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Abstract: The engineering strength properties of expensive

soils (clayey soil) such as compaction characteristics and
bearing capacity can be improved by stabilization process of
the soil. These properties can be improved by controlled
compaction using the mechanical equipment’s or by addition
of suitable admixtures like cement, fly ash, lime, gypsum or by
reinforcing the soil with shredded tyre, crumb rubber, plastic
waste etc. But gypsum is used now a days to enhance the
geotechnical properties. So, in this research paper gypsum
and calcium chloride has been used to improve the various
strength properties of natural soil. The objective of this
research paper isto examine the strength properties of natural
clayey soil reinforced with different percentage of gypsum by
the weight of soil and fixed percentage of calcium
chloride(Cacl,) as a binding material.
A series of Standard Proctor tests(for calculation of MDD and
OMC) and California Bearing Ratio (C.B.R) tests are
conducted on both raw clayey soil and reinforced soil with
different percentages of gypsum (2%, 4%, 6% and 8%) by
weight and with fixed percentage of calcium chloride
(0.75%). A comparison between properties of raw clayey soil,
raw clayey soil mixed with gypsum and raw clayey soil mixed
with gypsum and calcium chloride (CaCl,) are performed. It is
found that the properties of clayey soil mixed with gypsum and
calcium chloride (CaCl,) are suitably enhanced.

Keywords: Gpysum, Soil stabilization,Cacl,,Standard
Proctor Test.

l. INTRODUCTION

Soil stabilization is the term in which engineering properties
of soil are revamped with the help of another material. Soil
stabilization control the different properties of a soil and
increases the shear strength of a soil, thus improve the load
bearing capacity of a sub-grade to support pavements and
foundations. Stabilized soil can be used on airports, roads,
parking areas, development site and other conditions where
subgrade material are not qualified for construction.
Stabilization can be used to treat a wide range of sub - grade
materials, varying from expansive clays to granular
materials. This process is found using additives like fly-ash,
rice husk, lime, portland cement etc.
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ADVANTAGESOF STABILIZATION:

» Utilization of loca and in situ materials.

» Waste materials can be utilized according to their

properties.

Savingsin disposal of unsuitable materials.

Large savings in aggregate consumption.

Savingsin transportation of material.

Protection of roads (less truck transport).
APPLICATIONS:

» Road constructions.

» Foundations.

» Damsand Reservoir.

YV VV VY

. MATERIALSUSED

Clayey Soil-A soil that contains a high percentage of
fine particles and colloidal substance and becomes sticky
when wet. Clays are plastic because of its particle size
and geometry as well as water retention ability, and
become hard, brittle and non-plastic upon drying or
firing.

Depending on the soil content in which it’s found, clay
can appear in various colors from white to dull grey or
brown to deep orange-red. Although many present
deposits include both silts and clay, clays are
distinguished from other fine- grained soils by
differences in size and mineraogy. |SO 14688 grades
clay particles as being smaller than 2 um and silt
particles as being larger.

Clayey soil was collected from Baliapur, Dhanbad,
Jharkhand and then sent to soil laboratory of Civil
Engineering Department, BIT Sindri. The soil was
spread on the floor for natural drying and then were
broken into smaller size so that it can be used in
experiments.

Gypsum-Gypsum is a soft sulphate mineral which
contains calcium sulphate dehydrate, with the chemical
formula CaSO,-2H,0. It is extracted by mining and used
as a fertilizer and as the main role in many form of
plaster, blackboard/sidewalk chalk, and drywall. A huge
fine-grained white or lightly tinted variety of gypsum,
caled aabaster, has been used for carve by many
cultures including Ancient Egypt, Mesopotamia, Ancient
Rome, the Byzantine Empire, and the Nottingham
alabasters of Medieval England. Gypsum also
crystallizes as trandlucent crystals.
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Gypsum is brought from Kalpana Trading India Private
Limited, Nainpur, Madhya Pradesh.

Calcium chloride-Calcium chloride is an inorganic
compound. It’s a salt with the chemical formula Cacl,. Itisa
white colored crystalline solid at room temperature, highly
solublein water.

Cacl,is brought from Kalyani Chemicals, Delhi.
Properties of the raw clayey soil

The clayey soil sample used in this project has been
collected from Baliapur, Dhanbad. It was dug from depth of
1.5m to 2 m beneath the ground surface by open excavation.
After that it was dried and shattered to perform the
experiments.

Tablel: Propertiesof the natural clayey soil

Fig.3. Gypsum

. EXPERIMENTAL DETAILS

Sl. No. Parameters Values A. Fixing the per centage of Calcium Chloride.
— _ 2475 For fixing the Cacl, percentage in the soil and gypsum
1 Specific gravity mix, add the Cacl, in raw clayey soil with different
0 percentages that is 0.25%, 0.5%, 0.75%, 1%, 1.25%, 1.5%
L 35.60%
2. Liquid Limit(W,) of the dry weight of soil and find out the OMC-MDD for
0 different percentages. At 0.75% amount of Cacl, the
L 20.20% . ) .
3. Plastic Limit(Weg) MDD (maximum dry density) have been found maximum.
4 OMC (Optimum 16.13% Tablell: Standard Proctog Test Result for fixing Cacl,
' moisture content) S c (C/T) oMC 5D
MDD (Maximum dr 1.750g/cc - il (9 acls
5. | MDL té) y 9 No. | SO (0) | o) (%) (g/co)
6 U.C.S(Unconfined 3.33% 1 100 0 16.13 1.75
compressive strength) 2 99.75 0.25 16.76 1.79
7. Soaked C.B.R (Cdlifornia 2.04%
bearing ration) 3 99.5 0.5 16.95 1.93
Un-soaked 4 99.25 0.75 17.19 1.98
o . 0
8. C.B.R(Cahformabearmg 4.17% 5 %9 1 177 19
ratio)
6 89.75 1.25 18.12 1.84
7 89.5 15 18.75 1.78
2
1.95 A
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Fig.2. Calcium Chloride
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Fig.5.Calcium Chloride(%) and MDD graph
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Fig.6. Bar Chart Variation of MDD soil samplewith Cacl, Fig.8. Bar Chart Variation of MDD soil samplewith
MDD = 1.98 g/cc & Cacl,=0.75%. _ _ Different % of Gypsum.
So, | have fixed the percentage of Calcium Chloride |t can be inferred that, there is an augmentation in
at 0.75% by weight. maximum dry density of clayey soil with increment in
B. Standard Proctor compaction test of soil sample after percentage of gypsum up to a certain percentage (i.e. 4%).
mixing with different per centage of gypsum. C. CB.R value of soil sample with different
In this segment, results for reinforced soil sample with per centage of gypsum.
different percentages of gypsum (2%,4%,6%and8%) The following results are obtained from laboratory for
are shown in details. A series of standard proctor  C.B.R(Cdifornia bearing ratio) value of sample soil with
compaction tests are performed on reinforced soil with varying percentage of gypsum has been demostrated
vary in percentages of gypsum and the corresponding below

test results are demostrated below.
Table!lV: C.B.R valuesat different percentage of

Tablelll: MDD and OM C of Sail after mixing Gypsum
different percentage of Gypsum. Percentageof | C.B.Rat2.5mm | C.B.R.at5mm
Gypsum(%)
CONTENT MDD(g/cc) OMC(%)
, 0 417 3.64
Clayey soil 1.750 16.13
2% Gypsum 1.82 11.84 2 6.48 .26
4% Gypsum 1.92 10.36 4 8.85 7.95
6% Gypsum 185 11.21 6 7.97 7.15
8% Gypsum 1.80 12.84 8 7.58 6.92
1.94
10
T 1.92 - xT
G
2 19
g [ \ y 4

1.88 I \
1.86

I \ 6%, 1.85
1.84

C.B.R (%)
OFRP NWHUION OO

1.82 - -
0 2 4 6 8 10
L8 8 Gypsum(%)
1.78 T =¢=—C.B.Rat 2.5mm
0% 5% 10% Fig.9. Variation of C.B.R Valuesin Soil Sample with
Gypsum(%) Different Per centage of Gypsum.
Fig.7. Variation in MDD of soil samplewith Different %

of Gypsum
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mCB.Rat2.5mm| 4.17 | 6.48 | 8.85 | 7.97 | 7.58
mCB.Rat5mm | 3.64 | 5.26 | 7.95 | 7.15 | 6.92

Fig.9. Bar Chart Variation of C.B.R Valuein Soil
Sample with Gypsum.
Here results can be seen that with addition of gypsum
upto 4% in soil sample, C.B.R vaue increases from
4.17 to 8.85%.After that further addition of gypsum,
C.B.R value decreases.

D. Standard Proctor Test results after mixing with
different percentage of gypsum and fixed
per centage of calcium chloride.

A series of standard proctor compaction tests are

performed on reinforced soil with different percentages of

gypsum and constant percentage of calcium chloride and
the COrresponding results are demonstrated bel ow

TableV: MDD and OMC Valuesat different
per centage of gypsum and constant per centage of

E.

1.95
1.9
1.85
1.8
1.75
1.7
1.65
1.6

M DD(g/cc)

0% Gypsum 4% Gpysum 4% Gypsum &
0.75% Cacl2

Fig.11. Bar chart variation of MDD in Soil Sample after
Addition of Gypsum and 0.75% of Cacl,.

It can be seen that soil sample attains maximum dry

density (1.92) after adding 4% gypsum and further

addition of gypsum decreases the MDD. Further when

0.75% Cacl, is added to soil sample with 4% gypsum,

MDD increasesto 1.97.

C.B.R value of soil sample with varying percentage of
gypsum and constant percentage of Cacl,(i.e 0.75%).
The following results are obtained from laboratory for
C.B.R(califonia bearing ratio) value of soil sample with
different percentage of gypsum and fixed percentage of

Cacl, (i.e 0.75%) has been demonstrated below

TableVI:C.B.R values at different percentage of

Cacl,. gypsum and constant per centage of Cacl,.
Percentage CB.Ra25 |CB.Ra5
Sl.no. Percentage MDD (g/cc) | (%) OMC Content mm (%) mm (%)
Content
0 0% gypsum 4.17 3.64
1 0% 175 16.13
Gypsum ' ' 4% gypsum 8.85 7.95
2 4% Gypsum 1.92 10.36 4% sum +
3 4% Gypsum+ |4 oy 10.08 0 705‘?/?)/[)Caclz 10.22 9.35
0.75% Cacl, ] ] :
2 12
/ 3,1.97 10 AP
1.95
,{, 1.92 8
1.9 —~ /
T / s ° ——CBRat
\% : / o 4 / 2.5mm
Q 13 ®) =fi—C.B.R at 5mm
D : 2
= /
1.75 1,175 0
1.7 . . . . 0 1 2 3 4
0 1 5 3 4 per centage content
1=0% Gypsum , 2=4% Gypsum,
er centage content
P g 3= 4% Gypsum+0.75% Cacl,
1= 0% Gypsum , 2= 4% Gypsum Fig.12. Variation value of C.B.R at 2.5 mm and 5 mm of
3= 4% Gypsum+0.75% Cacl2 soil samplewith 0.75% Cacland 4% gypsum.

Fig.10. Variation of MDD in Soil Sample after Addition
of Gypsum and Cacl,.
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4%
0% 1% gypsum
gypsum | gypsum | +0.75%
Cacl2
ECB,Rat
2 5mm 4.17 8.85 10.22
ECB.Rat5mm| 3.64 7.95 9.35

Fig.13. Bar chart variation of C.B.R valuein soil sample
with 0.75% Cacl,and 4% gypsum.

It can be seen that C.B.R value at 2.5mm and C.B.R value at
5mm in soil sample are 4.17 and 3.64 respectively increases
to 8.85 and 7.95 after mixing with 4% gypsum. Its value
further increases to 10.22 and 9.35 respectively when 0.75%
Cacl, is added with 4% gypsum.

. CONCLUSION

According to the data and results acquired from the
experimental work on soil stability investigation with
different percentages of gypsum i.e.(2%, 4%, 6% and 8%)
and fixed percentage of calcium chloride i.e. (0.75%), the
following inference can be drawn in the aspect of strength
properties due to application of gypsum and Cacl, as a
stabilizing agent for the natural clayey soil.

» From the above data, the MDD(maximum dry
densities) are found to be 1.75g/cc for 0%, 1.82g/cc for
2%, 1.92g/cc for 4%, 1.85¢g/cc for 6% and 1.80g/cc of
8% gypsum. In view of the outcome from the
compaction test, it can be inferred that with increase in
percentage of gypsum the compaction parameter i.e.
MDD(maximum dry density) is increased up to
1.92g/cc a 4% gypsum content and then decreases.
Other compaction parameter i.e. OMC(optimum
moisture content) is found out to be 10.36% at 4%
gypsum content. So, it is concluded that for effective
soil stabilization at 4% gypsum gives better result.

» Based on the results from the compaction test, it can
be inferred that at 4% gypsum content and 0.75%
Cacl, content, the compaction parameter i.e.
MDD(maximum dry density) is found out to be
maximum and is equals to 1.97gm/cc. Other
compaction parameter i.e. OMC(optimum moisture
content) is found out to be minimum(10.08%) at 4%
gypsum content and 0.75% Cacl, content.

» On the basis of obtained C.B.R test results, it is
inferred that addition of gypsum and calcium chloride
as reinforcement in clayey soils produces significant
increase in C.B.R value. It is concluded that, with
increase in gypsum and for constant percentage of
Cacl,, the C.B.R values are aso increased appreciably
and is found to be maximum 10.22% for 4% gypsum
and 0.75%Cacl,.

» From the above confabulation, it is inferred that
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addition of gypsum and Cacl, to the clayey soil thereis
appreciable impact on the compaction parameters and
bearing capacity of the sail. It is also inferred that,
expensive methods for stabilization of soils such as
with cement, fly ash etc. can be supplanted together
with gypsum and Cacl, as an aternative method to
improve the weak clayey soil properties. Gypsum and
Cacl, can be used for stabilization of pavement sub-
grade, embankment and other fields of civil
engineering according to the requirements for clayey
soils.
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