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Experimental Study on Cold-forming Effect of
Cold-formed Thick-walled Steel with Lipped
Channel Sections

FU Xiaochao, LI Yuangi, SHEN Zuyon
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: In order to investigate the cold-forming effect on
yield strength distribution of cold-formed thick-walled steel
with open section, coupon test and axial compression test
were carried out. Firstly, 5 types of cold-formed lipped
channel sections with thickness of 3, 8, 12 and 16mm, and
two yield strength grades of Q235, Q345 were chosen to
conduct coupon test for the web, flange, curling, corner
parts, respectively, and a corresponding distribution model
for the yield strength distribution of cold-formed thick-walled

steel with lipped channel section was put forward. Then, the
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axial compression tests of 5 stub columns with the same
section as the coupon test were carried out for further
investigation on the cold-forming effect. Finally, the results
of stub column test, the results based on the proposed yield
strength distribution model, and the results based on the
related codes in various countries were compared. It is shown
that, the vield strength distribution of cold-formed thick-
walled steel with open section is greatly influenced by the
cold-forming effect, and mainly depends on the width to
thickness ratio of the plate involved; the estimation based on
the proposed yield strength distribution model is close to that
based on of the codes in various countries, as well as the test
results, although the latest is slightly larger. Moreover,
among them, the results based on the Chinese code, GB
50018—2002, is closest to the experimental values with
coefficient, which means a best

smallest variation

applicability.

Key words: cold-formed; thick-walled; channel steel; cold-

forming effect; stub column; yield strength
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Tab.1 Parameters of steel sections in test

FE ®|EHS ~A/mm  b/mm o/mm ¢/mm WHER
1 C1 200 70 20 3 Q235B
2 C-2 250 80 50 8 Q235B
3 C3 250 80 50 8 Q345B
4 C4 360 140 80 12 Q235B
5 C-5 350 140 90 16 Q235B
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Fig.1 Symbol for section sizes and coupon

in typical location
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Fig.2 Geometry of coupons processing size (Unit: mm)
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Fig.3 Produced coupons
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Fig.4 Fracture of coupons
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Fig.5 Stress—strain curves of coupons
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Tab.2 Summary of material properties of the tested channel section

amoRE p/we o/MPa 5o/ % E/105 Folfm  folfm 8/dm E/En
4 290. 0 406. 2 37.9 2.04
w1 293. 4 422, 0 34,2 2.13 1.01 1. 04 0. 90 1. 04
Fl 291.5 429, 4 32.5 2.08 1.01 1. 06 0. 86 1.02
F2 296. 3 422.5 31. 6 2.05 1.02 1.04 0. 83 1. 00
1 J1 292.7 403.0 30. 6 2. 06 1.01 0.99 0. 81 1.01
J2 293.7 418, 0 20. 4 2.13 1.01 1.03 0.78 1. 05
Cl 431. 8 559. 4 15. 7 2.03 1. 49 1. 38 0.41 1. 00
C2 436.1 561.6 15. 6 2.05 1. 50 1. 38 0. 41 1. 00
C3 422.5 536. 3 14, 8 2.06 1. 46 1. 32 0. 39 1.01
C4 419. 9 527. 8 14, 3 2.05 1. 45 1. 30 0. 38 1. 00
4 270. 3 439. 6 31. 8 2.02
W1 281. 8 441. 2 30. 8 2.14 1.04 1. 00 0. 97 1. 06
Fl 310. 7 465, 5 30. 2 2.02 1. 15 1. 06 0. 95 1. 00
F2 296.5 445, 9 32.8 2.09 1. 10 1.01 1.03 1.03
2 J1 303. 6 461.5 30.1 2.14 1.12 1. 05 0. 95 1. 06
J2 293. 8 419. 8 30. 3 2.16 1. 09 0. 96 0. 95 1. 07
Cl 416. 3 548, 8 12. 6 2. 11 1.54 1. 25 0. 40 1. 05
C2 421.1 566, 9 18.0 2. 10 1. 56 1. 29 0.57 1. 04
C3 406. 7 543, 4 16. 4 2.11 1. 50 1.24 0.52 1.04
C4 407. 4 533.1 17.5 2.07 1.51 1.21 0.55 1.02
it 371. 2 516, 3 25.9 2.05
W1 379.1 497, 2 28.2 2.09 1.02 0. 96 1. 09 1.02
F1 379. 4 494, 0 28.0 2.08 1.02 0. 96 1. 08 1.01
F2 397.0 515, 2 30.1 2.08 1,07 1. 00 1.16 1.01
J1 374.5 500, 1 28.6 2.07 1.01 0. 97 1. 10 1.01
3 J2 385.9 494, 5 29.4 2. 06 1.04 0. 96 1.14 1.01
C1 547.5 596. 2 13. 8 2. 20 1. 47 1.15 0.53 1. 07
C2 527.8 590, 4 13.9 2. 11 1,42 1. 14 0.54 1.03
C3 557.0 630, 1 14, 3 2. 20 1. 50 1. 22 0.55 1.07
C4 571. 2 626. 6 14. 9 2.16 1.54 1.21 0.58 1. 05
4 274. 6 435.9 39.8 2.10
w1 286. 2 458. 5 33.2 2.12 1,04 1. 05 0. 83 1.01
Fl 289. 8 457.6 34,1 2. 11 1. 06 1. 05 0. 86 1. 00
F2 291. 3 461. 7 29. 2 2.14 1. 06 1. 06 0.73 1.02
. J1 285.6 458, 2 32.8 2.03 1,04 1. 05 0. 82 0. 97
G4 J2 288.5 460, 9 15. 8 2.05 1. 05 1. 06 0. 40 0. 97
C1 429.0 585.0 15.0 2.04 1. 56 1.34 0. 38 0.97
C2 409. 9 583.3 15. 9 2.08 1. 49 1.34 0. 40 0. 99
C3 422.5 585.9 15.9 2.09 1.54 1. 34 0. 40 0. 99
C4 420. 4 584, 5 29,4 2.06 1.53 1. 34 0.74 0. 98
4 296. 9 438. 7 33.3 2.08
W1 302. 8 428. 2 26.7 2.12 1.02 0.98 0. 80 1.02
Fl 307.9 427, 4 26.0 2.06 1,04 0. 97 0.78 0. 99
F2 306. 8 430, 9 25.5 2. 10 1,03 0.98 0.77 1.01
5 J1 303. 6 436.5 25.9 2.13 1.02 0.99 0.78 1.02
J2 306.0 430. 6 25.5 2.10 1. 03 0.98 0. 77 1.01
Cl 471.6 557.0 11.9 2.08 1.59 1. 27 0. 36 1. 00
C2 491.1 551.6 10. 6 2.05 1. 65 1. 26 0.32 0. 99
C3 474, 2 555, 4 10. 5 2.09 1. 60 1.27 0.31 1.01
C4 473.7 575.9 10,7 2.06 1. 60 1.31 0. 32 0. 99
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Fig.6 Yield strength distribution model for

cold-formed channel steel sections
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Tab.3 Parameters of stud columns

R SERAER S R/ L/ Wrt

%%  h/mm &/mm a/mm z/mm mm mm &

ZC1  202.8 70.8 20.2 2.85 5.6 601 Q235B
ZC2 2535 80.5 50,1 7.43 14,9 748 Q235B
ZC3  255.2 80.7 50.3 7.81 15.1 749 Q345B
ZC4  361.1 141.5 83.9 11.33 22.4 1053 Q235B
ZC5 343.5 144,8 97,1 15.51 30.1 1052 Q235B

i

T RUEEREE
Fig.7 The whole test set-up
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Tab.4 Comparison between stub columns test results with base metal, propose yield strength

distribution model and formulas in main codes

R - . R AT e KM
A e AR oA 6 ARHE ARHE AR
fom/MPa  f./MPa fi/fom  fmed/MPa  froed/fi  fi/MPa i/t f2/MPa f2/ fe f3/MPa fa/ fr
7C2 270, 3 297.9 1. 102 297. 8 1, 000 288.9 0. 970 314.5 1. 056 322.2 1,082
ZC3 371. 2 381.6 1. 028 410. 3 1,075 394, 4 1.033 404, 7 1. 061 417.9 1. 095
7C4 274.6 295.7 1. 077 302. 2 1. 022 292. 8 0. 990 307.7 1. 040 322. 3 1. 090
ZCh 296. 9 316. 3 1. 065 335.6 1. 061 323.8 1. 024 331.1 1. 047 354, 3 1. 120
ﬁ]ﬁ 1. 049 1. 039 1. 004 1. 051 1,097
/}"{ﬁ%;ﬁ[ 0. 033 0,033 0. 030 0. 009 0,015
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