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Article Info Abstract

The influence of crude oil (CRO) pollution on concrete compressive strength and
durability performance is evaluated in this work. Due to CRO contamination on
its compositions, concrete exposed to oil-prone areas may lead to considerable
Received 11 Dec 2023 changes in its properties. Experimental work has been conducted, and several
Accepted 21 Mar 2024  cubes of concrete with varying ratios of CRO pollution were treated to study the
impact of pollution on the mechanical characteristics of the concrete. The current
research methodology consists of preparing contaminants by mixing CRO in

Article history:

Keywords: different ratios with fine aggregates and mixing it with other raw materials to

. produce polluted concrete. Twelve CRO ratios (0, 1, 2, 2.5, 3, 4, 5, 6, 10, 15, 20,
Crude.m/ (CRO); ) and 25%) were utilized to test typical concrete slump, compressive, and tensile
Chen.ncal ana/yS{s,' strength. Then, the same concrete procedure and testing were repeated by
Physical properties;

utilizing 2% CRO in the case of reactive powder concrete. The chemical test was

Normal concrete; also utilized to identify the changes in concrete composition for the three

Reactive powder samples (standard concrete without CRO, standard concrete with 2% CRO, and
concrete; reactive powder concrete sample). The experimental tests illustrated that a ratio
Pollution of 2% of CRO in standard concrete improves compressive and tensile strength,

while utilizing the same ratio in reactive powder concrete reduces strength. On
the other hand, utilizing 2% CRO illustrates that the internal sulfate amount has
been increased for both normal and reactive powder concrete compared with
normal concrete samples without CRO, which refers to a reduction in concrete
durability.

© 2024 MIM Research Group. All rights reserved.

Introduction

Concrete is a combination of cement, aggregate (coarse and fine), and water and is
unquestionably the most frequently utilized material in the development of civil
engineering projects [1,2]. The slurry (water and cement) binds the aggregate together to
form a solid mass; the paste hardens due to a hydration reaction (for example, the chemical
reaction of water and cement) [3]. It is a versatile construction and building material
utilized for various purposes [4]. Several elements, such as additives and admixtures, may
be utilized to modify the characteristics of the concrete to get the desired outcome
property, depending on the engineer's specifications or requirements [5,6]. Crude oil
(CRO) is among the most significant energy sources influencing any country's economy. Oil
leaks throughout oil production and extraction are becoming severe global environmental
issues, as seen in Fig. 1. The frequency of oil spills. Other environmental issues contribute
to a decline in agricultural production, notably in the fishing industry, as illustrated in Fig.
2 [7], where the loss of the annual revenue from fishing activities has been reduced with
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time due to the spill of large quantities of oil in the water during the last 40 years. For
instance, large volumes of oily effluent are generated as part of production processes,
contaminating neighboring materials such as sand [8].

Consequently, CRO pollution directly impacts sand erosion, water penetration, and the
potential for groundfire [9]. Sand’s physio-chemical qualities are also affected by CRO
pollution [10]. Sharma and Reddy [11] found that as the density of the fluid filling the gaps
rises and the fluid viscosity decreases, the intrinsic permeability (k) of contaminated sand
increases. Because the sand’s permeability expanded as the CRO’s viscosity reduced, the
CRO spread quickly, affecting a broader area. Moreover, CRO pollution is more likely to
reach subsurface water. According to many investigations, groundwater pollution by CRO
and other petroleum-based liquids has become a common concern [12].

Fig. 1. The CRO spill in water

Some researchers consider utilizing oil-polluted sand in cement and concrete
manufacturing as a sustainable, green, and cost-effective solution. With the development,
the final product can be employed in various technical applications [13]. Ajagbe et al. [14]
studied the impact of CRO on concrete compressive strength, where it was found that 25
%of CRO pollution resulted in a loss of 90 %compressive strength. Another investigation
utilized oil solidification utilizing the direct immobilization approach. Some research has
been done to see whether utilizing polluted sand in a building is functional.

Moreover, multiple studies [15-17] have investigated the impacts of various light CRO
pollution %(0.5, 1, 2, 4, 6, 8, 10, and 20% by weight) on the mechanical microstructure and
characteristics of produced concrete. These investigations found that at a contamination
level of up to 6%, concrete with minor CRO contamination may preserve most of its
compressive and splitting tensile strength. A good connection between the steel concrete
and reinforcement may be formed due to this oil pollution.

The impacts of utilized motor oil on concrete characteristics and behavior are investigated
by Hamad et al. [18]. The impact of utilized motor oil on hardened and fresh concrete
features has been studied. The findings illustrated that utilizing motor oil improved the
fluidity and slump of the concrete mixture and the air content of new concrete, acting as
an air-entraining agent. The strength qualities of hardened concrete have been affected
less by adding oil once a chemical-based air-entraining additive was applied. They
discovered that adding used engine oil to concrete mixture materials did not influence the
structural behavior of reinforced elements, as the ultimate loading or displacement
diagrams were not changed. Ayininuola [19] investigated the impact of gas oil and bitumen
on the concrete’s compressive strength in which sand was polluted with gas and bitumen
at various weight proportions. Oil-subjected concrete exhibits a reduction in compressive
strength over time. According to Jassim and Jawad [20], the maximum decrease in the
strength magnitudes of high and normal concrete samples subjected to gas and CRO for
four months was approximately 25.19 %and 12.86%, respectively.
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Fig. 2. Relationship between oil spill in water and reduction of fishing activity [7]

Ajagbe et al. [14] evaluated the concrete’s compressive strength utilizing fine aggregates
polluted with CRO at various percentages of the sand utilized in the combination. As the
proportion of contaminants increased, the findings revealed a modest rise in concrete
strength and increased loss rate. Abousnina et al. [17] observed that when fine sand
concrete was polluted with light CRO, the cohesiveness rose dramatically to 1 %oil
pollution and subsequently declined as the percentage of CRO grew. However, the
frictional angle fell by 1%. The mortar with 1 %oil pollution had the maximum
compressive strength, whereas mortar with 10 % had just an 18 %drop in strength
compared to unpolluted specimens. Depending on Osuji and Nwankwo [21], the existence
of CRO in concretes prevents the creation of bonds between component minerals, resulting
in segregation. Consequently, the existence of CRO in concrete caused differences in
workability. The greater the CRO amount in the fine aggregates, the more workable it is. In
addition, compared to controlling cubes, polluted concrete cubes had lower compressive
strengths, which illustrates that CRO is a compressive strength inhibitor in concrete
manufacturing. The lower the compressive strength, the greater the CRO percentage in the
fine aggregates. The ideal CRO pollution for normal compressive strength is as low as 0.3
percent [21].

Compared to the controlling concrete’s slump, Shafiq et al. [22] observed that adding
utilized motor oil raised the concrete slump by 18%to 38%and air amount by 26 to 58
percent. The oxygen permeability and porosity of concretes utilizing motor oil also
decreased. In addition, the compressive strength achieved was similar to that of the control
sample. Shahrabadil and Vafaei [23] investigated the compressive strengths of typical
normal-weight concrete utilizing kerosene-contaminated sands. In all exposure settings
investigated, they observed that 2 %of kerosene-polluted specimens had a loss in concrete
compressive strength of up to 27%.

Because of its exceptional durability and strength characteristics, reactive powder
concrete (RPC), a high-performance fiber-reinforced concrete, is receiving increasing
attention these days. Recent studies have demonstrated that utilizing steel fibers as
reinforcement has effectively overcome concrete fragility [24]. Therefore, high-resistance
concrete reinforced with fiber (UHPSFRC) is a good alternative for its favorite features,
such as high resistance against pressure and tensility [25].

In an RPC blend mix proportion, the coarse aggregates of traditional concrete are
eliminated, requiring that the amounts of silica fume, Portland cement, and fine aggregate
be significantly increased to enhance the homogeneity and improve the concrete granular
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mixture density. After being exposed to CRO products, Tuama et al. [5] looked at the
mechanical characteristics of the hardened concrete mixture for reactive powder concrete
(RPC) and regular concrete (NSC). After 180 days of exposure, two categories of CRO
products (gas oil and kerosene) have been examined. The findings demonstrated that the
mechanical properties (modulus of elasticity and modulus of rupture) of the RPC mix,
which were reduced by around (3.41-6.32%) compared to the control RPC mix, were not
significantly impacted by exposure to each petroleum product. After being exposed to
petroleum products for the same amount of time, the NSC mix lost around (13.82-21.95%)
of its mechanical properties (modulus of elasticity and modulus of rupture) compared with
the control NSC mixture.

0il spills and leaks constantly happen, especially in facilities that store, transport, or
process oil products. Contamination may arise in several ways, but the most crucial
consideration when dealing with polluted concrete (apart from environmental concerns)
is whether the building is still structurally sound. Furthermore, the concrete underneath
these leaks or spills changed. However, more research is needed on the exposure of
concrete to CRO products and comparing the behavior of both concrete and reactive
powder concrete after exposure to CRO. Therefore, the main goal of the current research
is to explore the changes in concrete properties, strength, and durability caused by adding
different CRO ratios to the concrete mixture (0, 1, 2, 2.5, 3, 4, 5, 6, 10, 15, 20, and 25%).
After that, A 2% CRO ratio was selected to be mixed with reactive powder concrete to
investigate the differences between normal and reactive powder concretes. The current
research focused on investigating the behavior of fresh and hardened concretes (normal
and reactive powder concretes) after exposure to CRO.

2. Experimental Works
2.1 Materials

2.1.1 Cement

Ordinary Portland Cement [26] has been utilized in the research to work as a binder
material in the presence of water, and the chemical and physical characteristics of OPC are
shown in Tables 1 and 2.

Table 1. Compounds and chemical analysis of cement

Chemical analysis Percentage by Weight  Limitation of (EN 197-
1:2011)

Lime (CaO) 62.79 ---

Silica (Si02) 20.58

Alumina (Al203) 5.6 -

Iron Oxide (Fe203) 3.28 -

Magnesia (MgO) 2.79 5% max

Sulfate (SO3) 2.35 2.5ifC3A <5
2.8if C3A>5

Chloride content 0.02 <0.10 %

Loss on Ignition (L.0.1.) 1.94 5% max

Insoluble Residue (I.R.) 1.00

Lime Saturation Factor (L.S.F.) 0.9

Main Compounds (Bogue’s Equation)

Tricalcium Silicate (C3S) 50.12 ---

Dicalcium Silicate (C2S) 21.26 ---

Tricalcium Aluminate (C3A) 9.29 ---

Tetracalcium Aluminoferrite 9.98 ---

(C4AF)
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Table 2. Physical Krasta cement features

Physical features Test findings  Limitation of (EN
197-1:2011)

Specific Surface Area (Blaine Method) m2/kg 314

Setting times (hr: min) Initial=122 =45 min
Final=3:13 <10 hrs

Soundness Utilizing Autoclave Method 0.61 <10 mm

Compressive Strengths

2 Days (MPa) 21.0 >20

28 Days (MPa) 45.8 <425

2.1.2 Water

For concreting, fresh, drinkable water has been utilized; the water facilitated the cement
hydration, resulting in the concrete setting and hardening.

2.1.3 Fine Aggregate

In this work, natural sand was used as fine aggregate. The chemical and mechanical
properties of sand are given in Table 3. The fine aggregate used has gradation that lies
within the upper and lower limits of the ASTM C33/C33M specification [27] and Iraqi
specification (1Q.S 45/1984) zone (2), as shown in Table 4. Fine aggregate has been tested
at Al-Mustagbal University in the Construction Material Laboratories.

Table 3. Chemical and mechanical properties of fine aggregate

Properties Test results 1Q. S No. 45/1984 zone (2)
Specific gravity 26 e

Fineness modulus 3.8 <5%

Sulfate content SO; 0.22% <0.5%

Absorption 2% e

Table 4. Grading of fine aggregate

Sieve Sieve Passing %

no. size Fine 1Q. S No. 45 Zone (2) ASTM C33/C33M
(mm) aggregate

3/8in 9.5 100 100 100

NO.4 4.75 91 90-100 90-100

NO.8 2.36 83 75-100 80-100

NO.16 1.18 74.8 55-90 50 - 85

NO.30 0.60 57.2 35-59 25-60

NO.50 0.30 24.2 8-30 5-30

NO.100 0.15 7.2 0-10 0-10

2.1.4 Coarse Aggregate (Gravel)

This work used coarse aggregate with a maximum aggregate size of 19 mm. The coarse
aggregate was cleaned, washed with drinkable water, and dried before use. The
mechanical and chemical properties of coarse aggregate are given in Table 5. The sieve
analysis of coarse aggregate lies within the lower and upper limits of the Iraqi specification
(IQ.S No0.45/1984) [28], as shown in Table 6.

Table 5. Mechanical and chemical properties of coarse aggregate

Properties Test results 1Q. S No. 45/1984
Specific gravity 266 e
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Sulfate content SO3 0.03% <01%
Absorption 06% e
Clay content 0.2% <3%

Table 6. Grading of coarse aggregate

Sieve Size (mm) Passing %
Coarse aggregate 1Q. S No. 45/1984
37.5 100 100
19 100 100 - 95
9.5 43 60 - 30
5.0 3 10-0

2.1.5 Crude 0il

Crude oil (CRO) utilized in the current study has been selected from length= 1.3 cm and
diameter= 0.02 cm Refinery of Al-Durra and kept in air-tight steel and plastic containers to
prevent losses and contamination. Table 7 demonstrates the features of CRO utilized. It has
American Petroleum Institute gravity (API gravity) =11.43, specific gravity=0.99, density=
62 Ibs/cu ft, and viscosity=4.8 centipoise at 30 °C.

Table 7. Feature of Al-Dura CRO

Factors Value
Gravity Degree <35
Specific Gravity 15 degrees centigrade 0.812
Sulfur amount (% by weight) 0.30
% by volume 0.40
Wax amount (% by weight) 7.0
Carbon Residue (% by weight) 2.10
Melting point (degree centigrade) 57
Viscosity (21-degree centigrade) 6.81
Acidity (Mg/KOH/g) 0.05

2.2 Preparation of Concrete Mixture

In compliance with the British Standards, a concrete mix design with a water-cement ratio
of 0.5 has been selected and batched in weight. The mix design includes specimens of 0 %
contaminated cubes cured in freshwater as a control, 0 % contaminated cubes cured in Al-
Dura CRO-polluted water as a control, and various levels of artificially contaminated cubes
cured in freshwater (1, 2, 2.5, 3,4, 5, 6, 10, 15, 20, and 25) percent. These three specimens
have been compared regarding newly mixed concrete and compressed strength in
hardened concrete. The concrete ingredients were mixed in a clean, dry manual tilting
drum, yielding 144 cubes. Table 8 illustrates the material mix proportions. After
identifying the optimum CRO percentage that causes an increase in the compressive
strength of standard concrete, the same CRO proportion (2%) was utilized for reactive
powder concretes, as illustrated in Table 9. On the other hand, the reactive powder
concrete specimens were tested in two conditions: the first without CRO and the second
with the addition of 2% CRO.

Table 8. Standard concrete mix design for 1 m3 concrete

Mix ID Cement Sand Gravel Water CRO CRO
(kg/m3) (kg/m3) (m3) (kg/m3) Proportion (kg/m3)

NM 1 300 650 1200 150 0% 0

NM 2 300 650 1200 150 1% 6.5
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NM 3 300 650 1200 150 2% 13
NM 4 300 650 1200 150 2.5% 16.25
NM 5 300 650 1200 150 3% 19.5
NM 6 300 650 1200 150 4% 26
NM 7 300 650 1200 150 5% 325
NM 8 300 650 1200 150 6% 39
NM 9 300 650 1200 150 10% 65
NM 10 300 650 1200 150 15% 97.5
NM 11 300 650 1200 150 20% 130
NM 12 300 650 1200 150 25% 162.5

Table 9. Reactive powder concrete mix design

Mix ID Cement  Sand Silica Fume Water Super Plasticizer3 CRO (kg/m3)
(kg/m3)  (kg/m3) (kg/m3) (kg/m3) by Wt. of
Cementitious (%)

RM 980 10504 245 156.8 7 13

2.3 Workability and Slump Test

A slump mold in the shape of a frustum of a cone 30.5 cm high, 20.3 cm base diameter, with
a smaller hole of 10.2 cm diameter at the top - was utilized to produce the slump result.
The mold had a smooth surface and was equipped with appropriate fort parts and grips to
make lifting easier. The mold was securely held against its base, and three layers of
concrete were poured into it. A standard 1.6 cm diameter steel rod has been utilized to
tamper with every layer 25 times. The cone was gently inverted and dumped onto a flat
plate after filling it. The slump is the reduction in the height of the slumping concrete’s
center, which was analyzed and evaluated to the closest 0.5 cm, as shown in Fig. 3.

Fig. 3. Slump test

2.4 Physical Tests
2.4.1 Concrete Strength Test

Concrete's great compressibility is one of its most distinguishing features. The
compressibility of a concrete cube with dimensions of 150 x 150 x 150mm to produce
specific compressive strengths following 28 days has traditionally been referred to as the
concrete performance test. Various procedures may determine the concrete's compressive
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strength, including direct and indirect methods and destructive and nondestructive tests.
The destructive technique utilized in this study was the cube compressive test with a size
of 15x15x15 cm based on ASTM standard [29], as shown in Fig. 4, and reactive powder
concretes were tested at 7, 14, 28, and 56 days.

2.4.2 Splitting Tensile Strength

This test uses six cylinders with a 15 cm diameter and 30 cm height to measure tensile
strength based on ASTM [30], as shown in Fig. 4. Every age uses three cylinders, and the
reading for that age is determined by averaging the readings from the three cylinders.
Splitting Tensile strength tests are performed on specimens of reactive powder concrete
and regular concrete at 28 and 56 days.

Fig. 4. Photograph of compressive strength testing and splitting tensile strength

2.5 Chemical Tests

The samples of the two concrete types, standard concrete (NM 1 and NM3) and reactive
powder concrete (MR), representing samples exposed to CRO, were the most effective. Fig.
5 illustrates the test device, which gives the concentration of the materials involved in the
composition of the samples.

Fig. 5. Chemical testing apparatus

3. Results and Discussion
3.1 Workability and (Slump Test) Results

When the slump values recorded for every polluted specimen are compared to the 20 mm
value recorded for the controlling specimen, as demonstrated in Table 10, the polluted
specimens exhibit higher slump. This observation is because sand is generally utilized in
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concrete mixtures with a dry surface, but CRO increases the liquids in the produced
mixture. The slump values increase with increasing CRO in the fine aggregate for both
standard and reactive powder concrete. With 6 to 25 % CRO pollution, the concrete slump
ultimately crumbled. It is also safe to assume that CRO caused the rise in the slump and
interfered with the cement-water binding interactions, delaying or inhibiting the complete
hydration of the cement particles [31,32]. Increased slump value is compatible with
increased workability from very low to high when utilizing 25 % CRO as an additive on
regular concrete. However, it caused a slight increase in the workability and slump value
for reactive powder concrete due to the presence of a superplasticizer, which already
added more workability to the concrete mix.

Table 10. The slump test findings for normal and reactive powder concrete

Sample ID Slump mm Workability [33]
NM 1 20 Very low
NM 2 45 Low
NM 3 50 Low
NM 4 55 Medium
NM 5 60 Medium
NM 6 85 Medium
NM 7 105 High
NM 8 120 High
NM 9 165 High
NM 10 178 High
NM 11 180 Very High
NM 12 200 Very High
RMO 80 Medium

RM 85 Medium

3.2 Compressive Strength Test Results

Fig. 6 reveals the compressive strength findings for different CRO ratios at 7, 14, 28, and
56 curing days. Sample NM3 with 2% CRO presents the best compressive strength for all
selected ages, while sample NM7 with 25% presents the worst compressive strength due
to the prevention of bonds between the cement hydration gel. On the other hand, the
reactive powder concrete samples have been tested in two conditions. The loss of moisture
and subsequent decrease in water content/moisture might prohibit the concrete cube
from absorbing water during curing in water, which could explain the fall in strength. The
phenomenon affects the cement hydration reaction of the concrete cubes. A limited
strength enhancement of the concrete with CRO might have resulted from the dilatation of
the gel and the weakness of the cohesive forces in the paste [14,34]. The negative impact
of CRO is due to the contamination of fine aggregate with CRO, a component of the
concrete’s matrix microstructure.

The strength dropped once the concrete was exposed to CRO [35,36]. Therefore, sand that
contains more than 15% CRO by weight findings has less than 42 % strength, as
experimentally detected for unpolluted concrete, and should not be utilized for most
construction applications (road, bridge, loaded elements) and used just for unloaded
elements. The change in the compressive strength can be obtained from Equation 1 and
the findings illustrated in Table 11. Nevertheless, efforts might be necessary to enhance
the strength of the CRO concrete utilized in low-strength applications with less than
5%contamination. However, a CRO application on reactive powder concrete significantly
decreased compressive strength compared with standard concrete with the same CRO
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ratio, as demonstrated in Fig. 7 and Table 11, which illustrates the highest increase in
compressive strength for all selected curing ages.

(Fc,Fsp, Fr, Ec)
(Fc, Fsp, Fr, Ec) (atair)

Change in (Fc, Fsp, Fr, Ec)% =( x100-100)% (N
Based on [37], a single formula, which is presented below, was utilized to establish a
connection between the data on strength and the properties of durability:

_a
(P

Whereas DI is the durability index (for example, water penetration depth (mm), chloride
permeability (Coulombs), or the coefficient of chloride diffusion, De; f,' the compressive
strength; and a=1400 and b=2.18 are the experiential constants for normal concrete; and
(a=1000000 and b=2.78) for reactive powder concrete. A good correlation was noted
between compressive strength and durability characteristics, which is expressed in the
above expression. However, increasing the compressive strength causes an increase in the
concrete's durability due to reducing its permeability. Fig. 8 illustrates that increasing the
durability index refers to a reduction in compressive strength; the durability index at 7
curing days is the highest, and increasing the curing days to 14, 28, and 56 reduces the
durability index significantly. However, applying crude oil in reactive powder concrete
shows a negative impact on the durability index that is shown in Fig. 9.

DI (2)
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Fig. 6. Compressive strengths of standard concrete with or without CRO contamination
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Table 11. The change in the compressive strength values.

Improvement percentage %

Sample ID

7 Day 14 Day 28 Day 56 Day
NM 1 0.00 0.00 0.00 0.00
NM 2 7.45 11.73 9.38 2.86
NM 3 14.61 17.32 15.63 11.37
NM 4 25.36 11.73 531 0.86
NM 5 36.10 25.70 9.38 0.00
NM 6 39.69 11.73 -6.25 -11.43
NM 7 -10.82 -10.89 -19.59 -28.57
NM 8 -14.04 -9.05 -25.00 -23.71
NM 9 -14.54 -16.20 -28.13 -28.57
NM 10 -17.62 -12.29 -21.88 -22.86
NM 11 -21.92 -29.05 -25.00 -42.86
NM 12 -35.53 -39.11 -31.25 -37.14
RM -1.67 -5.10 -8.92 -12.31

3.3 Tensile Strength Results

The behavior of the standard concrete after exposure to different CRO ratios in both tensile
and compressive strength is illustrated in Table 12 and Fig. 10, with enhanced tensile
strength after applying less than 4% of CRO. Fig. 10 illustrates the tensile strength in all
selected CRO ratios for standard concrete at 28 and 56 curing ages, improving as the
concrete ages. However, samples NM2, NM3, NM4, and NM5 illustrate increased tensile
strength for two selected periods. Sample NM3, with a 2% CRO ratio, has the highest value,
while samples NM6-NM12 illustrate a significant decrease in the tensile strength of
standard concrete samples, and sample NM12 records the lowest value. Relying on the
works of Bangham [38], Onabolu [39] found that the loss in surface energy brought on by
the CRO adsorption onto the surface of C-S-H gel might also have had a role in the material’s
decreased compressive strength. The control (curing) medium's strength values have
always been more significant once compared to the other values. In contrast, the other
curing media degrade with time as the curing age rises. Utilizing 2% CRO improves tensile
strength in a standard concrete sample. Utilizing the same ratio in reactive power concrete
leads to decreased tensile resistance at 28 and 56 curing ages, as demonstrated in Fig. 11
and Table 12.
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Fig. 10. Tensile strengths of standard concrete with or without CRO contamination
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Fig. 11. Tensile Strengths of reactive powder concrete with or without CRO
contamination

Table 12. The change in the tensile strength values

Improvement percentage %

Sample ID 28 Day 56 Day
NM 1 0.00 0.00
NM 2 1.25 4.85
NM 3 14.58 10.45
NM 4 0.42 2.24
NM 5 3.33 0.00
NM 6 -0.42 -1.12
NM 7 -1.25 -4.85
NM 8 -4.17 -4.10
NM 9 -5.00 -10.45

NM 10 -7.50 -12.31
NM 11 -10.42 -16.79
NM 12 -18.33 -25.00

RM -3.10 -3.13

3.4 Chemical Observation

By analyzing interactions between the concrete matrix components utilizing the FTIR
spectroscopy method [40], it was possible to quantify their chemical compatibility before
and after exposure to CRO. The chemical linkages in the composite materials may be
examined utilizing FTIR. The findings of the chemical tests demonstrated a significant
increase in the concentration of sulfate in normal concrete sample NM1 with the absence
of CRO (1424.79 cm-1), as illustrated in Fig. 12, and both samples of normal and reactive
powder concrete after exposure to CRO (1900 and 1850.4 cm-1) as illustrated in Fig. 13
and 14, respectively. The concentration of sulfates may harm the concrete, and its reaction
with concrete components is accompanied by an increase in volume, which leads to the
cracking of the concrete. Sulfate attack is one of the leading contributors to the reduction
in durability of concrete. The resistance of concrete materials to sulfate attack may
typically be determined by laboratory testing by looking at factors such as the loss of mass,
the drop in strength, and the expanding strain of concrete specimens. On the other hand,
one cannot utilize these signs to make a quantitative prediction about the carrying
capability of actual concrete buildings that are being attacked by sulfate [41] immediately.
Based on Figs (13-14), utilizing CRO causes an increase in internal sulfate amount in
concrete in comparison with normal concrete without CRO; therefore, utilizing CRO leads
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to reduced durability due to increased sulfate amounts, and these results are compatible
with results obtained by [40].
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Fig. 12. Chemical analysis for standard concrete without CRO sample (NM1)
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Fig. 13. Chemical analysis for standard concrete with 2% CRO sample (NM3)
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4. Conclusion

The impact of CRO contamination on concrete compressive strength has been studied, and
the following points were concluded from the study:

e CRO was found to influence the concrete's strength depending on the different
practical and analytical procedures utilized. Once concrete meets liquids other than
potable or fresh water, it is proven harmful to the cement-based material, mainly
for OPC. Its low environmental and chemical resistance and low compressive
strength due to slow strength development lead to early deterioration.

e The magnitude of the concrete slump rises incompatible with the quantity of
polluted CRO ratio for both standard and reactive powder concrete.

e The concrete strength varies depending on the quantity of CRO utilized, and a ratio
of 2 % was found to be an enhancement ratio that caused an increase in the
compressive strength.

e The compressive strength of reactive powder concrete deteriorated after exposure
to 2% of CRO; the lowest compressive strength was obtained after 56 curing days.

e The durability index increased slightly when utilizing 2% CRO based on the
durability index, but the internal sulfate amount has increased compared with
normal concrete without CRO.
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