FARELHIYE No. 689, 1-57, 275-288, 2001. 10

IRIVF—RIRBREZF T 5B EMLRE
L.J:éﬂ'[ﬁ 2t RN R

IHEHEA® -

FEERE - SI08E2 - Bt -
H’Jm}i"’ RE e
'ELBR T () SERAHNZRT (T185-8540 B EEES 3 ET 2-8-38)

! 28 I#E WNKEESRE (B (T812-8566 ERTIHSX ML ERAT3-25-21)
3IE%E T HHARESEE (k) (F151-8578 HEHEEBMEBRA 4 A2-2-2)

'E2A I HAAREKE B0 (T151-8578 BIURMEBEN & A2-2-2)
ESE TH NS THRER (T674-0082 SEEVATE AT B 10585 )

k2R UNFTEE B (T674-0082 SRR A NT b 21058 Hh)

SERAEHBELUE, SEFEETBLTHROLGERZMSICKREMEICH T 2 HEHBTFHN
TONTEL. UL, BEHLEBORE, $3WEABREGOWMBMHEET D ITIIBOTAR—Z

BRSNTBHY, WRTORENEBELREIN DAL STHETS. EHSE, AGEROBE/HLET
ERGROBOETH-DOOFRELT, WROHEFIMOERE LEBIC T3 F—RIUEHEZE ML

o A XUBBEEBREHLTERLE.
KL B EMBRBEHRIT,
RIEIIC K VMBI & & biT,

AR, SERERBEZICSDTREBICKEERS

IARNF— R RE %G T 5 5 G0 LB O BT R 2 JERK S
EROBNETETINORZ UMY E2HNBHERICEDVRELEZDDTH S,

Key Words : bridge restrainer, nonlinear dynamic analysis, dynamic loading test

1. ZUBHIC

SERETMERTIE, WMEEBEOEEIIRTIC
Bpl, Ya—0RELEDIIKETTNNES
SEELREDD, Bk, WMGERO 213, &
ﬁ,itm%%®ﬁi@t%%wﬂ F—a—%
TH5. I, MEEAFEOKEBEIZHL

T}, Fra—igitohiz@lods R7oy s
THERL, BBHMIZOVWTIRLE Y a—®RITosHN
YV ATHET HDHEFZELL TS, WTFho
REES, KRB OKENICHA S &S 258
BRHDTERAEL, BECLTLIEEOHEBOEE
A& D a—0BHHIEKEERbhS Z 5SS
FIZRREEINA-HDTHS.

HEMELOP THERBHIETLORBIIRZET
5ZEMS, SHETEZICBVWT, INETHRIES
T FREIMOMEEL EBICHL DHEBHIETEE
ML T&ER ZORMT, BEHLETOREANEZ
HELT, HEIRRIZ L 200 BOBMMMNRS
NTVBIM L LS, BESEESENSHT
ZEPITHAIN D O BIEENE L W2 &, o0

275

HEBRBMNNS BB TREEBHLEREOKREX
L WHIBBH 2 Z L EnBEmhs, BBHL
TOERPRERERBDRBNSTEET S,

ZOBRBITHUT, EESIL, HIRINHEIZ
HRBEAEEIR & DI, /RO NTEH B OFELB %
BIC T RN F—RIEREEMAIL, S DFEh
ERBEEDEICEDIT A XENT-EE
IERBEZERLE. 2B, TOXIBERMEDMHE
ERBICKOHMBROERAZBINIIESEIHIT,
REEEIMMBLRE, #512, TARMERERE S
LIS DEBENBEREN, FO—ENERBO
B AR LTICERD ANSHTNEGY,

Eh, IRICEELZHFREE LTI, HHEEHRDO
BEEBICITLABEHEREZ2ERLEEBSONRE
FEEICRRET L2 S, EEE O, HMOmMR
RSB ICHRENEE S LAY v MR #
REL, TOMREHFTHSMICL/NE, T
B, oMK, BIUMREERDE IR
MEHENWZBEOHBRAERSDRIIOVWTORES
DTN H 5.

L L, IS OFER, WIhsBsmon



&1 HEY ORI & STRIROBRE L )L OB
RS DiiFE: fE Tid A E 1 [ T REERE I
FABOES L X)) 1 2 (3)* 3

Y BEXBHOBHEASHSOLSICTHRIOWMNAKE < RDHERIMEGL )L 3 Z2HA

£-2 REBOREL )V

B~ gD BE
HFELI 1 SRS TR IRE G
HBEL )2 W hoblsn g B Bg SIS UTHItET S
HELAXN 3 FThe—RRAOMEZEOHRET | MHEHDINIEIIMFANLHE
HBN, BHEIELEY

BIHIRE L COBRBHILERICHSREREL TS
0, BEHEABRIZDOVWTIERI N TV,
AWFZEIL, REEREHMRICE N TEBRITITRE
MR LS EMBREENSRIC, LR F—RKIX
HaE 2B T HEBE BRI L AMRMmEEIREE
BRBNETICLOERTE L EBIT, KEOMEN
EFNOR YUY EHWIBAERICEKORIELZHO
Thb.

2. EEPBILREOEKRMLES BAEE

(N BEMLEERICERIN M4

B MGG A R AR - FARS (MERkE) Y
T, SRERE AR A & TARANE, BEIHIRER
BIUOBEBHEEBIZRAL, TNENLUTOLD
EHL TS,
HAERAE t ERMINSOHEHETHIK
EET HEE

BOGIRER LUGRECHBEETEERLD
EOREMNELENLIIZ
HOBHEHIET %R

ERGRS L 2R E LRI EE T TTEHINS

®EL, BIBICEZOEILEY

B E&in
BB IE B OAROMEEDT, L2HERONSED
BTZ2BIETHIEICHD, HFREEHOHSIT,
BIHIRER & IR SN ON—BNTHS.
—%, REREHNETHER U B REgEso
FAREL, BEHIREREL TOREE D oA
R7OwrRbELa—0YADRENEL L, TR
MHETHFICBNT, INSOERBOBELZHET S
F-BEBORBNLEELRS. LML, BERME
WO ERBITED TOR WD, BIHIIRE EE
Bk EWD BizHBEEEICHIG LB S, <@
DEBELTERBTDILRERLESETHS. L

o T, BEHIREEOBEERNRHAS VY

276

A XENFHFERHILETL, BRSNS ERSN

%
B 18

T, BEMEMSREEE - EMER (W
2 T, FZUCRT DI, FREOMS LX)
ZHEMOMEMRIECTRELTWS. 22T
RREOBEL NS, HEOREMBJITTR
R TEIRBEEEINTVS. GO GE
i, RoLSiIcEHEE N, LIhmBice LT,
miERe [ %, LOmENC LT, BEEIEUT

AR, El-idmEtkElzfEysdiesl

T3,

MmMERE T HRBICOHEETICREEZRRET
&, D, BREEMEETEV.

fitiEikael MmBICHEELEESTSH, B
IHBEENSRIETES.

MiBrEaell I ko THES B RAH# L
AN

FEREIC NN T B &, TSRS WS NS TEHE

B EERICER N A AR, LIbERRIC i3 el
TREQREEZES, LIHEHIIHIRIRL THH%
BaHRWnwWl &THs. $habb, LI
NGRS L BRI D A TIMRICE EX D,
MmO, FIHEETFHEZELDRROWE D ITHOKEBST)
REBmMBEICNZ B I LARDENS.
VHERS L RICESR I N B MAEIR, Ak, L2bfRwg
OFDETEBIET B ETHBN, TI T, L
B OFIBEDOETRESMEEHRERT DI, B
T &SR EICN#T S, LWHYSBIHRENO
BaEE QA B ZEELTNS.

F7-, LOHGRERICIE, FEAGEH RSP &
THZERHFAINDN, HOKELTILZ N
i GRS BRI E TOER 2BALN
HWEICEE®D B EMRELIND. b, R
T, LIEREOFEOETREMEICDNTIE, A
S B ORMEEYE, WUROFEETIIal—
Ta ERORRESEHRL THESREEEZR
Tl >TWwih, LaL, LIRS W TH



R-3 BB T A QMR

=N A
M B roosL r-nor
BIRTRE 10N/mm? 18N/mm?
TR DR TR " 600% 20%

DHFEMIET 2 - EDFBOET RN 2 EET
BREROEUETHDZEMS, WEMIHLTE
B TOBRBEAHE ST SN TN,

() EIBHILEBORFHEE

a) BAHEE

LI R I 13T DK ERS BB % om0 X, L2t
BRI R E TOEM AR T NE D IR
OEMBEREMUTIZHBEL DD, #Hhr52iT3
BRI RV E—ICH L TRED RN I hEEN
TRV E—RINEEEEE T D EME L EBNSLET
HB. FIT, BRONIAMEEKRESTEEDHD
BIRGEER & T3 F—RIUERE % B - RS E
RSB, P, EBREIIME %R L%E
DEARMEE L. Thbb, BEFHIEEBONG

ELTHIMEERZEB L, LUNBBONBEICK

LTHTHEMZES. 2L T, LIMBRICIE, AR

ERETYE, AHICREL TR F—RREED

BOWERSERNHRANZENIBIEETHS.
b) HBEEROHENSNHE

MEEROME E UTREE, MAEBLEZEL,
9, 7IVIZT LA, BIUFRP(Fiber Reinforced
Plastic) D 3FWHEOMEI#RELE. ZLT, Zh
5OMEN SR BRIBEER QBB MERK RO
H-52H) Z2AVWCHNEREREITRNVEE - &
MEEEERLEZD.

-1, BWERMLOSBONZIBORIMEER
DWE - ZHABMEERT. B, TIVIZILOH
HIIBDHTELS, B-19T, 1FEMEomiEEix
S TW5. PAIME, 7II DL EFRRMIZE
R THBMBBIINE0D/NIWN. LENST, 91
OB RNS1E, TIVIZULEFRRD 2 DO
BASEL TS, .

E-21%, REBRIFINFE—  ENROMGEER
. TIVIZULE, DHRENEVWSOOEME
RS T/HE < RN TRIILF—HNhE W0, B-2
FTETINVIZOLADORBERNTRINF—2RTA
B, BIEERICERE > TRINATWVS., —4,
FRPIZZER BN A E K TR F—RIINEEDETY
NWIZULXOENTNS, :

ZOLDic, BiHGEERS L TOMEMENLEL,
TRV F— R REASE WFRPHBI SR ¥E B 1 S 58

TFEKN)

20
2L (mm)
R EEROWE - ZB%

40 60

-1

300

200

100 |

BHEPIR % — kN - mm)

0B
20 40
2L (mm)

®-2 REEERORBEN TR F— - ZHBIR

60

DORIEEEROMEHIEL T 3.
¢) FBEERONPHMN

FHREERIL, BBETHWSNTWSILHMVE
s OBEMORIRERE I, EREFEEEZED
EVEFEESE (BROE-528) &Lk, VER
FEHEOMEHZIE, FAS ORIz & D AEHEE
BEASMIINTHBD, ERBOMBHEICBNT

- HREFROE > OREMEL THEAERND S

277

T8 Wit /58 T L\PRF (Poly-Rubber Fiber) #;&%E
L7z .

125, HERERHTERT A S, (LS OmE
KILZEEESERE-FELAEDDTHS. Mk
OFEMRICEIDEVHEZRL, HRIN i
DEREWTT 2 2 EICEDEO IR F IR
EHDIERBENHZY | HESERBRILD
EfEsREEIY, HRTH5MEORE, HDNITRER
KRET DI ENTTRERINTNDEY



300

200 | | —*—:

T E(kN)

100

80
2547 ()
H-3 RMEEROWE - ZAEE

8000

mm)

<6000 |

4000

7

2000

i

BRI =RV F— (KN

P L2 ‘ _
0 20 40 60 80
25447 (mm)

-4 ZHEERORMBNTRILF— - BAERF
ZITI, BRINSEHOTEERENRTA—S
17, HBMRERRT LAMEN 5722 VEIRERED
AR R E B W B ERERETRY, WE -
TAASEEZREBLEY . R-3ICHBMERSE I LD

MRS EERT.

®-3i%, BMEHEBRNSBONREBEERDOM
B - BMEGRERYT. MhoRIL LR
LiaWwdAERETHD, £/, 10/, 20/&i3T
LMTHSAEN - FRfE OB EERL TS, KL
ToOR-4, ®-7, BLUOE-8FDAHADEKD ZN
LRETHS. B-3&0, HEBEGRILZAN
- VEIREME L, ERINLBENTLOERZ
HET 32 EiIck DD ARGE I U THIHIRIPEDS
<, ¥, HEBEESINBEREOEMICON
THERENKELI BB ENDNS. BB, E-3
IR LS, MEMERRT AT, BA0EM
BHETHEN—EETT A, JHUIREEEED
WA L BRIEDETICE 2 HDTHS. TORE,
TN OB ENE O EIEMCET 24, N

FRP ?EﬁﬁﬁﬁjA

001

295 (mm)

FRP

®-6 —ExREIEIiR AT O H I EREBRIRT

B SEER T ANERER & EDIELT D
DTHB. H-413, BREENIR)VF—  BRO
EiRERT. HESERRIAZHWEVEFEER
EIE, BT LOBEICHARTEBBRNT )L F =2
KEWV. ZOXDIC, MEMHEGRILMEIZAN
7= VEIRREMEL, NEREMETRKEREMRERE
NELEND L, WHORMEREEAD I EICKD
FEEOEMAREELRETED &, BRUEWEREM
BN TR F—REEEDI END, BEHIEEE
DREEEROMEHZEL TV 5.

3. ZEREEhEFEEXEDNPHIE

(1) BHIEFRER

a) SHEREIE
TEEITNEEEE AR T SHIMERER, BX
VEMEBEZOMBELT, (2. QFBHLEE

DEREL ] TORFERD SRIBEEEMENTIE
FRP, ASvEERM BN IR BMkMEHYE I LPREAYE
WTHD., FIT, —BEEXREEEREIL, R-51C
T3 & D ICFRPAFEL D 48R O IR AR A A TR T
PREMEIO VEIFEREZEE L LEEHEEREL
7z.

278



300

200 |

R E(kN)

100 F

; —o— FEFE104L +FRP |
| e Fek20t+RP

0 20 40

2E{i2m)
E-7 CBEEREEERONE - TR

60

10000
| H
Esmo_iﬂh%%w&+mw
£ | —8— FE32204L+FRP |
>
T 6000 |
¥
i.
4000 |
H
5
R 2000 |
B
0
0 20 40 60
2L (mm)
E-8 BRI REMTRT O RBER T X)L -
BB R

28, B-SIRINTNDEB TEITENER 7 M
THD, LETEEOHERBEORBEREICELD
ZTD. 2T, MROWMBEBOSLIIHER
PO EBERTH D, tBEEO FETEM
HEEREP M T AL ThE<ERMBB &N
TEDHDT, OB &EENTRESEET
NITHERBR LGB OTEIR-50 & 5> TH 5.

T, ZEBMERNBREEBON RS ENE
THEDICHNEMRERZTo72. H-6i3, FHAE
HMEBRORRERT. ERTIITLAT—FHERER

HEBWEHEHEEZ15m/nin& L, BIEEER,

ERHEEEREMNTHS.

b) HEE&ET

ERICHAW AR ETEER-5ICRY. #
HEOKEIE, BRETROSHINTNS LEIK
¥4 DL E R O/ X WHTE 2 HEICE & 100mm,
EX (BTE) 200mm& U7z, F7-, FRPOEMGIEE

(m)

I
JCCTZS

P2

<

-9 MRIrOXHKE LB RBIFERE

1K)

2]

0.5 X i it 0.5 X HiTht

F M F M M
szt TN kg

E-10 BHRELE X7 LORTETIV

L72BRDORBONFHEELRT 520, VERE
REE I & 0% BUE M58 o L DR 210,
BRUWITE LT,

(2) RBIEREER

H-7 KHE - ZNBOBBERYT. ®-3 ITRL
TVEIFRERBEBEEOBHERNE S LT3 &, FRP
EEBLUEVAFREREORIBMEIIRE 2o
T3, Zhid, BERERETLOER % FRP Y
HRTBEDEEZ NS, £-, MEREEN
10 O#EETIE, 250 25 50mm DESHELEAFIR T
BRENZIE—FTHB. Zd, VEFERESHE
ICHBREE EN TSN, &R, BFLTNVnS
HBLEIZONS. '

®-8 KRABMBERITFINF¥— ENROBFRETR
T, MR 10 OGRS TIE, BHEREERD
20 ORI ELB L TRBBEN T RN F - K E
W, ZhiZ, ERokSic, MERIEEN 10 ot
HATIE, BEBEORKREEOMRICE OMEMN
— BB INIEMNBEESEREI NS 2D THS
LEZONS.

EERERNS, “ERRIZNEHERIE, BIMEE
BTHD FRP ONRERMBEERTH DT
LOVEIREENSRHEAHELL, BEEHKT
LOFEEHELTIE 10 228 -T25008NTH
5. ;=L EBMMEEE T AERR-3 ITRLEM
BUSMAHETHZ EERNIRET 5.

279



ZF 7ty bEM
R R

Farolineal

XA

7ty M
-1 XAHOBITET IV

4. BHEIRRATIC K BRNROFER

(1) BRETIV
2) BRE2B AT A

B-51CR U 7z BRI AB E 4 B I L D B whsa
WEEHERT D720, SEEWEREHELE - AR
3 (MBEREH Yic#Ell, BHOEREME, &
& (BEE, 78D , BRUOZEBIIhBHEEED
BEANEEEZER L BN ERTETo /. K&
B3, BEsm, BEXUOBEMEAFROBAMICD
WTHEAMNTRETH D, MTidEEsm & BaE A
FEDEHEICDOWTERL 2. BWAHRORENTET
WV, T AEDEZFZELCTHO, LT, HEs
BT BITICDNTRT I & ET 5.

B ONSEE L EBRER-ITRT. ZOBRE,
SERERHEBICB N TERICE AT, BLOEH
EE RS 2 ) - BT R 3 D B ARG 5 AR T
EDOERITNERRT 5L RMELERE (LBFBREE
NEEEE) T, BHOBEISma > 7 U— M
&, BB —yY  HEBETHD. T, 20D
50 3ERM (B-9DWHETHENZHRS) ZHETO
& ELTE.

SR SRR D HUB IS B AT 21T D BRI, B,

ERREE, EHRE, BIUOZAREGSOHREERIIM
AT, BETHNOREEZERTINENDD. €
T, PEOMEVEBE, BITONRETSHE
BRICHEREOTRETOMERZER T I &K
ED, PORIEISTAM, BIUOPIEEXARMICZOE
BEABGADZ EE LT
EEBERS X T LA ET IV EE-10ICRY.
¥idh & ST A DRI IIMT B O E S BHEE O .00
SXERODPLETOESEZERL T, THTHICK
-MOEIBA Ty NEMEEE L.

280

Ken t

K7 e
g Iy
BER
Y
.................................... g

-3 7K 2 (nm)

P

B-12 BEEXRDBERE

//// fj;//'m$zmmm

E-13 AIEISA DKL D R R

b) LET - 51
THITOARMDO 1 BEHZOHERID,
3,400kN, HBHII%ET 2 B CTER%EL LIZEREE
OEHaA U —RNEHTH . LT, BLTE
MO ET VI FEEHRET I EL, #FEHEEMN
SEREOXEEZ25.0n, P6SPIETOEEM
OB X %2P6H 5 JEIC19.94m, 20.52m, 20.07m,
20. 14nICREL /. 2B, ARITOBEEREIT

210kN/mm® % i U 7=,

TS EFIEOEREESNIRE S,
1.80"% , IXROEBMEIIFIERMED]. 2654 % OEME
HEBREETBEENTYZTHETIIY GEfT
B BRBORMENO0) L7~ FIEMEE, FH
BOBREHE EEIKN) iEIERD LS
BEELE.

KRES KN A

W =Wt - L o))
= 1, 400kN
W : 1 EREH0OFERE (KN

Wt : BIEXH0FIEKE (5. 6kN/m)

L :%ME (25.0m)
a7y — hEHOEMETIVIE, #EFE—
AT b - HIRERICBNT, OUEIN, FERE&HRE



#-4 WROFHE

%5 TERREERBEREO S FRMEE

e B2 i & A TR
(kN/m) (kN + m/rad) k, | FRROMIE 78.5 MN/m
224, 000 62, 200, 000 k, | BEGMERIR T L DB L BITE 1.8 MN/m
k, | BUERRAERETR T 1 D5 2 I 2.0 WN/m
R, BRUBAHEOEEEZER N Y 7Hog |k [ WERNEORIME 1, 030. 0 MN/m
BiRE T SREETNEL, EHABORGD | R 3923 kN .
et s i ) , | BB T L EFARTE | 196.1 KN
I L, BOEREY SRR - RS (Tma 5, | FHBIGIIBER (EEM) 0.000 m
B YA ZoREEER L. B, BEEK EBBIRSAIB N (I EHH) 0.028 m
21, 0.05%FVE, 5, | FRPRAITZEL (B W) 0.005 m
0 T FRPEEITZELT (AT BHM) 0.033 m
BEXROKTHATAORESRE, B12p O | ZEHRE OB 0200 m
XOREELE. bbb, BEXALNBRENIC
U BIZBINAME T L, R 1S 0 SR KER
BE5. 2B, HHEM, SKOWEOEEEI, B A
EXROWERIERNEERTEHOELE. &
RR, BEORBSIITIRID NS, WEHS 2 — Pa { ...............
ST-10A (BMEEFC25) DRBRMEEMER L. BEEIRK ' .
IZDWTIE, XHR15) HSERM O &K RED k,
SOBBEREIC.20MEMFA L. roxg e P,
LEBRTIE, BEX&IZ1XASED ALRES ky
NTWa. LEAoT, R 1ESOERIE, R
) DEIRLTHEEINS. <"i’/l ..........................
F=4 - N, @ o 0, 6:  Awmar
=120kN

iz,

F:XR1EHEDDOEEN kN

w o FEERE (0.2)

Ny XARL1EHZDDOFHE LI TER (600kN)
BB, XRIEHFDOPHLEEITEREN,
(600kN) %, S RRMER (3,400kN) LHHEHEER
(1, 400kN) DMSEEE (4, 800KN) 2 [ & BT EhR)
IT&« 4K, G SEBRBINEIRTIZHIND
ELTHEEINTWS.

DEIZ, AEZROMKERETROBERE,
E-130 &I, BEBHIGELEBEINTUZTE

FNTREEH< bOEFE UL, ZBICERIN

T RIS OB B HREBES 2N &M 5 F]
MERETFIVICEEB NI DA EERLZETINEL
7o, BEREHZKIZOVWTHE, BEXREREIC 20
BEERALEZ. MTONSELAERTIR, UH%
AT 1IZEPEZDARBBEINTNS, LEaNoT
XA 1S OBEBNITEEREFRICI20kNTH
3. T, BEAVBERALIICDZEMMEIZ, B
BOWEY 285 KRB0 ORI 212, 2MN/n
ELTHEHLTWS.

- 281

M-14 ZERMIIRBHEEROKFETRDET IV

KFH
!
Rv
i
ol
A et .
C .-” §
',r"') /T
",/ , ]
Vi AL
B Q, v
F{///] """ /4 mﬂ@mp
6 P E L NDI K H KIS

B-15 —EXREIEHBHTER OKEIEROMERME

d) bR

=V RS, KEEEED 2 HROERER
TEFIMEL . 8B, HEHFMICDOVWTIEBIEHKE
ELTz. BEEOWANEHOMWHELD+IRENE
ZZ5NZ0THRIENIZ, KE, BITEEOH
AEmEbEEE Lk, R-4IURTHIBROETRMER,



7K 2L (m)
&

—WEBLERAL
o 08 | —mpr i T ER Y
—— BISRNEORER

0 5 10 15

20 25 30 35

B (sec)
BE-16 S VER LI T OREZIBEK AL (P71 & 32 M)

XENICEDHEEEIN-bDTHS. b, BEFE
B30, 102 H W=,

e) BRI hiBE RS

ZEEIINRITEEOET HHMIR, 3. 2K
RBEIEREFRBRONPHM] TR BAIRRTER
Mo/ONLHE - ZBAEGFEERIC, FRP, BLU
HiE M mhsh o L ORI E BT IGAML T, H-14
DESIEFMELI-. ZOEFINOEZALIZ, 5
¥ DFRP D IH £ TIZFRP OB (k ) THE B 240

HL, FRPOBEIBIZIING X N/-BUB B MeahsE T 4

ORIk, EEBTIRNE—2HRNTEIEND

HOTHD. FHIFLARIL, BUBGHERS T L IcH

RAENTBHENBEEL TWAOT, £ITL0M0M

(k) EERTIRINE—2HINT .

H-15tF, TERBIERBEEEORBEREERL

TWa, ZIT, BEEAZDEOLS TH 5.
D—EREERRLEE, BRWUBEIP-Q—
GOIN— &= ES.

DEMHER (6,) IELEBEEIRAIERMED
C'»R'=S ¥/ iRG->T'>U'DI— L%/
E5.

DEF,LM, 1 JO&IN— MNIBBRAZONEE
ETHD, F.M, ] OERIIEERAEMAT
HBC,GOEEEHET.
CTEEIINREEBEO NSRRI, MRERD

MEIERICEDE, R-S5OIDICEDE. P, &

BEOEBRBME (6) 13, BEZRMT0mm, =TH

FARMNTERICRE L TH2KEEERO—H T

BRICHELC8m& Lz, EBEOEBREME(6,)

DESEV, BEM, aTBilo 6 ERRLZ- Ty

5, IIT, MAOMKREL TWEIEEBLERT

(BN OMEEEOEEN NI AZ NI EMN

HEINEDIEMS, ZEBRETRHERHEREOE %
2000mICERELTHBY, D=0, EBOEMHIRE
g (6, iZ200mELTWS, k7=, B-5ICRLE

BROFEE (WTE) 13, BRGSO LBRNTL
DINZWHTZESTAIZ200mmE L TWBMN, TITiR
400mn EABEL TV S, Lo T, R-5DOFMIME:
il (k, Ky, ky) 1, B-7ICR U 7= Z B B0 AR il 4%
BOWME - BOIEGRH SBRE X N2 HTET VbR
DERMEZ 2B LEETHS. A, B-105,

FRP DM, B ORTFEE (196KN) S35 il 107 i i
(1E0.2n X £ 0. 20) IZMEMT 205 DM AN
(0.005m) M5, 980, 000kN/m¥/mEIiEIns. T
Oz, WEEE/EMELTRINTHO, ¥iM
OMWHBINETALLTH—ETHD. Ktk %
40cn & L /=35 & OFRP O |t 413, ke D 3 A i
(980, 000KN/m*/m) IZ¥&FOIRAEHHT (WI0. 2m X L
X0.4m) %FEL, R-5SOEMEM (k : 78.5MN/m) A%
HEIND. KAHEREME (K )ITXHEITD 2851

oA EREE 1 TS EORNBERIEDLLE 118
EELT, Hilltk2%EHIEERORIIERTHRL
TfEzHWE.

(2) BFAEBIUANBEER)

T, MEOIERL 2 E R L 7= R RIS A
#r (TDAPII'® @A) THS. HMIFIQHICIZZa—
T—U Bk (B=1/4) ZAW. £/, BRI
0.001s, wREEWE, X (3) (TR EFRMINE b4 B
BElLZ.

y 2h;
C=2—J~K1 ®
1= wl

C ®WEYMUIA
K, :ERBIMET SR
h, BEROBMEEXK
w, : 1XROBEHMIRBEK (rad/s)
w=2xf, [ 1REFRHK H)
DEIC, MRERLEHH SO FERRICHETE,

282



1.2 T T T
e | 5 7 7 BE D P20
L i
—— BT AR TS E
~0.8 -
Z
=
ﬁoe
s 1
o4 %
0.2 (
0 J”’“HTMI]
0 0.025 0.05 0075 0.1

A IEZEL(m)

BE-17 BEHLEE 1 ESHZVITERTS
RS - BB (P ESTRAD

- M::l;~1:;
_1 -
Z
s
R -2
B
{,
-3
— B R A EOHAET]
—— BRI AR A A
|, = oBmanmii;
-0.25 -0.2 -0.15 -0.1 -0.05 0
KA (m)

R-18 HEMEBILER 1 D 0IERTS
KFEH - BATBE (PTRTESTARMD

A OBEA BN S EE SRR - M
(EEREt) YICERLAEEL . OB, i
K3 R OERICED 64 - HEEI . £
T, ANHEENICAHARITIIS Lz 2 EBE & L,
N EBECFFICER I B,
BRSBTS, B ILEEERE LRV
&, HEHIEEES L TEMINBEHEEEA N
72w, FREE, HEREORIKGR I RET 55E,
BEUOZEREIXRRE B 2 O TRHRR 1B~ O
BN RS EIEEOH I DOBEIIDONTE
sl 7=,

Q) BIFEREEE |

A HERRIS BRI 5 DRE T & AT T B T &
5, CBREIZREIEEE 1 TABED ARRET
550 &L UTIZ, e Lk 3RMOPHEE
BITH BPTEMICE E LM i R 2R T

80

——— AR AL Y 2L
—— ZBRIIRR eI R R
40 —— WG HED 2

87 —A MMN - m)
(=

-40 '671

-0.003 -0.002 -0.001 0
#h3(1/m)

®-19 PTHEMMEIRENTE— A > b - dhERBEGR

0.001

H-1612, BEEZAMOEMSENIERNE TDOKFE
B ERLUEHOTH Y, P1, PSMOH OBEISR
EfhERYT. TIT, BHEHERME TOKEEM
i, WMAEBTOBEARAEEMTHD, E-10
IR TEDICBHRIBOKEEMNEEATNS, £
7z, BHOR-17, BLURE-18IIRINTNSKE
L&, HBHIEEE-EIERATHKERNCEK
NETHEEMERKREERMNERLTWS. BERIL
EBNREINLVWEETH, A0/, ThbBP8K
BHCEBRARINEAEOBMNFREL, XRMOPITITK
STHIO. MOBPBEMBEL TS, i, i
BTULERETHS., EEHILEREL THIKRRA
BAREBETHES, BLXUZERMBIIOEBHEREZH
WEBE, EHIZEMIIEXR. MEEIIMA SN,
BREAMITEU TR,

®-17, BLURE-1812, &4, BEEZAM, wIH)
FERMOEEHIEEE 1 EH7-0ICERTBHAE
71 KRN DBEFRERL TS,

K-17& Y0, BEXZRMTEIAERHEDOHDE
&, INULEDOKEANFEEL TNBOIHMLT,
TEMIIRBEHEEEHWEEE, KENTIBEKT
0.40MNTH D, AIKR IBEDHADEEDEHLTIC
BAOLTWS., E£7z, BAKFEEMIZ0.0BET
H0, MEL-ZEBEIINBHEEDHEIMISEE
STWBEMHIRME (6,0.2m) ITPRE>TWVWS.

E-18%L VD, WM TIERAIEK DA D
£ T3.5MN, ZEMIIRBEEREE AVWEBE T,
B K LA A B P XA AR 0 25 1 D A AL il FR(E
(8,20.9m) IET DI EITL D2 IMNDKTEHH
ELTVS., XERFHEREDRBRDHOD, B
BHhBEHEDRICE D KREERICHNSZIT5%
BRI BOKENZINZDEREINTNS

B-194d, PHSHIEROMIFE—A > b - #RO



BIfRERL TS, HEBIILEREZZELRVWES
TIE, BHMESOBEEIIIZIERRSMMEICEEE
2TV, ZNE, ZROBEICXDHENETL
Ik LT OEEABBEHICEES NN S
THD. —F, ZEEBIXNBEEEZHNTHER
NEENDE RN ZBEHFIVDEE, BHETORK
INEHEL, BIARNEEZZRET2HEOENICH
NTHR%EREENT NS,

INETIRNREBRLEBIT O RN S, ZE
PRI E 2 W BB L EE, HTOKFE
LR EFREOBBHRICHNA DD IR F—RINEE
X OMDSDIERNZEREL, FRIC, fHHEEL
DML ZMHI T Z ENTRETH B 2 ENRER S
e,

5. BRIEFRERICKHKREL

(1)
a)

IR ARER
REREE
M4. BRIBINICKDNROMER TIRELZH
4D ZEBITNBHELEEOWE - BAET IV,
B TR EROBRICE DV TEREN TN S.
—75, HUERHC ERMEIXNEHEEEN TN SZITS
MIFERAEATHY, TOXIBRAMERALES
A, BBEONZERENENEAOBEICH L TRER
BIEDEZIOLND. TIT, GEEHERIZED
TERREIINRBEEE O S EOREREFEICDON
THRE LTz,

EHEAERIT, E-201CR T KR O E R
ERERWEBEEFERA LR 2B, E70F2
I—¥—iEMINZEERICHL, NFAT
F o T—F —OMEMRK/NIV T OB EEE 23— K
FIETHRGT A EICELD, AT LEZRAKS
1,000kNET, H&K4.00/sDES T150mnfF L HT
EINAIEETH D, 7adh, FHBREBEICHEHINTY
50— RV OEEREEIISKHZ TH 5.

EBTIL, WAEEZ0.1n/s, BLUR2.0n/s&L
/=, TIT, ®WEAREEED. 0n/sid, FHEE - REOM#
BROMBEREEZECETAMEYESEICLE. £
7o, TATEEE. In/siE, HEEAKEBH TOMWE - &
MBRERNTEHZDICRELZDDTH S,
2 bO—Z 3HNBEREROBRZEIC80mE L,
B — AR R U T 2 [ERR U CEME AT L 7.

SHEERE, L—¥—RKENMF GRIEHE : 200
~400mm, 43f#AE : 50 um, SEFHME : 916Hz) ITK B
AL E, PLAo—KE) (B :
1,000kN) ICKBRMETHS. 2B, FFEIICBITS

V— XA

l

l—— W L

/‘\/

< 1000kN— F&)l

AR
/

Rk

BENY R

BE-20 AT AR ER

H 7 2RI, 0.000068 & L.
b) HEEHET

BrEiRIS, B-512RT K D12, FRPAMERD AR ICHE
[EREHERR TR O A 2 NTE S B 7 R 1T NB M E T
HB. ZEEIEREEEEROMRMAKIL, ERICHER
SNZEBLFRBEOREITHY, VEREHE
WHEmm I LoD~ EE, &3100m, £X (F-51C
BIFB8TEHE) 200mnTHS.

) RRERIER

H-2113, ZEXEIZRBEEEOMLLREA (1=
Bfk®) , BLXUO2EEBHR»SBELSNZHE - &
IREfRZ BRI ERE R EM L TRLAZH DT
H5.

AT ERATIZ BT B B BRI AR 1 55 B OFRP D
BREL, HBAVHATTIZ23TKN, WA M0, 1n/s,
2.0m/s TIEZFNZT41246kN, 250kNTHB. FRPODH
B EIIRAEENENT S EREL DB HERAICH
B, TOEMBIINIBICELEES

—J5, FRPASREHE U 7214 O i s i far R D fif B 1
BB OMBEIZLERTEDNT NEERL T
5. i, FREAVERRVERTTRFICIZ U AMERYIC ISR
THDICKHL, SEHAETIIRENICHEST S
BDEEZOND. BARNImMERIDS &, EiERK
MR ER, HHBREFRORELZDAREIRD
IR, EEEERICIEILAICHEEL TERINE
TEHE DRE TSR EIT LR T LA DREBIED &,
BIEDEMC LD HEN LR TEH-HEEZSND
CEREIERBEEE IR UERET o2 2 EE#K
#WTIE, 1EBEMAICE > TFRPAERICHIESIN,
F7-, WEGHERRDLOEBRMHD TITRITH
BLTWS., ZO#E, 2EBHATIE, RILD
BN TER &7 0, BRAYHAT IR I B T m i
RTIITLBHEN 2 BREETRELR>TWDS L



1000 i — 1000 ——r—— :
BT RR | T PRemasR
A BERAOC.1m/s)
800 B0 /) 800 | —— w2 om/e) |~
—— BRI 2.0m/5) i iy |
= — s il r - ; : 1,
Z 600 _ Z 600 ——ff
g P\ i /{
& 400 v A’ i 400 / /
|
200 f ‘ 200 /“/
- |
/ » | el
0 0 .,Q_J_a?"’;’
0 20 40 60 80 100 00 20 40 60 80 100
AL (mm) AL (mm)
(a) ALz T (b) 2 5 B #iF
B-21 Ry O " BEBISRIB ISR ONE - B ER
e
40 I ) 40 | ;
—— O . i |
I ROLH0.1m/5) // = —— T
=30 | — TR (2.0m/ s) Z 30 [ e B ERATO.1m/ 5)
S L & —— WA 2.0m/s)
. /// J —
320 v = 20
X X
g / i
@10 _,-/’ %E 10 —
B B ,/////
0 0 e |
0 25 50 75 100 25 50 75 100
2L (mm) AL (mm)
(a) WAy (b) 2 [EIEH&®HF
[-22 EBHBHFO ZBREITRBTHERORRMBEN TR F— - RAEF.
ZAo5N3%. () BEAHRERR

BE-2213, BRI REEHEEORBEIT I
F—FRLTWS. ®¥F, BREERERTICHNWED
BEINBHEBOWE - ELOBKIERET I

EOEZRFINDRPBNE XN F—-2HETRL -

TW3, @hs, BREENRTRIVF—IT, LHs
B BW TR EEOBVIC L 22T EALER
Do, EEL, 2EBRFEHICBNTR, &
SERTTE O A A TRATRE & 0 BRI T 3L F—
WMAREN. .

ERERN S, BHSERITICEVAE BTN
BHEROWE - LTI, BBOATIIR
NE— R 2 BKICHET 2 b O TIRAL, &
EFIILIFEZ LR BOTHBEELLSND,

285

a) RERWME

TR RBE B AR R I 5 2T
HETRE L OEEEIRIT, Z2ERMEREEMRIC
LRI AT L DRI N, 2 TE,
CTEMISRNBEHEEOFIEEERNICHER TS
¥, BENFRERETL, FEEROHNFEHNED
IZDOWTHKRETT 5.

FEERITIE, B-2310RT B K2R O i 5
EREBEFEMALL. XEEBR, BXEGRAN
30. 0kN, B AV T &2%28n, SAMZeEEEZ24n/s
OUEEEZET S, AERTIE, BEEERE30.0kKNE
L, FIE0H FEIhoBEEZHABTIES &
Ik 0 BEREICHR A EER EE .

HHEIERIE, L—Y—RKEMEHC K DR KR



x-6 FEXFHERROANZEHS
ANIXNF— | BEOE T &iE TR
(kN - m) (m) (n/s)
15.0 0.5 3.13
30.0 1.0 113
45.0 1:9 5.42
]
| .
_— st
HEHE(30kN)
iR
*r ‘////// it
e
1 |
' L L— TR
PP ES
* Y
T = )

H-23 HEAFEERRETH

frfk, O— REINICKBEAETHRICIERTH/E,
BIOESRICHE D (T 72 IR FHT & 2 EEENHE
Thbd. 7B, sHlicBFs Y7 > JRRERRE
1%, 0.0001% &L 7.

ARG, BREERERICEDERELE.
Thabb, B-211TRT LI, FRAYBRTTERE TILFRP
DOBIBEICETBZ IR F M. 0kN-nTHD, £
7z, B-22i2R9 &5, &E (E(180mm) KX T
DORFEFRNTFRIIF—IF, #930.0kN-nTHSB. £
T, REBOBRBERNTZRIF—2EEIC, ANT
% F —%15kN-m, 30kN-m, 3BILN45kN-noD 3 FELE &
L. ZOEEQOANEE FETESE, BIUHS
HE) 2R-61RT. 1P, “EEIREEEEE
DDz, MEBEEFCHFEEEZD DRI
LR EMERIC, ANZRINF—215kN-n&L T
EREITO .

b) HEEFET

R, SEWAmERICHERL AEFAEKEAD
HTEETH BMITNEEEE, BICRILRE
EEEO 2BEE L.

286

1600
1400
1200
1000

(o]
(=3
=

W) (N)
g

NN
o
o

200

N

0

0.02 0.04 0.06 0.08
B (s)
(a) % T 0. 5m

0.1

1600

1400
. 1200
1000
R 800
600
400
200

h
&

T

B

0 0.02 0.04 0.06 0.08
REfE (s)

(b)%ETEE1.0n

0.1

0.02 0.04 0.06 0.08 0.1

R (s)
()EFES1.5n

E-24 YESEARMEIRER TO_BERITNRTEE
BT - BrEBER

) REBRERIER
K-2413, “BERIZRBEEBEOEEE THI O
BOCE2EENORERZRLBTRLEDD
THD. WINOETFEIOHED, WEHOME
R0, 06 E L&,

®-251%, EEEY T & A%0. sn TR — DA &M
ThHHEO_BERITNBEER AT LARERE
OFEREHOBZABEEF L TRLTWS. B-25&



1600 — —
2ERPE/ S AARETR (H=0.5m)
1400 e = 5 QHR TR (H=0.51m) |
1200 | L e
1000 :
800
600 |11~
400
200

0

#%H (kN)

0 0025 0.05
B (s)

[®-25 RS - FFRBIR O LB

D, B LABEEEOHERNIZHKRTI, 400kNIZE
LTWADICRLT, —EBIREHEEETIZ
480KNT S D & N MM X ETEREN TN S,
i, ZEMITRRIEEI T ARE B
NT, iR 5 OMSEREAK. SERE E THmYT
BIECEAL TS EEXSNS.
EREXIREROERENS, BBITRIEEH SR
BB L EBDY Y YA I BB FHRAD
ERRNKEZNT ORI N

0.075 0.1

ZEREERREEA TR OEMEN LR %
ZRL, AREICLDMBMEIRE ERBHMR
FICKORE L7, iz, RBOAZMEZBHEET
ERICEORIL . XA THESN=ERFIRE
EEDBEUTOEDTHS.

() ZBBEREMREL, BIRHEER TH BFRP
DONBREFMEBRRTHHMEMETLOVE
RERDPSBRBEEMELL, BEM#ET LD

BESRELTIRINEERELTZ2ONELTHS.

L, RBMHETE T AL, R-3ICTRLAEM
B EETH L RRRET .

(2) ZRMERBEENRETIHNEERFN S,
TEEREIIRR I B O EMms R MR I N
o Thhbb, ZEMIERBHEEERNE
¥EBG L3 1, HIOKEEMEFTEOBRHERIC
MA DD LRI F—RILHFEIT L D HTM S DIE
AHEERBL, REC, BEEROMMEL %
HITBZENTETHS.

(3) BEMETERN S, BAYISERTICRA VLB
BB HEROWNE - BAEFI OZYE M

MEFE 7=,

(4) EERFIRERN S, TEEITNEEEE I
BRENMEE<< TS EICK VTR EER
TRNRMNKEL, FBHLBEOS T U1
AT LTETH D Z L5 E N

I AWEO—RE L TER L HBHLEBOD
BRBEHERTIE, BHHRER - BIIERRR, X
BRAUER, 725 NCRRKERELRESE - @
FEERICHERIPHEE THAZERML L. £,
RS ERTTIE () BEEFHEOH L BFE
IZHhENEEWE, TIICRLTHEERT 5.

BEVH

1) BB, fmIET : $HEBERBMOM K &S
o, RSB EERE, pp. 165-167, 1996. 8.

2)  ©IRFE. ITEBBGA, TLER, SHEHER R -
KEABRIZB BB HIRHRZRE (2—) O
WEE G, BERBEWM, No.9, pp.12-15, 1996.9.

3) SBEREEINITERE  XRBOMBHEBREFOE
Bl&, Whk4:, 1996.3.

4)  BENFEE, MHEE . EREONKEE L OER
AT LDGEDSF, HBREER, pp. 163-164,
1996. 8.

5 {FEEEL, ANER, MEBEX, GNER, HhEH
&, AEFER . A TOEBBICBT3%GH 1L
ATLDKE - BT, BREEB, pp.45-50,
1999. 4.

O BB, ET ¥ BREEHEEBLS AT A

& BHMERORBOERDE, TAELRE,
%612%/1—46, pp. 129-142, 1999.1.

T ME B BRI, SR IR ¥R
T AR ORI B & ETHERE, TARERBX
£, #6125/ 1-46, pp.239-249, 1999.1.

8 HEEE, ®EFE, GIEE, EBEE K
BE T AR & A 2 R RERE L M IR DB 0 B
SUBMSEREICHT 2 ERNER, tAYLH
N, $5985/1-44, pp.333-346, 1998.7.

) ERAKEREE SoERSRINITRIE | SN
W R - FME (RERS , LE,
pp. 193-203, 1999.10.

10) FRE i ATHEWHG, SIMEA, GUEESL, EBE
B, EARE : 2 BRI EIEE LB
B2 BT ORGP, 53 EITEAS - WiEE
W BRI 3 2 2R U ARSI,
tA%S, pp.§1-86, 1999.7.

1) BALE REEE, &/ER, BEIETH: %G
Bk R 5 L BB EM & L TORBBMERER T L0
BRI BT B EEBRBTIE, M B E,

287



12)

13)

14)

15)

Vol.46A, pp. 1865-1874, 2000. 3.

FIHEZER, EARSE, NOEM : PREFEEEH,
it 22 TR, 2B18, pp.G-106, 1999.5.

BE W, EBIEE . JLABEME R WEEGHLE
EROEBRHMABLCEBHIL AT LOBTH
B, 252 ERERARSE - MRS - MR EN IR
TBY ORI LMBFRE, TAR¥ES, pp. 49-55,
1998. 7.

fhEy TR SREEEE S X T L ORI RS
W, B2 EEAREEENES ORI D L, @EMRE
B8, pp. 14-21, 1998.1.

EREGERES GELEHNPIERE @ SaEh
EYEEREHEYE - FMAEH (8 - ARMEY SIM{
HR) . HE, p.38, 2000.7.

16)

1n

18)

19)

HOMIES, = ATIE : ZRMMBROM GBI
EZDRLEICET B, EH4E LA HERGEW
RSB, 1-B168, 1999.9.
[ R HGE M B B SRR ¢ ¥ o — OISR, M
EPERETFEEE, No.59, pp.4-10, 1979.9.
BAEFR R &tk 0 TOAP I BUGH BRI,
1995.12.
FRHMT, REEZE  EHOGBRIZBIT A
BM OMREREICBIT 245k, B 3 EHLEIRERAT
HHEICE T BROMWIMBRFICETE L PRy
LGRERSCEE, pp. 209-214, 1999.12.

(2001.2.9% %)

SEISMIC RETROFIT EFFECT BY A BRIDGE RESTRAINER
WITH ENERGY ABSORPTION

Kiyomitsu MURATA, Tomohiro TAKAYAMA, Takashi GOTOH,
Masato YAMADA, Nobuyasu IKOMA and Toru UKISHIMA

Bridge restraint countermeasures have been taken against large-scale earthquakes for existing railway
bridges after 1995 HYOGO-KEN NANBU EARTHQUAKE. On the other hand, the restrictions of space to set

up bridge restrainers or to reinforce bridges are so severe that many bridges yet remain to be retrofitted. In this

background, authors devised a new type of down-sized bridge restrainer that has the ability to absorb seismic

energy. This paper describes the seismic retrofit effect of a newly-developed bridge restrainer with energy

absorption through the non-linear dynamic response analysis in regard to a model of multi-span viaduct system.

The validity of analytical model for this device is also verified by dynamic loading tests using models of bridge

restrainers.
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