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Effects and Preventive Measures of Corrosion In
Reinforced Structure
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ABSTRACT- Corrosion is responsible for up to 90% of damage
to reinforced concrete structures. The corrosion in reinforced
structure has become a significant issue in the field of
construction. Besides, because of which monetary venture has
been expanded to forestall this corrosion occurring in the
Reinforced designs. Steel gets oxidize in the presence of oxygen
and water. Indeed, even presence of oxygen in the substantial
pore won't cause an erosion at high antacid climate. Concrete
contains tiny pores which contain high groupings of solvent
calcium, sodium and potassium oxides, this makes soluble state
of pH 12-13. The antacid condition prompts a ‘passive’ layer
forming on the steel surface. The thick uninvolved layer over
the support forestalls the alkalinity. This paper is the review of
processes involved in corrosion, supervising the corrosion and
its prevention measures.

Index terms- Reinforced concrete, corrosion, steel bars,
alkaline, carbonation, chloride attack

I. INTRODUCTION
These days’ utilization of concrete has gotten one of the
fundamental viewpoint in the field of construction industry.
Lamentably consumption of reinforced steel bars is the
significant reason for disappointment of substantial
constructions and according to a survey two tons of cement
is utilized per capita of the total populace consistently. From
the writing study and contextual analyses, it has been
accounted for that 40% of disappointment of designs is
because of the corrosion in steel bars in concrete.
Accordingly, it has been understood that sturdy
constructions will diminish the concrete utilization.
Corrosion can seriously decrease the strength and life of
designs and in moist conditions contaminations gets
ingresses into the concrete from environment and cause
corrosion of steel.
Corrosion occurs when the defensive layer in concrete steel
bars is demolish. Steel in concrete is generally ensured
against corrosion by the high pH of the encompassing
Portland-concrete mixture. Concrete mixture has a base pH
of 12.5, and steel won't corrode at that pH. In the event that
the pH is brought down (for instance, to pH 10 or less),
corrosion may develop if dampness, oxygen, and chloride
particles are available. Chloride particles deteriorate the
defensive layer on the steel support, making it inclined to
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corrosion. The corrosion by-product (rust) involves a more
prominent volume than the steel and applies dangerous
weights on the encompassing cement.

Corrosion in concrete is significantly because of carbonation
and chlorination. Carbon-dioxide combines with water to
form acid which lowers the pH of cement by devouring the
calcium hydroxide which is framed in hydration cycle of
concrete, at low pH corrosion starts. Prevention of
carbonation, forestall the alkalinity where corrosion don't
occur. Chloride in the pore of cement includes during the
corrosion only, it simply acts as the catalyst in the corrosion
cycle. Presence of chloride in substantial pore is latent at
antacid condition.

Different types of cements and production techniques are
being developed to monitor and minimize damage. In this
paper will discuss about causes, process, prevention and
measuring techniques of corrosion.

Il. RELATED WORK
1) Sajad Hussein Joo (2019) told that the corrosion can be
prevented by controlling alkalinity in concrete by using
different bacteria. Also he told us that Corrosion can
makes beam less flexible. Disappointments can happen
all the more suddenly and with less notice because of
this reduction in flexibility.

2) Rahul Patel (2019) told that Corrosion occurs only
when there’s a way exists for the entrance of chloride,
sulfur dioxide, oxygen, and so on, in the substantial
cover. Also failure of reinforced concrete structures
occurs primarily due to early corrosion of steel
reinforcement. He also suggested some preventive
measures such as coatings, electrochemical techniques
like cathodic and anodic protection, inhibitors, control
of concrete mix and reinforcement with superior
corrosion resistance.

3) MA Quraishet. al. (2017) told that Corrosion of
structure can be reduced by proper monitoring and
taking suitable control measures at the proper time
interval also he concluded Corrosion can be settled
exclusively by a mix of good substantial quality,
utilization of admixture, sufficient cover and break
width constraint in reinforcement concrete.

111. METHODOLOGY
Corrosion is a natural process that occurs when the steel
rebar within reinforced concrete structures rusts. In
scientific terms, concrete corrosion is defined as the
“destruction of metal by chemical, electrochemical, and
electrolytic reactions within its environment.” It typically
forms as the concrete ages.
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Fig.1 corrosion in different sections of rcc structure

Corrosion is initiated when materials that are harmful to
steel, such as CO2 and chloride from de-icing salt, start to
penetrate concrete and reach the steel reinforcement. As an
electrochemical reaction, electrons migrate from the anodic
zone to the cathodic zone, releasing ferrous ions at the anode
and hydroxide ions at the cathode. This will eventually lead
to a potential difference between the anodic and cathodic
areas at the surface of the steel reinforcement.

The anodic reaction is

Fe — Fe** + 2¢~
The cathodic reaction is

2e— + HZO + l/22—>20H—

Fe?" and OH™ formed in anode and cathode combined to
form ferrous hydroxide and further undergoes chemical
reaction as below

Fe?* + 20H — Fe (OH),(Ferrous
Hydroxide)

4Fe (OH),+ O, + 2H,0 —
4Fe(OH)s(Ferric Hydroxide)

2Fe (OH)3—> FeZO3.H20 + 2H,0
(Rust)

Fig 2. Anode and cathode reaction of corroding bar
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This results in the creation of rust as a byproduct. Since rust
occupies a larger volume than steel, it exerts internal
pressure which causes the surrounding concrete to crack and
become damaged. These cracks make their way to the
surface of the concrete which causes even more CO2 and
chloride to penetrate the concrete and speed up the process
of corrosion.

IV. TYPES OF CORROSION
There are two types of corrosion observed in the steel
reinforcement bars:
A. Crevice corrosion —
In little pores inside the substantial design, arrangements
may get deteriorated. Anodes and cathodes might be
developing inside the arrangements because of lopsided
response of solute particles over the volume of the
arrangement. Stream of particles is set off by these terminals,
in this way gradually causing corrosion.

B. Pitting corrosion —

It is identified with de-passivation of little regions on the
steel bars. This kind of corrosion is very restricted and
little openings or pits are made in the steel.

C. Causes of Corrosion

a. Chloride attack

Chloride ion (CL-) is formed when the component chlorine
acquires an electron or when a compound, for example,
hydrogen chloride is broken down in water. High
convergences of chloride particles in cement can be
exceptionally hazardous. Because of its electro-synthetic
nature, chloride particles separate the inactive layer of steel
bar, without the need to drop the pH levels. Corrosion
happens as the chloride particles meet with the steel and the
encompassing detached material to create a chemical
process which forms hydrochloric acid. The hydrochloric
acid consumes the steel bars and in this manner prompts
substantial breaking, spalling, and at last failure of structure.
Chloride particles can enter into concrete by two sources;
one is during the concrete mixing components, and the other
from the surrounding climate. The first could emerge out of
unwashed aggregates and sand, admixtures, and even from
the utilization of seawater during concrete preparation
process. The second comes chiefly from being presented to
marine climate, for example, ocean salt splash, direct
seawater wetting, when cement is in touch with soils rich
with chlorides stores, or it can emerge out of deicing salts
and utilization of chemicals. It is by the interaction of
diffusion that chloride enters the concrete.

Concrete

Ck Hzo, 02 OH-

pH >125

Fig.3 Chloride attack
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b. Carbonation

The cycle of carbonation is practically difficult to stay away
from in untreated concrete that is presented to the
components. When the concrete is exposed to the air, the
interaction of carbonation can start: carbon dioxide gradually
enters the outside of the concrete where it responds with
dampness in the pores and calcium hydroxide (which is one
of the mixtures in concrete) to form calcium carbonate. As
carbon dioxide meets the pore water, a weaken carbolic acid
is produced which acts to lessens the concrete's regular
alkalinity. Depending on the substantial's porosity and
porousness, concert carbonation may progress at a pace of
Imm to 5mm each year. The underlying impact is a
solidifying of the substantial and a comparing
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Before Build-up of Further Corrosion:  Eventual Spalling,
Corrosion Corrosion Products ~ Surface Cracks, Corroded Bar
Stains Exposed

Fig.4 Process of carbonation

expansion in its compressive strength. Anyway the cycle of
carbonation additionally serves to lessen the normal
alkalinity of the substantial from around pH13 to pH8. It is
the change in the substance qualities of the reinforced
concrete which represents a significant danger to its structure
respectability: as carbon dioxide voyages further into the
concrete and approaches the depth of implanted steel, the
passive layer around the steel bars is separated by the cycle
of carbonation, exposing the steel to the corrosive impacts of
air and water. As the steel bars rusts and extends in volume it
places loads on the concrete which breaks and spalls,
influencing the pace of disappointment in the encompassing
region to increment exponentially.

c. Moisture passageways:

Continuous wetting of the concrete may prompt water to
enter into concrete and then reaching at the steel bars by
diffusion through the pore of the concrete or cracks present
in the concrete. Rusting of the steel bars follow from that
point.

d. Insufficient Cover:
Insufficient dimension of concrete cover.
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Fig.5 Corroded steel reinforcement possibly due to
insufficient concrete cover

V. EFFECTS OF CORROSION ON STEEL
REINFORCEMENT

Formation of white patches — Surrounding carbon dioxide
responds with calcium hydroxide present in the concrete
mixture to form calcium carbonate. This calcium carbonate
is carried by dampness and deposited onto the concrete
surface forming white patches.

Brown patches along reinforcement — At the point when
the steel bars begin eroding, a layer of iron oxide is formed
on it. This iron oxide additionally gets carried to the outside
of the concrete by dampness.

Formation of cracks — The results of corrosion involve a
more noteworthy volume than the original material.
Henceforth they apply tension on the concrete and break it.
With more corrosion producing, more and more extensive
breaks are formed.

Spalling of concrete cover —Because of loss of the
connection among cement and steel, the concrete beginnings
forming numerous layers of scales and strips off. The steel
bars likewise get decreased in size.

Snapping of bars — Because of decrease in the size of the
steel bars, they at long last snap. Additionally, there is a
significant decrease in the size of the primary bars

Buckling of bars—Spalling of the concrete cover and
snapping of bars lead to clasping of the fundamental bars.
This lumps the concrete around there and at last the failure
of structure occurs.

VI. PREVENTION MEASURES OF CORROSION
Providing Sufficient Concrete Cover: A decent measure of
concrete cover ought to be given over the steel bars. This
guarantees appropriate upkeep of the soluble nature inside
the concrete and the lack of involvement of the steel bars.
The steel bars ought to be correctly placed in position
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Proper Compaction fo Concrete: Concrete should be
totally compacted with the end goal that there are no air
voids or pockets present inside.

Use of FBE coated Bars: Fusion Bonded Epoxy Coating
(FBEC) might be applied on the steel bars to keep them
from erosion. Epoxy powder is spread electrostatically on to
the steel bars. The powder melts and streams over the bars
after heating, forming a defensive covering. They are
thermoset polymer coatings since utilization of warmth
won't liquefy the covering. Aside from rebar it likewise has
wide application in pipeline development.

Use of Cement Based Polymers: Cement based polymers
can be used in the concrete to enhance its protection against
corrosion capabilities. The cement based polymers act as a
binder in the concrete. They also increase the durability,
tensile strength and vibration damping of the concrete
RCPT test to assess degree of Corrosion: The Rapid
Chloride Permeability Test (RCPT) might be performed to
survey the level of consumption. The amount of electrical
flow that goes through an example 50 mm thick and 100
mm in breadth in 6 hours is estimated. In view of this a
subjective rating is made of the penetrability of the concrete.
Use of Migratory Corrosion Inhibitors: Migratory
corrosion inhibitors might be utilized in the concrete blend
or might be applied on the solidified surface of the concrete.
These inhibitors diffuse through the concrete cover and
arrive at the steel bars to secure them against corrosion.
Calcium nitrite based inhibitors are very normal.

VII. CONCLUSION

After considering all the points, we can say that corrosion
can be minimize at some extent by various methods like use
of preventive measures in construction such as use of best
design and construction methods, Proper concrete cover
depth (40 mm), low permeable concrete and suitable
reinforcing steel, use of materials such as fly ash in concrete
and coated reinforcing steel leads in prevention of steel
reinforcing corrosion to great extent.
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