. 26 9 (2005 9 )

Applied Mathematics and Mechanics

: 1000_0887(2005) 09_1061_06

WH T, KRX,

( .

(T S %)
; Bugers ; ;
TU441" . 8 A
[2],
; Parlangel*! Picard
; Phi]jpm]
[91e
1 s .
* 2003_04 29; ;20050508
(50049005)

(1969—), , >
571.87952165; E_mail: xiex inyu @ zju. edu. cn)*

1061

g E R

310027)
Hopf_Cole
[1]
Babu!”!
; , Brutsaert Weisman!
. (7
[8]
( .Tel: + 86571 87952163 ; Fax: + 86_



1062

. Gibson L
¥s de _ 0 de| , Qe _
“—L{yf‘l}””az‘az[ 0§+ 5= (1)
1 k(e) d9
gle) =~ Yil+ ¢ de’ (2)
d| k
i} v V¥ , Yo Yre z k(e) Y
H , Gibson g(e) .
h
! y
1 Ys— Yi| d| de|de Q% 10e
[ Yi } de[dol] 0z 027 g Ot~ 0 (4)
s M@) ’ )
, , [1],
f[i‘?} Ale= eo), (5)
, a4 eo *
(4
0 0*
9T= 52 “em @)y (6)
W= af Ys— Yi)/ Vi, (7)
T= gt' (8)
e(z,O): €0, (9)
e(h,t) = ey, (10)
e(0,¢) = ey (11)
a_e _ ¥s— ¥y .
Oz o™ 7 (1% e (d9/de) |._, (12)
v= e— e
o P 0,
0T 02~ Yo (13)

v(z,0)= 0O (14)



v(h,t) = ei— eo= vy,

v(0,¢) = eb— e0 = vb*

v=-2975,

(13)

Pw , dw _

- &)az“é+ 0T " 0
Hopf_Cole

=—2W

0z

wlt-0= c'exp[— Zl_wJ‘OD(Z, O)dé} = c*

wlz=h= wy(T),
wl=0= wy T*
, Hopl_Cole

v(h: Tew(h, T) = 200w (h, T)/0z),

v(0, T)ew(0, T) =- 20(0w (0, T)/0z )°

(18) ~ (21)

x T
w(z = Us %Z&xnrnsm[—”hﬂ ,
n=1

U= Lwv+ (2/h)(wi= wb)],

= expl- ot nm/a) 7,

A, = J-::{c— [wh+ ]zl—(wl— wb)]}sin[

(22) (23) (24,

()

(%)

v(0, T)ew (0, T) = - zh—w[(w(h, T-w(0,7T))+ 2;]— )AL,

(29)

[o(h, Dow(h, T = v(0, Dow(0, T = [2c~ w(h, T = w(0, T]F(n),

80 N
F(n)=- 75~ >, I
n=1,3,5, -
(29)

[v(h, 2w (h, T+ v(0, Yow(0, V)= [wlh, T)= w(0,T)]G(n),

., Onw dw,

Burgers

iz]dzo

v(h, Dow(h, T) =- 2h_m|:(w(h, T)- w(0,T))+ 2’;4nrn’%|’

[10]

Hopf_Cole

h

(15)
(16)

(17)

(18)

(19)

(20)
(21)

(2)

(2)

()

(%)

(26)
(27)

(2)

(2)

(30)

(31)

(R2)



1064

c*F(n)[G(n)+ v(Q T)]

w(h, T) =

c*F(n)[G(n)—v(h, U]

20(h, Do(0, Y= [v(h, T) = v(QT]*[F(n)= G(n)]+ 2F(n)G(n)’

WY = T Do (@ = [o(h = 0(0,.T) ][ F(n)— G(n)]+ 2F(n)G(n)

(34)  (35) (24)~  (27)
(17) (13)~ (16
3
Townsend 'V 9
d = 1.083 x 10 ***  (kPa)* '
k= 1.291x 10 7e*® ' (m/d)
Gibson [
Ne) (
) (5
(D
.3 (5
1) (30)
Me) = o (;1_063 — 0. 005656
2) (2 (5 .
d| de (e—=9)
Me)=Gelad)= " 10
3) Gibson
NMe) = 2H €61 = 0,343
3 J
=01 3
:3
4

Gibson

(18) ~
(4)

(3)

Gibson

(9) ~

Gibson
3
7 3

(33)

(34

(39

(36)

(37)

(3)

(3)

(40)



Gibson

— S R
1% 1073
C
"1x 1071
1x10-3
I P T N B
LB e
2 Gibson
0
0
—_— o]
S 0.2
D
=0.4
il
= 0.6
IF
R
0.8
1.0
4 ( )
EiN A
0 2 4 6 8 _ 10
0 T 1
~ 0.2
T
N
< 0.4}
il
= 0.6
mﬁ ——2 4k
0.8 —a—Burgers
—AMx
1.0L
6 (T =0.1)

EEAGRE (1-2/H)

L e

FTBARE (1-2/H)

——&HAL

—s—Burgers

—HRT

0.2 04 0.6
BREAF T



1066

[ ]

Gibson R E, Schiffiman R L, Cargill K W. The theory of one dimensional soil consolidation of saturat
ed clays, II. Finite non linear consolidation of thin homogeneous layers[ J] . Canadian Geotechnical
Journal, 1981, 18(2): 280—293.

[2] Duncan J M. Limitations of conventional analysis of consolidation settlement] J]. Journal of Geot ech-
nical Engneering, ASCE, 1993, 119(9): 1333—1359.

[3] Babu D K. Infilration analysis and perturbation methods: 1. Absorption with exponential diffusivity
[J]. Water Resource Research, 1976, 12(2): 89—93.

[4] Parlange J Y. Theory of water movement in soils. I . One dimensional absorption[ J] . Soil Science,
1971, 111( 2): 134—137.

[5] Brutsaert W, Weisman R N. Comparison of solutions of a non linear diffusion equation[ J]. Water Re-
sources Research, 1970, 6(9): 642—644.

[6] Philip J R Recent progress in the solution of the non linear diffusion equation[J]. Soil Science,
1974,117( 4): 257—264.

[7] , , , - [J]. , 2000, 22( 3):
368 —370.

[8] ZHANG Ji_fa, XIE Xin yu, ZENG Guo_xi. An analytical approach to one dimensional finite non_linear
consolidation by Lie group transformation[ J]. Chinese Journal of Geotechnical Engineering, 2001,
23(5):639—642.

[9] ) ) . [J1. )
2002, 21(7): 16—22.

[10] BurgersJ M. Mathematical examples illustrating relations occurring in the theory of turbulent fluid
motion[ J]. Transaction of Royal Netherlands Academic Science, 1939,17(2):1—53.

[11] Townsend F C, McVay M C. SOA: Large strain consolidation predictions] J]. Journ al of Geotechnical

Engineering, ASCE, 1990, 116(2): 222 —243.

Similarity Solution of Self Weight Consolidation
Problem for Saturated Soil

XIE Xin_yu, ZHANG Jifa, ZENG Guo xi

(Institute of Geotechnical Engineering, Zhejiang University,
Han gzhou 310027,P.R. China)

Abstract: More general assumption than that in the classical one dimensional large strain consolida-
tion theory is adopted and the exact analytical solution of nonlinear finite strain self weight consolida-
tion based on this assumption is obtained. By applying the same experimenta data, the comparison of
the solutions of linear and nonlinear finite strain theory, as well as the numerical caculating results
from finite element method is presented. Theresults of the comparison show that the analytical solw
tion obtained here takes on better agreement with practical cases than that of linear one, and they also
show that, compared with the solutions from nonlinear theory, the settlement and the consolidation
degree from linear theory are smaller.

Key words: self weight consolidation; Burgers equation; large strain; Lie Group transformation;
similarity solution



