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Abstract: Eight specimens were tested under pure bending to investigate the overall buckling behavior of
stainless steel welded I-beams, and the main parameter varied in experimental study was slenderness ratio.
The test specimens were fabricated from cold rolled plate of austenitic stainless steel type 316. The material
properties were determined by tensile coupon tests. A non-linear finite element model is developed and
verified against test results. Initial imperfection and material non-linearities were included in the finite
element model. In addition, the buckling strength of test specimens were compared with the design method
proposed in the previous research. It is shown that the finite element model closely predicted the overall
buckling strength and load-deformation curves; the design method was proved to be safe.

Key words: stainless steel; welded I-beams; overall buckling; experimental research; finite element method

Y 75 H 8 :2012-06-03
EEWA At atth AARREAE4 (8112018)
EE® A EoriE(1963-) . 5 2 4% . 4 0, NS LM 5T . (E-mail) Wang-yq@ tsinghua. edu. cn,



http://gks.cqu.edu.cn

. L AER L R LR

NGBS R LA R R T ol e AR T A S 4
PRI AP AR S DR e A A SR A A B T
SRz i Y 5 B R IR 4 AR
FE o AN 55 B0 BE L R SE P S G U 2R O AR T
4026 ~6006"1) AH & H AN 56 7t — A LM Y
fh £ BEAT W] B R I R RSP 15 B o R R i 2
HUA % SCJH R 5 BE (136 26 ~ 60261, A L AS 45 4K
R AEG L 9] 55 B FIARE R S A 1 BB RS ™ B R AN 5 4
S5 RS RE TERE .

FCAt 1 20 T A 55 40 45 4 1) WF 5 T e e L K
PHALIE 28 L AR I B 7Y 22 R X
TAEMRE BT EEREC 2 BT B 5835 1
FIERFR AH S HA RO R B B B 1 R S 85 N
B HATOEIE 32 24 v A v 2 AL R 0 TR
AR THT R A PR BIF 5 T 8 5 /0 » R T ) 3 2 5 B0 6 (B
ZH L ARTCRES T —HE IR R 316 RIS EE T
FIRRR R E R L B 1 R IL AT B 4R
B BE AR AR A L ) AN 55 A AR AR 2 1R 1 AT BR DT
R 3l e o EE A S A A BR R 2 7 IR 25 LA
Ly 28 AETE i 2 Uk WA AT BROG 20 A 19 A5 R0k s () i
BB 45 2R 5 1 2 00 T 98 R 2R AT B A DAIE
B3 A & g 3k — 25 0F 58 23 M7 A5 1 AN 45 B 228 114 K
A RE $ MG Al A 106 0 PO KA

1 BRTHR

L1 s

T AR RE 8 S 5 T B A 6 1 E L iz i
IR A RSN TR A AR . H Rl
TARGNAM L RO RO RB R T2
Bedie sz iy BEAL 2 Gardner ™ & 1E 1) W B :U Ram-
berg-Osgood J5# (F (1)) ;

% f< f‘o.z HTJ‘:

% 35 &
_ I Sy
e = f-+o. ooz(fm)
M fo, < f< f.HB:
ff_ftxz 7fm_fo‘z .
T E,, . <O. 008 E,, )
fifoAz 702100
(fLo *fo.2> T e D

X E RAE WA BRI TR G s £ A S
I3 AR FR ATV AE R 1. 0 %6 F1 0. 2 %0 Bsf T it 1o B4 1y AT 5
n MR RE n=1n(20) /In(fo ./ fo.n) s BT A
PAMRHECA W] 0 IRCF & L8 S ME R A
SCJE IR 5 Eo o S fo MR UIZRBL L s w000 A2
7R S AL R K AT AR 0 3 36 0 A5 1 10 g g AR i 2k
3] TR A Quach ZE0H MR IR 45 1145 B 44
T w00 LG AR GEN@),

o210 =
J12.255(%2)(;::Z)+1.037 2R b1 N
16.399(%)(2:2)“.145 ZER

2R A2 Q) SR MU0 56 45 21 19 A 45 80 A4 L 19 17
T1-PEAE K Z S BRI AP 3 AN PR a0 25 2R 79 - 4
(ELAE D i b 52 B8 A 5 B2 L 245 2R L3 1 iR 19 31 19
T 1 I AR 5 A S A E I X FE LA 1.

i Jjo/MPa

0 002 0.04 006 008 0.10 0.12
NARe

P e 6 R AR IR (]
e AT — A

B1 sk SN a &It

F1 HMERBER

% XE&E‘Z fa_m /MPa fo. 2 /MPa fl_a /MPa f2.<\ /MPa fu /MPa E, /Gpa n ﬂ\;.z.l.o E; ,/Gpa
6 mm 156. 45 279.04 330.12 367.39 595. 47 185. 58 5. 18 2.03 23.53
8 mm 247.30 382. 22 420. 10 448. 41 631.98 290. 86 6.88 1. 98 25. 36

AR ANSY'S B o 1 22 26 1 B 3h o fk
(KINHD i AR Y R 540 AS 55 50 b1 sk, B ) -
AR 5 ZR 38 A 3 (D) TH 330 % Bl e R A TR 8
mm ARSI B 5 X T 0L X BRI A N 3
Zr AR 6 mm Fl 8 mm A P i 5 EidlE (T DD
AEEHRE R EIARS FE o B0, 35 LWl L R R E,
2 SCm IR BE fo., BRI 1.

1.2 BuRIMEFERMELN S

TP AN B B AR A 6 e T R A 5 AT
22, DR AT BR OGS TR r 48 i A R 3R R SRR AIE
2tk JE 2> A A BT BE g A B DY Y R 5 BT
SHELLI81, 2y 1 il A& 153085 B » 7 5¢ 5.0 5 5 J5 )
WS ASBUY i A BROT 23 A AR 31 552 30 4 R
(R 2)PEATREL, 32 2 o “DI7 1 BI” 73 51 4 32 XU



http://gks.cqu.edu.cn

14 IAHEFRERFNIFHAREG LT M ERRES BT F & 59

X} R A AT LA i 5 R B % R . S T A B0 AR AR 100 mmX 6 mmX8 mm BT R T 7w . AR
RGP 0 24 S B3 TE I 44 S UL R Ty TURE Y K S K1) 218 B LI 2(a)
o BN, “DI-100-266-174% 3 24 X R SF R 266 mm X

F2 OWHIRURT LR R R A AR R

RER% RHR% i JUTRIE R
: A S 2k
45 PR L/ o . o . . R i K Prxp
KR i K L/mm S jiE i e S i 5 e W iz e e B 0 (L / ﬁﬁth »/ prises
by /mm ty/mm b/ mm thr/ mm h/mm tw/mm mm
DI—100—266—1 3 599.0 100. 26 7.48 101. 29 7.53 263.00 5. 60 0.653 184.17
DI—100—266—2 3 298.5 100. 86 7.52 100. 51 7.51 264.00 5.64 0. 060 236. 54
DI—100—266—3 2 999.0 100. 94 7.50 99.76 7.49 264. 50 5.68 0.3425 262.92
DI—100—266—4 2 405.0 101. 30 7.50 100. 80 7.50 263.65 5.74 1.72 333.92
DI—100—266—5 2 200.0 101.13 7.53 100. 36 7.52 263.50 5.99 0.893 397. 04
DI—100—266—6 1 997.5 100. 07 7.50 100. 87 7.52 263.50 5. 60 1.079 442. 68
BI—100—216—1 2 200.0 99. 56 7.51 130.13 7.47 215.5 7.61 3.393 34 486.91
I i 5 52
BI—100—216—2 2 000.0 100. 29 7.49 130. 50 7.51 216.5 7.50 3.273 428.32
g@%%ﬁ%ﬁlﬁﬁgo mm " 2.4 ﬁ BE i*ﬁgg E"] )-L1ﬂ%)]§l€|\ﬁ;& Bﬁ
S(el A UX —> et p e e —
”H%%Qﬁ“ﬁéi"%‘% BT R A R B B R B AS 5 A BG4 B )
L A 1 1 i £ 288 e S N — o
o W Je A2 28 0L B DK A KR T A8 Y 28 e ik 1 e it

AT EI Y — B i i A2 1 S JLART ) 36 kB 1) 22 T2
AR UPGEOM i 4 it fin 2146 B v 25 ik g e

é”ﬂﬁﬁﬁ#%lﬁ?zoo mm
Tu A HAME R UX
ZRUX, UY, UZ

; : {ER AR 2 A S AE
g e 2.5 BERKEN
ZIRUX, UY 2 x

e 2 VIR B0 VA A5 5 A% I A W AT 92 o T

A R IT 73 Bt Br 2R FHT B B A% L 3 g A 45T 2 SRR
BENNBEN DR A2 S

(a) 77 BIR CAB Y

12950
-60.25

9.02
78.30
147.57
216.85
286.12
355.40
424.68
493.95

BECCNNEN

(byikge ik 14
B2 FHRTHERRER 4

/IMPa

_:I

1.3 BRTEEMNBAZHERMNBEARX

R A BB R A7 40 0 A A8 85 b A T )
J 2% 50 mm g A G332 5 R 2 18] AR K INISTATE i 46 15 532 5% 4 1 47 LA I
32100 o) it 5 i 7 8o KT PR SCHOBRE s g s i 0 ROG BB s 5 Lk T AR 3 B L
ZICYNI 200 mm i PRl PN RSSO E 200 mm) e iy g 5 A B4 506 00 I 619 200 17 7 40 it o %
B S AN RS UX, X T 9 3 187 S 0 32k 448 ) LI 15 PR R B4 8 T 4 A5 3 R (S =
AL TR 4 50 24 SR PSS T MBI A 582,22 MPa). % 3 451 T 45 B0 T H 20 45 5 (4 4%
PEZY AN UXUY UZ BM UXUY 8. S iesk 40 f1 B4 5 RR 2 18 5% 42 I 7 1 45 50 5
el 2 o TR A BR AR 2R ) B LA

3 BERREANG



http://gks.cqu.edu.cn

60 P RAEHRERKRE IR % 35 &
£3 ARTIEERSRRERAS A0S
R M?ﬁzﬁﬁw fggffrﬂ Pow/Pr AR/ % 412{??;’{? Pow/Po HIXHRIE/ %

DI—100—266—1 184. 17 175.02 1.05 4.97 187. 08 0.98 —1.58
DI—100—266—2 236. 54 230.57 1.03 2.53 226. 31 1.05 4.33
DI—100—266—3 262.92 246.59 1.07 6.21 257. 48 1.02 2.07
DI—100—266—4 333.92 342. 88 0.97 —2.68 351.63 0.95 —5.30
DI—100—266—5 397.04 400, 45 0.99 —0. 86 407.70 0.97 —2.68
DI—100—266—6 442.68 447,43 0.99 —1.07 453.58 0.98 —2.46
BI—100—216—1 346.91 335. 14 1.04 3.39 347. 28 1. 00 —0.11
BI—100—216—2 428.32 443. 95 0. 96 —3.65 460. 82 0.93 —7.59
HIE(AVG) 1.01 1.10 0.98 —1.67
FrifE 2 (COV) 0. 04 3.42 0.03 3.58

2 5RXBEERMERSN

2.1 MRABHRBIAES

1 3 0T U ol o & B AR 1 A BROC 2
RS S E 2 RY) G R X IR2ETE 5%
VAW . T4 25 T — B0 S (4 11 1 R ] 25
A BRICII M B9 xE B S A0 B A o R PR AT 2
P A A S DX R e A K 1 T AL A T s B A
BRA 0 A7 .+ 45 B A BR G20 M BE 65 9 B 19 B UL X —

(AT FRITTIM T

B4 KABBEABSEARTIMILER

2.2 EHEMBEK

Xt F AU A R IC o A 19— A E 5 H AT
SRR 1 M IR R RV SRy A B A A et
T A 9 A7 2 A2 T 1l 2 i WA BR OG0 A 119 3 ]
P NG SERT T B8 Akl . P 5 S sk 0 52 I Y 85 v
R TR A7 s ) 37 Bl 2k L T Bk K2 RS i 2k 5 A
BROC AT 45 R BT B

1AL 5 n] LU A BROG 0 A 45 28R 5 0 45
W& B R A BROT 2 BT BT 45 21 9 i 28 /9 W2 B
U 2K A BR G 73 A7 1) A BR 7R 380 45 1 6 4

WA 22 5, EEAY A AT RESE - 1D i Tk fF 5 30
DA B 1A 55 4 R A SR B 42 5 AT BROG AR 7 o 3
R LY A A7 A6 4 22 57 3 1K 0 i 42 W12 /)
YRR 22— 2) T IR B R TR 22 3 i 7 3
Gk 5 9 3L I BEAT A4 il s Al S it £
JER/INI AL 5 3) phy T S 88 5 A 2Z A AR E AR
A i S 1 2 R R B 2 SR A T — 2R i A
A7 BROG I M i i BRR 37 5 B0 (6 h Bl iR 225 4)
FAVCA G B A X 4% 58 R B g AT S5, U SR
JHTET A 9 5 A% L ) 53 A 158 8 E AT 53 A » 36t A1 BR 53
B B B A o A T — RE R
3 I TESH

ANEE RS BB T S bR A B
PR RHE T UL A A LA AR L ) R fE S A
AR 52200 o D T W% A 5 1 52 25 ) 1F Y
RAREVERE M H TR e T R FF T

[ 25 A LV R T 2 PR S5 40 52 254 1 B IR AR e
FB BT EET Y DT R T AR AR

_ o 4646 Ai[ Aty 2}@
A v Ak Y (4. 4h) fo

E
193 000 (3

Horb. g 2B MBI E M FMEHERE A
Oy T T TRT AR s b DAy G T R R 5 A, R 5 I A
Fostn ARZIEFGHREIE s W N 3% % I 27 4E i 52 1
SV AR TR AR A 5 o, Oy BT AN X PR R WA R B, AR 1 Fb
B IET7 4 30 () I I A B AR E R AL @ 2 30(D
BEATEIE s 56 2 M B IE D7 8 3N OO T 58 B i e
R o G HATBIE.

QB = (1+O.g§;¢g,s)1.25 <10 £




http://gks.cqu.edu.cn

IAF-FRBERERIFHAE T M ERRT S S0 %

3001

61

fr kPN

TargPIkN

DI-100-266-2

1004

DI-100-266-1
L 1 1 1 1 0 1 1 1 1 1 L i i 1 ]
50 40 30 20 10 0 10 20 30 40 50 5040 30 20 10 70 10 20 30 40 50
F3ZIKF AL, /mm B 1] A%V /mm F3Z KPSy, /mm B [l fmm
300 fif 2 P/AN 400 T HP/KN

1007 4

DI-100-266-4
101

DI-100-266-3 !
50 40 30 20 1070 10 20 30 40 50 2030 20 10 0 10 20 30 40
J:ﬁ?%}j(qz{ﬁ*z“l/mm 1 [1] 1ﬁ$§7v‘/mm FEZIKFE ﬁﬁgvh/mm X [ 1ﬁ*§vv/mm
PN 500 FF AR P/KN
=< 4001 O .
3 Olf ,', -7 ' \
2004 '/ '
DI-100-266-5 .'I DI-100-266-6 ;
100} 1 i
y 1004,
40 30 20 10 0100 20 30 40 5040 30 20 1000 10 20 30 40 30
EHRGKFA Hy /mm 2 i) A%, /mm LKAy, /mm {75y /mm
400 faF R P/KN 500 Tl 2PN
BiL-100:366-1 BI-100-216-2 ',’
100 :'
50 40 30 20 10 T0 10 20 30 40 0 30 20 10 o 0 20 30
3G Fy, /mm B 6] A% fmm EIRGORTALFov, /mm B o) A% fmm
H — LR - - - HRRITHHILE R
EBs5 REIMHNEPTH THHESERTIMOEER
Qo = PO <10 (5)  (gpy =M,/M, M, BRI 25D 5 304 33t
FEBLA BT HLTE A A BRI 45 T FEWXT . k4 Pl LUE W 1B & Pt b ik
T 2 5 RO FLE A9 1380 45 SR AR T HL 39 AR 55, BB
s N F T TR T I R8O 1IE 2 18 &% 4

A B R AR R R B B IR i A UG R K
1% TR T DU AL Y AR TR 0 D Y B — R . K 4
TR R B SRR E R e



http://gks.cqu.edu.cn

62 T RERAE R R %35 %
4 ARESHEENILE
. o il 3 o i Y
K140 55 /kNm Pexp N wzj\ilid )::l;ﬂ%ﬁmsciji ):-Eg%msoiii 901-:){1’/9%:\{ Prxp /e Pexp /@
DI—100—266—1 75.92 0.95 0.32 0. 40 0.36 2.98 2.38 2. 64
DI—100—266—2 88.76 1.10 0. 36 0. 44 0. 40 3.07 2.49 2.76
DI—100—266—3 88. 21 1.10 0.41 0. 49 0.44 2.70 2.25 2.49
DI—100—266—4 86. 94 1.08 0.55 0.61 0.55 1.98 1.77 1.98
DI—100—266—5 93.45 1.17 0.61 0. 66 0.59 1.91 1.76 1.98
DI—100—266—6 93. 46 1.17 0. 68 0.71 0.63 1.73 1.64 1.85
BI—100—216—1 81.96 1.21 0. 60 0.62 0.55 2.02 1.96 2.19
BI—100—216—2 90. 32 1.32 0. 66 0. 67 0.59 1. 99 1.98 2.22
PIE(AVG) 2. 30 2.03 2.26
FrifE 2 (COV) 0. 50 0.29 0.31
. (S1):189-194.
4 &

S TAES — B SR A W L8 i i 2
AR PR BRI 0 a0 A T B ) R A T
BBt T R AT P T R R A G R B IR AR Y 316,
KA BRI ANSYS Xl 4 i 471 17 B4 5 A s
PR a5 A ROTE R A BRI iE#T T
XFH . FEAGH DU SR

1) % F 5% 86 SHELL181 254 Ramberg-Os-
good A AT , {37 2 BRSNS B A REHIE Lk L LT )
T St B VKRB R A 7 T A BRI A BT BB R B A AR e
4 T AN B A T T A R P R R R AR T
[] B R 8 2 5 B A B ADL % A i IR 2o AR A R G 40 i
JrR BN fif 82T i & S i A R & R AT

2) SCHRLLT T A M Bt 2 Ramberg-Osgood J7
FETENLAS 1020 DL BB AR 47 1 4006 10 00 &5 1 Sk
(15 JJoir e 180 90 A 4 1 5 T T ke A 1 17 A 4 A7 A
RIBE A% J5 (58 09 g T T BR oo 20 A - 76 BB X 2 5 4%
FERR AN T AT S B G0 L BB AR B A B
EHEAE N

30 B Xof AR AN B A 4 iy 2 1 1 R T b AN 4 A
G BBt 5 5 RO S B 25 SR AR i, E X
faTHf oy TR RER N R332 e i 1 T AR
I IRIE R B %4,

S 30K

1] B0, m i, K, 5. NS 2 SR8 REm
WFoE k)], M 45EH2#4% ,2010,31(S1) :189-194.
Wang Y Q, Gao B, Dai G X, et al. Research situation

steel flexural

of the bearing behavior of stainless

members [J]. Journal of Building Structures, 2010, 31

[ 2 ] Gardner L. The use of stainless steel in structures [J].
Progress in Structural Engineering and Materials.,
2005, 7(2):45-55.

[ 3] Ben Y. Experimental and numerical investigation of
high strength stainless steel structures [ J]. Journal of
Constructional Steel Research, 2008, 64 (11). 1225-
1230.

[ 4 ] European Committee for Standardization. EN 1993-1-4
Eurocode 3: Design of steel structures-Part 1-4.
General rules-Supplementary rules for stainless steels
[S]. London: BSI, 2006.

[ 5] American Society of Civil Engineers. SEI/ASCE 8-02
Specification for the design of cold-Formed stainless
steel structural members [ S]. Virginia;: ASCE, 2002.

[ 6 ] Standards Australia/Standards Zealand. AS/NZS 4673
2001 Cold formed [S].
Sydney: Standards Australia International Ltd, 2001.

L7 FEoCil . mE mEwR. & BETTFEEIASENZS
1 1) 8 AR R M A3 A LT 0. DR PR S K42 4l . A AR
20 ,2010,26(6) :1021-1026.

Wang Y Q, Gao B, Dai G X, et al. Analysis on overall

stability of stainless steel beams with I-section []].

stainless steel structures

Journal of Shenyang Jianzhu University: Natural

Science, 2010, 26(6):1021-1026.

[ 8 1 il 473 T T0 A8 0 52 45 4 1 72 T2 M Ak T g s M O
FE[D]. # K H KK, 2011,

[ 9 ] Rasmussen K J R. Full-range stress - strain curves for
stainless steel alloys [J]. Journal of Constructional
Steel Research, 2003, 59(1).:47-61.

[10] Gardner L, Nethercot D A. Experiments on stainless
steel hollow sections-Part 1. Material and cross-

sectional behavior [ J]. Journal of Constructional Steel

Research, 2004:60(9):1291-1318.
(F#% 69 )



http://gks.cqu.edu.cn

%1 R AR AR R R TRR AR A RE £ ) R R 69
60. [D]. dbst:dEst Tl k2% 2009,

Peng X T, Gu Q. The failure mechanism and plastic
analysis of composite steel frame-reinforced concrete
infill wall structures [ J]. Engineering Mechanics, 2011,
28(8) :56-60.

L7 IR HE a0, Bk, 55, 28 N4 WHE 28 CRE 35 D — N

TUOT g 45 G5 A0 S ME ML 2 A7 [T ], D AR g 4%, 2010, 27
(2):46-52.
Fang Y Z, Cai Y Y,Gu Q,et al. Analysis of the plsatic
mechanism on composite steel frame ( Weak axis of
column) with PR connection-reinforced concrete infill
wall structural system [J]. Engineering Mechanics,
2010,27(2) :46-52.

(8 1 Mg, M 2 5 590 HE 22— 1 JE0 49 9l VR 6 - 0 O3 68 45 440 Ak
F W ] 1 8 b Bt Bt X SR LD 7 %2 . 7Y 2 i SR
$ K 2£.2006.

L9 0 FhE 4. 2 W4 002 28 Y I RC 55 45 4 i [0 44 BB AF 52

(E4#% 62 70

[11] Gardner L. A new approach to stainless steel structural
design [D]. Department of Civil Engineering, Imperial
College, London. 2002.

[127] Quach W M, Teng J G, Chung K F. Three-stage full-
range stress-strain model for stainless steels [J]. Jour-
nal of Structural Engineering, 2008, 134 (9). 1518-
1527.

[13] Greiner R, Kettler M. Interaction of bending and axial
compression of stainless steel members [ J]. Journal of
Constructional Steel Research, 2008, 64 (11). 1217-
1224.

[14] Gardner L, Cruise R B. Modeling of residual stresses in
structural stainless steel sections [J]. Journal of Struc-
tural Engineering, 2009, 135(1). 42-53.

(150 o075 w1l 0 B, 45 WUl %o Bk AN 45 40 32 45 4 1 ok

[10]JG] 101 —96 @IAPLRZA T Ik MARLS]. dbat. b E 2
Bl iRk 5 1996.

[11] Zhao Q H, Abolhassan A A. Cyclic behavior of
traditional and innovative composite shear walls [J].
Journal of Structural Engineering, 2004, 130 (2):271-
284.

C12] XA BEALRY . A7 R BR. SRHE 22 pA) SECTRL ) o7 15 4 0 A T
T bR R I ()] A B 4 . 2012, 33
(7):140-146.

Zhao W, Tong G S, Yang Q Y. Experimental study
seismic behaviorof steel frame with prefabricated
reinforce-concrete infill slit shear walls [ J]. Journal of

Building Structures,2012,33(7) :140-146.

(¥ EHFH)

RAETE 09 5% B 2 43 A7 L], i AR R 22 2 4R L
2011,41(1):95-100.

Wang Y Q, Gao B, Dai G X, et al. Influencing factors
analysis of residual deformation of doubly symmetric
stainless steel flexural members [ J]. Journal of Shan-
dong University: Engineering Science, 2011,41(1):95-
100.

[16] Wang Y Q, Gao B, Dai G X. Numerical analysis of o-
verall stability of unbraced stainless steel simply-suppor-
ted beams with fabricated I-section [ C]//Processing on
international conference on electric information and con-

trol engineering, Wuhan: IEEE, 2011:6059-6062.

(B ¥ %)



