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ABSTRACT
The lateritic soil that has high content of iron oxides and aluminum hydroxides
and low proportion of silica is widespread in the tropical and semi-tropical countries.
Lateritic soil as available materials in these areas utilized in different civil
engineering applications as roads, canals, earth dams, railways, building, … etc.
These applications are depending in a majority on soil classification in design the
construction on this soil type. One of the important parameters in classification of
soil is an Atterbage’s limits are used in definition of soil type and its strength. Due to
increase in population caused an increase in construction to demand the facilities of
this growth, therefore the desired soil decrease depend on used and the undesired soil
available. Soil stabilization utilized to improve the undesired soil properties by a
different technique to achieve the design requirement. Chemical stabilization
becomes one of the best solution to soil problems depend on economic and time save.
New chemical soil stabilization used is named (NBT II) in this study to exam the
effect on plasticity soil properties. Different percentages and different curing time
test conducted on lateritic soil to evaluate the range of effect and also examined the
effect of plasticity on dry density. The results show decrease in liquid limit with
increase in NBT II and then beginning to increase with stabilizer percentage increase
the reduction about 11% at 28 days curing, plastic limit increase about 6% at the
same time and plasticity index decrease 80%. The results also show the inverse
relationship between maximum dry density and plasticity index.
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ﺗﺄﺛﯿﺮ اﻟﻤﺜﺒﺖ اﻟﻜﯿﻤﯿﺎﺋﻲ اﻟﺠﺪﯾﺪ ﻋﻠﻰ ﺧﺼﺎﺋﺺ ﻟﺪوﻧﺔ ﺗﺮﺑﺔ اﻟﻠﺘﺮاﯾﺖ
اﻟﺧﻼﺻﺔ
ﺗرﺑﺔ اﻟﻠﺗراﯾت اﻟﺗﻲ ﺗﺣﺗوي ﻋﻠﻰ ﻧﺳﺑﺔ ﻋﺎﻟﯾﺔ ﻣن اﻛﺎﺳﯾد اﻟﺣدﯾد واﻻﻟﻣﻧﯾوم وﻧﺳﺑﺔ ﻗﻠﯾﻠﺔ ﻣن اﻟﺳﻠﻛﺎ
ﺗﺗواﺟد ﺑﺻورة واﺳﻌﺔ ﻓﻲ اﻟﻣﻧﺎطق ذات اﻟﻣﻧﺎخ اﻟﻣداري وﺷﺑﺔ اﻟﻣداري .ﺗرﺑﺔ اﻟﻠﺗراﯾت اﻟﻣﺗواﺟدة ﻓﻲ
ھذة اﻟﺑﻠدان ﺗﺳﺗﺧدم ﺑﺻورة واﺳﻌﺔ ﻓﻲ اﻋﻣﺎل اﻟﮭﻧدﺳﺔ اﻟﻣدﻧﯾﺔ ﻣﺛل اﻟطرق ,ﻗﻧوات اﻟري ,اﻟﺳدود
اﻟﺗراﺑﯾﺔ  ,ﺧطوط اﻟﻘطﺎرات ,اﻟﺑﻧﺎﯾﺎت  .....اﻟﺦ .ھذة اﻟﺗطﺑﯾﻘﺎت ﺗﻌﺗﻣد ﺑﺻورة رﺋﯾﺳﯾﺔ ﻋﻠﻰ ﺗﺻﻧﯾف
اﻟﺗرﺑﺔ اﻟﻣﺳﺗﺧدﻣﺔ ﻓﻲ ﺗﺻﻣﯾم اﻟﻣﻧﺷﺎ اﻟﻣﻌﺗﻣد ﻋﻠﻰ ھذا اﻟﻧوع ﻣن اﻟﺗرﺑﺔ .واﺣد ﻣن اﻟﻌواﻣل اﻟﻣﮭﻣﺔ ﻓﻲ
ﺗﺻﻧﯾف اﻟﺗرﺑﺔ ھﻲ ﺣدود اﺗرﺑك اﻟﺗﻲ ﺗﺳﺗﺧدم ﻓﻲ ﺗﻌرﯾف ﻧوع اﻟﺗرﺑﺔ وﻣﻘدار ﻣﻘﺎوﻣﺗﮭﺎ ﻟﻼﺣﻣﺎل
اﻟﻣﺳﻠطﺔ ﻋﻠﯾﮭﺎ .ﻧﺗﯾﺟﺔ ﻟزﯾﺎدة اﻟﻧﻣو اﻟﺳﻛﺎﻧﻲ اﻟذي ادى اﻟﻰ زﯾﺎدة اﻟطﻠب ﻋﻠﻰ اﻟﺑﻧﺎﯾﺎت اﻟﻣﺧﺗﻠﻔﺔ ﻟﺗﻠﺑﻲ
ﺣﺎﺟﺔ اﻟزﯾﺎدات اﻟﻧﺎﺗﺟﺔ ﻟﻠﺳﻛﺎن  ,ھذ ا اﻟﻧﻣو ﻓﻲ اﻟﻣﺷﺎرﯾﻊ ادى اﻟﻰ ﺗﻘﻠﯾل ﻧﺳﺑﺔ اﻻراﺿﻲ اﻟﺻﺎﻟﺣﺔ ﻟﻠﺑﻧﺎء
وذات اﻟﻣواﺻﻔﺎت اﻟﺟﯾدة وﺑﺎﻟﻧﺗﯾﺟﺔ اﺿطر اﺻﺣﺎب اﻟﻣﺷﺎرﯾﻊ اﻟﻰ اﺳﺗﺧدام اﻻراﺿﻲ ذات اﻟﻣواﺻﻔﺎت
اﻟﮭﻧدﺳﯾﺔ اﻟﺿﻌﯾﻔﺔ ﻣﻊ اﺳﺗﺧدام اﻟﻣﻌﺎﻟﺟﺔ .ﺗﺛﺑﯾت اﻟﺗرﺑﺔ اﺣد اھم اﻟﺣﻠول اﻟﻣﺳﺗﺧدﻣﺔ ﻟﺗﺣﺳﯾن اﻟﻣواﺻﻔﺎت
ﻏﯾر اﻟﻣرﻏوﺑﺔ ﻓﻲ اﻟﺗرﺑﺔ ﻟﻠوﺻول اﻟﻰ اﻟﻣﺗطﻠﺑﺎت اﻟﺗﺻﻣﯾﻣﯾﺔ .اﻟﺗﺛﺑﯾت اﻟﻛﯾﻣﯾﺎﺋﻲ اﺻﺑﺢ واﺣد ﻣن اھم
اﻟﺣﻠول اﻟﻣﺳﺗﺧدﻣﺔ ﻓﻲ ھذا اﻟﻣﺟﺎل ﻟﻣﺎ ﻟﺔ ﻣن ﻓﺎﺋدة ﺗﻘﻠﯾل اﻟﻛﻠﻔﺔ واﻟزﻣن اﻟﻣﺳﺗﺧدم ﻟﻠﻣﻌﺎﻟﺟﺔ .ﻓﻲ ھذة
اﻟدراﺳﺔ ﺗم اﺳﺗﺧدام ﻣﺣﻠول ﻛﯾﻣﯾﺎﺋﻲ ﯾﻌرف ﺗﺟﺎرﯾﺎ  NBT IIﺑﻧﺳب ﻣﺧﺗﻠﻔﺔ وﺗم اﺧﺗﺑﺎر ﺗﺎﺛﯾر ھذة اﻟﻣﺎدة
ﻋﻠﻰ ﺧواص ﻟدوﻧﺔ اﻟﺗرﺑﺔ .ﺗم اﺳﺗﺧدام ﻧﺳب ﻣﺧﺗﻠﻔﺔ ﻣن ھذة اﻟﻣﺎدة ﻟﺧﻠطﮭﺎ ﻣﻊ ﺗرﺑﺔ اﻟﻠﺗراﯾت ﻋﻧد
ﻓﺗرات ﻧﺿوج ﻣﺧﺗﻠﻔﺔ ﺗﺻل اﻟﻰ  28ﯾوم ﻟﺗﻘﯾﯾم ﻣدى ﺗﺎﺛﯾرھﺎ ﻋﻠﻰ ﺧواص اﻟﻠدوﻧﺔ ,ﻛذﻟك ﺗم اﺧﺗﺑﺎر
ﺗﺎﺛﯾر ﻟدوﻧﺔ اﻟﺗرﺑﺔ ﻋﻠﻰ اﻟﻛﺛﺎﻓﺔ اﻟﺟﺎﻓﺔ اﻟﻌظﻣﻰ .اﻟﻧﺗﺎﺋﺞ اﻟﻣﺳﺗﺣﺻﻠﺔ ﻣن ھذة اﻟدراﺳﺔ اظﮭرت اﻧﺧﻔﺎض
ﺣدود اﻟﺳﯾوﻟﺔ ﻣﻊ زﯾﺎدة ﻧﺳﺑﺔ اﻟﻣﺛﺑت وﻣن ﺛم ﺑدات ﺑﺎﻟزﯾﺎدة ﻋﻧد اﻟﻧﺳب اﻟﻌﺎﻟﯾﺔ ,ھذا اﻻﻧﺧﻔﺎض ﻛﺎن
ﺗﻘرﯾﺑﺎ  %11ﺑﻌد ﻣرور  28ﯾوم ﻣن اﻻﻧﺿﺎج .ﺣدود اﻟﻠدوﻧﺔ زادت ﺑﻧﺳﺑﺔ  %6ﻋﻧد ﻧﻔس زﻣن
اﻻﻧﺿﺎج وﺑﺎﻟﻧﺗﯾﺟﺔ ﻗل ﻣؤﺷر اﻟﻠدوﻧﺔ ﺑﻣﻘدار  .%80اﻟﻧﺗﺎﺋﺞ ﻛذﻟك اظﮭرت وﺟود ﻋﻼﻗﺔ ﻋﻛﺳﯾﺔ ﺑﯾن
اﻟﻛﺛﺎﻓﺔ اﻟﺟﺎﻓﺔ اﻟﻌﺿﻣﻰ وﻣﻌﺎﻣل اﻟﻠدوﻧﺔ.
INTRODUCTION
ateritic soils widespread in tropical and semi-tropical area, most of the
lateritic soils are un-adequate used in different construction application. With
population growth the desired land decreases and the alternative choice to use
undesired soil with treatment application. Soil improvement by compaction
energy or/and chemical additives one of the treatment solutions to the undesired soils.
Cement and lime were old chemical additives utilized as a traditional additives in soil
improvement [1], then utilized different types of mixture as lime-cement, lime-fly
ash, cement- fly ash, emulsified asphalt- cement,….etc.
In recent years are the soil improvement applications forward to utilized
nontraditional additives due to the traditional additives have been intensified
researched, and their fundamental stabilization mechanisms have been identified.
While the nontraditional additives have a wide range of chemicals and variety in
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composition with various reactions with soil particles. Unfortunately, few data are
available about their interaction with different soil types or their performance
stabilization mechanisms.Nontraditional additives include a lot of chemical groups as
emulsifier, petroleum resins, salts stabilizers, lignosulfonate stabilizers, Ionic
stabilizers, enzyme stabilizers, tree resin stabilizers, and polymer stabilizers [2].
Polymer stabilizer coat soil particles and waterproof with physical bond in soil
matrix. The polymer can increase the soil strength in different percentages due to the
ability to coat the soil particles and on the properties of the polymer. The polymers
normally utilized in granular materials but less effective in fine grained soils due to a
high specific surface area that lead to reduce the mixing efficiency [2]. Due to this
fact, the compositional factors namely grain size distribution and plasticity
characteristics work as an important effect on improvement of the Geotechnical soil
properties [3].
Styrene Butadiene Rubber (SBR) is an example of the liquid additives, which is a
random copolymer, derived from styrene and butadiene monomers. There are two
classes of SBR, emulsion SBR (E-SBR) and solution SBR (S-SBR) [4]. Solution
(SBR) is one of the polymer groups that have colossal potential applications in
different industries [5]. SBR can be considered as one of the inexpensive chemicals,
widely available, non-toxic, and readily soluble in water. Furthermore, it can be
applied as a local soil stabilizer in construction site work with no specific
instrumentations is required.
According to the published facts, there are no reported data for the use of SBR in
the soil improves field; being this report as the first and the only study dealing with
the relationship between plasticity characteristic and density of the lateritic soil with
curing time. The selection of SBR as a soil stabilizer was due to economic, technical
and environmental aspects. Therefore, the current research work emphasizes on
improving the weak soil properties for construction purposes. The evaluation of the
as-modified soil was performed via different mechanical and engineering properties.
MATERIALS AND SOIL SPECIMEN PREPARATION
Lateritic silty sand soil (SM) was used in this study. The soil was collected from
Matang Sampol, Bandar Baharu, Kedah Malaysia with co-ordinate 5o 21/ 6// N and
100o 32/ 59// E. Distributed soil samples collected from depth 0.3 - 1.0 m from ground
surface then air dried. Based on the soil properties was classified as SM according to
the Unified Soil Classification System (USCS) as in Table (1). The grain size
distribution curve for soil as in Figure (1).
The Stabilizer Additive
Next Base Technology (NBT II) is the commercial name for the chemical
additives that was used in this experiment, which has a scientific name as SBR
“Styrene Butadiene Rubber” this product provided by Next Base Technology
Company in Malaysia. Table (2) refers to the chemical composition of the polymer.
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MIX INVESTIGATION AND THE TYPE OF TEST CARRIED OUT
Mix design program illustrated in Table (3). All samples were oven dried (105 110oC) over 24hour after passing from BS. Sieve No.4 (opening size 4.76 mm). Basic
Soil properties conducted on virgin soil as consistency limits, specific gravity and
classification test (sieve analysis with a hydrometer) also pH test for soil and
chemical composition of the polymer were done. The polymer diluted as a percentage
by weight with distilled water at optimum moisture content (OMC) which obtained
from compaction test then add to the soil with hand mixing until reach to the uniform
color then the sample was stored in a plastic bag and plastic container to maintain on
its moisture. Furthermore the liquid limit, plastic limit with curing time and
compaction tests were conducted for all soil mixture percentages.
Consistency limits
Laboratory tests were conducted on all samples used in Table (3) to determine the
index properties (liquid limits and plastic limits) with curing time used to observe the
time effect on index properties of soils. The tests don accordance to the B.S 1377:
part 2: 1990, clause 4.3 and 5.3 [6].
Compaction
British standard light compact effort was used. Oven dried soil specimens passing
through B.S sieve with 4.76 mm aperture, mixed as in Table 3 without curing time.
This test carried out accordance to B.S 1377: part 4: 1990, clause 3.4 [6].
RESULTS AND DISCUSSION
Compaction characteristics
The compaction tests were conducted on different SBR percentages, after mixed
with lateritic soil exhibited slightly decreases in maximum dry density (MDD). The
optimum moisture content (OMC) was increasing at small SBR% and beginning to
decrease with SBR% increase. The density results attributed to the polymer density
lower than the untreated soil density. Increase the moisture content at low SBR
percentage attributed to agglomeration effects of the fine particles and increase the
porosity of the soil skeleton which caused an increase in ability to adsorbed water.
The variations of maximum dry unit weight and optimum water content with SBR
content are shown in Figure (2).
Consistency limits
The liquid limits and the plastic limits were conducted on all SBR% as in test
program Table (3). Investigate the curing time effect on consistency limits for all
soils treated. As the results show in Figure (3) decreases with liquid limits at small
SBR% and increase with the SBR% increase, on the other hand the liquid limit
decrease with curing time increase at a small percentage of SBR but at high SBR%
liquid limit increase after 7 days curing. This conduct attributed to the polymer
reaction with soil particles, when a small percentage of the SBR play as connected
materials between particles, and waterproof effect after coated the particles then
increases the percentage over the quantity to fill void ratio work as a lubricant
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Material therefore, the particles slipping one on another and the porosity of the soil
increase. Then the water adsorbed increase leads to liquid limit increase. While the
reduction in plastic limit due to fill the void ratio of soil with small SBR% and the
polymer work as a flexible material caused an increase in flexibility of the soil
skeleton. With the increase in SBR% the quantity of polymer become over the void
ratio capacity then work as dispersion materials to push soil particles and increase the
porosity. With curing time the plastic limit increase for all SBR%, this is results refer
to time effect by chemical reaction and the bond between particles become more stiff.
Figure (4) shows plastic limit results with curing time at different SBR%.
The relation between dry density and Atterberge’s limits
The relation between maximum dry density and plasticity index after 28 days
curing for lateritic soil exhibited the 1% SBR was the optimum percentage to
improve the lateritic soil which has plasticity index 9.5 and maximum dry density
1.84 g/cm3 as results obtained from Figure (5).
CONCLUSIONS
Based on the results obtained from this study the following conclusion can be drawn:
1. Maximum dry density slightly decreases and optimum water content increase
due to lower liquid stabilizer density.
2. Maximum reduction in plasticity index at 5% SBR.
3. Liquid limit decrease in curing time increase at small SBR% (2.5 – 7.5 %).
4. Plastic limit increase with the curing time increase, this increase already
affected on the plasticity index by decreasing it.
5. The dry density was affected by plasticity index.
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Table (1) Lateritic soil properties.
Gs
2.67
Color
Reddish
yellow
L.L%
42
P.L%

30.5

P.I%

11.5

% finer < 75 µm

40

Cu
Cz
pH
Organic content (OC)%
MDD g/cm3
OMC %
USCS
Void ratio (e %)

55.6 >3
0.072<1
4.6
7
1.89
13.7
SM
66

Table (2) Chemical composition of the SBR.
Test

Property

specification

pH

5.72

BS.1377:
Part3:1990

Refractive Index

1.402

Density

1.050 g/cm3

Shear Strength

increase with time*

ASTM D196-99

Viscosity Conductivity

increase with time*

ASTM D196-99
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130.3μs/cm8 mg/L

*at room temperature and without cover

Table (3) Mix design program.
Soil:SBR

Curing time

Ratio

(Days)

1: 0.025

1,3,7,14,28

1: 0.05

1,3,7,14,28

1: 0.075

1,3,7,14,28

1: 0.1

1,3,7,14,28

1:0.125

1,3,7,14,28
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Figure (1) Particle size distribution curve for lateritic soil.

Figure (2) Effect of SBR% on compaction test results.
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Figure (3) Liquid limit with curing time at different SBR%.

Figure (4) Effect of SBR% on plastic limit at
different curing time.
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Figure (5) Relation between plasticity index
and maximum dry density.
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