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Abstract

In this paper, an analytical solution is derived for one-dimensional nonlinear consolidation of
double-layered soil, based on the assumptions proposed by Davis and Raymond (Davis EH,
Raymond GP. A non-linear theory of consolidation. Geotechnique 1965;15(2):161-73) that the
decrease in permeability is proportional to the decrease in compressibility during the consolida-
tion of the soil and the distribution of initial effective pressures does not vary with depth. The
analytical solutions so far available for nonlinear consolidation are all special cases of this
solution. Using the solutions obtained, some diagrams were prepared and the relevant con-
solidation behavior of layered soils is discussed. © 2002 Elsevier Science Ltd. All rights
reserved.

Keywords: Double-layered soil; Non-linear consolidation theory; Analytical solution; Time-dependent
loading

1. Introduction

Since Terzaghi published his consolidation theory and the principle of effective
stress, research work on consolidation problems has greatly increased. The conven-
tional consolidation theories often neglected the non-linearity of soil for practical
purposes. Studies of nonlinear consolidation behavior of soft soil started from about
40 years ago [1-10]. Many efforts have been made to obtain analytical solutions for
different kinds of one-dimensional consolidation theories. Davis and Raymond [2]
derived firstly an analytical solution for the constant loading case based on the
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assumptions that the decrease in permeability is proportional to the decrease in
compressibility during the consolidation of a soil and the distribution of initial
effective pressures is constant with depth. With the same assumption about the
compressibility and permeability of a soil, Xie et al. [9] developed an analytical
solution to the one dimensional consolidation problem for time-dependent loading.
The solution given by Davis and Raymond was regarded as a special case of it.
Poskitt [4] studied a more general one-dimensional nonlinear consolidation problem
by using a perturbation method, but no explicit solution was given. For the linear
consolidation of layered soils, some analytical solutions have been reported [11-16].

However, there seems to be no analytical solution for nonlinear consolidation
taking the layered characteristics of soil into consideration. This may be mainly due
to mathematical difficulty. In this paper, an analytical solution is derived for one-
dimensional nonlinear consolidation of double-layered soil considering time-depen-
dent loading, based on the same assumptions proposed by Davis and Raymond [2]
except for loading condition, and all the analytical solutions so far developed are
summarized in the tables. The nonlinear consolidation behavior of double-layered
soil is also discussed.

2. Mathematical modeling

The one-dimensional nonlinear consolidation of double-layered clayey soil is
based on the schematic diagram shown in Fig. 1.

In Fig. 1, h;=the thickness of the clay layer i (i =1, 2); H = hy + h,, the total
thickness of two clay layers; ¢(¢) =the uniformly distributed load applied on the top
surface of the soil, is shown in Fig. 2, in which, ¢y, ¢, =initial and ultimate load
respectively, and ¢, =the construction time.
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Fig. 1. Double-layered clayey soil.
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Fig. 2. Loading curve.

Adopting all the hypothesis of one-dimensional nonlinear consolidation theory by
Davis and Raymond [2], except for the constant loading assumption, we can obtain the
differential governing equations for the consolidation of each clay layer as follows:

Pui 1 (u\* ou; d
CW|:322’+0'1/<BZZ) :| :(all_dj> (121’2) (1)
where ¢y, u;, o} =the coefficient of consolidation, the excess pore water pressure and
the effective pressure (i.e. effective vertical stress) in layer i respectively. ¢, z=the
variables of time and space respectively.

According to the assumption that the decrease in permeability is proportional to
the decrease in compressibility [2], ¢y; is given by ¢y; = kyoi/(mv0iYw), in Which, 4, the
unit weight of water; myy; = (?'ii“i;" ,

01)%0;
of the clay in layer i; kyo;, Co;=the initial vertical coefficient of permeability and the
compression index in layer i; ep; = the initial void ratio in layer i corresponding to the
initial effective pressure oy,. Since initial effective pressure is assumed to be constant
2], 001 = 002 = 00

According to Terzaghi’s principle of effective stress, o} can be expressed as:

the initial coefficient of volume compressibility

ol=q+o)—u=q+o0y—u (1a)
Let )
o

=1 ! 2

;i n06i+61 ()

Eq. (1) can be simplified in terms of function w; as follows:

a(l),‘ aza),‘ .
WZCW‘?—'_R([) (l:l,Z) (3)
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in which
1 dg
Rt)y= ———— (3a)
oy +qdt

The boundary conditions corresponding to Eq. (3) can be expressed by the following
equations:

z=0:u;=0,0orw; =0 “4)
3142 80)2 . . . .
z=H:ky Pl 0, or % = 0 (for single-drainage situation) (5a)
uy =0, 0r wp =0 (for double-drainage situation) (5b)
Z=h12M1=L[2,0I‘a)1=w2 (6)
ou, duy 0w 0wy
k2 g
&l oz vz oz " oz 0z @
where K = Galivez _ @
cvimyor kol
1=0:u;=q(0) =qo, or w; =y ®)
where wy = In— % .
9+ 4o

3. Solutions
3.1. The excess pore water pressure

3.1.1. Single-drainage situation

In order to find the solution of Eq. (3) subjected to the conditions of Egs. (4)—(8),
we assume that the solution of Eq. (3) may have the form of an infinite series as
follows:

w; = ngi(z)e_ﬁml[Bm + Cm Tm([)] (l = 1, 2) (9)
m=1
where
..z
gm](Z) = Sln(/hm h_l) (921)
H-—:
gm2(2) = Amcos(hm ——) (9b)

hy
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and B, By, Cn, Ay, 2, 1 =unknown coefficients to be found; 7,,(¢f)= a function of
t, resulting from the item R(¢) in Eq. (3).

It can be shown that Eq. (9) satisfies Egs. (3), (4) and (5a). Using other conditions
represented by Egs. (6) to (8), we can get:

in(i,

) os(uc) # 0
cos(ucim)

Ap = (10)
1 costm) cos(iucim) =0
wK sin(pci,,) fesm) =

where
Cc = /12/h1 (103)
Cvl;LIZ
ﬁm = /’l% " (10b)
t
T, = J ef' R(t)dt (10c)
0
w= &L (10d)
Cv2
The positive eigenvalues 4, satisfy the following eigen-equation:
uKsin(pciy,)sin(4,) — cos(uci,)cos(Ay,) =0 (11)
Furthermore, we can obtain the following two equations:

> Cugmi) =1 (i=1,2) (12)

m=1

oo

> Bugm(®) = (i=1.2) (13)

m=1

Using the following orthogonal relation:

Iy s H 0 m#£n
=11
J, & @@z 4 12K| gn@rma: U iKeaty men 09
we can get the coefficients B, and C,, as follows:

h
J*Olgml (z)dz + MZKLIngg(Z)dZ o 2w
= 0 — 7
(Mg (2= + 2K [T 22z (1 iPKeAT)

(15)

m
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jg]gl11l (Z)dZ + MzKJ]I;Ig/112(Z)dZ 2

Cn
Mg, )z + 2K [T 2 (2dz AL+ P KeA)

(16)

Substituting all those coefficients into Eq. (9), we can get the final results for w; and
wy:

o0 t
= Zsm(zm hi)e—ﬁm’[Bm + CJ e’s’”TR(r)dr:| (17a)
m=1 1 0

t
ZAmCOS(,LL/lm )e Bt |: m + CmJ

eﬂ'“’R(r)dr:| (7b)
0

And finally, according to the substitution w; = In——, the excess pore pressure can

o +q’
be expressed as:
uy = (o) + g@)(1 —e*) (18a)
ur = (o) + g)(1 — e™?) (18b)

3.1.2. Double-drainage situation

In a similar way to that described above, we can obtain the solution for the dou-
ble-drainage situation.

Egs. (18a) and (18b) are still valid, but w; and w; should be replaced by the fol-
lowing values:

Zsm(x —)e ﬁm[ m+CmJ[eﬁ”’TR(r)dti| (19a)
0

m=

ZAHI Sln(l’l’j‘ﬂ‘l

m=

t
2ot [ m+cmj eﬂmfR(r)dr] (19b)
0

where 4, = the positive roots for the following eigen-equation:

uKcos(ucl,y,)sin(Ay,) + sin(ucl,,)cos(4,,) = 0 (20)
and
sin(4,;) . _
m sin(uc,) # 0
Am = (21)
1 cos(4y)

- 2 Sin(uc) =
K cos(ucin) sin(uen) =0
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2(1 + /'LKAm)wO

Bl‘ﬂ = N 1 2 1 40N
Im(1 + p?KeA2)

(22)

2(1 + pKAy,)

Cm = T T T o o~
/wn(l + [,LZKLA%)

(23)
Other parameters and coefficients have the same definitions as those in the single-
drainage situation.

3.2. Average degree of consolidation

Average degree of consolidation can be defined either in terms of settlement or in
terms of effective stress. While the former shows the rate of settlement development,
the later indicates the rate of the increase of effective pressure or the rate of the dis-
sipation of excess pore water pressure.

3.2.1. Average degree of consolidation for each layer
The average degree of consolidation of each layer defined in terms of settlement,
Us;, can be given by:

- o’
z; z; ~ log(—)d
U.. = an,;leidz _ J‘z:’q(eoi - e,-)dz . J‘"’l Og(O'(/)) - =12 24
N J‘Z,' SﬁdZ - J‘Z,- (60[ _ e/;)dZ - B / (l - & ) ( )
Zji-1 v Zi-1 - JZ 1 ( )dz

where zg = 0; 21 = hl, n=H; ¢ = "iﬁrez =7 +eo log( ) the vertical strain in layer i;

R log (% f’) the final vertical strain in ldyer i; er; =the final void ratio in

&fi = I4+eo — 1+eo
layer i correspondmg to the final effective pressure given by o}, = of = 0 + qu
according to Eq. (1a).

Substituting Egs. (1a) and (18) into Eq. (24), we get

) ’ 1 Iy
lllog( )dz lnao—i_q—k—J wdz
fop

hy
Ug = = 0 (24a)
10g< )dz A
o

/ 1 H
L’Zlog<a—3>dz In U°+q+h—J wrd
2 1

%)

jhllog< )dz n %0t 4o

%

(24b)

The average degree of consolidation of each layer defined in terms of effective
stress, Up;, can be given by
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|7 (o} — oy)dz B 2 (g = updz

U, = ! = Z 25
P Gh—odz [z )
Thus ,
P
Up = fhl P = g (25a)
0 qudz u
1 H
——J urdz
[ig—udz 175, ), "2
Upr = fH ] = p (25b)
111‘111 z u

3.2.2. Average degree of consolidation for the whole two-layered clay stratum
The total average degree of consolidation of the whole two-layered clay stratum
defined in terms of settlement, U, can be given by:

2 Cel J’“ o Co JH o)
T ogdz log(—)dz + log(—%)dz
f;j“"" _T4eq )y g(O()) I +en ), g(%) _ Uqg + p?KeUg

Us = = =
20 C h o) C H o 1 + u?Ke
7 gz cl J lo —fdz+—czj log(-£)dz
;J‘LH fi T+ o g(o_(,)) T+e0m ) g(o_(/])

(26)

Meanwhile, the total average degree of consolidation defined in terms of effective
stress, Up, can be derived as follows:

Up] + CUpZ
= 27
1+¢ @7)

2 .
ZL_] (g — u;)dz
Up — i=1

2
;J‘;;—I qudz

It has been well reported [13—16] that in a linear consolidation of layered soils,
there is no difference between Uy and Up; although Us is deferent from Up,. How-
ever, as can be seen from Egs. (24)—(27), in a nonlinear consolidation, not only is Us
deferent from U, but also Uy; is deferent from Uy,.

4. Special cases
4.1. Solutions for the cases of constant loading and linear loading
Based on the above solutions, results for two kinds of loading conditions: (1)

constant loading, (2) linear loading are given in explicit forms and listed in Table 1
and Table 2 respectively.



W E R R SR www.paper.edu.cn

K.-H. Xie et al. | Computers and Geotechnics 29 (2002) 151-168 159

For the case of constant loading: ¢(¢) = ¢y, R(f) = 0.
And for the case of linear loading (dash line in Fig. 2) that increases linearly with
time and becomes constant at time 7., ¢(¢) can be expressed as:

t
— te=t=20
g =170 =r=0 (28)
qu (t=1t)
Therefore,
— (72120
R =1 t+toh/qu ¢~ = (28a)
0 (=1
Some parameters in Tables 1 and 2 are given as follows:
cyit
Ty = (29)
YR
Coll,
Tuet =" (30)
1
/ /
N, =%t (31)
0 0
T, N, — DT
7= Dy +( )T (32)

Tvcl

4.2. Solution for the case of one-layer soil

Let u = K = 1, the solution listed in Table 1 reduces to be the one given by Davis
and Raymond [2], and that in Table 2 turns out to be the one given by Xie et al. [9].
These are summarized in Table 3.

It can be seen from Table 3 that the average degree of consolidation defined in terms
of settlement (i.e. Uy) in the solution given by Davis and Raymond is the same as that
given by Terzaghi for linear consolidation, indicating that the rate of settlement in a
nonlinear consolidation subjecting to the assumptions made by Davis and Raymond is
no different from that in a linear consolidation. But the excess pore water pressure u
and its rate of dissipation (indicated by U,) in such nonlinear consolidation are different
from those in a linear consolidation. However, the following deduction will show that
the difference will also disappear as the value of N, approaches to 1.

Mathematically, we can obtain

. N(r —B _
i, =N = 2
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Table 1
Solutions for the case of constant loading

Excess pore water pressure and average degree of consolidation

GulNo GulNo
— 1 — et — 1 — e
=gy =g - e)
U, =1-Y2, M —im T
Jon(1 4+ n?KeA2)
2A4,,si Do ;
Uog=1- Z,o::] 2 115111([1,:’ 11)2 ef/V%’T”
ey, (1 + pu?Kedz)
1 0 2 _2T, . o
U=1-— 7 7K Zm:l 20§ Ko )e “mivi (single-drainage)
m m
2(1 KA,)(1 —cosiy) ;
Ug=1- szl ( +2IL m)2( C”OS/LW) e/vZuTvl
;‘m(l + 1% KCA;_M)
Upg=1- Z?::] 24m(1 + ZKA;M)[lz_ CO;(/LC)W)] ef/lﬁjT\l
ey, (1 + p?KeAd?)
1 2(1 + uKA4,)? .
Us=1- T 2K Zw (L + uKA,) e T (double-drainage)
wKe

m=l g (14 2 KeA2,)

N, 1M 1 N, 1 (7 1
Up=-—2 || edz——| Up=-"|—| e2dz——
LT [hl (IO ¢ N,,] PN 1 |:ch1 Jh]e : N,,]

N, L M, " 1
%‘M—J#Lem+hew_i

Coefficients and eigen-equation

Single-drainage B , 5
= —1nN, 3% sin(Ay —)e T — =
@1 " Zm:]Sln( " hl)e j~n1(1 + /LZKCA,211)
H—z _» 2
= —InN,Y"*® 4 ; —m Tl
(2] n UZm:l mCOS(M/“m h] )6 /Im(l'i‘/LZKCA%J
i ;w ”
& cos(pcim) # 0
4 =1 cos(pcim)
m— 1 cos(4y) C0s(1cim) = 0
— Chm) =
WK sin(puceldy,) s

WKSIN(1CA0)SIN(A) — COS(1Cm)COS(A) = O
Double-drai
ouble-drainage o) = —InN Zoc Sil’l(; i)eleg,Tn M
1= o Lum=1 " h Am(1+ MZKCAzn)

2(1 + pKAn)
Il + 2 KeA2)

H-z

)ef/li, Ty
Iy

@, = —InNyY oo | ApSin(plom

sin(4y,) ,
VRN ;‘ﬂl
o] sinGuciyy) sin(uc/m) 70
m= 1 cos(dn) .
RN ;~m =
K cos(pcm) sin(uchn) =0

wKcos(pedy,)sin(Ay,) + sin(uedy,)cos(Zy,) = 0

Cyl kvoo eyt
c=h/h pn=_[-~ K= kv Ty =— L0
Cv2 vOl hl 0y (o)
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Table 2
Solutions for the case of linear loading

161

Excess pore water pressure and average degree of consolidation

T T
%(1—&“) 1<t %(1—&2) 1<t
uy = JN Uy = UN
I\(Ilu _al (1- ew’l) (>t A‘/{u _61 (1- e(u’: >t
L InT — 12 -Zij—l - 2C21 - e //UT\,I} t<te
U InN, 1+ u*Ke =12, (1 + pn?KeA2)
=
1 1 00 2C,
——{InN;, — —— 2 ealw 1>t single-drainage
N, T 2R 2+ 12Ked2,) } o (sing &)
L InT — 1 Zoo 2(1 + MKAm) C T <t
InN, 1+ p2Ke &=m=1 )2 (| 4 u2KeA2)
Us =
L InN, —*Zw M e t>t. (double-drainage)
InN, 1+ p2Ke &=m=1 32 (1 + u2KcA,,)
T (1 (b a 1
— “1d dz) — — 1<t
w1, ”J,,.e 7)<
UP = N Iy i 1
d e2dz) ——) >t
N—1< (l ‘Z+|h, ) Na) ‘

Coefficients and eigen-equation
Single-drainage

o 2C
o = —Zm—lsm(’“m )e i m
m m
, e, Z J2T, 2C2
@ = Xpsintn e T ke
Sin(/lm)
cos(icin) cos(ichn) #
m
1 COS(Am)
wKsin(uel,y,) costucn)

MKSin(l‘LC/{nJSin(/lm) - COS(MC}.,,,)COS(;»,”) =0

Double-drainage
*;vznTvl 2(1 + /LKAm)Cl

o o RIS hy
W = Zmzlsm(’“mhl)e Im(1 + 2 KeA2)
/ gy 201+ uKdy)Cs
0f = —XasinGi e S
-~ m
Sin()hrn) ; )

StilAm) sin(uedm) # 0

u sin(ucn,) (i) 7

T oL sl ey = 0

wK cos(ucin) Hen =

2C,

A A ~inTa
Zm—l mCOS(1 A, )e (1 M2K6A51)

H—z _p 2C,
@y = =% | A, c0S(1t i Z)einTn (7 2K E)
-m m
. H—z _27 2(14+ukKA4,)C
wy = _Z)O::IA'HSIH(NA'M I e AT (1 +M2K;A2I)
m

2Ty 2(1 4+ uKA,,)Cs
Im(1 + 2 KeA2)

. H—-z
wh ==Y 0 | ApSin(ia iy, m Je

(continued on next page)
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Table 2 (continued)

uKcos(pedy)sin(Ay) + sin(pcly,)cos(Zn) = 0

A 22 Te)F(TF — 1 22 Toet)F(NE — 1
¢ = e\'nlll|:lnT+ pit Ui Tt (7 — 1) ’};ll;,(cjl\? ( F ) G = ekt InN, + 302, Ui Tve1 /(N — 1) ”II('IZE;\)f ( ”1),( )
Cvl kv02 il Cyile
= ] /1 = — K= Tv = — Tv =
c=h/h 1 o Koos 1= T =
N, _1;_0'(,)""5]11 T_Tvcl""(Na_l)Tv]
7 U(I) N 06 B Tvcl

. T
where B =Y | Zsin(})e="'T.

Thus when N, =1, the expression of excess pore water pressure in the solution
given by Davis and Raymond will change into

o0

2 . Mz _
u=qyB= quzﬂsm(ﬁ)e My (34)

m=1

Accordingly, the average degree of consolidation defined in terms of effective
stress (i.e. Up) will be given by

Up=1-- JH dz=1 i 2 My (35)
p=1——| wdz=1- — v =Us
H 0 mzl‘j‘l2

Egs. (34) and (35) are just Terzaghi’s solution for linear consolidation.

Since the value of N, reflects the magnitude of load [see Eq. (31)], it can be concluded
that the discrepancy between linear and nonlinear consolidation is greatly related to the
level of load, and the smaller the load level, the smaller the discrepancy.

5. Nonlinear consolidation behavior of double-layered soil

Based on the solution shown above, a computation program has been developed
and some diagrams of computed results have been prepared as shown in Figs. 3-8.

In Figs. 3 and 4, curves of the total average degrees of consolidation Us and U,
versus time factor T, = ¢y t/H’ are given for the single-drainage situation, corre-
sponding to N, = 3.5, Ty, = cvltc/H2 =0,0.1,0.2,0.5, 1, 2, 5, 10 respectively.

The curves of Us or U, corresponding to different values of parameters can also be
obtained in a similar fashion to Figs. 3 and 4, which can be of practical use for the
case of two thin clay layers (for such case, the assumption that the initial effective
pressure is constant with depth is approximately applicable).

Like the consolidation characteristics of a one-layer soil [9], the consolidation of a
double-layered soil is related to the time factor 7., the coefficient of consolidation
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Table 3
Solution for the case of one-layer soil

163

Solution for the case of constant loading [2]

qulNo B
1-N
Na—l( o)

u=

2 2
Ug=1-3, ﬁefM n

P 1
U, = N —-[ N Bdz — —
Ny—1|HJy N

o

Solution for the case of linear loading [9]

T
Nq“il(l—e‘”*) 1<,
u= HN
7]\7“ °1(17e"’2) 1>1
1 o0 2C1 —M2T,
lnNU (lnT_Zm:I MZe fglc
U, =
S 1 InN. 00 2C2 —M2T, S
v, (i ”_Zmleze 1>t
T (17 , 1
— ~oldz — -, 1<t
b =
N, (1" _, 1
_— —b2 z —— 2
Ndfl(HJOe d N,,) 1=t

Coefficients
o0 2 . Z . _MET.
B= Zmzl[ﬁsm(Mﬁ)e M1y
2C1 . z M
B = zf,f:l[7 sin(M ) M
2 2
By = Z:le[% sin(M%)e’M g
MATye (Mvac)k(Tk - 1):|

a :e*ﬁ[lnT+ pI KU(N, — 1)

2 Tye 2 kot
Oy = o [Mg s w}

Kk(N, — 1)F
M:2m—1 N,quu_t%
2 o}
Cyl Cyle
L=gp Te=7pm
_ Tve +(No — DT,
Tvc

H=H (single-drainage)
H = H/2 (double-drainage)
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0

20 - ......
Tvc:»CvI_zc/H N2 N LU

40 |- ......... .........
Us(%) ....... .......... .....
60 - NG :G,f /0(7) :35 I A VS N "
...mvoz/mvm -9
80 ._kvoz/kv()l :2 A\ .
“hy b =9 :
100 . IR
0.01 0.1 1 10
Ty

Fig. 3. Variation of U vs. T, curve with T..

20
40
Up(%)

60

80

100
0.01 0.1 1 10

Ty

Fig. 4. Variation of U, vs. T, curve with 7.

¢vi and the ratio of final effective pressure to initial effective pressure N,. Moreover,
it varies with parameters pu, K and ¢, where K = kyo2/kvo1, ¢ = ha/hy, and pu’K =
My02/ Myl -

Figs. 5-8 present curves of excess pore water pressure distribution with depth for
T, = (cvlt)/H2 =0.197,N, =2.5 (o5 =80 kPa, ¢, =200 kPa) under constant
loading and for the single-drainage situation.
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ulq,
0 0.2 0.4 0.6 0.8 1

0 T T T T
02
04

B
0.6 m‘,oz/mv()]:ol oxes Q.5 1 2 10
08 1 ~0.197
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Fig. 5. Influence of the compressibility of the soil on the isochrones of excess pore water pressure.
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Fig. 6. Influence of the permeability of the soil on the isochrones of excess pore water pressure.
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Fig. 7. Variation of the isochrone of excess pore water pressure with the ratio h/h; (K=1, u>?K=4).
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Fig. 8. Variation of the isochrone of excess pore water pressure with the ratio hy/h, (K=4, n?K=1).
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Figs. 5 and 6 show the influences of the compressibility and the permeability of
soil on the isochrones of the excess pore water pressure. It can be seen that if the
permeability of the two layers is the same (i. e. K = kyp2/kvo1 = 1), the greater the
ratio of myp/myg;, the greater the excess pore water pressure, indicating that the
increase in the compressibility of soil will delay the rate of consolidation. However,
the variation in distribution of the excess pore water pressure with kygy/kyo; 1S more
complex. As shown in Fig. 6, the influence of kyp/kyo1 on the excess pore water
pressure in the upper and the lower layers is opposite.

Figs. 7 and 8 show the variation of the excess pore water pressure with different
values of ¢ (i.e. hy/hy). It can be seen that the thicker the layer with higher com-
pressibility, the slower the rate of dissipation of the excess pore water pressure. But
as shown in Fig. 8, it seems that in the layer with higher permeability, the thicker the
layer, the smaller the excess pore water pressure, while in the layer of lower perme-
ability, the opposite occurs.

6. Conclusions

1. Based on the assumptions proposed by Davis and Raymond that decrease in
permeability is proportional to the decrease in compressibility during consolidation
process and the distribution of initial effective pressures is constant with depth, an
explicit analytical solution is derived for one-dimensional nonlinear consolidation of
double-layered clayey soil. The analytical solutions for nonlinear consolidation so
far available are all special cases of this solution.

2. In a nonlinear consolidation, not only is U, deferent from U, but also Uy; is
deferent from Up;.

3. The discrepancy between linear and nonlinear consolidation increases with the
increase of load level.

4. Apart from boundary drainage condition, the main factors affecting the rate of
nonlinear consolidation of a double-layered soil are the initial coefficients of per-
meability kyg;, the initial coefficients of volume compressibility myg; (or the coeffi-
cient of consolidation c¢,;), the thickness of clay layer /;, the construction time z., and
the ratio of final effective pressure to initial effective pressure N,.
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