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COUPLED TESTS OF LATERAL-TORSIONAL BUCKLING AND WEB BUCKLING OF
PLATE GIRDERS UNDER BENDING

FIRMIIEZR7 G N

TN i

By Kohji MAEGAWA, Yoshito ITOH and Yuhshi FUKUMOTO

This paper presents the experimental researches on the coupled behavior of lateral-
torsional buckling and web buckling of transversely stiffened plate girders. The cross-

sectional dimensions of all the six specimens were proportioned to prevent from local

torsional buckling of compression flange, and the web width-thickness ratio was kept
constant being equal to 200 for mild steel which is over the current JRA upper limit,
152. Then the effect of preceded web buckling on the ultimate strength of girders failed
by lateral-torsional buckling is investigated. In-plane bending strength was also ex-

amined. The test results are also compared with those for girders with the web width-

thickness ratio smaller than the JRA limit.

Keywords : plate girder, experimental study, web buckling, lateral-torsional buckling,

ultimate strength
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Table1 Test Program.

Test [ L a Loading &

Girder| (m) | h Boundary Conditions Cross Section

S s Stud 110
for Bracing -‘l of
3.4
6A0 | 1.0 |0.82 Thickness =TT
PIS o ty=5.4mm
| L

B-E-F%-%#% Out-of-nlane|

la} Chertical

Stiffener

2-Stiff.50x5.4 x 607

GAl 1.0 |0.82

GA2 | 1.5 |1.23| g—+—F—+—F——%

GA3 | 2.0 [1.10| F—+—+F—+——F———%

tiff. 140x10x607

6B1 | 2.0 |1.10] [S S

GB2 | 2.5 |1.37
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Table 2 Tensile Coupon Test Results,

t Oy a, E v
mm N/mm?  N/mm®  kN/mm?

Web 3.4 283,6 401.3 206,2 0,23
Flange | 8.0 271.7 437.8 209.2 0.25
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Fig.2 Residual Stress Measurement.
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Table 3(a) Initial Maximum Deflections of Comp. Flange
(lateral direction) [emax/e€s, €= 1/1000].

GAO GAl GA2 GA3 GB1 GB2
1.67 0,33 1,56 0.33 0.63 1.00
0.77 0.29 0.45 0,63 0.53 0,45

Girder
as-weld
after leveling & set-up

Il - B - AEAS

WE)B LORRERFEIXL, AV —-XBLUOBYY —
ZIZDWVWTENZh Table4(a) B L0 Table 4(b) iz
FLOHTHD. HBERFMEEEZTIERT2HETED
U, ZhoDEKRZRDOTICEELTH S, FiZ, P
BT O A2 MIlTR O U 12BN ERE ST I
LFOMTBERCHIVNEERIZERIN TV,
Pucrdo) 3R OBYMFEREFETCHD, BYY—-X
TRANSVHRRITEREEFEVISF VD A SR, s h/2
BENIZWIE CEE L. £17, P BRRBITCER
ZEHAIU 2 783 IO WVWT P-82RICEVHEFE L 12
WORBRECTH 5. FEEY b EROERREEZ ZHN
WCHEET 5 DE L WA~ X VAT 50N
feh#H (&) PERBBMER LRI OVTFig.30 &k H 1Tk
W1, AV V)= XD Pyex 1 HWE U 12 BERARE kerex
13 30~43 (FHE37.0) TH 0, FEHATOEREH
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Table 3(b) Initial Maximum Deflections of Web Panels [0max/0a, 0c=h/250].
Girder GAO GAl GA2 GA3
Panel ¥ PIF P2F PP PIF P2t P|wP PIY P2* WP P1* P2t P3 @
as-weld 1.03 1.44 1.03 0.62 2.26 2.68 2,88 2,47 2.88
after leveling| 1,17 0.67 0.57 0.57 0.49 0,57 0.59 0.69 0.86
Girder GB1 GB2
Panel PL_P2" P3 w Py P5 PG | PL P2 P3 w Py PS Pp
as-weld 2,06 0,01 0,82 1.24 1.852.,27]|2.47 0.62 1,65 2.06 1.65 2.27
after leveling| 0,34 0.44 0,45 0,59 0,71 0,49 0.62 0.55 0.69 0.93 0.83 0.56
Remarks: Pfis a panel of which deflection was measured during loading
#denotes the location of stiffener for applying load
Table 4(a) Summary of Reference and Experimental Loads (A-series).
Load | Py | Py |PG(M) P]cr' Pucr (o) Pmax4 Prex (Kerex ) |@/0 |0/0 |0/®
kM| ol | @ @ 1 ® 6| 0 ® ® @ ® ®
GAO| 201 | 238] 194 | 235[ 99  164] 215 140(33.8) 156(37.7)| 1.07 | 1.10 | 0.92
GAl| 201 238| 194 | 22699 164| 218 | 172(41,5) 127(30.7) | 1,09 | 1,11 | 0.96
GA2| 134|159 130 | 131| 66 109| 139 | 103(37.3) 118(42.7)| 1,04 | 1,06 | 1.06
GA3| 101 | 119| 98 91| 50 83| 91| 74(35.4) 78(37.3)|0.90 | 0.93 | 1.00
Table 4 (b) Summary of Reference and Experimental Loads (B-series).
Load [ Ry | P, | Pa(M)| R (V)| Pycr | Pycr (@) Tchr(r) Pucr (9+7) | Prax | Puex /0 @/@T@/@‘ /9
kN | @ | @ | @ |l 6 ® | 2 ®/l0 o 0|  ©® 6| @ | 6 | & | ®
GB1 | 201 | 238 | 230 461 | 224 {120 198 | 198 275|103 161 [223 | 123 69| 1.109 | 0.969 | 0,484 | 0.996
GB2 | 161 | 193 | 177 4151160 | 93 153|171 261 | 83 132 (174 | 75 761,081 /0.983|0.419| 1,088
Remarks:

Py =Yield Load of Girder

P =Full Plastic Load of Girder

Prer =Ultimate Load by FEM in consideration of Nondistortion and Initial Deflection (£/2000 for
A-series and /4000 for B-series)

G =Ultimate Load calculated from Ultimate Moment Capacity, Mj=[1-{(h/t,)-5.7/E75y¢}/{300
+1200(A¢c/A,) My, PG(M) for B-series is defined as the Load when the Bending Moment at h/2
from the center of girder reaches the ultimate Moment Capacity Mg

Py (V) =Ultimate Load calculated from Ultimate Shear Capacity, Vg=[(t../ty)*0.87{1-(7  /ty)}/
Vl*(a/h)i]vp

My, Vp =Yield Moment, Yield Shear Capacity respectively

Pwcr (0) =Web Buckling Load under Pure Bending(®: Unloaded Edges simply supported, ® :fixed)

Pycr (1) =Web Buckling Load under Pure Shear(@: Four Edges simply supported, ®:Long Edges clamped,
Ends simply supported)

Pycr (9*T)  =Web Buckling Load under Combined Bending and Shear,(s/o..)*+(1/1.,.)?=1,(®:® & @, ®:® & ®)

Prax = Experimental Maximum Load

R = Experimental Web Buckling Load of Each Panel (Minimum Value estimated from P-8* curves)

ex

k

cr,ex

=Buckling Coefficient calculated from P,., for Web Panel under Pure Bending
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Fig.7 Distributions of Normal Strain of Web Panels.
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Fig.9 Load-Normal Stress Curves in Girder Sections.

MEDHANVHRAIZEL TSI EEZEDLTY
5.

b) RIRTARUEROEINEIC &5 MM H» 5P
ENBHVTHOEREBROREIIB T 20THDER
33 5.

c) BIRET7 7V YOERDESSME» S 75V I
MOBEBD LS 8B EREST DL, /S42IVA2PL B
L OA2P2 & &z No. 1, 4 Dl A5 [M T FE#E, Wi
No.2, 3OANIMNTEIERE RS, ZhITk->THEU BN
BT HICEST, MO LD R TS5y IDEREILE
JB04HDERFHMATES. Ld->7T, KERTIX
FHICEZ > WEROERERIC & 2B O#ERMEE L
T77vIDRUNEESEUIEEZONS.

d) /SANVA2P1 CIEHBHEICELIE, 777
JO—4DEE (No.2,4) TOTHFBICELN T
505, fthiDEE (No.1,3) TROTHL LB KE
WIZb Db s30T HIFENTVEN. Lzd - T,
CORERBENL 7T Y VHRE L TCOREER (LU
NEER) 24 Uteocidn<d, BROBRERIS ¥
LirbDEEZ NS,

AYV) = X TIEMDKTD /S AT B NT b RS kSR

0.5

341

HEL NI, BYY—XTR, 795 vYDOEREDVTH
DEZPBIZEIE DWW S o T2. ZRIZ0THORIED
NANVHRMAEICH 722 & &, Fig.6(c) DEHIZB
V) - XOEROEBREESEAMEE TH 12 &I
kpEEZONG.

(4) WEHICHT IEREEOTER
ARBTOFHERRIIERE 7 7 VOKFERTH S
EHWTCEIDT, KB TEHEN (BEHE Puax)
130 Ok UNhilfe O &R U &5 iclEh <
FRU, 7 V— N — 5 —CI3EMRE My % i
TEBVWIENPOREIRE—A Y b My ZR—RAE LR
HRE n=M/ My B E CEEMEL Av=yvMy/M;: %
HOTEET 5. 21T, My=Puax 1RGS2 K0
FE—X Y b, Me=BEBUTVARTONHE - WESRHE
TTeoME#LQ UhEBREE— XY bTH 5. Fig. 101
XAV —ZABLUBYY — XY T 2 AERME (2
NZENEEGA0O~GA3 (&) BLU GB1~GB2
(M), EROBERER £=200), HEH Ay I3AFEER
M EERRET, BRBEZRC LI ULIMIZ & 28
RUhERERMEY (Fn2hi5 GE~GH (O) &
L U'GA~GD (@), B=130) BLUA YY) —ZXITHY
U, MIEHR AP HEBHKE 2T TEREROEE LR
U BN ERERE (T8 A~G (+), £=220)
EEEDTHD. £, FFED ZOBHRRISEKERITON
R = O & 845 U 2l DR © &
0, RFDOETFTNVELL T EA A RO IcbA &
Fig. 2 ITE U BBIS T DRMBHV LTINS, 2D
PRI ER D24 M SRR D BEIR ASEE U 72 > - 12 EBR{EIC D
NWTXHL20) TREFINTWVWAS. BTESHELDOX
L ATHREERMAR (/) S0P L5
TWBDIET7 7Y VOBRBISHPERAIR->THDEZ

Computer Solutions
(web buckling neglected)

(B -series
P
\K‘Jiefs,
L4 ]
b \\\ii\\ 8¢ =£/2000
) N ® {B)-series
Test Girders N ‘\ ‘P
L h [
AA [-623x110x3.4x8 [ 8= 7%3 =200 1] D:]jj:q
i 20) i Se
0,8 1-520x110x4.3x8[ =130 ] e
L
|+ 1-(80001000) x (110v130) x6x 10 [ g=2201°% L—’J
Se = £/4000
i s TS R Tt 1 L L I L 1 1 1
0 0.5 1.0 1.5 Fy /M

Fig.10 Experimental and Analytical Results of Girders.



342

LickrEEXONG, 5B, EBEZ Fig. 100 L5
—MbIhBELETERLTCH, -4 Y MR
FBBRBOEEBED DAY —AEBYY) — Xk B—
O N TEDOE LN T EIE3CH 20) THEHEL 72
EBVTHD. XMk20) DEED L OEKERBRDRERLE
BUERAUTHY, REFTICOVWTERDIBEL 3 H R
KoTWa., Lt ->T—RibanrBE LT, HER
BWROERZE s h - ERE (OB LU@) K50
IR D BEE % R U o DA SR & BRI ER O
BREEECIAERE (ABLUA) LEZRENLEK
T52LT, MRS 2EREROEEOHEZ B
Ncxs.

FITAYY) AT, KERKTOKEIIWHYE /v 2
V37 MMEITH Y, MERE SIS <L CHEAE
BXEHT GAO THEBMMRAE My ICEBEL s o 12,
U USEMRIBE H. A5 =200 & Basler!) ORFE (8=
170) KV b KRE<, U bEEED Aw/Ac,=2.3 &L
BHAZ0IZHE b 59, Basler OMEE— XV b
MLUEWH FTHRLBERE— AV b 2+HICHRTE
TW5 (Table 4(a) M@, ®H LU Fig. 10 ).

—7%, BYY—=ZXIZBOTIBEIEINETIIEL
Hi GB2 0EBREZE» /50 FESERE Lo, ZDR
iz, RBHADSHIC2kTH S b oHROEE
BEUB WA, DL ICEZSNS. BFHE (BHR) 13
BEEOERLM 2B S CBMTREE LB 5,
febh# (v) ER UV A (Y) ODEAFMHFE LT, Mov=v
=¢=¢'=0BLUVRlv=0v=¢=0 ZHWVOTREHRZT>
r2. ZO#EREZZNEFNEEXSB LI Fig. 10 1IZ7R
¥. EEE (GB2) Bohs EWHEOMIZH Y, 91
hHBEUOHARKEOEEN G- bDEEX LN
5. F1:, iGB1OBEAMITFE—4 Y MIMFGAOD
Fh (BRE— AV M) KOKREO. UL, Bk
»HIRfIAN h/2 BN IE (RER S A VD IZIEF
) TIT - 12 ERRIEE OFHIE (Table 4(b) G, ©'
FR) IC Basler® 0AHBAMAR Z MM T 5 &, AKBITOMK
FREBE I IC L > CHRF AHHICH D &, BHTI
HIGAODRRIRE— A ¥ MIFRRME M) L0 10% &
WZ & (Table4(a) MO®EBE) » 5, HGB1, GB2
BEBHICHEHHNBRELLZDOTIREVWEEZ S NS,

BRRD EHIZ, AVY—XBLUOBYY) -2 & IR
EREICET ARICEROEBRASE L EEZONS
(Table 4 DO~® B8]). Lo L, Fig. 10 DEERE
B RO ED &, BROBBIRE L 8=200 DAEER
KT B W TIHEIEMIREL Ay 25 0.2~0.4 8D/ TS
LI ATEROBMIBRIC & 25EEBEbh 2HENRE
DLERIEHHHDD, WMPFNLVKREREIAHTIE
EHE T 7 v Y OKFEBESRRREICN S % AR DR E 13

GIATIRRES: P N

FEAEZNENZ S, IHITXHEY9) DERLETE X
T, EROMIERIIERE 7 5 v Y OKTFERREICE
BOBE#EIITWENZ S, ThZ, BRERBHEMIZID
DR UNERIZNT 57 T v I DRBDERBERDLENH
BOKREVWIEERUVIAROVOMREREBLEZA
THY, HOmNREIINT 2BRET TV VDOEE
DEZEDLLTNAS.

4. #& g

AWK, EROEBELZFITRAZEOHIBRMELY b
KEL LT V== —DEHET 7~V OKEER
TN %K HE, FHITE U2 BERER ST IR
B ERINICHOMICT S EAENELIZED
THb. BoNERIRDLI>THS.

(1) P-0*RITKVHEE L e EARO BB E L,
%22 sAYY) —AcRIEEMIOZETE L
BEREEICEL, KB 5RO 1 ERIBE kerer (& 30
~43 (F1536.6) THo1z. L L, BHFETAl%
213 2BYY) — ACI3FERMA A MR E L/ SRV
SRTE TR U 7oA k0 BIE S HEE S Tz

(2) BROEEEEE— FEST LB bAH
- FIZ—HT5bD TR, BRI A VEE
DERERE— FIIBTITSE5>ThHbH. iz, /RN
MTREESRM 28 E T3 TROERESTD LN
1z.

(3) HTGA1BLUNGA2D LS K 2 /3% VET
VT, BHE7 7 v Y OKEERE— FEEROKES
BOERBE— RBREB120, ZhADPKOMEH%EED
HAEICETHRESH Y, SHBEFO LD REEITHNT
HRABNETHB.

(4) BRERICLPEROHEGE»S 75V VDR
UCNEESZH btz 20 UNERI L - THAE
LI HEES CEIB B bt

(5) A CEEUIERMED L OBIERY 5,
MEMREEIRIE L #=200 DAERHT CIIENBHEIC LS
BEDFRIIH B DD, FMET TV Y DKFERHE
IS B EREROEE IS VENZ S, ERIBEHLD
S LICKELIEFA, 77 v VORBIBELSTHBIAZ
BEREERZ A U T VIHED L OCHPIRRRIEE I3
AN OBES KX VBEIZ OV TS BKRET 5
WBENH 5.

(6) Basler" ORFRME (8=170) £V b AXLIRE
o (B=200) &5, HHLD Aw/Ac,=2.3 EHER
KEBHITH > THBEERP+ D THNILERE— 4~
FERRTE . Thid AASHTOY O EGHZETE
BT BHEM (8=197) I T 5 1 DOEMF &5 5.

ABFFR LR 61, 62 2B D CERA B F R E RS



TL— b= F—DHMFICE 3T 5 v Y & BEROERERER

(RENA ) DT E T 1. EBRICBNTEZRDH EFH -
rEE HFE (RHBREA¥R) BLO4EHA)IEHE
EFHPOMRER, XEEE, BERIFEICHEZRL
9. F£17, RBHTOETIIMERST (R B & O ()

A AT BMERIC L > 72,

4)

8)

10)

TR LET.

2 % X W
Basler, K. and Thurlimann, B. : Strength of Plate

Girders in Bending, Trans. of ASCE, Vol.128, Part [,
pp. 653~682, 1963.

Basler, K. : Strength of Plate Girders in Shear, Trans.
of ASCE, Vol.128, Part I, pp.683~719, 1963.
Basler, K. : Strength of Plate Girders under Combined
Bending and Shear, Trans. of ASCE, Vol. 128, Part [I,
pp. 720~735, 1963.

Herzog, M.A.M. : Ultimate Static Strength of Plate
Girders from Tests, Proc. of ASCE, Vol. 100, No. ST5,
pp. 849~864, May, 1974.

INFE—BB - KR - E R L — b S —Dih
JHMEER, TAR¥RWNE, $1435, pp.1-8,
1967 %1 A.

ER/NEX - EE - BHFXE# . 7L — b V-5 -0
TR IR 4 28 L LWER, TAFERHXE, &
360 5, pp.33~42, 1980 4E8 A.

IATER - BB R— - BRFEZ - AT HEEH
ExZUHTL— -5 - OBREE, TARFERHEX
W, $321 5, pp.1~14, 198245 A.

BH OR-AN B 77V VRRERICERT ST
L— b= — Ol N#EN, tAREXRE, B
374 5 ,1-6, pp.467~476, 1986 % 10 A.

BABL - B R EOER BB IESMOBEEN
BERIC BT 5 EERIOPIS, IARYRMIGREE, F 189 5,
pp. 39~51, 197145 H.

Fukumoto, Y. and Kubo, M. : Ultimate Bending
Strength of Plate Girders with Longitudinal Stiffeners

11)

12)

13)

14)

15)

16)

17)

18)

19)

21)

22)

343

Failed by Lateral Instability, Der Stahlbau 12, pp. 365~
371, 1977.
HHE— - BEFEZ WAL FET ST L— b -
F— 0w AKREICET 5 ERIOME, TARFERRIR
5, 952495, pp.41~54, 1976 5 H.
HE— - BEEZ WAL FET ST L— b —
5 — ORI IREE I BT 5 ERIOIR, TAYERRICR
55, 552645, pp.1~15, 1977 &8 A.
BEEZ AR EEI S 7L — - —0OHlEE
MR IR Y 5 EERIBITT, TARF AR RESE, H 2695,
pp.1~16, 197841 A.
BANER - MEFHE - BEE v = 7ORMICER
Lic7'b—b - =& — O IR ER, LARERR
G, #3055, pp.1~9, 1981 1 A.
EANEX - BORE - AFX# : 7L— -5 -0
M/ BT 5—E%K (L) (TF), MRLAER, No.(4)
/(5), pp.(25~32),/(8~12), 19774 (4)/(5) A.
HRAAE - FEEAN - BABL . TL— -5 - D
HWHERT— 5 OREE, BELFRXE LtAR¥R,
Vol. 33A, pp.127~139, 1987 4E 3 A.
Horne, M. R. : The Elastic Lateral Stability of Trusses,
The Structural Engineer, Vol. 38, No.5, pp.147~155,
May, 1960.
AAEE RS | EEER A EFRR, 198042 A.
AASHTO : Standard  Specifications for Highway
Bridges, 12th Ed., 1977.
BABL - fi)IFER - FEBA - RBEFT I E- AV
HEIC & B LT ORA UNERXR, TAFERSE
X, 553625 ,1-4, pp.323~332, 1985410 A.
AR - WAL | FEEE 5 BB BRI I
B9 BHISE, 56 40 AT AFSERFEMARIFHMES,
1-78, 19854 9 H.
EANER - BEEHHE - BANEE KRN EES 5
Tr— k- =5 - OHMFHRHEHER, LAFRHIHR
e, 52345, pp.33~44, 19754 2 A.

(1987.10.5 - 521)




