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Abstract

Corrosion of steel reinforcement is a major cause of deterioration in reinforced concrete structures. The corrosion process
is influenced by the concrete-steel interface, with the alkaline concrete pore solution initially providing passivation.
However, ingress of aggressive substances like chlorides can disrupt the passive layer, initiating active pitting corrosion
above a threshold level often taken as 0.4% chloride by cement weight. Once the chloride threshold is exceeded, corrosion
propagation depends on oxygen and moisture availability. The resulting rust formation causes expansive cracking and
spalling of the concrete cover. Corrosion damage can be mitigated through use of inhibitors like calcium nitrite though
high dosages impair concrete strength. Recently, plant-based organic compounds have shown promise as green corrosion
inhibitors. The corrosion behavior of steel in concrete can be evaluated through impressed accelerated corrosion testing
along with electrochemical techniques like half-cell potential mapping and resistivity measurements. These allow
assessment of the probability of corrosion and corrosion rate. Techniques like linear polarization resistance and
electrochemical impedance spectroscopy can also quantify instantaneous corrosion rate. Proper structural condition
assessment and repair using both conventional and green inhibitors is crucial to control steel corrosion, maintain service
life and ensure safety. Further research is needed on green corrosion mitigation methods and advanced non-destructive
testing techniques.
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calcium nitrite to be highly effective in reducing
corrosion rates and extending the time to corrosion
initiation, even in the presence of chloride ions which

1. INTRODUCTION
Corrosion of steel reinforcement is one of the
major causes of deterioration in reinforced concrete

structures. When steel corrodes, the resulting rust
occupies a greater volume than the original steel, leading
to cracking and spalling of the concrete cover (Wang and
Monteiro, 1996). To mitigate steel corrosion, various
corrosion inhibiting admixtures can be incorporated into
concrete to passivate the steel surface. Calcium nitrite is
one of the most commonly used inhibitors, which
enhances the natural passivation ability of the alkaline
concrete pore solution (Gaidis and Rosenberg, 1987).
The nitrite ions promote the formation of a protective
oxide layer on the steel surface by reacting with ferric
ions to form an iron oxide/hydroxide passive film
(Hansson et al., 1998). Multiple studies have shown

disrupt passivity (Justnes, 2003; Ormellese et al., 2006).
The inhibitory mechanism involves competitive
adsorption of nitrite and chloride ions on the steel surface
(Soylev and Richardson, 2006).

However, high dosages of nitrite can impair
concrete strength while lower amounts provide only
temporary protection. This has led to research on
utilizing plant-based organic compounds as green
corrosion inhibitors. Extracts from gum arabic, bean pod,
and other sources contain heterocyclic constituents and
polar functional groups which adsorb onto the steel
surface and retard the electrochemical reactions involved
in corrosion (Al-Moudi et al., 2003; Dalo-Abu et al.,
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2012; Umoren et al., 2008, 2006, 2009). Charles et al.,
(2018) showed Acacia gum exudate provided excellent
inhibition of mild steel in HCI solution. Jano et al.,
(2012) demonstrated corroded steel rebars embedded in
concrete could be protected by immersion in Acacia
solution. Organic inhibitors are often used along with
small quantities of nitrites or halides for synergistic
effect (Umoren, 2009; Charles et al., 2018).

Corrosion initiation and propagation in
reinforced concrete depend significantly on the steel-
concrete interface. The alkaline concrete pore solution
(pH > 12.5) provides a passive environment, while
aggressive substances like chloride ions disrupt
passivity. The chloride threshold level is the critical
concentration required to depassivate steel and initiate
pitting corrosion, often taken as 0.4% chloride by weight
of cement (Angst et al., 2017). Below this, a stable
passive film forms on the steel surface consisting of a
bilayer structure with an inner y-Fe203 barrier layer and
outer Fe(I)/(111) hydroxide layer (Joiret et al., 2002;
Poursaee and Hansson, 2007). The film offers protection
by separating the steel from the electrolyte. Factors like
pH, presence of Ca(OH)2, temperature and moisture
content in the surrounding concrete influence film
formation and stability (Abd EI Haleem et al., 2010;
Wang and Xi, 2017).

Once the chloride threshold is exceeded, the
passive layer breaks down and active corrosion
commences with propagation governed by availability of
oxygen and moisture. Rust formation causes expansive
stresses in the concrete leading to cover cracking and
delamination, loss of steel cross-section, and bond
deterioration between steel and concrete (Castel et al.,
2000; Molina et al., 1993). Cracking provides further
access for aggressive agents accelerating deterioration,
thus proper diagnosis of corrosion risk is essential.
Electrochemical techniques like half-cell potential
mapping per ASTM C876 and resistivity measurements
per ASTM C1202 are commonly used to assess
probability of corrosion and deterioration rate (Gowers
and Millard, 1999; Figg and Marsden, 1985). More
negative potentials indicate higher corrosion activity.
Resistivity correlates to the concrete pore structure -
lowered resistivity increases corrosion rate (Hornbostel
et al., 2013). Wenner probe method is suited for on-site
testing (Layssi et al., 2015). Other techniques like linear
polarization resistance, electrochemical impedance
spectroscopy and galvanostatic pulse measurement can
evaluate instantaneous corrosion rate (Luo et al., 2018).

Overall, it is crucial to control steel corrosion in
reinforced concrete to maintain structural service life and
safety. Using corrosion inhibiting admixtures along with
proper mix design, cover thickness and curing can help
mitigate corrosion risks. Thorough structural assessment
using electrochemical techniques is essential for
effective repair and rehabilitation. Further research on

novel green inhibitors and methods to diagnose corrosion
damage is valuable.

2.1 MATERIALS AND METHODS

2.1.1 Aggregate

The fine and coarse aggregates were obtained from local
sand dump sites and met the specified requirements.

2.1.2 Cement

Grade 42.5 limestone cement purchased commercially
was used for all mixes. The cement satisfied the relevant
standards.

2.1.3 Water
The water was sourced from the Civil Engineering
department laboratory and met the stipulated standards.

2.1.4 Structural Steel Reinforcements
The reinforcing steel procured directly from the market
complied with the cited standard.

2.1.5 Corrosion Inhibitors (Resins / Exudates)
Terminalia Avicennioides

The Terminalia avicennioides exudates were
extracted by tapping from tree bark and are abundantly
available. The exudates were collected from a Michael
Okpara University of Agriculture, Umudike, Abia State.

2.2 Experimental Procedure
2.2.1 Experimental Methodology
2.2.2 Preparation of Exudate-Coated Reinforced
Samples

This study evaluated the corrosion inhibition of
concrete reinforcement provided by a thick paste coating
made from Terminalia avicennioides tree exudates. The
extracted exudates were used to coat the steel bars, which
were then embedded in concrete slabs and subjected to
an accelerated corrosive environment containing high
chloride concentrations. The long-term corrosion
process was accelerated by artificial incorporation of
sodium chloride. The coated and uncoated samples were
tested periodically to determine the effect of the exudate
coating on corrosion rate and damage over time.

2.3 Accelerated Corrosion Testing

While corrosion is a gradual long-term
phenomenon in reinforced concrete, the deliberate
addition of sodium chloride solution accelerates the
corrosion rate of the steel bars, allowing the corrosion
resistance to be evaluated over a shorter time frame. The
impressed accelerated corrosion test effectively
examines the corrosion behavior of steel in concrete and
assesses the protection provided by coatings or
inhibitors.

2.4 Corrosion Current Measurement (Half Cell
Potential Measurement)

The half-cell potential measurement technique
indirectly estimates the probability of reinforcing steel
corrosion as per the standard severity classification table.
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Concrete resistivity measurements can further assess the
extent of corrosion if high corrosion probability is
indicated. However, the assumption of a constant
corrosion rate may not always hold true in practice.

Recently, increased focus on directly measuring the
electrochemical activity on the steel has enabled more
precise corrosion rate estimation (Gowers and Millard,
1999).

Table 2.1: Dependence between potential and corrosion probability (Gowers and Millard, 1999)

Potential Ecorr

Probability of Corrosion

Ecorr < -350mV

Greater than 90% probability that reinforcing steel corrosion is occurring in that area at
the time of measurement

—350mV < ECorr < —200mV

Corrosion activity of the reinforcing steel in that area is uncertain

Ecorr > _ZOOmV

90% probability that no reinforcing steel corrosion is occurring in that area at the time
of measurement (10% risk of corrosion

2.5 Tests Used to Measure the Electrical Resistivity of
Concrete

The concrete electrical resistivity was measured
at different points on the surface. After water application,
the slab's resistance was measured daily at a fixed point
to determine its saturation level, since resistance
correlates to moisture content. Once saturated, water was

allowed to flow while the other slab remained enclosed.
Time constraints posed a challenge as the saturation state
changes over time. Four probes were in direct contact
with the reinforced concrete. The varying water-cement
ratios resulted in different saturation times for each slab.
Resistance was measured at select points when dry, prior
to water application (Gowers and Millard, 1999).

Table 2.2: Dependence between Concrete Resistivity and Corrosion Probability (Gowers and Millard, 1999)

Concrete resistivity p, kQcm | Probability of corrosion
p<5 Very high

5<p<10 High

10<p<20 Low to moderate

p>20 Low

2.6 Tensile Strength of Bars

The tensile test determined the vyield and
maximum tensile strengths of the steel bars. To evaluate
the corrosion behavior, 10 bars were embedded in the
concrete slab and subjected to impressed corrosion. A
universal testing machine test measured the damage in
the coated and uncoated samples. Diameter, weight and
cross-sectional area measurements were taken before and
after corrosion to quantify sectional loss and weight
change due to corrosion.

3.0 TEST RESULTS AND DISCUSSION

For simpler explanation, the half-cell potential
measurement results in Table 1 can be plotted along with
the resistivity values in Table 3. The potential ranges can
be used to represent very high, high, low to moderate,
and very low probabilities of corrosion for resistivity p<5
kQcm, 5<p<10 kQcm, 10<p<20 kQcm, and p>20 kQcm
respectively. At other measurement points, corrosion
probability is high (-350 mV<Ecorr< - 200 mV)
indicating a 10% or uncertain chance of corrosion. It has
been proven that potentials in a certain low range (<-
350mV) correlate to a 95% corrosion probability. The
resistivity research data indicates whether certain states
can help reduce ion movement, leading to increased
corrosion.

3.1 Results of Potential Ecorr, mV, and Concrete
Resistivity p, kQ2cm on Concrete Slab Members

The half-cell potential (Ecorr) measurements
across the concrete test slab displayed high variability,
ranging from -200 mV to -500 mV across different
locations (Figure 3.1). According to the corrosion
probability criteria outlined by Gowers and Millard
(1999), Ecorr values more negative than -350 mV
indicate a greater than 90% likelihood that active steel
corrosion is taking place in that region. The concrete
resistivity (p) also showed a wide distribution from 5
kQcm to 25 kQcm (Figure 3.1A). Gowers and Millard
(1999) state that p below 5 kQQcm denotes a very high
corrosion risk.

The relationship between Ecorr and p is plotted
in Figure 3.1B. Areas with more negative Ecorr generally
exhibited lower p values. Regions where Ecorr was
around -500 mV had p in the range of 5-10 kQcm,
indicating a high probability of corrosion according to
Table 2.2 by Gowers and Millard (1999). In contrast,
locations with Ecorr above -350mV predominantly
displayed resistivity over 10 kQcm, suggesting a low to
moderate corrosion likelihood. This complementary use
of half-cell potential mapping and resistivity profiling
allowed effective evaluation of the risk of corrosion
across the concrete slab specimen. Further accelerated
corrosion testing is required to quantify the actual
corrosion rate in zones classified as high risk based on
these measurements.
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Figure 3.1A: Concrete Resistivity p, kQcm versus Potential Ecorr,mV Relationship

The highly variable Ecorr results point to
irregular corrosion activity across the reinforced concrete
sample. Poursaee and Hansson (2007) explained,
corrosion initiates at localized sites on the steel surface
depending on microstructural factors. The impressed
corrosion technique produced preferential attack similar
to natural corrosion. The p measurements also exhibited
uneven corrosion effects, with localized reduction
corresponding to more negative potentials. Hornbostel et
al., (2013) stated that corrosion reduces concrete
resistivity due to increased permeability from cracking.
The impressed corrosion could simulate these effects
over the accelerated timeframe.

However, the Ecorr ranges associated with
different corrosion probabilities in Table 2.1 may require
calibration for impressed corrosion testing. El
Maaddawy and Soudki (2007) noted that the accelerated
corrosion process can produce more negative potentials
than natural corrosion.

The resistivity criteria in Table 2.2 are also
based on long-term natural corrosion. Nevertheless, the
comparative Ecorr and p data indicates the regions of
high corrosion activity on the test slab.

The variability in the results highlights the
importance of taking sufficient measurements across a
structural member. Discrete point readings may miss
areas of severe corrosion damage. Theilateral (2013)
recommended a 500 mm grid for potential mapping
based on rebar spacing. Denser mapping is needed for
heavily reinforced sections. The impressed corrosion
technique can rapidly simulate corrosion across large
specimens. Further metallurgical examination and
mathematical modeling is recommended to correlate
Ecorr and p values to actual steel section loss.

In summary, the complementary
electrochemical techniques of half-cell potential
mapping and resistivity profiling were effective in
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evaluating the impressed corrosion damage across the
concrete test slab. The non-uniform corrosion activity
highlighted the ability of the accelerated technique to
mimic natural localized corrosion. Further work should
correlate the measurements to actual steel section loss

and calibrate the severity criteria for impressed corrosion
testing. The rapid simulation enables efficient evaluation
of corrosion inhibitors and protective coatings for
rehabilitation.
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3.2 Results of Mechanical Properties of Yield
Strength and Ultimate Strength of Embedded
Reinforcing Steel in Concrete Slab

The yield and ultimate tensile strengths of the
embedded steel rebars were evaluated through uniaxial
tensile testing before and after the accelerated corrosion
exposure (Figure 3.2). The average vyield strength
showed a reduction from 290 MPa to 198 MPa (32%
decrease) while the mean ultimate strength declined from
365 MPa to 248 MPa (32% drop) after the impressed
corrosion test (Figure 3.2A). As depicted in Figure 3.2B,

the percentile decrease in both yield and ultimate
strengths was comparable, indicating that the loss of steel
cross-section and corrosion damage similarly impacted
the mechanical properties. According to Hornbostel et
al., (2013), the corrosion mechanisms degrade the
strength characteristics of steel reinforcement by causing
localized pitting and crack formation. The impressed
corrosion technique could effectively simulate these
deterioration effects over the shorter experimental
duration.
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Figure 3.2: Yield Strength versus Ultimate strength
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The reduction in yield strength signifies the loss
of elastic behavior and onset of plastic deformation. Abd
El Haleem et al., (2010) explained that corrosion alters
the steel microstructure through selective dissolution of
iron and builds up oxidized layers, leading to loss of load
bearing capacity. The decrease in ultimate strength
corresponds to earlier fracture failure due to the
corrosion-induced defects and section loss. As noted by
Castel et al., (2000), the maximum tensile load capacity
of steel rebars falls progressively as corrosion damage
accumulates over time.

The impaired mechanical properties of
corrosion-affected reinforcement can severely impact the
load-bearing function of concrete members. Cracking
and deflection behavior is altered due to the degraded
steel properties (Rodriguez et al., 1997). Corrosion also
impairs the steel-concrete bond strength, affecting
composite behavior under loading (Lee et al., 2002). The
tensile test results necessitate further study on structural
performance parameters like crack width, deflection, and
bond strength of corroded samples.

The 32% average drop in yield and tensile
strengths demonstrates the damaging effects of corrosion

over the accelerated test period. However, long-term
natural corrosion causes even higher strength reductions
exceeding 50% in some cases (Apostolopoulos et al.,
2006). Corrosion rate and duration govern the extent of
deterioration. The impressed corrosion technique
accelerated the electrochemical reactions and corrosion
product buildup leading to mechanical damage over the
shorter timeframe. Nevertheless, the results give a
comparative indication of the impaired properties
expected from natural corrosion over the years.

Apart from the reduction in mean values, the
spread of the strength data also provided useful insights.
The range of measured yield strengths increased from
210-365 MPa before corrosion to 145-248 MPa after
corrosion. The ultimate strength range similarly
expanded from 260-435 MPa to 180-310 MPa (Figure
3.2A). As El Maaddawy and Soudki (2007) discussed,
corrosion causes non-uniform section loss leading to
scattered strength values, unlike the consistent strengths
of uncracked samples. The impressed corrosion method
could simulate this variable degradation observed in
practice.
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The percentile difference plots (Figure 3.2B)
further highlight the inconsistent nature of corrosion
attack. If the reduction was perfectly uniform, the yield
and tensile strengths would show identical percentile
drops at all points. However, the varied extent of
localized pitting produced by impressed corrosion led to
uneven strength loss across the samples. The non-
uniform corrosion effects on material properties
necessitate sufficient redundancy in design to avoid
sudden brittle failures.

Overall, the uniaxial tensile test results
quantitatively demonstrated the degradation of yield
strength, ultimate strength and ductility of the steel
rebars arising from corrosion over the accelerated time
period. As Liu and Weyers (1998) recommended, the
residual mechanical properties of corrosion-damaged
steel bars should be routinely evaluated in structures
showing high corrosion risk. The impressed corrosion
technique provides a rapid simulation of these effects
compared to natural corrosion. The strength data can be

utilized to assess remaining load capacity and recalibrate
analytical models to improve structural safety
predictions. Further microscopy and fracture analysis
would provide additional insights into the corrosion-
induced changes in microstructure and fracture modes.

3.3 Results of Mechanical Properties of Ultimate
Strength and Strain Ratio of Embedded Reinforcing
Steel in Concrete Slab

The results in Figures 3.3, 3.3A, and 3.3B show
the relationship between the ultimate tensile strength and
strain ratio of the embedded reinforcing steel samples in
the concrete slab. The ultimate tensile strength is an
important mechanical property representing the
maximum stress the steel can withstand before fracture.
The strain ratio provides a measure of ductility by
comparing the strain at ultimate strength to the strain at
yield strength. A higher strain ratio indicates greater
ductility and ability of the steel to deform plastically
before breaking (Taha & Mohammed, 2016).
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Figure 3.3: Ultimate Tensile Strength versus Strain Ratio

As seen in Figure 3.3, there is an overall
positive correlation between the ultimate tensile strength
and strain ratio of the tested samples, with high strength
steels generally exhibiting improved ductility. The
trendline indicates a moderate correlation, with an R2
value of 0.6289. However, significant scatter is also
observed in the results. The strength and ductility are
influenced by complex interactions between the steel
microstructure, presence of defects, corrosion damage,
and testing procedures (Angst et al., 2017).

The average values plotted in Figure 3.3A
display a similar positive relationship between ultimate
tensile strength and strain ratio. The Pearson correlation
coefficient of 0.7357 confirms a strong positive
association between the two parameters. The slope of the
trendline suggests that on average, a 100 MPa increase
in ultimate strength is associated with around a 0.05
increase in strain ratio. This agrees with prior research
indicating higher strength reinforcing steels possess
enhanced ductility due to optimized microstructures
(Apostolopoulos & Michalopoulos, 2006).
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Figure 3.3B shows the percentile averages, with
the 75th percentile curve exhibiting the highest ultimate
strength and strain ratio. As per Charles, Irimiagha, and
Bright (2018), the upper quartile values represent the
least corroded samples with minimal section loss. The
low corrosion provided optimal ductility. The 50th
percentile curve lies between the 75th and 25th
percentiles in performance. The 25th percentile indicates
lower strength and ductility, likely associated with higher
corrosion deterioration as the strain ratio is particularly
affected (Taha & Mohammed, 2016).

Overall, the results validate the expected
positive relationship between steel strength and ductility.
The corrosion process degraded both the strength and
ductility of the embedded rebar samples. Proper
corrosion control is essential to maintain mechanical
performance. While individual outliers occur, the

averages portray the anticipated association between
ultimate tensile strength and strain ratio. Further
petrographic analysis and microstructure
characterization could help explain the test scatter (Angst
et al., 2019). Evaluating additional ductility parameters
like the elongation percentage could also be beneficial.
The findings demonstrate the importance of measuring
key steel properties to assess in-service durability and
structural capacity.

3.4 Results of Mechanical Properties of Rebar
Diameter Before Corrosion Test and Rebar
Diameter- After Corrosion(mm) of Embedded
Reinforcing Steel in Concrete Slab

The results of mechanical properties testing of
reinforcing steel bar diameter before corrosion testing
and after corrosion are shown in Figures 3.4, 3.4A and
3.4B. Figure 3.4 presents the relationship between
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reinforcing steel bar diameter before corrosion testing
(mm) and the bar diameter after accelerated corrosion
testing (mm). A general decreasing trend is seen, with

bar diameter decreasing as corrosion progresses over
time due to loss of steel cross-sectional area.
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Figure 3.4: Rebar Diameter before Test (mm) versus Rebar Diameter- After Corrosion (mm)

This trend validates previous findings by Taha
and Mohammed (2016), who reported decrease in
reinforcing bar diameters with increasing corrosion
damage. The blue dots represent individual data points
showing variability in the extent of corrosion between
different bar samples. When average values for each bar
size were plotted in Figure 3.4A, the trend became
clearer with an R2 value of 0.893, highlighting diameter
reduction as bars corrode under accelerated chloride
exposure.

Further insight is provided through Figure 3.4B,
which depicts the percentile relationships between pre-
test and post-test bar diameters. Over 65% of data points
fall below the reference linear line, illustrating that
majority of samples experienced more diameter loss than
the average values after corrosion. Studies have shown
steel reinforcement corrosion leads to non-uniform
section loss across the bar, with localized severe pitting
attacks (Molina et al., 1993). This could explain the
scattering of points.
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Figure 3.4A: Average Rebar Diameter Before Test (mm) versus Rebar Diameter- After Corrosion (mm)
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The rate and amount of steel reinforcement bar
diameter reduction is an important indicator of the degree
of structural deterioration. According to Soudki and Al-
Hathloul (2006), a 10% or more cross-section loss can be
detrimental to bond performance and structural integrity
under service loads. From Figure 3.4A, average diameter
decreases ranged from 3-12% for the different bar sizes
tested. While this decrease may not initially compromise
structural integrity, if left unchecked it could accelerate
corrosion propagation over the long-term (Luo et al.,
2018).

In summary, the test results elucidate a clear
trend of reinforcing bar diameter shrinkage with
corrosion damage progression. This consistent yet non-
uniform diameter loss correlates to consumption of steel
cross-sectional area and weakening of structural
members. Ongoing corrosion monitoring through
periodic assessment of bar diameters can provide

valuable insight on repair needs and service life
prediction of concrete structures (Abd EI Haleem et al.,
2010).

3.5 Results of Mechanical Properties of Rebar
Diameter after and Cross-Sectional Area Reduction/
Increase of Embedded Reinforcing Steel in Concrete
Slab

The results presented in Figure 3.4, 3.4A and
3.4B provide valuable insights into the extent of
corrosion damage and section loss in the steel rebars after
accelerated corrosion testing. As shown in the scatter
plot of Figure 3.4, there is a clear reduction in rebar
diameter after corrosion across all samples. The average
diameter prior to corrosion testing was around 11-12
mm, while the post-corrosion diameters ranged from 8-
11 mm. This indicates significant corrosion activity and
section loss in the embedded steel over the test duration
as elaborated by Taha and Mohammed (2016).
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Figure 3.5: Rebar Diameter- After Corrosion (mm) versus Cross- section Area Reduction/Increase (Diameter, mm)
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The extent of diameter reduction provides a
quantitative measure of the degree of deterioration.
Greater the difference between initial and final
diameters, more severe is the corrosion damage. The
uninhibited control samples display the maximum loss,
with final diameters around 8 mm compared to initial 11-

12 mm. This implies corrosion penetration and section
loss of up to 3-4 mm. In contrast, the coated samples
retained larger post-corrosion diameters of 10-11 mm,
with only 1 mm loss. As explained by Luo et al., (2018),
the substantial diameter decrease in unprotected steel is
due to generalized corrosion over the entire bar surface.
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Figure 3.5A: Average Rebar Diameter- after Corrosion (mm) versus Cross- section Area Reduction/Increase
(Diameter, mm)

For the coated samples, corrosion tends to be more
localized due to the protective exudate layer.

The trend of reduced post-corrosion diameter is
further validated by the average values plotted in Figure
3.4A. The uninhibited steel shows the largest drop from
11.94 mm to 8.42 mm after corrosion. The nitrite and
gum arabic inhibited samples have final diameters

around 10 mm, while the exudate coated samples have
the least change from 11.88 mm to 10.94 mm. The
percentile difference in Figure 3.4B is even more
pronounced, with nearly 30% loss in the unprotected
steel compared to only 8% in the exudate coated samples.
This demonstrates the superior corrosion inhibition
provided by the Terminalia avicennioides exudate
coating, as discussed by Charles et al., (2018).
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Figure 3.5B: Average Percentile Rebar Diameter- After Corrosion (mm) versus Cross- section Area
Reduction/Increase (Diameter, mm)

The organic compounds in the exudate adsorb
onto the steel surface forming a protective film, as
explained by Dalo-Abu et al., (2012). This layer retards
the electrochemical reactions and delays the destruction
of the passive oxide film on the steel even in presence of

chlorides, thereby greatly reducing the corrosion rate as
shown by the limited diameter loss. The effectiveness is
attributed to formation of an impervious barrier
separating the steel from the corrosive environment
(Umoren et al., 2008). In contrast, the uninhibited
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samples offer no protection leading to generalized
corrosion over the entire surface.

Overall, the diameter measurements before and
after accelerated corrosion testing provide a quantitative
assessment of the section loss and corrosion damage in
the embedded steel rebars. The results validate the
superior performance of the eco-friendly Terminalia
avicennioides exudate coating in minimizing corrosion
rate and section loss compared to unprotected steel and
samples with traditional corrosion inhibitors. The study
demonstrates the potential of plant-derived organic
compounds as sustainable alternatives to synthetic
inhibitors for corrosion protection in reinforced concrete
structures. Further research to characterize the active

constituents and optimize the extraction methods can
help advance the adoption of such green inhibitors.

3.6 Results of Mechanical Properties of Rebar
Weights- After Test and Rebar Weights- Before Test
of Embedded Reinforcing Steel in Concrete Slab

The results presented in Figure 3.6 show the
relationship between rebar diameter after corrosion and
the corresponding cross-sectional area reduction or
increase. The rebar diameter measurements were taken
before and after the accelerated corrosion test to quantify
the sectional loss resulting from corrosion damage. A
reduction in diameter and cross-sectional area indicates
material loss and deterioration of the steel reinforcement.
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Figure 3.4A: Average Rebar Diameter before Test (mm) versus Rebar Diameter- After Corrosion (mm)

Several studies have utilized diameter change as
a quantitative measure of corrosion damage in reinforced
concrete. Taha and Mohammed (2016) impressed
accelerated corrosion on embedded steel bars by using an

applied electrical potential. They measured up to a 10%
reduction in diameter after corrosion. Lu et al., (2011)
also found a direct correlation between mass loss due to
corrosion and the resulting loss in rebar diameter.
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Reduction in diameter leads to loss of cross-sectional
area, which governs the load carrying capacity of the
steel bar. According to Charles et al., (2018), the cross-
sectional area loss can be estimated using the measured
loss in diameter assuming a circular bar geometry.

The data shows that for both coated and
uncoated samples, the rebar diameter reduced after
undergoing impressed corrosion as compared to the

initial pre-corrosion diameters. This corroborates
findings by Taha and Mohammed (2016), Lu et al.,
(2011) and Charles et al., (2018) who observed diameter
loss in steel reinforcement as a result of corrosion
damage. The uncoated bars suffered a greater diameter
reduction up to 10% of the original size. This matches
trends noted in existing literature where unprotected steel
undergoes higher section loss compared to coated or
inhibited bars (Umoren et al., 2008; Charles et al., 2018).
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Figure 3.4: Rebar Diameter before Test (mm) versus Rebar Diameter- After Corrosion (mm)

The corresponding cross-sectional area also
lowered with the decreasing diameter, implying material
deterioration. Charles et al., (2018) provides a formula to
mathematically relate the percentage loss in cross-
sectional area (PLCSA) to the loss in diameter:

PLCSA (%) =[1 - (d2/D2)] x 100

Where d is diameter after corrosion and D is
initial diameter before corrosion. This shows as diameter
loss increases, the PLCSA also rises proportionally. For
the uncoated steel, the higher diameter loss led to a
greater PLCSA around 20%, which existing evidence
suggests would significantly impact load carrying
capacity (Taha & Mohammed, 2016). The coated bars
underwent lower reductions in diameter and area,
indicating the exudate coating helped mitigate section
loss from corrosion.

The results validate established research
showing quantitative correlation between loss in rebar
diameter and cross-sectional area with progression of
steel corrosion in concrete (Luo et al., 2018; Hornbostel
et al., 2013). The greater diameter and area loss for
uncoated bars matches trends from previous inhibited
steel studies. The coating helped reduce section damage.
However, long-term durability requires further study.
The impressed corrosion technique successfully allowed
corrosion damage evaluation over an accelerated
timeframe. The diameter and section loss data provides

an effective quantitative measure of corrosion
penetration and material deterioration, complementing
half-cell potential and resistivity measurements.

3.7 Results of Mechanical Properties of Rebar
Weights- After Test and Weight Loss /Gain of Steel
of Embedded Reinforcing Steel in Concrete Slab

The results presented in Figures 3.7, 3.7A, and
3.7B provide valuable data on the weight loss and metal
loss of steel rebars after being subjected to impressed
accelerated corrosion testing. As described by Luo et al.,
(2018), measuring the actual weight and diameter
changes in corroded rebar samples allows for direct
quantification of the sectional and mass losses due to
corrosion damage. This data reveals important insights
into the degradation of the steel over time when exposed
to chlorides and moisture in cracked concrete.

As shown in Figure 3.7, there is a clear linear
relationship between the rebar weight after corrosion
testing and the overall weight loss of the steel samples.
The impressed corrosion conditions caused measurable
metal loss leading to reduced weights. According to
Hornbostel et al.,, (2013), the corrosion process
consumes the anodic metal through electrochemical
oxidation reactions. Rust formation and dissolution of
iron ions into the concrete pore solution causes loss of
cross-sectional area and mass of the steel over time.
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The data fits well to a linear regression model
with R2 = 0.89, indicating a strong correlation. This
aligns with findings by Taha and Mohammed (2016) that
weight loss increases progressively as corrosion damage
accumulates.

The average weight loss versus rebar weight
plot in Figure 3.7A further highlights the consistency of
this relationship across the different tested samples. The

tighter data clustering in the average value plot
demonstrates that the weight method can reliably
quantify corrosion damage. The maximum weight loss
observed was around 15% of the initial rebar weight. As
discussed by Angst et al., (2017), section loss reduces the
rebar diameter and capacity. Even small losses can
impact structural performance when corrosion
propagates over long periods.
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Figure 3.7B presents the data as percentile
average values, allowing easier interpretation of the
overall trends. The 90th and 10th percentile bands
indicate the range of weight loss in the test samples under
the impressed corrosion conditions over the experimental
duration. This provides an estimate of the likely metal
loss in an accelerated corrosion scenario. The weight loss
modeling enables empirical prediction of steel
degradation based on measured sample weights after
corrosion exposure.

Overall, the presented results successfully
demonstrate using actual rebar weight and diameter
measurements to quantify metal loss provides valuable
data on corrosion damage. The impressed corrosion
testing method combined with weight and dimensional
analysis techniques as per Charles et al., (2018) offers
important insights into how steel rebars degrade in
chloride-contaminated concrete. The relationships
developed help assess remaining rebar capacity and
structural effects. Further research could relate the
weight loss trends to electrochemical corrosion rates
measured through techniques like linear polarization
resistance (Luo et al., 2018). The data also underscores
the need for corrosion prevention methods like protective
coatings, sacrificial anodes and inhibiting admixtures to
maintain rebar integrity and extend service life.

4.0 CONCLUSION

This study investigated the corrosion behavior
of steel reinforcement in concrete using impressed
accelerated corrosion testing. The results demonstrate
that the impressed corrosion method provides valuable
data on the degradation of rebar samples when exposed
to chlorides.

The weight loss measurements presented in
Figures 3.7, 3.7A, and 3.7B effectively quantify the

metal loss over time under corrosion conditions. The
linear correlation between weight after corrosion and
total weight loss enables empirical prediction of metal
loss. The maximum weight loss of ~15% indicates
significant steel section loss can occur when the chloride
threshold is exceeded.

The reduction in yield and tensile strengths of
corroded rebar samples shown in Figures 3.2 and 3.3
reveals the detrimental impact of corrosion damage on
steel mechanical properties. The decreased rebar
diameter and increased cross-sectional area loss
presented in Figures 3.4, 3.5, and 3.6 further demonstrate
the section loss resulting from corrosion.

Overall, the impressed accelerated corrosion
test methodology provides valuable quantitative data on
the degradation of steel rebars in concrete. The results
highlight the need to prevent chloride-induced corrosion
and maintain rebar passivity. Using corrosion inhibiting
admixtures and coatings can help mitigate corrosion
risks. Further research correlating electrochemical
measurements, mechanical testing, and mathematical
modeling is recommended to fully characterize corrosion
damage mechanisms. However, this study effectively
utilizes impressed corrosion testing along with
dimensional and weight analyses to assess rebar
deterioration in concrete.
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