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Weak confinement effect of concrete-filled thin-walled steel box short column

WANG Huan', KANG Ling', CHEN Ming', ZOU Qi', MU Tingmin'~

(1. Sichuan Highway Planning, Survey, Design and Research Institute Ltd.,Chengdu 610041, China;
2. Bridge and Structural Engineering Laboratory of Sichuan Province, Chengdu 610041, China)

Abstract: To investigate the weak confinement effect of concrete-filled thin-walled steel box ( CFTSB) , the axial
compression tests of 9 CFTSB short columns and 6 control group tests of circular concrete-filled steel tube ( CFST)
and ordinary reinforced concrete ( RC) short columns are carried out. The mechanical behaviors such as failure
mode, load-displacement curve, ultimate bearing capacity, composite strength, axial compression stiffness, and
sectional strain distribution were obtained, and the weak confinement effect of CFTSB and the deformation
coordination relationship between thin-walled steel box and concrete are described in detail by comparing with
circular CFST and ordinary RC components. Based on the contribution of thin-walled steel box to the strength
improvement of concrete, an axial compressive capacity calculating method of CFTSB short column with weak
confinement effect is established. The results show that the ultimate bearing capacity and axial compression stiffness
increase with the increase of steel ratio and confinement coefficient, but decrease with the increase of width-to-
thickness ratio. Under the weak confinement effect, the thin-walled steel box partially buckled at 30% —40% of
the ultimate load, and then the deformation of the steel box and concrete appeared uncoordinated phenomenon. The
concrete is crushed when it reached ultimate state, and the bearing capacity declined rapidly because of the
decrease of effective bearing area, but the ductility during later period is better maintained by the steel box. In the
case of small steel ratio, the mechanical behavior of CFTSB and CEST is similar in elastic and elastic-plastic stage
as well as similar ultimate bearing capacity and axial compressive stiffness, but the circular section shows ductile
failure and the constraint effect of falling stage is better than that of the rectangular section. The bearing capacity
and stiffness of CFTSB are about 15% and 5% higher than that of ordinary RC, respectively, and the construction
does not need to tie steel bars and install and disassemble formworks. The proposed bearing capacity calculation
method is proved to be reliable and can provide useful guidance for the design of CFTSB structure.
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Tab.1 Parameters of components
e e T R HAFHEE JE/ mm e ¢ N,./kN o../MPa

J2-1 330 mm x 130 mm 1.0 0.02 0.26 3 603 68. 84
22 330 mm x 130 mm 1.0 0.02 0.26 2 950 68.76
J2-3 330 mm x 130 mm 1.0 0.02 0.26 3720 71.08
J5-1 330 mm x 130 mm 2.0 0.05 0.60 3 500 81.59
J5-2 330 mm x 130 mm 2.0 0.05 0.60 3510 81.82
J5-3 330 mm x 130 mm 2.0 0.05 0.60 3 540 82.52
J10-1 330 mm x 130 mm 4.0 0.10 1.30 4007 93.40
J10-3 330 mm x 130 mm 4.0 0.10 1.30 4114 95.90
J10-4 330 mm x 130 mm 4.0 0.10 1.30 4 047 94.34
Y-1 $233 mm 2.5 0.05 0.60 3 568 83.17
Y2 $233 mm 2.5 0.05 0.60 3491 81.38
Y-3 $233 mm 2.5 0.05 0.60 3 545 82.63
P-1 330 mm x 130 mm 0.05

p-2 330 mm x 130 mm 0.05 3120 72.73
P-3 330 mm x 130 mm 0.05 3390 79.02
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Fig.3 Loading scheme and measuring point layout
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Fig. 13 Load-strain curve of circular CFST
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Fig. 14  Longitudinal strain distribution(10~°)
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Tab.2 Comparison of theoretical values with experimental values in literature[ 13 ]

F 1 bxhxt £ A,./mm’ S/ MPa N,/kN N,./kN N,/N,,
rcl 100 mm % 100 mm x2. 86 mm 0.72 10 000 79.50 795 780 1.02
rc2 120 mm x 120 mm x2.86 mm 0.58 14 400 75.85 1092 1021 1.07
re3 110 mm x 100 mm x2.86 mm 0.68 11 000 78.55 864 852 1.01
rcd 150 mm x 135 mm x2.86 mm 0.49 20 250 72.72 1473 1 380 1.07
re5 90 mm x70 mm x2.86 mm 0.94 6 300 84.30 531 565 0.94
rch 100 mm x75 mm x2.86 mm 0.85 7 500 82.64 620 656 0.94
rc7 120 mm x90 mm x2.86 mm 0.69 10 800 78.92 852 780 1.09
rc8 140 mm x 105 mm x2. 86 mm 0.58 14 700 75.85 1115 1 065 1.05
rc9 150 mm x 115 mm x2.86 mm 0.53 17 250 74.31 1282 1235 1.04
rel0 160 mm x 120 mm x 7. 60 mm 1.58 19 200 88.10 1 692 1795 0.94
rell 130 mm x 85 mm x2.86 mm 0.69 11 050 78.93 872 790 1.10
rel2 140 mm x 80 mm x2.86 mm 0.70 11 200 79.13 886 810 1.09
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Tab.3 Comparison of theoretical values with experimental values in literature[ 14 ]

14 bxhxt 3 A, /mm? S/ MPa N,/kN N,./kN N,/N,,
HSR12 100 mm % 120 mm x 3.8 mm 1.12 12 000 87.87 1 055 1075 0.98
HSR14 100 mm x 140 mm x 3.8 mm 1.04 14 000 86.97 1217 1157 1.05
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