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Study on the axial compression behavior of circular high strength

concrete-filled double skin steel tubular members
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Abstract: In order to study the axial compression properties of circular high-strength concrete-filled double skin
steel tubular members composed of Q690 steel and C100 (C120) concrete, six circular high-strength concrete-filled
double skin steel tubular members were tested with concrete strength, section void ratio and section steel ratio as
the main parameters. The results show that:; with the increase of concrete strength, the bearing capacity of the
specimens increases, and with the increase of void ratio and steel content, the bearing capacity of the specimens
decreases; under the action of axial compression, the specimens may suffer from “tympanic” and “shear” failure.
“Tympanic” failure specimens have higher bearing capacity and better ductility at the later stage, “shear” failure
specimens have relatively low ductility. By using the finite element software ABAQUS, the influence of void ratio,
concrete strength and the ratio of inner and outer steel diameter to thickness on the axial compression performance
of circular high-strength concrete-filled double skin steel tubular members is analyzed. The formulas for calculating
the bearing capacity and stiffness of circular high-strength concrete-filled double skin steel tubular members are put

forward. The results of the formulas are in good agreement with the test results.
Key words: high strength; circular concrete-filled double skin steel tubes; axial compression behavior; experimental

research; finite element analysis
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1.1

x1 KHEETESH

Tab. 1 Main parameters of specimens

S D, X, /mm D; Xt /mm Iy e L/mm X al % 3
CFDST-ZY-1 03006 D135X4 0.47 10. 9 1.18
CFDST-ZY-2 03006 01004 Q690 C100 1 500 0.35 9.7 1. 05
CFDST-ZY-3 02506 01004 0.42 12.6 1.37
CFDST-ZY-4 03006 0135x4 0.47 10.9 1. 14
CFDST-ZY-5 03006 0100X 4 Q690 C120 1 500 0.35 9.7 1. 07
CFDST-ZY-6 02506 0100 4 0.42 12. 6 1.39
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Tab. 2 Steel property parameters

t/mm E/MPax10° f,/MPa f,/MPa &/%
4(4. 04) 208. 08 748 828 18.0
6(6.02) 202. 03 763 831 21.2

VE e A L R S 0
e b A 1 R MR e AR TR 1) (GB/
T31387-2015) " v iy 4 56 ZLR k47 ) 45 A 57 4,
28 d Ji 9 IR EE A PE SN 3 R,
®3 BEIMESY

Tab.3 Concrete material property parameters

TR BE 1 552 G fw/MPa  E./MPa
C100-1 111.8 46 200

€100
C100-2 116.7 46 200
C120-1 119.9 51 000

C120
C120-2 108.0 51 000
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Fig. 3 Failure patterns of CFDST-ZY-1 specimen
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Fig. 4 Failure patterns of CFDST-ZY-5 specimen
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Fig. 11 Comparison of failure modes between FEM and test
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Tab. 4 Comparison of bearing capacity of specimens

AE%S  No/ kN N¢/N, Ni/ N, Ne/ No N;/ N,

CFDST-ZY-1 10897  0.90 0. 87 0.91 1. 05
CFDST-ZY-2 12 015  0.85 0. 84 0. 85 1. 06
CFDST-ZY-3 8 748 0. 87 0. 84 0. 85 1.08
CFDST-ZY-4 11 179  0.90 0. 88 0. 89 1. 04
CFDST-ZY-5 11 867  0.87 0.82 0. 85 1. 06
CFDST-ZY-6 8 628 0. 87 0. 83 0. 85 1. 08
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Tab.5 Amplification coefficient of constraint effect

KA 7 KA 7
CFDST-ZY-1 1.24 CFDST-ZY-4 1. 26

CFDST-ZY-2 1. 26 CFDST-ZY-5 1.23
CFDST-ZY-3 1. 25
¥ 1. 25

i 7% 0. 000 3

CFDST-ZY-6 1.27
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Tab. 6 Comparison between the calculation results of the

suggested formula and the test results

Rk N./ kN N./ kN N./N,
CFDST-ZY-1 10 670 10 897 0.98
CFDST-ZY-2 11 420 12 015 0. 95
CFDST-ZY-3 8 354 8 748 0. 95
CFDST-ZY-4 10 893 11 179 0.97
CFDST-ZY-5 11 224 11 867 0.95
CFDST-ZY-6 8 231 8 628 0. 95

¥I{H 0. 96
J7 % 0.03
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Tab.7 Comparison between the calculation results of the

suggested formula and the FEM results

ZHAE Num (kN)/Ng (kN) B UE Nm (kN)/NE (kN)
c=0.54 107 015/112 115=0. 95 Dit;i=30 109 280/112 112=0. 97
¢=0.62 105 585/109 472=0. 96 || Dit;=37 103 855/106 664=0. 97
c=0.69 103 855/106 664=0.97 Diti=44 99 741/102 544=0.97
c=0.77 101 922/103 720=0. 98 Diti=51 96 976/99 756=0. 97
¢=0.85 99 634/99 705=0. 99 Diti=61 94 194/96 962=0. 97
C60 93 457/92 841=1.0 Doto=42 115 197/115 872=0.99
C70 96 242/96 265=0. 99 Doto=50 103 855/106 664=0.97
C80 98 883/99 154=0. 99 Doto=55 98 291/101 426=0. 97
€90 101 441/102 737=0. 99 || Doto=62 92 798/97 472=0. 95
C100 103 855/106 664=0.97 || Doto =72 87 069/90 544=0. 96
¥)fE 0.97
Ji 7% 0.01
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Tab.8 Comparison between the calculated results of the

rigidity of the test pieces and the test results

R E./10°kN  E,/10°kN E./E.
CFDST-ZY-1 3. 80 3.91 0.97
CFDST-ZY-2 4.01 4.16 0. 96
CFDST-ZY-3 2.86 2.96 0.97
CFDST-ZY-4 4. 04 4. 20 0.96
CFDST-ZY-5 4.28 4. 44 0. 96
CFDST-ZY-6 3.04 3.17 0. 96
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