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Calculation Method of the Overall Stability for I-shaped Stainless

Steel Member under Axial Compression Load
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(1. College of Architecture and Civil Engineering, Beijing Univ of Technology, Beijing 100124, China;
2. School of Civil Engineering, Beijing Jiaotong Univ, Beijing 100044, China)

Abstract: In order to investigate the overall stability of I-shaped stainless steel member under axial
compression load, the nonlinear finite element analysis of the stainless steel members subjected to axial
compression load was performed by ANSYS software. By comparing the numerical results with the experi-
mental results, the accuracy of the finite element model was verified. The effects of initial geometric im-
perfections, section residual stress, material mechanical properties, and section width-thickness ratio and
slenderness ratio on the overall stability of the members were parametrically analyzed by means of the vali-
dated finite element analysis. According to the comparison, it can be seen that the material mechanical
properties and slenderness ratio of the members are the key influential factors. Based on the parameter
analysis, a new three-segment formula for calculating the overall stability coefficient was proposed by data
fitting. The proposed three-segment formula can accurately predict the overall stability bearing capacity for

I-shaped stainless steel member under axial compression load.
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Fig. 1 Test setup
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Fig. 2 Displacement transducers of columns
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Fig. 3 Stress-strain curves of the tested coupons compared with the average value model curve
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Fig. 4 The initial geometry imperfections model
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Fig. 5 The distribution of residual stress
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Comparisons of load-vertical displacement
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Fig. 7 Comparisons of load-lateral displacement
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Tab.1 The compare ultimate load
/ ) ;
T o A 7 SRS A R S
H304-1500 149.1 150. 2 10. 00 6.00 1875.7 —3.25 956.2 882.1 742.1 933.5 0.9225
H304-2000 149.1 150. 1 10. 00 6.00 2377.4 —6.16 820.6 768. 7 626. 2 834.3 0.936 8
55 H304-3000 149.6 150.0 10. 00 6.00 3383.7 —1.08 598.7 533.2 440. 7 669.1 0.890 6
il H304-3500 149. 6 149. 6 10. 00 6.00 3877.3 7.62 489.5 466.0  369.1 590.1 0.9521
H304-4000 149.4 150. 0 10. 00 6.00 4376.8 5.70 392.2 371.7 310. 8 511.1 0.947 8
H304-4000-B 119.1 149.7 10. 00 6.00 4369.1 —2.38 261.5 244.8 177.2 268.7 0.936 1
 Boaz000 149.2 149.8  10.00  6.00 2377.1 —1.80 999.5 10059 919.6 1048.2 1.0064
- 1304-3000 149.3 150. 3 10. 00 6.00 3373.5 0.96 914. 4 873.6 800. 0 904.9 0.955 4
;ﬂ]‘ 1304-3500 149. 5 110.4 10. 00 6.00 3874.8 —0.96 608.2 642. 8 521.5 846.7 1.056 9
1304-4000 150.0 150. 2 10. 00 6.00 4 374.4 0.84 691. 4 724.1 669.1 793.8 1.047 4
1304-4500 120.1 100. 0 10. 00 6.00 4872.9 —0.18 282.0 296.0 266.9 380.7 1.049 7
O Ave 0.972 9
Cov 0.003 3
"""""""""""" H2205-1500  149.9 150.8 10.20  6.00 1879.3 4.51 1469.5 14743 1230.7 1554.7 1,003 3
H2205-2000 150.0 150. 4 10. 20 6.00 2378.9 1.81 1127.9 1100.2 978.7 1335.5 0.9755
59 H2205-3000 149. 7 150. 3 10. 20 6.00 3381.4 11.85 751.0 720.5 603. 5 888.7 0.959 4
L H2205-3500 151.2 150.1 10. 20 6.00 3880.8 —10.18 677.0 623.2 497.2 695.5 0.920 5
H2205-4000 149.9 150. 1 10. 20 6.00 4 375.5 0.82 523.5 511.0  397.8 551.9 0.976 1
H2205-4000-B 120. 1 150. 3 10. 20 6.00 4378.2 —2.90 320.7 301.8  217.4 283.0 0.9411
"""""""""""" 122052000  150.7 150.3 10.20  6.00 2380.2 3.66 17046 17921 1478 1779.6 10513
12205-3000 149.9 150.0 10. 20 6.00 3377.2 0.98 1366.1 1360.4 1157 1495.7 0.9959
zi 12205-3500 150. 9 150. 4 10. 20 6.00 3883.68 0.32 1227.5 12351 1014 1364.2 1.0062
12205-4000 148.5 150. 1 10. 20 6.00 4378.7 —0.11 1064.8 1080.4 864.9 1234.9 1.0147
12205-4500 150. 4 110. 8 10. 20 6.00 4876.0 0.18 619.1 605.5 441.7 618.8 0.978 0
O Ave 0.983 8
Cov 0.001 3
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Fig. 8 The influence of initial defects
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Fig. 9 The influence of residual stress
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Fig. 10 The influence of material mechanical properties
0.9 0.8 T
= SR =SSR
08} @ o oo o o ISk 0.7F @ o oo o o 5kl
o AR o Hi
0.7 o IR o REhHEZ
s ¢ o 06f
N L W&
1 08 i 05
= 3
o5t £ o4}
B B
0.4 e o ® o me " 03 e o ® o me .
0.3 L 0.2 L L .
10 20 30 40 10 20 30 40
85 L B JE H
(a) B [G {4 2 (b) XUAH A 2
H11 TR
Fig. 11  The influence of width-thickness ratio
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