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ABSTRACT

Soil contamination has been on the rise with the increasing demand for oil
and its derivatives, leading to both environmental hazards and potential
impacts on the geotechnical behavior of soils. Leakage of pollutants such
as used motor oil into roadbeds and subgrade layers is considered a major
challenge. Fine-grained cohesive soils, such as marl, are particularly more
sensitive to moisture and hydrocarbon pollutants compared to other soil
types. Despite numerous studies on the monotonic behavior of marl soils,
less attention has been given to their cyclic and post-cyclic behavior. This
study has evaluated the effect of used motor oil contamination on the cyclic
and post-cyclic behavior of marl soil using a simple shear device. Marl soil
samples were mixed with 0, 4, 8, 12, and 16% by weight of used motor oil
and subjected to testing. The results indicated that an increase in the
percentage of used motor oil up to 16% led to a 27% reduction in shear
strength. Moreover, this contaminant reduced soil cohesion and internal
friction angle by up to 47 and 6% before cyclic loading, and by 29% and
14% after it, respectively. However, the shear strength and cohesion
improved after cyclic loading. Under cyclic loading, an increase in the oil
content resulted in higher damping ratios and lower shear modulus values.
Additionally, increasing the vertical stress led to an increase in shear
modulus and a decrease in damping ratio. An increase in strain amplitude
after 20 cycles led to a maximum of 89% increase in damping ratio,
observed in the samples containing 16% oil under a vertical stress of 150
kPa. SEM analysis of the contaminated samples revealed reduced porosity
and increased sample cohesion after cyclic loading compared to pre-
loading conditions.
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Introduction

Marl soil is a natural mixture of clay and
calcium carbonate, and its mechanical behavior
varies widely depending on the calcium
carbonate content and the type of clay minerals
present. While it exhibits high strength in dry
conditions, its strength can decrease by up to
85% when saturated. Marl deposits are
widespread in various parts of Iran, including
the city of Qom. However, due to their high
deformability, considerable settlement, and
relatively low strength, construction on such
soils poses significant geotechnical challenges.
With the rapid expansion of industrial
activities, soil contamination by petroleum-
based pollutants, such as used motor oil, has
emerged as a critical concern in geotechnical
engineering. These contaminants can infiltrate
subsurface layers through roadway leakage,
affecting the soil’s physical, chemical, and
mechanical properties. Used motor oail,
composed mainly of hydrocarbons and heavy
metals, can significantly influence key strength
parameters of soil, including cohesion and
internal friction angle. Although numerous
studies have addressed the monotonic behavior
of marl soil, its cyclic and post-cyclic
responses, especially under contamination,
have been less thoroughly investigated. Given
that Qom lies in a seismically active zone and
experiences frequent traffic loads from heavy
vehicles, understanding the dynamic behavior
of contaminated marl soil is essential. In this
study, the cyclic and post-cyclic behavior of
marl soil contaminated with 0, 4, 8, 12, and 16
percent used motor oil was evaluated using a
simple shear apparatus under monotonic and
cyclic-monotonic loading conditions.
Additionally, the consolidation behavior of
both contaminated and uncontaminated soils
was examined before and after cyclic loading.

Methodology

In this study, to examine the effect of used
motor oil contamination on the cyclic and post-
cyclic behavior of marl soil, samples were
collected from the Qods Town area in Qom
province. The soil was first oven-dried at 60°C
for 48 hours to prevent alteration of its chemical

properties. It was then sieved through a No. 200
sieve, and 8% moisture content was added.
Subsequently, used motor oil was added to the
soil at weight percentages of 0, 4, 8, 12, and
16%. After one day of rest to allow moisture
equilibration, the samples were prepared with a
relative density of 85% and a unit weight of 1.5
g/cm3, and placed in the rings of the simple
shear apparatus. The samples had a diameter of
7.24 cm and a height of 2 cm. Sample
preparation involved placing the membrane on
the pedestal, securing the rings, compacting the
soil in two layers, and finally mounting the
sample on the device.

Results and Discussion

Monotonic Behavior of Contaminated Marl
Soil

Monotonic tests indicated that increasing
the percentage of used motor oil led to a
reduction in shear strength up to 27% at 16%
contamination. Cohesion decreased by up to
47%, while the internal friction angle dropped
by only 6%. This reduction can be attributed to
the compression of the diffuse double layer,
resulting from the lower dielectric constant of
oil compared to water.

Cyclic Behavior of Contaminated Marl Soil

Under cyclic loading, increasing
contamination resulted in increased damping
ratio and decreased shear  modulus.
Furthermore, increasing the vertical stress led
to an increase in shear modulus and a decrease
in damping. Higher strain amplitudes
significantly increased damping up to 89% in
some samples. Increasing strain amplitude from
0.0012 to 0.052 caused the shear modulus to
decrease by 75% and 85% in uncontaminated
and 16% contaminated samples, respectively.
Moreover, the difference in shear modulus
between 0% and 16% contamination increased
with greater strain amplitude, averaging around
18%. Also, the average damping difference was
about 14%.

Post-Cyclic Behavior of Contaminated Marl
Soil

Shear strength decreased in all samples
after cyclic loading, but cohesion increased



compared to pre-cyclic values. Samples with
16% oil contamination exhibited the greatest
strength reduction. The internal friction angle
also decreased, though to a lesser extent than
cohesion.

Effect of Cyclic Loading and Oil Contamina-
tion on Consolidation Parameters

Consolidation test results indicated that
used motor oil increased the compression index
by approximately 6%. Cyclic loading caused a
decrease in the compression index for both
contaminated and uncontaminated samples.
The swelling index did not vary significantly,
likely due to the presence of non-swelling
minerals, such as calcite, in marl soil.

SEM Images and Interpretations

SEM images revealed decreased porosity
and increased inter-particle compaction after
cyclic loading. The resulting denser structure
correlated with the post-cyclic increase in shear
strength, indicating that cyclic loading
enhances particle interlocking even in the
presence of contaminants.

Conclusion

1. Increasing used motor oil content
reduced the shear strength of samples under
monotonic loading. The greatest reduction
occurred in samples with 16% contamination,
with strength reductions ranging from 15% to
27% depending on the applied vertical stress.

2. Shear modulus increased with vertical
stress and decreased with contamination.

3. Damping ratio increased  with
contamination but decreased with increasing
vertical stress and cycle number. With
increasing strain amplitude, damping rose by up
to 89% in samples with 16% contamination and
150 kPa vertical stress.

4. Shear modulus showed a direct
relationship with vertical stress and an inverse
relationship with contamination percentage.
Increasing strain amplitude led to further
reductions in shear modulus, and this effect
diminished with higher contamination levels.

5. Due to mineralogical characteristics
such as the presence of calcite and dolomite,
marl soil exhibited more stable behavior
compared to many pure clay soils, maintaining

relative resistance to the detrimental effects of
contamination.
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