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Abstract: Steel reinforced concrete special-shaped column is a new structural form. It has all priorities of steel reinforced
structure and special-shaped column structure. Bearing capacity and ductility of this new structure are very good. It also has very
excellent applicable quality and pleasing to the eye. But there are still few experimental and research results relevant to this new
structure. The design of steel reinforced concrete special-shaped column joints is a most important problem that must be solved
to ensure that this new structural could be widely used in the future. This research focuses the attention on the seismic behavior of
this kind of joints, and adopts the new joint design style. The pseudo-static test is carried out on joint specimens. Hysteresis loop
of all the specimens have been drawn. The energy dissipating capacities are evaluated. Based on the results of experimental
research, the behavior of high resistant capacity, excellent ductility and reliability of the joint design method have been
manifested. Taking into account all these facts, this article also put forward practical design suggestions on this structure.
Keywords: Steel Reinforced Concrete (SRC) T-shaped Column, Joint, Seismic Behavior, Low-Cyclic Reversed Loading

1. Introduction
Steel reinforced concrete (SRC) special-shaped column is
a structural style proposed to allow a flexible section pattern
and simultaneously satisfy architecture requirements. The
structural bearing capacity and ductility are good; thus, SRC
special-shaped column-beam frame structures are applicable
to building structure design and pleasing to the eye.
Special-shaped columns often have the same branch cross
sections width with partition wall and will not exceed the
wall face. It is regarded as a practical and advisable structure
style in fulfilling the requirement of architecture design,
which is especially useful in the design of high-rise resident
buildings. As the joint is of great importance to a structure
frame, Park and Thompson [1] and Park [2] conducted cyclic
load test on prestressed and partially prestressed
beam-column joints and presented result summaries of
simulated seismic load tests on RC beam-column joints.
Xiang, Deng [3] studied durability of CFRP–concrete joints

under freeze–thaw cycling. Bond-slip behaviors of joints
were also intensively investigated [4-10]. Xu, Chen [11]
presented a study on seismic-induced damage assessment of
three-dimensional joints connected with T-shaped steel SRC
column-steel beams. Liu, Xue [12] investigated the cyclic
behavior of beam-column abnormal joints in steel
moment-resisting frames. Simulation works were taken for
the investigation of tubular structures [13-16]. A fracture
energy based constitutive model was developed for the
analysis of reinforced concrete structures under cyclic
loading [15]. In order to investigate steel and concrete filled
tubular structures, a series of works on instability, fatigue
strength, hysteretic behaviors were conducted by employing
cyclic and biaxial loading tests [17-25]. In their works, it was
found that the axial compressive force had effects on the
strength and ductility. Normal SRC joints are often made by
adding welding plate and using hidden bracket on the
profiled steel or drilling holes in the web of profile steel in
column to connect with bars in RC beam. However, those
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methods are usually difficult to be carried out on site;
sometime, the section width of the SRC special column is
also not enough for the wielding of plates or steel brackets.
So, the application of SRC special-shaped column-beam
frame structure is badly in need of a reliable joint design
style with the adaptability of onsite construction and
excellent mechanical performance. Aimed at satisfying
forgoing requirements, this research proposes a design
pattern for SRC special-shaped column to RC beam joint
with both the consideration of reliable mechanical
performance and onsite construction convenience. Seismic
behaviors of the proposed joints are evaluated through
experimental tests. The mechanical behavior and
effectiveness of joint design are also demonstrated.

2. Test Specimens
Four specimens named JD-1, JD-2, JD-3 and JD-4 were
designed for low-cyclic reversed loading tests. The
reinforcement pattern, where steel tube and I-section steel
were placed in the column, was adopted in the specimen
design. Because the joint is the junction of one column and
several beams in a real structure frame, specimens were
designed with two RC beams respectively named Beam I and
Beam II in orthogonal directions. The two beams met at the
beam ends and crossed with the branches of T-shaped SRC
column. Joint specimens were designed to fully reflect seismic
reactions on the special-shaped joints under bidirectional
low-cyclic reversed loading tests. In order to get real
performance of the joint under seismic loads, full-scale
experiments were conducted to allow a direct, practical
assessment of seismic effects on real structure joints. The four
specimens, including three SRC T-shaped column joints and
one RC T-shaped joint, were designed with the same shape
and dimensions but different with each other in the
reinforcement. For each specimen, the two beams connected
with the T-shaped column were respectively named Beam I
and Beam II. All beams in these four specimens had the same
section of 250 mm × 450 mm, which was exactly the same as
the branch width of T-shaped column. Concrete cube samples
were tested at least 28 days after casting.. The specimen
design conforms to Chinese code for design of concrete
structures [26]. The material sample tests and low-cyclic
reversed loading experiments were carried out on the same
day to ensure that the material property were reliable to reflect
real structure experiments.

3. Instrumentation and Loading Criteria
The vertical spaces of the sections with embedded strain
gauges were 100 mm, 150 mm, 200 mm and 150 mm,
respectively, in JD-1~JD-4. Detailed distributions of the
strain gauges on steel tube, I-steel and stirrups in every
section were designed. Test specimens were subjected to a
fixed axial force on top of the column. Test devices of the
low-cyclic reversed loading were comparable to the devices
of pseudo-static tests established for prestressed concrete
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beam-composite concrete column joints [27]. Furthermore,
this work employed the bidirectional low-cyclic reversed
loading on the two orthogonal beam ends. The bidirectional
loading allowed the test more realistic than one side
beam-column joint test. The test installation was composed
of four major elements: back strength wall, reaction frame
and two rigid steel hoops placed respectively on the top and
bottom of the column. Two welding steel plates were fixed
on the top and bottom of the T-shaped column. Meanwhile,
two jacks acted on the steel plates to provide axial column
loading. The column capital was put in the rigid steel hoop
that was fixed on the back strength wall to provide lateral
restriction of the entire specimen. Then, the low-cyclic
reversed loading was applied on the two beam ends by
pulling and pushing the beam ends in turns with two
hydraulic jacks.
Tests were conducted under two control stages: force
control and displacement control. In the first stage, the force
control was applied before yielding of beam reinforcement. In
the first two loading cycles of force control stage, the Beam I
was pushed down and the Beam II was pulled up
simultaneously at the beginning. When the beam end force
reached 75 percent of the calculated yielding force, the
hydraulic jacks stopped loading. Meanwhile, all the response,
including applied force, displacement, angle of rotation, stress
and strain in gauges, were recorded. An automatic data
acquisition system and manual recording were used to record
test results. In the third cycle of force control stage, the two
beams were loaded until yielding. After that, the displacement
control began. After yielding, the displacement control was
adopted until the end of the test. The displacement value
applied in each loading step was an increasing integral
multiple of the yielding displacement ∆ measured in the
stage 1. After recording the date at each displacement
increment, the specimen was visually checked. The
occurrence of crack was recorded and marked. Before
collecting the experiment data, every loading step was
maintained for a few minutes until a stable mechanical state
was reached. After the collection of all necessary
information from a displacement step, a new displacement
value was applied on the beam end until the end of the test
[28, 29].

4. Analysis of the Test Results
The hysteresis response of the four specimens is given in
Fig. 1. The hysteresis curve could fully reflect the bearing
capacity, stiffness, ductility and energy dissipation of the joint,
and also an important basis for seismic performance
assessment. On account of the limitation of article space, some
M −φ
selected moment-rotation
and load-shearing
deformation P −γ curves are presented. It can be seen that
the hysteresis curved of SRC special-shaped column joints
are flat and generally spindle shaped. It is noteworthy that
the energy dissipation behaviors and cyclic loading
performances of SRC special-shaped column joints are good.
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Figure 1. Hysteresis curved of joint specimens.

5. Conclusion
In this work, a SRC-special shaped column joint design was
suggested, and a new reinforcement style of joints between
SRC-special shaped column and reinforced concrete beam
was proposed and tested in this work. The purpose of the
insert concrete filled steel tube and I-section steel is to
increase the compressive strength and shearing capacity of the
joint, as well as the seismic performance under earthquake. It
is concluded in this work that the reinforcement style of
SRC-special shaped column together with the design method
of its joints is reliable and feasible to be applied in engineering
practice; seismic behavior has been evaluated as good in the
test. Analysis shows that the ductility, capacity degradation,
energy dissipation and other evaluation indexes of the joints
between SRC-special shaped column and RC beam are good;
no significant shearing failure occurred in the joint core area
due to the high shearing resistance provided by steel
reinforcements; such factors as axial load ratio, steel ratio,
stirrup spacing in joint core area may directly affect seismic
performance of these joints. In a word, joints between SRC
T-shaped column and RC beam investigated in this work have
shown a high bearing capacity, shearing strength, excellent
seismic performance, which furnish a possible coordination
structural design between architecture concepts and structure
safety and will surely has good prospects in engineering
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