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Rebar is embedded in concrete to create reinforced concrete (RC). Rebar carries most of the tensile stress

and gives compressively loaded concrete fracture resistance. However, embedded steel corrosion is a sig-

nificant cause of concern for RC composite structures worldwide. It is one of the biggest threats to con-

crete structures' longevity. Due to environmental factors, concrete decays and reinforced concrete buildings

fail. The type and surface arrangement of the rebar, the cement used in the mortar, the dosing frequency of

the concrete, its penetrability, gaps and cracks, humidity, and, most importantly, pollutants and aggressive

species all affect rebar corrosion. Either carbonation or chlorides typically cause steel corrosion in con-

crete. Carbonation occurs when carbon dioxide in the atmosphere combines with calcium within the con-

crete. This indicates that the pH of the medium is falling, and the steel rebar is corroding. When chlorides

pass through concrete to steel, corrosion rates skyrocket. Consideration must be given to concrete mois-

ture. Owing to its excellent resistance, dry concrete has a low steel corrosion rate, whereas extremely wet

concrete has a low rate owing to delayed O
2
 transfer to steel surfaces. This paper examines rebar corrosion

causes and mechanisms and describes corrosion evaluation and mitigation methods.

Keywords: Reinforced concrete (RC), Steel Rebar, Carbonation Corrosion, Chloride Corrosion, Corrosion

Monitoring

1. Introduction

One of the biggest threats to the long life of concrete

buildings is steel corrosion. Due to environmental factors,

concrete structures deteriorate, and RC buildings fail to

meet expectations. The estimated design service life is an

important consideration for engineers and researchers—the

corrosion rate of the structure. The corrosion depends

mainly on maintenance and exposure conditions. Chemical

or electro-condition sections are mainly responsible for

occurring deterioration of concrete structures. This

chemical or electrochemical action is mainly governed by

carbonation, specifically of the concrete structure and

chloride ingress. Two basic reasons cause rebar corrosion

in concrete buildings. Ingress of chloride ions and

carbonation are major contributors. When chloride ions

are introduced into concrete in excess of the threshold

value, corrosion occurs in concrete structures. Again,

corrosion will occur in concrete structures if carbonation

depth exceeds the concrete cover. If corrosion occurs in

concrete structures, it will reduce the service life of that

structure. Corrosion occurs, and the service life of a

concrete building is shortened if there is sufficient

moisture and oxygen present at the rebar level [1].

The major cause of failure in concrete construction is

the corrosion of steel rebar. Around two tons of concrete

are used annually for every person on Earth. It has been

shown that cement use may be reduced by constructing

long-lasting buildings. Steel corrodes in damp

environments because airborne contaminants seep

through the concrete cover. Damage to concrete from

corrosion may increase its volume by a factor of six to

ten compared to that of steel. An example of a structure's

failure.

Corrosion agents like carbon dioxide or chloride ions

increase at the places of crack and create corrosion [2].

If we use low permeable concrete, it will prevent corrosion

from the concrete structure. The corrosion inhibitor will

be able to penetrate the surface less deeply. Conversely,

concrete with a high resistivity will slow the pace of

corrosion by impeding the transfer of electrons from the

anode to the cathode [3].†Corresponding author: tusher1998bd@gmail.com
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In most instances, the mass lost due to corrosion in

concrete buildings is inconsequential. But fatigue life and

mechanical strength significantly reduce the corrosion

region of the rebar. Normally crack growth rates are large,

and the pitting rate is relatively low in the corroded region.

So it is important to find out the problems at the early

stage of the corrosion. That’s why a large electrochemical

or non-electrochemical, or sensor-based process is used

to diagnose rebar corrosion.

This research aimed to study the premature deterioration

of RC composite structures due to embedded steel

corrosion on reinforced concrete buildings, which has

become a severe concern worldwide. Identification of the

root causes and the major factors which are primarily

responsible for rebar corrosion was a preliminary task of

this project. First of all, it was intended to check the effects

of humidity and environmental issues on the reinforced

concrete composite structure. Then to study the chemical

processes that take place in rebar corrosion. Studying the

methods that need to conduct the corrosion evaluation

was also a part of our project. Finally, our last objective

was to discuss a few Methods that could be used to protect

the structures from corrosion.

2. The corrosion mechanism

According to the nomenclature established by the

American Society for Testing and Materials (ASTM), a

material's characteristics will deteriorate, and its corrosion

rate will increase if the substance has a chemical or

electrochemical interaction with its surroundings [4]. As

corrosion is detrimental to the structure, it's important to

comprehend how and why it occurs. A decaying process

follows the extraction of metals from the ore as the ore

interacts with its surroundings. Except for platinum and

gold, every metal is thermodynamically unstable in a

typical atmosphere. When exposed to heat, it generally

converts to a more stable form, such as iron oxide or rust.

Three basic elements are important to occur corrosion.

Firstly, At least two metals at different energy levels

will be present on a single metal.

Secondly, corrosion can only occur in the presence of

an electrolyte. 

Thirdly, metallic connections are also required to create

corrosion in concrete. 

Without these three basic elements, corrosion won’t

occur. There will occur anodic and cathodic reactions in

an electrochemical process. The “corroding” metal is

responsible for the anodic reaction, whereas the “corrosive”

chemical species are responsible for the reduction process

(cathodic reaction). When two half-reactions are combined,

corrosion will occur. Both half reactions should maintain

the reaction rate to ensure equal production and should

maintain the charge balance. Without an external source, it

proceeds the electrochemical reaction [5]. 

Anodic reaction : Fe → Fe2+ + 2e-

Cathodic reaction : O2 + 2H2O + 4e
- → 4OH-

When metals corrode, this is the most typical cathodic

response. The cathodic reaction of metal is mostly

dependent on the oxygen and pH levels present [5].

3. Reinforced concrete buildings' rebar corrosion

Chlorides are the main corrosive agents. It can ingress

concrete from different sources. By using contaminated

aggregates or groundwater, seawater can be cast into the

concrete. Diffusion into the cement might occur. Sea salt

spray, de-icing salts, and direct wetness from the ocean

all contribute to this dispersed effect. The diffusion of

chlorides into concrete lowers the alkalinity of the pore

solution. Eventually, rusting will set in. The alkalinity of

the pore solution has a significant impact on the longevity

of steel embedded in concrete. Alkaline steel (pH > 13)

becomes passive when exposed to air or oxygen. It will

form a surface layer of Fe2O3.

2Fe + 6OH- 
→ Fe2O3 + 3H2O + 6e

- (1)

If the RC structure is subjected to deicing salts, the

Fe2O3 layer will deteriorate. It will also be reduced if the

RC construction is submerged in seawater or if the water

used in the concrete mix has a high chloride concentration.

Chloride penetration into cured concrete and subsequent

corrosion of reinforcement bars is slowed. In such cases,

passivation will protect the rebar. However, the alkalinity

of the cement will prevent the passivation process from

working, leaving the steel vulnerable to corrosion and

rust. The cathodic reaction requires the presence of
274 CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023
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oxygen and water. The following diagram illustrates the

cathodic and anodic reactions in Fig 1. The process of

rust formation, this is the initial stage. There will be a

chain reaction where ferrous hydroxide turns into ferric

hydroxide, which then turns into hydrated ferric oxide,

often known as rust [6]. The basic reactions of corrosion

are given below:

Fe2+ + 2OH- → Fe(OH)2 (Ferrous hydroxide) (2)

4Fe(OH)2 + O2 + 2H2O → 4Fe(OH)3 

(Ferric hydroxide) (3)

2Fe(OH)3 → Fe2O3.H2O + 2H2O 

(Hydrated ferric oxide (rust)) (4)

The volume of hydrated ferric oxide is higher than that

of steel. It will become more expansive and porous if it

becomes hydrated. The volume at the contact of the

concrete will grow by six to ten times, as shown in Fig.

2. This will lead to spalling and cracking in the structure. 

4. Corrosion in Concrete

There are primarily two forms of corrosion that may

be caused in concrete. These are:

1. Carbonation-related concrete corrosion

2. Corrosion of concrete caused by chloride

4.1 Carbonation-induced corrosion

Indeed, from 1950 to 1980, steel corrosion in carbonated

concrete was a serious concern in study and practice. The

research findings result in the demand for dense concrete

(lower w/c ratio), concrete property control, and a

significant increase in cover depth (from 20 mm to 35 mm)

in the codes of practice. The European concrete standard

EN 206-1, published in 2000, classified the risk of

carbonation-induced corrosion based on the severity of the

environment. (XC1 to XC4). With the recommendations’

minimum requirements (maximum w/c ratio, minimum

cement content, minimum cover depth), codes of practice

have since given instructions for reinforced concrete

rendered with Portland cement to prevent carbonation-

induced corrosion for structures with anticipated service

lives of 50 or 100 years.

When carbon dioxide gases and alkaline hydroxides

interact with each other in concrete, carbonation will

occur. Carbonic acid will form when carbon dioxide (CO2)

gases dissolve in water. Carbonic acid neutralises the

alkalies in pore water, but it doesn’t destroy cement paste,

and it will form calcium carbonate. This calcium

carbonate fills that pore [6], [9]. 

Ca(OH)2 + CO2 → CaCO3 + H2O (5)

It's important to note that the carbonation process

involves calcium hydroxides and the unhydrated cement

component [10]. Carbon dioxide (CO2), calcium

hydroxide (Ca(OH)2), and water are the three main

ingredients in making calcium carbonate. Permeable

pores contain water, and atmospheric carbon dioxide may

be detected. Most of the calcium in concrete will either

dissolve or stay as calcium silicate hydrate (CSH) or

calcium hydroxide. A figure (Fig. 3) is given to understand

the process: 

Fig. 1. Anodic and cathodic reactions in steel corrosion [7]

Fig. 2. Relative volumes of iron and its oxides and hydroxides
[8]

Fig. 3. Schematic diagram of CO
2
 ingress [11]
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At first, carbonic acid (H2CO3) will form in the pore. 

Reaction: CO2 + H2O → H2CO3

Then carbonic acid will react will the calcium phase. 

Reaction: H2CO3 + Ca(OH)2 → CaCO3 + 2H2O

After that, Ca(OH)2 changes to hydrate CSH and free

CaO, which helps carbonation.

Reaction: H2CO3 + CaO → CaCO3 + H2O

Because of this reaction pH value will decrease from

12.6 to 8.0. In that situation, the passive layer can’t protect

steel from corrosion [6]. 

4.2 Chloride-induced corrosion

If there are chloride ions present in the concrete

structures, rebar corrosion will occur. Because of their

passive film, it will induce localised disintegration. It

begins to solidify mostly at first around the steel. Because

of their formation alkaline nature of the pore solution is

seen in the concrete [12,13]. The main corrosive agent’s

chlorides are ingress in the concrete from different

sources. There are two possible origins for these chloride

ions: the environment, in the case of a hardened substance,

or tainted mixing components, in the case of a fresh

substance [14-16]. When corrosion is caused by chlorides

diffusing through concrete, the alkalinity of the pore

solution decreases. pH level will be between 13 to below

7. There’s a minimum requirement before you can go

forward. In other words, a threshold level of chloride

concentration at the rebar is reached when the

concentration reaches a certain value [17-20]. Chloride

ions lower the interfacial surface tension. Because of this,

it will be weak the passive film and form cracks and flaws

in the concrete [21]. Montemor and his co-researchers

[22] proposed that when the adsorption of Cl- with a

regular displacement of O2- from the passive layer, then

the passive layer destruction will take place. There are

two main stages in the life cycle of chloride ions: the

onset and the spread [22].

5. Methods to evaluate corrosion

Corrosion is mainly a chemical process. It isn’t that

much easy process to determine its magnitude and damage

system. With the help of modern science, nowadays, there

are some methods to evaluate corrosion. These methods

are given below:

· Half-cell potential method

· Coulostatic techniques

· Galvanostatic pulse method

· Ultrasonic Guided Waves

· X-ray diffraction and atomic absorption

· Linear polarisation resistance (LPR)

· Time domain reflectometry (TDR)

5.1 Linear Polarization resistance (LPR)

To measure rebar corrosion rates, it is an effective

electrochemical process. Corrosion rates of rebar are

determined by examining the correlation between the

electrochemical process and the current produced between

electrically charged electrodes. By using this technique, it

will polarize the rebar with an electric current. Afterward,

it will observe the potential difference between the reference

electrode and the electrodes. A low-voltage DC power

source and a reference electrode are often used for this

purpose. In the first step, the potential difference between

the reference electrode and the working electrode is

determined. The reinforcement is then subjected to a bit of

current that is transferred from the reference electrode.

Corrosion current is related to shifts in the voltage between

the reference electrodes, as shown in Fig. 4 [23].

 

Here, B = constant (in volts)

Rp = polarisation resistance (in Ohms)

In concrete, B = 26 mV to 52 mV [24]

Rp = 

A schematic diagram of an LPR test is given in Fig. 4: 

I
corr

B

R
p

------=

Change in potential

Applied Current
-----------------------------------------------

Fig. 4. LPR measurement set-up [25]
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The surface of the concrete is perturbed by the use of

an extra electrode. Steel's polarized surface area is tucked

away behind the auxiliary electrode. When it leaves the

electrode, the current can go anywhere it pleases. It will

eventually affect a much bigger region of steel [26]. This

will give inaccurate information about the surface area of

polarised steel. It will create a problem in corrosion

density calculation. To fix this issue, engineers created an

additional auxiliary guard ring electrode to shield the inner

auxiliary electrodes [27-31]. This method is useful for

keeping the LPR system confined and decreasing

perturbation current from the main inner auxiliary

electrode. To choose the proper confinement current, two

sensor electrodes are positioned between the outer and

inner auxiliary electrodes. Potential difference is

monitored in these sensor electrodes, and to maintain

potential difference throughout the system, confinement

current is selected [32]. In most cases, this method creates

a new issue when used on concrete. The most significant

drawback of this method is the presence of irregular

disturbances in the electrical output. To solve this

problem, a model is designed, which is called a dimension

line. By using this model, it will overcome its problem

[33,34]. This model clearly differentiated between the

behavior of active states of steel and passive states of

steel. Nowadays, by using this process, corrosion rates of

rebar are estimated [35]. 

5.2 Gravimetric Measurement Techniques

The corrosion rate may be estimated quite well by

measuring mass loss. The experimentation is so simple

and easy to replicate. To do this experiment, time is

needed, and this is so destructive method. The procedure

is so simple as to reduce propensity. It will introduce

systematic errors. Mass can be measured so easily, about

0.1 mg. Mass loss measurement sensitivity is also limited.

It is carried out for an extended period of time to get a

rating average across a broad area and over a period of

time.

5.3 Alternating current impedance spectroscopy tech-

niques

The term “electrochemical impedance spectroscopy” is

also often used to describe this technique (EIS). The RC

specimen is subjected to a train of low-amplitude

alternating current (AC) potentials at varying frequencies.

The answers will be measured, and a frequency-domain

analysis will be performed. This is hugely used in the

laboratory field because of its sophisticated measurement

system. It is time-consuming and difficult to interpret. It

is currently often used to learn about the kinetics of rebar

corrosion, as well as to get insight into the mechanism of

the steel-concrete interface [36].

5.4 Sensor-based corrosion monitoring

Recent developments in utilising intelligent and

sophisticated materials and procedures have opened up

new options for NDE (Non-Destructive Evaluation) and

SHM. The enhanced responsiveness, higher resolution,

and unlimited damage diagnosis capability of smart

materials like fibre optics and PZT have substantially

assisted online monitoring. Corrosion volume in RC

structures has been researched in recent years using these

measuring parameters, and concerns concerning corrosion

of rebar or piezo ceramics or sensors based on optical

fibres have also been investigated [37]. A fibre optic

corrosion sensor was developed by Gao et al. in 2011. A

fibre brag grating (FBG) sensor, double steel rebar

elements, and protections were included in the design of

this sensor. Using the gravimetric loss approach and the

fluctuation in the reflected wavelength induced by the

gating, the weight loss rate of the rebar was estimated.

This was brought about via a series of accelerated

corrosion tests. Applying this hypothesis, researchers

determined that the bigger the shift in wavelength, the

quicker the rebar lost weight. Park et al. (2007) [38]

committed PZT sensors to the use of impedance-proving

chips and a self-sensing macro fibre composite (MFC)

patch. This method assisted in quantifying and detecting

corrosion in aluminum buildings [38]. Yang et al. (2013)

[39] did an experiment, and by using the EMI technique,

the local corrosion of steel beams was monitored. After

doing this, he found a quantitative relationship. This

relationship exists between corrosion time and the damage

index. This provides a reference point for future local

corrosion monitoring [39] .

5.5 Half-cell potential method

Corrosion evaluation and detection are crucial. Corrosion

in concrete cannot be detected without regular inspection.
CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023 277
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If a concrete building is damaged, it may be repaired in

the best way that is possible. The corrosion state of

reinforcing bars may be ascertained using this method

[40]. If a break in the concrete is fixed without first treating

the rusted steel, the corrosion will likely spread, and the

repair will fail. Several different techniques exist for

testing and assessing corrosion in reinforcing steel.

However, many researchers agree that the half-cell

potential is the most important tool. An external electrode

connected to a voltmeter measures the potential difference

between the steel reinforcement and the outside

environment. A metallic rod represents the cell's half. This

metal rod is immersed in a solution of its own (Cu/CuSO4

or Ag/AgCl). A voltmeter is used to join the metal rod

to the reinforcing metal. In order to have a good electrical

connection, you need to prep the surface and damp it

down. The primary use of this approach occurs in the

natural environment. A wet concrete cover connects an

external electrode to steel reinforcement. Fig. 5 is shown

below:

In order to accurately calculate the half-cell potential

of reinforced concrete buildings, a high level of expertise

is necessary. Corrosion rate and kind may be determined

using this setup [42]. The potential half-cell test may be

affected by a number of variables, including the thickness

of the covering, the resistivity of the concrete, and the

presence or absence of oxygen. This apparatus measures

the potential disparity between the two surfaces. Each

location on the surface may be used to determine the

Fig. 5. Set-up of half-cell potential measurement [41]

Table 1. Corrosion criteria for steel in the concrete according to ASTM C876-91, including a variety of standard half-cells [43-
45]

Serial 

no

Half potential cell (mV) 

Cu/CuSO
4

Half potential cell (mV) 

Ag/AgCl

Half potential cell (mV) 

Hydrogen Electrode

Half potential cell (mV)

Calomel

Probability of 

corrosion

1 >-200 >-106 > +116 >-126 10%

2 -200 to -350 -106 to -256 +116 to -34 -126 to -276 intermediate

3 < -350 <-256 <-184 < -184 90%

Table 2. Corrosion evaluation techniques for concrete buildings

Method Principle Advantages Limitations

Galvanostatic pulse 

method

Based on the polarisation of rebar by 

means of a small constant current

Measures half-cell potential and 

electrical resistance simultaneously
Unstabilised readings

Linear polarization 

resistance (LPR)

The electrical conductivity of fluid 

can be related to its corrosiveness

Rapid and requires only localised 

damage, more detailed information

Measurements are affected by 

temperature and humidity

Half-cell potential

The electric potential of rebars is 

measured relative to half-cell and 

indicates the probability of corrosion

Simple, portable, results in the form 

of equipotential contours

Needs preparation, saturation 

required, not very accurate, 

and time-consuming

Time domain 

reflectometry (TDR)

To make a transmission line, attach a 

sensor wire along with the 

reinforcement. The electromagnetic 

characteristics of the line will be 

altered if the reinforcement has 

physical flaws.

Stronger, less complicated, finds 

corroded areas and measures the 

amount of the damage.

Less sensitive

Ultrasonic guided 

waves

Based on the propagation of 

ultrasonic waves

Identify the location and 

magnitude of corrosion
Not very reliable

X-ray diffraction and 

atomic absorption

The intensity of X-ray beams reduces 

while passing through a material
Simple and reliable Hazardous
278 CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023
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potential. Once again, this technique allows potential to

be measured at several points to assess the risk of

corrosion. A greater degree of negativity indicates a

greater likelihood of rusting. Below is a table. 01 for half

cells that follow ASTM C876-91.

This potential is also called the half-cell potential when

the circuit is open. Using the values for the potential at

half-cell distances is one way to draw a potential contour.

Its goal is to figure out how likely it is that corrosion will

happen in different places on the outside of concrete

buildings. High negative potentials can be used to find

and fix parts of a building that are likely to rust. 

Many techniques, together with their underlying

assumptions, are outlined in Table 2 for assessing

corrosion in concrete buildings:

6. Methods to Protect Structures from Corrosion

In order to prolong the useful life of RC buildings, it

is necessary to entirely shield reinforcing steel from

corrosion. Methods of chemical and mechanical corrosion

protection for concrete buildings are developed. Coatings,

protection systems, and other measures have been utilized

to lessen the effects of corrosion and the penetration of

hazardous ions like moisture and oxygen into the concrete.

Several types of corrosion inhibitors and shielding

systems are mentioned below:

Adding fly ash to concrete made it more resistant to

corrosion. The penetration rate of harmful ions will

decrease if the porosity of concrete is reduced [46].

Mineral admixtures & and super-plasticizers such as

granulated blast furnace slag, fly ash, and pozzolanic

materials decrease the corrosion rate [47]. Low-nickel

stainless steel rebars reduce corrosion rate. So, by

providing a high alkaline concrete pore solution it will

reduce corrosion [48]. Anti-corrosion protection is

increased when amino alcohol is used [49]. Carbonation

depth will reduce by using a calcium nitride-based

corrosion inhibitor [50]. The chloride threshold value will

increase by using calcium nitrite. Corrosion inhibitor

benzotriazole improves corrosion resistance [51]. If poly-

vinyl-pyrro-lidone is added to concrete, corrosion

resistance will proven [52]. Alkylamino alcohol will also

increase corrosion resistance [53]. Using fusion bonded

epoxy coated (FBEC) steel bars helps reduce corrosion

[54]. Steel bars with a DINITROL AV 30 coating have

increased resistance to rust and corrosion [55]. ZnO

decreases the chloride content & concrete porosity and at

the rebar level. It reduces the corrosion in RC structures

[56]. The corrosion rate can be reduced by providing high

chromium steel [57]. Corrosion-induced growth may be

mitigated with the use of CFRP laminates. It slows down

the pace at which mass is being lost to corrosion [58].

Protecting concrete against extreme corrosive conditions

is possible using ground granulated blast furnace slag

(GGBFS), fly ash/GGBFS, silica fume, the double

combination of calcium nitrite, and triple combination of

calcium nitrite [59]. When used as a repair product or

admixture, amino alcohol emerges mixed (inorganic/

organic) inhibitors to reduce corrosion [60].

7. Latest Attempts at Monitoring Corrosion

There are a variety of methods used nowadays to assess

and track the corrosion of rebars in concrete buildings. It

will aid in determining the extent of the corrosion and its

root cause. The following are brief summaries of a few

investigations conducted by different groups of scientists

and researchers:

7.1 Case 01

1. Study performed: Provide a resource for clarifying

half-cell potential measurement results. It explains how

the corrosion risk, coating thickness, temperature,

concrete resistivity, and anode-to-cathode ratio all affect

the half-cell potential value. A structure is established by

using Laplace’s equation. It establishes a relationship

between corrosion current and average surface potential,

temperature, resistivity, concrete cover, and potential

difference in concrete [42].

2. Significant observations: Low resistance potential

dispersion in concrete will reveal potential at the steel-

concrete surface. It is possible to get better outcomes by

providing a potential-based rationale for resistivity data.

The gap between interface and surface potentials grows

as concrete coating rises.

3. Comments: More reliable results may be expected

after calculating the oxygen content and conducting tests

at many locations. Increasing confidence requires more

experimental validation of the technique.
CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023 279



AKIB JABED, MD MAHAMUD HASAN TUSHER, MD. SHAHIDUL ISLAM SHUVO, AND ALISAN IMAM
7.2 Case 02

1. Study performed: Corrosion in concrete structures

may be measured using a variety of non-destructive, and

electrochemical techniques, which are discussed below

[25].

2. Significant observations: By combining several

methods, it is possible to get a clearer knowledge of the

corrosion condition of steel bars. Existing and new

concrete buildings may benefit from a tighter regulating

system, which may save inspection expenses.

3. Comments: Using the presented technologies would

be helpful in keeping an eye on corrosion in concrete

structures. All of these reevaluated methods have promise

for enhancing corrosion monitoring in both precision and

quality.

7.3 Case 03

1. Study performed: In order to predict the remaining

service life of structures, a summary of corrosion

monitoring systems and corrosion processes is provided.

Capillary water, oxygen availability, electrolyte pH, and

Fe2+ concentration in concrete near reinforcement all

affect the rate of corrosion [3].

2. Significant observations: The half-cell potential, the

corrosion current density, and the concrete's resistivity

were used to determine the level of corrosion.

3. Comments: Detailed information on corrosion was

provided, which might be useful for understanding the

concept, identifying causal elements, estimating the

lifespan of corroded structures, and monitoring its

development.

7.4 Case 04

1. Study performed: Explained how to evaluate

corrosion using a variety of techniques, including the

linear polarisation method, electrochemical impedance

spectroscopy, galvanostatic pulse technique, macro-cell

current measurement, half-cell potential, and scanning

reference electrode technique [2].

2. Significant observations: Corrosion may be easily

measured throughout a whole structure using

nondestructive technologies, which are also beneficial due

to their low cost and rapid turnaround time for findings.

3. Comments: Provided a high-level overview of

several non-destructive technologies, including their

benefits and drawbacks as determined by inference and

experience. This research is quite useful since it examines

almost all of the prevalent approaches used today to detect

corrosion.

7.5 Case 05

1. Study performed: A summary of the corrosion

process and nondestructive assessment techniques, such

as the concrete resistivity test, linear polarisation method,

and half-cell potential method was submitted [40].

2. Significant observations: Several elements, such as

moisture content, temperature, and oxygen availability,

affect the rate of corrosion in a concrete structure. To get

satisfactory findings, corrosion determination must be

repeated at regular intervals.

3. Comments: The behavior of electrolytic cells has

been stirred to constitute a useful overview.

7.6 Case 06

1. Study performed: Corrosion in reinforced concrete

buildings will be assessed using a galvanostatic pulse

transient system, with its benefits over a linear polarization

(LPR) system also being shown [61].

2. Significant observations: The galvanostatic pulse

transient technique typically yields greater corrosion rates

than the liner polarisation approach.

3. Comments: Improving maintenance and safety

requires research into methods for properly estimating the

rate of corrosion in RC structures.

7.7 Case 07 

1. Study performed: To evaluate the impact of

coatings on the accuracy of these reports, nondestructive

electrochemical studies of corrosion are used [62].

2. Significant observations: It was deduced from the

findings that coatings had little to no effect on half-cell

potential readings.

3. Comments: This research will be useful in determining

the accuracy of corrosion monitoring techniques.

7.8 Case 08

1. Study performed: The relative humidity of

submerged RC structures was measured and compared to

other environmental factors to determine the half-cell

corrosion potential [63].
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2. Significant observations: This study's experimental

results demonstrate that the half-cell potential does not

correctly represent the real corrosion rate of underwater

RC structures and that prices must be changed

correspondingly.

3. Comments: This research qualifies scientists to

assess the state of buried RC structures using underwater

corrosion measurements.

7.9 Case 09

1. Study performed: After 50 years, the use of half-

cell potential measurements was studied to assess the

likelihood of corrosion and repair. This is interpreted

on a concrete building that has deteriorated [64].

2. Significant observations: It is believed that half-cell

potential measurements may be used to assess the

corrosion risk.

3. Comments: Research was conducted on the

application of the half-cell potential system.

7.10 Case 10

1. Study performed: Using ground penetrating radar,

a novel technique to analyse the corrosion of steel bars

in concrete was developed (GPR). The potential

difference between two moving probes with no

connection to steel bars will be measured [65]. 

2. Significant observations: It demonstrated that

ground penetrating radar could detect the electrochemical

corrosion process.

3. Comments: Further research and experimentation

are required to establish a correlation between laboratory

outcomes and real temporal structures.

7.11 Case 11

1. Study performed: Investigate the impact of cover

depth and conductivity on the distribution of macro-cell

current. On locally corroded reinforcing bars, polarisation

measurement methods are seen [66].

2. Significant observations: Investigate the effect of

different cover densities and conductivities on the flow

of current in macro-cells. Methods for evaluating

polarisation are used to examine rebars with localised

corrosion.

3. Comments: The impact of macro-cell corrosion on

corrosion monitoring was investigated.

7.12 Case 12

1. Study performed: The results of research comparing

the effectiveness of two corrosion measurement

systems—the conventional and the high performance—

in identifying the corrosion activity of steel bars linked

in two distinct kinds of concrete specimens were discussed

[67].

2. Significant observations: According to the findings,

only 24% of specimens would have the same corrosion

assessment using all three systems.

3. Comments: Comparing several corrosion monitoring

methods for the purpose of improvement. This experiment

may help scientists identify a more effective corrosion

monitoring method.

7.13 Case 13 

1. Study performed: Evaluation of chloride-induced

corrosion using electrochemical tools: a discussion of

challenges. Factors impacting the results of

electrochemical operations are identified, and laboratory

testing and electrochemical methods are used to cast

concrete so that more tests may be performed in less time

and at a lower cost [68].

2. Significant observations: The condition of the

rebars was not accurately reflected by the results of the

electrochemical tests.

3. Comments: Electrochemical measurement of

chloride-induced corrosion of steel was studied, and

potential hazards were elucidated; they were then utilised

to regulate the findings of the experiments.

8. Challenges and opportunities in corrosion of 

steel in concrete

Corrosion of steel creates problems from a financial,

technical, and pedagogical perspective. There is an

increasing need for the correct maintenance and repair of

old reinforced concrete structures, and contemporary

buildings need to be built to be long-lasting and resistant

to wear and tear. This major problem occurs more often

in countries with higher levels of affluence. The second

problem is the ever-increasing expense of maintaining

infrastructure in emerging nations. It's possible that more

permanent solutions will still be beneficial to the

environment.
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8.1 Societal and economic challenges

The study of steel corrosion in concrete has advanced

significantly since the middle of the twentieth century,

thanks to the work of material scientists, chemists, and

civil engineers from various nations. Such an effort was

made. In spite of this, it turned out that most of the

strategies used didn’t work. Corrosion of infrastructures

such as gas and oil pipelines, drinking water distribution,

electrical utilities, and highway bridges account for half

of the direct expenses estimated, while corrosion of ships,

cars, industrial production facilities, and aircraft accounts

for the other half [69]. Corrosion’s price tag will be plotted

against that of other major economic issues, such as

obesity, direct costs from nature, climate-related disasters,

and annual healthcare costs associated with smoking

[70,71]. One may use the figure provided here to better

grasp the subject matter. In the next chart, we'll compare

the price tag of corrosion to that of a number of other

major economic factors, including obesity, direct costs

associated with environment and climate change, and

climate-related disasters, as well as annual healthcare

costs associated with smoking [69]. 

8.2 Technological Challenges

Several technical difficulties are anticipated in this area.

The high societal costs of corrosion are a direct reflection

of the severe lack of major understanding of corrosion-

related degradation of materials exposed to nature, as

stated by a committee recently put by the National

Research Council of the U.S. to identify challenges in

corrosion research and engineering. Scientists are working

hard to enhance the technological resources available to

prolong the useful life of RC buildings.

This Fig. 6 shows that (a) These are mainly challenged

to maintain their stock of existing infrastructures, while

emerging countries, (b) Expand their infrastructures are

challenging to design durable new structures, (c) It will

increase diversity in construction materials and processes

and won’t permit to rely on long-term empirical service.

Lower pore solution pH, and lower pH buffer capacity

will affect a lot in this sector [71].

8.3 Educational Challenges

Problems in the school system will have far-reaching

implications on RC structures. If the builders don’t have

experience in this field, the longevity of the building will

be compromised. If they want to perform their jobs well,

scientists need to understand how corrosion occurs and

why. Steel rebar in concrete may corrode, causing costly

repairs if the worker isn’t prepared.

9. Recommendations for Future

For the future, here are some suggestions for extending

the useful life of RC buildings.
Fig. 6. Technical challenges related to corrosion of steel in
different regions [72]
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· Scientists and researchers may prioritize remaining

service life forecasts for reinforced concrete structures

based on the proposed models for carbonation-induced

corrosion and chloride-induced corrosion.

· Corrosion data collected from actual structures may

be proved to have had a significant role in the development

of the model for long-term effects lasting at least a decade.

Thus, we shall also include corrosion propagation and

subsequent cracking phases.

· In order to extend the useful life of concrete buildings,

it is possible to utilise high-strength concrete and various

types of steel.

10. Conclusion

This study aimed to fill that knowledge gap by

investigating previously unknown influences on steel

rebar corrosion in concrete. Corrosion in structural steel

is discussed in this research review. It has been found via

analysis of various research that steel has a high tendency

for corrosion if steel comes into contact with moisture.

Concrete contains several chemically active elements,

such as oxides of many metals, which contribute to the

corrosion of steel studded in concrete and limit its usage.

The quantity of chloride in the concrete is a major

contributor to rebar corrosion. Concrete's w/c ratio, pH

value, porosity, curing, compaction, cement content, etc.,

all impact corrosion in RC buildings. An in-depth study

of these facets will aid in the control of corrosion damage

to reinforced concrete structures.

Because of the corrosion problem, RC buildings will

have significant setbacks and costs. The root of an issue

has to be exposed before it can be fixed properly. A

trustworthy technique is required for corrosion

monitoring. In the lead-up to any maintenance,

demolition, or repair work being done on a reinforced

concrete structure, this is very necessary. The corrosion

rate is influenced by three variables: exposure to

environment (including temperature, humidity, and

oxygen availability). This highlights the need to regularly

measure the rate of corrosion.

Half-cell potential measurement or Half-cell potential

reading is a common method for gauging steel corrosion

in concrete. The underlying mechanism of corrosion must

also be understood. The potential is seen as a low-

resistance patchwork on the concrete's surface where the

steel and concrete meet. Potential readings might be better

understood if compared to resistivity readings. Many

methods may be effective in measuring the following:

· In order to assess the reinforcement corrosion state,

we must identify corroded bars.

· To evaluate the state of a concrete building,

· The purpose of both destructive and non-destructive

testing is to make decisions and establish priorities.

· The purpose of managing the corrosion condition of

restored RC structures is to identify and evaluate the

efficacy of repair efforts.

References

1. R. Hussain and T. Ishida, Multivariable Empirical Anal-

ysis of Coupled Oxygen and Moisture for Potential and

Rate of Quantitative Corrosion in Concrete, Journal of

Materials in Civil Engineering, 24, 7 (2012). Doi: https://

doi.org/10.1061/(ASCE)MT.1943-5533.0000474

2. D. Bjegovic, D. Mikulic, and D. Sekulic, Proc. 15th

World Conference on Non-Destructive Testing, p. 642,

Roma, Italy (2000). https://www.ndt.net/article/wcndt00/

papers/idn642/idn642.htm

3. S. Ahmad, Reinforcement corrosion in concrete struc-

tures, its monitoring and service life prediction––a

review, Cement and Concrete Composites, 25, 459

(2003). Doi: https://doi.org/10.1016/S0958-9465(02)00086-0

4. NACE/ASTM G193-12D, Standard Terminology and

Acronyms Relating to Corrosion (2012).

5. C. M. Hansson, Comments on electrochemical measure-

ments of the rate of corrosion of steel in concrete,

Cement and Concrete Research, 14, 574 (1984). Doi:

https://doi.org/10.1016/0008-8846(84)90135-2

6. L. J. Parrott, A review of carbonation in reinforced con-

crete, Cement and Concrete Association (1987).

7. A. Zaki, M. A. M. Johari, W. M. A. W. Hussin, and Y.

Jusman, Experimental Assessment of Rebar Corrosion in

Concrete Slab Using Ground Penetrating Radar (GPR),

International Journal of Corrosion, 2018, Article ID

5389829 (2018). Doi: https://doi.org/10.1155/2018/5389829

8. M. Alhawat, O. H. Zinkaah, and A. Araba, Study of cor-

rosion products induced under different environmental

conditions, IOP Conference Series: Materials Science

and Engineering, 1090, 012050 (2021). Doi: https://

doi.org/10.1088/1757-899x/1090/1/012050

9. P. Schiessl, Report of the Technical Committee 60-CSC-
CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023 283

https://doi.org/10.1061/(ASCE)MT.1943-5533.0000474
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000474
https://www.ndt.net/article/wcndt00/papers/idn642/idn642.htm
https://www.ndt.net/article/wcndt00/papers/idn642/idn642.htm
https://doi.org/10.1016/S0958-9465(02)00086-0
https://doi.org/10.1016/0008-8846(84)90135-2
https://doi.org/10.1155/2018/5389829
https://doi.org/10.1088/1757-899x/1090/1/012050
https://doi.org/10.1088/1757-899x/1090/1/012050


AKIB JABED, MD MAHAMUD HASAN TUSHER, MD. SHAHIDUL ISLAM SHUVO, AND ALISAN IMAM
RILEM (The International Union of Testing and

Research Laboratories for Materials and Structures), Cor-

rosion of Steel in Concrete, London, UK: Chapman and

Hall, London (1988).

10. P. Claisse, H. Elsayad, and E. Ganjian, Permeability and

Pore Volume of Carbonated concrete European con-

certed action, Final report, Brussels (1997).

11. T. Visalakshi and S. Bhalla, Proc. International Confer-

ence on Corrosion. CONCOR, New Delhi (2013).

12. M. F. Montemor, A. M. P. Simões, and M. G. S. Ferreira,

Chloride-induced corrosion on reinforcing steel: from the

fundamentals to the monitoring techniques, Cement and

Concrete Composites, 25, 491 (2003). Doi: https://doi.org/

10.1016/S0958-9465(02)00089-6

13. M. Moreno, W. Morris, M. G. Alvarez, and G. S. Duffó,

Corrosion of reinforcing steel in simulated concrete pore

solutions: Effect of carbonation and chloride content,

Corrosion Science, 46, 2681 (2004). Doi: https://doi.org/

10.1016/j.corsci.2004.03.013

14. H. A. F. Dehwah, M. Maslehuddin, and S. A. Austin,

Long-term effect of sulfate ions and associated cation

type on chloride-induced reinforcement corrosion in

Portland cement concretes, Cement and Concrete Com-

posites, 24, 17 (2002). Doi: https://doi.org/10.1016/S0958-

9465(01)00023-3

15. J. P. Broomfield, Corrosion of steel in concrete: under-

standing, investigation and repair, 3rd ed., p. 17, Crc

Press, Florida (2023).

16. S. E. Hussain, A. Al-Musallam, and A. S. Al-Gahtani,

Factors affecting threshold chloride for reinforcement cor-

rosion in concrete, Cement and Concrete Research, 25, 1543

(1995). Doi: https://doi.org/10.1016/0008-8846(95)00148-6

17. G. K. Glass and N. R. Buenfeld, The presentation of the

chloride threshold level for corrosion of steel in con-

crete, Corrosion Science, 39, 1001 (1997). Doi: https://

doi.org/10.1016/S0010-938X(97)00009-7

18. C. Alonso, C. Andrade, X. R. Nóvoa, M. Izquierdo, and

M. C. Pérez, Effect of protective oxide scales in the mac-

rogalvanic behaviour of concrete reinforcements, Corro-

sion Science, 40, 1379 (1998). Doi: https://doi.org/

10.1016/S0010-938X(98)00040-7

19. T. Maheswaran and J. G. Sanjayan, A semi-closed-form

solution for chloride diffusion in concrete with time-vary-

ing parameters, Magazine of Concrete Research, 56, 359

(2004). Doi: https://doi.org/10.1680/macr.2004.56.6.359

20. D. Trejo and P. J. Monteiro, Corrosion performance of

conventional (ASTM A615) and low-alloy (ASTM

A706) reinforcing bars embedded in concrete and

exposed to chloride environments, Cement and Concrete

Research, 35, 562 (2005). Doi: https://doi.org/10.1016/

j.cemconres.2004.06.004

21. T. P. Hoar, The production and breakdown of the passiv-

ity of metals, Corrosion Science, 7, 6 (1967). Doi: https://

doi.org/10.1016/S0010-938X(67)80023-4

22. B. Pradhan, Performance of TMT and CTD steel bars,

OPC and blended cements against chloride induced

rebar corrosion in concrete, pp. 116 - 119, Indian Insti-

tute of Technology Delhi (2007). http://eprint.iitd.ac.in/

bitstream/handle/2074/6207/TH-

3528.pdf?sequence=2&isAllowed=y

23. M. Stern and A. L. Geary, Electrochemical polarization:

I. A theoretical analysis of the shape of polarization

curves, Journal of the Electrochemical Society, 104, 56

(1957). Doi: https://doi.org/10.1149/1.2428496

24. C. Andrade and C. Alonso, Test methods for on-site cor-

rosion rate measurement of steel reinforcement in con-

crete by means of the polarization resistance method,

Materials and Structures, 37, 623 (2004). Doi: https://

doi.org/10.1007/BF02483292

25. Ha-Won Song and Velu Saraswathy, Corrosion Monitor-

ing of Reinforced Concrete Structures - A Review, Inter-

national Journal of Electrochemical Science, 2, 1 (2007).

Doi: https://doi.org/10.1016/S1452-3981(23)17049-0

26. S. Feliu, J. A. González, S. Feliu, and C. Andrade, Rela-

tionship between conductivity of concrete and corrosion

of reinforcing bars, British Corrosion Journal, 24, 3

(1989). Doi: https://doi.org/10.1179/000705989798270027

27. S. Feliu, J. A. Gonzalez, C. Andrade, and V. Feliu, On-

site determination of the polarization resistance in a rein-

forced concrete beam, Corrosion, 44, 761 (1988). Doi:

https://doi.org/10.5006/1.3584943

28. S. Feliu, J. A. González, and M. C. Andrade, Confine-

ment of the electrical signal for in situ measurement of

polarization resistance in reinforced concrete, Materials

Journal, 87, 457 (1990). Doi: https://doi.org/10.14359/

1830

29. S. Feliu, J. A. Gonzalez, and C. Andrade, Errors in the

On-site Measurements of Rebar Corrosion Rates Arising

From Signal Un Confinement, Special Publication, 151,

183 (1994). Doi: https://doi.org/10.14359/4383

30. J. P. Broomfield, J. Rodriguez, L. M. Ortega, and A. M.

Garcia, Proc. Structural Faults and Repair-93, pp. 155 –

164, University of Edinburgh, Scotland (1993).

31. A. Sehgal, Y. T. Kho, K. Osseo-Asare, and H. W. Pick-
284 CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023

https://doi.org/10.1016/S0958-9465(02)00089-6
https://doi.org/10.1016/S0958-9465(02)00089-6
https://doi.org/10.1016/j.corsci.2004.03.013
https://doi.org/10.1016/j.corsci.2004.03.013
https://doi.org/10.1016/S0958-9465(01)00023-3
https://doi.org/10.1016/S0958-9465(01)00023-3
https://doi.org/10.1016/0008-8846(95)00148-6
https://doi.org/10.1016/S0010-938X(97)00009-7
https://doi.org/10.1016/S0010-938X(97)00009-7
https://doi.org/10.1016/S0010-938X(98)00040-7
https://doi.org/10.1016/S0010-938X(98)00040-7
https://doi.org/10.1680/macr.2004.56.6.359
https://doi.org/10.1016/j.cemconres.2004.06.004
https://doi.org/10.1016/j.cemconres.2004.06.004
https://doi.org/10.1016/S0010-938X(67)80023-4
https://doi.org/10.1016/S0010-938X(67)80023-4
http://eprint.iitd.ac.in/bitstream/handle/2074/6207/TH-3528.pdf?sequence=2&isAllowed=y
http://eprint.iitd.ac.in/bitstream/handle/2074/6207/TH-3528.pdf?sequence=2&isAllowed=y
http://eprint.iitd.ac.in/bitstream/handle/2074/6207/TH-3528.pdf?sequence=2&isAllowed=y
https://doi.org/10.1149/1.2428496
https://doi.org/10.1007/BF02483292
https://doi.org/10.1007/BF02483292
https://doi.org/10.1016/S1452-3981(23)17049-0
https://doi.org/10.1179/000705989798270027
https://doi.org/10.5006/1.3584943
https://doi.org/10.14359/1830
https://doi.org/10.14359/1830
https://doi.org/10.14359/4383


CORROSION OF STEEL REBAR IN CONCRETE: A REVIEW
ering, Comparison of corrosion rate-measuring devices

for determining corrosion rate of steel-in-concrete sys-

tems, Corrosion, 48, 871 (1992). Doi: https://doi.org/

10.5006/1.3315888

32. S. G. Millard, D. Law, J. H. Bungey, and J. Cairns, Envi-

ronmental influences on linear polarisation corrosion rate

measurement in reinforced concrete, Ndt & E Interna-

tional, 34, 409 (2001). Doi: https://doi.org/10.1016/

S0963-8695(01)00008-1

33. J. A. Gonzalez, S. Feliu, C. Andrade, and I. Rodriguez,

On-site detection of corrosion in reinforced concrete

structures, Materials and Structures, 24, 346 (1991). Doi:

https://doi.org/10.1007/BF02472067

34. V. Feliu, J. A. González, C. Adrade, and S. Feliu, Equiv-

alent circuit for modelling the steel-concrete interface. II.

Complications in applying the stern-geary equation to cor-

rosion rate determinations, Corrosion Science, 40, 995

(1998). Doi: https://doi.org/10.1016/S0010-938X(98)00037-7

35. S. Ahmad and B. Bhattacharjee, A simple arrangement

and procedure for in-situ measurement of corrosion rate

of rebar embedded in concrete, Corrosion Science, 37, 781

(1995). Doi: https://doi.org/10.1016/0010-938X(95)80008-5

36. G. P. Gu, J. J. Beaudoin, and V. S. Ramachandran, Tech-

niques for corrosion investigation in reinforced concrete

Handbook of Analytical Techniques in Concrete Science

and Technology, pp. 441-504, William Andrew, New

York (2001). Doi: https://doi.org/10.1016/B978-

081551437-4.50015-1

37. J. Gao, J. Wu, J. Li, and X. Zhao, Monitoring of corro-

sion in reinforced concrete structure using Bragg grating

sensing, Ndt & E International, 44, 202 (2011). Doi:

https://doi.org/10.1016/j.ndteint.2010.11.011

38. S. Park, B. L. Grisso, D. J. Inman, and C.-B. Yun, MFC-

based structural health monitoring using a miniaturized

impedance measuring chip for corrosion detection,

Research in Nondestructive Evaluation, 18, 139 (2007).

Doi: https://doi.org/10.1080/09349840701279937

39. J. W. Yang, H. P. Zhu, J. Yu, and D. S. Wang, Experi-

mental study on monitoring steel beam local corrosion

based on EMI technique, Applied mechanics and mate-

rials, 273, 623 (2013). Doi: https://doi.org/10.4028/

www.scientific.net/AMM.273.623

40. N. J. Carino, Nondestructive techniques to investigate

corrosion status in concrete structures, Journal of Perfor-

mance of Constructed Facilities, 13, 96 (1999). Doi:

http://dx.doi.org/10.1061/(ASCE)0887-

3828(1999)13:3(96)

41. S. K. Verma, S. S. Bhadauria, and S. Akhtar, Monitoring

corrosion of steel bars in reinforced concrete structures,

The Scientific World Journal, 2014, Article ID 957904

(2014). Doi: https://doi.org/10.1155/2014/957904

42. M. Pour-Ghaz, O. B. Isgor, and P. Ghods, Quantitative

interpretation of half-cell potential measurements in con-

crete structures, Journal of Materials in Civil Engineer-

ing, 21, 467 (2009). Doi: https://doi.org/10.1061/

(ASCE)0899-1561(2009)21:9(467)

43. A. Elshami and B. National, Efficiency of Corrosion

Inhibitors Used For Concrete Structures in Aggressive

Environment (2021).

44. J. Park and M. Jung, Evaluation of the corrosion behav-

ior of reinforced concrete with an inhibitor by electro-

chemical impedance spectroscopy, Materials, 14, 5508

(2021). Doi: https://doi.org/10.3390/ma14195508

45. Y. Almashakbeh, E. Saleh, and N. M. Al-Akhras, Eval-

uation of Half-Cell Potential Measurements for Rein-

forced Concrete Corrosion, Coatings, 12, 975 (2022).

Doi: https://doi.org/10.3390/coatings12070975

46. H. Xu, Z. Chen, B. Xu, and D. Ma, Impact of Low Cal-

cium Fly Ash on Steel Corrosion Rate and Concrete–

Steel Interface, The Open Civil Engineering Journal, 6, 1

(2012). Doi: https://doi.org/10.2174/1874149501206010001

47. M. Maslehuddin, Rasheeduzzafar, and A. I. Al-Mana,

Strength and corrosion resistance of superplasticized

concretes, Journal of Materials in Civil Engineering, 4,

108 (1992). Doi: https://doi.org/10.1061/(ASCE)0899-

1561(1992)4:1(108)

48. M. Criado, D. M. Bastidas, S. Fajardo, A. Fernández-

Jiménez, and J. M. Bastidas, Corrosion behaviour of a

new low-nickel stainless steel embedded in activated fly

ash mortars, Cement and Concrete Composites, 33, 644

(2011). Doi: https://doi.org/10.1016/j.cemconcomp.2011.03.014

49. H. E. Jamil, A. Shriri, R. Boulif, M. F. Montemor, and M.

G. S. Ferreira, Corrosion behaviour of reinforcing steel

exposed to an amino alcohol based corrosion inhibitor,

Cement and Concrete Composites, 27, 671 (2005). Doi:

https://doi.org/10.1016/j.cemconcomp.2004.09.019

50. K. K. Sideris and A. E. Savva, Durability of mixtures

containing calcium nitrite based corrosion inhibitor,

Cement and Concrete Composites, 27, 277 (2005). Doi:

https://doi.org/10.1016/j.cemconcomp.2004.02.016

51. K.-Y. Ann, H. S. Jung, H. S. Kim, S. S. Kim, and H. Y.

Moon, Effect of calcium nitrite-based corrosion inhibitor

in preventing corrosion of embedded steel in concrete,

Cement and Concrete Research, 36, 530 (2006). Doi:
CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023 285

https://doi.org/10.5006/1.3315888
https://doi.org/10.5006/1.3315888
https://doi.org/10.1016/S0963-8695(01)00008-1
https://doi.org/10.1016/S0963-8695(01)00008-1
https://doi.org/10.1007/BF02472067
https://doi.org/10.1016/S0010-938X(98)00037-7
https://doi.org/10.1016/0010-938X(95)80008-5
https://doi.org/10.1016/B978-081551437-4.50015-1
https://doi.org/10.1016/B978-081551437-4.50015-1
https://doi.org/10.1016/j.ndteint.2010.11.011
https://doi.org/10.1080/09349840701279937
https://doi.org/10.4028/www.scientific.net/AMM.273.623
https://doi.org/10.4028/www.scientific.net/AMM.273.623
http://dx.doi.org/10.1061/(ASCE)0887-3828(1999)13:3(96)
http://dx.doi.org/10.1061/(ASCE)0887-3828(1999)13:3(96)
https://doi.org/10.1155/2014/957904
https://doi.org/10.1061/(ASCE)0899-1561(2009)21:9(467)
https://doi.org/10.1061/(ASCE)0899-1561(2009)21:9(467)
https://doi.org/10.3390/ma14195508
https://doi.org/10.3390/coatings12070975
https://doi.org/10.2174/1874149501206010001
https://doi.org/10.1061/(ASCE)0899-1561(1992)4:1(108)
https://doi.org/10.1061/(ASCE)0899-1561(1992)4:1(108)
https://doi.org/10.1016/j.cemconcomp.2011.03.014
https://doi.org/10.1016/j.cemconcomp.2004.09.019
https://doi.org/10.1016/j.cemconcomp.2004.02.016


AKIB JABED, MD MAHAMUD HASAN TUSHER, MD. SHAHIDUL ISLAM SHUVO, AND ALISAN IMAM
https://doi.org/10.1016/j.cemconres.2005.09.003

52. A. A. Gürten, M. Erbil, and K. Kayakırılmaz, Effect of

polyvinylpyrrolidone on the corrosion resistance of steel,

Cement and Concrete Composites, 27, 802 (2005). Doi:

https://doi.org/10.1016/j.cemconcomp.2005.03.002

53. W. Morris and M. Vazquez, A migrating corrosion inhib-

itor evaluated in concrete containing various contents of

admixed chlorides, Cement and Concrete Research, 32, 259

(2002). Doi: https://doi.org/10.1016/S0008-8846(01)00669-X

54. S. U. Al-Dulaijan, M. Maslehuddin, M. Shameem, M.

Ibrahim, and M. Al-Mehthel, Corrosion protection pro-

vided by chemical inhibitors to damaged FBEC bars,

Construction and Building Materials, 29, 487 (2012).

Doi: https://doi.org/10.1016/j.conbuildmat.2011.10.009

55. C. Monticelli, A. Frignani, and G. Trabanelli, A study on

corrosion inhibitors for concrete application, Cement and

Concrete Research, 30, 635 (2000). Doi: https://doi.org/

10.1016/S0008-8846(00)00221-0

56. O. T. de Rincon, O. Perez, E. Paredes, Y. Caldera, C.

Urdaneta, and I. Sandoval, Long-term performance of

ZnO as a rebar corrosion inhibitor, Cement and Concrete

Composites, 24, 79 (2002). Doi: https://doi.org/10.1016/

S0958-9465(01)00029-4

57. V. Nachiappan and E. H. Cho, Corrosion of high chro-

mium and conventional steels embedded in concrete, Journal

of Performance of Constructed Facilities, 19, 56 (2005). Doi:

https://doi.org/10.1061/(ASCE)0887-3828(2005)19:1(56)

58. M. Badawi and K. Soudki, Control of corrosion-induced

damage in reinforced concrete beams using carbon fiber-

reinforced polymer laminates, Journal of Composites for

Construction, 9, 195 (2005). Doi: https://doi.org/10.1061/

(ASCE)1090-0268(2005)9:2(195)

59. S. A. Civjan, J. M. LaFave, J. Trybulski, D. Lovett, J.

Lima, and D. W. Pfeifer, Effectiveness of corrosion

inhibiting admixture combinations in structural concrete,

Cement and Concrete Composites, 27, 688 (2005). Doi:

https://doi.org/10.1016/j.cemconcomp.2004.07.007

60. F. Wombacher, U. Maeder, and B. Marazzani, Aminoal-

cohol based mixed corrosion inhibitors, Cement and

Concrete Composites, 26, 209 (2004). Doi: https://

doi.org/10.1016/S0958-9465(03)00040-4

61. H.-S. So and S. G. Millard, Assessment of corrosion rate

of reinforcing steel in concrete using Galvanostatic pulse

transient technique, International Journal of Concrete

Structures and Materials, 1, 83 (2007). Doi: https://

doi.org/10.4334/IJCSM.2007.1.1.083

62. J. Cairns and C. Melville, The effect of concrete surface

treatments on electrical measurements of corrosion activ-

ity, Construction and Building Materials, 17, 301 (2003).

Doi: https://doi.org/10.1016/S0950-0618(03)00028-X

63. R. R. Hussain, Underwater half-cell corrosion potential

bench mark measurements of corroding steel in concrete

influenced by a variety of material science and environmen-

tal engineering variables, Measurement, 44, 274 (2011).

Doi: https://doi.org/10.1016/j.measurement.2010.10.002

64. M. H. Faber and J. D. Sorensen, Indicators for inspection

and maintenance planning of concrete structures, Struc-

tural Safety, 24, 377 (2002). Doi: https://doi.org/10.1016/

S0167-4730(02)00033-4

65. W.-L. Lai, T. Kind, M. Stoppel, and H. Wiggenhauser,

Measurement of accelerated steel corrosion in concrete

using ground-penetrating radar and a modified half-cell

potential method, Journal of Infrastructure Systems, 19,

205 (2013). Doi: https://doi.org/10.1061/(ASCE)IS.1943-

555X.0000083

66. B. Elsener, Macrocell corrosion of steel in concrete–

implications for corrosion monitoring, Cement and Con-

crete Composites, 24, 65 (2002). Doi: https://doi.org/

10.1016/S0958-9465(01)00027-0

67. H. R. Soleymani and M. E. Ismail, Comparing corrosion

measurement methods to assess the corrosion activity of

laboratory OPC and HPC concrete specimens, Cement

and Concrete Research, 34, 2037 (2004). Doi: https://

doi.org/10.1016/j.cemconres.2004.03.008

68. A. Poursaee and C. M. Hansson, Potential pitfalls in

assessing chloride-induced corrosion of steel in concrete,

Cement and Concrete Research, 39, 391 (2009). Doi:

https://doi.org/10.1016/j.cemconres.2009.01.015

69. X. Xu, E. E. Bishop, S. M. Kennedy, S. A. Simpson, and

T. F. Pechacek, Annual healthcare spending attributable

to cigarette smoking: an update, American Journal of

Preventive Medicine, 48, 326 (2015). Doi: https://doi.org/

10.1016/j.amepre.2014.10.012

70. M. M. H. Tusher, Microbial Synthesis of Cadmium Sel-

enide Quantum Dots ( CdSe QDs ), Influencing Factors

and Applications, Optical and Quantum Electronics, 55,

332 (2023). Doi: https://doi.org/10.1007/s11082-023-

04632-z

71. A. B. Smith and R. W. Katz, US billion-dollar weather

and climate disasters: data sources, trends, accuracy and

biases, Natural Hazards, 67, 387 (2013). Doi: https://

doi.org/10.1007/s11069-013-0566-5

72. U. M. Angst, Challenges and opportunities in corrosion

of steel in concrete, Materials and Structures, 51, Article

number 4 (2018). Doi: https://doi.org/10.1617/s11527-

017-1131-6
286 CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.4, 2023

https://doi.org/10.1016/j.cemconres.2005.09.003
https://doi.org/10.1016/j.cemconcomp.2005.03.002
https://doi.org/10.1016/S0008-8846(01)00669-X
https://doi.org/10.1016/j.conbuildmat.2011.10.009
https://doi.org/10.1016/S0008-8846(00)00221-0
https://doi.org/10.1016/S0008-8846(00)00221-0
https://doi.org/10.1016/S0958-9465(01)00029-4
https://doi.org/10.1016/S0958-9465(01)00029-4
https://doi.org/10.1061/(ASCE)0887-3828(2005)19:1(56)
https://doi.org/10.1061/(ASCE)1090-0268(2005)9:2(195)
https://doi.org/10.1061/(ASCE)1090-0268(2005)9:2(195)
https://doi.org/10.1016/j.cemconcomp.2004.07.007
https://doi.org/10.1016/S0958-9465(03)00040-4
https://doi.org/10.1016/S0958-9465(03)00040-4
https://doi.org/10.4334/IJCSM.2007.1.1.083
https://doi.org/10.4334/IJCSM.2007.1.1.083
https://doi.org/10.1016/S0950-0618(03)00028-X
https://doi.org/10.1016/j.measurement.2010.10.002
https://doi.org/10.1016/S0167-4730(02)00033-4
https://doi.org/10.1016/S0167-4730(02)00033-4
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000083
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000083
https://doi.org/10.1016/S0958-9465(01)00027-0
https://doi.org/10.1016/S0958-9465(01)00027-0
https://doi.org/10.1016/j.cemconres.2004.03.008
https://doi.org/10.1016/j.cemconres.2004.03.008
https://doi.org/10.1016/j.cemconres.2009.01.015
https://doi.org/10.1016/j.amepre.2014.10.012
https://doi.org/10.1016/j.amepre.2014.10.012
https://doi.org/10.1007/s11082-023-04632-z
https://doi.org/10.1007/s11082-023-04632-z
https://doi.org/10.1007/s11069-013-0566-5
https://doi.org/10.1007/s11069-013-0566-5
https://doi.org/10.1617/s11527-017-1131-6
https://doi.org/10.1617/s11527-017-1131-6

