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Abstract

Soilbags are three-dimensional soil-confining units used in road foundations. This paper uses vertical repeated
loading tests to investigate the performance of soilbags as reinforcement in road subgrades as well as the
influence of such factors as the frequency and amplitude of loading, the number of reinforcement layers, and the
buried depth of the soilbag reinforcement. The results show that soilbags as reinforcement are effective at
reducing permanent and resilient deformations of the road subgrade as well as vibrations caused by traffic loads.
The soilbags as reinforcement perform better when the number of soilbag-reinforced layers is increased. More
than two layers of soilbags are needed to reinforce the road subgrade to make efficient use of the effect of
interlayer insertion between soilbags. Furthermore, a thin surface soil cover is desirable to spread the applied

pressure more effectively over the soilbags and level the subgrade.
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1. INTRODUCTUION

Polythene (PE) and polypropylene (PP) bags filled with soil are commonly used to prevent the flow of soils due
to floodwater by building temporary emergency structures, rather than reinforced earth embankments Studies
by Matsuoka and Liu (1999, 2003, 2006) have revealed many engineering-related properties of soilbags, such as
environmental friendliness, ability to improve the bearing capacity of soft ground, reduce traffic-induced
vibrations, and prevent frost heave. Polythene (PE) and polypropylene (PP) bags protected from exposure to
sunlight (via burial) are known to be durable. Due to these attributes, soilbags have also been used in permanent
or semi-permanent projects as reinforcements for soft soil foundations (Matsuoka and Liu, 2006; Liu and
Matsuoka, 2007; Xu et al. 2008; Li et al. 2013), expansive soil treatment (Liu et al. 2013, 2015; Wang et al.
2015), constructing retaining walls (Lee et al. 2013; Wen et al. 2016; Liu et al. 2019, Fan et al. 2019, Wang et
al. 2019a, b), coastal protection projects (Martinelli et al. 2011; Hornsey et al. 2011; Kim et al. 2015; Moreira et
al. 2016), and for improving road foundations (Matsuoka and Liu, 2006; Indraratna et al. 2014; Liu et al. 2017).
There are three major advantages of using soilbags in road foundations: 1) an increase in the bearing capacity of
the road subgrade, 2) a decrease in deformation, especially in uneven settlement along the road, and 3) a
reduction in traffic-induced vibrations on the ground. For example, Matsuoka and Nomoto (2008) reported on
the construction of a 25-m-long highway with soilbags containing 3~4-m-thick layers of clay supporting the
foundation. The bearing capacity of the reinforced subgrade using plate loading tests was calculated to be 224
N/cm?® (greater than the design value of 180 N/ecm?), and the settlement measured after 10 months of operation
was 2 cm. Shao et al. (2005) used soilbags to fill ponds to construct a highway embankment and reduce the
settlement of the subgrade. The increase in the bearing capacity and a decrease in the deformation of the road
subgrade result from the high strength and confinement of the soilbags (Matsuoka and Liu, 2006; Cheng et al.
2016; Liu, 2017). Wang et al. (2019) investigated the bearing capacity of soilbag-reinforced foundations by
conducting field load tests and numerical analysis using the finite element method (FEM). They found that the
bearing capacity of the reinforced soft foundations improved, and settlement decreased with increasing number
of soilbags used as reinforcement due to stress dispersion. Tantono and Bauer (2008) claimed that interfacial
friction between the soil and the bag can have a strong influence on the bearing capacity of the elements of the
bags. The effectiveness of soilbags at reducing traffic-induced vibrations was first noted in their use in the
foundations of a railway ballast in a Japanese railway line (Matsuoka et al. 2000; Matsuoka and Liu, 2003). The

measurements in the case study showed that the average acceleration of oscillation of the trains decreased from
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0.12 g to 0.04 g after the foundation had been reinforced by soilbags, accompanied by a reduction in the
settlements of railway sleepers to less than 10 mm. The efficiency of soilbags in terms of reducing traffic-
induced vibrations has been verified further through field tests (Matsuoka et al. 2002, 2003; Matsuoka and
Ando, 2006; Nakagawa et al. 2009). The results showed that the vibrations of 5~15 dB could be reduced after
reinforcement by soilbags. Based on an FEM simulation of a field test, Ye et al. (2011) numerically evaluated
the vibration damping effect of soilbags and concluded that it relies heavily on the position of the source of the
vibration. The dynamic properties of stacked soilbags have been studied through a series of cyclic lateral shear
tests (Yamamoto et al. 2003; Liu et al. 2014), and an “equivalent damping ratio” was introduced to evaluate the
reduction in vibrations induced by soilbags. They were found to have a relatively high damping ratio and
variable horizontal stiffness that are significantly influenced by the infill material at a low vertical stress but
become nearly independent of it at a high vertical stress (Wang et al. 2019). Wang and Wang (2014) used the
discrete element method (DEM) to investigate the reduction in vibration brought about by a soilbag by
developing an energy dissipation equation. The results showed that a high percentage of the surface of the soil-
bag and the particles inside it absorbed energy in the form of wave-shaped fluctuations during loading and
unloading. The effect of the reduction in vibrations and factors influencing this have also been investigated
through vertical excitation tests and small shaking table tests (Liu et al. 2014). The vertical excitation tests were
performed both on vertically piled soilbags in a box and on soilbags layered on hard ground in two types of
arrangements. The results showed that three or four layers of soilbags placed near the source of the vibrations
significantly damped them, and their staggered arrangement was more effective than an in-line arrangement at
reducing vertical vibrations.

However, the above-mentioned studies have not considered conditions related to traffic loads, which are crucial
to the status of roads. Traffic loads induced by moving vehicles, acting on roads in a short time with a high
intensity of impulse, are commonly simulated under vertical repeated loading. For example, Suku et al. (2017)
investigated the effects of geogrid reinforcements on pavement bases by using repeated plate load tests.
Similarly, Tafreshi et al. (2014) carried out a series of repeated plate load tests to assess geocell-reinforced
layers and layers of rubber—soil mixture as means of improving the foundation of pavements. Recently, Ding et
al. (2017, 2018) investigated the reduction in vibrations and deformation brought about by using soilbags in
road and railway subgrades by carrying out a series of laboratory tests under repeated loading applied by three

spaced exciters (hydraulic jacks with phase-shifted excitations). The influence of different filling materials in
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woven bags, the location of the source frequency, and the number of exciters on the reduction in vibration was

investigated.

This study investigates the effect of soilbags used in road subgrades in terms of reducing vibrations and
settlement under traffic loads through experiments involving repeated loading. It is different from previous
studies in the area in that it reports the results of vertical repeated plate load tests on a model subgrade with a
localized reinforcement provided by soilbags, instead of purely stacked soilbags. The effects of the frequency
and amplitude of cyclic loading, the number of layers of soilbags, and their embedded depths on vibrations and
settlement were examined.

2. REPEATED PLATE LOAD TESTS

2.1 Test apparatus

The test apparatus, as shown in Figure 1, featured a loading system, a testing tank, and a data acquisition
system. The loading system consisted of a reaction frame, a pneumatic cylinder, and a controlling unit. The
reaction frame comprised two stiff and heavy steel columns 1300 mm high and a horizontal beam 3000 mm
long that supported the pneumatic cylinder. The cylinder could produce monotonic or cyclic loads depending on
the intensity of the input compressed air. Cyclic vertical loads of different magnitudes (up to 800 kPa),
frequencies (up to 5 Hz), and numbers of load cycles could be produced and controlled by the cylinder. The
controlling unit consisted of an electro-mechanical valve to regulate the intensity of the compressed air required
to produce a cyclic load of the desired amplitude and frequency. The model tank was designed as a rigid box
measuring 1200 x 800 mm in plane and 750 mm in height. To allow for the visual observation of the subgrade
reinforcement system as well as photo-scanning, the front face of the model box was made of a 10-mm-thick
plexiglass. The rigidity of the model tank was guaranteed by using a stiff steel section U-100 on four sides of the
box. A circular plate 200 mm in diameter and 20 mm thick was used to transfer repeated loads onto the base. A
load cell was connected to the piston of the actuator to measure static/dynamic loads. Two linear variable
differential transformers (LVDTs) with an accuracy of 0.01% at full range (70 mm) were positioned on top of
the circular plate to measure its settlement due to loading. The vibration response of the road subgrade model
under repeated loading was measured by acceleration sensors installed at different depths of the subgrade model
and on the surface away from the circular load plate at different distances. The load cell, LVDTs, and
acceleration sensors were all connected to a dynamic signal acquisition system for data acquisition. To ensure an

accurate reading, all devices, especially the displacement transducers, were calibrated prior to each test.
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2.2 Test materials

River sand with grain sizes ranging from 0.06 mm to 5 mm was used in the subgrade and as infilling for the
soilbags. The sand was characterized per ASTM standards, and its properties are given in Table 1.

White woven bags, made of polypropylene with a weight per square meter of 70 g, were used as wrapping
material for the soilbags, and had longitudinal and transverse tensile strengths of 11.6 kN/m and 5.2 kN/m,
respectively. The maximum elongation in the warp and weft directions was 25%. Around 30 kg of sand was
used to fill each bag, and the mouth of the bag was sealed with a portable sewing machine. After compaction,
each soilbag had approximate dimensions of 40 cm X 40 cm x10 cm.

Commercially available biaxial geogrids were used as contrast reinforcement materials in the experiment. The
geogrids comprised polypropylene with a square aperture opening of 40 mm x 40 mm. The ultimate tensile
strength of the geogrid was 15.8 kN/m while its mass per unit area was 300 g/m2. The standard longitudinal and
transverse elongations were less than 12.8% and 11.6%, respectively.

2.3 Experimental program

In-box cyclic plate load tests were conducted in the laboratory to investigate the benefits of using soilbags as
localized reinforcement in road subgrades. For comparison, tests were also conducted on an unreinforced
subgrade and a geogrid-reinforced subgrade. Twelve tests in different series were planned and carried out to
quantify the effectiveness of the soilbag-reinforced subgrade, and to study the effects of the amplitude and
frequency of the dynamic load, number of reinforced layers, and the buried depth of soilbags on the behaviour
of the road subgrade model. Table 2 gives the testing arrangement used in this study. A schematic layout of the
model along with the positions of the acceleration sensors and the LVDTs, in case of reinforcement consisting
of three layers of soilbags and geogrids, are shown in Figure 2. As vibration damping by the soilbags was more
effective in a staggered arrangement than an inline arrangement (Liu et al. 2014), the former was employed
using soilbags with dimensions of 40 cm x 20 cm x10 cm. For each test, sand was placed in layers and
compacted to a bulk density of 1.7 g/cm’ (relative density Dr = 95%). In the geogrid-reinforced subgrade model,
the anchor length of the geogrids could have affected deformation behaviour. Mehrjardi et al. (2016) conducted
a series of plate load model tests (vertical loads of up to 800 kPa) and concluded that the appropriate length of
the geogrid is four times the diameter of the load plate. The geogrids in this study were 1200 mm long and 800

mm wide, more than four times the diameter (200 mm) of the load plate.
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The magnitude of the maximum applied repeated surface load was selected based on the Chinese code for the
Design of Highway Asphalt Pavement (JTG D50-2017). The recommended axle load of the truck was 200 kN,
over two pairs of twin wheels, which created a stress of approximately 700 kPa. Monismith et al. (1975) have
reported that tire pressure ranging from 200 kPa to 800 kPa is relatively closer to the case for actual traffic. The
applied pressures in this study were 250, 500, and 750 kPa, with each loading sequence repeated for 1,000
cycles. Traffic load has the characteristics of instantaneity and repeatability. When its impact on road structures
is analysed, it is usually simplified as a repeated load with a periodically changing magnitude. Several loading
forms have been used by different researchers, such as sine loading (Wang et al. 2018; Suku et al. 2016),
triangular loading (Ling et al. 2002; Saad et al. 2005), half-sine loading (Hanazato et al. 1991), and rectangular
loading (Thakur et al. 2012; Tafreshi and Dawson, 2010). The frequency of dynamic traffic loads varies with
such factors as vehicle speed, driving density, the road foundation, and structure of the pavement. Haversine
loading was applied here to the circular plate at different frequencies. The deformation in the model subgrade
when subjected to repeated loading was resolved into two components—plastic and resilient. The reversible
deformation was resilient deformation and non-reversible deformation was plastic deformation, where the
accumulation of the latter was permanent deformation. Figure 3 shows cycles of repeated loads applied to the
surface of the model subgrade as well as the consequent plastic and resilient deformations. The repeated load

was returned to zero at the end of each cycle, which is typical of a vehicle on a track or pavement support.
3. RESULTS AND DISCUSSION

In this section, the results of the cyclic plate load tests are presented to gauge the effectiveness of soilbags as
reinforcement, and a discussion highlighting the effects of different parameters, including the loading frequency,
loading amplitude, number of reinforcement layers, and the location of the embedded soilbags, is provided.
Changes in the performance of the reinforced subgrade were tested by varying the plate settlement and the
distributed acceleration at a depth and the surface of the model subgrade.

3.1 Effectiveness of soilbag reinforcement

To verify the effectiveness of soilbags as reinforcement, the cyclic plate load tests were comparatively
conducted on a model subgrade reinforced with three layers of soilbags and three layers of geogrids (see Figure
2), and on an unreinforced subgrade under a loading amplitude of 500 kPa with a frequency of 1 Hz. Figure 4(a)
shows a comparison of the permanent deformation (settlement) that developed with the number of loading

cycles. Three types of reinforcements showed similar trends in the settlement, that is, an abrupt increase under
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the initial loading cycle followed by a slow increase to a relatively stable value with increasing number of
cycles. The abrupt increase was related to the densification of the model subgrade under initial cyclic loading. It
is evident that soilbags used as reinforcement led to the lowest settlement and the least cycles, in accordance
with the abrupt increase in the three cases. After 1,000 cycles of loading, the settlement of the soilbag-based
reinforcement was 22.23 mm, whereas those of the geogrid reinforcement and the unreinforced subgrade were
35.36mm and 67.44 mm, respectively. The large vertical displacement of the unreinforced subgrade occurred
owing to the slight penetration of the load plate into the sand and the rising of its surface around the loading
plate. To further investigate the effects of different types of reinforcement, the plastic deformation generated in
each cycle in the initial 200 cycles is compared in Figure 4(b). It is clear that the plastic deformation was around
0.3 mm at the first loading cycle, and decreases abruptly after several cycles in case soilbags were used as
reinforcement, whereas the unreinforced subgrade had a plastic deformation larger than 1 mm at the first loading
cycle and a considerable reduction after 50 cycles. The plastic deformation for the geogrid reinforcement was in
between these values. As the permanent deformation is the accumulation of the plastic deformation under
repeated loading cycles, the abrupt decrease in the plastic deformation implied low permanent deformation and
the quick stabilization of the subgrade. Soilbags when used as reinforcement led to the lowest permanent
deformation and an abrupt decrease in plastic deformation in several initial cycles, which is their most desirable
advantage for road pavements.

Figure 4(c) compares the resilient deformation of different types of reinforcements generated in each cycle in
the initial 200 cycles. Similarly, the soilbag-based reinforcement had the lowest resilient deformation of around
0.9 mm. According to Qian et al. (2011), the resilient deformation is directly related to the resilient modulus.
They carried out plate load tests on a geosynthetics-reinforced subgrade and proposed an empirical formula,

Equation (1) to calculate resilient modulus.

__ BIg(1-v?)
E=— (1)

where E is the resilient modulus, B is the diameter of the loading plate, / is the influence factor, ¢ is the pressure
applied on surface of the subgrade, v is the Poisson’s ratio, § is the resilient deformation. Equation (1) suggests
that the resilient modulus is negatively correlated with the resilient deformation. If / is assumed to be 1.6 (Suku
etal. 2017) and v is 0.3, the resilient modulus of the model subgrade is in the range 165 MPa—190 MPa for the
soilbag-based reinforcement, 130 MPa—150 MPa for the geogrid-based reinforcement, and 90 MPa—125 MPa in

the unreinforced subgrade, based on the resilient deformations shown in Figure 4(c). The soilbag-based
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reinforcement had the highest resilient modulus, which can be attributed to the stronger constraint of woven
polypropylene bags as well as the interlocking effect of the soilbag interlayer, which increased anti-deformation
ability and led to a reduction in resilient deformation. Figure 4 shows that the soilbag-based reinforcement had
the lowest permanent, plastic, and resilient deformations under repeated loading, indicating superior
performance.

The acceleration response during the cyclic plate load tests was also examined. Figure 5 shows time histories of
the acceleration of the case where soilbags were used as reinforcement at different depths. The acceleration
response decreased with increasing depth. The peak acceleration measured at a depth of 5 cm was 0.24 m/s”,
whereas no clear acceleration response was detected unless the load reached its amplitude at a depth of 5 cm. To
evaluate the reduction in vibrations, the rate of attenuation in acceleration between two adjacent measuring

points was defined (Liu et al. 2014; Ding et al. 2018).

_ _ AR = (@jrax — Unax)/ Anax 2)
where al,,, and al;L, are peak accelerations at the measuring points i and i-1, respectively.

Figure 6 shows a comparison of variations in peak acceleration (PA) and the rate of attenuation (AR) for
different types of reinforcements in terms of depth and horizontal distance. It is evident that at the same depth
of, or horizontal distance from, the vibration source, the soilbag-based reinforcement had a lower peak
acceleration and a higher attenuation rate than the geogrid-based reinforcement and the unreinforced subgrade.
That is, the soilbag structure best resisted transmission vibrations. Researcher has suggested that the extension
and contraction of the bag as well as the frictional motion of the soil particles inside it play a significant role in
dissipating vibrational energy during cyclic loading and unloading (Matsuoka and Liu, 2006). The more
effective vibration reduction brought about by using the soilbag-based reinforcement can also be attributed to
gaps between soilbags where vibration waves could not be transmitted.

3.2 Influence of cyclic load frequency

To investigate the influence of the frequency of cyclic loads, plate load tests were performed on a model
subgrade reinforced with two layers of soilbags under a loading amplitude of 500 kPa at frequencies of 0.5 Hz, 1
Hz, and 1.5 Hz, respectively. Figure 7 shows the evolution of the permanent and resilient deformations of the
model subgrade during repeated loadings under different frequencies. It shows that for any given number of
applications, a higher cyclic loading frequency produced a greater permanent deformation. On the contrary, the
resilient deformation of the subgrade decreased with an increase in load frequency, meaning that the resilient

modulus of the subgrade and, consequently, the capacity of resistance to settlement increased. This is because
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the increase in the frequency of cyclic loading accelerated the dynamic impulse of the load on the subgrade. At

higher frequencies, the particle rearrangement could not match the dynamic impulse, resulting in a lower
resilient (recoverable) deformation and larger plastic (unrecoverable) deformation.

The influence of the frequency of cyclic load on the peak acceleration and the decrease in it with depth and
horizontal distance from the source of vibration are shown in Figure 8. As expected, the increase in the
frequency of load led to an increase in the peak acceleration of the subgrade, especially near the source of
vibration (circular load plate). The ratio of attenuation generally increased with frequency.

3.3 Effect of cyclic load amplitude

The evolution of permanent (settlement) and resilient deformations of the two-layer soilbag-reinforced subgrade
subjected to cyclic load at a frequency of 1 Hz, and amplitudes of 250 kPa, 500 kPa, and 750 kPa, are shown in
Figure 9. Both the permanent deformation and the resilient deformation increased with amplitude. After 1,000
cycles, the measured permanent deformations of the model subgrade were 13.84 mm, 23.22 mm, and 30.51 mm
at amplitudes of 250 kPa, 500 kPa, and 750 kPa, respectively. Correspondingly, the resilient deformations of the
model subgrade were 0.58 mm, 0.95 mm, and 1.19 mm. Using this, the resilient modulus of the model subgrade
after 1,000 cycles were back-calculated using Equation (1) to be 128, 155, and 182 MPa. This illustrates that the
resilient modulus of the model subgrade improved, although the increase in the amplitude of load increased the
settlement. Figure 9(b) also shows that the resilient deformation decreased with the number of loading cycles in
each test, resulting in an increase in the resilient modulus. The increase in the resilient modulus with the both the
amplitude of load and the number of loading cycles suggests that the soilbag-based reinforcement helped
prevent the generation of cracks in the road pavement under heavy traffic loads.

Figure 10 shows the variation in the peak acceleration (PA) and rate of attenuation (AR) of the model subgrade
with depth and horizontal distance at amplitudes of 250, 500, and 750 kPa. The peak acceleration increased with
amplitude, especially near the vibration source (15 cm in depth and at a 25 cm horizontal surface distance).
However, the influence of the amplitude of load on the attenuation rate was not prominent in the tests, except for

the higher AR near the vibration source.
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3.4 Effect of number of soilbag layers

Three tests were conducted on the model subgrade reinforced with one, two, and three layers of soilbags at an
amplitude of 500 kPa and frequency of 1 Hz. Each model in each test was 750 mm high, and the first layer was
placed 5 cm beneath the surface. The results are given in Figures 11 and 12. As shown in Figure 11, both the
permanent and the resilient deformations of the model subgrade decreased with increase in the number of
soilbag-reinforced layers. The reinforcement with one layer of soilbags yielded the most significant permanent
deformation of 27.85 mm after 1,000 cycles, whereas the reinforcement with three layers of soilbags led to the
lowest permanent deformation of 22.23 mm. However, the increment in the permanent deformation between the
two- and three-layer reinforcements was not as significant as that between the one- and two-layer
reinforcements. This can be interpreted as the effect of the interlayer insertion of soilbags, as illustrated in the
inset of Figure 11(a). When the soilbags were arranged in a staggered manner, the flexible soilbag in the upper
layer deformed to form gaps between soilbags in the lower layer, with embedded contacts when subjected to
vertical load (Fan et al. 2020a, b). No interlayer insertion was observed in the one-layer reinforcement. In case
of two- and three-layer reinforcements, the interlayer insertion increased interlayer frictional resistance and thus
enhanced the integrity of the reinforced layers. Furthermore, Figure 11(b) shows the tendency of the decrease in
resilient deformation (i.e. the increase in resilient modulus) during cyclic loading in the cases of two- and three-
layer reinforcements compared with that of the one-layer reinforcement. With an increase in the number of
soilbag layers, the peak acceleration of the model subgrade decreased both along the depth and the horizontal
distance, as shown in Figure 12. Near the source of the vibration (a depth of 15 ¢cm and horizontal surface
distance of 25 cm), the three-layer reinforcement had the largest rate of attenuation. These test results suggest
that more than two layers of soilbags are needed as reinforcement for the road subgrade.

3.5 Effect of buried depth of soilbag reinforcement

Research has shown that the embedded depth of geosynthetics reinforcements influences the bearing capacity as
well as other properties of geosynthetic-reinforced subgrades (e.g. Pokharel et al. 2010). The effect of the buried
depth of soilbag-based reinforcements has also been investigated through cyclic plate load tests on model
subgrades reinforced with two layers of soilbags embedded at different depths (0 cm, 5 cm, 10 cm, and 15 cm).
The amplitude and the frequency of load in the tests were 500 kPa and 1 Hz, respectively. The test results are
given in Figures 13 and 14, where “u” denotes the buried depth of the first layer of soilbag-based reinforcement

beneath the loading plate.
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As is shown in Figure 13, the increase in the permanent and resilient deformations of the subgrade was small as
the buried depth u increased from 0 cm to 5 cm, but the settlement was prominent as the buried depth u
increased from 5 cm to 15 cm. The slight increase in the deformation of the subgrade at a buried depth of u=135
cm can be attributed to the behaviour of the surface layer of soil between the load plate and the first layer of the
soilbags. When the buried soilbag reinforcements were thin, the surface sand layer acted as a cushion to
provided load spreading without significant lateral deformation. However, if the buried depth u became too
large, particles within the surface layer of soil were displaced, causing larger permanent and resilient
deformations. In road engineering, a thin surface soil cover is desirable for subgrade levelling. Figure 14 shows
variations in the peak acceleration and attenuation rate of the model subgrade with depth and horizontal
displacement, corresponding to different buried depths of the first layer of soilbags. Overall, the peak
acceleration increased with the buried depth at the same location, although the change in the attenuation rate
was not prominent for different buried depths. These results indicate that a shallow embedded depth provides

effective settlement resistance and reduction in vibration.
4. CONCLUSIONS

In this study, the use of soilbags as reinforcement in road subgrades under traffic loads was investigated through
cyclic plate load tests on a model subgrade. The tests compared the model subgrade reinforced with geogrids
with that without a reinforcement. The influence of the frequency and amplitude of cyclic loading, the number
of layers of soilbags, and the embedded depths was examined on the performance of the model subgrade. The
main results can be summarized as follows:

(1) The reinforcement with soilbags significantly reduced the permanent deformation (settlement) and resilient
deformation of the road subgrade as well as vibrations under repeated loading. Owing to the three-
dimensional confinement of the soilbags, the reinforcement based on them was more effective than the
geogrid-based reinforcement when the same number of reinforcement layers were used.

(2) The performance of the soilbag-based reinforcement was affected by cyclic frequency and load amplitude.
The settlement and peak acceleration of the subgrade increased with the cyclic frequency and amplitude of
load during repeated loading. However, the resilient modulus of the subgrade increased with both the
amplitude of load and the number of loading cycles at the same cyclic frequency, suggesting that the

soilbag-based reinforcement can protect against cracks in road pavements subjected to heavy traffic loads.

Downloaded by [ Hohai University] on [11/10/20]. Copyright © ICE Publishing, all rights reserved.



Accepted manuscript doi:
10.1680/jgein.20.00030

(3) The performance of the soilbag-based reinforcement improved when the number of soilbag-reinforced
layers increased. To make use of the effect of interlayer insertion among soilbags, more than two layers of
them are needed to reinforce road subgrades.

(4) The relatively shallow embedded depth of the soilbag-based reinforcement provided effective settlement
resistance and a reduction in vibration. However, the thin surface soil cover was desirable for spreading the

applied pressure to a greater extent over the soilbag-based reinforcement, and to level the subgrade.
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LIST OF NOTATION

Basic SI units are given in parentheses.

E resilient modulus (Pa)

B diameter of the loading plate (m)

I influence factor of the load plate (dimensionless)
q pressure applied on surface of the subgrade (Pa)

v Poisson’s ratio (dimensionless)

6 resilient deformation (m)

AR attenuation rate of subgrade (dimensionless)
al,qx peak acceleration at the measuring point i (m/s”)

ai;l peak acceleration at the measuring point i-1(m/s?)
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Table Captions
Table 1. Properties of the subgrade and the filling material.

Table 2. Testing arrangement.

Table 1. Properties of the subgrade and the filling material.

Medium grain diameter, D5, (mm) 0.36
Coecfficient of uniformity, C, 1.98
Coefficient of curvature, C, 1.02
Minimum dry density, p (g/cm’) 1.45
Maximum dry density, p (g/cm”) 1.72
Water content, w (%) 5.0

Cohesion, ¢ (kPa) 3.25
Internal friction angle, ¢ (°) 354

Table 2 Testing arrangement

Amplitude of
Test Buried depth Load frequency
Reinforcement — Layers repeated load Purpose of the tests
series (cm) (Hz)
(kPa)
Unreinforced / / 500 1.0
A Soilbags 3 5 500 1.0 To quantify the effectiveness of soilbags
Geogrids 3 5 500 1.0
To study the effect of dynamic load
B Soilbags 2 5 500 0.5,1.0,1.5
frequency
To study the effect of dynamic load
C Soilbags 2 5 250, 500,750 1.0
amplitude
To study the effect of the number of soilbag
D Soilbags 3,2,1 5 500 1.0
layers
To study the effect of the buried depth of
E Soilbags 2 0,5,10,15 500 1.0

soilbags
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Figure Captions

Figure 1. Setup of soilbag-reinforced subgrade under cyclic load tests.

Figure 2. Geometry of the tested road subgrade model: (a) reinforced with soilbags; (b) reinforced with
geogrids.

Figure 3. Components of repeated loading and deformation.

Figure 4. Vertical displacement of the loading plate vs. number of cycles for different types of reinforcements
under a loading amplitude of 500 kPa and frequency of 1 Hz: (a) permanent deformation; (b) plastic
deformation; (c) resilient deformation.

Figure 5. Acceleration response of the soilbag-reinforced model subgrade measured at different depths under
repeated loading: (a) 5 cm depth; (b) 15 cm depth; (c) 25 cm depth; (d) 35 cm depth.

Figure 6. Variation in peak acceleration and ratio of attenuation in acceleration: (a) varying with depth; (b)
varying with horizontal distance.

Figure 7. Deformation response of model subgrade under different frequencies of cyclic load: (a) permanent
deformation; (b) resilient deformation.

Figure 8. Peak acceleration (PA) and attenuation ratio (AR) under different frequencies of cyclic load: (a)
varying with depth; (b) varying with horizontal distance.

Figure 9. Deformation response of model subgrade under different amplitudes of cyclic load: (a) permanent
deformation; (b) resilient deformation.

Figure 10. Peak acceleration (PA) and attenuation ratio (AR) under different amplitudes of cyclic load: (a)
varying with depth; (b) varying with horizontal distance.

Figure 11. Deformation response of model subgrade reinforced with different layers of soilbags: (a) permanent
deformation; (b) resilient deformation.

Figure 12. Peak acceleration (PA) and attenuation ratio (AR) of model subgrade reinforced with different layers
of soilbags: (a) varying with depth; (b) varying with horizontal distance.

Figure 13. Deformation response of model subgrade reinforced with two layers of soilbags at different buried
depths: (a) permanent deformation; (b) resilient deformation.

Figure 14. Peak acceleration (PA) and attenuation ratio (AR) of model subgrade reinforced with two layers of

soilbags at different buried depths: (a) varying with depth; (b) varying with horizontal distance.
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