductivity 
(Undisturbed) 

10 4 14 22 
23 
24 

8 25 
26 
n 

Hydraulic 
Conductivity 
(Remolded) 

Standard Proctor 28 6 

1 - - I  - Modified Proctor 29 

30 

31 
* As presented in the H. C. Nutting Report 

As specified on the Request for Analysis forms sent to the geotechnical laboratory ** 
32 
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TABLE 2-3 
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FIGURE 2-3 
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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 FEMP. An Environmental Restoration Management 

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

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

to the Department of Energy-Femald 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 

(CERCLARCRA) Unit 2 (CRUZ), 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 cany 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. 

2. 

3. 

Complete overall planning, integration, execution, and support of the Operable Unit 2 pre- 
design program. Implementation of these activities is the responsibility of the 
EnvironmentaUEngineering Section matrixed to CRU2. 

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. 

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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1 1  
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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 EnvironmentalEngineering 
Section of CRU2, including the Predesign Investigation Group, and the Data Management 
Group. 

3.3 SAMPLE TEAM ORGANIZATION 

3.3.1 0rg.anizational 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. 

Parson’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 s.ample 

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 ResDonsibilities of Team Members 

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

Reporting to him are the following functional groups: 

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

ProcurementKontractinq - 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 a s s h g  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 

(SWMCR) 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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2 

3.3.3 Resuonsibilitv 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 

2. Access 

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

3. Pennits & Approvals 

a. Site Penetration Permits 
b. Other Site PermitdApprovals 

4. QAJQC Activities 

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

FERMCO 
FERMCO 
FERMCO 
A-E Contracted Laboratory 

FERMCO 
FERMCO 
FERMCO 
FERMCO 

FERMCO 
FERMCO 

A-E + FERMCO 
A-E 
A-E 

5. Field Investigation Program 

\ a. 

b. 
C. 

d. 

e. 

f. 

Technical & Commercial Direction of 
Field Program FERMCO 
Specify Sample Depth, Type, Quantity 
Document Sampling Methods are in accordance with 
ASTM Standards A-E + FERMCO 
Coordinating Movement of Equipment 
On-Site FERMCO 
Coordinating Movement & Release of 
Samples FERMCO 
Preparing Field Notes and Other 
Documents FERMCO 
Preparing Boring Logs A-E 
Health & Safety Management/Oversight FERMCO 
Field Health & Safety 
Slug TestdGroundwater Measurements FERMCO 

A-E 

A-E + FERMCO 
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3.3.4 SamDling Schedule 

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. 

. . ,  000024 
F:\W'PSl\GEOSAMPL\SEC.6. Marcb 9. 1995 10:27m 3-6 



DlafiGeordm 'd Sampling and Testing Plan 
for phate IU of the S i W i d c  

Dispossl Faciliry Fidd Invarigation 
FEMP4XJ2. Rcvision 1 

Madl 1995 

4.0 HEALTHANDSAFETY 1 

2 

3 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 

4 

S 

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

6 

'I 

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 

8 

9 

10 

annual refresher training will have been taken by the individuals. I1 

12 

13 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 . 14 

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 

GEOTECHMCAL SAMPLING AND TESTING PLAN 

IS 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

be managed in accordance with commonly accepted practices used in the hazardous waste industry. 26 

n 

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 Permit is obtained, the 

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

28 

29 

30 

31 

32 

area. 

being obtained prior to actual performance of the fieldwork. 

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

1. . <  ..[. J 
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Field activities require a health and safety plan. A health and safety plan has been prepared in 

accordance'with the FEW 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 health and safety training session which 

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

I 

4.2 RADIOLOGICAL MONITORING AND CONTROL 

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

commonly utilized at the F E W .  For those areas of the F E W  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/geotechnichnical 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 mechanism 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. PRECISSION AND SENSITIVITY 

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

manner : 

Accuracy and Precision 

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

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 of standard 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-estabkhed limits. 
1 
? 

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 thk SCQ for additional detail. 

5.2 COMPLETENESS. AND COMPARABILITY 

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

manner : 

Completeness 

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. . 

ComDarabil itv 

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. 

I '  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 

DOEIFN. 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 

Field Changes to the GSTP 

. 

presented in Appendix A. 
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6.0 FEIDhCTIVITY - -  GUIDELINES 

6.1 FIELD ACTIVITY R E O W M E N ' @  

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

Geotechnical Investigation. Field activitiswill 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 dug tests. 

Procedures to be used during the performahce 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 SCDM 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. 

is presented in Section 6.2 below. 

Guidance for field activities 

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 

and recognized industry practices. 

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 

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 

outlines this procedure in greater detail. 

, 
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6.2 FIELD OPERATIONS PROCEDURES 

Tables 6-1 through 6-4 provide references for administrative, field, and sample WingAaboratory 

procedures for various activities h 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 

\ 

F\WP5l\GEOSAhlPL\SEC%, Manh 9, 1995 10:27am 6-2 
* <  

000032 



DraAGcotcch .tal Sampling and Testing Plan 
for PhaK III of the SiWIde 

Disposal Facility Fidd, Imrestigarjon 
FEMP4U2. Revision 1 

March 1995 

TABLE 6-1 

REFERENCE GUIDELINES 

AdUlbiSh tive Procedures ReferenceDoeuments , 

QMQC 

Chain of Custody 

Corrective Action 

SCQ Sections 4, 5 .  10, and 11; Appendix A/Table 2-2; Appendix D; Appendix J 

SCQ Volume I, Section 7.1; 
RVFS Fernald Project Policy and Procedures Manual, FPP-401, Section 5.1.12 

SCQ Volume I. Section 15.2; 
RVFS Fernald Project Policy and Procedures Manual, FPP-210 

SCQ Appendix J, Subsection J.4.1 

SCQ Volume I, Section 15.4.1; 
RVFS Fernald Project Policy and Procedures Manual, FPP-203 

SCQ Volume I, Section 4.4.3.2; 
RVFS Femald Project Policy and Procedures Manual, FPP-200 

Daily Logs 

Variances 

Document Change Request 

Field Procedures Reference Documents 

General Drilling Practices 

Monitoring WellPiezometer 
Design, Installation, and 
Abandonment Plugging and Abandonment 

SCQ Section 5.2.1; Appendix J, Subsection J.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 

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 C150-92 "Standard Specification for Portland Cement" 

SCQ Appendix J, Subsection J.4.4 

SCQ Appendix K, Subsection K.5.3.2; 
RVFS Fernald Project Policy and Procedures Manual, FPPaoO 

Well Development 

Field Screening of Samples 
for Radioactive 
Contamination 

Decontamination SCQ Appendix K, Subsection K. 1 I 

Sample Handling/ 
Laboratory Procedures Reference Documents 

Classification, 
Transportation, and 
Shipment of FEMP RVFS 
Samples 

RVFS 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 

. .  , ,.,, P '  ' I .  
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TABLE 6-2 

GEOTECHNICAL SURVEYING 

DraftG#Kshrucal . Sampling and Taw Plan 
for Phase III of rhc Sitbwide 

Disposal Facility Field Invatigatioo 
FEMP-OUZ. Revision 1 

March 1995 

PROCEDURES 

Administra tive Procedures Reference Documents 

See Table 6-1 See Table 6-1 

Field Procedures Reference Documents 

Penetrometer Techniques Section 8.2.3 of this GSTP; 
ASTM D 3441-86 "Standard Method for Deep, 'Quasi-Static, 
Cone and Frictioncone Penetrometer" 

000034 
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March 1995 

TABLE 6-3 

SOIL SAMPLING PROCEDURES 

5 AE tive Procedures Reference Documents 

See Table 6-1 See Table 6-1 6 

7 

8 Field Procedures Reference Documents 

General Drilling Practices See Table 6-1 9 

Subsurface Sampling 

Surface Sampling 

SCQ Appendix K, Section K.5.3 

SCQ Appendix K, Section K.5.1 

10 

11 

Field Screening of Samples for Radioactive 
Contamination 

SCQ Appendix K, Section K. 1 1 ; 
RUFS Fernald Project Policy and ProcFdures Manual. FPP-600 

12 

13 

Decontamination See Table 6-1 14 

IS 

Sample HandlingLaboratory 
Procedures 

Reference Documents 16 

17 

Classification, Transportation, and Shipment of 
FEW RUFS Samples 

Geotechnical Analyses 

See Table 6-1 

ASTM reference methods as shown on Table 7-5 

18 

19 

20 

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

21 

, 000035 
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March 1995 

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 IC, Subsection K.4.2.1; 
EP-GWM-FO-20 1 Groundwater Elevation Measurements 

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

Deconthhation SCQ Appendix K, Subsection K.11 
SC-GWM-FO-20 1 Groundwater Sampling Actiyities 

~~~ 

Sample Han’dling/Laboratory 
Procedures 

Reference Documents 
I 

Classification, Transportation, and 
Shipment of FEW RUFS Samples 

See Table 6-1 

I % . \  ._ 
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Disposal Faciliry Fidd Invmigarjon 

FEMP-OU2. Revision 1 
rn 1995 

. >, 
7.0 FI@D 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. 

7.2 FIELD PROGRAMS 

r 
7.2.1 SamDlinp From Soil Boring Locations 

7.2.1.1 Obiectives 

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

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. 
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7.2.1.2 Soil Sample Collection (Geotechnical) . .  

Draft Georahnid Sampling and Testing plan 
for phase III of IIIC Sitewide 

Disposal Facilii Field Invatigafion 
FEMP-OU2, Revision 1 

m 1995 

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). Penetratiodresistance testing (blows/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 

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

7 

samples taken from both the brown and gray till. 8 

9 

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 

IO 

I1  

12 

distribution, and moisture content will be performed on soil samples taken from the Great Miami 13 

Acquifer. -. 14 

Planned boring depths, type and depth of samples, and corresponding geotechnical testing required for 16 

17 

18 

19 

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 

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

20 

21 . 

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

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

The sample tubes will be packed with vermiculite or similar packing material. All applicable shipping 

requirements including chain of custody will be followed: 

7.2.2 Samdinn From Shallow Soil Excavation Locations 

7.2.2.1 Obiectives 

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

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

23 

24 

25 

I 

21 

28 

29 

30 

31 

32 
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TABLE 7-1 FEMP-out. Rcvbi  1 

LABORATORY TESllNG PROGRAM 
(SOIL BORINGS) 

Boring Planned Grey Clay3 Soil4 SPT Shelby 
Number Depth(ft1 DeDth(ft1 DeDth fftl Depth (ft1 Geotechnical Testinq 
G2-120 20 10 Bm Clay 2.54 - 

Bm Clay - 5-7 CON,+ GS + AL+ MC+ MCm + UW 
Bm Clay 7.59 - 
Grey Clay - 10-12 UU+UUr+ UUM+GS+AL+MC+ UW 
Grey Clay 12.514 - - 
Grey Clay - 15-17 - 
Grey Clay 18.520 - - 

.__-.----_-..--..____________.._____. 
12 Brn Clay 

Brn Clay 
Brn Clay 
Brn Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey clay 

, 1 ' / .  . . . '  

35-36.5 - MC+GS - 
- 4041.5 - MC+GS 000040~ 
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T'E 7-1 (continued) 

GEOTECHNICALZABORATORY TESTING 
;@OIL BORINGS) 

- B  

Boring Planned Grey Cia? Sap; SPT Shelby 
Number DeDthlftl Deothlftl T-t DeDth Ift) DeDth rftl 
G2-124 0 45.46.5 - 

(continued) L* - S51.5 
s56.5 
60.61 5 
65-66.5 

-* ,: . 70.71.5 

f .  

t 

't 

- - 
- 
- 7576.5 
- * f 80-81.5 

Geotechnical Testing 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC + GS 
MC+GS 
MC + GS 
MC+GS 

1 

G2-126 80 13 ~m clay 
Bm Clay 
~m clay 
Bm Clay 
Grey Clay 
~ r e y  aay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 

* 
t 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
5-6.5 - 
10-11.5 - 
15.-16.5 - 
20-21.5 - 
W 1 . 5  

4041.5 
- 

454 .5  
W1.5 
55-56.5 
-1.5 
6566.5 
70-71.5 
7576.5 
80-81 .5 

2.54.5 

7.59.5 

- 

- 
1251 4.5 - 
17.519.5 

25-27 

35.37 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
CU + GS + AL+ UW 

CU,+ GS + AL+ MC + UW 

CON + CONrss + CONr+ UU + GS+ AL+ UW+ SG 

P+ GS + AL+ MC+ UW 

CON + CON, + GS+AL+ SG 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 

- 

- 

Grey aay - 1517 P+GS+ Al+ MC+ MC, + UW 

000041 
waay 1 7 ~ 1 9  - 
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for b e  of the Sdc-wk 

Dkposal Faclltry Fdd Invcsugauon 
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TABLE.jf-1 (continued) FEMP-OUZ. RcvlsDn 1 

.GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOL: BORINGS) 

Boring Planned Grey Clay Soil4 SPT Shelby 
Number DeDthlftl DeDth(ft1 ;Death (ftl DeDth Cftl Geotechnical Testing 
G2-127 GreyClay : - 2022 - 

(continued) GreyClay 1 2526.5 - - 
GreyClay - 28-30 - 

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

CU+GS+AL+ UW 

GS+AL+MC+UW 

- 

- 
- 

- - 
5 7  

1G12 

15-17 

20-22 

.3Cm 

UU + GS+ AL+ MC + MCm + UW 

CU + GS + AL+ UW 

CON+CONrLIS+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 000042 

? . .  . .  , 
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TABLE 7-1 (continued) 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

Boring Planned Grey Clap Soil4 SPT Shelby 
Number DeDthfftl DeDthfftl T- DeDth fftl DeDth (ft) Geotechnical Testing 
G2-130 - * 80.81.5 - MC+GS 

(continued) 

G2-131 

.-. 

80 9 Bm Clay 
Ern Clay 
Bm Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 

* - 
- 
- 
- 
- 
- 

------..------. 
Bm Clay 
Bm Clay 
Brn Clay 

Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay 

Grey Clay 
Grey Clay 

~ r e y  Clay 

- 
54.5 
- 

10-1 1.5 
- 

15-16.5 - 
2G21.5 

- 
3B31.5 

- 
W 1 . 5  

- 
xb51.5 
s56.5 
6061.5 
6566.5 
7G71.5 
7576.5 
80.81.5 

-----------.. 
2.5-4 

7.59 

12.514 

- 

- 
- 

17.519 

25-26.5 

35-36.5 

43.5-45 

- 
- 

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

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

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

CON + CONs+ UU + GS+ AL+ UW+ SG 

MC+GS 
MC+GS 
MC+GS 
MCtGS 
MC+GS 
MC+GS 

- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 
UU t Cur+ GS+ AL+ MC+ UW 

UU+ UU,+ GS+ AL+ MC+ MCm + UW 

CU+ GS + AL+ UW 

P+GS + AL+ MC + UW 

- 
- 
- 
- 
- 
- 
- 
- 

000043 2527 P+GS+AL+ MC+ UW 

6 2  
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TABLE 7-1 (continued) 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

Boring Planned Grey Ctaf Soil4 SPT Shelby 
Number DeDthtftl DeDthfftl TvDe Depth fft) DeDth fftl Geotechnical Testinq 
G2-133 Greyclay 3041.5 - - 

(continued) Grey clay - 35.37 - 
--__.--_._______-_______._____._________--.-------.------------------.--.-.-.----.-----------------.-----.-------------------- 

Notes: 
1. The definitions of the geotechnical laboratory testing are as follows: 

MC = 
MCm = 
uw= 
GS = 
SG = 
AL= 
CON = 
CON, = 
CON, = 

CON = 

uu = 

la5 

uu, = 

uu, = 

cu = 

cur = 

cu, = 

SP = 
P =  
P =  

oc= 
. R =  
S =  
A =  

Moisture Content, ASTM D2216. 
Moisture Content, ASTM D4643. This test is being performed for comparison and calibration purposes with MC (ASTM 02216) 
Dry Unit Weight, Army Corp. Engineers EMlOO-2-1906. 
Grain Size/l-iydrometer, ASTM 0422. 
Specific Gravity, ASTM D854. 
Atterberg Limits, ASTM D4318. 
Consolidation with time readings, ASTM D2435, undisturbed sample at natural moisture. 
Consolidation with time readings, ASTM D2435. undisturbed sample at saturated condition. 
Consolidation with time readings, ASTM D2435. remolded sample with 95% relative compaction at moisture content wet 
optimum in accordance with ASTM 0698. 
Consolidation with time readings, ASTM 02435, remolded sample with 85% relative compaction at optimum moisture content 
aaardance with ASTM D698. 
Unconsolidated, Undrained Triaxial Compression, ASTM D2850, undisturbed sample. 
Unconsolidated, Undrained Triaxial Compression, ASTM M850, remolded sample with 95% relative compaction at moistu 
content wet of optimum in accordance with ASTM 0698. 
Unconsolidated, Undrained Triaxial Compression, ASTM D2850, remolded sample with 85% relative compaction at optimu 
moisture content in accordance with ASTM D698. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM 04767, undisturbed sample. Thrc 
samples to be used at three different confining pressures. If Three samples are not available, perform an stage test on or 
sample. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM 04767. remolded sample with E 
relative compaction at moisture content wet of optimum in accordance with ASTM D698. Three samples to be used at thr 
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 8c 
relative compaction at optimum moisture content in accordance with ASTM D698. Three samples to be used at three differe 
confining pressures. tf Three samples are not available, perform an stage test on one sample. 
Standard Proctor, ASTM D698. 
Permeability, ASTM 05084. undisturbed sample. 
Permeability, ASTM D5084, remolded sample with 95% relative cornpaction at moisture content wet of optimum in accordan, 
with ASTM 0698. 
Organic Content, ASTM D2974. 
Resistance R-value, ASTM D2844. 
Soundness, ASTM C88. 
Resistance to &ration, ASTM c535. 

. 

2. 

3. 

'. 
3. 

Where is shown, if dayey soils are encountered, representative undisturbed samples shall be obtained and AL alor 
with other warranted strength or compressiblity tests shall be assigned. 
Approximate depth to the top of Grey Clay based on the available information extracted from the existing adjace 
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 CC 
and CU tests themselves. 

7-8 
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engineering/geotecbnid 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. 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. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

TABLE 7-2 14 

SAMPLE VOLUME, CONTAINERS, AND PRESERVATION - 
SOIL SAMPLES 

15 

16 

17 

Parameter Container Preservation 18 

Gross Alpha/Beta' 

Specific Gravity, 
Moisture Content, 
Atterberg Limit, 
Grain SizelHydrometer 
Analysis 

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

Undisturbed Consolidated 
Undrained Triaxial, with 
pore pressure measurement 

4. ounces 

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' 

7-9 

None 

None 

None 

None 

000045 

19 

25 

26 

n 
2 8 .  
29 

30 

31 

32 

33 



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

Remolded Consolidated 
Undrained Triaxial, with 
pore pressure measurement 

Total Uranium/Isotopic 
Uranium 

Ash and Organic Matter 
Content 

Chloride 

Sulfate 

Soundness 

Resistance to Abrasion 

' ' F \ w p S l \ G E ~ L ~ E C . 7  Mnrch 9.1995 908am 

5-gdlOn~ (45 kg) 
(field weight - 
taken from (1) 3 
(O.D.) x 30 in. . 

Shelby tube', 
shallow 
excavation, or 
shallow auger 
cuttings) 

5-gdl0n~ (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 

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

D d t  Gcot&hnical Sampling and Testing Plan 
for phase Ill of the S h W h  

D@ Fadiiry Field Invcsrigation 
FEMP-OU2. Revision 1 

Marrb 1995 

1X500ml 
polyethylene with 
polyethylene or 
pol yethylene-lined 
closure 

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

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

7-10 

None 

, None 

None 

None 

None 

24°C ' 

None 

None 
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Resistance R-value 

Standard Proctor 

1-gallon (6 kg) 
(field weight) 

5-gall0n~ (45 kg) 
(field weight - 
taken from auger 
cuttings or 
shallow 
excavations) 

None 

' . None 

3 

* ASTM D1587 Suitable Tube 4 

5 

6 1 Only required for soils collected within the restricted area fence of the FEMP or in areas of known 
contamination. 7 

8 

9 

10 

I 1  

12 

13 

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. 

14 

IS 

16 

17 

18 

7.2.3 Cone Penetrometer Testing 19 

' 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 CFTs are 

designated to penetrate the till by being performed to depths of 100 feet or to refusal, whichever is 
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TABLE 7-3 (continued) - March 1995 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SHALLOW BORINGS/EXCAVATIONS) 

-------.--------....____._______._______-----.---------.---.-----------.----------------------------------.-.--.--------.----- 
G2-SB-8+ 5 . Topsoil 0.0.1.5 SP+ CON& 
G2-SB-9+ 
G2-SB-1 O + 
G2-SB-112 

,000049 
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TABLE 7-3 (continued) March 1995 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SHALL0 W BORl NGS/MCAVATION S) 

Shallow 
Boring P Ian n ed Soil Sample 

Number DeDthfft) TvDe DeDth Cftl Geotechnical Testing 
- 5s+5A Riprap Borrow Area4 - 

Notes: 
1. The definitions of the geotechnical laboratory testing are as follows: 

MC = 
MCm = 

GS = 
sG= Specific Gravity, ASTM D854. 
A L =  Atterberg Limits, ASTM D4318. 
CONr = 

CONa = 

SP = 

Pr = 

oc= Organic Content, ASTM 02974. 
S =  Soundness, ASTM c88. 
A =  

Moisture Content, ASTM D2216. 
Moisture Content, ASTM D4643. This test is being performed for comparison and calibration purposes with 
MC (ASTM 02216). 
Grain Size/Hydrometer, ASTM 0422. 

Consolidation with time readings, ASTM D2435. remolded sample with 95% relative compaction at moisture 
content wet of optimum in accordance with ASTM 0696. 
Consolidation with time readings, ASTM D2435. remolded sample with 85% relative compaction at optimum 
moisture mntent in accordance with ASTM 0698. 
Standard Proctor. ASTM 0698. 

Permeability, ASTM 05084, remolded sample with 95% relative compaction at moisture content wet of 
optimum in acawdance with ASTM 0698. 

Resistance to Abration, ASTM c535. 

2. 
3. 

4. 

Composite sample prepared by combining samples taken from the designated locations. 
Shallow borings/excavations G2SB-15 through GPSB-17 shall be selected at the location of 
proposed mads to cdlect samples for performance of R-value tests. 
Location ofthe borrow area for obtaining the riprap samples will be specified by FERMCO. 

000050 
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CPT SOUNDINGS PLANNED DEPTHS 

CPT Soundina Number 
G2-CPT-500 
G2-CPT-501 
G2-CPT-502 
G2-CPT-503' 
G2-CPT-504 
G2-CPT-505 
G2-CPT-506' 
G2-CPT-507 
G2-CPT-508 
G2-CPT-509 
G2-CPT-510 
G2-CPT-511 
G2-CPT-512' 
G2-CPT-513' 
G2-CPT-514 
G2-CPT-515 
G2-CPT-516 
G2-CPT-517' 
G2-CPT-518 
G2-CPT-519 
G2-CPT-520 I 

G2-CPT-521 
G2-CPT-522' 
G2-CPT-523 
G2-CPT-524' 

Planned DeDth (ft) 

G2-CPT-525 
G2-CPT-526 
G2-CPT-527 
G2-CPT-528 
G2-CPT-529' 
G2-CPT-530' 
G2-CPT-531 
G2-CPT-532 
G2-CPT-533 
G2-CPT-534' 
G2-CPT-535 
G2-CPT-536' 
G2-CPT-537 
G2-CPT-538 
G2-CPT-539 
G2-CPT-540 
G2-CPT-541. 
G2-CPT-542' 
G2-CPT-543 
G2-CPT-544 
G2-CPT-545 
G2-CPT-546' 
G2-cPT-547 

21 
100 
20 

100 
22 
21 

loo 
23 
25 
19 
25 
24 

100 
100 
25 
21 
29 

100 
30 
28 
27 
26 

100 
29 

100 
39 
35 
35 
30 

100 
100 
48 
43 
43 

100 
48 

100 
45 
37 
45 

' 39 
100 
100 
43 
37 
45 
loo 

34 
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TABLE 7 5  

SUMMARY OF ASTM PROCEDURES 

TEST NO. TITLE 
C88 

c535 

D75 
D420 
D42 1 

D422 
D698 
D854 
D1452 
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 Resistance to Degradation of Large-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine 
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 
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 

000052 
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D3550 

D4044 

D4104 

D4 186 

D4220 
D43 18 
D4546 

D4643 

D4767 

D5084 

D5092 

Draft Geatechnical Sampling and Testing Plan 
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FEMp-oUZ, Revision 1 

March 1995 

. .  

:1. 
: .. 

Standard Practice for Rkg-Lines Barrel Sampling of Soils 
Standard Test Method for'j(Fie1d Procedure) for Instantaneous Change in Head 
(Slug Test) for Determinirig. Hydraulic Properties of Aquifiers 
Standard Test Method ( d y t i c a l  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 
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 

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 III 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 .OlO-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 2040 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. A 

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). 

7.2.4.3 Well DeveloDment 

Wells will be developed according to the procedure (SRS-FO-OO5)Monitoring Well Development, if 

possible. If the well does not well 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 drum 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 

transported to the General Sump and discharged to the Great Miami River. 

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 measuiements will be conducted within 

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 

7-18 000054, 
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measurements. Water level and bottom of well measurements shall be recorded to the nearest 

0.01 feet. 

1 

2 

3 

Ground water measurements for five wells installed during Phase II of the Re-Design Field 

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

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. 10 

4 

5 

6 

7 

8 

9 

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

7.2.5 PHASE III 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 11 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 J.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 

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. 
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Slugs that will be inserted into the Pre-Design Investigation wells will have a nominal OD of 1-1/4 

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 

112 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 Analvsis 

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 Samulinq 

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 

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 

* ', 

000056 
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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 geoligist/engineer 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 resistance 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 k 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 Handlinn/DisDosal 

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-Miiller 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 (Le. due to a paved area, etc.), the soil will be emptied onto a controled stockpile. 

Excavated soils will be temporarily stockpiled on plastic until backfilling 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 radiologicai 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 F E W  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 Surveying 

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 withii 0.5 feet accuracy and integrated into the existing FEMP Geographic 

Information System (GIs), and incorporated into the site Geotecbnical Data Base being developed by 

Parsons and into the Sitewide Environmental Database. 

7.4 GENERAL SAMPLING REOUIREMENTS 

7.4.1 Field OC SamDles 

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. 

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

2. 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. 

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

4. 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. 

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

6. The approved Variance Request Form will become a part of the overall project historical file, 
and will be reponed 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 laboratoryderived investigation results. 

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

Manager. 
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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 EauiDment 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 summanzed in Tables 7-2. Sample volumes will be consistent with the contract laboratory 

requirements. 

SamDle Volume. Containers. and Preservation 

7.4.6 Samde Collection Documentation 

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

Lithologic Log 
Sample Collection Log 
Site-Wide Analysis RequestICustody 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 sixdigit sample 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 FEW SCQ. 

7.5.2 

Sample custody procedures as outlined in the F E W  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 Request/Custody Record (SWAR/CR) will be completed for all samples delivered 

to the on-site sample processing laboratory. 

SamDle Chain of Custody Records and Field Data Documentation 

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 EauiDment 

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 evaluathg laboratory 

capability to provide specific analytical services to the F E W .  Audits shall be performed to verify ' 

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

the SCQ. 

7.8 SamDle 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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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. 

L .  F:\wqSI\GEOSAMpL\sEc.7 March 9. 19% 948am 7-28 
. .  
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APPENDIXA 

FINAL GEOTECHNICAL INVESTIGATION 

SPECIFIC DATA QUALITY OaTECTIVES 



MAR-09-95 THU 13:59 SCQ I MPLEMENTAT I ON FAX NO, 5137388271 P, 01 

Rev # 0 

Date 3/9/9 5 
J 

Fernald Environmental Management Project 

Data Quality Objectives 

Title: G eo t e c h n i ca I I n ves t i gat i o n 0 n -s it e 5 is p o sa I Fa c i I i t y 
1 

Number: GT-006 

Revision: 0 

Effective Date: 3 /9/9 5 

Contact Name: Tony Snider 

Date: 

6, e. dQ0 Coordinator 
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. . . . . . . . 

GEOTECHNICAL INVESTIGATION I 
ON-SITE DISPOSAL FACILITY 

I 

(Put an X in the appropriate selection.) 

RI FS RD 0 RA -0 OTHER Specify: Geotechnical 
Investigation 

(Put an X in the 
( s )  beside each 

'applicable Data Use. ) 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRU2 Feasibility Study preferred alternative, and State of Ohio 
landfill siting regulations. If the pre-design siting study 
identifies this area to be a suitable location, then this data will 
be utilized in the DOE Title I/Title I1 design and DOE Title I11 
construction oversight. 

The information generated by the geotechnical investigation study 
along with the available data will be used 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. 

, .. 



Revision: 1 
Effective Date: 

DQO SUMMARY FORM 

Page 2 of 11 

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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Revision: 1 
Effective Date: 

DQO SUMMARY FORM 

Page 3 of 11 

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 0 3 .  BTX 0 
Specific Conductance 0 Metals 0 

0 Oil/Grease 0 
Silica 0 

Temperature 0 Full Radiologic TPH 

Dissolved Oxygen 0 Cyanide 

Cat ions 

Anions 

TOC 
TCLP 
CEC 
COD 

5. VOA 0 6. Other 

0 ?LEN 0 
0 Pesticides 0 '  
0 PCB 0 
0 
0 

(specify) 
Geotechnical ; See 
Attachment 

.... . 

Equipment Selection Refer to SCQ Section 

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

Biased P'I Composite 0 Environmental Grab 
Grid 0 Intrusive PCI Non-Intrusive 0 Phased 0 
Source 0 
Other (specify) : 
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DQO SUMMARY FORM 

Revision: 1 
Effective Date: 

DQO Number: 
4 

Page 4 of 11 

(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 llXtl in the, 

Trip Blanks 
Field Blanks 

Container Blanks 
- Duplicate Samples 

Equipment Rinsate Samples 
Preservative Blanks 
Samples 0 

Split Samples 
Performance 

Other (specify) 
.... 

Method Blank Matrix Duplicate/Replicate 
Matrix Spike 0 Surrogate Spikes 

Other ( spec if y) 

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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Revision: 1 
Effective Date: 

Page 5 of 11 

DATA QUALITY OBJECTIVE LOGIC FLOW 
GEOTECENICAL 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 

, < f  5 - a  ., r I .  
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-Moisture Content, MC 

-Moisture Content, MC, 

Revision: 1 
Effective Date: 

ASTM D2216 76 

ASTM D4643 18 

DQO SUMMARY FORM 

Page 6 of 11 

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. 

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 intervals of 5 feet to the bottom of the boring. 
The Shelby tube or Denison samples will be used to collect material 
for tesp that need undisturbed samples; e.g., consolidation, 
triaxial shear, andpermeability. Split spoon samples will be used 
to collect material for the other tests; e.g., grain size, 
Atterberg limits, and moisture content. 

The shallow borings/excavations are intended to provide bulk 
samples of topsoil (upper 18 inches) as well as the subsurface 
soils (from 1.5. to about 5 feet) which are intended to be used as 
liner material. The topsoil samples will be used for organic 
content tests while the surface soil samples below the topsoil. will 
be used for remolded permeability tests. The planned depth of each 
shallow borings/excavations along with tentative sampling depths 
and laboratory tests are provided in the GSTP. 

The following is a summary of the number and type of the laboratory 
tests to be performed during the geotechnical investigation. 

TEST TYPE NO. OF I TESTS I STANDARD 

-Unit Weight, UW I EM100-2-1906 I48 
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99 ASTM D422 -Grain Size/Hydrometer, GS 

-Specific Gravity, SG 

-Atterberg Limits, AL 

-Consolidation with time readings: 
Undisturbed, Natural moisture, 
CON 
Undisturbed, Saturated condition, 
CON, 
Remolded, Wet of optimum 
moisture, CON, 
Remolded, 85% relative 
compaction, CON,, 

Undisturbed sample, UU 
Remolded, Wet of optimum 
moisture, VV, 
Remolded, 85% relative 

-UU Triaxial 

compaction, UU,, 

ASTM D854 14 

6 3  ASTM D4318 

ASTM D2435 
11 

5 

5 

11 

ASTM D2850 
17 
5 

3 

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

ASTM D4767 
13 
5 

2 

-R-value. R ASTM D2844 3 

-Standard Proctor, SP ASTM D698 16 

ASTM D5084 -Hydraulic Conductivity: 
Undisturbed sample, P 
Remolded sample ,’ P, 

-0rcranic Matter. OC 

8 
14 

ASTM D2974 42 

ASTM C88 5 -Soundness, S 

-Abrasion. A ASTM C 5 3 5  5 

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. 

I 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 30 feet) and in selected locations from 
soils below the depth of about 30 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: 

.. 
I, 

. 
- 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 positive 6boo7s a ' $ .  ; 
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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. 

8 Summary 

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 geotechnical tests of chcern 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. All 
geotechnical testing will be ASL B. 

, 
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“--;! U#EXPCCTED ’DISCOVERY OF CULTURAL RESOURCES 

.. DOCWENT NO: SSOP-1070 
REYlSlON NO: 0 

Effectlve D a t e :  03-31-94 Page 3 o f  0 

1 .o 

2 . 0  

3 .-0 

P - W  
This  procedure provides the mthod by uh‘lch Fernald Envlronnental 
Restoratton Managerent Corporat ton (fERMCO) or sub-contractor personnel 
S h a \ ’ l  not l fy  the FEWCO Cultural Resource Coordtnator (CRC) w i  thln the  
Environmental PI annlng Department of the Regulatory Programs D f v l  s l  on o f  
the unexpected discovery of Cultural Resources durtng drflllng or any other 
ground dlsturolng actfvftfes at the Fernald Envlronsental Hanagexent 
Project (FEMP) o r  beycnd its boundzrler. 

xm 
This procedure appl i e s  to all FEHP and subcontractor personnel. 
procedure addresses all ground dlsturbjng act lv l t fes  In process a t  the FEnP 
,and Is appllcable to a l l  F E H P ,  subcontractor and tetmfng partner personnel. 

T h l t  

e Coordmtot (m - The FERMCO person I n  charge o f  
managing cultural resources a t  the F E W .  

-urcu - Any prehlstorlc dlstrlct ,  bulldlng, structure, or 
object lncluded In or e l tg lb le  for inclusion on the National  Register o f  
HIstorlc Places. Such Items inc lude  artlfacts, records, and remalns t h a t  

Ground Disturbjnq A c t i v i t y  - Any activity t h a t  disturbs the  ground elther 
on the FEHP s i t e  or on adjacent property. Examples of ground disturbance 
Include strlpplng of toproll, drllllng wells, road Improvements, etc. 

, are related t o  a dtstrlct, s l t e ,  bulldfng, structure, or object. 

P e t S a  - FERnCO of Subcontractor employees that are canductlng 
ground dt sturbi nq act  t v i  t 1 es . 
dlstorlc Prooertles - Any hlstoric or prehfstoric stte ,  structure, or 
object. 

l e  f l e ld  . esentat lve - The employee derlgnated w i t h  
s k l d .  activities such as Construction Englneer, 
Constructlon Coordinator or Project Englnetr. 

fOt enforcement of the  National Historical Preservation Act. 
e H I  storic Oreservrtlon O f f f c P  IS - The state authorlty responrlble 

i . .  . ,  : . ?  
. $ .. . .. 

II-1 
0000’79 



Effective D a t e :  03-31-94 

4.0 m p  
tural Resources P o i n t  of C o n t a c t  

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

6 Negottrtet mit iga t ton .  

Not i f les  FERHCO of authorizat ion t o  proceed w i t h  work. 

Page 4 of 8 

fnulronrrv;mtal PI a n n  !na Hanaser 

Not i f  1 es DOE-FH of  unexpected c u l t u r a l  resource dl scovery . 

Coord 1 nat  e t  ml t 1 g a t  I on. 

Prehj s tor lc /HI  s t o r l c  Assessment Report. 

m t u r a l  Resource , C o o r b a t o  r (CRQ 

CoorCInates C u l  tural Resource Mana5srient Program. 

.discovery. 
Not i f ies  Environnent F l a n n i n s  Manager of unexpected cul tural  resodrce 

Conpletes  and slgns Pre -h i s to r l c fHi s to r l c  Assessment Repor t .  

Assists i n  comp le t l cn  and s i g n s  uncxpected cul twal  reswrce  discovery 
form. 

Coordinates mittgatlon. 

Project EIIQ i r! e e r/ms t ruc t-l . on E na 1 n eerY;ons tr uc t  1 on w- mato r 

Stops  work upon discovery of a cultural resmrce. 

N o t i f l e s  CRC upon discovery of  a c u l t u r a ?  reswrce .  

Completes and signs Unexpected C u l  tural Resource Dl scovery form. 

5.0 WERqb 
The National Hlstorlc Prerewat lon  Act (36 CFR 800, Sectlon 106) requires 
Federal agencles  t o  take i n t o  account t h e  e f f e c t s  of  t h e i r  ac t ions  on 
P r o p e r t i e s  t h a t  a r e  on, or e l l g l b l e  f o r  inc lus ion  on, the  National Regis ter  
O f  Historic  Places  L i s t .  This l i s t  inc ludes  undiscovered resources  as well 
as d i s t r i c t s ,  sltet, bufldlngs, structures or objects.  

- 

i , ' . .  
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Effectlve Date: 03:31-94 

. -  1 Tltle: UNUPtCTED-I)ISCOYEKY OF CULTURAL RESOURCE3 . . 

Page 5 o f  8 

WCUHENT NO: SSOP-1070 
REVISION NO: 0 

5.'0 GEM&& ( c o n t . )  

To conply wlth section 106 and due t o  t h e  large nuRber of  hfstoric and 
archaeological resources exis t lng  In t he  a rea ,  consul ta t ion was requested 
by the  Departriient of Energy (GOE) from t h e  Sta t e  Hfstor ic  Preservat ion 
Offlce (SHPO) concerning proposed renedlal a c t i v i t y  a t  the FEHP.' l h i s  
consul t a t t o n  resul ted I n  an agreeinent that  any plenned su r face  dis turbance 
actfvltles I n  non-controlled a r e a s  a t  t h e  FEMP must be preceded by a 
cu l tu ra l  resources survey t o  determine the exlstence of potenti ally 
sjgnlficant hfstoric or archeological rcscarces .  

Any records resulting from t h t s  procedure shall  be.archlved w i t h  t h Q  CRC 
program and made avai lable  on a "need t o  know" basls as speclfled tn publjc 
l a w  (Pi) 96-95. 

All d i scover ies ,  historic and grehtstoric, shall be included I n  the  
Cut tural Resource Managezent Plan ( D r a f t ) .  

6 .0  

None 

7.0 i 

7 . 1  HANDLING THE DISCOVERY OF A CULTURAL RESOURCE 

FIELD PERSOMEL 

1. Upon discovery of any hts tor ic ,  pre-hlstorlc, or archaeologlcat 
slte, feature, or ab jec t ,  cease a l l  ground d l s t u r b l n g  a c t l v l t y  
and contact  the  responslble  F I e l d  Reptesentatlve. 

RESPONSIBLE FIELD REPRESENTATIVE 

2 .  I m e d t a t e l y  repor t  the discovery t o  the Cultural Resource 
Coordinator and the  responsfble CRU Dlrector or Dlvls lon  
Manager. 

Complete the  Unexpected Cultural  Resources D l  scovery form 
(Figure 1) and log  I t  i n t o  the Field Activity Oally Log. Submit 
t h e  Oiscovery form and a copy of the Field Activlty Dally Log t o  
the CRC. 

m: Proper Document Control Procedures must be followed. 

3 .  

. .- - 

. .  . .. .. 
. .. 

000081 : 
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Ftgute 1 - Unexpected Cultural Resources Dlscovery Form 
IT 4 

. ._.. __- - 

Title: WXPtCTED OISCOVfRY OF CULTURAL RESOURCES 

r 

OOCWENT NO: $503-1070 
REVISSON NO: 0 

E f f e c t h e  Date: 03-31-94 
I 

Page 6 o f  8 
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E f f e c t i v e  Date: 03-31-94 . Page 7 o f  8 

7 . 1  HANDLING THE DISCOVERY OF A CULTt‘RkL RESOURCE ( a n t . )  

euLww. RESOURCE COOPSIHATOR 

4 .  Verbally report the  discovery’ to the Environxontrl Planntng 
Departtent Hanager . 

S.  Complete and rtgn a Prehlstoric/Histortc Asrsssment Report u s i n g  
the format provlded (Attachment A ) .  

will be used. 
6. Datenine whether an an-call Cu1 turrl Resources Subcontractor 

7.  Report the assessment to the Envtronmntrl Plannlng Department 
Hacager. 

P 

fWVIROk#EKTAL PLANWSMi DEFARTPIEXT W E E R  ’ 

8.  

9. 

DOE 

10. 

SIgn t h e  Prehlrtorlc/Hittor~c Assessnont Report., 

Verbally contact the  DOE Cultural Resource Polnt of Contact and 
follow up wi th  the signed Prehlstorfc/Hlstotlc Assessment 
Report. 
Cultural Resources form. 

Include a copy o f  the completed Unexpected Olscovery of 

CULNRAL RESOURCE POINT OF COKTACT 

Contact .the State H!storlc Prerervatlon -Office and g a t n  
concurrence for the mittgation procedure t o  be followed, If any.  

CULMUL RESOURCE COORDINATOR 

11. Secure the cultural resource area untt l  nottfied by DOE. 

12. Caordlnate any further mttlgatlon efforts through an on-call 
Subcontractor or through EPD. 

CONSlRUCTIOW 

13. After receipt of wrttten natlf1crt;on from the DOE, dlrect field 
personnel to proceed wlth ground rctivltler i n  the affected 
a n a .  

000083 
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1 DC)ClMEM NO: SSOP-1070 
RfXfSION NO: 0 

Eff-ive Date: 03-31-94 1 Page 8 o f  8 

8 . 0  

8.1 DRIVERS n 

Archeologltib3 and Hlstorlc Act o f  1974 

National H i g o r i c  Preservrtlon Act  o f  1966, as amended 

N a t i v e  A m d c a n  Graves and Reprtriatlon Act  o f  1990 

8.2 REFERENCES 

36 CFR Sot!,,, Sectfon 106: 'Protection of Historic Properties. 

'Secretary"of the Interlor Standards and Guldellnes for 
Atchreo1,W and Hlstorlc Prerervrtlon' 
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FEMP 

(CONVNUATION PACE) 
FIELD ACTIVITY LOG 
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. . .  . . .  . . .  . _ .  _. ......... ................ . . G  

. . . .  . . . .  

t 



000088 







STATIC WATER L N E L  

WELL VOL1J)d.E CMC'3UTlONS 

W' 
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(300091 
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;c)(10093 

SUL: 
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DGE No.: I II 



. .  

. .  



VARIANCE RE( 



FERHALU 
RVFS 

VARIANCE LOG 

PROJECT NUMBER 

*PROJECT NAM€ 



I 

-- -- 
CORiFI€C’T1K AcnoN REQUIRED: 

NONCONFORMANCE REPORT , 

I 

TO 8E PWFORMED BY: DATE 

MUST CORRECT1ON BE MR\mED? YES - NO- 
TO 8E K R I R E D  By: PREPARED 8% 0 A T E  

CORRECTIVE ACTION TAKEN: 

PERFORMED BY: O A F .  - 
VERIFIED 8Y: D A l E  - 

C C  Approved By: Dote: * 

. 
ootc:. 
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APPENDIX D 

EQUIPMENT LIST 
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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 Mekting 
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 

METERSDETECTORS 
Beta Gamma Detector (Frisker) 
Photoionization Detector (PID) 

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

DraftGaxcduu 'cal sampling and"rating plan 
for Phase III of the Site-Wide 

Disposal Facility Fidd Invcscigation 
FEMp-OU2, Rcvision 1 

Martb 1" 

PROJECT EQUJPMENT LIST 

M I S C E T E O U S  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 

Safety Glasses 
Dosimeter 
Latex Gloves 
Cotton Glove Liners 
Leather Work Gloves 

Full Face Air purifying Respirator 

IDW SUPPLIES 
Plastic Trash Bags 

Steel-Toed Boots 

Ear Plugs 

F:\Wl\GU)SAMPL\SEC.D Marth 9. 1995 10:16am D- 1 000204 
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APPENDIX E 

TYPE K 

EXPANSIVE GROUT 



. .  . . . . .  - .  - . -  

C 
Type Expansive 

I ement from Southdow 

problems. 
eu knowthe problems ordinary 
Portland Cement concrete 
can bring to a job. Shrinkage 

mcking. Curling. Permeability. They 
often OCCUT soon after placement. 
That’s because ordinary concrete shrinks 
&pifimtly as it dries, Causinginted 
tensile stress. when stress exceeds tensile 
S&@I, the problems be& M y  cfacking and 
curling can lead to bigger problems in the years that 
follow as man and nature combine to attadc shrinkage 

0 

n 
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In containment areas, 
you can't afford-to 
build in cracks and 
leaks. 

VI-3 
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Southdown makes 
Type K available 
throughout the US. 
Just contact the 
Southdown Lompany 

/- 

4’ 
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J 

Placing Tvpc K in slab-an-grade 
probets such a warehouses, 
tanbrier, foodheverage pnxtshing 
fadbier tcmrinals, mads, aircraft 
hangers and runways means buOding 
a surtace that WiIlIast a hgtimc 
with less maintenance. 

Qpe K meam lnr 
mrintenance cost. 
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DENISON SAMPLING 
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Denison Samples 

Denison samples s h a l l  generally be t a k e n  in s o i l s  
having 2 Ztandard penetration resistance higher thm 20, 
blows/ft as directed by t3e Engineers- 

- Borings u t i l i z i n g  the Denison sampler s h a l l  be - taken in order t o  obtain s o i l  samples for laboratory 
t e s t i n g ,  Samples s h a l l  Le taken with a 4 i n ,  0-D, Denison 
sampler gapgble of recoverim 2 tt long samples- Brass 
l i n e r s  shall be used, Each sample s h a l l  he taken c a r e k l y  
SO t h a t  the soil w i l l  & a h  gs nearly as possible i n  an 
undisturbed stste, 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 r e s u l t s  i n  a f u l l  inner barrel of s o i l ,  and 
which w i l l  not cause g n d k - u t t i n g  or contalcination of the 
sample by d r i l l i n g  f l u i d .  garupling s h a l l  proceed to obtain 
a continuous v e r t i c a l  specimen, After the hole has been 
thorvughly cleaned, the sampler s h a l l  be lowered c a r e f u l l y  
i n t o  the hole, The sampler s h a l l  be placed i n  contact w i t h  
t h e  bottom of -the hole, xhe d r i l l e r  shall make sure t h a t  . 
the t r u c k  jacks are carrying the 1o;ld of the u u c k  so that 
the w i l l  not be l i f t e d  on the springs drrd t i r e s  when 
load i s  applied t o  the sampler. zhe sanple tube shall. then 
be forced into the grour,d i n  a continuous drive and c i t  a 
rate cf penetration equal to the r a t e  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  b e  
l i m i t e d  t o  that which w i l l  n c t  rupture the s o i l  sarrple, 
& f t e r  the tube tlas been insertea to  i t s  f u l l  length i n t o  the 
s o i l ,  t h e  driller shall wait approxkndtely 5 min before 
beginning w i t h d r a w a 1 ,  $e tube s h a l l  then be withdrawn from 
the bottom of the hole in a s ~ n o o t h  c o n s t d u t  iuotion u s i n g  - y d r a u l i c  pressure to p u l l  the tube a t  a rclte of about 1 in,  
-per sec. . B r n i n g  ot the rods w i t h  cl wrench to break the 
f r i c t i o n  of the sample s h a l l  not k allowed unless a l l  other 
methods have been a t t e m p t e d  first and s h a l l  not be resorted 
t o  unless approved by the Engineers, kfttrr the sclmple has 
pulled free k u r n  the httom of the ~ i o l e  S;y a cleirrance of 
about 1 to  2 ft, removal ~ I k i l l  stop nianentarily t o  allow the 
d r i l l i n g  f l u i d  to flow aro-md the bottom of the tube Jdbout 
30 sec,).  &emoval s h a l l  then contiriue a t  a slow and unirona 
withdrawal r a t e a o t  t o  exceed 0.5 f t  per sec, BreaKiiiq the 
pipe joints during witharawal  s h a l l  he done carctully  and i n  
as Large sections as can be p r a c t i c a l l y  handled so a s  n o t  to 
d i s t u r b  the sample, 

&ruck 

I 
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2 p ID. 

Draft Gaechol 'cal Sampling and Testing P h i  
for Phase Ill of the Site-Wide 

Disposal Facility Field Investigation 
FEMP-OUZ. Rcvision 1 

Marrh 1995 

APPENDIX G 

SCHEDULE FOR FINAL GEOTECHNICAL MVESTIGATION 

Activity 

Issue PO Plan, Rev. 0 

Begin CPT Fieldwork 

Issue 90% GSTP, Rev. A 

Issue Final GSTP. Rev. 0 

Finish CPT Fieldwork 

Parsons Begin Fieldwork 

Parsons Complete Fieldwork 

Parsons Begins Laboratory Testing 
~~ 

Parsons Completes Laboratory Testing 

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

Parsons Issues Final Geotechnical Report 
and Recommendations, Rev. 0 

Date 

February 22, 1995 

March 20, 1995 

March 21, 1995 

March 28, 1995 

March 31, 1995 

April 4, 1995 

May 2, 1995 

April 10; 1995 

July 10, 1995 

July 28, 1995 

August 11, 1995 

F\WPSl\GEOSAMPL\SEC;G Mach 9. 1995 10:02am G- 1 OOOllS 



APPENDIX H 

METHODOLOGY FOR USING HOLLOW-STEM AUGER 

AS A TEMPORARY CASING IN ZONES OF 

SUBSURF'ACE URANIUM CONTAMINATION 

O O O l l G  



Met hodol ogy for Usi ng Hol 1 ow - Stem Auger 
as a Temporary Casing in 

Zones of Subsurface Urani um 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 t h e  auger string approximately one foot t o  vacate the bottom of the boring. 
Pump a bentonite-based sealer (Hole-Seal) in to  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 
col 1 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 ID/6.625-inch OD hollow-stem auger string will pulled from the boring 
and the resulting hole will be plugged w i t h  type K grout. Once the 6.625-inch 
diameter boring hole has been fully grouted a n d - t h e  3.25-inch ID/6.625-inch OD 
hollow-stem auger string has been pulled from the boring,  the 8.25-inch ID/14- 
inch OD hollow-stem auger string will be pulled and the resulting 14iinch 
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. 

t 
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FIGURE H-1 

HOLLOW -STEM AUGER AS TEMPORARY CASING SCHEMATIC 

CONTAMINATED 

/ -- 
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ASTM STANDARDS 
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SUMMARY OF ASTM PROCEDURES 

TEST NO. TITLE 

C88 

c535 

D75 
D420 
D42 1 

D422 
D698 
D854 
D1452 
D1586 
D1587 
D22 16 

D2217 

D2435 
D2487 
D2488 
D2573 
D2844 

D2850 

D2974 

D3080 

D344 1 

Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 
Standard Test Method for Resistance to Degradation of Large-Size Coarse 
Aggregate by Abrasion and Impact in the Los hgeles  Machine 
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 
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 

6 2  

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

a0 

21 

n 

. 2 3  

24 

25 

m 

n 
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DraR ea!e&ud ' SampliiandTcstingPlan 
for pharc IIl of rhc Site-Widc 

Dispcd F d i  Fidd Invatigation 
FEMP-ou2. Reviion 0 

February 1995 

D3550 
D4044 

D4104 

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 

D4 186 

D4220 
D4318 
D4546 

D4643 

D4767 

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 

D5084 

D5092 

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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(Im Designation: C 88 - 90 Fz: P -- 6 2  

Standard Test Method for 
Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate' 

This !Xdndard k h c d  under the fixed designanon C 88: the number immediately following the designation indicates the year of 
o r i g i d  adoption or, in the case of revision, the year of k revision. A number in parcnthescs indicates the year or h reapproval. A 
supamipt epsilon (0 indicates an editorial change since the h revidon or reapproval 

This t ea  merhod hac been approvedjor use by a8encies of rhe D e p m m m  of D d m e .  C o d t  ihe DoD Indm of SPecijicruionr and 
Srandardr for the spec$c year of issue which has been adopied by ihe Depanment of Dtfense. 

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 panially 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 safery 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 

p u r p o d  
E 100 Specification for ASTM Hydrometers5 
E 323 Specification for Perforated-Plate Sieves for Testing 

f i r p o d  

'This M method is under the juridiction of ASTM Comminee C-9 on 
ConCrete and Concrete Aggrrgates and is the direct responsibility of Subcornminee 
rn.20 on Normal Weight Aggregates. I .  

Cumnt edition approved Ocr 26.1990. Published December 1990. Originally 
Published a~ C 88 - 31 T. Lan prrvi~u~ edition C 88 - 83. 

Annual Book of ASTM Siadards. Vol04.02. ' Annual Book of A7SM Slandards, Vol04.03. . .. ''Annual Book Of ASTM St&&, Vol 14.02. 
Annual Book of ASTM Si&&. 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 K n g  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. 

Nm 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) 

8.0 mm (5116 in.) 
9.5 mm (Vr in.) 
12.5 mm ('/a in.) 
16.0 mm (% in.) 
19.0 mm (314 in.) 
25.0 mm (I in.) 
3 I .5 mm (I% in.) 
375 mm ( 1% in.) 
50 mm (2 in.) 

. . 4.00 mm (No. 5) 63 mm (2lh in.) 

125-mm ('12-10.) 
sprrad 

Larger-by 
4.75 mm (No. 4) 

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 

4.3 Temperature Regulation-Suitable means for regu- 
openings are satisfactory containers for the samples. I 
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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 % or 
1 g, whichever is greater, over the range required for this test. 

4.5 Dryzng Oven-The oven shall be capable of being 
heated continuously at 230 k 9°F (1 10 k 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 

(22'0. However, since these salts are not completely stable and since it 
is desirable that an excess of crystals& 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 temperanm of 77 to 86'F (25 
to 30°C). Add sufficient 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. Thoroughly 
stir the mixture during the addition of the salt and stir the 
solution at frequent intervals until used. To reduce evapora- 

be kept closed This rate shall be determined by the loss of 
water from 1-L Griffin low-form beakers, each initially con- , 

tion and prevent contamination, keep the solution covered taining 500 g of water at a temperature of 70 f 3 T  (21 f 
TC), 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 fl.00 1. 

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 -me agpegates containing carbonates of calcium or 
magnesium are attacked chemically by fresb sulfate solution, resuiting in 
erroneously hi& measured losses. If this condition is encountered or is 
Nspected repeat the test using a mtered 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 Sulfae Solution-Prepare a saturated solu- 
tion of sodium sulfate by dissolving a USP or equal grade of 
the salt in water at a temperanm of 77 to 8 6 T  (25 to 30'C). 
Add sufllcient salt (Note 4), of either the anhydrous 
(Na2S04) or the crystalline (Na2S0,-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 frequent 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 k 2T (2 1 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, 215 g of anhydrous salt or 700 g of the 
decahydrate pex litre of water are sufficient for saturation at 7 1.6T 

-ma witb the renmcthod indicatesthat agrade of sodium SUlEatc desig- 
nataf by rhe aaie BS dried powda, which may be conzidered as appmumatd ' Y  
anhydmus is the m a t  pranical for use. That &e is more economidy available 
than the anhydrous form. The dccahydmtc sodium nrlfate prrsnp mcuhia in 
wmpaunding the resuind solution on account of its cooling &tu on the solution. 

7 . .  - _ _ . . _ . .  

at all tim& when access is not needed. Allow the solution to 
0001 to 70 2 20F (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 gralvity. 

NOTE S F o r  the solution, 350 g of anhydrous salt or 1230 g of the 
heptahydrate per litre of water are sufficient for saturation at 73.4T 
(23'0. 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 crystals be presen~ it is recommended that the heptahyqrate 
salt be used and in an amount of not less than 1400 gllive of water. 

6.  Samples 
6.1 The sample shall be obtained in general accordance 

with Practice D 7 5  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 (%-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 9% or 
more, expressed in terms of the following sieves: 
,, PassingSim Retained on Sim 

600 pg (No. 30) 
1.18 mm (No. 16) 
2.36 mm (No. 8) 
4.75 mm (No. 4) 2.36 mm (No. 8) . 
9.5 mm(% in.) 

300 pm (No. SO) 
600 pm (No. 30) 
1.18 mm (No. 16) 

4.75 mm (No. 4) 

6.3 Coarse Aggregate-CoarSe aggregate for the test shall 
consist of material from which the sizes h e r  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 9% or more: 

si (sq- 'ng Si-) wdghs g 
9.5 mm (% in.) to 4.75 mm (No. 4) 
19.0 mm (Jh in.) to 9.5 mm (% in.) 

' 

consisting of: 
12.5-mm i in.) to 9.5-mm (%-in.) material 
19.0-mm (3/4-in.) to 12.5-mm (lh-in.) mataial 

37.5-mm (11h-in.) to 19.0-mm (Y4 in.) 
consisting of: 

25.0-mm (I-in.) to 19.0-mm (%-in.) matQial 
37.5-mm ( I  Ih-in.) to 25.0-mm (1-in.) material 

50-mm (2 m.) to 37.5-mm ( 1 Ih-in.) mataial 
63-mm (2lh-h.) to XLmm (2-in.) mataial 

63-mm (2Y2 in.) to 37.5-mm ( I  Ih in.) . 
consisting 0': 

2000*2200 
u ) o o * ~  
7000 f loo0 Lagasita by 25-mm (bin.) qmad in sim size. each fraction 

300*5 
1000* 10 

3 3 0 t 5  
670k IO 

1500k50 

500*30 
L O O O t 5 0  
5000*300 
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6.4 When an aggregate to be tested contains appreciable 
amounts of both fine and coarse material, having a grading 
~ t h  more than 10 weight 5% coarser than the 9.5-mm ph-in.) 
sieve and, also, more than 10 weight 5% liner 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 fiactions 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 5”C), and separate into the different sizes 
by sieving, as follows: Make a rough separation of the graded 
sample by means of a ne& 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 110-g sample wi! 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 YF 
(1 10 f 5OC) and separate it into the Merent 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 
rnm ( 3 h  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 
a a T w e s .  

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 drying 
oven. The temperature of the oven shall have been brought 
PRViously 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- 
vals of 2 to 4 h; make enough checks to establish required 
drying time for the least favorable oven location (see 4.5) and 
Sample condition (Note 7). Constant weight will be consid- 

i 
8 ) .  
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ered to have been achieved when weight loss is less than 
0.1 % 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 drylng will be reduced as 
cycles accumulate because of salt adhering to panicles and, in some 
cases. because of in- in surface area due to breakdown. The 
differem 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 drymg 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 (BaC12). Wash by 
circulating water at 1 10 k 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 9°F ( 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 exuressed as a percentage of the initial weight 
for use in Table 1: 

Size of Aggregate 

63 m m  (2lh in.) to 37.5 mm (I% in.) 
37.5 mm ( 1 %  in.) to 19.0 mm (W in.) 
19 mm (314 in.) to 9.5 mm (Jh in.) 
9.5 mm (311 in.) to 4.75 mm (No. 4) 

10. Qualitative Examination 
10.1. Make a qualitative 

Sieve Used to 
Determine Loss 
3 1.5 mm ( I Vr in.) 
16.0 mm (’/a in.) 
8.0 mm (’/I6 in.) 
4.0 mm (No. 5) 

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, 



. . . . . .  .. .._I-.. -- - . - - - . - . . - . ._ ... ...... .... 

63 nun (2% in.) to 50 nun (2 in.) 2825 g 
50 nun (2  in.) to 37.5 mm (1% in.) 1958 g 

caa 

M 4703 4.8 1 .o .' 2'h to l" in. 

flaking, etc. While only particles larger than 3/4 in. in size are required to 
be examined qualitatively, it is recommended that examination of the 
smaller dzes be made in order to determine whether there is any 
evidence of excessive splitting. 

11. Report 
1 1.1 Report the following data (Note 9): 
1 1.1.1 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 aft= 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 m n g  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 (3h-in.) sieve), assume sizes finer than the 
300-pm (No. 50) sieve to have 0 % loss and Sizes coarser 
than the 9.5-mm (3h-in.) 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 7% 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 containing 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 gradings considering the fine fraction 
as 100 '35 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. 

1 1.1.3.4 For the purpose of calculating the weighted 
average, consider any sizes in 6.2 or 6.3 that contain less than 

5 7% 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 (314 

in.) before test: (I) The number of particles in each fraction 
before test, and (2) the number of particles afiected, 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 1, shown with test values inserted for purpose of 
illusaation, 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. Recision 
12.1 Precision-For coarse aggregate with weighted av- 

erage sulfate soundness losses in the ranges'of 6 to 16 7% for 
sodium and 9 to 20 7% for magnesium, the precision indexes 
are as follows: 

coeffiacnt of Difference Betwcen 
Variation Two Tens (D2S %), 

f (1s %), 95-4 5% of Average" 

Mukilaborruory: 
Sodium sulfate 
Magnesium sulfate 

Sodium sulfate 
Maanesium sulfate 

Singlc-Operator: 

41 
25 

24 
1 1  

116 
71 

68 
31 

" These numbers rcprrscnt, rrspctively, the (1s 96) and (D2.S I) Limits : 
described in Racticc C 670. 

12.2 Bias-Since there is no accepted reference maten? 
suitable for determining the bias for this procedure, n 
statement on bias is being made. 

. .  . .  
1 
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! TABLE 2 Suggested Form for aualitive Examination (with Illustrative Test Values) 
QualrtahveExamrnabarofCoarseSizes 

Partides ExhiWng Diaess 
i 

Total No. af 
Partides Before 

! Sieve Size S m  CMnbling - Fhking 

No. % No. % No. % No. % Test 

I 63 mm (2% in.) to 37.5 2 7 ... ... 2 7 ... ... 29 

. .  

mm (1 V z  in.) 

19.0 mm (% in.) 
: 37.5 m (1% in.) to 5 10 1 2 4 8 ... ... 50 

me h n e m  Socrery for Testing and M- lakes m posinon respeaing the validity of any parenr rights asserted in 'wnnecrion 
with any item mentianed in this standard. Users of mis snindwd are eqmssiy advised that detminarion of the validity of any such 
parern rights, and the risk of i n f r i n g m  of such rights. am entirely their own mponsihility. 

This standard is subject Io Wsion  ar any time by the responsibe rechnical canminee and murt be reviewed every five y e e n  and 
if nor revised, eit ty re8pprwed or withdrawn. Your commenrs are invired either for revision of this standard or for additional standards 
and should be addressed to ASTM Headqwem. Your comments will receive careful considemion at a meeting of the responsible 
technical comminee. which you may anend. I f  you feel that your commenrs have not received a fair hearing you should make your 
views known Io the ASTM Comminee on Standards, 1916 Race SI., Philadelphia, PA 19103. 

L. ... : 

,. . 4 - ;, ' 
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..Standard Test Method for  . . _ .  . . . . .  

Resistance to Degradation of Large-Size Coarse. Aggregate 
by Abrasion and, ~. Impact in the: Los Angeles Machine' 

. .  

This nandard is issued under the 6xai w o n  C 535; the number immediattly following the designation indicates the year of 
. ' . . .  original adoption or. in the case of revision. the year of laa revision. A.numbcr in -~~CSCS indiotta &e year of last RapproVal. A 
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srandnrdr for the s p e c ~ c  year of issue which hac been adopted by the Depanmo~ of Ddense. 

1. scope then roll within the drum with an abrading and grinding 
action until the shelf plate impacts and the cycle is repeated. 

removed from the drum and the aggregate portion is sieved 
to measure the degradation as percent loss. 

using the Los Angeles testing machine. 
NOTE I-A procedure for tes~g coarse aggregate smaller than 1Vz 

in. (37.5 mm) is covered in Method C 131. 
4. Significance and Use 1.2 This standard may involve hazardous materials, oper- 

ations, and equipment. This standard does not purport to 4-1 The 
address all of the safety problems associated with its use. It is hiicator Of the dative 
the responsibility of the user of this standard to establish SOU- Of 
appropriate safety and health practices and determine the The do not permit valid comparisons to 
applicability of regulatory limitations prior to use. be made between sources distinctly different in origin, 

composition, or structure. Specrfication limits based on this 
test should be assigned with extreme care in consideration of 
available aggregate types and their performance history in 

2. Referenced Documents 

2.1 ASTM Standards: specific end uses. 
C 131 Test Method for Resistance to Degradation of 

Small-Size Coarse Aggregate by Abrasion and Impact in 5. Apparatus the Los Angeles Machine2 
C 136 Test Method for Sieve Analysis of Fine and Coarse 5.1 Los Angeles Machine conforming to the requirements 

Aggregates2 of Test Method C 131. 
C670 Practice for Preparing Precision and Bias State- 5.1.1 The machine shall be so driven and so counterbal- 

menu for Test Methods for Construction Materials2 a n d  as to maintain a substantially uniform peripheral 
C 702 Practice for Reducing Field Samples of Aggregate to S p e e d  (Note 2). If an angle is used as the shelf, the direction 

Testing Size3 of rotation shall be such that the charge is caught on the 
D 75 Practice for Sampling Aggregates2 outside surface of the angle. 
E 11 Specification for Wire-Cloth Sieves for Testing 2--Backlash or slip in the driving mechanism is very wrel,, to 

furnish test results that are not duplicated by other Los Angeles 
machines producing constant peripheral speed 

1.1 test covers testing shes of coarse 
gate larger than 3/4 in. (19 mm) for resistance to degradation After the Prescribed of Evolution& the contens are 

test has been used as a~ 
Or Of 

having similar mineral 

Purposes4 

5.2 Sieves, conforming to Specification E 11. 
5.3 Balance-A balance or scale accurate within 0.1 % of 

test load over the range required for this test 
5.4 Charge-The charge shall consist of 12 steel spheres 

averaging approximately 12'/32 in. (46.8 mm) in diameter. 
each weighing between 390 and 445 g, and having a total 
weight of 5000 f 25 g. 

3. Summary of Method 
3.1 The Los Angeles test is a measure of degradation of 

mineral aggregates of standard m n g s  resulting fiom a 
combination of actions including abrasion or attrition, 
impact, and grinding in a rotating steel drum containing a 
specified number of steel spheres, the number depending 
upon the grading of the test sample. As the drum rotates, a 
shelfplate picks up the sample and the steel spheres, Carrying 
them around untii they are dropped to the opposite side of 
the drum, creating an impact-crushing effect. The contents 

This tat method is under the jurisdiction of Committee c-9 on 
Concrete and Concrete Aggqatcs and is the dircn responsibility of Subcommittee 
0 9 . 2 0  on Normal Weight Aggregater 

Cumnt edition approved April 28, 1989. Published June 1989. Wdy 
Published as C 535 - 64 T. Lan prmious edition C 535 - 81 (1987). 

Annual Book of ASTM Stan&r&, Vok 04.02 and 04.03. 
Anmcal Book of ASTM Standam's, Vol04.02. 

'Annual Book of ASTM SI&&. Vol 14.02. 

NOT€ -tee1 b d  bearings 1 % ~  h. (46.038 mm) and 17/8 

(47.625 mm) in diameter, WQghing approximately 400 and 440 g each 
respectively, are readily available. Steel spheres 12%z h. (46.8 mm) ir 
diameter weighing approximately 420 g m a y  also be obtainable. Tht 
charge may consist of a mixture of these sires. 

6.  Sampling 
6.1 The field sample shall be obtained'in accordance witi 

Practice D 75 and reduced to test portion in accordance witi 
Practice C 702. 
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TABLE 1 Grading8 of Test Samples 
sieve sue. mm (ii.) (square opemnqs) 

p==w 

weightsoffndleetedsizes.g 

Grading* 
1 2 3 

Retainedm 

75 (3) 63 (2%) 2500*50 ... ... 
63 (Ph) 50 (2) 2500*!50 ... ... 
9 (2) 37.5 (l'h) 5o00*50 SooO*x) ... 
37.5 (1%) 25.0 (1) ... 5000*25 5ooO*25 
25.0 (1) 19.0 (v4) ... ... sooO*25 

Total 10ooO~100  10000*75 1 0 0 0 0 ~ 5 0  
-~ 

A oadmgs 1.2. and 3 ameqmnd. -. intheusaedmnhnmn to Gmdings, E. F. an6 G in lhe superseded A S M  Memod C 131 - s S . ~ l e s t f u ~ ~  
bars3 Aggregate by Useofthe Los Pngdes Machnre. whichappaarsm the 1961 BookdASTMStanderds. Part4. 

7. Test Sample 
7.1 The test sample shall be washed and oven-dried at 22 1 

to 230'F (105 to 1 lOOC) to substantially- constant weight 
(Note 4), separated into individual size fractions, and recom- 
bined to the grading of Table 1 most nearly corresponding to 
the range of sizes in the aggregate as furnished for the work. 
The weight of the sample prior to test shall be recorded to the 
nearest 1 g. 
NOTE 4-If the aggregate is essentially free of adhmnt coatings and 

dust, the requirement for washing before and after test may be waived. 
Elimination of washing after tesr will seldom reduce the measured loss 
by more than about 0.2 % of the original sample weight. 

8. Procedure 
8.1 Place the test sample and charge in the Los Angeles 

testing machine and rotate the machine at 30 to 33 r/min for 
10oO revolutions. After the prescribed number of rewolu- 
tions, discharge the material from the machine and make a 
preliminary separation of the sample on a sieve coarser than 
the 1.70-mm (No. 12). The finer portion shall then be sieved 
on a 1.70-mm sieve in a manner conforming to Method 
C 136. The material coarser than the 1.70-mm sieve shall be 
washed (Note 4), ovendried at 22 1 to 230'F ( 105 to 1 1 0'C) 
to substantially constant weight, and weighed to the nearest 5 
g (Note 5) .  

NOTE 5-Valuable i n f o d o n  concerning the miformiry of tbt 
sample under test may be obtained by determining the loat a f k  too 
revolutions. This loss should be detetmined without e g  thc 
material coa~ser than the 1.70-mm (No. 12) Sieve. The ratio of ths 1- 
after 200 revolutions to the loss after lo00 revohions should ncu grta?ly 
ex& 0.20 for material of uniform hardness. When this dt on 
is made, take care to avoid losing any part of the sample; rmrn the 
entire sample, including the dust of fraaure, to the testing mririnr for 
the final 800 revolutions required to complete the test. 

9. calculation 
9.1 Express the loss (difference between the original 

weight and the final weight of the test sample) as a 
percentage of the original weight of the test sample. Report 
this value as the percent loss. 

NUTE &The percent 1 0 s  determined by this method has no known 
consistent relationship to the percent 1 0 s  for the same matrrial when 
tested by Test Method C 131. 

10. Precision 
10.1 Precision-The precision of this test method has not 

been determined. It is expected to be comparable to that of 
Test Method C 131. 

10.2 Bias-No statement is being made about the bias of 
this Test Method since there is no accepted reference 
material suitable for determining the bias of this procedure. 

' 

1 
! 
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3 APPENDIX 

Infomtion) 
.. 

X1. MdjINTENANcE OF SHELF 

X 1.1 The shelf of the Los Angela machine ism%ject to 
Severe surface wear and impact. With use, theworking 
surface of the shelf is peened by the bails and-ends to 
develop a ridge of metal parallel to and about lV4 in. (32 
mm) from the junction of the shelf and the inner &ace of 
the cylinder. If the shelf is made from a section: of rolled 
angle, not only may this ridge develop but the shelfit@f may 
be bent longitudinally or transversely from its piper  posi- 
uon. 

X 1.2 The shelf should be inspected periodically to deter- 
mine that it is not bent either lengthwise or from its n o d  
radial position with respect to the cylinder. If either condi- 
tion is found, the shelf should be repaired or replaced before 
further tests are made. The influence on the test result of the 
ridge developed by peening of the working face of the shelf k 
not known. However, for uniform test conditions, it k 
recommended that the ridge be ground off if its height 
exceeds 0.1 in. (2 mm). 

The herfau,  Society for Testing and Mater& takes no pitkin respeding the valldity of any patent rim ass81tBd in connection 
fnentioned in this standard. Users dr thIs standard afe expfWdy 8dViSSd th8t deterrnliKdiM of the validity Of any Such WiM 

petent rights. and the risk of infringmm of such rights, are entirely their own nsspomiwlily. 

This standard Is subject to revtsiM at any bme by the responsrble technd Oommmee and must be mmwed every h e  years and 
It not mvmed, &her rappmwd or wrtlrdnmn. Your Commems BIB NMted cuther fwrevrsbn dthis stsndwd 01 tor 8ddltranal standards 
and should be addressed to ASN Heedqueners: Ywr Comrmnrrr will recave carelul considmftmn at 8 meeplng of the respMsrble 
tec f?nd  Commmee. wh& you my m d .  If you feel that your comments hmfe not ltIcBNBd 8 far heanng you sharld make your 
vmws known to the ASN G n n m  on Stander;~, 1916 RBae St., Phl/8delph,a. PA 19103. 

. .  
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4m Designation: D 75 - 87 (Reapproved 1992)" 

Standard Practice for 
Sampling Aggregates' 

Thb standard is isrued under the 6x4 designation D 75; the number immediately following the designation indica!= the year of 
cniginal adoption or, in the cay of revision. the year of last revidon. A number in parcnthcres indicates the year of last rrapprod. A 
supncript epsilon (0 indicates an editorial chanejc since the ba rrvision or reapprod. 

This prrmice has been approved for me by agencies of the Depanmeru oj  De/enr. Consult ihe DoD Index of Specijiuuionr and 
Sta&r&/or the spec8c year of issue whid has been adopted by the Dppanmpnr of Q&nse. 

NorE-Editorial changes were made throughout in September 1992. 

1. scope* 

aggregates for the following purposes: 

supply, 

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 1 --Sampling plans and acceptance and control tests Vary with 
the type of construction in which the material is used. Attention is 
direaed to Practices E 105 and D 3665. 

1.2 The value stated in inch-pound units' are to be 
regarded as the standard. 

1.3 This standard does not purport to address all of the 
safery problems, if any, associated with its use. It is the 
responsibility of the user of this standard IO 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 

D 2234 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 

Cod3 

Materials4 

Average Quality of a Lot or Processs 

Results of Probability SamplingS 

~~ ~- 

I This practice is under the jurisdiction of ASTM Committee 0-4 on Road and 
Paving Materials and is the dim responsibility of Subcommittee m.30 On 
Methods of Sampling 

Cumnt edition approved Oa. 30. 1987. Published Dmmber 1987. W ~ d Y  
Publichshed a~ D 75 - 20 T. Lan ~ V ~ O U S  edition D 75 - 82. 

Annual Bwk of ASTM Standards, Vol04.02. 
'Annual Book ofASTM Standards. Vol05.05. 
' Annual Book of ASTM Siandardr. Vol04.03. 
'Annual Book o f A T M  Standardc. Vol 14.02. 

. ?  

. I  I , : .. . ,' 

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 
horn the standpoint of economics and governs the nece~~ary 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 penon. For more comprehensive guidance, see 
the Appendix. 

4. SecuringSamples 
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 Inspection-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 Samphgjom 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 mass equals or exceeds the 
minimum recommended in 4.4.2. Take each increment 
from the entire cross section of the material as it is king 

. .  
.' A Summary of Changes section appears at the end of this p m d e .  
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discharged. It is usually necessary to have a special device 
constructed for use at each particular plant. This device 
consists of a pan of sufficient size to intercept the entire cross 
s t i o n  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 Sampling3om 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 p d e s  
concerned to be acceptable for the particular situation. The 
sampling plan shall define the number of samples necessary 
to represent lots and sublots of sp&ific sites. 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 
mass 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: 

69 

TABLE 1 SiieofSamples 

Fine AggregaG 
No. 8 (2.36 mm) 25 (10) 
No. 4 (4.75 mm) . 25 (10) - Aggregate 
% in. (9.5 mm) 
VZ in. (12.5 mm) 
V4 in. (19.0 mm) 
1 in. (25.0 mm) 
1 '/a in. (37.5 mm) 
2 in. (50 mm) 
2'h in. (63 mm) 
3 in. (75 mm) 
3% in. (90 mm) 

25 (10) 
35 (15) 
55 (25) 
110 (50) 
165 (75) 
220 (loo) 

330 ( 1 W  
385 (175) 

275 (125) 

A For processed aggregate thenominal maximum sireof parwes is mek 
sieve size listed in the appkaMe spedfication. upon which any ,mk 
permitted to be retained. 

 or combined coarse and fie' aggregates (for exam*. base OT ~t 
minimum weight shaa be coarse aggregate minimum plus 25 Ib (10 kg). 

4.4.1 The number of field samples (obtained by one o 
methods describexi in 4.3) required depends on the critic. 
of, and variation in, the properties to be measured. Desig 
each unit from which a field sample is to be obtained pric 
sampling. The number of field samples from the produc 
should be sufficient to give the desired confidence in 
results. 
NOTE G u i d a n c e  for determining the number of samples req 

to obtain the desired level of confidence in test results may be fou: 
Test Method D 2234, Practice E 105, Practice E 122, and Fk 
E 141. 

4.4.2 The field sample masses cited are tentative. 
masses must be predicated on the type and number of 
to which the material is to be subjected and suffic 
material obtained to provide for the proper executio: 
these tests. Standard acceptance and control tests are cov 
by ASTM standards and specify the portion of the 
sample required for each specific test. Generally speal 
the amounts specified in Table 1 will provide adeq 
material for routine grading and quality analysis. Extract 
portions from the field sample according to Practice C 7C 
as required by other applicable test methods. 

5. Shipping Samples 
5.1 Transport aggregates in bags or other container 

constructed as to preclude loss or contamination of any 
of the sample, or damage to the contents from mishanc 
during shipment. 

5.2 Shipping containers for aggregate samples shall 1 
suitable individual identification attached and enclose( 
that field reporting, laboratory logging, and test rep01 
may be facilitated. 

6. Keywords 
6.1 aggregates, exploration of potential sources; ag 

gates, number and sizes needed to estimate cham 
aggregates, sampling 
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ferences in color and structure should be recorded. 
X2.2.2 Sampling and Size of Sample-Separate samples 

having a m a s  of at least 50 Ib (approximately 25 kg) should 
be obtained from each discernible stratum. The sample 
should not include material weathered to such an extent that 
it is no longer suitable for the purpose intended. One or more 

APPENDIXES 

(Nonmandatory Information) 

X1. SAMPLING AGGREGATE FROM STOCKPILES OR TRANSPORTATION uNI?s 
xl.l 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 services 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-~int ,  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 fiom the 
material beneath. Sampling tubes approximately 1 %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 TransporLation 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 mnch bottom should be approxi- 
mately level, at least 1 ft (0.3 rn) 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 X 1.2 may be used to extract an 
appropriate number of increments to form the sample. 

X2. EXPLORATION OF POTENTIAL.AGGREGATE SOURCES 

accompanying all samples the following information should 
accompany samples taken from ledges or quarry 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 different layers 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 

Deposits . 
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vertidy, bottom to top, so as to represent the materials 
ProPo sed for use. Overburdened or disturbed material should 
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 variation 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 Ib (12 kg) for sand and 75 Ib (35 

kg) if the deposit contains an appreciable amount . 
aggregate. 

X2.3.3 Record-In addition to the general infc 
accompanying all samples the following informatio 
accompany samples of bank run sand and gravel: 

X2.3.3.1 Location of supply. 
X2.3.3.2 Estimate of approximate quantity avail 
X2.3.3.3 Quantity and character of overburden. 
X2.3.3.4 Length of haul to proposed site of wori 
X2.3.3.5 Character of haul (kind of road, rr 

grades, etc.) 
X2.3.3.6 Details as to extent and location of 

represented by each sample. 

NOTE X2.2-A sketch of plans and elevations, showing thc 
and location of different layen, is recommended for this puq 

X3. NUMBER AND SIZE OF INCREMENTS NEEDED TO ESTIMATE CHARACIXR OF UNIT SAMP 

x3.1 scope 

responsible committee in the development of this practice. 

X3.2 Descriptions of Terms Specific to This Standard 
X3.2.1 jield 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 lor-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 portion-a quantity of the material of SUE- 
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 unir-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, S i  and Variability 

X3.3.1 The unit to be represented by a single fieb 
should neither be so large as to mask the effects of si 
variability within the unit nor be so small as to be afr 
the inherent variability between small portions of: 
material. 

X3.3.2 A unit of bulk material composed 01 
aggregate or aggregate mixtures might consist c 
truckload. If it were possible, the entire load might t 
as a practical matter, a field sample is composed of 
more increments chosen at random from the materi. 
loaded or unloaded fiom the truck. Research has shc 
such a procedure permits an acceptable estimate to : 
of the average gradation that might tie measured fio 
20 increments from the truck. 

X3.3.3 Significant variability with a lot of materk 
it might exist, should be indicated by statistical rr 
such as the standard deviation between units sel: 
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 description 
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 validity of any patent Mhts asserred in CoNBcliOn 
with any item mentioned in this standard. Users of this standd we expressiy advised that determination of the validity of any such 
parent righrs, and the risk of infringement d such rights. are entidy rMr own mpamibility. 

This standard is wbiect to rwision at any tinu+ by the m p w i b l e  technical unnminee and must be reviewed every five years end 
if nci revised, either v o v e d  (Y withdrawn. Your mrnef~Ys are invited either for revision of this standard 01 for additiwml standards 
and should be addressed to ASTM Headquarrm. Your comments will receive careful ccnsideration at 8 m ‘ n g  of the responsible 
technical commin8e. which yar may mend. If you feel that your commenls have net received a tail M n g  yar should make p r  
views known to the ASTh4 Cornminee on Srandards, 1916 Raw St.. PhiMphia, PA 19703. 
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(m Designation: 0 420 - 87 

Standard Guide for 
Investigating and Sampling Soil and Rock‘ 

T ~ I S  ssandard IS wed under the fixed deslguauon D 420: the number rmmedIalCb‘ follmng the -on indicates the year of 
ong~nal adopuon or, la tbe cay of ~ O D ,  the year of ka -on. A number 10 parrnthesa md&Cates the year of last rrapproval. A 
superscript &on (e) in&catcs an cdrtonal chap SUICX the last -on or rrapproval. 

INTRODUCI’ION 

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 borizontally 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 Words: 
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 Soi Surveys 
Maps 
Preliminary Investigations 
Sampling 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 119 Definitions of Terms Relating to Dimension 

Stone’ 

C 294 Descriptive Nomenclature of Constituents of Nat- 

C 85 1 Practice for Estimating Scratch Hardness of Coarse 

D75 Practice for Sampling Aggregates’ 
D 65 3 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 Soils’ 
D 21 13 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Classification of Soh for Engi- 

D 2488 Practice for Description and Identification of Soils 

D2573 Test Method for Field Vane Shear Test in Cohe- 

D2607 Classification of Pats, Mosses, Humus, and Re- 

D2937 Test Method for Density of Soil In Place by the 
Drive-Cylinder Method’ 

D3282 Practice for Classification of Soils and Soil-Ag- 
gregate Mixtures for Highway Construction P u r p o d  

D 3385 Test Method for Infitration Rate of Soils in FieId 
Using Double-Ring Infiltrometers’ 

D3397 Methods for Triaxial Classification of Base Mate- 
rials, Soils, and Soil Mixtures4 

D 3441 Test Method for Deep, Quasi-Static, Cone and 
Friction-Cone Penetration Tests of Soil’ 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils’ 

ural Mineral Aggregates3 

Aggregate Particles3 

Fluid2 

Load on Spread Footing? 

Auger BoMgs’ 

Sampling of soils’ 

Investigation’ 

neering ~~rposes’ 

(Visual-Manual Procedure)’ 

sive Soil’ 

lated Products2 

’ Annual Book oJASTM Slamfar&, VolO4.02. 
‘Annual Bmk oJASTM Slamfar&. Vol04.03. 

86 000134 



@ 0420 

D3584 Practice for Indexing Papers and mrts on Soil 
and Rock for Engineering Purposes:! 

D 3740 Practice for the Evaluation of Age- Engaged in 
the Testing and/or Inspection of Soil andmock as Used 
in Engineering Design and Constructiorf ,: 

D4083 Practice for Description of Frozm%OS (Visual- 

D4220 Practices for Preserving and T&rting Soil 

D4427 Classification of Peat Samples %y Laboratory 

G 5 1 Test Method for pH of Soil for Ur' in Corrosion 

G 57 Method for Field Measurement of bil Resistivity 

Manual Proced~re)~ .1 

Samples2 !* 

Testing' 

Testin6 t 

Using the Wenner Four-Electrode M e w '  

3. Significance and Use 
3.1 An adequate soil, rock, and ground water investiga- 

tion provides pertinent information for d d o n  making on 
one or more of the following Subjects: 

3.1.1 Locauon of the proposed construdon both verti- 
cally and horizontally. 

3.1.2 Location and preliminary eval-n of suitable 
borrow and other local sources of construction material. 

3.1.3 Need for special excavating and p t e r i n g  tech- 
niques. 

3.1.4 Investigations of slope stability injjnatural slopes, 
cuts, and embankments. 

3.1.5 Conceptual selection of embankmeat 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 coymination and 
development of detailed monitoring studies 

3.1.8 Development of additional detaiIed subsurface in- 
vestigations for specific structures or facilities. 

3.2 A subsurface soil, rock, and ground water investiga- 
tion should provide sficiently 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. Apparatus 
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 Eanh 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 
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and for evaluating variations in soil and rock properties 
5.1.1 Satellite and aircraft SpecVal mapping tools, such a 

LANDSAT, may be used to find and map the areal extent c 
subsurfke materials and geologic structure. Interpretation c 
aircraft photographs and satellite imagery may locate an 
identify significant geologic features that may be indicati\ 
of faults and fractures. Some ground control is g e n d  
required to verify information derived from remote ~ e n s i ~  
data. Table 13.8 of Ref. (1)' is a usell summary of rem0 
sensing capabilities. 

5.1.2 Seismic refraction/reflection and ground penetrath 
radar techniques may be used to map soil horizons ar 
depth profiles, water tables, and depth to bedrock in mar 
situations, with depth penetration and resolution varyir 
with local conditions. Electromagnetic induction, electric 
resistivity, and induced polarization (or complex resistivit 
techniques may be used to map variations in water conte 
and quality, clay horizons, stratiiication, and depth 
aquifer/bedrock. Other geophysical techniques such 
gravity and magnetic methods may be useful under cerG 
specific conditions. Crosshole shear wave velocity measu- 
ments may provide soil and rock parameters for dynan 
analyses. 

5.4 Currently available ASTM standards on boring a 
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 2 1 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 infiltromete 
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 requiremc 

must be established prior to final development of 
exploration plan. A complete soil, rock, and ground w 
investigation should encompass the following activities 

6.1.1 Review of available information on the geol, 
history, rock, soil, and ground water conditions occunir 
the proposed location and in the immediate vicinity of 
site. 

6.1.2 Interpretation of air-photo and other remote sen 
data. 

6.1.3 Field reconnaissance for identification of surf 
geologic conditions, mapping of stratigraphic exposures 
outcrops, and examination of the performance of exi: 
Structures. 

6.1.4 On site investigation of the surface and subsur 
materials by geophysical surveys, boMgs, or test pits. 

6.1.5 Recovery of representative disturbed sample: 
'laboratory classification tests of soil, rock, and local 
struction material. These should be supplemented by u 
turbed specimens suitable for the determination of ? 
engineering properties pertinent to the investigation. 

6.1.6 Determination of the position of the ground - 
table, or water tables if there is perched or artesian gr 
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stratigraphic profile can be developed by detailed investiga- 
tions only where determinations of a continuous relationship 

i 

water, and of the variability of that position in both short and 
long time frames. 

6.1.7 Determination of the locauon 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 
&xxxdmities. 

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 light 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 SeMce 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 identif$ng the Various soil types, each requiring 
special engineering considerations and treatment Similar engineering 
soil properties are often found where similar soil profile chardcterkh 
exist. Changes in soil propetties 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- 
cient, some knowledge of subsurface conditions can be 
obtained from land owners and local well drillers and 
construction people. 

3-This PmfimiW map may be expanded into a detailed 
m P  by locating all test holes, pits, and sampling ations 

6 .. . . . ,  
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8.3.2 In all borrow areas the borings or test pits should be 
suficient in number and depth to outline the required 
quantities of material meeting the specified quality require- 
ments. 

8.3.3 Where frost penetration must be considered in the 
behavior of soil and rock, borings should extend significantly 
below the depth of maximum frost penetration. 

8.4 Exploration records shall be kept in a systematic 
manner for each project. Such records shall include: 

8.4.1 Dexription 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. 

Nm 5 4 0 l O r  photographs of rock cores, soil samples, and exposed 
wata 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 119, 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 rokk. 

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 tests may 
vary at the discretion of the geotechnical investigator, but the following 
quantities are suggested as suitable for most materials: (a) Visual 
cl~ficauon-50 to 500 g (2 oz to 1 Ib); (b)  Soil constants and particle 
size analysis of aon-gravelly soil-500 g to 2.5 kg ( 1  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 Ib). 

9.2 Accurately identlfy each sample with the boring, test 
hole, or testpit number and depth below reference ground 
surface fiom 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 sealed containers to 
prevent moisture loss. When drying of samples may Sect 
chsdication or engineering properties test results, protect 
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them to minimize moisture loss. Practices D4220 a 
the transportation of samples from field to laboratory 

9.3 Recommended ASTM procedures for in situ sar 
and testing are as follows: 

9.3.1 Practice D 75 describes the sampling of coar 
fine aggregates for the preliminary investigation of a 
tial source of supply. 

9.3.2 Test Method D 1194 describes the estimation 
bearing capacity of soil in place by means of field 1( 
tests. The results can be useful for design of spread fc 
based on static loading conditions. The load test sho 
performed in conjunction with other field tests, gener 
accordance with Method D 1586 or Method D 34 
allow a determination of the applicability of the mull 

9.3.3 Practice D 1452 describes the use of augers - 
investigations and sampling where disturbed soil sampi 
be used. This procedure is also valuable in connectio: 
ground water exploration. Depths of auger investigatic 
limited by ground water conditions, soil characteristic 
equipment used. 

9.3.4 Method D 1586 describes a procedure to I 

representative soil samples for identification and c k  
tion laboratory tests and to measure the resistance oft. 
to penetration by a standardized sampler. 

9.3.5 Practice D 1587 describes a procedure to rr 
relatively undisturbed soil samples suitable for l a b  
testing. 

9.3.6 Practice D 21 13 describes a procedure to r( 
intact samples of rock and certain soils too hard to sam 
Method D 1586 or Practice D 1587. 

9.3.7 Practice D3550 describes a procedure to r( 
moderately disturbed, representative samples of sc 
classification testing and in some cases shear or consoli( 
testing. 

9.3.8 Test Method D 2573 describes a procedure tc 
sure the in situ unit shear resistance of cohesive sc 
rotation of a four-bladed vane in a horizontal plane. 

9.3.9 Test Method D2937 describes a procedur 
pushing a thin-wall tube 4 to 6 in. (100 to 150 mm) 
soil m a s  to recover a relatively undisturbed samr 
known volume allowing the measurement of wet or 
density and natural moisture content. 

9.3.10 Test Method D 3385 describes a procedure fo 
measurement of the infiltration rate of soils. Water UI 
constant head is allowed to seep into the top surfact 
fixed soil area and the volume rate of inflow into a k 
volume of soil is measured. 

9.3.1 1 Method D 3441 describes the determination . 
end bearing and side friction components of the resista1 
penetration of a conical penetrometer into a soil mass. 

9.3.12 Method G 57 describes the measurement c 
electrical resistivity of a soil mass. A Wenner four-elec 
configuration is used. 

NOTE 7--Other in situ test procedures are being prepared by 
Committee D-18. 

10. Classification of Earth Materials 
10. I Identify samples of soil and rock after submissi 

the laboratory for identification and classification te: 
accordance with one or more of the following standa~ 
applicable references (2 through 11 ), 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 D2488. 
10.L.6 Practice D 4O83. 

- 10.1.7 Classification D 4427. 

11. Subsurface Profde 
11.1 Delineate subsurface profiles 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 M b e  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 d o n s  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 fm 
Standard Practice for 
Dry Preparation of Soil Samples for Particle-Size Analysis and 
Determination of Soil Constants' 

This standard is hued under the fixed designation D 421: the number immediately following the designation indicates the year of 
Ori@nal adoption or. in the case of revision, the year of lan revision. A number in parentheses indicates the year of last rcapproval. A 
Su@pt epsilon (0 indicates an editorial change s ine the last revision or reapproval. 

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 safely problems associated with its use. I t  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, 
Constants2 

E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes3 

3. Significance and Use 
3.1 This practice can be used to prepare samples for 

panicle-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 1 1. The sieves required 
are as follows: 

No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
NO. 40 (425-pm) 

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 

I This practice is under the jurisdiction of ASTh4 Committee D 1 8  on Soil and 
Rock and is the d i m  responsibility of Subcommittee D18.03 on Texture, 
Plasticity, and Density Characteristics of S o i i  

Cumnt edition approved July 26, 1985. Published September 1985. Originally 
published as D421- 35 T. Last previous edition D421 - 58 (1978)". 

'.Annual Book ojASTM Standnrdt. Vol04.08. 
. ' Annual Book of ASTM Siadardc, Vol 14.02. ' 
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air at room temperature until dried thoroughly. Break u 
aggregations thoroughly in the momif with a rubber-co. 
pestle. Select a representative sample of the amount req 
to perform the desired tests by the method of quaneri: 
by the use of a sampler. The amounts of material requir 
perform the individual tests are as follows: 

5.1.1 Particle-Size Analysis-For the particle-size 
ysis, material passing a No. 10 (2.00-mm) sieve is requir 
amounts equal to I15 g of sandy soils and 65 g of eith; 
or clay soils. 

5.1.2 Tests for Soil Constants-For the tests foi 
constants, material passing the No. 40 (425-pm) sie 
required in total amount of 220 g, allocated as follows: 

TCSt Grams 
Liquid limit 100 
Plastic limit I5  
Centrifuge moisture equivalent 10 
Volumetric shrinkage ' 30 
Check tests 65 

6. Preparation of Test Sample 
6.1 Select that portion of the airdried sample select: 

purpose of tests and record the mass as the mass of the 
test sample uncorrected for hygroscopic moisture. Se! 
the test sample by sieving with a No. 10 (2.00-mm) 
Grind that fraction retained on the No. 10 sieve in a n 
with a rubber-covered pestle until the aggregations c 
particles are broken up into the separate grains. 
separate the ground soil into two fractions by sieving - 
No. 10 sieve. 

6.2 Wash that fraction retained after the second s 
free of all fine material, dry, and weigh. Record this TT. 
the mass of coarse material. Sieve the coarse material. 
being washed and dried, on the No. 4 (4.75-mm) siey 
record the mass retained on the No. 4 sieve. 

7. Test Sample for Particle-Size Analysis 
7.1 Thoroughly mix together the fractions passing tt 

10 (2.00-mm) sieve in both sieving operations, and i 
method of quartering or the use of a sampler, select a p 
weighing approximately 1 15 g for sandy soils and ap 
mately 65 g for silt and clay soil for panicle-size anal? 

8. Test Sample for Soil Constants 
8.1 Separate the remaining ponion of the material F 

the No. 10 (2.00-mm) sieve into two parts by means of 
40 (425ym) sieve. Discard the fraction retained on tl 
40 sieve. Use the fraction passing the No. 40 sieve I 
determination of the soil constants. 
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The American Society for Testing and Materials takes no position respactng the validily of any parent rights asserted in connection 
mentioned m this standard. Users of this standard are expressly advised that determination of me Wid@ of any such 

This standard is subjocf to revision at any time by the responsible technical cornminee and must be reviewed every five years and 
if not revised. either reapproved or withdrawn. Your m m m  are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headqmen. Your comments will receive careful consideraton at a meeting of the responsible 
technical commdtee. which you may Wend. If you feel thar your commenrs have nor received a fair hearing you should make your 
views known’ro the ASTM COmminee on Standards, 1916 Race Sr.. Philadelphia, PA 19103. 
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46 Designation: 0 422 - 63 (Reapproved 1990)'' 

Standard Test Method for 
Particle-Size Analysis of Soils' 
This standard is issued under the fixed daignation D 422. the number immediately following the dcsigtmion indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parrnlbescs indieales the year of tan reapproval. A 
suprrript epsilon (e) indicates an editorial change sin- the lan revision or reapproval. 

e Nm--Seclion 19 was added alimrklly in seplembcr 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-Separation may be made on the No. 4 (4.75-mm), No. 40 
(425ym), or No. 200 (75ym) sieve instead of the No. 10. For whatever 
sieve used, the size shall be indicated in the report. 
N m  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 2bpm 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 
d t s  from the two types of devices differ in magnitude, depending 
upon soil type, leading to marked differences in panicle size dimibu- 
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 
Constant? 

E 1 1  Specification for Wire-cloth Sieves for Testing 
purposes3 

E 100 Specification for A m  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 '3% 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 shalJ consist of a mechanically oper- 

a This M m * h d  is unda the jurisdiction of ASIM Commit~e D- 18 on Soil 
and Rock and is the h responsibility of Subcommittee D18.03 on Texture. 
M a t y ,  'md Density characteristics of Soi  

Current edition approved Nov. 21, 1963. OngmJly published 1935. Replaas 

Annual Book of ASTM SI&&, Vol04.08. ' Annual Bod of ASTM S m d v & ,  Vol 14.02. 
' Annual Book of ASTM StMdards, Val 14.03. 

D 422 - 62. 

'ated stirring device in which a suitably mounted e. 
motor turns a vertical shaft at a speed of not less than 1 
rpm without load. The shaft shall be equipped H 

replaceable stimng paddle made of metal, plastic, or 
rubber, as shown in Fig. 1 .  The shaft shall be of such 1 
that the stirring paddle will operate not less than 3h in. 
mrn) nor more than lY2 in. (38.1 mm) above the bottc 
the dispersion cup. A special + i o n  cup conformi 
either of the designs shown in Fig. 2 shall be provided tc 
the sample while it is being dispersed. 

3.2.2 Apparatus B shall consist of an air-jet dispr 
cup' (Note 3) conforming to the general details shown i: 
3 (Notes 4 and 5). 

NCY~E 3-The amount of air required by an air-jet dispersion 
of the order of 2 ft'/min; some small air compressors are not cap; 
supplying sufficient air to operate a cup. 
NOTE &Another air-type dispersion device, known as a disp 

tube, developed by Chu and Davidson at Iowa State College, ha. 
shown to give results equivalent to those secured by the air-jet disp 
cups When it is used, soaking of the sample can be done i 
sedimentation cylinder, thus eliminating the need for transfenir 
sluny. When the airdispersion tube is used, it shall be so indica 
the report. 

N m  5-Water may condense in air Lines when not in use. 
water must be removed, either by using a water uap on the air line. 
blowing the water out of the line before using any of the E 
dispersion purposes. 

3:3 Hydrometer-An ASTM hydrometer, graduate 
read in either specific gravity of the suspension or gram: 
litre of suspension, and conforming to the requirement 
hydrometers 15 1H or 152H in Specifications E 100. m. 
sions of both hydrometers are the same, the scale being 
only item of difference. 

3.4 Sedimentation Cylinder-A @a& cylinder essent 
18 in. (457 mm) in height and 2% in. (63.5 mm) in dim, 
and marked for a volume of lo00 mL. The inside diam 
shall be such that the 1000-mL mark is 36 -I- 2 em from 
bottom on the inside. 

3.5 Thermometer-A thermometer accurate to 
(OS'C).  
3.6 Sieves-A series of sieves, of square-mesh wovew 

cloth, conforming to the requirements of Specification E 
A full set of sieves includes the following (Note 6): 

Wed working drawings for this cup arc available at a nomid cost 
the Amman Society for Testing and Materials, 1916 Race SL, Philadelphia 
19103. Orda Adjunct No. 124422(W)o. 
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L-. KO. 18 8 W  GO 0.049. 

Sin. (75-mm) 
2-in. (SO-mm) 
llh-in. (37.5-mm) 
I-in. (25.0-mm) 
%-in. (19.0-mm) 
%-in. (9.5-mm) 
No. 4 (4.75-mm) 

Metric Equivalent8 

_. in. 0.001 0.049 0203 ’h Y. 
mm 0.03 1 2 4  5.16 12.7 190 

FIG. 1 Detail of Stining Paddles : 

No. IO (2.Wmm) 
No. 20 (85O.pm) 
No. 40 (425ym) 
No. 60 (250jIm) 
No. 140 ( 1 W m )  
No. 200 (75-W 

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 

f i n .  (75-mm) No. 16 (1.18-mm) 
I H-in. (37.5-mm) No. 30 (600-W 
Yein. (19.0-mm) No. 50 ( W m )  
Win. (9.5-mm) No. 100 ( 1 S k m )  
No. 4 (4.75-mm) No. 200 (75pm) 
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 temperature at or near 68’F (20°C). 
Such a device is illustrated 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. 

3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock with a second 

hand. 

4. Dispersing Agent 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be used in distilled or 
demineralized water, at the rate of 40 g of sodium 
hexametaphosphatefiue of solution (Note 7). 

NOTE 7-Solutions of this salt, if acidic, slowly revert or hydrolyze 
back to the orthophosphate form with a resultant decrease in dispersive 
action. Solutions should be prepared frequently (at lean once a month) 
Or adjuned to pH of 8 or 9 by means of sodium carbonate. Bottles 
containing solutions should have the date of preparation m&ed on 
them. 

4.2 All water used shaU be either distilled or 
demjneralized . .  water. The water for a hydrometer test shall 

-. :  ,..!!”--,. ’ 

. , -  . .  

Permanent 
Baffle 

Metric Equiva)ents 

in. 1.3 2.6 3.75 
mm 33 66 95.2 

FIG 2 Dupersion Cups of Apparatus 

be brought to the temperature that is expected to prevail 
during the hydrometer test. For example, if the sedimenta- 
tion cylinder is to be placed in the water bath, the distilled or 
demineralized water to be used shall be brought to the 
temperature of the controlled water bath; or, if the sedimen- 
tation cylinder is used in a room With controlled tempera- 
ture, the water for the test shall be at the temperature of the 
room. The basic temperature for the hydrometer test is 68°F 
(20°C). Small variations of temperature do not introduce 
differences that are of practical sigmkance and do not 
prevent the .use of corrections derived as prescribed. 
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CROSS SECTION 
CUP A 

a P A  CROSS SECTION 
CUP B 

FIG. 3 AirJet Dispersion Cups of Apparatus 6 

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 size of particle, according to 
the following schedule: 

Nominal Diameter of 

in. (mm) 

Ya (9.5) 500 
314 (19.0) 1000 

1 (25.4) 2000 
IVz  (38.1) u)oo 
2 (50.8) 4Ooo 
3 (76.2) 5000 

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 42 1 for 
weighing of the air+ soil selected for purpose of tests, the 
separation of the soil on the No. 10 sieve by dry-sieving and 
washing, and the weigtung 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 
p u l d t i o n  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 oven-dried portion retained on the No. 10 sieve. 

Larscst Pamdes. Approumatc Mimmum 
Mazs of Porbon, g 

SIEVE ANALYSIS OF PORTION RJZAINED ON NO. 10 
(2.oo-mm) SIEVE 

6. Procedure 
6.1 Separate the portion retained on the No. 10 (2.00- 

mm) sieve into a series of fmctions using the 3-in. (75-mm), 

95 

CUP e 

Metric Equivalents 
in. 718 1 3 6% 14 
m 222 25.4 762 1582 356 

FIG 4 Insulated Water Bath 

2-in. (50-mm), ll/z-in. (37.5-mm), 1-in. (25.0-mn 
(19.0-mm), 3/s-in. (9.5-mm), No. 444.75-mm). anc 
sieves, or as many as may be needed depending 
sample, or upon the specifications for the materi. 
test. 

6.2 Conduct the,sieving operation by means of 
and vertical motion of the sieve, accompanied by 
action in order to keep the sample moving continuo 
the surface of the sieve. In no case turn or mc 
fragments in the sample through the sieve by hand. ( 
sieving until not more than 1 mass 9% of the resic 
sieve passes that sieve during 1 min of sievin; 
mechanical sieving is used, test the thoroughness c 
by using the hand method of sieving as described a 

6.3 Determine the mass of each fraction on a 
conforming to the requirements of 3.1. At the 
weighing, the sum of the masses retained on all t 
used should equal closely the original mass of the 
sieved. 
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H Y D R O M R  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 (20'0, 
and variations in temperature from this standard tempera- 
ture produce inaccuracies in the actual hydrometer readings. 
The amount of the iMCCUraCy 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 2 9'F (1 10 f 5"C), and weigh again. Record 
the masses. 

9. Dispersion of Soi Sample 
9.1 When the soil is mostly of the clay and silt sizes, weigh 

out a sample of airdry soil of approximately 50 g. When the 
soil is mostly sand the sample should be approximately 100 
g. 

I .  . . i . -  : 

9.2 Place the sample in the 250-mL beaker and cover with 
125 mL of sodium hexametaphosphate solution (40 g/L). 
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 h m  the 
beaker into the special dispersion cup shown in Fig. 2, 
washing any residue from the beaker into the cup with 
distilled or demineralized yater (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 prrssurizcd diailled water 
tank. 

9.4 If stirring apparatus B (Fig. 3) is used, remove the 
cover cap and connect thecup 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. Open the control 
valve so that the gage indicates 1 psi (7 H a )  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 IO-The initial air pressure of 1 psi is required to pment the 

soil - water mixture from entering the air-jet chamber when the mixture 
is transfend 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 Ha). 
Disperse the soil according to the following schedule: 

Dispmion P a i d  
pksticiry index min 

under 5 S 
6 to 20 IO 
over 20 IS 

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. 

, ' ,.I 

10. Hydrometer Test 
10.1 Immediately after dispersion, VanSfer 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 11-The number of tu& during this minute should be 
approximately 60, counting the turn upside down and back as two turn% 
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m y  soil remaining in the bottom of the cylinder during the fim few 
turns should be loosened by vigorous shaking of the cylinder while it is 
in the invmed position. 

10.3 When it is desired to take a hydrometer reading, 
carefully insert the hydrometer about 20 to 25 s before the 
Wding is due to approximately the depth it will have when 
the 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 
after each reading. Readings shall be taken at the top of the meniscus 
formed by the suspension around the stem, since it is not possible to 

10.4 After each reading, take the temperature of the sus- 
readings at the bottom of the meniscur 

pension by inserting the. thermometer into the suspension. 

11. Sieve Analysis 
1 1 . 1  After taking the final hydrometer reading, transfer 

the suspension to a No. 200 (75ym) 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 2 9°F ( 1  10 +. 5°C) 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. 

CALCULATIONS 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 m a s  of 
soil passing the %-in. (9.5-mm) sieve, add to the total mass of 
soil passing the No. 4 sieve, the mass of the fraction passing 
the 3/~in. 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 oven-dry mass of soil used in the 

hydrometer analysis by multiplying the airdry mass by the 
hygroscopic moisture c o d o n  factor. 

14.2 Calculate the m a s  of a total sample represented by 
the mass of soil used in the hydrometer test, by dividing the 
ovendry mass used by the percentage passing the No. 10 

No. 10 (2.00-mm) Sieve 

> .  97 

TABLE 1 Valuer of Correction Factor, a, tor Different Speci 
Gravities d Soil Par tk ld  

SpecifiCGranty Carection FacCa" 

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 
250 1.03 
2.45 1 .os 

" For use mequation tapercentageof soil remainingin suspenvon when I 

Hybometer 152H. 

(2.00-mm) sieve, and multiplying the result by 100. 3 
value is the weight W in the equation for percenr 
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): 
hydrometer 15 1 H: 

P = [( 100 OOO/ W )  x G/(G - Gl)](R - G,) 
NOTE 13-The bmcketed portion of the equation for hydrom 

15 1 H is constant for a series of readings and may be caldated first 
then multiplied by the portion in the parentheses. 

For hydrometer 152H: 
P = (RJW) x 100 

where: 
u = correction faction to be applied to the reading 

hydrometer 152H. (Values shown on the scale 
computed using a specific gravity of 2.65. Correct: 
factors are given in Table l), 

P = percentage of soil remaining in suspension at the le 
at which the hydrometer measures the density of 
suspension, 

R = hydrometer reading with composite correction : 
plied (Section 7), 

W = oven-dry mass of soil in a total test sample rep 
sented by mass of soil dispersed (see 14.2), g, 

G = specific gravity of the soil particles, and 
G, = specific gravity of the liquid in which soil particles : 

suspended. Use numerical value of one in bc 
instances in the equation. In the first instance a 
possible variation produces no significant effect, a- 
in the second instance, the composite correction for 
is based on a value of one for GI. 

15. Diameter of Soil Particles 
15.1 The diameter of a particle corresponding to t 

percentage indicated by a given hydrometer reading shall 
calculated according to Stokes' law (Note 14), on the ba: 
that a particle of this diameter was at the surface of i 
suspension at the beginning of sedimentation and had settl~ 
to the level at which the hydrometer is measuring the densi 
of the suspension. According to Stokes' law: 

D = J[30n/980(G - Gl)J x Lfl 
where: 
D = diameter of particle, mm, 
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n =. coefficient of viscosity of the suspending medium (in 
this case water) in poM (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)), 

the taking of the reading, min, 
T = interval of time fiom beginning of sedimentation to 

G = specific gravity of soil particles, and 
G, = specific gravity (relative density) of suspending me- 

dium (value may be used as l.OO0 for all practical 
PUrPoW. 

Nm 14-Since Stokes' law considers the terminal velocity of a 
single sphm falling in an infinity of liquid, the sizes calculated represent 
the diameter of spheres that would fall at the Same mte as the soil 
panicles. 

15.2 For convenience in calculations the above equation 
may be written as follows: 

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 accu- 
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. 

D =  K J ~  

16. Sieve Analysis Values for Portion Finer tban No. 10 

16.1 Calculation of percentages passing 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 (LOO minus 
tothl 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 fractional 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 m a s  passing (as calculated in 16.3) by the 
total mass of sample (as calculated in 14.2), and multiply the 
result by 100. 

(2.00-mm) Sieve 

I 17. Graph 
17.1 When the hydrometer analysis is performed, a graph 

TABLE 2 Values of Effective Depth Based on Hydrometer and 
S e d i i o n  Cylinder of specified sires* 

1 .Ooo 
1.001 
1 .m2 
1 .om 
1 .w 
1.005 

1.006 
1.007 
1.008 
1.009 
1.010 

1.01 1 
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 .on 
1.028 
1.029 
1.030 

1.031 
1.032 
1.033 
1 .a74 
1.035 
1.036 
1.037 
1.038 

16.3 0 
16.0 1 
15.8 2 
15.5 3 
152 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 
102 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 
152 
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 
12.2 

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 
49 
50 

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 

_ -  

*values of effective depth are calculated from me equatun: 

L L1 + 'h [L, - (V$A)] 

where: 
L =effx.tivedepth,cm, 
L, = dinana along the ~ c m  of the hydrometer from the top of the bulb to the 

mark for a hydrometer d n g .  cm 
& = o v d  leogth of the hydromna bulb. cm 
V, = volume of hydrometer bulb, cm', and 
A = crosssactiooa~ area of sedimentation cylinder, cm2 
V- used VI cakulatmg the vatw in Tabk 2 are as fosom: 
For both hydrometers. 151H and 152H 
& = 14.0 cm 
V, = 61.0 cm' 
A = 27.8 cm2 
For hydrwneter 151 H: 
L, = 10.5 cm for a d o g  of 1.OOO 

= 2.3 cm for a reading of 1.031 
Fa hydrometar 152H: 
L, = 10.5 cm for a rcadiog of 0 p/linC 

= 2.3 cm for a d o g  of 50 p/lim 

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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and 

bulb'to thc 

0.4 
0.2 

, 0.1 
1.9 
3.7 

9.6 
9.4 
9 2  
9.1 
8.9 

8.8 
8.6 
0.4 
8.3 
8.1 

7.9 
7.8 
7.6 
7.4 
7.3 

7 1  

:tL f ti 
a and tl 
eters to E 

6.6 
6.5 

D422 

TABLE 3 Values of K tor Use in Equation for Computing Diameter d Partide in Hydrometer Analysis 
T W .  specif icGravityOfsoIlP~ 

2.45 2.50 255 2.60 2.65 2.70 2.75 2.80 2. "C 

16 0.01 51 0 0.01 SQS 0.01481 0.01457 0.01435 0.01414 0.01394 0.01374 0.W 
0.01356 0.0: 0.01376 17 0.01 51 1 0.01486 0.01 462 0.01439 0.01417 0.01396 

18 0.M 492 0.01 467 0.01443 0.01421 0.01399 0.01370 0.01 359 0.01339 OD- 
19 0.01474 0.01449 0.01425 0.01403 0.01382 0.01361 0.1323 0.0- 0.01342 
20 0.01456 0.01431 0.01408 0.01 386 0.01365 0.01344 0.01 325 0.01307 QO- 

21 0.01438 0.01414 0.01391 0.01369 0.01348 0.01328 0.01 309 0.01291 0.0- 
22 0.01421 0.01397 0.01374 0.01353 0.01332 0.01 31 2 0.01294 0,01276 0-0- 
23 0.01404 0.01381 0.01358 0.01337 0.01317 0.01 297 0,01279 0.01261 OD- 
24 0.01 388 0.01365 0.01342 0.01321 0.01301 0.01282 0.01264 0.01246 0.w 

0.01249 0.01232 -ac- 25 0.01372 0.01349 0.01327 0.01306 

26 0.01357 0.01334 0.01312 0.01291 0.01272 0.01253 0.01 235 0.01218 . 0.0- 
27 0.01342 0.01319 0.01297 0.01277 0.01258 0.01239 0.01221 0.01204 0.0 
20 0.01327 0.01304 0.01283 0.01264 0.01244 0.01255 0.01208 0.01 191 0.0 
29 0.01312 0.01 290 0.01 269 0.01249 0.01230 0.01212 0.01 195 0.01170 OD- 
30 0.01298 0.01276 0.01256 0.01236 0.01 21 7 0.01 199 0.01 182 0.01165 OB- 

0.01286 0.01267 

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. , lo (2.00-mm) sieve, indicating any change in type and 
amount of dispersing agent, and 

18.1.6 The dlspersion device used and the length of the 
dispersion period. 

NOTE 16-This tabulation of graph represents the gadation of the 
sample tested. If panicles larger than those contained in the sample were 
removed before testing, the report shall so staw giving the amount and 
maximum size. 

and friable, 

18.2 For materials tested for compliance with definite 
specifications, the fractions called for in such specifications 
shall be reported. The fractions 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: 

(I ) Gravel. passing Sin. and retained on No. 4 sieve . .___ 
( 2 )  Sand, passing No. 4 sieve and Rtaiwd on No. 200 sieve . . - . . 

( a )  Coarsc sand. passing No. 4 sieve and maincd on . . . . . . 

(b )  Medium sand, passing No. 10 sieve and retained on . . . - .  

(c) Fine sand. passing No. 40 sieve and retained on No. . . . . . 

No. IO sieve 

No. 40 sieve 

200 sieve 
(3) Silt size. 0.074 to 0.005 mm ..... 
( 4 )  Clay size, smaller than 0.005 mm ..... 

18.4 For materials for which compliance witb 
speclfcations is not indicated and when the soil c 
material retained on the No. 4 sieve sufficient to re 
sieve analysis on that portion, the results may be repc 
follows (Note 17): 

Colloids. smaller than 0.001 mm ..... 

SIEVE ANALYSIS 

Sieve Size 

Sin. 
2-in. 
I H-in. 
I-in. 
%-in. 
%-in. 
No. 4 (4.75-mm) 
No. I O  (2.Wmm) 
No. 40 (42Sym) 
No. 200 (75ym) 

0.074 mm 
0.005 rnm 
0.001 rnrn 

RFoe 
Pa% 

. . . . . . . 

. . . .__.  

....._. 

....._. 

. . . . . - . 

. . . . - - . 

. . . - - - . 

. . . . - - - 

. . . . - - - 

. . . . . - . 
HYDROMJTER ANALYSIS 

. . . -_- .  

. . . - . . . 
NOTE 17-No. 8 (2.36-mm) and No. 50 (300ym) sieves 

substituted for No. 10 and No. 40 Sieves. 

19. Keywords 

ture; particle-size; sieve analysis 
19.1 grain-size; hydrometer analysis; hygroscopic 

The Ameriavr Society for Testing and Materi8ls takes no pastion respecting the validiiy of any patem rights asserted in connection 
with any item memicned in this sfadad. Users o f  this standard are e m  advised that determnation Of the velidiry of any such 
patem righrs, and the risk o f  infringement of such rights, are entirely their own responsibility. 

~ 

This standard is subject to revision at any time by the respomih4 technical cornminee and must be reviecved every fnre years and 
if not m&d. either mppwed CY wt?hdmwn. Y W ~  conunents are i n m d  &her for mis& of this standard LY for additEonal standerds 
and shouM be addrased to ASTM Headqmtm. Your commems will receive careful ccns&watiOn at a meeting o f  the responsible 
t&nW canmittm, which yar may mend. n you feel that your mtnents have not reaaLed a fair hearing yarsharldmake your 
views lrnown to the ASfM cornminee on standards, 1916 Race st., Philadelphia, PA 19103. 
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Designation: D 698 - 91 

Test Method for 
Laboratov Compaction Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/fP (600 kN-m/m 3 1  )) 

Thic stan- is issued u n d a  the fixed dedgnatioa D 698 the number imrqediatdy following the designation indicates the year of 
0-ad adoption or. in tbe case of revision. the year of last revision. A number in parenthesa indicates the year of last rrappmval. A 
superscripl epsilon (0 indicates an editorial change sua the las revision or napprod. 

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 fiom a height 
of 12 in. (305 mm) producing a compactive effort of 12,400 
ft-lbf/ft3 (600 kN-m/m3). 
NOTE I-The equipment and procedures are similar as those pro- 

@ by R. R. Proctor (€ngineering News Record-September 7, 1933) 
with this one major exception: his =mer blows were applied as “12 
inch firm strokes” instead of free fall, producing variable cornpactive 
effort depending on the operator, but probably in the range 15,000 to 
25,000 ft-lbf/ft3 (700 to 1,200 kN-m/m3). The standard effort test (see 
3.2.2) is sometima rtfmed to as the Proctor Test. 

natural d n g  fine- or coarse-grained soils or composites or mixtures 
of.natural soils or mixtures of natural and proused soils or aggrrkates 
such as dt, gravel, or crushed rock 

1.2 This test method applies only to soils that have 30 !% 
or less by weight of particles retained on the 314-inch 
(19.0-mm) sieve. 

NOTE &For relationships between unit Weights and water contents 
of soils with 30 % or less by weight of material retained on the %-in. 
(19.0-mm) sieve to unit weights and water contents of the fraction 
passing %-in. (19.Gmm) sieve, see Rdctice D 47 18. 

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. 

NUTE 2-SOilS and soil--* mixtures Should be regarded 

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 96 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. 

I .3.2 Procedure B: 
1.3.2. I M o l d 4 i n .  ( 10 1 &mm) diameter. 
1.3.2.2 Marerial-Passing %in. (9.5-mm) sieve. 
1.3.2.3 Layers-Three. 
1.3.2.4 Blows per layer-25. 

1.3.1.3 L a y e r ~ - m .  

I 
This tesl method is underthe juridiction of ASThi Committee D-18 on Soil 

md RoeL and is  the direct rrsponsibilty of Subcornmiwe D18.03 on Texnrrr, 
P k s t i c i t y a n d D e n S i t y ~  . . a o f S o i  

Cwcnt edition amroved Nov. 19,1991. Published January 1992. 

1.3.2.5 Use-Shall be used if more than 20 !% by weight 
of the material is retained on the No. 4 (4.75-mm) sieve and 
20 96 or less by weight of the material is retained on the 
3/8-in. (9.5-mm) sieve. 

1.3.2.6 Other Use-If this procedure is not speciiied, 
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 %inch (19.0-mm) sieve. 

1.3.3.4 Blows per layer-56. 
1.3.3.5 Use-Shall be used if more than 20 96 by weight 

of the material is retained on the Vs-in. (9.5-mm) sieve and 
less than 30 96 by weight of the material is retained on the 
3/4-in. (19.0-mm) sieve. 

1.3.4 The 6-in. (152.4-mm) diameter mold shall not be 
used with Procedure A or B. 

1.3.3.3 LaymS--Three. 

NOTE 4-Resulu have been found to vary slightly when a rnaterial is 
tested at the Same compactive effort in Werent size molds. 

1.4 If the test specimen contains more than 5 96 by weight 
oversize fraction (coane fraction) and the material will not 
be included in the test, corrections must be made to the unit 
weight and water content of the specimen or to the appre 
priate field in place density test specimen using Practice 
D4718. 

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 mas  
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 (Ibf) represents a unit of force. The use of 
mass (lbm) is for convenience of units and is not intended to 
convey the use is scientifically correct. Conveniens are given 
in the SI system in accordance with Practice E 380. The use 
of balances or scales recording pounds of mass Obm), or the 
recording of density in lbm/ft3 should not be regarded as 
nonconformance with this standard. 

. 
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D698 

1.7 This standard does not purport to address all of the 
safety problems, $any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 
priate safery and health practices and determine the applica- 
bility of regulatory limitations prior to we. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Specific Gra~ity and Absorption of 

Coarse Aggregag 
C 136 Method for Sieve Analysis of Fine and Coarse 

Aggregats 
D422 Test Method for Particle Size Analysis of Soils3 

F l u i d s 3  

(600 kN-m/m3) compactive effort applied by the equipment 
and procedures of this test. 

3.2.3 standard maximum dry unit weight, ydmu in lbf/A3 
(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 testfiaction Ifinerfiaction), PF in %-the portion of 
the total sample & in performing h e  compaction test; it is 
the fraction passing the No. 4 (4.75-mm) sieve in procedure 
A, minus 3/s-in. (9.5-mm) sieve in P r d u r e  B, or minus 
314-h. (19.0-mm) sieve in Procedure C. 

D 653 Terminology Relating to Soil, Rock, and . Summary of Test Method 
4 . i ” m a t  a seleiiii-water content is placed in three 

Water (Moisture) Content of Soil, 
D2216 Test Method for 

Aggregate Mixtures3 
D2487 Test Method for 

neering Purposes3 

a curvilinear relationship known as the 

are determined 
values of optimum water wntent 

D2488 Practice for Description of Soils (Visual-Manual 

D4220 Practices for Reserving 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 319 Practice for the Evaluation of Single-Pan Mechan- 

E 380 Practice for Use of the International System of 

Pr~cedure)~ 

sample3 

PurposesS 

ical BalancesS 

Units (SI) (the Modernized Metric System)’ 

3. Terminology , 

nitions. 
3.1 Definitions-See Terminology D 653 for general defi- 

3.2 Description of Terms Specific to This Standard: 
3.2.1 oversize fraction (coarse fiaction), 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 effort-the term for the 12,400 ft-lbf/ft3 

.’ Annual of ASTM St&& Vol04.02. ’ Annual Book of ASTM Sfandads, Vol04.08. 
B o d  of ASTM St&ar&. VOI 14.03. ’  AM^ Book of ASTM Sf&r&. VOI 14.02. 

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 properties. 
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 
(yd& 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 ( wo), 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 ( wo) or at optimum (w,) and the dry unit 
weight (ydmax) may be based on past experience, or a range oi 
values may be investigated to determine the necessaq 
percent of compaction. 

6. Apparatus 
6.1 Mold AssemblyThe molds shall be cylindrical ir 

shape, made of rigid metal and be within the capacity anc 
dimensions indicated in 6.1.1 or 6.1.2 and Figs. 1 and 2. Thc  
walls of the mold may be solid, split, or tapered. The ‘split’ 
type may consist of two half-round sections, or a section 0: 
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FIG. 1 4.0411. Cylindrical Mold 

0.1 S7S 
vi 

FIG. 2 6.0-in. Cylindrical Mold 
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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 cenvally 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. (116.4 f 0.5-mm) and a volume of 0.0333 f 
0.0005 A3 (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 0.026411. 
(152.4 2 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 
0.0009 ft3 (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 f 0.05-in. (304.8 f 1.3-mm) from the surfac 
of the specimen. The mass of the rammer shall be 5.5 r 
0.02-lbm (2.5 f 0.01-kg), except that the mass of th 
mechanical rammers may be adjusted as described in TE 
Methods D 2168, see Note 5. The striking face of th 
rammer shall be planar and circular, except as noted i 
6.2.2.3, with a diameter when new of 2.000 f 0.05-ir 
(50.80 f 0.13-mm). The rammer shall be replaced if th 
striking face becomes worn or bellied to the extent that th 
diameter exceeds 2.000 f 0.01-in. (50.80 f 0.25-mm). 
N m  5-It is a common and acceptable practice in the inch-porn 

system to assume that the mass of the rammer is equal to its ms 
determined using either a kilogram or pound balance and 1 Ibf is equ: 
to 1 Ibm or 0.4536 kg. or I N is equal to 0.2248 Ibm or 0.1020 kg. 

6.2.1 Manual Rammer-The rammer shall be equippe 
with a guide sleeve that has sufficient clearance that the fre 
fall of the rammec shaft and head is not restricted. The gua 
sleeve shall have at least four vent holes at each end (eigt 
holes total) located With centers V4 f V16-in. ( 19.0 f 1.6-mn 
from each end and spaced 90 degrees apart. The minimur 
diameter of the vent holes shall be 3/~-in. (9.5-mm). Add. 
tional holes or slots may be incorporated in the guide sleevc 

6.2.2 Mechanical Rammer-Circular Face-The rammc 
shall operate mechanically in such a manner as to provie 
uniform and complete coverage of the specimen surfaa  
There shall be 0.10 f 0.03-in. (2.5 f 0.8-mm) clearanc 
between the rammer and thejnside surface of the mold at i 
smallest diameter. The mechanical -mer shall meet th 
calibration requirements of Test Methods D 2168. Tk 
mechanical rammer shall be equipped with a positive mc 
chanical means to support the rammer when not in opec 
tion. 

6.2.2.3 Mechanical Rammer-Sector Face-When use 
with the 6-in. (152.4-mm) mold, a sector face rammer ma 
be used in place of the circular face rammer. The specime 
contact face shall have the shape of a sector of a circle c 
radius equal to 2.90 k 0.02-in. (73.7 -C 0.5-mm). 'It 
rammer shall operate in such a manner that the vertex of tt 
sector is positioned at the center of the specimen. 

6.3 Sample Extruder (optional)-A jack, frame or othc 
device adapted for the purpose of extruding compacte 
specimens from the mold. 

6.4 Balance-A class GP5 balance meeting the requin 
ments of Specification D4753 for a balance of 1-g reac 
ability. 

6.5 Drying Oven-Thermostatically controlled, preferabi 
of a forceddraft type and capable of maintaining a U U ~ ~ O H  
temperature of 230 -C 9°F (1 10 f 5°C) throughout the d r y i ~  
chamber. 

6.6 Straightedge-A stif€ metal straightedge of any conw 
nient length but not less than IO-in. (254-mm). The tot; 
length of the straightedge shall be machined straight to 
tolerance of H.005-in. (fO.1-mm). The scraping edge sha 
be beveled if it is thicker than %-in. (3-mm). 

6.7 Sieves-%-in. (19.0-mm), %-in. (9.5-mm), and No. 
(4.75-mm), conforming to the requirements of Spenficatio 
E 11. 

6.8 Mixing Tools-Miscellaneous tools such as mixb 
pan, spoon, trowel, spatula, etc., or a suitable mechanic 
device for thoroughly miXing the sample of soil with inm 
ments of water. 
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7. Calibration r -  

7.1 Perform calibrations before initial use, after repairs or 
other occurrences that might affect the test results, at 
intends 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 Mol&-Determine. the volume as described in 
Annex 1. 

7.1.4 Manual Rommer-Verify the free fall distance, 
xammer mass, and rammer face in accordance with Section 
6.2. Verify the guide sleeve requirements in accordance with 
W o n  6.2.1. 

7.1.5 Mechanical Rammer-Calibrate and adjust the me- 
chanical rammer in accordance with Test Methods D 2 168. 
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 mas  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), H-in. (9.5-mm), or 3h-in. (19.0-mm) sieve 
as appropriate for choosing P 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 recaiibrated. 

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 Mahod (preferrd)-Without pre- 
viously drying the sample, pass it through a No. 4 (4.75- 
mm), %-in. (9.5-rnm), or 3/4-in. (19.0-mm) sieve, depending 
On the Procedure (A, B, or C) being used. Determine the 
water content of the processed soil. 

lO-2-1 &Pare at least four (preferably five) specimens 
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having water contents such that they bracket the estimated 
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 %. 

Nan 6-With pxactice 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 pressure is 
released, but will break cleanly into two d o n s  when 'bent". At water 
antents dry of optimum soils tend to mumble; wet of optimum soils 
tend to stick together in a sticky cohesive mass. Optimum warn content 
is typically slightly l e s  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 P r d u r e  A or B, 
or 13-lbm (5.9-kg) using P r d u r e  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 D2487, 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 drylng 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 14OT (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), V3-in. (9.5-mm), or 3/4-in. (19.0- 
mm). When preparing the material by passing over the %-in. 
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 soi: 
for each specimen to be compacted Using Procedure A or B. 

TABLE 1 Required Standi  Times of Moisturized specbnenr 
aassmcew Mifhwn S m  T i ,  h 

GW. GP. SW. SP 
GM. SM 
ADomarsoils 

No R- 
3 

16 
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TABLE 2 Metrk Equivalents for Figs. 1 and 2 
/ 

in. 11111 

0.01 6 0.41 
0.026 0.66 
0.032 0.81 

'h 12.70 
2% 63.50 
2sn 66.70 
4 101.60 
4% 114.30 

11 6.43 
120.60 

4.584 
4% 
6 152.40 
6% 165.10 
6% 168.30 

8'h 209.60 

fP at? 
'hD (0.0333) 943 

c 

0.028 0.71 

W4 171.40 

O.ooo5 14 
%sm (0.0750) 2.124 
0.001 1 ?1 
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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 preparation procedure specified in 10.2.2 for 
drying the soil or adding water into the soil and curing each 
test specimen. 

10.4 Compucfion-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 flurry 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 %in. (Crnm), 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 6-in. (152.4-mm) 
mold 
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NOTE 7-When compacting specimens wetter than optimum ara 
content, uneven compacted surtaces can OONT and operator judgemc 
is nquired as to the average height of the m e n .  

10.4.5 In operating the manual rammer, take care 
avoid lifting the guide sleeve during the rammer upstrol 
Hold the guide sleeve steady and within 5' of vertical. Apy 
the blows at a uniform rate of approximately 25 blows/= 
and in such a manner as to provide complete, unifor 
coverage of the specimen surface. 

10.4.6 Following compaction of the last layer, remove t 
collar and base plate from the mold, except as noted 
10.4.7. A knife may be used to trim the soil adjacent to t 
collar to loosen the soil from the collar before removal 
avoid disrupting the soil below the top of the mold. 

10.4.7 Carefully trim the compacted specimen even WI 

the top of the mold by means of the straightedge scrap 
across the top of the mold to form a plane surface even WI 

the top of the mold. Initial trimming of the specimen abo 
the top of the mold with a knife may prevent the soil frc 
tearing below the top of the mold. Fill any holes in the t( 
surface with unused or trimmed soil from the specime 
press in with the fingers, and again scrape the straighted 
across the top of the mold. Repeat the appropriate precedi 
operations on the bottom of the specimen when the mc 
volume was determined without the base plate. For very H 
or dry soils, soil or water may be lost if the base plate 
removed. For these situations, leave the base plate attach 
to the mold. When the base plate is left attached, the volur 
of the mold must be calibrated with the base plate attach 
to the mold rather than a plastic or glass plate as noted 
Annex 1, Al.4. 

10.4.8 Determine and record the mass of the specimt 
and mold to the nearest gram. When the base plate is It 
attached, determine and record the mass of the specime 
mold and base plate to the nearest gram. 

10.4.9 Remove the material from the mold. Obtain 
specimen for water content by using either the whc 
specimen (preferred method) or a representative pomo 
When the entire specimen is used, break it up to facilitz 
drying. Otherwise, obtain a portion by slicing the compact( 
specimen axially through the center and removing ab0 
500-g of material from the cut faces Obtain the wat 
content in accordance with Test Method D 2216. 

10.5 Following compaction of the last specimen, compa 
the wet unit weights to ensure that a desired pattern 
obtaining data on each side of the optimum water conte. 
will be attained for the dry unit weight compaction curv 
Plotting the wet unit weight and water content of eac  
compacted specimen can be an aid in making the a b  
evaluation. If the desired pattern is not obtained, addition 
compacted specimens will be required. Generally, one wan 
content value wet of the water content defining the ma 
imum wet unit weight is sufficient to ensure data on the w 
side of optimum water content for the maximum dry UE 
weight. 

11. calculation 
11.1 Calculate the dry unit weight and water content 

each compacted specimen as explained in 1 I .3 and 1 1.4. Pl( 
the values and draw the compaction c w e  as a smooth cun 
through the points (see example, Fig. 3). Plot dry unit weigi 
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. COMPACTION TEST. Pd = + w/lm) (21 
where: 
pd 
w = water content, %. 

= dry density of compacted specimen, Mg/m3, and 

wAlmco(IDn-0-x 

flG 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 weight of the total material 
using Practice D 47 18. This correction may be made to the 
appropriate field in place density test specimen rather than to 
the laboratory test specimen. 

11.2 Plot the 100 % 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-The 100% saturation curve is an aid in drawing the 
compaction curve. For soils containing more than approximately 10 % 
fines at water contents well above optimum, the two curves generally 
become roughly parallel with the wet side of the compaction curve 
between 92 % to 95 56 saturation. Theoretically, the compaction curve 
cannot plot to the right of the 100 5% saturation curve. If it does, there is 
an error in specitic gravity, in measurements, in calculations, in test 
procedures, or in plotting. 

NOTE 9-The 100 % saturation curve is sometimes referred to as the 

11.3 Water Content, w-calculate in accordance with 
Test Method D 22 16. 

11.4 Dry Unir Weights-calculate the moist density (Eq. 
11, the dry density (Eq. 2), and then the dry unit weight (Eq. 
3) as follows: 

prn IOOO(M, - M,)/V (1) 
where: 
Pm 
M~ 
Mmd = 

air voids curve or the complete saturation curve. 

= moist density of compacted specimen, Mg/m3, 
m a  of moist specimen and mold, kg, 

VolUX of compaction mold, m3 (see Annex 1 )  
Of~mpactiOn mold, kg, and 

y d  = 62.43 pd ibf/ft3 (3) 
Of 

Td = 9.807 pd in W/m3 

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 corn 
sponding to the condition of 100 % saturation as follows 

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. 

NOTE IO-Specific gravity may be estimated for the test specimen on 
the basis of test data from other samples of the same soil cladication 
and source. Otherwise, a speclfc gravity test (Test Method C 127. Test 
Method D 854, or both) is necessary. 

12. Report 
12.1 The report shall contain the following information: 
12.1.1 Procedure used (A, B, or C). 
12.1.2 Prepamtion 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 

of procedure (A, B, or C) used. 
12.1.8 Description of material used in test, by practice 

D 2488, or classification by Test Method D 2487. 
12.1.9 Specific gravity and method .of determination. 
12.1.10. origin of material used in test, for example, 

project, location, depth, and the like. 
12.1.1 1 Compaction curve plot showing compaction 

points used to establish compaction curve, and 100% 
saturation curve, point of maximum dry unit weight and 
optimum water content. 

12.1.12 Oversize correction data if used, including the 
oversize fraction (coarse fraction), P, in %. 

0.5 %. 

0.5 ibfift3. 

13. Precision and Bias 

13.1 Precision-Data a q  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 
con tent. 
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14. KeYwo* RT4ensity; RT-moisturedensity curves; RT-proctor 
test; UF-compaction characteristics; UF-mil cornpadon; 
USE-]abratov teSts 14.1 NT-impact compaction using standard effort; 

ANNEX 

(Mandatory Information) 

Al. VOLUME OF COMPACTION MOLD 

Al.1 *Pe 

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 

A12 A P ~ ~ U S  
A 1.2.1 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 
las t  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 11. in. thick (200 by 200 
mm by 6 mm). 

A1.2.1.4 Thennometer4 to 50'C range, OS'C gradua- 
tions, conforming to the requirements of Specification E l. 

AI -2.1.5 Stopcock Feme or similar sealant. 
A1.2.1.6 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.4.1 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 carefi.11 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 (I-g) and 
record. When the base plate is being used in lieu of the 
bottom plastic or glass plate determine the m a s  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 (I-g) and record. 

Al.4.1.3 Place the mold and the bottom plastic or glass 
plate on a fm, level surface and fill the mold with water to 
slightly above its rim. 

A I .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. 

. 
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A 1.4.1.5 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 A 1.1. 

A1.4.1.8 Calculate the mass of water in the mold by 
subtracting the m a s  determined in A 1.4.1.2 from the mass 
determined in A 1.4.1.6. 

A I  .4.1.9 Calculate the volume of water by dividing the 
mass of water by the density of water and record to the 
nearest O.OOO1 ft3 (1  an3). 

A 1.4.1.10 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). 

A1.4.2.3 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 O.OOO1 ft3 (1 cm3) as follows: 

V =  ( rKhX4 + d' (inch-pound) 
(16x1 728) 

TABLE A1 Density of WaterA 

Temperature. 'C ('0 D e f W  of Watar. glml 

18 (64 4) 0 99862 
19 (662) 099843 
20 (68.0) 0.99823 
21 (69.8) 099802 
22 (71.6) o . s m  
23 (73 4) 0 99756 
24 v5.a 0.99733 
25 Cn.0) 0.99707 
26 (78.8) 0.99681 

"VatueS OUSf shorm be- by referhg b tM Handbodc of 
and physcs. - R - F u t w q  co.. aeverand. ohlo. 
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where: 
V = volume of mold, ft3 (cm3), 
h = average height, in. (mm), 
d, = average top diameter, in. (mm), 
db = average bottom diameter, in. (mm), 
1/1728 = constant to convert in3 to ft3, and 
*/io3 = constant to convert mm3 to c m 3 .  

A15 Comparison of Results 
A I 5 . 1  The volume obtained by either method should be 

within the volume tolerance requirements of 6.1.1 and 6.1.2. 

. .  

A1.5.2 The difference between the two methods should 
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. 

A1.5.5 Use the volume of the mold determined using the 
water-filling method as the assigned volume value for calcu- 
lating the moist and dry density (see 11.4). 

The Ameriau, Society tor Testing and Matruiats rakes no p&ion respeaing the  valid^?^ of any patem rights ~ssmed in connedion 
With &ly &I?I mentioned in this standard. Users  o f  this Standard are express& advised th;d detefminetion d the validity d any such 
patmi rights, and the risk d intringment ot sud, rights, are emire& their own responsibility. 
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Standard Test Method for 
Specific Gravity of Soils' 

This aandard IS pputd under the k e d  -on D 854. the number ~ m m a b a u l y  follmng the deslgDatloo ~ndtcatcs chc ycar of 
o n g ~ ~ I  adopaon or, la the cay of m o a ,  the year of ba (cvmon. A number in pamthaa mdtcatcsthe year of last rrapproval A 
superrnpt @on (6) mdtcaws an ahtonal change MCC the ba m o a  or rrapproval. 

1. 

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-m'm sieve, Test Method C 127 shall be 
used for the material retained on the 4.75-mm sieve and this 
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, 
described 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 purparz 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. cReferenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Speclfrc Gravity and Absorption of 

Coarse Aggxgats 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials2 
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 Soils for Engi- 
Fluids3 

neering Purposes3 

' This tm method is under the juridiction of ASTM Committee D18 on Soil 
and Rock and is the dim mponsibility of Subcommittee D18.03 on Tex~wt. 

CUmnt edition approved Nov. 15, 1992. Published January 1993. O r i g i d y  

'Annual Book ojASTM Sian&ar&. Vol04.02. 
'Annual Book oJASTM Si&&. Vol04.08. 

. pastlcity and Density characteristics of soi  
PUblished'aS D 854 - 45. Laa ~ O U S  edition D 854 - 91. 

D4753 Specification for Evaluating, Selecting, and Speci- 
fying Balances and Scales for Use in Soil and Rock 
Testing) 

E 1 Specification for ASTM Thermometers4 
E 11 Specification for Wire-Cloth Sieves for Testing 

E 12 Terminology RelaGng to Density and Specific 

2.2 AASHTO Standards:' 
AASHTO Test Method TlOO 

Gravity of Solids, Liquids, and Gases6 

3. Terminology 

D 653 and E 12. 
3.1 All definitions are in accordance with Terminology 

3.2 Description of Term Specific to This Standard: 
3.2.1 specifc gravity-the ratio of the m a s  of a unit 

volume of a materid at a stated temperature to the mass of 
the same volume of gas-& 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 occurring 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 s p e d  treatment or a qualified definition of 
their specific gravity. 

5. Apparatus 
5.1 Pycnometer-The pycnometer shall be one of the 

following: 
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 1-Flask sizes of greata than the Specified minimum capacity 
an recommended. Larger flasks are capable of holding e specimens 
and tend to produce bener statistical @tr 

Annual Book of ASTM SI&&, Vol 14.03. 
5 Annual Book of ASTM SI&&. Vol 14.02. 

Annual Book of A S 7 N  SI&&. Vd 15.05. ' Available from American Amciation of State Highmy and Tlanspottation 
Officials 444 N Capital St., NW. W h n g t O n .  DC 20001. 
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5.2 Balance-Meeting the requirements of Specification 
D 4753 and readable, without estimation, to at least 0.1 9% of 
the specimen mass. 

5.3 Dqtng Oven-Thermostaticallycontrolled oven, ca- 
pable of maintaining a uniform temperature of 110 -c 5°C 
(230 f 9°F) throughout the dryl& chamber. 

5.4 Thermometer, capable of measuring the temperature 
range within which the test is being performed, graduated in 
a OS'C ( I  .WF) division scale and meeting the requirements 

5.5 Desiccator-A desiccator 'cabinet or large desiccator 
jar of suitable size containing s i b  gel or anhydrous calcium 
sulfate.* 

s 
of Specification E 1. 1 

NOTE 2-It is prrfemble to use a.desi&t 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 vat-uum 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 mrn (26 in.) Hg reading on vacuum 
gauge at sea level. 

5.7 Miscellaneous Equipment, s m m e n  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 - d .  

7.1 The test specimen may d ovendried 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 ovendried state is in accordance with the 
following: 

2 

, * '  

Maximum Standard 
W C k  SKC Sieve Minimum Mas 

(100 56 P=ing) SiZC of Test Spaimen. 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, Mr; 
8.2 Fill the pycnometer with &stilled 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, Mu. 

8.3 Insert a thermometer in the water, and determine and 
record its temperature, T, to the nearest OS'C ( 1  .o"F). 

8.4 From the mass, M, determined at the observed 
teWmature, T, prepare a table of values of mass, Mu, for a 
Series of temperatures that are likely to prevail when the 

' mydrous d a u m  sulfate is sold under the bade name Drierite. 

. .  

mass of the pycnometer, soil, and water, Mb is de. 
later. These values of Mu can be determined expen 
or may be calculated as follows: 
Mu (at T,) = [(density of water at TJdensity of water 

where: 
Mu = mass of pycnometer and water, g, 
Mf = mass of pycnometer, g, 
T, = observed temperature of water, "C, and 
T, = any other desired temperature, "C. 

at T,) x (M,  (at Tu) - M,)I + 

NOTE 4--This test method provides a procedure thz 
convenient for laboratones making many determinations wii 
pycnometer. It is equally applicable to a single determinatio 
the pycnometer and contents to some designated tempeK 
masses Ma and h!fb are taken, requires considerable time. It ir 
that masses Ma and M b  be based on water at the same te 
Values for the density of water at temperatures from 16.0 to 
given in Table 1. 

9. Procedure 
9.1 Test Method A-Procedure For Oven-Dri 

mens: 
9.1.1 Dry the specimen to a constant mass in 

maintained at 110 f. 5'C (230 & YF) (See Note 5 )  E 
in a desiccator. 

NOTE S--Drying of certain soils at 1 IO'C (230r) may 
loa of water of composition or hydration, and in such cases 
be done in reduced air pressure or at a lower temperature. 

9.1.2 Determine and record the mass of a c 
calibrated pycnometer, Mf Select a pycnometer of 
capacity that the volume filled to the mark will be : 
percent greater than the space required to accomrr 
test specimen. Place the specimen in the py 

TABLE 1 Density of Water and Correction Factor K f( 
TemperfJtures 

Temperature. OC Density Ot Water (g/rnL) conecba 
0.99897 1 .o 
0.99889 1 .c. 

16.0 
16.5 
17.0 0.99880 1 .c 
17.5 0.99871 1 .c 
18.0 0.99862 1 .c 
18.5 0.99853 1 .c 
19.0 0.99843 1 .c 
19.5 0.99833 . 1 .c 
20.0 0.99823 1 .c 
20.5 0.99812 0.5 
21 .o 0.99802 0.5 
21.5 0.99791 0.E 
22.0 0,99780 0.C 
22.5 0.99768 0.S 
23.0 . 0.99751 O S  
23.5 0.99745 0.5 
24.0 0.99732 0.5 
24.5 0.99720 0.5 
25.0 0.99707 0.5 
25.5 0.99694 0.5 
26.0 0.99681 0.: 
26.5 0.99668 0.5 
27.0 0.99654 0.5 
2 . 5  0.99640 0.5 
28.0 0.99626 0.5 
28.5 0.99612 0.5 
29.0 0.99597 0.' 
29.5 0.99582 0.5 
30.0 0.99567 0.5 
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TABLE 2 Table of Precision Estimated 

~ p a s s s l g p a s s r n g ~  
No 4 N0.10 No 4 N0.10 

(4.75 mm) (2.00 mm) (4 75 m) (2.00 mm) 

Type Index 

Slngle-qxfator precrsron. 

M u m ~ r o r y ~ w e w o n :  

CdlesNesOds 0.021 0.01 9 006 0.06 
NoncoheYvesoas 8 8 8 8 

cohewvesolls 0.056 0.041 0 16 0 12 
tbnwewescils 8 8 B 8 

%e figures 
been found t 0 b e ~ t e f a t h e m a t ~ d e s a t b e d  VlColUmn 1. The figures 

drfterence eetw8enmetwo propertymndoded tests 
BTheSe numbers represent. mpectdy, me (1s) and (D2S) limns as de- 

Ccntenafor asslgrung S t a n d a r d d e v l a ~ V a l U e s ~ ~  SQdS are not 

rn C d m  2 and 3 are me standard devlabons mat have 

~ l v a n  tn  column^ 4 and 5 are the 6n-utsthat shoutd not be exceeded by the 

scribed n-~ Racbce C670 

av- at the present t~m. 

Determine the mass of the specimen and pycnometer, and 
subtract the mass of the pycnometer, Mj from this value to 
determine the mass of the ovendry specimen, M,. 

9.1.3 Fill the pycnometer with distilled water to a'level 
slightly above that required to cover the soil and soak the 
specimen for at least 12 h. 
NOTE &For some soils containing a significant fraction of organic 

matter, kerosine is a better we-tting agent than water and may be used in 
place of distilled water for ovendried specimens. If kerosine is used, the 
entrapped air should only be removed by use of an aspirator. Kerosine is 

NOTE 7-Adding distilled water to just cover the soil makes it easier 
to control boil-over during removal of entrapped air. 

9.1.4 Remove the entrapped air by one of the following 
methods: 

9.1.4.1 Boil the specimen gently for at least 10 min while 
agitating the pycnometer occasionally to assist in the re- 
moval of air. Then cool the heated specimen to room 
temperature. 

9.1.4.2 Subject the contents to a vacuum (air pressure not 
exceeding 100 mm Hg) for at least 30 min (Note 8) either by 
connecting the pycnometer directly to an aspirator or 
vacuum pump or by use of a bell jar. While the vacuum is 
being applied, gently agitate the pycnometer periodically to 
assist in the removal of air. Some soils boil violently when 
subjected to reduced air pressure. It will be neceSSary in those- 
cases to reduce the air pressure at a slower rate or to use a 
larger flask. I' 

NOTE 8-Specimens with a high plasticity at the natural water 
i content may require 6 to 8 h to remove entrapped air. Specimens with a 
!low Plasticity at the natural water content may require 4 to 6 h to 
remove entrapped air. Ovendried specimens may require 2 to 4 h to 
remove entrapped air. 

9.1.5 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 (Note lo). 

a flammable liquid that must be used with extreme caution. l 

i 

' N W  9-To avoid the entrapment of air bubbles. the distilled water 
can be,introduced through a piece of halldiameter flexible tubing with 
its Outlet end kept just below the surface of the dinill4 water in the 
pycnometer. I 

NOTE 10-To obtain a uniform water temperature the pycnometer 
may be allowed to sit overnight or be placed in a connant temperatun 
bath. 

9.1.6 Fill 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 OS'C (1.OT). 

9.2 Test Method B-Procedure For Moist Specimens: 
9.2. I Plap: the specimen in a calibrated pycnometer. 
9.2.1.1 Disperse specimens of clay so5 in distilled water 

before they are placed in the pycnometer; by use of the 
dispersing equipment speclfied in Test Method D 422. The 
minimum volume of slurry that can be prepared by t h i s  
dispersing equipment is such that a 5WmL (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 110 2 5'C 
(230 f 9°F) (See Note 5). Cool the specimen in a desiccator. 

9.2.4 Determine and record the mass of the ovendxied 
soil, M, 

10. Calculation 
10.1 Calculate the specific gravity of the soil, G, to the 

nearest 0.0 1 , based on water at a temperature ( Tb) as follows: 

where: 
M, = mass of sample of ovendry soil, g, 
Ma = 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 

NOTE 1 l--This value can be obtained from the table of values of M, 
prepared in accordance with 6.2, for the temperatures prevailing when 

NOTE 12-The equation shown in 9. I 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 Th 

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: 

G at Tb = Mo/[M0 + (Ma - Mb] 

Tb (Note 1 l), g, 

temperature T, g, 

mass Mb was determined, 'C. 

mag M b  WaS determined, %. 

+- 
1WGl 1WGz 
- 

where: 
Gavg = weighted average specific gravity of soils composed of 

particles larger and smaller than the 4.75-mm sieve, 
RI = percent of soil particles retained on 4.75-mm sieve, 
PI = percent of soil particles passing 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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G~ = specific gravity of soil particles passing the 4.75-mm 
sieve as determined by this test method. I . . -  
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10.3 Unless othenvise required, 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 
otwved temperature Tb, as follows: 

G at 2VC = 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 @yen in Table 1. 

10.4 In some cases, it is desired to report the specific 
p i t y  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% 
K 

G at Tx = 

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). 

/ 

1 1.1.3 Maximum particle size of the test specimen. 
11.1.4 Specific gravity to the nearest 0.01 at a specified 

temperature other than 20"C, if applicable. 
1 1.1.5 Type of fluid used, if other than distilled water. 
1 1.1.6 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 Bim-There is no acceptable reference value for this 
test method; therefore, bias cannot be determined. 
13. Keywords 

. 

13.1 soil; specific gravity 

The American Society for Testing and Materials takes no pasition rsspecling the valid* of any paten! rights asserted in Connection 
wifh any &em memiMed m this stand8rd. Users of this standard are expressty edvised that determination of the validity of any such 
@fmt r&htS, and the risk d infringement d such rights. are entireiy their own responsibility. 

This standard is subject to revision at any time by the respOnSibI8 technical unnmtttee end musf be reviewed five years and 
it not revised. &her reepproved or withdrawn. Your comments are invited either far nnisian d this standard 01 for edditimd standards 
and shwld be addressed to ASTM Hewquarters. Your cmments will receive careful consideation at a meeting d the respomible 
technkxl ammiltee. which you may anend. /f y w  feel that your commems have not received a fair hearing you should make y w r  
views known to the ASTM Ccfnmw on Standards, 1916 Race St.. Philadelphia. PA 19103. 
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(m Designation: D 1452 - 80 (Reapproved 1990)'' 

Standard Practice for 
Soil Investigation and Sampling by Auger Borings' 
This standard is issued under the fixed designation D 1452; the n u m b  immediately following the daignation indicates the year of 
original adowon or, in the case of revision. the year of lasl *on. A number in Darrnthcoa indica- the year of lan reapproval. A 
suPQYlipt epsilon (0 indicates an editorial chrngc sina the ka d o n  or r e a m  

This standard has been approved for use by agencies of the DEpOnmOy 01 Dd-. C o d r  the DoD Index of Spec$cations and 
St&& for the spec if^ year 01issue which has been adopted by the Dcpanment d D t $ h e .  

'' Nm-Section 6 was added editorially in July 1990. 

1. scope common characteristic of appearing essentiaily tubular when 

3.1.2.1 Orchard-Barrel Tjpe, consisting essentially of a 
1.1 This practice covers eauiDment and DrOcedures for the . viewed from the end- 

use of earth-augers in shallow geotechnical=exploration. This 
practice does not apply to sectional continuous flight augers. 

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

2. Significance and Use 
2.1 Auger bonngs 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 ShipType 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 
integtal 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 praCticc is under the jurisdiction of ASIM Committee D l 8  on Soid and 
Rock and is the dura rrsponsibility of Subcornmince D18.02 on SampIing and 
Related Field Testing for Soil lnvcs?jgation.% 

Current edition approved June 12, 1980. Published Augun 1980. Originally 
published as D 1452 - 57 f. Lan previous edition D 1452 - 65 (1972). 

I .  - , > , J  

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 ft (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 Augerx 
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 replaceable in the field. They are normally oper- 
ated by heavyduty, high-torque machines, designed for 
heavy construction work. 

3.2.2 Stinger Augers, generally 6 through 30 ix~~(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 
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shank or socket located centrally for application of power. 
Replaceable cutter bits, located downward from the leading 
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. 

, 

4.3 The soil auger can be used both for boring the hole 
and for bringing up disturbed samples of the soil 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 Observaions-Record complete ground warn 
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 Marerials takes no pasifion respecting the validity of any patent rights assmed in connection 
wiv, any ifem mentioned in this standard. Users of this standard are axpressly edvised that defermination of the validity d any such 
patent rights, and the risk of infringement of such rights. are entirely their own respmsiMty. 

This standard is subject to r e v W  at any time by the responsible technical mmee and must be reviewed every five years and 
i f  not revised. either (Y withdrawn. Y w r  Comnnnas are invited either fa revision of this standard a fa addifhal standards 
and should be addressed to ASTM Headquarrers. Your ccwnments will receive careful consideraron at a meeting of the responsitde 
technical comminee, which y w  may mend. I f  you feel that your mrnents have not received a fair hearing you should make y w  
views known to the ASTM Comminee on 3andards. 1916 Race ST.. Philadelphia, PA 19103. 
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Designation: D 1586 - 84 (Reapproved 1992)" 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils' 

. This standiud is irmrd unda the fixed designation D 1586; the number immediatey followins the designation indicates the ycar of 
original adoption or. in the Qse of revision, the year of last revision. A number in parrnthesa indicates thc ycar of kt reapproval. A 
supncript epsilon (0 indicates an editorial change since the lan revision or reapproval. 

This s t b d  hac been apprmedfir use by agencies of the Depanment of D d m e .  Consult ihe DOD Index of Specificarm and 
SIcUldnrdc for the spec$c year of issue which has been adopted by the Depanment of Dt$me. 

rlN~-Editorial changes werc 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 
split-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, 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. 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 Documeats 
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 Procedure)2 
D4220 Practices for Preserving and Transporting Soil 

D4633 Test Method for Stress Wave Energy Measure- 
samples2 

ment for Dynamic Penetrometer Testing Systems2 

3. Terminology 
3.1 Descriptions of Terms Specfic 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 
ropecathead 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 assembly-a device consisting of the 

'ThirmethodisundatheJuridict ionofA~~mminrrD18onSoiland 
Rock and is thc dirm respomibility of Subcommittee D18.02 on Sampling and 
Rehtcd Field Testing for Soil Invatigations 

C m t  edition approved Sept 1 I. 1984. Published November 1984. OrigmaUy 
- ~ s D  1586-58T. L a a p r r v i ~ ~ e d i t h D  1586-67(1974). 

A d  Book of AS7M Standara3, Vol04.08. 
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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 f 2 lb (63.5 f 1 kg) impact weigh! 
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. (1 50 
to 450 mm) (see 7.3). 

3.1.9 hN-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 turns-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-weigh 
assembly to the sampler. Drill rods are often used for this 
Purpose- 

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 identifica- 

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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ODerator here 9 
Section 6-B 

flG 1 Definition8 of dhe Number of Rope Turns and the Angle for (a) Countenlockwise Rotation and (b) clockwise Robtion Of the 
Cathead 

8 

suitable for advancing alborehole in some subsurface condi- 
tiOnS. 

5.1.1 Drug, Choppiw 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- 
mitt&, only side dischee bits are permitted. 

5.1.2 Roller-Cone Biz$, 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 &Wad- 
vancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuow 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 

,mm). I 

Nm I-Rant teseafch and comparative testing indicates the type 
used, with stiffness ranging !?om "A" size rod to'N" Size rod, wiU 

m y  have a negligible effect on the N-values to depths of at least 100 
A (30 m). 

5.3 Split-Bunel Sampler--She 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 dented or distorted. ne use of 
liners to produce a constant inside diameter of 131'' in. (35 
mm) is 
-rd if 4. n e  use of a m p l e  retainer b&et is 
permitted, and &odd be noted on the penemtion 
record if used. 

NOTE 2-Both theory and available test data suggest that N-values 
.may increase to u) % ,,,hen linR aR 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and Anvil-The hammer shall weigh 140 

The hammer shall strike the anvil and make steel on steel 

free fall shall be w. Hammen used with fie a d  
rope method shall have an unimpeded overlift capacity of at 

NorE 3--It is suggested that the hammer guide be permanently 

5.4.2 Hammer Drop ,$ys~e~-Rope~fi&, trip, semi- 

I: 

but be noted on the 

be less than 6.5 in. (162, mm) greater than 2*2 in* 2 2 lb (63.5 f 1 kg) and &a be a solid @d m e a c  mass. 

I 5.1 -4 Solid, COnllnUOUS Flight, Bucket and Hand Augers, contact when it is dropped. A hammer fall guide permining a than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm) 
be used !Sifthe sod on the side of the boring 

Rods--Flush-joint steel 

OeS not 
may 

Onto the ampler Of -piing rods during 1- 4 in. (100 mm). For safety reasons, the use ofa hammer 
assembly with an internal anvil is encouraged. 

drill rods shall be 
to connect the splitbarre' to the drive-weight to enable the operator or inspeaor to judge the hammer &p 

rod sw have a stiffness (moment heipht 

automatic, or automatic hammer drop systems may be u~ed, 
the apparatus not cause of 

*an *at Of parallel "A" 
rod which tias an outside diameter of I% in. (= 

mm) and an insidediameter of 1Vs in. (28.5 mm). 

242 000163 



e 

'vp 
A i l l  

t 100 

;on- 
ving 
i or 
e of 
(35 
tion 
t i s  
tion 

llua 

140 
ass. 
tee1 
% a 
ind 
.fat 
ner 

ndY 
h P  

?i- 
4 
: of 

01586 

TUBE / BALL / I 
6 l4 e 

\ VENT 

(2 at y8 ir 
diameter., 

A = 1.0 to 2.0 h. (25 to 50 mm) 
6 = 18.0 to 30.0 in. (0.457 to 0.762 rn) 
C = 1.375 f 0.005 in. (34.93 f 0.13 mm) 
D = 1.50t0.05-0.00in.(38.1i1.3-0.0~) ' 

E 
F 2.00t0.05-0.00in.(50.8i1.3-0.0~) 
G = 16.0' to 23.0' 

= 0.10 t 0.02 in. (2.54 f 025 mm) 

T k  l%h. (38 mm)insidediametersp(it barrel may be used with a 1- wall thicknm split tiner. The peneaating end of the drive shoe may be slightly munded Me 
Q plastic retabren may beused to retain soil samples. 

FIG. 2 Split-Barrel Sampler 

the sampler while reengaging 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 flight hollow-stem auger method. 
6.2.3 Wash boring method. 
6.2.4 Continuo& 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 mafining bed of a confined 
noncohesive stratum that is under artesian pressure. Casing 

' 
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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 I 
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the boring or hello\- 
stem augers shall be maintained at or above the in sia 
groundwater level at all times during drilling, removal of dr; 
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 rf 
moved, prepare for the test with the following sequence t 
operations. 

7.1.1 Attach the split-barrel sampler to the sampling mc 
and lower into the borehole. Do not allow the sampler I 
drop onto the soil to be sampled. 

7. I .2 Position the hammer above and attach the anvil t 
the top of the sampling rods. This may be done before tb 
sampling rods and sampler are lowered into the borehole 

7.1.3 Rest the dead weight of the sampler, rods, anvil, an 
drive weight on the bottom of the boring and apply a seatin 
blow. If excessive cuttings are encountered at the bottom c 
the boring, remove the sampler and sampling rods from th 
boring and remove the cuttings. 

7.1.4 Mark the driu rods in three successive 6-in. (0.15-112 
increments so that the advance of the sampler under th 
impact of the hammer can be easily observed for each 6-ir 
(0.15-m) increment. 

7.2 Drive the sampler with blows from the 140-lb (63.5 
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kg) hammer and count the number of blows appliedin each 
6-in. (0.15-m) increment until one of the following1 ~ m .  

7.2.1 A total of 50 blows have been applied duriDg any 
one of the three 6-in. (0.15-m) increments described m 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 is 
termed the "standard penetration resistance,'' or the 
"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. (0.15-111) increment and per each 
partial increment shall be recorded on the boring log. For 
partial 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 static 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-lb (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-lb (63.5-kg) 
hammer and dows it to drop 30 f 1 .O in. (0.76 m -C 25 mm) 
unimpeded. 

7.4.2 By using a cathead to pull a rope attached to the 
hammer. When the cathead and rope method is used the 
system and operation shall conform to the following 

7.4.2.1 The cathead shall be essentially Eree 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 minimum 
speed of rotation of 100 RPM, 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 be used during the performance of the penetration test, as 
1 shown in Fig. 1. 
I N U ~ E  *The operator should g e n d y  use either 1% or 2% rope 
tm depending upon wbether or not the rope comes off the top (1% 
turns) or the bottom (2114 turns) of the cathead. It is generally known . a d  accepted that 2% or more rope turns conuderably impedes the fall 

' of the hammer and should not be used to perform the test. The cathead 
! m ~  should k maintained in a relauvely dry, clean, and unfrayed 
' condition. 

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) lift and 
dOP shall be employed by the operator. The operation of 
Pulling and thowing the rope shall be performed rhythrm- 
d Y  without holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. Record the 
or the length of sample recovered. Describe 

e soil samples a overed as to composition, color, stratifi- 
and condition, then place one or more representative 

of the sample into sealable moisture-proof con- 
ner~ (im) without ramming or distorting any apparent 

I 
I 

stratification. Seal each container to prevent evaporation of 
soil moisture. Affix labels to the containers bearing job 
designation, boxing. 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. I .4 Weather conditions, 
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 available, 
8.1.8 Method of advancing and cleaning the boring, 
8,1.9 Method of keeping boring open, 
8.1.10 Depth of water surface and drilling depth at the 

time of a noted loss of drilling fluid, and time and date when 
reading or notation was made, 

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, 

nates, if available and applicable), 

barrel (note use of liners), 

and 
8.1.16 Remarks. 
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 Description of soil, 
8.2.3 Strata changes within sample, 
8.2.4 Sampler penetration and recovery lengths, and 
8.2.5 Number of blows per 6-in. (0.15-m) or partial 

field and shall include the following: 

increment. 

9. Precision and Bias 
9.1 Precision-A valid estimate of test precision has not 

been determined because it is too costly to conduct the 
neceSSary inter-laboratory (field) tests. Subcommittee 
D18.02 welcomes proposals to allow development of a valid 
precision statement. 

9.2 Bias-Because there is no reference material for this 
test method, there can be no bias statement. 

9.3 Variations in N-values of 100 % or more have been 
observed when using different standard penetration test 
apparatus and drillers for adjacent bonngs 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 
cathead, an old, oily rope, or massive or poorly lubricated 
rope sheaves can significantly conmbute to differences in 
N-values obtained between operator-drill rig systems. 
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9.5 The variability in N-values produced by different drill 
rip and operators may be reduced by measuring that part of 
the 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 resistance; split- 
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Standard Practice for 
Thin-Walled Tube Sampling of Soils' 

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 linen used within the above 
samplm. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 2488 Practice for Description and Identification of Soils 

D 3550 Practice for Ring-Lined Barrel Sampling of So@ 
D4220 Practices for b r v i n g  and Transporting Soil 

(Visual-Manual Procedure)' 

sample2 

3. Summary of Practice 
3.1 A relatively undisturkd 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. Sigaificance 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 structural 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 th in-ded  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 ~ P ~ O  Insenion Equipment, shall be adequate to 
Pmvide 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 

5.3.1 Length of Tubes-% Table 1 and 6.4. 
5.3.2 Tolerunces, shall be within the limits shown in Table 

2. 
5.3.3 Inside Clearance Rotio, 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 from 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-walled 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. 

seam. 

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 disturbed. If groundwater is encountered, 
maintain the liquid level in the borehole at or above ground 
water level during the sampling operation. 
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TABLE 1 

% 6.77 
H 12.7 
1 25.4 
2 50.8 
3% 88.9 
4 101.6 

FIG 1 Thln-WaRedTubeforSampli 

Suiible Thin-Walled Steel Sample Tubes" 

2 3 5 
50.8 76.2 127 

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 DimnsioMi Tolera~tcea for Thin-WaUed Tuber 
Nommal Tube Diameters from Table 1" Tderaoces. in. 

' 2  3 5 sizeoutside 
biameter 

outsidediameter M.007 M.010 4 . 0 1 5  ~ 

-O.m -0.Ooo -O.m 
Inside diameter +o.ooo 4.m +o.ooo 

-0.007 -0.01 0 -0.01 5 
Wan micknes M.007 '9a.010 M.015 
ovality 0.01 5 0.020 0.030 
SbZ@RM?S 0.030/!l 0.mOfh 0.030p 

"1mermediateorLarger- Should be pmputmw ' .Tderancesshomr 
a m e s s m t w y s t e n d a r d a n a n e r d a l ~  . t o l a e n c e s ~ s e a m l e s s ~  
mechenica) hrbing. specity qhwod the fht three tderances; math O.D. and 
I.D.. or OD. and WaP. or 1.0. and Wan. 

possible to avoid dimrbance of the material to be sampled. 

NOTE 2-Roller bits are available in downward-jetting and di&ed- 
jet configurations. Downward-jetting configuration rock bits are not 
acceptable. DiBusc-ja configurations are generally -le. 

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. 

6.4 Determine the length of advance by the resistanCe and 
condition of the formation, but the length shall never exceed 

. .  
, : . .: r !  * ., . ... -. . .  _ .  247 

5 to 10 diameters of the tube in sands and 10 to 15 diameters 
of the tube in clays. 

NIXE >Weight of sample, laboratory handling capabilities, trans- 
portation problems, and commercial a&bility of tubes will generally 
limit maximum practical lengths to those shown in Table I. 

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 repon 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 sampie 

atter pressing is complete. 

6.7 Withdraw the sampler fiom the formation as carefully 
as possible in order to minimize disturbance of the sample. 

7. Preparation 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 
o v e d  sample length. Seal the lower end of the tube. 
Alternatively, after measurement, the tube may be sealed 
without removal of soil from the en& of the tube if so 
directed by the engineer or geolosiSt. 

NOTE 5-Fidd extrusion and of extruded sampks under 
the specific dinction of a geotechnical en&= or geolosin is perinined 

NOTE &Tubes scaled over the ends as opposed to those sealed with 
cxpaading packers should contain end padding in end voids in order to 
w e n t  drainage or movement of the sample within the tube. 

7.2 Prepare and immediately fi labels or apply mark- 
ings as necessary to identify the sample. Assure that the 
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markings or labels are adequate to SurYive transportation 
and storage. fluid used, 

8. Report 

8.1.8 Method of drilling, size of hole, casing, and drillin 

8.1.9 Depth to groundwater level: date and time m e  

8.1.10 Any possible current or tidal effect on water leve: 
8.1 The appropriate information is required as follows: 8.1.11 Soil description in accordance with Practic 
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, 

sured, 

D 2488, 
8.1.12 Length of sampler advance, and 
8.1.13 Recovery: length of sample obtained. 

9* 

fore, a precision and bias statement is not applicable. 

and Bias 
WtiU& 9.1 This practice does not produce numerical data; ther 

The Ameman souetyfor Tssbng and Mater& takes noposrbon respedrng the va/d#y otanyptmtnghts 8sswedfn annedan 
wrth any Rem tnmunmdin thrs standard. Users ofthrs stsnderdam expssslyedvmd thet detetnunatnm of the vaId#ydW such 
petem rights, and the mk durfnngememdsuch nghts, are enrvely their own mponsibd#y. 

I :  , 7 . :  
*. 
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4s[E, Designation: D 2216 - 92 

Standard Test Method for 
Laboratory Determination d:  Water (Moisture) Content of Soil 

I 

and Rock' 1 

Thir standard is issued unda the fixed designation D 2216: the number imrnediatdy foUhng the dedgnation indicates the year of 
d n a l  adoption or, in the case of revidon. the year of laanvision. A number in parrnthevs kdigtes the Year of last nappToval A 
suprvript @on (e) indicates an editorial change since tk ha midon or -A. 

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 m a s  
of "pore" or "fm" water in a given mass of material to the 
m a s  of the solid material. 

1.3 The term "solid particles" as used in geotechnical 
engineering is-miically assumed to mean naturally occurring 
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 drylng at the standard drying temperature for 
this method ( 1  lo'C). 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  1o'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 thestandard drying temperature as defined 
by this test method, the resulting water content may be 
different from standard water content determined at the 
standard drylng temperature. 

NOTE I-Test Methods D 2974 provides an alternate procedure for 
determining water amtent 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 m a s  of solids which 
includes the previously soluble solids. These materials re- 
quire Special treatment to remove or a m u n t  for the 
Presence of precipitated solids in the dry mass of the 

' This method i s  u&' the jurisdiction of Committee D18 on Soil and 
Rock and is the dirst rapondbity of Subcommittee D18.03 on Text- 
W C i t y  and Dcndty characlerinic~ of S O i  

C m t  edition approved June IS. 1992. Published Augusl 1992.0ri&aUy 
publishedsD2216-63T. Laaprrvio~cdition D2216-W'.  

specimen, or a quallied definition of water content must be 
used. 

1.5 This test method requires several horn 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, 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 standard: 
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 
D 43 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- 
fying Balances and Scales for Use in Soil and Rock 
Testing2 

E 145 Specification for Gxavity-Convection And Forced- 
Ventilation Ovens3 

3. Terminology 
3.1 Refer to Terminology D 653 for standard definitions 

of terms. 
3.2 Description of Term Specific to This Standard: 
3.2.1 wafer content (of a material)-the 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. 

Annual Book o j . 4 g M  aondnrd, vol04.08. 
' Annual Book ofAS7M a&&. V d  14.02. 
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4. Summary of Test Method 
4. I A test specimen is dried in an oven tot constant mass. 

The loss of mass due to drying is considered to be water. The 
water content is calculatkd Using the masibf water and the 
mass of the dry specimen. 

5. S ~ i c a n c e  and Use J 

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, watm, 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 4318, is used to express its 
relative consistency or liquidity index. 

6. Apparatus 
6.1 Drying. 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 110 * 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 m a s  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 wade name 
Drierite. 

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 

sunlight. Disturbed samples in jars or other containe. 
be stored in such a way as to prevent or minimize m 
condensation on the insides of the containers. 

7.2 The water content determination should be d 
soon as practicable after sampling, especially if pott 
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 conju 

with another ASTM method, the specimen mass rc 
ment stated in that method shall be used if one is prow 
no minimum specimen mass is provided in that xi 
then the values given before shall apply. 

8.2 The minimum mass of moist material selectec 
representative of the total sample, if the total sample 
tested by this method, shall be in accordance WI 
following: 

Recommended Recomrr 
I rmmmum mass of rmmmum 

momtestspa- most= 
Maxlmum partlclc imen for water imen for 

SIZC (100 Sb Standard Sieve content rcponed content r 
pamne) SUe to ro.1 I to fl 

2 mm or l e s  No. 10 20 8 20 f 
4.75 mm No. 4 100 8 ms 
9.5 mm %-IO. 500 8 S O r  

19.0 mm %-in. 2.5 kg 250 % 

37.5 mm 1 'h in. 10 Lrg I \  
75.0 mm Sin. 50 kg 5 1  

NOTE-TO be representative not less than 20 g shall be uxd 
8.2.1 If the total sample is used it does not have tc 

the minimum m a s  requirements provided in the 
above. The report shall indicate that the entire samp: 
U s e d .  

8.3 Using a test specimen smaller than the min. 
indicated in 8.2 requires discretion, though it mL 
adequate for the purposes of the test. Any specimen us 
meeting these requirements shall be noted in the rep 
results. 

8.4 When working with a small (less than 200g) spec 
containing a relatively large gravel particle, it is appro 
not to include t h i s  particle in the test specimen. Ho\ 
any discarded material shall be described and noted 1 

report of the results. 
8.5 For those samples consisting entirely of intact 

the minimum specimen mass shall be 500 g. Represen 
portions of the sample may be broken into smaller par 
depending on the sample's size, the container and ba 
being used and to facilitate drying to constant mas 
Section 10.4. 

9. Test Specimen Selection 
9.1 When the test specimen is a portion of a 

amount of material, the specimen must be selected 
representative of the water condition of the entire amou 
material. The manner in which the test specimen is sel 
depends on the purpose and application of the test, ty 
material being tested, the water condition, and the ty. 
sample (from another test, bag, block, and the likes.) 

9.2 For disturbed samples such as trimmings, bag 
ples, and the like, obtain the test specimen by one o 
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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 
b e d  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, 
uowel, 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 stwkpile 
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 fiom the interval being 
tested. Avoid any material on the edges that may be wetter or 
drier than the main portion of the sample. 

NOTE 4-Mgration of m o h  in some cohesionless soils m a y  
require that the N1 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, if used). 
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 S-To prevent mixing of spbcimeas and yielding of incorrea 
=SUITS, all  containers, and lids if used, should be numbered and the 

lid numben should match the container numbers to eliminate confu- 
sion. 

NOTE 6-To assist in the ovendrying of large tcst specimens. they 
should be Placed in containers having a large surface area (such as pans) 
and the material broken up into smaller -tion~. 

10.4 Remove the lid (if used) and place the container with 
moist material in the drying oven. Dry the material to a 

n u m h  shall be recorded on the laboratory data sheas The 

. -  
*l 

constant mass. Maintain the drying oven at 110 -C 5% unless 
o t h d  specified (see 1.3). The time required to obtain 
constant mass wiU vary depending on the type of material, 
size of specimen, oven type and capacity, and otha 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 cbses, drying a test specimen ovanight (about 12 

to 16 h) k sufficient In cases whm there is doubt concerning the 
adequacy of drying, drying should be continued until the change in mas 
after two successive periods @eater than I h) of drying is an hsigr&- 
cant amount (less than about 0.1 %). Specimens of sand may o h  k 
dried to constant mas  in a period of about 4 h, when a foraxiddl oven 
isused 

NOTE 8-Since some dry materials may absorb moisnrre fium 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 desimtor is aaxptable in p k  of tight fitting 

lids since it greatly reduces absorption of moisture h m  the atmosphere 
during cooling especially for containers without tight fitting lids 

11. calculation 
11.1 Calculate the water content of the material as fol- 

lows: ' 

w 1 [(M, - M,)/(M, - M,)] x 100 = 5 x 100 
Ms 

where: 
W = water content, %, 
M, = mass of container and wet specimen, g, 
M, = mass of container and oven dry Specimen, g, 
Me = mass of container, g, 
M, = mass of water (M, = M, - M&), g, and ; 
M, = mass of solid particles (M, = Mcb - Mc), 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. 

12.1.2 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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12.1.4 Indicate if test specimen contained more than one 

12.1.5 Indicate the method of drying if different from 

12.1.6 Indicate if any material (size and amount) was 

material type (layered, etc.). 

ovendrying at 1 10 k 5°C. 

excluded from the test specimen. 

13. Recision and Bias 
13.1 Statement on Bias-There is no accepted reference 

value for this test method; therefore, bias cannot be deter- 

Therefore, results of two properly conducted tests by the 
same operator with the same equipment should not be 
'considered suspect unless they differ by more than 7.E 
percent of their mean. 

13.2.2 Multilaboratory Precision-The multilaborato? 
coefficient of variation has been found to be 5.0 percent 
Therefore, results of two properly conducted tests by dif 
ferent operators using different equipment should not b 
considered suspect unless they differ by more than 14.1 
percent of their mean. 

mined. 
14. Keywords 

analysis; moisture content; soil aggregate; water content 

13.2 Statements on Precision: 
13.2.1 Single-Operator Precision-The single-operator 14.1 consistency, index propew, laboratory; moistur 

coefficient of variation has been found to be 2.7 percent. 

The American s4ciery for Twig and Materials fakes no positicn respecting the validay d any patm rights asserted in CMneCtion 
m lhis standerd. Users of thb standard are expressly 8dvised ther detmiMtion d the validity d any such with any &em 

patent rigtUs, and the risk dMingemm d such rights. are entidy lheir own mspon~W@. 

This standard is subject to rwision &,any time by the rssponSiMe technical commiftee and must be rwiewed every fn8 years and 
it nof revised, either rsapproved or withdrawn. Ywr comments are invited eilher for revision d fhh standard or tor additional standsrds 
and should be addressed to ASTh4 Headquarters. Your comma& wi// receive csrefur consideratian at a meeting d the mm'w 
technical comminee. which you may mend. /I you fad that your comments have not received a fair heering you should &e your 
views known to the ASTM Canminee on Standards, 1916 Rece SI., Phil&@!&, PA 19103. 

7 ,  

' < '  

297 000173 



Designation: D 2217 - 85 
. 1  

'4 

Standard Practice for .:..:I 
Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination d$oil Constants' 

. - .  

D .  
.--.: 1 

This standard is h e d  under the fued d m o n  D 2217; the number immediately following the designation indicates the year of 
ongird adoption or. in the case of rrviSionklae:year of lan revision. A number in parentheses indicates the year of Last reapproval. A 
supmcript &on (e) indicates an editori?cbange since the lan revision or reapproval. 

This practice has been approved for use by &&ies ofrhe Depanrnenr of Defenre andfor lisring in rhe DoD Index olSprcjficarions and 
Standarak. 

. .  

1. Scope 
1.1 This practice covers the wet prepahtion 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 ~ U ~ P O R  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. 

I 

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 

D 422 Method for Particle-Size Analysis of Soils2 
E 11 Specification for Wire-Cloth Sieves for Testing 

P U I ~ O S ~ S ~  

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 42 1, 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 pTactin is under the jurisdiction of ASIM Cornminee D18 on Soil and 
Rock and is the dim responsibility of Subcommittee D18.03 on Texture. 
Plasticity, and Density charancristics of Soils. 

Current edition approved July 26. 1985. Published September 1985. Originally 
published as D 2217 - 63 T. Lan previous edition D 2217 - 66 (1978)". 

Annual Book ofASTM SIandarak. Vol04.08. 
'Annual Bopk ofASTM Slcmdarak, Vol 14.02. 

2 

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 plkicity 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 panicles. 
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 
quanering the samples. 

4.5 Dryirig Apparatus-Thermostatically controlled 
drying oven for use at 140°F (60°C) or below and at 230°F 
( 1 l0"C), 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 representative portion by the method of quartering 
or by use of the sampler. This portion must be sufficient 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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Panicle-Si Analysis of Mataial Rctaind on 
No. 10 (2.00-mm) Sieve: 

Gravelly soils. g 
Sandy soils. g 
silty or clayey soils. g 

10 (2.00-mm) Siwc 
sandy soils. g 
.silty or clayey soils. g 

Liquidlimit. g 
Plastic limit. g 
Ceauifug moisture equivalent, g 

Check tcsu g 

Panicle-Si Analysis of Mataial Pasing No. 

Tcsu for Determination of Soil Connanrs: 

Shrinkage famrs g 

D2217 

I IS 
. 65 

100 
1s 
10 
30 
65 

Nm I-When the sample contains panicles of soft shale or 
sandstone or similar weak material, proper care must be exercised to 
avoid excessive reduction in the size of the parh'cles. 

6. Reparation 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 */z 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), stirring 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 ( I  10 +- 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 Biichner 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- 

maining in the pan, and dry at a temperature not exceeding 
1WF (60'C). Grind the dried soil in the mortar yith z 
rubber-covered pestle or other suitable device and combint 
with similar material obtained in 6.1.1. 
NOTE 2-In some instances, the wasb water will not become clear ir 

a reasonable length of time; in this case the entire volume must b 
evaporated. 

6.2 For Determination of Soil Constants--Proceed iz 
accordance with 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 preser. 

in the tap water may exchange with the natural cations in the soil an- 
alter sigmficantly the values of the soil constants should tap water t 
used in the soaking and washing operations. Unless it is known that suc 
cations are not present in the tap water, distilled or deminedized watt 
should be used. The soaking and washing operation will remove soiubi 
dts contained in the soil. When soluble salts are present in the soil, tt 
wash water should be saved and evaporated, and the salts returned to tk 
soil sample. 

7. Test Samples 
7.1 Keeping each portion separate from the other portior 

mix thoroughly the portions of the soil sample passing tk 
No. 10 (2.00-mm) sieve and the No. 40 (425-pm) sieve; E 
the method of quartering or by the use of the sampler, seler 
and weigh out test samples of the weights indicated i 
Section 5 ,  as may be needed to make the required tests. 

PROCEDURE B 

8. Samples 
8.1 Samples prepared in accordance with this trocedu: 

must be shipped from the field to the laboratory in seale 
containers and must contain all their natural moistur 
Samples obviously containing only particles passing the No 
10 (2.00-mm) sieve may be tested in the particle-size analys 
without l i rst washing on the No. 10 (2.00-mm) siev 
Samples obviously containing only particles passing the N 
40 (425-pm) sieve may be used in the tests to determine sc 
constants without first washing on the No. 40 (425yr. 
sieve. 

9. Preparation of Test Samples 
9.1 For Particle-Size Analysis: 
9.1.1 Select and weigh a representative portion of ti 

moist sample estimated to contain 50 g of particles passi: 
the No. 10 (2.00-mm) sieve for silty and clayey soil, or 1OC 
for sandy soil. For samples containing particles not passi; 
the No. 10 (2.00-mm) sieve for which a particle-size analy: 
is required, select and weigh a representative sample es 
mated to contain the required amounts of particles bc 
passing and not passing the No. 10 (2.00-mm) sieve. Detc 
mine the moisture content at 230 f 9'F (1 10 -C 5OC) using : 
auxilmy sample, for use in Method D 422. 

9.1.2 Soak the moist sample and wash on a No. 
(2.00-mm) sieve as described in 6.1.2:After washing, dry t 
material retained on the No. 10 (2.00-mm) sieve in an ov 
at a temperature of 230 -c 9°F (1 10 f 5"C), weigh, and rec 
for the particle-size analysis. If the volume of the wash wa 
and soil is too large for use in the sedimentation procedure 
the test for particle-size analysis, evaporate excess water 
exposure to air at rciom temperature, by heating in an ov 
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at a temperature not exceeding 230°F (1 lO'C), or by boiling. 
Zgardless of the method of evaporation used, the following 

precautions must be taken: (I) stir the slurry from time to 
time to prevent a dry soil ring from forming on the walls of 
the evaporation vessel, and (2) return the temperature of the 
sample to room temperature before testing. 

9.2 For Determination of Soil Constants-Select a repre- 
sentative portion of the moist sample estimated to contain 
sufficient particles passing the No. 40 (425ym) sieve to 
make the required tests for deemination of soil constants. 
Soak t h i s  selected portion of the moist sample and wash on 
the No. 40 (425ym) sieve as described in 6.2 (Note 2). 
Reduce the moisture content of the material passing the No. 
40 (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 drying until all required tests have been performed. 

The American for Testing Md Materials~tekes no pasilion respUing the MllidRy of any patem rights asswed in conneciion 
with any item menlioned in this slandard. Users of lhis standard ere expressly advised that determination of the validny of any such 
plmt righls, and the risk of infringemem of such rigMs. are entidy their own mqwnsibilily. 

This standard is subjei3 to revision a! any time by the responsible technicaf m m i n e e  and must be reviewed every five years and 
il not revised. either mapproved of withdrawn. Yarr comments are invited either for revision of this standard or for additional standards 
and shwld be addressed lo AS7M Headquaners. Your commems will receive careful ConSideratiM at a W i n g  of the responsible 
technical wmminee, which you may allend. I f  you feel tha! your commenrs have not received a fair hearing you shwld make ywr 
views known to the ASTM Comminee on Sandards. 19 16 Race St. I Philadelphia. PA 19 103. 
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Designation: D 2435 - 90 

i :: 

Standard Test MethodGr 
One-Dimensional Cm&olidation Properties of Soils’ 

i 

1. scope 
1.1  his test method covers procedures p ~ q  determining 

the magnitude and rate of consolidation of d when it is 
dried laterally and drained axially WhSisubjected to 
incrementally applied controlled-stress l o a d s i  Two alterna- 
tive procedures are provided as follows: 

1.1.1 Test Merhod A-This test method is performed with 
constant load increment duration of 24 &tor multiples 
thereof. Timedeformation readings are required on a min- 
;mum 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 % primary consolidation is reached, or 
at constant time increments as described in Test Method A. 

‘1 

NOTE I-The determination of the rate and magnitbde of consolida- 
tion of soil when it is subjected to controlled-strain l d n g  is covered by 
Tat Method D 41 86. ~ il 

1.2 This test method is most commonly iperfonned on 
undisturbed samples of fine grained mils naturally 
sedimented in water, however, the basic t d  procedure is 
applicable, as well, to specimens of compacted soils and 
undisturbed samples of soils formed by otherprocesses such 
as weathering or chemical alteration. E v a l d o n  techniques 
specified in this test method are generally a&cable to soils 
naturally sedimented in water. Tests perforihed 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 agmcy requesting 
this test to specify the magnitude and q u e m  of each load 
increment, including the location of a rebund cycle, if 
required, and, for Test Method A, the loadincrements for 
which timedefonnation readings are desired. .. 

Nm 2-Time-deformatioa readings are requiredm determine the 
time for completion of primary consolidation and br evaluating the 
coefficient of consolidation, c, .Since c, varies with s m s ~  level and load 
increment (loading or unloading), the load increments with timed 
readings must be selected with specific reference fb the individual 
project. Alternatively. the requesting agency may specih Test Method B 
wherein the timedeformation readings are taken on P load increments 

1.4 The values stated in SI units are to beregarded as the 
standard. The values stated in inch-pound UI& are approx- 
imate and given for guidance only. Reporting of test results 

i 

This sfandad is issued undcr the fixed &on D 2435: the number immediately fobbing the designation indicates the year of 
original adoption or, in the case of rcvisiw:yar of ba midon. A number in parcntbacs indicates the year of ka RapproVal. A 
superscript epsilon (0 indicates an edito&+bmgc sine the last revision or mpproval. 
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’ This M method is under the jurisdiction of ASIM C o k t t e e  D-18 on Soil 
a d  Rock and is the dirst raponsibility of subcommittee D18.05 on Structural 
Ropma of soil. 

Cmtedit ion approved June 29,1990. Published N o m &  1990. Chiginally 
PUbuted a~ D 2435 - 65T. Last WOUS edition D 2435 - 80. 

in units other than SI shall not be regarded as nonconfc 
mance with this test method. 

1.4.1 In the engineering profession it is customary p n  
tice to use, interchangeably, units representing both m: 
and force, unless dynamic calculations ( F  = Ma) 2 

involved. This implicitly combines two sepamte systems 
units, that is, the absolute system and the gravimetric syster 
It is scientifically undesirable to combine two separz 
systems within a single standard. This test method has be: 
written using SI units; however, inch-pound conversions 2 

given in the gravimetric system, where the pound (11 
represents a unit of force (weight). The use of balances 
scales recording pounds of mass (lbm), or the recording 
density in lb/ft3 should not be regarded as nonconforman 
with this test method. 

1.5 This standard does not purport to address the safc 
problems associated with its use. It is the responsibility of i 
user of this standard to establish appropriate safety a. 
health practices and determine the applicability of regulatc 
limitations prior to use. 
2. Referenced Docnmeots 

2.1 ASTM Standards: 
D422 Method for Particle-Size Analysis of Soils’ 
D653 Terminology Relating to Soil and Rock’ 
D 854 Test Method for Specific Gravity of Soils’ 
D 1587 Practice For Thin-Walled Tube Sampling of Soi 
D2216 Method for Laboratory Determination of Wai 

(Moisture) Content of Soil, Rock, and Soil-Aggreg: 
Mixtures’ 

D 2487 Classification of Soils for Engineering Purposes’ 
D 2488 Practice for Description and Identification of !ik 

(Visual-Manual Pr~cedure)~ 
D3550 Practice for Ring-Lined Barrel Sampling of Soil 
D 4 186 Test Method for One-Dimensional Consolidatit 
Properties of Soils Using Controlled-Strain Loading2 

D4220 Practice for Preserving and Transporting St 
Samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, a: 
Plasticity Index of Si’ 

D4452 Methods for X-Ray Radiography of Soil Sample 
D4546 Test Methods for One-Dimensional Swell 

Settlement Potential of Cohesive Soils3 
3. Terminoiogy 

method shall be in accordance with Terminology D 653. 
3.1 Definitions-The definitions of terms used in this tc 

AM& Book ojAS7.U SI&&. Vol 04.08. 
AM& Book ofAST-U Sanahr&, Vols 04.08 and 08..04. 
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Cocfilcient of Consolidation, C. 

FIG. I Consdidation Test Summary 

4. Summary of Test Method evaluation techniques exist and may yield different estimates 
4.1 this test a soil specimen is of the preconsolidation pressure. Therefore, the requesting 

agency may specify an alternate technique to &mate the 
~ m n s o l i & t i o n ~ m ~ r e -  

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 Soh, the rate Of COIV@kkitiOn 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 requdng agency may specify an alternative tech- 

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 wil l  be 
saturated. However, the time rate of deformation is very 
sensitive to degree of Saturation and Caution must be 
emrcised regarding estimates for duration of Wtkments 
when WdY saturated conditions Prevail. The extent to 
which partid Saturation hflUeIlC€S 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 
apparatusequippedtosaturatethe specimen. 

5.6 This test method uses conventional consolidation 
theory based on Terzagbi'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 soil 
skeleton; 

laterally and lo&& axially with total inamen&. Each 
stress increment is maintained until e x a s  pore water 
pressures are completely dissipated. During the consolidation 
p m ,  measurements &e of change in the specimen 
height and these used to determine the relationship 
between the effective stress and void ratio or k n ,  and the 
rate at which consolidation can occur by evaluating the 
coefficient of consolidation. 

5. Significance and Use 
5.1 n e  data from the consofidation test are used to 

estimate the magnitude and rate of both differential and t o d  
sertlement of a structure or earthfill. Estimates of this type 

and the evaluation of their performance. 
be greatly affected by ample 

diaur&ne. careful sl&on and preparation of test speci- 
mens is required to minimize disturbance. 

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 preconsoli&tion 
pressure refem& 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 
Pattern 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 verify that one set of time readings are 
taken after the PreamxMation pressure. Several other 

are of key importance in the design of engineered ~~~ 

nique and be in COXlfOrmallce with this test method. 

5.2 The test results 
j 

5.3 Comli&tion 

I 
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5.6.4 The stress-strain relationship is linear over the load 

5.6.5 The ratio of soil permeability to soil compressibility 

5.6.6 Darcy's law for flow through porous media applies. 

increment; 

is constant over the load increment; and 

6. Apparatus 
6.1 b a d  Device-A suitable device for applying vemcal 

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 2 0.5 % of the applied load and 
should permit quick application of a given load increment 
without significant impact. 

NOTE 3--Load application generally should be completed in a time 
comsponding to 0.01 r,,,, or leu. 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 
fiction 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 height shall be 12 mm (0.5 in.), but shall be not less 
than ten times the maximum panicle diameter. 

NOTE 4-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 D 422 (except the minimum 
sample size requirement shall be waived). 

6.2.3 Minimum Specimen Diameter-to-Height Ratio- 
The minimum specimen diameter-to-height ratio shall be 
2.5. 
NOTE 5-Tbe use of greater diameter-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 
prrferable. 

6.2.4 Specimen Ring Rigidity-The rigidity of the ring 
shall be such that, under hydrostatic stress conditions in the 
specimen, the change in diameter of the ring will not exceed 
0.03 % of the diameter under the greatest load applied. 

6.2.5 Specimen Ring Materid-The ring shall be made of 
a material 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, polytetduoroethylene 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 
disk, however, the permeability of the disks; and filter 
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paper, if used, must be at least one order of magnitude h 
than that of the specimen. 
NOTE 6-Whatman NO. 54 filter paper has been found u, 

requirements for permeability and durability. 
6.3.1 Diameter-The diameter of the top disk shall t 

to 0.5 mm (0.01 to 0.02 in.) less than the inside d i m e  
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 SI& 
to prevent breaking. The top disk shall be loaded throi 
corrosion-resistant plate of sufficient rigidity to pr 
breakage of the disk. 

6.3.3 Maintenance-The disks shall be clean ana 
from cracks, chips, and nonunifordies. New porous 
should be boiled for at least 10 minutes and left in the - 
to cool to ambient temperature before use. Immediatel) 
each use, clean the porous disks with a nonabrasive : 
and boil to remove clay particles that may reduce 
permeability. It is recommended that porous disks be c 
in a jar with deaired water between tests. 

6.4 Specimen Trimming Device-A trimming tun  
or a cylindrical cutting ring may be used for trimmiij 
sample down to the inside diameter of the consolido: 
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 t 
sharp edge, a highly polished surface and be coated T 

low-friction material. Alternatively, a turntable or Uirr 
lathe may be used. The cutting tool must be properly a! 
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 0.025 mm (0.0oO1 

6.6 Miscellaneous Equipment-Including timing c 
with 1 s readability, distilled or demineralized water, 
ulas, knives, and wire saws, used in preparing the spec. 

6.7 Balances, in accordance with Method D 2216- 
6.8 Dving Oven, in accordance with Method D 221 
6.9 Water Content Containers, in accordance 

Method D 22 16. 
6.10 Environment-Tests shall be performed in an 

ronment where temperature fluctuations are less than : 
(+ TF) and there is no direct exposure to sunlight. 

7 .  Calibration 
7.1 The measured vertical deformations must be 

rected for apparatus flexibility whenever the cawb; 
correction determined in 7.4 exceeds 5 % of the mea 
deformation and in all tests where filter paper disks are 

7.2 Assemble the consolidometer With a copper or 
steel disk of approximately the same height as th 
specimen and 1 mm (0.04 in.) smaller in diameter thz 
ring, in place of the sample. Moisten the porous pi: 
filter papers are to be used (see 6.3), they shou 
moistened and suflicient time (a minimum of 2 
allowed for the moisture to be squeezed from them c 
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 hctices 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 8-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. 

NOTE 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 coUected 
wing sample tubes, the inside diameter of the tube shall be at 
least 5 mm (0.25 in.) greater than the inside diameter of the 

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 cumng 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-tined 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 fecessed 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 !irst 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 10-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 cecessed specimen or the use of a specimen ring equipped wirh 
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 m a s  of the specimen, M, 
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 talang 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?) from the diameter of the 
ring and the initial specimen height. 

9.10 Obtain two or three nanual water content determi- 
nations of the soil in accordance with Method D 22 16 from 
material trimmed adjacent to the test specimen if suflicient 
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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IO. Soil Index h r t y  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 ta ts  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 Atferberg 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 Panicle Size Distribution-The particle size 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 
1 1.6. 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. 
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I 11. howdare 
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 rnanner~ 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 afFinity for water. Assemble the ring 
with specimen, porous disks, filter disks (when needed) and 
consolidometer. If the specimen wil l  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 I 1-In order to meet the stated objectives of this test method 
the specimen must not be allowed to swell in e x e s  of its initial height 
prior to being loaded beyond its preconsolidation pre~sure. Detailed 
procedures for the determination of onedimensional swell or settlement 
Potential of cohesive soils is covered by Test Method D 4546. 

1 1.2 Place the consolidometer in the loading device and 
apply a seating pressure of 5 kPa (100 lbf/ft2). Immediately 
after application of the seating load, adjust the deformation 

indicator and record the initial zero reading, d, If n v ,  
add additional load to keep the specimen from swelling 
Conversely, if it is anticipated that a load of 5 kPa (100 
lbf/ftz) 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 defonna- 
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 test 
report the pressure at inundation and the resulting changes 
in height. 

1 1.4 The specimen is to be subjected to increments 01 
constant total stress. The duration of each increment shal: 
conform to guidelines specified in 1 1.5. The specific loading 
schedule will depend on the purpose of the test, but shoulc 
conform to the following guidelines. If the slope and shape o 
a virgin compression curve or determination of th 
preconsolidation pressure is required, the final pressure s E  
be equal to or greater than four times the preconsolidatio 
pressure. In the case of overconsolidated clays, a bene 
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 alw 
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 ? 
doubling the pressure on the soil to obtain values 
approximately 12,25,50, 100,200, etc. kPa (250, 500, 1OC 
2000, 4o00, etc. lbf/ft2). 

11.4.2 The standard rebound or unloading schedi 
should be selected by halving the pressure on the soil (that 
use the Same increments of 1 1.4.1, but in reverse ordc 
However, if desired, each successive load can be or 
one-fourth as large as the preceding load, that is,  ski^ 
decrement. 

1 1.4.3 An alternative loading, unloading, or reload 
schedule may be employed that reproduces the construct 
stress changes or obtains better definition of some part of 
stress deformation (compression) c w e ,  or aids in in 
preting the field behavior of the soil. 

NOTE 12-Small increments may be desirable on highly comp 
ible Specimens or when it is desirable to determine the preconsolid- 
pressure with more precision. It should be cautioned, however, that 
increment ratios less than 0.7 and load increments very close tc 
preconsolidation pressure may preclude evaluation for the coefficie 
consolidation, c, and the end-of-primary consolidation as discus 
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 
i n f ~ ~ ~ ~ n t  applied after the preconsolidation pressure and 
along the virgin compression curve. Where secondary com- 

1 pression must be evaluated, apply pressures for longer 
Periods- The report shall contain the load increment dura- 
tion for each increment. 

Nan 13-The suggested time in& for recording height or 
change in height are for typical soils and load incrwents. It is often 
desirable to change the reading frequency to improve interpmation of 
the data More rapid consolidation will require more frequent readings. 
For most soils primary consolidation during the fim load-decremenu 
will be complete in l e s  time (typically one-tenth) than would be 
required for a load increment along the virgin compression m e ,  
howver, at very low streaes the rebound time can be longer. 

11.6 To minimize swell during disasembly, rebound the 
specimen back to the seating load (5  kPa). 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, M.,. 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 speclfied index 
testing (see 9.1 l), then determine the final water content, wf,  
in accordance with Method D 2216 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, w4, 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 Specim2n Properties: 
12.2.1 Obtain the dry mass of the total specimen, k f d  , by 

direct measurement or for the case where part of the 
specimen is used for index testing, calculate the dry mass as 
f0Uows: 

M,=& 
+ w/, 

where: 
M., = 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 final water content, in 
percent, as follows: 

taken afier test. 

MT.- * d X  initial water content: wo = 
Md 

MT,- Md 

Md 
final water content: wf= 

where: 
Md = dry mass of specimen, g or Mg, and 
MTo = moist mass of specimen before test, g or Mg. . 

follows: 
12.2.3 Calculate the initial dry density of,the specimen as 
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FIG. 2 Time-Deformation C w e  From Log of Time Method 

where: 
Pd = dry density of specimen, g/cm3 or Mg/m3, and . -  
V, = initial volume of specimen, cm-’ or m’. 

follows: 
12.2.4 Calculate the dry unit weight of the specimen as 

yd = 9.8 x pd, in m/m3 
yd = 62.43 x pd, in lbf/ft3 

12.2.5 Compute the volume of solids as follows: 

=E4 
vs GP, 

where: 
G = specific gravity of the solids, and 
pv = density of water, 1.0 g/cm3 or Mg/m3 

12.2.6 Since the cross-sectional area of the &men is 
constant throughout the test, it 
calculations to introduce the 

H,- H, 
HS 

void mi0 before test e, = 

Hf- Hs 
HS 

void ratio afier test: ef = 

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 percc 

12.3 Time-Deformation Properties-From those i r  
mens of load where timedeformation readings are o b u  
two alternative procedures (see 12.3.1 or 12.3.2) are prov 
to present the data, determine the end-of-primary conso 
tion and compute the rate of consolidation. Alternati- 
the requesting agency may specify a method of its choice 
still be in conformance with this test method. The defo 
tion readings may be presented as measured deforma 
deformation corrected for apparatus compressibility or 
verted to strain (see 12.4). 

12.3.1 Referring to Fig. 2, plot the deformation reac 
d, versus the log of time (normally in minutes) for 
increment of load. 

12.3.1.1 Fm draw a straight line through the F 
representing the final readings which exhibit a straigh 
trend and constant slope (0.4 Draw a second straigh 
tangent to the steepest part of the deformation-log time 
0). The intersection represents the deformation, dlw 
time, tlm corresponding to 100% primary consolic 
(E). Compression in excess of the above estimated ! 
primary consolidation is defined as secondary compre: 

12.3.1.2 Find the deformation representing 0 96 pr 
consolidation by selecting any two points that have i 
ratio of 1 to 4. The deformation at the larger of the two 
should be greater than V4, but less than ‘/z of the 
deformation for the load increment. The deformation 
sponding to 0 %  primary consolidation is equal 1 
deformation at the smaller time, less the differer 
deformation for the two selected times. 

12.3.1.3 The deformation, d,, corresponding to 
primary consolidation is equal to the average of the de: 
tions corresponding to the 0 and 100 9% deformation 
time, t,,,, required for 50% consolidation may be 

consolidation on the curve. 
12.3.2 Refemng to Fig. 3, plot the deformation re 

d, versus the square root of time (normally in minu 

is convenient for sumuent 
term “equivalent height of 

graphically from the deformation-log time m e  i 
serving the time that corresponds to 50 9% of the p, 

solids,” defined as follows: 
V H s = A  A 

I each increment of load. 
where: - 
A = specimen area, cm2 or mL. 

12.2.7 Calculate void ratio before and after test as folio%: 4 boldfatx numbem in parrnthesa refa to a list of d m m  at 
thetun 

- ,  
. . . .  . 
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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 % 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, dm and time, tm 
corresponding to 90 % primary consolidation. 

12.3.2.3 The deformation at 100 % consolidation is V9 

more than the difference in deformation between 0 and 90 % 
consolidation. The time of primary consolidation, tlm 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 
defonnation at 519 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: 

where: 
T = a dimensionless time factor: 

for method 12.3.1 use 50 % consolidation with T 
Tm = 0.197, 

for method 12.3.2 use 90 % consolidation with T 
TW = 0.848. 

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 

HDso = length of the drainage path at 50 % consolidation, 
cm or m 
for double-sided drainage HDso is half the specimen 
height at the appropriate increment and for one 
sided drainage HDs0 is the 111 specimen height. 

12.4 Load-Deformation Properties: 
12.4.1 Tabulate the deformation or change in deforma- 

tion, d,, readings corresponding to the end of each incre- 
ment and, if using Test Method B, corresponding to the 
end-of-primary consolidation, d,, 

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=eo- -  
H* 

12.4.3.2 Alternatively, calculate the vertical strain, in 
percent, as follows: 

r = %  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 Referring to Fig. 4, plot the deformation results 
(void ratio or strain) corresponding to the end of each 
increment and, if using Test Method By corresponding to the 
end-of-primary consolidation versus the logarithm of the 
pressure. 
NOTE !+In some cases. it may be preferable to present the 

loaddeformation curve in arithmetic scale. 

12.4.6 Referring to Fig. 4, determine the value of the 
prexonsolidation pressure using the following procedure. 
NOTE IS-Any other recognired method of estimating 

preconsohdation pressure (see references) may also be used, provided 
the method is identified in the repon 

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. 5 Example of Consolidation Test Summiry Plots 

FIG. 4 Evaluation for Reconsolidation Pressure From 
Casagrande Method 

pressure (G) (abscissa) corresponding to this point of inter- 
section is the estimated preconsolidation pressun. 

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 Initial and final void ratio of specimen, 

13.1.2.5 Initial and final degree of saturation of specim 

13.1.2.6 Preconsolidation pressure. 
1 3.1.3 Test Procedure: 
13.1.3.1 Preparation procedure used relative to hmm: 

state whether the specimen was trimmed using a trimm 
turntable, trimmed using a cutting shoe, or tested directl: 
a ring from a ring lined sampler. 

13.1.3.2 Condition of test (natural moisture or inunda; 
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 decreme 

and load increment duration, if Wering from 24 h; enc 
increment deformation results and, for Test Method 
end-of-primary deformation results and coefficient of con 
idation (see Fig. 1). 

13.1.3.6 All departures from the procedure outlined. 
cluding special loading sequences. 

13.1.4 Graphical Presentations: 
13.1.4.1 Graph of deformation versus log time (see F i g  

or square root of time (see Fig 3) for those load incremc 
where time rate readings were taken. 

13.1.4.2 Graph of void ratio versus log of pressure ci 
or percent compression versus log of pressure curve (see 
4). 

13.1.4.3 In cases where time rate of deformation read 
have been taken for several load increments, prepare a gr 
of the log of coefficient of consolidation versus average 1 

ratio or average percent compression for the respective i 
increments (see Fig. 5). Alternatively, a graph of coefic 
of consolidation or log of coefficient of consolidation ve 
log of average pressure may be used. If time rate read 
were obtained for only two load increments, simply tab1 
the values of c, versus the average pressure for the incren: 

NOTE 16The average pressure between two load incremer 
chosen because it is a convenient coordinate for plotting the ri 

udess the rate of pore pressure dissipation is measured, it is not po: 
to determine the actual e f f d v e  pressure at the time of 50 % consc 
tion. Furthermore, some ambiguity may arise in cases where the t e  
been canid through one or more intermediate load-rebound cyclc 

and 
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14. Recision and Bias 

14.1 Statement of Precision-Due 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 physicaI 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 Statement of Bias-There is no acceptable reference 
value for this test method, therefore, bias cannot be deter- 
mined. 

15. Keywords 
15.1 CompressibiJiV, compression curves; consolidation; 

consolidation coefficient; consolidation test; consolidometer, 
preconsolidation pressure; primary consolidation; rebound 
secondary compression; settlement; swelling 
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Designation: D 2487 - 92 4m. 
Standard 
Classification of Soils for Engineering Purposes 
(Unified Soil Classification System)' 
This nandard is issued under the fued designation D 2487: the number immediately following the designation indicates the year of 
original adoption or. in the cay of revision. the ycar of lan revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (c) indicates an editorial change since the lan &ion or reapproval. 

This srandard has been approved for use by agencies of rhe Depanmenr of Dtfense. Consulr rhe DOD Index of Specifcarions and 
Sran&rds for rhe specific year of issue which has been adopied by rhe Depanmenr of Dtfense. 

, 

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 I-Use of this standard will result in a single classification 
group symbol and group name except when a soil contains 5 to 12 7% 
fines or when the plot of the liquid limit and plasucity index values falls 
into the crosshatched area of the plasticity chan. 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 bordertine 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 used m this test method 

may be used as a descriptive system applied to such matenals 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 
characterinia 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 1940'~.~ 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 

This nandard is under the jurisdiction of ASTM Committee DI 8 on Soil and 
Rock and is the d i m  responsibility of Subcommittee D18.07 on Identification 
and Clasdfication of Soils. 

C u m t  edition approved May IS. 1992. Published July 1992. Originally 
published as D 2487 - 66 T. Last previous edition D 2487 - 90". 

ZCasagrande, A., "Clasdfication and Identification of Si" Trmactiont, 
ASCE, 1948, p. 901. 
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safety problems, f 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 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 anc 

RocP 
D421 Practice for Dry Preparation of Soil Samples fOi 

Particle-Size Analysis and Determination of Soil Con- 
stants4 

D 422 Test Method for Particle-Size Analysis of Soils4 
D653 Terminology Relating to Soil, Rock, and Con- 

tained Fluids4 
D 1140 Test Method for Amount of Material in Soil, 

Finer than the No. 200 (75-pm) Sieve4 
D 22 16 Test Method for Laboratory Determination c 

Water (Moisture) Content of Soil and Rock4 
D 22 17 Practice for Wet Preparation of Soil Samples fo 

Particle-Size Analysis and Determination of Soil Con 
stants4 

D 2488 Practice for Description and Identification of So% 
(Visual-Manual Proced~re)~ 

D4083 Practice for Description of Frozen Soils (Visuai 
Manual P r o c e d u ~ ) ~  

D 43 18 Test Method for Liquid Limit, Plastic Limit, an4 
Plasticity Index of Soils4 

D 4427 Classification of Peat Samples by Laboratory Tes! 
ing* 

E 11 Specification for Wire-Cloth Sieves for Testing Pu: 
poses3 

3. Terminology 

in accordance with Terminology D 653. . 
3.1 Definitions--Except as listed below, all definitions ai 
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Annual Book of ASTM Slandards, Vol04.02. 
Annual Book of ASTM Standard& Vol04.08. 

000189 

I 



NOTE &For panicles retained on a 3-in. (IbQim) U.S. standard 

Cobbfes--partides of rock that will pass a 12h(300-mm) square 

Boulders-particles of rock that will not prp 12in. (300-mm) 
squareopening - _. 

3.1.1 gravel-particles of rock that -dl pass a 3-in. 
(75-mm) sieve and be retained on a Na.4:(4.75-mm) US. 
standard sieve with the following SUM-: 

Coarse-passes 3-in. (75-mm) sieve andrnained on 3/4-in. 
(19-mm) sieve, and '- 

Fine-passes 314-in. (19-mm) sieve a n d e d  on No. 4 
(4.75-mm) sieve. 

3.1.2 sand-particles of rock that & pass a No. 4 
(4.75-mm) sieve and be retained on a Na200 (75-pm) U.S. 
standard sieve with the following subdiw,ns:  

Cqarse-passes No. 4 (4.75-mm) s i a . a n d  retained on 

Medium-passes No. 10 (2.00-mm) + and retained on 

Fine-passes No. 40 (425-pm) sieve a retained on No. 
200 (75-pm) sieve. .'::. 

3.1.3 clay-soil passing a No. 200 (754am) U.S. standard 
sieve that can be made to exhibit plasticiry (putty-like prop 
erties) within a range of water contern and that exhibits 
considerable strength when air dry. For dassification, a clay 
is a finegrained soil, or the fine-graind portion of a soil, 
with a plasticity index equal to or greaterthan 4, and the plot 
of plasticity index versus liquid limit v s  on or above the 
"A" line. IS 

3.1.4 silt-soil passing a No. 200 (75;'pm) US. standard 
sieve that,is nonplastic or very.slighdy 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 clay-a clay with sufkient 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 9% 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 drylng is less than 75 9% 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-brown to black color, a spongy consistency, and a 
texture ranging from fibrous to amorphous. 

.- sieve, the following definitions are suggested: 

opening and be retained on a 3-in. (75-mm) U.-dard sieve, and 

-. - 

. ?  

No. 10 (2.00-mm) sieve 

No. 40 (425-pm) sieve, sad 

3.2 Descriptions of Terms Specific to This Standard: 
3.2.1 coefficient of curvature, Cc-the ratio (D3o)'/(Dl0 X 

Da), where Dm, D30, and Dlo are the particle diameters 
corresponding to 60, 30, and 10 9% finer on the cumulative 
particle-size distribution curve, respectively. 

3.2.2 coficient of uniformity, Cu-the ratio D60/D10, 
where Dm and D,, are 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, this 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 he-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(s) along 
with the descriptive information required in Practice D 2488 
can be used to describe a soil to aid in the evaluation of its 
si&icant 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 paftkle-size distribution m e ,  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 natural soils. It i s  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: 

Minimum Specimen Si, 

100 g (0.25 lb) 
200 g (0.5 lb) 
1.0 kg (2.2 lb) 
8.0 kg (18 Ib) 
60.0 kg (132 lb) 

Maximum Particle S i  

4.75 mm (No. 4) 
9.5 mm (318 in.) 

19.0 mm (314 in.) 
38. I mm ( I  112 in.) 
75.0 mm (3 in.) 

Sieve opening Dry weight 

- 

Whenever possible, the field samples should have weights 
two to four times larger than shown. 

000190 
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TABLE 1 Soil Classification Chart 

Critena for Assigning Group Symbols and Gmup Names Usmg Laboratory Tests" 
GroupNamee Svmbol 

COARSE-GRAINED SOILS Gravels UeanGraVels C u r 4 a n d 1  ~ C c c 3 ~  GW Webgraded gravelF 

200 sieve traCtrOnmtarnedOnN0 4 GP Pwrl~gradedgravel~ MOtE than 50% retarnedm NO M W  liW150% Of- 

SleVe Gravels Hnth F~nes Frnes dassrfy as ML or MH GM Silty gravdF.0.". 
Less 5 %  tinesc cu c4 andla 1 >e. 

More man 12%fmesc F m  dasyfy as CLor CH GC Clayey gravdF.Q." 

sands cleansands C ~ r 6 a n d l s C c S 3 ~  sw Wa-graced sand' 
Lessman5xfines0 C ~ c 6 a n d / o r l > C c > 3 ~  SP Poodygradedsand' 50 % or more of coarse 

fractm passes No. 4 swe 
Sands m Frnes Fines dasslfy as ML or MH S M  SiltysandG"' 
More man 12% Fines dasyfy as CL or CH SC Clayey sandG.HJ 

FINEGRAINED SOILS *andclays mo%wc PI>7andplotsmorabove'A'lmJ CL Leanday- 
50 % or more passes me No. 
200 w e  I 

PI < 4 or plots below 'A' Ilne' ML Lqmd lun~ less man 50 

OrganC Lqud limd - oven dned o.75 Orgatuc daflLM IY 

OL orqaruc SI@ ' hf.0 Lqud lmd - not dned 
PI plots on or above 'A' ltne 

PI plots below 'A' lm 

CH Fat day*.LM 

MH Elast~c silt" Lhf 

silts and clays rnorgaruc 
bqtud lnnd 50 or more 

OH Organic daflLMJ' 
O m i c  siHnM.0 

Liquid limit - oven dried 
Liquid limit - not dried o,75 organic 

HIGHLY ORGANIC SOILS timarihr omanic matter. darlc in color. and organic odor PT Peat 

cBasedon MematenaIpasstngthe 3ul. (75mm) 
sieve. 

If field sample mntarned cobbles or boulders, or 
both. add 'with cobbles or boulders. or both' to 
group name. 

cGravels Wm, 5 to 12% fines requne dual 
symbds: 
GWGM wellgraded gravel Wm, silt 
GW-GC well-graded gravd wth day 
GP-GM poortv graded gravel Hnth SIR 
GPGC poorly graded gravel vnth day 

symbols: 
SW-SM well-graded sand WIUI sltt 
SW-SC wdI-graded sand wm day 
SPSM powtv graded sand Hnth SIR 
SP-sc poorly graded sand Wm, day 

O S a n d s  with 5 to 12% fines reqwe dual 

M I f  soil Contains z 3 0 %  plus No. 200. pr' 
dominantly gravel. add 'gravelly' to group name. ECu=D80/0,,, 

F I ~  d l  15 % sand. add sand- NPI s 4 and plotson or above 'A-line. 

G If fines dasslfy as CL-ML, &e dual symbol GC 
GM. or S G S M .  

++ If fines are organic, add 'with organic fines' to 
group name. 

If soil contains 2 15 % gravel, add 'with graver 
to group name. 

Jlf Anerberg Limits plot in hatched area, soil is a 
CL-ML. silty day. 

K I f  soil mtains 15 to 29% plus No. 200. add 
'with sand" or 'with gravel.' whichever is pre 
dominant. 

'If soil contains r 30 % plus No. 200. pre- 

Dio X Deo 

group name. OPI < 4 orplotsbebw 'A' line. 

0 PI plots below 'A' line. 
PI Plots on or above 'A' line. 

dominantly sand. add 'Sandy' to p u p  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 (425ym) 
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, ET, 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 the testi- 

for particle-size distribution and liquid limit and plastici 
index shall be in accordance with accepted standard proc 
dures. Two procedures for preparation of the soil specime 
for testing for soil classification purposes are given 
Appendixes X3 and X4. Appendix X3 describes the v 
preparation method and is the preferred method for cohesi 
soils that have never dried out and for organic soils. 

9.3 When reporting soil classifications determined by t 
standard, the preparation and test procedures used shall 
reported or referenced. 

9.4 Although the test procedure used in determining - 
particle-size distribution or other considerations may requ 
a hydrometer analysis of the material, a hydrometer anal! 
is not necessary for soil classification. 

9.5 The percentage (by dry weight) of any plus 3- 
(75-mm) material must be determined and reported 
auxiliary information. 

9.6 The maximum particle size shall be determined (m 
sured or estimated) and reported as a d a r y  informatior 

9.7 When the cumulative particle-size disvibution is 
quired, a set of sieves shall be used which include 
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GROUP 
SYMBOL GROUP NAME 

(3Ox plus No. 200 <15Y plus No. 200 Fat day 
1 5 . 2 9 ~  plus No. 2-X sand 2% prne& c*r with Und 

X u n d < % g r n S l ~ F i t d a v  withgrinl  
x und 2% g r d  <15% gn..f-Sandv fN dw 

-215% giivel-Smdv f i t  dav with grnel 
<15X und-Cnvmllv 11% dw T - >lSX und-Grawllv f i t  dav with und 

>30% PlUlNO. 200 < - PI plots m n-CH 
.bore " A - l i m  

<30%plus No. 200 15% plus No. 200 Elrnic silt 
-5.29% plus No. ZOO-% und a g r d z E l a t i c  silt with und 

Y und <X S r e l - E l r n i c  silt with p r i w l  
<1SX grel-saq .Ln*+ El1 

->t5Xgrnal-- aIinic silt with g r i n 1  

T - 
<>30% plus No. ZOO<: 2 zf:: 

<lS% und-Grdlv elatic silt 
>15X und-Gridlv ilrnic lilt with und 

PI PIOU t n M H  
, LL250 "A"-lim 

-OH -h tigum l b  
LC-Onndliad 

FIG. l a  Flow Chart forClassifying Fine-Grained Soil (50 % 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 9% fines, a 
plot of the cumulative particle-size distribution curve of the 

,fraction coarser than the No. 200 (75-pm) 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 5% 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 5% or more fines, a 
determination of the percent fines, percent sand, and pef6ent 
gravel is reqlured, and the liquid limit and plasticity index 

are required. For soils estimated to contain 90 9% 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. Prelimhry Classification Procedure 
10.1 Class the soil as fine-grained if 50 9% or more by dry 

weight of the test specimen passes the No. 200 (75-pm) sieve 
and follow Section 11. 

10.2 Class the soil as coarse-grained if more than 50 % 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 9% 
or more by dry weight passing the No. 200 (75-pm) 
sieve) 

11.1 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 11.3.2. 

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. 

1 1.1.2 Classify the soil as afar clay, CH, if the liquid limit 
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GROUP SYMBOL GROUP NAME 

: 1  
, c Organic day 

% sand 2% gmel- Organic c h y  with sand 
%sand <% gravel- Organic day with gravel 
<15% gmel-sandy organic day 
215% pnVd-S.ndy organic day with 
<15% nnd -Gravelly organic day 
215% sand -Gravelly organic chy with I 

F 
T 

% r u d ~ g r a r d  

<% d <% gravel 

c Organic si l t  <15% plus No. 200 
% sand 2% grad-Organic silt with und 1529% plus No. 2 0 0 1 .  C 

<IS% wavel-Smdv organic silt 
215% gravel- Sandy organic si l t  with pra 
<15% nnd-Graveliy organic silt 

% nnd 2% gmd 

215% sand-Gravelly organic silt with sa 

-96 sand <% gravd-otganic silt wi th gravel 

bdar "A"-line >SO% plus No. 200 

I 

<1S% plus No. 200 
1529% plus No. 200 

-Organic day 
% Und 2% w.rd-OrganK day with sand 

<Is% WaVel- Sandy organic d a y  

-0% plus No. 200 

%sand 2% grawl 
-215% WaveI-Sandv organic day  with gra 

215% und- Gravdlv organic clay with 1 

% und <% gravel --<IS% und- Gravelly organic c h y  

Plots on or. 
above "A"- linc .\ 

;; 

OH C3OS'Dlus No. 200 <15% plus No. 200 C Organic silt 
% Und 2% warel-Organic silt with sand 
% Und <% gravel-Organic s i l t  with gravel 

1529% plus No. 200 

% und 2% gravel 

<15% sand- Gravelly organic s i l t  
->15% - sand- Gravellv o r g ~ i c  silt wi th E 

230% plus No. 200 

flG. i b  Flow Chart forklassifying Organic Fine-Grained Soil (50 % or More Passes  No. 200 Sieve) 

.i! 

GROUP SYMBOL GROUP NAME 
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L IQUlD L I M I  T (LL) 

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. 

1 1.1.3 Classify the soil as a silty clay, CLML, 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. 

11.2 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. 

11.2.1 C l a d y  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. 

1 1.3 The soil is an organic silt or clay if organic matter is 
present in sufficient amounts to influence the liquid limit as 
determined in 11.32. 

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 drying is less than 75 ?6 of the liquid 
limit of the original specimen determined before oven drying 
(see Procedure B of Practice D 22 17). 

1 1.3.3 Classify the soil as an organzc silt or organic clay, 
OL, if the liquid limit (not oven dried) is less than 50 %. 

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. 

11.4 If less than 30 9% but 15 ?& or more of the test 
specimen is retained on the No. 200 (75ym) 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." 

1 1.5 If 30 9% or more of the test specimen is retained on 
the No. 200 (75-pm) sieve, the words "sandy" or "gravelly" 
shall be added to the group name. Add the word "sandy" if 
30 7% 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 % or more of the 
test specimen is retained on the No. 200 (75-pm) sieve and 
the coarse-grained pomon 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 Particlesize Plot 
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12. Procedure for Classification of CoarseGrained Soi 
(more than 50 % retained on the No. 200 (75-pm) sieve) 

12.1 Class the soil as gravel if more than 50 95 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 % or more of the coarse 
fiaaion [plus No. 200 (75-pm) sieve] passes the No. 4 
(4.75-mm) sieve. 

12.3 If 12 % or less of the test specimen passes the No. 
200 (75ym) sieve, plot the cumulative particle-size distribu- 
tion, Fig. 4, and compute the coefficient of uniformity, Cu, 
and coefficient of w a t u r e ,  Cc, as given in Eqs 1 and 2. 

CU = D&lo (1) 

(2) 
where: 
D,, D30, and Dm = the particle-size diameters corre- 
sponding to 10, 30, and 60 %, respectively, passing on the 
cumulative particle-size distribution curve, Fig. 4. 

XOTE &It may be nece~~ary to extrapolate the curve to obtain the 
D,c diameter. 

12.3.1 If less than 5 9% of the test specimen passes the No. 
200 (75-pm) sieve, classify the soil as a well-graded gravel, 
GW, or well-graded sand, 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 &e test specimen passes the No. 
200 (75-pm) sieve, classify the soil as poorly graded gravel, 
GP, or poorly graded sand, SP, 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 = (Dmo)2/(D,o X Dm) 

. - .  .. ~ '. 

coarse-grained soil with fines. The fines are determined to 1 

either clayey or silty based on the plasticity index vers 
liquid limit plot on Fig. 3. (See 9.8.2.1 if insufficient mater, 
available for testing). (See NOTE 6) 

12.4.1 Classify the soil as a clayey gravel, GC, or clay. 
sand, SC, if the fines are clayey, that is, the position of t ;  
plasticity index versus liquid limit plot, Fig. 3, falls on 
above the "A" line and the plasticity index is greater than 

12.4.2 Classify the soil as a silty gravel, GM, or silty s m  
SM, if the fines are silty, that is, the position of the plastic] 
index versus liquid limit plot, Fig. 3, falls below the "A" li- 
or the plasticity index is less than 4. 

12.4.3 If the fines plot as a silty clay, CL-ML, classify t. 
soil as a silty, clayey gravel, GC-GM, if it is a gravel or a sill 
clayey sand, SC-SM, if it is a sand. 

12.5 If 5 to 12 % of the test specimen passes the No. 2( 
(75ym) sieve, give the soil a dual classification using tv 
group symbols. 

12.5.1 The first group symbol shall correspond to that fi 
a gravel or sand having less than 5 % fines (GW, GP, SY 
SP), and the second symbol shall correspond to a gravel I 
sand having more than 12 95 fines (GC, GM, SC, SM). 

12.5.2 The group name shall correspond to the first gro~ 
symbol plus "with clay" or "with silt" to indicate ~ 

plasticity characteristics of the fines. For example, we 
graded gravel with clay, GW-GC; poorly graded sand wi 
silt, SP-SM (See 9.8.2.1 if insufficient material available f< 
testing). 

NOTE 9-If the fines plot as a d z y  chy, CL-ML, the second groi 
symbol should be either GC or SC. For example, a poorly graded Sai 
with 10 % fines, a liquid limit of 20, and a plasticity index of 6 would 
classified as a poorly graded sand with silty clay, SP-SC. 
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12.6 If the specimen is predominantly rand or gravel but 
contains 15 9% or more of the other & e n e d  constit- 
uent. the words "with gravel" or "with sarid"! shall be added 
to the group name. For example, poorly gmdd gravel with 
sand, clayey sand with gravel. 

12.7 If the field sample contained any mbbles or boulders 
or both, the words "with cobbles," or uwith 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 dassifjing 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 lO--Example: C layq  Gravel with Sand and Cobbles (W)- 
46 5% fine to coarse, hard, subrounded gravei; 30 5% fine to coarse. hard. 
subrounded sand: 24 96 clayey fines LL = 38, PI = 19; weak reaCtion 
with Ha: original field sample had 4 5% hard, subrounded cobbles: 
maximum dimension 150 mm. 
In-Place Conditions-firm, homogeneous, dry, brown, 
Geologic Interpretation-alluvial fan. 
NOTE 1 I-Other examples of soil descriptions are given in Appendix 

XI. 

I 

APPENDIXES 

14. Keywords 
14.1 Atterberg limits; classification: clay; gradation; 

gravel; laboratory classification; organic soils; sand; silt; soil 
classification; soil tests 

(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 . l . l  Well-Graded Gravel with Sand (GW-73 9% fine 
to coarse, hard, subangular gravel; 23 ?4 fine to coarse, hard, 
subangular sand; 4 96 fines; Cc = 2.7, Cu = 12.4. 

X1.1.2 Silty Sand with Gravel (SM)-61 9% 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-Fm, 
stratified and contains lenses of silt I to 2 in. thick, moist, 

brown to gray; in-place density = 106 lb/ft3 and in-place 
moisture = 9 9%. 

X1.1.3 Organic Clay (0L)-100 96 fines, LL (not dried) 
= 32, LL (oven dried) = 21, PI (not dried) = 10; wet, dark 
brown, organic odor, weak reaction with Ha. 
X 1.1.4 Silty Sand with Organic Fines (SM)-74 9% fine to 

coarse, hard, subangular reddish sand; 26 9% organic and silty 
dark-brown fines, U (not dried) = 37, LL (oven dried) = 26. 
PI (not dried) = 6, wet, weak reaction with HCl. 

X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and 
Boulders (GP-GM)-78 96 fine to coarse, hard, subrounded 
to subangular gravel; 16 % fine to coarse, hard, subrounded 
to subangular sand 6 % silty (estimated) fines; moist, brown; 
no reaction with Ha; original field sample had 7 9% hard, 
subrounded cobbles and 2 9% hard, subrounded boulders 
with a maximum dimension of 18 in. 
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X2. USING SOIL CLASSIFICATION As A D- 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 particle size and plasticity 
characteristics may be used in the description of the material. 
If deslred, a classification in accordance with this standard 
may be assigned to aid in describing the material. 

X2.3 If a classifcation is used, the group syrnbol(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 materiais 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 
Ha. After laboratory processing by slaking in water for 24 h, 
material classified as "Sandy Lean Clay. (CL)"-61 96 clayey 
fines, LL = 37, PI = 16; 33 % fine to medium sand 6 % 
gravel-size pieces of shale. 

X2.4.2 Crushed Sunktone-Product of commercial 
crushing operation;. "Poorly Graded Sand with Silt (SP- 
SM)"-91% fine to medium sand; 9 96 silty (estimated) 
fines; dry, reddish-brown, strong reaction with H a .  

X2.4.3 Broken S h e l l s 4 2  92 gravel-size broken shells; 
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3 1 7% sand and sand-size shell p i e ;  7 7% fines; would be 
classified as "Poorly Graded Gravel with Sand (GP)". 

from Pit No. 7; "Poorly Graded Gravel (GP)"-89 % fine, 

hard, angular gravel-size particles; 1 1 % coarse. hard, angul. 
sand-size particles, dry, tan; no reaction with HCl; Cc = 2. 

X2.4.4 Crushed Rock-Processed gravel and cobbles Cu = 0.9. 

. 

x3. PREPARATlON 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 3-in. (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 3-in. (75-mm) fraction. Any 
panicles 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 
fraction retained on the 3-in. (75-mm) sieve. Determine the 
total (wet) weight of the fraction passing the 3411. (75-mm) 
sieve. 

,X3.6.3 Thoroughly mix the hction passing the 34x1. 
(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, 
I 

hard surface and select a representative sample by quarter. 
in accordance with Practice C 702. 

X3.7.1.1 If the soil contains coarse-grained partic 
coated with and bound together by tough clayey mater 
take extreme care in obtaining a representative portion of. 
No. 40 (425ym) fraction. Typically, a larger portion tk 
normal has to be selected, such as the minimum weig 
required in 7.2. 

X3.7.1.2 To obtain a representative specimen of a b. 
cally cohesive soil, it may be advantageous to pass the 
through a 3/'-in. (1 9-mm) sieve or other convenient size 
the material can be more easily mixed and then quarterec 
split to obtain the representative specimen. 

X3.7.2 Process the representative specimen in accordz 
with Procedure B of Practice D 22 17. 

X3.7.3 Perform the liquid-limit test in accordance - 
Test Method D 4318, except the soil shall not be air a 
prior to the test. 

X3.7.4 Perform the plastic-limit test in accordance . 
Test Method D 43 18, except the soil shall not be air c 
prior to the test, and calculate the plasticity index. 

X3.8 Determine the particle-size distribution as follo 
X3.8.1 If the water content of the fraction passing 

3-in. (75-mm) sieve was required (X3.6.3), use the w 
content specimen for determining the particle-size dist: 
tion. Othepise, select a representative specimen in ac 
dance with Practice C 702 with a minimum dry weig 
required in 7.2. 

X3.8.2 If the cumulative particle-size distributior: 
cluding a hydrometer analysis is required. determint 
particle-size distribution in accordance with Test Me 
D 422. See 9.7 for the set of required sieves. 

X3.8.3 If the cumulative particle-size distribution wi- 
a hydrometer analysis is required, determine the particl: 
distribution in accordance with Method C 136. See 9. 
the set of required sieves. The specimen should be sc 
until all clayey aggregations have softened and then w. 
in accordance with Test Method C 117 prior to perfor 
the particle-size distribution. 

X3.8.4 If the cumulative particle-size distribution : 
requirkd, determine the percent fines, percent sand 
percent gravel in the specimen in accordance with 
Method C 1 17, being sure to soak the specimen long e: 
to soften all clayey aggregations, followed by Method 
using a nest of sieves which shall include a No. 4 (4.75 
sieve and a No. 200 (75-pm) sieve. 

X3.8.5 Calculate the percent fines, percent sanc 
percent gravel in the minus 3-in. (75-mm) fractic 
classification purposes. 
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X4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTIXG FOR CLASSIFICATION PURPOSES ! 

X4.1 This appendix describes the steps in preparing a soil 
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 airdried 
state. 

X4.2 If the soil contains organic matter or mineral 
colloids that are irreversibly affected by air drymg, 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 3411. (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 3-in. 
(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 particle-size 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 
dmibution 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 1140 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 4318. 

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.~ Unified Soil Classification System. 

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 

Howard. A.K.. 'The Revised ASTM Standard on the Unified Soil Classifica- 
tion Syrm." Geotechnical Testing Journal. GTJODJ Vol 7. No. 4, December 
1984. 
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The American Society tor Testing and Matends takes no position respecting the didity of a n y  patent rights asserted in connettion 
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(m Designation: D 2488 - 90 

6 2  

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)' 

This standard is issucd under the tixed designation D 2488 the number immediately following the designation indicates the year of 
original adoption or, in the cay of revision, the year of hn e o n .  A number in parmthcscs indicater the yCar of bsI reapprovaL A 
supervript epsilon (e) indicares an editorial chang since the kst rrvision or reapproval. 

This Qandard has been approved for we by ogmcin of& Depenment ofD&se. &d the DoD I& of S ~ j ? a ~ w n s  an$ 
Standards for the SPKific year of issue which has been adopted by the Depanment of D&se. 

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 iden*ng 

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 identific&ion'portion of this practice is limited 
to naturally occuning soils (disturbed and undisturbed). 

NOTE I-This practicC may be used as a d d p t i v e  system applied 
to such materials as shale, daystone, shell& crushed rock, etc. (See 
Appendix X2). 

1.3 The descriptive information in this practia may be 
used with other soil classification systems or for materials 
other than naturally occurring soils. 

1.4 This standard does not purport to address all of the 
safay problem, if any, associated with its use. It is the 
responsibility of the user of this standard to establish apprc~ 
priate safay and health practices and d e t m i n e  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 
regarded 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 

; 
Fluid9 

i 
! . Auger brings2 

Sampling of Soils2 

' % placticc is ~ n d a  the jurirdiction o f m  Committee p-18 on soil and 
Rock and is the direct rspoacibility of Subcornmitw D18.07 on Identification 

-1 edition approved June 29.1990. Published Augun 1990. &iginaUy 
P b w  8s D 2488 - 66 T. Laa previous edition D 2488 - vel. 

' A d  Bmk of ASTM St&&. V0104.08. 

i 
I and QaSificatiCm of S o i  
! 

! .'i.l! 
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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 Purposesz 

Manual Procedure)2 

3. Terminology 
3.1 Definitions: 
3.1.1 Except as listed below, all definitions are in a m r -  

NOTE 2-For particles retained on a Kin. (75-mm) US standard 

Cobbles-particles of rock that will paa a 12-in. (mrnm) square 

Buulders-particles of rock that wiU not pass a 12-in. (300-mm) 
squareopening. 

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--pamcles 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 34x1. (75-mm) sieve and 'is retained on a 
%in. (19-mm) sieve. 

fine-passes a 3 h - h  (19-mm) sieve and is retained on a 
No. 4 (4.75-mm) sieve. 

3.1.1.4 organic clap-a clay with suf€icient 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 9% 
of its liquid limit value before oven drying. 

3.1.1.5 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 95 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 from 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 re-tained on a Kin. (75-mm) sieve, and 

000200 
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GROUP SYMBOL 

D2488 

3 .  

! 
GROUP N A  

4 5 %  plus No. 200 
1525% pbs No. 200 

% und 2% of gram1 

kund <%gr.ral 

* L-ncb 
%und 2% grrve1- L u n  Ct.v wlth 

<15% g r 8 d  - sudy ban 
215% wawl - Sandy Ian d.y w#th 
<15% sand - G r d y  laan d.r 

-% rud <%-I - LUn c h  wrth growl - 215% und - Grrvelly km &y WI 

230% plus No. 200 

<30% plus No. 200 <15% plus No. 200 b Silt 
% sand 2% g r a d  -Silt wcth und 
% und <% g r r d  - Stlt wnh g r d  
<lS%gnwl-SIndy nk 
>15% gmwl- Sandy nlt wcth g r a v e  

und - Gravelly uk 
sand - G r r d l y  olt wlth mi 

- - 1525% plus No. 200 

% rrnd 2% of grml 

k and <%gravel 
ML< - >30% plus No. 200 

<15% plus No. 200 
1525% plus No. 200 

% und 2% of grawl 

% und <% grard 

<15% plus No. 200 

* F a  c h  
% rud >% grrwl - F a  clay wtth und 

-35% grwd - sudy fat day 
T % u n d 7 % g r 8 ~ l - F 8 t ~ h  wrthgnvel 

- -30% plus No. 200 

cH< - >30% plus No. 200 9r.d - f8t Chy Wrth 
<IS% und - GraWIIY f8t Clay 

- 
215% rud -Grawlly fat clay wn 

> El8ltlc olt 
% und 2% g m e l  - Elmtic ult wcth M 
96 und <% g r r d  - ElmtlC slit wlm gm 
<IS% W 8 d  - s u d V  O h U  dt 

- K 1525% plus No. 200 
C30% plus No. 200 

MH< >30% plus No. 200 215% grrwl - Sandy ehmc nk WI 

<15% und - Gravelly elastu stk - >lS% und - Grawlly el- oh 

~on--~eraatsgesare besed mesllmetng 8 m o ~ t s  ofhes. sand. and gravel to me nearest 5%. 
FIG. l a  Flow chart tor Identifying lnoganic Fine-Grained Soil (50 % or more fines) 

(4.75-mm) sieve and 
with the following subdivisions: 

a No. 10 (2.00-mm) sieve. 

on a No. 40 (425-pm) sieve. 

No. 200 (75-pm) sieve. 

nonplastic or very slightly plastic and that exhibits little or no 
strength when air dry. For classification, a silt is a fine- 
gmined soil, or the fine-grained portion of a soil, with a 
plasticity index less than 4, or the plot of plasticity index 
V ~ K U S  liquid limit falls below the "A" line (see Fig. 3 of Test 
Method D 2487). 

retained on a No. 200 (75ym) sieve 

coarse-passes a No. 4 (4.75-mm) sieve and is retained on 

medium-passes a No. 10 (2.00-mm) Sieve and is retained 

fine-passes a No. 40 (425ym) sieve and is retained on a 

3.1.1.8 silt-soil passing a No. 200 (75ym) sieve that is 

GROUP SYMBOL 

4. summary of Practice 
4.1 Using visual examination and simple manua 

this practice gives standardized criteria and p r d u  
describing and identifying soils. 

4.2 The soil can be given an identification by asif 
group symbol(s) and name. The flow charts, Figs. la 
for fine-grained soils, and Fig. 2, for coarse-grained so 
be used to assign the appropriate group symbol(s) and 
If the soil has properties which do not distinctly place 
a specific group, borderline symbols may be USI 
Appendix X3. 

NUTE 3-It is suggested that a distincfion be made betwc 
symbols and borderline symbols. 
Dual Symbol-A dual symbol is two symbols separated by a 

for example. GP-GM, SWSC, CLML used to indicate that t h c  
been identitied as having the properties of a claaification in aa 
with Test Method D2487 where two symbols are nquir. 
symbols are required when the soil has between 5 and 12 X 

GROUP N 

<3ow plus No. 200 <15% plus No. 200 Oqwnurotl . 
1525% pbs No. 200 - % und 2% grave& Organu roll with u r  

215% gmwl- m u  -11 n 
<15% und - Grrwlly oqwnu mi T 215% nnd - Grawlly orwnu SOII 

% und <% g r r d  - OreMe roll wlth WK 

<15% g r a d  - Sudy orgmu roll T % und 2% g r m l  

Norr--percenteges are bsnd m estnnatwq Bmoun*i of fines. sand, and grad to me - 5 %. 
FIG lb Flow Chart tor Identitying manic Fine-Grained Soil (50 X or more fines) 

337 000201 



@ D2488 

GROUP SYMBOL GROUP NAME 

when the liquid Emit and plasticity index values plot in the &h4L area 
of the plasticity chart 

Borderline Symbol-A borderline symbol is two symbols m t e d  
by a slash, for example, cL/cH, GM/SM. C'LFn, A borderline symbol 
should be used to indicate that the soil has been identified as having 
properties that do not distinctly place the soil into a specific group (see 
Appendix X3). 

5. Sigairrcance 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 

N m  *The ability to describe and identify soils correctly is learned 
more d Y  under the Of experienced personnel. but it may 
also be aCqw Syncmatically by comparing numerid hboxatory test 

' 

1 

results for typical soils of each type with their visual and manual 
C- Q. 

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of borings 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 Kn$e or Small Spatula. 
6.2 Usefur 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 som, including non-potable water. 

7.2 Hydrochloric Acid-A small bottle of dilute hydm 
chloric acid, HCl, one part HCl(l0 N) to three parts water 
(This reagent is optional for use with this practice). See 
Section 8. 
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FIG. 3 Typical Angl ularily 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 necesary 
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. 
N m  S-FWerably. the sampling procedure should be identified 

having been conducted in accordance with Ractices D 1452, D 1587, or 
D 21 13, or Method D 1586. 

9.2 The sample shall be carefully identified as to origin. 
N m  6-Remqks as to the origin may take the form of a boring 

number and sample number in conjunction with a job number, a 
geologic -turn, a pedologic borizon 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 

accordance with the following schedule: 
Maximum Panicle S k  Minimum Spcimen S i  

Sievc Opning Dry weight 

4.75 mm (No. 4) 100 g (0.3 Ib) 
9.5 mm (YE in.) 200 g (0.5 Ib) 
19.0 mm (314 in.) 1.0 Irg (22 Ib) 
38.1 mm (1% in.) . 8.0 kg (18 lb) 
75.0 mm (3 io.) 60.0 kg ( I  32 lb) 

N m  7-If random isolated parricla are encountered tk 
signiticantly larger than the panicles in the soil matrix, the soil 
can be accurately described and identified in accordance w 
preceeding schedule. 

9.4 If the field s&nple or specimen being exami 
smaller than the minimum recommended amoun 
report shall include an appropriate remark. 

10. Descriptive Information for Soils 
10.1 Angulariry-Describe the angularity of the 

(coarse sizes only), gravel, cobbles, and boulders, as a 
subangular, subrounded, or rounded in accordance w 
criteria in Table 1 and Fig. 3. A range of angularity 1 

stated, such as: subrounded to rounded. 
10.2 Shape-Describe the shape of the gravel, c 

and boulders as flat, elongated, or flat and elongated 
meet the criteria in Table 2 and Fig. 4. Otherwise, 
mention the shape. Indicate the fraction of the partic 
have the shape, such as: one-third of the gravel parti 
flat. 

10.3 Color--Describe the color. Color is an im 
property in identifying organic soils, and within 

TABLE 2 Criteria for Describing Particle Shape (see F 
The particle shape shall be described 8s fdlw where w. 1 

micknes refer to me greatest. mmmedate. and least dhnensDos of 

Flat parwBswimwidth*>3 
wnsated 
Flat and elorgated 

partideswithlengm/widm>3 
partides meataiteriatabomnat andc 
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PARTICLE SHAPE 

W=WIDTH 
T = THICKNESS : 

L =LENGTH 

FLAT: W / T > 3  
ELONGATED: L/W > 3  
FLAT AND ELONGATED: 
- meets both c r i t e r i a  

FIG. 4 Criteria for Particle Shape 

TABLE 3 Criteria for Destribina Moisture Condition 
DesaiptDn criteria 

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 u n d  (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 HCl 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. 

TABLE 5 Criteria for Deacribmg Consistency 

10.7 C o m i s t e n ~ F o r  intact fine-grained soil, describe 
the consistency as very soft, soft, h, hard, or very hard, in 
accordance 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 
mane-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 95 fine to coarse gravel, about 40 95 fine to coarse sand. 

10.1 1 Maximum Panicle 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 will pass. For 
example, maximum particle size, 111'2 in. (will pass a 1 1/2-in. 
quare opening but not a V4-h. square opening). 

10.1 1.3 Cobble or Boulder Size-If 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-Desxibe the hardness of coarse sand 
and larger particles as hard, or state what happens when the 
particles are hit by a hammer, for example, -vel-size 
particles fracture with considerable hammer blow, some 
gravel-size particles crumble with hammer blow. 'Hard" 
means particles do not crack, fracture, 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 
augeriag hole, caving of trench or hole, or the presence of 
mica 

10.14 A local or commercial name or a geologic interpre- 

TABLE 8 Criteria for Describing Cementation 
CriteJia 
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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, PT, and not subjected to the 
identification procedures described hereafter. 

12. Reparation for Identification 
12.1 The soil identification portion of this practice is 

based on the podon of the soil sample that will pass a 3-in. 
(75-mm) sieve. The larger than 3-in. (75-mm) particles must 
be removed, manually, for a loose sample, or mentally, for 
an intact sample before clasdfying 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 8-Since the percentages of the particlesite 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 
bouldexs are by volume. 

12.3 Ofthe 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 

NOTE 9-Since the particle-* components appear visually on the 
basis of volume, considerable experience required to estimate the 
percentages on the basis of dry weight. Frequent comparisons with 
laboratory partidesize 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 
sac ien t  quantity to be considered 5 % of the smaller than 
3-in. (75-mm) portion, indicate its presence by the term 
truce, for example, trace of fines. A trace is not to be 
considered in the total of 100 9% for the components. 

13. Frelitaimq Identifieation 

P d W ) .  

13.1 The soil is /ine grained if it contains 50 9% or more 

fines. Follow the procedures for identifying fine-grained soils 
of Section 14. 

13.2 The soil is coarse grained if it contains less than 50 % 
fines. Follow the procedures for identifying coarse-grained 
soilsofSection 15. . 

14. Procedure for Identifyhg FineGrained Soils 
14.1 Select a representative Sample of the material for 

examination. Remove partides 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 Strength: 
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 

14.2.2 From the molded material, make at least three test 
specimens. A test specimen shall be a ball of material about 
112 in. ( 1  2 mm) in diameter. Allow the test specimens to dr! 
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 l/z in. (12 mm) in diameter may be usec 
in place of the molded balls. 
NOTE IO-The process of molding and drying usually produu 

higher strengths than are found in natwal dry lumps of SOL 

14.2.4 Test the strength of the dry balls or lumps t 
crushing between the fingers. Note the strength as none, lo! 
medium, high, or very high in accorance with the criteria 
Table 8. If natural dry lumps are used, do not use the res= 
of any of the lumps that are found to contain particles 
coarse sand. 

14.2.5 The presence of high-strength water-soluble 
menting materials, such as calcium carbonate, may cai 
exceptionally high dry strengths. The presence of calcii 
carbonate can usually be detected from the intensity of 
reaction with dilute hydrochloric acid (see 10.6). 

necessary. 

14.3 Dilatancy: 
14.3.1 From the specimen, select enough material to E 

into a ball about Vz in. (12 mm) in diameter. Mold 
material, adding water if necessary, until it has a soft, but 
sticky, consistency. 

14.3.2 Smooth the soil ball in the palm of one hand. 
the blade of a knife or small spatula. Shake horizont 
striking the side of the hand Vigorously against the c 
hand several times. Note the reaction of water appearin 

34 1 

00020s 



TABLE 10 CriteriaforDe#rikn . g Toughness 
D=wJal cmeria 

Low ~ S t i g M p r a s a r r e s r e q M e d t o r O o u l e t h r e a d n e a r m e  
pksbcm. Thethread and me lumpareweakendsoft 

Medanr ~ ~ I s ~ t o m a m e ~ t o l l e a r u l e  
~ I n n R . T h e t h r e a d f m d m e ~ h a V e m e d a m ~  

~ p r e s s u e s r e q u r e d t o r d l m e l h r e a d t o n e a r m e  
f J b s b c m T h e u m 3 a d a n d m e c l m p h e v e v e r y h r g h  

w 
SMmeSs 

i 
, the surface of the soil. Squeeze the sample by closing the 
1 hand or pinching the soil between the fingers, and note the 
i reaction as none, slow, or rapid in accordance with the 

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 1/8 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 %I in. The thread will crumble at a diameter of '18 
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- the basis of observations made during 
the toughness test, describe the plasticity of the material in 
accordance with the criteria given in Table 11. 

14.6 Decide whether the soil is an inorganic or an organic 
he-grained soil (see 14.8). If inorganic, follow the steps 
given in 14.7. 

14.7 Identification of Inorganic Fine-Grained Soils: 

D2488 

TABLE9 CliteriatOrDescribingDllatency 14.7.1 Identify the soil as a lean clay, CL, if the soil has 
DescnptDn cnterre - medium to high dry strength, no or slow dilatancy, and 

Nan, Nonsiblechangenchespecrmen medium toughness and plasticity (see Table 12). 
slow w~appesrssbwlyonmesurfa~ofthespecrmendumg : 14.7.2 Idenbfythe soil as afat clay, CH, ifthe soil has 

mand-m-a-w'm * high to very high dry stren%h, no dilatancy, and high 
squeanng : touehness and ~lasticit~ (see Table 12). 

12.7.3 Idendfy the s k i  as a silt, ha, 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 Idenbfy 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). 

NOTE 11-These Properties are similar to those for a lean clay. 
However, the silt will dry quickly on the hand and have a smooth, silky 
feel when dry. Some soils that would c w  as MH in accordance with 
the aitcria in Test Method D2487 are visually dimcult to distinguish 
from kan clays, CL. It may be necesary to perform laboratory testing 
for proper identification. 

14.8 Identification of Organic FineGrained 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 signikantly 
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, througb practice and experience. it may k 

possible to further identify the organic soils as organic silts or O ~ C  
days, OL or OH. Comlations between the dilatancy, dry strrngth, 
toughness tests, and laboratory tests can be made to identify organic soils 
in certain deposits of similar ma& of known geologic origin. 

14.9 If the soil is estimated to have 15 to 25 95 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 Ifthesoilisestimatedtohave30 % ormoresandor 
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 C d r a i n e d  Soils (Con- 

15.1 The soil is a gravel if the percentage of gravel is 
tains less than 50 % fines) 

estimated to be more than the percentage of sand. 

TABLE12 ldentificstkn of Inorganic FineGrainad Soils from 
Manual Testa 
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15.2 The soil is a sand if the percentage ob gravel is 

--timated to be equal to or less than the percentage of sand. 
15.3 The soil is a clean gravel or clean sand if the 

percentage of fines is estimated to be 5 7% or l a '  
15.3.1 Identify the soil as a well-graded grm&GW, or as 

a well-graded sand, SW, if it has a wide range of@micle sizes 
and substantial amounts of the intermediate p&cle Sizes. 

15.3.2 Identify the soil as a poorly graded grd,, 'GP, or as 
a poorly graded sand, SP, if it consists predomipantly of one 
size (uniformly graded), or it has a wide ranged sizes with 
some intermediate sizes obviously missing *p or skip 
graded). 

15.4 The soil is either a gruvel with fines or,a sand with 
fines if the percentage of fines is estimated to %e 15 95 or 
more. 1 

15.4.1 Identify the soil as a cluyey gruvel, GG or a cluyey 
sand, SC, if the fines are clayey as de teMed  by the 

15.4.2 Identify the soil as a silty gravel, w, or a silty 
sand, SM, if the fines are silty as dete-ed by the 
procedures in Section 14. 

15.5 If the soil is estimated to contain 10 9% fines, give the 
soil a dual identification using two group symbols. 

15.5.1 The !%st group symbol shall compand to a clean 
gravel or sand (GW, GP, SW, SP) and the second symbol 
shall correspond to a gravel or sand with fines (w, GM, SC, 
SM). 

15.5.2 The group name shall correspond to &e first group 
symbol plus the words "with clay" or "with &" to indicate 
the plasticity characteristics of the fines For example: 
*well-graded gravel with clay, GW-GC" or m r l y  graded 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 % or more of thenother coarse- 
grained constituent, the words "with gravel" Dr "with sand" 
shall be added to the group name. For example: "poorly 
graded gravel with sand, GP" or "clayey sand with gravel, 

15.7 If the field sample contains any cob& or boulders, 
or both, the words "with cobbles" or ''witb cobbles and 
boulders" shall be added to the group name: For example: 

procedures in Section 14. 5 

sand with silt, SP-SM" ( ~ e e  Fig 2). 

SC" (see Fig. 2). 

"silty gravel with cobbles, GM." \ 

16. Report 
16.1 The report shall include the information as to ongin, 

and the items indicated in Table 13. 
Nm 13-Example: Clayey Grnvel with Sand and Cobbles. GC- 

About 50 9% fine to coarse, subrounded to subangular gravel; about 30 % 
fine to cause, subrounded sand; about 20% fines with medium 
plasticity, high dry strength, DO dilatancy, medium toughness; weak 

reaction with HCL; on& field sample had about 5 9% (by volume) 
subrounded cobbles, maximum dimension, 150 mm. 

In-Place Conditions-Fm, homogeneous, dry, brown 
Geologic Interpetation-Alluid fan 
NOTE l e e r  examples of soil descriptions and identification are 

N m  15-If desired, the peroentages of gravel, sand, and fines may 

Trare-Particles are present but estimated to be les than 5 % 
F~R-5 to 10 % 
Liztle- I5 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 distincily and clearly stated in log 
forms, summary tables, reports, and the like, that the symbol 
and name are based on visual-manual procedures. 

given in Appendixes X1 and X2. 

be stated in terms indicating a range of percentages. as follows: 

17. Precision and Bias 

therefore, a precision and bias statement is not applicable. 
17.1 This practice provides qualitative information only, 

18. Keywords 

soil classification; soil description; visual classification 
18.1 classification; clay; gravel; organic soils; sand; silt; 
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APPENDIXES 

(Nonmandatory Information) 

X1. EXAMPLES OF VISUAL SOIL DE!XRPTIONS 

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 !% 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 Ha. 

X1.1.2 Silty Sand with Gravel (SM)-About 60 7% 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-size particles hctured with hammer blow, maximum 
size, 25 mm; no reaction with HCl (Note-Field sample size 
smaller than recommended). 

In-Place Conditions-Fm, stratified and contains lenses 
of silt 1 to 2 in. (25 to 50 mm) thick, moist, brown to gray; 

in-place density 106 1b/fi3; in-place moisture 9 %. 
X 1.1.3 Organic Soil (0LlOH)-About lo0 % fines with 

low plasticity, slow dilatancy, low dry strength, and low 
toughness; wet, dark brown, organic odor; weak reaction 
witb H a .  

X1.1.4 Silty Sand with Organic Fines (SM)-About 75 % 
fine to coarse, hard, subangular reddish sand; about 25 ?6 
organic and silty dark brown nonplastic fines with no dry 
strength and slow dilatancy; wet; maximum size, coarse 
sand; weak reaction with H a .  

X 1.1.5 Poorly Graded Gravel with Silt. Sand, Cobbles and 
Boulders (GP-GM)-About 75 % fine to coarse, hard, 
subrounded to subangular gravel; about 15 % b e ,  hard, 
subrounded to subangular sand; about 10 % silty nonplastic 
fines; moist, brown; no reaction with H a ;  original field 
sample had about 5 95 (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 DESCRIPTIVE S Y m M  FOR SHALE, CLAYmONE, 
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. 

W.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 ~ t u r a l l y  occumng soils are as follows: 

X2.4.1 Shale Chunks-Retrieved as 2 to 4-in. (50 to 

100-mm) pieces of shale from power auger hole, dry, brown, 
no reaction with HCI. After slaking in water for 24 h, 
material identified as 'Sandy Lean Clay (CL)"; about 60 % 
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 Crrcshed Sandstone-Product of commercial 
crushing operation; "Poorly Graded Sand with Silt (SP- 
SM)"; about 90% fine to medium sand; about 10% 
nonplastic fines; dj, reddish-brown, strong reaction with 
Ha. 

X2.4.3 Broken Shells-About 60% 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-Processed 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 particls, dry, tan; no maion with 
HCI. 

X3. SUCCE!TIED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS W'f'rH "WC) POSSIBLE 
IDENTIFICATIONS. 

X3.1 Since this practice is based on &mates of particle 1 1 Size disvibution and plasticity characteristics, it may be 
i; f i c u l t  to clearly identify the soil as belonging to one 

CategOrY. To indicate that the soil may fall into one of two 

possible basic groups, a borderline symbol may be used with 
thetwosymbolsseparatedbyaslash.Forexample:SC/CLor 
cL/cH. 

X3.1.1 A borderline symbol may be used when the 
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percentage of fines is estimated to be between 45 and 55 %. 
h e  symbol should be for a Coarse-grained soil with fines 
and the other for a fine-grained soil. For example: GMWL 
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 borderhe 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- 

grained soil has properties that indicate that it is at the 
boundary between a soil of low compressibility and a soil of 
high compressibility. For example: CL/CH, h4H/ML. 

X3.2 The order of the boiderline 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 first 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 
estimated from the relative volume of each size separate. 
l3.k 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 Wash Test Cfor 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 

(X4.3). 

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 venion 
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. 

- 

'Howarb A. K 'The Revised ASIU Standard on the Description and 
Identification of Soils (Visual-Manual Rocedurc)." Geomhical Testing J o d ,  
GTJODJ Vol. 10, No. 4, December 1987. 

The AmeriaM Sockay for T- and Materia& takes no pasition respecring the validity of any patent righfs ass8rted in mnectitm 
wah any item memiQMd in this standard. Usem of this standard are expressly advised that determination d the validity of any such 
patent rights, cmd the risk d i- c# such rig&, am entire& their own mpmsibility. 

This standard is subject to revisicn at any time by the rsspcnsibk, technical committee and must be reviewed every five years and 
Incfrwised, eitherreaprwovedorwithdrawn. Y o u r c r r m n e n t s a r e i n v i t e d e i t h e r l o r r e v i s i o n d t h i s s t a n d a r d o r t o r ~ ~ ~ ~  
andshouM beeddrsssed to ASTM Heedqyerters. Youramnments will receive careM considemtion at a meeting of the mpomiye 
tectmid COmmmee. which yar may anend. If you feel that your ccmmts haw not received a fair hearing yar should make your 
views known to Um ASTM tkfmniftee on stendards. 1916 Race SI., Philadelphia. PA 19103. 
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Designation: D 2573 - 72 (Reapproved 1978) 

i: 

Standard Test Method for 
Field Vane Shear Test in Cohesive Soil' 

I- 

This mdard is issued under the k e d  designation D 2573: the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the ycar of laarcvision. A number in parcnthescs indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since thc las revision or reapproval. 

This standard has been approved for use by agencies of rbe Depmment of Defmce. Consult rhe DoD Index of Specficatiom and 
Srandards for the specGc year of issue which has been adqited by the Depanmmr o f  Defeme. 

. 

. Scope 
1.1 This method covers the field vane test in soft. satu- 

ated, cohesive soils. Knowledge of the nature of the soil in 
vhich each vane test is to be made is necessary for 
ssessment of the applicability and interpretation of the test. 

!. Summary of Method 
2.1 The vane shear test basically consists of placing a 

our-bladed vane in the undisturbed soil and rotating it from 
he surface to determine the torsional force required to cause 
i cylindrical surface to be sheared by the vane; this force is 
hen converted to a m i t  shearing resistance of the cylindrical 
d a c e .  It is of basic importance that the friction of the vane 
.od and instrument be accounted for, otherwise, the friction 
would be improperly recorded as soil strength. Friction 
neasurements 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 
Jrovided that the torque is applieh by a balanced moment 
:hat does not result in a side thrust. As torsional f o p s  
Jecome greater during a test. a side thrust in the instrument 
dl result in an increase in friction that is not accounted for 
by initial no-load readings. Instruments involving side thrust 
u e  not recommended. The vane rod may be of sufficient 
rigidity that it does not twist under full load conditions; 
atherwise 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 specified 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 juridiction of ASTM Cornmince D18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.02 on Sampling and 
Related Field Teaing for Soil lnvdgat ions 

Cumnt edition approved Jan. 17. 1972. Published February 1972. Originally 
published as D 2573 - 67 T. Lan previous edition D 2573 - 67 T. 
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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 1-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 c o d o n  becomes progressively more imponant as 
the depth of the test increases and the calibration must be made at lean 
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 k 2 5  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 

L D J 

RECTANGULAR VANE TAPERED VANE 

FIG. 1 Geometfy of Field Vane 
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TABLE 1 Recommended Dimensions of Field Vanes" 
Diameter of vane 

Rod. in. (mm) Thickms of Blade. in. (mm) Diameter. Height. 
in. Imm) in. (mm) Casing Size . .  . .  

Ax 1% (38.1) 3 v6.2) - %s (1.6) 'h (12.7) 
BX 2 (50.8) 4 (101.6) %e (1 6) H (12.7) 
NX ' . .  ., 2% (63.5) 5 (127.0) w (32) '12 (12.7) 
4 in. (101.6 mm)E ' ' 3% (92.1) 7% (184.1) tb (32) H (12.7) 

. .  . 

A selection of UIevanerOe is directly related to meconsistency of me soil being tested, that is. the ?.oft= the soil the larger the vanediameter. 
E Inside diameter. 

equivalent. The d a o n  of the test should be controlled by 
the requirements of4.3. 

4. Procedure 

drainage or dilates during the test period: such as sands 
silts or in soils where stones or sheh are encountered by tr 
vane in such a manner as to influence the results. 
NOTE 3-This spacing may be varied only by the engineer in cha: . 

4.1 In the case where a vane housing is used, advance the 
housing to a de- which is at least five vane housing 
diameters less thanrhe desired depth of the vane tip. Where 
no vane housing is&, stop the hole in which the vane is 
lowered at a depthsuch that the vane tip may penetrate 
unlnurbed soil fora 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 toifaiure 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 =all 
deformations, it &y 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 fmed elevation. Record the 
maximum torque.?With apparatus with geared drives, it i s  
desirable to recordintermediate 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 
naned immediately after completion of rapid rotation and in 
all cases within 1 min after the moulding 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 conskt of a series of 
torque tests at varying depths. 

4.6 In apparatrrs in which the torque rod is completely 
isolated from the mil, conduct a friction test with a blank rod 
(Note 2) at leas once on each site to determine the 
magnitude of the friction of the bearings. In a properly 
functioning vanelapparatus, this friction should be neghgible. 

KOTE 2-In so- it is not necessary to remove the vane for the 
miction test. As long'& the vane is not in contact with the soil, that is, 
where it is retracted,into a casing, the friction measurement is not 
atfected. . .  

4.7 Conduct rmdisturbed and remoulded .vane tests at 
, intervals of not Ims than 2Y2 ft (0.76 m) throughout the soil 

profde when.cond@oxis will permit vane testing (Note 3). Do 
not conduct the vane test in any soil that will permit 

of the boring program. 

5. Calculation 
5.1. Calculate the shear strength of the soil in the followi 

manner. The turning moment required to shear the soil is 
follows: 

where: 
T = torque, Ibf-ft (or N-m), 
s = shear strength of the clay, lbf/fi2 (or e a ) ,  and 
K = constant, depending on dimensions and shape of 7 

5.2 Assuming the distribution of the shear strength 

T = s x K  

vane, ft3 (or m3). 

uniform across the ends of a cylinder and around 
perimeter, calculate the value of K as follows: 
Inch-Pound Units: 

Metric Units: 

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 peric 
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: 
value of K may be simplified in terms of the diameter so I 
it becomes the following: 
Inch-Pound Units: 

Metric Units: 

. 

K = (r/ 1728) x (@H/2) x [ 1 + @/3H)]  

. K = (r/ lo6) x (pH/2)  x [ 1 + D/3H)]  

K = 0.0021L9 ' 

K = 0.0000036603 
5.4 Since the value of s is required, it is more usek 

s =  T X  k 
write the equation as follows: 

where: 
k = l/Kand 
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 mod 

K = 1/1728 [ n d  + 0.37 (203 - &)] 

K = 1/106 ( n d  + 0.37 (2d - a)] 
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rod diameter, in. (cm). For a Y2-in. (1.27-cm) rod this 
reduces to: 

h-Pound Units: 

wic Units: 
. . . K = 0.00225P - O.ooOo3 

K = 0.00000388d - 0.00000076 

Report 
i. 1 For each vane test. record the following observations: 
i . l . 1  Date of the test, 
i. 1 .Z Boring number, 
5.1.3 Size and shape of the vane (tapered or rectangular), 
5.1.4 Depth of the vane tip, 
5.1.5 Depth of the vane tip below the housing or bottom 
the hole, 
3.1.6 Maximum torque reading, and intermediate read- 

' 

in@ 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 MatefMs takes no position respecting the validity of any parent rigMs aSSeRed in COnnefXlOn 
with any item mentioned in this srandard. Users of this standard are express/y advised that determination of the valid@ of any such 
patent rights, and the risk of infringemen? of such rights. are entirely their own responsibikfy. 

This standard is subjecr to revision at any time by the responsible technical cornminee and must be reviewed every fh? years and 
if not revised. either reapproved or withdrawn. Your comments are invited either tor revision of fhis standard or for additional standards 
and should be addressed to ASTM Headquaffefs. Your comments will receive careful consideration at a meeting of the responsible 
technical cornminee. which you may attend. If you feel that your comments have nor 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 

Standard Test Method for 
Resistance R-value and Expansion Pressure of Compacted 
Soils’ 

This nandard is issued under the fixed designation D 2 b ;  the number immediately following the designation indicates the ycar of 
original adoption or. in the case of revision. the year of lan revision. A number in parentheses indicates the year of last reapprod A 
suPcMipt epsilon (4 indicates an editorial change dDfc the last rcvision 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 
[he 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: 
C670 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 

p o s e ~ ~  

Pressure of Compacted Soils’ 

3. Significance and Use 

contact pressure of 350 & 16 psi (2410 f 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 kPa), 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 331ht-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 Ys 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 i n 3  (39 cm’) in area and 20 
in. (50.8 cm) long have proven) satisfactory. 

4.2 Compression Testing Machine, with a minimum ca- 
pacity of 10 000 lbf (45 kN) and satisfying the requirements 
of Practices E 4. 

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 coum 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. 

3. Apparatus 
4.1 Kneading Compactor, capable of applying an average 

~~ 

’ This t~ method is under the jurisdiction of ASTM Comminee D I8 on Soil 
and Rock and,is the direct responsibility of.Subcommina D18.08 on Special and 
Consuuclion Control Tests. 

Cmnt edition approved On 27. 1989. Published December 1989. Originally 
D u b l i e d  as D 2844 - 69. List previous edition D 2844 - 68 (1975). 

:Annul  Book ofASTM Sfandar&. Vols 04.01, 04.02,04.03. and 04.08. ’ .4nnual Book.of ASTM Standards, Vois 03.01.04.02. 07.01. and 08.03. 

’ Available from.American Association of State Highway and Transportation 
Annual Bp0k;ofAJTM Sfamfar&, Vol 14.02. 

Officials 444 N. Capitol St.. NW. Suite 225, Washington. DC 2OOO1. 
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FIG. 2 Compactor with Sample Feed Tmugh 

4.3 Mold, 4 f 0.002 in. (101.6 f 0.05 mm) inside 
diameter by 5 f 0.008 in. (127 rf: 0.20 mm) high. (See Fig. 3 
for surface roughness.) 

4.4 Rubber Disks, 3%6 in. (100 mm) in diameter by 1/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 0.005 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 

mm) thick, smooth surface, medium filtering speed, medium 
retention. 

4.9 Filter Paper, 110 mm in diameter and 0.006 in. (1.5 
mm) ,thick, creped surface, medium-fast filtering speed, 
medium retention. 

4.10 Expansion-Pressure Device, with accessories as 
shown in Fig. 6.6 There should be at least three of these 
devices for each sample to be tested within a day’s time. 

4.1 1 Deflection Gage, with divisions of 0.000 1 in. (0.002 
mm) and an allen wrench as shown in Fig. 6. 

Copia of derailed &wings of the appararus shown in F i i  4 (1 drawing), 6 (4 
drawings), 7 and 8 (7 drawings) arc available at a nominal cast from Ihe American 
Society for Testing and Materials 1916 Race St. Philadelphia, PA 19103. Request 
Adjunct NO. 12428W10,  12428440-20, and 12428440-30, rcspativcly. 

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 - h  (152.2 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), V! in. (19.0 mm) and No. 4 

(4.75 mm) conforming to the requirements of Specification 
E 11. 

4.16 Miscellaneous Equipment, including mixing pans, 
spoons, spatulas, and gallon cans with close-fitting lids. 

5. Soil Preparation 
5.1 Remove any 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 95 or 
more passes the 3/4-in. sieve, use that part of the sample 
passing the %in. sieve. If less than 75 % of the sample passes 
the %-in. 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 1260-g samples of soil with the 

amount of water estimated to equal 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 

- 
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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, 3V16 
in. (100 mm) in diameter and '/s in. (3 mm) thick, cemented 
to the plate. Adjust the mold for approximately %-in. 
(3-mm) clearance between the lower edge of the mold and 
base of the mold holder. With the compactor-foot pressure 
set at 250 f 25 psi (1720 f 170 kPa), feed 3 in. (76 mm) of 
the 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 each 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 kPa). Stop compacting the soil at any time 

FIG. 4 Exudation-Indicator Device 

before 100 tamps if water appears around the bottom of th 
mold. 
NOTE 1-Use lower compaction pressures when neceSSary to lim 

penetration of the ram into the soil to not greater than V i  in. (6 mm). 

6.3 Remove the mold containing the compacted spec 
imen from the compactor. Level the tamped surface by han 
tamping with a 1.5-in. (38-mm) diameter rod. Place 
phosphor-bronze disk on the tamped surface of the soil an 
place a filter paper on top of the bronze disk. Invert the mol 
and place it on the exudation device so that the filter paper 
on the bottom. Using the compression testing machini 
apply a uniformly increasing pressure to the soil at the rate ( 
2000 lbf (8900 N)/min. Water should be exuded from tk 
soil at 300 psi (2070 Wa) as evidence that enough moisture- 
present to produce saturation. Stop the loading and recor 
the exudation pressure when either five of the six outer ligh 
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FIG. 5 Phosphor-Brwe 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 P a ) .  

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 kPa) (Note 2) is obtained 
which brackets the 300 psi (2070 kPa) value. For some high 
volumechange soils, additional specimens having exudation 
pressures lower than 100 psi may be necesaq 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 speci- 
mens will extrude from under the mold and around the follower ram 
during the loading operation. If this occurs when the 800-psi (5520-ma) 

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 
8 (3.75) 

Dial Rtading in. (mm) 
0.0021 2 0.0002 (0;OSS f 0.005) 

. 24(11.25) 0.0063 f 0.0002 (0.165 f 0.005) 
16 (7.50) 0.0042 f 0.0002 (0. I 10 f 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 
scrm 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 

’ 

- -*_- .,- 
Calibrated ~ I_ 

Adjustable Gauge Plug .- 
. ... .... . . ._ 

flG. 6 Expansion-Pr8ssure Device and Actessories 
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pressure applied by the fingers. Raise the -table on the 
eapansion device until the deflection gage reads zero. If the 
&\ice was properly adjusted, according to 6.3, this will apply 
b e  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. 

NOTE &Do not leave a test specimen unconfined by the expans 
device while *ere is free water On top Of the specimen iL 

mold. 
8.7 Read the deflection of the calibrated spring steel ba 

0-000 1 in- (0.002 mm). When the ddection is greater t 
0.0100 in. (0.254 mm), the exPansh-PrWUre device Shc 
be d b r a t e d  before using again. 

8.8 Determine the expansion pressure, P, as follows: 
. .  . : * . ; :  357 000217 



P = k d  
,,,,e: 
= spring constant 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 Stabdometer 
9.1 Adjust the bronze nut on the stabilometer stage base 
' that the top of the stage is 3% in. (89 mm) below the 
mom of the upper tapered ring of the stabilometer. 
:rform all tests at this setting. 
9.2 Adjust the amount of air in the stabilometer cell so 
iat 2 f 0.05 turns of the pump handle increase the liquid 
:essure from 5 to 100 psi (34 to 690 P a )  with the standard 
letal specimen in the stabilometer chamber. 

9. Resistance-Value Testing of Specimens 
10.1 After testing for expansion pressure, pour water off 

le top of the specimen (Note 5) and place the mold with the 
x imen  on top of the stabilometer. Place the follower on 
)p of the specimen and force the specimen fiom the mold 
ito the stabilometer. Lower the testing machine head until 
.just engages the follower. 

NOTE 5-If al l  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 Wa) to the 
Amen by means of the displacement pump then apply a 

rertical load using a uniform rate of movement of 0.05 in. 
1.3 mm)/mh 

10.3 Record the horizontal press& when the vertical 
oad is 2000 lbf (8900 N) and stop loading. Reduce the 
iertical load to lo00 lbf (4450 N). With the displacement 
iump, adjust the horizontal pressure to 5 psi (34 Pa). 

NOTE &This will result in a further reduction 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 turnsdisplacement dial 
indicator on the stabilometer) to raiSe the horizontal pressure 
h m  5 to 100 psi (34 to 690 Wa). This is the turns 
displacement, D, of the specimen. 

10.5 Determtn . e the resistance, R, as follows: 
R = 100 - [100/(2.5/D)(160/P~ - 1) + 1) 

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). 
NOTE 7-Ifthe R-value is desired at a specific exudation pressure, for 

example, 300 psi (2070 kPa), within the range of pnssurrs measured in 
tests of the three specimens, it is convenient to construct a graph of 
R-value verms exudation presure and interpolate. 

11. Precision and Bias 
11.1 Bias statements are not applicable to this test 

method. 
1 1.2 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 fiom 16 
to 23 laboratories were analyzed. Estimates of test precision 
for R-values greater than 50 have not been developed. 

c 
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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 BETWEEN 2.45. AND 2.55'. 
INTERPRET R-VALUE CORRECTIONS 
FOR OTHER HEIGHTS. 

EXAMPLE: OVERALL HEIGHT OF 2.65' 
R-VALUE (UNCORRECTED) 5 0  
R-VALUE (CORRECTED) 

I 54 IO0 

a 
W 
I- 
O 
W 

0 
0 

W 

4 > 
. I  = 

a 
a 

R-VALUE BEFORE HEIGHT CORRECTION 

FIG. 9 Height-CodonChart 
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(1) Designation: D 2850 - 8F1 

Standard Test Method for 
Unconsolidated, Unchained Compressive Strength of 
Cohesive Soils in Triaxial Compression‘ 

This srandard is isued under the fixed designation D 2850: the number immediately f o l l d g  the designation indicates the year of 
onginal adoption or, in the case of midan, the year of last revision. A number in parrnthaa indicates the year of last reapp10Vd. A 
supascript epsilon (0 indica= an editorial change since the last revision or rcapproval. 

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 stress and the pore 
pressure. 

1.2 This test method provides data for determining un- 
ked strength properties and stress-strain relations for 

.. -.Is. 
NOTE ]-’The determination of the unconsolidated, undrained 

strength of cohesive soils without lateral confinement is covered by Test 
Methods D 2166. 
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 undrained triaxial 
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 Nain 
rates used in this test method such measurements could be inaccurate. If 
pore pressure measurements are desired, alternative 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 ofthe 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 under the jurisdiction of AsfM Committee D I 8 on .%id 
Rock and is the dirsl responsibility of Subcommittee D18.05 on Suucnual 

Current edition approved April 24, 1987. Published June 1987. Originally 
Ropertia of so& 
published as D 2850 - 70. Last pmious edition D 2850 - 82. 

2. Referenced Documents 
2.1 ASTM Standards: 
D422 Method for Particle-Size Analysis of Soils2 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of Soils2 
D 1587 Practice for Thin-Walled Tube Sampling of Soils’ 
D2166 Test Methods for Unconfined Compressive 
Strength of Cohesive Soil2 

D2216 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 Purpose2 

D 2488 Practice for Description and Identification of Soils 

D4220 Practices for Preserving and Transporting Soil 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

Fluid!? 

(Visual-Manual P r o c e d ~ ~ ) ~  

Samples2 

Plasticity Index of Soils2 

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 diference or deviator stress-the 
difference between the major and minor principal stresses in 
atriaxiaitest. 

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 c o w e d  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 Specijlc to This Standard: 
3.2.1 fa i lure the  failure stresses are taken as the stresses 

in the specimen corresponding to the maximum principal 
stress difference (deviator stress) anained or the principal 
stress difference (deviator stress) at 15 % axial strain, which- 
ever is obtained first during the performance of a test. 

3.2.2 unconsolidated-undrained compressive strength- 

A d  Book of ASTM S t d r d r ,  Vol04.08. 000221 
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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, differs fiom that developed in the case where 
dramage can OCCUT. 

4.2 If the test specimens are 100 9% saturated, consolida- 
tion cannot OCCUT when the confining pressure is applied nor 
during the shear portion of the test since drsunage 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 M o b  failure envelope will usually be a horizontal 
straight line over the entire range of confining stresses 
applied to the specimens if the specimens are fully samted. 

4.3 If the test specimens are partially saturated or com- 
pacted specimens, where the degree of saturation is less than 
100 5'4, 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 Werent 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 engi- 
neering practice where the loads are assumed to take place so 
rapidly that there is insufEicient time for the induced 
pore-water pressure to dissipate and for consolidation to 
occur 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 this proce- 
dure may not apply in cases where the loading conditions in 
the field M e r  significantly from those used in this test 
method. 

5. Apparatus 
5. I 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 sufficient 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 +- 10 %. Vibrations due to the operation of the 
loading device shall be kept at a minimum. 

NOTE 4-A loading device may be said to provide sufficiently small 
vibrations if there are no visible ripples in 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 

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 5'4 of the estimated axial load at failure. 

5.3 Chamber Pressure-Maintaining and MeaFwement 
Device-The chamber pressure-maintaining and measure- 
ment device shall be capable of applying and controlling the 
chamber pressure to within 21 ?6 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 friction and lateral 
thrust to the specimen cap. 

5.5 Specimen Cap and Base-An impemeable 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-tocap 
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 sues produced by the @men cap can exceed 1 
kN/m2 provided the test data k 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 95 of the specimen height and having a 
travel range of at least 20 5'4 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 carefblly 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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specimen, the unstretched membrane'diameter shall be 
'tween 90 and 95 % of that of the specimen. The mem- 

- m e  thickness shall not exceed 1 95 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 c o h g  the principal stress Merence 
(deviator stress) for the effect of the stiffuess of the mem- 
brane is given in 8.5. 

Nm &The membrane is typically sealed 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 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 removal may dictate the direction of re- 
moval, but the principal concern is to keep the degree of 
disturbance minimal. 

5.9 Specimen Size Memurement Devices-Devices used 
to measure the height and diameter of the specimen shall be 
capable of measuring the desired dimension to within 0.1 95 
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 95 of 
: 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 Specimens 
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 '16 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 remark. 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- 
todiameter ratio of the specimen shall be between 2 and 2.5. 

NOTE 7-1flarge soil particles are found in the specimen after testing, 
a particle-Size analysis in accordance with Method D422 may be 
performed to confirm the visual observation and the results provided 
with the test repon. 

6.2 Undisturbed Specimens--prePare u n m  speci- 
mens from large undisturbed samples or from samples 
secured in accordance with Practice D 1587 or other accept- 

. -$le undisturbed tube sampling procedures. Undisturbed 
mples 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 trimming, 
except for the squaring of ends, 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 shall 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 irregUiarities 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 mass 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 room is usually used for this 
Purpose. 

6.3 Remolded Specimens-Prepare the specimen by firk 
thoroughly working the undisturbed specimen, which has 
been tested and is still 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 
b a t c h &  store the material in a covered container for at least 
16 h prior to compaction. Specimens may be molded to the 
desired density by either (I) heading 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 Yz 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 %th Method D 2216. 
NOTE 9-lt is common for the unit weight of the specimen after 

removal from the mold to be l e s  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 

NOTE IO-Exjrperiena indicates that it i s  difficult to compact, 
handle. and obtain valid resulu with specimens that have a degree of 
muation 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 vemcal 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 deformation indicator. 
During this procedure, take care not to apply an axial stress 
to the specimen exceeding approximately 0.5 95 of the 
istimated compressive strength. If the weight of the piston is 
sufficient to apply an axial stress exceeding approximately 
0.5 76 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 11-In some 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 prrssure. 
NOTE 13-The purpose of the Waiting period is to allow the spec- 

imen to stabilize under the chamber pressure prior to application of the 
axial load. 

7.4 If the axial load-measuring device is located outside of 
the uiaxial 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 (I) 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 Gmpensate for the friction and thrust. 
If the axial load-measuring device is located inside the 
chagdyr, it will notLbe necessary to corw3 or compensate 

' 
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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 & load to produce axial Strain at a rate of 
approximately 1 %/mh for plastic materials and 0.3 %/mh 
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 5% or the axial strain has 
reached 5 5% 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 '36 strain; then at increments of about 0.5 76 
strain to 3 %; and, thereafter at every 1 %. Take sumcient 
readings to define the stress-strain curve; hence, more 
fresuent readings may be required in the early stages of the 
test and as failure is approached. 
NOTE 14-Alternate i n t e d s  for the readings may be used provided 

sacient  points are obtained to define the stress - strain cune. 

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 2216 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: 

where: 
AL, = 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 
given applied axial load as follows: 

where: 
A. = initial average cross-eonal area of the specimen, 

c = axial strain for the given axial load (expressed as a 

8.1 Calculate the axial strain, c (expressed as a decimal), . 

c = AL/L, 

tion indicator, and 

length prior to loading. 

A Ao/(l - C) 

and 

decimal). 

NOTE 15-111 the event that the application of the chamber pressure 
results in a change in the specimen length, A0 should be coxrected to 
reflect this change in volume. Frequently, this is done by assuming that 
lateral strains are equal to venical strains. The diameter after volume 
change would be given by D = Dd 1 - AL/L). 

8.3 Calculate the principal stress difierence (deviator 
stress), uI - u3, for a given applied axial load as follows: 
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?here: 
-’ = measured applied axial load (corrected kwplif i  and 

A = corresponding average cross-sectional area 
8.4 Stress-Strain Cwve-Prepare a graph W n g  the 

relationship between principal stress Mm- (deviator 
stress) and axial strain, plotting deviator stressas ordinate 
and axial strain (in percent) as abscissa Select t& compres- 
sive strength and axial strain at fkilure in accordimce with the 
definitions in 3.2.1 and 3.2.2. 

8.5 Correction of Strength Due to Sti&ess.af Rubber 
Membrane-Assuming units are consisten& tk; following 
equation, or other acceptable equations, shall<& used to 
correct the principal stress difference or deviatm stress for 
the effect of the rubber membrane if the error in princiw 
stress difference due to the stiffness of the memkne  exceeds 
5 %: 

piston fiction, if required see 7.4), and .* 

D 
where: 
A(u, - u3) = correction to be subtracted from the mea- 

sured principal stress difference, 
7 

D = Jy = 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 membme material 
may be determined by hanging a 10.0-mm Wae strip of 
membrane over a thin rod, placing another rod: along the 
bottom of the hanging membrane, and measurie 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 

E , = -  FL 
A& 

I !  

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 membrine, and 
aL, = change in length of the membrane due to application 

of F. 
A typical value of E,,, for latex membme is 1400 kN/m2. 

NOTE I &The effect of the stiffness of the memtnane on the lateral 
stress is usually assumed to be negligible. 
NOTE 17-The correction for rubber membranes is e on simpli- 

fied assumptions concerning their behavior during shear. fheir actual 
behavior is complex and there is not a consensus on :more exact 
COrreCtiOIls 

8.6 Calculate the major and minor principal total stresses 
at 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 43 18. 
9.1.11 Sketch or 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 Ifamembranecorrectionwasused,thereportshall 

state that a membrane cormtion 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 necessaq to properly 
interpret the results obtained, for example, slickensides, 
stratiiication, 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 undisnubed 
specimens, due to specimen variability. Undisturbed soil 
specimens from apparently homogeneous soil deposits at the 
same location often exhibit significantly Merent 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 
difliiculty in producing identical cohesive soil specimens. No 
estimates of precision for.this test method are available. 
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4m Designation: D 2974 - 87 

Standard Test Methods for 
Moisture, Ash, and Organic Matter of Peat and Other Organic 
Soils’ 
This nandard is issued unda the fixed -on D 2974; UIC number immediately following the designaion indicates thc year of 
original adoption or, in the cay of revision, the year of last mision. A number in ParentheJCs indicates the year of lan napproval. A 
superscript @on (e) indicara an editorial change since tht last mision or rrapproML 

1. scope. 
1.1 These test methods cover the. measurement of mois- 

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 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. 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 (airdrying), and 
(2) the subsequent oven drying of the airdried sample at 
1Os”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 Methoah 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 muffle furnace 
at 440’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 
3.1 Oven, capable of being regulated to a constant temper- 

ature of 105 +. 5°C. 

Nom-The temperature! of 105% is quite critical for organic soils. 
The oven should be checked for ‘hot spots” to avoid possible ignition of 

’ thespecimen. 

3.2 Mufle Furnace, capable of producing constant tem- 
peratures of 440°C and 750°C. 

T h e  test methods ~ 1 c  under the jurisdiction of ASTM Committee D18 on 
SoilandRockandanthedirectrcsponnbilityofSubcomrmn&D18.18on Pats 

, Cumnt’ edition approved May 29. 1987. published July 1987. w y  
pubLshed as D 2974 - 1 I. Lan previous &tion D 2974 - 84. 

, andRclatedMataiaL 

3.3 Evaporating Dishes, of high silica or porcelain of not 
less than 100-mL capacity. 

3.4 Blender, high-speed. 
3.5 Aluminum Foil, heavy-duty. 
3.6 Porcelain Pan. Spoons, and equipment of the like. 
3.7 Desiccator. 

4. Reparation of Sample c 

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. 

MOISIZTRECONTENT 

5. MethodA 
5.1 Record to the nearest 0.01 g the mass of a high silica 

or,porcelain evaporating dish fitted with a heavy-duty 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 0.01 g. 
5.4 Dry uncovered for at least 16 h at 105°C or until there 

is no change in m a s  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. 

400 

6. Method A calculation 
6.1 Calculate the moisture content as follows: 

Moisture Content, 5% = [(A - B) x 1001lA 
where: 
A = mass of the as-received test specimen, g,  and 
B = mass of the ovendried 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 Contenf 95 = [(A - B) X IOOIlB 

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 ref- to as the moisture 
content as a percentage of ovendriedmass. 

6.3 Take care to indicate the calcujation method used. 

7. MethodB 
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 &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 
airdried sample equivalent to 50 g of as-received sample, as 
follows: 

Equivalent Sample Mass, g = 50.0 - [(SO 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 = ovendried sample, g. 

centage of as-received mass. 

Moisture Content, 95 = (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, % = [(50 - B) X 100]/B 

centage of oven-dried mass. 

ASHCONTENT 

9. Method C 
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 
mass of the dish and specimen. 

9.3 Remove the cover and place the dish in a muf€le 
furnace. Gradually bring the temperature in the b c e  to 
440°C and hold until the specimen is cbmpletely ashed (no 
change of mass occus 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. MethodD 
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 mutlle 
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 peas are being 
evaluated for use as a fuel. 

11. Calculation for Methods C and D 
1 1 . 1  Calculate the ash content as follows: 

Ash Content, 95 = (C x 1OO)/B 

where: 
C =  &,&and 
B = oven-dried test specimen, g. 

ORGANIC MATIER 

12. Calculation 

ence, as follows: 

where: 
D = ash content, %. 

12.1 Determine the amount of organic matter by differ- 

Organic matter, 95 = 100.0 - D 

13. Report 
13.1 Report the following information: 
13.1.1 Results for organic matter and ash content, to the 

13.1.2 Furnace temperature used for ash content determi- 

13.1.3 Whether moisture contents are by proportion of 
asreceived mass or oven-dried mass. 

13.1.3.1 Express results for moisture content as a per- 
centage of as-received mas 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 % and 500 % to the nearest 5 %. 
(c) Between 500 9% and 1000 % to the nearest 10 %. 
(d)  Above 1000 5% to the nearest 20 %. 

nearest 0.1 %. 

MtiOnS. 

14. Recision 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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(m Designation: D 3080 - 90 

Standard Test Method for 
Direct Shear Test of Soils Under , .  Consolidated 
Drained Conditions’ 

This nandard is issued under the fixed designation D 3080: the number immediately following the designation indicates the ycar of 
Orisinal adoption or. in rhe - of revidon, the year of lan rcvidon. A number in parentheses indicata the year of kt reapproval. A 
supcrsaipt epsilon (e) indicates an editorial change since the last midon 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 performed by deforming a specimen 
at a controlled strain rate on or near a single shear plane 
determined by the configuation 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 &Wed by the presence 

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 bracketk 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 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

, of soil or rock particles, or both, (see Section 7). 

2. Referenced Documents 
2.1 ASTM Standards: 
D422 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 lb (2.49 kg) 

Fluid2 

This M method is under the juridiction of ASIM Cornmime D l 8  on Soil 
and Rod: and is the dirrct responsibility of SubCQmminn D18.05 on Srmctural 

Current edition approved Nov. 30,1990. Published January 1991. Originally 
propma of s o i  

@khd D 3080 - 72. Lan prrVi0u~ d i t i ~ n  D 3080 - 7x79). 
Annual Bodc of ASTM Sfandards, Vol04.08. 

Rammer and 12411. (305 mm) Drop’ 
D 854 Test Method for Specific Gravity of Soils’ 
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 
Mixturest 

D 2435 Test Method for One Dimensional Consolidation 
Properties of Soils’ 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual procedure)’ 

D4220 Practices for Preserving and Transporting Soil 
sample2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils’ 

D4753 Specifications for Evaluating, Selecting, and Spec- 
lfying Balances and Scales for Use in Soil and Rock 
Testing2 

3. Terminology 
3.1 Definitions-For definitions of terms used in this test 

method, refer to Terminology D 653 
3.2 Description of T e r n  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 
-lacing 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 
is sheared (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-) Single and (b) Double Shear 

because the drainage patk;through the test specimen are 
short, thereby allowing ex- pore pressure to be dissipated 
more rapidly than with &er drained stress tests. The test 
can be made on all soil m d a l s  and undisturbed, remolded 
or compacted materials. *re is however, a limitation on 
maximum particle size (setf.2). 

5.2 The test results are Wlicable to assessing strength in a 
field situation where co-te consolidation has occurred 
under the existing normal v. Failure is reached.slowly 
under drained conditions LD that excess pore pressures are 
dissipated. The results from several tests may be used to 
express the relationship baween consolidation stress and 
drained shear strength. 

5.3 During the direct 4ear test, there is rotation of 
principal stresses, whichqay  or may not model field 
conditions. Moreover, f- may not occur on the weak 
plane since failure is forcedroo occur on or near a horizontal 
plane at the middle of the-cimen. The fixed location of 
the plane in the test can be#n advantage in determining the 
-\ear resistance along ret-ble weak planes within the 

i l  material and for te* interfaces between dissimilar 

5.4 Shear stresses and qsplacements are nonuniformly 
distributed within the s m e n ,  and an appropriate height is 
not defined for calculatingj.shear strains or any associated 
engineering quantity. The s@w 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 dedce to hold the specimen securely 

between two porous inserts;in such a way that torque is not 
applied to the specimen. fJhe shear device shall provide a 
means of applying a nomal 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 sheiir 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) 
-rarallel to the faces of the specimen. The fiames that hold 

le 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 *thin the soil, for example, stainless 

materials. : 3 

i ; .. 
> , i :  

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 criteria for insert texture and permeability have not 

been established. For normal soil testing, medium grade insem with a 
permeability of about 0.5 to 1.0 x IO3 ft/yr (5.0 x lo4 to 1.0 x lo-' 
cm/s) are appropriate for testing silts and clays, and coarse grade inserts 
with a permeability of about 0.5 to 1.0 X IOs ft/y-r (0.05 to 0.10 cm/s) are 
appropriate for sands: It is imponant that the permeability of the porous 
insert is not reduced by the collection of soil particles in the pores of the 
insert: hence frequent checking and cleaning (by flushing and boiling, or 
by ulvas~nic cleaning) are required to ensure the neceuary 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 &5 percent deviation, and 
should permit adjustment of the rate of displacement from 
O.OOO1 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 
elecaic 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 partially drained shear results that will differ from the 
drained strength of the material. 
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6.5 Shear force measurement deice-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 Shear 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 required, for 
preparing specimens, such that water content gain or loss 
during specimen preparation is minimized. 

6.8 Trimmer or Cutting Ring, for trimming oversized 
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 22 16. 
6.10 De$omion Indicators-Either dial gages or dis- 

placement transformers capable of measuring the change in 
thickness of the specimen, with a sensitivity of at least 0.0001 
in. (0.0025 mm) and to measure horizontal displacement 
with sensitivity of at least 0.001 in. (0.025 mm). 

6.1 1 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 p r e p ~ g  
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: 1. 

NOTE 3-If large soil particles are found in the soil after testing, a 
particle size analysis should be performed in accordance with Method 
D422 to confirm the visual observations, and the result should be 
provided with the test rep or^ 

7.5 Specimen Preparation. 
7.5.1 Undisturbed specimens-Prepare undisturbed spec- 

h e n s  from large undisnubed samples or from samples 
secured in accordance with Practice D 1587, or other undis- 
turbed tube sampling procedures. Undisturbed samples shall 
I . . - ,  , -  

; : I  3 

be preserved and transported as outlined for Group C or D 
samples in Practice D4220. Handle specimens 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 distur- 
bance. Prepare trimmed specimens, whenever possible, in an 
environment which will minimize the gain or loss of 
specimen moisture. 
NOTE 4-A contrblled high-humidity mom is desirabie for this 

Purpose. 

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 11'2 the area of the mold. De-e 
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 coating of grease applied to the inside of the shear 

box may be used to redue 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 coating 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 

Nm 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 shearing should model field conditioos 
Detemine the compacted mass of the specimen from either the 
measured m a s  placed and compacted in the mold, or the difference 
between the m a s  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: 

being Placed. 

Cksification D2487 Minimum Smdmg Time, h 
sw, SP No Requimcnt 
SM 3 

SCMLCL 18 
WCH 36 

7.7 Compacted specimens may also be prepared by com- 
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pacting soil using the procedures and.equipment used to 
'stermine moistwedensity relationships of soils (Test 
.ethods D698 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 1/4 in. (5 mm) smaller in 
diameter or width. 

8.3 Position the normal dsplacement 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 dsplacement indicator readings and normal force. 
Iverage the values and plot the load deformation of the 
jparatus as a function of normal 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 C e r  methods 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 %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-Place 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 
evice to indicate zero displacement. 
9.4 Place a moist porous insert and load transfer plate on 

the top of the specimen in the shear box. 

3080 

420 

9.5 Place the normal force loading yoke into position and 
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. 

N m  10-The normal stress applied to the specimen should be 
approximately I Ibf/in? (7 kPa). 

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, ffl 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 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 soils. For relatively soft soils, applica- 
tion of the normal force in several increments may be neteSSary 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 sizes greater than the 
specified gap. Presently there is i d c i e n t  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 fdure: 

where: 
t/ = total estimated elapsed time to failure, min, 
tSO= time required for the specimen to achieve 50 percent 

consolidation under the specifled normal stress (or 
increments thereof), min. 

Nm 13-If the normal displacement versus square root of time 
& tu, can be ~ c u l a t e d  from the.time to complete 90-76 consolida- 
tion using the following expression: 

tf" 50t,o 
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(90. .I io 150 = - 
4.28 

= time required for the specimen to achieve 9O.percent 
consolidation under the specified normal Stpcss (or 
increment thereof), min. 

4.28 = constani, relates displacement and time fa- p 50 

NOTE I A I f t h e  material exhibiu a tendency to swell, the&$ must 
be inundated with water and must be permitted to achieve @brim 
under an increment of normal stress large enough to countem8-e swell 
tendency before the minimum time to failure can be determiwd The 
limesonsolidation curve for subsequent normal i n d t s  are 
then valid for use in determining r, 

NOTE 15-Some soils, such as dense sands and over consolidated 
clays, may not exhibit well defined timesenlement curv5 Conse- 
quently, the calculation of $may produce an inappmpriate &mate of 
the time required to fail the specimen underdrained conditions. For 
over consolidated clays which are tested under normal stressq.less than 
the soil‘s preansolidation pressure, it is suggested that a timeto failure 
be estimated using a value of tM equivalent to one obtained normal 
consolidation time-settlement behavior. For clean dense saads which 
drain quickly, a value of 10 min may be used for r, For dense.raads with 
more than 5 5% fines, a value of 60 min may be used for + If an 
afrernative value of $is selected, the rationale for the selectiaii~ shall be 
explained with the test results 

9.13 Determine the appropriate dsplacement $om the 
following equation: 

n-here: 4 
4 = displacement rate (in./min, mm/min), i 
d:- = estimated horizontal displacement at failure (h., mm), 6 = total estimate elapsediime to failure, min. i 
NOTE 16-The magnitude of the cstimated’displacement at failure is 

hpendent on many factors including the type and the s t red  history of * soil. As a guide, use d,= 0.5 in. (12 mm) if the material is n o d y  
or lightly over consolidated fine-graiaed soil, otherwise use df= 0.2 in. (5  
=I. 

9.13.1 Select and set the displacement rate-For some 
 pes 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 
inte~~als equal.to 2 percent of the specimen diameter or 
aid& to accurately define a shear stress-displacement curve. 

SOTE 17-Additional readings may be helpful in identifying the 
d u e  of peak shear stress of over consolidated or brittle material. 

SOTE IS-It may be necessary to stop the test and re-gap the shear 
tox halves to maintain clearance between the shear box halves. 

9.13.5 After reaching failure, stop the test apparatus. This 
displacement may range from 10 to 20 percent of the 
specimen’s original diameter or length. 

9.13.6 Remove the normal force from the specimen by 
moving  the mass from the lever and hanger, or by releasing 
thepressy, ‘1 ’ 

. 9:14 For cdhesive test specimens, separate the shear box 

where: 

. .  

.’. . and 90 percent consolidation. i! 

d 

3 ‘  
d, = ddt/ 

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 

T = -  

where: 
T = nominal shear stre~.(lbf/in.~, P a ) ,  
F = shear force (lbf, N), 
A = initial area of the specimen (in?, mm2). 

10.1.2 Normal stress adng  on the specimen is, 
N 
A ‘  

yi=- 

where: 
‘n = normal stress (lbf/in?, P a ) ,  
N = normal vertical force acting on the specimen (lbf, N). 
NOTE 19-Factors which incowrate 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 
mess, or both. If a c o d o n ( s )  is made, the factor(s) and rationale for 
using the c o d o n  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: 
dr = displacement rate (in./min, mm/min), 
d,, = relative lateral displacement (in./mm), 
tc = 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. 

dr = dh/ tc  

11. Report 
1 1.1 The report shall include the following 
1 1.1.1 Sample identification, project and location. 
11.1.2 Description of type of shear device used in test. 
1 1.1.3 Description of appearance of the specimen, based 

on F’ractice 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 othemise 
Prepared. 

1 1.1.5 Initial and hal water content, 

’ 
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11.1.6 Dry mass and initial and final wet unit weight. 
1 1.1.7 Initial and final dry unit weight 
11.1.8 Initial thickness and diameter (width for s q w  

shear boxes). 
1 1.1.9 Normal stress, rate of deformation, shear displace- 

ment, and corresponding nominal shear stress values and 
specimen thickness changes. 

1 1.1.10 Plot of log of time or square root of time versus 
deformation of those load increments where tS0 was dem- 
mined. 13. Keywords 

tive lateral displacement. 

special loading sequences or s p e d  wetting requirements. 

12. Precision and Bias 
12.1 Precision--Data are being evaiuated to determine 

the precision of this test method. In addition, subcommittee 
18.05 is seeking pertinent data Erom users of the test 

12.2 Biar-There is no accepted reference value for this 
test method, therefore, be determind. 

1 1.1.1 1 Plot of nominal shear stress versus percent rela- 13.1 compacted specimens; consolidated; direct-shear 
test; drained test conditions; Mohr strength envelope; shear 

1 1.1.12 Departure from the procedure outlines, such as strength; undisturbed 
, 

The M c a n  Society for resling and Materials lakes no position respecting the validity of any peten? rghls assefYed in connection 
wah any item mentioned in this W a r d .  Users of this standard are turpressly advised that delerminalion d the validity of any such 
patenI rghls. and the risk of infringement of such rights. we entirely Meir own resPonsibil@. 

This standard is subjecl to revision at any time by the responsibk, technical cornminee and must be reviewed every five years and 
if nol revised. either reapproved 01 withdrawn. Your comments are imrited either for revision of this standard or for additiom! standards 
and should be addressed to ASTM tieadqm?ers. Your comments will leceive careful consideralion et a meling of Me responsible 
technical mrnf iee.  which you may allend. /f you feel that your commenls have not received a fair hearing you should make your 
views known to the ASTM Commmee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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(& Designation: D 3441 - 86 

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

This staodard is isatcd unda the tixed designatio0 D 3441; the n u m b  immediaGely following the dcsigoation indicates the year of 
Or@d adoption or, in the cilfe of the year of laa &on. A n u m b  in parrothcvs indica- the year of k rrapprod. A 
suprrscript m o o  (e) indicata an editorial change since the last e o n  or rrapproval. 

This s e d  hpc ken appmvd for use by agenck of the Lkpanment o/D&me$ C o d t  the DoD Index ojSper$catiom and 
Srruldardr for ahe spec$c year of issue which hac been adopfed by the Depanmm of Defw. 

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 
frictioncone penetrometers, of both the mechanical and 
electric types. It does not include data interpretation. It also 
includes the penetrometer aspects of piezwne soundings, 
but does not include the details of piezometer construction, 
location, measurement, or data interpretation. 

NOTE I-The European Standard for the CPT uses a tip of right 
cylin&d shape as shown in Fig. 3, as their Rference test against which 
0th 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. DiiTerences in shape and method of advance between 
cone penetrometer tips may result in significant differences 
in one or both resistance 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. It is 
.the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
appiicabiiity of regulatory limitations prior to we. 

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-bearing 
component of penetration resistance. 

'ThirtcstmethodisunderthejuridictionofASMCommittecDI8ooSoil 
and Rock and is the dircu responsibility of Subcommittee D18.02 on Sampling 
and Relami Field Testing for Soil iovestigationr 

Cwrmt edition approved Oct 31. 1986. Published Dconnbcr 1986.0@naUy 
PUMished as D 3441 - 7 5  T. Lan prrViocudtion D3441-79. 
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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 entin series of penetration tests 
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 fiction-cone sounding-the entire series of penetra- 
tion tests performed at one location when using a friction- 
cone penetrometer. 

2.8 friction ratio, R,-the ratio of fiction resistance to 
cone resistance,fJqn expressed in percent. 

2.9 Fiction resistance, f,-the resistance to penetration 
developed by the friction sleeve, equal to the vemcal 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. 

2.12 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 penetmm- 
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 
electric 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 rodr-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 

469 



@ D3441 

properties of soil intended to help with the design and 
construction of earthworks and the foundations for s t r u ~  
tures. 

3.2 This test method tests the soil in place and does not 
obtain soil samples. The interpmtion of the results h m  
this method requireo.knowledge of the types of soil pene- 
trated. Engineers usuaIly obtain this soil information from 
parallel borings and jgil sampling methods, but prior infor- 
mation or experience bay  preclude the need for borings. 

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 local 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” (H) point angle 

and a base diameter of 1.406 -c 0.016 in. (35.7 f 0.4 mm), 
resulting in a projected area of 1.55 in? (10 cm’). The point 
of the cone shall have a radius less than Ya in. (3 mm). 

NOTE Z-Cone tips with larger end areas may be used to in- 
measurement sensitivity in weak soils Experience with electrical tips 
with end area between 0.78 in? (5 cm2) and 3.10 in? (20 an2) has 
shown that they produce data similar to the 1.55 in? (10 cm’) standard 
provided they maintain the same tip geometry. Cone tip Sizes in this 
xange may be used for special circumstances provided the cone tip and 
fricrion sleeve (if any) area is noted. 

4.1.2 Friction Sleeve, having the same outside diameter 
M.024 to -0.O00 in. (M.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 sleeveediameter. 
The surface area of the sleeve shall be 23.2 in.* ( 1  50 cm’) 
*2 %. 

4.1.3 Sleel-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, 
k50 %. 

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 fiictioncone 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  rod^ must have a constant 
outside diameter with a roughness, excluding waviness, less 
than 10 fin- (0.25 crm) AA.  hey must have the same length 
as the Push rods (55l.CMkI in. or M. 1 mm) and a cross section 
adeSute to t.nnSmit the cone mistance without buckline or 

shall be between 0.020 and 0.040 in. (0.5 and 1.0 mm). See 
6.8.1. 

4.1.6 Measuremen2 Accuracy-Maintain the thrust-mea- 
suring instnunentation to obtain thrust measurement 
within &5 % of the correct values. 
NOTE 3-Special and preferably redundant, instrumentation may b 

required in the ofEnhore environment to assu~c this accuracy and thg 
proper opemtion of all the mote systems involved. 

4.2 Mechanical Penetrometers: 
4.2.1 The sliding mechanism necessary in a mechanica 

penetrometer tip must allow a downward movement of thc 
cone in relation to the push rods of at least 1.2 in. (30.5 mm I 
NOTE &At certain combinations of depth and tip rrsistance(s), th 

elastic compression of the inna rods may exceed the downward strok 
that the thrust machine can apply to the inner rods relative to the pus. 
rods. In this case, the tip will not extend and the thrust readings will rk 
elastically to the end of the machine saoke and then jump abruptl 
when the thrust machine makes contact with the push rods 

4.2.2 Mechanical penetrometer tip design shall includ 
protection against soil entering the sliding mechanism an: 
affecting the resistance component(s) (see 4.2.3 and Note 5 

4.2.3 Cone Penetrometer-Figure 1 shows the design an 
action of one mechanical cone penetrometer tip. A mantle c 
reduced diameter is attached above the cone to minimiz 
possible soil contamination of the sliding mechanism. 
NOTE 5-An unknown amount of side friction may develop alor 

this mantle and k included in the cone resistancC. 

4.2.4. Friction-Cone Penelrometer-Figure 2 shows tk 
design and action of one telescoping mechanical frictior 
cane penetrometer tip. The lower part of the tip, including 
mantle to which the cone attaches, advances 6rst until tk 
flange engages the friction sleeve and then both advance. 

NOTE &The shoulder at the lower end of the friction slee. 
encounters end-bearing resistance. In sands as much as two thirds oft  
sleeve resistance may consist of bearing on this shoulder. Ignore tt 
effect in soft to medium clays. 

(I 35 

35.7 r m m i  

1 rm m  I5 

COLLAPSED EXTENDED 

FIG 1 Example of a Meehankal Cone PeneWmeter Tip (Dub 
Mantle Cocre) ,oth!f -%e. Clearance between inner rods and push rods 
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COLLAPSED EXTENDED 

flG. 2 Example of a MechenMl FrittionCone Penetrometer Tip 
(Begemann Fliction-Cone) 

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 means of a force transducer attached to the 
cone. An electric cable or other suitable system transmits the 
tmnsducer signals to a data recording system. Electriccone 

8 
I 

5 
I 

penetrometers shall permit continuous advance and re- 
cording over each push rod-length interval. 

4.32 Friction-Cone Penetrometer--The bottom of the 
friction sleeve shall 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 fiiction 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--Deep 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) thnrn 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 
rrsistance(s) meayed,  particularly in the surface or near-surface layers. 

5. Procedure 
5.1 General: 
5.1.1 Set up the thrust machine for a thrust direction as 

near vertical as practical. 
5.1.2 Rate of Penetration-Maintain a rate of depth 

penetration of 2 to 4 ft/min (IO to 20 mm/s) +25 95 when 
obtaining resistance data. Other rates of penemtion may be 
used between tests. 

NOTE 9-The rate of 2 ft/min (10 mm/s) provides the time the 
operator needs to read properly the resistance values when using the 
mechanical fiictioncone penetrometer. The rate of 4 ft/min (20 mm/s) 
is suitable for the single reading required when using the 

3 2 5 
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mechanical cone penetrometer and provides for the efficientolperation 
of electric penetrometers. The European standard requires 4 fWmin (20 
mm/s). 
NOTE IC-Rates of penetration either slower or fasterzhan the 

standard rate may be used for special circumstances, suQ,as pore 
pressure measurements. This is permissible provided the e, actually 
used and the reason for the deviatlon is noted on the test reoatd. 
NOTE 1 I-PoK pressures generated ahead of and aroundahe pene- 

trating cone or friction cone penetrometer tip can have an*portant 
effect on the q, and values measured. Piemcone tips wbllsmulta- 
neous pore pressure measurement capability have proven u 4 i  to help 
evaluate such effects and to provide additional data vt the 
stratigraphy and engineering properties of the soils peneuatdL 

i b  5.2 Mechanical Penetrometers: 
5.2.1 Cone Penetrometer-(I) Advance penetraaeter tip 

to the required test depth by applying sufficient thna on the 
push rods; and (2) Apply sufficient thrust on the iarYer rods 
to extend the penetrometer tip (see Fig. 1). Obtaindhe cone 
resistance at a specific point (see 5.2.3) during the downward 
movement of the inner rods relative to the stationmy push 
rods. Repeat step (1). 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 cycg obtain 
cone 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 measuremmt of the 
total resistance of the cone plus the sleeve. Subtradon gives 
the sleeve resistance. 
NOTE 1 2 - h u s e  of soil layering, the cone Rsistance e y  ch”? 

during the additional downward movement of the tip nquidbto ob- 
the fricuon measurement. 
N a  13-The soil friction along the sleeve puts an +iitional 

overburden load on the soil above the cone and may inatase cone 
rrsistafle above that measured during the initial phase of the tip 
extens*on bY an unknown, but probably small amount. b o r e  this 
effect. 

I 

F 

. 52.3 Recording Data-To obtain reproducibk-kone-re- 
sistance test data, or cone and friction-reshame test data 

when using a frictioncone tip, record only those thrust 
readings that occur at a welldefined 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. 

Nm 14-Figure 5 shows one example of how the thrust in the 
hydraulic load cell can vary during the extension of the Frictioncone tip. 
Note the jump in gage pressure when the cone engages the sleeve. 

5.2.3.1 Obtain the cone plus friction-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 erratically. 

5.3 Electric Penetrometers: 
5.3.1 If using continuous electric cable, prethread it 

through the push rods. 
5.3.2 Record the initial reading(s) 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 set. 
Discard the sounding, and repair or replace the tip if this 
check is not satisfactory for the accuxacy desired for the 
resistance component(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 reduc- 
tion, introduce a special rod with an enlarged diameter 01 
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FIG. 5 Annotated Chart Record of the Pressure Changes in the Hydraulic Load Cell MSa?iuhg Thrust on lop  of the Inner Rods Owing an 

Example Extensii of the Mechanicel FrictionCone 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 .O A (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 1 5-Non-mechanical techniques to reduce tiitsion, such as the 
use of drilling mud above the tip, an also allowable. 

6.2 Prevention of Rod Bending Above S ~ ~ e - U s e  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 a u a t e l y  the 
buckling of the push rods. 

6.3 Dr@ of Tip-For penetration depths exceeding about 
40 A (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, thio 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 
seriousdrifting.;j . .  
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NOTE 17-Electrk 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 vertid &ce between 
the base of the cone and the midheight of the friction sleeve. 

6.6 Znrmptions--The engineer may have to intenupt 
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 witbout 
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 mains in conformance with this standard. 
Obtain further 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 
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making the additional tip penemtion and the disturbed zone 
evaluated h m  these data. Then dimgard daa within the 
disturbed zone. 

Nm 18-lnterruption of the piaooone sounding' after a push 
allow the engineer to examine the dissipation of positive or negative 
e x u s  pore mter  presurr. 

6.7 Below or Aa)acent 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 this 
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 

z can increase the friction between inner rods and push rods, 
I . 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 telexoping 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 transdilcer. Make periodic checks to assure that 
no water has passed the seals. 

Nm 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 correction constants. Their impor- 
tance increases as the soil being tested becomes weaker. 

. 7. Report 
7.1 Graphof Cone Resistance, qc-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 

approximation for a continuous graph. 
7.2 Friction-Cone Penetrometer: 
7.2.1 Graph of Friition Resistance, X-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 
interrupted (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 
zerodrifl 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 difficulties 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 fiom this tea 
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 qc and f, 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 % in q, 
and 20 % in f ,  

8.1.2 Electric Tips-Standard deviation of 5 % in qc and 
10% in f ,  

NOTE 20-These data may not match similar data from mechanical 
tips (see 1.3). 

The Amencan souety for T&ng ami Matends takes no puMion respectug the vaidty of any patent r g h  W e d  m unmectm 
wRh any R e m  mentmned in ths stamiard Users d ths standard we axCwsssly advsed that determination of the vaiidtfy d any such 
PEtm! rights. anti the nsk of i h -  d such nghts, are mire& thmr cwn respambilty. 

00.0241 



4m Designation: D 3550 - 84 (Reapproved 1991)'l 

Standard Practice for 
Ring-Lines Barrel Sampling of Soils' 

*-- 
r ~z 6 2  

This aandard is issued unda the 6xcd dcsipmh D 3 5 9 .  the number imrnuliauly follouhg the Acripnation indicates the year of 
aQptiDn or, in the e of d o n ,  the ywr oflast revision. A number in parenthars indicatathe year of kn rcappmd A 

Nprscript epsilon (e) indhcsan editorial change since theka &on or rrapprovaL 

This nandmd has been appmvedfor use by agmcia of the DcpMmrm of D&ue. Cons& rhe DoD hiex of SFmicaIionr and 
Stondmds for the specifi year of issue which has been aubpted by Ihe D e p ~ ~ m e n t  of Wie. 

(1 NoTEseca 'on 8 was addcd CditOMuy in November 1991. 

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 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 1586 Method for Penetration Test and Split-Barrel 

D 1587 Practice for Thin-Walled Tube Sampling of So@ 
D2113 Practice for Diamond Core Drilling for Site 

D 2488 Practice for Description and Identification of Soils 

sampling of soils2 

Investigation2 

(Visual-Manual R d ~ r e ) 2  

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). 

I This practice is uoda the jurisdiction of ASTM Cammime D18 on soil and 
x D18.02 on Sampling and 

Cummt edition approved Jan. 27. 1984. Published April 1984. originally 

2 Amrual Bode of ASTM slrmdordr. Vol04.08. 

Rock and is the dirca rrsponsibility of suk 
Rdated F A Tc.uingforsOii I n v d g a h ~  

' 

s D 35%- 77. Lan pmriol~ edition D 3550- 17t'. 

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 bottomdischarge bit be per- 
mitted. Side-discharge bits are permissible. 

4.2 Drive Weight Assembly-Any drive weight assembly 
that wil l  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. 

Nm 1-It is ncommcnded 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 barrel 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. (5 1 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 %. (See Fig. 1 for 
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FIG. 1 Ring-Lined Barrel Sampling Assembly 
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W a s t e  
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inside clearance ratio: fannula.) The wall tdickness of the 
thin-walled extension sbpll conform to Table 1. 

4.6.1 The thin-walled extension of the shoe shall be 
perfectly round. Shoes *t have become out-of-round for 
any reason shall not be rsed. If the thin-walled extension of 
the shoe deforms duringsampling, the sample obtained shall 
not be used for tests,wh as shear strength, where soil 
"sturbance is a factor. *- 

NOTE 2-The thin-walldartension of the shoe is not suitable for 
stiff or gravelly soils. In -such as these, a shoe similar to the type 
specified in Method D 1586 irrequyed for penetration. The use of this 
type of shoe, however, may mt in excessive disturbance of the soil so 
that it is no longer suitable farshear or consolidation determinations, or 
bath. 

4.7 Sample Extracton-Specimen-filled 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)%hick 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 Equipment-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 e n s w  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 
xing must be maintained at all times at or above the 

natural 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 bottom-discharge 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 distufbed 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 

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 rings and cap both ends. 
Be certain that there is no movement of the specimen-filled 
rings inside the container and that the specimen was not 
disturbed 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 

I ofblows. 
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bottom ring for tests other than. soil 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 (orrings) 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 mcture, 
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 
recovery lengths, 

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 drilling equipment-description, 
6.1.13 Names of personnel: mewman, field engineer, tech- 

and time of reading, 

nician, etc., NOTE %The soil remaining in the shoe is relatively undisturbed and 6.1.14 Weather conditions, and 
6.1.15 General remarks. 

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 This practice does not produce 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; h e r ,  repre- 

The American Society for Testing and Materials takes no pasition r8speaing the validity of any patent rights asserted in CMneClion 
with any itern mentioned in this standard. Users of this standard BIB expre&y advised that detemirJation of the validv of any such 
parent rights. and the risk of infringemem of such rights. are entirely their own responsibility. 

Ths siendard IS sub/e~3 m t ~ m  &any hme by the msponsib& t e c h n r t a r r n m  and must be revmwed every fm years and 
if not rwmd, et?her reapproved or wrthdrawn. Your comments are inv~?ed &her for revsmn of thrs standard or for addrtlonal standards 
and ShOuM be eddfwsed to ASTM Heedquarters. Your wnmmnfs wtll mmm careful consrderatron Bt a mbw of the responubk, 
technical Commmee, which you mey mnd. I f  you feel that your Commenrs have not recerved a far  heanng you sharld make your 
VM known to the ASTM Commmee M sranderds. 19t6 Race St., Phikdelphia, PA 19103. 
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Standard Test Methad: for 
(Field Procedure) f q  Instantaneous Change in Head (Slug 
Tests) for Determit&g Hydraulic Properties of Aquified 

*., 

This standad is lared under the fixed &on D W ,  the n u m b  Mmedratdy folloanngtbc -n mdicaus the year of 
0- adoption or, in the asc  of e the year of ha m o n .  A oumkr 111 parrnthesa lndigtcs thc year of ha reapprod. A 
supncnpt &on (I) d a t c s a n  a h ~ w h a n g c  sncc tk last nmson or reapprwaL 
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exponential manner following a sudden change in wat 
level. (See for comparison underdamped well.) 

3.1.5 slug-a volume of water or solid object used 
induce a sudden change of head in a well. 

3.1.6 storage co&cient-the volume of water an aquii 
releases from or takes into storage per unit surface area of t  
aquifer per unit change in head. For a confined aquifer, it 
equal to the product of specific storage and aquifer thickne 
For an unconfined aquifer, the storage CoetfiCient is apprc 
imately equal to the specific yield. 

3.1.7 transmissivity-the volume of water at the existi 
kinematic viscosity that will move in a unit time under a u 
hydraulic gradient through a unit Width of the aquifer. 

3.1.8 underdamped-well response-characterized by 
water level oscillating about the static water level followin 
sudden change in water level. (See for c o m e  
overdamued well.) 

1. scope 
1.1   his test method covers the fieWiprocedure for 

performing an in situ instantaneous charpt in head (slug) 
test. 

1.2 This test method is used in conj&ction with an 
analytical procedure such as Test Method D 4104 to deter- 
mine aquifer properties. 

1.3 The values stated in the SI units are& be regarded as 
standard. .-: 

1.4 This standard does not purport to address all of the 
safety problems. if any, associated with irs use. It is the 
responsibility of the user of this standard to establish appru- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Docnments I 

1 

2.1 ASTM Standardr: .: 
D653 Terminology Relating to Soil, Rock, and Contained 

3.1.9 For defihitions of other terms used in this I 

method, refer to Terminology D 653. 
Fluids2 

D4043 Guide for Selection Of Aquifer-Test Metliod in 4. summarv ,,f Test Method 
Of Hydr;iulic Roderties by 4.1 ms test method the field 

Techniques2 ?I 
D 4 104 Test Method (Analytical prockdure) for Deter- valved in conducting an i n ~ n ~ ~ ~  head (slug) test. 

T r a n u v i t y  of Codned No,,,lw Aquifers 
to Instantaneous 

slug test method involves causing a sudden change in hem 
a control well and measuring the water level response wit 
that control well. Head change may be induced by suddr 
injecting or removing a known quantity or "slug" of w 
into the well, rapid removal of a mechanical 
below the water level, increasing or decreasing the 
pressure in the well casing, or emplacement of a mechar 

by overdamped well 
Change in Head (Slug Testy 

D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well? 

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 conductivitp-@eld aquger 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-characterized by the 
water level returning to the static level in an approximately 

slug into the water column. 
4.2 The water-level response in the well is a functio 

the mass of water in the well and the transmissivity 
coefficient of storage of the aquifer. One method of ana 
of the data from this field practice is described in 
Method D 4 104. 

This test mahod is under the juridiction of AsfM Committee D18 0r1 Sod 
and Rock and h the dLcn rrspousibility of Subcommittee D18.21 on Ground 
Water and Vadose Zone Investigations 

cumfit edition approved June IS. 1991.  PublirhedAugust 1991. 
Ann& B h k  ojASTM Sf&&, Vol04.08. , 

5. Significance and Use 
5.1 This slug test field procedure is used in conjunc 

with a slug test analytical procedure, such as Test Me 
D 4104 to provide quick and relatively inexpensive estir 
of transmissivity. The value of coefficient of storage c 
mined from this test method is considered less reliable 
the value of transmissivity. 

5.2 The slug test provides an advantage over pun 
tests in that it does not require the disposal of the 
quantities of water that may be produced. Tbis is of q 
importance when testing a potentially contaminated aq 
However, slug tests reflect conditions near the well, the1 
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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 satis@ 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-level changes 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 Re-Test Water Levels-Measure the 

water level in the control well before begmning 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 
reiease of a vacuum or pressure on a tightly capped (shut-in) 
control well. AAer the release, the vacuum or pressure is held 
constant. 

Nm+There is no 6xed requirement for the magnitude of the 
change in watcrIcveL S i  resultscan be achieved with awide range 
in indud  head change. Some considerations include 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 ammte to I Sb of the maximum head change. 
Generally, an induced head change of from oncthird to one meter is 
adequate. 

The mechanical model for the test agumes the head change is 
induced instantanmusly. R a c t i d y ,  a finite time is required to effect a 
head change. Selection of time zero can be selected expaimentally. 
Refer to the mahod of analysis (such as Test Method D 4 104) to 
detamine time zero and to evaluate the suitability of the change effected 
io 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 frequently 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 fxe- 
quently enough to define the water-level response curve (see 
Test Method D 4 104). 

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 4 104 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 failing 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 presure change 

imposed on water level, and 
9.2.7 &-testing water-level trend. 
9.3 Establish and record the measurement point from 

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, 

==a 
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since test started If the water levels are measured with a 
pressure transducer and recorded with an electronic data 
logger, record the name of the data Be on the data logger. 

10. Precision and Bias 

J O . 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 
statement can be made about bias because no true reference 
values exist. 
11. Keywords 

11.1 aquifers; aquifer tests; ground warn, hydraulic con- 
ductiviw, hydraulic properties; instantaneous head test; slug 
tests;storagecoefficient;transmissivity 
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4m Designation: D 4104 - 91 

Standard Test Method 
(Analytical Procedure) for Determining Transmissivity of 
Nonleaky Confined Aquifers by Overdamped Well Response 
to Instantaneous Change in Head (Slug Test)' 

1. scope 
1 .1  This test method covers the determination of 

transmisrivity 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 
characterkd by recovery to initial water level in an approx- 
imate exponential manner with negligible inertial effects. 

1.2 Theanalyticalprocedureinthistestmethodisusedin 
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 W y  penetrating well (a well 
open through the W thickness of the aquifer), the slug test 
method is commonly conducted using a pamally penetrating 
well. Such a pracrice 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, if any, associated with its use. It is the 
raponsibility of the user of this strurdord 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 St&h: 
D653 Terminology Relating to Soil, Rock, and Contained 

Fluid!+ 
D4043 Guide for Selection of AqAer-Test Method in 
Determining of Hydraulic Roperties by Well Techniques3 

D4044 Test Method (Field procedure) for Instantaneous 
Hydraulic Change in Head (slug Test) for 

Properties of Aquifers3 

. .  

623 

D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
WellY 

3. Terminology 
3.1 Definitions: 
3.1.1 aqu$er, 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 b e d - a  hydrogeologic unit of less perme 
able material bounding one or more aquifers. 

3.1.3 control well-well by which the aquifer is stresd, 
for example, by pumping, injection, or change of head. 

3.1.4 head, stutic-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 conductivit)i-cfield 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 overhped-well response-c- * by the 
water level returning to the static level in an approximately 
exponential manner following a sudden change in water 
level. (See for comparison underahped-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 storuge-the volume of water released h m  
or taken into storage per unit volume of the porous medium 
per unit change in head 

3.1.1 0 storage c@cient-the volume of water an aquifer 
releases from or takes into storage per unit surface area of the 
aquifer per unit change in head. For a confined aquife~, the 
storage coefficient is equal to the product of speci.6~ storage 
aud aquifer thickness. For an unconfined aqder, the storage 
coefficient is approximately equal to the specific yield. 

3.1.1 1 tranmrissivi-the volume of water at the exkthg 
kinematic viscosity that will move in a unit time under a unit 
hydraulic gradient through a unit width of the aqdkr. 

3.1.12 underdampedwell response--response character- 
ized by the water level oscillating about the static water level 
following a sudden change in water level. (See for compar- 
ison overhped-well response.) . 

3.1.13 For definitions of other terms used in this test 
method, see Terminology D 653. 

3 2  Symbols and Dimensions: 
32.1 J,, [nd]-mrder-~Jfunct ion of the first kind. 
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3.2.2 J1 [nd]--fiist-order -1 function of the first kind. 
3.2.3 K [L"l]-hydraulic conductivity. 

3.2.5 S [ndl-storage coefficient. 
3.2.6 Yo [ndl-zero order Bessei hnction 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. 
3.2.11 H (.]+hange 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,2. 
3.2.1 5 a - r w 2 S / ~ ~ .  

4. Smmary of Test Method 
4.1 This test method describes 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: 

3.2.4 T [L21'1]-transrmss 'vity. 

kind. 

kind. 

hterval where water level changes. 

adjacent to water bearing unit. 

well. 

H = - S , "  B o  r [[exp(-83/a)[/,(ur/r,) 

[uY,&u) - 2uYl(u)] - Ydw/rw) (1 
[do(u) - 2cJl(U)II/A(U)lldu 

where: 
u = rw2S/r,2, 

B = Tl/rc2, 

and 
A(u) = [u lo(~)  - 2 d 1 ( ~ ) ] *  + [Urdu) - 2 ~ Y , ( u ) ] ~  

Nm I-Other analytical solutions a~ described by Hvonlev (2) 
Bouwef and Rice (3), and Bouwer (4). 

5. Significance and Use 
5.1 Assumptions of Solution of Cooper et a1 (1): 
5.1.1 The head 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 boldface numkn m pentheses refer to a list of dcrcnm at the end of 
the text. 

Water level 
after inieclion 

S t a t t c  water level 
-- ------- 

Confining bed 

I ! I  

. . .  
I I 

Confln'ing I /  bed / 
FIG 1 Cross Section Through a Wdl in Which a Slug of Water is 

Suddenty Injected 

conditions and M y  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 coefficient 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 Fq (1) 
cannot be evaluated analytically. A graphical.solution for 
determination of transmissivity 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 paper, a set of type ewes of 

values of F(& a) = H/H0, on the arithmetic scale, as a 
function of B, on the logarithmic scale from the values of the 
functions in Table 1. 

7.2 Plot, on semilogarithmic paper of the same scale as 
that of the t y p e c w e  plot, the water level data in the control 
well, expressed as a fraction, H/H,, 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 h e  change was initiated and If, can be the 
calculated rise. If there is a signilicant time lag between initiation of the 
head change and the peak rise or decline is SigniFicantly less than the 

-- 
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1 .00 
1 o J  2.15 

4.64 
1 .00 

1 0-2 2.15 
4.64 

10-1 2.15 
4.64 
1 .00 

100 2.15 
4.64 
7.00 
1 .00 
1.40 

10’ 2.15 
3.00 
4.64 
7.00 
1 .00 

1Q 2.15 

1 .m 

o m 1  0.9920 0.9969 0 . ~ 5  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 0.9653 0.9915 0.9942 
0.8860 0.9505 0.9744 0.9841 0.9883 
0.8293 0.9187 0.9545 0.9701 0.9781 
0.7460 0.8655 0.9163 0.9434 0.9512 

0.4782 0.6436 0.7436 0.6031 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 02082 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 
0.005111 0.004919 0.006111 0.006319 0.006554 
0.003722 O.OO3809 0.003884 0.003962 0.- 
0.002577 0.002618 0.002653 0.002688 0.002725 
0.001179 0.001187 0.001194 0.001201 0.001208 

0 . m  0.7782 0 . w ~  0 . 8 ~ s  0.9167 

From papaQpdos. Bredehoen. end cooPer(5) 
0 = R/r,2 o iv 10-7 i w  109 io-’o 

‘0.9994 0.9996 13.9996 0.9997 0.9997 1 
2 

1- 4 
6 
8 
1 
2 

1 0-2 4 
6 
8 
1 
2 

.lo-’ 4 
6 
8 
1 
2 
3 
4 

100 5 
6 
7 
8 
9 
1 
2 
3 

10’ 4 
5 
6 
8 
1 

102 2 

0.9989 0.9992 0.9993 0.9994 0.9995 
0.9980 0.9985 0.9987 0.9989 0.9991 
0.9972 0.9978 0.9982 0.9984 0.9986 
0.9964 0.9971 0.9976 0.9980 0.9982 
0.9956 0.9965 0.9971 0.9975 0.9978 
0.9919 0.9934 0.9944 0.9952 0.9958 
0.9848 0.9875 0.9894 0.9908 0.9919 
0.9782 0.9819 0.9846 0.9866 0.9881 
0.9718 0.9765 0.9799 0.9824 0.9844 
0.9655 0.9712 0.9753 0.9784 0.9807 
0.9361 0.9459 0.9532 0.9587 0.9631 
0.8828 0.8995 0.9122 0.9220 0.9298 
0.8345 0.8569 0.8741 0.8875 0.8984 
0.7901 0.8173 0.8383 0.8550 0.8686 
0.7489 0.7801 0.8045 0.8240 0.8401 
0.5800 0.6235 0.6591 0.6883 0.7139 
0.4554 0.5033 0.5442 0.5792 0.6096 
0.3613 0.4093 0.4517 0.4891 0.5222 
0.2693 0.3351 0.3768 0.4146 0.4487 
0.2337 0.2759 0.3157 0.3525 0.3865 
0.1903 0.2285 0.2655 0.3007 0.3337 
0.1562 0.1903 0.2243 0.2573 0.2888 
0.1292 0.1594 0.1902 0.2206 0.2505 
0.1078 0.1343 0.1620 0.1900 02178 
0.02720 0.03343 0.04129 0.05071 0.06149 
0.01286 0.01448 0.01667 0.01956 0.02320 
0.008337 0.008898 0.009637 0.01062 0.01190 
0.006209 0.006470 0.006789 0.007192 0.007709 
0.004961 0.005111 0.005263 0.005487 0.005735 
0.003547 0.003617 0.003891 0.003773 0.- 
0.002763 O.Oo2803 0.002845 0.002890 0.002938 
0.001313 o.mim 0.001330 o . 0 0 1 ~ ~  0.001348 

calculated change usc r = 0 as the time of maximum 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 curve 
set. 

7.4 Using the coordinates of the point, determine the 
transmissivity and storage coefficient from the following 
tXpilti0llS: 

T=flr:ft 
and 

S = ai: f rw2 

8. Report 
8.1 Prepare a 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 Introduczion-The introductory section is intended 
to present the xope 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 Hydrogeologk 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 Tkt 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 practid to specify the precision of this test 
method because the response of aquifer 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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Designation: D 4186 - 89 

1. Scope 

Standard Test Method fbr 
One-Dimensional Consolidation Properties of Soils Using 
Controlled-Strain Loadipg! 

This standard is issued under the fixed dcdg.pidn D% 186; the number immediately following the designation indicates the year of 
O & i d  adoption or. in the cay of revision, lk;jrar oflan revision. A number in p a r r n t h s  indim the year of last rcapproval. A 
superscripr epsilon (e) indicates an editolial chmgc since the hn revision or reapprowl. 

, 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- 
strain loading. 

NOE I-The determination of the m e  and magnitude of consolida- 
non of soil when it is subjected to inmmenral loading is covefed by Test 
Method D 2435. 

1.2 The values stated in SI units are to be regarded as the 
mdard .  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 
d r e s s  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 
appkability of regulatory limitations prior to use. 

1. Referenced Documents 
2.1 ASTM Standards: 
D 422 Test Method for Particle-Size Analysis of Soils2 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of Soilsf 
D 1587 Practice for Thin-Walled Tube Sampling of Soilsf 
D2216 Test Method for Laboratory Determination of 

Water (Moisture) Content of Soil, Rock, and Soil- 
AggregateMixd 

D2435 Test Method for One-Dimensional Consolidation 
Properties of So&? 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils2 
D4220 Practices for Perserving and Transporting Soil 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

Fluids2 

sample9 

Plasticity Index of Soilsf 

3. S i m n c e  and Use 
3.1 Information concerning rate and magnitude of con- 

solidation settlement of soil is essential in the design of earth 
a d  earth-supported structures. The results of this method 
may be used to analyze or estimate onedimensional consol- 
ijation settlements and rates. 

I This M method is unda the jurisdiction of ASTM Committee D18 on Soil 
responsibility of Subcommin& D18.05 on Suucnual 

C m t  edition approved June 30, 1989. Published October 1989. Originauy 

=.mud Book of R s l M  Stanahrak, Vol04.08. 

asf Rock and is the 
hipmics of so i  

as D 4186 - 82. bn 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 ktes 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 (I+ a,) to laboratory pore 
pressure ratios. Further research is needed in this area. 

3.2.3 The constant-ratesf-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 Venus strain relationship is linear 

3.4.8 The distribution of excess pore-water pressures 

is constant, 

direction, ' 

neghgible, 

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, a,-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 eleqric mdXhrough a 
peared transmission, a platform weighing d e  equipped 

.h a screw-jack activated yoke, a hydraulic mipneumatic 
,oading device, or any other compression devictiwith suffi- 
cient capacity and control to axially compress -men 
at the constant rate of strain prescribed in 9.6.-$f"1he axial 
loading device is outside the consolidometer, sge''S8. 

5.2 Axial Load-Measuring Device-The axi& bad-mea- 
suring device may be a load ring, strain-sj3oad cell, 
hydraulic load cell, or any other load-m-g device 
capable of the accuracy prescribed in this p-h and may 
be a part of the axial loading device.-Thearriai load- 
measuring device shall be capable of meas- the axial 
load to an accuracy of 0.25 % of the maximumdoad applied 
to the specimen. . .  

NOTE 2-For a &nstant rate of deformation to be &ned from 
the axial loading device through the load-measwing .device, it is 
important that the load-measuring device be relatie.  stiff. Some 
hydraulic load cells or proving rings may not provide s-ent stiffness. 

5.3 Pore- Water Pressure-Measuring DevicTThe pore- 
water pr&ure-measuring device shall be a difbential pres- 
sure transducer. Separate pressure transducers &$ measuring 
pore-water pressure at the base of the specimcb and back 
pressures may be used if both have the requiredfcuracy and 
both are monitored during the test. The de& shall be 
constructed and located such that the pore-wami:pressure at 
the base of the specimen can be measured w'o1 negligible 
drainage of pore water from the base of the specimen on one 
side of the transducer. The other side of tki!mnsducer 
measures the back pressure applied to the s p e d e n .  Negli- 

le drainage of porewater from the base of Ak. specimen 
d n  be attained if the coefficient of volume change of the 
pore pressure-measuring device and de-aired, .water-fiUed 
cavities connecting the device to the b&e of t h e s w m e n  is 
.less than 10-~ ia3/psi (IO-* m3/Pa). The pde pressure- 
measuring device shall be capable of meas- the pore- 
water pressure at the base of the specimen to anaccuracy of 
0.25 % of the maximum anticipated pore pressipe. 

5.4 Back Pressure-Maintaining Device,: capable of a p  
plying and controlling the back pressure to widrin k2.0 %. 
This device may consist of a reservoir, it may hay reservoirs 
connected to the top and bottom of the sp-en and 
partially filled with de-aired water, the upper!jpart 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.&ting on a 
piston or any other pressure-maintaining devicetapable of 
applying and controlling the back pressure to e tolerance 
prescribed in this paragraph may be used. A b w  volume- 
change valve shall be provided in the back-passure mea- 
suring device as near as possible to the base of the. specimen. 
This valve, when open, shall permit the a p p l i d n  of back 
pressure to the base of the specimen; when &sed, shall 
prevent.the drainage of water from the s p e c i d  base and 
pore-water pressure-measuring device to the resqrvoir of the 
back pressure-maintaining device. 

NOTE 3-All gas-water interfaces should be small in &a relative to 
area of the specimen and should be in reservoirs Corieected to the 

5.5 Deformation Indicator-The deformatid. indicator 
consolidometer-by a length of small diameter tubing. E 

i l  

. _ . .  
. .. 

I \  

shall be a dial indicator 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 
prescribed 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-to- Thickness 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 Ring shall 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 sufficient 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 sumcient rigidity to prevent breakage of the stone. 

5.10 Moist Room-In climates where moisture loss 
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during preparation exceeds 0.1 %, the specimen shall be 
DRpared in a moist room. 

5.1 1 Trimmer or Cyhdrical Cutter, for trimming the 
specimen down to the inside diameter of the consolidometer 
ring with a minimum of disturban ce. 

5.12 Specimen-Mem'ng Device, capable of measuring 
specimen height and diameter to the nearest 0.02 mm (0.001 
ill.). 

5.13 Drykg Oven, that can be maintained at 230 f 9'F 
(110 +, soc). 

5.14 Miscellaneous Equipment-Spechen trimming and 
caning tools, including spatulas, knives, and Wire saws, 
moimue 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 Fjractice 
D 350,  then they may be used. 

6.3 Transport and handling of samples shall be conducted 
in accordance with Practice D 4220. 

7 .  Specimens 
7-1 Prepare the specimen so moisture loss is less than 

@.l R: if necessary, prepare the specimen in a moist room. 
Txim the specimen to the inside diameter of the consol- 
ijometer ring. Fd 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 
aim it flush with the plane surface of the ring. The surface 
nust be smooth. A specimen ring with the cutting edge 
&ed provides the most accurate fit in most-soils. 

7 2  organic soils, such as peat, and those soils that are 
d y  damaged, may be transferred directly from the sam- 
9% tube to the ring where the ring and tube Sizes have been 
decred for this purpose, provided that the cutting edge of 
me ring has the same diameter as the sample. 

:3 Determine the mass and height of the specimen. 
Re;ord the specimen mass, height, and diameter. 

SUE 4-Rcxautions should be taken to minhize disturban ce of 
-soil or changes in moisture and density during Specimen preparation; 

distortion, and compression must be avoided 

7.1 Use the material trimmed adjacent to the specimen 
(see 7.1) to determine the natural moisture content (based on 
&y mass) in accordance with Method D2216 and the 
specific gravity in accordance with Test Method D854. 
IXermine initial wet weight of the specimen and its volume 
i k m  the mas, 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 9.11). The value determined from the aimmingS is 
zpproximate but permits determining the void ratio before 
ds twt is complete. The specific gravity can be estimated 
wkere an accurate void ratio is not needed. 

7.5 The liquid and plastic limits as determined by Test 
Method D 43 18, are usefbl in identifying the soil and in 
axrelating the results of tests on different soils. These tests 
may also be performed on the trimmings. 

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. 

N a n  S-GUideliaes 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 (100 lbf/ft2). 
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 
wed. (For very soft soils, a seating pressure of 2.5 kPa 
(50 lbf/ft2), 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 fill 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 
@mea having low initial degrees of saturation to mini- 
mize deformation of the specimen and prestressing. 

9.4 Lf necesary (see 5.8), adjust the axial load-measuring 
device to Qmpensate 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 al l  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 coustant specimen height, 
record the decrease or increase in axial load that occuls prior 
to controlled-strain loading. 

9.6 Strain Rate Seieffion-It is desirable to select a strain' 
rate that will caw 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 6-70 achieve this, it k good practice to target a maximum 
value of 20 96 and in no case may the maximum valve exaed 30 %. 
Guidelines for Snain rate selection may be found in one or more of the 
refaenas listed at the end of this method The excess porc-wata 
pressure may be limited to values Im than 30 55 for purposesof getting 
results consistent with ina~mental loading tests cresl Method D 2435). 

9.7 Axial Loading-Close the valve connecting the spe.~  
h e n  base to the back pressure-maintaining device and begu 
to apply the axial load so as to produce axial strain at tht 
constant rate selected in 9.6. Record axial load, e x a s  



. ____ .-. - 
D4186 

. .  

pore-water pressure, deformation, and elapsed time values at 
amroximately 1-min intervals for the first 10 min, 5-min 

rvals for the next 1 h, and 15-min intervals thereafter. 
l d e  sufficient readings to define the stress-strain curve; 
hence more fresuent readings may be required when signifi- 
cant changesjn 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 controUed-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 
intervals of 0;1,0.25,0.5, 1,2,4,8, 15, and 30 min and 1, 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. 

STr 7-hteMption of the controlled-strain test to obtain sec- 
ovary compression data under constant load may af€ect the void 
ratiwffecdve suess 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 sufiiciently high or main 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 l)--Sorne have found that unloading strain rates on the order 
of one-tenth the loading suain rates are sufEaent to mainrain positive 
total vertical stress on the Specimen and keep reasonable values of pore 
water pressures at the.- 

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-strain (or stress-void ratio) curve, or aids in inter- 
ing the field behavior of the soil. This shall be indicated 

clearly on the test results. 
9.11 At the completion of the test, remove the entire 

. , .  : : .  .. 
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Specimen from the consolidometer, weigh, oven-dry, and 
reweigh to obtain the weight of solids. 

10. Calculation 
10.1 Calculate the initial void ratio, warn 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 specilic 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, 
dV for each set of values recorded in 9.7 through 9.9. 

10.2.1 Calculate the void ratio as follows: 
e = e, - AHIHs 

where: 
e, = initial void ratio, 
LW = 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: 

t = M/H, 
where: 
Ho = initial height of the specimen as measured in 7.3. 

10.2.3 Calculate the applied axial stress as follows: 
u, = PIA 

where: 
P = applied axial load (see Note 9), and 
A = cross-sectional area of the specimen. 

10.2.4 Caldate.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'" = (u? - 2QV2Ub 4- U"U2)*'3 

where: 
u, = excess pore-water pressure measured at the base of the 

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. 

log [3 
2 A Z l o g [ 1 - 3  

C" = - 

where: 
u,, 
uv2 
H 
At 
ub 
a, 

= applied axial stress at time t, 
= applied axial stress at time t, 
= average specimen height between t, and t, 
= elapsed time between t, and t2 = t, - t, 
= average excess pore pressure between t, and t,, and 
= average total applied axial stress between t, and t,. 
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If strain rates are changed at any time during the test, the 

KOTE 1 6 T h e  above averages are obtained from one-halfthe sum of 
values of C, calculated at those times may be inaccurate. 

t h e m  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'" 

10.3.2 If the values of effective vertical stress do not 
change sipificantly between consecutive readings, the time 
interval may be increased 

11. Report 

. between the two readings. 

1 1.1 The report shall include the following information: 
1 1.1.1 Identification and description of sample, including 

whether soil is undhurhi, remolded, compacted, or other- 
*Prepared, 

1 1.1.2 Iniual moisture content, 
11.1.3 Initial wet Unit weight, 
1 1.1.4 Initial percent saturation, 
11.1.5 If void ratio calculations are made, value of specific 

gra\ity of solids in the calculations, 
1 1.1.6 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), 

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 

11.1.12 Depanures from the procedure outlined, in- 
cluding special loading sequences. 

12. Recision 
12.1 Undisturbed soil samples from homogeneous soil 

deposits at the same location often exhibit significantly 
different consolidation propehes. No method exists to 
evaluate the precision of a group of consolidation tests on 
undmurbed 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 difficulty in producing 
identical cohesive soil samples. No estimates of precision for 
this test method are available. 
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(m Designation: D 4220 - 89 

Standard Practices for 
Preserving and Transporting Soil Samples’ 

This aandard is issued under thc fixed desipmion D 4220, the number irnmcdiately following the designation indicates the year of 
0- adoption or. in the c%c of revision, the year of lan revision. A number in parcnthacs indicates the year of lan ~ P p r O v a L  A 
supasaipt epsilon (e) indicates an editorial change since thc kn revision or rrapproML 

1. scope 
1 .1  These 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 

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 Soils’ 
D 2488 F’ractice for Description and Identification of Soils 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils2 

Rock for Engineering P u r p o d  

Fluid2 

Auger Bonn& 

sampling of soils2 

(Visual-Manual Procedure)2 

3. Terminology 
3.1 Terminology in these practices is in accordance with 

. Terminology D 653. 

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, 

’ Thcse pracrices arc under the juridiction of ASlM Committee D I 8 on Soil 
and Rock and arc the dirat responsibility of Subcommitm D 18.02 on Sampling 
and Related Fidd Testing for Soil Investigations. 

C m t  edition approved July 13,1989. hblishcd September 1989. Originally 
Published s D 4220 - 83. IAS pmriou~ edition D 4220 - 83. 
.. A d  Book o/ASTM SI&&, 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 specifcations or defined by the designated respon- 
sible person. 

5. Sigaificance 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 
purpom. 

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 fiction, 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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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 AI1 Samples-Properly idenufy samples with tags, 

8.1.1 Job name or number, or both, 
8.1.2 Sampling date, 
8.1.3 Sampleboring 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. 

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. 
NOTE I m e  soils may cause holes to develop in aluminum foil, 

due to corrosion. Avoid direct contact where adverse affects to sample 
composition are a conem. 

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 Plustic 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 Puckzrs-The preferred method of 

sealing sample ends within tubes is with plastic, expandable 
packers. 

8.3.6.2 Wax Wifh Dish-For short-term sealin& parafb 
wax is acceptable. For long term sealing (in e x a s  of 3 days) 
use microcrystalline waxes or combine with up to 15 % 
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). 

or both, including sampling orientation, and 

D 1586). 

taining association to the original sample. 

wax. 

NOTE I-Plastic expandable end caps are preferred. Metal expand- 
able end caps seal equally weU however, long-tern 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 ‘12 pt (250 mL), 1 pt (500 mL) 

6.1.9 Bag, either plastic, burlap with liner, burlap or cloth 
type (Practice D 1452). 

6.1.10 Packing Materid, to protect against vibration and 
shock 

6.1.1 1 Insularion, either granule (had), 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. (13 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 

nansportation must be considered. 

6.1.15 Identification MateriaL-ThiS includes the neces- 
sary writing pens, tags, and labels to properly identify the 

and quart-sized (lo00 mL). 

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 pgulations 
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 canier or U.S. 
Postal Service must comply with the Department of Trans- 
portation Hazardous Materials Regulation, 49- Part 172. 

7.3 Sample meability 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 dsposition, and 
should be handled by as few persons as possible. 

7.3.2 The sample coUector(s) should be responsible for 
initiating the sample traceability record; recording the 
project, sample identifcation 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(s) relinquishing and receiving the samples shall sign, 

000258 
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8.3.6.3 End Caps-Seal metal, rubber, or plastic end caps 
with tape. For long term storage (longer than 3 days), also 
-lip 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 necmary, spacers or appmprkte 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 properties to provide the same degrw of continued sample 
support 

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 Canon Samples (Frozen Food Canons)-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. 

W a X  

8.5 Group D: 

8.5.1 The requirements of 8.4 must be met, in addition to 
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 qualitied person. 

NUTE 5-A qualitied person m a y  be an engineer, geologist. sod 
scienmt, soils technician or responsible person designated by the PrOJeCr 
maaager- 

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 indating material to 
prevent freezing, sublimation and thawing, or undesirable 
temperature changes. 

8.6.2 Wood Shipping Containers: 
8.6.2.1 Wood is preferred ovex metal. Outdoor (marine) 

plywood having a thickness of 112 and 31' 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 E 
spring suspension system, or any other means that woulc 
provide similar protection. 

8.6.4 Styrene Shipping Containers-Bulk styrene witt 
slots cut to the dimensions of the sample tube or liner. P 
protective outer box of plywood or reinforced cardboard i: 
recommended. 

8.6.5 Other Cuntainers-Containers constructed witt 
l ami~ ted  fiberboard, plastic or reinforced cardboard oute. 
walls, and properly lined, may also be used. 

9. Reporting 

should include the following: 
9.1 The data obtained in the field shall be recorded an< 

9.1.1 
9.1.2 
9.1.3 
9.1.4 
9.1.5 

Job name or number, or both, 
Sampling date(s), 
Sample/boring number(s) and location(s), 
Depth@) or elevation(s), or both, 
Sample orientation, 

. .  . . .  . i 
. .  . .  . .  

i 
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I 
S a m e  Identlflcation/Traceebllllty Record 

(Controlled Document) 

Project: W.O. 

Shipped by: 
Shipped to: 

Comments: 

Attentlon 01: 

Hazardous materiala euapected? 
(yeaIno) 

-- 

- 

Shlpment orepared by: (signature) D a t a l l i m e  Shlpment method: 

Recelved l o r  Lab BY: (signature) Date l t lme  Comments 

R o c e i v i n ~  Laboretory: Please return original lorm alter signing lor rec*ipt 01 aamplea. 

FlG 1 Etampe Layout of Record Form 

9.1.6 Groundwater observation, if any, 
9.1.7 Method of ~am~l inp ,  and =netration test data, if 

9.1.12 If used, a copy of traceability records, 
9.1.13 Weather conditions, and - I, 

applicable, 
9.1.8 Sample dimensions, 

9.1.14 General remarks. 

9.1.9 Soil description (Practice D 2488), 
9.1.10 Names of technician/crewman, engineer, project 

9.1.1 1 Comments regarding contaminated or possible 

10. Recision 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 nnn) 

4" (102 m) Dia. Hole 

bottom dividers) 
holes each, top 8 

1/2" (13 mn) Dia. Rope 
Handle (one t h i s  side 
8 one opposite s ide)  

Minimum of 7 n a i l s  i n  
each long edge (preferably 
also glued w i t h  waterproof 
glue) 

1 

m) of urethane foam 
(or  equivalent) in the bottom 
of the box. 1" (25 mm) around 
the tubes and on top. 

Fla t e r i a l  
.- mm) thick plywood 
(exter ior  grade) 

FIG. 2 Shipping Box. for 3-in. (76-mm) Thin-Walled l u b e s  

. " . .  . . . , . .  .; 
. . .. 
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[a) Photo of Open Box For 5” (127 mm) Tubes 

- 
E 

- E  G- 

r 1 

I 

i 

(b) Top View 
. E  
bN 

1%‘’ (38 mm) 

I 1 
(c) Front View 

3” 
(76 mm) 4“ 

(102mm) 

(d) Side View 

NOE-Topandbottan M a r e  identical. 
FIG. 3 Styrene Shipping Container for 3in. (76-mm) Thin-Walled Tubes 
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Item 
No. 

1 , Plywood. 4 R by 8 ft by % in. (1220 mm by 2440 mm by 19.1 
mm) exterior. Grade AC 

2 Hinge. stsap. 4 in. (102 mm). heavy duty witf~ SQBWS 
3 Hasp. hinged. 4% in. (1 14 mm). with SQBWS 

4 S M ,  Wood. St&, Flatheed. No. 10 by 1% in. (44.5 mm) 
5 eOn. Machine. K in. (9.5 mm), with nut to 
6 Wssher. flat. % in. (9.5 mm) 
7 €ye Bon. ‘h by 2 in. (6.4 mm by 51 mm). zinc-phted. wim’nut 
8 Washer. Aat ‘14 in. (6.4 mm). far hasp bolt 
9 S Hooks. 2 in. (51 mm). open. zhephmd 

10 Clemp. ad-. hose. st&. warn SQBW adjusmmt 
11 Spring, elcpansion 
12 A d m e .  woodwom ‘ng 

hasps 

C. SlDEMEW 

8. F R O N T W  

Description o f  Item 

BILL OF MATERIALS 

Item 
ouantrty No. Descnpbonof- Quanmy 
1 Sheet 13 Rope. nylon. Vsn. (12.7-mm) d m e r .  sold braded 5 ft (1524 mm) 

14 Cushmning Material. expandad porystyrane toam 10 rt3 (028 d) 
4 Each Nom-(a) All wooden components can be sawedtran one sheet of plywood. 
3Each 

72 Each 
3Each 
3Esch 
8Each 
8Each 
BEach TO PROTECT FROM FREEZING 
2- 
BEsch tiUeciwlmasurtabbmsdtentpackJrgmatenal. 

m) TIVS s h m q  box MU accunrodate approumat~ three k n .  (7-1 
dmmetertubas or two 5-m (127mm) dwneter tubes up to 30 m (762 
mm) m lengm. For -tubes the mstde heght of the box must bea 
rmmmum of 6ul. (152 mm) greeter man me IengtJl of the tube. 

(c) An pts  to be glued and fasmned wlm SQBWS. 
(d) stenal an fades as Mlows (SeeVmS B and C). 

(e) Aftersmpend~ng samples as rdcated above, all void space must be 

1 b(4549) 

FIG. 4 Suspension System C o n t e i r  for Win-Welled Tubes 

000263 
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3 
55-qa l lon  (0.21 m ) o i l  b a r r e l s  
w i th  s e c t i o n s  of Styrofoam i n s u l a -  
t i o n ;  welded hand les  on each  s i d e .  

( a )  

( b )  Same a s  ( a )  showing b.arrel  ready  
f o r  shipment.  S t e e l  . 1  i d s  b o l t e d ' ~  
on t o  p rov ide  t i g h t  s e a l .  

NUTE-TWO in. (51 mm) of foam d b e r  covers 2 in. of styrofoam at me base. 
.one h. (25 lTUll)Of tOam NbbW Ovedays the tOP Of the tlJbS. and the 
space to the lid is filled with styrotoam. 

FIG. 5 Shipping Banel tor Thin-Walled Tubes 
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- .:. :. . .. . .  

. 
i .  .: I 

.. 

! 

1 
18 Gauge 
1" x 14" 

c 

FIG. 6 
p 

S t e e l  

i n s u l a t i o n  over  base. 

Shipping Box for Liner (Short Tube) or Ring Samples 
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. . . .. 

c l o t h  and warm rubbd, :wax 
a r e  r e q u i r e d  t o  s e a l  
t h e  sample.  

i c k n e s s  of c h e e s e  c l o t h  

rubbed by hand. 

i! 

A .  METHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES 

F i l l  s p a c e  between s e a l e d  
sample and box w i t h  m o i s t  
sawdust  packed t o  s u p p o r t  
sample. -) 

B. ENCASE EASILY. DISTURBED SAMPLES I N  BOX PRIOR TO CUTTING 

Box c o n s t r u c t e d  w i t h  1/2"-3/4" ( 13 - 19 m) e x t e r i o r  plywood. 

FIG. 7 Preparing and Packaging a Block Sam&? 

The American Society for Testing and Materials takes no pit ion feqmcting the validity of any patent rights assened in con!VeCtiOn 
with any item mentioned in this standard. Users of this standard are axpressly advised that determim.on of the validity of my such 
petent rights, and the risk of infringement of such rights, are entidy their own mpnsi~~ .  

This standard is subject to revision at any time bj' the mponsibk technid Camminee and must be reviewed every five yean and 
if not revised. &her m8ppnwd or withdrawn. Your comments are invited either for revision of this standard or tor additional standards 
and should be addressed to ASTM H e a d m a r s .  Your comments will receive careful consideration at a meeting of the responsible 
technical cornminee. which you may aftend. I f  you feel that your comments have not received a fair hearing you sharld make yoCn 
views known to the ASTM Committee on srandards. 1916 Race SI.. Philadelphia, PA 19103. 
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(m Designation: D 4318 - 84 

I 

Standard Test Method fat 
Liquid Limit, Plastic L i m  and Plasticity Index of Soils' 

Tlus standad IS issued under the 6xcd dmgnatiaD 4318 the number lmmedLately f o l l m g  the dcwmhon mdrcata the  year of 
o m  adopaon or, m the casc of m o n .  the Waf ha revmoll. A n u m k  m parentheses mdrcata the year of kl reapprcval. A 
suprscnpt epslon (0 mdrcata an ednonal -cc the last m o n  or reapproval. 

This stondord has been apprmedfor use by a g w  of the of D e f o w  C o d i  ihe DoD Index of Specifications and 
Sian&rdc for the specfir year of rvve which ha5&=t1 dopied by the Depanrnm of D q h e  

I 

1. Scope 
1.1 This test method covers the determinatim.;of the 

liquid limit, plastic limit, and the plasticity index& soils as 
defined in Section 3. 

1.1 .1  Two procedures for preparing test speckeps and 
two procedures for performing the liquid limit q o v i d e d  
as follows: !! 

A Multipoint test using a wet preparation mcedure, 
described in Sections 10.1, 11,  and 12. 

B Multipoint test using a dry preparation &ure, . .  

described in Sections 10.2, 1 1 ,  and 12. 
C One-point test using a wet preparation p+&ure, 

described in Sections 13, 14, and 15. 
D One-point test using a dry preparation ~.p&edure, 

described in Sections 13, 14, and 15. 
The procedure to be used shall be specified by the&uesting 
authority. If no procedure is specified, Procedure a' shall be 
sed. 

* !. 

.fi 

L :  

* ?: 

".. . .* 
..o m y ,  

NOTE I-Prior to the adoption of this test method, a grooving 
tool was specitied as part of the apparatus for perForming t h w u i d  limit 
test The curved tool is not considered to be as accurate as* flat tool 
described in 6.2 since it does not control the depth of th&il in the 
liquid limit cup. However, thm are some data which indicate that 
typically the liquid limit is slightly i n d  when the flat el is used 
instead of the cuxved tooL 

1.1.2 The plastic limit test procedure is described in 
Sections 16,17, and 18. The plastic limit test is pehrmed 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. Atterbeq. These limits distinguish the 
boundaries of the several consistency states of plastic soils. 

1.3 As used in this test method, soil is any naNrai 
aggregation of mineral or organic materials, m i x t d  of such 

I 

I 
il 

llus test method is under the ~ d m o n  of ASIM Comm~ttcc D-18 on Sod 
and Rock and IS the d u m  raponsbhty of Subcomm~ncc D18.03 on Tam 
plamary. and Dennty charactmma of Sods 

Currcnt d b o n  approved Oct 26,1984. PubMd December 19&. OngmaUy 
pubLrhedasD4318-83.Lanpmious~hOnD4318-83". 

s 

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 pdcularly 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 D 2216). 
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 Sice  the tests described herein are performed only on 
that portion of a soil which passes the 425-pm (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 ana 
establish appropriate safety and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 

682 
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2. Referenced Documents 

2.1 ASTM Standards: 
C 702 Methods for Reducing Field Samples of Aggregate 

to Testing Size’ 
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 
D2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures4 

D 2240 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 Proced~re)~ 

D3282 Practice for Classification of Soils and Soil-Ag- 
gregate Mixtures for Highway Construction hposes4 

E 11 Specification for Wire-Cloth Sieves for Testing 
PUrpOSeS6 

E 3 19 Methods of Testing Single-Arm Balances6 
E 898 Method of Testing TopLoading, Direct-Reading 

Laboratory Scales and Balances6 
3. Definitions 

3.1 Atterberg limits-onginally, 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 consistenc)r-the relative ease with which a soil can be 
deformed. 

3.3 liquid limit (U)-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 (112 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 f 0.2 kPa (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 (I/s 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 drying. 

Annual Book o j A s f M  S&&, V0104.02. 
’Annual Bmk oJASTM Standards, Vols 04.02,04.03. and 04.08. 
‘Annual Book oJASTM S~andards. Vol04.08. 
’Annual Book of ASTM Standards, Vol09.01. 

A d  Book ojASTM Standards, Vol 14.02. 

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 liquidizy 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 activify number (A)-the ratio of (I) 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 perfoxming 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 By 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 
beween the liquid limit and the plastic limit. 

, 

5. Signifi.wce 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, compa~bility, 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 y m  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 drying cycles, the liquid 
limits of these m a t e d  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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5.5 The liquid limit of a soil containing s~stantiz 
mounts of organic matter decreases dramatically when the 
soil is oven-dried before testing Comparison of the liquid 
limit of a sample before and after ovendrying 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 (5h-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 % 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 

D 4318 

least 80' of cam rotation. The preferred cam motion is a 
uniformly accelerated lift m e .  The 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. 

NOTE %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 also 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 Cam-age-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 carriage 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 .c 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 
using a motor-driven device must not M e r  fiom those 
obtained using a manually operated device. 

DIMENSIONS 

\HARD RUBBER BASE CONFORMING \SOFT RUBBER CONFORMING TO 
TO SPECIFICATION IN 6.1.1 SPECIFICATION IN 6.1.2 

\ z  FIG. 1 Hend-Operated Liquid Lima Device 

240 0.901 R 1 
270 0.945Ri  

300 0 .974Rl  

330 0.995R1 

360 1.000RI -... 
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LETTER1 A *  I ea IC* I D A  I E A  I F a  . 
M M  1 2 I I  I 4 0  1 8  . I 5 0  2 .  

L E T T E R  
f0.I  I f0.2 f 0 . 5  f0.I k O . 5  1 f0.I 
G I H  J K O  L A  I N  

I MINIMUM I 1 k0.051 f I DEGl 
ESSENTIAL DIMENSIONS A 

' E A C K  AT LEAST IS  MY FROM T I P  

NOTE: DIMENSION A SHOULD BE L9-20 AND OlHENSlON D 

SUOULD BE 6.0-6.1 WHEN NEW TO ALLOW FOR 

AOEQUATE SERVICE LIFE 

M M  IO I13 

H' 

- 

6 0  IO 60 DEG( 2 0  

" t  T ' f i  

-w I J I  

I 
K I . \ \ ,  
I-[ 

I I 

t 
flG. 2 GWVing 1001 (Optional Height-of-Drop Gage AtEaChed) 

6.2 Flal 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 (31s in.) wide, and Without bevel or 
radius. 

DIMENSIONS IN MILLIMETRES 

flG 3 Height of Dmp Gege 

-e 

1 
2 5  

L 2 
i 
SECTION 

6.4 Conrainers-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). 

relating to balance performance. 
Nm Methods E 898 and E 319 for an explanation of terms 

NOTE 5-For kquent use, a toploading type balance with a u w  
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- anatytical bal- 
ances and some small equal arm top pan balances having readabiities 
and sensitivities of 0.002 g or better provide the required accuracy when 
used with a weight set of ASIU Class 4 (National Bureau of Standards 
Class P) or better. ordinary commercial and classroom type balances 
such as beam balances arc not suitable for this method. 

6.6 Storage Container-A container in which to store the 
prepared soil specimen that will 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 Caliiration for Height of Drop 

6.7 Ground Glass Plate-A ground glass plate at least 30 
cm (12 in.) square by 1 cm (W in.) thick for mixing soil and 
rolling plastic limit threads. 

6.8 Spatula-Alspatula or pill knife having a blade about 
2 cm (31'4 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 usehl for initial mixing of 
samples. !' 

6.9 Sieve-A 20.3 cm (8 in.) diameter, 425-pm (No. 40) 
sieve conformingito the requirements of Specification E 11 
and having a rim,iat 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 Bo&le, 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 Forced-draft type, capable of continuously 
maintaining a temperature of 110 +. 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 (]/a 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 opera6m.s. 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 preserved the natural 
stratification o f a  sample, the various strata must be kept 
separated and asts performed on the particular stratum of 
interest with as tittle contamination as possible from other 
stram Where a aiixture of materials will be used in construc- 

tion, combine the various components in such proportion: 
that the resultant sample represents the actual construction 

8.3 Where data from this test,method are to be used foi 
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 sampk 
sufficient to provide 150 to 200 g of material. passing thc 
425-pm (No. 40) sieve. Free flowing samples may be reducec 
by the methods of quartering or splitting. Cohesive sample: 
shall be mixed thoroughly in a pan with a spatula. or scooj 
and a representative portion scooped from the total mass b: 
making one or more sweeps with a scoop through the mixec 
mass. 

case. 

9. Calibration of Apparatus 
9.1 Inspection of Wear: 
9.1.1 Liquid Limit Device-Determine that the liquic 

limit device is clean and in good working order. Th 
following specific points should be checked: 

9.1.1.1 Wear of Base-The spot on the base where th 
cup makes contact should be worn no greater than 10 mr 
( 3 h  in.) in diameter. If the wear spot is greater than this, tk 
base can be machined to remove the worn spot provided tk 
resurfacing does not make the base thinner than specified 1 

6.1 and the other dimensional relationships are maintainec 
9.1.1.2 Wear of Cup-The cup must be replaced when tl- 

grooving tool has worn a depression in the cup 0.1 mr 
(0.004 in.) deep or when the edge of the cup has bee 
reduced to half its original thickness. Verify that the cup 
firmly attached to the cup hanger. 

9.1.1.3 Wear of Cup Hanger-Verify that the cup hangt 
pivot does not bind and is not worn to an extent that allo\ 
more than 3-mm (%-in.) side-to-side movement of the lowe 
point on the rim. 

9.1.1.4 Wear of Cam-The cam shall not be worn to E 
extent that the cup drops before the cup hanger (ca 
follower) loses contact with the cam. 

9.1.2 Grooving Tools-Inspect grooving tools for wear c 
a frequent and regular basis. The rapidity of wear depends c 
the material from which the tool is made and the types 
soils being tested. Sandy soils cause rapid wear of groovi- 
tools; therefore, when testing these materials, tools should 
inspected more frequently than for other soils. Any tool WY 

a tip width greater than 2.1 mm must not be used. The dep 
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of the tip of the grooving t-ust . . *' .be 7.9 to 8.1 mm. 
NOTE &The width of the t@@ grooving tools is Conveniently 

checked using a packetazed magnilicr equipped with a 
mitIimetR scale. Magdien of a: type are available from most 
laboratory supply companies. Thw of the tip of grooving tools can 
be checked using the depth m m - f e a t u r e  of vernier ca l ipe~~  

9.2 Adjustment of Height#Drop-Adjust the height of 
drop of the cup so that the-t on the cup that comes in 
contact with the base rises 6,:height of 10 f 0.2 mm. See 
Fig. 4 for proper location &/&e gage relative to the cup 
duririg adjustment. . .  

NOTE 7-A convenient pmc& for adjusting the height of drop is 
I asfollowsplaceapieof . across the outtide bottom of the 

cup parallel with the axis 0-m pivot n e  edge of the tape 
away from the cup hanger should the spot on the cup that contacts 
the base. For new cups, plachgagbece of carbon paper on the base and 
allowing thecup to dropseveral *eswiU mark thecontact spot Attach 
the cup to the device and turn- crank until the cup is I;riscd to its 
maximum height Slide the hei* gage under the cup h m  the front, 
and observe whether the gage CcQQCts the cup or the tape. See Fig. 4. If , 

the tape and cup are both c o n e  the height of drop is apptoxhately 
corn If not, adjust the cup until simultaneous contact is made. Check 
adjustment by turning the mad at 2 revolutions per second while 
holding the gage in position agaihst the tape and cup. If a ringiug or 
clicking sound is heard withow the cup rising from the gage, the 
adjustment is correct If no ringing is heard or if the cup rises from the 
gage, readjust the height of drop. the cup rocks on the &age during this 
checking operation, the cam f o m  pivot is urcessivdy worn and the 
worn parts should be replaced F y s  remove tape after completion of 
adjustment opaation. 

10. Preparation of Test Smimens 
10.1 Wet Preparation4xcept where the dry method of 

specimen preparation is spkcified (10.2), prepare specimens 
for test as described in the ;following sections. 

10.1.1 Samples Passing, the 425-pm (No. 40) Sieve- 
When by visual and manual p r o c e d ~  it is determined that 
the sample has little or no material retained on a 425-pm 
(No. 40) sieve, prepare a specimen of 150 to 200 g by mixing 
thoroughly with distilled & 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 
smaU percentage of material is encountered that would be 
retained on a 425ym (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 5%) 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 vkisbing method described in 10.1.2 
were used. If larger e n t a g e s  of coarse material are 
encountered during mixbig, or it is considered impractical to 
remove the coarser material by the methods just described, 
wash the sample as described in 10.1.2. When the coarse 
particles found during miXing are concretions, shells, or 
other fragile particles, do not cxush these particles to make 
them pass a 425-)lm (No. 40) sieve, but remove by hand or 
by washing. Place the eed 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 &The time taken to u u a t d y  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 Materid Retained on a 425- 
pm (No. 40) Sieve: 

10.1.2.1 Select a suflicient quantity of soil at 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 
sd5cient 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 cases, the cations of salts present in tap water will 
exchange with the natural cations in the soil and significaatly alter the 
test results should tap water be used in the soaking and washing 
operations Unlev it is known that such cations are not present in the 
tap water, distilled or demineralired water should be used. As a general 
rule, water containing more than 100 mg/L 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 425ym (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 (Y2 in.) above the surface of the 425ym (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 m a t e d  retained on 
the 425-pm (No. 40) sieve. 

10.1.2.3 Reduce the water content o fhe  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 h m  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 suffi- 
ciently saturated that it fails to actively absorb water into its 
surface. Thoroughly dry dishes between uses. During evapo- 
ration and cooling, stir the sample often enough to prevent 
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overdrying of the fringes and .&pinnacles on the surface of 
the mixture. For soil samplesmtaining soluble salts, use a 
method of warn reduction oeh as u or b that will not 
eliminate the soluble salts ftomzhe test specimen. 

10.1.2.4 Thoroughly mix m a t e r i a l  passing the 425-pm 
(No. 40) sieve on the glass plaLasing the spatula. Adjust the 
water content of the mixturejfinecessary, by adding small 
increments of distilled or dem&dized water or by allowing 
the mixture to dry at room m t u r e  while mixing on the 
glass plate. The soil should bl-t a water content that will 
result in closure of the grmveA 25 to 35 blows. Return the 
mixed soil to the mixing a cover to prevent loss of 
moisture, and allow to stand:$or at least 16 h. After the 
standing period, and i m m a l y  before starting the test, 
remix the soil thoroughly. p 

10.2 Dly Preparation: 1 

10.2.1 Select sufiicient soilzo provide 150 to 200 g of 
material passing the 425-pm (No. 40) sieve after processing. 
Dry the sample at room te*rature or in an oven at a 
temperature not exceeding W C  until the soil clods will 
pulverize readily. -tiin is expedml 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 pede or in some other way that 
does not cause breakdown of individual grains. When the 
coarse particles found duringpblverhtion are concretions, 
shells, or other fragile partic1a;do not crush these particles 
to make them pass a 4 2 5 - p m q .  40) sieve, but remove by 
hand or other suitable means,xych as washing. 

10.2.2 Separate the samplegn a 425-pm (No. 40) sieve, 
shaking the sieve by hand to.&sure thorough separation of 
the finer fraction. Return dk material retained on the 
425-pm (No. 40) sieve to 1pt pulverizing apparatus and 
repeat the pulverizing and siaing operations as many times 
as necessary to assure that all finer material has been 

. .  

., 
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disaggregated and material retained on the 425-pm (No. 40) 
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 
described in 10.1.2.3 or by mixing on the glass plate, using 
the spatula while adding increments of distilled or 
&minewed 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. W h e n  
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 it. 

FIG 5 Grooved Soil Pat in Liquid Limit Device 
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FIG. 6 Soil Pat After Groove Has Closed 

I 
! 

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. 

1 1.3 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. 

NOTE 1 &Use the end of the grooving tool, Fig. 2, or a scale to verify 
that the groove has closed 13 mm (y1 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 triais 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 . ,  

? ,  :'L 

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 2216. 
Make all weigiungs on the same balance. Initial weighings 
should be performed immediately after completion of the 
test. If the test is to be intempted for more than about 15 
min, the specimens already obtained should be weighed at 
the time of the intdrruption. 

12. calculations ' 

12.1 Plot +e relationship between ihe 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 scale, 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. 

ONE-POINT 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 FactorstorObtainingLiquidLimittromWeterContant 
and Number of Drops Causing closure of Oroave 

N K 
W-af Drops) (FacbatormMLrmit) 

20 0.974 
21 0.979 
22 0.985 
23 0.990 
24 0.995 
25 1 .Ooo 
26 1.005 
27 1.009 
28 1.014 
29 1.018 
30 1 .@22 

liquid limit cup to close the groove. 

14. Procedure 
14.1 Proceedasdescribedin 1 1 . 1  through 11Sexceptthat 

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 1 1.5, 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 
11.2 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 ll-Excessive drying or inadequate 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 Deterrmn e the liquid limit for each water content 

LL = K(WJ 
where: 
N 

W, = water content, and 
K 

values. 

values is greater than one percentage point, repat the test. 

= 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 

PLAsIlCLlMrC 

16. Preparation of Test Specimen 
16.1 Select a 20-g portion of soil from the material 

prepared for the liquid limit test, 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 prates may be accelerated by exposing the i 

soil to the air current from an electric fan, or by blotting with 
paper that does not add any fiber to the soil, such as hard 
surface paper toweling or high wet-strength filter paper. 

17. Procedure 
17.1 From the 20-g mass, select a pomon of 1.5 to 2.0 g. 

Form the test Specimen into an ellipsoidal mass. Roll this 
mas 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 k 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 (Ya-in.) diameter rod or tube is useful for 

fresuent comparison with the soil thread to a s c e d n  when the thread 
has reached the proper diameter, especially for inexperienced operators. 

17.1.1 When the diameter of the thread becomes 3.2 mm. 
break the thread into several pieces. Squeeze the pieces 
together, head 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 failure 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 dif€erently 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 small 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 
(YE to 3/~ 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 Soil at the Plastic Limit 

17.3 Select ~ ~ U U O ~  1.5 to 2.0 g portion of soil from the 
original 20-g specimen aad 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 D2216. Make all weighings on the same 
balance. 

verify the consistency of the test results. It is acceptable practice to 
perform only one plastic limit trial when the wnSinency in the test 
results can be wnfinned by other means 

18. calculations 
18.1 Compute the average of the two water contents. If 

the difierence 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. 

NOTE 14-The intent of performing two plastic limit trials is t o .  

P m m  INDEX 

19. CaIculatiOns 
19.1 Calculate the plasticity index as follows: 

I 

P I - u - P L  
where: 
LL = theliquidlimit, 
PL = the plastic limit. 

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: 

. . < e  . . .I _ .  t. ! 

20.1.1 Sample identifying information, 
20.1.2 Any special specimen selection process used, such 

as removal of sand lenses from undisturbed sample, 
20i1.3 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 fpe 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 Proce&ue A for the liquid limit is shown in Table 
2. 

TABLE 2 Within Laboratory Precision tor Liquid Limit 
Standard 

Dewbon. s Average V U .  ic 

soil R 
PL 21.9 1.07 
LL 27.9 , 1.07 

PL 20.1 121 
LL 32.6 0.98 

Soil 8: . 
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Designation: D 4546 - 90 #lb 
Standard Test Methods for 
One-Dimensional Swell or Settlement Potential of Cohesive 
Soils' 

Thb standard is irmed under the 6xcd designation D 4546, the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last d o n .  A number in paren- indicates the year of last reappromt. A 
supasaipt epsilon (e) indicates an editorial change since the last revision or reapproml. 

1. scope D4220 Practices for Preserving and Transporting Soil 
1.1 These test methods cover three alternative laboratory Sample2 

methods for dee-g the e t u d e  of swell Or %de- D 43 18 Test Method for Liquid kt, Plastic Limit, and 
Plasticity Index of Soil.?, ment of relatively undisturbed or compacted cohesive soil. 

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 Docnments 
2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soil.? 
D 653 Terminology Relating to Soil, Rock, and Contained 

D698 Test Methods for Moisture-Density Relations of 

D 854 Test Method for Specific Gravity of So@ 
D 1557 Test Methods for Moisture-Density Relations of 

Fluid.? 

Rammer and 12-in. (305-mm) D r o ~  
' Soils a d  Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) 

Soils and Soil--k Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Dro~? 

NOTE 1-Refer to Section 5 to determine the best method.for a 
3. Terminology 

ard definitions of terms. 

Darticular amlication. 
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, Y+ncrease 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, - M e c r e a s e  in vertical height, Ah, of a 
column of in situ soil of height h. 

3.2.4 swell, L-increase in elevation or dilation of soil 
column following sorption of water. 

3.2.5 fiee swell, Yipercent heave, Ahlh x 100, following 
sorption of water at the seating pressure use 

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 m e  on a semi-log plot. 

D 1587 Practice for &-Wall& Tu& Sampling of Soil.? 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 

D2435 Test Method for One-Dimensional Consolidation 
Mixtures2 

Properties of so* 4030 

D 3550 Practice for' Rhg-Lined B a d  Sampling of Soil.? 
D3877 Test Methods for'One-Dimensional Expansion, 

Shrinkage, and Uplift Pressure of Soil-Lime Mixtu~& 

These ta methods arc under the jurisdiction of AsTM Cornminee D-18 on 
Soid and Rod: and arc the direct rrsponsibility of Submmmincc D18.05 on 
srmctural Ropcrtics of sails I 10 I O 0  1.000 IO.000  

Cumnt edition approved OCL 26.1990. PubWd December 1990. Orighlly TIM. YIN 

FIG. 1 ri-sw-278 published as D 4546 - 85. Last prcVious edition D 4546 - 85. 
A d  Bwk of ASTM Sfaduak, VoL 04.08. 

\ .  -.,.;>,, 
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I 
3.2.9 swell pressure, F L " 4 I )  a pressure which prevents 

'he specimen from swellin- obtained in Method C, or (2) 
Mt pressure which is requied to return the specimen back 

to its original state (voidmtio, height) after swelling in 
Method A orB. 1 %  

NOTE 2 4 w l l  pressures by;+ahod C comctcd for specimen 
dirmrbance may be similar to ors$htly grea!crthan those by Mcthod 
A. e r  

r- - 
I 

: i  

4. Summary of Test Me&& 
4.1 The following three & n a t i v e  test methods require 

that a soil specimen be remained laterally and loaded axially 
in a consolidometer with a- to free water. 

4.1.1 Method A-The -en is inundated and allowed 
to swell vertically at the s e d i g  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 occurred until its 
initial void ratio/height is abiained. 

4.1.2 Method B-A vertical pressure exceeding the seating 
pressure is applied to the specimen before placement of free 
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 '9 free water. This may result in 
swell, swell then contradin, contraction, or contraction 
then swell. The amount of &ell or settlement is measured at 
the applied pressure after dvement is negligible. 

4.1.3 Method C-The spir;Cimen is maintained at constant 
height by adjustments in vertical pressure after the Specimen 
is inundated in fiee w a d  to,obtain swell pressure. A 
consolidation test is subsequently performed in accordance 
with Test Method D 2435. Rebound data is used to estimate 
potential heave. 

5. S i i c a u c e a n d U s e  
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 wa& 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 fest methods. 

NOTE 3-MontmorilloniteS with divalent cations usually swell less 
than with monovalent cations. U,is ureful to know the type of cation as 
d as the cation exchange capniity of montmoriuonite. 

5.3 Laboratory-prepared::test specimens should duplicate 
the in situ soil or fieldampacted 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 specimens, such as' obtained by kneading or static 
compaction, could also have a Signiscant impact on the 
svriell/settlement behaviord cohesive soils 

- 

! 5.4 These test methods are applicable to undistwkd tea 
or remolded specimens, or both, as follows: 

5.4.1 Method A - W  test method measures (a) the free 
swell, (b) percent heave for vertical confining pressures up lo 
the swell pressure, and (c) the swell pressure. 

5.4.2 Method &--This test method measures (a) the 
percent heave or settlement for vertical pressure usw& 
equivaient 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 aad C have produced e t e s  Of heave 
consistent with observed heave. Method B may lead to estimates of 
heave less than ohserved heave. Mahod A has not been recommended 
for evaluation of swell prrss~re and consolidation parameters for 
seahnent estimates because sorption of water under practically no 
restraint may disturb the soil structure. 

1 * 

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 p m ,  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 soil. The actual availability of 
water to the foundation may be cyclic, intermittent, or 
depend on in-place situations, such as peMous 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. 

6.1.6 Disturbance of naturally Occurring soil samples 
greatly dimhishes the meanh@uhes of the results. 

7. Apparatus and Materials 
7.1 Consolidometer-The apparatus shall comply with 

the requirements of Test Method D2435. The apparatu 
shall be capable of exerting a pressure on the specimen of (I) 
at least 200 95 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 ishundated (m C), 
whichever is greatest 

7.1.1 Consolidometer rigidity influences .the *ed 
swell, particularly with Method C. Therefore, -lid* 
meters of high rigidity should be used with M e w  C (see 

 an s-smali in- in soil volume can s i g n i f i ~ ~ ~ f i w c  
well presurrs. Therefore, variations in displacements that during 
determination of swell presures by Method C should be rr:small as 
possible IO reduce the magnitude of correaion raquired in 4.5. The 
measurements, especially swell prasurr measurements, shodUe based 
on amaxions for compression of m e m k  

7 2  Porous Stones-The stones shall be smooth&round 
and fine enough to minimilP intrusion of soil into Ute stones 
if filter paper is not used and'shall reduce false dispkements 
caused by seating of the specimen against the d a c e  of 
porous stones (Note 6). Such displacements may be si&- 
can% especially if displacements and applied vertjtal pres- 
SureSareSmall. 

Test .Method D 2435). : .I 

. : .. 

7.2.1 Porous stones shall be air dry. 
7.2.2 Porous stones shall fit close to the conddometer 

ring to avoid extrusion or punching at high vertical~pressures. 
Suitable stone dimensions are described in 5.3.of Test 
Method D 2435. 

N~bAsuirab lepores i ze i s lO~rni f f i l t erpaper i snotused  
Fdter paper is not recommended because of its high compressibility and 
should not be used when measuring the swell/settlememt of stiff clays 
and when measuring swell presure by Method C. 

7.3 Plastic Membrane, Aluminum Foil, or Mabt Paper 
Towel, a loose fitting cover to enclose the speCime+;ring, and 
porous stones prior to inundating the speche&' used to 
minimize evaporation from the specimen. 

8. Sampling of Natnrally OcCarring Soh 
8.1 Disturbance of the soil sample from which2specimens 

are to be obtained greatly diminkha the meanin$ulness of 
results and should be minimized Practice D1587 and 
Practice, D 3550 cover procedures and apparatus that may be 

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 direceion as 
sampled, to minimize further sample disturban ce; If the 
sample cannot be extruded born the tubes immediately, they 
should be handled and shipped in accordance with Practices 
D 4220, Group D. 

8.4 Prior to sealing in storage cbntainers, samples ex- 
truded h m  tubes that were obtained with slurry drilling 
techniques should be Wiped clean to remove drilling fluid 

. i :  :.. 
/. ?: : I . 

used to obtain satisfactory un- samples. 

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 potential, swell 
pressure, and other soil parameters. Such trimming will also 
remove some dmurban ce at the periphery due to sidewall 
fiction. Drilling with air or foam instead of slurxy 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 penemtion of 
molten wax into open fissures. A smal l  amount of wax 
(about 113-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. 

Nm 7-A good wax for sealing expansive soils consists of a 1 to 1 
mixture of paraffin and mimaystah ' ewaxor lOO%beaWax. 

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 laboratorycompacted specimens may 

be used for tesiing. Prepare laboratorycompacted specimens 
to duplicate compacted fills as closely as possible. 

Nm +The compaction method, such as kneading or static 
compaction, may inhence the volume change be,havior 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 sptcimcns 
compacted as described in Test Methods D 3877. 

-4-nm with Test Method 9.2 Trim the 
D2435. A ring extensic -- iP.ICg 

Methods D3877 may 
assembly to accommod 
thinharddiskmaybeii 
ring during compactio 
ring. Turn the ring 

precaution to 

preparation. Vibra 
avoided. 

-_ 
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NOTE 9-Tes~ with specimens receged 5 mm (0.2 h)i-  of 

25-mm (1 .Win.) height have performed adequately. 

10. Calibration ._. 1 

10.1 Calibrate the consolidation machine in acBadance 
with Test Method D 2435. 

10.2 Measure the compressibility of the apparae ivith a 
smooth copper, brass, or hard steel disk substitutd\for the 
soil specimen. The disk should be approximatelySe same 
height as the specimen and 1 mm (0.04 in.) W e r  in 
diameter than that of the ring. Place moistened f i k r  papers 
between the porous stones and metal disk if filter iKfi are 
to be used during the test. Allow suflicient time fowoisture 
to be squeezed from the filter paper. during m h  load 
increment and decrement. The deflections of the dbration 
test are subtracted from the deflections of the sailpest for 
each load increment and decrement. 

NOTE IO-When tilter paper is used calihtion must d&cate the 
exact load increment/decrement sequence due to inelastic coplpression 
of paw, thus calibmion is needed for each test. Periodicalibration 
will suffice for tesrs without filter paper. 

11. Associated Soil Properties 
1 1.1 Determine the initial (or natural) water content, wet 

and dry unit weights, volume, and initial void mtio in 
accordance with Test Method D2435. Determinexhe spe- 
cific gravity in accordance with Test Method D S S  when 
results are required in terms of void ratio. The liquid limit, 
plastic limit, and plasticity index as determined inLacc0rd- 
ance with Test Method D 43 18 and the particle size distribu- 
Lion for soils with substantial granular material 8s deter- 
mined in accordance with Method D-422 are rppeful in 
identifying the soil and correlating results of tests ondiifferent 
soils. 

1 '  

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 1- 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, use of at least 1 kPa (20 
lbf/@). Within 5 min after application of a, adjust the 
extensometer deformation device for the initial ,or zeto 
reading. 

12.3 A pphical representation of results of the three 
alternative test methods shown in Fg. 2 includes cotllBctions 
for consolidometer compressibility. These test methods are 
performed in accordance with Test Method D 2435 eJdcept as 
follows: 

12.3.1 Method A-After the initial deformation reahing at 
the seating pressure is recorded, 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 andil, 2,4, 
9, 24, 48, and 72 h are usually satisfactory. Continue 
readings until primary swell is complete, as determined by 
the method illustrated in Fig. 1. After compIetion Cif swell, 
apply a vertical pressure of approximately 5, 10,20,40, 80, 

etc., kPa (100,200,400,800, 1600, etc., lbf/ft2) with each 
pressure maintained constant in accordance with 10.4 of 
Test Method D 2435. Maintain pressure until the specimen 
is recompressed to its initial void ratio/height. 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 I l -Some secondary swell must be recorded in order to 

NOTE 12-The duration of a typical loading increment is 1 day. 
NOTE 13-Vertical preyures 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 v d c a l  pressure required 
to recompress the specimen to its initial void d o  is unknown. Loading 
units equipped with pneumatic regulators are ideally suited for this 
Purpose. 

12.3.2 Method A may be modified to place an initial 
vertical stress, u,,  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 effon 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 
times 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, ul, equivalent 
to the estimated vertical in situ pressure or swell pressure 
within 5 min after placement of the seating pressure. Read 
the deformation within 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 uI shall be kept prefmbly 
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 further tendency to swell (usually overnight). 
Load increments shall be d c i e n t  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. 

d e n e  graphically the end of primary swell. 

NOTE !&The use of small weight increments, such as lead shoL 
p v i d e  adequate control as needed to prevent swell. 

12.4 Measurements shall include the time of reading 
applied stress, observed deformation, and c o d o n s  for 
compression of members. 

13. calcnlstions 
13.1 Compute the initial void ratio or height, water 

content, wet and dry Unit weights, and degree of saturation 
O O Q 2 8 1  
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FIG. 2 Void Ratio - Log Pressure Curve8 

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 illusbated in Fig. 2. The percent 
heave shall 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 versus 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 
FG 2 (Method A)): 

- x  Ah loo=- e=-eox 1( )o=(2!L  1) loo 
h0 1 + e, TdSC 

where: 
ah 
h, =initialspecimenheight, 

= change in specimen height, 

L 
\ e 

W > a 
W 
I 
c z 
W u 
0: W a. 

,- 

e,, 
sure use 

eo = initial void ratio, 
ydo = dry unit weight at void ratio e, and 
yde = dry unit weight at void ratio e,, 

= void ratio after stabilized swell at the seating pres-' 

NOTE 1 5-Figure 2 (Method A) illusuates the free swell at a seating 
pressure use = 1 kPa (20 lbf/fP). 

The percent heave of 6.9 % may be read directly from the right ordinate 
of Fs 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 uYg, is as follows (see Fig. 2 (Method A)): 

e - e, Ah - x  loo=-X l o o t  -- 
h0 1 + eo K P 

where: 
e 
yd = dry unit weight at void ratio e. 

= void ratio at vertical pressure, and 

857 



0.830 - 0.785 ' loo = 1.ooO + 0.785 
x 100 = 2.5 % 

h, 

RECOYPRESSION 

NOTE 16-Figure 2 (Method A) illuitrates a percent heave, as 
follows: 

where: 
e = e, = 0.830. and 
u = urn = 100 kPa (2000 lbf/f?). 
The swell pressure, u,,,, is given by 400 kPa (8350 lbf/*) relative to e, = 
0.785. 

13.2.3 Rgure 2 may be plotted with dry unit weight, yh 
versus logarithm of applied pressure, u, instead of void ratio 
e versus logarithm u if specific gravities were not determined. 
The swell for any change in dry unit weight within limits of 
the test resuits may be determined in a manner similar to 
that described in 13.2.1. 

13.2.4 Method B-The Dercent heave at the vertical 
FIG. 3 Construction Detail for Method C 

pressure u, applied follo\;ing the seating pressure, (see 
4.1.2) relative to e, is given as follows (see Fig. 2 (Method 
B)): 

- x  hh loo=- e=eox , ~ = ( ~ - l ) l o o  
h, 1 + e, Ydvo 

where: 
e, 

ydvo = unit dry weight at void ratio e,  

= void ratio after stabilized swell at the applied vertical 
press~re u,  a d  

Nm 17-Figurc 2 (Method B) illustrates a percent heave, as 
follows: 

Ah 0.820 - 0.785 
- x  l o o =  
h, 1.ooO + 0.785 

x 100 = 2.0 56 

the bisector line. Frequent load increments may be necessary to define 
any recompression curve. 

13.2.6 Draw a suitable w e  parallel with the rebound (or 
recompression) curve for void ratios greater than e, through 
the corrected swell pressure dSp at the initial void ratio e, 
given by point 3, Fig. 2 (Method C), to obtain the percent 
heave for any vemcal pressure relative to dSp and e, within 
the range of test results. 
NOTE 20-Percent heave calculated by Method C for uV, = 100 kP2 

(2000 Ibf/ft2) is as follows: 
0.828 - 0.785 Ah 

- x  loo=- 
h* 1 + e, LOO0 + 0.785 

X 100 = 2.4 5% l o o r  

13.2.7 The percent settlement (negative percent heave) 
may be evaluated from the void ratio e, exceeding the 
corrected swell pressure, as follows: 

- x  loo=- 
h, 1 + e, 

where 
u = urn = 100 kPa (2000 Ibf/ft3, and 
uq = swell pressure = 350 kPa (7300 lbf/f?) for e, = 0.785. 
Computatlons of settlement are similar if the -men contracts at the 
apphed vertical prasure following access to water. 

13.2.5 Method C-The swell pressure usp (point 3, Fig. 2 
(Method C)) shall be corrected upward by a suitable con- 

adjusting vertical pressures may allow some volume expan- 
sion to OCCUT, which reduces the maximum observed swell 
P-. 
NOTE 18--Suitable comction proaduns include those based on the 

prrconsolidation p~sure  U, A c o d o n  procedure for soils lhat 
break onto a 'wgin compression" curve when the recompression curve 
is not apparent is as follow (a) locate the point of maximum cu~ahve 
(Wmt 5,  F i  2 (Method c)), (b) draw horiumfaZ and 
bisector lms draw the 
wgm part of the compression curve backward to intersect the bisector at 
the prrconsolidation prrssure u,, or 780 kPa (Fii 2 (Method C)). The 
mu pressure Is *en as the preconso~aon pm. ne slope 
rebound w e  of these soils is usually much less than that of the 
compression cum. 

NOTE 19-A modified constmaion procedm may be used for soils 
that break onto the ncompression m e ,  Fw 2 (Method c). The 
construmon procedun is as follows (a) locate the point of maximum 
curvature (point 4, Fig. 2 (Method C)), (b) draw horizontal, tangential, 
and bisector lines through the pomt of r&mt m t u r e ,  (c) extend 
the recompression line through the bisector line. Intmecaon of the 
m m p m o n  hne wth the bwxtor line is desigMted the comcted 
swell pressure, u',,,, which is 380 kPa for the example in Fw 2 (Method 
C). A detail of this construction is shown in Fi 3. u ' ~  in this case is less 
than ow If the recompresSion line is not well defined, draw a line 
paraUe1 with the rebound curve for void ratios greater than e,, through 

Ah e r e o x  

fozz 21-figure 
0 the percent settlement, E 

0.671 - 0.785 Ah 
- x  100- 
h, 1.OOO + 0.785 

X 100 = -6.4 % struction procedure. Soil disturbance and the process of 

where: 
e, = 0.671, and 
u, = 2560 kpa (53 000 lbf/*). 

14. Report 
14. I The report shall include the information required in 

Test Method D 2435, and shall also include the following 
14.1.1 AU departures from procedures, including changes 

in 
14.1.2 The percent heave or settlement for the given 

vertical Pressure a d  swell Pressure QSP, or c o ~ € d  wen 
pressure u ' ~  The compression index, C, and swell index. 
C, should be reported if these are evaluated. AU departures 
from the d & M  procedures for computing these parame- 
ters and correction procedures used to determine percent 
heave Or settlement and u ' s ~  shall be described. 

14.1.3 The type of water used to inundate the specimen. 

the point Of maximum curvature* 

15. b j s i o n  

15.1 Precision-Data are being evaluated to determine 
the precision of this test method. In addition, Subcommittee 

Bias 
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Designation: D 4643 - 87 

Standard Test Method for 
Determination of Water (Moisture) Content of Soil by the 
Microwave Oven Method' 

This nandard is issued under the 6x4 -on D 4643: the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of kst revision. A number in panmtkcscs indicatesthe year of lan mpproval. A 
suprsaipr epsilon (c).indimes an editorial change sine the bst revision or rcapproval. 

This standard has betn appmved f o r  u e  by agencies of the Depanmm of Defmc. C o d t  the DoD Index of Specifimions and 
standnrdc for the speuri year of issue which has been adopted by the Depanmen! of Defenre. 

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 c o d o n .  

1.3 When questions of accuracy between this test method 
and Method D2216 arise, Method D2216 shall be the 
referee method 

1.4 This test method is applicable for most soil types. For 
some soils, such as those containing significant 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 stondard may involve hazardous materiak, 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: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
M i x d  

- 

3. Terminology 
3.1 Definitiom: 

I This M method is unda the j d c t i o n  of ASTM Commitm D18 on Sod 
and Rock and is the direct rrsponnbility of Subcomrmncc D18.08 on Special and 
CoPmuction Control Tests 

Cumnt &on approved Feb. 2. 1987. Publish& April 1987. 
Annual Book of N M  St&& Vol04.08. 

. .* :. 

3.1.1 All definitions are in accordance with Terminology 
D 653. 

3.2 Descriptions of Terms Specific 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 mas  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. Significance 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 ex@ent 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 watercontent determination has been the possi- 
bility of overheating the soil, thereby yielding a water content 
higher than would be determined by Method D 2216. While 
not eliminating this possibility, the incrementd 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- 
material. Larger Size particles can be testa howeve&& 
must be taken because of the increased chance of *le 
shattering. . .  

5.5 The 'use of this method may not be appiopriat+ 
highly accurate results are reqlllred, or the test using theta 
is extremely sensitive to moisture variations. 

5.6 Due to the localized high temperatures t h . , g e  
specimen is exposed to in microwave heating, the p w  
characreristics of the soil may be altered. Degregatio6afof 
individual particles may OOCUT, along with vaporizabn. or 
chemical transition. It is therefore recommended that*- 
ples used in this test method not be used for other,:tests 

6. Apparatus 
6.'1 Microwave Oven-A household-type micr&vave 

oven, preferably with a .  vented chamber is suitabl4i The 
required size and power rating of the oven is dependkt on y its intended use. 

!i 
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 +@01 g 

for specimens having a mass of 200 g or less,. +O. 1 lg for 
specimens having a mass between 200 and lo00 g, or.. + 1 g 
for specimens having a mass greater than lo00 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. PowAain 
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 piedrying prior to use. 

6.4 Container Handling Apparatus-A glove or dolder, 
suitable for removing hot containers from the oven. 

I? 

subsequent to drying ..I; 
-:* 

i? 
!i 

I 

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, 
ormasdetermina t i O l l S  

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-The use of a microwave oven for the drying of soils may be 
considered abusive by the manufamuus and consitute voiding of 
warranties Microwave drying of soils containing metallic materials may 
caw arcing in the oven. Highly organic soils and soils containing oils 
and coal may ignite and burn during microwave drying Continued 
opaation of the oven after the soil has reached constant weight may also 
cause damage or premature failure of the microwave oven. 

Nm 3 - W n  fint introduced, microwave ovens were reported to 
affect hean pacemakers, primarily because of the operating frequenaes 
of the two devices. Sin& that time., pacemakers have been redesigned, 
and the microwave oven is not R@KM 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 

L *-- 
\. E.. '1. 

. 6 2  
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 aireight 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 pomon(s) was tested in the report of the results. 

9.2.1 For bull< 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 Gar) 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 m a s  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 

A b a r t l O % O f ~  h4ciStspeamen.g 
2.0 mm (No. 10) 1ooto200 
4.75 mm (No. 4) 3 M ) t 0 5 0 0  
19 mm (U m.1 5OOto1OOO 

sieve Retammg Not More Than ReammendedMassaf 
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noted. Breaking or cutting of cohaive samples to approxi- 
mately 6-mm ( 114-in.) particles will- drying and prevent 
crusting or the overheating of the- while drying the 
interior. 

9.3 using a test specimen sm&r than the minimum 
mass indicated previously requires d@cretion, though it may 
be adequate for the purpose of the ItsL 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 aam-gmhed particle, it k appropriate not to 
indude this parride in the test specimen .If this occurs, it should be 
noted in the qxnt of the results 

9.4 When results of a water (mohre )  content d e k m h -  
tion by the use of this test method are to be compared to the 
results of another method, such as Method D 22 16, a second 
sample should be obtained during tbe selection of the sample 
for this test method. precautions shrmld 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 procws the -ens as quickly as 

possible to minimize unrecorded~moisture loss that will 
result in erroneous water content daermina tiOns. 

10.2 Cut or break up the soil id small  size aggregations 
to aid in obtaining more uniform &ying of the specimen. 

10.3 If the specimens are not td be tested immediately, 
place in containers that can be dosed to prevent loss of 
moisture prior to the initial weighing. 

11. Procedure .+ 
1 1.1 Determine the mass of a cl&, 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 exkrience 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 uuiicated 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 represmt soil 
containing large gravel pamdes, the sample may need to be split into 
segments and dried separately to obtain the dry mass of the total sample. 
NOTE b M o s t  ovens have a variable power setting For the majority 

of so& tested, a setting of "high" should be satidkctow, however, for 
some soils such a setting may be too severe. The proper setting can be 
detamined only through the use of ad:expcrience with a particular 
oven for vanous soil types and samp1e''siZeS. The energy output of 
microwave ovens m a y  decrease with --and usage; thdore, power 
settings and drying times should be emblished for each oven. 

11.4 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. Determin e and record the 
mass. 

11.5 With a small spatula or knife carefully mix the soil, 
taking special precaution not to lose any soil. 

1 1.6 Return the container and soil to the oven and reheal 
in the oven for 1 min. 

11.7 Repeat 1 1.4 through 1 1.6, until the change between 
two consecutive mass determinations would have an insig- 
nificant a f f e c t  on the calculated m o h m  content. A change 
of 0.1 % Or less Of the initial Wet mass Of the soil Should be 
aazptable for most @ens. 

1 1.8 Use the final mass detemimtion in calculating the 
water content Obtain this value immediately after moving 
the container and soil fiom the oven and cooling. 

1 1.9 When routine testing of similar soils is contemplated. 
the drying times and number of cycles may be s t a n d a r h d  
for each oven. When standardized 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. 

Nm 7-Incremental heating, together with &ng, wiU mirumuc 
overheating and localired drying of the soil, thereby yielding mulls 
more consistent with results obtained by Method D 2216. The recorn- 
mended time increments have been suitable for most specimens having 
partides d e r  than a No. 4 sieve and with a m a s  of approximatel! 
200 g; however, they may not be appmmte for all soils and ovens. and 
adjustment may be necessary. 

Nm 8-Water content specimens should be discarded after t e s t q  
and not used in any other tests due to particle breakdown, chemical 
changes or losses, melting, or losses of organic constituencies. 

12. Calcdations 
12.1 Calculate the water content of the soil as follows: 

w = [(mass of water)/(mass of ovendried soil)] x 100 
w [(Mi - M*)/(Mz - MC)] X 100 = MJM, X 100 

where: 
w = water content, %, 
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, = massofsoiidparticles,g, 

13. Report 
13.1 The report (data sheet) shall include the following 
13.1.1 Identification 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 mas  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 utilized. 

13.1.9 Identification of the microwave oven and the 
drying Settings and cycles used, when standardized drying is 
Utilized. 
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NOTE 9-Water (moisture) content deterrmn . ations 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 users 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 5% for micaceous soils 
(having 5 to 25 5% mica particles by mass) and 0.61 5% for 
other soils The standard deviation of the absolute value of 
the difference between the water content, expressed as a 3 

percentage, by the microwave oven and convection oven is 
0.2 7% for the micaceous soils and 0.3.76 for other soils. 

The American Society far Testing and Materiirls takes no position respecting the validity of any perem rights asserled in connection 
item memkned in this standard. Users of this standard am errpressly advised thaf detenninatim of the validity of any such with 

Parem M h .  and the risk of infringemenr of such rights, are antRBly their own mspomibility. 

Thisstandard is subject to revision idany time by the respomible r e c h n j c a i m i t t w  andmust te reviewed every live yeam and 
it mt revised, either or withdrawn. Your cunmem am invM eilher for revision of this standard 01 for additional standards 
and should be a d d m  to ASTh4 Heedquart@s. Your commenls will receive careful comM8dm at a meeiing of the responsible 
te2hnW ammiflee, which you may anend. /f you feel that your commems haw not received a Wr hearing you should make your 
views known to the ASTM Camnittee on Standards, 1916 Race SI.. Phileddphia, PA 19103. 
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(Im Designation: D 4767 - 88" 

Standard Test Method for 
Consolidated-Undrained Triaxial Compression Test on 
Cohesive Soils' 

This aandard is issued under the 6xed dsigwion D 4767: the number immediately followkg the dedgnation indicates the year of 
original adoption or, in the case of revision, the year of bn revision. A number in parentheses indicates the year of tan rcapprova. A 
nrprscript epsilon (e) indicates an editorial change sine the last revision or reapproval. 

'* N O T E - ~ U O  n 13 was added edit&iaUy January 1991. 

1. Scope 
1.1 This test method covers the determination of strength 

and stresstrain 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, axial 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 
stresses 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 m a y  involve hazardous materials, 
operations, and equipment. This standard does not purport to 
address all of the safety problem 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 regulatoy limitations prior to use. 

2. Referenced Documents 

1.6 

2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of S o e  
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Speciiic Gravity of Soil$ 
D 1587 Practice for Thin-Walled Tube Sampling of So&? 
D2166 Test Method for Unconfined Compressive 

Fluid8 

Strength of Cohesive Soil' 

' 'Ibis M method is under the jundiction of Comrmnee D18 on Soil 
and Rock and IS the brcct responsbility of Subcomrmncc D18.05 on Srmcnrral 
Ropma of so i  

. . edition approwd May 3, 1988. Published July 1988. - Anmcal Book Of ASTM SUI&&, VOI 04.08. 

D 2216 Method for Laboratory Determination of Wa:. 
Content of Soil, Rock, and Soil-Aggregate Mix& 

D 2435 Test Method for One-Dimensional Consolidatii 
Properties of Soil$ 

D2487 Test Method for Classification of Soils for En 
neering Purpose3 

D2850 Test Method for Unconsolidated, Undrain 
Compressive Strength of Cohesive Soils in Triax 
Compression2 

D4220 Practices for Preserving and Transporting S 
Samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, a 
Plasticity Index of Soils2 

3. Tefminology 
3.1 Definitions-The definitions of terms used in this t 

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 specin 

pore-water to cause air in the pore space to pass into s o h  
in the pore-water, that is, to saturate the specimen. 

3.2.2 efective consolidation stress-the difierence 
tween the cell pressure and the pore-water pressure prior 
shearing the specimen. 

3.2.3 failure-the spess condition at failure for a .. 
specimen. Failure is often taken to correspond to 
maximum principal stress difference (maximum devk 
stress) attained or the pMcipal stress difference (de* 
stress) at 15 % axial strain, whichever is obtained first dur 
the performance of a test. Depending on soil behavior : 
field application, other suitable failure criteria may 
defined, such as maximum effective stress obliquity, d,/< 
or the principal stress difference (deviator stress) at a selec 
axial strain other than 15 9%. 

4. Significance and Use 
4.1 The shear strength of a saturated soil in tria 

compression depends on the stresses applied, time of con 
idation, strain rate, and the stress history experienced by 
soil. 

4.2 The strength in this test is measured under undrai 
conditions and is applicable to field conditions where s 
that have been fully consolidated under one set of stressg 
subjected to a change in stress without time for fim 
consolidation to take place (undrained condition), and 
field stress conditions are similar to those in the test. 
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NOTE I-If the stmgth is reqllired for the case where the soil is not 
c~nsolidated during testing prior to$hear, refer to Test Method D 2850 
.r Test Method D 2 166. 

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 can occur 
(drained conditions) or w h q  pore pressures 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 + 1 %  from the selected 
value. Vibration due to the operation of the loading device 
shall be sufiiciently small to not cause dimensional changes 
in the specimen or to produce changes in pore-water pressure 
when the dramage valves are closed. 

Nm 2-A loading device may be judged to produce sutliciently 
small  vibrations if thcre are no visible ripples in a glass of water placed 
on the loading platform when the device is operating. 

5.3 Axial Load-Measuring Device-The axial load-mea- 
swing 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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AG. 1 Schemalit Dagrem of a Typical Consotidated Undrained 
friaxial Apparetur 
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measuring device shall be capable of measuring the axial 
load to an accuracy of within fl 9% 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 througb 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 b a d  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 7% 
of the axial load at failure and so there is negligible lateral 
bending of the piston during loading. 
NOTE 3-The use of two linear ball bushings to guide the piston is 

recommended to minimize friction and maintain alignment. 
NOTE 4-A minimum piston diameter of '/s 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 kPa) for effective consolidation pressures less than 28 psi 
(200 kPa) and to within f1 95 for effective consolidation 
pressures greater than 28 psi (200 Pa) .  The vacuum control 
device shall be capable of applying and controlling partial 
vacuums to within a . 2 5  psi (2 Wa). The devices may 
consist of self-compensating mercury pots, pneumatic pres- 
sure regulaton, combination pneumatic pressure and vac- 
uum regulators, or any other device capable of applying and 
controlling pressures or partial vacuums to the required tol- 

5.7 Pressure- and Vacuum-Measurement Devices-The 
chamber pressure, back pressure, and vacuum measuring 
devices shall be capable of measuring pressures or partial 
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 
pressuk, or partial vacuums to the stated tolerances. If 
separate devices are used to measure the chamber pressure 
and back pressure, the devices'must be d b r a t e d  simulta- 
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- Waer Pressure Measurement Device-The sW- 
imen pore-warn pressure shall also be measured to the 
tolerances given in 5.6. During undrained shear, the pore- 

erances. 
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water pressure shall be measured in such a manner that as 
little water as possible is allowed to go into or out of the 
specimen. To achieve this requiremen& a very stif€ electronic 
pressure aansducer 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, satrsfylng the following require- 
ment: 

0 e 2.2 x lo-' h2/ lb  (3.2 x lo4 m2/kN> ( 1 )  Au 

where: 
A V  = change in volume of the pore-water measurement 

system due to a pore pressure change, in? (mm3), 
V = the total volume of the specimen, h3 (mm3), and 
Au = the change in pore pressure, psi (kPa). 

NOTE %To meet the rigidity requirement, tubing between the 
specimen and the measuing device should be short and thick walled 
with small bores. Thermoplastic, copper, and stainless steel tubing have 
becn used succesNly 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 M.05 9% 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. 

5.10 Deformation Zndicator-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 k0.02 % of the 
initial specimen height. The deformation indicator shall have 
a travel range of at least 20 % of the initial height of the 
specimen and may be a dial indicator, hear variable 
differential transformer (LVDT), extensiometer, or other 
measuring device meeting the requirements for accuracy and 
range. 

5.1 1 Specimen Cap and Base-The Specimen cap and 
base shall be designed to provide drainage fiom both ends of 
the specimen. They shall be constructed of a rigid, 
noncorrosive, impermeable matenal, and each shall, except 
for the drainage provision, have a circular plane surface 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 95 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 c o ~ e ~ t e d  to the triaxial compression chamber to 
prevent lateral motion or tilting, and the specimen cap shalI 
be .designed such that eccentricity of the piston-tocap 
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 contact area shall be designed so that tilting of 
the specimen cap during the test is minimal. The cylindrical 
surface of the specimen base and cap that contacts the 

. . ,. . , t  
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membrane to form a seal shall be smooth and free . 
scratches. 

5.12 Porous Discs-The specimen shall be separated fro. 
the specimen cap and base by rigid porous discs of 
diameter equal to that of the specimen. The coefficient 
perheability of the discs shall be approximately equal to tt 
of fine sand (4 x lo-' h. /s  (1 x lo4 cm/s)). The discs sh 
be regularly checked to determine whether they have becox 
clogged. 

Nm 6-Fdm-paw-r discs of a diame-trr equal to that of 
Specimen m;iy be placed between the porous disa and specimen 
avoid clogging of the porous disa when accurate moduli values are 
required. 

5.1 3 Filter-Paper Strips and Discs-Fdter-paper strips 
used by many laboratories to decrease the time required 
testing. If filter strips and discs are used, they shall- be c 
type that does not dissolve in water. The coefficient 
permeability of the filter paper shall not be less than 4 x 11 
in./s (1 x cm/s) for a normal pressure of 80 psi (: 
kPa). To avoid hoop tension, filter Strips should cover 
more than 50 95 of the specimen periphery. Fdter-strip c: 
similar to that shown in Fig. 2 have been successfully usec 
many laboratories. An equation for correcting the princ: 
stress difference (deviator stress) for the effect of the strer 
of vertical filter strips is given in 10.6. 
NOTE 7-Whatman's No. 54 Fdm Paper has been found to mee 

permeability and durability requirements 
5.14 Rubber Membrane-The rubber membrane use 

en- the specimen shall provide reliable protection agz 
leakage. To check a membrane for leakage, the memb: 
shall be placed around a cylindrical form, sealed at both c 
with rubber O-rings, subjected to a small air pressure..or. 
inside, and immersed in water. If air bubbles appear i 
any point on the membrane it shall be rejected. To { 

minimum restraint to the specimen, the unstretched IT 
brane diameter shall be between 90 and 95 9% of that o 
specimen. The membrane thickness shall not exceed 1 
the diameter of the specimen. The membrane shall be s 

FILTER STRIP 

SPECICIEN 
BASE 

FIG. 2 Fitter strip a g e  
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to the specimen cap and base with rubber O-rings for which 
the unstressed inside diameter is between 75 and 85 % of the 
iiameter of the cap and base, or by other meam that will 
provide a positive seal. An equation for correcting the 
principal stress difference (deviator stress) for the effect of the 
niffness 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 kPa). All valves must be 
capable of withstanding applied pressures without leakage. 
NOTE 8-Ball valves have been found to provide minimum volume- 

change characterma; however, any other type of valve having suitable 
volumechange charactenaia may be used 

5.16 Specimen-Size Measurement Devices-Devices used 
to determine the height and diameter of the specimen shall 
measure the respective dimensions to within H.195 of the 
total dimension and shall be constructed such that their use 
will not disturb the specimen. 

NOTE 9 - C i i m f e m t i a l  measunng tapes are recommended over 
calipers for measunng the h e e x .  

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 Exznider-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 disturban ce 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 % of the total mass of the specimen. 

5.21 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 (24°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 
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. 
tcdameter ratio shall be between 2 and 2.5. The largest 
particle size shall be smaller than 116 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). 
NOTE 10-If oversize particles are found in the specimen after 

tesing, a panicle-size analysis may be performed in accordance mth 
Method D422 to confirm the visual observation and the results 
providedwiththetestreport(ll.l.4). 

6.2 Undisturbed Specimens-Prepare undisturbed SpeCi- 
mens from large undhubed 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 sisnificant disturbance results from sampling. 
Handle specimens carefully to m h h k  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 
iengthwise or cut the tube in suitable sections to facilitate 
removal of the specimen with minimum disturban ce. Re- 
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 m m -  
bling resulting from tximming causes voids on the surface of 
the specimen, carefully fill ?he 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 layen 
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 hatching. 
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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desired density by either (I) kneading or tamping each layer 
until the accumulative m a f ~  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 materisbshaU havediameter equal to or 
less than 112 the diameter ofthe mold. After a specimen is 
formed, with the ends perpgldicular to the longitudinal axis, 
remove the mold and detesrhe the mass and dimensions of 
the specimen using the dah= described in 5.16 and 5.20. 
Perform one or more water content determinations on ex- 
material used to prepare ahe specimen in accordance with 
Method D 2216. .I 

NOTE 11-1t is common f+ the unit weight ofthe specimen after 
removal from the mold to be less than the value based on the volume of 
the mold, This occu~s as a result of the specimen swelling after removal 
of the lateral confinement due to the mold. 

a, 

7. MountingSpecimen 
7.1 Prepurarzons-Before mounting the specimen in the 

triaxial 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 pressurecontrol 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 dzainage 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 mounmg method be used 
for -mens of soils that swell appreciably when in contact mth 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 case$ it will be n- to determm ' e 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 
(including the thickness of film discs if they are used) so that the 
appropriate values may be sub- 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 tempemture. 
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 filter-paper discs are to be placed between the porous 
discs and specimen, they should be dipped in water prior to placement. 

72.1.4 If filter-paper strips or a filter-paper cage OFig. 2) 
are to be used, saturate the paper with water prior to placing 

it on the specimen. To avoid hoop tension, do not cover 
more than 50% of the specimen periphery with vemca 
strips of filter paper. 

7.2.1.5 Proceed with Section 7.3. 
7.22 Dry Mounting Method: 
7.22.1 Dry the specimen dramage system. This may tx 

accomplished by allowing dry air to flow through the systexr 
prior to mounting the specimen. 

7.2.2.2 Dry the porous discs in the oven overnight prior tc 
mounting the specimen and place in a desiccator whilc 
allowing the discs to cool to room temperature. 

7.2.2.3 Place a dry porous disc on the specimen base anc 
place the specimen on the disc. Next, place a dry porous disc 
and the specimen cap on the specimen. Check that thc 
specimen cap, porous discs, and specimen are centered ot 
the specimen base. 

Nm :&If desired, dry filter-pper discs may be placed betweer 
the porous discs and speclmen. 

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 b 
small pieces of tape at the top and bottom. 

7.3 Place the rubber membrane around the specimen anc 
seal it at the cap and base with two rubber O-rings or othe. 
positive seal at each end. A thin coating of silicon grease 01 
the vertical surfaces of the cap and base will aid in sealing thc 
membrane. If filter-paper strips or a filter-paper cage 
used, do not apply grease to surfaces in contact with tht 
filter-paper. 

7.4 Attach the top drainage line and check the alignmen 
of the specimen and the specimen cap. If the dry mountin: 
method has been used, apply a partial vacuum of approxl 
mately 5 psi (35 kea) (not to exceed the consolidation stress 
to the speciqen through the top drainage line prior tc  
checking the alignment. If there is any eccenmcity, releas, 
the partial vacuum, realign the specimen and cap, and the1 
reapply the partial vacuum. If the wet mounting method ha 
been used, the alignment of the specimen and the specimer 
cap may be checked and adjusted without the use of a partia 
vacuum. 

8. Procedure 
8.1 Prior to Saturation-After assembling the viaxia 

chamber, perform the following operations: 
8.1.1 Bring the axial load piston into contact with thi 

specimen cap several times to permit proper seating anc 
alignment of the piston with the cap. During this procedure 
take care not to apply an axial load to the specimer 
exceeding 0.5 % of the estimated axial load at failure. Wher 
the piston is brought into contact, record the reading of t h c  
deformation indicator. 

8.1.2 Ffl the chamber with the chamber liquid, bein: 
careful to avoid trapping air or leaving an air space in th: 
chamber. 

8.2 Saturation-The objective of the saturation phase o 
the test is to fill all voids in the specimen with water withou 
undesirable prestressing of the specimen or allowing thc 
specimen to swell. Saturation is usually accomplished b 
applying back pressure to the specimen pore water to driv, 
air into solution after eithex (I) applying vacuum to th, 
specimen and dry drainage system (lines, porous discz 
pore-pressure device, filter-ships or cage, and discs) anc 
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allowing deaired water to saturate the system while mabt 
taining the vacuum; or (2) saturating the drainage system* 
m h g  the porous discs in water and allowing water to flm 
through the system prior to mounting the specimen. ft 
should be noted that time is required to piace air into: 
solution. Accofilingly, removing as much air as possibic! 
prior to applying back pressure will decrease the amount 06 
air that will have to be placed into solution and will a b  
decrease the back pressure required for saturation. In 
tion, air remaining in the specimen and drainage system just 
prior to applying back pressure will go into solution much 
more readily if deaired water is used for saturation. The use 
of desired water will also decrease the time and back pressure 
required for saturation. Many procedures have been devel- 
oped to accomplish saturation. The following are suggested 
procedUreS: 

8.2.1 Starting with Initially Dv Drainage System-In- 
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 effective 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 
amount. During this process, the diffmnce between the pore 
pressure measured at the bottom of the specimen and the 
chamber pressure should not be allowed to exceed the 
desired effective consolidation pressure. When the pore 
pressure at the bottom of the specimen stabilizes, proceed 
with back pressuring of the specimen pore-water as described 
in 8.2.3. To check for equalization, close the drainage valves 
to the specimen and measure the pore pressure change over a 
1-min interval. Ifthe change is less than 1 9% of the chamber 
pressure, the pore pressure may be assumed to be stabilized. 

NOTE 1 5-For saturated clays, percolat~on may not be necessary and 
water can be added simultaneously at both top and bottom. 

8.2.2 Starting with Initially Saturated Drainage System- 
After filling the burette connected to the top of the specimen 
with deaired water, apply a chamber pressure of 5 psi (35 
kPa) or less and open the specimen drainage valves. When 
the pore pressure at the bottom of the specimen stabilizes, 
according to the method described in 8.2.1, or when the 
burette reading stabilizes, back pressuring of the specimen 
pore-water may be initiated. 

3.2.3 Applying Back Pressure-Simultaneously increase 
-e chamber and back pressure in steps with specimen 
drainage valves opened so that deaired warn from the 
burette connected to the top and bottom of the specimen 

may flow into the specimen. TO avoid undesirable pre- 
stressing of the specimen while applying back pressure, the 
rpressum must be applied incrementally with adequate time 
between increments to permit equalization of WR-Wter 
'pressure throughout the specimen. The Size of each in-- 
' m a t  might be 5 psi (35 e a ) ,  10 psi (70 Wa), or even 20 pl 
'(140 Wa), depending on the compresribilty of the soli 

specimen, the magnitude of the desired effective consoh&+ 
tion stress, and the degree of saturation of the specimen  JUS^ 
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 Wa) unless I t  IS 
deemed neceSSary to control swelling of the Specimen during 
the procedure. The difference betweem the chamber and back 
pressure must also remain within 2 5  9% when the pressures 
are raised and within &2% when the pressures are constant. 
To check for equalization after application of a back pressure 
increment or after the fidl 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 9% 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 presure parameter B is used to 
measure the degree of saturation, the B-value is also a function of soil 
stiffness. If the degree of saturation of the sample is 100 %, the &value 
measurement wiil inaease with decreasing soil stifl$esr Therefore. 
when testing soft soil samples, a &value of 95 % may indicate a degree 
of sawation ies  than 100 %. 
NOTE 17-The back pressure required to saturate a compacted 

specimen may be higher for the wet mounting method than for the dn. 
mounung method and may be as high as 200 psi (1400 kPa). 
NOTE 18-Many labor;ltories use dSerential pressure regulators and 

transducers to achieve the requirements for small diaerences between 
chamber and back pressure. 

82.4 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 dehed by the following equation: 

B = AUfAa3 (2) 
where: 
Au = the change in the specimen pore pressure that occurs 

as a result of a change in the chamber pressure when 
the specimen drainage valves are closed, and 

Ac3 = the change in the chamber pressure. 
8.2.4.1 Close the specimen drainage valves and increase 

the chamber pressure 10 psi (70 Ma). 
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 
occu~s, 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 
Au3 indicate a leak of chamber fluid into the specimen. 
Decreasing values of Au with time may indicate a leak in that 
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part of the pore pressure measurement systrm. located 
outside of the chamber. 

8.2.4.4 Reapply the same effective consolidatid0,stress as 
existed prior to the B-value by reducing tk:+harnber 
pressure by 10 psi (70 kPa) or by alternatively, *g the 
back pressure by 10 psi (70 Wa). If B is cdmuing to 
increase with increasing back pressure, continw!&th back 
pressure saturation. I ~ B  is equal to or greater tlp66.95 or if 
a plot of B versus back pressure indicates no ful3lei increase 
in B with increasing back p m ,  initiate com@ation. 

8.3 Consolidation-The objective of the -lidation 
phase of the test is to allow the specimen to.+ equilib 
rium in a drained state under the effective codsolidation 
stress for which a strength determination is re!q*d. During 
consolidation, data is obtained for use in dekrmpmg when 
consolidation is complete and for computing a d e  of Strain 
to be used for the shear portion ofthe test. The +lidation 
procedure is as follows: i' 

8.3.1 When the saturation phase of the test k'wmpleted, 
bring the axial load piston into contact with & specimen 
cap and record the reading on the deformatim) indicator. 
'During this procedure, take care not to apply an+d load to 
the specimen exceeding 0.5 % of the estimated axial load at 
failure. After recording the reading, raise the piston a small 
distance above the specimen cap and lock the p w n  in place. 

8.3.2 With the specimen drainage valves closdd, hold the 
maximum back pressure constant and increase.tbe chamber 
pressure until the difference between the c d r  pressure 
and the back pressure equals the desired e f f i  consolida- 
tion pressure. i]: 

NOTE 19-In cenain circumstancef consolidation in& may be 
desirable, especially when radial drainage is used 

8.3.3 Obtain an initial burette reading andphen open 
appropriate drainage valves so that the specimm may drain 
from both ends into the burette. At indg%ntexvals  of 
elapsedtime(0.1,0.2,0.5, 1,2,4,8, 15,and3Omkandat 1, 
2,4, and 8 h, etc.) observe and record the b d t e  readings 
and after the 15-min reading record the aocompanying 
deformation indicator readings obtained by c$efully 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 intends at whichheadings 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 bekhanged to 
convenient time intervals which allow for ad&te defini- 
tion of volume change versus time. 

NOTE 20-In cases where siguificant amounts o f h e s  may be 
washed from the specimen because of high initial hydrautic gradients, it 
is permissible to gradually increase the chamber to the total 
duireai pressure overa period of up to 10 min with the Qainage valves 
open. If this is done, recording of data should begin immediately after 
the total presure 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 on6 log cycle of 
time or one overnight period after 100 % primary consolida- 
tion has been achieved as determined in amrda@ce with one 
of the procedures .outlined in Test Method: D 2435. A 
marked deviation between the slopes of the !burette and 

. ... .. i 11 
, 3  8.2.4.3 Calculate the B-value using Eq 2. 
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deformation indicator curves toward the end of consolida- 
tion based on defomation 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 7% 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 br 
kept constant while advancing the axial load piston down- 
ward against the specimen cap using controlled axial strait 
as the loading criterion. Specimen drainage is not permittec 
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 @mer 
pore-water pressure will be measured by the pore-pressurt 
measurement device and no drainage will occur. 

8.4.1.2 Place the chamber in position in the axial loadin: 
device. Be careful to align the axial loading device, the axia 
load-measuring device, and the triaxial chamber to preven 
the application of a lateral force to the piston during shear. 

8.4.1.3 Bring the axial load piston into contact with th 
specimen cap to permit proper seating and realignment c 
the piston with the cap. Remember that during this proce 
dure, care should be taken not to apply an axial load to th 
specimen exceeding 0.5 % of the estimated axial load i 
failure. If the axial load-measuring device is located outsia 
of the triaxial chamber, the chamber pressure will produc 
an upward force on the piston that will react against the axi: 
loading device. In this case, start shear with the pisto 
slightly above the specimen cap, and before the piston come 
into contact with the specimen cap, either (I ) measure an 
record the initial piston friction and upward thrust of tk 
piston produced by the chamber pressure and later correc 
the measured axial load, or (2) adjust the axial loat 
measuring device to compensate for the friction and thm 
The variation in the axial load-measuring device readir 
should not exceed 0.1 % of the estimated failure load whr 
the piston is moving downward prior to contacting tk 
specimen cap. If the axial load-measuring device is locatc 
inside the chamber, it will not be neceSSary to correct 
compensate for the uplift force acting on the axial loadir 
device or for piston friction. However, if an internal loa, 
measuring device of Significant flexibility is used in comt 
nation with an external deformation indicator, correction 
the deformation readings may be necessary. In both  cas^ 
record the initial reading on the pore-water pressure me 
surement device immediately prior to when the pktc 
contacts the specimen cap and the reading on the deform 
tion indicator when the piston contacts the specimen cap. 

8.4.2 Axial Loading-Apply axial load to the specim, 
using a rate of axial strain that will produce approximz 
equalization of pore pressures throughout the specimen 
failure. Assuming failure will occur after 4 %, a suitable r; 
of strain may be obtained by dividing 4 9% by ten times t 
value of tSo (obtained in 8.3.5). This rate of Strain 0 
provide for determination of accurate effective stress paths 
the range neceSSary to define effective strength envelopes. 
however, it is estimated that failure will occur at a 
value lower than 4 %, it will be necessary to obtain a suitai 
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strain rate by dividing the estimated failure strain by ten 
times the value of f w  At a minimum, record load, deforma- 
tion, and pore-water pressure values at increments of 0.1 95 
to 1 9% strain and, themfter, 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. Continue the loading to 
15 9% Strain, except loading may be stopped when the 
principal stress ditrerence (deviator stress) has dropped 20 95 
or when 5 '36 additional axial strain occufs after a peak in 
principal stress difference (deviator stress).. 

NOTE 2 1 -The use of a manually adjusted null-indicating device will 
require nearly ccmtinuous attention to ensure the criterion for undrained 
shear. 

9. RemovingSpecimen 
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 
detemine the water content of the total specimen in 
accordance with the procedure outlined in Method D 22 16. 
(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 ku!Iicient matexial 
rom trimming 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 Propmies-Using the dry mass of 

the total specimen, calculate and record on the appropxiate 
data sheet the initial water content, volume of solids, initial 
void ratio, initial degree of saturation, and initial dry unit 
weigbt. Calculate the specimen volume h m  values mea- 
sured in 6.2 or 6.3. Calculate the volume of solids by dividing 
the dry mass of the specimen by the specific 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 gmvity of solids can k determined in 

accordance with Test Method D 854 or it may be assumed besed on 
previous test results. 

10.2 Specimen Properties Afier Consolidation-Calculaw 
Ae specimen height and area after consolidation as follows: 

10.2.1 Height of specimen after consolidation, H, is 
determined from the following equation: 

, , 'L 4 ;* :!,; 

H e =  H, - AH, (3) 
where: 
H, 
AH, = 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: 
(4) A, = ( v, - AV, - AVc)/Hc 

where: 
V .  = initial volume of specimen, in3 (mm3), . 
AV, = 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, = 3V, AHs/Ho 
where: 
AHs = change in height of the specimen during saturation, 

in. (mm). 
10.2.2.2 -Method B: 

4 = ( v,g + vs)/Hc (5 )  
where: 
V,,, = final volume of water (based on final water content), 

V, = volume of solids, in.3 (mm3), as follows: 
in? (mm3), and 

5 = WS/(G#d 

where: 
w, = specimen dry mas, lb (kg), 
G, = specific gravity of solids, and 
p,,, = density of water, lb/k3 (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 Hiater content, 
calculate the consolidated void ratio and degree of satura- 
tion. 

Nm 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 %. 
Nan 24-111 this test method, the equations are written such that 

cornpression and consolidation are considezed positive. 

10.3 Shear Data 
10.3.1 Calculate the axial strain, e l ,  for a given applied 

axial load as follows: 
(6)  c, = U / H e  

where: 
AH = change in height of specimen during loading as read 

from deformation indicator, in. (mm), and 
H, = height of specimen after consolidation, in. (mm). 

10.3.2 Calculate the crossseCtional area, A, for a given 
applied axial load as follows: 
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(7) 
where: 
A, =average cross-seCtional area of the specimen after 

t l  = axial strain for the given axial load. 

A = AJ(1 - e,) 

consolidation, in? (mm’), and 

. NOTE 25-The crosssectional area computed in this manna is based 
on the assumption that the specimen defonns as a right circular cylinder 
during shear. In cases where there is localired 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: 

U I  - 43 = 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 (kN), and 
A = corresponding cross-sectional area, in? (mm2). 

10.3.4 Calculate the effective minor principal stress, ut3  
for a given applied axial load as follows: 

(9) 
where: 
u3 = effective consolidation stress, psi (kPa), and 
Au = induced pore-water pressure at the given axial load 

(total pore-water pressure minus the total back pres- 
-), psi (pa).  

10.4 Principal Stress Difmence (Deviator Stress) and 
Induced Pore- Water Pressure verw Strain Curves-Fkqxire 
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’,  + d 3 ) / 2  and q, (al - 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) + W 3 ) / Z  (10) 
where: 
u, - u3 = principal stress difference (deviator stress), psi 

ut3 = effective minor principal stress, psi p a ) .  
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- 
puted 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 %. 

10.6.1 For values of axial strain above 2 %, use the 
following equation to compute the correction: 

( 1  1) 
where: 
A(u, - u3) = correction to be subtracted from the meaSured 

principal stress difference (deviator stress), psi 
(kpa), 

~ ’ 3  = ~3 - AU 

(kPa), and 

No, - 03) = K#*/Ac 

Kfp =load Carried by filter-paper strips per unit 
length of perimeter covered by fdter-paper, 
lbf/in. (kN/mm), 

=perimeter covered by filter-paper, in. (mm), 
and 

AC = cross-sectional area of specimen after consoli- 

10.6.2 For values of axial strain of 2 95 or less, use the 
following equation to compute the correction: 

(12) 
where: 
c1 =axial strain (decimal form) and other terms are the 

NOTE 26-For filter-paper generally used in maxial testing, Kb 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 %: 

N u l  - 4 = ( ~ J % J , , , ~ ~ ) / D ~  (13) 
where: 
A(ul - u3) = the correction to be submcted from the mea- 

sured principal stress difference (deviator 

Ph 

dation, in? (mm2). 

Nu1 - ~ 3 )  = so~lK#fi/Ac 

same as those defined in 10.6.1. 

DC = F 4 A J r  = diameter (kpa), of specimen after consoli- 
dation, in. (mm), 

psi Wa), 
E m  

t m  

€1 
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: 

where: 
E,,, = Young’s modulus of the membrane material, psi 

F = force applied to stretch the membrane, lbf 0, 
L = unstretched length of the membrane, in. (mm), 
AL. = change in length of the membrane due to application 

Am = area of the membrane = 2 t ,  W, in? (m2 = 

where: 
tm = thickness of the membrane, and 
W, = width of circumferentid strip (4.5 in. or 15 mm). 

Nm 27-A typical value of E,,, for latex membranes iS 200 psi 

(1400 kpa). 
NOTE 28-The effect of the membrane on the lateral stress is usuall? 

assumed to be n-ble. 
Nm 29-The corrections for filter-paper strips and membranes are 

based on simplified assumptions concerning 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. (mmz and 
= axial strain (decimal form). 

E,,, = ( F / A , , J / ( W L )  (141 

(kpa), 

of the force, F, in. (mm), and 

mm2/l 000 OOO) 

. . , .’ ” 1079 000297 



D4767 

10.8 Determine the major and minor principal stresses at 
failure based on total stress, u,and ~~~,/resPectively, and on 
:ffective stresses, u' and respectively, as follows: 
u3f = effective consolidation stress, psi (kPa), 

= (a ,  - a31 at Mure + u3fi psi Ma), 
~ , 3 /  = 
u = (al - a3) at Mure + ~ 7 ' ~ ~  psi &Pa), where Au is the 

10.9 Muhr Stress Cirdes4onstruct 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 onehalfthe 
principal stress difkence (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 stressesis drawn in asimilar manner except that 
its center is at a value equal to one-half the sum of the major 
and minor effective principal stresses. 

A+ Psi (kpa), and 

induced porewater pressure at Wure. 

I I 
+C 

TOTAL OR EFFECTIVE STRESS. UOR d 

A = TOTAL OR EFFECTIVE MINOR PRINCIPAL STRESS (u or a;) 
B = AVERAGE OF TOTAL OR EFFECTIVE PRINCIPAL " R E g S E S  
c = TOTAL OR EFFECTIVE MPJOR PRINCIPAL STRESS (u or 0;) 
o = RADIUS OF THE MOHR'S CIRCLE; HALF THE P R I N C I ~ A L  

STRESS DIFFERENCE 

RG 3 CoMtn#tion of Moht Slress Ci& 

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 classification and whether the specimen 
is undsmbed, compacted, or otherwise prepared, 

1 1.1.2 Values of plastic limit and liquid limit, if deter- 
mined in accordance with Test Method D 4318. 

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. 

1 1.1.4 particlesize analysis, if determined in accordance 
with Method I) 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). 
11.1.8 Total back pressure. 
1 1.1.9 The pore pressure parameter B at the end of 

1 1.1.10 Effective consolidation stress. 
11.1.1 1 Time to 50 95 primary consolidation. 
1 1.1.12 Specimen dry unit weight, void ratio, water con- 

tent, and degree of saturation after consolidation. 
1 1.1.13 Specimen cross-sBctional area after consolidation 

and method used for determina tion. 
11.1.14 Failure criterion used. 
11.1.15 The value of the principal stress dif€erence (de- 

viator stress) at failure and the values of the e f f d v e  minor 
and major principal stresses at failure. 

11.1.16 Axial strain at failure, percent 
1 1.1.17 Rate of strain, percent/min. 
1 1.1.18 Principal stress difference (deviator stress) and 

1 1.1.19 The p' - q diagram for the test results. 
11.1.20 Mohr stress circles based on total and effective 

1 1.1.2 1 Failure sketch or photograph of the specimen. 
11.1.22 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. 

Saturation. 

induced p ~ r e - ~ a t e r  press~re axial Strain cu~es 
described in 10.4. 

stresses. 

12. Precision and Bias 

12.1 The variabfity 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 
triaxial compressive stren%h; effective consolidation stress; 
shear strength; strength envelope. 
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Standard Test Metha :3or 
Measurement of H b u l i c  Conductivity of Saturated Porous 
Materials Using a m i b l e  Wall Permeameter' 

. $1 

This nandard is imred under the fixed &nation D 5084; the n u m b  immediately following the designation indicates the y ~ a r  of 
adoption or, in thc cdsc of rrvid~&c year of last -on. A number in parrnthescs indicata the year of last rrapprova~ A 

suprscript @on (e) indicucs an -change sina the laa mision or reapproval. 
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1. scope - i  
1 . 1   his test method covers laboratory k e n t  of 

the hydraulic conductivity (also referred to as c o g c i m t  of 
permeability) of water-saturated porous maierials 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 equa~ to 1 x 

1.3 The hydraulic conductivity of makrials with hy- 
draulic conductivities greater than 1 x lo-' 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 U.S. practice, hydraulic conductivity is reported in 
centime- per second, although the common SI Units for 
hydraulic conductivity are metres per second. 

1.5 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 safety and 
health practices and hermine the applicability of regulatory 
limitations prior to use. 

m/s ( 1  x 1 0 - ~  cm/s). 

2. Referenced Docnments 
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 Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) Drop2 

D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 1 8 4 1 .  (457-mm) Drop2 

D 21 13 Practice for Diamond Core Drilling for Site 
Investigation2 

D 22 16 Method for Laboratory Determination of Water 
(Moisture) Content in Soil, Rock, and Soil-Aggregate 
Mixtures2 

D2434 Test Method for Permeability of Granular Soils 
(Constant Head? 

D4220 Practices for Preserving and Transporting Soil 
Sample2 

Fluids2 

D 1587 Practice of Thin-Walled Tube sampling of Soil$ 

'This test mnhod is undcr the jurisdicrionofASIM Commmcc D-18 m Sod 
and Rock and is the direa rcsponSibility of Subammime Dl8.W on Hydrologic 
propnia of Soi and Rockr 

Cumnt cdition approved June 29,1990. Published O L X O ~  1990. 
ANnral Bodc of ASTM Smdar&, Vol04.08. 

D4753 Specification for Evaluating, Selecting and Speci- 
fying Balances and Scales for Use in Soil and Rock 
Testing2 

D 4767 Test Method for Consolidated-Undrained Triaxial 
Compression2 

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). 

DIscussioN--fhe term co@cient of permeability is often used 
instead of hydraulic conductivity, but hydraulic wnductivity is used 
exclusively. in this test method. A more complete discussion of the 
terminology associated with Darcy's law is given in the titezmm.4 

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 vimrally 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 

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 

permeant liquid. 

' Annual Book of AS7'M Smndmds. Vol04.02. 
Olson, R E, and Daniel, D. L "Mcanmmcnt of the Hydnulic cOnduct*ity 

of FmeGnined Soils," Symposium on PemdiIity ond Gmwdwafn Comami- 
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specimen is changeci,iie state of stress will als~ change, and, 
the specimen is -ressible, the volume of the specimen 
dl change. Thus, -e change in hydraulic conductivity 

may occur when theaydraulic gradient is altered, even in 
cases where Darcy's I is valid. 

4.5 This test m e w  provides a means for determining 
hydraulic conductivityat a controlled level of effective stress. 
Hydraulic conductivd$varies with varying void ratio, which 
in turn changes whenlhe effective stress changes. If the void 
ratio is changed, tk hydraulic conductivity of the test 
specimen will likely h g e .  To determine the relationship 
between hydraulic cductivity and Goid ratio, .the hydraulic 
conductivity test w a d  have to be repeated at different 
effectivestresses I -  

4.6 The correlationbetween results obtained with this test 
method and the hybulic conductivities of in-place field 
materials has not Ixzp fully investigated. Experience has 
sometimes shown tha'flow patterns in small  test specimens 
do not necessariiy 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 Sy&m-Constant head (Method A), 

f a n g  head (Methods B and C), or constant rate of flow 
(Method D) systems k y  be utilized provided they meet the 
criteria outlined as follows: 

5.1.1 Comtant Head-The system must be capable of 
mintaining constant ,hydraulic pressures to within +5 9% 

and shall include means to measure the hydraulic pressures 
to within the prescriM tolerance. In addition, the head loss 
across the test specidn must be held constant to within 
+5 9% andshallbemeahed with the same accuracyor better. 
Pressures shall be m&ured by a pressure gage, electronic 
pressure uansducer, 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 5 5  %. 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 tailwatex 
elevation (Method C). 

5.1.3 Constant 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 ~iterature.~ 

" 

! 
3 

Mton, H. W., Moria, R H, and Nichols. R W., "Flow Pump Apphca~ions in 
f d  feshng" Symposum on Advanced Triaxial Testing of Soil and Rock 
pSrM STP 977, ASTM. 1988, pp. 6-1. 
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5.1.4 System 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 I-Application of &as 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 frequent replacement of the liquid 
with de-aired water. 

5.2 Flow Measurement System-Both idlow 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 Accuracy-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--She 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 stiff flow measurement system. Rigid 
tubing, such as metallic or rigid thermoplastic tubing, shall 
be used. 

5.2.3 Head Los2es-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 
med. If a constant or falling head test is to be useti, the 
hydraulic pressures or heads that will be used in testing a 
specimen shall be applied, and the rate of flow measured 
withanaccuracyof5 %orbetter.Thisrateofflowshallbeat 
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 streis on the test 
specimen (which is the difference between the cell pressure 
and the pore water pressure) shall be maintained to the 
desired vaiue with an accuracy of 10 % or better. The device 
for pressuridng the cell may consist of a reservoir connected 
to the permeameter cell and partially filled with de-aired 
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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 pressurized 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 mter is commonly used for the cell fluid to 
minimize potential for diffuson of air through the membrane into the 
specimen. Other fluids, such as ods, which have low gas solubilities are 
also acceptable, provided they do not react with components of the 
prrmeameter. 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 Penneameter Cell-An apparatus shall be provided in 
which the specimen and porous end pieces, enclosed by a 
membrane d e d  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 cross-sectional area of the 
piston where it passes through the seal. If deformations are 
measured, the defoxmation indicator shall be a dial indicator 
or cathetometer graduated to 0.3 mm (0.0 1 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-volume-change valves, such as ball valves, and shall be 
designed to minimk 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, ifused, such that the piston-to-top cap contact area is 
concentric with the cap. The surface of the base and top cap 
that contam 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 7% of the diameter or width of the base 
and cap, or by any other method that will produce an 
adequate seal. 

NOTE %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 fkee 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 
sufficient 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 smal l  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 Ext&-When the material being tested is 
9 .oil 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 Memring 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 mas  of the specimen and shall be selected as 
discussed in Specification D4753. The mas of specimens 
less than 100 g shall be determined to the nearest 0.01 g. The 
mass of specimens 100 g or larger shall be determined to the 
n ~ a r e s t  0.1 g. The mass of specimens >lo00 g shall be 

3.14 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 O-rings on the base and top cap to 
seal the membrane. 

5.15 V m u m  Pump-To a s k t  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 &3"C (f5.7T). 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 Water 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 Penneant Water: 
6.1.1 The permeant water is the liquid used to permeate 

the test specimen and is also the liquid used in backpressur- 
ing the specimen. 

12 The type of permeant water should be specified by 
requestor. If no speafication is made, tap water shall be 

used for the permeant liquid. The type of water utilized shall 
be indicated in the report. 

NOTE A m i d  interactions between a permeant liquid and the 
porous material rqay 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 d y  
rearmmended as a permeant liquid. A perxneant liquid used by some is 
0.005 N CaSO,, which can be obtained for example, by dissolving 6.8 g 
of nonhydrated, reagent-gade CaSO. in 10 L of de-aired, distilled warn. 
This CaSO, solution is thought to neither increase nor decrease 
significantly the hydraulic conductivity of clay9 soils. In areas with 
extremely brackish tap water, the CasO, solution is recommended . 

6.1:3 Deaired Water-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 forceful agitation of water in a 
container attached to a vacuum source. If boiiing 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. 

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 (0.0 1 in.) or better. The length and diameter 
shall vary by no more than k 5  %. The surface of the test 
specimen may be uneven, but indentations must not be 50 
deep that the length or diameter vary by more than 2 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 basec 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 cyh-  
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 Specim&s-Undisturbed test specimens 
shall be prepared from a representative portion of undis- 
turbed samplb secured in accordance with Practice D 1587 
or Practice D 2 1 13, and preserved and transported in accord- 
ance with requirements for Group C materials in Priictice 
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 2 5  %, 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 
where changes in moisture content are mlnlmtzed . A Con- 
?rolled high-humidity room is usually used for this purpose. 
The mass and dimensions of ?he test Specimen shall be 
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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 determm ' e d  
in accordance with Method D 2216. 

7.3 LOboratoryCompacted Specimens-The material to 
be testedshall 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 scarified (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 11'6 of either 
the height or diameter of the specimen. After compaction, 
the test specimen shall be removed from the mold, the en& 
scarified, and the dimensions and weight determined within 
the tolerances given in 5.12 and 5.13. After the dimensions 
and mas 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 2216. 

7.4 Other Preparation Methodr--Other methods of prep- 
aration of a test specimen are permitted if specifically 
requested. The method of specimen preparation shall be 
identitied in the report. 

7.5 After the he@& 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 
backpmure 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. 

8.12 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, ifused, 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 emuent lines. Fd the cell pressure 
reservoir with deaired water, or other suitable liquid, and the 
hydraulic system with deaired permeant water. Apply a small 
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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 effluent 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--soahn ' g under vacuum is applicable when then are 
continuous air voids in the specimen. Soaking under vacuum is only 
recommended for test Specimens With initial degrees of saturation below 
70 96. The Specimen may swell when exposed to warn, the effective 
stress will tend to counteract the swelling. However, for materials that 
tend to swell, unlesthe applied dfective stress is gnaterthan or equal to 
the swell prusure, 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-Figwe 2 assumes that the water used for back prrssure is 
desired 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 
pressurr~pRssunzed ' air wiU dissolve into the water, thus reducing the 
~paciry 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-preyure water from the air by 
a material or fluid that is datively impermeable to air, by periodicauy 
replacing the back-pnssnre water with deaired water, or by other means. 

* 

6Loarc. J.. and Johnson, T. C. "Us of Back Prrssure to inueasc of 
saanattoo offriaxial Test S m "  Roceedmgs, ASCE R e s 4  Conjbmce 
on Shear Strength of Cohaipc &ik, BOW, CO. 1960. 
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8.3.1 Open the flow line valves and flush out of the systdm 
anv free air bubbles using the procedure outlined in 8.1.3.Lf 

lectronic pressure transducer or other measuring de+k 
b LO be used during the test to measure pore pressumer 
applied hydraulic gradient, it should be bled of any traw 
air. Take and record an initial reading of specimen hei-3 

8.3.2 Adjust the applied confining pressure to the va lk to  
be used during saturation of the sample. Apply backpressuze 
by simultaneously increasing the cell pressure andJthe 
influent and efnuent pressures in increments. The maximum 
value of an increment in backpressure shall be sufficieauity 
low so that no pojnt in the specimen is exposed tojan 
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 4 kPa (1 psi) 
because of the danger of separation of the membrane fkom 
the test specimen. Maintain each increment of pressure fpr a 
Period of a few minutes to a few hours, depending uponithe 
characteristics of the specimen. To assist in remova of 
trapped air, a small hydraulic gradient may be applied auoss 
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 applicktion of larger values of tpck 

wre. 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 tesi as the 
change in pore water pressure in the porous material divided by the 
change in confining pressure. Compressible materials that are fully 
samted with water will have a B value of 1.0. Relatively incompress- 
ible, saturated materials have 5 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 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 
satuxation 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 
C. +ckpressure. Also, the backpressure and consolidation phases nhy 
be completed c o n m t l y  if backpresures are applied sufficiently 
slowly to minimize potenW for overconsolidation of the specimen. i 

being monitored. I . I t  

8.4.1 Record the specimen height, if being monitored, 
prior to application of consolidation pressure and periodi- 
cally during consolidation. 
8.4.2 Increase the cell pressure to the level necasary to 

develop the desired effective stress, and begin amsolidation. 
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 c o b  that 

primary consolidation has been completed prior to initiation 
of the hydraulic conductivity test. Alternatively, measure- 
menu of the change in height 'of the test specimen tan be 
used to confirm Completion of consolidation. 
NOTE IO-The procedure in 8.4.3 is optional because the require- 

m e m  of 8.5 ensure that the test specimen is adequately consolidated 
during permeation because if it is not, h h v  and outflow volumes will , 
differ significantly. However, for accuIiite &value determination, com- 
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 ini-- 
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. 

1 
i 
1 

i 
i 
i : 

. 

' 

, 

. 

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 m e n u  from <I to 5 cover most field 
conditions. However, the use of Smau hydraulic gradients 
can lead to very long testing times for materials having low 
hydraulic conductivity (less than about 1 x loa cm/s). 
Somewhat larger hydraulic gradients q usually used in the 
laboratory to accelerate testing, but excessive gradients must 
be avoided becaw 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 d e c r a  hydraulic conductivity. If no gradient is specified 
by the requestor, the following guidelines may be followed: 

, 

Hydraulic Conductivity, Recommended Maximum 
m / s  . Hydraec Gradient 

I x lo-' to I x lW 
I x 1 0 4  to 1 x 10-5 
1 x 10-5to  1 x 104 
1 x l o "  to  1 x 10-7 
ieathaa 1 x 10-7 30 . 

2 
5 

10 
20 

NOTE 11-e pressures associated with large hydraulic @- 
ents can consolidate soft., compressible specimens and reduce their 
hydraulic conductivity. It may be necessary to use smaller hydraulic 
gradients (C 10) for such specimens. 

8.5.2 Initidizatiun-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 9%. Measure and record 
peripdically the quantity of inflow as well as~the quantity of 
outilow. 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 &st four values of hydraulic 
conductivity are obtain- in- of time in which 
(I) the ratio of outflow m u o w  rate is between 0.75 and 
1.25, and (2) the hydr j ;c  conductivity is steady. The . 

hydraulic conductivity mfbe considered steady if four or 
more consecutive hydraukkonductivity determinations fall 
within S 5  9% of the med:%alue for k 1 1 x m/s or 
within k50 9% for k -= l:* m/s, and a plot of the 
hydraulic conductivity -time shows no significant 
upward or downward tred 

8.5.4 Falling-Head T.& (Methods B and C)-Measure 
and record the required.- loss across the test specimen to 
the tolerances stated in 54.2. For falling-head tests, at no 
time shall the applied head loss across the specimen be less 
than 75 9% of the initial @aximum) 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.Mlues of hydraulic conductivity are 
obtained over an interval of time in whick (I) the ratio of 
outflow to inflow rate is ktween 0.75 and 1.25, and (2) the 
hydraulic conductivity is steady (see 8.5.3). 

NOTE 12-When the water p r m u ~  in a test specimen changes and 
the applied total stress is constant, the effective s t m s  in the test 
specimen changes, which can cause 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 sofs compmsible test specimens, even more restrictive 
crimia might be needed. Also. when the initial and final head losses 
across the test specimen do not differ by much, great accuracy is needed 
to comply with the requirement of 5.12 that the ratio of initial to final 
head loss be determined with an ac~dcy of* 95 or better. When the 
initial and final head 1 0 s  over an interval of time do not mer very 
much, it may be possible to comply with the xequirements for a constant 
head test (8.5.3) in which the head'loss must not differ by more than 
+5 I and to treat the test as a constant head test 

I 8.5.4.1 Test with Constant Tailwater b e l  (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 watq 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 D)-Initiate 
permeation 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 
inflow, 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-Alier completion 
of permeation, reduce the applied confining, influent, and 
. .; .< , 3 :., $ 

' 

. , . . I - . .  . .  

effluent pressures in a manner 'that does not generate 
significant volume change of the test specimen. Then care- 
fully disassemble the permeater cell and remove the spec- 
imen. Measure-and record the final height, diameter, and 
total m a s  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 specitied in 5.13 and 7.1. 

Non 1 %The Specimen may swell after removal of back pressure 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 arc 
monitored during the test. The strain caused 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 arr 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 satumtion. 

9. Calculation 
9.1 Constant Head and Constant Rate of Flow Tests 

(Methods A and D)-Calculate the hydraulic conductivity, k 
as follows: 

k = QLJAth (1) 
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 Tailwatm Pressure (Method B)-Calcuke 

I 

outflow, m3, 
. 

water. 

the hydraulic conductivity, k, as follows: 

k = In (%- 
At 

where: 
a =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 dewmination of h, and h2, s, 
h, = head loss across the Specimen at time t , ,  m, and 
h2 = head loss across the specimen at time r2, m. 

9.2.2 Increasing Tailwater Pressure (Method C)-Calcu- 
late the hydraulic conductivity, k, as follows: 

influent liquid, m2, 

(3) 

where: 
q, = cross-sectional aria of the reservoir containing the 

am = cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectiord area of the specimen, m2, 
t = elapsed time between determination of h, and h2, s, 
h, = head loss across the specimen at time t, m, and 
h, = head loss across the specimen at time r2, m. 

iduent liquid, m2, 

emuent liquid, m2, 
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NOTE 14-For the case in which a, =.% = a, the equation for 
calculatingk for a falling head test with a rising tailwater level is 

(4) 

9.3 Correct the hydraulic conductivity to that for 20'C 
(6879, km by multiplymg k by the ratio of the viscosity of 
water at test temperature to the viscosity of water at 20°C 
(68T), Rn fiom Table 1, as follows: 

b = R T k  ( 5 )  

10. Report 
10.1 Report the following informatio~ 
10.1.1 Sample iden-g information, 
10.1.2 Any special selection and preparation process, such 

as removal of stones or other matenab, 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 

10.1.6 Type of permeant liquid used, 
10.1.7 Magnitude of total back pressure, 
10.1.8 Maximum and minimum effective consolidation 

-, 
NOTE 15-The maximum effective stress exists at the ef€luent end of 

the test Specimen and the minimum stres 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, 
10.1.1 1 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 de- 
scribed in 8.5.3 to 8.5.5), reported with two significant 
figures, for example, 7.1 X 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 

specimen, 

TABLE 1 Conection Factor Rr for Viscosity of Water at Various 

Tempaahw. OC RT Temperatrse. O C  

Tt3lIlpe-A 

Rr 
0 1.783 2 s .  0.889 
1 1.723 26 0.869 
2 1 .e64 27 0.650 
3 1.611 28 0.832 
4 . 1.560 29 0.814 
5 1511  30 0.797 
6 1.465 31 0.780 
7 1.421 32 0.764 
8 1379 33 0.749 
9 1.339 34 0.733 

10 1 .a1 35 0.719 
11 1265 36 0.705 
12 1230 37 0.692 
13 1.197 38 0.678 
14 1.165 39 0.666 
15 1 .la 40 0.653 
16 1 .lo6 41 0.641 
17 1.077 42 0.629 
18 1 .a1 43 0.61 8 
19 1 .a 44 0.607 
M 1 .OOo 45 0.598 
21 0.976 . 4 6  0585 
22 0.953 47 OS75 
23 0.931 40 0.565 
24 0.91 0 49.  0.556 

* Rr = (-0.02452 f + 1.495) whara Tis lire- celsan. 

time or pore volumes of flow is recommended. 

11. Precision and Bias 
1 1.1 Precision-Data are 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 fkom users of this test method. 

1 1.2 Bias-mere is no accepted reference value for this 
test method, therefore, bias cannot be determined. 

12. Keywords 

draulic conductiviv, liner, permeameter 
12.1 coefficient of permeabiliv, hydraulic barriers; hy- 
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Designation: D 5092 - 90 

Standard Practice for 
Design and Installation of Ground Water Monitoring Wells in 
Aquif em' 

. .  . 

This SraDdard is issued under the 6xcd w o n  D5092; thc aumba immediately foliowing tbed6ignationindicatestheyrarof 
O r i g i d  adoption or, &Case of &On. &=of ka midon. A n u m b  in parrnthesa bdicarathe -of kl KCappWd A 
nrprscript epsilon (e) indica~aa editorial change since the ka revision or napproVal; 

INTRODUCTION 

This practice for the design and instailation 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 a f € W  by governmental regulations and by site 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 characterin- 

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+.) is recommended prior to the 
design and installation of a monitoring well. 

1.2 These guidelines are based on recogIllzed 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-& samples for granular aquifer 
materials ranging from gravels to silty sand and sufficiently 
permeable consolidated and fractured strata. Smta having 
grain sizes smaller than the recommended design for the 
smallest diameter 6lter 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 purport 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 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 

D 1586 Method for Penetration,Test and Split-Barrei 

D 1587 Practice for Thin-Walled Tube Sampling of Soils4 
D2113 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Ciasilication of Soils for Engi- 

D 2488 Practice for Description and Identification of Soils 

D 3282 Practice for Classification of Soils and Soil Aggre- 

D 3550 Practice for Ring Lined Barrel Sampling of Soils4 
D4220 Practice for Presmving and Transporting Soil 

ural Mined Aggregates3 

Fluids4 

Auger brings4 

Sampling of Soils4 

Investigation' 

neering hrposes4 

(Visual-Manual Procedure)4 

gate Mixtures for Highway Construction Purposes4 

samples4 

3. Significance and Use 
3.1 An adequately designed and -installed ground water 

monitoring well system for aqumusphase liquids provides 
essential information for decisims pertaining to one or more 
of the following subjects 

3.1.1 Aquifi and aquitard properties, both geologic and 
hydraulic; 

' This b under the juridiction of ASIM Cornminet D I8 on Soil and 
Rock and is the dirtcl responsibility of Subcornmi= D18.21.05 on Lkign and 
lnaallation of Gmund-Wam Monitoring W e k  

Annual Bodc of ASTM St&. Vd04.0 I. 
'Annual flook o/ASTM St&& Vol04.02. 

Current edition approved June 29, 1990. PUMisbed October 1990. A M d  Book O r m M  St&* V d  04.08. 
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3.1.2 Potentiometric surface of ;a particular hydrologic 

3.1.3 Water quality with respeu;!to various indicator 

3.1.4 Migration characteristics ofa+pntaminant release; 
3.1.5 Additional installations or.mmmissioning of in- 

,I uniit(s); 

paraman; 

stallations, or both, no longer needdl  

4. Terminology 41 

. -.*I 
1 

1 
4.1 Dejlnitions: 
4.1.1 annular space; a n n u l u s 4  space between two 

concentric tubes or casings, or w n  the casing and the 
borehole wall. This would incluS,,the space(s) between 
multiple strings of tubing/casings.a a borehole installed 
either concentrically or multi-caseddjacent to each other. 

4.1.2 assessment monitoring--as Jinvestigative monitor- 
ing program that is initiated after the presence of a contam- 
inant in ground water has been dcrcted The objective of 
this program is to determine the m n t r a t i o n  of constitu- 
ents that have contaminated the gapond water and to quan- 
Ury the rate and extent of migratiou r>f these constituents. 

4.1.3 ASTM cement types-Portbnd Cements meeting the 
requirements of Specifications C 150. Cement types have 
slightly different formulations that B u l t  in various charac- 
teristics which address different construction conditions and 
different physical and chemical environments. They are as 
follows: 1. 

4.1.3.1 Type I (Portland)-a gerual-purpose construction 
cement with no special properties. -:iF 

4.1.3.2 Type ZZ (Portland)--a &ction cement that is 
moderately resistant to sulfates andqnerates a lower head of 
hydration at a slower rate than T& I. 

4.1.3.3 Type III (Portland; high ‘early strength)-a con- 
struction cement that produces a a g h  early strength. This 
cement reduces the curing time rqbired when used in cold 
environments, and produces a higher heat of hydration than 

4.1.3.4 Tvpe IV (POrrland)-a construction Cement that 
produces a low head of hydxation (lower than Types I and II) 
and develops strength at a slower rate. 

4.1.3.5 Tjpe V (Portland)-a construdon Cement that is 
a high sulfate resistant formulation. Used when there is 
severe sulfate action from soils and ground water. 

4.1.4 bailer-a hollow tubular receptacle used to facilitate 
withdrawal of fluid from a well or borehole. 

4.1.5 ballast-materials used to provide stability to a 
buoyant object (such as casing within a borehole filled with 
water). . a  

4.1.6 blowin-the inflow of &nd water and unconsol- 
idated material into a borehole o r w n g  caused by Weren- 
tial hydraulic heads; that is, c a q  by the presence of a 
greater hydraulic head outside d , a  borehole/casing than 

4.1.7 borehole a circular open q,uncased subsurface hole 
createdbydrilling. i 

4.1.8 borehole log-the record iof geologic units pene- 
trated, drilling progress, depth, w-r level, sample recovery, 
volumes, and types of materials mpd, and other Signiscant 
facts regarding the drilling of an exj#oratory borehole or well. 

D ~ x o N - T h e  definition of aq&r as currently included in 
Terminology D 653 varies from the &tion as prescribed by US 

Type I. i 

inside. !I 

federal regulations. Since this federal definition is associated 
the installation of many monitoring wells it iS provided hereic 
technical note: 

uqwl2r-a geologic formation, group of formation, or pan 
formation that is saturated, and is capable of providing a signii 
quantity of water. 

4.1.9 bridge-an obstruction within the annulus H 

may prevent circulation or proper emplacement of anr 
materials. 

4.1.10 casing-pipe, finished in sections with c 
threaded connections or bevelled edges to be field we 
which is installed tempomily or permanently to count 
caving, to advance the borehole, or to isolate the zone i 
monitored, or combination thereof. 

4.1.11 casing, protective-a section of larger diar 
pipe that is emplaced over the upper end of a smaller c 
eter monitoring well riser or casing to provide struc 
protection to the well and restrict unauthorized awes 
the well. 

4.1.12 casing, su$ace-pipe used to stabilize a bor 
near the surface during the drilling of a borehole that m 
left in place or removed once drilling is completed. 

4.1.13 caving; sloughing-the inflow of unconsoli 
material into a borehole which occurs when the bor 
walls lose their cohesive strength. 

4.1.14 cement; Portland cement-commonly knov 
Portland cement. A mixture that consists of a calca: 
argillaceous, or other silica-, a lumi~- ,  and iron-( 
bearing materials that is manufactured and fomulai 
produce various types which are defined in Specific 
C 150. Portland Cement is also considered a hyd 
cement because it must be mixed with water to fc 
cement-water paste that has the ability to harder 
develop strength even if cured under water (see .a 

cement types). 
4.1.15 centralizer-a device that assists in the center 

a casing or riser within a borehole or another casing. 
4.1.16 circulation-applies to the fluid rotary c 

method; drilling fluid movement from the mud pit, tt 
the pump, hose and swivel, drill pipe, annular space 
hole and returning to the mud pit. 

4.1.17 conductance (specific-a measure of the a b  
the water to conduct an electric current at 77°F (25’C 
related to the total concentration of ionizable solids 
water. It is inversely proportional to electrical resistan 

4.1.18 confining unit-a term that is synonymou 
“aquiclude,” “aquitarzi,“ and “aquifuge;“ defined as : 
of relatively low permeable material stratigraphicall\ 
cent to one or more aquifers. 

4.1.19 contaminant-an undesirable substance nc 
mally present in water or soil. 

4.1.20 detection monitoring-a prograpl of mon 
for the express purpose of determining whether or nc 
has been a contaminant release to ground water. 

4.1.21 drill currings-fiagments or particles of 
rock, with or without tiee water, created by the 
P-. 

4.1.22 drilling fluid-a fluid (liquid or gas) that I 
used in drilling operations to remove cuttings fir 
borehole, to clean and cool the drill bit, and to maint 
integrity of the borehole during drilling. 
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4.1.23 d-10-the diameter of a soil particle (preferably in 
millimetres) at which 10 % by weight (dry) of the particles of 
a particular sample are finer. Synonymous with the effective 
size or effective grain size. 

4.1.24 dd0-the diameter of a soil particle (preferably in 
millimetres) at which 60 95 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 warn can flow. 

4.1.26 flush joint or flush coupled-g or riser with 
ends threaded such that a consistent inside and outside 
diameter is maintained across the threaded joints or cou- 
PliW. 

4.1.27 gravelpack-common nomenclature for the termi- 
nology, primary filter of a well (see primaryfilter pack). 

4.1.28 grout (monitoring welk)-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 multi-cased 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 grouf 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 fill the annular space. M e r  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 (total)-the sum of three components at a 
point: (I) elevation head, h, 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 pressure 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 suata that can be distin- 
guished on the basis of capacity to yield and transmit fluids. 
Aquifers and c o f i n g  units are types of hydrologic units. 
Boundaries of a hydrologic unit may not necessarily corn- 
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 bames into which drilling fluid and 
cuttings are discharged fiom a borehole and that serves as a 
reservoir and settling tank during recirculation of the drilling 

',\ 't 
I- 

fluids Under some circumstances, an excavated pit with a 
lining material may be used. 

4.1.36 m u f t i a e d  well-a well constructed by using NC- 
cessively smaller Wet& casings with depth. 

4.1.37 neat cement-a mixture of Portland cement (Spec- 
ification 150) and water. 

4.1.38 observation WeU-tyQidy, a smaU 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 h m  an air compressor to reduce the oil content 
of the air. 

4.1.40 oil t r a p a  device used to remove oil from the 
compressed air discharged fiom 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 &ace-an imaginary surface rep 
resenting the static head of ground water. The water table is a 
particular potentiometric surface. 

DlxvssloN--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 desuibe the 
distribution of head in this case. 

4.1.43 primaryfilter 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- 
tetrafluoroethylene. 

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 in 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 sump-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 &g. 

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 fiom a particular area or facility in which monitoring 
wells will be screened. The target monitoring zone should be 
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a stratum (strata) in which there is a reasonable expectation 
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. 

DrxvssIoN-tt is qual to an integration of the hydmulic 
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 wushotct 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 114 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. 

4.1.6 1 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 jetrind-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 
geologic unit. 

drologic zone in which all 

the joints, fractures, or solution channels in a consolidated 
rock unit are filled with water under pressure greater than 
that of the atmosphere. 

4.1.63 zone ofsawation-a 
the internices between particles Y o geologic material or all of 

5. Site Characterization 
5.1 'General-Soil mechanics, geomorphological con- 

cepts, geologic structure, stratigraphy, and sedimentary con- 
cepts, as well as the M N ~  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(s) is recommended prior to monitoring well 
design and instahtion. 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 docu- 

mented in the literature, the initial reconnaissance II 
provide sufficient information to identdy flow paths and 
target monitoring zone@). However, where little backgror 
data is available or the geology is complicated, a E 
investigation will generally be neceSSary to completely 
velop a conceptual hydrogeologic model. 

5.2 Initial Reconnaissance of Project Area-The goa 
the initial reconnaissance of the project area is to idm 
and locate those zones with the greatest potential to t r a ~  
a fluid from the project area- Identifying these flow pa!k 
the first step in selecting the target ground water monito. 
zone($ 

5.2.1 Literaure Search-Every effort should be mad 
collect and review all applicable field and laboratory ( 

from previous investigations of the project area. Data c 
as, but not limited to, topographic maps, aerial imagery. 
ownership and utilization records, geologic 
hydrogeologic maps and reports, mineral resource sun 
water well logs, personal information from local well dd 
agricultural soil reports, geotechnical engineering rep 
and other engineering maps and report related to the pi 

area should be reviewed. 
5.2.2 Field Reconnaissance-Early in the investiga 

the soil and rocks in open cut areas in the vicinity o 
project should be studied, and various soil and rock prc 
noted. Special consideration should be given to soil coloi 
textural changes, landslides, seeps, and springs within 01 
the project area- 

5.2.3 Preliminary Conceptual Model-The distribuoii 
the predominant soil and rock units likely to be found di 
subsurface exploration may be hypothesized at this t i m c  
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, hrther refinement of the conceptual L 
may not be neceSSary unless anomalies are discovered i 
well drilling stage. 

5.3 Field Investigation-The goal of the field inw 
tion is to refine the preliminary conceptual hydroget 
model so that the target monitoring zone(s) is selected 
to monitoring well installation. 

5.3.1 Exploratory Borings and Test Pits-Charaa 
tion of the flow paths conceptualized in the initial reco: 
sance involves defining the porosity, hydraulic conduc 
gradation, stratigraphy, lithology, and structure of 
hydrologic unit. The charactexistics are defined by 
ducting an exploratory boring program which may u 
test pits. Exploratory brings and test pits should be 
enough to develop the required engineering 
hydrogeologic data for determining the flow patho, 
monitoring zone, or both. 

5.3.1.1 Samplin-il and rock properties should 
predicted wholly on field identification or classificatic 
should be checked by laboratory and field tests mz 
samples. Representative soil or rock samples, or bc 
each material that is significant to the analysis and de 
the monitoring system should be obtained and evaluz 
a geologist, hydrogeologist, or engineer trained and ( 
e n d  in soil and rock analysis. Soil sample extraction : 
be conducted according to Practice D 1452, Method I: 



Practice D 3550, or Riictig D 1587, whichever is appro- 
priate given the anticipated c- ' 'cs of the soil sam- 
ples Rock samples should bi 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 naNral 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 propemes are usually obtained using 
a split-inner-tube core bamL 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. 

N m  1 P i t e  investigations for the innallation 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 rrgarding the surficial and subsurface 
conditions, (2) analye the data, (3) develop a conceptual model of the 
site conditions, (4) loolte the monitoring wells based on the first thne 
stem. Monitoring wells should only be installed with suf6cient under- 
standing of the geologic and hydrogeologic conditions present on site. 
Monitoring wells often scrve as part of an overall site investigation for a 
specific purpose, such as daermiaing the extent of contamination 
pruent, or for prediction of the effectiveness of aquifer remediations. In 

mation may be required that would go beyond the Section 5 Site 
Characterization dscription. 

Boring logs should include the location, geotechnical (that is, 
penetration rates or blow counts), and sampling information 
for each material identified in the borehole either by symbol 
or word description, or both. Identification of all soils should 
be in accordance with Ractice D 2488 or Practice D 3282. 
Identification of rock material should be based on Nomen- 
clature C 294 or by an appropriate geoiogic classification 
system. Observations of seepage, free water, and water levels 
should also be noted. The boring logs should be accompa- 
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, 
respectively) 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 Eqdorationaphysical 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 pardcularly 
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 useful to coniirm specific 
subsurface geologic conditions. Gamma logs are particularly 
useful in existing cased wells. 

5.3.3 Ground Water Flow Direction-Ground water flow 
direction is generally determined by measuring the vertical 

t h ~   case^ C X ~ W  additional gmtechnid and hydrogeologic infor- 
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and horizontal hydraulic gradient within each conceptual- 
ized flow path. However, because water will flow along the 
path of least resis'tance, flow direction may be oblique to the 
hydraulic gradient (buried stream channels or glacial valleys, 
for example). Flow diredon is determined by first installing 
piezometers in the exploratory boreholes. The depth and 
location of the piezometers will depend upon anticipated 
hydraulic C O M ~ O I I S  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 o b  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 angles, or nearly so, to the equipotential 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 fixst plotting 
logs of soil and rock observed in the exploxatory boxings 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. Extrapolation 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(s) is the appropriate target 
monitoring tone@). 

Narr 2-Ground water monitoring is difficult and may not be a 
reliable technology in fine-grain, low hydraulic conductivity, primary 
porosity strata because of (I) the dispropodo~te influence that 
micmstmtigraphy has on ground water flow in fine-grain straw (2) flow 
lines propodonally higher for the vertical flow component in low 
hydraulic conductivity strata; and (3) the prescnce of indigenous 
metallic and inorganic constituents that make water quality data 
evaluation difficult 

6. Monitoring Well Construction Materiais 
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 

appropriate for the selected riser material) immediately prior 
to well installation or cemfied 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 

Should be steam cleaned OT high-press~re water cleaned (if 

. 
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constituents that could compromise the integrity of the well 
*tion. 

6.3 Pnmaty Filter Pack 
6.3.1 Materials-The primary filter pack (gravel pack) 

~os isU of a gr&ular material of known chemistry and 
&cted grain size and gradation that is installed in the 
mulus between the screen and the borehole wall. The filter 
pack is usually selected to have a 30 9% finer (d-30) grain size 
&at is about 4 to 10 times greater than the 30 95 finer (d-30) 
f i 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 
the filter are selected to stabilize the hydrologic unit adjacent 
to the Screen and permit only the finest soil grains to enter 
the screen during development. Thus, after development., a 
~ ~ d y  filtered monitoring well is relatively turbid-free. 
NOTE 3-When installing a monitoring well in Karst or highly 

fracrured bedrock, the borehole configuration of void spaces within the 
formation surrounding the borehole is often unknom. Therefore, the 
m t i o n  of a filter pack becomes difiicult 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 
stratum 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 
bas 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. 

Nbrr  &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 96 
passing, D60 size divided by the 10 W passing D-10 size [effective size]) 
ofthe filter pack should be 1.0 (that is, the D-60 W 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-Although not mommended as standard prade ,  often a 
project npuirS drilling and installing the well in one phase of work. 

Therefore. the fdter pack materials must be ordered and delivered to t h t  
ddl site before soil samples can be collected. In these care$ tb 
suggested well screen slot size and filter pack materials are presented ir 
Table 1. 

6.4 Well Screen. ' 

6.4.1 Materials-The well screen should be new, mz 
chine-slotted or continuous wrapped wire-wound and con 
posed of materials most suited for.the monitoring enviror 
ment and site characterization findings. The screen should 1 
plugged at the bottom. The plug should be of the  sa^ 
material as the well screen. This assembly must have tt 
capability to withstand i d a t i o n  and development stress: 
without becoming dislodged or damaged. The length of tl 
slotted area should reflect the interval to be monitore 
Immediately prior to installation, the well screen should t. 
steam cleaned or high-pressure water cleaned (if appropxiz 
for the selected well screen materials) with water from 
source of known chemisQy if not certified by the man& 
turer, delivered, and maintained clean at the site. 

NOTE 7-Well screens are most commonly composed of F T  
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 I 
particular application. However, in most instances, a m: 
imum of 2 in. (50 mm) is needed to allow for the introdi 
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 stran 
interval to be monitored and the gradation of the filter p: 
material. In granular non-cohesive strata that will faTl 
eady  around the screen, filter packs are not necessary. 
these cases of natural development, the slot size of the B 

screen is to be determined using the grain size of 
materials in the surrounding strata. The slot size : 
arrangement should retain at least 90 9% and preferably 95 
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 a*. 
wall thickness and coupling strength to withstand installa 
and development stresses. Each section of riser shoulc 
steam cleaned or high-pressure water cleaned (if appropr 
for the selected material) using water from a source of kn: 
chemistry immediately prior to installation. 

NOTE 8--Risen are generally constructed of PVC, stainless 
fiberglass or tluoropolymer materials 

6.5.2 Diameter-The minimum nominal internal di 
eter of the riser should be chosen based on the p a r t i c  
application. However, in most instances, a minimum of 
(50 mm) is needed to accommodate sampling devices 

6.5.3 Joints (Couplings)-Med joints are m 
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 prome 
joint threads do not require PTFE taping, however, tar 
thread joints should be PlTE taped to prevent l& 
water into the riser. Alternatively, comw 
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materials that would not impact the water &;le for the 
constituents of concern may be selected for use on flush joint 
threads. 

6.6 Casing-Where conditions wanant, 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. AU casing that is to remain as a 
permanent part of the installation (that is, multi- wells) 
should be new and cleaned to be free of interior and exterior 
protective coatings. 

NOTE 9-The extimor casing (temporary or permanent muiticased) 
is g e n d y  composed of steel, although other appropriate matenab m a y  
beused 

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 we& 
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 multicased 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 10-in. (254-mm) diameter boring). 
NOTE 10-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 Diamaer-The inside dimensions of the protective 
casing should be a minimum of 2 in. (50 mm) and preferably 
4 in. (101 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 
free 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 Specdimtion 
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 freezethaw) during the life of the installa- 
tion. Cement or bentonite-based grouts are often used when 
the filling 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 I -Lumps do not include lost circulation materials that may 

be added to the grout if excessive grout loses OCCUT. 

6.8.3.2 Typical Bentonite Base Grout-When a bentonite 
base grout is used, bentonite, usually unaltered, murt 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 stiffen the mix. 

/ 
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100% 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 wates affecting the taxget mon- 
itoring zone. 

Nun 12-High solids bentonite grouts (minimum 20 96 by weight 
with water) and other bentonite-based grouts may contain granular 
bentonite to increase the solids content and other components added 
under manufacrum‘s directions to either stiffen or retard stiffening of 
the mix. 

AU oddirives to grouts should be evaluated for their eff- on 
subsequent water samples 

6.8.3.3 Typical Cemm Base Grout-When a cement- 
based grout is used, cement is usually the first additive placed 
in the water. A typical cement-based grout consists of about 
6 to 7 gal (23 to 26 L) of water per 94-lb (43-kg) bag of Type 
I Portland:cement. From 0 to 10% (by dry weight of 
cement) ofunaltered bentonite powder is often added after 
the initial mising of cement and water to retard shrinkage 
and provide plasticity. The bentonite is added dry to the 
cement-watershy without first mixing it with water. 

6.9 Secon&uy Filter Packs: 
6.9.1 Murm’ds-A secondary filter pack is a layer of 

materiallplaad in the annulus between the primary 6lter 
pack and the bentonite seal, and between the bentonite seal 
and the grout backfill (see Figs 2 and 3). 

6.9.2 Gradcltion-The secollciary filter pack should be 
unifody.graded fine sand with a 100 96 by weight passing 
the No. 30iUS. Standard sieve, and less than 2 96 by weight 
paking the 200 U.S. Standard sieve. 

FIG. 3 Moniroring Wen Design-MuM-Cased Well 

6.10 Annular Seal Equipment--The equipment use 
inject the annular seals and filter pack should be s 
cleaned or high-pressure water cleaned (if appropriate fo 
selected material) using water h m  a source or kr 
quality prior to use. This procedure is performed to prc 
the introduction of materials that may ultimately &e: 
water sample quality. 

7. DrillingMethods 
7.1 The type of equipment required to create a st 

open, vertical borehole for installation of a monitoring 
depends upon the site geology, hydrology, and the inte. 
use of the data. Engineering and geological judgme 
required for the selection of the drilling methods utilize 
drilling the exploratory boreholes and monitoring 1 

Whenever feasible, drilling procedures should be utilizec 
do not require the introduction of water or liquid fluids 
the borehole, and that optimize cuttings control at g r c  
surface. Where the use of drilling fluid is unavoidable 
selected fluid should have as little impact as possible or 
water samples for the constituents of interest. In addi 
care should be taken to remove as much drilling flu- 
possible fiom the well and the aquifer during the 
development pnxzss It is recommended that if ax 
compressor is used, it is equipped with an oil air filter c 
t=P. 

8. Monitoring Well Installation 
8.1 Stable Borehole-A stable borehole must be 

d)arP?? r- 
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structed prior to attempting to install the monitoring well 
screen and riser. Steps must be taken to stabilize the borehole 
before attempting installation if the borehole tends to cave or 
blow-in, or both. Boreholes that are not straight or are 
padal ly  obstructed should be corrected prior to attempting 
the installations described herein. 

8.2 Assembly of Wdl 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-- 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- 
mts 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 requite additional 
PTFE 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. Re- 
cautions should be taken to prevent damage to the threaded 
joints during installation. 

8.3 Setting the Well Screen and Riser Assembly-When 
the well Screen and riser assembly is lowered to the predeter- 
mined level and held into position, the assembly may require 
ballast to countexact the tendency to float in the borehole. 
Ballasting may be accomplished by continuously filling the 
riser with water b 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 Ditficulty 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 Puck-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 95 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 from overlying hydrologic units 

< 
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into the filter pack. Seepage from other units may alter the 
water sample. 

8.4.2 Placement of Primary Filter Pack-Plaament of 
the well screen is preceded by placing no less than 2 %  and 
no more than 10% 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 A (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 
treqie 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 material 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 

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 A (608 mm), but no more than 5 A 
(1.5 m), above the 6lter pack for unconsolidated materials;. 
or at least 5 A, 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 primaq filter pack has not 
been displaced during the withdrawal operation (that is, a 
weighed measuring device). 

8.5 Placement of First Seeondory Filter-A secondary 
liltex 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 material 
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 A (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 tremie 
pipe or weighed line inserted through the tremie pipe can be 

diagram- 
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used to measure the top of the s e c ~ d a r y  filter pack as work 
progresses. The elevation, volume, ,and gradation of the 
secondary filter pack is recorded on the well completion 
diagram- 

8.6 Installation of the Bentonite S d - A  bentonite pellet 
or a slurry seal is placed in the ann- between the borehole 
and the riser pipe on top of the s e c o n w  or primary filter 
pack (see Figs. 2 and 3). This seal e the movement of 
cement-based grout backfill into th+ primary or secondary 
mter packs. To be effective, the bemnite seal should extend 
above the filter packs approxhattly 3 to 5 A (1 .O to 1.5 
mMepending on local conditions. The bentonite seal 
should be installed using a tremie pipe lowered to the top of 
the filter 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 wlls. In these cases, pellets 
may be allowed to free-fall into the borehole. As a bentonite 
pellet seal is poured into the trtmie 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 oithe 
annular seal. The mmie 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 
d is being constructed above $he water level, approxi- 
mately 5 gal (20 L) of water fiom a source of known 
chemisay can be poured into the annulus to ensure that the 
pellets hydrate. Sufficient 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 Find Secondary Filter Pack-A Gin. to l-ft (1 52 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 will provide a confining layer over 
the bentonite seal to limit the downward movement of 
cement-based grout backtill 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 Generd4routing procedures vary with the type of 

well design. The following procedures will apply to both 
single- and m u l t i d  monitoring wells. Paragraphs 8.8.2 
and 8.8.3 detail those procedures unique to single- and 
multicased instaUations, reqxctively. 

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 diagmm. 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 Injection 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 thc 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 
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continuous operation until full strength grout flows out at 
the ground surface without evidence of 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 grout 
mushroom that would be subjected to frost heave. 

8.8-1.3 Grout Setting and Curing-The riser or casing or 
both should not be dktudxd until the grout sets and cures 
for the amount of time necessary to prevent a break in the 
seal between the grout and riser or grout and casing or both. 
The amount of time required will vary with grout content 
and climatic conditions and should be documented on the 
well completion diagram. 

8.8.2 SpeciBc Procedures for Single-Cased WelLs-Grout- 
ing should begin at a level directly above the h a l  secondan 
filter pack (see Fig. 2). Grout should be injected using i 
ttemie pipe equipped with a side discharge; this dissipates thc 
fluid-pumping energy against the borehole wall and riser 
reducing the potential for infiltration of grout into tht 
primary filter pack. The tremie pipe should be kept full o 
grout from start to finish with the discharge end of the pip 
completely submerged as it is slowly and continuously liftec 
Approximately 5 to 10 ft (1.5 to 3.0 m) of tremie pipe shod 
remained submerged until grouting is complete. For d e  
instaUations or where the joints or couplings of the selecte 
riser cannot withstand the shear or collapse stress exerted t 
a full column of grout as it sets, a staged grouting procedux 
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 casir 
removal does not commence until grout injection is cor 
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 grou: 
surface. 

8.8.3 Spec$c Procedures for Multi-Cased WeILs-lf t 
outer casing of a multi- well cannot be driven to font 
tight seal between the surrounding stratum (strata) and t 
casing, it should be installed in a predrilled borehole. Af 
the borehole has penehated not less than 2 A (608 mm) 
the first targeted confining stratum, the outer casing 
lowered to the bottom of the boring and the annular spac; 
tilled with grout. Grouting may be accomplished usin: 
pressure grouting method or gravity feed through a t r e ~  
pipe. Pressure grouting will require the use of a grout shoc 
packer installed at the end of the outer casing to prev 
grout from moving up into the casing. Ifa tremie pipe is u 
to i n j a  grout into the annular space, it should be equip 
with a side discharge. With each alternative, the grout n 
be allowed to cure and form a seal between the casing 
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 ta 
depth, the riser and screen is set through the inner GE 
Subsequent to the placement of the filter packs 
bentonite seal, the remaining annular space is p u k  
described in 8.8.2 (see Fig. 3). 
N m  13-Wen using a packer, p n ~ ~ u r e  may build up during 

injection and force grout up the sides of the packer and into the c 
8.9. Well Protection-Well protection refers specifid 

installations made at the ground surface to deter UML 

I 
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rized entry to the monitoring- and to prevent surface 
water from entering the annulus 

8.9.1 Prorpcrive Casing-The.protectve casing should 
extend from below the fbst b 4 3  to 5 A [ 1.0 to 1.5 m]) 
below the gxade depending on bcal conditions to slightly 
above the well casing tip. Themtective casing should be 

. initially placed More final setsf the grout backfill. The 
protective casing should be d e d  and immobilized in 
concrete placed around the o u a e  of the protective casing 
above the set grout backfill. The aasing should be positioned 
and stabilized in a position c o n d c  with the riser (see Fgs. 
1 and 2). Sufficient clearance, u s d y  6 in. ( 152 mm) should 
be maintained between the lid of the protective casing and 
the top of the riser to accommodate sampling equipment. A 
I/.-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 freezing 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$kce 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 6.U 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 characte&ics of the 
filter pack and hydraulic communication between the well 
and thi hydrologic unit adjacent to the well screen. Methods 
of well development vary with the physical characterktics of 
hydrologic units in which the monitoring well is screened 
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and with the driUing 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 
muire the application of sufiicient energy to disturb the 
filter pack, thereby freeing the fines aid allowing them to be 
drawn into the well. The coarser fktions then settle around 
and stabilize the screen. The well development method 
chosen should be documented on the well completion 

NUTE 14-Any time an air compressor is used, it should be equipped 
with an oil air filter or oil trap to minimize the introduction of oil into 
the screen area. The presence of oil would impact the organic consit- 
uent concentrations of the water samples. 

NUTE 1 S-Dexelopment procedures for wells completed in h e  sand 
and silt strata should involve methods that are datively gentle so that 
the strain material will not be incorporated into the filter pack. Viorous 
Surging for development can produce mixing of the fine stram and filter 
pack and produce turbid sample+ from the innallation. Also, develop 
ment methods should be camfully selected based upon the potential 
contaminant(s) pnxent, quality of waste water genmted, and require- 
ments for containerization or treatment of waste water. 

9.2.1 Mechanical Swging-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 finegrain materials would be 
dislodged from the mter pack and surrounding strata infiu- 
e n d  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 will 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 source 
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 begm after the monitoring well is completely installed 
and prior to water sampling Development should be con- , 
tinued until representative water, free of the drilling fluids, 
cuttings, or other maw introduced during well construc- 
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tion is obtained. Representative water is assumed to have 
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 spedic 
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 
indication 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 5% of its static water level. 
NOTE 16-If a monitoring well does not recover sufficiently for 

sampling within a 24-h period and the well has been properly developed, 
the ktaktion should not generally be used as a monitoring well for 
detecthg or asessing low level organic constituents The installation 
may, however, be used for long-term water level monitoring if measure- 
ments of shorn frequency water level changes are not required 

10. Installation Survey 
10.1 Generul-The vertical and horizontal position of 

each monitoring well in the monitoring system should be 
surveyed 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 W d l  Recovey Tests 
TW h Starbng Test T i  h tm 

Oto15min lmin 
15to50nrin 5 m  
50to100min 10 min 

3omin 
6omh 

100 to 300 min (5 h) 
300 to 1440 ndn (24 h) 

used as the reference point for water level measuremen 
and the elevations of the ground surface protective instal 
tions. The locations and elevations of all permanent benc 
mark(s) and pertinent boundary marker(s) located on-site 
used in the survey should also be noted on the map. 

10.2 Waer Level Measurement Rejierence-The wa 
level measurement reference point should be permanen 
marked, for instance, by cutting a V-notch into the top ec 
of the riser pipe. This refmnce point should be surveyed 
reference to the nearest NGVD reference point. 

10.3 Location Coordinates-The horizontal location 
all  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 demonmate that the goals as set forth in Sea% 

1, the Scope, have been met, a monitoring well netwc 
report should be prepared. This report should 

1 1.1.1 Locate the area investigated in terms pertinent 
the project This should include sketch maps or aerial pho 
on which the exploratory borings, piezometers, sample am 
and monitoring wells are located, as well as topograp 
items relevant to the determination of the various soil i 
rock types, such as contours, streambeds, etc. Where feasi€ 
include a geologic map and geologic cross sections of the a 
being investigated. 

11.1.2 Include copies of all well boring test pits z 
exploratory borehole logs, initial and postampletion wz 
levels, all laboratory test results, and all well complet 

11.1.3 Include the well installation survey. 
11.1.4 Describe and relate the findings obtained in 

initial reconnaissanCe and field.inv&gation (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 water, monitoring well; Site investigation 

diagrams. 
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