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Eigenvalue analysis of bridge girder with seismic isolation bearings

GHEREF FAT*, /AR fRE*

Kazuyuki Izuno, Hiroshi Kobayashi
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This paper discusses the natural vibration mode of a bridge girder with seismic isolation

bearings. Initially, the frequency equation of a beam supported with elastic springs was solved.

Then, the effect of the vertical and rotational spring constants of the supports on the natural

frequency of the beam was evaluated. The results showed that the vertical stiffness of the

bearings has little effect on the natural frequency of the beam if they are of adequate stiffness

for use as usual bridge bearings. However, too soft bearings cause a considerable reduction in

the natural frequency. Furthermore, the effect of the rotational spring is negligible.
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y =CjcoshAx + CysinhAx + C3cos Ax + CysinAx (1)
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+{cos(AL) — ap(AL)sin(AL)}C, =0

&)

{cosh(AL) — &, (ALY’ sinh(AL)}C,
+{sinh(1L) — a, (ALY’ cosh(AL)}C,
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Ty =0 THE, TWEHEK O ORIEEERL 725, BIEHER
B LIRENEK O TH AN, b THrTHEEZECE
RXFENEREORSDEE X LHE, HFEEEOES
BE L v &< 2B, BlxiE, RO RREESR
FROBERGEL, BEEGRCETIHO L LHEE
BT ALDf BPRATREIN, r<fy THD.

_5 [

fa= 2 (112)
fr =Ll (11b)
¥4 m

H-13 0 L,=30m B L UOE-14 D L,=33m ORI
BE L OERRTIE, XAMEAE LH=30MN/m +iFT
R 1 RIEE; T — P LWRFF 1 RKIRENE— FOIRBIEZ D
KABHEL L, FRLLED pioxt LT, 3R 1 RIES)
T— FRRERORBT— L. XREBT2HK
NPETREEBPRN TN S.

L/ Li=12 A EDOE-15~16 TiX, RPICHFHIREE—
RBBENRWEESFEET 2. BRERFEXL

det(A)=0 (13)

LELESS, EXOEIRMOERL DEizL-~TE
DESTERTENEE-1T 2Rt ZORIE, FHRR
23 Ly=45m OFCTH BB, KUV SL21 OfE (i
A0 EARDR) B, SHEAME 4~15MN/m TIXZD S
FORETIREETSHHE, b= 14MN/m Tix 1 AL
FELRWV. Z0X5, SHERE LOEICL>TZD
ROHFE CROBMBRLRDZ LD, H-15~16 THEE
— FRBENRWEEROFEICORPB > TS,

INEEREE— FETRLEONE-18 THS. 2
T & LT, L=45m, K=10MN/m OIFEDE— K
2RT. REREEE— FESIE-18(a) O 1 kiR
BE— K, RBE-18(b) Ot 2 RIBBIE— F &2 3.
XFR 1 RIEEHE— FBAET B k=30MN/m LA EOFER
T, FRANAVE LARWIEEZ0BEEREBKII/ DX
VW, —F, B REST— FOBFIRSIL, L
HEYREBINT, E-13~16 Z#BL T 3.5~3.8Hz & iF
ERLCTHS., E-156~16 TiX, SHERE b % 0B K
EFLLTWL &, HFR 1 RIEEIT— RBEL D b OEIIC
BT, RIEBERBYPOEEE— AR 1 R bxt
1k~ LERTS.

2B, TRHEEERFRABOREST— FEOELS,
X 1 RIREE— FRRNRWEKOTFEL V5 BRI,
VR SRE R &y 2 30MN/m LA F O ERMESEIR T4 T
T3, FFRETRELERIZBNTE, —BICAWVWD
N3 I AEKED k=500~1000 MN/m & W HEEIRT, Z D
E I RBBRITE LR T,

3.4 BHRRIEORE

HEOHER LY, REDLIKOEGHIEREF RS
WEZZEEBIPIINWIERELZLNS. LL, HE
R TIY, HMHTZER L CERBERfTICL, Thi
TAXATEXZATHERAVDLONEZZEBHE . — o
BE, MESLEBH LBV TIRXARE 2515V,
XATOEGHIMEE P2 RKELS 2B EBELLNS.
SERIATIADHRARLEBTIE, TAXRIZTSZ
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(2) SRERITE k,=500MN/m
4
6.0 |-
E 50 |
>
§ 40 |
g
= 3.0
B
2 20 [ BRIFIR| -
Z ‘o — xR
e MR I
00 s el Lt el g
10° 10’ 10? 10° 10*

Rot. Stiffness (MN.m/rad)
(b) SRIERIME ky=co

E-19 E&ERI%E & BAIREK

B-20 2 OB TR OEMiREBEIXR~DEBER

LIZX o THERMERET LEFRGBEL/ET T 88
&, HEBB 2B DT LT L o TEEMMESSEI L T
BHEREESE RI2EEBLOEBIEZLND.
FoTZZTIE, E-9DEFAZEBNT, 3 DOBH
HiBRERINTEHBESEZHEL, PAZXAOLBORBNT
BRI REBRELTCETORBRL DL & Lz, XK
BB 15 & 2B MEO L @O EEGRIMITEEN SN
Ziz¥ual L.

G2 RERR (L=L=L;=30m) OERZHE-19 =R
7. B-19(a) BEEMIMEE S00MN/m & Li=H4E,

-19(b) IZSAEMIME % B K & LI-BA T, ThEhEE
AitE 2 5eh sl & LCEAESHBERRTLELD
Ths. BElAEELZERKICTS L, HERMESLERK
DHBEIT, —HREEMBEMZRO 4.7Hz B X OFEHE
FED 6.8Hz IZURHT 5. ‘

T, B-19@ EE-19b) 2T 5 &, FLAYE
BN ERb5. B-13 OEEAMEN Y o DigedT
b, SRERMEN S00MN/m Ll ECRIERREEIEEA
EBLiehroeh, B2 ELSIEREAIEBT
DEEL/PIWV.

RICEBMOEERE DR ELY B2 &, EERHEN 100
MN-m/rad <HWETH, BREEBEIELET;, Th
BEiZZzn@mML T3, fiETHRLEY, To%
AOEGEANEIIRE THHE MNmirad 2 E X bh 3
DT, XARB 1FIOFEITIE, EREOTBIZAILE
15 FAXARORERMPEFREST— NCEXRE
HERLTLIWEWIBRETHS. XERE2FIEBL
T EENER LEREIE, B-20 ok dic, kRX0B
BREYEMARERMELHE L TRFNTISLERD S Y.

e2

Bl % T, SAEMIME L=1GN/m OX&% Im B L CHRE
Li=iéd, Sz EERMEER14)E Y S00MN-m/rad &
725 . [EEEIPED S00MN-m/rad DIEA L ¥ oD L %
kg B e, 1R E— FT10%, HFnE1ke—F
T 3%, AH2KE— R TI%DENEL TS, #BIND
EAVWREREHHOBARBE— FRXEV. ¥z, 3t
1 REFREHE— FICIiZ 10BEREL 5250, %
OHMOREE — FIZIXEERDPRVWELE LS.

4. BbYic

ABRTIE, BB LK CHEIG SN HEBMR
BIUOZREERZOBESESFERN 2BV CEEEREN
TV, BEIAOHERAMER & OEEEME S EE IR
WWRIETHEEBIZOWTERLE., EBIXANSHRET L
XEANEE LB AIHOBERBENRELT S L, &
BECHARER CRRM BREDORBICHEL RIFT
TEREBEROND. £, BI~ORBEERMEICLE
B HAREERDHD.

AR T, HRIESEMAESHEZVEERZ—ELT
378, EBRIESEERTICRAATA—F2MHEL
LTETWER, KENRERZOMDICIIEDE LS
Zbnd. BB, AFETRIXAROKERMEOKBITE
2T, ZREIBHE2EDEBREBREEL T
niE, Ritk~ bY v 7 A TAFEIEREHNE - BERiTRIT
HELRWEDTHD. BREGREE X, BHEAS
HMOREBPHOR LIRS L HbE, ZhaThiRF%
TOZEBEEHOBETHD.
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AMETHLNEZERFERIIUTORY TH 5.

1) TAXAOHERERH ZBRESTHIE (RFRO
) CiX 500 MN/m 2L E, $BRIT/ 3T A —F =8.76 X
104 BUF), €BREAEZBAVWEHTOBEEFIRES & ik
LB EOBNI/NE Y, #iZ, HRERESD SR
ELo/AEL (BHEOH T 200MN/m BL T, ik
FERT A—F oy=2.19X 107 LU k) Y, BERE
BiiasizETT5.

2) HMEMBICBIT 3T AXAROEEGRIMES, Hiokb
LEAESICRETEEI IS

3) XAMERESERBROBERBRICEXD2EE
X, ERARAVORIBEREL, T, BRESE—
Rig&R&EW.

4) TEREERE T, ERFEZLY b, ZABERME
BHOBEFRSRICE 2 AHEN IV, Fh, B
EER L FAE, IAREAMES S 2 22813, BR
REIE— FL Y bEKIREPE— FTREW.

5) REARVEZETHZEMERR TIX, LXK
DHREREOCEWVIZL - T, BFEREEE— MRS
BT REEEDY, TR TEERBENE
BB ENhB.

6) XABREPBE LT THMBLZER L CERRICLE
BERY, THXROEGHEIMESXE WEREER
ZTX, BERMEOKE IBFF 1 REHE— D
BEEESRICEELE X DWEENDHS.

WWEE : AFEDOERICHZY, TLATAREOEEDNE
BRLICBE LT, #RX&tr—v—x AlizBHEEIC R -
7-. TLTHEE2KRTS.
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