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Abstract 

This paper aims to implement externally bonded 

carbon fiber reinforced polymer (CFRP) sheet to 

improve the seismic performance of a non-ductile 

reinforced concrete (RC) beam-column joint. The 

behaviors of three types of joints, non-ductile, ductile 

and retrofitted joint, were investigated by using 

computational simulation. In this paper, the non-

ductile and ductile joint represented the joint 

designed and detailed as per IS456: 2000 and 

IS13920: 1993, respectively. Further, the non-ductile 

joint strengthened with externally bonded CFRP 

sheet was termed as the retrofitted joint.3D 

comprehensive numerical models of the joints were 

developed using the appropriate boundary 

conditions and constitutive material laws in ANSYS 

finite element (FE) program. The developed beam-

column joint models were subjected to a non-linear 

static pushover load until the failure of the joints. 

The application of externally bonded CFRP sheets 

was found to improve the shear capacity of the non-

ductile joint significantly. Furthermore, the 

retrofitted joint exhibited a strong-column weak-

beam failure mode with the relocation of the plastic 

hinge to the beam. The three layers of 1mm thick 

CFRP were found to be the most optimum to relocate 

the plastic hinge to the beam. In addition, the 

retrofitted beam-column joint showed higher 

stiffness than that of both ductile and non-ductile 

joints. Based on the obtained results, externally 

bonded CFRP sheet is recommended to retrofit the 

non-ductile beam-column joints.  
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I. INTRODUCTION 

In a Reinforced Concrete Moment Resisting 

Frame (RCMRF), beam-column joints play vital role 

in continuity, load transfer and structural integrity of 

the structure. However, in comparison to the other 

structural members (beam, column, slab etc.), design 

of beam-column joint is found to be given lesser 

emphasis in Nepal. Furthermore, the beam-column 

joint is idealized to behave rigid during structural 

analysis, which is not valid under extreme leads such 

as a large magnitude earthquake. It is worth 

mentioning that the brittle failure of the joint during 

seismic loading leads to partial to complete collapse 

of the building [1]. A typical brittle joint shear 

failure observed in RC building during Gorkha 

Earthquake 2015 is presented in Fig. 1.  

In Nepal, IS13920: 1993 [2] is the major standard 

followed for ductile detailing of the joints and other 

structural members. However, a large number of 

existing RCMRF building in Nepal are not found to 

follow the code strictly. Furthermore, a number of 

such structures were constructed prior to 

enforcement of IS13920:1993 [2] and designed as 

ordinary moment resisting frame (OMRF). In 



ISSN 2456-8066 

International Journal of Advanced Engineering and Management 

Vol.  4, No. 2, pp. 1-7, 2019 

 

 

 

Sujan Tripathi, Rajendra Prasad Bohara, Prayash Malla, Kamal Bahadur Thapa, “Seismic Retrofitting of Non-

ductile RC Beam-column Joint with Externally Bonded CFRP Sheets” International Journal of Advanced 

Engineering and Management, Vol.  4, No. 2, pp. 1-7, 2019

 

 

 

addition, due to the complexity of rebar installation 

in the joint, the mistakes in the joint ductile detailing 

in site are common problems. Therefore, brittle joint 

failure was found to be one of the major modes of 

failure of RCMRF buildings in the recent Gorkha 

Earthquake Nepal (as shown in Fig. 1).  

In order to prevent the brittle failure and ultimate 

building collapse of the existing building from the 

future seismic events, an economic and deployable 

joint strengthening technique is necessary to be 

implemented.  

 

 

Fig. 1 Brittle Joint Shear Failure in Gorkha 

Earthquake, Nepal, 2015  

 

Among the various retrofitting techniques of RC 

beam-column joint, application of fiber reinforced 

polymer (FRP) wrapping around the joint is an 

effective technique to strengthen the structures. In 

order to enhance the seismic performance of beam-

column joint structures using different types of 

FRPs, much researches have been conducted [3-7]. 

In addition to enhance the strength, the use of FRP is 

found to eliminate several problems encountered 

during strengthening such as construction 

difficulties, heavy weight, corrosion problem [5].  

This study aims to implement CFRP sheet wrapping 

to improve the behavior of the non-ductile RC beam-

column joint designed and detailed by following 

IS456: 2000[8] under lateral loading. Furthermore, 

the performance of the non-ductile and retrofitted 

beam-column joint were compared to the behavior of 

ductile joint detailed as per IS13920:1993 [2].  In 

addition, it is aimed to relocate the plastic hinge 

from non-ductile joint core to the beam so that 

strong-column weak-beam failure mode is obtained.  

In this paper, a typical four-story RC residential 

building was designed and detailed by following IS 

456: 2000 [8] and IS 13920: 1993 [2]. The building 

site location was considered in Kathmandu, Nepal. 

An interior joint located at first floor of the building 

was selected for investigation. The selected joint was 

detailed by both ductile and non-ductile techniques. 

Comprehensive numerical models of the joint were 

developed in ANSYS FE program to study the 

effectiveness of CFRP in joint retrofitting.  

II. DESIGN OF PROTOTYPE BUILDING AND 

CFRP WRAP 

 

A typical four-story RC residential building, 

which is a common residential building type in 

Nepal, was designed by following IS 456:2000 [8] 

and IS13290:1993[2]. The general building 

parameters are summarized in Table 1.  In the design 

of the building, concrete and reinforcement were 

M20 and Fe500, respectively.  

Table 1. General building parameters  

Parameters Value  

Number of stories  4 

Number of bays in 

major direction 

2 

Floor height  2.85m 

Soil zone factor 0.36 

Soil type  II 

Column size 400x400mm 

Beam size 270x350mm 

Slab thickness  120mm 

Stair thickness  150mm 

External wall  230mm with 30% opening  

Interior wall  110mm 
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An interior joint located at first floor of the MRF 

was selected for the investigation. The selected joint 

was detailed with three different cases; 1) by 

following IS456: 2000 [8] only, 2) by following 

IS13920: 1993 [2] only, 3) by following IS456: 2000 

[8] and wrapped with CFRP sheet. The joint detailed 

as per IS456: 2000 [8] was a non-ductile joint, which 

is also termed as the original joint in this paper. On 

the other, the joint detailed by following IS13920: 

1993 was a ductile joint.  

CFRP wraps were designed on the basis of Pauley 

and Priestly design approach [9]. In addition, the 

principle of relocation of plastic hinge to the 

desirable location on the beam from the column face 

was also followed in CFRP design. The different 

details of joint are given in Fig. 2.  

 

a. Detailing of the Joint as per 

IS456:2000 

 

 

b.  Detailing of the Joint as per IS13920:1993 

Fig. 2 Different details of the joint  

 

III. FINITE ELEMENT ANALYSIS 

 

Comprehensive 3D numerical models of the 

beam-column joint were developed in ANSYS FE 

program. Similar to the previous studies on beam-

column joint [10-11], only the portion between 

points of inflection occurring during lateral loading 

was modelled. An appropriate boundary condition 

and constitutive material laws were imposed to the 

model. The pushover behavior of the specimens was 

simulated by non-linear static analysis.  

A. FE Mesh and Constitutive Material Laws  

The concrete, reinforcements and CFRP sheet 

were modelled using Solid 65 element, Link 180 

element and shell 41 in ANSYS, respectively. A 

mesh sensitivity analysis was conducted to find the 

optimum size of the mesh. Based on the mesh 

sensitivity analysis, a 50mm mesh was found to be 

the optimum and used in analysis.  

Solid 65 is an eight-nodes element, in which each 

node possesses translational degrees of freedom 

(dof) along three directions. Furthermore, this 

element type can simulate the cracking, crushing, 

and plastic deformation of the element effectively 

[12]. A multi-linear isotropic material with 

incorporated Willam and Warnke model, and Von 

Mises failure criteria was used to model the failure 

characteristics of the concrete. The general input 

parameters for the concrete were: Young modulus 

(E)= 22360 MPa; Poison’s ratio (PR)= 0.2; Tensile 

cracking strength= 3.13. 

Link180, a widely element formulation used to 

represent the reinforcement, is a uniaxial tension-

compression element having three translational dof 

per node. This element formulation is able to take 

into account plasticity, creep, rotation, large 

deflection, and large strain capabilities [12]. The 

input parameters for Link 180 were E= 2x105 MPa; 

PR= 0.3; Yield Stress= 500 MPa. 

Shell 41, usually used with shell structure, is a 3D 

element possesses stiffness in in-plane direction. 

However, it does not have stiffness in out-of-plane 

direction. This element formulation has three 

translational dof at each node [12]. 
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The CFRP used in this study was Tyfo SCH-41, 

which is a unidirectional carbon fabric. The relevant 

properties in the direction of the carbon fiber (local 

x-direction) provided by the manufacturer [13] were 

used in the numerical model. The input parameters 

for CFRP were as follows: thickness of each layer= 

1mm; E = 95800 MPa; fiber direction tensile 

strength = 986 MPa; fiber direction compressive 

strength = 344.8 MPa; dry fiber properties: Ef = 

230000 N/mm2; fiber direction tensile strength = 

3790 MPa. A high strength epoxy was assumed 

between the layers of CFRP as well as in the 

interface of concrete-CFRP interface. The 

characteristics of epoxy material were: E = 3180 

MPa; tensile strength in the fiber direction = 72.4 

MPa. 

B. Boundary Condition and Loads  

The lower end of the column was assigned 

displacement restrain in all the directions, whereas 

the top end was restrained in the directions parallel 

to the top face of the column. A constant gravity load 

with magnitude equal to 13% of the ultimate column 

load capacity was applied uniformly on the top of the 

column. The applied gravity load level was 

equivalent to the load from the upper stories in the 

building. The beam spans were left cantilever, and 

point load was applied to the end of beam until the 

failure. It is worth mentioning that the directions of 

the point loads at the end of the beam were in 

opposite direction. The FE models of the joints with 

boundary conditions are shown in Fig. 3. 

IV. Results and Discussion 

A. Plastic Hinge Relocation  

The variation of the maximum strain along beam 

longitudinal reinforcement on left and right side of 

the column is presented in Fig. 4. It is observed that 

the maximum strain in the rebars is shifted from the 

joint core to the beam (near the end of CFRP) with 

the increase in the number of CRFP layers. Based on 

Fig. 4, the addition of the 3 layers of CFRP to the 

non-ductile (original) joint is sufficient to shift the 

plastic hinge from beam-column joint core to the 

beam span.  

 

 

a. Original joint 

 

b. Retrofitted joint 

Fig. 3 FE Model of Retrofitted Joint in ANSYS 

 

 

B. Load-displacement Behavior  

The load-deflection behavior of the joints is 

presented in Fig. 5. The retrofitted joint with CFRP 

exhibited the highest stiffness and maximum 

ultimate load capacity. The obtained ultimate load 

capacities of the original (IS456: 2000), ductile 

(IS13920: 1993) and retrofitted joint were found to 

be 93.12KN, 105.82KN and 123.91KN, respectively. 

The ductile and retrofitted joint showed an increase 

in load capacity by 13.64% and 13.06%, 

respectively.  
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a. Left beam 

 

b. Right beam 

Fig. 4 Maximum strain variation in beam tensile 

reinforcement   

 

 

Fig. 5 Load-displacement curves of the 

investigated joint 

 

C. Displacement capacity 

The ultimate displacement capacity was found to 

be significantly increased by using ductile scheme 

and externally bonded CFRP in the joint. The 

contours of the vertical displacement in the joint 

specimen are shown in Fig. XX. Furthermore, the 

ultimate deflection and ultimate load of the joint 

specimens are presented Table 2.  

 

Table 2. Summary of ultimate load and 

deflection of investigated specimens  

Parameter 
Original 

joint 

Ductile 

joint 

Retrofitte

d joint 

Ultimate 

Load (KN) 
93.12 

105.

82 
123.91 

Ultimate 

deflection (mm) 
66.17 

89.5

8 
87.67 
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a. Original joint  

 
b. Ductile joint  

 

 
c. Retrofitted joint  

Fig. 6 Total displacement of the joint specimens  

 

 

V. CONCLUSIONS 

In this paper, performance of non-ductile, ductile, 

and retrofitted RC beam-column joint was evaluated 

under pushover load using ANSYS FE program. 3D 

comprehensive numerical models of the joints were 

developed by using the appropriate boundary 

condition and constitutive material laws. The non-

ductile beam-column joint was retrofitted with CFRP 

wrap. The performance of retrofitted joint was 

compared to the performance of non-ductile and 

ductile beam-column joint, and conclusions were 

drawn. The three layers of 1mm thick CFRP wrap is 

able to relocate the plastic hinge. The retrofitted joint 

exhibits the strong-column weak-beam failure mode. 

Furthermore, the stiffness of the retrofitted joint is 

higher than both the non-ductile and ductile joint. 

With the increased ductility scheme in the joint, the 

ultimate displacements of the joint are found to be 

increased.  
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