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Development and Implementation of a 
Mechanistic, Empirically Based Overlay 
Design Procedure for Flexible Pavements 

. LINDA M. PIERCE, NEWTON C. JACKSON, AND }OE P. MAHONEY 

In the early 1980s the Washington State Department of Trans
portation (WSDOT) implemented a new pavement management 
system (WSPMS) that is project specific and contains detailed 
construction history and performance data for all projects 
throughout the state. With the new WSPMS, all resurfacing de
signs were made with more detailed knowledge of the past perfor
mance of each project, and conflicts between design expectations 
and actual past performance of each project were more obvious. 
Using the information contained in the WSPMS and deflection 
data obtained from the falling weight deflectometer, WSDOT 
decided to develop a mechanistic, empirically based flexible pave
ment overlay design method and contracted with the University 
of Washington and the Washington State Transportation Center 
to cooperatively develop such a method. A general overview of 
this mechanistic, empirically based overlay design procedure de
scribes subsequent implementation activities and demonstrates 
the application of the design procedure using a case study in which 
the WSDOT mechanistic, empirical design procedure is com
pared with other standard overlay design procedures. 

The Washington State Department of Transportation 
(WSDOT), like most western state DOTs, has been designing 
all new flexible pavements by a rational, empirically based 
pavement design method for over 40 years. By the late 1940s, 
Washington State had adopted a flexible pavement design 
method that was based on the California bearing ratio (CBR) 
test. In 1951 the CBR test procedure was abandoned in favor 
of a method that utilizes the Hveem stabilometer. The design 
procedure was essentially that originated by Hveem and Car
many (1). The principal differences between Washington's 
design procedure and the original California procedure were 
modifications in test procedures and in factors used for the 
base and pavement courses. The modifications were incor
porated in the design to reflect field conditions and pavement 
performance experienced in Washington State. These design 
procedures and processes were first described by LeClerc in 
a presentation at the annual Highway Research Board meet
ing in 1956 (2). The basic design procedures were modified 
in 1957 and in 1966 to provide more detail in the design charts, 
which resulted in thicker asphalt pavement sections. 

In 1974 Washington State established a formal 4-R pave
ment design process in response to the FHW A requirement 
for a determination of structural adequacy to qualify for fed
eral aid for resurfacing projects. A component design pro-
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cedure was adopted similar to that contained in the AASHTO 
Interim Pavement Design Guide and the Asphalt Institute's 
design procedures, except that Washington's was based on 
their Hveem design method. Benkleman beam deflections 
were collected in some districts and a comparison was made 
using the Asphalt Institute's rebound deflection-based design. 

In the early 1980s WSDOT implemented its new pavement 
management system (WSPMS), which was project specific 
and had detailed construction history and performance data 
for all pavement sections throughout the state. With the 
WSPMS, all resurfacing designs were made with more de
tailed knowledge of the past performance of each project; 
thus, conflicts between design expectations and the actual past 
performance of each project became more obvious. Also at 
about this same time WSDOT obtained a falling weight de
flectometer (FWD) as part of a federal research study on long
term pavement monitoring. Being somewhat dissatisfied with 
the adequacy of the current component and deflection-based 
procedures, plus having a current data base with detailed 
pavement performance data and a modern field pavement 
testing device, WSDOT decided to develop a mechanistic, 
empirically based flexible pavement overlay design method. 
Further, the general rehabilitation philosophy of WSDOT was 
to "fix it early, fix it thin." In this regard it was believed that 
the mechanistic, empirical approach would best provide over
lay thicknesses that reflect the "early" treatment of small 
amounts of fatigue cracking (which is the dominant rehabil
itation "trigger" distress for WSDOT). This work began in 
the mid-1980s when WSDOT contracted with the University 
of Washington and the Washington State Transportation Cen
ter to cooperatively develop a flexible pavement overlay de
sign procedure. The resulting mechanistic, empirically based 
overlay procedure as developed was described in the final 
report dated January 1989 (3). When the development process 
began in 1985, the mechanistic, empirical design approach 
had been developed by other researchers; however, the issues 
of seasonal moduli changes, appropriate field failure criteria, 
and backcalculation oflayer moduli were still at an early stage. 
The research team spent considerable effort on these basic 
issues and placed the entire system into personal computer 
compatible software. 

This paper will provide an overview of the mechanistic, 
empirically based overlay design procedure, describe subse
quent implementation activities, and demonstrate the appli
cation of the design procedure using a case study in which 
the WSDOT mechanistic, empirical design procedure is com
pared with other standard overlay design procedures. 
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DEVELOPMENT OF THE PROCEDURE 

The development of a mechanistic, empirical overlay design 
procedure requires a pavement response model, material 
characterization, and failure criteria. The associated tasks for 
the development of the overlay procedure are as follows. 

Test Site Selection 

To examine specific pavement performance in Washington 
State, 16 test sites were selected. These test sites were typical 
flexible pavement sections and were selected both for their 
uniformity (construction, distress, and subgrade soil) within 
each test site and for their variety (age, climate, traffic, struc
tural section, and distress). 

Laboratory Testing 

Field asphalt concrete cores and unbound disturbed material 
samples were collected from each test site with the WSDOT 
Materials Laboratory performing the associated laboratory 
tests. To determine the modulus of elasticity of the asphalt 
concrete, the diametral resilient modulus test (ASTM D4123) 
was conducted at 5°C, 25°C, and 40°C (41°F, 77°F, and 104°F) 
with a load duration of 100 msec. To determine the resilient 
modulus of the unbound materials, the samples were re
molded and recompacted at a moisture content and density 
similar to those observed in the field at the time of sampling. 
A triaxial test was performed on each sample with confining 
pressures of 7, 14, and 28 kPA (1, 2, and 4 psi) and deviator 
stresses of 7, 14, 28, 41, and 55 kPa (1, 2, 4, 6, and 8 psi), in 
accordance with AASHTO T274. Asphalt concrete layer 
thicknesses were also determined from core samples. 

Nondestructive Testing 

WSDOT collected pavement surface deflection measure
ments with the FWD. These measurements were collected in 
the outer wheelpath nearly every season from 1985 to 1988. 

Characterization of Pavement System 

avement Mode/ 

f several pavement models, the multilayered elastic system 
as been shown to provide reasonable pavement response 

·olutions, in terms ot' deflection, stress, or strain caused by 
n applied load. The multilayered elastic model requires the 
ollowing assumptions: 

1. The material properties of each layer are homogeneous 
nd isotropic; 
2. Each layer has a finite thickness, except for the lower 
yer, and all layers are infinite in the lateral direction, and 
3. The materials are characterized by the modulus of elas-

. city (resilient modulus) and Poisson's ratio ( 4). 
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Some contradictions to these assumptions include the vari
ability in traffic load intensity; the elliptical or rectangular, 
rather than the assumed circular, shape of the tire footprint; 
dynamic rather than static loading; pavement material be
havior that is not fully elastic; material properties of a single 
layer that are somewhat inhomogeneous and anisotropic; and 
the modulus of a single layer that is an equivalent modulus 
even though the layer is composed of many different mate
rials. However, a fully monitored pavement experiment showed 
that the multilayered, linear elastic theory was acceptable (5). 
Several computerized solutions for the analysis of multilay
ered systems have been developed. This study used CHEV
RON N-LAYER, which was developed by the Chevron Re
search Company (6). A principal reason for its use was that 
the software was in the public domain. 

Asphalt-Bound Material 

The modulus of asphalt concrete depends on its material char
acteristics and testing conditions (loading time and temper
ature). The relationship between the resilient modulus and 
temperature for WSDOT Class B asphalt concrete was found 
as follows (7): 

logEAc = 6.4721 - 0.000147362(TP)2 (1) 

where EAc is the resilient modulus of asphalt concrete (psi) 
and TP is the pavement temperature (°F). 

Unstabilized Materials 

The modulus of unstabilized materials depends to a great 
extent on stress level, dry density, moisture content, degree 
of saturation, gradation, load duration, and frequency, among 
which stress level and moisture condition have proven to be 
the most significant factors. Chou (8) has shown a direct re
lationship between the modulus and the stress state for un
stabilized base materials and subgrade soils. 

Several resilient modulus tests were conducted on the gran
ular base material (the unbound bases were all produced to 
the same specifications; hence, some statewide uniformity). 
Most of the granular base materials were best represented by 
the following equation (personal communication between J. P. 
Mahoney and N. C. Jackson, Feb. 5, 1990): 

E BS = 8 ,50000.375 (2) 

where E85 is the resilient modulus of the coarse-grained ma
terials and soils (pounds per square inch) and, 0 is bulk stress 
(pounds per square inch). 

STRUCTURAL EVALUATION OF PAVEMENT 

The need for information about the in situ pavement layer 
properties is readily apparent for pavement overlay design 
and hence the development of optimal pavement rehabilita
tion strategies. Material properties can be acquired either by 
laboratory test of samples or by a nondestructive testing (NDT) 
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evaluation method. Because of the cost and time constraints 
of the laboratory test, plus the ability to characterize materials 
as they exist in place, the NDT method is being used more 
frequently (9). At the time of initial development of the design 
process, NDT evaluations, which generally use the pavement 
surface deflection basin, were accomplished by either graphic 
solution or backcalculation. The latter was felt to be more 
accurate and robust. Thus, the backcalculation procedure for 
NDT deflection measurements becomes crucial for pavement 
rehabilitation, and a significant amount of the reported study 
resources were devoted to backcalculation development. It is 
ironic that several other backcalculation programs were under 
way in other states at about the same time. 

Pavement Deflection Analysis Program (EVERCALC) 

EVERCALC (10) is a pavement analysis computer program 
that is based on the multilayered elastic pavement analysis 
program CHEVRON N-LA YER. The program is primarily 
for the analysis of flexible pavement using FWD deflection 
measurements. A reverse-solution technique is used to de
termine elastic modulus from the deflection measurements. 
(Actually, the pavement surface deflections at a known load 
and assumed Poisson's ratio and known thickness of each layer 
are required.) The theoretical deflections are compared with 
the measured deflections in each iteration. When the dis
crepancies in the calculated and measured deflections, as char
acterized by the root mean square error, or the changes in 
moduli fall within the allowable tolerance, or the number of 
iterations has reached the specified limit, the program ter
minates. The current version of the program (EVERCALC 
3.3) is capable of evaluating a flexible pavement structure 
containing up to five layers and can run with or without a 
"stiff layer." The program makes an initial, rough estimate 
of modulus ("seed modulus") for each layer using internal 
regression equations and then backcalculates to determine a 
"final" modulus for each pavement layer. The program also 
determines the coefficients of stress sensitivity for unstabilized 
materials when the deflection data for two or more load levels 
are available at a given point and then normalizes the asphalt 
concrete modulus to the WSDOT standard laboratory con
dition [which is 25°C (77°F)]. The seed moduli are estimated 
with internal regression equations, which were developed from 
the relationship among the layer moduli, surface deflections, 
applied load, and pavement thicknesses (11). 

OVERLAY DESIGN PROCEDURE 

Traffic load repetitions and environment are two primary fac
tors that induce pavement distress (other factors include con
struction variation and age). Of the various kinds of distress, 
fatigue cracking and rutting are the two primary distresses 
found in flexible pavements in Washington State (mostly fa
tigue cracking). Numerous studies of pavement distress have 
shown that pavement performance is related to pavement 
response parameters (such as strain), which are determined 
through mechanistic pavement analysis. 

This section reviews the design criteria (failure criteria) and 
a mechanistic, empirically based overlay design procedure 
computer program, EVERPA VE. 
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Design Criteria 

Investigations have shown that fatigue failure is best related 
to the horizontal tensile strain at the bottom of the asphalt
bound layer and that rutting can be best related to the vertical 
compressive strain at the top of the subgrade (12). 

The models for fatigue failure criteria generally are a func
tion of the tensile strain and the modulus of the asphalt-bound 
material. Monismith's laboratory model, one of the most widely 
used, is as follows (13): 

logN1 = 14.82 - 3.29llog(Et) - 0.854log(EAcll,000) (3) 

where 

N1 = loads to failure, 
E( = initial tensile strain (l0- 6 in./in.), and 

EAc = modulus of asphalt bound material (psi). 

This model was developed for asphalt concrete mixes quite 
similar to those used by WSDOT. However, the model raises 
two concerns for overlay design. One is the adjustment of 
this laboratory relationship to field conditions, and the other 
is the consideration of the existing asphalt concrete layer. 

Because differences exist between the laboratory and actual 
pavement in the definition of failure and loading mode, lab
oratory fatigue models need to be adjusted to field conditions. 
To do this, the laboratory model is multiplied by a shift factor 
(SF). The resulting predictive equation becomes Nfieict = 
(N1ab)(SF). The shift factor depends on asphalt concrete prop
erties such as void ratio, asphalt cement content, and viscosity 
and other factors such as layer thickness and pavement loading 
conditions. An investigation of the shift factor, using Moni
smith's laboratory model for initial pavement performance 
(i.e., N,ab), was attempted at six test sites in Washington State 
that showed fatigue distress, as shown in Table 1. The service 
lives of the pavements were 10 to 13 years, and the thicknesses 
of the asphalt concrete ranged from about 100 to 250 mm ( 4 
to 10 in.). The moduli of the original asphalt concrete were 
estimated on the basis of engineering judgment and the results 
of laboratory tests on pavement cores. The moduli of the 
unbound materials were obtained through backcalculation and 
seasonal material modulus variations, which will be discussed 
later. The shift factor ranged from 0.1 to about 6.0, depending 
on the asphalt-bound layer thickness. However, the lower 
shift factors were for thick asphalt concrete [about 203 to 229 
mm (8 to 9 in.)]. Thus, shift factors of about 6.0 were found 
for sections with asphalt concrete thickness of 90 to 130 mm 
(4 to 5 in.). We generally observe that for asphalt concrete 
pavement thicknesses of about 200 mm (8 in.) or greater, 
fatigue cracking primarily occurs in the upper wearing course 
(top-down cracking). For thicker asphalt concrete sections 
[200 mm (8 in.) or more], structural overlay designs are rarely 
needed (EVERPAVE is not used for·overlay design on thicker 
asphalt concrete sections). Treatments such as milling and 
replacement of the distressed surface course are generall 
recommended. 

The second concern is how the performance of the existin 
asphalt concrete layer is incorporated into the overlay desig 
procedure. This situation poses difficulties because the fatigu 
failure criteria were developed for new asphalt concrete. Som 
design procedures consider the strain at the bottom of th 
new asphalt concrete layer; others consider the strain only a 
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TABLE 1 Washington State Shift Factors 

Test Site AC Thickness (mm) ESAL (103) Age (yrs) Shift Factor 
1 132 640 11 5.8 
3 213 466 13 0.4 
8 185 700 12 2.5 
10 229 389 12 0.1 
13 244 2,135 12 0.5 
15 91 332 10 5.6 

Note: The modulus of the original asphalt concrete was assumed to. be 2,756 MPa. 
ESALs accumulated from the original construction date to the time of fatigue 
cracking. 

the bottom of the existing asphalt concrete layer, and others 
consider both of these strains (14-18). Both strains (bottom 
of the new overlay layer and the bottom of the existing (pre
overlay) asphalt concrete) were considered in this study and 
are used in EVERPA VE. The rationale for this is straight
forward in that strain (or other movement) in the existing 
asphalt concrete layer must be controlled to reduce the po
tential for reflection cracking into the new overlay layer. 

Rutting occurs because of permanent deformation of the 
asphalt concrete layer and unbound layers. However, since 
the permanent deformation of asphalt concrete is more a 
construction, materials issue instead of a structural thickness 
issue, the failure criterion is expressed as a function of vertical 
compressive strain at the top of the subgrade. The Chevron 
equation was used to estimate rutting in the subgrade, as 
follows: 

(4) 

where Nr is the number of loads needed to cause a rut depth 
of approximately 19 mm (0.75 in.) and Evs is the vertical com
pressive strain at the top of the subgrade (l0- 6 in.fin.) 

Because there have been no visible signs of rutting in the 
16 test site locations, validation of the rutting model has not 
been possible. In addition, for Washington State, fatigue in
stead of rutting typically is the controlling pavement failure 
criteria. 

Pavement Environmental Effects in Washington State 

The consideration of environmental conditions (as a function 
of resilient modulus) is essential in mechanistic, empirical 
pavement design. Seasonal adjustment for asphalt-bound ma
terials is obtained from the relationship between the modulus 
and temperature. However, for unbound (unstabilized) ma
terials that process is not so straightforward. 

Two types of climate prevail in the state of Washington: a 
marine type in the west and a continental climate in the east. 
In western Washington, there are two distinct seasons, a warm 
and dry summer and a wet and mild winter. Eastern Wash
. ngton experiences a hot and dry summer and a cold winter; 

thus spring thaw problems can exist. The predominant roadbed 
soils are mostly silts and various types of glacial till and clay. 

The seasonal variations of soil moduli are primarily induced 
by variations in soil moisture content, which depend on pre
cipitation, temperature, soil gradation and permeability, sur
face distress level, and drainage conditions (19). Seasonal 
variations for each of the two regions were investigated over 
two distinct seasons (wet or dry) that were based on the back
calculated moduli from 4 years of FWD data and climate data 
obtained from published climatological information. The ra
tios of the moduli of various seasons were determined and 
are indicated in Table 2. The seasonal variations were reevalu
ated in June 1992 and were found to be unchanged from the 
values determined in the original study. 

Several studies in Washington State have examined the 
various aspects of seasonal pavement material changes. The 
observation that the base course changes the most came as 
no surprise. This change is probably the result of the larger 
layer moisture changes in the base course layer, compared 
with those of subgrade layer. 

Traffic in Washington State 

The equivalent single-axle load (ESAL) concept was adopted 
for the traffic input [80 kN (18,000 lb)]. The primary concern 
is how to quantify the mixed traffic for a design period to use 
in pavement design. FHWA's W-4 loadometer tables were 
used to determine ESALs for various truck types from 1950 
to 1983. Structural numbers of 3.0 and 5.0 were assumed for 
the pavements built before and after 1963, respectively. A 
summary of the determined ESAL factors are listed in Table 
3. 

Overlay Design Program (EVERP A VE) 

EVERP A VE (20) is a mechanistic, empirically based overlay 
design program. The pavement analysis is accomplished through 
use of EVERSTRS (used as a subroutine), which can account 
for the stress-sensitive characteristics of the unbound mate-

TABLE 2 Seasonal Variations of Unbound M~terial Moduli for 
Washington State 

Region 
Eastern Washington 
Western Washington 

Base 
Wetffhaw Dry/Other 
0.65 1.00 
0.80 1.00 

Subgrade 
Wetffhaw Dry/Other 
0.95 1.00 
0.90 1.00 
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TABLE 3 Summary of ESAL Factors 

Single Combination Individual Overall 
Highway System Units Units 
Interstate 0.30 1.25 
Non-Interstate Rural 0.50 1.50 
Non-Interstate Urban 0.25 1.20 

* Excludes Buses 

rials ( 8). A flow chart of the EVE RP A VE program is pre
sented in Figure 1. 

The program can analyze a pavement system up to five 
layers, including the new overlay. The pavement responses 
under single or dual wheel loads are determined from the 
analysis of a pavement system, as shown in Figure 2. The 
responses include the failure criteria for fatigue and rutting, 
which are a function of the tensile strains at the bottom of 
the overlay asphalt concrete and that of the existing asphalt 
concrete layer, and the compressive strain at the top of the 
subgrade. The program calculates overlay thickness by com
paring the pavement performance lives for fatigue and rutting 
with the projected design traffic volume (ESALs). When the 
minimum repetitions of the two failure criteria are greater 
than the traffic volume, the final overlay thickness is pro
duced. Otherwise, the overlay thickness is increased by in
crements (an input data requirement) and the analysis is re-

Read Input Data 
- Material properties 
- Seasonal variation 
-Traffic 

Assume overlay 
thickness 

Calculate seasonal 
traffic volume 

* Determine seasonal 
material properties 

* Analyze pavement 
structure ( E , E ) 

* Calculate performance 
life (N , N ) 

* Determine Damage 
Ratio 

Compute Sum of 
Damage Ratio (SDR) 

Increase overlay 
thickness 

yes Produce overlay 
>----t design 

* Repeat for four seasons 

FIGURE 1 Overlay design procedure by EVERPAVE. 

Buses Axle Truck* 
1.30 0.25 1.20 
1.30 0.25 1.40 
1.30 0.25 1.00 

___ Dual Tire Load and 
Tire Pressure· 

8i 
E = f(T) 

AC .......__ l - --- Overlay 

"2 
E AC = f(T) 

2 
Existing Asphalt Concrete 

--- ......_...._ .........-

"3 EBS =K9~ l Base Course 

Subgrade 

FIGURE 2 Pavement system for overlay design for four 
layers. 

peated. This process continues until the maximum distress 
performance period exceeds the design traffic volume. 

IMPLEMENTATION OF THE PROCEDURE 

A resurfacing report is prepared by the district materials en
gineer for all asphalt concrete (AC) overlays and is even 
recommended for bituminous surface treatments in which 
structural problems are evident (21). The resurfacing report 
includes pavement deflection data (which are collected by the 
headquarters materials branch), descriptions and photographs 
of typical pavement conditions, road life history, pavement 
cores, surfacing and subgrade samples, and a review of drain
age features. The resurfacing report is oriented toward ana
lyzing the existing roadway conditions so that a reasonable 
definition of the special problems and structural needs of the 
roadway may be defined. 

Upon submittal of the resurfacing report to the headquar
ters materials branch, the materials branch reviews the con
tents of the report, performs a mechanistic, empirical design 
analysis (when FWD data are available), and submits a final 
headquarters overlay design. 

The mechanistic, empirical design analysis is composed of 
two distinct parts: materials analysis and overlay design. Ma
terials analysis, which may include pavement layer backcal
culation, has been purposely separated from the overlay de
sign process so that the backcalculated material properties 
can be characterized before input for overlay design. 

A comparison of the overlay thicknesses produced by var 
ious methods was used to examine the new overlay desig 
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procedure (EVERPA VE). Because every overlay design 
method has its own peculiar design parameters, the compar
isons were limited to the revised AASHTO (22) and the As
phalt Institute methods (23). To illustrate how the process 
works, a typical project is presented as a case study. 

CASE STUDY 

State Route 500 (Milepost 2.00 to Milepost 3.05) is a section 
of urban undivided multilane highway located in southwestern 
Washington (near Vancouver, Washington). The soil consists 
largely of flu vial deposited (deposited under water) sands and 
silts. The cuts through this material intercepted considerable 
perched water flowing in the sandy soils between the silt lenses 
at varying depths through the cut. The environment is typical 
of the Pacific Northwest coast, relatively mild temperatures, 
both in summer and winter, with an annual rainfall of about 
1,000 mm (40 in.) per year, mostly occurring from midfall 
through late spring. 

The roadway was constructed in 1983 with 3.7-m (12-ft) 
lanes and 1.2-m (4-ft) inside shoulders and 3-m (10-ft) outside 
shoulders. The pavement section consists of 108 mm ( 4.25 
in.) of asphalt concrete; over 70 mm (2.75 in.) of crushed 
rock base, over 127 mm (5.0 in.) of gravel base. This roadway 
was a staged construction, which called for placing a second
stage AC overlay 5 to 6 years after the initial construction. 
The original construction included an extensive system of drains 
to mitigate erosion and to intercept the perched water before 
it reached the subgrade. It is clear that the drainage design 
did not control the subsurface water as well as expected, as 
was evident when the pavement began to fatigue crack within 
4 to 5 years after construction. Subsequent investigations in
dicated that the sandy subgrade soils have stabilized at a mois
ture content of about 3 to 5 percent over optimum, resulting 
in a structurally underdesigned pavement section. As a result 
of the staged pavement design and the wet subgrade, the 
pavement began to experience both longitudinal and fatigue 
racking in approximately 10 percent of the total area of the 
heelpaths by the spring of 1988. The estimated ESALs for 

he next 10 years is 2 million. 
FWD data were collected for this project in April 1988. 

he average center deflection (D0) is 508 µm (20.0 mils), with 
alues ranging from 371 to 678 µm (14.6 to 26.7 mils). The 
ubgrade modulus ranges from 79 to 166 MPa (11,537 to 
4,100 psi), and averaging 120 MPa (17,351 psi) with a stand-
rd deviation of 30 MPa (4,420 pis) (24). · 

sphalt Institute's Deflection Procedure 

epresentative rebound deflection (RRD) 

671 µm (26.4 mils) 

verlay thickness = 0.0 mm 

sphalt Institute's Effective Thickness Procedure 

ffective thickness of existing pavement (108 mm AC)(O. 75) 

81mm(3.2in.) 

Effective thickness of base (197 mm base)(0.20) 

= 39 mm (1.6 in.) 

Total effective thickness = 120 mm ( 4. 7 in.) 

1. Milepost (MP) 2 .05 

MR = 83 MPa (12,000 psi) 

Design thickness = 235 mm (9.3 in.) 

Effective thickness = 120 mm (4.7 in.) 

Overlay thickness = 115 mm (4.5 in.) 

2. MP 2.55 

MR = 76 MPa (11,000 psi) 

Design thickness = 241 mm (9.5 in.) 

Effective thickness = 120 mm (4.7 in.) 

Overlay thickness = 121 mm (4.8 in.) 

Revised AASHTO 
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The overlay was determined using the FWD deflection basins 
at MP 2.05 and MP 2.55 and using only the NDT method. 

1. MP 2.05 

D0 = 678 µm (26. 7 mils) 
D 36 = 140 µm (5.5 mils) 

C = 1.00, 0.50, and 0.33 
D = 305 mm (12 in.) 
p; = 4.5 
Pr= 2.5 
S0 = 0.49 
R = 50 percent 

MR = (C = 1.00) 75 MPa (10,909 psi) 
(C = 0.50) 38 MPa (5,455 psi) 
(C = 0.33) 25 MPa (3,636 psi) 

Overlay thickness (C = 1.00) = 40 mm (1.6 in.) 
(C = 0.50) = 89 mm (3.5 in.) 
(C = 0.33) = 122 mm (4.8 in.) 

2. MP 2.55 

D 0 = 572 µm (22.5 mils) 
D 36 = 158 µm (6.2 mils) 

C = 1.00, 0.50, and 0.33 
D = 305 mm (12 in.) 
p; = 4.5 
Pr= 2.5 
S0 = 0.49 
R = 50 percent 

MR = (C = 1.00) 67 MPa (9,677 psi) 
(C = 0.50) 33 MPa (4,893 psi) 
(C = 0.33) 22 MPa (3,226 psi) 
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Overlay thickness ( C = 1.00) = 28 mm (1.1 in.) 
( C = 0.50) 77 mm (3.0 in.) 
(C = 0.33) = 112 mm (4.4 in.) 

where 

D 0 · = FWD center deflection, 
D 36 = FWD deflection at 36 in. from the load plate, 

C = adjustment factor: "The recommended method for 
determination of the design MR from NDT back
calculation requires an adjustment factor ( C) to make 
the value calculated consistent with the value used 
to represent the AASHTO subgrade. A value for 
C of no more than 0.33 is recommended for ad
justment of backcalculated values to design MR val
ues." (23), 

D = actual pavement structure thickness, 
p; = initial serviceability index, 
Pr = terminal serviceability index, 
S0 = overall standard deviation of normal distribution of 

errors associated with traffic prediction and pave
ment performance, 

R = reliability level, and 
MR = effective roadbed resilient modulus. 

WSDOT Mechanistic, Empirically Based Overlay 
Design 

The EVERCALC backcalculation results (24) were examined 
and the following conditions were determined: 

1. Existing AC modulus: 1654 MPa (240,000 psi), which 
represents a partially cracked AC pavement condition, 3858 
MPa (560,000 psi), which represents an unfatigued AC pave
ment condition. 

2. Base course modulus conforms to E 85 = 8,5000°·375 

3. Subgrade modulus (using stiff layer): 76 and 83 MPa 
(11,000 and 12,000 psi) 

4. AC overlay modulus: 2756 MPa ( 400,000 psi) 
5. Fatigue criterion relationship: SF = 5 

The results are as follows: 

1. MP 2.05 
EAc = 1654 MPa (240,000 psi) 
MR = 83 MPa (12,000 psi) 
Overlay thickness = 91 mm (3.6 in.) 

2. MP 2.55 
EAc = 3858 MPa (560,000 psi) 
MR = 76 MPa (11,000 psi) 
Overlay thickness = 611 mm (2.4 in.) 

The overlay design that was selected for this project is 76 
mm (3.0 in.) AC pavement after repairing the worst of the 
fatigue cracked pavement. Table 4 summarizes the overlay 
design for this case study. 

ADDITIONAL STUDIES 

With the development of the mechanistic, empirically based 
overlay design procedure, the need has evolved for additional 
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TABLE 4 Summary of Overlay Design Thickness 

MP 2.05 MP 2.55 
Asphalt Institute 

Deflection Procedure 0 () 

Effective Thickness Procedure ll5mm 121 mm 
AASHTO 

c = l.00 40mm 28mm 
c = 0.50 89 mm 77mm 
c = 0.33 122 mm 112mm 

WSDOT EVERPA VE 91 mm 61 mm 
Constructed Overla~ 76mm 76mm 

studies to validate and modify the various aspects in both the 
EVERCALC and the EVERP A VE computer programs. Cur
rently, WSDOT, in conjunction with the University of Wash
ington, has conducted several studies to validate program 
conditions. 

DEPTH TO STIFF LAYER 

The depth to stiff layer is estimated using the scheme reported 
by Rohde and Scullion (25) and has been incorporated into 
the current version of EVERCALC. The original develop
ment of this scheme requires the use of one of four separate 
regression equations that are dependent on ranges of the AC 
layer thickness [less than 50 mm (2.0 in.)], between 50 and 
100 mm (2.0 to 4.0 in.), between 100 and 150 mm. (4.0 to 6.0 
in.) and greater than 150 mm (6.0). It has been found that 
the regression equations are not continuous across the AC 
layer ranges. Therefore, as time allows, this issue (and equa
tions), will be revisited. 

The effect that a water table may have on the calculated 
layer moduli is currently being examined. If the depth-to-stiff
layer option is used, a moduli and Poisson's ratio for the stiff 
layer must be selected. This layer has a significant effect on 
the calculated layer moduli and root-mean-square error. Sev
eral locations are being evaluated where FWD and boring 
logs are available. In some cases it has been found that the 
depth-to-stiff layer is actually the depth to the water table or 
an area of saturated soils. Generally, it appears that lower 
moduli are appropriate for the "stiff layer" where this con
dition exists. 

SHIFT FACTOR 

The EVERCALC/EVERP A VE process has been in use in 
Washington State since 1988. WSDOT evaluates about 100 
projects a year as part of the basic overlay design process. 
With some additional work the actual fatigue performance 
(shift factor) can be estimated. It is the intent of WSDOT to 
further evaluate these past overlay designs, reevaluate the 
originally determined shift factors, and build a fairly large and 
comprehensive data base documenting the range of fatigue 
performance experienced in the state of Washington. 

RELIABILITY 

Currently the EVERP A VE program uses a 50 percent reli 
ability. As the modifications to the AASHTO Design Guid 
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become available and are further evaluated, a range of reli
ability values will also be incorporated into the EVE RP A VE 
program. 

SUMMARY 

The mechanistic, empirical flexible pavement overlay design 
procedure developed for WSDOT has been overviewed. It 
uses somewhat traditional failure criteria for estimating fa
tigue cracking and rutting. These criteria were simply adap
tations of prior work that were "shifted" to accommodate 
conditions found in Washington State. Further, the seasonal 
effects of changing moduli were investigated and incorporated 
as seasonal moduli ratios. 

The required layer moduli for design are assumed (as for 
the new AC overlay material) or estimated via laboratory 
tests or NDT analysis. The primary use of the NDT data (from 
the FWD) is for backcalculation. After several years of ex
perience obtaining and using backcalculated pavement mod
uli, we believe that this fundamental approach is valid. How
ever, we continue to gain experience mostly through empirical 
evidence on how to improve our backcalculation process. 

The mechanistic, empirical design process has many clear 
advantages over conventional (empirically based) design pro
cesses. Our experience has shown that it is not only a more 
rational design process; it also more adequately addresses 
unique conditions, such as the following: 

1. Overlays of granular surfacing with thin surface seals, 
which are very strain critical. 

·2. Overlays of thick AC in which the existing AC is mois
ture sensitive and has lower stiffness and tensile strength than 
normal AC. 

3. Overlays with materials that have different fatigue prop
erties from normal AC, such as open-graded emulsion mixes, 
or some of the new AC mixes with modified AC binders. 

The design process is sensitive to the material properties 
selected for input. Effective use of the design process requires 
a rigorous and accurate analysis of the in situ material prop
erties. Most of the effort required to use the design process 
is in analyzing and characterizing the in situ material prop
erties. 

The overall goal of designing AC overlay thickness that are 
appropriate for "early" distress to "extreme" distress was 
accomplished by the design process described in this paper. 

he design process is not unlike that developed by numerous 
. ther researchers; however, what may be somewhat unique 
s the development process, whereby WSDOT and the Wash
ngton State Transportation Center (University of Washing
on) worked together, as a team, throughout various research 
fforts. Early results were trial implemented and subsequently 
efined. The end results are a fully implemented design sys-
em. 
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