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Effect of Biopolymer-Based Soil Treatment on
Lateral Earth Pressure in Sandy Soil Backfill:

An Experimental Study Utilizing a Laboratory-Scale
Soil Tank Apparatus and PIV Analysis
Gi-Yun Kim1; Suhyuk Park2; and Ilhan Chang, Ph.D., A.M.ASCE3

Abstract: Materials meeting stringent criteria for retaining wall backfill typically result in increased wall volume to resist Earth pressure,
which consequently drives up construction costs. Recently, due to the depletion of natural construction resources, locally sourced soils and
sustainable materials are being investigated as alternative backfill materials. Studies are performed aiming to efficiently reduce lateral earth
pressure using suitable materials. One innovative method is biopolymer-based soil treatment (BPST), recognized as an environmentally
friendly geotechnical binder that improves soil strength. This study aims to employ biopolymers in retaining wall backfills to mitigate envi-
ronmental concerns associated with the use of traditional soil improvers like cement in geotechnical engineering. The investigation of lateral
earth pressure behavior for backfill reinforcement conditions was performed through laboratory tests and particle image velocimetry (PIV)
analysis, including the introduction of a rotatable wall (rotation around the base) to support sandy soil. XG-BPST was formulated based on
sand mass, 15% deionized water, and 1% xanthan gum biopolymer content and was classified into initial (wet) or dehydrated (dry) conditions.
To address the weak strength of the initial (wet) condition of XG-BPST, a geogrid was encapsulated in the center of the XG-BPST layer. The
reduction of lateral earth pressure and stability verification of retaining walls were investigated on backfills reinforced with XG-BPST and
geogrid. Laboratory tests demonstrated that wall displacement reached a limit equilibrium state of approximately Δx=h 0.1% (active earth
pressure), regardless of the backfill reinforcement conditions. In the initial (wet) state of XG-BPST, the variation in lateral earth pressure
behavior was negligible compared to the untreated condition, due to a weak improvement in shear strength. However, significant reductions in
lateral earth pressure were observed when the geogrid was integrated with the XG-BPST layer or in the dehydrated (dry) condition of
XG-BPST, attributed to the restriction of ground deformation at the reinforcement position and the confinement effect on the surrounding
soil. The laboratory test results confirmed that lowering active earth pressure enhances the external stability of the retaining wall. Moreover,
the required wall width to satisfy safety guidelines decreased, indicating the feasibility of more economically efficient designs.DOI: 10.1061/
JGGEFK.GTENG-13027. This work is made available under the terms of the Creative Commons Attribution 4.0 International license,
https://creativecommons.org/licenses/by/4.0/.

Author keywords: Active earth pressure; Biopolymer-based soil treatment (BPST); External stability; Laboratory test; Lateral earth
pressure; Retaining wall backfill; Rotation around the base; Xanthan gum biopolymer.

Introduction

The conventional earth pressure theories of Coulomb (1776) and
Rankine (1857), which assume a planar sliding surface, are com-
monly used in retaining wall design and have proven to be reliable.
However, research has shown that earth pressure distribution is
nonlinear and depends on the wall displacement mode, such as
translation or rotation around the top or base (Fang and Ishibashi

1986; Fang et al. 1994; Chang 1997). Since wall displacement
affects backfill deformation and failure mechanisms, conventional
earth pressure theories may not accurately assess lateral earth pres-
sure (Rui et al. 2024). Physical modeling test at the laboratory scale
provides enhanced control over wall displacement modes and en-
ables precise measurement of earth pressure, yielding significant
insights. Moreover, advanced technologies such as digital image
correlation (DIC) and particle image velocimetry (PIV) have im-
proved the monitoring of ground deformation during experiments,
facilitating studies on backfill behavior under various wall displace-
ment modes (Niedostatkiewicz et al. 2011; Khosravi et al. 2013;
Patel and Deb 2020).

Generally, granular cohesionless backfill materials with ad-
equate drainage and strength are preferred. However, to ensure re-
sistance to lateral earth pressure, the volume of the retaining wall is
increased by using existing backfill soils, which raises construction
costs due to the need for more materials (Azzam and Abdelsalam
2015). Due to the scarcity of natural materials, the use of sustain-
able or locally available soils as alternatives is being investigated to
reduce lateral earth pressure by incorporating suitable materials
into the backfill (Reddy and Krishna 2015; Gade and Dasaka
2022). Studies have tested lightweight materials such as tire chips
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(Cecich et al. 1996; Tweedie et al. 1998; Reddy and Krishna 2015;
Kaneda et al. 2018; Djadouni et al. 2021), compressible EPS geo-
foam (Horvath 1997; Ikizler et al. 2008; Ertugrul and Trandafir
2011; Ertugrul and Trandafir 2013; Azzam and Abdelsalam
2015; Ni et al. 2016; Khajeh et al. 2020; Gade and Dasaka
2022; Han et al. 2023), and relief shelves (Moon et al. 2013;
Chauhan et al. 2016a, b; Khan et al. 2016; Chauhan Vinay and
Dasaka 2018) to decreasewall volume and enhance stability, achiev-
ing more cost-effective designs (Khan et al. 2016).

Traditional soil improvement agents like cement, lime, and fly
ash adversely affect the environment and contribute to climate
change via CO2 emissions. Consequently, research in geotechnical
engineering has shifted toward developing eco-friendly and sustain-
able binders, such as biopolymer-based soil treatments (BPST).
Dehydration of biopolymer hydrogel, accompanied by drying,
enhances shear strength of BPST through surface coating and inter-
particle bridging, which facilitated by the condensation of bio-
polymer biofilms (Chang et al. 2016a, 2020; Lee et al. 2017). The
BPST provides engineering efficiency while meeting environmen-
tal protection standards and achieving carbon neutrality; however,
further research is needed concerning site suitability, durability,
constructability, and economic feasibility (Chang et al. 2020).

This study introduces a rotatable wall designed to evaluate the
distribution of earth pressure at various depths within sandy soil.
The behavior of lateral pressure under diverse backfill conditions,
including variations in BPST layers, was analyzed using mechani-
cal instruments (load transducers and earth pressure gauges) and
the image analysis method (GeoPIV).

Materials

Jumunjin Sand

The main soil used in this study was Jumunjin sand, a cohesionless
dry granular soil with high sphericity and low fine-grained content.
The physical properties of Jumunjin sand were assessed using
ASTM standards and summarized in Fig. 1 and Table 1.

Xanthan Gum Biopolymer

BPST may produce biopolymers via ex-situ (exo-cultivation) meth-
ods, allowing for enhanced quality control compared to other bio-
logical soil treatment technologies. Additionally, biopolymers can
be commercially mass-produced and combined with soil particles
postmixing for temporary or rapid support purposes (Chang et al.
2016b). In this study, purified xanthan gum biopolymer (Sigma-
Aldrich, CAS No. 11138-66-2) was dissolved in deionized water
to form a hydrogel solution, which was subsequently mixed with
sand to make a xanthan gum (XG)-sand mixture (BPST) (hereafter,
XG-BPST). Literature reviews on recent studies of xanthan gum
biopolymer have reported various results concerning soil improve-
ment effect and behavior at 1% mb=ms concentration. To prepare
the XG-BPST sample, the mixing ratio of deionized water and
xanthan gum based on sand mass was established at ms∶mw∶mb ¼
100∶15∶1 (where ms is the mass of sand; mw is the mass of deion-
ized water; and mb is the mass of xanthan gum biopolymer). The
15%mw=ms ratio (water content) was selected to provide sufficient
workability at the 1%mb=ms concentration while optimizing water
usage, given the requirements for retaining wall backfill construc-
tion. XG-BPST samples were categorized as either initial (wet) or
dehydrated (dry) conditions after a one-day curing period at room
temperature (25°C), achieving a final water content below 3%.

Sand-Xanthan Gum Mixture (XG-BPST): Mechanical
Properties

An automated direct shear equipment (HM-5750D.3F, Humboldt
Mfg.) was used for both direct and interface shear tests. Table 2 sum-
marizes the shear strength parameters of the soils (i.e., untreated
Jumunjin sand, wet XG-BPST sand, and dried XG-BPST sand),
measured at a horizontal shear displacement rate of 1 mm=min
[ASTM D3080 (ASTM 2012)]. The pseudoplasticity of xanthan
gum hydrogel facilitated a lubrication effect between soil particles
in the initial (wet) condition of XG-BPST (Stokes et al. 2011),
although the change in internal friction angle was negligible.
Furthermore, a slight cohesion enhancement effect was noted in
the cohesionless sand, resulting in a slight improvement in shear
strength. Conversely, in the dehydrated (dry) condition, cured at
room temperature (25°C) for a day, inter-particle bridging notably
amplified the shear strength (Chang et al. 2015a; Cabalar et al. 2017;
Lee et al. 2017).

Geogrid

This study performed tests to verify the behavior of lateral earth
pressure when geogrid is embedded in retaining wall backfill or
encapsulated in XG-BPST. The use of geogrid, which improves
soil binding, was anticipated to increase backfill shear strength
through enhanced skin friction. The biaxial geogrid employed

Fig. 1. Particle size distribution of Jumunjin sand.

Table 2. Result of direct and interface shear test

Conditions
Internal friction angle ∅

(degrees)
Cohesion
(kPa)

Untreated 37 0
XG-BPST (wet) 34 10
XG-BPST (dry) 48 270
Wall friction (δ) 15 (interface) 0

Table 1. Physical properties of Jumunjin sand

Category Unit Test result

Maximum dry unit weight (kN=m3) 18.1
Minimum dry unit weight (kN=m3) 14.6
Dry unit weight of the experiment (kN=m3) 17.2
Relative density (%) 78.2 (Dense)

ASCE 06025002-2 J. Geotech. Geoenviron. Eng.

 J. Geotech. Geoenviron. Eng., 2025, 151(7): 06025002 

 T
hi

s 
w

or
k 

is
 m

ad
e 

av
ai

la
bl

e 
un

de
r 

th
e 

te
rm

s 
of

 th
e 

C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

4.
0 

In
te

rn
at

io
na

l l
ic

en
se

. 



consisted of high-strength, low-elongation polyester yarns coated
with PVC. Table 3 summarizes the detailed dimensions and physi-
cal properties of the geogrid utilized in this study.

Experimental Program

Soil Tank and Measurement System

Fig. 2(a) displays a soil tank with dimensions of 845 mm in
length × 300 mm in width × 900 mm in height, designed using
a transparent acrylic plate, allowing visualization of all test proc-
esses from the outside. An internal glass plate minimized friction
against the model ground.

The testing wall was designed from seven individual acrylic
plates, each with dimensions of 300mminlength×20mminwidth×
100mm in height. To avoid eccentricity loading on each plate, two
load transducers (total of 14, Bongshin Co., Ltd., Seo-gu, South Ko-
rea) and four earth pressure gauges (ZIS I&C Co., Ltd.) were in-
stalled to measure lateral earth pressure. The arrangement of

separate plates allows for the measurement of lateral earth pressure
variation across each plate and prevents bending moments due to
earth pressure. Hinges were installed at the bottom of the wall to
enable it rotation (rotation around the base).

Model Ground Formation

The model ground, composed of dry jumunjin sand, was formed
using the sand pluviation method (Dave and Dasaka 2012; Gade
and Dasaka 2015) with a constant drop height of 700 mm to en-
sure consistent relative density. Applying this procedure, a dense
model ground (total height ¼ 800 mm) with a dry unit weight of
17.2 kN=m3 and a relative density of 78.2% was formed (Table 1).
The rails were isolated from the soil tank to avoid the influence of
vibration from storage movement. Rollers were installed to miti-
gate friction along the rails [Fig. 2(b)].

Model Ground Conditions

The aims of this study were to perform a preliminary feasibility
investigation of the lateral earth pressure behavior when XG-BPST
was applied to retaining wall backfill. Laboratory tests were per-
formed under strictly controlled conditions, with inter-layer spac-
ing maintained at consistent intervals based on separated and
measured plates for earth pressure assessment. XG-BPST layers
or geogrids were placed at predetermined positions during the for-
mation of model ground (simulating retaining wall backfill) using
the sand pluviation method (with 2, 4, 6 plates for 3 layers and 2, 3,
4, 5, 6 plates for 5 layers, respectively). The test variables were
classified as the initial (wet) condition XG-BPST representing
immediately after construction, the dehydrated (dry) condition

Table 3. Detailed dimensions of the biaxial geogrid

Apertures

Shape Square

Size (mm) 32 × 32

Rib width (mm) Longitudinal 7.5
Transverse 6.2

Thickness of transverse ribs (mm) 1.5
Tensile strength (kN=m) 40

Fig. 2. (Color) Laboratory test apparatus: (a) soil tank and lateral earth pressure measuring plate; and (b) traveling sand pluviation method.

Table 4. Summary of laboratory test conditions

CASE

Biopolymer
treated ratio
(UT=BP)

Biopolymer
hydrogel state

(W=D)

Biopolymer treated
layer number
(L0=L3=L5)

Geogrid number
(G0=G3=G5) Test name Symbol

1 UT — L0 G0 UT-L0-G0 ×
2 UT — L0 G3 UT-L0-G3 □

3 UT — L0 G5 UT-L0-G5 ▪

4 BP W L3 G0 BP(W)-L3-G0 △

5 BP W L3 G3 BP(W)-L3-G3 ⋄
6 BP D L3 G0 BP(D)-L3-G0 ○

7 BP W L5 G0 BP(W)-L5-G0 ▴

8 BP W L5 G5 BP(W)-L5-G5 ⧫
9 BP D L5 G0 BP(D)-L5-G0 •

Note: UT = Untreated; BP = Biopolymer treated (mw=ms ¼ 15%, mb=ms ¼ 1%); W =Wet; D = Dry; L0 ¼ 0; L3 ¼ 3; L5 ¼ 5; G0 ¼ 0; G3 ¼ 3; and G5 ¼ 5.
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XG-BPST from the perspective of maintenance after construction,
and the number of layers. The 15 mm thickness of the XG-BPST
layers was determined based on workability and economic consid-
erations. Preliminary tests identified a failure area in the model
ground induced by wall rotation. The XG-BPST layers were anch-
ored at a length sufficient to extend beyond the deformation-free
zone. Geogrids were centrally placed within the XG-layers to
mitigate the limitations of XG-BPST in initial (wet) conditions
where immediate post-construction shear strength improvement
was weak. Table 4 summarizes the test variables used to achieve
the objectives of the study.

Image Analysis: GeoPIV

GeoPIV software employs the principles of PIV (Particle Image
Velocimetry) to collect displacement data from digital image se-
quences obtained during geotechnical model and element tests
(White and Take 2002). GeoPIV, a MATLAB-based PIV software,
is utilized for studying soil behavior in geotechnical engineering
(Stanier et al. 2016; Xu et al. 2022). It computes the displacement
distribution across a whole plane by measuring the movement of a
specified region (pixel subset) in images taken before and after de-
formation using two-dimensional digital image correlation. In this
study, GeoPIV was used to monitor the deformation progress in
backfill reinforced by XG-BPST or geogrids. During the tests, a
digital camera (Canon 100D) was strategically placed in front of
the soil tank to record the failure behavior of the backfill at regular
intervals. Continuously captured images were analyzed using
GeoPIV-RG to extract image processing metrics such as shear
strain, displacement vector, and total displacement.

Test Procedure

After adjusting the wall verticality to measure lateral earth pressure,
a model ground was formed based on the test conditions (Fig. 3). In
the initial (wet) condition XG-BPST layers were immediately in-
stalled in their designated positions during the model ground for-
mation. The dehydrated (dry) XG-BPST layers were then cured
under room temperature (25°C) for one day per layer, resulting
in a total curing period of three to five days. The installation of
the XG-BPST layers had minimal impact on the wall, and consid-
ering the thickness of the filter that allows vertical drainage in con-
tact with the retaining wall during construction, the layers were
positioned 3 cm away from the wall. Since the XG-BPST layers

were not in direct contact with the wall, only the interface friction
between the wall and Jumunjin sand was considered. Rotational
displacement was induced at the base of the wall (active displace-
ment) via a gearbox (Myungsung Electric Co., Ltd.) and monitored
in real-time using an LVDT [Linear Variable Displacement Trans-
ducer; CDP-50, Tokyo Sokki Kenkyujo (TSK) Co., Ltd.]. To
prevent sudden ground failures induced by wall rotation, lateral
earth pressure was measured at a rate of 0.01°=min. All instruments
used in the test were connected to a portable data logger (TDS-303,
TSK Co., Ltd.) and switching box (SSW-50D, TSK Co., Ltd.), and
data was recorded in real-time. Furthermore, GeoPIV image analy-
sis was performed through photography during the test.

Results and Analysis

Lateral Earth Pressure Behavior Induced by Wall
Rotation around the Base

This study investigates the behavior of lateral earth pressure by per-
forming laboratory tests that induce rotation around the base of a
wall supporting backfill reinforced with XG-BPST layers or geo-
grids. Fig. 4 indicates the lateral earth pressure distribution induced
by wall rotation, represented by ratio Ea=E0 (Ea: active state earth
pressure, E0: earth pressure at rest) and normalized rotational dis-
placement Δx=h (Δx: lateral displacement, h: wall height). The
arrows demonstrate how reinforcement in the backfill reduces
lateral earth pressure compared to the untreated condition. Further-
more, the theoretical limit equilibrium wall displacement range in
dense ground is depicted (Δx=h 0.05%–0.1%). This range assists in
pinpointing active earth pressure, ensuring alignment with finding
from previous studies. Figs. 5 and 6 indicate the lateral earth pres-
sure ratio (Ea=E0) measured on each earth pressure plate induced
by wall rotation, offering additional insights into the earth pressure
behavior at the reinforced position, complementing Fig. 4.

Figs. 4–6 indicate that, regardless of the backfill conditions, as
the wall rotates (active state), the lateral earth pressure decreases
rapidly. A point then develops where a linear decrease begins at
a specified lateral wall displacement, which is defined as the limit
equilibrium wall displacement and determined as the active earth
pressure. Due to the cohesion of XG-BPSTand the friction between
the Jumunjin sand and acrylic wall (wall friction), it was deter-
mined that the limit equilibrium state following wall displacement
did not converge but rather decreased linearly.

Fig. 3. (Color) Design of the soil tank for laboratory tests.
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In Fig. 4, the XG-BPST layers under initial (wet) condition [BP
(W)-L3-G0, BP(W)-L5-G0] showed slight improvement in shear
strength, and the quantity of reinforcement was comparatively
small relative to the entire model ground; consequently, its impact
on the overall lateral earth pressure behavior was negligible. When
geogrid is embedded in backfill (UT-L0-G3, UT-L0-G5), the inter-
action between the soil and the geogrid improves shear strength.
Thus, the movement of soil particles, induced by wall rotation,
is constrained by the resistance of the geogrid, leading to a reduc-
tion in lateral earth pressure. To address the limitations of the initial
(wet) condition XG-BPST during early construction phases, a geo-
grid was encapsulated at the center of the XG-BPST layer [BP(W)-
L3-G3, BP(W)-L5-G5], enhancing the cohesion of XG-BPST and
achieving an additional reduction in lateral earth pressure compared
to the wet condition alone. XG-BPST layers under the dehydrated
(dry) condition [BP(D)-L3-G0, BP(D)-L5-G0] significantly in-
crease shear strength, restrict ground deformation induced by wall
rotation in the reinforced area, and exert a confining effect on the
surrounding ground. This resulted in a substantial reduction in lat-
eral earth pressure compared to the untreated condition.

As the number of reinforced layers increases (thus reducing the
spacing between layers), the lateral earth pressure decreases further,
though the improvement is negligible [Fig. 4(c)]. The variation
caused by reinforcing conditions was more significant than that
caused by the number of reinforced layers, and the effect of reduc-
ing lateral earth pressure was also developed in nonreinforced areas
(Fig. 5). Fig. S1 provides further details on the depth-dependent
lateral earth pressure behavior.

The Relationship between Lateral Earth Pressure
Behavior and GeoPIV Image Analysis

The GeoPIV image analysis method was used to verify the model
ground deformation and the ground movement restriction effect
due to the reinforcing condition by wall rotation (active displace-
ment). In Fig. 7, the color bar at the top of the image indicates
the displacement range, measured in millimeters. Dotted bars re-
present XG-BPST layers, while dotted lines indicate geogrids
in Fig. 7.

The analysis revealed that in untreated condition (UT-L0-G0), a
triangular wedge failure developed as the wall rotated around the
base, in line with conventional earth pressure theories. Figs. 4 and 7
indicate that a triangular wedge failure developed within the wall
displacement range ofΔx=h 0.05-0.1% under untreated conditions.
Failure was observed at about Δx=h 0.1% in other conditions,
which was identified as the limit equilibrium (active earth pres-
sure). It was observed that the ground movement was minimally
restricted at the reinforced position in the initial (wet) XG-BPST
layers. Consequently, compared to the untreated condition, the lat-
eral earth pressure behavior and failure shape were similar. In con-
ditions where shear strength improved, the x-axis movement of soil
particles was constrained, and a noticeable suppression of deforma-
tion was observed, especially in the dehydrated (dry) XG-BPST
condition. Reinforcement increased shear strength, thus reducing
soil displacement near the reinforced layers and diminishing the vol-
ume of the wedge failure. Since the earth pressure is influenced
by the weight of the wedge, a smaller wedge resulted in reduced

Fig. 4. (Color) Total lateral earth pressure ratio induced by rotation of the wall around the base: (a) three reinforced layers; (b) five reinforced layers;
and (c) comparative analysis based on the number of reinforced layers.
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lateral earth pressure. Reinforcement proved particularly effective at
greater depths with minimal wall displacement, further restraining
deformation and reducing lateral earth pressure. Fig. S2 provides
more details on GeoPIV image analysis results.

Discussion

Retaining Wall External Stability Affected by XG-BPST
Backfill Conditions

Active earth pressure developed atΔx=h 0.1% in all laboratory test
conditions. Table 5 summarized the lateral earth pressure reduction
effect at each wall displacement for all reinforcement conditions as
compared to untreated conditions. All reinforcement conditions

indicated reduced earth pressure; the dehydrated (dry) XG-BPST
case [i.e., BP(D)-L5-G0] exhibits the greatest reduction in earth
pressure.

The active earth pressure reduction effect may help lower
retaining wall volume and improve external stability. If an imagi-
nary retaining wall (height of 3 m, width of 2 m, unit weight ¼
24 kN=m3) is considered, its external stability against sliding and
overturning could be evaluated as summarized in Table 6. The scale
of the laboratory test results (wall height: 700 mm) was adjusted by
applying Coulomb theory to the active earth pressure in the imagi-
nary retaining wall backfill condition. All reinforced conditions
showed higher FS (factor of safety) compared to untreated condi-
tion (Table 6). AASHTO (2014) recommends minimum FS of 1.5
and 2.0 for sliding and overturning, respectively. The untreated
condition seems to be critical, while geogrid reinforcement slightly

Fig. 5. (Color) Lateral earth pressure ratio at each measurement plate is induced by rotating the base of the wall in the three reinforced layer condition.
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improves the FS. However, XG-BPST becomes more sufficient in
terms of safety against external stability. Particularly, dehydrated
XG-BPST conditions [i.e., BP(D)-L3-G0 and BP(D)-L5-G0] dem-
onstrate a significant reduction in lateral earth pressure which
exceeds more than 40%. Therefore, XG-BPST for wall backfill
is anticipated to improve the external stability of walls and decrease
the structural dimensions required (e.g., wall width) to meet
AASHTO’s safety criteria.

Response to the Depletion of Natural Construction
Resources and Environmental Issues Associated with
Cement

This study aims to address environmental issues associated
with soil improvement agents in geotechnical engineering by

employing biopolymers to reinforce retaining wall backfill.
Cement, commonly used for ground reinforcement, contributes ap-
proximately 1 ton of CO2 emissions per ton produced, accounting
for 5%–8% of total global CO2 emissions (Worrell et al. 2001; Metz
et al. 2005; Chu et al. 2009; Oss 2014; Chang et al. 2016b, 2020). Its
extensive use in construction is associated with increased urban
water runoff, heat island effects, preventing vegetation growth,
pH, and demolition problems (Rao et al. 2007; Chang et al. 2016b).
Conversely, the production of xanthan gum biopolymer, which con-
sumes about 4.97 kg of CO2 per kg, is naturally biodegradable and
does not adversely affect the geoenvironment or groundwater
(Chang et al. 2016b, 2019). Biopolymers are becoming increasingly
favored in geotechnical engineering, as they have been proven to
develop strength comparable to or exceeding that of cement or other
binders at low concentrations.

Fig. 6. (Color) Lateral earth pressure ratio at each measurement plate is induced by rotating the base of the wall in the five reinforced layer condition.
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In practical applications, engineers often prefer locally available
cohesive soils to minimize the constraints of granular materials
limited availability, transportation costs, shortened construction
schedules, and the extensive use of natural construction materials,

which increase costs and raise environmental issues (Christopher
and Stulgis 2005; Yang et al. 2019; Guzman and Payano 2023;
Razeghi and Ensani 2023; Malek Ghasemi et al. 2024; Saxena
et al. 2024). It has been reported that retaining wall backfill

Fig. 7. (Color) GeoPIV image analysis result for x-axis displacement (mm).
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materials can account for up to 50% of total construction costs, with
potential savings of 20%–30% achievable by substituting traditional
backfill materials with locally cohesive soils (Abdi and Arjomand
2011; Mirzaeifar et al. 2022). Efforts to reduce lateral earth pressure
through backfill reinforcement with BPST may enable the utiliza-
tion of diverse materials, including coarse aggregates, industrial by-
products, and locally cohesive soils. This strategy provides several
backfill options while addressing environmental issues by reducing
resource depletion, enhancing wall stability, and decreasing the
volume of retaining walls.

Future Challenges of BPST in Field Applications

Currently, biopolymers are economically unfavorable due to their
high global market pricing compared to conventional soil binders

like cement. They are used in various industries (cosmetics, phar-
maceuticals, food, etc.) that demand pure and high-quality biopol-
ymers, but they remain uncommon in geotechnical engineering,
resulting in high costs for production (Chang et al. 2016b). Recent
reports suggest that the unit prices of some biopolymers have de-
creased as the market expands, and the possibility for rough-quality
biopolymers to be applied to geotechnical engineering might lead
to future competition (Bajaj et al. 2007; Chang et al. 2015b, 2019).
Biopolymer studies are still performed on a laboratory scale, and
more advanced studies are needed to develop site implementation
methodologies, design standards, and material quality control
guidelines, as well as to ensure the durability and reliability of
BPST under field conditions (Chang et al. 2020). Although the xan-
than gum biopolymer used in this study significantly reduces lateral
earth pressure, adequate drainage and maintenance are essential

Fig. 7. (Color) (Continued.)
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due to strength reduction (stability) and durability challenges re-
lated to wet backfill conditions. Further studies are needed on the
optimal biopolymer content and type, reinforcement length and
spacing normalized to the height of the retaining wall, and main-
tenance and repair after construction to implement retaining wall
backfill reinforcement using BPST economically and efficiently.

Conclusions

This study investigated the behavior of lateral earth pressure under
backfill reinforcement conditions, utilizing a rotatable wall (rota-
tion around the base) to support sandy soil, through laboratory tests
and GeoPIV analysis methods. Based on sand mass, XG-BPST
contained 15% deionized water and 1% xanthan gum biopolymer
content, and a preliminary feasibility investigation was performed
for applying BPST as retaining wall backfill. The effect of lateral
earth pressure reduction and subsequent retaining wall stability
were analyzed in a backfill reinforced with XG-BPST and geogrid,
yielding the following results.

Under all reinforcement conditions, the limit equilibrium devel-
oped at a wall displacement of approximatelyΔx=h 0.1%; here, the
lateral earth pressure was determined as the active earth pressure. In
the initial (wet) condition of XG-BPST, the deformation of the
ground in the reinforced area was slightly restricted due to the min-
imal improvement in shear strength and the limited amount of
reinforcement, suggesting that the variation in lateral earth pressure
was negligible. To address the challenge of improving the weak
shear strength of XG-BPST, a geogrid was encapsulated in the
center of the layer. The combined effect of geogrid skin friction
and the cohesion of XG-BPST significantly reduced soil particle

movement, leading to further reductions in lateral earth pressure.
In the dehydrated (dry) condition XG-BPST, with significantly im-
proved shear strength, effectively decreased lateral earth pressure
by constraining ground deformation at the reinforced position
and exerting a confining effect on the adjacent soils.

Laboratory test results facilitated external stability (sliding,
overturning) analysis by reducing the active earth pressure using
an imaginary retaining wall. In the dehydrated (dry) condition of
XG-BPST, the FS was improved by at least 40% compared to the
untreated condition, and the minimum width of the retaining wall
required to meet the FS guidelines also decreased, allowing for eco-
nomical design.

The findings of this study provide various options for utilizing
backfill materials to save cost, improve external stability, and de-
crease volume in response to economic design and environmental
concerns. However, further studies are necessary to determine the
optimal biopolymer content and type, reinforcement length and
spacing, and postconstruction maintenance and repair strategies
for practical improvement of retaining wall backfill using BPST.
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