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ABSTRACT 

The study investigated the effect of corrosion on the bond strength and failure load of concrete structures. 

The results of the study demonstrated that corrosion has a negative impact on the bond strength and failure 

load of concrete structures. Non-corroded control cube specimens showed higher failure loads and bond 

strength compared to corroded concrete cube specimens. The application of Parkinsonia aculeata 

exudate/resin coating was found to significantly improve the bond strength and failure load of corroded 

specimens. The findings of the study suggest that natural inhibitors such as plant extracts, exudates, and 

resins can improve the durability of concrete structures by inhibiting corrosion. The study also compared 

the bond strength and maximum slip of non-corroded control cube specimens, corroded concrete cube 

specimens, and Parkinsonia aculeata exudate/resin-coated steel bar specimens. The results showed that the 

bond strength values of the non-corroded control cube specimens increased over time, while those of the 

corroded concrete cube specimens decreased. The exudate/resin-coated steel bar specimens showed the 

highest bond strength values among the three types of specimens. The maximum slip values remained 

relatively constant over time for all three types of specimens. The study concluded that corrosion 

significantly reduces the bond strength and increases the slip of reinforcing steel and surrounding concrete. 

However, the use of corrosion inhibitors, such as exudates/resins and coatings, can significantly improve 

the performance of reinforced concrete structures. The results suggest that the use of Parkinsonia aculeata 

exudate/resin can be an effective and eco-friendly approach to prevent corrosion in concrete structures. The 

coated specimens did not experience significant corrosion and had similar rebar diameters to the non-

corroded and corroded specimens. Furthermore, the weight loss/gain of steel and rebar weights after 

corrosion decreased in the exudate/resin-coated specimens compared to the corroded concrete cube 

specimens. The study demonstrates that the use of exudates/resins extract as a corrosion inhibitor can 

significantly reduce the weight loss/gain of steel and rebar weights after corrosion in concrete structures. 

These findings suggest that natural extracts like Parkinsonia aculeata exudate/resin can be a potential 

solution for inhibiting corrosion in concrete structures and can be a sustainable and environmentally 

friendly solution for maintaining the structural integrity of concrete. Further research is needed to optimize 

their use and study their long-term effectiveness. 
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1.0 INTRODUCTION 

Corrosion is a significant issue for reinforced concrete structures, especially in acidic environments. The 

corrosion process not only reduces the mechanical properties of the material but also compromises the 

structural integrity of the building. The use of green corrosion inhibitors in reinforced concrete is an 

effective method to mitigate the impact of corrosion on mechanical properties. Green corrosion inhibitors 

are eco-friendly alternatives to traditional chemical inhibitors, which can be harmful to the environment. 

These inhibitors act by forming a protective layer on the surface of the material, which reduces the rate of 

corrosion. Green inhibitors include plant extracts, amino acids, and other organic compounds. These 

inhibitors are sustainable, non-toxic, and biodegradable, making them ideal for use in reinforced concrete 

structures. 

Research studies have shown that the use of green corrosion inhibitors in reinforced concrete improves the 

corrosion performance of the material. A study conducted by Amin et al. (2018) investigated the effect of 

a green corrosion inhibitor extracted from pomegranate peel on the corrosion behavior of reinforced 

concrete in a 3.5% NaCl solution. The study found that the inhibitor reduced the corrosion rate by 94.3% 

compared to the control group. 

The mechanical properties of reinforced concrete are also affected by corrosion. Corrosion reduces the 

strength and ductility of the material, which can lead to structural failure. The use of green corrosion 

inhibitors in reinforced concrete can improve the mechanical properties of the material. A study conducted 

by Li et al. (2017) investigated the effect of a green corrosion inhibitor derived from wheat straw on the 

mechanical properties of reinforced concrete. The study found that the inhibitor improved the compressive 

strength, flexural strength, and splitting tensile strength of the material. 

The use of plant extracts as corrosion inhibitors for mild steel and steel in concrete has gained significant 

attention from researchers due to their environmentally friendly and cost-effective nature. Numerous studies 

have explored the effectiveness of various plant extracts, including Lawsonia inermis Linn leaf extract, as 

corrosion inhibitors. Ali et al. (2017) and Ahmed et al. (2020) found that Lawsonia inermis leaf extract was 

effective in inhibiting the corrosion of mild steel in acidic and alkaline media, respectively. Chen et al. 

(2017) and Chen et al. (2019) explored the use of plant extracts such as black tea and green tea as corrosion 

inhibitors for steel in concrete, while Chowdhury et al. (2019) found that the combination of Acacia catechu 

and Tamarindus indica extracts was effective.  

Other studies investigated the use of extracts from Punica granatum, Citrullus colocynthis, Eucalyptus 

globulus, Syzygium cumini, Lonicera japonica, Sophora japonica, Sanguisorba officinalis, Moringa 

oleifera, Azadirachta indica, Camellia sinensis, Zanthoxylum bungeanum, and Euphorbia helioscopia as 

corrosion inhibitors for steel in concrete. Mansouri et al. (2017) found that plant extracts including Punica 

granatum and Lawsonia inermis exhibited good corrosion inhibition performance, and Meena et al. (2018) 

found that Bacopa monnieri and Cassia auriculata extracts had good inhibitory properties. Naderi et al. 

(2018) and Navaee et al. (2018) investigated the inhibition efficiency of Eucalyptus camaldulensis and 

Eucalyptus globulus extracts, respectively, on steel in concrete. Rana et al. (2019) evaluated the corrosion 

inhibition efficiency of Cymbopogon citratus extract, while Razaqpur et al. (2017) studied the effect of 

Salix extracts. Mukherjee et al. (2020) investigated the effect of Passiflora foetida extract on the corrosion 

inhibition of steel in concrete. Saber et al. (2020) evaluated the corrosion inhibition efficiency of the Alhagi 

camelorum extract. Overall, the studies indicate that plant extracts can be effective and eco-friendly 

alternatives to traditional corrosion inhibitors for mild steel and steel in concrete. 

In addition to plant extracts, other green corrosion inhibitors have been studied for their effectiveness in 

reinforced concrete. A study conducted by Lu et al. (2020) investigated the use of an amino acid-based 
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inhibitor in reinforced concrete exposed to a simulated acidic environment. The study found that the 

inhibitor reduced the corrosion rate by 95.7% compared to the control group. 

For example, a study conducted by Zhang et al. (2018) evaluated the corrosion resistance and mechanical 

properties of reinforced concrete with green corrosion inhibitors in a simulated acid rain environment. The 

results showed that the addition of green corrosion inhibitors significantly reduced the corrosion rate of the 

steel reinforcement, while also maintaining the compressive strength of the concrete. 

Similarly, a study by Luo et al. (2019) investigated the use of a plant extract-based green corrosion inhibitor 

in reinforced concrete exposed to acidic wastewater. The results showed that the inhibitor effectively 

reduced the corrosion rate of the steel reinforcement, while also improving the tensile strength and ductility 

of the concrete. 

Another study by Wang et al. (2020) evaluated the performance of reinforced concrete with a graphene 

oxide-based green corrosion inhibitor in an acidic environment. The results showed that the inhibitor 

significantly reduced the corrosion rate of the steel reinforcement, while also improving the flexural 

strength and toughness of the concrete. 

Several studies have evaluated the effectiveness of green corrosion inhibitors in enhancing the corrosion 

resistance and mechanical properties of reinforced concrete structures. For example, Zhang et al. (2017) 

investigated the effect of green tea extract on the corrosion resistance of reinforced concrete. The study 

found that green tea extract significantly improved the corrosion resistance of reinforced concrete by 

reducing the corrosion rate of the reinforcement steel. 

Similarly, Al-Badri et al. (2019) evaluated the effectiveness of an eco-friendly corrosion inhibitor derived 

from pomegranate peel extract. The study found that the pomegranate peel extract inhibited the corrosion 

of reinforcement steel and enhanced the mechanical properties of reinforced concrete. 

Wang et al. (2020) investigated the effect of a green corrosion inhibitor derived from lemongrass extract 

on the corrosion resistance of reinforced concrete. The study found that the lemongrass extract reduced the 

corrosion rate of reinforcement steel and improved the mechanical properties of reinforced concrete. 

Ahmed et al. (2017), the corrosion resistance of reinforced concrete with an inhibitor derived from potato 

peel waste was evaluated. The results showed that the inhibitor reduced the corrosion rate of steel 

reinforcement by 65% and improved the mechanical properties of concrete. 

Ramadoss et al. (2019), the effectiveness of an inhibitor synthesized from tea waste was evaluated. The 

inhibitor reduced the corrosion rate of steel reinforcement by 75%, and the compressive strength of the 

concrete was improved by 11%. 

Srinivasan et al. (2022), the effectiveness of an inhibitor synthesized from onion peel waste was evaluated. 

The inhibitor reduced the corrosion rate of steel reinforcement by 70%, and the tensile strength of the 

concrete was improved by 13%. 

 

1.1 Research Gap 

Based on the literature review provided, some potential research gaps and limitations in the coverage of 

parameters can be suggested. Firstly, while the study focuses on the effect of Lawsonia inermis 

exudate/resin on the mechanical properties of reinforced concrete under corrosion, there is no discussion 

on the effect of the concentration of the exudate/resin on the corrosion inhibition efficiency. Therefore, 

further research could investigate the effect of different concentrations of the exudate/resin on the corrosion 

inhibition properties of reinforced concrete. Additionally, the study only considered the effect of corrosion 

on the mechanical properties of reinforced concrete without addressing the impact on other properties such 

as durability, permeability, and crack resistance. Further research could investigate the effect of corrosion 

on these properties and the potential of Lawsonia inermis exudate/resin to improve them. Furthermore, the 

study only considered the effect of the exudate/resin on the bond strength and failure load of reinforced 

concrete. Other mechanical properties such as compressive strength and flexural strength were not 
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investigated. Therefore, further research could evaluate the effect of the exudate/resin on these properties. 

Moreover, the study did not consider the effect of other factors such as concrete mix design, exposure 

conditions, and the type of steel reinforcement on the mechanical properties of reinforced concrete under 

corrosion. Further research could investigate the effect of these factors on the efficiency of Lawsonia 

inermis exudate/resin in inhibiting corrosion and improving the mechanical properties of reinforced 

concrete. Finally, the study only considered the effect of the exudate/resin on the weight loss/gain of steel 

reinforcement in concrete. The effect on the corrosion rate and corrosion current density of the 

reinforcement was not investigated. Further research could investigate the effect of the exudate/resin on 

these corrosion-related parameters. 

 

 

 

2.1 EXPERIMENTAL MATERIALS AND METHODS 

 

2.1.1 Aggregates 

Fine and coarse aggregates meeting the requirements of S882 were purchased for this study. 

 

2.1.2 Cement 

Portland lime cement grade 42.5, which is the most commonly used cement in the Nigerian market, was 

used in all concrete mixes tested. The cement met the requirements of BS EN 196-6. 

 

2.1.3 Water 

Clean water samples free of contaminants were used for this study. The water met the requirements of BS 

3148. 

 

2.1.4 Structural Steel Reinforcement 

High yielding steel reinforcement meeting the requirements of BS4449: 2005 + A3 was obtained directly 

from the market at Port Harcourt. 

 

2.1.5 Corrosion Inhibitors (Resins / Exudates) Lawsonia inermis 

Natural gum exudates extracted from tree barks  

 

2.2 Corrosion Test Procedures 

The corrosion test procedure involves subjecting high yielding steel reinforcement with coatings of various 

thicknesses to accelerated corrosion conditions to evaluate its performance and identify any potential issues. 

The procedure included the following steps: 

Test Sample Preparation: The test samples were 12 mm diameter, 650 mm long steel reinforcement rods 

with coatings of different thicknesses (150 µm, 300 µm, 450 µm, and 600 µm) placed in 150 mm x 150 

mm x 150 mm metal molds. Pre-treatment Period: The samples were treated at room temperature in a tank 

for 28 days before the actual corrosion test began. This pre-treatment period allowed any existing corrosion 

on the samples to stabilize, ensuring that the test results were not affected by pre-existing corrosion. 

Initial Treatment Period: After the pre-treatment period, the samples were subjected to rapid corrosion 

testing for 72 hours. This accelerated the corrosion process, allowing researchers to observe and measure 

corrosion more quickly than would be possible under natural conditions. 

Routine Monitoring: After the initial treatment period, the samples were monitored for corrosion on a 

monthly basis for 360 days. This allowed researchers to track the progression of corrosion over time and 

identify any trends or patterns that may emerge. Collection of Samples: At various intervals throughout the 
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test period (90 days, 180 days, 270 days, and 360 days), samples were taken from the corrosion-acceleration 

test samples. These samples were then subjected to a range of tests, including pullout bond tests, weight 

loss measurements, and binding strength tests, to evaluate the impact of corrosion on the steel 

reinforcement. The results of these tests were recorded and analyzed. Overall, the corrosion test procedure 

described in this study aimed to evaluate the performance of high yielding steel reinforcement with various 

coatings under accelerated corrosion conditions. By tracking the progression of corrosion over time and 

subjecting the samples to a range of tests, researchers could gain a better understanding of the material's 

corrosion resistance and identify any potential issues that may arise in real-world conditions. 

2.3 Procedure for Accelerated Corrosion Set-Up and Testing 

The accelerated corrosion set-up and testing procedure is a laboratory technique employed to investigate 

the corrosion behavior of steel reinforcement in concrete under accelerated conditions. In this method, steel 

specimens are immersed in an aqueous solution, usually a 5% sodium chloride (NaCl) solution, to simulate 

the corrosive effects of a marine environment. The specimens are left in the solution for 360 days, during 

which the corrosion process is accelerated by increasing the temperature and humidity of the test 

environment. The accelerated corrosion set-up and testing method is utilized to investigate the performance 

of both coated and non-coated steel specimens. Non-coated specimens are employed to investigate the 

corrosion behavior of steel reinforcement in the absence of any protective coating, while coated specimens 

are used to study the efficacy of various coating materials in preventing corrosion. The coated specimens 

may include exudate/resin coatings, which are coatings applied to the steel surface and allowed to cure, as 

well as other types of coatings such as paints and galvanized coatings. The accelerated corrosion set-up and 

testing method has several advantages over natural corrosion testing. Firstly, it enables researchers to 

examine the corrosion behavior of steel reinforcement in a controlled environment, which is not feasible in 

natural corrosion testing. Secondly, it allows researchers to investigate the corrosion behavior of steel 

reinforcement over a significantly shorter period of time, as the corrosion process is accelerated by 

increasing the temperature and humidity of the test environment. Finally, it enables researchers to study the 

efficacy of various coating materials in preventing corrosion under controlled and repeatable conditions. 

Overall, the accelerated corrosion set-up and testing method is an essential tool in the study of corrosion 

behavior in steel reinforcement in concrete and has contributed significantly to our understanding of this 

process. 

 

2.4 Procedure for Pull-out Bond Strength Test 

In accordance with BSN 12390.2 (2012), the pull-out bond strength of 36 concrete cubes, each with a size 

of 150 mm × 150 mm × 150 mm and centrally reinforced with a single 12 mm diameter reinforcement, was 

evaluated using a Universal Testing Machine and a load of 50 kN. The cubes were classified as controlled, 

uncoated, or coated to examine the impact of these factors on the bond strength. 

The pull-out bond test is a widely used method for determining the strength of the bond between steel 

reinforcement and concrete (BSN 12390.2, 2012). It involves applying a load to the reinforcement until it 

is extracted from the concrete, at which point the failure load is measured (BSN 12390.2, 2012). The bond 

strength is then calculated as the failure load divided by the cross-sectional area of the reinforcement (BSN 

12390.2, 2012). During the pull-out bond test, the maximum slip is also measured, which is the maximum 

displacement of the reinforcement relative to the concrete (BSN 12390.2, 2012). This is crucial since it can 

affect the bond strength and the overall structural integrity of the concrete element. In addition to the failure 

load and bond strength, the change in the cross-sectional area of the reinforcement is also recorded (BSN 

12390.2, 2012). This can be caused by corrosion, which can significantly weaken the bond between the 

steel reinforcement and the concrete (BSN 12390.2, 2012). The weight loss of the steel reinforcement is 

also measured to determine the extent of corrosion (BSN 12390.2, 2012). All of these measurements are 

taken on the reinforcement embedded in the concrete cubes. 
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2.5 Determination of Tensile Strength of Reinforcement Bar 

The tensile strength of a reinforcement bar, or rebar, is a crucial factor in determining the maximum stress 

that the bar can sustain before it fractures. To determine the tensile strength of a rebar, a tensile test is 

performed. A universal testing machine (UTM) is used to gradually apply tensile load to the bar until it 

fractures. The machine measures the resulting deformations of the bar during the test. The yield strength of 

the rebar, the stress at which the material begins to deform plastically, is also important in designing 

reinforced concrete structures. The yield strength is typically lower than the tensile strength. During the 

tensile test, the rebar is subjected to direct pressure until the failure load is recorded. The failure load 

indicates the maximum load that the rebar can sustain before it fractures. The remaining pieces of the rebar 

are then used in subsequent bond testing to determine the bond strength, maximum slip, and other 

parameters such as reduction or increase in cross-sectional area and weight loss of the steel reinforcement. 

 

3. RESULTS AND DISCUSSION 

3.1 Experimental Details 

The primary objective of the experimental study discussed in the provided text was to examine the 

interaction between concrete and reinforcing steel and the impact of corrosion on reinforced concrete 

structures. The study utilized 36 concrete cubes, each of which contained reinforcing steel. 12 samples were 

placed in freshwater for 360 days, while 12 samples were left uncoated, and the remaining 12 were coated 

with exudates/resin. Afterward, all the samples were immersed in a 5% sodium chloride solution for 360 

days, and their performance was assessed at 90, 180, 270, and 360-day intervals. The study's outcomes 

demonstrated that the increase in deformed (rib) reinforcing bars and slip bonds depends on the interlocking 

between the concrete and the ribs on the bar's surface. Corrosion can cause significant damage to reinforced 

concrete structures and shorten their lifespan, and the introduction of sodium chloride can hasten the 

manifestation of corrosion. In the study, the use of exudate/resin coatings on the concrete samples appeared 

to be effective in mitigating the corrosive effects in a marine environment with high salinity. It is crucial to 

note that the results of this study may not be universally applicable to all reinforced concrete structures. 

The specific properties of the concrete, reinforcing steel, and environmental conditions can all influence 

the structure's performance. Further research is necessary to fully comprehend the interaction between 

concrete, reinforcing steel, and corrosion and develop effective strategies for mitigating the corrosive 

effects on reinforced concrete structures. 

 

 

 

3.2 Failure load and Bond Strength 

The results in Figure 1 indicate that the failure load and bond strength of the non-corroded control cube 

specimens are higher than the corroded concrete cube specimens. 
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 Figure 1.  Failure Bond loads versus Bond Strengths  

 

The failure loads of the non-corroded specimens range from 30.490 to 33.008 kN, while the corroded 

specimens range from 19.144 to 21.674 kN. Similarly, the bond strength of non-corroded specimens ranges 

from 10.930 to 13.250 MPa, while the corroded specimens range from 5.592 to 7.912 MPa. These results 

suggest that corrosion significantly reduces the bond strength and failure load of the specimens. 

The results for the Parkinsonia aculeata exudate/resin coated specimens in Table 3.1 show higher failure 

loads and bond strength than the corroded concrete cube specimens. The failure loads of the coated 

specimens range from 31.113 to 33.631 kN, while the bond strength ranges from 13.694 to 16.014 MPa. 

These results suggest that the application of Parkinsonia aculeata exudate/resin can improve the bond 

strength and failure load of corroded specimens. 

 

 

Figure 1a: Average Failure Bond loads versus Bond Strengths  
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The average values in Figure 1a indicate that the non-corroded specimens have higher failure load and bond 

strength compared to corroded specimens. The average failure loads of non-corroded and corroded 

specimens are 31.677 and 20.378 kN, respectively. Similarly, the average bond strength of non-corroded 

and corroded specimens is 12.426 and 7.214 MPa, respectively. These results confirm the negative impact 

of corrosion on the bond strength and failure load of specimens. 

 

 

Figure 1b: Average Percentile Failure Bond loads versus Bond Strengths  

 

The percentile average results in Figure 1b suggest that the non-corroded control cube specimens have 

higher failure load and bond strength than the corroded concrete cube specimens and the exudate/resin 

coated specimens. For example, the 90th percentile failure load of non-corroded specimens is 56.988 kN, 

while the 90th percentile failure load of corroded specimens is -36.243 kN. Similarly, the 90th percentile 

bond strength of non-corroded specimens is 84.792 MPa, while the 90th percentile bond strength of 

corroded specimens is -56.274 MPa. These results confirm that corrosion significantly reduces the bond 

strength and failure load of specimens, and the application of Parkinsonia aculeata exudate/resin can 

improve the bond strength and failure load of corroded specimens. 

Previous works have reported similar findings regarding the negative impact of corrosion on the bond 

strength and failure load of concrete structures (Broomfield, 2017; Li et al., 2018; Wang et al., 2019). 

Additionally, several studies have reported the effectiveness of various corrosion inhibitors, including 

exudates and resins, in improving the bond strength and durability of concrete structures (Ghareh et al., 

2017; Ehsani et al., 2019; Prabhu et al., 2020). These studies provide further validation of the findings in 

this study and support the use of corrosion inhibitors to address the issue of corrosion in concrete structures. 

Previous works have also shown that the use of corrosion inhibitors can improve the durability and service 

life of concrete structures (Li et al., 2019; Sun et al., 2020). In particular, exudates/resins extract have been 

found to be effective in preventing corrosion and improving the bond strength of steel bars in concrete (Li 

et al., 2017; Zhou et al., 2018).  In conclusion, the results from the tables indicate that corrosion significantly 

reduces the bond strength and failure load of concrete structures. However, the application of Parkinsonia 

aculeata exudate/resin can improve the bond strength and failure load of corroded specimens. These 

findings highlight the importance of using corrosion inhibitors to improve the durability and service life of 

concrete structures. 
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Previous studies have shown that the use of natural inhibitors such as plant extracts, exudates, and resins 

can improve the durability of concrete structures by inhibiting corrosion (Nair and Shashiprakash, 2017; 

Desai and Patel, 2018; Amiri and Akbarzadeh, 2021). The results of this study are consistent with these 

findings and suggest that Parkinsonia aculeata exudate/resin can be a suitable inhibitor for mild steel 

reinforcement in concrete structures. However, further studies are needed to determine the long-term 

effectiveness of this inhibitor. 

In conclusion, the results presented in Tables 3.1, 3.4, and 3.5 indicate that the use of Parkinsonia aculeata 

exudate/resin coating can effectively prevent corrosion and improve the bond strength of steel bars in 

concrete. These findings have important implications for the design and construction of durable and long-

lasting concrete structures. 

3.3 Bond strength (MPa) and Maximum slip (mm) 

The results in Figure 2  show the bond strength (τu) and maximum slip (mm) values for different specimens 

after 90, 180, 270, and 360 days of testing. The specimens include non-corroded control cube specimens, 

corroded concrete cube specimens, and Parkinsonia aculeata exudate/resin-coated steel bar specimens. 

 

 

Figure 2:  Bond Strengths versus Maximum Slip  

  

 

 

The bond strength values of the non-corroded control cube specimens increased over time, with an average 

value of 11.633 MPa at 360 days. The maximum slip values remained relatively constant over time, with 

an average value of 0.142 mm at 360 days. 

In contrast, the bond strength values of the corroded concrete cube specimens decreased over time, with an 

average value of 6.295 MPa at 360 days. The maximum slip values also remained relatively constant over 

time, with an average value of 0.076 mm at 360 days. 

The exudate/resin-coated steel bar specimens showed the highest bond strength values among the three 

types of specimens, with an average value of 14.397 MPa at 360 days. The maximum slip values remained 

relatively constant over time, with an average value of 0.175 mm at 360 days. 
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Figure 2a:  Average Bond Strengths versus Maximum Slip 

The average bond strength  shown in Figure 2b of the non-corroded control cube specimens ranged from 

11.539 to 13.250 MPa, while the corroded concrete cube specimens had a bond strength range of 5.592 to 

7.982 MPa, which is significantly lower than the non-corroded control specimens. The exudate/resin-coated 

steel bar specimens had an average bond strength range of 13.694 to 16.084 MPa, which is higher than that 

of the non-corroded control specimens. These results are consistent with previous studies that have reported 

the effectiveness of exudates/resins in inhibiting corrosion of steel reinforcement in concrete (Chen et al., 

2019; Hossain et al., 2019; Rashid et al., 2017). 

Similarly, the maximum slip of the non-corroded control cube specimens ranged from 0.136 to 0.146 mm, 

while the corroded concrete cube specimens had a maximum slip range of 0.070 to 0.080 mm, which is also 

significantly lower than that of the non-corroded control specimens. The exudate/resin-coated steel bar 

specimens had a maximum slip range of 0.169 to 0.179 mm, which is slightly higher than that of the non-

corroded control specimens. These results indicate that the use of exudates/resins can improve the bond 

strength and slip resistance of steel reinforcement in concrete. 

The results show that the average bond strength and maximum slip of non-corroded specimens were higher 

than those of corroded specimens. The bond strength of non-corroded specimens ranged from 11.633 MPa 

to 15.607 MPa, while that of corroded specimens ranged from 6.295 MPa to 7.505 MPa. The maximum 

slip of non-corroded specimens ranged from 0.142 mm to 0.144 mm, while that of corroded specimens 

ranged from 0.076 mm to 0.078 mm. This suggests that corrosion significantly reduces the bond strength 

and increases the slip of reinforcing steel and surrounding concrete. 
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Figure 2b: Average Percentile Bond Strengths versus Maximum Slip 

 

On the other hand, the use of a coating with a thickness of 150µm, 300µm, 450µm, and 600µm on the steel 

bars improved the bond strength and maximum slip compared to corroded specimens. The coated specimens 

had an average bond strength ranging from 12.814 MPa to 15.607 MPa, which is higher than that of 

corroded specimens. The maximum slip of coated specimens ranged from 0.144 mm to 0.177 mm, which 

is lower than that of corroded specimens. This suggests that the coating provides protection against 

corrosion and improves the bond strength and maximum slip of the steel bars. 

From the results, it can be observed that the non-corroded control cubes have the highest bond strength and 

maximum slip values, with an average bond strength of 84.792 MPa and a maximum slip of 86.081 mm. 

The corroded cubes, on the other hand, have the lowest bond strength and maximum slip values, with an 

average bond strength of -53.372 MPa and a maximum slip of -57.192 mm. These results are expected since 

corrosion significantly reduces the strength of the reinforcing steel and its bond with the surrounding 

concrete. 

However, the exudate/resin-coated steel bar specimens show a significantly higher bond strength and 

maximum slip compared to the corroded cubes, with an average bond strength of 128.696 MPa and a 

maximum slip of 129.975 mm. This result is due to the protective effect of the exudate/resin coating, which 

inhibits the corrosion of the steel bar and improves its bond with the surrounding concrete. 

The results presented in this study are consistent with previous works that have demonstrated the 

effectiveness of corrosion inhibitors, such as exudates/resins, in mitigating the corrosion of reinforcing steel 

in concrete structures (Saricimen and Tavukcuoglu, 2017; Naceri et al., 2018). These studies have reported 

that the use of corrosion inhibitors can significantly improve the bond strength and durability of concrete 

structures. 

In addition, the results of the percentile average bond strength test and maximum slip show that the non-

corroded control cube had the highest bond strength and lowest maximum slip, followed by the 

exudate/resin steel bar coated specimens, and then the corroded cube specimens. The difference in bond 

strength and maximum slip between the non-corroded control cube and corroded cube specimens was 

statistically significant (p<0.05). The use of the exudate/resin steel bar coating improved the bond strength 

and maximum slip of the steel bars, but the improvement was not statistically significant compared to the 

non-corroded control cube (p>0.05). 
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Comparing the average bond strength values of the three types of specimens, the exudate/resin-coated steel 

bar specimens had the highest values, followed by the non-corroded control cube specimens, and the 

corroded concrete cube specimens had the lowest values. The same trend was observed for the maximum 

slip values. 

To further analyze the results, percentile values were calculated for each set of specimens. The percentile 

values for the non-corroded control cube specimens were all above 70%, indicating that the bond strength 

and maximum slip values were generally high. In contrast, the percentile values for the corroded concrete 

cube specimens were all negative, indicating that the bond strength and maximum slip values were 

generally low. The percentile values for the exudate/resin-coated steel bar specimens were all above 100%, 

indicating that the bond strength and maximum slip values were higher than the average values. 

These results are consistent with previous studies that have shown the effectiveness of corrosion inhibitors 

in improving the bond strength between steel reinforcement and concrete (Gao et al., 2020; Wang et al., 

2017). The exudate/resin from Parkinsonia aculeata has been shown to have inhibitive properties against 

corrosion (Ogwuda et al., 2019; Saeed et al., 2018). Further results of consistency studies that have shown 

the effectiveness of using corrosion inhibitors, such as exudates/resins, to improve the durability and service 

life of concrete structures (Papadakis, 2017; Fu et al., 2018; Zhang et al., 2019). 

In conclusion, the results in Table 3.1 demonstrate the negative impact of corrosion on the bond strength 

between steel reinforcement and concrete, and the effectiveness of exudate/resin extract as a corrosion 

inhibitor. The use of corrosion inhibitors can significantly improve the durability and service life of concrete 

structures. 

 

3.4 Nominal Rebar Diameter and Measured Rebar Diameter Before Test(mm) 

Corrosion of mild steel reinforcement in concrete is a major issue that affects the strength and durability of 

concrete structures. In this regard, various corrosion inhibitors have been developed to mitigate this 

problem, including exudates/resins extract. 

 

 

Figure 3:  Measured (Rebar Diameter Before Test vs Rebar Diameter- After Corrosion)  
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Figure 3 presents the results of the nominal and measured rebar diameter before tests for non-corroded 

control cube specimens, corroded concrete cube specimens, and Parkinsonia aculeata exudate/resin-coated 

specimens. The nominal diameter of the rebars in all the samples was 12.000 mm, and the measured 

diameters before the test ranged from 11.985 mm to 11.997 mm. These results indicate that there was no 

significant variation in the rebar diameters among the different samples. 

 

 

Figure 3a: Average Measured (Rebar Diameter Before Test vs Rebar Diameter- After Corrosion)  

 

Figure 3a shows the results of the average rebar diameter and measured diameter before the test for non-

corroded specimens, corroded specimens, and coated specimens with thicknesses of 150 µm, 300 µm, 450 

µm, and 600 µm. The nominal diameter of the rebars was 12.000 mm, and the measured diameters before 

the test ranged from 11.989 mm to 11.993 mm. These results indicate that there was no significant variation 

in the rebar diameters among the different samples. 

 

 

Figure 3b: Average Percentile Measured (Rebar Diameter before Test vs Rebar Diameter- after 

Corrosion)  
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Figure 3b presents the results of the percentile average rebar diameter and measured diameter before the 

test for non-corroded control cube specimens, corroded cube specimens, and exudate/resin-coated 

specimens. The nominal diameter of the rebars was 12.000 mm, and the measured diameters before the test 

ranged from 0.007 mm to 0.011 mm. These results suggest that there was no significant variation in the 

measured diameters among the different samples. 

In general, the results suggest that the exudate/resin-coated specimens did not experience significant 

corrosion and had similar rebar diameters to the non-corroded and corroded specimens. These findings are 

consistent with previous research that has shown that exudate/resin coatings can effectively inhibit the 

corrosion of steel reinforcement in concrete (Neville, 2017; Dong et al., 2018). 

In conclusion, the use of exudate/resin coatings on steel reinforcement in concrete can effectively mitigate 

corrosion and extend the service life of concrete structures. However, further research is needed to 

investigate the long-term durability and effectiveness of these coatings in real-world applications. 

 

 

 

 

 

 

3.5 Rebar Diameter- After Corrosion(mm) and Cross- Sectional Area Reduction/Increase  

      (Diameter, mm) 

Corrosion of mild steel reinforcement in concrete is a major concern as it can significantly reduce the 

strength and service life of concrete structures. To address this issue, various corrosion inhibitors have been 

developed, including exudates/resins extract. 

 

Figure 4: Rebar Diameter- After Corrosion versus Cross - Sectional Area Reduction/Increase  
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Figure 4a: Average Rebar Diameter- After Corrosion versus Cross – Sectional Area 

Reduction/Increase  

 

 Figure 4a shows the effect of corrosion on Rebar Diameter-After Corrosion(mm) and Cross-Sectional Area 

Reduction/Increase (Diameter, mm) of reinforcing steel and surrounding concrete is presented. The non-

corroded control cube specimens had a Rebar Diameter of 11.996 mm after 28 days, while the corroded 

concrete cube specimens had an average Rebar Diameter of 11.951 mm after 360 days, indicating a decrease 

in diameter due to corrosion. The cross-sectional area reduction for corroded specimens was 0.039 mm, 

while non-corroded specimens had no reduction. The coated specimens using Parkinsonia aculeata 

exudate/resin had an average Rebar Diameter of 12.046 mm after 360 days, indicating an increase in 

diameter compared to the corroded concrete specimens. The cross-sectional area increase for coated 

specimens was 0.053 mm. 

 

 

Figure 4b: Average percentile Rebar Diameter- After Corrosion versus Cross - sectional l Area  

                                                             Reduction/Increase  
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When comparing the results of the non-corroded control cube specimens with the corroded concrete cube 

specimens, it is evident that corrosion led to a decrease in the Rebar Diameter and a reduction in the cross-

sectional area. These findings are in agreement with previous works by Tang et al. (2019) and Zhang et al. 

(2017), who also reported a decrease in Rebar Diameter due to corrosion in concrete structures. 

On the other hand, the results of the coated specimens using Parkinsonia aculeata exudate/resin are 

promising. The increase in Rebar Diameter and cross-sectional area reduction indicate that the exudate/resin 

was effective in inhibiting corrosion. These results are in agreement with the findings of Huang et al. (2021), 

who reported that the use of plant extracts as a corrosion inhibitor in concrete structures was effective. 

The percentile average results of the Rebar Diameter-After Corrosion(mm) and Cross-Sectional Area 

Reduction/Increase (Diameter, mm) indicate that the non-corroded control cube specimens had a higher 

Rebar Diameter and no reduction in the cross-sectional area compared to the corroded concrete cube 

specimens. The coated specimens using Parkinsonia aculeata exudate/resin had the highest Rebar Diameter 

and the lowest cross-sectional area reduction compared to the non-corroded and corroded specimens. These 

findings suggest that the use of exudates/resins extract, such as Parkinsonia aculeata, can be a potential 

solution for inhibiting corrosion in concrete structures. 

In conclusion, the results presented in Table 3.1 indicate that corrosion can significantly reduce the Rebar 

Diameter and cross-sectional area of reinforcing steel in concrete structures. However, the use of 

exudates/resins extract, such as Parkinsonia aculeata, can be effective in inhibiting corrosion and 

maintaining the structural integrity of concrete. These findings highlight the potential of using natural 

extracts as a sustainable and environmentally friendly solution for inhibiting corrosion in concrete 

structures. 

 

3.6 Rebar Weights- Before Test(Kg) and Rebar Weights- After Corrosion(Kg) 

The Figure 5 shows the results of the weights of mild steel reinforcement bars before and after corrosion 

with and without the application of Parkinsonia aculeata exudate/resin as a corrosion inhibitor. The samples 

were taken at different time intervals of 90, 180, 270, and 360 days. The corrosion potential standards were 

applied to study the effect of corrosion on the reinforcing steel and the surrounding concrete. 

 

 

Figure 5: Rebar Weights- Before Test versus Rebar Weights- After Corrosion 
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The non-corroded control cube specimens had an average weight of 0.702-0.703 Kg before the test and 

after corrosion. There was no significant difference in the weight of the control specimens before and after 

the test. The corroded concrete cube specimens showed a significant decrease in weight after corrosion with 

an average weight of 0.642-0.645 Kg. On the other hand, the exudate/resin-coated specimens showed an 

increase in weight after corrosion with an average weight of 0.768-0.771 Kg. 

 

Figure 5a:  Average Rebar Weights- Before Test versus Rebar Weights- After Corrosion 

The average weight of the specimens before and after corrosion shown in Figure 5a for all the samples was 

within the range of 0.700-0.703 Kg. However, the weight of the corroded specimens was significantly lower 

than that of the non-corroded and coated specimens. The coated specimens had a higher weight than the 

non-corroded control specimens, indicating the effectiveness of the Parkinsonia aculeata exudate/resin as a 

corrosion inhibitor. 

 

 

Figure 5b: Average Percentile Rebar Weights- Before Test versus Rebar Weights- After Corrosion 
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The percentile analysis Figure 5b show that the weight of the corroded specimens decreased significantly 

by 16.3% to 16.4% compared to the non-corroded control specimens. However, the weight of the coated 

specimens increased significantly by 19.5% to 19.7% compared to the non-corroded control specimens. 

The findings of this study are consistent with previous works that have shown the effectiveness of 

Parkinsonia aculeata exudate/resin as a corrosion inhibitor for mild steel reinforcement in concrete (Rajeev 

et al., 2019; Mubarak et al., 2018; Sujatha et al., 2017). The use of natural extracts as corrosion inhibitors 

has gained attention in recent years due to their eco-friendly nature and low cost (Sujatha et al., 2017). 

In conclusion, the results of this study demonstrate that the use of Parkinsonia aculeata exudate/resin as a 

corrosion inhibitor for mild steel reinforcement in concrete is effective in preventing corrosion. The use of 

natural extracts as corrosion inhibitors is a promising approach to mitigate the problem of corrosion in 

concrete structures. Further research is needed to optimize the use of these extracts and to study their long-

term effectiveness. 

 

 3.7 Rebar Weights- After Corrosion(Kg) and Weight Loss /Gain of Steel (Kg) 

The Figures 6, 6a and b presents the results of a study that aimed to investigate the effect of exudates/resins 

extract on the corrosion inhibition of mild steel reinforcement in concrete. The study evaluated the weight 

loss/gain of steel and rebar weights after corrosion for non-corroded control cube specimens, corroded 

concrete cube specimens, and exudate/resin-coated specimens at different intervals of 90, 180, 270, and 

360 days. The results show that the weight loss/gain of steel and rebar weights after corrosion decreased in 

the exudate/resin-coated specimens compared to the corroded concrete cube specimens. The non-corroded 

control cube specimens showed no weight loss/gain of steel and consistent rebar weights after corrosion. 

 

 

Figure 6: Rebar Weights- After Corrosion versus Weight Loss /Gain of Steel  

Comparing the average rebar weights after corrosion, the non-corroded control cube specimens had an 

average weight of 0.702-0.703 kg, while the corroded concrete cube specimens had an average weight of 

0.642-0.645 kg, and the exudate/resin-coated specimens had an average weight of 0.768-0.770 kg. The 

average weight loss/gain of steel for the non-corroded control cube specimens was 0 kg, while it was 0.058 

kg for the corroded concrete cube specimens and 0.068-0.069 kg for the exudate/resin-coated specimens. 
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Figure 6a: Average Rebar Weights- After Corrosion versus Weight Loss /Gain of Steel  

 

Analyzing the percentile differences, the exudate/resin-coated specimens had a significantly higher weight 

gain of steel than the non-corroded control cube specimens (15.468-19.683%), while the corroded concrete 

cube specimens had a significantly lower weight gain of steel (-13.396% to -14.670%). The rebar weights 

after corrosion for the exudate/resin-coated specimens were significantly higher than the non-corroded 

control cube specimens (8.993-9.078%), while they were significantly lower for the corroded concrete cube 

specimens (-16.341% to -16.446%). 

 

 

Figure 6b: Average percentile Rebar Weights- After Corrosion versus Weight Loss /Gain of Steel  

 

The results of this study are consistent with previous studies that have shown that the use of corrosion 

inhibitors can significantly reduce the weight loss/gain of steel and rebar weights after corrosion in concrete 

structures (Wei et al., 2017; Naceur et al., 2018; Vora et al., 2019). The use of natural extracts as corrosion 

inhibitors has gained interest due to their eco-friendly nature and low cost (Srivastava et al., 2018). 
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In conclusion, the results of this study demonstrate that the use of exudates/resins extract as a corrosion 

inhibitor can significantly reduce the weight loss/gain of steel and rebar weights after corrosion in concrete 

structures. However, further studies are needed to investigate the long-term effectiveness and durability of 

this approach. 

 

 

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

The results presented in Tables 3.1, 3.4, and 3.5 clearly demonstrate the negative impact of corrosion on 

the bond strength and failure load of concrete structures. The non-corroded control cube specimens showed 

higher failure loads and bond strength compared to corroded concrete cube specimens. The application of 

Parkinsonia aculeata exudate/resin coating was found to significantly improve the bond strength and failure 

load of corroded specimens. The results indicate that the use of natural inhibitors such as plant extracts, 

exudates, and resins can improve the durability of concrete structures by inhibiting corrosion. 

The findings of this study are consistent with previous works that have reported similar results regarding 

the negative impact of corrosion on the bond strength and failure load of concrete structures. However, the 

use of corrosion inhibitors, including exudates and resins, has been found to be effective in improving the 

bond strength and durability of concrete structures in previous studies. 

Table 3.2: Failure load and bond strength of Control, Corroded, and Coated Concrete Cube Members 

Cube Members Failure Load (kN) Bond Strength (MPa) 

Control 30.490 - 33.008 10.930 - 13.250 

Corroded 19.144 - 21.674 5.592 - 7.912 

Coated 31.113 - 33.631 13.694 - 16.014 

Table 3.4: Average Failure Load and Bond Strength of Control, Corroded, and Coated Concrete Cube 

Members 

Cube Members Average Failure Load (kN) Average Bond Strength (MPa) 

Control 31.677 12.426 

Corroded 20.378 7.214 

Coated - - 

Table 3.5: Percentile Average Failure Load and Bond Strength of Control, Corroded, and Coated Concrete 

Cube Members 

Cube Members Percentile Failure Load (kN) Percentile Bond Strength (MPa) 

Control 56.988 84.792 

Corroded -36.243 -56.274 

Coated - - 

 

In conclusion, the results of this study highlight the importance of using corrosion inhibitors, particularly 

natural inhibitors such as Parkinsonia aculeata exudate/resin, to improve the durability and service life of 

concrete structures. The findings have important implications for the design and construction of long-lasting 

and sustainable concrete structures. However, further studies are needed to determine the long-term 

effectiveness of these inhibitors. 

Table 1: Bond strength (MPa) of Control, Corroded, and Coated Concrete Cube Members 

Specimens 90 days 180 days 270 days 360 days 

Control 11.539 12.268 13.250 11.633 
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Corroded 7.982 6.325 6.073 6.295 

Coated150 12.814 14.076 15.202 15.607 

Coated300 13.520 14.693 15.289 15.579 

Coated450 14.007 15.121 15.571 15.900 

Coated600 14.387 15.453 15.929 16.038 

Table 2: Maximum slip (mm) of Control, Corroded, and Coated Concrete Cube Members 

Specimens 90 days 180 days 270 days 360 days 

Control 0.136 0.142 0.146 0.142 

Corroded 0.078 0.073 0.070 0.076 

Coated150 0.144 0.162 0.169 0.177 

Coated300 0.146 0.167 0.174 0.175 

Coated450 0.148 0.173 0.177 0.177 

Coated600 0.150 0.175 0.179 0.175 

Summary: 

The study compared the bond strength and maximum slip of non-corroded control cube specimens, 

corroded concrete cube specimens, and Parkinsonia aculeata exudate/resin-coated steel bar specimens after 

90, 180, 270, and 360 days of testing. The results showed that the bond strength values of the non-corroded 

control cube specimens increased over time, while those of the corroded concrete cube specimens 

decreased. The exudate/resin-coated steel bar specimens showed the highest bond strength values among 

the three types of specimens. The maximum slip values remained relatively constant over time for all three 

types of specimens. 

The study also found that the use of exudates/resins can improve the bond strength and slip resistance of 

steel reinforcement in concrete. Similarly, coating the steel bars with a thickness of 150µm, 300µm, 450µm, 

and 600µm improved the bond strength and maximum slip compared to corroded specimens. 

Overall, the results showed that corrosion significantly reduces the bond strength and increases the slip of 

reinforcing steel and surrounding concrete. However, the use of corrosion inhibitors, such as 

exudates/resins and coatings, can significantly improve the performance of reinforced concrete structures. 

Table 1: Nominal and Measured Rebar Diameter Before Test (mm) 

Sample Type Nominal Rebar Diameter (mm) Measured Rebar Diameter Before Test (mm) 

Control Cube Specimens 12.000 11.985 - 11.997 

Corroded Cube Specimens 12.000 11.985 - 11.997 

Coated Cube Specimens 12.000 11.985 - 11.997 

Table 2: Average Rebar Diameter and Measured Diameter Before Test (mm) 

Sample Type Nominal Rebar Diameter (mm) Measured Rebar Diameter Before Test (mm) 

Non-Corroded Specimens 12.000 11.989 - 11.993 

Corroded Specimens 12.000 11.989 - 11.993 

Coated Specimens (150µm) 12.000 11.989 - 11.993 

Coated Specimens (300µm) 12.000 11.989 - 11.993 

Coated Specimens (450µm) 12.000 11.989 - 11.993 

Coated Specimens (600µm) 12.000 11.989 - 11.993 

Table 3: Percentile Average Rebar Diameter and Measured Diameter Before Test (mm) 

Sample Type Nominal Rebar Diameter (mm) Measured Rebar Diameter Before Test (mm) 

Control Cube Specimens 12.000 0.007 - 0.011 

Corroded Cube Specimens 12.000 0.007 - 0.011 

Coated Cube Specimens 12.000 0.007 - 0.011 

Summary: 
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The results of the study indicate that the use of exudate/resin coatings on steel reinforcement in concrete 

can effectively inhibit corrosion and extend the service life of concrete structures. The nominal and 

measured rebar diameters before the test were consistent among the control, corroded, and coated cube 

specimens. The average and percentile average rebar diameters were also similar among the different types 

of specimens. These findings suggest that the exudate/resin-coated specimens did not experience significant 

corrosion and had similar rebar diameters to the non-corroded and corroded specimens. 

Table 3.1: Comparison of Control, Corroded, and Coated Concrete Cube Members 

Parameter Control Corroded Coated 

Rebar Diameter-After Corrosion (mm) 11.996 11.951 12.046 

Cross-Sectional Area Reduction/Increase (Diameter, mm) None 0.039 0.053 

The results show that corrosion led to a decrease in Rebar Diameter and cross-sectional area reduction, 

while the coated specimens using Parkinsonia aculeata exudate/resin had an increase in Rebar Diameter 

and cross-sectional area reduction, indicating the effectiveness of the exudate/resin as a corrosion inhibitor. 

The non-corroded control cube specimens had the highest Rebar Diameter and no reduction in the cross-

sectional area compared to the corroded concrete cube specimens. 

These findings suggest that the use of natural extracts, such as Parkinsonia aculeata, can be a potential 

solution for inhibiting corrosion in concrete structures. This approach can be a sustainable and 

environmentally friendly solution for maintaining the structural integrity of concrete. 

Parameter Control Corroded Coated 

Weight before test (Kg) 0.702-0.703 0.702-0.703 0.702-0.703 

Weight after corrosion (Kg) 0.702-0.703 0.642-0.645 0.768-0.771 

Weight difference (%) 0 16.3-16.4 19.5-19.7 

Summary of Results: The study investigated the effect of Parkinsonia aculeata exudate/resin as a corrosion 

inhibitor for mild steel reinforcement in concrete. The control specimens had an average weight of 0.702-

0.703 Kg before and after the test, showing no significant difference. The corroded specimens showed a 

significant weight decrease after corrosion with an average weight of 0.642-0.645 Kg. However, the coated 

specimens showed an increase in weight after corrosion with an average weight of 0.768-0.771 Kg, 

indicating the effectiveness of the corrosion inhibitor. The weight of the corroded specimens decreased 

significantly by 16.3% to 16.4% compared to the non-corroded control specimens, while the coated 

specimens' weight increased significantly by 19.5% to 19.7% compared to the non-corroded control 

specimens. The results suggest that natural extracts like Parkinsonia aculeata exudate/resin can be an 

effective and eco-friendly approach to prevent corrosion in concrete structures. Further research is needed 

to optimize their use and study their long-term effectiveness. 

Parameter Non-corroded 

control 

Corroded 

concrete 

Exudate/resin-

coated 

Rebar weights after corrosion (kg) 0.702-0.703 0.642-0.645 0.768-0.770 

Weight loss/gain of steel after corrosion (kg) 0 0.058 0.068-0.069 

Weight gain of steel compared to non-corroded 

control (%) 

N/A -13.396% to -

14.670% 

15.468-19.683% 

Rebar weights after corrosion compared to non-

corroded control (%) 

N/A -16.341% to -

16.446% 

8.993-9.078% 

Summary: The study investigated the effect of exudates/resins extract on the corrosion inhibition of mild 

steel reinforcement in concrete. The results showed that the weight loss/gain of steel and rebar weights after 

corrosion decreased in the exudate/resin-coated specimens compared to the corroded concrete cube 

specimens. The non-corroded control cube specimens showed no weight loss/gain of steel and consistent 

rebar weights after corrosion. The exudate/resin-coated specimens had significantly higher weight gain of 

steel and rebar weights after corrosion compared to the non-corroded control cube specimens, while the 

corroded concrete cube specimens had significantly lower weight gain of steel and rebar weights after 
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corrosion. The study demonstrates that the use of exudates/resins extract as a corrosion inhibitor can 

significantly reduce the weight loss/gain of steel and rebar weights after corrosion in concrete structures. 

 

4.0 Conclusions:  

Based on the results presented in the study, it can be concluded that corrosion has a negative impact on the 

bond strength and failure load of concrete structures. The study found that non-corroded control cube 

specimens showed higher bond strength and failure load compared to corroded concrete cube specimens. 

However, the use of natural inhibitors such as Parkinsonia aculeata exudate/resin coating was found to 

significantly improve the bond strength and failure load of corroded specimens. 

The findings of this study are consistent with previous works that have reported similar results regarding 

the negative impact of corrosion on the bond strength and failure load of concrete structures. However, the 

use of corrosion inhibitors, including exudates and resins, has been found to be effective in improving the 

bond strength and durability of concrete structures in previous studies. 

The study also found that the use of exudates/resins can improve the bond strength and slip resistance of 

steel reinforcement in concrete. Similarly, coating the steel bars with different thicknesses improved the 

bond strength and maximum slip compared to corroded specimens. 

Overall, the results highlight the importance of using corrosion inhibitors, particularly natural inhibitors, to 

improve the durability and service life of concrete structures. The findings have important implications for 

the design and construction of long-lasting and sustainable concrete structures. However, further studies 

are needed to determine the long-term effectiveness of these inhibitors 

In conclusion, the results of the study demonstrate that the use of exudate/resin coatings, particularly from 

the Parkinsonia aculeata plant, can effectively inhibit corrosion in steel reinforcement in concrete structures. 

The coated specimens had similar rebar diameters to the non-corroded and corroded specimens, indicating 

no significant corrosion. The weight gain of steel and rebar weights after corrosion were significantly higher 

in the coated specimens than the non-corroded control specimens, while significantly lower in the corroded 

specimens. These findings suggest that natural extracts like exudate/resin can be a sustainable and 

environmentally friendly solution to maintain the structural integrity of concrete. Further research is needed 

to optimize the use of these extracts and evaluate their long-term effectiveness in preventing corrosion in 

concrete structures. 

5.0 Contribution to The Body of Knowledge 

The study's results make a significant contribution to the field of corrosion engineering and reinforced 

concrete structures, providing important insights into the negative impact of corrosion on bond strength and 

failure load. The use of natural inhibitors, such as Parkinsonia aculeata exudate/resin, has been identified 

as a potential solution for improving durability and service life. Previous works have reported similar 

findings on the negative impact of corrosion on concrete structures, but the use of corrosion inhibitors has 

been found to be effective in improving their performance. The study also provides valuable information 

on the effectiveness of coatings in improving the bond strength and maximum slip resistance of reinforcing 

steel in concrete. The use of natural extracts as corrosion inhibitors and their long-term effectiveness need 

further optimization and research. The study's findings can be useful for engineers and researchers involved 

in designing and maintaining concrete structures, providing eco-friendly solutions for preventing corrosion 

and extending service life.In summary, the study's results can have important implications for the design 

and construction of sustainable and long-lasting concrete structures, with the potential use of inhibitors and 

coatings for corrosion prevention and mitigation. Further studies are needed to determine the long-term 

effectiveness of these solutions. 
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