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Behavior of special-shaped multi-cell concrete-filled steel tube mega-columns
under eccentric compression

CAO Wanlin, WANG Ruwei, YIN Fei, WANG Zhihui, DONG Hongying

(College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Based on the mega-columns in the projects of China Zun and Tianjin 117 Tower, 4 multi-cell concrete-
filled steel tube mega-column specimens were designed, and experimental study was conducted under one-way
repeated eccentric compression load. The specimens include one 1/13 scaled octagonal 13-cell model of China
Zun, one 1/13 scaled octagonal 13-cell model of China Zun with circular steel tube at corners, and two 1/12 scaled
hexagonal 6-cell models of Tianjin 117 Tower. The damage evolution, bearing capacity, deformation restoration
capacity, stiffness, and degeneration of the specimens with different section shapes and constructions were
theoretically analyzed. Results show that all the specimens had good behaviors under eccentric compression. The
setting of octagonal 13-cell mega-column with circular steel tube at corners could effectively reduce the damage
evolution and significantly improve the bearing capacity and deformation capacity. Higher bearing capacity could be
obtained when the eccentricity of the hexagonal 6-cell mega-column specimen was small, and the restoration
capacity of the specimen was relatively good when the eccentricity was large. Various codes and the fiber based
method were used to estimate the N-M interaction curves and F-A curves of the specimens, and the calculation
results were more conservative compared with experimental results. Hence, referring to the features of multi-cell
concrete-filled steel tube columns, a modified simplified calculation method for compressive strength of multi-cell
concrete-filled steel tube (f,.) was proposed on the basis of the calculation method in code GB 50936 and the
constitutive relation of concrete proposed by Han. The calculated N-M interaction curves and bearing capacity were
in good agreement with measured results, which suggests that the simplified method can be used as a reference for
the calculation of multi-cell concrete-filled steel tube columns under eccentric compression.

Keywords : special-shaped section; multi-cell concrete-filled steel tube ; mega-column; eccentric compression test;
theoretical analysis
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Tab.1 Design parameters of specimens

e WA A WEmA, WEEWR, nhmss A T WAL, BRETEY
L 4 2 42 42 . 42 4 2

10* mm 10" mm % 10* mm HFH/10% mm % 10" mm
SCFST-1 37.8 2.3 6.48 0.41 0.15 0.39 0.00
SCFST-2 37.8 2.3 6.48 0.41 0.15 0.39 0.21
SCFST-3 31.3 1.9 6.46 0.15 0.26 0.84 0.00
SCFST4 31.3 1.9 6.46 0.15 0.26 0.84 0.00
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Tab.2 Measured mechanics properties of materials
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4 mm 4R 393.1 527.8 28.6
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Tab.3 Measured results of feature points

VA=t F,/10 kN A,/mm F,/10 kN A,/mm F,/10 kN A,/mm 7 P

SCFST-1 943.0 15.97 1 088. 50 28.28 925.00 45.20 0.87 2.83
SCFST-2 1097.0 15.16 1241.43 28.33 1 055.00 45.78 0.88 3.02
SCFST-3 528.3 10.18 622.10 22.44 528.78 47.54 0.85 4.67
SCFST4 1015.5 7.23 1170.80 17.02 995. 18 42,93 0.87 5.94
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Tab.4 Comparison of measured and calculated ultimate bearing

capacity
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SCFST-2  1241.4 1033.5 -16.7 1131.3 -8.9
SCFST-3 622.1 556.6 -10.5 599.4 -3.6
SCFST4  1170.8 1003.1 -14.3 1104.4 -5.6
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