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Abstract — Beam-Column joints in a reinforced concrete moment resisting frame are crucial zones for transfer of loads 

effectively between the connecting elements in the structure. It has been observed that during earthquakes, Corner Joints 

are under heavy distress due to shear in the joints which results in the collapse of the structure. The previous studies 

have confirmed that corner joints subjected to opening moments are more critically influenced by the detailing of 

reinforcement than those subjected to closing moments. In the first part of the study four frames with different 

reinforcement detailing arrangement i.e. conventional L-type detailing arrangement (SP1), inverted U-type detailing 

with diagonal steel at corner (SP2), inverted L-type detailing with splay steel (SP3) and overlapping U-stirrups type 

detailing (SP4) were analyzed using ATENA 2D software. Based on the results from ATENA software in terms of 

ultimate load, first crack load, crack initiation width and crack width at ultimate load, specimen SP3 was selected for 

further investigations as this specimen performed better structurally. In the second part of study, the effect of different 

sizes of chamfer at reentrant corner; the effect of different percentage of tension steel; effect of different percentage of 

compression steel; effect of different spacing of shear reinforcement; effect of different percentage of splay steel; effect of 

different grades of concrete; and effect of different percentage of grade of steel were observed on specimen SP3. 
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I. INTRODUCTION 

 

Joints are crucial in Reinforced Concrete framed structures where the elements of the structure such as beams 

and columns intersect. Beam-Column Joints ensure that various members of RC framed structure behave as one unit and 

makes RC framed structure continuous. Forces acting at the ends of the members are transferred through these joints. It 

has been often seen that failure in beams of Reinforced Concrete framed structures occurs at joints making the Beam-

Column joint one of the most critical sections of the structure. There is sudden change in geometry and complexity of 

stress distribution at joints of Reinforced Concrete Framed Structures which makes these joints critical. Design of Beam-

Column joints in RC framed structures was generally based to satisfy anchorage requirements initially. But nowadays it 

has been found out that behaviour of joints depends on a number of factors such as Geometry of structure, reinforcement 

detailing, strength of concrete, Reinforcement strength, type of loading, etc. Basic requirements so that Beam-Column 

joints in Reinforced Concrete framed structures perform desirably are:- 

i. A RC framed beam-column joint should exhibit a service load performance equal in quality to that of members 

it joins. 

ii. A RC framed beam-column joint should possess a strength that corresponds at least with the most adverse load 

combinations that the adjoining members could possibly sustain, several times if necessary. 

iii. The strength of the joint should not normally govern the strength of structure and its behaviour should not 

impede the development of the strength of adjoining member. 

iv. Ease of construction and access for placing and compacting concrete are other prominent issues of joint design. 

 

II. METHOD OF ANALYSIS 

 

When studying the response of a concrete structure subjected to external load, the traditional way is to carry out 

experiments in which different parameters are varied. The observations made may then be used to propose mechanical or 

empirical models that can adequately describe the structure‟s behaviour. However, not only is this approach quite 

expensive but it cannot be counted on to give all the information needed. Another approach is to make use of the 

advanced computational techniques available today. By using the non-linear finite element method, in which the concrete 

material models are based on non-linear fracture mechanics to account for cracking, together with plasticity models for 

the reinforcement steel and the concrete in compression, the need for experiments can be greatly reduced. In such a finite 

element analysis, it is possible to evaluate the response of a structure more thoroughly than can be done in an experiment. 

However, the experiments cannot be replaced completely since they are still vital to check whether the finite element 

simulations correspond to reality. This means that even if both methods have their advantages when used alone, they can 

become an even more powerful tool when used together. Accordingly, in combination with the experiments, the use of 

non-linear finite element analyses will result in a better understanding and prediction of the mechanical behaviour in a 

structure during loading to failure. 
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III. METHODOLOGY 

In the present study, four different detailing arrangements subjected to opening moment were critically evaluated by 

finite element technique using ATENA 2D software and structural response was obtained in terms of load deflection 

curves and cracking pattern etc. 

.    

 

  

 

 

 

 

 

 

 

 

 

 

 

 

                                                                   

 

 

Fig 1: Plan of Specimen 
 

 
                                

                                      Fig.2: Conventional L type detailing arrangement (SP1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   

Fig.3:  U type detailing arrangement with diagonal steel (SP2) 
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Fig.4: Inverted L- type detailing arrangement with splay steel (SP3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                         Fig.5: Overlapping U Stirrups type detailing arrangement (SP4) 

 

The complete geometry is defined and a finite element is prepared for nonlinear analysis by ATENA. The purpose of the 

geometric model is to describe the geometry of the structure, its material properties and boundary conditions. The 

analytical model for the finite element analysis is created during the preprocessing with the help of fully automated mesh 

generator. The geometrical model is prepared in the following steps. 

 First, geometric joints are defined. 

 These joints are later connected into the boundary lines. It is possible to create straight lines, arc or circular 

lines. 

 The subsequent step is to define macro elements or regions, by specifying a list of boundary conditions, 

which surround the macro-element. 

 After the macro elements are defined, it is possible to start an automatic mesh generation. Based on the 

element sizes that are defined for each macro element, a finite element mesh is generated automatically. 

 In the next step, the reinforcing bars are defined which includes both the longitudinal and transverse 

reinforcement. This includes specifying the number of bars, their spacing and their diameter. 

 In this step, the supports and actions are defined. The beam is loaded by prescribed displacements at the 

loading points. It is possible to apply load by the horizontal forces, which will be increased in each step. In 

this case, two load case are defined: one containing the vertical and horizontal supports, and second with 

the prescribed deformations at the inner side of a beam of defined loading points. 

 The loading history is defined. Next, each load step is defined as a combination of load cases, which is 

defined previously. Each load step contains also a definition of the solution parameters, which define 

solution methods that are to be used during the load steps. 
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 During the nonlinear analysis it is useful to monitor forces, displacements or stresses in the model. The 

monitored data can provide important information about the state of structure. The monitoring of applied 

forces determines whether the maximum applied load reaches or not. In this case, the first monitoring point 

is placed at the inner side of column where prescribed displacements are applied. The second monitoring 

point should be located at the outer side of the column near its bottom surface, where the largest vertical 

displacements are expected. 

In the pre-processing section, to obtain a complete geometry of the model, the material properties are defined as follows: 

Concrete 

 Material type   *SBETA Material 

 Cube strength   30 MPa 

 Elastic Modulus                 5000 √ fck 

 Poisson‟s Ratio                 0.2 

 Tensile Strength                 0.7√ fck 

 Compressive Strength  0.677fck 

 Compressive Strain  0.002 

Steel Plates 

 Material type   Plane stress elastic isotropic 

 Elastic Modulus                 2.1E+05 MPa 

 Size    200 x 100 mm 

 Thickness    50 mm 

 Poisson‟s Ratio                 0.3 

Reinforcement 

 Material type   Reinforcement 

 Elastic Modulus                 2.0E+05 MPa 

 Yield Strength   415MPa 

Other specifications 

Type of Element                 Quadrilateral 

Element Size   0.058m 

Prescribed Deformation                0.0005m per load step 

No. of load steps                 50 

 

IV  EVALUATION OF STRUCTURAL PERFORMANCE 

The structural performance of test specimens was evaluated in terms of following parameters. 

1. Load-Deflection Behaviour  

The load vs. deflection curve plots are taken from ATENA after post processing and the displacement component along 

x-axis and the load or applied forces component along y-axis. The deflection is observed at the opposite side of point of 

application of applied load. 

2. Cracking Pattern and Mode of Failure  

The general patterns of cracking in all the portal type reinforced concrete specimens were closely observed during the 

analysis. The crack width before failure, load at first crack, crack width at service load and ultimate load for all the portal 

type specimens were also critically recorded. The mode of failure can be explosive failure, fracture of rebar, spalling of 

concrete, crushing of concrete in compression zone or diagonal tension failure.   

3. Efficiency  

The ultimate moment (MUT) based on ultimate load given by ATENA was compared with the nominal theoretical 

ultimate moment of resistance of the design section (MUC), the design section being located in the weaker framing 

member of the specimen. The value (MUT / MUC) x 100 is a measure of the percentage efficiency of the joint. This value 

must be greater than or at least equal to 100 % in order that the joint may be as strong as the weaker cross section framing 

into it. 

Hence, Efficiency „ ‟ = 100
UC

UT

M

M
  

Where MUT = Ultimate moment based on ultimate load given by ATENA 

MUC = Nominal theoretical ultimate moment of resistance of the design section. 
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V CONCLUSIONS  

The conclusions are drawn based on the analytical study carried out on behavior of RC framed beam-column corner 

joints subjected to loads that tend to impart opening moment to the corner joint. Four frames with different reinforcement 

detailing arrangement were analyzed using ATENA 2D software. Four detailing types that was analyzed were 

conventional L-type detailing arrangement (SP1), inverted U-type detailing with diagonal steel at corner (SP2), inverted 

L-type detailing with splay steel (SP3) and overlapping U-stirrups type detailing (SP4). The grade of concrete (M30), 

grade of steel (Fe415), percentage of tension steel (0.76%), spacing of shear reinforcement(100mm) and percentage of 

compression reinforcement (50% of main steel) was kept same for all the specimens. After that the effect of different 

sizes of chamfer at reentrant corner i.e. 25mm, 50mm and 75mm; the effect of different percentage of tension steel i.e. 

0.76%, 0.96%, 1.16%; effect of different percentage of compression steel i.e. 50%, 75% and 100% of tension steel; effect 

of different spacing of shear reinforcement i.e. 75mm, 100mm, 125mm; effect of different percentage of splay steel i.e. 

50%,75% and 100% of tension steel; effect of different grades of concrete i.e. M20, M30 and M40; and effect of 

different percentage of grade of steel i.e. Fe250, Fe415 and Fe500 were observed on specimen SP3. 

The following conclusions can be drawn on the behavior of RC framed corner joints subjected to loads that imparts 

opening bending moments:- 

a) The structural response of frame corners subjected to opening bending moment could be faithfully captured to a 

significant degree of accuracy with the use of non linear finite element analysis techniques.  

b) The structural performance of inverted L-type detailing with splay steel (SP3) was better in terms of ultimate 

load, joint efficiency and crack widths. 

c) The ultimate load sustained by specimens SP1, SP2, SP3 AND SP4 was 5.15KN, 8.65KN, 12.15 KN and 

10.38KN respectively.  

d) The joint efficiency exhibited by specimens SP1, SP2, SP3 and SP4 was 46.17%, 77.54%, 108.9% and 93.05% 

respectively. 

e) The crack width at service load level was observed to be least for specimen SP3. The crack widths at service 

load of 0.351mm, 0.0.211mm and 0.330mm were recorded for specimens SP1, SP2 and SP4 respectively, where 

as for specimen SP3 the crack width was recorded as 0.195mm  

f) Increase in percentage of tension steel resulted in decrease in efficiency of joint. The efficiency of joint 

decreased from 108.9% to 99.07% when the percentage of tension steel was increased from 0.76% to 1.16%. 

g) The decrease in spacing of shear reinforcement resulted in improvement in performance characteristics of the 

joint measured in terms of ultimate load, joint efficiency and maximum crack width. The ultimate load and joint 

efficiency increased from 11.75 kN to 12.42 kN and 105.33% to 111.33% respectively when the spacing of 

shear reinforcement was decreased from 125mm to 75mm. 

h) The increase in percentage of splay steel in the joint resulted in improvement in all the performance 

characteristics of the joint. However, the improvement due to splay steel beyond 50% is not significant. 

i) The increase in grade of steel resulted in improvement of the structural performance quantified in terms of 

ultimate load and crack width but joint efficiency values decreases. However, the ductility values decreases with 

increase in grade of steel. This behavior is due to better ductility characteristics of mild steel.   

j) There is insignificant effect of compression reinforcement on the ultimate load carrying capacity of the 

specimen. However, an improvement in ductility was observed which is attributed to the confining action of 

compression steel provided in form of continuous U-bars. 

k) There is insignificant effect of size of chamfer on the ultimate load carrying capacity of the specimen. However, 

it is observed that specimen with chamfer size 25mm has more ductility and as the chamfer size is increased, 

ductility of specimen decreases. 

l) The increase in the grade of concrete resulted in the improvement of the structural performance quantified in 

terms of ultimate load, crack width and ductility. 

VI RECOMMENDATIONS 

 

From a perusal of the performance of the detailing systems under investigation it is recommended that the 

detailing system in the specimen SP3 is more suitable for reinforced concrete corners to encounter positive moments. By 

incorporating inverted L-Type reinforcement with splay steel in the corner, the improvement in corner efficiency and 

stiffness were obtained. Inverted L-Type detailing resulted in confining action of the concrete core as when opening 

moment is applied to the structure, reinforcement tends to close inside the joint which results in confining action of 

concrete core. Moreover splay steel at the re-entrant corner helps in arresting the cracks that emerge at the re-entrant 
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corner which prolongs the failure of the joint as it has been seen that cracks start to develop at re-entrant corners initially 

when opening moment is applied on the joint. 
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