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Abstract 

In reinforced concrete framed structure the beam-column joint are critical regions and the joint take part in a very significant role 

both during the design and construction stages. There are practical difficulties involved in the construction of reinforced beam-

column joints. In the design and detailing of beam-column joints, it is desired to prevent the brittle shear failure of the joint so 

that the integral capacity of the connecting beams and columns can be developed. Unsafe design and detailing within the joint 

region will results in damage the entire structure, even if other structural members conform to the design requirements. The focus 

of review is to determine the variation of stresses, torsional effects and eccentricity impact on performance of joint under severe 

earthquake loads.  

Keywords: Beam Column joints, code provisions, stress variation, eccentric effects, additional reinforcement provision 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Past three decades’ extensive research has been carried out on studying the behaviour of joints under seismic conditions through 

experimental and analytical studies. The paper is aimed at making designers aware of the theoretical background on the design of 

beam-column joints highlighting important parameters affecting seismic behaviour of joint. Joints are point of weakness due to 

lack of adequate anchorages for bar entering the joint from the beam and column. It is generally recognized that beam-column 

joints can be critical regions in reinforced concrete frames designed for inelastic response to severe seismic attack. 

 In a moment resisting frame, beam-column joints are generally classified with respect to geometrical configuration and 

identified as interior, exterior and corner joints. The basic requirement of design is that the joint must be stronger than the 

adjoining beam or column member. It is important to see that the joint size is adequate in the early design phase; otherwise the 

column or beam size will have to be suitably modified to satisfy the joint shear strength or anchorage requirements. Several 

surveys carried out in the aftermath of major recent earthquakes have shown that beam-column joints represent one of the main 

sources of vulnerability in existing reinforced concrete (RC) constructions. A review of the behaviour and design of different 

types of beam-column joints in reinforced concrete moment resisting frames under seismic loading illustrates that design and 

detailing provisions for the joints in the current Indian seismic codes IS 13920:1993 and IS 1893:2002 are not adequate to ensure 

prevention of brittle failure due to large shear forces which develop in the joint during earthquake. The main aim of the review is 

to study the influence of various key parameters like:  

- Additional reinforcement provision,  

- Joint aspect ratio, 

- No of stirrups in joint area (Stirrups Ratio) and 

- Eccentric effect on beam-column joint using ANSYS 

The behaviour of exterior beam- column joint for resisting the shear mechanism subjected to cyclic loading is found to be 

complex if it is not detailed as per the requirement. Number of works has been reported on experimental study for strengthening 

beam-column joint. The literature has been reviewed to get the experimental data for making comparison with analytical model 

of present study. 

II. LITERATURE REVIEW 

 Concentric Beam-Column Joints: 

Joints are point of weakness due to lack of adequate anchorages for bar entering the joint from the beam and column. The 

concentric beam-column joint are the ones whose axes of beam and column are coinciding with each other. Most of the times 

these types of joints were used in recent construction works. A lot of research has been done on such joints in order to minimize 

the hazardous of failure of structures under severe combination of loads. In a moment resisting frame, three types of joints can be 

identified as .interior joint, exterior joint and corner joint. 
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Fig. 1: Types of Joints in Frame [1] 

It has been found from research that due to unsafe design and detailing within the joint region dangers the entire structure,  

even if other structural members conform to the design requirements. Due to formation of plastic hinges within the members 

results in failure of structure under the seismic loading. Hence, in seismic design, the damages in the form of plastic hinges are 

accepted to be formed in concentric joints specially in beams rather than in columns [1]. Therefore, it is postulated, the 

phenomenon of strong column and weak beam should be preferred while designing. In case of concentric joints the parameter 

which should be given more concern is column to beam flexural strength ratio. The joints should have enough strength to resist 

the induced stresses and sufficient stiffness to control the deformations. 

Some of research indicated the new modified techniques for steel reinforcement detailing. It is as: 

1) Cross inclined column bars [2] 

2) Headed bars in joint region [3] 

3) Additional diagonal bars in joint region [4] 

4) Cross bars in beam region [4] 

From above mentioned techniques except the headed bars provision is definitely helpful for reducing the brittle failure of 

concrete under the action of seismic loading. The research work [2] indicated that presence of inclined column bars introduces an 

additional mechanism of shear transfer. The greater the joint aspect ratio (hb/hc) less will be the contribution of the crossed 

inclined bars to the joint shear capacity. 

Where hc = width of column, hb = width of beam. 

Head bars technique used in experiment offers a potential solution for the problems like steel congestion, difficult fabrication 

and construction, as well as poor concrete placement. From the research it is found that the headed bars performed well as 

compare to diagonal braced bars and bent up bars under the action of seismic loading [3]. But in paper [4] it indicates the 

provision of large diameter cross bars in beam region results in improvement of performance of joint region under the seismic 

loading. The seismic design philosophy relies on providing sufficient ductility to the structure by which the structure can 

dissipate seismic energy. 

In concentric beam-column joints it is found that the behaviour of joint relies on the reinforcement detailing done. Most of the 

time the large degradation of shear stress takes place under the seismic load of column due to poor detailing of reinforcement at 

the joint section. The bond performance of the bars anchored in a joint affects the shear resisting mechanism to a significant 

extent. 

 Eccentric Beam-Column Joint: 

Eccentric beam-column joints are used in construction for a reinforced concrete exterior moment resisting frame in buildings. 

The columns are often wider than the edge-beams, resulting in an offset between the beam and column centrelines. This kind of 

connection is classified as an eccentric connection. 

 
Fig. 2: Plan & Isometric View of Eccentric Joint [5] 
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After the earthquake in japan (1995) design requirements for beam-column joints were enacted in the AIJ (Architectural 

Institute of Japan) standard for RC structures. Research done after occurrence and concluded the reduction of joint shear strength 

might occur in the actual buildings due to the eccentricity between the beam and column [6]. Nowadays due to architectural 

demand in RC structures such types of joints are mostly used. In an experiment on interior eccentric beam-column joint [6] 

indicated that the eccentricity in the joints led to lower capacity in story shear and severe damage of concrete on the side to 

which the centre line of beam shifted. Increasing of joint shear reinforcement at the joint core is not sufficient enough to mitigate 

the failure of concrete where beam is shifted but helps in minimizing the cracks width. Increase in shear reinforcement does not 

affect the ultimate strength at low axial load level (upto 20%) but at higher axial load levels (upto 80%) the ultimate strength of 

joint increases with increase in shear reinforcement [7]. In such type of joints torsional effects play an important role to degrade 

the shear capacity of adjacent concrete. 

Lateral seismic load results in reduction of axial load capacity of column and generate tension near the joint portion. Due to 

this loss of shear strength and consequent bond deterioration, the cracking is mainly concentrated in the joint. The column 

tension causes losses in ductility, joint-shear strength and energy dissipation capacity [7]. The response of joints under the 

gravity load is conventional but as soon as the seismic load acts on the structure results in degradation of the concrete strength 

and formation of the cracks near the beam region were the centreline of beam shifted. 

 
Fig. 3: Shear Distortion in Eccentric Joint [8] 

In paper [8] they have developed several relations on the stress and strain parameters indicating at the failure of joint region 

stress remains constant till the strain reaches to its full strain. They also specified due to seismic load additional stress is induced 

in longitudinal reinforcement of beam resulting in the beam flexural yielding. The research [8] further indicated that more 

analyses are required to fully quantify the effect of joint type and details on the principal strain ratio, and thus on joint strength. 

 Eccentric Beam-Column Joint with Floor Slab: 

In this type of joint a lot more research is required to do so. In such type of joint a slab effects is also taken into consideration 

while carrying out the experimental work on beam-column joint. The main design parameters selected as the eccentricity, normal 

beam width, and column section aspect ratio [9]. The experimental results indicated that when exterior joint have the floor 

system with slab and beams spanning in two perpendicular directions, the influence of the eccentric beam on the seismic 

behavior of the joint region changes significantly. From an experimental work [9] indicates that due to consideration of floor slab 

the effects of deterioration of shear stiffness and strength of joint is minimized. The minimization is mostly due to the 

development of torsional stiffness due to slab effects.  

Paper [10] has concluded some results on the basis of their experimental work on reinforced eccentric beam-column joint with 

floor slab.  

The effects of floor slab diminished differences between seismic performance of the specimens and increased joint shear 

strengths of the specimens when compared with other eccentric connections without floor slab. The research [10] also made a 

remark on ACI code design procedure which is quite conservative approach for such type of joints. 

 
Fig. 4: Isometric View of Beam-Column Joint with Floor Slab [10] 
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The eccentric beam-column joint with floor slab increases joint shear capacity by expanding effective joint width at the same 

time increases the shear demand on the joint region. Eccentricity between beam and column centrelines did not affect the global 

strength of the specimen, but strength degradation occurred at lower displacement ductility than in companion concentric 

specimens [11]. Finally the slab participation contributions to beam moment strength, joint shear demand and transverse beam 

torsional demand plays an important role in the behaviour of the joint, particularly with increasing drift. 

The paper [12] has reviewed ACI 318M-02, NZS 3101: Part 1:1995 and the Eurocode 8 of EN 1998-1:2003. All the three 

codes aim to satisfy the bond and shear requirement of joint section. It has been concluded that the depth of column in case of 

interior joint should have to be larger as compared to that in exterior joint from anchorage point of view. The horizontal and 

vertical transverse reinforcements are to be distributed within the joint to resist the diagonal shear cracking and to contain the 

transverse tensile strain in core concrete. There is a variation in bent provision to cross ties. NZS & EN codes provide 1350 bent 

for each end while in case of ACI it provides 1350 and 900 bents at ends. Thus there is a substantial variation in above three 

codes in detailing the joint reinforcement. 

III. CONCLUSIONS 

In Indian design practice, beam-column joint has been given less attention than it actually deserves. This paper contributes to the 

necessity for the design engineers to be aware of the fundamental theory of joints behaviour. In this context, the behaviour of 

different types of joints under different loading condition is discussed. An analytical study is still required for eccentric joints 

with and without slab consideration. The mechanisms involved in joint performance with respect to bond and shear transfer are 

critically reviewed and discussed in detail. A significant amount of ductility can be developed in structure with well-designed 

beam-column joints wherein the structural members could perform satisfactorily as per the capacity design principles. Further 

amount of reinforcement, detailing of reinforcement, strength of concrete and type of loading have distinct effects on the 

performance of beam-column joints. All these parameters should be considered while designing the joint for better effectiveness. 
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