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Abstract 

The existing structure might not have enough seismic resistance capacities due to construction errors, design by old building 

design codes (EBCS 1995), deterioration, and building function changes. To increase the seismic resistance capacity of 

Reinforced Concrete (RC) structures, many studies recommend different strengthening methods. Those strengthening methods 

have different costs, strengthening capacities, and availabilities. To identify the best, strengthening methods it needs further 

investigations. Most previous studies were conducted on the detailed application of individual strengthening applications. There 

are no previous studies that have done a comparative study on the seismic strengthening of reinforced concrete beam–structural 

wall joints using external stiffener plates, Basaltic Fiber Reinforced Polymer (BFRP), and Carbon Fiber Reinforced Polymer 

(CFRP). The main aim of this study is a comparative study on the seismic strengthening of reinforced concrete beam–structural 

wall joints using an external stiffener plate, BFRP and CFRP. The experimental work presented in the literature was used for 

validation of finite element analysis to ensure the accuracy of developed finite element models and further investigations. The 

numerical investigation of a comparative study on the seismic strengthening of reinforced concrete beam–structural wall joints 

using external stiffener plates, basaltic fiber, and CFRP has been done with the comparison of load resistance capacities. The 

numerical study will be done using ANSYS 22R1 mechanical APDL nonlinear software program. The finite element analysis 

result shows that, for both CFRP and BFRP from 0°, 45° & 90° layer orientations of CFRP strengthening methods, 90° CFRP 

layer orientation shows better improvement of ultimate load resistance capacity. The 90° layer orientation strengthening layout 

increased the load-carrying capacity of the beam-shear wall connection by 30% and 26.4% for CFRP and BFRP respectively. 

For both CFRP and BFRP strengthening mechanisms with 90 orientation, three number of layers and 90°, 90°& 90° 

configuration best fiber lay out for strengthening of beam – shear wall joint. From the three beam -shear wall strengthening 

mechanisms of stiffener plate, CFRP and BFRP, the stiffener plate shows better performance. The stiffener plate increases the 

lateral load resistance capacity of the existing beam- shear wall joint by 37% - 66%. 
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1. Introduction 

The reinforced concrete beam–structural wall joints are criti-

cal components influencing the seismic performance of RC 

buildings. Due to deficiencies in design and construction prac-

tices, many existing structures lack sufficient lateral load re-

sistance. This paper evaluates and compares the seismic perfor-

mance improvement offered by three external strengthening 

methods: stiffener steel plates, carbon fiber-reinforced polymer 

(CFRP), and basalt fiber-reinforced polymer (BFRP). 

The beam – wall joint regions were highly affected by the 

applied seismic load effect compared to other structural parts 

of the frame elements. Seismic retrofitting is the modification 

of structures to make them more resistant to seismic activity 

[1]. Many previous studies were available in the literature that 

study the strengthening mechanisms of reinforced concrete 

connections. Fiber-reinforced polymers (FRP) have been used 

extensively for the repair and retrofit of pre-1970 RC moment 

resisting frames in the aftermath of the 2009 L’Aquila and 

2011Christ church earthquake and often proved more cost-ef-

ficient than alternative retrofits [2]. Basalt fiber reinforced 

polymer (BFRP) is a relatively new trend in the use of envi-

ronmentally benign, natural fibers as reinforcement in the 

manufacturing of lightweight, low-cost polymer composites 

around the world. Although, the interest such material is cur-

rently being widely used basalt fiber, which is cost-effective 

offers exceptional behavior over glass fiber, and is less expen-

sive than carbon fiber [3]. The CFRP has a high strength-to-

weight ratio and corrosion resistance making FRPs particu-

larly attractive as retrofit materials [4]. Study [5], analyzed the 

flexural strengthening of the RC beam column joints using an 

innovative anchorage system. 

The researchers conducted an experimental work to review 

the retrofitting of reinforced concrete elements using FRP [6]. 

The study presented an experimental study used to assess the 

behavior of beams wrapped with GFRP, CFRP, and BFRP bi-

directional mats. Research [7], investigated experimental 

studies on the seismic behavior of reinforced concrete beam-

column joints strengthened with basalt fiber-reinforced poly-

mer sheets. 

Research [8] studied an experimental and numerical study 

for the cyclic structural performance of RC exterior beam-col-

umn joints strengthened using CFRP sheets. Study [9] inves-

tigated the effectiveness of composite fiber-reinforced poly-

mer (CFRP) layers for exterior beam-column connections and 

were studied through a finite element model (FEM). 

The research [10] studied the Seismic retrofit of deficient 

exterior RC beam-column joints using steel plates and angles. 

Six half-scale exterior RC beam-column joints were tested un-

der quasistatic cyclic loading with a constant axial load on the 

column. [1], studied the strengthening of the precast beam-

column joint using steel encasement. 

2. Materials and Methods 

The finite element method (FEM) was adopted using AN-

SYS 22R1 to model the beam–wall joints. Validation was 

done against the experimental data of [11]. Three strengthen-

ing schemes—external steel plates, CFRP sheets, and BFRP 

composites—were modeled with varying layer orientations, 

thicknesses, and material grades. Material properties followed 

[11]. 

3. Results and Discussion 

3.1. Verification of Finite Element Analysis 

Results 

The validation of FEA has been done by comparing the previ-

ous experimental works' test results. The verification of non-

linear finite element analysis has been done with the same 

physical characteristics such as material properties, loading 

conditions, geometry, and all other model parameters. The 

comparison of experimental work and FEA results was ex-

pressed in terms of force-displacement responses and failure 

modes. 

3.1.1. Load–Displacement Response 

The force-displacement plot of the FEA and the experi-

mental results of [12], shows good agreement with the 20mm 

mesh size. The analysis result of the finite element method is 

greater than the experimental method at ultimate load resist 

capacity. The experimental analysis results also show that the 

maximum value at first ultimate capacity decreases gradually. 

The ultimate load-resistant capacity of both results shows 

good agreement with the percentage differences of 1.4%. In 

addition, the ductility and stiffness of both results also show 

similar values (Figure 1). 
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Figure 1. Experimental and finite element load-displacement responses. 

3.1.2. Failure Modes 

As shown in Figure 2 the concrete damage occurred at the 

shear wall joint. As testing continued, damage extended 

toward the middle of the beam section and penetrated the 

concrete core. The formation of hairline diagonal cracks in the 

joint region has occurred (Figure 2a & 2b). As the applied load 

increases the spalling and crushing of the concrete cover are 

displayed. The yield of longitudinal reinforcement was 

observed in at shear wall joint of the specimens as shown in 

Figure 2c. The experimental result shows that crack widths at 

the joint interface were 0.125in. (3.2mm), and the first sign of 

joint interface deterioration was perceived. This deterioration 

increased in the second cycle. At a drift ratio of 3.125%, signs 

of punching of one side of the beam through the wall web were 

observed with a 50% increase in average crack width at the 

joint interface. The average crack width was 0.125in. 

(3.18mm) in the wall web around the joint. In the subsequent 

cycle of the same drift ratio, substantial strength and stiffness 

degradation were observed due to considerable punching 

deterioration. Some concrete in the joint interface crumbled, 

whereas the boundary elements stayed intact. Similarly, the 

FEA model created with the ANSYS 22R1 package was able 

to capture those failures and damages in a similar location of 

the beam-shear wall joint with a maximum equivalent plastic 

strain of 0.86mm. The maximum plastic strain values of con-

crete and reinforcements are greater than zero this indicates 

that the beam-wall joint has failed in the same location of ex-

perimental damage results (Figure 2). 

Therefore, this validation study shows good agreement be-

tween finite element analysis and experimental test results. In 

this section, the accuracy of the finite element analysis is cal-

ibrated and can be posed for further numerical investigation. 

  
(a), Experimental test failure by (Abdullah et al., 2016). (b), Numerical analysis failure mode mode (Concrete damage). 
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(c), Numerical analysis failure mode in terms of Von Mises plastic strain (reinforcement). 

Figure 2. (a), (b) & (C); Experimental and numerical study failure modes. 

3.2. Effect of Stiffener Steel Plate Material Grade and Thickness on Load Resistances Reinforced 

Concrete Beam-Shear Wall Joints 

3.2.1. Effect of External Strengthening Stiffener Steel Plate Material Grade on Load Resistances Reinforced 

Concrete Beam–Shear Wall Joints 

The effect of stiffener steel plate material grade has been investigated using a constant, 30mm displacement control load at 

the top of the wall. The thickness of the plate has been taken as 3mm and the material grade varied as S- 235 MPa, S- 275 MPa, 

S- 355 MPa, and S- 450 MPa. The finite element analysis result was discussed in terms of force-displacement responses as 

presented in Figure 3. 

 
Figure 3. Force–displacement responses of bream–shear wall joint strengthened with the variation of stiffener steel plate material 

grade. 
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Forces – Displacement Response 

The load resistance of reinforced concrete beam-shear wall 

joints strengthened by external stiffener steel plates using dif-

ferent material grades was discussed in Figure 3. The finite 

element analysis result shows that for stiffener plate material 

grade varies as S- 235 MPa, S- 275 MPa, S- 355 MPa and S- 

450 MPa, the lateral load resistance capacity of existing beam- 

shear wall joint is increased by 29.8%, 35.7%, 39.9%, and 

45.3% respectively from strengthen capacity of beam-shear 

wall joints of 76.73 KN at the 3mm thickness stiffener plate. 

This indicates that the stiffener plate material grade variation 

has considerable effects on the lateral load resistance capacity 

of strengthening beam-shear wall joints. In general, based on 

this finite element analysis result increasing stiffener steel 

plate material grade varies from S- 235 MPa to S- 450 MPa, 

and the load resistance capacity of beam-shear wall joint in-

creased by 16%. Therefore, to get a higher resistance capacity, 

strengthening by S- 450 MPa plate material strength is better 

than the other material strengths. 

3.2.2. Effect of External Strengthening Stiffener 

Steel Plate Thickness on Load Resistances 

Reinforced Concrete Beam–Shear Wall Joints 

To conduct the effect of stiffener steel plate thickness, a 

constant, 30mm displacement control load was at the top of 

the wall, The material grade of the plate has been taken as S- 

450 MPa and the plate thickness varied as 1mm, 2mm, 3mm, 

5mm, and 10mm. The finite element analysis result was dis-

cussed in terms of force-displacement responses as presented 

in Figure 4. 

Forces – Displacement Response 

In this section, the effects of external strengthening stiff-
ener steel plate thickness on load resistance reinforced 
concrete beam-shear wall joints are illustrated in Figure 4. 
The finite element analysis result shows that for stiffener 
plate thickness varies as 1mm, 2mm, 3mm, 5mm, and 
10mm, the lateral load resistance capacity of existing 
beam-shear wall joint is increased by 37%, 42.6%, 45.5%, 
50.44%, and 66% respectively from the unstrengthened 
capacity of beam-shear wall joints at S-450 MPa material 
grade. This indicates that the stiffener plate thickness var-
iation has significant effects on the lateral load resistance 
capacity of strengthing beam-shear wall joints. In general, 
based on this analysis results, increasing stiffener steel 
plate thickness from 1mm to 10mm, the load resistance 
capacity of the beam-shear wall joint increased by 29%. 
Therefore, to increase the load resistance capacity of 
beam-shear wall joint by more than 50%, the stiffener 
plate thickness must be more than 5mm. 

 
Figure 4. Force–displacement responses of bream–shear wall joint strengthened with variation stiffener steel plate thickness. 

3.3. Investigation of CFRP Strengthening 

Mechanisms 

3.3.1. CFRP Sheet Orientation 

To identify the best orientation of CFRP strengthening 

methods that increase more amount of load resistance capacity, 

the CFRP with 0, 45, and 90 orientations in one layer have 

been investigated. The CFRP sheet is attached to in same lo-

cation of plate strengthen. The effect of CFRP orientations on 

load-displacement responses of beam–shear wall joints has 

been presented in Figure 5. The load-carrying capacity of 

beam-shear wall connection is increased by 15.2%, 20.6%, 
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and 30% for CFRP strengthen with 0, 45 and 90 orienta-

tions respectively. This investigation result shows that the 90 

fiber orientation has a higher load resistance capacity than the 

other two orientations. The CFRP with 0 fiber orientation 

gives a low load resistance capacity compared to 45 and 90 

fiber orientation. Based on this investigation, from different 

types of orientations of CFRP strengthening method, 90ori-

entation is proposed. 

 
Figure 5. Beam-shear wall connection strengthened with different orientations of CFRP. 

3.3.2. CFRP Number of Layers 

To select a suitable number of CFRP layers for strengthen-

ing methods that increase more amount of load resistance ca-

pacity, CFRP with one-layer, two-layer, and three layers at 90-

degree fiber orientation has been investigated. The effect of 

CFRP number of layers in load-displacement response graphs 

are presented in Figure 6. The load-carrying capacity of one, 

two, and three layers are recorded as 98.9KN, 103.3KN, and 

105.3KN respectively. With the use of one, two, and three lay-

ers of the CFRP sheet, the load resistance capacity is increased 

by 30%, 34.63%, and 37.23% respectively. This shows that 

the beam -shear wall joint load resistance capacity increases 

as the number of CFRP layers increases. 

In this study, three-layer (3) CFRP strengthening is pro-

posed based on load resistance capacity. 

 
Figure 6. Beam-shear wall connection strengthened with different number of layers of CFRP. 
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3.3.3. CFRP Sheet Configuration 

In addition to the effect of number of layers and orientation, 

the effect of CFRP configuration has been investigated. This 

investigation is conducted with seven (7) models of beam- 

shear wall joints. Different combination of orientation (con-

figuration) has different load resistance capacities when more 

than one CFRP layer is used. The effect of different configu-

rations of CFRP at three CFRP layers of 0, 45, and 90 ori-

entation is shown in Figure 7. 

Among different configurations of the CFRP strengthening 

method, the beam-shear wall joint strengthened with CFRP by 

a configuration of “90, 90, and 90” layout, shows better 

improvement in load resistance capacity. This configuration 

increases the load resistance capacity by 37.23% from the un-

strengthen load resistance capacity of 76.73KN. The mini-

mum result is obtained at CFRP strengthened by the configu-

ration of “0, 0, 0”. CFRP strengthened using this configu-

ration, the load resistance capacity increased by 23.4% of the 

reduced lateral load resistance capacity. Therefore, to 

strengthen beam–shear wall joint with CFRP, “90, 90, and 

90” configurations are proposed because of the highest load 

resistance capacity and batter stiffness compared to the other 

three-layer configurations. 

 
Figure 7. Beam-shear wall connection strengthened with different configurations of CFRP. 

3.4. Investigation of BFRP Strengthening 

Mechanisms 

3.4.1. BFRP Sheet Orientation 

To select the best orientation of BFRP strengthening meth-

ods that increases more amount of load resistance capacity, 

the BFRP with 0, 45, and 90 orientations in one layer have 

been conducted. The BFRP sheet is attached to in same loca-

tion of plate strengthen. The effect of BFRP orientations on 

load-displacement responses of beam–shear wall joints has 

been presented in Figure 8. The load-carrying capacity of 

beam-shear wall connection increased by 14.1%, 18.5, and 

26.4% for BFRP strengthen with 0, 45 and 90 orientations 

respectively. This study result shows that the 90 fiber orien-

tation has a higher load resistance capacity than the other two 

orientations. The BFRP with 0 fiber orientation gives a low 

load resistance capacity compared to 45 and 90 fiber orien-

tation. Based on this investigation, from three types of orien-

tations of the BFRP strengthening method, 90 orientation is 

proposed. 

 
Figure 8. Beam-shear wall connection strengthened with different 

orientations of BFRP. 

3.4.2. BFRP Number of Layers 

To identify the suitable number of BFRP layers for 

strengthening methods that increase more amount of load re-

sistance capacity, BFRP with one-layer, two-layer, and three 
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layers at 90-degree fiber orientation has been studied. The ef-

fect of BFRP number of layers in load-displacement response 

graphs are discussed in Figure 9. With the application of one, 

two, and three layers of the BFRP sheet, the load resistance 

capacity is increased by 14.1%, 32.32%, and 35.23% respec-

tively. This shows that the beam-shear wall joint load re-

sistance capacity increases as the number of BFRP layers is 

increases. In this study also, three-layer (3) BFRP strengthen-

ing is proposed based on load resistance capacity. 

 
Figure 9. Beam-shear wall connection strengthened with different 

number of layers of BFRP. 

3.4.3. BFRP Sheet Configuration 

In this section, the effect of BFRP configuration has been 

investigated in Figure 10. This investigation is conducted on 

seven (7) models of beam-shear wall joints strengthened with 

a different configuration of BFRP. Different combination of 

orientation (configuration) has different load resistance capac-

ities when more than one number of BFRP layers is used. The 

effect of different configurations of BFRP at three BFRP lay-

ers of 0, 45, and 90 orientation is shown in Figure 10. 

Among different configurations of the BFRP strengthening 

method, the beam-shear wall joint strengthened with BFRP by 

a configuration of “90, 90, and 90” layout, shows better 

improvement in load resistance capacity. This configuration 

increases the load resistance capacity by 35.23% from the un-

strengthen load resistance capacity of 76.73KN. The mini-

mum result is obtained at BFRP strengthened by the configu-

ration of “0, 0, 0”. BFRP strengthened using this configu-

ration, the load resistance capacity increased by 21.5% of the 

reduced lateral load resistance capacity. Therefore, to 

strengthen beam–shear wall joint with BFRP, “90, 90, and 

90” configurations are proposed because of the highest load 

resistance capacity and batter stiffness compared to the other 

three-layer configurations. 

 
Figure 10. Beam-shear wall connection strengthened with different 

configurations of BFRP. 

3.5. Comparison of Strengthening Mechanisms 

In this section, to select the best strengthening mechanisms, 

the comparison studies were conducted on stiffener steel plate, 

CFRP, and BFRP as illustrated in sections 4.5.1, 4.5.2, and 

4.5.3. in terms of load-displacement response, concrete dam-

age, and plastic strain respectively. The comparison studies 

were conducted by selecting the proposed strengthening meth-

ods from individual studies. 

 
Figure 11. Comparison of beam–shear wall joint strengthen mechanisms. 
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3.5.1. Load–Displacement Response 

The load-displacement responses of the stiffener plate, 

CFRP, and BFRP strengthened beam–shear wall have been 

discussed in Figure 11. The finite element analysis result 

shows that beam–shear wall joint strengthened with a stiffener 

plate, CFRP and BFRP increases the lateral load resistance ca-

pacity of 76.73 KN by 66%, 37.3%, and 35.23% respectively. 

Based on this investigation result, the strengthening of beam–

shear wall joint using a stiffener plate is better than CFRP and 

BFRP strengthening methods. The small values of load-re-

sistance capacity recorded beam–shear wall joint strengthened 

by BFRP strengthen methods. This study recommended the 

Stiffener plate strengthen methods because of the strength-

ened capacity and availability. 

 

 

3.5.2. Concrete Damage Failure Modes 

The failure mode of the concrete element was expressed in 

terms of maximum tensile and compressive damage plasticity 

stress result. The maximum tensile damage plasticity stress 

has occurred at the wall joint as illustrated in Figure 12. and it 

expands towards the beam joint. The maximum tensile dam-

age resistance capacity of externally strengthened beam-shear 

wall joints was increased by 2.7%, 2.48%, and 2.23% for 

beam-shear wall joints strengthened by stiffener plate, CFRP, 

and BFRP respectively. Figure 12, shows the application 

strengthens mechanisms changes the critical failure locations, 

and redistributes it to the other parts. Even though the tensile 

load resistance capacities of the three strengthen mechanisms 

have no significant difference, the stiffener plate resistance ca-

pacities are 0.22% and 0.47% better than the CFRP and BFRP 

respectively. 

  
(a) Unstrengthened                         (b) 10 mm thick stiffener plate strengthened 

  
(c) strengthened with CFRP                         (d) strengthened with BFRP 

Figure 12. (a), (b), (c) & (d); Tensile and compressive concrete damage frailer mode of beam-shear wall joint strengthening mechanisms. 
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3.5.3. Concrete Failure Modes in Terms of First 

Principal Plastic Strain 

The maximum first principal plastic strain has occurred at 

the shear wall joint above the beam before strengthening. Af-

ter strengthening the maximum first principal plastic strain lo-

cation changed into beam–shear wall joint on the side of beam 

as presented in Figure 13. The maximum first principal plastic 

strain values of externally strengthened beam-shear wall joints 

were decreased by 5.32%, 7.34%, and 9.22% for beam-shear 

wall joints strengthened by stiffener plate, CFRP, and BFRP 

respectively. The values of the first principal plastic strain val-

ues are greater than zero. This indicates the formation of 

cracks in all analyzed models is at beam-shear wall joints. 

However, the principal plastic strain has occurred in the stiff-

ener plate at beam-shear wall joint, the principal plastic strain 

resistance capacity of stiffener plate is greater than both CFRP 

and BFRP strengthening mechanisms. If the availability of 

CFRP and BFRP strengthening mechanisms are good, they 

can be an alternative strengthen mechanisms next to the stiff-

ener plate. 

  
(a) Unstrengthened                       (b) 10 mm thick stiffener plate strengthened 

  
(c) strengthened with CFRP                      (d) strengthened with BFRP 

Figure 13. (a), (b), (c) & (d); First principal plastic strain concrete damage failer mode of beam-shear wall joint strengthen mechanisms. 

3.5.4. Reinforcement Failure Modes in Terms of 

Vonmises Plastic Strain 

The Von Mises plastic strain intensity is maximum at the 

shear wall joint in Figure 14. The maximum plastic strain of 

the unstrengthened beam-shear wall joint was decreased by 

10%, 9.3%, and 9.18% for beam-shear wall joint strengthened 

by stiffener plate, CFRP, and BFRP respectively. The maxi-

mum plastic strain intensity value of all failure models was 

greater than zero, this indicates that in all models the yielding 
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of reinforcement has occurred perpendicular to the maximum 

plastic strain of the shear wall joint. This investigation recom-

mends that the stiffener plate strengthening mechanism in-

crease the strain resistance capacities. 

  
(a) Unstrengthened                           (b) 10 mm thick stiffener plate strengthened 

  
(c) strengthened with CFRP                             (d) strengthened with BFRP 

Figure 14. (a), (b), (c) & (d); Concrete damage failer mode of beam-shear wall joint strengthen mechanisms. 

3.5.5. Bending Stress Response 

In this specific section, the bending stress responses of 

beam–shear wall joints are presented in Figure 15. The bend-

ing stress effect of beam-shear wall joint is displayed at the 

shear wall joint. The maximum bending stress resistance ca-

pacity of externally strengthened beam-shear wall joints was 

increased by 28.2%, 42.4%, and 32.66% for beam-shear wall 

joints strengthened by stiffener plate, CFRP, and BFRP 

respectively. The CFRP strengthening mechanism shows bet-

ter bending stress resistance capacities compared to BRFP and 

stiffener plate strengthening mechanisms. Whereas strength-

ening with an external stiffener plate has low bending re-

sistance capacities. Therefore to resist bending stress failure 

the CFRP strengthening mechanism is recommended. 
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(a) Unstrengthened                           (b) 10 mm thick stiffener plate strengthened 

  
(c) strengthened with CFRP                           (d) strengthened with BFRP 

Figure 15. (a), (b), (c) & (d); Bending stress response of beam-shear wall joint strengthening mechanisms. 

3.5.6. Shear Stress Response 

  
(a) Unstrengthened                           (b) 10 mm thick stiffener plate strengthened 
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(c) strengthened with CFRP                           (d) strengthened with BFRP 

Figure 16. (a), (b), (c) & (d); Shear stress responses of beam-shear wall joint strengthening mechanisms. 

In Figure 16, the shear stress responses of beam–shear wall 

joints are presented. The shear stress effect of beam-shear wall 

joints is not significant compared to other modes of failure. 

The maximum shear stress resistance capacity of externally 

strengthened beam-shear wall joints was increased by 66.17%, 

59.3%, and 46.7% for beam-shear wall joints strengthened by 

stiffener plate, CFRP, and BFRP respectively. The external 

stiffener plate strengthening mechanism shows good shear 

stress resistance capacities compared to CFRP and BRFP 

strengthening mechanisms. Whereas strengthening with 

CFRP and BFRP has low shear resistance capacities. There-

fore to resist shear stress failure the external stiffener plate 

strengthening mechanism is recommended. 

4. Conclusion 

In this thesis, the structural performance of RC frame beam-

shear wall joints strengthened by an external stiffener plate, 

CFRP, and BFRP has been investigated. The investigation re-

sults were summarized as follows: 

The load resistance capacity of beam-shear wall joints in-

creased by 16% when stiffener steel plate material grade var-

ies from S - 235 MPa to S - 450 MPa. 

The stiffener plate increases the lateral load resistance ca-

pacity of the existing beam-shear wall joint by 37%, 42.6%, 

45.5%, 50.44%, and 66%, when the plate thickness varies as: 

1mm, 2mm, 3mm, 5mm, and 10mm, respectively at S-450 

MPa material grade. 

For Both CFRP and BFRP, from 0, 45 & 90 layer orien-

tations of CFRP strengthening methods, 90 CFRP layer ori-

entation shows better improvement of ultimate load resistance 

capacity. 

For CFRP strengthen with 0, 45 and 90 orientations, the 

load-carrying capacity of beam-shear wall connection in-

creased by 15.2%, 20.6%, and 30% respectively. 

The load-carrying capacity of beam-shear wall connection 

increased by 14.1%, 18.5, and 26.4% for BFRP strengthen 

with 0, 45 and 90 orientations respectively. 

As the strengthening number of fiber increases, the load re-

sistance capacities increase by 30%, 34.63%, & 37.23%, and 

14.1%, 32.32%, & 35.23% for 1, 2, and 3 layers of CFRP and 

BFRP respectively. 

For strengthening of beam-shear wall joint with CFRP and 

BFRP, 90 fiber orientation, three number of layers, and 90°, 

90°& 90° configuration is proposed. 

Among beam-shear wall joint strengthening mechanisms of 

stiffener plate, CFRP, and BFRP, the stiffener plate shows 

best performance. 

The BFRP strengthen mechanism has lower resistance ca-

pacities than CFRP and stiffener plates for strengthening of 

beam-shear wall joint. 

Abbreviations 

APDL Analysis Parametric Design Language 

FEM Finite Element Method 

E Modulus of Elasticity 

BFRP Basaltic Fiber Reinforced Polymer 

CFRP Carbon Fiber Reinforced Polymer 

GFRP Glass Fiber Reinforced Polymer 

Ey Modulus of Elasticity in y-direction 

Ez Modulus of Elasticity in z-direction 

PRxy Poison’s Ratio in xy Direction 

PRxz Poison’s Ratio in xz Direction 

PRyz Poison’s Ratio in yz Direction 

Gx Shear Modulus in x- direction 

Gy Shear Modulus in y- direction 

Gz Shear Modulus in z- direction 
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