i 50 % 5 2 M) ¥ ¥ R Vol. 50, No. 2
2018 4 3 H Chinese Journal of Theoretical and Applied Mechanics M2018

&k 5 %

P2 SR A0 9 RS T S N B i) B B — 4 1k B A A

FHEE D FMEMAT K B REKAC
(A HASIA F AR TR, I3t 100044)
(P B TR B IS4 A A, b5 100055)

WE MRS T B a2 A KRS PURE T A i e ) el JL 2 —, SRR R A2 fL 5t
M, TR 28, HETHTSTE D, ARSCHE T Biot 3 Y VAN 2 SL A il D U5 R, S0 T —FiopT i
SRAFT- IR AN N 2 AR 2 AL B2 S B 13270 0T 00— AR NS SR 7% 120795 5 56 Snell
S8 HERF AN 2 FLA ot — o2 ) i LA D — A I Sl L, 0 P P 7 1 AR PRGBS L, A5 2N 22 LA bl
Byl R — A FRIT T RE, SR SR S B A JOKS B/ N T30 5 4 A RRAD R S - 2 [ PO S0 A A A A\
ik, L FEHE S RN 2 LA SR K AN KIS 5 A RN R VRN 22 FLAY A S A S TR IR
L Z R TR SR EEARAT IRICTT R, de R P 22 90E 5 Newmarke -2 Iisdt B3 AbUks UM 45 & K 7
TSI TR BEAT B A9 20 R i3 R 0 B ACRIE. SR b (R MR e N 0 TR T, ASSOVA I T LA R
Pt T RE S A A R B S R e ), W] T A R

KR 2NN Fls, RIS, Snell g, AT

FESES: TU4S  CHEfFRIRAS: A doi: 10.60520459-1879-17-393

ONE-DIMENSIONAL TIME-DOMAIN METHOD FOR FREE FIELD IN LAYERED
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Abstract The input of free field under oblique incidence of seismic waves is one of the urgent problems to be solved
in the seismic analysis of large structures. Because of the complexity of the problem, there are few studies on the free
field of layered saturated poroelastic media at present. In this paper, a 1-D time-domain finite element method is propose
to simulate the plane wave motion in layered saturated poroelastic media overlaid on bedrock subjected to the oblique
incidence plane wave. The method is on the basis of Biot dynamic theory for saturated poroelastic media. Firstly, the
spatially 2-D problem is transformed into a 1-D time-domain problem along the vertical direction according to Snell’s law.
1-D finite element equations for poroelastic media are established by discretization principle and finite element. Then ar
exact artificial boundary condition for elastic media is used to model the wave absorption andfiegtstaf the truncated
bedrock half space. The global finite element equations for the system of layered saturated poroelastic media overlaid o
bedrock are developed according to the drained or undrained boundary conditions between the poroelastic medium an
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the bedrock. By solving the 1D equations, the displacements of nodes in any vertical line can be obtained combining the
method of central dierences and Average acceleration of Newmark, and the wave motions in layered poroelastic medium
system are finally determined based on the characteristic of traveling wave. The method is verified and by comparing witt
the frequency-domain transfer matrix method with fast Fourier transform in analyzing two engineering site.
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Fig. 1 The field model of layered saturated poroelastic medium
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Ci(s1) - Gi(ss-1) 0 MsF3 + MsF?] (28b)
Ke(LD) - Ky(Ls—1) O LTI 220 0 5 L 3 DL J% 24 i 2000 67 2
(180 224 i A 2200 1 38 82
K., =
o Ut = 0f — (MMs - MgtMg) -
Kst(s1) -+ Ks(ss-1) O " "
’ ° {(Mfc;— MsiCrs) (Ul — uf) + My Cef (U5 — ) -
Kf(l,l) Kf(l,S—l) 0 At
. MrCr (u5™ — ub) + — (MiKs - MiKrs) (P +uf)+
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At B bl Py
Cf (S,]-) Kf (S,S—l) 0 E(MfKSf MSfo)(u2 +U2)
At + "
Ke(L1) - Kg(Ls—1) 0 > [Mi (FY™ + FP) - M (F3™ + F?)]} (29a)
KL = : : : 0™ = U — (MsM¢ = MsMgr) ™2
, p+1 p p+1 p
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s ?'U%%ﬁ»‘?éﬁ%ﬁﬁi BT U = {Wlx leT o Weeax MsCss (u§+1 - uS) + % (MKss — MgsKs) (ulp+1 + uf) +
W1, Wox Wix Whz Wirix Weeaz -0 Wi pfn} y Prn bKid) At
A Ll e T pis —(M Ks — MK )(up+l+up)_
M Z AL i)z 5 e A8 SR R LB K s ). g Vst T s/ H2 2
At + +
4 BEDNRRNBARL FIM(EE R - ma (R on)
T4 10 77 £ S 8 e 4 B 7 P 5 (G IRTSRUR [ R DL S 201
(25) sk (27) 2 I, TR0 240 5 Newmark AR ITILIN N &L
S FE VA A ) BB 7 R A0 401 0t = f + 2 (007 ) (30a)
Bl TR 22, 1 AR AE AR gk A ) S S L )
SIHTE T LR S T R IR PERUR R, i 057 = o5 + - (057" - 1) (30b)
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IRVESL e, SRR O R (21) KA =,
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1 o 1 ouf
f . _ 08 -7z _R'f R_Z 1
o o Qu; +Q 7z 0y + o (31b)
ou; 1.
O')S<Z =N (a_ZX - C—Xug) (310)

KT oy FTRARIE A G RIS (31) KA
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4N[Q2—(A+N)R].S
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B —MZ AN BUR, K 3(0) MEEE EEEA

saturated poroelastic
h medium (1)

Iz

P(SV) wave z

bed rock

(a) 34 LA — M2 AN BUZ

(a) A single layer of saturated poroelastic medium

4
" O saturated poroelastic x
] medium @)
N
A
h saturated poroelastic
2 medium @)

o~ bed rock
0

P(SV) wave z
(b) A& BRI RN 2 FLA i
(b) Two layers of saturated poroelastic medium

3 MURIZ LA U )2 S TR AL A2

Fig. 3 The simplified model of saturated soil overburden site

MM Z fLA TR, G R A BUZ S Hdn 4k 1
M 2 R, FIBHE S BUZAS S i K
b LS

=1 EEMMRSH
Table 1 Material parameters of bedrock

Parameters Value Units
o 2385 kgm?3
A 15.6 GPa
u 15.6 GPa

R 2 MHMBINRENMHSEH

Table 2 Material parameters of saturated poroelastic medium

Parameters Layél) Layer@  Layer®  Units
Ps 2650 2700 2700 ko’
ot 1000 1000 1000 ko3
Pa 0 0 0 kgm?3

1 15.6x10° 22.0 26.2 MPa

u 15.6x10° 22.0 26.2 MPa
1.0x10°%  1.0x10°  1.0x10°  Pas

kp 1.0x107°%  1.0x10° 1.0x10%0  m?

n 0.1 0.60 0.27 —

Ks 36.0 36.0 36.0 GPa

K 2.0 2.0 2.0 GPa

5.1 HERKEA

NIRRT A I RER KA 7 b PO AT B 22 23
AL, B

Lbﬁ):laqG(ﬁ—4G(T—%)+6G(T_%)_

4G(T_§)+G<T_1)} (33)

i, G@) = PH(@), T = ; T Sy SR kb 7R T
i), Ak B KR IEAE, H (7) b Heavisidepfi 5. it
BT = 05s A= 1m, W RA RS ER 24
K 4 FioR.

52 HE FBRIAMZANRE

7K 3(a) B AR, ERHLRN 2 FLA 7 56
JEJEE h=100m, WHMZ ALK 2 T EEOAS
£, WK RFEE 1 m, WEPKH 104 s, # 5 F1E 6
a3 h R AR SO A 20 P Yk 60° A ST AIT SV
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Fig.4 Time history of incident wave displacement
—— numerical solution
—— theoretical solution
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Fig.5 Time history of solid phase displacement for p&@mn the
half-space surface excited by P waves with incident angle 60

for model one

—— numerical solution
—— theoretical solution

displacement /m
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Fig.6 Time history of solid phase displacement for p@n the
half-space surface excited by SV waves with incident angte 30

for model one
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Fig. 7 Time history of solid phase displacement for p&nin the
half-space surface excited by P waves with incident angie 60

for model two
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numerical solution
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Fig. 8 Time history of solid phase displacement for p@n the
half-space surface excited by SV waves with incident angte 30

for model two
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