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ABSTRACT

The aim of this study is to investigate settlement in the backfill of geogrid reinforced soil walls (GRSWs)
subjected to earthquakes as an indicator of extent of damage. A series of shaking table tests were
performed on model GRSWs with varying geogrid stiffness and geogrid content. Settlement at the top of
the backfill was measured using a LIDAR camera. Along with settlement, corresponding deformation of
facing wall and distribution of maximum shear strain in the backfill were studied. Regarding the parameters
representing settlement, it was observed that the settlement area normalized by squared wall height, H?,
offers a more consistent representation of settlement behavior in the backfill and the extent of damage
compared to maximum settlement. In the experiments, it was observed that the model walls could not
withstand excess shaking when the normalized settlement area reached around 2%.
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1 INTRODUCTION

Geogrid reinforced soil walls (GRSWs) are
recognized to have high seismic stability. However,
wall deformations of significant amount were
observed in the recent large earthquakes, though
the walls did not collapse completely (Kuwano et
al., 2014). Stability of damaged GRSWs against
the next big event is unknown. It is necessary to
evaluate the extent of their damage to assess the
necessity of repairing or reconstructing them. For
the quick recovery of infrastructures, such an
assessment should be made without time-
consuming investigation. Wall inclination was
proposed to be a good index to evaluate the extent
of GRSW damage through a series of laboratory
model tests (Izawa and Kuwano, 2011). However,
determining wall inclination would be challenging in
real-world scenarios due to factors like difficulty in
approaching the damaged wall around the area of
disaster, surveying the deformation of damaged
wall which is often screened by vegetation. On the
other hand, settlement of the backfill surface is
easier to be measured by UAV than measuring the
wall inclination. In this study, laboratory model
shaking table tests were carried out to study
settlement profiles in the backfill surface and their
correspondence with the extent of damage of
GRSWs.
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Fig. 1. Typical layout of the model wall.

2 TEST OUTLINE

A typical layout of model wall is shown in Fig. 1.
The dimensions of the models were 750 mm in
length, 300 mm in width, and 500 mm in height.
The wall facing used in the model was made of
acrylic panels with wedge-shaped ends that
allowed rotation at the contacts but restricted any
horizontal movement. Toyoura sand (Dr=80%) was
used for both backfill and foundation. Optical
targets were placed within the backfill soil to
monitor strain condition by GoPro Hero 7 rigidly
connected to the front of soil container. Intel
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Fig. 3. Maximum shear strain in the backfill at collapse.
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Realsense LiDAR L515 was fixed above the model
to monitor the settlement profile as shown in Fig. 2.
Two types of geogrids were used. One is with high
stiffness (H-type) and the other is with low stiffness
(L-type). Based on the pullout test results, the
value around four times greater than that of the
L-type. A total of six model tests were conducted,
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Fig. 5(a). Settlement profiles of GRSW with stiff geogrids.
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H-type showed a maximum pullout resistance each
with a different combination of geogrid type, and
geogrid length. Models H40, H50 and H60 used
H-type geogrid and models L40, L50 and L60,
used L-type. The second part in the model name
represents the geogrid length to wall height ratio in
percentage.

The model walls were subjected to seismic
loading in a shaking table using a sinusoidal wave
with a frequency of 5 Hz. The amplitude of the
wave was increased by 50 gal every 10 seconds
until the walls collapsed completely. For measuring
the intensity of input motion, Arias Intensity (/a)
was used. It is defined as the time-integral of the
square of input acceleration (a(t)):

T
I, = %fo a(t)2dt (1)

where T is the duration of shaking. /a increases
with shaking.

3 RESULTS AND DISCUSSION

Distribution of maximum shear strain within the
backfill soil at the time of collapse along with the
settlement profile, green area at the top surface, as
shown in Fig. 3. The observed maximum shear
strain distribution and slip lines resemble those
assumed in the two-wedge theory, which is widely
used in design of reinforced soil walls. The first
wedge constitutes the reinforced soil block, and
the second wedge is the triangular shape sliding
wedge behind the reinforced soil zone. It was
observed that the primary area of settlement was
distributed above the sliding wedge.

The maximum settlement, Smax, and the area of
settlement, As, along the longitudinal center line
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Fig. 5(b). Settlement profiles of GRSW with soft geogrids.
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Fig. 6. Maximum settlement vs. facing inclination at bottom.
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Fig. 8. Settlement area vs. Arias Intensity.

were determined as shown in Fig. 4. They were
nondimensionalized by the wall height, H, as
Smax/H and As/H?. Settlement along the center line
of the top surface at various values of Arias
Intensity, /a, is shown in Fig. 5. The location of the
maximum settlement and the length of the geogrid
reinforcement are also illustrated. As seen in Fig. 5,
the location of the maximum settlement is typically
just behind the reinforced soil zone. In the cases of
H40, H50, L40, and L50, the difference in
settlement between the reinforced soil block and
the sliding wedge was quite evident. However, in
longer geogrid cases of H60 and L60, the
settlement was distributed over a greater length of
backfill. As a result, the settlement at a specific
section appeared to be low, though the overall
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settlement area remained significant.

Maximum settlement and settlement area,
along with the bottom facing inclination which was
used by lIzawa and Kuwano (2011), were studied
as parameters for indicating the extent of damage
in GRSWs. As seen in Fig. 5, locations of the
maximum settlement may not remain quite
consistent as the shaking progressed. The shape
of the settlement trough also exhibited variations
during this progression. When Smax/H is plotted
against the facing inclination as shown in Fig.6, it is
found that the maximum settlement progression
was not fully consistent with the facing inclination.
Using only maximum settlement for assessing the
extent of damage can lead to incorrect evaluation.
Unlike maximum settlement, which focuses on a
specific section, settlement area accounts for
settlement across the entire backfill. Fig. 7 shows
the relationship between the As/H? and the facing
inclination. The settlement area demonstrates a
relatively linear increase with facing inclination for
all the models. This indicates that the settlement
area can serve as a better indicator of the extent of
damage.

As/H? is plotted against the Arias Intensity in Fig.
8. For the same level of shaking, /a, the wall with
lower stiffness geogrid and shorter geogrid suffers
more settlement. The model wall shows a point at
which the wall became unstable with sudden
expansion of settlement trough for further shaking
and collapsed. The walls in this test series could
not bear additional shaking and collapsed when
As/H? reached approximately 2%.

4 CONCLUSIONS

This research concludes that settlement in the
backfill can be used to evaluate the extent of
damage in GRSWs due to earthquake. The
maximum settlement is typically located behind the
reinforced soil block and the primary area of
settlement is distributed over the sliding wedge.
The settlement area offers a more comprehensive
representation of settlement behavior in the backfill
compared to maximum settlement and is a more
suitable indicator of extent of damage. For the
same level of shaking, the wall with lower stiffness
geogrid and lesser geogrid content has higher
settlement values, which corresponds to higher
extent of damage within the wall.
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