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Abstract The bond strength between reinforcing steel
bars and cement concrete plays significant role in the
structural performance for civil infrastructure. This work
presents the bond performance of steel and concrete as
interfacial shear strength, with the inclusion of effects of
specimen diameter on embedment length, different aggre-
gate grading and corrosion. The experimental procedure for
proposed study includes a series of pullout tests on rein-
forced concrete cylindrical specimens with embedded steel
bar. Cylindrical concrete specimens with varying specimen
diameters with respect to different embedment lengths,
changing the aggregate grading pattern, i.e., well and gap
graded were casted and said effects on bond strength were
evaluated through a pullout test. The corrosion effect is
also studied through an accelerated corrosion process. The
test results revealed that the diameter of the specimen and
the embedment length substantially impact the bond
strength between reinforcing bars and concrete. Due to the
increasing surface area and mechanical interaction between
the bar and the surrounding concrete, the bond strength
increased as the diameter decreased. The bond performance
of well-graded aggregates was effective compared to gap-
graded aggregates. Moreover, the study found that as the
number of corrosion days increased, the bond strength of
corroded reinforcing bars considerably decreased. The
results contribute essential insights to the field of rein-
forced concrete structures and can aid engineers and
researchers in designing durable and reliable infrastructure
systems.
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Introduction

Reinforced concrete is one of the world’s most widely
utilized construction materials due to its exceptional
durability, flexibility, and structural strength. The strength
of the bond between the reinforcing bar and the sur-
rounding concrete matrix is critical to the integrity and
performance of reinforced concrete buildings [1-3].
Understanding and improving bond strength is critical for
the safety and lifespan of civil engineering structures like
buildings, bridges, and dams. It is an essential character-
istic that determines structural stability, load transmission,
serviceability, durability, and even seismic performance
[4]. Understanding the complexity of bond strength is
critical not only for engineers and academician but also for
construction practitioners since it directly influences the
safety and performance of infrastructure projects. Form the
last four decades, many Researchers aspire to contribute to
the growth of knowledge in structural engineering by
unraveling the complexities of bond strength and encour-
aging safer and more robust structures for the benefit of
society. The complex interaction of significant factors
impacting the bond strength between reinforcing bars and
concrete significantly improves the serviceability of rein-
forced concrete structures, particularly emphasizing
specimen diameter, aggregate grading, and the influence of
corrosion.

The embedding length of rebar in concrete structures is
an essential factor that directly impacts the construction’s
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structural integrity, load-bearing capacity, and overall
performance [5]. The part of a reinforcing device, such as a
rebar or anchor bolt embedded into the concrete matrix, is
known as the embedded length. Numerous published
investigations have shown the critical impact that devel-
opment length plays in improving bond strength within
these structures [6—8]. Several studies have indicated that
increasing bond length leads to significant improvements in
bond strength [9, 10]. Remarkably, the bond strength could
reduce significantly as the anchoring length increases. This
phenomenon is characterized by a negative correlation in
which increasing anchoring length results in a significant
drop in bond strength [11, 12]. Past researchers focuses on
the factors such as effect of size of bar [13], Type of bars [14],
Grade of concrete [15], Types of concrete [16], Confinement
[17], Cover thickness [18] on bond strength. The present
research offers insights into the importance of embedment
length in reinforcing steel-concrete constructions. However,
there is still a significant study gap in the influence of
embedment length relative to specimen diameter on bond
strength [19]. While much research has been conducted to
investigate the relation between development length and
bond strength, they frequently fail to account for variability
in specimen diameter, which can be a critical factor
impacting the bond behavior. There is a need for dedicated
research into how changing embedment lengths affect bond
behavior of various specimen diameters.

The interaction of cement matrix and aggregate is crit-
ical for concrete’s bond shear strength (and hence the
interlocking force between steel and concrete), durability,
and overall performance. Aggregates, which generally
account for 60-75% of the total volume of concrete, play an
essential role in determining the material’s behavior.
Another crucial factor of aggregate grading (having or
missing successive sizes of aggregate) governs the packing
and workability of the concrete mix. The majority of
researchers focuses on the size of the aggregates on bond
strength [20]. But cost effective and optimized design of
grading of aggregate is not addressed properly for inter-
facial bond strength. Over past decades’ researchers focus
on the replacement of aggregates, i.e., recycled aggregate
[21], slag [22], Light weight aggregate [7] on bond
strength. The previous literature primarily focuses on the
influence of aggregate size on bond behavior of reinforced
concrete with some emphasis on replacing aggregates with
other materials. However, there is a considerable limited
study in complete understanding of the effect of aggregate
grading on bond strength between concrete and steel.
While aggregate size has been widely investigated, the
mixture and distribution of aggregates in the concrete mix,
as defined by grading, has received little attention. There is
very limited research on the variations of aggregate grading
on bond characteristics of steel and concrete. The

aggregate grading impacts the distribution of forces inside
the concrete, which impacts bond resistance.

The corrosion of reinforcing bars buried in concrete is
critical in civil engineering and building sustainability [23].
Corrosion of reinforcing bars is a global phenomenon
affecting concrete buildings’ durability, safety, and per-
formance. Concrete constructions deteriorate due to
various environmental conditions such as humidity, chlo-
ride ions, carbonation, and harsh chemicals [24]. The
susceptibility of the reinforcing bars toward corrosion,
which affects the durability and strength to reinforced
concrete buildings [25]. Due to its exposure to corrosive
environments, steel is vulnerable to various types of cor-
rosion mechanisms. Metallic corrosion in aqueous
solutions usually involves simultaneous reduction and
oxidation events at cathodic and anodic active sites,
respectively, because of the transfer of charges at the
metal-solution interface. Furthermore, the surrounding
physical, chemical, or biological variables exacerbate the
issue. Particularly in the oil and natural gas sectors, pro-
longed contact to acidic environments is more harmful to
metals than alkaline or situations neutral to both acids and
alkalis. The gradual deterioration of the concrete cover is
one of the critical challenges related to this corrosion
process, which can have significant consequences for the
structural integrity of the overall system [26, 27]. Corro-
sion of rebars, an ongoing problem in many constructions,
can have a substantial impact on their bond strength [28].
Over the past few years, much research has been com-
mitted to investigating the bond performance of reinforced
concrete (RC) structures in the context of reinforcement
corrosion. This research has delved into numerous aspects
of RC components, including examinations of Bond
strength-slip curves and corrosion rates [29-31]. Corrosion
impacts bond strength deterioration differently across var-
ious kinds of reinforced bar. The rust deposition on bars
causes volume expansion and subsequent cracking of the
surrounding concrete matrix throughout the deterioration
process. Corroded steel can reduce the bond strength and
ultimately endanger the substantial element’s structural
integrity. For the overall efficacy and durability of existing
structures and creating measures to prevent corrosion-in-
duced degradation, it is crucial to conduct an extensive
study on how corrosion affects bond strength.

To address this gap, a series of experiments were
undertaken to explore the influence of specimen diameter
on embedded length, aggregate grading, and the impact of
corrosion to offer insightful information on bond proper-
ties. The prime focus of the study is to improve the
structural integrity of reinforced concrete elements by
promoting safer and more enduring building techniques.
The following objectives were conducted to enhance the
strength and durability of reinforced concrete structures.
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Table 1 Material properties of cement

Specific ~ Soundness Initial setting Final setting Consistency
gravity (mm) time (min) time (min) (%)
3.145 7.5 37 528 32

Table 2 Material properties of aggregates

Fine aggregates Coarse aggregates

Fineness Specific Water Fineness  Specific Water
modulus gravity absorption modulus  gravity absorption
4.36 2.12 6.38 5.64 3.15 1.67

Table 3 Mix design of concrete

W/C Ratio Materials (Kg/m®)
0.55 Cement Coarse aggregates Fine aggregates Water
360 552 1303 198

i. Investigations of bond behavior between steel and
concrete with specimen diameter and embedded length

variations.

ii. To assess the impact of aggregate grading on bond
strength  through various aggregate sizes and
distributions.

iii. To explore a detailed investigation of the impact of
corrosion periods on bond strength subjected to accel-
erated corrosion processes.

The significance of the current study is relevant in the
fields of construction engineering and infrastructure
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development. The bond strength between reinforcing bars
and concrete is a significant aspect of reinforced concrete
construction to improve structural integrity and safety.
Understanding how this bond strength changes with spec-
imen diameter, aggregate grading, and the effect of
corrosion is critical for designing and analyzing infras-
tructure durability in various environmental circumstances.
This research addresses fundamental bond behavior and
has practical implications for the construction industry,
assisting engineers and designers in making informed
material selection and structural design decisions to ensure
the long-term stability and safety of concrete structures.
Additionally, since corrosion is a problem that frequently
affects concrete structures, particularly in harsh environ-
ments, examining its effect on bond strength offers insights
into the preservation and rehabilitation of existing infras-
tructure, ultimately enhancing the sustainability and
longevity of our built environment. The novelty of the
research focused on investigating bond behavior between
steel and concrete using different Specimen Diameter to
embedment length and different grading of aggregates to
optimize the mix design. The study also investigates the
corrosion aspects of reinforced concrete through bond
strength and half-cell potential.

This paper discusses the bond behavior, significant
aspect of reinforced concrete construction structural
integrity and safety. Understanding how this bond strength
changes with specimen diameter, aggregate grading, and
the effect of corrosion is critical for designing and ana-
lyzing infrastructure durability in various environmental
circumstances. Concrete samples were cast and the effect
specimen diameter to embedded length, effect of corrosion
and aggregate grading were tested in accordance with
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Fig. 2 Detail preparation of samples (a) filling of concrete and curing (b) vibration of Concrete

ASTM standards. In all overall this study, offers insights
into the preservation and rehabilitation of existing infras-
tructure, ultimately enhancing the sustainability and
longevity of our built environment.

Experiments and Methods

This section covers Specimen Preparation, testing methods,
i.e., compressive strength and pullout testing, accelerated
corrosion testing, of reinforced concrete samples. Three
sets of experiments were carried out, comprising pullout
tests on different parametric variations and corrosion.
These tests aimed to investigate how grading of aggregates
and corrosion affects bond performance, additional details
are provided below.

Specimen and Materials Preparation

Three cylindrical specimens of dimensions 100 x 200 mm
were prepared with a deformed steel bar embedded into it.
Fig. la and b shows the detail dimensions and specimen
details for pullout testing. Standard concrete mix with a set
percentage of OPC 43 cement, river sand, coarse aggre-
gates, and water were utilized. The properties of cement,
Sand, and coarse aggregates are outlined in Tables 1 and 2.
The concrete mix should adhere to building standards and
requirements. The cement concrete mix design followed
the guidelines of BIS 10262:2009 [32]. Table 3 shows the
mix proportions of concrete adopted in this research.
16 mm diameter high-quality steel reinforcing bars with
500 Mpa yield strength are utilized in accordance with IS
1786 (2008) [33]. The bars should be free of visible defects

Table 4 Parameters for test specimen

Type of Diameter Embedment length Compressive strength
bar (mm) (mm) (Mpa)
Deformed 16 100 29

Deformed 16 100 31.20
Deformed 16 100 29.32

and contaminants. Cylindrical concrete specimens with
various specimen diameters to embedment length ratios
will be cast. A 600 mm long steel rebar was inserted ver-
tically through a hole in the bearing plate to accommodate
its position. The samples will be cast in a steel mold to
maintain uniform dimensions and surface polish. After the
molds have been filled with the concrete mixture, they will
be subjected to vibration for 15-20 s. This vibration pro-
cedure ensures the concrete settles uniformly within the
mold and eliminates any air gaps or holes that might
weaken the finished specimen. Figure 2b illustrates the
vibration of the concrete to remove air bubbles trapped
within the mixture. The specimens were left undisturbed
for 24 hours to cure to improve the material’s setting and
initial strength (see Fig. 2b). The samples were precisely
demolded after a 24-h curing period to ensure the speci-
mens kept their intended form and integrity.

Testing Methods
Compressive Testing

The compressive strength of concrete of size
150 x 150 x 150 mm was calculated by the parameters
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Fig. 3 Different grading of aggregates (a) well graded (b) gap graded

outlined in IS 516 (BIS 1959). A compressive testing
machine with a load capacity of 2000 kN will be
employed. Each specimen will be placed in the testing
machine with care. The loading rate was rigorously
maintained at 0.1 kN per sec during testing, ensuring
consistent and precise results. Three independent samples
were averaged to acquire the final compressive strength
values. Table 4 provides the compressive strength values
for three different samples.

Pullout Testing

The cylindrical samples were prepared in accordance with
ASTM (C234 [34]. Each specimen was a concrete cylinder
with a single steel reinforcement bar in the middle. Fig. 1a
shows that the steel bar was extended about 350 mm above
the top of the concrete cylinder to give sufficient length for
connection to the testing apparatus. A steel bar hidden
length of 100 mm was kept within the concrete to allow for
bond strength growth. The casting was done in three stages,
with each layer vibrated for 15-20 s to ensure adequate
compaction. The top layer was flattened to provide an
excellent surface finish. The samples were securely wrap-
ped in plastic to avoid moisture ingression. After a 24 h
curing, the samples were demolded and cured in a water
tank for 28 days at standard temperature and humidity.
Conventional pullout tests were conducted on the three
cylindrical specimens. An automated Universal Testing
Machine (UTM) recording system of load capacity 400 kN
was used, outfitted with high-precision linear variable
differential transducers (LVDTs) to constantly monitor the
slip of the rebar when subjected to the applied load and
stress. During the tests, the loading rate was held constant
at 0.1 kN/s. To ensure an equal distribution of loading
pressure over the specimen surfaces, the specimens were
firmly positioned between two plates, with leather sheets
inserted over the plates and the sample surfaces. Moreover,

@ Springer

Gap-Graded Aggregate

. 20mm
10 . 16mm

. 12.5mm
6.3

475

2.36

00 02 04 06 08 10
Aggregate Sizes (mm)

the reinforcing bar will be slowly pulled out of the concrete
at a constant rate until it fails. The maximum applied load
and displacement will be measured. The load-displacement
data obtained from the pullout tests will be collected and
analyzed to calculate the bond strength values.

Aggregate Grading

Aggregate grading plays crucial role to improve strength,
durability, workability and prevents segregation and
bleeding. A well-graded mix has aggregate particles dis-
persed uniformly across various sizes with a maximum size
of 20 mm and below. In contrast, gap grading has a con-
siderable gap or void between sizes of aggregate particles
and below 12.5 mm size of aggregates were omitted. Fig-
ure 3a and b shows the representation of well and gap
graded aggregates, respectively.

Specimen Diameter to Embedded Length

The specimen diameter plays a crucial role in the distri-
bution of stresses and effective load transfer at the
interface. Figure 4a and b shows the schematic diagram for
100 mm and 150 mm cylindrical specimens embedded
with 16 mm diameter steel bars. The effect of specimen
diameter on different embedment lengths, such as 8 d,
10 d, and 12 d, was evaluated using pullout testing. The
bond strength vs slip curves were analyzed and discussed
through bond strength values.

Corrosion Testing

To simulate corrosion, a controlled accelerated corrosion
procedure will be conducted for the chosen specimens. The
samples were thoroughly cleaned to eliminate impurities or
surface contaminants and dried to ensure their initial
weight was precisely noted. The samples were treated to an
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Fig. 4 Specimen diameter to embedded length (a) 100 mm diameter (b) 150 mm diameter

Cylindrical Copper rod (cathode)

specimen

Power Supply
10 Volt

10

+[]

Specimen

Copper Rod

Nacl solution

(@)

Fig. 5 Accelerated corrosion (a) schematic diagram (b) actual set up

accelerated corrosion environment by immersing them in a
3.5% NaCl (solution and incorporating an impressed cur-
rent. Figure 5a and b depicts the schematic diagram and
actual setup for accelerate corrosion. The steel bar acted as
the anode, and a copper rod served as the cathode. An
external power supply of 10 V was connected to the copper
rod and steel bars. A regulated electric current was applied
to the steel reinforcing bars to aid corrosion. The amplitude
of the current was controlled and monitored during the
experiment. The specimens will be exposed to a corrosive
environment for a set period. The ultimate bond strength
was evaluated for different days using pullout test. Fig-
ure 6a and b shows schematic diagram and actual set up for
Half-cell potential testing. The setup comprised a working
electrode submerged in the test electrolyte, a reference
electrode, and a counter electrode. This setup enabled us to
measure and study the electrochemical behavior of the
system. Table 5 shows the guidelines for the active cor-
rosion in accordance with ASTM C876 [35]. These
standards provide a valuable benchmark for measuring

3.5% NaCl
Solution

corrosion severity and controlling material selection and
maintenance methods in various industrial applications.

Results and Discussions

Interfacial bond strength is considered a significant design
parameter in reinforced concrete constructions to enhance
its overall performance. This research looks at the effect of
specimen diameter, aggregate grading, and corrosion
behavior on the bond strength. These experimental results
and discussion will give important insights into the ele-
ments influencing bond behavior in concrete structures.
Figure 7 shows the average bond strength vs slip curve for
3 different samples. The plot shows a clear pattern,
demonstrating how bond strength varies as slip rises. As
slip grows, average bond strength decreases consistently,
indicating that the bond interface weakens as the material’s
slippage or deformation [36, 37]. This finding is important
for evaluating the integrity of concrete structures because it
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Fig. 6 Half-cell potential set up (a) schematic Diagram (b) actual set up

Table 5 Guidelines for active corrosion [35]

Half-cell potential reading  Percentage chance of active corrosion

(mV) (%)
< — 350 90
— 200 to — 350 50
> — 200 10
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Fig. 7 Bond strength vs Slip curve between steel and concrete

emphasizes the need to maintain enough bond strength to
ensure the stability and performance of concrete structures
under varying load circumstances. The ultimate bond
strength was calculated by using the following Eq 1.
P,
= Eq 1

= (Eq 1)
where P, is the maximum load at failure. / is the embedded
length of steel bar, and d is the diameter of rebar.
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Effect of Aggregate Grading

In this section, the Authors studied the influence of well
and gap graded aggregates on steel-concrete bond strength.
The concrete specimens using both aggregates were tested,
and the maximum load at slip was recorded using pullout
tests. Figure 8a and b shows the average bond Strength-Slip
values obtained for both well grading and gap grading
concrete mixes. This research’s findings indicate a signif-
icant variation in bond value for different aggregate
grading. It has been found that well-graded aggregates
contribute to producing a superior interlocking mechanism
with steel reinforcement. This improved mechanical
interlock adds to increased bond strength. Gap-graded
aggregates have voids between specific aggregate sizes and
might result in less contact between the aggregate and the
steel surface. Especially compared to well-graded aggre-
gates, the small contact area decreases bond strength. The
presence of voids in gap-graded aggregates may help less
frictional forces at the steel-concrete contact. Friction is an
important component of bond strength, and a reduction in
frictional resistance can result in lower bond strength val-
ues. Well-graded aggregates have higher bond strength and
are commonly preferred in structural applications where
bond strength is critical. On the other hand, Gap-graded
aggregates may be used in situations where workability and
other criteria are more important than bond strength.

Effect of Specimen Diameter to Embedded Length

In this study, the author examined the variation among
cylindrical specimen diameter (100 and 150 m) and
embedded length (8d, 10d, and 12 d) on the bond
strength between steel and concrete. This study intends to
provide significant insights into specimen diameter and
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Fig. 9 Bond strength-slip curves for different embedment length to
(a) 150 mm dimeter (b) 100 mm diameter

embedded length impact on bond strength through varying
these factors. Figure 9a and b shows the bond strength-slip
behavior for 150 and 100 mm diameter cylindrical speci-
men. It has been seen that bond strength was significantly
greater for 150 mm diameter samples compared to
100 mm diameter for specimens with an anchored length
of 8 d. This difference can be due to the 150 mm speci-
mens’ higher surface area accessible for bond formation.
Similar patterns were found for embedded lengths of 10 d

and 12 d, with the 150 mm diameter specimens consis-
tently demonstrating greater bond strength values than the
100 mm diameter samples. An increase in embedding
length from 8 to 12 d resulted in a substantial improvement
in bond strength for the 100 and 150 mm diameter speci-
mens. This result indicates that in smaller diameter
specimens, a longer embedment length leads to increased
bond strength. The finding of the result shows that speci-
men diameter and embedded length substantially influence
the bond properties. A larger specimen diameter offers an
additional surface area for creating strong concrete and
steel interfaces. This result indicates that 150 mm speci-
men diameter have increased bond strength levels, as
larger specimens less susceptible to confinement effects,
which can improve bond strength even more.

Effect of Corrosion on Bond Strength

Corrosion of steel reinforcement in concrete structures is a
serious issue that could risk integrity and durability of RCC
structures. In the present investigation, the authors em-
ployed an accelerated corrosion setup to explore the effect
of corrosion on the bond strength at different exposure
times, i.e., 3, 14, and 30 days. The findings and discussion
of this study provide information about how different
phases of corrosion impact bond strength. Specimens were
exposed to a corrosive environment over 3, 14 and 30 days.
Fig. 10. shows the effect of accelerated corrosion before
testing. Pullout testing was performed after each corrosion
exposure days to assess the influence on the bond perfor-
mance (see Fig. 11.). The findings clearly show a
considerable decrease in bond strength as corrosion expo-
sure time rises. The noticed reduction in bond strength can
be due to many corrosion-related variables. Steel rebars
produce rust and corrosion by-products on their surface as
corrosion develops, which may disrupt the adhesion
between the steel and the surrounding concrete. This rust
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Fig. 10 Effect of Accelerated
corrosion before testing (a) 3
Days (b) 14 Days (c) 30 days

Fig. 11 Bond Strength-Slip 7
curve at different corrosion Control
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coating is a barrier between steel and concrete, lowering
the effective contact area and bonding. Furthermore, the
growth of rust can strain the surrounding concrete, causing
cracking and weakening the bond. The development of
voids and fractures in the surrounding concrete can also
reduce bond strength. Figure 12. shows the different failure
modes with days of exposure. As the corrosion process
grows, these faults can spread, resulting in the start and
propagation of damage along the material’s longitudinal
axis. This eventually leads to a splitting failure when the
material can no longer allow for the imposed stresses.
Figure 13. compares bond strength values for different
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exposure days with the control sample. The graph
demonstrates that the bond strength of control specimen,
which was not exposed to corrosion, mainly remained
steady during the test. However, the samples subjected to
accelerated corrosion showed a noticeable loss in bond
strength as the exposure days progressed. The reduction in
bond strength with increased exposure days might be due
to corrosion on the steel within the concrete. Corrosion of
the steel reinforcement causes rust to develop and the steel
to expand, producing internal stresses inside the concrete
matrix. These internal stresses, in turn, reduce the bond
strength, affecting the material’s structural stability.
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Table 6 Half-cell potential values

Days of exposure Average half-cell potential Probability of

(days) value (mV) corrosion (%)
3 — 125 10
14 — 327 50
30 — 430 90

Then, the study extended to check the half-cell potential
values for different days of corrosion.

Table 6 shows the average half-cell potential values
collected at various exposure times, as well as the corro-
sion conditions associated with them. The half-cell
potential values are an essential indication of the corrosion
behavior of the material being studied. The corrosion
potential values in this investigation were measured in
millivolts (mV) and were tracked during three independent
exposure periods: 3, 14, and 30 days. The average half-cell
potential value was — 125 mV after the 3-day exposure
period, representing a 10% chance of corrosion. The high

potential value in the negative range indicates that the
material had a low likelihood of corrosion after a brief
exposure period. This finding points to the development of
a protective oxide layer on the material’s surface that
served as a barrier against corrosive chemicals during the
earliest stages of exposure. The average half-cell potential
value was — 327 mV after 14 days of exposure. As the
guidelines indicate, there is a 50% likelihood of corrosion,
and this decrease in potential value shows a greater vul-
nerability to corrosion. The negative change in potential
indicates that the protective oxide layer allows corrosive
processes to proceed more rapidly. After 30 days of
exposure, the average half-cell potential value dropped to
— 430 mV, with a 90% chance of corrosion. This abrupt
drop in potential value indicates severe corrosion condi-
tions. The material’s surface most likely undergone
significant corrosion, resulting in a loss of its protective
characteristics. When long-term durability is a concern, the
significant rise in the chance of corrosion emphasizes the
crucial relevance of preventative measures or material
selection. It is critical to note that the relationship between
half-cell potential levels and corrosion likelihood is well-
established in corrosion research. The greater the half-cell
potential, the greater the possibility of corrosion. As a
result, the patterns seen in this study are consistent with
what is expected of materials in corrosive environments.

Conclusions

In this study, the author performed strength and durability
tests to explore important factors affecting the bond prop-
erties. Pullout testing was conducted for all the parameters
affecting the bond strength. The major effects of specimen
diameters to embedment length, aggregate grading and
corrosion exposure days were studied. The experiments
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produced insightful results to understand the bond behavior
in adverse conditions. The major findings drawn from this
research are as follows.

The increase in the ratio of specimen diameter to
embedment length improves load transmission capac-
ity, resulting in a stronger and stable bond behavior.
Well-graded aggregates produce a superior interlocking
mechanism with the steel reinforcement, resulting in
stronger bond strength. In contrast, gap-graded aggregates
had lower bond strength values due to voids and reduced
contact area between the aggregates and the steel surface.
Furthermore, the study emphasized the impact of
corrosion exposure days on bond strength. Higher
corrosion exposure days of reinforced concrete have
considerably lower bond strength than control sample.
This emphasizes the vital need of applying suitable cor-
rosion prevention methods in corrosive situations in
concrete buildings. Implementing corrosion-resistant
materials, coatings, or cathodic protection systems may
drastically increase the lifetime and performance of
reinforced concrete buildings, lowering maintenance
costs and increasing safety.

The results obtained from half-cell potential values
indicated that the material had a low risk of corrosion,
with an average half-cell potential of — 125 mV after
3 days. However, after 14 days, the potential declined
to — 327 mV, indicating a 50% probability of corro-
sion, and after 30 days, it dropped even further to
— 430 mV, indicating a 90% chance of corrosion.

The study can further have extended to evaluate the

behavior of bond strength for natural corrosion progres-
sion. Future research will also focus on long-term corrosion
impacts and prevention, effect of fatigue loading on the
bond characteristics of RCC structures. This research can
guide engineering techniques, resulting in durable and
sustainable infrastructure.
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