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Research on Seismic Performace and Load-carrying
Capacity of Joints between Concrete-Filled Square Steel

Tubular Special-Shaped Columns and Steel Beams

Abstract

With the development of China’s economy, special-shaped column structural
system is increasingly widespread. Special-shaped column residence is welcome for
both owners and designers because of its unique advantages. But there are many
weaknesses for ordinary reinforced concrete special-shaped column such as poor
ductility, limited loading capacity, complicated reinforcement disposing in beam-
column joints and not convenient in construction, which restrict their applications
in high-rise and high-intensity area. The frame consisting of steel beam and
concrete-filled square steel tubular special — shaped column is a new type of
special-shaped column structural system. The composite frame fully develops the
merits of steel and concrete, has the advantage of better ductility, higher loading
capacity, uncomplicated reinforcement disposing and convenience in construction ,
resulting in  achieving standardization in  components, integration and
industrialization in technology. The connection region as main force transfer
component is key to the research of concrete-filled square steel tubular special-
shaped columns and steel beams frames. Recently the research focusing on the
static and seismic performance of the joint only just begun. On the basis of existing
research, the following work was done to improve the joint between concrete-filled
square steel tubular special-shaped columns and steel beams.

(1) 9 specimens were tested under reversed cyclic loading to investigate the
failure modes and seismic behavior of the joints between concrete-filled square steel
tubular special-shaped columns and steel beams. The test parameter was the type
of joint, the ratio of the height to thickness of section of column and the axial
compression ratio. The specimens were loaded on the end of the columns. The
failure characteristics, mechanical behaviors such as the load-displacement

hysteresis loops, load carrying capacity, ductility, interstory drift ratio, energy



dissipation, degeneration of strength and rigidity of the joints were analyzed. The
main failures patterns of the joints are those of the shear failures of web in joint
zone, and vertical weld fractures between the webs of the joints and the flanges of
the columns. The hysteresis loops of the joints are in a plump-shape. The ductility
factors of the story drift are between 1.44 and 2. 74. The ultimate elastic-plastic
story drift rotation is about 1/43 ~ 1/21. The equivalent viscous damping
coefficient is about 0. 227 to 0. 316, indicating that the joint has stronger energy
dissipation capacity. When the ratio of height to thickness of column section is 3
and 4, the shear deformation of joint core is about 0.01 to 0.03 as the joint
failed. When the ratio of height to thickness of column section is 2, the shear
deformation of joint core is about 0. 08 to 0. 1 as the joint failed.

(2) According to the loading-displacement hysteretic curves and skeleton
curves in the test results, a three-line model of skeleton curve was established
and the yielding, ultimate and damage point on skeleton curve were obtained on
the basis of theoretic formulas and testing data. Based on the testing data the
stiffness degradation laws for the loading and unloading stiffness and hysteretic
rules of joint are analyzed. Through the regression of test data, the stiffness
formula of various stages of skeleton curves was given.

(3) Simulating and analyzing the test specimens by non-linear finite element
software ANSYS 10.0, the load-displacement skeleton curves and stress
distribution figure were obtained. The calculation results are in good agreement
with the experimental results. By analyzing the principal stress-equivalent strain of
concrete in joints of specimens, it proved that compression strut mechanism was
reasonable in the analysis of concrete of joints. Through the analysis of of concrete
in joints of specimens, the results showed that there was confinement hetween the
tube of column and compression strut of concrete in flange — pier wall and web-pier
wall of joint. And the confinement was concerned with the ratio of the height to
thickness of section of column, the type of joint and the distance deviating from
the center line of column. The rule of distribution of stress of steel web of joint,
the law of the shear of the composition of joint in different stages were obtained
from the result. At the same time the axial compression ratio and extending length
of the flange which affected the bearing capacity and ductility were further
analyzed. It showed that the bearing capacity of the specimens increased and the

ductility of the specimen gradually worse with the axial compression ratio
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increased. Especially the deformation behavior dropped sharply when the axial
compression ratio was greater than 0.5. The influence factors of the flange
extended length are presented.

(4) According to the experimental research of the joints, the shear force and
torque of the resistance elements of joint on characteristic points were analyzed.
The results indicate that the shear mechanism is the combination of steel truss
mechanism, the main compression strut mechanism and the confined compression
strut mechanism. Based on the model, the shear capacity of the connections is
divided into three parts: the contribution of steel tube webs, the contribution of
the main compression strut in the concrete core, the contribution of the confined
compression strut in the concrete core. Based on the analysis of the experimental
results, the calculating model of the shear strength of web in panel zone is
established. The formula for calculation of the shear capacity of the confined
compression strut in the concrete core is proposed based on the principle of virtual
work. Through regression analysis of the test data and results by non-linear finite
element analyzing, formulas for shear capacity of the main compression strut in the
concrete core were put forward. The calculation formulas of the yield and ultimate
shear capacity of the connections were established. The formulas not only take into
account the effect of axial compressive force of column, but also the restriction
provided by steel tube for concrete. For the corner joint under the action of shear-

torsion, the shear and torsion bearing capacity formulas were also presented.
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