
Effect of Repeated Traffic Loads on Most Significant Distresses of 
Flexible Pavement 

Duaa S. Alwan 

 Civil Engineering Department, University of Technology, Baghdad, Iraq 

bce.19.88@grad.uotechnology.edu.iq 

 
Abstract. Early fatigue and rutting are among the most common types of road damage due to their main 
relationship with pavement performance. These damages occur due to excessive loads on the axles of 
the vehicles or improper design of the mixture in addition to the traditional design methods used in paving 
designs. Therefore, these premature damages must be avoided for the proper performance and service 
of the road. In order to overcome some traditional design weaknesses, mechanical-empirical design 
techniques using software like the ABAQUS program are essential. This program determines the exact 
stresses, strains, and displacement in asphalt pavement, which is then used to predict rutting and fatigue 
failures. HMA layers behave like viscoelastic materials in actual field conditions, and temperature 
variations and loading period influence their mechanical response. This study aims to investigate the 
ABAQUS software's problem-simulation capabilities and compare the findings to experimental work using 
the mechanical-empirical approach (E-M) to investigate the most valuable features during temperature 
change and optimize the design of paving constructions. The results highlighted the significance of the 
impact that increased loads and temperature changes might have on the performance service life of 
flexible paving with flexible-viscous layers, where life decreases with increasing loads applied to the 
pavement surface, where life reduces to 50% of age when the loads are increased to twice the standard 
load. At the same time, both the vertical stress and the percentage of damage increase with both the 
change in temperature and with the Temperature increases also result in higher tensile and compressive 
strain values, which might have an impact on the cost of the paving life cycle. Therefore its impact on 
future maintenance requirements must be verified. 
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1. INTRODUCTION 

Flexible paving design is one of the essential components in the sustainability of the road network 
infrastructure, which is closely linked to civil activities such as trade, industry, environment, and others, in 
addition to its essential role in road quality regarding safety and reducing accidents [1]. It is the transfer of 
stresses arising from traffic on the road surface through the other layers of the pavement until its effect 
reaches the soil layer, on which depends the validity of the pavement and the percentage of its bearing 
these stresses in complex ways that are affected by the stress condition and its value, temperature, 
humidity, time, loading rate and other factors. An uneven environment leads to more complications, and 
therefore the goal of paving design is to determine the appropriate thickness of the paving layers above 
the soil so that it gives a good and flat surface under traffic without deterioration and collapse [2,6]. By 
making full use of each of the paving materials in the design, it is also necessary to have the ability to 
resist permanent damage to the road, such as fatigue and rutting during service conditions [7]. 

At the beginning of the last century, the design of paving layers was limited to determining the 
thickness of the layers that would provide strength and protection for the weak sub-layers. Then those 
interested in the field of roads used their experiences based on the successes and failures of previous 
projects in changing the design parameters by evaluating the pavement condition and predicting the 
resulting damage that increases from the rate of deterioration of the pavement structures [3]. The repetition 
of traffic loads that exceed the permissible limits leads to the failure of rutting in the surface layer, which 
depends on the structural properties of the damaged sub-layers [8]. Flexibility, in addition to the lack of 
interest in determining the basic components of the paving, would achieve a balance between the failure 
of rutting and fatigue of the paving layers. Traffic loads impose two types of strain on the road: the vertical 
stress-strain (εc) and the horizontal tension strain (εt). The first to suggest the use of the vertical stress 
strain on the surface of the subgrade was (Kerkhoven and Dormon) in 1953 [9], while Rossow [10] 
recommend the use of horizontal tensile strain in the asphalt layer to reduce the failure of fatigue cracks. 

Most of the field observations appeared in Iraq to assess the condition of the pavement surface of the 
Iraqi road network. We're rutting, and fatigue cracks are among the most important damages installed due 
to their high intensity and density due to the phenomenon of overloading, and thus its great impact on the 
pavement condition [7]. To make the best use of material quality in flexible paving design, which was not 
considered in the 1993 AASHTO designs, the need to develop improved paving design and analysis 
methods is necessary [11]. Flexible mechanical with traffic loads of proportions (50, 100, 150, and 200%) 
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of the standard loads according to the Iraqi Standard Specifications [12]. It is used in the design of paving 
layers, which contains several major destructive patterns of paving layers to determine the failures of 
rutting and fatigue, where these models are used to determine the life span of the pavement design [13] 
depending on the program (ABAQUS). The analysis was adopted on the assumption that the layers of the 
asphalt mixture  are  Viscoelastic, where the material properties of asphalt paving vary greatly depending 
on aging and temperature. In contrast, the earth layers can be described as linear elastic [8]. In Iraq and 
its analysis with studying the effect of the weights of the axles and their increase on the early failure of the 
paving layers flexes. 

A study was conducted to analyze the effect of the change in the thickness of the asphalt layer and 
the base layer on the performance of paving on several sections of a specific road using the KENLAYER 
program. The researchers reached several results, including those related to the mentioned program. The 
researchers showed the  possibility of using  the program in the design of paving layers with high reliability. 
As for the results of the analysis, the researchers indicated that the increase in the thickness of the asphalt 
layer and the base layer leads to a decrease in the strains while allowing an increase in the frequency of 
traffic loads for heavy vehicles. In contrast, the decrease in the thickness of the layers leads to an increase 
in the strain and thus reducing the frequency of loads [14]. At the same time, the researcher Chegenizadeh 
used the KENLAYER program to model the flexible pavement, where the input of different parameters 
such as the Poisson's ratio and the elastic modulus were changed, and the output was calculated in the 
form of stresses, strains, and deflections. The results showed high and medium stress values for the layers 
with less thickness, while the layers with higher thickness showed less stress [15]. 

Nidhi and Nagakumar [16] conducted research work in which they used the KENLAYER program to 
calculate the response of the paving layers. Two linear and nonlinear analyzes were conducted to assess 
the tensile, compressive, and deflection stresses in the surface layer of the paving. The research results 
showed that the nonlinear analysis led to a 76.0% increase in compressive stress and a 13.23% decrease 
in tensile stress. However, similar values were obtained using elastic linear analysis. Accordingly, 
nonlinear analysis is more accurate and reliable than linear analysis. Abdelrazek [17] conducted a study 
to clarify a methodology to achieve the required balance between the age of the pavement concerning 
cracks and its age concerning wear cracks, based on damage analysis using the KENLAYER program to 
analyze several structural sections of the pavement layers for both cracks and overheating failures. The 
sections under study consisted of the asphalt surface layer and base layer with the modulus of elasticity 
for each of them and the modulus of elasticity for the subgrade layer. The results of the analysis of 
pavement sections showed similar results to the research that the thickness of the base layer and the 
elastic modulus of the foundation layer is the main factors controlling the balance between the age of the 
pavement concerning rutting and its age of fatigue because the increase in either of them leads strongly 
to an increase in the life of the pavement in respect to the cracks damage and has no effect on its age 
concerning the damage of overheating. The study also showed that the life of the pavement about the two 
mentioned damages increases significantly with the increase in the thickness of the asphalt layer and 
increases moderately with the increase in the elastic modulus of the base layer and the asphalt layer.  
 
2. LITERATURE REVIEW 

One of the most important types of failures that the road network is exposed to and which greatly 
affect the serviceability of the pavement are the failures of fatigue and rutting, in addition to their role in 
reducing the operational life of the roads. This is mostly caused by a growth in the number of trucks, 
particularly those carrying heavy loads that exceed the permitted limitations, as well as mistakes and 
weaknesses in the pavement layer designs [18,19]. To obtain adequate performance and overcome 
traditional design weaknesses while providing good service to the road network, these early causes of 
failure must be addressed through a new design methodology based on  mechanical foundations. 
Therefore, many studies have been conducted on predicting the failure of fatigue and early rutting in 
flexible paving using the mechanical-experimental method, some of which can be listed as follows: 

In his research (Prediction of Rutting in Flexible Pavements using Finite Element Method), flexible 
pavement sections are subjected to three-dimensional (3D) finite element analyses over various material 
qualities, temperatures, and loading conditions. Predicting the rut depth under various temperatures, 
stress, and material property circumstances is the primary goal of this work. ABAQUS generates a three-
dimensional finite element model of flexible pavement to forecast rut depth. The pavement system is 
considered to be made up of several elastic layers, each of which has a different resilient modulus (Mr) 
and Poisson ratio. Each layer has a fixed thickness and an unlimited horizontal length, except the bottom 
subgrade layer [20]. This study examined the pavement system using a cyclic load of 10,000 cycles, or 
0.01 seconds, per cycle. Tire contact pressure is 100 psi (0.69 MPa), the wheels are spaced 13.78 in (350 
mm) apart, and the Standard Axle Load (ESAL) for an axle with dual pairs of tires is 18 kip (80 kN). Several 
investigations showed that rut depth increases with increasing temperatures and loads and decreases 
with the application of a base stabilizer. 
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Using three-dimensional (3-D) finite element analysis), the impact of the geotextile interlayer on the 
performance of flexible pavement is evaluated. The study's major goal is to assess how applying geo-jute 
at three specific locations—the interface between the subgrade and the base, the base and the asphalt 
layer, and inside the asphalt layers. According to the results data, incorporating geo-jute into flexible 
pavement greatly enhances pavement performance, resulting in decreased stress, strain, and 
displacement at the top of the subgrade. Additionally, the addition of geo-jute increased the carrying 
capacity of the subgrade soil by around 20% [21]. The study of the data reveals that despite a 14% 
increase in stress levels in the leveling course and base course, the rut depth in those layers has increased 
by 12 and 28%. The pavement system is thought to consist of many elastic layers, each of which has a 
specific resilient modulus and Poisson ratio. Except for the lowest layer, each layer must have a finite 
thickness and extend horizontally to infinity [22]. 

ABAQUS software version 6.12.1 was used to study how cracks spread inside the flexible pavement. 
The initial crack was identified at the base of the asphalt layer using the X-FEM approach, based on 
interpolation functions that can quantify displacements close to the crack zone. The crack was propagated 
upwards from the base to the pavement surface with an inclination of almost 300 in the third upper zone 
of the asphalt layer [23]. Fatigue cracks are among the most significant and significant distresses that 
have a functional impact on the performance of flexible pavements. This article (Numerical Simulation of 
the Effect of Repeated Load and Waste Polypropylene on the Behavior of Asphalt Layers) examines how 
the cohesive zone model CZM predicts the behavior of cracks in asphalt and concrete pavements. The 
CZM is applied to the finite element approach in the ABAQUS 6.14 simulation program for laboratory beam 
test data [24]. 

A finite element was examined using Abaqus 6.14 while taking into account composite effects for 
wheel loads and temperature. With two different asphalt layer thicknesses of 140 mm and 250 mm, a 
vehicle of type 2S-2 was put to the test. The vertical displacement is reduced by around 0.59% when the 
asphalt layer's thickness is increased from 140 to 250 mm. Additionally, the impact of modified asphalt 
with polymer on pavement vertical displacement was examined; the results showed an apparent decrease 
from 0.590 mm to 0.265 mm under repeated loads of 36 tons [25]. 3-D finite element analysis was 
performed using the ABAQUS 6.14 version program to forecast the rut in the asphalt laboratory model. 
The test was simulated using the finite element approach while considering the boundary conditions, load 
stages, and temperature. A 55°C temperature was used to demonstrate that the temperature had no 
discernible impact [26]. 
 
3. PROBLEM STATEMENT AND MODELING USING ABAQUS/CAE 

The problem of premature collapse in the flexible pavement is one of the main problems that failed in 
the paving layers because of its direct impact on the design life and performance in the Iraqi road network 
due to the overloads of uncontrolled load vehicles and the failure to operate weighing stations at border 
ports and city entrances and near quarries and sources of building materials. The mechanical-
experimental method that evaluates the stresses, strains, and deformations generated in the flexible 
asphalt layers at each design stage is one of the most important and widely used asphalt pavement design 
methods [9]. Excess traffic, but also due to environmental conditions such as temperatures, where 
temperature changes lead to shrinkage of materials and a change in the properties of the viscoelastic 
materials of the asphalt mixture. Unfortunately, most practitioners currently do not take any of these 
phenomena into the design of paving structures. Therefore, the effects of high traffic loads on permanent 
damages represented by the failure of exhaustion and erosion of the flexible paving layers with viscoelastic 
properties (using the most common method in the design, the mechanical-experimental method) were 
studied. Using the APAQUS program to find the values of stress, strain, and deformation in the pavement 
layers, in addition to analyzing the damage generated and determining the design life of the paving. 

Since the primary goal of an ABAQUS software user is to represent a specific situation or resolve a 
particular issue before coming up with a solution, it is required to interact with the program in its own 
language, which involves building a model and then analyzing it. The geometry, material characteristics, 
and other physical attributes should be defined using these modules before the model is submitted for 
analysis. The actions listed below must be taken in Part, Property, Assembly, The Step, Interaction, Load, 
Mesh, Job, and Visualization modules.

To support the results obtained by the computer program ABAQAUS 6.12-1, verification results are 
worked out to compare the results obtained by the finite element program ABAQUS with those the results 
of the experimental work, which was conducted by the researcher [27]. Where the test was conducted on 
the same model that was used by the researcher. Experimental beam specimen  dimensions used are 3 
in (76.2 mm) high, 3 in (76.2 mm) wide, and 15 in (381 mm) long [27]. The input material characteristics 
for flexible pavement layers are shown in Table 1. A 3-dimensional segment of flexible pavement is 
subjected to a pressure of 0.6 MPa. Using 0.1 seconds of load time and 0.4 seconds of rest time on the 
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beam, a repeating flexural stress of 0.6 kPa was applied. Figure 1 shows the flexural deformation recorded 
at the middle third of the beam during each load repetition at a temperature of 20ºC. At the test's first 50 
cycles, the initial stiffness was computed. The phase angle denotes the elastic side. 

 
Table 1: Input of flexible pavement properties. 

Beam Modulus of Elastic (MPa) Poisson ratio (ʋ) Density (kg/m3) Temperature º C 
Asphalt concrete 508 0.35 2.24 20 
 
A pressure-distributed load was applied at the mid-span and presented in ABAQUS as a function of 

repeated load, and a macro-crack was assumed before the load began at the bottom part of the beam, as 
shown in Figure 1. Two lines of nodes were selected for the specimen's lower supports, and the  
displacement is constrained in a vertical direction, as shown in Figure 2. The characterizations for beam 
material are presented in Table 1, which is used as  input data for the finite element program for the asphalt 
beam model. According to the method of finite element principles, when refining the mesh is enough  ,the 
effect of the size of the meshing will be smaller than the crack path propagation. The small size of  the 
mesh could be more proper. The computation effectiveness should also be considered in Figure 3. 
Accordingly, materials and positions were given with different mechanical parameters to these elements. 

The analysis considers the heat load since it is significant due to the high temperature in Iraq during 
the summer by applying the finite elements of the beam model with a three-dimensional model and 
appropriate materials. A model was used to investigate elastic pavement when traffic load and high-
temperature influences are present. The rule of conservation of impacted energy with thermos physical 
properties dependent on the impressed temperatures is known as thermal analysis, and it has a huge 
portion in the ABAQUS software. 

 

 
Figure 1: Beam under repeated flexural stress [27]. 

 

 
Figure 2: Boundary conditions for pavement model using ABAQUS program. 

 
Figure 3: Pavement model finite element mesh. 

 
4. RESULTS AND DISCUSSIONS 

The obtained results demonstrate a small difference between the experimental test and ABAQUS. 
The application of finite element software ABAQUS using the CZM assumes that the specimens' materials 
are homogenous. However, there would be differences between the modeling and the tests due to the 
inhomogeneity of the asphalt materials. The results of the sample were verified in this study. These 
samples fail at different numbers of cycles and stiffness. Figure 4 explains the transverse and longitudinal 
distribution of vertical strain within the beam of the asphalt. The repeated load effects increased the vertical 
strain as shown in Figure 4, the initial strain is 0.002693 at cycle number one.  

 

 
Figure 4: Vertical strain (𝜀𝜀𝑦𝑦𝑦𝑦) distribution of the beam under the effect of repeated loading at 300 sec. 

 
Figure 5 presents the maximum principal stress within the beam. A high value (257 MPa) was 

observed  at the side of the crack at node 1151, then decreased laterally with horizontal distance  .In Figure 
(6), the maximum tensile vertical stresses (σyy), which represent the critical  values for vertical compressive 
stresses, are just under the load as shown in the Figure; they are  concentrated at the top of the beam 
almost under the point of the load which is about 0.6 MPa at node 948. The tensile response of stresses 
immediately underneath the load may be  considered as a critical response for cracking in the asphalt 
beam and Figure 7 Vertical displacement (U2) distribution of the beam under the effect of repeated loading 
at 300 sec. 

 

 
Figure 5: Maximum principal stress of the beam at 300 seconds under the influence of repeated loading. 
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Figure 6: Vertical stress (𝜎𝜎𝑦𝑦𝑦𝑦) distribution of the 
beam under the effect of repeated loading at 

300 sec. 

Figure 7: Vertical displacement (U2) distribution 
of the beam under the effect of repeated 

loading at 300 sec. 
 
Figure 8 depicts the deformation behavior for the beam model. It's obvious from the  Figure the 

distribution of the beam deformation; repeated load effects have more stresses in  fatigue failure. A 
comparison was made between the initial strain of 18 specimens under stress  of 0.61 MPa of the 
experimental work of [27] and finite element simulation results  using ABAQUS. The correlation coefficient 
is 0.87, as shown in Figure 9. 

 

 
Figure 8: Vertical deformation of the beam 

under the effect of repeated loading. 
Figure 9: Correlation between initial strains 

measured experimentally and predicted 
numerically. 

 
   The results obtained from the experimental work and finite element program numerical studies show 

a good agreement, as shown in Figure 9. For more accuracy and to enhance confidence in ABAQUS 
results, the strain values are calculated by ABAQUS 6.12-1, and the same results are obtained. This 
indicates that these results, which are from the ABAQUS 6.12-1 program, are accurate and can be 
adopted practically. Also, the strain and displacement model findings align with the measured author 
values. The cohesive zone model in ABAQUS assumes a specimen with homogeneous material. While 
Figure 10 illustrates how differences between examinations and simulations would result from the 
inhomogeneity of asphalt materials (25). Fattah et al. [28] displayed that for strain-controlled testing, an 
increase in terms of aging causes a decrease in the mix stiffness and an increase in the laboratory fatigue 
life. In contrast, an increase in test temperatures within the tested range causes an increase in the 
laboratory fatigue life and a decrease in the mix stiffness. Hu et al. [29] displayed that for strain-controlled 
testing, an increase in terms of aging causes a reduction in the mix stiffness and an increase in the 
laboratory fatigue life, while an increase in test temperatures within the tested range causes an increase 
in the laboratory fatigue life and a decrease in the mix stiffness.  

 

  
a- Crack in the test.                                          b- Crack in simulation (distribution of stresses). 

Figure 10: Comparison between crack test and crack simulation. 
   
5. CONCLUSIONS 

A drop in mixing stiffness and a reduction in laboratory fatigue life will follow increased porosity content 
within the test range. The model is used for investigating the crack propagation in the flexural fatigue test 
and for predicting experimental results simulations. According to the study results, the following 
conclusions were made: 
• The model of coupled XFEM-CZM successfully simulated the flexural fatigue test process with the 

crack propagation and a linear regression 𝑅𝑅2=0.817. 
• Analysis of crack propagation shows that the mechanism of the beam failure is principally attributed 

to the tensile stresses. 
• The model of XFEM-CZM gives a proper numerical way of representing the flexural fatigue test. 
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