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Preface | v

PREFACE

This document 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 mecha-
nistic-empirical (M-E) pavement design, and it represents a major change from the pavement design

methods in practice today.

Interested agencies have already begun implementation activities in terms of staff training, collection of
input data (materials library, traffic library, etc.), acquiring of test equipment, and setting up field sec-
tions for local calibration. This manual presents the information necessary for pavement design engi-

neers to begin to use the MEPDG design and analysis method.

This manual refers to AASHTOWare Pavement Me Design™, M-E Pavement design software which

is commercially available through AASHTOWare, AASHTO's software development program (see
http://www.aashtoware.org/Pavement/Pages/default.aspx). AASHTOWare Pavement ME Design has
been revised from the software described in the previous edition of this manual based upon evaluations

performed by state Departments of Transportation and others in the community of practice.

The following table summarizes the key differences noted between the format and calibration factors

used in the MEPDG version 1.1 software and the AASHTOWare Pavement ME Design software.
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Table i-1. Summary of Key Differences in Software Format and Calibration Factors

Format and AASHTOWare Pavement

Calibration Factors MEPDG Version 1.1 ME Design
Output Format Excel-based PDEF- and Excel-based
Climatic Data in Output Summary Not included Included
Axle Configuration Data in Output Not included Included
Summary
Special Axle Load Configuration Included Not included
Reflection Cracking Not included Included
Coefhicient of Thermal Expansion (CTE) CTE for Basalt of 4.6 CTE for Basalt of 5.2
PCC Zero Stress Temperature PCC Zero Stress Temperature PCC Set Temperature

(Range 60° to 120°F) (Range 70° to 212° F)

Heat Capacity of Asphalt Pavement

Default value of 0.23 BTU/Ib-°F

Default value of 0.28 BTU/Ib-°F

Thermal Conductivity of Asphalt

Default value of 0.67 BTU/(ft)

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

Pavement (hr)(F)
Surface Shortwave Absorptivity Default value of 0.95 Default value of 0.85
Global Calibration Coefficient for k,, granular of 1.63 kq, granular of 2.03
Unbound Materials and Soils in Flexible
Pavement Subgrade Rutting Model
Global Field Calibration Coefhicients k,, of -3.9492 k,, of 3.9492
in the Fatigue Cracking Prediction Model kf3 of -1.281 kj3 of 1.281
in Flexible Pavement
Global Field Calibration Coefficients in the k (Level 1) of 5.0 k (Level 1) of 1.5
Thermal Cracking Model for HMA k, (Level 2) of 1.5 k (Level 2) of 0.5
k, (Level 3) of 3.0 k, (Level 3) of 1.5
Global Field Calibration Coefficients in the k, of 0.4791 k, of 1.5606
Rut Depth Prediction Model k of 1.5606 k of0.4791
3r 3
Calibration Coefhcients in the Rigid C,of 1.29 C, of 1.0184
Pavement Faulting Prediction Model C,of L1 C, of 0.91656
C3 of 0.001725 C3 of 0.0021848
C4 of 0.0008 C4 of 0.0008837
C, of 1.2 C, of 183312
Calibration Coefhicient in the Rigid A, 0f 195.789 C, of 216.8421
P. t Punchout Prediction Model
avemen! unchnous redaiction ode. u’po 0{: 198947 C4 Of 3315789

B, of -0.526316

C, of -0.58947
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CHAPTER 1

Introduction

The overall objective of AASHTOWare Pavement ME Design is to provide the highway community
with a state-of-the-practice tool for the design and analysis of new and rehabilitated pavement struc-
tures, based on mechanistic-empirical (M-E) principles. This means that the design and analysis pro-
cedure calculates pavement responses (stresses, strains, and deflections) and uses those responses to
compute incremental damage over time. The procedure empirically relates the cumulative damage to
observed pavement distresses. This M-E based procedure is shown in flowchart form in

Figure 1-1.

AASHTOWare Pavement ME Design represents a major change in the way pavement design is per-
formed. AASHTOWare Pavement ME Design 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 hot mix asphalt (HMA) 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 Pavement ME Design for new pavement and rehabilitation design. The man-
ual does not provide guidance on developing regional or local calibration factors for predicting pavement
distress and smoothness. A separate document, Guide for the Local Calibration of the Mechanistic-Em-
pirical Design, provides guidance for determining the local calibration factors for both HMA and PCC
pavement types (2).

1.2 OVERVIEW OF THE MEPDG DESIGN PROCEDURE

AASHTOWare Pavement ME Design is a production-ready design tool to support the day-to-day
operations of public and private pavement engineers. When analyzing a pavement design project using
AASHTOWare Pavement ME Design, whether new construction, an overlay, or restoration, an iterative

process that follows three basic steps is utilized:
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1. Create a trial design for the project.

2. Run AASHTOWare Pavement ME Design to predict the key distresses and smoothness for the

trial design.

3. Review the predicted performance of the trial design against performance criteria and modify trial
design as needed in order to produce a feasible design that satisfies the performance criteria.

Pavement responses (stresses, strains, and deflections) are combined with other pavement, traffic, cli-

mate, 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 Pavement ME Design software also includes an automated process to iterate to an

optimized thickness.
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Design and Analyses
(See Chapter 11)

Borings and Field Testing; Soils
Testing in Laboratory;
Drainage; Volume Change;

Site Investigations [Section 8.3]:

STAGE 1—EVALUATION

INPUTS FOR DESIGN
(See Chapter 5)

Climate/Environment Analysis
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Rehabilitation

Design and Analyses
(See Chapter 12)

A

Frost Heave

Paving Materials

A

[See Section 8.2]:
Temperature and Moisture

New Materials Analysis [See Chapter 10]:
Hot Mix Asphalt

Portland Cement Concrete

Cementitious Materials

Unbound Granular Materials

:

Design Criteria

Pavement Evaluation [Chapter 9]:
Distress Surveys; Nondestructive
Testing; Ride Quality Testing;
Borings and Cores; Materials
Testing

\4

Soils/Embankment Materials

Traffic Analysis [See Section 8.1]:
Truck Classification and Volume
Axle Load Distribution

Rehabilitation/Repair Materials

:

Design Criteria

\ 4

[See Section 7.1] Forecasting [See Section 7.1]
\ 4
> Analyze Performance STAGE 2—ANALYSIS
| of Pavement Design

Modify Design

Features or Reliability

Materials Analysis

[See Chapter 13] Pavement Response Model [See Section 7.2]

Has Design
Criteria Been
Met?

“—

Calculate Stresses, Strains, Deflections

v

Calculate Incremental Damage

Distress Transfer Functions and
Pavement Distress Models [See Chapter 5]

A

Engineering and Constructability

Select
Strategy

Roughness: Distortion; Load Non-Load

”?RI e Rutting Related Related

Faulting Cracking Cracking

STAGE 3—STRATEGY SELECTION
Y
' . . Life-Cycle
Analysis Viable Design Alternative Cost Analysis
A

| Policy Issues and Decisions

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

Pavement ME Design
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1993 Design Guide,
Empirical Thickness Design

Procedure

HMA Layer Characterization:
Structural Layer Coefficient

Air voids, total asphalt
content, VMA, VFA,

ME Design Guide,

M-E-Based Feature Design
Procedure

1. Project Selection

v

HMA-Mixture Characterization:

2. Project Planning

Dynamic modulus, creep-

compliance, tensile strength,

3. Structural Design;
ASSUMED Material
Properties

Poisson’s ratio

Air voids, density, VMA,
effective asphalt content,
gradation, coefficient of
thermal expansion
 Asphalt properties

6. HMA-Mixture

SR, AU . ¢
. . . i .
it B o
I . ) ; I properties to establish mix design
1 coefficient and mix design ' L
H - . ' criteria
1 criteria/properties ' ¢
1 1
bmmmmmmmmme s m - N 5. Bid Letting, Contractor ¢
E Selection; Low-Bid Process
! Volumetric and Mechanical
\/ Properties:
Volumetric Properties: « Density, air voids, effective

asphalt content, VMA,
VFA, Gradation
« Dynamic modulus, flow

g':;ha:;f;} operties Design time or number, creep
compliance, tensile strength
« Asphalt properties
7. Quality Assurance
Volumetric Properties Plan Volumetric Properties
v v
| Contractor Quality Plan | | Agency Acceptance Specifications |
As-Built Plans -~ 8. Construction of Project > As-Built Plans
oot i
' ) - H 9. Pavement Management Database: Distress Predictions;
H No Distress Predictions H ’ Structure and Material Properties Confirmation of Design
i * v Expectations

10. Monitoring Performance and Distress over
Time; PMS Database

11. Data Feedback Through PMS Database

Figure 1-2. Typical Differences Between Empirical Design Procedures and an Integrated M-E Design
System, in Terms of HMA-Mixture Characterization
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Guide for Design of Pavement Structures ME Design Guide,
Empirical Thickness Design M-E-Based Feature Design
Procedure Procedure
» 1. Project Selection ittt
+ PCC-Mixture Characterization:
2. Project Planning . Elgstic modullus,modulus of rupture,
Poisson’s ratio
+ « Air content, unit weight,

water-cement ratio, amount
of cement, gradation

« Coefficient of thermal
expansion

» Cement type (properties)

b, ;

PCC Layer Characterization:
Modulus of Rupture

3. Structural Design;

ASSUMED Material
Properties

1 1
1 1 .
\  Limited tie between PCC layer | 4#:?'?” tP Srepar?notlj ::nd Direct tie between PCC properties
H properties and mix design H oject Speciiications to establish mix design
H criteria/properties H * criteria
1 1
e jmm s m e : 5. Bid Letting, Contractor ¢
E Selection; Low-Bid Process
1
1

Volumetric and Mechanical
\J Properties:
Volumetric and Mechanical « Unit weight, air content,
Properties: water-cement ratio, amount

« Air content, water, slump, of cement, gradation

cement-ratio, gradation, « Elastic modulus, modulus of rupture
» Cement type « Coefficient of thermal expansion
* Modulus of rupture « Cement type (properties)

l ¢

Volumetric and Volumetric and
Mechanical Properties Mechanical Properties

6. PCC-Mixture
Design

7. Quality Assurance
Plan

Y Y
| Contractor Quality Plan | | Agency Acceptance Specifications |

| |
v

As-Built Plans B 8. Construction of Project > As-Built Plans
pooTTTTTTTETTETmT T i
H . - ' 9. Pavement Management Database: Distress Predictions;
H No Distress Predictions —™ Structure and Material Properties Dl o Design
tTmTmmmmmmmmmmm s * ¥ Expectations

10. Monitoring Performance and Distress Over
Time; PMS Database

11. Data Feedback Through PMS Database

Figure 1-3. Typical Differences Between Empirical Design Procedures and an Integrated M-E Design
System, in Terms of PCC-Mixture Characterization
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The M-E approach makes it possible to optimize the design and to more fully ensure 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 design process are listed below and presented in flow
chart form in Figures 1-4 and 1-5. The steps shown in Figures 1-4 and 1-5 are referenced to the appro-

priate sections within this manual of practice.

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

determine the trial design cross section.

2. Select the appropriate performance indicator criteria (threshold value) and design reliability level
for the project. Design or performance indicator criteria should include magnitudes of key pavement
distresses and smoothness that trigger major rehabilitation or reconstruction. These criteria could be a
part of an agency’s policies for deciding when to rehabilitate or reconstruct. AASHTOWare Pavement
ME Design allows the user to select the performance indicator criteria to be analyzed. The user can

uncheck the box next to the criteria that needs no evaluation. (See Section 4.1 for definitions.)

3. Obtain all inputs for the pavement trial design under consideration. This step may be a time-con-
suming effort, but it is what separates the MEPDG from other design procedures. The MEPDG allows
the designer to determine the inputs using a hierarchical structure in which the effort required to quan-
tify a given input is selected based on the importance of the project, importance of the input, and the
resources at the disposal of the user. The inputs required to run the software may be obtained using one
of three levels of effort and need not be consistent for all of the inputs in a given design. The hierarchical
input levels are defined in Sections 4 and 5. The inputs are grouped under six broad topics—general
project information, design criteria, traffic, climate, structure layering, and material properties (including

the design features).

4. Run AASHTOWare Pavement ME Design software 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 sub-steps for step 4 include:

a) Examine the input summary to ensure the inputs are correct and what the designer intended. This
step may 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 transverse load transfer efficiency values for rigid pavement analysis, monthly layer
modulus values for flexible and rigid pavement analysis to determine their reasonableness, and calcu-
lated performance indicators (pavement distresses and IRI). This step may be completed after each
run, until the designer becomes more familiar with the program. Review of important intermediate
processes and steps is presented in Section 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 IRL.
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d) Ifany of the criteria have not been 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
Pavement ME Design to produce a feasible design.

General Project Design/Analysis Information
Section 3.2

Pavement Rehabilitation
Section 12.1

New Design or Lane Reconstruction
Section 11.1 for HMA-Surfaced Pavements
Section 11.2 for PCC-Surfaced Pavements
See Figure 1-5a

1—Select Trial Design
l Strategy and Cross Section l

2.a—Select Failure
Limits or Design Criteria
Section 7.1

2.b—Select Reliability Level
Section 7.2

| Values selected in balance |
> with one another;
Chapter 8

l

3—Select Hierarchical
Input Levels
Section 5.3

B
See Figure 1-5a

Figure 1-4. Flow Chart of the Steps That Are More Policy Decision Related and Are Needed to Com-
plete an Analysis of a Trial Design Strategy

A
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B
See Figure 1-4

4—Determine Site Conditions and Factors

(Chapters 8 and 9)
Existing Truck Traffic and Baseline Condition
Where Applicable
» * Axle Weights
> 4.a—Determine '_I'ruck Traffic Inputs « Truck Volumes
(Section 8.1) « Other Truck Factors

\d

Project future truck traffic over design life

4.b—Determine Climate Inputs Latitude, Longitude, Elevation
(Section 8.2)
Identify appropiate weather situations
4.c—Determine Foundations and
Subgrade Soil Inputs Determine properties of the foundation and/or

(Section 8.3) embankment soils

A
See Figure 1-4

\ 4

\

\d

Establish overall condition of existing pavement
4.d—Pavement Evaluation for (Section 9.2)
> Rehabilitation 4|
(Chapter 9) Determine material properties of existing pavement layers
(Section 9.3)

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

HMA Layers (Section 10.2)

\

\

PCC Layers (Section 10.3)

Chemically Stabilized
Layers (Section 10.4)

Unbound Aggregate Layers
(Section 10.5)

\4

\J

C - 6—Execute AASHTOWare
See Figure 1-5b = Pavement ME Design ——

Figure 1-5a. Flow Chart of the Steps Needed to Complete an Analysis of a Trial Design Strategy
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T—Interpretation and Analysis of
,C Trial Design Strategy
See Figure 1-5a (Chapter 13)

Check reliability of trial design; Q
Yes < do calculated reliabilities > No
_/ exceed target reliability levels?

Unacceptable design; check calculated distresses and
v supplemental information; if unacceptable, revise design .
features of trial design and rerun AASHTOWare Pavement
Check calculated distresses and ME Design (Sections 13.4 and 13.5)
supplemental information
(Section 13.3) v
D
See Figure 1-5a
A

Determine reason for

unreasonable parameters, make =
corrections, and rerun

L AASHTOWare Pavement ME Design

Are there unreasonable

No < calculated parameters;
_/ distresses, properties, etc.?

Y
&
»

8—Trial Design Strategy Is
Acceptable! Store Results

\

Figure 1-5b. Flow Chart of the Steps Needed to Complete an Analysis of a Trial Design Strategy
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CHAPTER 2

Referenced
Documents and
Standards

This section includes a listing of the laboratory and field test protocols for different paving materials,

recommended practices, material specifications, and the referenced documents needed for using

AASHTOWare Pavement ME Design.

2.1 TEST PROTOCOLS AND STANDARDS

From the test protocols listed in this section, the designer needs to execute only those for the hierarchi-

cal input levels selected. Refer to Chapter 4 for a definition of hierarchical input levels. The listing of test

procedures is organized into two sections: Laboratory Materials Characterization and In-Place Materi-

als/Pavement Layer Characterization.

2.1.1 Laboratory Materials Characterization
Unbound Materials and Soils

AASHTOT 88
AASHTOT 89
AASHTO T 90
AASHTOT 99

AASHTO T 100
AASHTO T 180

AASHTOT 190
AASHTOT 193
AASHTO T 206
AASHTO T 207
AASHTOT 215
AASHTO T 258
AASHTO T 265
AASHTO T 307
ASTM D2487

Particle Size Analysis of Soils

Determining the Liquid Limits of Soils

Determining the Plastic Limit and Plasticity Index of Soils
Moisture-Density Relations of Soils Using a 2.5-kg (5.5-1b) Rammer and a 305-
mm (12-in.) Drop

Specific Gravity of Soils

Moisture-Density Relations of Soils Using a 4.54-kg (10-1b) Rammer and an
457-mm (18-in.) Drop

Resistance R-Value and Expansion Pressure of Compacted Soils

The California Bearing Ratio

Penetration Test and Split-Barrel Sampling of Soils

Thin-Walled Tube Sampling of Soils

Permeability of Granular Soils (Constant Head)

Determining Expansive Soils

Laboratory Determination of Moisture Content of Soils

Determining the Resilient Modulus of Soils and Aggregate Materials

Classification of Soils for Engineering Purposes

© 2015 by the American Association of State Highway and Transportation Officials.
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Treated and Stabilized Materials/Soils

AASHTO T 220
ASTM C593
ASTM D1633
ASTM D1635

Asphalt Binder
AASHTOT 49
AASHTOT 53
AASHTO T 201
AASHTO T 202
AASHTOT 228
AASHTOT 315

AASHTOT 316
AASHTO T 319

Determination of the Strength of Soil-Lime Mixtures

Fly Ash and Other Pozzolans for Use with Lime for Soil Stabilization
Compressive Strength of Molded Soil-Cement Cylinders

Flexural Strength of Soil-Cement Using Simple Beam with Third-Point Loading

Penetration of Bituminous Materials

Softening Point of Bitumen (Ring-and-Ball Apparatus)

Kinematic Viscosity of Asphalts (Bitumens)

Viscosity of Asphalts by Vacuum Capillary Viscometer

Specific Gravity of Semi-Solid Bituminous Materials

Determining the Rheological Properties of Asphalt Binder Using a Dynamic
Shear Rheometer (DSR)

Viscosity Determination of Asphalt Binder Using Rotational Viscometer
Quantitative Extraction and Recovery of Asphalt Binder from Asphalt Mixtures

Hot Mix Asphalt and Asphalt Treated/Stabilized Mixtures

AASHTOT 27
AASHTOT 84
AASHTOT 85
AASHTOT 164
AASHTO T 166
AASHTO T 209

AASHTO T 269
AASHTO T 308

AASHTOT 312

AASHTOT 322

AASHTO T 342

Sieve Analysis of Fine and Coarse Aggregates

Specific Gravity and Absorption of Fine Aggregate

Specific Gravity and Absorption of Coarse Aggregate

Quantitative Extraction of Asphalt Binder from Hot Mix Asphalt (HMA)
Bulk Specific Gravity of Compacted Hot Mix Asphalt (HMA) Using Saturated
Surface-Dry Specimens

Theoretical Maximum Specific Gravity (G ) and Density of Hot Mix Asphalt
Paving Mixtures

Percent Air Voids in Compacted Dense and Open Asphalt Mixtures
Determining the Asphalt Binder Content of Hot Mix Asphalt (HMA) by the
Ignition Method

Preparing and Determining the Density of Asphalt Mixture Specimens by
Means of the Superpave Gyratory Compactor

Determining the Creep Compliance and Strength of Hot Mix Asphalt (HMA)
Using the Indirect Tensile Test Device

Determining Dynamic Modulus of Hot Mix Asphalt (HMA)

Portland Cement Concrete and Cement Treated/Stabilized Base Mixtures

AASHTOT 22
AASHTO T 97

AASHTOT 121M

/T 121
AASHTOT 152

Compressive Strength of Cylindrical Concrete Specimens
Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)

Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete
Air Content of Freshly Mixed Concrete by the Pressure Method
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AASHTO T 196 Air Content of Freshly Mixed Concrete by the Volumetric Method
AASHTO T 198 Splitting Tensile Strength of Cylindrical Concrete Specimens

AASHTOT 336  Coefhicient of Thermal Expansion of Hydraulic Cement Concrete

ASTM C469 Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression

Thermal Properties of Paving Materials
ASTM D2766 Specific Heat of Liquids and Solids
ASTM E1952 Thermal Conductivity and Thermal Diffusivity by Modulated Temperature Dif-

ferential Scanning Calorimetry

2.1.2 In-Place Materials/Pavement Layer Characterization
AASHTO T 256 Pavement Deflection Measurements

ASTM D5858 Guide for Calculating In Situ Equivalent Elastic Moduli of Pavement Materials
Using Layered Elastic Theory

ASTM D6951 Standard Test for Use of the Dynamic Cone Penetrometer in Shallow Pavement
Applications

2.2 MATERIAL SPECIFICATIONS
AASHTOM 320  Performance-Graded Asphalt Binder
AASHTO M 323 Superpave Volumetric Mix Design

2.3 STANDARD PRACTICES AND TERMINOLOGY

AASHTOM 145  Classification of Soils and Soil-Aggregate Mixtures for Highway Construction
Purposes

AASHTOR 13 Conducting Geotechnical Subsurface Investigations

AASHTOR 37 Application of Ground Penetrating Radar (GPR) to Highways

AASHTOR 43 Quantifying Roughness of Pavements

AASHTOR 50 Geosynthetic Reinforcement of the Aggregate Base Course of Flexible Pavement

Structures
AASHTOR59 Recovery of Asphalt from Solution by Abson Method
ASTM E1778 Standard Terminology Relating to Pavement Distress

AASHTO LCG-1  Guide for the Local Calibration of the Mechanistic-Empirical Pavement Design

2.4 REFERENCED DOCUMENTS

1. AASHTO, Guide for Design of Pavement Structures, American Association of State Highway and
Transportation Officials, Washington, DC, 1993.

2. AASHTO, Guide for the Local Calibration of the Mechanistic-Empirical Pavement Design Guide,
American Association of State Highway and Transportation Officials, Washington, DC, 2010.

3. Applied Pavement Technology, Inc., HMA Pavement Evaluation and Rebabilitation—Participant’s
Workbook, NHI Course No. 131063, National Highway Institute, Federal Highway Administration,
Washington, DC, 2001.a.
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14.

15.

16.

17.

18.

19.
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Workbook. NHI Course No. 131062, National Highway Institute, Federal Highway Administra-
tion, Washington, DC, 2001.b.

Barker, W. R. and W. N. Brabston. Development of a Structural Design Procedure for Flexible Airport
Pavements. FAA Report Number FAA-RD-74-199. United States Army Waterways Experiment
Station, Federal Aviation Administration, Washington, DC, September 1975.
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Pavement Design. NCHRP Report 538. National Cooperative Highway Research Program, Trans-
portation Research Board—National Research Council, National Academy Press, Washington,
DC, 2005.
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Version 4. Publication Number FHWA-HRT-06-132. Federal Highway Administration, Washing-
ton, DC, Dec. 2006.
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No. FHWA-HRT-05-150. Federal Highway Administration, Washington, DC, 2006.

FHWA. Distress Identification Manual for Long Term Pavement Performance Program (Fourth Revised
Edition). Publication No. FHWA-RD-03-031. Federal Highway Administration, Washington, DC,
2003.

FHWA. Guide to LTPP Traffic Data Collection and Processing. Publication No. FHWA-PL-01-021.
Federal Highway Administration, Washington, DC, 2001.

Gillespie, T. D, et al. Methodology for Road Roughness Profiling and Rut Depth Measurement. Report
No. FHWA-RD-87-042. Federal Highway Administration, Washington, DC, 1987.

Holtz, R. D., B. R. Christopher, and R. R. Berg. Geosynthetic Design and Construction Guidelines,
Participant Notebook, NHI Course No. 13214, FHWA Publication No. FHWA-HI-95-038. Fedet-
al Highway Administration, Washington, DC, 1998.

Khazanovich, L., S. D. Tayabji, and M. L. Darter. Backcalculation of Layer Parameters for LTPP Test
Sections, Volume I: Slab on Elastic Solid and Slab on Dense Liquid Foundation Analysis of Rigid Pave-
ments. Report No. FHWA-RD-00-086. Federal Highway Administration, Washington, DC, 1999.
Koerner, R. M. Designing with Geosynthetics. 4* ed. Prentice Hall, Upper Saddle Rive, NJ, 1998.
Larson, G. and B. J. Dempsey. Enhanced Integrated Climatic Model (Version 2.0). Report Number
DTFA MN/DOT 72114. University of Illinois at Urbana-Champaign, Urbana, IL, 1997.

Little, D. N. Evaluation of Structural Properties of Lime Stabilized Soils and Aggregates, Volume 3:
Mixture Design and Testing Protocol for Lime Stabilized Soils. National Lime Association, Arlington,
VA, 2000.

Lytton, R. L. et al. Development and Validation of Performance Prediction Models and Specifications for
Asphalt Binders and Paving Mixes. Report No. SHRP-A-357. Strategic Highway Research Program,
National Research Council, Washington, DC, 1993.

NCHRP. Version 1.0—Mechanistic-Empirical Pavement Design Guide Software. National Coopera-
tive Highway Research Program, National Academy of Sciences, Washington, DC, 2007.

NCHRP. Changes to the Mechanistic-Empirical Pavement Design Guide Software Through Version
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Transportation Research Board of the National Academies, Washington, DC, September 2006.
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CHAPTER 3

Significance and
Use of the MEPDG

The MEPDG represents a major change in the way pavement design is performed. Mechanistic refers to
the application of the principles of engineering mechanics, which leads to a rational design process that
has three basic elements: (1) the theory used to predict critical pavement responses (strains, stresses,
deflections, etc.), as a function of traffic and climatic loading (the mechanistic part); (2) materials charac-
terization procedures that support and are consistent with the selected theory; and (3) defined relation-

ships between the critical pavement response parameter and field-observed distress (the empirical part).

The MEPDG provides a uniform and comprehensive set of procedures for the analysis and design of
new and rehabilitated flexible and rigid pavements, AASHTOWare Pavement ME Design employs
common design parameters for traffic, materials, subgrade, climate, and reliability for all pavement types,
and is used to develop alternative designs using a variety of materials and construction procedures.
Recommendations are provided for the structure (layer materials and thickness) of new (including lane
reconstruction) and rehabilitated pavements, including procedures to select pavement layer thickness,
rehabilitation treatments, subsurface drainage, foundation improvement strategies, and other design

features.

The output from the AASHTOWare Pavement ME Design is predicted distresses and IRI (smooth-
ness) at the selected reliability level. The thickness optimization tool allows the AASHTOWare Pave-
ment ME Design to be used not only for analysis, but also for design by evaluating a combination of

layer types, layer thickness, and design features for a given set of site conditions and failure criteria at a

specified level of reliability.

3.1 PERFORMANCE INDICATORS PREDICTED BY AASHTOWARE

PAVEMENT ME DESIGN

The MEPDG includes transfer functions and regression equations that are used to predict various
performance indicators considered important in many pavement management programs. The following
lists the specific performance indicators calculated by AASHTOWare Pavement ME Design, which
were calibrated using data extracted from the Long-Term Pavement Performance (LTPP) database. The

specific prediction models for all pavement types are presented in Section 5.
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e HMA-Surfaced Pavements and HMA Overlays
— Total Rut Depth and HMA, unbound aggregate base, and subgrade rutting
- Non-Load-Related Transverse Cracking
—  Load-Related Alligator Cracking, Bottom Initiated Cracks
— Load-Related Longitudinal Cracking, Surface Initiated Cracks
—  Reflection Cracking in HMA Ovetlays of Cracks and Joints in Existing Flexible, Semi-Rigid,
Composite, and Rigid Pavements
—  Smoothness (IRI)

e DPortland Cement Concrete-Surfaced Pavements and PCC Ovetlays
— Jointed Plain Concrete Pavement (JPCP)—Mean Joint Faulting
— JPCP—]Joint Load Transfer Efficiency (LTE)
— JPCP—Load-Related Transverse Slab Cracking (includes both bottom and surface initiated cracks)
- JPCP—]Joint Spalling (embedded into the IRI prediction model)
—  Continuously Reinforced Concrete Pavement (CRCP)—Crack Spacing and Crack Width
- CRCP—LTE
- CRCP—Punchouts
— JPCP and CRCP—Smoothness (IRI)

3.2 MEPDG GENERAL DESIGN APPROACH
The design approach provided in AASHTOWare Pavement ME Design consists of three major stages
and multiple steps, as shown in Figures 1-1, 1-4, and 1-5. Stage 1 consists of the determination of input

values for the trial design. During this stage, strategies are identified for consideration in the design stage.

A key step of this process is the foundation analysis. For new pavements, the foundation analysis or site
investigation consists of resilient modulus determination, and an evaluation of the shrink-swell poten-
tial of high-plasticity soils, frost heave-thaw weakening potential of frost susceptible soils, and drainage

concerns (refer to Section 8.3).

The foundation analysis or pavement evaluation for rehabilitation design projects includes recommen-
dations for a pavement structure condition evaluation to identify the types of distresses exhibited and
the underlying causes for those distresses (refer to Chapter 9). The procedure focuses on quantifying the
strength of the existing pavement layers and foundation using nondestructive deflection basin tests and
backcalculation procedures. Deflection basin tests are used to estimate the damaged modulus condition
of the existing structural layers, However, the procedure also includes recommendations for and use of
pavement condition survey, drainage survey, and ground penetrating radar (GPR) data to quantify the

in-place condition (damaged modulus values) of the pavement layers.

The materials, traffic, and climate characterization procedures are also included in Stage 1 of the design
approach. Materials characterization is an important part of this design procedure, and modulus is the

key layer property needed for all layers in the pavement structure. . Unbound paving layers and founda-
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tion are characterized by resilient modulus whereas HMA layers and PCC layers are characterized by
dynamic modulus and elastic modulus respectively. Depending on the availability of modulus data, the
user has the option through different input levels to either enter resilient modulus values obtained from
testing or use other material property inputs that are converted to resilient modulus values within the

software. A more detailed listing of the required material properties for all pavement types is presented

in Chapters 9 and 10.

Traffic characterization consists of estimating the axle-load distributions applied to the pavement struc-
ture (refer to Section 8.1). The MEPDG does not use equivalent single-axle loads (ESAL) and does not

require the development of load equivalency factors.

Another major improvement to pavement design that is embedded in the AASHTOWare Pavement
ME Design is the consideration of climatic effects on pavement materials, responses, and distress in

an integrated manner (refer to Section 8.2). These effects are estimated using the Enhanced Integrated
Climatic Model (EICM), which is a tool used to model temperature and moisture within each pavement
layer and the foundation. This climatic model considers hourly ambient climatic data in the form of
temperatures, precipitation, wind speed, cloud cover, and relative humidity from weather stations across
the United States for estimating pavement layer temperatures and moisture conditions. The pavement
layer temperature and moisture predictions from the EICM are calculated hourly and used in a variety
of applications to estimate the material properties for the foundation and pavement layers throughout

the design life.

Stage 2 of the design process (refer to Figure 1-1) is the structural analysis and predictions of select-

ed performance indicators and smoothness. The analysis approach is an iterative one that begins with
the selection of an initial trial design. Initial trial designs are created by the designer, obtained from an
existing design procedure, or from a general catalog. The trial section is analyzed incrementally over
time using the pavement response and distress models. The outputs of the analysis include material
properties, accumulated damage (defined in Section 4), the amount of distress, and smoothness over
time, among other significant process-specific predictions. If the trial design does not meet or exceed the
design criteria at the specified level of reliability, modifications are made and the analysis is re-run until a

satisfactory result is obtained.

Stage 3 of the process includes those activities required to evaluate the structurally viable alternatives.
These activities include an engineering analysis and life-cycle cost analysis of the alternatives. Stage 3 is

not covered in this manual.
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3.3 NEW FLEXIBLE PAVEMENT AND HMA OVERLAY DESIGN

STRATEGIES APPLICABLE FOR USE WITH AASHTOWARE

PAVEMENT ME DESIGN

AASHTOWare Pavement ME Design can be used to analyze the expected performance of new and

reconstructed HMA-surfaced pavements, as well as HMA ovetlays. The HMA-surfaced pavement types

include the following, which are illustrated in Figures 3-1 and 3-2.

Conventional Flexible Pavements—Flexible pavements that consist of relatively thin HMA surfaces
(less than 6 in. thick) and unbound aggregate base layers (crushed stone or gravel, and soil-aggregate
mixtures). Many of the pavements used in the global calibration process had multiple aggregate base

layers. Conventional flexible pavements may also have a stabilized or treated subgrade layer.

Deep Strength Flexible Pavements—Flexible pavements that consist of a relatively thick HMA
surface and a dense-graded HMA or asphalt stabilized base mixture placed over an aggregate base
layer. Deep strength flexible pavements may also have a stabilized or treated subgrade layer. Many of
the flexible pavements used in the global calibration process had asphalt stabilized base layers and
would be defined deep strength flexible pavements.

Full-Depth HMA Pavements—HMA layers placed on a stabilized subgrade layer or placed direct-
ly on the prepared embankment or foundation soil. Full-depth flexible pavements were also included
in the global calibration process, but there were fewer test sections than for conventional and deep

strength flexible pavements.

Semi-Rigid Pavements—HMA placed over cementitious stabilized materials. Cementitious ma-
terials may include lime, lime-fly ash, and Portland cement stabilizers. This type of pavement is also
referred to as composite pavements in the MEPDG. Semi-rigid pavements were not included in the
global calibration process, and are not recommended for analysis using AASHTOWare Pavement

ME Design until this type of pavement has been calibrated.
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