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─────────────────────────────────────────────────────── 
Abstract: Results from an accelerated pavement testing (APT) experiment indicate that chemically stabilized base and subbase layers in 
a thin asphalt pavement can contribute significant amounts of permanent deformation to the total surface rutting. In this study, a finite 
element (FE) prediction model was developed to simulate the rutting performance of thin-asphalt pavements under accelerated loading. A 
unified, permanent deformation model was proposed as a constitutive material model for the rutting prediction of various pavement 
materials in the FE analysis. In general, the FE predicted that rutting developments match well with the APT measured results. However, 
to perform an effective FE simulation analysis and obtain close prediction results for an APT experiment, some special techniques 
introduced in the FE analysis of this study are deemed necessary.  
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Introduction 12 

 
Permanent deformation, or rutting, is one of the major distresses 
found in asphalt pavement. Surface rutting results from the 
accumulation of load-induced permanent deformation developed 
from all individual pavement layers, including the subgrade. When a 
surface asphalt layer is thin, a large percentage of surface rutting 
will develop from the underneath pavement layers, such as from the 
base, subbase and subgrade. To determine how a new material or 
pavement structure performs under a real roadway condition, an 
accelerated pavement testing (APT) experiment is usually utilized 
[1-3]. The main advantage of using an APT experiment lies in its 
ability to apply accelerated truck loads to a real pavement structure 
and fail the pavement in a short time period. However, running an 
APT experiment is expensive. It requires a costly accelerated 
loading device, construction of full-scale pavement test sections, 
and man-power. Clearly, it is neither practical nor economical to test 
all new pavement structures and materials using APT experiments. 
In order to maximize the benefit from an APT study and utilize APT 
results to evaluate other pavements with similar structural 
configurations, a finite element predictive model that can simulate 
the APT tests is an essential need. With such a model, pavement 
distress prediction functions, as well as laboratory material models, 
can be calibrated and verified directly based on field APT test 
results.  

The most essential component of a finite element (FE) predictive 
model is the constitutive model.  A constitutive model is a 
mathematical approximation of a particular material’s stress-strain 
response.  In literature, many permanent deformation models have 
been developed for hot-mix asphalt (HMA) materials, such as a 
three-parameter creep model [4-6],  a nonlinear viscoelastic shear 
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deformation model [7], and a modified plastic model [8, 9]. It was 
reported that the three-parameter creep model was able to predict 
not only accumulative rut depths but also that an upheaval 
transverse profile developed under a single- or dual- tire APT 
loading [4, 5]. However, this model is indeed a theoretical 
approximation that uses creep strain instead of plastic strain in the 
prediction of permanent deformation.  

For unbound granular materials, conventional plasticity models 

with isotropic hardening (e.g. Elastic-plastic model, Drucker-Prager 

model, Mohr-Coulomb model, etc.) usually work well in a FE 

analysis for monotonic loading. As for repeated loading, different 

plasticity models are required. Recently, some advanced 

elastic-plastic models have been studied for unbound granular 

materials in the permanent deformation prediction under repeated 

loading, such as the Shakedown model by Chazallon et al. [10] and 

the mechano-lattice model by Yandell [11]. 

However, very few studies have been found for the rutting 

prediction of chemically stabilized materials. A chemically 

stabilized material, such as cement stabilized soil, is generally 

considered to be only susceptible to cracking, not rutting. Even in 

the newly developed Mechanistic –Empirical Pavement Design 

Guide (M-E PDG) [12], no permanent deformation model has been 

introduced for chemically stabilized materials. However, the 

accumulation of permanent deformation has been observed for 

stabilized base materials under repeated loading [12-14].   

This study developed an FE model to simulate the rutting 

performance of thin-asphalt pavements tested under an APT 

experiment. A unified permanent deformation model was proposed 

as the constitutive material model for rutting predictions of various 

pavement materials in the FE analysis. 
 

APT Test Sections and Performance 
 
The APT experiment considered in this study includes six full-scale 
pavement test sections. Normal construction practice was followed 
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Fig. 1. Schematic Diagram of the Proposed Permanent Deformation Model. 

 
in the construction of test sections. Despite using different base and 
subbase layers, as outlined below, the six APT sections shared a 
common pavement structure, including a 51 mm HMA layer, 216 
mm base layer, 305 mm sub-base layer and 1.5 m silty-clay 
embankment subgrade layer (classified as A-6 soil). 

Section I: a slag stabilized blended calcium sulfate (BCS) base 
(hereafter called BCS/Slag) plus a 15 percent lime treated soil 
working table layer; 

Section II: a flyash stabilized BCS base (hereafter called 
BCS/Flyash) plus the lime treated soil working table layer; 

Section III: a crushed stone base plus the lime treated soil 
working table layer; 

Section IV: the same crushed stone base as in Section III plus an 
eight percent cement treated subbase; 

Section V: a foamed-asphalt treated base I (hereafter called 
FA/50RAP) plus the same cement treated subbase; 

Section VI: a foamed-asphalt treated base II (hereafter called 
FA/100RAP) plus the same cement treated subbase. 

This APT experiment used an accelerated loading device called 
the Accelerated Loading Facility (ALF). The ALF device is a 33 m 
(100 ft) long accelerated loading device originally developed in 
Australia. The ALF wheel assembly models one-half of a single axle 
with dual tires and a loading speed of 17 km (10.5 miles) per hour. 
The dual tires mounted on the ALF machine for this study were the 
MICHELIN radial 11R22.5 tires with an inflation pressure of 724 
kPa (105 psi). The beginning ALF load used was 43.4 kN (9,750 
lbs). During ALF loading, each test section was monitored using 
one Multi Depth Deflectometer (MDD) and two pressure cells to 
measure load-induced layer deformations and compressive stresses, 
respectively. The instrumentation measurement data were collected 
at every 25,000 ALF repetitions. Note that the entire APT 
experiment was conducted under natural southern Louisiana 
conditions. No environmental control was applied. The APT results 
generally indicated that all sections expect Section VI failed due to 

excessive surface rutting. No visible surface cracks were observed 
on those sections at the end of testing. Post-mortem trench results 
further indicate that there are no signs of any fatigue in the 
underneath stabilized base or subbase base layers. Section VI was 
classified as a fatigue cracking failure in the HMA layer with a 
corresponding average rut depth of 9 mm. Therefore, the above APT 
results generally indicate that chemically stabilized materials, such 
as those various base/subbase used in test sections, are not 
plasticity-free materials. Those materials did contribute a large 
amount of permanent deformation to the surface rutting. Therefore, 
how to model the plasticity of those materials and predict their 
permanent deformation performance in a pavement structure needs 
to be studied.  

 
FE Simulation of APT Test  
 
FE Material Models  
 
For the purpose of an FE simulation analysis of an APT pavement 
section, a unified permanent deformation (PD) material model was 
developed [15]. This model can be used for chemically stabilized 
layers, as well as for other unbound or bounded pavement layers.  

As outlined in Fig. 1, the developed PD model was formulated 
based on the stress-strain response of a material under repeated 
loading in a permanent deformation test [16], in which the 
unloading stress-strain path is usually steeper than the loading path 
during the same loading cycle. It consists of a conventional 
elastic-plastic model with linear strain hardening for the first cycle 
of loading. The Von Mises equivalent stress and a linear strain 
hardening rule are used in the determination of the initial yielding 
condition and hardening during the first load cycle. The subsequent 
loading and unloading cycles after yielding are simulated by linear 
loading/unloading paths with different secant modulus values. The 
secant modulus, as shown in Fig. 1, is defined by a set of linear
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Fig. 4. Correlation between Measured and Predicted Surface Rut 
Depths for APT Sections. 
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