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ANALYTICAL SOLUTION OF RESPONSES OF SATURATED SOILS UN-
DER HORIZONTAL DYNAMIC LOAD

LU Xiaching ZHANG Xuhui
( Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190)
Abstract

method is presented to obtain the solution of the saturated soils’ responses under dynamic load. This method is

The dynamic responses of saturated half infinite plane soils are investigated theoretically. An Analytical

based on liquid-solid two-phase theory and decomposition of flow function and potential function. The controlling e-
quation and initial and boundary conditions are decoupled into the corresponding equation. The theoretical solution
was obtained. The characteristics of the dynamic responses are discussed. The term related to time is constituted of
stable term and attenuation term, which indicates that the soil's responses tends to be a stable value with time.
Meantime it is shown that the responses in horizontal direction decay in exponential form.

Key words Dynamic response, Saturated soils, Theoretical solution

V-5 AR IR B PR AR A, v B R R AR AZ [ A
BT , B A Ao 45 ) e £ 39 3 A R L A, T B |
A& PR Bl Ty, 51 A L AR A I AR e,

150 5

B T RESE B A R, Ok BE 22 1 L MR R Y
) FI MR N (R R BEREAT 03 B, A TR 5 AN T B
TR A i3 A, LR B TR RO
V-G et RS e — U R R T R ROR
HOR, BEfdi 1SR 1 0 i B E B g2

« i B H#: 2012-05-25; IR Bl s B 4 2012-06-25.
FE—{EEFEN EEE THEMBE L. Email; xblu@ imech. ac. en

EWRACEBIL .

FURIT, B IR ATTEE X 3 il 45 ) At 5 R A9 7K F
fol= Xl N S ) D L DA e B B A SR - 8
T AR FE AR A BT, A AR A A A, BT
W RFIE AR KA, 5 R R B AR (B



72

Journal of Engineering Geology ~T#23bJF 5% 2012

HIGEN R ARS ff , T A6 A E  B(E T AR R S
PRAYEE . (HIETR 20 00T S5 F Bl R AP e S 1R A+
A FLBSUK A 2 fh % T 3 (A 5l 3 o i F
RS, TR LR I8 AR A B, I A5
FRBT R, XA TR B A AN A

Ao B - Bl B 5 Y- T TG AR - Ay 3l
JIWELRE, fBise A B 3R A e A 5, FLBROK AN AT
BT WA PIAE A BRSO ek RO 4 R 50 R
Tr B R TR AR AR SRS SR R A R BT

2 IR e T A

AT R R A A D 2 T i G R B
(1) AEZE MG T 280, A7 04 JCBR A, 1R 1k
FHTTE S A& K B AR S R e 1
F AR, AKRVRURE 27 AN AT T, FLIE 32 Tl /s, oAk 2 2
N

Pp_
3= TwD

y

Bl RS E
Fig. 1 Sketch of the problem

s RN
00-17 (')p
99y _dp _ (1 =
ax, " ox spg, — (1 - &)p.g,
E)Zu v
=(1 - S+ ep—
(1 -&)p, o Ty

- - 2 -
ogp Jde & &( c)u,)

- + - - - - &
ox, P ox, K \Y PE;

gk (1)

R B Ty R A RO FALE
0'17 - (1 - 8) (pv _P)g\anfﬁ%g” P {*%EEP +pg‘, I)—llJ
R TRERN

Jdo, dp _ d’i av,
oy, Ty, T 8P Ty,

7

_op _ap, 00y 0 5
o Ko ar) Py (2)

BT A R HE £ p JE 153
ﬂa+g%n_w)

ox, K ot
o*u Jv
= (1 - ( 7' - 7') (3
). aor P )
[ ESFETRN
dep + % -0
ot o,
a(l - (1 -
( ) g)p, . ( — '8)psu, _0 (4)
ot atox,
B P TR B I N A
au, E)Zul _
8().7\‘,4-(1_8) E)I‘E)x,_o (5)
AR T a9
du du 26y duyy
= (; ! 7 E— 6
T ((’)_\‘7 * (')_\‘l) - 5” 1 -2v dx; ( )

K1) ~(6)H p MILBRAKAIE R p, M B A
s & MALBRE; o, BEFARIAIFE s v, HFLBR K A9
s p WAL o, WA T1; & HETIINEE; 6
[ AH A BT IR v S EAE ASTA R b s LB
NGRS

3 JrfEfaifk

I AR e8 R e

u = Grade, + Curlys,

) (7)
v = Gradeg + Curlyy
H
Divy, =0
" (8)
Diviy =0
PR BRI B AghEsrE R AR s E
2,153
26(1 - )
p(1-20) ¥ &
— (] - Lz p\Pd _u 04
= (1 s)(1+ . ps) o K (9)
[ spy VW
P.:Vlﬂs_(l_s-’-ps) " (10)
s¢+(1-g)aai::o (11)
é‘i n 0‘&: P (l‘lé
K(‘ﬂ‘?)_ Pon )



20(Suppl. )  EwEEE . KFFHHT 0 £ hew B 0d 2 73
1 z@ _ Gl 2 (')d)_; — . L _ 71 —
Vp=-pV o S \¥4 (d’ _ ?) (13) A2 (exp(lwl‘)(iw o 2Rexp( ZRI‘))
RN ) FIC12) A (13) 153 - (i I ) )
) U , azd) iw 1w —-2R
V=M e kv ) 1 20(10) SR 1% ., HI AL
Hrak (14) FEAR(9) 53] ﬁﬁ’*ﬁ 0
)\V2p=(1—s)(1 l—sg)dp K0P s x=0 7 ?ZM;\‘PXP(W) H(t)  (20)
g p, ]\ ot
. . s d
A0 W15 B R v S B (0] 0 1)
—_— A S ¥ El ™, E) S ()¢.V
4 _‘/’EIE‘I@*% V= ,?+?:0 (22)
o Ob (Y 9
BRI (1S ) Bt P2 e e R
> 2z
AT I O
_o 9 _ . - _
X = O’E)x = Ayexp{iowt) H{r) L=0.0 + b, ()(lﬂsa‘: ) 0 (24)
¢ —> 00 A 4 >z S
o o SRR (16) KA h
) Jap »
y=0,-"=0 - : :
; v Y lx, y,t)= zcosan;\"(_fln(.v,t) + o lx, 1) +
y=L,p=0 B
WG S fk: falx, 1)) + 2 (A,sinB,v + B cosB,v) *
,:o,p:o;éftl:o (17) exp( = (k +ki)x) - G(1) (25)
=Y > A((-1)"a,L -1 :
I AL FE 1 045 ¢ = (=1 . ) X2 cosay
ZA(-1)"a,L - 1) R 2i _ P Jacl
PR er mee e (= U + ki)Y -
exp( = (k; + ky0) x) » exp(iwt) + Al (18) (exp(iwl‘)(i - i 2Rexp( - ZRI‘))
Hrp o
1 1
Al = (1 = exp( = 2R1)) _(E_iw—zR) ) (26)
R:2%+iw, :L)\((—l)"anL—l) Ezil
5 ! psw \/ga,':L ™ Sl
S = A _ b n
a 4a*’ B. A
2n + 1
a, :%, [;1" h(A +A )
Bn
Fo= b 1 5 o 20tk hDa, + (hy + kyi)?
2 \/\/(ai—aa)l)l+bla)2 - (a - aw’) " B,
2 252 E 2 2 - 2K 2‘471371 2Ban
- b - - nl('ﬁvt il ey 2 2 2 5]
J(a - aw’) +2w (a, — aw”) Sulx,1) ( L E‘Bﬁ+aﬁ‘ﬁﬁ)
Etlt(l“)f 3 exp( — «/ai - Cwl.\‘) - exp{iwt)
1 & A(=Dal-1) R 2i P (e = e+ D) by + ki) B, )
P‘Un 0 Jao L TS5 2(‘\/Ca; —c(k, +kyi)°
exp( — (b, +k,i)x) - A2 (19) ( 24, «, 2B,8, ) )
Lrfr & - B« B

N



74

Journal of Engineering Geology  T#23bJF 4% 2012

- exp{ — \/2a,': — (ky + ki) x) -

( - exp{iwt)

, \/af, = (b + ki)’

l,a)( . + l,a))
exp(— (\/ai_(l;;-”-kli)2 +ia))1‘)
" ! |

, \/ai = (k + ki)

iw . +iw

+ ( —exp( = 2Ry)

(iw - 2R) (—\/a’l’ - (k; +hi)” +2R)

exp ((_\/aj - (li; + ki)’ _2]{);)
+ 3 1 N2 )
(iw - 2R) (—\/a" = (h ki) +2R)
C

* ((i}u_iwizR)\/ai —(Al"l + kyi)*

C
PXP(\_/ai - <A~;+A~zi>zt) ) (i_iwiﬂ{) )
1 )

\/ai - (ky + ki)
C

d
u, = $ +
) ox v
_9. oy,
Yo = dy Jx
T =AVS, +2M( byl w)
ox’ c).rc);,v
g, = AV, +2M( ¢ 9 ¢)
oy’ ()-\’c)‘,\"

R _E IR 20T ARG 3 4 (A FL e F0 AR T 46 451
WA, RN TRASH . RKEL=1,4LK
# e =04, KAYEE p, = 1000kg - m™ LAY
p. =2650kg - m™” AR p = 0.3,%%)11:%% G =
10"Pa, 7K A B PE R %L » = 0. 001,

FLBR 7 L A 288 5 X o A A ) (AR L f b SR A
Uiba R R, E 2 o] LIE S, A2 far fE BT, FLBR
PR s (R s NI TR . X U] K
DURE IR TTRE B i R R AFa e R e . XA
“hy BRI E A T R a0 B, DR MM A B
R 2R T R e — N F e IR, B B g Y iz g

AR R SR — R AR
{20 Ty, AR 7 I (L TR T O, LI P I

oAy, A HK A oK ®. RAE I
ik, Eﬂ*ﬁé?(mﬁﬂﬁﬁ'f@[ﬂ S AR IR
EMREATE R (3, 4), XAGRSGE3 ]+

AVESIE R —EAY.
0.015
0.01
£ 0.00s
=
=
W 0

-0.005

B /s
B2 LRME Y=L ,X=0m {i & {hHoK w8 R a2 1t

Fig. 2 Development of seepage speed with time

at the location Y=L ,X=0m
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