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Abstract - Buckling restrained braces(BRBs) developed as a seismic protection element, hysteretic damper, have been
investigated in America and Japan mainly. BRBs are composed of a steel core and concrete-filled steel casing. It is one of the
major causes of drop in productivity to fill the steel casing with concrete. To improve this problem, the BRB is introduced in
which the steel core is restrained with a pair of semicircular springs. In this paper, the numerical and analytical investigation
about the desirable configuration for a semicircular spring is presented. Firstly, the stiffness and strength of semicircular spring
is determined theoretically to buckle into a very high-order modes. Then, the required stiffness and strength are calculated under
the practical design conditions and considered as reference values to find a proper configuration. The material strength and
thickness of semicircular spring are chose from the finite element analysis for 5 semicircular springs with varying height. Finally,
the nonlinear buckling analysis of BRB with proper semicircular springs shows that the bucking strength of the whole BRB is
very similar to the strength of steel core with length between semicircular springs.
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Fig. 3. Buckling modes according to the number of springs(n)
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Table 1. Geometrical size and parameters

H L1 L2 T

Model Shape (mm) | (mm) | (mm) | (mm)

10
R2 H

H50 | T V/ R 50 329 | 1342 8

L1 L2 L1 6

10
R2 H

H40 | T/ i 40 | 368 | 1265| 8
L1 | L2 L1

R2 10

H30 m 30 | 426 |1149] 8
[ L1 ] L2 [ L1 |

6

R2 10

H20 |l Nt | 20 | 510 | 980 | 8
|1 | L2 | 1|

6

R2 ) 10

HI0 |E=Fr—=| 10 | 639 | 72.1 | 8
[ [ e | o |

6

R1 : 50mm
R2 : 20mm
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Table 3. Analysis results according to material strengths

SM490 T=10mm SS400 T=10mm

Type Stiffness | Strength | Stiffness | Strength
(N/mm) (kN) (N/mm) (kN)
H50 89,967 159 77,558 11.7
H40 115,096 17.3 93,745 12.6
H30 132,925 18.3 107,544 13.3
H20 129,539 18.3 113,133 13.3
H10 144,434 17.0 118,295 12.5

& AW-2A2(snap—through) &=l 23 $-2lo] A=
T = YR 3}

of WM 45° 91017} 7 Aol A A
Egehs Ao® tehdt, olo} g2 HI09] A%
= = Ao 2A o] mPA 11 o] lo] 7

i
FI\"

ofN T it oM
ol
H1
2

o2
g T
=

¢

N
N
rlo

4 AR
o8 =o% F4YS &+ At

ojet &2 Aifo] HlFo] & uf 24/% BRBo|| 48317
% FA 10mm] WHIF AZY O FAL FR Fx
1737 oA Hi0o] 7P Hgsht ke, fa AR
9], SYRE 5& W TS W) H309] FAol 71 A
T Aoz FAHET

g, Table 39| 2|k el 4L HHg L2
Zo] 10mmel %92 Fig. 2] ehd A4 S #)2]s}
7] oA 2z 5 FUsH & B8 9 Aol
RFOF o] & 918l HHY A2 F5 90mmE Bprjiriy
s Aol g2 TR A HAR e 9H7t 5

= Table 3°ﬂ

[¢]
zejo) 28 % gs}x} ejEhE BT sl 98- gl

$S400
g % T=10mm

Fig. 8. von Mises stress distribution for 10mm thick

554 @=72es =2y A26d Alem(FH A133%) 20149 12€



4.3.2 FHol| o= shA] Znt

uhely) 2smelo] A s £ 7] 913 $9400 %4%0)
Smm&} 6mmo] thal] B|AE e =712 AAE
o}, 7 6mme| 79 RAEAH ) A8A gHA = FA7F GF
o WA A2o] AL HYA AR e T AT
Agro] dAE 754 0] EolA bmmE 4 FAZ 7H

10000

8000
= 6000
[a]
<
9 4000
2000
0
0 01 02 03 04 05 06 07 08
DISPLACEMENT (mm)
(a) SS400, T=8mm
10000
8000
= 6000
[=]
<
9 4000
2000
0

0 0.1 0.2 03 0.4 05 0.6 0.7 0.8
DISPLACEMENT (mm)

(b) SS400, T=6mm
Fig. 9. Load-displacement relationships for springs

Table 4. Analysis results according to thickness

SS400 T=8mm SS400 T=6mm
Model Stiffness | Strength | Stiffness | Strength
(N/mm) (kN) (N/mm) (kKN)

H50 52,025 7.8 25,692 4.4
H40 56,663 8.5 34,969 5.0
H30 67,017 9.3 40,288 5.6
H20 83,979 9.5 50,727 6.1
H10 91,067 9.2 73,410 6.1
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Fig. 13. von Mises stress distribution of BRB
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Fig. 14. Load-displacement relationships for BRB
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