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Abstract- In this study, seismic behavior of exterior (T) 

and corner (L) beam-column joints with conventional 

reinforcement detailing in the joint region as well as 

beam-column joints with different anchorage patterns 

was investigated. The behaviour of specimen with 

conventional reinforcement pattern (CS-T& CS-L) in the 

joint region is compared with TS-A, TS-B, LS-A and LS-

B. TS-A and LS-A indicate specimen with four inclined 

bars that extend from column to beam, two from the 

column portion above the joint and two from the column 

portion below the joint. TS-B and LS-B are the 

specimens with four bars in beam, two at top and two at 

bottom which were intersected to form ‘X’ shape, 

provided with round hook anchorage. Steel fibres are 

included by 1.5% by volume to study the impact of steel 

fibres in enhancing the performance of beam column 

joints. These specimens are indicated as CSF-T, TSF-A, 

TSF-B, CSF-L, CSF-A,CSF-B. The performances of 

these 12 specimens are compared in terms of lateral 

load-displacement hysteresis loop, maximum moment 

capacity, maximum shear capacity, load ratio, energy 

dissipation capacity and crack pattern. In this paper the 

comparison of performances of CS-T, TS-A, TS-B and 

CSF-T are presented. 
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1. INTRODUCTION 

 

Earthquakes that occurred recently have demonstrated that 

even when the beams and columns in a reinforced 

concrete frame join remain intact, the integrity of the 

structure is undermined if beam column connection fails. A 

good seismic performance of beam-column joint depends on 

the detailing of beam longitudinal reinforcement and 

confinement in joint[1]. The emphasis of the present study is 

the evaluation of the seismic performance of exterior joints 

and corner joints having different anchorage patterns of 

beam longitudinal reinforcement and joint transverse 

reinforcement[8][10]. Since normal concrete is brittle in 

nature which may also additionally propogate  collapse in 

structural members not designed and detailed in seismic 

areas during earthquakes. Addition of steel fibres may bridge 

the cracks increasing the tensile strength of the concrete 

hence may improve ductility in the members. Therefore a 

considerable improvement  in tensile strength and higher 

ultimate strain can be obtained. Many researches have been 

conducted to investigate the flexural behaviour of steel fibre 

reinforced beam-column joints, such as using steel fibre to 

replace the lateral reinforcement in the plastic hinges of 

beam-column joints. Based on the improvement in bond 

between rebars and concrete after using steel fibers, it is 

reported that the steel fibers are capable of increasing the 

anchorage capacity of hooked rebars embedded in the beam- 

column joints. Steel fibers are well recognized for the 

ability to enhance the flexural strength, shear strength, 

fracture toughness, and better energy dissipation capacity. 

Steel fibers can act also as crack arrester, which delays the 

dilation of concrete and prevents the development of cracks 

thereby suppressing a brittle shear failure in favour of more 

ductile behavior. 

Daniel P. Abrams[2] constructed eighteen  reinforced 

concrete beam-column assemblies at small, medium, or large 

scales (one-twelfth, one- quarter, or three-quarter scales) and 

concluded that force-deflection relations for one-quarter 

scale  specimens were similar to those of large scale 

specimens. Juncichro Niwa [6] conducted experiment on 

eight numbers of one-sixth scaled model specimens that 

include four T-joint and four knee-joint specimens. The 

control specimens were casted with , the amount of steel 

rebars and their arrangements resembling configuration of 

the rigid-framed railway bridge in Japan[7][9]. Other 

Specimens were casted and tested with steel fibres varying 

from 0, 1.0, and 1.5% by volume. The following points are 

concluded from experimental results of the specimens ; 

performance of the control specimens and specimens with 

1.5% of steel fibers and reduced steel rebars was   

comparable. Oh [9]  reported that the addition of 2% of steel 

fibers in concrete increases the flexural strength of lightly 
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reinforced beams by 1.5 times. 

Sundararajan and  Asha [11] studied the seismic behavior of 

exterior beam-column joints with square spiral confinement 

in the joint region along with different reinforcement 

detailing for anchorage of beam bars and confinement in 

joint. They  

concluded that  the different reinforcement detailing 

improves the seismic performance of the beam- column 

joints. The main objective of this study is to understand   the 

mechanical behaviour of steel fibre reinforced concrete 

beam column joint under monotonic loading. 

 

EXPERIMENTAL INVESTIGATION 

 2.1 Materials used: 

Concrete was made with   OPC 43 Grade Cement, river sand 

and 10 mm crushed aggregate. The quantities of materials 

per cubic meter of concrete determined as per IS 10262:2009 

with mix Proportion 1:2.15:1.96:0.5. The 28th day cube 

compressive strength of all the specimens was 37.52Mpa. 

Steel Fibres used in the experimental study is of type hooked 

end fibres with diameter 0.55m, and length35mm, the aspect 

ratio L/D of the specimens considered is 64.  

Figure1.   Reinforcement   detailing   of   CS-T specimen 

 

2.2 Details of test specimens 

The test specimens were 1/4 scale models of typical exterior 

beam-column joints made up of a  single column with one 

beam in the longitudinal direction (Fig.1). All specimens 

were cut at mid height of supporting column and at midspan 

of beams. The specimens were designed for both gravity 

loads and earthquake forces. The specimens were designed 

for seismic forces and detailed as per IS 13920-1993. 

TS-A and LS-A have four numbers of inclined bars that  

extend from column to beam, two bars extending from the 

column portion above the joint and two bars from the 

column portion below the joint. TS-B and LS-B have four 

bars in beam, two at top and two at bottom which were 

intersected to form „X‟ shape (Fig. 2). 

 
Fig. 2. Various schemes of reinforcement detailing 

 

2.3 Casting and Curing 

A total of 12 beam columns specimens were casted for this 

study as shown in Fig.3. Table 1 and Table 2 give the 

specifications of the specimens with exterior and corner 

joints respectively. 

 

Table 1 Specimen specifications – Exterior Joint 

Name Specifications 

CS-T Control specimen with conventional 

reinforcement pattern 

CSF-T CS –T with steel fibres 

TS-A Specimen with reinforcement pattern 

A 

TS-B Specimen with reinforcement pattern 

B 

TSF-A TS-A with steel fibres 

TSF-B TS-B with steel fibres 

 

Table 2. Specimen specifications – Corner Joint 

 

 

Fig. 3 Casting and Curing of specimens 

Name Specifications 

CS-L Control specimen with conventional 

reinforcement pattern 

CSF-L CS –L with steel fibres 

LS-A Specimen with reinforcement pattern 

A 

LS-B Specimen with reinforcement pattern 

B 

LSF-A LS-A with steel fibres 

   LS-B with steel fibres 
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2.4 Testing arrangement and loading 

The specimens were tested under quasi- static loading with 

the column portion vertical in a 40  ton  reaction frame as 

shown in Fig.4. A constant axial load of 15kN is applied on 

the column and quasi-static loading is applied at beam tip in 

six cycles. No axial compression was applied to the columns 

in order to evaluate a worst-case scenario for  the joint core. 

Hydraulic jacks were placed on top and  bottom of beam by 

for alternate cycle of loading. Proving rings were attached to 

screw jacks which were used to measure the load applied to 

the beam end.  A reverse cyclic controlled loading is applied 

on the free end of the beam. Linear variable displacement 

transducers (LVDT) had been used to measure the deflection 

at free end of the beam. 

 

 
 

Fig. 4 Experimental set-up 

 

The maximum load capacity was found to be 6kN 

theoretically. Loads were applied in six cycles. First cycle is 

applied from 0-1.5kN in an increment of 0.375kN and 

unloaded from 1.5-0 kN in a decrement of 0.0.375kN at top. 

Second cycle is applied from 0- 1.5kN in an increment of 

0.375 kN and unloaded from 1.5-0 kN in a decrement of 

0.375kN at bottom. Similarly third and fourth cycle are 

loaded and unloaded at top and bottom from 0-3 kN.Fifth 

and sixth cycle are loaded and unloaded at top and bottom 

from 0 until failure as shown in ( Fig.5) Load deflection 

plots are plotted for all the specimens. 

 

Fig. 5 Cyclic load variation 

 

 

3.RESULTS AND DISCUSSION 

 

3.1 Hysteresis behavior 

The load carrying capacity and From the lateral load-

displacement hysteresis loops of specimens, it is observed 

that all the specimens possessed spindle shaped curves 

showing TS-A with load carrying capacity of 4.5kN and TS-

B with 4.3kN. Whereas the control specimen possesses a 

load carrying capacity of 4.2 kN. The experimental 

maximum load of TS-A and TS-B was greater than the 

experimental maximum load of CS-T by 7.14% and 2.4% 

respectively. CSF-T has 19% higher load carrying capacity 

with maximum load carrying capacity of 5KN. Fig.6 and Fig 

7. Show the hysteresis loops of the specimens. 
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Fig. 6 Hysteresis loop for exterior joint specimens 

 

 
Fig.7 Hysteresis loops of various specimens 
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3.2 Maximum Moment Capacity 

The Maximum Moment Capacity of CS- T,TS-A and TS-B 

are 2.52 kNm ,2.7 kNm, 2.58kNm respectively. Thus TS-

A and TS-B have 7.1% and 2.4% higher moment capacity 

than CS-T. However the control specimen with steel fibres 

CSF- T has 19 % higher moment capacity with the value of  

3kNm. 

 

3.2 Maximum Shear Capacity 

Shear capacity of various joints has been calculated. Joint 

shear capacity is calculated using the following formulas 

JS = M X 106 ÷ (0.9 X D X 0.083 X √fc' X h X bj) 

M = Moment at failure in KN-m D = Overall depth of beam 

in mm 

fc'= 0.8 x compressive strength of concrete at 28 days in 

N/mm2 

h = depth of column in mm 

bj= width of beam in joint portion in mm 

Maximum Shear Capacity of CS-T,CSF-T, TS-A and TS-B 

are 6.91Kn,8.23kN, 7.41kN and 7.07kN respectively CSF-T, 

TS-A and TS-B have 19% 7.2 % and 2.3%higher shear 

capacity than CS- T respectively . 

Energy dissipation capacity 

The effectiveness of any detailing scheme is in the amount 

of energy dissipated by the structural component provided 

with such a detailing scheme. The energy dissipated during a 

particular loading cycle is computed as the area enclosed 

within the load versus displacement curve, starting and 

ending with a zero displacement .From the cumulative 

energy versus displacement curves of specimens plotted in 

Figure 6, it is seen that the specimen TS-A has the highest 

value of Et of 42 kNmm followed by TS-B with 40 kNmm. 

ET of TS-A is 40% higher than that of CS-T whose value 30 

kNmm and Et of TS-B is 33.33% higher. Inclusion of steel 

fibres increases the Energy Dissipation capacity of the 

control specimen by 65.33% 

 

Load ratio 

To examine the ability of each specimen to maintain its yield 

load-carrying capacity in the post elastic range, load ratio is 

calculated which is defined as ratio between the average 

maximum load and the yield load of the specimen. Load 

ratio of CS-T, CSF- T,TS-A and TS-B are 2.8, 3.33,3 and 

2.86 respectively. Thus CSF-T, TS-A,TS-B have 19%, 

7.14% and 2.1% higher yield load carrying capacity than 

CS-T. These results are tabulated in Table 3. 

 

 

Table 3 Experimental Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crack Pattern 

The crack pattern and location provide a first hand insight of 

the behaviour of the specimen. CS-T experienced minor 

damage in joint region due to shear cracks [Fig. 8(a)].TS-A 

failed due to slippage of column and beam bars. [Fig.8(b)]. 

TS-B experienced hairline cracks in the joint region and the 

failure was along shear zone in the beam region[Fig. 8(c)]. 

In CSF-T cracks were developed at the column face 

penetrated into the joint core. [Fig. 8(d)]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 CS- 

T 

CSF- 

T 

TS- 

A 

TS-B 

LoadCarrying capacity 

(kN) 

4.2 5 4.5 4.3 

Moment 

Capacity(kNm) 

2.52 3 2.7 2.58 

Shear Capacity (kN) 6.91 8.23 7.47 7.07 

Energy Dissipation 

Capacity (kNmm) 

30 49.6 42 40 

Load Ratio 2.8 3.33 3 2.86 
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Fig. 8(a) Failure pattern of CS-T 

 

 
 

Fig. 8(b) Failure pattern of TS-A 

Fig.8(c) Failure pattern of TS-B 

 

 

Fig.8(d) Failure pattern of CSF-T 

 

 

CONCLUSIONS 

 

The following conclusions were made from the present 

experimental investigation: 

➢ The specimen with reinforcement pattern A possesses 

higher load carrying capacity of 4.5kN which is 7.14 % 

greater than that of the control specimen. However inclusion 

of steel fibres increases the load carrying capacity by 19.2% 

➢ Due to the new reinforcement pattern -A, the moment 

capacity is increased by 7.1% and shear capacity is 

increased by 7.2%. 

Steel fibres increase the moment capacity and shear capacity 

by 19%. 

➢ The increase in effectiveness of the new detailing 

scheme -A is proved by the amount of energy dissipated 

which is 40% higher than the conventional reinforcement 

pattern and for pattern B it is 33.33% higher. Inclusion of 

steel fibres increases the Energy Dissipation capacity by 

65.33% 

➢ The new reinforcement pattern A has 7.14% higher 

yield load carrying capacity than the conventional one which 

shows better performance of the new detailing in post elastic 

period. Fibre reinforced specimen’s exhibit further higher 

yield load capacity of 19%. 

➢ The specimen with reinforcement detailing pattern A 

exhibit higher efficiency of seismic behavior than control 

specimen and TS-B. Inclusion of steel fibres proved to be 

successful in further enhancing the seismic behavior as well 

as reducing crack propagations in beam-column joints. 
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