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Oil leakage will not only pollute the soil but also change its physical-mechanical behavior, and loess has complex properties in the
environment of oil presence. Artificial loess contaminated by diesel oil is collected as the research object. The physical and
mechanical properties of clean loess and contaminated loess, including liquid and plastic limits, permeability, compression
properties, and compressive strength characteristics, are estimated through a series of laboratory tests under different oil
contents, water contents, and dry densities. Results show that liquid limits, plastic limits, and permeability coefficient of diesel-
contaminated loess decrease with the increase of oil content. The compression modulus and compressive strength of diesel-
contaminated loess increase with the increase of dry density at the same oil content. Adding diesel oil, the change law of the
unconfined compressive strength of contaminated loess is opposite at the two different water contents. The variation of the
compression modulus and unconfined compressive strength of diesel oil-contaminated loess is basically identical at the same
condition. The findings of this study would be expected to bridge the gap between theory and practice in treatment and
remediation of contaminated soil in the region of oil production.

1. Introduction

Oil leakage is accidental in most cases, such as oil exploita-
tion, transportation pipeline damage, coastal facility dis-
charge, and oil tank accident. The cases of soil and water
contaminated by oil leakage are increasingly serious [1, 2].
Oil leakage causes frequent pollution events to soil and envi-
ronment, which is a serious problem worldwide [3]. Oil
leakage not only contaminates the soil but also changes its
physical and mechanical properties [4–6].

The largest oil contamination was caused by the Kuwait
Gulf War in history, making large-scale water and land seri-
ously contaminated by crude oil [7], and the problem of soil
contaminated by oil leakage is increasingly concerned by
scholars. Alsanad et al. [8, 9] performed a series of tests con-
sidering the aging of oil, studied the effects of crude oil on
the physical and mechanical properties of Kuwaiti sand,
and found that the physical and mechanical properties of
oil-contaminated Kuwaiti sand would be affected by oil con-

tent and the aging of oil. Nasr [10] carried out laboratory
tests to evaluate the effect of oil content on the bearing
capacity characteristics of oil-contaminated sand and the
settlement of the footing and found that the load settlement
characteristics and ultimate bearing capacity of footing
could be significantly decreased by oil pollution. Chaplin
et al. [11] studied the strength, compression, and permeabil-
ity characteristics of crude oil-contaminated sand and
obtained a decrease in strength and permeability and an
increase in the compressibility of contaminated sand with
the increase of oil content. Aiban [12] concluded that the
water content and temperature had a certain effect on the
physical and mechanical properties of oil-contaminated
sand. Al-Aghbari et al. [13] showed a decrease in optimal
water content, permeability, internal friction angle, and
strength of sand contaminated by oil. Abousnina et al. [14]
studied the physical and mechanical properties of contami-
nated fine sand and concluded that the water absorption,
permeability, and shear strength of sand decreased with the
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increase of oil content. Ostovar et al. [15] carried out a series
of laboratory tests to study the effect of crude oil contamina-
tion on properties of permeability and bearing capacity.
Fazeli et al. [16] studied the strength and bearing capacity
characteristics of the oil-contaminated sand through the
direct shear tests and bearing capacity tests of strip shallow
foundation, and the results showed that oil content had an
important effect on the shear strength and bearing capacity
characteristics of sand. In the abovementioned studies, the
physical-mechanical behaviors of sand contaminated by oil
are basically the same.

However, researchers also evaluate the physical-
mechanical behaviors of other types of oil-contaminated
soil. Khamehchiyan et al. [17] studied the geotechnical
properties of sand and clay polluted by crude oil. Rahman
et al. [18] prepared oil-contaminated soil samples by mix-
ing air-dried residual soil and oil and carried out labora-
tory tests. They found that oil pollution led to
deterioration of the geotechnical properties of soil samples,
and compared with clean residual soil, their maximum dry
density, optimal water content, permeability, and shear
strength reduced. Zheng et al. [19, 20] studied the physical
and mechanical properties of diesel oil-contaminated silty
clay by mixing air-dried silty clay with different amounts
of oil. They reported that the maximum dry density, opti-
mum water content, and permeability of samples
decreased with the increase of the pollution degree; mean-
while, the change of unconfined compressive strength was
related to the oil content and water content of the sam-
ples. Safehian et al. [21] prepared contaminated soil sam-
ples by mixing dried clay and diesel oil, carried out a
series of laboratory tests, and found that the physical-
mechanical behaviors of clay were relatively complex
under diesel pollution. Khosravi et al. [22] conducted a
series of laboratory tests on the preparation of contami-
nated kaolin samples by mixing dried kaolin with gasoline.
They observed that there is a decrease in the internal fric-
tion angle of gasoline-contaminated kaolin samples, the
cohesion increased, and the shear strength slightly chan-
ged. Xie et al. [23] and Li et al. [24] performed an uncon-
fined compressive strength test to study the strength and
deformation characteristics of oil-polluted coastal saline
soil samples by mixing oil with coastal saline soil of
known water content. Iqbal et al. [25] carried out a series
of laboratory tests to study the permeability and mechan-
ical properties of low plastic soil. Based on the abovemen-
tioned studies, the physical-mechanical behaviors are
relatively complex for different types of soil, such as fine-
grained soil, clay, and kaolin soil.

Oil spills have polluted loess in the region of loess oil
production, which always occurs. However, in the study of
different types of soil contaminated by oil, little information
is available for dealing with the evaluation of the physical-
mechanical behavior of oil-contaminated loess. As a typical
organic polluted soil, oil leakage pollution is bound to have
a certain impact on the physical-mechanical properties of
loess. Therefore, evaluating the physical-mechanical behav-
ior of oil-contaminated loess is necessary under different
laboratory test conditions.

2. Scope of the Problem

The northern Shaanxi region of China is rich in petroleum
resources and is an important energy base. However, its eco-
logical environment is very fragile and soil erosion is serious.
In addition, in recent years, with the expansion of the oil
exploitation scale and backward exploitation technology,
the pollution caused by resource exploration and develop-
ment to the ecological environment of the whole region is
becoming increasingly serious. Loess is the main soil type
in this region, and it is widely distributed. In the region of
oil production, the environmental problems caused by oil
exploration, exploitation, transportation, and storage need
to be solved urgently. The pollution of loess caused by crude
oil leakage has always been a widely concerned problem.
Based on the research of oil pollution prevention and con-
trol technology in the region of loess oil production, the
physical-mechanical behavior of oil-contaminated loess is
carried out to understand the impact of oil pollution on
the properties of loess. This study provides technical sup-
port for further research on the bearing capacity and effec-
tive remediation of oil-contaminated sites in the region of
the loess oil production and provides a strong guarantee
for more rational and effective development and utilization
of land.

3. Experimental Procedure

3.1. Materials. In this study, pure loess was collected from
the construction site of the slope engineering in the region
of loess oil production of northern Shaanxi, and the depth
of soil sample collection was 2.5–3.5m. Loess was chosen
as a typical type of unsaturated soil for laboratory tests, as
shown in Figure 1(a). The properties of loess samples are rel-
atively uniform, and its main physical parameters are as
shown in Table 1.

Diesel oil collected from China Petrochemical Group
was selected as a typical representative of petroleum oil, as
seen in Figure 1(b). After the crude petroleum was leaked,
its own viscosity determined the infiltration of crude petro-
leum in the same region. The greater the viscosity of oil,
the weaker its ability to infiltrate the loess. The diesel oil is
part of light nonaqueous phase liquids, its viscosity is far less
than that of crude petroleum, and it has greater pollution
potential. In addition, diesel oil accounts for a large propor-
tion of the products refined from crude petroleum, which is
a typical fuel oil fractionated. Diesel oil is also very difficult
to volatilize in the testing environment; it is relatively safer
to carry out a series of laboratory tests. In comparison with
diesel oil, gasoline is very volatile at room temperature,
which is more dangerous during the tests. Table 2 presents
the basic parameters of diesel oil.

3.2. Methods. The process of loess polluted by oil might be
long in nature, and it gradually reached a certain oil-
bearing state in loess under the influence of various factors.
Oil content refers to the percentage of diesel oil in unit mass
loess, that is, the ratio of diesel oil quality to clean dry loess
quality in oil-contaminated loess [26]. According to the
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research methods of relevant literatures [27–30], the value
range of oil content of contaminated soil is 0-20% in litera-
tures [21, 22]. The oil content of contaminated soil repre-
sents the degree of pollution. The oil content increases
from 0 to 16%, which simulates the pollution degree of loess
increases gradually. Therefore, the oil contents of contami-
nated loess ranged from 0 to 16% in this study, which was
prepared by adding diesel oil with quantitative calculation
to the pure loess with known water content. In order to
study the influence of water content on the physical-
mechanical behavior of oil-contaminated loess, two com-
monly used water contents of loess samples are considered
in this manuscript. And 12% is the natural water content
of loess samples, and 19.6% is optimum water content,
which lays a foundation for the study of other properties
of oil-contaminated loess.

According to GB/T 50123-2019 [31], Atterberg limits
tests, permeability tests, compression tests, and unconfined
compressive strength tests were used to study the physical
and mechanical behaviors of clean and oil-contaminated
loess. To avoid the effect of temperature on the test results,

this test was conducted at room temperature of 20°C. The
standards for the specimens’ sizes of these tests were based
on GB/T 50123-2019.

Atterberg limits tests were carried out on the clean and
contaminated loess with different oil contents (n = 0, 2%,
4%, 8%, 12%, and 16%) by weight of dry loess. After 7 days
of uniform aging of diesel-contaminated loess, each sample
was prepared with different consistencies of soil paste for
three tests, ensuring that the sinking depth of each sample
is 4–5, 9–10, and 16–18mm, respectively. Based on GB/T
50123-2019, the plastic limits and liquid limits of each oil-
contaminated loess corresponded to 2 and 17mm used as
the water content, respectively. Permeability tests were con-
ducted on the clean loess and diesel-contaminated loess with
different oil contents (n = 0, 2%, 4%, 8%, 12%, and 16%) and
dry densities (ρd = 1:35, 1.45, and 1.55 g/cm3), and the spec-
imen size was Φ61:8mm × 40mm.

According to GB/T 50123-2019, the specimen size of
clean and contaminated loess was Φ79:8mm × 20mm
under compression tests. A vertical stepwise loading
method is adopted in compression tests, with the pressure
range of 50, 100, 200, 400, and 800 kPa, and the deforma-
tion of the samples under each level of load is recorded.
The unconfined compressive strength tests were conducted
on loess specimens, and the specimen size was Φ39:1mm
× 80mm. The coefficient of measuring ring was 1.0993N/
0.01mm, and the shear rate was 0.368mm/min. Then,
the stress value was measured every 0.1mm interval defor-
mation, and the maximum axial stress was used as the
unconfined compressive strength of diesel-contaminated
loess. Compression tests and unconfined compressive
strength tests were carried out on samples with different
water contents (natural water content w = 12% and optimal
water content w = 19:6%), oil contents (n = 0, 2%, 4%, 8%,
12%, and 16%), and dry densities (ρd = 1:35, 1.45, and
1.55 g/cm3).

3.3. Sample Preparation. Diesel-contaminated loess speci-
mens were prepared by directly mixing diesel oil and pure
loess, for the good fluidity of diesel oil. The prepared oil-

(a) Pure loess (b) Diesel oil

Figure 1: Experimental materials.

Table 1: Physical parameters of loess.

Soil
sample

Natural
water
content
(%)

Optimum
water
content
(%)

Maximum
dry density
(g/cm3)

Liquid
limits

(LL) (%)

Plastic
limits

(PL) (%)

Loess 12 19.6 1.69 32.2 11.7

Table 2: Physical parameters of diesel.

Oil
sample

Density
(g/cm3)

Viscosity
coefficient
(mm2/s)

Surface
tension (mN/

m)

Freezing
point (°C)

Diesel
oil

0.846 3.9 1.77 −20
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contaminated loess specimens were placed in a closed
container for 7 days to make the oil and soil fully contact
and mix evenly. During this period, the container should
be turned upside down to prevent diesel oil from accu-
mulating at the bottom under the action of gravity to
form a specimen with uneven concentration. Figure 2
shows the loess before and after contamination with
12% diesel oil.

Notably, the sample preparation method was adopted in
this study. As presented in Figure 3, the method of sample
preparation was that air-dried clean loess was passed
through a sieve of 2mm. Two kinds of water content
(w = 12%, 19.6%) were prepared by adding distilled water
to air-dried clean loess. After the loess samples stood for
24 h, quantitative diesel oil was added to prepare the con-

taminated samples with oil content (from 2% to 16%). Then,
the oil-contaminated samples were placed in a closed con-
tainer and stood for 7 days at room temperature of 20°C.
During this period, the container was turned upside down
to evenly mix the diesel oil and loess.

4. Results and Discussion

4.1. Liquid and Plastic Limits of Contaminated Loess. The
primary physical state characteristic of loess is consistency,
which refers to the soft and hard degree of loess or its resis-
tance to deformation or damage caused by external forces.
Atterberg limits or consistency of loess is characterized by
liquid limits (LL), plastic limits (PL), and plasticity index
(PI). Accurately measuring the water content of oil-
contaminated porous media is important for the study of
its physical, chemical, mechanical, and hydraulic properties
[32]. Given the complexity of diesel oil in the pore fluid of
contaminated loess, the conventional calculation equation
is not suitable for the determination of the water content
of diesel-contaminated loess. Thus, water content can be
determined by the following equations:

w = mw
md

, ð1Þ

where w is the water content of diesel-contaminated loess,
md is the mass of dried loess, and mw is the mass of water,
and mw = ðmt −mrÞ −m0, bringing it into Equation (1):

w = mt −mrð Þ −m0
md

, ð2Þ

where mt is the mass of wet contaminated loess, m0 is the
mass of other volatile substances except for water, mr is
the mass of diesel-contaminated loess after drying, and mr
=md +mdnγ; then,

md =
mr

1 + nγ
, ð3Þ

where n is the oil content of diesel-contaminated loess before
drying and γ is the diesel oil residual content after drying.

(a) Loess before contamination (b) Loess after contamination with 12% diesel oil

Figure 2: The loess before and after contamination with 12% diesel oil.

Air-dried clean loess was passed
through sieve

Water was sprayed on a predetermined
quantity of clean loess

Diesel oil was added into a
predetermined quantity of wet loess

The loess/diesel oil mixture was
manually blended

The mixture came to equilibrium at
room temperature (20 °C) for 7days

Diesel-contaminated loess was
molded and tested

The mixture was mixed homogeneous
at room temperature (20 °C) for 24 h

Figure 3: Sample preparation methods of oil-contaminated loess.
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Equation (4) can be deduced by Equation (3) and m0 =md
nð1 − γÞ:

m0 =
mrn 1 − γð Þ

1 + γ
: ð4Þ

Substituting Equations (3) and (4) into Equation (2):

w = mt

md
1 + nγð Þ − 1 + nð Þ: ð5Þ

Therefore, Equation (5) is applied to determine the water
content of diesel-contaminated loess specimens in all tests of
this study.

The Atterberg limits of loess contaminated by different
diesel oil contents are determined to evaluate the effects of
contamination on the physical properties of the soil. Rela-
tionships between liquid and plastic limits of diesel-
contaminated loess and oil content are presented in Figure 4.

As can be seen from Figure 4, liquid limits (LL), plastic
limits (PL), and plasticity index (PI) decrease with the
increase of oil content. The variation range of PL and LL
of diesel-contaminated loess is 18.37%–20.51% and
28.88%–32.18%, respectively, as the oil content increases
from 0 to 16%. In addition, the range of PI of diesel-
contaminated loess is 10.51–11.67, which changes gentler
than that of LL and PL.

The PI of loess indicates the range of water content when
the loess is plastic. The higher the PI of loess, the more water
can be absorbed [33]. A decrease in PI of loess contaminated
by diesel is found in this research, which is in agreement
with those studied by Khamehchiyan et al. [17] and Khos-
ravi et al. [22], but it is inconsistent with the results of Ker-
mani and Ebadi [34]. The presence of double-layer water
causes the plasticity of loess. The innermost layer of
double-layer adsorbed water is strongly held by soil. This
orientation of the water surrounding the clay particles gives
the soil its plastic characteristics [35]. Competitive adsorp-
tion and strong polarity of water molecules are observed
with the coexistence of oil and water in the contaminated
loess, and part of diesel oil will be adsorbed on the surface

of soil particles. The relationship between the soil particles
and water molecules is weakened, for the oil molecules
envelop the soil particles. The water demand for the soil par-
ticles to reach a plastic or flowing state decreases as the
weakly combined water layer becomes thinner. Thus, the
presence of diesel oil has led to the reduction of LL and PL.

4.2. Permeability of Contaminated Loess. The permeability of
loess is a comprehensive reflection of the soil properties.
When contaminated by diesel oil, the permeability of loess
will change. Permeability tests were carried out to study
the water physical properties of diesel-contaminated loess
under different oil contents and dry densities. Figure 5 pre-
sents the relationships between the permeability coefficient
of diesel-contaminated loess and oil content.

Figure 5 illustrates that the permeability coefficient of
diesel-contaminated loess decreases gradually with the
increase of oil content at the same dry density. When the
oil content is low (n < 4%), the permeability coefficient of
loess contaminated by diesel oil greatly decreases, and the
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Figure 4: Variation curve of LL and PL of diesel-contaminated loess with different oil contents.
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maximum reduction is about 93% at the dry density of
1.45 g/cm3. The decrease of the permeability coefficient of
diesel-contaminated loess is relatively small at the dry den-
sity of 1.55 g/cm3, when the oil content is more than 4%.
Moreover, the permeability coefficient decreases by 6.5%
when the oil content ranges from 4% to 16%. The diesel-
contaminated loess is gradually compacted with the increase
of dry density at the same oil content. The pores among loess
particles are reduced; thus, the permeability coefficient of
diesel-contaminated loess is reduced. Compared with clean
loess, the permeability coefficient of diesel-contaminated
loess is remarkably decreased; thus, the permeability of loess
is reduced by diesel oil pollution. These findings are consis-
tent with those obtained by Al-Aghbari et al. [13] and
Abousnina et al. [14]. For loess with the same characteristics
(in this research, the external environment temperature, par-
ticle composition, and chemical composition of pore water
are constant), the primary factors affecting its permeability
are particle size distribution, mineral composition, and

porosity. Diesel oil as another fluid enters into the soil parti-
cles to fill in the pores at the same water content and dry
density. The decrease of the porosity of the soil leads to the
decrease of the permeability coefficient [36, 37]. When diesel
oil enters the pores of soil particles, it will not flow and seep
with water, and agglomeration effect will occur. Further-
more, the pores of soil particles will be blocked. Water also
carries part of diesel oil in the soil to overcome the resistance
of oil to pass through the pores, and oil and water two-phase
seepage increases the viscosity of the seepage fluid. There-
fore, the permeability coefficient sharply decreases, and it is
significant that the permeability of loess is contaminated
by diesel oil.

4.3. Compression Properties of Contaminated Loess. The
compressibility of soil is often evaluated by the compression
coefficient corresponding to the pressure range of 50, 100,
200, 400, and 800 kPa, and the deformation of the samples
under each level of load is recorded. Compression modulus
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Figure 6: Compression characteristics of diesel-contaminated loess at w = 12%.
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refers to the ratio of the vertical additional stress and the
corresponding strain of the sample in the condition of lateral
restraint, which can be used to evaluate the compressibility
of soil as the compression coefficient. The compression coef-
ficient (αv) and compression modulus (Es) can be deter-
mined by the following equations:

αv =
ei − ei+1
Pi+1 − Pi

,

Es =
1 + e0
αv

,
ð6Þ

where e0 is the initial void ratio of contaminated loess spec-
imen, ei is the void ratio of the specimen after compression
and stabilization under vertical load (Pi), and ei+1 is the
void ratio after compression and stabilization under vertical
load (Pi+1).

4.3.1. Effect of Dry Density on Compression Properties. The
compression coefficient and compression modulus of
diesel-contaminated loess with different dry densities are
shown in Figures 6 and 7, respectively.

As shown in Figure 6(a), at w = 12%, the compression
coefficient of diesel-contaminated loess decreases initially,
then increases, and then gradually decreases with the
increase of oil content. It fluctuates remarkably at ρd = 1:35
g/cm3 because diesel contamination has a significant impact
on the compression coefficient of loess with low dry density.
The compression coefficient of diesel-contaminated loess
decreases with the increase of dry density at the same oil
content. Compared with clean loess, the compression coeffi-
cient of diesel-contaminated loess fluctuates up and down
with the increase of oil content at the same dry density.
Figure 6(b) indicates that the compression modulus of
diesel-contaminated loess increases initially and then
decreases with the increase of oil content (n > 8%), which
is contrary to the variation of the compression coefficient
at the same condition.

Figure 7(a) illustrates that the compression coefficient of
diesel-contaminated loess initially increases and then
decreases with the increase of oil content at three dry densi-
ties. The compression coefficient of diesel-contaminated
loess with different oil contents varies from 0.5MPa−1 to
1.4MPa−1 at ρd = 1:35 g/cm3, which refers to the high com-
pression of contaminated loess because of the effect of diesel
oil. Compared with clean loess, the compression coefficient
of diesel-contaminated loess is basically greater, when the
oil content is less than 8%. However, it is gradually smaller
than that of clean loess when the oil content exceeds 8%.
As shown in Figure 7(b), it can be revealed that the compres-
sion modulus of diesel oil-contaminated loess decreases ini-
tially and then increases with the increase of oil content at
the same density. Under the condition of ρd = 1:35 g/cm3,
the compression modulus of loess increases from 6.9MPa
to 15MPa, an increase of 117%. However, the changes of
compression modulus are relatively gentle at ρd = 1:45 g/
cm3 and 1.55 g/cm3. Thus, this result is contrary to the
change law of compression coefficient of diesel-

contaminated loess, which is in accordance with the actual
situation.

4.3.2. Effect of Water Content on Compression Properties.
Based on the analysis and summary of the abovementioned
test results, a certain relationship can be observed between
the compression characteristics of diesel-contaminated loess
and water contents of diesel-contaminated loess. At w = 12%
and w = 19:6%, the curves of compression coefficient and
compression modulus of diesel-contaminated loess with
the increase of oil contents are plotted in Figure 8.

As shown in Figure 8, the compression characteristics
of diesel-contaminated loess have different change laws
under different water contents. At w = 12%, the compres-
sion coefficient of contaminated loess decreases initially,
then increases, and then decreases with the increase of
oil content (0 to 16%). It all reaches the minimum when
the oil content is close to 4% and reaches the maximum
value when the oil content approaches 9% at three differ-
ent dry densities. However, the compression coefficient of
contaminated loess increases initially and then decreases
with the increase of oil content at w = 19:6%, and it all
reaches the maximum value when the oil content reaches
5% at different dry densities.

It also can be seen that the oil content increases from 0%
to 8%, and the variation of the compression coefficient of
diesel-contaminated loess is opposite at two different water
contents. When the oil content is more than 8%, it has the
same change laws, showing a decrease with the increase of
oil content. Compared with the diesel-contaminated loess
with w = 19:6%, the compression coefficient of diesel-
contaminated loess with w = 12% slightly changes, which is
basically a straight line with the increase of oil content.
Therefore, when the water content of diesel-contaminated
loess is large, the change of compression coefficient is evi-
dent. By contrast, when the water content is low, and the
dry density is large, the change of compression coefficient
is not evident. However, with the increase of oil content,
both change laws of compression modulus with two differ-
ent water contents are opposite to those of the compres-
sion coefficient of diesel-contaminated loess at the same
dry density.

4.4. Compressive Strength Characteristics of Diesel-
Contaminated Loess

4.4.1. Effect of Dry Density on Unconfined Compressive
Strength. The unconfined compressive strength test of con-
taminated loess with oil content ranging from 0 to 16%
was carried out, and the test results were analyzed. The rela-
tionships between the unconfined compressive strength (qu)
of diesel-contaminated loess and oil content are shown in
Figures 9 and 10 at three different dry densities, respectively.

Figure 9 shows that diesel-contaminated loess with the
same oil content has a remarkable unconfined compressive
strength (qu) when the dry density is high at w = 12%. The
general law of unconfined compressive strength changing
with the oil content of diesel-contaminated loess is that it
reaches the maximum value when oil content approaches
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2%. Considering that diesel oil has a certain viscosity, and
the oil content of diesel-contaminated loess is low, its viscos-
ity is greater than the viscosity of the pore water between the
soil particles, which increases the viscosity of the loess parti-
cles. With the increase of oil content, unconfined compres-
sive strength decreases initially. When the oil content is
more than 8%, it increases slowly. Given the viscosity of die-
sel oil, the contact between soil particles is close, thereby
forming a pseudoviscosity [38], and diesel oil is the primary
factor of the compressive strength of loess. Compared with
clean loess, the unconfined compressive strength of contam-
inated loess is greater, except for the contaminated loess with
8% oil content. The findings of these tests are similar to the
results of the compression tests. Given the increase of oil
content, the variation of the compression modulus and

unconfined compressive strength of diesel oil-
contaminated loess is consistent at the same dry density.

As shown in Figure 10, the higher the dry density of
diesel-contaminated loess with the same density is, the
greater the unconfined compressive strength (qu) will be at
w = 19:6%. The change laws of unconfined compressive
strength of contaminated loess decrease initially, then
increase, and then reduce gradually with the increase of oil
content at three different dry densities. When oil content is
4%, the unconfined compressive strength of contaminated
loess reaches the minimum value at ρd = 1:35 g/cm3 and
1.45 g/cm3, and it shows a minimum value of contaminated
loess with the oil content approaching 3% (ρd = 1:55 g/cm3),
while it reaches the peak point when the oil content
approaches 8%. Compared with the clean loess, the
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Figure 10: Unconfined compressive strength of diesel-
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Figure 8: Comparison of compression characteristics of diesel-contaminated loess with different water contents.
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unconfined compressive strength of the diesel-contaminated
loess is basically lower with increasing oil contents at ρd =
1:35 g/cm3, 1.45 g/cm3, and ρd = 1:55 g/cm3. When the oil
content ranges from 0 to 12%, the change law of the com-
pression modulus and unconfined compressive strength of
contaminated loess in compression tests is consistent at the
same dry density.

4.4.2. Effect of Water on Unconfined Compressive Strength
Characteristics. Unconfined compressive strength tests were
carried out on contaminated samples with different water
contents (w = 12%, 19.6%); the failure patterns of diesel-
contaminated loess were different. The typical failure pat-
terns of diesel-contaminated loess under two different water
contents (w = 12%, 19.6%) are shown in Figures 11 and 12,
respectively.

By comparing Figures 11 and 12, the failure of diesel-
contaminated loess samples occurs rapidly at w = 12%. After
the specimen compressed, small oblique cracks without pen-
etration begin to appear and expand to depth. At the same

time, a small amount of vertical microcracks occur at the
end of the sample, and then, the stress increases, the cracks
of the sample quickly penetrate obliquely, and most of the
samples are suddenly damaged and cracked into multiple
pieces. As shown in the literatures [39–41], failure modes
had certain regularity. The fracturing and damage forms of
samples show different characteristics under different test
conditions [42, 43]. Compared with the diesel oil-
contaminated loess sample (w = 12%), the crack penetration
of the sample is relatively slow at w = 19:6. At first, the sam-
ple appears as small cracks and then gradually expands. The
oblique cracks gradually penetrate to form a rupture surface,
and the sample is damaged.

Based on the analysis of the unconfined compressive
strength test results of diesel-contaminated loess at two dif-
ferent water contents, the unconfined compressive strength
(qu) curves of diesel-contaminated loess with different oil
contents and dry densities are shown in Figure 13.

Although the pollution degree of the loess sample is the
same at the two different water contents, the air-dried loess

(a) 2% oil content, ρd = 1:55 g/cm3 (b) 12% oil content, ρd = 1:55 g/cm3

Figure 11: Typical failure patterns of diesel-contaminated loess at w = 12%.

(a) 2% oil content, ρd = 1:55 g/cm3 (b) 12% oil content, ρd = 1:55 g/cm3

Figure 12: Typical failure patterns of diesel-contaminated loess at w = 19:6%.
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is first combined with water to form certain water contents
(w = 12%, 19.6%) and then added with diesel oil to prepare
contaminated loess samples. In Figure 13, the unconfined
compressive strength initially shows an increasing trend,
then decreasing, and then increasing with the increase of
oil content (w = 12%). When oil content is low, diesel oil fills
in the pores of soil particles, and its viscosity is greater than
that of the sample that fills in the pores with water; therefore,
diesel oil increases the viscosity of soil particles [17]. There-
fore, as the cementing ability of diesel-contaminated loess
strengthens, the unconfined compressive strength increases.
When the oil content of diesel-contaminated loess continues
to increase, the pores of soil particles will be gradually filled.
Moreover, the viscosity of diesel oil is less than its own lubri-
cation effect, and the relative sliding between soil particles
becomes easy, which decreases the unconfined compressive
strength of diesel oil-contaminated loess.

Given the effects of water contents, the unconfined com-
pressive strength of loess is different under the same condi-
tions. Compared with the contaminated loess at w = 12%,
the unconfined compressive strength decreases with the
increase of oil content at w = 19:6%. The loess initially com-
bines with water, and the double-layer water is formed
between the soil particles. The water molecules close to the
surface of the soil particles are affected by the electric field
force [44]. Moreover, it forms strong bound water on the
surface of the soil particles, and the arrangement of the water
molecules is approximately fixed. The loess gradually loses
the liquid characteristics and approximates the solid charac-
teristics [45]. Therefore, the compressive strength of con-
taminated loess at w = 12% is relatively higher than that at
w = 19:6%. When the oil content is at a low level, the uncon-
fined compressive strength fluctuates remarkably with the
increase of oil content. When the water content of diesel-
contaminated loess is less, the change of compressive
strength is evident at the same condition. However, with

high water content and low dry density, the variation of
compressive strength is not evident. Therefore, underthe
two different water contents, the change law of the uncon-
fined compressive strength of contaminated loess with the
increase of oil content is opposite at the same dry density.

5. Conclusions

In order to better evaluate the physical and mechanical
properties of loess contaminated by diesel oil, a series of lab-
oratory tests were performed under different test conditions.
The conclusions are as follows:

(1) Diesel contamination has changed the physical and
mechanical properties of loess, with Atterberg limits
and permeability of loess affected by oil content.
Compared with clean loess, a decrease is found in
liquid limits (LL), plastic limits (PL), plasticity index
(PI), and permeability coefficient of diesel-
contaminated loess with the increase of oil content

(2) The variation of the compression characteristics of
loess caused by diesel leakage pollution is complex.
The compression coefficient of diesel-contaminated
loess decreases with the increase of dry density.
When the dry density is large, and the water content
is low, the change of compression coefficient is not
evident, but the change law of compression modulus
is opposite

(3) The higher the dry density of oil-contaminated loess
is, the greater its compressive strength will be at the
same oil content. The water content of contaminated
loess also has a great effect on its compressive
strength characteristics. Under the two different
water contents (w = 12%, 19.6%), the change law of
the unconfined compressive strength of contami-
nated loess with the increase of oil content is oppo-
site at the same dry density

(4) The findings of unconfined compressive strength
tests are similar to the results of the compression
tests. With the increase of oil content, the change
laws of the compression modulus and unconfined
compressive strength of diesel oil-contaminated
loess are similar under the same condition
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