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Abstract— The leakage of oil products which results in making the soil pollute or impure and alter its physical and mechanical properties

due to the presence of hydrocarbons in it. Those hydrocarbons which cannot be passed into soil through the pores and become congest on top

of the land. Hence it is necessary to indicate and know the geotechnical properties of the contaminated soil. Recently the modern technique

is an encompassing laboratorial system intends to encourage and improve the high level of determining the effects of Oil contaminants on the

geotechnical properties of the soil. In this way, the laboratory indications containing the fundamental properties like Atterberg limitations, di-

rect shear, sieve analysis and uncon􀅮ined compression has been taken from the contaminated soil. The contaminated samples were taken from

two different areas of each site containing surface and 1m deep samples which shows the different substantial kinds of variances in the soil

consequences after contamination occur in it.
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I. INTRODUCTION

The degradation of the environment resulted from humankind's ruthless

exploitation of the earth's resources and the rise of industrialization. Pollu-

tion of the earth from petroleum-based substances is considered an enor-

mous explosion of environmental matter because it severely fetters the

fundamental standards of soil, water quality, and the weather. Petroleum

spills primarily result fromoil discovery,mobility,manufacturing, andhan-

dling. Diesel fuel product leaks from tankers carrying oil, collisions with

vehicles, underground pipeline leaks, and oil pollution from engines all

occur frequently in regions near auto repair shops [1]. Oil-based prod-

ucts, such as petrol, alter the physiochemical and microbiological char-

acteristics of the soil and also lower the productivity of tillable and agri-

cultural crops [2]. In addition to contaminating soil, oil spills have disas-

trous and lethal effects on the community, the 􀅫inancial system, and the

geo-environment. The main causes of soil pollution are subterranean con-

tainer and pipe leaks, the use of fertilizers and chemicals, the in􀅫iltration

of polluted water from the surface into underlying strata, the dissolution

of waste from garbage dumps, and the immediate disposal of commer-

cial trash into the soil [3]. Strength, permeability, Maximum Dry Density

(MDD), ideal moisture content, etc. are all decreased as a result of oil pol-

lution [4]. This made it feasible to assess potential changes brought on by

waste oil spills in the geo-environment and to determine the acceptabil-

ity of different building materials in the study location's vicinity [4]. Sci-

entists have suggested a variety of approaches that can be used to clean

petroleum-contaminated soil, the two most popular of which are biore-

mediation and oxidation by chemicals. The effectiveness of the contem-

porary technique for removing the leftover oil waste from recently coated

regions with residual oil is remarkable [5]. He investigated the geotech-

nical properties of diesel oil-contaminated soil and came to the conclusion

that, for 4%diesel contamination, the California Bearing Ratio (CBR) value

was greater compared to that of uncontaminated soil; however, for 8% and

12%, it decreased. Additionally, the LL and PL of the affected soil had a

trend towards decline, while its uncon􀅫ined compressive strength demon-

strated a trend towards increase [6].

Examination of the physical as well as chemical effects of oil from

petroleum contamination in soil demonstrated harm to the soil ecosystem.

The laboratory experiment demonstrates that oil pollution has a consider-

able impact on soil parameters such as moisture content, accessible phos-

phorus, and Total Organic Carbon (TOC) [7]. Scientists have studied the ef-

fects of oil contamination and bioremediation on the geotechnical charac-

teristics of highly plastic clayey soil, and the results indicate that oil-based

contamination lowered the soil's particular area of surface and thewater's

ability to interact with the clay particles, which increased the soil's plastic

limit and, as a consequence, decreased the index by about 32.26%. For bio-

remediated soil, an analogous pattern of behavior was seen. Additionally,

oil pollution reduced the soil's cohesiveness, internal friction angle, and

shear strength, which may be connected to the lubricant properties of oil

and the drop in dielectric constant [8]. Based on his observations, inves-

tigators examined the impact of compaction activities on the geotechnical

characteristics of waste engine oil-contaminated laterite soil. The liquid

limit, plastic limit, and plasticity index of the natural soil were 58%, 50%,

and 8%, respectively. When the soil was treated up to 4%, the liquid limit

initially increased from 58 to 62%, but there was no initial change in the

plastic limit. With higher contents, the plasticity index 􀅫irst rose [9]. They
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collaborated on investigating oil-contaminated soil as a possible material

for use in civil engineering construction. Their research indicates that oil

contamination should be taken into consideration before any civil science

and technology project is built, especially one requiring a shallow foun-

dation, because it will negatively affect the soil's angle of friction and co-

hesion, which is what determines the soil's ultimate bearing capacity and

stress-strain relationship [10]. Geotechnical Properties of Waste Engine

Oil-Contaminated Laterites were the subject of experiments, and the 􀅫ind-

ings revealed that the contaminated soils were created by combining dry

soil samples with 3%, 6%, 9%, and 12% of waste engine oil according to

weight. This overall reduction in ideal moisture content, liquid limits, and

permeability was observed. For three of the samples, an increase in shear

strength, maximum dry density, and CBR was also noted [11]. Studies on

the use of nanoscale hydrated calcium carbonate and zero-valent iron in

order to enhance the geotechnical characteristics of gas oil-contaminated

clay revealed a decrease in UCS, maximum dry density, optimummoisture

content, and internal friction angle and an increase in Liquid Limit (LL),

Plastic Limit (PL), and cohesion [12].

The impact of crude oil contamination on pile foundation geotechni-

cal behaviour demonstrates that the range of oil contamination degree in

the soil alters the induced internal forces in the piles by proportions in-

creasing to 40, 34, and 20% of the shear forces, normal forces, and bend-

ing moments, respectively. But with proportions up to 150% [13], the

changes in the soil and pile displacements are more severe. They inves-

tigated how gas oil contamination affected the geotechnical characteris-

tics of soils with 􀅫ine and coarse grains, and their 􀅫indings suggest that as

gas oil contamination increased, clay and silt soils' liquid and plastic lim-

its also increased. On the other hand, the UCS of silt soil is negatively im-

pacted by the rise in petrol oil percentage. The increase of clay particles

extends the rate of fabric 􀅫locculation, which is a critical element for en-

hancing the uncon􀅫ined compression strength in clayey soil, according to a

study using 􀅫ield emission scanning electron microscopy [14]. The results

of a study on the impact of petrol contamination on the geotechnical char-

acteristics of clayey soil showed that Atterberg limits decreased with in-

creasing petrol contamination in clay samples [15]. According to research

on the effects of lead and petrol contamination on the geotechnical char-

acteristics of clayey soils, as the amount of lead in the soil increases, the

pH of the soil dramatically decreases and the electrical conductivity of the

sample increases. The total quantity of ions present in the soil solutions

might be used to 􀅫ind justi􀅫ications for these changes. The impact of natu-

ral gas and petroleum pollution on the geotechnical characteristics of 􀅫ine

and coarse-grained soils has been studied, and the 􀅫indings show that the

study includedAtterberg limits, compaction, uncon􀅫ined compression, and

direct shear measurements. As it is demonstrated, the quantity of maxi-

mum dry density increases as you increase the lead and petrol values in

the specimens [16]. Research results show that as pollution levels rise, the

soils' cohesiveness and friction angle both diminish. On the contrary, a de-

crease in the ideal moisture content and maximum dry density was seen

[14].

• To investigate whether the land has been contaminated.

• To investigate the changes in geotechnical properties of clayey soil

occurred due to oil contamination.

II. MATERIALS ANDMETHOD

A. Sample Collection

The silty clayey soil is themost common type of subgrade and bedding soil

of coastal region of Tianjin City, China. The soil was taken from the coast-

line region of Tianjin near dagang oil 􀅫ield area from depth of 0.5m up to

1m to avoid unwanted entry of the debris, trash, or organic soil.

B. Sample Preparation

Firstly the soil was pulverized and dried in the oven at (110 and 105) °C for

24 hours, after that all lumps are then broken up into tiny pieces. The ex-

perimentwas carried out in the laboratory using an assortment of sieves in

a sieve shaker. The soilwas utilized to prepare all samples after the shaking

phasewas over. Themass of soilmaintained on each sievewas identi􀅫ied to

separate and remove stones from the primary structure of soil mass. Four

types of samples were prepared, and placed in thick plastic bags to com-

plete the experimental process without any oil evaporation and moisture

absorption by soil particles.

C. Experimental Tests

In order to evaluate the geotechnical properties of Oil-Contaminated Sam-

ples (OCS), a series of laboratory tests were performed.

• Sieve Analysis (ASTM D6913M-17)

• Moisture content (ASTM D2216-19)

• Atterberg limits (ASTM D4318-17e1, 2017)

• Speci􀅫ic Gravity (ASTM D854–14)

• Direct Shear (ASTM D3080/D3080M-11, 2011)

• UCS (ASTM D2166/D2166M16, 2016)

III. RESULTS AND DISCUSSION

An inclusive laboratory tests were carried out to determine the Effects of

Oil Contamination on geotechnical properties of clayey soil of two different

samples of the area i.e., sample 1 and 2.

These tests were based on the following results.

A. Sieve Analysis

The above approach is mostly used to grade aggregates. The 􀅫indings are

utilized to assess if the arrangement of particle sizes complies with the rel-

evant standard criteria and to give the information needed to govern the

manufacture of different aggregate products and blends incorporating ag-

gregates. One of the parameters used to determine if the soil is adequate

for constructing infrastructure such as dams, embankments, and roads is

particle size. Particle size analysis data reveals that the clayey soil particles

did not pass as the contamination level rose because of the contaminants

from oil.

TABLE I

SIEVE GRAIN ANALYSIS (PARTICLE SIZE DISTRIBUTION) DATA OF SAMPLE 1 (1

METER DEEP)

Sieve No. Sieve Cumulative Soil Mass Percent

Opening Retained (gram) Retained (%) Passing (%)

#4 4.75 38.84 7.788 92.212

#8 2.36 94.39 18.927 73.285

#16 1.18 89.07 17.860 55.424

#20 0.85 34.47 6.912 48.512

#30 0.6 45.37 9.098 39.414

#50 0.3 57.66 11.562 27.852

#80 0.18 52.57 10.541 17.311

#100 0.15 12.07 2.420 14.891

#200 0.075 26.6 5.334 9.557

Pan 47.66 9.557 0.000

Total 498.7
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TABLE II

COEFFICIENT OF UNIFORMITY (CU) AND COEFFICIENT OF GRADATIONS (CC)

% Gravel 7.79 D60 (mm) 1.482 Cu = D60/D10 19.764

% Sand 82.65 D30 (mm) 0.324 Cc = D30/̂D60*D10 0.005

% Fine 9.56 D10 (mm) 0.075

Fig. 1. Sieve Grain Analysis (Particle Size Distribution) data of Sample 1(1 meter

Deep)

TABLE III

SIEVE GRAIN ANALYSIS (PARTICLE SIZE DISTRIBUTION) DATA OF SAMPLE 1

(SURFACE)

Sieve No. Sieve Cumulative Soil Mass Percent

Opening Retained (gram) Retained (%) Passing (%)

#4 4.75 37.54 7.552 92.448

#8 2.36 92.41 18.591 73.857

#16 1.18 87.09 17.521 56.336

#20 0.85 33.56 6.752 49.585

#30 0.6 27.17 5.466 44.119

#50 0.3 26.14 5.259 38.860

#80 0.18 49.35 9.928 28.932

#100 0.15 22.46 4.518 24.413

#200 0.075 34.3 6.900 17.513

Pan 87.05 17.513 0

Total 497.07

TABLE IV

COEFFICIENT OF UNIFORMITY (CU) AND COEFFICIENT OF GRADATIONS (CC)

% Gravel 7.75 D60 (mm) 1.427 Cu = D60/D10 19.023

% Sand 74.94 D30 (mm) 0.193 Cc = D30/̂D60*D10 0.002

% Fine 17.51 D10 (mm) 0.075

Fig. 2. Sieve Grain Analysis (Particle Size Distribution) data of Sample 1 (Surface)

TABLE V

SIEVE GRAIN ANALYSIS (PARTICLE SIZE DISTRIBUTION) DATA OF SAMPLE 2 (1

METER DEEP)

Sieve No. Sieve Cumulative Soil Mass Percent

Opening Retained (gram) Retained (%) Passing (%)

#4 4.75 39.94 8.051 91.949

#8 2.36 93.4 18.827 73.122

#16 1.18 90.2 18.182 54.941

#20 0.85 32.4 6.531 48.410

#30 0.6 46.5 9.373 39.036

#50 0.3 55.71 11.230 27.807

#80 0.18 51.7 10.421 17.386

#100 0.15 13.86 2.794 14.592

#200 0.075 26.67 5.376 9.216

Pan 45.72 9.216 0.000

Total 496.1

TABLE VI

COEFFICIENT OF UNIFORMITY (CU) AND COEFFICIENT OF GRADATIONS (CC)

% Gravel 8.05 D60 (mm) 1.508 Cu = D60/D10 20.111

% Sand 82.73 D30 (mm) 0.325 Cc = D30/̂D60*D10 0.005

% Fine 9.22 D10 (mm) 0.075

Fig. 3. Sieve Grain Analysis (Particle Size Distribution) data of Sample 2 (1 meter

deep)

TABLE VII

SIEVE GRAIN ANALYSIS (PARTICLE SIZE DISTRIBUTION) DATA OF SAMPLE 2

(SURFACE)

Sieve No. Sieve Cumulative Soil Mass Percent

Opening Retained (gram) Retained (%) Passing (%)

#4 4.75 42.61 8.543 91.457

#8 2.36 89.67 17.979 73.478

#16 1.18 86.88 17.419 56.059

#20 0.85 28.9 5.794 50.265

#30 0.6 43.7 8.762 41.503

#50 0.3 51.9 10.406 31.097

#80 0.18 48.2 9.664 21.433

#100 0.15 18.46 3.701 17.732

#200 0.075 29.57 5.929 11.803

Pan 58.87 11.803 0

Total 498.76
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TABLE VIII

COEFFICIENT OF UNIFORMITY (CU) AND COEFFICIENT OF GRADATIONS (CC)

% Gravel 8.54 D60 (mm) 1.447 Cu = D60/D10 19.293

% Sand 79.66 D30 (mm) 0.286 Cc = D30/̂D60*D10 0.004

% Fine 11.8 D10 (mm) 0.075

Fig. 4. Sieve Grain Analysis (Particle Size Distribution) data of Sample 2 (Surface)

B. Liquid Limit

Following are the results of the liquid limit test.

TABLE IX

LIQUID LIMIT OF SAMPLE 2 (SURFACE)

S. No. Trials Blows Moisture Content (%) Liquid Limit (LL)

1 1 16 28.6

2 2 24 27.66 28.5

3 3 29 29.46

Fig. 5. Liquid Limit of Sample 2 (Surface)

TABLE X

LIQUID LIMIT OF SAMPLE 2 (1METER DEEP)

S. No. Trials Blows Moisture Content (%) Liquid Limit (LL)

1 1 26 27.20

2 2 24 29.48 28.17

3 3 21 29.68

Fig. 6. Liquid Limit of Sample 2 (1meter deep)

TABLE XI

LIQUID LIMIT OF SAMPLE 1 (SURFACE)

S. No. Trials Blows Moisture Content (%) Liquid Limit (LL)

1 1 26 31.34

2 2 24 33.44 32.313

3 3 19 35.70

Fig. 7. Liquid Limit of Sample 1 (Surface)

TABLE XII

LIQUID LIMIT OF SAMPLE 1 (1METER DEEP)

S. No. Trials Blows Moisture Content (%) Liquid Limit (LL)

1 1 18 29.10

2 2 24 24.25 24.305

3 3 26 24.18

Fig. 8. Liquid Limit of Sample 1 (1meter deep)
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C. Plastic Limit

Following are the results of the plastic limits

Fig. 9. Plastic Limit of all samples

Plasticity index (PI) of the samples is 3.81.

D. Moisture Content

Theoil reduces theMDDandOMCbecause of dissipation of the compaction

hammer energy by oil which decreases the water absorption.

Fig. 10. Moisture Content of all samples

E. Speci􀅮ic Gravity

Following is the graphical representations of the results of the speci􀅫ic

gravities of different soil samples.

Fig. 11. Speci􀅫ic gravity of different soil samples

F. Uncon􀅮ined Compression Test (UCS)

Oil lowers cohesiveness by clogging soil pores and spaces amongst soil

grains. Moreover, as a pore and integrate-particle 􀅫luid, oil is unable to ex-

hibit attachment and sticky properties. Due to the non-polar nature of oil,

its atoms cannot form bonds with charged surfaces of minerals made of

clay or water. It will result in an indistinguishable stage that works as a

grease in the soil-water interaction and reduces the cohesiveness and UCS

of contaminated soil. Additionally, when the oil concentration rises, the

failure strain continuously decreases. The oil pollution causes an abrupt

spike in the uncon􀅫ined compressive strength, followed by a signi􀅫icant de-

cline, which was observed when the durability increased.

TABLE XIII

UNCONFINED COMPRESSION TEST OF SAMPLE 1 (SURFACE)

Deformation Dial Gauge Readings Proving Ring Reading Strain Load P 1-strain Effective Area (mm2) Compressive Stress

0 0 0 0 0 237.82 0

10 0.1 0.0013 7.5 0.998666 238.132 0.0314951

20 0.2 0.0027 15 0.997333 238.44 0.0629089

30 0.3 0.003 22.5 0.997 238.76 0.0942368

40 0.4 0.0053 30 0.994666 239.075 0.1254836

TABLE XIV

UNCONFINED COMPRESSION TEST OF SAMPLE 1 (1METER DEEP)

Deformation Dial Gauge Readings Proving Ring Reading Strain Load P 1-strain Effective Area (mm2) Compressive Stress

0 0 0 0 0 234.94 0

10 0.1 0.0013 7.5 0.998666 235.248 0.031881

20 0.2 0.0027 15 0.997333 235.557 0.063678

TABLE XV

UNCONFINED COMPRESSION TEST OF SAMPLE 2 (SURFACE)

Deformation Dial Gauge Readings Proving Ring Reading Strain Load P 1-strain Effective Area (mm2) Compressive Stress

0 0 0 0 0 248.87 0

10 0.1 0.0013 7.5 0.998666667 249.19 0.030097516
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TABLE XVI

UNCONFINED COMPRESSION TEST OF SAMPLE 2 (1METER DEEP)

Deformation Dial Gauge Readings Proving Ring Reading Strain Load P 1-strain Effective Area (mm2) Compressive Stress

0 0 0 0 0 235.09 0

10 0.1 0.0013 7.5 0.998666 235.4 0.031860

20 0.2 0.0027 15 0.997333 235.7 0.063640

Fig. 12. Uncon􀅫ined Compression Test of Sample 1 (Surface)

Fig. 13. Uncon􀅫ined Compression Test of Sample 1 (1meter deep)

Fig. 14. Uncon􀅫ined Compression Test of Sample 2 (Surface)

Fig. 15. Uncon􀅫ined Compression Test of Sample 2 (1meter deep)

Fig. 16. Failure pattern of soil sample 1 (surface and 1meter deep) of the uncon􀅫ined

compression test (UCS)

Fig. 17. Failure pattern of soil sample 2 (surface and 1meter deep) of the uncon􀅫ined

compression test (UCS)

G. Direct Shear

Direct shear experiments were conducted to ascertain the resistance to

shear of the specimens. The stress-displacement diagram swings lower

with increasing amount of oil in the petroleum-contaminated soil speci-

mens, and the ground strength decreases. This experiment demonstrates

how oil has an analogous function to water in that it enhances the likeli-

hood of connect-particle slippage, which lowers the shear strength of pol-

luted soils.

Fig. 18. Direct Shear Test of Sample 1 (1meter deep)
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Fig. 19. Direct Shear Test of Sample 2 (1meter deep)

IV. CONCLUSION

Following are the outcome points of the investigation.

• Oil contamination reduces the soil's ability to shear, cohesiveness,

and frictional angle, allowing oil to have a lubrication action and

causes the value of the dielectric constant to drop.

• Typically, oil contamination reduces the permeability and durabil-

ity of the soil specimens.

• Under some uncommon circumstances, oil pollution and biologi-

cal remediation leads to reduced soil expanding, swelling pressure,

and increasing soil settling. Although the impact of oil contamina-

tion on shear strength metrics varies depending on what sort of

soil, it always results in a reduction in maximum shear strength.

• The effects of oil pollution over a long period of time (ageing) on

the geotechnical characteristics of soil and its behavior ought to be

assessed in relation to the 􀅫indings of the current experiments. As a

result, the issue of connection between the functional groups found

in the soil solids and the contaminated oil must be taken into ac-

count in further studies.

ACKNOWLEDGMENT

First of all, we would like to thank dear Almighty Allah who gave us va-

lidity and aptitude to accomplish our research work. At the overture of

this beatitude, wewould like to pay special gratitude to our parents, family

members and friends. Finally, we are very thankful to all those people who

supported us directly or indirectly in this jaunt of our research work.

References

[1] W. H. Organization, Laboratory biosafety manual. Geneva, Switzer-

land: World Health Organization, 2004.

[2] P. Alexander, Encyclopedia of agriculture and food systems. London,

UK: Elsevier, 2014.

[3] J. K. Cochran, H. J. Bokuniewicz, and P. L. Yager, Encyclopedia of ocean

sciences. London, UK: Academic Press, 2019.

[4] C. C. Azubuike, C. B. Chikere, and G. C. Okpokwasili, ``Bioremediation

techniques-classi􀅫ication based on site of application: Principles, ad-

vantages, limitations and prospects,'' World Journal of Microbiology

and Biotechnology, vol. 32, pp. 1-18, 2016. doi: https://doi.org/10.

1007/s11274-016-2137-x

[5] C. Zhao, Y. Dong, Y. Feng, Y. Li, and Y. Dong, ``Thermal desorption for

remediation of contaminated soil: A review,'' Chemosphere, vol. 221,

pp. 841-855, 2019. doi: https://doi.org/10.1016/j.chemosphere.

2019.01.079

[6] S. George, E. Aswathy, B. Sabu, N. Krishnaprabha, and M. George,

``Studyongeotechnical properties of diesel oil contaminated soil,'' In-

ternational Journal of Civil and Structural EngineeringResearch, vol. 2,

no. 2, pp. 113-117, 2015.

[7] C. Devatha, A. Vishnu Vishal, and J. Purna Chandra Rao, ``Investiga-

tion of physical and chemical characteristics on soil due to crude oil

contamination and its remediation,'' AppliedWater Science, vol. 9, pp.

1-10, 2019. doi: https://doi.org/10.1007/s13201-019-0970-4

[8] A. Salimnezhad, H. Soltani-Jigheh, andA. A. Soorki, ``Effects of oil con-

tamination and bioremediation on geotechnical properties of highly

plastic clayey soil,'' Journal of Rock Mechanics and Geotechnical En-

gineering, vol. 13, no. 3, pp. 653-670, 2021. doi: https://doi.org/10.

1016/j.jrmge.2020.11.011

[9] J. R. Oluremi, P. Yohanna, and S. O. Akinola, ``Effects of compactive

efforts on geotechnical properties of spent engine oil contaminated

laterite soil,'' Journal of Engineering Science and Technology, vol. 12,

no. 3, pp. 596-607, 2017.

[10] J. R. Oluremi and O. M. Osuolale, ``Oil contaminated soil as potential

applicable material in civil engineering construction,'' Journal of En-

vironment and Earth Science, vol. 4, no. 10, pp. 87-99, 2014.

[11] I. Obeta and O. Eze-Uzomaka, ``Geotechnical properties of waste

engine oil contaminated laterites,'' Nigerian Journal of Technology,

vol. 32, no. 2, pp. 203-210, 2013.

[12] E. Khosravi, H. Ghasemzadeh, M. R. Sabour, andH. Yazdani, ``Geotech-

nical properties of gas oil-contaminated kaolinite,'' Engineering Ge-

ology, vol. 166, pp. 11-16, 2013. doi: https://doi.org/10.1016/j.

enggeo.2013.08.004

[13] M. T. Alfach and S. Wilkinson, ``Effect of crude-oil-contaminated soil

on the geotechnical behaviour of piles foundation,'' Geotechnical Re-

search, vol. 7, no. 2, pp. 76-89, 2020. doi: https://doi.org/10.1680/

jgere.19.00017

[14] S. A. Nasehi, A. Uromeihy, M. R. Nikudel, and A. Morsali, ``In􀅫luence of

gas oil contamination on geotechnical properties of 􀅫ine and coarse-

grained soils,'' Geotechnical and Geological Engineering, vol. 34, pp.

333-345, 2016. doi: https://doi.org/10.1007/s10706-015-9948-7

[15] A. M. Eissa, ``Effects of gasoline-contamination on geotechnical prop-

erties of clayey soil,'' in African Young Geotechnical Engineers Confer-

ence (AYGEC’16), Ghana, vol. 12, 2016.

[16] M. Nazari Heris, S. Aghajani, M. Hajialilue-Bonab, and H. Vafaei Mo-

lamahmood, ``Effects of lead and gasoline contamination on geotech-

nical properties of clayey soils,'' Soil and Sediment Contamination: An

International Journal, vol. 29, no. 3, pp. 340-354, 2020. doi: https:

//doi.org/10.1080/15320383.2020.1719973

https://doi.org/10.1007/s11274-016-2137-x
https://doi.org/10.1007/s11274-016-2137-x
https://doi.org/10.1016/j.chemosphere.2019.01.079
https://doi.org/10.1016/j.chemosphere.2019.01.079
https://doi.org/10.1007/s13201-019-0970-4
https://doi.org/10.1016/j.jrmge.2020.11.011
https://doi.org/10.1016/j.jrmge.2020.11.011
https://doi.org/10.1016/j.enggeo.2013.08.004
https://doi.org/10.1016/j.enggeo.2013.08.004
https://doi.org/10.1680/jgere.19.00017
https://doi.org/10.1680/jgere.19.00017
https://doi.org/10.1007/s10706-015-9948-7
https://doi.org/10.1080/15320383.2020.1719973
https://doi.org/10.1080/15320383.2020.1719973

	INTRODUCTION
	Materials and Method
	Sample Collection 
	Sample Preparation
	Experimental Tests

	Results and Discussion
	Sieve Analysis
	Liquid Limit
	Plastic Limit
	Moisture Content
	Specific Gravity
	Unconfined Compression Test (UCS)
	Direct Shear

	Conclusion

