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ﻣﻠﺨﺺ اﻟﺒﺤﺚ
 وھﻨﺎك أﻧﻮاع ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﻋﺮﺑﺎت اﻟﻨﻘﻞ ذات أﺣﻤﺎل.ﺗﻌﺘﺒﺮ اﻟﺸﺎﺣﻨﺎت ﻣﻦ اھﻢ وﺳﺎﺋﻞ اﻟﻨﻘﻞ اﻟﻤﻮﺟﻮدة ﻓﻰ ﻣﺼﺮ
 اﻟﮭﺪف اﻷﺳﺎﺳﻰ ﻣﻦ ھﺬا اﻟﺒﺤﺚ ھﻮ ﻋﻤﻞ. واﻟﺘﻰ ﺗﺴﺒﺐ اﻧﻮاع ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﺿﺮراﻟﺮﺻﻒ,واﺷﻜﺎل ﻣﺤﺎور ﻣﺨﺘﻠﻔﺔ
 ﺗﻢ دراﺳﺔ ﻋﺪة.ﻣﻘﺎرﻧﺔ ﺑﯿﻦ اﻟﻀﺮر اﻟﺬى ﯾﺤﺪث ﻓﻰ اﻟﺮﺻﻒ اﻟﻤﺮن ﻧﺘﯿﺠﺔ أﺣﻤﺎل اﻟﻤﺤﺎور اﻟﻘﺎﻧﻮﻧﯿﺔ واﻟﻐﯿﺮ ﻗﺎﻧﻮﻧﯿﺔ
 وﺗﻢ إﺧﺘﯿﺎر ﻧﻮﻋﯿﻦ ﻣﻦ اﻟﻘﻄﺎﻋﺎت اﻹﺳﻔﻠﺘﯿﺔ ﺑﺎﻟﻄﺮق. وﻛﺬﻟﻚ رﺑﺎﻋﯿﺔ، ﺛﻼﺛﯿﺔ، ﺛﻨﺎﺋﯿﺔ،ﻣﺤﺎور ﻣﺜﻞ ﻣﺤﺎور أﺣﺎدﯾﺔ
دﻣﯿﺎط ﺑﺴﻤﺎﻛﺎت وﺧﺼﺎﺋﺺ ﻣﻮاد ﻣﻤﺜﻠﺔ ﻟﻤﻌﻈﻢ-اﻷﺳﻜﻨﺪرﯾﺔ )اﻟﺰراﻋﻰ( وطﺮﯾﻖ اﻟﻘﺎھﺮة- طﺮﯾﻖ اﻟﻘﺎھﺮة،اﻟﻤﺼﺮﯾﺔ
ﻗﻄﺎﻋﺎت اﻷﺳﻔﻠﺖ اﻟﻤﺮن وﺗﻢ أﺧﺘﯿﺎر ھﺬان اﻟﻄﺮﯾﻘﺎن ﻷﻧﮭﻤﺎ ﯾﺴﮭﻤﺎن ﺑﻘﻮة ﻓﻰ ﻋﻤﻠﯿﺔ ﻧﻘﻞ اﻟﺒﻀﺎﺋﻊ ﻓﻰ
 ﻟﻜﻰ ﯾﺘﻢ ﺗﺤﺪﯾﺪ وﻣﻘﺎرﻧﺔ اﻟﻀﺮر ﻓﻰ اﻟﻘﻄﺎﻋﯿﻦ.ﻣﺼﺮوﯾﺴﺘﻘﺒﻼن ﻣﻌﻈﻢ ﻋﺮﺑﺎت اﻟﻨﻘﻞ ذات أﺣﻤﺎل اﻟﻤﺤﺎور اﻟﻌﺎﻟﯿﺔ
( ﻓﻰ اﻟﻄﺒﻘﺎتStrain)  ﺗﻢ ﻋﻤﻞ ﺗﺤﻠﯿﻼت ﻟﺤﺴﺎب اﻹﻧﻔﻌﺎل,اﻟﺴﺎﺑﻘﯿﻦ ﻧﺘﯿﺠﺔ أﺣﻤﺎل اﻟﻤﺤﺎور اﻟﻘﺎﻧﻮﻧﯿﺔ واﻟﻐﯿﺮ ﻗﺎﻧﻮﻧﯿﺔ
 وﺑﻮاﺳﻄﺔ ھﺬا اﻟﺒﺮﻧﺎﻣﺞ ﺗﻢ ﺣﺴﺎب إﻧﻔﻌﺎل اﻟﺸﺪ اﻟﻄﻮﻟﻰ اﺳﻔﻞ.KENLAYER اﻟﻤﺨﺘﻠﻔﺔ ﻟﻸﺳﻔﻠﺖ ﺑﻮاﺳﻄﺔ ﺑﺮﻧﺎﻣﺞ
اﻟﻄﺒﻘﺔ اﻟﺴﻄﺤﯿﺔ وإﻧﻔﻌﺎل اﻟﻀﻐﻂ اﻟﺮأﺳﻰ ﻋﻨﺪ ﻣﻨﺘﺼﻒ اﻟﻄﺒﻘﺔ اﻟﺴﻄﺤﯿﺔ وﻣﻨﺘﺼﻒ طﺒﻘﺔ اﻷﺳﺎس وﻛﺬﻟﻚ ﻋﻨﺪ
 ﺗﻢ إﺳﺘﺨﺪام ھﺬه اﻹﻧﻔﻌﺎﻻت.ﻣﻨﺘﺼﻒ ﺳﺖ طﺒﻘﺎت ﻣﺘﺘﺎﺑﻌﺔ ﻣﻦ طﺒﻘﺎت اﻷرض اﻟﻄﺒﯿﻌﯿﺔ ﺳﻤﻚ ﻛﻞ طﺒﻘﺔ ﻣﺘﺮ واﺣﺪ
Strain area  و ﺗﻢ إﺳﺘﺨﺪام طﺮﯾﻘﺔ ﻣﺴﺎﺣﺔ اﻹﻧﻔﻌﺎلRutting  واﻟﺘﺨﺪدFatigue ﻟﺤﺴﺎب اﻟﺘﻠﻒ ﻧﺘﯿﺠﺔ اﻟﻜﻼل
 ﻟﻜﻞ أﺷﻜﺎلAxle Factors  وﺗﻢ ﺣﺴﺎب ﻣﻌﺎﻣﻞ اﻟﻤﺤﺎور. ﻟﺤﺴﺎب اﻟﺘﺨﺪدVESYS ﻟﺤﺴﺎب اﻟﻜﻼل وﻧﻤﻮذج
.اﻟﻤﺤﺎور اﻟﻤﺨﺘﻠﻔﺔ

ABSTRACT
Trucks are considered one of the most important means in transporting in Egypt.
Different truck types with varying axle configurations cause different types of
pavement distresses. The objective of this study is to make a comparison between the
flexible pavement damage due to the legal and illegal axle loads. Several axle
configurations including single, tandem, tridem and quad axle were considered in this
study. Two flexible pavement sections were analyzed from two Egyptian roads, CairoAlex (agric) and Cairo-Damietta roads with thicknesses and material properties
representing majority of the pavement cross-sections. These two roads were chosen
because they contribute strongly in the process of moving goods in Egypt and they
hosts most of trucks with heavy multiple axle loads. To quantify and compare the
damage for the two pavement sections due to the legal and illegal axle loads, the
forward analyses were conducted using KENLAYER program to calculate the
pavement response. The horizontal tensile strain at the bottom of the hot mix asphalt
layer and the vertical compressive strain at the middle of the HMA, base, and six 40-in
subsequent layers of subgrade under different axle configurations were calculated.
These pavement responses were utilized in the performance models to calculate the
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two main pavement distress, fatigue cracking and pavement surface rutting. The strain
area model for fatigue and VESYS rutting model for rutting were utilized to calculate the
pavement damage. The Axle Factors were calculated for each axle configurations.

1. INTRODUCTION
Truck traffic is a major factor in pavement design because truck loads are the primary
cause of pavement distresses. This study aims to make a comparison between the
flexible pavement damage due to the legal and illegal axle loads. The prediction of
flexible pavement failure has been empirically developed by correlating the multilayered elastic theory results with the results of field tests such as the AASHO Road
Test. The two main concerns with flexible pavements are fatigue cracking and rutting.
Fatigue cracking is mainly caused by the accumulation of horizontal tensile strain at the
bottom of the hot mix asphalt layer. Rutting (vertical permanent deformation) is
generally known to be induced by the accumulation of vertical compressive strains on
the top of the subgrade layer due to the repetition of traffic loadings.

2. BACKGROUND
There are several models to investigate the fatigue and rutting pavement damage

resulting from single and multiple axle loads. Numerous fatigue models have been
formulated based on laboratory testing and calibrated with the field performance and
accelerated pavement testing. Some of the well-known equations include those
developed by Asphalt Institute (AI) and Shell:

N f  0.0796*  t 3.291 * Eac 0.854

1

(AI) (Shook, 1982)

N f  0.0685*  t 5.671 * Eac 2.364

(1)

(Shell) (Claussen, 1977) (2)

Where
Nf = the number of load repetitions to fatigue failure,
t

= the horizontal tensile strain at the bottom of the HMA layer,

and
Eac = the dynamic modulus of elasticity of asphalt concrete.

2
Monismith, (1992) presented a set of equations translating mechanical response to
pavement performance as the basis of mechanistic-empirical (M-E) pavement design.
Equations, called performance equations, have been developed to empirically relate the
number of cycles to failure, Nf, for a given measured or calculated pavement response.
Nf = k1 (1

) k2

(3)

Where
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Nf = Number of cycles to failure,
= Measured pavement response, and
k1, k2 = Empirical constants, k1 = 2.831*e-6 and k2 = 3.148.
There are two mechanistic modeling approaches have been developed by Huang 1993,
to predict rutting. The first approach is referred to the subgrade strain model, while the
second approach considers permanent deformation within each pavement layer. The
most widely used equation in the first approach is:
Nd = f4 (

-f5
v)

(4)

Where:
Nd = number of allowable load applications,
f4, f5 = constants determined from road tests or field performance studies, and
v

= vertical compressive strain on top of the

subgrade.
The VESYS rutting model (Moavenzadeh, 1974) was derived so that each term of the
equation corresponds to one pavement layer with two unique permanent deformation
parameters ( and ). The form of the model is more applicable for use in this research
as shown below (Ali and Tayabji, 2000 and Ali et al. 1998).
 AC  K
 base  K

1  A C
1   base
 p  hA C
 ei ,A C    h base

 ei ,base  
   ni 
   ni 
1-  A C  i 1
1-  base  i  1

SG  K

1  S G
 hS G
 ei,S G  

   ni 
1-  S G  i 1


(5)
Where:



p

= total cumulative rut depth (in the same units as the layer thickness),

i

= subscript denoting axle group,

K

= number of axle group,

h

= layer thickness for HMA layer, combined base layer, and subgrade layer,

n

= number of load applications,
e

= compression vertical elastic strain at the middle of the layers,
= permanent deformation parameter representing the constant of proportionality
between plastic and elastic strain, and
= permanent deformation parameter indicating the rate of change in rutting as
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the number of load applications increases.
Ullidtz's, 1987 literature review shows that the subgrade strain models (AI and Shell
models) are based on unreasonable assumptions, since they only account for subgrade
rutting while neglecting upper pavement layer rutting. He also, reported that the
subgrade rutting in the AASHO road test was only 9% of the total surface rutting as
shown in Table 1.
Table 1: Percent layer distribution of rutting (Ullidtz, 1987)
Pavement layer

Percent observed rutting

Asphalt concrete

32

Base

14

Subbase

45

Subgrade

9

2.1 Damage Calculation Due to Multiple axle loads
Several laboratory fatigue and rutting tests were performed to determine the fatigue and
rutting damage due to traffic loads, Matthews et al, 1993 and Ayres, 2002. However, all
of these tests were based on a single load pulse with rest period. In reality, the pavement
is subjected to multiple load pulses due to the passage of large axle group trucks.
Due to the fact that the damage resulting from multiple axle load were not correctly
characterized since there were no laboratory tests based on multiple pulses. Recently, a
massive laboratory tests simulating the multiple axle loads for both flexible and rigid
pavement are conducted at Michigan State University. Salama and Chatti, 2011 got
advantages of these tests and evaluated fatigue and rut damage prediction methods for
asphalt concrete pavements subjected to multiple axle loads. Different summation
methods of calculating pavement damage caused by multiple axles were evaluated using
laboratory data, with the evaluation criterion being the degree of agreement with the
measured laboratory performance. They concluded that for fatigue damage, dissipated
energy and strain area methods have an excellent agreement with the laboratory
determined axle factors. For rutting damage, the peak strain method has good agreement
with the laboratory determined axle factors.
2.1.1 KENLAYER Computer Program
The KENLAYER computer program was developed by Huang (1993). KENLAYER
can be applied only to flexible pavements with no joints or rigid layers. The backbone
of KENLAYER is the solution for an elastic multilayer system under a circular loaded
area. The solutions are superimposed for multiple wheels, applied iteratively for
nonlinear layers, and collocated at various times for viscoelastic layers. As a result,
KENLAYER can be applied to layer systems under single, tandem, tridem axles only
with each layer behaving differently, linear elastic, nonlinear elastic, or viscoelastic.
KENLAYER can be applied to a maximum of 19 layers with output at 10 different
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radial coordinates and 19 different vertical coordinates, or a total of 190 points. For
multiple wheels, in addition to the 19 vertical coordinates, solutions can be obtained at a
total of 25 points by specifying the x and y coordinates of each point. 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, The
KENLAYER computer program consider truck speed equal zero (Huang 1993).

3. METHODOLOGY OF RESEARCH
There are several axle configurations which vary from single axle to eight-axle group.
However, majority of the axle configurations that are existing over the Egyptian road
network are single, tandem, tridem and in rare situations quad axle. This study will
include analysis of single, tandem, tridem, and quad axle configuration. Similar to axle
configurations, there is several truck configurations are exist worldwide. In this study,
the main concern is the truck configurations that are using the Egyptian road network.
All truck configurations included in the Egyptian Code for Urban and Rural Road
Works will be considered in the analysis. Table 2 shows the fifteen truck configurations.
Table 2: Egyptian axle/truck configurations and axle load

3.1 Fatigue
Fatigue is one of the main distress types in flexible pavements. The main pavement
response that causes fatigue cracking in pavement is the tensile strain at the bottom of
the hot mix asphalt. KENLAYER computer program will be used to calculate the
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horizontal tensile strain at the bottom of the hot mix asphalt layer under the standard
axle and all axles considered in the study (single, tandem, tridem and quad) due to the
legal and illegal axle loads. To calculate the axle factors for different axle
configurations, the strain area fatigue model was used since it is the closest damage
compared with the laboratory test. Equation 6 shows the strain area of the fatigue
model. It should be noted that the model in close agreement with the laboratory results,
however since the model was not calibrated on a field performance data, it should not be
used to calculate actual fatigue life of a pavement system on service. Hence, the model
will be used to calculate the relative fatigue damage due to the legal and illegal axle
loads. To compare the damage due to the legal and illegal axles relative to the standard
axle, fatigue strain area model will be used to calculate the Axle Factors (AF).
Nf = 18.865 * Ao-0.478

(6)

Where:
Nf

= is the number of cycles to fatigue failure, and

Ao = is the initial area under the strain curve for standard axle or any axle group.
and
AF = Damage of axle / Damage of the standard axle
= Nf std axle / Nf axle = ( Ao std axle / Ao axle)-0.478

(7)

3.2 Rutting
Similar to fatigue, rutting is one of the main distress types in flexible pavements. The
main pavement response that causes pavement rutting is the vertical compressive strain.
KENLAYER computer program will be used to calculate the vertical compressive strain
at the middle of the hot mix asphalt layer, at the middle of the base layer and at the
middle of the subsequent six subgrade layers each with thicknesses of 40 inches until
the vertical compressive strain becomes negligible and no resultant permanent
deformation due to truck load. To calculate the total rutting at the pavement surface
(rutting in HMA plus rutting in base plus rutting in subgrade), VESYS rutting model is
the most appropriate model which has this capability, Moavenzadeh, 1974. Equation 8
shows the form of the model.



K

K

 p  hAC AC    ni 1 AC   ei,AC    hbase base    ni 1 base   ei,base  
1- AC  i 1
1- base  i 1

 (8)

K

1
 hSG SG    ni  SG   ei,SG  
1-SG  i 1

Where:

p

= total cumulative rut depth (in the same units as the layer thickness),

233

i

= subscript denoting axle group,

K

= number of axle group,

h

= layer thickness for HMA layer, combined base layer, and subgrade layer,

n

= number of load applications, assume n = 1*106 (one million repetitions),
e

= compression vertical elastic strain at the middle of the layers,
= permanent deformation parameter representing the constant of proportionality
between plastic and elastic strain, and
= permanent deformation parameter indicating the rate of change in rutting as
the number of load applications increases.

The only concern about the VESYS rutting model is that the model has a permanent
deformation parameters
and
that are section specific and rely on the material
properties and environmental condition of that pavement section. In this study, the
VESYS rutting model will be used to compare the rutting damage due to the legal and
illegal axles and not intention of predicting the actual rut depth due to these axles.
Several studies were conducted to calibrate the permanent deformation parameters of
VESYS rutting models, Salama 2005 summarized all of these studies. In this study, the
permanent deformation parameters value were chosen as an average based on Kenis and
Wang, 1997 study. Table 3 shows the permanent deformation parameter for VESYS
rutting model.
Table 3: Values of

and

(Kenis and Wang, 1997)

Pavement layer
HMA

0.65

0.8

Base

0.7

0.4

Subgrade

0.75

0.025

The rutting Axle Factors (AFs) were calculated from the following Equation.

Rutting AFs = Rut Depth axle / Rut Depth standard axle

(9)

The following table summarizes the research methodology in term of axle
configuration, axle loading, the forward analysis software and the performance model
that will be used to calculate the pavement damage due to the legal and illegal axle
loads for different axle configurations.
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2.1

Table 4: Summary of the research methodology

Item

Availability

Considered in the research

Axle configuration

Single to eight axle group

Single to quad axle
Legal axle load,
12.5 % over load,

Axle load values

Different axle load values

25 % over load,
50 % over load, and
Maximum over load.

Forward analysis
software

Several MLET and FEM software

KENLAYER (MLET)

Fatigue model

Several fatigue models

Strain area model

Rutting model

Several Rutting models

Total rutting at the pavement surface
using VESYS model

In our study, strain area and peak strain methods will be used to calculate the fatigue
and rutting damage of pavement, respectively. To investigate the flexible pavement
damage due to the legal and illegal axle loads. Two flexible pavement sections were
analyzed from two Egyptian roads, Cairo-Alex (agric) and Cairo-Damietta roads. The
thicknesses and material properties of pavement layers for the two roads are shown in
Table 5 the properties include modulus of elasticity (E) and Poisson ratio (µ).
Table 5: Thicknesses and material properties of pavement layers for the two roads
Crosssections

HMA

Base

Subgrade

Thickness, in

E, psi

µ

Thickness, in

E, psi

µ

E, psi

µ

Cairo-Alex
(agric)

4

500000

0.4

10

30000

0.35

10000

0.45

CairoDamietta

4.4

500000

0.4

16

30000

0.35

10000

0.45

It is worth mentioning that the filed data of axle loads was limited to the over axle loads
only, as there were no records for the illegal axle loads. Table 6 shows the over axle
loads for the illegal axle loads which considered in our study.
Table 6: The over axle loads for the illegal axle loads
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Loading Conditions

Axle Loads (ton)
Single

Single

Tandem

Tandem

Tridem

Tridem

Quad

full load (Legal)

13

10

26

20

39

30

40

12.5 % over load

15

11.25

30

22.5

45

33.75

45

25 % over load

16.5

12.5

33

25

49.5

37.5

50

50 % over load

20

15

40

30

60

45

60

maximum over load

23

17.5

46

35

69

52.5

70

4. ANALYSIS AND DISCUSSIONS
4.1 Fatigue
Table 7, Table 8, Table 9, Table 10 and Table 11 shows the Axle Factors (AFs) of
fatigue damage calculated from the strain area method due to different axle
configurations (single, tandem, tridem and quad) for the two Egyptian roads, Cairo-Alex
(agric) and Cairo-Damietta roads due to the legal and illegal axle loads. The illegal axle
loads which considered in this study are 12.5 % over load, 25 % over load, and 50 %
over load and maximum over load. The results show that the fatigue damage increasing
with the increased the axle load because the area under the tensile strain pulse is
increasing with the increased the axle load.
Table 7: Axle Factors of fatigue damage due to different axle configurations for the two roads
due to legal axle load

Table 8: Axle Factors of fatigue damage due to different axle configurations for the two roads
due to 12.5 % over load
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Table 9: Axle Factors of fatigue damage due to different axle configurations for the two roads
due to 25 % over load

Table 10: Axle Factors of fatigue damage due to different axle configurations for the two roads
due to 50 % over load

Table 11: Axle Factors of fatigue damage due to different axle configurations for the two roads
due to maximum over load
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Table 12 shows the Axle Factors percentage of fatigue damage due to different axle
configurations for the two Egyptian roads, Cairo-Alex (agric) and Cairo-Damietta roads due to
the legal and illegal axle loads. The results show that the fatigue damage increasing with an
average of 4.9 % with the increased axle loads about 12.5 %, and the fatigue damage increasing
with an average of 8.7 % with the increased axle loads about 25 %, and the fatigue damage
increasing with an average of 16.3 % with the increased axle loads about 50 % and the fatigue
damage increasing with an average of 22.6 % with the increased axle loads to a maximum over
load.
Table 12: Axle Factors percentage of fatigue damage due to different axle configurations for the
two roads due to legal and illegal axle loads

4.2 Rutting
Table 13, Table 14, Table 15, Table 16 and Table 17 shows the Axle Factors (AFs) of
total surface rutting damage due to different axle configurations (single, tandem, tridem
and quad) for the two Egyptian roads, Cairo-Alex (agric) and Cairo-Damietta roads due
to the legal and illegal axle loads. The results show that the rutting damage increasing
with the increased the axle load because increased axle load increases the vertical
compressive strain and that gave more total surface rutting damage.

Table 13: Axle Factors of total surface rutting damage and total layer rut depth due to different
axle configurations for the two roads due to legal axle load
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Table 14: Axle Factors of total surface rutting damage and total layer rut depth due to different
axle configurations for the two roads due to 12.5 % over load

Table 15: Axle Factors of total surface rutting damage and total layer rut depth due to different
axle configurations for the two roads due to 25 % over load

Table 16: Axle Factors of total surface rutting damage and total layer rut depth due to different
axle configurations for the two roads due to 50 % over load

239

Table 17: Axle Factors of total surface rutting damage and total layer rut depth due to different
axle configurations for the two roads due to maximum over load

Table 18 shows the Axle Factors percentage of total surface rutting damage due to different axle
configurations for the two Egyptian roads, Cairo-Alex (agric) and Cairo-Damietta roads due to
the legal and illegal axle loads. The results show that the rutting damage increasing with an
average of 10.05 % with the increased axle loads about 12.5 %, and the rutting damage
increasing with an average of 19.11 % with the increased axle loads about 25 %, and the rutting
damage increasing with an average of 37.4 % with the increased axle loads about 50 % and the
rutting damage increasing with an average of 54.65 % with the increased axle loads to a
maximum over load.
Table 18: Axle Factors percentage of total surface rutting damage due to different axle
configurations for the two roads due to the legal and illegal axle loads
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5. CONCLUSIONS AND RECOMMENDATIONS
This study involves flexible pavement damage due to the legal and illegal axle loads.
The pavement damage includes fatigue and total surface rutting damages. Based on the
analysis of fatigue and rutting damage due axle loads for two flexible pavement sections
from two Egyptian roads, Cairo-Alex (agric) and Cairo-Damietta roads, the following
conclusions are drawn:
 The fatigue damage increasing with the increased the axle load because the area
under the tensile strain pulse is increasing with the increased the axle load.
 The fatigue damage increasing with an average of 4.9 % with the increased axle
loads about 12.5 %, and the fatigue damage increasing with an average of 8.7 %
with the increased axle loads about 25 %, and the fatigue damage increasing with an
average of 16.3 % with the increased axle loads about 50 % and the fatigue damage
increasing with an average of 22.6 % with the increased axle loads to a maximum
over load.
 The rutting damage increasing with the increased the axle load because increased
axle load increases the vertical compressive strain and that gave more total surface
rutting damage.
 The rutting damage increasing with an average of 10.05 % with the increased axle
loads about 12.5 %, and the rutting damage increasing with an average of 19.11 %
with the increased axle loads about 25 %, and the rutting damage increasing with an
average of 37.4 % with the increased axle loads about 50 % and the rutting damage
increasing with an average of 54.65 % with the increased axle loads to a maximum
over load.
 Laboratory and field investigation can be conducted to validate the mechanistic
investigation of this research.
 Inventory of pavement layer thicknesses for road network can be conducted to
determine the distributions of the structure integrity of the road network.
 Further research should be considered the vehicle speed because the strains decrease
as the speed of the vehicle increases.
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