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Abstract: The objective of this study is tocompare the performance of flexible pavement using 
KENLAYER and CHEVRON PC Software. KENLAYER Computer Program has been used for 
determining the damage ratio using distress models. CHEVRON computer software has been used for 
predicting the pavement performance in terms ofstresses, strains, and deflections using pavement 
deterioration models. Prediction of pavement performance has been carried out usingAsphalt Institute 
(AI) models in both KENLAYER and CHEV PC Computer Program to determine pavement 
performance.The strain output obtained by CHEV PC software was less than that obtained by 
KENLAYER.Comparison of pavement life has been made and pavement life due to horizontal tensile 
strain at the bottom of asphalt concrete layer has been found to be governing. Finally, the analysis of 
test data indicates that the life of pavement predicted by CHEV PC is greater than that predicted by 
KENLAYER. 
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INTRODUCTION 
 

Mechanistic method of flexible pavement design is an emerging technology for design, which contains a 
number of distress models mainly fatigue cracking and rutting. These models are used to determine the design 
life of the pavements. A mechanistic approach seeks to explain phenomena only by reference to physical causes.  
In pavement design, the phenomena are the stresses, strains and deflections within a pavement structure and the 
physical causes are the loads and material properties of the pavement structure. The relationship between these 
phenomena and their physical causes is typically described using a mathematical model. Various mathematical 
models can be used; the most common is a layered elastic model. Along with this mechanistic approach, 
empirical elements are used when defining what value of the calculated stresses, strains and deflections result in 
pavement failure.  The relationship between physical phenomena and pavement failure is described by 
empirically derived equations that compute the number of loading cycles to failure (Pavement interactive, 
2008). 

 
Mechanistic Distress Models: 

Distress models can be used to predict the life of new pavement assuming pavement configuration (Huang, 
2004). In recent years; the more rational mechanistic-empirical methods have been developed and are being 
implemented. A layered elastic model can compute stresses, strains and deflections at any point in a pavement 
structure resulting from the application of a surface load. Layered elastic models assume that each pavement 
structural layer is homogeneous, isotropic, and linearly elastic.Strains due to cracking and ruttinghave been 
considered most critical for the design of asphalt pavements. One is the horizontaltensile strain (ε t)at the bottom 
of the asphalt layer(location 2 and 3 Figure 1), which causes fatigue cracking and ruttingwhich causes 
permanent deformation. Generally two procedures have been used in the mechanistic - empirical methods to 
limit rutting: one to limit the vertical compressive strain on top of the subgrade (location 4 and 5 in Figure 1) 
and the other to limit the total accumulated permanent deformation (Rutting) on the pavement surface (location 
1 Figure 1) based on the permanent deformation properties of eachindividual layer (Asphalt Institute, 1981).  

The basic assumptions, inputs and outputs from a typical layered elastic model are as follow: 
 

Assumptions: 
The layered elastic approach works with relatively simple mathematical models and thus, requires some 

basic assumptions.  These assumptions are: 
• Pavement layers extend infinitely in the horizontal direction.  
• The bottom layer (usually the subgrade) extends infinitely downward. 
• Materials are not stressed beyond their elastic ranges. 
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Inputs: 
A layered elastic model requires a minimum number of inputs to adequately characterize a pavement 

structure and its response to loading (Figure 1). These inputs are: 
• Material properties of each layer (Modulus of Elasticity, E, and Poisson’s ratio, ѵ)  
• Pavement layer thicknesses, (h) 
• Loading conditions including: 
• Magnitude:  The total force (P) applied to the pavement surface 
• Geometry:  Usually specified as being a circle of a given radius (a), or the radius computed knowing 

the contact pressure of the load (P) and the magnitude of the load (P).  Although most actual loads more closely 
represent an ellipse, the effect of the differences in geometry becomes negligible at a very shallow depth in the 
pavement (Z).  

• Repetitions: Multiple loads on a pavement surface can be accommodated by summing the effects of 
individual loads. This can be done because we are assuming that the materials are not being stressed beyond 
their elastic ranges. 

 

 
 
Fig. 1: Layered elastic inputs and pavement configuration for the analysis. 

 
Fatigue Cracking Model: 

Miner’s (1945) cumulative damage concept has been widely used to predict fatigue cracking. It isgenerally 
agreed that the allowable number of load repetitions is related to the tensile strain at the bottom of the asphalt 
layer. The amount of damage is expressed as a damage ratio, which is theratio between predicted and allowable 
number of load repetitions. Damage occurs when the sumof damage ratio reaches 1.The major difference in the 
various design methods is the transfer functions that relate theHot Mix Asphalt (HMA) tensile strains to the 
allowable number of load repetitions(Huang, 2004).The allowable number of loadrepetitions (Nƒ) can be 
computed using Equation 1. 

 
Nf  = f1 (ε t)- f

2  (E)-f
3               (1) 

 
Where; εt is tensile strain at the bottom of HMA, Eis modulus of elasticity of HMA and f1, f2,and f3 are 

constants obtained by calibration. 
 
Rutting Model: 

Two procedures have been used to limit rutting: one to limit the vertical compressive strain on top of the 
subgrade, the other to limit the total accumulated permanent deformation on the pavement surface based on the 
permanent deformation properties of each individual layer. In the Asphalt Institute and Shell design methods, 
the allowable number of load repetitions (Nd) to limit rutting is related to the vertical compressive strain (ε v) on 
top of the subgrade by Equation 2: 
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Nd = f4 (εv) – f
5            (2) 

 
Where: f4 and f5 are calibrated values using predicted performance and field observation. 
Under heavy traffic with thicker HMA, most of the permanent deformation occurs in the HMA, rather than 

in the subgrade. Because rutting is caused by the accumulation of permanent deformation over all layers, it is 
more reasonable to determine the permanent deformation in each layer and sum up the results. The coefficients 
for ruttingand cracking used by some of the institutions are given in Table 1(Huang, 2004). 

 
Table 1: Coefficients for rutting and cracking distress models (Huang, 2004) 

No Distress Models ƒ1 ƒ2 ƒ3 ƒ4 ƒ5 Source 
1 Asphalt Institute (AI) Model 0.0796 3.291 0.854 1.365*10-9 4.477 Asphalt Institute  
2 Shell Model (95% reliability) 0.0685 5.671 2.363 1.05*10-7 4.0 Shell  
3 U.K. Transport & Road Research 

Laboratory  
(85% reliability) 

1.66*10-10 4.32 0 6.18*10-8 3.95 Powell et al.  

4 Belgian Road Research Center 4.92*10-14 4.76 0 3.05*10 -9 4.35 Verstraetenet al. 
  

Objective of the study: 
Since KenPave and Chev PC software use different concept in the calculations of stresses and strainsof 

flexible pavement in order to determine the output results. Thus, the objective of this study is to compare 
flexible pavement performance using Asphalt Institute (AI) Models for fatigue and permanent deformation 
(rutting) in aid of KENLAYER and CHEV PC software program, respectively and to determine the differences 
between these two software’s in terms ofresulting stresses and strains, and then to recommend the software that 
gives comparable result with distress models. 

 
MATERIALS AND METHODS 

 
In the present study, 10sets of data for each location, having same input parameters (load magnitude, load 

radius, tire pressure,poisons ratio) and varying values of (modulus of elasticity, and layer thickness)have been 
used to carrying out the analysis of pavement performance using KENLAYER and CHEV PC Computer 
Program (Table 2). 

 
Table 2:Input Material Properties Data for the Study 

No Input parameter Value Remark 
1 Total load (lbs) 9000.00 Fixed for all 10 sets 
2 Load radius (Inch) 6.18 Fixed for all 10 sets 
3 Tire pressure (psi) 75.00 Fixed for all 10 sets 
4 *Volume of binder (%) 11  (5% by mass) for Standard mix 
5 *Void in mix (%) 5 By volume for Standard mix 
6 Poisson’s ratio Fixed AC = 0.45, Base and Subbase = 0.40, and subgrade = 0.35 
7 Modulus (psi) Varied Vary for each layer and for each set 
8 Layer thickness (Inch) Varied Vary for each layer and for each set 

*This standard mix is used by the Asphalt Institute in the ninth edition of the design manual (AI, 1981). 
 
Fatigue cracking and rutting are twodistress models considered in both KENLAYER and CHEV PC 

software at the bottom of asphalt layer and on top of subgraderespectively. KENLAYER program is used to 
predict the performance of the new pavement. ChevPC software is usedto estimate stresses, strains, and 
deflections for a pavement structure due to a single, known wheel load, layer elastic moduli and associated 
thickness. Pavement performance has been predicted using two distress (fatigue and rutting)models in 
KENLAYERand CHEV PC software Computer Program, respectively. The vertical compression strains and 
tensile (radial) strains values at the five locations in Figure 1 were obtained from KenPave and ChevPC software 
outputs. These values were used to calculate the total number of cycles to failure manually for both fatigue and 
rutting for each set of data at the five locations. The manual calculations were based on the laboratory fatigue 
and rutting equation 1and 2 developed by the Asphalt Institute (AI, 1982) which based on the constant stress 
criterion. Equations 3 through 7 were used to summed up the values of vertical compression strains (εv) and 
horizontal tensile strains (εt) at the five locations in Figure 1 to evaluate the pavement life. 
 
Location 1: Rutting at top of asphalt layer: 
�𝜀𝜀𝜀𝜀 1 = �𝜀𝜀𝜀𝜀 (𝑅𝑅 = 0,𝑍𝑍 = 0)  + �𝜀𝜀𝜀𝜀 (𝑅𝑅 = 3𝑎𝑎,𝑍𝑍 = 0)                                                                                     (3) 
 
Location 2: Fatigue cracking at the bottom of asphalt layer: 
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�𝜀𝜀𝜀𝜀 2 = �𝜀𝜀𝜀𝜀 (𝑅𝑅 = 0,𝑍𝑍 = −ℎ1) + �𝜀𝜀𝜀𝜀 (𝑅𝑅 = 3𝑎𝑎,𝑍𝑍 = −ℎ1)                                                                            (4)  
 
Location 3: Fatigue cracking at the bottom of asphalt layer: 

 
�𝜀𝜀𝜀𝜀 3 = 2�𝜀𝜀𝜀𝜀 (𝑅𝑅 = 1.5𝑎𝑎,𝑍𝑍 = −ℎ1)                                                                                                                        (5)  

 
Location 4: Permanent deformation on top of subgrade: 

 
�𝜀𝜀𝜀𝜀 4 = �𝜀𝜀𝜀𝜀 (𝑅𝑅 = 0,𝑍𝑍 = (ℎ1 + ℎ2 + ℎ3)  + �𝜀𝜀𝜀𝜀 (𝑅𝑅 = 3𝑎𝑎,𝑍𝑍 = (ℎ1 + ℎ2 + ℎ3)                                   (6) 

 
Location 5: Permanent deformation on top of subgrade: 

 
�𝜀𝜀𝜀𝜀 5 = 2�𝜀𝜀𝜀𝜀 (𝑅𝑅 = 1.5𝑎𝑎,𝑍𝑍 = (ℎ1 + ℎ2 + ℎ3)                                                                                                     (7)  

 
Where; εv is the vertical compression strain at location 1, 4, and 5, εt is the tensile strain at location 2 and 3, 

R is the horizontal radial distance out from the center of the load (P) and Z is the depth of the point measured 
vertically from the surface of the system (Figure 1). 

 
Mechanistic Computer Program: 
KenPaveComputer Program: 

KenPavesoftware was developed by Huang, 1993 (Huang, 2004). It is a Microsoft-Windows based version 
that combines the old Kenlayer flexible pavement software and Kenslabs rigid pavement software. This 
software allows the use of linear elastic, nonlinear, and viscoelastic properties of the materials for the different 
layers. The software can handle up to 19 layers and performs damage analysis. The interface between the 
different layers can be specifiedas either unbonded or fully bonded. KENLAYER can be applied to layer 
systems under single, dual, dual-tandem, or dual-tridem wheels with each layer behaving differently, linear 
elastic, nonlinear elastic, or viscoelastic. Damage analysis can be made by dividing each year into a maximum 
of 12 periods, each with a different set of material properties. Each period can have a maximum of 12 load 
groups, either single or multiple. The damage caused by fatigue cracking and permanent deformation in each 
period over all load groups is summed up to evaluate the design life (Huang, 2004). 

 
Input Parameters in KENLAYER Computer Program: 

There are so many input parameters in KENLAYER Computer Program. The parameters can be inputted 
both in SI and U.S. customary units. Some of the input parameters for linear elastic analysis are traffic load, 
material properties, thickness of each layer, number of periods, number of load groups etc. 

 
Output Parameters of KENLAYER: 

For a single and multiple load groups, a maximum of nine and ten responses can be obtained,respectively. 
Only the vertical compressive strain on the surface of subgrade and the radial (Tangential) tensile strains at the 
bottom of asphalt layer are used for damage analysis. 

 
CHEV PC Computer Program: 

Chev PC is a computer program (originally developed by the Chevron Oil Company) that was adopted to 
run on personal computers (PC) and it’s a PC version of the Fortran program of the Chevron Elastic Layer 
Analysis Program. This program uses elastic analysis to estimate stresses, strains, and deflections for a 
pavement structure due to a single, known wheel load, layer elastic moduli and associated thickness. The 
program can be used to estimate stress, strain or deflection within a layered pavement system due to a static 
load(s). The modulus of elasticity, Poisson’s ratio and thickness must be defined for each layer. Further, the load 
magnitude, contact pressure (or load radius) and location must be defined for each load (wheel) considered.The 
Multi-Layered Elastic System Computer Program (CHEVPC) will determine the various component stresses 
and strains in a three dimensional ideal elastic layered system with a single vertical uniform circular load at the 
surface of the system. The bottom layer of the system is semi-infinite with all other layers of uniform thickness. 
All layers extend infinitely in the horizontal direction. The top surface of the system is free of shear and all 
interfaces between layers have full continuity of stresses and displacements.With a vertical uniform circular 
load, the system is axisymmetric with the Z axis perpendicular to the layers and extending through the center of 
the load. Using cylindrical coordinates, any point in the system may be described by Rand Z values. R is the 
horizontal radial distance out from the center of the load and Z is the depth of the point measured vertically from 
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the surface of the system (Figure 1). The load is described by the total vertical load in pounds (lbs) and the 
contact pressure in pound per square inch (psi). The load radius is computed by the program. Each layer of the 
system is described by modulus of elasticity (E), Poisson's ratio (υ), and thickness in inches (h). Each layer is 
numbered, with the top layer as 1 andeach layer below numbered consecutively. 

 
Input Parameters in CHEV PC Computer Program: 

The number of layers, the Young’s moduli of the layers, the Poison’s ratios of the layers, the thickness of 
the layers (except for the semi-infinite base layer),the magnitude of load, the co-ordinates of the position of the 
loads, the co-ordinates of the positions for which output is required.The center of the loads and the positions at 
which stresses, strains and displacements have tobe calculated are given. 

 
Output Parameters of CHEV PC Computer Program: 

The program calculates theprincipal stresses, strains, and deflection and the corresponding principal 
directions. 

 
Similarity of Input between the KenPave and ChevPC Software:  

Number of layers, Poisson ratio, Modulus of elasticity, Thickness of layers, Number of loads, X 
coordinates, Y coordinates, Radius of the contact patch and Contact pressure. 

 
Statistical Analysis: 

The t-Test; Two-Sample Assuming Equal Variancesat 5% level of confidence was used tocompare the 
means of the resulting strains obtained from KenPave and ChevPC software program.The hypotheses for the 
comparison of means from two independent groups are: 

Ho:µ1 = µ2 (means of the two groups are equal) 
Ho:µ1 ≠ µ2 (means are not equal)  
The test statistic is a student’s t-test with N-2 degrees of freedom, where N is the total number of subjects. 

A low p-value indicates evidence to reject the null hypothesis in favor of the alternative. In other words, there is 
evidence that the means are not equal. 

 
RESULTS AND DISCUSSIONS 

 
The output using KENPAVEand CHEV PCcomputer program arepresented and comparison has been made 

in order to determine the difference in the strain output and also, to determine the governing distress model. 
Traffic loads have been considered using Equivalent Standard Axle Load (ESAL) and Spectrum of Axle 
approaches. Asphalt Institute (AI) model for both fatigue and rutting has been used for predicting pavement 
performance. 

 

 
 
 

R² = 0.992

0
1
2
3
4
5
6
7
8

0 2 4 6 8

St
ra

in
 x

 1
0^

-4
 (C

he
v 

pc
)

Strain x 10^-4 (Ken pave)

Location 1 (Rutting)

R² = 0.915

0

1

2

3

4

5

0 5 10 15 20 25

St
ra

in
 x

 1
0^

-4
 (C

he
v 

pc
)

Strain x 10^-4 (Ken pave)

Location 2 (Fatigue)



Aust. J. Basic & Appl. Sci., 7(9): 112-119, 2013 

117 

 

 
 

Fig. 2: Cross plotting of Strain (micro inch/inch) Outputs at the Five Locations for KenPave and ChevPC  
            Software 

 
Correlation of Strain Outputs between KenPave and ChevPC Software: 

Thecross plotting of strain outputs between KenPave and ChevPc softwareat the five locations was 
performed and correlations has been determined with a relatively high degree of accuracy (large R2 correlation 
coefficients) with the correlations being established from 10 data sets for the two software’s as shown in Figure 
2. Except for location 3, the coefficient of determination (R2) of strain outputs of KenPave and ChevPC software 
is above 90%. As illustrated in Figure 2, the deviation from the line of equality is very smalland based on the 
this good agreement of the strain outputs of the two software’s, it can be inferred that the model parameters 
profile a reasonable representation of theresponse which means almost perfect fit between the strain outputs of 
the two software’s and the regression line fits the data well. 

 
Comparison of Pavement Performance Using KenPave and ChevPC: 

KenPave and ChevPC have been used for predicting pavement performance for the analysis using the 
parameters for the two distress models. These models are fatigue cracking andpermanent 
deformation.Horizontal tensile strain at the bottom of asphalt concrete layer and vertical compressive strain on 
the top of asphalt concrete layer and on the top of subgrade are determined using AI design method.The damage 
due to the vertical compression and tensile strains for ten sets of data were computed separately and summed 
upusing equation 3 through 7 and the results are presented in Table 3. The summation of damage at the bottom 
of asphalt concretelayer (location 2 and 3) and on the top of asphalt concrete surface/or directly under the wheel 
path (location 1) and on the top of subgrade (location 4 and 5) as presented in Table 3 was compared and the 
smaller of the two is taken as governing one (the smaller the resulting strain the longer the pavement life). In 
general, from Table 3 it is clearly notice that the over all strain output at the five locations using Chev PC was 
smaller than the strain output obtained from KenPave software. It has been found that fatiguemodel is governing 
for predicting pavement performance using both KENPAVE and CHEVPC, i.e. Tensile strain at the bottom of 
asphalt concrete layer is governing for both software (Location 2 and 3). 
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Table 3: Comparison of Strain output Using KenPave and ChevPC Software 

 
Location 

Strain output x 10-6(micro-inches/ inch) 

(average of 10 sets of data) 
 
Ranking 

KenPave ChevPC 
Location 1(Rutting) 459.4 447.9 3 
Location 2 (Fatigue cracking) 304.5 243.8 1 
Location 3(Fatigue cracking) 444.6 340.1 2 
Location 4(Permanent deformation) 705.6 516.9 4 
Location 5(Permanent deformation) 737.6 620.3 5 

 
Table 4 shows number of load cycles to failure in million single axles (msa) calculated from the strain 

output results of KenPave and ChevPC software using equation 3 through7 for the five locations. The governing 
design life using distress models in both KenPaveand ChevPC is governed bytensile strain at the bottom of 
asphalt concrete layer (location 3) which showed shorter number of cycles to failure followed by vertical 
compression strain on the top of subgrade (location 5) as presented in Table 4. However, ChevPC result showed 
longer pavement life (higher number of cycles to failure) compared to Ken Pave for both rutting and cracking 
distress, this is may be due to the different in input data process. 

 
Table 4: Comparison of Pavement Performance Using KenPave and ChevPC Software 

Location  No. of cycles to failure (average of 10 sets of data) Ranking 
KenPave Results(106 msa) ChevPC Results(106 msa) 

Location 1(Rutting) 1.1955 1.3421 5 
Location 2 (Fatigue cracking) 0.4422 0.9191 4 
Location 3(Fatigue cracking) 0.1272 0.3073 1 
Location 4(Permanent deformation) 0.1754 0.7051 3 
Location 5(Permanent deformation) 0.1438 0.3124 2 

 
Statistical Analysis Results: 

Table 5 present the t-test for strains output for both software. The two software strain output mean values 
(variance) are 530.34 x10-6 (34265.078) and 433.8 x10-6 (21691.59). Notice that the strain output obtained from 
ChevPC software was significantly smaller than the strain output obtained from KenPave software. The two 
tailed calculated t-statistic is 0.91257 and the p-value for this test is p = 0.38814. Since the p-value is greater 
than 0.05 (level of confidence), this provides evidence to reject the null hypothesis of equal means which 
concluded that the strain output of the KenPave and Chev PC are not equal.  

 
Table 5: t-Test: Two-Sample Assuming Equal Variances 

  KenPave (Strain x 10-6) ChevPC(Strain x 10-6) 
Mean 530.34 433.8 
Variance 34265.078 21691.59 
Observations 5 5 
Pooled Variance 27978.334 

 Hypothesized Mean Difference 0 
 df 8 
 t Stat 0.912570391 
 P(T<=t) one-tail 0.194070846 
 t Critical one-tail 1.859548033 
 P(T<=t) two-tail 0.388141693 
 t Critical two-tail 2.306004133   

 
Table 6 present the number of cycles to failure for both software. The calculated number of cycles to failure 

mean values (variance) are 0.41682 x106(0.20592) and 0.7172 x106(0.19082).  Notice that the number of cycles 
to failure obtained from ChevPC software was significantly higher than the number of cycles obtained from 
KenPave software. The two tailed calculated t-statistic is 1.06635 and the p-value for this test is p = 0.31738. 
Since the p-value is greater than 0.05, this provides evidence to reject the null hypothesis of equal means which 
concluded that the pavement life obtained from using KenPave and Chev PC are not equal.  
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Table 6: t-Test: Two-Sample Assuming Equal Variances 

  
KenPave 
(No. of cycles to failure x 106) 

ChevPC 
(No. of cycles to failure x 106) 

Mean 0.41682 0.7172 
Variance 0.205922492 0.19082277 
Observations 5 5 
Pooled Variance 0.198372631 

 Hypothesized Mean Difference 0 
 df 8 
 t Stat 1.066350902 
 P(T<=t) one-tail 0.158692998 
 t Critical one-tail 1.859548033 
 P(T<=t) two-tail 0.317385996 
 t Critical two-tail 2.306004133   

 
Conclusions: 

The following conclusions have been made based on this study: 
1. There is significant difference between the KenPave and ChevPC software as validated by the statistical 

analysis of the results obtained.  
2. The strain output obtained by ChevPc was less than that obtained by KenPave software. 
3. KenPave takes into consideration many important design variables compared to ChevPc software. 
4. KENLAYER gives comparable result using AI models as indicated by high coefficient of determination 

(R2 greater than 90%) for strain output of KenPave and ChevPC software which means almost perfect fit. 
5. In this study; it has been found by both KenPave and ChevPC software program that fatigue model is 

governing for predicting pavement performance. 
6. Pavement life Performance is less as predicted by KenPave compared to the pavement life predicted by 

ChevPC using deterioration models, which indicates the early failure of the pavement due to various reasons. 
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