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!bstract. This paper focuses the results of the imprc nt in shear
strength parameters and CBR of soft clay when stabilized with cement and
cement-Palm Kemel Shell As]ﬂ’KSA). Different combinations of soil—
cement and soil-cement-PKSA mixtures are prepared with lnaddilicm of
cement and PKSA in the range of 2-10 % by weight of soil. Seria)f lests
including compaction, UCT, and CBR tests were performed. The influence
of curing time is also studied on CBR and undrained strength property of
various sample combinations. Results indicate that the addition of PKSA o
the soil-cement mixtures increases the CBR. The percentage ol optimum
PKSA content in the mix for soil with 10% cement is 2%. The effect of
time on clay, cement, and PKSA mixture is significant, i.e., an average ol
0.5% per day.

1 Introduction

Soil stabilization is a method of altering soil behavior to improve its performance to be used

construction. Cement is one of the most commonly used materials for soil stabilization.
Records from the literature show that cement is an effective stabilizer in the improvement
of the strength properties not only coarse-grained soil [1], [2], [3], [4] but also fine-grained
soil [5], [6]. [7].

It is reported that the amount of cement needed for soil stabilization depends on the type
of soils [8]. The typical range of cement requirement for coarse-grained soils is between 3-
11% and for low plasticity of clay or silt soils of 7-12%. The required cement increases up
to 16% for high plastic clays [8].

Shear strength of cement stabilized soil is also influenced by curing time depending on
types of soils [8]. The strength increase of granular material is higher than that of clayey or
silty soils. It is also reported that the increase in slope of silt (the exponent on time)
between 6 and 10 percent cement content is more significant than the change from 10 to 14
percent cement [5]. The result repeals that above a minimum content of cement the
hardening is not dependent on the change in the gel but reflects increased bonding to the
mineral crystals. Besides influencing of stress-strain behavior, the strain at failure also
decreases by increasing curing time [7].

A single stabilizing agent may not improve significantly in the required properties of the
soils [7-8]. By adding fly ash, lime, or both, to Portland cement, the durability of freezing
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and thawing of stabilized soil increases and permeability of the mixture decreases
significantly [9]. Replacing a portion of cement with fly ash reduces overall shrinkage [10].
In some cases, combining two stabilizers has not the only potential to improve the strength
and stability of subgrade but also ease of implementation in the field. Addition of lime or
fly ash may reduce the excess moisture content of soil before using cement [8].

Palm Kermnel shell ash (PKSA) has also been used in soil stabilization [11-12]. Based on
the chemical composition and pozzolanicity test, PKSA is pozzolanic [13]. Pozzolans are
usually used as additives to Portland cement mixtures to increase the long-term strength and
other material properties. In some cases, the use of pozzolans reduces the material cost.

This paper, therefore, focuses on analyzing the effect of the amount of cement, PKSA
ERd the curing time on bearing capacity and the strength parameters of a soft soil through
unconfined compression (UCT) and soaked California Bearing Ratio (CBR) tests.

2 The material used and methods

The soft soil used in this study is a soft €y obtained from Bukit Rawi village in District of
Pulang Pisau, Central Kalimantf} The soil has low bearing capacity analyzed by CBR and
UCT data [2]. The engineering properties of the soil are summarized in Table 1. The tests
were performed based on ASTM standards [14]. The chemical compounds of clay shown in
Table 2 were determined using XRF method. Based on Tabel 1, soil used classifies as high
plastic clay (CH) based on USCS method. The chemical compounds of soil sample are
mainly Al and Si which are common compounds in soil.

Cement used is ordinary Portland cement Type I which contains dominant hydroxide of
Ca0, 8102, Al203 dan Fe203. The PKSA that is a by-product of the combustion of palm
kernel shells was obtained from a palm oil factory in Sampit, East Kotawaringin District,
Central Kalimantan. The chemical compositions of PKSA are summarized in Table 3. 1

The compositions of soil-cement pr?red were 98%-2%, 94%-6%, and 90%-10% to
obtain the optimum moisture content, dry density, and optimum cement content from
aked CBR and UCT tests. Proctor compaction method [14] was performed to obtain the
optimum mﬂistuln:{mtent and dry density for the respective mixture. UCT and CBR tests
were performed to the soil at the optimum moisture content condition. The result was
analyzed to obtain optimum cement content that to be used for mixtures of soil-cement-
PKSA. Percentages of 2, 6, and 10 were used in the mixes. Again, the soaked CBR test was
performed. To investigate the effect of time, the specimens have been cured by covering
them with plastic wrap for 1, 7, and 14 days, respectively.

Table 1. Engineering properties of clay from Bukit Rawi Village

Soil Parameter value
Water content % 34,23
Specific gravity 2,52

Grain size

gravel (> 2 mm) Yo 0,05
Coarse sand (0.6-2.0 mm) Yo 1,31
Medium sand (0.2-0.6 mm) Y 1,59
Fine sand (0.05-0.2 mm) Y 1,67
Silt (0.002-0.05) Yo 17.30
v (<0.002mm) Y 78,08
tterberg limits
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Liquid limits Yo 72,78
Plastic limits % 23,47
Plasticity index Yo 4931
Soil type (USCS) CH
Proctor compaction standard
Dry volumetric weight g/em® 123
Optimum moisture content %o 3435
CBR Yo 3.8
Unconfined compression test (g,) kg/em® 0.396

Table 2. Chemical compound of soil
Compound Al Si P K Ca Ti Fe Cu Zn
(o) 30,9 513 0,95 2,75 0,76 | 5,66 6,81 0,13 0,1

Table 3. Chemical composition of PKSA
Compound 5i02 |K20 |AlI203 | CaO Fe203 [P205 [TiO2 | CuQ |Zn0O | Source

(%) 422 | 580 | - | 499 | 345 | 53 | 067 | 042 | 3,99 1)
(%) 548 6,5 1140 8,79 036 - § _ _ 2)
(%) 2859 0,02 2244 004 9 _ § _ _ 3)

""PKSA used in this study tested by XRF method, *'[11], 7 [13]

3 Results and discussions

The compaction test was performed to obtain Ec optimum moisffire content (OMC)
corresponding to its maximum dry density. Figure 1(a) and (b) show the effects of cement
Elntent on the dry density and OMC, respectively. The optimum water content of 34,35%
corresponding to the dry density of 1,23 gr/em’ was obtained for the sample with zero
cement amounts. These high OMC and low dry density repeal that the soil consists of more
clay that commonly has low shear strength. The effect of cement content on the dry density
of samples 1s shown in Figure 1(a). As shown in the figure, the dry density of samples is
relatively constant at the cement content from 0 to 6%. The dry density increases up to 1,25
gr/cm’ at the cement content of 10%. Replacement of soil by the heavy weight of cement is
expected to increase the dry density. However, rise in OMC due to the presence of cement
in the range of 2-6% cement results in decreasing dry density. Beyond 6%, OMC decreases
due to reducing of porous voids filled by cement. This condition results in increasing the
dry density.

Figure 2(a) demonstrates typical load development in CBR test for samples in the range
of 2-10% cement. At a specific penetration, increase in cement content results in increasing
load significantly. The figure also indicates that the slopes of load development at
penetration less than 0ffinch increase by increasing cement content.

Figure 2(b) shows the effect of curing time on the load development of soil stabilized
with 6% cement as an example. At a specific penetration, longer curing time results in
increasing load. The slopes of load development at penetration less than 0,2 inch are similar
indicating less effect of curing time on load development.
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Fig. 1. Proctor compaction standard test (a) compaction curves, and (b) dry density versus cement
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Fig. 2. Typical load development in the CBR tests (a) load versus penetration of samples with
different cement conlen&b) load versus penetration of samples cured at the different curing time

CBR test results as a function of cement content and curing time are presented in
Figures 3(a) and 3(b), respectively. From Figure 3(a), the trendsnre seen that the CBR
increases by increasing the cement content. The curves of CBR as a function of cement
content for different curing tin®flare also presented in the figure. The curves are seen close
to each other indicating less effect of curing time on CHR of the soil-cement mixtures
investigated in this study. Figure3(b) shows more clearly the influence of curing tirfg§ on
soil and cement mixtures. The average of CBR increment is 0.1% per day. In general, it can
be concluded that the cufdlg time effect on CBR up to 14 days is not significant.

The UCT cylindrical samples of 38 mm * 76 mm size were molded at its maximum dry
density and OMC of each soil composition. A sks of UCT tests were performed
according to ASTM standard [14]. The experiment was repeated in thrice for each test
sample to obtain the average maximum strefffith value. Figures 4(a) and 4(b) show typical
pressure applied as a function of strain for soil with different cement content and sample
with 10% cement cured at the different period (i.e., 1, 7, and 14 days), respectively. In
general, pressure increases by increasing strain and reaches a peak at a particular strain. The
top or maximum pressure is higher for the sample with higher cement content in the
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mixture. In connection with that, the strain at maximum pressure decreases by increasing
cement content [ 7].
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Fig. 3. CBR result (a) as a function of cement content, and (b) as a function of curing time
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Fig. 4. Unconfined compression test results (a) samples for different cement content, and (b) samples
for the different curing time at the same cement content

The unconfined compression strength (qu) of a sample can be obtained from the curves
in Figure 4 by recording the maximum pressure at the respective curve. In engineering
design, a parameter of undrained shear strength or undraigl cohesion (c,) 1s used and
determined from ¢, = Blu [15]. Figures 5(a) and 5(b) show the undrained shear strength of
soil-cement mixtures as a function of cement content and curing time, respectively. As
shown in Figure 5(a), the presence of cement influences cu in the range of 2-6% cement
content. Beyond 6%, the cu is relatively constant with increasing cement. Similar to CBR
result, time effect on cu is also not significant. In average, the increment of ¢, is 0,006~
0,008 kg/cm® per day.

A cement content of 10% was selected to be used for sample mix with PKSA. Only,
soaked CBR test was performed in this admixture. PKSA content of 2, 6, and 10% was
used, and the results of typical load versus penetration are presented in Figure 6. As shown
in Figure 6(a), the load development of samples with PKSA content in the range 2-10% is
similar. The PKSA demonstrates a significant influence of curing time as shown in Figure
6(a). The figure shows the difference of load development curves of sample cured in 7 and
14 days.
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Fig. 6. Typical load versus penetration of sample obtained from CBR tests (a) considering PKSA
confent effect, (b) considering curing time effect.

Effects of PKSA content and curing time on the CBR of the mixtures are summarized in
Figure 7. As shown in the figure, CBR is relative constant by increasing PKSA content. For
the sample with 2% PKSA, the CBR increases from 16 to 20.5% after curing for seven
days. It can be concluded that, in the range of 2-10% PKSA in the mixture, curing time is
more significant effect than its percentage.

4 Conclusions

The result of the stabilization of soft clay using cement and PKSA has been described and
discussed. The addition of cement results in an increase in the CBR (submerged condition)
that is more than twice of CBR parent soil at a cement content of more than 6%. The curing
time of mixed clay and cement salq::s (without PKSA) in the range of 1-14 days increases
the average CBR of 0.1% per day. The effect of curing on the CBR of soil-cement mixtures
is not significant. Similar to CBR, the ¢, is higher with the addition of cement up to 6%.
The effect of 1-14 day curinjg time on ¢, is also not significant. The average increase in ¢, is
between 0.006-0.008 kg/cm™ per day.
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Fig. 7. PKSA content and curing time efTects on the CBR of sample

The addition of PKSA to the soil-cement mixtures increases the CBR. The percentage
of optimum PKSA content in the mix for soil with 10% cement is 2%. The effect of time on
clay, cement, and PKSA mixture is significant, i.e., an average of 0.5% per day.
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