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ON THE ONE-DIMENSIONAL CONSOLIDATION BY THE
THREE-DIMENSIONAL DEHYDRATION

—— On the Consolidation Effect due to Sand Pile Drainage Works

I. INTRODUCTION

The analysis of consolidation due to sand pile
drainage work is now usually made by means of
Barron’s method only on the case of the primary
consolidation. However, in the weak ground where
sand pile drainage works are carried out, the amount
of consolidation due to the secondary compression
Therefore, the

author analyzed consolidation in the above case with

is large, and cannot be neglected.

the secondary compression taken into consideration.

The author explained the method to gain easily
and speedily the consolidation settlement curves, on
the primary consolidation part, by composing the
relation curves between the degree of consolidation
regarding the primary consolidation part and time
coefficients, using the ratio of time coefficients of
horizontal and vertical direction and the ratio of
the diameter of sand pile and that of effective circle,
and on the secondary compression part, by compo-
sing the relation curves between the degree of con-
solidation of the secondary compression part and
time coefficients on the creep.

Also the author mentioned the method to apply
several constants on consolidation to the values of
consolidation test by the three-dimensional dehydra-

tion.

II. DERIVATION OF THE FUNDAM-
ENTAL EQUATION

The fundamental equation of the consolidation
effect due to the three-dimentional dehydration by
sand pile is derived by making the amount of dehy-
dration and that of consolidation deformation is
equal.

(1) The Amount of Dehydration

In Fig. 1, @4 and @p denote the amount of flow
out through the face A and B respectively, one

obtains
. kh du 8%n
QA‘khlAA“?J(W +6—73“d7‘)

X (a+r+dr)dddz
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Fig. 1 The explanatory figure of the mechanism of

dehydration in a minute element

. k a
QszhZBB:'}f‘ "5-?‘ (a+r)d 0 dz

,where A : area of the face A
B : area of the face B
The amount of flow out of the minute soil ele-
ment by the horizontal flow per unit time is
ky (0°
dQ,=Qz—Q4 =k “

{57 (a+1) +—aa—1:—
xXdrdbdz
In the same manner, letting the amount of flow
out through the face C be Q¢ and that of the face
D be Qp, respectively. One obtains
du

52
Qc:kuicc=%’—<a zuz dZ+E>(d+r)dfd0
ky

To
,where C: area of the face C
D : area of the face D

Qp=tyipD= »le‘— Cat+7rydrd
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The amount of flow out through the minute soil
element by the vertical flow per unit time is

dQv:QD“Qc: %

Therefore, the total amount of water lost from

2,
ggz- (a+r)drdbdz

the minute soil element per unit time is

— _ , ou
dQ=dQs+dQ,=~ W}
fu S (a+r)]dr d0 dz eeeeerer (1)

(2) The Amount of Deformation of the
Consolidated Soil Body
The total amount of deformation of the soil body
per unit time, with the secondary compression taken
into considerations, is

E] V
G = v5E +ray [ 5@
& amevea]
X (a+r)dr do dz
Since p=K-—u, Z—f=——g—;ﬁ , and by making
.éa—t =p, there is obtained
_‘Z%Tvl <p + ;Z_P )(a+r)drdﬂdz
............... (2

By the idea that the amount of dehydration and
that of deformation of the soil body are made equal,
and from the equation (1) and (2), one gets

ky [ %u 1 du k, 0°u
Tw<a—r2‘ Trva 797)+7w E
e,
P+

This is the fundamental equation of consolidation

=vpu-———

due to sand drain works.

I1I. THE FUNDAMENTAL EQUATION
OF CONSOLIDATION ONLY BY
THE HORIZONTAL FLOW

. 7 . .
Making —5% =0 in the above equation (3), one

gets

ky { % 1 du)_ P
?;(W tira 6r>_vpu+ o+ " (4
I
,where p:—ﬂ
The special solution of the equation (4) is

u=(C,eh? + C,et") {C,J,(Mr") + C,Y,(Mr')}

............... (5)
,where r’=r+a, and
=1 - I _ ke
11’12—"2‘[ (‘v+7’)v ver
k 2 knn

+ J LIV £ S Wi 2

—'\/{(v+r) vV Ve M} vra.M]

............... 6)

Jo,(Mr") : the Bessel function of the first kind

and order O
Y, (Mr") : the Bessel function of the second kind
and order O
Next, the integration constants C,, C,, C; and C,,
and the undetermined constant M are determined
with the use of the surface conditions and the initial
conditions.
From the surface condition, u=0 at r’'=a(r=0),
there is obtained
Coo(Ma) + C, Y (Ma) =0 +eververerserennnnens 7

And from the boundary condition, %:0 at
r'=R(r=R~-a), there is obtained
CoJ,(MR) + C, Y, (MR) =0 -ceveevererseracenss (8)
From the equations (7) and (8), one gets
_ J,(Ma)
Co=~Coy, My
J(nMa)
Y, (nMa)

Jy(Ma) _
Y,(Ma) -

,where nz—f—

Letting ,m; denotes the 7th value that satisfy the
equation (9) for a value of M, and substituting this
in the equation (5), one obtains

u= 3 (C/eht+C, ett)
i=1

X[Jo(nmir’) ~Ma—) Y, Comir’ )}
Y, (Gemia)
,where C,'=C,C; and C,’=C,C,;.
Solving the equation (10), from the initial condi-

tion that u=K at £=0, there is obtained

K= El (C/+C

X\:Jo(nmir’) — {,0(("7:“&)) Y, Gomr! ):‘

(C/+C,') in this

equation is determined in the following manner.

The undetermined constant

If one writes the characteristic function as
J. i
[Jo(nmir') __o_((n:% Yo Gamsr’ )]zDi
,then D; is the solution of the differential equation
(4) and satisfy the conditions
dD; _
dar' :Lr= R =0

Now an assumption is made that the characteristic

[Di]r’=a=0,

value m,, My, My, e+ and the characteristic functions
belonging to them D,, D,, D, are determined
from these conditions, and any two values m, and
mgy, and Dy and D, are taken from the series res-
pectively which naturally satisfy the equation (4)
and give two equations,

Dp”"i‘% Dpl+ﬂlt,2Dp=0



48 Trans. of JSCE, No. 149 Jan. (1968)

and
Dq”'*‘-;'fqu,’l'?ﬂquq:O
Therefore
1 , dD ,
W(T —:i—r,i)—}'?nﬁzr Dpz .................. a2
1 daD, i
27( a5 )-l—m 2 Dy weevvrenerisneans (13

Multiplying the equation (12) by D, and the
equation (13) by D,, and subtracting one from the
other, one gets

Oyt —mgr' s DpDy=D (' Dg'y' —Dy(r' Dy’

Integration of the both sides of this equation from

'=a to r'=R gives

R
(mpz—qu)L ' DpD,dr’
R R
- J Dy D,y dr — J Dy Dy dr
a a
R R
:[IDp(r’Dq —J Dp'(r’Dq')dr'jl

R
_[ “J Dq/(r'Dp’)dr’]

'R
=‘1~’(Dqu’—Dp’Dq)}a

R
/Dp/)
a

Since D, and D, shown by the equation (12) and
(13) satisfy the conditions Dy(a)=0, D,(a)=0,
D, (R)=0 and D, (R)=0, the right side of the
above equation becomes 0.

Therefore

®
(mp?— qu)j 7 DpDydr' =0

R
As  mpemy, J 7' DpDydr' =0
Substituting ¢ for p in the above equation.
R
f # D;Dydr' =0

Whence, if multiplication of the both sides of the
equation (11) by r’D; and integration of them from
a to R are made, then all the terms other than the

ith one become 0, to give

R R
KJ r’D,»dr':(Cl’—l-Cz’)j 7 Dydr

KJ 7' Ddr'

C) + Gy st eeeennineinne (14)

J ' DiAdr’

Next, the plastic deformation rate ¢, is calculated
by the following equation.

L
O] =e"7‘Joe’7’77r P
=rif e {3 creenD;
U
— Z (Clet +C, 612'\D§dr

i1

In the equation, the coefficient of D; is

i1
rvfoe“’?(h-r) {(Cxl +C,)y—(C, el + Czlfh’)}dr

:m[c,'+c2' _< C ey C ewﬂ
7 A+7 247

As ¢,=0 at r=0, this coefficient value is 0.
Therefore
C/ Czl . (C1'+C2,)
A+ * 2o+ 7 - 7
C/, C,’ are obtained by the equation (14) and
(15).

R
oo Gt KL’”D"‘”
1 — R
Ga=dyn | [  Dydr
K[R Did
r’ i r/
Cz'=— A+, a

o7 TR
(Aa—2)7 J rDdr!
a
Substituting them for equation (10).

A, +1)2, (Ay+7)2
,= 3K et o 2200 e
w=3 [(x o Go o7 ]
Dif r’D,dr’
4 j| ........................ (16}

x| —gt——
f ' Dydr’

IV. THE FUNDAMENTAL EQUATION
OF CONSOLIDATION ONLY BY
THE VERTICAL FLOW

The fundamental equation in this cace is as follows.

ky, [ 8
;f(_éwzu?)—vpuj-__?’% Ueeiereaeneeeeieenaes an
0
,where P=—é7

The special solution of this equation is expressed
as
u=(B,et’t + B,e?'t) (B, sin Nz + B, cos Nz)

,where

A/, Xz,z%l:—('v'ﬂ’)i e N?

V7w
+\/[('v+r)—+ k, NZ] k; 7/N2]

Next, the integration constants B,, B,, B;, B, and

also the undetermined constant N are determined
with the use of the surface conditions and the initial
conditions.

By applying the surface condition that =0 at
2=0 to the above equation, there is obtained the
equation B,=0.

Furthermore, by applying the condition that #=0
at 2=2 H to the above equation one gets

Sin N(ZH)Y =0 coevreerereremminicnniniecenneen. 19

If one lets n; denote the ith root that satisfy the

equation (19), then on obtains

u;= 421 (B e 1t + B, ed2 )sin sz seeeeervrsenns @»n
taz



On the One-Dimensional Consolidation by the Three-Dimensional Dehydration

,where B,’=B,B, and B,’=B,B,

Applying the initial condition that =K at ¢=0

to the equation (20) one obtains the equation
K= % (B/+B,)sinn;z
i=1

The undetermined constant (B,'+B,")
equation is determined as

2H
K| sinn;zdz
0

B/+By = R

Next, let us assume that ¢,=0 at ¢=0,

in this case ¢, is expressed by the following equa-

tion.
t oo
e (&) =77J e { 2‘ (B, +B,)sinn;z
0 P
— Y (B/e**+ B,’e*'*)sin n;z} dr
i=1

In the equation, the coefficient of sinz;z is

t
r f (B + By — (Bled's 4 Blek )} od ¢

7 A+ A +7

Since ¢,=0 at £=0, this coeflicent value is 0.

Therefore,
B,/ B, (B,'+B,)
= T2 0 i 29
A A+ 7 22

B,’ and B,’ are obtained by the equation (21) and

22),
B,’=% . nKH (1—~cos 2n;H)
1 H

I GO L S - .
Bz_—__(iz'~ll')7 il (1—cos2n;H)

Applying these to the equation (20), one gets

@ DY . DN )
u,= Y K i gt - —— ete't
=2 ( G =477 Q=47

1—cos2mH .
X (TSIH niz> .................. (23)

V. THE ANALYSIS OF CONSOLIDATI-

ON BY THE THREE-DIMENSIONAL
DEHYDRATION

As derived in the section II, the fundamental equa-
tion of consolidation by the three dimensional de-

hydration is
ke 7] 82
(e o) el
_ mp
=vpu-+ pi7 u
The solution of this equation « is expressed as a
product of the respective solutions for the - and
z-axis, namely,
u=Ke+ () =1+ U2 K=
Furthermore, letting #, %, and %, be the mean
values of » with respect to the - and z-axis at the

in this

—_— (1—cos 2n;H)
" ;
f sin®n;zdz niH
o
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same time, only to the r-axis, and only to the =z-
axis, respectively, one obtains the equation,
ﬁ=[<’(ﬁr)K:1‘(ﬁz)K=1

Then (#,) k-, and (#,) k-, are calculated as follows.

(up)g=r'dr’

(ﬁr)Km:—a’—R——
f r'dr'
- 2 I:m {(11"“77)12 ehit
R,—a%| i2a Ay—2)n
3 2
ID.d />
— (A+7)4, elzl} (Ja rar :l
_ R
(Aa—4)7 j v Didr'
H
Jz (U)K=rdz
=g
:i[ 5 {‘(ill”kﬂ)l?, et
H* | 15! (=47

_ QDA g 1T
A =unn <
Therefore,

R 2
' D;dr’
_ 2 = {Lr i }

u=K 2 2 2 R
R—a [_l=1 J' r Didr

- A _ Azt
X =107 {Qy+n) 2y ehf — (1) 2 0%t}

N2 S S -
Hf | i=Tias 1 (X'—4)7
X {(11'4-7/)12'6'“"—(Xz'+7/)/1x'€“"}:l

VI. THE AMOUNT OF CONSOLIDATION
SETTLEMENT

The amount of consolidation settlement S at any

time is expressed as follows.

J:4 28 t
S:Jj 3 dz:jo [f'v—i—ﬂrfo ;8_7(‘_1)d T:ldz
H| t
=Jj I:Kv+77r Ke‘”’J'oer r:|dz
28 t
—J‘o [Tw+7yr e"”'foz“te"d r:‘dz

The coefficient values in this equation are obtained

in the following manner.

t
nr Ke“”'ﬁ)e’]’d r=r K

+
77TJ’ we~ 1 ¢
0

R 2
. {f ' Didr|
=97 K 3 57— *—%
21 R—a f r'Didr’
a

L3 2 jt 1
i=13s H*n? Jon?(2,—2) (' —4,")
X [,(4+n)edrt 2, (2, +n)erer]
X [ Q)+ e T — 2,/ (A, +7)e*  Je 1= ¢
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R 2
w 9 if r’D,-dr’}
guv=vK § . ;
f Dy

® 2 1
it Hon? 7 Ca— )y — 20
X [ (3 +7) (A, + el +ant
2 A ) (! i
— A A (A, 1) (A +-p) el + a0t
+ 4,4, (A 1) Ry y)etie’ +i2)7 ]
Now 1,, 4, 2, and 2,/ are examined. Writing

kn Ay _

oy —-Ch and o ——-Cv
in the equations (6) and (18) and making the ex-
pansion of the /7 part by means of the binomial

theorem, A,, 4,, 1, and r,’ are calculated as follows.

X

1= Cpnm® (Cpam?)?
1= - 3
v+ v .
—I—nJrChm,-z ( T 77+C;,m,~2>
v 2
v+7r
ly= — === —Cym;?
2 . 7 nh
Cpnm;’ (Cpnmi®)?
v+ v+ 3
LS 77+Chm,‘2 < T 77+C;,m,~2>
v v
Dt Cynn’ (Cynn®)?
S=— R
vt v+
2T O < r W+Cunf>
v v
v
}2,:— 7 7]—C,,7It'2
C,7n (Cypnni)?

+ 3
3)—;—1 7+ Cyni® (B‘{L 7+ Cmﬁ)

Next, the examination is made of the case where
the creep coefficient 7 is very small compared with
the permeability coefficient k, and creep continues
very long.

In this case where 7 € C, n;* and 7 € C, m;?, con-

stants become
2

7 .
11#—W~W, Ay = —Cyomy®
and
2 = o 2 2= —Coni

The above equations are arranged using these

values as follows.

t
77TJ e d ¢
0

-
% 2' e—zm‘
i=Tas Hn;?
R 2
’ ’
o g . Dr'dr }
av=vK Y .
=1 R*—a? R
Dr'dr
a
el 2
Xe—c;,m,«zt ___._e—C,,n,'zt

i=Tas H’n;*

S=2 HK(0+7)—2 HoK $—s2mr
=1

Rt _ 2
R 2
{j Dyrar)
X~
f Dir'dr!

&> 2

-C,n;z2t
e @ = G
i=T3,5 H*n;*

Uf D,-r'dr’% !

3
f Di2r'dr'

Xe—Chm,«Zt

* 2
~2Hr K.‘g )y

w
X Y =5
=135 Hn;*

Then the value of the term

R 2
[ f D,-r’dr’}

R
[*borar

—2nf

e

in the equation (24) is calculated.
As to the numerator,

R 2 a4
[ rpar | = scomay
x {Jo(emia@) Y, (zmia)
—J,(emia) Yol pmiad}?

As to the denominator,
R
J ' DA dr!
a

I .
T2 Y (pmia)
—Jy(pmm;a) Y,(umiR)}?

{Jo(.nmiR) Y, (umza)

a
- m AS Gmia) Yy (mia)

—~Jo(amia) Y, (ymia)}?

Thus there is obtained

R 2
I:I r’D,'dr’]
= = =2a%C

R 2
s 2 {J’a Dir'dr % ’ r'Dﬁdr’
=rKJ B gt (R a
i=1 —a 1
f Dirdr
a ,where
C= 1 R {']o<nmia) Yl(nmia) _Jx<nmia) Yo(nmia)} 2
Tomia): | 1y (gmi@) Yo Cutti@) — Ty ami@) Yotymia)}: — {J, Gumia) Yo(umia) — Jo(amia) ¥, Gumial?
and n=—o
a

Applying this to the equation (24), and writing
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. C;,t _
T},——(—Q—R—)z—dT,,.

C H\
a_—:z{f(bﬁ?) and T'=271¢,

one obtains

S§=2 HK (v+7) 2 Hva;

c(Cep-dn2(ymiar2aT,, Pt
x n*—1 Cre i=12,13,5
8 _ (2Hnyy? Ty
. (2 Hn;)z €
— 2 HrKe T iiieniiiininicennns (25)

The final amount of consolidation settle-
ment S is obtained by making ¢ — « in
the equation (25), and the degree of

consolidation U is calculated by the

use of it.
% T
Us—"— Uyt —T U, .26
vty Y wtr 7 26 .
,where 0.5
U=1-3 . Ceetn2lumiayaTy
v ig; nt—1
o 8 (@Hui)2
X . T
.‘=§3,5 (2 Hn;)*
U,=1—eT' 1.0

The values of the undetermined
constants n; and ,m; are calculated

from the equations (19) and (9), and
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L]

— a1
T "
10
8
7
U, N [
0.5 5
4
L 3
2
RN
<
1.0 ) 3
0.001 0.01 0.1 1

Fig. 2(@) The figure of the U,—log T, curves for the

T»

values of a=1 and 7.
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Fig. 2(b) The figure of the U,~—log T, curves for the
values of @=2 and ».

the results are shown in the following tables.

4
Furthermore, the values of T

C in the equa-

tion (26) are calculated by the use of the (,m;a)
values in Table 2, and the results are shown in

Table 2 The values of the undetermined constants
corresponding to the values of 7.

Jolamia) _ Ji(n-umia)

Yo(wmia) — Yi(n-gmia)

Table 3. \W ma maa naa msa msa msa ma
n
The relation between U, and T, in the equation 2 | 1.347| 4.645| 7.814 [ 30.967 | 14.090 | 17.261 | 20.406
(26) is shown for various values of « in Fig. 2. 3 0.625| 2.304{ 3.804| 5.475| 7.050 | 8.625|10.195
4 0.393 | 1.527 | 2.598( 3.637 | 4.702{ 5.747 | 6.7%
Table 1 The values of the undetermined constants 2 Hn;. 5 0.282 | 1.139| 1.9481 2.731| 3.520| 4.3081 5.005
sin 722 H) =0 6 | 0.218] 0.907| 1.549 2.183 | 2.815| 3.445| 4.076
7 0.176 | 0.752{ 1.280| 1.817 | 2.344 | 2.870| 3.395
2Hm | 2Hn | 2Hu | 2Hw | 2Hn | 2Hny | 2Hm 8 | 0.147] 0.643| 1°105| 1.556| 2.008| 2.459 | 2.909
r 3 5x Tz 97 1= ] 13z 10 0.110{ 0.497] 0.855| 1.210| 1.561 | 1.914 | 2.262
4 .
Table 3 The values of T C corresponding to the values of #.
4 .C= 4 N {Jo(umia) Yi(wmoa) —Ji(wmia) Yo(nmia)}?
n?—1 2= (pmia)®  n*{Joc(amia) Yolumia) —Jo(umia) Yo(numia)} 2~ {(Ji(amia) Yo(amia) — Llumia) Y1 (ymia)}?
N 1 2 3 4 6 7

2 0.8999 0.0632 0.0220 0.0121 0..067 0.0048 0.0032

3 0.9035 0.0491 0.0168 0.0084 0.0051 0.0034 0.0026

4 0.9229 0.0406 0.0135 0.0068 0.0040 0.0027 0.0021

5 0.9355 0.0351 0.0113 0.0058 0.0034 0.0023 0.0016

6 0.9413 9.0300 0.0100 0.0050 0.0029 0.0020 0.0014

7 0.9572 0.0279 0.0089 0.0043 0.0026 0.0017 0.0012

8 0.9669 0.0258 0.0080 0.0039 0.0023 0.0015 0.0011

10 0.9668 0.0225 0.0068 0.0033 0.0019 0.0013 0.0009
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Note : From M. Fukuoka and M. Inada; “Study on the settlement of banks of rivers in the weak ground area”.
Civil Engineering Research Institute Report No. 87-1 (January 1954).

Fig. 3 The figure of the U,—logT” curves.

Moreover, the present author wrote out a table 10
kinds of a=1, 2, 4, 6, 8, 10, 12, 15, 20 and 30.

Here is shown in Fig. 2-a~Fig. 2-j.

Next, the relation between U, and T’ is shown
in Fig. 3.

By using each table mentioned above, we can
easily estimate the consolidation settlement of the
ground due to sand pile drainage works.

VII. THE METHOD OF FORMING THE
ESTIMATE-CURVE OF CONSOLIDA-
TION SETTLEMENT IN THE FIELD

The author explains as follows the way to apply
the graph of the results of the analysis above men-
tioned, on estimating the amount of consolidation
settlement due to sand pile dranage works.

(1) Determination of the Value of n

The value of # can be obtained from the equation
n=R/a, when a is a radius of sand pileand R is a
radius of effective circle. According to Barron’s
method, we make 2 R, which denotes a diameter of
effective circle, a diameter of a circle with the same
area as that in charge of one sand pile. Now
assuming that d is the central distance of sand pile,
the equation R=0.564d is formed when sand pile
arranged square, and R=0.525d when arranged
triangularly.

(2) Determination of the Value of the con-

stant a

The constant « is a ratio of time coefficient T,
of horizontal direction and time coefficient 7T, of
vertical direction. Thus using this value, we can
obtain T, corresponding to 77, and can denote the
degree of consolidation due to the three-dimensional
dehydration as a function of only «.

DG (LY
T, C,\2R

,where

Cy,C, : consolidation coefficients of horizontal
and vertical direction
2 R : diameter of effective circle
H : a half of tickness of consolidation layer

As in shown in the above equation, « has different
values even in the same soil by the scale of soil
body consolidated. So it is not the consolidation
constant peculiar to the soil.

Therefore, the value of @ of the soil on the field
can be obtained from the value of «’ which was
got from the results of the three-dimensional dehy-
dration consolidation test.

The way to obtain the value of «' was already
reported by the author, so it is not referred here.
But the value of @’ is shown by the next equation
when «’ is determined on the consolidation data of
a cylinder with 2 H' in height and 2 R’ in diameter.

=S (LY
T C, \KR

Supposing the value 0f(

Ca
G

tion constant of the soil, the relation between o’

) to be the consolida-

and « is shown as the next equation.
J R\ 2R\
“(3r) =)
o ( RRH\?
“:T(”Rﬁ>

Thus we can determined the value of a.

(3) Determination of Elastic Deformation
Rate v, Plastic Deformation rate y and
creep coefficient »

The values of v and r are expressed by the ratio
of elastic deformation strain ¢, and plastic deforma-
tion strain ¢, to the increased part 4 p of consolid-
ation load. The coefficient 7 denotes creep coefficient
and also the amount corresponding to the speed of
plastic deformation strain.  Plastic deformation
strain is the proportion constant on the assumption
that it is produced in proportion to the speed of
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plastic deformation strain next to happen.
The consolidation constants v, r and 7 of the soil
The method is

not referred here as it was already reported.

can be obtained experimentally.

(4) The method of forming the estimate-
curve of consolidation settlement
At first, picking up U,—log T, curve, correspon-
ding to the value of # and ¢ determined in the
above, from the Fig. 2, we copy the curve on a
tracing paper. On that occasion on the abscissa of
the tracing paper we write in time ¢, corresponding
to the value of T, in the Fig. 2, doubly on T, by

l 2
C, HT,. Thus

U,—log ¢ curve written on the tracing paper means

getting ¢ from the equation ¢=

settlement curve of primary consolidation part corres-
ponding to the lapsed time of consolidation.

Next, we are to get settlement curve of secondary
compression part. The amount of final consolida-
tion settlement of secondary compression part is r/v
corresponding to that of primary consolidation part
be 1.0.
dary compression part corresponds to the curve in
which the limitation of U,, in the group of U,—

Therefore the settlement curve of secon-

log 77 curves in the Fig. 3, becomes r/v.

Now putting the tracing paper, written the settle-
ment curve of primary consolidation part, on this
curve and also putting together the abscissa of U,=
1.0 and that of U,, just as the value of 77, obtained
from the equation 7”=27¢, comes under time ¢ of
the tracing paper, we copy the settlement curve on
the tracing paper.

In this way we can get U~ log¢ curve correspon-
ding to total amount of settlement by primary and
secondary consolidation curve written on the tracing
paper. Now we can get the amount of final settle-
ment from the equation S=2 HK(v+7). So assu-
ming that U=100% corresponds to the amount of
settement of 2 HK(v+71), we can obtain the estimate-
curve of consolidation settlement of the field due to
sand pile, by graduating the amount of settlement
on the vertical axis.

VIII. THE APPLICATION EXAMPLE
FOF THE EFFECT OF THE CO-
NSOLIDATION CONCERNING ON
THE IMPROVEMENT WORK OF
THE WEAK GROUND IN THE
VICINITY OF THE KOISEGAWA
RAILWAY BRIDGE OF THE JA-
PANESE NATIONAL RAILWAYS.

(1) Introduction
The method of analysis on the consolidation effect

due to sand pile drainage work, mentioned on the
above section, was applied to the widening of the
railway embankment in the vicinity of the Koisegawa
Railway Bridge between Takahama and Kandachi
on the Joban Line of the Japanese National Rail-
ways. Prior to the work, the engineering staff of
the Japanese National Railways made the investiga-
tions to the deformation and settlement of ground
caused by the partial prefilling, especially to the
consolidation settlement of the ground where the
work had been carried out by the Compozer method.
The author analyzed these data of measurement by
the method of analysis by the three-dimensional
dehydration that the author proposed, and here the
abstract of the results is described.

(2) The general Aspect of the Ground and

Their Consolidation Characteristics.

As to the state of the ground in question, the
detailed reports are issued by Mr. Tadahiko Muro-
machi, the chief research member of the Japanese
National Railways, and his co-researchers. Now
only the matters having any relation to the object
of this report are picked up and described.  Accor-
ding to the above report, the ground is a large-scale
weak ground forming an alluvial valley about 1.2
km wide.

It consists of a weak clay layer (N=0~1) that
reaches 20m in the middle of the valley, with a
very weak peat layer from the surface to the depth
of 3~4m,

From the results of consolidation tests with the
soil sample of the top peat layer and that of the
underlying continuous clay layer, it was noticed that
the coefficients of consolidation decrease rapidly with
increasing intensity of load with the both layers,
and that the average values of the coefficient are
2.3%x1072~1.5x 10~*cm?/sec and 3.0x 1073~1.7x 10™*
cm?/sec with the peat layer and the clay layer, res-
pectively in the range of the intensity of load up to
1.6 kg/em?.
clay layer is smaller than that of the peat layer by

The value of the coefficient on the

one order, which suggests that consolidation lasts
longer in the clay layer, Furthermore, the thickness
of the clay layer is 5~6 times as that of the peat
layer, so the amount of consolidation in the clay
layer is thought to be remarkably larger. The
general information of the ground is as mentioned
above. The author analyzed the settlement pheno-
menon of the clay layer observed by the technical
staff of the Japanese National Railways from the
standpoint of consolidation due to the three-dime-
nsional dehydration.
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In the analysis, the Compozers of 40 cm diameter
settled in the triangular disposal with the distance of
1.6 m center to center were regarded as sand drains of
the same diameter with the disposal. Furthermore,
the clay layer was assumed to be in contact with
dehydration layers on the both faces, for the top
and the bottom surface of the clay layer are in contact
with the sand seam and gravels respectively.

(3) Estimation of the consolidation load

a) The overburden intensity of load p,

The unit intensity of load at any point in the
subsoil are shown in Table 4. As the groundwater
is level with the ground surface, these intensities of
load are supposed to be the weight of the saturated
soils, and the bulk densities of the soils in water
are calculated from these values to estimate the
overburden intensity of load p, towards the depth.

The soil profile of the ground is shown in Fig. 4,
and the overburden intensity of load p, at the
middle point of the clay layer (depth:10m) is
2.85t/m?.

Table 4 Weight per unit volume of the soil at
the state of the ground.

Depth (m) 0~2.5 (g‘szs.o (3(.:?~13.0 %&~17 0

ept m) an ay v
(Peat layer) layer) Taver) A

Unit Weight

of Soil (t/m?) 1.20 1.50 ’ 1.30 1.40

T . ;
i 1o Overburden Intensity of load (t/m?)
Soil profile o B Yo ;

ol 0\
*’*—JO.Sm 0.5

Clay - 6 .
layer

~12 f
373%

Clay 4

layer 4m

Gravel® o 5.35_]

Fig. 4 The chart indicating the overburden load
strength per unit area of the working
ground.

b) The intensity of load caused by sand mat

banking.

The intensity of load in the subsoil under the
center line of the sand mat p, was calcutated on the
assumption that the sand mat treated part as the
trial banking is formed a trapezoid with the height
h=0.8m, the top width of 17.2m and the slope
gradient of 1:1.5, and that the bulk density is
r=1.65t/m?

The value of the dispersion coeffecient # corre-
sponding to the trapezoid load was obtained by using
twice the modified g-chart, by transposing the origin
of this chart prepared according to the equation of
the vertical stress under an infinite terrace,

po=tg Bh+aay=urh

,furthermore we got the intensity of load in the
ground by multiplying this value by the sand mat
load 7 A.

_._.,
—

\—-oo

T T
i

@ z
Pz a

Fig. 5 The explanatory chart of the marks in the
equation of the normal stress at the spot
under the infinite terrace.

¢) The intensity of load caused by the banking
part on the sand mat

The intensity of load in the ground caused by the
banking part at the same point as in b) p, was
calculated on the assumption that the banking part
on the sand mat is a trapezoid with the height A=
0.7 m, the top width of 15.1m and the slope gra-
dient of 1: 1.5, and that the bulk density is r=
1.65 t/m*.
as in b), and the value of the dispersion coefficient

The method of calculation was the same

used was that obtained in b), for the values hardly
differ from each other with the both cases.

d) The intensity of load caused by the present
railway embankment

As the above-mentioned trial banking in widening
of present railway embankment, the influence of the
load strength per unit area caused by the present
railway embankment p, must be taken into considera-
tion in the estimation of the amount of settlement
due to the trial banking.

The present railway banking is a trapezoid with
the height A=3.0m, the top width of 15.1m and
the slope gradient of 1:1.5.

The load dispersion coefficient at the point was
calculated with which p, and p, had been calculated.
The intensity of load in the ground caused by pre-
sent railway embankment p, was calculated by mul-
tiplying the dispersion coefficient by the r 4 value,
which was obtained as

rh=1.7%x(3.0+0.6)=6.12 t/m?,
taking the reduced height, 0.6 m, of the railway

track load into consideration. The intensity of load
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where, 4, is the dispersion coefficient caused by the sandmat or
embankment part.

#2 is the dispersion coefficient caused by the present
railway banking.

Fig. 6(a) The calculated graph for the dispersion coefficient with
the depth of soil due to the loading by the embankment.

Depth  (m}

Intensity of normal stress

0,5

(t/m?)
1.0

1.5

4

/]

Fig. 6(b) The curve indicating the normal stress p,, 2,
and ps accompany with the depth of subsoil.

pr= gy Y =132,

17.2m
b= __ n o
0.8m “sand ma(
T __ .,
3= ._m
8.178 —+: 17B—|
15, lm
Ix=() im bankmg pan on the m;'}Q

=py - Y-h= 11554
p3= g ¥ {h+0.6) =6,12x,

1 05
7. qu

urm

T

the reduced barhig of the railway wack
load.

Atk |

N ———
h= 3 Om/le present raihway embanmenl
~ | I

Fig. 6(¢) An application Line of normal stress p,, p,
and p; in the subsoil for calculation.

p.,P, and p; as obtained above are shown in Fig.

6.

(4) Calculation of the Final Amount of

Settlement.

a) The final amount of settlement due to the

sand mat work.

From the results of the consolidation
tests with the clay samples, there were
obtained the ¢e—log p curves as shown in
Fig. 7. The values of the preconsolida-
tion load, the initial void ratio and the
coefficient of compressibility obtained from
the figure are shown in Table 5.

In Fig. 8 is shown the comparison of
the precompression load vs. the depth of
sampling points plotted from the data
shown in Table 5 with the pressure curve
of the intensity of load (p,+p,) in the
ground prior to the sand mat work. This
figure is shown that the clay layer is over-
consolidated.

The nearest point of the plotied ones
to the (p,+p,) pressure curve is picked

Table § The calculated table of the consolidation

constants.
=
m/'é\é@“ag sz S8 £ =
° - 8 £ | 923 | 388w & | 8
s | ES| B8RV | 2887 £ | ¢
s = g 2y s BEL = 2 £ g g
o & 8 = TR s A | E A =R
RE |38 |ES e w| & g |5
@ a‘: - (=) (=] .\% O 8
4.20 3.20 0.53 0.30103 1.76 3.63
6.20 4.30 0.59 ”» 1.96 3.70
9.19 4.15 0.57 » 1.89 3.69
11.17 4.60 0.49 » 1.63 2.94
14.19 6.00 0.48 ” 1.49 2.92
16.19 8.80 0.38 » 1.26 2.43
4.9
| TH——
T T \’\
=
i
g \ ]
3.0 B S \
N
— TR
N
2.0
0.05 0.1 0.2 0.5 1.0 7.0 (ke/on®)
»
Explanations
Sort of Depth of |Thickness]
sample .| sample __{of layers
OO 4.20m 2.8m
e 6.20 2.0
RPN 9.19 2.2
0t~ | 11,17 3.0
—o—e | 14,19 1.5
e | 16.19 2.5
3 14.0m

Fig. 7 e—log p curves.
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up and the precompression load is assumed to be
expressed by the parallel line to the pressure curve
passing through this picked-up point. From this
line, the precompression load at the middle point of
the clay layer (depth : 10 m) is obtained as 0,=4.10
t/m?.

Furthermore, the average initial void ratio &,, the
average precompression load &, and the average
coefficient of compressibility ¢, are calculated from
Table 5 as follows.

3.63+3.70+3.69+2.944+2.92+2.43
6

8, =
=3.22

The standard deviation of &,

Preconsolidation load (po4ps) (t/m?)
o 1 2 3 4 5 6 7 8 9

! L]
N

Pressure curve (Po+P3)

4 \ ()
6 ©
\
s he-middle point >
~ the - midale pon \lo 0,=4,10
= 10]fof the clay. Iayg;\ g 10t/m
< \
2 a,=3,38t/mx ]
[~ 12 \,
14
16 5
18

Fig. 8 The chart of relationship between the
precompression load and the depth

=\/ (3.63—3.22)*+(3.70—3.22)"+ (3.69—-3.22)*+ (2.94-3.22)?+ (2.92-3.22)2+(2.43-3.22)?

=0.54
e,=2,’—0.54=2.68
(the initial void ratio for calculation)

In the sameway, 6,’=5.18 t/m?, the standard devia-
tion of 4,=1.99t/m* and ¢,=6,’—1.99=3.19 t/m*
(the precompression intensity of load for calculation),
and also &/=1.67, the standard deviation of &,=
0.26, ¢,=¢,’+0.26=1.93 (the coefficient of com-
pressibility for design) Therefore the initial void
ratio for the design use at the middle point of the
clay layer is obtained as

e, =8,—C, log(@>:2.47
9o
From the above results, the final amount of settle-
ment S is calculated from the equation

2H _ g,+ 4o

and is shown in Table 6.

where symbols stand for
a, : the effective loading pressure strength prior
to banking at the middle point of the clay
layer (=p,+ pa t/m?®)
40 : increase of stress in the ground at the same
point caused by the banking work (=p,t/m?)
0, : the precompression load at the same point
(t/m?).

The above value of the final amount of settlement
was calculated on the assumption that the stress in
the ground caused by the sand mat does not vary
with proceeding settlement of the sand mat. In
the actual case, however, the stress in the ground

6—1

get dipped into water, and so it is necessarily re-
quired to make correction in the case of a large
amount of settlement.

The rate of decrease of the amount of settlement
according to decrease of unit intensity of load caused
by sand mat is
_ S
T (o,+40)—0,
The bulk density of the dipped sand mat rg,, is

K, =0.794(m’/t)

Tsub= 7., and the term e in the equation is

I+e
obtained by e=—§—(l+m)-—l.

Taking the wett bulk density r;=1.65t/m®, the
water content w=0.1 and the specific gravity of soil
particles G=2.60, one obtains €=0.73, and then
7sub=0.92 t/m®,

The decrease of the stress in the ground according
to the settlement of the sand mat of 1.0m is, there-
fore, (7s—rsup)#,. Then the amount of settlement
according to decrease of unit intensity of load caused
by the sand mat, K, is

Ky= 1 - _ 1

(rt—Tsub)th (1.65--0.92) x0.79
=1.734(m?/t)

Now, in case the intensity of load caused by the

sand mat decreases according as the a part of sand
mat settles itself to get dipped into water, and the
same intensity of load became ¢, at that time, there
is obtained the final amount of settlement S,, and
therefore S, is expressed by the following equation.

decreased according as the sand mat settles itself to S,=Kp{(o,-+40) —0,} oereeeerminininiiinin @2n
Table 6 The calculation table for the final amount of settlement.
ZH(m) | po(t/m® | p(t/m?) | o1=po+ps(t/m?) do=p,(t/m*) ‘ 0y + 4o (t/m?) 06(t/m?) ¢ e S(m)
14.0 2.8 0.53 3.38 1.05 ’ 4.43 4.10 1.93 2.47 0.262
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and
S"Sn=Kn{(‘71 +40)—0,}
From the equation (27) and (28), one may get the
corrected final amount of settlement S, as follows
K 1.734
Sn= K,,+bK1, S=5758
b) The final amount of settlement only caused

x26.2=17.3 cm

by the banking part on the sand mat.
First, the final amount of settlement caused by
the sand mat and the banking part together is cal-
culated in the same manner as in a).

_2H g, +4do
S= l+e, C°]0g< 6, )

In the above equation,
0, = o+ py=3.38 t/m’
do=p,+ p,=1.95 t/m?

and

14.0 5.33

The difference of the amount of settlement accor-

ding to 0,'=5.0t/m? S,’, and S is
S~S,,':T2+ieoéc[10g(a,+da)~—log 0, ]
=7.787(log 5.33—10g 5.0)=0.216 m

On the assumption that the amount of settlement
varies linearly in the range of the intensity of load
of 5.33~5.0t/m?, the rate of variance of the inten-
sity of load of 5.53—5.0=0.33 t/m? is

0.216
0.33

Now, the corrected final amount of settlement S,

K, = =0.655(m*/t)

of this case is calculated in the same manner as in
a), one then obtains

K, . 1.734
Su= K, + K, 5_2.389
From the above calculations, there is obtained the

x88.7=64.2cm

final amount of settlement only caused by the em-
bankment part on the sand mat as

Fig. 8 The chart for the disposition of sand piles.

Taking d to be the center to center distance of
the regular triangular disposal of sand piles, one
gets

%d*tan 30°=z R*
R=y/¥3 4=0.5%54
2z

Therefore the ratio of the radius of the effective
circle R to that of drains a(=20cm), » is
R _ 0.525x 160

= =4,
a 20 2
The time of settlement is calculated by the equation
2
t= T,. In the equation, C, is the average

C
coefﬁcvient of consolidation with the consolidated clay
layer, and is calculated from the data based on the
log C,—log p curves of the consolidation tests with
soil samples at various depth in the clay layer, by
the use of the equation

50:[_%’_&# ’

i
2\/ vi
where H;=the thickness of the ith layer

Cy;=the coefficient of consolidation of the

i th layer.
The log C,—log p curves and the log C,—log p

§=64.2-17.3=46.9 cm i im fsee) ‘
(§5) Calculations of the Time of Consoli- L \ :f_onr‘;eixpoleav:f:‘lonsoq}“-,w
dation Settlement. /\\ T
The Compozers of 40 cm diameter were settied f><<’7 Z?& R
in the triangular disposal with the center to . 2 2 "a e AR
center distance of 1.6 m. The author examined j_—]: EQ‘%“\ 0w
further the amount of consolidation settlement 1X10% == o 3 -
by the analysis method of consolidation due to _L\é?s‘\\} \é \\\
the three-dimensional dehydration, regarding 1) \
these Compozers as sand drains with the same \\\ T 72%'
diameter and disposal. N WA -
The diameter of the effective circle of drains (1)L
2 R is taken to be the same as that of the circle bxaot (ke /em?)
having the same area as that affected by one 005 01 0z 05 1020
sand pile, according to Barron’s method. Fig. 10 log. C,-fbg p curves.
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curve are shown in Fig. 6.

a) The settlement curve only caused by the load
of the sand mat after the settling work of
Compozers.

In the calculation of the time of settlement, the
relation of the degree of consolidation to the time
factor is obtained from the U, -log 7T, chart with
g’; <—21—1R;>2 and »n, for n=4.2 and
a=1, 2, 4, 8, 10, 12, 15, 20, 30, 40, 50 and 60, and
then the relation of the time factor to the time of
settlement is calculated by the use of the equation

the value of ¢=

The value of C, in the equation is obtained in Fig.
10 as that corresponding to the mean value 3.86 t/m?*
of the intensity of load prior to loading
0,(= po+ ps) =3.38 t/m?
and the intensity of load after loading
0,=4.33t/m?, i.e. C,=7.60x10"*(cm?*/sec).
The relation of the time factor to the time of
settlement is, therefore,

l 2
t= 1;12 T :Eﬁoﬁ_
C, P 7.60x107
=6.447 x 10T, (sec)
=1.075x10"T, (min)

As the amount of settlement caused by the sand

T,

mat prior to the settling work of Compozers is
observed to be 6 cm, the amount of settlement only
caused by the sand mat after the settlement work
of Compozers is estimated to be 17.3—6.0=11.3 cm.
Then the lapsed time corresponding to the amount
of settlement is calculated by the use of the degree
consolidation—the time factor relationship and the

above equation.

The results are applied to make of Fig. 11.

b) The settlement curve only caused by the load
of the banking part on the sand mat after the
settling work of Compozers.

As the treated part on the sand mat was applied

8.4x10(min) after the settling work of Compozers,

the equation of the time of settlement becomes
2

¢—8.4x104=g~n

v

The value of C, in the equation was obtained in
Fig. 10 which corresponds to the mean value 4.65
t/m® of the intensity of load prior to banking 4.33
t/m® and that of after banking 4.96t/m?, i.e. C,=
5.00 x 10~*(cm?/sec). Therefore,

(——1 1400)2
X

2

— ‘—b__m_*.——_ .i

t—8.4x10°= 5.00x 10" v

=9.8x10%T, (sec)
=1.63x10"T, (min)

The lapsed time of settlement corresponding to
the amount of settlement was calculated for the final
amount of settlement of 46.9cm by the use of the
degree of consolidation—the time factor relationship
and the above equation.

The results are also applied to make of Fig. 11.

We can obtain the amount of settlement S, and
S, at the same time by the relation at the time ¢
between the amount of settlement .S, caused by only
the load of sand mat and the amount of settlement
S, caused by only the load of the banking part as
is above mentioned. Now we add them and suppose
them to be the whole amount of settlement S, at

the time. .S,..—logt curves on each value of ¢ are

(m) The lapsed time (1)
2'“( completion of ban\‘ki:\g—'
13 start of banking 1 ) _
lJir — i e e e e -
T sand mat —ygq 107 T e : (miny
7 T
= ARRNATII—
{ H
. — ; B, I} e
< 1 P | ‘% 1L3em =] ; The observed
b ] ! Sl : | settlmen: _curve.:
N T i | 1]
; i | 4
2 20 Pante | T b bt
5 i N ! ,
& O A A to I N—1
= ! i l I i ’ \
2 K e e I E i H "?
= | i [N . )
2 [ I N A REE i
: e HEN s
£ P ! I i AN
¢ BRI R E . g ST
=2 | i 46.9cem 1y
= 50 R e R B i AN N - ;
i h
1L I\ S NN
60 ‘ “,1'78‘2“5'_ A.,..\,,\ TR PRI S N
R B R Ad AR A Vil |
(o | | ‘ | %_1 Ll
| i T

Fig. 11 The consolidation settlement curves due to the sand mat load
and the load of the banking part (Compozer-treated zone).
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illustrated in Fig. 11.

The observed settlement curve
Fig. 11.
defferent from the observed one.

is also shown in
The calculated settlement curve is a little
Namely, the cal-
culated settlement curve shows settlement of about
3~11cm prior to the banking work on the sand
mat, while settlement by the observed settlement
The
difference may be attributed to the remarkable com-
pression of the ground caused by settling of Com-

curve until the time of banking is very little.

pozers. The calculation for settlement caused by
the banking is to be made, with such a ground
state taken into consideration.

From the Fig. 11, assuming that a moment loading
of the banking was conducted at a time on the ave-
rage lapsed time between the start of the observed
remarkable settlement (lapsed time 8.78x10°min)
and the completion of banking (lapsed time 1.15x
10°min), one obtains the equation for calculation of
the time of settlement as

t—1.01x10°=

2
«Tp=1.63x10"T, (min)

v

S =1.63x10"T,+1.01x10° (min)

The lapsed time of settlement corresponding to
the amount of settlement is then calculated for the
final amount of settlement of 46.9 cm, by the use of
the degree of consolidation—the time factor rela-
The results are
shown in Fig. 12, which is compared with the ob-
served settlement curve.

tionship and the above equation.

The observed settlement
curve is in good accordance with the calculated set-
tlement curve with ¢=40.

Therefore the horizontal coefficient of consolida-

tion C;, of the ground is calculated from the equation
_C,( H )2
C,\ 2R
C,=5.00x10"* (cm?/sec)

C,
R=0.525d=84.0cm
,where

and

1

H=§ X 1400 =700 cm

then,
2R

Ch =a 61)(_]:1‘

Furthermore, in order to confirm the reliability of

2
) =1.15x10"*(cm?/sec)

the method of analysis based on the theory of con-
solidation due to the three-dimensional dehydration,
the author estimated the C, value from the results
of analysis of the observed settlement curve in the
non-treated ground, for comparison with the above
value.

(6) The Calculation of the Time of Settle-
ment due to the three-dimensional de-
hydration in the non-treated Ground.

Taking the vertical and horizontal coefficients of

consolidation to be C, and C, respectively, the thic-
kness of the consolidated layer to be 2 H, and the
radius of the effective circle of the theree-dimensio-
nal dehydration to be R, one obtains the ratio of
the time factor in the vertical direction 7, to that
in the horizontal derection T, «, as
0Tt ZCo(HY
T, C,\R

If the values are taken as shown in Fig. 13, i.e.

2.25 . 2.25
X 15.0m e P
{m) The lapsed time (§) ‘] n
0 i : ; i 15m
—_stare of banking___, completion_of banking____ _ !
e : : e T
o AL sand mat_part 105%7-—'7 - T108 CT{min) 1 T i ' |
|
)
: e b H £l .
" 10 observed sett (“H\C‘YH = l
0 NN | Ao e o e mam
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N . | |
Z \ = [— 4 ‘ R | 1
x 20p- -HAHH S R . L
@ - ' T T
g \ AP s L ! ! ! !
E T ST au 1 o i
g 30 = - \ S CQ“‘ s -
s WA RS
: \\ : gﬁxz g ‘ ! i [P, —
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50 \ i ‘ ! : & |4 F
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L Fig. 13 The hypothetical chart of the con-

Fig. 12 The corrected consolidation settlement curves with the
settlement situation by the actual measurement taken

into consideration (Compozer-treated zone).

solidated soil body part in case of
the consolidation analysis due to
three-dimentional dehydration.
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(m) The lapsed time (i)

10~3(cm®/sec), and is thought to

Z.GI

be a reasonable value for C, in

1.0]

_ | this ground.

10+ and mat part 105 10°

107 (min

5

Furthermore, since the observed

settlement curve is in accordance

10

(Ss42)

with the settlement curve with

17.3em

a=2.5, the value of the coefficient

£ in the equation of consolidation

A

PR--Soy -
coctom;m

described in the previous report,

30

- is thought to be o (completely

AN

permeable on side faces in the

40

The amount of settlement

case).

As seen from the above descrip-

50]

tion, the analysis by the use of

the equation of consolidation pro-

60

(em) 64 2em

posed by the author is said to

Fig. 14

H=—12i =7m and R:—l—s-é—l—(—)— =7.55m

then there is obtained

(700N Cp Gy
“"(7.55> c, ‘0'86< Cv>

The relation of U, to T, depending on the & value

according to the equation

U.=1 ® 8 _@Hng2?
v —i=§3,5 (2 Hn;)* ¢
fd 4

—— g (Rm)2aTy

SENITRE

was obtained by the use of the @-chart, and then
the required time of settlement corresponding to the
amount of settlement caused by p, and p, was cal-
culated.

The amount of settlement corresponding to the
time ¢, S, and S, are plotted (the figure is omitted).

The total amount of settlement corresponding to
the time S,.,(=S8,+S,) was then calculated, which
In this
figure is also shown the observed settlement curve.

is shown in Fig. 14 for each value of «.

As shown in the figure, the observed settlement
curve is in good accordance with the calculated
Therefore the C,
value is calculated under the condition of ¢=2.5.

Since H=%=7m and R= 15;0 =7.55m

case as previously described, one gets

(700N Cp C
“=(75) ¢ =0(&)
. % 2.5
~ G=5g% 0.86
=1.45x10"* (cm?/sec)

This value is good accordance with that obtained

settlement curve with ¢=2.5.

in this

.C,= % 5.00x10~*

in the case of the Compozer-treated ground 1.15%

The chart for the consolidation settlement curves due to the sand
mat load and the load of the banking part (non-treated zone).

have consistently explained in
contrast to the observed values
obtained by the Japanese National
Railways engineering staff with the consolidation
settlements in the two separate zones of the non-
treated ground and the Compozer-treated ground.

The author wishes to develop further the study on
this problem, by many field investigations and ex-
periments.

IX. CONCLUSION

Here are reported some basic ideas for the cal-
culation of consolidation settlement by the three-di-
mensional dehydration of the soil due to sand pile
drainage works. And also the method of calcula-
tion is explained with the figures which is conveni-
ent to make calculation of consolidation easily and
speedily on this method.

The method of using the figures is not referred
to, because the author already explained it in the
treatise of ‘“‘On the one-dimensional consolidation
by the three-dimensional dehydration, with the se-
condary compression taken into consideration’’.

We have been calculating the consolidation settle-
ment due to sand pile drainage works by using
mainly the calculation of dehydration to the hori-
zontal direction. But the method of this paper may
make one possible to get the approximate value
more exactly, because one can calculate the consoli-
dation of sand pile drainage by the three-dimensional
dehydration with secondary compression taken into
condideration, by using the consolidation constants
which are obtained by the soil-experiment using the
consolidation testing apparatus by the three-dimen-
And also this method

might solve some problems on the consolidation

sional dehydration of soil.
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which are difficult to be solved by the former
method.

The author is especially grateful to an excellent
scholar Michitaka Saito, the Head of Soil Mechanics
Laboratory, Railways Technical Research Institute of
the Japanese National Railways (J.N.R.), to Mr.
Tadahiko Muromachi, a Chief Research Member, and
also to the persons concerned of Mito Railways

Superintendent Bureau of J.N.R. who bestowed on

the author many valuable suggestions and materials

on this research.
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