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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-

PDF- and Excel-

based based
Climatic Input Data and if Data from Ground- |Data from NARR Data from NARR
Included in Output Summary |Based Weather database for rigid and | database for rigid
Stations; output flexible pavements; pavements and
summary not output summary MERRAZ2 database

included included for flexible and semi-

rigid pavements;
output summary
included

Axle Configuration Data Not included Included Included

in Output Summary

Special Axle Load Included Not included Not included

Configuration

Reflection Cracking Transfer

Empirical regression

ME-based fracture

ME-based fracture

(60°-120°F)

(70°-212°F)

Function equation included mechanics model mechanics model
included included
Coefficient of Thermal CTE for Basalt of 4.6 | CTE for Basalt of 5.2 | CTE for Basalt of 5.2
Expansion (CTE)
PCC Zero Stress Temperature |PCC Zero Stress PCC Set PCC Set
Temperature Temperature Temperature

(70°-212°F)

Heat Capacity of Asphalt

Pavement

Default value of
0.23 BTU/Ib-°F

Default value of
0.28 BTU/Ib-°F

Default value of
0.28 BTU/Ib-°F

Thermal Conductivity of Default value of 0.67 | Default value of 1.25 | Default value of 1.25
Asphalt Pavement BTU/(ft)(hr)(F) BTU/(ft)(hr)(F) BTU/(ft)(hr)(F)
Surface Shortwave Absorptivity | Default value of 0.95 | Default value of 0.85 | Default value of 0.85
Global Model Aggregate k, of 1.673 k, of 2.03 k , of 0.965
Coefhicient Base
for Unbound Coarse- k, of 0.965
Materials and Grained
Soils in Flexible | Soil
Pavement Sand Soil k  of 0.635
Subgrade Rutting |—
Model Fine- k. of 1.35 k, of 1.35 k, of 0.675
Grained
Soil
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Table P-1. Summary of Key Differences in Software Format and Calibration Factors, continued
AASHTOWare AASHTOWare
Pavement ME Pavement ME
Format, Transfer Functions, MEPDG Design Design
and Calibration Coefhicients version 1.1 version 2.3.1 version 2.5.3
Global Local Aggregate 1.0 1.0 1.0
Calibration or Base
Field Adjustment | Coarse- 1.0
Constant for Grained
Unbound Soil
Materials and Sand Soil 1.0
Soils in Flexible
Pavement X
Subgrade Rutting gme.— 4 10
Model rame
Soil
Global Laboratory-Derived k , of 0.007566 k, of 0.007566 k, of3.75
yo‘del %’efﬁ;em}i inthé k of -3.9492 k of 3.9492 k_ of 2.87
atigue Cracking Prediction
Mol in Flosibhs Pasormon k_ of -1.281 k_ of 1.281 k of 146
Global Local Calibration or B, of 1.0 B,of 1.0 AC thickness
Field-Adjustment Constants dependent; see
for Fatigue Cracking Prediction Chapter 5
Model in Flexible Pavement B,of 1.0 B, of 1.0 B,of 1.38
B, of 1.0 B, of 1.0 B, of 0.88
Global Bottom-Up Alligator C,of 1.0 C,of 1.0 1.31
Crackir}g Transfer Function C,of 1.0 C,of 1.0 AC thickness
Coefhicients dependent; see
Chapter 5
Global Calibration or Field- k_ (Level 1) of 5.0 k (Level 1) of 1.5 k (Level 1) is
Adjustment Coefhicient in the Mean Annual
Transverse Cracking Model for Air Temperature
AC (MAAT) dependent;
see Chapter 5.
k (Level 2) of 1.5 k (Level 2) of 0.5 |k _(Level 2) is MAAT
dependent; see
Chapter 5.
k_(Level 3) of 3.0 k (Level 3) of 1.5 |k _(Level 3) is MAAT
dependent; see
Chapter 5.
Global Laboratory Derived k, of -3.35412 k, of -3.35412 k, of -2.45
Fici .
1[\)4:;;1 gro;lczz?:;‘;;}e’f Rue k, of 0.4791 k, of 1.5606 k, of 3.01
k, of 1.5606 k, of 0.4791 k, of 0.22

Continued on next page.
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Table P-1. Summary of Key Differences in Software Format and Calibration Factors, continued
AASHTOWare AASHTOWare
Pavement ME Pavement ME
Format, Transfer Functions, MEPDG Design Design
and Calibration Coefficients version 1.1 version 2.3.1 version 2.5.3
Global Local Calibration or B, of 1.0 B, of 1.0 B, of 0.40
Field Adjustment Coeflicients
in the Rut Depth Prediction P, of 1.0 B, of 1.0 B, of 0.52
Model B, of 1.0 B, of 1.0 B, of 1.36
Calibration Coefhicients in C, of 1.0 C, of 0.52 C, of 0.52
the Rigid Pavement Cracking C.of-1.98 C.of-2.17 C.of-2.17
Prediction Model ° ° ’
Calibration Coefficients in C, of 1.29 C, of 1.0184 C, of 0.595
the (I;igid Paverorllelnt Faulting C,of 1.1 C, of 0.91656 C, of 1.636
Prediction Mode C, of 0.001725 C, of 0.0021848 C, of 0.00217
C, of 0.0008 C, of 0.0008837 C, of 0.00444
C, of 0.4 C, of 047 C, of 0.47
C,of 1.2 C, of 1.83312 C, of 7.3
Calibration Coefficient in the APO of 195.789 C, 0f 107.73 C, 0f 107.73
Rig(iié P_avemenctl Iiunchout oPO of 19.8947 C, of 2.476 C, of 2475
Prediction Mode BPO of -0.526316 C, of -0.785 C, of -0.785
Calibration Coefhicients in Excluded C, of 0.4 C, of 0.4
the Short JPCP Overlay C of -2.21 C of-2.21
Longitudinal Cracking ° ’
Prediction Model
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CHAPTER 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

1
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AASHTOWare PMED, whether it is new construction, an ovetlay, 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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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.

2.

(8]

o

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

to determine the trial design cross section.

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.)

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).

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
until the designer becomes more familiar with the program. Review of important

intermediate processes and steps is presented in Chapter 13.
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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 IRT.

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.

General Project Design/Analysis Information
(Section 3.2)

Pavement Rehabilitation
(Subsection 12.1)

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

A
(Figure 1-5a)

1—Select Trial Design
Strategy & Cross Section

A \ 4
2.a—Select Failure 2.b—Select Reliability
Limits or Design Criteria Level
(Subsection 7.1) (Subsection 7.2)
Values selected in balance
> with one another <
(Chapter 8)

\ 4

3—Select Hierarchical
Input Levels
(Subsection 5.3)

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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B
(Figure 1-4)
4—Determine Site Conditions and Factors
(Chapters 9 & 10)
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(Subsection 9.1) e Other Truck Factors
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v (Subsection 9.2)
> Identify appropriate weather stations
4.c—Determine Foundation &
> Subgrade Soil Inputs ~ Determine properties of the foundation
(Subsection 9.3) d and/or embarkment soilds
A
(Figure 1-4)
Establish overall condition of existing pavement.
4.d—Pavement Evaluation for (Subsection 10.2)
> Rehabilitation
(Chapter 10) Determine material properties of existing pavement
layers. (Subsection 10.3)
o| S—Determine Material Properties/Features of D
New Paving Layers (Chapter 10) (Figure 1-5b)

HMAC Layers (Subsection 10.2)

_» I
— PCC Layers (Subsection 10.3) —
Chemically Stabilized Layers |
(Subsection 10.4)
Unbound Aggregate Layers
(Subsection 10.5)
v
C ¢ 6—Execute AASHTOWare <
(Figure 1-5b) PMED

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



Chapter 1 : Introduction | 9

7—Interpretation & Analysis
of Trial Design Strategy
(Chapter 13)

C
(Figure 1-5a)

Check reliability of trial
design; do calculated

Yes A
reliabilities exceed target
reliability levels?
v
. Unacceptable design; check calculated distresses and
Check calculated distresses and supplemental information; if unacceptable, revise design o
supplemental information features of trial design and rerun AASHTOWare PMED. -
(Subsection 13.3) (Subsections 13.4 and 13.5)
v
D

(Figure 1-5a)

Determine reason for
unreasonable parameters, make
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v AASHTOWare PMED.
Are there unreasonable
calculated parameters; > Yes

Z
()
A

distresses, properties, etc.?

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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smoothness 82,226 trial 6
trial design 168 destructive tests 18,116, 124-128
trial design, modifying 191 cores and borings 124
conventional flexible pavements 20 edge drains 128
cores 124 in-place strength 126
corner deflections 68 interface friction 127-128
CPR (Concrete Pavement Restoration) 85,203, 208 summary 125
crack deterioration 183
width 226 developing calibration factors 1

crack and seat 185 differential energy, cumulative 69

. distress
cracking

prediction models 27,40
reducing 191
rehabilitated JPCP 205-206

existing slab 188 rehabilitating CRCP 212
load and non-load 29

asphalt concrete (AC) pavements 35
comparison, measured and predicted 53-54

types and severity levels 131

Portland cement concete (PCC) pavements 36 Distress Identification Manual 118, 122
spacing 172,221 distribution factors, truck traffic 99
width 173,221 drainage systems 18,23, 162, 164-165
CRCP (continuously reinforced concrete pavement). dry density 159
See continuously reinforced concrete dual tire spacing 27,102
pavement dynamic cone penetrometer (DCP) testing 122, 126.
creep compliance 42,129 See DCP (dynamic cone penetronmeter)
asphalt materials 143-144 testing
criteria, performance indicator 6 dynamic modulus 19, 42, 129, 188, 200
CTB (cement treated base). See cement treated base asphalt materials 143
cumulative damage 1
index 32,47 E

curing time 86 early-age opening 29
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edge drains 128,192 G
EICM (Enhanced Integrated Climatic Model) 19, 42
elastic modulus 19,51, 188

empirical design procedures 4-5

geogrids 28

geotextile fabrics 28

global calibration 28,40, 41

global calibration process 20, 46

GPR (ground penetrating radar) 19,115,122

endurance limit 32
engineering properties, AC materials 140
engineers, pavement 1

Enhanced Integrated Climatic Model (EICM) 19, 42 gradation 159 .
equivalent single axle loads (ESALs) 19 asphalt materials 143
erodibility, base 171 granular base

layer 165-166
materials 140

ground penetrating radar (GPR) 19,115,122

ESALs (equivalent single axle loads) 19
estimate, standard error of 32
existing pavements

AC overlays 185-186 Guide for the Local Calibration of the
assessment 109-113 Mechanistic-Empirical Pavement Design
condition description 202 Guide 1, 20,40
deterioration 183 Guide to Design of Pavement Structures 134
expected milling depth 22
H
F hierarchical input levels 33,115-117
factors, field-shift adjustment 40 and material inputs 139
falling weight deflectometer (FWD) 122,133 PCC slabs 202
fatigue damage 76, 186, 200 selection of 39-40
reduction 187 used in global calibration 41
fatigue life 28 HMA (Hot Mix Asphalt) overlay 124
faulting 66-69, 170, 210 hourly distribution factors 33, 99
FHWA Traffic Monitoring Guide 93
field evaluation plan 117-119 |

field-shift adjustment 40
field tests, foundation 105
flexible pavements 20-23
backcalculation 133
candidate repair/preventive treatments 181

incremental damage 1,32
analysis interval 39
approach 39
index 47
indicators, performance 1
indirect tensile strength 42,129, 143-144

in-place materials 11,13

design inputs 120
design strategy 161-167

predicted performance values 220-221

pre-overlay treatment 179 in-place pulverization 22

flexural strength 51, 130 in-place recycling 22,183
input levels, selection of 39

foundation
analysis 18 input values, trial design 18
layers 162 Integrated ME Design System 4-5
support conditions 196 interface friction 29,127,184
fractured PCC slabs 185 International Roughness Index (IRI) 6, 34,221
friction comparison of values 62
coefficient values 172 design reliability 90-91
contact 169-170 equation 61
interlayer 201 general recommendations 167
frost heave-thaw weakening 18, 28 JPCP and CRCP 173,199, 225-226
full-depth pavements 20 interval, analysis 39
full-depth reclamation 22 IRI (International Roughness Index) 6.
functional distress 87 See International Roughness Index

FWD (falling weight deflectometer) 122,133 ISLAB2000 32
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J
joint
design 201
faulting 170, 221, 225
skew 170
spacing 170
jointed plain concrete pavement (JPCP) 18,23
analysis parameters 187-189
bonded 209
deflection basin tests 123
design features 208—209
distress factors 205-206
inputs 121
intetlayer friction 201
modification 210-211,225-226
overlays 24,200
performance criteria, AC overlays 190
predicted performance values 221
rehabilitation 128, 198, 203
slab width 174
smoothness 80-81, 225
trial design 168, 169-171, 191
unbonded 208
JPCP (jointed plain concrete pavement) 18
JULEA 32,40

K
k-value 188

L

laboratory tests
foundation 105
materials characterization 11-13,117,128-130
lane capacity 96
lane reconstruction 17,21, 25
lane width 174
lateral flow 162
lateral wander, axle loads 102
LCB (lean concrete base) 20
lean concrete 23
lean concrete base (LCB) 20, 28
Level 1 inputs
asphalt materials, test protocols 141-142
chemically stabilized materials 154
definition 139
PCC materials, test protocols 150-151
unbound aggregate 157
Level 2 inputs
asphalt materials 146-149
chemically stabilized materials 155
definition 139
models/relationships 126
PCC materials 151-153
unbound aggregate 158

Level 3 inputs
asphalt materials 146-149
chemically stabilized materials 155
condition ratings 180
definition 139
LTE default values 136
PCC materials 151-153
unbound aggregate 158
leveling courses 192
lime 20, 165
lime-fly ash 20, 165
loading plate, LTE 123-124
load-related cracking 46
load-response categories 123
load transfer efficiency (LTE) 6,134-136
crack 173,221,226
crack severity 136
equation 135
joint 225
loading plate 123-124
rehabilitation design 136
shoulder 170,171
local calibration 40
longitudinal cracking 35, 37, 46, 166, 211, 224
length, calculating 48
long-life pavements 32
Long Term Pavement Performance (LTPP) 17,40
loss of support, detection of 134
LTE. See load transfer effiency
LTE (load transfer efficiency) 6
LTPP (Long Term Pavement Performance) 17

M

MAAT (mean annual air temperature) 35
materials and solids, unbound 11
materials characterization 17,19
laboratory tests 128-130
material specifications 13
materials properties 87
inputs, AC layers 141-149
material types 140
maximum permanent deformation 42
maximum specific gravity 145
mean annual air temperature (MAAT) 35
mean transverse joint faulting 66—67
mechanistic-empirical (ME) approach 6,18-19
mechanistic-empirical (ME) principles 1
Mechanistic Empirical Pavement Design Guide
(MEPDQG)
pavement condition, categories 109-110
rehabilitation strategies 175
Mechanistic-Empirical Pavement Design Guide
(MEPDG) 1,6
destructive tests 125



major material types 140
PCC rehabilitation strategies 199
reflection cracking transfer function 186
Mechanistic-Emprical Pavement Design Guide
(MEPDG)
hierarchical input levels 33,115-117
ME Design System, integrated 4
ME (mechanistic-empirical) principles 1
MEPDG (Mechanistic-Empirical Pavement Design
Guide). See Mechanistic-Empirical Pavement
Design Guide
MERRA2 (Modern Era Retrospective
Reanalysis2) 103
mill and fill 22
milling 22
Miner's hypothesis 63, 76,77-78
MnRoad experiment 40
Modern Era Retrospective Reanalysis2
(MERRAZ2) 103
modulus
dynamic 19, 42,129, 188,200
elastic 19,51
resilient 18,19, 28, 126, 166, 188
unbound aggregate 160
modulus, damaged 183
modulus of elasticity 188
moisture content 159
monthly distribution factors 34, 99

N
NARR (North American Regional Reanalysis) 103

National Lime Association manual 165
NCHRP Report 538 93

NDT (non-destructive testing) technologies 122
noise attenuation 27

non-destructive testing (NDT) technologies 122
non-materials input 120-121

normalized axle-load spectra 34

North American Regional Reanalysis (NARR) 103

o

operational speed 95
output values, trial design 17, 19
overlays 2
analysis 183
continuously reinforced concrete pavement
(CRCP) 24
design strategies 20-23
feasibility 184-185
joint plain concrete pavement (JPCP) 24,200, 204
milling, AC 125
minimum thickness, rubblization 196
performance criteria, AC 190
reflective cracks of 55
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rehabilitation, AC 177-192
rehabilitation, PCC 197-216
treatment, pre- 179, 182

P
past damage 187

pavement assessment, initial 115,117-118
pavement design project, analysis of 1-2
pavement engineers 1
pavement evaluation 18-19
activities 115-117
data, analysis of 130-137
pavement preservation 117
pavement responses 1-2,17,32,43
pavement structures 1
pavement types 20—26
asphalt concrete 20—23. See also asphalt concrete
(AC)
Portland cement concrete 23-25. See also Portland
cement concrete (PCC)
pavement visual surveys 118-119
paving materials, thermal properties 13
PCA (Portland Cement Association) 70
PCC (Portland cement concrete). See Portland cement
concrete
performance criteria 6
AC overlays 190
CRCP rehabilitation 212
JPCP rehabilitation 205
predicted values 220-222
performance indicators 1,17-18, 19, 35-36
mathematical relationships predicting 39
permanent curl/warp 171,173
permeable base course 168-169
perpetual pavements 32
plastic deformation 43-45, 186
PMED, AASHTOWare. See AASHTOWare PMED
Poisson’s ratio
asphalt materials 143
unbound aggregate 160
Portland Cement Association (PCA) 70
Portland cement concrete (PCC) 1
design differences 5
design inputs 123
existing slab design 189
fractured slabs 185
laboratory tests 129-130
material property inputs 150-153
materials 140
performance indicators 18,36
pre-overlay treatment 182
rehabilitation 197-216
slab characterization 200, 202
test protocols 13
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Portland cement stabilizers 20, 165
pre-ovetlay treatment 179
preservation programs 28
preventive maintenance 23, 85, 117
non-structural 28-29
treatments, all pavements 181
principles, mechanistic-empirical (ME) 1
problem soils 162
procedures, empirical design 4
project variability 110, 137
pulverization 183
punchouts 37, 188,222,226
prediction 74-75

R

random spacing, joint 170
RAP (reclaimed asphalt pavement) 23, 142
RAS (reclaimed asphalt shingles) 142
raveling 35
reaction, subgrade 188,200
reclaimed asphalt pavement (RAP) 23,142
reclaimed asphalt shingles (RAS) 142
recommended practices 13
recycled asphalt pavement (RAP) 192
reflection cracking 20, 35, 55-56, 221, 224
growth 58
prediction, AC overlays 186
response mechanisms 55
transfer function 56, 186
rehabilitation 1,22, 31
AC overlays 177-192
analysis Parameters 199-200
checklist 111-113
condition assessment 109-113
CRCP design 212-216
data analysis 130-137
deflection basin tests 122—-124
destructive tests 124—128. See also destructive tests
field evaluation plan 118
general overview 175-176
GPR 122
JPCP design 203-212
laboratory tests, materials
characterization 128-130
LTE values 136
modifying 212,215
non-materials input 120-121
pavement assessment, initial 117-118
PCC overlays 197-216
pre-overlay 182
steps 176, 198-199
strategies 175,198
trial 189,206-207,212
visual survey 118-119,131-132

reliability, design 88-89, 205
required inputs, AASHTOWare PMED 6
resilient modulus 18, 19, 28, 126, 166, 188
unbound aggregate 160
responses, pavement 1
restoration 2
rigid layer 162, 164
rigid pavements 23-26
backcalculation 134
candidate repair/preventive treatments 181
predicted values 221-222
pre-ovetlay treatment 179
Root Mean Squared (RMS) error 133
rubblization 22,185
design features 192
evaluation 195
foundation support 196
minimum overlay thickness 196
project selection criteria 191-192
recommendations 194
site features 193
rutting 36, 43, 46, 220

S

SAMI (stress-absorbing membrane intetlayer) 183
SASW (spectral analysis surface waves) 122
saturated hydraulic conductivity 160
scratch layer 23
semi-rigid pavements 20
design inputs 120
set temperature 171,172-173
shear capacity 70-71
short jointed plain concrete pavement (SJPCP) 18,
24,29, 209
shoulders
tied concrete 170
types of 170,171
shrinkage, ultimate 171
shrink-swell 18,28
site investigation 18
SJPCP (short jointed plain concrete pavement) 18,
24,29, 209
skew, joint 170
skid resistance 27
slab width 174
smoothness 19, 34-35,61-62, 80-83, 211
design reliability 90-91
initial surface 173
reducing 191
soil
as a pavement material 106—107
problematic 163
subgrade 103-105, 140, 162
testing of 105



The Soil Conservation Service Series 118
spacing
deflection tests 123
joint 170
spalling 27
specific gravity 145
spectral analysis surface waves (SASW) 122
stabilizers, Portland cement 20, 165
staged construction 29
standard error 32,40
Standard Guide for Calculating in Situ Equivalent
Elastic Moduli of Pavement Materials Using
Layered Elastic Theory 133
Standard Practice for Determining the Local
Calibration 122
strain hardening 43
strains 1,17
strategies
PCC rehabilitation 198
trial design 6
stress-absorbing membrane intetlayer (SAMI) 183
stresses 1,17
structural distress 87
structural response model 32
subbase materials 140
criteria, limiting modulus 167
design inputs 123
erosion 171
subgrade layer 20
improved 164
stabilized, usage 165
subgrade reaction 188,200
subgrade soils 103-105, 140
problematic 163
strengthening 162
subsurface investigation 103-104, 162
support
unbound aggregate 162
surface feature survey 115
surface profile testing 109
surveys, visual 118-119

T

temperature, set 171,172-173
tensile strain 32

test pit 125

test protocols 11-15

tests, destructive 124—128
thickness optimization 17
threshold values 6,31-32, 87—-88
tied concrete shoulder 170,171
tire pressure 102

top-down cracking 35, 49

transverse 36
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total permanent deformation 43
traffic characterization 19
traffic loading 17
traffic open month 31, 86
transfer function 33,186
transverse cracking 23,35, 36,210, 220
prediction model 51-53
transverse joint faulting 36
comparisons 72-73
mean 66
treated & stabilized materials/solids 12
trenching 125
trial design 6-7
acceptability 222
analysis flowchart 7-9
compacted subgrade 164
CRCP 171-174
flexible pavements 161, 161-167
JPCP 169-171
judgement 88
modifying 191,210-211, 223-226
reliability 32,90, 217
rigid pavements 168-169
truck classification distribution 34
normalized 34
truck traffic 27,33-34,93-101
analysis components 98
growth 95
inputs, general 94
inputs not included in WIM 101-102
roadway-specific inputs 95-96
WIM data inputs 96-100
truck trafhic classification (TTC) 34
group description 100-101
truck-volume distribution 99
truck wheel base 102
TTC (truck trafhic classification) 34

U

ultimate shrinkage 171,173
UnblI layers 130
unbound aggregate 23
base 20,165-166
criteria, limiting modulus 167
input parameters 159-160
support 162
unbound materials and solids 11

Vv

variability, project 110, 137

VFA (voids filled with asphalt) 143

visual surveys, pavement condition 118-119,
131-132

VMA (voids in mineral aggregate) 143, 145
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voids filled with asphalt (VFA) 143 inputs extracted from 96
voids in mineral aggregate (VMA) 143, 145 Westergaard's solution 134
volume change potential 28 wet curing 171
volumetric asphalt content 145 wheel base, truck 102
volumetric properties, AC materials 140 wheel load applications 32
WIM (weighing-in-motion) data 93
w WMA (warm mix asphalt) 142

warm mix asphalt (WMA) 142 Y
water table 164
weighing-in-motion (WIM) data 93 Young’s modulus 133





