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ABSTRACT: This is a study on the combined
effect of crude oil and sodium chloride salt on the
compressive strength and workability of concrete
using locally sourced 3/8” (10mm) all-in gravel
aggregate. This is in consideration of the present
condition of the coastal area of the Niger Delta
region of Nigeria. The water of the coastal area of
the Niger Delta region of Nigeria which naturally
contains sodium chloride salt content is been
polluted with crude oil due the crude oil
exploration activities, illegal refine of the crude oil
product and so on within the region. The available
water of the Niger Delta region of Nigeria for
decades now exists as a mixture crude oil product
and sodium chloride salt with significant quantity
of the crude oil product in the sodium chloride salt
water which is enough to have effect on concrete
production within the area. In this study, the crude
oil and sodium chloride salt contaminants’ contents
are varied alternatively from 2.5%, 5%, 10% and
15% of the mass of the water content required for
the concrete mix and then wused as partial
replacement of the water content. The test samples
are cured in same water mixture conditions used
for the test concrete sample production. The
combine effect of these contaminants reduced the
compressive strength of the concrete from
32N/mm? at 0% contaminants to 8N/mm? at 15%
equal proportion of contaminants which indicates
75% compressive strength loss at 28 days’ test. The
workability factor from the slump test is increased
from 8mm to 25mm at which the concrete
constituents segregated and collapsed, this also
indicates a negative effect. Physical assessment test
on the concrete showed gradual colour differences
from light grey-ash known as concrete colour to
dark grey colour as the percentages of the
contaminants are increased. When the hardened
concrete test samples after curing are air dried in

the atmosphere, crude oil is observed flowing out
of the hard concrete leading to void spaces within
the hardened concrete samples, this makes the
hardened concrete fragile and brittle.

I. INTRODUCTION

Concrete is the most commonly used
material for the construction of infrastructures and
buildings. Concrete is a mixture of cement, fine
aggregate, coarse aggregate and water in a certain
proportion according to the desired strength
requirement. The demand for concrete that would
withstand the negative effect of chemical pollutants
in the environments is on the rise as concrete
structures are being used for different purposes in
today’s modern world such as storage tanks and
canal lining in salt water coastal areas. Crude oil in
sodium chloride salt water effect is a common
effect within the coastal areas of the Niger Delta
region of Nigeria which includes Angulama
community and its environs in Asari-Toru Local
Government Area of Rivers State. The water in the
coastal and offshore areas of the Niger Delta region
of Nigeria is naturally salt water such as the
Angulama community and its environs. Decades
now, this salt water environment is experiencing
hydrocarbon pollution caused by the activities of
crude oil exploration, illegal refine of crude oil,
crude oil spillage and careless disposal of seized
crude oil products. It is now evident that the salt
water and the crude oil products exist together
within the environment and the people here are
faced with no other choice than to live with this
mixture of available water source. Hence, the need
for a research on the effect of crude oil products in
sodium chloride salt water on the properties of
concrete such as workability and compressive
strength. Water content with its nature is a very
important factor in the determination of workability
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of fresh concreteand compressive strength of
hardened concrete. Crude oil and sodium chloride
salt (saline) are both chemical contaminants which
are added into the fresh concrete’s water content as
partial replacement of the water content at varying
percentages alternatively from 2.5%, 5%, 10% and
15% and test done at 7 days, 14 days and 28 days.
Concrete cube specimens of 150mm by 150mm by
150mm size are used, total of 162 concrete cube
specimens are produced and cured in same water
condition which serves to provide similar polluted
environmental water condition for the concrete
during curing.

Aim and Objectives of the Study

The aim of this research work is to
analyze the compressive strength and slump as the
workability factor of 3/8" (10mm) all-in gravel
aggregate concrete produced with crude oil and
sodium chloride salt as partial replacement of the
water content for mixing, cured in the same sodium
chloride salt water crude oil mixture, and compare
the results obtained to required standards. The
objectives of this research work are as follow;

(@ To conduct concrete Mix design based on
Council for the Regulation of Engineering in
Nigeria (COREN)concrete mix design manual,
1" edition, 2017 which isin line with the
Design of Normal Concrete Mixes, 2™ edition,
1997 by the Building Research Establishment
(BRE)to obtain optimum compressive strength
value of 3/8" (10mm) all-in gravel aggregate
concrete.

(b) To conduct compressive strength test of 3/8
(10mm) all-in gravel aggregate concrete with
fresh water as control specimen.

(c) To conduct compressive strength test of 3/8
(10mm) all-in gravel aggregate concrete with
alternating percentages of sodium chloride salt
and crude oil as partial replacement of water
content as test specimens.

(d) To compare results of control specimens to
test specimens.

Justification of the Research

i. To improve in fresh and hardened concrete
production in sodium chloride salt water with
crude oil contaminated areas of the coastal
region of the Niger Delta of Nigeria.

ii. To deduce the effect of crude oil in sodium
chloride salt water on the compressive strength
and slump of concrete

iii. To give professional information.

Scope of the Study i
This study involves the use of 3/8
(10mm) all-in gravel uncrushed aggregate, cement

and fresh water as the control specimen. A mix
design analysis is conducted for control specimens.
Crude oil and sodium chloride salt at varying and
alternating percentages of 2.5%, 5%, 10% and 15%
by mass of the water content as partial replacement
of the water content required for the fresh concrete
mix is used. Workability factor is obtained from the
slump test. 150mm x 150mm x 150mm concrete
cube specimens’ size, compressive strength tests at
7 days, 14 days and 28 days ages with a total of
162 concrete cubes produced. All tests are carried
out in the laboratory of the Civil Engineering
Department of the Rivers State University and the
results are recorded.

II. LITERATURE REVIEW

The study of the effects of crude oil and
crude oil impacted sand on the workability and
compressive strength of concrete in some decades
now has drawn the attention of researchers in
environmental engineering, highway engineering
and structural engineering. This is because crude
oil products are now significant environment
pollutants in crude oil producing states and regions
of the world, the researchers are being drawn in to
provide comprehensive solution to the adverse
effect of crude oil products in concrete production
for construction work (Faiyadh, 1985). Ajagbe et al
(2013), state that due to the occurrence of crude oil
spillage, construction material such as sand in the
environment gets contaminated with crude oil. It is
this contaminated sand that is used in concrete
production to erect infrastructure and building. The
degree of contamination affects the strength of the
concrete produced with the impacted sand and that
the compressive strength of concrete is also
affected by water cement ratio, volume of entrained
air, type of cement and the curing conditions. The
extent of effect of such impact on the compressive
strength of concrete can only be known by
experiment. Such concrete properties that are
affected due to contamination from the use of crude
oil impacted sand include flexural strength,
compressive strength, durability, slump,
compacting factor, water absorption, linear
shrinkage, surface resistivity and fire resistance.
They placed enfaces in their research on effect on
compressive strength of concrete with regards to its
importance in quality control of concrete, the
compressive strength of concrete is considered the
most important property in quality control of
concrete. Matti (1976) did a research on shrinkage
of oil soaked concrete and (1983) did another
research on effect of oil soaking on the dynamic
modulus of concrete, states that the volume of
concrete decreases when it comes in contact with
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crude oil, this implies that the presence of crude oil
in concrete causes a shrinking effect and this could
also lead to a brittle state. In addition, Faiyadh
(1985) in his investigation on the bond
characteristics strength of oil saturated concrete,
showed that, the average bond strength of the
specimen when soaked in crude oil decreases with
the soaked period.

Mbadike and Elinwa (2011) state that
Water occupies about 6% to 8% of the composition
of fresh concrete and the water content provides for
cement hydration and the workability of the fresh
concrete. They concluded that, the effect of saline
water in the production of concrete are; (a) salt
water in concrete production will reduce the
compressive  strength of the concrete to
approximately 8%, (b) the presence of chlorides
and sulphates in salt water reduces the compressive
strength of concrete and (c) Curing is necessary in
concrete for the complete hydration of cement.

IHI.LMATERIAL AND METHOD
The materials used in this research work
include; (i)Portland limestone cement (PLC) of
grade 42.5 in accordance to NIS 444-1: 2013.
Cement part |: composition, specification and

conformity criteria for common cements. (ii)
Aggregate used is 3/8” (10mm) all-in gravel
aggregates which is a naturally occurring
uncrushed aggregate in accordance to EN 445-
2002+A1: 2008. Aggregate for concrete and EN
12620 for natural uncrushed aggregates
conformity. (iii) The Waterused is in accordance
with BS3048:1980. Use of potable water for
concrete production. (iv) Sodium Chloride Salt is
the normal cooking salt (v) Crude Oilsourced from
Angulama in Asari-toru local government area of
Rivers state of Nigeria.

Method;

The method includes (a) experimental
plan which is shown in table 3.1 below. Each set of
mix is for 9 test specimen cubes which are tested
for compressive strength at 7days, 14 days and 28
days at 3 test specimen cubes per test age (days)
and each set of 9 test specimen cubes is unique
with its unique water content mixture. Each set of 9
test specimen cubes are cured separately in its’
unique water mixture condition. 1 set of 9 trial test
specimen cubes, 1 set of 9 control test specimen
cubes and 16 sets of 9 test specimen cubes which
summed up to a total of 162 test specimen cubes.

Table 3.1 Experimental Plan

S/IN  Condition for test Number of Cubes per Age Water Mixture Curing  water
specimen mix 7days  l4days 28day constituents condition
Trial Specimen

1 Water + Cement + 3 3 3 Potable water Potable water
Fine Agg. + Coarse
Agg.
Control  Specimen

2 V\_/ater + Cement + 3 3 3 Potable water Potable water
Fine Agg. + Coarse
Agg. _
Test Specimen 1 Salt = 25% Salt = 2.5%

Water mixture +
Cement + Fine
Agg. + Coarse Agg.
Test Specimen 2
Water mixture +
Cement + Fine
Agg. + Coarse Agg.
Test Specimen 3
Water mixture +
Cement + Fine
Agg. + Coarse Agg.
Test Specimen 4
Water mixture +

6 Cement + Fine 3 3
Agg. + Coarse Agg.
7 Test Specimen 5 3

Water mixture +

3 Crude oil =25% Crude oil = 2.5%

Water =95% Water = 95%
Salt =25% Salt = 2.5%
3 Crude oil = 5% Crude oil= 5%
Water =92.5% Water = 92.5%
Salt =25% Salt = 2.5%
3 Crude oil = 10% Crude oil = 10%
Water =87.5% Water = 87.5%
Salt = 25% Salt = 2.5%
3 Crude oil = 15% Crude oil = 15%

Water =82.5% Water = 82.5%

Salt = 5% Salt = 5%
Crude oil =25% Crude oil = 2.5%
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Cement + Fine Water =92.5% Water =92.5%
Agg. + Coarse Agg.
Test Specimen 6

Water mixture + Salt = 5% Salt = 5%

8 Cement + FEine © 3 3 Crude oil = 5% Crude oil =5%
= 0, = 0,
Agg. + Coarse Agg. Water 90% Water 90%
9 Cement + Fine 3 3 3 Crude oil = 10% Crude oil =10%
= 0, - 0,
Agg. + Coarse Agg. Water 85% Water 85%
x::er Seﬁ(&m f Salt = 5% Salt = 5%
10 cement +  Fine 3 3 3 Crude oil = 15% Crude oil =15%
= 0, = 0,
Agg. + Coarse Agg. Water 80% Water 80%
1 coment +  Fine 3 3 3 Crude oil =25% Crude oil = 2.5%
Water =87.5% Water = 87.5%

Agg. + Coarse Agg.
xs:ersp?rfilxr?jrne 12 Salt = 10% Salt = 10%
12 Cement + Fine 3 3 3 Crude oil = 5% Crude oil = 5%
= 0, = 0,
Agg. + Coarse Agg. Water 85% Water 85%
Test Specimen 11 Salt C 0% Salt _ 0%

Water mixture +

Agg. + Coarse Agg.
14 coment + Fine S 3 3 Crude oil = 15% Crude oil =15%
Agg. + Coarse Agg. Water  =75% Water ~ =75%

Cement + Fine
Agg. + Coarse Agg.
Test Specimen 14
Water mixture +

Water =82.5% Water = 82.5%

Salt = 15% Salt = 15%

16 Cement + Fine ° 3 3 Crude oil = 5% Crude oil = 5%
= 0 - 0,
Agg. + Coarse Agg. Water 80% Water 80%
x::erspre:i;(r?frne li Salt = 15% Salt = 15%
7 Cement + Fine 3 3 3 Crude oil = 10% Crude oil = 10%
= 0, — 0,
Agg. + Coarse Agg. Water 75% Water 75%
\-I/—\‘Iegzerspf:i;(ntfrl 13 Salt = 15% Salt = 15%
18 Cement + Fine 3 3 3 Crude oil = 15% Crude oil = 15%
= 0, - 0,
Agg. + Coarse Agg. Water 70% Water 70%
Total Concrete
Cube Specimen per 54 54 54 54
test age
Total Concrete 16

Cube Specimen
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(b) The experimental Procedure for this research
work is aligned asparticle size distribution test of
the 3/8” (10mm) all-in gravel aggregate, density
test of the aggregate, specific gravity test of the
aggregate, concrete mix design, slump and
compressive strength test of trial specimen, control
specimen and test specimen.The 3/8” (10mm) all-in
gravel aggregate is washed with potable water from
the Rivers State University Civil Engineering
laboratory water mains to be sure that this material
is completely free of contaminants from the source
and then air dried in conformity to the requirements

condition.The Particle size distribution test was
carried out using the dried 3/8° (10mm) all-in
gravel aggregate. This was sieved using the
standard sieves and the result taken. This is
followed by the density and specific gravity tests of
the aggregate.

Concrete Mix Design. Adopting the
COREN method and procedure for the concrete
mix design calculation which is in line with BRE
method; the mix design procedure is divided into
five segments, each segment is a particular aspect
of the mix design procedure which gives an

of BS 1881: PART 125. This British standard
allows the wuse of aggregates in air dried

important parameter.

Table 3.2 Concrete Mix Design Form for Trial Concrete Specimens

Stage Item References or Values
calculation
1 11 Characteristic  Specific 25 N/mm? at 28 days

strength Proportion defection ...... 1.64............ 5%
1.2 Standard ...1.64 x 5= 8.2N/mm? or no data N/mm?

deviation C1 K =1.64,1.64 x5 = 8.2 N/mm?
1.3 Margin Or 25+ 8.2 =33.2 N/mm?
Specific 42.5
14 Target mean C?2 uncrushed
strength Specific uncrushed
1.5 Cement Appendix B 2 0.59 use
strength class Specific 0.59
1.6 Aggregate
type coarse
1.7 Aggregate
type fine
1.8 Free
water/cement ratio
1.9 Maintain the
freewater/cement ratio
2 2.1 Slump Specific Same 10-30 mm or vebe time ............. s
2.2 Maximum  Specific 10mm
aggregate size Appendix B 2
2.3Freewater CONENt 18Okg/m3
3. 3.1 cement C3 180 x 0.59 = 305.08 kg/m*
3.2 maximum cement Specific ... 305.08 kg/m®
content Specific L kg/m
3.3 maximum cement 305.08kg/m3
content
3.4 free water/cement
ratio
4. 4.1 relative density of 2.6
aggregate C4
4.2 Concrete density 2380 kg/m®
4.3 total aggregate 2380 - 305.08 - 180 =1894.92
content
5. 5.1 Grading of fine Percentagepassing 850um 36.60%

agg. 48%
5.2 Proportion of fine C5 1894.92 x 0.48 = -909.56
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agg.
5.3 Fine aggregate 1894.92 — 909.56 985.35
content
5.4 Coarse aggregate
content
Quantities Cement (kg) Water  fine aggregate coarse aggregate
(kg) (kg) (kg)
Per m® 305.08 180 909.561 985.358
Per trial mix of 0.0304 9.7302
m? 1 : 5.408 29.0096 31.4266
Mix proportion
0.5900 . 2.9814 . 3.2298
Table 3.3 Summary of Concrete Mix Proportion
Material Cement Fine Aggregate Coarse Aggregate
Quantity in kg/m®  305.0800 909.5616 985.3584
Mix Proportion 1 2.9814 3.2298

Trial Specimen Test

The trial test specimen cubes are 3
specimen cubes per test age of 7 days, 14 days and
28 days. Therefore, there is a total of 9 test
specimen cubes cast for the trial test.

The batching of the constituent materials
are done in strict compliance to normal practices in
weighing, using the laboratory weighing
equipment. The aggregate is allowed to soak in
about half the water content required for some
minutes, this is to enable the aggregate take up
most of the water it will ultimately absorb, this is in
conformity with BS 1881: Part 125. The cement is
later added and then the remaining water content is
added to make up for the complete water content
required. The concrete mixing machine is allowed
to mix the fresh concrete thoroughly for some
minutes.

Slump Test and Concrete Density Test

The fresh concrete is completely mixed and the
slump test is done in accordance to BS 1881: Part
102.

Density test of specimen concrete cubes;The
density test is done in accordance to BS 1881: Part
107. A mould of 150mm x 150mm x 150mm is
used to take the fresh concrete sample. The mould
is first weighed empty and recorded, it is then filled
with the concrete sample and then vibrated
mechanically using the laboratory’s concrete
vibrating machine and the top of the fresh concrete
is made leveled to the top of the mould. The mould
with the well vibrated and compacted fresh

concrete is weighed and recorded. The density of
the fresh concrete is calculated as the mass per unit
volume.

Mathematically;Density of concrete specimen =
(Mass of mould with fresh concrete sample — mass
of mould) + volume of mould.

Control Sample Test.The control specimen cubes
are produced and tested after the conclusion of
proper test of the trial sample cubes. Similar to the
production of the trial sample, the control sample
are produced and tested under standard control,
practices and procedures.

Test Specimens are produced in

conformity with the relevant parts of the BS 1881
and other standards as stated. The same mix
proportion is used. The only modification made in
the production of the test specimen concrete cubes
is the addition of sodium chloride salt and crude oil
contaminants to the water content as partial
replacement of the water content. These are added
in 2.5%, 5%, 10% and 15% alternatively. The
contaminants contents in the water mixture are
varied by mass as partial replacement of the water
content but the total mass of the water mixture
content remained the same and equal to the mass of
the water content required for the normal concrete
mix as stated in the mix design proportion (Water
content = 5.7408Kkg).
Summary of the masses of constituents for a set of
9 test specimens cubes are presented in table 3.4.
There are 9 test specimen concrete cubes produced
per water mixture content.
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Table 3.4 Summary of Constituents’ Proportion Per Set of 9 Test Specimen Cubes

Material Water content  Cement content Fine Aggregate Coarse  Aggregate
content content

Ratio or 0.5900 1.0000 2.9814 3.2298

proportion

Quantity 5.7408 9.7302 29.0096 31.4266

(kg)

Masses of Concrete Constituents’ Contents with Contaminants for Each Concrete Mix

The masses of crude oil, sodium chloride salt and potable water content that made

mixture contents are presented in table 3.5.

Table 3.5 Summary of Test Specimen Concrete Mix

S/IN  Condition  for Material Estimate Number of Cubes per Water Mixture Curing
test  specimen (kg) Age constituents water
mix 7days l4days conditio
28day n
1 Trial Sample Water content = 3 3 3 Potable water Potable
Water + Cement 5.7408 Cement water
+ Fine Agg. + content=9.7302 Fine
Coarse Agg. Agg. =29.0096
Coarse Agg. =
31.4266
2 Control Sample Water content = 3 3 3 Potable water Potable
Water + Cement 5.7408 Cement water
+ Fine Agg. + content=9.7302 Fine
Coarse Agg. Agg. =29.0096
Coarse Agg. =
31.4266
3 Test Specimen 1 Cement content = 3 3 3 =25% Salt
Water mixture + 9.7302 Fine Agg. Crude 0il=2.5% = 2.5%
Cement + Fine = 29.0096 Coarse Water =95% Crude
Agg. + Coarse Agg. = 31.4266 oil
Agg. Salt content = =2.5%
0.1435Crude oil cont Water
= 0.1435 Water cont =95%
=5.4538
4 Test Specimen 2 Cement content = 3 3 3 =25% Salt
Water mixture + 9.7302 Fine Agg. Crude oil = 5% = 2.5%
Cement + Fine = 29.0096 Coarse Water =92.5%  Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 5%
0.1435Crude oil cont Water
= 0.2870 Water cont =92.5%
=5.3103
5 Test Specimen 3 Cement content = 3 3 3 =25% Salt
Water re + 9.7302 Fine Agg. Crude oil =10% = 2.5%
Cement + Fine = 29.0096 Coarse Water =87.5%  Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 10%
0.1435Crude oil cont Water
= 0.5741 Water cont =
=5.0232 87.5%
6 Test Specimen 4 Cement content = 3 3 3 = 25% Salt
Water mixture + 9.7302 Fine Agg. Crude oil=15% = 2.5%
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Cement + Fine = 29.0096 Coarse Water =82.5%  Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 15%
0.1435Crude oil cont Water
= 0.8611 Water cont =
=4.7362 82.5%
7 Test Specimen 5 Cement content = 3 3 Salt = 5% Salt
Water mixture + 9.7302 Fine Agg. 3 Crude 0il=25% = 5%
Cement + Fine = 29.0096 Coarse Water = 92.5%  Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 2.5%
0.2870Crude oil cont Water
= 0.1435 Water cont =92.5%
=5.3103
8 Test Specimen 6 Cement content = 3 3 3 Salt = 5% Salt
Water mixture + 9.7302 Fine Agg. Crude oil =5% = 5%
Cement + Fine = 29.0096 Coarse Water =90% Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 5%
0.2870Crude oil cont Water
= 0.2870 Water cont = 90%
=5.1668
9 Test Specimen 7 Cement content = 3 3 Salt = 5% Salt
Water mixture + 9.7302 Fine Agg. Crude o0il =10% = 5%
Cement + Fine = 29.0096 Coarse Water =85% Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 10%
0.2870Crude oil cont Water
= 0.5741 Water cont = 85%
=4.8797
10  Test Specimen 8 Cement content = 3 3 Salt = 5% Salt
Water mixture + 9.7302 Fine Agg. 3 Crude oil =15% = 5%
Cement + Fine = 29.0096 Coarse Water =80% Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 15%
0.2870Crude oil cont Water
= 0.8611 Water cont =80%
=4.5927
11  Test Specimen 9 Cement content = 3 3 Salt = 10% Salt
Water mixture + 9.7302 Fine Agg. 3 Crude 0il=2.5% = 10%
Cement + Fine = 29.0096 Coarse Water =87.5%  Crude
Agg. + Coarse Agg. = 31.4266 oil =
Agg. Salt content = 2.5%
0.5741Crude oil cont Water
= 0.1435 Water cont =
=5.0232 87.5%
12 Test Specimen Cement content = 3 3 Salt = 10% Salt
10 9.7302 Fine Agg. 3 Crude oil =5% = 10%
Water mixture + = 29.0096 Coarse Water = 85% Crude
Cement + Fine Agg. = 31.4266 oil =
Agg. + Coarse Salt content = 5%
Agg. 0.5741Crude oil cont Water
= 0.2870 Water cont = 85%
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13 Test Specimen Cement content =

11 9.7302 Fine Agg.
Water mixture + = 29.0096 Coarse
Cement + Fine Agg. = 31.4266
Agg. + Coarse Salt content =
Agg. 0.5741Crude oil cont
= 0.5741 Water cont

=4.5926
14  Test Specimen Cement content =
12 9.7302 Fine Agg.
Water mixture + = 29.0096 Coarse
Cement + Fine Agg. = 31.4266
Agg. + Coarse Salt content =
Agg. 0.5741Crude oil cont
= 0.8611 Water cont

= 4.3056
15 Test Specimen Cement content =
13 9.7302 Fine Agg.
Water mixture + = 29.0096 Coarse
Cement + Fine Agg. = 31.4266
Agg. + Coarse Salt content =
Agg. 0.8611Crude oil cont
= 0.1435 Water cont

=4.7362
16  Test Specimen Cement content =
14 9.7302 Fine Agg.
Water mixture + = 29.0096 Coarse
Cement + Fine Agg. = 31.4266
Agg. + Coarse Salt content =
Agg. 0.8611Crude oil cont
= 0.2870 Water cont

=4.5927
17 Test Specimen Cement content =
15 9.7302 Fine Agg.
Water mixture + = 29.0096 Coarse
Cement + Fine Agg. = 31.4266
Agg. + Coarse Salt content =
Agg. 0.8611Crude oil cont
= 0.5741 Water cont

= 4.3056
18  Test Specimen Cement content =
16 9.7302 Fine Agg.
Water mixture + = 29.0096 Coarse
Cement + Fine Agg. = 31.4266
Agg. + Coarse Salt content =
Agg. 0.8611Crude oil cont
= 0.8611 Water cont

=4.0186

Total Test Concrete Cubes
162

3
3

3 Salt = 10% Salt
Crude oil =10% = 10%
Water =80% Crude

oil =
10%
Water
=80%

3 Salt = 10% Salt
Crude oil =15% = 10%
Water =75% Crude

oil =
15%
Water
= 75%
3 3 Salt = 15% Salt
Crude 0il=25% = 15%
Water =82.5% Crude
oil =
2.5%
Water
=82.5%
3 3 Salt = 15% Salt
Crude oil = 5% = 15%
Water = 80% Crude
oil =
5%
Water
=80%
3 3 Salt = 15% Salt
Crude oil =10% = 15%
Water =75% Crude
oil =
10%
Water
=75%
3 3 Salt = 15% Salt
Crude oil =15% = 15%
Water =70% Crude
oil =
15%
Water
=70%

54 + 54 + 54 =

Every test specimen concrete cube is
produced and cured with its unique water mixture.
That is, the trial and control specimensare produced
and cured with potable water. In same way, the test
specimen concrete cubes produced with water

mixture of 2.5% sodium chloride salt content and
2.5% crude oil content and 95% potable water
content are cured in the same mixture content.

The compressive strength test is carried
out in conformity with BS 1881: Part 116. The test
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specimen cubes are first removed from the curing
water mixture and allowed to dry naturally in the
air, the specimen cubes are weighed when air dried
and the masses recorded. The compressive strength
tests (crushing) are carried out in the structural
engineering laboratory of the Civil Engineering
Department of the Rivers State University using the
compressive strength testing (machine) equipment.

IV RESULT AND DISCUSSION
Result All test specimens’ results are presented in
table 4.1. The specimen cubes were crushed at 7
days, 14 days and 28 days of ages for the respective
compressive strengths, the detailed values are given
in table 4.1.

Table 4.1 Summary of Compressive Strength Test Results for All Concrete Specimens

Mass of dried concrete
7days l4days

SIN  Test specimen
mix type

(kg)
28days

Slum Mas

p
mm
Wor
kabil

ity

Compressive Strength N/mm?
Tday l4day 28day

after
24hr
s kg

Trial
Specimen
Water
Cement
Fine Agg.
Coarse Agg.
Control
Specimen
Water
Cement
Fine Agg.
Coarse Agg.
Test
Specimen 1
Water mixture
+ Cement +
Fine Agg. +
Coarse Agg.
Salt = 2.5%
Crude oil
=2.5%
Water = 95%
Test
Specimen 2
Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 2.5%
Crude oil
5%
Water
92.5%
Test
Specimen 3
Water mixture
+ Cement +
Fine Agg. +
Coarse Agg.
Salt = 2.5%

7.80 7.70

+ + +

7.80 7.70

+ + +

7.80 7.70

7.80 7.80

7.80 7.80

7.50

7.50

7.64

7.60

7.60

25.78 26.22 32.00 8.00 7.80

25.78 26.22 32.00 8.00 7.80

19.56 18.00 2222 100 7.80

16.44 16.00 1778 150 7.90

16.37 16.89 1778 17.0 7.90
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Crude oil =
10%
Water =
87.5%
6 Test 7.80 7.80 7.60 12.89 7.56 11.80 220 7.90
Specimen 4 0
Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 2.5%
Cruggnpil =
15%
Water =
82.5%
7 Test 7.85 7.80 7.60 12.00 9.33 13.60 13.0 7.90
Specimen 5 0
Water mixture
+ Cement +
Fine Agg. +
Coarse Agg.
Salt = 5%
Crude oil
=2.5%
Water =
92.5%
8 Test 7.85 7.80 760 1111 8.00 13.30 150 7.90
Specimen 6 0
Water mixture
+ Cement +
Fine Agg. +
Coarse Agg.
Salt = 5%
Crude oil =
5%
Water = 90%
9 Test 7.85 7.80 7.60 14.67 6.22 11.00 200 7.90
Specimen 7 0

Water mixture
+ Cement +

Fine Agg. +

Coarse Agg.

Salt = 5%

Crude oil =

10%

Water =85%

10  Test 7.85 7.80 7.60 15.11 8.00 1220 240 7.90

Specimen 8 0

Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 5%
Crude oil =
15%

Water = 80%
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12

13

14

15

16

Test
Specimen 9
Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 10%
Crude oil
=2.5%
Water =
87.5%

Test
Specimen 10
Water mixture
+ Cement +

Fine Agg. +
Coarse  Agg.
Salt = 10%
Crude oil =
5%

Water =
85%

Test

Specimen 11
Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 10%
Crude oil =
10%

Water = 80%
Test
Specimen 12
Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 10%
Crude oil =
15%

Water = 75%
Test
Specimen 13
Water mixture
+ Cement +
Fine Agg. +
Coarse Agg.
Salt = 15%
Crude oil
=2.5%
Water =
82.5%

Test
Specimen 14
Water mixture

7.85

7.85

7.85

7.85

7.85

7.85

7.80 7.70
7.80 7.70
7.80 7.60
7.80 7.70
7.80 7.70
7.80 7.70

18.67 21.56 26.00 150 7.90

17.56 8.00 1250 17.0 7.90

18.67 8.80 1250 220 7.90

18.67 8.80 1250 250 7.90

16.45 8.77 13.00 150 7.90

15.79 8.60 12.40 17.0 7.90
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+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 15%
Eowte oil =
5%
Water =
80%
17 Test 7.85 7.80 7.70 13.78 7.78 10.23 25.0 7.90
Specimen 15 0

Water mixture
+ Cement +

Fine Agg. +
Coarse  Agg.
Salt = 15%
Crude oil =
10%

Water =75%

18  Test 7.85 7.80 770 13.78 6.08 8,00 25 7.90

Specimen 16

Water mixture
+ Cement +
Fine Agg. +
Coarse  Agg.
Salt = 15%
Crude oil =
15%

Water =70%

25
20
15
10

0 2 4 6

Compressive strength
N/mm?2
w

Specimens

Figure 4.1: Specimen 1, to 4 Vs 28 Days Compressive Strength

Figure 4.1: is a graphical representation of 2.5% sodium chloride content with alternating percentages of crude
oil contents in the fresh concrete mix.
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Figure 4.2: Specimen 5 to 8 Vs 28 Days Compressive Strength

Figure 4.2: is a graphical representation of 5% saline content with alternating percentages of crude oil contents
in the fresh concrete mix.
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Figure 4.3: Specimen 9 to 12 Vs 28 Days Compressive Strength

Figure 4.3 is a graphical representation of 10% saline content with alternating percentages of crude oil contents
in the fresh concrete mix.
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Figure 4.4: Specimen 13 to 16 Vs 28 Days Compressive Strength

Figure 4.4 is a graphical representation of 15% saline content with alternating percentages of crude oil contents
in the fresh concrete mix.
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Figure 4.5 Specimens Vs 28 Days Compressive Strength
Graphical presentation of the compressive strength test of the test specimen cubes at 28 days test.

Discussion

After careful study of the processes and results
taken, the observation and deductions made are as
follow;

(@)

(b)

()

(d)

The fresh control concrete specimen with 0%
contaminants has slump of 8.00mm and mass
of 8.0325kg with grey colour. The
compressive strength of the hard control
concrete specimen at 28 days is 32N/mm?.
Fresh concrete mixwith 2.5% Sodium Chloride
and 2.5% crude oil has mass 8.0325kg and
slump of 10mm. It coloured slightly dark shiny
grey withslightly slippery surface and less
sticky on tools compared to the control
specimen. The mass at 28 days is 7.64kg with
compressive strength of 22.22N/mm? which
gives a loss of 9.78N/mm? when compared to
the control specimen.

As the contaminants percentages are
increased,the fresh test concrete specimens
become darker and less sticky on tools used
and increase in the slump is observed. At fresh
mix with 15% sodium chloride salt content and
15% crude oil content, the slump failed and
segregation of constituent materials of the
fresh concrete is observed. The top surface
becomes shinier with a soft swollen top like
jell observed when placed in the cube box
whichgot flattened as the concrete sets with
time. When hard, the specimens chattered on
failure during the compressive strength test.
The result of the compressive strength test and
the graphical presentation showed that the
compressive  strength  decreases as the
contaminants contents are increased but a
sharp rise in the compressive strength to
26N/mm?is observed at 10% sodium chloride
salt content and 2.5% crude oil content. From a
maximum 32.00N/mm? to an initial fall to

22.22N/mm? which is 30.56% compressive
strength loss at 2.5% sodium chloride salt
content and 2.5% crude oil content, a second
fall to 17.78N/mm? which is 44.44%
compressive strength loss at 2.5% sodium
chloride salt content and 5% crude oil content.
The compressive strength fall again to
11.82N/mm? which is 63.06% strength loss at
2.5% sodium chloride salt content and 15%
crude oil content, a slight rise to 13.60N/mm?
was observed which is 57.50% compressive
strength loss at 5% sodium chloride salt
content and 2.5% crude oil content andthen fall
to 13.33N/mm? which is 58.34% compressive
strength loss at 5% sodium chloride salt
content and 5% crude oil content a next fall to
11.02N/mm? which is 65.56% compressive
strength loss at 5% sodium chloride content
and 10% crude oil content to a slight rise again
to 12.22N/mm? which is 61.81% compressive
strength loss at 5% sodium chloride salt
content and 15% crude oil content to a
maximum rise of 26.00N/mm? which is
18.75% compressive strength loss at 10%
sodium chloride salt content and 2.5% crude
oil content after which a sharp decline to
12.49N/mm?® which is 60.97% compressive
strength loss was observed at 10% sodium
chloride salt content and 5% crude oil content,
same 12.49N/mm? which is  60.97%
compressive strength loss was recorded at 10%
sodium chloride salt content with 10% crude
oil content and at 10% sodium chloride salt
content and 15% crude oil content to a slight
rise of 13.02N/mm? which is 59.31%
compressive strength loss at 15% sodium
chloride salt content and 2.5% crude oil
content then a fall to 12.40N/mm? which is
61.25% compressive strength loss at 15%
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sodium chloride salt content and 5% crude oil
content to another fall to 10.22N/mm? which is
68.06% loss of compressive strength at 15%
sodium chloride salt content and 10% crude oil
content. Finally fall to 8.00N/mm? which is
75% compressive strength loss at 15% sodium
chloride salt content and 15% crude oil
content.

V. CONCLUSION AND
RECOMMENDATION

Conclusion

After careful examination of the results
taken in the laboratory, it could be deduced that
crude oil in sodium chloride salt water has negative
effect on the compressive strength and workability
of concrete.The effects are as follow;

The slump result which is the workability
factor is increased alongside with the segregation
of the concrete’s constituent materials as the
contaminants’ contents are increased and finally
failed at 15% of both contaminants, segregation is
an initial indication that the hardened concrete
would be brittle in nature and loss of mass of the
concrete specimen indicates presence of voids in it
because the excess sodium chloride salt not used in
the hydration process dissolved in the curing water
and Crude oil on its part is not used in the
hydration process but moved out of the hardened
concrete when drying leaving. All these lead to the
reduction in the total bonding surfaces hence
subsequent reduction in the total bond strength
(Bensted 2014 & West 1996). The conclusive
evaluations are as follow;

(@ A maximum rise in the compressive strength
of 26.00N/mm2 which is 18.75% compressive
strength loss of the specimen is recorded.

(b) The minimum compressive strength recorded
is 8.00N/mm2 which is 75% compressive
strength loss.

(c) The hardened concrete specimens are brittle
and increases with increase in contaminants.

(d) The fresh concrete specimen’s constituents
segregate with increase in contaminants.

Recommendation

The crude oil producing states and region
have to live withcrude oil contaminant in sodium
chloride salt water. Thus the people of the Niger
Delta region have to adapt and profound measures
on how to use the contaminated water in the
construction industry. Therefore more research
work to be done from this combination.

Contribution to Knowledge
This research work has brought an opened
knowledge into the work of fresh and hardened

concrete production and construction work in the
Niger Delta crude oil explored region. It has
brought to knowledge the combined negative effect
of crude oil in sodium chloride salt water on the
compressive strength and workability of fresh
concrete.
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