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Study on seismic behavior of end plate joint of square concrete-filled
steel tube column and steel beam with U-shaped parts
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Abstract: The seismic behavior of concrete-filled square steel tube (CFST) column and steel beam
end-plate joints with U-shaped parts was numerically studied. On the basis of verifying the
correctness of finite element model, the influences of the height of flange, the width of web, the
middle breaking length of U-shaped part and the linear stiffness ratio of beam-column on the
failure mode, hysteresis performance and skeleton curve of the joint were studied. The results

show that the joint exhibits satisfied seismic behavior with plump hysteresis curve. The U-shaped
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part is embedded in concrete in column and the stiffening rib is set in the middle of U-shaped part
to protect concrete in the core area and plastic hinge moving away from the joint, which meets the
When the width of web of U-shaped

parts is increased from 0. 58a to a (a is column side length), the initial rotational stiffness of joint

seismic design principle of “strong node and weak member”.

is reduced by 26. 37% , and the ductility coefficient is reduced by 62. 86 %. It is recommended that
the web width of U-shaped parts should be 0. 58a-0. 75a. When the breaking length in the middle
of U-shaped part is increased from 0 to 0. 34 (h is the height of beam), the bearing capacity of
joint is reduced by no more than 1%, and it is recommended that the breaking length should not
exceed 0. 3h. The beam-column linear stiffness ratio has a great influence on the seismic
performance of joint. When the beam-column linear stiffness ratio increases from 0. 255 to 0. 549,
the maximum bending moment of the specimen increases by 72% and the initial rotational
stiffness of joint increases by 40%. When the axial compression ratio increases from 0. 30 to
0. 90, the maximum bending moment of specimen decreases by 4. 1%, and the ductility coefficient
of joint decreases by 4.7%. The recommended axial compression ratio limit is 0. 7.

Key words: square concrete-filled steel tube column; U-shaped part; end plate joint; seismic be-
havior; numerical analysis
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Fig. 2 Constitutive relations of steel and concrete
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Table 1 Concrete damage model parameters
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Table 2 Comparison of structural parameters

ZH | Ra |[My/(kN+m)| 6y/rad |Mpa/ (kN + m)|6,/rad| uo

5 |9 285 96. 6 0.018 172. 96 0.101]5.94

L |9 550 90. 3 0.015 176. 98 0.100 | 6. 66
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Fig. 12 Stress nephogram of joint and strain nephogram of concrete at moment of failure load
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Fig. 13  Skeleton curve of A-series specimen
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Table 4 Parameters of each series of specimens and finite element analysis results
HAMESG: | JEMEE/ | P Bl M,/ Minax/ M,/
WS o ’ g | | 6y/rad O/ rad 0u/rad | g
i B /mm mm KB /mm | Bl (kN + m) (kN + m) (kN + m)

A-74 74 175 0 0.255 0.3 194 0.010 220 0.025 187 0.0327 | 3.30
BASIC 94 175 0 0.255 0.3 196 0.010 221 0.027 187 0.034 2 | 3.42
A-114 114 175 0 0.255 0.3 196 0.010 221 0.026 188 0.033 0| 3.31
A-124 124 175 0 0.255 0.3 197 0.010 222 0.026 188 0.033 4| 3.29
B-200 94 200 0 0. 255 0.3 195 0.011 219 0.027 187 0.0355 | 3.37
B-250 94 250 0 0. 255 0.3 191 0.012 218 0.031 188 0.039 4| 3.24
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Fig. 14 Von Mises stress nephogram of A-series specimens at moment of failure
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Fig. 15 Comparison of hysteretic curves of A-series specimens
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Fig. 16 Von Mises stress nephogram of B-series specimens at moment of failure
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Fig. 17 Comparison of hysteretic curves of B-series specimens
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Fig. 18 Skeleton curve of B-series specimen
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Fig. 19 Von Mises stress nephogram of C-series specimens at moment of failure
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Fig. 20 Comparison of hysteretic curves of C-series specimens
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Fig. 22 Skeleton curve of K-series specimen
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Fig. 23  Von Mises stress nephogram of K-series specimens at moment of failure
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Fig. 24 Comparison of hysteretic curves of K-series specimens
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Fig. 25 Skeleton curve of N-series specimen
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Fig. 26  Von Mises stress nephogram of N-series specimens at moment of failure
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