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Comparison of Solutions for Stresses in Plain Jointed 
Portland Cement Concrete Pavements 

D. R. MacLEOD AND C. L. MONISMITH 

A number of existing models to compute the stresses in plain jointed port­
land cement concrete (PCCI pavements due to traffic loads are examined, 
and those that show the most promise are recommended. Solutions ex­
amined include (a) plate on dense-liquid subgrades, closed form and finite 
eiements; ib) plate on elastic solid, closed form and finite element; and 
(c) layered elastic system, closed form and finite element (two-dimensional 
and three-dimensional representations). Although the three-dimensional 
finite-element analysis for the layered elastic solid is probably the most 
representative of the methods examined, the associated computer costs 
preclude its use on a routine basis at this time. The study does show that 
a two-dimensional finite-element analysis for the same representation is 
suitable for determining load-associated stresses in plain jointed PCC pave­
ments. Changes in the engineering properties of materials, climate varia­
tions, and loading conditions can be accommodated. The maximum ten-
sile stress-the controlling factor in the fatigue life of PCC pavements-occurs 
near the edge of the PCC at the midslab position. A finite-element analysis, 
which allows for the consideration of the strengths of the cement-stabilized 
layer (not accounted for in a dense-liquid subgrade type of analysis), has 
demonstrated that the stiffness of the cement-stabilized layer has an im­
portant effect on the fatigue life of PCC pavements. This analysis has 
indicated that different cracking-behavior patterns can be identified with 
different stabilized layer stiffnesses. A detailed traffic analysis, with 
allowances for thermal stresses and material variabilities, has indicated 
that there is a common fatigue relation for PCC pavements when the 
failure criteria Nr = 225 000 (MR/a)4 is used. 

It has long been recognized that cracking in port­
land cement concrete (PCCJ pavements cannot be re­
lated to traffic alone, but such factors as climate, 
pavement material stiffnesses, strengths, and thick­
nesses are significant in establishing pavement be­
havior as well. To date, mechanistic models have 
not been able to deal satisfactorily with these fac­
tors. This paper examines some of the existing 
models that have been used to analyze the develop­
ment of load-associated cracking in plain jointed 
PCC pavements. Based on these analyses, those rep­
resentations that have promise are recommended for 
use, recognizing that a satisfactory predictive 
model for PCC pavement cracking should 

1. Predict the location, type, and severity of 
dis tress; 

2. Be adaptable to various climatic conditions; 
3. Allow for changes in the engineering proper­

ties of materials (in particular, the model should 
realistically reflect the influence of various sta­
bilized subbases on performance) ; 

4. Allow for changes in loading conditions (this 
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Table 1. Transverse and longitudinal first-stage cracking patterns for pave· 
rnents with 8·in concrete layers, San Francisco Bay area. 

Transverse 
Route No. Cracking(%) 

Longitudinal 
Cracking (%) 

CTS designs 
US-101, Marin and Sonoma Counties 97 
1-80, Alameda and Contra Costa Counties 90 
CA-17, Santa Clara and Alameda Counties 84 

CTB designs 
US-I 01, Marin and Sonoma Counties 40 
1-680, Alameda and Contra Costa Counties 52 

Figure 1. Load position and traffic distribution. 
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is particularly important in evaluating changes in 
legal axle-load limits); and 

5. Permit a rational approach for the design of 
overlays for PCC pavements. 

LOCATION AND TYPE OF DISTRESS 

For a plain jointed PCC pavement, the initial crack 
(first-stage crack) may be a transverse crack across 
the middle of the slab or it may be a longitudinal 
crack that initiates at the transverse joint and 
propagates in the direction of traffic. 

Darter (.!) has reported that, based on study of 
pavements in the American Association of State High­
way Officials (AASHO) Test Road and the Michigan 
Test Road, longitudinal cracking occurred in PCC 
pavements less than about 8 in in thickness and that 
transverse cracking occurred in pavements thicker 
than 8 in. 

An analysis of pavements with 8-in-thick concrete 
layers in the San Francisco Bay area (~) indicated 
that cracking patterns were dependent on the 
strength of the cement-stabilized base directly 
underneath the PCC layer. Two different materials 
were used: one a cement-treated subgrade (CTS) and 
the other a cement-treated base (CTB) , with CTS 
being weaker than CTB. The data given in Table 1 
indicate that pavements that contain CTS cracked 
transversely at midslab, while pavements with CTB 
exhibited considerably more longitudinal cracking. 
These longitudinal cracks generally started in the 
inner wheel path of the outer lane at the transverse 
joint and progressed away from the joint until the 
slab was completely cracked. 

For concrete slab design, a number of locations 
have been considered for determination of stress. 
Four such locations are shown in Figure 1 (3). 

For case I, stresses at the transverse -joint be­
tween two adjacent slabs are determined. This loca­
tion is used as the critical location in both the 
Portland Cement Association (PCA) (3) and the Cali­
fornia Department of Transportatioil (Caltrans) (4) 
design procedures. For this situation, the maximum 
flexural stress is assumed to occur at the underside 
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of the slabs and to act parallel to the transverse 
joint; this would lead to longitudinal cracking in 
the wheel path that initiated at the transverse 
joint edge. 

Cases II and III assume that the maximum stress 
occurs at the pavement lateral edge at midslab 
length. For both of these cases, Darter (.!) con­
cluded from a finite-element analysis that the high­
est stresses were perpendicular to the transverse 
joint (i.e., parallel to the longitudinal slab edge) 
and decreased as the load moved inward. These 
stresses would lead to transverse cracking in the 
midpanel position. Distribution of the wheel load 
across the lane (Figure 1) indicates that case III 
is probably more critical, since case II occurs only 
infrequently. 

Case IV (corner loading) occurs when the load is 
located near the transverse and longitudinal 
joints. This has been neglected in some previous 
studies because of difficulties in the three­
dimensional analysis and the fact that corner crack­
ing is not as common as the longitudinal and trans­
verse cracking for highway-type loading. 

STRESS-ANALYSIS PROCEDURES 

A number of different procedures are available to 
estimate stresses and deformations in systems rep­
resentative of concrete pavement structures. This 
section briefly summarizes the available method­
ology, including the procedure selected for this 
investigation. 

Elastic Plate on Dense Liquid Subgrade 

Closed-form solutions have been developed for load 
stresses by Westergaard (~-~) and for temperature­
induced stresses by Westergaard (9) and Bradbury 
C.!Q). Influence charts presented by-Pickett and Ray 
( 11) for the load stresses for multiple wheels at 
v~ious locations in the slab area have been used by 
PCA (3) and by Caltrans (4), for example, to select 
slab thicknesses to mitigate fatigue from repetitive 
traffic loadings for a range in axle loads and for 
single and tandem axles. 

For airfield pavements, PCA (12) and the U.S. 
Army Corps of Engineers Waterways Experiment Station 
(USACE-WES) (13) have developed computer solutions 
for this pavement representation to ascertain 
stresses (PCA-interior, USACE-WES-edge) for a range 
in aircraft loads and gear configurations. These 
programs are currently used for design purposes. 

A discrete-element model based on a finite­
difference solution (14) has been developed to 
analyze concrete slabs. The method considers the 
concrete to be an assemblage of joints, rigid bars, 
and torsional bars. This analysis is available as a 
computer program (15). 

More recently, finite-element solutions have been 
developed that can reflect different load-transfer 
conditions at joints and partial contact between the 
slab and the dense liquid subgrade (16,17). Com­
puter solutions such as WESLIQUID (18) for stress 
analysis and JCP (.!) for analysis-Of cumulative 
damage effects are examples of the methodology. 

A major limitation of this pavement representa­
tion is that stresses in the materials underlying 
the concrete cannot be determined. Moreover, it is 
difficult to assess the influence of the change in 
stiffness characteristics of materials such as CTB 
on the response of the concrete to loading. 

Elastic Plate on Elastic Foundations 

Several solutions have been developed over the years 
in which the pavement is represented as an elastic 
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plate resting on an elastic solid [e.g., Hogg (19), 
Holl ( 20) , Pickett and Ray ( 11)] or on a layered 
elastiC- solid. The finite-element procedure has 
also been adapted for solution of these situations 
[Wang and others (~,~) and Huang (3il] and com­
puter solutions are available [e.g., WESLAYER (lB)]. 

Multilayer Elastic Systems 

Asphalt concrete pavements have been represented as 
multilayered elastic solids, and a number of com­
puter programs have been developed to estimate 
stresses and deformations in such systems, e.g., 
ELSYM (24), BISAR (25), and CHEVRON, which was de­
velopedby H. Warren and W.L. Deickmann in their 
unpublished report, Numerical Computation of 
Stresses and Strains in a Multiple-Layer Asphalt 
Pavement System, which was written for the Chevron 
Research Corporation in 1963. 

Recently, the U.S. Army Corps of Engineers has 
developP.d a procedure for concrete pavement design 
for airfield pavements in which the pavement is 
expressed as a_ multilayer elastic solid with full 
continuity at each of the interfaces (26). This 
procedure has some disadvantages in that the slab is 
assumed to be infinite in extent in the horizontal 
plane. Stresses at the edges have to be increased 
ovpr thm1P th11t nccnr in the interinr (the computeil 
stresses) for this analysis procedure. 

The finite-element method has some advantage in 
analyzing this representation in that it has the 
capability to consider the three-dimensional conf ig­
urations of concrete slabs. Also, as will be seen, 
some simplifications can be made to reduce the com­
putational costs associated with finite-element 
analyses. 

Two-Dimenoional Finite-Element Models 

The applicability of the finite-element solution to 
pavement problems has been demonstrated in recent 
years (~-lQ_). Two systems have been used: one an 
axisymmetric configuration [Figure 2 (27)] and the 
other a plane strain formulation (Figure-"'3). 

As with the conventional solutions for multilayer 
elastic systems (e.g., BISAR, ELSYM), the axisym­
metric solution is limited, for concrete pavements, 
to the interior loading condition. The plain strain 
formulations can be made applicable to determine 
interior and edge stresses but cannot evaluate 
corner stresses. An indirect procedure is required 
in that the interior strip load required to give the 
same interior stress, as found by axisymmetr ic or 
elastic-layer solutions, is determined by trial. 
This equivalent strip load is then used to calculate 
edge stresses. Solid SAP (11.l and ANSR (~) are 
representative examples o f avai l able c omput e r solu­
tions for two-dimensional problems. 

Three-Dimensional Finite-Element Models 

One approach to modeling three-dimensional slab con­
figurations is that presented by Wilson and 
Pretorius (ll_). It employs a prismatic space finite­
element method. The approach is essentially two­
dimensional, with the third dimension introduced 
into the idealization by expressing the load as a 
Fourier series in this direction. This configura­
tion permits determinat ion of edge but not corner 
stresses. 

The most general method available is the eight­
node-br ick three-dimensional program (three-dimen­
sional version of Solid SAP). This program permits 
determination of interior, edge, and corner load­
ings. It can also accumulate changes in material 
properties in both the horizontal and the vertical 
directions. 

Transportation Research Record BBB 

FINITE-ELEMENT ANALYSES WITH LAYERED 
ELASTIC SOLID FOUNDATION 

Of the analysis methods presented, it was concluded 
that the finite-element procedure in which the 
underlying materials are represented as layered 
elastic solids would be the most appropriate to 
study the plain jointed concrete pavements used in 
California. 

For this purpose, the Solid SAP three-dimensional 
program was selected for initial studies. However, 
time and memory requirements required program modi­
fications. The modifications (~) are based on a 
procedure used by Otte (_l!) • Symmetry in the x and 
y directions was usedi the concrete slab was divided 
into four segments, each with a load of P/4 (Figure 
4). Superposition of the effects of the fine loads 
provides the solution. Even with these modifica­
tions, the program was very costly to run and re­
quired 140 K core memory and central processor time 
of BODO s on a cnr. 6400 computer. 

Figure 5 is a schematic diagram of the loading 
used. Axle loads of lB 000 lb were used with axle 
spacings of 7 ft to simulate the princ iple o f t a ndem 
axles (in California a 4-ft spacing is more common, 
but the 7-ft spacing permits the comparison of mid­
slab loading and loading at the transverse joint in 
the same computer analyses) . 

Two pavement sections on US-101 in the Petaluma 
area north of San Francisco were analyzed. Each was 

Figure 2. Finite-element idealization of a cylinder. 
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Figure 3. Finite-element idealization of plain strain conditions. 
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typical of CTS or CTB constructions. Table 2 con­
tains a summary of material properties determined 
from laboratory tests on recovered samples and from 
an analysis of construction records. Note that the 
stiffness characteristics of CTB are about three 
times that of CTS. 

Figures 6, 7, and 8 are plots of Sxx• Syy• 
and the maximum pr incipal stresses for the Petaluma 
site (pavement with CTS) that used the three-dimen­
sional analysis and assumed no load transfer at the 
joint. Figure 8 indicates that the maximum stress 
occurs at the midslab edge, where the principal 
stress is approximately 10 percent higher than the 
midslab interior stress. These stresses are larger 
than the corner stresses and significantly larger 

Figure 4. Axisymmetric and asymmetric loading conditions. 

Figure 6. s •• stresses on underside of PCC, 
Petaluma test section. 
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than the stresses at the interior wheel at the 
transverse joint. 

It is of interest to note that the Sxx stresses 
are larger than the Syy stresses for the loads 
located at midslab, which indicates that transverse 
cracking in the midslab length should be the failure 
mode. This confirms the observed failure pattern. 

Figures 9, 10, and 11 indicate that the Windsor 
site (pavement with CTB) exhibits much the same 
stress-distribution patterns, but the stresses are 
significantly lower in magnitude. Principal 
stresses at the midslab edge are about 215 psi ver­
sus 325 psi at Petaluma. Again, the relative magni­
tude of the stresses suggests that transverse crack­
ing should be the failure mode. However, the 
largest value of Sxx (180 psi) is only slightly 
higher than Syy (170 psi). Accordingly, it is 
possible that, with some load transfer occurring at 

Figure 5. Load positions and stresses considered in fatigue analysis. 
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Table 2. Stiffness moduli and layer thicknesses of pavement components. 

Stiffness Modulus (psi) Layer Thickness (in) 

Windsor Petaluma Windsor Petaluma 
Component (CTB) (CTS) (CTB) (CTS) 

PCC 4.0x!06 3.0x106 8.0 8.0 
Cement-treated layer 1.1xI06 0.35x 106 4 4 
Aggregate subbase 

15x!03 9.0x!03 Summer 12 12 
Winter 10x!03 5.0xl03 

Sub grade 
Summer 8.0x10 3 7.Sx103 

Winter 5.0x103 4.0x103 
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Figure 7. Svv stresses on underside of PCC, 
Petaluma test section. 

X 9000/b Load 

Slob 
Ed9e 

Figure 8. Principal stresses on underside of PC:C , 
Petaluma test section. 

x 9000/b Load 

Slob 
Ed9e 

Figure 9. Sxx stresses on underside of PCC, 
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Figure 10. Syy stresses on underside of PCC, 
Windsor test section. 
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Figure 11. Principal stresses on underside of PCC, 
Windsor test section. 
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the joints, longitudinal rather than transverse 
cracking could be obtained and may assist in ex­
plaining the observed behavior of more frequent 
longitudinal cracking with the CTB-type pavements. 

The major significance of the three-dimensional 
analysis is the fact that, in both cases, the maxi­
mum principal stresses occur for the midslab loading 
condition. This suggests that slab response can be 
analyzed by a simpler two-dimensional finite-element 
idealization along the y-y axis. Such a situation 
is representative of stresses caused by an axle at 
the midslab loading condition or at the transverse 
joint if full interlock is assumed. 

Figure 12 is a schematic diagram of the condi­
tions used for the analyses. Because the two-dimen­
sional model uses a strip load rather than the cir­
cular or rectangular loadings employed by the other 
solutions, it was required to calibrate the solution 
for the strip load with those obtained for other 
solutions for the interior loading case where all 
solutions can be considered equivalent. This was 
done by adjusting the strip load until it resulted 
in the same principal stress on the underside of the 
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Figure 13. Stress distribution for CTB site. 
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concrete as predicted by the other solutions. 
Figures 13 and 14 show the three-dimensional 

stress distribution and corresponding two-c'limen­
sional and ELSYM 5 solutions for the CTB and CTS 
sites. The strip loading of 66 lb/in agrees with 
the three-dimensional solution, while a str ip l oad­
ing of 27 lb/in more closely matches the ELSYM 5 
solution. 

The difference is considerable; the ELSYM 5 solu­
tion results in interior stresses of 140 psi while 
the three-dimensional analysis indicates stresses of 
325 psi. There is also a considerable divergence 
between the three-dimensional and two-dimensional 
solutions between the loaded wheels. This is not 
surprising, since previous work with the Solid SAP 
three-dimensional program (31) indicated that there 
would be a divergence at l~er stresses due to the 
boundary conditions used. That study indicated, 
however, that when the stresses were higher, the 
differences in the calculated stresses would be 
minimal. 

The divergence between the elastic-laye1 solution 
was judged significant enough to justify a compari­
son of estimated stresses by using other procedures 
[Pickett and Ray (11) influence charts, and the Cal­
trans (_!) method] (k in the range 250 to 300 
lb/in') . The computed values are shown in Figures 
13 and 14. For the CTB site (Figure 13), the agree­
ment between three-dimensional Solid SAP, Pickett 

Figure 15. Analysis of pavement components. 
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and Ray, and the PCA method is reasonable, but the 
elastic-layer solutions (ELSYM and BISAR) indicate 
much lower stresses. 

There is less agreement between solutions for the 
CTS site, but this is expected, since solutions 
other than the finite element and elastic layer can­
not adequately handle variations in the CTS 
strength. Comparisons of all solutions indicate 
that the stresses based on the elastic-layer solu­
tions are too low. Consequently, the t wo-d imen­
sional strip loadings were adjusted to match the 
three-dimensional analysis that is believed to be 
the most accurate. The difference between the 
elastic-layer solutions (ELSYM 5 and BISAR) and the 
other solutions remains to be explained. 

Results of the two-dimensional finite-element 
study are summarized in Figure 15 (low value indi-



Transportation Research Record 888 

cates the 10th decile and high values indicate the 
90th decile for the stiffness characteristics of the 
materials analyzed). The steeper the slope of the 
line in Figure 15, the greater the influence of the 
parameter on the fatigue life of the pavement. 
(This is based on the assumption that the horizontal 
principal stress on the underside of the PCC layer 
is a determinant of fatigue life.) 

Figure 15 indicates that the moduli of the aggre­
gate subbase (ASB) and the subgrade (as well as 
Poisson's ratio) of these layers have a limited 
direct influence on the fatigue behavior of the con­
crete pavement. This is not surpr1s1ng, since 
existing design procedures (PCA) have indicated that 
pavement performance is not changed significantly 
for minor changes of the modulus of subgrade reac­
tion (k). However, the behavior of the pavement is 
influenced by the quality of these materials in 
other than fatigue distress. The better the quality 
of materials, the better the resistance to pumping, 
settlement, frost damage, and volume change. This 
figure does indicate, however, that the expected 
variations in the CTB have dramatic effects on the 
performance of the stress level in the concrete 
layer above it. The results do not imply that the 
absolute strength of the CTB is more important than 
the absolute strength of the PCC; it simply indi­
cates that the variations in the strength of CTB 
that result from a more loosely controlled construc­
tion procedure (road mix and acceptance of a wider 
range of materials) are more significant than the 
smaller variations in strength of the PCC, which is 
a more carefully controlled product. 

APPLICABILITY OF ANALYSIS TO PREDICT IN-SERVICE 
PERFORMANCE 

To assess the efficacy of this analysis procedure, 
it was used to predict the performance, as measured 
by cracking, for both the Windsor and Petaluma sec­
tions. In order to do this, it is necessary to sim­
ulate the in s i tu condit i ons for a range of environ­
mental conditions. In the northern California area 
in which the pavements are located, the winters are 
wet and the summers dry. This results in different 
stiffness moduli for both the untreated subbase and 
subgrade soils during the year. Table 2 lists rep­
resentative values for summer and winter conditions. 

Daily and monthly variations in temperatures can 
lead to thermal stresses in the PCC and stabilized 
bases. When the s~rface of the PCC is hot and the 
underside is cooler, this thermal gradient creates 
tensile stresses on the underside of the PCC. These 
combine with the load stresses and produce combined 
tensile stresses on the underside of the pavement. 
They have a detrimental effect during the hot days 
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and a beneficial effect during the cooler nights . 
Thermal stresses ~an be calculated by using 

finite-element techniques; however, this study re­
quired a more detailed procedure. From weather 
records, the temperature gradients across the slabs 
were calculated by using a procedure suggested by 
Barber <12> • The thermal stresses were then deter­
mined by the procedure developed by Bradbury (10). 

Truck traffic was estimated by the axle-group 
from Caltrans traffic data. This information was 
further divided into axle weights by using W-4 
tables compiled at the weigh stations within the 
study sections. These data were then classified 
into five subgroups that represented temperature 
conditions for noon, midnight, early morning, early 
evening, and the remaining transition periods. 
Changes in traffic distribution from month to month 
were also calculated so that the number of vehicles 
(nf) with a given axle weight that had traveled on 
the particular section of highway could be calcu­
lated for each of the applicable thermal conditions. 

Because cracking in the PCC is attributable to 
fatigue, it was necessary to select an appropriate 
fatigue criterion for the concrete. The relation 
finally used was that developed by Vesic and Saxena 
(~): 

Nr = 225 000 (MR/u)4 (I) 

where 

Nf number of load applications to failure at 
stress level o, 

MR modulus of rupture of concrete, and 
a tensile stress from traffic load. 

Load stresses were combined with the calculated 
thermal stresses to determine the allowable number 
of repetitions (Nil associated with Equation 1. 
In this instance, since the load stresses are fluc­
tuating and the thermal stresses are constant, it 
was necessary to use a modified Goodman diagram (30) 
to determine the allowable number of load repeti­
tions (Ni). Summi ng the ratios of ni/Ni for 
the various subgrade and temperature conditions pro­
vides, according to the linear summation of cycle 
ratios, an indication of the potential for fatigue 
cracking. The summation should approach unity at 
failure. 

Figure 16 summarizes the cracking data for vari­
ous segments of the Windsor and Petaluma sections 
plotted versus ni/Ni• Note that the procedure 
is valid for sections that contain both types of 
cement-stabilized materials. 

The same procedure was applied to an additional 
1200 lane mi les of freeway in various climatic re-

Figure 16. Percentage of total cracking versus n/N, US-101 : Marin and 100•.---.--.--.-~~~---..-~--..~~--~-.-~-.-m~.,._~--..--..~ 
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gions of California. The additional analyses sup­
ported the validity of the approach <l!.l • 

Thus, it would appear that the finite-element 
procedure, which uses a layered elastic solid rather 
than the dense liquid subgrade idealization as a 
representation of the foundation for the PCC, per­
mits a realistic assessment to be made of the in­
fluence of properties of the cement-stabilized layer 
on cracking performance of the concrete. 

As an additional consideration, such a procedure 
is sufficiently general to permit it to be applied 
to the design of overlays for plain jointed pave­
ments. If the existing concrete slab is not 
cracked, the thickness of the additional overlay can 
be determined so that the reduced strains in the 
existing concrete that result from the overlay will 
use up the remaining life, which is obtained by sub­
tracting from unity the sum of the ni/Ni's ap­
plied to the time of the overlay. 

The finite-element procedure can also be used to 
examine the development of reflection cracking in 
the overlay and the use of various treatments to 
mitigate this phenomenon (38). 

CONCLUSIONS 

From the material presented in the paper, a few con­
clusions appear warranted for plain jointed PCC 
pavements: 

1. A two-dimensional finite-element analysis 
that uses a layered elastic solid rather than a 
dense liquid subgrade as the idealization of the 
underlying materials for the concrete layer is suit­
able for the analysis of the fatigue response. 
Changes in (a) engineering properties of the founda­
tion materials, (b) loading conditions, and (c) 
temperat.ure variations can be accommodated. 

2. The maximum tensile stress, which is the con­
trolling factor on the fatigue life of this type of 
pavement, occurs near the edge at the midslab posi­
tion for the representative highway load configura­
tions examined in the investigation. 

3. The finite-element analysis, which permits 
consideration of different. stiffness characteristics 
of the cement-stabilized layer, has demonstrated 
that the strength of this layer has a significant 
influence on the fatigue life of the concrete 
layer. This analysis has also indicated that dif­
ferent cracking patterns can be identified with dif­
ferent stiffnesses in the cement-stabilized layer. 

4. The fatigue relation presented by Ve sic and 
Saxena (36) appears to reasonably predict the crack­
ing performance of th'l:! concrete when due considera­
tion is given to the influence of thermal stresses, 
material variabilities, and traffic repetitions. 
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Structural Performance Model and Overlay Design Method 
for Asphalt Concrete Pavements 

A. A. A. MOLENAAR AND CH. A. P. M. VAN GURP 

The development of a structural performance model for flexible pavements is 
described. This model consists of a set of probability-of-survival curves in 
which the structural deterioration of pavement structures, which are charac­
terized with their equivalent layer thickness, is given with respect to the 
number of load repetitions. The equivalent layer thickness is calculated ac­
cording to Odemark's theory. It is shown that the equivalent layer thickness 
and the survival rate of the pavement can be determined by means of deflec­
tion measurements. Furthermore, it is shown how an in situ asphalt concrete 
fatigue relation can be derived for the construction considered. An overlay 
design chart based on the equivalent layer thickness concept is given, and an 
example of how the developed techniques are used for the overlay design of 
asphalt pavements is presented. 

Because the economic recession is restricting the 
available pavement maintenance and rehabilitation 
budget, an optimal allocation of this budget for 
maintenance projects becomes more and more impor­
tant. It is obvious that, in this situation, engi­
neering judgment alone is not enough to solve over­
lay design and budget-allocation problems. More 
emphasis is therefore placed on the so-called ra­
tional methods. 

This paper describes the efforts of the Labora­
tory for Road and Railroad Research, Delft Univer-

sity of Technology, on the development of structural 
performance and overlay design methods. These models 
are based on deflection measurements that were 
carried out on several road sections over a three­
year period and on a theoretical analysis of three 
layer pavement systems. An example illustrates the 
use of these models. 

STRUCTURAL PERFORMANCE MODEL: THEORETICAL ANALYSIS 

Ninety-three layer structures were analyzed with the 
BISAR computer program to derive relations between 
the equivalent layer thickness lhel and the maxi­
mum strain in the asphalt layer or the vertical 
compressive strain at the top of the subgrade (_!). 

The equivalent layer thickness is defined as follows: 

where 

he equivalent layer thickness (m) , 
hi thickness of layer i (m), 

(!) 


