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Abstract—The integrity and safety of Reinforced 

Cement Concrete (RCC) structures decrease with time 

as a result of factors like material degradation, 

environmental effects, and variations in load 

conditions. This paper provides a detailed overview of 

retrofitting and strengthening methods used to improve 

the performance and prolong the life of RCC 

structures. The necessity for retrofitting occurs due to 

several factors, such as aging and degradation of the 

material, heightened load requirements, seismic 

susceptibility, changes in function, and aesthetic or 

safety reasons. The paper presents the main reasons for 

RCC structure deterioration, such as concrete 

degradation mechanisms such as carbonation, chloride 

corrosion, and alkali-silica reactions, and the corrosion 

of the steel reinforcement. In addition, it points out 

general retrofitting techniques like concrete jacketing, 

fiber-reinforced polymer (FRP) wrapping, external 

post-tensioning, and steel plate or strap strengthening. 

Seismic retrofitting techniques, specifically, receive 

special treatment as they are geared towards making 

older buildings more resistant to earthquakes since 

these were not originally designed with seismic thinking 

in mind. New materials like high-performance concrete 

(HPC), steel reinforcement, epoxy resins, shape 

memory alloys (SMAs), and aerogel-based solutions are 

also investigated for their potential in retrofitting. The 

paper concludes by emphasizing the need for the 

implementation of proper retrofitting techniques and 

materials to restore and improve the structural 

capacity, safety, and resilience of RCC infrastructure. 
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I. INTRODUCTION 

 

The performance of RCC structures deteriorates over 

time due to several factors, including environmental 

degradation, material fatigue, and changes in loading 

conditions. This deterioration may compromise the 

structural integrity and safety of buildings, bridges, 

and other infrastructure, leading to the need for 

retrofitting. Retrofitting is the process of 

strengthening or modifying an existing structure to 

improve its performance and extend its lifespan. The 

retrofitting of RCC structures aims to restore, 

enhance, or upgrade their load-carrying capacity, 

durability, and resilience to natural disasters. 

 

This paper provides an overview of the various 

methods and materials used for retrofitting and 

strengthening RCC structures. The focus is on 

practical techniques implemented in the rehabilitation 

of old buildings, bridges, and other critical 

infrastructure, ensuring they meet modern standards 

and withstand new challenges. 

 

II.     FACTORS AFFECTING THE NEED FOR 

RETROFITTING & STRENGTHENING OF RCC 

STRUCTURES 

 

Retrofitting is often necessary due to various factors 

that affect the performance, safety, and functionality 

of RCC (Reinforced Cement Concrete) structures 

over time. These factors range from material 

degradation to changes in building codes or usage. A 

detailed understanding of these factors is essential to 

make informed decisions on retrofitting and 

strengthening strategies for RCC structures. The 

following are the primary factors contributing to the 

need for retrofitting & Strengthening of RCC 

Structures. 

 

2.1. Aging and Material Degradation 

The aging process of RCC structures results in the 

gradual degradation of both concrete and steel 

reinforcement. Over time, these materials undergo 
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deterioration due to several mechanisms, which can 

lead to reduced load-carrying capacity, strength, and 

durability. 

 

a) Concrete Degradation: 

i. Carbonation: Concrete exposed to 

atmospheric carbon dioxide (CO₂) can 

undergo carbonation, a chemical reaction in 

which CO₂ reacts with calcium hydroxide in 

the cement paste to form calcium carbonate. 

This reaction reduces the pH of the concrete, 

leading to the corrosion of steel 

reinforcement. 

ii. Chloride-Induced Corrosion: Chloride ions 

from de-icing salts, seawater, or industrial 

environments can penetrate concrete and 

reach the steel reinforcement, initiating 

corrosion. The corrosion products, 

particularly iron oxides, have a higher 

volume than the steel, which causes 

cracking, spalling, and delamination of the 

concrete cover. 

iii. Alkali-Silica Reaction (ASR): ASR is a 

chemical reaction between alkalis in cement 

and reactive silica in aggregates. This results 

in the formation of a gel that expands when 

it absorbs moisture, leading to cracking and 

deterioration of the concrete. 

iv. Freeze-Thaw Cycles: In colder climates, the 

expansion of water within the concrete pores 

during freezing can cause cracking and 

degradation of the concrete over time. 

 

b) Reinforcement Degradation: 

i. Corrosion of Steel Reinforcement: The 

corrosion of steel reinforcement is the 

primary cause of failure in aging RCC 

structures. Corrosion products occupy more 

volume, creating internal stresses, which 

weaken the bond between the concrete and 

the reinforcement and can lead to cracking or 

spalling of the concrete cover. 

ii. Loss of Strength and Ductility: As steel 

reinforcement corrodes, its strength and 

ductility reduce, ultimately compromising 

the load-carrying capacity and safety of the 

structure. 

 

As the structure ages, the degradation of materials 

requires intervention to restore the original strength 

and durability through retrofitting. 

 

2.2. Increased Load Requirements: 

Changes in the usage, design codes, or environmental 

conditions often result in higher load demands on 

existing structures, necessitating retrofitting to 

accommodate these changes. 

a) Changes in Building Codes:  

Building codes and design standards evolve to 

account for increased understanding of structural 

behavior and safety requirements. New codes may 

require higher safety factors, better seismic resistance, 

or more stringent wind load standards. A building that 

met the requirements of an earlier code may no longer 

meet the updated standards, requiring retrofitting for 

compliance. 

b) Increased Functional Loads:  

Changes in the use of a building can result in 

increased loads. For instance, a residential building 

may be converted into a commercial building, which 

could lead to higher floor load demands. Similarly, the 

addition of new equipment, machinery, or floors can 

increase the load on structural elements like beams 

and columns. 

c) Changing Load Distribution:  

The reconfiguration of the building layout, such as 

removing or adding partitions, may alter the 

distribution of loads across structural elements. These 

changes may increase the stresses on certain beams, 

columns, or slabs, prompting retrofitting to ensure 

structural safety. 

d) Heavy Traffic or Increased Vehicle Loads:  

In the case of bridges or transportation infrastructure, 

changes in traffic patterns or the introduction of 

heavier vehicles can significantly increase the load on 

the structure. Retrofitting is necessary to increase the 

load-bearing capacity and ensure the long-term safety 

of the bridge. 

 

2.3. Seismic Vulnerability 

Many RCC structures, especially older buildings and 

bridges, were designed without consideration for 

modern seismic standards. Earthquake resistance was 

not a primary consideration in earlier designs, making 

these structures vulnerable during seismic events. 

a) Outdated Seismic Design Codes: 

Structures built before the 1980s or 1990s may not 

have been designed according to current seismic 

design codes, which consider factors such as ground 

motion, soil behavior, and seismic forces. These 

buildings and bridges may be at risk of collapse or 

severe damage during an earthquake. 
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b) Lack of Seismic Detailing: 

Older structures may lack proper seismic detailing, 

such as adequate shear walls, ductile frames, or proper 

reinforcement. These deficiencies reduce the 

structure's ability to resist lateral forces caused by 

earthquakes. 

c) Resilience to Ground Shaking: 

Some RCC structures were designed without 

considering the impact of ground shaking. 

Earthquakes induce lateral forces that can cause 

columns and beams to buckle or fail, leading to the 

collapse of the structure. Seismic retrofitting methods, 

such as the installation of shear walls, FRP wrapping, 

or the use of base isolators, can improve the structure's 

resilience to seismic forces. 

d) Deterioration of Seismic Performance Over 

Time: 

As RCC structures age, their seismic performance can 

degrade due to material degradation, loss of ductility 

in reinforcement, and other factors. Retrofitting 

ensures that the structure meets modern seismic 

standards and can withstand potential earthquakes. 

 

2.4  Functional Requirements 

Changes in the functional requirements of a building 

or structure can also necessitate retrofitting. As 

buildings evolve in terms of use, occupancy, or 

purpose, the load-bearing elements may no longer 

meet the new demands. 

a) Increased Occupancy or Use: 

Modifications in the occupancy of a building, such as 

a residential building being converted into office 

space or a commercial building being adapted into a 

high-occupancy space (e.g., auditorium or mall), can 

result in a need for additional structural support. 

b) Changing Building Functions: 

Changes in building function, such as a factory being 

converted into an entertainment venue or adding new 

equipment, machinery, or storage, can require 

structural upgrades. For example, machinery with 

heavy dynamic loads can create stresses that the 

existing structure was not designed to handle. 

c) Conversion of Building Layouts: 

The interior design or layout of a building may 

change, often leading to the removal or relocation of 

load-bearing walls and columns. This can introduce 

structural imbalances that need to be corrected 

through retrofitting to maintain safety. 

 

2.5. Aesthetic or Safety Concerns: 

Apart from structural concerns, aesthetic and safety 

issues may drive the need for retrofitting. Visible 

signs of distress or damage can reduce the value of a 

building or pose safety risks to occupants and the 

public. 

a) Visible Cracks or Damage: 

Cracks in the concrete, particularly in columns and 

beams, can be a visible indication of structural 

distress. These cracks may be a result of excessive 

load, poor workmanship, or material degradation. 

Such visible damage not only reduces the aesthetic 

appeal of a structure but also poses a safety risk. 

b) Safety Concerns due to Structural Failures: 

If a structure shows signs of instability, such as 

excessive deflections, settling, or cracking, there may 

be an increased risk of failure. Retrofitting methods 

like external reinforcement, concrete jacketing, or 

strengthening with steel plates can improve the 

structural stability and prevent potential catastrophic 

failures. 

c) Inadequate Fire Resistance: 

Many older RCC buildings were not designed with 

modern fire safety standards in mind. Over time, the 

concrete may lose its fire-resistance properties, 

necessitating retrofitting to meet current fire 

resistance requirements. 

d) Compliance with Accessibility Standards: 

Modifications in building regulations and 

accessibility standards, such as those required for 

ADA compliance, may also require structural 

changes. Retrofitting may involve adding ramps, 

elevators, or other features to ensure the building is 

accessible. 

 

III. METHODS OF RETROFITTING & 

STRENGTHENING: 

 

Several methods are employed for retrofitting and 

strengthening RCC structures. These methods aim to 

increase the load-carrying capacity, seismic 

performance, and overall stability of the structure. 

 

4.1 Concrete Jacketing Method : 

Concrete jacketing is one of the most commonly used 

methods for retrofitting and strengthening Reinforced 

Cement Concrete (RCC) structures, particularly for 

columns and beams. The process involves adding an 

external layer of concrete around the existing 

structural elements to enhance their strength, load-

carrying capacity, and ductility. This method is 

particularly effective when addressing issues such as 

material degradation, increased load demands, or 

seismic vulnerability. Concrete jacketing improves 

the axial strength and shear resistance of columns and 

the bending strength of beams.  
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Fig: 1 - Concrete jacketing of RCC column 

 

1. Procedure of concrete jacketing method: 

 

a) Surface Preparation: 

i. Cleaning and Roughening: The first step is 

to clean the surface of the existing concrete 

element (e.g., column, beam). Any debris, 

dirt, dust, or laitance (loose surface layer) is 

removed. The surface is then roughened 

using mechanical means, such as 

sandblasting, shot blasting, or chipping. This 

roughening enhances the bonding surface, 

allowing the new concrete to adhere better to 

the old concrete. 

ii. Surface Inspection: After cleaning, the 

existing structure is inspected for cracks, 

corrosion, or deterioration of the 

reinforcement. If corrosion of the steel 

reinforcement is detected, it must be cleaned, 

treated, and possibly replaced before 

proceeding. 

b) Reinforcement Addition: 

i. Steel Reinforcement Placement: New 

reinforcement is added to the structure. This 

typically involves placing additional steel 

rebars, either externally or within the new 

concrete layer, to increase the strength of the 

element. The reinforcement is anchored to 

the existing structure using bonding agents, 

epoxy resins, or mechanical anchors, 

ensuring proper transfer of loads between the 

old and new parts. 

ii. Reinforcement Detailing: The newly added 

reinforcement is placed according to the 

required design, following the principles of 

structural design codes to ensure adequate 

bonding, load transfer, and performance. 

The spacing, size, and quantity of 

reinforcement are critical to ensuring the 

effectiveness of the jacketing system. 

c) Concrete Application: 

i. Mix Design and Placement: A high-strength 

concrete mix is prepared for the jacketing 

layer. This concrete should have a higher 

compressive strength than the original 

concrete to ensure the added layer enhances 

the strength of the structural element. The 

new concrete is applied over the existing 

structure, enveloping the reinforcement and 

ensuring that it completely covers the 

existing element. 

ii. Bonding and Curing: To ensure proper 

bonding between the old and new concrete, 

bonding agents such as epoxy are often used. 

The concrete is then cured for a specific 

period, allowing it to gain strength and 

ensure a solid bond. The curing period 

typically ranges from 7 to 28 days, 

depending on the mix design and 

environmental conditions. 

d) Finishing: 

i. Surface Finish: After curing, the surface of 

the jacketing layer is finished to the desired 

texture and smoothness. This finishing step 

helps with the aesthetics of the structure and 

ensures that no rough edges or protruding 

reinforcement interfere with the 

functionality or safety of the structure. 

 

2. Advantages of Concrete Jacketing: 

 

a) Improved Axial Load Capacity: 

i. Enhanced Load-Carrying Capacity: The 

addition of the concrete jacket increases the 

overall load-bearing capacity of columns, 

which is particularly useful in buildings or 

structures that face higher load demands, 

either due to changes in usage or due to the 

aging of the original structure. 

ii. Improved Strength and Ductility: Concrete 

jacketing improves both the compressive 

strength and ductility of the column, making 

it more resistant to axial loads and less prone 

to failure under seismic or other dynamic 

loads. 
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b) Effective for Seismic Retrofitting: 

i. Increased Lateral Resistance: Concrete 

jacketing can enhance the lateral strength of 

columns, making the structure more resilient 

to seismic forces. This is particularly useful 

for buildings and bridges that were originally 

designed without adequate seismic 

resistance. 

ii. Enhanced Ductility: The ductility of the 

jacketing layer ensures that the structure can 

undergo significant deformations without 

failure, which is essential during an 

earthquake. 

c) Long-Term Durability: 

i. Increased Resistance to Environmental 

Factors: The new concrete jacket provides 

additional protection to the original 

reinforcement from environmental factors 

such as corrosion, humidity, and chemicals. 

This results in a longer lifespan for the 

structure and reduces maintenance costs in 

the long term. 

d) Cost-Effective Solution: 

i. Relatively Low-Cost Compared to Full 

Reconstruction: Concrete jacketing is a 

more cost-effective solution than complete 

demolition and reconstruction, especially for 

structures that are still fundamentally sound 

but require enhancement in specific areas. It 

allows for substantial improvement with 

relatively low material and labor costs. 

ii. Minimized Disruption: Since the work 

involves strengthening the existing structure 

rather than rebuilding it, the disruption to the 

building’s functionality is minimized, 

making it ideal for buildings in use or 

operational infrastructures such as bridges 

and industrial plants. 

e) Adaptability and Versatility: 

i. Compatibility with Other Methods: 

Concrete jacketing can be combined with 

other retrofitting techniques, such as the use 

of fiber-reinforced polymers (FRP) or steel 

plates, to further increase the strength and 

stiffness of the structural elements. This 

makes it adaptable to a wide range of 

situations and challenges. 

ii. Versatile Application: Concrete jacketing is 

suitable for a variety of structural elements, 

including columns, beams, shear walls, and 

foundations, making it a versatile method for 

retrofitting all kinds of RCC structures. 

3. Challenges and Limitations: 

 

While concrete jacketing is a widely used and 

effective retrofitting method, it does have some 

challenges and limitations: 

a) Increased Size of Structural Elements: Concrete 

jacketing increases the dimensions of the 

original structural element, which may lead to 

issues with space constraints or the need for 

adjustments to adjoining structural components. 

b) Surface Preparation and Bonding: Proper surface 

preparation is critical for the success of the 

concrete jacketing process. If the surface is not 

cleaned and roughened adequately, the bond 

between the original and new concrete may fail, 

leading to structural issues. 

c) Curing Time: The curing process for the newly 

applied concrete layer is time-consuming, which 

can delay the completion of the project. In some 

cases, temporary shoring may be required to 

handle loads during the curing period. 

d) Weight Considerations: The added concrete 

layer increases the overall weight of the 

structure. In some cases, this additional weight 

may not be desirable, especially for buildings 

with foundation limitations or structures already 

operating at near capacity. 

 

4.2 Fiber-Reinforced Polymer (FRP) Wrapping 

Method : 

Fiber-Reinforced Polymer (FRP) Wrapping is an 

advanced and highly effective retrofitting technique 

used to enhance the strength and performance of RCC 

structures such as columns, beams, and slabs. FRPs 

are composite materials made of fibers (carbon, glass, 

or aramid) embedded in a polymer resin matrix, 

providing high tensile strength and low weight. These 

materials are applied externally to the structure to 

improve its shear, flexural, and axial strength. 
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Fig :2 - FRP Wrapping of Roof Beam 

  

1. Procedure of Fiber-Reinforced Polymer (FRP) 

Wrapping Method: 

 

a) Surface Preparation: 

i. Surface Cleaning : The first step is to 

thoroughly clean the surface of the concrete 

element to ensure proper adhesion of the 

FRP layers. This involves removing dirt, 

grease, old coatings, and any loose debris 

from the concrete surface. 

ii. Profiling: To ensure good bonding between 

the FRP sheets and the concrete, the surface 

is then roughened using methods like 

sandblasting, grinding, or using a 

mechanical profiler. The roughened surface 

allows for better adhesion of the epoxy resin 

to the concrete substrate. 

b) Application of Epoxy Resin : 

i. Epoxy Resin Layer: A high-strength epoxy 

resin is applied to the prepared surface. The 

resin serves as the adhesive material that 

bonds the FRP sheets to the concrete. The 

resin is carefully mixed to the manufacturer's 

specifications to ensure optimal bonding. 

ii. Layering FRP Sheets: After applying the 

epoxy resin, layers of FRP sheets (carbon, 

glass, or aramid fibers) are placed on the 

surface. The FRP sheets are often pre-

impregnated with epoxy resin (pre-preg), or 

they can be impregnated on-site with 

resin.The number of layers depends on the 

required strengthening. For enhanced 

performance, multiple layers of FRP can be 

applied to increase the strength of the 

structural element. Each layer is applied with 

care to avoid air bubbles and ensure uniform 

coverage. 

c) Curing and Final Inspection: 

i. Curing : The applied FRP is allowed to cure 

for a specified period, during which the 

epoxy resin hardens, creating a solid bond 

between the FRP and the concrete substrate. 

ii. Bonding and Curing: After curing, the 

structure is inspected to check for any 

imperfections such as poor bonding, 

delamination, or air pockets. Non-

destructive testing (NDT) methods like 

ultrasonic pulse velocity or acoustic 

emission can be used to check for any 

defects in the applied FRP layers. 

 

2. Advantages of FRP Wrapping : 

i. Highly Effective for Shear and Bending 

Capacity Enhancement: FRP materials 

significantly increase the shear strength and 

bending capacity of structural elements like 

columns, beams, and slabs. Carbon FRP, in 

particular, is highly effective in improving 

the flexural strength of beams and the axial 

load capacity of columns. 

ii. Non-Invasive and Quick Application:The 

FRP wrapping method is non-invasive, as it 

does not require major alterations or 

demolition of existing elements. The 

application process is quick and requires 

minimal downtime for the structure, making 

it ideal for retrofitting buildings and 

infrastructure in use. 

iii. External and Internal Reinforcement: FRP 

wrapping can be applied both externally and 

internally. External wrapping is often used to 

strengthen the periphery of columns and 

beams, whereas internal FRP can be used to 

enhance the strength of concrete elements 

without significant modifications to the 

structure’s aesthetics or function. 

iv. Lightweight: FRPs are lightweight 

materials, which means they can be applied 

without adding significant dead load to the 

structure. This is especially important in 

buildings where additional weight could 

affect the load distribution or lead to 

foundation issues. 

v. Corrosion Resistance: FRP materials are 

highly resistant to corrosion, making them 

ideal for use in environments exposed to 

harsh weather, chemicals, or saline 

conditions (such as marine environments). 

They do not rust, unlike traditional steel 

reinforcement, contributing to the long-term 

durability of the retrofitted structure. 
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3. Challenges and Limitations: 

a) Adhesion Quality: Proper surface 

preparation is essential for achieving strong 

adhesion between the FRP and concrete. 

Any contamination or inadequate surface 

roughness can reduce the effectiveness of the 

retrofitting. 

b) Cost: While FRP wrapping provides 

significant performance improvements, it 

can be more expensive than traditional 

methods like concrete jacketing, especially 

for large structures. 

c) Limited Impact on Compression Strength: 

While FRP wrapping is highly effective for 

enhancing shear, flexural, and tensile 

strengths, it does not significantly increase 

the compressive strength of concrete 

elements. 

 

4.3 External Post-Tensioning Method : 

External post-tensioning is a method of retrofitting or 

strengthening existing RCC structures using high-

strength steel tendons or cables, which are anchored 

externally to the structural elements, such as slabs, 

beams, or bridges. This technique is primarily used to 

improve the performance of elements subjected to 

bending, shear forces, or torsional stresses. It 

effectively enhances the structural capacity, 

durability, and serviceability of these elements 

without the need for extensive demolition or 

reconstruction. 

 

 
 

 
Fig : 3 - Anchoring & tensioning using 

cables/tendons 

 

1. Procedure of External Post-Tensioning Method: 

 

a) Installation of Steel Tendons/Cables: 

i. High-strength steel tendons or cables are 

installed externally to the existing RCC 

structural element. These tendons can be 

placed in various configurations depending 

on the structural requirement, such as along 

the length of beams or across slabs. 

ii. The tendons are typically placed in grooves 

or ducts that are either cast into the structure 

(in the case of new construction) or retrofitted 

externally by creating small openings in the 

concrete. 

iii. The tendons may be either pre-stressed or 

post-tensioned, with the latter being more 

common in retrofitting existing structures. 

b) Anchoring and Tensioning: 

i. The tendons are anchored at both ends of the 

structural element using specialized 

anchorage systems. These anchorage devices 

securely hold the tendons in place. 

ii. Once the tendons are in position, hydraulic 

jacks are used to apply tension to the tendons. 

The tensioning process applies a compressive 

force to the structural element, which 

counteracts the tensile forces caused by 

external loads. 

iii. After the required tension is applied, the 

tendons are locked into place by the 

anchorages, and the force is permanently 

transferred to the structure. 

c) Grouting (Optional): In some cases, after the 

tendons are tensioned and locked, the ducts or 

grooves housing the tendons are filled with grout 

to bond the tendons with the surrounding 

concrete and prevent corrosion. 

 

2. Advantages of External Post-Tensioning: 

a) Increased Load-Carrying Capacity: The 

primary advantage of external post-tensioning 

is the significant increase in the load-carrying 

capacity of the structural element. By 

introducing high-strength steel tendons that 

apply a compressive force to the concrete, the 

structure can better resist bending and shear 

forces, thus allowing it to carry heavier loads 

or withstand increased traffic or occupancy. 

b) Reduced Deflections: External post-

tensioning helps control excessive deflections 

(bending or sagging) in beams and slabs, 

which are often caused by large dead loads or 

dynamic loads like traffic or machinery. The 

compression generated by the post-tensioned 

tendons counteracts the forces causing 
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deflections, ensuring better structural 

serviceability and stability. 

c) Non-Invasive and Minimal Disruption: Since 

the post-tensioning is applied externally, this 

method does not require major modifications 

to the internal structure of the existing 

element. It is a less disruptive approach 

compared to traditional retrofitting methods, 

such as concrete jacketing or internal steel 

reinforcement. This is particularly 

advantageous for occupied buildings or 

operational bridges where minimizing 

downtime is critical. 

d) Improved Durability and Longevity: Post-

tensioning not only strengthens the structural 

capacity but also improves the durability of 

the element. By reducing deflections, 

controlling cracks, and reinforcing the 

structure, post-tensioning can prolong the 

lifespan of the building, bridge, or other 

infrastructure. 

e) Cost-Effective for Long-Span Elements: 

Post-tensioning is especially effective for 

long-span elements like bridges, as it allows 

for strengthening without the need for 

extensive demolition or replacement. It can be 

more cost-effective than rebuilding entire 

structures, particularly in cases where there is 

no significant damage but a need for increased 

capacity or safety. 

f) Flexibility in Design: External post-

tensioning offers flexibility in terms of design 

and application. It can be tailored to meet 

specific strengthening needs, such as 

enhancing the shear capacity of beams or the 

bending resistance of slabs. The tendons can 

be adjusted in number, location, and tension 

to suit the requirements of the structure. 

g) Effective for Complex Geometries: This 

method is particularly useful for 

strengthening irregularly shaped or 

geometrically complex structures. The 

tendons can be applied in various directions 

and configurations, ensuring effective 

reinforcement even in hard-to-reach or 

constrained areas. 

 

3. Applications of External Post-Tensioning: 

a) Bridge Decks and Superstructures: External 

post-tensioning is widely used in retrofitting 

bridges, especially those with long spans or 

complex geometries. It helps increase the 

load-carrying capacity, improve the resilience 

to traffic-induced stresses, and enhance 

seismic performance in areas with high 

earthquake risk. 

b) Large-Span Beams and Slabs: In buildings or 

infrastructure with large-span beams and 

slabs (such as parking garages, warehouses, 

or industrial facilities), external post-

tensioning can be used to reduce deflections 

and strengthen elements that may be 

experiencing overstress due to increased loads 

or aging. 

c) Retrofit of Slab-on-Grade Foundations: In 

cases where slab-on-grade foundations show 

signs of settlement or cracking, post-

tensioning can help restore the slab's capacity 

to bear loads and minimize further movement, 

improving the foundation's stability. 

 

4.4 Strengthening with Steel Plates or Straps: 

Strengthening with steel plates or straps is a widely 

used retrofitting technique to improve the load-

bearing capacity and stiffness of RCC (Reinforced 

Cement Concrete) structural elements, such as 

columns, beams, and slabs. This method is effective 

in enhancing both the strength and ductility of the 

structure without the need for extensive modifications 

or complete reconstruction. 

 

 

Fig : 4 - Strengthening of roof beam & column using 

Steel plates 

 

1. Procedure of Strengthening with Steel Plates or 

Straps : 

a) Surface Preparation: Before applying steel 

plates or straps, the surface of the existing 

RCC element must be thoroughly cleaned 

and prepared. This includes removing any 

loose debris, old paint, or dirt and 

roughening the concrete surface to ensure a 

good bond between the steel plates/straps 

and the concrete. 

b) Attachment of Steel Plates or Straps: 

i. Steel Plates: High-strength steel plates, often 

made of mild or high-carbon steel, are cut to 
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the required dimensions based on the 

structural design. These plates are then 

attached to the exterior of the RCC element 

using either high-strength bolts, anchors, or 

adhesive bonding agents (epoxy resins). The 

bolted or anchored connection ensures a 

secure attachment to the concrete. 

ii. Steel Straps: Steel straps or bands are often 

used for strengthening beams or columns 

that experience bending and shear forces. 

These straps are wrapped around the 

structural element and secured using bolts or 

clamps. 

c) Stress Distribution: The steel plates or straps 

work by enhancing the load distribution 

within the structural element. When an 

external load is applied, the steel plates 

provide additional strength, helping to bear 

the load and prevent the concrete from 

cracking or failing. The steel also helps in 

reducing the stresses on the concrete, 

ensuring more uniform distribution across 

the element. 

d) Final Inspection: After installation, the 

integrity of the attachment is thoroughly 

checked. Non-destructive testing (NDT) 

methods like ultrasonic testing may be 

employed to ensure there are no issues with 

the bond between the steel and concrete. 

 

2. Advantages: 

a) Simple and Cost-Effective: 

i. Strengthening with steel plates or straps is a 

relatively simple and cost-effective 

technique. It does not require extensive 

changes to the structure, making it an 

attractive option for both small and large-

scale retrofitting projects. 

ii. This method is particularly useful when the 

load requirements have increased or when 

there is visible deterioration of critical 

structural elements. 

b) Improved Load-Bearing Capacity: Steel 

plates or straps significantly enhance the 

strength of the RCC element by increasing 

its stiffness and load-carrying capacity. This 

is particularly beneficial for elements like 

beams or columns that are subjected to 

bending or axial loads. 

c) Excellent Strength and Ductility: 

i. Steel plates provide both high tensile 

strength and ductility. The strength of the 

steel enhances the concrete's ability to resist 

applied forces, while its ductility improves 

the structure’s ability to absorb energy and 

resist brittle failure. 

ii. This combination of strength and ductility is 

especially important in seismic retrofitting, 

where structures must be able to withstand 

dynamic loads from earthquakes without 

collapsing. 

d) Quick and Minimal Disruption: The 

application of steel plates or straps can be 

completed relatively quickly compared to 

other retrofitting methods like concrete 

jacketing. It also causes minimal disruption 

to the functionality of the structure, allowing 

the building to remain operational during 

retrofitting (with necessary safety 

precautions). 

e) Adaptability: This technique is adaptable to 

various types of RCC structures. It can be 

used for strengthening columns, beams, 

slabs, or even for shear strengthening in 

certain cases. Steel plates or straps can be 

custom-designed to fit the specific needs of 

the structure. 

f) Non-Invasive: Compared to other 

retrofitting techniques, such as concrete 

jacketing or the installation of shear walls, 

strengthening with steel plates or straps is a 

non-invasive method that does not require 

significant alterations to the existing 

structure. This makes it ideal for retrofitting 

buildings where minimal disruption is 

desired. 

 

3. Limitations: 

While the method has several advantages, it also has 

some limitations: 

a) Aesthetic Concerns: The addition of 

external steel plates or straps may not be 

visually appealing, especially in historical 

or architectural buildings. 

b) Limited for Severe Deterioration: If the 

concrete element has extensive damage or 

degradation, steel plates alone may not 

provide a sufficient solution, and additional 

methods like concrete jacketing or FRP 

wrapping may be needed for more 

significant reinforcement. 
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4.5 Seismic Retrofitting Methods : 

Seismic retrofitting is the process of modifying an 

existing structure to enhance its ability to resist 

seismic forces during an earthquake. The goal of 

seismic retrofitting is to improve the overall stability, 

safety, and durability of the structure, especially in 

areas prone to seismic activity. Given that older 

buildings or those built without modern seismic 

considerations are more vulnerable to earthquake-

induced damage, retrofitting is a critical intervention 

for ensuring their resilience. 

 

1. Types of Seismic Retrofitting methods : 

Seismic retrofitting involves a variety of techniques, 

depending on the type of structure, its age, the severity 

of seismic risk, and other factors. The key methods 

include: 

a) Addition of Shear Walls or Bracing Elements: 

i. Shear Walls: Shear walls are vertical structural 

elements designed to resist lateral forces such as 

those generated by earthquakes. They transfer 

horizontal seismic forces down to the 

foundation, helping the structure withstand 

lateral movements. Shear walls are usually 

added to buildings that lack sufficient lateral 

support. The walls can be made of reinforced 

concrete, steel, or masonry, and they help to 

prevent excessive sway and instability during an 

earthquake. 

 

ii. Bracing Systems: Bracing systems, such as 

cross-braces or diagonal braces, are installed to 

resist lateral forces. These braces can be made 

from steel, and they work by transferring seismic 

forces to the ground, reducing the potential for 

structural failure. Bracing elements are often 

used in combination with shear walls for 

enhanced seismic resistance. 

 

 

Fig : 5 -  Strengthning by providing bracing 

elements 

 

b) Base Isolation: 

i. Base Isolators: In base isolation, the building is 

separated from the foundation using isolators 

that absorb and dissipate seismic energy, 

allowing the building to move independently of 

the ground. Base isolators are typically made 

from elastomeric bearings or sliding bearings, 

which act as shock absorbers. By isolating the 

structure from ground motion, base isolators 

reduce the amount of seismic energy transferred 

to the building. This method is particularly 

effective in reducing the impact of ground 

shaking, thus protecting the superstructure. 

 

 
Fig: 6 - Base Isolation  

 

ii. Elastic Bearings and Damping Systems: These 

are used to decouple the structure from seismic 

forces, reducing the risk of damage during an 

earthquake. They are typically placed between 

the foundation and the superstructure, allowing 

the building to "float" during seismic events. 

 

c) Adding infill wall : 

i. There has been much work conducted into the 

seismic behaviour of infilled frame buildings. 

The most significant outcome may be the general 

consensus that brickwork infill wall can have a 

beneficial effect on the overall seismic 

performance of the building if it is properly tied 

into the rest of the building.  

ii. The partial-height infill walls cause columns to 

experience non-ductile shear failures rather than 

respond in a ductile, predominately flexural 

manner. In such case, a sufficient gap must be 

maintain between the infill wall (Fig. 4) and the 

column face to prevent interaction or the column 

must be detailed to prevent premature shear 

failure.  

iii. For reasons of economy, ease of construction, 

favourable mechanical properties and efficiency 

of different types of masonry infill, it was 

concluded that the most promising panel 

configuration consisted of solid brick laid in 

mortar reinforced with two mats of welded wire 

fabric, one bonded to each size of the wall in a 

layer of cement stucco (mortar).  
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iv. It is used for strengthening of RC frames, 

especially open storey and most applicable for 

up to 5 storeyed buildings. It adds significant 

strength and stiffness to framed structures. 

However, it adds considerable mass to the 

structure and need new footings between 

existing spread footings. 

 

 
Fig : 7 - Infill wall 

 

d) Mass Dampers: 

The mass dampers control the seismic damage in 

buildings and improve their seismic performance. 

This is done by installing seismic dampers in place of 

structural elements, such as diagonal braces. These 

dampers act as hydraulic shock absorbers as in cars, 

much of the sudden jerks are absorbed in the hydraulic 

fluids and only little is transmitted above to the chassis 

of the car. 

 
Fig : 8 - Viscous Damper arrangement 

 

e) Shotcrete method: 

A later development in section enlargement is 

shotcrete. It is a mortar or concrete pneumatically 

projected at high velocities onto surfaces. shotcrete 

technique has been used for hilly areas to prevent the 

land sliding along the highways. This method is also 

used for strengthening or retrofitting of RCC 

structures.These include placing thick sections in 

layers, using of a blow-man to help reduce rebound 

(when the shotcrete hit a hard surface some of the 

larger aggregate tend to ricochet and gather in the 

same spot), and requiring quality control and 

inspections. 

i. Shotcrete's main advantage is it eases of 

application especially in hard to access areas 

which result in a reduction of construction time 

and cost. It has a dense composition and has low 

shrinkage and low permeability which gives it a 

good durability.  

ii. The main disadvantage of using shotcrete is that 

special attention and procedure is required in 

order to achieve a good quality product.  Finally, 

it should be noted that with shotcrete, as with all 

modes of repairs, attention must be given to the 

bond area and to the surface preparation of the 

existing concrete surfaces. 

 

 

Fig: 9- Application of shotcrete over Masonry & 

RCC retaining surface 

 

2. Advantages of Seismic Retrofitting: 

a) Significant Reduction in Seismic 

Vulnerability: Seismic retrofitting can 

drastically improve the structure’s 

resistance to lateral forces caused by 

earthquakes. By reinforcing critical 

elements such as columns, beams, and 

foundations, retrofitting ensures that the 

structure will perform better during seismic 

events, preventing catastrophic failure and 

reducing the risk of loss of life and property. 

b) Customization to Specific Structural Needs 

and Seismic Zones: Seismic retrofitting 

techniques can be tailored to the unique 

requirements of a structure. Depending on 

the type of building, its location, and the 

seismic zone, different retrofitting solutions 

may be applied. For example, a tall building 

in a high seismic zone might benefit from a 

combination of shear walls, dampers, and 

base isolation, while a low-rise building in a 

moderate seismic area may only require 

additional bracing and foundation 

strengthening. 

c) Increased Lifespan and Cost-Effectiveness: 

Retrofitting can extend the service life of 

aging structures, making them safer and 

more functional for the long term. In many 

cases, retrofitting is more cost-effective than 

demolition and reconstruction, especially in 

areas where preserving the architectural 

heritage or minimizing disruption is 

important. 
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d) Compliance with Modern Codes and 

Regulations: Many seismic retrofitting 

methods help bring old structures into 

compliance with modern seismic design 

codes, which may not have been in place 

when the structure was originally built. This 

ensures that the structure meets current 

safety standards and is capable of 

withstanding anticipated seismic forces. 

e) Preservation of Architectural and Historical 

Integrity: For heritage buildings or those 

with unique architectural features, seismic 

retrofitting can be done in such a way that 

the structure’s visual and historical value is 

preserved. Techniques like base isolation 

and the strategic addition of shear walls can 

improve seismic performance without 

compromising the appearance of the 

building. 

 

IV. MODERN MATERIALS USED FOR 

RETROFITTING 

 

In retrofitting and strengthening of RCC structures, 

the choice of materials plays a critical role in ensuring 

the structural integrity, longevity, and performance 

improvements. Modern materials are designed to 

address specific challenges faced by aging 

infrastructure and to enhance their load-carrying 

capacity, durability, and resistance to environmental 

degradation. Below is a detailed technical description 

of commonly used materials for retrofitting RCC 

structures: 

 

1. High-Performance Concrete (HPC) : 

a) Overview: High-Performance Concrete 

(HPC) is a specially engineered concrete that 

exhibits superior durability, strength, and 

workability compared to conventional 

concrete. It is designed to meet the 

demanding performance requirements of 

modern construction, especially for 

retrofitting applications where structural 

integrity needs to be restored or enhanced. 

 

b) Key Properties: 

i. Increased Compressive Strength: HPC 

offers significantly higher compressive 

strength (above 40 MPa) compared to 

conventional concrete, making it ideal for 

strengthening structural elements like 

columns, beams, and slabs. 

ii. Enhanced Durability: HPC is resistant to 

aggressive environmental conditions such 

as chlorides, sulfates, and carbonation, 

which makes it suitable for structures 

exposed to harsh conditions, such as bridges 

and coastal buildings. 

iii. Improved Workability: The optimized mix 

design of HPC allows it to be placed and 

compacted efficiently, even in complex 

geometries, making it ideal for retrofitting 

intricate structures. 

 

c) Applications: 

i. Strengthening Columns and Beams: HPC 

can be applied as an additional layer of 

concrete to increase the load-carrying 

capacity of columns and beams, or for 

jacketing purposes. 

ii. Durability Enhancement: It can be used to 

repair deteriorated concrete elements, 

particularly in areas subjected to corrosion 

or chemical attacks. 

 

2. Steel Reinforcement: 

a) Overview: Steel reinforcement is a 

traditional yet highly effective material used 

to augment the existing reinforcement in 

RCC elements. The use of high-strength 

steel reinforcement bars (rebars) is common 

in retrofitting projects where the structure’s 

capacity needs to be increased to withstand 

higher loads or resist deterioration. 

b) Key Properties: 

i. High Tensile Strength: Steel reinforcement 

bars possess high tensile strength, enabling 

them to resist the tensile forces generated 

under loading conditions. This property is 

crucial when retrofitting structures that have 

experienced weakening or material 

degradation. 

ii. Bonding with Concrete: Steel reinforcement 

develops a strong bond with concrete 

through the mechanical interlocking and 

adhesive forces, ensuring the composite 

action between the concrete and steel. 

iii. Corrosion Resistance: In some cases, 

epoxy-coated or stainless steel 

reinforcement can be used for enhanced 

corrosion resistance, especially for 

structures exposed to aggressive 

environments (e.g., marine or industrial 

zones). 
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c) Applications: 

i. Augmenting Load-Carrying Capacity: 

Additional steel reinforcement is often 

integrated into the structure to restore or 

increase its capacity to carry loads, 

especially in beams, slabs, and columns that 

are exposed to higher loads or deterioration. 

ii. Rehabilitation of Corroded Elements: In 

cases of severe corrosion of the original 

steel reinforcement, replacing or 

augmenting the reinforcement with new 

high-strength bars can significantly extend 

the service life of the structure. 

 

3. Epoxy Resins: 

a) Overview: Epoxy resins are a class of highly 

adhesive materials that are widely used in 

retrofitting for crack repair, bonding new 

concrete layers to old ones, and in the 

application of Fiber-Reinforced Polymers 

(FRP). They have become a preferred 

choice due to their excellent bonding 

strength, chemical resistance, and 

versatility. 

b) Key Properties: 

i. Strong Adhesion: Epoxy resins form a 

durable bond between dissimilar materials 

(e.g., concrete and FRP), ensuring that the 

retrofitting materials remain securely 

attached to the structure. 

ii. Chemical Resistance: Epoxies resist 

aggressive chemicals, moisture, and 

environmental factors, making them ideal 

for use in harsh conditions, such as in 

marine environments or industrial 

buildings. 

iii. Fast Curing Time: Epoxy resins cure 

quickly, which allows for rapid installation 

and minimizes downtime during the 

retrofitting process. 

c) Applications: 

i. Bonding FRP Sheets: Epoxy resins are used 

as adhesives for the bonding of FRP sheets 

to structural elements, enhancing their 

strength and stiffness. 

ii. Crack Repair: Epoxy injections are used to 

repair cracks in concrete, restoring the 

structural integrity and preventing further 

damage due to water ingress or corrosion. 

iii. Concrete Bonding: Epoxy resins serve as 

the bonding agent for the application of new 

concrete layers (e.g., in concrete jacketing) 

to ensure a strong bond with the original 

substrate. 

 

4.  Shape Memory Alloys (SMAs) 

a) Overview: Shape Memory Alloys (SMAs) 

are a class of advanced materials with unique 

properties that make them highly effective in 

seismic retrofitting applications. SMAs have 

the ability to return to a predefined shape 

upon heating or cooling, a property known as 

the shape memory effect. This behavior 

allows SMAs to absorb significant amounts 

of energy during seismic events, reducing 

the forces transmitted to the structure. 

b) Key Properties: 

i. Reversible Shape Transformation: SMAs 

can undergo a reversible change in shape 

when subjected to specific temperature 

changes. This property is crucial for 

applications requiring energy dissipation or 

adaptive responses during dynamic loads 

such as earthquakes. 

ii. Energy Dissipation: SMAs can absorb and 

dissipate energy through their phase 

transformation, which helps in reducing the 

impact of seismic forces on a structure. 

iii. Lightweight and Compact: SMAs are often 

lighter than traditional steel reinforcement, 

making them ideal for use in retrofitting 

where space and weight limitations may be 

a concern. 

c) Applications: 

i. Seismic Retrofitting: SMAs are primarily 

used for seismic applications to enhance the 

energy dissipation capacity of a structure. 

They can be used in damping systems or as 

reinforcements in seismic retrofitting 

systems to reduce the effects of ground 

motion. 

ii. Adaptive Structural Elements: SMAs can be 

integrated into buildings or bridges to create 

adaptive systems that respond to seismic 

activity by changing their shape or stiffness, 

thereby improving the structure’s seismic 

performance. 

iii. Bridge Decks and Joints: SMAs are used in 

bridge retrofitting to provide added 

flexibility and energy absorption, 

particularly at expansion joints or in critical 

load-bearing elements. 
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5. Aerogel Based Retrofitting Solutions: 

a) Aerogel enhanced plasters: It is water 

vapour permeable and is stable against the 

aging aspect. The mostly used plaster was 

developed in the Swiss Federal Institute and 

the material uses more than 50% volume 

silica aerogel. It is  produced by mixing 

hydraulic lime (like NHL 3.5 and Saint 

Astier NHL3.5) with granular silica aerogel. 

On  increasing % of aerogel volume, lower 

values will be obtained.  

 

6. Textile Reinforced Mortar: 

a) Overview:  

i. In order to solve the drawbacks of steel 

jacketing or FRP (like high cost, low 

permeability, poor behaviour at high 

temperature) a new material for structural 

retrofitting has been recently introduced 

known as textile reinforced mortar. It is 

made up of fibre network with the help of 

ordinary natural fibres, either long woven or 

even un-woven fibre roving .  

ii. The TRM is also classified as FRCM 

(Fabric Reinforced Cementitious Mortars). 

It provides direction to the strengthening 

techniques For various cases of retrofitting 

RC structures (strengthening and shear 

reinforcement of the RC element, column 

masonry structure reinforcing of the infilled 

RC frame  improvement, different research 

have been  carried out With the help of 

epoxy fertilization, numerous surface 

treatments can be pragmatic on the TRM 

surface .  

iii. In case of external reinforcement three 

different types of textiles were used:  

i. Carbon fibre  

ii. Glass fibre  

iii. Basalt fibre  

 

b) Advantages and retrofitting applications of 

TRM  

i. Cost is low  

ii. Friendly for carrying out the manual work  

iii. Resistance to fire  

iv. Compatible to concrete  

v. Resistance to high temperatures  

vi. Effective for strengthening concrete as well 

as masonry filled RC structures   

vii. Shear strengthening of masonry wall  

viii. Out-of-plane strengthening  

V. CONCLUSION  

 

The retrofitting and strengthening of existing RCC 

structures are critical processes for maintaining and 

enhancing the safety, performance, and longevity of 

infrastructure. As buildings and other structures age, 

they face various challenges including material 

degradation, increased load demands, and 

environmental impacts that may compromise their 

structural integrity. Through advanced techniques and 

modern materials, such as concrete jacketing, FRP 

wrapping, and the use of high-performance concrete 

and steel reinforcement, the performance and 

resilience of these structures can be significantly 

improved. Seismic retrofitting, in particular, is 

essential in areas vulnerable to earthquakes, where 

older structures may not meet modern seismic 

standards. Incorporating methods like base isolation, 

shear walls, and the use of shape memory alloys 

provides structures with the flexibility and energy 

dissipation needed to withstand seismic events, 

thereby ensuring the safety of both the structure and 

its occupants. 

 

Moreover, the use of innovative materials such as 

epoxy resins and high-strength steel reinforces the 

effectiveness of these retrofitting techniques, offering 

improved durability, load-carrying capacity, and 

long-term resilience. These materials not only extend 

the life of RCC structures but also enhance their 

ability to adapt to changing functional requirements, 

increasing load demands, and evolving safety 

standards. 

 

In conclusion, retrofitting is not just about restoring 

the structural integrity of RCC buildings and 

infrastructure but also about upgrading them to meet 

contemporary safety, performance, and 

environmental standards. With the growing 

challenges of aging infrastructure, climate change, 

and urbanization, retrofitting will continue to play a 

pivotal role in ensuring the sustainability and safety of 

built environments worldwide. The combination of 

traditional methods and modern materials offers a 

cost-effective, efficient, and sustainable solution to 

address the evolving demands placed on our 

infrastructure. 
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