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Fig. 1. Geosynthetic reinforced soil wall with external
instability statuses. (a) Overturning, (b) sliding, (c) inadequate
bed bearing capacity [1]
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Fig. 2. Overview of numerical model [14]
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Fig. 4. Comparison chart of horizontal displacement of the
wall and the soil behind the reinforcement layer
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Parameter Symbol Reference
value

Wall height H 6m

Reinforcement length L 4.25m

Vertical spacing of

reinforcement Sv tm

Stiffness of each layer of

reinforcement ! 2000 k/m
. , 50000

Soil Young’s modulus Es KN/m2

Soil Poisson’s ratio v 0.3

Soil unit weight y 21 kN/m?

Wall bending stiffness El 5500 kN.m?

Soil friction angle 0 35°

Soil-reinforcement friction 0

angle Ors 3%

Soil-wall friction angle 5 20°

Soil dilatancy N4 6°

Table 1. Reference case parameters [15]
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Fig. 7. The effect of reinforcement stiffness on the horizontal
displacement of the wall and the soil behind reinforcements
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Abstract:
Geosynthetic reinforced soil walls are usually designed based on limit equilibrium methods, ignoring the

effects of foundation, reinforcement stiffness, facing, and other parameters. However, design procedures do
not consider the deformation of the walls explicitly. Recently, numerical methods are used in the design and
analysis of reinforced soil walls, and the programs written on this basis are used. Usually in limit methods,
design of reinforced soil structures is followed by controls for external, total or internal stability. After the
design of reinforcement elements, the overall stability of wall, i.e. overturning, sliding, and bearing capacity
should be controlled. But in numerical methods, stress distribution and deformation can be achieved in
reinforced soil walls. In this study, the finite difference method is used to perform analysis. According to the
experienced deformation of the wall and boundary conditions imposed on the structure in the reference
study, the wall is joint at the heel (cannot slide) and its foundation is taken as a rigid element (insufficient
bearing capacity does not happen). It can be stated that obtained results of this modeling are used only for the
overturning mode. In this numerical study, effect of various system parameters is merely investigated for the
performance of the wall in external overturning instability mode. Among the parameters, the maximum
tensile force in the reinforcements and the horizontal displacement of the wall are of interest. The important
parameters of reinforced soil wall structure were studied including the reinforcement stiffness (J), the
backfill soil friction angle (@), the elasticity modulus of backfill soil (Es), the facing wall rigidity (El), the
reinforcement length (L), and wall height (H). Among investigated parameters, the most important
parameters are reinforcement stiffness (J) and backfill soil friction angle (@) regarding the material
properties; which may affect the amount of deformation of the wall and maximum tensile force in
reinforcements. Other parameters do not have significant effect on the studied cases. The effect of stiffness
on the maximum tensile force in the reinforcements is minimal and negligible. In the wall geometry, which
includes the reinforcement length (L) and wall height (H), the reinforcement length was the most effective
and the most important factor to design reinforced soil walls. Based on the numerical results, the best range
of L/H ratio is between 0.5 and 0.8 since for L/H ratio equal to 0.8 and more, the horizontal displacement of
the wall is considered almost the same. Due to the importance of the project and the cost, it is suggested to
consider L/H equal to 0.7. In this numerical study, response curves are provided for predicting the maximum
horizontal displacement of the wall and the maximum tensile force in the reinforcements. The numerical
analyses show that there is a particular relation between the maximum horizontal displacements of the walls
and maximum tensile forces in the reinforcements. The results are presented in the form of graphs. Using
these graphs, the maximum horizontal displacement of the facing wall and the maximum tensile force in the
reinforcement for walls with different heights can be predicted.

Keywords: RSW, Maximum tensile force, Horizontal displacements of the wall, FDM
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