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Primary Consolidation Theory of Saturated Soft Clay ( Continuation) .
The Relationship between Clay’ s Water Content and
Time during Primary Consolidation

SHEN Xiao-yu, CH U Zhen-huan

Shenzhen Gong kan Geotechnical Engineering Co., Ltd., Shenzhen 518026, China

Abstract The primary consolidation ration, utmost primary consolidation and the calculational methods of primary consolida-
tion degree have been draw in the last paper ( Study on the Theory Primary Consolidation of Saturated Soft Clay), they lie on
the initial moisture and liquid limit, but they are independent of consolidate stress. Qua continuation, the connection of mois-
ture and time during one dimensional consolidation has been searched. According to the one-dimensionalconsolidated model and
assumption, the second-order partial differential equations which moisture as the dependent variable has been established ac-
cording to the one-dimensional consolidated model and assumption. Through specific boundary conditions and initial conditions,
using separation of variables and trigonometric functions orthogonal winner of the consolidation process of understanding the re-
lationship betw een water content and style. The new formula of coefficient of primary consolidation and time factor has been
obtained. They are similarin form with Terzaghi consolidation equation, but they are different in the substance, the former has
searched change of the water content of soft clay, but the latter has searched change of excess pore water pressure. The new
expressions of primary consolidation, the average degree of consolidation and remainder of primary consolidation have been
drawn by the new one-dimensional primary consolidation equation. According to engineering data, it has been indicated that
permeability coefficient, excess pore water pressure head, and the proportion of soft clay have not affected the new coefficient
of primary consolidation ©, except moisture.

Key words: one dimensional consolidation; coefficient of primary consolidation; time factor of primary consolidation; overpore

water pressure.
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Fig.1 Physical model of primary consolidation on two-phase soil

(t=0); b. t

(=1t); 1

(

)s 2.



5 () 863
V= t{—dz, 1 (8 (9 :
I+e b K1+ GWw) Fy W, 0
2 — .
Vo= gl (2) ree o E
‘ () (W)
(1)-(2) e
de (dg) o u=0 , Yuch=0, h
dt R
dt ,)v W= W .
quEXIXIXdz"dt, (3) =0, U= thnax = Uns ,
’ 5 W= W
K% hi
v k=T (4 )
(4) e
e " W:— Wt Wi—Wr~
, U= Yw, h= w,u , Tw l:h_Wt chh
Yo U wi—w "
(3) _ Yo (W:— W) In _ Yo(Wi)hi
K Wi— W Wi— WL
dq:y—woazz><1><1><dz><dt, (5) Yo by (W
e (10
dt
yw °h1
Fy=te 3
av =T 1 1 dzx ar, (6) U, O (1)
e Va (11) (9)
6) n— Vl o 3
( ’ 1+e Vi’ KO+Gwi) . Yol W _ W ()
Vi ( YoGs (W, — Wt) %’ F -
. _ GW\—W.)
) | b= TG ¢ (13).
‘?n:ﬁ‘:)Vw. (14)>, 1)0 ,
7 Khi 3w, 9w,
W% (13
_ 19
= 7 H. Kh_ g
(12, (" K o
n SH _ Ho—Ho  H—H. |, H: ; C
1 H: H H’
1 1 g
O :——3 = —— O | —
N 7. OH: 72 AH+ Hv)
1
— 1y
Hi i (W,h1)
— M=, (6)
: ( (13)) = p— ok w
_GWi=W) 3 G SARW)
= e 7 1+ GWi We. ()
(n () ’ W om
G aVV Fig. 2 Correlation curve of hydraulic head of excess
dV = ]+GSsW1 EXIX X dz X dr, (8) pore water pressure ( #) and moisture ( )



864 — 34
: (22) (21)
v o Glz) = Avsin( 2L - e z)
@ G ¢ _ C ¢
PR (19 2m—1 _ —1,2,3, -~
(14) W= f(z 1) 2 ’ B
Glz) = Azsin(% “z) . (23)
F(t) = 4 — N6, 24
4 W= f(z, 1) (1) = dsexpl A=) (24
(24) (16), B L_
’ : F(t) @
(22) (24)
/ W=W—W., (We) , Fl1) :Asexp(*(zm_l cT2@ey)
dW = dw( , 1983; ,2000) . H 2
(14) =2t
!
@g}q/t:a?:t—@azW—aIg;, (15) 0 0
% ) F(Z):Asexp(—le?"t). }7%:&,
. z=0, W=0, (£ 0, 0=W,— W, We=WL),
W W, A , :
=4, xr =0(r=>0, % o, F(t) = Asexp(— M D) . (25)
=0, W =Wi—Wi(0 =z =H, W= (23), (25) (15,
. = O ,: < < == /
Wi)st=coW =00 =z =H, W =W . W' — Glz) * F(1) = Assin(M < 2) - dsexp(—
(W', H
w'= G(z) * F(1) . (15 M b (26)
(15) (15) (26)
®:G(z) - F(1) = 6(z) * F'(1) NV M 2
" ’ W — Amk (_ ° ) ‘e (_M QA),
'l B F )\ >\2 (16) ; s1n 7 z exp
G(z) @ F(t) ’ ’ An= A2 " 45 . (27)
G( )+>\2G(Z):0, (17) . =0, (27)
F()+0-XF()=0, (18) - M
. W:Z]Amsin(§°z):W1—WL, (28)
H m=1
z=0, G(z) =0, (19) t—co, W'=0.
=H, a—Ggfizo. (20) :
H ° °
G(z) = Aicosk + A2sink (21) J Sin(N Z) - sin(M 2)dz ,
. ) 0 H H
(21) (16), . %(%l— —X. N#M, 0;
(19) (21) N=M, %
0= Aicoskz + A2sinkz = Aicos0+ A2sin0, CMcz
Azsinkz = 0, Aicos0 70 , A (28) sin( T )dz ,
0. /J.H M °z
w dz =
(20) (21) Osm( q )dz
C H [='s}
—G(%l 0= AN— Aisink + A2coskz ) , L sin(%[z)dz ° ZAm °sin(%):/1m °%,
, A1 = 0, 0= A2cosAH, 2 ,J
0= cosAH An = HW Osm( YZ)dz .
_— H 3
a=2m—1.1 (22) ,Lsin(MHZ) cdz = =0+,

H 2



5 : () 865

110 — ( W1 WL ) - i .
W=120% =Wt exp(— "8, (32
100 |
Wi=100% O-¢ Kh
~ 90F A= ;0= =—_,A
= W=80% (32) H’ © B
= soF W=10% o 12
X 0t Wi=60% : ; . T (32)
&
60 - 3.
50+ . (31) (32)
0 2000 4000 6000 (Wo( W) t
[E] 4 1 [ 2(d)
3 (") p
5 (Un) (1)
Fig. 3 Correlation cuwes of moisture of soft day (W)
and consolidation time (#) on different initial mois-
tures ( W1) - Wi — W
12
s W =50%; Y= 19 (16), Un= Wi— W *
kN/ m* h=9 m; G=2. 67; ¥,= 10 kN/m*% H=2m; k=2. (32)

868X 105 m/d=3.32X 108 em/ s
Wy — U W, — W) = Wi + n%(Wl —

2 o H  2(Wi— Wi)
y, Am = W T = . 29
H M M (29) WL)eXp(—Tf °A),
(29) 27 . .
o - 7 — — =5 - lA
Wt_WL :2 Wl WL)ZSi]’](MGZ) o U’) 1 T[2exp( 4 ) ) (33)
M preg | H O,
exp(*]\/[2 AV (30) A= H? (33) 4.
(30) M=x ,
2
’ m= 1 ;(1) u
0.9
=1, M="T, (30) 08} W=60%
2 S 07} Wi=70%
_ 4 W, L) . F 0.6 W=80%
N WL+7 m ( )eXp(i_A) ) = o5y Wi=100%
0.4}
B Q 03k W=120%
, A= Iz t, : 02l . . '
0 2000 4000 6000
W, = W.,+ M 1n(—) ( 0, [ 4wt 1e(d)
AH
1, (31) 4 (W)
Khi
. 0= (1) (
(31) . m 5
(31) Wt:f(Z, t) s Fig. 4 Correlation curves of degree of consolidation
(1) (2) (W), (U,) of soft clay and consolidation time ( #) on
(H) different initial moistures ( W)
W, (31 (H)
6 (S¢) (1)
1[”
E o Widz =

7 f)J sin( HZ)dZ] ‘ (S8) S= S+ Un.



34

866 I

0.9 W=120%

_ 08r W=100%

E 07F

>

B O‘GL Wi=80%

& 05f

:‘? 0.4+ W=70%

B 03 o

H ooak Wi=60%
01 1 1 1 J

0 2000 4000 6000
3 [ 45w Tale(d)
5 (W)

(S1) (9 (

3)
Fig.5 Correlation curves of primary consolidation (S,)
and consolidation time (¢) on different initial

moistures (W)

S,I:@MZDH7( (15))

’ 1+ G = Wi
(33) :
7G!W1_WL2° _ 8 _Tf_2
S= G o HOT eyt 8.
(34)
(34) 5.
(AS)
t, AS=§1—S:.
(34) (15)

 G(Wi—W.) *H 8§ B
8= Tam wee Y (39

(©)

(Cv)

— 2
(33): Ui = 1*T%exp(*% = A)

2

e 8 b1
U= l—gexp(—z °Tv)

) (
) ,
; AT (
, 1960; , 1983),
A= TV;® 2t: C[V_[;t,
G =6
_ Khi  K(1+GWi) ° h

G = T G(W— W) (36)

(W) (Wi). (G

: W1=0.91, W+ =0. 50,
G=2.67,M=0.32.

(H) 9m , (%) =19.0kN/m’,

(h)
hI:Hy° Loy, 10 kN/m’,
h1=1710 cm.
( ) K=

3.23X 10 ® em/s.
(36) :Co=0=1.73X10 * em’/s.

G:
3.07< 10 “em/s
( nX10H
9 (9
(©)( , 1987;
, 1998; , 2004; )
2004)
K ° hi
@:
N
K ;hl ’ 1})
.’70 _ Gv( Wy — WL)
1+GSWI
: Gs s s Wi
, (Go)
(W) ,
(o) .
. (9
(M) (K).
(D) (hr) .
( ) , 9m
1710cm,



5 : () 867

1 (h1) ) (K) (®)
Table 1 Relationship between the permeability coefficient and coefficient of consolidation in unchanged excess pore water pres-

sures conditions

K(10°5 em/s) 3.23 3.13 3.03 2.93 2.83 273 2.63 2.53 2.43 2.33 2.23 2.13 2.03

O(10-4 cm¥/ s) 1.73 1.68 1.62 1.57 1.52 1. 46 1. 41 1.36 1. 30 1.24 1.19 1. 14 1.09

W1=0.91; W;=0.5; G;=2. 67; h= 900 cm; ¥/~ 19.0 kN/m % ¥,,= 10. 0 kN/ m*; lp= 0. 319; /1;= 1 710 cm.

2 Kk (hy) (9
Table 2 Relationship betw een excess pore water pressures and coefficient of consolidation in unchanged permeability coefficient
conditions
s (cm) 500 550 600 650 700 750 800 850 900 950 1 000 1050 1100
h (em) 950 1 045 1140 1235 1330 1425 1520 1615 1710 1805 1900 1995 2090
0.96 1. 01 1. 15 1.25 1.35 1. 44 1. 54 1.63 1.73 1.83 1.93 2.02 2.11

O(1074 cm?/ s)

WisWisGenhs Yo Vo Mo

3 K (h) Wy
Table 3 Relationship between liquid limit and coefficient of consolidation in unchanged permeability coefficient and excess pore

water pressures conditions

(%) 55 54 53 52 51 50 49 48 47 46 45

O(10-4 em¥ s) 1.97 1.92 1. 86 1. 82 1.77 1.73 1. 69 1. 65 1.61 1.58 1.54

Ui 0. 280 0. 288 0. 296 0. 304 0.311 0.319 0. 327 0. 335 0. 343 0.350 0. 358
WinGaYs Yo ;s K=13.23X 1078 em/ s; 7i,= 900 cm; iy =1 710 em.
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