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 The beam - column joint is resisting the forces against both horizontal and vertical 

directions, which is particularly vulnerable failure during earthquake. For achieving a 

strong beam-column joint, the incorporation of fibres like steel and uses of high 

performance concrete material is must resist these lateral forces. So the knowledge of 

exterior beam-column joint study is essential. This paper presents a review of the 

experimental research associated with the behavior of beam-column joint under various 
loadings with the incorporation of steel fibers in High Performance Concrete. The 

incorporation of fibre in high performance concrete increases the strength, durability, 

stiffness and one of the possible alternative solutions for reducing congestion of 
traverse reinforcement. From the general review of previous experimental works, it is 

concluded that addition of steel fibre in plain concrete increases the energy dissipation 

capacity of deflections and curvature at peak load. Also, it improves the dimensional 
stability, integrity of joints and it decreases the stiffness rate of degradation. Finally, 

scope for a future line of work is recommended. 
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INTRODUCTION 

 

 The knowledge of design of reinforced concrete structure is very essential in carrying of anticipated loads 

acting on the structures during the life span especially lateral forces like an earthquake. In general, there are 

three types of joints identified, namely, Interior joint, Exterior joint and Corner joint. Exterior Beam-column 

joints are most critical regions in reinforced concrete frames subjected to severe seismic attack.  The cracking of 

joint implies the reversal of bending moment which can produce shear and bond failure. However, fibre 

concrete can sustain a portion of its resistance following cracking to resist more cycles of loading. Ganesan.N, 

Indira.P.V.(2000) deals with exterior beam-column joints that employ steel fibre reinforced concrete and natural 

rubber latex under cyclic loading. Test results have indicated that the capacity of the joint increased. Mustafa et 

al(2002) reported that , the study on the effect of steel fiber reinforced concrete on the behavior of the exterior. 

Beam-column joints subjected to reversed cyclic loading shows the usage of steel fiber reinforced concrete in 

beam-column joints can be an alternative solution for minimizing the density of traverse reinforcement. 

 Ganesan et al(2009), evaluated the High Performance Concrete beam-column joints subjected to cyclic 

loading using steel fibre. Test results indicate that the provision of SFHPC in beam-column joints enhances the 

strength, ductility and stiffness, and is one of the possible alternate solutions for reducing the congestion of 

transverse reinforcement in beam-column joints. Bindhu.et al(2009) reported that, the specimens with inclined 

bars as confining reinforcement exhibited higher strength with minimum cracks in joint and increases in axial 

load improved the load carrying capacity of joint.  

 Ganesan.et al(2009) reported that the application of steel fibre reinforced high performance concrete on 

beam-column joints, the ultimate load carrying capacity is increased to 40% for 1% fibre content. Displacement 

ductility values show an increase of 3.5times that that of High Performance Concrete specimen in the case of 

monotonic loading. Curvature ductility also increased to a maximum of 2.35 times comparing with High 

Performance Concrete specimens. 

 Perumal.et al(2010), the hybrid fibre combinations of 1.5% of steel fibre and 2.0% of Polypropylene have 

best performance considering the strength, energy, dissipation capacity and ductility factor. Perumal.P & 

Thanukumari (2010), evaluates the behavior of M60 concrete using fiber cocktail in exterior beam-column joint 

under reversed cyclic loading. The test results show that the addition of Polypropylene fibre to the Steel fiber is 
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optimum for percentage of 0.2, which produces the high value of energy absorption, curvature ductility factor 

and minimum rotation and strain in reinforcement. 

 Bindhu.K.R. Jaya.K.P.(2010), the test specimen with diagonal confining bars have shown better 

performance, exhibiting higher strength with minimum cracks in joint. From the analytical study it is observed 

that the provision of cross diagonal reinforcement increased the ultimate load carrying capacity and ductility of 

joints in the both upward and downward loading conditions.  

 Bindhu.K.R. & Sreekumar.K.J.(2010) Additional reinforcement in the shape of diagonal collar  stirrups in 

beam improves the strength and ductility to an extent of 98% and 54% respectively when comparing to 

specimen detailing as per IS: 13920-1993.Perumal.P &Thanukumari.B(2010) the results of reversed cyclic 

loading test performed on one fourth scaled exterior beam column joint model, indicate that the fibre reinforced 

concrete is an appealing alternative to conventional confining reinforcement for providing adequate ductility. 

The incorporation of 1.5% of steel and 0.2% of polypropylene fibre have best performance considering  the 

energy dissipation capacity and ductility factor but the ultimate load carrying capacity is reduced by adding 

Polypropylene Fibre. 

 

Experimental Programme - Details of Specimens: 

 Ganesan, et al., (2000) under flexural cyclic loading condition ten members of exterior beam-column joint 

was investigated. The dimensions of beam and column are 200mm x 150mm. The length of the beam from the 

face of the column is found to be 800mm and inter-storey height of 1m. The beam was reinforced with 2nos.-

12mm dia at both top and bottom with transverse reinforcement of 6mm dia. Volumetric ratio of 0.89 and 1.22, 

natural latex of 0.5% and 1.0% with four different combinations are used. The percentage of steel fibre exceeds 

by 2 the normal strength concrete mix become low workability. 

 Ganesan.et al (2002) M60 mix was prepared with 10% partial replacement of cement by silica fume, 20%  

flyash and 0.25,0.50,0.75 &1.0 volume fractions of fibre with SNF based super plasticizer of different 

combinations of workable concrete prepared 

 Mustafa.et al(2002) is investigated four specimens made of steel fibre reinforced concrete. First specimen is 

tested under controlled condition compared to plain concrete while third and fourth of steel fibre reinforced 

concrete are tested under confinement zones of beam-column joint . Two different grades of ready mix concrete 

used. The characteristic compressive strength of concrete and steel fibre reinforced concrete varies between 

26mpa& 33mpa and 22mpa&26mpa respectively. The hooked end steel fibre of aspect ratio 75 is used. The 

maximum size aggregate is 10mm and volume of steel fibre is 1.0%. 

 

 
 

Fig. 1:  Schematic diagram of test set-up
4 

 

 Bindhu.et al(2009) the effect of non –conventional reinforcement detailing the pattern on the diagonal face 

of the joint as a replacement of stirrups was studied. The experimental setup is shown in figure-1and typical 

reinforcement detail of IS:456-2000 & IS: 13920-1993 are shown in figure 2 &3. The average compressive 

strength was found to be 44.22MPa.  
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 Perumal.P & Thanulumari.B(2010)  the effect of cocktail fibre in exterior beam-column joint was studied 

under earth quake loading and concluded that  it is best performance for considering  strength, energy absorption 

capacity and ductility factor.  

 Bindhu.K.R. & Sreekumar.K.J.(2010) is investigated four one third scaled exterior beam-column joint with 

one conforming to IS: 13920-1993. The specimen two and three are detailed with diagonal collar ties at joints in 

beam reinforcement and without diagonal collar ties at the joint in beam reinforcement respectively. Fourth 

specimen with higher spacing of ties in the joint region. All the specimens are subjected to reverse cyclic 

loading in structures. Based on the experimental analysis, it is found that the second specimen shows better 

performance than the others.   

 

 
 

Fig. 2: Typical Reinforcement details of the beam column joint specimen as per IS: 456 with diagonal confining 

bars
4 

 
 

Fig. 3: Typical Reinforcement details of the beam column joint specimen as per IS: 13920 with diagonal 

confining bars
4 

 

Testing of specimens: 

 Ganesan, et al., (2000) using Universal Testing Machine of capacity 294.3KN all the cast specimens were 

tested. Initially 20% of the axial load is applied to the column. So that the column should in a vertical position to 

stimulate the column axial loads. For every increment of 4 KN load deflection, curvature, energy absorption 
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capacity was recorded. A load cell of high precision of last count 0.098KN was used. The loading and unloading 

operations are simultaneously operated continuously with an increment of 4KN to record the readings up to the 

failure mode. Using a dial gauge with a least count of 0.01mm the deflection was measured during loading. 

 Mustafa, et al., (2002) the specimens was tested under reverses cyclic loading to evaluate the behavior of 

beam-column joint. The load is applied at the tip of the beam and crack propagation at various levels is studied. 

Incorporation of steel fibre prevents shear crack and increasing the shear capacity of the section. 

 Bindhu, et al., (2009) studied the beam-column-joint assemblages under both axial and reverse cyclic 

loading with the high capacity of the 981KN loading frame, a constant axial load of 392.4KN was applied to the 

column for simulating the gravity load. A load of 15.92KN and 53.06KN was considered for axial load of the 

first series and second series. The end condition of specimen is one end is fixed and the other end is free to 

rotate. Fixed end is connected with the strong reaction floor whereas the free end was laterally restrained by a 

roller support.  Through hydraulic jacks a cyclic load of 196.2KN is applied to both top of the loading frame and 

bottom of reaction slab. An incremental load of 1.962KN and reload of 1.62KN was considered for subsequent 

cycles. 

 Perumal, et al., (2010) all the specimens were cast and tested in loading frame. The nature of loading 

applied is reversing cyclic.  Screw jack and hydraulic jack are used for downward and upward displacement at a 

distance of mm from beam end.  The test was carried out up to failure of displacement control subjected to 

reverse cyclic loading. The load and displacement were measured with precision of proving ring and dial gauge 

respectively. 

 Bindhu, et al., (2010) the specimen was kept in upright position and static load is applied. The end 

condition of the column is both ends are hinged. Deflection test was conducted with increment not exceeding 

2.5mm up to the failure under lateral loading. During testing the behavior of the specimen is evaluated, i.e., 

ultimate load, load vs displacement and energy absorption. 

 

RESULTS AND DISCUSSION 

 

 All the specimens’ cracks appeared near the joint after the first crack load. As the loading is increased 

additional cracks formed. The addition of 0.5% of volume of steel fibres, improves the ultimate load by 30 

percent. When the fibre content increases, that is, at one percent of volume of fibres, the ultimate load increases 

by about 50 percent. Deflections, curvature at peak load and energy absorption capacity were significantly 

increased with the increase in fiber content and the addition of latex Ganesan. et al (2000).   

 The results indicate that the ductility and strength capacity could be increased by using SFRC and 

decreasing the stirrups in the joint and confinement regions of the beam and column. The use of SFRC and 

traverse reinforcement in the critical regions can be recommended, in view of the total dissipated and stored 

energy, Mustafa.et al (2002).  

 Ganesan. et al (2007) the SFRHPC joint imparts high ductility. Addition of fibers to the beam-column joint, 

decreased the rate of stiffness degradation appreciably when compared to the joints without fibers & load 

carrying capacity of the joints also increased with increasing fibre content.  

 Bindhu.et al(2009) it was found that the specimens with inclined bars as confining reinforcement exhibited 

higher strength with minimum cracks in the joint. Specimens with inclined bars on the face and hairpin bends as 

lateral steel had higher strength no appreciable deterioration compared to other types of specimens. The increase 

in axial load improved the load carrying capacity of joint.  

 Perumal.et al (2010) the development of displacements in the hybrid fibre reinforced concrete joint is 

comparatively very low to High Performance Concrete joint containing steel fibre. The addition of 

polypropylene fibre increases the energy dissipation capacity, ultimate load, when the dosage of polypropylene 

fibre is 0.2 %.It is possible to reduce the congestion of steel reinforcement in beam-column joint by replacing 

part of ties in columns of steel and synthetic fibers and thereby reducing the cost of construction.  

 Bindhu,et al (2010) Seismic performance of reinforced concrete moment resisting frame structures, mainly 

depends upon the inelastic behavior of joints. The load carrying capacity of the specimen additionally reinforced 

with beam and diagonal collar stirrups is nearly 98 % higher than the specimen detailed as per IS:13920 and 10 

% more than the specimen with additional beam reinforcements .Also the specimen detailed with increased 

spacing of ties at joints gave unfavorable results; i.e., a reduction of 10 % with regard to load carrying capacity . 

 

Conclusions: 

 The following conclusions are derived from this general review as follows: 

1. The general review has given the guidelines for casting of exterior beam-column with High Performance 

Concrete mix with various replacement levels of fibers. 

2. The reinforcement detailed as per IS: 456-2000 and IS: 13920-1993 had been tested with and without 

diagonal cross bars in the joint region and achieved better results. 
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3. Addition of steel fibers to the beam-column joints increases the stiffness when compared to the plain 

concrete joint. 

4. Deflections, curvature at peak load and energy absorption capacity were significantly increased with 

increase in fiber content. 

5. To eliminate the high level density in lateral ties steel fibre reinforced concrete is recommended. 

6. It imparts high ductility to the Steel Fibre Reinforced High Performance Concrete joints. 

7. Addition of steel fibers improves dimensional stability and integrity of joints. 

8. Incorporation of steel fibers in concrete increases the ultimate strength, joint shear stress. 

9. In a futureline of work, exterior beam-column joint with diagonal cross bars in the joint and High 

Performance Concrete with Silica fume, GGBS, Metakaolin will be tested and behavior of specimen with 

reinforcing detailing as per IS Code of practice and ductile detailing  has been studied. 
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