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Preface 

Name 

The name of this manual is the Pavement Design Manual (PDM).  It was previously known as the 
Pavement Design & Rehabilitation Manual.  All references to the Pavement Design & Rehabilitation 
Manual shall be considered to reference the PDM. 

Purpose 

Many manuals, policies, guides, standards, etc., have been published regarding pavement design 
and rehabilitation.  Many of these have been written using wide ranges of design recommendations 
(minimums and maximums) since the contents were intended to apply nationally.  Furthermore, the Ohio 
Department of Transportation=s pavement design and rehabilitation procedures have been scattered 
among many different publications, poorly documented or in some cases existed only in the minds of a 
select few engineers.  The purpose of this manual is to bring all the information together in one document, 
reduce the selection of design variables to those most appropriate for the State of Ohio, to document 
Ohio=s interpretation of various policies and to include design criteria which may be unique to Ohio. 

Application 

The pavement engineering concepts described herein are intended for use with all new or 
reconstruction projects, major and minor rehabilitation projects, and all preventive maintenance projects, 
which are under the jurisdiction of the Ohio Department of Transportation (ODOT).  The information 
contained in this manual has been taken from and based on the results of the AASHO Road Test, the 
AASHTO Guide for Design of Pavement Structures, Federal Highway Administration (FHWA) guidelines 
and technical advisories, industry publications, various training course manuals, ODOT research reports, 
as well as from the experience of the authors.  In addition, the application of other studies, experiences, 
and engineering judgments have been included to fit Ohio's conditions. 

The pavement design procedures relate the performance of a pavement to its structural design 
and the loading applied to the pavement.  Failure mechanisms derived from poor mix design, poor 
material quality, or poor construction practices are not addressed in this manual. 

This manual is neither a textbook nor a substitute for engineering knowledge, experience or 
judgment.  It is intended to provide uniform procedures for implementing design decisions, assure quality 
and continuity in design of pavements in Ohio, and assure compliance with Federal criteria.  The 
recommendations given are intended to improve pavement performance. 

Consideration must be given to design standards adopted by city, county, or other local 
governments when designing pavements under their jurisdiction. 

Distribution 

The manual is distributed electronically through the Design Reference Resource Center on the 
ODOT website at http://www.dot.state.oh.us/drrc.  This manual is intended primarily for ODOT personnel 
who have received training from the Office of Pavement Engineering.  It is made available to cities, 
counties, consultants, etc., to use at their own risk. 

Preparation 

The PDM has been developed by the Office of Pavement Engineering.  Errors or omissions 
should be reported to the Ohio Department of Transportation, Office of Pavement Engineering, 1980 
West Broad Street, 3

rd
 Floor, Columbus, Ohio 43223. 

http://www.dot.state.oh.us/drrc
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Format and Revisions 

The PDM is provided exclusively in electronic format through the Design Reference Resource 
Center.  The online manual is the official version.  Users may print all or part of the manual but are 
responsible for keeping it up to date. 

Revisions to the PDM are distributed through the Design Reference Resource Center with 
notification through the e-mail subscription list.  Revisions will be issued as necessary on the quarterly 
release dates. 

Although pages are individually numbered within each section, new pages may be added and 
identified with letter suffixes after the page number.  Each page has the latest revision date shown in the 
lower left hand corner.  Figures do not have page numbers but are numbered to coincide with the section 
number in the text.  The revision date for figures is located in the upper right corner.  Figures are located 
at the end of each section and, if printed, are best printed on colored paper for easy reference. 
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Ohio Counties 
 
No. County  Code           District  No. County  Code          District 

 
01 Adams  ADA  9  45 Licking  LIC  5 
02 Allen  ALL  1  46 Logan  LOG  7 
03 Ashland  ASD  3  47 Lorain  LOR  3 
04 Ashtabula ATB  4  48 Lucas  LUC  2 
05 Athens  ATH  10 
06 Auglaize  AUG  7  49 Madison  MAD  6 
       50 Mahoning MAH  4 
07 Belmont  BEL  11  51 Marion  MAR  6 
08 Brown  BRO  9  52 Medina  MED  3 
09 Butler  BUT  8  53 Meigs  MEG  10 
       54 Mercer  MER  7 
10 Carroll  CAR  11  55 Miami  MIA  7 
11 Champaign CHP  7  56 Monroe  MOE  10 
12 Clark  CLA  7  57 Montgomery MOT  7 
13 Clermont CLE  8  58 Morgan  MRG  10 
14 Clinton  CLI  8  59 Morrow  MRW  6 
15 Columbiana COL  11  60 Muskingum MUS  5 
16 Coshocton COS  5 
17 Crawford CRA  3  61 Noble  NOB  10 
18 Cuyahoga CUY  12 
       62 Ottawa  OTT  2 
19 Darke  DAR  7 
20 Defiance  DEF  1  63 Paulding  PAU  1 
21 Delaware DEL  6  64 Perry  PER  5 
       65 Pickaway PIC  6 
22 Erie  ERI  3  66 Pike  PIK  9 
       67 Portage  POR  4 
23 Fairfield  FAI  5  68 Preble  PRE  8 
24 Fayette  FAY  6  69 Putnam  PUT  1 
25 Franklin  FRA  6 
26 Fulton  FUL  2  70 Richland  RIC  3 
       71 Ross  ROS  9 
27 Gallia  GAL  10 
28 Geauga  GEA  12  72 Sandusky SAN  2 
29 Greene  GRE  8  73 Scioto  SCI  9 
30 Guernsey GUE  5  74 Seneca  SEN  2 
       75 Shelby  SHE  7 
31 Hamilton  HAM  8  76 Stark  STA  4 
32 Hancock  HAN  1  77 Summit  SUM  4 
33 Hardin  HAR  1 
34 Harrison  HAS  11  78 Trumbull  TRU  4 
35 Henry  HEN  2  79 Tuscarawas TUS  11 
36 Highland  HIG  9 
37 Hocking  HOC  10  80 Union  UNI  6 
38 Holmes  HOL  11 
39 Huron  HUR  3  81 Van Wert VAN  1 
       82 Vinton  VIN  10 
40 Jackson  JAC  9 
41 Jefferson JEF  11  83 Warren  WAR  8 
       84 Washington WAS  10 
42 Knox  KNO  5  85 Wayne  WAY  3 
       86 Williams  WIL  2 
43 Lake  LAK  12  87 Wood  WOO  2 
44 Lawrence LAW  9  88 Wyandot  WYA  1
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Pavement Design Approval and Responsibility 

All pavement design buildups pertaining to roadways designated as Interstates, US Routes, 
National Highway System (NHS) routes, State Routes, or otherwise under the jurisdiction of the Ohio 
Department of Transportation (ODOT) must be approved by ODOT prior to incorporation into a set of 
construction plans.  Those Agencies, Municipalities, or Consultants seeking pavement design buildup or 
approval from ODOT should make the request through the appropriate ODOT District Office. 

A formal request for pavement design buildup or approval should include the following: 

 A schematic drawing of the project 

 Typical sections showing the existing pavement buildup and the lane and shoulder 
configurations and widths, if applicable 

 Proposed typical sections with no pavement buildup but showing the number and width of 
lanes and shoulders and all cross-slopes 

 Plan and profile sheets if changes are being made 

 Certified traffic data showing the current and design year ADT and the 24-hour truck 
percentage 

 All required soils information as determined by the Office of Geotechnical Engineering 

For projects which require Pavement Selection Committee approval (see Pavement Type 
Selection Policy 20-006(P)), the above items, with the exception of the soils information, must be 
submitted to the Office of Pavement Engineering.  The soils information should be submitted to the Office 
of Geotechnical Engineering who will provide recommended subgrade treatment and CBR. 
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Glossary of Terms 

Analysis Period:  The number of years included in a Life-Cycle Cost Analysis. 

California Bearing Ratio (CBR):  The quotient of a laboratory soil penetration test compared to a standard 
crushed rock penetration test.  The test is performed on a saturated soil sample and is designed to 
represent the lowest bearing capacity of the soil. 

Composite Modulus of Subgrade Reaction (Kc):  A value used in rigid pavement design determined by 
dividing the load on a subgrade by the deflection, corrected for the effect of a base. 

Composite Pavement:  A pavement structure consisting of an asphalt concrete wearing surface on top of 
a hydraulic cement concrete slab. 

Concrete Elastic Modulus (Ec):  A measure of the rigidity of a pavement slab and its ability to distribute 
loads. 

Construction Joint:  A transverse joint necessitated by an interruption in paving. 

Contraction Joint:  A joint at the end of a rigid pavement slab to control the location of transverse cracks. 

Design Period:  The number of years used in traffic loading predictions to design the new or rehabilitated 
pavement structure. 

Design Serviceability Loss (ΔPSI):  The change in the serviceability index of a pavement from the time it 
is constructed to the end of its design life. 

Differential Costs:  Costs which can be reasonably calculated, based on the information available at the 
time, that are different between the various alternatives in a life-cycle cost analysis. 

Discount Rate:  An economic factor to account for the effects of interest and inflation. 

Drainage Coefficient:  A factor used to modify structural layer coefficients in flexible pavements or 
stresses in rigid pavements as a function of how well the pavement structure can handle the effect of 
water infiltration. 

Effective Modulus of Subgrade Reaction (K):  The Composite Modulus of Subgrade Reaction modified by 
Loss of Support. 

Equivalent Single Axle Load (ESAL):  Truck traffic loading expressed as the number of equivalent 18,000 
lb (80 kN) single axle loads. 

Expansion Joint:  A transverse joint located to provide for the expansion of a rigid slab in the longitudinal 
direction without damage to itself or adjacent slabs.  Generally placed near bridges or used to isolate 
mainline pavement from side road pavement at intersections. 

Flexible Pavement:  A pavement structure consisting of asphalt concrete, with or without an aggregate 
base, placed on a prepared subgrade. 

Functional Characteristics:  Those characteristics that affect the highway user but have little effect on the 
load carrying capacity of the pavement.  Ride quality is the predominant functional characteristic.  Others 
include skid resistance and surface oxidation. 

Functional Classification:  The grouping of highways by the character of service they provide. 

Group Index:  A number derived from the gradation, liquid limit and plasticity index of a soil. 
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Life-cycle cost analysis (LCCA):  An economic analysis tool to quantify the differential costs of alternative 
pavement options by analyzing initial costs and discounted future costs over a defined period of time. 

Liquid Limit:  The water content, in percent, of a soil at the arbitrarily defined boundary between the semi-
liquid and plastic states. 

Load Transfer Coefficient (J):  A factor used in rigid pavement design to account for the ability of a 
concrete pavement to distribute load across joints and cracks. 

Longitudinal Joint:  A pavement joint, in the direction of traffic flow, used to control longitudinal cracking 
on a rigid pavement or the joint formed between adjacent passes of a paver on a flexible pavement. 

Loss of Support (LS):  A factor included in the design of rigid pavement to account for the potential loss of 
support arising from base erosion and/or differential vertical soil movements. 

Major Rehabilitation:  Work performed on a pavement intended to restore structural and functional 
characteristics. 

Mean Concrete Modulus of Rupture (S=c):  The flexural strength of concrete derived from a beam test with 
third point loading. 

Minor Rehabilitation:  Work performed on a pavement intended to restore functional characteristics and 
protect structural characteristics. 

Multi-Lane Pavements:  Pavements with four or more lanes.  Continuous two-way left turn lanes are 
considered lanes in this definition. 

New Pavement:  Pavement built on a new location where no pavement existed before, pavement 
replacing existing pavement that has been removed, and pavement built next to existing pavement to 
increase capacity (widening). 

Overall Standard Deviation:  A statistical measure to account for the error in the prediction of traffic and 
pavement performance. 

Pavement Condition Rating (PCR):  A numerical rating of pavement distresses on a 0 to 100 scale based 
on visual inspection.  A PCR of 100 signifies a perfect pavement with no distress. 

Pavement Edge (Edge of Pavement):  The intersection of the mainline pavement and the treated 
shoulder or turf shoulder. 

Plastic Limit:  The water content, in percent, of a soil at the boundary between the plastic and semi-solid 
states. 

Present Serviceability Index (PSI):  A numerical index which correlates roughness measurements on a 
scale of 0 to 5.  A PSI of 5 indicates an exceptionally smooth pavement. 

Pressure Relief Joint:  Similar to Expansion Joint but placed exclusively near bridges to prevent damage 
to the bridge. 

Preventive Maintenance (PM):  Work performed on a structurally sound pavement, generally in the form 
of a surface treatment, intended to preserve the pavement, retard future deterioration, and maintain or 
improve the functional characteristics without substantially increasing the structural capacity. 

Reliability (R):  A statistical measure of the probability that a section of pavement will meet or exceed the 
predicted performance. 

Rigid Pavement:  A pavement structure consisting of hydraulic cement concrete, with or without an 
aggregate base, placed on a prepared subgrade. 
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Salvage Value:  The remaining value of an investment alternative at the end of the analysis period. 

Serviceability:  The ability of a pavement to serve traffic as measured by the Present Serviceability Index. 

Slab Length:  The distance between adjacent transverse joints. 

Structural Deduct:  A part of the PCR indicating distresses which may be related to the structural 
characteristics of the pavement. 

Structural Characteristics:  Those characteristics related to the load-carrying capacity of the pavement. 

Structural Coefficient (Layer Coefficient):  A measure of the relative ability of a material to function as a 
structural component of a flexible pavement structure and used to convert a design structural number to 
actual thickness. 

Structural Number (SN):  A regression coefficient derived from an analysis of traffic, soil conditions and 
environment which may be converted to thickness of flexible pavement layers using structural coefficients 
related to the type of material being used in each layer of the pavement structure. 

Subbase Elastic Modulus:  A measure of the ability of a subbase to carry a load. 

Subgrade Resilient Modulus (Mr):  A measurement of the stress dependency of a subgrade soil, 
determined by the LTPP P46 test procedure. 

Terminal Serviceability Index (Pt):  The lowest Present Serviceability Index used in the design equations; 
the point at which rehabilitation is anticipated. 

Transverse Joint:  A pavement joint perpendicular to the centerline alignment of the pavement, designed 
to control cracking, provide for load transfer, and allow for the contraction and expansion of the 
pavement.  A construction, contraction or expansion joint. 

User Costs:  The increased cost incurred by the highway user, such as vehicle operating costs and value-
of-time delay costs, due to construction activities during the analysis period. 
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200 Pavement Design Concepts 

200.1 Introduction 

Perhaps the most widely used pavement design method in the United States and throughout the 
world is the American Association of State Highway and Transportation Officials (AASHTO) Guide for 
Design of Pavement Structures.  A long history of pavement studies has lead to the current edition.  The 
ODOT method for the design of pavement structures is almost identical to the 1993 AASHTO method, but 
ODOT has simplified some parts of the AASHTO Guide since it needs to apply only to the conditions 
encountered in Ohio. 

The AASHTO/ODOT pavement design equations have some variables common to both rigid and 
flexible pavement, including: serviceability, traffic loading, reliability, overall standard deviation, and 
roadbed soil resilient modulus.  These common variables are detailed in this section.  The remaining 
variables needed for the design of a pavement structure are presented in the rigid and flexible pavement 
design sections, respectively. 

201 Serviceability 

The AASHTO pavement design method was developed around the concept of serviceability.  
Serviceability is defined as the ability of a pavement to serve traffic.  The Present Serviceability Rating 
(PSR) was developed to measure serviceability.  PSR is a rating of pavement ride based on a scale of 0, 
for impassible, to 5, for perfect.  For the development of the original AASHTO pavement design equation, 
individuals (the raters) would ride the pavements and assign a PSR value.  To avoid riding and rating 
every pavement by all raters to determine serviceability, a relationship between PSR and measurable 
pavement attributes (roughness and distress) was developed.  This relationship is defined as the Present 
Serviceability Index (PSI). 

201.1 Initial Serviceability 

The initial serviceability for design is 4.2 for rigid pavements and 4.5 for flexible pavements.  
Figure 201-1 shows initial serviceability. 

201.2 Terminal Serviceability 

Terminal serviceability is the minimum level of serviceability the agency allows in design.  Once 
built, pavements may or may not actually degrade to that level but the design terminal serviceability 
remains the same.  ODOT pavements are designed for a minimum PSI (terminal serviceability) of 2.5.  
Figure 201-1 shows terminal serviceability. 

201.3 Design Serviceability Loss 

The design serviceability loss is the amount of serviceability the agency will tolerate losing before 
rehabilitation.  The design serviceability loss is the difference between the terminal serviceability and the 
initial serviceability.  Figure 201-1 shows design serviceability loss. 

202 Traffic Considerations 

Estimating the design traffic loading is a critical step in designing a pavement.  Overestimation of 
the design traffic results in a thicker pavement than necessary with higher associated costs.  
Underestimation results in pavements thinner than needed and susceptible to premature failure resulting 
in increased maintenance and impact on the user. 



200 Pavement Design Concepts 
 

 
July 2008  2-2 

202.1 Traffic Loading 

For design purposes, truck traffic is converted to loading which is normalized by the concept of an 
Equivalent 18,000 lb (80 kN) Single Axle Load (ESAL).  The conversion of traffic to the ESAL is 
accomplished with the use of axle load equivalency factors.  Equivalency factors are a function of 
pavement type and thickness, among other factors.  Equivalency factors are provided in the AASHTO 
Guide. 

202.1.1 B:C Ratios 

Truck counts can be broken down into two truck type categories.  Multi-unit vehicles such as 
semi-tractor trailers are classified as B-type trucks.  Single unit trucks  and buses are classified as C-type 
trucks.  The Office of Technical Services collects this data on a sampling basis and reports the data using 
statewide averages by functional classification.  B:C Ratios are presented in Figure 202-1.  These ratios 
should be used only where current project counts are not available.  Actual B & C counts are always more 
accurate than the B:C ratio provided in Figure 202-1. 

202.1.2 Conversion Factors 

In order to simplify the process of converting each truck expected on the roadway to an ESAL, 
ODOT uses average ESAL conversion factors for B and C trucks.  Truck counts and axle weights are 
monitored by the Office of Technical Services and conversion factors are calculated for both truck types 
for the different functional classifications monitored.  The conversion factors printed in this Manual are 
ten-year averages to smooth out year-to-year fluctuations.  Refer to Figure 202-1 for ODOT=s most 
current ESAL Conversion Factors. 

202.1.3 Traffic Data 

Basic traffic data should be forecasted and certified by the Office of Technical Services.  This 
data must include the Average Daily Traffic (ADT) for the current year as well as the design year, twelve 
or twenty years hence, and the 24-hour truck percentage.  This data is typically found in the Design 
Designation for the project.  It is important to ensure the truck percentage is a 24-hour percentage and 
not a peak-hour percentage.  When only the peak-hour truck percentage is available, it should be 
multiplied by 1.6 to estimate the 24-hour percentage. 

202.1.4 Design Lane Factors 

There are two design lane factors.  One is the Directional Distribution factor (D) and the other is 
the Lane Factor (LF).  ADT counts always include all lanes and both directions of travel.  In order to 
design the required pavement thickness, the ADT needs to be adjusted to represent the loading on the 
design lane.  This is done by applying the Directional Distribution, which defines the loading in each 
direction of travel, and the Lane Factor, which distributes the trucks into the different lanes in a given 
direction. 

The Directional Distribution listed in the Design Designation is the peak-hour volume distribution 
and is for capacity analysis.  For pavement structural design, a Directional Distribution of 50% should be 
used in all cases.  If the designer has specific, credible information indicating unequal loading on the two 
directions, and this imbalance is expected to continue throughout the design life of the pavement, a 
directional distribution other than 50% may be used but caution is advised as this can have significant 
impact on the pavement thickness required.  Figure 202-1 shows Directional Distribution. 

Where there are multiple lanes in the same direction, not every truck travels in the same lane.  To 
account for variability across multiple lanes, a Lane Factor is applied.  Refer to Figure 202-1 for ODOT=s 
most current Lane Factors. 
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202.2 Calculation of ESAL=s 

The calculation of ESAL=s is very simple once all the data is available.  The following equations 
are used.  All percentages are to be expressed as a decimal. 

B-ESAL=s = ADT * %T24 * %D * %LF * %B * CF 
C-ESAL=s = ADT * %T24 * %D * %LF * %C * CF 

B-ESAL=s + C-ESAL=s = Total Daily ESAL=s 

Where: 

ADT = Average Daily Traffic 
%T24 = 24-hour truck percentage of ADT 
%D = Directional Distribution (50%) 
%LF = Lane Factor 
%B, C = % B or C trucks of the total trucks 
CF = Appropriate truck conversion factor 

To calculate the design ESAL=s, the Total Daily ESAL=s are multiplied by 365.25 days per year 
and then by the number of years in the design period. 

Examples of the calculation of design ESAL=s are provided in Figures 302-1 and 402-1. 

202.2.1 Design Period 

The design period is the number of years over which the pavement is expected to deteriorate 
from its initial condition to its terminal serviceability.  It is the number of years for which the ESAL=s are 
predicted.  The design period is established in the Pavement Design Policy 20-007(P), included in this 
Manual in Appendix A.  The current policy calls for a 20-year design for all new pavements. 

202.3 ESAL99 

Another method for the calculation of ESAL=s is available for locations where historical traffic data 
is available.  This method takes into account growth rates in numbers of trucks as well as changes in the 
conversion factors associated with the trucks.  The method relies on the practice of forecasting the future 
based on trends of the past.  However, trends of past traffic data may not be an accurate indication of 
future traffic projections. 

The ESAL99 procedure calculates the daily ESAL=s for each year of truck count data entered.  
ESAL conversion factors corresponding to the year of the truck counts are used in the calculations 
instead of using ten-year averages.  The daily ESAL=s are then used to calculate the cumulative ESAL=s 
from the first year of data to the most recent year of data.  Finally, regression analysis is performed on the 
cumulative ESAL=s to develop equations used to predict the future ESAL=s. 

The ESAL99 procedure is the preferred method for predicting ESAL loading.  For more 
information regarding this method contact the Office of Pavement Engineering. 

203 Subgrade Soil Characterization 

The subgrade is the foundation for all pavements.  Trying to characterize the stiffness of this 
foundation for a particular pavement is a very difficult task because of the variability found in nature and 
during construction.  The AASHTO pavement design equations used by ODOT characterize the subgrade 
stiffness using the roadbed soil resilient modulus.  For pavement design, subgrade soil type is determined 
directly from soil tests made in conjunction with the soil profile or bridge foundation explorations.  
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Information on subgrade explorations, soil classification, soil profiles, etc., can be found in the 
Specifications for Geotechnical Explorations published by the Office of Geotechnical Engineering.  
Additional information on soil boring analysis, stabilization and treatment methods, and design 
procedures, can be found in Geotechnical Bulletin 1: Plan Subgrades (GB1) also published by the Office 
of Geotechnical Engineering. 

General planning information about soil types and properties can be found in the Soil Survey 
books which are published for every county in Ohio.  Additional information on soils and proper 
construction practices can be found in the Construction Inspection Manual of Procedures published by 
the Office of Construction Administration.  The ODOT Soil Classification Method is presented in the 
Specifications for Geotechnical Exploration. 

ODOT=s pavement design procedure uses a statistical reliability factor (see Section 204) to 
account for variability in subgrade stiffness.  Because of this, average soil classification is to be used for 
pavement design.  The most common error found when reviewing pavement designs is the use of a CBR 
value which is too conservative, in other words using the worst soil rather than the average.  Designing 
for the worst soil results in unnecessarily thick, wasteful designs. 

203.1 Subgrade Resilient Modulus 

The subgrade resilient modulus is a measure of the ability of a soil to resist elastic deformation 
under repeated loading.  Many soils are stress dependent.  As the stress level increases, these soils will 
behave in a nonlinear fashion.  Fine-grained soils tend to be stress-softening, whereas granular soils tend 
to be stress-hardening.  The laboratory resilient modulus test, AASHTO T 307 or NCHRP 1-28A, is 
designed to determine the strain due to a repeated load (deviator stress) which simulates the effect of 
loads passing over a section of pavement. 

Based on limited research and several current publications, ODOT has adopted a standard 
relationship between Modulus of Resilience (Mr) and the California Bearing Ratio (CBR) shown below. 

Mr = 1200 * CBR 

203.2 California Bearing Ratio 

The California Bearing Ratio (CBR) is a value representing a soil=s resistance to shearing under a 
standard load, compared to the resistance of crushed stone subjected to the same load.  CBR is obtained 
by performing a laboratory penetration test of a soaked sample of soil.  The load required to produce a 
penetration at each 0.1 inch depth in the soaked sample is divided by a standard which has been 
developed for crushed stone then multiplied by 100. 

203.3 Group Index 

In order to reduce the amount of laboratory testing required to characterize the soil stiffness, 
ODOT developed a relationship between CBR and Group Index.  This relationship was developed in the 
1950's by testing hundreds of soil samples.  Group Index is a function of a soil=s Atterberg Limits and 
gradation.  The equation for Group Index is given in Appendix A of the Specifications for Geotechnical 
Exploration published by the Office of Geotechnical Engineering.  Figure 203-1 contains a nomograph 
that solves the Group Index equation.  Group Index is then correlated to CBR using the chart in Figure 
203-2. 

203.4 Subgrade Stabilization 

Undercutting or chemical stabilization of the subgrade should be determined in accordance with 
GB1.  Although there is research to show that stabilization results in higher subgrade stiffness, ODOT =s 
current design methods do not provide for reduced pavement section as a result of modified subgrade.  
Questions regarding subgrade stabilization should be directed to the Office of Geotechnical Engineering. 
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204 Reliability 

AASHTO defines Reliability as Athe probability that the load applications a pavement can 
withstand in reaching a specified minimum serviceability level is not exceeded by the number of load 
applications that are actually applied to the pavement.@  Reliability is a statistical tool used in pavement 
design which assumes a standard normal distribution exists for all pavement design parameters and 
allows the designer to account for deviation from the average equally for all parameters.  Reliability can 
be thought of as a safety factor.  Figure 201-1 lists the Reliability Factors to be used in pavement design 
for various classifications of highways. 

204.1 Overall Standard Deviation 

The overall standard deviation (variance) is a measure of the spread of the probability distribution 
for ESAL=s vs. Serviceability, considering all the parameters used to design a pavement.  Figure 201-1 
lists the Overall Standard Deviation to be used in pavement design. 

205 Subsurface Pavement Drainage 

Subsurface pavement drainage is required on all projects.  Lack of adequate pavement drainage 
is a primary cause of distress in many pavements.  Excess moisture in the base and subgrade reduces 
the amount of stress the subgrade can tolerate without permanent strain.  Strain in the subgrade transfers 
stress into the upper pavement layers resulting in deformation and ultimately distress.  Trapped moisture 
in flexible pavement systems leads to stripping, raveling, debonding, and rutting.  Excess moisture in rigid 
pavement systems leads to pumping, faulting, cracking, and joint failure. 

Pipe underdrains are the primary method to provide drainage.  Occasionally, when an existing 
pavement is being overlayed, prefabricated edge underdrains are installed to provide drainage.  On 
pavements with and without any subsurface drainage, crack sealing can be done to reduce the infiltration 
of water.  Another type of subsurface drainage, free draining base (FDB), has been used in the past.  
Free draining bases are not approved for use on ODOT projects. 

205.1 Types of Drainage Systems 

There are four means of draining the pavement subsurface - pipe underdrains, prefabricated 
edge underdrains, aggregate drains and free draining base systems. 

205.1.1 Pipe Underdrains 

Pipe underdrains must be used for all Interstate, freeways, expressways, and multi-lane facilities.  
Pipe underdrains are generally used with paved shoulders and curbed pavements.  Refer to Figures 
1009-1 to 1009-5 of the Location & Design Manual, Volume 2 - Drainage Design; and Location & Design 
Manual, Volume 3 - Highway Plans, Sample Plan Sheets for locations of pipe underdrains with the 
various pavement-shoulder treatments. 

In rock cut, a pipe underdrain should be placed 6 inches (150 mm) into the rock to drain water 
that collects at the top of the rock.  This drain can be one of the standard underdrains or an additional 
one.  Refer to Figure 1009-10 of the Location & Design Manual, Volume 2 - Drainage Design for more 
information. 

205.1.2 Prefabricated Edge Underdrains 

Prefabricated edge underdrains are located at the edge of existing concrete pavement on 
resurfacing projects where the existing pavement and paved shoulders are being retained.  If existing 
paved shoulders are being replaced, a 4 inch (100 mm) shallow pipe underdrain at the edge of pavement 
should be used in lieu of the prefabricated edge underdrain.  On resurfacing projects, where edge 
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underdrains already exist, existing outlets should be inspected and replaced where they no longer 
function. 

205.1.3 Aggregate Drains 

Aggregate drains are used with bituminous surface treated shoulders, aggregate shoulders, and 
for spot improvements.  Aggregate drains are primarily for lower volume roadways with an aggregate 
base or as a retrofit for any pavement system with an aggregate base which does not have pipe 
underdrains or prefabricated edge underdrains. 

Aggregate drains should be located at 50-foot (15 m) intervals on each side of the pavement and 
staggered so each drain is 25 feet (7.5 m) from the adjacent drain on the opposite side.  If used on rigid 
pavements, the spacing should be adjusted to match up to the end of a transverse joint.  For 
superelevated pavements, spacing should be at 25 feet (7.5 m) and drains should be located on the low 
side only. 

Aggregate drains should be physically cut into the edge of the pavement - shoulder system, 
preferably the aggregate base.  Refer to Figures 1009-8 and 1009-9 of the Location & Design Manual, 
Volume 2 - Drainage Design; and Location & Design Manual, Volume 3 - Highway Plans, Sample Plan 
Sheets for details depicting aggregate drains with the various pavement - shoulder treatments. 

205.1.4 Free Draining Bases 

Free draining bases are not approved for use on ODOT projects.  Use of FDB=s was 
discontinued based on performance and research data from in-service FDB=s.  Performance data, 
including PCR and roughness on flexible pavements, and cracking and roughness on rigid pavements, 
indicate no difference between pavements built on an FDB and pavements built on an aggregate base.  
Some FDB types have caused worse performance in rigid pavements versus rigid pavements built on an 
aggregate base.  Moisture probes on the Ohio SHRP Test Road have indicated little difference in the 
degree of subgrade saturation under pavements with or without a FDB.  Finally, the cost of FDB is 
approximately twice that of the same amount of aggregate base. 

205.2 AASHTO Drainage Coefficient 

The AASHTO pavement design equations attempt to consider the effects of drainage on 
pavement performance.  The nomographs used in this Manual are reprinted from AASHTO and allow for 
the use of the drainage coefficient for rigid pavement design.  The flexible design method in this Manual 
does not include the drainage factor.  For ODOT pavement design the Drainage Coefficient shall always 
be 1.0 for design of both rigid and flexible pavements. 
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Serviceability & Reliability 

201-1 
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Reference Section 

201 & 204 
 
 
 

SERVICEABILITY FACTORS 

 Rigid Flexible 

Initial Serviceability 4.2 4.5 

Terminal Serviceability 2.5 2.5 

Design Serviceability Loss 1.7 2.0 

 
 
 
 

RELIABILITY LEVELS (%) 

Functional Classification Urban Rural 

Interstate and Freeway 95 90 

Principle Arterial, Minor Arterial 90 85 

Collectors 90 85 

Local 80 80 

 
 
 
 

OVERALL STANDARD DEVIATION 

Flexible Pavement 0.49 

Rigid Pavement 0.39 



Traffic Factors 

202-1 
July 2008 

Reference Section 

202 
 
 

RATIO OF B:C COMMERCIAL VEHICLES 

Functional Classification B:C Ratio 

Rural Interstate (01) 7:1 

Rural Principal Arterial (02) 5:1 

All Other Rural (06, 07, 08, 09) 2:1 

Urban Interstate (11) 4:1 

Urban Freeway & Expressway (12) 3:1 

Urban Principal Arterial (14) 2:1 

All Other Urban (16, 17, 19) 1:1 

 
 

ESAL CONVERSION FACTORS 

Functional Classification 
Rigid Flexible 

B C B C 

Rural Interstate (01) 1.86 0.66 1.23 0.51 

Rural Principal Arterial (02) 2.42 0.95 1.45 0.58 

All Other Rural (06, 07, 08, 09) 1.55 1.40 0.89 0.75 

     

Urban Interstate (11) 1.92 0.84 1.21 0.62 

Urban Expressway & Freeway (12) 1.80 0.86 1.22 0.50 

All Other Urban (14, 16, 17, 19) 1.72 0.80 1.03 0.55 

 
 

DESIGN LANE FACTORS 

Number of Lanes Lane Factor (LF) (%) Directional Distribution (D) (%) 

2 - Lane 100 50 

4 - Lane 90 50 

6 (or more) - Lane 80 50 

 



Group Index Charts 

203-1 
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Reference Section 

203 
 

 

 

 
GROUP INDEX EQUALS SUM OF READINGS ON BOTH VERTICAL SCALES 

Example:  The G.I. of soil having 70% of its particles passing a No. 200 

sieve, with a L.L. = 45 and a P.I. = 12. 

Chart A = 7.9; Chart B = 0.8 

G.I. = 7.9 + 0.8 = 8.7 (rounded off to 9) 



Subgrade Resilient Modulus 

203-2 
July 2008 

Reference Section 

203 

 
Example: G.I. = 9 

  CBR = 6 (Rounded, from above) 

 

Resilient Modulus (Mr) = 1200 x CBR 

 

Mr = 1200 x 6 = 7200 psi 
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300 Rigid Pavement Design 

300.1 Introduction 

Rigid pavements can be constructed with contraction joints, expansion joints, doweled joints, no 
joints, temperature steel, continuous reinforcing steel, or no steel.  For jointed concrete pavements, 
regardless of whether reinforced or non-reinforced, the AASHTO/ODOT method of pavement design 
calculates the same required thickness.  The required thickness is a function of loading, material 
properties including subgrade, and type of joints, if any.  Alterations to rigid pavement material 
specifications, jointing considerations, and mesh provisions to something other than those provided in 
ODOT=s Construction and Material Specifications (C&MS) or ODOT=s Standard Construction Drawings 
may require adjustments to the procedures described herein. 

Additional information on rigid pavement and proper construction practices can be found in the 
Construction Inspection Manual of Procedures published by the Office of Construction Administration. 

300.2 Types of Concrete Pavement 

ODOT has two basic types of concrete pavement: reinforced and non-reinforced.  There are 
currently five different specifications for concrete pavement but all of them relate back to either reinforced 
or non-reinforced pavement.  The current specifications are: Item 451 Reinforced Concrete Pavement, 
Item 452 Non-Reinforced Concrete Pavement, Item 884 Portland Cement Concrete Pavement (7 Year 
Warranty), Item 888 Portland Cement Concrete Pavement Using QC/QA, and Item 896 QC/QA Concrete 
Pavement with Warranty.  All of the concrete pavements included in the C&MS and Supplemental 
Specifications are jointed.  Continuously reinforced concrete pavement is no longer used and the 
specification item has been removed from the C&MS. 

Item 451 Reinforced Concrete Pavement is the basic specification referred to by all other 
concrete pavement specifications.  Reinforced concrete contains steel wire mesh intended to tightly hold 
together any cracks that occur.  The steel mesh does not add any structural capacity and does not impact 
the thickness design.  A reinforced pavement is the same thickness as a non-reinforced one.  The 
reinforcing steel allows longer joint spacing with the expectation that mid-panel cracks will form but the 
steel will hold them tightly together and not allow further deterioration.  Hairline cracks (less than 
approximately 1/8 inch (3 mm) wide) are common, even expected, in reinforced pavements and are little 
cause for concern.  Wider cracks likely mean the steel has failed and the cracks are going to deteriorate 
and need repair.  Throughout the 1950's, 60's, 70's, 80's, and early 90's ODOT built mainly reinforced 
pavements. 

Item 452 Non-Reinforced Concrete Pavement is nearly identical to Item 451 but does not contain 
the steel reinforcing mesh.  Non-reinforced pavements use shorter joint spacing to attempt to eliminate 
mid-panel cracking.  Any cracks in non-reinforced pavement, even hairline, are likely to deteriorate and 
require repair.  In the late 1990's, ODOT began using more non-reinforced pavements.  Currently, non-
reinforced is the preferred concrete pavement type. 

Item 884 Portland Cement Concrete Pavement (7 Year Warranty) requires the contractor to 
choose either 451 or 452 pavement and warrant it against specific distresses for seven years.  The 
warranty does not specify which, 451 or 452, must be used; the choice is left to the contractor.  As of 
publication, in most cases contractors have elected to use 452.  The warranty requirements allow hairline 
cracks in 451 but not in 452. 

Item 888 Portland Cement Concrete Pavement Using QC/QA again requires either 451 or 452 
but ODOT makes the choice.  This specification is primarily a change in the concrete mix design, 
construction process control, and testing requirements.  At publication time this specification is being 
evaluated on a trial basis.  Item 896 QC/QA Concrete Pavement with Warranty adds a 7-year warranty to 
the 888 specification. 
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301 Design Parameters 

ODOT=s method for the design of rigid pavement limits the designer to prescribed input 
parameters.  The input values prescribed are based on Ohio materials, and ODOT Specifications. 

301.1 Modulus of Rupture 

Modulus of rupture, as determined under a breaking load, measures the flexural strength or 
extreme fiber stress, of the concrete slab.  There are many ways to determine the modulus of rupture and 
each way will give slightly different results, however, each method can be correlated to the measure 
defined for use in the AASHTO/ODOT method.  The modulus of rupture used in ODOT=s pavement 
design method is the 28-day, third-point loading test as defined by ASTM C 78.  All rigid pavement design 
should use a Modulus of Rupture of 700 psi, as shown in Figure 301-1.  Average values obtained through 
beam breaks performed as part of C&MS requirements for opening to traffic should not be used directly 
for design purposes, as this test is defined by ASTM C 293 as center-point loading, and is generally done 
as early as 5 days. 

301.2 Modulus of Elasticity 

The modulus of elasticity of concrete is a function of the strength, age, aggregate properties, 
cement properties, and type and size of the specimen tested as well as the rate of loading during the test.  
Furthermore, there are various methods used to determine the modulus of elasticity.  ODOT=s method for 
rigid pavement thickness design is not highly sensitive to the value used for modulus of elasticity.  Based 
on values obtained by recent ODOT research, a Modulus of Elasticity of 5,000,000 psi should be used for 
all rigid pavement design.  The Modulus of Elasticity is shown in Figure 301-1 

301.3 Load Transfer Coefficient 

The load transfer coefficient (J) is a factor used in rigid pavement design to account for the ability 
of a concrete pavement to distribute (transfer) load across discontinuities, such as joints or cracks.  Load 
transfer devices, aggregate interlock, widened lanes, and the presence of tied concrete shoulders all 
have an influence on this value.  J factors are listed in Figure 301-1. 

301.4 Composite Modulus of Subgrade Reaction 

The Composite Modulus of Subgrade Reaction (kc) represents the combined effect of the 
subgrade stiffness or subgrade modulus of resilience, as discussed in Section 203.1, and the stiffness, or 
elastic modulus, and thickness of the subbase material.  The pavement design process requires the 
designer to choose the subbase prior to determination of the required slab thickness.  The values for 
elastic modulus of the subbase for ODOT materials are listed in Figure 301-1.  Figure 301-2 is a 
nomograph which determines the Composite Modulus of Subgrade Reaction. 

For uncurbed pavements carrying more than 50 ESAL=s per day and for curbed pavements 
carrying more than 100 ESAL=s per day, a 6 inch (150 mm) granular base, Item 304, is recommended as 
a subbase to prevent pumping for concrete pavements on fine grained soils. 

301.5 Loss of Support 

Loss of Support (LS) is included in the design of rigid pavements to account for the potential loss 
of support arising from subbase erosion and/or differential vertical soil movements.  The potential of a 
material to pump is a good indicator of LS.  It is treated in the design procedure by reducing the 
composite modulus of subgrade reaction.  Figure 301-1 lists the LS factors to be used for ODOT 
materials. 
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301.6 Effective Modulus of Subgrade Reaction 

The Effective Modulus of Subgrade Reaction (k) is the Composite Modulus of Subgrade Reaction 
as modified by the Loss of Support.  Figure 301-3 is a nomograph which determines the Effective 
Modulus of Subgrade Reaction. 

302 Thickness Determination 

All of the design input information is required prior to determination of design thickness.  Design 
thickness is determined using the nomographs found in Figures 302-2 and 302-3.  An example rigid 
pavement design is provided in Figure 302-1.  Concrete pavement thicknesses should be rounded to the 
nearest 0.5 inch (10 mm) increment. 

Adequate concrete cover is needed to transfer stresses between the concrete and the dowel 
bars.  Because of the required concrete cover, the minimum thickness of concrete pavement is 8 inches 
(200 mm).  In special situations where the standard specifications are modified to eliminate the dowels, 
the minimum recommended thickness for concrete pavement is 6 inches (150 mm). 

302.1 Ramps and Interchanges 

If traffic and soils data is available, ramps, collector-distributor lanes, directional roadways, etc., 
may be designed individually.  More common is to use the same thickness as the mainline or reduce the 
mainline thickness by 1-inch (25 mm). 

303 Jointing and Shoulder Considerations 

303.1 Transverse Joints 

Transverse joints are provided to control cracking.  The closer the joint spacing, the less likely a 
mid-panel crack will develop.  Ohio uses 15-foot (4.6 m) joint spacing for non-reinforced concrete.  For 
reinforced concrete, 60-foot (18.3 m) joint spacing was used before about 1967 when it was reduced to 
40 feet (12.2 m), then in the early 1980's it was further reduced to 27 feet (8.2 m) for several more years 
and then to the current standard of 21 feet (6.5 m). 

Load transfer is the critical element at joints.  In undoweled pavements, load transfer is provided 
by aggregate interlock.  Aggregate interlock is lost when slabs contract and the joints open up.  Interlock 
is also slowly destroyed by the movement of the concrete as traffic passes over.  Given the high 
temperature variations and heavy truck traffic in Ohio, aggregate interlock is not effective and faulting is 
the primary result.  To provide load transfer at the joints, 18-inch (460 mm) long, smooth dowels are used 
which allow for expansion and contraction.  ODOT specifications require dowels in all transverse joints in 
all mainline concrete pavements and bases.  Transverse joint design and spacing requirements are 
shown in the Standard Construction Drawings. 

303.2 Expansion and Pressure Relief Joints 

As slabs contract due to seasonal temperature changes, joints and cracks open allowing 
incompressible materials into the pavement system.  Subsequently, the pavement can grow in length and 
create pressure.  Pressure can lead to spalling, blowups, or damage to bridge back-walls.  Having a small 
amount of pressure in a pavement may be good, since lack of pressure allows joints and cracks to open 
which reduces load transfer.  Slight pressure buildup in rigid pavement seldom creates pavement 
distress.  Nonetheless, when distresses are found, they tend to require some type of maintenance, and 
may require immediate care in the case of a blowup. 
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To control pressure buildup, expansion joints and pressure relief joints are used.  The most 
common need for an expansion joint or a pressure relief joint is to protect bridge back-walls.  Four types 
of pressure relief joints are detailed in the Standard Construction Drawings.  For new pavement 
construction, the Type A joint should be provided at all bridge approaches where the bridges are over 300 
feet (90 m) apart.  Where bridges are less than 300 feet (90 m) apart, the standard expansion joints as 
required by C&MS Item 451 and detailed in the Standard Construction Drawings are considered 
adequate.  Use of pressure relief joints for pavements being rehabilitated is discussed in Section 500. 

303.3 Longitudinal Joints 

Longitudinal joints are required whenever the pavement width exceeds 18 feet (5.4 m) and are 
recommended whenever the width exceeds 15 feet (4.5 m).  Ideally, the joints should be located at lane 
lines, and out of the wheel paths.  Where project geometrics permit, 14-foot (4.3 m) wide slabs striped at 
12 feet (4.2 m) are recommended to provide additional edge support. 

All lanes, shoulders, and ramps for traffic moving in the same direction should be tied together 
using a Standard Longitudinal Joint as detailed in Standard Construction Drawing BP-2.1.   Anytime traffic 
is expected to cross a longitudinal joint (between lanes, from lane to shoulder, etc.) the joint should be 
tied.  Anytime traffic is not intended or expected to regularly cross a longitudinal joint (from shoulder to a 
barrier foundation, from shoulder to a paved gore area, anytime two shoulders meet, etc.) the joint should 
not be tied.  Project specific details dictate exactly which joints need to be tied and which do not.  The 
designer should consider the needs of traffic when deciding what type of joint to use.  There is no strict 
limit on the maximum width that may be tied together.  On undivided, bi-directional roadways, the 
centerline joint may or may not need to be tied depending on the project specifics. 

On 16-foot (4.9 m) wide ramps, a tied longitudinal joint down the middle is recommended.  This 
will allow future repair work to be performed on half the ramp while traffic is maintained on the other half 
and shoulder. 

At intersections, where two independent pavements meet, a longitudinal joint without tie bars is 
required to separate the two pavements and allow for independent movement. 

303.4 Intersection Jointing Details 

Intersections require careful consideration of the joint layout and dowel and tie bar placement.  In 
order to provide load transfer, control cracking, and prevent intersecting pavements from hindering the 
movement of one another, jointing diagrams should be provided as part of the plans.  Joint diagrams 
should be designed with ease of construction in mind, as well as consideration of future rehabilitation and 
maintenance of traffic needs.  The number of longitudinal joints should be kept to a minimum, and all 
slabs should be the same width, if possible.  Examples of jointing diagrams are included in the Location & 
Design Plan Preparation Sample Plan Sheets-Volume Three.  Also, there are various publications 
provided by the American Concrete Pavement Association (ACPA) which provide guidance for 
intersection joint layout. 

303.5 Shoulder Considerations 

Shoulders are used to provide an area for accommodation of disabled vehicles, for lateral support 
of the base and surface courses, to improve the safety of a highway, and for future maintenance of traffic 
operations during maintenance and rehabilitation work. 

Shoulders for concrete pavements should be constructed of concrete with the same thickness as 
the driving lanes’ pavement whenever a paved shoulder is required.  Concrete shoulders should use non-
reinforced concrete even if the driving lanes are reinforced.  Having the same thickness allows extensive 
use of the shoulder for maintenance of traffic with little, if any, risk of failure and reduces the complexity of 
construction.  Tying concrete shoulders to the driving lanes provides lateral support and spreads the load 
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over a greater area.  Using other types of shoulders, such as flexible, surface treated, stabilized 
aggregate, or turf shoulders should be in accordance with the Location & Design Manual, Volume One - 
Roadway Design.  Regardless of the type of shoulder used, the base and subgrade should be designed 
to drain water away from the pavement, rather than towards it.  Examples of typical sections depicting 
rigid pavement with different types of unpaved shoulders are shown in Figure 303-1. 

303.6 Edge Course Design 

The Aggregate Base for a rigid pavement should extend 18 inches (450 mm) beyond the 
pavement edge or to the outside edge of the porous backfill over the pipe underdrain, or to 6 inches (150 
mm) beyond the outside edge of the paved shoulder, whichever is greater. 

Where curb and gutter or integral curb is used, subbase should extend 12 inches (300 mm) 
beyond the back of the curb or to the outside of the porous backfill over the pipe underdrain, whichever is 
greater.  Refer to Location & Design Manual, Volume 2 - Drainage Design and Sample Plan Sheets. 

304 Warranty Concrete 

The use of warranty concrete does not change the thickness design in any way.  The same inputs 
are used and the same thickness is determined regardless of whether warranty concrete will be used or 
conventional Item 451 or 452 concrete.  More information on concrete pavement warranties is available in 
the Warranty Application Guidelines in the Innovative Contracting Manual published by the Office of 
Construction Administration, in the Item 884 Portland Cement Concrete Pavement (7 Year Warranty) 
specification, and in Supplemental Specification 896 QC/QA Concrete Pavement with Warranty. 

305 Smoothness Specifications 

Incentive/disincentive for smoothness is specified using Proposal Note 420 Surface Smoothness 
Requirements for Pavements.  PN 420 is recommended for all eligible projects.  The Designer Note 
details the eligibility requirements.  Smoothness incentives generally result in better attention to detail by 
the contractor and higher quality pavement overall.  Smooth, high quality pavements are expected to 
perform better for a longer time, potentially resulting in cost savings to the Department. 

The designer should ensure the contractor has a reasonable opportunity to achieve the incentive.  
Projects that may otherwise be eligible but have numerous manholes, drainage structures, business or 
residential driveways, etc., are usually not good candidates for smoothness incentive. 

306 Composite Pavement 

Composite pavement herein refers to a rigid base with an asphalt surface.  Composite pavements 
are rarely designed and built on ODOT projects.  When they are used it is often at the request of a local 
government agency.  Where local preference is strong and there has been good performance, 
consideration may be given to the design and specification of a composite pavement. 

306.1 Composite Pavement Design 

Composite pavements are designed as rigid pavements.  Once the required thickness is 
determined, the concrete thickness is reduced by one inch (25 mm) and replaced with 3 or 3.25 inches 
(75 mm - 83 mm) of asphalt.  This ratio of 1 inch (25 mm) of concrete to 3 inches (75 mm) of asphalt 
holds true only for the first inch (25 mm) of concrete removed, and is an approximation at best.  The 
minimum asphalt overlay thickness on a rigid pavement or base is 3 inches (76 mm).  Lift thickness 
requirements for specific asphalt materials may require a 3.25 inch (83 mm) minimum overlay thickness.  
The minimum concrete thickness of 8 inches (200 mm) still applies. 
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306.2 Composite Pavement Typical Section Design 

Composite pavement should be constructed using Item 305 Concrete Base.  The width of the 
concrete base should be extended beyond the wearing surface by 3 inches (75 mm).  Item 409 Sawing 
and Sealing Asphalt Concrete Pavement Joints is recommended for most newly constructed composite 
pavements. 

306.3 Composite Pavement Warranty 

There is not a seven year warranty specification for composite pavements.  The only warranty 
that could be used on a composite pavement is a three year warranty, Supplement 1059, on the asphalt 
concrete surface course. 

306.4 Composite Pavement Smoothness Specifications 

Proposal Note 420 Surface Smoothness Requirements for Pavements may be used with 
composite pavements for smoothness incentive/disincentive.  The guidelines in Section 305 apply. 
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July 2008 

Reference Section 

301 
 
 

MATERIAL PROPERTIES 

Modulus of Rupture (S’c) 700 psi 

Modulus of Elasticity (Ec) 5,000,000 psi 

Load Transfer Coefficient (J) - Doweled, Edge Support* 2.7 

Load Transfer Coefficient (J) - Doweled, No Edge Support* 3.2 

 
 
* Edge support includes tied concrete shoulders, integral curb, widened lane, etc.  Widened lane refers to 
concrete slabs built 14 feet (4.2 m) wide or wider, but striped for a standard 12-foot (3.6 m) lane, leaving 2 
feet (0.6 m) outside the traveled lane to provide edge support. 
 
 
 
 

SUBBASE FACTORS 

ODOT Specification 
Recommended 
Thickness (in.) 

(DSB) 

Elastic Modulus 
(psi) 
(ESB) 

Loss of Support 
 

(LS) 

Item 301, 302 Asphalt Concrete Base 4" 300,000 0 

Item 304 Aggregate Base 6" 30,000 1 

Natural Subgrade **   2 

 
 
** Not recommended for most applications.  See Section 301.4 



Composite Modulus of Subgrade 
Reaction (kc) 

301-2 
July 2008 

Reference Section & Figure 

301.4, 302-1 (step 3) 
 

Example: 

 

DSB (Assumed) = 6 inches  

ESB = 30,000 psi  

MR = 7,200 psi 

Solution:  kC = 400 pci 

 

 
 
 



Effective Modulus of Subgrade 
Reaction (k) 

301-3 
July 2008 

Reference Section & Figure 

301.6, 302-1 (step 4) 
 
 
 

 
 

 
Example: 

 

kC = 400 pci 

LS = 1.0 

Solution:  K = 130 pci
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Reference Section 

302 
 
 
Given: 
 

 Pavement of choice:  Doweled, jointed concrete 

 Subbase:   6 inches Item 304 Aggregate Base 

 Shoulders:   Tied, jointed, concrete 

 Number of Lanes:  4 

 Functional Classification: Rural Principal Arterial 

 2009 Traffic:   15,800 ADT 

 2029 Traffic:   22,450 ADT 

 24 hour truck %:  18% 

 Design Period:   20 years (see Pavement Design Policy 20-007(P)) 

 Open to Traffic:   2010 

 Subgrade CBR: 5 (provided by Office of Geotechnical Engineering or District 
Geotechnical Engineer) 

 
Problem:    Solve for the thickness of the concrete slab. 
 
 
Solution: 
 
 
Step 1 - Determine the 18-kip Equivalent Single Axle Loading (ESAL). 
 
Since the project is expected to open to traffic in 2010, the ESAL projection should be for 2010 to 2030.  
Calculate the mid-year (2020) ADT, rounded to nearest ten: 
 
 2020 ADT = 15,800+(22,450-15,800)(11/20) 
 2020 ADT = 19,460 
 
The equations in Section 202.2 are used with  
 
 Directional Distribution, D = 50% (Figure 202-1) 
 Lane Factor = 90% (Figure 202-1) 
 B:C Ratio = 5:1 (Figure 202-1) 
 ESAL Conversion Factor for B trucks = 2.42 (Figure 202-1) 
 ESAL Conversion Factor for C trucks = 0.95 (Figure 202-1) 
 
Using the equations given in Section 202.2: 
 
 ESAL's from B trucks = 19,460(0.18)(0.50)(0.90)(5/6)(2.42) = 3,179 
 ESAL's from C trucks = 19,460(0.18)(0.50)(0.90)(1/6)(0.95) = 250 
 
 Total Daily ESAL's = 3,179+250 = 3,429 ESAL/day 
 
 Design Period ESAL's = 3,429 ESAL/day * 365.25 days/yr. * 20 years = 25,048,845 
              use 25.0x10

6
 ESAL’s 
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Step 2 - Determine the Subgrade Resilient Modulus (Mr) using the formula given in Section 203.1. 
 
 Mr = 1200 * CBR 
 Mr = 1200 * 5 
 Mr = 6000 psi 
 
 
Step 3 - Determine the Composite Modulus of Subgrade Reaction (kc) using Figure 301-2. 
 
Starting with the given subbase thickness (DSB) of 6", a line is projected up to the Subbase Elastic 
Modulus (ESB) curve of 30,000 psi (Item 304 Aggregate Base from Figure 301-1).  From this point on the 
30,000 psi curve, a line is projected to the right for future intersection.  Similarly, from the 6" subbase 
thickness (DSB), a line is projected down to the Subgrade Resilient Modulus (Mr) curve of 6000 psi.  From 
this point on the 6000 psi curve, a line is projected to the right to the turning line and then projected up to 
intersect with previously projected line.  This intersection results in a Composite Modulus of Subgrade 
Reaction (kc) of 330 pci. 
 
 
Step 4 - Determine the Effective Modulus of Subgrade Reaction (k) using Figure 301-3. 
 
Using the Composite Modulus of Subgrade Reaction (kc) determined in Step 3, enter the chart on the 
bottom.  Project a line from 330 pci up to LS = 1.0 (from Figure 301-1 for Item 304 Aggregate Base).  
Then project a line straight across to the vertical axis.  This results in an Effective Modulus of Subgrade 
Reaction (k) of 100 pci. 
 
 
Step 5 - Determine the thickness of the concrete slab using Figures 302-2 and 302-3. 
 
Figure 302-2 is used to solve for the Match Line Number using the following information: 
 
 Effective Modulus of Subgrade (k) = 100 pci (Step 4) 
 Concrete Elastic Modulus (Ec) = 5,000,000 psi (Figure 301-1) 
 Concrete Modulus of Rupture (S’c) = 700 psi (Figure 301-1) 
 Load Transfer Coefficient (J) = 2.7 (Figure 301-1) 
 Drainage Coefficient (Cd) = 1.0 (Section 205.2) 
 
The resulting Match Line Number is then used on Figure 302-3, along with the following information, to 
solve for the Design Slab Thickness (D). 
 
 Design Serviceability Loss (PSI) = 1.7 (Figure 201-1) 
 Reliability = 85% (Figure 201-1) 
 Overall Standard Deviation = 0.39 (Figure 201-1) 
 18-kip Equivalent Single Axle Load = 25.05x10

6
 ESAL (Step 1) 

 
Therefore: Design Slab Thickness (D) = 10.5 inches 
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Segment 1 

302-2 
July 2008 

Reference Section & Figure 

302, 302-1 (step 5) 
 

 

 
 
 

Example 

 

k = 130 pci 

Ec = 5.0 x 10
6 psi 

S|c = 700 psi 

J = 2.7 

Cd = 1.0 



Rigid Pavement Design Chart 
Segment 2 
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Reference Section & Figure 

302, 302-1 (step 5) 
 

NOTE:  Application of reliability 

in this chart requires the 

use of mean values for all 

input variables. 

 

 

EXAMPLE:  

 

R = 85% 

So = 0.39 

ESAL = 13.7 x 106 

ΔPSI = 1.7 

Solution: D = 9.3 inches 



Surface Treated Shoulder and 
Stabilized Aggregate Shoulder 

Typical Sections 

303-1 
July 2008 

Reference Section 

205.1, 303.5, 303.6 

 

 
 

 * 0.08 Desirable 

** A flexible shoulder (Item 301) 

could be used in lieu of the 

Surface Treatment 

 

Notes: 

 

The bottom of the aggregate drains shall be 

at or below the bottom of the pavement's 

aggregate base at the point of contact.  The 

top of the aggregate drains shall be no 

higher than the bottom of the shoulder's 

aggregate base at the point of contact. 

(Greater than 500 trucks in Design Year ADT) 
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400 Flexible Pavement Design 

400.1 Introduction 

Flexible pavement design is based on the concept of Structural Number.  The Structural Number 
is a regression coefficient expressing the structural strength of a pavement required for given 
combinations of soil support (Mr), traffic loading, and terminal serviceability.  Flexible pavements can be 
constructed with Superpave mixes, stone mastic mixes, contractor designed mixes, or ODOT mixes; 
however, regardless of the mix design method used, the ODOT/AASHTO method of pavement design 
calculates the same required Structural Number.  Once the Structural Number is determined, the flexible 
buildup is determined by using the appropriate structural coefficient for ODOT specification materials.  
Alterations to ODOT=s Construction and Material Specifications (C&MS) for asphalt concrete may require 
adjustments to the procedures described herein. 

Additional information on flexible pavement and proper construction practices can be found in the 
Construction Inspection Manual of Procedures published by the Office of Construction Administration. 

401 Design Parameters 

Flexible pavement design is based on relatively few input parameters.  Serviceability, traffic 
loading (ESAL), subgrade stiffness (Mr), reliability and overall standard deviation have all been discussed 
in Section 200.  Structural Coefficient is the only new parameter.  Structural Coefficients for ODOT 
asphalt concrete material specifications are found in Figure 401-1. 

402 Structural Number Determination 

All of the design input information is required prior to determination of design thickness.  
Structural Number (SN) is determined using the nomographs found in Figures 402-2 and 402-3.  An 
example flexible pavement design is provided in Figure 402-1. 

402.1 Ramps and Interchanges 

If traffic and soils data is available, ramps, collector-distributor lanes, directional roadways, etc., 
may be designed individually.  More common is to use the same thickness as the mainline or reduce the 
mainline thickness by 1-inch (25 mm). 

403 Typical Section and Buildup Considerations 

403.1 Typical Section Design 

Regardless of the SN required, a buildup which includes an aggregate base (Item 304) will 
generally provide better performance than an asphalt-on-subgrade buildup.  The aggregate base is less 
sensitive to moisture than the subgrade and it separates the pavement further from the subgrade.  An 
aggregate base is recommended under all flexible pavements and particularly when the thickness of a full 
depth flexible design is very thin, approximately 5 inches (130 mm) (SN ~ 1.8) or less. 

All surface and intermediate courses should be specified in 0.25 inch (5 mm) increments.  Items 
301 and 302 should be specified in 0.5 inch (10 mm) increments.  Item 304 is typically placed at 6 inches 
(150 mm) thick.  The minimum thickness for Item 304 is 4 inches (100 mm) and it should be specified in 1 
inch (25 mm) increments. 
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When designing a flexible pavement, some consideration should be given to reducing the total 
number of separate lifts required.  This can be accomplished by keeping in mind the maximum and 
minimum lift thicknesses for all of the materials involved.  Maximum and minimum lift thicknesses can be 
found in the C&MS, or Section 406 or Figure 406-1 of this Manual. 

403.2 Shoulder Buildups 

Shoulders are used to provide an area for the accommodation of disabled vehicles, for the lateral 
support of the base and surface courses, to improve the safety of a highway, and for future maintenance 
of traffic operations during maintenance and rehabilitation work. 

Shoulders for flexible pavements should be constructed of the same materials and thicknesses as 
the driving lanes’ pavement whenever a paved shoulder is required.  This provides for the ability to have 
a hot longitudinal joint at the pavement-shoulder interface, provides a stable temporary pavement for 
maintenance of traffic lane shifts, and reduces the complexity of construction.  Using other types of 
shoulders, such as surface treated, stabilized aggregate, or turf shoulders should be in accordance with 
the Location & Design Manual, Volume One - Roadway Design.  Regardless of the type of shoulder used, 
the base and subgrade should be designed to drain water away from the pavement, rather than towards 
it.  Examples of typical sections depicting flexible pavement with different types of unpaved shoulders are 
located in Figure 403-1.  Also refer to the Location & Design Manual, Volume 2 - Drainage Design and 
the Sample Plan Sheets. 

403.3 Edge Course Design 

For proper quantity calculations, each lift of pavement and base below the intermediate course 
must be shown wider than the lift above, creating a stair step look.  A lift is the thickness of material 
placed in one pass.  Maximum lift thicknesses for the various materials are found in the C&MS, or Section 
406 or Figure 406-1 of this Manual.  When a layer of material exceeds the maximum lift thickness it will be 
placed in two lifts.  The designer should assume the two lifts will be approximately equal thickness.  If a 
layer requires three lifts, it should be assumed that the lifts will be approximately equal thickness. 

Surface and intermediate courses should be shown ending in a vertical plane at the outside edge 
of the surface course.  The lift immediately below the intermediate course should be shown extending 4 
inches (100 mm) beyond the edge of the intermediate course or a distance equal to the combined 
thickness of the surface and intermediate course, whichever is greater.  All other lifts of Items 301, 302, 
and 304 should be shown extending 6 inches (150 mm) beyond the overlying lift or extending the 
thickness of the overlying lift, whichever is greater. 

For concrete curbed sections, the asphalt is paved to the face of the curb.  Where the bottom 
courses of the asphalt pavement buildup lie below the depth of the curb base, those lifts should be placed 
as a foundation for the curb and should have the proper edge course design as discussed above. 

404 Asphalt Concrete Acceptance 

One of the most important concepts to understand when selecting asphalt concrete materials is 
the acceptance method used in construction.  There are three different acceptance methods hereinafter 
referred to as 403 acceptance, 446 acceptance and 448 acceptance.  It is important that the designer 
understand the different acceptance methods and when they apply.  In many cases, the materials 
required in two different pay items are identical, the only difference being the acceptance method.  For 
example, Item 446 Asphalt Concrete Surface Course, Type 1, PG64-22 is the exact same material as 
Item 448 Asphalt Concrete Surface Course, Type 1, PG64-22, the only difference is the acceptance 
method. 
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The 403 acceptance is the default acceptance for all asphalt concrete items not using 446 or 448 
acceptance.  It is never explicitly specified in the plans or the item descriptions as it is inherent to the 
specifications.  The 403 acceptance is based on asphalt binder content and gradation only and does not 
include density.  The C&MS details the method the contractor must use to compact the pavement.  If the 
method is followed, the pavement is accepted regardless of the actual density achieved.  The 403 
acceptance is used for all asphalt concrete base items. 

The 446 acceptance is a density acceptance method.  It requires cores be taken and measured 
for density.  If the pavement is over or under compacted, the contractor is assessed a penalty or, in some 
cases, forced to remove and replace the material.  Proper density is important to the long term 
performance of the pavement.  Items with 446 acceptance give ODOT more assurance that proper 
density will be achieved.  However, in order to give the contractor the opportunity to achieve proper 
density, items with 446 acceptance must be placed on a level surface and at a uniform thickness.  If the 
surface is not level and/or the thickness not uniform, it is impossible to evenly compact the material and 
achieve the proper density. 

The 448 acceptance includes asphalt binder content and gradation and usually density 
acceptance.  It automatically requires density acceptance using Supplement 1055 under certain 
conditions.  When Supplement 1055 is not required, 448 acceptance defaults to 403 acceptance. 

When 448 acceptance is specified, Supplement 1055 is automatically invoked on surface and 
intermediate courses if the material being placed exceeds the minimum thickness and is being placed at 
a uniform thickness.  Supplement 1055 is a less stringent density requirement than 446 acceptance.  It 
assures the department of a minimum level of compaction but does not challenge the contractor to 
achieve optimum compaction or avoid over-compaction like 446 acceptance.  For thin courses, variable 
depth courses, and courses placed on uneven surfaces, 448 acceptance does not invoke Supplement 
1055.  When Supplement 1055 is not required, 448 acceptance defaults to 403 acceptance. 

Items with 448 acceptance, with or without Supplement 1055, are typically used in lower traffic 
volume situations where the risk of pavement distresses resulting from lack of density is not as great. 

404.1 Acceptance Guidelines 

The following guidelines are provided to assist in selecting materials with the proper acceptance 
type for all surface and intermediate courses.  All surface and intermediate courses require either 446 or 
448 acceptance.  Thin or variable depth surface and intermediate courses specifying 448 acceptance will 
automatically default to 403 acceptance.  The 446 acceptance should not be used with variable depth 
courses except as outlined below.  All asphalt concrete base courses, Items 301 and 302, use 403 
acceptance and the following guidelines do not apply. 

 Specify items with 446 acceptance for all projects with greater than 500 cubic yards (500 cubic 
meters) of 12.5mm surface course or Type 1H surface course. 

 Specify items with 446 acceptance for all priority system minor rehabilitation projects. 

 Specify items with 446 acceptance for all projects where the surface and intermediate courses 
combined exceed 2000 cubic yards (1500 cubic meters). 

 Specify items with 448 acceptance for all projects where 446 acceptance is not required. 

For projects which require 446 acceptance, it is permissible to use variable thickness at bridges 
and ramps to taper down to the required elevation.  ODOT construction and testing staff will test only the 
areas constructed as uniform thickness and skip testing the short areas with variable thickness.  This 
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eliminates any need for an additional pay item yet still allows the proper material with the proper 
acceptance to be used. 

Where an item with 446 acceptance is specified for the surface course, it is recommended the 
intermediate course also use 446 acceptance except where a uniform lift thickness is not possible such 
as a variable depth course for crown correction.  It is permissible to use a variable depth course with 403 
acceptance below a surface and/or intermediate course with 446 acceptance.  The variable depth course 
should specify an item with 448 acceptance as it will default to 403 acceptance. 

405 Superpave Asphalt Concrete 

Superpave mixes are intended for use on all heavy traffic pavements, defined as greater than 
1500 trucks in the opening day traffic.  Superpave mixes are not necessary on lower traffic pavements 
although some districts have been instructed to use superpave mixes due to localized material problems. 

Superpave Type A and B requirements are found in C&MS 442.  They control gradation bands 
and aggregate angularity.  Type A has higher crush requirements that may mean the importation of 
aggregate in some areas of the state but provides the most rut resistance.  Type B has less restrictive 
crush requirements.  Type A mixes are preferred except where superior rut resistance is not necessary 
and importation of aggregate would be cost-prohibitive.  District testing and construction personnel 
knowledgeable in materials should be consulted prior to selection of Type A or B. 

Pay item descriptions for superpave items contain a reference to the nominal maximum 
aggregate size used in the mix.  Accordingly, the 9.5mm, 12.5mm, and 19mm designations are used for 
superpave mixes.  This reference to the nominal maximum aggregate size replaces the reference to Type 
1, Type 1H, and Type 2, respectively, used in non-superpave specifications, has nothing to do with any 
other measurement, and is used in English and metric plans. 

The pay item descriptions for superpave items indicate the acceptance method by the number in 
parentheses.  The designer should follow the guidance in Section 404 to select the proper acceptance 
method. 

406 Lift Thickness and Usage Guidelines 

ODOT asphalt concrete specifications contain gradation requirements for all items.  For optimum 
performance of the pavement system, it is important to design the various lifts of asphalt concrete items in 
order to achieve maximum smoothness, durability, and densification.  In order to do this, some 
constraints are required regarding maximum and minimum lift thicknesses in relation to the gradation of 
the item specified.  Due to lift thickness restrictions, typical sections which require heavy mix designs 
should avoid specifying overlay thicknesses between 2.5 inches (65 mm) and 3.25 inches (83 mm). 

There are many different asphalt concrete specification items available.  The differences between 
the items are sometimes subtle but always important.  Understanding these subtleties and why they are 
important can help the designer select the proper item for the proper application.  The specifications 
themselves and any designer notes should also be consulted for additional guidance. 

406.1 Surface Courses 

The designation of surface course refers to the layer's relative position in the pavement buildup.  
Surface courses are the top layer of asphalt concrete placed in a flexible pavement, with rare exceptions.  
In general, surface courses have the finest gradation, highest binder content, and strictest quality control 
requirements to provide a dense, smooth, durable surface.  As a result, surface courses are typically the 
most expensive layer in the flexible pavement structure. 
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409.4 Item 857 AC with Gilsonite, Surface Course, Type 1 & 1H, and Intermediate 
Course, Type 2 

These items are intended primarily for high stress areas to reduce the potential for rutting.  Use of 
these items should be coordinated with the Offices of Pavement Engineering and Materials Management. 

409.5 Item 859 AC with Verglimit 

This item is intended as an anti-icing pavement.  Verglimit is a linseed oil-coated multi-component 
chemical deicer additive consisting of calcium chloride flakes and other chemicals.  ODOT has very 
limited experience with this item.  Use of this item should be coordinated with the Offices of Pavement 
Engineering, Maintenance Administration, Materials Management, and Structural Engineering if used on 
bridges. 

409.6 Item 874 Ultrathin Bonded Asphalt Concrete 

This item is intended primarily for use in preventive maintenance applications.  It consists of 
sealing the pavement with a polymer modified emulsion followed immediately with a thin asphalt overlay.  
The asphalt overlay requires crushed aggregate to provide rut resistance.  This item should not be placed 
over fresh, less than one year old, crack sealer.  Placement of this item requires a special paving 
machine.  This item should be used on structurally sound pavements only. 
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ASPHALT CONCRETE STRUCTURAL COEFFICIENTS 

Material 
English 

Coefficient 
Metric 

Coefficient 

Items 424, 442, 443, 446, 448, 826, 857, 859, 874 - AC Surface 
Courses 

0.43 0.0169 

Items 442, 443, 446, 448, 826, 857 - AC Intermediate Courses 0.43 0.0169 

Item 880 Warranty Asphalt - top 3" (75 mm) 0.43 0.0169 

Items 301, 302 - Asphalt Concrete Base Courses 0.36 0.0142 

Item 880 Warranty Asphalt - below top 3" (75 mm) 0.36 0.0142 

Item 321 - Cracked & Seated Plain Concrete 0.27 0.0106 

Existing Asphalt Concrete - old, oxidized, & weathered 0.23 0.0092 

Item 304 - Aggregate Base 0.14 0.0055 

Item 320 - Rubblized Concrete 0.14 0.0055 

Items 850, 851 - Free Draining Base Layers* 0.14 0.0055 

Items 421, 881 - Microsurfacing 0.0 0.0 

Item 803 Rubberized Open Graded Asphalt Friction Course 0.0 0.0 

Items 822, 886 - Hot In Place Recycling 0.0 0.0 

* Free Draining Bases are not approved for use on ODOT projects. 
 
 
 
 
 Asphalt Concrete Drainage Factor = 1.0 
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Given: 
 

 Number of Lanes:  4 

 Functional Classification: Rural Principal Arterial 

 2009 Traffic:   15,800 ADT 

 2029 Traffic:   22,450 ADT 

 24 hour truck %:  18% 

 Design Period:   20 years (see Pavement Design Policy 20-007(P)) 

 Open to Traffic:   2010 

 Subgrade CBR: 5 (provided by Office of Geotechnical Engineering or District 
Geotechnical Engineer) 

 
 
Problem: Solve for the Structural Number and determine an acceptable flexible buildup 
 
 
Solution: 
 
Step 1 - Determine the 18 Kip Equivalent Single Axle Loading (ESAL) 
 
Since the project is expected to open to traffic in 2010, the ESAL projection should be for 2010 to 2030.  
Calculate the mid-year (2020) ADT, rounded to the nearest ten: 
 
 2020 ADT = 15,800+(22,450-15,800)(11/20) 
 2020 ADT = 19,460 
 
 Directional Distribution, D = 50% (Figure 202-1) 
 Lane Factor = 90% (Figure 202-1) 
 B:C Ratio = 5:1 (Figure 202-1) 
 ESAL Conversion Factor for B trucks = 1.45 (Figure 202-1) 
 ESAL Conversion Factor for C trucks = 0.58 (Figure 202-1) 
 
Using the equations given in Section 202.2: 
 
 ESAL's from B trucks = 19,460(0.18)(0.50)(0.90)(5/6)(1.45) = 1905 
 ESAL's from C trucks = 19,460(0.18)(0.50)(0.90)(1/6)(0.58) = 152 
 
 Total Daily ESAL’s = 1905+152 = 2057 ESAL/day 
 
 Design Period ESAL’s = 2057 ESAL/day * 365.25 days/yr. * 20 years = 15,026,385 
            use 15.0x10

6
 ESAL 

 
 
Step 2 - Determine the Subgrade Resilient Modulus (Mr) using the formula given in Section 203.1. 
 
 Mr = 1200 * CBR 
 Mr = 1200 * 5 
 Mr = 6000 psi 
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Step 3 - Determine the Design Structural Number (SN) using Figures 402-2 and 402-3.  In Figure 402-2, 
solve for the Match Line Number using the following information: 
 
 Reliability = 85% (Figure 201-1) 
 Overall Standard Deviation = 0.49 (Figure 201-1) 
 18-kip Single Axle Loads = 15.0x10

6
 ESAL (Step 1) 

 Subgrade Resilient Modulus = 6,000 psi (Step 2) 
 
The resulting Match Line Number is then used in Figure 402-3, along with the Design Serviceability Loss 
of 2.0 (Figure 201-1), to solve for the Design Structural Number (SN). 
 
Therefore: Design Structural Number (SN) = 5.25 
 
 
Step 4 - Design the typical section using the layer coefficients found in Figure 401-1.  The total SN for the 
pavement buildup must equal or exceed the Design Structural Number (SN) = 5.25 (Step 3). 
 
 
Check for Heavy traffic (see Proposal Note 416) by calculating opening day (2010) truck traffic. 
 2010 ADTT = (15,800+(22,450-15,800)(1/20))*0.18 
 2010 ADTT = 2900 
 
Since the opening day truck traffic is greater than 1500, a 12.5mm or Type 1H mix is required. 
 
The following buildup is not the only solution, but will satisfy the required SN: 
 
 
  Material           Thickness         Coefficient  SN    
442 AC Surface Course, 12.5mm, Type A (446)  1.5"  0.43  0.65 
442 AC Intermediate Course, 19mm, Type A (446) 1.75"  0.43  0.75 
302 Asphalt Concrete Base, PG64-22   8.5"  0.36  3.06 
304 Aggregate Base     6"  0.14  0.84       
 
         Total SN = 5.30 
 
Since the total SN equal to 5.30 of the proposed buildup is greater than the required SN of 5.25, the 
design is acceptable. 
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Example: 

 

R = 85% 

So = 0.49 

ESAL = 8,800,000 

MR = 7,200 psi 
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402, 402-1(step 3) 
 
 

 
 
 
 

 



Surface Treated Shoulder and 
Stabilized Aggregate Shoulder 

Typical Sections 

403-1 
July 2008 

Reference Section 

205.1, 403.3 & 403.4 

 
 

 
 

Notes: 

 

The bottom of the aggregate drains     *  0.08 Desirable 

shall be at or below the bottom of the   **  A flexible shoulder 

pavement's aggregate base at the point        (Item 301) could be 

of contact.  The top of the aggregate       used in lieu of the 

drains shall be no higher than the bottom       Surface Treatment 

of the shoulder's aggregate base at the 

point of contact.

 

(Greater than 500 trucks in Design Year ADT) 
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Item 
Minimum 

Lift 
Maximum 

Lift 
Taper to 0" 

Uniform 
Thickness 
Required 

301 Asphalt Concrete Base 3" 6" No No 

302 Asphalt Concrete Base 4" 7.75" No No 

424 Fine Graded Polymer Asphalt Concrete, 
Type A 

0.625" 
(5/8") 

0.625" 
(5/8") 

No Yes 

424 Fine Graded Polymer Asphalt Concrete, 
Type B 

0.75" 1.25" No Yes 

442 AC Surface Course, 12.5mm, Type A or 
B (446) 

1.5" 2.5" No Yes 

442 AC Surface Course, 9.5mm, Type A or 
B (446) 

1" 1.5" No Yes 

442 AC Surface Course, 12.5mm, Type A or 
B (448) 

1.5" 2.5" No No 

442 AC Surface Course, 9.5mm, Type A or 
B (448) 

1" 1.5" No No 

442 AC Intermediate Course, 19mm, Type A 
or B (446) 

1.75" 3" No Yes 

442 AC Intermediate Course, 19mm, Type A 
or B (448) 

1.25" 3" Yes No 

442 AC Intermediate Course, 9.5mm, Type 
A or B (448) 

1" 1.5" Yes No 

443 Stone Matrix Asphalt Concrete, 12.5mm 
(446) 

1.5" 2" No Yes 

446 AC Surface Course, Type 1H 1.5" 2.5" No Yes 

446 AC Surface Course, Type 1 1" 1.5" No Yes 

446 AC Intermediate Course, Type 1 1" 1.5" No Yes 

446 AC Intermediate Course, Type 2 1.75" 3" No Yes 

448 AC Surface Course, Type 1H 1.5" 2.5" No No 

448 AC Surface Course, Type 1 1" 1.5" No No 

448 AC Intermediate Course, Type 1 1" 1.5" Yes No 

448 AC Intermediate Course, Type 2 1.75" 3" Yes No 
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Item 
Minimum 

Lift 
Maximum 

Lift 
Taper to 

0" 

Uniform 
Thickness 
Required 

803 Rubberized Open Graded Asphalt 
Friction Course 

0.75" 0.75" No Yes 

826 AC Surface Course, Type 1, Fiber A 
or B 

1" 1.5" No No 

826 AC Surface Course, Type 2, Fiber A 
or B 

1.75" 3" No No 

826 AC Intermediate Course, Type 1, 
Fiber A or B 

1" 1.5" Yes No 

826 AC Intermediate Course, Type 2, 
Fiber A or B 

1.75" 3" Yes No 

857 AC with Gilsonite, Surface Course, 
Type 1 

1" 1.5" No * 

857 AC with Gilsonite, Surface Course, 
Type 1H 

1.5" 2.5" No * 

857 AC with Gilsonite, Intermediate 
Course, Type 2 

1.75" 3" No * 

859 AC with Verglimit (designed for 
medium traffic) 

1" 1.5" No Yes 

859 AC with Verglimit (designed for heavy 
traffic) 

1.5" 2.5" No Yes 

874 Ultrathin Bonded AC 0.625" (5/8") 1.5" No No 

 
 
* Acceptance and the need for a uniform lift thickness for Item 857 depends on the total quantity of 
material used.  If the total quantity is 250 tons (250 metric tons) or greater, 446 acceptance is used and a 
uniform lift thickness is required.  Less than 250 tons (250 metric tons), 448 acceptance is used and a 
variable lift thickness is allowed. 
 
 
 




