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ABSTRACT : 

Fiber Reinforced Polymer is recently invented material for construction; it acts as alternative to steel and concrete 

structure and provide many advantages : environmentally and economically. It is characterized for its strength and 

material durability despite being lightweight FRP structures are rust and corrosion resistant and allows increased 

lifespan and sustainability of construction.  

                     This study aims to examine various kinds of FRPs (GFRP, CFRP, AFRP). Also, it presents manufacturing 

processes of the materials, e.g., pultrusion, and describes construction applications, paying attention to seismic 

retrofitting of buildings and constructions with the usage of FRP structures. It relies on methods of Life Cycle 

Assessment (LCA) and Finite Element Analysis (FEA) in order to demonstrate that usage of FRP increases the strength 

and lifespan of constructions, while also reducing their future maintenance costs. 
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INTRODUCTION : 

The fiber reinforced polymer is a type of composite made up of strong fibers such as glass fiber, carbon fiber. This 

material has been created as environmentally friendly substitute for traditional building materials like steam because 

it’s strength to weight ratio longevity and high resistant to corrosion. FRP has quality to enable the material to have a 

bright future in the field of construction. 

Currently FRP is being utilized in building construction as reinforcing agent. It acts as an alternative to conventional 

reinforcing agents such as steel. The advantage of using FRP as a reinforcing agent ensures that structures are able to 

bear heavy loads and are free from corrosion issues. 

Another sustainable feature of FRP is that it possesses its longevity, maintenance - free nature and affordability. On the 

other hand, the drawbacks of FRP as reinforcement are related to products high price, recyclability and physical 

properties. Regardless of its shortcomings FRP still has a bright future as a building material in today’s construction. 

Despite the fact that this material has been studied in the past in terms of its high tensile strength, durability and corrosion 

resistance capabilities, there are still some issues that exist as far as the use of the material is concerned. Some issues 

have been found with regards to the sustainability of this particular material. While many scient have worked on strength 

and other physical property of the material, not much research has been done on sustainability of the same material in 

the long run. There has also been a need for more studies in relation to the comparative analysis of different forms of 

FRP materials that can be used in construction processes. Some of the problems identified here include the recyclability 

of the material. 

The objective of the study is to attempt to access the viability of FRP sustainable building material. This would be done 

by examining the structural property, strength, longevity and environmental benefit of the material. Another objective 
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would be to identify and assess selected types of FRP used in buildings and analyze them as potential alternatives to 

existing building materials. 

LITERATURE STUDY 

Jawed Qureshi (2022) worked on Fiber Reinforced Polymer (FRP) structures using pultrusion and hand/wet layup 

methods with hybrid CFRP materials, analyzing strengthening applications in concrete structures and concluded that 

FRP improves durability, reduces weight, and enhances seismic performance. 

                        Benjamin Kromoser et al. (Austria) worked on lightweight CFRP-UHPC structures using pultrusion, 
warp knitting, and CFRP materials, analyzed structural performance through finite element methods, and concluded 
that it enhances durability, seismic resistance, and service life. 

                    Layth Mohammed et al. (Malaysia) worked on natural fiber reinforced polymer composites using 

pultrusion and hand/wet layup with FRP sheets, strips, and fabrics, analyzed strengthening techniques, and concluded 
that it improves durability, reduces weight, and provides sustainable construction materials. 

                      Mark Singleton and John Hutchinson (London) worked on FRP composites in building construction using 
pultrusion and bolted/bonded joints with CFRP ropes and U-jacketing, analyzed seismic performance and structural 
behavior, and concluded that it improves strength, durability, and lifespan of structures.  

                     Martin Alberto Masuelli worked on FRP polymers and composites using hand layup, bonding, and 
pultruded profiles with modular FRP components, analyzed structural adaptability and construction systems, and 
concluded that FRP offers lightweight, flexible, and corrosion-resistant design solutions. 

Pawel Grzegorz Kosakowski and Wiktor Wicklike (Poland) worked on FRP composites in bridge construction using 
pultruded profiles, FRP tendons, and hybrid girders, analyzed structural efficiency and durability, and concluded that 
FRP bridges are lightweight, durable, and require low maintenance. 

ATTRIBUTE FRP PULTRUDED PROFILES FRP SANDWICH PANELS 

Constituents Continuous fiber (glass/carbon/aramid) in 
polymer resin 

Fiberglass composite skin + 
lightweight core. 

Form factor Rigid beams, channels, rods. Flat panels or curved sheets 

Mechanical 

properties 

High axial strength & stiffness Hight bending stiffness 

Strength-to-weight  Excellent (70% lighter than steel for same load) Very high, panel weigh a fraction 
of metal or concrete alternatives. 

Thermal/ Electrical Insulating (non- conductive, low thermal 
conductivity) 

Low thermal expansion, core 
provides insulation 

Corrosion 

Resistance 

Excellent Excellent, no rust. 

Durability Very high, no corrosion , resists chemicals. High, waterproof and sealed, 
resists weather (-40 - +so degree 
C) 

Installation Bolted/adhesive connections; similar to steel 
frame erection. 

Mechanically fastened to 
subframe or glued. 

Typical uses Structural beams, columns, rails, window/door 
reinforcement . 

Cladding panels, roofing panels, 
façades, canopies, insulated 
walls, partition panels. Ideal 
for lightweight envelope 
elements 

Maintenance Minimal- no painting, wash as needed Minimal – no corrosion; periodic 
cleaning; sealant checks. Panels 
don’t fade or leak 

Installed cost Competitive with metals at volume, lower long 

term. 

Competitive: lightweight panels 

reduce framing costs; insulation 
saves energy. 

Limitations/Risks Sensitive to overheating. Combustible core/resin (fire 
restriction); panel damage if 
overloaded.  
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                      Imad Shakir et al. (Iraq) worked on evaluation of FRP materials using mechanical testing, durability 
studies, microscopy, and spectroscopy, analyzed behavior through FEM and DIC methods, and concluded that FRP 
shows high strength, durability, and reliability for structural reinforcement. 
                     Figure 1, Comparative Analysis between FRP Pultruded profiles and FRP sandwich panel 

 

MATERIALS AND METHOD  

 
 

                                                                                Figure 2, Materials and Method 

 

1. Glass Fiber Reinforced Polymer (GFRP) 

The Glass Fiber Reinforced Polymer is one of the composite materials which is created by mixing glass fibers and 
polymers. The material is known for its low weight as well as its strength and ability to withstand corrosion. For this 
reason, GFRP is widely used in civil engineering as rebars for concrete structures. 

 
Figure 3, Glass Fiber Reinforced Polymer 

2. Carbon Fiber Reinforced Polymer (CFRP) 

The Carbon Fiber Reinforced Polymer consists of very strong carbon fibers along with a polymer matrix. This material 
has high tensile strength and rigidity as compared to glass fiber reinforced polymer. It is normally used for the 
retrofitting of various building components such as beams  and columns  
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Figure 4, Carbon Fiber Reinforced Polymer 

 

3. Aramid Fiber Reinforced Polymer (AFRP) 

Aramid Fiber Reinforced Polymer consists of aramid fiber reinforced in a polymer matrix. The material exhibits impact 

resistance and fatigue resistance properties and thus can be used where there is a need for high resistance to shock 

loading.     

                       

 
Figure 5, Aramid Fiber Reinforced Polymer 

4. Fiber Reinforced Polymer (FRP) – General 

Fiber Reinforced Polymer is a composite material formed by combining fibers with a polymer matrix. It is a general 

term that includes types such as GFRP, CFRP and AFRP and is widely used in construction for structural strengthening 

and reinforcement. 

 

 
Figure 6, Fiber Reinforced Polymer 
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5. Hybrid FRP Composites 

The hybrid FRP composites is made of fibers like glass and carbon that are mixed within a polymer matrix. The main 

objective behind the use of this combination is to ensure that cost effectiveness and performance are balanced.  

 
 

                                                                  Figure 7, Hybrid FRP Composites 

6. Natural Fiber Reinforced Polymers 

Natural Fiber Reinforced Polymers are made by using natural fibers like flax, hemp, jute, and sisal mixed with a polymer 

matrix. These materials are environmentally friendly and sustainable materials that are environmentally superior to 

synthetic fiber composite materials but weaker than them. 

 

7. FRP Sheets and Laminates 

FRP sheets and laminates make use of thin fiber-reinforced polymers that are used externally to strengthen structures. 

FRP sheets and laminates can be adhered to the surface of the structure by the use of bonding agents. 

                                                  
                                           

     

 

                                                      Figure 8, FRP Sheets and Lamin 

8. FRP Plates and Strips 

The FRP plates and strips are comparatively thicker than sheets and are applied to give extra strength to beams, slabs, 

and other structural components. They are generally utilized in the process of structural retrofitting. 

                            
                                                                             Figure 9, FRP Plates and Strips 
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9. FRP Wraps 

The FRP wraps are flexible fiber-reinforced polymers that are placed on structural components like columns and beams. 

The application serves to increase the capacity of load bearing and ductility of the structures. 

 

10. FRP Tendons and Cables 

FRP tendons and cables are used as a replacement for steel as prestressed materials. FRP tendons and cables are very 

strong when subjected to tensile loads while resisting corrosion well. 

                                           
                                                                            Figure 10, FRP Tendons and Cables 

 

 

11. FRP Rods and Grids 

FRP rods and grids are used as reinforcing agents in concrete construction. Because they do not corrode, their use helps 

increase the durability and lifespan of the building. 

                                   
Figure 11, FRP Rods and Grids 

 

12. FRP Reinforced Concrete 

FRP reinforced concrete refers to the use of Fiber Reinforced Polymer in place of steel when reinforcing concrete. This 

makes it more durable, especially in adverse conditions, since it does not corrode easily. 

 

                         
                                                                        Figure 12, FRP Reinforced Concrete 
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13. Fiber Reinforced Cementitious Composites 

Fiber-reinforced cementitious composites are those types of materials where fiber is added to the cement to improve 

its performance. The inclusion of fiber makes it more resistant to cracking and increases its strength. 

 
Figure 13, FRP Reinforced Cementitious Composites 

 

14. Fly Ash (Supplementary Material) 

Fly ash is one of the waste materials from industrial processes that can be added to concrete as an additional 

ingredient. This material helps in achieving sustainability through its role in reducing the use of cement. 

 
Figure 14, Fly Ash (supplementary material) 
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Methods Used  

 
           

                                                                 Figure 15, Method Used 
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1. Pultrusion Process 

Pultrusion is a process that involves continuous manufacturing for the production of FRP bars and profile sections. 

Pultrusion is often employed in manufacturing GFRP rebars and structural sections since it creates uniform and strong 

products with little wastage. 

                                   
                                                                             Figure 17,  Pultrusion Process 

 

  

 

2. Hand Lay-up / Wet Lay-up Technique 

Hand Lay-Up or Wet Lay-Up Method This process includes manual placement of fibers along with resin being applied 

on top of the fibers. The technique is widely used in on-site strength restoration such as wrap laminations and is 

particularly beneficial for cost-effective retrofits. 

 

 
Figure 18, Wet Lay-Up Technique 
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3. Filament Winding 

Filament winding involves wrapping of filaments around a mandrel, which revolves along its own axis. It is used in the 

creation of products such as pipes, columns, and tanks. One advantage that filament winding has is that it allows for 

manufacture of parts with excellent tensile strength in specific orientations.  

 
Figure 19, Filament Winding Technique 

4. Resin Transfer Moulding (RTM) 

Resin Transfer Moulding (RTM) refers to an industrial process in which resin is injected into a closed mould containing 

fibres for the production of FRP components. The process is utilized to guarantee the high quality of the resulting 

products while reducing material waste. 

 

 
Figure 20, Resin Transfer Molding 

5. Compression Molding 

The compression molding is a technique where heat and pressure are used to mold material inside the mold cavity. It is 

typically employed in the making of panel and structural parts, producing items that have uniform geometry and high 

strength. 

 
Figure 21, Compression Moulding 
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6. Injection Moulding 

Injection molding is a process where liquid polymers are introduced into molds for creating components. It is a preferred 

technique for the manufacturing of small-sized FRP components and is quite efficient in large scale production. 

 

 
Figure 22,  Injection Molding 

7. Extrusion Process 

The extrusion process involves pushing material through a die to create specific shapes. It is used to produce continuous 

FRP sections and enables fast, economical production. 

 

 

 
Figure 23, Extrusion Process 

 

 

Testing : 

 

 
Figure 24, Testing 
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1. Tensile Strength Testing 

The tensile strength test determines the amount of pulling force that the FRP material can tolerate without breaking. 

The test reveals that FRP possesses high strength relative to steel based on weight. 

2. Flexural Strength Testing 

Flexural strength testing evaluates the bending capacity of a material. It is particularly important for structural elements 

like beams and slabs, where resistance to bending is critical. 

 

3. Shear and Impact Testing 

Shear and impact testing evaluate a material’s resistance to sudden and applied forces. These tests help ensure safety 

and performance of FRP under dynamic loading conditions. 

 

4. Bond Strength Testing 

Bond strength testing evaluates the quality of adhesion between FRP and concrete. It is important for ensuring effective 

load transfer and overall structural performance 

Application Methods (how FRP is used in buildings) 

 

 
Figure 25, Application Methods 

 

1. FRP Wrapping (Retrofitting) 

FRP wrapping is a retrofitting technique in which columns and beams are wrapped with fiber reinforced polymer 

materials. This method increases structural strength and enhances seismic resistance. 

 

 

2. External Bonding of Sheets/Laminates 

The process of bonding FRP sheets externally includes fixing these sheets to the surface of the structure through 

adhesives. This approach enhances the performance of the structure without necessitating demolition. 

3. FRP Bars as Reinforcement 

FRP bars are used as reinforcement in concrete as a replacement for traditional steel rebars. They help prevent corrosion, 

resulting in increased durability and a longer lifespan of the structure. 

4. Adhesive Bonding Techniques  

Adhesive bonding techniques involve using special resins to attach FRP materials to structural surfaces. These 

techniques ensure a strong connection, allowing the FRP to perform effectively in strengthening applications. 
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Analytical & Sustainability Methods 

 

 
Figure 26, Analytical & Sustainability Methods 

 

1. Finite Element Analysis (FEA) 

Finite Element Analysis (FEA) is a computer-based simulation method used to analyze structural behavior. It helps 

predict how structures will perform under various conditions before actual construction. 

 

2. Computational Modelling 

Computational modelling involves simulating factors such as moisture, stress, and durability to study material and 

structural behavior. It helps in optimizing design by predicting performance under different conditions. 

 

3. Analytical Modelling 

Analytical modelling involves using mathematical calculations to predict the behavior of materials and structures. It is 

commonly used to validate and support experimental results. 

 

4. Life Cycle Assessment (LCA) 

Life Cycle Assessment (LCA) is a method used to evaluate the environmental impact of a material or structure over its 

entire lifespan. It shows that FRP offers lower maintenance and a longer service life, making it a more sustainable 

option. 

 

RESULTS  

The use of Fiber Reinforced Polymer (FRP) composites makes an important contribution towards sustainable building 

technology due to the fact that FRP has an excellent strength-to-weight ratio, ensuring that the buildings that use this 

composite material are highly strong as well as incredibly light weight. Not only does this contribute towards saving on 

transport and installation costs, but also, along with its ability to resist cracking and fatigue, improves the load-bearing 

potential of load-bearing structural members such as beams, columns, and slabs. Most importantly, FRP has excellent 

resistance against corrosion from chemicals and coastal conditions, thus reducing maintenance needs and increasing 

durability. 

 

DISCUSSION : 

The reviewed research papers mainly concentrated on the evaluation of Fiber Reinforced Polymer (FRP) in terms of its 

ability to serve as the material used in the construction of buildings. The researchers made experiments with various 

types of FRP materials including GFRP, CFRP, and hybrid composites with the aim to evaluate efficiency of such 

material compared with traditional materials such as steel and concrete. 

                                Different methodologies were utilized by the researchers in the process of carrying out their 

research. Some of them include experimental analysis, durability analysis, and strengthening techniques while some 

other studies use Finite Element Analysis (FEA) and Life Cycle Assessment (LCA). 
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                                 Analysis of the research papers reviewed above reveals that application of Fiber Reinforced 

Polymer (FRP) leads to enhancement of strength, durability and resistance of structures. Moreover, the results reveal 

that utilization of the discussed material contributes to the enhancement of sustainability of such structures since they 

are highly durable and lightweight. Hence, it can be stated that Fiber Reinforced Polymer (FRP) is an efficient material. 

 

CONCLUSION : 

 Fiber Reinforced Polymer (FRP) is an ideal and promising material in contemporary building. 

 FRP enhances the strength and performance of buildings. 

 FRP increases durability and has a long lifespan. 

 FRP shows better resistance to corrosion than other materials. 

 FRP helps to conserve materials and lessen maintenance needs. 

 FRP plays a crucial role in sustainable construction. 

 FRP proves to be very efficient in structural reinforcement. 
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