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This study investigates corrosion propagation in fly ash (FA) concrete with single rebar and three rebars,
prepared using a w/cm ratio of 0.41. Accelerated chloride transport was achieved through electromi-
gration approach. Corrosion initiation was detected at a rebar potential of -150 mV vs. saturated
calomel electrode (SCE), while propagation was evaluated using galvanostatic pulse (GP) measure-
ments. Throughout 300-1600 days, the size of the reservoir had a notable impact on corrosion current
behavior. The larger reservoirs showed a steady decrease in corrosion current values, while smaller
reservoirs had lower but more variable corrosion current values. The intermediate reservoirs (7.5 cm)
showed the highest corrosion activity among the single rebar samples, likely due to balanced oxygen
and moisture levels. The three rebar samples experienced higher corrosion currents, more negative
potentials, and greater susceptibility to corrosion. The renewed corrosion activity on some selected
samples after 1400 days suggests passive layer breakdown, highlighting the role of reservoir size, rebar
configuration, and environmental factors in FA concrete durability.

1. Introduction.

Steel reinforcement within concrete benefits from a natu-
rally protective oxide layer due to the material’s highly alkaline
environment (pH~13). This passive layer significantly inhibits
corrosion. However, corrosion of steel rebar remains the most
prevalent durability issue for reinforced concrete. Chloride ion
penetration to the steel surface is recognized as the primary
trigger for corrosion initiation in rebar [1-4]. The corrosion-
induced damage in reinforced concrete manifests in two signif-
icant ways. First, the steel rebar’s cross-sectional area dimin-
ishes due to material loss. Second, the corrosion process gener-
ates expansive products, which occupy greater volume than the
original steel. This expansion induces tensile stresses in the sur-
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rounding concrete, leading to cracking, spalling, and ultimately,
structural failure [5-10].

To address these issues, fly ash has been increasingly used
as a partial replacement for cement. During hydration, fly ash
reacts with calcium hydroxide to form secondary compounds,
which significantly reduce the porosity of the concrete matrix
[11]. The fine granules of fly ash obstruct pores and voids, re-
ducing pore size and limiting the diffusion of chloride ions and
other corrosive agents. This densification effect is hypothesized
to enhance concrete resistivity.

Accelerated corrosion testing is widely used to model steel
corrosion in reinforced concrete (RC) structures. Such tests
simulate corrosion mechanisms and evaluate damage, includ-
ing loss of steel-concrete bond, surface cracking, spalling, and
structural stiffness reduction. The need for advanced research
is emphasized to better simulate natural corrosion propagation
and minimize associated damage, particularly by extending the
initiation phase of corrosion.

In this study, 20% of ordinary Portland cement was replaced
with fly ash in the concrete mix. The length of the anode was
adjusted by modifying the size of the solution reservoir, and the
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accelerated chloride transport technique was employed to ex-
pedite chloride ingress by means of electromigration approach.
This experimental approach was developed based on insights
from previous studies [12]. Corrosion typically initiated within
weeks to months. Throughout approximately 1600 days of cor-
rosion propagation, parameters like corrosion current, corrosion
potential, and concrete solution resistance were monitored us-
ing galvanostatic pulse (GP) measurements.

2. Experimental Details.

In April 2016, reinforced concrete specimens incorporating
a binary mix with fly ash (FA) were prepared, utilizing a w/cm
ratio of 0.41. Detailed specifications of the mix are provided in
Table 1 and in reference [13]. The rebar segments were sized
appropriately and cleaned with hexane to remove grease before
casting, following wire-brushing. The specimens were fabri-
cated in two dimensions: 30.0 x 12.7 x 7.6 cm for single rebar
sections and 30.0 x 30.0 X 7.6 cm for three rebar sections. The
single rebar samples had a radius of 0.47 cm, while three rebar
specimens featured with a radius of 0.63 cm. A total of eleven
specimens with single rebar and twelve specimens with three
rebars were prepared, incorporating concrete covers of 1.9 cm
and 2.5 cm. To facilitate corrosion monitoring, the rebars were
drilled and tapped for electrical contact. All specimens included
stainless steel mesh or titanium mixed metal oxide (TiMMO)
mesh embedded along the casting surface, which was later used
as the bottom

Table 1: Concrete mix specifications for FA specimens.

3. Accelerated Chloride Transport.

A controlled electrical potential was applied across the spec-
imens using a power supply to facilitate chloride ingress into the
concrete. The electric field generated between the top and bot-
tom mesh, drove the chlorides from the NaCl solution toward
the embedded rebar. The electrode submerged in the NaCl solu-
tion was connected to the negative terminal of the power source,
while the embedded mesh within each specimen was linked to
the positive terminal. To prevent direct contact between the
TiMMO mesh and the concrete, an acrylic mesh was added to
the solution reservoir. The experimental setup for this acceler-
ated chloride transport process is illustrated in Figure 1.

Table 2: Different single rebar samples made with fly ash re-

placement.

Sample Reservoir Total
Niiinbies length Ampere-
(cm) Hour
FA-1 4.069
FA-2 5 3.015
FA-3 1.718
FA-4 5.889
FA-5 7.5 3.524
FA-6 3.729
FA-7 8.145
FA-8 17.5 6.942
FA-9 6.676
FA-10 25 2.742
FA-11 B 3.531

Mix

Cast Date

Cementitious
Content

Cement
Content

20%

Fine

Coarse

(kg/m?)

(kg/m?)

agg.
(kg/m?)

agg.
(kg/m)

w/cm
ratio

FA

4/18/2016

390

312

FA
(kg/m?)
78

967

833

041

Source: Authors.

The specimens were initially prepared at the State Materi-
als Office of the Florida Department of Transportation (FDOT-
SMO). After 24 hours, the molds were removed, and the sam-
ples were cured in a fog room at high humidity for approxi-
mately one month. By the end of May 2016, they were trans-
ferred to the FAU SeaTech campus. There, the samples were
stored in a high-humidity environment until solution reservoirs
were installed on the casting surface, roughly 40 days after cast-
ing. These reservoirs, attached with marine-grade adhesives,
were filled with a 10% by weight NaCl solution to initiate cor-
rosion. To constrain the corrosion-affected region, the reservoir
lengths were adjusted. Prior to filling the reservoirs, the sam-
ples were pre-conditioned in high-humidity environments for
3-7 days. Electrodes matching the dimensions of the embed-
ded meshes were placed on the reservoir’s top surface. Ad-
ditionally, the bottom 1 cm of each sample was immersed in
a saturated calcium hydroxide solution to minimize leaching,
with a perforated acrylic mesh overlay applied as a protective
measure.

Source: Authors.

Table 3: Different three rebar samples made with fly ash re-

placement.

Sample Reservoir Total
) length Ampere-
Number (cm) Hour
5X (FA) 2.5 1.493
7X (FA) 5 3.262
10X (FA) 2.5 3.262
11X (FA) 2.5 0.758
12X (FA) 5 0.758
13X (FA) 10 2.269
14X (FA) 15 2.304
18X (FA) 15 1.484
20X (FA) 10 3.320
21X (FA) 10 2.410
23X (FA) 5 1.407
24X (FA) 15 1.598

Source: Authors.
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Each specimen was labeled as per Tables 2 and Table 3,
which provide details including sample identification, solution
reservoir length, and the total calculated Ampere-hours applied.
Both single rebar and three rebar specimens prepared with fly
ash were characterized in Tables 2 and Table 3.

Figure 1: Experimental setup used for accelerated chloride
transport method.

NaCl solution Reservoir

TiMMO mesh
connected to Negative
terminal of power supply

Direction of Chloride
ion Migration

Source: Authors.

The accelerated chloride transport technique was conducted
with an initial applied voltage of 9 V. Measurements of the
rebar potential relative to a saturated calomel reference elec-
trode (SCE) indicated a potential exceeding +2 V during the
initial phase. After seven days, the applied voltage was reduced
to 3 V to stabilize the process. The current flow through the
system was monitored by measuring the voltage drop across
a 100-ohm resistor, which allowed for precise current calcula-
tions over several days. Even when the system was temporarily
disconnected, ionic currents generated by the applied electric
field caused the rebar to remain polarized. If corrosion initiation
was not detected in the final rebar potential readings (measured
off-system), the applied potential was resumed. Typically, the
rebar potential was monitored for up to two hours with the sys-
tem disconnected. The process continued until the specimen
exhibited an off-rebar potential of -150 mV vs. SCE or more
negative, signaling the initiation of corrosion in the embedded
rebar. This threshold potential, corresponding to approximately
-220 mV vs. a copper sulfate electrode (CSE), is widely recog-
nized as indicative of corrosion initiation [12].

4. Measurements for Assessing Corrosion Propagation.

To monitor rebar potential during the corrosion propagation
phase following the accelerated chloride transport process, a
SCE and a high-impedance voltmeter were routinely employed.

Early-stage electrochemical characterization, including techniques

such as linear polarization resistance (LPR) and electrochemi-
cal impedance spectroscopy (EIS), was performed, with results
documented in reference [13].

Beginning in April 2017, GP tests were implemented as
an alternative for determining concrete solution resistance (Rs)

and polarization resistance (Rc) values. These measurements
were conducted approximately once a month throughout the
corrosion propagation phase. Initially, a 10 pA galvanostatic
current was applied, but adjustments were made to ensure the
polarization stayed below 25 mV relative to the instant-on po-
tential (the difference between the corrosion potential measured
at 0.2 seconds and the final on-potential value). The first round
of GP tests lasted 140 seconds, but this duration was increased
to 300 seconds in later tests, as some rebar slopes continued to
change beyond the initial duration, necessitating a stable slope
for accurate (Rc) calculation. Later tests adopted a duration of
200 seconds as a balanced approach.

During each test, the GP device first recorded the open-
circuit potential for several seconds. After the pulse was ap-
plied, rebar potential was measured at 0.2 millisecond intervals
over time. The concrete solution resistance (Rs)) was calculated
using the rebar potential before the GP test and the initial on-
potential under the applied pulse. The polarization resistance
(Rc) was determined by comparing the initial on-potential to the
rebar potential at 200 seconds, along with the applied current.
The Rc values derived from GP tests were then converted into
corrosion current (Icorr) values, as the exact corroding surface
area was unknown. The Stern-Geary equation (Icorr= B/Rp)
was used to calculate Icorr, where Rp (equivalent to Rc) repre-
sents the polarization resistance, and B is the Stern-Geary con-
stant. The value of B ranges from 13 to 52 mV depending on
whether the steel is in a passive or active corrosion state. Fol-
lowing established guidelines, a value of 26 mV was selected
for this study to represent actively corroding steel [14—16].

5. Results and Discussion.

5.1. Evolution of Icorr with time.

The following section illustrates the progression of Icorr
over time, as measured using the GP method, for samples made
with FA concrete mixes containing either single rebar or three
rebars. It is important to note that day zero in most of the plots
refers to the day the solution was introduced into the solution
reservoir, rather than the specimen’s age. Since the reservoirs
were not all installed simultaneously, the number of days since
the initial filling varies between samples. The Icorr readings
for all samples was recorded using the GP method, covering
the period from day 300 to day 1600.

Figure 2 illustrates the evolution of Icorr over time for FA
concrete samples embedded with single rebars, measured under
different solution reservoir sizes using the GP method. For the
17.5 cm reservoir size, most samples exhibit a general decline
in Icorr over time. However, the FA-8 sample shows a steady,
monotonic decrease throughout the testing period. Both FA-
8 and FA-9 samples were terminated at around 620 days, with
Icorr values ranging from 6.4 to 22.1 pA. In the 7.5 cm reservoir
size, all samples initially show a downward trend in Icorr until
around 1160 days, after which the trends become more erratic.
Over this period, Icorr values range between 6.1 and 39.5 pA.
Notably, FA-4 and FA-6 exhibit an increase in Icorr between
1100 and 1200 days, followed by a decline when placed in an
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Figure 2: Icorr with time obtained from GP method on selected
rebars (FA samples) under different size reservoir.

EFA. Reservoir length- 17.5 cm‘ FA, Reservoir length- 7.5 cm

75 75
——| ~-FA-4
60 --FA-7 60 o FAS

~e-FA-$ .

i = FA-6

FA-9 édg
E 30 e *

2 F
15 ¥pepdy 15 s otes |
Lo g TR S Ayt =
0 0
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Time (days) Time (days)

FA, Reservoir length- 5 em FA, Reservoir length- 2.5 cm|

o
=
b

2
2

“FA1
“>-FA2
FA3

=
e

+FA-10
FA-1L

Tcorr (HA)
=
&
’y
&

w
H

Icorr (uA)
=

i

.
-
LW — T

OBl ¥ o o0
0 = 0
0 200 400 600 800 1000 1200 1400 1600 0

Time (days)

PPy

200 400 600 800 1000 1200 1400 1600
Time (days)

Source: Authors.

environmental chamber. After this point, both specimens show
a gradual, monotonic rise. For the 5 cm reservoir size, most
samples exhibit fluctuating Icorr trends over time. An exception
is FA-1 sample, which remains largely stable, showing a plateau
trend. The FA-2 sample, however, displays a rise in Icorr during
the last 400 days. In general, the Icorr values for samples with
a 5 cm reservoir size vary between 1.7 and 40.2 uA. Regard-
ing the 2.5 cm reservoir size, FA-10 demonstrates fluctuating
Icorr values, while FA-11 follows a predominantly monotonic
decrease. The Icorr values for this reservoir size vary between
1.0 and 15.2 yA. When comparing reservoir sizes, samples with
a 7.5 cm reservoir generally exhibit the highest Icorr values.
Specimens with 5 cm and 17.5 cm reservoirs show similar Icorr
magnitudes, while the 2.5 cm reservoir results in the lowest cor-
rosion currents. Furthermore, for specific samples, Icorr values
are comparable between the 5 cm and 7.5 cm reservoirs, as well
as between the 2.5 cm and 5 cm reservoirs.

Figure 3: Icorr with time obtained from GP method for three
rebar FA samples under 15 cm solution reservoir.
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Figure 3 presents the Icorr measurements for three rebars
(A, B, and C) over roughly 1600 days, using a solution reservoir

length of 15 cm. Each plot represents a different experimental
condition, indicated by 14X, 18X, and 24X labels. In the case
of 14X sample, initially, Icorr is high for all rebars, indicating
active corrosion, but it decreases after around 400 days. From
about 500 to 1100 days, the corrosion current for rebars A and
B remains relatively low but gradually increases towards 1100
days. After 1100 days, the corrosion current stabilizes with
slight fluctuations but rises significantly after 1400 days, reach-
ing values around 30 uA for rebar A and around 20-35 uA for
rebar B and C. For the plot in case of 18X sample, Icorr is ini-
tially lower than in the 14X plot, with values below 10 pA. It
spikes around 750 days for all rebars and then settles around
10-20 uA. Between 800 and 1400 days, the corrosion current
remains stable with minimal fluctuations. After 1400 days, a
slight increase is observed for all rebars, indicating a potential
increase in corrosion activity. For 24X sample, the Icorr shows
frequent spikes, particularly for rebar B, which has higher val-
ues at various points (especially around 450 and 550 days). Af-
ter 800 days, the current stabilizes but fluctuates slightly around
10-20 pA. Similar to the other plots, there is an increase after
1400 days, but the values are lower than those of 14X. Each plot
begins with a period of high corrosion activity, which declines
over time. A relatively stable phase occurs after 800 days, with
moderate Icorr values. All configurations show an increase in
Icorr after 1400 days, suggesting possible renewed corrosion
activity or environmental changes affecting corrosion. This data
suggests variations in rebar corrosion behavior potentially due
to differences in oxygen availability, moisture content, temper-
ature, or other environmental factors affecting each setup.

Figure 4: Icorr with time obtained from GP method for three
rebar FA samples under 2.5 cm solution reservoir.
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The three plots in Figure 4 show the variation of Icorr with
time for three rebars (A, B, and C) subjected to a constant so-
lution reservoir length of 2.5 cm. In case of 5X sample, the
corrosion currents for rebars A, B, and C remain relatively sta-
ble over time, staying below 10 uA. The minimal fluctuations
are observed, indicating stable passive conditions or low lev-
els of corrosion. The corrosion rates appear consistent for all
three rebars, suggesting uniform environmental exposure. For
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the case of 10X sample, corrosion currents continue to exhibit
low and stable trends, with values staying below approximately
5 1A for most of the timeline. A small spike in corrosion cur-
rent is observed for rebar A near 1300 days, but it quickly re-
turns to baseline. Similar to the first plot, the overall corrosion
remains low and controlled across the rebars. While consid-
ering 11X sample, significant variation is evident in this plot
compared to the first two plots. The corrosion current for re-
bar B rises sharply around 1150 days, reaching nearly 60 uA.
This suggests an increase in corrosion activity, possibly due to
changes in the environment or material properties. Rebar A
also shows a noticeable increase in corrosion current after 1000
days, peaking at around 35 uA towards the end. Rebar C ex-
hibits a smaller increase in corrosion current compared to rebar
A and rebar B, but still shows notable variation. The trends sug-
gest that the passive layer might have been compromised after
extended exposure, leading to accelerated corrosion for some
rebars. The progression from 5X to 11X sample reveals an in-
creasing tendency for corrosion activity over time, especially
after 1000 days. The initial conditions suggest uniform and sta-
ble corrosion behavior; however, external factors or changes in
material properties may have triggered non-uniform corrosion
in later stages. The sharp increase in Icorr in the 11X sample
suggests the need for further investigation into the protective
mechanisms of rebars and their breakdown over time. The re-
sults for the remaining three rebar FA samples are available in
references [13, 17, 18].

Tables 4 and Table 5 summarize the Icorr average and stan-
dard deviation (STD) values obtained from measurements per-
formed between day 300 and day 1600, covering the latest 15
data sets. These readings were acquired using the GP method
and pertain to FA concrete specimens with both single rebar and
three rebar configurations.

Table 4 focuses on Icorr averages and STD values for FA spec-
imens with single rebar, based on GP measurements. For a
reservoir length of 17.5 cm, the FA-7 specimen showed an Icorr
average of 8.2 uA and an STD of 1.4 yA. Meanwhile, FA-8
and FA-9 were excluded as they were terminated before data
collection. For specimens with a 7.5 cm reservoir length, the
Icorr averages and STDs for FA-4, FA-5, and FA-6 were 12.6
uA, 11.0 pA, and 10.0 uA, with corresponding STDs of 5.2
HA, 2.3 pA, and 2.9 uA. Samples with a reservoir length of 5
cm, namely FA-1, FA-2, and FA-3, recorded Icorr averages of
4.6 uA, 10.9 uA, and 5.7 uA, with STDs of 2.0 pA, 3.9 uA,
and 1.1 uA, respectively. Similarly, the 2.5 cm reservoir length
samples, FA-10 and FA-11, had Icorr averages of 5.5 uA and
3.0 uA, with STDs of 0.9 pA and 0.5 uA, respectively. It is
interesting to note that the highest Icorr average was observed
in FA-4 sample, associated with a reservoir length of 7.5 cm,
while the lowest was recorded in FA-11 sample, correspond-
ing to a reservoir length of 2.5 cm. The Icorr averages across
the FA specimens with varying reservoir lengths were found to
be comparable, highlighting the impact of reservoir size on the
corrosion behavior of embedded rebars. The Icorr average val-
ues for FA samples were reported as 49.9 A [19], and 17.6 uA
[20] respectively.

78

Table 4: Icorr average and STD obtained from GP readings for
FA single rebar specimens.

Sample R::El":;:“ Icorr avg. STD

Number (c§1) (nA) (nA)
FA-1 4.6 2.0
FA-2 5 10.9 3.9
FA-3 5.7 1.1
FA-4 12.6 52
FA-5 7.5 11.0 2.3
FA-6 10.0 2.9
FA-7 8.2 1.4
FA-8* 17.5 = =
FA-9* - -
FA-10 25 55 0.9
FA-11 - 3.0 0.5

Note: (*) stands for those specimens that have been terminated.
Source: Authors.

Table 5 provides the Icorr average and STD values obtained
from GP measurements for FA specimens with three rebars.
Among these, the highest Icorr average of 22.5 uA was recorded
for 11X-B, with an STD of 15.6 uA. For the other rebars in the
11X series, 11X-A and 11X-C, the Icorr averages were 18.7
HA and 16.2 uA, with corresponding STDs of 8.7 uA and 7.4
HA. This 11X sample featured a reservoir length of 2.5 cm.
Conversely, the lowest Icorr average of 4.5 uA was observed
in 10X-A, with an STD of 1.2 uA. The Icorr averages for the
other rebars in the 10X series, 10X-B and 10X-C, were slightly
higher at 4.6 ¢A and 4.8 pA, with respective STDs of 0.3 A
and 0.5 puA. The 10X sample also had a reservoir length of 2.5
cm. Interestingly, both the highest and lowest Icorr averages for
the FA three rebar specimens were associated with the smallest
reservoir length of 2.5 cm. A notable range of Icorr average
and STD values was observed across different FA three rebar
specimens. Additionally, Icorr averages were comparable for
selected rebars within FA specimens across varying reservoir
lengths, providing valuable insights into corrosion behavior un-
der different conditions.

Table 5: Icorr average and STD obtained from GP readings for
FA three rebar specimens.

Rebar Number

sample | X oo T = =
Number (cm) I(‘l?l T STD Itl?l I STD Ic?l T STD

avg. avg. avg.

@a) | MY | oy | MY ] gy | O
5X (FA) 4.9 0.6 5.0 0.4 4.8 13
10X (FA) 25 4.5 12 4.6 0.3 4.8 0.5
11X (FA) 18.7 8.7 225 15.6 16.2 74
TX (FA) 6.0 1.1 6.6 1.3 6.1 0.5
12X (FA) 5 19.0 19 222 7.1 21.7 5.9
23X (FA) 11.0 2.1 9.4 2.6 122 1.9
13X (FA) 85 3.1 9.4 2.8 6.2 14
20X (FA) 10 7.9 3.4 8.7 3.9 11.4 6.8
21X (FA) 11.6 4.7 12.8 6.3 12.9 6.3
14X (FA) 14.1 4.4 7.5 4.1 16.3 7.3
18X (FA) 15 11.0 1.9 123 2.0 10.0 1.3
24X (FA) 12.2 1.4 183 3.2 12.0 1.1

Source: Authors.
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5.2. Ecorr (corrosion potential) vs. Icorr (corrosion current).

Figure 5 presents Ecorr vs. Icorr plots derived from GP
readings for FA concrete specimens containing single rebar and
three rebars. This plot was developed using data from the two
most recent measurement sets. In the plot, solid-filled points
represent samples with three rebars, while unfilled points rep-
resent samples with a single rebar.

A significant scatter in Ecorr and Icorr values was observed
across all FA samples, as shown in Figure 5. The Ecorr values
ranged from -439.1 mV to -46.4 mV, while Icorr spanned from
2.7 uA to 31.2 pA. Notably, several rebars displayed Ecorr val-
ues more negative than -300 mV (Ecorr < -300 mVsce) along-
side high Icorr values, indicative of active corrosion. Many
other rebars fell within an intermediate potential range of -300
mV to -100 mV, and only a few exhibited more positive poten-
tials exceeding -100 mV. The shift toward more positive Ecorr
values in some rebars could be attributed to localized re - pas-
sivation of corroding sites or polarization effects from non -
corroding regions over time. This suggests that corrosion dy-
namics may involve both active and passive states depending
on the rebar environment and interaction with the surrounding
concrete matrix. Interestingly, the Ecorr values for three rebar
FA samples were generally more negative compared to single
rebar FA specimens, indicating a potentially higher tendency
for corrosion in three rebar systems. Additionally, many rebars
recorded Icorr values exceeding 10.0 pA, further reinforcing
the observation of active corrosion in certain cases. Figure 5
further emphasizes a notable difference in the slopes derived
from the FA specimen readings for single rebar and three re-
bar configurations. This variation in slope indicates potential
differences in the underlying corrosion mechanisms or the en-
vironmental factors influencing the specimens. The difference
may arise due to variations in rebar diameters, as the larger
combined surface area in three rebar specimens could lead to
distinct electrochemical interactions compared to single rebar
specimens. These interactions might affect the distribution of
corrosion sites, polarization behavior, or the ability of the sur-
rounding concrete matrix to protect the embedded rebars. Sim-
ilar observations were found in these studies [21-25].

5.3. Icorr (corrosion current) vs. Rs (concrete solution resis-
tance).

Figure 6 and Figure 7 illustrate the relationship between
Icorr and Rs for FA concrete mixes embedded with either a sin-
gle rebar or three rebars, as derived from GP measurements.
Each figure includes two plots: the left plot represents the ini-
tial Icorr vs. Rs values obtained during the initial GP measure-
ments (the first three readings), while the right plot shows the
most recent data (the latest two readings).

In Figure 6, focusing on FA concrete samples with a single
rebar, the Rs values for rebars beneath the 2.5 cm reservoir size
are consistently higher than those observed for other reservoir
sizes, both initially and in the later measurements. However, the
recent Rs values for these samples exhibit a significant increase
compared to their initial Rs values. For rebars under the 5 cm
reservoir size, a broader range of Icorr values is evident com-
pared to other reservoir sizes. Interestingly, the recent Icorr for

Figure 5: Ecorr vs. Icorr plot for FA samples cast with single
rebar and three rebars.
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rebars under the 5 cm reservoir is similar to the values for the
7.5 cm reservoir size. Likewise, the recent Icorr values for the
7.5 cm reservoir closely resemble those of the 17.5 cm reservoir
size. This suggests that the corrosion active area beneath these
reservoir sizes might be comparable, as indicated by the sim-
ilarity in corrosion currents. Additionally, while Rs values for
the 7.5 cm reservoir samples align closely with those of the 17.5
cm samples, the Icorr values (both initial and recent) for the 7.5
cm reservoir size are notably higher. This indicates that despite
similar resistances, the corrosion activity is more pronounced
for the 7.5 cm reservoir samples.

Figure 6: Icorr vs. Rs plot for FA single rebar samples.
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Figure 7 presents the relationship between the Icorr and Rs
for FA concrete samples containing three rebars. Across all
reservoir sizes, the recent Rs values are noticeably higher com-
pared to their initial measurements. Among these, the 15 cm
reservoir size consistently exhibits the smallest Rs values, both
initially and in the most recent readings. It is interesting to note
that in some cases, the initial and recent Icorr values for rebars
under different reservoir sizes are similar. This similarity im-
plies that the actively corroding regions beneath the reservoirs
may have comparable areas. A closer inspection reveals that the
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initial Icorr values are higher for the 10 cm and 15 cm reservoir
sizes, whereas the recent Icorr values peak for the 15 cm reser-
voir size. Moreover, the Icorr vs. Rs data for rebars under the
15 cm reservoir size is more clustered in the recent measure-
ments, suggesting a consistent corrosion pattern. Conversely,
the data for the 2.5 cm, 5 cm, and 10 cm reservoir sizes exhibit
greater variability, with more dispersed Icorr and Rs values in
the recent readings. This spread indicates differing corrosion
behaviors across these reservoir sizes. A comparable finding
has been documented in studies [26-28].

Figure 7: Icorr vs. Rs plot for FA single rebar samples.
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6. General Discussion.

The results obtained from the GP method provide valuable
insights into the corrosion behavior of FA concrete specimens
containing either single or three rebars. The analysis of Icorr
evolution with time, Ecorr variation with Icorr, and Icorr de-
pendency on Rs highlights critical differences in the behavior
of these configurations and the influence of reservoir size on
corrosion dynamics.

The evolution of Icorr demonstrates the significant role of
reservoir size and rebar configuration in influencing corrosion
behavior. The larger reservoirs (17.5 cm) in single rebar sam-
ples show declining Icorr trends, suggesting stabilization, while
smaller reservoirs (2.5 cm) produce lower but more variable
Icorr values due to limited oxygen and electrolyte availability.
Interestingly, a 7.5 cm reservoir promotes higher Icorr, likely
from optimal moisture and oxygen balance. For three rebar
specimens, Icorr trends show greater fluctuations, with initial
stabilization disrupted by spikes after 1400 days, likely due
to environmental changes or passive layer degradation. These
findings highlight the complex interplay between environmen-
tal factors and rebar configurations in corrosion dynamics.

The Ecorr vs. Icorr relationship highlights distinct electro-
chemical behaviors influenced by rebar configuration. Single
rebar specimens occasionally exhibit more positive Ecorr val-
ues, indicating localized re-passivation and less aggressive cor-
rosion conditions, with lower Icorr generally correlating to re-
duced corrosion rates. In contrast, three rebar specimens dis-
play more negative Ecorr values and higher Icorr, often exceed-
ing 10 uA, reflecting increased susceptibility to active corrosion
due to greater cathodic activity and electrochemical interactions
among rebars. The variation in slopes between single and three

rebar systems underscores the impact of configuration on an-
odic and cathodic dynamics, with three rebar setups promoting
localized anodic dissolution [29].

The Icorr vs. Rs relationship demonstrates the influence of
reservoir size and configuration on corrosion behavior. For sin-
gle rebar specimens, Rs increases with decreasing reservoir size
due to reduced ionic conductivity. Smaller reservoirs (e.g., 2.5
cm) exhibit higher Rs but relatively low Icorr, indicating limited
corrosion kinetics due to restricted electrolyte volume. In con-
trast, mid-sized reservoirs (e.g., 7.5 cm) show elevated Icorr,
likely due to optimal oxygen diffusion and electrolyte avail-
ability. The three rebar specimens follow similar Rs trends,
with higher Rs for smaller reservoirs. However, data cluster-
ing for the 15 cm reservoir suggests a more consistent corro-
sion pattern, while smaller reservoirs exhibit greater variability.
Over time, increased Rs in three rebar systems coincides with
Icorr spikes, highlighting persistent localized corrosion despite
higher resistance.

The study underscores the critical influence of reservoir size
and rebar configuration on corrosion dynamics. The larger reser-
voirs facilitate stable corrosion behavior by providing ample
electrolyte availability, reflected in lower Rs and more con-
sistent Icorr trends. In contrast, smaller reservoirs restrict ion
mobility, leading to higher Rs and fluctuating but generally re-
duced Icorr values. The configuration of the rebar also plays a
significant role, with three rebar systems demonstrating a greater
propensity for active corrosion. This is attributed to increased
electrochemical interaction and the larger cathodic area, which
promotes localized anodic dissolution and accelerates corrosion
processes.

Long-term observations reveal that environmental factors
such as oxygen availability, moisture levels, and the degrada-
tion of the passive layer critically affect corrosion behavior. No-
tably, an increase in Icorr after 1400 days in several samples
indicates the potential for renewed or intensified corrosion ac-
tivity as protective mechanisms in the concrete matrix weaken
over time. These findings have practical implications for infras-
tructure durability. To reduce rebar corrosion and extend the
life of concrete structures, it’s important to optimize reservoir
size, keep environmental conditions stable, and use protective
measures like corrosion inhibitors or better concrete mixes [30,
31].

Conclusions.

The study of the corrosion behavior of fly ash concrete us-
ing the GP method highlights the significant role of environ-
mental factors, reservoir size, and rebar configurations on cor-
rosion dynamics. The variations in corrosion current over time
demonstrate the complex interplay between oxygen availability,
moisture content, and the integrity of protective passive layers.
The findings reveal that these factors can cause significant fluc-
tuations in corrosion activity, impacting the durability of rein-
forced concrete structures.

The reservoir size was found to be a critical determinant
of corrosion behavior, with smaller reservoirs (2.5 cm) lead-
ing to higher variability in Icorr due to restricted oxygen and
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electrolyte availability. The larger reservoirs (17.5 cm) exhib-
ited more stable corrosion patterns, suggesting better support
for corrosion kinetics. Notably, mid-sized reservoirs (7.5 cm)
provided a balanced environment, offering moderate corrosion
current values that reflect an equilibrium between oxygen diffu-
sion and electrolyte presence. These results indicate that opti-
mizing reservoir dimensions can effectively moderate corrosion
processes.

The influence of rebar configuration was also pronounced,
with three rebar systems displaying higher corrosion activity
compared to single rebar systems. The increased surface area
and electrochemical interactions in the three rebar configuration
accelerated corrosion, as evidenced by more negative corrosion
potentials and higher corrosion current values. Conversely, sin-
gle rebar samples showed evidence of re-passivation, reflecting
a less aggressive corrosion environment. The study’s insights
emphasize the need for a tailored approach in design and main-
tenance to enhance the durability of concrete structures, con-
sidering environmental and structural variables to mitigate cor-
rosion risks effectively.
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