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Experimental and theoretical analysis on axial compression behavior of
concrete-filled steel tube stub columns at early-age
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(1. School of Civil Engineering, Wuhan University, Wuhan 430072, China;
2. The Key Lab of Safety for Geotechnical and Structural Engineering of Hubei Province ( Wuhan University) , Wuhan 430072, China)

Abstract: To study the axial compression behavior of concrete-filled steel tube ( CFST) at early-age, axial
compressive tests of CFST stub columns at different concrete ages were carried out. The bearing capacity and load-
strain curve at different ages were obtained. The failure modes, load-strain curves, and the development rules of
bearing capacity with age were analyzed. Based on the existing stress-strain relationship of early-age concrete, the
constitutive relationship of mature concrete in the GB 50010 was extended to include the case of concrete at early-
age. Combined with the above mentioned tests, the finite element model for early-age CFST was established and the
axial compression behavior of circular and square CFST at early-age was analyzed. The results show that the
confinement effect increases with the growth of age and the confinement effect and load properties of the circular
section aresignificantly higher than those of the square section. Based on the bearing capacity of CFST in the mature
period, the strength capacity of CFST stub columns at the early age was established by introducing the coefficient of
confinement effect due to concrete age. Uniform design method was used to simulate the age-bearing capacity of
circular and square CFST stub columns to verify the applicability and high accuracy of the formula. This study
provides references for the safe construction of CFST.
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Fig. 1 Dimension of the specimen
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Fig.2 Compressive strength of the concrete
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Fig.3 Schematic of the test setup and instrumentations
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Fig.4 Failure models of specimens
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Fig.5 Load versus axial strain curves of specimens
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Fig.6 Transverse and axial strain curves of specimens
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Tab. 3  Age-bearing capacity of CFSTs

t/d N,/kN N,/Nyg
6 856 0.69
9 976 0.78
12 980 0.79
15 1000 0.81
18 1170 0.94
21 1180 0.95
24 1120 0.90
28 1240 1.00
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Fig.7  Stress-strain curves of steel
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Fig.8 Comparison of stress-strain curves
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Fig. 10 Comparison of simulation and test results
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Fig. 11  Bearing capacity with different cross sections
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Tab.4 Parameter design of the FEA
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37 HAR/mm  JREE/mm MY REELFH
1 1 000 15 Q235 C30
2 800 3 Q235 C60
3 1 200 3 Q390 C50
4 800 9 Q460 C30
5 200 3 Q345 C30
6 400 15 Q295 C70
7 600 18 Q345 C60
8 400 6 Q295 C40
9 800 12 Q345 C50
10 200 12 Q235 C80
11 600 9 Q235 C50
12 1200 12 Q460 C60
13 1 000 15 Q420 C70

14 200 9 Q390 C60
15 600 12 Q390 C30
16 400 15 Q420 C40
17 800 18 Q390 C80
18 1 000 6 Q420 C40
19 1 200 9 Q345 C80
20 400 6 Q420 C70
21 1 200 18 Q295 C40
22 1 000 6 Q295 C70
23 200 18 Q460 C50
24 600 3 Q460 C80
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