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EQUIVALENT VERTICAL DYNAMIC STIFFNESS FOR EMBEDDED RIGID
CYLINDRICAL FOUNDATION IN SATURATED SOIL

CAI Yuangiang, HU Xiuqing
(Key Laboratory of Soft Soils and Geoenviromental Engineering, Ministry of Education, Zhejiang University, Zhejiang,
Hangzhou 310027, China)

Abstract: Considering the interaction between the soil and the side of the foundation, the dynamic response of a
rigid cylindrical massive foundation embedded in saturated soil under vertical time-harmonic excitations is
investigated based on Biot's dynamic equations. The soil below the foundation base is represented by a saturated
half space while the soil over the foundation base is represented by an independent saturated soil composed of a
series of infinitesimally thin independent saturated layers. It is deemed that the interaction between the base of the
foundation and saturated soil is independent of embedment depth. The foundation is perfectly bonded to the
surrounding soil; and the contact surface between the saturated soil and the foundation base is fully permeable.
Combining the mixed boundary conditions at the interface between the foundation and the saturated soil, the
vertical dual integral equations are established. Solutions for the equivalent vertical dynamic stiffness of rigid
cylindrical embedded foundation in saturated soil are obtained by solving the integral equations using Hankel
integral transforms. The accuracy of the presented solution is verified by degenerating the saturated soil to an
elastic soil and by comparing it with the existing solutions for ideal elastic soil. Numerical results indicate that

both real and imaginary parts of the equivalent vertical dynamic stiffness of rigid cylindrical foundation embedded
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in saturated soil depend significantly on the dimensionless frequency of excitation; and there is a linear increase in

the real and the imaginary parts of the equivalent vertical dynamic stiffness as the depth ratio increases.

Furthermore, the permeability coefficient has significant effect on the equivalent vertical dynamic stiffness; and the

effects become more obvious as the dimensionless frequency of excitation increases

Key words: soil mechanics; saturated soil; vertical time-harmonic excitations; equivalent vertical dynamic

stiffness; embedded foundation

]l

1 35l

i 5 LR (0 2 ) AR HAE ) U2 & +8) )
o BRPESN D) 5 DL R S5 R B 0 A A AR U — A
WAV, i — B2 B AATNEYR . HARA A
TERI IS L — e i [ . A A s =
A IO 1B o o e N A S R I 2% Wt
Jt, A TREP O W —2K 1 DU AR
WU Gt H TR TRz —, 1956 4, M. A.
Biot! g 3 T MU £ FLA TR R s T R, I ESTA
FIZ LA U 5l in) L2558 T AR BEAT . 1976 4F,
S. Paul™ 154 T Biot BB T 4EMRIZ AL
e 23 TA) A kb A 280, 2T r B80RT tar B0PE T 1
Lamb [n] @, {H I 2008 7 V0 - v i A 1 s 2k
M. R. Halpern I P. Christiano*'%[& Ti&/K. A
K2 M SR, g T AL T AN 2 L A R K 1
FRINIVEIE DT TEARCZ B ) . REAR TSR IR )
IR R R A, JFREIT T U T A BY 13 ) 43 A
th4k. A. J. Philippacopoulost 4 BIHIF5T T M Fi £
FLA R A FH— B [a) AR (a8 1) Lamb i) 2 BA
JCAE LR35 () A A FH i o TR 258 A8 A 1)
IR . Y. Q. Cai ZEWST T FEMEA M
J2E VLR R R 110 2 T4 FH At o0 R 8 ) i 28 IS (R RS AS B))
DN, g T R R R 2. ML KL
Kassir 2EEBIERYIEK . o0 BT L2 )5
Al 10 A1 T 7 R r A U Sl T I o 21 2 R i S
[HE EmI NS VA S ] e A O (VA R ) = e e
P A 8 ) A AT AR T B2 7 e B ) R
IXLERIF 57 K 2 S B SR AL T L SR T, 25
JE R TRESERR, R 2 Al — e i, ik
AFE 5 1 LA R B g w8 i) A AR K PR TR S
Wil Tt NZH] Hankel ZHesRig 7 A1 AFR
T Biot AN TTRE, 3R] T HLE SR ] 1 AT U
H F )5 J) Green 8%, R. K. N. D. Rajapakse ! T.
Senjuntichait' 145 T B AR 2R MR RE (K 45 B
FEAI 2 AT AT B I R 80 g e 7 ) @, 518 T

SRR HBIE T A RIS 2 PPl . X, Zeng FiI
R. K. N. D. Rajapakse! HJF 5% T 1l 7 v A1 2 4% ] py
P8 TG T 18 AN 5 52 7 30 % 1 i 4 P IS 1 8))
I N R, FFECE b TR VR . HEAK SRR
FARBHHREKI M. T. Senjuntichai 25" 45t
TR TR 2 AL BT R W A 1) 2 ) ML R
K, I REIERL LT TR 3 ) WIFE R 52 me, - {H A
WA B T R . DL BB A 45 3 far B 4y
M, BAHER ARG AR, KER%
A2 LR ERIN 7 5t EE A B o 6 TR T
AR v 2 18 5 ) A [ A SRR A ) R 1) i B )
B, H TR EE WS .

Az H Biot ) )75 R, 2 RE LR TR Hb
AR EAER, BFST T ST 5 o o o ) M
PG AT BEAIE A 8% v T4 ISR 70T 180 g i B e i
KM Hankel 243728 J1 25 4 Jemift 5 i K4 fid 1 1)
WA LAY, WK TR 3] T A I
U P AT B ) SRS W, A oA T
N EIRAIUR . FEREBIR . R 3818 R B0
&) 1 NIFE 52 o

2 EXRMNITEREKE
HRAE Biot Jit, 5 VAR A 192 ) i

oo L0 =9 +6T

L Z=plU + p.W 1
ar r 62 p r pf r ( )

or T oo
—L+- 2+ —L=plU, + p;W 2
o 1 e PrTAN @
ﬁl:':‘: O-i(i=r7 0’ Z)j"jj:%;JIEIEmjj; Trz j‘jj:

EABIN ST Uy U, 209k R SR R AR 1R RS ) oL
r o w, w70l GRS T AR AR 0 R R Je £
¥ p MEM L RERE, HH p=~1-n)p, +np;
Py pp 7PN EBORENMUK I L, n LB A2
i E R R I ) R

FLBSTR AP 5 R

~ P, + Lo, + b 3)
or n



$27% 2 SRR, e, A HE P T R R ) S 1 5 -363 -
“ P i, + Lo, b @ K
oz n (2) FERCUL B Rk th A Ak g R
e pe AALBUKIE, b A4 SIREE RS & 1S 4. TERHARAN AL, FEIE LAR ) AR ot A 2%
BIRIELL TN ), HAE B2 2 i a5 A0
oy U oup  OW W OW, _ (5) WP (BT 1B R (0 5 )~ 07 Rk

or r oz or r oz
TARBINT) - ARG R A

o = je+26 Y 6)
or
o, = je+26 4 %
07
u
0, =e+2G-r (8)
ou ou
=G(— 4+ =2 9
7, =G( % o ) )
Hor,
o OU U O,
or r oz

R A, G BN LR Lame HHL

BN | B, H ORI R i
B m ORI v WIERE R P(D) =
Pye™ PR FIAE LA b 10 1 AR s Ry (D)
YRR I J), R, =Re™, R, WA
R R (t) WA ZESEREONIET G2 T, R (1) =
R, R, JyILANON % ) .

P(r)

Mk Ew

A l

= HNW R 4 3 ‘
|

IO
Ry1)

\H"‘“Ml

s ]

— z
BO1 HEE TR IR o (R A B AR PR ) 2 2
Fig.1  Model for rigid cylindrical foundation embedded in

saturated soil

Y. O. Beredugo #l M. Novak!"" 75/ #ri & T
S 1t 5 v SRR PR 8 g v 2 ) RS, AR A T
V. A. Baranov!" M H (B, A SCHR R B
&:

(1) MR ROUA ) [ PR A Joe,  JEA O H
AlE m, BARn RIVEREAT A, 5D R
MR A R, A EZ RGH R,  HBii &%

mU (t) = P(t) - R, (t) - R, (t) (10)

s U I WIPER R B SR R A, HA
Ut)=U.e, U, AR R .
FINEN—ISH BN LR

[ . P . b . A
3.0= _rowy p = b = rOy ﬂv =
G P ,[pG G

_r - L _ u, _ u, _ W,

r=—, L=—, Ur=—, UZ=— ’ Wr:_’
0 rO rO rO rO

— W, — — (o} — g — o

W, = L, pf:&1 O_r:_r’ Oy = 0, GZ:_Zy
r G G G G

7 o=t

rz G

2.1 kBEMERMRE AN

i F4E z) MRS f(r, ) (6 1 ¥ Hankel 7%
B, $ g s s U OB i 5 sk i 5 R X
X()~9), wIfE

€'=Ae® (11)
P =CAe T+ AT (12)
2 2
z_-rzl = _2qC31A167q7 _25032'6‘267{Z _iAseisz (13)
S
G, = yAe ¥ =28, A T —28Ac ¥ (14)
ﬁzo = (:41'6‘167qf +Cy Azef2 + 043'6‘:«6757 (15)
Horr,
* D
q:\/§2 +D, S:\/§2 _aoz -P a02D1 v Gy :D_3
2
o LG4 H1-cy(14D)] - —E1+Dy)
31 — q2—52 ’ 32 — f2_52
gc
41 :%’ Csp=Cx» Cg =5
. . no'a
y=A485 (4 +2)qcy, > Dy :.*,0—0*

D. — a,’(p +2D,p - D)) ’

*_ 2
a,”(1+D))
, D:p 0 1

D, (X +2) ’ D,
ARSI A FE R 8 1) faf A 2 T (1980 g ey
MR, Kt a,, Re(q) F1Re(s)#IkT 0.

VLN - 7 5 5 D B Ml L f 6 1Tt 3% K
(17, N —A S TR A L E SN
&,(f, 0, 1)=0 (1<F <) (16)




*364 - B TRRER 2008 4
pe(f, 0, )=0 (0<=T=<wx) A7) K HY S HYP 435000 0 B —2R158 —2 Hankel
7,(F, 0, 1)=0 (0 <T <o) (18)  E¥ B, B, WFFEWEL pf=a4/l+p'D , HA

Re(f) >0.
a(r, o t)=$ 0<r<1 (19) <)

BRA2)~AHRAK16)~(19), "JHF]—4]
AR P [ A it % [ 41 20 VR A5 2L I 0 114 %o A AR
BITHE:

J SI+H(©)IB(), (5_)615— -~ O<sr=<1 (0

[B&)3,(dg=0 (1<F<w) (1)

EII:P’
HE =) (5) 1, c=limé(E)=—(1-v)
(5) C42C21 dc43 qC31 + §C41 2§C32c21
_y+2gpn§+2& 52 4 &2

A v oL E AL
iZ FH B. Nobel! 423 151, 47

B(&) =& j “0(x) cos(&X)dx 22)

XHE, Xﬂ%*m\ﬁhT%ﬁéﬁg* Fredholm
BT, R

0(x) +lj1|:(x, 0)0(r)dr =1 (23)
T 0
Horr,
F(x, 7)=2 j :H (&) cos(&X) cos(Er)dE
SRAF(23) P A S A 1T 1) e IR R, A

4Gr, 1 4Gr, U
R =—2U,[ 6(x)dx=——0——0 24
* o l-v OJ.O ) 1-v f, +if, @
o,
flzRCI; ’ f =Im| 1 !
joa(x)dx joe(x)dx

2.2 KEBEFMEER A

HA5 V. A. Baranov! Y RIMEE, IR Y IR IE
Jo, 5z Ik, HZM U, 1 z 3l ARt S i
KA, WX2), @), O)TEN—ER
5H

82U 1 6U 2 £ 2—

z =-a, u —pa, w 25
ar ar 0 z :0 0 z ( )
(inb" — p"a,)W, —np“a,u, =0 (26)

au.

T =— 27

o= 27)
Bea(25), (26), AlfiRfS

Uz = BlHo(l)(ﬂ F) + BzHo(Z)(ﬂ F) (28)

b T L At 9 3 7 VRN T 2 A A 1 A 1)
%, tH Hankel BRI IERT4E B, =0, FREFR(28)
RAKX@2T), &
7, =-B,pH,” () (29)
A HP 24 1B 32K Hankel B30
BE(19), (27), Q9)AI1E T = 1AM EN—H
BN )7, A
U, H”B)
“PURTG) G0
TR T 6) 7, BEAT AR 43 n] 45 4 F AE Sl ]
TR S TR AE R A

21H, " (B)

l —_— —_
R, =G, | 2ar,7,dz =GrIU, H P 0B (31)

R | LR L Eﬁl_ﬂ
2) 2
i SIZRe|:—2nﬂ|_(|21: (ﬂ):|, |:2E/B|;|21)()(ﬂ)j|
Hy " (B) 05))
)53 1) A Ak g
R, = GrOIUO(S1 +1S,) (32)
2.3 RBEBNIEEFREMOI N TESHE
¥ 0(24), (32)&)\3%(10)}:*%, #

pO Bz
. P B, G )+ KU (t) =~ o Y p(t) (33)

b B, AFERIBCRELE, K WAERCE 103 IR,
ZRIEE]

l-v m
B =—— 34
=T o (34)
f —if 1-v
K =—L—2 4+ (S, +iS 35
v f12+f22 4 ( 1 1 2) ( )

3 MRV SIEE

N T AR IERATE, T T AR RIBER L,
S Sl e D [ A il e A ) A5 ksl O I

K, Bt a, AL 2 (v =0.25), FEIFH4 p° =107
FD™ =107 ¥ MR b SE 18 fb 2 B3k ML (45 T, O
V455 5 R J. Apsel F1J. E. Luco!"™#E47 T %}
b, LK 20 T Hgs g o iR a, {E
9 0.0~5.0, BTG AN R Tkl . B 2
AICUE Y, =3 B3N WIS S B A AR — o 1 2
B, XZHTAER 1. Apsel H1J. E. Luco!®h bl



F278% H2 SEa, S5 VORI b I [ A R 16 S5 R 1) 0 g P *365 ¢

Re(K,)

Im(K,)

ay

(b) A2 #
B2 bk e b AR SO VA SR T LA AE RS L

Fig.2 Comparisons between presented results for elastic soil
[18]

and other results
PR SAE, (HE KR 6% —# 18
I RS & ARG

4 BHIGH

HENW L ZSHEEN T L% n=04,
v=025, BNV I¥SEA: p =053,
A=1, b"=0.01, 0.10, 1.00, 10.00, 100.00. 7F
IR RE T, EHCEN— IR a, YEFE Y 0.0<
a,<10.0.

K3 4 THIELEE1=0.25, 0.50, 1.00, 2.00
PLAb" = 0.01 B 25300 I NIEE K Bl a, I8 4k it 6
MR LUE L a, b K, R I —
SE, Y a, BN Re(K,) Bl a, i34 KM, 7F
a, =0.5 fEITIL B & KME, 4 0.5<a,<6.5 I
Re(K,) b a, K KTTEDN, 2 6.5<a, <10.0 I
Re(K,) Bl a, F3E RS EIE N . Im(K,) 72 %A

—1=025 7
----- 1=0.50 /
;

200 .. 1=1.00

Re(K,)

0.0 1 1 L L ]
0 4

Im(K,)

(b) &

B3 ORFEEE K, B a, (282" = 0.01)
Fig.3 Variation curves of K, and a, with different depth
ratios(b” = 0.01)

FIHIN G a) SEAR RLRPER NGO R, B3N
REHYRLL | B, O, Im(K,) bl a, 354
B, HE 3 e LA, a,—ER, M
TREE DBOR, K AWK,

K4 5 b" =100.00 AN [A] R 1) 25 35050 o Wi
bt a, KA. I 4@ ATLLE L Re(K,) )
AR 1 3() 25k (RMIEL (3, <0.5), Re(K,)
bt a, M T N; 0.5<a, <6.5 I, Bifia, KK
M/N; 24 6.5<a,<10.0 i, i a, 3K SR
Hhn. 1M Im(K,) BRI S 1 3(0)AH LA A
M: Ma,<6.0M, Im(K,)pda,ZktEn, HYa,
>6.0 I B a, (134 I e 11722 .

K5 4HTa =10, b"'=0.01, 1.00, 100.00
i, K BEIEEREL | A8 2k, i s aldn, X 1egs
SEMID™E, Re(K,) FIm(K, ) ({EHSRE | 38 i



* 366 ¢

B TR 2008 4F

<
T
[
50 -
40F —1=025
————— =050
1=1.00
_30F === =200
E s
20+ .
10F A
0 2 1 1 J 1 1
0 2 4 6 8 10
oy
(b) JE 2

4 RFHEERI K, B a, (7246 = 100.00)

Fig.4 Variation curves of K, and a, with different depth

ratios(b” = 100.00)

25 —pr=001
----- b*=1.00
20F b =100.00
—~ 15
<
L¥]
=10
05+
[ 1 1 1 1 ]
00 05 10 15 20 25
!
(a) £
4 -
b°=001
----- B*=1.00
3

b'=100.00 . a

Im(K,)
[ %]

(b)
5 a,=1.0, A b EE K, B | 1751k

Fig.5 Variation curves of K, and | with different values

of b* for a,=1.0

R, H b EBK, Re(K,)FlIm(K,) B 1 )
S8 T A
h T o b B AR IR K s, B 6
1T b =0.01, 0.10, 1.00, 10.00, 100.00, HE¥E
EE1=1.00 IF, K Bfa, F2fbihd. b EHBOK, 1
M 5iE Z A0 . HIE 6 ATLUEH, b XK A7
IR . Tm(K,) B8 b" A3 I n; b* <10.00
i, Re(K,) B b" (G InmEm, HAEBAEG
FIA, Re(K,) IZLLIRF22. B 99815 REUR /D,
Blb" =100.00 i}, Re(K,) b a, s LA 8 b
K, 7 4.0<a,<8.0 WHLFBLHIMGFE. HET L
ALLEH, b =0.01H1b" =0.10 R (1 K, gk
A, XU 0" <1.00 B b" {EXF 3l 7 K EE 52
R/Ne 24b" =1.00 B, b {ED0 30 77 W BE 1R S0 R g
A IR, a, <1.0 I b*EXFEh 7 K 5
WA K. BEE a, K30, b {EXFEh 77 R 52 i sk
KA

8_

— =001
_____ b*=0.10 !
6+
e b'=1.00 J
Y . b*=10.00 -"'}:"I
- R b*=100.00 7
S .
1
[
ok ;
.;:
— . ‘-f
—4 1 L k : I
5 3 3 6 8 10
dy
(a) £
35
30 F —— p*=0.01 -
sk b*=0.10 ,
....... B =1.00 -
s ad p— b"=10.00 e
< e
E *= ey
L= - b =100.00 o
10 _,;."{"
.9"'-;.
ey
5t J__,v’
2
0 ‘ . ; l |
: 2 n 6 8 10
ay
(b) &

6 A b K, b a, H92Ek(1 = 1.00)
Fig.6  Variation curves of K, and a, with different values
of b* (1=1.00)



P

F274 B2l GaEuih, A PRI T A P AR 0 A5 0 1 B g 1 * 367
[5]  PHILIPPACOPOULOS A J. Lamb's problem for fluid-saturated,
5 _Q_E -‘VQ porous media[J]. Bulletin of the Seismological Society of America,
1988, 78(2): 908 - 923.
N R N [6] PHILIPPACOPOULOS A J. Buried point source in a poroelastic

ZIKI@)EH Biot Zj]jj 75%5; ’ %%%Etﬂw_I\UE%n ﬂﬁ% half-space[J]. Journal of the Engineering Mechanics, 1997, 123(8):
RIAREAR T, BP0 T B TR R oA o g M 260 - 869,

‘ri *J{%ﬁtﬂﬁg [ﬂ mi‘é‘ﬁ&%ﬁ T EI(J ij]jj uﬁm IEJ*%E ° [7] CAI'Y Q, MENG K, XU C J. Stable response of axisymmetric

%FH Hankel %/El ﬁj\%?ﬁ%#%égﬁﬂ 5 ﬂﬁ%?ﬁ ﬁiﬁ E[,:J two-phase water-saturated soil[J]. Journal of Zhejiang University

AN, Btk R R T A (Seience A), 2004, S(O): 10221027,

:[:EE IXJIJTE ﬁ%ﬁﬂj E{J’;f_régall_‘% I't'ﬂ ij]j:] HU}E . -H—ﬁ T i% [8] KASSIRMK, BANDYOPADYAY K K, XU J. Vertical vibration of

,H:‘ %Uﬁ*ﬁ gi‘lﬁljl\}ﬁ Hﬂ. E‘J%/}ﬁ[j‘% ﬁ ﬁjjj] F(JIJE , #Eﬁ a circular footing on a saturated half space[J]. International Journal of

N 2e 18144 4— » N Engineering Science, 1989, 27(4): 353 - 361.

%Fﬂnén %:)&ﬁ TR, MME T 2341 (9]  WRMES, SKAEEC, Wfvzk. FEMRIPEILS Mot UG IE LRk 2)

IEMTE. WA JISMHTLIN. [ Sy 224, 2002, 23(3): 325 - 329.(CHEN Shengli,
(1) %émg EI‘J{;'%‘E%/FE% 8, Xﬂ‘%%zli% m ij]jj WUE ZHANG lJianmin, CHEN Longzhu. Dynamic response of a rigid

Kv ﬁ% Ej( E‘J %2 ﬂﬁ o iﬂ{;’}"*;’ﬁ, Y:EﬁE}/FJﬁ\EI ’ RC(KV) Blﬁ circular footing on single-layered saturated soil[J]. Acta Mechanica

a, MG RTIEm, 75 a, =0.5 s 2 E KMEH; 0.5< Solida Sinica, 2002, 23(3): 325 - 329.(in Chinese))

a, <6.5 JiMl, Re(K,)Hta, FIHKITHDN, 24 65< [10]  Fafe, B &, POhF. eas AR A A i fa i B 7 £

a, <10.0 I} Re(K,) ] a, 88 22 1 T Im(K.,) W Green BREL[J]. /KFIZAIR, 2001, (3): 54 - 57, 63.(WANG

e = N N . Jianhua, LU Jianfei, SHEN Weiping. The Green function of harmonic

E :Efg/l\%ﬁ % ?’E E] 'j\] Eiﬁ % E[(J i jJD ﬁﬁi jJD B ﬁ% V% ﬁg vertical load applied on the interior of the half space saturated soil[J].

j( ’ Im(KV) B]E a, E@K@Eﬂ‘ﬁ% ° Journal of Hydraulic Engineering, 2001, (3): 54 - 57, 63.(in Chinese))
(2) Xﬂ‘ﬂ:?{ﬁ\% E(J b’ {ﬁ’ ﬂ—ﬁ a, #/“'_E' HTI ’ Re(Kv) ﬂ] [11] RAJAPAKSE R KN D, SENJUNTICHAI T. Dynamic response of a

Im(KV) %lzlgjﬁi‘iﬁ,l_é Hﬁ | E@ iﬂﬂﬁﬁ%‘fiij( ’ b’ {E@j( ’ multi-layered poroelastic medium[J]. Earthquake Engineering and

Re(K,) FlIm(K ) Bifi | 38 i s ek o Structural Dynamics, 1995, 24(5): 703 - 722.

(3) b* Xﬂ_ KV El"] /%2 ﬂ[ﬂ Eﬁj( 3 i_/{ iﬁ %k'—\' H: . I'—'E Eﬁ‘ , [12] ZENG X, RAJAPAKSE R K N D. Vertical vibrations of a rigid disk
Im(KV) ISJﬁ b* 'fﬁ E@ i bﬂﬁﬁi jJD, ﬂ—__,] b* <10.00 EH_ , embedded in a poroelastic medium[J]. International Journal for
RC(KV) &E b’ 1ﬁﬁ@ij][]ﬁﬁij][] ’ fﬂi—’l b > 100.00 EH’ , Iz\h:)r;lser_lc;loa:;d Analytical Methods in Geomechanics, 1999, 23(15):
Re(KV) Kjﬁ ao E"Jﬂﬁﬂj EB&Y&Z)] H:?Fij(’ E 4.0< ao = [13] SENJUNTICHAI T, MANI S, RAJAPAKSE R K N D. Vertical
8.0 ng%tﬂ}ﬂﬁ{ﬁ° i—,[ b” <1.00 EH‘ b’ Xﬂ‘ Kv %ﬁﬂﬁﬂ vibration of an embedded rigid foundation in a poroelastic soil[J].
'/fE /J\ o % b* =1.00 HTI ’ b* Xj‘ijjjj I;(JIJE E‘J;%ﬁ%nﬁgg Soil Dynamics and Earthquake Engineering, 2006, 26(6/7): 626 -
(AT 2T, 8, <1.0 FE b % K, WA, 3.

%% a, E‘Jiﬂﬂ , b* {EXTJ' KV E[(J %nﬂ@_&}{%@i%ﬁ . [14] BEREDUGO Y O, NOVAK M. Coupled horizontal and rocking

vibration of embedded footings[J]. Canadian Geotechnical Journal,
1972, 9(4): 477 - 493.

%%B‘C#ik(Refe rences): [15] BARANOV V A. On the calculation of excited vibrations of an

embedded foundation(in Russian)[J]. Polytechnical Institute of Riga,

[1] BIOT M A. Theory of propagation of elastic waves in a fluid- 1967, 14(5): 195 - 207.
saturated porous solid[J]. The Journal of the Acoustical Society of [16] SE, MK, Hohre, . G FRARIIE & f R s R, 1
America, 1956, 28(2): 168 - 191. FI¥ R )35, 2006, 27(1): 75 - 81.(CAI Yuangiang, XU Changjie,

[2] PAUL S. On the displacements produced in a porous elastic ZHENG Zaofeng, et al. Vertical vibration analysis of saturated soil[J].
half-space by an impulsive line load(non-dissipative case)[J]. Pure Applied Mathematics and Mechanics, 2006, 27(1): 75 - 81.(in
and Applied Geophysics, 1976, 114(4): 605 - 614. Chinese))

[3] PAUL S. On the disturbance produced in a semi-infinite poroelastic [17] NOBEL B. The solution of Bessel-function dual integral equations by a
medium by a surface load[J]. Pure and Applied Geophysics, 1976, multiplying-factor method[J]. Proceedings of the Cambridge Philosophical
114(4): 615 - 627. Society, 1963, 59(3): 351 - 362.

[4] HALPERN M R, CHRISTIANO P. Steady-state harmonic response [18] APSEL R J, LUCO J E. Impedance functions for foundations

of a rigid plate bearing on a liquid-saturated poroelastic half space[J].
Earthquake Engineering and Structural Dynamics, 1986, 14(3):
439 - 454.

embedded in a layered medium: an integral equation approach[J].
Earthquake Engineering and Structural Dynamics, 1987, 15(2):
213 - 231.



