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Abstract:
octagonal hollow section columns were conducted, along

Eight axial compression tests on irregular

with material tensile tests on the material extracted from
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different regions of tube. The experimental results indicate
that the failure mode of irregular octagonal cold-formed
thin-walled hollow steel stub columns is local buckling
instability, and their load-bearing capacity cannot reach
their yield strength. Finite element analysis was also
performed on the steel tubes, validating the accuracy of the
finite element model with experimental results, followed
by parameter analysis to supplement the experimental data.
The experimental data and finite element model results
were used to evaluate the existing cross-section capacity
formulas in Chinese, European, and American standards,
as well as those reported in the existing literature. The
evaluation results indicate that the existing formulas are
not suitable for calculating the capacity of irregular
octagonal thin-walled high-strength hollow steel tube stub
columns. Therefore, a new formula was proposed. The test
data and finite element model results were compared with
the calculated results of the
demonstrating that the proposed formula can accurately

proposed formula,

predict the capacity of the specimens.

Keywords: thin-walled high-strength steel; axial

compression test study; local buckling; parametric

study; ultimate bearing capacity calculation
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Fig. 1 Flowchart of the manufacturing process of
the steel tube
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Tab.1 Parameters of hollow steel tube specimens
nyad H/mm B/mm #/mm B,/mm B,/mm b/t b/t fy‘,/MPa
10460-150-3-1. 5 152 96 3.15 91.5 41.4 10. 98 28.13 606
10690-150-3-1. 5 152 96 3. 04 91.3 41.1 11.38 29. 05 767
10460-170-3-1.5 168 106 3. 06 100. 6 45.6 12.82 32. 20 606
10690-170-3-1.5 165 108 3.01 100. 6 45.5 12. 96 31.37 767
10460-180-6-1. 5 180 120 6.18 109. 6 49.7 6.71 15.41 626
10690-180-6-1. 5 181 116 6. 04 109.5 49.3 6. 85 16. 30 780
10460-220-3-2. 0 225 105 3.00 155.5 44.9 13. 24 52.01 606
10690-220-3-2.0 225 105 3.00 155.9 44.7 13.21 52.08 767
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Fig. 2 Schematic of the cross-section of irregular

octagonal thin-walled steel tube
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Fig. 3 Tensile coupon of steel tube
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Tab. 2 Material properties of steel

A& X3, ¢/mm E/GPa J,/MPa f./MPa &/ % &/ %
i 3 203.5 577 632 10. 50 23.38
160 6 199.2 552 647 12. 30 25.35
Q 3 199.4 678 738 1.43 12. 20
TR
6 193.1 737 790 1. 40 12.99
3 207.6 740 817 9.18 19. 80
690 gL 6 218.5 714 773 10. 10 23.89
Q , 3 208. 4 828 910 1.68 10. 87
fai
6 216.1 880 947 1.37 12.99
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Fig. 4 Stress-strain curve of cold-formed steel
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Tab. 3 Test results of irregular octagonal thin-walled hollow steel stub columns

) it A f,/MPa N,/kN NJ/A,
1 10460-150-3-1. 5 1.50 606 662. 97 0.84
2 10690-150-3-1. 5 1.73 767 811.65 0.83
3 10460-170-3-1. 5 1.71 606 706. 50 0.83
4 10690-170-3-1.5 1.87 767 869. 16 0.82
5 10460-180-6-1. 5 0.81 626 1746. 14 0.92
6 10690-180-6-1. 5 0.93 780 2041. 98 0.89
7 10460-220-3-2. 0 2.77 606 688.72 0.66
8 10690-220-3—2. 0 3.11 767 842. 26 0. 64
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Fig. 5 Instrumentation and test setup
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Fig. 6 Load ratio (N,/A.f,) versus displacement

curve of hollow steel stub columns
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Fig. 7 Failure modes of high-strength irregular

octagonal steel stub column specimens
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Fig. 9 Lowest-order mode from elastic buckling

analysis
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Fig. 11 Comparative load-displacement curves of a typical high-strength hollow steel stub column
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Tab. 4 Sectional slenderness limits from various codes and existing studies
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Fig. 12 Evaluation of cross-section -classification
limits for irregular octagonal high-strength

hollow steel tubes
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Fig. 13 Design capacity assessment of irregular

octagonal with Chinese code
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Fig. 14 Design capacity assessment of high strength

irregular octagonal steel tubes with Eurocode
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Fig. 15 Design capacity assessment of high strength

irregular octagonal steel tubes with AISC code
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Fig. 16 Design capacity assessment of high strength
irregular octagonal steel tubes with Fang’s

proposed formula
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Fig. 17 Design capacity assessment of high strength
irregular octagonal steel tubes with pro-

posed formula
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Tab.5 Comparison of predicted capacity with test and numerical results

Goitat N./Ney Nie/New N,/Nge New/Nee  No/Nasce Neg/Nasce N/ Nrung Nee/ Nrung N/ Niro New/ Nio
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