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1-Introduction

Maintaining road pavement serviceability requires
accurate evaluation of its structural performance. The
Falling Weight Deflectometer (FWD), as the most widely
used nondestructive testing method, enables the
assessment of pavement bearing capacity and remaining
service life. However, the complex behavior of pavement
materials under environmental and dynamic loading
conditions limits the accuracy of conventional back-
calculation analyses. Flexible pavements consist of layers
with distinct mechanical behaviors: the asphalt layer
exhibits viscoelastic properties, while unbound granular
layers demonstrate nonlinear stress-dependent and
transversely isotropic (or cross-anisotropic) behavior.
Neglecting these characteristics in structural analysis or
back-calculation procedures can lead to significant errors
in estimating pavement capacity, fatigue life, and rutting
depth.

A review of previous studies indicates that many
investigations have considered some of these features,
comprehensive modeling of realistic material behavior
remains a critical need. This study aims to develop an
axisymmetric 2-D finite element (FE) model in ABAQUS
to simulate the dynamic response of flexible pavements
under FWD loading. The proposed model emphasizes the
realistic representation of boundary conditions and
material complexities by incorporating viscoelastic asphalt
mixtures, nonlinear and anisotropic behavior of granular
materials, dynamic analysis, and the presence of bedrock.
Furthermore, using the developed model, a sensitivity
analysis was conducted to identify and evaluate the key
parameters affecting the structural performance of the
Ahvaz—Shush road pavement in Khuzestan Province, Iran.

2-Research  Method
Validation)

In this research, a FEM was developed in ABAQUS to
simulate the dynamic response of a flexible pavement

(Numerical Modeling and

under FWD loading. The required data were extracted
from the Ahvaz-Shush road in Khuzestan province. some
parameters were determined using valid scientific sources,
a trial-and-error approach, and a calibration process to
ensure the model results matched the field data.

The asphalt layer was modeled as a viscoelastic material.
First, the dynamic modulus was calculated using the
Witczak model and then adjusted based on FWD test
results. This modulus was converted to the corresponding
creep compliance and used as input for the viscoelastic
analysis in ABAQUS .Figure 1 illustrates a sample creep
compliance curve obtained from the asphalt layer of the
flexible pavement along the Ahvaz-Shush road at a
temperature of 30 °C. For the unbound layers (base and
subgrade), stress-dependent nonlinear behavior was
implemented using a UMAT subroutine based on the ARA
model. Additionally, the transverse isotropy of granular
materials was considered by defining the ratio of vertical
to horizontal modulus.

Creep Compliance vs. Logarithm of Time (Temp.=30 °C)
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Fig 1. Creep compliance vs. logarithm of time

The finite element model was built as axisymmetric to
maintain the accuracy while reducing computational cost.
The model dimensions (a radius of 2.5 m and a depth of 8
m) were selected based on sensitivity analysis. the mesh
refined in the loading area and coarser in regions farther
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away (Figures 2 & 3). Boundary conditions were defined
to prevent the reflection of stress waves and
avoid dynamic resonance. For the dynamic analysis, the
implicit algorithm was employed due to its unconditional
numerical stability. To validate the model, the calculated
deflection basin were compared with field FWD data at
four loading levels (566, 890, 1300, and 1970 kPa) and five
different temperatures (35 to 55 °C). The differences
between the numerical and field results were evaluated
using the Root Mean Square Error (RMSE) and the
Percentage Root Mean Square Error (PRMSE) indices, as
defined in Equations (1) and (2).

RMSE = M 1)

PRMSE = % 100 ©)

The results showed that the difference between the
numerical and field data was less than 0.1 mm in all cases,
falling within an acceptable standard range. This confirms
the accuracy and reliability of the proposed model in
simulating the dynamic response of the pavement. Figure
4 presents a sample comparison between the deflection
basin from the FEM and the FWD test data from the
Ahvaz-Shush road.

Fig 2. 3-D structure of the axisymmetric FEM of pavement

Fig 3. 2-D structure of the axisymmetric EEM of pavement
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Fig 4. Sample validation of the deflection basin FEM vs.
FWD

3- Sensitivity Analysis Results
The sensitivity analysis evaluated the following
parameters affecting pavement structural performance:

» Dynamic Analysis: Increased the maximum deflection
(Do) by up to 27.5% and the deflection at 900 mm (Dggo)
by up to 44% compared to static analysis, with more
pronounced effects at higher temperatures. A noticeable
time lag between peak load and peak deflection was
observed, highlighting the significance of inertial and
wave propagation effects.

» Viscoelasticity: Modeling the asphalt layer as
viscoelastic (as opposed to linear elastic) increased Dy by
21-27%, as it better accounted for energy dissipation
within the asphalt, reducing stress transfer and subsequent
hardening in the base layer.

» Cross-Anisotropy: Transverse isotropy in unbound
layers led to a 15% increase in surface deflection and
significant increases in critical responses: horizontal
tensile strain (at the bottom of the asphalt layer) increased
by 52-59%, and vertical compressive strain (on top of the
subgrade) increased by 74-77%. This directly implies a
shorter predicted fatigue life and greater rutting depth.

* Nonlinear Resilient Modulus: Implementing a nonlinear
model for the base layer resulted in a 33-37% decrease in
surface deflection and a 32-52% decrease in horizontal
tensile strain, but a substantial 80-94% increase in vertical
compressive strain on the subgrade.

 Bedrock depth: The presence of bedrock at depths less
than 4 meters significantly influenced the dynamic
response, particularly at points far from the load center
(Dgoo). Ignoring shallow bedrock can lead to substantial
errors in back-calculated layer moduli.

4- Conclusions

This research successfully developed and validated an
advanced FEM that provides a realistic simulation of
flexible pavement behavior under FWD loading. The
results demonstrated the critical importance of
incorporating dynamic analysis, viscoelastic properties,
nonlinear behavior, and transverse isotropy for accurate
pavement evaluation. Excessive simplification in material
modeling can lead to inaccurate estimation of critical
pavement responses, which directly affects the predicted
service life and maintenance planning decisions.
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Evaluation of the Effect of Material Properties on the Dynamic Response of Flexible Pavement under
FWD Loading
Farzaneh Ghadyani Nezhad Razaki Mohammadreza Khanmohammadi Mahdi Shojaei

Abstract A precise evaluation of pavement structural performance under the dynamic loading of the Falling Weight
Deflectometer (FWD) requires simultaneous consideration of complex material properties and loading conditions—an
issue often treated only partially in previous studies. In this research, a finite element model was developed to dynamically
simulate the response of flexible pavement subjected to FWD loading. The model was applied in a case study of a
pavement in Khuzestan Province, and after validation, the effects of dynamic analysis, viscoelastic asphalt properties,
anisotropic and nonlinear behavior of unbound materials, and the presence of bedrock were investigated. To include
nonlinear and anisotropic characteristics, a FORTRAN subroutine was coded and integrated into the model. Results
showed that dynamic analysis could increase pavement deflection by up to 44%, especially at high temperatures.
Considering viscoelastic properties increased deflection values by up to 27% compared to the elastic condition.
Transverse isotropy caused up to a 15% rise in pavement deflection and more than a 50% increase in critical responses,
leading to shorter fatigue life and greater rutting depth. Moreover, the nonlinear modulus, particularly in the base layer,
significantly affected critical responses. The presence of bedrock at depths shallower than 4 meters also influenced the
dynamic response, mainly at points distant from the load center. This modeling framework can serve as a basis for
improving the analysis and interpretation of pavement behavior under FWD loading.

Key words Falling Weight Deflectometer (FWD), Dynamic analysis of flexible pavement, Viscoelasticity, Non-linear
analysis, Transversely isotropic
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