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Abstract: To investigate the seismic performance of a novel prefabricated joint between a concrete-filled cold-formed
steel tubular column and a cold-formed steel built-up beam used in multi-storey and high-rise frame structure
systems, a group of full-size joint specimens were designed and fabricated, and quasi-static tests were carried out at
different axial compressive ratios. With the combination of finite element analysis performed using ABAQUS, the
axial compressive ratio, wall thickness of the steel tubular column and strength grade of infilled concrete were taken
as the main parameters, and the failure patterns, hysteretic curves, skeleton curves, bearing capacity, energy dis-
sipation capacity and stiffness degradation of joint specimens under low-cyclic horizontal load were studied. Results
show that when the cold-formed steel column was filled with concrete, the bearing capacity and energy dissipation

capacity of the novel prefabricated cold-formed steel beam-column joint were improved, its ductility was enhanced,
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and its failure mode was still “strong column and weak beam”. At a low axial compressive ratio of 0.2 and with an
increase in the wall thickness of the steel tubular column, the energy dissipation capacity, bearing capacity and duc-
tility of the joint were all improved to a certain extent. The changes in the strength grade of infilled concrete had little
effect on the seismic performance of joints under the “strong column” configuration studied in this paper. For those
joints with different strength grades of infilled concrete, their hysteretic and skeleton curves were basically the
same, and their failure patterns did not change either. With an increase in the strength grade of infilled concrete, the
ductility of joints decreased. However, at a high axial compressive ratio of 0.8, a compression-bending failure at the
column end was observed for the joints with wall thicknesses of 2 mm and 3 mm because the corresponding column
stiffness was too weak. When the wall thickness increased to 4 mm, the joint failure pattern changed to a plastic hinge
failure at the beam end. Therefore, the beam-column linear stiffness ratio should be controlled to ensure the failure
mode of “strong column and weak beam”. The research results in this paper provide certain reference for the applica-
bility and design configuration of the novel joint applied in multi-storey and high-rise frame structure systems.

Keywords : beam-column joint; cold-formed steel double-limb built-up beam ; concrete-filled steel tubular
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Fig.1 Prefabricated joint between concrete-filled cold-formed steel tubular column and steel beam

AT AN B S S — R Q345B, AN AE
INIETREE AR AN C35. MR (& @ik hifpitas
5514 FiRIRE k) P (GB/T 228.1—2021) #F
AT, M [ — A BURE , 2 REBE A4 1
JEEEAF SR 3 A, BB 3 A, 3 9 Ml 15
BT AAERE SUBPEE 52 AR B s Aa 4N

{4 et A B A IR i BE S PB4, 45 SR AR 1 B,
R1 RHESFMER

Tab.l Mechanical properties of steel

I #/mm f,/MPa f/MPa E/GPa /%
7 5 416.40 556.28 203.21 24
¥ 8 373.56 511.94 198.90 25

PR 10 404.81 545.17 196.90 24
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Fig.4 Failure patterns of specimen C35T8N2
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C35T8N2 between test result and finite element
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Comparison of hysteretic curves between finite element numerical simulation result and test result
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Tab.5 Comparison between finite element numerical
simulation result and test result
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Tab.6 Information about analysis models of joint parameters
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Fig.23 Comparison of equivalent viscous damping coefficient and stiffness degradation curves among joint models with differ-

ent steel column wall thicknesses and axial compressive ratio of 0.8
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Fig.25 Finite element simulation of failure patterns of joint models with different strength grades of infilled concrete
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Fig.26 Comparison of hysteretic and skeleton curves among joint models with different strength grades of infilled concrete
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