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Abstract In the previous research, the authors
conducted comprehensive research on ¢ 14 and ¢ 16 mm
with various amounts of Olive Oil Mill Wastewater (OOW)
and Brine Wastewater (BW). However, the author extends
their research to include the effect of strength, and bond
stress on the small size of steel bars such as ¢ 6, ¢ 8, ¢ 10,
and ¢ 12 mm. The pull-out test determines the bond stress,
with the same percentages of 2.5, 5.0, 7.5, 10, and 15 BW
and OOW. Although there was a previous study of this
feature, it would not address the evaluation of the
performance of thin reinforcing bars including 12, 10, 8,
and 6 mm, which were normally used in reinforced
concrete elements, and to make things clearer. Pull-out tests
were conducted on the specimens with an added
percentage, as mentioned above, based on the weight of
water for each, the size of the cylinders 150 x 300 mm, and
the anchorage zone of 200 mm used. The results of the test
carried out using the pull-out test showed that the bonding
strength for thin diameters is higher than that for large
diameters. When adding OOW, the bonding strength is
good, but it is less than that of the reference samples, as it
reached diameters of 6 mm (3.01 MPa), 8 mm (2.63 MPa),
10 mm (6.17 MPa), and for 12 mm (6.33 MPa), which is
less than the reference samples by about 35% for diameters
6 and 8, and 8% for diameters 10 and 12 mm. When adding
BW, the bonding strength reached for diameter 6 (3.66
MPa), diameter 8 (2.66 MPa), diameter 10 (6.41 MPa), and

diameter 12 (6.58 MPa), which is less than the reference
samples by about 10.5% for diameters 6 and 8, and 4% for
diameters 10 and 12 mm. These results are for the best-
added ratios, which gave us the best compressive and
bending strengths, which are 7.5% and 10% for OOW and
BW, respectively. Note that the diameters 6 and 8 are
smooth steel bars, and 10 and 12 are deformed steel bars.

Keywords Bond Stress, Brine Wastewater, Olive Oil
Mill Wastewater, Thin Rebar

1. Introduction

On this basis, it is necessary to determine the impact of
the human consumption factor on water resources. The
factor that affects the strength of structural elements is the
bonding factor, where many researchers have worked, but
the research that evaluates the bonding strength of thin
diameters such as diameters 6, 8, and 10 is limited [1].
When adding new materials, the bonding factor acquires
unique importance, knowing that the materials we used,
namely OOW and BW, are of great economic and
environmental importance, especially in Jordan, which is
one of the poorest countries in the world in terms of water
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resources [2-5]. Note that the use of water resources for
concrete mix treatment reached one billion tons; therefore,
the proposed materials will reduce pressure on water
resources [6, 7]. Almost half the population of the world
will suffer from water shortage by 2050 due to
development; on this basis, it is necessary to determine the
impact of the human consumption factor on water
resources [8-10].

The use of saltwater in concrete mixtures can affect the
strength of the concrete compared to mixtures made with
fresh water. It is generally not recommended to use salt
water in reinforced concrete at a temperature of 15 degrees
Celsius to prevent corrosion of the rebar [11]. However,
research has shown that the negative impact of chloride
ions from seawater on concrete is very small and can be
safely ignored [12]. This has led researchers to explore
more sustainable, low-cost management techniques for
concrete [13-15].

Designing the structural elements of reinforced concrete
on the basis that the concrete bears the compressive forces
and the rebar bears the tension forces, as this is done
through a mutual procedure between the two materials,
which is provided by the bond stress between concrete and
steel, is important for strength and resistance, especially in
the cracking stage [16, 17].

Bonding strength consists of friction and chemical
adhesion, reflecting the mechanical interlocking between
rebar and concrete surrounding ordinary bars [18].

The performance of reinforced concrete structures
depends mainly on the bonding behavior between concrete
and rebar and the stress compatibility between them. This
axial load attempts to pull the rebar from the concrete,
causing two types of stress: shear and radial. Many
researchers have used sustainable materials to decrease the
negative impact on the production of reinforced concrete
and its components [19-25].

Based on the European Code EC2-2004, we can find the
anchorage length necessary to insure the resistance against
slipping according to equation (1):

Lpreq= X7 M)

The variables in this equation are as follows: Ly req- is the
required anchorage length, ¢ - is the diameter of the bar, Fyg
- represents the design bond stress, and 644 - represents the
stress on the rebar.

The CEB-FIP Model Code provides a model for the
relationship between bonding stress and slip. A common
standard sample for pull-out testing is the RILEM-CEB
RC6 recommendations, which can be used to obtain a curve

(P-S) and calculate bond strength using Equation 2 [26, 27]:

_ P
T= npla (2)

Where 1 is the bond stress, P is the applied load, ¢ is the
diameter of the bar, and La is the anchorage length.

2. Methodology and Materials

Silica sand, Cement, Olive Oil Mill wastewater, and
Brine Wastewater - The physical and chemical
specifications of the silica sand, BW, OOW, and cement
can be referred to in [2-5].

e Experimental Work

This research contains the results of the tests on 198
cylinders measuring 30 x 15 cm of reinforced concrete,
where the rebar diameters are 6, 8, 10, 12, 14, and 16 with
different contents. Figure 1 shows the chart samples from
Pull-out testing, and in Table 1, steel reinforcement was
used in the research.

Table 1. Tensile Force (kN) Versus Different Bar Diameters (mm)
Diameter, Specimens Length, Average
(mm) No mm Tension
Force, (kN)

1 480

6 2 483 16.22
3 482
1 480

8 2 481 23.90
3 480
1 484

10 2 481 44.50
3 480
1 510

12 2 500 103.80
3 505
1 493

14 2 515 105.40
3 515
1 505

16 2 505 109.80
3 500
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The number of test cylinders,
198 samples

2995

With brine and olive oil
mill wastewater, 180

Without brine and olive oil mill
wastewater, 12 samples, and 6

samples samples according [4]
I | | . ] 1
30 30 30 30
60 Samples, ¢14 and
Samples, Samples, Samples, Samples, .
46 68 $10 $12 ¢16 according [4]

e Reinforced Concrete Production

Figure 1. Chart of the Cylinders (Pull-out test) Investigations

Four basic laboratory stages were worked on in this

research, which can be referred to as [2].

Cube Manufacturing, Moldings, Surface Finishing,
Removal from the mold, and Curing— Can be referred to in
[2]. The sample processing and curing processes are shown
in Figures 2 and 3, respectively.

Figure 2.

Sample processing

Figure 3. Curing Process

e Specimens Testing

All tests were performed on all mixtures after 35 days.

Bonding stress (MPa) and Pull-out force with different
percentages of BW and OOW were shown in Table 2 (a, b,
¢, d, e, and f) for bar diameters of 6, 8, 10, 12, 14, and 16

mm.
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Table 2a. ¢ 6 Grade 40

arll\iioggrferr?tige N, of Cfgpz[letfgssg\;rlgat)h Length of the Emggc‘ieded Pull-out Force (k) acizrgilr?gg titré;.sz(’\(ﬂl\:?a)
of OOW samples With with | Sample (mm) length Concrete | Concrete Concrete | Concrete
and BW BW oow (mm) With BW | With OOW | with BW | With OOW

1

1-2.5 2 31.76 32.06 300 200 10.96 14.51 291 3.85
3
1

11-5 2 32.23 33.63 300 200 12.16 13.61 3.23 3.61
3
1

11-7.5 2 33.49 38.69 300 200 12.83 11.36 3.40 3.01
3
1

1V-10 2 35.48 34.52 300 200 13.69 8.91 3.66 2.37
3
1

V-15 2 27.26 26.37 300 200 10.80 6.13 2.86 1.62
3
1

contr(::ls-ample 2 29.21 29.21 300 200 15.50 15.50 411 411
3

Table 2b. ¢ 8 Grade 40

No of Group Cfg?iftt)issgﬁgit)h Length The Pull-out Force (kN) ac?:g?c?il:g tit::;.s 2(’\(/:;'?3)
and percentage No of of the Embedded
of OOWand | samples With with | Sample length Concrete Concrete Concrete Concrete
BW BW oow (mm) (mm) With BW | WithOOW | WithBW | With OOW
1
1-2.5 2 31.76 32.06 300 200 13.55 18.46 2.69 3.68
3
1
11-5 2 32.23 33.63 300 200 15.71 16.33 3.13 3.25
3
1
111-7.5 2 33.49 38.69 300 200 16.80 13.25 3.35 2.63
3
1
1V-10 2 35.48 34.52 300 200 18.03 11.56 3.58 231
3
1
V-15 2 27.26 26.37 300 200 13.95 8.33 2.77 1.66
3
1
contr(:llls_ample 2 29.21 29.21 300 200 20.10 20.10 4.01 4,01
3
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Table 2¢c. ¢ 10 Grade 40
N, of Group Concrete Strength for | Length of The Pull-out Force Bonding Stress (MPa)
and percentage No of cubes (MPa) the Embedde (kN) according to Eq. 2 (MPa)
of OOWand | samples | yith With Sample | dlength | concrete | Concrete | Concrete | Concrete
BW BW oow (mm) (mm) withBW | withOOW | withBW | With OOW
1
1-2.5 2 31.76 32.06 300 200 35.81 41.80 5.79 6.65
3
1
11-5 2 32.23 33.63 300 200 37.54 40.45 5.97 6.45
3
1
111-7.5 2 33.49 38.69 300 200 38.21 38.80 6.08 6.17
3
1
1V-10 2 35.48 34.52 300 200 40.22 35.65 6.41 5.68
3
1
V-15 2 27.26 26.37 300 200 36.98 29.90 5.88 4.76
3
VI- !
control 2 29.21 29.1 300 200 42.08 42.08 6.70 6.70
sample 3
Table 2d. ¢ 12 Grade 60
otGrowand | | SO | or | me | ey | oS
percentage of samples With With the Sample Embedded Concrete Concrete Concrete Concrete
QoW and BW BW oow (mm) Length (mm) With BW with OOW with BW with OOW
1
1-2.5 2 31.76 32.06 300 200 46.52 50.69 6.17 6.73
3
1
11-5 2 32.23 33.63 300 200 47.60 49.70 6.31 6.60
3
1
111-7.5 2 33.49 38.69 300 200 48.44 47.70 6.43 6.33
3
1
1V-10 2 35.48 34.52 300 200 49.38 46.15 6.56 6.12
3
1
V-15 2 27.26 26.37 300 200 47.32 39.02 6.28 5.18
3
1
contrc:fls:ample 2 29.21 29.21 300 200 51.05 51.05 6.87 6.87
3
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Table 2e. ¢ 14 Grade 60

N, of Group N of Concrete strength for Length The Pull-out Force Bond-ing Stress (MPa)
and percentage cubes (MPa) of the Embedded (kN) according to Eq. 2 (MPa)
of OOW and sar’r;ple . . Samples Length Concrete Concrete Concrete Concrete

BW With BW | With OOW | (mm) (mm) | with BW | With OOW | With BW | With OOW
1
1-2.5 2 31.76 32.06 300 200 4412 48.10 5.01 5.47
3
1
11-5 2 32.23 33.63 300 200 45.86 47.08 5.21 5.35
3
1
11-7.5 2 33.49 38.69 300 200 46.66 46,30 5.30 5.26
3
1
1V-10 2 35.48 34.52 300 200 48.42 4493 5.51 5.11
3
1
V-15 2 27.26 26.37 300 200 46.83 37.96 5.32 431
3
1
Contl’(:llls_ample 2 29.21 29.21 300 200 49.47 49.47 5.62 5.62
3
Table 2f. ¢ 16 Grade 60 according to [4]
iy | o | i | ot | T o) | o s
of OOWand | samples | with With (mm) Length (mm) | Concrete | Concrete Concrete | Concrete
BW BW oow with BW | with OOW | with BW | with OOW
1
1-2.5 2 31.76 32.06 300 200 39.31 47.09 3.91 4.69
3
1
11-5 2 32.23 33.63 300 200 40.46 45.26 4.04 451
3
1
111-7.5 2 33.49 38.69 300 200 44.53 44.42 443 4.42
3
1
1V-10 2 35.48 34.52 300 200 46.88 40.29 4.66 4.00
3
1
V-15 2 27.26 26.37 300 200 45.44 35.69 452 3.56
3
1
Contrcxls-ample 2 29.21 29.21 300 200 49.29 49.29 491 491
3
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3. Results and Discussion

The bond between rebar and concrete in reinforced

concrete structures is a crucial property that affects strength.

When other materials are incorporated into the concrete
components, the bond becomes even more significant.
Additives for reinforced concrete in this research are very
important from an economic and environmental point of

2999

view.

i. Descriptive Statistics

To obtain more accurate information in this research, all
statistical package data were analyzed for the Social
Sciences (SPSS), and the results of the descriptive
statistical analysis were recorded in Table 3.

Table 3. Results in Descriptive Statistics Samples with OOW and BW

The mean Standard Deviation
¢ (mm) Description No of samples

Ooow BW oow BW

Concrete strength (MPa) 15 32.53 31.37 6.16 4,110

Pull-out force (KN) 15 10.32 12.24 4.19 1.445

° Egﬂ:tii';% Sztress (MPa) according to 15 2.73 3.26 111 0.400
Valid Number (listwise) 15

Concrete strength (MPa) 15 32.53 31.37 6.16 4,110

Pull-out force (KN 15 13.39 15.79 5.06 2.241

8 Egﬂgtiir;% sztress (MPa) according to 15 267 313 101 0.445
Valid Number (listwise) 15

Concrete strength (MPa) 15 32.53 31.37 6.16 4.110

Pull-out force (KN 15 35.85 38.01 5.95 2.205

10 Ess:tiir:)?] sztress (MPa) according to 15 570 6.10 0.94 0310
Valid Number (listwise) 15

Concrete strength (MPa) 15 32.53 31.37 6.16 4.110

Pull-out force (KN 15 44.85 47.95 5.83 143

. Egﬂgt':;% 52”655 (MPa) according to 15 5.93 5.86 0.77 0.348
Valid Number (listwise) 15

Concrete strength (MPa) 15 32.53 31.37 6.16 4.110

Pull-out force (KN 15 43.03 46.27 5.07 2.151

14 Ess:tiir:)?] sztress (MPa) according to 15 4.89 526 058 0.250
Valid Number (listwise) 15

Concrete strength (MPa) 15 32.53 31.37 6.16 4.110

Pull-out force (KN 15 41.39 43.09 5.7 3.785

16 Egﬂ;jtiir;?] sztress (MPa) according to 15 412 408 056 0375
Valid Number (listwise) 15
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Figure 6. Bond Stress (MPa) Versus Different Percentages of OOW at 35 Days with Different Bar Diameters (mm).
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Figure 7. Bond Stress (MPa) Versus Different Percentages of BW at 35 Days with Different Bar Diameters (mm}

ii. Thin Rebar Bonding Strength and Concrete with OOW

We carefully studied the bonding property, where
different grades, diameters, and surfaces of reinforcing
steel were used (diameter 6, 8, and 10 mm - Grade 40,
diameter 12, 14, and 16 mm - Grade 60) noting that the
diameters 6, and 8 is smooth and the diameter 10, 12, 14,
16 were deformed). The concrete mix was used with
different percentages of OOW, and then it was compared
with the control mixtures for different steel bars, where 18
samples were used, including 3 reference samples and 15
samples of different percentages. The results are shown in
Table (2), based on the descriptive statistics depicted in
Table 3.

The statistical analysis of the samples containing OOW,
from which the arithmetic averages of the Pull-out forces,
bond stress, and Standard Deviation for all the diameters of
reinforcement steel used was the average bonding stress for
diameters with deformed (10-16) equals 5.1663 and
standard deviation 0.71, but thin and smooth (6, and 8)
average stress equal 2.735 and standard deviation equal
1.0625. Figure 5 shows the average bonding strength for all
types and diameters of steel reinforcement used, and the
pull-out force is shown in Figure 4.

According to our findings, presented in Table 2 and
illustrated in Figures (4-6), it has been determined that
OOW has a direct impact on the bonding stress between the
bar and the concrete. Specifically, the smooth and thin
diameters of the bar are most affected by this relationship.
As shown in the data, an increase in the percentage of
OOW leads to a decrease in bond stress. This can be
attributed to the presence of oil, a primary component of
OOW, which reduces the bonding strength. Although the
compressive strength of concrete when adding OOW is up
to 10% greater than the compressive strength of the
reference samples by about 9%, this is also followed by a
sharp decrease in the bonding stress, as it is for smooth and
thin diameters, which are 6 and 8 mm, by 59%, and for
diameters of a deformed, which are (10-16) by (23-28) %,

this is when OOW is added by 15%. When adding OOW,
the best compressive strength was 7.5%, which is 38.69
MPa, knowing that this is better than regular, which was
29.21 MPa by 32%, but the bonding stress is less than the
reference for thin and smooth diameters (26-34)% and
diameters with a deformed (5-9)%. Based on what is shown
above, smooth, and thin diameters must be used in
reinforced concrete when cautioned, and at the same time,
do not add more than 7.5% when adding OOW. The 7.5%
is considered optimum to make the workability acceptable
and doesn’t need any more additives.

We know that the bonding forces in small diameters are
greater than in larger, which has been proven in this
research. Deformed steel bars with diameters of (10, 12)
mm have a larger bonding force than bars with diameters
of (14 and 16) mm; this applies to diameters 6 and 8 as well.
Since the bonding stress of diameters 10 and 12 are equal
and close to each other, diameter 12 is slightly larger,
although the opposite must be true, as the bonding stress of
diameter 10 is larger, because diameter 10 is Grade 40 and
diameter 12 is Grade 60, and the failure of the sample when
using diameter 10 was done by annealing the rebar and
cutting it, whereas the failure mode for diameters 12, 14,
and 16 was done by cracking it or completely annulling part
of the samples. This indicates that if the diameter of 10 is
from Grade 60, the bonding strength will be greater than
the diameter of 12. The diameter of the thin and smooth
bars, which are 6 and 8, caused the failure of the sample,
which was done by pulling the bars from the concrete.
(Figures 6, 8, and 9).

Upon our analysis and discussions of the results, it
appears that concrete with OOW has higher compressive
and bending strengths than the reference samples. In light
of this and similar findings in previous research [2], we
recommend incorporating a safety factor known as the
bonding factor (1) in the design process to account for the
low bonding strength. It should be noted that all of the
samples, including the reference samples, exhibited a
similar failure mode in terms of steel type and diameter (as
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shown in Figures 8 and 9).

@ (b) (©

Figure 8. The Failure of Cylinders Without OOW and BW, Including
Diameters 6 and 8 (a), Diameters 10 (b), and Diameters 12, 14, and 16
mm (c).

@ (b) (©

Figure 9. The Failure of Cylinders with OOW, Including Diameters 6
and 8 (a), Diameters 10 (b), and Diameters 12, 14, and 16 mm (c).

In diameters 12, 14, and 16, the cracks appeared and
gradually widened with increasing loads until complete
failure at 20 cm, which is the same distance as the length
of the diameter of the rebar inside the sample (Figures 8
and 9. ¢). As for the diameters of the rebar No. 10, the bars
were cut off (Figures 8 and b), and when using the thin
diameters 6 and 8, the failure occurred by pulling the bars
out of the concrete (Figures 8 and 9. a).

iii. Thin Rebar Bonding Strength and Concrete with BW

As previously noted, it is important to thoroughly study
the effects of any new materials on the components of
reinforced concrete, particularly the bond strength between
the steel reinforcement and concrete. In line with this, when
brine wastewater was added, it was subjected to the same
type of study as described within Section 3.2, which is
related to OOW, where the same proportions, the same
number of samples, and the same rebar diameters were
used. The results are recorded in Table 2.

Table 3 shows the statistical analysis of the BW samples,
from which the arithmetic averages of the pull-out forces
and bond stress, as well as their standard deviations, were
calculated for all diameters of reinforcement steel used.
The average bonding stress for diameters with deformed
(10-16) equals 5.3781 and the standard deviation is
0.32084, but for diameters that are thin and smooth (6 and
8), the average bonding stress is 3.1975 and the standard
deviation is 0.4225. Figure 10 shows the average bonding
stress for all types and diameters of steel reinforcement
used, and Figures 4 and 5 show the average bonding

strength and Pull-out force.

After testing all the specimens, we found that BW
influences the bonding strength between concrete and bar
due to salt, which is mainly one of the components of BW.
Salt harms and lowers the bonding strength between bar
and concrete when added at a rate of 2.5%, approximately
30% when using smooth and thin diameters 6 and 8,
approximately 11% when using diameters 10, 12, and 14,
and 20% when using diameters 16. After that, the bonding
strength begins to rise with the increase in the proportion
of BW and for all the diameters that were used.

Note that the best percentage that can be added is 10%,
which gives the greatest strength in compression and
bending and, at the same time, the greatest bonding strength.
When this percentage (10%) of BW was added, the
bonding strength became higher, but it remained lower than
the reference samples by 10% for diameters (6, 8, and 16),
and by (2-5) % for diameters 10, 12, and 14. Then the
bonding strength began to gradually rise again. The reason
for the decrease in bonding strength in the beginning when
adding 2.5% of brine wastewater is due to the insufficiency
of this percentage for the crystallization process that occurs
in concrete (Figures 4, 5, 7, and Table 2).

Our analysis has shown that similar to what was done in
sections 3.2 and [2], the bonding coefficient () must be
introduced to account for the decrease in bond strength
between the rebar and concrete when BW is added.

All the samples, including the reference samples,
displayed a similar failure mode in terms of steel type and
diameter (as shown in Figures 10 and 8). In diameters 12,
14, and 16, the cracks appeared and gradually widened with
increasing loads until complete failure at 20 cm, which is
the same distance as the length of the diameter of the rebar
inside the sample (Figures 10. b and 8. c). As for the
diameters of reinforcement No. 10, the rebar was cut off,
and when using the small diameters 6 and 8, the failure
occurred by pulling the bars out of the concrete (Figures 10.
a, and 8. a). The failure mode of the samples is depicted in
Figures 8, 9, and 11, consistent with the testing methods
outlined in EC2-2004, RILEM-CEB RC6 (1983), and the
findings of several researchers [2, 25, 26].

@ (b)

Figure 10. The Failure of Cylinders with BW, with Diameters of 6 and
8 for (a) and Diameters of 12, 14, and 16 for (b).
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Table 5. The Coefficient's New Values "n" in Equation 2 when BW is

OOW is Added. Added.
The beam's type Reinforced Recommended The beam's type Reinforced Recommended
No. | and steel Diameter | Coefficient “n” No. | and steel Diameter | Coefficient “n”
characteristics. (mm) value characteristics. (mm) value
1 6 1
8 1 8 1
Without olive oil 10 1 Without olive ail 10 1
1 mill wastewater 1 mill wastewater
0.00 % (Control) 12 1 0.00 % (Control) 12 1
14 1 14 1
16 1 16 1
6 0.930 6 0.71
8 0.930 8 0.67
, | Witholive oil mill 10 0.990 , | Witholive oil mill 10 0.87
wastewater 2.5 % 12 0.980 wastewater 2.5 % 12 0.90
14 0.970 14 0.90
16 0.955 16 0.80
0.880 6 0.80
8 0.820 8 0.78
3 With olive oil mill 10 0.960 3 With olive oil mill 10 0.89
wastewater 5 % 12 0.960 wastewater 5 % 12 0.92
14 0.955 14 0.93
16 0.920 16 0.83
0.770 6 0.85
0.68 8 0.85
4 | Witholive oil mill 10 0.92 4 | Witholive oil mill 10 0.91
wastewater 7.5 % 12 0.920 wastewater 7.5 % 12 0.94
14 0.930 14 0.95
16 0.900 16 0.90
0.60 6 0.90
0.59 8 0.90
5 | Witholive oil mill 10 0.85 5 | Witholive oil mill 10 0.96
wastewater 10 % 12 0.90 wastewater 10 % 12 0.96
14 0.91 14 0.98
16 0.82 16 0.95
0.40 6 0.70
0.42 8 0.69
g | Witholive oil mill 10 0.71 g | Witholive oil mill 10 0.88
wastewater 15 % 12 0.76 wastewater 15 % 12 0.91
14 0.77 14 0.95
16 0.73 16 0.92
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Numerous factors can influence the bond strength within
reinforcing steel and concrete, the most important of which
are the type, surface, and diameter of the steel rod,
embedded length, and other factors. In [2], the cohesion
factor (n) was proposed, and based on the study and
analysis that took place in this research, many values were
found for the coefficient (1), which included small bar
diameters as 6, 8, 10, and 12 mm in addition to the 14, and
16 mm, that were previously studied. Which considers the
type, diameter, and surface of the reinforcing steel.

The value of the design moment should be equal to the
maximum moment multiplied by the coefficient (n):

My = Mymax X1 3)

n - is a coefficient that represents the reduction in the
strength of the beam at lower bond levels. Its modified
value can be found in Tables (4 and 5). Using the final
square, we were able to determine the relationship between
the moment of deflection and the level of adhesion.

M, = Mymax X (nnj-:)l.34 +0.7) 4)
Mn = ‘Zn_mx )

Where - 1n, Mumax, Tm, Tm.x - can be revered to [2].

This research enabled the determination of various and
more accurate values of the coefficient n that will
effectively contribute to the design of the reinforced
concrete structural elements to which OOW and BW are
added.

4. Conclusions and Recommendations

After conducting experiments, analyzing the results, and
thoroughly examining the data, the following conclusions
can be drawn:

1. The creation of concrete mix is possible by
substituting a portion of the regular water with a
combination of BW and OOW. The best ratio for this
is found to be 10% BW and 7.5% OOW, as
demonstrated in [2].

2. When OOW and BW are added to the components
of reinforced concrete, the bonding strength in thin
diameters remains higher than in the larger diameters,
as is known in ordinary reinforced concrete.

3. The average drop in bonding strength between
concrete with OOW added was 7.5%, for thin and
smooth steel reinforcement 30%, and for rebar with
deformed 7%.

4. The average decrease in the bonding strength
between concrete with BW added is 10%; for thin
and smooth steel reinforcement, 10%; and rebar with
deformed 3.5%.

5. In reinforced concrete with OOW added, it is
recommended to use smooth rebar with caution.

6. The bonding strength between concrete and rebar is
directly impacted by BW and OOW. As a result, we
recommend conducting comprehensive studies on

the reinforcing steel and structural elements of
reinforced concrete in different proportions of these
materials under compression, bending, and torsion,
especially in the long term, to confirm the revised
values and ensure the effectiveness (nn) mentioned
in question 4.

7. This research and previous research (2 -5) show
significant improvement in the strength and good
bond between concrete and steel bars, as a result of
adding the OOW and BW. Therefore, with high
confidence, we can use this type of new concrete in
the highway reinforced slab, a huge ground slab in
the parking lot, a large basement storage area, and a
non-residential structure.

8. Based on the preliminary results obtained after
immersing rebar in freshwater containing 7.5 OOW
and 10 % BW for two months, it was found that these
materials had no significant effect on the reinforcing
steel in the short term.
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