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ABSTRACT 

Geogrid Reinforced Soil (GRS) walls are used in the construction of bridge abutments, highways, and 

areas with raised elevations. Regarding conventional GRS walls, the wall facing is usually designed in a 

single-tier configuration. However, when a large wall height is required, the facing can be designed in a 

multi-tier configuration. Multi-tiered walls exhibit a more complex behavior than single-tier walls due to 

interactions between the upper and lower tiers. To gain further understanding of these differences between 

the two types of GRS walls, a numerical study was conducted to compare the self-weight induced 

deformation of a single-tier GRS wall to this of a two-tier GRS wall. The deformation behaviors include 

the horizontal displacement of wall facing, the horizontal displacement of backfill surface, and the tensile 

strain of geogrid layers.  
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I. INTRODUCTION  

GRS walls consist of facing, backfill soil, geogrid layers, 
and subgrade soil. The inclusion of geogrid layers in the 
backfill soil leads to enhanced compressive and tensile strength 
of the reinforced backfill material. Taking advantage of this 
characteristic, GRS walls have been increasingly used for 
bridge abutments, highways, and areas with raised elevations to 
support bridge approaches [1-3]. For systems with larger height 
the wall facing can be designed in a multi-tier configuration. 
Numerical studies have revealed that multi-tiered walls exhibit 
more complex behaviors than single-tier walls due to the 
interaction between the upper and lower tiers [4, 5]. In this 
study, the finite element method  is utilized to simulate the self-
weight induced behaviors of an 8.4 m high GRS wall with two 
cases of tier configurations: single-tier wall and two-tier wall. 
The study aims to compare the deformation behaviors of the 
two cases, specifically, the horizontal displacement of wall 
facing, the horizontal displacement of backfill surface, and the 
tensile strain of geogrid layers. 

II. GRS WALL DESCRIPTION 

The cross-section of the single-tier and two-tier GRS walls 
utilized in this study is illustrated in Figure 1. The input data 
for the single-tier wall is an 8.4 m high retaining wall segment 
of the Myphuoc-Tanvan bridge approach road in Binh Duong 
province of Vietnam.  

It is assumed that the two-tier wall differs from the single-
tier wall solely in the tier configuration. The walls have a total 
height (H) of 8.4 m. For the two-tier wall, shown in Figure 1b, 
it is assumed that the heights of the lower and upper tier, H1 
and H2, respectively, are 4.2 m. If the offset distance (D) 
between the two tiers is too small, a two-tier wall will behave 
like a single-tier wall. Therefore, D is assumed to be 2.1 m to 
ensure that complex interactions between the two tiers take 
place. This D value is consistent with the design range H/20 < 
D < H2 tan(90 - φ), as proposed by FHWA, where φ is the 
internal friction angle of the backfill soil [6]. The wall facing 
consists of segmental concrete blocks measuring 0.2 m x 1.2 m. 
The wall base is placed on a concrete footing with dimensions 
of 0.5 m x 0.3 m. 

The backfill material is cohesionless and reinforced with 
layers of Tensar RE570 geogrids. The geogrid layers are 
spaced 0.6 m vertically and the ends of the geogrid layers are 
bolted to the wall facing. For the single-tier wall, the geogrid 
layers are 7 m long. Due to the focus of this study on the effect 
of tiering rather than the impact of geogrid length on the wall 
behaviors, it is assumed that the geogrid layers of the two-tier 
wall were also 7 m long, similar to the single-tier wall. This 
length is approximately 0.83 H, which exceeds the minimum 
geogrid lengths of 0.35 H and 0.6 H for the upper tier and the 
lower tier, respectively, as proposed by the FHWA [6]. Table I 
summarizes the material properties. 
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(a) 

 
(b) 

Fig. 1.  GRS walls for: (a) single-tier and (b) two-tier wall. 

TABLE I.  MATERIAL PROPERTIES 

Component Parameter Value Unit 

Concrete 

block 

Elastic modulus 28750 MPa 

Poisson’s ratio 0.2 - 

Unit weight 24 kN/m3 

Geogrid 

Elastic modulus 2153 MPa 

Poisson’s ratio 0.3 - 

Tesile strength 118.4 kN/m 

Yielding strain 0.1 - 

Backfill soil 

Elastic modulus 50 MPa 

Poisson’s ratio 0.35 - 

Unit weight 18 kN/m3 

Cohesion 0 kPa 

Internal friction angle  30 ° 

Dilatancy angle 0 ° 

Subgrade soil 

Elastic modulus 40 MPa 

Poisson’s ratio 0.35 - 

Unit weight 17.5 kN/m3 

Cohesion 0 kPa 

Internal friction angle  30 ° 

Dilatancy angle 0 ° 

 

III. NUMERICAL SIMULATION METHOD 

A. Simulation Method 

The finite element program Abaqus is used for numerical 
simulation [7]. Figure 2 presents the plane strain Finite Element 
Model (FEM) of the single-tier and two-tier walls. The backfill, 
subgrade soil and facing blocks were meshed with CPE4R 
elements, which are plane strain 4-node quadrilateral elements 
with reduced integration. The geogrid reinforcement layers 
were meshed with T2D2 elements, which are 2-node truss 
elements whose compressive stiffness was not activated. 

 

 
(a) 

 
(b) 

Fig. 2.  FEM for: (a) single-tier and (b) two-tier wall. 

The backfill soil interacts with the facing blocks and the 
blocks also interact with each other at their contact surfaces. 
These contact interactions were modeled using surface-to-
surface contact elements [7]. Their frictional behavior is 
characterized by the Coulomb friction model with a friction 
coefficient (μ) equal to the tangent of the friction angle (δ) 
between the contact materials. Based on [6], δ is assumed to be 
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equal to 2/3 of φ for the contact between the backfill soil and 
facing blocks. For a φ value of 20 °, the corresponding μ is 
0.36. According to [8], μ is assumed to be 0.3 regarding the 
contact between the facing blocks, which deform together but 
the relative slip between them is almost negligible [9]. It is 
therefore assumed that there is no slip between the geogrid 
layers and backfill soil, and so the nodes of T2D2 
reinforcement elements were connected tightly to the nodes of 
CPE4R elements. 

The nonlinear behavior of the backfill and subgrade soils is 
represented by the Mohr-Coulomb soil model with the 
following material parameters: elastic modulus, Poisson's ratio, 
φ, cohesion, and dilatation angle (ψ), with their values being 
summarized in Table I. It should be noted that ψ is 
approximated by the expression ψ = φ - 30° for cohesionless 
soils [10]. In Table I, the backfill and subgrade soils’ φ value is 
30 ° and the corresponding ψ values is 0 °. Furthermore, the 
facing blocks are assumed to behave as a linear elastic material. 
The axial tensile behavior of the geogrid layers is represented 
by the ideal elastic-plastic model with the following material 
parameters: elastic modulus, Poisson's ratio, yield strain, and 
tensile strength, with their values also being listed in Table I. 
The deformation of the soil retaining systems was simulated 
through a series of construction steps, each representing the 
placement of a thin layer of backfill, geogrid, and facing 
blocks. The self-weight of these material components is the 
sole loading source that causes the soil retaining system to 
deform. 

B. Validation 

The numerical simulation method is verified through the 
experimental measurement data from [11]. The experimental 
system is a 6 m high GRS wall. The width of the backfill is 5 
m. The wall facing was constructed using precast concrete 
blocks with dimensions of 0.45 m x 0.55 m for the wall body 
and 0.50 m x 0.35 m for the wall base. There are eleven 
geogrid layers in which 3.5 m long geogrid layers are arranged 
alternately with 1.0 m long geogrid layers. Table II outlines the 
material property parameters.  

TABLE II.  MATERIAL PROPERTIES OF EXPERIMENTAL 
SYSTEM 

Component Parameter Value Unit 

Concrete 

block 

Elastic modulus 2 × 106 kPa 

Poisson’s ratio 0.2  

Unit weight 23 kN/m3 

Geogrid 

Elastic modulus 1.57 × 106 kPa 

Poisson’s ratio 0.3  

Tesile strength 54.6 kN/m 

Yielding strain 0.12  

Backfill soil 

Elastic modulus 104 kPa 

Poisson’s ratio 0.42  

Unit weight 16 kN/m3 

Cohesion 0 kPa 

Internal friction 

angle  
45 ° 

Dilatancy angle 15 ° 

 
Additionally, measurement devices are arranged on the wall 

facing and geogrid layers to measure the horizontal 
displacement of the wall facing and the axial deformation of 

the reinforcement layers. Figure 3 illustrates the FEM, which 
was built using the simulation method presented in the 
preceding section. 

 

 

Fig. 3.  FEM of the verification problem. 

Furthermore, Figure 4 presents the horizontal displacement 
of the facing against the wall height. The horizontal 
displacement of the facing exhibits a similar pattern between 
the FEM and the experimental results. Specifically, the 
displacement reaches a peak value around the mid-height of the 
wall, while the displacements are minimized at the bottom and 
top of the wall. 

 

 
Fig. 4.  Horizontal displacement of the facing. 

In addition, Figure 5 portrays the tensile strain of the 
primary geogrid layers against the distance from the wall. In 
specific, maximum strain values are observed closer to the 
wall, while strain decreases as the distance from the wall 
increases. The numerical simulation and experimental 
measurements are consistent. 
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Fig. 5.  Tensile strain of the primary geogrid layers. 

IV. RESULTS AND DISCUSSION 

A. Contour of Horizontal Displacement 

Figure 6 demonstrates the horizontal displacement contours 
of single-tier and two-tier walls. In both cases it is evident that 
the facing and the backfill underwent significant horizontal 
displacements, as indicated by the wedge-shaped area bounded 
by the green strip. For the single-tier wall, large displacements 
appeared mid-height. In contrast, for the two-tier wall, large 
displacements are shifted to the mid-height of the lower tier.  

B. Horizontal Displacement of the Facing 

Figure 7 shows the horizontal displacement of the facing 
for single-tier and two-tier walls. For the single-tier, the 
displacement was 25.6 mm at the facing top and reached a 
maximum value of 38.3 mm at 3.6 m from the facing bottom. 
This maximum value is equal to 0.0046 H, which is close to the 
safety limit of 0.005 H, commonly assumed in Vietnam 
practice. The two-tier wall significantly reduced the horizontal 
displacement of the facing in comparison with the single-tier. 
Specifically, at the facing top, the displacement decreased from 
25.6 mm to 22.5 mm at 3.6 m from the facing bottom, the 
displacement decreased from 38.3 mm to 26.4 mm and the 
maximum value decreased from 38.3 mm to 31.7 mm. The 
displacement reduction is a consequence of the tier 
configuration. The complex interaction between the upper-tier 
facing, lower-tier facing, reinforcement layers, and backfill soil 
under the influence of their own weight resulted in a reduction 
of the earth pressure on the facing, leading in turn to a decrease 
in the horizontal displacement of the facing. 

 

 
(a) 

 
(b) 

Fig. 6.  Contour of horizontal displacement for: (a) single-tier and (b) two-

tier wall. 

 
Fig. 7.  Horizontal displacement of the facing for single and two-tier walls. 

For the two-tier wall, the displacement differences between 
the top, middle, and bottom are quite small. Specifically, the 
difference between the maximum displacement and the 
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displacement at the bottom is 2.6 mm. Meanwhile, at the lower 
tier facing, this difference is 25.6 mm, that is, larger than the 
one of the upper tier facing. This observation implies that the 
use of the two-tier configuration reduced the influence of the 
backfill self-weight on the horizontal displacement of the 
upper-tier facing. These findings suggest that for GRS retaining 
wall projects similar to the Myphuoc-Tanvan, reducing the 
facing thickness or utilizing more cost-effective materials for 
the upper tier facing can reduce project cost. 

C. Horizontal Displacement of the Backfill Surface 

Figure 8 presents the horizontal displacement of the backfill 
surface. For the single-tier wall, the displacement is large at 
points near the facing with a maximum value of 27.5 mm at 3.2 
m from the facing. The displacement decreases as the distance 
from the facing increases. These findings indicate an irregular 
distribution of the horizontal displacement of the backfill 
surface. Since the backfill served as a subgrade of the road 
pavement the displacement of the backfill surface could lead to 
pavement surface cracking, thus affecting the long-term 
serviceability and maintenance costs. 

 

 
Fig. 8.  Horizontal displacement of the backfill surface for single and two-

tier walls. 

The two-tier wall reduced the horizontal displacement of 
the backfill surface when comparing both cases. Specifically, at 
3.2 m from the facing, the displacement was reduced from 27.5 
mm to 20.6 mm. The maximum displacement was reduced 
from 27.5 mm to 22.8 mm suggesting that the reduction in the 
horizontal displacement would benefit the long-term 
serviceability of the road pavement constructed on the backfill. 

D. Axial Tensile Strain of Geogrid Layers 

Figure 9 illustrates the axial tensile strain of 14 geogrid 
layers, numbered from 1 to 14 in Figure 2. The geogrid layers 
in the two-tier wall presented smaller strains in general than 
those in the single-tier wall. The geogrid strain adjacent to the 
wall facing is presented in Figure 10, and the maximum 
geogrid strain in each geogrid layer is depicted in Figure 11. 

 
 

Fig. 9.  Axial tensile strain of geogrid layers. 
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Fig. 10.  Geogrid strain at vicinity of the wall facing. 

  
Fig. 11.  Maximum geogrid strain. 

As evidenced in Figure 10, the geogrid layers proposed a 
relatively large strain in the vicinity of the wall facing, with the 
largest value of 0.0125 being obtained in the geogrid layer 11, 
regarding the single-tier wall. Comparing both wall cases it is 
observed that the two-tier wall significantly reduced the 
geogrid strain, especially in the geogrid layers 3-14. 
Additionally, as illustrated in Figure 11, the two-tier wall 
reduced the maximum geogrid strain from 0.0125 to 0.0078. 
Moreover, the upper tier had a maximum strain of 0.0043, 
which was significantly smaller than the value of 0.0078 of the 
lower tier. The results indicate that the two-tier wall 

significantly reduced the strain in geogrid layers. The upper tier 
geogrid layers experienced a definite strain reduction compared 
to the lower tier geogrid layers. 

V. CONCLUSIONS 

The displacement at the facing top of the two-tier wall is 
reduced from 25.6 mm to 22.5 mm and the maximum 
displacement from 38.3 mm to 31.7 mm in comparison with  
the single-tier wall. Moreover, the relative displacements 
between the top, middle, and bottom of the upper-tier facing 
are relatively small. These findings suggest that for Geogrid 
Reinforced Soil (GRS) retaining wall projects similar to the 
Myphuoc-Tanvan, reducing the facing thickness or utilizing 
more cost-effective materials for the upper tier facing can 
decrease project costs. 

The horizontal displacement of the backfill surface for the 
single-tier wall is higher near the facing and lower further 
away. Since the backfill served as a subgrade for road 
pavement, this irregular and significant horizontal displacement 
of the backfill surface could lead to pavement surface cracking, 
thus affecting the long-term serviceability. Furthermore, 
regarding the two-tier wall, the horizontal displacement is 
reduced, with the maximum value ranging from 27.5 mm to 
22.8 mm. This reduction can benefit the long-term 
serviceability of the road pavement constructed on the backfill. 

The geogrid layers had a significant tensile strain in the 
vicinity of the facing regarding the single-tier wall case. On the 
contrary, the two-tier wall system exhibited reduced tensile 
strain in the geogrid layers, with the largest geogrid strain 
having been reduced from 0.0125 to 0.0078. The strain 
reduction is more obvious in the upper-tier geogrid layers than 
in the lower-tier geogrid layers. 

The present study examined a limited number of cases. The 
results and conclusions contribute to the understanding of how 
a two-tier wall behaves differently from a single-tier wall. The 
former can serve as a reference for similar GRS wall projects, 
where the performance of a two-tier RGS wall design needs to 
be evaluated. 
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