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Tunnel : bean element
]

Ground : plane strain element

The base boundsry condition
Horizontal direction @ fixed
Vertical direction : fixed

The side boundary condition
Horizontal direction : free
Yertical direction : fixed

Fig.1 Model of Finite Element Method.

Table1 Material properties.

Unit weight T 1.8 gf/cm?
Ground Poisson’s ratio v 0.45

Shear modulus G 413 kgi/cn?

Damping constant h 0.05

Unit weight 7 2.5 gf/cn®

Sectional area A 105 ca?
Tunnel Young's Modulus E 3.44%10° kef/cm?

Homent of inertia of a cross section | I 9.65%10* ca'/cm

Damping constant h 0.05

gf /om® (9.80665kN/m%),  kef/cw® (98.0665kN/a%)
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Fig.2 Relation between Young’s modulus of tunnel
lining and magnification ratio of acceleration re-

sponse.
Table 2 Analytical case.
N Number of tunnels
Space between Weight Young's modulus

tunnels 1 2 3
0.001+«E o CASE-1 | CASE-2 | CASE-3
0.1sE, CASE-4
1.0«sWo 1.0xE» CASE-5
1.0+¢Dy 10.0+E o CASE-6
1000.0<E o CASE-7
0.1xWo CASE-8
10.04W,s L.O-Eo CASE-9
0.2¢Do CASELD

— J0eW, .

0.5D, 1.0We 1O-Eo CASELL
only ground (no tunnel) CASE12

Wo =2.5 gf/ca® Eo =3.44X10° kef/cu®
(24.5kN/n*) 3.37x107 k/n?)

Note : Do =13.0m
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Fig.3 Relation between tunnel displacement in hori-
zontal direction and Young’s modulus of tunnel
lining.

Compression Tension
T T T TR 7

.,

(44
T
N/
e,
I

Depth from top of tunnel (n)

10
/ ~.
// ) k
Y4 '
LLL /
< Lot
15 * \\\;\ - - T
eveneeea | 0.0015E
emmm= | 0.1sE,
—— 1.0=E,
o ks
20 Loy bt b "I |. L
-2.0 0.0 2.0

Dynamic earth pressure kgtycm?(98.0665kPa)

Relation between dynamic earth pressure and
Young’s modulus of tunnel lining.

0 0
CIT) 2 0t
g g
., Z ) 2 0y
g 30} g 30}
& pof & 40}
Indicated point -
50.|||J_LnL‘lJ. 0 PR T U U VT Y N R
0.0 2.0 4.0 0.0 2.0 4.0

Shear stress kgf/cm?(98.0665kPa)
(a) The effect of Young's modulus of tunnel lining

Shear stress kgf/cn®(98.0665kPa)

(b) The effect of space between tunnels

Fig.5 Distribution of maximum shear stress in ground

surrounding tunnel.
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Fig.6 Distribution of maximum sectional force in tun-
nel (Relation between sectional force and

Young’s modulus).
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Fig.7 Scaled model of test (1/50 scaled model of the
standard cross section of a jacket type revet-
ment near the abutment area of Ukishima).

Table 3 Soil classification and material properties.

Soil division Materia) Characteristic

Diluviue sand deposit Pit sand (SENGENYANA)
——— pit sand | Aversge grain diaseter : Ds0%0.3200

Sand compaction pile Uniforaity coefficient : Uc=1.90

Mluwviun clay deposit |clay Specitic gravity of soil particles : Gs=2.65
Liquid-linit W.=61.8% Plastic-limit ¥,=27.4%

Plasticity index 1,=34.4%

Pre mixed sand Pit sand | Nix proportion (Pit-sand 1500gf,¥ater 150sf,
and High-early-strength Portland cement 10gf)

cenent | Unconfined compression strength : q.=0.5ksf/ca®

Deep mixining method |Clay Nix proportion (Ciay 850sf, Weter 150sf.High
and -ear!y-strength Portiand cement 60gf)
ceaent | Unconfined compression strength : qu=0.5kef/ca2

Rock Crushed
rock

Grain size ' 5~10mn
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Table4 Characteristic of model.

Ground Prototype | Scale Pertect | Test model
nodel
Diluvium sand deposit 1.4 1.4 .76
Deep xixining method 2.0 2.0 1.47
Unit weight
t1/s® | bre mixed sand 2.0 1 2.0 2.10
(9.880685
kN/a%) | Sand cowpaction pile 1.3 1.8 1.98
Rock 2.0 2.0 1.95
DIluvium sand deposit | 1000 146 8.5
Sheer Deep mixining method | 10000 1400 2000
sodulus 1
t1/n? | Pre mixed sand 10000 — 1400 3000
{3.860885 50172
kN/n?) | Sand compaction pile 5000 700 709
Rock 50006000 700~800 | 1200

Structure Prototype Scale Perfect Test

nodel | model
Unit welght
t1/0 | Tunnel 0.9 0.9 0.74
(9.80665 1
ki/a?) | Jacket 7.9 1.9 2.88
Flexural Tunnel 3.8X10° 4IX107' | Xt
rigidity - 1
tt/nt/a Tunnel side | 4.7X10° — |0.53x10° | 1.0x10°
(.80665 Jacket 50772
«¥/3/n) $.C.P. side | 7.8X10¢ 0.88X10°'{ 1.7X10°"
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Fig.8 Comparison of mechanism between in the con-
ventional type water vessel and in the new type.
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Fig.9 Acceleration response curve and phase curve.
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Fig.10 Distribution of bending strain in tunnel.

Acceleration (gal) HAX=112gal

B nAnnnnnnnp
ISOJ\J\JU\J\J\J\J\J\J\—

— T T T 1
5.0 9.1 9.2 9.3 9.4 9.5
Time (sec)

Fig.11 Horizontal acceleration response due to sinu-
soidal ground motion (input motion : sine
wave 200 gal, 20 Hz).
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Ground : Plane strain element Tunnel,jacket ! Beam element
The side boundary condition The base boundary condition
Horizontal direction : fixed ? Horizontal direction : fixed
Vertical direction : fixed

Vertical direction : fixed

=

Table 5 Material properties for analysis.

(2) Ground material properties

Ground material | Reference strain | Initial shear modulus (ksf/ca?) haax
Clay 3.0X10°? 5.3(va")"? 0.23
Pit sand 2.5X10°4 700 GlT (g yos 0.39
Clay , cement 1.2x10°2 200 0.22
Pit sand , ceent 4.5X107* 300 0.14
Rock 5.0X10° s6q elled g yonen | g

Fig.12 Finit Element Idealization of the cross section (b) Structural material
for Ilumel’lcal 3naly515~ Structural material | Young’s Unit weight | Moment of inertia | Sectional sres
wodulus of ares
(kgt/cn®) (st/cn®) (cn*/cn) (cn?/ca)
Tunnel 8.2x10 3.86 0.340 1.60
e N - Tunnel side 0.156 0.444
4. ERREFEROBME I 2L—3> et [ 070" | 268 0.0 0.0u
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Fig.13 = Acceleration resonance curve.

Table 6 Comparison of experimental value with analy-
tical one.

Analyticsl value
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vslue |Lineer enalysis | Equivalent linear
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nance frequency

Note : Indicated point ; Top of center banking
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motion : sine wave 400 gal, 20 Hz).
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Fig.15 Distribution of bending moment in tunnels due
to sinusoidal ground motion (Input motion :

sine wave 400 gal, 20 Hz).
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The outside tunnel ~—— The center tunnel
50gf/cn® (4.9kPa)

Normal stress
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The outside tunnel ~. The ceater tunnel

100g1/cn® (9.8kPa)

Shear stress

Fig.16 Distribution of maximum dynamic earth press-
ure in tunnels due to sinusoidal ground motion
(Input motion : sine wave 400 gal, 20 Hz).
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Fig.17 Distribution of maximum shear stress in

ground due to sinusoidal ground motion (Input
motion : sine wave 400 gal, 20 Hz).

Ty v MIEAHMBOREDENS N VA NVDOENMS
H, brvAvolmEh, by AVIKERT 381 E, b
VANWEDMBORAMISHICEILED LD sHEES
ABDPBEMPIZZo . I, MY ANVICTET S
FE—AY b, PR YAV TIIHEORTANE
IR S NBRERTDIIXL, FM b~ ATk
HEREEATOSHERRICEN L tERETRT.

5. ¥ & ®
— AR TR X N b Y AV OEAIGE RS IR
ULTRTOHmRMSE >N,

(1) BEORMMZET A8 AVOREEL >
ANBRBMEOEREVIZE > THBEAELIZRSZ L.
Bz, FE—A Y MR MY ANVELGRE Y v
L7REET E FRIC R FIC ADEEZ A 15E 0
DEERERT.

(2) MYANVRIBOEKIZES>T Y AVBLOE
IO AMERSIMIEX NS, 20k, MRV
Bt D BEEITTIE U T b v AV & B R & O EN
BT A, FLT, bYAIVIERTSELEIR, 2
DOHEMEMEBEAPD Y, EUEMORSIERL T,
ThE B IBRP T 5.

(3) Bt~ Y ANOEOMBICRET B ANIEH
FEED (2) SEEBLTREL, =512, PfREEHE
RHBE, BHMITEXTIHAICHD. SF N FUN
TEINTHRIINSIBAICITHREIES - > T2
REETRITOMENH S EHBRRINS.

Ty MIREINHBRICHRI NI Y AL
DERICERE S WBEROEECER U 2RRS0RS
EKERICE-T, UTomARMSESNT.

(4) Yxry FEECEIME S BIEETIiES

1

191



KIFESIR b~ AV EE T kRt OBRIRSIEES & BRI TTPY - R E - kS - BT

HHESRZAHH, Ve sy ML E—RIzEE LIRA
DIREJIE DT L.

(58) bYyALOETOT AN, BB rHEE
EOREBINTIRMUY vy NOREEZT Y, REM
BOBNMIL>TRZS. HIISMI Y AvofhiFod
AT HBRFHEERATOSTWICEEL T, BED
MEFRET2MI N Y ANVICHBRAUIEE, BREIOR
FHo s 2 AfREE S TIR X B

(6) RIEERTIE, ADLoEINTEND Y 2L
TEADIGHERIZ LD ZOREOMIRD O3 HIGE L
AU, bYAVEDHMBOIHEREEE NG 5. %
DFRER bV ANV EHBEIZT XY - JIBESREL, BY
HBO—EHSHIEST S, UL, COLEIBRRTTY
BL2EEUTOREESEDON S &) HRRFIIEL K
7.

ERRSEROMEY 32 —-Yavitk-T, UTF
DHRME LNz,

(7) BERMBOFEMEEYICcT 2281080, S
BRALER I & AR, BREROEE Z LKW E
FIZY 32— T3 &EM8TER. T/hDL, BRI
BOEARTIREVR:, WEEBRFFOE R IO
MEEIGE, PV ANOEBSRBMBEDOEVIZEL ST
R HENFHHTE .

(8) ThoDHEYI2AV—Y3v2BUT, Vv
7y bTREMBERRET S EST, Y ALOD
ENATE, b ANVHERT 28LE, b A IVEDM
BORABIETNEEP EO L 5L Z I 5005
hEisotn.

BiEIC, XR&ECHY, BroJI88EE O B
KE ARBEZRERBLUO—BIIEB TV bR
BT U2 () BATHEOBEFREMIGLY SEBHOBRER
ULET.

2 % X M
1) BEHIAMIEN | RREENLERS A LB ERIREER,

10)

1)

12)

13)
14)

15)

BEEVRATBO®RE (201), LAHEIER, £
2037 &, 1983.
BAA T AP | BB RNLERE A LB EIIREER,
(#m2) HitkLuh#g FO@E L VRAALBOBKE, K
TrgEArEhl, & 2268 8, 1985.
BEA T APIFERT | GBI & AP EE kT E
DOTRERE LS & OCR&T D ICEd 57, AP
“wh, $1253 8, 1977.
BRETET - BHZE  MPEn o BRI T
RIS, B RPIFEETEYE, No. 382030, 1982.
LRM— - EAERNG - B A D IEEEPREED O
BEREHCET 585 (20 1), MRIRBIFEERIC & 2108 -
F7 P ROBNISEDOHHE, BHHRFFEES,
No. 382023, 1984. .
TRERRFHEIARES | [RFNIBEHE - R0
HE - ERED L CHBORBLEHORMFE] B
£, 1985.
Vg - BT O IRENESRAKE, REFAH (B2),
AEEHFES  F1-4871, 1989,
WDREAT - RINBE | BUEERR I ka5 b OB
KEEHEDFHE, RESHCERRF, 1990.
AT - RIEBF  #hrp 52 L ORI+ FICEY 5
ERIBRE, TARFSESCELREF, 1990.
FINEE | 2 EBEYOBERIREHERRICH I 2 B0, L
ARFLSWIWEE, H2755, p.69~77, 1978.
EEANE | LOBHVERHE L B OEREBELE,
BATPRARFRRE®RS, No.301, 1982.
HE& #EI1GHTOME - BEVMROBEREHERO
BERNc>vnT, F19EBETERFERES, pp. 341
~344, 1987.
BIFERAT - TESHFOERE, BB, 1976,
AR - EDET PR OF - LRSS - ARES
EFRE TOBEERME (EEWE) OFN - ST,
B/HHRRPIZEETERE, No. 380045, 1981.
HepEA - P fF— -« LR - BERE | ERENS
AU Y FOWTTAE (202), #A~Y ¥ R0
VIR L& AR, B RIIERHE, No. 384031,
1985,

(1990. 4.2 « )

MODEL VIBRATION TESTS AND NUMERICAL ANALYSIS
ON THE UNDERWATER EMBANKMENT LAYING PARALLEL
TUNNELS WITH THE SAME LARGE CROSS SECTION
Mikio TAKEUCHI, Akira SAKAGAMI, Yosiyuki MIZUTANI and Hiroyuki WATANABE

Model vibration tests and these numerical analysis were carried out in order to compre-
hend the seismic behavior of the parallel tunnels laid under the submarine embank-
ment being revetted by steel jackets in both sides. The model was made in the simili-
tude of the portion of slipway at Ukishima area of Trans-Tokyo Bay Highway. The ex-
periment was conducted with three continuous large scale water vessels only one of
which was put on a shaking table while the remains were fixed on the base mat so as to
enable us to simulate the behavior of any offshore structure during an earthquake. The
numerical simulation for the experiment was carried out on the basis of the equivalent
linear analysis taking account of nonlinear soil properties. As the results of above stu-
dies some new information pertaining to the seismic behavior of the portion of slipway

has been obtained.
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