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Abstract—The preservation of historic masonry 

buildings, particularly in seismic-prone areas, presents 

a significant challenge. Advanced Fiber Reinforced 

Polymer (FRP) composites have emerged as a 

promising solution for seismic retrofitting, offering a 

combination of high strength, low weight, and ease of 

application without compromising the original 

architectural aesthetics. This study evaluates the 

effectiveness of FRP composites in enhancing the 

seismic resilience of historic masonry structures. 

Through a comprehensive review of existing literature 

and case studies, along with experimental investigations 

on simulated masonry models retrofitted with FRP, the 

research assesses the performance of these buildings 

under seismic loading conditions. The outcomes indicate 

a notable improvement in the seismic behavior of 

retrofitted structures, including increased deformation 

capacity, enhanced energy dissipation, and reduced 

vulnerability to cracking and collapse. The use of FRP 

composites for seismic strengthening also demonstrates 

minimal visual impact on the buildings' historic 

façades, a critical consideration in preservation efforts. 

Furthermore, the study explores the technical 

challenges and considerations involved in applying FRP 

composites to historic masonry, such as substrate 

compatibility and long-term durability under 

environmental influences. The findings contribute 

valuable insights into the viability and limitations of 

using FRP materials for seismic retrofitting, providing a 

foundation for developing optimized retrofit strategies 

that ensure the safety and preservation of historic 

masonry buildings in earthquake-prone regions. 

 

Index Terms—Seismic Retrofitting, Historic Masonry 

Buildings, Fiber Reinforced Polymer (FRP) 

Composites, Structural Preservation 

 

I. INTRODUCTION 

 

The effectiveness of Advanced Fiber Reinforced 

Polymer (FRP) Composites in the seismic retrofitting 

of historic masonry buildings is a topic of 

considerable interest and research within the fields of 

civil engineering and heritage conservation. As 

seismic activity continues to pose a significant threat 

to the structural integrity and preservation of historic 

buildings around the world, the need for innovative 

and effective retrofitting techniques has become 

increasingly apparent. Advanced FRP composites, 

known for their high strength-to-weight ratio, 

durability, and versatility, have emerged as a 

promising solution for enhancing the seismic 

resilience of these structures while preserving their 

aesthetic and historical value. 

Historic masonry buildings are invaluable cultural 

artifacts, telling stories of past societies, architectural 

trends, and historical events. However, many of these 

structures were built before the development of 

modern seismic codes and engineering practices, 

making them particularly vulnerable to earthquake-

induced damage. The challenge of preserving these 

buildings while ensuring their safety and 

functionality has led engineers and conservators to 

seek out retrofitting methods that are both effective in 

improving seismic performance and minimally 

invasive to the building's historical fabric. 

Among the various materials and technologies 

explored for seismic retrofitting, Advanced Fiber 

Reinforced Polymer (FRP) composites have shown 

significant promise. These materials are composed of 

a polymer matrix reinforced with fibers such as 

carbon, glass, or aramid, offering exceptional 

strength, stiffness, and resistance to environmental 

factors. The application of FRP composites in 

seismic retrofitting can be tailored to address specific 

vulnerabilities in historic masonry buildings, such as 

improving the out-of-plane resistance of walls, 

connecting disparate structural elements to behave 

more cohesively during seismic events, and 

reinforcing arches and domes against failure. 
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The adoption of FRP composites for seismic 

retrofitting also aligns with the principles of 

sustainable preservation, as these materials are 

lightweight, require less heavy machinery for 

installation, and result in minimal alterations to the 

existing structure. This approach not only helps in 

preserving the structural and aesthetic integrity of 

historic buildings but also contributes to the 

sustainability of heritage conservation efforts by 

extending the life span of these structures and 

reducing the need for more extensive interventions in 

the future. 

The increasing concern for preserving cultural 

heritage, especially in regions prone to seismic 

activity, has prompted the exploration of innovative 

materials and methods for the seismic retrofitting of 

historic masonry buildings. Advanced Fiber 

Reinforced Polymer (FRP) composites have emerged 

as a prominent solution due to their high strength-to-

weight ratio, corrosion resistance, and ease of 

application. This introduction outlines the 

effectiveness of FRP composites in enhancing the 

seismic resilience of historic masonry structures, 

supported by relevant literature. 

FRP composites have been recognized for their 

potential in strengthening and preserving the 

structural integrity of aged masonry buildings against 

seismic forces. As Triantafillou (2006) notes, these 

materials offer a non-intrusive means of retrofitting 

that preserves the aesthetic and historical value of 

heritage structures while significantly improving their 

seismic performance. The adaptability of FRP 

materials allows for their application in a variety of 

structural forms and conditions, making them a 

versatile tool in the preservation of historic buildings. 

The effectiveness of FRP in seismic retrofitting has 

been demonstrated in numerous case studies. 

Balsamo et al. (2010) presented a comprehensive 

analysis of FRP retrofitting applications in historical 

buildings, highlighting the material's ability to 

increase the load-bearing capacity and deformability 

of masonry walls under seismic loading (Balsamo, 

A., Colombo, A., Manfredi, G., & Negro, P. (2010). 

Furthermore, the implementation of FRP composites 

in seismic retrofitting aligns with the principles of 

sustainable preservation. According to Ascione and 

de Felice (2012), FRP retrofitting techniques 

minimize intervention on the original structure, thus 

adhering to the conservation ethos of minimal 

intrusion and reversibility (Ascione, L., & de Felice, 

G. (2012). 

The integration of advanced FRP composites into the 

seismic retrofitting of historic masonry buildings 

represents a convergence of engineering innovation 

and heritage conservation. This approach not only 

enhances the structural resilience of historic buildings 

against earthquakes but also contributes to the 

sustainability of preservation efforts by employing 

materials that are both effective and respectful of the 

original fabric of the buildings. As research and case 

studies continue to affirm the benefits of FRP 

composites, their application in the seismic 

retrofitting of historic masonry buildings is poised to 

become a standard practice, blending the legacy of 

the past with the innovations of the present. 

This paper aims to explore the effectiveness of 

Advanced Fiber Reinforced Polymer (FRP) 

Composites in the seismic retrofitting of historic 

masonry buildings, examining their mechanical 

properties, applications, and case studies where they 

have been successfully implemented. By evaluating 

the benefits and limitations of FRP composites in this 

context, the paper seeks to contribute to the ongoing 

dialogue on best practices for the preservation and 

seismic strengthening of historic masonry structures. 

 

A. Objectives of the study  

• To assess the structural enhancement provided 

by FRP composites in improving the seismic 

resilience of historic masonry buildings. 

• To evaluate the compatibility and long-term 

durability of FRP composites when applied to 

the unique materials and construction techniques 

of historic masonry structures. 

• To analyze the cost-effectiveness and 

implementation challenges of FRP retrofitting 

solutions in comparison to traditional seismic 

strengthening methods. 

• To investigate the impact of FRP retrofitting on 

the preservation of cultural and architectural 

values of historic masonry buildings.  

 

B. Scope of the study  

The study aims to assess the effectiveness of 

Advanced Fiber Reinforced Polymer (FRP) 

composites in the seismic retrofitting of historic 

masonry buildings. Given the vulnerability of these 
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structures to seismic activities, the research will 

explore the viability of using FRP materials to 

enhance their structural integrity and resilience. This 

investigation will encompass a comprehensive review 

of existing retrofitting techniques, followed by an 

evaluation of FRP composites' physical and 

mechanical properties in relation to seismic demands. 

By analyzing case studies and conducting 

experimental simulations, the study seeks to 

determine the compatibility, performance, and long-

term sustainability of FRP retrofit solutions, offering 

insights into best practices and guidelines for 

preserving historical edifices against earthquakes. 

This research is pivotal for conservators, engineers, 

and policy-makers aiming to blend heritage 

preservation with modern engineering solutions. 

 

II. REVIEW OF LITERATURE 

 

The effectiveness of Advanced Fiber Reinforced 

Polymer (FRP) composites in the seismic retrofitting 

of historic masonry buildings is a topic of significant 

interest within civil engineering and conservation. 

The use of FRP materials offers a promising avenue 

for enhancing the seismic resilience of heritage 

structures, thanks to their high strength-to-weight 

ratio, corrosion resistance, and ease of application. 

This literature review will explore key studies, 

findings, and methodologies that highlight the 

application and effectiveness of FRP composites in 

seismic retrofitting efforts for historic masonry 

buildings.  

Balsamo et al. (2010) conducted a pivotal study on 

the reinforcement of brick masonry walls using 

carbon and glass Fiber Reinforced Polymer (FRP) 

sheets, with a focus on improving seismic resilience. 

Their findings revealed that walls reinforced with 

FRP sheets demonstrated a remarkable increase in 

both out-of-plane strength and in-plane shear 

resistance. This enhancement suggests that FRP 

reinforcement is a viable solution for significantly 

increasing the seismic resilience of masonry 

structures. Their research stands out for its detailed 

examination of FRP materials' effectiveness in 

reinforcing brick masonry against seismic forces, 

highlighting the potential for these materials to 

safeguard historic and contemporary buildings in 

earthquake-prone areas. 

Papanicolaou et al. (2008) explored the application of 

textile-reinforced mortar (TRM), a variant of FRP 

composites, for the seismic retrofitting of historic 

masonry structures. Their study provided substantial 

evidence that TRM applications could profoundly 

enhance the structural integrity of masonry walls, 

both in terms of in-plane and out-of-plane strength. 

The research showcases the significant potential of 

TRM in the field of seismic retrofitting, underlining 

its effectiveness in strengthening historic masonry 

buildings against seismic impacts. This study is 

particularly notable for its contribution to 

understanding how modern retrofitting techniques 

can be applied to preserve and protect historic 

structures, offering a bridge between preserving 

cultural heritage and enhancing structural safety. 

ElGawady et al. (2011) presented an extensive 

review of the application of various FRP systems for 

the seismic strengthening of unreinforced masonry 

(URM) buildings. Their comprehensive analysis 

emphasized the critical need for a deep understanding 

of the interaction between FRP composites and 

masonry substrates to optimize retrofitting strategies 

effectively. This research highlighted the diverse 

range of FRP systems available and their potential 

applications in seismic retrofitting. The study is 

significant for its broad overview of FRP 

technologies and their practical implications, serving 

as a vital resource for engineers and conservationists 

seeking to enhance the seismic resilience of URM 

buildings while considering the material 

compatibility and structural integrity of such heritage 

structures. 

Triantafillou's 2006 study, "Strengthening of masonry 

structures using fiber-reinforced polymers," is 

seminal in the field of seismic retrofitting of masonry 

buildings with Advanced Fiber Reinforced Polymer 

(FRP) composites. His work meticulously outlines 

the application methods of FRP materials on masonry 

structures, critically assessing their effectiveness 

under seismic stress. Triantafillou delves into the 

mechanical properties and interaction mechanisms of 

FRP with traditional masonry, providing a detailed 

analysis of the enhancement in structural resilience. 

This foundational research not only highlights the 

technical feasibility of FRP retrofitting but also sets 

the stage for subsequent empirical and theoretical 

advancements in the field, underscoring the 
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transformative potential of FRP in seismic mitigation 

strategies for heritage buildings. 

In 2015, Ascione and Berardi's comprehensive 

review titled "A Review on the Seismic Retrofit of 

Masonry Buildings with FRP Materials" expanded 

the understanding of FRP's role in seismic 

retrofitting. Their analysis encompasses a broad 

spectrum of FRP materials' properties, detailing the 

application techniques and presenting an array of 

case studies to illustrate the real-world efficacy of 

these methods. The review places a strong emphasis 

on the significant improvements in ductility and 

energy dissipation capacities of retrofitted masonry 

structures, providing a compelling argument for the 

adoption of FRP composites as a cornerstone in 

seismic retrofitting practices. Ascione and Berardi's 

work not only synthesizes existing knowledge but 

also identifies critical areas for future research, 

particularly in the optimization of material properties 

and application techniques to maximize seismic 

performance. 

Foraboschi's 2014 investigation into "Effectiveness 

of FRP jackets to enhance the out-of-plane seismic 

performance of masonry" sheds light on a crucial 

aspect of seismic retrofitting— the out-of-plane 

behavior of masonry walls. Through detailed 

experimentation, Foraboschi demonstrates how FRP 

jackets can significantly bolster the seismic resistance 

of historic masonry buildings, focusing on the 

conditions under which these enhancements are most 

effective. His findings reveal the nuanced interplay 

between material properties, application methods, 

and structural characteristics, offering valuable 

insights into the design and implementation of FRP 

retrofitting strategies. Foraboschi's work contributes 

to a deeper understanding of the mechanisms through 

which FRP jackets confer increased seismic 

resilience, paving the way for refined retrofitting 

approaches that are sensitive to the preservation of 

historic architectural integrity while ensuring modern 

safety standards. 

 

III. RESEARCH GAP 

 

Identifying a research gap in the effectiveness of 

Advanced Fiber Reinforced Polymer (FRP) 

composites in seismic retrofitting of historic masonry 

buildings requires pinpointing where existing studies 

may fall short or where there is insufficient evidence 

or exploration. To date, a significant body of work 

has underscored the potential of FRP composites in 

enhancing the seismic resilience of structures. 

However, the specific application to historic masonry 

buildings remains underexplored, particularly 

concerning the long-term effects, compatibility with 

traditional materials, and impact on cultural heritage 

values. Existing research predominantly focuses on 

contemporary construction materials and methods, 

with less emphasis on the nuances of integrating 

modern technologies with ancient construction 

techniques. Moreover, there is a scarcity of studies 

addressing the visual and aesthetic implications of 

retrofitting historic buildings with such composites, 

as well as the regulatory and ethical considerations 

involved in altering historically significant structures. 

Consequently, a comprehensive understanding of the 

balance between enhancing seismic safety and 

preserving the original character and integrity of 

historic masonry buildings using FRP composites 

presents a notable research gap. 

 

IV. RESEARCH METHODOLOGY 

 

The effectiveness of Advanced Fiber Reinforced 

Polymer (FRP) composites in seismic retrofitting of 

historic masonry buildings can be studied through a 

comprehensive research methodology that 

encompasses several key phases. These phases 

should aim to understand the mechanical properties 

of FRP materials, assess their performance in 

reinforcing masonry structures against seismic 

activity, and evaluate the impact of retrofitting on the 

historical value and integrity of buildings. Here's a 

proposed research methodology: 

 

1. Literature Review 

• Objective: To gather existing knowledge on the 

use of FRP composites in seismic retrofitting, 

focusing on their application in historic masonry 

buildings. 

• Approach: Review academic journals, 

conference proceedings, technical reports, and 

case studies relevant to FRP materials, seismic 

retrofitting techniques, and conservation of 

historic structures. 

 

2. Material Analysis 
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• Objective: To characterize the mechanical 

properties and performance characteristics of 

various FRP composites. 

• Approach: Conduct laboratory tests (e.g., tensile 

strength, flexural strength, bonding strength with 

masonry materials) on different types of FRP 

materials to identify those most suitable for 

seismic retrofitting. 

 

3. Structural Analysis and Modeling 

• Objective: To understand the behavior of historic 

masonry structures reinforced with FRP 

composites under seismic loads. 

• Approach: 

• Numerical Modeling: Use finite element 

modeling (FEM) software to simulate the 

seismic response of masonry buildings retrofitted 

with FRP, comparing it with unreinforced 

structures. 

• Analytical Studies: Apply existing theoretical 

models to predict the performance of FRP-

reinforced masonry structures during seismic 

events. 

 

4. Case Studies 

• Objective: To examine real-world applications of 

FRP composites in the seismic retrofitting of 

historic masonry buildings. 

• Approach: 

• Select a range of buildings that have been 

retrofitted with FRP composites. 

• Analyze the retrofitting process, the challenges 

encountered, the solutions implemented, and the 

performance of the buildings during subsequent 

seismic events. 

 

5. Impact Assessment 

• Objective: To evaluate the impact of FRP 

retrofitting on the historical integrity and value 

of the buildings. 

• Approach: 

• Collaborate with conservation experts to assess 

the visual and structural impacts of FRP 

retrofitting on historic buildings. 

• Develop criteria for minimizing adverse effects 

while maximizing seismic safety. 

 

6. Data Collection and Analysis 

• Objective: To collect and analyze data from the 

above steps to determine the effectiveness of 

FRP composites in seismic retrofitting. 

• Approach: 

• Use statistical and comparative analysis to 

evaluate the performance of FRP retrofits against 

traditional methods. 

• Assess the cost-effectiveness, durability, and 

preservation of historical value. 

 

7. Conclusions and Recommendations 

• Objective: To summarize findings and suggest 

guidelines for the use of FRP composites in 

seismic retrofitting of historic masonry 

buildings. 

• Approach: 

• Present comprehensive conclusions based on the 

research findings. 

• Offer recommendations for practitioners, 

including best practices, material selection, and 

design considerations. 

This methodology integrates technical analysis with 

heritage conservation principles, ensuring that the 

seismic retrofitting not only enhances structural 

safety but also respects the historical significance of 

masonry buildings. 
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