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AN EXPERIMENTAL STUDY ON THE NATURAL VIBRATIONS OF
AN ANCHORAGE OF SOUTH BISAN-SETO BRIDGE

U VAT S
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By Hiromichi HIGASHIHARA, Tamotsu MORIYA and Jiro TAJIMA

South Bisan-seto Bridge is a long span suspension bridge whose anchorages are all lo-

cated in the sea They are tall and heavy; accordingly, their eigenfrequencies are low

and these may become close to those of the towers. The coupling between these struc-

tures is very harmful. On the other hand, the mechanical properties of the ground are

difficult to know and the precision of the estimation remains relatively poor, It is there-

fore indispensable to examine the dynamical properties of the anchorages by means of in

situ measurement of vibrations. Natural vibrations of an anchorage are observed and its
eigenfrequencies identified. It is concluded that the frequencies of the anchorage are

considerably high and the reestimated stiffness of the ground agrees well with that
which was formerly obtained from the elastic wave velocity data of the neighboring

ground.

Keywords . suspension bridge, vibration, measurement
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Fig.1 Eigenfrequencies of longitudinal vibration.
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South Bisan-seto Bridge
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Fig.3 Observation Points.

Table 2 Number of recorded earthquakes.

Magnitude 2.973.8 | 4.1 4.9 6.0
Case 1} 2 i Q
Case 2 1 0
Case 3 6 2 1

12 Fig.3 i BB7AEOBMBBOYERTH T,
R CROREZ B TRL TV 5.

sBEELEB RAROBRICH» 2 FHIEHTH Y,
ZoTEINEETOMET - bRBELL. LS
noDOHWEBRIAHFEOBAMMMCRELLLOLD
¢, BBTA OR#GEHREO>EHLTETELL
PUNERRER L, JIY BEIE I & - TR % BRI
WRELDSL, REFOMBAREBETHLITE-
T, ST HWEARBELL. ¥—2A v/ =Fa—
FR O EME % Table 2 I/R9.

3. HREVEE

(1) ZEHNEHREE—F

IFcid BB7A 2llfkE A 59, 5 &% DREI
SHHEEHT L. RS %, Bihhm=u, B
ARE=v, HELEA=wsl, ZhFhOBWOTHY
DONE%E ¢, ¥, ¢ TEDLY. SHEAHOEFVEE
BLT, BBTABEOEhTEHIATWEHLDE
T5L, (u, v, w, ¢, ¥, ¢ ITHTBREHE~ Y >
I ARGERDEBOTCHB.

H 0 0 —Hd H,
H Hd 0 H,
vV Vy -V 0
Vw+ d’ _ Vry de ...... ( 1 )
sym. Veztd? Hyd
H..

I, d=HELE S KXFREROS K iThoE—



440

AV NTH-T, HE VIZKFERS EHERDO 0K
E— AV M He ZOME LIRE— XV b Ve £ O
2IRE—~XV L THA.

L UEROIERERE N —BThdhiE, X (1) o1;
-2V MMTRTCHAT, ZOHBE, we ¢ FL
ENDBHSTAEEBLIZ, (u, x) & (v, ¢) D24
D2RFTREIC BRI NS L EE<MOoNT VS,

JEI D X RR X SN IERIFR T 5 & S s BN P E
Uad. &z y#icBE3a2WMEIENSE &, wik
(uw, ¥) &HEEL, ¢ & (v, ¢) LEXTS. HED
M, BEICRERNICB A E—TH 0, $XTDE—
RO A, Lt Thr&xifuzitflils 65—
FILEBHOERE— FPEENDILICu5. LU
HMERAEERH LN ORI EBNRe»r 5 b
DTHBH. ZOIHE4OEFRNIE O THEN S
SOUM—ETEL, CANEBHNEINEL LIS,

(2) T— FOHBYeIge:

KEOWSHRABICEL ¢, Mg, PiE
HEBLLCWA-Y Y 7HANBES U SRIRBEIC
Lo THEan, S L CREE-MSED HNT
WBY., HB5AA KNS DREMI I DOHREHME O
A EL-THY, REOEORMIEHEME IR
BoTWh, LPLEFRIZLLPDLTINSIE—ED
FKAMEZRBLTBY, #ORVTINE 1 DOHEEH
ELCREDPLHERETH L HTRETH 5.

WE BB7A ORI, AROSBECICEY S
HDE LT, HBERAE E=1X10"kgf/cm? (1X10°
N/em?) S ULkE 20, (u, ¥) BLO (v, ¢) OIRH
OBEFREHZ Table 3 1/R3. RISWETVHLA4TVD
HEBLUELBE IR LRT.

REVHHIDBNIZE > T 1 IRE— FTIEFREEIC
VI5% OEPECS. UHALZ2ZKRE-FTIIL % EE
DELMPED. BHEONRT—ZART P VO —~7 DIEE
FURTEBONMAEZEELTHE, 22002 KE— Fidi#
AMTELD. TabEINSENWT OB R LB
NEHTHE—-OE -7 & LCRBINTLES 2 &
BhH, VAT &R, 2RE— FEEDEL L35
ELOBBIREZ RO 05 &N TXHNVENDIETH
5.,

Table 3 Eigenfrequencies calculated from the design

conditions.
Mass Height | Eigenfrequency(Hz)
of the of the .
Anchorage | Center Longitu. | Transver.
(ton) (m) Ist] 2nd | 1st | 2nd
Case 1 |0.59x1051 27.0 11.36]3.26]1.19}3.22
Case 2 }1.00x106] 48.6 ]0.80§2.68]0.67)2.66
case 3 |1.03x10%) 51.7 ]0.75|2.65]0.63|2.63

HE - AA - HE

EFEO 1 RE - FERESEY O T A ORI BE O
EHEOAY AR THE. 0Ly, BRAOHLE
MY R R &L 0 & KE aAERIEEE USH &
PRI NS, chEMBIYIC2RE— Fiday ¥ v 7
WRECH - T, EYRECEEOFOE LD LIt
T OAERIB SR N s 0, DEEERT L,
AFEICBNT 2RE— FORBISIFEICHRECH 5.
LA UEHFEEL 1 IKE— FOBMNOTREEIEE VD
T, PBEs -5 1 RE- FIERT 5.

(3) HWBOWHER E BHRBAOBHE

AHOE TN TIE, FIENICHRA B ERAHEE IR
CHBREXNSY. ULh LHFEOMBURLEAAINESR
55, FAEPEBROENSO ZETEHLD, KELEH
BELZEY EE LI, ORI EOERBRI RSO
AREBICERET 5HD0THA. KELIMDEMRER
WARXORAMNDIMCISH B, 22 CEARMDETIVIZ L
HEEMEEEMES OB S ERBIKT A0, —
B b B RO ERRARHL T, BRsHmE
FTHIZEED S,

WE BB7TAOER EBEOZELVWHTE &R, &
NICRIEAR D 2> 754 T v ABROHREHOT,
HEESMAHET L ENTELY, 2O/RE
Fig. 4 (27”3, #ENIMBROLERGR E/'TH 0, #
LS EEO BB7A 0 1 REHRBH cHH. FER
BETWNDINT A —=F— pEFRT Vv HTHD. T2
BIEEREFLDIT A—F— A3 OKFEER) /(8
EliXh) ThoH, EBILLEE v=1/3TH5D. FLA
MOMERT T A=1/3E3ATVSY,

FOEOHIZE QP EREKEFTNVESHEERET LD
LAm&E THROHRBEZSZ oNb o, FRICLD,
BIERE T VI & B SBIRENBUIF R E T VI L
HHEDEN 20% 13ENIV. TOTTNITEERF O
BORMEOEMAEZRELTOEVDT, ZOREDER
FHICTFHENE L ETHA. LALBRETILVOWMEIL
HRLTHBY, LEEOMEZEORICEET IR, BEE
RETLVEHAOT, EFREKD S HBEOMER L T

2.5} st Eigenfrequency

2.0

e e ey
N N

Modulus of Elasticity Eq(10"kgf/em )
5 10

Fig.4 Eigenirequency versus the modulus of elasticity.

0.5



MREET AT ¥ h LA Y OEHIRSICEY 5 KA
THIENHENG,
4. BEHEREBES L UHBOBEROETE

AKBEIZBOWTIRBD /AT — AR M VEEERD,
BB7TAO1I1®RE—-FEBEETS. Lo L, UTORIC
HHEHDIT, VT — AR P WVEEIZEKBLL O~
PHBET S, 20z BB7A OBEESH S EEOL
DWEN. OHFEHT, T—FIlk->TW, FLO BB
TADHBY - 7 PREAEHBTAZEbH D, &
NEANEDO T A NVF - DB BIKGFEICRRT 560
TH-T, BB7TAOBRERHKOFETDOATIFED A
NI MNVEBESNIOVBELBINS. ZD2w Table
VIR U R EROERIZ DWW TER I # 5 10 R
Wi sz, EUEKEOEREE, Rt -5
KPIRBE S T d » TR A BB ICERE L T S ER
DEET7 — ) LAXRY bVEE (BXE) 25256, &
NS FBIEREE ST TaEL. $8bs FFTiZ &
BREBEAOP TR LFRNE T -5 TH 5.

Fig.5 3 BB7 A< O FEic oK RS (g
i) Tda. sSHz DL ED Y — 713, BOBHIZ k-
TBB7ALEBL P HATAIRIITHAL. s
BEbHTHEERTH Y, HEOIIBOBBIRS & HEA
a5 1L5~3HzDEE 013, B ORIFIZ L -
TERBHBOHBEE - FEan 1.5~2.0Hz iz/ISd
LHDEEAF B,

(1) #¥—21008

Fig.6 L7 — 2 1 COHERMEBIZRY. ZO0BEICI
55Hz BLU7.5Hz DY — 7 L, ho¥— 2714
FO. FIKHPRORENL, BOSH»HHE SN 5 BB
TADEEAERBKTH B, FHICANEIEFOSE
NIEHH5H0D, ThYOBRERICHISLTHSEC
LETHRETL LR TH S,

RIZFig. 7 AR LU — AOWBOB CH 5. HEE
MECEEBLUL 55z b LU 7.5 Mz -2 132 ¢
TN E LS BTG, K80 HBIch 5

mkinexs
30.0,

~
-
=1

—
@
=]

—
~
o

FOURIER SPECTRUM

-4
[~]
s

]

2.0 4.0 5.0 8.0 10.0
FREQUENC Y (Hz)
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Table 4 Estimated Eigenfrequencies (Hz).
Linear Spring Model Half Space
L T Model
case 2 | 7.4 x 10* | 7.6 x 10*] 5.3 x 10*
Case 3 7.8 x 10" | 7.9 x 10" | 5.0 x 10*
Average 7.7 % 10* 5.2 x 10"

Table5 Estimated modulus of elasticity of the ground

(kgf/cm?).
L T
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Case 3 2.08 + 0.06 1.76 + 0.04
t-value 5.01 5.59
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