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Department of Energy 
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P. 0. Box 538705 
Cincinnati, Ohio 45253-8705 

(51 3) 648-31 55 

Mr. James A. Saric, qemedial Project Director 
U .S. Environmental Protection Agency 
Region V - SRF-5J 
77 W. Jackson Blvd. 
Chicago, IL 60604-3590 

1 

Mr. Tom Schneider, Project Manager 
Ohio Environmental Protection Agency 
401 East 5th Street 
Dayton, OH 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

SUBMllTAL OF PRELIMINARY DESIGN PACKAGE (30%) FOR THE ROAD DESIGN 

The U.S. Department of Energy, Fernald Area Office (DOE-FN) is pleased to submit the 
enclosed Preliminary Design Package (30%) for the Haul Road and Rerouted North 
Entrance Road. This package includes: Design Criteria, Design Calculations, Technical 
Specifications and Design Drawings. 

If you have any questions, please contact Rod Warner at (51 3) 648-31 56. 

Sincerely, 
n 

FN:Warner ohnny Reising 

Project Manager 
Remedial Action 

Enclosure: As Stated 
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HAUL ROAD/NORTH ENTRANCE ROAD DESIGN ASSUMPTIONS 

The following design assumptions are made in addition to the stated 
assumptions of the design criteria package for the 30% CFC 
submittal. 

0 Contour mapping for the site has been used as the basis for 
design of the proposed profile and cross sections. Field 
survey data will be incorporated for the 90% CFC Design 
submittal. 

Clearance of the existing oxygenation unit and parshall flume 
will be addressed at the 90% submittal. 

___ - _ _  - - - - __ - _ _  - - __  - - - - - - - - - - _ - _  
0 

0 The North end of the North Entrance Road may have a revised 
alignment to eliminate the reverse curve (less than 100 feet 
minimum desirable length). This will be determined for the 
90% CFC Design submittal. 

0 Drawings and quantities for Grading and Sediment Control, 
Intersection Details, Maintenance of Traffic, and Signing & 
Pavement Marking will be included in the 90% CFC Design 
submittal. 

0 The Haul Road's preliminary alignment that was provided by 
PARSONS will be modified based on field survey data during the 
final design phase. Proposed construction for the 
OU4/Vitrification Plant Fernald residue, and the design for 
the OU1 Remediation, and the excavation for OU2 Lime Sludge 
Pond may require adjustment to the Haul Road alignment. 

0 The electronic stationing resulted in uneven stations at the 
PC and PT points. After the field survey data is received, 
the alignment will be adjusted to eliminate the uneven 
stations. 

0 The horizontal and vertical alignment near the 3rd Street soil 
and rubble pile will be adjusted after analyzing the field 
survey data. 

0 Drainage will be calculated for the 90% CFC design submittal 
when the survey is complete and the alignment finalized. For 
this submittal, 2 foot deep ditches with 3 to 1 side slopes 
are shown and will be adjusted as required for the 90% 
submittal. The ditches for the proposed cross sections will 
be designed in conjunction with the drainage. Similarly, 
earthwork quantities will be calculated for the 90% submittal. 

0 

-- - -the - alignment -for - the-North-Entrance-Road.---- --- 

De Leuw, Cather has been directed to use the Geosyntech's data 
as a guide and to use our best engineering judgement to set 

-- ___ 
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0 

0 

0 

0 

0 

The alignment of the vvexistingvv North Entrance Road will be 
determined from aerial photos. It will be adjusted based on 
the information from the field run survey for the 90% CFC 
issue. 

The tie-in points where the new roadways meet the existing 
will be completed after the survey is complete for the 90% CFC 
submittal. 

The final construction phase of the North Entrance Road is 
considered to bethe primary alignment. Therefore, it appears 
first when reviewing the plan and profile sheets. 

Drainage for the portion of the Haul Road within the former 
Production Area will include new catch basins cut into 
existing storm drains. These new catch basins, along with the 
existing will provide sufficient positive drainage. 

The Haul Road will be extended from the Production Area fence 
to approximately 100 feet east of the existing North Entrance 
Road for the 90% CFC submittal. 

,/ , 
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SECTION 1 

PROJECT DESCRIPTION 

The Fernald Environmental Management Project (FEMP) is a 1,050 acre facility located in southwestern 
Ohio approximately 18 miles northwest of downtown Cincinnati, Ohio. The FEMP facility contains low- 
level radioactive, solid, and hazardous wastes. Much of the waste material is to be disposed of in an on- 
site disposal facility (OSDF) as delineated in the feasibility studies, proposed plans, and Records of 
Decision. Approximately 2.5 million cubic yards of material will be removed from the FEMP operable 
units during the remediation activities and will be placed in the OSDF for permanent storage. To 
accomplish this task, a Haul Road and Rerouted North Entrance Road will be designed and constructed. 
Figure 1-1 shows the tentative route of the Haul Road and Rerouted North Entrance Road. 

- .  

This Design Criteria Package @CP) addresses the issues and concerns for design and construction of the 
Haul and Rerouted North Entrance roads. The DCP is developed consistent with the functional 
requirements presented in Subsection 2.1 of this DCP, the Applicable or Relevant and Appropriate 
Requirements (ARARs) and To Be Considered (TBC) requirements provided in Appendix A, and 
appropriate United States Department of Energy (DOE) orders and United States Environmental 
Protection Agency directives. 

This DCP will serve as the basis for Title I, 11, and 111 design services for design and construction of the 
Haul Road and Rerouted North Entrance Road. 

This DCP was prepared to be consistent with the outline provided in the FEMP Engineering Procedure 
Number 12-4003, Design Criteria Package, Revision 0. 

1.1 Project Scope 

PARSONS will provide two stand alone design packages for this project. One package will be the design 
for construction of the Haul Road and the other package will be the design for the rerouting of the North 
Entrance Road. Title III support during construction will also be provided. 

Demolition of the low nitrate tank and the existing sewage treatment facility will only be addressed from 
the standpoint of the soil properties and conditions required at those locations prior to road construction. 
Demolition of the existing North Entrance Road is outside the scope of this project. 

- - - - - - - . _ _  Maintenance of the roads is outside the scope of-this project. - - -  
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1.2 Description of Alternative Selected 

The proposed Haul Road route is approximately 1.6 miles long and is shown in Figure 1-1. The route 
generally follows existing gravel roads, crossing five abandoned railroad spurs and one active track. The 
Haul Road will have controlled access. Traffic on the Haul Road will primarily be dump trucks hauling 
waste material from the various operable units to the OSDF. Access to monitoring wells from the Haul 
Road will be provided. The Haul Road design will include a pedestrian bridge to allow pedestrian access 

- -  _- to ou-4. _ _ _  _ -  __ _ _  _ _  - -  _ -  - - - - - - - - - - - - _ _ _  - 

The proposed Relocated North Entrance Road route is approximately 1.2 miles long and is shown in 
Figure 1-1. This road will be constructed in two phases. Phase I will consist of the major portion of 
the Rerouted North Entrance Road and a transition connecting the existing 
North Entrance Road, thus bypassing the existing sewage treatment facility. Phase I1 will occur after the 
sewage treatment facility and the substation are demolished and will consist of straightening out the 
sewage treatment bypedeq  transition from Phase I. The Rerouted North Entrance Road will serve 
as a primary access route for the site. Traffic on this road will mostly be passenger cars and light trucks. 
Access to monitoring wells from the Rerouted North Entrance Road will be provided. 

1.3 General Description of the Project Components 

1.3.1 Haul Road 

The Haul Road will be located in both contaminated and clean areas of the site, but will be considered 
contaminated. It will be designed with two 12-foot lanes and 5-foot shoulders and will carry two way 
traffic. The Haul Road will be approximately 1.6 miles long with a primary purpose as a route for truck 
access between the existing waste storage areas of the FEMP site and the proposed OSDF. Road design 
will include a paved area in the controlled area for truck fueling. Service drives will be installed to 
provide access to monitoring wells. 

1.3.2 Rerouted North Entrance Road 

The North Entrance Road will be a permanent, uncontaminated facility and serve as a public access road 
to the site. It will be designed with two 12-foot lanes and 5-foot shoulders and will carry two way traffic. 
The existing North Entrance Road is being relocated because the OSDF is planned for the same location. 
The roadway length will be approximately 1.2 miles. Service drives will be installed to provide access 
to monitoring wells. 

----The North- Entrance Road-design-will include two-phases ofconstruction. -Phase I will include-a-bypw-- - - -  - - _ _  - - - 

transition around the existing sewage treatment plant. This 4eep transition will not be clean closed 
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and will be demolished after Phase II construction is complete. Phase II will consist of construction of 
a straight section of road to replace the bypass loop around the sewage treatment plant and the substation. 
The Phase XI road section will be clean closed. 

The rerouted North Entrance Road will be used primarily for passenger cars and light trucks. 

Assumptions 

Relocation of utilities will be limited to the main telephone lines along the North Entrance Road. 

Existing site utility system is adequate for providing power for the Haul Road railroad crossing 
signal, lighting for the Haul Road pedestrian bridge, and power for the North Entrance Road 
caution signal light. 

Existing drainage patterns will be maintained along the Haul Road route. Retention and treatment 
of runoff from the Haul Road is outside the scope of this project. 

Fernald Environmental Restoration Management Corporation (FERMCO) will be responsible for 
final disposition of samples submitted by the construction contractor. 

Demolition of the Haul Road at end of service and demolition of the existing North Entrance 
Road are outside the scope of this project. 

Demolition and remediation of the sewage treatment facility and the underlying soil is outside the 
scope of this project. 

Prior to the start of the Phase I1 road work, the contaminated soil under the sewage treatment 
facility will have been removed and backfilled with clean material by FERMCO back to the 
existing grade as part of the sewage treatment facility demolition. 

PARSONS will not provide plans for the removal of the low nitrate tank. PARSONS will only 
provide the compaction criteria and subgrade specification. CERCLAIRCRA Unit 3 (CRU-3) 
will develop the Decontamination and Demolition plan. 

FERMCO will be responsible for compliance with stormwater management and wetlands issues. 

FERMCO will prepare the Health and Safety Plan for this project. 

An OU-5 construction contractor will remove contaminated soil to the Final Remediation Levels 
(FRLs) as defined by FERMCO, before the start of North Entrance Road area construction. 

ERAFS 1 \VOLI :RSAPPS\RSDATA\ 
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14) 

15) 

18) 

1.5 

FERMCO currently estimates that only the top 6 inches of soil need to be removed. PARSONS 
will recommend locations for stockpiling contaminated soil in the radiologically controlled area 
of the site based on construction activities. The disposal of the contaminated soil is outside the 
scope of this project. 

FERMCO will prepare and implement any sampling and analysis plans to characterize soil and/or 
determine compliance with cleanup levels. 
-.. -. . - .. ~ - .__ . - - . - ~ - ~~~ -- .. -~ - .~ .. . - .-. .- .- - - ~ -. 

Pavement section designs for the North Entrance Road and the Haul Road are to be based on the 
geotechnical parameters developed for the road design in Project Order 140 (PO-140). 

Air monitoring shall be provided by FERMCO in accordance with ARARs. 

Subgrade preparation and completion, as well as paving operations for each respective section 
of road, will be performed during the normal construction season from April through October. 
Implementation of compaction requirements of the design criteria and placing pavement could 
prove to be difficult if off-season or split-season work is needed to meet the schedule. 

No collection system for fuel spillage is included. 

The North Entrance Road drainage system will be independent of the OSDF drainage system. 

No known subsurface interferences underlie the road route and FERMCO will survey as they 
deem necessary. 

References 

The following are the primary documents on which this DCP is based. 

1) United States Department of Energy, 1987/1992, DOE Order 4700.1, "Project Management 
System. It 

2) United States Department of Energy, 1989, DOE Order 6430.1 A, "General Design Criteria. 'I 

3) FEMP Engineering Procedure, Document No. 12-4003, "Design Criteria Package," September 
1994, Revision 0. 

-4)-- - -- --PO-Plan-for-PO-l58,-Haul -Road-and Rerouted-North -Entrance-Road Design-and- Gonstruction; -- - ~ 

October 1995, Rev. 2. 
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5)  FERMCO site procedure, SSOP-0044, "Management of Excess Soil, Debris, and Waste from a 
Project. " 

6)  FERMCO Policies and Requirements Manual. 

7) Meeting minutes, dated October 26, 1995. 
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SECTION 2 

DESIGN CRITERIA 

This section identifies the general and discipline-specific design criteria to which the design shall comply. 
Appendix A presents the list of ARARs and TBC criteria that shall be followed during design of the haul 
and entrance roads. The design shall also be based on the applicable portions of DOE Order 6430.1A. 

- .  - _ .  . -  - - 

2.1 Functional Requirements 

The design life for the Haul Road is 5 years for the portion west of the proposed Operable Unit 1 (OU-1) 
railroad system and 10 years for the portion east of the OU-1 railroad system. 

The design life for the Rerouted North Entrance Road is 20 years. 

2.1.1 Haul Road 

The purpose of the Haul Road is to provide a method of transporting waste material from the various . 

operable units to the OSDF. Since the Haul Road is in a contaminated area and is to be abandoned 
eventually, use of rock for base will be avoided to minimize contaminated rocks to be disposed of at the 
OSDF. 

2.1.2 Rerouted North Entrance Road 

The purpose of the Rerouted North Entrance Road is to maintain access to the FEMP from the north, 
after the existing North Entrance Road is demolished due to construction of the OSDF. Phase I of the 
North Entrance Road alignment will clear existing oxygenation unit and Parshall flume at MH175. 

2.1.3 Stormwater Manaaement 

The Haul Road is located in the contaminated area. The existing drainage system pattern will be 
maintained by providing culverts as needed for the Haul Road. Culverts are undesirable for the Rerouted 
North Entrance Road, but may be necessary at the north or south ends or at the bypass loop. Drainage 
will be collected by an open ditch system and will be designed for a 10-year, 24-hour storm event for 
the Haul Road and a 25-year, 24-hour storm event for the Rerouted North Entrance Road. Runoff 
controls from the disturbed areas will include measures to mitigate erosion and sediment transport. 

. . Stormwater control requirements-are listed-in the ARARs in Appendix A.- - - - - - -- - __ 

I * .  - - .". 
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2.1.4 S U D D O ~ ~  Elements 

Staging areas for the construction material delivered to the site will be identified by FERMCO. 

2.1.5 Utilities 

A utility survey will be performed to locate existing underground utilities along the proposed road routes. 
Unknown utilities discovered during this time will be identified to FERMCO. 

2.1.6 TemDoraw S U D D O ~ ~  Facilities for Construction Activities 

The road design for the Haul Road will include a roadside paved area in the controlled area, allowing 
the trucks on the Haul Road to be refueled from the uncontrolled area. 

2.2 General Criteria 

State and local building codes will be followed unless they conflict with DOE Order 6430.1 A, in which 
case the most conservative will apply. 

2.2.1 National. State, and Local Reaulations. Codes, Standards, and DOE 
Orders 

This section presents the general regulations, codes, standards, guidelines, and orders that are to be 
followed for the design of the road system and do not constitute ARARsKBCs, which are detailed in 
Appendix A. This information is organized by engineering discipline. 

American Association of State Highway and Transpottation Officials (AASHTO), 1990. "A 
Policy on Geometric Design of Highways and Streets (AASHTO Green Book)." Washington, 
D.C. 

Ohio Department of Transportation, "Location & Design Manual, Volumes I, 11, and 111." 
(Revised 1995). Columbus, Ohio. 

ODOT, "Construction and Material Specifications, 'I 1995. Columbus, Ohio. 
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4) Federal Highway Administration, "Manual on Uniform Traffic Control Devices (MUTCD)." 
1988. Washington, D.C. 

5 )  DOE 6430.1 A, "General Design Criteria," Division 2. 

- - .  - 1) - .  
American National Standards Institute (ANSI) C2, National Electrical Safety Code. - 

2) 
3) 
4) 
5)  

ANSI 684.1, Electrical Power Sys&ms and Equipment - Voltage Ratings (60 Hz). 
National Fire Protection Agency (NFPA) 70, National Electrical Code. 
NFPA 780, Lightning Protection Code. 
DOE 6430.1 A, General Design Criteria, Division 16, Electrical. 

Environmental. Safetv and Health 

1) 29 CFR 1910, "Occupational Safety and Health Standards." 

2) 29 CFR 1926, "Safety and Health Regulations for Construction." 

3) 10 CFR 835, "Occupational Radiation Protection" (this is the promulgation of DOE Order 
5480.1 1). 

4) DOE Order 5480.10, "Contractor Industrial Hygiene Program." 

5) DOE/EH-0256T, Radiological Control Manual. 

6) DOE-EM-STD-5502-94, "Hazard Baseline Documentation. - 

Structural 

Codes, standards, and orders applicable to the structural design follow: 

1) Uniform Building Code (UBC) 1994 

2) Ohio Basic Building Code (OBBC) 1995 

3) American Society for Testing and Materials (ASTM) standards as referenced 
- - - _ _ -  __ - - -  - _. - - 

4) DOE Order 6430.1 A, "General Design Criteria," Division 3 

! %  oeao2.9 
( - t,' 
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2.3.1 

DOE-STD-1020-94, "Natural Phenomena Hazards, Design, and Evaluation Guidelines for DOE 
Facilities" 

University of California Research Laboratory (UCRL)-53582, "Natural Phenomena Hazards 
Modeling Project; Seismic Hazard Models for DOE Sites" 

American Society of Civil Engineers (ASCE), 7-93, "Minimum Design Loads for Buildings and 
Other Structures" 

American Concrete Institute (ACQ-3 18, "Building Code Requirements for Reinforced Concrete" 

American Institute of Steel Construction (AISC) Manual, 9th edition 

DOE Order 5480.28, "Natural Phenomena Hazards Mitigation" 

DOE-STD-1021, "Natural Phenomena Hazards Performance Categorization Criteria for 
Structures, Systems, and Components" 

Discipline Criteria 

Civil and Site DeveloDment 

Traffic Volumes 

The Haul Road and North Entrance Road will be designed with consideration of the design year traffic 
volumes for each roadway. They are as follows: 

1) 
2) 
3) 

Haul Road: Average Daily Traffk (AD") - 400 Vehicles per Day (VPD) (50150 distribution) 
North Entrance Road: ADT - 6OOO VPD (50/50 distribution) 
North Entrance Road Crossings by Site Haul Trucks: ADT - 400 VPD (50/50 distribution) 

Design Vehicle 

The Haul Road will be designed to accommodate heavy trucks (Class B vehicles). The traffic data will 
be converted to 18-kip Equivalent Single Axle Load (ESAL) applications for the design period using the 
procedures called out in the ODOT Location and Design Manual. The ODOT pavement design 
procedures are based on AASHTO design procedures. The ODOT manual provides conversion factors 
for trucks that are used to convert the traffk to 18-kip ESAL applications for pavement design. The 
geometric design and pavement design will be completed considering the special needs of these vehicles. 

ERAFS 1 \VOL1 :RSAPPS\RSDATA\ 
OU-2\Po-158\158-M3P.RVl 2-4 

@ Q 9p;:D 
1/25/96,2:58pm, Rev. No.: 1 



The North Entrance Road will primarily carry passenger cars and light trucks (Class A, and 10 percent 
Class B and Class C vehicles). Traffic data will be converted to 18-kip ESAL applications for the design 
using the procedures called out in the ODOT Location and Design Manual. Borrow soil haul trucks 
(Class B vehicles) hauling soil will cross this road at one location on a regular basis. Pavement design 
will be modified accordingly at this location for heavier loading. The North Entrance Road will probably 
require signs at the crossing for borrow soil haul trucks. 

Design speed is defined as the maximum speed that can be safely maintained by vehicles traveling on a 
section of roadway. The design speed considers favorable driving conditions, topography, and the 
function of the roadway. The design speed will control the horizontal and vertical design elements of the 
roadway. The roadway section will typically have a posted speed limit lower than its design speed. 

The Haul Road will carry heavy vehicles and have a restricted horizontal alignment. Due to the presence 
of existing and future facilities on the site, the horizontal alignment will require several curves with 
relatively short radii. The maximum design speed for the Haul Road shall be 30 mph. Areas of 
restricted curvature will require a reduced design speed and warning signs will be provided on the 
roadway. 

The North Entrance Road will carry primarily passenger cars and light trucks. There are minimal 
geometric restrictions on the north sections, but 90 degree curves are present on the south end of the 
roadway -. The maximum design speed for the North Entrance Road shall be 40 
mph. Areas of restricted curvature will require a reduced design speed and warning signs will be 
provided on the roadway. 

Posted S ~ e e d  Limit 

The maximum speed limit will be posted on each roadway with standard regulatory speed limit signs, as 
shown in the MUTCD. The Haul Road will have a posted speed of 20 mph and the North Entrance Road 
30 mph. Supplementary warning signs will be used as required to lower the speeds on curves which do 
not meet the design speed requirements. 

Horizontal Alignment 

The horizontal alignment of a roadway is controlled by design elements that include the maximum degree 
of curve, superelevation rates, and sight distance. All horizontal design elements in this section follow 
the standards established in the AASHTO Green Book. _ _  _ _  - - _ _ _ _  __ 
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1) Maximum Degree of Curve 

The maximum degree of curvature is established as the maximum allowable rate of curvature on the 
roadway for a given design speed. It can also be expressed as the minimum allowable radius. Curves 
with smaller degrees of curvature will allow higher design speeds, but are not always practical in cases 
such as the design of the Haul Road. The maximum degree of curvature is also a controlling factor in 
the maximum allowable rate of superelevation. 

The Haul Road, which has a design speed of 30 mph, will have a maximum degree of curvature of 21 
degrees (minimum radius of 273 ft). Any curves which do not meet the requirement will have 
supplemental warning signs on the curve with a lower speed limit. Lower speed limits are expected in 
the north section of the Haul Road where several short curves may be required to travel around existing 
and future facilities. 

The North Entrance Road, which has a design speed of 40 mph, will have a maximum degree of 
curvature of 11.25 degrees (minimum radius of 509 ft). Any curves which do not meet the requirement 
will have supplemental warning signs on the curve with a lower speed limit. Lower speed limits are 
expected for the 90 degree curves at the south end of the North Entrance Road v. 

2) Superelevation Transition 

The superelevation of the two lane roadway is generally obtained by rotating the typical crowned 
pavement about the centerline. The maximum rate of superelevation for both the Haul Road and the 
North Entrance Road is 6 percent. The areas of roadway that have a short curve radius will typically 
have a maximum superelevation rate of 4 percent. 

The length of superelevation runoff is the minimum length required to attain full superelevation from a 
tangent section. Typically 2/3 of the length will be on the tangent section of roadway and 1/3 on the 
curve. The minimum superelevation runoff lengths are 110 feet for the Haul Road and 125 feet for the 
North Entrance Road. 

3) Sight Distance 

Curves along the alignment may restrict the horizontal sight distance along the Haul Road and North 
Entrance Road. The horizontal sight distance can be measured on the centerline of the lane as a chord 
on the curve. Factors that may adversely impact sight distance include walls, buildings, and other 
longitudinal barriers along the roadway alignment. Sight distance is also a consideration for the Fernald 
Residues Vitrification Plant (CRU-4) access road crossing the Haul Road. Sight distance will be checked 
according to the standards provided in the AASHTO Green Book. 
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Vertical Alignment 

The vertical alignment of a roadway is controlled by design elements that include the length of curve ("K" 
factor), maximum grade, stopping sight distance, passing sight distance, and vertical clearance. All 
vertical design elements in this section follow the standards established in the AASHTO Green Book. 

1) Length of Curve ("K" factor) 

Vertical curves allow for the gradual change between two tangent grades on the roadway. Design 
standards are provided for crest and sag vertical curves to set the minimum length of curve for a given 
design speed. For a given design speed, a "K" value can be determined. The K factor represents the 
rate of vertical curvature and is expressed as the length of curve per the algebraic difference between 
tangent grades (K = L/A). 

The Haul Road has a K value of 30 for a crest vertical curve and 40 for a sag vertical curve. The North 
Entrance Road has a K value of 60 for a crest vertical curve and 60 for a sag vertical curve. 

2) Maximum Grade 

The site-specific conditions will result in a maximum grade of 3 percent, except at local intersections 
where the rate can not be reasonably achieved; the maximum grade will be limited to 6 percent. The 3 
percent maximum grade is beneficial for trucks on the Haul Road which have restricted acceleration with 
their heavy loads. The recommended minimum grade is 0.5 percent. 

3) Stopping Sight Distance 

Stopping sight distance is the sum of the distance traveled by the vehicle from the time the driver sees 
the object and applies the breaks, and the distance required to stop the vehicle. The stopping sight 
distance for the Haul Road is 150 fi (30 mph) and the North Entrance Road is 200 ft  (40 mph). 

4) Passing Sight Distance 

The Haul Road and North Entrance Road both have areas with geometry constrained. For safety 
purposes, no passing will be allowed at any point on either roadway, the centerline will be marked with 
a double yellow line, and signs will be posted accordingly. 

5) Vertical Clearance 
_ _  _ _  - . _ _  _. - -  - _ . .  _ -  _ _  - . _ _  

The recommended clearance for grade separations is 16.5 ft  to allow sufficient room for large trucks. 
The Haul Road will require at least 16.5 ft of vertical clearance below the pedestrian brid e 

8 ' ' , ' i l < . ? .  * ~ @ ? o z 3  
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Cross Section Elements and Roadside Desim 

1) Typical Section 

The basic typical section for both the Haul Road and North Entrance Road will be as shown below. The 
pavement design will be performed as part of the roadway design. 

(1) TWO 12-ft. lanes; bituminous pavement 
with aggregate subbase for both roads. However, use minimum aggregate subbase for 
the Haul Road to minimize cross contmhuion of aggregates 
5-ft gravel shoulders with tighterfines to reduce rutting 
Wearing surface of Haul Road per ODOT Specification 402 
Wearing surface of North Entrance Road per ODOT Specification 404 
Non-woven geotextile for both roads 
Cross slope: pavement - 3/16 in/foot; shoulders - 1/2 in/foot 

. .  

(2) 
(3) 
(4) 
(5) 
(6) 

2) Side Slope and Ditch Design 

Side slope and ditch design will be performed in accordance with ODOT and AASHTO standards. The 
ditches will be designed for a maximum velocity of 2 feet/sec to allow sediment to settle and to minimize 
ditch erosion. Ditch checks may be placed where required. Ditch design will clear, if possible, the 
underground utilities crossing the proposed North Entrance Road, both Phases I and 11. 

3) Guardrail Requirements 

It is not anticipated that a guardrail be required along either roadway. If a problem is encountered, the 
use of guardrail or a similar barrier will be examined. 

Intersection Desim 

1) Design Turning Radius 

The Haul Road will be designed to accommodate the turning radius for a WB-40 truck. The North 
Entrance Road will consider the light truck as a design vehicle. 

2) Railroad Crossings 

One active railroad crossing exists on the Haul Road western portion. The Haul Road will require signs 
and/or signals at the crossing. The type of crossing traffic control will depend on the design rail and 
roadway traffk. The eastern portion of the Haul Road will cross five railroad spurs which are inactive 
but will remain. Signals will not be required. 
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Storm Drainage Desim 

Storm drainage design will be completed in accordance with the ODOT Location and Design Manual. 
Storm drainage will be analyzed for a 10-year, 24-hour storm for the Haul Road and a 25-year, 24-hour 
storm for the North Entrance Road to identify drainage differences, maintenance problems, and any 
impacts caused by the roadway. 

The North Entrance Road drainage system design will be coordinated with the design of the-OSDF, 
provided by FERMCO, and will provide for stormwater run-on control. The North Entrance Road ditch 
may encroach on a Cincinnati Gas & Electric easement. FERMCO will be responsible for any permitting 
requirements. 

The drainage will be by open ditch systems, and will make use of existing drainage structures such as 
culverts and catch basins when possible. The existing drainage pattern in the Haul Road vicinity will be 
maintained by providing culverts as needed. Stormwater control requirements are listed in the AR4Rs 
in Appendix A. 

Maintenance of Traffic 

Maintenance of traffic will be required at both ends of the North Entrance Road. Plans will be prepared 
for any required lane closures or reductions using ODOT and MUTCD standards. 

Environmental Controls 

1) Erosion and Sediment Controls 

Temporary sedimentation basins wi,ll be used during construction to prevent soil/sediment from running 
off the site. Diversion dikes, hay bales, filter fabric fence, and other erosion control measures will also 
be used when appropriate during construction. Plan drawings will detail the location and types of erosion 
control measures to be used on site. Material requirements will conform to the ODOT Construction and 
Material Specifications. 

The non-paved areas of the final constructed roadway will be seeded to control roadside erosion and 
runoff to other areas of the site. 

2) Dust Control 

_ _  Dust control will-b-e required during construction. Dust control procedures will be provided-by the- - 

contractor as specified in the ODOT Construction and Material Specifications and as directed by 
FERMCO. Air particulate emission requirements are listed in the ARARs in Appendix A. 
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The contractor will apply water or a dust palliative by use of tanks with a suitable sprinkling device to 
control dust within the project area. 

Traffic Control Devices 

1) Pavement Marking 

The Haul Road and North Entrance Road will require pavement markings for two-way traffic. Both will 
be striped with a dual Cinch yellow centerline and Cinch white edge lines. 

2) Signs 

All signs will be placed to conform with the standards of the MUTCD. Typical signs will include: speed 
limit, stop, no passing, curve warning, and intersection warning. Sign placement and material 
specifications will be in accordance with ODOT standards and specifications. 

Signs will be placed at crossing of the North Entrance Road for haul traffic from the South BOKOW Area. 

Utilities 

The locations of existing utilities is available on FEMP Grid Utilities drawings. A utility survey will be 
performed to more accurately identify any utilities located on the site. Major utilities include the 
Cincinnati Gas and Electric high tension towers and gas line which are near the North Entrance Road. 
Due to site conditions, utility relocation will be avoided if possible. The road profile will be lowered if 
necessary to meet required clearance under overhead transmission lines, except that wooden power poles 
may be relocated or adjusted, if justified by cost savings. 

Access Control 

1) Fences and Gates 

The type, size, and location of fences and gates will be determined in conjunction with FERMCO. 

Pavement Des i m 

Pavement design will be based on the subgrade California Bearing Ratio (CBR) value of 4. The in situ 
subgrade CBR is generally between 4 and 5 as determined by correlation/extrapolation from Cone 
Penetration Testing (CPT) data using data provided by FERMCO. This correlatiodextrapolation is 
included in Appendix C of the Ceotechnical Investigm'on Report, &-Site Disposal Facility, Revision 0 
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for PO-140. Traffic volumes and distributions, service lives, and design vehicles will be used with the 
CBR to design bituminous pavement sections for the Haul Road and North Entrance Road. 

The Haul Road will be full depth bituminous pavement. To reduce the risk of cross contamination, a 
non-woven geotextile will be used and an aggregate base will not be used on the Haul Road. 

The North Entrance Road will be bituminous pavement with an aggregate subbase. The use of the 

aggregate base will improve structural stability and provide for subgrade drainage. . .  

Pavement design for both roadways will be performed using ODOT design standards for flexible 
pavement design and using the 18-kip ESAL number for each respective roadway. 

Culverts, utility tunnels, and other structures shall be designed for H20-44 loading. 

Subgrade 

To achieve the design CBR value of 4 and to guard against soft spots, the upper 6 inches of cut sections 
and the upper 18 inches of fill sections will be compacted from 95 to 98 percent of Standard Proctor with 
moisture content controlled within 2 percent of optimum. Soils with silt contents above 50 percent should 
be undercut to a minimum depth of 2 feet below subgrade for frost protection. A geofabric will be used 
to prevent fines from fouling the subbase. A geogrid may be used as added reinforcement if deemed 
necessary. 

Calculations 

Calculations will be provided for estimating all quantities used in the construction of the roadways. 
Specific calculations will be provided for drainage design, pavement design, and earthwork. 

Nitrate Tank Removal Reauirements 

Removal of the nitrate tank will be part of CRU-3 Decontamination and Decommissioning work 
packages. This project will define only the final requirements of backfilling and compaction to 
accomplish the road design. 

Excavation and DisDosal of Contaminated Materials 

FERMCO or the construction contractor, as appropriate, will remove the contaminated soil to the FRLs 
and stockpile the soil at a designated on-site area. Subsection _- 2.3.5 provides a detaileddiscussion.on soil -. 
management. The design and construction of the stockpile area and the disposal of the stockpiled soil 

- - - - - 

is not in the scope of this project. 
+ > .  

. .  
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2.3.2 

The following design drawings and specifications will be included in the Certified for Construction 
Package: 

Civil Desian Drawinas and SDecifications 

~~~~~~~ ~ 

~ Legends & Symbols 1 30 % 

Index of Sheets 1 30 % 

Table 2-1 - Civil Haul Road Drawings 

Drawing QtY 

Title Sheet 1 

Initial 
Submission. 

30 % 

~- ~~ ~ 

Site Plan 1 

General Notes 1 

30 % 

30 % 

General Summary 

Typical Sections (1"=2'H, 1"=4'V) 

2 30 % 

1 30 96 

Plan & Profile (1"=50'H, 1"=5'V) 

Cross Sections (1 " = 10'H & V) 

6 30 % 

8 30 % 

TOTAL Drawings 

~ 

Intersection Details (1 'I =20') 

Grading & Sediment Control (1 " = 100') 

Superelevation Tables 

30 

. ~~~ 

I 90 % 

3 90 % 

1 90 % 

ERAFSl WOLl :RSAPPS\RSDATA\ 
OU-2\PO-158\lSS-DCP.RVl 

General Details 

Pavement Marking & Signing 

2-12 

1 90 % 

2 90 % 

1125/96,2:58pm, Rev. No.: 1 



Table 2-2 - Civil North Entrance Road Drawings 

Technical Suecifications 

The ODOT Standard Specifications will be used for the design and construction of the Haul Road and 
North Entrance Road. When additional technical specifications or details are required, they will be 
prepared for the document submittal. 

2.3.3 Electrical 

Power will be provided from existing site sources for the following uses: 
~. .~ ~ - -  ~ . . .  - . . ~. . ~ - . .~ ~ . ~ . ~ ~ . .  . -- - 

1) Lighting the pedestrian bridge across the Haul Road 
: ; i: . . ... 

- I  008029 

1/25/96,2:58prn, Rev. No.: 1 
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2) Road/railroad crossing signal 
3) 
4) Air monitoring devices 

TeleDhone Lines 

PARSONS will provide the new routing of the existing telephone lines along the North Entrance Road 
to the FEMP. FERMCO will be responsible for coordination with the telephone company to relocate the 

North Entrance Road caution signal light 

Partial Power Plan 

Ductbank Routing 

Miscellaneous Electrical Details 

TOTAL Drawings 

telephone lines. 

Power Lines 

1) 

2) 

Minimum vertical clearance under transmission lines is 18 feet, 6 inches 

Minimum vertical clearance under power line suspension from wooden pole is 
for 600 volts or less; 18 feet, 6 inches from 600 volts up to 22 kV 

Calculations 

Calculations will be provided for all designs. 

2.3.4 Electrical Desian Drawinas and SDecifications 

1 30 % 

1 90 % 

1 90 % 

5 

8 feet, 0 inc ies 

The following design drawings and specifications will be included in the Certified for Construction 
Package: 

Table 2-3 - Electrical Haul Road Drawings 

I Qty I InitialSubmission 11 
Electrical Utility Plan 1 2 1  30 % II 
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Table 2 4  - Electrical North Entrance Road Drawings 

Drawing 

Electrical Utility Plan 

Partial Power Plan 

Qty Initial Submission 

1 30 46 

1 30 46 

- -  

Suecifications 

TOTAL Drawings 2 

1) 
2) 
3) 
4) 
5) 
6) 
7) 

Section 16050 - Basic Electrical Materials and Methods 
Section 16 1 18 - Underground Ductbanks and Ducts 
Section 16121 - Medium Voltage Cable 
Section 16170 - Grounding and Bonding 
Section 16370 - Overhead Power Distribution 
Section 16461 - Dry Type Transformers 
Section 16530 - Site Lighting 

2.3.5 Environmental, Safetv. and Health 

The subsections below describe worker health and safety, radiation exposure, ARARs, and contaminated 
soil management. All of the requirements provided are included in the Standard/Requirements 
Identification Documents as identified in the FERMCO Policies and Requirements Manual (FERMCO 
1995). 

Worker Health and Safety 

Provided below are several health and safety related requirements for this project. This subsection 
complements the project-specific Health and Safety Plan (HMP [to be prepared later by FERMCO]) and 
is not to be considered a replacement or summary of the HMP.  

Construction activities will take place in controlled areas. Therefore, workers shall be required to have 
Hazardous Waste Operations and Emergency Response training in accordance with 29 CFR 1910.120. 

Site clearing activities shall be done in accordance with 29 CFR 1926.604. Equipment used in site 
clearing activities shall also complywith this requirement. -- -- - 

- - _ _  - - -  - - - - - - - 
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Material handling equipment shall meet the requirements of 29 CFR 1926.602, which addresses seat 
belts, brakes, rollover protection, audible alarms, and scissor points. 

Workers may be required to enter excavated trenches to relocate utilities. This type of work will be 
minimized by avoiding current underground utilities during design. Excavations shall be maintained in 
accordance with 29 CFR 1926 Subpart P. 

Worker ExDosure 

Internal radiation exposure is the primary concern for this project. Radiologically contaminated soil will 
become airborne during earth-moving activities in contaminated areas. 10 CFR 835.1002 requires that 
airborne radioactive material be controlled and the inhalation of such material by workers kept to levels 
that are As Low As Reasonably Achievable. 

To control airborne emissions, conventional dust suppression methods, as discussed in Subsection 2.3.1 
of this DCP, shall be used. Eating, drinking, and smoking shall not be allowed in radiologically 
controlled areas. The need for respirators will be specified in the project-specific H&SP and/or the 
Radiation Work Permit when it is prepared. 

ADplicable or Relevant and ADDroDriate Requirements 

The ARARs for this project are provided in Appendix A of this DCP. The table provides a requirement 
summary and implementation strategy for each ARAR. The implementation strategy references other 
sections of this DCP where appropriate. 

Soil Remediation Prior to Construction 

The levels of soil remediation for the Haul Road and North Entrance Road areas will be different. This 
difference is due to the use of each road and is discussed in detail in the subsections below. 

Haul Road Soil Remediation 

Parts of the Haul Road will be located in a contaminated area and is considered "temporary" per the 
FEMP Build-Over Policy, since the road will be removed after construction of the OSDF. Because the 
road is considered temporary, soil does not have to be remediated to meet FRLs until the road is 
removed. Therefore, the cleanup guidelines established by FEMP Removal Action 17 will apply. These 
guidelines have been implemented at the FEMP by site procedure SSOP-0044, entitled "Management of 
Excess Soil, Debris, and Waste From a Project." 
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Soils above the radiological disposition limits defined in SSOP-0044 will be stockpiled in a soil storage 
area that is covered by a tarp and surrounded by a security fence with proper signage. This stockpile 
shall not contain soil suspected or known to contain hazardous waste, Polychlorinated Biphenyls, or other 
non-radiological contaminants. Should excess soil be generated that contains non-radiological 
contaminants, it will be stored in an approved facility in accordance with SSOP-0044. 

North Entrance Road Soil Remediation 

The North Entrance Road will be a permanentstructure and must be clean closed. Therefore, the FRLs 
from the draft Record of Decision for the Remedial Actions at OU5 (FERMCO 1995), provided in Table 
2-5, will apply. 

Soil above the FRLs will be removed and stored on site for future placement into the OSDF. Soil above 
the FRLs will be stockpiled as described above. Remediation will occur in the surficial (top 6 to 12 
inches) soils within 50 feet of the center line of the North Entrance Road. 

2.3.6 Structural 

The Pedestrian Bridge over the Haul Road to the Advanced Wastewater Treatment facility will provide 
a 6-foot wide walkway accessed by stairs on each end to accommodate foot traffic only. The bridge and 
stairs will be constructed of painted structural steel. The bridge deck floor and the stair stringers will 
be spanned with steel grating. The sides of the bridge shall be lined. The minimum vertical clearance 
over the roadway will be 16 feet, 6 inches and the horizontal span will be 40 feet center to center of the 
supports. Design of the access road crossing the Haul Road to the Fernald Residues Vitrification Plant 
will be done by CRU-4 

Dead Loads 

Dead loads shall include all loads that remain permanently in place, including weights of all permanent 
materials, equipment, and self weights. 

The unit weights of materials and assemblies for buildings and other structures may be based on sources 
of data from manufacturer's drawings and catalogs, Table C1 of ASCE 7-93. 

Dead loads shall also include weights of all permanent equipment and fixed furnishings. 
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Table 2-5 - Final Remediation Levels for Soil 
(Source: Record of Decision for Remedial Actions at OU5 DOE 19951) 

Constituent ODProperty Final 
Remediation Levels 

Radionuclides (pCi/g) 
Cesium-137 + Id 
Neptunium-237 + Id 

Plutonium-238 
Plutonium-239/240 
Radium-226 + 8d 
Radium 228 + ld 
Strontium-90 + Id 
Technetium-99 
Thorium-228 + 7d 
Thorium-230 
Thorium-232 + 10d 
Uranium, total (K, = 325 L/kg) @pm) 
Uranium, total (K, = 15 L/kg) (ppm) 

Lead-210 + 2d 

Chemicals (mg/kg) 
Acetone 
Antimony 
Aroclor-1254 
Aroclor-1260 
Arsenic 
Barium 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
BenzoQfluoranthene 
Beryl1 ium 
Bis(2chloroisopropyl)ether 
Bis(2-ethylhexyl)phthalate 
Boron 
Bromodichloromethane 
Bromoform 
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1.4 x 100 
3.2 x 100 
3.8 x 10' 
7.8 x 10' 
7.7 x 10' 
1.7 x 100 
1.8 x loo 
1.4 x 10' 
3.0 x 10' 
1.7 x 100 
2.8 x 10' 
1.5 x 10" 
8.2 x 10' 
2.0 x 10' 

4.3 x lob 
9.6 x 10' 
1.3 x 10' 
1.3 x 10' 
1.2 x 10' 
6.8 x lob 
8.5 x 102 
2.0 x 10' 
2.0 x loo 
2.0 x 10' 
2.0 x lo2 
1.5 x 10" 
4.2 x 10' 
8.2 x 10' 
7.4 x l@ 
4.0 x 10' 
3.1 x 10' 
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Table 2-5 - Final Remediation Levels for Soil (Continued) 

constituent on-property Rnal 
Remediation Levels 

~~~ ~ 

Chemicals (cont.) (mkj 
Bromomethane 8.2 x l@ 
Cadmium 8.2 x 10' 
Carbazole 1.2 x 10' 
Carbon disulfide 5.0 x l@ 
Carbon tetrachloride 2.1 x loo 
Chlordane 1.9 x 10' 
Chlorobenzene 3.4 x 102 
Chloroform 4.5 x 10' 
Chromium VI 3.0 x lo2 
Chrysene 2.0 x l@ 
Cobalt 7.4 x lo2 
Copper 2.2 x lV 
Cyanide 1.2 x 1V 
Dibenzo(a,h)anthracene 2.0 x loo 
3,3'-Dichlorobenzidine 5.5 x 10' 

- 

1 ,2-Dichloroethane 1.6 x 10' 
1,l-Dichloroethene 4.1 x 10' 
Dieldrin 1.5 x lo2  
Di-n-octylphthalate 1.1 x l@ 
Ethylbenzene 5.1 x I@ 
Fluoride 7.8 x lob 
Heptachlorodibenzofuran 8.8 x 104 
Heptachlorodibenzo-pdioxin 8.8 x 104 

Lead 4.0 x 102 
Manganese 4.6 x l@ 

Methyl-2-pentanone 2.5 x 10' 

CMethylphenol 2.5 x 102 
Molybdenum 2.9 x 10' 
Nickel 1.5 x lob 

N-nitrosodipheny lamine 5.1 x 10' 

Indeno( 1,2,3Cd)pyrene 2.0 x 10' 

Mercury 7.5 x loo 

Methylene chloride 3.7 x 10' 

- - CNitroanaline - 1.5 x 102 - 
._ 

@@Q025 
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Table 2-5 - Final Remediation Levels for Soil (Continued) 

Constituent on-property Final 
Remediation Levels 

Chemicals (Cont.) (mg/kg) 
N-nitrosodipropy lamine 
Octachlorodibenzofuran 
Octachlorodibenzo-pdioxin 
Pentachlorophenol 
Selenium 
Silver 
Tevachloroethene 
Thallium 
Tolulene 
Tributyl phosphate 
1,1,2-Trichloroethane 
Trichloroethene 
Vanadium 
Vinyl chloride 
Xylenes, total 
Zinc 

2.0 x 10' 
8.8 x lo3  
8.8 x lo3 
2.3 x 100 
5.4 x l V  
2.9 x lob 
3.6 x 100 
9.1 x 10' 
1.0 x lol' 
2.5 x ioz 
4.3 x loo 
2.5 x 10' 
5.1 x l V  
1.3 x 10' 
9.2 x lol' 
1.2 x l e  
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Live Loads 

structure 

Pedestrian Bridges 

Live loads shall include all loads resulting from occupancy and use of the structures. Live loads may act 
in any direction. 

Load 

60 psf 

Live loads shall be as shown in Table 2-7, but not less than the minimum uniform or concentrated loads 
stipulated in ASCE 7-93. 

Stair 

. - ._.  

Roof live loads shall include snow loads, snow drifts, or rain loads as applicable per ASCE 7-93. 

100 psf 

Table 2-7 - Minimum Design Live Loads 

Wind Loads 

Wind load design criteria presented in this section shall be based on the requirements of DOE Order 
6430.1A, DOE-STD-1020, ASCE 7-93, and the OBBC. Exposure "C" shall be used for all wind load 
calculations, per Section 01 11-2.4.2 of DOE Order 6430.1A. 

The effective velocity pressure e at any height 2 above the ground shall be calculated using the following 
equation: 

e = 0.00256 KJV)' (Section 6.5.1 of ASCE 7-93) 

where: 

I = Importance Factor = 1.00 (Table 3-1 of DOE-STD-1020) 
K, = Velocity pressure coefficient at height 2 (Table 6 of ASCE 7-93) 
V = Basic wind speed = 80 mph (Section 1611-3 of OBBC) 

Design wind loads shall be based on factors and coefficients stipulated in ASCE 7-93, Table 4. 
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Tornado Loads 

Tornado loadings, tornado missiles, and Atmospheric Pressure Change loads are not applicable for PC-1 
facilities per DOE-STD-1020 Fable 3-1). Tornado loadings, therefore, are not considered. 

Seismic Design and Evaluation 

The seismic criteria for the design and evaluation of SSCs shall be based on procedures detailed in 
Section 2.3.1 of DOE-STD-1020, PC-1, and UBC Section 1628. 

The earthquake response shall be evaluated in accordance with procedures given in UBC Section 1627.8 
using the static force method. 

The design base shear using the static force procedure shall be calculated using the following formula: 

ZIC v = - w  
%, 

where: 
Z = A seismic zone factor equivalent to peak ground acceleration = 0.1 (based on site-specific 
seismic hazard curve for the FEMP from UCRL 53582) 
I = Importance Factor = 1.0 
C = Spectral Amplification Factor = 2.75 (Based on site-specific response spectra for the FEMP 
from UCRL 53582) 
& = Reduction factor from UBC Table 16-N or Table 16-P, as applicable 
W = Total dead load and applicable portions of their loads as listed in UBC Section 1628.1 

The capacities shall be evaluated using the strength design or allowable stress design method. The story 
drift limitations shall be per UBC Section 1628.8. 

The SSCs shall meet the UBC Seismic Zone No. 2 detailing provisions in accordance with UBC Section 
163 1. 

Non-building structures shall meet the requirements of UBC Section 1632. 

Lateral force on elements of structures and nonstructural components supported by structures shall be in 
accordance with UBC Section 1630. 
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Other Loads 

1) Other loads: Load criteria not specified above shall conform to DOE Order 6430.1 A, paragraph 
01 11-2.8, "Other Loads for Buildings and Other Structures." 

Other Structural Material/Desim Reauirements 

'!%e following presents design requirements for structural materials and design: - 

Concrete: Concrete material, design, and construction for buildings and other structures shall 
be per ACI 318-89. Minimum concrete strength at 28 days shall be 3,000 psi. 

Reinforcement: Deformed billet steel shall conform to ASTM A615, Grade 60. 

Grout: High strength, nonshrink grout shall be 1 inch minimum thickness under equipment, 
columns, and pipe support baseplates unless otherwise recommended by equipment supplier. 

Structural Steel: Design, details, fabrication, and erection of structural steel shall conform to the 
UBC and the AISC Manual, 9th edition. The material for structural steel shapes and plates shall 
conform to ASTM A36. All structural steel and connections, including ladders, handrailing, and 
grating, shall be painted or galvanized. Connection bolts shall be high strength ASTM A325 with 
hardened washer and nut. 

Field connections: Connections may be bolted or welded connections per AISC. 

Minimum Headroom Clearance: Clearance shall be 7 feet, 6 inches above nosing line of stairs, 
and shall conform to Occupational Safety and Health Administration requirements. 

Foundations: Per DOE Order 6430.1A, Section 0111-3.4, the provisions of UBC Chapter 18 
shall be the minimum requirements for foundation design. Use spread, mat-type, or continuous 
strip footings placed in the upper natural soils, or properly compacted fill, for a presumed 
allowable bearing pressure of 2,000 psf at a depth of 3 feet below the adjacent final grade. 
Allowable soil bearing pressures and any other special foundation requirements shall be verified 
from existing soil data in the general area. Allowable stresses may be increased by a value of 
1/3 when wind or earthquake forces are included. The minimum embedment depth of 
foundations in soil shall be 3 feet, 0 inches to prevent problems with frost penetration. 
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Factor of Safe9 Against Overturning; 

Stair Sections and Details 

Foundation Plan and Detail 

Per UBC Section 1619.1, the base overturning moment for the entire structure, or for any of its 
individual primary lateral-resisting elements, shall not exceed 2/3 of the dead-load-resisting moment. For 
an entire structure with a height-to-width ratio of 0.5 or less in the wind direction and a maximum height 
of 60 feet, the combination of the effects of uplift and overturning will be reduced by 1/3 (i.e., factor 
of safety equal to 1.0). The weight of earth superimposed over footings will be used to calculate the 
dead-load-resisting moment. 

1 90 % 

1 90 % 

Per Section 161 1-1-3 of the OBBC, the Overturning moment due to wind load shall not exceed 213 of the 
dead load stabilizing moment unless the building or structure is anchored to resist the excess moment 
(i.e., factor of safety equal to 1.5). 

Loading Combinations 

Combinations of loads, allowable stresses, and strength requirements for buildings and other structures 
shall be in accordance with UBC 94, Chapter 16, Section 1603.6. 

Calculations 

Calculations will be provided for the design of the bridge and foundation. 

2.3.7 Structural Desian Drawings and SDecifications 

The following design drawings and specifications will be included in the Certified for Construction 
Package: 

Table 2-6 - Structural Haul Road Design Drawings 

Drawing 
Submission 

Pedestrian Bridge Plan and Elevations 
~ 

1 - - 1  I 90 % 

TOTAL Drawings I - - 3  I 
089040 
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Suecifications 

1) Section 03001 - Concrete 
2) Section 05120 - Structural Steel 

The SSCs for the pedestrian bridge are assumed to be NPH Performance Category 1 (PC-1) per DOE 
Order 5480.28 and DOE-STD-1021. It is further assumed that there are no safety class SSCs. 

- ~ - 

2.3.8 Cost Estimates 

All project estimates will be prepared in accordance with the FERMCO format. The FERMCO format 
accounts for the latest subcontractor wage rates, the DOE'S Cost Estimating Guide, and their latest 
subcontractor wage rates. 
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APPENDIX A 

ARARS 
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701 Structural Design of 

701.1 Introduction 
The pavement design prccdures described 

herein are intended priman$ for us8 on new or 
reconstmdion projeC,s ard are bas& on the 
resuits of the AASaO Road Tes; and the WISHTO 
Gide for Design of f%vertim Sadirres. In 
addition, the spplicztion of other studies, 
experiences, and engineerirg ju@mans hsve 

_ _  been included to fit Ohio's-mnditions. A copy of 
OOOTs Pavement Design Policj has been 
inc!uded as Appendix A of this manual. 

Pavement 

. 

The pvement design pnx&ure re!atas the 
performam of a pzvement to its struc$~~=I design 
a d  the bding q p l i e d  to the pavement. The 
prformance of a pavement is measured by its 
serviceability which is defined as the ability to serve 
high speed, high volume alrtombile and tmc3 
trzific. An AASHTO procedure wzs developed to 
rate the serviceability of a pvement, basad on its 
roughness. and the number of cmks and pdches. 
A scale with a range from 0 to 5 was estalisfied for 
present serviceability index rztiqs, with 5 as the 
highest index (excellent) and 0 as the lowest 
(poor). 

The AASHTO design procedures allow for the 
selection of any serviceability index at the erd of a 
design perod. Ohio has adopted a design period 
of 20 years and a terminal serviceability index (pr) 
of 25. 

The design procdure for both rigid a i u  --d flexible 
pavement structures ceners arcurd the 
investigation and evaluation of the resilient 
modulus of the subgrzde soii and the traffic. 
expressed in terms of equivalent 18 Kip single axle 
load applkzhns. .A brief desciption of the resilient 
m d u l u s  (MR) and equivalent 18 Kip sincjie axie 
bad applications (WIS) follows: 

701.2 Subgrade Resilient Modulus 
(M R) 

For design of either ffexible or  rigid pavements. 
the subgrade soil type is determined direcfy from 
soil tests made in anjunct ion with the soil profile 

are ciassified based on gradzibn and Aitemurg 
Limits (liquid limit and plasticity index) in a rradified 
AASHTO system as shown in Fig. 701 -1. 

_ _  - -or bridge foundation investigzbns: In-Chioo;-s6ils - 

1. &!ermine the C-cup index from =sure 701-2 

2. &!ermine the C,i:c l~iz  Bezt'i.4 Fsio from 
Fiwre701-3. 

For an example, see stm 1 and 2 ci the Riga 
Pavement Design m m p , - i y i n g  the f s n s  at the 
end of this section. 

707.3 18 KIP Equivalent Single Axle 
Loading (w18) 
Traffic information, in order to k used in 

pavement design, must bs cunvece into the 
number of quivalerrt 18 Kq sixit axle Icsd 
applications (Wta) over the pavemn de*n 
period. 

Available traffic infomion us~al!y hnp 
together the number of 8 and C vehicks Since the 
number of 8 and the numer of C vehicles are 
required to obtain Wte. Fiure 7014 gives 
approximate ratios of 8 to C veh&s so the 
number of each can be estirnzttecf. An e s y  
method of checking the 8:C ratio is to & m e  the 
traffic zt the project s;te. This m q  ZSJ revezl 
some Severe pavement bzdings. SKI as mal or 
gravel tmcts which may be equivalent to 9 8 or C 
trucks. A rile thought given to the twk trzitfic in 
an area can go a long way toward de?er;;;ining the 
proper pavement thickness. Fqure 7a14 E:C 
ratios should be u s a  with cation. 

Once the number of E and C vehicies p r  day is 
known, they are multiplied by the Xgropriaie 
conversbn faaor (Fgure 7014) times 255 days per 
year, times 20 years to obtzin Wla. WIS is then 
used in the mmographs in either F ~ L R  701-9 or 
Figure 70 1 - 1 2. 

@ 8005'7 

December 1992 - 
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701.4 Favernent Design Exampies 
Etm10s of bath Sk$d P a m e n t  Dssign and . Fiexiole Paverriint D%Gn Si2 ir;clud& with the 

Ecjures 6 L?? end cf this s c k n .  

701.5 General 
Rmmrrendations in this rrznual are for paving 

rr-teriak thzt mnform to ODOT spskiications 
only. 

Prep.zizjcn of t k  su'ffi;a& is oi  prime 
irr+xnz-ce. If c3rctions (utilities, etc.) hinder 
prcpr %grade trestmrri, then a thicker 
p e m n  design s h ~ l d  !x consicired. If 
sukrzde anditions 3re extrmsly F o r  and 
require excessive pvemem thickness. the 
thickness m M  be rmced by Srengthening the 
sutqrcce using Sabiicziicn. 

Re in iomq See1 us& in mrcrete does not 
s:renGhen it. but is onty us& to hold imemdiate 
crzciCs tiqktly together. 

For umrbed pavements cznying 50 or more 
quivakrif 18 Kip axle bads per day and for abed 
pavemens carrying 100 or more 18 Kip axle loads 
per day, a granular or s:zbilized s u m s e  is 
ansidered desirable to prevent Pumping for 
ancrete pavements on fine textured soils. 

701.6 Edge C o w s  Design 
701.61 RlgM Pavement 

The s u b s e  for a @id pavement shall extend 18 
irc9es b y o n d  the pzvement edge, or to the 
outside @&e of the porous backfill over the pipe 
underdrain, or to 6' bqond  the outside eQe of the 
paved shoulder where &led for in the shoulder 
design, whichever is greater. 

Where arb and gutter or imp1 type 2 curb is 
us&, subbas2 shall extend 12 irches back of the 
curb or to the outside of the p r o u s  backfill over 
the pips underdrain, whichever is greater. 

701.62 Cmpostte Pavement 

Cormis base shzll extend kyond the wearirg 
surftze 3 inches. SubSase under the cmcrete 
base shail be treatA the  si;^ as under rigid 
pavemer;i. 

701.63 FWbk ?averner;t 

- Subbase skll extend kycnd the =<-e of t k  
overtying base, a ais;anc,o cf 6 inches fcr s u b k a  
c3urses 9 inches or less 2nd i 2  inches fcr subkse 
thicker than 9 irches, to the outside ecge of ti-+ 
porous k&fiil over the p i p  underdrzins, or to ;Ps 
outside edge of 3 v e d  shoukkrs where called !cr 
in the shoulder design. whidyever is grezar. 

Base courses should exmd a distarce equd to 
their own thickness beyond the overtying coursa. 
This provision will not awiy when the w.ze of tPa 
pavemerrt &joins a curb or riid l yp  pavemzr;t. 
Where pipe undardrains are pr0vidt.j and m 
subbase is used, the base CUKB should extend :o 
the outsde &ge of the p c m s  barnil over tP% 
underdrain. 

Intermediate curses less than 2 inciies thick. 
placed di redy  under the %dace. shculd be si;cwn 
as ending in the same verticzl plane as the  surf&=. 

701.W Paved Shouldes 

All courses shall end in the same vertical plane at 
the outside edge of flexible paved shoulders. 

702 Shoulder Design 
702.1 General 
Shoulders are used to provide an area for the 

a~rnmodation of disabled vehicles, for the laterol 
support of the base and surface courses. and to 
improve the safety of a hktway, and for future 
maintenance of traffic operations durirg 
maintenance and rehabilitaiion work.. 

702.2 Types 
As noted in Section 301 22.  there are four bzsic. 

types of shoulders: paved, bituminous s u r i ~ t  
treaed, stzbilized aggrgae, or turf. Fgures 301-3 
and 3014 show when to u= ezch type. It should 
be noted that turf shoulders r r ~ y  only be used cn 
non-state maintained roads, zt the option of the 
local government, if the current year ADT indudts 
less than 250 B md C truck units. Design and u= 
of the other types of shoulcirs are discussed in 
subsequent sections. 

Figure 702-1 s h w s '  several paved shoulder 
designs. Bituminous surface treated and stsbilizd 



Examole - Riaid Pavement Desian 

Given: 
, Pavvemnt: Cbwe!led. joifid coxre!? 

Subbzsz: 6 310 
Sboub'ars: Tied, jointed, urdowe!led =mete 
Nurr$erof Lanes: 4 

-Futxzjonal Cl.zssfcaion: Princiszl Fbd 

lS2 T~ffirc: 12.W ADT 
2012 Tf l i :  25.0.10 ADT, 1096 trucks (24 hour) 
Year pavement anticipated to be open to traffic 

Soil Cksifhrion: bquid Limit = 45, Plasticity 

Arterial 

19% 

Index = 12, ~P!o passing No. 200 sieve. 

Problem: 

Solve for thickness of concrete slab. 

Solution: 

. - Steb 1 - Determine Group Index Number (G.I.) 
using Fwre 701 2. 

In chart A. sohe for the Partial Group Index using 
the 70% Passing No. 200 Sieve and the Liquid Limit 
(LL) of 45 G.I. from Chart A = 7.9. In Chart 8. 
solve for the Partial Group Index number using the 
70% (53 or more) Passing No. 200 Sieve and the 
Plastkrty Index of 1 2  G.I. from chart B - 0.8. The 
total G.I. is 7.9 plus 0.8 or 8.7 (Rounded off to 9). 

- Steb 2 - Determine the Subgrade Resilient 
Modulus (MR) using Fgure 701-3. 

Using the Group Index Nurrber (G.I.) of 9 from 
Figure 701-2 (Step 1). the California 8earing Ratio 
(CBR) is 6 (Poundd). The CSR is used in the 
following fomula to determine the Resilient 
Modulus. 

MR = 1200 X CBR = 1200 X 6 3: 7200 psi. 

- Sleo 3 - Deternine the 18 Kip Equivalent Single 

If the truck volume is expressd as a percentage 
- _ _  of peak hour- traffic, as - it is- in the design 

designation, a should be muttipliecf by 1.6 to obtain 
the percentzge for average d&Iy truck traffic. Since 
the projed probably would not be opened until 

Axle Loading (Wta) 

. .  

1996, the traffic *r id would be 1 to 291 6, with 
a mid-year of 2006 and an intepchixi AOT of 
21,203. 

T24 = 10% (given) 

0 = 50% is Direckonal Distri'ccrtbon assmiq 
ADT is evenly split over 2: hr. pried. 

Using Fg. 701 -4 

c f a c a r  = 1.02 

Lane Fador = .GO 

E-18's from 6's n 
21 203(. 1 0) (516) (S) (2) (2.1 6) = I 7 1 7.4 -------- 
E-18's from C's 

21 203(. 1 0)( 116) (S) (.9) (1.02) = 1 62.2 

E-18 = 1717.4 + 162.2 = 1879.6 

WIS = 1879.6 x 365.25 daysfyr x 2c) yr 

w18 = i3,730,4ia say 13.7 x lo6 

Step 4 - Determine the Corposite Modulus of 
Subgrade Reaction (Kc) using Fgure 701-6. 

Starting with the a s s u m  subbase thickness 
( h a )  of 15,000 psi (6' 310 Subbase from Figure 
701-5). and down to a Subgrade Resilient Modulus 
(Ma of 7200 psi (From Fgure 701-3, Step Z ) ,  
resutts in a Kc of 340 psi. 

Steo 5 - Determine the E!feCive Modulus of - 
Subgrade Readion (K) using Figure 701 -7. 

The Composite Modulus of Subgrode Reacicn 
(Kc) is 340 pci from Figure 701-6, Stq 4. The Lo% 
of Support (LS) for the 310 Subbase is 1.0 from 
Fgure 701-5. This resutts in a K of 110 pci. 

Steo 6 - Determine the thickness of the wncre!? 

Figure 701-8 is used to solve for the Match tins 

- 
slab using Figures 701-8 and 701 -9. 

Number using the following infonation. 

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



Effective Modulus of Sutqrcde (K) = 110 pci 

Concrete Elastk Mocfulus (Ec) = 3.6X106 psi 

Load Transfer Caeffkient (J) -2.5 (FGure 701-10) 

DrainageCoefficier;t (Co) = 1.0 (Figure 701-10) 

The resulting Match Line Number of G is then 
used on Fiure 701-9, along with the following 
information, to solve for the Desiy Slab Tnickness 

(Figure 701-7, Step 5) 

* (Figure701-10) 

(01. 

Design Sewicezbiiity Loss (psi) - Infial PSI 
(Figure 701-10) minus the (Pt) Terminal 
Servicezbilii Index (Sc t ion  701.1) or 4.2 - 25 = 
1.7 

Reliability (R) = 85% (Figure 701-1 1) 

Overall'SLandard Deviation (S,) = 0.34 (Figure 
701-10) 

18 Kip Equivalent (Wre) = 13.7X106 (Step 3) 

Therefore: Design Szb Thickness (0) 9.C 



Exam D I e"-' F? e xi b 1 e Pave me nt D es i qn --. 
Given: 

. Paverent: Rexible 
18 Kip euivalent (Wle): 9,300,000 (Calalated 
as s b w n  in Stsp 3 under Rigid Design) 

Resilient Modulus (Lid: 7200 psi ( S e  Stq 2 
u d e r  ii@d Design) 

- .. . - -  . . -  
- -  -Problem: - - - - 

Sobe forflexible pzvement design. 

Solution: 

- Steo 1 - Determine the Design Structur-I a Number 

In ficjure 701-12, solve for the kith Line 

(SN) usingF'~ures701-12and701-13. 

Number using the following information: 

Reliability (R) = 85% (Figure 701-1 I )  

Overa:I Standard Deviation (So) = 0.49 (Figure 
701-1 1)  

Resilient Modulus (MN = 7.2GG psi (Given) 

The resutting Match Line Number of 40 is then 
used on Fwre 701- 13, abng with the folbwing 
information, to solve for the Design Structural 
Number (a). 

L -  2 1 F  
Mzterial Thickness meffiiem 

404 1-114' X 0 . S  = 0.G 

402 1-34' X 0.35 = 0.61 

301 10-1/2' X 0.35 = 3.Q - - 
12-112- 4.72 

Alternate Desicn Usino Grcnuiar B t ~ 2  

4048402 3- x 0.3- = -  1 . s  - 
- -  - 

301 8' X 0.35 = 2.50 

304 - C X 0.14 = - 0.C 

1 7  4. E3 

When full depth thickness of less than So= is 
required (SN=1.80), a grznular &sa desicy is 
suggested. 

Design Serviceability Loss (PSI) = Initial PSI 
(Fgure 701-11) minus the (Pt) Terminal 
Serviceabiiity Index (Section 701.1) or 4.5 - 2 5  = 
2.0 

Therefore: &sign Structural Number (SN) = 
4.65 

- Steo 2 - Determine flexible pavement design by 
equating the structural number (SN) to thickness 

. using the structural coefficients in Figure 701-11. 
The total SN for the pavement design shall equal or 
exceed the SN from Fgure 701 -1 2. 

RAFT 
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I RlQlD PAVEYEYT DESlQX . EXAMPLE - 8 T E P  3 

RATIO OF 8 TO C COMMERCIAL VEHICLES 
FUNCTIONAL CLASSiFlCATlON 

Rural I n f e r s t a t e  
Rural Principle Arterial 

Urban I n f e r s f a t e  
i- - c. Urban Freeway & Expressway 

Urban Principal Arierial 
All o t h e r  Urban 

----)All o t h e r  Rural /J:-.: 4- 7’ 
F.  i’ce+ & <’ 

E L  RATIO 
6:; 
S:! 
I :2 
2:! 
I :! 
6 :! 
I :5 

Use aciual 8 a n d  C c o u n t s  when avai lab le  

CONVERSION FACTORS 

Notes: 
8= T r a c t o r - t r u c k s  w i t h  semi-trailers and  t r u c k s  with 

trailers. 
C= Single uni t  t r u c k s  (2 axle,  6 t ires o r  more) n o t  

included in A. 
The in fo rma t ion  on  t h i s  f i g u r e  will b e  periodically updGied 
by t h e  E u r e a u  o f  Technical Se rv ices .  

LANE FACTORS 
NUMBER OF LANES 

. Z TRUCKS 
IN DESIGN LANE 

4 - Lane  Divided 
6 ( o r  more) - Lane Divided 

90 
80 



. - - - .  .-.- 
I' r, 

. &I - I P A V E M E N T  DESIGN R E L I A B K I T Y  701 -11 I 
L E V E L S  A N D  F L E X I B L E  

~~ 

EFEFZENCE SECTION1 J 

PAVEMENT DESIGN RELIABILITY LEVELS 

FUNCTIONAL CLASSIFICATION 

I n t e r s t a t e  and Freeway 
Principle Arterials 
Collectors 
Local 

RELIABILITY LEVELS (%)(R) 

URBAN RURAL 
95 
90 
90 
80 

90 
85 

80 
a5 

FLEXIBLE PAVEMENT DESIGN FACTORS 
initial PSI 4.5 

Overall S t a n d a r d  Deviation (SO) 0.49 

STRUCTURAL COEFFICIENTS 
Aspha It Concrete (404,40-2;30 1,448,4461 

Aagregate 4 Base (304) 

0.35 ' 

0.14 

Subbase (310) 0.1 I 

Broken and Seated Concre te  0.27 
- .- - ~ ._ ~ ~~~ ~ _ _  

Existing Asphal t  0 .23  

Rubblized Concrete 0.14 



De Leuw, Cather 
Engineers and Planners 

8iB- 211 
Subject: Haul Road Job No. &6-06-204 - 

Checked by: 

l&'v //Z 2/96 

304 - 20000 AGGREGATE BASE 

Thickness= 3 in 
Width= (2)(12' lanes) = 24 ft 

_ -  - - - _  _ _ -  - . - _ _  - . _ . -  - 

STA 100 + 00 to STA 162 + 65= 6265 ft  

Volume: (6265 ft)*(3 in/l2)*(24 ft)*(l cu yd/27 cu ft)= 1392.22 

2030.32 (6265 ft)*(2)(5 ft)*(10.5 in/12)*(1 cu yd/27 cu fi)= 

Total: 3424 cu yd 



De Leuw, Cather 
Engineers and Planners 

Subject: Haul Road Job No. 660620 
A Sheet No. 1 o f 1  

Made by: 
Checked by: 

402 - 20000 ASPHALT CONCREE 
Thickness= 10.5 in. 
Width= (2)( 12' lanes)= 24 ft 

STA 100 + 00 to STA 162 + 65 = 6265 ft 

Volume: (6265 ft)(24 ft)( 10.5 in/12)= 131 565 

(131,565 cf)(lcu yd/27 c9= 4873 
-- 

Total: 4,873 CUYD 



De Leuw, Cather 
Engineers and Planners 

Subject: Haul  Road Job NO. 6-6-062!!? 1 1  
Sheet N- 

Non -Woven Geotextile 

Ty p ica I width : 34' Pavt + 3'Rt + 3' Lt= 

- .. . 
-- STA-I  00 -+ 00 to STA 162 +-65= 6265 ft- - 

Area: (6265 ft)(40 ft)= 

(250600 sq ft.)(sq yd/9 sq ft)= 

TOTAL: 

40 ft 

. - _ _  _ .  

250600 sqft 

27844.44 sq yd 

27,845 sqyd 
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DE LEUW, CA'EXR AND COMPANY 
ENG I m E R S  

PROGRAM VRT-XGNl VERTICAL PROFILE GRADE ALIGNMENT 
20 FERNALD ZXUL ROAD 

STAT I O N  

10000.0000 
10050.0000 
10100.0000 
10150.0000 
10200.0000 
10250.0000 

- -10300-. 0000- 
10350.0000 
10400.0000 
10450.0000 
10500.0000 
10550.0000 
10600.0000 
10650.0000 
10700.0000 
10750.0000 
10800.0000 
10850.0000 
10900.0000 
10950.0000 
11000.0000 
11050.0000 
11100.0000 
11150.0000 
11200.0000 
11250.0000 
11300.0000 
11350.0000 
11400.0000 
11450.0000 
11500.0000 
11550.0000 
11600.0000 
11650.0000 
11700.0000 
11750.0000 
11800.0000 
11850.0000 
11900.0000 
11950.0000 
12000.0000 
12050.0000 
12100.0000 
12150.0000 
12200.0000 
12250.0000 
12300.0000 
12350.0000 
12400.0000 
12450.0000 

._ 

P . G .  ELEV GRADE - LVC OFFSET 

568.0000 
568.1661 
568.3322 
568.4983 
568.6644 
568.8305 

- - - -  _ _  - - -_ - - - - - - _ -  -568.9966 - - -- - 
- 

569.1627 
569.3288 
569.4949 
569.6610 
569.8271 
569.9932 
570.1593 
570.3254 
570.4915 
570.6576 
570.8237 
570.9898 
571.1559 
571.3220 
571.4881 
571.6542 
571.8203 
571.9864 
572.1525 
572.3186 
572 -4847 
572.6508 
572.8169 
572.9831 
573.1492 
573.3153 
573.4814 
573.6475 
573.8136 
573 * 9797 
574.1458 
574.3119 
574.4780 
574.6441 
574.8102 
574.9763 
575.1424 
575.3085 
575.4746 
575.6407 
575.8068 
575.9729 
576.1390 



DE LEUW,’ C 4 T X R  AND C0MP.U.T JOB NO. 6 6606 
ENGIXEERS DATS, JAN 23, 199 

DATA 3Y 
PAGE NO. 2 

PROGRAM VRTALGN1 VERTICAL PROFILE GRADE ALIGNMENT 
20 FERNALD KXIL ROAD 

STATION 

12500.0000 
12550.0000 
12600.0000 
12650.0000 
12700.0000 
12750.0000 
12800.0000 
12850.0000 
12900.0000 
12950.0000 
12973.4633 
13000.0000 
13050.0000 
13100.0000 
13106.0142 
13150.0000 
13200.0000 
13250.0000 
13300.0000 
13350.0000 
13400.0000 
13450.0000 
13500.0000 
13550.0000 
13600.0000 
13650.0000 
13700.0000 
13750.0000 
13800.0000 
13850.0000 
13900.0000 
13950.0000 
14000.0000 
14047.1318 
14050.0000 
14100.0000 
14150.0000 
14200.0000 
14250.0000 
14300.0000 
14350.0000 
14400.0000 
14450.0000 
14500.0000 
14550.0000 
14563.6364 
14600.0000 
14650.0000 
14700.0000 
14750.0000 

P.G. ELEV GRADE-LVC OFFSET TAN ELEV 

576.3051 
576.4712 
576.6373 
576 - 8034 
576.9695 
577.1356 
577.3017 
577.4678 
577.6339 PVC 
577.7435 PVI 
577.7559 
577.7400 PVT 
577.6800 
577.6200 PVC 
577.6164 
577.8094 PVI 
578.4976 PVT 
579.4353 
580.3729 
581.3106 
582.2482 
583.1859 
584.1235 
585.0612 
585.9988 
586.9365 
587.8741 
588.8118 
589.7494 PVC 
590.5922 
591.2453 
591.7087 
591.9824 PVI 
592.0666 
592.0663 
591.9606 
591.6651 
591.1800 PVT 
590.6000 
590.0200 PVC 
589 -4950 
589.0800 
588.7750 
588.5800 PVI 
588 -4950 
588.4909 
588.5200 
588.6550 
588.9000 PVT 
589.2000 

1DE LEUW, CATHER AND COMPANY 
ENGINEERS 

-3322 
100.00 -.0565 577.8000 

- .1200 

- .1200 

100.00 .2494 577.5600 
1.8753 

1.8753 

400.00 -1.5176 593.5000 

-1 - 1600 

-1.1600 

400.00 .8800 587.7000 

.6000 

JOB NO. 6 6606 
DATE, JAN 23, 199 
DATA BY 
PAGE NO. 3 

PROGRAM VRTALGNl VERTICAL PROFILE GRADE ALIGNMENT 
20 FERNALD HAUL ROAD 



IC3CS.0000 
-=::,.oooo 
- = Y L ' - .  0000 
L455.2 * 0000 
I53C2 - 0000 
ISZ.52 - 0000 
1 5 I P . C . ~ 0 0 0  
I51~2.0000 
1525:.0300 
- 3 L 3 2 . 0 0 0 0  
L5303.0000 
L53f,7.0000 
1~402.0000 
15L-5~.0000 
~3303.0000 
1555:.0000 
- 3 3 0 2 .  J O O O  
15ES5.0000 
1570C.0000 
- 3  : 3 c .  0000 
1580c.0000 
1 s E 5 0 . 0 0 0 0  
I 5 9 0 ~ . 0 0 0 0  
1s45c.0000 

. .  1500c.0000 
15~5C.3000 
1510c.0000 
1515c..oooo 
1520c.0000 
152sc. 0000 
1530C.3000 

- .--- 
- .--'I 

- ---., 

--  
2 - r  

~ --- 

P.G. 3LEv GRADE-LVC OFFSET TAN ELEV 

589.5000 
589.8000 
590.1000 
590.4000 
590.7000 
591.0000 
591.3000 
591.6000 
591.9000 PVC .6000 
592.1625 
592.3500 PVI 200.00 - 
592 - 4 6 2 5  
592.5000 PVT .oooo 
592.5000 
592.5000 
592 - 5000 
592.5000 
592.5000 
592.5000 
592.5000 
592.5000 
592.5000 
592.5000 
592.5000 
592 - 5000 
592.5000 
592.5000 PVC . oooo  
592 - 6875 
593.2500 P V I  200.00 
594.1875 
595.5000 PVT 3.0000 

5==2 - I n g r a m  terminated. 

1500 . 

7500 

592.5000 

592.5000 
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Copyright (1993) GEOPAK Corporation 
All rights 
Project : 
Subject : 
Job NO. 
Date: 
SYSTQul FIX 

* 1 

chain HAUL 

reeerPed 
haulii 

660 Operator: MB 
Thursday January 25,  1996 12:08 pm 

4 ASEC 2 BEAR PRI 0 NOR NE STA 2 PILE: 'BAULB' 

Describe Chain HAUL 

contairra : 

Curve HAUL-1 
P . I .  S t a t i o n  
D e l t a  a 
Degree ' c 
Tangent 3 

Length = 
Radius 0 

External = 
Long C h a d  E 

Mid. O M .  
B.C. S t a t i o n  
P.T. S t a t i o n  
C . C .  
Back = N  
Ahead = N  
Chord Bear I N 

Curva Data 
*-,,,,,,,,,* 

101+91.72 N 478,350.9110 E 1,347,410.0831 
44- 3 2 '  39.26" (RT) 
12- 1 4 '  24.40" 

1 9 1 . 7 1 5 2  
363.9202 
468.0986 

37.7383 
354.8242 

34.9138 
100+00.00 El 4 7 8 , 1 6 5 . 7 5 7 1  E 1,347,589.84a6 
103+63.92 N 470,532.0889 E 1 ,347,355.3969 

N . 478,685.1457 E 1 , 3 4 7 , 7 9 7 . 7 6 5 4  
63- 3 7 '  46.37" W 
19- 05' 0 7 . 1 1 "  W 
41^ 21' 2 6 . 7 4 "  H 

Course f r o m  PT lIAvL-1 to PC BAUL-2 N 13* 1 7 '  05.73"  W D i s t  658.5262 

w e  Data * -------- --* 
Curve rnUL-2 
P.X. Station 
Delta P 

Degree Ei 

Tangent 0 

Langth a 
Radiue P 

E x t e r n a l  
Long Chord I 
Mid. Ord. = 
P . C .  S t a t i o n  
P . T .  S t a t i o n  
C . C .  
Back = N  
Ahead 3 N  
Chord Bear - N 

1la+08.84 N 479,354-3989 E 1 , 3 4 7 , 1 6 1 . 2 4 2 1  
63" 42,  36.44" (RT) 
19" 05' 59.88" 

1 8 6 . 3 9 3 8  
333.5614 
299.9784 

53.1925 
316.6406 

45.1810 
110+22.45 N 479,172.992s E 1 ,347.204.0718 
113+56.01 N 479,473.1457 E 1 ,347.304.9148 

N 479,241.9218 E 1 ,347.496.023s 
13" 1 7 '  02.98" W 

18" 34' 1 5 . 2 4 "  E 
so" a s n  33.46" E 

Course from PT HAUL-2 t o  PC HAUL-3 N 50-  25' 33.46" E Diat 772.4862 

- _ _  _ _  - - -  - - __ - __  - -  - _ _  - - - 
Curve Data 

*,,,,,,,-,,* 
w e  HAUL-3 
B.J. Sfafion 122+32.91 N 480,031.7979 E 1,347,980.0327 
Delta 48' 50' 09.07" (LT) 
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Degree - 
Tangant P 

Length 
Radius 
External = 
Long Chord = 
Mid. Ord. - 
P.C. station 
P.T.  station 
C.C. 
Back - N  
Ahead = N  
Chord Bear = N 

- 
P 

24A 54' 43.43" 
104,4158 
196.0330 
229.9921 
22.5926 
190.1526 
20.5718 

121+28.49 N 
123+24.53 N 

N 
50-  25' 33.46' E 
1" 3.5' 24.39' I 
26" 00' 28-920 B 

479,965.2772 E 
480,136.1735 E 
480,142.5556 E 

Course from PT HAUL-3 to PC EAUL-4 N 1' 35' 24.39" E 

curve EIAVL-4 
P . I .  Station 
Delta P 

Degree I 

Tangent P 

Length * 
Radius I 

Extarnal a 

Long Chord = 
Mid. M d .  = 
B.C. Station 
P.T.  Station 
C.C. 
Back n N  
Ahead = N  
Chord Bear P N 

127+76.35 N 480,587.8263 
19- 19' 44.41" (RT) 
19* 05' 52.30* 

51.0906 
101.2103 
300.0LLS 
4 - 3192 

100.7310 
4 o 2579 

127+25.26 N 480,536.7554 
128+26.47 N 480,635 -5493 

N 480,528 .a04 
aA 35' 24.39' E 

20* 55' 09.80" E 
llA 15' 16.60" 8 

Course from PT HAUL-4 to PC HAUL-5 N 20- 55' 10.45' E 

C w e  HAUL-5 
P . I .  Station 
Delta a 

T a d g a t  * 
Length 0 

Radius ¶ 

External E 

Long Chord - 
Mid. Ord. = 
P . C .  Station 
P.T. station 
C . C .  
Back = N  
Ahead = N  

Degree a 

Chord Bear - N 

137+47.04 N 4ei,4ss.o9ee 
19- 58' 44.26" (LT) 
20^ 04' 44.58" 

50.2611 
99.5015 
285.3511 
4.3926 

4.3260 
98.99e2 

136+96.78 N 481,448.4876 
i37+96.2e N 481,545.3295 

El 4e~555.2428 
21A 5 8 ,  11.50" E 
lA 59' 27.24" E 
11* 58' 49.37" E 

Course from PT RAUL-5 to PC HAUL-6 19 1- 59' 27.24" E 

Cum Data 
*----------+ 

Curve HAUL-6 
P.I. Station 140+68.23 bl 481,817.1181 
Delta 0 88- 00' 43.27" (RT) 
Degree = 34* 43* 43.78" 
Tangent I is9.~3a 
Length c1 253.4264 

B 

E 
E 
B 

E 

E 

1,347,900.3487 
1, 347,9a3.7301 
1,347,753 - 8266 

Diet 400.7362 

1,347,996.2679 

1,347,994.8502 
1,348,014.5090 
1,348,294 - 7461 

Dist 870.3066 

1,340p344.0635 

1,348,325.2589 
1,348,345.8086 
1,348,060,6298 

Dist 112.5995 
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Radius - a64.9eos 
External = 64.3926 
Long Chord = 229.2350 
Mid. Ord. = 46.3155 
P.C. Station 139+08.08 N 481,657.8611 E 
B . T .  Station 141+62.31 N 481,817.1100 E 
C . C .  N 481,652.1295 E 
Back = 19 1- 59' 27.24. E 
Ahead ~1 s 8gA 59' 49.49" B 
chord Bear a N 45^ 59, 48.87" E 

CourBe from PT HAUL-6 to PC HAUL-7 9 88- 32' 32.13" E 

curve €!Am-7 
P.I. Station 
Delta a 
Degree a 
Tangent 
Length P 

Radiue a 

-tarnal a 

Long Chord E 

Mid. (3rd. = 
P . C .  Station 
P-T. Station 
C.C. 
Back 3 s  
Ahead - N  
Chord Bear = I 

145+55.82 N 481,807.10aa E 
12- 42' 59.56" (LT) 
10- 36' 15.47" 

60.2067 
119.9188 
540.3072 
3.3441 

3.3235 
1x9. c7a8 

144+95.61 N 481,808.6309 B 
146+15.53 N 481,818.8577 B 

N 402,340 - 7637 E 
80- 32' 38.31" E 
70" 44' 22.23'' E 
8SA 05' 51.9lp8 E 

course from PT ~ ~ m - 7  to PC HAUL-8 N 78' 441 22.13" E 

curve mm-e 
P-X- Station 
Delta i 

Degree 
Tangant 3 

L@Ilgth 3 

R a d i u s  m 

External m 

Long Chord a 
Mid. Ord.  - 
P-C. Station 
P.T. Station 
C.C. 
Back I N  
Ahead a s  
Chord Bear = N 

Curve Data 

- 
153+07.76 N 401,969.6526 

12A 46' 44.17" (RT) 
-2- 53' 26.90" 

221.9480 
442 - 0544 
12.3884 
441.1387 
12.3114 

i,gaa.oooo 

asa+65.82 N 481,926.3127 

N 479,982.4673 
156+07.87 I 4e1,963.7714 

70" 44' 22.13. E 
88" 28' 53.71" E 
85- 07, 44.21" B 

b .  21% 
@ 008 

1,348.349.7204 
;L, 340,514 m 6097 
a, 348,514.6013 

- .  . ~ 

1.348'907.9907 

Dint 550-2884 

1,349,724.4008 

1,349,506.7334 
1,349,946.2789 
1,349,093.7593 

courso from PT m - e  to loo s 88" 28' 5 3 . 7 0 "  E Diet 963.3791 

Point 100 N 4ei,938.2700 E 1,350,908.3200 S t a  165+70.25 
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Excrnp le: 
R=85% (Figure 701-11) 

Sod.49  (Ftsure 701-11) 
W18=9,3CO ,000 
MR =7200Dsi 

'FLEXIBLE PAVEMENT D E S I G N  701-12 
REFERENCE SECTION 
FLEXIBLE PAYEYENT D E S I a H  

EXAMPLE - STEP 1 

. C H A R T  SEGMENT 7 



Octobor 1 9 9 2  

* 

F L E X I B L E  P A V E M E N T  DESIGN 701-13 
REFEilEHCE SECTIOH 
FLEXtBLI P A V E M E N T  DEdlQN 

EXAMPLE - 8TEP 1 
CHART S E G M E N T  2 

, 

Design Sfrucfure Number, SN 
ExampIe:APSI= 2.0 

Solution: SN= 4.65 
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701 Stmeturd Design of 
Pavement 

. 701.1 Introduction 

Tine pvernent &sig Fmz&urs re!zies the 
p r formaw of a paemen to its siruc~rzl desi5n 
z. the b d i q  %?ti& to the pavenen. T h  
p?rfOmance of a ptvemen is rr;ezsu:zc! by its 
cafvkeziiiity which is cefifi& 2s the aiiitj to s m e  
high s p e d .  h@h vclume trrtombiie and truck 
trek. An M T O  Froceure wzs devebped to 
rze the service&il?j of a pvernent. k s d  on its 
roughness, a d  the ramber of czcks m d  pziches. 
A =le with a range from 0 to 5 was esiti=lisned for 
present servicaability index E i i q S ,  with 5 as the 
higghesi index (exce!lem) and 0 as the bwes 
(FO"']: 

The AASiiTO des$n proceues alkw for the 
se!eCbn of any serviceabiiity irdex at the erd of a 
desQgn perbd. Ohio has adopted a desqgn period 
of 20 years arxl a terminal sarviceability index (p) 
- 4 -  e 

The design procfczre fcr bcth rigid ;,-xi flexi'cle 
Fzvemerrt stmares C ~ S Z T S  zrcurxj the 
investigttbn and evaluatan of the resilien 
r r . u l u s  of the sukgade sail ard the traffic. 
expressd in terms o i  ecuivz:errt 18 Kip sirife a l e  
kGd SppkdbflS. A brkf descfation of the resilient 
r d u l u s  (MFi) and equivafefl 18 Kip sinsfe axfe 
bzd applktions (Wtaj follows: 

701.2 Subgrsde Resilient Modulus 
(ti! R) 

For deaign of either flexi'ife or rigid pvements. 
1% Sukrade soil tyFs is derrmined dirC2y f r G n  
sei1 teSis rrzde in ccnjurGbn with the sa1 profile 
or  b r d c e  fougdion investiGzijns. In Ohio, saiis 
a s  c!assified bzs& on grzc::hn ard Aitekura 
Enrts (liquid limit mi SIasiic2j irdex) in a rrdific! 
AASilTO system as spawn in Eg. 701 -1. 

- 

c - 

' L  

Extreze czutkn sFculd b exerciszj in c.ka5rg 
t k  re',resentatfJe %$:&e wil fc,* pver2r;t 
dEz;Cn. Normzir)., the we&= prxclTi%% sail 
t''* F r e s x t  is cixszn. irs folbwir~ 7 -  vlL€.s2ure is 
then u s d  to der=miir;e tt;e Resi1.G-e Mcdubs 
(FA3 of the ssil: 

1. Ce!emire t f x  G ~ u p  irdex fmm ,=szrs 701-2 

2. CSP.mke the C&Zj;;;k &3'75 F&k from 
Fig~rei01-3. 

~~ 

3- Utilize the wz& on Fqrs T01-3 to 

For an example, s s  .sw 1 and 2 ci tte fiicjjd 
Pavement Desicy ac--"rr;paiying the f@Es Zi t k  
end of this sekcn .  

Loading (w18) 

czhlate MA. 

701.3 78 KIP Eyuivafent Sifigle M e  

TMfk informailon, in order to k USA in 
pavemem desQn, must t>a mnverta inio the 
number of equivalent 18 Kip singk axk bxi  
qplkthns (Wta) over Pie paerren deskjn 
period. 

Availzble trzffk irrfomtjon u a ~ l t y  l u q x  
together the number of 8 and C vehicfes. Sire the 
numcer of E and -the numer  of C vehic!es are 
required to obtzin Wia. Figure 7014 @es 
zyroximzte rztios of 8 to C vehk!es sa the 
number of each czn be es i imad .  An ezsy 
method of checkiq the B:C rota is to observe the 
trzffk zl the project sae. This mzj  Zls reved 
some Severe paverrent bau'ings, suc.7 as coal or 
grzvel trucks wbkh may be quivalent to 9 8 or C 
trucks. A little thought given to the truck tr*c in 
an area can go a brg way toward de!emining the 
proper pzvement thickness. Fgure 7014 E:C 
ratios s:lould be ussd with cation. 

Once the number of 8 and C vehic!es p r  day is 
krawn, they are muftiolied by the qzpopri8e 
canversbn faxor (Qure  701-4) times 265 days Fer 
year, times 20 years to obttin Wla. Wts is then 
u s d  in the nomographs in either Figure 701-9 or 
Figure701-12. 

~ For-an example c t  a- W-la-Gkulation,- sao-ste? 3 - 

of the Riga Pavemem Des@ a m m f i y i r g  the 
figures at the end of this s c j o n .  

0@Q092 
tF.T .-? fb/;j:-;.; $'?. & !T2 T 

L - ,  -- - C r  L' 
1 -; 



Fzversn t  Desisn 
_.' 

701.4 Pavement Design Examples 
ExzWks of both Kg2 Faement Ctsisn zrd 

Fiexikle Faememf Dssgn art iflc!u&i with the 
Eyres  c? ::le end of ais s x b n .  

' 

701 -5 General 
R ~ m m n d a t b n s  in this mtnual are for pavirg 

rgeriak thzt can ion  to OOOT sW3'6tions 
only. 

P r e p z ~ j c n  of tt2 sckgtde is cf prime 
irrmrtzrce. If wrdkions (utiiities, ec.) hinder 
Frc.xr s&yade t r m r x t ,  then a thicker 
pvemnt desisn slxuld bs ansidtred. tf 

reqJire excessive paiement tliicknacs, the 
thickness a u l d  be resrrcec! by strerqthening the 
suixpce using stzbilizziion. 

Reinfoe3 steel us& in dncrete does not 
strengthen it. but is only us& to hold irnemdiate 
crocks tjgktly together. 

For umrbed pavements anying 50 or mre  
eqdivalerrt 18 Kip axle bads Fer day and for a b e d  
pvements carrying 100 or rare 18 Kip a l e  loads 
per day, a granular or stzbilized s u s s e  is 
ansidered desirzble to prevent pumping for 
c3nc:ete pavements on fine textured soils. 

S " i "  u%r4de - mnditions are extnmely pccr and 

707.6 Edge Course Design 
701.61 RlgM Pavement 

The su-se for a rigid pavement shall extend 18 
irches beyond the jxvement edge, or to the 
outsae @e of the porous bac!ill over the pipe 
underdhn, or to 6' beyond the outside edge of the 
paved shoulder where called for in the shoulder 
desQn, whichever is Greater. 

Where ah and gutier or integral t y p  2 cwb is 
us&. sutbase shall extend 12 inches bzck of the 
curb or  to the outs& of the porous bz-ckiill over 
the pipe underdrain, whichever is greater. 

701.62 Ccmpostte Pavement 

Concrr!e base shtl l  extend k y o n d  the wearing 
3 inches. Subbase under the cmcrete 

b t sa  shall be treatM the =me as urder rigid 
pavement. 

Intemeiate curses less than 2 ircF&s t h a  
placed d i r e l y  u n W  the surizce. shculd be sFwn 
as encirg in the sane vertkif plane as ;ht s u r i z .  

701.64 Paved Shoulders 

All c=urses shall end in the same veriizl plane at 
the outside edge of flexible paved s,houLi?rs. 

702 Shoulder Design 
702.1 General  
Shoulders are used to provide an area for the 

acmmdation of disbled vehicles, fcr t t i  hterol 
support of the base and suriace C ~ U K ~ S .  and to 
improve the safety of a higbvay, ard for future 
maintenance of troffic operatiom durirg 
maintenance and rehzbilitation work.. I 
702.2 Types 
As noted in Sedion 301.22, there are four ksk 

types of shoulders: p a & ,  bituminous s e ~ e  
trezted, Szbilizecf tggrqzte. or turf. Fsures 301-3 
and 3014 show when to us8 ezch type. It should 
be noted that turf shoulders m y  only be us& cn 
non-stata maintained roads, zt the option of the 
local government, if the current year ADT induaes 
less thzn 250 B z-d C truck units. Deskjn and us 
of the other types of shoulders are ciscussad in 
subsacuent sections. 

Figure 702-1 s~hows several pavd shouk2tr 
designs. Eituminous sufiace t r e a d  z-d Zzibilizd 

Decadxr 1992 i-Z 



Examie - Ricid Pavement Desian 

Given: 

Paver~irrt: Dowe!l&, j o i c d  conc;z!e 
Subt;=: 6 3iO 
S~..U!C?SS:  TI^, joint&, ur&;ve!ld cznc:a!e 
NuI7mof  b e s :  4 

Furejonii CkZcdbn: Rrc igd  hd 

lSS2TMi: 12347 ADT - 

Arteria 

2912 TczF~c: 25,M ADT, 104'0 tacks (24 P a r )  
Year pemen t  ankipat& to bs open to traffc 

Soil Clzssfczion: Liquid Emit = 45, P i ~ k ; v  

Problem: 

Sohe for thickness of c3nc:ete s l d .  

sa lut ion: 

Steb 1 - Determine Gmup Index Nu-r (G.I.) 
using F g r e  70 1 .Z 

In chart A. solve for the Partial Group Ircfex using 
the 70% Passing No. 200 Sieve and the Liquid Limit 
(LL) of 4. G.I. from Chart A = 7.9. In Chart E, 
solve for the Partial Gmup Index number using the 
- -0 t  IU 

PriSKrty Index of 1 2  GI. fmn c ! m  B - 0.8. The 
tctal G.I. 7.9 plus 0.8 or 8.7 (Fiounded o f f  to 9). 

- Steo 2 - Determine the Subgrade Resilierit 
Mcdulus (MA) using Fgure 701-3. 

Usirg the Group Index Nunker ('3.1.) of 9 from 
Figre 701-2 (Step 1) .  the California Bearing Ratio 
(CSG) is 6 (Founds). The C 3  is U S X I  in the 
fclbwiq formula to deternine the Resilierit 
Mocfulus. 

1996 

Index = 12, 70% pzssircj No. 2W sieve. 

- 

(55 or more) Passing No. 2110 Sieve and the 

MR = 1200 X C8R = 1200 X 6 = 7200 psi. 

- Steo 3 - Determine the 18 Kip Equivalent Single 
Axle Loading (Wre) 

I f  the tmCI: volume is expres:si t s  a prcenttge 
of Eak tiour traffic, as it is in the design . 
Cosignaiion, it should be muhiplied by 1.6 to obtain 
the percenzge for average d d i i  tnck traJk. Sincz 
the projec: probably would not be opened until 

_ - _  

. 

lSS6. !he tr,ffic pwkd wculd be 1%6 to 2016, with 
a rnid-yedr of 2GG5 ard an ir;tevk.;td ADT oi 
21,2?3. 

C facor = 1.02 

E-18's from 8's 
,I> 

- , 
21 203(. 1 0)(5/6 j (-5) (3) (2.1 6 j = 1 71 7.4 

-..---- 

E-18's from C's 

21 203(.10)( 1/6)(.5)(.9)( 1.02) = 162.2 

E-18 = 1717.4 + 162.2 = 1879.6 

WIS = 1879.6 x 365.25 aaygyr x 20 yr 

wia = 13,730,478 szy 1 3 . 7 ~  lo6 

Step 4 - Determine the Corrposite Modulus of 
Subgrade Reacion (Kc) usirig Fgure 701-6. 

Starting with the assurd subbase thickness 
(&a) of 15,000 psi (6' 310 Subbase from Fqrs  
701-5), and down to a Subgnde Resilient Modulus 
(Ma of 7200 psi (From Fgure 701-3, Step Z ) ,  
resutts in a Kc of 340 psi. 

- Steo 5 - Determine the Effective Modulus c i  
Sumfade Reaction (K) using Figure 701-7. 

The Campsite Modulus of SubgrPde Readion 
(&) is 340 pci from Fgure 7014. S t q  4. The Loss 
of Support (LS) for the 310 Subbase is 1.0 from 
Fgure 701-5. This resutts in a K of 110 pci. 

Steo 6 - Deternine the thickness of the mncrels 
slab using Figures 70 1-8 and 701 -9.. . . . - . - - 

Figure 701-8 is used to sdve for the Match Lim 
Number using the following informaticn. 

- 
_ -  _ _  .. - -- 



Elfeebe Mcdufus of Subgrcde (K) = 110 pci 

Conc:e!e E!astic Modulus (Ec) = 3.6X106 psi 

(Figure701-7,Step5) 

(Fic~ure701-10) 
- 

Load TransferCoeCcient (J) -2.8 (Figure 701-10) 

DrainageCoefficier;t(Ca) = 1.0 (Egure 701-10) 

The resuiting Mzch Line Number of €4 is then 
us& on Fgure 701-9, d o 4  with the following 
information, to solve for the DesQgn Slab Tinidmess 
(01. 

Design Sem'cezbiiity Loss (psi) - IniiiJ PSI 
(Figure 701-10) minus the (PI) Terminal 
Servicezbitii Index (Sactjon 701.1) or 4.2 - 25  = 
1.7 

Overall Standard Deviation (Sa) = 0.39 (Figure 
701-10) 

18 Kip Equivalent (Wte) = 13.7X106 (Step 3) 

Theretore: Design Sizb Thickness (D) 9.6 



ExarnDle-'Flexibfe Pavemeni Desian 

Given: 

Solve for flexible pzvement desgn. 

Solution: 

- Ster, 1 - Cetermine the Desicy Struaura! Number 
(SN) using Fgures701-12and 701-13. 

In Figure 701-12, salve for the MZiC,c1 tine 
Number using the following information: 

Reliability (A) = 85?G (Fgure 701-1 I) 

Overzll Standard Deviation (So) = 0.49 (Figure 
701-11) 

18 Kip Equivalent (Wle) = 9,300,000 (Given) 

Resilient Modulus (Ma = 7,ZGG psi (Given) 

The resufting Match Line Number of 40 is then 
used on Figure 701- 13, along with the folkwing 
informstion, to sofve for the Design Slmctural 
Number (SN). 

Design Serviceability Loss (PSI) P Initizl PSI 
(Fgure 701-11) minus the (Pi) Terminal 
Serviceability Index (&!ion 701.1) or 4.5 - 25 = 
2.0 

Therefore: Design Stmctural Number (SY) = 
4.65 

- Steo 2 - Determine flexible pavement design by 
equating the structural number (SN) to thickness 
using the structural coeffiients in Figure 701-11. 
The total SN for the psvernent desicjn shall or 
exceed the SN from Figure 70 1-12. 

- - _ _  - --- - - - - - ~  

MZen'd Thickness Coeffiien SA 

$04 1-114- x 0.25 = 0.c: 

- - 

301 lGl/Z' X 0.25 = 3 . B  - - 
12-1/2- 4.73 

Atternste Desicn Usim Gnnukr Bzat 

448402 - 3- - - x -  0.25- = 1.E r- - 

301 8- X 0.3 = 2-33 

6 X 0.14 = 0 . g  

17- 4.62 

- - 304 

When full degth thickness of less t k t n  5.5 is 
required (SN=1.80), a graular &sa desgn is 
suggested. 

. 

.' . 
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RATIO OF B TO C COMMERCIAL VEHICLES 

701-4 
W C 0 N V E R  S IO N F A  CTO R S ‘RE.=z:RENCE S E C T I O N  

78 R l Q I D  PAVEYEHT DESlQH 
E X A M P L E  - STEP 3 

FUNCTIONAL CLASSIFICATION E:2 RATIO 
Rural I n t e r s t a t e  

- , - l  Rural Principle A r t e r i a l  
----)All o t h e r  Rural iJ>i-. / 

5; iRci.* L= 
- 

Urban Int.erst.cte 

Urban Principal A r te r i a l  
All ot -her  Urban 

/ 

i- *- c. Urban Freeway & Expressway 

E:! 
51 
I :2 ;. 
2:i 
I :I 
6:! 
I :6 

Use ac tua l  8 and C counts  when available 

CONVERSION FACTORS 
Function Classification 

Noies: 
8= T r a c t o r - t r u c k s  w i f h  semi- t ra i lers and t r u c k s  w i t h  

C= Single unit t r u c k s  (2 axle, 6 t i r e s  o r  more) n o t  

t ra i lers .  

included in A. 
The in format ion on  t h i s  f igure  will be periodically updated 
by t h e  Bureau o f  Technical Services. 

LANE FACTORS 
ry? .Qs rp % TRUCKS - r I  

IN DESIGN LANE 
LA 4 iFg . i  NUMBER OF LANES 

@ - Lane Divided 90 
6 ( o r  more) - Lane Divided 80 

@Q3!85’7 



PAVEMENT DESIGN RELIABILITY LEVELS 

RELIABILITY. LEVELS (%KR) 

FUNCTIONAL CLASSlFLCATlON 

I n f e r s i o t e  and Freeway 
Principle A r  f-erials 
Collectors 
Local 

URBAN RURAL 

FLEXIBLE PAVEMENT DESIGN 

95 
90 
90 
80 

Initial PSI 

Overall S t a n d a r d  Deviation (SO) 

STRUCTURAL COEFFICIENTS 
I 

I Aspha I t  Concrete (404,40-2;30l,448,446) 

Aagregate 4 Base (304) 

Subbase (310) 

Eubblized C o n c r e t e  

90 
85 
85 
80 

FACTORS 
4.5 

0.49 

0.35 

0.14. 

0.1 I 

0 .27  

0.22 

0.14 

_ _  ~. - _ _  

@QQOC;:,S 
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B+ f21r 
De Leuw, Cather Subject: North Entrance Rd Job NO. 660620 
Engineers and Planners Sheet No. of / 

Checked by: Date: 

304 - 20000 AGGREGATE BASE 

Thickness= 6 in. 
- .. . .. - - Width= (2)(12' lanes) + (2)(5' shld) + (2)(1') = . 36 ft. 

PHASE I: Sta 200 + 00 to 215 + 73.70 = 1573.70 ft 

Sta 137 + 78 to 162 + 58.18 = 2480.18 ft 

4053.88 4054 ft 

PHASE 11: 

Volume: (4054 ft)*(36 ft)*(6in /12)*(lcu yd 127 cu ft) = 2702.667 

(4054 ft)*(2 ft)(5 ft)*(lO in/l2)'(lcu yd/27 cu ft) 1251.235 

Total: 3955 cuyd 

Sta 100 + 00 to 137 + 78 = 3778 ft 

Volume: (3778 ft)*(36 ft)*(6 in /12)*(1 cu yd /27 cu ft)= 2518.667 

(3778 ft)*(2)(5 ft)*(lO in /12)*(1 cu yd /27 cu ft) 1166.049 

Total: 3689 cuyd 



De Leuw, Cather 
Engineers and Planners 

Subject: __ NorthEntrance Rd Job NO. &64620 
SheetNo. of 1 

Made by: Date: 
Checked by: Date: 

402 - 20000 ASPHALT CONCRETE 

Thickness= 8 in 
Width= (2)( 12' lanes)= 24 f t  

PHASE I: Sta 200 + 00 to 215 + 73.70 = 1573.70 ft 

Sta 137 + 78 to 162 + 58.18 = 2480.18 ft 

PHASE 11: 

4053.88 4054 ft 

Volume: (4054 ft)*(24 ft)*(8 in/l2)*(1 cu yd/27 cu ft)= 2402.37 

Total: 2403 cuyd 

Sta 100 + 00 to 137 + 78 = 3778 f t  

(3778 ft)*(24 ft)*(8 in11 2)*( 1 cu yd/27 cu ft)= Volume: 2238.81 5 

Total: 2239 cuyd 



De Leuw, Cather Subject: 
Engineers and Planners SheetNo. of / 

Checked by: Date: /9,/95 
Date: u/",/91f 

404 - 20000 ASPHALT CONCRETE 

Thickness= 2 in 
Width= (2)(12' lanes) 24 ft 

_ _  - 

PHASE I : Sta 200 + 00 to 215 + 73.70 = 1573.70 ft 

Sta 137 + 78 to 162 + 58.18 = 2480.1 8 ft 

4053.88 4054 ft 

Volume: (4054 fi)*(24 ft)'(2 in/l2)*(lcu yd/27 cu ft) = 600.5926 

Total: 600 cuyd 

PHASE II: Sta 100 + 00 to 137 + 78 = 3778 ft 

(3778 ft)*(24 ft)*(2 in/12)*(1 cu yd/27 cu ft) = Volume: 559.7037 

Total: 560 cuyd 

~- - - - - __  - 
_.  . - -  - - -  

n 5 4 2  (?@ L" A-- 

. -, 



De Leuw, Cather 
Engineers and Planners 

Subject: 660620 __- -- - 
Sheet No 

MarPav-- 

Date: -33: 
Checked by Date: /z / 

408 - 10000 BITUMINQUS PRIME COAT 

PHASE I : (4054 ft)*(24 ft)*(l sq yd/9 sq ft) = 

(0.5 gall1 sq yd)*(10811 sq yd) = 

10810.67 sq yd 

5405.5 gal 

Phase I Total: 5406 gal 

(3778 ft)*(24 ft)*(l sq yd/9 sq ft) = 

(0.5 gall1 sq yd)*(10075 sq yd) = 

10074.67 sq yd 

5037.5 

Phase I I  Total: 5040 gal 

PHASE I1 : 



is-. 
5 -  

De Leuw, Cather Subject: North Entrance R Job NO. 66i!OA6-20 
Engineers and Planners 

Checked by: 

NON -WOVEN GEOTEXTILES 

Typical Width= 34' Pavt + 3' Rt + 3' Lt = 40 ft 

-PHASE I : - Sta 200-+ 00 to 215 + 73~70 = 1573.70 ft - 

Sta 137 + 78 to 162 + 58.18 =2480.18 ft 
-- 

4053.88 4054 fi 

Area: (4054 ft)*(40 ft)*(l sq yd/9 sq f 18017.78 

Phase I Total: 18018 sq yd 

PHASE II: Sta 100 + 00 to 137 + 78 = 3778 ft 

Area: (3778 ft)*(40 ft)*( 1 sq yd/9 sq f 1679 1.1 1 

Phase II Total: 16792 sq yd 



01/25/06 THU 15:17 PAX 614 488 1839 BARTON ASCEMAN 

DL m, CATBER AND CoHPm JOB NO. 6 6606 
ENctxNEERs MTB, JAN 23, 199 

DATABY 
R A G B N O .  1 

RROQZAM VRTALGN1 VBRTXAL PROFILE aRAoB ALIGNMENT 
20  NORTH ENTRANCE ROAD - MAINLXNB 

STATION 

10000.0000 
10050.0000 
10100.0000 
10150.0000 
10200.0000 
10250.0000 
10300.0000 
10350.0000 
10400.0000 
10450.0000 
l0~00.0000 
10550.0000 
10600.0000 
10650.0000 
10700.0000 
10750.0000 
10800.0000 
20850.0000 
10900.0000 
10950.0000 
11000.0000 
11050.0000 

11150.0000 
11200 a 0000 
11250.0000 
11300.0000 
11350.0000 
11400.0000 
11450.0000 
11500.0000 
11550.0000 
11600.0000 
11650.0000 
11700.0000 
L.3750.0000 
11800.0000 
11850.0000 
11900.0000 
11950.0000 
32000.0000 
12050.0000 

12150.0000 
32200.0000 

12300.0000 
12350.0000 

12450.0000 

~aaoo.oooo 

12aoo. 0000 

aaa5o.oooo 

11400.oooo 

B.G. ELBV 

580.0000 
580 .  5167 
581.0333 
501.5500 

582.9833 
583 -1000 
583.6167 
504 -1333 
584.6500 
585.1667 
58s.  6033 
566 .ZOO0 
586 - 7167 
587.2333 
507.7500 
580.266'1 

589.3000 
589.8167 
590.3333 
590.8500 
1 9 1  - 3667 
591.8833 
592.4000 
592-9167 
593.4333 
593.9333 
594.4060 
594.8333 
595.2333 
595.6000 
595.9333 
596.2333 
596 .5000 
596.7500 
597.0000 
597.2500 
597.5000 
597 -7500 
S90.0000 
598 -2500 
598.5000 
598.7500 
599.0000 
599.2500 
599.5000 
599.7500 
600.0000 
600.2500 

583. 0667 

st10 -7833 

PVC 1.0333 

PVI 400.00 -.2667 595.5000 

OVT .5000 

la 002 



01/25/96 THU 15:18 PAX 614 488 1839 BARTON ASCEUN 

12500.0000 
12550.0000 
12600.0000 
12650.0000 
12700.0000 
12750.0000 
12800.0000 
U050.0000 
12900.0000 
12950.0000, 
13000.0000 
13050.0000 
13100.0000 
13150.0000 
13200.0000 

13300.0000 
13350.0000 
13400.0000 
L3450.0000 
13500.0000 
13550.0000 
13600.0000 
13650.0000 
13700.0000 
13750.0000 
13000-0000 

13900.0000 
13950.0000 
14000.0000 
14050.0000 
14100.0000 
14150.0000 
14200.0000 
14250.0000 
14300.0000 
14350.0000 
14400.0000 
14450.0000 
14500.0000 
14550.0000 
14600.0000 
14650.0000 
14700.0000 
14750.0000 

14850.0000 
14900.0000 
14950.0000 

13aso.0000 

i3aso.0000 

i4aoo.0000 

Q.G. EtSV GRADE-LVC OBBSET TAN ELEV 

600 - 5000 
600.7500 
601.0000 
601.2500 
601.5000 
601.7500 
602.0000 
602 .a500 
602.5000 
602.7500 
603.0000 
603.2500 
603.5000 
603.7500 
604 - 0000 
604. 5000 
604.7500 
605.0000 
605 - 2500 
605 - 5000 
605.7500 
606.0000 
606 - 2500 
606.5000 
606.7500 
607 - 0000 
607 - 2500 
607.5000 
607.7500 
608.0000 
608.2500 
608.5000 
600.7500 
609.0000 
609.2500 
609 - S O 0 0  
609.7500 
610.0000 
610.2500 
610.5000 
610.7500 
611.0000 
611.2500 
611.5000 
61L.7500 
612.0000 
612.2500 
612.5000 
612.7500 

604. a500 

' !  



01/45/86 THU 15:18 FAX 614 488 1838 BARMN AS- 

DS LFxJw, CATHER AM) COMPANY JOB NO. 6 6606 
BNQINEERS DATE, 23, 199 

LlATA BY 
PAGENO. 3 

PROGRAM VRT-1 VERTICAL PROFILE GRADE ALIGNMENT 
20  NORTH ENTRANCE ROAD - MAINLINB 

STATION 

15000.0000 
15050.0000 
15100.0000 
15133.3333 
15150.0000 
15200.0000 
15250.0000 
15300.0000 
15350.0000 
15400.0000 
15450.0000 
15500.0000 
15550.0000 
15600.0000 
15650.0000 
15700.0000 

15750.0000 
15800.0000 

*. 15850.0000 
. 15900.0000 
- 15950.0000 

16000.0000 
16050.0000 
16100.0000 

8 .  16150 - 0000 
16200.0000 
16250.0000 

15746.0e60 

.I 

P.6. ELEV GRADE -LVC 

613.0000. PVC 
613.2031 
613.3125 
613 .3333 
-613.3201 
613.2500 WI 

612.8125 

612.0000 Dv1 
611 - so00 
611.0000 
610.5000 
610-0000 W C  
609.5856 
609.3423 PVI 
609.2696 
609.2701 
609.3691 PVT 
609 - 5536 

609.9226 
610.1072 
610 - 2917 
610.6762 
610.6608 
610.0453 
611.0290 
611.0600 

613. o m  
6a2.4531 

609.73ei 

- i6zs~.ieoo 
Stop - Program terminated. . ”. 

.so00 

400.00 

-1 .0000 

-1.0000 

2 0 0 . 0 0  

-3691 

OPPSBT 

- ,7500 

,3473 

TAN $LEV 

.. . 

614.0000 

609.0000 

@ 004 



01/25/96 TBU 15:18 FAX 814 488 1839 BB#MN AS- 

JOB NO. S 6606 
DATE. JAW 23, 199 
DATA BY 
PAGENO. 1 

PROGRAM VRTALGNl VBBTICAL RROFIIZ GRADE ALIGNMENT 
20 M)RTB n C E  ROAD - BYBASS LOOP 

STAT ION 

20000.0000 
20050 .0000  
20100.0000 

20200,0000 
20250.0000 
20300.0000 

20400.0000 
20450.0000 
20500.0000 

20600.0000 
20650.0000 
20700 .0000  
20750.0000 
20800.0000 

20900.0000 
20950.0000 

21050.0000 
21100.0000 

21200.0000 
21250.0000 
21300.0000 
11310.0000 
21400.0000 
21450.0000 
11500.0000 
21550.0000 
21573.7000 

aoi5o.0000 

ao3so.0000 

aosso.oooo 

ao8so.0000 

aiooo.oooo 

22a50.0000 

P.G. ELEV 

185 I5000 
585 - 9500 
586.4000 
586.8500 
587.3000 
587.7500 
508.2000 

589.1000 
589. SSOO 
590.0000 
S90.4JOO 
590.9000 
593.. 3961 
591-9843 
592.6647 
593.4373 
594.3020 
595 -2589 
596.3079 
597.4491 
598.6364 
599.0236 
601.0109 
602.1982 
603.3855 
604.4553 
605.2904 

606.2562 
606 -5043 
606.7524 
606.8700 

sea.  6500 

605.  a907 

stop - Program terminated. 

GRADE-LVC OFFSXT TAU ELEV 

w c  .9000 

W I  400.00 ,7373 59a.7000 

PVT 2.3745 

Pvc 2.374s 

PVI 200.00 -.4696 605.7600 

QVT -4967 
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t 1 Describe chain NE2 

Chain NE2 contains: 
CUR NEZ-1 CUR LQE~-2 CUR m-3 CUR ma-4 CUR m7-5 

curve mta 
*----..8----* 

Curve NE?-1 
P.I. Station 100+00.94 N 470,033.7076 
Delta D 34^ 34' 21.63" (LT) 
Degree a 22^ 01' 48-69'' 
Tangent P 80.9374 
Length I 156.9332 
Radius s 260.0785 
XxterPal  U . 3 0 3 0  
Long Chord 3 154.5632 
Mid. Ora. I 11.7473 
P.C. station 100+00.00 N 478,879.7900 
P.T. Station 101+56.93 N 478,833.5199 
C . C .  N 479,093,5977 
Back =I 3 55- 17' 40.14" E 
Ahead E S 89^ 52, 01.77" E 

'=A{ Chord Bear - S 72^ 34, 50.96" E 
- ,._ 

Couree from RT NE2-1 to RC NB2-2 8 89- 52' 01.77" E 

curve Data ."-- 
* - - - - - - - - - - a  

Curve -2-2 
P.I. station 113+01.91 N 478,830.8653 

Degree a 19' 05' 54.74" 
,- Tangent = 295.3031 

.' Length 3 466.5055 
Radius a 300.0008 
External a 120.9557 

Mid. Ord. 86.2000 
P . C -  Station 110+06.60 N 478,83Z.SSOO 
P . T .  Station 114+73.11 N 479,126 -1200 
c-c. N 479,131.5500 
Back S 89A 52' 01.77" E 
Ahead = N Z^ 07' 13-59" B 
Chord Bear 3 I QS^ 35' OS.9ln E 

--.Delta a 89- OS' 44.64" (LT) 

Long Chord = 4ao.9041 

E 1,350,453.5778 

E .1,350,387.0400 
E 1,350,534.5149 
B 1,350,535.1179 

Dist 843.6701 

E 1,351,384.1828 
B 1,351,684.0300 
B 1,351,384 .'8783 

curve mz-3 
P . 1 -  Station 
Delta P 

Degree e 
Tangent 
Length = 
Radius E. 

External e 
Long Chord P 

Mid. ord. = 
P.C. S t a t i m  
B-T. Station 

l55+66.27 N 483 , 219.0196 E 
22^ 52' 40.98" (LT) 

9- 32' 55.12" 
121.4149 
239.5948 
600,0410 
12.1606 

- - 230-0062 
11.9190 

__ ~ _ _ -  . - - -  ~ 

154+44.65 N 483,097.6124 E 
156+84.45 N 483,331.4085 E 
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C . C .  N 
Back , '.- N O A  38, 46.17" E 
Ahead a W 22- 13' 54.81. W 
Chord Bear P N 10- 47' 34-32. W 

BARTON ASCEQIAN 

403,104.3793 E 1,351,129.6179 

Course from PT NB2-3 to PC NE2-4 N 22- 13, 54.80" W Dfst 73.0006 

Curve ma-4 
P . I .  Station 
Delta = 
Degree a 
T q - t  a 
Length n 

RadiU8 0 

External I 

Long Chord P 

P.C. Station 
P.T. Station 
C.C. 
Back = N  
Ahead - N  
Chord Bear u N 

Mid. Ord. P 

Curvs Data 
c ---------- * 

159+24.27 N 483,553.4006 B 1,351,594.3145 
31- 04' 42.98" (RT) 
9- 33' 01.29" 

166.8195 
325.4102 

22.7614 
321 -4434 
21.9294 

599.9333 

157+57.45 FI 
160+02.07 N 

N 
2ZA 1 3 '  54.81" W 

e A  50' 48.17" E 
B* 41' 33.32" W 

483,398.9825 B 
483,718.2355 E 
003,625.9700 R 

1,351,657.9317 
1,351,619.9700 
1,352,212.7660 

Curve m2-5 
P.I. Station 

Degree a 

Tangent 
Length 
Radius P 

External a 
Long Chord = 
Mid. Ord. I 

P.C. Station 
P.T. station 
C.C. 
Back m N  
Ahead = N  
ChordBear o N 

Delta a 

Dist 105.2336 

1,351,641.5556 

c w w  Data 
8 - - - - - - - - - - *  

162+23.22 N 403,856.9221 E 
9- 39' 10.49" (RT) 

l J A  46' 27.23" 
35 - 1229 
70.0795 
015.9636 
1.4802 

69.9967 
1.4750 

161+88.10 N 4133, a22 -2171 E 1,351,636 -1540 
162+58.ia N 403,090.2301 E 1,351,652.7000 

N 403,750.2454 E 1,352,047.1690 
8" 50' 48-17" E 

18- 29' 50.66O E 
13- 40' 23.42" E 

@ 010 
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Copyright (1993) 0EC)RAK Corporation 
All righte teaowed 
Project : haulii 
Subject: 
Job NO. 660 Operator: MB 
Date : Thursday January 25, 1996 12:lO p 
SYSTEM FIX 4 ASBC 2 BEAR PBI 0 NOR NE STA 2 FILE; ,NEl' 

* 1 Describe Chain NE1 

curve ma-a 
P . X .  Station 
Delta I 

Degree 3 

Tangent: P 

Length i 

Radius I 

'External = 
Long Chord a 

Mid. O r d .  - 
.'. P - C. station 
- P.T. station 

-.- 

C . C .  
Back . E N  
Ahead E N  
Chord Bear - N 

202+19.62 N 400,390.7302 E 1,350,876.1242 
43^ 32' 30.76" (RT) 
10- 25' 09.78" 

219 -6192 
417.0930 

I 549.8960 
42 - 2342 
407 .go94 
3 9 . 2 ~ ~  

200+00.00 Bl 480,171.1900 E 1,350,070.5400 

N 480,157.2078 E 1,351,420.2582 
204+17.89 N 400,546.0355 E a, 351,032-415s 

1" 27' 25.25" E 
44^ 59' 56.01" E 
23A 13' 40.63" E 

% Course from PT NE1-1 to PC NBI-2 N 44A 59' 56.02" E Dist 732.1071 
.. , 

Curve Data t *  

curve -1-2 
P.I. Station 
Delta 0 

Degree P 

T a g a t  - 
Length 0 

Radius 0 

External E 

Long Chord a 
Mid. Ord. 0 

P . C .  station 
P.T. Station 
C.C. 
Back = N  
Ahead 3 N  
Chord Bear = N 

2a3+13.03 N 4Blt221. 0069 E a,35it707.i257 
44" 06' 16.48" (LTI 
loA 25' 09.20" 

222.9461 
423.6200 
549.9045 
43.4756 

410.3227 
40 .a902 

211+50.08 N 401,063.7000 B 1,351,549.1400 
215+73.70 N 4a1,444.0000 E 1,351,710.9600 

N 401,453.4574 E 1,351,161.1360 
45^ 07' 24.06D E 

0- 59' 07.56" E 
23A 03' 15-82" E 

- - _ _  - - - - . . - . - - - - - - - - 
Copyright (1993 I GBOPAK cornoration p 1 9 - 1 1 1 1 1 0 1  

A l l  rights reserved Q B O P A K  
Project : haulii 
Subject : 

F Y  
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Job NO. 660 Operator: MB 

SYSTEM F I X  4 ASEC 2 BEAR OR1 0 NOR STA 2 FILS: 'NEl' 
Date: mwaay JGUIU~~~ 35. a996 u : i o  pm 

* 1 Describe Chain NE1 

Chain Ngl contains; 
CUR NBl-1 CUR NEa-2 

curpe -1-1 
P . I .  Station 
Delta P 

Degree P 

Tangent: - 
Length a 

Radius a 

External = 
Long Chord E 

Mid. ord. = 
B . C .  Station 
B.T. Station 
C.C. 
Back n l  

Ahead r N  
Chord Bear N 

202+19.62 N 480,390.7382 E 1,350,876.1242 
43A 32' 30.76" (RT) 
10" 25' 09.78' 

219.6192 
417.0930 
S49.0960 
42.2342 
407,9098 
39.2210 

aoo+oo.oo N 400,171.1900 E 1,350,~70.5400 
a04+17.89 N 480,546.0355 E 1,351,031.4155 

I 480,157.3070 E 1,351,420-25e2 
I* 27' 25.25" B 

44^ 59' 56.01" E 
23- 13' 40.63'' E 

c m a e  f r o m  PT ma-i co BC mi-a bl 44A 59' 5 6 . 0 ~  E D i p t  732.1871 

curve NE&-2 
P . I .  Station 
Delta P 

Degxee 
Tangent 

Radiua 
External = 
Long Chord 0 

M i l ¶ .  Ord. 
B.C. Station 
P . T .  Statian 
C . C .  
Back = N  
Ahead = N  
Chord Bear = N 

P 

3 

Length 

Curve Data 
*----------e 

213.t73.03 N 481,221.0869 E 1,351,707.1257 
44* 08' 16 .4aR (LT) 
l o *  25, 09.20" 

222.9461 
423.6200 
549.9045 
43.4756 
413 2 2 2 7  

40.2902 
21h50.08 N 
215+73.70 W 

N 
45^ 07' 24.06" B 

0" 59' 07.58" E 
23* 03' 15.82" E 

481,063.7800 E 1,351,549.1400 
401,444.0000 E 1,351,710.9600 
481,453.4574 E 1,351,161.1368 

Copyright (1993) QEOBAR Corporation mamammmmsom 
All rights reserved G E O P A K  
Project : haul11 
Subject: 
3ob No. 66 0 Oparator: MB 
Date : Thureday January 25, 1996 12:lO pm 
SYSTEM FIX 4 ASEC 2 BEAR P R I  0 NOR DlZ S A  2 BIm: 'NE2' 



Applicable Ohio Department of Transportation 
Construction and Material Specifications 

for 
Haul Road and Rerouted North Entrance Road 

Design and Construction - 
- _ _ _  - - _ _ _  - - - - - - - - 

Operable Unit 2 
Project Order 158 

Jsnuar,. 1996 

Fernald Environmental Management Project 
Fernald, Ohio 
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Applicable Ohio Department of Transportation 
Construction and Material Specifications 

for 
Haul Road and Rerouted North Entrance Road 

Design and Construction 

Operable Unit 2 
Project Order 158 

January I996 

Fernald Environmental Management Project 
Fernald, Ohio 
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