BETHRE Vol.34A (198843 H) TAR¥S

75 Y ORBEREE SR YETER Y olkh DhER

LATERAL-TORSIONAL BUCKLING OF STEEL I-BEAMS
INFLUENCED BY FLANGE LOCAL BUCKL ING

ARBE> - BARB L
By Masahiro KUBO and Yuhshi FUKUMOTO

An experimental study is presented on the interaction of local and lateral-
torsional buckling of thin-walled steel I-shaped beams. Welded beams with
four different cross-sectional sizes were tested under a concentrated load
at the center of the simply supported span. The flange width-thickness
ratics were 14.7 and 17.5, and those of the web varied from 62.3 to 96.0.
Beams with intermediate length failed by combined flange local and lateral-
torsional buckling and the ultimate stregths were considerably lower than
those of stocky beams. By comparing the ezperimental and nominal design
strength,it was found that the design approaches based on the effective

width concept give reasonable estimates for the test results.
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Table 1, Dimensions of Test Beams

te/tu= 14— - M, 7Y d bg tw tf L

AT D iﬁ{ﬁ BHEHH, Specimen| (mm) (m) | ¢om) | (um) | (om) L/t b/ts h/ty

OIEEHIEb/te- 14.7217.500 288 S (1) () 3 | w | & 6y [ (D @y | ®
U oWELiEh/te= 82,3, 79.5, B1B-Al | 248.6 | 125.5 | 2.99 | 4.25 | 1,500 | 53.5 | 14.37 | s0.30
. B1B-A2 | 248.9 | 125.2 | 2.95 | 4.17 | 1,500 | 53.8 | 15.01 | 81.55
.0 3/ MLLEL DB, RYDRIVE B1B-A3 | 249.5 | 125.6 | 3.14 | 4.42 | 1,850 | 66.1 | 14.21 | 76.64
N s . BIB-BL | 249.2 | 125.5 | 2.95 | 4.23 | 2,000 | 713 | 14.84 | 81.61
Rn UngndEtERcsTa & BlE-B2 | 269.6 | 125.4 | 2.98 | 4.22 | 2,000 | 71.5 | 14.86 | 80.93
BiB-cl | 249.2 | 125.4 | 3.06 | 4.24 | 2.850 [102.4 | 14.79 | 78.67
SEEL, HEoBETH Y OMER BIB-G2 | 249.4 | 125.6 | 3.01 | 4.28 | 2,850 |101.7 | 14.67 | 80.01
N B2B-al | 298.0 | 150.3 | 3.05 | 4.32 | 1,800 | 53.8 | 17.40 | 94.80
c#IL/ty= 50, 70, B XU TH B, B2B-A2 | 298.3 | 150.5 | 3.00 | 4.25 | 1,800 | 53.7 | 17.71 | 95.60
. ) . B2B-a3 | 298.8 | 150.6 | 3.15 | 4.38 | 1,650 | 49.4 | 17.19 | 92.08
P, RAvhEROEHARTREE B2B-B1 | 298.3 | 150.5 | 3.05 | 4.31 | 2,400 | 71.6 | 17.46 | 94.98
. B2B-B2 | 298.3 | 150.4 | 3.03 | 4.30 | 2,400 | 71.6 | 17.45 | 95.61
3.2om OERE R F 7+ — R OEEI B2B-CL | 298.3 | 150.5 | 2.94 | 4.22 | 3.350 | 99.7 | 17.83 | 98.59
. B2B-C2 | 298.6 | 150.5 [ 2.92 | 4.22 | 3,350 | 99.6 | 17.83 | 99.37
B AT RIS L T 5, B3B-al | 199.7 | 150.2 | 3.07 | 4.37 | 1.800 | 49.9 | 17.19 | 62.20
. B3B-A2 | 199.8 | 150.2 { 3.08 | 4.38 | 1.800 | 49.9 | 17.15 | 62.03
(2) EBFH B3B-B1 | 199.6 | 150.1 | 3.09 | 4.37 | 2,400 | 66.7 | 17.17 | 61.77
s . B3B-BZ | 199.8 | 150.1 | 3.02 | 4.30 | 2,400 | 66.6 | 17.45 | 63.31
EREE ORI . 1D THVRN B4B-al | 250.4 | 150.3 | 3.03 | 4.24 | 1.800 | s2.1 | 17.72 | 79.84
o . S B4B-a2 | 250.1 | 150.4 | 3.05 | 4.24 | 1.800 | 52.1 | 17.74 | 79.22
TV IREEKFBERY v » FE1E B6B-BL | 250.3 | 150.3 | 3005 [ 4.30 | 2,400 | 89.3 | 17.48 | 79.25
B L. ST BErEEREFis. | CRT & B4B-B2 | 250.4 | 150.4 | 3.14 | 4.40 | 2,400 | 69.4 | 17.08 | 76.94
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Table 2. Tensile Cupon Test Results

Plate

DA HEBTE B BRHBEVK % | it iy Lo Jrsiresfonsecio
S (I-dxbg) |Thickness |Number} (N/me?) *| (N/ma?) | (N/mm?) (%)
EhbHEREST S LAKC. HERD m @ 3 | @ ) 3} It )
FHEREA BT IO 7S v UL c-45m| o [m] 298 446 211,000 | 0.280 39
i ). 1-250x125|for flange s| 25 21 1,400 | 0.004 3
BomEcoV FHMERT>%. ZL 1-300x150{e = 3.2 m| , | m 316 464 211,000 | ©0.278 37
<. ﬁjif?}ﬁ‘i_}:7§ \/\:/\‘@ijp:tba for web s 18 12 1,000 0.003 2
N - t=4.5m n | 262 438 209,000 | 0.296 42
PUTHOEINERHBEL TiT- %, 1-200x150|for flange| 12 | s 23 22 10,000 | 0.022 2
1-250x150(t = 3.2 ma| ,, | m | 303 466 215,000 | 0.301 36
for web s 17 17 6,000 0.016 &

3. ERER

Note: m = mean value; s = standard deviation; 1 mm ~ 0.03937 {n.;
1 N/mme? = 0.145 ksi.
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28-B1 £ s Table 3. Summary of Test Results
x10

-2000 -1000 0 1000 2000 F,
et : ' (4/am) R T VO B Y
P49 Specimen (am) |y i, . Ho
' 4 Q flange web
Nech-d4.— Top ¢8) @) 3 @ | e | ® o) o)
Y Flange BB-AL | 296.8 | 329.5 | 40.11 | 0.867 | 0.759 0.626 0.670
Eyt N B1B-A2 | 331.8 | 305.3 | 46.97 | 0.925 | 0.848 0.663 0.690
B1B-A3 | 338.1 | 337.6 | 43.62 | 0.792 | 0.710 0.817 0.863
B1B-BL | 296.8 | 329.5 | 35.50 | 0.770 | 0.674 0.826 0.883
B1B-B2 | 331.8 | 305.3 | 43.643] 0.846 | 0.775 0.874 0.912
B1B-CL | 296.8 | 329.5 | 30.502| 0.656 | 0.573 1.153 1.237
B1B-C2 | 331.8 | 305.3 | 29.812| 0.570 | 0.523 1.214 1.266
B2B-AL | 286.0 | 291.6 | 53.35 | 0.813 | 0.729 0.613 0.646
B2B-A2 | 287.8 | 302.3 | 54.52 | 0.837 | 0.745 0.614 0.649
B2B-A3 | 282.2 | 322.7 | 59.12 | 0.894 | 0.775 0.559 0.601
B2B-Bl | 286.0 | 291.6 | 43.93 | 0.670 | 0.601 0.810 0.856
B2B-B2 | 287.8 | 302.3 | 47.07 | 0.715 | 0.637 0.812 0.860
B2B-C1 | 286.0 | 291.6 | 37.17%| 0.580 | 0.521 1.114 1.171
B2B-C2 | 287.8 | 302.3 | 39.032| 0.605 | 0.539 1.116 1.179
B3B-Al | 239.5 | 320.7 | 33.2% | 0.969 | 0.838 0.564 0.607
B3B-A2 | 251.4 | 322.1 | 35.32 | 0.978 | 0.854 0.573 0.614
B3B-BL | 239.5 | 320.7 | 31.79 | 0.927 | 0.801 0.737 0.792
B3B-B2 | 251.4 | 322.1 | 27.66 | 0.780 | 0.681 0.753 0.807
B4B-Al | 261.9 | 291.6 | 43.13 | 0.901 [ 0.799 0.596 0.634
B4B-a2 | 264.9 | 295.6 | 49.31 [ 0.981 | 0.902 0.580 0.615
B4B-B1 | 261.9 | 291.6 | 37.38 | 0.772 | 0.684 0.785 0.836
B4B-B2 | 264.9 | 295.6 | 40.67 | 0.811 | 0.718 0.764 0.810
Flgo 5. Strain Distributions 2 No local buckling was observed before M, is reached.
in Section Note: 1 N/mm? = 0.145 ksi; 1 kNm = 737.6 lb-ft.
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mH, BRI LRt TRUROAMIES 200 | B8 15000 5005150 | 0:a17 006 |o.7ss| 0.6
BELAR. TATORREY CRMEHS  J507 | s |0l69s|078|1 028 | 0/7a|1.082 |0.514| 1105
Thok, ASIRABCREEMELL LT 50 | T 00571670/ | 1:21]0.509 11133 0.s67
R(6) OMBEREA T2, KEHED B8 | TR 00103502 01se] o0-e1a| 10208 0:530] 1.0
fefABE A HM L RBERR D XMl S| TR 1105070755 | o:ato|0/s67 [0.759] 0/a72
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B4B-BL | FLB |0.964/0.674/0.944 | 0.785{0.982 [0.718] 0.9%0
NSOy PLTHB, Al Table SWRTE B4B-B2 | FLB [0.996/0.665/0.970 | 0.764]1.005 |0.705| 1.015
;LAY N lﬁ#ﬂ:’.ti*‘/XTA{%ﬁ n= 1.5 » Hean yalus 0.995 0.983 1.015 1.038
2.5 OHMBRFXTHIN n= 2.5MBEL Deviation |0.146 0.112 0.091 0.086

#ﬁﬂ‘fﬁﬁ M & L'C}ﬁt/\é &, /M 0F 2 Including the effects of shear lag. L N fonal
Note: FLB = flange local buckling; LIB = lateral-torsion
Yofil21.038 (BRRER20.088) 2 & 5. Table becklt
uckling.
t WWRT X SKBEMEL N ofEBICDh

o TERBE:ORBVWHEAMRI BTV,

5. HrRE&

Wi DI LA BB A & VIR BEEEHVME A TR CNEEER 24TV, BHERE 2 #L ChERE
OEBRF L R EEER CR . TR, FRMSEEIL(L/ry = 50,.70) 2HTHRYRTZI VY
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DRBEEREEEEINCHKEL, BRAlhERroBERE- FEL-ovHBLA, 2hixL, L/y=
100 DEWZYRERUCABEORC L - THEINE, BRERZA N VvhROEM 7 7 vV ORICRE
L. BiRoRREERIBE L khoT. Ef7> v CoORRERELESER AR IR Y 5 v UVEELD
AEWRY (BEERE2EIZVIRY) oM THAMET T2 eilbros k. ERER EBRTR
HRAECBE LW ARRNRRETH s obE 2T - 2t BE. BITRAE Do kAR oHR
(A FEREHTEZ. 2LT. AR CRELALR (10) ZRSEE BR ChERoEBREE2RE
TARRELTHATHY . AERISELNAAHMITTHEIOFHECE 1= 2.5 HEXEA L.
AFRcRWEER L LcBMIEY oh R EhBH cERE2T o2, SFHT 2V LR EAKEVNHER
BeoERIBRHBSELECH A S, RECERIBT Z2HBHE ik, 2FEAYPFOFERARK
BHEE-7. T, ERERGCO—-RIISSCHAEBEBHMBE NI ERAS0RHELZbDTHS, T
CELSBHETIRETH S,
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