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Abstract: Five hundred and sixty eight test coupons taken
from thirty cold-formed thick-walled steel square and
rectangular tubes with different sizes of sections, thickness of
plates, grades of steel and different manufacturers were
tested to investigate the effects of cold-forming process on the
material properties of different parts of sections. The test
results indicate that the cold-forming effects have obvious

influence on the strength and ductility of cold-formed thick-
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The
between two adjacent plates connected to the plate containing

walled sections. difference of material properties
weld can be ignored. The yield and tensile strength of weld
portion and corner parts are enhanced compared with the
adjacent plates. The yield strength enhancement factors of
corner parts increase with the increase of the ratio of the
length of centerline to the inside diameter of corners, but the
enhancement factors for tensile strength are independent on
the respective parameters. Based on the investigation,
distribution patterns of yield strength, tensile strength,
tensile to yield ratio and percentage elongation of cold-formed
thick-walled steel rectangular hollow sections were proposed,
which can be used for strength and stability analysis of
corresponding beams and columns, while the cold-forming
effects are to be taken into account.

Key words: cold-formed thick-walled tubular; material test;

yield strength; cold-forming effect; material property
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Fig.1 Location of coupons
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Tab.1 Sizes of steel tubes

o) ) RS/ fﬂ%’ K ‘iﬁﬁﬁiﬁtﬁ‘
mmXmmXmm) 4 TR BARMG
1 86X 86X 8 Q3458 4 12 12
2 160X 80X 8 Q345B A 12 12
3 200X 80X7.75  Q345B W 12 12
4 108X 108X 10 Q3458 4 12 12
5 118X118X10 Q345B A 12 12
6 250 X250 X8 Q345B A 12 12
7 140X100X 7.5  Q345B %W 12 12
8 200X 100X 8 Q3458 4 12 12
9 120X 50X 4 Q345B A 12 12
10 135X135X10 Q235B A 12 12
11 135X135X12 Q2358 4 12 12
12 220X 220X 10 Q2358 4 12 12
13 250 X250 X8 Q345B FM 8 8
14 300200 X8 Q345B 8 8
15 108X 108X 10 Q345B £M 8 8
16 120X120X10 Q345B =W 12 8
17 135X135X10 Q345B FM 8 8
18 220X 220X 10 Q345B £M 8 8
19 400X 200X 10 Q345B £M 8 8
20 350X 250X11.5 Q345B FM 4 4
21 350X 350X 12 Q345B FM 8 8
22 350X 250X12 Q345B £M 8 8
23 350X 350X16 Q345B £M 8 8
24 500 X500X 16 Q345B 8 8
25 300X300X8 Q345B =W 8 4
26 220X 220X16 Q235B £ 8 8
27 108X 108X 10 Q235B £ 8 8
28 220X220X 10 Q235B =M 8 8
29 350X 350X 14 Q235B £ 8 8
30 250X 250X 16 Q235B £ 8 8
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Fig.2 Geometry and numbering of coupons (Unit; mm)
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Fig.4 Failure of flat coupons
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Fig.3 Test procedure of flat coupons
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Fig.5 Test procedure of corner coupons

LU 6 .



984 Rl ¥ k2 2 WE KRB 2B

Bus

6 Ty EBEK T O

Fig.6 Fracture surfaces of corner coupons
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Tab.2 Coefficients of variation and average strength of two adjacent sides
FE AR msam e D F/MPa  Fu/MPa %
1 86X 86X 8 Q345B 2.43% 0.37% 424, 93 535.19 1. 259
2 160X80X 8 Q3458 0.21% 0.84% 416, 43 560. 85 1. 347
3 200X 80X7.75 Q3458 1.09% 0. 69% 359, 78 514, 00 1. 429
4 108X 108X 10 Q345B 1.06% 0.91% 425, 39 518. 29 1. 218
5 118X118X10 Q345B 0.32% 0.48% 375.72 521. 32 1. 388
6 250X 250X 8 Q345B 0.28% 0.17% 388, 30 543, 52 1. 400
7 140X 100X 7. 5 Q3458 3. 86% 1.70% 381,19 557, 54 1. 463
8 200X 100X 8 Q345B 3.15% 0.97% 404, 54 549, 39 1. 358
9 120 X50 X 4 Q345B 0.73% 0.37% 304, 18 435, 38 1. 431
10 135X135X10 Q2358 0.86% 0.26% 298. 60 404, 94 1. 356
11 135X 135X 12 Q235B 0.62% 2.13% 388. 99 519. 32 1. 335
12 220X 220X 10 Q235B 3.75% 0.44% 335. 03 445, 72 1. 330
13 250X 250X 8 Q345B 3.41% 2.43% 361, 60 536. 69 1. 484
14 300X 200X 8 Q345B 0.71% 0.77% 332, 80 509, 71 1.532
15 108X 108X 10 Q345B 1. 84% 3.19% 434, 55 544, 40 1. 253
16 120X 120X 10 Q345B 6.44% 0.77% 412, 68 553. 92 1. 342
17 135X 135X 10 Q3458 2.99% 0.96% 415, 64 568. 51 1. 368
18 220X 220X 10 Q345B 1.21% 1.30% 381. 00 514, 27 1. 350
19 400X 200X 10 Q3458 3.67% 0.89% 343,59 528, 65 1.539
20 350X 250X11. 5 Q345B 2.20% 0.67% 402, 79 526. 91 1. 308
21 350X 350X12 Q345B 7.74% 5.54% 380. 97 528, 45 1. 387
22 350X 250X 12 Q345B 1.35% 0.98% 319. 92 500, 51 1. 564
23 350X 350X 16 Q345B 0.02% 0.64% 422,73 568. 26 1. 344
24 500X500X16 Q3458 0.27% 0.28% 337,34 522, 23 1. 548
25 300X 300X8 Q345B 1.23% 0.07% 398, 27 495, 60 1. 244
26 220X 220X 16 Q235B 5.69% 1.25% 284, 70 425,16 1. 493
27 108X 108X 10 Q235B 1.78% 0.97% 401, 54 473. 21 1.178
28 220X220X 10 Q235B 5.73% 0.02% 281, 95 439, 33 1,558
29 350X 350X 14 Q235B 2.15% 1.25% 287.73 432, 20 1,502
30 250X 250X 16 Q235B 0.43% 0.65% 368, 02 481, 84 1. 309
B Q~12 BiREE 1.53% 0.78%
BT EHE(13~30 B4 2.71% 1.26%
B & TRA~30 B4 2.24% 1. 06%
AR 1~12 SR M 0.014 0. 006
bRz TR 13~30 S 0. 023 0,013
B & THRA~30 B4 0. 020 0.011
Q235B 330. 82 452,71 1. 383
i Q345B 382,92 528, 80 1. 389
Q235B 0. 150 0.08 0.091
RRRH Q345B 0. 098 0. 06 0.073
1.6 1.58 Q235B 1.6¢ 1.58 Q235B 1.6, 1.58 Q235B
e ® o ® o * °® ¢ L] PS B
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* [ ] * * . L] [ 1] *
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131 o . 1.3¢ o 4 13r ne
e ] [
12k ‘D o0 Q235B 1'2'.13 o Q235B 1.2+ ® o Q235B
* Q345B * Q345B * Q345B
1'120 25 30 35 40 45 50 55 60 65 70 7 l'110 15 20 25 30 35 40 45 1'}).8 10 12 14 16 1.8 20 22
L/R bt R/t
a7y, F L/R 4L by, FA b/t 7R c 7p Ml R/t 7AELL
8 FEHEELSESHUMNXE

Fig.8 Relationship between yield strength ratio and various parameters
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Tab.3 Enhancement factors of weld sides, the sides opposite the weld and corner parts

i R R R R
1 86X 86X 8 —0.28% 0.17% 31.46% 17. 83% 42.09% 19.61%
2 160X80X8 20, 20% 4,40% 38.99% 15.25% 33.06% 11.57%
3 200X 80X7.75 29, 39% 4,89% 51.58% 16.15% 54,17% 21.52%
4 108X 108X 10 6.55% —0.14% 35, 46% 19. 08% 31.45% 13.18%
5 118X 118X 10 14.57% 0.58% 45, 58% 16.45% 35.31% 9,40%
6 250X 250X 8 0.87% —0.34% 44, 23% 14. 24% 38.87% 15.72%
7 140X 100X7.5 15. 84% 0.47% 53.52% 14.66% 36.85% 10.10%
8 200X100X 8 19. 86% 3.11% 49, 58% 20, 48% 40.53% 16.42%
9 120 X50 X 4 19.70% —2.23% 59.90% 15.73% 45,92% 10.75%
10 135X135X10 11. 44% —1.37% 42, 33% 12.09% 50, 61% 29,21%
11 135X 135X 12 2.65% 2.86% 33.78% 12. 48% 41.21% 14. 85%
12 220X 220X 10 2.01% 0. 64% 45, 94% 20. 88% 32.27% 16.33%
13 250X 250X 8 4.75% 1.04% 44, 02% 12,18% 39.42% 10,09%
14 300X 200X 8 6. 68% 0.21% 48.30% 11.77% 42,39% 11.19%
15 108X 108X 10 24. 08% 16.50% 19.21% 12. 07% 30. 64% 18.50%
16 120X 120X 10 1.49% —1.83% 29, 30% 13.71% 37.56% 14.75%
17 135X 135X10 3.73% —1.43% 30, 09% 12, 68% 31, 20% 10, 34%
18 220X 220X 10 4.75% —0.14% 41,61% 17.82% 36.62% 17.33%
19 400X 200X 10 14. 83% 1. 84% 54, 02% 16.52% 52.54% 16. 65%
20 350X 25011, 5 —0.39% —0.78% 29, 81% 11. 94% 28.39% 11. 42%
21 350X 350X12 —2.02% —2.14% 40, 30% 12. 44% 39.93% 16.90%
22 350X 250X 12 13.61% 0.06% 54, 00% 14.78% 48.93% 18.40%
23 350X 350X 16 —1.67% 0. 68% 35.07% 15. 06% 36.74% 13.24%
24 500X500X16 7.58% 1.30% 54, 29% 9.11% 32.55% 12.74%
25 300X 300X8 0.29% 1. 74% 36. 88% 20, 74% 17, 44% 8. 40%
26 220X 220X 16 9.89% —0.97% 47.91% 9.65% 49.12% 14.53%
27 108X 108X 10 2.23% 1.29% 23.33% 18.53% 26.47% 17. 34%
28 220X 220X 10 4.72% —0.80% 56, 58% 14, 82% 48.30% 12. 68%
29 350X 350X 14 10.01% 1. 90% 53.34% 16.25% 45,24% 16. 46%
30 250X 250X 16 6.64% 2. 98% 31.17% 18.56% 33.08% 16.75%

BRI 2) 11. 90% 1. 09% 44, 36% 16. 28% 40.20% 15.72%

HE EL G ER) 6.18% 1.19% 40.51% 14.37% 37.59% 14.32%

B & = 8.47% 1.15% 42, 05% 15.13% 38.63% 14, 88%
A (FIE 2) 0. 096% 0.022% 0.085% 0.028% 0.072% 0.057%
FREE EL G ER) 0.066% 0.041% 0.117% 0.032% 0.092% 0.031%
R & =W 0.083% 0.034% 0.106% 0.032% 0.084% 0.043%
0.7 0.22
0.6 - . 0.20 ) .
0.5 - 0.18 .
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Fig.10 Relation between strength enhancement factors and parameters R/ at corner parts
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Fig.11 Relation between strength enhancement factors and parameters L/R at corner parts
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Fig.12 Relation between strength enhancement factors and parameters L/t at corner parts
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Fig.13 Distribution model for strength and ductility
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Tab.4 Statistical values of yielding parts of steel (DT HIE {é\%%ﬂ B ﬁﬂiﬁﬁ 2il W?Bﬂﬁ
Wy R JeE HR 3% i/ MPa FREX RN E 2B MV I TR RO E, 7]

R mn TR R RN VA bk SRR ) g 4530 098 FE 2 SR T FBISR
Q235B <16 99 395 245 301.9 28,6 0,095 N -

Q345B <16 1241 525 330 388.7 28.0 0.073 ilz‘i@ﬁ’ﬂfjjilz‘ﬁiﬁflﬂﬁffﬁ%ﬁ

(2)%F Q2358 I Q3458 41, ¥ 25 T P-4 i

Hr55 8 HEIAABIMTE 5 /Y 1. 58 1 1. 48 {H.
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Tab.5 Percentages of elongation of plates, plate with weld and corner parts
FE AR msam U o o 5 ik

1 86 X86X8 Q345B v 0. 31 0.16 0.15
2 160X80X8 Q345B AN 0. 28 — 0.17
3 200X 80 X7, 75 Q345B AN 0. 33 — 0.17
4 108X108X10 Q345B v 0. 27 0. 17 0.13
5 118X118X 10 Q345B v 0. 31 0. 20 0.16
6 250X 250X 8 Q345B AN 0. 31 0.23 0.15
7 140X 100X 7.5 Q345B AN 0. 29 0.19 0.15
8 200 X100X 8 Q345B v 0. 26 0. 17 0.13
9 120 X50X4 Q345B AN 0. 40 — —

10 135X135X10 Q235B AN 0. 35 0.21 0.18
11 135X 135X 12 Q235B v 0. 30 0.19 0.15
12 220X 220X 10 Q235B v 0. 32 0. 21 0.14
13 250X 250X 8 Q345B T 0. 31 0.17 0.18
14 300X 200X8 Q345B T 0. 32 0. 22 0. 20
15 108X 108X 10 Q345B EH 0. 29 0.13 0.14
16 120X120X10 Q345B X 0. 30 0.15 0. 17
17 135X135X10 Q345B T 0. 27 0. 22 0.15
18 220X220X10 Q345B T 0. 34 0. 22 0.16
19 400X 200X 10 Q345B X 0.33 0.19 0.19
20 350 X250X11.5 Q345B EH 0. 29 0. 22 0.16
21 350X 350X12 Q345B T 0. 29 0.19 0.16
22 350X 250X12 Q345B X 0.33 0. 20 0.19
23 350X 350X 16 Q345B X 0. 29 0.15 0.15
24 500 X500X16 Q345B T 0. 32 0.13 0. 25
25 300X 300X8 Q345B T 0. 35 0.21 0. 14
26 220X 220X 16 Q235B EH 0. 36 0. 24 0. 25
27 108X 108X 10 Q235B EH 0. 31 0.16 0.16
28 220X220X10 Q235B T 0. 39 0. 24 0.23
29 350X350X14 Q235B T 0. 34 0. 20 0.21
30 250X 250X16 Q235B X 0. 26 0.19 0.16

#E 0.31 0.19 0.17 RAEF 120 mmX
50 mm X4 mm
b 0.03 0.03 0.03 R A

(3) 544 Xof THI ~F- W Ja MR 8t B 4 1y 2R 4 5 )R HE
VA 388 A T VB /1N 5 AR A X T T B PR BR 5 BE 5 4 1 1K)
AL I H S SRR TR,

(4) SR 25 1) T MR 5 o R Al K 5t B2 42 v R
YE 4350 R 38. 63%F0 14. 88 %.
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