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Abstract- Soil contamination due to spillage of various oil
products on the land is a serious geo-environmental issue that
adversely affects the geotechnical properties of soils.
Contamination of the ground due to oil influences on both the
physical and engineering properties of soils. Thus, the present
paper is mainly aimed to discuss the properties of clay soil
contaminated with varying percentage of oil with respect to
aging. It revealed that there is a decrease in liquid limit and
increase in shrinkage limit with respect to increase in the oil
content. The shear strength is decreased and compressibility
increased with increase in percentage of oil content of the
contaminated clay soil.
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I INTRODUCTION

Soil contamination due to various oil products is a serious
environmental issue. Oil leakage may takes place due to
natural seepage and artificial spillage through soils. Oil spills
in most cases are accidental and it occurs during the
transportation of oil by both on the land and sea. Automobile
garages, petrol stations and oil storage sites are the common
places for soils contaminated with used engine oils. The
extent of oil contamination in soil is mainly depends on the
chemical composition of the contaminant and the properties
of soils. An excessive oil contamination in the ground may
leads to vertical settlement of oil storage tanks or cracking of
pipelines lay in the oil contaminated ground. When an oil
product accidentally spills over the ground surface, it
infiltrates through the soil pores. Qil contaminated sandy soil
particles gets slipped and reduces the angle of internal
friction due to the presence of oil in the pores which leads to
reduction in the shear strength. Hydraulic conductivity is a
function of initial viscosity and the degree of oil saturation.
The permeability characteristics of oil contaminated soils are
decreased with increasing in the percentage of oil content due
to a reduction of pore volume [3]. The effect of oil
contamination is more significant in loose sand as compared
to the dense sand [7]. The maximum dry density, frictional
angle and compressive strength of oil contaminated soils are
decreased with increase in the oil content [2]. Clay are
chemically active soil particles and their behaviour can be
altered substantially by the presence of oil in the pore fluids
with variable degree [6] .The literature available in this topic
reveals that the shear strength and dry density gets reduced in
clay soil also due to the adsorbed oil in the clay particles [5].
The coefficient of permeability of oil contaminated clay has
increased significantly due to the reduction in dielectric
constant of oil than that of water [4]. However, porosity and
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swelling pressure of oil contaminated clay has decreased with
increase in both the sorption time and the crude oil content
[1]. In such a situation, major tasks are needed for
remediation and reclamation of oil contaminated sites. The
limited literature available in this topic indicates that there is
a significant change in the properties of oil contaminated clay
soils. In view of the above, it is necessary to understand the
effect of oil contamination on the geotechnical properties of
soils for new construction or needs to verify the stability of
existing structures found in this type of oil contaminated
ground surface. Hence, the present paper is mainly focused
on to discuss the physical and engineering properties of oil
contaminated clay soil.

Il. MATERIALS AND METHODS

Clay soil samples were collected from Velachery,
Chennai in India and it was air dried, pulverized before used
for the detailed laboratory investigations. Table 1 and 2
shows the basic properties of clay soil and engine oil used in
the study respectively.

TABLE | INDEX PROPERTIES OF VIRGIN CLAY SOIL

BASIC PROPERTIES RESULTS
. Clay 65
Si(z;;a(:;o) Sand 19
Silt 16
Liquid limit (%) 68
Plastic limit (%) 30
Plasticity Index (%) 38
Soil classification CH
Specific Gravity 2.73
Shrinkage limit (%) 10.6
Free swell index (%) 80

TABLE Il BASIC PROPERTIES OF ENGINE OIL

BASIC PROPERTIES RESULTS
Color Dark brown

Density 852 kg/m?
Viscosity 142 mm?s

Clay soil samples were prepared by adding engine oils in
terms of the varying percentage in the order of 0, 3, 6, 9, 12,
and 15 % to the dry weight of the soil. The engine oil was
added to the soil sample and mixed thoroughly in proportion
to the weight of soil. The contaminated soil samples were
exposed to the natural weather condition to study the effect of
aging. The contaminated clay soil samples were tested in the
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laboratory with respect to varying aging period of 7, 14 and
28 days.

I1l. RESULTS AND DISCUSSION

Series of various laboratory tests were conducted on virgin
clay soil and oil contaminated clay soils with respect to aging
for evaluating the physical and engineering properties of it.
The effect of oil on the physical properties and engineering
properties of the clay based on the results obtained from
various tests are discussed in the following headings.

A. Liquid limit and plastic limit:

Figs. 1 and 2 shows test results of liquid limit and plastic
limit with respect to aging of 0, 7, 14 and 28 days on the oil
contaminated clay soil samples. It is seen from these figures
that the liquid limit and plastic limit got decreased with
increase in the oil content as compared to the virgin clay. This
trend is observed to be uniform with respect to all aging
periods. In general, the liquid limit and plastic limit of the oil
contaminated clay is increasing with increase in aging when
compared to the immediate response. However, it can be seen
no much variation in the case of soil samples were tested after
7 and 14 days as compared to the immediate response. But it
is interesting to see that the soil samples tested for 28 days
shows a considerable increase in the liquid limit and plastic
limit as compared to the immediate response. It is mainly
attributes to the evaporation of oil on exposure to sunlight for
longer period in case of the oil contaminated clay with 28 days

aging.
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Fig. 1 Liquid limit with varying percentage of oil contamination

B. Shrinkage limit and Free swell index:

Figs. 3 and 4 shows shrinkage limit and free swell index of
both the virgin and contaminated soil samples with varying
percentage of oil content. It is seen from the Fig. 3 that
shrinkage limit found to increase with increase in the oil
content. It can be seen a similar trend for both the liquid limit
and plastic limits that there is no much variation in the case of
soil samples tested after 7 and 14 days of aging periods
compared to the test conducted immediately after preparation
the test specimen. Also, it is observed that the clay samples
tested for 28 days shows a considerable decrease in the
shrinkage limit as compared to the immediate response.
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Fig. 2 Plastic limit with varying percentage of oil contamination
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Fig. 3 Shrinkage limit with varying percentage of oil contamination

The Free Swell Index (FSI) is an indicator of the swell
potential character of the soil. The FSI tests were conducted
on oil contaminated clay soil samples with respect to the
varying percentage of oil content and at different time periods
such as immediate response after mixing and response at the
end of 28 days after mixing.
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Fig. 4 FSI with varying percentage of oil contamination

Fig.4 shows a decrease in the free swell index value with
increasing in the percentage of oil content. It may be due to
the reason there is a potential expansion of the double layer
that gets reduced when oil surrounding the clay particles as
compared to the water. It can be concluded that the swell
potential of the clay is reduced by increasing the percentage of
oil. However, there is an increase in the FSI for soil samples
with natural exposure of drying for 28 days as compared to the
immediate response of the soil. This kind of the response may

IJERTV9I SO50590

www.ijert.org 764

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 9 1lssue 05, May-2020

be attributed to evaporation of the oil from the soil sample
through thermal conductivity.

C. Shear strength characteristics:

The vane shear and unconfined compression (UCC) tests
were conducted to evaluate the shear strength of both the
virgin and oil contaminated clay soil samples with respect to
the varying consistency and aging periods. Figs. 5 to 7 shows
test results of oil contaminated clay soils with respect to three
different consistencies such as stiff, medium and soft
respectively. Totally 13 soil samples were tested with increase

in the oil content in terms of 0, 3, 6, 9, 12 and 15 percentage of dry
soil.
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Fig. 5 Shear strength of oil contaminated clay with stiff consistency
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Fig. 6 Shear strength of oil contaminated clay with medium consistency

Fig. 5 shows a slight increase in the shear strength with
increasing the oil content up to 3 % for clay soil with stiff
consistency. However, the shear strength starts decrease
steeply on further addition of the oil content up to 6 % and
almost becomes constant at 9 % of the oil content. This trend
is observed to be same for the stiff clay soil samples were
tested after 7, 14 and 28 days. It may be due to the reasons that
all soil samples were exposed to natural drying and tested at
the end of 7, 14 and 28 days. Fig. 6 shows a decrease in the
shear strength with increase in the oil content up to 3 % for
clay with medium consistency. The shear strength of clay
contaminated with 3 % of the oil content is almost equal to the
virgin soil and the shear strength got decreased with further
increase in the oil content up to 15 %. The immediate
response and the response at the end of 7 and 14 days shows a
small increase in the shear strength but there is a considerable

increase in the shear strength in case of the soil samples were
tested after 28 days.

Fig. 7 shows shear strength of oil contaminated soft clay
with respect to aging period. It is shown from the figure that
the shear strength get decreased with increase in the oil
content. The immediate response and the response at the end
of 7 and 14 days shows a very small increase in the shear
strength but there is a considerable increase in the shear
strength in case of the soft clay samples were tested after the
28 days.
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Fig. 7 Shear strength of oil contaminated clay with soft consistency
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Fig. 8 Coefficient of consolidation with varying percentage of oil content

D. Compressibility characteristics:

A series of consolidation tests were carried out to study
the compressibility characteristics of both the virgin and oil
contaminated clay soil samples with soft consistency. Based
on the test results, the compression index and the coefficients
of consolidations were determined. Fig. 8 shows the variation
of coefficient of consolidation (cy) with respect to varying
percentage of the oil contamination. It is seen from the figure
that the coefficient of consolidation is decreasing with
increase in percentage of the oil content up to 9 % and
become constant with further increase in percentage of the oil
content. It may be attributed that the reduction in rate of
settlement in the case of oil contaminated clay as being a
viscous in nature. Hence, the viscous in nature of the oil
contaminated clay requires very high pressure and more time
for compression as compared to the uncontaminated clay.
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[3] The percentage reduction in free swell index of the

oil contaminated clay soil is by a maximum of 40 %
in the case of immediate effect and 35 % for the
aging period of 28 days.
.
+0/°°?1 [4] Shrinkage limit is increased with increase in the oil
—= 3l content level. The percentage increase in shrinkage
— 6% oil limit of oil contaminated clay soil is by a maximum
——0% il of 14 % in the case of immediate effect and 9 % for
e %0l the aging period of 28 days.
o 15%ol [5] It can be concluded from the shrinkage limit and
08 FSI, the swelling potential for oil contaminated clay
1 10 100 1000 is decreased with increase in the oil content level.
log P (kKN/m? . . .
1P () b) Engineering properties

) o S ) [1] Shear strength of oil contaminated clay is increasing
Fig. 9 Variation of void ratio with respect to applied pressure with increase in the oil content level up to 3 % with
further increase in oil content shown a reduction in
the shear strength. This trend is common for oil
contaminated clay of different consistencies.

Fig. 9 shows e - log p curve for clay contaminated with
varying percentage of the oil content. It can be seen that
almost a linear behavior for clay soil contaminated with the

oil. This trend is observed to be same for the clay [2] The effec_t of aging is_ significa_mtly influgnces on the
contaminated with any percentage of the oil content. Fig. 10 geotechnical properties of oil contaminated clay.
shows the variation of compression index for clay soil The shear strength of the oil contaminated clay is
contaminated with varying percentage of the oil content. It can decreased with increase in the aging period.
be seen from the figure that the compression index value is [3] The percentage reduction in the shear strength of oil
found to increase with increase in percentage of the oil contaminated clay is by a maximum of 27 % to 46
content. % in the case of immediate effect and 17 % to 30 %
for the aging period of 28 days.
03 [4] The compression index value of oil contaminated
A clay is increased with increase in the oil content
0.32 /’ level. The percentage increase in the compression
503 // index value is by a maximum of 33 %.
£ s R g [5] The rate of consolidation is decreased with increase
g L in the oil content level. The percentage reduction in
%”26 — coefficient of consolidation is by a maximum of 42
Son %.
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