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Study on the hysteretic behavior of cold — formed thin — walled steel tube

beams subjected to low — cycle reversed loading

XIE Zhao-ping' ,ZONG Zhou-hong’ , LIN Xiao-dong'

(1. Department of Civil Engineering and Architecture, Putian University, Fujian Putian 351100, China;

2. College of Civil Engineering, Fuzhou University, Fujian Fuzhou 350108, China)
Abstract: In this paper, 8 pieces of cold — formed thin — walled steel tube beams subjected to low — cycle
reversed loading were tested, and nonlinear finite element analysis were also conducted to explore the ef-
fects of span to height ratios and width to thickness ratios of cross — section on the hysteretic behavior, duc-
tility, and the ability of energy dissipation. Some important conclusions can be extracted from the experim-
ents and the nonlinear analysis and listed as follows: (1)The cold — formed thin — walled steel tube beams
exhibited stable hysteresis behavior up to local buckling and then showed considerable good ductility and
the good ability of energy dissipation. The pinch — crinkle phenomena didn’t occur in the hysteresis loops
of load ~ displacement. (2) The hysteresis behavior and ductility of cold - formed thin ~ walled steel tube
beams depended on the span to height ratios and width to thickness ratios. (3) The proposed nonlinear FE
model could accurately predict the overall seismic behavior and the inelastic performance of the cold -
formed thin — walled steel tube beams. The hysteresis loops from nonlinear FE models under low — cycle
reversed loading agreed well with those from the low — cyclic reversed loading tests.
Key words: cold - formed thin ~ walled steel tube beams; nonlinear finite element analysis; hysteresis be-
havior; experimental study; low - cycle reversed loading
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Fig. 1 Mechanical diagram of loading
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Tab.1 Summary statement of specimen sizes
BE KE
RURS o BRk e .
A-2 26.7 2
A-3 30 40.0 3
A-4 53.3 4
A-5 66.7 5 0.4
B-2 2.5 2
B-3 14.8 33.7 3
B-4 4.9 4
B-5 56.2 5
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Fig.2 Schematic diagram of loading device

2 FRMUFERTHF

2.1 MR FER

AR EERAT RSO ER R i &5
LM BEAAENHHLIAR, FELER, B
TELNT = (1) B4 ah £ AT LASK P8 A b i L 7
- AE B, AN % JEH B Baushinger 3N, 3 Hr
MZERTLUARRMEFEM; (2) HER., Findk
RELMHE, B FT TN - NEMKNTHE
KB (3) R B BE 10 1R JL 9T (5 B F R 4% Br
H%E BRRERNER SARTNERLRERN
EL % 1) 38 1k 8B R AR T AR AR AR R 3R
BEYRURKAE; (4)F BJUTIFLEMEE LN,
ST IR RAET AT 9 IF %

A3 B B E R R
ZRBRETHAHTREBRMNBEALAMERLE 3,15
INGERMEBRESAHEE.

4
E

A

- EXERMLE

!
I
1
!

ey —

0 i £

E>} -
E,

h

I3 FEEAHTELME A T AM BT AR A

Fig. 3 Calculation model of steel under the
function of low-cycle reversed loading
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Fig. 5 Model comparison of the test and
calculation of local buckling
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Fig. 6 Comparison of B-3specimen hysteresis curve
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Fig. 7 Comparison of B-3 specimen skeleton curves
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Tab.2 Comparision of load values of the forward direction characteristics of A -~ 3 and B - 3 cross section

i JB AR /KN {8 /mm B BRAG E/N i % /mm

/T RRER ARTHE RRER ARTHE RRGR ARTHE RRER ARTHE
B-3 44.02 39.389  45.017 45 53.363  63.0548 100.05 120
Rt JE IR /KN m HE SR B EHE/AN. m #FE/N-m™")
H5 RARER ARTIHE RRER ARTHE RARZE ARTHE AR4GR ARTHE
B-3 19.95 2.16 0.0410 0.0807 24.01 28.37 0.1129  0.231117
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Tab.3 Comparison of components’ ductivlity ratio and ability of energy dissipation

TR A/MTS TN A /MTS

B Smm A L FHHHRE L, EEEMANE
fak HE ARL KRB AR HE ARt RE ART RR AR

BR WA SR WA AR O HE 4R HE 4R HE
A-2 21.88 30 50 55 228 1.8 038 047 236 2.9
A-3 9.2 525 8 120 162 229 047 038 297 2.4
A-4 88.40 95 180 200 2.04 2.1 045 045 2.8 2.84
A-5 136.03 150 195 310 1.4 207 011 052 071 3.27
B-2 20 25 8 766 4 3.06 036 039 227 2.48
B-3 45 45 180 1804 4 400 034 033 214 2.0
B-4 72.50 8.5 180 225 248 257 025 0.26 1.5 1.6
B-5 120 140 195  187.5 1.63 134 014 0.23 0.8 1.47
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