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LATERAL-TORSIONAL BUCKLING TESTS OF WELDED
I-GIRDERS UNDER MOMENT GRADIENT
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By Yuhshi FUKUMOTO, Kouji MAEGAWA, Yoshito ITOH and Yoshiyuki ASARI

This paper presents the experimental researches on the lateral-torsional buckling
behavior of welded steel girders. The test program was designed to clarify the effect of
moment gradient in the inelastic range. Test results, including material properties,
residual stress distributions and initial lack of straightness of compressive flange and
web panels, are presented. The experimental ultimate load-carrying capacity of girders
is compared with the analytical predictions by the finite displacement theory. The
lateral-torsional strengths of welded girders under moment gradient are then proposed

by a simple formula,
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Fig.3 Points of Strain and Deflection Measurements.
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Table 3 Tensile Coupon Test Results.
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Girders (pmy  (mm)  (mm) (o) (mm) (mm) (mm) (cm*) (cm*) (cm*) (cm®) r Cmm ) (N /) N/ o (Kt /7 mm”) (kN /o’
GA 5178 520.8 110.9 111.3 4.27 8.11 3,10 16290 185.5 5.26 120900
3 ‘; S
5B 518.3 5207 110.6 110.5 4.28 8.09 8.11 16260 182.7 5.25 119300 | TAL :gﬁ g‘;g ’::: ;g;z gig ;‘gz
5C 5191 520.9 110.4 110.0 4.27 8.06 8.04 16120 179.0 5.10 117100 T flame R0 Sl 83
6D 518.6 520.1 109.8 110.6 4.25 8.10 8.11 16180 181,1 5,22 118100 dg . . TR -
GE 519.8 520.6 110.6 110.4 4.28 8.11 8,12 16520 182.8 5,28 119600 £, — 2 - -
GF 5177 520.6 110.4 1104 4.26_8.02 8.03 16130 180.9 5.16 117900 8L e 28 2L oR 0.3 I B9
66 517.8 521.4 110.0 110.3 4.27 8.08 8.08 16190 180.3 5,20 117700 182 428 314 453 0.284 214 83,3
ry {8500 T3 6C.OF.00) 5937 a3 0.281 213 83.1
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1 1 el 4. . .
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note: [, Moment Inertic about Major Axis, [v Moment Inertio about Minor Axis TC3 67, 6H 4.26 324 460 0.282_ 218 85.7
Ky Torsion Constant, 1, Warnina Moment Inertia Ave. 38 455
Ave. 0.282 215 83.6
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Fig.4 Residual Stress Measurements and Measured Patterns.
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Table 4 Initial Maximum Deflections of

Compressive  Flange (lateral
direction) and Web Panel (out-
of-plane).

Test Upper Flange Web Panel
Girders §max Swmax  Owmean Wpmax Wp mean

1o/1000 |h/ 250 h /250 h/250 h /250
GA 1.48 0.99 0.73 1.69 1.02
GB 0.28 2.00 1.26 2.23 1.47
GC 0.88 2.77 1.52 2.85 1.77
GD 0.24 2.48 2.00 3.08 2,14
G E 0.58 1.93 0.81 2.31 1,02
G F 0.17 3.26 1.23 3.44 1.48
GG 0.24 2.30 1.10 2,76 1.41
G H 0.20 2.42 1.29 2.73 1.42
Ave, 0.50 2.27 1.24 2.64 1.47
1
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FFAME h/250 THIRITIL L T Table 4 ITRY. 22T,
h3ERETHSD. RMBWC K VBELRKEL I h
b5, FITINEIC LV REBICEE L TV AERTL b
0, FBRMEEZEX TOB/88VIEHRERZ D 1.
(4) wE-EWES

Fig.5 B & U Fig.6 13 # h #1471 GC B L UK GF
HE-ZREFHERLTVS. ZRENERT7I IV YD
KEEMB LAY hROREDHOEAET H
5. B, WERBIRDIIRTHDOLVZVWHEKL
Thbd. —REREEAMNZERL L A3 HROHA
EhAOEREEZEDLTHBY, RAIRU IO
HRAHEE Py D 60 % f28 £ ¢ I3EGRM & EBMEIL &
—HLTWB. i, ROEHET T v Y DKELEH»
5, FIINEICERBEESRS 5N, REERRSETO
TR RARDESHERTETCVEIE KDY S. O
BT DLW AR aHE-RREEGHIE LN

Fig. 7 3R HRBRITOTEHRE 7 7~ YOI - bA B &

P(kN)
GC b — (Elastic Theory
' /
o % '
< sohl
@ e P
- - - Plane @
* View o0—o0 @
.. Buckled
Tb Shape — (3
~Upper Flange
NS 1 ,
-40 ~20 0 20 40 §(mm)

Fig.5 Load-Deflection Curves (GC).



T—A v MR & B T ORI U BB EE

Elastic Theory

—e D

o—o (@

0—a @

< Upper Flange e @

. . ) S ,
-20 -I0 o 10

Stmm)

Fig.6 Load-Deflection Curves (GF).

UlBEHEICN T BAMAFEEMERLTNS. 2hE
NEUWEHAME L,/1000 CEXRTILEINTHBY, ADI
Do IHPEEERHRIMPIROFF sh T afl~Dizb
ArREDT. T2, P bHIEHBREEICEY LU
TEEBETHHOT A My FETOREM@TH Y, Ad
ULHBEROEL DA TH S EVIRIIEZV. Ly
Lans, #f GA, GC B LU GE N A4
b L BHEENRABETHSH. F /2, critical segment
D75 7Y OMNIKEENE, 1 S8HCRIOPEES
JUOEEBRIMOAHRBOZEIZLY, BFLL2¥
BREOFERFFE— FIZiZz-T0nan. 2EHERTI)
critical segment IZBNWTFTRTIEDDHDAHIZZ>TH
5. CORRAELTE, ML HOEE, 3.(1) T
WRAR127 7V EEROEAEDOKE, Bk CEERR
MORRIRBORENEZZ b5, HEEERERM IS
HEETHO,5EBV 7T VvV ERBAINT v FTH5B.
L1zhs->T, BhUNICESIFER 7 5 v Y OEBRRIM
Bl (AR ~ORIMELIE, AFNVE v FE%E S HITE
E3ErAMICHEE, EEHAIMICE > TiERians.
—7, EOFANOMMERLIZ A ZIvF v FEHBAL KA
Lyl Chicdd 2 EEHRIM OB, A0AH
DEEEVNINEEZ OIS,

(5) MERKX

Fig. 8 3ROz b A B L O bH 2 ERL
FAMERERREZRL TV S, BREBERET7S VIO
BRI LI baEEDL, EREIEWE
BEETD7 7Y Y OBR UNEE 28 A PKHEOERER
MTH5. BROBHNENMIL, BIRE 75V VDHEERE
FICEE U - RIERICHLD 3 e BALEHIC £ A5 A TH
0, HEABOBMIZT IV IDKEEATEDENS S
DELTWVWE. 18, BRIGEROBIEZFAM h/250
TEIOTLL, BENIHE () (U T 25 fFITi

327

% Lateral Support , o--< Initial Lateral Bow of Upper Flange ,
e—e Lateral Deflection of UpperFlange at R,

Fig.7 Initial Lateral Bow and Net Deflections.
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Table5 Summary of Experimental Results and Reference Moments.

Test Py My My My M M|

Girders (kN)  (kN-m) (KN-mj (KN-m)  (kNem) (knem) | Py=Exverimental Maximum Load

GA  278.0 208.5 210.2 169.9 825.5 279.0 | Myfrheriventot Maxinum

6B 187.7 187.7 299.9 189.5 4o4.4 250.0 )

GC 7.0 145.4 208.9 168.0 210.2 239.0 | p~Full Plastic Moment

6D 72,9 127.5 208.9 168.8 159.9 231.0 | M, =Yield Moment

- GE 2026 202.6 210.5 170.0 1357.0 220.0 |y, erastic Latersl-Torsional
Photo] Lateral-Torsional Buckli GF 118.3 177.5 208.4 168.3 600.2 209.0 Buckiing Moment

ateral-lTorsional Buckling G6  75.1 150.3 209.0 168.7 340.5 208.0 |y «eiastic web buckling Monent
Modes (GA-GH). GH 53.3 133.3 209.1 169.0 222.3 208.0
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