1021

“HIEAHNORBERE ICED  BEMBRDOBIRINE DB R

B b B

.EEH ﬁé**,%%ﬂ*ﬁg***

BROED e —*rrr . R IR M

1. & ]

BRI & 2 EMBOBMNLICERFEZH S T L,
WEEASE R DT e 2 MY 2 L COBEERE
D1oTH5. HEHRPFEESOHEEA (EHEER
) &RTER MR LORGRLEEZD L,
BRI & 5 KERISHBRE BT &izd Y,
AR 1T 2 ORI & 1 BEO¥ AT
&h, Zh5DEBOEECL Y IR FEIKLMBEAD
BRIEEBEC S, D0, BEMBOHRBREEDM
iz, L+, KOZIRESENEEEET 3 EHEOMBEK
BETE 5, ZHESENOEE 0tk it L T i, Biot
(1956) DHEERASH < FV 13 88, Biot DEERICIE, B
HWBROTHBERREERES AT A LLTEE
n, ¥/, BEMNRMEEIT LU CHACKRBERDL L
LIERCEEETH S, JhICHL, FHETIE, BE
PER O WEME IR IZ, Mei (1989) 28, BEEEH,
ST EBAEREEH L, SERESEMUERLT
BRIk, BEMBROBRICECNTAHL
WHEERE 2 MERROWR 2 CHL T 5, £, &
WOHEL S 2B ERES, ZTOBEBRFE LT, #
FHAVLNTEHERKN L (Yamamoto &, 1978) %
S LERL, MEOBEFRD S, BIAIME, HHBNED
BT 2 L CEBEE R BERIT/ AT A —F 2R
T 5,

2. EMHIBEXSLUEREH

2.1 BRHESR

Mei (1989) DF = fEV>, HEEME 2 SFEO LR T
B L EBAKOESHLEE L, BEFERCEITVTE
A E1TS.

57, LRNTERIEREEEOEL, BMGHED

+ & OBIRLS Hooke DRERTHE S, B —Rium

WiEELTETMET S, L, TRTFESBHER

*ERA I SRAEHTF ITEBLRBBTHE
ESQ TH SWATRERE ITeMiAmsTss
**r ESA PhD. @WRASERR THHLASBRTRR
e EEAQ TfE WHRUNEEE RETETH RN
“““ SRARFKEDE

Heds. —7, MBEKIKEORALEREL THERE
OFEFHEE LTS, Kz, ZHEOHEEERNE,
ZHROEERNC & 20 & MBKECBEEL IO
fiekshs e L, EHHEBBOSFITHEL THa/
EVERET 2. BOFERED > ORBRINT 53
BHEXE2RD DI Z L L, MM (EEBR) 02 X8
EOBEEFRL TRIBALEITS &, IFERB L ULH,
KIFOEBHEASBRD LS wHrns,

k7%=g%mvug+%%§—mm§%mvuw

GlPus+—— grad(div u)]—grad p
1-2v (1)

=”Pw%&+(1-n)ps%;‘78
npwaz?z'”=—ngrad p__nl?< 851: _ aaz;s)

ZZT, pEHEBKE, u 3EMTH D, HETEREDL
SOEMBERT, &8, BrFs, wit, zhZThtH
BLUKEIHET 5, &/, o IWEEE, 813HBK
OETEMERE, »n L G, viZTRFEROMEE, &
AR, CARHEMERBBLIURT Y vHEEZNETHRE
7.

IR TFERE L HBEAKDOEN us, uw %, ADT—RT ¥
VXN os, P ERZ FIWRT Y vV sy Pu EAWVT
FEEERER S & FERBE T B,

us=grad ds+rot ¢s
un=grad ¢,+rot Pu

ZhER (1) TRALEET 2 :XAsFoN3.

_9, _ndp, . -
/szﬂ ot (Vzd’s) B al‘ +/pr atz (72¢w)—0

grad{ ZL=0 6rog,— p— nou The —(1- wos S|

+rot{GVz¢s— NOw 3;;/;.0 —(1—n)ps a‘;ﬁs}=0

FPdw W 0Py W Ops
grad{”pw T A T 6‘t}

az‘/’w ! n a‘pw w” a‘l’s _
+r°t{”"w 3 Tk oot ko }“0




1022

BRI ¥R X HE  HEE (199%)

pa ¢S’ ¢wa ¢s, ‘l’wb;L)L—F@iQ%?ﬁEj‘éBi’!‘f, it(:‘})
ik, BB B I kB,

i nop . & =
szp at (72¢S) B at Tkpw atz (72¢w)‘—‘0

2{1"1/2 o az¢w_ _ 32¢s=
1—2v GVZ¢S P NPow atz (1 n)ps atz 0
n2 a¢s=
k ot

2
0w a;‘f;” +ap+ 2t ag;w

G ps— npw%—(l— )05 a;;/is =

2 2

ZZT, b s b KT EHENR (4) &, ¢ P
T AHAERR (5) B, BRI nBTRS
hTB Y, i EENENOERE N 5 TEAR,
BELRAMBINT 2 FERR LT3,

22 BRAEH

UTCi’k, z-z TNOFE UV T A REEF 2, AFEHE
Zxil, SAETHEIC z 25, sBIOEDHAEICE
TT3HEREESBSPEEBAOHMBLE 2, BRORE
LERTHTRD & S wEREHERT.

02=0, 12=0, p=poexplilax—wt)] at z2=0 }

us=0, ws=0, p=0 at z=o0

7’;35, us:(us, WS) ‘—C% D y Ozzy Uox bi%ﬂ/‘?n, ﬁﬁ@ﬁ
SESE S URAMICH 2R, 7, HBRETOM
B EE O ZEBIRIE po 1S/ MRIBEE R 2 AV TRD 5.,

3. EmMOFH

3.1 BT BeERIER
WRGGLRM B L UEM (2 AR) L THEEN
THBDT, BBEAKEEAD I —RT vy v VOERESR
TORC b FAREIN LI 2 RES 3.
¢ds=S expli(ax+ &z— wt)]
¢w=Wexp[i(a:c+Ez—wt)] .................. (7)
p=Pexpli{ax+ z— wt)]
Ine xR (4) KRAL, BontXNoHEaBELR%E
FoEw 5 &M, S, &RT 25EHERL 2RO

BHERE LTINS, ZhERVYT, 2HOERMR

T&, tELEERDBERDLE IS,
ﬁzP:EQ%%ﬁéérz .................. (8)
&=L:¢d1£%:ﬂééyﬂ .................. (9)

17U, &, ERESTVPEDLOERELDET S,

uB, d, & GRUTOBEYITHY,
dl=_ﬁ11_;21l:2kGa)(in+2#) .................. (10)

dr=—nw*(1+2(1—v)m)
+ipa*(2(1 - v)m+(1—n)

< N0s)0wF (L= )T} reerreenerienmeinieinans (11)

d3=ncu“{npe—i/1(l"n)ps}/ﬁ .................. (12)
£72, e M ik, TNETNRD LS ZREND,

Pe= 10w+ (L— 1) 0s w+rvrrerreerememeeneniniens (13)

LU Puplplgeeeemeee e (14)

m=nG/[(l—2V)B] .............................. (15)

ZIT, eold, BMEMBOBRSKL LTOBETHY,
U MIFERTEONRS A= L85, $12, &, &K
L7 381E, Biot(1956) MR L7z 2 RESDBEHRE W RS
LTBY, UTTR, Zho2ZhEhiEl, B20E
B LR X I2T 3,

3.2 HANTRIIHT BIFEHIEN
S1EiEFRRICRZ P VRT VY v M ORI b TR
Bt s EEET 5.

dsw=S explilax+ 7z~ wt)]
duwy= W expli(ax+ nz— wt)]

7B, FEPTHEETIE, & CuldYRDDERERE
REDOTyRADAHEERLTWS,

s R (5) KRAL, Bohi-RosEEBE R
RO LW RELS, p T 2EEAERL 1 XD
REAFBRRE LThUrh, ZOEBROLI KDL

5.
N 0e L=mpos " .,
n—a)[ Glin+py ] an

172 L, nBEEESBEDLDERERbD LT S,
3.3 FEEOMERR
3.1, 32HiDMRLEBTHCOBIREMHE2HRT S
&y Dy Py Pwy Py Gy IFROE I CRINS,
#s=[S: exp(i12) + Sz exp(i&e2)] expli{ax — wt)]
dw=[ Wi exp(i&12) + W exp(i&22)] exp i ax— wt)]
=[P exp(i&i2)+ Ps exp(i&:2)] expli ax— wt))
¢s=Ss exp(inz) exp[i(ax— wt)]
$uy= Ws exp(inz) expl ax— wt)]

22T, BEOBBREITEREL, K(4)BLU(5)
BT &Ers, ROBFRNBSN S,

WM=05, We=05%, Wa=15
P1=A151, Pz=A282

7B L, GBLUARBRRRTRS NS,



ZHRSENOEEERICE T BENROBRIGE OEME 1023

ino— B2 4G(E7+ @)+ (1— mwr
I Yo £
s wlin+ p(1—n)]
(=1,2)
i
Ii= z'n-i-/t
AJ__ G(EJ +CZZ)+(1 n)psw
+npwwE (=1,2)
........................... (20)
Kz, HEBRETOEREEL SUTOXLHrN S,
RS+ F:S:=0
A151+A252=170 .................. (21)

Ss=2a(51$|+5252)/(772—02)
2T, FidRATEHRENS,

—g2 14 2 2025]‘?1 —
Fi=§ +T——2V(Ej +d)+ = (=1, 2) ---(22)

34 IBRBEOHS

R @21 28, SEOVTHEE, 2oR2R (19)
ERAT 2 L, BEMBORRICECN T 28R
e L TRABESNS.

5= o[ Fz exp(i&i12) — F} exp(i&z) expli{ax— wt)] /]
bw=po FoI exp(i&12) — FiI} exp(i&:2)]
x expli(ax—wt)]/]
., expf iélz) + M exp(i&z2)

Poy= %@ exp(inz)expliax— wt)]

¢ 2in apo(Fzsl—Fléz)
W J(P = d)in+ )

expliax— wt)]

exp(inz) expli(ax— wt)]

........................... (23)
72120, J, MERATEZE NS,

J=MF—A:F

M= —(/lel)/(/th)} @

EBEAEDOEENE, £, B2 O0BREOELEDLY
TREANh, F1H, B2EBZATNEL, F20E
RREMELTWS, $/, WEOFEKLE, {EXT8
FGA—IMDATHREEINS, &8, BBKEOEE L,
BABBICIE L &0,

—5, TRIFBEORN us, ws 13, RT > ¥ ¥ IV ds, sy
2R (2) WRATBZ ik Ykpdoh, 2ODEE
HERABBEOERELYELTRODLITRENS,

us= poliaF, exp(ié1z) — iaF) exp(i&;z)

—2ian(Foé— Fi&)exp(inz) (7 — )] []
X exp[i{ax— wt)]

ws=pol i€, F2 exp(i&:2) — i&2F1 exp(i€.z)

+ 21 (F2&— Fi&exp(inz) (72— aA)[T
X exp{i{ax— wt)]

-+ (25)

ZZT, us, wsDHEL1H, B2HSZhETAEL, B
2 DRI, BIENIEAMBIC L AEIIHIEL T
W3, 7z, TAOR % Hooke DERNICRAT S Z LI

LY, BUEHLESEET 2L TES,
4. IZERMICHMT SER

4.1 BRES LUEAMBORETROTERNKE
BEMBORREECBTERENRETEA S
x, .

#210-4,\,10-6<<1 ................................. (26)
ERBOT, pD1IRULEOEMS Lt THEHATE S
LT, R (8) BLU (A7) mfmgbT 2L, & 7l
ROE 3 ckRE 3,

&=ia(1—ed)"”
p=1a(1—8)"* } (@)
R L, eBLU SR, RRTEZEILS,
_ (1—2»)m (1=2v)(nG/[B)
10— ﬁiz a—2)+20—v)(nG/B) - (28)
5=
Ga®

ed(nGIR BLV vOBEKTHY, M—
0=e=0.5 DERHANTEIT 5.
2T, KEEOMERE R Cw & L, 372, WELE
PO 148 & A0S~k & % - TEEN T 25808 ABBE
DOREEER C T 5 &,
Cw=a)/a }
Cs=(Glo)'"?
ThHhD, ThoEBVBE, IR Chk CDEED 2FE
LT, ROLICERES,
5=(Cw/Cs)2 R
BUMRIBIRERICETE, KELBLIUVGENTS 6
OFELE, KEROEMT 255 A -2 L LTEHELE
ERER-2BLUIRT. B, B—27TR, Gk
100(m/s) iz, E—3 Ti3, A X 50(m)iIcFhZNEEL

) B Db s B 0

0.5 < oo ¢ T T
0.4|~10.0 ]
3 2' o
03F 10 -
& 02 05 =
0.1 (nG/B)=0.1 i

" ] " 1 " 1 " 1 2
0.%.0 0.1 0.2 0.3 0.4 0.5
v
B—1 e®Dvicxts %L



X £ BLL

(1996)

1024 BRI YR
0.10
0.08}
0.06|-
0.04}-
002F—"" T=5.0(s)
005900 600 800 100.0
h{m)
®M—2 sDhiTIE |
Y —

o 0.1

0100 150
Cs(m/s)

R—3 oD Coicxtda%ik

TEE2T-oTw3, ZheDOEE Y, C:>100(m/s) D
ZETTI, 0<1 258, Cs<100(m/s) & B k%
HESHB TN LT, 0 C OB v RalMs LA %
Reszk, £/, BUMNRIEREROSHBRIZES>H
iz, KEEOBETHNE L 2BI1TE 6§ DEIR/NE
KRBT EBFN3B,
ZZTC 1RNLTD2RULEDESEETES &
SWBEEREZLDLE, &, nRROL S HLENS,
El=ia(1—56/2)}
n=ia(1—8/2)
&, 71, LHREEHELRZOT, ZOENROLET
12, 81 0OBERES S AN, SBEHACERK
DAEEETCER/T B L n 3, 72, RiEK e S L
ZEEMFPBRONKRES L EEHRT S L,

Lel=a"(1—66/2)“}

L,=a'(1-6/2)"
&Y, KEEOFERa & SKEETZZ 0838005,
nE, SOHE, £1OHRELEANBEORNE - HE
Rt i, JABREOBELZT RV,

—H, B2OEREIZOVT, ul DEYRETS &,

o= e+ ifai=he5))

%3, LBEEHICEIOT, B2 ORI 2 HH
KRB LOEEN EHFVERSER/HT 2. ik, —Hi,

Lgl/ng¥(5//.l)'/2>>1 .............................. (34)
i, B2 0oEREOHEIR, B OMEREL LU
A ERT DR DB bDELR S,

4.2 FEEOBERR

33TORD L FEEDOBFRN % 1K1 DHRMET Tl
BT 2 LUTOR B> h 3, '

Li=1

L=1-[1+2Q0—v)m]/n

1—5=1 ............... (35)

M=(p0?)/[1+2(1—v)m]

Ao=—iw/k)/[1+2(1—v)m]
ZOK, R (19 &9,

Sl= VVI,
THY, B 1 OERE L ANBICEEL ST,
TRIFEENL us & FEIRUKEESL wo I3FEL R B, DF
D, HRTFE L RBKOMEIRIZ, 552 ORI
EoTOAEL, B OIERKE HAMBIZIE X Sk,

4.3 EBNBLOLLR

Xz, [E]{:f%ﬂkﬂ%ﬁ‘]&}lﬂ“‘?ﬂﬁtYamamoto )
(1978) DGR ERERITR L OBIR 2R 3.

7, 3.1 BLU3L2HTH N BERORMEIB LT
BROZ EB»Z 5, MO TOMBUKES & L8
FEBREMLOBZHOEHED L, 1 ORI &¥ AN
el Tk, XB) T 0DEREL o bDIN
GL, 72, F20BREIIL TR (33) HiGL
Tw3, -7, BEMECBVTIR, F1 0OlERke
FAMRICH LT, HEBIOFEBE S ERKICTFMLTWA
B GEEOHEIE, 013 1L THANE il
WD, ZOEHL/NIVEEZL SR B, KE)IOF
OFETRS N3 & 5 2 REFRFHBOFREENY %
EZBHECE, 1L TMRATERWKRES L
7Y, HEEESALMNEEISLEER S,

K, FEOFREBRFT OV T DB ERITS. u D1 R
UEDEBLIU D 2R EDE® 1 KL THRT
2B TTS &, HBUKEDRRR (23) POMIERD
LHry,

A—v(&’+d)
M (1—V)(Ezz+alzj)—(1—2u;?az+iagz) -+ (37)

SWEBBELAEHBEWI F v 2T 5, D% D, [k
EOZBEHOBEE et LT, 613, 2 RULEOEFL
Py,

2ZT, R (37 2E5EETI L, MBKEDS
178, % 2HOREE A4S, Yamamoto S DUEIHRIER &
FTREW—BTIILERTIENTES, 2L, iR

. T, tHMOEAAOETE 2K ->TwBDIINL,



—HRAKNOEREECED OFELEORRSEDER

1025

Yamamoto & (1978) &, D& FEDETE 2R
ELTWB I ERFERTDMLEND S,

Kz, ERPEREMCS L CREBEOEM TS &,
us DIREERME, R (38) KRT LI, SO 1RDHA
BRI ERD, InLD, MBEKELD b LRTFERE
ZHIDFDS, HEHOEE S L VHZITEZ L80m
5, )
Si=2H[FQ+2(1—v)m)]/(ad)

Sz= - CZH/[Z(I— I/)]
Se=—2H[iE(1+20 — v)m)1+ (1 —¢&)6/2)

— ma&d(1+ 6/2)/2)/(ad)
H=po/[2aG{F3+ m(&2+ a®)(1—v) [(1—2v)}]
Ey=~a+(&2+ DA —-)/(1=2v)— ik,
ZZT, 60— 0 DEBRIZNT % u, DBIETE25TE T 5 &,
us=tH[ — F(1+ m)az exp(— az)

+ m{(1—2v) Fo— iats}exp(— az)

—d* exp(— &2)/(2(1— v))]expl#az— wt)]

-++(38)

L5, R (39) LTy, KEHOETHADEL
PERLTAEWE1TS 2 Lick D, Yamamoto 5 DHE
BRI L EMTHE I ERRTILBTES, B, &
FREBEDEE, 5 1 OESRIE & ¥ AN I L 72884543,
0/0 DFER & % 563, EDEWAHOVTR, s €I vD
FEBERWT, BREEERDTHS,

%7z, LR TFERRORE ST HENL ws 1B L T, Rk
=0, =0 DB ERDD ERDEDITRD,

ws= H[F(1+ m)az exp(— az) +{Fy(1+2(1— v)m)

+ia&;m} exp(— az) — iak; exp(— i6:z2)
201 = V)] explilaz— @t)] -+erereseerseseeens (40)
Zhd Yamamoto 5 DHERPRIME & Sl L 2 3,

BEDZ & &P, Yamamoto & DHEERRIERIL, SET]
PRI EEHBICBNT, 41— 0, > 0 DBREZ L o272 b D
THZZ bbb, B8, 1—0, =202 hTh, iF
FA B L UEBSHFBERDCHEESER T 300
RIS T 3,

ZOEREY, EHOBOBRAEEERT IBCE,
2ODEWRITC/NNT A—F, uy, SUEBREHERLTZ
Libhd, ThoD/87 A= LicHEEL T4/
SWIBAIIE, EHNESEATEETH LY, Che)
E5S L U CERTE 2L I REE, s, kil
Az &S e KENE O I T OREFRTT B E DB
REEUORFICEL TR, ¥EBNETREL, SRR
L7-Bde i (R (23)) 2AVALERH S,

B, BN LBOBEAEE L Tk, Miura &
(1991) 2%, BREXRE® AV BIR L BEBRITER L ¥
B L OB BRI R L R L, BTk
Wik bEMTH2 I &, HFHBOEKRENE L, K

ZHBICBOWTERTHE I L ZRL TS, ZOEH
D5, MBOEKECEHL -8 1o, HEBORIYE
CBLREAE S, TRAEFNEELIZLOTHS, &
7z, Sakai & (1988) i¥, Mei & (1981) OEFEIILL
BERELT, EREOREEREL, BEROEIE
TEHSHIELYI D 3L o I DB 8 TId, BIRY R st
BLRpufEERRLTWS, COSCELTIH, &
EIDBFOER LD, UTOZ M3, 418IRL
ed o, BYBAEEOBORABEICHL TN &Y
bR, ThEDBEVLERRORS TS
SOMEIXE S W/NEL Y, WENBOBERBBRIGEICL
3, DED, ¥EENLAUNENEERD DI, BRI
B LT TiREL, BREENERICEVES, B
B 1R FNETOHE LR S,

5. & |

mEEr HBK (EREERE) B (RF
) OREHTETIVLL, ZOREENEEEH
T % 2 REOERR L 1 B0 AL T, HE
OAEEFERE LTI, & 5, —RRRPERER I
BESER T 28580 LR FEHE & RBKDERIGE I
MY BERmBEFZY L. BonLBOBMSREL,
%2 ORRE S L ARG LTE Y, HEIE
RO & bH THELE TRR S, 21z, SEEOH
ToEEE, TOBRBELT, REBVLONTE Y
B HERBESDILERL, 51, MEOHRY
BET 2 ik, WHEOHERBEEZHNT 5 LT
BREEL2 2 DO T A —F ZHR LI,

2 £ X ®

Biot, M. A. (1956): Theory of propagation of elastic waves in
a fluid-saturated porous solid.

1. Low-frequency range, J. Acoust. Soc. Am., Vol. 28, No. 2,
pp. 168-178.

Madsen, O. S. (1978): Wave-induced pore pressures and
effective stresses in a porous bed, Geotech., Vol. 28, No. 4,
pp. 377-393.

Mei, C. C. and M. A. Foda, (1981): Wave-induced responses in
a fluid-filled poro-elastic solid with a free surface—a bound-
ary layer theory, Geophys. J. R. astr. Soc., Vol. 66, pp. 597-
631.

Mei, C. C. (1989): The Applied Dynamics of Ocean Surface
Waves, World-Scientific, Singapore, 740 p.

Miura, K., M. Hayashi and N. Yoshida (1991): Applicability
of analytical methods for seabed response to ocean waves,
Proc. Geo-Coast '91 Yokohama, pp. 609-614.

Sakai, T.. H. Mase and A. Matsumoto (1988): Effects of
inertia and gravity on seabed response to ocean waves,
Modeling Soil-Water-Structure interactions, Kolkman et
al. (eds), Balkema, Rotterdam, pp. 61-66.

Yamamoto, T., H. L. Koning, H. Sellmeijer and E. V. Hijum
(1978): On the response of a poro-elastic bed to water
waves, J. Fluid Mech., Vol. 87, Part 1, pp. 193-206.



