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1. Introduction

Petroleum contamination in soils induced by oil products such as crude oil, gasoline, and motor oil is an
issue raised widely in oil-rich countries like Iran. Contaminated soil with oil products is considered as a
common environmental problem, but under the physical-chemical processes that occurred between these
contaminants and soil, new geotechnical behavior is expected, which can reduce the soil bearing capacity,
change the soil strength parameters and vary engineering and geotechnical properties of soil. Once the leakage
occurs, resulted by self-gravity, the oil flows towards the groundwater level, which will cause soil-saturation
with this hydrocarbon liquid. In spite of this, lateral propagation of the liquid may result in a wider scale of
contamination. Oil pollution near the shore, contaminates the soil across the entire coastline. In this case, to
account for the pollution of soil, regarding the environmental conditions, soil type, and type of contaminants
the geotechnical properties are revised. The largest oil contamination in soil occurred in recent decades due to
the Persian Gulf war in Kuwait, where a volume of 9 million cubic meters of soil in 19.05 million square meters
was contaminated to oil; about 69 lakes were created to gather the diffused crude oil. Another case is the
destruction of tanks of the refinery of Tehran and Abadan in the war between Iran and Iraq, which caused
intense oil-pollution.

2. Methodology

This study is conducted to evaluate the effects of oil pollution in shear stress and shear strength parameters
of soil including the angle of internal friction and cohesion. According to ASTM (American Society for Testing
and Materials) D3080, direct shear tests were performed with box dimensions of 10x10x3 cm on soil samples
contaminated to oil with different percentages of 0, 3, 6, 9 and 12. Due to the limitations of ASTM regulations
for the biggest aggregate in the soil for the direct shear test, aggregates passed by sieve No. 4 were used in this
study. This modification eliminates the gravel portion of soil and increases the fine-grained portion. Moreover,
to evaluate the effect of density and vertical stress on the results of direct shear tests, the samples were tested
in two different dry density conditions of 1.7 and 1.9 g/cm3 and in two different vertical stress increments of
0.5,1.0, 1.5and 0.1, 0.3, 0.5 kg/cm?. The shear force was applied with a speed of 1 mm/min. Properties of small
scale direct shear tests in terms of density and vertical stress level and other characteristics are considered
similar to the large-scale direct shear tests on soils contaminated with gas oil described by Khodaparast and et
al (2015). The different direct shear tests which performed by small-scale shear test apparatus on the studied
soil are presented in Table 1.
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Tablel. Numbers and different types of the experiments

Studied parameters Amounts Numbers of the tests
1.7
Dry density (g/cm3) e — 2
1.9
0.1-0.3-0.5
Vertical stress values (kg/cm?) ———— 2
0.5-1.0- 1.5
0
3
Percent of pollution 6 5
9
12
The total number of tests 2x2x5=20

Fig. 1. The direct shear apparatus with dimensions of 10x10 cm used in this study

3. Results and discussion

3.1. The effect of pollution on shear strength

The effects of oil pollution on the stress-strain diagram of coarse soil have been investigated by direct shear
tests with two different densities with box dimensions of 10x10 cm at the vertical stress of 0.1 kg/cm? (Fig. 1).
Shear strength of soil sharply reduced in the infection rate of only 3%, but in the pollution more than 3%, this
reduction was very low further increase in pollution did not have a significant impact in reducing resistance.
Also, the behavior of the stress-strain curve in two different dry densities (1.7 and 1.9 g/cm3) is not the same.
The obtained results follow the trend of stress-strain charts for direct shear tests through the two different
densities in 30x30cm boxes with the vertical stress of 0.1 kg/cm?, except for the non-infected cases. But
contrary to10x10 cm shear box, in 30x30 cm shear box results show that soil shear strength increases by
increasing the percentage of pollution.

3.2. The effect of pollution on the angle of internal friction

The results show that in both large and small-scale direct shear tests, increasing the level of pollution
reduces internal friction angle (Fig. 2). The past studies by other researchers in this field also show relatively
the same results. The cause of this decline could actually be that the physical presence of oil in the soil causes
some lubrication between soil grains and so makes it easier for soil aggregates to slide over each other and
consequently reduces the internal friction angle.
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Fig. 2. Comparison of the internal friction angle obtained from both small and large-scale direct shear tests: (a) for dry
density of 1.7 g/cm3 and normal stress of 0.1, 0.3, 0.5 kg/cm?, (b) for dry density of 1.9 g/cm3 and normal stress of 0.5, 1.0,
1.5 kg/cm?

3.3. The effect of pollution on soil cohesion

The effect of different percentages of gas oil on the soil cohesion in small and large-scale direct shear tests
is different, so that in direct shear tests of 30x30 cm with the increasing pollution, cohesion increases but it
reduces in direct shear tests of 10x10 cm by increasing the contaminants in soil. The results show that the effect
of oil pollution on soil cohesion depends on box dimensions and soil grain size entirely.

4. Conclusions

1- In small-scale direct shear tests shear strength greatly reduced by adding 3% of gas oil to the soil. However,
in large direct shear tests, increasing pollution up to 6 percent increases the shear strength and increasing to
more than 9 percent, reduction in resistance occurs.

2- Based on the results of the tests on non-polluted soil samples, by reducing the dimensions of the box, an
increase in shear strength occurs. But in samples contaminated by oil gas, changes in dimensions don’t affect
the shape of the stress-strain and maximum shear strength.

3- By increasing the level of soil contamination, the friction angles obtained from both small-scale and large-
scale direct shear tests are reduced.

4. The effects of various percentages of gas oil on cohesion obtained from small and large scale direct shear
tests are different. Cohesion in direct shear test boxes of 30x30 cm increases with an increase of pollution, but
in test boxes of 10x10 cm, the increase of contaminants in soil has a decreasing effect on cohesion.
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