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The design of retaining walls depends on the magnitude of active pressure exerted from the backfill. Therefore, estimating the scale of this
pressure is a fundamental factor in the design. In this study, to assess the active earth pressure, a rigid retaining wall was built capable of
translating and/or rotating with adjustable speed. Further, several physical tests were conducted on a laboratory scale under the influence of
uniform surcharge. In order to evaluate the behavior of the soil and the failure wedge, circular flat pressure cells and particle image velocimetry
method were used. The results indicated that in the translation and translation-rotational modes, the distribution of lateral active pressure
along the wall height was non-linear while it was relatively linear under rotation around the base. By increasing the amount of surcharge, the
effect of the arching phenomenon at the lower portion of the wall was more evident. This led to a negligible magnitude of pressure at the base
of the wall. In addition, it was observed that during the active motion of the wall, the distinction between the stationary region and the failure

zone was a function of the mode of wall motion.

Keywords : Active earth pressure, rigid retaining wall, rotation mode, translation mode

1. Introduction

The design of a retaining wall depends on the amount of active
pressure exerted from the backfill. Therefore, estimating the amount of
active pressure exerted on a rigid retaining wall is a major factor in the
design process. Accordingly, many efforts have been made to evaluate
the behavior of the retained backfill via physical and numerical
modeling as well as theoretical analyses. Conventionally, Coulomb’s and
Rankine’s methods [1,2] are used to calculate the active pressure behind
rigid retaining walls. The arching phenomenon was first investigated
based on the events occurring in silos, where Janssen's theory [3] was
raised to estimate the lateral pressure in silo walls. Terzaghi [4]
predicted that the failure plane occurring behind the wall was of
parabolic type, and the maximum pressure did not occur at the base of
the wall. He attributed these observations to the arching effect.
Following Janssen's theory and Terzaghi’s studies, extensive research
studies have been conducted to develop this theory and to study the
arching effect across various engineering fields such as retaining walls,
tunnels, piles, stone column-supported embankments, and pipelines.
Physical tests and numerical analyses on retaining walls indicated that
the distribution of active pressure behind the wall is non-linear and is
influenced by the arching effect [5-10]. In recent years, due to the
complexity of the problem, other researchers have tried to investigate
the influence of arching phenomena on the lateral earth pressure. Paik
and Salgado [5] proposed a formulation for calculating the active earth
pressure while considering the arching effect. However, the effect of
surcharge pressure on the amount of lateral pressure was not considered
in these studies. Pipatpongsa and Heng [11] analytically investigated the
silo effect under the influence of uniform vertical pressure and the

* Corresponding author. E-mail address: mhkhosravi@utacir (M. H. Khosravi).

formation of arch shapes in granular materials. Based on these studies,
an assumption of uniform vertical stress in Janssen's classical theory
corresponds to the assumption of a linear reduction of shear stress based
on Jaky's approach [12]. Khosravi et al. [9, 13] conducted an analytical
study on a rigid retaining wall system under active horizontal translation
movement with a uniform surcharge on the retained backfill. Unlike
previous works conducted in this field, the analyses were carried out in
a two-dimensional system of equilibrium in rectangular coordinates. A
new formulation was proposed to evaluate the magnitude and
distribution of vertical, lateral, and shear stresses in the failure zone
behind a retaining wall. These theories were later developed for the
assumption of a nonlinear failure surface behind the wall [14].

In addition to analytical methods, physical modeling and experiments
have also been performed to analyze the pressure of the soil behind the
retaining wall and to test the arching effect in granular materials.
Khosravi [9, 15] conducted several physical tests to determine the active
earth pressure behind a rigid retaining wall under the translation mode
without considering the surcharge effect. A good agreement between the
experimental results and the predictions derived from the proposed
formulation considering the arching effect confirmed such a
phenomenon behind the wall. The influence of wall face friction on soil
arching and the distribution of active earth pressure was experimentally
investigated by Pipatpongsa et al, [16]. Guo and Zhou [17] investigated
the formation of stable arches in cohesionless granular materials or
materials with small apparent cohesion. The results indicated that the
material's internal friction angle generally controlled the shape of the
arch, while the critical arch width depended on cohesion.

On the other hand, several studies have been carried out using
numerical simulations [18-20] and also the Particle Image Velocimetry
(PIV) [15, 21-22] to assess the occurrence of arching in granular soils

Journal Homepage: ijmge.utacir
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Abstract

Geosynthetic Reinforced soil retaining walls have become widespread in the recent decades. In this
research. numerical analyses have been conducted 1o evaluate the effect of mechanical properties of the
wall and dynamic parameters on the behavior of GRSW. The results prove that the different types of
facing affect the general deformation form. Furthermore, the wall displacement reduces with rise in
reinforcements stiffness. Any soar in the acceleration amplitude increases the reinforcement loads and
wall displacement. The difference between the natural frequency and the frequency of the base vibration
is a significant factor affecting the wall seismic response.

Keywords: Reinforced Soil Retaining wall, Dynamic analysis, Finite difference, Geosynthetic
reinforcements, Numerical modeling

1. INTRODUCTION

Reinforced Soil retaining walls are mainly composed of three elements of shell, reinforcement and
embankment, and the stability of these walls is provided by the friction between the soil and the
reinforcement and the transfer of forces in the filling to the reinforce elements. In the last two decades, the
use of this type of retaining walls has been expanding worldwide due to their ease of implement and proper
formability compared with other retaining wall types. On the other hand, the debility of existing methods in
the design of reinforced soil retaining walls, the complicated behavior of these structures during construction
operations and also under the influence of operating loads, and especially under impact of dynamic loads in
seismic regions such as Iran, necessitate the study and understanding of dynamic behavior of such structures
more and makes it more evident. The application of numerical modeling to study the impact of effective
parameters on the behavior of mentioned retaining walls has been considered by researchers and scholars in
recent years, due to high speed and accuracy and besides, less cost.

Futaki et al[1]conducted experiments to assess the stability of reinforced soil retaining walls in static and
dynamic conditions. Their studies demonstrate that during the construction, the maximum tensile strength of
the belt rises up with increasing overpressure (wall height). However, the position of belt's maximum tensile
point does not change according to the height of the wall. Ground stress is also increased in dynamic
conditions, and tensile forces of belts increase by about 54% in the vibration state.

Bathurst and Hatami[2] studied the effect of the structure base frequency on the response and behavior of
geosynthetic armed soils. Their investigation showed that the stiffness and length of the reinforcement and
the condition of wall bracket does not affect the model's base frequency. It was also found that a larger
applied acceleration would result in lower base frequencies. They stated that the results depend only on the
rigidity of foundation.

Klar and Sas[3], and Correia et al. [4] presented simplified analytical methods for analyzing the structures
of reinforced soil under operating load, which is able to estimate the lateral displacement of the wall
covering.
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Abstract

Reinforced soil retaining walls have recently become widespread due to their advantages over
conventional retaining walls. In this paper, numerical analyses, using FLAC software, have
been employed to investigate the influence of mechanical and geometrical properties of the
wall and amplitude and frequency of the source vibration on the dynamic behavior of a
geosynthetic-reinforced soil retaining wall. The results show that the type of facing affects the
general form of deformation. Also the wall displacement decrease with increase in
reinforcement stiffness and length. Any increase in the acceleration amplitude increase the wall
displacement and reinforcement loads. The difference between the frequency of the base
excitation and the natural frequency of the model is the most important factor determining the
wall dynamic response.

Keywords: Reinforced Soil Retaining wall, Geosynthetic reinforcements, Dynamic analysis,
Numerical modeling, Finite difference.

1. INTRODUCTION

Reinforced soil retaining walls have become increasingly popular and widespread around the world
in the past two decades due to their distinctive advantages over conventional retaining walls. These
walls commonly consist of three elements: facing, reinforcements and backfill and their stability is
provided by friction between the soil and reinforcements and also transferring consisting loads in
the backfill to the reinforcing elements. What's more, their mechanical responses during
construction and under service loads are complicated and therefore, a subject of intensive research.
Their response to ground motion in seismically active areas poses an even more complicated
problem to engineers for a safe, serviceable and economical design approach.

1.1. Previous Related Works

In order to asses the accuracy of numerical methods, the U.S. Commuter Rail Service (WES)
constructed and loaded two kinds of reinforced soil retaining walls until the failure stage. For each
wall, a separated numerical analysis was done. The results showed a great match between
numerical methods and the experiments [1].

Bathurst& Cai (1995), using TARA-3 software, modeled a kind of geosynthetic-reinforced
soil retaining wall with concrete block facing and did a complete research on dynamic response of
the wall. The results showed the effect of dynamic loading on the wall displacement, shearing
force, displacement between concrete blocks, reinforcement loads, and acceleration response on top
of the wall. Based on these results they recommended some methods for dynamic design of
reinforced soil retaining walls [2].

Futaki et al (1996) did some experiments to evaluate static and dynamic stability of
reinforced soil retaining walls. The results showed that during the construction, maximum tension




