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Abstract

This study investigated the utility of tree trunk exudates from Vitellaria paradoxa as an inhibitor to limit corrosion
attack on rebar embedded in concrete structures and to _expose high salinity in coastal oceans. The applied resin
exudates/paste is coated with rebar of various thicknesses, embedded in a concrete cube and simulated while
accelerating the corrosion of sodium chloride (NaCl) to determine the environmental use of abundantly available
materials to control the effects of general alteration institute in concrete structures in marine areas. In comparison,
the maximum percentile attained controlled 86.543% versus -45.595% corroded and coated 99.43%. The results
show relatively neared values for controlled coated samples having lower failure load applications. These results
indicate that the samples coated with exudates/resin are protected from the effects of corrosion by the formation of
a resistance layer. The maximum controlled bond strength value was 69.572% compared to -42.481% corroded and
98.031% coated. The results obtained show that the higher load failure of controlled samples while corroded
recorded lower failure loads and maximum slip, the controlled peak value is 95.942%, compared to -43.076%
corroded and 121.718% coated. The results obtained for maximum slip also show higher slip values for controlled
and coated specimens compared to corroded specimens. The results showed an indication of the effect of corrosion
on defects of bond strength and maximum slip. The presence of corrosion reduces the performance of the material
that corrodes there and reduces the mechanical properties of the surface modifications that affect the bond and
interaction between the concrete and the reinforcing steel. From the results obtained and shown in the figure, the
effect of corrosion on uncoated and coated reinforcing steel, it can be seen from the diameter of the reinforcement
that the diameter of the uncoated reinforcing steel is reduced to the maximum value of -0.872% and coated
increased by 0.88%, for the cross-sectional area, the corroded has a maximum decrease value of -16.626% and
coated increased by 20.042%. For the weight loss and gain, obtained values were corroded -18.848% (loss) and
coated 20.042% increased (gain). The data analyzed from experimental work showed that the corrosion effect on
uncoated concrete cubes resulted in a reduction in diameter and cross-sectional area and a reduction in weight,
whereas coated concrete cubes resulted in diameter and cross-sectional increase in weight from different
thicknesses encased with reinforcing steel.

Index Terms: Corrosion, Corrosion inhibitors, Pull-out Bond Strength, Concrete and Steel Reinforcement

1.0 INTRODUCTION

Reinforced concrete structures are mainly based on mechanisms of bonding between reinforcing steel bars
and concrete. The interfacial properties of reinforced concrete are affected by a large number of parameters
related to steel and concrete and their interactions which lead to heterogeneity of reinforced concrete
boundaries, which among other things affect the bond of reinforced concrete [1]. In addition, as a
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phenomenon that is influenced by many variables, it is a challenge to know how reinforced concrete
multiparty can be described in reinforced concrete construction standards. This property has been studied
since the 1940s, as [2] investigated the factors affecting the relationship between steel bars and concrete.
Other studies are those of ([3];[4]; [5];[6];[7];[8];[9];[10];[11]). All these basic tests are performed on
reinforcement larger than 12.0 mm in diameter.

Corrosion has a significant effect on the behavior on the bond between the concrete and the reinforcement. It
has been shown that the adhesive strength initially increases and then decreases with increasing corrosion
rate ([12]; [13]).

[12] Observed a steep hop in free-end shear value when the longitudinal crack opened, indicating a sudden
loss of reinforcement strength during tensile tests.

Corrosion of reinforcement embedded in concrete structures has caused many side effects such as ductility;
([14]); [15] ). In addition, if corrosion occurs, either a larger volume is coated compared to the original steel,
the corrosion products affect the surrounding concrete and thereby increase the mechanical stress on the
reinforcement. Crack propagation and layer coating are the two main general physical characteristics of this
phenomenon according to ([11]); [16]; [17]; [18]). The volumetric expansion of rust not only causes stress
cracking, but also affects the adhesive properties of reinforced concrete; [11]; [19]; [20]). This effect should be
taken into account especially in the static assessment if: corrosion occurs in the required area; [21]).

[11] Found that in the early stages of crack formation (corrosion (0-4%, measured as the gravimetric weight
loss of reinforcement), the end bond stress increases, whereas the bond end slip stress increases with the
degree of corrosion. Damage to the joint is the result of cracking of the concrete near the ends of the
reinforcement. If the reinforcement corrodes in the 4-6% range, the joint disintegrates abruptly with very little
slip at the free ends. At this corrosion rate, large slip is recorded as the ultimate failure of the bond due to
specimen damage. Of the 6% rate of corrosion, mutual damage is the result of constant low slippage. The
adhesive tension initially increases with the corrosion rate until the corrosion reaches a maximum value of 4%,
after which a sharp decrease in the adhesive stress up to 6% corrosion on the rate can be observed. Beyond
the level corrosion of reinforcement 6%, the final joint stress almost does not change, even corrosion up to
80%.

[12] confirmed that the bond strength increases with increasing corrosion rate to critical percentage (2% for
normal concrete, 3.5% for polypropylene fiber concrete as additive and 4.5% for basalt fiber concrete as
additive) and then decreasing.

Permeability of water into concrete causes crack formation due to its expansion when it freezes, and this in
turn causes corrosion when it reaches the embedded reinforcements. This process in addition to
abrasion enhances the weakness in the durability of the reinforced concrete, in order to reduce the
permeability of concrete; the capillary porosity should be reduced as much as possible. In addition to other
durability problems, the increase in the permeability of concrete also initiates and accelerates the corrosion of
reinforcement steel [22]. However, the reinforcements in concrete resist corrosion for a long time; the
electrical conductivity of concrete is rather low when it is dry. For justifying the methodology to measure the
performance of reinforced concrete, the bonding between concrete and steel is the most relevant property,
the mass loss of reinforced concrete does notonly involve a decrease in the cross-sectional area of
reinforcements due to corrosion but the more important thing is that the bond between the steel and
concrete is weakened by the corrosion taking place between the concrete and un-corroded section of the
steel. Consequently, in order to evaluate the performance of reinforced concrete subjected to corrosion,
changes in the bond properties have been investigated ([23]; [24]).

Research on reinforced concrete composites has followed the development of materials such as high-strength
concrete, auxiliary concrete and self-compacting concrete ([25]; [26]; [27];[28],;[29]).

Also in quality control of reinforced concrete structures ([30]; [31]; [32]), and the function of reinforced
concrete under extreme conditions, such as high temperature environments) and corrosion [33] which is
commonly used in reinforced concrete elements. In addition, the development of concrete allows the design
and manufacture of thin reinforced concrete components, especially from the precast sector, especially with
the help of thin reinforcement.

[34] Evaluated the adhesive strength of samples of corroded and exudates/resin coated reinforcing steel
embedded into standard cubes of 150 mm x 150 mm x 150 mm and submerged in a corrosive media for 150
days. The combined results show that the corroded sample weakens during the high-stress separation test
with low bond strength. Non-corroded and exudates/resin-coated samples have higher bond strengths and
lower failure loads. The exudates/resin design exhibits high protective properties against the effects of
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corrosion and acts as an inhibitor. Samples coated with exudates/resin exhibit higher resistance to adhesive
properties and higher flow with less damage compared to their constituents.

[35] Investigated the presence of chloride pollution and carbonization in the marine region of the Niger Delta
in Nigeria to identify the causes of the poor relationship between steel reinforcement and concrete, which has
led to premature deterioration of reinforced concrete structures in harsh environments. The reinforcing steel
bars are coated with different thicknesses against uncoated and embedded in concrete cubes, hardened in an
accelerated corrosive environment and the tensile strength parameters are tested. The yield of the corroded
sample was relatively decreased, while the control sample and cola acuminata resin inhibited steel rods
increased due to the binding properties of the exudates layer. The overall results suggest that natural
exudates/resin should be investigated as an inhibitor of the corrosion effect on steel reinforcement in concrete
structures in the expected areas with chlorides.

[36] Investigated the effect of corrosion inhibitors on plated reinforced steel in an accelerated method to
investigate the fracture toughness of embedded steels for 150 days. In comparison, the yield of the corroded
sample decreased and the exudates-coated sample of the control sample increased. The overall results
showed higher tensile bond strength values for the control elements and the coated exudates/resin compared
to the corroded samples.

[37] Investigated the tensile strength of bonds between reinforcing steel and concrete with samples that were
un-corroded, corroded, and with samples coated with khaya senegalensis resin. The results of the destructive
bond showed a difference of -43.66% compared to 77.37% and 79.67% in the corroded and coated
exudates/resin. The decrease in bond strength percentiles ranged from 57.0631% to 36.33% and 106.57% in
the corroded and coated samples. The results obtained clearly show that the destructive junction stress on the
corroded elements in the exudates/resin is higher in the non-aggressive samples. The adhesive strength of the
un-corroded and coated samples showed a greater affinity for elongation than the corroded one.

[38] Investigated the bond strength between concrete and reinforcement, which leads to a reduction in
diameter due to the subsidence effect of reinforcing steel from near-shore saltwater areas. The application of
artocarpus altilis resin extract to reinforcing steel with a layer thickness of 150um, 300um and 450um and
uncoated reinforcing steel was inserted into a concrete cube dipped in sodium chloride and an accelerated
corrosion process was carried out for 150 days. The comparison results show that the value of the corroded
sample decreases and the exudates/resin coated sample increases. When checking. Overall results showed
higher tensile strength values under control and exudates/resin coated compared to corroded samples.

[39] Investigated the use of acacia exudates/resin as a paste material on reinforcing steel with varying
thicknesses. The experimental study examined coated and uncoated samples embedded in concrete cubes and
dipped in sodium chloride and accelerated for 178 days. In comparison, the value of the uncoated samples
decreased due to corrosion of the mechanical properties of the rebar, but the un-corroded and exudates/resin
coated items increased, indicating a potential acacia exudates/resin from Senegalese steel reinforcement
application process. The overall results show a high value of joint tensile strength and low stress at failure in
the control and the corroded sample.

[40] Investigated the effect of olibanum exudates/ resins in limiting the corrosion tendency of reinforcing steel
in coastal areas by the action of saltwater on concrete structures. Tests show that uncoated samples corrode
and deteriorate with low maximum slip, while the exudates/resin showed higher maximum slip and high bond
pullout strength.

[41] Investigated steel reinforcement coated with acacia exudates/resin paste and uncoated steel, embedded
in concrete cubes, and accelerated for 178 days in sodium chloride (NaCl) solution. The results showed that
corroded failure had a bond load value of -36.15% compared to 56.61% and 59.15% of the controlled and
exuded/resin coated elements. The adhesive strength was 83.04% and 94.92% vs -45.36%, the results showed
that the percentage was decreased compared to the elements that were corroded and coated with
exudates/resin. In comparison, the value of the sample corroded was reduced but controlled and elements
with an exudates/resin coating increased, indicating the exudates/resin potential of senegalese acacia in steel
coated members exposed to corrosive media.

2.0 Test program

This study investigated the utility of tree trunk exudates from Vitellaria paradoxa as an inhibitor to limit
corrosion attack on rebar embedded in concrete structures and to expose high salinity in coastal oceans. The
applied resin exudates/paste is coated with rebar of various thicknesses, embedded in a concrete cube and
simulated while accelerating the corrosion of sodium chloride (NaCl) to determine the environmental use of
abundantly available materials to control the effects of general alteration institute in concrete structures in
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marine areas. The test sample relates to the solid acid content, which indicates the level of sea salt
concentration in the ocean atmosphere in reinforced concrete structures. The built-in reinforcing steel is
completely immersed and the samples for accelerated corrosion are stored in the aggregation tank. This
sample consists of 36 cubes of reinforced concrete and the standard method for concrete mix ratio, manual
dosing according to the weight of the material, has been adopted. Concrete mixing ratio 1:2:4, water-cement
ratio 0.65 to weight of concrete. Manual mixing is used on clean concrete benches, the mixing is checked and
water is added gradually to get the concrete mix completely. Standard color and uniform consistency achieved
by adding cement, water and aggregate, concrete cubes with dimensions of 150 mm x 150 mm x 150 mm, with
reinforcement diameter of 12 mm, built into the tensile test center, with 360 days of immersion in sodium
chloride 28 days after treatment first cube The acid corrosive medium solution was modified monthly and solid
samples were examined to investigate higher potency and change.

2.1 Materials and Testing Methods

2.1.1 Aggregate

Both aggregates (fine and coarse) were purchased. Both meet [42] requirements;

2.1.5 Cement

Grade 42.5 lime cement grade calcareous is the most common type of cement in the Nigerian market. It was
used for all concrete mixes in this test. Meets requirements for cement [43]

2.1.3 Water

Water samples are clean and free from contamination. The water was obtained from civil engineering
laboratory from Kenule Beeson Saro-wiwa Polytechnic, Bori, Rivers State. Water complies with requirements
[44]

2.1.4 Steel Structure Reinforcement

Reinforcements obtained directly from the market in Port Harcourt [45]

2.1.5 Corrosion inhibitor (resin / exudates) Vitellaria paradoxa
The extruded exudates are extracted from the trunk of trees in Aaran village in the local district of Ifelodun in
Kwara state, Nigeria.

2.3 Test Procedure

Accelerated corrosion was tested on high tensile steel with a diameter of 12 mm and a length of 650 mm.
Coated with 150um, 300um, 450um, and 600um before corrosion test. The test cubes had a size of 150 mm x
150 mm x 150 mm and were placed in a metal mold and disassembled after 72 hours. Samples were processed
and cured in tanks for 28 days prior to the first treatment time at room temperature, followed by regular 360-
day monthly monitoring to confirm by corrosion test and fast accelerated test mode. Samples for accelerated
corrosion were taken at intervals of about 3 months of 90 days, 180 days, 270 days and 360 days. Tests were
carried out on failure, bond strength, maximum slip, reduction/increase in cross-sectional area, and weight lost
of reinforcing steel.

2.3 Accelerated Corrosion Setting and Testing Method

In real and natural phenomena, the development of corrosion effects on reinforcement embedded in
concrete elements is very slow and can take years; but the laboratory acceleration process will take less time
to accelerate the marine environment. To test the surface and mechanical properties of the examiner and
fingerprint, test the uncoated and exudates/resin samples and immerse them in 5% NaCl solution for 360 days.

2.4 Tensile strength test

Tensile tests were carried out on 36 concrete cubes laid 150 mm x 150 mm x 150 mm with built-in
reinforcement with a diameter of 12 mm in the center on controlled, uncoated and coated samples from a
universal testing machine with a compressive load of 50 KN according to BSEN 12390.2., And the results of the
adhesive tensile test, adhesive tensile strength, maximum slip, cross-section reduction/enlargement and
weight loss/bone reduction were recorded.
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2.5 Tensile Strength of Reinforcing bars

To determine the density and tensile strength of uncoated and uncoated reinforcing steel, they were tested
and loaded directly on a universal testing machine (UTM) with a failure load. To ensure stability, the remaining
pieces are used in subsequent tests of bonding and failure loads, bond strength, maximum slip,
reduction/increase in cross-sectional area, and weight reduction/reinforcement of steel.

3.1 Experimental Results and Discussion
The interaction between concrete and reinforcing steel must be perfect to allow maximum bond to the
surrounding concrete structure. The increase in deformed (rib) rebar and slip joints mainly depends on
bearings or mechanical locks between the concrete around the ribs on the bar surface. The harmful effects of
corrosive attack render many structures unusable and their intended life shortens.
The experimental data shown in Tables 3.2.3.2 and 3.3, summarized in Tables 3.4 and 3.5, were tested on 36
samples of concrete cubes from 12 controlled samples placed in fresh water for 360 days, 12 samples without
coating and 12 samples with exudates coating. / Resin, all combined with reinforcement and immersed in 5%
sodium chloride (NaCl) solution for 360 days and assessed for performance by inspection, monitoring, review,
and 3-month intervals at 90 days, 180 days, 270 days, and 360 days. In fact, the manifestation of corrosion is a
long-term process that takes decades to fully function, but the artificial introduction of sodium chloride causes
the manifestation and occurrence of corrosion in a shorter time. Experimental work presents an ideal high
salinity coastal marine area and the potential use of Vitellaria Paradoxa exudates/resin as an inhibitor to limit
bullfighting and corrosion risk in reinforced concrete structures exposed to or constructed in such heavy and
hard areas.

Table 3.1: Results of Pull-out Bond Strength Test (tu) (MPa)

Non-corroded Control Cube Specimens
Sample Numbers VPC VPC1 VPC2 VPC3 VPC4 VPC5 VPC6 VPC7 VPC8 VPC9 VPC10 | VPC11
Time Interval after 28 days curing
Sampling g and Samples 1 (28 days) Samples 2 (28 Days) Samples 3 (28 Days) Samples 4 (28 Days)
Durations
Failure Bond Loads 29.899 | 27.810 | 28.374 | 28.970 | 29.785 | 29.486 | 30.010 | 29.827 | 29.892 | 31.703 | 30.827 | 31.029
(kN)

Bond strength (MPa) | 11.446 | 12.338 | 10.836 | 11.766 | 12.139 | 13.062 | 13.156 | 12.485 | 12.520 | 13.226 | 12.537 | 13.084
Max. slip (mm) 0.131 | 0.133 | 0.123 | 0.128 | 0.127 | 0.126 | 0.139 | 0.143 | 0.151 | 0.149 | 0.153 | 0.151
Nominal Rebar 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000 | 12.000

Diameter

Measured Rebar 12.031 | 12.028 | 12.032 | 12.023 | 12.032 | 12.031 | 12.028 | 12.032 | 12.031 | 12.032 | 12.022 | 12.022
Diameter Before
Test(mm)

Rebar Diameter- at 12.031 | 12.028 | 12.032 | 12.023 | 12.032 | 12.031 | 12.028 | 12.032 | 12.031 | 12.032 | 12.022 | 12.022

28 Days
Nominal(mm)

Cross- Sectional Area 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Reduction/Increase
(Diameter, mm)

Rebar Weights- 0.567 | 0.568 | 0.568 | 0.574 | 0.568 | 0.567 | 0.568 | 0.567 | 0.568 | 0.568 | 0.566 | 0.566

Before Test (Kg)

Rebar Weights-at28 | 0.567 | 0.568 | 0.568 | 0.574 | 0.568 | 0.567 | 0.568 | 0.567 | 0.568 | 0.568 | 0.566 | 0.566
Days Nominal (Kg)

Weight Loss /Gain of 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Steel (Kg)
Table 3.2: Results of Pull-out Bond Strength Test (tu) (MPa) Corroded Concrete Cube Specimen
Corroded Concrete Cube Specimens

Sampling g and Samples 1 (90 days) Samples 2 (180 Days) Samples 3 (270 Days) Samples 4 (360 Days)
Durations

Failure Bond Loads 15.888 | 15.201 | 15.491 | 14.933 | 14.181 | 15.049 | 14.628 | 14.936 | 14.634 | 15.869 | 14.748 | 15.482

(kN)

Bond strength (MPa) 7.557 7.568 7.332 7.554 7.321 7.293 7.092 7.780 6.755 7.244 7.091 7.404
Max. slip (mm) 0.080 | 0.084 | 0.085 | 0.093 | 0.084 | 0.088 | 0.087 | 0.077 | 0.083 | 0.084 | 0.085 | 0.075
Nominal Rebar 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00 | 12.00
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Diameter

Measured Rebar
Diameter Before
Test(mm)

12.015 | 12.014 | 12.033

12.023 | 12.024 | 12.024

12.013 | 12.014 | 12.023

12.020 | 12.023 | 12.024

Rebar Diameter-
After Corrosion(mm)

11.966 | 11.965 | 11.984

11.974 | 11.975 | 11.975

11.964 | 11.965 | 11.974

11.971 | 11.974 | 11.975

Cross- Sectional Area
Reduction/Increase
(Diameter, mm)

0.049 | 0.049 | 0.049

0.049 0.049 | 0.049

0.049 | 0.049 | 0.049

0.049 | 0.049 | 0.049

Rebar Weights-
Before Test (Kg)

0.569 | 0.570 | 0.569

0.569 0.569 | 0.569

0.570 | 0.569 | 0.576

0.569 | 0.568 | 0.570

Rebar Weights- After
Corrosion (Kg)

0.527 0.527 0.527

0.534 0.527 0.527

0.527 0.527 0.527

0.525 0.534 0.527

Weight Loss /Gain of
Steel (Kg)

0.043 0.043 0.042

0.036 0.042 0.042

0.043 0.042 0.048

0.044 0.034 0.043

Table 3.3: Results of Pull-out Bond Strength Test (tu) (MPa of vitellaria paradoxa Exudate /
Resin (steel bar coated specimen)

Sampling g and Samples 1 (90 days) Samples 2 (180 Days) Samples 3 (270 Days) Samples 4 (360 Days)
Durations
Sample 150um (Exudate/Resin) 300um (Exudate/Resin) 450um (Exudate/Resin) 600um (Exudate/Resin)

coated

coated

coated

coated

Failure Bond Loads
(kN)

30.713 | 28.623 | 29.187

29.784 | 30.599 | 30.300

30.823 | 30.641 | 30.705

32.516 | 31.641 | 31.842

Bond strength (MPa)

13.089 | 13.982 | 12.479

13.410 | 13.783 | 14.706

14.799 | 14.129 | 14.164

14.869 | 14.181 | 14.727

Max. slip (mm)

0.123 0.124 0.115

0.120 | 0.119 0.118

0.131 0.135 0.143

0.140 0.145 0.143

Nominal Rebar
Diameter

12.000 | 12.000 | 12.000

12.000 | 12.000 | 12.000

12.000 | 12.000 | 12.000

12.000 | 12.000 | 12.000

Measured Rebar
Diameter Before
Test(mm)

12.003 | 11.993 | 11.984

11.983 | 11.993 | 11.993

11.985 | 11.994 | 12.003

11.983 | 11.984 | 11.994

Rebar Diameter- After
Corrosion(mm)

12.402 | 12.392 | 12.383

12.382 | 12.392 | 12.392

12.383 | 12.393 | 12.402

12.382 | 12.383 | 12.393

Cross- Sectional Area
Reduction/Increase
(Diameter, mm)

0.399 | 0.399 | 0.399

0.399 | 0.399 | 0.399

0.399 | 0.399 | 0.399

0.399 | 0.399 | 0.399

Rebar Weights-
Before Test (Kg)

0.569 0.569 0.576

0.576 0.569 0.569

0.570 0.569 0.576

0.569 0.576 0.569

Rebar Weights- After
Corrosion (Kg)

0.630 | 0.630 | 0.629

0.630 | 0.629 | 0.630

0.630 | 0.629 | 0.630

0.629 | 0.628 | 0.629

Weight Loss /Gain of

0.054 0.061 0.058

0.058 0.058 0.059

0.060 0.060 0.054

0.060 0.052 0.060

Steel (Kg)
Table 3.4: Results of Average Pull-out Bond Strength Test (tu) (MPa) Control, Corroded and
Exudates/ Resin Coated Steel bar
Control, Corroded and Resin Steel bar Coated
Sample Non-Corroded Specimens Average Corroded Specimens Average Coated Specimens Average Values
Values Values of 150um, 300pm, 450pum,

6000pum)

Failure load (KN)

29.018 | 29.737 | 30.233

31.510 | 15.856 | 15.050

15.062 | 15.696 | 29.830

30.550 | 31.045 | 32.322

Bond strength (MPa)

11.530 | 12.313 | 12.711

12.939 | 7.796 7.699

7.519 7.556 | 12.995

13.778 | 14.176 | 14.404

Max. slip (mm)

0.142 0.140 | 0.158

0.149 | 0.083 | 0.088

0.082 | 0.081 | 0.131

0.129 0.147 0.153

Nominal Rebar
Diameter

12.000 | 12.000 | 12.000

12.000 | 12.000 | 12.000

12.000 | 12.000 | 12.000

12.000 | 12.000 | 12.000

Measured Rebar
Diameter Before
Test(mm)

11.998 | 11.993 | 11.998

11.998 | 11.990 | 11.996

11.989 | 11.990 | 11.960

11.963 | 11.962 | 11.959

Rebar Diameter- After
Corrosion(mm)

11.998 | 11.993 | 11.998

11.998 | 11.941 | 11.947

11.940 | 11.941 | 12.013

12.017 | 12.016 | 12.013

Cross- Sectional Area
Reduction/Increase

0.000 0.000 0.000

0.000 0.049 0.049

0.049 0.049 0.054

0.054 0.054 0.054
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Rebar Weights- 0.580 0.581 0.581 0.581 0.583 0.583 0.587 0.582 0.584 0.582 0.583 0.581
Before Test (Kg)
Rebar Weights- After 0.580 0.581 0.581 0.581 0.539 0.540 0.540 0.542 0.642 0.643 0.643 0.645
Corrosion (Kg)
Weight Loss /Gain of 0.000 0.000 0.000 0.000 0.043 0.043 0.047 0.040 0.060 0.061 0.060 0.064
Steel (Kg)

Table 3.5: Results of Average Percentile Pull-out Bond Strength Test (tu) (MPa) of Control,
Corroded and Exudate/ Resin Coated Steel bar

Non-corroded Control Cube Corroded Cube Specimens Exudate / Resin steel bar coated
specimens
Failure load (KN) 83.007 | 97.586 | 100.725 | 100.754 | -46.845 -50.73 | -51.48 | -51.43 | 88.129 | 102.983 | 106.118 | 105.928
Bond strength 47.908 | 59.919 69.049 71.242 -40.011 -44.11 | -46.95 | -47.54 | 66.698 78.944 88.530 90.627
(MPa)
Max. slip (mm) 72.068 | 59.070 92.665 94.546 -37.062 -31.83 | -44.24 | -47.13 | 58.888 46.712 79.340 89.149
Nominal Rebar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Diameter
Measured Rebar 0.294 0.026 0.271 0.268 0.251 0.278 0.224 0.255 0.250 0.278 0.224 0.254
Diameter Before
Test(mm)
Rebar Diameter- 0.480 0.384 0.482 0.480 -0.607 -0.579 | -0.634 | -0.604 0.611 0.583 0.638 0.607
After
Corrosion(mm)
Cross- Sectional 0.000 0.000 0.000 0.000 -8.905 -8.905 | -8.905 | -8.905 9.776 9.776 9.776 9.776
Area
Reduction/Increase
(Diameter, mm)
Rebar Weights- 0.336 0.360 0.323 0.376 0.356 0.369 0.321 0.333 0.366 0.369 0.316 0.353
Before Test (Kg)
Rebar Weights- 7.567 7.479 7.516 7.202 -15.999 -15.96 | -15.98 | -16.02 | 19.047 18.993 19.030 19.077
After Corrosion
(Kg)
Weight Loss /Gain 0.000 0.000 0.000 0.000 -28.073 - 39.030 43.059 29.614 58.458
of Steel (Kg) 30.099 | 22.848 | 36.892

3.2 Failure load, Bond Strength, and Maximum slip

Investigation of the bonding forces of reinforcing bars revealed a three-component bonding mechanism: (1)
chemical bond, (2) friction, and (3) mechanical interactions between concrete and steel ([46]; [47]). This is the
bond strength originally obtained from the weak chemical bond between the steel and the hardened cement;
however, this resistance is usually compromised at low levels of exercise. The loss of chemical bonds causes
the appearance of radial micro-cracks in the concrete.

Corrosion is one of the main reasons for the limited durability of reinforced concrete [48]. The bond strength is
a measure of the load transfer between concrete and reinforcement but the effect of corrosion on reinforced
concrete structures exposed to the coastal areas with high salinity has called for the inclusion of coating
materials to curb the negative effects of corrosion on steel which is studied in this research work and results
obtained presented and discussed below.

The results of the failure load, bond strength, and maximum slip were carried out on 36 concrete cubes, as
shown in tables 3.1, 3.2, 3.3, and averagely summarized in 3.4 and percentile in 3.5, shown graphically in
figures 1 - 6b. The results obtained referred to 12 controlled, 12 corroded and 12 coated samples tested for
failure using Instron Universal Testing Machines at 50kN as described in the test procedure.

The relationship between reinforcement and concrete is the most important parameter for the composite
effect of reinforced concrete sections. The load is always transferred by transferring the bond stress to the
interaction zone. The computed data of the minimum and maximum average and percentile values obtained
from the failure load of controlled concrete cube samples were 28.25kN and 31.253kN representing percentile
values of (70.041% and 86.543%), corroded concrete cube samples were 16.108kN and 16.914kN, and
percentiles values were (-50.11% and -45.595%), with coated samples value of 31.089kN and 33.581kN and
denoted percentile values of (93.03% and 99.43%). The bond strength values for control were 11.393MPa and
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12.802MPa which were represented by percentiles of (46.27% and 69.572%), corroded 7.51MPa and
7.789MPa and percentile values of (-49.503% and -42.481%) and the coated samples were represented of
13.542MPa and 14.951MPa and percentile values of (73.854% and 98.031%). The maximum examples of
concrete cubes with control slip are 0.14mm and 0.153mm and 0.152 mm with percentile values (61.195% and
95.942%), corroded 0.079 mm and 0.087 mm, and with percentile values (-54.889% and - 43.076%) and 0.176
mm and are indicated by percentiles (75.674% and 121.718%).

The results shown in Table 3.4 yielded the average values from Tables 3.1, 3.2, and 3.3, which are further
summarized from 3.4 to 3.5, for the difference between the percentile values of failure load, bond strength,
and maximum slip, all of which fail in applications with lower loads, compared with the reduced percentile
values for the controlled and exudates/resin coated concrete cube samples. In comparison, the maximum
percentile attained controlled 86.543% versus -45.595% corroded and coated 99.43%. The results show
relatively neared values for controlled coated samples having lower failure load applications. These results
indicate that the samples coated with exudates/resin are protected from the effects of corrosion by the
formation of a resistance layer.

The maximum controlled bond strength value was 69.572% compared to -42.481% corroded and 98.031%
coated. The results obtained show that the higher load failure of controlled samples while corroded recorded
lower failure loads and maximum slip, the controlled peak value is 95.942%, compared to -43.076% corroded
and 121.718% coated. The results obtained for maximum slip also show higher slip values for controlled and
coated specimens compared to corroded specimens.

The results showed an indication of the effect of corrosion on defects on bond, bond strength, and maximum
slip as related in the studies of ([38];[39];[40];[33];[37];[35]). The presence of corrosion reduces the
performance of the material that corrodes there and reduces the mechanical properties of the surface
modifications that affect the bond and interaction between the concrete and the reinforcing steel.
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Failure Bond Loads (kN)
—@— Non-corroded Control Cube Specimens

Corroded Concrete Cube Specimens

vitellaria paradoxa Exudate / Resin ( steel bar coated specimen)

Figure 1. Failure Bond loads versus Bond Strengths
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Figure 1a. Average Failure Bond loads versus Bond Strengths
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Figure 1b. Average Percentile Failure Bond loads versus Bond Strengths
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Figure 2b. Average Percentile Bond Strengths versus Maximum Slip

3.3 Mechanical Properties of Reinforcing Bars

The bond strength is mainly due to the weak chemical bond between the steel and the hardened cement, but
this strength disintegrates at low pressure. As soon as slippage occurs, friction will help bond. With fine steel
bars, friction is an important part of strength. Reinforced steel reinforcement with ribs under enlarged shear
bond relies primarily on bearing or mechanical connections between the reinforcement and the surrounding
concrete at the surface. This study describes the use of exudates/resins to improve slip problems in
fine/smooth and weakened ribs reinforcement.

The effect of corrosion on the mechanical properties of reinforcement has been studied by many researchers,
for example by ([49]; [50]; [51]; [52]; [53]). According to [54], corrosion can be divided into two categories:
generalized and localized corrosion. The relationship between reinforcement and concrete is the most
important parameter for the composite effect of reinforced concrete sections. The load is always transferred
by transferring the connection voltage to the interaction zone.

Investigation of the bonding forces of reinforcement revealed a three-component bonding mechanism: (1)
chemical bond, (2) friction, and (3) mechanical interactions between concrete and steel ([46]; [47]). It is the
bond strength that initially results from the weak chemical bond between the steel and the hardened cement;
however, this resistance is usually compromised with light loads. The loss of chemical bonds causes the
appearance of radial micro-cracks in the concrete.
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The data are presented in Tables 3.1, 3.2, and 3.3 and summarized in Table 3.4 and Figures 1 to 6b. The result
of the controlled sample is a value of 100% because it is pooled and obtained from a freshwater tank according
to the requirements (BS 3148).

The results are summarized in the minimum and maximum values, which are taken from Tables 3.4A and 3.5.
Steel bars with nominal diameters of all samples were 100%, and the minimum and maximum diameters of
steel bars measured before the tests were in the range of 11.955 mm and 11.595 mm. The diameter of the
specimens for reinforcement uncoated (corroded) were 11.908mm and 11.911mm and percentile values of (-
0.872% and -0.872%) after the corrosion test, and 12.013 mm and 12.016 mm with percentile values range
of(0.879% and 0.88%) after coated.

The cross-section results for uncoated (corroded) were 0.048mm and 0.048mm, with percentiles values of (-
16.776% and -16.626%), for coated were 0.057 mm and 0.057 mm (20.042% and 20.042%). The results for the
weight of reinforcement before testing were 0.589 kg and 0.59 kg (0.039% and 0.059%) for all samples, the
weight after corrosion testing for corroded was 0.533 kg and 0.535 kg (-18.886% and -18.848%), coated were
0.657 kg and 0.659 kg (23.226% and 23.283 %) and weight loss/weight gain of corroded steel 0.056 kg and
0.056 kg (-19.759% and -19.165%), as well as coating values 0.069 kg and 0.069 kg (23.709% and 24.625%).
From the results obtained and shown in the figure, the effect of corrosion on uncoated and coated reinforcing
steel, in Figures 3 and 6b, it can be seen from the diameter of the reinforcement that the diameter of the
uncoated reinforcing steel is reduced to the maximum value of -0.872% and coated increased by 0.88%, for the
cross-sectional area, the corroded has a maximum decrease value of -16.626% and coated increased by
20.042%. For the weight loss and gain, obtained values were corroded -18.848% (loss) and coated 20.042%
increased (gain) as related in the studies of ([38];[39];[40];[33];[37];[35]). The data analyzed from
experimental work showed that the corrosion effect on uncoated concrete cubes resulted in a reduction in
diameter and cross-sectional area and a reduction in weight, whereas coated concrete cubes resulted in
diameter and cross-sectional area and an increase in weight of different thicknesses encased with reinforcing
steel.
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Figure 6b. Average percentile Rebar Weights- After Corrosion versus
Weight Loss /Gain of Steel

3.3 Comparison of Control, Corroded, and Coated Concrete Cube Members

For comparison of the data in Tables 3.1, 3.2 and 3.3 and Figures 3, 4.5 and 6 for 12 controlled samples
collected for 360 days in freshwater tanks, 12 uncoated and 12 coated, collected in 5% Sodium chloride (NaCl).
Solutions for the 360 day ad, are described in 3.1 - 3.3 and summarized in Tables 3.4 - 3.5 and Figures 3a, 3b,
4a, 4b, 5a, 5b, 6a and 6b for the mean and percentage values for failure, bonding and maximum loads Slip,
reduction/gain of cross-section, diameter of reinforcement before/after corrosion, weight loss/increase. The
results obtained for comparison show that the load on the fracture joint in the controlled and coated area
maintains a slight range of values, while the corroded element is subjected to a lower load; similar factors
apply to bond strength and maximum slip. Regarding the mechanical properties of reinforcing steel, the
corrosion effect of reinforcing steel shows a decrease in the cross-sectional diameter of the bar compared to
the nominal diameter before the test, a decrease in weight is also observed, while the coated elements have
an increase in cross-section. The cross-sectional area, diameter increase and weight increase compared to
nominal reinforcement, this increase was caused by differences in the thickness of the roof covering. From this
it can be concluded that the exudates/resin examined showed the effectiveness of its inhibitory properties
against corrosion attack and could be used as a corrosion inhibitor.
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4.0 Conclusion

In the experiment, the results obtained are plotted as follows:
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The results show relatively slight values for controlled samples with coated with lower failure loads.
These results indicate that the samples coated with exudates/resin were protected from corrosion by
the formation of a resistant layer.

The exudates/resin has a corrosion-inhibiting effect because it is water-resistant, resistant to
penetration and corrosion attack.

The interaction between concrete and steel in the coated component is greater than that of the
corroded sample

Coated and control samples showed higher values for bond strength

Weight loss and area reduction were noted mainly in the corroded layer and in controlled samples
Corrosive effect of uncoated concrete cubes causes a reduction in diameter and cross-sectional area
and a reduction in weight, whereas coated concrete cubes cause an increase in diameter and cross-
sectional area and weight in various thicknesses which are coated with reinforced steel.

The presence of corrosion reduces the yield strength of material and reduces the mechanical
properties of the surface modifications that affect the bond and interaction between the concrete
and the reinforcing steel.
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