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ABSTRACT: This paper presents a relevant and timely study on the use of tin tailings, which are the solid waste
material extracted from tin mineral processing at tin mine in the northern region of Thailand, as an alternative
backfill material in Geosynthetic Reinforced Soil (GRS) abutments. By conducting a series of physical model tests
under varying normal loads, including a test with a single-layered and double-layered geosynthetic reinforcement.
The study provides practical insights into the pull-out behavior and deformation characteristics of the GRS
composite system. The application of tailings characterized a mixture of various particle sizes with a maximum
particle size of 4.75 mm, and a friction angle of 37° which demonstrates a promising approach to sustainable
construction. The tailing mainly contains Silicon (Si) and other different proportions of elements without harmful
chemical components. The paper aligns well with current engineering practices and sustainability goals by
integrating waste utilization within the context of GRS design.
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1. INTRODUCTION

In recent years, the trend of green and sustainable
construction materials has witnessed a notable rise in
relation to environmental concerns, economics, and
social aspects [1-3]. Waste material is by-products in
production processes and it is alternative choices for
practical applications, including road construction,
geosynthetic-reinforced  transport  infrastructure
systems, pavement, embankments, load-bearing
foundations, slopes, cement production, agriculture,
and backfilling in underground mining, etc. [4-8].
Recent studies published in the International Journal
of GEOMATE further emphasize the importance of
environmentally responsible construction materials
and sustainable engineering practices in geotechnical
and infrastructure applications [9-12]. Currently, the

selection of materials for construction work involves
more than just strength. There are other critical
factors to consider, such as cost-effectiveness, which
include the price of materials, transportation to the
site area, operational costs, safety concerns, healthy
working conditions, and the use of environmentally
friendly materials. Additionally, materials that emit
low levels of carbon dioxide have a long-life cycle
and can be reused with considered good options [13-
17]. In mineral-rich regions, particularly in Southeast
Asia, the reuse of mining waste for civil and
geotechnical engineering applications offers a
promising pathway toward sustainable infrastructure
development. Several recent GEOMATE studies
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have reported the feasibility of incorporating
industrial by-products and waste-derived materials
into geotechnical systems, highlighting both
environmental benefits and acceptable mechanical
performance [9]. Thus, according to previous reasons,

the waste materials from the mining industry are also
seen as a beneficial choice for utilization [18-21].

This study highlights the waste materials from
surface mining, particularly located near urban areas.
These materials are considered alternatives for
utilization and development to transportation
infrastructure in northern region of Thailand. There
are many alternative waste materials in this region,
which include various types from mining operations,
such as quarries, mineral extraction, coal mining,
overburden excavation, sand mining, as well as kaolin
mining. Emphasizing ore processing in mining,
particularly regarding the waste materials extracted
from Tin ore processing. Among these, tin tailings
generated from tin ore processing have accumulated
in large surface stockpiles and remain largely unused,
despite their favorable granular characteristics and
mechanical potential. Tin tailings are solid waste
materials produced during mineral beneficiation
processes, typically consisting of sand-sized to fine-
gravel particles with high silica content and minimal
harmful chemical components. The tailings have been
stockpiled over extensive surface areas and have
remained unused since mining operations began as
shown on Fig. 1.

Fig. 2 depicts the basic flowchart of extracted Tin
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mineral process. In general, the process to produce
Tin production can be divided into 2 parts: the mining

Fig. 1 Location of Tin tailings, northern region of
Thailand

process and the extraction process. The mining
process is the process of preparing raw material,
which includes planning to remove overburden and
then using drilling and blast techniques to reduce the
size by explosives that have high energy and create
high shockwave after detonation. The drilling follows
the mineral veins. The mining machines are used to
dig and load raw material into the mine trucks, which
are then hauled to the crusher plant that employs
reduction steps. In this step, the raw material is
reduced to small size and prepares for the following
step. Finally, the production results in concentrated
Tin production by using jig concentrators, electric,
and magnetic separators. The tailings are delivered to
waste stockpiles. To manage and optimize the natural
resources, as well as the financial aspects and lifespan
of mine. Firstly, low-grade raw materials can be
blended with high-grade material using blending
techniques.

Tin deposit
Drilling and blasting

Loading and hauling

Crushing
e >V
| Stockpile
! \
1
v 9% Trommel rotary drum screen
Re size
. 4
Crushing Jig plant —p Tailing

Electric and magnetic separator —p Tailing
Tin concentration

Fig. 2 Basic flowchart of extracted Tin mineral
process
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Regarding utilization of the tailing from Tin
mining in an engineering context, the Geosynthetic
Reinforced Soil (GRS) structure consists of dense
multiple layers of a densely compacted fill and
closely spaced geosynthetic reinforcement, and a
stable facing block with either frictional or
mechanical connections. The GRS structure is widely
used in practice due to its advantages, such as being
easier to construct, more economical, requiring less
over-excavation, more ductile, more flexible, and it
can be quickly built times. Moreover, GRS
technology has a lower environmental impact as it
uses less CO emitting materials in its life cycle, and
the materials can contribute to road infrastructures as
they can be used as gravel for example, once their life
cycle has ended. GRS technique has been adopted in
many engineering contexts, including retaining walls,
embankment, load-bearing structure, bridge abutment,
etc. This construction consists of densely compacted
backfill with closely spaced geosynthetic materials.
Additionally, the space between each layer of
geosynthetic sheet is usually laid less than 300 mm
[17, 22-25]. Design and performance aspects of GRS
structures have been extensively discussed in FHWA
guidelines and supported by recent experimental
investigations reported in GEOMATE, particularly
regarding reinforced soil behavior under service and
ultimate loading conditions [9, 10]. The calculation of
bearing capacity for GRS composite is influenced by
various internal factors, as shown in Eq. (1)

(Siv) T
Gue = (0c + 0.7 %mar’ DK, + 2 [Kp - (1)
Where:

q..:: Ultimate bearing capacity

o.. External confining stress due to the facing
element

S,: Vertical reinforcement spacing

d ax: Maximum particle size

T;: Ultimate tensile strength of the geosynthetic
reinforcement

K,,: Coefficient of passive earth pressure of the
backfill

c: Cohesion of the backfill

However, according to current design guideline
for GRS bridge abutments, the facing element is
typically not treated as a structural component of the
GRS abutment. Furthermore, the confining stress
induced by the facing element is often disregarded,
assuming a confining stress of 0. In addition, in this
design, cohesion is also eliminated since it cannot be
relied on for long-term strength as Eq. (2), Eq. (3)
[23].
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Where:

¥ + Unit weight of facing block

d : Depth of the facing block

6 : Friction angle between the geosynthetic
reinforcement and facing element

The mechanical behavior of GRS structures is
strongly governed by the interaction between backfill
materials and geosynthetic reinforcement. Among
various interaction mechanisms, pull-out resistance
plays a critical role in internal stability and load
transfer within reinforced soil masses. Pull-out
behavior is influenced by normal stress, backfill
gradation, friction angle, reinforcement surface
characteristics, and reinforcement configuration.
Recent GEOMATE studies have investigated
geosynthetic-soil interface behavior using direct
shear and related experimental approaches,
demonstrating the sensitivity of interface strength to
material type and loading conditions [9]. However,
most of these investigations have focused on
conventional granular soils or cement-treated
materials, while experimental data involving mining
waste backfills remain scarce.

Despite the growing body of research on
reinforced soil systems, clear research gaps remain.
Existing studies predominantly address natural
aggregates or recycled construction materials as
backfill, whereas experimental investigations
involving mining tailings—particularly tin tailings—
are limited. Furthermore, insufficient attention has
been given to evaluating pull-out behavior under
normal stresses representative of bridge service loads,
as well as the influence of multiple reinforcement
layers when unconventional backfill materials are
employed. Recent GEOMATE publications have
emphasized the need for experimentally validated
reinforced soil behavior under realistic loading
conditions to support sustainable design frameworks
[9-11]. Therefore, a concept has been developed to
study waste materials that impact the environment,
are low in cost to manage, and can be suitably applied
to local conditions by creating a physical model that
simulates the real area for practical application. This
paper was conducted on a series of physical models
and investigates the characteristics of Tin tailings and
reinforcement for geosynthetic reinforced soil
abutment under vertical loading using the pull-out
loading technique and focus on the above parameters.

This paper is organized as follows. Section 2
presents the research significance and highlights the
novelty of the study. Section 3 describes the materials,
experimental setup, and test program, including
properties of tin tailings and geosynthetic
reinforcement. Section 4 discusses experimental
results and pull-out behavior under varying normal
stresses. Finally, Section 5 summarizes the main
conclusions and implications for sustainable GRS
design and future research.
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2. RESEARCH SIGNIFICANCE

This study presents an innovative experimental
investigation into the pull-out interaction between tin
tailings and the geosynthetic reinforcement for
Geosynthetic Reinforced Soil (GRS) abutments.
Unlike previous studies that mainly employed
conventional granular backfills, this research
evaluates mining waste materials under simulated
bridge service loads. The originality lies in
integrating tin tailings with single and double-layer
geosynthetic  reinforcements to assess load
displacement behavior and deformation mechanisms.
The findings provide new insights into the feasibility
of reusing tin tailings as sustainable backfill materials,
contributing to  environmentally  responsible
infrastructure development and expanding the
application of waste-derived materials in GRS design.

3. MODEL TEST
3.1 Material and Preparation

3.1.1 Tin tailings backfill soil

The Tin tailing was selected as the backfill soil for
GRS applications. This tailing was used to investigate
in this experiment. The first five main chemical
compositions consist of Silicon (Si), Magnesium
(Mg), Aluminum (Al), Calcium (Ca), and Iron (Fe) as
showed in Fig. 3. Tin tailings backfill appears in dark
yellow color and contains with various particle sizes
as depicted in a line graph of gradation backfill by
sieve analysis (Fig. 4). The Tin tailings backfill was
screened particles, which determined a maximum
particle size of 4.75 mm. In addition, the uniformity
and curvature coefficients are around 5.4 and 1,
respectively. This waste material takes into accounts
to the well-graded backfill specifications, following
FHWA guidelines. The properties of the backfill were
determined including specific gravity, cohesion,
friction angle, min. and max. dry unit weight were
depicted in Fig. 5 and Table 1.

FeO Other
4.46% 3.81%
CaO _——=
6.25%

6.34%

MgO
30.03%

Fig. 3 Main Chemical compositions of Tin tailings
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Fig. 4 Particle size gradation curve of Tin tailings

180

135

©
o

I
ol

Shear stress (kPa)

0 62.5 125 187.5
Normal load (kPa)

250

Fig. 5 The relationship between normal stress and
shear stress at peak from direct shear test

Table 1 The properties of Tin backfill soil

Properties Unit Test Method Tailing
Max. particle size mm Sieve analysis 4.75
Mean particle size mm Sieve analysis 0.61
Uniform coefficient USCS 5.4
Curvature coefficient USCS 1
Min. dry unit weight ~ g/cm®  Relative Density 1.255
Max. dry unit weight — g/cm®  Relative Density 1.600
SG - Water 271
replacement
Cohesion kPa Direct shear test 0
Internal friction ° Direct shear test 37
Angle

Fig. 6 Polyvinyl Chloride mesh
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3.1.2 Reinforcement

Fig. 6 shows the back color of Polyvinyl Chloride
mesh (PVC) was selected as geosynthetic
applications in function of reinforcement for this
study, with an aperture size of 5 mm, 16 holes of 100
mm, and a thickness of 2 mm for each layer. The
dimensions of the PVC sheet were 300 mm in width
and 420 mm in length due to the factor of GRS design,
typically expressed as a base-to-height ratio (B/H) of
0.7 [23, 26].

3.2 Test Plans

There are five different experiments that applied
normal load at the top of model tests ranging from 0
kPa to 400 kPa. The experiments are focused on the
pull-out loading characteristics and displacement of
reinforcement. To ensure consistency, a compaction
level is greater than 95% of maximum dry unit
weight. Tests 1 to 4 were conducted with loads of 0,
100, 200 and 400 kPa. For Test 5 was conducted in
the same manner as Test 3, but an additional double
sheet of geosynthetic, as detailed in Table 2.

Table 2 Test plan
Test Normal load Backfill
(kPa)
1 0 Tin tailings
2 100 Tin tailings
3 200 Tin tailings
4 400 Tin tailings
5 200* Tin tailings

Note: * A double geosynthetic sheet.

3.3 Model Test Setup

Fig. 7 shows the right-side view of the physical
model, which consists of model box, backfill,
geosynthetic reinforcement, digital dial gauge,
hydraulic jack and load cell. The model box has the
inside dimensions of 300 mm in width, 1000 mm in
length, and 600 mm in height. The model was
constructed with 4-side wood and 1-side transparent
panel that allows us to observe the interaction
between backfill and geosynthetic during testing in a
rigid frame. Furthermore, the top side is open to fill
the backfill through this way. The rectangular outlet
gap is 300 mm in length and 20 mm in width. A
narrow gap of around 5 mm was left on top-bottom
sides of geosynthetic sheet to prevent the friction
between outlet wood and geosynthetic sheet during
pull out by horizontal hydraulic jack. The
geosynthetic sheet was allowed for lateral movement,
as shown in Fig. 8.

A Geosynthetic sheet was placed in the middle
height of model, which followed the FHWA
guideline for bridge abutment. Moreover, the dense
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layer between the backfill and geosynthetic sheet is
less than 300 mm.

The strip footing is a rigid plate that is placed as
the beam seat in the prototype to receive the load of
an integrated superstructure. However, in the
experiment, a vertically distributed load was applied
from the hydraulic jack and placed on the top of
model at a setback distance of 40 mm behind
reinforced soil. In addition, the size of the strip
footing plate is 300 mm in width and 250 mm in
length.

L—

Rigid frame

Fig. 8 A geosynthetic sheet in lateral movement
3.4 Loading Procedure

In this study, the vertical hydraulic jack was
maintained and pressurized to apply normal pressure
during testing. A distributed surcharge load applied to
the model test, which applied an incremental pulling
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load of around 50 N per minute for the geosynthetic
sheet until reaching maximum load. Throughout the
performance test, the monitoring instruments
displayed real-time data on screen, including vertical
applied loading, vertical and lateral displacement and
pull-out loading, as well as visual observation of the
geosynthetic sheet and backfill soil through the
transparent plexiglass.

4. RESULT AND DISCUSSION

4.1 Pull-out Loading Characteristics

Fig. 9 shows pull-out loads and lateral
displacement of model tests when the applied normal
load on the strip footing ranged from 0 to 400 kPa at
the top of the model. The GRS abutments are
recommended to have a typical load at 200 kPa [27].
The graph demonstrates a steady line between pull-
out load and displacement of geosynthetic, exhibiting
elastic behavior characterized by a linear relationship
according to Young's modulus. However, in the next
stage, the lateral displacement rapidly increases,
exceeding the maximum load and reaching frictional
resistance. Finally, the pull-out load sharply drops
with increasing displacement, then becomes steady,
following the same trend of all five model tests. Test
1 carried out without normal stress on the top of
model test, the result of this case showed the lowest
pull-out load due to only frictional resistance between
backfill and geosynthetic sheet. Test 4, with a normal
stress of 400 kPa, experienced a significant rupture of
geosynthetic sheets at front of reinforced soil
composite. In terms of GRS abutments under bridge
service load, the behavior of pull-out loading exhibits
a higher load with longer displacement. Moreover,
the use of a double geosynthetic sheet occurred a
higher load capacity compared to a single sheet.

Fig. 10 shows the influence of normal stress on
pull-out loads, the results indicate that the normal
load increased as pull-out load increased.

Visual observations between the geosynthetic
layer and backfill through the transparent plexiglass
demonstrated the minimal changing due to slow
movement of reinforcement.

5. CONCLUSIONS

The study compared and analyzed the results of
five experimental tests, focusing on the pull-out
loading and deformation behavior of the
Geosynthetic Reinforced Soil (GRS) composite
system. The results indicate that the pull-out
resistance of the GRS composite increased with
increasing normal stress applied at the top of the
model. When a double layer geosynthetic
reinforcement was used, the increased tensile
capacity resulted in a higher pull-out load
accompanied by larger displacement. Under bridge
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service load conditions of 200 kPa, the pull-out load
capacity increased by approximately 1.2 times
compared with the unloaded condition. Furthermore,
the use of double layer geosynthetic reinforcement
led to a significant improvement in pull-out resistance
of approximately 1.7 times.

Pull-out load (N)
375 750 1125 1500 1875 2250 2625

0 kPa 100 kPa
A 200 kPa 400 kPa
| —a— 200 kPa*

0

0 50 100 150 200 250 300 350

Clamp displacement (mm)
Note: * A double geosynthetic sheet.

Fig. 9 Pull-out loads-displacement curve of
geosynthetic sheet at different normal stress
2000
z A
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5 N
(ID N
= 1000 X
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= 0 kPa
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£ 500 ® 200 kPa
b X 400 kPa
- - - - Fitted line
0
0 200 400 600

Normal stress (kPa)

Fig. 10 Influence of normal stress on pull-out loads

All experimental cases exhibited a similar load
displacement trend. After exceeding the peak
frictional resistance at the interface between the
backfill and the geosynthetic reinforcement, the pull-
out load decreased and subsequently reached a stable
residual value. Failure of geosynthetic reinforcement
was characterized by a sudden rupture under
excessive normal loading, with the rupture
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consistently occurring near the front of the GRS
composite.

In addition, this study confirms that tin tailings
can be effectively reused as a sustainable alternative
backfill material for Geosynthetic Reinforced Soil
abutments when combined with geosynthetic
reinforcement. The experimental investigation of
pull-out interaction under bridge service load
conditions provides new evidence addressing the
limitations of previous studies that primarily focused
on conventional granular backfills. The comparison
between single-layer and double-layer geosynthetic
reinforcements demonstrates that reinforcement
configuration plays a significant role in enhancing
pull-out resistance and deformation performance.
These findings contribute to a better understanding of
soil-reinforcement interaction involving mining
waste materials and support the integration of waste-
derived resources into sustainable GRS design and
infrastructure development.
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