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Lateral Buckling Restraint Method for Steel Beams Using Stiffening Effect
of Slab
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Abstract

Previous research has confirmed that when the upper flange of a steel beam is restrained by a floor slab,
lateral buckling is less likely to occur than in a steel beam. Kobe Steel has conducted new experiments and
analyses to establish a method of evaluating plastic deformation capacity for steel beams with floor slabs. This
evaluation method has been certified by the General Building Research Corporation of Japan (GBRC) as “Kobe
Steel's Lateral Buckling Restraint Method” under its “Assessment of Technology for Building Construction”
program. The features of this method include its ability to reflect the rigidity of multiple-line layouts of headed
studs across the beam width in the design, and its ability to evaluate plastic deformation capacity in accordance
with the collapse mode (lateral buckling or local buckling). This paper describes the experiments and analyses
conducted during its development. The plastic deformation capacity predicted by this construction method
shows a good agreement with the experimental and analytical results.
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Table 1 List of test specimens

Test Slab

specimens Deck plate | Layout

lax1
1bx1
lex1
1dx1
[1] -
lex1
2bdx1
2aex1
4abde x1
1cx1 0
lcx1 P
lecx1 F Flat
2bdx1 0
2bdx1_P )
[2] 23551 0 Composite
2aex1_P
2aex1_F Flat
4abdex1 O
4abdex1_P

Composite Both

Composite

lcx1_e75
lcx1_e100
lcx1_el25

[3] lcx1_e250 Single

2bdx1_e75
2aex1_e7b
4abdex1_e75

lcx2@100
lcx2@200
lcx2@400

[4] Both

2bd x 2@200
2ae x2@200
4abde x 2@200

2bd x 2@200_e75

[5] Single

2ae x 2@200_e75

[6] | 1cx1_NC Both

-@—‘ Edge distance of single-side slab |

Number and layout of headed studs ‘ Number and pitch of headed studs‘

in the beam width direction

in the beam axis direction

- lex 1_@—‘Layout of deck (Orthogonal, Parallel), Flat deck]
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Table 2 List of test specimens

Steel beam Headed stud
Test . Depth-thickness . . g
specimens Size ratio Length Number Pitch Comp_osne 4, (x 10'§rad) A, wF
(mm) (mm) (mm) ratio
Flange Web
AC45-200 BH-600x180x10x16 | 5.6(FA) 2 200 0.97 162 7.13 0.45 | 0.66
AC59-200 . 0.94
——— | BH-600%130x10%16 | 4.1(FA) | 56.8(FC) 245 7.37 0.59 | 0.61
AC59-400 6,000 15 400 0.49
AC45-80 BH-600x180x10%16 | 5.6(FA) 75 %0 2.73 162 7.00 0.45 | 0.65
AA42-80 BH-400x150x10x16 | 4.7(FA) [ 36.8(FA) 2.71 184 10.58 0.42 | 0.46
R 3 EEURRS R
Table 3 Mechanical properties
Steel (SN490B) Concrete
Fl hick W hick
T_est ang1e6tm\; ness eblg I:mness Age Compressive Tensile
specimens = — = — (Diy) strength strength
N 2 N 2
(N/mm32) | (N/mm?) [ (N/mm32) | (N/mm?) (N/mm2) (N/mmé)
AC45-200 42 18.9 1.81
AC59-200 374 531 387 b47 35 20.3 1.72
AC59-400 28 19.7 1.81
AC45-80 365 523 385 542 28 155 1.59
AA42-80 374 531 382 541 39 16.5 1.84
1,500 T a7 tom LS00 T pp e
1,000 - Negative bending 1,000 Negativo bending
y21 4 500
——t A G— il 1 of
-60 -40 0 40 60 -60 0 "V’/ 20 40 60 -60 -40 20 40 60
300<10%a0) 148 10,0100 ’ 304100y
________________________ o
-1,500 41,500 L -1,500 -1,500 -
() AC45-200 (b) AC59-200 (c) AC59-400 (d) AC45-80 () AA42-80

K10 #imE— 2~ b — [l R

Fig.10 M-0
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x4 FEBRR
Table 4 Test results

Test Mipax" My Rax R
specimens Positive 1 Negative | Positive | Negative | Positive | Negative
bending | bending | bending | bending | bending | bending
A 1.26 1.15 2.79 2.57 3.88 3.65
AC45-200
B 1.29 1.13 2.65 1.86 4.28 3.43
A 1.23 1.07 1.78 1.26 2.76 1.38
AC59-200
B 1.25 1.02 1.33 1.12 1.38 1.35
A 1.20 1.04 1.80 1.02 2.06 1.34
AC59-400
B 1.21 1.00 1.28 0.83 1.68 0.84
A 1.36 1.25 2.93 2.84 - 6.42
AC45-80
B 1.34 1.26 2.55 2.16 3.30 5.93
A 1.49 1.27 1.10 2.44 2.46 -
AA42-80
B 1.55 1.31 1.03 2.64 - 5.23
8 R R=110 (0.65-xb)? N R R=32 (1.0-WF)?
7 7
\ \ AC45-80
6 6 ®
AAA42 80 \
5 \ 5
4 \ 4 \AL,4 =200
3 \ 3 \
2 2
\ AC59-00 \
[
| 1 \
AC59-400
0 0
0.2 0.4 0.6 0.8 b 0.2 0.4 0.6 08 WF
11 R-1, 12 R-WF
Fig.11 R-1, Fig.12 R-WF
1,500 T ; i
AC59-400 cone-shaped fracture
1,000
500 =
i 0 / /
= -500 &
——Tesl result
-1,000
— Analysis
-1,500 : :
-0.06  -0.04 -0.02 0.00 002 004 006
40, tad)
(a)M-
1,500
AC59-400 -
—— Test result
— Analysis
1,000
g
g
500 | XN
—_— |
0
0.00 0.02 0.04 0.06

Sbga(rad)
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Table 5 List of analysis case

Size Grade Length

Slab width | Headed stud a6 | wr

Case (mm) (mm) (mm) Line "
No.1 10,800 2,300 0.45 1 0.64 | 1.41
1,000 x 300 x 16 x 25 2
No.2 14,400 2,600 0.53]10.64 | 1.21
No.3 10,800 2,400 0.40 | 0.62 | 1.53
1,100 x 350 x 19 x 28 3
No.4 490 18,000 4,000 0.53 1 0.62 | 1.17
No.5 14,400 2,700 0.4510.74 | 1.63
No.6 | 1,200 x 400 x 16 x 32 18,000 4,100 3 0.52 | 0.74 | 1.43
No.7 21,600 4,600 0.57 | 0.74 | 1.30
No.8 550 0.58 1 0.70 | 1.21
1,000 x 300 x 16 X 25 14,400 2,600 2
No.9 400 0.45 ] 054 | 1.21
g R R=110 (0.65-),)° g R R=32 (1.0-WF)?
7 7 \ No.3
.
6 6
\.N0.9 S
5
\ SNl
4 4
'N02 \
3 \No.l 3 YN 3
No.6
2 o NO-8 2
L]
\ No.7
1 1
0 2 0 WE
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 1.2
(@) R—2 (b) R—WF

15 fHATHE A
Fig.15 Results
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