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Preface

This document or manual of practice describes a pavement design methodology that is based 
on engineering mechanics and has been validated with extensive road test performance data. This 
methodology is termed mechanistic-empirical (ME) pavement design, and it represents a major 
change from the pavement design methods in practice today. 

Interested agencies have already begun implementation activities through staff training, col-
lection of input data (materials library, traffic library, etc.), acquiring of test equipment, and prepa-
ration of field sections for local calibration. This manual, referred to as the Mechanistic-Empirical 
Pavement Design Guide (MEPDG), presents the information necessary for pavement design 
engineers to start using the ME-based design and analysis method. The software supporting this 
method is called Pavement ME Design® and is commercially available through AASHTOWare. 
The software is referred to in this document as PMED. 

Multiple enhancements have been made to the AASHTOWare PMED based on completed 
research projects sponsored by the National Cooperative Highway Research Program (NCHRP) 
and the Federal Highway Administration (FHWA). In addition, revisions to the software were 
based on evaluations performed by State Highway Agencies and others in the Community of 
Practice. The third edition of the MEPDG Manual of Practice was prepared so the manual was 
consistent with the enhanced features and models included in the software through 2018. 

The following table (Table P-1) summarizes the key differences noted between the format and 
calibration factors used in the MEPDG version 1.1 software, the AASHTOWare Pavement ME 
Design software version 2.3.1, and version 2.5.3 software.
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Table P-1. 	 Summary of Key Differences in Software Format and Calibration Factors

Format, Transfer Functions, 
and Calibration Coefficients

MEPDG  
version 1.1

AASHTOWare 
Pavement ME 

Design  
version 2.3.1

AASHTOWare 
Pavement ME 

Design  
version 2.5.3

Output Format Excel-based PDF- and Excel-
based

PDF- and Excel-
based

Climatic Input Data and if 
Included in Output Summary 

Data from Ground-
Based Weather 
Stations; output 
summary not 
included

Data from NARR 
database for rigid and 
flexible pavements; 
output summary 
included

Data from NARR 
database for 
rigid pavements 
and MERRA2 
database for flexible 
and semi-rigid 
pavements; output 
summary included

Axle Configuration Data
 in Output Summary

Not included Included Included

Special Axle Load 
Configuration

Included Not included Not included

Reflection Cracking Transfer 
Function

Empirical regression 
equation included

ME-based fracture 
mechanics model 
included

ME-based fracture 
mechanics model 
included

Coefficient of Thermal 
Expansion (CTE)

CTE for Basalt of 4.6 CTE for Basalt of 4.3 CTE for Basalt of 
4.3

PCC Zero Stress 
Temperature

PCC Zero Stress 
Temperature  
(60°–120°F)

PCC Set 
Temperature  
(70°–212°F)

PCC Set 
Temperature  
(70°–212°F)

Heat Capacity of Asphalt 
Pavement

Default value of  
0.23 BTU/lb-°F

Default value of  
0.28 BTU/lb-°F

Default value of  
0.28 BTU/lb-°F

Thermal Conductivity of 
Asphalt Pavement

Default value of 0.67 
BTU/(ft)(hr)(F)

Default value of 1.25 
BTU/(ft)(hr)(F)

Default value of 
1.25 BTU/(ft)(hr)
(F)

Surface Shortwave 
Absorptivity

Default value of 0.95 Default value of 0.85 Default value of 
0.85

Global Model 
Coefficient 
for Unbound 
Materials and 
Soils in Flexible 
Pavement 
Subgrade Rutting 
Model

Aggregate 
Base

ks1 of 1.673 ks1 of 2.03 ks1 of 0.965

Coarse-
Grained 
Soil

ks1 of 0.965

Sand Soil ks1 of 0.635

Fine-
Grained 
Soil

ks1 of 1.35 ks1 of 1.35 ks1 of 0.675

Continued on next page.
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Format, Transfer Functions, 
and Calibration Coefficients

MEPDG  
version 1.1

AASHTOWare 
Pavement ME 

Design  
version 2.3.1

AASHTOWare 
Pavement ME 

Design  
version 2.5.3

Global Local 
Calibration or 
Field Adjustment 
Constant for 
Unbound 
Materials and 
Soils in Flexible 
Pavement 
Subgrade Rutting 
Model

Aggregate 
Base

1.0 1.0 1.0

Coarse-
Grained 
Soil

1.0

Sand Soil 1.0

Fine-
Grained 
Soil

1.0

Global Laboratory-Derived 
Model Coefficients in the 
Fatigue Cracking Prediction 
Model in Flexible Pavement

ks1 of 0.007566 ks1 of 0.007566 ks1 of 3.75

ks2 of -3.9492 ks2 of 3.9492 ks2 of 2.87

ks3 of -1.281 ks3 of 1.281 ks3 of 1.46

Global Local Calibration or 
Field-Adjustment Constants 
for Fatigue Cracking 
Prediction Model in Flexible 
Pavement

β1 of 1.0 β1 of 1.0 AC thickness 
dependent; see 

Chapter 5
β2 of 1.0 β2 of 1.0 β2 of 1.38

β3 of 1.0 β3 of 1.0 β3 of 0.88

Global Bottom-Up Alligator 
Cracking Transfer Function 
Coefficients

C1 of 1.0 C1 of 1.0 1.31

C2 of 1.0 C2 of 1.0 AC thickness 
dependent; see 

Chapter 5
Global Calibration or Field-
Adjustment Coefficient in the 
Transverse Cracking Model 
for AC

kt (Level 1) of 5.0 kt (Level 1) of 1.5 ks (Level 1) is 
Mean Annual 

Air Temperature 
(MAAT) 

dependent; see 
Chapter 5.

kt (Level 2) of 1.5 kt (Level 2) of 0.5 ks (Level 2) is 
MAAT dependent; 

see Chapter 5.
kt (Level 3) of 3.0 kt (Level 3) of 1.5 ks (Level 3) is 

MAAT dependent; 
see Chapter 5.

Global Laboratory Derived 
Model Coefficients in the Rut 
Depth Prediction Model

k1 of -3.35412 k1 of -3.35412 k1 of -2.45

k2r of 0.4791 k2 of 1.5606 k2 of 3.01

k3r of 1.5606 k3 of 0.4791 k3 of 0.22

Table P-1. 	 Summary of Key Differences in Software Format and Calibration Factors, continued

Continued on next page.

© 2020 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law. 



viii  |  Mechanistic–Empirical Pavement Design Guide OCTOBER 2023 ERRATA 

Format, Transfer Functions, 
and Calibration Coefficients

MEPDG  
version 1.1

AASHTOWare 
Pavement ME 

Design  
version 2.3.1

AASHTOWare 
Pavement ME 

Design  
version 2.5.3

Global Local Calibration or 
Field Adjustment Coefficients 
in the Rut Depth Prediction 
Model

β1 of 1.0 β1 of 1.0 β1 of 0.40

β2 of 1.0 β2 of 1.0 β2 of 0.52

β3 of 1.0 β3 of 1.0 β3 of 1.36

Calibration Coefficients in 
the Rigid Pavement Cracking 
Prediction Model

C4 of 1.0 C4 of 0.52 C4 of 0.52

C5 of -1.98 C5 of -2.17 C5 of -2.17

Calibration Coefficients in 
the Rigid Pavement Faulting 
Prediction Model

C1 of 1.29 C1 of 1.0184 C1 of 0.595

C2 of 1.1 C2 of 0.91656 C2 of 1.636

C3 of 0.001725 C3 of 0.0021848 C3 of 0.00217

C4 of 0.0008 C4 of 0.0008837 C4 of 0.00444

C6 of 0.4 C6 of 0.47 C6 of 0.47

C7 of 1.2 C7 of 1.83312 C7 of 7.3

Calibration Coefficient in the 
Rigid Pavement Punchout 
Prediction Model

APO of 195.789 C3 of 107.73 C3 of 107.73

αPO of 19.8947 C4 of 2.476 C4 of 2.475

βPO of -0.526316 C5 of -0.785 C5 of -0.785

Calibration Coefficients in 
the Short JPCP Overlay 
Longitudinal Cracking 
Prediction Model

Excluded C4 of 0.4 C4 of 0.4

C5 of -2.21 C5 of -2.21

 

Table P-1. 	 Summary of Key Differences in Software Format and Calibration Factors, continued
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C H A P T E R  1

Introduction

The overall objective of the Mechanistic-Empirical Pavement Design Guide (MEPDG) is to 
provide the highway community with a state-of-the-practice method for the design and analysis 
of new and rehabilitated pavement structures, based on mechanistic-empirical (ME) principles. 
This means that the design/analysis procedure calculates pavement responses (stresses, strains, 
and deflections) and uses those responses to compute incremental damage over time. The proce-
dure empirically relates the cumulative damage to observed pavement distresses. The flowchart in 
Figure 1-1 illustrates this ME-based procedure. The AASHTOWare Pavement ME Design® is the 
commercially available software tool. The AASHTOWare software is referred to in this manual as 
PMED.

The AASHTOWare PMED represents a major change in the way pavement design is per-
formed. AASHTOWare PMED predicts multiple performance indicators (refer to Figure 1-1) 
and it provides a direct tie between materials, structural design, construction, climate, traffic, and 
pavement management systems. Figures 1-2 and 1-3 are examples of the interrelationship between 
these activities for asphalt concrete (AC) and Portland cement concrete (PCC) materials. 

1.1	 Purpose of Manual
This manual of practice presents information to guide pavement design engineers in making 
decisions and using AASHTOWare PMED for new pavement and rehabilitation design. The 
manual does not provide guidance on developing regional or local calibration factors for predict-
ing pavement distress and smoothness. A separate document, Guide for the Local Calibration of the 
Mechanistic-Empirical Pavement Design Guide, provides guidance for determining the local calibra-
tion factors for both AC and PCC pavement types (2).

1.2	 Overview of the Design Procedure
AASHTOWare PMED is a production-ready design tool to support the day-to-day opera-
tions of public and private pavement engineers. When analyzing a pavement design project using 
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AASHTOWare PMED, whether it is new construction, an overlay, or restoration, utilize the 
following three-step, basic process:

1.	Create a trial design for the project.

2.	Run AASHTOWare PMED to predict the key distresses and smoothness for the trial 
design.

3.	Review the predicted performance of the trial design against performance criteria, then 
modify the trial design as needed in order to produce a feasible design that satisfies the per-
formance criteria at the selected reliability level.

Pavement responses (stresses, strains, and deflections) are combined with other pavement, traf-
fic, climate, and materials parameters to predict the progression of key pavement distresses and 
smoothness loss over time. These outputs are the basis for checking the adequacy of a trial design. 
AASHTOWare PMED software also includes an automated process or feature to iterate to an 
optimized pavement thickness for both flexible and rigid pavements. 
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Climate/Environment Analysis
(Subsection 8.2) 

Temperature and Moisture 

Traffic Analysis (Subsection 8.1) 
Truck Classification & Volume 

Axle Load Distribution 
Forecasting 

New Materials Analysis
(Chapter 10)

Asphalt Concrete
Portland Cement Concrete

Cementitous Materials
Unbound Granular Materials 

Inputs for Design
(Chapter 5) 

Site Investigations
(Subsection 8.3)

Borings & Field Testing; 
Soils Testing in Lab; 

Drainage; Volume Change 

Paving Materials 

Analyze Performance of 
Pavement Design  

Pavement Evaluation
(Chapter 9) 

Distress Surveys; Nondestructive
Testing; Ride Quality Testing;
Boriings & Cores; Materials 

Design Criteria 
(Subsection 7.1) 

Design Criteria 
(Subsection 7.1)

Pavement Response Model 
Calculate Stresses, Strains, Deflections 

Calculate Incremental Damage 

Distress Transfer Functions & 
Pavement Distress Models (Chapter 5)

Reliability 
Analysis 

(Subsection 7.2)

Has Design 
Criteria Been 

Met? 

NO 

YES 

STAGE 2—ANALYSIS 

Viable Design Alternative 
Life Cycle

Cost Analysis 
Engineering & 

Constructability Analysis 

Select
Strategy  

STAGE 3—STRATEGY SELECTION 

Policy Issues & Decisions 

Modify Design Features 
or Materials 
(Chapter 13)

Rehabilitation/Repair Materials 

Roughness;
IRI 

Distortion; 
Rutting 
Faulting 

Load 
Related 

Cracking 

Non-Load 
Related 

Cracking 

STAGE 1—EVALUATION New Pavement
Design & Analysis

(Chapter 11)

Rehabilitation 
Design & Analysis

(Chapter 12)

Analyze Performance
of Pavement Design

Figure 1-1.	 Conceptual Flow Chart of the Three-Stage Design/Analysis Process for AASHTOWare 
PMED
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MEPDG, 

Procedure 

1. Project Selection

2. Project Planning 

4. Plan Preparation & 
Project Specifications 

5. Bid Letting, Contractor
Selection; Low Bid Process

Contractor Quality Plan Agency Acceptance Specifications 

8. Construction of Project As-Built Plans 

9. Pavement Management Database:
Structure and Material Properties

10. Monitoring Performance & Distress over 
Time; PMS Database 

11. Data Feedback through PMS Database

HMA Layer Characterization: 
Structural Layer Coefficient

No direct tie between resilient
modulus or structural layer
coefficient and mix design

criteria/properties

Volumetric Properties: 
• Air voids, total asphalt 

content, VMA, VFA, 
gradation

• Asphalt properties

HMA-Mixture Characterization: 
• Dynamic modulus, creep 

compliance, tensile strength,
Poisson’s ratio
Air voids, density, VMA,
effective asphalt content,
gradation, coefficient of 
thermal expansion 

•

• Asphalt properties

Direct tie between HMA properties 
to establish mix design criteria 

Volumetric and Mechanical 
Properties: 

• Density, air voids, effective
asphalt content, VMA,
VFA, gradiation 

•

• Asphalt properties

As-Built Plans 

No Distress Predictions  Distress Predictions; 
Confirmation of Design 

Expectations  

Volumetric Properties Volumetric Properties 

Dynamic modulus, flow
time or number, creep
compliance, tensile strength

1993 AASHTO Design Guide, 
Empirical Thickness Design 

Procedure

ME Design Guide,
ME Based Feature Design

Procedure

3. Structural Design;
ASSUMED Material

Properties

6. HMA-Mixture Design 

7. Quality Assurance
Plan

11. Data Feedback through PMS Database

Figure 1-2.	 Typical Differences between Empirical Design Procedures and an Integrated ME Design 
System, in Terms of AC Mixture Characterization
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1. Project Selection

2. Project Planning 

4. Plan Preparation & 
Project Specifications 

5. Bid Letting, Contractor
Selection; Low Bid Process

Design 

Contractor Quality Plan Agency Acceptance Specifications 

8. Construction of Project As-Built Plans 

9. Pavement Management Database:
Structure and Material Properties

10. Monitoring Performance & Distress over 
Time; PMS Database 

11. Data Feedback through PMS Database

PCC Layer Characterization: 
Modulus of Rupture 

Limited tie between PCC layer 
properties and mix design 

criteria/properties 

Volumetric and Mechanical 
Properties:  

• Air content, water, slump, 
water–cement ratio, 
gradation

• Cement type
• Modulus of rupture 

PCC-Mixture Characterization: 
• Elastic modulus, modulus of

rupture, Poisson’s ratio
•

•

 Air content, unit weight, 
water–cement ratio, amount 
of cement, gradation 
Coefficient of thermal 
expansion 

• Cement type (properties)

Direct tie between PCC properties 
to establish mix design criteria 

Volumetric and Mechanical 
Properties: 

• Unit weight, air content, 
water–cement ratio, amount 
of cement, gradation 

• Elastic modulus, modulus of 
rupture

• Coefficient of thermal 
expansion 

• Cement type (properties)

As-Built Plans 

No Distress Predictions  Distress Predictions; 
Confirmation of Design 

Expectations  

Volumetric and Mechanical 
Properties 

Volumetric and Mechanical 
Properties 

Guide for Design of Pavement 
Structures, Empirical Thickness 

Design Procedure

MEPDG,
ME-Based Feature Design

Procedure

3. Structural Design;
ASSUMED Material

Properties

6. PCC-Mixture Design

7. Quality Assurance
Plan

11. Data Feedback through PMS Database

Figure 1-3.	 Typical Differences between Empirical Design Procedures and an Integrated ME Design 
System, in Terms of PCC-Mixture Characterization
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The ME approach makes it possible to optimize the design and to fully verify that specific 
distress types will be limited to values less than the failure criteria within the design life of the 
pavement structure. The basic steps included in the MEPDG are listed below and presented as 
flow charts in Figures 1-4 and 1-5. The steps shown in Figures 1-4 and 1-5 are referenced to the 
appropriate sections within this manual of practice.

1.	Select a trial design strategy. The pavement designer may use an agency-specific procedure 
to determine the trial design cross section.

2.	Select the appropriate performance indicator criteria (threshold value) and design reli-
ability level for the project. Design or performance indicator criteria include magnitudes of 
key pavement distresses and smoothness that may trigger major rehabilitation or reconstruc-
tion. These criteria could be a part of an agency’s policies for deciding when to rehabilitate 
or reconstruct. AASHTOWare PMED allows the user to select the performance indicator 
criteria to be considered. The user can uncheck the box next to the criteria that do not need 
to be considered. (See Chapter 4.1 for definitions.)

3.	Obtain all inputs for the pavement trial design under consideration. This step may be a 
time-consuming effort, but it is what separates the MEPDG from other design procedures. 
The MEPDG allows the designer to determine inputs using a hierarchical structure in 
which the effort to quantify a given input is selected based on the importance of the project, 
importance of the input, and available resources. The required inputs to run the software are 
obtained using one of three levels of effort that need not be consistent for all of the inputs 
for a given design. This permits the user to use the “best available” data for all inputs. The 
hierarchical input levels are defined in Chapters 4 and 5, and are grouped under six broad 
topics: (1) general project information, (2) design criteria, (3) traffic, (4) climate, (5) struc-
ture layering, and (6) material properties (including the design features). A caution to the 
designer—Some of the input parameters are interrelated; changing one parameter may affect the 
value of another input parameter. The designer should use caution in making changes in individ-
ual parameters.

4.	Run AASHTOWare PMED and examine the inputs and outputs for engineering 
reasonableness. The software calculates changes in layer properties, damage, key distresses, 
and the International Roughness Index (IRI) over the design life. The substeps for step 4 
include:

a.	 Examine the input summary to verify the inputs are correct. This step should 
be completed after each run, until the designer becomes more familiar with the 
program and its inputs.

b.	 Examine the outputs that comprise the intermediate process—specific parameters 
(such as climate values), monthly load transfer efficiency (LTE) values for rigid 
pavement analysis, monthly layer modulus values for flexible and rigid pavement 
analysis to determine their reasonableness, and calculated performance indicators 
(pavement distresses and IRI). This step may be completed after each run or 
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until the designer becomes more familiar with the program. Review of important 
intermediate processes and steps is presented in Chapter 13. 

c.	 Assess whether the trial design has met each of the performance indicator criteria 
at the design reliability level chosen for the project. As noted above, IRI is an 
output parameter predicted over time and a measure of surface smoothness. IRI 
is calculated from other distress predictions (refer to Figure 1-1), site factors, and 
initial IRI.

d.	 If any of the criteria are not met, determine how this deficiency can be remedied 
by altering the materials used, the layering of materials, layer thickness, or other 
design features.

5.	Revise the trial design, as needed. If the trial design has input errors, material output 
anomalies, or has exceeded the failure criteria at the given level of reliability, revise the 
inputs/trial design and rerun the program. An automated process to iterate to an optimized 
thickness is done by AASHTOWare PMED to produce a feasible design. 

1—Select Trial Design 
Strategy & Cross Section 

General Project Design/Analysis Information 
(Section 3.2) 

New Design or Lane Reconstruction 
(Subsection 11.1 for HMAC Surfaced Pavements; 
Subsection 11.2 for PCC Surfaced Pavements) 

Pavement Rehabilitation 
(Subsection 12.1)  

2.a—Select Failure
Limits or Design Criteria 

(Subsection 7.1)  

2.b—Select Reliability
Level

(Subsection 7.2)

Values selected in balance 
with one another 

(Chapter 8)

3—Select Hierarchical 
Input Levels 

(Subsection 5.3)  

A  
(Figure 1-5a)

B (Figure 1-5a)

Figure 1-4.	 Flow Chart of the Steps That Are More Policy Decision Related and Needed to 
Complete an Analysis of a Trial Design Strategy
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4—Determine Site Conditions and Factors 
(Chapters 9 & 10) 

B
(Figure 1-4) 

4.a—Determine Truck Traffic Inputs
(Subsection 9.1)

4.b—Determine Climate Inputs
(Subsection 9.2)  

4.c—Determine Foundation & 
Subgrade Soil Inputs

(Subsection 9.3)  

Existing Truck Traffic and Baseline Condition; 
where applicable 

• Axle Weights 
• Truck Volumes
• Other Truck Factors

Project future truck traffic over design life.

Latitude, Longitude, Elevation  

Identify appropriate weather stations 

Determine properties of the foundation 
and/or embarkment soilds 

4.d—Pavement Evaluation for
Rehabilitation 
(Chapter 10) 

Establish overall condition of existing pavement. 
(Subsection 10.2)  

Determine material properties of existing pavement 
layers. (Subsection 10.3)  

5—Determine Material Properties/Features of 
New Paving Layers (Chapter 10) 

HMAC Layers (Subsection 10.2) 

PCC Layers (Subsection 10.3) 

Chemically Stabilized Layers 
(Subsection 10.4) 

Unbound Aggregate Layers 
(Subsection 10.5) 

A 
(Figure 1-4)

C
(Figure 1-5b)

D
(Figure 1-5b)

6—Execute AASHTOWare 
PMED 

Figure 1-5a.	 Flow Chart of the Steps Needed to Complete an Analysis of a Trial Design Strategy
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7—Interpretation & Analysis 
of Trial Design Strategy 

(Chapter 13) 

C 
(Figure 1-5a)

Check reliability of trial 
design; do calculated 

reliabilities exceed target
reliability levels? 

reliability levels?

Yes No 

Unacceptable design; check calculated distresses and 
supplemental information; if unacceptable, revise design 
features of trial design and rerun AASHTOWare PMED. 

(Subsections 13.4 and 13.5) 

Check calculated distresses and 
supplemental information 

(Subsection 13.3) 

Are there unreasonable 
calculated parameters; 

distresses, properties, etc.? 
No Yes 

8—Trial Design Strategy is 
Acceptable! Store Results. 

D 
(Figure 1-5a)

Determine reason for 
unreasonable parameters, make 

corrections, and rerun 
AASHTOWare PMED. 

Figure 1-5b.	 Flow Chart of the Steps Needed to Complete an Analysis of a Trial Design Strategy
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