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STUDIES ON LATERAL BUCKLING OF WIDE FLANGE
BEAMS, Report No. 1

By Minoru WAKABAYASHI, Takeshi NAKAMURA
and Haruki YAMAMOTO

Synopsis

Lateral buckling tests of wide flange beams were performed in the inelastic range of material.
Test specimens were made of H-200 x 100 x 5.5 x 8 of SS41 steel. All specimens consisted of three
spans and were braced laterally at loading points and supporting points. Twelve specimens were
tested; four testing span lengths and three end-moment ratios. As a result of the tests, it was
confirmed that the rotation capacity at a plastic hinge became larger as the bracing spacing was
shorter, and as the moment gradient was larger. The tests resulis agreed, with a reasonable
accuracy, in the relationship between the rotation capacity and the bracing spacing with the
formulae given by M.G. Lay?:®), The lateral force exerted by the bracings was about 1.6% of
the limit force of one flange in pure compression at the time of lateral buckling, and the lateral force
was measured up to about 4.1% at maximum,
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»vE (I) i3, 100cm, 150 cm, 200cm, 300cm D4EHEL, KRB 2/ vAmcofiiy=— 2V v
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Table 1 Test specimens.

+1 Series +0 Series —1 Series

S100 [S150 ]S200 [S300 ;SI00 ;S150 [S200 lssoo S100 [S150 [S200 [S300

+1)  +1 +1 41 +0 +0o +0 +0 -1 -1 -1 —

iy (em) 101.4{ 101.0| 100.9] 101.2| 101.2| 101.2| 101.2| 101.2} 101.2| 101.2| 101.2] 101.2
I (cm) 100.0{ 150.0| 200.0; 300.0| 100.0] 150.0/ 200.0| 300.0{ 100.0] 150.0, 200.0 300.0
4  (cm?) 27.93| 28.74] 28.94 28.32) 28.34| 28.36 28.41| 28.43) 29.21| 29.15 28.44| 28.47
I, (cm?) 1907.4{1945. 3/1955. 51918.6/1871.0/1916.4(1928. 4{1917.0/1988. 5(1891.7|1928. 8/1926.8
I, (cm?) 139.6| 142.4| 143.2| 140.6| 142.7| 139.7} 140.9| 140.2 147.4| 143.6| 141.9] 139.1
Z, (cm®) 189.1| 192.8| 195.1| 190.7| 188.0 191.3 190.9| 191.1| 198.0| 187.8| 191.4) 191.3
Z, (cm®) 28.4/ 28.3| 28.4 28.00 28.3 27.9 28.2| 27.9 29.3| 28.6| 28.2 27.7
Z,, (cm®) 216.1| 221.2| 222.41 218.1| 215.7| 218.1| 219.1; 218.5| 226.3| 223.5| 219.2; 219.2
iy (cm) 2.24( 2.23| 2.22) 2.23 2.24/ 2.22| 2.23| 2.22 2.25 2.22 2.23 2.21
bLfi, 44.6/ 67.3] 90.1| 134.5| 44.6| 67.6] 89.8| 135.1| 44.5| 67.6| 89.5 135.7
S 1.14) 1.150 1.14/ 1.14] 1.15 1.14] 1.15 1.14] 1.14] 1.19 1.15 1.15
g, (tjem?) 3.19) 3.19] 3.45 3.10, 3.09 3.09 3.35 3.19| 3.22( 3.22| 3.21 3.25
M, (tem) 6.89| 7.05 7.67| 6.76| 6.66| 6.74 7.34] 6.97| 7.29| 7.20, 7.04 7.13
Ey (t/cm?) 31 31 36| 36 320 320 36 38 38 38 30 31
h =E|E, 67.8| 67.8/ 58.1| 58.1/ 65.4/ 65.4/ 58.4| 55.3| 55.0, 55.0, 70.0| 67.8
s =egle, 11.7) 11.7] 13.3 13.8 12.20 12.2) 15.7| 13.0| 16.0| 16.0| 14.6 13.8
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Fig. 1 Test specimen,
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Fig. 2 Test set-up and loading system,
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FABIS TIP3 A (R.45. 3)

Photo. 1 (a) Test apparatus (S200+1).

, ~tan-! (lz;}—l;) .................................................................. (1+2)
1B ,; _B _ x
u‘:(l:c"-?‘-?‘)(-z +L 30;12@2 R (1-b)
1— 1 B+L tan ¢, +30¢+ 13+B tan ¢, + 1,
cos ¢, 2 2
v — 1+ tar? 6, . «(1c)
¢, = tan-! ({2’ ,11') .......................................................................... ee(14d)
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Photo. 1(c) Test apparatus (S200—1),

14

Photo. 2 Supporting point.

1 B’ B , ,
(1 —m) (E—}_Ll +30 tan ¢2) - Etan2 bp—Iy' tan P+ 1y
1+tan? ¢,

Uy =

-(1-€)
(1— éé) {(B; +L’> tan ¢2-—3O}+ (13’+B;) tan ¢, +1,
vy = 2 T g N B 9
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Photo. 4 Deformation measurements.
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Fig. 3 Deformation measurements.
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Fig. 4(a) Bending moment vs relative slope angle (+1 Series).
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Fig. 4(b) Bending moment vs slope angle (+0 Series).
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Fig. 4(c) Bending moment vs slope angle (—1 Series). )
Table 2 Rotation capacity in +1 series.
I, (cm) Lli, ki, 60/0 5 R
100 44.6 24.1 7.00 6.00
150 67.3 36.4 3.50 2.50
200 90.1 48.6 2.15 1.15
300 134.5 72.6 1.40 0.40
hR
s-1
50
Eq.(4-c)
40 v
/ Eq.(4-b)
30
20
10
]
(o} 0.1 0.2 0.
_ kL Ey
A= T, =5

Fig. 5 Rotaion capacity vs bracing spacing (+1 Series).

— 9 —

373



374 AP KA EFEREBISE A (88.45. 3)

0.8(s—1)<R<(s—1) D& x

Ry Vey 3 1,
{: . 7141 SOTTOBER s (4+b)
R>(s—1) oL %

Ve, 1

FEOVEY e S s rer s sesnes (4.c)

C 1/(1+0.56h)(1+£-_—(":;1))

RPOTBEB L2 DfEI Fig. 6 Ot OB HI—EHBESRLT

e B 33 e e e e e e ————————— (5-a)
st

S=85t 11,5 e s . OO (5+b)
Ey

ey:: 0.00122 L R R R LR R R R R P TP PR TN (Scc)

TdH %, Fig. § LX 3L MG. Lay Lk 3 & ERERIFFC I KL TVB ENZ 3, 125519684
%ET ALSC. BREHRE TR, $EAREIT OWEBHAHAZHERE LT +oRERERELZ RIET 3
7o DICHEREFERIARER L, fMETREREY e— A v P &R/ E— 2 F Ol (@) » 0.5
<a<l OHEFETIE, SS41 MOBEAICHmET 2 E L/i,=38 LBEEINTV R, ZOEROEAICIE, &
Rt MR & O B RIER KR SEIGENA, 20k S KERIMARIGENEAIKE, o
EERICBIF B L,=100cm OEED, L/i,=44.6 XL TEERE R=6.0 MEIF SN BT EH S100+1 O
EREDbH B, Fig. d(b) i3/, 2viDE— 4V M (a) BWEDEA (+0 Series) © M/M,—6/0,
ERERLIDDTH S, T TRV 0, i3,

61’:,222 .............................................................................................. (6)
ThHb, $/c Fig. d(e) & L 2¥vvioe— 2 ¥ b (@) H—10H4 (—1 Series) @ M/M,—0/6,
BREARLI-BDTH %, COBHAD 6, i,

M,

:(Tl’lj .............................................................................................. (7)
TH b, XPWHIIZ WSG OEFRLDH - WEBEEORE > MNETH %, L 2/ NTHFE— 2~ b
NEOH BEHAK S, HiFfe— 2 v P AROLEWEERRIT & EVE b/, WHSVR) BREER
K&, BEREZETHORARE— ¥ M +1 Series ORI L TRE - TW3, +0 Series DI
Al 1,=100cm, 150cm Db D, —1 Series DHAITIIAIEO S DHs M, ICEHEL TLUE M1 b O¥k:

b,

a

| S U p—

Ey Est -— &
Fig. 6



FER - thAT - Ak SREFIIE D ORI 2L (£01) 375

RS OEEASIE D, 7 ORICHFAEEIET 5, BHAEMASE T LH S IR®R 4L LR 5.

Fig. 1(a)~Fig. 1(d) 1% L/i, OEDO%HELNERIKICONT, +1, +0, —1 Series ® M/M,—6/0, 8%
AEEDTRELIOOTH B, Fig. 1(a) iz ,=300cm D4, Fig. 1(b) 12 ,=200cm D4, Fig. 1
() i& 5,=150 cm DA, Fig.1(d) & ,,=100cm DELTH B, CORELVE—D L/i, DHEICE,
I, ARV ATOMHF 2— 4 ¥ M AREOAS VEBAERE REAE L3 &b 5, 1968FKET ALSC.
WERIHE TOlY e — 2 v b () 28 —1.0<a<0.5 ORFETORERT A # Bl o iR SS4
MicBd 3 & 1,/i,=63 L1325, COERDL S CHRM ORI 5 B&id, »=150cm DFE
(l,/i,=67.3) Ii¥ @=0 © 6,/0,=8.0, R=7.0 BFEFEN, a=—1 OHFAH T 0,/6,>10.0, R>9.0
DRERSNBZCEBbD D, THED /iy OXRXV ,=200cm DOEE (1/i,=90.1) ik =0 T 6/
6,=7.0, R=6.0, a=—1 T 0,/6,>11.0 R>10.0 £ 73 » T 3, /=300cm D FAH KX =0 T,

06/0,=3.5, R=2.5, a=—1 T 0,/0,>7.5, R>6.5 HHERESN TS EHBHON B, ERPICHES
Nzt & EHROBFRTHEN I S 0EBFTE, RE{bYTRO5DIGHEh &,
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1.2
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O 5300+1 —
A S300+0
0.2 i
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l 1 1
0 8.0 10.0
8/6p

0.4 0-85200+1
A 5200+0
0.2
o $200-1
1 1 | ] 1 L A
0 1.0 2.0 4.0 6.0 8.0 10.0 12.0

e/0p
Fig. 7(b) Bending moment vs slope angle (8200 Series).
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Fig. 7(d) Bending moment vs slope angle (8100 Series).
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L w, v OFRFEL, 2R 1B3RM77 v, 23EMA25 v U%RT, Fig. 9 BEHAL BEM7 7

vUOREA () LEARMTFE— AV (M) LOBEKRTHZ, ¢ ORFEL. 23Eh iR, ERH

W77y I%Ed, Fig. 8 XU Fig. 8 JOROX 372 EHBESNh 3,
(1) BEEBREENT 7 v Y OKEER v, BEBITHATIMFRMT 7 Y OKEEL » ZED

(2) FERW7 5y OEEAKERNS®S 3 BER-TT 2 H8IHRM7 7 > v O f I~ TS
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M(t.m) u, $100+1
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Fig. 8 Bending moment vs flange displacements (S100+1).
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Fig. 9 Bending moment vs flange rotation
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4% 3% 2% 1% 0 2N/AQ, v
Fig. 10 Bending moment vs bracing force (S100+1).

(3) (1), (2) OEFMERID, FMM7 7 v Y BRERI%RERL DB LAKEER S EBL
EWERT, TROLY T 7HEACHEDITEREREL, SREAOHEHRERRICE > Thb 3,

(4) BIRM, EMAI7 5 v Y O|EHFMEN (0ur) IKIZREAEZRLEN,

1L BRIRL, w1, U U, Vs B $2 B LEF 75 VPO LEREERRE->TH6HO LAY Lr—y
L 0BEREsE, La)~01) OBRERICL-> THELTRDbDTH 3,

wICER R, TERCEO MG B HHRE A U hORIE Fl %2 & 3, Fig. 10 R L7z D} S100
+1 KRBAROZHRCHI-BNM L 0B ETH 2, NoB#IERKICEZ tREAiiY =— 2 v + (M),
BRI ICEET L7e WS.G. oFs (6, WSG. O L DHBEREROTEEFAL (V) XU
BhHmh (N) LBBREO%LONTEREOMICKT 2BREBEMRES (2N/Ao,) LOHETALETRLELS O
TH b, NhERIERERM T 7 v VKM -BRIM & 0 E2E BRESERMNoZzhTh 2, COIKC
RU7- S100+1 OREMADBADTRM 7 7 v S IO {13 7 @RIMICE Uiz 0, M OBEE B gk
Ti, #0.46+ ¥ T2 » ORREMEH DYt d 3EIARNL.0% TH 3, 17 7 v v OBRERD
ICOH T 2EARIN1.7T% Th 3, ThUBRELISEAT LI > THEFRBEIMICET 2 HERL, &KX
#1.25 v, RBKOWRBRREM I ON2.8%, Fll7 7 Y OBRERES DK4.8% % TRIDET, EBh
KB 2HEEAOMAIMRE COKRELENLOBREAMBEREW 1.5mm thhhid I, x,*vE 100cm Of
1/670H =%, BEBRARENE COKREENZTPICHR L LI T/ L 2/ E b 300cm DBH
i, T olFRBSRIFcAET 3 EREDZ, BERRBICBOTIRGB0.22T v, M OVeRRRERE ] 0#90.5%,
Bll7 7 v OBRRER A OR0.8%THD, HAK0.8F v, HOYRREREIDHNL.9%, 77y
OREAREAE S DIIB.3% % TRV Blce 7o DR OB MEBRIGLE T O/KEREMIZK 0.68mm T/, 2/¥
v EOD1/4410TH %, 138 Table 3 K EZHBRKOXHANE CRIEL 7o, HERR OB B icE
U, flle— 2 Y b BETEN D OBE LBBKER D FIKZ DR OISR DKFEMNZRL .
F 1 RBRKT R OB ABRKDEH% Photo. i(a)~Photo. 5(c) ITRT,

5. ¢ 9 U

S LTI RRIVBONIHREE T LDTOTTET B,
(1) $BEREIXY ORER%, WHEHERSL I CERAERT IR, BTNERIMMREINE
WEREN,
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Table 3 Lateral constraints observed in the test.

‘ Values at the time \ Maximum values

S100+1
S150+1
5200+ 1
S300+1
S100+0
S1504-0
S200+0
S300+-0
S100—-1
S150—-1
S5200—1

S300—1

. of lateral buckling B
oM e 8 L N M SR 0
f(tij(t'cm) (%5 (i/pj (mm)| 4 i(t) (t-cm) (%y) (ﬁ/oi (mm)| 1,
fo.48 4.6 1.0? 1.7 | 1.50 |1/670 (l):gg 15.7 | 2.8 | 4.8 1.44 [1/700
30'38 3.8 0.9 1.4 09211630 1-30|17.8| 3.4 | 5.7 1.69 1/890
0-601 6.0| 1.3] 2.3 0-681 6.4 | 1.4 2.5
0221 30| 0.5] 0.8 0.68[1/4410 08 110.4 | 1.9 3.3 0.46 [1/6510
0-531 5.5 1.2 2.1 0.47 [1/2130
O-121 1.2] 03| 0.5|0.53|1/2880 320 | 2.3| 0.5 0.8 0.50 |1/3000
0-36 1 3.6 | 0.8 1.4/ 0.38 |1/5260 0-381 38| 09! 1.5 4048 1/4160
0-081 0.8 0.2] 0.3]0.631/4760 ©12| 12| 03| 0.5 0.71 [1/4240
0-851 8.6 1.9| 3.3 0.60 (1/1670
0-371 8.7] 0.8] 1.4 0.64[1/2340 %8| 48 1.1] 1.8 1.03 [1/1460
0-431 43| 1.0 1.6 0.67 [1/2000 1% | 10.5 | 2.4 | 4.0 1.45 |1/1380
0361 3.0 0.6| 1.0 0.70 1/4200 030 | 4.3 | 0.8 1.4 0.92 |1/3260

(a) +1 Series (b) 40 Series (¢) —1 Series
Photo. 5 Specimens after test.
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