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Conversely, the implementation of chemical stabilisation, involving the incorporation of
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suitable additives, is contemplated prior to commencing construction activities. Ground Published - 21+t Dec. 2023

Granulated Blast Furnace Slag (GGBS), which is a byproduct of the iron and steel industry, KEYWORDS
stands out as a prominent additive that can augment the engineering attributes of peat soil. Peat,

This investigation focuses on the compaction characteristics of peat soil treated with varying GGBS,
proportions of GGBS, as evaluated through the Modified Proctor test. It involved examining Compaction,

the impact of diverse GGBS additions on the liquid limit of peat soil. The findings showed that
the introduction of GGBS yielded a substantial reduction in the liquid limit of peat soil,
signifying an elevated susceptibility to moisture and an increase in plasticity. Moreover, the
incorporation of GGBS into peat soil prompted an increase in its Maximum Dry Density (MDD)
and a reduction in its Optimum Moisture Content (OMC). Notably, the peak MDD, registering
at 1000 kg/m?, was achieved at a GGBS content of 50%, marking the highest value observed
in this study. The OMC values further indicated the lowest moisture content, standing at 29%,
with the addition of 25% GGBS to the peat soil. These outcomes convincingly advocate that
the utilisation of GGBS in treating peat soil engenders positive enhancement in its compaction
characteristics, specifically pertaining to MDD and OMC. Such enhancement in engineering
properties holds promising implications for potential stability.

1.0 INTRODUCTION

Unlike other soil types, peat soil has poor strength and uneven distribution of soil particles, making it an avoided
option for the construction industry. The issue of problematic soil necessitates a fresh countermeasure approach that
considers the current economic and environmental conditions. Prominent improvements are imperative when dealing with
such construction-related soil issues, including the addition of modifiers or stabilisers. Nevertheless, geotechnical
engineers face difficulties due to the lack of fundamental data on tropical peat soil for construction projects. The
challenges associated with construction failures on peat, stemming from issues related to structural integrity and the
lifespan of the buildings, have been extensively documented in numerous studies and technical reports. Even though
proper consideration is given during the design stage, difficulties inevitably arise during pre-construction and post-failure
construction, leading to high costs [1].

This is further amplified by the high-water content and wide characteristics of peat soil that impose significant
challenges to assess their physical and index values accurately. The process of altering soil properties to enhance its
engineering characteristics is referred to as soil stabilisation. All forms of soil stabilisation can be broadly categorised
into two groups: those that employ mechanical methods and those that utilise chemicals. Previous research has highlighted
the low mechanical strength of peat soil and the challenges it poses in construction due to its inadequate structural stability
[2]. Peat soil is rarely utilised for construction works in Malaysia following its inability to provide stability for built
structures, as characterised by low shear strength and high-water content. This necessitates the application of stabilisation
methods to enhance peat soil’s suitability in construction projects. Additionally, the growing demand for real estate further
amplifies the need to address problematic soil issues.

Peat soil exhibits a substantial water content exceeding 200% [3]. This high-water content poses a significant
challenge for engineering undertakings. The saturated nature of peat soil complicates handling and gives rise to concerns
related to compaction and stability. With its low shear strength, peat soil is incapable of supporting the weight of structures
or other loads. The shear strength of peat soil typically ranges between 5 to 20 kPa [4]. This characteristic is dictated by
the internal structure of the soil and carries significant implications for the stability of structures and other engineering
projects involving peat soil. Despite its frequent use in constructing slopes and embankments, peat soil's low shear
strength renders it susceptible to landslides and slope instability. Feasibility studies on image processing techniques are
being conducted in the realm of civil engineering, spanning structural, material, geotechnical, and highway applications.
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It is imperative to implement an appropriate soil stabilisation method to enhance peat soil properties before undertaking
any construction activities [5]. In this regard, the adoption of stabilisers like Ground Granulated Blast Furnace Slag
(GGBS) and stone dust is becoming increasingly vital for addressing problematic soil conditions [6]. GGBS mitigates the
heat of hydration, thus reducing the likelihood of thermal cracks. Substituting Ordinary Portland Cement (OPC) with
GGBS leads to substantial reductions in carbon monoxide emissions, contributing to the conservation of non-renewable
resources such as limestone [7].

Other researchers have also treated peat soil with various additives to achieve soil stabilisation. The introduction of
cement and Petrasoil into peat soil leads to a reduction in water content, as evidenced by the decreasing percentage
observed [8]. This phenomenon arises as cement and Petrasoil particles occupy the voids between peat particles, resulting
in increased soil density and reduced compressibility. Furthermore, the application of fly ash and gypsum to peat soil
enhances its characteristics [8]. The use of effective microorganisms (EM) for peat soil stabilisation resulted in an
improved California Bearing Ratio (CBR) [10]. Employing the Standard Proctor test on peat soil also increases the dry
unit weight (yd) from 0.169 g/cm? to 0.519 g/cm? [11]. However, this improvement is not significant without additives.
Carbide lime, used as an additive for peat soil, has been proven to increase its strength [12]. Furthermore, reusable
materials like palm oil fuel ash (POFA) have been proven effective for stabilising peat soil and enhancing its Unconfined
Compressive Strength (UCS) in conjunction with OPC [13]. The utilisation of Eco-Processed Pozzolan has shown
potential for increasing the dry density of peat soil [13]. Past research also used dry mixing peat soil with OPC at various
percentages, ranging from 0% to 40% of the dried weight of peat soil, to prepare treated soil samples. In a previous study,
OPC was used as a binding agent to alter the mechanical behaviour of peat soil. Due to its high organic content, untreated
peat soils often exhibit elevated liquid limit values. The presence of significant organic matter enhances the soil's water
absorption capacity [15, 16]. Therefore, treating peat soil with different concentrations of OPC can decrease its liquid
limit values as OPC content increases. While the lime content in OPC has shown effectiveness in improving weak soil
properties, it falls short in terms of generating significant heat during the hydration process.

Numerous studies have aimed to enhance peat soil stability [17, 18, 19], yet none have explored the sole application
of Ground Granulated Blast Furnace Slag (GGBS), leaving several research questions unanswered. The effectiveness of
additives in peat soil remains an intriguing subject especially on the selected location of the case study. Therefore, it is
crucial to investigate the incorporation of GGBS in peat soil to assess its potential as a construction material.

2.0 TESTING PROGRAMME

This section outlines the systematic and sequential steps undertaken to fulfil the research objectives concerning the
compaction characteristics of GGBS-treated peat soil. The study was conducted in a laboratory setting, involving
experimental investigations into GGBS as a soil stabiliser for peat soil. All experimental procedures took place at the
Geotechnical Laboratory, Faculty of Civil Engineering, Universiti Teknologi Malaysia, specifically focusing on
conducting compaction tests using the Modified Proctor Method. The tests encompassed untreated and treated peat soil
samples with varying GGBS contents of 5%, 15%, 25%, and 50% based on respective dry weight. Nevertheless, the study
acknowledges limitations in repeatability analysis due to resource constraints and necessary apparatus modifications to
address challenges posed by problematic weak soil.

2.1  Basic Characteristics of Peat Soil

To determine the fundamental characteristics of peat soil, several laboratory tests were conducted as an initial
identification of the problematic soil. The effect of GGBS on Liquid Limit (LL) was also investigated to acknowledge its
effect on the changes in moisture content. It also served as an indication of changes in the optimum moisture content
(OMC) as a result of the compaction test. The peat soil was mixed with varying proportions of GGBS, ranging from 0%
to 25%.

2.2 Compaction Characteristics of Peat Soil

Following the British Standard guidelines, a cylindrical mould was prepared whilst ensuring that its surfaces were
free from dirt or debris. A 2.5 kg metal rammer was dropped from a height of 300 mm, delivering 27 blows to the soil.
The peat soil-GGBS mixture was placed in a compaction mould with a diameter of 0.1 m and a detachable base plate for
the modified proctor compaction test. A removable steel extension collar was attached to the top of the mould before
adding the mixture. The material was placed inside the mould and compacted using a 4.5 kg steel rammer, delivering 27
blows per layer. This test employed two equations to determine the values of maximum dry density (MDD) and optimum
moisture content (OMC).

2.3  California Bearing Ratio (CBR)

In this specific test, the peat soil was placed through a 20 mm sieve and 4.5 kg of the soil sample was combined with
the appropriate quantity of additive. The resulting mixture was proportioned with water and divided into five equal
portions. Using the same 5 kg metal rammer dropped from a height of 450 mm, each layer underwent compaction with
62 blows. The compacted sample was then positioned on the lower platen of the California Bearing Ratio (CBR) machine,
with a surcharge load of 4.5 kg applied to the surface. This load was transferred to the penetration piston, causing the
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plunger to penetrate the soil sample. Readings of the load dial were recorded at the intervals of 0.25 mm penetration. Two
equations were employed to calculate CBR values at the penetration depths of 2.5 mm and 5.0 mm.

2.4  Correlation to Strength Characteristics of Peat Soil

This objective was achieved by comparing the compaction test parameters (MDD and OMC) to the Unconfined
Compressive Strength (UCS) value. The UCS value at 0 days served as an indicator, reflecting the immediate strength of
the peat soil post-compaction. The optimal ratio for both tests would be comprehensively discussed to gain valuable
insights into the necessary compaction standards for achieving optimal peat soil strength.

3.0 EXPERIMENTAL RESULTS

This study explored the compaction characteristics of GGBS-treated peat soil by administering CBR testing to
determine the optimal ratios of selected samples. Table 1 presents a summary of the mechanical properties of peat soil
that was extensively investigated in this research. The data indicates that untreated peat soil recorded a UCS value of 50
kPa, indicating inadequate strength for construction purposes. The compaction test results for untreated peat soil revealed
an MDD of 750 kg/m?® and an OMC of 45%, both of which pose concerns for construction due to the associated high
moisture content leading to weak soil and potential settlement. Furthermore, a high liquid limit of 136%, which is
consistent with previous studies reporting that most peat soils have a liquid limit of 100% or higher. The high value is
attributed to the substantial organic content of peat soil, which stands at 77% and enhances its water retention capacity.

Table 1. Properties of peat soil used in this research

Properties Peat Soil
Unconfined Compressive Strength (kPa) 50
Maximum Dry Density (kg/m?) 750
Optimum Moisture Content (%) 45

Figure 1 illustrates the Liquid Limit (LL) values for various GGBS content percentages, including 0% (untreated
peat), 5%, 15%, 25%, and 50%. It is evident that the addition of GGBS caused a reduction in the LL of peat soil, ranging
from 136% to 99%. This showcases significant variations across different content levels.
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Figure 1. Effect of GGBS content on the Liquid Limit of peat soil

3.1  Compaction Characteristics of Peat Soil

The compaction test was conducted in accordance with the specifications outlined in BS 1377 1990: Part 4. The
experimental setup consisted of five distinct segments, with each segment containing different proportions of GGBS: 0%,
5%, 15%, 25%, and 50%. However, an issue was encountered during the 0% GGBS test where water overflowed from
the base of the mould during the compaction process, leading to inconsistent moisture content measurements. To address
this problem, the soil underwent a dual treatment involving air drying for approximately three days, followed by oven
drying for an additional day. Figure 2 illustrates the comprehensive compaction characteristics of peat soil with varying
GGBS additions (5%, 15%, 25%, and 50%) in comparison to untreated peat (0%). Furthermore, Figures 3 and 4 depict
the impact of each GGBS addition on MDD and OMC, respectively.
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Figure 2. Compaction characteristics of peat soil treated with varied amounts of GGBS at 0%, 5%, 15%, 25%, and 50%
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Figure 3. Effect of GGBS content on MDD
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Figure 4. Effect of GGBS content on OMC

As shown in Figure 3, the data demonstrated that the MDD values for treated soil samples exceeded those of untreated
soil sample. Specifically, the treated samples obtained an MDD value of 755 kg/m?®, which was nearly identical to the
MDD value of 750 kg/m?® recorded by the untreated sample. The peak MDD of 1000 kg/m?® was recorded by the sample
with a 50% GGBS addition. In terms of the Optimum Moisture Content, all treated peat soil samples had lower OMC
values compared to the untreated soil sample. Notably, the OMC data does not exhibit a consistent linear trend. This
deviation might be attributed to errors during the laboratory testing process, such as water spillage from the mould's base.
Modifications to the apparatus were necessary to ensure consistent handling of peat soil. Among the GGBS additions,
5% and 25% exhibited the lowest OMC value of 29% while the addition of 15% GGBS yielded the highest OMC value.
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However, the incremental addition of additives did not significantly affect OMC, with treated sample values ranging
from 29% to 34%. A comparison between MDD and OMC values for untreated and treated peat soil indicated a positive
correlation. The findings suggest that the optimal ratio for GGBS addition is 25%, resulting in the lowest OMC value
while maintaining the second-highest MDD value, which is only marginally different from the 50% GGBS addition that
yielded the highest MDD.

3.2  California Bearing Ratio (CBR)

The CBR parameter plays a pivotal role in the pavement design process, serving as a key factor in assessing the
bearing capacity of a subbase. This parameter is instrumental in determining the load-bearing capability of a pavement
structure. Jabatan Kerja Raya (Public Works Department) has established the Standard Specification for Road Works:
Section 4 (Flexible Pavement), last revised in 2008 [20]. These specifications stipulate that the sub-base must exhibit a
minimum CBR of 30% when compacted to 95% of its maximum dry density while undergoing soaked conditions.

However, a significant challenge arose in this test concerning the availability of GGBS resources. Due to limitations
in GGBS material, there was insufficient supply for conducting tests under soaked conditions. As a result, the testing was
conducted solely under unsoaked conditions. Figure 5 illustrates the CBR values at 2.5 mm and 5.0 mm penetration
depths, which were determined as 26% and 30%, respectively. It should be noted that when considering soaked conditions,
all relevant parameters were accounted for, leading to CBR values lower than those observed under unsoaked conditions.
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Figure 5. CBR results for 25% GGBS under unsoaked condition

3.3 Correlation to the Strength Characteristics of Peat Soil

Figure 6 illustrates the comparison results between the UCS and MDD values. While Figure 2 showcases slight
disparities, the compaction test results accomplished the optimal combination for desired geotechnical characteristics
(MDD = 910 kg/m3; OMC = 29%) with a 25% incorporation of GGBS. In contrast, the UCS test revealed the highest
value of 174 kPa when the MDD reached 904 kg/m3, which was associated with a 15% addition of GGBS. This indicates
a noteworthy marginal difference in UCS values between peat soil samples containing 15% and 25% of GGBS.
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Figure 6. Comparison between UCS and MDD values
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Such inconsistency could be attributed to various possible factors. It includes the presence of organic particles within
the peat soil, which could hinder compaction by diminishing its density. This may elucidate the higher GGBS content
needed to achieve the targeted dry density and optimal moisture content as indicated by the compaction test results.
Another potential factor might involve water spillage or seepage from the mould's base during the compaction process,
leading to reduced soil density and strength. Additionally, the inherent high porosity of peat soils implies the presence of
substantial air voids, contributing to swelling and sponginess that hinder achieving high compaction levels.

The study demonstrates a reasonable yet not fully established correlation between compaction characteristics and
strength. However, the observed relationship could be influenced by limitations in repeatability analysis due to material
shortage and apparatus-related concerns. Despite these limitations, the data presented in this study reflects the correct
trend.

40 CONCLUSION

This paper proposed a novel additive for peat soil stabilisation by presenting the compaction characteristics of treated
peat soil. The study successfully achieved its outlined objectives, with the following summarised key findings:

1) Untreated peat soil displayed distinctive features, including a high liquid limit, substantial organic content resulting
in high water-holding capacity, and low shear strength, subsequently indicating its inherent weakness and the need
for stabilisation prior to construction.

2) The compaction characteristics exhibited a positive correlation with two crucial parameters: maximum dry density
(MDD) and optimum moisture content (OMC). Treated peat soil demonstrated an increased MDD compared to
untreated soil, reaching a maximum value of 1000 kg/m3 as compared to 750 kg/m? obtained by untreated soil.
Furthermore, the OMC of treated peat soil consistently decreased and achieved a minimum of 29% in contrast to the
45% recorded by untreated soil. Notably, all treated samples exhibited lower OMC values than the untreated sample.

3) The CBR values obtained from 25% GGBS addition, at 26% for 2.5 mm penetration depth, and 30% for 5.0 mm
penetration depth under unsoaked conditions did not meet the subgrade standards set by Jabatan Kerja Raya
Malaysia.

4) The optimal GGBS ratios differed between the compaction test (25% GGBS) and the UCS test (15% GGBS),
yielding the highest UCS value of 174 kPa at 15% GGBS. However, the 25% GGBS ratio recorded the UCS value
of 159 kPa, which was optimal for compaction. Despite this discrepancy, a correlation was observed as both ratios
exhibited a decrease in OMC from 34% to 29%, while MDD increased from 905 kg/m? to 910 kg/m3.

These experimental findings indicate that the inclusion of ground granulated blast furnace slag (GGBS) in peat soil
significantly reduces its moisture content. The outcome suggests that GGBS can enhance soil stability and quality. In
conclusion, this study introduces a potential approach for peat soil stabilisation using GGBS, ultimately revealing
improvements in compaction characteristics and overall soil quality.
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