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EXPERIMENTAL STUDY ON LATERAL BUCKLING OF
H-SHAPED BEAMS AND BRACING EFFECT ON
LATERAL BUCKLING, PART 1

By Minoru WAKABAYASHI, Takeshi NAKAMURA, Masayoshi NAKAI

Synopsis

In this paper, lateral buckling of H-shaped beams unbraced or braced laterally by
purlins or a sub-beam is discussed on the basis of experiments and FEM analysis. The test
beams were made of H-200x60x6x6 of SS41 steel and subjected to uniform moment or
moment gradient. The restraining effect of adjacent members, bracing effect of purlins or
a sub-beam and effect of moment gradient on load carrying capacity and the post-lateral-
buckling behaviour were investigated. Elastic-plastic analysis by means of the finite element
method was performed to simulate the experimental behaviour. Analytical results were found
to match well with experimental behaviour for the most part. Effective length factors that
incorporate the effects of moment gradient, restraining, and bracing into design of H-shaped
beams are discussed and proposed, based mainly on the analytical results.
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2, = E& Table. 1 Planning of test and results.
JTateral
2.1 % BEE Type M;::':utlm 0. B | Bracing L(m) Lliy‘IJI Béﬂ'lm?"
KB, & DBRIISEA DS ETORE H 5 < 1 untraced 50452 [ 222[0-3510.38
Fl2 0 ORERET LK > £ T3 60TH2. £ g P | B 1§ T
BHEUTR, £—2 Y MARSEHHEASRERES | | o L |
CRIETHEISDUICRR NIV & SR b : e T
- Y 2] 5 %‘m 1,2 junbraced! | * . :
TR ESEETAC LD D, RREIIEHD 2.01183] 9210.65/0.64
. AT [ o braced 15.0 1459 0.630.63
1/3 2482 L, SS41 Sigh bEkickb o lishie 0| pins 2.5 1220 0.84]0.83
braced
X 6mm OREARELTRAYTE H HiTERY | 1 | <P oo Sh 01080 [Tl
T, AW TR H-200x60x6X6 THB, HHT B R brib':ﬁs 6.5|596|  |0.98]0.99
WREZGINRY, BRICKBHIEZY B KT P N R e B O
o * 7 imidspan|2.5]229 0.50!0.86
/N E D OIREZDT 5RDICDNT, ENEN2~ o A |o, 0 [F5a="6.5[586]  [0.60[0.68
+O|mdtpan3.5]321] |0 90j0.50
Table. 2 Dimensions of test specimens.
SPECIMEN @, 8 D Bu BL tw | tfu | tfl
_ N| 200,03 | 60.85 | 61,07 | 6.15 | 6.00 | 5.96
E-250 1,0 ol 501,45 | 61.27 | 60.43 | 6.27 | 5.95 | 5.96
£-500 1.0 N|200.20 | 60.70 | 60.70 | 5.45 | 5.82 | 5.81
0 5! 200.50 | 60.70 | 60.70 | 5.44 | 5.82 | 5.79
7-350 0.0 N| 200.93 [61.25 | 59.83 | 6.12 | 6.07 | 6.05
20 5| 200.52 | 60,03 | 60.85 | 6.17 | 5.96 | 5.88
1-500 0.0 M| 200.20 | 60.70 | 60.70 | 5.45 | 5.82 | 5.82
0 5! 200.50 | 60.70 | 60.70 | 5.44 | 5.82 | 5.82
1650 0.0 M| 198.80 | 60,60 | 60.00 | 5.55 | 5.91 | 5.91
0 5 199.00 | 60.60 | 60.45 | 5.56 | 5.79 | 5.80
350 1.0 N| 200.83 | 60.78 | 60.73 | 6.16 | 6.25 | 6.17
0 5| 200,13 | 60.12 | 60.35 | 6.00 | 6.12 | 6.00
2650 -1.0 V| 200.15 | 60.90 | 59.80 | 5.20 | 5.81 | 5.81
0 5| 200.00 | 59.80 | 60.75 | 5.40 | 5.81 | 5.81
5200 1.2 N| 199.80 [ 59.90 | 59.80 | 5.95 | 5.91 | 5.98
22 5! 200.30 | 60.80 | 60.30 | 6.20 | 5.90 | 5.96
N| 200.30 | 60.60 | 60.60 | 6.20 | 5.78 | 5.80
D-400 1,2 ol 199.90 | 61.00 | 60.90 | 6.20 | 5.84 | 5.87
N[ 200.13 | 60.95 | 60.30 | 6.25 | 6.17 | 6.06
PE-250 1,0 5| 500.47 | 60.92 | 60.28 | 6.33 | 6.06 | 6.08
N| 200,35 | 60.90 | 60.29 | 6.03 | 5.93 | 5.97
PE-500 1,0 o] 1g9.97 | 60.06 | 60.70 | 6.16 | 5.83 | 5.87
N[ 200.42 | 61.12 | 60.85 | 6.37 | 6.08 | 5.97
PT-350 0,0 | 201 20 | 60.10 | 60.90 | 6.17 | 5.99 | 6.01
N| 199.82 | 60.26 | 60.16 | -- | 5.80 | 5.88
PT-500 0,0 | 60704 | 60.22 | 60.35 | -- | 5.95 | 5.94
N| 199.86 | 60.35 | 60.69 | —- | 5.85 | 5.83
PR-650 -1,0 o 500.35 | 60.39 | 60,10 | -- | 5.99 | 5.99
N| 200,20 | 60.46 | 61.35 | 5.92 | 6.03 | 6.0L
CE-250 1,0 ¢l 199.93 | 60.33 | 60.62 | 5.98 | 6.02 | 5.98
N| 200.00 | 60.70 | 60.66 | 5.80 | 5.84 | 5.93
GE-500 1,0 ol 500.23 | 60.39 | 60.47 | 5.89 | 6.03 | 6.03
N[ 199.94 | 60.92 | 60.65 | 6.13 | 5.80 | 5.80
Cr-350 0,0 g| 500.11 | 61.57 | 60.52 | 6.04 | 5.82 | 5.89
N| 200.18 | 60.64 | 60.65 | 6.03 | 5.88 | 5.87
€r-650 0,0 ol 500.28 | 60.03 | 60.58 | 6.20 | 5.99 | 6.03
D = depth of beam tw = thickness of web UNIT 3 mm
Bu = width of upper flange tfu = thickness of upper flange
Bl = width of lower flange tfl = thickness of lower flange

N : Northern beam
S : Southern beam

P

._.2._.

: Braced by purlins
D : Distributed load

C : Tied at center



a1

7y

bk L LI

T30 OREHENT & WERI I S A BB O R RICEYT 5 FERINIHR(ED 1) 247

——— T [
50 j

65m -l

T

90
I~ 50m !
Unbraced
lower flange
50

p——— 65m ——
50mm
\11;’/-{’ T :l

! 35m |

Tied at center
~-emeeeupper flange

—— lower flange

! 50m 1

T

35m —1

Braced by purlins
-- upper flange

——— lower flange

16
il I > }
— 50m !
5.0mm
Tied at center
.......... upper flange
—— lower flange

Fig. 1 Examples of initial deflection in flanges.
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LEDE—4 Y P53, 2~3BOMELORERKER L, Table. 3 Mechanical properties of
WEROTERURE IR T3 & 5 1GRA, HEAZ /< the used material.

¥ DIk b & Z WEFH O 150em DD L oz Mechanical Properties of Material

F 7o ERREEIZ Table.1 \CRTBEY THB, M a Yield Stress 3.20t/em?
R b p REATEROKE S it Ultimate Strength 4,57 t/cms
AV PEDHTEDLEODTHE, k7 L BREAR/® Yield Strain 0.14 %
YR, i, BEBEHTHD OWE 2REEED LTV %, Strain Hardening Strain 2,25 9
Table.2 & READERMTE < 2%, Table.3 B Ultimate Strain 30 %
BROFEMARBRERETT. SR bADEH Hl %

Fig.1 iT;Rd,

2.2 EBRESENUERA®

KEREBEOMEI, Fig.2 KU Photo.1 IRTED T, REA 2 AERUHEHR - HMEE DD
FRED LICH I HE VY (M16, FI0T) THEL T LD THE. MEIRRBALT 5 VY457 L — %
(M12) TORE, BREUSKOBELRET 2. RBAOKHETOLHEER, [laWiEilid: g
WALMICRERRTE 5, EBBHRCEASHRINTO S, B, HEAATE D LEROD 4 FBIicE D
A 7o FERES R OBETIRIE Y » » + 2O TOB BRI HEME 2 bDET B, MAKICET BERLD
BRI, BNCREERVEHHSTE, EHMCREE, BHROENS Fig.3-(d) WWRTEERIEDIC
Lo THHEENTO S FAEHEIL, RBRA Y BICEMNC 4 SORIEERY, B 2 HICER
BAhRIcb—F 2 v FROBFEELRL, ZOHEEOEICHO MG 7 BITHE Y » v 10X - THE
Fremhd s,

BEICREAZHE Wim T [-40x20%1.6) 2L, Fig.3-(b) CRTEICEBEK IO D L7
7Y 30cm OMRTHEEIC L DVMONG BRI RLHE L-3030x3.2) k@Eh=rv e (10,
FI0T) e Uik, MNZD REBMA LR UHEMR - HE% 6> H BHEIRVT, Fig.3-(c) KRT &
DICHBR Y ORRFBECE RV M16, F10T) CIRD A1 7o,

HBRADZALORER, HBRA Y OhRAE HRENZD 2RO I 8A 113 2 < v & D1/4 O
#) T, Fig.4 U Photo.2 LR T XSICLF75voic L $HOT 4 Y WIEERD S, ZORO%E
HZEETFENENI AT >OMBRZEME GUsHE 100 mm) TREL. ZhThozfEtioEsh
FRAED OEEERICL > TEF7 5 ¥ Vo ORHH, BFRERTS b UICRNE £k, ETo¥y

/_i‘:i",,‘if';/

Fig. 2 General view of lateral buckling test.
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Fig. 3 Test specimen.

(a) Unbraced specimen.

(b} Braced specimen by purlins.

(c) Braced specimen by a sub-beam.
{d} Details of connection.
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IFig. 4 Deflection measurement.
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Photo. 2 Deflection measurement.
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Fig. 5 Experimental results (Bending moment vs relative slope angle).
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Fig. 6 Results of experiments and analysis (Unbraced beams).
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Fig. 7 Results of experiments and analysis (Bracing effect by purlins).
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Fig. 8 Results of experiments and analysis (Beams braced by a sub-beam).
(a) Uniform moment. (b) One end moment.
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Fig. 9 Laterally deflected mode shape of compression {lange.
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Photo. 4 Buckled specimen with a sub- beam.
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Fig. 12 Analytical model.
(a) Model braced by purlins.
(b) Model braced by a sub-beam.
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Fig. 13 Assumed properties.
(a) Stress-strain relationship of steel.
(b) Purlins.
(c) sub-beam.
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Fig. 14 Comparison of maximum load carrying capacity.
(a) Uniform moment.
{b) One end moment.
(c) Anti-symmetric moment.
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Fig. 15 Analytical results for bracing effect by a sub-beam and
restraining effect by adjacent members.
(a) Uniform moment.
(b) one end moment.
(c) Anti-symmetric moment.
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