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This paper deals with the damage control seismic design of steel bridges in which the objective of the performance is

to preserve the function even after severe (level 2) earthquakes, i.e., full access to normal traffic be available

immediately following severe earthquakes with minor repairs. To this end it has been shown that one of the most

efficient ways is to install energy dissipation devices in bridges, such as buckling-restrained braces (BRBs) or shear

pane! dampers (SPDs). A review is here made on the present state-of the-art of researches on metallic energy

dissipation devices of hysteretic type, followed by proposing an idea of high performance damage control seismic

dampers that are expected to withstand major earthquakes three times without being replaced.
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R L7ns, k3, 4ixeERsEs T
72<, H(10a,b) D BEMREZ TR TE 2. BI-11 12
HERR IR No. 3 WBEEEBRE T, v, 23.01%, BRB
B (10ab) D HEHREEZRETE A5G THSL Z
EWRynol. BEAOMEIX BRB L EREEOEALE
BETHHD, THIZOWTHIERBRTEEDS.

#&-1 BRB DRERMtHIK L RBIFER
EBRMHE (R-6, Appendix 1 Z88) RERHER
No. h | PYIP, | MJIPL | EERERO | BipHERE RABMHEER
(mm) i B4 (O5%H) (O5%H)
1 0 2.09 0.0238 1.58 Yes 0.00645 0.07
2 20 3.24 0.0164 1.86 Yes 0.0194 0.48
3 30 4.61 0.0182 2.37 No 0.031 0.81
4 40 7.71 0.0218 3.12 No 0.031 0.83

E 1 =10mm, 5=200mm. £~10mm, #=1mm

1 2) vpid 6,=235MPa, a=1./333=4.07mm, e=0.0 &{XE L THZE.
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(3) A/ ASRILE I~

R (5) ~ (9) OmELIEERES SPD 1, R 2T
(12b)D B BHEEEZ R T 55 8 5 » R IKIERE - anil
L EoTHND. BOEERNAT A —FITBELS addvay (i

[ 1 ]]
A= R, ChHBN, BEEHEENIERIKE %%Oy//%/
BoTWDHZ LIZER, ZOfEEX 02127z % - -'//“/A%L‘J
DMDINT A —FDEEEE. 21T, T2 Qﬁﬁ! = ——
ERRR S (LY225) , ZOfuid SM490Y A L ~
T3,

BT L VB oN-BREMREZE-12 (7T, BRE
HBRIL y /1y, 245DV D EELOHEBEL TS
B, BRFOEH0.12(y/y, =70) TD 3 HA 7 )VH
DWIIER y [y, =45 TO =7 FHED 98% Dt
HEHRBLTND., 22T, 20OBEORBEMELE
¥ (CABOTH) 2RDDE 2.89 7420, K
(lla,b) D BABMEE M- 2 & &7 3.

H-13 1%, 4BEBORT v TOERRERLZ
bDTHD. BREBIIESTYH, Va7 78R
BEEREZRONA OO, BRE ITERESTH
BT ENBLGING.

PlEag s, fiEmTRAEZEETELTHE
43 SPD %, & (llab) DOHERERFEETE S
HEEMENREWI LERLTWS., ZHIZ2WT
1%, BERICKARIEDLET, BEEETTH
3. ‘

P/Py

(=]

6. #&

il

REILTIE, [HBOmE - SIBREH VAR
FAY P o CHIBZ V%L, &
ERERIC DWW TN, DWW T, FIEEED
B BHIES R T AR O E L
Fa—L, #lEF v —0E#El, MG
DT A THA I MTES TR B L RERHRE o
BB R BIE LB OMEE B,
ZOMEIIBRIEMEFT TH Y, EFERERDE
WO TH S5, EHPIZFTEHR LI THERK X-13 SPD OEME (f2H7)
L7z,

SR

e
B

S,
ST S

A (BB ADIL)
CID=573%

me s
ey
SRS

S e

BE A e

SRR TR
N G,

=

AR

R

SOSRS
SO

7

GesceRnnETeRy

e SN

e
R

%
iy
Y

e
B

..“
=
=
o

===

G e 7 =12%, S ADIERETEED v Lo
CID=289%>280% . :

x-2 BBAHEICHW:SPD OFET (B-9 38R

V=7 TIvY TEHIES
No. | 4 by | b it R, br |t Ht, | m, | b | r.17
mm mm mm mm mm mm mm
1 610 | 610 | 9.0 1.00 | 0.195 400 |25 278 | 2 59 9 3.01

1) w7 LY225 7 ZoVBIOERS . SM490Y
E2) U= THOHET : 6/~225MPa, £=0.00113, 7,=130MPa, ,~0.00185
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Appendix 1 FEJEH#R T L— X (BRB) DL{KERE ©

FAMEEDIT AV b B EIE S LS LR
Wy Z AU Ho A RE I K ALE 72 5
fesnis

L R— DBRNEE LA, BRB D%

BT EFEEN LT+ RERPLETHDS.

Z I Ci¥, BRB OEKERFIELEIZONWTET
R, ZORGERICHEN D BEBEOMICHONTE

E-T, BE

(©) SHERE R ORI

B A. 1 BRB D£AKERE

[CELFEE

8275,

BRB DK %E@fﬁ A BIZDNWTELE
T5. E-Al@~CQE, ThENEARKORLE
WEHE P #2175 BRB O@UIHIRE, b) 71—
AR BH A H D THEM L IZREE, BET (0)

EFEREZORELZ R LEZLOTHD. T,
d X7 Vv—2 M L FEM OB ORBE, o XHEH

E T V=AM HROPI T DHRTHD. T L— R
AR (B-A 1 (2) A BERHEOHMKICHE
WHERM I EMT S (F-A1(h) . WEXFEICE
AT5L, BrbRIBROERE— FIZHEELT
W&, HWEMCIET V=AM oA RERL,

FRNT =TSR ERB D mE L, REERESE
T AENE, LT OWMEMICIERT 2EM TS
VAENTEY, WHEMOBEbART/NEWN. B
TENERT D L, WEMORIMEMENGEIZE,

EEEENET D L RICHEM OB DAREEL,
BN EF D FARMOERFED) HWE DR
WIERT 32 EE725 (B-A1()) . BitHDOX
EEXOEBIIEHETH DN, XME)TRENLTH
X5, TU—AM L RERM OBEMKT, R
DEFEFACIZIEELVKRE S THEAT S L BAS
N5, EENEDOBARIC L WEM Oz bANRE
;ﬁ& ﬁ%ﬁ¢%ﬁ%ﬁbt£ﬁzm3@%%%
BEs.

&TC, &FEEREPECCERD BRB FRICEAE
THMTE—AL MM IFKRAD I IITERSND.

M,=P

max

(a+»d+e+v) (A1)

T DT, v=RkEEE A Ui A O R DR
PR ThD. REEESETHMETOT L—3M

DOREMAEAT DB R S HT Y OB g

N/m)ITHESFMEREL, S ¢ BLIOTHICE
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STRETDHHITE—A L M, BZHFMOHTE
TRTEND LD LRET D ERFAD Y 2.

5qL*

e _ 5M, I
384ER[F

A8ERIR

(A2)

2, ERIR=HEMoMmTRETHS.

= (A2) @ v 2 (A1) OFTIICRAL, M. IZ
DOWTHEL ZLICL v kX EES.

Mc —_ Pmax (a+d _i;e) E Pmax (a+d +e) (A.3)
5P I P
1— o 1-1.03-2%
A8E"T P

ZIT, PR=rPENIR IR OF 4 5 —ER
WETHEH. LOFEL, HEMOME L RAMERD
BRYKREL, TVv—ZAMPEROET—NIERLE
BICEEKERPETLIBEICHEHTNTHD. & ZHHB,
PRV OBE EAIENR Y KRE BWEEIE, 7V
—AMBEEROT— RICERT BRI EEER I E
CTCLERELEZLNDS. BHEREAIZ, B
ATOIZRLEL S, T U— B RBAEMIC
B U RR CERERERTHEADEILNE
5. ORI, BEMIIESE TR, WEMH
RIZBEFHEELEZLZFVETCTHD. 20O
AlTiE, EERABRBFEFEICLY, X (A3) ©
RIEEDOSBOMRE 1.03 23 0.82 12725 2 L1345 h
5. Bib, EMAhrSnameRETE, /o
REXER™D.

K (A3) DRENOFEK 1.03 2 10 LBx, &
M OERE—A Y MMy B, X (A3) OASE
— Ay b EEBEEND, R TRTEERE
LB ELNS.

Pmax(a+d+e)£MR (A.4)

P ¥y
R
TIT, ZOROEDIE P-AREEE LI REM
FROEHTE— 2 v MNIEEE), FLEREM OB
RENTERE (FRAME) ThHhoT, BAREEZHE

REBELEERERT.

wiz, RADNE P ICHONWTHEL LA EES.

max

v, = Tns ! (AS)
P, i 5-1: a+d+e
P\ M} L

ZIT, P=7Vv-AMOBRREBATHS. K
ASYDV, IZLREREPET HRROKKETERE
ERRRE A DT, BRETFRHCIUE T B B REIERE S
R IRELERLEZONDEDT, RE/REK
LS. BB, BRB OWFH L, H (AS5) OE#K
BBV, L EIZ2 2 K5 CHRE L HIME &2 RefR L7l
IR B0,

XHR6) Tk, BEBEv, OEL LT 3.0 28
ZLTW2., ZORFEFTROLICRDLEZ LN
5.

P P |
— Lmax =P Bactar_ f (unknown factors)

Vr P P) P)
y y (A.6)

y actual nominal

ZZT,
Pmax /Py)aclual =%km}£%ﬁj}/£ﬁéﬁiﬂ]j} =1.6
1Dy)zmtual /By)nomin al = iﬁé{ﬁmﬁ//ﬁfﬂiﬁé{ﬁmﬁ = 1-2

THHDOT, PfiizoH, WiLHE, BREEREDR
FHENCOEE R COREEER f W NN—TBE
2R (X A6 KKIE) 1T 1.56 BEICRD. e
B30 REVWEIITEESNEMN, BRBITEEY
EEROREMEERTHHEECEELRTH THY,
POSMEIEDIEEEXT< T THENT,
COREODREREWDZ LITFFATE LY.

Appendix 2 SPD OREFIEDHETE
B-A. 2 1Z5R4 SPD & BRBE{HELI-7 L —AD
KEERL A BNELNWEWIFMET, BRB DOTH

% SPD DR AMTOTAICHET IR AP EL,
SPD DX ABIOT AIIRATREN .

_A AR
A

ZC, h=SPDDEETH.

mh

—J5, BRB DE{OT8,1%, BRB DR E L) R
DGy, HEE L THERNTREIND.
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g, = %Sin 260 (A.8)

RANE (A8) LVAKFEEN A ZHETHITRK
DOTHDOBEAREEFD.
g h |

= T A9
sin26 A, A2

Vs

hih, BE 0 132 DOREEINEZLLNL, S
BEMTEDH DD, AWETIIO=45°, hih =4
BEXEZ, y e, 0435, Blb, BRBD
RAOT g, 25 0.03 DEF, SPD OIRFEABTOY
By, k012 LT 5. ARk, RAREEEFORR
fBiX BRB OHE, 07 KBRELTHEDT, 204
EREDEL LT, SPDDBEAEZD 45D 2.8 &
T5.

22

<>

hSL e
SPD
h
&
(a) SPD
=
O BRB
(b) BRB

X-A.2 SPD & BRB DZ s ELER





