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EXPERIMENTAL STUDY ON LATERAL BUCKLING OF
H-SHAPED BEAMS AND BRACING EFFECT ON
LATERAL BUCKLING, PART 2

By Minoru WAKABAYASHI, Takeshi NAKAMURA and Masayoshi NAKAI

Synopsis

This paper reports on lateral buckling behavior of H-shaped steel beams with reinforced
concrete slab on the top flange and subjected to uniform moment or moment gradient. It was
confirmed experimentally and analytically that the reinforced concrete slab was very effective to
increase lateral buckling strength and deformability of steel beams. In the case of the beam
whose depth-to-width of flange ratio was about 3 and which had relatively thick web, the attainment
of full plastic moment of a cross section of steel beams could be assured under moment gradient
by the bracing effect of the slab, even when the slenderness ratio about the weak axis was 600.
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Fig. 1 Test set-up
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Fig. 2 Details of reinforced concrete slab on steel beam
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Table 1 Planning of experiment and test results.

Lateral
Tvoe Moment o, B Bracin Length Sleggeig nes Bauglrdain
. 1
YP€!  Distribution S | L(mm) [T7 iy Ty Mo e
MMM |1 o |unbraced 5000 |459|222/0.35|0.35
- ) 2500(229|1460.59{0.62
6500596284 10.45/0.48
e |, 0 |unbraced| 5000 | 459 | 230 (0.58/0.55
1 35001/321/187]0.80/0.79
ﬂil]h_ -1, 0 |unbraced 6500(596!316({0.60|0.56
3500{321(242(0.86|0.84
iﬂ:\_ @L 1.2 |unbraced 4000|367 184]0.34{0.40
20001183 92|0.65/0.64
braced
m 1.0] by 5000459 0.63]0.63
purlins | 25001229 0.84/0.83
braced
0 | <im=— |5 o 5y 5000|459 0.92[0.93
purlins | 3500|321 1.08/1.11

braced
Ao [-1.0| by |6500(596|  |0.99(0.99
purlins
sub-beam
A@m@h Lol At 5000459 0.52{0.56
I mid-span| 2500|229 0.901{0.86
sub-beam
e o o 2% 6500|596 0.60|0.66
mid-span| 3500|321 0.90/0.90
MM |, br%ﬂyed 5000|459 0.97/0.95
B '~ | RCslabl 2500|229 0.93/0.96
braced | 500|596 1.08/1.08
| <l 3¢ : .
v 0.0 pcian| 3500 | 321 1.07]1.09
M |4 bfagfd 5000|459 0.92{0.96
"~ | RCSlab} 50007 459 0.93(0.92

+ with stiffener at center
-« braced by angles at center

i Fig.2(@) KRTFVvF+ A2 v 7 ) —FR 7 Table 2 Result of tension test of the used
7HRES N, Fig.2(0b), (0) KFRTEIK, RHEK steel plate

100mm R TRINIAZy FRV I EELIZ 89 K
n I TEAING, RBREB 6K TH S, EREMLE

Mechanical Properties of Material

B0 @ onk ARSI K % Table 1 i, RBikic | Vield Stress 314 N/mmi
ﬂib\f:ﬂﬁ@ BIERREEE L Table 2 iz, RBRARWTE Ultimate Strength 448 N/mm
Yield Strain 0.14 b

7~ -3 1,
ORMHERE Table 3 LT, XH n‘d)Iﬁi 2 Table Strain Hardening Strain 2.25 %
Table 3 O TH D 6 ¥4 T Series IV KHHK LT Ultimate Strain 30 o
W3, ARKNEOD FELS % Fig3 KRY. Fv¥
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Table 3 Measured dimension of the test specimens

SPECIMEN «,B D Bu Bl tw tfu tfl
N| 200.03 | 60.85 | 61.07 | 6.15 | 6.00 | 5.96

E-250 1,0 | 201,45 | 61.27 | 60.43 | 6.27 | 5.95 | 5.96
£-s00 1.0 N| 200.20 | 60.70 | 60.70 | 5.45 | 5.82 | 5.81
0 51 200,50 | 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
0 5| 200.52 | 60.03 | 60.85 | 6.17 | 5.96 | 5.88

r-500 0.0 N| 200.20 | 60,70 | 60.70 | 5.45 | 5.82 | 5.82
0 51 200.50 | 60.70 | 60.70 | 5.44 | 5.82 | 5.82

1650 0. N| 198.80 | 60.60 | 60,00 | 5.55 | 5.91 | 5.91
20 5| 199,00 | 60.60 | 60.45 | 5.56 | 5.79 | 5.80

w330 1.0 N| 200.83 [ 60.78 | 60.73 | 6.16 | 6.25 | 6.17
0 51 200.13 | 60.12 | 60.35 | 6.00 | 6.12 | 6.00

650 -1.0 N| 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 V| 199.80 | 59.90 | 59.80 | 5.95 | 5.91 | 5.98
»2 5| 200.30 | 60.80 | 60.30 | 6.20 | 5.90 | 5.96

400 1.2 N| 200.30 | 60.60 | 60.60 | 6.20 | 5.78 | 5.80
2 5| 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 o 500.47 | 60.92 | 60.28 | 6.33 | 6.06 | 6.08
N| 200.35 | 60.90 | 60.29 | 6.03 | 5.93 | 5.07

PE-500 1,0 i 199.92 | 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 5| 501,20 | 60.10 | 60.90 | 6.17 | 5.99 | 6.01
| 199.82 | 60.26 | 60.16 | — | 5.89 | 5.88

PT-500 0,0 i 500,04 | 60.22 | 60.35 | —— | 5.95 | 5.94
N| 199.86 | 60.35 | 60.60 | — | 5.85 | 5.83

PR-650 -1,0 i 500.35 | 60.39 | 60.10 | —— | 5.99 | 5.99
N| 200.20 | 60.46 | 61.35 | 5.92 | 6.03 | 6.01

CE-250 1,0 gl 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

CE-500 1,0 5! 500.28 | 60.39 | 60.47 | 5.89 | 6.03 | 6.03
N| 199.94 | 60.92 | 60.65 | 6.13 | 5.80 | 5.80

CT-350 0,0 gi 200,11 | 61.57 | 60.52 | 6.04 | 5.82 | 5.89
N| 200.18 | 60.64 | 60.65 | 6.03 | 5.88 | 5.87

Cr-650 0,0 5l 200.28 | 60.03 | 60.58 | 6.20 | 5.99 | 6.03
N| 200,84 | 61.12 | 60.06 | 6.08 | 5.98 | 6.07

SE-250 1,0 ¢! 200,69 | 60.85 | 61.07 | 6.11 | 6.01 | 6.06
N| 200.39 | 60.68 | 60.72 | 5.99 | 6.00 | 5.99

SE-500 1,0 ) 500,39 | 60.70 | 60.00 | 6.02 | 5.92 | 5.92
N| 199.04 | 61.37 | 60.29 | 6.02 | 5.96 | 6.00

$T-350 0,0 5| 200.49 | 60.86 | 61.03 | 6.05 | 6.01 | 6.02
N| 200.60 | 60.36 | 60.64 | 5.97 | 6.05 | 6.13

ST-650 0,0 | 199.97 | 60.79 | 60.15 | 5.92 | 6.01 | 6.02
N[ 200.45 | 60,40 | 60.90 | 5.97 | 5.99 | 6.02

SSE-500 1,0 o) 500,51 | 60.42 | 60.46 | 6.03 | 6.04 | 6.08
N| 200.41 | 60.56 | 61.05 | 5.95 | 5.93 | 6.00

BSE-500 1,0 ol 900.41 | 60.42 | 60.23 | 5.96 | 5.98 | 6.00

g
:

» R PEBEOERBRAETORBESL Fig. 4 1TRT, 7L ¥+ 2 PEMRITIEIR 2080mm THiE, EI 4 1000
mm, 1250mm, 1500mm @ 3BHOMALTHRLTH Y, FHRKLRTIKROTh BEERET S
DTHEBROFEIC L ZHBRVOBH LA RSN K IR BRI LTHS, Fig. 4 i AHIOALE T Fig. 5 1R
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LTS rkhk
B, NOTATION

Moment Distribution ;
E : uniform moment
o/

=+t T ¢ one end moment
R : anti-symmetric moment
D : distributed load
Bracing
P : braced by purlins
C : sub-beam at mid-span ( tled at center )
S : braced by RC-slab
S5 : braced by RC-slab & with stiffener at center

t.
::# '™ BS : braced by RC-slab & braced by angles at center
N : Northern beam
l__ S ¢ Southern beam

Fig. 3 Notation in dimensions of the beam
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Fig. 7 Experimental load vs displacement relationship of the beam with reinforced concrete slab
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YHTOELE, T75 Y VOKERFARHHDOKE S EHHERT

K257 & ) BEREBRRERE Fig.7 KRd, R, RBHKSLIE SE QKR 7 7 & « Sly (b
RBBRACVNT), STIRER S 7E « Fl (RRBRBRRCVHNT) 7, SSE,BSE 3RF 7 5%
Ei, IWERARNAE - SlFEzhThET, L 3HORRBBER <> (FR=RV) BZ2ET,
HHEDOMETM7 7Y, AHMREN7 7 vV TCORMEEERT, ROBMBA NI ->TELBR DN
HHEMEbYOWMTE—2 Y FDRVHATORKE M) 230 HBHFEOLBHE -4+ (M,) TK
U IR TEM 1, HEhid Fig. 4 AEMEEBCRIE LAERREZEY, RIKRINEAY, B0 LERER
hicER 5 70%BICED, E75 v VOBBENIREL, BhALEBDTNEL,

Fig. 8 K TRI7 5 vy (k7 7V Y) O LABOURERERT . FRRA UV TEHHTEZF B
YOFAIIE, T0775vYolkbae—Fhollloh 3 EEREIS SE-250 04T 1250mm, SE-
S00 DIBACIRMD 2EDRY TRAEMELE U THAMERRN 2 2EMBEEIZIZIFE L { & 1550~1700
mm THb, ANVHRIAT 7 +H 50 LMk 2 HEME51F 72 SSE-500 & BSE-500 D4
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Fig. 8 Experimental mode of lateral deflection of the lower flange
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Fig. 9 Experimental M/M, vs 6/, relationship of the beam with reinforced concrete slab
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Fig. 10 Maximum load carrying capacity of the Fig. 11 Deformability of the beams
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KE—2 Y 2R354 80— 2 Vv 1 22T 2548 EHEBIN TS,

FRABRANVIDVECEZDO AV F + R MRAWNEUHBEBOTRY LR SRSA T30 THS
2RI 2B47E, BOORAKMABEKR 7 70EEIRE - TEBHROAMERIZLEbBC &I
B, KA 7HERVOBRMAIRZOMBORBVIDRBAEL L -TEY, KR53 7OMBEERIES
DEHRBRENOHELLS b3, Fig. 10 ZF V) —ARDOTERTHONEKT N & HARAEL
OB EE = Y P A CRULTRLESDTH B, fTE— 2 ¥ L GELH 2BECBTELOLET
BRMHBEENEOLWHMAL2 LT LB LEH508bM 5, Fig. 11 3 JARMHHDOIS5% % T WiH
BT LEEORbAH (0/6,) EEAMBELOBEEE 7oy FUTRVELTOERENEFMLLS &
L7cbDTH%, Fig. 10, Fig. 11 i & » THAMMREINE S8, hREARREATCOMTE—2 v
PEERHSKRE BB, BRAE, ERBHIBKECLIBARS B LD B, 51T, KBFOHER
TREAR-FRMNID LI MR -BER XK KR 7 7 ick 3RO IR AT, EREHER
DEHRMBREL L > TOBDHbI 5B,

ARVRRITAF 7 FRWMBRARE BELET 2 BAITOVTR, Fig.8 THLS1L, 2F 7572l
FMEHDBBEBEICOERM Y 5 VDb AE - FORKHNRERLTLLIRALLRESENLOD
BESHOFEEDY = 7OENER LB AOHR CHBRERLRZYEL B -TED, BBEOLRF 70
IWERAEH OS2 BEOEBEELITTE L LI 1Y, 277 7P UREARMOEENIZ D ORKR
FIPEREHETD DRI H -7 (Fig. 9(c) 8B), LML Fig.8 KRENh7&LS L2+ 74+, 1LEKH

BKt
BKw

Adjacent Members

Fig. 12 Bracing force in stiffener and angle- Fig. 13 Analytical model in FEM analysis
brace
STRESS Oy= 314 N/mm2
Z=1510mm3
Est = 225 °/u
E/Est= 40
R
=6 ey
oy arctan Est +6 L-zi.
i / ' H
| ™~
; arctank
3 ++
0 &y €t STRAIN 3
Fig. 14 Assumed stress-strain relationship of Fig. 15 Estimation of the bracing rigidity of
steel the stiffener
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Fig. 16 Estimation of the bracing rigidity of Fig. 17 Bracing rigidity of the reinforced
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Fig. 18 Comparison of analytical results with experimental results in M/M, vs 6/6, relationship
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HRMOHBMBETOTH 7 7 v P OBARAEMIRNSERE - FORKREL B> THVBRAIKELT
DHRIZHZEDOLHWTE B, Fig. 12 32 F 7+ RO WHHAHEMICER LI = brv4 vy —-Vickd
ROLEM? 5 v VRRE - THELSWBEBR IR SHBN TS 5, WHMIHE  BED &YW
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.’ #h
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KA 7HERVOEHOBTODIKAVONIEFT VvORRIIKRDBY TH 5. BIFBRVEFLO
BAXZ Fig. 1317, BoMOISH-FEMBE% Fig. 41T, KR 77 RURF 7+, ILWRSEARH ORI
#% Fig. 15,16 KTEhEhFRT, K257, 2F7+, WEAARHZWThE ReHEEEEMELT
Hoteo KR 77 OBIMIHES % Fig. 17 iR T,

32 B ER
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Fig. 19 Analytical mode of lateral deflection of the lower flange
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