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1. Introduction

The joints located at the corner of the building and at the
intersection of two seismic resistance systems have a
transverse beam. The presence of the transverse beam has
exposed the substructure of the joint to three-dimensional
and asymmetric conditions. During earthquake, the corner
beam-column joints are affected by bidirectional loading.
A significant part of the seismic performance of the main
direction of the frame is affected by the loading in the
orthogonal direction and bidirectional interactions in the
joint area. The interactions created in the strain-rupture
plane of the joint area and the bending cracks formed in
both beams due to the transverse beam loading lead to a
history of damage and capacity deterioration when the
required ductility is achieved in the direction of the main
beam. This situation, along with other issues such as low
confinement and severe changes in the column axial force
due to the overturning moment, reminds us of the critical
conditions and importance of the seismic requirements of
corner joints.

In the present study, using experimental specimens, the
seismic performance of the joint substructure in the main
direction under the influence of bidirectional loading with
ratios of 100:50 and 100:100 was creatively evaluated. The
presence of seismic and non-seismic details at two normal
and extreme levels has led to a complete understanding of
the behavior of the substructure under the influence of
bidirectional loading. Several parameters such as cyclic
response, failure mode, force capacity, strength decay,
stiffness, dissipated energy and damage index were
investigated. The effect of loading and damage caused in
the orthogonal direction of the frame on the joint
performance in the main direction becomes important.
Also, an innovative upper limit of bidirectional loading is
followed using a reciprocating jack. In the present study,
three types of corner joints with seismic and non-seismic
details are first evaluated under unidirectional loading.
Then, in three other similar specimens, loading in the
principal direction is initiated when the loading on the
transverse beam has been partially applied. Finally, in

three final similar specimens, loading in the principal
direction is initiated when the loading on the transverse
beam has been fully applied. Thus, the damage history
during loading in the orthogonal direction is evaluated in
the principal direction of the frame.

2. Experimental program

The three-dimensional joint substructure under study is
shown in Figure 1. The fabricated reinforced concrete
corner joints have a transverse beam extending to the
bending inflection point. Corner joint C1, with seismic
code ACI318-19 criteria and details, was considered as a
standard example. The non-seismic corner joints, in terms
of seismic weaknesses, were followed at two levels,
normal and acute. At the normal level, the stirrups of
column in the joint area are not extended, C2, and at the
acute level, in addition to the lack of extension of the
stirrups of column in the joint area, the longitudinal beam
reinforcements in the joint area are not sufficiently
restrained, C3.
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Fig. 1. Schematic of the beam-column corner joint along
with the distances of the contra flexure points and the
principal directions.
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According to Figure 2, the column was set up horizontally
and the actuator head was applied at the bending point of
the beam in a lateral and articulated manner with the ability
to change the slope. As can be seen in Figure 3, in all tests,
the beam in question is placed vertically for load
application and the perpendicular beam remains
horizontal. In two-way loading, the transverse beam is first
placed vertically and after the transverse beam is loaded,
the specimen is rotated to place the main beam in the
actuator jack location.

3. Experimental results
The force-displacement envelope curves of all specimens

are shown in Figure 4. The corner joint with seismic details
under unidirectional loading due to the confinement of the
transverse beam (without damage history), the force
interactions between the two perpendicular beams in the
joint area, and the strain hardening of the steel, in response
to the maximum tolerable force, resulted in a 12% increase
in the joint force capacity response compared to the
predicted bending capacity of the beam. In addition, after
a relative displacement of 4.5%, due to the dominance of
the shear failure of the joint area over the full realization
of the bending failure mechanism in the beam, the force
response decreased. Overall, according to the ACI 374.1
standard, the level of expectations for acceptance of the
specimen was passed. The present specimen under limited
bidirectional loading was able to change the failure
mechanism from the combined bending mechanism of the
beam-shear joint with the dominance of brittle shear
failure to the desired bending mechanism in the beam
compared to the unidirectional loading condition. It also

performed 50% better in cyclic strength degradation than
Cl-UL and Ci1-Full BL based on 3.5% relative
displacement. Under severe bidirectional loading,
compared to when loading was applied in one direction,
there was a 24% reduction in the maximum force response,
a 55% reduction in initial stiffness, a 40% reduction in
effective stiffness at 1.75% relative displacement, a 30%
reduction in ductility, and a 33% reduction in energy
dissipation capacity.

In the conventional seismically vulnerable corner joint
(C2) under unidirectional loading until the maximum force
was reached, the behavior of the specimen was similar to
that of the C1-UL specimen. The weakness of the shear
strength in the joint area (along with the presence of the
transverse beam) caused a severe drop in force with
continued loading. Under limited bidirectional loading,
due to the lack of consideration of seismic details and the
concentration of damage in the joint area under the
influence of bidirectional loading, the joint behavior has
deviated from the elastic and integral state to such an
extent that the longitudinal bars of the buried beam in the
joint area have slipped. However, after 4.5% relative
displacement, the rate of force loss and capacity
deterioration of the specimen was lower than that of the
one-way loading condition.

In the acute seismically vulnerable corner joint (C3)
under limited bidirectional loading, it was observed that
bidirectional loading had a destructive effect on the
continuity ~ between  the  shortened longitudinal
reinforcement of the beam and the concrete in the joint
area.
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Fig. 2. Overview of test setup.
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Fig. 5. Compression of damage index for all specimens.
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Based on the damage index, Figure 5, on average for all
three specimens C1, C2, and C3, at least 20% of the
desired relative displacement value to enter the irreparable
and severe damage ranges has been reduced due to severe
bidirectional loading

4. Conclusions

Based on the results obtained; by applying half of the
required ductility of the main direction in the orthogonal
direction, the seismic performance of the frame in the main
direction changes due to the entry of the corner joint area
space into bidirectional interactions. On average, in the
joints under study under limited bidirectional loading, the
maximum tolerable force of the specimen decreases by
10% compared to the unidirectional loading. If the
bidirectional loading is applied in equal proportions in the
two orthogonal directions, not only does it reduce the force
capacity of the corner joints by 32% on average, but also
the initial stiffness of the specimen, the effective stiffness
at relative displacement by 1.75%, the energy dissipation
capacity and the ductility decrease by 54%, 40%, 35% and
23% compared to the unidirectional loading condition,
respectively.
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Experimental investigation of Corner RC Beam-Column Joints Subjected to Unidirectional and
Bidirectional Lateral Loading

S Ahmad Nezami Ahmad Shooshtari Jalil Shafaei

Abstract The most important aspect of the stability of reinforced-concrete (RC) buildings against lateral movements
caused by earthquakes is maintaining the elastic behavior of the joint area. Therefore, the most important task in the
seismic resistant system of the moment frame is the beam-column joints. In the moment frame system, corner joints
are affected by bi-directional loading during earthquake. In this research, the seismic behavior of the corner joint
substructure under the influence of bi-directional loading is evaluated experimentally. The studied asymmetrical
joints include three categories: 1-with seismic details according to the ACI318-19 standard, 2-without seismic details,
due to the absence of transverse reinforcement in the joint area and 3- Has second-class weakness and also insufficient
bond length of the beam bottom bars in the joint area. By applying half of the demand ductility of the primary
direction in the orthogonal direction, the seismic performance of the frame in the primary direction changes due to
the entry of the corner joint area space into bidirectional interactions. On average, in the joints under the studied
joints under limited bidirectional loading, the maximum force that can be tolerated by the specimen is reduced by
10% compared to the unidirectional loading. If the bidirectional loading is applied in equal proportions in two
orthogonal directions, not only does it reduce the force capacity of the corner joints by an average of 32%, but also
the initial stiffness of the specimen, the effective stiffness in drift by 1.75%, the energy dissipation capacity and the
ductility are reduced by 54%, 40%, 35% and 23%, respectively, compared to the unidirectional loading condition.

Key words Beam-Column Joints, Reinforced Concrete Structures, Bidirectional Lateral Loading, Corner Joint,
Experimental Evaluation.
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