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Abstract: Based on the one-dimensional basic equations for waves in saturated porous media proposed by Biot, a mathematical
model for one-dimensional transient response of single-layer saturated porous media is established under various permeable
boundary conditions, arbitrary initial conditions and arbitrary vertical loads. Firstly, the independent parameters fluid pressure p
and fluid relative displacement w are proposed to describe the various permeable boundary conditions by linear combination
through adjusting the parameters. By utilizing the variable separation method, the eigen-values and the eigen-functions are
obtained for undamped governing equations. With the help of undetermined coefficients and orthogonality of eigenfunctions
methods, the solution to the problem can be converted to solve the initial value problem of a series of ordinary differential
equations. The semi-analytical solutions are approached by using the precise time-integration method. Compared with those of
the previous researches, the semi-analytical solutions of this research are more general and can be degenerated into various
conditions exactly. Several numerical simulations are carried out to validate the proposed method. Finally, the one-dimensional
transient responses of single-layer saturated soil with general boundary conditions under step loads are analyzed. The results
demonstrate that the responses of semi-permeable condition are between the permeable and impermeable conditions. The
displacements of solid and fluid increase first and then decrease. The incident and reflected waves stimulate the same phase

pore pressure. -

Key words: permeable condition; semi-analytical solution; HETH: ExXARBEESTHE (51978247); W TAL K2 EEK
saturated porous medium,; single layer; transient response NAFHE G IE (31401175): $RE9E B £ THE ME K

1R (WHLKRS) JFBEEETH (2019P03)
UFSEER: 2022-01-02
A E/EHE (E-mail: dsling@zju.edu.cn)



1134 "+ T OB % M

2023 4F

o 5 =

22 AL 1)k A e I ) R A2 B0 70 S B ) 3
FEHLRE TR W TARANE - AR SR 2 22 1
Kk, BABEBENERANEMSZERNA .

H Biot!" 22 A Z FLA Bk sh3e DLk, 2
FH I KA Biot W 18, KRB —4E, FEELLK
JEARMIRN 22 FLAY BAE SN 7777 48T I Sl AR o ) A
i 5l B Sy S R, WU AL R AR EON LI DL
Z AL R ARSI R ) LR S0 BB L . AR ASAR T
[, Zheng 550N 2 1] 7 i k.24 B Helmboltz #2515
TR 4 MR ERAFE, SRR T 2L
[F] PRI AR« Sahebkar 51 F b & 3 bk BOFRR 53748 460
T3 5L R AR BN AR YRAE R R [ [F) 1 22 AL
PES BTHEA A . Wang S51R FAE BL A8 #25 HATUE A
A S P AN R A AR BRI X T R A
Z FLAY B B n) @, Lu 45918 5 Hankel 2842 A1 Fourier
AR Wt Aar BRI A SRR F R 20 R R 2= 23 R ] 1
BRI AE RS (TRMD . Ba V0T 1T 2 ZH00
2 1) [F) M 22 LA 2 2 ) () = 4E S B, 0 T30
far BT 2 LA 0T . 0] 8, Cai 51125 R B 1H AN DI,
K FAE B AR 4 0 A7 T A8 R ZE AT 2R TR 22 FLBR
AR MBI R Li P EIEL N Timoshenko
e, WEIE T BT R 5 e [ A T R B 1)
IR, (E—4EBFAS R BT I, Schanz &FUOR A
Laplace 2 #¢5 LR VR G500 NI AENTf% . Shan
SFUR ] 73 59 A0 s vk FME BL IR R 54 R ik 45
JEMFN 2 AL i AE = 2 BRI SR A I U DA K
TGP 0] R AR 7 i o 122 T B A U2, H ) el P T AN
JER 0 350 N 325 7K 301 S B 2 RN 22 £ LAY o F AT A
Schanz Z5PER A Kelvin-Voigt £ 7 # # Biot [ 28 3P4
[ ARG SRR, 3545 Laplace 3N —4EZhsa el £
LA IR BT . Pisano SFU4R I et (1) 4320 Taylor-
Galerkin A7 BR 7CiE KA R HUMEM . Shan Z51PIRH
e8] L P AR S RAT ) S P T AN R B 2 LA o — B
AW S o Shan S5O FRRAE oR B0 25 78 AN
PRI AN 2 FLA T — 2R 2 e S Y- A ATT A

ATLLE H, HATRT Biot 7 RERIMAENTIF 7T £ Bl
AR A ) R AR, TR EZME . A, BT
ZALA TR B AU SR LR T e, £
B in) BEHAT TR, 2 HUR S Y s ad e B () AR ]
EBUNEUE T ERAS, SRR RS R A A e
O, ARt R AN Laplace Wi AR AR A A A
BB AT ] 0T, 22 BORS T e A0 AT fe R R AR — 4
], RO — g ), RSS2 — el 5t

FEAM BRI SHEOR RS, TEFRENELILF
FAFR RS . IeAh, BIRBTR I SR AR
WHARGIIRIVIESGA T, R AL BRI AS Hiid
A FEARNEDL, SR, XIS RE R ML T SRR R 2% 1
BRI, W BTl FACAEAE B R RS T,
A FAGA KNGO AT SR, 3L TR U0 W R
LR B BRI, A e Xt 22 sebr 00, X
A FERATAB IE RSN 7 S — A 7 2l — B T
k.

XEF eI T, AT DA A BB R
IEAVIERATENURSRE, B8 B T IR AN B 2 ALY
[ B SR A S UL RN 22 LA BRI FIN R
X AR AT T R TR A7 A P T 18— e e o 7 [ el fee
WHFC, et B s S — Vg ok, %
JEZ AN BTSRRI BEAE . R AU &1, 45
ERHIE R BUE AT B i, ARSI BHOR AR, JF
ARG T AFAE R ST T RN L LA BRI 2
M 24 o

1 EHIGENERRE

AR R K T A R RS LA R
BRASURL I B, ST | ORI, O
YA R . B TR AT R IR B, TR
[l BoRS, i S N RERB KA

o=—4(7)

S S S SO S S S

BT Bk, LEA, FEk
B EMAETA R
jao
M &K, EEK, FEK
et

Bl 1 FRIEKOFFHTREEMZFLN RRE
Fig. 1 1D model for saturated porous media under various

permeable boundary conditions
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Table 2 Parameters of saturated porous media
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Fig. 2 Comparison of fluid pressure results at 0.5
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