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Damping Effects of Energy Dissipative Braces
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Abstract:

It is an urgent issue to reinforce the seismic resistance of buildings, since huge subduction-zone earthquakes,
represented by the Nankai Trough, and large-scale inland earthquakes are predicted to occur in the near future. The
damping device which absorbs the seismic energy is an effective device to reduce the damage of main structures.
This paper discusses damping effects of energy dissipative braces developed by JFE Group. As a result of the seismic
response analyses and dynamic loading tests, it was confirmed that energy dissipative braces showed high
performance of seismic energy absorption for recurrent earthquakes about 10 times. Furthermore, applicability of

the new estimation method of the damage index was evaluated.
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Fig.1 Energy dissipative braces
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Fig.3 Analytical model
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Table 1 Cumulative plastic deformation ratio, n
Number of cycles *1 Cumulatlye plas.tlc
Brace | Seismic deformation ratio, 1
type wave ioi i
P Original |1.5 Times Experiment | Calculation
amp. amp.
OSA NS 10 2 5502 127
WOS
Cross- EW 10 1 8 807 298
shaped IMA
KOBE 11 — 3050 215
NS
Tubein | 5z Ns 9 — 16 081 186
tube
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3.2 HBRTL—RADREMRE

W O fdT 5 & N 7c HEERF O R BEMERE ISR L, HiES)
IIEERC & 2 HHE 7 L — 2 DIREERE R WEE T 2,

FCOIZ, WITcB 26k 7 L — 2 OEE ¥ HmEH D
LEARGHII R HL L, S0 E 5 FARWN 2 8%5T S 5. RS,
M OIEELLPRIELL, WMALHE S i ¥ a5k Wi
AR 72 5 & 5 ISR IR 2 e LTe, —EME
7L—2 53, WEHRICET E A O R L,
N=TtFETL—2 3 WRE SR RSO 457
MR e Lz, 22 ofliffdE v illikoME » & 5
R,

FENCH I AR, RS SRS S e A
DK - 7o (OSANS, WOS EW : 7 [, JMA
KOBE NS : 2 [%) OKPEEMISEFEE 2 b iz, iitsE
PAEERDISE DT ADFLL D &1, #iELIKEE
A THIEIL T 5, 72, AJIFRERTIE OSA NS, WOS EW
T500s, JMAKOBENS T 100s ¥ LT\ 5,

Length of axial L.=931
T i T SM490
Reaction wall disp. ‘_’l
Crevis: 930 (KTC880) s Load cell
\ T 1]
Axial  ¢80.0X5.3 LY-100
restraint ¢65.0 X 10.0 —_——
182 16021? 85| JéO]éOI 255 1821
L 1470 1
unit: mm
(a) Tube in tube type
T H
| Actuator
B AN ==
S Z Test specimen
O — 2
— A
“ B §§>
- ¥
[ LY225 ﬁ >
o
= i u
unit: mm

(b) Cross-shaped type

K5 BfTEEE R
Fig.5 Loading system and test specimen

TNz No ASTHIEEN ST 5 HlR 7 v — 2k 0¥
PR EFAINOIED T AL LE 6 (a) 12, AT
1EHIER T 2 I60-0 3 A% LZEK6 () I2/Rxd, OSA
NS, WOS EW T3 U T 2D KIRIEE 2.0%FE[E T dH 5 723,
BEP/NS L, BRMICODIOVBELUOTAZEL V5,
—J7, JMA KOBE NS T3 = HH A 10s BETHTL TV
2500, O ADORKIRIEIZA40%IEL TWVWE, VT
NOHERISH L TH, ZE LI IEOEELZ RLTE
D, BEERLOTAICL MK N R b7,

1EHDOIMARE T, Kl CHCHEEZ 10 B LA
LTzo 723, YRIEL % &8 U e adiat ity oo mdT |3 £ i
LTWiRw,

ZEME 7V — 212, 10 FIE ORI B RO R
HERICE BB R 2AEL, BRHEEC CHEICE -T2
(BE1 @), N"—7FTF7VL—213, 10HHDAIH
LTbRERLBIEPRoNE T8 d s, 11 HLIRE
13, HHHZENI 2 1.5 f5ICHE U Tl 21772 - 700 SRy L
T, OSANS T3 13 RIH»5[5RMIT, WOS EW T3 12 [
Hos5RMCt 2K R LT T Uiz, kBt #ileE »
O BTl M 2R Lz e 2 4, iMoo £
FHIHETHEMNICE - Tz, MO SZ, TRk
HAZEIZE VRGO T PRS2 EWimoHFl
CHERIE © Bl L T WD e - Tws (BE1
(b))

JFE £ No. 31 (20134E1 H)



AW - BOSWZRIE S 2 HHR 7 L — 2 DGR MEARRE

| OSA NS (Tube in tube: LY100)

=

o (N/mm?)

Damper strain (%)

Stress,

200
Time (s)

300

-3 -2 -1 0 1 2 3
Strain, € (%)
_ 400 4‘ OSA NS (Cross-shaped: LY225) L
S
g &
g g
=
B 4
2 <
g ©
s %
A 2
2
3 7
0 100 200 300 400 500
Time (s)
Strain, € (%)
3 400 —| WOS EW (Cross-shaped: LY225) |
[ . WOS EW (Cross-shaped)

Damper strain (%)

Stress, 6 (N/mm?)

200
Time (s)

300

_|JMA KOBE NS (Cross-shaped)‘

6 (N/mm?)

Damper strain (%)

Stress.

20 40 60

Time (s)

Strain, € (%)

(a) Time history of strain

6 FERIER

Fig. 6 Test results

Ductile fracture

. T |

Lbcal buckling

(a) Tube in tube type (b) Cross-shaped type
BH1 #EKE

Photo 1 Ultimate condition

JMA KOBE NS T3, R4 I AIE TP RNz o,
10 EHLBED A2 ZZ THF RO LIZe 25,
12 [HIH O AT CTHEMNICZE > 72,

FABRR DR IC 2 2 11 2 COMBE AN REE e, HIE
TV —2ADRBRMEATE n 2R 1ITRT, WIThOA
TR LT, 10 BIFREOHIEEB) A I 2 155 &
TR VE—WRINPEREZ T L TE Y, MRHTE O JSE R 24
HY SN RBEUNERAALERERE EA>Tws 2 e’
DB

JFE $%R No. 31 (2013 4£ 1 H)

(b) Stress-strain hysteresis loops
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Table 2 Degree of fatigue damage for several methods
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