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Abstract — The strength and durability of concrete after
casting can vary due to various factors, including physical
and chemical damages. Concrete structures reinforced with
steel are subject to continuous deterioration due to corrosion
caused by long-term exposure to aggressive environments.
Structures such as dams, canals, and bridges, which are
exposed to water, undergo various types of chemical
reactions including carbonation attack, sulphate attack,
chloride attack, and alkali-aggregate reaction. These
chemical reactions, whether intrinsic or extrinsic, are major
contributors to concrete deterioration. This dissertation
analyzes chemical expansive reactions in concrete elements,
alkali aggregate reactions, and internal sulfuric reactions.
During the carbonation process, calcite is a fundamental
element identified in the concrete microstructure, often
appearing as cracks on the surface of concrete structures.
Carbonation occurs when carbon dioxide from the
environment reacts with calcium hydroxide to form calcium
carbonate. The depth of carbonation, usually described by pH
value, directly affects the lifespan of the structure. To address
this issue over the years, solutions have been discovered
through various experiments conducted on concrete both
before and after casting. These solutions include chemical
tests to increase CO2 binding capacity and improve CaO
value, as well as physical tests such as applying epoxy
coatings, among others. After conducting various tests to
achieve specific outcomes, durability tests for concrete
structures are performed, including pH indicator tests,
Universal Testing Machine (UTM) tests, and Compressive
Testing Machine (CTM) tests. This project aims to study the
chemical reactions occurring in various types of concrete
structures and their impact on durability and strength.
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I. INTRODUCTION

Ordinary Portland Cement (OPC) exhibits high alkalinity,
typically with pH values exceeding 12. When cement paste
encounters acids, its constituents undergo breakdown, a
phenomenon known as acid attack. If the pH decreases to
levels below the stability limits of cement hydrates, the
corresponding hydrate loses calcium and decomposes into
amorphous hydrogel. The ultimate reaction products of acid
attack include the calcium salts of the acid and hydrogels
composed of silicium, aluminum, and ferric oxides.

When concrete is subjected to acid attack, it results
in the dissolution of both hydrated and un-hydrated cement
compounds, as well as calcareous aggregates. In many cases,
this chemical reaction leads to the formation of water-soluble
calcium compounds that are subsequently leached away. The
vulnerability of concrete to acid attack escalates as the pH of
the acid in contact decreases from 6.5. The degree of

aggression can be categorized as follows: Slight for pH: 6.5
to 5.5, Severe for pH: 5.5 to 4.5, and Very Severe for pH less
than 4.5.

Fig. 1: Corrosion of steel in concrete

Acid attack refers to the deterioration or degradation
of materials, particularly concrete and metals, when exposed
to acidic substances. This phenomenon occurs when acids
come into contact with surfaces, causing chemical reactions
that lead to the weakening, dissolution, or corrosion of the
materials.

In the context of concrete, acid attack occurs when
acidic substances, such as industrial chemicals, acidic
rainwater, or chemical cleaning agents, come into contact
with concrete structures. The acids react with the cement
paste, aggregates, and steel reinforcement within the
concrete, leading to various forms of degradation. This can
include the breakdown of cementitious materials, leaching of
calcium compounds, dissolution of aggregates, and corrosion
of steel reinforcement.

The severity of acid attack depends on factors such
as the concentration and type of acid, duration of exposure,
and the composition and quality of the concrete. Acid attack
can result in structural damage, reduced durability, and
compromised performance of concrete structures, making it a
significant concern in construction and infrastructure
maintenance. Preventive measures, such as using acid-
resistant materials, proper sealing and protective coatings,
and regular maintenance, are often employed to mitigate the
effects of acid attack.

Il. OBJECTIVE:

1) To determine the Sulphur & Chloride effect on concrete
structure.

2) To check the strength (compressive, flexural, split-
tensile) of the concrete after chemical effect.

3) Applying epoxy coating on attacked concrete surface.
And to check the strength (compressive, flexural, split-
tensile) of the concrete specimens.
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I1l. LITERATURE REVIEW:

A. Concrete Deterioration Caused by Sulfuric Acid Attack:

Sulfuric acid solution present in sewage, wastewater
treatment plants, and hot spring locations can degrade
concrete structures by reacting with cement hydrates.
Concrete is inherently vulnerable to chemical deterioration in
acidic environments. Despite being a long-standing issue,
there hasn't been an established prediction method for this
type of deterioration.

In Japan, the JSCE (Japan Society of Civil
Engineers) Standard Specification [2001] addresses
countermeasures against chemical deterioration and
maintenance practices, but it lacks a specific prediction
method. Various immersion tests using mortar specimens
have been conducted as part of research on predicting
deterioration caused by sulfuric acid attack. However, since
actual structures are constructed using concrete, it's essential
to develop prediction methods specifically tailored to
concrete deterioration due to acid attack.

B. Concrete Deterioration Caused by Sulfuric Acid Attack,
Sept 2018, K. Kawai, S. Yamaji, T. Shinmi

Biological deterioration of concrete in sewage and
wastewater treatment plants is a known issue. This
degradation primarily occurs due to sulfuric acid attack,
which is influenced by the concentration of sulfuric acid
present. The concentration of acid is determined by factors
such as the specific location within the plant and the duration
of exposure of the concrete to elevated acid concentrations.
Concrete structures in such environments may be subjected
to strong acid solutions.

To protect concrete structures from this type of
deterioration, resin coatings are commonly applied. These
coatings act-as a barrier, preventing direct contact between
the concrete surface and the corrosive substances, thereby
prolonging the durability and lifespan of the concrete
structures.

C. Concrete against acid attack: Preventive measures,
Oct19, Dr. Anwar Khitab, Dr. Mohsin Usman Qureshi, Mr.
Muhammad Nadeem

This paper discusses strategies for preventing or reducing the
degradation of concrete exposed to acidic environments. It
outlines the mechanism of reaction between alkaline concrete
and acids, providing insight into how to minimize or
eliminate this destructive reaction. The suggested preventive
measures can be categorized into two main approaches:
enhancing the basic microstructure of concrete and
implementing barriers to protect against acids.

To enhance the acid resistance of concrete,
traditional and innovative techniques are explored, including
the application of nanotechnology. These approaches aim to
modify the microstructure of concrete to make it more
resilient to acid attack, thereby improving its durability and
longevity in acidic environments.

D. Response of Concrete to Sulfuric Acid Attack, Emmanuel
K. Attiogbe and Sami H. Rizkalla

The research findings indicate that all three indicators of
deterioration effectively assess concrete's response to acid
attack. However, the study proposes that the increase in

thickness (expansion) of small specimens, particularly those
with large surface area-to-volume ratios, may offer a more
consistent measure compared to the weight loss of larger
specimens. This is especially relevant when comparing the
effects of different sulfuric acid concentrations on concrete.

IV. METHODOLOGY:-
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Fig. 2 Flow Chart of Methodology

V. MATERIAL USED:

A. Cement

Cement serves as a binder in construction, facilitating the
setting, hardening, and adherence of other materials, thereby
binding them together. It is typically not used independently
but rather employed to bind sand and gravel (aggregate).

B. Aggregate:-

Aggregates are inert granular materials like sand, gravel, or
crushed stone, serving both as end products and raw materials
essential for concrete production. To ensure a high-quality
concrete mix, aggregates must possess certain characteristics.
They should be clean, hard, and strong particles, devoid of
absorbed chemicals or coatings of clay and other fine
materials that could potentially lead to concrete deterioration.

C. Sand:-

Aggregate that predominantly passes through a 4.75 mm IS
sieve is categorized as fine aggregate. Fine aggregate
typically comprises natural sand or crushed stone sand. It
should exhibit certain properties to meet quality standards.
Fine aggregate must be hard, durable, and chemically inert. It
should be free from adherent coatings, organic matter, and
clay balls or pellets. Additionally, it should not contain
significant amounts of harmful impurities such as iron
pyrites, alkalis, salts, coal, or similar laminated materials, as
these can lead to corrosion of metal or adversely affect the
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hardening, strength, durability, or appearance of mortar,
plaster, or concrete.

D. Protective Epoxy Coating:-

Epoxy coating materials serve as protective layers for
concrete and steel against chemical and mechanical damage
in various environments, including interiors, exteriors, and
marine settings. These coating systems typically comprise
two or more components that, upon blending and application,
chemically react to create a protective film characterized by
high integrity, exceptional adhesion, toughness, and impact
resistance. The application process involves coating the
external surface of concrete twice, with an interval of 4 hours
between applications.

VI. RESULT:
A. Conventional M30 (Compared with Sulphur Attack)

Graph 1: Flexural Test Results for Sulphur Attack (N/mm?)
Based on the graph provided, it is evident that the
compressive  strength  tests demonstrate a notable
enhancement in strength when epoxy coating is applied to the
concrete surface affected by corrosion. After 28 days, the
compressive strength was observed to decrease by 16% when
exposed to 0.35% sulfur. However, with the application of
epoxy coating, the compressive strength of the concrete
exhibited a 9% increase.

B. Flexural Test Results for Sulphur Attack (N/mm?)

L] 1 ] =)

Graph 2: Flexural Test Results for Sulphur Attack (N/mm?)

VII. CONCLUSIONS:

1) After 28 day the compressive strength was found to be
decreased by 16%whenit was affected by 0.35% of
Sulphur and by using epoxy coating compressive
strength of concrete was found to be increased by 9%

2) After 28 day the flexural strength was found to be
decreased by 23% when it was affected by 0.35% of
Sulphur and by using epoxy coating flexural strength of
concrete was found to be increased by 19.1%

3) After 28 day the split tensile strength was found to be
decreased by 24% when it was affected by 0.35% of
Sulphur and by using epoxy coating split tensile strength
of concrete was found to be increased by 15%

4) After 28 day the compressive strength was found to be
decreased by 15% when it was affected by 0.35% of
Chloride and by using epoxy coating compressive
strength of concrete was found to be increased by 12%

5) After 28 day the flexural strength was found to be
decreased by 18% when it was affected by 0.35% of
Chloride and by using epoxy coating flexural strength of
concrete was found to be increased by 10%

6) After 28 day the split tensile strength was found to be
decreased by 25% when it was affected by 0.35% of
Chloride and by using epoxy coating split tensile strength
of concrete was found to be increased by 12%.
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