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Abstract 
 

Fiber-reinforced polymer (FRP) is a strong, lightweight material made by combining fibers with a polymer 

base. Exceeding masonry strength during earthquake can cause brittle failure in the wall, potentially leading to 

the collapse of the wall and the building. Unreinforced masonry buildings (URMs) are vulnerable to 

earthquakes and should be reinforced. Therefore, retrofitting is an effecting way to improve the effectiveness of 

URM structures. Remodeling masonry infill walls is necessary to enhance their resistance to lateral loads and 

potential seismic effects. Tested specimens underwent numerical analysis in ABAQUS software to study the 

behavior of brick masonry walls when subjected to lateral loads. The study demonstrates that CFRP (Carbon 

Fiber Reinforced Polymer) sheets significantly enhance the shear resistance of masonry walls. Ongoing 

research is being conducted to evaluate the effectiveness of CFRP reinforcement techniques. CFRP stands for 

Carbon Fiber Reinforced Polymer, a composite material consisting of high-strength carbon fibers embedded in 

a polymer matrix. Specimens under study were reinforced using FRP sheets and strips. The FRP anchor 

technique was utilized to enhance the bonding efficiency of the strengthening agents to the frames and walls. 

The load-displacement properties of the sample were analyzed. The results indicated that the reinforcing 

techniques were adequate because the infill stiffness without FRP is 1037.8 kN/m, but with FRP, it is 4870 

kN/m, more than double the former. In an improved masonry wall, the ultimate load is 87.56 kN higher. This 

significantly improves strength and flexibility.  
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1 Introduction 
 

The use of Brick structures is popular in modern construction because they are known to be durable, aesthetically 

appealing, cost effective etc. It is adaptable; it can offer organization, heat and security and it is versatile. The 

architecture possesses various designs, but earthquakes recently showed that they have urgent need to make them 

harder. They were constructed in much more conventional way since bricks were not standardized the multiple 

procedures and masonry traits used will be due to the availability of adequate resources and the returns may 

originate in increased quality as well (Kadysiewski et al., 2008). The use of Carbon Fiber Reinforced Polymer 

(CFRP) in strengthening masonry structures has grown rapidly due to its outstanding mechanical properties. 

Despite its higher cost, CFRP is favored for its superior strength-to-weight ratio, corrosion resistance, and ease of 

application, making it ideal for enhancing the durability and seismic resistance of both historic and modern 

masonry walls. (Karataş et al., 2018). To assess the performance of CFRP-strengthened masonry walls under 

various loading conditions, Finite Element Analysis (FEA) is an essential tool. FEA enables engineers and 

researchers to simulate and evaluate complex structural behavior with precision, providing insights into the load 

response, failure mechanisms, and effectiveness of CFRP reinforcement in both static and dynamic environments 

(Babatunde et al., 2017). 

 

ABAQUS is a powerful software package widely utilized for Finite Element Analysis (FEA) because of its 

strong features and understandable interface (Yavartanoo et al., 2022). FEA results provide useful analysis into 

the structural behavior of brick walls, as well as stress concentration areas, deformation patterns, and failure 

processes (Rahman et al., 2016). Engineers can use this data to improve design efficiency, boost structural 

performance, and ensure the safety and reliability of masonry structures in real-world situations. 
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2 Methodology   

2.1 Development of Basic Models to Simulate Masonry Wall  

ABAQUS software was used to develop a finite element model of a masonry shear wall to study the effects of 

Fiber Reinforced Polymer (FRP) reinforcement. The wall model had dimensions of 1250 mm in length, 120 mm 

in width, and 715 mm in height (Fig. 2.1), and was assembled using standard-sized bricks measuring 250 mm × 

120 mm × 65 mm each (Fig. 2.2). Two different FRP strengthening layouts were analyzed. The first involved 

diagonal bracing, where FRP strips were applied at an angle to reinforce the wall (Fig. 2.3). The second used 

cross-diagonal bracing, forming an “X” pattern across the surface to enhance structural support (Fig. 2.4) 

 

                        Figure 2.1: Dimension of basic wall                                  Figure 2.2: Dimension of brick                        

                              

                        Figure 2.3: Wall with diagonal FRP                       Figure 2.4: Wall with cross diagonal FRP 

 

ABAQUS modeling process was composed of several relevant steps. It started by properly defining the geometry 

of the FRP braces and of the brick wall. The wall in the model was constructed as a solid built in the shape of a 

wall; all the bricks were placed in the format their real size. Then the FRP braces were incorporated as both 

diagonal and cross-diagonally. To recreate real world condition suitable boundary condition were applied. The 

masonry shear wall base was anchored completely in all directions, simulating one in which the boundary 

between the building and the foundation is rigid. This arrangement helped to keep the base immobilized in the 

analysis, hence providing a closer determination of the effect that the FRP brace had on the overall structural 

behavior of the wall under different loads. 

 

2.2 Material properties  

 

In this study, the masonry wall is modeled using bricks with specific material properties. 

 

Table 2.2.1.  Material properties of the bricks & Concrete (Abdulla et al., 2017) 
 

Property Value for Brick  Value for 

Concrete 

Young Modulus 39.8 Mpa 21Mpa 

Poision’s Ratio 0.15 0.2 

Mass Density 1850 kg/m3 2400 kg/m3 
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The concrete used in the analysis has specific material properties that determine its stiffness, deformation 

characteristics, and overall weight in the model. 

                           Table 2.2.2.  Plasticity properties of the bricks (Abdulla et al., 2017) 
 

Property Dilation angle Eccentricity Fb0/fb0 K Viscosity Parameter 

Value  10° 0.1 1.16 0.67 0.01 

 

Table 2.2.3.  Material properties of the CFRP (Abdulla et al., 2017) 
 

Property Value 

Young Modulus 21 Mpa 

Tensile Strength 3400 Mpa 

Elastic Modulus 245 Gpa 

Thickness of FRP sheet 0.111 mm 

     Width of FRP sheet    300 mm 

2.3 Interaction   
 

The surface-to-surface contact interactions used to effectively model the experiences of the different modules of 

the model especially the interaction between the masonry and the FRP. Where it was necessary, bricks related to 

tie constraints so that they remain fully bonded throughout the simulation. In regions of expected debonding, 

cohesive behavior was utilized to accommodate such a possibility. 

 

2.4 Boundary Condition  

 

The base of the masonry wall was fixed in place using a support condition that restricted all movement, 

simulating how the wall is anchored to its foundation. This fixed support ensured the base remained stationary 

under loading. A uniform surface load was gradually applied to the top of the wall to represent the shear force 

from the experiment. The load’s size and distribution were carefully set to reflect the real conditions from the 

physical tests. For the Z direction, a displacement boundary condition was used. Typically, displacement and 

force boundary conditions complement each other: if displacement is specified on part of the boundary, the force 

there is usually unknown, and vice versa. 

 

2.5 Analysis steps   

 

The three models’ masonry shear wall were analyzed in ABAQUS software by the finite element analysis 

technique. It involved the use of a systematic procedure that involved the development of the models, the input 

of material properties, assembly, loadings, and meshing. The Part module was used to modify the geometric 

information of each part- a process that required detailed shaping and modification to achieve proper models. 

Three assemblies were created: one without any reinforcement with fiber-reinforced polymer (FRP), one with 

reinforcements CFRP arranged in single direction and a third assembly with CFRP arranged in cross-diagonal. 

 

Material and section properties—such as elastic modulus, Poisson’s ratio, and density—were assigned precisely 

to each part, including bricks, concrete, and FRP, within the Property module to ensure realistic mechanical 

behavior. The Assembly module was then used to bring these components together into complete models, 

ensuring they were properly aligned and connected. To simulate vertical loading, a uniform load of 0.25 MPa 

was applied across the top beam of each wall using the Load module. Additionally, a gradually increasing lateral 

load was imposed on the walls until failure, as like real-world forces like wind or earthquakes. 

 

For meshing, specific element sizes were chosen: four elements per whole brick, six for segmented bricks, four 

for each FRP sheet, and twenty for the concrete beam. This detailed meshing allowed a thorough analysis of 

stress and deformation throughout the models. The finite element mesh was defined based on the components of 

the masonry wall to ensure accurate results while maintaining computational efficiency. A full brick was 

discretized using 4 elements, while a half brick was modeled with 6 elements. The CFRP strengthening layers 

were meshed using 4 elements each, and the concrete beam supporting the wall was discretized with 20 

elements. This mesh configuration provided a balance between precision and computational cost for the analysis. 
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3 Results and Discussions 

Finite element models have been developed to study the effects of FRP strengthening on masonry walls. The 

models were analyzed using finite element analysis (FEA) to investigate failure modes, load-deflection curves 

and strains. 

 

3.1 Finite Element Analysis for Different Setup 

 

3.1.1 Masonry Wall Without FRP 

 

First, finite element analysis has been done for masonry wall without FRP. From the deformed model the crack 

pattern is observed and it is sliding failure crack as expected. After finite element analysis of masonry wall 

without FRP, the wall damage was observed. Fig. 3.1 shows a shear sliding failure in the top zone. 

 

 
 

               Figure 3.1: Shear sliding failure                                        Figure 3.2: Load Displacement Curve 

 

From Figure 3.2, the Finite Element Analysis (FEA) curve shows a linear behavior up to the yield load of 21.97 

kN. Beyond this point, the curve becomes nonlinear until it reaches the ultimate load of 46.43 kN. In 

comparison, the lab experiment (Kassem et al., 2017) recorded a higher yield load of 43.61 kN and a maximum 

load of 48.10 kN. This indicates that the lab test achieved a greater maximum load than the FEA. Additionally, 

the ultimate deflection measured in the experiment was 20.01 mm, whereas the FEA predicted a smaller 

deflection of 10.69 mm. Both sets of results have their value: the lab experiment reflects the real-world behavior 

of the RC beam more accurately, while the FEA offers precise predictions that are useful for virtual testing and 

design optimization. The differences between the numerical and experimental results may come from idealized 

material properties in the model that don’t capture real behavior, variations in materials during testing, and 

possible slipping between FRP and masonry. Also, using a coarse mesh to save time might have caused some 

errors in stress and failure predictions. 

 

3.1.2 Masonry Wall with FRP (Diagonal Bracing) 

Secondly, finite element analysis has been done for masonry wall with diagonally braced FRP. After finite 

element analysis of masonry wall without FRP, the FRP damage was observed. Fig. 3.3 shows all the stress 

taken by FRP. In Fig. 3.4, The ultimate load-displacement curve comparison between the model and the 

experiment has been shown in the plot. The load obtained from the experiment (Rahman et al., 2016) and model 

have been found to be 88.98 kN and 91.71 kN respectively. A slightly lower value of load has been found in the 

model. 

         
                  

                Figure 3.3: Finite Element Analysis                                Figure 3.4: Load Displacement Curve 
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3.1.3 Masonry Wall with FRP (Cross Diagonal Bracing) 

 

The diagram displays the definitive load-based comparison between the model and the experiment. The 

experiment (Rahman et al., 2016) yielded a load of 134.41 kN, while the model produced a load of 133.68 kN. 

The experimental value closely resembles the value produced from the model. This can be ascribed to various 

factors, such as the quality of material properties, correctness of boundary conditions, loading configuration, and 

validity of assumptions or simplifications in the model. 

 

     
                Fig. 3.5: Finite Element Analysis                                        Fig. 3.6: Load Displacement Curve 

 

The material properties used in the model were carefully tested and calibrated to accurately reflect how the 

masonry wall behaves. The boundary conditions and loading setup were also designed to closely match the real 

experiment, minimizing differences in results. The good agreement between the model and test shows that this 

model can reliably predict how masonry walls respond to bending and can help improve design and performance. 

 

3.2 Parametric Study 

 

Following validation of the finite element model, a parametric study was conducted to evaluate the effects of 

CFRP strengthening on the lateral performance of masonry shear walls. Three configurations were analysed: 

unstrengthen(baseline), diagonally strengthened, and cross-diagonally strengthened CFRP. The primary 

performance indicators considered were ultimate lateral load and initial stiffness. 

 

       
               

                 Fig. 3.7: Comparison of peak loads                      Fig. 3.8: Increase of stiffness using CFRP bracing 

 

The parametric study shows that the incorporation of CFRP significantly enhances the structural performance of 

masonry walls. Specifically: 

 

• Stiffness Improvement: The initial stiffness of the wall increased from 1037.8 kN/m (without CFRP) to 

3183.3 kN/m for diagonal CFRP, and 4870 kN/m for cross-diagonal CFRP — more than four times 

higher than the baseline in the cross-diagonal configuration. 

 

• Ultimate Load Increase: The ultimate lateral load increased by 45.28 kN with diagonal CFRP and 87.25 

kN with cross-diagonal CFRP, indicating a substantial improvement in load-bearing capacity. 
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• Displacement Reduction: Enhanced stiffness due to CFRP reduces lateral displacements under applied 

loads, improving the wall’s resistance to deformation. 

Overall, the study demonstrates that cross-diagonal CFRP configuration provides the maximum improvement in 

both stiffness and strength, suggesting it as the most effective strengthening technique for masonry shear walls 

among the tested options. 

4 Conclusion 

This study investigates the effect of adding Fiber Reinforced Polymer (FRP) sheets—specifically CFRP—on the 

flexural strength of masonry walls. Using Finite Element Analysis (FEA), the results are compared with 

experimental data for both unreinforced and CFRP-strengthened walls. The evaluation focuses on ultimate load 

capacity and considers factors such as FRP bond length, number of FRP layers, and concrete strength. While 

enhancing these parameters generally improves flexural performance, there is a limit beyond which further 

enhancement becomes cost inefficient. Identifying the optimal values for each parameter is key to achieving the 

most effective and economical design. This research provides valuable insights into the behavior of CFRP-

strengthened masonry walls, supporting better design and construction practices. Integrating CFRP into masonry 

walls significantly enhances their structural performance by increasing stiffness and reducing displacement under 

load, making the walls more resilient and capable of withstanding greater forces. This improvement in elastic 

stiffness translates to better load-bearing capacity and reduced deformation, which is especially beneficial in 

regions prone to seismic activity or strong winds. The use of CFRP in diagonal bracing further strengthens the 

walls by improving their ability to resist lateral stresses, while its lightweight nature simplifies installation and 

minimizes added structural load. Overall, CFRP reinforcement proves to be an effective and practical solution 

for improving the strength, stability, and durability of masonry walls in various structural applications. 
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