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Summary

A lot of submerged tunnels which cross rivers and channels have been constructed in
the USA, European countries and Japan. It is very important to consider anti-seismicity
of the tunnels when they are located in active seismic zone. Fortunately, the submerged
tunnels have never been damaged by earthguakes, however a number of surveys and
experiments to examine the anti-seismicity of the submerged tunnels have been carried
out from various points of view. The dynamic characteristics of the submerged tunnels
‘which are buried in the ground and have long total length differ from that of the stru-
ctures above ground, “Specifications for Earthquake Resistant Desion of Submerged
Tunnels” was established by the Japan Society of Civil Engineers in 1975, These specif-
ications greatly promote the construction of the submerged tunnels, In this technical paper,
the outline of the construction and a few methods of earthguake resistant designs for the
submerged tunnels are explained. Furthermore, recent research works on the submerged

tunnels: earthquakes observations, indoor experiments by shaking table, and numerical
analysis by computer are also mentioned.
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Fig. 1-a. Kinura Port Under Water Tunnel(longitudinal section)
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Fig. 1-b. Kinura Port Under Water Tunnel
(typiacl cross section)
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Fig. 2. Flow Chart for Seismic Design
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Fig. 3. Seismic Records Gained
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2 SEIET kS Spring-Mass System®»®»® o 2
Bipew MM 2o Bk FRshE Springo]
K3kl QAR o] HElAE FE Spring #i
Bozgztd 44 5 QA AA 1y pERE
e mileze REHAA derh o] Hlie= ¥
B Afe] A I FERA W59 Spring g
EETAE slch

V. &iE2| RHARER

t#2 Tunnele] FIBRES 93td BE 9T A4
fz WEEAY T 9t DEEN, ERNER 2 X
ERAFAES BEE thest 2

D RSB

AA A4D 3 Tunneltho] MEsL 2 HgEo]
v AAA AN IEREEe] & MRl #ZARA
& ohA Yz HEK Ik Tunneld] $Ho] Bt
obd —Ed BETIA MsEz Qe JH% B’
ol A Bz A% ki I Tunnel, I
B Tunnels ZfERTS] 3448 Tunnelo] 48] HyRME
BRI THdAz geon, HF gzalszl
Bart Tunnel?] 7 ¢ 2% 9] EE3H (AR 240)°] Tube
o i 2 1/4AA6] BAE e WEiY BERAE
2 ST AT HBRESENC A$d5E WE
e pEEst, £adE 9% WERE, St
Fe By WEEHBES g3y guden B
oAt MY BB B BER. €4
BEIERY $4 2 BEFEEL A$Hz 9z o
2o i Tunnelo] oj& MYERHEHAY REH

%o W BEHt AL A
- 9) HEIRE) BB ,

BIVRE) $8ol A& Y8 Tunnel % Bt
Tk 2 DEm B EEsd By 299 8
BRAK=448)% &3 Bile REED 4
R ehx gt vk Tunneld 3kITHY BEIS TIE
frh, A4EE ADHMEREIAE HBHENAA K
B wEE Y FEK, BSOS (vhite noise
wave) %o ELEEEREL 9tk o] EElA AA
o] ;48 Tunnel % o] HEES) BHS FH3lst
7 Rigstel B BEREERS BIME @
HEERC A Bt AT &8 st s
WA EESA gt 23AT 281 %
# Tunnel 3 #pi%e] FWEEHS SA9H =9 5
Hog A Hx I}, dddez HEEE o1&
BEEART ST BRSERE MY miThd
Ag BEFEA FohdAz gl
©3) BT

EFiEme e 1 HREREKE.EMY &
A ol o stel BEEALAAC] BYES HESH
wolth, WBRA ®E, ANHERY BEd 4
Bl iR 45 TAR R vaARTe) A%t BE
2% 01 Tunnels] MBH £ ASPHoz 1
Bl Bkl A S PR kol = mlch
A7t BARNA BE @HER EES Y Tunnel
& BF o] Hke ol aste MHEKY KT 135
2 gtk o] BMEAIAmeEE A) #E Tu-
mnels} =) BES SKT ARIRECE B
E3E ik, B) HufEst 7k Tunnels Mass-spr
ing Systeme = st SHEEN, BYSL B
wEE Aol dew BfEE mEY Hikel ol
FEA T 9ok

V. #k2 REN BN

Europe ¥ EEol A #HR= 54 Ui Tunnel
= Hzo] oz o EAY % OF FilA @&
RS BE AF A gon Foz o B
{13 Tunnel T oA DEFAA Fedetelz &
AREREAz 444, 5% ¢H HiiEd 2
HEY WITAR HEELE R A WREREE
9 FRA ERoZ HRIHTN S 2 Tunnely
BEfkol mgEstA A9t oA HES Hukikel
a7 A Eel SES B TRA WERINES



AR I )|

it 2 & gt

BEmd HES B4 AE 949 BE 2 BEx
B f79RA 48 BHNE $980 LT
HEE Stk e A MEyw BRd q
d K] BERRIL 4 Ug Aoz H7ed
2 @Y BANA ZEd WE Tunneld)
Betes MEE EAs vl

2 2 X R

1) Tomas R. Kuesel: Earthquake Design Criteria
for Subway, June 1969. Proc. of ASCE, STs,
pp.1213~1231.

2) Yoshinori Aoki and Hiroshi Maruyama;Spectra
for Earthquake Resistive Design of Trench
Type Tunnel, Technical Note of Port and Ha-
rbour Research Institute. No.172, December
1973, 87pp.

3) BEHBHEI:WHE Y 20 WRELHE, LKk
2Beér 5260 FREMHBEE Bk, A,

1971.10. pp.317~118. Japan,

4) PEFREB N RE N 2 0 HEBHE L EH
REERIZOWT, BEEAER, No.l72,1973,
pp.54~71.

5 HEE A KEBEE >~ A HEBESEN
BIU MEEEE, BEBEWHZER, No.22l,
1975, pp.3~67.

6) The Japan Society of Givil Engineers ; Farth-
quake Resistant Design for civil Engineering
Structures, Earth Structures and Foundations
in Japan, 1977, pp.147~204.

7) WRWIEME, TEEL R b A RUVEE 4
774y, EREEERE WETF 2 b, 1980,
pp-1~43.

8) HEE, WE~ 1771y 0 WMERH®E o &
5, EBETER. No.307, 1978, pp.4~20.

9) FARZEI UNE; B b 20 WERARY
Pz VT, HEEBE TSRS, Vol.11, No4,
1972, pp.301~-308.

— 37 —



