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DYNAMIC BEHAVIOUR OF NON-LINEAR POROUS
ELASTIC LAYER

By Hisao GoTo, Kenzo ToKI and Tadanobu SATO

Synopsis

This paper is concerned with a dynamical theory of mixtures composed of several constituents
in relative motion to each other. Using the Lagrangean density of mixtures, the Lagrangean
formulations of the equations of motion are deduced in the reference coordinates for a mixture
of a non-linear elastic solid and a non-linear compressible fluid. The non-linear constitutive
equations for a mixture of these two continua are also deduced. The dynamical behavioures of a
non-linear elastic layer and a liquid-filled non-linear porous elastic layer are examined, from which
it is found that the vertical displacement occurs not only in the case of vertical input displacement
but also for the horizontal input, and the pore pressure response in the layer is seen to be an
important phenomenon.
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Fig. 1 Coordinate transformation of matters.
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Xy
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277777777777 ///I//;IIIII/////I Xz
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Fig. 2 Elastic layer.
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Ly=Q+2m){Uy, Uy, 11+ Uz, 1 Us11} + (34200 {Uy,,, UD1+ Uy, UDZ}
+31U,,, UD1 +61(1+ Uy, ;) UDLUD2— 3 Uy 1 Uy, i1+ Us, )= Up U o
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X, =0 CRIAR L BB OEMBEZE LW LD
U1=g1(5), Uz=g2(t) ................................................................................ (53)

X,=H CpABEa DT Ehb
Lig=0, Ly im0 cooeoiimioiiie e (54)
(54) Riz (50), (B51) REMRAL, WEHHBRICLI230L FHELACVEREKMEL LTKRAE)
%o

Xy=H € Uy =0, Uy =0 oo (55)

(52) XRFHHEEY REFFBRTH 200, BIIOICBLROZ L% BEETH L. LTTR
WEERX>TZOMEROERYMLD EITT S,

EHO L ABHREPIFE L BEXE 15) 1) 3 HEBHY 5 i) (R %k 0.83) oFalk 2 kL%
500~600 (kg/cm?), g ¢ 100 (kg/cm?) TH o b, TIZTRI IV LNIVET E OB EHEIRT S
ziizlc, 2=800 (kg/cm?), =200 (kg/cm?) & Lz, B &L F 2O =7 1L Fig. 21TRLT2d 0
T, B3 H 3 10m, BAKEEER 2.1 (@g/cm®) & L, 2 HBBRAHTIBEEZKRELT, 20
s EREIEE 200 gal, k% 3Hz & L7230 TH b, Fig. 3 HRETH 2O EKN L SH dA - 7235

L

. /\/\z/\/\ [\/\4/\ ;
vvw\/vv

Uz (cm)

HORIZONTAL DISP.

-4b

L el A A
ST

~

Fig. 3 Response of horizontal and vertical displacement at ground surface.
(Input: horizontal acc. 4,=200 gal, f, =3 cycle/sec)
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T2EATHY, EHRAOETEMATIBEDIDOTH 5. I, m QN A p OEOA —FITHEL B E
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ElLm QEOKREXZ10* BE L,m QB BREDP- T b, 0L 2GR BELTELZLLEIEVK
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- ELMBEEUARET IO ELLND (EBROKMEE
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004~
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EFBEOTAOEE L EVEAT, ANELAES R
DB DB EITRATFEMAEFE LA \v. Zhid Fig. 3 ©

Fig. 4 Vertical displacement at ground
surface versus non-linear elastic

constant. (Input: horizontal acc. HREHNDEFELTRDLIREZLONLY, Piola
A, =200 gal, f,=3 cycle/sec) Kirchhoff s 7 v VY WA TF v I v EbENT &

PHEs T 2HRRTH 5. ZLBRFVTASENA, &

G] =0 (m/secz)

G TR R ENEERRD

! i

G =9.8 (m/sec )

VERTICAL OISR

(b)
Fig. 5 The body force influence upon vertical displacement.
(Input: vertical acc. 4,=200 gal, f,=3 cycle/sec)
BEANERIZT OBATE KPEMDHET 5o Fig. 6 KTFAN L MEANND 2B G4OBRMTOL
WIEEE RL723 0T, ERERERHE Lm R¥0 T TH bo (a) RRBHBRERXRICST 5 KPENM
EEERL, (b) RWEIOEBEO KFELEEERL, () RPN E BRLIIBEOTLERLT
Wi, NhLHBRABRIMETHNE, ARELRIPU2EHHRATH T MNMIEERICLS
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LI EBATIZORRAEL BN,
4.2 SR UCIERTE S LM R OREENK
ZoBe, EBHEFERR G3) RTchELbhid ok, DFAzia¥—-W oL LTk 40) XA
hWEEnZ Rk B, WEBBODCHEROER UY REROEN Ur® tRATHERL Do
UI(”_’UB Ul(z)“)VI ................................................................................. (56)
i, HRET2EFEMRY Fig. 2045 230t ThidBRICRET 2ERR X, t 020BBLEEL
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— 12 —



VERTICAL DISP.

HORIZONTAL DISP.

HORIZONTAL DISP.

VERTICAL DISP.

HORIZONTAL DISP.

Bk - ik - A RS AEEEE O REEIRICET SHE 245

E:/\N\/\z/\[\ﬂ[\/\mM\/\/\w/\/\ﬂ ;
:,_4; U\/ U\/LINER \j V \/VU TIME (SEG)
Mt a1

;VV\/\/WVV\/VVU\]\/V \/\/\/\/TIME(SEC)

b G = 9.8 ( m/sec

goﬂnnmnnﬂnn Lhal b Ash A fel A Qa1

il

Fig. 6 Comparison of response between linear case and non-linear case.
(Input: horizontal acc. A4,=200gal, Vertical Acc. 4,=200gal,
fr=fr=3cycle/sec)
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— 14 —



el ;e
— ey

Bl - 0% - A ERESAEERBEOREERICET MR

247

Ly, Ly, @ dEARIICET 5, L@, Ly ® B##EMICT 3 Piola-Kirchhoff 0§y 7> v v

BAeERDLLTnE. PTFABEo0BRIBERAIRBEL TN BIENE b RIKMIT EKIEXYeTH S ETR

H&kA%ES %0
PED:O’ Pf0= .......................................................................................... (64)
(60), (61), (62), (63) K% (33) RITRALCTEET 5 L fafi L BAHEEF O EBHHFERE LTRR
5 %,
1 o9%U 1 o ) ) —
Cpi? azal‘F Cpat atzl +BzJ( ot )"‘Po(1 G, U1 1nts7s5— 2+2 Ly,
1 U, 1 U, 1
ot atzz'*' Cod? azz B!( a9t )+p0(1)G W=, 11+—;¢— Ly,
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WINERMEEEZIBETE TR0 2RULOFEHEEKS 200, 65) £T
Ly =0, Ly,=0, Ly =0
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Fig. 7 Response of displacement at ground surface. Fig. 8 Response of pore pressure at the boundary
(Input: horizontal acc. 4,=200gal, f, of base. (Input: horizontal acc. A,=
=2.5 cycle/sec) 200 gal, f,=2.5 cycle/sec)
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ThHbho WTFNOEEIEMATD L ZDEERADHITDTL>TL B Edthbh b, Zhid Fig. 7(d)
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250 252 255 257 259 262 265 267 269
T (SEC)

Fig. 9 Time history of distribution of pore pressure.
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WHOUF SO coupling £ X bHTH) HAXL %3 E RETHHMTEKEQINERPAD KE R LE
2 bhs. Fig. 9 dRMEBLHA 100 (kg/cm?) o & BORIFHOMT ERRPHEOHRER L b DTS
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Fig. 10 Response of pore pressure at the boundary of base.
(Input: horizontal acc. A4,=200 gal, vertical acc.
A,=100 gal, f),=2.5cycle/sec, f,=6.5 cycle/sec)

K& S ERAFEAD 100 (kg/cm?) KOWTRLAADTH B (@) BKFEATOE WSS, (b) HAEEH
BEANPBRBIZA-7BETH S ThHORBEFAOEMANIBEBNICRAET 2T X KECE LT
THRRERPEIVREAT LdtbdBo Licdio THEMBMITRET 2 & KELBEICT 28B40,
BICAST 2 BB OB (KPRS & RERFOHAEEE) KonTHiok ZRSAPEICED L £4 5
Nbho ZFIITHEELAEREMATKBEOMBITRET 2MF EKEORE LT TR, RIURKOE
B EBEVDBELE Y, ThRSEMEINIREEETHS5.

— 18 —



B - by - AR ERESIEENE ORI ERICET 2HE 251

5. #& El

AFELZHEGEKOBRELO L) 2YHOBRHME~NERLL S LT 2RI20—2 & LTHBRORE
HE*TRE LTSHBRERONZRRIEODVWTIERLEIDOTH 2. AR THE-> LT LEDLUIREDL
NEBRREEILEDEEOEDL I ITE S

39, THEAROBOFBR Y HRBEHERTRO LD, 5775 Y- 0BHHBROEARRICHITS
FEREZOWTETOERE XML, FEMEEEMEKEHELL %23 - HROEH B T EBEFRCHER
Lizo 2 HBEREOZ VY —BRBRZOWTIRFZMALE, DFEAZAAF -2 FARARERICE
D F—7BHETAZEIRED, RS EHEAROEMUERRERD, ERUEELERTIZ LIS
152 y—BHRTHHHMETHAIANDON D Z L ER LI

INLOBOFBREBBRFIBR L A CHEBORBBIT £17% > fco M0 ICHERBHEMLD, O % 23
FEROBRBILEIC DWTEHEL, BIZAST 284 SH BOAOBFAT S EBNITHEH RO ERHRE
T3¢, ZOEBAMRANAROLLIZLIOIDOREDZ LA ELRL, FRETELKRE XD LH
EHFHOEMSEIABIIKEL A2 L2 E2W LI Lico D EITKRTHRAMINSIEBE®HIDL £
ZHEFORBIERIC DNTER L. BHMA L KEMEOMFARD coupling 2L b, SH HOADAHOD
BETIRBHICETEREORET S L, MTFEKEQRELMERT 2B TRERASHTIHRORK
UEREAZBELIIT LR ERPHLDIC L

UERHBRELZEBERBORBHRICOVWTHEET 2> %30 TH 22, o8RRI » & —KW%
BT HIE, BAENERTER L cEHFERN ko2 nhdsbivwl, Fry—-REELEDT
dissipation BEIH AR HOMAEED ZRERNOATERTESI BIDPEILEEIBRHILERER B, T
CTCORNTFELEMBRICERT 01T, FHBIZPIIROBRDBEICOWTOERIHENE XN
RO0nE%LEV. 2, BOoNFBRARRERBELREHRSFERCE LY, Z0ROERELZLUE
KHE—HROWTRIZFEAEHL LT E > T, EBME~EHINS L5 2HET T2 TOR
RO BIDITR, 4%, FBRERHSHFERX IERENHERMIFTERL) KonwTtoWaERFEL L
ThhEELENTHEAS S0

FRICEARARTOBIENER TR ORMRBZ R E K FACOM-230-60 itk > /e 2 & 2T %0

g2 E x #*

1) Adkins, J.E. and A. J. M. Spencer: Non-linear Mechanics of Continua, Pergamon Press, 1960.

2) Trusedell, C. and R. A. Toupin: The Classical Field Theorys, Handbuch der Physik, Bd. T /1, 1960.

3) Green, A.E. and P.M. Naghdi: A Dynamical Theory of Interacting Continua, Int. J. Engng. Sci.,
Vol. 3, 1965. pp. 231-241.

4) Noll, W.: A Mathematical Theory of the Mechanical Behaviour of Continuous Media, Arch. Rat.
Mech. Analy. Vol. 2, No. 3, 1958. pp. 197-226.

5) Biot, M.A.: Theory of Deformation of a Porous Viscoelastic Anisotropic Solid, J. App. phys., Vol.
27, No. 5, 1956, pp. 4569-467.

6) AR RBE B IRERF ORI &KEICHET 2 EBOFE, KB RHEESR 5128
B, i 43. 3, pp. 97-115.

7) Eringen, A.C.: Nonlinear Theory of Continuous Media, McGraw-Hill 1962, p. 44.

8) Taylor, P.W.: Foundation of Soil Mechanics, John Wiley and Sons, New York, 1948.

9) REBEZ-BERE: EBH*2T28APOFKYE (20 1), L %E, Vol 17, No. 8, i§ 44, pp.
23-29.

10) b BT, HTHK 4%, 145

1) Hpza : EfRo BAME (WL FRUENLOSH, BUICBETIER), $9E L5 —

—19 —



252

12)

13)

14)

15)

16)

HAVEBERTERE 4 EA (. 46. 9

(LEXT%L) v71r v, 11, 1 45

£m # RRERX: LhrZETARBEORK Y, WM 4O EETRKEHEMRHTRES,
g 46.

Idriss, I. M. and H.B. Seed: Response of Horizontal Soil Layer Analysis during Earthquake, Proc.
A.S.C.E, SM 4, 1968, pp. 1003-1031.

/NEE— « 35l % : Numerical Analysis on Foundation Vibration by Finite Element Technique,
Proc. 3rd Jap. Earth. Eng. Symp., 1970, pp. 501-508.

oW M EEREZH 5 PELoBKRTET A EE R EEROMEH L% 26 [
THIFHERES, W46

Biot, M. A.: Theory of Propagation of Elastic Waves in a Fluid-Saturated Porous Solid, I. Low-
Frequency Range, J. Acous. Sci. America, Vol. 28, No. 2, 1956, pp. 168-178.



