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1. Abstract 

Reinforced concrete (RC) structures form the backbone of modern 

infrastructure due to their robustness, durability, and versatility. However, 

in seismically active regions, traditional RC buildings often suffer severe 

damage due to inadequate ductility, poor detailing, and aging construction 

practices. Over the past few decades, Fiber Reinforced Polymer (FRP) 

composites have emerged as an effective retrofitting solution to enhance 

the seismic performance of existing RC structures. FRP materials offer high 

strength-to-weight ratios, corrosion resistance, ease of installation, and 

minimal architectural disruption, making them ideal for seismic 

strengthening applications. 

This research article presents a comprehensive assessment of the seismic 

performance of RC structures retrofitted with FRP composites. It 

synthesizes existing literature, outlines the fundamental requirements and 

design methodologies, discusses system implementation strategies, and 

evaluates seismic testing outcomes. The article also highlights critical 

performance indicators such as energy dissipation, stiffness retention, inter-

story drift reduction, and failure modes. Findings indicate that FRP 

retrofitting significantly improves structural behavior under seismic 

loading, provided that design and implementation follow best practices. 

Finally, the article identifies key challenges and future research trends in 

FRP-based seismic retrofitting. 

The effectiveness of FRP composites depends on factors such as material selection, bonding techniques, and 

the quality of surface preparation. Proper detailing and anchorage are essential to ensure the durability and 

reliability of the retrofit under cyclic seismic loads. Additionally, integrating monitoring systems can enhance 

the assessment of structural health and guide maintenance strategies post-retrofitting. 
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3. Introduction 

3.1 Background 

Reinforced concrete structures are ubiquitous due 

to their affordability and adaptability. However, 

seismic events pose a significant threat to structural 

integrity, resulting in catastrophic failures in 

regions prone to earthquakes. The 1994 Northridge 

earthquake, the 2010 Haiti earthquake, and the 

2011 Tohoku earthquake clearly demonstrated the 

vulnerability of inadequately designed or aging RC 

structures to seismic forces. Traditional 

strengthening methods such as steel jacketing, 

concrete encasement, and addition of shear walls 

are effective but often pose challenges related to 

increased weight, architectural constraints, and 

lengthy construction schedules. 

Fiber Reinforced Polymer (FRP) composites have 

gained traction as a retrofit solution due to their 

superior mechanical properties, high tensile 

strength, corrosion resistance, adaptability, and 

ease of installation. Typically composed of fibers 

such as carbon (CFRP), glass (GFRP), or aramid 

(AFRP) embedded within a polymer matrix, FRP 

composites provide significant enhancements in 

load-carrying capacity and ductility when properly 

applied. 

These composites are widely used in structural 

strengthening applications, including beams, 

columns, slabs, and walls, where enhanced 

performance is critical. Their lightweight nature 

minimizes additional dead loads, making them 

ideal for retrofitting existing structures without 

significant alterations. Furthermore, the versatility 

of FRP composites allows for tailored solutions to 

meet specific design requirements and 

environmental conditions. 

3.2 Importance of Seismic Retrofitting 

The goals of seismic retrofitting include improving 

strength, ductility, stiffness, and energy dissipation 

of structural components to withstand earthquake-

induced demands. Given the potential for loss of 

life and economic disruption following seismic 

events, evaluating and improving the seismic 

performance of existing structures is paramount. 

Seismic retrofitting techniques vary depending on 

the type, age, and condition of the structure, as well 

as the specific seismic hazards it faces. Common 

methods include adding shear walls, steel bracing, 

base isolators, and dampers to enhance the 

building's ability to absorb and dissipate seismic 

energy. Effective retrofitting not only reduces the 

risk of structural failure but also minimizes damage 

to non-structural elements, thereby safeguarding 

occupants and critical infrastructure. 

3.3 Scope of Research 

This research explores the seismic performance 

assessment of RC structures retrofitted with FRP 

composites, addressing literature insights, system 

requirements, design principles, implementation 

strategies, testing results, and future directions. 

The study examines key factors influencing the 

effectiveness of FRP retrofitting, including material 

properties, bonding techniques, and structural 

configurations. It also evaluates various 

experimental and numerical methods used to assess 

seismic resilience improvements. Finally, the 

research identifies gaps in current knowledge and 

proposes recommendations for future 

investigations to enhance design guidelines and 

practical applications. 

 

4. Literature Review / Survey 

4.1 Seismic Behavior of RC Structures 

RC structures under seismic loading exhibit 

complex responses including cracking, yielding, 

spalling, and reinforcement buckling. Structural 

performance depends on factors such as detailing 

of reinforcement, column-beam joint design, 

confinement, and material properties. Traditional 
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construction practices in many regions lacked 

modern seismic detailing, making many buildings 

vulnerable. 

These deficiencies often result in premature 

structural failures during seismic events, posing 

significant safety risks. Recent advancements 

emphasize the importance of incorporating ductile 

detailing and enhanced confinement to improve 

energy dissipation and deformation capacity. 

Retrofitting existing structures with such measures 

is critical to mitigate seismic vulnerability and 

enhance resilience. 

4.2 Retrofitting Techniques 

4.2.1 Conventional Retrofitting Methods 

• Steel Jacketing: Enhances column 

confinement but is heavy and labor-intensive. 

• Concrete Jacketing: Improves capacity 

but increases dead load. 

• Addition of Shear Walls/Braces: 

Enhances lateral resistance but can be space-

consuming. 

 

4.2.2 FRP-Based Retrofitting 

FRP-based retrofitting involves bonding FRP 

laminates or wrapping FRP fabrics around deficient 

elements. Its advantages include: 

• High strength-to-weight ratio 

• Corrosion and chemical resistance 

• Minimal intrusion 

• Shorter construction time 

• Enhanced ductility 

 

 

 

4.3 FRP Materials and Properties 

Property CFRP GFRP AFRP 

Tensile Strength 

(MPa) 

2000–

4000 

800–

1500 

1500–

3000 

Modulus of 

Elasticity (GPa) 
150–250 40–85 70–130 

Density (kg/m³) 1600 2000 1400 

Cost High Low Moderate 

Table 1: Comparative Properties of FRP Materials 

FRP choice depends on performance requirements 

and budget. 

4.4 Performance Enhancements with FRP 

Retrofitting 

Studies show improvements in: 

• Flexural and shear capacity 

• Ductility and energy dissipation 

• Post-yield stiffness 

• Crack control 

For example, CFRP-retrofitted columns exhibit 

increased confinement and ductile behavior, while 

GFRP is suitable for moderate retrofits. 

 

4.5 Summary of Existing Research 

Numerous experimental and analytical studies 

demonstrate that FRP retrofitting enhances seismic 

performance compared with unretrofitted 

structures. However, performance varies with 

material selection, application technique, bonding 

quality, and detailing. 

Factors such as fiber orientation, layer thickness, 

and curing conditions also significantly influence 

the effectiveness of FRP retrofits. Proper surface 

preparation and quality control during installation 
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are critical to achieving optimal bonding strength. 

Additionally, detailed design considerations, 

including anchorage and load transfer mechanisms, 

play a vital role in ensuring the durability and 

reliability of the retrofitted system. 

 

5. SYSTEM ANALYSIS / REQUIREMENTS 

5.1 Problem Definition 

Existing RC structures often lack adequate seismic 

detailing or have deteriorated over time, making 

them susceptible to seismic damage. Therefore, a 

systematic retrofitting solution is necessary to 

improve seismic resilience. 

Retrofitting techniques must address both 

structural deficiencies and material degradation to 

ensure enhanced performance during seismic 

events. These solutions should be cost-effective, 

minimally invasive, and compatible with existing 

construction practices. Additionally, thorough 

assessment and design guidelines are essential to 

tailor retrofitting measures to specific building 

conditions and seismic risk levels. 

5.2 Key Requirements for FRP Retrofitting 

5.2.1 Structural Requirements 

• Compatibility with existing RC elements 

• Adequate bond strength 

• Durability under cyclic loading 

• Improvement in ductility, strength, and 

stiffness 

• Failure mode control 

5.2.2 Material Requirements 

• High tensile strength 

• Thermal compatibility 

• Resistance to environmental degradation 

• Ease of installation and inspection 

5.3 Seismic Design Codes and Standards 

Seismic design and retrofit interventions must 

adhere to relevant standards such as: 

• ACI 440.2R – Guide for FRP Strengthening 

• ASCE 41 – Seismic Evaluation and Retrofit 

of Existing Buildings 

• Eurocode 8 – Design of Structures for 

Earthquake Resistance 

These standards emphasize performance 

objectives, acceptance criteria, detailing 

requirements, and design methodologies. 

5.4 Assessment Parameters 

Assessment of seismic performance includes: 

• Peak lateral strength 

• Initial stiffness 

• Energy dissipation capacity 

• Inter-story drift ratio 

• Residual deformation 

• Failure mode 

 

6. SYSTEM DESIGN 

6.1 Design Philosophy 

The design of FRP retrofits is performance-based 

focusing on enhancing strength and ductility while 

controlling failure modes. Effective design should 

ensure that: 

• Plastic hinges form in ductile regions 

• FRP retrofit improves confinement and 

shear capacity 

• Bonded FRP does not prematurely debond 
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6.2 FRP Retrofit Techniques 

6.2.1 FRP Wrapping 

FRP sheets are wrapped around columns or beams 

to improve confinement and shear capacity. Typical 

configurations include: 

• Full wrap 

• U-wrap 

• Helical wrap 

6.2.2 FRP Laminates/Bonded Plates 

FRP plates are adhesively bonded to tension faces 

of beams/columns to enhance flexural 

performance. These plates provide high strength-

to-weight ratios and corrosion resistance, making 

them ideal for structural strengthening applications. 

The bonding process typically involves surface 

preparation, adhesive application, and curing to 

ensure effective load transfer. Proper design and 

installation are critical to maximize the flexural 

capacity and durability of the reinforced members. 

6.2.3 Near Surface Mounted (NSM) FRP Bars 

FRP bars are embedded into grooves cut in concrete 

surfaces and bonded using epoxy to improve 

flexural capacity. This method enhances the bond 

between the FRP bars and the concrete substrate, 

ensuring effective load transfer. The epoxy acts as 

an adhesive layer that fills gaps and irregularities 

within the grooves, promoting a strong mechanical 

and chemical connection. Consequently, this 

technique significantly increases the structural 

flexural strength and durability of reinforced 

concrete elements. 

6.3 Design Calculations 

6.3.1 Shear Strength Enhancement 

The increase in shear strength due to FRP can be 

estimated as: 

𝑉𝐹𝑅𝑃 = 2 ⋅ 𝑡𝑓 ⋅ 𝐸𝑓 ⋅ 𝜖𝑓𝑒 ⋅ sin⁡(𝛼) 

 

Where: 

• 𝑉𝐹𝑅𝑃= shear contribution of FRP 

• 𝑡𝑓= thickness of FRP 

• 𝐸𝑓= modulus of FRP 

• 𝜖𝑓𝑒= effective strain in FRP 

• 𝛼= fiber orientation angle 

6.3.2 Flexural Strength Enhancement 

Flexural strength improvement is calculated by 

adding FRP tensile force to the flexural capacity of 

the section while ensuring strain compatibility. This 

approach assumes perfect bond between the FRP 

and the concrete surface, allowing the tensile force 

in the FRP to be fully effective. Strain compatibility 

ensures that the strain in the FRP matches the strain 

in the adjacent concrete fibers at the interface. 

Consequently, the contribution of the FRP to the 

flexural strength can be accurately incorporated 

into the overall capacity calculation. 

6.4 Design Workflow 

1. Seismic hazard assessment 

2. Structural evaluation 

3. Selection of FRP type and configuration 

4. Bonding and anchorage design 

5. Performance checks 

6. Detailing and quality control 

 

7. IMPLEMENTATION 

7.1 Site Assessment and Preparation 

Before installation, a thorough site inspection 

should assess existing conditions including: 

• Concrete quality 

• Reinforcement detailing 

https://ijcope.org/
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• Crack patterns 

• Environmental exposure 

7.2 Surface Preparation 

• Remove loose material 

• Grind surfaces for proper bonding 

• Apply primer for epoxy 

7.3 FRP Installation Procedures 

7.3.1 Epoxy Application 

High-strength epoxies ensure strong bond between 

FRP and concrete. Proper curing time is essential. 

Inadequate curing can lead to weak adhesion and 

premature failure of the composite system. 

Environmental factors such as temperature and 

humidity must be controlled during this period to 

optimize bonding performance. Additionally, 

surface preparation of the concrete substrate is 

critical to ensure maximum epoxy penetration and 

mechanical interlocking. 

7.3.2 FRP Lay-up 

• Lay saturated fabric sheets in desired 

orientation 

• Ensure air voids are minimized 

• Provide adequate overlap for sheets 

 

7.4 Quality Assurance and Control 

• Inspect surface preparation 

• Verify FRP thickness and orientation 

• Conduct pull-off tests to measure bond 

strength 

• Document installation process 

7.5 Health, Safety, and Environmental 

Considerations 

• Use of PPE during installation 

• Safe disposal of chemical wastes 

• Ventilation in enclosed spaces 

 

8. TESTING & RESULTS 

8.1 Experimental Seismic Tests 

FRP-retrofitted specimens are tested under 

simulated seismic loads using shake tables or cyclic 

loading frames. 

Figure 1: Typical Test Setup for Cyclic Loading 

of RC Column 
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8.2 Performance Metrics 

Metric 
Unretrofitted 

RC 

FRP-Retrofit 

RC 

Peak Lateral 

Strength 
Moderate 

Significantly 

Higher 

Energy 

Dissipation 
Limited Enhanced 

Ductility Low High 

Inter-story Drift Large Controlled 

Failure Mode Brittle Ductile 

Table 2: Comparative Performance under Cyclic 

Tests 

8.3 Observations from Test Results 

• FRP wrapping delays crack propagation, 

increases confinement, and improves energy 

dissipation. 

• NSM FRP bars improve flexural resistance 

without increasing section dimensions. 

• CFRP provides superior performance 

compared to GFRP in high-demand applications. 

8.4 Numerical Analysis & Simulation 

Finite element models simulate seismic responses, 

matching experimental results within acceptable 

limits. 

Figure 2: Simulated vs Experimental Hysteresis 

Loops 

 

9. Conclusion & FUTURE SCOPE 

9.1 Summary 

RC structures retrofitted with FRP composites 

exhibit markedly improved seismic performance. 

Key enhancements include increased strength, 

ductility, energy dissipation capacity, and 

controlled deformation. FRP solutions are 

particularly advantageous due to their lightweight 

nature and ease of implementation without 

significantly altering architectural features. These 

composites also enhance the durability of RC 

structures by providing resistance against corrosion 
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and environmental degradation. The adaptability of 

FRP materials allows for targeted strengthening of 

critical structural components, optimizing 

performance under seismic loads. Moreover, the 

minimal added weight reduces the demand on 

existing foundations, making FRP retrofitting a 

cost-effective solution for seismic rehabilitation. 

9.2 Practical Implications 

• Retrofitting extends service life of existing 

buildings 

• Enhances occupant safety in seismic 

regions 

• Cost-effective compared to traditional 

methods 

9.3 Future Research Directions 

Despite progress, future studies should address: 

• Long-term durability of FRP retrofits under 

environmental exposure 

• Improved anchorage systems to prevent 

premature debonding 

• Hybrid systems combining FRP with other 

energy dissipating devices 

• Development of performance-based design 

tools calibrated with extensive experimental data 

• Sustainable FRP materials with recycled 

content 

 

10. References 

1. RESERCH RESEARCH PAPER ON ACI 

Committee 440. “Guide for the Design and 

Construction of Externally Bonded FRP Systems 

for Strengthening Concrete Structures,” ACI 

440.2R-17. 

2. Priestley, M. J. N., et al. “Seismic Design 

and Retrofit of Bridges,” John Wiley & Sons, 1996. 

3. Teng, J. G., et al. “Structural Retrofitting 

Using Fiber-Reinforced Polymer (FRP) 

Composites,” Wiley, 2002. 

4. Moghaddam, A., et al. “Seismic Retrofit of 

Reinforced Concrete Columns with FRP 

Composites: State-of-the-Art,” Journal of 

Composites for Construction, ASCE. 

5. Lu, X. Z., and Teng, J. G. “Design-Oriented 

Stress–Strain Model for FRP-Confined Concrete,” 

Construction and Building Materials, 2003. 

6. Kabashi, N., Muhaxheri, M., Krasniqi, E., 

Murati, Y., & Latifi, F. (2025). Advancements in 

Fiber-Reinforced Polymer (FRP) Retrofitting 

Techniques for Seismic Resilience of Reinforced 

Concrete Structures. Buildings, 15(4), 587. 

https://doi.org/10.3390/buildings15040587 

7. Fahmy, M. F. M., Wu, Z., & Wu, G. (2009). 

Seismic Performance Assessment of Damage-

Controlled FRP-Retrofitted RC Bridge Columns 

Using Residual Deformations. Journal of 

Composites for Construction, 13(6), 498–513. 

https://doi.org/10.1061/(asce)cc.1943-

5614.0000046 

8. Akguzel, U., & Pampanin, S. (2012). 

Assessment and Design Procedure for the Seismic 

Retrofit of Reinforced Concrete Beam-Column 

Joints using FRP Composite Materials. Journal of 

Composites for Construction, 16(1), 21–34. 

https://doi.org/10.1061/(asce)cc.1943-

5614.0000242 

9. Di Ludovico, M., Manfredi, G., Mola, E., 

Negro, P., & Prota, A. (2008). Seismic Behavior of 

a Full-Scale RC Structure Retrofitted Using GFRP 

Laminates. Journal of Structural Engineering, 

134(5), 810–821. 

https://doi.org/10.1061/(asce)0733-

9445(2008)134:5(810) 

10. Alhaddad, M. S., Siddiqui, N. A., Abadel, 

A. A., Alsayed, S. H., & Al-Salloum, Y. A. (2011). 

Numerical Investigations on the Seismic Behavior 

of FRP and TRM Upgraded RC Exterior Beam-

Column Joints. Journal of Composites for 

Construction, 16(3), 308–321. 

https://doi.org/10.1061/(asce)cc.1943-

5614.0000265 

11. Pantelides, C. P., & Gergely, J. (2002). 

Carbon-Fiber-Reinforced Polymer Seismic 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management        

ISSN: 3108-1754 (Online) 

Volume 02 Issue 02 February-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                                            9 

 

Retrofit of RC Bridge Bent: Design and In Situ 

Validation. Journal of Composites for 

Construction, 6(1), 52–60. 

https://doi.org/10.1061/(asce)1090-

0268(2002)6:1(52) 

12. Ilki, A., Demir, C., Bedirhanoglu, I., & 

Kumbasar, N. (2009). Seismic Retrofit of Brittle 

and Low Strength RC Columns Using Fiber 

Reinforced Polymer and Cementitious Composites. 

Advances in Structural Engineering, 12(3), 325–

347. 

https://doi.org/10.1260/136943309788708356 

13. Di Ludovico, M., Prota, A., Manfredi, G., 

& Cosenza, E. (2007). Seismic strengthening of an 

under‐designed RC structure with FRP. 

Earthquake Engineering &amp; Structural 

Dynamics, 37(1), 141–162. 

https://doi.org/10.1002/eqe.749 

14. Ferreira, T. M., Rodrigues, H., & Vicente, 

R. (2020). Seismic Vulnerability Assessment of 

Existing Reinforced Concrete Buildings in Urban 

Centers. Sustainability, 12(5), 1996. 

https://doi.org/10.3390/su12051996 

15. Bousselham, A. (2009). State of Research 

on Seismic Retrofit of RC Beam-Column Joints 

with Externally Bonded FRP. Journal of 

Composites for Construction, 14(1), 49–61. 

https://doi.org/10.1061/(asce)cc.1943-

5614.0000049 

 

 

https://ijcope.org/

