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Abstract. Marine clay is found widely along the coastal area and had caused expensive
solutions in the construction of coastal highways. Hence, soil stabilization was suggested by
some consultant to increase the strength of this soil in order to meet the highway construction
requirement and also to achieve the specification for the development. Biomass Silica (BS),
particularly the SH85 as a non-traditional stabilisation method, has been gaining more interest
from the engineers recently. Rubber chips (RC), derived from waste rubber tyres, are
considered ‘green’ element and had been used previously in some geotechnical engineering
works. This paper presents the effect of using BS and RC as a mixture (BS-RC mixture), to
increase the strength of marine clay for highway construction. Samples of marine clay,
obtained from the West Coast Expressway project at Teluk Intan, Perak, were oven dried and
grind to fine-grained sized. The marine clay was mixed with 9 % by weight proportion of BS-
RC; that were 8%-1% and 7%-2%, respectively. For comparison purposes the result of BS-RC
was compared to the result of stabilization by using 9% BS only. Laboratory tests were then
carried out to determine the Atterberg limits and compaction characteristics of the untreated
and treated marine clay. The Unconfined Compressive Strength (UCS) of the untreated and
treated marine clays, compacted at the optimum moisture content was later obtained. The
treated marine clay was tested at 0, 3 and 7 days curing periods. The results show that the
Plasticity Index of BS-RC treated marine clay was lower than the untreated marine clay. From
the UCS test results, it is shown that BS-RC mixtures had significantly improved the strength
of marine clay. With the same percentage of 9% BS-RC, the increased of BS from 7% to 8%
increased the UCS further to about six times more than untreated marine clay soils in 7 days
curing period. The strength gained by using BS-RC at 8%-1% is slightly below the strength by
using 9% BS only. From the experimental results, it is shown that BS, in the form of SH85,
admixed with rubber chips could significantly improve the strength of marine clay soils.

1. Introduction
Marine clay can be found widely in the ocean bed and onshore as well. This situation differ the
properties of marine clay from moist soil and dry soil. Marine clay is microcrystalline in nature and
clay minerals like chlorite, kaolinite and illite and non-clay minerals like quartz and feldspar are
present in the soil [1]. Malaysian onshore are covered by large areas of marine clay, in particular the
currently undergoing West Coast Expressway project is aligned through a few types of soft soils
where the major soil type is the marine clay, it is one of the problematic soft soils and should be pre-
treated to enhance the usability and serviceability of the constructed highway [2]. Marine clay is
characterised by low permeability and has the capability in attenuation of inorganic contaminants [3].
Among the methods used to improve the soft soil is through soil stabilization. It is a process of
enhancing the existing material properties to the requirement and specification at the project site [4].
The common method in soft soil improvement process is to remove the soft soil, and replace it with a
stronger and good material. However the high cost of replacement incurred alerted highway agencies
to explore an alternative methods of highway construction on soft subgrades [5]. One considered
economical soft soil stabilization method is chemical stabilized method [5], [6], [7]. Researchers such
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as [8], [9] had studied the use of biomass as a stabilizing chemical in enhancing marine clay
properties. While other researcher [10], had studied the combination of chemical and rubber chips in
stabilizing the soft soil.

Rubber chips are waste products that could easily be obtained from rubber industry. Figure 1
shows the consumption of rubber in the world. There are numerous researchers [11], [12], [13]
showed the possibility of utilization of rubber chips in various different civil engineering application.
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Figure 1. World Rubber Consumption, 2000 — 2015 (Natural
Rubber Statistics, 2015) *January — March 2015. Source:
International Rubber Study Group, IRSG

While based on the previous research carried out by Latifi et al. [14], it was identified that the
Biomass Silica chemical additives of SH85 could improve the soil characteristics of marine clay
significantly. Hence, it was hypothesized that the combination of chemical-rubber chips mixtures is
therefore a more effective soil stabilization agent. Besides to investigate the usability of chemical-
rubber chips mixtures as the stabilizing agent in improving the soil characteristics of marine clay from
the two engineering perspective of the strength and the compressibility, this paper also aim to
compare the results of UCS for treated clay sample using two methods (SH85-RC and SH85 only). In
this study, rubber had been cut into small pieces (passing 2 mm sieve size) to produce rubber chips, so
that size effects could be prevented [10].

2. Material Selection and Characterization

The marine clay soils used in this study had been sampled and brought from Teluk Intan, Perak,
which were taken at 1.2 m to 1.5 m depth. All tests had been carried out at Geotechnical Laboratory,
Faculty of Civil Engineering, Universiti Teknologi Malaysia. The results of the soil properties are
shown in Table 1.
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Table 1. The properties of marine clay of Teluk Intan, Perak

Properties [7] This study

Liquid limit 78% 78%
Plastic limit 46% 47%
Plasticity index 32% 31%
Specific gravity 2.63% 2.5%
Loss of ignition 1.2% -
USCS classification OH MH
Standard Proctor Compaction :

Maximum dry density, MDD (Mg/m?) - 1.21

Optimum moisture content, OMC - 40%

The BS soil stabilizer added to marine clay is the chemical additives (SH85) in the form of
powder, obtained from Probase Soil Stabilizer Sdn. Bhd. While the rubber chips with particle size
smaller than 2 mm diameter (cleared of any dust) were obtained from the third party. The treated and
untreated marine clay samples were prepared in accordance to the results of compaction test. The
proportional of each soil specimen was prepared based on the optimum moisture content (OMC) and
the maximum dry density (MDD). In this study the amount of the SH85-RC mixtures was fixed as 9
% (7%+2% and 8%+1%) by weight while the specimens prepared by [7] were mixed with 9% SH85
only.

2.1 Preparation of samples

The cylindrical clay soil samples were prepared in the dimension of 38 mm in diameter and 76 mm in
height at moisture content of the optimum moisture content, OMC (obtained from the compaction
test) for the Unconfined Compressive Strength (UCS) test.

The UCS test was carried out to determine the UCS of treated and untreated marine clay
specimens. The dry marine clay with addition of the additives and the rubber chip was mixed
thoroughly using palette knives to form homogeneous soil mixtures. The soil mixtures were then
transferred to steel cylindrical mold. Then the mold was compressed in the hydraulic jack to obtain
the cylinder specimen shape. After the compaction, the specimen was removed by using steel plunger
slowly to avoid the fracturing of the specimen. The specimen was weighted then was placed in the
polythene bottle then placed in the container with room temperature 27 °C. The cylindrical soil
specimens were tested at three different curing periods of 0, 3 and 7 days. In UCS tests, the soil
mixtures were sheared at a constant strain rate of 1.52 mm/min [15] until the soil developed an
obvious shearing plane or excessive soil deformations. The maximum load per unit area was defined
as UCS [2]. Figure 2 and Figure 3 show the UCS test equipment and typical specimen of UCS test
respectively.
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Figure 2 Unconfined
Compressive Strength
Test Equipment

3. Results and Discussions

Figure 3 Unconfined
Compressive Strength
Typical specimen

Table 2 summarizes the UCS of the treated and the untreated marine clay at three different curing
periods. The shear strength values were determined based on the peak stress of respective specimens.
Since the researcher [2] only performed the test up to 7 days, the discussion further will only focus on

the values of UCS at 7 days curing period.

Table 2. Summary results of Unconfined Compressive Strength test of the treated and the untreated
clay soils at various curing times for two types of stabilization methods.

Soil Unconfined Compressive Strength at various Curing Period (Days)
Description 0 7 14 28
Untreated Clay 117 kPa
Clay + 7%SH85 + 2% RC 314 kPa 498 kPa - -
Clay + 8%SHS85 + 1% RC 392 kPa 685 kPa - -
Clay + 5%SH85 - 386 kPa 781 kPa 468 kPa
Clay + 7%SH85 - 568 kPa 632 kPa 686 kPa
Clay + 9%SH85 - 710 kPa 781 kPa 1216 kPa

Figure 4 shows that the compressive strength of the untreated clay soil is 117 kPa (control data)
and the addition of SH85 to the soil has significant influences on the compressive strength of the soil.
Moreover, it was clear from figure 4 that the compressive strength of the stabilized soil increases with

increasing curing time [7].
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Figure 4. Unconfined Compressive Strength versus Strain for
Untreated Clay

3.1 Soil Stabilization using the Combination of SH85 and Rubber chips

The results in Figures 5, 6 show the effect of using different amount of SH85 content (7% and 8%)
and RC content (2% and 1%) for the SH85-RC treated samples. Apparently, the SH85-RC treatment
significantly enhanced the strength characteristics of the marine clay.
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Figure 5. Unconfined Compressive Strength for 7%SH85+2%RC
Treated Marine Clay Sample for 7 Days of Curing

Figure 5 show the results of three samples of SH85-RC (7%+2%) mixture. Based on the result,
sample C giving the highest strength value of 560 kPa, while samples A and B are 482 kPa and 452
kPa respectively. The average strength of these three samples is 498 kPa.

1000

800

[ ]
600 -
=fll=Sample A
400

== Sample B

200

—=m=Sample C

0 mmmE=
0 2 4
Axial strain(%o)

Unconfined
Compressive Strength
(kPa)

Figure 6. UCS for 8%SH85+1%RC Treated Marine Clay
Sample for 7 Days of Curing
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Figure 6 show the results of three samples of SH85-RC (8%+1%) mixture. Based on the result,
sample C giving the highest strength value of 785 kPa, while samples A and B are 609 kPa and 659
kPa respectively. The average strength of these three samples is 685 kPa.

Based on the results from figures 5 and 6, it can be concluded that the increased of BS from 7%
to 8% increased the UCS further to about six times more than untreated marine clay soils in 7 days
curing period.

3.2 Soil Stabilization using SH85 only

Figures 7, 8 and 9 show the results of UCS tests of clay soil and stabilized mixture of clay soil with
various amount (5%, 7%, and 9%) of SH85 for 7 days. The addition of SH85 significantly enhanced
the strength characteristics of the marine clay. For the purpose of this study, only result of 9% SH85
sample will be used for comparison.
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Figure 7. Strength versus Strain for three samples of 5% SH85,
sample 1, 2 and 3 at 7 Days
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Figure 8. Strength versus Strain for three sample of 7% SH85,
Sample 1, 2 and 3 at 7 Days
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Figure 9. Strength versus Strain for three samples of 9% SH85,
sample 1, 2 and 3 at 7 Days

4. Conclusion

This study has demonstrated the benefits of reusing chips of scrap tires to reinforce a cohesive soil.
The Biomass Silica (in the form of SH85) and the Biomass Silica-rubber chips (BS-RC) mixture used
as stabilizer, affect the strength of the marine clay.

The BS and BS-RC are suitable as improvement methods to be applied in geotechnical
engineering works, particularly for marine clay. The unconfined compressive strength value of
8%BS-1%RC and 7%BS-2%RC mixture showed significant differences. It showed that the strength
of 8%BS-1%RC was higher compared to 7%BS-2%RC, indicated that the addition of BS increased
the strength of marine clay. Hence, the 8%BS-1%RC has been selected as the optimum amount
mixture for stabilizing of marine clay soils. Besides that the increment of UCS was affected by curing
periods. This is due to the existence of BS in the mixture that act as binders and interlock the rubber
chips and the marine clay particles. As the curing time increased the void ratio decreased thus
increased the strength of the treated soil.

The addition of rubber chips also influenced the strength of marine clay sample. The intention of
using rubber chips was to reduce the construction cost as well as to promote the environmental-
friendly method of soil stabilization. Based on this study, it showed that the strength of marine clay
sample treated with 8%BS-1%RC increased the UCS to 685kPa while the strength of marine clay
sample treated with 9%BS only increased the UCS to 710 kPa at 7 days curing period. The close
strength obtained could be used as a conclusion that the Biomass Silica-rubber chips mixture is a
promising ‘green’ method for the improvement of marine clay.
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