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Principles of consolidation: (a) soil profile; (b) variation of Au with depth;
() variation of Ac” with depth.
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During consolidation, the rate of change of volume is equal to the rate of
change of the void volume. So,
av. 9V,
a ot

where V, is the volume of voids in the soil element. However,
V,=eV,

6V_Vae_ V de dxdydzde
ot "t l+edt  l+e dt
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The change in void ratio, de, is due to the increase of effective stress;
assuming that these are linearly related, then

de = —a,d(Ac’) (6.10)

where a, is the coefficient of compressibility. Again, the increase of effective
stress is due to the decrease of excess pore water pressure, du. Hence

de = a,du (6.11)

k *u 1 oe

Vo 922 ltedt
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m,, = coefficient of volume compressibility = ﬁ
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du E 3 u P
or —=———=0C,—
ot y,m, dz? dz?

where i a . ‘_Q azu
C, = coefficient of consolidation = . ot d z2
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u=F(z)G(1)
So,

du i)

= =FR)>. G =FRIG()
and

Pu P

= @F(z)c(t) =F'(z)G(t)
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F2)G'{t) = CF'(2)G()

Pl G
F(z) ~ C,G®) (6.19)
The right-hand side of Eq. (6.19) is a function of z only and is independent
of #; the left-hand side of the equation is a function of ¢ only and is
independent of z. Therefore they must be equal to a constant, say, —BZ. So,

F'(z) = —B’F(2) (6.20)
A solution to Eq. (6.20) can be given by
F(z) = A cosBz+ A, sin Bz (6.21)

where A; and A, are constants.
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G'(t) = —-B*C,G(?)
The solution to Eq. (6.22) is given by

G(t) = A, exp(—B*C,1)

F(z)=A,cosBz+ A,sinBz
G(t) = A; exp(—B*C,t)
u=F()G(s)

where A, = A A; and A; = A,A;.
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# = (A, cos Bz + A, sin Bz)A, exp(—B>C,t)
= (A, cos Bz + Agsin Bz) exp(—B*C,t)

Ac

1. Attime t =0, u =u; (initial excess pore water pressure at any depth).
2. u=0atz=0.
3. u=0atz=H,=2H.
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1. Attime f =0, u = u; (initial excess pore water pressure at any depth). u = (A, cos Bz + A, sin Bz)A; exp(—B*C, 1)
2. u=0atz=0. . 2
3. u=0atz=H,=2H. = (A4cos Bz + Agsin Bz) exp(—B*C,1)

The second boundary condition dictates that A, =0, and from the third
boundary condition we get

Agsm2BH =0 or 2BH =nw

n=oc 2.2
niz —nm T,
u= ) A,sin— exp (7")
= 2H 4

where T, is the nondimensional time factor and is equal to C,¢/H>.
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1. Attime =0, u# = u; (initial excess pore water pressure at any depth). n=s0 nz 2w T
2. u=0atz=0. u=EA"sinﬁexp( 3 ")
3. u=0atz=H,=2H. n=1

To satisfy the first boundary condition, we must have the coefficients of
A, such that

g . nmz
;=) A,sin 35 (6.26)
1

n=

Equation (6.26) is a Fourier sine series, and A, can be given by
1 g2 nmz
A, = Ejl;l 4,510 5 dz (6.27)

Combining Egs. (6.25) and (6.27),

=l M nwg . nwz —n?a?T,
u=3y (Ej(; u;sin ﬁa’z) sin 7 exp (f) (6.28)

n=1
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= ,:;1 (%‘[OZH u; sin %dz) sin %exp (%T")

If u, is constant with depth—i.e., if #; = u, (Figure 6.3a)—then, referring
to Eq. (6.28),

2,
Hf “.’ sm—dz_ﬁ(l—cosn'n')

So,

n=oo

2u, -7,
u=3Y —(1—cosnm) sin oo exp (7") (6.29)
o onT ZH 4
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substitute 7 = 2m + 1, where m is an integer

= 2u, 2m+1)mz
u= mZ:ni(lm+1) [1—cos(2m+ 1)ar]sin S 1 4
|:—(2m+1)27r1T“]
xexp | —————

Mz
u=Yy % sin ?exp(—MlTu)

m=0

where M = 2m+1)m/2.

excess pore water pressure dissipated
initial excess pore water pressure

u,—u u Ad Acg’
B u; B u; - u; B #y
o m i i s i T
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excess pore water pressure dissipated

initial excess pore water pressure m=sc 7y Mz R
U=1- — sin — exp(—M"T,
W) U=1-3% Gsinrep(-MT)

u,—u u Ad’  Ad’

u; u; U; L
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soLuTIoN From Eq. (6.32), for constant pore water pressure increase,

=00

2
U=1-% ﬁsin %cxp(—Mva)

m=0

Here z = H/3, or z/H =1/3, and M = (2m + 1)7r/2. We can now make a
table to calculate U,:
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I.z/H 113 13 113
2.7, 03 03 03
im 0 | 2
where M = (2m+ 1)ar/2. 4.M /2 3m/2 5/2
5. Mz/H @6 w2  Sw/6
6.2/M 1273 04244 02546
7. exp(—M2T,) 04770 000128 ~0
8. sin(Mz/H) 05 1.0 05
9. (2/M)[exp(—M?T,) 03036 00005 ~0 ¥ =0.304I
sin(Mz/H)]
Using the value of 0.3041 calculated in step 9, the degree of consolidation
at depth H/3 is
Uy = 1—0.3041 = 0.6959 = 69.59%
Note that in the above table we need not go beyond m = 2, since the
expression in step 9 is negligible for m > 3.
o -~
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o gio s 4> 30

(1/H,)jDH' ", dz—(1/H,)fUH'u dz

(1/H) [, de

av

The average degree of consolidation is also the ratio of consolidation settle-
ment at any time to maximum consolidation settlement. Note, in this case,
that HI =2H and u; = ug.

m=0oQ

2
Uav =1- Z ECXP(—MZT;J)

m=0
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Terzaghi
For U, =0-53%: T,= " (%%Y 6.35
or U,, =U— (¢ U_Z 100 ( )
For U,, =53-100% : T,=1.781—-0.933 [log(100 — U,, %)]
(6.36)
S ——
http://civil.sirjantech.ac.ir/~ghanizadeh
B
Lo gio S 42 48 g oy Jols G abil s
Sivaram and Swamee (1977)
Un% (4T,/m*
100 ~ [1+ (@T,/apRepim (6.37)
or
o, 2
T _ (m/4)(U,, %/100) (6.38)

v~ [1—(U,, %/100)56]0357

Equations (6.37) and (6.38) give an error in T, of less than 1% for 0% <
U,, < 90% and less than 3% for 90% < U,, < 100%. Table 6.1 gives the
variation of T, with U,, based on Eq. (6.34).

It must be pointed out that, if we have a situation of one-way drainage
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H-z z
=g — Uy ——— 6.39
M=t Ty ( )4 Pervious
Substitution of the above relation for #; into Eq. (6.28) yiclds
=1 pH H-z\ . nm . nmz
uzmg1 [Efn (uo—ulT) smﬁa’z] sin 5o
22T
X exp (%) (6.40)

—er. ious - s
The average degree of consolidation can be obtained by solving Eqgs. (6.40) NG e
and (6.33): (d)
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Sinusoidal variation (Figure 6.3¢) can be represented by the equation z
A
mZ .3 - Pervious =
N il 6.41 e o BT
i = UgSin oy ( )

The solution for the average degree of consolidation for this type of excess
pore water pressure distribution is of the form — i, H,=2H

— ZT
U3v=1—exp( 7; ) (6.42)

50 Pervious Zav

The variation of U,, for various values of T, is given in Table 6.1. (e)
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Boundary conditions

Timet=0, u=y

u=0atz=2H
u=0atz=0
t=0, u=uy
u=0atz=2H
u=0atz=0
t=0, u=y,
u=0atz=H
u=yatz=0
t=0, u=y
u=uyyatz=H
u=0az=0
t=0, u=uy

u=ujatz=H
u=0atz=0

1=0, u=uy,
u=0atz=H
u=ugatz=0

O Sizio olSisls

4 Sl Sl

-_ 'P‘e:vllo_us -

z
A

. Pervious

SRR

« 2= Pervious .,
ot

H=2H  4—uy H,-2H H~H
l .
"y Pervi Impervious
(h)
z z z
A 4 A
Impervious -2« Pervious . Impervious
X riteeat e
[— le— 2, T
H=H Hy=H Hy=H
l )
2211 Pervious . 3:7 Pervious amsor
- - Impervious e A
(i) 0} (k)

http://civil.sirjantech.ac.ir/~ghanizadeh

U, (%)

b gio S 42 30 g plo ) Jolo o At

For Figure 8.3 and k

50
For Figure8.3(
\ \< [
| anuunig through i
%0 1 \
\%
100 | |
o 02 04 06 08 Lo 12
T,

z

z z
A A 'y
. oPervious 2 Pervious £+ Pervious .,
AP = Sty e A --‘T
H=2H l4—u, Hy=2H H=H
—uy l
Impervious
(h)
z z z
A 4 A
Impervious - i . Impervious
X Tl
. T T
Hy=H I
E Impervious . Pervious LS
(i G) (k)

Department of Civil Engineering, Sirjan University of Technology

15



Advanced Soil Mechanics Lectures 9/28/2018

© Ali Reza Ghanizadeh, Ph.D

"

i
e

25 IS Gl (Gal 9 YU 5l LiSa)) oy Y S )5 lojis O HLid urs 1384 v
S duloma |y uwgio @uSo0 453 T,70.3 Oloj Jule sl 3,5 dalys law ial 58l

Pervious
6m=2H=H,

l Clay
(@) Pervious v

http://civil.sirjantech.ac.ir/~ghanizadeh

A R]
CIOL?
Y Jbo
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The area of the diagram in Figure 6.6b is
1 — /8
A =6 (i) (15+5) = 60kN/m
The area of the diagram in Figure 6.6¢ is T ervions
=t mz 8 oz
A2=§)25mﬁdz=[0 ZSm?dz 15
6 wz\¢ 12 24
=(2) (*) (— cos 7) ) —§_ &= 7.64kN/m 10 @ 2
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Y Jbo

The average degree of consolidation can now be calculated as follows:

For Figure 6.6b For Figure 6.6¢

U, (T, = 0.3)4, = U,,(T, = 0.3}4,
Al Al

For Figure 6.6a f -
| Net area of Figure 6.6a ‘

From Table 6.1 for T, =0.3, U,, =~ 61% for area A;; U, = 52.3% for
area A,.
So

Uu(T,=03) =

o 61(60) — (7.64)52.3  3260.43
= 60—7.64 T 5236

o e il i i i I

=62.3%
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Nondimensional excess pore water pressure: # = —

g
= 0
Nondimensional time: = r
R
. . - W&
Nondimensional depth: z = .
R
- Y e
a  ty 0t e
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If we adopt the reference time in such a way that t; = z3/C,
Vo C i g U _OH

1 0 2% 0% a  d9z?

du 1 ,_ _
F = E(”o,iui - ’"o,f) - ) ) )
P 1 e 2 E(“D,E-m? —ity;) = w(ul,i + it — 2y 5)

72 (Az)? )
o Aty _ p i -
Uy iar = (Az)? (1, + 33 7 — 2hg ) + 1y 3

For Eq. (6.61) to converge, Af and Az must be chosen such that Az/(Az)?
is less than 0.5.
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vy

= ﬁ(kl +ky) (%u1’,+ kllTkaluS” —2u0!,)
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u =i ki +k,
" (Az)? kl/Cul +k2/Cuz
X (klszlkzul"-‘- %uh—luo,,) + 1,
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w_AG, 1tky/k
ST (A2 1+ (ky/ki)(C,,/C.)
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— 1+k,/ky At
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‘ T Clay layer 1 T o5 —— 1 _ S /S
H/2 k N
Interface Cu(l) 0.31
H, = H
Clay layer 2 0.62 —
H/2 ky = Yaky 0.94 .
Co)=%Cy) ‘ ‘ ‘ 1.ss|;
(@ lrnpervious 00 0.2 0.4 0.6 0.8 1.0
(b) i,
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Clay 1

4m k=28 x 107" mm/s
l Cy, =0.26 m*/day
T Clay 2

4m ky=2x107" mm/s

l =0.38 m?/day
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Time (days)
0 3 . s
T Clay 1
4m k=28 x 107 mm/s 2 0251% 675 56,13
l C,,=0.26 m?/day
4 0.50 100 100 70.98 Interface
T Clay 2
4m ky=2x10"7 mm/s 6 075100 525 50.12
_ 2
l C,,=0.38 m*/day
£ s 100 0 0
z(m) z
(b)

O Sizio olSisls
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Now,_ let zR-= 8mandu,=1.5 kN/m2.
So,Z = (8 m)/(8 m) = 1 and @ = (150 kN/m?)/(1.5 kN/m?) = 100.
AZ=2/8=0.25

2
z - t
= X = —

C, R

A zf _ C,At
Vi a, or At= )
Let At =5 days for both layers. So, for layer 1,

C, At 026(5) Aty 0.0203

Afy = = =0.0203 = =0.325 (<0.5
=z 82 (Az)? ~ 0.25? =R
For layer 2,
- C, At 0.38(3) AZy  0.0297
Al‘u. = z}_{ = 32 =0.0297 E)Z = 0.252 =0.475 (< 0,5)
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For t =5 days,

Time (days)
Atz = O, ? ? 1}0 1{5 N
0 OO 0 Q0
#oirai =0 2 0z5l190 675 56.13
Atz=0.25
| 4 050 100 100 70.98 Interface
} Ai(l) B d _ _ wce
Hobest = (1710 (b3 o+t 5 = 2o 3) + o 3 6 075/100 — 50.12
=0.325[0+100-2(100)]+100=67.5 |, o :
z (m) E.

(b)

o e il i i i s
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393 0 31 o lisko s Gos 10 (510 i OT LS (gt
For t =5 days,
At 2 = 0.5 [note: this is the boundary of two layers, so we will use
Eq. (6.66)],
Time (days)
- 4] 5 10 15
0 1+ky/k, Aty . 9 o ; e
ST 4 (ky/Ry)(C,, /C,,) (A2)
2k _ 2k, p _ 25]100 67.5 56.13
X (Tﬁ-lkzul’; + Iqukzus’i —Zu(,,;) + ity ; 2 0
100 100 70.98
142 4 050 Interfacq
= b (0.325)
1+(2%0.26)/(2.8 x 0.38) | T AL .
2328 1 00)+ =2 (100) = 2(100) | + 100
*| 2728100+ 5751000 -2(100) |+ s 10l 0 0
z(m) Z
o 57 = (1.152)(0.325)(116.67 + 83.33 — 200) + 100 = 100 ()
E—
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A R]
C IO

398 31w lisko G5 0 sl i T HLid i

i
e

Interfacg

At z=0.75,
- Afm - - = = Time (days)
Hyzea: = (AZ)? {“1,} gz — 2”0,?) + 1 ; 0 5 i 10 5
0 0 0
= 0.475[100 40 — 2(100)] + 100 = 52.5 ’
2 02510 67.5 56.13
Atz=1.0,
4 050 100 100 70.98
‘-‘O,E+A} =0 6 075100 525 50.12
8 10 0 [1] 0
z(m) Z
(b)

O Sizio olSisls
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3951 3w Ao sl Gos 18 (S0 pi> T HLid [t

Time (days)

A R]

N

i

Interface

For ¢ = 10 days, 0 5 10 5
Atz=0, o — 0 0
P -0 5 025/100 67.5 56,13
0,2+AF — i
100 100 70.98
Atz =0.25, 4 050
6 075 100 52.5 50.12
#y ;a7 = 0.325[04+100 — 2(67.5)] + 67.5 = 56.13
8 102 u 0
Atz=0.5, ?b()m) z
B 2x2.8 2x2
iy 3401 = (1.152)(0.325) [2+2.8 (67.5)+ 3728 (52.5) —2(100)] +100

=(1.152)(0.325)(78.75+43.75—-200)+ 100 = 70.98

G e ol st i e
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[ZR]
39310 3w Mo s gos 30 510 3> OT Ui s

For t = 10 days,

At z= 0’ Time (days)
0 5 10 15
’:‘U,H—A? =0 o o 0 0
Atz=0.25, 2 025100 675 56.13
iy 3407 = 0.325[0+ 100 —2(67.5)]+ 67.5 = 56.13 4+ o5ol00 100 70.98 Interface
6 075100 525 50.12
8 100 C 0
z(m) z

(b)

o e il i i i s
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A R]
. o R " o JELe
. - . . & - N
393 1% 3 om Mo slagos 30 o i OT JLid pjgf B
Time (days)
: 10 15
o 06 0 0 " w (KN/m?)
2 0250 67.3 - ---—- 842
4 050 100 100 7098 Interface— — — — — — — — 106.5
00 52.5 50.12
507500 s o025  _SLIZE o . JiG B s %
g 109 0 0
z(m) Z
(b)
ET—
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Jbeo

250 59.1-‘-.{\0‘ QM[{)[{&{@'),@)JJ&JL@O))

200 2B g & S mhe o) 2 @ e
‘Eﬁ' Gos > 5 L5|o).6> ;_;|)LL§ B d9xe J.ol.o.?
= 10f | S dnoloms 595 10 5l Gy g Slady¥ Calise

50 N

0 | | | | \ >
5 10 15 20 25

(a) Time (days)

o e il i i i C s
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J>

250
SOLUTION As before, z, = 8m, #, = 1.5kN/m”. For Az =5 days, 200}
At A? &
[t @ E 150f
— =0.325 — =0.475 =
(Az)? (Az)? Z
= 100f |

The continuous loading can be divided into step loads such as 60 kN/m” |
from 0 to 10 days and an added 90 kN/m” from the tenth day on. This is so0F—
shown by dashed lines in Figure 6.124.

(a) Time (days)

G e ol st i I
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. . ‘o . L e s . {ﬁ:.
395+ 3 o Ao S Gos 48 sl i DT JLid s

At £ =0 days,

O Sizio olSisls
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39 0 3 o Miko b Gos 43 lo i ST HLid (ot

At t =35 days,
Atz=0,

u=0
At 7=0.25, from. Eq. (6.61),
#o a7 = 0.325[0 440 —2(40)] +40 =

At z=0.5, from Eq. (6.66),

iy 1107 = (1.532)(0.325) [

At z=0.75, from Eq. (6.61),

2x2.8

2x2

2+2,S(

(40) —
40) + 5 (40) ~2(40)

o547 = 0.475[40+0 —2(40)] +40 = 21

Atz=1,

Uy irai = 0

Ol puw Sizio olSisls by Sla Kilka

i
e

A R]

]+40=40
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391 3 o Ao sl Gos 4O Slo > OT JLid (i B

At t =10 days,
Atz=0,

u=0
At z=0.25, from Eq. (6.61),
g 1ens = 0.325[0+40 —2(27)] + 27 = 22.45

At this point, a new load of 90kN/m’ is added, so # will increase by an
amount 90/1.5 = 60. The new ;57 is 60+22.45 = 82.45. At z2=0.5,
from Eq. (6.66),

o e il i i i .

http://civil.sirjantech.ac.ir/~ghanizadeh

3951 3w Ao sl Gos 18 (S0 pi> T HLid [t

B 2x2.8 2x2
Hy 70 = (1.152)(0.325) [m(27) t3723

New #;,,; = 28.4+60=88.4

@1) -2(40)} +40=28.4

At z=0.75, from Eq. (6.61),

ity 107 = 0.475[40 4+ 0 —2(21)] + 21 = 20.05
New #ig ;14 = 60 +20.05 = 80.05

Arz=1,

u=0

G e ol st i I
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39310 3 s ilidko s gos 43 lo yi> T LS (i

At =15 days, Atz =0.25,
Atz=0,
fiozsar = 0.325[0+ 88.4 — 2(82.45)] + 82.45 = 57.6
u=0
Atz=0.5,

g 3,0 = (1.152){0.325)

2x2.8 2x2
< [2+2_8(82.45)+m(so.as)—Z(ssA)] +884—832

Atz=0.75,
By 707 = 0.475[88.4 40 — 2(80.05)] -+ 80.05 = 46.0

Atz=1,

O Sizio olSisls
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A R]
. ‘ - - . g - 71
399 ‘)‘ﬁMﬁ“@E}é@'bPUT}M&)’) -~
Time (days)
0 5 s,
. o0 0 0 0 u(kNlm2)>
245
60
s 02500 27 8245 576 | N 864
284
60
4 osol® 40 88.4 830 s Ai™ =8 § i m 124.8
2005
60 60
40 2 Y !
6 075 1 80.05 WL
T L 0 0 0
z(m) Z
(b)
I

Department of Civil Engineering, Sirjan University of Technology

29



Advanced Soil Mechanics Lectures 9/28/2018

© Ali Reza Ghanizadeh, Ph.D

(Odometer test) pasexd wilo 3T
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YE OT L abise 0355 5l e gbn 610K ol d31s s s *u:*il-‘il—o:-” » v
29 glil dig0s b oS 0 o el

sy S o by (Fo,08 Olses 5 o0l Jlesl pral K abugay a0 5 1S,L Y
b 38 )L g o0 i el Y @ sl 135,058 398 0 80510l (sl i
Pbien JET @n stalo oSl /Y0 Lk Jlecl

9 Said Olza b 03,5 plp 95 b s S e ol 9o ;Y,m b Olsen ollax v
Sobon dalsl (55,08 (5,805l

338 0 o winley] Wges K 0js ialesT sleml ,s v
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O Sizio olSisls

http://civil.sirjantech.ac.ir/~ghanizadeh

(Odometer test) S uslo 3T

Ol Sizio olKisls

Department of Civil Engineering, Sirjan University of Technology

30



Advanced Soil Mechanics Lectures 9/28/2018

© Ali Reza Ghanizadeh, Ph.D
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Soe RS & gNiay @l O Sl s (sl oo
Hlis oxs bl rlasl)'l.x&EA.{q,sUmﬁa:r al> 0
Q.MT J,.‘ggA.gQTca.ch.m_)@ 'C) L§|o).6.> uT sél.éﬂ
] S Sl s Ky sl s

4yt (S Us o

(a2 i) Ol

O Sizio olSisls

http://civil.sirjantech.ac.ir/~ghanizadeh

Void ratio, e

e o e o .

20 Lo,

Effective pressure, o’ (log scale)
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i — JoS G 413903
20 Lo duwloxo [y (H cdiguod doler Cound g5 1 -) o5

W, = dry weight of the specimen
M, = dry mass of the specimen

H = W, = M; A = area of the specimen
Y AGy, AGp, G, = specific gravity of soil solids
Y, = unit weight of water
P, = density of water
1S duwlxo 1) Hy, «lyas adgl gl )l -Y o8
H,=H — H,

H = initial height of the specimen.

o e il i i i .
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Jid — oSG o 419 903

Initial *
height of
specimen n

=H

N Specimen area = A L] vVoid [ Solid
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Aol duwlons |5 €) diged gl Jolss Cus -V 5
N _HhA_H,

v H A H

dpnoloen 15 A8y (JosS S Sl puats 39 oA H | JKb i cucly a5 Py )13 olgl sl -F 8
AHL e
1
A81 =
H;
raulel dsloes 1) €7 S a5 Jolsd s « Py jLid 9o e 4y ouSows 51 gy =0 p8
81 = 80 _ Ael

9disn dulone 25 g0 4y € (JHISS s 39 oA JKb SLO| ks sy 45 Py s L sl
AH,
H,

5

& =€ —
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Void ratio, e

|
|
I
|
|
I
I
|
I
|
|
|
I
|
|
I
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I
|
I
I
:
v

T T2

Effective pressure, o’ (log scale)
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&S ol 5550 b HLad SSTas Sgzee b
Cawl 8391 OT 56 Caows a22AS )5 digas
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Void ratio, ¢

ol olxio 3 i

L0g 6 Jilie 13 € ,logei (595 23 (oobez s b Y
glad Jilas shls 45 swles pus @ Jio (slabis
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Pressure, o’ (log scale)
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- o8 - .
@.. uno,o -

OCR =

o,

a

o = preconsolidation pressure of a specimen
o' = present effective vertical pressure

Ol Sizio olKisls
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S ity (i (61 9 (Stlg

«  Stas and Kulhawy (1984):

9. _ 10 (111~ 162LD)] LI o PL

P ~LL-PL

where p, = atmospheric pressure (=100 kN/m?)
LI = liquidity index

+ Hansbo (1957)

o', = Q(vsT) CH(VST}

where an empirical coefficient 222
o, = 11 1CIi =
vsm 2 LL(%)
C,(vst) = undrained shear strength obtained from vane shear test
Gy g o5t

http://civil.sirjantech.ac.ir/~ghanizadeh

oS i 3L o (619 il
* Nagaraj and Murty (1985):

1112 — ( ] )0.04630;

log o', = ‘L
. 0.188
where e, = in sifu void ratio
: . g™ LIL(%)
e; = void ratio at liquid limit = 100 s

G, = specific gravity of soil solids
o’, = in situ effective overburden pressure

(Note: o', and o, are in kN/m?)

G e ol st i
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Co (79 i il (i 81 (5% Bl
Skémpton (1944)

C. = 0.009(LL — 10)

Rendon-Herrero (1983)

1+ e,,)w
G,

C. = 0.1416}‘2(

http://civil.sirjantech.ac.ir/~ghanizadeh

Co (9 yud Al pmd (51 9 (9 5% Wil

Nagaraj and Murty (1985)

LL (%)
C, = 02343 G,

100

Wroth and Wood (1978) -w (PI(%)]
,@WW‘J‘

Park and Koumoto (2004) | ﬁ n, o
Ce = 31747 - 4.275n,

st i

Department of Civil Engineering, Sirjan University of Technology

37



Advanced Soil Mechanics Lectures 9/28/2018

© Ali Reza Ghanizadeh, Ph.D

C, py9 Wl Lmtd s 9 (99285 Wl

B 4 -
Kulhawy and Mayne (1990) -

Ol i isiao olCiisl 45 Sl Kol
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C, £ 39 Slid ot 5l 9 (9% Wiy

Nagaraj and Murty (1985)

Kulhawy and Mayne (1990)

Ol Sizio olKisls
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Yol plw

| e\ 2%
Rendon-Herrero (1983) C.=0.1416!2 | —2
G, = specific gravitysof soil
solids
ey = in situ void ratio

LL

Nagaraj and Murty (1985) C.=0.2343 (E) G,

G, = specific gravity of soil

solids
LL = liquid limit (%)
Park and Koumoto (2004)  C, = e

371.747-4.275n,
n, = in situ porosity of soil

o e il i i i
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B gio 6 5 Gl ) 43 maS5 5016 vy 0SS (R0 g3 (59397 Cawd il
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Void ratio, e

0.4eg

Consolidation curve -7
for remolded specimen

«— Yirgin consolidation

consolidation curve

| ___ s | V P Lol S 10905 (bl gy (oS Gy 5L
I
¥

o5 =a,
Pressure, o (log scale)

e cw)ozlﬁ)ﬁl))il.&g\”gfg\guum/
curve; slope = C,. gii 9 Ls‘él))';) .LC«{L;O éké e:0.4eow

(\asy

Laboratory S Gﬁlf)l{ JZL’J eo 4
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| \ & Virgin consolidation dJLu“ L”)'m el 6")‘7‘4 Sdxe W‘S’U Dol s ‘hJ
curve; slope = C, = <l | (. .
compression index el (60 )b (S

Laboratory
consolidation curve

Void ratio, ¢

Laboratory /I,Y

rebound curve; |
slope = C, = |
swell index

(P31 paSxi 10905 ylasl 3 (oSS siony sl
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ld
Ye ¥
a0

‘ S5 soary oj9 3l (B Joxs 53 o ST
Pressure, o’ (log scale)
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AV
Height
i ‘ AV =V, - V,= HA—(H - S)A = S.A
TT Yoy
l l AV =S,A=V, -V, = AV,
H -
L - AV, = AeV,
_— s - Vo _ AH
Height /4 TAV g 1+e, 1+ e,
Ry - Yo v, AH
f ] | AV = S.A = AeV, = Ae
v 1+e,
Y e
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2
© 7717 Virgin compression
2 Ae slope, C,
sl 3 dee s
= | |
|
«—Ac—»l
1 I R Ae = C[log(o, + Ac') — log o]
(a) oy ay o’ (log scale)
v _ Recompression
ﬁe 1 slope, C, S C_,.H 1 U't; g A(T'
v I 3 0
-% | | | Virgin compression i 1+ €, |;
E ! : : slope, C,
= Lo
“ac | : .
T . . w el oae
0 p— . .éa_st.o OML} fry Gles CS o o
(b) oy 6, o, o’ (log scale)
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Void ratio, e

! (oSS g LS 3 i i A (L 9O St Ao

K Recompression
Ae | slope, C,
_ + - r r r
A I Virgin compression § = CH log O + CH log g, + Ao
jj | slope, C, ¢ l1+e,  l+e, o
T
|
P
1 »
og o, o} o’ (log scale)
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C, £ 39 Slid ot 5l 9 (9% Wiy

Liquid Plastic Compression Swell
Soil limit limit index, C, index, C,
Boston blue clay 41 20 0.35 0.07
Chicago clay 60 20 0.4 0.07
Ft. Gordon clay, Georgia 51 26 0.12 —
New Orleans clay 80 25 0.3 0.05
Montana clay 60 28 0.21 0.05
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<€— Deformation (increasing)

Oloy 0> gy
c,t
Top = 0.848 = —~
dr
_ 0.848Hj,
Cy o
OC = 1.150B
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Y Jbo

During a laboratory consolidation test, the time and dial gauge readings obtained from
an increase of pressure on the specimen from 50 kN/m” to 100 kN/m” are given here.

Dial gauge Dial gauge
Time reading Time reading
(min) (cm x 10%) (min) (em x 10%)
0 3975 16.0 4572
0.1 4082 30.0 4737
0.25 4102 60.0 4923
0.5 4128 120.0 5080
1.0 4166 240.0 5207
20 4224 480.0 5283
4.0 4298 960.0 5334
8.0 4420 1440.0 5364

Using the logarithm-of-time method, determine c,. The average height of the specimen
during consolidation was 2.24 cm, and it was drained at the top and bottom.
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Dial reading (cm)

Y Jbeo

0.40 E——) T

2
oasn(22°)

_ 0.197HE 2

Co fie 19

= 0.013em*min = 2.17 X 10~ *cm?¥/sec

Time (min.)—log scale
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Void ratio, e

W9l s 2l

Ae Ae
C, = =
logt, — logt, log(t/t,)

where C, = secondary compression index
Ae = change of void ratio
t,, 1, = time

Time, # (log scale)
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t
S, =C,H log(r—z)
1

where e, = void ratio at the end of primary consolidation
H = thickness of clay layer
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',
* Overconsolidated clays = 0.001 or less
»  Normally consolidated clays = 0.005 to 0.03
*  Organic soil = 0.04 or more

Mersri and Godlewski (1977) compiled the ratio of C./C, for a number of natural
clays. From this study, it appears that C./C, for

» Inorganic clays and silts = 0.04 = 0.01
»  Organic clays and silts = 0.05 = 0.01
*  Peats = 0.075 = 0.01
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Skempton-Bjerrum, 1960
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oS s dnlove Sl gllas 303 o pled JLo ¥ 31 ey ddgl puSmd waS 508 00l asls las Sl Ldg s e
C, =038,C, = 0.0475,P, =140kPa,C, =0.022 . JLu \Y 3| o~ JS

TLLTLL Ll

4m oy Yo =18.6kN/m’,e, =0.78,

o st
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P, =2x16+1x (18- 10)+%(]&6—10) =57.2kPa

P
P, <P, - ol aily ,.zs_-.u-u:_._.m.-;—mCR:—‘:ﬂ:zAﬂ
P, 572

P, +Ap=572+60=117.2kPa < P, = 140kPa

C.-H P, + AP X 4
S, =——Log| = * = 9.0475x 4000 Log| -2 =33.253mm
l+e, P 1+0.78 572

[}

AH Ae 33253 @ Ae

= — =
H I+e, 4000  1+0.78

o

Ae=e,—e, >e, =€, —Ae =0.78-0.0148 = 0.7652

S = ﬁmg[k] _ 0.022x4000, - E} = 23.785

=0.0148

T l4e, t, 1+0.7652 4

AH=8=23.785+33.253=57mm
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For a normally consolidated clay layer in the field, the following values are given:

¢ Thickness of clay layer = 8.5 ft
* Void ratio (e,) = 0.8
* Compression index (C,) = 0.28

* Average effective pressure on the clay layer (o) = 2650 Ib/ft*

* A’ =970 Ib/ft?
* Secondary compression index (C,) = 0.02

What is the total consolidation settlement of the clay layer five years after the comple-
tion of primary consolidation settlement? (Note: Time for completion of primary settle-

ment = 1.5 years.)

45 Sl Kol

O Sizio olSisls
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X

e, =e, — Ae,;
1+e . . ——

. log(ao + Ag ) ow log(w) e, = 0.8 — 0.038 = 0.762
(rﬂ

; 2650
=0.038
AeH  (0.038)(8.5 X 12) =22 oo
3 idafi 126 =i% : —2.15i “T1+0762

Primary consolidation, S, s | Y 2.15 in.

t

S,=C,H log(f) = (0.011)(8.5 X 12) log(l 5) =~ 0.59 in.
: .
Total consolidation settlement = 2.15 + 0.59 = 2.74 in.

T
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