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Abstract Peat is a notoriously problematic soil having
high-water content, a large void ratio, and weak engineering
properties. Thus, it needs to be treated before utilization to
withstand structural stress. On the other hand, the amount of
waste tires increases exponentially due to the high demand
for wvehicles. Therefore, they need to be sustainably
recovered and recycled rather than disposed or incinerated.
This study aimed to stabilize the peat collected from Sungai
Bidut, Sibu with crumb waste tires (CRT). Different
percentages (15%, 20%, and 25%) of CRT were used to
determine its effect on peat strength improvement. The
effectiveness of CRT was assessed using mechanical testing
i.e., unconfined compressive strength (UCS). The optimum
amount of CRT was also concluded based on the UCS by
comparing it with the wuntreated peat. Finally, the
morphological change of peat in depth was studied by
scanning electron microscope (SEM) and energy dispersive
X-ray (EDX). The results revealed that the optimum
compressive strength of the peat soil is achieved with the
incorporation of 15% CRT. The highest UCS of 99.73 kPa
was recorded with the use of 15% CRT and the strength
decreases with the increasing use of CRT. The
microstructural tests show that peat becomes more compact
and humified with depth. Moreover, peat at any depth is
mainly composed of carbon (C) and oxygen (O) and the
small proportion of Silicon (Si) indicates less amount of clay
particles.

Keywords Peat, Stabilization, Crumb Rubber Tire,
Unconfined Compressive Strength, Morphology, Scanning

Electron Microscopy

1. Introduction

Peat is a highly problematic soil for having high organic
and high water content. The water content of peat may range
from 200% to 700% in West Malaysia but can also reach
2000% in some countries [1]. For this reason, peat is
considered the worst foundation material for load-bearing
structures due to its unfavorable nature. This presents a
challenge to geotechnical experts and the construction
industry around the globe due to excessive settlement in peat
and its low bearing capacity. Unluckily, peat is distributed
around the globe, covering about 3% of the world’s land [2].
Among the countries, Canada and farmer USSR possess the
highest amount of peatland. Tropical countries like Malaysia,
Indonesia, Brazil, etc. possess 8 — 11% peatland [3].
Malaysia ranked 9" around the world with 8% of its land
covered with peat. Therefore, peat soil needs to be stabilized
before commencing construction activities.

Numerous additives are currently used to stabilize weak
and problematic soil [4]. The utilization of waste material is
one of the effective and sustainable ways to reduce waste
products and enhance the engineering properties of weak soil
[5]. Several wastes, including waste tires, demolished
concrete waste, paper waste, plastic waste, electronic waste,
etc., are being used in civil engineering applications to utilize
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the waste effectively [6—12].

The generation of municipal solid waste (MSW) is
increasing every day due to the exponential development in
urbanization, and economic, demographic, and lifestyle
transformation. According to the Solid Waste Corporation
Malaysia (SWCrop Malaysia) survey, MSW was created at
19,000 tons per day in 2005, 33,000 tons per day in 2012,
and 38,000 tons per day in 2016 [13]. While the recycling
rate of the MSW in Malaysia in 2016 was reported
approximately 17.5% and the rest of the waste was either
dumped or burned, imposing hazardous environmental
effects [14]. In the solid waste, about 57,391 tons (8.2
million units) per year of motorbike tires were reported and
only 40% were recycled and 60% were wasted [15].
According to Thomas et al. [16], about 1,000 — 1,200 million
tires are produced annually and their production can reach up
to 5000 million tires every year by the end of 2030. The rapid
growth of vehicle tires is due to the increasing demand for
vehicles around the world. Due to their non-biodegradable
and hazardous nature, waste tires are causing an alarming
situation and a matter of concern to protect the natural
environment [17].

There are various ways to utilize waste tires instead of
dumping or burning them. Crumb rubber tire (CRT) wastes
are considered an environmentally friendly weak soil
lightweight filler material or construction material [6].
Meddah et al. utilized the shredded rubber tire as an
aggregate replacement in the roller compacted rigid
pavement [18]. Similarly, the application of waste tires in

producing rubbercrete has been reported by Bashar et al. [19].

Likewise, the feasibility of fine waste tires in concrete has
been investigated by Thomas et al. [16]. Various studies
reported the application of waste tires in peat and other soft
soil stabilization [20-24]. Soltani et al. proposed a solution
to cope with two hazards (tire waste and expensive soil) by
utilizing waste tire rubber in the expensive soil stabilization
[25]. They utilized varying amounts of tire and come up with
the 10% optimum shredded tire in expensive soil. Waste tires
were used in peat stabilization in various sizes, such as cut
into specific chips’ size, granulated, and powdered form.
Rahgozar and Saberian [21] utilized waste tires as
lightweight fill material in 5, 10, 15, and 20 percent of the
weight of peat in chips form of size 20 x 15x 0.5mm in
Iranian peat. They observed the highest unconfined
compressive strength of 405 kPa at 10% waste tires. In
another research work, the same authors added lime and
gypsum and shredded tires for peat stabilization [22]. They
reported the highest strength value of 475 kPa and 633 kPa
when gypsum and lime were used. Similarly, tire granules of
size 5 — 8 mm were prepared and added in 5, 10, and 15% by
Zain and Zulastry to stabilize peat soil [23]. Significant
strength and dry density improvement were observed while
optimum water content declined with the increasing amount
of waste tire.

Based on the literature review, it can be concluded that
waste tire has been utilized extensively in concrete and
problematic soil. However, its application in peat
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stabilization is still limited and needs to be investigated. An
attempt of utilizing waste tires by stabilizing Malaysian peat
using Crumb Rubber Tire (CRT) is carried out in this
research. Moreover, morphological changes in peat occurred
with the depth.

Table 1. Peat compositional analysis

Oxides (% weight) Peat
CO, 91.18
ALOs 0.746
Si0, 5.54
CaO 0.415
Fe, 03 0.763
K>,O 0.145
TiO, 0.020
SOs 0.842
MgO 0.362
P,0s 0.030
710,
MoO; 0.14
MnO
ZnO 0.062
Total weight (%) 99.98

2. Materials and Methodology

2.1. Peat Sampling (von Post humification test)

The location of peat sampling is located at Sungai Bidut,
Sibu, Sarawak, 24 km away from the University of
Technology Sarawak (UCTS) as shown in Figure 1 (a). The
coordinates of the site are 2°26'30.0"N, 111°46'38.4"E. It
can be observed that the color of Sungai Bidut peat is brown.

The in-situ test involved in this study is the Von Post
classification test [26]. The test is carried out as a system for
visual inspection based on the degree of humification of peat
and other highly organic soils. This system consists of ten
categories ranging from H1 — HI10. The higher H value
indicates a higher humification level. The Von Post,
humification test procedure includes holding an egg-shaped
lump of peat sample and firmly squeezing it with one hand.
Subsequently, the composition of the mud water extruded
between the fingers and the residue left in the palm was
observed, as shown in Figure 1 (b).

The compositional analysis of peat shown in Table 1
indicates high organic content and low clay content (lower
Si0O, content).

2.2. Crumb Rubber Tire (CRT)

The crumb rubber tire used in the experiments was
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obtained from ZHA Environmental Sdn. Bhd., Kuching,
Sarawak, as shown in Figure 2. The particle sizes of the
crumb rubber tire range from 1mm to Smm.

2.3. Mix Design

Based on the previous studies, trail mixes of peat and CRT
are proposed to identify the optimum CRT amount in peat.
Table 2 presents the summary of the mix design generated by
varying CRT percentages (15, 20, and 25%) in peat. Thus,
four trail mixes were prepared including a zero CRT mix.
The weight of CRT was based on the dry weight of peat.

el

(b)

Figure 1. (a) Extruding peat representative sample using a sampler (b)
In-situ Von Post humification test of peat
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Figure 2. Crumb rubber tire (CRT) obtained from ZHA Environmental
Sdn. Bhd. Kuching Sarawak

Figure 3. Standard compaction apparatus

Table 2. Mix design summary

Design Mixes Peat CRT
100% Peat 100% -
15% CRT 85% 15%
20% CRT 80% 20%
25% CRT 75% 25%

3. Experimental Procedure

3.1. Indexed Properties Test

The indexed properties describe the predominant
characteristics of peat. Also, it is considered the most
influencing factor in classification and strength development.
Numerous basic properties tests were conducted on peat
collected from Sibu, Sarawak, including moisture, organic,
fibre, ash, specific gravity, and pH, before treating it with
CRT. All the tests were conducted in incompliance with the
ASTM standard.

3.2. Standard Proctor Test

The standard proctor compaction test was conducted to
determine the optimum moisture content and the maximum
dry density of peat. The compaction of peat was carried out
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in a cylindrical metal mold with an internal 105 mm diameter
and 115.5mm high with a 2.5kg rammer, dropped from a
height of 300mm. Figure 3 illustrates the compaction
apparatus. This test was performed on the untreated peat only
following the ASTM-D698-12 standard [27]. About three
trials were carried out, and the average outcomes are
presented as result.

3.3. Unconfined Compressive Strength (UCS)

The main objective of the unconfined compressive test
was to obtain a compressive strength for those soils that
acquired sufficient cohesion to permit testing in an
unconfined state. All UCS specimens were extruded from
the standard compacted soil, maintaining a height-to-width
ratio of 2:1 as prescribed by the ASTM. The extruded
samples were wrapped in an airtight bag for one day as
shown in Figure 4. Moreover, each test was conducted three
times at least, and the average result is presented in the paper.
This test was conducted on the treated and untreated peat in
accordance with the ASTM D2166/D2166M — 16 standards
[28].

3.4. Scanning Electron Microscope (SEM) and Energy
Dispersive X-ray (EDX)

The scanning electron microscope (SEM) and Energy
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Dispersive X-ray (EDX) were carried out to investigate the
morphological and compositional variation of the untreated
peat collected at various depths. Peat was taken at 0.5 m, 1 m,
1.5, and 2 m and was exposed to SEM testing having 50 pm
wavelength and x500 magnification. The Zeiss EVO LS 15
model of the SEM machine was utilized to capture the SEM
micrographs and EDX analysis.

Figure 4. Unconfined compressive strength test specimen
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Figure 5. Standard proctor test results of untreated and CRT treated peat
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Unconfined Compressive Strength (UCS)
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Figure 6. Unconfined compressive strength (UCS) results of the controlled sample (100% peat) and treated with 15%, 20%, and 25% CRT

4. Results and Discussion

4.1. Indexed Properties

The essential basic physical properties of peat collected
from Sungai Bidut, Sibu, and its comparison with peat
collected from other regions of Sarawak such as Matang,
Batu Kawa, and Kota Samarahan, Kuching is enlisted in
Table 3.

It can be observed that peat collected from Sungai Bidut
possesses a higher degree of humification. It has a
humification level ranging from H5 — H10, which is hemic
and sapric. Comparing it with the other regions, it can be
concluded that Sungai Bidut peat is more decomposed
(mature) than peat at different locations [29,30]. This can be
attributed to the fiber content of the peat, which was found to

be the highest compared to other regions, ranging from 58.49%

— 63.24%. Furthermore, the organic content of Sungai Bidut
peat, Matang, Batu Kawa, and Kota Samarahan was found to
be around 85.95% - 95.40%, 95%, 95%, and 89%,
respectively. This provides the confirmation that all of these
soils are purely peat based on criteria provided by ASTM
D4427-18, which considers a soil specifically peat if the
organic content exceeds 75% in the soil [31]. Similarly,
ASTM D2974-00 classifies Sungai Bidut peat as medium
ash peat [32].

The specific gravity of Sungai Bidut peat was extremely
low compared to Kuching and Kota Samarahan peat. The
fundamental cause for having low specific gravity is the
presence of organic materials, which possess lower specific
gravity. Ultimately this caused a reduction in the specific
gravity of the peat soils in general. The pH value of peat at
Kota Samarahan is higher compared with the pH value at

Sungai Bidut, Matang, and Batu Kawa. Collectively, all of
them are considered highly acidic in nature according to
ASTM D4972 - 19.

4.2. Standard Proctor Test

The standard proctor test result of the untreated peat is
shown in Figure 5. The untreated peat's optimum moisture
content (OMC) and maximum dry density (MDD) are about
144.32% and 0.42 Mg/m® respectively. From the result
obtained, the higher fibre contents of peat soil contribute to a
higher amount of voids in peat. The higher void ratio in the
peat increases the moisture content amount required to
achieve maximum dry density.

4.3. Unconfined Compressive Strength (UCS)

The unconfined compressive strength (UCS) results of the
untreated and treated peat are shown in Figure 6. It can be
observed that the UCS value of peat increased with the
incorporation of CRT. The strength achieved by 0%, 15%,
20% and 25% of CRT are 9.78 kPa, 99.73 kPa, 21.96 kPa,
and 23.16 kPa respectively. Although the UCS result of peat
decreases with 20% and 25% of CRT mixtures, the UCS
value for these percentages is still higher than untreated peat.
Yet, both percentage mixtures still show improvement in the
peat strength. The optimum UCS value of 99.73 kPa with 15%
CRT addition is recorded in peat. The strength enhancement
of peat with CRT incorporation is due to the fact that CRT
act as filler material in the voids of peat. While the addition
of CRT beyond 15% replaces the mass quantity of peat with
a lower density of CRT, thus reducing the strength after 15%
CRT incorporation. Previously, Rahgozar and Saberian
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reported the highest UCS value of 405kPa at 10% tire chips
[21]. Similarly, Naseem et al. recommend 5% tire rubber
powder in soil due to high strength gain [25]. This variation
of optimum tire amount depends on the soil type, and tire
size used [6]. The strength obtained by 15% CRT-treated
peat is due to the filling of voids in the untreated peat;
however, the increasing amount of peat causes reduction of
the specific gravity, as evidenced by Naseem et al. [33].

4.4. Failure Modes of UCS samples

Peat possesses structural anisotropy due to the presence of
vegetation and fiber which can affect the compression failure
modes of peat [34]. Observing the failure pattern of the UCS
samples shown in Figure 7, it is noticed that the untreated
peat was crushed at the base with an unrecognizable failure
plane. However, apparent cracks were detected in the CRT
treated peat as illustrated in Figure 7 (b) — (d). Moreover, the
increasing amount of CRT in peat increases the intensity of
cracks by comparing 15%, 20%, and 25% CRT-treated peat.
These cracks dissipate the energy and allow ductile failure of
the specimen instead of brittle [35]. It is concluded that CRT
imparts ductile behavior in peat.

4.5. CRT Effects on the Peat Strength

Equation (1) is used to evaluate the strength development
index (SDI) of CRT-treated peat. As observed in Figure 8§,
the highest SDI of 4.69 is recorded by 15% CRT stabilized
peat. The remaining two percentage shows lower SDI due to
the low UCS value. According to ASTM D4609 (Standard
Guide for Evaluating Effectiveness of Admixtures for Soil
Stabilization), at least 345 kPa UCS need to be achieved by
the stabilized peat. However, the obtained SDI (4.69) is quite
less than the targeted SDI (34.2) which is obtained using the
UCS value of parent peat (9.8 kPa) and targeted UCS.

SDI = (UCS Un-stabilized ~ UCS stabilized)/UCS Un-stabilized - - -+ (1)

4.6. Response Correlation between CRT Percentage and
UCS value

To further elaborate the relationship between CRT content
and obtained UCS, a statistical analysis was carried out. The
response statistical correlation is an established and
extensively adopted technique to assess the dependency of
the key properties on the influential parameters [11,36]. Also,
it is adopted to show the intimacy of the experimental
observation with the regression line [11]. The coefficient of
determination (R?) is used for the analysis of correlation
confidence which is ranging from 0 to 1. In general, the
R-square value close to or equal to one is considered an
effective model while the one near zero is rejected [12,37].
Several studies used statistical correlation, a study reported
by Ahmad et al. [36] assessed the effect of binders’ amount
on the mechanical and compaction parameters of peat. In this
other research [11], a strong statistical correlation was
developed to assess the effect of cardboard additives on the
mechanical properties of concrete. Similar statistical models
were generated by Zeeshan et al. [12] and Kiffayat et al. [37]
to investigate the effect of plastic aggregates on the
mechanical properties of concrete. Thus, the response
statistical model is an acceptable and widely used technique.

In this study, a significant quadratic regression model
having R” equal to 1 is generated among the CRT amount
and UCS value as shown in Figure 9. As observed, the UCS
of the treated peat declines with the increasing amount of
CRT. Equation (2) correlates the CRT amount with the
obtained experimental UCS of treated peat.

UCS peat = 0.69(CRT)? - 31.23(CRT) +366.86 ... (2)

Table 3. Comparison of the physical properties of peat located in the Sarawak region

Phvsical Properties Peat at Sungai Bidut, Peat at Matang, Peat at Batu Kawa, Peat at Kota
¥ P Sibu Kuching Kuching Samarahan
Color Brown -
Von Post Hy - Hs[29]
Classification Hs —Hio H; - H,[30] Hs [29] Ha [29]
. 594 — 856 [29]
Moisture Content (%) 953 — 1484 607 — 926 [29] 426 —817[29]
360.72 —787.04 [30]
. 95 [29]
Organic Content (%) 85.95-95.40 95129] 89 [29]
66.60 — 78.88 [30]
. 45.6 [29]
Fiber Content (%) 58.49 - 63.24 50.3 [29] 23.2[29]
32—-65[30]
Ash Content (%) 4.60 - 14.05 45 —86 [30] -
. . 1.08 — 1.35[29]
Specific Gravity 0.53 -0.69 1.11-1.34 [29] 1.25-1.67[29]
1.45—-1.82[30]
3.2-3.8[29]
pH value 3.07-3.30 3.3-3.9[29] 3.4-43[29]

4.05-6.18 [30]
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Figure 7. Failure patterns of the untreated and treated UCS samples (a) 100% peat, (b) 85% peat + 15% CRT, (c) 80% peat + 20% CRT, and (d) 75% peat
+25% CRT
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Figure 8. Effect of different percentages of CRT on peat
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Figure 10. SEM micrographs and EDX results of peat derived at different peat depth; (a) 0.5m, (b) 1.0m, (c) 1.5m, and (d) 2.0m

Table 4. Elemental composition of the peat from EDX results

Depth C o Si S Ca Cu Fe Zr Total
0.5m 66.65 31.95 0.18 0.12 0.14 0.40 - 0.54 100
1.0m 65.71 32.65 0.10 0.08 - 0.15 0.45 0.56 100
1.5m 63.49 34.58 0.14 0.16 0.13 - 0.65 0.84 100
20m 68.80 26.93 0.39 0.55 0.78 - 0.75 1.40 100

4.5. Scanning Electron Microscope (SEM) and Energy
Dispersive X-ray (EDX)

The morphological variation of peat collected at 0.5 m,

1.0 m, 1.5 m, and 2.0 m can be viewed in Figure 10. It can
be observed that at a depth of 0.5 m, the peat structure
possesses loosely organic matter with higher voids
compared to peat collected at 1.0m. Meanwhile, the
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micrograph of peat at a depth of 1.5 m is more
homogeneous than peat at a depth of 0.5m and 1m as
shown in Figure 10(c). Finally, the SEM image of peat
collected at 2.0m is more uniform and possesses fewer
voids. Thus, it can be concluded that the peat matrix
becomes uniform and homogeneous with depth. This
shows that peat becomes more humified and mature along
with depth. The microstructural and chemical changes in
peat along its depth are also reported by Duggan et al. [38].
The elemental compositions investigated via energy
dispersive X-ray (EDX analysis) of the peat collected at
different depths of 0.5, 1.0, 1.5, and 2m are shown in
Figure 10. Table 4 enlists the percentage weight of all the
elements detected in the EDX analysis. It is evident that
peat is majorly composed of carbon (C) and oxygen (O)
with fractions of silicon (Si), Sulphur (S), calcium (Ca),
and metals i.e., copper (Cu), iron (Fe), zinc (Zn). The small
fraction of Si indicates the less amount of clay particles
which ultimately affected the strength gained by the SF and
OPC-treated peat. For this purpose, it is recommended to
employ sand along with binders to fulfill the amount
needed for the formation of silicate compounds i.e.,
calcium silicate hydrates, calcium aluminate hydrate, etc.
[36]. For this reason, Rahgozar and Saberian used sand
along with shredded tire chips in peat stabilization [21].

5. Conclusion and Recommendation

This study aimed to assess the effect of a waste crumb
rubber tire (CRT) in the stabilization of peat collected from
Sungai Bidut, Sibu. Initially, the indexed properties of peat
were investigated, followed by the standard compaction
and mechanical property (UCS). Finally, the
microstructural properties including scanning electron
microscope (SEM) and energy dispersive X-ray (EDX) of
the untreated peat collected at different depths are carried
out to assess the morphological and compositional
variations along with the depth. Based on the experiments,
the following conclusions are drawn.
® The indexed properties of Sungai Bidut peat and other
places in Sarawak from literature revealed that most
of the peat in Sarawak are hemic and sapric type,
acidic in nature, and possess high water content,
organic content, fiber content. In contrast, low
specific gravity peat was found in Sungai Bidut
compared to other places.

®  The application of CRT in peat filled the larger voids
of peat and increased the MDD, thus yielding a
compact peat mass.

® The CRT utilization enhances the peat strength and
the highest UCS value of 99.73 kPa was recorded
using 15% CRT. Moreover, the increasing amount of
CRT decreases the peat strength.

® The untreated peat exhibits brittle failure while the
incorporation of CRT imparts ductile failure behavior
in peat.
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® A strong statistical correlation has been developed
between the CRT amount and UCS value.

® The SEM micrographs show that the peat matrix
becomes more humified, compact, and mature
possessing fewer voids at higher depth compared to
lower depth peat.

® The EDX analysis revealed that peat in any depth is
majorly composed of carbon and oxygen. Moreover,
the small amount of Si shows a less fraction of clay
particles.

Besides the effective application of waste CRT in peat
stabilization, this study is also associated with several
limitations. Although the UCS value increases with the
inclusions of CRT, however, the highest strength (99.73
kPa) attained by using 15% CRT is still less than the
minimum permissible limit provided by ASTM D 4609
which is about 345 kPa [36]. For this purpose, sustainable
and potential binder materials are suggested used along
with the CRT such as waste silica fume and other
pozzolanic materials to elevate the CRT treated peat
strength [36].
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