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Abstract: In order to investigate bearing capacity of cold-formed steel built-up columns under
axial compression, authors used ANSYS finite element program to analyze the cold-formed steel
built-up columns at home and abroad. Compared with experimental results, the validity of the
finite element method (FEM) was verified. Furthermore, a detailed parametric study by FEM
was carried out to mainly determine the influence of cross-section form, cross-section dimension
and slenderness ratio of component for the built-up effect. The simplified calculation method to
the bearing capacity of cold-formed steel built-up columns under axial compression was extracted.
The analytical results show that with the increase of the slenderness ratio, the built-up effect
improves. As for these columns connected with screws through web, when width-thickness ratio
of flange is certain, with the increase of width-height ratio of cross-section, the integrity of the
built-up web increases, which leads the built-up effect to strengthen. But the influences of
different areas of cross-sections are not so obvious.
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Tab.1 Numbers and Cross-section Dimensions of Specimens
WL TR by /mm | be/mm | b/mm | t/mm | bz !
152-41-9. 5X305-1. 40 152 41 9.5 1.40 29.3
152-41-9. 5X610-1. 40 152 41 9.5 1. 40 29.3
92-41-9. 5X305-1. 20 92 41 9.5 1. 20 34.2
92-41-9.5X610-1. 20 92 41 9.5 1. 20 34.2
92-41-9. 5X305-0. 90 92 41 9.5 0. 90 45.6
92-41-9. 5X610-0. 90 92 41 9.5 0. 90 45.6
152-41-9. 52X 305-0. 84 152 41 9.5 0. 84 48. 8
152-41-9.5X610-0. 84 152 41 9.5 0. 84 48. 8
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Tab.2 Material Properties of Steel
oA | SRR | PrhiaR )l | #MEELE | R IR
t/mm | f,/MPa | f.,/MPa | E/10" MPa | 6/%
1. 40 388. 04 510. 98 2.06 22. 38 0.3
1. 20 297.06 439. 35 2.06 27,44 0.3
0. 90 205. 30 297.03 2.06 20. 47 0.3
0. 84 266.52 357.47 2.06 19.02 0.3
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Fig.3 Constitutive Relation of Steel

2.3 hRAFRMEEE M

T 58 o e v A 7 i 2 A < RO 5 S0 L I Ut
K SO T BRI U B B AR AL — A R X %
fiuh AEHEAT LA, ABE 32 AL 1 AT T 3L 5 O =
BT MR AR T 100 S B WS RSP B T 1 Oy il
SR TR AU R S 5 B 00 B 2R A 2R i R A AR
W w2 TIP3 A f UL U, 9 380T S % fil oy

R 2y TSR E U, U, U Wi 4
B .

B4 HEEEEFRTERER
Fig. 4 Finite Element Model of Built-up Column
2.4 A ERBA B BE AN
R AT A 2o R A (R pth 23 B A B R A R
Lo Jay v Jet oty - g 2 e gty 2 el RS, 1AL S TR

LN |3
(@
BS HegEHERNE#HRS
Fig. 5 Bucking Modes of Build-up Columns
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Tab.3 Comparisons of Finite Element Analysis

Results and Test Results of Build-up Columns

Py

g PL/kN | P,/kN Pr IR R AL
152-41-9. 5X300-1. 4 80. 60 90. 00 1.12 | L+D+F
152-41-9. 5X600-1. 4 82.96 88. 40 1.07 | L+D+F
92-41-9.5X300-1. 2 61.09 61.87 1.01 | L+D+F
92-41-9.5X600-1. 2 51.24 53.70 1.05 | L+D+F
92-41-9. 5X300-0. 9 42.75 45.40 1.06 | L+=D+F
92-41-9.5X600-0. 9 42,48 45. 20 1.06 | L+D+F

152-41-9. 5X300-0. 84 38. 20 46. 50 1.22 | L+D+F
152-41-9. 5X600-0. 84 43. 80 44. 90 1.02 | L+D+F
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Fig. 6 Comparisons with Failure Patterns of

Specimens (Unit: mm)
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Fig.7 Cross-section Forms of Multi-limbs Cold-formed
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Tab. 4 Finite Element Parametric Analysis Results
#m A=30 A=50 A=100
t/mm | bt biby !
G P./kN | N,/kN 7 P./kN | N,/kN 7 P./kN | N,/kN 7
0.4 48.00 36. 85 1. 14 47.00 34.56 1.18 41. 00 25.5 1.61
20 0.6 40. 00 27.61 1. 45 40. 05 25.62 1. 56 29.00 17.37 1.67
0.4 68. 00 55.06 1.22 67.00 51.18 1.31 66. 00 33.62 1. 96
! 0 0.6 69. 60 51.81 1. 34 70. 00 48. 54 1. 26 66. 20 33.58 1.62
0.4 68. 00 62.23 1.09 67.30 57.98 1. 24 50. 00 41. 20 1.21
00 0.6 80. 00 59.13 1. 35 81. 00 54.90 1. 48 75.00 36.73 2.04
‘ . 0.4 192. 00 146. 08 1.15 193. 00 138. 85 1.21 135.00 99. 16 1.19
20 0.6 162. 00 110. 39 1. 47 156. 00 102. 46 1.52 116. 00 69. 48 1.67
0.4 270. 00 220. 24 1.23 270. 00 204.70 1.32 269. 00 134.50 2.00
’ 10 0.6 281. 00 207. 54 1.22 276.00 194. 22 1.24 234.32 139.91 1. 46
60 0.4 308. 25 248.91 1. 24 280. 23 231.94 1.21 240. 25 164. 83 1. 46
0.6 316. 47 236. 48 1. 33 315.68 218. 81 1. 46 308. 00 146. 90 2.17
. 0.4 88. 89 66. 34 1. 34 88.59 61.24 1. 44 67.25 41.12 1.63
20 0.6 72.69 52.94 1. 36 70.58 49. 14 1.42 66. 00 33.91 1. 95
0.4 106. 57 115. 59 0.92 102. 72 106. 15 0.98 100. 00 67.65 1.48
! 10 0.6 116. 67 103. 31 1.13 116. 58 95. 87 1.21 114. 39 64. 89 1.78
0.4 122.00 133.78 0.91 120. 00 122.95 0.98 118. 36 81.37 1.45
00 0.6 130. 47 134. 04 0.97 126. 74 122. 85 1.03 98. 28 79.29 1.24
b . 0.4 358. 85 265. 35 1. 35 359. 00 244.93 1. 47 172. 85 164.75 1.05
20 0.6 280. 66 220. 83 1.27 283.56 205. 00 1. 38 210. 35 104. 40 2.01
0.4 442.62 462. 36 0.96 436. 54 424.66 1.03 328. 25 270.62 1.21
’ 10 0.6 450.78 415. 54 1. 08 439. 00 384. 21 1. 14 424. 21 255. 66 1. 66
0.4 411. 67 535.11 0.77 392. 39 491.76 0. 80 255. 36 325.48 0.78
00 0.6 485. 25 536.12 0. 90 481.33 491. 45 0.98 430. 95 325.48 1.32
20 0.4 40. 32 33.31 1.21 39.66 31. 26 1.27 30. 58 21.70 1.41
0.6 35.42 27.61 1.28 33.00 25.61 1.29 27.33 17.68 1.55
0.4 50. 33 52.90 0.95 49.00 49.08 0.99 39.63 33.93 1.17
! 10 0.6 55.32 49. 58 1.12 54. 00 46. 40 1.16 46. 22 32.89 1.41
0.4 55.00 58.42 0. 94 55. 00 54.43 1.01 42.28 38. 80 1.09
00 0.6 60. 00 61.83 0.97 52.36 57.42 0.91 45.96 39.31 1.17
¢ 0.4 145.63 133.22 1.09 135.76 125.05 1.09 103. 27 86. 79 1.19
20 0.6 105. 67 110. 40 0.96 105. 00 102. 47 1.02 97.81 70.71 1.38
, 10 0.4 201. 77 211.62 0.95 200. 00 196. 30 1.02 155. 86 135.74 1.15
0.6 221. 38 198. 68 1.11 202.68 185. 94 1.09 200. 37 131.55 1.52
0.4 243.69 279.46 0.87 240. 00 262. 85 0.91 205. 00 155. 15 1.32
00 0.6 246. 00 247.33 0.99 233.00 229.67 1.01 235. 36 157.22 1.50
0.4 38.28 33. 87 1.13 37.79 31. 44 1. 20 22.20 19.70 1.13
?0 0.6 30. 33 27. 60 1. 10 30. 00 25.62 1.17 23.03 17. 68 1. 30
0.4 55.00 43.26 1. 27 69. 00 40. 03 1.72 63.00 27.49 2. 30
! 10 0.6 40. 27 41. 99 0.96 35.08 38.92 0.90 30. 00 26.83 1.12
0.4 41. 33 43.26 0.96 40. 00 40. 39 0.99 35. 80 30. 86 1.16
o 0.6 40. 00 16. 93 0.85 41.28 43.51 0.95 33.20 29.59 1.12
‘ 0.4 122. 62 133,22 0.92 125. 36 125. 06 1.00 123.00 86. 79 1.42
2 0.6 120.33 | 110.40 1.09 120.00 | 102.46 1.17 119. 00 69.78 1.71
0.4 155.73 173.03 0. 90 150. 32 160. 10 0. 94 147. 00 110. 00 1. 34
? 10 0.6 158. 33 167.99 0. 94 150. 23 155. 71 0. 97 120. 70 107. 34 1.12
0.4 196.29 | 173.04 1.13 190.75 | 161.56 1.18 130.32 | 117.14 1.11
%0 0.6 163. 26 187.73 0. 87 160. 37 174.03 0.92 144. 80 127.65 1.13
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