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Effects of Crude Oil Impacted Sand (COIS) on the compressive strength of concrete was examined. Con-
crete mix, 1:1.8:2.7 was designed for all specimens with w/c of 0.5. Crude oil (2.5%, 5%, 10%, 15%, 20% and
25%) by weight of sand was used to contaminate sand for the preparation of COIS concrete. 147, 100 mm
concrete cubes (21 control and 126 contaminated samples) were produced. The cubes were cured and the
compressive strengths determined at ages 3, 7, 14, 28, 56, 84, and 168 days. COIS concrete samples
showed slow rate of strength gain, and strength reduction compared with the control samples. A
18–90% compressive strength was lost due to 2.5–25% crude oil contamination, respectively.
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1. Introduction

Over the past two decades, the amount of hydrocarbon contam-
ination of soil and the environment has continually increased, and
presently it constitutes a significant fraction of waste materials in
the environment. Some major sources of hydrocarbon contamina-
tion are oil spill, leaking of petroleum from underground storage
tanks, oil pipe vandalisation, drilling, treatment activities for
ll rights reserved.

jagbe@mail.ui.edu.ng (W.O.
exploration and production of hydrocarbons, and hydrocarbon
waste disposed from industries.

However, some waste can be used as chemical admixture and
additives, which can alter and enhance selected properties of fresh
and hardened concrete [1]. This can also assist in remediation of
contaminated soil [2]. The successful use of Crude Oil Impacted
Sand (COIS) in concrete depends on the required properties of
the end product.

In general, compressive strength is considered most important
property and the quality of concrete is often judged by its strength.
The compressive strength of concrete depends on the properties of
its ingredients, the proportion of mix, the method of compaction,
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Fig. 1. Particle size distribution curve of fine aggregate.
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Fig. 2. Particle size distribution curve of coarse aggregate.
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the presence of contaminants and their degree, and other controls
during placing and curing.

One very important factor that affects the compressive strength
is contaminant and their degree. The ingredients of concrete are
naturally contaminated and by man’s activities but the extent or
degree of contamination may differ from the ingredient source.
The presence of contaminant in large degree in aggregates does
not only affect the appearance of concrete (in terms of colour
and smell) but also the strength developed by the concrete [3].
The effect of crude oil on the compressive strength of concrete
when used as the curing medium had been considered by some
authors [4–6], this paper, however, focuses on crude oil as a con-
taminant of fine aggregate and investigated the effect it has on
the compressive strength of ordinary Portland cement concrete.
This actually modeled the condition in the Niger Delta area of Nige-
ria where oil spillage is a regular occurrence contaminating soil
and water. Many oil spill incidents had occurred in the past [7]
and persist till date due to pipeline vandalisms. In some areas, it
may be difficult to obtain sufficient quantities of uncontaminated
aggregates but contaminated aggregates are available. Therefore,
the occasional use of contaminated aggregates for construction
purposes, particularly by local contractors, has to be considered.
This forms the basis for this study.

2. Materials and methods

2.1. Materials

2.1.1. Cement
The cement used for the investigation was the Ordinary Portland Cement [8]

and it had the properties to act as a binding agent in the presence of water.

2.1.2. Water
Clean potable water was used for concreting; the water aided the hydration of

cement, which resulted in setting, and hardening of the concrete [9].

2.1.3. Aggregates
The coarse aggregate used had a maximum size of 10 mm [10]. Fine aggregate

was natural sand obtained in Ibadan, Oyo state. Both the fine and coarse aggregates
were air dried to obtain saturated surface dry condition to ensure that water/ce-
ment ratio is not affected. Coarse and fine aggregates conform to BS 882 [11] spec-
ification. In this study, sieve analysis was initially carried out to obtain the particle
grading curve of fine aggregate and its percentage passing 600 lm sieve for con-
crete mix design. Sieve analyses for the aggregates were conducted in accordance
to BS 812 [12].

2.1.4. Crude oil
The crude oil was obtained from Bomu oil field in Gokana LGA of Rivers state,

Nigeria. It has API gravity of 11.43, specific gravity of 0.99, density of 62 lbs/cuft
and viscosity at 30 �C of 4.8 centipoise.

2.2. Methods

2.2.1. Preparation of sample
Soil samples for preliminary analysis were obtained from three different con-

taminated sites; viz: Bomu, B-Dere, and Bodo city of Gokana LGA of Cross Rivers
State in Nigeria. The Total Petroleum Hydrocarbon (TPH) in the samples was
determined using gravimetry, following saponification in methanolic-KOH, extrac-
Table 1
Mix proportion.

Sample contamination (%) Materials (kg/m3)

Cement Water Aggregate Crude oil

Fine Coarse

0 400 200 720 1080 Nil
2.5 400 200 720 1080 18
5.0 400 200 720 1080 36
10.0 400 200 720 1080 72
15.0 400 200 720 1080 108
20.0 400 200 720 1080 144
25.0 400 200 720 1080 180

Fig. 3. Compressive strength development of concrete.
tion by n-Hexane, and separation via liquid chromatography, to know the crude
oil percentages in the contaminated sand samples. In addition, the residual dry
sands were graded to serve as guide for the choice of sand for the main experi-
ment. To make the COIS fresh uncontaminated sand similar in grade to sands of
the contaminated sites was contaminated with crude oil at 2.5%, 5%, 10%, 15%,
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20% and 25% by the weight of sand. The resulting COIS was air-dried for about
five days to allow proper reaction of the mixture and simulate the oil spill
environment.
2.2.2. Concrete compressive strength test
The British method of concrete design [13,14] was used to produce a concrete

mix ratio 1:1.8:2.7 at water cement ratio of 0.5 (refer to Table 1), for casting the
concrete cubes. The mix was designed to achieve a nominal 28 days concrete com-
pressive strength of 30 N/mm2.

The cubes produced were of size 100 � 100 � 100 mm. The filling of the mould
was in three layers and were manually compacted using 16 mm diameter metal rod
at 25 strokes per layer [15]. Following this, 147 concrete cubes comprised of 21 con-
trols and 126 crude oil contaminated specimens were produced. The cubes were
demoulded after 24 h of casting and cured in a water tank [16]. The compressive
strength gained was observed at ages 3, 7, 14, 28, 56, 84, and 168 days [17].
Fig. 5. Average percentage reduction in compressive strength of concrete.
3. Results and discussion

3.1. Sieve analyses

Figs. 1 and 2 show the particle size distribution of the coarse
and fine aggregates, respectively. From the particle size distribu-
tion curve of the fine aggregate, it was deduced that the fine aggre-
gate falls in zone 2 consisting of 12% fine, 65% medium and 23%
coarse sand. It possesses coefficient of uniformity (Cu) of 4.3 and
a coefficient of curvature (Cc) of 0.74 which shows that the fine
aggregate is well graded, similar to the soil of the oil spill sites
and conforms to BS 812: Part 103.
3.2. Compressive strength of concrete cubes

The compressive strength test displayed in Fig. 3 shows that
crude oil has effect on the compressive strength of concrete, as
established by previous researchers [4–6]. The values of the control
maintained a consistent increase in compressive strength as the
curing age increases. This is not surprising as the strength of ce-
ment-based materials cured in water with no contamination in-
creases with age. The COIS concrete also increased but at low
strength development. The difference in results may be attributed
to effect of chemical reaction taking place due to the presence of
crude oil in the concrete cubes. The reduction in strength can be re-
lated to the varying percentages of crude oil contamination in the
concrete, which may lead to loss of water content/moisture and
preventing absorption of water by the concrete cube when cured
in water. This occurrence has effect on the hydration of cement
in the concrete cubes. The contamination of fine aggregate with
crude oil which forms part of the microstructure of the matrix of
concrete may have caused dilation of the gel and weakening of
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Fig. 4. Percentage reduction of concrete compressive strength.
the cohesive forces in the paste and hence low strength develop-
ment of the concrete cubes cast with COIS.

The percentage reduction in compressive strength of COIS con-
crete in relation to the control, is expressed graphically in Fig. 4 to
show the level of strength loss. The average of the percentage
strength reduction indicates that about 18% of the strength will
be lost when the soil is contaminated with 2.5% crude oil while al-
most 90% of the strength is lost due to 25% contamination (refer to
Fig. 5). The strength reduction here is higher than when concrete is
soaked in crude oil medium [5,6]. Thus sand containing more than
10% crude oil by weight of the sand will give a concrete with less
than 50% of the expected strength of uncontaminated concrete
and may not be put to any use particularly where strength is of
necessity. However, with less than 5% contamination efforts could
be made to improve the strength or the COIS concrete used in
structures of low strength requirement.
4. Conclusion

The reduction of compressive strength of concrete by the pres-
ence of COIS is a function of the concentration of the crude oil in
the sand. The higher the concentration, the higher the strength
reduction.

The use of COIS as fine aggregate of concrete has more serious
effect on its compressive strength compared with concrete cured
in crude oil media.

Sands containing more than 5% crude oil contamination reduce
compressive strength of the concrete more than 50%.

A design mix is required using 5% COIS to achieve the required
strength while crude oil contamination between 5% and 10%
should be considered for low strength concrete like Sandcrete
block.
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