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A B S T R A C T

This paper presents a field study of constructing retaining walls using soilbags that are formed by filling the
excavated clayey soils into woven bags (geosynthetics). The strength and deformation of the soilbags filled with
clayey soils were studied via laboratory tests. A 100m testing retaining wall was constructed with soilbags in a
waterway project. The lateral deformation, the lateral pressures and the surface settlements of the testing re-
taining wall were monitored during construction and after 7 months operation. The results show that the
soilbags can increase the strength of clayey soils. After 7 months of the completion, the lateral deformation and
the surface settlement of the testing retaining wall tend to be stable with the maximum values of 29.4 cm and
19.2 cm, respectively. The lateral earth pressure on the front retaining structure could be positively reduced
owing to the interlayer's friction of soilbags. Compared to the conventional gravity concrete retaining wall, about
38% construction cost was saved in the 100m testing retaining wall.

1. Introduction

Inland river navigation plays an important role in a modern com-
prehensive transportation system. The construction of high-grade wa-
terways is required for the inland river navigation with the increase in
quantities of shipments and large-scale freight ships. In plain areas, the
construction of high-grade waterways usually produces massive clayey
soils which should be treated properly. As the clayey soils have the
characteristics of high water content, high compressibility and low
strength (Wang and Luna, 2012; Naeini and Gholampoor, 2014; Butt
et al., 2016; Jotisankasa and Rurgchaisri, 2018), they are usually
treated as waste materials or backfilled behind walls after the dehy-
dration or chemical improvement (Tremblay et al., 2002; Zhu et al.,
2007; Quang and Chai, 2015; Dadouch et al., 2015). When the clayey
soils are treated as waste materials, they not only occupy land re-
sources, but also inevitably cause environmental pollution (Tang et al.,
2001). The dehydration or chemical improvement of clayey soils is
usually cost expensive and time consuming (Glendinning et al., 2007;
Jeyakanthan et al., 2011; Shi et al., 2017). On the other hand, retaining
walls, most commonly concrete/masonry gravity retaining walls, are
usually constructed along the two banks of the approach channels in a
waterway project. As gravity retaining walls require high bearing ca-
pacity of foundation, the soft foundation has to be treated, leading to
relatively high cost of the project (Dong et al., 2004; Sadrekarimi and
Abbasnejad, 2010). The alternative way to solve this problem is to use
geosynthetic-reinforced earth retaining walls as they are weight light

and easily adapt to foundation deformation (Yang et al., 2009; Santos
et al., 2014; Yoo, 2017; Song et al., 2018). Some geosynthetic-re-
inforced earth retaining walls constructed on soft foundations and the
related researches have been reported (Rowe and Skinner, 2001;
Skinner and Rowe, 2005; Huang and Luo, 2010; Santos et al., 2013; Xue
et al., 2014; Zou et al., 2016).

As a result of extensive studies on soilbags, Matsuoka and Liu (2005)
proposed a way of constructing retaining walls using soilbags, which
could be regarded as a new type of the geosynthetic-reinforced earth
retaining wall. Liu et al. (2014) 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
stability of soilbags-constructed retaining walls is closely related to the
interlayer friction of soilbags, which is influenced by the bag friction,
the grain sizes of filling materials and the interlayer arrangements of
soilbags (Liu et al., 2016). The shaking table tests indicate that the
soilbags-constructed retaining walls have a good seismic performance
owing to the relatively flexibility of soilbags (Liu et al., 2015; Li et al.,
2015). A primary design method for soilbags-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, 2005; Liu, 2017). It has been found the soilbags-
constructed retaining wall has the advantages of weight light and good
adaptation to foundation deformation like the geosynthetic-reinforced
earth retaining wall. However, it is noted that the infill materials of
soilbags and the backfill materials of retaining walls in the past
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application cases are mainly coarse granular materials or low-cohesion
soils like sands, gravels and loamy soils, and clayey soils are seldom
used.

This paper presents a case study of constructing a retaining wall
using soilbags, in which the infill materials of soilbags and the backfill
materials of the retaining wall are clayey soils excavated in a waterway
project. The unconfined compression tests were carried out to in-
vestigate the strength and deformation properties of soilbags with the
infill materials of clayey soils. The construction way of the clay-filled
soilbags was proposed. The lateral deformation, the lateral pressures
and the surface settlements of the retaining wall were monitored during
the construction and after the completion for 7 months.

2. Properties of clay-filled soilbags

The strength and deformation properties of the soilbags filled with
clayey soils were investigated through unconfined compression tests.
The polypropylene-made bags with a mass weight of 150 g per-square
meter were used. The tensile strengths of the bags are 37.1 kN/m and
28.0 kN/m in warp and weft directions, respectively. The warp and weft
elongation are both less than 25%. The infill materials of the soilbags
are the clayey soils, which were excavated in the field with the physical
and mechanical properties as listed in Table 1.

The unconfined compression tests were carried out on three clay-
filled soilbags that were stacked vertically, as shown in Fig. 1(a). One
soilbag has a length of 66 cm, a width of 50 cm and a height of 7 cm.
The device used was the same as the one for testing compressive
strengths of concrete blocks. The vertical load was continuously applied
on the stacked soilbags by uplifting the baseplate of the device at a
speed of 3.5mm/min until the breakage of soilbags happened, ac-
companying with the sudden decrease of the vertical load. The tests
were repeated twice for the reproducibility. As shown in Fig. 1(a), it
was obviously observed that there was water seeping from the bags
during the compression, indicating that the woven bags have the ca-
pacity of filtering water and keeping infill soils. The soilbags became
flatter after the tests with a dimension of about
73.2 cm×54.5 cm×5.4 cm. Fig. 1(b) shows the soilbag locally torn up
in the warp direction in the middle of the top surface. Tantono and
Bauer (2008) numerically simulated a soilbag under vertical compres-
sion and found that the distribution of the tensile stress in the bag
material in the circumference of the soilbag is not uniform in the case of
the interlocked interface and the limit tensile stress is first reached at
the middle part of the soilbag. This is in agreement with the experi-
mental phenomena of Fig. 1(b). Fig. 2 gives the evolutions of the ver-
tical loads with vertical compressive deformation of the two unconfined
compression tests. The ultimate vertical loads of the soilbags are 560 kN
and 620 kN, respectively, corresponding to the compressive strengths of
1.40MPa and 1.55MPa.

After the unconfined compression tests, the water content of the
clayey soils inside the bags was measured to be 46.5% on average,
which was lower than the initial one (before the compression tests) by
3.9%. Meanwhile, the shear strength of the infill clayey soils was
measured by direct shear tests under the unconsolidated-undrained
(UU) condition. Fig. 3 gives the measured shear strengths of the clayey
soils in the three soilbags (averaging after the two compression tests).
The strength parameters of the infill clayey soils are: c= 15.4 kPa,
ϕ=10.8°. Compared to the initial ones, the cohesion of the infill clayey
soils changes slightly, but the internal friction angle increases by 4.9°
owing to the enhancement of the inter-particle contacts of the infill
clayey soils.

Theoretically, the unconfined compressive strength σv of soilbags
(Matsuoka and Liu, 2005) can be predicted by
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T is the tensile strength along the bag. KP is equal to (1+sinφ)/(1-
sinφ); c and φ are the cohesion and the internal friction angle of the
infill soils, respectively. By using the tensile strength T of 37.1 kN/m in
the warp direction, the compressive strength σv of the soilbags tested is
calculated to be 1.45MPa, which agrees well with the measured values.
As the compressive strength of 1.45MPa is equivalent to the 1/10
compressive strength of C25 concrete, the soilbag filled with the clayey
soils may be regarded as a “soft rock”. The high compressive strength of
the soilbags is attributed to the tensile force of the bag that enhances
the contacts between the soil particles inside the bag, resulting from the
extension of the bags perimeter under the action of external loads.

In conclusion, if the clayey soils are filled into a woven bag to form a
soilbag, it has a high compressive strength and thus can be used to
construct retaining walls.

3. Testing retaining wall with soilbags

3.1. Design of the retaining wall

A 100m long testing retaining wall with a height of 5m was built on
a soft foundation in the navigation channel of a waterway project. The
soft foundation mainly consists of three layers (see Fig. 4): the first layer
of artificially backfilled soil near the ground surface (EL. 2.20m) with
an average thickness of 1.2 m, the second layer of clayey soils ap-
proximately located between EL.1.00 m and EL.-19.00 m, and the third
layer of silt clays below EL.-19.0 m. The first layer was excavated and
abandoned in the project. The clayey soils excavated in the second layer
were directly filled into the woven bags to form soilbags, which were
used to build the retaining wall. The properties of the clayey soils have
been given in Table 1.

Fig. 4 shows the design of the retaining wall constructed with clay-
filled soilbags. A 0.6 m thick and 5m high L-type concrete facing was
designed to protect the collision of passing ships on the retaining wall,
which was built using C25 concrete (the compressive strength is 25 N/
mm2) on the foundation treated with cement mixing piles. And a 0.5m
thick concrete ribbed slab is installed behind the L-type wall with an
interval of 3.5m. Behind the L-type concrete facing, the clay-filled
soilbags were backfilled, which were arranged in a staggered form. The
soilbags have two sizes: one is 120 cm×120 cm×30 cm and the other
is 120 cm×60 cm×30 cm. Apart from the bottom, the width of the
soilbags retaining wall is 3.6 m, three columns of
120 cm×120 cm×30 cm soilbags. The excavation slope of the navi-
gation channel was designed to be 1:4 on the basis of the stability
calculation. On the excavation slope, three columns of
120 cm×120 cm×30 cm soilbags were placed. Between the soilbags
behind the L-type concrete facing and those on the excavated slope, the
clayey soils were directly backfilled. Every 30 cm high the backfilled
soil was patted using the excavator bucket for 4 times. Every four layers
of the soilbags were wrapped with HDPE uniaxial geogrids that has an
ultimate tensile strength of 65 kN/m, a tensile strength of 31 kN/m at
5% strain and an ultimate tensile strain of 12%.

3.2. Construction of clay-filled soilbags

Usually, soilbags are made in advance on some places near the
construction site and then transported to the construction site to be laid.
However, in the case that clayey soils are used as the infilled materials
of soilbags, this construction way is not applicable as clayey soils ex-
cavated in fields are high sticky and cake-like and hard to be filled into
woven bags. For this reason, we designed a kind of box-shaped bags and
proposed an in-place construction method. The box-shaped bag was
made of polypropylene with a weight of 150 g per-square meter, as used
in the laboratory tests. The opening of the bag is positioned on the top
surface, where clayey soils can be filled in by excavators, as shown in
the Fig. 5 (a). An iron frame that can contain simultaneously three bags
was also designed, as shown in Fig. 5 (b). Instead of the traditional
construction method, the proposed in-place construction method is to
fill clayey soils into bags in the construction site and move the iron

Fig. 1. Unconfined compression tests on clay-filled soilbags: (a) Schematic view; (b) Under compression; (c) Torn place on the soilbag surface.

Fig. 2. Results of unconfined compression tests on soilbags.

Fig. 3. Shear strength of the infill soils before and after the compression tests.
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frame to the next place after the sealing of the soilbags, as shown in
Fig. 5 (c) and (d). A hand sewing machine and nylon threads were used
to sew soilbags. The nylon thread has a tensile strength of about
700 kN/m, much greater than the tensile strength of the woven bags.
The opening on the top surface of the boxed bag has four sides. The
inner two short sides were firstly sewed and the outside two long sides
were then sewed.

Fig. 6 shows the proposed in-place construction method applied in
the testing retaining wall. The construction process is as follows: 1)
three box-shaped bags were placed into the frame and the clayey soils
were filled into the bags using a backhoe (Fig. 6(a)); 2) after the sealing
of the bags with a hand sewing machine, the frame was lifted with the
backhoe and moved to the next place adjacent to the filled soilbags
(Fig. 6(b)); (3) the filled soilbags were compacted with the backhoe to
ensure the development of the bag tensile force and to reduce the set-
tlement of the retaining wall after the completion. The interstices be-
tween the completed soilbags as shown in Fig. 6(c) would be filled with
the infill soils of the bags; (4) when four layers of the soilbags behind

the L-type concrete facing and those on the excavated slope were
completed, they were wrapped with HDPE uniaxial geogrids, as shown
in Fig. 6(d). Thirty soilbags could be constructed per hour in this testing
retaining wall.

3.3. Monitoring instruments

In order to evaluate the behavior of the testing retaining wall, a
number of monitoring instruments were installed in the middle section
of the testing retaining wall during the construction. As shown in Fig. 4,
the instruments include twelve earth pressure cells (denoted as EPC1-6
and EPS1-6), two inclinometer tubes (IT1 in front of the L-type concrete
facing and IT2 in the retaining wall of soilbags), two displacement
meters on the geogrids (DM1 and DM2) and two settlement observation
points on the top surface of the retaining wall (SP1 and SP2, 1.8m and
12.5 m away from the L-type concrete wall, respectively).

The 10m long retaining wall with the instruments installed were
constructed from January 26th to 29th, 2015, which was regarded as

Fig. 4. Schematic view of the retaining wall constructed with soilbags.

Fig. 5. In-place construction method of soilbags filled with clayey soils: (a) Box-shaped bag; (b) Construction frame; (c) Schematic view; (d) Field photo.
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the construction period in the monitoring period. During the con-
struction period, the earth pressures behind the L-type concrete facing
and in the retaining wall of soilbags and the displacements of the
geogrids as well as the lateral displacements in front of the L-type
concrete facing were measured. After the completion of the retaining
wall, the IT2 inclinometer tube and the two settlement observation
points of SP1 and SP2 were monitored in addition to the measurements
during the construction period. The waterway was open to navigation
in June 4, 2015. In the monitoring, the period from 2015 to 02-01 to
2015-06-03 and the period after 2015-06-04 were called as the com-
pletion period and the operation period, respectively. The monitoring
was stopped at 2015–08, as the measures earth pressures and the dis-
placements were basically unchanged.

4. Monitored results

4.1. Lateral displacements

Fig. 7 shows the lateral displacements of the foundation and the
retaining wall of soilbags measured by the inclinometer tubes IT1 and
IT2. It can be seen from Fig. 7(a) that the lateral displacement of the
foundation in front of the L-type concrete facing (IT1) increases during
the construction of the soilbags and develops further after the com-
pletion of the soilbags. The maximum measurement of IT1, occurring
on EL.-4.0 m of the gravel cushion, is 10.0 mm at the end of construc-
tion (2015-01-29) and reaches 19.2 mm at 2015-06-03, i.e. the incre-
ment is 9.2mm during the completion period. When the waterway was
open to navigation at 2015-06-04, the inclinometer tube IT1 was sub-
merged and the measurement was stopped. The inclinometer tube IT2
began to be measured at the end of construction (2015-02-01). Fig. 7(b)
shows the evolution of the lateral displacement of the retaining wall of
soilbags and the foundation measured by IT2. During the completion
period, the maximum lateral displacement of the retaining wall of
soilbags is 29.4 mm, occurring at the top surface. The lateral displace-
ment on EL.-4.0 m of the gravel cushion measured by IT2 at 2015-06-03
is 9.92mm, which is very close to the measurement of IT1 on EL.-4.0 m.
At the start of the operation of the waterway, the measurement of IT2
turns to be decreased owing to the action of water pressure. At 2015-07-

15, the maximum value at the top surface was measured to be 22.5mm,
which was basically unchanged at 2015-08-15. Fig. 7(c) shows the
distribution of the lateral displacements of the retaining wall of soilbags
relative to the foundation. It can be seen that the retaining wall of
soilbags deforms laterally like a cantilever with a maximum lateral
displacement of 21.2 mm at the top surface before the waterway op-
eration and a relatively unchanged value of 16.6mm after the opera-
tion. The ratio of the lateral deformation to the height of the retaining
wall is about 0.42%, less than 1.0% of the geo-synthetics retaining wall
reported by Zhang and Han (2012).

4.2. Lateral earth pressures

Fig. 8 shows the evolution of the lateral earth pressures behind the
L-type concrete facing and within the soilbags during the construction,
measured by EPC and EPS, respectively. As expected, they increase with
the increase in the height of the soilbags retaining wall. As a result of
the interlayer friction of soilbags, the values of EPC measurement are
smaller than those of EPS measurement. Fig. 9 shows the distributions
of the lateral earth pressures behind the L-type concrete facing and
within the soilbags along the height of the wall at the end of the con-
struction. They are close to the distributions of the static and the active
earth pressures, respectively. As the interlayer friction of soilbags in-
creases with the increase in the applied upper stress (Liu et al., 2016),
the difference between the EPC measurement and the EPS measurement
increases gradually from the top to the bottom of the retaining wall,
except for the lowest EPC1 and EPS1 owing to the bottom constraint.

4.3. Top surface settlements

Fig. 10 shows the evolution of the top surface settlements of the
retaining wall after the completion of the retaining wall of soilbags
measured at the points of SP1 and SP2. As shown in Fig. 4, the point
SP1 is located on the top surface of the retaining wall of soilbags and
the point SP2 is on the top surface behind the retaining wall alternately
backfilled with soilbags and clayey soils. It can be seen from Fig. 11 that
the top surface settlement measured at the point SP1 is larger than that
measured at the point SP2 at the initial stage after the completion of the

Fig. 6. In-place construction of soilbags for the testing retaining wall; (a) Filling clayey soils into bags; (b) Moving the frame; (c) Completed soilbags; (d) Wrapping
geogrids.
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construction (from 2015 to 02-01 to 2015-04-15) because the soilbags
retaining wall has a free drainage boundary and consolidates faster than
its backfill. During the period of 2015-4-15 to 2015-5-15, the settlement
measured at point SP2 increased significantly, likely resulting from the
passage of construction machinery. After 7 months of the completion

(2015-08-15), the settlements measured at the points SP1 and SP2 are
19.2 cm and 22.8 cm, respectively. After 3 months of the completion,
the rate of settlements at the points SP1 and SP2 is less than 2mm per
month from 2015 to 04-15 to 2015-08-15. The top surface settlement

Fig. 7. Measured results of the inclinometer tubes IT1 and IT2.

Fig. 8. Evolution of the lateral earth pressures behind the concrete facing and in
the soilbags during construction.

Fig. 9. Distribution of the lateral earth pressures behind the concrete facing and
in the soilbags along the wall height at the end of construction.
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and the horizontal displacement of the retaining wall (see Fig. 8) il-
lustrate that the deformation of the retaining wall has tended to be
stable after 7 months.

The settlement of the retaining wall is closely related to the con-
solidation of the clayey soils inside the soilbags, which was analyzed by
using the finite element method. The modified Cam-clay model was
used to simulate the mechanical behavior of the clayey soils. The model
parameters of the clayey soils were estimated form the experimental
results given in Table 1. The reinforcement of soilbags was considered
by introducing an apparent cohesion cT due to the bag tension
(Matsuoka and Liu, 2005; Liu et al., 2018). The apparent cohesion cT
and the permeability k of the assembly of the soilbags were estimated to
be 30 kPa and 6.4×10-7 cm/s, respectively, through the finite element
back analysis (Hird et al., 1992; Likar and Vukadin, 2003; Chai et al.,
2014) by using the field monitored settlements at the points SP1 and
SP2. The permeability of the assembly of the soilbags obtained from the
back analysis is about 1.5 times that of the clayey soils. That the per-
meability of the soilbags assembly is not greatly increased is because
the gaps among the soilbags are filled with clayey soils. The calculated
settlement-time relationships at the points SP1 and SP2 are also given in
Fig. 10, in which curves 1 and 2 represent respectively the calculation
results considering and not considering the action of the navigation
water on the retaining wall. It is understood that under the action of the
navigation water, the retaining wall of soilbags is slightly compressed
with a little decrease of the settlements of the top surface. As

aforementioned, the passage of construction machinery caused the
significant increase of the settlement at point SP2 from 2015-4-15 to
2015-5-15. This is why the great difference exists between the calcu-
lation and the measurement at point SP2 after 2015-4-15. After im-
pounding in the navigation channel, the pore water pressure within the
retaining wall of soilbags increase slightly, which is unfavorable to the
consolidation of the clayey soils inside the soilbags. Here, the average
degree of consolidation of the clayey soils inside the soilbags retaining
wall before the impounding (2016-06-03) is estimated from the curve 2.
The final settlements at point SP1 is predicted to be 23.7 cm from curve
2, corresponding to the consolidation degree of 83.5%. Fig. 11 shows
the contours of the calculated settlement of the retaining wall at 2015-
06-03. The maximum settlement is 41.2 cm, appearing in about 2m
horizontally behind the wall.

4.4. Tensile strains of the wrapping geogrids

Fig. 12 shows the evolution of tensile strains of the wrapping geo-
grids after the completion of the construction. Both the tensile strains
measured by FC1 and FC2 increase at the first three months after the
completion of the construction, and then tend to be unchanged. In ac-
cordance with the decreasing lateral displacement of the retaining wall
along the height from the top to the bottom, the tensile strain measured
by FC2 is larger than that by FC1. After 7 months of the completion of
the construction (2015-05-15), the tensile strains of the wrapping
geogrids were measured to be 0.304% and 0.504% by FC1 and FC2,
respectively, corresponding to the tensile strengths of 2.432 kN/m and
5.248 kN/m (far less than the geogrid ultimate tensile strength of
69.17 kN/m). This measurement suggests that the high tensile strength
of the wrapping geogrids may not be needed in such projects.

By the way, the overall construction cost of this 100m long testing
retaining wall was estimated to be 62% of the concrete gravity retaining
wall as constructed in the same waterway project.

5. Conclusion

The unconfined compression tests were carried out on the soilbags
filled with clayey soils in laboratory and a testing retaining wall was
constructed with the clay-filled soilbags in the field of a waterway
project and monitored during the construction and after the completion

Fig. 10. Top surface settlement-time relationships of the retaining wall after the
completion.

Fig. 11. Contours of the settlement in the retaining wall at 2015-06-03.

Fig. 12. Evolution of the tensile strains in the geogrids after the completion of
the construction.
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for 7 months. Based on the laboratory tests and filed monitored results,
the following conclusions can be obtained:

(1) Clayey soils can be used to construct retaining walls if they are
filled into woven bags to form soilbags. The soilbags filled with
clayey soils have high compressive strengths resulting from the
tensile forces of woven bags.

(2) The designed box-shaped bags and the proposed in-place con-
struction method are applicable for soilbags filled with clayey soils
and the high efficiency of the construction has been proved in the
testing retaining wall.

(3) The field monitoring data indicates that the retaining wall con-
structed with the soilbags filled with clayey soils performs well. The
maximum lateral displacement and the surface settlement of the
testing retaining wall are 29.42 cm and 19.2 cm, respectively,
which tend to be unchanged after the completion of the construc-
tion for 7 months. The lateral earth pressure on the front concrete
facing is positively reduced owing to the interlayer's friction of
soilbags.

(4) The cost of the retaining wall constructed with soilbags can be
greatly reduced compared to the gravity concrete retaining wall.
The overall construction cost of the 100m long testing retaining
wall was estimated to be 62% of the concrete gravity retaining wall
as constructed in the same waterway project.
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