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37. HE OO BRI L H R EYIC B R 5
FEDFEEREN

RETRAY K B B T
wEgER B ¥ T B
MEERTIHNEE &5 K &

(3fn 56 = 9 A 8 AXEH)

. T L&®IC

ChECORTA D, R k- CREO MBS RIS 5 L, o
AN TPAET BHRATIC R X/ e Ub & LS ST B (KR + s, 1974). ¥
WAL B R BB PRSI s T T oL TR, IO R AV o BRI SRR
Lo T ST 5 GFm - i, 1981). & h b ORISR, IS A2 TR
T 5.

L L, BgEobiacs\ T, LERIC X » TRER 0—#5 02 kit 510
THbDHZ EbELBRA, BT, KPHMCHEVHFERE T, £ OB O
T AW AR T D 2 L Dl Bbh s, ¥k, MEFANIZ BV
(B2, Bk, 7 — v v ) BT, H AR RRIME Lissa, i
M DX e 52 202 BOT20ERHS 5.

(9 - IS (1976) 12Tk S WHEA 10, 80, 50, 100 m/s D% 7 — AL DL
T, S-SR OB AR L TL, TORPLIBBRAT 5 LIC X T, %R
iR AR OWRALD BB 52 D PLER LT 5.

s - A3 (1976) DFIIHERTH D Fig. 1 3 LoIRKE LIRS 2B K0 T4
OBFEARLTE Y, Fig. 2 :0ikEE 7 — v vERC/ERAT 2K LEOBHERL
b DChB. Fig. 1, 2, 22 DR HET LT, BAIKIMET T 5 & 7 — v VEETC
LB OLOOTRIKRE T b, RIS T8> T 2 E2vbhh 5.

EC, BEOWEAMER (MK - f, 1973, 1975; whill - s, 1975), %5 X OBLHILE:
L EC Lo T ) TRIERCERRDPFR Sh 2 2 Lty L b T 5.
Tichh, MWERRC ST 230y Oz i 0B X LR S h, HAiEsc
{EFT BRI OLARR LV F AT AT 5 £\ bh b,

Th, BEOWIBBE T, IBEFRCK 0T H0E U2 TS T,
REIRATIC R E A E U 5 (RSR, 1966; AfR - fil, 1974). oz ki,
RRIC RS W T A U5 0T 20Xk E SAMPIEN O BEORNRERER Y 55
ERRTLIDOTHDEVR LS.

TPz, KPR TIHMESIINCL T, KO LwWBMCLED L& Db
THbH. Tichb, WGy & BRI EIIE— kil TH EE2 bR 5 (KA
fit, 1981) 2> LRIDIEHHERILILE O OF 2 & N OHTRIER T 5. Kie, B
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Fig. 1. Relation between flexibility of - Fig. 2. Relation between flexibility of
surface ground and distribution of surface ground and distribution of
maximum strain during earthquake maximum soil pressure acting on
(HAxuUNO et al., 1976). underground structure (HAKUNO et al.,
1976).

WAL LI S0 X o THIRICE U O TR E IR L e FET HREMC E D X 5 ey
Wr by BNRMNTT 5. i, WEAESICERL Lcsa, e s s o
TP R OISR 52 BHFRC O W TLERET L - LinT 5.

2. B AE

R OTEE LT, ABETEUTO LS AEEHGS 2 &ieT 5. o Rk
EFT B ol T, LORMARERCHBHIECIIE(T 3. ok, ERKkD
Bl oMM AREROZEL I DL RE V. LT, HWEORRIBH D S FEHFH
ERELBESZ Ltk 5T, AUBTED 503080 H e BRIk X 22RO
ETFTHERL, HEcE 0k 5 inlEv 52 20 FRER L CHITT 5. HiZef
SEAERALRIETIE S BEHFEER e TH S, L 5T, HEOERILE S0 S ¥
DIEIHHLE 2 IRy Dfi L v
LK BES & L3RIk
B RELICEVADTHSS. =
DFF BT e B R R Ui
X DT, fﬁiﬁﬁf;ﬁ?ﬁk W BNY
Li7cw., BfECk VT, KikMeD
MR ERT DR B ITEL
BHRICHFHICE S TEIFH A 7
- v 7 OHERIM: % B TR T &
' TohHETHAS. LivL, Hifg
RS AT BIGA PN &

S i THIE BRSO AT L,
= HRNET ORI B L e
. g, Xhie, WIRMEBET B\
Fig. 3. A change of restoring force charac- R IE B IS -

teristics of saturated sand in liquefaction ) )
process (KATADA et al., 1982). "R fhga i (Fig. 8). Thw
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Xy WL Z € 7 L LT, IMGBRRC KT 5 Wb OIEIVARTIFEN 217 5 1
TEEEAES THH S, Liedio T, TCImlm~e & 5 A T80T & 2 TABRTN T ©
R, BENSEAZISICTEZELEENDHS 5.

fidricix 1. M. IDRISS, J. LYSMER et al. (1978) OfFE L7 QUAD-4 %\ ic. i
PrCIg g rRe . AJ1E LT, ARVIN-TEHACHAPI #5% (1952. 7. 21) o
Taft #BEEE06 (N2LE BR4y) &Rk inidfifE 50 gal . IEHL Lic i A v fe. S ST oM
Zi% 46=0.005sec TH B, Taft WIERFHITO 7 -V =AR7 tAhb 15Hz & 2.9Hz
BRI R T2 X 5 Il Ch B = L atdodn 5.

T, AT D B FFHEZ0EE O BT A & OBIRD S30EE 5 D\ s OIS
BRHECE LT 5. o, M-SR o A Iy s RN & o AT
HERELERLTATE LTRWTIHES R HET 5 L1 L.

ATHEREE LUIMEERD Y — A2 + ARG HEWNTERY v ABECcHI Ll
RV, Z0 X5 nEEEFATE L b A ATREII M OREUT /o W2S, T h
FCHLORICBEFZBRCHITE %, 0L i bETORBEREEY AT 50
HIER LT, IREFATCHVW S EMTHETH D, COHERFEEFATELON DAL
WEEEACIFERADBE VL XD, ETC, HEEOAT —A2  AHEENK S.(8f)
THTHEWHRT 7 ABRRARNTELORS (LF, 1974).

2O=2 @ cos (2fit+5) (1)

ai=48,2xf)-2=4f  (k=1,2,---,N)

S.2rf): v —Rty F AR

Af=(fu—F)I Ny

Sur fuio S:@zf) DIEDFBEEHTRIC 1T % BRI & FERAL

fk=ﬁ+<k——;—)-4f (k=1,2, -, N)

G 0~2z T—HE/TLEL
N: +hoRk&E il
(1) REACCT v 77 22(ERL, ADAOATIEE Y > 2 v— b L. i
RY = e Ay P VHERBIZEABONTH D, HIEMEYR & JHET B X S i E
HHur 1.6Hz & Li-.
Hnicotg 2 — 2 =% TR,

XY — 0 ARy PVEEERE S.(25f) = i}
(R0 JAEF 1.5 He)
JRPED LR f 3.0 Hz
FEEOTHR  fi 0.0 Hz
RERFRC ST 504K N ‘ 90

1S3 il 4t 0.01 sec
ke IR T 20 sec
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3. BITETFIL
L LI F Ik D 8D Th 5.
(1) i

(2) Hfg-r — v v HEmH

(8) -t v A fEEmR

Wi O ek b D Zh . S S A V,=100 m/s~800 m/s DET 9 Brpbic 7>
NERDLHZEICL S THEM L. MOREEDIDIT, SWHEOTREYFNITEE LT
ENTEI oI

W O T T v Y DO EERE T 4 L 120 HOBRESRC o8 L. il
EFATE, 8%l 2N — 7T LI E BRI D FIAE 2 e, Tiebb, HbH 7
V= TR E T Db, DI — T AD DT XTOHERIMIED S H{EkH
BE% 300m/s & L, WR{bET A b1E, ZA—THDO SHEDOTXTOHFRERED S I
ERFAEL 100m/s & Ui, ik, B0 CHRIRLISA T IGO0 F R DA 7is
—HETII W EF LT, EOHTMRAEBEMT LIS & LD THA.

AR~ — v VISR OBAITE, ¥ — v vifi: V,=500m/s, Mz
AL Ve=3800m/s, HIRALIBH TIX V,=100m/s & U CATREHRRNT 4T -
foo PO O RN HARICEET D L o fe e T ok v,

Fiz, M- bR AR OEAITIL, b v R O B A A L C AT IR ST
ol TOLEX P VIURGEYOIRGCIRRENET S X S e E B L. b
VAAREEY ST SV, offiiz 400m/s & L7z, oty — v vHEEM O E LR
LThb. '

Pk OF M OFThc i io ik Table 1 1Rk, foks, BSR4 LKES
F2NEAMC, WA MEE L,

4 BFRRERUER |
MR IR AR = 7 Aekt LT, Taft WERMEATE LT, HIREEMATC L b
HuBE 35 X OSBIEHES RO AT & & A0 A Rk, AR Fig. 4, 5, 6

Table 1. Values used in calculation.

V:(m/s) Weight p((a;‘ /Ig?)lt V°1.ume Poisson ratio Egg&ﬁ%
Ground 1 100 1.70 0.450 0.100
2 125 1.76 0.444 0.097
3 150 1.83 0.439 0.094
4 175 1.88 0.433 0.092
5 200 1.92 0.428 0.089
6 225 1.97 0.422 0.086
7 250 2.01 0.417 0.083
8 275 2.06 0.406 0.081
9 300 2.10 0.390 0.078
Tunnel 400 2.25 0.370 0.065

Caisson 500 2.30 0.360 0.060
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Fig. 4(a). Distribution of shearing stress in surface ground that locally lique-

fied.
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Fis. 4(b). Distribution of shearing strain in surface ground that locally lique-
fied. )
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5 (Fig. 4 (b). &0 X 5 RIS WIS TR Lo wal, IBiakE
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CEEDET DL CATRAMIGHOMNKE Lo TnBEZANHD. HICERIL
WAPRCE T, WPRCTER IR ELET B & 2 AT, BAMOTROflinkE
I TwBEZANDDH. Tiebb, BVED 74— 7 ORPILOREE, oF hilgo
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- e p~>q caisson structure
NATURAL PERICS = 06514 SEC B 3 (Vo=500 m/s )

INPUT WAVE TAFTI(NR1ED un-liquefied area
A (Vs=300. mis)

X

ol |0/]]

2 xD o xd e d x ¢l elx xly xly xlx 2%

liquetied area
{ Vs=100. m/s)

Shearing Stress(tjmn?)
®: 150~

Q: 0.75~

O 050~

a 1 0.25 ~

under 025

lo

0|0|0|®(8|@

KX XX

X

(0|0|0|Q)> > |> @ODD

000]5{5 [ 1> > [b > >
ololo[y> > >
ololos]s s[> >
o[BI

mark

©OO§>>>D>>>
vlojolol>>>| jolo|>

OOO > > >

o

@B 1@ 28 38 40 SB 68 7B 828 SV 108mn

ig. 5(a). Distribution of shearing stress in the system of caisson foundation-
surface ground that locally liquefied.
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Fig 5(b). - Distribution of shearing strain in the system of caisson foundation-
surface ground that locally liquefied.
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[sov=3 tunnel structure
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Fig. 6(a). Distribution of shearing stress in the system of tunnel structure
(eross section)-surface ground that locally liquefied.

oo tunnel structure
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Fig. 6(b). Distribution of shearing strain in the system of tunnel structure
(cross section)-surface ground that locally liquefied.
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Fig. 7. Max1mum soil pressure acting on structure during earthquake.
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— . — Surface ground that didn’t liquefy

---- Resonance between input wave and surface ground that
locally liquefied
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Fig. 8. Maximum horizontal strain of surface ground near underground struc-

ture.
— Surface ground that locally liquefied
-+ - Surface ground that didn’t liquefy
--- - Resonance between input wave and surface ground that
locally liquefied.
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87. Numerical Analysis of the Effect of the Local Liquefaction
on the Underground Structures.

By Toshiyuki KATADA,
Musashi Institute of Technology,

Motohiko HAKUNO,
Earthquake Research Institute,

~ and Tetsuro TARAGI
Maeda Construction Co., Ltd.

The present research deals with the influence of local liquefaction in the surface ground
on the underground structures by use of a linear finite element method. In the calculation,
it is assumed that shear wave propagation velocity decreases with the degree of lique-
faction. A summary of the results is given as follows.

The distribution of the shearing stress and strain in the locally liquefied surface ground
is very complicated. This is especially so in the liquefied area where the shear stress in-
creases and the shearing strain decreases according to the degree of liquefaction of the
adjacent area. In such a caisson structure that vibrates with the bed layer, the place in
contact with the liquefied layer has a large shearing stress. On the other hand, in a tun-
nel structure that vibrates independently of the bed layer, the shearing stress and strain
do not increase so much even if the layer in contact with it liquefies. The earth pressure
acting on the structures is greatest when the surface ground incompletely liquefies and
reverberates with an earthquake motion.

From the above results, the authors think that the possibility of a resonance between a
structure-ground system and an earthquake motion in a liquefaction process is very im-
portant. Furthermore, it is thought that local liquefaction of the surface ground has con-
siderable effect upon the structures that vibrate with the bed layer.



