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Abstract 
Reinforced concrete(RC) framed joints are the crucial components as they are subjected to huge shear demandnearly 4-6 times 

larger than the adjoining members under earthquake. Hence, seismic performance of beam-column joints is evaluated for two 

scenarios viz.,i) beam column joints designed for seismic force but not provided with ductility detailing (non- ductile specimen) ii) 

designed for seismic force and provided with ductility detailing according to code of practice. An exterior joint of a typical three 

storied three bay RC Framed building is considered for the study. The frame is designed considering all the combinations of loads 

specified in code of practice. The performance of the beam-column sub-assemblage is evaluated in terms of performance 

parameters, namely,load- displacement hysteresis, energy dissipation, strength and stiffness degradation. Even though the non-

ductile specimen has slightly higher beam reinforcement than the ductile specimen, the ductile specimen carried higher load than 

the non-ductile specimen in the view of detailing in joint region. This may be due to the confinement effect provided by the stirrups 

in the joint region in the view of closer spacing as per ductile detailing. The maximum load carried by ductile detailed specimen 

in the positive and negative cycles is 39% and 9% higher than that of non-ductile specimen. This signifies the importance of 

ductility detailing. 

 

Keywords: Beam column sub-assemblage, seismic performance, ductility detailing, Energy dissipation, strength 
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----------------------------------------------------------------------***-------------------------------------------------------------------- 

INTRODUCTION 

In RC framed structures, beam-column joints are crucial 

members as i) they dissipate the seismic energy imparted to 

the structure ii) hinder the force flow mechanism iii)if they 

fail it is difficult to repair a joint region and iv) joint 

deformation will increases the storey drift. According to the 

capacity design philosophy of strong column - weak beam, 

the flexural failure of beam is preferable as it is ductile 

mode of failure and dissipates more energy compared to 

other failure modes. In order to achieve these, different 

codes of practices, namely, Euro, ACI, NZ codes prescribe 

appropriate detailing practices so that the brittle failure 

could be avoided. The concept of ductility detailing was 

recogonised globally during late 70s and were incorporated 

in the codes of practices during 80s.  Hence, investigations 

on the seismic performance of beam-column joint which are 

detailed differently give insight into its behaviour and 

thereby enabling the suitable formulations to improve its 

seismic performance. 

 

Remarkable change in the design philosophies of RC framed 

structures for seismic resistance was made after the 

pioneering works of Megget and Park (1971), Park and 

Paulay (1973), Blakeley et al (1975), Paulay, Park and 

Priestley (1978), Park and YeohSikkeong(1979), Ehsani and 

Wight (1985).Murty et al (2003) conducted experimental 

investigation on the exterior RC joint with four details of 

longitudinal beam bar anchorage and three details of 

transverse joint reinforcement. The longitudinal bars are 

provided as U bars, standard ACI 90 hook, full anchorage of 

beam top and bottom bars and full anchorage of beam top 

bars and straight beam bottom bars. The transverse 

reinforcements are varied as closed ties, hair clips and no 

ties in the joint region. It was reported that the seismic 

performance of non-seismically designed structures could be 

improved by proper anchorage of longitudinal reinforcement 

and providing lateral reinforcement. It was also observed 

that ACI standard hook with hair clip type transverse 

reinforcement is preferable as it was easy to construct and 

effective when compared to the other schemes considered. 

Ramanjaneyulu et al. (2013) evaluated the seismic 

performance of exterior beam-column sub-assemblages by 

considering different evolution stages of Eurocode (EC) and 

Indian Standard (IS). It is found that the gravity load 

designed (GLD) structure is vulnerable to even medium 

intensity earthquake. Masi et al (2013) analysed the 

experimental results of gravity load designed and seismic 

load designed specimens tested in the University of 

Basilicata in Potenza, Italy. The numerical simulations are 

also carried out to understand the behaviour and to evaluate 

the stress distribution in the joint panel zone as function of 

axial load and to quantify the beam rebars deformation. 

From the study, two failure modes were observed i) mixed 

mode involving beam and joint damage ii) flexural failure 

involving beam only. It was also observed that mixed mode 

of failure reduces the deformation capacity.  
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In the present study, seismic performance of beam-column 

joints is evaluated for two scenarios viz.,i) beam –column 

joints designed for seismic force but not provided with 

ductility detailing (non- ductile specimen) ii) designed for 

seismic force and provided with ductility detailing according 

to Indian code of practice.The performance of the beam-

column sub-assemblage is evaluated in terms of 

performance parameters, namely,load- displacement 

hysteresis, energy dissipation, strength and stiffness 

degradation. 

 

DETAILS OF SPECIMEN 

A typical three storied RC Framed building with 6m span 

and 3.5m floor height each is analysed for dead load, live 

load and seismic loads. The seismic loads are arrived 

according to IS1893 based on equivalent seismic load 

method. For the computation of base shears due to seismic 

load, the horizontal seismic acceleration coefficient is 

estimated with the response reduction factor of 3 and 5 

respectively for non-ductile (SP2) and ductile specimens 

(SP3).Beams and columns are designed for worst 

combination of forces as per IS standards as 

1.5DL+1.5LL,1.5DL+1.5EL, 1.5DL-1.5EL, 

1.2DL+1.2LL+1.2EL and 1.2DL+1.2LL-1.2EL. The cross 

section dimensions of 300mmx400mm and 300mmx300mm 

are adoptedfor beam and column respectively for both 

ductile and non-ductile specimens. The non-ductile 

specimen is detailed according to SP34 whereas ductile 

specimen is detailed according to the IS 13920. The 

specimens are instrumented extensively by affixing strain 

gages at critical locations identified on the reinforcement 

bars. Strain gages areaffixed on the main reinforcement bars 

of the beam near the junction upto the distance„d‟, i.e. the 

depth of the beam and on the column main bars, column ties 

and beam stirrups. The concrete of mix proportions 

1:1.695:3.013 with water cement ratio of 0.5 is used. The 

specimens are cast and are cured for 28 days using wet 

curing. The reinforcement details are given in the Figures 1 

and 2 for SP2 and SP3 specimen respectively. The concrete 

cubes and cylinders which were cast along with the 

specimen were tested and the average compressive strength 

and split tensile strength of concrete are presented in Table 

1.  

 

Experimental Investigations  

The test specimens are also instrumented with LVDTs 

(linear variable displacement transducers), which are 

mounted on the joint surface as well as attached to the beam 

and the column segments to measure deflections along the 

length of beam and column segments and to calculate the 

rotation of the joint.The test setup is arranged on the test 

floor so that the beam-column joint is positioned 

horizontally parallel to the floor and the cyclic load is 

applied in the plane of the test floor. The schematic diagram 

of test set-up and positioning of test specimen is shown in 

the Fig.3a.An axial load of 300kN is applied to the column 

by hydraulic jack at one end of the column against the 

reaction block at the other end.The level of axial load in 

column was arrived by analysis of the global system of the 

three storey four bay building. The lateral load was applied 

on the beam tip in displacement control mode using 25t 

actuator, according to the load history shown in Fig. 3b. 

Reverse cyclic load is applied in terms of drift ratio (%) of 

the component where the drift is calculated asper equation 

(1). 

 

Drift ratio (%) = (∆l/ lb)x100  (1) 

 

Where, Δl and lb are the applied displacement at the beam 

tip and the length of the beam from columnface to the 

application point of the displacement respectively. Three 

complete cycles are applied at each drift ratio. 

 

Progressive Cracking 

For specimen SP2, the first flexural cracks are developed at 

the face of the joint in beam top and bottom at the drift ratio 

of 0.367%. The flexural cracks spread throughout the twice 

the depth of the beam till the drift ratio of 1.47 %. At the 

drift ratio of -0.735%, the diagonal shear cracks appeared 

along diagonal connecting beam bottom and column outer 

face. At drift ratio of 1.47%, the shear cracks appeared along 

the diagonal connecting beam top and column outer face. At 

the drift ratio of 2.2%, flexural cracks appeared at the outer 

face of column. As the joint is provided with horizontal ties 

and the beam bottom as well as top bars are anchored, the 

diagonal cracks widened in both directions with the further 

increment of drift ratio. The diagonal strut mechanism could 

be mobilized along both diagonals of the joint which is 

evident from Fig.4a. After the yielding of beam 

reinforcement, the damage is shifted to joint region and 

resulted in the severe joint damage. During the final stage of 

loading, at + 5.88% drift ratio, upheaving of concrete in the 

joint region and opening of joint is observed as shown in 

Fig. 4b.  

 

In specimen SP3, at drift ratio of 0.367%, first flexural 

cracks are appeared at the joint face at the beam bottom and 

but the first flexural crack on the beam top is appeared at the 

drift ratio of 0.735%.  The flexural cracks spread throughout 

the length of beam with increment ofdrift. The first diagonal 

shear cracks are formed in the joint at the drift ratio of 

1.47%. As the joint is provided with confinement in the 

form closely spaced ties and the presence of intermediate 

column bars enables mobilisation of shear resistance 

through compression strut, vertical and horizontal 

mechanism which is evident from the crack pattern 

observed. At the final stage of loading (at +7.05% drift 

ratio) column cover concrete at the outer face of column 

spalled-off and upheaving of joint concrete is also observed 

as shown in Fig.5. 

 

Results and Discussions 

Load Displacement hysteresis  

The load versus displacement hystereses obtained from the 

experiments are presented in Figs 6 and 7. The maximum 

load carried by the SP2 and SP3 specimens in the positive 

cycle (i.e., tension on Beam bottom) are 58kN and 94kN 
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respectively. The higher load carried by ductile specimen is 

due to provision of positive steel at the joint face equal to at 

least 50% of negative steel at that face from ductility 

detailing consideration.  In the negative cycle, maximum 

load carried by the SP2 and SP3 specimens are 112kN and 

123kN respectively. Even though the non-ductile specimen 

has slightly higher reinforcement than the ductile specimen, 

the ductile specimen carried higher load than the non-ductile 

specimen.This may be due to the confinement effect 

provided by the ties in the joint region. In the negative cycle, 

both specimens exhibited almost similar hysteric behavior. 

Whereas in the positive cycle remarkable improvement in 

the hysteric behaviour is observed. The maximum load 

carried by SP3 in the positive and negative cycles is 39% 

and 9% higher than SP2 respectively. Even though the total 

area of steel (ie including main steel of beam, column and 

stirrups) provided in the both specimens are almost same 

ductile specimen showed remarkable performance. This 

signifies the importance of providing ductility detailing. 

Though the seismic performance of SP3 is superior to SP2, 

weak beam-strong column mode of failure is not observed in 

the both specimens.  

 

Load versus displacement envelopes obtained for both 

specimens are depicted in Figure 8. It could be observed that 

the ductile specimen carried much higher load for all the 

displacement levels in the positive cycle. In the negative 

cycle, both specimen carried almost same envelope load till 

37.5mm displacement level (i.e., till the yielding of steel 

reinforcement) but ductile specimen carried much higher 

load beyond 37.5mmdisplacement cycles. The ductile 

specimen sustained maximum displacement of 120mm 

whereas the non-ductile specimen could sustainmaximum 

displacement of 100mm at beam tip. 

 

Energy dissipation  

The energy dissipation is the crucial performance parameter 

as the most of the seismic design principles rely on the 

inelastic deformation of the structure to withstand severe 

earthquakes.It is highly essential to ensure the required 

energy dissipation to prevent collapse of structures during 

severe earthquake. The cumulative energy dissipation 

capacity of specimen is shown in Fig 9. The cumulative 

energy dissipated by specimen SP2 and SP3 are almost same 

during the initial cycles up to the drift ratio of 2.2% (up to 

yielding of steel reinforcement). After the drift level of 

2.2%, the cumulative energy dissipation of ductile specimen 

is much larger than that of SP2. The cumulative energy 

dissipation of SP3 is 2.5 times larger than that of SP2. Even 

though the maximum load carried by both specimens are 

nearly same, the energy dissipated by SP3 is enormous 

when compared to that of SP2. Thus energy dissipation 

depends on the ductility rather than on the strength of the 

specimen. 

 

Stiffness degradation 

The stiffness degradation of the specimens is shown in Fig 

10. Before failure all the specimens have undergone severe 

damage in the form of flexural cracks, shear cracks and up 

heaving of concrete at the joint due to excessive shear 

deformation. This resulted in huge stiffness degradation of 

above 90% in both the specimens. Stiffness degradation of 

specimen SP3is lower than SP2 in both positive and 

negative cycles for all the drift ratios. At drift ratio of 2.2%, 

stiffness degradation in first cycle of SP3 is 8%in positive 

cycle and in the corresponding negative cycle it is 11%, 

lower than SP2. It is observed that stiffness degradation in 

the positive cycles is more than the stiffness degradation in 

the negative cycle for both SP2 and SP3. At drift ratio of 

2.2%, stiffness degradation of first positive cycle is 14% 

and12% lower than corresponding negative cycle in SP3 and 

SP2 respectively. 

 

Strength degradation 

The strength degradation in second and third cycles with 

respect the first cycle at each drift ratio is shown in Fig 11. 

It is observed that the strength degradation in the positive 

cycles is larger than the negative cycle for SP2 whereasSP3 

has undergone equal degradation in both positive and 

negative cycles. Even though SP2 is designed for higher 

seismic forces than SP3 the strength degradation of SP2 is 

much larger than SP3 in both positive and negative cycles. 

Strength degradation of SP3 is less than 10% till the drift 

ratio of 3.67% in both positive and negative cycles. The 

maximum strength degradation of SP3 and SP2 in positive 

cycles is 17% and 28% respectively and in negative cycles 

are 19% and 23% respectively. Specimen SP2 has larger 

beam top reinforcement than SP3 but still the strength 

degradation and maximum load carried by SP2 is larger than 

SP3. The confinement provided by the ties/stirrups improves 

the load carrying capacity and reduces further damage.  

 

After the yielding of beam reinforcement, specimen SP2 

showed global strength degradation i.e.  degradation in 

strength with drift increment behavior in both positive and 

negative cycles. In specimen SP3, the negative cycles 

showed a global strength degrading behavior whereas in the 

positive cycles the load sustained from a drift ratio of 2.2% 

to 3.6% beyond which global strength degradation behavior 

was observed.  

 

CONCLUSIONS 

Seismic performance of ductile and non-ductile exterior 

beam column sub-assemblage specimens are evaluated by 

conducting reverse cyclic load test.The performance of the 

beam-column sub-assemblage is evaluated in terms of 

performance parameters, namely,load- displacement 

hysteresis, energy dissipation, strength and stiffness 

degradation. The maximum load carried by ductile detailed 

specimen in the positive and negative cycles is 39% and 9% 

higher that of non-ductile specimen. The cumulative energy 

dissipation of SP3 is 2.5 times larger than SP2. Even though 

the maximum loads carried by both specimens are nearly 

same, the energy dissipated by SP3 is enormous when 

compared to SP2.Stiffness degradation of specimen SP3 is 

lower than that of SP2 in both positive and negative cycles 

for all the drift ratios.The maximum strength degradation of 

SP3 and SP2 in positive cycles is 17% and 28% respectively 
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and in negative cycles are 19% and 23% respectively. 

Though the seismic performance of SP3 is superior to SP2 

weak beam-strong column mode of failure is not observed in 

both the specimens. Thus, the present study enlightens on 

the behavior of specimen that are designed with prevailing 

code and also be useful to improve the empirical and too 

general provisions of code. 
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Table 1 Strength parameters of concrete 

Specimen  

Average  cube compressive 

strength of concrete 

(N/mm
2
) 

Average cylinder 

compressive strength of 

concrete (N/mm
2
) 

Average  split tensile 

strength of concrete 

(N/mm
2
) 

Non ductile  46.75 34.66 2.87 

Ductile 55.41 34.72 2.75 

Figures 

  

Fig 1 Details of specimen SP2 Fig 2 Details of specimen SP3 
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Fig 3a Set up for experimental investigation 

 

Fig 3b Reverse cyclic loading history 

 

 
 

Fig 4a Crack pattern at +2.94%(left) and -2.94%(right) drift ratio –SP2 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________ 

Volume: 04 Special Issue: 13 | ICISE-2015 | Dec-2015, Available @ http://www.ijret.org                                            216 

 

 

Fig 4b Crack pattern at +5.88%(left) and -5.88%(right) drift ratio –SP2 

 

 

 

Fig 5 Crack pattern at +7.05%(left) and -7.05%(right) drift ratio –SP3 

 

 

Fig. 6 Load Displacement hysteresis of SP2 Fig. 7 Load Displacement hysteresis of SP3 
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Fig. 8 Load Envelope of specimens SP2 and SP3 

 

 
Fig. 9 Cumulative energy dissipation 

 
Figure 10 Stiffness Degradation of specimens  
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Figure 11 Strength Degradation of specimens 

 


