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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. 1. Drafts of BRBs
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Table 1. Geometrical size and parameters

H L1 L2 T
Model h
ode Shape (mm) | (mm) | (mm) | (mm)
10
R2 H
H50 | 7 V/ ® 50 | 329 | 1342 8
L1 L2 L1 6
10
R2 H
H40 | 1Y/ i 40 | 368 [1265| 8
L1 L2 L1
6
o 10
H30 m 30 | 426 |1149| 8
[ L] L2 [ L1
o 10
H20 | N | 20 | 510 | 980 | 8
1| L2 [ L1 |
r2 ] 10
HI0 |E=Ft—=| 10 | 639|721 | 8
| e |
6
R1 : 50mm
R2 : 20mm
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Table 2. Comparison of critical loads
Ty pe ﬂ ﬁ t}Le:oryPcr analysi spcr' M
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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 15.9 77,558 11.7
HA40 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
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Table 4. Analysis results according to thickness

SS400 T=8mm SS400 T=6mm
Model Stiffness | Strength | Stiffness | Strength
(N/mm) (kN) (N/mm) (kN)
HS50 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
FEEARES

a2 - ol - 9E - wiaES

7] 8mme} 6mm?] ¥HYE QE%‘S’J - A=

Fig. 9o FAME 27 YepliglaL, et F=g 44
O 2 H|wet 4= JEE Table 49 |53t

7 8mm ] 3|4 éﬂr\_ 7] 10mm<] 3|4 Aztel g4k

Hote] whE At Aol Wk Aol A, A
6mm®] 75 HHl g AZF O zol7p Aopda5 A w7

= As3e 4 f% Ho|a Ik, 7| 10mmol A= H30
T H209] slg—HF WAV 7 9] HA= FIE BHAL,

7 8mmell A H309} 5158 WAL H20} 7571
AZSIRA 7] 6mmol 4] H202H HI09] 815-#9] T
7t BAA= A Fig, 9ol EelEh 4= qlk

Fig. 10. von Mises stress distribution for 8§ and 6mm thick

Z A26d A6 (ZH A133T) 2014 12¢€ 555



YA AY AT A

Fig. 109] von Mises SZHEZ A 7] 8mm2] o]
FE 9L T 10mmO] T2 W 9je} FALs}cE oo ul
S 6mme] A% 32 W7 FA smme] ARt 1
A JeEpaL 9lck, T 6mm H502] 739 F& FAH-
12 917} S AAo] AA sk, S 6mm HI102)

& AP 45° YA T2 Aol Mok 9] £ A

A7 o] WPsh= Ao Uehta i,

Table 491 HE|qt 774> A-84 2 a74S
AEH 2PEE UHAT7

%! =
Ay 2ze)o] £ aia)7 Bavt ik L= SS400
Z
S|

oot

o,

f

ool SN AIE vl HokE i whelE Az o] G
T2 55400, F= 6mm, 4> H3022 A& sh= Z10]

Ao fed JoR BAEY,

4.4 W19g Amyo] Z40] YiEE JARY BRBO] o}

7 6mm¢<l SS400 A2} H30 F/4d2] HHly ~2e s
Fig. 20 Yebd A% BRB] 4-8-3= Wl 714/% BRBY|
5L sHHoR Hrlsl Ay, o4 TR AnsysE
o83t Fig 1137} o] 2D Al 842 Wil AZLFo]
oF 500mm 7H2 0 & 147)7} vi 2| 5| =2 mdgale] v]Ag
Frzalds Al HAe] 482 SM490°. 2 5~

HE E o] BAL SPHAEAA] O F 71A4510] Beam23 8.4
9o A3 MM A2 ez

ro

TG HBAN) MG F ARoIA SRR THAA
(]

il
H]
3 e
Shck. WY Amo] gl ofet A4 el H 1R
AL Bo] BL S 2, TKNOE o] 2K o= ALt
3 skt QA 1449 WUy Azgo] AR 14
BRBO| 11| Fp=af A 02 A2 5152 498, 4kNo|H,
A% BRBY| #=Z 0|7} 500mmE HekE uff o] 24 F5l
AL 35 485 1kNO. 2 s Au}7} oF 3% & A o=
7He Ak, EgE oFek ?1R] 27421 6,730mmel 7|50 137
400
;5300 Beam23
g : 2D Beam Element
S SM490
7]
a
th 100 E=205000N/mm?
0 .
0 01 02 03 04 05 06 07 08
STRAIN (%)
6000
5000 k3=4,086N/mm k4=0.0N/mm
4000 k,=12,554N/mm
E’3000 COMBIN39
< . .
3 : Nonlinear Spring
2000
k,=40,288N/mm $S400, 6mm, H30
1000
0
0 0.2 0.4 06 0.8
DISPLACEMENT (mm)
Beam23 \
=g R
" ‘comBiNzg .
18 500 500 @500 500 500 115

Fg. 11. Modeling for BRB with semicircular springs

AN

Fig. 12. Eigenvalue buckling analysis of BRB

% =
e aao) B FANG TL5 o] B2 7
A2 Aol Lot olo} o] AALAL Fofsi
M Combin39 84 7186 dE7} Beam23 Q42 vht=
Aol A & WMol WAste] £7skA] Siobe RS HAl
. 214 Combind9e] RS 51 % SHFS T3}
= BAEAE Fofslltt, 714193 BRBO| A= HHE
AL ol ARkl Qo= Ae 4 giAIRt, 5
A Hdlof = 3 SHofv R B WA= St
oA LT S 2= S-S WAE Akl
71219 BRBE| HIAF a4 4=3)5}7] fIslf MA a1f-A]
=il AAsto] Fig, 129F 22 My ZxE5 A3
556 w7k xsks] =y A26d Aes(Td Al1333) 20149 12€



= =
B HEE Aor %%%E}.

A 827k ARE SiA AaE Bl f=s 840
719} %L 3pgsto] Fig, 139] YR Itk AA)2] Wige

Fopo) A Ao} B Wel2 Holm glor, wAlY 2
o] WPAISH Aol A von Mise $8L aHEwe] Eesh
LA BT 4 ek

Fig. 1400 4409] WA S5 2] 9] BAS
Urehthglon Ho) Fs) A $1xo4 A ke 9
& 2mge) Wele I Uehelet, 1AE ML )
7H1.67mme] SEHS tf A2 552 383kNe] S5
altt, of Aol A WHIE 2322 o] WSl 0,012mmo] L
AR} FASP7H HeH2l 2 48mme] ELHE o) v
7)0] 9l 0,025mm 25 A WA 244 7710 9
Sfol W Amee ol B TLo] pRI Qi A
2 glEglrt,

7, KBC20099]4] 42721017} 500mmel 413)e] &

A=71= 354kN O 2 AAE T )4 Ax}Ql 383kNI}

x|

|o

12 o

AN

17064 72.355 144.54 216.724 288.908
36.263 108.447 180.632 252.816 325.001

Fig. 13. von Mises stress distribution of BRB
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