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R E S E A R C H  A R T I C L E

This paper deals with on stabilization of crude oil-contaminated soil. Industrial waste materials such as 
GGBFS and fly ash (FA) are used to achieve acceptable results for compaction and strength properties. 
GGBFS and FA utilized in two groups of soil (clean soil and 6% contaminated with crude oil) with 
varying proportions of GGBFS and FA by weight of soil. The primary goals of this study explain to 
establish a conclusion that GGBFS and FA are the best byproduct stabilizer material for increasing the 
strength and stability of soil by investigating samples of soil. In this study, the effect of GGBFS and FA 
on compaction properties (OMC and MDD) and direct shear strength (cohesion and angle of friction) 
observed. Different percentages of GGBFS (0%, 10%, and 15%) and FA (0%, 10%, and 15%) by dry 
weight were utilized in mixtures of sandy soil samples for different experiments. Ultimately, bases on 
the experimental results, it is summarized that the use of industrial wastes, i.e. GGBFS and Flyash, 
are affected in shear strength and compaction properties. Although, they have environment-friendly 
behavior for the construction project purpose.
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engineering properties (MDD, OMC, PL, LL, CBR value, 
UCS, and triaxial test) was investigated in soil, in the 
results described a significant development in soil strength 
properties after addition of  steel slag.

Osman Sivrikaya et al. (2014) studied the influence of  steel 
slag on the index properties and compaction properties 
of  soils. The steel slag was procured from the Iskenderun 
Iron and Steel Plant as manufacturing waste. The influence 
of  steel slag was investigated in various proportions 
(5, 10, 20, 30, and 50%). Result of  the tests illustrated 
that steel slag has a positive effect on the stabilization 
of  soils. Sabbar et al. (2017) studied the Shear Strength 
Parameters of  Sand-Slag Mixtures. Using steel slag has a 
positive impact on the ecological, as it decreases carbon 
dioxide emissions and other issues associated with waste 
destruction. Furthermore, utilizing slag in engineering 
construction projects may decrease the cost of  building 
and preserve resources.

According to a study by (Ahmaruzzaman, 2010), FA as 
a raw material can be appropriated in the construction 
of  geotechnical engineering and geoenvironmental 
infrastructures. To reduce the amount of  waste materials, 
reuse materials like FA in highway and engineering projects 
(Cetin and Aydilek, 2013). Bumjoo et al. (2005) conducted 
the appropriateness of  bottom and FA mixture in highway 

INTRODUCTION

Stabilization is necessary for highway and runway 
construction, stabilization indicates an improvement in 
both shear strength and stability which are related to 
the performance of  soil. The emphasis is placed on the 
effective utilization of  wastes by-products such as Fly ash 
(FA) and Steel Slag and FA, to decrease the construction 
cost and enhance the soil durability. This new procedure 
of  soil stabilization can be effectively utilized to meet the 
present challenges of  society, to decrease the quantities 
of  waste, producing serviceable material from no useful 
waste material. Globally, FA and Steel Slag are considered 
as best byproducts that can be used for many utilizations.

Several researchers studied the negative characteristics 
of  sandy soil by adding it with additives such as lime, 
clay, cement, FA, and Steel Slag. There has been recent 
interest globally in the use of  steel slag in various civil 
engineering applications, due to economic advantages and 
environmental protection.

Ashish Kumar Pathak et al. (2014) mentioned the soil 
stabilization utilizing steel slag which was taken in the 
blast furnace of  a cement plant, which is then produced 
from iron (ACC Plant, Sindri). They showed the influence 
of  different proportions of  GGBFS (0–25%) on various 
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embankment engineering construction projects. He was 
found that the best dry density lowered while the optimum 
water content increased with an increased FA content from 
50% to 100% (Bumjoo et al., 2005).

Dayalan (2016) investigated the improvement of  soil with 
FA and steel slag. Stabilization of  soil has become the 
main problem in construction engineering projects and 
rapidly improving utilizing industrial waste materials as a 
stabilizer to minimize the amount of  waste to be disposed 
to the environment causing environmental deterioration. 
Different percentages of  5, 10, 15, and 20% by dry weight 
of  steel slag and FA are added separately with soil to 
recognize the stabilization of  soil.

Oormila et al. (2014) used steel slag and FA to support soils 
economically and environmentally friendly way. Different 
amounts of  steel slag (15%, 20%, and 25%) and FA (5%, 
10%, 15%, and 20%) were mixed with the soil by dry weight 
and performed strength tests. In the present research, the 
effect of  steel slag and FA appraised on stabilization of  
crude oil contamination sandy soil by compaction and 
shear strength test.

MATERIALS AND SAMPLE PREPARATION

Materials
Sand
The soil sample was used in the laboratory test sandy 
soil. The grain-size distribution of  the sand is determined 
from hydrometer tests according to ASTM Standard Test 
Method D 422-63, as shown in Figure 1.

Crude oil
The crude oil used has its specific gravity at 25.0°C to be 
0.851 and its American Petroleum Institute (API) gravity 
at 25.0°C to be 23.261° API [Table 1].

Ground granulated blast furnace slag (GGBFS)
GGBFS was manufactured by pulverizing granulated blast 
furnace. Slag is mixed with FA to stabilize contaminated 
soil by crude oil. The chemical combination of  a slag 
differs considerably, relying on the composition of  the 
raw materials in the iron production process. The main 
elements of  blast furnace slag are Al2O3, SiO2, MgO, 
and CaO. In comprehensive, CaO content of  the rising 
slag results in increased slag basicity and an increase in 
compressive strength. The chemical properties of  slag are 
shown in Table 2.

FA
FA is usually captured by electrostatic precipitators or 
other particle filtration machines before the flue gases 
reach the chimneys. FA collected from the bottom of  
the boiler; it recognized as coal ash. Based on the source 
and composition of  the coal burned, the components of  
FA vary significantly. However, all FA includes valuable 
amounts of  calcium oxide (CaO), aluminum oxide (Al2O3), 
and silicon dioxide (SiO2), the leading mineral composites 
in coal-bearing rock strata. Other mineral admixture mixed 
with FA in different percentage. The enhanced mixture 
necessity possesses stability and adequate strength, should 

Figure 1: Particle size distribution curve for soil samples

Table 1: Properties of crude oil
Sample Flash 

Point°C
Density at 

25°C (g/cm3)
API Viscosity 

(Cp)
Kar Refinery 53 0.849 23.261 18.2
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be economical, easily compacted, and environmentally 
friendly. The chemical properties of  FA are shown in 
Table 2.

Sample Preparation
The soil used in this study was obtained from Lajan area, 
having a sandy soil profile, at Erbil Governorate, Kurdistan 
region, Iraq. It was collected from the site of  the soil profile 
at about 50 cm depth below the ground surface to prevent 
upper organic soil layers from entering the sample soils. 
Before the commencement of  laboratory tests on the soil 
samples collected in sacks and transported to the laboratory, 
they were passed through a 4.75 mm sieve and oven-dried, 
while the mix specimens were added 6% of  crude oil by 
weight of  the dry soil samples. The mixed samples were put 
into closed containers for 2 weeks foraging and equilibrium, 
allowing possible reactions between soil and crude oil. 
The contamination of  the soil with varying percentages 
of  crude oil did in the laboratory. GGBFS and FA were 
used in proportions of  0%, 10%, and 15%, and 0%, 10%, 
and 15%, respectively, by weight of  soil sample for various 
experiments. Table 3 demonstrated the ratio of  addition 
waste materials in two groups for nine mixes.

RESULTS

Compaction
Compaction test results demonstrated as optimum 
moisture content and maximum dry density. To show the 
effect of  crude oil contamination and mineral admixtures 
such as ground granulated blast furnace slag and FA on 

both compaction parameters with sandy soil. Soil samples 
prepared in two group uncontaminated and contaminated 
soil samples with crude oil, each group consist of  nine 
mixtures with various percentage (0%, 10%, and 15%) 
from each of  GGBFS and FA. In Figure 2 illustrated the 
effect of  optimum moisture content in both group and 
each mixture, OMC decreased with added crude oil by 6% 
to the soil sample; it is due to the capillary effect. Usually, 
the spaces between soil particles could be considered as 
a capillary tube, which causes the rise of  the water in it. 
While the compaction weight is falling on the soil, these 
spaces became thinner and thinner, which increases the 
capillary tension. When increased FA in group one, OMC 
increased in mix. 1, 2, and 3. However, in other binary mixes 
significant effect on OMC; the highest value recorded in 
mix 8 which is contain (15% of  GGFBFS and 10% of  FA).

The influence of  crude oil contamination and mineral 
admixtures on the maximum dry density of  sandy soil 
samples is shown in Figure 3. While increased FA maximum 
dry density decreased in both groups. GGBFS increased 
MDD and in binder mixes demonstrated that the effect of  
both mineral admixtures the peak value of  MDD is in mix 
7 with contaminated by oil in Group 2. Results for OMC 
and MDD are supported by the results of  many researchers 
such as Mahvash et al. 2017 and Okonta and Govender, 
2011, Sabbar et al. 2017.

Direct Shear Test
Shear strength parameters are cohesion and angle of  
internal friction (c and ф). Results obtained from this 
study are shown in Table 4. Cohesion increased with 
increase FA in mixes 1, 2, and 3 in contaminated and 
uncontaminated soil samples. Furthermore, in binary mixes 
binder significant impact on the result of  cohesion, peak 
value at mix 9 and contaminated soil sample with crude oil. 
Increased GGBFS also slightly increased the cohesion of  
soil. Although, huge difference value for cohesion between 
Group 1 and Groups 2 due to the effect of  crude oil on 
sandy soil particles. This change of  behavior is attributed 

Table 2: Chemical composition of fly ash and GGBFS
Elements FA GGBFS
SiO2 38.81 60.69
Al2O3 6.07 3.01
CaO 30.17 5.8
Fe2O3 1.98 23.94
MgO 2.66 0.76
SO3 2.21 1.56

Table 3: Mix description for additional waste materials
Group I

Mix. No. Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 Mix 9
Crude oil% 0 0 0 0 0 0 0 0 0
Slag (GGBFS) 0 0 0 10 10 10 15 15 15
Fly ash (FA) 0 10 15 0 10 15 0 10 15
Soil 100 90 85 90 80 75 85 75 70

Group II
Mix. No. Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 Mix 9
Crude oil% 6 6 6 6 6 6 6 6 6
Slag (GGBFS) 0 0 0 10 10 10 15 15 15
Fly ash (FA) 0 10 15 0 10 15 0 10 15
Soil 94 84 79 84 74 69 79 69 64
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to the viscous properties of  the contaminants which helps 
in bringing the individual soil particles more close together 
hence making it into a more compact configuration. Results 
are agreement with Sabbar et al., 2017 and Consoli et al., 
2001. The angle of  internal friction is decreased with added 
crude oil for soil sample, regarding to fa decreased (ф) 
with increased it. Results close to gather with the change in 
percentage of  GGBFS in binder in both groups. In Table 4, 
the result of  the direct shear in two groups.

Statistical Analysis
All the data have been entered and processed using 
Minitab (Version 18). Analysis of  variance (ANOVA) 
at 95% confidence level has been applied to find the 
statistical significance of  the factors. In this study, the 
main parameters are crude oil, slag, and FA considered 
as the design factors, and the design responses defined 
as OMC, MDD, Cohesion, and f. In addition, ANOVA 
is performed to recognize the level of  effectiveness 

Figure 2: Variation of OMC values with different waste materials content in sandy soil

Figure 3: Variation of MDD values with different waste materials content in sandy soil
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of  the independent variables on the design responses. 
p-values for results of  the statistical analysis demonstrated 
in Table 5, which is higher than 0.05, the parameter 
rejected as an insignificant factor on the response at 
95% confidence level, such as slag and FA in OMC, 
f. Furthermore, the much effective results achieved in 
Cohesion response, as shown in Table 5.

CONCLUSION

The outcome of  the study has illustrated the influence of  
the mineral admixture (FA and GGBFS) on the clean and 
contaminated sandy soil with 6% crude oil. In addition, 
these minerals enhanced the compactions and shear 
strength parameter of  the sandy soils.

On the other hand, in highway, and embankment 
constructions reduce the cost of  projects and environment-
friendly due to the use of  disposal industrial waste 
materials.
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