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Abstract — This review paper is based on the research work of different researchers regarding the behavior of beam-
column joint in Reinforced Concrete (RC) structure. Because of its importance during earthquake, experiment conducted
by researchers on full-scale specimens of connection between beam and column by considering the effects of axial load,
confinement effect and the compression effects on joints during an earthquake. Conclusions drawn from experiments are;
the joint shear strength capacity will increase by increasing the axial load on the joint. Also, joint shear strength is more
in case of interior joint as compared to exterior joint but still there is not any relation between the increases of axial
force to the joint shear strength. Joint capacity increases greatly by providing lateral confinement ratio of up to 0.40%.
Compressive strength also helps to enhance the bond strength between concrete and steel and it mainly contributes to
increase the shear strength of the connection. The shear strength of the connection is about the square root of the
compressive strength of concrete.
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I INTRODUCTION

Masonry In Pakistan, Reinforce Concrete frames (RC) frames is a common type of construction for government offices,
colleges, hospitals and residential apartments. In RC structures, joints are mainly referred to as the portion of a column
that is common to beam at their intersection. The joints play a very important role in transferring the loads or moments of
slab, beam and upper story column to the ground. The load and moments can only be transferred properly if there is a
rigid connection between the beam and columns. In reinforced concrete beam there is mainly two type of beam-column
joints i-e type | and type Il. Type I joints are only design for the gravity loads and the moments from both side of the
connection will be in opposite direction, while type Il joints are design for lateral forces i.e. earthquake forces, wind
forces or the blast effects and the moments on the connection from both sides are in the same direction as shown in
Figure 1 and Figure 2.
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Figure 1 Portion of Beam Column Joint (Type 1) Figure 2 Portion of Beam Column Joint (Type 2)

It is observed form the existing analytical and experimental data that the joints perform well under fixed gravity loading,
however, under reverse cyclic loading condition such as an earthquake, high wind and blast loading condition, its
behavior becomes more critical. The level of earthquake demand and corresponding performance emphasize a
comprehensive study of the behavior of joints. The behavior of joints and shear capacity of the connection under seismic
action mainly depends on axial load from column, confinement effects on joint (transverse reinforcement, location of
joints), strength of concrete, aspect ratio, effect of joint eccentricity and bond strength between concrete and rebar.

1. Experimental Evaluation

Since last four decades, researchers carried out experimental investigations to predict the behavior of beam-column joint
under earthquake loading. Till date experimentally the connections were investigated by applying monotonic and reverse
cyclic loadings on beam-column joint specimens. A monotonic loading test usually does not provide adequate
information to evaluate seismic behavior, as well as joint shear deformability, ductility, energy dissipation and post-peak
behavior. While in cyclic loading the collapse mechanism and ultimate load capacity can be observe in detail. In moment
resisting frames under several earthquakes, which is in sprint of research nowadays is very important to evaluate its
behavior experimentally. Past research allied with the cyclic loading experimental test is presented here.

2.1 Axial Load Effect

Axial load from the upper column greatly affects the performance of joint in lateral forces. It was observed from the
experimental results, that increase in axial load ratio is favorable to energy dissipation capacity of joints with small shear;
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no significant effect is observed on the joints with moderate shear; and unfavorable effect is noticed on the joints with
high shear which results in premature shear failure, that is, crush of the joint core concrete [1]. Joint shear behavior will
increase with the increase in column axial force but with an unknown percentage[2]. From the conclusion of [3], [4], [5],
[6] and [7] joint shear strength gets little influenced by column axial load. But there is not any empirical relation which
determines the amount of increase in shear capacity by increasing the axial load on column. On the other hand, [8] and
[9] claims that high axial load on columns increases joint strength. Ductility of exterior joints was examined by [10] and
from there experimental results, changing the axial load on joint from 0% to 17 % of the column axial load capacity, the
joint shear strength increases with increases axial loads.

2.2 Confinement Effect on Joints

Confinement of joints mainly refers to the confinement provided by stirrups or it is either confined from the externally
provided beams. In both cases, confinement of beam greatly affects the joint shear stress and shear strain. From the
experimental results conducted by [11], the beams effectively provide passive confinement to the joint panel and the
prevention of expansion of the joint will ultimately help in increasing the capacity. This condition is valid for the case of
when the beam member’s centerline coincides with the column cross-section centerline but if the beam member’s
centerline does not coincide with the column cross-section, there is a chance to produce torsion in the joint panel due to
joint eccentricity, causing week diagonal strut in the joint. This weakened diagonal concrete strut and truss due to the
generated torsion might trigger a reduction in joint shear stiffness.

According to [12], joints shear capacity was improved by providing stirrups as confinement as shown in the schematic
diagram shown in Figure 3 and Figure 4 shows the experimental testing of beam-column joint.
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Figure 3 Schematic Diagram of Stirrups provided in joint ~ Figure 4 Experimental Testing Specimen.
By providing stirrup it increases the cracking and failure loads and also improved the cracking behavior of the joint
failure. The reason behind the increase in the cracking behavior is that the stirrups confines the joint concrete and hence
reduce the possibility of formation of internal cracks in joint. [13] experimentally investigate that by increasing the lateral
reinforcement ratio it will reduce the joint shear deformation and crack width in the joint panel. [14] observed that by
using the lateral reinforcing ratio up to 0.40 % stirrup will greatly increase the capacity of the joint.

2.3 Compressive Strength Effect on Joint

The compressive strength of concrete also greatly affects the different parameters in the joint. These parameter includes
joint shear strength and bond between joints lateral reinforcement and concrete. High strength concrete has high bond
capacity and hence effectively transfer the forces/moments from beam to column. Also, it is experimentally observed that
increasing the compressive strength of concrete will ultimately increase the joint shear strength capacity. [15] concluded
that by increasing the concrete strength will increase the shear capacity of the joint but with the stiffness degradation of
joints. [16] experimentally examine that joint shear strength will increase approximately by a square root of the concrete
compressive strength. His experimental results are based on the examination of concrete compressive strength from 4 ksi
to 12 ksi.
1. Conclusions

Based on the different experiment conducted by different researcher following conclusion was drawn.

»  The joint shear strength capacity will increase by increasing the axial load on the joint from the upper column. But
still, there is not any relation between the increase of axial force to the joint shear strength

» By providing max lateral confinement ratio of up to 0.40 %, stirrup will greatly increase the capacity of the joint.

» Joint shear strength is more in case of interior joint as compared to exterior joint.

» Compressive strength mainly contributes to increasing the shear strength and it is about the square root of the
compressive strength of concrete. Compressive strength also helps to enhance the bond strength between concrete
and steel.

@IJAERD-2019, All rights Reserved 77



[1]
2]
[3]
[4]
[5]
[6]
¢
9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]

International Journal of Advance Engineering and Research Development (IJAERD)
Volume 6, Issue 01, January-2019, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406

V. References

J. Feng, J. Cai, H. Zhu, L. Huang, and Y. Chen, “Experimental Study on Seismic Behavior of Interior Joints Of
Precast Prestressed Concrete Frames,” ecn.purdue.edu.

K. N. N. Parate, R. Kumar2, and S. V. Bakre, “Beam-Column Joints,” in 15th Symposium on Earthquake
Engineering, 2014, no. March, pp. 836-846.

Y. Kurose, G. N. Guimaraes, L. Zuhua, M. E. Kreger, and J. O. Jirsa, “Study of Reinforced Concrete Beam-to-
Column Joints Under Uniaxial and Biaxial Loading,” PMFSEL report, 1988.

Meinheit and D. Fred, “The Shear Strength of Reinforced Concrete Beam-Column Joints.,” pp. 2295-2295,
1978.

K. Kitayama, S. Otani, and H. Aoyama, “Development of Design Criteria For Rc Interior Beam-Column Joints,”
Am. Concr. Inst., pp. 97-123, 1991.

S. Pantazopoulou and J. Bonacci, “Consideration of questions about beam-column joints,” ACI Struct., vol. 89,
no. 1, pp. 27-36, 1992.

R. L. Vollum, “Design And Analysis of Exterior Beam Column Connections.” PhD thesis, 1998.

C. Clyde, C. P. Pantelides, and L. D. Reaveley, Performance-Based Evaluation Of Exterior Reinforced Concrete
Building Joints For Seismic Excitation. Pacific Earthquake Engineering Research Center, College of
Engineering ..., 2000.

A. Beres, R. N. White, and P. Gergely, Seismic Performance of Interior And Exterior Beam-To-Column Joints
Related to Lightly Reinforced Concrete Frame Buildings: Detailed Experimental Results. Structural Engineering,
School of Civil and Environmental Engineering, 1992.

T. Kaku and H. Asakusa, “Bond And Anchorage of Bars In Reinforced Concrete Beam-Column Joints,” Spec.
Publ., vol. 123, pp. 401-424, 1991.

J. Kim and J. M. LaFave, “Key Influence Parameters For The Joint Shear Behaviour of Reinforced Concrete
(RC) Beam—Column Connections,” Engineering. Structure., vol. 29, no. 10, pp. 2523-2539, 2007.

M. Nabil, O. Hamdy, and A. Abobeah, “Affecting Aspects on The Behaviour of Frame Joints,” Hous. Build.
Natl. Res. Cent., vol. 12, pp. 147-162, 2016.

K. Kitayama, S. Otani, and H. Aoyama, “Earthquake resistant design criteria for reinforced concrete interior
beam-column joints,” in Proceedings of the Pacific conference on earthquake engineering, 1987, pp. 315-326.

J. S. Kaung and H. F. Wong, “Effectiveness of Horizontal Stirrups In Joint Core For Exterior Beam-Column
Joints With Nonseismic Design,” Procedia Eng., vol. 14, pp. 3301-3307, 2011.

A.J. D. and J. K. Wight, “Behavior of Interior Beam-to-Column Connections Under Earthquake-Type Loading,”
J. Proc., vol. 82, no. 3, pp. 343-349.

G. N. Guimaraes, M. E. Kreger, and J. O. Jirsa, “Evaluation of joint-shear provisions for interior beam-column-
slab connections using high-strength materials,” Struct. J., vol. 89, no. 1, pp. 89-98, 1993.

@IJAERD-2019, All rights Reserved 78



