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A B S T R A C T

The seismic performance of soilbags-built retaining wall model was studied experimentally. A series of small-
scale shaking table tests with the input of different amplitude sinusoidal waves and a large-scale shaking table
test in a designed laminar shear box with the input of the Wenchuan earthquake wave were carried out on
soilbags' retaining wall models. For comparison, the small-scale shaking table tests were also conducted on
horizontally reinforced retaining wall models. The horizontal acceleration responses, the Fourier spectra, the
dynamic earth pressure and the lateral displacements of soilbags' retaining wall models were investigated in
shaking table tests. The results show that the seismic response of the soilbags' retaining wall is equivalent to or
even slightly better than that of the horizontally reinforced retaining wall. The fundamental frequency and the
Fourier spectral characteristics of the soilbags’ retaining wall are similar to those of backfill sands. The dynamic
earth pressure of the wall model fluctuates almost synchronously with the input Wenchuan wave and no residual
earth pressure is induced by the seismic loading. The permanent lateral displacements are small when subjected
to multiple shakings, providing a proof that the retaining wall of soilbags has a good seismic performance.

1. Introduction

Earth retaining walls are commonly used in water conservancy, civil
engineering, transportation and other fields. They are usually classified
into two major types according to their deformation characteristics:
rigid retaining walls and flexible retaining walls. The former ones are
mainly made of concrete or masonry, and the latter ones are commonly
referred to reinforced retaining walls, in which planar geosynthetic
sheets (e.g. geotextiles and geogrids) or steel strips are commonly em-
bedded horizontally within retaining walls (Rowe and Skinner, 2001;
Sukmak et al., 2016; Yazdandoust, 2017a) and subgrades (Giroud and
Han, 2004; Chen et al., 2015). The engineering practices show that
flexible retaining walls, especially geosynthetic-reinforced soil (GRS)
walls have more satisfactory seismic performances than rigid ones.
Collin et al. (1992) reported that Geo-synthetic Reinforced Soil (GRS)
walls survived the Loma Prieta earthquake of 1989 with estimated
ground accelerations ranging from 0.3 to 0.7 g. Many conventional
gravity type retaining walls as well as numerous cantilever-type re-
inforced concrete retaining walls were seriously damaged during the
1995 Hyogoken-Nanbu earthquake in Japan (Koseki et al., 1998),
whereas geosynthetic reinforced-soil (GRS) retaining walls performed
well (Tatsuoka et al., 1996). The similar phenomena were also observed
after the 2008 Wenchuan earthquake (Zhang et al., 2012). Matsuoka

and Liu (2003) proposed an earth-reinforcement method with soilbags,
i.e., wrapping soils in entirely closed geotextile containers. As a result of
extensive studies on soilbags (Matsuoka et al., 2000a, 2000b; Matsuoka
and Liu, 1999, 2003), Matsuoka and Liu (2006) suggested that soilbags
could be used to construct retaining walls, which might also be re-
garded as a new type of GRS retaining wall.

Many researches have been conducted on GRS retaining walls,
especially on their seismic performance. These studies have applied
various methodologies including full-scale structures (e.g. Bathurst
et al., 2009; Koseki, 2012; Yang et al., 2012; Riccio et al., 2014; Liu
et al., 2019), reduced-scale models (e.g. El-Emam and Bathurst, 2007;
Nakajima, 2008; Sabermahani et al., 2009; Huang et al., 2011; Ehrlich
et al., 2012; Ling et al., 2012; Liu et al., 2017; Yazdandoust, 2018;
Huang, 2019; Ren et al., 2020; Li et al., 2020), numerical analysis (e.g.
Skinner and Rowe, 2005; Liu et al., 2014a; Yu et al., 2017; Fan et al.,
2020) and laboratory tests on reinforced soil (Tavakoli Mehrjardi et al.,
2012; Moghaddas Tafreshi et al., 2014; Plácido et al., 2018). Bathurst
et al. (2005) established a working stress method for the calculation of
reinforcement loads in GRS walls using a database of instrumented and
monitored full-scale field and laboratory walls. Shaking table tests fa-
cilitate testing of the seismic performance of GRS walls. Futaki et al.
(1996) studied the natural frequency and dynamic response of GRS
walls with different wall heights through large-scale shaking table tests.
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El-Emam and Bathurst (2004, 2007) provided the experimental design,
equipment and instrumentation for a reinforced soil wall response using
shaking table tests and carried out reduced-scale model shaking table
tests with rigid facing panels to investigate the reinforcement design
parameters.

Compared to GRS walls, fewer studies have been conducted on the
retaining wall of soilbags. A small number of studies are mainly focused
on the static performance of soilbags retaining wall (Fan et al., 2019;
Wang et al., 2019c) and the dynamic properties of stacked soilbags
(Cheng et al., 2016, 2017; Wang et al., 2019b). Liu et al. (2014c, 2016)
investigated the distribution of the earth pressures behind a soilbags-
stacked retaining wall and the lateral transmission in the retaining wall
through laboratory experiments. The results demonstrate that the sta-
bility of soilbags-constructed retaining walls is closely related to the
interlayer friction of soilbags depending on the bag friction, the grain
sizes of filling materials and the interlayer arrangements of soilbags. In
the soilbags-constructed retaining wall, soilbags are subjected to ex-
ternal loads not parallel to the short axis of soilbag. Liu et al. (2018)
theoretically investigated the strength characteristics of soilbags under
inclined loads and numerically simulated them using DEM. The dy-
namic properties of stacked soilbags were studied through a series of
cyclic lateral shear tests (Liu et al., 2014b). The test results illustrate
that soilbags have a relatively high damping ratio and variable hor-
izontal stiffness, which are significantly influenced by the infill mate-
rials at a low vertical stress but become nearly independent of the infill
materials at a high vertical stress. A primary design method for soil-
bags-constructed retaining walls has been proposed by Liu (2017).
Several application cases and the well performance of this new type
wall have been reported (Matsuoka and Liu, 2006; Wang et al., 2015a,
2019a; Liu et al., 2015, 2019). The studies and applications show that
the soilbags-constructed retaining wall has the advantages of weight
light and good adaptation to foundation deformation like GRS retaining
wall.

This paper presents the investigation of the seismic response of the
soilbags-stacked retaining wall model through shaking table tests.
Firstly, the seismic performance of the soilbags’ retaining wall was
qualitatively investigated through a series of small-scale shaking table
tests with the input of a sinusoidal wave and different accelerations.
Then, a large-scale shaking table test was conducted in a designed la-
minar shear box with the input of a seismic wave recorded during the
Wenchuan earthquake.

2. Small-scale shaking table tests

The most advantage of the small-scale shaking table is of its easy
and quick performance. To qualitatively understand the seismic re-
sponse of soilbags’ retaining wall and horizontal reinforced retaining
wall, a series of small-scale shaking table tests were conducted under
different dynamic base shaking with the input of a sinusoidal wave,
focusing on the seismic lateral displacements, dynamic earth pressures
and horizontal acceleration response. Since it is a comparative test and
has no actual project background, the similitude laws are ignored in the
tests.

2.1. Test setup

Fig. 1 shows the setup of the small-scale shaking table test on soil-
bags-stacked wall. The small-scale shaking table was electro-
magnetically controlled. It has a surface size of 70 cm × 70 cm, a
maximum gravity capacity of 300 kg, a maximum acceleration of
490 m/s2, and an operating frequency of 5–2000 Hz. A plexiglass-made
rectangle model box with a size of 120 cm × 50 cm × 45 cm was
bolted on the surface of the shaking table. A piece of sandpaper was
placed at the bottom of the model box to prevent the sliding between
the retaining wall and the bottom plate. The vertical inner surface of
the model box was coated with silicone grease and covered with a layer

of plastic film to reduce the friction between the retaining wall and the
model box.

The retaining wall model was 40 cm wide by 45 cm high, staggered
with ten layers of soilbags (two sizes: 20 cm × 20 cm × 4.5 cm and
20 cm× 10 cm× 4.5 cm). The soilbags were made by filling river sand
into woven bags, which were made of polypropylene (PP) and had the
weight of 84 g per-square meter, the elongation more than 25%, the
warp and weft tensile strength of 7.7 kN/m and 5.7 kN/m, respectively.
The river sand has the maximum grain size of 5 mm, the non-uniform
coefficient Cu of 2.04 and the curvature coefficient Cc of 1.08. The in-
ternal friction angle and cohesion of the river sand are 35.4° and
3.25 kPa, respectively. The same river sand was backfilled behind the
retaining wall, which was placed into the model box in five layers and
compacted to be a density of 1.75 g/cm3.

Five horizontal accelerometers (SA1-SA5) were installed in the
backfill sand along the height and one horizontal accelerometer (SA0)
was placed on the surface of the shaking table. Three displacement
meters (SL1-SL3) were installed onto one batten that was fixed by one
steel frame to measure the lateral displacements of the wall. Five strain
pressure sensors (SS1-SS5) were installed behind the wall along the
height to measure the dynamic earth pressures.

For comparison, the shaking table tests were also performed on a
retaining wall that was horizontally reinforced with 5 layers of geo-
textile strips. The geotextile strip has the same width as the soilbags
wall. It has a unit weight of 160 g/m2, the elongation more than 25%
and the warp and weft tensile strength 25.8 kN/m and 16.2 kN/m,
respectively.

The tests were carried out under five different input peak accel-
erations of 0.1 g, 0.2 g, 0.3 g and 0.4 g with the same sine waves and the
frequency of 6 Hz. The shaking lasted 50s in each test.

Fig. 1. Schematic diagram and photograph of the small-scale shaking table test
(unit: cm): (a) schematic diagram; (b) photograph.
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2.2. Test results

Fig. 2 shows the distribution of the lateral displacements of the
retaining wall model along the wall height at different input base ac-
celerations. It can be seen that the lateral displacements of the retaining
wall of soilbags are large at the top and small at the bottom, similar to
the horizontal shaking of a cantilever beam, while the maximum lateral
displacements of the horizontally reinforced soil wall take place nearly
in the middle height of the wall. When the input acceleration is less
than 0.2 g, the lateral displacements of the two retaining walls are less
than 1 mm; when the input acceleration is larger than 0.3 g, the lateral
displacements of the two walls begin to increase significantly. Overall,
the lateral displacement of the soilbags-stacked wall is less than that of
the horizontally reinforced soil wall, especially at the lower part of the
wall. At the input acceleration of 0.4 g, the maximum lateral dis-
placements of the soilbags-stacked wall and the horizontally reinforced
soil wall are 9 mm and 27 mm, respectively.

Determining the actual change in lateral earth pressure is one of the
most important factors in the optimal design of reinforced soil struc-
tures (Yazdandoust, 2017b; Wang et al., 2018). To compare the dy-
namic earth pressure of the two different kinds of retaining walls, the
measured peak dynamic earth pressures (σH) were normalized to the
soil unit weight (γ) and the wall height (H). Fig. 3 shows the

distributions of normalized dynamic earth pressures along the wall
height at different input base accelerations. Similar distributions along
the wall height have been observed, but the magnitudes of the soilbags-
stacked wall are smaller at the same height. It demonstrates that at the
input base accelerations of 0.1 g and 0.2 g, the normalized dynamic
earth pressures of the two retaining walls have nearly linear increasing
tendency with the wall height, while they depict different curved
shapes at the input base accelerations of 0.3 g and 0.4 g. At the input
base acceleration of 0.4 g, the maximum normalized dynamic earth
pressures of the reinforced soil wall and the soilbags-stacked wall are
0.43 and 0.29, respectively.

Fig. 4 shows the amplification of input base accelerations of the two
retaining walls along the wall height, in which the amplification factor
is the ratio of the acceleration measured within the backfill sand to the
input base acceleration. It demonstrates that the amplification factors
almost linearly increase along the wall height in the two kinds of the
wall models regardless of what input base accelerations. However, the
magnitudes in the soilbags-stacked wall are slightly smaller than those
in the horizontally reinforced soil wall under the same conditions.

The above test results demonstrate qualitatively that the seismic
response of the soilbags-stacked retaining wall is equivalent to or even
slightly better than that of the horizontally reinforced soil wall.

Fig. 2. Lateral displacements along the wall height at different input accel-
erations (f = 6 Hz): (a) soilbags-stacked wall; (b) horizontally reinforced soil
wall.

Fig. 3. Dynamic earth pressure coefficients along the wall height under dif-
ferent input accelerations: (a) soilbags-stacked wall; (b) horizontally reinforced
soil wall.
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2.3. Improvement of the soilbags-stacked retaining wall

As shown in Fig. 2(a), the maximum lateral displacements of the
soilbags-stacked retaining wall happen at the top under different input
base accelerations, indicating that the soilbags at the top of the re-
taining wall are prone to fall during the horizontal shaking. To prevent

the fall of the top soilbags and increase the stability of the retaining
wall, the top three-layers of soilbags were enveloped with geotextile
strips, as shown in the insert of Fig. 5. The outmost soilbag in each of
the top three layers was wrapped with the extended end of the geo-
textile strip placed on the lower layer of soilbags. The geotextile strips
are the same as used in horizontally reinforced soil wall. Fig. 5 shows
the comparison of the lateral displacements of the wall with and
without the top reinforcement under the shaking of 0.4 g base accel-
eration. The comparison illustrates that the reinforcement of the top
three layers of soilbags can reduce significantly the lateral displacement
of the wall, which provides an effective way to improve the seismic
performance of the retaining wall of soilbags.

Fig. 4. Amplification of input base acceleration along the wall height
(f = 6 Hz): (a) soilbags-stacked wall; (b) horizontally reinforced soil wall.

Fig. 5. Comparison of the lateral displacements of the wall with and without
the top reinforcement.

Table 1
Scaling factors for the shaking table model.

Variable Parameter Similitude rule Scaling factor

Length l Sl 6
Density ρ Sρ 1
Acceleration a Sa 1
Velocity v

=S Sv l1/2 2.45

Displacement u =S Su l 6
Cohesion c =S S S Sc a ρ l 6
Frictional angle ϕ =S 1ϕ 1
Time t

=
−S S St l a1/2 1/2 2.45

Frequency ω
=

−S S Sω l a1/2 1/2 0.41

Force F
=S S S SF a ρ l3 216

Fig. 6. General arrangement and instrument layout of retaining wall model of
soilbags (Unit: cm): (a) cross section; (b) front view.
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3. Large-scale shaking table test

3.1. Test equipment

The tests were carried out on a 2.0 m × 2.8 m shaking table that
was served by an electro-hydraulic energy control system. The shaking
table has the maximum horizontal acceleration of± 1.2 g, the oper-
ating frequency of 0.1–100 Hz and the maximum gravity capacity of
6 × 103kg. The soilbags’ retaining wall model was constructed in a
laminar shear container of 2.0 m (Length) × 1.2 m (Width) × 1.1 m
(Height), which composed of 14-layer laminated frames. Each frame
was made of four steel tubes with a square cross-section of
60 mm × 60 mm and the thickness of 3 mm, and frictionless ball
bearings were placed between laminated frames. The laminar shear
container has two advantages over the conventional rigid model boxes
(Chen et al., 2010): 1) the vibration of the soil near the wall of the
laminar shear container is hardly restricted, so that the seismic wave
can propagate outward at the interface of the laminated frames with
less scattered and reflected waves produced; 2) it can simultaneously
deform with the backfill soil.

3.2. Similitude rule

To study the seismic response characteristics of the retaining wall
and the backfill sand, the similitude rules of the various physical and
mechanical variables were exported by the Buckingham's π theorem in
dimensional analysis theories. In this study, basic physical variables
needed in the similitude rule were chosen to be length, density and
acceleration. In view of the ability of shaking table facility, an 80 cm-
high model of soilbags-stacked retaining wall was designed with the 1/
6 scaling factor (S), equivalent to a 4.8 m height prototype. Meanwhile,
the values of scaling ratio for the density and the acceleration were both
fixed at 1.0 to make the prototype soil applicable in shaking table tests.
Subsequently, the scaling ratios for some main parameters of the ex-
perimental model can be deduced by taking the length, the density and

the acceleration as control variables based on the Buckingham π the-
orem, as listed in Table 1.

3.3. Test setup and instrument layout

In the laminar shear container, a retaining wall model of soilbags
with dimensions of 120 cm wide by 50 cm thick by 80 cm high was
constructed with 16 layers of soilbags, which were vertically arranged
in a staggered form. Behind the retaining wall, river sands were back-
filled in the container with a length of 110 cm. The soilbags and the
river sands are the same as those used in the small-scale shaking table
tests. The soilbags at the top layer of the retaining wall were enveloped
with a geogrid. Fig. 6 shows the general arrangement and the instru-
ment layout of the retaining wall model of soilbags. Ten horizontal
accelerometers were installed in the testing model, five onto the wall
surface (A1-A5) and five inside the backfill sand (A6-A10). One hor-
izontal accelerometer was set on the shaking table platform to record
the acceleration response of the shaking table. Five dynamic displace-
ment meters (L1-L5) were installed onto a fixed steel frame to measure
the lateral displacements of the wall. Five dynamic earth pressure
sensors (S1–S5) were installed behind the wall to record the dynamic
earth pressure response of the retaining wall during the shaking test.

Fig. 7 shows the preparation for the retaining wall model of soilbags
and instruments installation in the laminar shear container. In the test
model, the moisture content and the density of the backfill sand were
controlled to be 3% and 1.66 g/cm3, respectively. Each layer of soilbags
was slightly compacted and leveled with a small platen hamper. The
backfill sands were simultaneously placed with the soilbags. After the
placement of each two layers of soilbags, the backfill sands were
compacted to the desired density of 1.66 g/cm3 (Fig. 7(a)). The mon-
itoring instruments were embedded in the pre-set position during the
construction of the soilbags’ wall model, as shown in Fig. 7(b). After
completing the model, the laminar shear container was lifted and
moved onto the shaking table by a crane, and then bolted on the
shaking table. Finally, all the instruments were connected to a data

Fig. 7. Preparation for retaining wall model of soilbags and instruments installation.
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acquisition system, as shown in Fig. 7(c) and (d).

3.4. Test conditions

In this study, the horizontal seismic wave measured during the
Wenchuan earthquake in China in 2008 (Wenchuan wave) was used as
the external excitation of the wall model, as shown in Fig. 8. The model
was subjected to several different excitations from weak (low ampli-
tude) to strong (high amplitude) peak base accelerations, as shown in

Table 1. To acquire the fundamental frequency of the testing retaining
wall model, a 30 s white noise wave was added before each shaking
under the Wenchuan wave, which is a random noise signal with
bandwidth of 1–100 Hz and root mean square (RMS) acceleration of
0.05 g.

3.5. Test results and discussion

3.5.1. Observed phenomenon
During the shaking tests under different input peak accelerations,

the seismic response of the retaining wall and the surface of the backfill
sands were closely observed. The retaining wall model of soilbags was
slightly shaken and basically intact under shaking cases of W1-0.1 g and
W2-0.2 g. When the input peak acceleration increased to 0.4 g, small
cracks happened at the interface between the wall and the backfill
sands. Under the shaking case of W4-0.6 g, the retaining wall shook
violently, and the crack developed across the whole surface of the
backfill sands after the shaking test, as shown in Fig. 9.

3.5.2. Spectral characteristics of the wall model under white noise wave
As aforementioned, a 30 s white noise wave was added before the

first shaking under the Wenchuan wave. Fig. 10 shows the Fourier
spectra for the test points in front of the wall model and on the shaking
table under B1 case. It is seen that the Fourier amplitude of the input
white noise wave (point A0) changes slightly within 0–50 Hz. However,
the Fourier amplitudes of the test points in front of the wall are quite
different from the point A0, which increase along the wall height. For
the test point A1 at the top of the wall, there are two peaks around
15 Hz and 33 Hz, corresponding to two fundamental frequencies. These
different spectral characteristics along the wall height will cause dif-
ferent dynamic responses under the seismic wave.

Furthermore, a white noise wave was also added after each shaking
test under the Wenchuan wave with different peak accelerations.
Fig. 11 shows the Fourier spectra for the test point A1 at the top of the
wall under the cases of B2, B3, B4 and B5. It is found that the magni-
tudes and the positions of the peak Fourier amplitudes are different
under the four shaking cases, illustrating that the fundamental fre-
quencies of the wall model change after the shaking under the
Wenchuan wave with different peak accelerations.

3.5.3. Acceleration response of wall under Wenchuan wave
Fig. 12 shows the time history of the horizontal acceleration re-

sponse and Fourier spectra for test points A1 and A3 in front of the wall
under the shaking case of W4-0.6 g. It demonstrates that the peak ac-
celerations of the wall model increase along the wall height from the
bottom to the top, with the values of 0.72 g, and 1.17 g at test points
A3, and A1, respectively. This increasing trend was also observed in

Fig. 8. Time-history and Fourier spectrum of compressed Wenchuan wave
(time scaling factor: 2.45): (a) input wave; (b) Fourier spectrum.

Fig. 9. Observed crack at the interface between the wall and the backfill sands
after the shaking test.

Fig. 10. Fourier spectra of the horizontal acceleration response for test points
A1, A3 and A0 under B1 shaking case.
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rigid retaining walls and reinforced earth retaining walls (Lin et al.,
2017; Yazdandoust, 2017a; Wang et al., 2015b). The Fourier spectra
results illustrate that the peak accelerations of the wall model are
within the frequency less than 40 Hz. Compared to the input Wenchuan
wave (Fig. 8(b)), the Fourier amplitude of the wall model increases at
the frequency of 5–15 Hz, while the Fourier amplitude is filtered out at
the frequency larger than 20 Hz.

Fig. 13 presents the Fourier spectra of backfill sands at test points
A6 and A8 under the shaking case of W4-0.6 g. The peak Fourier am-
plitudes appear within the frequency range of 5–15 Hz, similar to those
of test points A1 and A3 at the same height (see Fig. 12). The similarity
of the Fourier spectra of backfill sands with the wall at the same height
means that their fundamental frequencies are nearly the same. That is
to say, the stiffness of soilbags’ retaining wall is close to that of backfill
sands, so that the retaining wall can deform basically together with the
backfill sands.

Fig. 14 gives the Fourier spectra for test point A1 under the shaking
cases of W1-0.1 g, W2-0.2 g and W3-0.4 g. It demonstrates that at the
input peak acceleration of 0.1 g, the Fourier spectrum of the retaining
wall of soilbags has two peaks (i.e. the amplification effects) in the
frequency ranges of 5–15 Hz and 25–35 Hz, respectively. With the in-
creasing input peak acceleration, the Fourier amplitude increases
within the 5–15 Hz and decreases within the 25–35 Hz. At the input
peak acceleration of 0.6 g, only one peak appears within the frequency
range of 5–15 Hz (see Fig. 12(a)). This means that the fundamental
frequency of the retaining wall of soilbags decreases with the increasing
input peak acceleration. As listed in Table 2, the retaining wall model of
soilbags was subjected to a series of shakings under the Wenchuan wave
with increasing peak acceleration. After each shaking, the stiffness of
the retaining wall model of soilbags might decrease slightly. It is

considered that the shaking numbers also contribute to the decrease of
the fundamental frequency in Fig. 14.

The horizontal peak acceleration amplification, which is defined as
the ratio of the horizontal peak acceleration response measured at test
points to that on the shaking table platform in time history, is adopted
to evaluate the effect of the horizontal acceleration amplification.
Fig. 15 shows the distributions of the horizontal peak acceleration
amplification along the wall height under the four shaking cases of W1-
0.1 g to W4-0.6 g. It is seen that the acceleration amplification increases
along the wall height, and a dramatic increase exists at the height of
60 cm, representing the whipping effect of the flexible structure. At the
same wall height, the acceleration amplification tends to decrease when
the input peak acceleration increases from 0.1 g to 0.4 g, and turns to
increase when the input peak acceleration increases from 0.4 g to 0.6 g.
This is because no interlayer slipping of soilbags occurs in the retaining
wall when the input peak acceleration is small (less than 0.4 g). In these
cases, the decrease of the acceleration amplification may result from the
increase of the friction energy dissipation due to the frictional motion of
sand particles in bags during the shaking. However, when the input
peak acceleration reaches 0.6 g, the retaining wall shakes violently,
leading to the interlayer slipping of soilbags and the increase of the
acceleration amplification of the retaining wall.

3.5.4. Dynamic earth pressure response
The dynamic earth pressure on the retaining wall of soilbags under

the shaking case of W4-0.6 g is typically studied. The initial earth
pressure induced by self-weight is removed to only analyze the dynamic
earth pressure increment under seismic loading. Fig. 16 shows the time
history of dynamic earth pressure at test point S5, in which the positive
value refers to a compressive pressure. It is found that the dynamic

Fig. 11. Fourier spectra of the horizontal acceleration response for the test point A1 under B2, B3, B4 and B5 shaking cases: (a) B2; (b) B3; (c) B4; (d) B5.
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earth pressure fluctuates almost synchronously with the input
Wenchuan wave (cf. Fig. 8(a)). After the shaking, the baseline of the
dynamic earth pressure returns to zero-line, indicating that no residual
earth pressure is induced by the seismic loading.

The measured peak dynamic earth pressures (σH) were normalized
to the soil unit weight (γ) and the wall height (H). Fig. 17 shows the
distribution of the normalized peak dynamic earth pressure response
behind the wall under the four shaking cases along the wall height. It
demonstrates that the peak dynamic earth pressure increases with the
increasing input peak acceleration at the same test point and presents

approximately a “S-shape” (i.e. “bimodal”) distribution along the wall
height. Zhu et al. (2012) reported another form of the bimodal dis-
tribution for peak dynamic earth pressure response in a strip-reinforced
earth retaining wall obtained by the shaking table test. The distribu-
tions have an inflection at 40 cm of height, which may due to the larger
permanent lateral displacement at this height. However, as the bimodal
distribution for peak dynamic earth pressure response in retaining walls
has seldom been observed, further investigation and reasonable ex-
planation are needed.

Fig. 12. Acceleration time histories and Fourier spectra for test points A1 and A3 in front of the wall under W4-0.6 g shaking case: (a) A1; (b) A3.

Fig. 13. Fourier spectra of backfill sands at test points A6 and A8 under W4-
0.6 g shaking case.

Fig. 14. Fourier spectra of the test point A1 under W1-0.1 g, W2-0.2 g and W3-
0.4 g shaking cases.
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3.5.5. Lateral displacements of wall
Fig. 18 gives the time histories of lateral displacements of the wall

top at test point L1 under the four shaking cases (W1-0.1 g to W4-0.6 g).
It shows that the lateral displacements of the wall top are very small
under the shaking cases of W1-0.1 g and W2-0.2 g, and almost no re-
sidual lateral displacements are induced. With the increase of the input
peak acceleration, the lateral displacement of the wall top increases.
Under the shaking case of W4-0.6 g, the peak and residual values of
lateral displacement of the wall top are 7.84 mm and 1.64 mm, re-
spectively.

Fig. 19 shows the distribution of permanent lateral displacements
after four shakings along the wall height. It demonstrates that the dis-
tributions of permanent lateral displacements with small values are
nearly linear along the wall height under the shaking cases of W1-0.1 g
and W2-0.2 g. Under the shaking cases of W3-0.4 g and W4-0.6 g, the
distributions of permanent lateral displacements are nonlinear along
the wall height with a turnpoint around 45 cm wall height. The per-
manent lateral displacements increase significantly below the turnpoint
and the increments become small above the turnpoint. After four
shakings, the maximum permanent lateral displacement of the wall is
2.32 mm, 0.29% of the wall height. Usually, the lateral displacement
index, defined as the ratio of the wall top displacement to the wall
height, is used to evaluate the safety of retaining walls. According to the
post-investigation results of the Wenchuan earthquake, if the lateral
displacement index is less than 1.0%, the retaining wall could be
slightly damaged. Therefore, the results of the shaking table tests in-
dicate that the retaining wall of soilbags has a good seismic perfor-
mance.

Table 2
Shaking cases of the large-scale shaking table test.

No. Seismic wave Shaking case Input time (s) Peak acceleration (g)

1 White noise B1 30 0.05
2 Wenchuan wave W1 32.6 0.1
3 White noise B2 30 0.05
4 Wenchuan wave W2 32.6 0.2
5 White noise B3 30 0.05
6 Wenchuan wave W3 32.6 0.4
7 White noise B4 30 0.05
8 Wenchuan wave W4 32.6 0.6
9 White noise B5 30 0.05

Fig. 15. Distribution of horizontal peak acceleration amplification along wall
height.

Fig. 16. Time history of dynamic earth pressure at test point S5.

Fig. 17. Distribution of peak dynamic earth pressure coefficients along wall
height.

Fig. 18. Time histories of lateral displacements of wall top at test point L1.

Fig. 19. Permanent lateral displacements along the wall height.
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4. Conclusion

This paper presents the investigation of the seismic response of the
soilbags-stacked retaining wall model through a series of small-scale
shaking table tests with the input of a sinusoidal wave and different
accelerations and a large-scale shaking table test in a designed laminar
shear box with the input of the Wenchuan earthquake wave. The fol-
lowing conclusions can be obtained:

(1) For the same size, the lateral displacement, the dynamic earth
pressure and the peak acceleration amplification of the soilbags-
stacked wall are less than those of the horizontally reinforced soil
wall. The seismic response of the soilbags-stacked retaining wall is
equivalent to or even slightly better than that of the horizontally
reinforced soil wall.

(2) The reinforcement of the top layers of soilbags can reduce sig-
nificantly the lateral displacement of the wall, which provides an
effective way to improve the seismic performance of the retaining
wall of soilbags.

(3) The fundamental frequencies of the retaining wall of soilbags may
vary along the wall height after the shaking under the Wenchuan
wave with different input peak accelerations.

(4) Under the Wenchuan wave shaking, the peak acceleration of the
retaining wall model of soilbags increases along the wall height
from the bottom to the top within the frequency less than 40 Hz.
Compared to the input Wenchuan wave, the Fourier amplitude of
the wall model increases within the frequencies ranging from 5 to
15 Hz and is filtered out within the frequencies larger than 20 Hz.
The fundamental frequency and the Fourier spectral characteristics
of the soilbags' retaining wall are similar to those of backfill sands,
so that the retaining wall can deform basically together with the
backfill sands.

(5) The dynamic earth pressure of the wall model fluctuates almost
synchronously with the input Wenchuan wave and no residual
earth pressure is induced by the seismic loading. An approximately
bimodal distribution of peak dynamic earth pressure was observed
along the wall height, which should be further investigated.

(6) The permanent lateral displacements of the retaining wall model of
soilbags are small when subjected to multiple shakings. The max-
imum ratio of the permanent lateral displacement of the wall model
to the wall height is 0.29%, far less than the suggested value of
1.0% in the post-investigation of the Wenchuan earthquake. It
provides a proof that the retaining wall of soilbags has a good
seismic performance.
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