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Seismic Behavior of Tapered Concrete-filled Double Skin Steel
Tube Compression-bending Members

SHI Yan-li, ZHANG Chen, WANG Jing-xuan, WANG Wen-da
(School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China)

Abstract: The rational material constitutive model and concrete damage index were chosen, and
the numerical analysis model of tapered concrete-filled double skin steel tubular (CFDST)
specimens were established by the ABAQUS software. The results were compared with the
existing experimental data to verify the rationality of the model. On the basis, a typical example
was established, and the seismic performance index of the typical example was analyzed. At the
same time, the failure mode of the component was described. The parameters that had significant
influence on the seismic performance index of the tapered CFDST were analyzed, such as axial
compression ratio, hollow ratio and slenderness ratio. The influences of three parameters on the
ultimate bearing capacity, ductility coefficient and energy dissipation capacity of hysteretic curve
were investigated. The seismic behaviors between tapered CFDST and uniform section CFDST
with different section sizes were compared. The equivalent seismic performances of tapered
CFDST and uniform section CFDST with different section sizes were explored. The results show
that within a certain range, the increases of axial compression ratio and slenderness ratio make

the energy dissipation performance of components worse, and the increase of hollow ratio makes
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the energy dissipation performance of components better, but it is necessary to define the limits of

each parameter. The reduction of section area reduces the bearing capacity and energy dissipation

performance of members. The seismic behaviors of the tapered CFDST are equivalent to the

uniform section of CFDST at one quarter of the height from the bottom of the tapered CFDST.

Key words: tapered concrete-filled double skin steel tube; numerical analysis; seismic behavior;

compression-bending member
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Tab.1 Main Parameters of Specimens
K45 |L/mm|Dy,/mm|D/mm| ¢,/mm |d,/mm|d/mm | t;/mm | fyo/MPa| fyi/MPa | fo./MPa| n 0/ | e/mm | EHE TR
cc2-1 1 500 114 114 3.00 32 32 3. 00 308.0 422.3 38.9 0.30 | 0.00
cc2-2 |1500] 114 114 3.00 32 32 3.00 308.0 422.3 38.9 |0.30]0.21 k1]
cc2-3 1500 114 114 3.00 32 32 3. 00 308.0 422.3 38.9 0.30 | 0.43
SC3-1 13 500| 350 280 3.82 231 161 2.92 439.3 396. 5 64. 0 0.67 0.57 35
SC4-1 13 500| 350 280 3.82 231 161 2.92 439. 3 396. 5 64.0 0.67 0.57 175 | 3cmk[12]
SC5-1 |1 750] 350 280 3.82 231 196 2.92 439. 3 396. 5 64. 0 0.67 0.57 105
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Fig.3 Comparisons of Load-displacement Relationship Curves Between Finite Element Analysis Results and Test Results of Specimens
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Tab.2 Strength Indexes of Specimens
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Tab.3 Main Parameters of Specimens of Example Model

W45 | L/mm |D,/mm|D,/mm|#/mm|d,/mm|d,/mm|¢/mm | fy,/MPa| fy/MPa | f../MPa X n 0/ A X 28
1 6 000 600 480 10 348 228.4 10 345 345 60 0.6 0.0 0.57 40
2 6 000 600 480 10 348 228.4 10 345 345 60 0.6 0.2 0.57 40 MR H
3 6 000 600 480 10 348 228.4 10 345 345 60 0.6 0.3 0.57 40
4 6 000 600 480 10 290 170.0 10 345 345 60 0.5 0.1 0.57 40
5 6 000 600 480 10 406 286.0 10 345 345 60 0.7 0.1 0.57 40 SRl 3
6 6 000 600 480 10 464 344.0 10 345 345 60 0.8 0.1 0.57 40
7 3 000 600 540 10 362 288.0 10 345 345 60 0.6 0.1 0.57 20
8 9 000 600 420 10 362 168. 0 10 345 345 60 0.6 0.1 0.57 60 K4
9 12 000 600 362 10 362 110.0 10 345 345 60 0.6 0.1 0.57 80
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Fig. 10 Comparisons of P-A Hysteretic Curves and Skeleton Curves of Specimens
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Tab.4 Ductility Indexs and Energy Dissipation Ability of Specimens
T 1 4 A,/mm Ay/mm En, Ei s5ay Ezyy Esny Esay r he Xt S8
1 587.79 84.56 0. 90 1.22 1. 80 3.52 8.69 6.95 1.38
2 200. 27 76. 10 0.81 1.07 1. 60 2.73 4.45 2.63 0.71 Bl H
3 164. 41 59.03 0.83 1.10 1.56 2.12 2.55 2.79 0.41
1 265. 34 70.93 0. 84 1.13 1.60 2.38 3.37 3. 74 0. 54
5 353.72 80. 61 0.76 1.02 1.41 2.25 3.06 1.38 0.49 25 R
6 542.55 83. 85 0. 67 0. 88 1.37 2.10 2.90 6.47 0.46
7 588. 84 23.92 2.48 2.61 2. 64 2.84 2.94 24. 60 0.47
8 475. 94 175. 61 0.58 0.78 0.93 1.05 1.75 2.71 0.28 K40t
9 588. 84 298. 63 0. 24 0.48 0. 65 0.95 1.16 1.97 0.18
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