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Page Section Existing Text Corrected Text 

67 5.4.2 Equation 5-23c is incorrect.  

  

    
74 5.4.3 Equation 5-30 is incorrect. 

  
79 5.4.4 The equation and graph in Figure 5-19 are 

incorrect. 
The equation and graph in Figure 5-19 have 
been revised to match Equation 5-37. 

127 9.2.7 At the end of Table 9-8’s caption, add 
“(21)” (citing reference 21 in  
Chapter 2). 

Table 9-8.  Models Relating Material Index and 
Strength Properties to Mr (21) 

In the R-value row of Table 9-8, delete 
“(22)”. 

Mr = 1155 + 555R 
Mr, psi 

In the AASHTO layer coefficient row of  
Table 9-8, change “3000” to “30,000” and 
delete “(22)”.   

Mr, psi 
In the PI and gradation row of Table 9-8, 
delete “(See Appendix CC)”. 

 
152 10.4 In Table 10-5, the coefficient of thermal 

expansion values and the default are 
incorrect. Aggregates Type 

Coefficient of 
Thermal 

Expansion  
(10–6/°F) 

Andesite 4.3 
Basalt 4.3 

Diabase 4.6 
Gabbro 4.4 
Granite 4.7 
Schist 4.4 

Dolomite 5.0 
Limestone 4.3 
Quartzite 5.2 
Sandstone 5.3 

Expanded shale 4.5 
 
Where coarse aggregate type is unknown, use 
MEPDG default value of 4.4*10–6/°F. 
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207 12.3.4 Performance Prediction Models 

The globally calibrated performance models 
for new pavements apply to rehabilitation 
design, but with one exception—the JPCP 
CPR faulting prediction model has slightly 
different coefficients than the corresponding 
one for new or reconstructed JPCP. 

Performance Prediction Models 
The globally calibrated performance models for 
new pavements apply to rehabilitation design. 

209 12.3.4 In the JPCP overlay over existing flexible 
pavement row of Table 12-12, the 
recommendations read as follows: 

Selection of design features for the JPCP 
overlay (including shoulder type and slab 
width) is similar to that outlined for new or 
reconstructed design in Chapter 10. 
Condition of existing flexible pavement is 
rated as Excellent, Good, Fair, Poor, or 
Very Poor, as defined in Table 12-10. These 
ratings will result in adjustments to the 
dynamic modulus, EHMA, of the existing 
AC layer that now becomes the base course. 
Full friction should be input over the full 
design life of the concrete overlay. 

The corrected recommendations read as 
follows:  

Selection of design features for the JPCP 
overlay (including shoulder type and slab 
width) is similar to that outlined for new or 
reconstructed design in Chapter 10. 
Condition of existing flexible pavement is 
characterized using one of the three 
hierarchical input levels: 
 
• Level 1 rehabilitation calculates the 

existing damage based on the FWD 
back-calculated modulus. 

• Level 2 calculates the damage based on 
the existing fatigue cracking from a 
visual distress survey. 

• Level 3 calculates the damage based on a 
condition rating as Excellent, Good, 
Fair, Poor, or Very Poor, as defined in 
Table 12-10. 

 
For all rehabilitation levels, the dynamic 
modulus, EHMS, is adjusted to reflect the 
magnitude of damage within the existing 
asphalt layers. The existing AC layer now 
becomes the base course in the analysis 
mod. Full friction should be input over the 
full design life of the concrete overlay. 
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where:
Faultm = Mean joint faulting at the end of month m, in.
ΔFaulti = Incremental change (monthly) in mean transverse joint faulting during month i, in.
FAULTMAXi = Maximum mean transverse joint faulting for month i, in.
FAULTMAX0 = Initial maximum mean transverse joint faulting, in.
DEi = Differential density of energy of subgrade deformation accumulated during month i (see 

Equation 5-27a)
EROD = Base/subbase erodibility factor
δcurling = Maximum mean monthly slab corner upward deflection PCC due to temperature curling 

and moisture warping
PS = Overburden on subgrade, lb
P200 = Percent subgrade material passing #200 sieve
WetDays = Average annual number of wet days (greater than 0.1-in. rainfall)
C1,2,3,4,5,6,7,12,34 = Global calibration constants (C1 = 0.595, C2 = 1.636, C3 = 0.00217, C4 = 0.00444, 

C5 = 250, C6 = 0.47, C7 = 7.3, C8 = 400, and C12 and C34 are defined by Equations 5-23e and 
5-23f ). Constants used for restored rigid pavements are: C1 = 0.6, C2 = 1.2, C3 = 0.002125, 
C4 = 0.000884, C5 = 400, C6 = 0.4, and C7 = 1.83312)

C C C FR
12 1 2

0 25.

 (5-23e)

C C C FR
34 3 4

0 25.

 (5-23f )
FR = Base freezing index defined as percentage of time the top base temperature is below freezing 

(32°F) temperature

For faulting analysis, each passing of an axle causes only one occurrence of critical loading, that 
is, when DE has the maximum value. Since the maximum faulting development occurs during 
nighttime when the slab is curled upward, joints are opened, and the load transfer efficiencies are 
lower, only axle load repetitions applied from 8:00 p.m. to 8:00 a.m. are considered in the faulting 
analysis.

For faulting analysis, the equivalent linear temperature difference for nighttime is determined 
for each calendar month as the mean difference between top and bottom PCC surfaces occurring 
from 8:00 p.m. to 8:00 a.m. The equivalent temperature gradient for each month of the year is then 
determined as follows:

© 2020 by the American Association of State Highway and Transportation Officials. 
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T T T T Tm t m b m sh m PCW, , ,  (5-24)
where:
ΔTm = Effective temperature differential for month m
ΔTt,m = Mean PCC top-surface nighttime temperature (from 8:00 p.m. to 8:00 a.m.) for month m
ΔTb,m = Mean PCC bottom-surface nighttime temperature (from 8:00 p.m. to 8:00 a.m.) for 

month m
ΔTsh,m = For old concrete, equivalent temperature differential due to reversible shrinkage for month 

m (i.e., shrinkage is fully developed)
ΔTPCW = Equivalent temperature differential due permanent curl/warp

The temperature in the top PCC layer is computed at 11 evenly spaced points through the thick-
ness of the PCC layer at every hour using the available climatic data. These temperature distri-
butions are converted into the equivalent difference of temperatures between the top and bottom 
PCC surfaces.

The corner deflections due to slab curling and shrinkage warping are determined each 
month using the effective temperature differential for each calendar month, corresponding ef-
fective k-value, and base modulus for the month. The corner deflections are determined using a 
finite, element-based, neural network, rapid response solution methodology implemented in the 
AASHTOWare PMED software. The initial maximum faulting is determined using the calculated 
corner deflections and Equation 5-23d.

Using Equation 5-23c, the maximum faulting is adjusted for the past traffic damage using past 
cumulative differential energy (i.e., differential energy accumulated from axle-load applications 
for all months prior to the current month). For each increment and each axle type and axle-load, 
deflections at the loaded and unloaded corner of the slab are calculated using the neural networks.

The magnitudes of corner deflections of loaded and unloaded slabs are highly affected by the 
joint LTE. The LTE from aggregate interlock, dowels (if present), and base/subgrade are deter-
mined in order to evaluate initial transverse joint LTE. Table 5-6 lists the LTEbase values that are 
included in the AASHTOWare PMED software. The LTEagg and LTEdowel values are explained 
in latter paragraphs of this section. After the contributions of the aggregate interlock, dowels, 
and base/subgrade are determined, the total initial joint load transfer efficiency is determined as 
follows:

LTE LTE LTE LTEjoint dowel agg base100 1 1 100 1 100 1 100( / )( / )( / ))
 (5-25)

where:
LTEjoint = Total transverse joint LTE, %
LTEdowel = Joint LTE if dowels are the only mechanism of load transfer, %
LTEbase = Joint LTE if the base is the only mechanism of load transfer, %
LTEagg = Joint LTE if aggregate interlock is the only mechanism of load transfer, %

© 2020 by the American Association of State Highway and Transportation Officials. 
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Figure 5-15. Comparison of Measured and Predicted Transverse Joint Faulting for Unbound JPCP 
Overlays Resulting from Global Calibration Process
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Figure 5-16. Comparison of Measured and Predicted Transverse Joint Faulting for Restored 
(Diamond Grinding) JPCP Resulting from Global Calibration Process
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5.4.3 CRCP Punchouts
The following globally calibrated model predicts CRCP punchouts as a function of accumulated 
fatigue damage due to top-down stresses in the transverse direction: 

PO C
C DIPO

C
3

4
1

5

 (5-30)
where:
PO = Total predicted number of medium and high severity punchouts per mile
DIPO = Accumulated fatigue damage (due to slab bending in the transverse direction) at the end of 

yth year
C3, C4, C5 = Calibration constants (107.73, 2.475, and –0.785, respectively)

Subsection 11.2.3, CRCP Design, identifies the more important factors that affect the number 
of punchouts and crack spacing, which determine the overall performance of CRCP. The mean 
crack spacing for the selected trial design and time of construction is calculated in accordance with 
Equation 5-31.

L
f
f U P

c d

t env

m steel

b2
1  (5-31)

where:
L  = Mean transverse crack spacing, in.
ft = Concrete indirect tensile strength, psi
f = Base friction coefficient
Um = Peak bond stress, psi
Psteel = Percent longitudinal steel
db = Reinforcing steel bar diameter, in.
c1 = First bond stress coefficient
σenv = Tensile stress in the PCC due to environmental curling, psi

The environmental tensile stress in the PCC from the slab curing is calculated in accordance with 
Equation 5-32:

env curl o
steel

PCC

B
D
h

1
2

 (5-32)
where:
HPCC = Slab thickness, in.
Dsteel = Depth to steel layer, in.
Bcurl = Bradbury’s curling/warping stress coefficient
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σ0 = Westergaard’s nominal stress factor based on PCC modulus, Poisson’s ratio, unrestrained 
curling, and warping strain

The damage accumulated at the critical point on top of the slab is calculated for each time incre-
ment of the design life. Damage is calculated in the following manner:

• For the given time increment, calculate crack width at the level of steel as a function of 
drying shrinkage, thermal contraction, and the restraint from reinforcing steel and base 
friction:

cw Max L T
c f
E

Cshr PCC
long

PCC
c

2

1000

 (5-33)
where:
cw = Average crack width at the depth of the steel, mils
L = Mean crack spacing based on design crack distribution, in.
εshr = Unrestrained concrete drying shrinkage at steel depth, ×10–6

αPCC = PCC coefficient of thermal expansion, /°F
ΔTζ = Drop in PCC temperature from the concrete set temperature at the depth of the steel for 

construction month, °F
c2 = Second bond stress coefficient
fσong = Maximum longitudinal tensile stress in PCC at steel level, psi
EPCC = PCC elastic modulus, psi
CC = Local calibration constant (CC = 1 for the global calibration)

• For the given time increment, calculate shear capacity, crack stiffness, and LTE across 
transverse cracks. LTE is determined as:

LTE a
l

J r
TOT

c d

100 1 1
1

1

0 214 0 183

1 18

1

*

log

. . log( )

.

1
100

LTEBase

 (5-34)
where:
LTETOT = Total crack LTE due to aggregate interlock, steel reinforcement, and base support, %
l = Radius of relative stiffness computed for time increment i, in.
a = Radius for a loaded area, in.
rd = Residual dowel-action factor to account for residual load transfer provided by the steel rein-

forcement = 2.5Psteel – 1.25
LTEBase = Base layer contribution to the LTE across transverse crack, % (Typical values were given 

in Table 5-6)
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Jc = Joint stiffness on the transverse crack for current time increment
Psteel = Percent steel reinforcement

• The loss of support for the given time increment is calculated using the base erosion 
model. The loss of support is a function of base type, quality of base material, 
precipitation, and age.

• For each load level in each gear configuration or axle-load spectra, the tensile stress on 
top of slab is used to calculate the number of allowable load repetitions, Ni,j, due to this 
load level in this time increment as:

log *,

,

N C
M

i j
Ri

i j

C

1

2

1

 (5-35)
where:
MRi = PCC modulus of rupture at age i, psi
σi,j = Applied stress at time increment i due to load magnitude j, psi
C1,2 = Calibration constants (C1 = 2.0 and C2 = 1.22) 

• The loss in shear capacity and loss in load transfer is calculated at the end of the time 
increment in order to estimate these parameters for the next time increment. The crack 
LTE is output monthly for evaluation. A minimum of 90–95 percent is considered good 
LTE over the design period.

The critical stress at the top of the slab that is transverse and located near a transverse crack 
was found to be 40–60 in. from the edge (48 in. was used, since this was often the critical location). 
A crack spacing of 2 ft was used as the critical width after observations that a very high percent-
age of punchouts were 2 ft or less. This stress is calculated using the neural net models, which are 
a function of slab thickness, traffic offset from edge, PCC properties, base course properties and 
thickness, subgrade stiffness, equivalent temperature gradient, and other factors.

Fatigue damage, FD, due to all wheel loads in all time increments is calculated (accord-
ing to Miner’s damage hypothesis) by summing the damage over design life in accordance with 
Equation 5-20a. Once damage is estimated using Equation 5-20a, the corresponding punchouts 
are computed using the globally calibrated Equation 5-30.

A plot of measured versus predicted CRCP punchouts and statistics from the global calibra-
tion is shown in Figure 5-17. The standard error for the CRCP punchouts prediction model is 
shown in Equation 5-36. 

s POe PO( )

.
. ( )� 2 208

0 5316

 (5-36)
where:
PO = Predicted mean medium and high severity punchouts, no./mile
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m = Equivalent temperature difference between top and bottom PCC surfaces
n = Traffic offset path (normal distribution)
o = Hourly truck traffic fraction

The applied number of load applications (ni,j,k,l,m,n) is the actual number of axle type, k, of load level, 
l, that passed through traffic pattern, n, under each condition i, j, and m (age, season, and tempera-
ture difference). The allowable number of load applications (to cracking Ni,j,k,l,m,n) is the number of 
load cycles at which fatigue cracking is expected on average and is a function of the applied stress 
and PCC strength. The allowable number of load applications (Ni,j,k,l,m,n) to cracking is determined 
using Equation 5-39 and applied to the PCC field fatigue Equation 5-38 to calculate the DI:

log ., , , , ,

, , , , ,

N C
MR

i j k l m n
i

i j k l m n

C

1

2

0 4371

 (5-39)
where:
Ni,j,k,… = Allowable number of load applications at condition i, j, k, l, m, n
MRi = PCC modulus of rupture at age i, psi
σi,j,k, ... = Applied stress at condition i, j, k, l, m, n
C1 = Calibration constant, 2.0
C2 = Calibration constant, 1.22

A plot of measured longitudinal cracking versus the computed fatigue damage at the bottom of the 
PCC slab is shown in Figure 5-19. This plot follows the typical S-shaped curve and is termed the 
transfer function between slab longitudinal fatigue cracking and cumulative fatigue damage at the 
bottom of the slab.

Figure 5-19.  Measured Longitudinal Fatigue Cracking (LCRK) versus PCC Fatigue Damage (DIF) at 
Bottom of PCC Slab 
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A plot of measured versus predicted longitudinal cracking and the statistics resulting from the 
global calibration process is shown in Figure 5-20. Statistical hypothesis testing at the 0.05 signif-
icance level for the slope of the line (equal to 1.0), intercept (equal to 0), and for prediction bias 
(either over or under prediction) were not significant.

R2 = 0.87 
SEE = 2.93 
percent n = 379 

Figure 5-20. Comparison of Measured and Predicted Percentage SJPCP Overlay Slabs Longitudinally 
Cracked Resulting from Global Calibration Process

The standard error (or standard deviation of the residual error) for the percentage of slabs longitu-
dinally cracked prediction global equation is shown in Equation 5-40.

s LCRACKe LCRACK( )

.
. * .  3 5522 0 5000

0 4315

 (5-40)
where:
LCRACK = Predicted longitudinal fatigue cracking based on mean inputs (corresponding to 50% 

reliability), percentage of slabs
se(LCRACK) = Standard error of the estimate of longitudinal fatigue cracking at the predicted level of 

mean longitudinal cracking

5.4.5 Smoothness—JPCP
In AASHTOWare Pavement ME Design, smoothness is predicted as a function of the initial 
as-constructed profile of the pavement and any change in the longitudinal profile over time and 
traffic due to distresses and foundation movements. The IRI model was calibrated and validated 
using LTPP field data to assure that it would produce valid results under a variety of climatic and 
field conditions. The following is the final calibrated model:

© 2020 by the American Association of State Highway and Transportation Officials. 
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Table 9-8.  Models Relating Material Index and Strength Properties to Mr (21)

Strength/
Index Property Model Comments Test Standard
CBR Mr = 2555(CBR)0.64 

Mr, psi
CBR = California 
Bearing Ratio, %

AASHTO T 193, “The 
California Bearing Ratio”

R-value Mr = 1155 + 555R
Mr, psi

R = R-value AASHTO T 190, “Resistance 
R-Value and Expansion 
Pressure of Compacted Soils”

AASHTO 
layer coefficient M

a
r

i
30,000

0 14.

Mr, psi

ai = AASHTO layer 
coefficient

AASHTO Guide for the Design 
of Pavement Structures

PI and 
gradation* CBR

P PI
75

1 0 278
200

.

P200 = percent 
passing No. 200 sieve 
size
PI = plasticity index, 
%

AASHTO T 27, “Sieve 
Analysis of Coarse and Fine-
Aggregates” 
AASHTO T 90, 
“Determining the Plastic 
Limit and Plasticity Index of 
Soils”

DCP*
CBR

DCP
�

292

1 12.

CBR = California 
Bearing Ratio, %
DCP = DCP index, 
mm/blow

ASTM D6951, “Standard 
Test Method for Use of the 
Dynamic Cone Penetrometer 
in Shallow Pavement 
Applications”

* Estimates of CBR are used to estimate Mr.

Interface Friction between Bound Layers
Layer interface friction is an input parameter to the AASHTOWare PMED, but is difficult to 
define and measure. Cores and visual surveys are used to determine if debonding exists along the 
project. Slippage cracks and two adjacent layers separating during the coring process may be a 
result of low interface friction between two AC layers. If these conditions are found to exist along a 
project, the designer could consider assuming no bond or a low interface friction during the reha-
bilitation design using the AASHTOWare PMED software, if those layers are to remain in place 
and not be milled or removed. 

All of the global calibration efforts for flexible pavements, however, were completed assuming 
full friction between all layers—an interface friction value of 1.0 in the AASHTOWare PMED 
software. This value could be used unless debonding is found. Interface friction values less than 1.0 
will increase rutting and cracking of the AC layers. The decrease in rutting and cracking of AC is 
minimal until the condition of full bond, a value of 1.0, is used. Thus, friction can be defined for 
just two conditions without significantly affecting the accuracy of the answer—fully bonded (a 
value of 1.0) or no bond (a value of 0). It should be noted that incomplete bonding is a condition 
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that should be limited and that the use of milling down to a stable layer is recommended in 
practice.

JPCP allows the user to define the PCC-base contact friction with a simple true/false state-
ment. A statement of false designates no contact friction. A statement of true designates no slip-
page between layers and requires the user to input “Months until friction loss.” Calibration results 
for new or reconstructed JPCP showed that full contact friction existed over the life of the pave-
ments for all base types, with the exception of CTB or lean concrete where extraordinary efforts 
were made to debond the layers. For this situation, the months of full contact friction were reduced 
to a range of 0–100 years, with a default value equal to the design life, to match the cracking exhib-
ited. For new and reconstructed PCC designs, full friction should be assumed, unless debonding 
techniques are specified and confirmed through historical pavement construction records and 
defaults to 20 years, based on design life.

For rehabilitation of JPCP (CPR and overlays), full contact friction is input over the rehabilita-
tion design life when cores through the base course show that an interface bond exists. Otherwise, 
the two layers are considered to have zero friction over the design life.

Edge Drains
If the existing pavement has subsurface drains that remain in place, the outlets need to be found 
and inspected. Mini-cameras are used to inspect the edge drains and lateral lines to verify that they 
are free-flowing and not restricting the removal of water from the pavement structure.

9.2.8 Laboratory Tests for Materials Characterization of Existing Pavements
Table 9-6 provided a listing of the materials properties that must be measured to determine the 
inputs to the AASHTOWare PMED and to specify the condition of the existing pavement layers. 
Chapter 10 includes details on the testing of different pavement layers that is required in support 
of the MEPDG.

 It is recommended that a sufficient laboratory test program to estimate the material proper-
ties of each layer is established as these are required inputs in accordance with the MEPDG. The 
following section lists the type of samples needed for measuring the properties of the in-place layers 
(refer to Table 9-5).

AC Mixtures and Layers

• Volumetric Properties (air voids, asphalt content, gradation): Air voids (bulk specific 
and maximum theoretical specific gravities) of existing layers are obtained from as-built 
project records and used as input for Levels 1 and 2 (Table 9-2). The average effective 
asphalt content by volume and gradation measured during construction are used for 
the rehabilitation design. Selected cores recovered from the project are used to measure 
these properties whenever this volumetric data is unavailable from construction records. 
Samples recovered from 6-in.-diameter cores are used to ensure a sufficient amount of 
material for gradation tests. The ignition oven is used to measure the asphalt content (in 
accordance with AASHTO T 308 or an equivalent procedure) and then the gradation 
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Design Type Measured Property
Source of Data Recommended Test Protocol and/or 

Data SourceTest Estimate
Existing 
intact and 
fractured 
PCC

Elastic modulus X ASTM C469 (extracted cores)
AASHTO T 256 (non-destructive 
deflection testing)

Poisson’s ratio X ASTM C469 (extracted cores)
Flexural strength X AASHTO T 97 (extracted cores)
Unit weight X AASHTO T 121 (extracted cores)
Surface shortwave 
absorptivity

X National test protocol not available. 
Use AASHTOWare Pavement ME 
Design defaults

Thermal conductivity X ASTM E1952 (extracted cores)
Heat capacity X ASTM D2766 (extracted cores)

Table 10-5.  Recommended Input Parameters and Values; Limited or No Test Capabilities for PCC 
Materials (Input Levels 2 or 3)

Measured 
Property Recommended Input Levels 2 and 3 

New PCC elastic 
modulus and 
flexural strength 

• 28-day flexural strength and 28-day PCC elastic modulus, or 
• 28-day compressive strength and 28-day PCC elastic modulus, or
• 28-day flexural strength only, or
• 28-day compressive strength only

Existing intact 
PCC elastic 
modulus

Based on the pavement condition, select typical modulus values from the 
range of values given below:

Qualitative Description of 
Pavement Condition Typical Modulus Ranges, psi

Adequate 3–4 × 106

Marginal 1–3 × 106

Inadequate 0.3–1 × 106

Existing fractured 
PCC elastic 
modulus

The three common methods of fracturing PCC slabs include crack and seat, 
break and seat, and rubblization. In terms of materials characterization, 
cracked and seated or broken and seated PCC layers are considered a 
separate category from rubblized layers. At Level 3, typical modulus values 
may be adopted for design (see below):

Fractured PCC Layer Type Typical Modulus Ranges, psi
Crack and Seat or
Break and Seat

150,00–1,000,000

Rubblized 50,000–150,000

Continued on next page.

Table 10-4.  PCC Material Input Level 1 Parameters and Test Protocols for New and Existing PCC, 
continued
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Measured 
Property Recommended Input Levels 2 and 3 

Poisson’s ratio Poisson’s ratio for new PCC typically ranges between 0.10 and 0.21, with 
a value of 0.20 the default value assumed for PCC design. See below for 
typical Poisson’s ratio values for PCC materials.

PCC Materials Input Level 3 µtypical
PCC Slabs (newly constructed or existing) 0.20
Fractured Slab:

Crack/Seat
Break/Seat
Rubblized

0.20
0.20
0.30

Unit weight Select agency historical data or from the typical range for normal weight 
concrete: 140–160 lb/ft3

Coefficient of 
thermal expansion

Select agency historical values or typical values based on PCC coarse 
aggregate type.

Aggregates Type

Coefficient of 
Thermal Expansion 

(10–6/°F)
Andesite 4.3
Basalt 4.3
Diabase 4.6
Gabbro 4.4
Granite 4.7
Schist 4.4
Dolomite 5.0
Limestone 4.3
Quartzite 5.2
Sandstone 5.3
Expanded shale 4.5

Where coarse aggregate type is unknown, use MEPDG default value of 
4.4*10–6/°F

Surface shortwave 
absorptivity

Use the MEPDG default value of 0.85

Thermal 
conductivity 

Typical values for PCC range from 0.2–2.0 Btu/(ft)(hr)(°F). Use the 
MEPDG default value—1.25 Btu/(ft)(hr)(°F).

Heat capacity Typical values for PCC range from 0.1–0.50 Btu/(lb)(°F). Use the MEPDG 
default value—0.28 BTU/lb.-°F.

Table 10-5.  Recommended Input Parameters and Values; Limited or No Test Capabilities for PCC 
Materials (Input Levels 2 or 3), continued

Continued on next page.
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adequacy of the trial design) and the desired level of reliability. Next, AASHTOWare PMED is 
used to process the input data. Data processing includes estimating climate-related aspects, such 
as the pavement temperature profile for each analysis period using the EICM and computing 
long-term PCC flexural strength, as discussed in Subsection 5.3.

Next, the processed data is used to perform a design analysis by computing pavement struc-
tural responses (stress, deflections) required for each distress type incrementally. Computed structural 
responses are used in transfer functions to estimate distress and smoothness. 

The trial rehabilitation design is then evaluated for adequacy using prescribed performance 
criteria at the given reliability level. Trial designs deemed inadequate are modified and reevaluated 
until a suitable design is achieved. Design modifications could range from making simple changes 
to JPCP overlay thickness, varying joint spacing, varying PCC strength, or adopting a new rehabili-
tation strategy altogether. 

The design process for rehabilitation design with JPCP overlays or CPR of existing JPCP is 
very similar to new or reconstructed JPCP design. Some exceptions are noted in the sections below.

Performance Prediction Models
The globally calibrated performance models for new pavements apply to rehabilitation design.

Materials Inputs
In terms of materials inputs, the key difference between new and rehabilitation design is that the 
latter deals with characterizing in situ materials properties along with those for the overlay. A de-
scription of the material inputs for existing pavement layers and how to estimate them is presented 
in Chapter 9.

Selection of Design Features
The choice of design features is restricted to those variables being introduced as part of the rehabil-
itation. For most rehabilitated JPCP design situations, the pavement design features are a combina-
tion of the existing design features and new features introduced as part of rehabilitation. Selecting 
the appropriate design features for the rehabilitated JPCP is key to achieving a successful design. 
Guidance on how to select the right design features is presented in Table 12-12.

Design Modifications to Reduce Distress for JPCP Rehabilitation
Trial designs with excessive amounts of predicted distress/smoothness need to be modified to 
reduce predicted distress/smoothness to tolerable values (within the desired reliability level). Some 
of the most effective ways of accomplishing this are listed in Table 12-13.
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Table 12-12.  Guidance on How to Select the Appropriate Design Features for Rehabilitated JPCP 
Design

Type of JPCP 
Rehabilitation 

Specific 
Rehabilitation 

Treatments Recommendation on Selecting Design Feature
Concrete 
Pavement 
Restoration 
(CPR)

Diamond 
grinding

Select initial smoothness (IRI) based on agency grinding 
specifications and values typically achieved on CPR projects. 
If significant settlements/heaves exist, the initial IRI should be 
set higher than new/reconstruction design.

Load transfer 
restoration 
(LTR)

Select load transfer mechanism based on the type of retrofit 
load transfer mechanism installed (e.g., 1.5-in. dowels). For 
situations where LTR was not applied, the existing JPCP LTE 
must be assessed. Existing doweled JPCP with very poor LTE 
may be considered undoweled. 

Shoulder 
repair, retrofit, 
or replacement

A new edge support condition reflective of the repairs, retrofit, 
or replacement applied. For example, if an existing asphalt 
shoulder is replaced with tied PCC shoulders, the rehabilitated 
design must reflect this change in edge support. Also, where 
no shoulder repair is carried out, the condition of the current 
shoulder must be considered in characterizing edge support 
conditions. 

Retrofit edge 
drains

The rehabilitated JPCP design should reflect improved 
drainage conditions by upgrading the base erodibility.

Full-depth 
repairs or slab 
replacement

The effect on full-depth repairs and/or slab replacement on 
existing damage and future cracking estimates must be fully 
accounted for. 

Unbonded 
JPCP overlay

Separation 
layer

An AC separator layer prevents reflection of underlying joints 
and cracks, provides a highly erosion-resistant material, and 
provides sufficient contact friction so that joints will form in 
the JPCP overlay. The JPCP overlay behaves structurally as 
if it is built on a strong, non-erodible “base” course consisting 
of the AC separation layer and the existing slab. The program 
structurally combines the JPCP overlay and the AC separator 
layer into an equivalent slab. Full contact friction interface 
should be input over the entire design life. The AC material 
must be specified to be extremely resistant to stripping. 

Exiting PCC 
condition

The existing PCC overall condition must be considered in 
selecting the appropriate layer elastic modulus. This is done 
by adjusting backcalculated or lab-tested estimates of elastic 
modulus with a damage factor determined by the existing 
JPCP visual condition. 

JPCP overlay Selection of design features for the JPCP overlay (including 
shoulder type and slab width) is similar to that outlined for 
new design in Chapter 10 of this manual. 

Continued on next page.
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Type of JPCP 
Rehabilitation 

Specific 
Rehabilitation 

Treatments Recommendation on Selecting Design Feature
Bonded JPCP 
overlay

PCC overlay Design features must reflect the condition of the existing 
pavement, as very few pre-overlay repairs are typically done for 
this rehabilitation.

JPCP overlay 
over existing 
flexible 
pavement

JPCP overlay Selection of design features for the JPCP overlay (including 
shoulder type and slab width) is similar to that outlined for 
new or reconstructed design in Chapter 10. Condition of 
existing flexible pavement is characterized using one of the 
three hierarchical input levels:

• Level 1 rehabilitation calculates the existing damage 
based on the FWD back-calculated modulus.

• Level 2 calculates the damage based on the existing 
fatigue cracking from a visual distress survey.

• Level 3 calculates the damage based on a condition 
rating as Excellent, Good, Fair, Poor, or Very Poor, as 
defined in Table 12-10.

For all rehabilitation levels, the dynamic modulus, EHMS, is 
adjusted to reflect the magnitude of damage within the existing 
asphalt layers. The existing AC layer now becomes the base 
course in the analysis mod. Full friction should be input over 
the full design life of the concrete overlay.

Bonded 
concrete 
overlay of 
asphalt 
(SJPCP)

Short jointed 
bonded 
concrete 
overlay of 
asphalt 
pavement

The longitudinal joint spacing is a very critical input. Joint 
spacing can vary from 5–8 ft, depending on lane width. A 
critical design principle is to not locate a longitudinal joint in 
the truck wheel path. This design procedure does not consider 
heavy loads traveling down the longitudinal joint that create 
corner cracks. This design procedure considers truck wheel 
paths that travel between the longitudinal joints, where tensile 
bending stresses are calculated at the bottom of the PCC slabs 
and used in the fatigue damage calculation for PCC thickness 
design.

Transverse joint load transfer efficiency (LTE) can be varied 
from 25–95 percent and from season to season. An annual 
value of 80 percent is recommended as typical from FWD load 
transverse efficiency for this type of overlay. All sections were 
calibrated at 80 percent LTE.

Table 12-12.  Guidance on How to Select the Appropriate Design Features for Rehabilitated JPCP 
Design, continued

Continued on next page.
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Type of JPCP 
Rehabilitation 

Specific 
Rehabilitation 

Treatments Recommendation on Selecting Design Feature
Bonded 
concrete 
overlay of 
asphalt 
(SJPCP) 
(continued) 

Short jointed 
bonded 
concrete 
overlay of 
asphalt 
pavement 
(continued)

Condition of existing flexible pavement is a preselected 
Level 2 input at 65 percent fatigue cracking. Calibration of the 
longitudinal cracking model indicated that a large proportion 
of the sections showed some reduction in contact friction 
over service life between the PCC and AC layers. The use 
of 65 percent cracking was the approach selected to provide 
a reasonable input to the design. It effectively reduced the 
equivalent slab thickness to calculate the appropriate bending 
stress in the bottom of the PCC slab.

Table 12-13.  Recommendations for Modifying Trial Design to Reduce Distress/Smoothness for JPCP 
Rehabilitation Design

Distress Type Recommended Modifications to Design

Faulting • Include dowels or increase diameter of dowels. This is applicable to both 
restored JPCP and non-doweled JPCP overlays. The use of properly sized 
dowels is generally the most reliable and cost-effective way to control joint 
faulting. A slight increase of diameter of the dowels (i.e., 0.25 in.) will 
significantly reduce the mean steel-to-PCC bearing stress and thus the 
joint faulting. 

• Improve subsurface drainage. This is applicable to both restored JPCP 
and JPCP overlays. Subsurface drainage improvement for rehabilitated 
pavements basically consists of providing retrofit edge-drains and 
other related facilities. A permeable separator layer (usually asphalts or 
chemically stabilized) can be used to improve drainage of unbonded JPCP 
over existing rigid pavements. Studies have shown that subsurface drainage 
improvement with retrofit edge-drains can reduce faulting, especially for 
non-doweled JPCP. This is considered in design by reducing the amount 
of precipitation infiltrating into the pavement structure. 

• Widen the traffic lane slab by 1–2 ft. This is applicable to JPCP overlays. 
Widening the slab effectively moves the wheel load away from the slab 
corner, greatly reducing the deflection of the slab and the potential for 
erosion and pumping. Studies have shown that slab widening can reduce 
faulting by about 50 percent. 

Table 12-12.  Guidance on How to Select the Appropriate Design Features for Rehabilitated JPCP 
Design, continued

Continued on next page.
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Distress Type Recommended Modifications to Design

Faulting 
(continued)

• Erodibility of separator layer. This is mostly only applicable to unbonded 
JPCP overlays. It may be applicable to the leveling course placed during 
the construction of JPCP overlays of existing flexible pavements. 
Specifying a non-erodible AC material or a geotextile as the separator 
reduces the potential for base/underlying layer erosion and, consequently, 
faulting. 

Transverse 
cracking

• Increase slab thickness. This is only applicable to JPCP overlays. 
Thickening the overlay slab is an effective way to decrease critical bending 
stresses both from truck axle loads and from temperature differences in 
the slab. Field studies have shown that thickening the slab can reduce 
transverse cracking significantly. At some thickness, however, a point of 
diminishing returns is reached and fatigue cracking does not decrease 
significantly. 

Transverse 
cracking 
(continued)

• Decrease joint spacing. This is only applicable to JPCP overlays. A 
shorter joint spacing results in lower curling stresses in the slab. This effect 
is very significant, even over the normal range of joint spacing for JPCP, 
and should be considered a critical design feature. 

• Increase PCC strength (and concurrent change in PCC elastic modulus 
and CTE). This is applicable only to JPCP overlays. By increasing the 
PCC strength, the modulus of elasticity also increases, thereby reducing 
its effect. The increase in modulus of elasticity will actually increase the 
critical bending stresses in the slab. There is probably an optimum PCC 
flexural strength for a given project that provides the most protection 
against fatigue damage. 

• Widen the traffic lane slab by 2 ft. This is applicable to rehabilitation 
with overlays. Widening the slab effectively moves the wheel load away 
from the longitudinal free edge of the slab and greatly reduces the critical 
bending stress and potential for transverse cracking.

• Add a tied PCC shoulder (monolithically placed with the traffic 
lane). This is applicable to rehabilitation with or without overlays. The 
use of a monolithically placed tied-PCC shoulder that has the properly 
sized tie-bars is generally an effective way to reduce edge bending stress 
and reduce transverse cracking. A PCC shoulder that is placed after the 
traffic lane does not generally produce high LTE and significantly reduced 
bending stresses over the design period.

Continued on next page.

Table 12-13.  Recommendations for Modifying Trial Design to Reduce Distress/Smoothness for JPCP 
Rehabilitation Design, continued
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Distress Type Recommended Modifications to Design

Longitudinal 
Fatigue 
Cracking

• Increase slab thickness (8 in. maximum)
• Increase existing AC layer thickness
• Increase PCC strength (and concurrent change in PCC elastic modulus 

and CTE)
• Tied PCC shoulder

Smoothness • Build smoother pavements initially and minimize distress. The 
smoothness prediction model shows that smoothness loss occurs mostly 
from the development of distresses such as cracking, faulting, and 
spalling. Minimizing or eliminating such distresses by modifying trial 
design properties that influence the distresses would result in a smoother 
pavement. Hence, all of the modifications discussed in previous sections 
(for cracking and faulting) are applicable to improving smoothness. 

12.3.5 CRCP Rehabilitation Design
A brief description of the CRCP rehabilitation designs options is described in this section.

• Unbonded CRCP overlay of existing rigid pavement: Unbonded CRCP (≥7 in. thick) 
placed on existing intact concrete pavement ( JPCP, JRCP, or CRCP), existing composite 
pavement, or fractured PCC pavement. Unbonded overlays must have a separator layer 
similar to that described for unbonded JPCP overlays (see paragraph 12.3.3). 

• Bonded PCC overlay of existing CRCP: Bonded PCC overlays over existing CRCP 
involve the placement of a thin concrete layer atop the prepared existing CRCP to form 
a permanent monolithic CRC section.

• CRCP overlay of existing flexible pavement: Conventional CRCP overlays (>7 in. 
thick) can be applied to existing flexible pavements. When subjected to axle loads, the 
CRCP overlaid flexible pavement behaves similarly to a new CRCP with an asphalt base 
course. 

Design Considerations

• Performance criteria: Performance indicators used for CRCP rehabilitation design are 
crack width, LTE, punchouts, and smoothness.

• Design reliability: Handled in the same manner as new designs (see Chapter 7).

• Factors that affect distress: A detailed description of the factors that affect the 
performance indicators to CRCP rehabilitation design are presented in Table 12-14. By 

Table 12-13.  Recommendations for Modifying Trial Design to Reduce Distress/Smoothness for JPCP 
Rehabilitation Design, continued
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selecting the appropriate values of these factors, designers may reduce specific distress 
and improve overall pavement performance.

Trial Rehabilitation with CRCP Designs
The rehabilitation design process described under Subsection 12.3.3 for JPCP rehabilitation de-
sign is valid for CRCP as well. The performance prediction models for new CRCP are also valid for 
CRCP overlays. Further, as with JPCP rehabilitation, selecting the appropriate design features for 
the rehabilitated CRCP is key to achieving a successful design. For most rehabilitated CRCP de-
sign situations, the pavement design features are a combination of the existing design features and 
new features introduced as part of rehabilitation. Guidance on how to select the appropriate design 
features is presented in Table 12-15.

Design Modifications to Reduce Distress for CRCP Overlays
Crack width, longitudinal reinforcement percentage, slab thickness, and support conditions are the 
primary factors affecting CRCP performance and punchout development. Hence, modifying the 
factors that influence them is the most effective manner of reducing punchouts and smoothness 
loss. Crack spacing cannot be modified for bonded PCC over existing CRCP.

Table 12-14.  Summary of Factors that Influence Rehabilitated CRCP Distress and Smoothness

Parameter Comment
Transverse 
crack width 
and spacing

Transverse crack width is very critical to CRCP performance. It plays a dominant 
role in controlling the degree of load transfer capacity provided at the transverse 
cracks. It is strongly influenced by the reinforcement content, PCC shrinkage, 
construction PCC set temperature, and PCC CTE. Smaller crack widths increase 
the capacity of the crack for transferring repeated shear stresses (caused by heavy 
axle loads) between adjacent slab segments over the long term. Wider cracks exhibit 
lower LTE over time and traffic, which results in increased load-related critical 
tensile stresses at the top of the slab, followed by increased fatigue damage and 
punchouts. A maximum crack width of 0.02 in. over the design life is recommended.

Transverse 
crack LTE

The LTE of transverse cracks is a critical factor in controlling the development 
of punchout related longitudinal cracking. Maintaining a load transfer of 
95 percent or greater (through aggregate interlock over the CRC overlay design 
life) will limit the development of punchout distress. This is accomplished by 
limiting crack width over the entire year, especially the cold months. 

Lane to 
shoulder 
longitudinal 
joint load 
transfer 

The load transfer of the lane to shoulder joint affects the magnitude of the 
tensile bending stress at the top of the slab (between the wheel loads in a 
transverse direction). It is a critical pavement response parameter that controls 
the development of longitudinal cracking between adjacent transverse cracks 
and, consequently, the development of punchouts. The use of design features 
that could provide and maintain adequate edge support throughout the 
pavement rehabilitation design life is therefore key to adequate performance. 

Continued on next page.
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Parameter Comment
Overlay CRC 
thickness

From the standpoint of slab stiffness, this is an important design feature that 
has a very significant influence on performance. Note that for bonded PCC over 
existing CRCP, the equivalent stiffness of the overlay and existing PCC layer is 
used in analysis. In general, as the slab thickness of a CRC overlay increases, the 
capacity to resist critical bending stress increases, as does the slab’s capability to 
transfer load across the transverse cracks. Consequently, the rate of development 
of punchouts decreases and smoothness loss is reduced.

Amount of 
longitudinal 
reinforcement 
and depth of 
reinforcement

Longitudinal steel reinforcement is an important design parameter because it is used 
to control the opening of the transverse cracks for unbonded CRCP overlays and 
CRCP overlays over existing flexible pavement. Also, the depth at which longitudinal 
reinforcement is placed below the surface greatly affects crack width. It is recommended 
that longitudinal steel reinforcement be placed above mid-depth in the slab. 

For bonded PCC over existing CRCP, the amount of reinforcement entered into 
the models is the same as that of the existing CRCP because cracks are already formed 
and no reinforcement is placed in the overlay PCC. Depth of the steel reinforcement is 
equal to the depth to the reinforcement in the existing CRCP (ignore the overlay PCC 
thickness because cracks are already formed through the slabs).

Slab width Slab width has typically been synonymous with lane width (usually 12 ft). 
Widened lanes are typically 13–14 ft. Field and analytical studies have shown 
that the wider slab keeps truck axles away from the free edge, greatly reducing 
tensile bending stresses (in the transverse direction) at the top slab surface and 
deflections at the lane-shoulder joint. This has a significant effect on reducing 
the occurrence of edge punchouts. This design procedure does not directly 
address CRCP with widened slabs but can be approximately modeled by shifting 
the mean lateral load position by the width of slab widening. 

Table 12-15.  Guidance on How to Select the Appropriate Design Features for Rehabilitated CRCP 
Design.

Type of CRCP 
Rehabilitation 

Specific 
Rehabilitation 

Treatments Recommendation on Selecting Design Feature

Unbonded 
CRCP overlay

Interlayer 
placement

An adequate asphalt separator layer is very important for a 
CRCP overlay, because it ensures that no working joints or 
cracks in the existing pavement will reflect upward through the 
CRCP. This normally requires 1 in. of AC, but if joints with 
poor LTE exist, a thicker AC layer may be necessary.
The AC separator layer should have normal contact friction 
with the CRCP overlay and the existing PCC layer in order to 
improve the structural capacity of the pavement. Erodibility of 
the separation layer is calculated based upon properties of the 
AC separation layer. (This utilizes percent asphalt by volume.  

Table 12-14.  Summary of Factors that Influence Rehabilitated CRCP Distress and Smoothness, 
continued

Continued on next page.
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Type of CRCP 
Rehabilitation 

Specific 
Rehabilitation 

Treatments Recommendation on Selecting Design Feature

Unbonded 
CRCP overlay 
(continued)

Interlayer 
placement 
(continued)

If this separation layer is permeable with a typically very low 
asphalt content, the designer must adjust the percent asphalt 
to a value of 11 percent.)

Exiting PCC 
condition

The existing PCC overall condition must be considered when 
selecting the appropriate layer elastic modulus. This is done 
by adjusting backcalculated or lab-tested estimates of elastic 
modulus with a damage factor determined by existing CRCP 
visual condition. 

CRCP overlay Selection of design features for the CRCP overlay (including 
shoulder type and slab width) is similar to that outlined for 
new/reconstruction design in Chapter 10.

Bonded PCC 
overlay on 
CRCP

PCC bonded 
overlay

The existing CRCP surface must be prepared and a new PCC 
overlay bonded on top. The only joint that needs sawing is 
the longitudinal lane-to-lane joint, which should be sawed 
completely through, plus 0.5 in. This bonded PCC design is 
unusual but has performed well in a number of projects in 
Texas and elsewhere. Design input features must reflect the 
condition of the existing CRCP.

CRCP overlay 
over existing 
flexible 
pavement

CRCP overlay Selection of design features for the CRCP overlay (including 
shoulder type and slab width) is similar to that outlined for 
new or reconstructed design in Chapter 10. Condition of 
existing flexible pavement is rated as Excellent, Good, Fair, 
Poor, or Very Poor, as described in Table 12-10. These ratings 
will result in adjustments to the dynamic modulus, EAC, of the 
existing AC layer that now becomes the base course. The lower 
the rating the larger the downward adjustment of E* of the 
existing AC layer.

• Increase overlay slab thickness. An increase in CRCP slab thickness will reduce 
punchouts based on a decrease in critical tensile fatigue stresses at the top of the slab and 
an increase in crack shear capability. There is also a greater tolerance to maintain a high 
load transfer capability at the same crack width, allowing for reduced tensile stress at top 
of the slab. 

• Increase percent longitudinal reinforcement in overlay. Even though an increase in 
steel content will reduce crack spacing, it has been shown to greatly reduce punchouts 
overall due to narrower cracks widths. 

Table 12-15.  Guidance on How to Select the Appropriate Design Features for Rehabilitated CRCP 
Design, continued

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



216  |  Mechanistic–Empirical Pavement Design Guide

• Reduce the PCC set temperature (when PCC sets) through improved curing 
procedure (water curing). The higher the PCC set temperature, the wider the crack 
openings at lower temperatures.

• Reduce the depth of reinforcement in overlay. This is applicable only to unbonded 
CRCP overlay and CRCP over existing flexible pavement. Placement of steel closer to 
the pavement surface reduces punchouts by keeping cracks tighter. (However, to avoid 
construction problems and limit infiltration of chlorides, do not place closer than 3.5 in. 
from the surface.)

• Increase PCC tensile strength. Increasing the CRCP tensile strength decreases the 
fatigue damage and, consequently, punchouts. However, it must be noted that there is a 
corresponding increase in PCC elastic modulus that increases the magnitude of stresses 
generated within the PCC, somewhat reducing the benefit of increased tensile strength. 

• Reduce the coefficient of thermal expansion of overlay PCC. Use of a lower thermal 
coefficient of expansion concrete will reduce crack width opening for the same crack 
spacing. 

• Increase AC separator layer thickness. The thicker the separator layer, the less sensitive 
the overlay is to deterioration in the existing pavement. For badly deteriorated existing 
pavements, thick (≥ 3 in. thick) AC separator layers are recommended for CRCP 
overlays.

• Reduction in PCC shrinkage. Reducing the cement content and improved curing are 
two ways to reduce ultimate shrinkage. 

12.3.6 Additional Considerations for Rehabilitation with PCC
There are several important considerations that need to be addressed as part of rehabilitation de-
sign to ensure adequate performance of the rehabilitation design throughout its design life. These 
issues include:

• Shoulder reconstruction

• Subdrainage improvement

• CPR/pre-overlay repairs

• Separator layer design (for unbonded JPCP/CRCP over existing rigid pavements)

• Joint design (for JPCP overlays)

• Reflection crack control (for bonded PCC over existing JCPC/CRCP)

• Bonding (for bonded PCC overlays over existing JPCP/CRCP)

• Guidelines for the addition of traffic lanes

• Guidelines for the widening of narrow traffic lanes
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