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Abstract

This paper presents an investigation of the strength improvement of reinforced peat by using the fiber reinforcement techniques of the
lightweight waste material, i.e., tire-waste disposal. The fiber-polyester and shredded rubber crumb are extracted and process for the
collected tire-waste disposal. In this study, the fiber-polyester and shredded rubber-crumb are mixed with peat (Pt), with undrained shear
strength, cu of <10 kPa and 5 % cement content, which act as a binder. The peat samples are mixed at various percentages of fiber-
polyester and shredded rubber-crumb. The compacted fiber-reinforced peat samples were prepared at optimum moisture content, mixes
thoroughly to a uniform condition by laboratory mixer and air cured for 7 and 28 days in a single batch. The strength improvement of
undrained shear strength, cu of >100 kPa is targeted at minimal percentages of cement added. The Unconfined Compression Strength
(UCS) and California Bearing Ratio (CBR) tests are performed for determination of the engineering properties of fiber-reinforced peat.
Based on the results obtained, one can be seen that both fiber-polyester and shredded rubber crumb shows an increment in unconfined
compressive strength value of 214 kPa and 55 kPa, respectively. In summary, the study shown that, the inclusion of fiber-polyester and
shredded rubber-crumb from tire-waste disposal increased the effective contact area between reinforced material and peat, which then
improved the strength significantly, and the used of tire-waste disposal for the construction may not only provide the alternative mean of
recycling and reusing, however, it also addressed economic and environmental concerns and reduce construction cost by making the best

use of locally available materials.
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1. Introduction

Peat is defined as a non-homogeneous deposit of partially decom-
posed vegetative matter saturated with water and encountered in
low-lying areas where the water table is near or above the ground
surface [1]. They are present mostly in surface soils, but in some
cases as deep deposits. The overall hydrological characteristic
depends upon the rainfall and the surface topography. High mois-
ture content in peat is the main factor contributing to the charac-
terization of peat with low bearing capacity and bulk density. Due
to this, peat is incapable of carrying excessive weight. The conse-
quences for engineering structures on peat resulting from the high
and rapid compressibility are often very serious [2]. A study per-
formed in Sibu town by [3] shows that the removal of water by
drainage leading to the bulging of peat near roads and caused
ground settlement due to their poor mechanical performance.

In Sarawak, about 90 percent of peat is classified as deep peat
(depth of more than 1.5 meters). The depth of peat soil layers in-
creases from the coast towards the inland. According to [4], field
investigation conducted in Western Sarawak has proven that there
are three significant layers differentiated by its level of humidifi-
cation, where each layer overlain the subsequent layer. The top
thin layer of 0.5 m to 1.5 m thick is recognized as Sapric peat with
a fiber content of less than 33 percent. The second layer of peat,
overlain by Sapric peat, is recognized as Hemic peat with fiber
content ranging from 33 to 66 percent. The near beneath of peat
soil layers, overlain by hemic peat, is recognized as Fibric peat

with a fiber content of greater than 66 percent, and a layer of grey
mangrove clay may be likely to be seen under the fibric layers.
Further classification using Von Post degree of humidification,
peat can be categorized into three main groups, namely Fibric
(H1-H3), Hemic (H4-H6) and Sapric (H7-H10). The content of
peat differs from location to location due to the factor such as
origin fiber, temperature and humidity [5]. These soils are prob-
lematic, hence suitable geotechnical parameters and construction
techniques needed for this type of ground condition.

In practice, the common solution when dealing with peat is to
simply remove, replace and displace this problematic soil with
other good materials to improve the road sub-grade and also filled
embankment. However, it is quite challenging when dealing with
deep peat of more than 5 m. Improvement of certain desired prop-
erties of peat such as compaction, California Bearing Ratio
(CBR), unconfined compression, shear strength, swelling charac-
teristic can be undertaken by a variety of soil improvement tech-
niques. There are many soil improvement techniques either chem-
ical or mechanical types. All these require qualified manpower
and equipment to ensure adequate performance [6]. Therefore, one
of the alternative construction methods is using the soil stabiliza-
tion/reinforcement techniques as reinforcement layer. This method
is considered to be economical (inexpensive), accessible and envi-
ronmentally friendly, which involves the use of waste materials
such as tire-waste disposal, fly ash, quarry dust and sawdust. The
main purposes of the techniques are to improve the slope stability,
increase bearing capacity and also reduce settlement and lateral
deformation of the peat embankment.
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Many experimental studies on the geotechnical characteristics,
chemical stabilization and reinforcement technique of peat are
reported in the literature. However, information about the strength
effect of processed tire-waste disposal using shredded rubber-
crumb and fiber-polyester as reinforcement materials for rein-
forced peat as sub-grade is scarce. In addition, the soil stabiliza-
tion/reinforcement techniques with tire-waste disposal for con-
struction may not only provide the alternative mean of recycling
and reusing, however, it also addressed economic and environ-
mental concerns as well as reduce the construction cost by making
the best use of locally available materials.

This paper presents the findings on geotechnical characteristics
and strength improvements of fiber-polyester and shredded rub-
ber-crumb for reinforced peat with targeted undrained shear
strength, cu > 100 kPa. A series of laboratory testing, namely
Proctor compaction test, unconfined compressive strength (UCS)
tests and California bearing ratio (CBR) tests have been performed
in Geotechnical Laboratory, UNIMAS. All the experimental in-
vestigations were conducted in accordance to BS1377: Part 2:1990
unless stated otherwise.

2. Materials

2.1. Sarawak Peat

The peat samples are taken from Kpg. Endap, Kota Samarahan
(later known as Sarawak peat) between 0.25 to 1.50 m depth be-
low the ground surface. Table 1 presents the basic geotechnical
properties of Sarawak peat. The Von Post classification test was
performed, and almost all the peat escaped between the fingers
upon squeezing and only a small quantity of decomposed plant
remained in the hand (Fig. 1). Thus, the peat is categorized as
Sapric peat, H7 (highly decomposed), with dark brown in colour.
The organic content of Sarawak peat is best determined by per-
forming the loss of ignition test. From the test, one can be seen
that the organic content of Sarawak peat is very high, which varies
from 88% to 95%. Further, higher percentage of organic matter
produced relatively high moisture content of Sarawak peat ranges
from 480% to 606%. Based on the published work, it has been
proven indeed reasonable that the voids between organic particles
have a high capacity of entrapping moisture content, which result-
ed in high moisture content of peat. From the finding, it is clearly
shown that, the organic content does affect the moisture content of
Sarawak peat. The pH value for Sarawak peat falls in the range of
3.0to 4.0, to which are classified as highly acidic (ASTM D2976).

2.2. Tire-Waste Disposal: Shredded Rubber-Crumb and
Fiber-Polyester

Shredded rubber-crumb and fiber-polyester (Fig. 2) used in this
study as reinforcement material is supplied by ZHA Environmen-
tal Sdn. Bhd. (ZHA). The ZHA recycle the collected disposal tire
and adopts a mechanical grinding process with different physical
characteristic such as size and shape alteration and the reinforcing
wire and fiber-polyester from the tire are removed before convert-
ing into rubber-crumbs, powder and fiber-polyester. The size of
the shredded rubber-crumb and fiber-polyester used in this study
is an approximately 5-8 mm and 10.0-12.5 mm, respectively.

The specific gravity, Gs, 1.47 for the shredded rubber-crumb and
1.07 for fiber-polyester are recorded in this study. Both materials
show lower specific gravity, which indicate as a lightweight type
material.

Table 1: Physical properties of Sarawak peat

Physical Properties Values
\on Post Classification H7 (Sapric)
Moisture Content (wy) (%) 480 — 606

Natural state: 416
Dried state: 106 — 132

Liquid Limit, LL (%)

Shrinkage Limit, SL (%) Dried state: 9.29

Organic Content, OC (%) 88 - 95
Fiber Content, FC (%) 21.9
pH Value 3-4
Specific Gravity (Gs) 1.54 -1.59

Fig. 2: Processed tire-waste disposal: (a) Shredded rubber-crumb and (b)
Fiber-polyester

3. Methods — Experimental Programme

A series of laboratory tests was conducted on the collected peat,
which reinforced with various percentages of the shredded rubber-
crumb (RC), fiber-polyester (FP) and 5% cement (C) content. The
cement acts as the binding agent and the shredded rubber-crumb
and fiber-polyester act as non-active agent. The tests performed
include Proctor compaction test, unconfined compressive strength
(UCS) test and California bearing ratio (CBR) test. Table 2 pre-
sents a summary of the design mix of the reinforced peat samples
by varying the proportion of the shredded rubber-crumb and fiber-
polyester. The percentages used of RC were 5%, 10% and 15%
and of FP were 0.25%, 0.50% and 0.75% of the total mass of dry-
weight of the mixture without and with 5% of cement content.

The collected peat samples are first dried under direct sunlight,
crushed down by machine and sieving to a size finer than 2 mm
sieve. Then, the mixture of peat with various percentages of RC
and FP is homogeneously mixing using laboratory mixer for at
least 3 mins after the addition of water (intended moisture content)
to ensure all the reinforced materials were effectively distributed
with the soil matrix. All the specimens were prepared to the opti-
mum moisture content and maximum dry density (MDD). The
designated amount of cement was then added to the mix for prepa-
ration of samples. The samples were then wrapped with thin plas-
tic film and stored in the humidity control chamber until testing at
7 and 28 days of curing period (single batch mixing). In this study,
peat and peat-cement mix were also prepared and acts as the con-
trol samples. This reinforcement technique using lightweight ma-
terial is believed to increase the cohesion among the soil particles
and makes them behave as a structural mesh that holds the soil
together to increase the soil structural integrity.
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Table 2: Design mix of various percentages for shredded rubber-crumb
(RC) and fiber-polyester (FP)

Design Shredded Rubber- Fiber-Polyester
mix Crumb
1 Peat (Unreinforced peat)
2 Peat + 5% C
3 Peat + 5% RC Peat + 0.25% FP

Peat + 10% RC
Peat + 15% RC

Peat + 0.50% FP
Peat + 0.75% FP

4 Peat + 5% C + 5% RC
Peat + 5% C + 10% RC
Peat + 5% C + 15% RC

Peat + 5% C + 0.25% FP
Peat + 5% C + 0.50% FP
Peat + 5% C + 0.75% FP
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4. Results and Discussion

The results on the effect of the reinforced peat using shredded
rubber-crumb (RC) and fiber-polyester (FP) by performing the
Proctor compaction test, unconfined compressive strength tests
and California bearing ratio tests are presented in the following
section.

4.1. Proctor Compaction Test — Effect of Maximum Dry
Density (MDD) - Optimum Moisture Content (OMC)
between Unreinforced, Uncemented and Cemented Re-
inforced Peat

The compaction tests were performed to determine moisture-
density relationship of unreinforced peat, uncemented and ce-
mented reinforced peat (with the inclusion of shredded rubber-
crumb (RC) and fiber-polyester (FP) (without cement and then
with cement). This test was conducted in accordance to BS: 1377:
Part 4: 1990 where the soil is compacted in 3 layers with 25 blows
for each layer using 2.5 kg weight of the hammer.

The results of maximum dry density (MDD) of all design mixture
for unreinforced peat, uncemented and cemented reinforced peat

are illustrated in Fig. 3 and Fig.4, respectively. One can be seen
that, with an increasing percentage of shredded rubber-crumb for
uncemented and cemented reinforced peat, the maximum dry den-
sity increased by significantly decreasing the optimum moisture
content. This behavior may due to the higher water absorption of
the shredded rubber-crumb. While, for the fiber-polyester, the
opposite behavior was observed and this may due to the fiber-
polyester having low specific gravity and have a greater water
holding capacity than peat. The addition of cement into the peat
can be attributed to absorption of water development of hydration
and bring changes in base exchange, aggregation and flocculation,
resulting in an increased void ratio of the mix leading to a de-
crease in the density of the mix [7].

4.2. Unconfined Compressive Strength (UCS) Test —
Effect of Compressive Strength between Unreinforced,
Uncemented and Cemented Reinforced Peat

The unconfined compressive strength test was conducted in ac-
cordance with BS 1377: Part 7: 1990, which defined as load per
unit area, where the soil will fail in the axial compression test. A
total of 64 reinforced peat samples were compacted at the opti-
mum moisture content using Harvard Miniature Compactor on
cylindrical specimens with 38 mm diameter and 76 mm high size
for curing period of 7 and 28 days. Two specimens of each design
mix of samples were tested, and the average of the two results was
recorded as the UCS values for the particular sample types.

The results of the unconfined compressive strength were plotted in
Fig. 5 to Fig. 8. It is observed that the UCS value of the
uncemented and cemented reinforced peat increases with the in-
clusion of shredded rubber-crumb and fiber-polyester up to 5%
RC and 0.25% FP, respectively. Then it decreases with the further
inclusion of RC and FP beyond the stated values. However, from
the observation, even though the strength is decreasing, higher
shredded rubber-crumb and fiber-polyester content appears to
have a smaller crack length of the specimen. This can be further
explained, increasing the reinforced materials content causes the
interface between the reinforced materials and soil particles in-
crease and hence the friction increase, which renders it difficult
for soil particles that surround the reinforced materials to change
in position from one point to another and thereby improves the
bonding force between soil particles, i.e., cohesion of the soil.
Moreover, when local cracks appear in the soil, reinforced materi-
als across the cracks will take on the tension in the soil, which
effectively impedes further development of cracks and improves
the resistance of the soil to the force applied [7]. It is also noted by
[8] that the ability of the fibers to prevent further cracks as bridge
effect of the fiber inclusion.

The effect of curing period on the UCS samples shows that the
strength increased as the curing period increased. Further, the
addition of 5% cement into the reinforced peat shows an incre-
ment in the strength after 28 days curing with values of 55 kPa for
RC and 221 kPa for FP, respectively. This indicates that there is a
perfect adhere between the reinforced peat and cement matrix.
Further, it can be explained that the total contact area between the
reinforced materials and peat particles increases, and consequently
the friction between them increases, which contributes to the in-
crease in resistance to forces applied. This behavior was also ob-
served by [7] and [9].
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Fig. 8: Peat and cemented reinforced peat with fiber-polyester

Fig. 9 shows the photograph of the change in the microstructure
between uncemented and cemented peat by using scanning elec-
tron microscopy (SEM). The specimens were taken after conduct-
ing the UCS tests at 28 days. From the photograph presented, the
uncemented peat (Fig.9 (a)) has large pores, which can hold a
considerable amount of moisture content in their structures and

resulted high initial void ratio. Further, it can be clearly observed
that there is considerable reduction in pore spaces in cemented
peat when compared with uncemented peat. The reduction in pore
space is mainly due to the crystalline growth resulted from the
hydration process. Besides that, it is found that the crystalline
growth is enhanced with the addition of cement in the mixture.
The SEM analyses are performed only for uncemented and ce-
mented peat at curing period of 28 days. Other specimens are not
able to proceed due to some technical errors occurred during the
scanning.

@
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Fig. 9: SEM image (a) Uncemented peat at 28 days X40 (b) Cemented
peat at 28 days X40
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4.3. California Bearing Ratio (CBR) Test — Effect of
Strength between Unreinforced, Uncemented and Ce-
mented Reinforced Peat

CBR test is used to evaluate the effects of adding the reinforced
materials on the strength of reinforced peat for sub-grade. In this
study, the CBR tests are conducted for both unreinforced and rein-
forced peat at the same MDD and OMC for maintaining uniformi-
ty. The CBR tests were conducted inside a modified proctor
mould at soaked condition. The mould was a rigid metal cylinder
with an inside diameter of 152 mm and a height of 178 mm. A
calibrated load indicating device was used to force the penetration
piston with a diameter of 50 mm into the specimen. The loads
were carefully recorded as a function of penetration up to a total
penetration of 50 mm to observe the post-failure behavior as well.
In this section, only the results of unreinforced and reinforced peat
using shredded rubber-crumb on the soaked CBR are presented.
Fig. 10 illustrated the effect of inclusion of shredded rubber-crumb
into peat.

The soaked CBR value for unreinforced peat is 0.75 %. A sharp
increment in CBR value of for the inclusion of 5 % shredded rub-
ber-crumb was observed. However, further inclusion of shredded
rubber-crumb content of 10 % and 15 % decrease the soaked val-
ue. This is because further increment of rubber crumb into peat
samples reduced its resistance to deformation under applied load.
Therefore, the frictional resistance between peat and reinforced
material (shredded rubber-crumb) increase as the amount increase.
At the optimum amount of shredded rubber-crumb inclusion
(5 %), the percentage of CBR value increased when compared
with the natural state of peat. The reinforced peat has good inter-
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locking resistance to the applied load and reduced the mobilization
between particles. The higher amount of fiber reinforced material
decreases the density of the stabilized peat thus attributes to the
lack of frictional resistance between peat and reinforced peat with
shredded rubber-crumb. According to JKR Malaysia Design Man-
uals [10], the minimum sub-grade must have CBR value of 5 %.
Thus, this indicates that the reinforced peat using shredded rubber-
crumb presented in this study has improved the strength of the
peat sub-grade.

Pt+5%C+15%RC

Pt+5%C+10%RC

Pt+5%C+5%RC

Pt+15%RC

Pt+10%RC

Pt+5%RC

Pt

0 5 10 15 20 25 30
Soaked CBR Value (%)

Fig. 10: Effect of inclusion of shredded rubber-crumb on soaked CBR
value

5. Conclusion

A series of unconfined compressive strength tests and California
bearing ratio tests were conducted on the reinforced peat using
lightweight waste material; shredded rubber-crumb and fiber-
polyester (a product of tire-waste disposal). From the study, it can
be observed that the strength improvement for both the uncement-
ed and cemented reinforced peat from UCS tests shows an incre-
ment with the inclusion of shredded rubber-crumb and fiber-
polyester up to 5% RC and 0.25% FP, respectively. Then it de-
creases with the further inclusion of RC and FP. The maximum
strength gain is 55 kPa for RC and 221 kPa for FP are recorded.
The CBR value of the reinforced peat increases for all design mix
when compared with the natural peat and the highest CBR value
recorded is 5 % shredded rubber-crumb. In conclusion the addition
of reinforced materials of shredded rubber-crumb and fiber-
polyester can improve the engineering properties of peat and these
results were useful in the selection of the optimum percentage of
design mix based on the purpose of the construction involved.
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