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Abstract

In certain regions, water scarcity has resulted in inquiries regarding viable alternatives to conventional water
purification methods, this investigation suggests that olive oil refineries can recycle a portion of their effluent
(OOMW) to reuse wastewater by incorporating it into reinforced concrete mixtures. To investigate the
effects of incorporating (OOMW) into the concrete mix on the material's shear, flexural, and compressive
strengths, the researchers conducted comprehensive experimental research. In total, twelve beams were
used as control samples, while 60 beams were immersed in (OOMW) at concentrations ranging from 2.5%
to 15% (v/v). The subsequent operation involved immersing the remaining 60 beams in (OOMW) at variable
concentrations. The two zones were fortified by the installation of two longitudinal steel rods, with a dimetres
of 8 mm for the tensile zone and 6 mm for the compression zone. The investigation measured the diameter
of the stirrups at four millimeters. At intervals of seven, fourteen, twenty-one, and twenty-eight days, the
health of the samples was evaluated. The results of this study, in conjunction with previous research,
indicate that the optimal overall performance was achieved by substituting 7.5% of untreated wastewater
with pure water. Additionally, the results indicated a significant increase in the compressive strengths of the
concrete specimens by approximately 32% in comparison to the control specimens after 28 days. The
flexural strength of the reinforced concrete increased by nearly the same amount, reaching 7.23 MPa
without weight (OOMW) and 7.26 MPa for the control specimens. The results of a sixty-five-day trial
indicated that the addition of 7.5% OOMW effluent to the steel did not lead to any significant changes for
resistance.
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1. INTRODUCTION

Companies that produce concrete and reinforced concrete have effectively improved their
manufacturing methods and range of products via considerable research with various
materials, allowing them in order to achieve a large area of requirements [1, 2, 3].

The issue of waste creation and disposal has considerable significance in the context of
contemporary economic and environmental advancement, as it has a direct influence on
the concept of sustainability [4,5,6].

To ensure the preservation of the robustness of the concrete's resistance, it is important
to carefully evaluate the ratios of its component materials throughout the recycling
procedure [7,8,9,10], previous research has also shown this [11,12,13].
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Currently, rebar remains the predominant reinforcing element in reinforced concrete,
alongside glass and polymer, although in smaller proportions [14,15,16,17], this problem
persists despite the implementation of many studies, such as the use of plastics and
agricultural wastes [18, 19].

The manufacturing and solidification processes of concrete and reinforced concrete
consume an estimated one billion tons of water, thereby presenting a substantial threat
to global freshwater resources. This issue is particularly pronounced in the Kingdom of
Jordan which is recognized as one of the most economically disadvantaged nations
globally in terms of water scarcity. Saline wastewater was proposed as a feasible
substitute [20,21].

In order to avoid structural collapse and boost its resistance strength, tensile
reinforcements as rebar or mineral fibers are used in areas of a structure that are prone
to bending [22,23]. The issue of corrosion in reinforced concrete components that are
susceptible to bending is a recurring problem that occurs as projects advance in age [24,
25]. The analysis of the gathered data reveals that erosion has an initial rising trajectory,
while the resistance to flexion indicates an early increase followed by a subsequent
decrease. This occurrence depends on the particular layer of concrete coating that is put
to the reinforcing bars.

The degradation of rebar in reinforced concrete leads to a twofold reducing in its
resistance to bending [26, 27, 28]. A comprehensive analysis was undertaken to examine
the potential effects of various components found in (OOMW) effluent on the bonding
strength and erosion of iron. The results suggest that the presence of OOMWW waste-
waters has little influence on the shortage. The loss in the total resistance and bending
strength of reinforced concrete is attributed to two main factors: the corrosion of
reinforcing bars (rebar) and the bonding strength [8, 9].

In contrast to conventional specimens, the experimental results demonstrated that the
load-bearing ability of reinforced concrete columns increased by 67% when reinforced
with CFRP panels in a saline and natural environment characterized by sunlight and salt
water exposure.

The traditional methods of constructing reinforced concrete beams are difficult to
implement due to the constraints associated with the reinforcement ratio and the
dimensions of beams with equivalent strength [29,30,31,32]. Additionally, this
necessitates the utilization of effluent from olive oil processors in the production of
reinforced concrete.

Research Aims: The production of concrete and reinforced concrete has considerable
economic and environmental implications, requiring the use of wastewater with high salt
concentrations. It is essential to have a comprehensive grasp of how substitute concrete
with reinforced concrete affects key properties, including flexural strength, compressive
strength, weight, and other concrete-related qualities.
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We used the apparatus seen in Figure 5 in conjunction with a traditional statistical
methodology to ascertain the material's flexural strength.

Flexural strength = PL / BD? (1)

Where: P — Failure load in (kN), L- Effective span length in (mm), B — Beam width (mm),
D — Height (mm).

2. MATERIAL AND METHODOLOGY

Olive Oil Mill Wastewater (OOMW): Olive oil, two waste streams, crude olive cake, and
olive mill effluent are the three separate byproducts that are produced during the
manufacturing of olive oil using the standard method which results in the creation of olive
oil [33, 34, 35, 36]. Because of its high heating value, crude olive oil cake is a superb
candidate for use as a solid fuel, the utilization of wastewater from mills of olive oil, on the
other hand, makes the matter more complicated, this product may be found in plenty in
nations that produce olive oil, notably those in the Mediterranean area, which includes
Jordan. Nevertheless, Jordan is presently facing a number of challenges in its efforts to
manage this environmental problem, which has resulted in its emergence, there is a
considerable environmental and economic relevance to the use of wastewater from olive
oil mills and other resources in the production of reinforced concrete and concrete
buildings, this utilization helps to incentivize the utilization of this effluent [37,38]. After
being acquired straight from the discharge port, the samples were then placed into
containers that were hermetically sealed and did not react with the environment, in order
to preserve the integrity of these containers' properties, they were gathered within a span
of two days. For the purpose of determining the physical and chemical characteristics of
the samples, they were gathered in the laboratory of the factory, which is situated fifteen
kilometers away from the campus of the university. Presented in Table 1 are the
characteristics of the effluent that was produced by the olive oil mill that was used in the
research. References [6, 8] should be consulted in order to get further information on
olive oil mill wastewater.

Table 1: Characterization of Olive Oil Mill Wastewaters Used in the Research

Property Value
pH 5.18
COD (kgm®) 54.11
BOD (kgm™3) 19.93
PhCn (kgm-%) 2.1
TS (kgm®) 45.97
VS (kgm) 36.44

Silica sand, Cement — You can be revered to [6,7,8,9].

Ste-reinforcement of Steel: The following is the procedure for reinforcing the sample:
Steel with a diameter of 8 mm was used in the tension zone, while steel with a diameter
of 6 mm was used in the compression zone, and the stirrups with a diameter of 4 mm
were utilized (see Figures 1 and 2).
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Table 2: Steel Reinforcement Tests Result.

1 490 16.25
6 2 488 16.20
3 491 16.22 16.22
1 489 23.7
8 2 492 24.1
3 488 23.9 23.90
1 487 44.62
10 2 490 44.48
3 488 44.39 44.50
Figure 1: Reinforcement bending shape.
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Figure 2: Design Configurations of Test Beams for Bending
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Reinforced Concrete Beams Test Investigations:

Each pair of beams was made from the same combination, which resulted in the creation
of three measuring cubes with dimensions of 150 mm x 150 mm x 150 mm, in all, there
were seventy-two beams, this was done in order to accurately determine the compressive
strength of each ratio and the reference mixture that was utilised in the experiment, there
were a total of sixty samples of OOMW waste-waters that were collected, with three
samples coming from each of the following extra percentages: 2.5, 5.0, 7.5, 10.0, and
15.0 percent (Figure 3), there were no OOMW waste waters present in the twelve
reference samples that were collected. Table 6 and Table 7 show the examination results
of the samples at 7, 14, 21, and 28 days after the initial collection.

The number of test beams - 72 pieces

Without olive oil mill wastewater
- 12 pieces (Control Samples)

With Olive oil mill wastewater -
60 pieces

meed 12 pieces 2.5 %

mmd 12 pieces 5%
menl 12 pieces 7.5 %
maml 12 pieces 10 %

=] 12 pieces 15 %

Figure 3: Reinforced Concrete Beam Test Program

3. LABORATORY WORK

A total of four laboratory examinations were carried out as part of the current research. In
the first step of the process, a concrete mixture is applied to the reinforcing material in
such a way that it completely covers the material.

Molding is performed on the model during the second step, which is then followed by
surface polishing and finally curing. In addition, when utilizing reinforcement concrete
reference mixes, it is very necessary to improve the adhesion between the reinforcement
and the concrete.

Additionally, the addition of varying amounts of regular water results in a change in the
concentration of the wastewater that is produced when the moon is not in the spotlight.
One of the goals of this approach is to provide an alternative to a part of the traditional
water supply. Ajloun National University's building lab served as the location for all
experiments were carried out as shown in Figures 1, 2, 4, and 5.
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Figure 5: Concrete and Reinforcement Concrete in Compression and Bending
Sample Screening Device

Concrete in addition to Reinforcement Concrete Production: The topic of discussion
pertains to concrete reinforcement.

Steel reinforcement: The procedure for reinforcing the steel samples is shown in Figure
1 and Figure 2.

The process of producing concrete cubes, Vibrator, Raw materials used, mixing
ratios, Forms preparing,

Molding, Removal out from the Mold, Surface Finishing, Curing, and Specimen
Test: as documented in references [6-9].

Bending and compressive strength test: The compressive and flexural strength of the
material was evaluated using cubes with dimensions of 15 by 15 by 15 centimeters and
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beams with dimensions of 100 by 100 by 500 millimeters. This was done in line with
British regulations (BS.1981.PART (118): 1983). In order to accomplish this task, the ADR
Touch 2000 Semi-Automatic Compression Machine with Digital was deployed. This
machine has a scan capacity of 2000 KN/450000 Ibs. Figure 5 depicts the code
363090/01, which you are kindly requested to display. The results of laboratory tests are
shownintables 1, 2, 3,4, 5, 6, 7, and 8. These tables provide the average results obtained
from a variety of combinations and time periods investigated.

4. RESULTS AND DISCUSSION

After all laboratory work has been finished and the test results from Tables 1 to 8 have
been compiled, an analysis and discussion of the data that has been acquired will now
be presented. An analysis was performed on the data included within the statistical
package for the social sciences (SPSS) in order to improve the accuracy of the
information that was acquired via this research. The findings of the descriptive statistical
analysis were then recorded in Table 5, which was the final document.

The impact of mill of olive oil wastewater on Reinforced steel and concrete: It has
been determined, on the basis of the findings obtained from laboratory tests and earlier
research [6-9], that the optimal ratio of out-of-waste (OOMW) wastewater should be
incorporated in reinforced concrete and concrete in order to achieve the best possible
outcomes is 7.5%. As a result, research was carried out in order to evaluate the impact
that wastewater has on reinforcing steel within the context of a restricted supply:

Reinforcement steel - Following the completion of a tensile strength test, the diameters
of 6, 8, and 10 were immersed in ordinary water for a period of sixty-five days, during
which time they were supplemented with seventy-five percent out-of-water (OOMW)
wastewater. Prior to the experiment, we carried out tests on the identical steel material,
and the outcomes of those tests are shown in Table 3. A thorough examination of the
steel specimens with diameters of 10, 14, and 16 was conducted prior to the beginning
of the experiment [4], the purpose of the experiment was to determine bonding strength
between concrete and steel reinforcement. Following the completion of the experiment,
an evaluation was conducted on the tensile strength of the steel to investigate the effect
that the incorporation of concrete that included wastewater that was out-of-wetness
(OOMW) had on the steel. Following the completion of the process, the results were
recorded in Table 4, it is important to highlight that the tests were conducted within thirty-
five days after the first ones. A software program called Social Sciences (SPSS) was used
in order to carry out the analysis of the results that are shown in Tables 3 and 4. It was
discovered via the examination of Tables 3, 4, 5, as well as Figures 6 and 7, that the
incorporation of olive oil mill effluent into concrete did not have an immediate effect on
the reinforcing steel. On the other hand, it was discovered that the tensile strength of the
reinforced steel decreased by around five percent when it was submerged in regular
water. A further 7.5% of the product is considered to be out-of-waste (OOMW). A little
reduction in the strength of concrete may be responsible for the observed variance in the
steel tensile strength before and after usage. This disparity may be linked to the pre- and
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post-testing tensile strength of concrete, which results in a slight drop in the strength of
the concrete.

Table 3: Steel Reinforcement Tensile Strength After Immersion in Normal Water
With 7.5% OOMW Added.

Before After

1 493.50 308.61
2 505.10 309.60

10 3 40 502.00 315 30 44.56 42.26
1 478.00 159.10
2 489.00 162.70

8 3 40 290.00 165.20 20.98 19.83
1 478.00 87.20

6 2 475.00 86.50
3 40 28000 88.10 16.20 15.42

Table 4: Reinforcement Steel Tensile Strength After Using It in Reinforced
Concrete With 7.5% OOMW Added.

Before
1 480.00 308.62
2 480.20 309.64
10 3 40 2480.10 308 61 44.23 43.74
1 606.20 605.10
2 605.60 604.30
14 3 60 60874 606.2 105.40 | 104.50
1 505.00 780.9
16 2 505.00 780.9
3 60 00,00 274.80 109.80 108.9

Table 5: Results in Descriptive Statistics of Reinforcment using in the Research.

6 Weight (g) 3 86.50 88.10 87.27 0.803

(Grade 40) Length (mm) 3 475.00 480.00 477.67 2.516

8 Weight (g) 3 159.10 165.20 162.33 3.067

(Grade 40) Length (mm) 3 478.00 490.00 485.67 6.658

10 Weight (g) 3 308.61 315.30 311.17 3.611

(Grade 40) Length (mm) 3 493.50 505.10 500.20 6.005
Average tension force

6,8,10 (KN) before immersion

(Grade 40) in normal water with 9 16.20 44.56 27.25 13.148
7.5% OOMW added
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Average tension
yielding force (KN)
6.8,10 after immersion in
(Grade 40) : 15.42 42.26 25.84 12.46
normal water with
7.5% OOMW added
10 Weight (g) 308.61 309.64 308.95 0.591
(Grade 40) Length (mm) 480.00 480.20 480.10 0.100
14 Weight (g) 605.00 608.74 606.85 1.67
(Grade 60) Length (mm) 506.00 505.00 505.44 2.78
16 Weight (g) 774.80 780.90 778.87 3.521
(Grade 60) Length (mm) 505.00 506.00 505.33 2.886
Average tension
10,14,16 yielding force (KN)
10 — (Grade 40) | before using in
14,16 — (Grade reinforced concrete
60) with 7.5% OOMW 44.23 109.80 86.47 8.324
added
Average tension
10,14,16 yielding force (KN)
10 — (Grade 40) | after using in
14,16 — (Grade reinforced concrete
60) with 7 5% OOMW 43.74 104.50 85.71 8.198
added

a8

Sum (Diameter)

Figure 6: Relationship Between Average Tension Force (KN) Before, and After,

and The Sum of Diameter.
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Sum (Diameter)

Figure 7: Relationship Between Average Yield force (KN) Before, and After, and
The Sum of Diameter.

Concrete — Weight of ordinary concrete was first calculated, and then was supplemented
with varied volumes of out-of-waste (OOMW) wastewater. This was done in order to
explore the influence that OOMW wastewater had on concrete. As may be seen in Table
6, the outcomes of these studies are presented.

A direct influence on the weight of concrete is shown by Table 6, which shows that the
incorporation of OOMW has an effect. To be more specific, the weight of the concrete is
more than the reference figure of 1.72% when the ratio of OOMW is 7.5%.

As can be seen in Figure 8, the value of R Square is 1, which suggests that there is a
strong positive association between the percentage of OOMW and weight. It was noted
that the addition of out-of-waste wastewater in a simple ratio puts pressure on the
operational factor (see to Table 7 for more information).

This was done in order to evaluate the workability of concrete while integrating out-of-
waste (OOMW) in a variety of proportions.

There is a strong positive connection between the fraction of continent and the decline,
as shown by the coefficient of determination (R Square) value of 0.987, which can be
seen graphically in figure 9.
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As a result, we strongly advise against the use of any additives that are capable of
enhancing the functionality of concrete and reinforced concrete, taking into account waste
waters from olive oil mills.

Table 6: Concrete Weight with Olive Oil Mill Wastewater

1 0.00% (control) 8550 2,533
2 2.50% 8600 2,548
3 5.00% 8650 2,563
4 7.50% 8700 2,577
5 10.00% 8750 2,592
6 15.00% 8850 2,622
2,630
2,620
2,610
2,600

- 2,390

-

= 2,580

&

g 2,370

o 2,360

&
2,350
2,340
2,330
2,320

Q 2 4 B 8 10 12 14 16

Olive Oil Mill Wastewater Contenent, ( %)

Figure 8: Concrete Weight with Olive Oil Mill Wastewater
Table 7: Concrete Workability with Olive Oil Mill Wastewater

1 0.00 (control) 5.2 mixture is sold

2 25% 7.5 mixture is sold, but close to the requirements of the code
3 5.0 % 8.6 mixture is a soft and natural slump

4 7.5% 9.7 mixture is the soft and natural slump

5 10.0 % 115 mixture is very soft

6 15.0 % 155 mixture is extremely soft
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Figure 9: Concrete Workability with Olive Oil Mill Wastewater.

Compressive strength — Both, compressive and bending strengths of concrete are
affected by a number of factors, including the quantity of cement that is used, the
proportion of water to cement, the age of the concrete, the proportion of olive oil mill
effluent to cement, the curing process, the inclusion of additives, and other pertinent
characteristics. When compared to the specimens that were combined with fresh water,
the combination of concrete specimens that included olive oil mill effluent resulted in
surfaces that were more rigid.

In spite of the fact that no additives were utilized to improve the concrete mixes, it has
been found that the workability of the specimens that included olive oil mill effluent was
much higher than that of the other mixes. With that being said, it has been observed that
the surface color of the specimens that were mixed with wastewater from an olive oil mill
is darker than the surface color of the specimens that were mixed and cured in freshwater
(Figure 10). Cubic's failure modes with olive oil mill waste-waters (Figure 10) demonstrate
slight differences in comparison to their conventional concrete equivalents (Figure 11).

These variances are shown in Figure 10. At 7, 14, 21, and 28 days, each and every
sample was put through a series of inspections. 7.5% was found to be the ideal amount
of olive oil mill effluent that allowed for the maximum compressive strength to be achieved.

This value reached 38.56 MPa after a period of 28 days, which represented a 37%
increase in comparison to the compressive strength of standard concrete (see Figure 12
and Table 8). When compared to the results that were given in reference [6], the findings
of this research show improved outcomes. This may be ascribed to the purposeful
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selection of a stirring method and a longer decomposition time of 48 hours for olive oil
mill effluent, as compared to the prior duration of 24 hours. Both of these factors
contributed to the observed findings.

According to the data shown in table (8) and figure (12), the incorporation of olive oil mill
effluent at a concentration ranging from 2.5% to 10.0% results in a considerable increase
in compressive strength that may range anywhere from 9.0% to 37.0%. Up to seven days
into the life of concrete, this impact is most noticeable at the beginning stages of the
material's existence. The process of crystallization that takes place in the effluent from
the olive oil mill may be understood to be the cause of the rise that was noticed.

On the other hand, as compared to conventional concrete, the compressive strength
drops by nine percent when the concentration is increased to fifteen percent. Previous
research [6,8] has shown, in general, that the compressive stress curves of concrete that
has been aged with olive oil mill effluent are comparable to those of conventional
concrete.

Figure 11: Cubic’s Without Olive Oil Mill Wastewater Failure Modes
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Table 8: Compressive Strength of Concrete / Olive Oil Mill Wastewater

Control Cube with olive oil mill wastewater
samples | 2.5% 5.0% 7.5% 10.0% | 15.0 %
1 Cc-1 and Co-1
7 | 2 | Cc2andCo2 | 21.73 21'7 2415 | 2596 | 24.90 | 19.64
3 Cc-3 and Co-3
1 Cc-1 and Co-1
14 Il 2 Cc-2 and Co-2 25.40 22'7 28.10 28.45 27.22 22.46
3 Cc-3 and Co-3
1 Cc-1 and Co-1 9.2
21 1l 2 Cc-2 and Co-2 28.10 0. 30.28 33.97 32.22 25.77
3 Cc-3 and Co-3
1 Cc-1 and Co-1
28 W 2 | Cc2andCo2 | 2924 3?;'1 3429 | 3856 | 35.00 | 27.81
3 Cc-3 and Co-3
Cc — Cube without olive oil mill wastewater (control samples)
Co — Cube with olive oil mill wastewater

45

=
o
s 40
'_
L 35
0
E 30 —+—Control
S s —B-00MW - 2.5%
(V2]
£ —4—00OMW -5%
= 20
= OOMW- 7.5%
g 15
—%=00MW - 10%

10 —8—00MW - 15%

5

0

0 5 10 15 20 25 30

THE AGE ( DAYS)

Figure 12: Compressive Strength of Reinforced Concrete with OOMW (0.0, 2.5,
5.0, 7.5, 10.0,15.0 %).

Bending reinforcement concrete strength:

A number of factors, including the age of the concrete, the quantity of cement, the ratio
of water to cement, the ratio of olive oil mill effluent to cement, the presence of additives,
the technique that is used, the type of reinforcement that is used, the curing process, and
other pertinent aspects, all play a role in determining the bending strength of
reinforcement concrete.
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The failure modes that are found in beams that are reinforced with ordinary concrete
(OOMW) are completely different from those that are observed in conventional concrete.
The fractures that appear in OOMW beams are often less than 45 degrees in angle, and
they may sometimes be virtually vertical at the loading position. This is despite the fact
that they seem to be the same. On the other hand, the cracks are comparable in terms of
both their breadth and their height, as seen in Figures 13 and 14.

There was no discernible improvement in the bending strength of reinforced concrete as
a consequence of the addition of OOMW, which stands for oil of water. However, the
greatest strength that was measured was 7.23 MPa, which is significantly lower than the
7.26 MPa that is often recorded in reinforced concrete. This disparity may be related to
the different amounts of OOMW that are utilized, with 7.5% being considered acceptable
and 10% being roughly 1.16 percent lower than that of conventional reinforced concrete.
When it comes to the remaining ratios, which are 2.5, 5.0, and 15.0%, the bending
strength of the material is seen to be lower than that of conventional reinforced concrete
by 24.4%, 14.0%, and 16.0%, respectively. When viewed in a more general sense, the
bending stress curves that correspond to the age of concrete and reinforced concrete
with the addition of ordinary water (OOMW) demonstrate similarities to curves are seen
in reinforced concrete and conventional concrete (see Figure 15/ Table 9).

Figure 13: Beams with OOMW Failure Modes

Figure 14: The Beams Without OOMW Failure Modes
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Table 9: Bending Strength / Reinforced Concrete with Olive Oil Mill Wastewater.

Control Beams with olive oil mill wastewater
samples | 25% | 5.0% | 7.5% | 10.0% | 15.0%
1 Bc-1 and Bo-1
7 I 2 Bc-2 and Bo-2 5.53 4.50 454 6.04 5.93 5.04
3 Bc-3 and Bo-3
1 Bc-1 and Bo-1
14 Il 2 Bc-2 and Bo-2 6.17 4.82 5.00 6.31 6.26 5.52
3 Bc-3 and Bo-3
1 Bc-1 and Bo-1
21 ] 2 Bc-2 and Bo-2 6.45 5.13 5.48 6.92 6.67 5.82
3 Bc-3 and Bo-3
1 Bc-1 and Bo-1
28 v 2 Bc-2 and Bo-2 7.26 5.45 6.26 7.23 7.14 6.09
3 Bc-3 and Bo-3
Bc — Beams without olive oil mill wastewaters (control samples)
Bo - Beams with olive oil mill wastewater

8

~)

[=)]

—4—control

~#-00MW -2.5%

——00MW -5%
OOMW-7.5%

B

BENDING STRESS T (MPA)
w wn
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1 ——-00MW - 15%
0
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THE AGE ( DAYS)

Figure 15: Bending Strength of Reinforced Concrete with OOMW (0.0, 2.5, 5.0, 7.5,
10.0,15.0 %).

Extensive research has been carried out on the use of wastewater that has been treated.
On the other hand, it is important to acknowledge that the effluent from olive oil mills is
not used in the manufacturing of reinforced concrete or in the flexural testing of this
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material. Although this water does not contain the same physical and chemical qualities
as OOMW, there was no drop in bending strength, and the bending strength remained
equivalent when the required components were added to both piles, this was the case
despite the fact that the water in question does not possess the same characteristics, one
of the most important safety considerations is the strength reduction factor, which is
represented by the symbol (P), this factor is multiplied by the nominal strength in order to
determine the design strength of bending (Mn), the design strength of shear equal (Vn),
and the strength of axial load (Pn), among other robust types. It is possible for the value
of the coefficient to change depending on the particular strength requirements and failure
situations that are stated in the code (ACI table 21.2.1). According to the data shown in
the Table, the components that are subjected to an axial force, bending moment, or both
and are impacted by tensile failure have a value of (® = 0.9), this value is relevant to the
tests that were carried out for the purpose of this research. It is normally essential that
the design forces be equal to or less than the design strength, this is often the case.

Mu < & Mn 2
This means that the nominal force must be at least (1/®) more than the required force.
Mn 2 Mu/® 3)

Here, the parameter ® is important when designing.

We suggest a coefficient of (n) as a substitute for the coefficient of (®) based on the
minimal research that has been completed so far in this study as well as earlier works [8,
9]. It is important to note that this coefficient takes into consideration the safety
precautions needed in addition to the deteriorating strength of the link between rebar and
concrete that occurs when waste fluids from olive oil mills are contributed. As an example,
the use of reinforced concrete with diameters of 6, 8, 10, 12, 14, and 16 may be
determined from the values shown in Table 4 of reference [9].

5. CONCLUSIONS

On the basis of the results of the laboratory experiment, which comprised the production
of concrete and reinforced concrete by making use of olive oil mill effluent, an examination
of the features of the mixture was carried out, and a comparison was made with the results
of reference mixes. It is possible to infer the following conclusions as a result ; Firstly the
production of reinforced concrete may be accomplished by replacing a part of the
conventional water with Olive Oil Mill Wastewater in a specific ratio, secondly, when
compared to the reference mixes, the combinations that include Olive Oil Mill Wastewater
have a compressive strength that is much higher, thirdly the bending strength of
reinforced concrete that is achieved with the insertion of 7.5% olive oil mill effluent is
equivalent to that of ordinary reinforced concrete, fourth, in the setting of shortages of
steel reinforcement, the incorporation of olive oil mill effluent into reinforced concrete at a
concentration of 7.5% does not have any influence that can be considered statistically
significant and finally, it has been shown that the best amount of Olive Oil Mill Wastewater
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to be included in the reinforced concrete mixture is 7.5%, as indicated by the outcomes
of this research as well as the study that came before it.

6. RECOMMENDATIONS

Taking into consideration the results of the laboratory study, it is suggested that more
research be carried out on the following aspects: firstly, for better understand on the long
term effects that olive oil mill effluent has on steel reinforcement, it is advised that further
research be carried out this area, secpndly it is recommended that samples of reinforced
concrete be examined at certain time intervals, namely 90, 180, 360, and 720 days, in
order to ascertain the effect that the incorporation of Olive Oil Mill Wastewater has on the
components of reinforced concrete, and finaly it is our proposal that concrete that contains
Olive Oil Mill Wastewater be used for the purpose of creating road pavements, water
fountains, and other infrastructure projects that are equivalent to these.
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