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Abstract- This paper deals with the consumption of
strengthening steel can be issue in solid structures. Corrosion
of steel produces hydrated iron oxide or rust which is broad.
This extension develops inner weight until the solid flops as
spalling.This is a main source of solid disintegration and
various examinations have been performed to avert corrosion
of fortifying steel. Strengthened cement has demonstrated to
be very fruitful material regarding both auxiliary execution
and sturdiness Epoxy-covered fortifying steel is the most
widely recognized corrosion security strategy is utilized.
Hardened steel fortification demonstrates that it might stay
free of consumption in chloride defiled cement for over 75
years. While erosion of strengthening steel can be issue in
solid it very well may be decreased utilizing legitimate detail
and fast recognizable proof of vulnerability asphalts. Solid
blends that are intended for administration presentation
condition sick decrease the open doors for consumption
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1. INTRODUCTION

The disintegration of strengthened solid structures is
a noteworthy issue. The expense of fixing or supplanting
disintegrated structures has turned into a noteworthy risk for
interstate offices, assessed to be more than $20 billion and to
increment at $500 million every year. The essential driver of
this weakening (breaking, delamination, and spalling) is the
consumption of steel strengthening bars because of chlorides.
The two principle wellsprings of chlorides are de-icing
synthetic substances and seawater. The exposed asphalt
arrangements of numerous roadway organizations for winter
snow and ice expulsion have brought about broad utilization
of salt-based de-icing synthetic substances. The most widely
recognized compound utilized has been sodium chloride.
Numerous scaffolds have additionally been worked in beach
front territories and are presented to seawater. Extensions
worked with dark fortifying steel are indicating dynamic solid
crumbling as the centralization of chloride particles
increments. As indicated by a May 1997 report, The Status of
the Nation's Highway Bridges: Highway Bridge Replacement
and Rehabilitation Program and National Bridge Inventory,
Thirteenth Report to the United States Congress, around
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80,000 scaffolds on the Federal-guide framework and 103,000
extensions off the Federal-guide framework are insufficient
somehow or another. This incorporates both fundamentally
lacking and practically out of date spans. The normal scaffold
deck situated in a snow-belt State with dark fortifying steel
and 40 mm (1.5 in) of solid spread hasshown spalling in
around 7 to 10 years after development and has required
recovery in around 20 years after construction.The increment
in the sum and seriousness of extension deck weakening in the
late 1960's and mid 1970's frightened the State Highway
Agencies and presented genuine security risks to the voyaging
driver. Accordingly a few measures have been created and
actualized to forestall the chloride-incited erosion of steel
fortifying bars and the subsequent crumbling. A portion of the
early estimates utilized included bringing down the water-
bond proportion of the solid and expanding the solid spread
over the steel fortifying bars. Solid penetrability can likewise
be decreased by the utilization of admixtures. Consumption
inhibitors are additionally being utilized. Epoxy-covered
fortifying steel (ECR) was presented in the mid 1970's as a
security framework for new extension decks. Another security
measure is the utilization of consumption safe strong
fortifying bars or clad dark strengthening bars. The utilization
of waterproof films related to asphaltic cement overlays as a
defensive framework has delivered variable outcomes. A
different insurance methodology is the synchronous utilization
of at least two assurance measures, for example, epoxy-
covered fortifying steel and a consumption inhibitor.The
utilization of prestressed solid individuals in scaffolds is a
generally new practice and thus most extension applications
are  moderately youthful. Thus, consumption incited
weakening of these individuals just ended up obvious in the
mid 1980's. In spite of the fact that prestressed solid
individuals are commonly made with a higher quality cement
under better quality control, they are liable to indistinguishable
impacts of erosion from is customarily strengthened cement.
In any case, on account of the high worries in the prestressing
strands, the consumption procedure is quickened. Indeed, even
little consumption pits could make a strand crack, contrasted
with customary strengthening that may rust to for all intents
and purposes nothing before breaking. There have been
reported instances of prestressing strands breaking because of
consumption. This is a major issue as prestressed solid
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individuals depend on the elasticity of the strands to oppose
connected loads.Protective frameworks for prestressed solid
scaffold superstructure individuals (braces and shafts) and
substructure individuals (heaps, docks, and so on.) are still
under scrutiny and are being improved and grown further.
These individuals are commonly worked with dark
prestressing steel. Ebb and flow research shows guarantee for
the utilization of epoxy-covered prestressing strands for
prestressed solid individuals. Starting at now, there is no for
the most part acknowledged defensive framework for solid
scaffold substructure individuals or prestressed solid extension
individuals. In any case, on account of the utilization of
uncoated prestressing steel, the utilization of consumption
inhibitors in prestressed, solid individuals has picked up
acknowledgment. For most consumption insurance measures,
the fundamental standard is to keep the chloride particles from
responding with the steel surface and furthermore to expand
the time required for the chloride particles to penetrate through
the solid spread. While these measures for the most part don't
prevent consumption from in the end starting, they do build
the administration life of fortified solid structures by
moderating the erosion procedure. Cathodic assurance,
notwithstanding, has demonstrated to be a fruitful
consumption security measure for expectedly fortified and
pretensioned, prestressed solid extension individuals.

Il. LITERATURE REVIEW

Overview of  Corrosion-Induced Concrete
Deterioration Processes General Although concrete has
evolved to become the most widely used structural material in
the world, the fact that its capacity for plastic deformation (so
its ability to absorb mechanically imparted energy is
essentially nil) imposes major practical service limitations.
This shortcoming most commonly is overcome by
incorporating steel reinforcement into specific locations in the
concrete where tensile stresses are anticipated. Consequently,
concerns regarding performance must not only focus upon
properties of the concrete but also of the embedded steel and,
in addition, the manner in which these two components
interact. In this regard, steel and concrete are, in most aspects,
mutually compatible, as exemplified by the fact that the
coefficient of thermal expansion for each is approximately the
same. Also, while boldly exposed steel corrodes actively in
most natural environments at a rate that requires instituting
extrinsic corrosion control measures (for example, protective
coatings for atmospheric exposures and cathodic protection in
submerged and buried situations), the relatively high pH of
concrete pore water (pH = 13.0-13.8) helps form a protective
oxide (passive) film about 10 nanometres’ thick. This film
effectively insulates the metal and electrolytes so that the
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corrosion rate is negligible, allowing decades of relatively low
maintenance.

Corrosion Mechanism Disrupting the passive film
upon embedded reinforcement and onset of active corrosion
can arise in conjunction with either of two causes: carbonation
or chloride intrusion (or a combination of the two). In the case
of carbonation, atmospheric carbon dioxide (CO2) reacts with
pore water alkali according to the generalized reaction,

Ca() OH 2 + CO2 — CaCO3 + H20 , (1) which consumes
reserve alkalinity and reduces pore water pH to the 8-9 range,
where steel is no longer passive. For dense, high-quality
concrete (for example, high cement factor, low water-cement
ratio, and pozzolanic admixture), carbonation rates are
typically on the order of 1 mm per decade or less; loss of
passivity from this cause within a normal design life is not
generally a concern. Carbonation must be anticipated at
concrete cracks, however, where air essentially has direct
access to the reinforcement, irrespective of concrete cover and
quality. Older structures are also at issue because of their age,
because earlier generation concretes were typically more
permeable when compared to more recent concretes, and
because of relatively low concrete cover. Chlorides, on the
other hand, arise in conjunction with deicing activities upon
northern roadways or from coastal exposure, as noted above.
While this species (CI- ) has only a small influence on pore
water pH, concentrations as low as 0.6 kilograms per cubic
meter (kg/m3 ) (concrete weight basis) have been projected to
compromise steel passivity. In actuality, it probably is not the
concentration of chlorides that governs loss of passivity but
rather the ratio of chlorides-to-hydroxides ([CI-]/[OH-]),
because the latter species (OH- ) acts as an inhibitor. This has
been demonstrated by aqueous solution experiments from
which it is apparent that the CI- threshold for loss-of-steel
passivity increased with increasing pH.[4-5] However, in
cementitious materials, this interrelationship is more complex
due to CI- binding and the dependence of such binding upon
pH.[6] Thus, CI- binding evidently decreases with increasing
OH- above pH 12.6, such that a decrease in pH can result in
decreasing[CI-]/[OH- Considerable research efforts have
focused on identifying a chloride threshold; however, a unique
value for this parameter has remained elusive, presumably
because of the numerous influential variables, including type
of cement, cement alkalinity, concrete mix design,
environmental  factors, potential, and reinforcement
composition and micro structure. Because CI- , not
carbonation-induced loss of passivity, is of primary concern
for bridge structures, subsequent focus is placed upon this
cause of corrosion alone.

1. METHODOLOGY
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The corrosion of steel reinforcing bars is an
electrochemical process that requires a flow of electric current
and several chemical reactions

The corrosion of steel in concrete in the presence of
oxygen, but without chlorides, takes place in several steps:

1. At the anode, iron is oxidized to the ferrous state and
releases electrons.

Fe| Fe™ + 2e-
2. These electrons migrate to the cathode where they combine
with water and oxygen to form
hydroxyl ions.
2e +H,0+1/20,20H"

3. The hydroxyl ions combine with the ferrous ions to form
ferrous hydroxide.

Fe™ + 20H"| Fe(OH),

4. In the presence of water and oxygen, the ferrous hydroxide
is further oxidized to form

4Fe(OH), + O, + H,0 | 4Fe(OH),
2Fe(OH); | Fe,0:@2H,0

The corrosion of steel in concrete in the presence of chlorides,
but with no oxygen (at the anode), takes place in several steps:

1. At the anode, iron reacts with chloride ions to form
an intermediate soluble iron-chloride complex.

Fe + 2cl | (Fe™ + 2cl) + 2¢’

4. When the iron-chloride complex diffuses away from
the bar to an area with a higher pH and concentration
of oxygen, it reacts with hydroxyl ions to form
Fe(OH),. This complex reacts with water to form
ferrous hydroxide.

(Fe™ + 2¢l) + 2H,0 +2¢ | Fe(OH), + 2H" + 2cl

5. The hydrogen ions then combine with electrons to
form hydrogen gas.

2H*+ 26 | H,8.

Page | 778

ISSN [ONLINE]: 2395-1052

As in the case of the corrosion of steel without
chlorides, the ferrous hydroxide, in the presence of water and
oxygen, is further oxidized to form Fe,O;

4Fe(OH), + O, + H,0 | 4Fe(OH)s
2Fe(OH); |[Fe,0;@2H,0

The corrosion products resulting from the corrosion
of steel reinforcing bars occupy a volume equal to three to six
times that of the original steel. This increase in volume
induces stresses in the concrete that result in cracks,
delaminations, and spalls. This accelerates the corrosion
process by providing an easy pathway for the water and
chlorides to reach the steel.There are two main types of
chloride contents that are tested for and reported — acid-
soluble chlorides, sometimes referred to as total chlorides, and
water-soluble chlorides. Acid-soluble chlorides are the
chlorides extracted from a concrete sample using an acid.
Water-soluble chlorides are those chlorides present that can
dissolve in water. The amount of water-soluble chlorides is
less than the total or acid-soluble amount of chlorides present
in a concrete sample.

3.1. FACTORS INFLUENCING CORROSION RATE:-

Once a sufficient amount of chlorides has reached the
steel reinforcing bars to depassivate the bars and initiate
corrosion, factors influencing the corrosion rate of steel
reinforcing bars embedded in concrete include:

->Availability of water and oxygen.

->Ratio of the steel surface area at the anode to that at the
cathode.

->Amount of chloride ions in the pore water.

->Resistivity of the concrete.

->Temperature.

->Relative humidity (both internal and external).

->Concrete microstructure.

The availability of oxygen is a function of its rate of
diffusion through the concrete, which is affected by how
saturated the concrete is with water. When totally submerged,
the diffusion rate is slowed because the oxygen must diffuse
through the porewater. When the concrete is dry, the oxygen
can freely move through the pores. Alternating wet-dry cycles
accelerates the corrosion process. Wet concrete has a lower
resistivity than dry concrete due to the presence of water as an
electrolyte. When the ratio of the area at the cathode to the
area at the anode increases, the current density at the anode
increases. The current density is the amount of electrical
current passing through a unit area at the anode. An increase
in current density results in an increase in the corrosion rate.
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3.2. FACTORS
RATE

To date, not much research has been done in this
area. The main focus has been on the depth of the concrete
cover and permeability. High-strength concretes generally
have low water-cement ratios, low porosity, and a relatively
high modulus of elasticity. Because of its low porosity, high-
strength concrete may have less ability to absorb corrosion
products (i.e., they have fewer voids where corrosion products
may accumulate without exerting any internal pressure on the
concrete). In general, high-strength concretes have a higher
modulus of elasticity and are less forgiving than concretes
with a lower modulus. Concretes with a lower modulus may
deflect without cracking, while in concretes with a higher
modulus, stresses may build up and cause fracturing.On the
other hand, higher strength concretes generally have lower
permeability and therefore it takes longer for chlorides to
accumulate at the reinforcement level compared to lower
strength concretes.

INFLUENCING DETERIORATION

3.3. CORROSION-CONTROL MEASURES

Corrosion-induced  deterioration  of  reinforced
concrete structures occurs when the environmental loading on
the structure is greater than the ability of the structure to resist
the environmental loading (environmental resistance). One can
either decrease the loading or increase the resistance or do a
combination of both. The main deterioration mechanisms
(chloride-induced corrosion of rebar) focus on the
reinforcement and its protection.

Corrosion can also occur as a result of other
deterioration processes: freeze-thaw cycles, expansive
reactions, excessive deflections, fatigue, etc. These processes
cause the concrete to crack, which subsequently allows water
and chlorides easy access to the interior of the concrete and
the steel reinforcing bars. These other deterioration
mechanisms create conditions more conducive to the corrosion
of the embedded steel reinforcing bars, which leads to further
deterioration of the concrete

3.4. SELECTION OF PROTECTION SYSTEMS

The proper corrosion-protection strategy will vary
from structure to structure. Some factors to be considered
during the design of a structure include:

->Intended design life of the structure.

->Effects of corrosion and corrosion-induced deterioration —
This includes the costs due to closure (either permanent or
temporary) for repair. Bridges on major roads are more critical
than bridges on local roads.
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->Quality of workmanship in construction — The quality of
construction entails good consolidation, proper rebar
placement, sufficient concrete cover over the steel reinforcing
bars, and other measures.

->Possible rehabilitation methods — The design of structures
should include provisions for the possible future rehabilitation
of corrosion-induced deterioration.

->Initial costs — May need to consider more than just initial
costs (i.e., life-cycle costs). As the rehabilitation and
replacement costs increase, corrosion-control measures
become more cost-effective.

->Multiple protection strategies may be cost-effective for
long-term corrosion protection.

One such strategy is the use of epoxy-coated rebar in
combination with a durable concrete containing corrosion
inhibitors, having a low permeability, and adequate concrete
cover. Silica fume and fly ash can be added to the concrete to
reduce permeability and provide additional corrosion control.
However, there is a need to balance the costs of the additional
control measures against how much additional service life can
be expected as a result of the added control measures. The
additional costs can usually be justified based on a life-cycle
cost analysis.

Some factors to be considered when choosing a corrosion-
control measure include:

->Reliability and effectiveness of the measure.

->Risk of unintended side effects.

->Possibility of future installation of other control measures.
->Life expectancy of the measure.

->Any incremental costs over the “do nothing” option.

->Any impacts on the cost of other elements in the structure.
->How aggressive the environment is where the structure will
be located.

Corrosion-protection strategies for steel reinforcing
bars embedded in concrete can be grouped into four general
categories: design, concrete, corrosion inhibitors, and
reinforcement type.

The design category includes such items as:

->Concrete cover.

->Maximum allowable crack widths in service.
->Reinforcement distribution (crack control provisions).
->Rigid overlays (silica fume concrete, latex-modified
concrete, dense concrete, polymer

concrete).
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The concrete category includes such items as:

->\Water-cement ratio.

-> Pozzolans (silica fume, fly ash, slag).
->Latex, epoxy, and polymer admixtures.
->Cement type.

->Aggregate gradation.

The inhibitor category includes such items as:

->Qrganic corrosion inhibitors.
->Inorganic corrosion inhibitors.
->Mixed corrosion inhibitors.

The reinforcement category includes such items as:

->Epoxy-coated bars.
->Galvanized bars.

->Nickel-clad bars.

->Copper-clad bars.

->Stainless steel-clad bars.
->Stainless steel bars.
->Corrosion-resistant alloyed bars.
->Non-metallic bars.

3.3GENERAL DESIGN PROVISIONS

It is generally the design details that influence the
overall performance and durability of bridge decks and other
bridge components, both conventionally reinforced concrete
and prestressed concrete. Some design factors that affect the
durability of concrete structures include:

->Construction type.

->Expansion joints.

->Construction joints.

->Tendency of concrete to crack.

->Duct and anchorage layout in post-tensioned concrete.
->Drainage details.

->Access for inspection and maintenance.

->Proximity to seawater.

->Exposure to deicing chemicals.

The effectiveness and lifespan of expansion joints
depend on how well they are installed. Whenever possible,
construct continuous structures and integral abutments to
eliminate expansion joints. However, when joints are used,
provide adequate and proper drainage so that water does not
reach the anchorages or bearings and does not pond. Include
provisions for the inspection of the joints and structural
components under the joint. Even well-constructed joints leak.
Whenever possible, locate deck construction joints away from
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critical areas (prestressed anchorages in particular).Cracks
may be thermal or shrinkage. Cracking may also be due to
creep or to the high modulus of elasticity of the hardened
concrete. Exercise proper care in the layout and sequencing of
concrete pours to minimize the risk of cracking. For post-
tensioned structures, provide an adequate amount and
distribution of reinforcement in the anchorage areas.In post-
tensioned concrete structures, the ease of grouting will
influence the quality of the completed grouting operation.
Both tendon profiles and duct size affect the ease of grouting.
The location of anchorages affects the ease of stressing and
inspection, as well as susceptibility to the ingress of water.
Anchorages located in the top surfaces of decks are easy to
construct, stress, and grout. However, due to their location, it
is easier for chloride-contaminated water to penetrate and
reach tendons.

IV.CONCLUSION

Security measures to reduce the corrosion of support
in the solid structure by utilizing post strain and pre tensioned
strategies are to be utilized for decrease the consumption in
solid structures. The assurance of anchorages relies upon the
presentation of the encompassing cement
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