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ABSTRACT

Indian railways have been gradually increasing the axle loads of freight trains mainly from 25T to 32.5T.
Whereas most of the Indian railway infrastructures are mainly designed for lighter loading compared to
32.5T axle load. The present study looks into the in-service performance of a railway Geosynthetic
Reinforced Soil (GRS) bridge abutment under the effect of different freight trains. A numerical analysis was
carried out using the ABAQUS software under the effect of railway loading. Also, a parametric study was
carried out to study the effect of reinforcement vertical spacing and length on the deformation behavior of
the abutment. It was found that the performance of the abutment was satisfactory under the effect of freight
trains. Furthermore, the parametric investigation revealed that the response of the abutment is significantly
influenced by the reinforcement's vertical spacing rather than the reinforcement's length.
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1 INTRODUCTION

Geosynthetic reinforced soil (GRS) bridge
abutments have gained popularity in recent times
in transportation infrastructures due to their
numerous advantages over traditional
pile-supported structures. The advantages include
easier and faster construction, lower costs, and a
smooth transition between the bridge and the
approach way (Zheng et al. 2018). Several case
studies for the in-service performance of GRS
bridge abutments have reported satisfactory field
performance (Wu et al. 2001, Saghebfar et al.
2017). Several numerical studies have also been
carried out under service load conditions and have
reported good performance (Helwany et al. 2003;
Zheng et al. 2017; Saikia and Patra, 2022). Most of
these studies are mainly related to road traffic load.

The loading conditions for road and railway
transportation vary a lot due to the distinct
characteristics of the vehicles, the type of loads
they carry, and the infrastructure on which they
operate (Saikia and Patra, 2025). The
ever-increasing demand for efficient freight
transport has necessitated proper advancements
in railway infrastructures, particularly in the design
of bridge abutments. As freight trains exert
significant vertical forces during operation,
understanding the response of GRS bridge
abutments under these operating conditions is very
crucial for ensuring longevity and safety.

The present study presents a comprehensive
analysis of the performance of GRS bridge

abutments subjected to the live load from freight
trains, ultimately providing insights into the optimal
design practices for future railway projects. A
numerical analysis of GRS bridge abutments was
carried out using the ABAQUS software under the
effect of freight trains. The baseline case was
analyzed and then a parametric study was carried
out to study the effect of reinforcement vertical
spacing and length on the deformation behavior of
the abutment.

2 NUMERICAL MODEL

A two-dimensional plane strain analysis was
carried out using the finite element software
ABAQUS CAE, 2018. The geometry of the
numerical model is shown in Fig. 1. The total
height of the GRS bridge abutment is 7.65 m,
which includes a lower and a top GRS wall along
with a bridge seat placed above the lower wall. The
lower wall is made up of 25 modular blocks with a
total height of 5 m. A setback distance of 0.2 m is
considered for placing the L-shaped bridge seat
above it. The bridge seat has a width of 2.25 m and
a thickness of 0.4 m. A reinforcement length of
5.35 m (0.7H, where H is the total height of the
abutment) is considered following Federal
Highway Administration (FHWA)
recommendations. The reinforcement vertical
spacing is considered to be 0.2 m and 0.4 m in the
lower and upper walls, respectively following
Askari et al. 2021.

The step-by-step construction was applied to
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simulate the construction process of the GRS
bridge abutment. First, the foundation layer was
placed, and then the lower wall along with the
modular blocks and reinforcement layers was
placed in 25 different steps. Each layer has a
thickness of 200 mm which is equal to the
thickness of the concrete modular blocks. To
simulate the compaction effect, a vertical pressure
of 8 kPa was applied on each layer and it was
removed before the placement of the next layer
following Zheng and Fox (2017). After that, on top
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embedded in the backfill soil. The different
interfaces were modelled using the master-slave
option available in ABAQUS CAE, 2018. Friction
angles of 579, 85°, 25.2°, and 25.2° were used to
simulate the block-block, toe, soil-block, and
seat-soil interface. The detailed validation of the
staged construction process of the GRS bridge
abutment under static loading can be referred from
Saikia and Patra (2025).

Table 1. Material properties (Askari et al. 2021).

of the lower wall, the bridge seat was placed. It

ComponentUnit  Elastic Poisson’s Friction Cohesion Dilation

was followed by the construction of the upper GRS weight modulusratio angle (kPa)  angle
wall in layers. After that, the bridge deck having an (kN/m?) (MPa) (degree) (degree)
equivalent specific weight of 5.88 kN/m3 was Foundation 22 150 0.2 35 1 -
placed on top of the bridge seat (Zheng and Fox, soil "

2016). A ballast surcharge of 5 kPa (15.35 kN/m3x nge'fff;\?v'lleszég%) 50 0.3 36 1 3.8

0.3 m) was applied on top of the abutment to ’

simulate the effect of the ballast following RDSO 2.3 Train load

(2007). Subsequently, the live load from the freight
train (25T and 32.5T) was applied on the surface of
the abutment following Saikia and Patra (2025).
Here, the speed of the freight train is considered to
be 100 kmph.

Stress below ballast
Ly=45m layer due to axle load
!

Surcharge for ballast —

L-shaped
bridge footing

30.6m A

\Vane
Fig. 1. Finite element model of the GRS bridge
abutment.

2.1 Boundary conditions

The rear boundary was placed at 30.6 m (4H)
from the facing wall and the bottom boundary was
placed at 15.3 m (2H) from the base of the lower
wall to reduce the boundary effect following Askari
et al. (2021). The bottom boundary was fixed in
both the lateral as well as vertical directions,
whereas the lateral boundaries were restrained
only in the horizontal direction.

2.2 Material model and properties

The modular blocks and bridge seats were
assigned linear elastic properties. The Young’s
modulus and Poisson’s ratio were taken as 20 GPa
and 0.2, respectively. The Mohr-Coulomb failure
criterion was used to model the foundation soil and
the backfill soil. The properties of the foundation
soil and the backfill soil are presented in Table 1.
The reinforcements of 2 mm thickness were
modelled as beam elements with an ultimate
tensile strength of 180 kN/m and stiffness of 1000
kN/m (Zheng and Fox, 2016). A tie constraint was
used to attach these reinforcements to the modular
blocks and all the reinforcements were also

The train live load was applied as per the
simplified stress distribution method described in
Saikia and Patra (2025), which is a slight
modification to the existing simplified stress
distribution as per the current guidelines (RDSO,
2018; AREMA, 2018). In the present study, the
wheel load P is presumed to be distributed as
0.4P, 0.2P, and 0.1P over the sleepers adjacent to
the central sleeper as per RDSO (2018) and
AREMA (2018). The stress below the ballast layer
is calculated considering the 1:1 stress distribution
below a 30 cm thick ballast layer. The static stress
below the ballast layer for a 25T and 32.5T axle
load comes out to be 54 kPa and 70 kPa,
respectively. Taking into account the effect of train
speed (100 kmph) using Eissenman’s dynamic
factor, the computed dynamic factor comes out to
be 2.16 considering § = 0.3, and t = 3 (Doyle,
1980). So, the stress value considering the effect
of train speed comes out to be 117 kPa and 151
kPa for 25T and 32.5T axle load, respectively. This
load value is applied over the GRS bridge
abutment as shown in Fig.1.

3 RESULTS

3.1 Baseline case results

The baseline case refers to the numerical
model with reinforcement vertical spacing and
lengths of 0.2 m and 5.35 m (0.7H). Figure 2
shows the variation of lateral facing displacement
with elevation for an axle load of 25T and 32.5T. It
can be observed that a maximum lateral facing
displacement of 25 mm and 26 mm is observed for
25T and 32.5T axle load, respectively at z/h of 0.7.
Here, z is the height from the base of the lower wall
and h is the height of the lower wall. It can be
observed that there is a minimal 4% increase in the
maximum lateral facing displacement as the axle
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load increases from 25T to 32.5T. This increase is
seen to be significant for higher reinforcement
vertical spacing as shown in subsequent sections
(refer Parametric study). The maximum lateral
facing displacement for the baseline case is well
within the permissible limit of 50 mm as specified
by NCHRP (2006) guidelines.
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Fig. 2. Variation of lateral facing displacement with
elevation.

The variation of the seat settlement along the
width of the bridge seat is shown in Fig. 3. An
average seat settlement of 34 mm and 35 mm is
observed for 25T and 32.5T axle loads,
respectively. Both seat settlements are also within
the permissible limit of 1% of h (50 mm) as per
NCHRP (2006) guidelines.
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Fig. 3. Seat settlement along the width of the seat.

The distribution of reinforcement strain along
the length of the reinforcement is shown in Fig.4.
The distribution shown is for the 3rd reinforcement
from the bottom because this particular
reinforcement had the maximum reinforcement
strain value. It can be observed that the location of
the maximum reinforcement strain is very close to
the connection between the reinforcement and the
modular block. Also, the maximum reinforcement
strain is well within the permissible limit of 2% as
per Adams et al. (2011) under serviceability
conditions.
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Fig. 4. Reinforcement strain along the length of the
geogrid.

3.2 Parametric study

A parametric study is carried out to study the
effect of reinforcement vertical spacing and
reinforcement length on the performance of the
GRS bridge abutment. To examine the effect of
individual parameters, the variable of interest is
varied and all other parameters are maintained the
same as the baseline case.

3.2.1 Effect of reinforcement vertical spacing

Three different reinforcement vertical spacing
values are taken into consideration: 0.2, 0.4, and
0.4 m. following Askari et al. (2021). The effect of
reinforcement vertical spacing on the maximum
lateral facing displacement is shown in Fig. 5. It
can be observed that the maximum lateral facing
displacement increased from 25 to 65 mm (160%)
for 25T axle load as the spacing increased from
0.2 to 0.6 m. Similarly, an increase of 26 to 75 mm
(188%) is observed for the 32.5T axle load on
increasing the reinforcement vertical spacing from
0.2 to 0.6 m. The variation of maximum lateral
facing displacement with spacing for a 17T axle
load high-speed train running at a speed of 200
kmph is also compared (Refer Saikia and Patra,
2025). It can be observed that for a freight train
running at a speed of 100 kmph, the maximum
lateral facing displacement is more as compared to
a high-speed train of 17T axle load running at a
speed of 200 kmph.

Figure 6 shows the variation of maximum seat
settlement with an increase in reinforcement
vertical spacing. For a 25T axle load, the maximum
seat settlement increased from 34 to 63 mm (85%)
on increasing the spacing from 0.2 to 0.6 m.
Whereas, for a 32.5T axle load, the maximum seat
settlement increased from 35 to 74 mm (111%).
Similarly, the maximum seat settlement also
increased with increasing vertical spacing for a
17T axle load running at a speed of 200 kmph
(Refer Saikia and Patra, 2025). Even in case of
seat settlement, it can be observed that for a
freight train running at a speed of 100 kmph, the
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maximum seat settlement is more as compared to
a high-speed train of 17T axle load running at a
speed of 200 kmph.
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Fig. 5. Effect of reinforcement vertical spacing on lateral
facing displacement.
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Fig. 6. Effect of reinforcement vertical spacing on seat
settlement.

The variation of maximum reinforcement strain
with spacing is shown in Fig. 7. For a 25T axle
load, with an increase in spacing from 0.2 to 0.6 m,
the maximum reinforcement strain increased from
112 to 2.63% (135%). The maximum
reinforcement strain increased from 1.13 to 2.93%
(159%) for a 32.5T axle load. Similarly, the
maximum reinforcement strain also increased with
increasing vertical spacing for a 17T axle load
running at a speed of 200 kmph (Refer Saikia and
Patra, 2025). It can be observed that the maximum
lateral facing displacement, seat settlement, and
reinforcement strain exceed the permissible limits
when the vertical spacing is equal to or exceeds
0.4 m for a freight train. But all the performance
criteria are within the permissible limits for a 17T
axle load high-speed train running at a speed of
200 kmph. So, for proper in-service performance of
the GRS bridge abutment under the influence of
freight trains, the reinforcement vertical spacing
should be limited to 0.2 m. Whereas, for a 17T axle
load high-speed train running at a speed of 200
kmph, the maximum reinforcement vertical spacing
can be considered up to 0.4 m for proper in-service
performance.
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Fig. 7. Effect of reinforcement vertical spacing on
reinforcement strain.

3.2.1 Effect of reinforcement length

Three different reinforcement lengths are taken
into consideration in the present study: 0.5H, 0.7H,
and 0.9H. The effect of reinforcement length on the
maximum lateral facing displacement, seat
settlement, and reinforcement strain are shown in
Fig. 8, 9, and 10, respectively. It can be observed
that there is very little to no change in the
performance of the GRS bridge abutment as the
reinforcement length is varied between 0.5 to 0.7H
for both 25T and 32.T axle load. The same is the
case for a 17T axle load high-speed train running
at a speed of 200 kmph (Refer Saikia and Patra,
2025). However, the maximum lateral facing
displacement, seat settlement, and reinforcement
strain are well within the permissible limit.
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Fig. 8. Effect of reinforcement length on lateral facing
displacement.
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strain.

3 CONCLUSION

The present paper looks into the performance
of a GRS bridge abutment under the effect of
freight trains. The sequential construction process
was simulated in a series of steps. The baseline
case of the numerical model was studied and after
that, a parametric study was carried out to study
the effect of reinforcement vertical spacing and
length on the performance of the abutment. The
following conclusions can be made:

1. The baseline case  configuration
(reinforcement vertical spacing of 0.2m and
reinforcement length of 535 m i.e.,, 0.7H)
performed very well for freight trains with 25T and
325T axle loads. The maximum facing
displacement, seat settlement, and reinforcement
strain were well within the permissible limits.

2. The maximum facing displacement, seat
settlement, and reinforcement strain of the
abutment exceeded the permissible limits as the
reinforcement vertical spacing increased from 0.2
to 0.4 m. Thus, for proper in-service performance
of the bridge abutment under freight trains, the
reinforcement vertical spacing should be limited to
0.2 m. Whereas, for a 17T axle load high-speed
train running at a speed of 200 kmph, a vertical
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spacing of up to 0.4 m will give proper in-service
performance.

3. There was very little to no variation in the
performance of the GRS bridge abutment as the
reinforcement length varied between 0.5 to 0.7H
for both 25T and 32.T axle load.
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