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Experimental study on the seismic behavior of large-scale double-skin
concrete-filled steel tube columns with different constructions

ZHAO Lidong, CAO Wanlin, KAN Wenliang, CHEN Zeqiao, CHEN Qianjia

(Key Lab of Urban Security and Disaster Engineering ( Beijing University of Technology) , Ministry of Education, Beijing 100124, China)

Abstract: To investigate the seismic performance of double-skin concrete-filled steel tubular ( CFST) columns, a
quasi-static test was conducted for 6 specimens with 3 section forms and 2 shear span ratios, and the same vertical
load was applied to each specimen. The steel components of the specimens were set as circular steel tube, double-
skin steel tube, and double-skin steel tube with cavity welded steel plate. Failure mode, hysteresis characteristics,
bearing capacity, stiffness degradation, ductility, and energy consumption of the specimens were analyzed. Test
results indicate that except for the single-cavity CFST column with shear span ratio of 2.2, the hysteretic curves of
the other specimens are plump and the seismic performance is stable. The hysteretic curves of the specimens with
the same drift ratio can be plumper by increasing the section steel ratio or the shear span ratio. Setting the inner
steel tube and the cavity welded steel plate can improve the bearing capacity, and it can greatly enhance the
ductility of the specimens with smaller shear span ratio. The initial stiffness can be significantly improved by
reducing the shear span ratio, but the stiffness degradation rate is faster, and the cumulative damage effect is more
significant. When the construction is set, the cumulative energy dissipation of the specimens with small shear span
ratio is higher when the ultimate drift ratio is reached. Compared with the experimental results, the calculation
results of the practical bearing capacity of the CFST column adopted in this study are conservative.

Keywords: double-skin CFST column; cavity welded steel plate; quasi-static test; seismic performance; shear
span ratio; section steel ratio
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Tab.1 Parameters of the specimens
RS Dy/mm lo/mm D,/mm t;/mm t,/mm H,/mm /% A F/KN
CFST1 -1 508 9 — — — 1270 7.48 3.0 9 180
CFST1 -2 508 9 245 6 — 1270 10.11 3.0 9 180
CFST1 -3 508 9 245 6 4 1270 11.90 3.0 9 180
CFST2 -1 508 9 — — — 862 7.48 2.2 9 180
CFST2 -2 508 9 245 6 — 862 10.11 2.2 9 180
CFST2 -3 508 9 245 6 4 862 11.90 2.2 9 180
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Fig.2 Geometry dimensions of the specimens ( mm)
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Tab.2  Properties of the steel

IRV S/ MPa S/ MPa 5/ %
9 mm JEARE 324 462 23.4
6 mm S 343 445 25.3
I3 EFRAEAR 358 476 14.6
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Fig.5 Schematic view of loading history

Fig.3 Schematic diagram of the test loading device
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Tab.3 Main test results
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F./kN A,/mm 6,/rad F,/kN A,/mm 6,/ rad F,/kN A,/mm 0,/ rad
CFSTI1 -1 816.3 13.50 1/113 987.9 26.35 1/58 839.8 49.10 1731 0.826
CFST1 -2 1097.0 14.01 1/109 1304.2 25.39 1760 1109.1 60. 68 1725 0.841
CFST1 -3 1202.0 14.20 1/107 1409.9 30.27 1/50 1224.8 64.23 1/23 0.853
CFST2 -1 1709.5 11.70 1795 1916.9 22.80 1/49 1628.9 35.90 1731 0.892
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Tab.4 Experimental results of energy dissipation

[ENGE TR he £/(MN - m) E AR
CFST1 -1 0.58 0.95 1.00
CFST1 -2 0.60 1.22 1.28
CFSTI -3 0.62 1.38 1.45
CFST2 -1 0.41 0.79 0.83
CFST2 -2 0.58 2.29 2.41
CFST2 -3 0.59 2.59 2.73
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Tab.5 Comparison of the calculated value and the test value

of the bearing capacity

‘ A g
RS M,/ (kN + m) M,/ (kN - m) MM,
CFST1 -1 1 743.50 1 600. 58 1.09
CFST1 -2 2 215.46 2 013.64 1.10
CFST1 -3 2 420.93 2 141.59 1.13
CFST2 -1 2 089.16 1 684.68 1.24
CFST2 -2 2 385.58 2073.91 1.15
CFST2 -3 2 498.58 2 153.45 1.16
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