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Abstract: Based on the methods of material strength reduction and steel tube thickness reduction,
the axial compressive mechanical behavior of circular concrete-filled steel tube (CFST) stub
columns under the alternation of freeze-thaw cycle and acid rain corrosion were studied by finite

element method. Based on the reasonable finite element analysis model, the failure mode, axial
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load-displacement relationship and the interaction between the steel tube and concrete of circular
CFST stub columns under the alternation of freeze-thaw cycle and acid rain corrosion were
analyzed. The effects of steel ratio, section size, yield strength of steel tube, axial compressive
strength of concrete and alternating time of freeze-thaw cycle and acid rain on the axial
compressive ultimate bearing capacity were studied. The results show that the finite element
simulation results are in good agreement with the experimental results, which verifies the validity
of the model. The failure mode of axially loaded circular CFST stub column under the alternating
action of freeze-thaw cycle and acid rain corrosion is similar to that of ordinary specimen. The
variation trends of the axial load-displacement curves are consistent, and all specimens are plastic
failure. With the increase of alternating time of freeze-thaw cycle and acid rain corrosion, the
material properties deteriorate seriously and the restraint effect of steel tube on core concrete
weakens, which causes the ultimate bearing capacity of specimen decreases significantly.

Key words: freeze-thaw cycle; acid rain corrosion; circular concrete-filled steel tube stub column;

finite element analysis
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Fig. 1 Schematic diagram of mesh generation and

boundary conditions of finite element model
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Table 1 Main design parameters of freeze-thaw specimens in literature [20]

Ve TR D/mm L/mm t/mm N¢/mm feu/MPa fy/MPa a N./kN
Cc2-0 89 270 1. 89 0 63.7 396. 3 0.091 588.5
Cc2-50 89 270 1. 89 50 63.7 396. 3 0.091 571.0

Cc2-100 89 270 1. 89 100 63.7 396. 3 0.091 579.0

Cc2-200 89 270 1. 89 200 63.7 396. 3 0.091 545.6

Cc2-300 89 270 1. 89 300 63.7 396. 3 0.091 560.0

F2 x@l18]FMKHFEERITSH
Table 2 Main design parameters of corroded specimens in literature [18]

15D 4 5 D/mm L/mm {/mm At/mm feu/MPa fy/MPa v/ % N./kN

C-114-0 114 342 2.65 0. 00 41.5 336.6 0.0 750

C-114-1 114 342 2.65 0. 25 59.9 336.6 9.5 834

C-114-2 114 342 2.65 0. 54 59.9 336.6 20.5 775

C-140-0 140 342 2.59 0.00 41.5 362.5 0.0 1 030

C-140-2 140 342 2.59 0. 51 59.9 362.5 19.6 1055

®3 #2015 EXKFTEER
Table 3 Calculation results of freeze-thaw related specimens in literature [ 20]

Y 2 5 D/mm L/mm t/mm N./kN N./kN Ny /kN N./N. N./Nj
Ce2-0 89 270 1. 89 588.5 576. 4 586. 4 1.02 1. 00
Ce2-50 89 270 1. 89 571.0 574.5 573.9 0.99 1. 00

Cc2-100 89 270 1. 89 579.0 569.7 559.0 1.02 1. 00

Cc2-200 89 270 1. 89 545.6 555.1 556. 2 0.98 0.99

Cc2-300 89 270 1. 89 560. 0 434. 3 572.2 1.23 1. 00

SE G 1. 04 1. 00
= 0.012 0 0.000 4
&4 wMOISIFMARRET SR
Table 4 Calculation results of corrosion related specimens in literature [ 18]

5T 2 D/mm L/mm t/mm At/mm N./kN N./kN Ny /kN N./N. N./Nj
C-114-0 114 342 2.65 0. 00 750 768.6 755.0 0. 96 0.98
C-114-1 114 342 2.65 0. 25 834 750.0 846. 1 1.11 0.98
C-114-2 114 342 2.65 0.54 775 684. 6 794. 2 1.13 0.98
C-140-0 140 342 2.59 0. 00 1030 1016.7 1048.2 1.02 0.99
C-140-2 140 342 2.59 0.51 1055 1 005.6 1069.1 1. 04 0.98

Bfic] 1.05 0.98
= 0.005 00 0.000 02
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Fig.2 Simulation verification of freeze-thaw specimens in literature [20]
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Table 5 Proportion of bearing capacity of concrete and

steel tube under peak load

W (Nu/ND/% (Nu/ND/ %
C-40-345-0 66. 6 34.1
C-40-345-1 70.5 30.1
C-40-345-2 75.4 25.7
C-40-345-3 80.7 20.0
C-40-345-4 85.4 15.6
C-40-345-5 89.7 11.9
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Fig. 5 Load-displacement curves of core concrete and steel tube
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Fig. 6 Distribution of normal binding force between

steel tube and concrete under peak load
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