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Calculation of Ultimate Bearing Capacity of Steel Beam-columns
Based on Generalized Yield Line Method

CHEN Yi-yi, HE Ya-wen
(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The limit state of plate group bending about strong axis of H-section steel beam-
columns was investigated based on generalized yield line method. Reasonable assumptions were
chosen to solve the ultimate bearing capacity of the compression flange after buckling. The stress
distribution of the cross section under the limit state and influences on plastic status of buckling
flange derived from the constraint of circumjacent plates and compactness of the compression
flange were discussed. A method denoted as “equivalent load method” was proposed describing
the stress distribution of the cross section under the limit state considering interactive effect of
buckling plates. On the basis of the review on extended applicability of generalized yield line
method compared to classical yield line theory, the existing problems of generalized yield line
method were analyzed and feasible solutions were proposed. The calculation results were
compared with test results and finite element analysis results. Results show that the ultimate
bearing capacity of beam-columns bending about strong axis can be accurately predicted based on
generalized yield line method.
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Line Method and Typical Mechanisms

SR B SRR A YR Bk B AR AT N 1 540
P18 - 5 28 SR A G T A 48+ 285 W PR 20 M7 SR AR A5
FAEI 3 DA . ) OB SRR i 5 B
T A — OB PR TBCE S AR A L AT AT A AR FROAR 25 2 2
AT B AL

(L) BB PR Bk L T 1) P9 ) {1 75 A 28 1
g b 1Y 4 A e R AR A

() BE 1Y IR B BT B LA IR 252 75 AT

(3) TE i 2 1 25 1 1) S Ak B 5K A% £ 2870
Aii 1 X5 S B e B A AT



16 AHAFE TRFR

2016 4

TS SCUB M B 1 SR ik 1 O B ) e 4 1R
IR BN T BGE DL AL B GE 17 200 A E
2 P BR A7 2R SR i X BRA SCRR AS SOR AR
125 ) R Y L 58 1 [n) R e T

X T IR B N ) T AR TSR A #OE =X
PP A 38 1 IR % B . B B Lk B
e B 7254 T 2 R 5 T By s e s s A O S
B 560 DT eSS N B E . Y
255 MR T PN B Al T O T S — e A e A iR 5
PEECE . X T 55 7 1l g 5 e i A PR L BE A S
BRAE 2 KRR T v — RN R PR B O3 i R
T EH MR S AT R R R R
SR SCHRL6], [11 1 Egs 1 AR 43 SCHREE Ay fit A 28
PR PR BRSS9 SR A T3 . SCERC1T LGS 173K
fiff 3% A PR A AR 1 3 A A o R A T
S 7R BB, HLIE I B A7 7 R BRAE

€ B A B AL LT 2o 1 15 5 SE R AR I 1Y
JIF 5 5% L UBOE B IR 5 S5 PR og 4 — 30, B
SR AR AR SCERL6 ], 12 0B 1 48 Al X B
() Al A 2 PP B A 1T BE S B0 BL A 5 T B X)) At
LA R T L T 2 R0 OR IR BT AL 1 7 B A i
BHAE T RBALIE AL

A PR A 2 1 SR A O A 2 A B P A 5 2
(- o 3 0 T 47 G A T A T B RO e —
AN T E B AR R AT 20 A MR 0 B P A G R OR
T ol B 118 AR S A 28k o 0 3k o 4 A A 1) A B R R
PR A 1 R B mr 2 o 1 SF A5 40 BB RN DU
DR R A . SCERLI3JHL#R 1T 2 #hoJr iy 53 45
A R P A A R IRt 5 Y iy P i it
SR8 TG /) o IR L A 100 3 R 5 34 1 oK i 2K
1.2 EHM%

21 B 3 8 JUART ) A2 A BRAR S A5 5 ) SCIBPE
LR E SR FLAE R ) 2% A e AT SRR 2R A B A PR
fof 28K 5 RIVSR A BR A A 5 2920 R A 1y 2 I 4 7R o
() B RAB BT AR Al BR AR 2k 7. M fE 5 24 L
fr R A8 R IR R A A A B SR Aar 48 1) d 2 3k O
% 1) oR BB AT 3 22 S A BROIR A 2 A Ao R B
SRR . AH AL e MR B, ) SCYB R B R
i e 7 S PV AT SR A AT TR CTE Y £ 2
G380 I AT SR AR L HE AR 3R ) AR BRAR S AE N — R 5
JUAR] AT AR AR FRARZS , BD AT SR iR S i i fe i
1.3 XEREZA
1.3.1 BRIk

JSCIB R B 1 SR A RS I A R i LA W] AR

e B AR A 1 M B 4 A (i 2 g i sl LA 8 b 1 40
SR AR PR AR AR 7 5 SR AR ok AR B OR i M RE S AR S5
B R B DG R Bl an SR AR BR G AT 8 .

R T AR R AR AR 7 SR A - U 1 51 G Sk (8 1
T BR A - 25 Rl g % W BR 25 R 1) 5 i) N 2
MR AL LA T 0 S 15 T8 XK A 32 He AR 1 14 A B i
2R T SRS Pl s TR R AR T R TR A 428 1 R R A 2R
T AR AR FRAR A A B O R R 2 FE K
AIA A HLA LI 1Ch) T % 4 ATl 0 A ) 3 6 45
HEAT T B0 UE o FoAt SCHRIE 7 SCH R 50 4 3 SR A 4
TR B AR ) BB e R AR e S R A T A A
T 6K T 2 0 J 3 R R 5 A2 A L i T R R
& h T AR OE A X B ST L 1(eo), () ] CEFRP
(B 2T 4 38 5 52 5 A1 RD iy H T 48 1 A4 1 55
MR 2 4

R T R AR SR A FB 43 SCHR I T 0 M A Ak A Y
X Af -0 A% 56 R HE AT WE A 4 9 A HL R A i
% FE 3 2% BT 52 5 1 5 FLRUAL 8% R BROG 2R 1 M )
Bt R R = A T R T AL 1 X A
e AR PR BT LG5 b H R A 2 X
e B S 25 6 A A OG R B R SCik 6 MR T
43 SCHR A AS [ TR 48R 1 4 1 A BR S #E B 4 BR
R SR At
1.3.2 mA#FR

S5G sclk e HOJE A0 50 3R 1) 7 B0 R X
B MUAR AR TR fg 38 ] 0, B S O A 1 3k 3 K
B W B R A B A X AR A T L AT AT AR A BR IR
Aol (0 IR R B X R I A AR PR 3 T8 AL
22250 o T Bl 0 T b T At % 1R E AT R A
K T SCIB PR B2 1 To W SR A T A AR A 0 . 843
SCHRR T SCIBE 4504 0 SRl A A7 4L v T 5 A A P
J12 T I R REIE A R A 1 — 1 L

4 JT SR AR R A 28 B A AT TR 43 L AR
FEL i 28R 6 T 50 7% 1Y) BRI B AT LSRR A 4oy 28016 B8 %
R R SRR — B 2 A LS50S Py 28
W ORGSR R A . A U BR R 3K ) B
W BRJE AT A o 7 2 R 2OTR A X g F) 82 A% R BSCEBUAE
1117 22 0 SCHR 2R 158 B 57 7% o 550 JLART 2 5507 X6 s 1)
BELBR 285 o i BB A

G54 AR SCHR N2 6 T SOUE P B R vk
SESIN

(1) B4y SCHRAT S F 7 SC98  B5 2  AF B3 1
T 5 LA A 0 A 497 oF A 36 G 3 M A R I IE

(2)5%F T 3R Al Al R AR 2800 stk FRJG 4728 28005



% 64

Bk — 5 R T LB B&ZFGETREGREREATE 17

RIS AT 2 th (3075 B K01 ST 7 + B G o A 4 PR
RIS S BRI AT 0

(30 53 {4 1 FRLAR 25 361 25 [ F AR ¢ 4
A KPR 4090 LA - 5 b 7 B A PR A SR A 45
B IR S e 4 i 03 RV R BLOR %3k 5R
I B B

(O S B 1SR A 7 205 T B Ay
B BRHCS BT R B
2 RBEZTHHERREAENHERR

5B

2.1 BEXBEHRBRRSMEE

J FB A DX B R BE X SR i 48 X X B AR 38 ) %
RELR 25 7 20 e 60 AL DX B2 118 A 401 v 45 A A 1 TN )
R TR W BRI R A A 8
DX I AR A 4 T8 LA o 75 b 78 At 4% 18 2517 5K i
AR I SR Bk 12 5K X B T IE AL A Al A Y
A7 o T30 2o D 78 A% 1 SR A AR AR A 1 P T AT A
BV T B X S A 3 AR S5 ) W A AP 7 2R T
R BRLTR A5 B8 DX A% M A 1 9 IR S S 5 i iR A 1 i
E CELAE AR 58 260 L 78 J5 ST 45 SR T2 LA B
PF A EE 3 SR Ak 10 i 2

fiE il ) N AR R Séoim i 245 19 H OB 80 m
25 R A e X e — T AT o ML I M IR S T
AR AT 4, M, ORRES 2 RO S AL R T AT S
DL R 0E P 3 2% o T 32 il ) i 3 KB R Fro s 453
W2 TR 3G RrAR S2 h ) FoAE I 34 I AR M2 o) —
FH MM E T R8I 25 01k Fooo B
ZHRE 1 BZIPRE 28 2 F 8 AF:,
YER A0 Py B P T AR BR O (0L k) Fo 1 38 8 0
—AF AER S P, B9 AR A (00h) . W Fre 5
AF. 65, 7] 15

M, —M, = AF; . (h, —h,) (D

2 Ay — by >0, W2 Froak 3 i oK E
F e F S BRTET 2566 M3 3] i (LS B¢ IX % T 25 E
KB R AR T B s Fio 8 B KRB Frona » %2 R H 2
T HLAL s FEA MR A AN — 28 T8 BRAILA & 5 DA A2 PR 35 2%
Fro ik B IR KAA F rema 1 1 BRBR 254 h 85 X7 28 ) W
FROR S 1 ) 8 BR 7K o Frona R 32 R 3 2555 3] 19 1) PR
ARE ) AT SCIPEBLER K

8 AR AN RS T AN TSR0 A
[A) 5 R B n(0<<n<C0. 4) B Z T JE H r (9 <<30)
HEMREEL r, (45<<r,<<120) 41 BE A9 A R T #% 1
IV 77 43 A BCHE AT AT, 48 Xk B AR R ) i PR,

y
05 W % T AF
E fe
. F(0) P,(0,h,)
S AF,
P(0,h,)
{8ITIG 4 1
1-1 1 [L

B2 AFRE
Fig.2 Schematic Diagram of AF;,

ARBAE AR ) T JE AT T R A A 124 BRAR 25
AR ABRE | 3E G 5 I ARCOR 5 — SO B AR R

XEFE T N AR Sl k2 1 H IR
T A 1 o B DX T R A7 A SR A ABUE -

(D32 BRI Z M) Fio kBRI ST Fions o

(D BX X B £ T 8 18 s 2 - A 0w B
WG 0 FAR 2) 58] T I8 80 ff 45 — B0 B AZ
BB IE THEE I DL Ty 46 BE B RAE AL . SR R 3 4
T 25 N L O 1 5 — R ok S T BOE
TR T5 1) L ) B A B

BEAb SR VF 3 25 55 AR A [R] 568 38 55 0B
AN JE R AR 32 T DX R 5t Ak . A0V R Al A2 A X 3R
ZRPRL R AL .
2.2 tREGERREMBME

R SCIBAE B TR 3 TR 3 Gk i R K 3
T3 B AT BOE -

COUFIBVE B b B BE A9 A BR 255 O 5 1
myo s AN EIBVE B R A S BT D) AT .

() AZTE R /1N AL i i # e A ] — 4>~ iy
JifE.

B (1) A T 5 32 488 1) £y 21 A 458 J52 2
B AF T 5 A o % A IR 25 R P9 52 0 Ji o R T BB
2 bR AR R n B BR PR BE L 24 i e A 2R
VR 5 1] 2 T 98 B I 0 23 SR R T A R FR
B m, 2 PR L /)

m,,:u—nZ)mm:[1—<‘J’,—";>2]§fy (2)

A on BRSO B B F- 0 T7 5 S, AR AR
it P S8R BE 5 ¢ R AP PR E 5 DA AN 255 B8 B 1) 3 52 DY)
PSR R AR A TR A PR S

U 25 b i 1 R e B AR AR B R R
my » 25 A 3 8 W AT SR my, o AH TR R 58 AR AR
F s SEBR AR BRES 2 5 T ey » 32 1R 38 25 18 3R B R 2K
T3 A% PR 2 2 o A s s AR AR AN AT 280 . AR SR



18 EHAFE TRFR

2016 4

fRT A i IR 251 » LA o ARF m, I RERE SR AL A 51
PR R I 25 R 4 e 1T il 0 A T 5 2 P A0 PR 256 T o

AR 33 F DA T 0 ST 4 1 3R AR PR A 28 4n =X
(3) fr . Jp

U =W (3)

K 0U R MBE MU TE 7 AR 3/ NAR TR 3 7 H o g BT
B0 T3 5 OW Ry /N AR T 3ok A v A 0 T AU B
2.3 kgEK

A B AR 2 7 0 SR A LB AN 1 3 IR o AR A A 4
e BECR S A2 38 2% 38 B R 38 1 AR (B R4 mT )
SUPR R B R 3 R i % R SR AR 1Y T o A SR S
B2 ER G P YN ) po 52 EREIE 0N
JIERBE peo MO HD 70 45 1 RIRG 78 1o A% PROAR 2 —
BN B BEARE TP R R LK IO TE pe, 7]
KA A R T 43 A7 T SR A AR BR AR 3 ) . A8 S0
AR A AT 3R B T K 78T 0 7 AR e DX T ) A K
107 3o DA SE R BRI TS A 1 I A R AR 2T

e % BR 5>
w1 g

g
®
[ ssaasss |

BEL—{ | |G
- Aii
e [ B B R | (b
Wk s }"Z:Z:;"l B #4E)

B3 KiEEBEK
Fig.3 Solution Thinking

3 KBEISSIHERE

3.1 ZERESEAETSHHEIRE
3011 R EREZMBAE T L AR

X JLART AT A 4 FROR 285 1) 32 TR 38 5 o (B AL
M ALTE A 4 Frs, Hob L g e X R 1/2, 0
BYRE ST+ b AR SCBE G AMFTESE A, R 3K
TR FRARZSTE AL AR A oI5 180 AT — A 7P L
B o Ay AT B ] (L A% 5 Ao S A FROR 25 3 G a
IR RLRS » Ao o B BRAR 2530 S ARl @ B9 68 o) 2
B2 000 IR BCR LGN o 5 = ol . 1B 4Ca)
A bR IR O O 82X 0 S I AR AL TE I 52 1R 35 4
T Lo B 4Ch) Sy — A /N 58 BERRAF a (93153 1]
Bl i 4Ca) Bz xb F 057 AR R X B, % B
B 2% Y i 457 288 K /N 0 A1 AR TR 5 % T AR 3073 B 1) IR
2 AT AN =0, BV E 52 1 38 % A i i 28K
NI AR o A BIROPR 285 i 52 1 38 £ 0 M F 58 )5 7 1]
Cae B T7 180 14 D7 3 AR 3 A+ 52 T 38 G 4801 DL A3
AR E SRR TR L re MR GEIELE r B9 LE

(b) B Hall) i H

%\@%ﬁ

() ZIEREHIMAERE

B4 ZEESGHRRASHNMEERSERE
Fig.4 Mechanism Configuration and Parameters of

Ultimate State of Compression Flange

{H /ey MG ELHRARRE 3 0L 0512 93 A 114 o 201 X
SRR 7 SIS S E 1918 E 2 BOF T BB ik
TEBE T B S0 AT po s FESRAF T po S0 1
A0 ] 0 AR A ) 249 SRR JBE A T A 2k 03 A 4R B2, AT
SRAT AR 2 (A5 28 3T 37 o E S 30 T E
3.1.2 EEAZBAITEA

R B 2 2y B A SC 3 % — b A TSR AR P ) 2
W AR A 2 KT 3 AR W& 4 B s LA 5 2 SR figkad
IR
A =Awtan(0,) s A, = (x/b) Ap A, = (x/b) Ay s

— :hl fyw ,:]Lf fyf
bi=b/2,r, . /235,” tf4/235 4)

SU = D> M50 = >, (M, 80, + M,50,) =

4 24l
oy, (A0 2Ly Al (AP 2L s
Z [){ 2 l b{

b

h b,
SW = 4J fj)ml‘[AhCLT = 4J [j)mthho X
0 0 /)f

da =

b .
4J[pmmAwﬁan(&w)ngxr::2pmbﬂuﬁw (6)
0 f

Mo A& AR BBVE R LR B AT 2t T
R M, 5 y J5 05 R M., 00 4 45 1k
Bk L R A R AL AS W00 il R e 5 1) B4 B A R A
% 80, 5 v J7 M B AL 50,50 N 52 IR G TE
JEE 5 f o 9 HERURA LI R 558 2 5 f oo by 3 % B ) i IR 5



% 6 e vd —

FA TR R KRN ET R IRR R 7 A 19

ﬂv[ jﬂ%&%’{ X’h j‘jﬂgﬁiﬁro
(5, (6) 7 B A () Wi 1

fy;[/){/l+l/<2[){)] —
tan(f,)b¢/ 1 "

ML fc /N B i BEOK A =0 (7D R iy s BSR4
7 R B /MBS % R B fors bs tan (0,00 3
Sh B W FROIR 25 %5 7 B 4 R B A /N B B T B A
AL H 2 (7)) 8 520 10 ok B AR /INEL B 2 . 52 TR
tan (0,0 ) [ P 238 AT J8 100 0 A4 249 S 0 32 s 3 2 1 TR
SRR BE U E 1 32 R G i BLIE MU A R &
T BE Ty 0] Ce J5 1)) 8 43 A R AIE » DL K 32 TR 3 G A %
ARENM T RIEMHENRERE . RyE X gmE R,
DL HA S M S HOME o B AR SR L . %
FEE L e M3 BRASRAE tan(0,0) , 13 (8) i, B

D

tan(@uo):kt[@]% (8)
APk HE B
Z . tan(0,) BEFE R M. R (DO EX DN

AT L BRI TSRS R B B /IME L B A ISR
(0 o TEAR R R IR I by = 2/43, #& T A5 25
R PRARZS I 52 TR 3 G- B0 ) pa RIBA K
(9 Fros, B

V2 [y
tan(0. ) b1/ 1

7 T3 A [W) 32 5% 6 MR 9 )5 LU 2R I 5 | S 52 TR B 4%
B L ) o3 A AN X 2 IR BGOSR E po i

s1.4f ) (9

P =min{

TEIE,
s V2 fu
E‘pm tan((?o)b{/tf’)u
b= put pa () (10)

%;_IA‘ pmzl- 4f’y[’J|_1lJ
D= P (1)
FEREFAERE ) pCa W] 47

pm)cos(Fn) (12)
f

l\

x}fa‘@%‘%ﬁ
plx)=p.+(pi—
3.2 REFHNEBEBHEISHELE
PG 2.1 W pradfioe ., R WE 5 iRz
BT AR 8 & S50 6 05 07 175 56 &R (1 B9 4F
SRR A

=Cpi—fo)/B— /230 =p1/B—1:/2,

Yo =hy "Y1 Y=Y T Y1y =hy T Yo
—BCh—1tp) (13)

Fie+F.=N a4

K ey ~ v BRI AR s po A5 pe XERL Y

T

, i “tr

(b) 5 R G REH YO L 1E N ) 4 A

5 BEENSH
Fig.5 Stress Distribution of Section

5y G B ST
KR (12) % BB AT R 3t (13 Rk 78

BIFRAX T

B+ VBE—1AC ,  —p— /B —1AC
B = i B = 51 (15)
A=zw(hw+[2—f)2+bzf(hw+h) (16)

B=2[N—bt;(p,+ p)— pihot, ]+

Lt Fow—pO) an

C:][ywtw(pfif‘yw)2 (]8)
2(p;—N/A

ﬁo:(pfhft[/o)ﬁ,&:max{,@l aﬁz}v

yi=max{(pi— f,.)/B—t/2,0} (19

X ABC BB o B BT E R h ) 2
B0 Ay AR A2 4 7 T 1T R

Moy =00 =P34 yi >0 W, p=p. WL
SER S A XA BR B A5 AR 3 ) ML, i ikl

ibt((pm_

M, = pf)(h—tr)Jriﬁbt?JF%fywtwyl -
(h y1)+ LBy (Ghw =y — 3ys>+
M(—h\rgw] (20)

3.3 EMEHEITERE
G BIE AR

(1)%J/\%&EI_JFh j&ﬁ}ur b’t{’tw’f.yW’
fyf’

ORPE 8 s (D ITE po - RGN (1O A
poARPER ADO T B,

OHOBEELCOITE M,,



20 ERMAFEE IR 2016 4
4 BEHEER TR
1.0F 3 i 4 * ’
4.1 EYTHETESERGAWERITLIL E08f
52 00 A B A 25 3 1 B PR S Soel  vrZe
RS M, KA B %k . TR ik 5 Foar LT
52 g K2 R HE AR H OB A 1 R 021 M
SR PR A 4 1 A1 155K 4 ey 33 R D R 1 e I T 15 a3 0
IR BR AR E Ty . SR B B R M, 5 1SS (@) n=0
B M, OBEWIER LR . i 1AL SRR N :
BT S T 4 ) £ BT B 05 B M O .l S I
b T B R AR 2K T 5 0:6_ " rmis
F1 SYHHEETELERERBLERER g 2 o
Tab.1 Comparison of Calculated Results of Equivalent oak : ::zigg
Load Method and Experimental Results
05 10 15 20 25 30
wetpdew | ey || M Mo () n=02
(kN +m) | (kN+m)
1.2 P b °
S-H1-0. 2 128. 68 137.08 1. 065 Lok [ ] u A = u ™
S-H2-0. 2 125. 94 127. 47 1.012 z 08 ! i : ' ¢ *
) ) : m r,=45
28] S-H3-0. 2 111.92 121. 25 1.083 % 0.6 : :Wzgg
S-H4-0. 2 141. 67 128. 23 0.905 S 0.4f v r:=100
S-H5-0. 2 114. 62 115. 02 1.003 0.2f ¢ =120
S-H5-0. 4 64. 20 80.73 1.257 05 10 15 20 25 30
Z-H2-0. 2 121. 68 123.70 1.017 © :,f:0.4
FHSO.2 | 12970 | TL9T | 0888 B6 SRHHEHELRSARTHELRUR
Kik[29] | Z-H3-0.4 112.90 91.90 0.814 Fig. 6 Comparisons of Calculated Results of Equivalent
ZHA0.2 | 189.88 116.35 0. 832 Load Method and Finite Element Results
LH27-X2 82.00 95.61 1.166
LH27-X4 78.10 80. 99 1.037 5 -LTJ- -i'/e
[LH31-X2 70. 20 78.03 1.111 5.1 ﬁ;’zﬁﬁ‘]’é‘ﬂ'ﬁiﬁﬁ
SCHkC30] | LH32-X2 125. 80 113.39 0.901 5.1.1 48] T %A & 5 208 80k 09 A 22 %
LHSTXz | 132.90 | 129.40 0-974 SRy N /R R S8l R 2 19 H O m
LLH37-X4 107. 00 105. 36 0. 985 ﬁ:%i:B:H@%ﬂﬁ*&ﬁ&%ﬁxﬁ@%%ﬁﬁ%ﬁ@%ﬂﬁ
FHE 1002 e BRI A 850 IX A 32 T 38 4 T LA T 8 Pk 2 B LA
b 22 0. 17 A DA SCIBPE BE R oR il o A L8 90 I L 40 T 2 1

4.2 EYFHRENTEERSERTERNLL

B AN [R) 58 J5E LU B il s bE T S 08 A e A R HL B
AT #4145 2T BE T B AR Muev 5 ABAQUS
TSR M een 19 FCAEL AT X EE (BT 6) 0 A BRI
Hr A AR BBOSUAT A Y Jif i 5 S f, = 345 MPa, i
PR E=2.06 X 10° MPa, 38 B3 106 A4 1L
0.3, Tz it 15 56 LA 7 Jin 48 1) 757 20t im0 98
Je VAL A% i 281 7 3 RE TOURE i oK S A2 8% . R
ABAQUS 35 25 /AR AL B0 S vE i [ 6 A 01255
i BIE TR AR S ABAQUS TR R W& R Af.

B IR B R 2 ) W BRI 2 I ARG 3 X Ak T
SRR ARZS IR ARTE LG » ) SCIR P B4 i X LA Ay
TR AR ) o0 Al o 5B IX 4k 2 e 25 il A2 JE
2R3 GOR 1R K b A e B AR G L B IX AT
BRI R AR T T 46 P ) A
TE RS RIVISE AR G BB ML A F9 LA R 722 4% IR AR
A0 B XA R o A R i R IR A . T OB R B
SR I FH TSR AR AR AF TS 00 9 0 FE O A A BROAR 2
(EAS — 52 3 7 3R fp o A 24 B IR 3 A BRAR 25
YRR 1 53 A



% 64

Bk — 5 R T LB B&ZFGETREGREREATE 21

YT AR ), SR g ) T 8 #KE W g 4 A e b
FoHABSAT . H T ORER S 9 5 b 4 TG IR AR TE 5 X K
A FRAR 7 5 e JEE S T A I g 4 A A ] L
T IR 2R S I LAk T 1l L oA g A B SR
(] 5 300 98 T 1 e — PN 0 RS A SCRb T — B A2
1o BEABAE  FT LA SR A AN (] 5 5 Lb 28 I ) Al 1 4 T3t
SR T R B 0 1 ) 4 A
5.1.2 2 EZLBBESIBRE G LR

W 4 Co) s, A 406 Be & <7 16 5L 38, A I 7R =
5 1) v A B 2 Al kg 58 25 i A8 T B RE 5 il e 98 A
JEHRE . VB R T RE ) D 3SR At 1o 2% )
Hh A8y 5 R AR T e i BLAE L E T A
4Ce) R B T A BR Aer K A . 1% IX BT A 7%
Ay BRI B Aar 22 75 25 S Al 7 5% e v 5
S5 R AR/ X T X TR 2 & T % Ak
IR 25 R 1) 52

VR T 0 A T AR A A HAR R A2
) &%k I3 4F R R T SR 25 58 g R e 09 48 1E A%
BEL A5 5 SRR A AR A 1 T B R b B K
W R REAS Ry o 2R AT R A AT T AR Y
g3g s HARAE B 32 2k 0 R A AR TS B AN 4 5] 43
A s B PR R AT S R Ry 6 T T A RS 5 oK
o7 430 11 PRERC 5 B IR 25 R T 2 M B O R AR A T 2
PLFLE AR R AL TR BE L SR A (E A PR 25 2 Kk LA
YEA Rl R TR B BT S AR . 7R R AL b R
W 2R i A AR E &, FHE
F2 7 LBl 1) PR PE AR T BB R 0 R A A K
15 Z I AER A 1 e S8R R R B
EVEA RS R . SCHRES 1WA % e kg Ak . (H A%
TE A5 3 53 A AN Tl T A AR A X (2) 18R
(R SR B 2 b B 2 R e K 5[] 125 T R R i
A

U TR TG T AR B 25 s L 422 2% R Jh ) 98 A
TE SNBE 145 e 35 9 % 22 T wE LR i 3L 28 I 1 2 S 40
HAFR S A% A SR i 1 B 25 5 Oy o o0k 2% TR M L
SEALEI R REE . M FXEB TR 4],/
Joiti % & gy g, XTI LE 4o ], Bhizfk
JE (A5 M RE SR AL AR FH 5 | S Fr BB B 25 6 1 S 41K il )
VE TG A B 25 50 B o HL b T4l s LU B/ (45
THEE 45 SRAEHRG BE A1/ 90 B P AR R AR B2 AR 1 3 5
EWBIE.

5.2 SHWAERTE

2SR fifpAn7 480 A AT T AR Y o B A AR

KT BRR 2557 B8 1) 1R B30 7 ) A R AR 2 A T 1189 JL

S ROHEAT RE o BB JLAT S B00T SR 2 iz AL At
TR E - — 2 LA A AR M EE 2 00 5 o 0
A 7 R SR AR E AR BROIR S AL S . R 4 E R GR
Ko R X o] A BE A OF 58 10 & 50 0 5 HLAS 2
Bt s LA T bR RO S L AR I 43 BT BE DR TR 2 8
Fay 3 o K, MR 52 2% 0 Ak . AR SCLLTR i Y I 5K
FETR M FRAR S AL R B[ (8) ], 3k B2 1 &2 R i JL ARl
5.3 EREEENTN

ARG YR BE T SCIB R Bk 1 1) B AT AR
EHTRB 0<<r<30,45<<r,<<120,0<<n<C0.4,
R << 1Y) H OB 81850 4 7 52 58 Tl 451 190 A% P it
LRIy o SF R Bk DA AR 2OR g AR R S B
DX A B A 2 g T R T N G Ot A A B AR
A5 e it B % O e 3 M ) AR R RIS A T 3L O e
PE ) 29 TR 55 R AR B R ) o AR A o % T IR AR AR A il
2 FRAR A AT LA B R R IR AR e S Tl ) Bz T G A
AR BA B0 LA B S W) B S R AR
TR, B B iz i A BT RO .

6 % &

(D SCIBYE B E 18 T R g LA m] A2 % R
WRESHIBAE o G 1 35 B R 28 0 BROIR s i 9
S5 [A) F M F AL B B AR ST IR L 3 T i Rl
11 D0 7 b TE A A% PR HEAT SRR . AR 3BT X BOR B
e BRARZS I 75 % ¢ X B Al A 4 4 o A Al 2 75 34
FE AL 26 A BEABCE o AR SCH B IX R 307 B R
ARZE X L 32 1 38 2 7R 3807 B FRAR 2 AN TR] 5 )5 HE
L PCE BT A AR AR A T RS AN e — o AR S0 3 A
FE— BN A8 B JBE A AR A AR BR AR 287

(2) 255K e i 28055 A VAT T ARAE A9 20 H 1 A7 288
N R TF AR FRARZS AL 1 ek &, T A BRAR 25 8 A A
A AL AR TC 0k 3R 75 25 B BROR 2 AR Az
Mo 2R BUE A RER % (288 2 %oy J8 i AR 1 19 24
RHRE o AR SC LA I 9 HE 303 7R i BROIR 25 062 7 o5
QSR PIRCIE 2 €37

(3 A B AR AL - LT -4 07 CBT sk
B r 280 R RE D /0N o SR 0 B89~ 3R A ik b 2
SR LR R AN FrE S E . R
2 68 A48 5 gl L aod 8 72 2Rk s 30 2 50
WA i E 2 B8 H - L0 0GR i 7T DL i 12
TEAN R B 24O 25 S8 At PR 35 R (A R s A )
il 2 15 5 1

COATO H IR 8k i 804 1 S8 56 i e 725 B 2 41



22 EHAFE TRFR

2016 4

F8 5 BIRODR 285 A7 20 A L BRT 355 19 T o 3 Al BIRCHR 285
5 H B G109 N I 53 A UL b R AE & 300 A 1 24 TR0x
JiEh v 3 5% A S 1 R ) T A R B2 A A R A
B RS . 45 I T 25 FEAR AR T il AT O 1
P14 28 A0 280 3% 0 AT ) AP AR IR AR 5 B IX T A7
A o AT A TVUR R 1 8 5 Al T 25 40 RO 880

() M T SCIBVE Bk vl AU IR AR A4 i)™
SCIBVE B 73 B M PR A BR e A7 DA g A i — 2 1
TR

S 2% 3Lk :
References:

C1] BRPA— REF. B K. EEH O B9 HE S8 00 7K 48 PE Ae
R BTSELT ] TR %%, 2008, 25 (4 2) :62-70.
CHEN Yiyi. WU Xiang-xiang. CHENG Xin. Capaci-
ty and Deformability of Steel Frames Composed of
Members with Non-compact or Slender Elements[]J].
Engincering Mechanics,2008.,25(S2) ; 62-70.

[2] # JR.BRUA—. F B AR R i HOB & 5 2

WA T R 8 T[], TR J1 %, 2015, 32(3) 1 41-
49.
CHENG Xin,CHEN Yi-yi. Moment Resistance of H-
section Steel Beam-columns Considering the Interac-
tive Effect of Plate Elements[]]. Engineering Me-
chanics,2015,32(3) :41-49.

[3] CHEN Y Y.,CHENG X, NETHERCOT D A. An
Overview Study on Cross-section Classification of
Steel H-sections[ ] ]. Journal of Constructional Steel
Research,2013,80:386-393.

[4] HIRIYUR BK J,SCHAFER B W. Yield-line Analy-

sis of Cold-formed Steel Members[]]. International
Journal of Steel Structures,2005,5(1) :43-54.
BAKKER M C M. Yield Line Analysis of Post-col-
lapse Behavior of Thin-walled Steel Members [ ] ].
Heron,1990,35(3) :1-50.

[ 6] ZHAO X L. Yield Line Mechanism Analysis of Steel
Members and Connections[ J ]. Progress in Structural
Engineering and Materials,2003,5(4) :252-262.
TR, B ARl 284 e A7 B R LM, b st 35 4
KA AL, 1981,

XU Bing-ye, CHEN Sen-can. A Concise Course of

[7]

Plasticity Theory [ M]. Beijing: Tsinghua University
Press,1981.

MURRAY N W, KHOO P S. Some Basic Plastic
Mechanisms in the Local Buckling of Thin-walled
Steel Structures[ ] ]. International Journal of Mechani-

cal Sciences,1981,23(12):703-713.

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ZHAO X L,HANCOCK G J. Experimental Verifica-
tion of the Theory of Plasticcmoment Capacity of an
Inclined Yield Line Under Axial Force [ J]. Thin-
walled Structures,1993,15(3):209-233.

CAO J J,PACKER J A,YANG G J. Yield Line Anal-
ysis of RHS Connections with Axial Loads[J]. Jour-
nal of Constructional Steel Research,1998,48(1):1-
25.

i OBELEWA LR LS T R R R
SIBVE SRR AL [T ] [E A Ty 2 2 40, 2006, 27 (2)
127-134.

ZHANG Ji, DONG Man-sheng, GE Fei, et al. Plastic
Hinge Line Model of Rectangular Hollow Section
Joints Under Axial Compressive Force[ J]. Acta Me-
chanica Solida Sinica,2006,27(2) :127-134.
UNGUREANU V, KOTELKO M, MANIA R ],
et al. Plastic Mechanisms Database for Thin-walled
Cold-formed Steel Members in Compression and Ben-
ding[ ]J7]. Thin-walled Structures, 2010, 48 (10); 818-
826.

KOTELKO M,UNGUREANU V,DUBINA D,et al.
Plastic Strength of Thin-walled Plated Members —
Alternative Solutions Review[ ] ]. Thin-walled Struc-
tures,2011,49(5) :636-644.

KOTELKO M. Load-capacity Estimation and Collapse
Analysis of Thin-walled Beams and Columns-recent
Advances[ ] ]. Thin-walled Structures, 2004, 42 (2) .
153-175.

ELCHALAKANI M,FERNANDO D. Plastic Mecha-
nism Analysis of Unstiffened Steel I-section Beams
Strengthened with CFRP Under 3-point Bending[J].
Thin-walled Structures,2012,53:58-71.

AR, FAR A B O, YA A R a5 K Ik
WoEl)]. BHLE 2], 2009,30(5) :177-183

LI Guo-qiang, WANG Yin-zhi, CUI Da-guang. Experi-
mental Investigation and Theoretical Analysis of Re-
strained Composite Beam Subjected to Fire[ J]. Jour-
nal of Building Structures,2009,30(5):177-183.
KOTELKO M, KROLAK M. Collapse Behaviour of
Triangular Cross-section Girders Subject to Pure ben-
ding[J . Thin-walled Structures, 1993, 15 (2) . 127-
141.

PARK M S,LEE B C. Prediction of Bending Collapse
Behaviours of Thin-walled Open Section Beams[]].
Thin-walled Structures.1996,25(3) :185-206.
GIONCU V,PETCU D. Available Rotation Capacity
of Wide-flange Beams and Beam-columns Part 1. The-

oretical Approaches [ J ]. Journal of Constructional



% 6

S

MRvA— 5 3 F 7 SUPR M 4R 2Kk 00 R B AR M 1 MR FR R R A

23

(20]

(21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

Steel Research,1997:43(1-3):161-217.

GIONCU V,PETCU D. Available Rotation Capacity
of Wide-flange Beams and Beam-columns Part 2. Ex-
perimental and Numerical Tests[ J]. Journal of Con-
structional Steel Research,1997,43(1/2/3):219-244.
WIERZBICKI T, ABRAMOWICZ W. On the Crush-
ing Mechanics of Thin-walled Structures[]]. Journal
of Applied Mechanics,1983,50(4) :727-734.
GIONCU V,MAZZOLANI F. Ductility of Seismic-re-
sistant Steel Structures[ M ]. Boca Raton: CRC Press,
2003.

CLIMENHAGA ] J,JOHNSON R P. Moment-rota-
tion Curves for Locally Buckling Beams[ J]. Journal of
the Structural Division,1972,98(6):1239-1254.
TEHAMI M. Local Buckling in Class 2 Continuous
Composite Beams[ ] ]. Journal of Constructional Steel
Research,1997,43(1):141-159.

WIERZBICKI T, DRISCOLL ] C. Crushing Damage
of Web Girders Under Localized Static Loads[]].
Journal of Constructional Steel Research, 1995, 33
(3):199-235.

IVANYI M. Moment-rotation Characteristics of Lo-
cally Buckling Beams[ ] ]. Periodica Polytechnica Civil
Engineering,1979,23(3/4) :217-230.

BAMBACH M R,RASMUSSEN K J R,UNGUREA-
NU V. Inelastic Behaviour and Design of Slender I-
sections in Minor Axis Bending[]]. Journal of Con-
structional Steel Research,2007,63(1):1-12.
CHENG X, CHEN Y Y. PAN L L. Experimental
Study on Steel Beam-columns Composed of Slender
H-sections Under Cyclic Bending[ ] ]. Journal of Con-
structional Steel Research,2013,88:279-288.

JA UL AR T AR T A 1 R O it i 3

[30]

[31]

[32]

[33]

[34]

S5HRcadr[D]. L. /¥R .2012.

ZHOU Jiang. Interactive-buckling Experiments and
Finite Element Analyses of Welded H-section Steel
Members[ D]. Shanghai: Tongji University,2012.

B R HOE MR RERFSELD]. |
g - [R) 55 K. 2004,

ZHAO Jing. Study on Aseismatic Behavior of Non-
compact H-shaped Steel Members [ D]. Shanghai:
Tongji University,2004.

BART L OME. B I E R T 8907 89 s i 2 1
BT[], AR TR 24, 2002,35(4) :20-24.

WU Zhen-yu, ZHANG Yao-chun. A Formula of In-
clined Yield Line for T-type RHS Joints Under Axial
Force[ J]. China Civil Engineering Journal, 2002, 35
(4):20-24.

RIRT A, SHEEATAESR TR 8T AW
VR AT [T ). S U5 4 4 4k 2003, 24 (4) 65~
69.

WU Zhen-yu,ZHANG Yao-chun. Yield Line Analysis
of Stepped T-type Rectangular Hollow Section Joints
Subjected to Bending[J]. Journal of Building Struc-
tures,2003,24(4) :65-69.

RIFEF. R M RRAE. G K B 578 1R
RE AR & ] LR TR, 2004,
37(5):1-6.

WU Zhen-yu, WU Sheng, ZHANG Yao-chun. Yield
Line Method for Calculation of the Load-carrying Ca-
pacity of Stepped K-type Gapped RHS-joints[J]. Chi-
na Civil Engineering Journal,2004,37(5) :1-6.
KOTELKO M, MANIA R J. Alternative Solution of
the Problem of Load-capacity of Thin-walled Plated
Structures[ J ]. Mechanics and Mechanical Engineer-
ing,2008,12(4) .323-336.



