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ABSTRACT: Fibrous peat soil is very soft soil that a very low bearing capacity, with a large uneven
settlement that occurs over a long period. Furthermore, several techniques were used to improve the physical
and engineering characteristics of this soil, one of which is stabilizing with lime CaCO3 and fly ash. The use
of CaCO3 lime and fly ash as stabilizing agents have often been used with good results. However, the
research conducted has not yet modeled the real conditions in the field where the stabilized peat area is only
in a certain area. Based on this, this study was conducted to determine the effect of water filtration on the
parameters of peat soil stabilized by 10% admixture. This research laboratory model is in accordance with the
real conditions in the field. The stabilized peat was placed among the initial peat, having water contents that
were kept constant following the initial conditions. The physical and engineering properties of the stabilized
soil were evaluated between 30 and 180 days. The test results showed that the physical and engineering
properties improved if compared to the initial conditions, especially after the stabilization had lasted 90 days
and above. Furthermore, changes in the stabilized soil's characteristics were influenced by the stabilization
area's width where the peat with a 2L- width stabilization area gave better values than the L-width area.
Lastly, the water conditions in the peat pore significantly influenced the formation of CaCO3 gel which filled
the pores and wrapped the peat fibers.
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1. INTRODUCTION ash as the primary component is still being
developed under the actual field conditions.
Fibrous peat soils are classified as soft soils According to previous research [5, 6, 8],
because of their very low bearing capacity, and changes in the parameters of stabilized fibrous peat
uneven settlement, to very soft clays [1, 2]. This soils are significantly influenced by water filtration
characteristic results from the fact that this soil is from the environment. These changes are
formed by the weathering of tropical plants unpleasant as they decrease the quality of the
submerged in water. Furthermore, this type of soil stabilized parameters [5, 6, 8, 9]. Therefore, this
consists of high organic contents and low acidity, research was conducted to ascertain the impact of
making it unfavorable for the construction of civil the width of a peat soil area that had been stabilized
buildings [1, 2, 3]. Therefore, it is important to using a mixture of Lime CaCO; and fly ash at a
improve the soils’ properties and various specific percentage and for a considerable amount
improvement techniques have been widely used. of time. The research model is modified to reflect
The peat soil stabilization method has been the actual field circumstances where changes in the
widely applied to improve the soil’s physical and parameters of stabilized fibrous peat are
engineering properties. Several environmentally significantly influenced by water filtration.
friendly stabilizing agents such as rice husk ash,
CaCOs, and fly ash have been used to increase these 2. RESEARCH SIGNIFICANCE
parameters [4, 5, 6, 7] with satisfactory results.
Different research has been conducted concerning Soil stabilization of peat with a mixture of lime
fibrous peat soils’ stabilization and a comparison of CaCOa3 and fly ash has been carried out but still
these results showed that among other stabilizing does not include the effect of water filtration from
materials, the use of fly ash was much more around the peat (initial peat) on the stabilized peat.
satisfying [5, 6, 8]. Therefore, stabilization using fly This laboratory research continues previous
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research where peat soils were stabilized only in
certain areas according to real conditions in the
field. Changes in the parameters of the stabilized
peat were observed for up to 180 days and the water
content of the surrounding peat was kept the same
as conditions in the field

3. STABILIZATION MATERIAL

As in previous research [1, 2, 5, 6, 8, 9] samples
of fibrous peat soil were also collected from
Palangkaraya, Central Kalimantan. a disturbing
sample (Figure 1) was used to identify the physical
and engineering properties of the fibrous peat soil
in its initial conditions. However, the undisturbed
sample (Figure 2) was combined with the
stabilizing substance, which is a mixture of CaCO3
Lime and Fly Ash.

e .
mpling of Fibrous Peat Soil in an

Undisturbed Condition

’4 SR L v S HRS
A sampling of Fibrous Peat Soil in a
Disturbed Condition

' Fig .

The following laboratory tests were performed
on the undisturbed peat samples: soil unit weight
(yt), specific gravity (Gs), water content (Wc),
organic content (Oc), fibers content (Fc), peat fibers
distribution, direct shear, and the compression tests.
Furthermore, the American Standard Testing
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Manual/ASTM [11] and the fibrous peat testing
standard [10] served as the foundation for all
laboratory tests. The results are shown in Table 1.

According to the findings observed in Table 1,
the Palangkaraya peat soil has fiber contents above
20% and water contents of 598%, respectively. This
indicated that the fiber contribution has a significant
impact on the behavior of peat soil even though the
majority of the material is in liquid form. Peat with
a medium rate of decomposition typically has low
acidity, and this is a sign that decomposition is still
occurring. However, the organic contents of the
fibrous peat soil experimented on were greater than
70%, which is considered very high.

Table 1 Parameter of initial peat soil

Findings
Soil Parameters Unit from this

research
Specific Gravity (Gs) - 151
Void ratio (e) - 75
Unit Weight (yt) t/m3 0.981
Water Content (Wc) % 598
Organic Content (Oc) % 98
Ash Content (Ac) % 2
Fiber Content (Fc) % 56.22

As depicted in Table 1, the findings obtained
from testing for the physical properties of the soil
were compared with previous research. In addition,
the hemic peat contains very little ash, is highly
acidic, and has fiber with a medium absorption rate
[11]. Its engineering properties can be determined
by conducting either direct shear or single-stage
consolidation tests. Furthermore, these tests were
carried out because the peat is very soft soil, with a
permeability coefficient similar to sand and
different behavior from soft clay [1, 6, 8]. The direct
shear test results showed that the internal shear
angle (¢) varies between 22° to 35° and this
variation is due to the different fiber distribution in
each test object (sample). Furthermore, the
consolidation test on the fibrous peat was conducted
using a single-stage load for 14 days. This was
Carrie out by experiments conducted in previous
research to determine the compression behavior of
fibrous peat soils [1, 5, 6, 8]. Figure 3 shows the
consolidation curve of fibrous peat with 56,22%
fiber content and 598% water content.

The 14-day consolidation test was conducted
using previous findings [1, 5, 6] as well as test
standards for fibrous peat soils [11, 12] with a fixed
load of 50 kPa (fill load and traffic on the road). The
compression stages of the peat soil were divided
into four namely immediate compressions (Si),
primary compression (Sp), secondary compression
(Ss), and tertiary compression (St). This is similar
to other previous research [1, 9, 13] on the
compression of fibrous peat soils (St).
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Fig 3. Curve of fibrous peat soil consolidation one-step loading (Ac = 50 kPa)

The stabilizing agents utilized in this research
are CaCOs (a side-product of the fertilizer industry)
and fly ash (a side-product of power plants) which
were obtained from PT. Petrokimia Gresik industry
and the Paiton Steam Power Plant (PLTU). These
stabilizing materials were classified as industrial
waste because of how enormously each year and yet
not being used to their full potential [5, 6, 8]. Tables
2 and 3 show the outcomes of analyzing

Table 2 Chemical Constituent of Lime

Parameter Result (%)
Ca 91,6
S 5,98
Sr 0,772
P 0,67

Table 3 Chemical Constituent of Fly Ash

Parameter Result (%)
Si 25.4
Al 9,42
Ca 21
K 2,43
Ti 1,81

the stabilizing material's chemical composition.
Table 2 shows that Ca is the most dominant
chemical compound among the lime CaCOg3
chemical composition materials, amounting to 70%.
They can restore soil’s low pH level to normal,
neutralize toxic. Following this, silica is the most
predominant compound in the chemical makeup of
fly ash. It is anticipated that the relatively high silica
content will be able to form CaSiO3 gel (together
with CaCOs). In addition, it can wrap the peat
fibers, fill the peat pores, and form crystals [5, 8, 14]
that can withstand water filtration coming into the
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peat fibers and pores as well as improve the fibrous
peat soil’s stabilized parameters.

According to Indonesian regulations, fly ash is
classified as hazardous waste. Therefore, it is only
used for the Toxicity Characteristics Leached
Parameter (TCLP) test. The results of the TCLP test
are shown in Table 4. It was reported that all the
heavy metal contents present were n fly ash. The
test results showed that all the heavy metal content
of fly ash is still below the threshold permitted by
the Indonesian government [15]. Therefore, it is not
included in the environmentally toxic waste.

Table 4. Result of the TCLP Analysis of Fly Ash

Studied
Parameter Unit Maximum Det(_act_ion

Allowable Limit
Mercury (Hg) Mg/l 0.2 0.0014
Plumbum (Pb) Mg/l 5.0 0.406
Cadmium (Cd) Mg/l 1.0 0.01
Chrome Mg/l 5.0 0.0198
Copper (Cu) Mg/l 10.0 0.0196

3. RESEARCH METHODOLOGY

This is a Laboratory Research that modeled
actual conditions in the field with a scale of 1:100.
The stabilized fibrous peat soil was placed in the
middle of the initial peat soil (Figures 4 and 5) with
a measure of 30 cm (L) and 60 cm (2L) in width,
which was a simulation of the highway's width
based on actual field conditions. Furthermore, the
initial peat soil (not stabilized) was always
maintained in its initial state, particularly
concerning its water content (WC + 598%).

This was conducted in addition to the fact that
the model was being used in the field because the



International Journal of GEOMATE, Nov, 2022, Vol.23, Issue 99, pp.31-40

water filtration will continuously enter the

stabilized peat during the CaSiOs; gel formation

process. The modeling box in which the fibrous peat

soil was placed was impermeable (Figure 6).
30cm

< »
< >«

60 cm

engineering characteristics of the peat were
monitored after 30, 60, 90, 120, 150, and 180 days.
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Initial Peat
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Fig 4. Top view of the physical model 2L of fibrous peat soil, which was stabilized in the laboratory
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Fig 6. Box of stabilization model of
fibrous peat soil

Also, the amount of stabilizer used was 10% of the
initial unit weight of the peat soil (yt) and this is the
experiment conducted in previous research [1, 6, 9].
CaCo03 lime and fly ash were mixed first outside the
modeling box and then added with initial peat soil.
To determine the changes in the physical and
engineering properties of the stabilized fibrous peat
soil, tests were carried out following the ASTM D-
4427-2018, Peat Testing Manual, and the
Indonesian National Standards [10, 11, 12].
Furthermore, with test samples collected from the
stabilized peat, changes in the physical and

Stabilized Peat Soil
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(Wc=+598%) 30cm

4. RESULTS AND DISCUSSION

Tests were conducted to determine the various
physical and engineering properties of the stabilized
fibrous peat soil. These properties include the unit
weight (yt), water content (WC), specific gravity
(Gs), void ratio (e), shear strength (t), and
compressibility (Ah). The value of the unit weight
of the stabilized peat soil automatically increased
with the addition of the stabilizing materials (Figure
7). However, the stabilizing agent used the water in
the peat pores to react in the initial stages of the
formation of calcium silicate gel (CaSiOs), which
caused a decrease in the unit weight after 30 days.
Meanwhile, the initial peat, which provides the
water source, took up to 90 days for the peat pores
to be stabilized. This change was more stable at a
wider stabilization area (2L) than data smaller one
(L).

This phenomenon is reasonable because the
closer the initial peat (smaller stabilization area L),
the faster the water filtration fills the peat pores.
Furthermore, the formation of calcium silicate gel
was predicted to occur 90 days after stabilization.
This is evident from the unit weight value of
stabilized peat soil, which increased at the early
stage of the stabilization and tended to stabilize after
90 days. Although the unit weight of stabilized peat
with a width of L tends to decrease slightly
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compared to that with an area of 2L, their values
started equalizing from 120 days above after the
stabilization process.

occur at the early stabilization stage but this was
caused by the peat’s increased water content. In
addition, it is a plausible behavior because
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Fig 7. Unit Weight of Stabilized Fibrous Peat (yt)
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Fig 8. Water Content (Wc) of Stabilized Fibrous Peat Soil

Following this, the addition of a mixture of
CaCOs lime and Fly Ash significantly affected the
water content (Wc) of the stabilized peat soil
(Figure 8). The stabilized peat's water content value
dropped sharply by more than 45% from its initial
state, or from 598% to roughly 310% for the entire
area's width. This phenomenon does not usually

35

the formation of CaSiO; led to a significant
decrease in the peat pore’s water content. As a
result, the volume of the pore space increases.
Another effect of the gel formation is the decrease
in the unit weight (Figure 8), which was caused by
the increase in pore space and the incomplete filling
of the pores by the CaSiOs gel that had formed.



International Journal of GEOMATE, Nov, 2022, Vol.23, Issue 99, pp.31-40

In addition, the peat’s water content continued
to decline once the post-stabilization period
exceeded 30 days. This process continued for 180
days after stabilization (for the 2L stabilization
area). This behavior was predicted to occur because
the water was still being used to form the CaSiOs;
gel in the peat pores. Meanwhile, a different
behavior occurred in stabilized peat with an L-width
and this was because the width of the stabilization
area was smaller, thereby causing the water
filtration to easily reach the pores.

Also, the application of stabilizing agents
increased the value of the stabilized peat’s specific
gravity (Gs) from an initial value of 1.5 (Figure 9).
Previous research [1, 5, 6] claimed that the peat
soil's mixed mineral content was the cause of the
increased Gs value. Even though the values unit
weight and peat moisture content values were
utilized, the Gs value remained unstable until after
120 days. This behavior is similar to the CaSio3 gel
formation which began to stabilize after 120 days.
However, there is only a slight difference between
the Gs values of the L and 2L stabilization areas.
Also, the Gs value of the two different stabilization
areas was both stabilized after 150 days. This was
possible because the formed CasiOz gel had also
started to stabilize. The stabilized peat’s Gs value
with a 2L stabilization area did, however, slightly
decrease at the 150" day and remained that way.

1,10

Lastly, the changes in the stabilized peat’s void ratio
(e) are shown in Figure 10. In the early days of the
stabilization period, the soil with an additional
stabilizing agent displayed an inappropriate
behavior in the pores of the stabilized peat. The peat
pores were getting bigger, particularly in stabilized
peat with a 2L stabilization area, and had lasted for
up to 90 days.

This behavior occurred due to the continued use
of water in the peat pore to form CaSiOs gel. This
makes the pore space bigger even though the gel
growth at the beginning of stabilization was very
slow [14]. In contrast, the peat pore in the L
stabilization area shrunk because water filtration
was easier due to the difference in the width of the
stabilized area.

When the stabilization period exceeded 90 days,
different treatments were observed between the L
and 2L stabilization areas. There was a decrease in
pore values of the stabilized peat having a 2L area.
However, when the peat’s area was L, the void ratio
was unstable. This was because the CaSiOsz gel
formation process of the smaller stabilization area
was easily disturbed since it was more easily
accessed by water from the surroundings (initial
peat). The phenomenon of unstable physical
properties of the stabilized peat with an L
stabilization area also occurred at the values of yt
(Figure 7), Wc (Figure 8), and Gs (Figure 9).
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Fig 9. Specific Gravity (Gs) of Stabilized

This was possible because the CaSiO; gel's
formation was slightly hampered by the water level
in the peat pore, which continued to decrease
(Figure 8), thereby affecting the Gs value.
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This leads to the initial conclusion that the
stabilization area significantly impacts the peat's
physical characteristics.

The engineering properties of the stabilized peat
were examined by the following: direct shear
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Fig 10. Void ratio (e) of Stabilized fibrous peat soil

testing to calculate the value of the internal shear
angle (¢), the stabilized peat's shear strength using
Coulomb's theory, and the use of two-dimensional
consolidation to determine the amount of
compression that occurred. According to previous
research [7, 9, 16, 17, 18, 19, 20], the degree of peat
decomposition, the distribution of the fibers within
the peat, and the peat's water content all have a
significant impact on the shear strength of the core
peat soil. Figure 11 shows the value of the shear
strength of stabilized peat with a traffic load of 50
kPa.

At the beginning of the stabilization, there was
an increase in the shear strength value of the peat
soil. However, these values were not constant,
specifically for a period of fewer than 90 days. The
shear After 90 days of stabilization, the shear
strength behavior earlier claims that the CaSiO3 gel
formation process, which filled the peat pores and
enclosed the peat fiber, was in the early stages of
development and easily influenced by water
filtration from the environment [5, 14].
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Fig 11. Shear Strength (t) of Stabilized
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When the peat soil has been stabilized for longer
than 90 days, an increase in shear strength was more
noticeable (120-180 days). However, there was a
slight decrease in the stabilized L-width peat’s shear
strength value after 120 days (although still above
the initial shear strength). This behavior indicated
that the formation of CaSiO3 gel is significantly
influenced by the stabilization area's width and the
amount of water present in the peat pores. This
assertion is supported by the shear strength value,
which decreased slightly due to unstable water
conditions in the peat pores during the stabilization
period of 180 days.

The compression behavior of stabilized peat is
shown in Figure 12. Furthermore, the degree of
compression of stabilized peat soil at the early days
of the stabilization (90 days) varied much similar to
the behavior of other stabilized peat soil parameters.
There was also a decrease in the compaction of the
stabilized peat soil when the stabilization period
was above 90 to 120 days, where the CaSiOs gel
formed could withstand the working load. At 180
days, the value of the stabilized peat compression
increased very slightly. This was caused by either
the availability of excess water in the peat pore of
the L-width stabilization area or the lack of water in
the peat pore of the 2L-width area.

perfect because of the influence of water
filtration from the surrounding peat in the
process of forming calcium silicate crystals.

2. The peat soil’s engineering and physical
properties can be greatly enhanced by
stabilization.

3. The width of the stabilization area is quite
influential on the values of the physical and
engineering properties of the stabilized peat soil,
specifically on the availability of water in the
peat pores.

4. The physical and engineering properties of the
stabilized peat soil began to stabilize after 90
days and this was because the CaSiOs; gel
formation also began to stabilize. However, it
remains reliant on the water in the peat pores.
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5. CONCLUSION

The following conclusions can be drawn from the
physical and engineering behavior of peat soil
stabilized with a mixture of lime (CaCOg3) and fly
ash:

1. The addition of stabilizer can form a calcium
silicate gel (CaSiO3) which can fill the pores
and wrap the peat fiber even though it is not
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of peat soil improvement technology for highway
construction.
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