Applied Mathematics and Mechanics

2008 12 15 Vol. 29, No. 12, Dec. 15, 2008
1 1000- 0887(2008) 12— 1472—- 07 © , ISSN 1000~ 0887
e
XEH, Iak
( ; , 200092)
(3R% Ak )
Biot Biot
, Laplace , Laplace ~ Hankel (z =
0) z , Laplace  Hankel
Laplace Hankel
Biot ; ; Laplace ; Hankel
TU43; 0343 A
Biot' " , Biot
. [2-3] . .[4]
. MdNanee  Gibson Schiffman  Fungaroli
Biot [5] [6]
[7-9]
Biot , (2-41 Hankel  Laplace
Biot (1
) 1 1 Oe 1 9o
- r— Wt T S0,A T A A= > 1
. r2u 1- 2Vor G Or 0 (1a)
-2 1 Qe 1 90
P+ = ===, 1b
T - 2vo:T G (1b)
Oe ko
e _ k 2
ot~ Y, ’ (1c)
Qur w  Ous 2 & 10 02
, Ur Uz r oz ;e= ar+ r+ Oz 5 —ar2+ rar+ azz
2008- 06-15; 2008 16-27
(50578121)
(1966—), , s s ( .Tel: + 86— 21- 65982201; Fax: + 86

- 21- 65985210; E- mail: zhiyongai@ tongji. edu. en).

1472



Laplace ;G V Poisson  ; k

, 0 ( ). Darcy , 2 Q=

Biot

G+ 0= M+ 26 &,
B+ 0= e+ 2G 8§,
G+ 0= Jl+ 26 &,

- R )R
Orz - G er - 2(1+ ‘/) YVZ;
,0 @ a r 0 z , ;02 ;
o L dw .
T 0z Tz Y= 0 T o ’
Laplace 1o
Y+ 100
f(r,z,s) = jf(rz t)e de, f(r,z,t) = 2]1T1 f(r,z,s)eszds,
, s t Laplace
m  Hankel ]

F(8s)= [ Fire 9du(Birdn f(rz s = [ 7082 91u(5)%E
,Jm(%) m Bessel

(1a) t  Laplace
o 1 I 2 109
S Uy — rQUr+ 1— 2V5r Ga = 0,
, U Uy t  Laplace ,
(5) Hankel
2
dw 2(1- V) 1 du: 1o
& (1o o s v ¢80 O
, U Ur Hankel s
z  Laplace L10]
Y+i00
FEpes) = [ & eras f(Eas = [ fEp s,
> P z Laplace
(6) z  Laplace
2 (1= Vg ] 1
- (12w - 2vﬂ’E-“ - ghos
O (0 e, |
, Ur  Ur z  Laplace , . (0 Uy
z=0 . uw(0) u:(0) ur uw. z=0

(2d) t  laplace

(6)



1474 Biot

du, u
;= G[a_z+ ar] .

(9 r Hankel

G.= [dur - guz] .

z=0

w(0) = Eu.(0) + éO,Z(O).
(11) (8)

[pz_ fé—fé] w— =G g LE 0= pu(0)- 200 00) + £ o),

_ __E(1-V)
M= a5 va-a
) (1b)
[]gpz— iz] l;z+ M& Gpg,;;r— ép 0= Eu, (0) + ](‘;lpuz(())+ éoz(())-
(1c) t  Laplace , 0,
[au, 0 auz] [5_2 a_2] )
or T r T o wlortT e
(14-) r Hankel

sYy duy

2—2.:_ glLr—dez:O.
(15) Laplace
(p*- &)o- = = pu, - %@: po(0)+ 9(0)- TYuz(O)

Q t Laplace s r Hankel

k Qo
0= Yy 0z
z=0
d(0) = 7 Q(0).
(18) (16)
(PP~ 0= pu~ U8 = po(0) = L ru(0)+ J1Q(0).
(12) (13) (19) w iLz o 3

Laplace

ur(z) = Muw(0)+ Pou(0)+ MO(0)+ M0:(0)+ Dso:(0)+ DeQ(0),
w(z) = Diu(0)+ Dou(0) + D30(0) + Dy (0)+ Ds0.(0)+ DQ(0),

O(z) = Buur(0)+ Bow(0)+ Ps(0) + DuG:(0)+ Bsa(0) + D (0).
(20) (21) (22),  (2¢) (10) (17) :

0.(z2) = Oyu,(0)+ Ppu(0) + D30(0) + DG, (0)+ Dus0.(0)+ Dy (0),
0(z) = Dy (0) + Pou,(0)+ B30(0)+ 0. (0) + s (0) + DQ(0),

Q(z) = Wu(0)+ Dou:(0) + B9(0) + MW9%:(0)+ Pes0:(0)+ DsQ(0),
, Qi(k= 1,2, ..,6j= 1,2, ..,6) &

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)
(21)
(2)

(2)
()
(%)



1475

(20)~ (25) :
B(E:s)= &z 5 B8O, ()
5 B(é z, S) = [ur; u;, 9, 6, 0, 0]11217 CD(@Z, S) N ]_aplace
Hankel (z=0) z . @
(26) [ @ a |
| |
! aning
q(0 <r <a) t=0 , \ Y >
h
Y
t  laplace S/ SN/
q(r,0,s) = Joq(r,o,t)e’“dz =+ (27) \E
Hankel 1
0809 = | LErar- M@@ ()
(&0 5) =~ q(&0.s), 5:(50,5)= 0, 9(&0,s5)= 0. (2)
w(&h,s)=0 w(&h s)=0 0&h,s)= 0. (30)
w(&h,s)=0 w(&h s)=0 Q(&h,s)= 0. (31)
(26) B(§0,s) B(&h,s)
B(§z,5)= ®(&z- h,s)*B(& h,s), (32)
(32)
3
, s & Laplace Hankel
Laplace Talbot''*! ;
Booker  Smalll”™ . Hankel A M
c= 26K/ Y, T= ct/a’.
Booker ~ Small'” 2. 2
Booker ~ Small"”!
Poisson V
, 2 3. 2 3 Poisson V (
0.49 0,



1476

Biot

0
0 t=01,r/a=0, h/a=1
0.2} :
& r/a=0 04}
S
v 037} z/a=0
N 3
3 h/a=0 5 0.6
oal \ 0.49 N0
A o Ak [9] 08f
0.5 ‘ - P 1.0 ‘ ‘ ‘
0.001 0.010 0.100 1.000 10 0 01 02 03 04 05 06 07
T o/q
2 Posson Vv 3 Poisson Vv
0
v=03,r/a=0
0.2 r=a/a* =01
0.4
3 =
T\z ~
8]
06 h/a=1
0.8 |
1.0 : T "
0 0.2 0.4 0.6 0.8 0 0.1 0.2 0.3 0.4 0.5
o/q o/q
4 5 h
(r/a=0)
4. 4 ,
2
5 5 ,
2
Biot Biot
, Laplace , Laplace  Hankel (z=0)
2 )
Laplace  Hankel
Laplace Hankel ,

Poisson v

Biot

Biot

[ 12- 13]



1477

(1]

[2]

[3]

[4]

[3]

[6]

2
D) = 2£—C(ch€z— chg )+ (ch&+ &Gsh) = Oy,

2
Dy = 2G€ sh& - Eshqz] + Geh = - Dy
L0y C D Loy Qs - Py - Op - Dy
Pi3= (b= chg )=~ === 3ol =" O T oMt 2R T 266 T s
CD|4= %[%h&— qéﬁh(ﬁ} Gg(@h&+ E](h%)
¢ Dy - @

®is= 7= ch& - che )+ ﬁ@shgz: AT Mg Dy,

1_ é _ - @32 _ - @34 _ - CDSG
(Dl6: s [Sh%— q Sh(F] = 26@9 = s = 26&7
0, = 2gQ(qs}ug - &sh&) - Geh& = - @y,

Dy = G§ C (ch@g- &)+ (h& - &sh§) = O,

- @ D, D,
@23: ﬂz(qshqz— gshE}) = 205’;: 2%2 _(ﬁ>

N

Pos= L(gshg - EhE) + 217%(5}@— GehE),
Dy3= chgz = g,
M? Dy
2
Dy = 20[2%—36(&}1@— gshgz) + E(sh + E;ch@)] ,

3
D5y = 2G|:2£MS—C[:]§'shqz— sh%} + &(sh& - &ch@)] ,
C = %},q: ’€+5/C

M
@ = S =
36 qC shqz

Biot M A. General theory of three— dimensional consolidation| J| . Jowrnal ¢ Applied Physics, 1941, 12( 2) :
155- 164.

McNamee J, Gibson R E. Displacement functions and linear transforms applied to diffusion through porous e
lastic media[ J]. Quarterly Journal  Mechanics and Applied Mathematics, 1960,13(1) : 98— 111.

McNamee J, Gibson R E. Plane strain and axially symmetric problem of the consolidation of a semi— infinite
clay stratum[ J]. Quarterly Journal ¢ Mechanics and Applial Mahematics, 1960,13(2) : 210- 227.
Schiffman R L, Fungawli A A. Consolidation due to tangential loads| A] . In: Proceedings ¢ the 6th Interna-
tional Corference on Soll Mechanics and Foundation Engineering| C]. Toronto: University of Townto Press,
1965,1: 1838- 192.

Christian J T, Boehmer ] W. Plane strain consolidation by finie elements| J| . Jowrnd of the Soil Mechanics
and Foundations Duision, ASCE ,1970,96(4): 1435- 1457.

Cheng A H D, Liggett J A. Boundary integral equation method for linear porous— elasticity with applications to
soil consolidation [ J]. Internationd Journal for Numericd Methods in Engineering, 1984, 20 (2):
255- 278.



1478

Biot

[71  Booker J] R, Small J C. Finite layer analysis of consolidation I []] . International Journal for Numerical and
Analytical Methods in Geomechanics, 1982, 6(2) : 151 171.

[8]  Booker J] R, Small J C. Finite layer analysis of consolidation II [ J] . International Journal for Numerical and
Analytical Methods in Geomechanics, 1982,6(2) : 173- 194.

[9]  Booker J R, Small J C. A method of computing the consolidation behavior of layered soils using direct numert
cal inversion of Laplace transforms[ J]. Inta naional Journal for Numerical and Analytical Methods in Geome-
chanics , 1987, 11( 4) : 363— 380.

[10] Talbot A. The accurate numerical nversion of Laplace transforms|J] . Journal ¢ Institute of Mathematics and
Iis Application, 1979,23(1): 97— 120.

[11] Sneddon I N. The Use of Integral Tranform| M] . New Yoik: McGraw— Hill, 1972.

[12] AiZY, Yue ZQ, Tham L G, et al. Extended Sneddon and Muki solutions for multilayered elastic materials
[J]. International Jound ¢ Engineaing Science,2002,40(13): 1453— 1483.

[13] AiZY, Cheng Z Y, Han J. State space solution to three— dimensional consolidation of multi— layered soils

[J]. Intenaional Jound ¢ Engineering Science, 2008, 46( 5) : 486— 498.

A New Analytical Solution for Axisymmetric Biot’ s
Consolidation of a Finite Soil Layer

Al Zhi- yong, WANG Quan- sheng
(Department of Geotechnical Engineering; Key Laboratory of Geotechnical
and Underground Engineering of Minigry of Education, Tongji University,

Shanghai 200092, P. R. China)

Abstract: A new analytical method is presented to study the axis— symmetric Biot’ s consolidation of a finie
soil layer. Starting from the governing equations of axis— symmelric Biot’ s consolidation, and based on the
propeity of the Laplace transform, the relationship of basic variables for a point of a finite soil layer was estab-
lished between the ground surface (z = 0) and the depth z in the Laplace and Hankel transform domain. Com-
bined with the boundary conditions of the finite soil layer, the analytical solution of any point in the transform
domain can be obtained. The actual solution in the physical domain can be acquired by inveiting the Laplace
and the Hankel transforms. The numerical analysis for the axis— symmetric consolidation of a finite soil layer
was caried out by program.
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