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ABSTRACT 

Oil stations may pose numerous risks to the environment. The main 

environmental risk is associated with the potential leakage from underground 

oil tanks, which may endanger the soil and/or groundwater. Consequently, 

geotechnical and environmental problems may arise. In this paper, the 

influence of soil contamination by oil products on the shear strength and 

bearing capacity of particularly sandy soil has been investigated and 

analyzed. An extensive experimental study has been conducted to evaluate 

the potential impacts of contaminating the sand with different oil products in 

a variety of contamination content. The obtained results showed that the 

contaminated sand may provide quite small apparent cohesion strength that 

slightly increases by increasing the oil viscosity. Also, the angle of shearing 

resistance was found remarkably decreases by increasing both the 

contaminating oil content and viscosity. 

Moreover, the bearing capacity of the contaminated sand has been 

predicted. Considerable reduction in the bearing capacity of shallow 

foundations rested on contaminated sand was revealed.  
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INTRODUCTION 

Thought the surrounding area to a petroleum stations, a wide range of 

challengers regarding the human health and safety may be encountered. 

Petroleum stations may pose numerous risks to the environment. The main 
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environmental risk is considerably associated with the potential release of the 

petroleum station sources, which may endanger the air, soil and /or 

groundwater. It is well-recognized all over the world that oil spills from 

petroleum stations invariably occur, resulting in contaminating the inherent 

sub soils in the surrounding area. Soil contamination by oil spills from 

petroleum stations may be attributed to several sources, such as leakage of oil 

from, in essence, underground storage tanks and supplying pipe line due to 

ineffective joints or structural damage (Beier et al., 2007), (David, 1993). The 

presence of oil spills within the soil formation may significantly influence the 

inherent soil characteristics. Any change in engineering properties and 

behavior of the soil strata may lead to loss of bearing capacity, an increase in 

total or differential settlements of the foundation systems of the structures. 

Consequently, structures may undergo functional or structural failure (Fine et 

al., 1997). 

Moreover, the continual inflow of the oil into the soil may results in a 

pollution of the existing groundwater. Recognizing that both soil and 

groundwater are considered of the basic elements of the environment, thus it 

can consequently be highlighted that leakage of oil from petroleum stations 

usually yields to both geotechnical and environmental problems (El-Sayed, 

2009), (Rajab et al., 2016) Therefore, the investigation of the sources, relative 

impacts and solutions of the soil contamination by oil from petroleum stations 

has become one of the urgent topics in the geotechnical and environmental 

engineering. It is worth mentioning that the influence of contaminating oil 

may vary according to a number of aspects, such as soil type, oil type, oil 
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viscosity, the temperature, among others (Ahmed et al, 2009), (Shin et al, 

1999). 

The main objective of this paper is to investigate the influence of soil 

contamination by oil products on the soil shear strength and bearing capacity. 

The present study focuses particularly on sandy soil, as being one of the 

common soil formations in Egypt. In this regard, an extensive experimental 

study has been conducted to evaluate the potential impacts of contaminating 

the sand with oil products. Different oil products has been used in a variety of 

contamination content. The basic geotechnical characteristics of the original 

sand has been determined in the laboratory The shear strength parameters of 

both the original and the contaminated sand have been ascertained in the 

laboratory by series of direct shear box tests. Moreover, the bearing capacity 

of the contaminated sand has been predicted. This is in order to assess the 

influence of soil contamination on one of the vital soil engineering 

parameters. 

 

EXPERIMENTAL STUDY 

A laboratory testing program has been conducted at the Soil Mechanics 

Laboratory in Ain Shams University in Egypt. The testing program comprised 

tests to determine both physical and mechanical properties of the tested 

materials, i.e. original sand, oil products and contaminated sand. 

 

TESTED MATERIALS 

The current experimental study has been conducted on nature siliciuos 

sand. The tested sand was extraced from natural ground at certain project 

located in New Cairo in Egypt. The predominant index properties of the 
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original sand have been determianed. According to the grading curve shown 

in Figure (1), the sand is poorly graded, course to medium, with some fine to 

medium gravel and with traces of fines. The precents of gravel, sand and fines 

are 15.0%, 82.50% and 2.5%, respectively. Furthermore, the minimum and 

maximum void ratios of the original sand have been determined in the 

laboratory. The corrsponding maximum and minimum dry densities of the 

original sand were 1.996 kN/m3 and 1.662 kN/m3, respectively. The 

laboratory specific gravity of original sand was about 2.657. Table (1) 

provides  a summary of the index properties of the sand. Compaction Test, 

i.e. modified Proctor test, has been carreied out on the original sand. The 

obtanined compaction curve is demonstrated in Figure (2).   

Table(1): The index properties of the used sand 

D10 D30 D60 Cu Cc Gs 

0.292 0.5833 1.2519 4.2876 0.9308 2.657 

Three different sorts of oil have been employed, representing different oil 

products in the Egyptian society, i.e. solar, diesel engine oil and gears oil. The 

fundamental difference between these oil products is the degree of viscosity. 

Therefore, physical laboratory tests have been carried out to determine the 

kinematic viscosity of each oil product, as shown in Table (2). The values of 

kinematic viscosities were 37, 200 and 460 centistokes for the used three oil 

products solar, diesel engine oil and oil of gears, respectively. 

 

 

 

 



Helmy, et al 

 

Vol. 40, No.2, Dec. 2017 49 

Table(2): Kinematic viscosities of the used oil products  

            Physical Properties of oils 

 

  used  oil                                            

Kinematic Viscosity 

(centistokes) (mm2/sec) 

At30º C - 40º C 

Type (1): Solar 37 

Type (2): Diesel Engine Oil 200 

Type (3): Gears Oil 460 
 

 

Sand-Oil Mixture: 

For each oil type, the tested samples were prepared by mixing clean sand 

with three different oil percentages by weight of the dry sand; 2%, 5% and 

10%. To achieve the required relative density, the samples were placed and 

compacted. Sand was tested for three different relative densities; 20%, 50% 

and 80%. Table (3) shows densities of sand samples that used to access the 

required values of relative densities. 

Table(3): Densities of sand samples 

Dr e γ (gm/cm3) % compaction 

0.2 0.545 1.719 86.12% 

0.5 0.456 1.814 90.88% 

0.8 0.384 1.919 96.14% 
 

Shear Strength: 

Direct shear test by tested a number of dry samples of soil each under a 

different vertical force. Direct shear tests were performed with different 

applied normal stresses (0.5, 1.00 and 2.00 kg/cm2) and the shearing 

resistance at peak state was obtained for each normal stress. The value of 

shear strength parameters were then obtained from the best line fitting the 

plotted points.  
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RESULTS AND DISCUSSION 

1 Effect of oil content on shear strength parameters: It has been revealed, 

in general as illustrated in table (4), that the cohesion intercept slightly 

increases with the increase of oil content. Nevertheless, the results shown in 

Figures (4),(6) and (8) indicate that quite small values of 

the cohesion strength have been encountered such that the acquired values of 

the cohesion intercept were found ranging between 3.9  and 14.1 kPa. In 

accordance, it has been assumed in the present study that the cohesion 

parameter has insignificant impact on the shear strength of the tested soils. It 

has been, therefore, decided to account for only the influence of the angle of 

shear resistance that tends to decrease with the increase in oil content as 

shown in figures (3), (5) and (7). 

The results showed that, In case of loose conditions (at Dr=20%), as the 

oil percentage increases from 2% to 10%, the reduction of the angle of 

shearing resistance (ⱷ) is about (23 - 44%) with type (1), about (41 - 52%) 

with type (2), and about (44 - 57%) with type (3). Whereas, at Dr = 50%, as 

the oil percentage increases from 2% to 10% the reduction of the angle of 

shearing resistance (ⱷ) is about (34 - 45%) with type (1), about (38 - 51%) 

with type (2), and  about (42 - 55%) with type (3). At dense conditions (at 

Dr=80%), as the oil percentage increases from 2% to 10%, the reduction of 

the angle of shearing resistance (ⱷ) is about (32 - 42%) with type (1), about 

(36 -50%) with type (2), and about (41 - 53%) with type (3). 
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Table(4): Effect of oil content on shear strength parameters 

Oil 

type 

Dr 

(%) 

ɣ 

(gm/cm3) 

Oil percentage (%) 

Raw 

material(0%) 
2% 5% 10% 

C 

(kPa) 
ⱷ (º) 

C 

(kPa) 

ⱷ 

(º) 

C 

(kPa) 

ⱷ 

(º) 

C 

(kPa) 

ⱷ 

(º) 

Type 

(1) 

20 1.719 0 35.2 3.9 23.7 6 22.3 8.1 19.5 

50 1.814 0 37.2 4.9 24.2 7.4 23.2 9.0 20.1 

80 1.919 0 39.8 6 26.7 8.1 24.2 9.5 22.7 

Type 

(2) 

20 1.719 0 35.2 4.2 20.6 6.8 18.4 8.8 16.6 

50 1.814 0 37.2 6.7 23 8.8 20.7 11.0 18.4 

80 1.919 0 39.8 8.6 25.1 12 21.4 13.5 19.8 

Type 

(3) 

20 1.719 0 35.2 4.8 19.6 7.4 17.2 10.3 15.0 

50 1.814 0 37.2 8.8 21.8 10.3 18.6 12.3 16.6 

80 1.919 0 39.8 11.3 22.8 13.9 19.7 14.1 18.6 
 

2 Effect of viscosity on the shear strength parameters: By increasing the 

viscosity of oil in sand-oil mixes, the angle of shearing resistance tends to 

decrease as shown in figures (9), (10) and (11), where,  The values of the 

angle of shear resistance are reduced at rates ranging about (35%) at Oil 

percentage (2%), (44%) at Oil percentage (5%) and (47%) at Oil percentage 

(10%). 
 

Bearing Capacity: 

The bearing capacity of shallow foundations may be affected by sand 

contamination. This effect has been investigated by calculating the bearing 

capacity for contaminated sand. The bearing capacity has been calculated 

using the codified equation in the Egyptian Code of Practice shown below 

(equation 1).  

qult = C Nc λc + γ1 Df Nq λq  + γ2 B Nγ  λγ                                              (1) 
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The bearing capacity has been predicted for an isolated square footing 

with assumed dimensions 2x2. The foundation soil has been considered as 

contaminated sand at 2%, 5% and 10% oil percentage and with a variety of 

relative densities. The foundation depth, Df , has been assumed 1.50 m. Both 

effective soil densities, γ1 and γ2, above and below the foundation level, 

respectively, have been taken as a constant value of 18 KN/m3. 

The results showed that, by increasing the viscosity of oil in the sand-oil 

mixes, the ultimate bearing capacity generally decrease as illustrated in   table 

(5). In accordance, by generally increasing the oil viscosity from 37 to 460 

centistokes and at an oil percentage of 2%, the reduction in the ultimate 

bearing capacity has been found ranging from 71% to 77%, 78% to 79% and 

80% to 82%, at relative densities, Dr, of 20, 50 and 80%, respectively. 

Whereas, at an oil percentage of 5%, the reduction in the ultimate bearing 

capacity has been found ranging from 72% to 81%, 80% to 83% and 82% to 

85%, at relative densities, Dr, of 20, 50 and 80%, respectively. At the 

maximum examined oil percentage of 10%, the reduction in the ultimate 

bearing capacity has been found ranging from 77% to 83%, 81% to 85% and 

83% to 86%, at relative densities, Dr, of 20, 50 and 80%, respectively. The 

detailed results are demonstrated in Figures (12) through (14). 
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Table(5): Variation of ultimate bearing capacity with different oil percentage 

Relative 

density 
Oil type 

qult (kN/m2) 

At 0% At 2% At 5% At 10% 

20 

1 1785 514 490 410 

2 1785 377 349 326 

3 1785 352 321 305 

50 

1 2367 568 571 452 

2 2367 543 474 421 

3 2367 526 416 381 

80 

1 3477 780 650 591 

2 3477 726 574 525 

3 3477 638 528 483 

 

CONCLUSIONS 

An extensive laboratory testing program was carried out to investigate 

the effect of oil contamination on the properties of sandy soil. The amount of 

up to 10 percent by weight of dry soil samples selected as oil contamination. 

Moreover, the ultimate bearing capacity of contaminated sand was predicted 

for an isolated footing 2x2 m. On bases of the results of this research, the 

following conclusions can be provided: 

1. When the oil content increases from zero to about 10%, the friction angle 

decreases by about (32-53%) for relative densities (20%, 50% and 80%). 

2. For oil contaminated sandy soil with viscosity 37 centistokes, as the oil 

percentage increases from 2% to 10%, the reduction of the angle of 

shearing resistance (ⱷ) is about (23 - 44%), (34 - 45%) and (32 - 42%) for 

Relative densities 20%, 50% and 80% respectively. 

3. For oil contaminated sandy soil with viscosity 200 centistokes, as the oil 

percentage increases from 2% to 10%, the reduction of the angle of 
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shearing resistance (ⱷ) is about (41 - 52%), (38 - 51%) and (36 -50%) for 

Relative densities 20%, 50% and 80% respectively. 

4. For oil contaminated sandy soil with viscosity 460 centistokes, as the oil 

percentage increases from 2% to 10%, the reduction of the angle of 

shearing resistance (ⱷ) is about (44 - 57%), (42 - 55%) and (41 - 53%) for 

Relative densities 20%, 50% and 80% respectively. 

5. Consequent to the decrease in the soil friction angle upon the oil 

contamination, the ultimate bearing capacity remarkably decreases. When 

the oil content increases up to about 10%, the ultimate bearing capacity is 

reduced by about (71%-86%) for relative densities (20%, 50% and 80%). 

6. For Relative density 20%; by generally increasing the oil viscosity from 37 

to 460 centistokes, the reduction in the ultimate bearing capacity has been 

found ranging from (71% to 77%), (72% to 81%), (77% to 83%) at oil 

percentage 2%, 5% and 10% respectively. 

7. For Relative density 50%; by generally increasing the oil viscosity from 37 

to 460 centistokes, the reduction in the ultimate bearing capacity has been 

found ranging from (78% to 79%), (80% to 83%), (81% to 85%) at oil 

percentage 2%, 5% and 10% respectively. 

8. For Relative density 80%; by generally increasing the oil viscosity from 37 

to 460 centistokes, the reduction in the ultimate bearing capacity has been 

found ranging from 80% to 82%, 82% to 85%, 83% to 86%, at oil 

percentage 2%, 5% and 10% respectively. 
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Figure (1): Grain size distribution curve for original sand 

 

 

Figure (2): Compaction curve for original sand 

 

 

Figure (3): Relationship between oil contamination percentage and angle of 

shearing resistance of sand for oil type 1 (solar).   
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Figure(4): Relationship between oil contamination percentage and apparent 

cohesion of sand for oil type 1 (solar). 
 

 

Figure(5): Relationship between oil contamination percentage and angle of 

shearing resistance of sand for oil type 2 (diesel engine oil) 
 

 

Figure (6): Relationship between oil contamination percentage and apparent 

cohesion of sand for oil type 2 (diesel engine oil)   
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Figure(7): Relationship between oil contamination percentage and angle of 

shearing resistance of sand for oil type 3 (gears oil)   

 

 

Figure(8): Relationship between oil contamination percentage and apparent 

cohesion of sand for oil type 3 (gears oil)   

 

 

Figure(9): Relationship between oil viscosity and angel of shearing 

resistance at 2% oil content. 
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Figure(10): Relationship between oil viscosity and angel of shearing 

resistance at 5% oil content. 
 

 

Figure(11): Relationship between oil viscosity and angel of shearing 

resistance at 10% oil content. 
 

 

Figure(12): Relationship between oil viscosity and ultimate bearing capacity 

at 2% oil content. 
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Figure(13): Relationship between oil viscosity and ultimate bearing capacity 

at 5% oil content. 

 

 

Figure(14): Relationship between oil viscosity and ultimate bearing capacity 

at 10% oil content. 
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 الملوثة    ليةالتحقيق في قوة القص وقدرة تحمل التربة الرم
 بتروليةمنتجات البال

                        [3] 
 أسماء سلامة عبد المعطى -(2)محمد نصر فريد -(1)هشام محمد حلمى

معهد  ،قسم العلوم الهندسة البةيةة( 2 كلةة الهندسة جئمعة عةن امس ،نائيةةقسم الهندسة الإ( 1
 جئمعة عةن امس ،الدراسئت البةيةة

 

 المستخلص
وترتبط المخئطر البةيةة الريةسةة بئلتسرب ، تاكل محطئت النفط مخئطر عدةدة على البةية

ونتةجة . أو المةئه الجوفةة للخطر/ التي قد تعرض التربة و و  صهئرةج التخزةن تحت الارضالمحتمل من 
بترولةة في هذا البحث تم دراسة تأثةر تلوث التربة بئلمنتجئت ال. لذلك، قد تناأ مائكل جةوتقنةة وبةيةة

وقد أجرةت دراسة تجرةبةة واسعة النطئق . على قوة القص وقدرة تحمل التربة الرملةة باكل خئص
في مجموعة متنوعة من محتوى  بترولةةلتقةةم الآثئر المحتملة لتلوةث الرمل مع مختلف المنتجئت ال

قلةلا عن قوة تمئسك صغةرة واضحة جدا تزةد تزةد وأظهرت النتئيج أن الرمئل الملوثة قد . التلوث
باكل ملحوظ من خلال زةئدة كل من تزةد زاوةة مقئومة القص  أمئ. مئدة البترولةةطرةق زةئدة لزوجة ال

وقد . قدرة تحمل الرمئل الملوثةبوعلاوة على ذلك، تم التنبؤ . واللزوجة ةالملوثلمئدة البترولةة محتوى ا
 .ئت الضحلة على الرمئل الملوثةعن انخفئض كبةر في قدرة تحمل الأسئس أظهرت نتئيج هذا البحث

 
 


