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Abstract: Glass fiber-reinforced polymer bar is very innovative technology and playing vital role in civil & structural engineering
industry, Architects, civil & structural engineers are continuously looking for new and effective method to protect structural steel from
corrosion in retrofitting of building column. Therefore, the need of techniques in this designing of column jacketing for FRP material
structural engineer is interested due to eats properties like high tensile, strength, lightweight and corrosion free property & easy to cut
etc. Hence, in this paper, the conceptual and basic study of glass fiber reinforced polymer bar.
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1.

Introduction

GFRP consists of a polymer resin matrix and glass fibers.
The polymer matrix, such as polyester, epoxy, or vinyl ester
resin, gives the material its strength and acts as a binder.
Glass fibers, commonly in the form of fabrics, mats, or
roving’s, are embedded in the resin matrix to provide
strength and rigidity. The manufacturing process involves
laying or weaving the glass fibers, saturating them with the
resin, and curing the composite to create a solid structure.
The orientation and arrangement of the glass fibers can be
customized for specific engineering needs.

2.

Advantages of GFRP

GFRP offers a range of advantages that make it an
attractive alternative to traditional materials:

High  Strength-to-Weight Ratio: GFRP  exhibits
exceptional strength while remaining significantly lighter
than metals like steel, making it ideal for weight-
sensitive applications.

Corrosion Resistance: Unlike steel, GFRP does not
corrode when exposed to moisture or chemicals, making
it suitable for harsh environments and marine
applications.

Electrical Insulation: GFRP is an excellent electrical
insulator, providing safety and reliability in applications
where electrical conductivity must be avoided.

Design Flexibility: GFRP can be easily molded into
complex shapes, enabling designers to create innovative
and aesthetically pleasing structures.

Dimensional Stability: GFRP exhibits minimal expansion
and contraction with temperature changes, resulting in
improved long-term performance.

Non-Magnetic: GFRP is non-magnetic, making it
suitable for applications in sensitive electromagnetic
environments.

Applications

The versatility of GFRP allows for a wide range of

applications in various industries:

Construction: GFRP is used for reinforcing concrete
structures, such as bridges, columns, and beams, to
enhance their load-carrying capacity and durability.
Aerospace and Automotive: GFRP finds application in
aircraft components, automobile body parts, and interior
panels to reduce weight and improve fuel efficiency.
Marine: GFRP is widely used in boat hulls, decks, and
other marine components due to its excellent resistance
to saltwater corrosion.

Wind Energy: GFRP is employed in wind turbine blades,
as it offers the required strength and stiffness while being
lightweight.

Electrical and Electronics: GFRP is used in insulators,
electrical enclosures, and circuit boards to provide
electrical insulation and protection.

Sporting Goods: GFRP is utilized in the manufacturing
of sports equipment such as tennis rackets, golf club
shafts, and bicycle frames.

Methodology of Column Jacketing with
FRP Assessment and Preparation:

Conduct a thorough structural assessment of the concrete
column to determine its current condition and load-
carrying capacity. ldentify any damage, cracks, or
deficiencies that need to be addressed during the
retrofitting process.

Clean the surface of the column thoroughly to remove
any loose concrete, dirt, or contaminants. Ensure that the
column surface is free from grease, oil, and other
substances that may hinder the bonding of FRP materials.

Design of FRP Jacket:

Engage license structural engineers to design the
retrofitting scheme. The design should consider the
column's dimensions, reinforcement details, and the
required strengthening objectives.

Determine the type, size, and orientation of the FRP bars
to be used in the jacketing. The choice of FRP material
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(glass) and the configuration of the reinforcement will
depend on the specific project requirements and
structural analysis.

Application of Adhesive Bonding Material:

Apply a suitable epoxy adhesive or bonding agent to the
surface of the cleaned and prepared column. The
adhesive should have high compatibility with both the
existing concrete and the FRP materials.

Ensure uniform and complete coverage of the adhesive to
facilitate a strong bond between the concrete surface and
the FRP jacket.

Installation of FRP Bars:

Place the pre-cut FRP bars on the column surface
according to the design specifications. The bars should
be arranged in the desired configuration to provide the
required strengthening effect.

Press the FRP bars into the adhesive to ensure proper
bonding. Use clamps or other mechanical means, if
necessary, to hold the FRP bars securely in place during
the curing process.

Curing and Bonding:

Allow sufficient time for the epoxy adhesive to cure and
bond the FRP bars to the concrete surface. Follow the
manufacturer's recommendations for curing time and
conditions.

Monitor the curing process to ensure that the FRP bars
remain in the correct position and alignment until the
adhesive achieves its full strength.

Quality Control and Testing:

Perform quality control checks and inspections to verify
that the FRP jacketing has been installed correctly and in
accordance with the design specifications.

Conduct non-destructive and load testing, as appropriate,
to validate the effectiveness of the retrofitting and to
ensure that the strengthened column meets the desired
performance criteria.

Protection and Finishing:

After successful installation, apply a protective coating or
finishing layer over the FRP jacket to protect it from
environmental factors and UV degradation, especially in
outdoor applications.

Consider aesthetic requirements and architectural
considerations for finishing, if applicable with micro
concrete.

Documentation and Maintenance:

Maintain ~ comprehensive  documentation of the
retrofitting process, including design drawings, material
specifications, installation procedures, and testing results.
Establish a regular maintenance and inspection schedule
to monitor the condition and performance of the
retrofitted column over time.

. Testing Required for FRP

Various tests are conducted on Fiber Reinforced Polymer
(FRP) materials to evaluate their mechanical properties,

durability, and performance. The testing procedures are
essential to ensure that FRP materials meet the required
standards and are suitable for specific applications. Here
are some of the key tests conducted on FRP:

e Tensile Testing: Tensile tests are performed to determine
the tensile strength, elongation, and modulus of elasticity
of FRP materials. The test involves applying a gradually
increasing load to the FRP specimen until it breaks,
measuring the force and deformation throughout the
process.

e Flexural Testing: Flexural tests assess the flexural
strength and modulus of elasticity of FRP materials. The
specimen is subjected to a bending load, and the resulting
deflection and applied load are measured.

e Shear Testing: Shear tests evaluate the shear strength of
FRP materials under various loading conditions. The
specimen is subjected to a transverse force, and the
resulting shear stress and deformation are recorded.

e Compression Testing: Compression tests assess the
compressive strength and behaviour of FRP materials
under axial loads. The specimen is subjected to a
compressive force until failure occurs.

o Peel Testing: Peel tests are used to evaluate the adhesion
strength between the FRP and the substrate (e.g.,
concrete or metal). The specimen is subjected to a
peeling force to measure the bond strength.

e Environmental Testing: Environmental tests assess the
durability of FRP  materials under different
environmental conditions, such as exposure to moisture,
temperature variations, chemicals, and UV radiation.

e Fatigue Testing: Fatigue tests evaluate the fatigue
behaviour and resistance of FRP materials under cyclic
loading conditions. The specimen is subjected to repeated
loading and unloading cycles to simulate real-world
conditions.

e Impact Testing: Impact tests assess the impact resistance
and toughness of FRP materials by subjecting the
specimen to a sudden load or impact.

e Creep Testing: Creep tests evaluate the time-dependent
deformation of FRP materials under constant load over
an extended period.

e Chemical Resistance Testing: Chemical resistance tests
evaluate how FRP materials withstand exposure to
various chemicals and substances.

e Fire Resistance Testing: Fire resistance tests assess the
behaviour of FRP materials under elevated temperatures
and determine their fire resistance capabilities.

o Electrical and Thermal Conductivity Testing: These tests
evaluate the electrical and thermal properties of FRP
materials.

o It is essential to conduct these tests in accordance with
relevant standards and guidelines, such as those provided
by ASTM International, ISO, or other national and
international organizations.

7. Properties of GFRP

Fiber Reinforced Polymer (FRP) composites possess a range
of properties that make them highly desirable for various
engineering applications. The specific properties of FRP
materials can vary depending on the type of reinforcement
fibers (e.g. glass, aramid) and the polymer matrix used (e.g.,
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epoxy, polyester, vinyl ester). Here are some key properties
of FRP:

High Strength-to-Weight Ratio: FRP materials exhibit
excellent strength-to-weight ratios, providing comparable or
even superior strength to traditional materials like steel or
aluminium but at significantly lower weight. This property is
particularly beneficial in weight-sensitive applications, such
as aerospace and automotive industries.

High Tensile Strength: FRP materials have high tensile
strength, meaning they can resist large pulling forces
without breaking. The specific tensile strength depends on
the type and orientation of the reinforcement fibers.

Flexural Strength: FRP composites also demonstrate high
flexural strength, enabling them to withstand bending loads
without failure. This property is essential in applications like
beams and columns.

Corrosion Resistance: Unlike traditional materials like
steel, FRP materials are inherently corrosion-resistant. They
do not rust or deteriorate when exposed to moisture or
aggressive chemicals, making them ideal for marine, coastal,
and chemical processing applications.

Non-Conductive: FRP composites are non-conductive to
electricity and do not interfere with electromagnetic fields.
This property makes them suitable for applications where
electrical insulation is required.

Fatigue Resistance: FRP materials often exhibit good
fatigue resistance, enabling them to endure repeated loading
and unloading cycles without significant degradation in
performance.

Low Thermal Conductivity: FRP composites have low
thermal conductivity, which can be advantageous in
applications requiring thermal insulation.

Dimensional Stability: FRP materials are known for their
excellent dimensional stability, meaning they do not undergo
significant expansion or contraction with temperature
changes.

Design Flexibility: The design flexibility of FRP
composites allows for complex shapes and tailored
reinforcement orientations, making them well-suited for
customized and innovative engineering solutions.

Electromagnetic Transparency: Certain FRP composites,
particularly those made with non-metallic fibers, are
transparent to electromagnetic radiation, which can be
advantageous in certain applications, such as in radomes or

fabricate, and
materials.

install compared to heavier traditional

Acoustic Properties: Depending on the specific composite
structure, FRP materials can exhibit desirable acoustic
properties, such as sound absorption and vibration damping.
It is important to note that while FRP composites offer
numerous advantages, their properties can vary based on the
manufacturing process, type of fibers, resin matrix, and
specific application

8. Objective

Assessment of Structural Capacity: Evaluate the current
structural capacity and condition of the concrete columns
that are intended for retrofitting with FRP jackets. This
involves conducting a thorough structural analysis,
identifying any deficiencies, and determining the need for
strengthening.

Performance Improvement: Investigate how FRP column
jacketing improves the load-carrying capacity, ductility, and
flexural behaviour of the concrete columns. Measure and
compare the structural performance before and after the
retrofitting process.

Strengthening Efficiency: Assess the effectiveness and
efficiency of FRP jacketing in increasing the load-carrying
capacity of columns without significantly increasing their
weight or dimensions.

Confinement Enhancement: Examine how FRP jackets
can enhance the confinement of concrete in the columns,
leading to improved resistance against axial and lateral
loads, especially in seismic events.

9. Comparison Between Steel and GFRC-

Attributes of GFRC

Water Corrosion _L'E'nE
Resistant Resistant Lifie Span
Eco Friendly Light Weight
(" GFRC N
Mon Conductor e ___.,/'
of Electricity —— Cheaper
Hight Radio Liess Thermal
Strength Transparent Expansion
ATTRIBUTES OF GFRC

antennae covers. Properties of GFRC

Material Steel | GFRP
Environmental Resistance: FRP materials can withstand Tensile strength, not less than, Mpa 390 | 1100
exposure to various environmental conditions, including UV Modulas of elasticity, Gpa 200 55
radiation, humidity, and temperature fluctuations, without Bond Strength, Mpa 16 12
significant degradation in performance. Shear Strength, Mpa 380 | 181

Thermal Conductivity, W /(m C) 46 0.35
Ease of Installation: FRP materials are often lightweight Linear expansion coefficient, A*10-6/C | 13-15 | 9-12
and easy to handle, making them easier to transport, Density, Kg/m3 7800 | 1900
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Relative elongation, not more than, %

25 3

Compression strength, Mpa.

250 382

Comparative weight of steel rebars and GFRC

Sizes Steel GFRC
Dia (mm) [c/s area (mm)?| Weight (g/m) | Weight (g/m)

04 11.26 98 26

06 26.87 222 55

08 47.76 395 99

10 74.63 620 157
12 107.46 890 219
14 147.34 1210 307
16 192.26 1580 392
18 244.55 2000 500
20 303.11 2470 621

Diameter and weight of steel rebars and GFRC
equivalent on the basis of tensile strength

Steel GFRC
Dia (mm) | Weight (g/m) | Dia (mm) | Weight (g/m)
06 222 04 26
08 395 06 55
10 620 08 99
12 890 10 157
16 1580 12 219
18 2000 14 307
22 2980 16 392
25 3848 18 500

10. Limitation of Study

Material Variability: FRP materials can exhibit variations
in mechanical properties due to manufacturing processes,
variations in fiber content, and resin distribution. This
material variability can affect the reliability and
predictability of FRP retrofitting solutions.

Complexity of Building Structures: Building structures are
often complex, with multiple load paths and interactions
between components. The behaviour of FRP retrofitted
elements might be influenced by interactions with other
structural components, making it challenging to isolate the
impact of FRP alone.

Lack of Standardization: There might be a lack of
standardized guidelines and design codes for FRP
retrofitting in certain regions, leading to variations in design
approaches and uncertainty in implementation.

Cost Considerations: FRP materials can be more expensive
than traditional retrofitting materials, which could impact
their widespread adoption, especially in cost-sensitive
projects.

Compatibility with Existing Materials: The compatibility
of FRP materials with existing building materials, such as
concrete and steel, needs to be carefully considered to ensure
a durable and effective retrofitting solution.

Installation Challenges: The installation of FRP materials
for building retrofitting might require specialized skills and
equipment. Improper installation can compromise the
effectiveness of the retrofit and cannot use for high-
rise/multi-storey building because of low ductility.

11. Conclusion

Improved Ductility and Flexural Strength: The
incorporation of GFRP bars in column retrofitting improves
ductility, reducing the risk of brittle failure and enhancing
the flexural strength of the columns.

Corrosion Resistance: GFRP bars exhibit excellent
corrosion resistance, eliminating concerns related to steel
reinforcement corrosion and increasing the durability and
longevity of retrofitted columns, particularly in aggressive
environments.

Environmental Friendliness: The use of GFRP bars in
column retrofitting aligns with sustainability goals due to
their non-corrosive nature and potential for recycling.
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