
International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-6, Issue-3, Jun.-2019 
http://iraj.in 

How We Can Reduce the Rutting Damage in the Flexible Pavement by Controlling the Involved Factors in Order to Tolerate of Load 
Pressure? A Literature Review 

 
8 

HOW WE CAN REDUCE THE RUTTING DAMAGE IN THE 
FLEXIBLE PAVEMENT BY CONTROLLING THE INVOLVED 

FACTORS IN ORDER TO TOLERATE OF LOAD PRESSURE? A 
LITERATURE REVIEW  

 
SANAZ JAHANGIRI 

 
Australian Maritime College, Launceston TAS 7248, Australia  

E-mail: sanaz.jahangiri@utas.edu.au 
 

 
Abstract- Serious rutting damages in pavement asphalt surface have been reported in many countries. The rutting damage in 
the surface pavement is one of the most asphalt failures. In order to repair this distress the government needs to spend lots of 
money. Therefore, rutting damage plays a significant role in maintenance budget of each country. This paper discusses some 
possible approaches controlling the involved factors in rutting damages. 
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I. INTRODUCTION 
 
“A failure mode that is characterized by permanent 
deformation of the pavement surface in the wheel 
path of vehicular traffic is rutting. Rutting is usually 
some shearing or 'uplift' of the pavement surface at 
the edge of the ruts. This form of failure is caused by 
inadequate compaction during construction and poor 
mix design” (Wanamaker, 2011). 
The efficiency of pavement has been affected by 
permanent deformation (rutting) of asphalt. Pavement 
service life is reduced due to rutting and, serious 
dangers have been created for users of highways due 
to characteristics of vehicle handling. Rutting is 
mainly appeared because of traffic loading and the 
repetition of shear deformations (Sousa, Craus and 
Monismith, 1991). 
Hot-mix asphalt (HMA) (flexible) pavements have 
been faced with long time problem of permanent 
deformation of pavement rutting. The master key in 
design of flexible pavement is preparing materials’ 
pavement structure with successively increasing load-
carrying capacity from the bottom to the top of the 
pavement (Fang, Haddock, White and Hand, 2004) 
“In reality, improper design, poor materials or 
construction quality, poor drainage conditions, and/or 
any combination of these factors may result in an 
inadequately designed layer. As a result, when rutting 
is observed on an HMA pavement surface its source 
may lie in any of the layers comprising the pavement 
structure” (Fang, Haddock, White and Hand, 2004, p. 
50). 
 
II. OVERALL AIM/ RESEARCH QUESTION 
 
To find out some convincing answers to this question, 
first, it is important to investigate what the rutting 
damage is and which factors have a direct effect on 
appearing the rutting damage in asphalt pavement? 
After finding these factors, it seems essential to 
discuss what is the role of each aggregate which is 

used in surface layer in appearing this kind of 
damage? 
Based on Mahoney, Muench and White, (2008) there 
are two types for rutting: mix rutting and subgrade 
rutting. When the pavement surface shows wheel path 
depression and the rut does not appear in subgrade 
yet, it occurs due to mix design problems. Subgrade 
rutting is because of loading, in this type subgrade 
shows wheel path depressions. 
 
III. WHY IS THIS TOPIC IMPORTANT? 
 
According to Fang, Haddock, White and Hand (2004, 
p. 50) “In recent years many States have experienced 
an increase in the severity and extent of rutting in 
flexible pavements. While improved pavement design 
techniques are needed to account for the increased 
traffic loads, acquiring knowledge of the source of 
rutting in pavements for making rehabilitation 
decisions is equally if not more important”. 
There have been many researches about rutting 
damage in flexible asphalt pavement but still there is 
no clear respond to this question that how we can 
reduce or prevent the rutting damage in flexible 
asphalt pavement? It seems that providing more 
specimens and working on them to analyze different 
factors might help to find a persuading answer. 
 
IV. RESEARCH METHODOLOGY 
 
Empirical approach is the method which will be 
advised for this research. The relationship between 
involved factors and rutting damage will be reached 
through experience, experimentation and a 
combination of both. Lots of specimens of asphalt 
materials is advised to be examined. For reach the 
best conclusion to reduce or prevent the rutting 
damage, it is advised to improve the surface 
materials. The best method for working in the 
laboratory and make the spacemen is AASHTO Road 
Test method. 
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V. CONCLUSIONS 
 
“Among the factors influencing the amount of rutting 
are the magnitudes and pressures of tire loads, the 
volume of traffic, the thermal environment, and 
various mixture properties. Among the influential 
mixture properties, aggregate characteristics 
(specifically rough surface texture, angularity, and 
dense gradation) are particularly important 
contributors to permanent-deformation resistance” 
(Sousa, Craus and Monismith, 1991, p.3). “The 
amount and stiffness of the asphalt or modified 
asphalt binder are also important, with lower asphalt 
contents and stiffer binders providing improved 
resistance to permanent deformation. The significant 
influence of mixture density and aggregate structure 
underscores the importance of duplicating, in 
laboratory-compacted specimens, conditions expected 
under field compaction and traffic loading” (Sousa, 
Craus and Monismith, 1991, p.3). 
Several considerable researches have been done 
around rutting damage in flexible pavement in recent 
decades. Many of them have offered that there is a 
relationship between pavement transverse surface 
profiles and the locations of rutting in pavement 
layers. It is clearly defined by some recent researches 
that shapes of transverse surface profiles make 
differences between failures in the HMA surface 
layers and failures in the underlying support layers 
(Fang, Haddock, White and Hand, 2004, p. 50). 
 Fang, Haddock, White and Hand (2004, p. 1) used a 
creep model-based finite element analysis (FEA) in 
its study in order to describe flexible pavement 
rutting. Pavements with low and high traffic volumes, 
low and high rutting levels, and different structural 
layer thickness combinations were included in EFA 
matrix. Fang et. al., used transverse wheel wander 
distribution and non-uniform tire contact stresses in 
modeling traffic loads.in addition, pavement shoulder 
conditions and high tire pressure efficiency were 
considered. In order to recognize pavement layer 
failures, new principles were developed by 
considering transverse surface profiles. 
Tire contacts of vehicles cause repetition of loads on 
pavement structures. Contact area and contact 
stresses are the two factors that indicate load. The 
contact area is come from tire footprint, and the 
contact stresses within the contact area are influenced 
by axle load and tire inflation pressure. Rectangular 
representation makes contact area simplify and it is 
common to do this. Also, it is assumed that contact 
stresses will be distributed in a uniform manner 
within rectangle. DeBeer et al., by experimental 

analysis found out contact stresses were not uniform 
(Beer, Fisher and Jooste, 1997). 
“For structures other than the low traffic volume 
structures with a very thin (50 mm) surface layer, an 
inspection of the surface profiles indicated that the 
surface profiles did delineate failure modes. This 
supports the premise that distortion parameters 
determined from surface profiles can be used to 
predict layer failure. Despite the difference in 
structures and layer thickness, the total areas increase 
in absolute value and the ratios of areas decrease as 
failure transitions from surface to subgrade” (Fang, 
Haddock, White and Hand , 2004, p. 61). 
“For example, total areas for the three failure modes 
have different ranges at the same rutting level. The 
ratios of areas are greater than 0.8 for surface failure, 
between 0.0 and 0.2 for base failure, and equal to 
zero for subgrade failure. However, an overlap of 
total areas is observed among the failure modes. For 
example, the total areas for surface failures at large 
rut levels overlaps with those of base failures at small 
rutting levels. This is also true for base and subgrade 
failures. This suggests that it is appropriate and 
necessary to include rut depth as a factor in the failure 
criteria” (Fang, Haddock, White and Hand, 2004, p. 
61). 
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