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SUMMARY

This report presents the résults from a full scale laborétory
testing programme conducted on premanufactured band shaped
drains of three different geometrical designs.r

The objectives of this study are to measure the.efficiency of
three dfains as to their ability to drain a soil, and to
determine the equivalenf circle diameter and the equivalent

gand drain diameter of each %drain.
&

The usuglly applied theorf for the design of drain .projects
builds on the theory developed by Barron (1948) and Kjellman
(1948), which says that the time for reaching a certain
degree of consolidation, i.e., drainage or pore pféssure
dissipation, is a function of among other factors the
equivalent diameter of the.bandshaped drain (Hansbo, 1979).
The theory makes use of radialrand horizontal flow toward a
small circular drain in the centre of a cylindef of s0il and
build on the general conéoiidation theories. However, what
assumption of the equivalent diameter to use ,for the

3

bandshaped drain has not been clearly determined to date.

Te achieve the above objectives, two full-scale test series

accelerating the congolidation of soil by the aid of a

bandshaped .drain were performed in +the laboratory. Test

1
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Series One included & silty ciay soil, and Test Series Two: ¢

" included a mixture of silica sand and bentonite. The soils

for both test series wére mixed , with .water? to achieve

0y

isotropic soil conditions and placed in a one metre diameter

steel cylinder to a height of one metre.
) :

The ingtruments used to monitor ©pore pressures and .

settlements consisted of hydréulic pore pressure gauges and
‘settlement géuges fabricated in the laboratory for the
.purpose of this study. Results of this study indicate that

!

the performance of these gauges over an extended  period of

time are more reliable than electronic transducers. Alll

readings were recorded with a precision of 2 hm._ An accuracy
of 20 mm of water column height%t was obtained with the pore

pregssure gauges, and 10 mm with the settlement gauges.

" Laboratory tests performed on soii gamples obtained from the

soil mixtures prior to, and at the coﬁpletiqn of the tests,

indicated that isotropic soil conditions were obtained and

that the coefficients of conspli&afion due to vertical and
horizontal drainage were about the s&me;
i

Results of the analysis performed-in the comparative study
for Test Series One, confirmed that preman?factured band
shaped drains accelerate thé consolidation process. This
analysis also indicated that a 100 mm wide studded drain
(Drain A) is more ef%icient than a grooved drain of the same

total width (Drain G) and that a half width Drain A (Drain ¥)

ii



-T
is about as efficient as the grooved drain (Drain G).
Computiqg "the efficienéy in terms of time to complete he,
consolidation as ‘compared to Drain A, it was found that Frain
" ¢ L

M and G are 85.9 ard 91.8 per cent efficient, reapectively

LY

The results of an effective drain diametef analysis performed
in Test Series O0One, indicate that the effective drain
diamefter, d, is a function of both the *drain geometry and its
free or open surface. The equivalent circle drain diameters
obtained from this analysis were 68 am, , 48 mm, and 36 mm for
brains A, G, and M respectivély. From theseaequivalent circle
diameters,‘the equivalent sand drain diameter,for.sand hgving
}\\g porosity, n equal to 0.4, for the sand, was\found to be 169
mm, 119.mm,'and 90 mm for Drains A, G and M, respectivel}.
Results of Test Series Tﬁo, indicated that arching was
present in the saﬁd-bentonite mixture'and that @rainage along
the walls and the base of the test ¢ylinders had L occurred.
‘Consequegtly, the'resuits'from the‘test ¢cylinders varied from

one -another making it impossible to make an¥y,comparison ‘and

draw conclusions as to the "drains efficiency and effective

0

-

circle or sand drain digmeter in this' test.

u
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. CHAPTER - 1 -

INTRODUCTION.

1;1 General

ﬁine-grained soils - clays and silts - cover most of the.
urban aﬂd agricultural‘greas of %he_woridv The factors. making
these =soils attractive for pébitation art their ability .to
retain water, their wusually horizontal or gently sldping
surface, and +he ease of excévation ;,t° mgntiou a few self
evident factors. However, thervefy s;me factors also cause
significant difficulties. Sometimes, too much  water is
retained soakiﬁg the ground and‘the excess water ‘must ‘he
drained out before the area can be used, and water pressures
deep in the soil will take a long time %to dissipate. Often
before the drainage and dissipation has been completed, the
soil 18 weak and cannot be travelled on by equipmeni and is
unatable both with regard to excavated and natural slopes.
The drainage causes settlements, which create difficulties
for buildings, roads, and oéher structures founded on the

soilds. In fact, the single most important factor in man's use

of these areas is the drainage problem.

In the past, horizontal drainage was achieved by means of
ditches. Often, these ditches were filled with free draining
soils, such as sand and gravel, and covered. House

foundations are still drained this way . Today; for

hat
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-+
agricultural drainage and to'repiace some of the trench

drains ‘around £ounda§ions, it 1is common to. use ~slotted
plastic tubes, which can collect and lead off the water 1in
the ground. Bandshaped drains (see below) are also used for

this purpose.

Starting ‘some 60 years ago, the draining of water from deep
K]

below the ground surface was achieved thrBugh vertical sand
drains installed by means of puncﬂing-or drilling a hole in
the ground and filling it up with free dfaining sand (Porter,
1936). The sand drains could greatly accelerate - the
e;ettlements in a 1ocalﬁdrea and allow a road or a building to
be finished much sooner than otherwisé would have been
possible. However, they were expensive and their installation
sometimes so disturbed the soil that the final results were
no improvemenf over the origiﬁal conditions (Caéagfande and
Poulos; 1969). The use of_vert;cal sand drains, therefore,
came in disreputg in Canadian sensitive soils and.were only
rdrely.used in Canadian practice.
. B

-+

About 30 years ago, premanufactured bandshaped drains were

"developed that eliminated much of the disadvantages
agssociated with the sanddrains (Kjellman, 1948). The
bandshaped drain  consists in principle of & filter

e

surrounding a core that is studded or grooved. The filter
gives free passage to water, but retains the 30il particles.
Once in the core, the water can travel freely in the channels

created between the studs or grooves.



The first bandshaped drain - the Kjellman wick ~ was made of
atsenic impregnated cardboard and had the dimensions 4100 nmm
by 3 mm. Due to its low capacity 'and obvious environmental

hazafds,‘ the Kjellman wick was abandoned. It was not until

the late sixties that the modern bandshaped drain was

. ]

invented consisting of .a plastic cqere and a separate filter.
At first, the filter was made of paper. Soon, however), ~the

- paper was discarded for - synthetic material being more

pervious, stronger, and durable.

The premanufactured dreains very quickly became accepted as
replacement for ,vertical sand drains in Europe and Asia.

North.American practice was a bit late in catching on. Untill

'
about 1980, the sand drain was still the most common vertical
drain wused in the USA. The Canadian practice, not having

developed the use of sand drains in the first pléce, 8till

regards the -bandshaped drain as a novelty.

Today, there are several cémpeting bandshaped drains in the-
international market. Most of them are based on the originai
Kjellman <concept of a 100 mm wide strip with an outside

filter and ,an inside -core.

1.2 Statement of the Problem
The wusually applied theory for the design of drain projects-
builds on a theory developed by Barron (1948) and Kjellman

(1948}, which says that the time for reaching a certain



_degree of conaolidation, i.e., drainagejbr pore pressure
aissipation, iz a funmction of among other factors the
equivalent diameter of the bandshaped drain {Hansbo, “1979).
. The theory makes use of radial and horizontal flow toward a
small circuler drain in the centre of a cylinder of soil and
build on the general consolidation theories. However, it is
not clear how to determine the value of the equivalent-

diameter. ' ' '

In éngineering practice, there is often no distinction made
between ‘the equivalent sand drain diameter of a bandshaped
- drain agd the equivalent circle diameter. Both of these
equivalent diameters of a bandshaped drain are determined by
a vari;tx 6f approaches - for instance, as<the average of the

t
width and thickness -of the drain, or as the diameter of a

circle having the same circumferential surface as the
bandshaped drain. The equivalent sand drain diameter is als;
determined~ as the diameter of a sanddrain having <the same
open or unobstructed circumferential surface area as the open
surface area of the bandshaped drain (Fellenius, 1981).

The ‘literature does not contain any reference to factual
studies- of the equivalent drain diameter of the bandéhaped
drain. This means that there is a lack of reliable input for
use in the 'design of projects on bandshaped drains in
genefal, because the different approaches give different

values of equivalent diameter for commercially available

drains. For instance, when wusing the approach of total



surface, all bandshaped drains have the safe equivalent_d{ain
diameter.(for the 100 mm width), while using the approach of
the aquél open surface, the equivalent diameter can v&ry by

ags much as a‘factor.of two between drains.
AN

Much work has bpeen cﬁrried cut in studying the filter
chareacteristics of | vertical drains . and the \’jﬁow
characferistics inside the core. of the drains (Hansbo, 1983,
Vreeken et al., 1983, Jansen and Den Hoedt, 1983). However,
to make full wuse of such informatiorn and to arrive at
compardtive figures for different drains, it is necessary to
determine what approach to use for the equivalent diameter of
the b;ndshaped drgin and how to determine the efficiency of

the drain.

o .

1.3 Objectives of the Investigation

Sy

The objectives of this study are to measure the efficiency of
thfee premanufactured band shaped drains, ﬁaving 'different
geometric designs, as to their ability %o dréin a soil, and
to determine the equivalent circle and sand drain diameters

of each drain.
1.4 Scope of the Investigation
An accurate experimental investigaticn into the understanding

of the effective drain diameter of bandshaped drains should

represent in-situ conditions and be able to eliminate many of
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t ' ‘
the factors which may obscur the  results of the

investigation. Such factors are discussed in the follbwing

chapter.

The conmppleted investigation reported herein has been carried
cut at the University of Ottawa facilities and measures the

efficiency of +three bandshaped drains in terms of <their

" ability to drain a soil. More precisely expressed, the

efficiency is determined in terms of achieved degree of

consolidation (pore pressure dissipation and settlement) .

Three types of bandshaped drains have been investigated. fhe.
Alidrain. (Drain A), a drain with a ratio of free sﬁrface over
closed surface of about 10; the Mebra drain, a grooved +drain
{(Drain G), a drain with a free surface ratio.of about 1; and
a half width Alidrain (Drain M) included as a special drain

with & gross free surface equal to that of the ¥ebra drain

and a free surface ratio equal to that of the Alidrain (Drain

“A).

t.

—
The investigation consisted'of two test series. In the first,
natural Champlain c¢lay obtained from a local site was used.
This was remoulded with addition of water to make it more

compressible. The s30il used in the second series was a

.-

coarser soil}\\more similar to those found in deltaic areas
. -

around +the world and made up of a mixture of silica sand,
&

.

bentonite and water.
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The tests were carried bgt in the laporatory, in full scale,
placing the so0il in large cylindfical cont#iners and
subjecting it to a uniform surcharge, whiéh induced excess
pore pressures 1in the soil matrix. The dissipation of the
pore pressures and the compression (volume. loss) resulting
"

from tHhe drainage of the water, were measured by“ means of}/“

specially developed and manufactured piezomete}s ..and

settlement gauges.

In each test series, <four containers were used, +three of
which had one of the drains placed in its centre. The fourth
container served the purpose of reference to vertical
drainage, only, to enable the results of the oihér. three

tests to be adjusted to consider the effect of. horizontal

-

drainage, only.

y 3
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CHAPTER - 2 -

THEORY OF CONSOLIDATION BY VERTICAL DRAINS

&

2.1 Introduction

Theoréticai ‘design procedures were not available when sand
drains were first used and the early installations were‘
designed on an empirical basis. Theoretical design procedures
based.ﬁpon Terzaghi's theory of consolidation of compressible

soils were developed by R. A. Barron during 1940-42. Prior to

§§fﬁbn's work, ~ Rendulic (1935) formulated and solved the

»

‘differential equation for consolidation by radial flow to a

-

drain ‘well. Carrillo (1942) w&rked_on this same problgm ‘at
abou%t the same time as Barron. Barro;'s work, which was thé
most eitensive[- was done independently ™of Rendulic and
Carrillo and was presented in the mid and late 40-ies (Barron
1944, 1948). The 1latter reference constitutes the. most
complete‘ source available on the' theory of vertical ‘dyains.
The fifat. generally availabie deWign information was
presented by Terzaghi (1943). Terzaghi, (1945) reviewed fhe

Barron design procedures and presented revised .design curves.

Basically <the same design procedures and design curves are
* -

used today, and they can be found in-most text books dealing

ey

with soil mechanics (eg., Holtz and Kovacs, 1981).
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2.2 Basic Theory of Consolidation

Consolidation analysis is concerned with the prediction of
the time rate of volume change of a saturated _compressible
soil resul%ing fgom the application of an external load or
from +the disﬁ}pation of hydrostatic excess pressures. The
‘compression of éoil under load is obtained by conventional
analysis of- the performance of soil samples in laboratory
consolidation tests. - TKe - parameters reéuired for
determination o¢of the time rate of consolidation are normallf
-obtained from the‘same laboratory tests. The general +theory
conéidérs that - dgaihage- of pore water may occur in any
direct;on.. Thé’pro£lems of exclusively vertical drainage in
the ;absence of vertical drains utilizing horizontal radial
flow are special <cases of the general +theory . of one-
aimensional‘consolidation of soils, as developed By Terzaghi

(1943). The general theory is also the base of the analysis

, ) gl ~ . .
of consolidation by means of vertical drains.

The following assumptions have been made in deriving the

general thecory of consolidation:
’

1. The voids in a soil are completely filled with water,

which is an dncoﬁgfessible fluid.

2. The solid components of the soil are incompressible.
3. Darcy's law is valid.

4. The coefficienc of permeability, k, is a constant.

5. The timé lag of consolidation is governed entirely by

the permeability of the soil.

H
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Additional asdumptions are thats the, clay is laterally
confined, and an increase in the effective pressure from an
irnitial value p; to a final value pq reduces the void ratio

of +the c¢lay from an initial value e, to a final value e, HS
- . " ’ ES

the resulting ratio

ey T
a, =——— “(2.1)
p1 - po

is agsumed to be a constant over the range of pressure p; to
/ ) " Do
Py- The ternm a, ig called the coefficient of

compressibility”.

For a decrease of the volume of voids, void ratio reduces
from e, to e, in a block of soil ofloriginél volume 1 e, °
Ho with the volume of solids egual to unity. The decrease of

the volume of voids per unit of initial volume 1is also

expressed as vertical strain, &_;

vl
H e - e s 4 . . '
1 / / /-
£, =— =——= Yooey - pl) = m (py - P)) (2.2)
hS H 1 + e T + e .
o] o] o -
A ) 8 .a
the value m_ = v = Y (2.3)
v ‘o ’ 1+ e ]

is called the "coefficienﬁ of volume decrease”.

/.
Considering an element of scil having its top at a distande z
"below some referénce elevation and an area A "and a heigﬂt dz.
As the ﬁore water dissipates from the voids of the elémept

during a one-dimensional vertical consolidation, the rate'of

i 10 :
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flow, Q, across its upper surface, A, is expressed by Darcy's

lavw' as Q = kiA _ . (2.4)
whére, k, 1is Darcy'scﬁgﬁficient of permeability, and i, 1is
~

the hydrsasulic gradient also expressed as

1 Ju

e r—

Y_ 3

(2.5)

The differenée " between the flow through the top and bottom
surfaces of the element determines the rate of loss of _water
from the element which amounts to

k Azu

. " AQ = A dz _ (2.6)

AR

where Yw is the unit weight of the water

and u the excess water pressure.
L

Since it was assumed that the®soil was completely saturated,
and that Dboth water and the solid soil particles are
incompressible, the change in rate of flow AQ must be Jqual

to oV/dt, i.e. The rate of volume change of the soil element

is v - ‘ *
v J ( e’ . ) A.dz Ae | ‘( ‘)
= A d = - - o . 2.7
3t Jt 1+ e ’ 1 e 3t T

‘The rate of volume change (eq. 2.6 .= &q. 2.7) becones

-~

k ,szu_ 1 de . -(: )
. = - 2.8
{ ‘Kw 322 1 + e At

.-

A

. _ 1M
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Equation 2.8 is the foundation for all mathematical one-
dimensional analyses of consolidation.
Considering the volume of the voids of a unit element, e, ag

a variable, the equation 2.8 can be written as

Au _ k | H ézu | k - ”N-_A;.

= . - (
dt 'av X; 1 + e 3312 X; (1 + e)2 As1

)2 (2.9)

where sy, 1is tai?g a3 the independent vafiable instead of =z
where, for an element of soil dz, the corresponding height of
the volume of solids is ds. ‘This allows the use of limits of
integration between 8,7 0 and 8, = Hs, which are fixed values,
as compared to the limit: of z =\2/ﬂnd.z,= H - f(t}, which is

.4 function of time.

Y .
The following simplifying assumptions are now made:
1. The variation in e will be limited to small values so that
(1 + e) cgn be considered a constant.
9 ,

2 ) N
3 ) is small, the second term in eg. 2.9 is
S

usually insignificant with respect to the first term and it

2. Since (

is ignored.
k

xik\‘3.‘ For practical purposes, — v ig taken as a

(1+e)

constant, which is approximately true for inorganic

a
v Yw

-

clays over a small range of e.

\
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Introducing these simplifications into eq. 2.9, the resulting

expression is

Au Aau -

(2.10)

Q-
ot
[ w9
4]
na

since e = constant
8, = constant times =z
The soil properties k,, a_, and X; in combination with 1 + e
form a combined property called the "coefficient of

consolidation”

. k {1 + e ) ( )
- . 2,11
S e, .

Substituting this combined property in Eq. (2.10) gives

Agu; Jdu
¢y AZEY-

-/'

' |

. )
e “\ !

Vs Y R SN

N
v
[

(2.12)

\-.

)

* 4
which is the customary form for the differential equation of

consolidation as originali& pgesenyedrby Terzaghi. Although

the individual terms in eq. 2.12 vary with outside pressure,

LREN

<, is nearly constansg oﬁer the usual loading increments,. 7
hY - .

N,
.

Similarly, the equations for consolidation by two dimensional

and three-dimensional flow expressed 1in cartesian and

cylindrical coordinates are, respectively;
H

Jzu Jeu
=cv(32+()2) (2.13)

X Z

3
d ¢

i3

t



au Azu ézu azu

v IR TR e
Au ( ézu 1 Au Azu ) ( )

= ¢ + + 2.15
At v -Arz T ‘Ar Azz - .

If the coefficients due to vertical (cv) and horizontal flow

-~ ’

(ch) differ, the equations must be rewritten and, expressed

in cylindrical coordinates, the consolidation equation betomes

I'4

Ju ('ézu 1 Ju ) A2u' : )
= ¢ — i — + ¢ 2.16
3t h 332_ rdr V9 g2
- . , _
"For the cases of‘ two and three-dimensional flow, =~ the

assumptions are also made that the load distribution om the
s0il layer 1s unaffected by the consolidation process, and

"that change in strain does not affect change in stress.

These theories of primary consolidation do not include a
treatment of the change in soil properties due to radial flow
of water. Changes in soil properties in the horizontal

direction may be of considerablie importance in practical

situations.

Consolidation by vertical flow alone involves only two
variables, time and depth z. For —consolidatzon by Two-

dimensional flow, the"  variables are x, z, and time, while for

three~dimensional flow they are f, v, and z, and time. The

14



general solution for <consolidation by two and three-

dimensional flow, for a.given set of boundary conditions may

be obtained by the method of separation of variables as

demonstrated by Carrillo (1942), whose relationship regarding
(

the average values of pore water pressure which can be used

for homogeneous soils is

U=1-0~-0)0 - 18) (2.17)
2.3 Vertical Consolidation Due to Rddial Flow
——

Barron (1944, 1948) ©presented the principal analytical
studies of radial flow toward a drain well and the resuliing
consolidation . of the clay. Barron considered téo . types of
" vertical « strain wﬁich might.oqcur in the claf layer;' first

the condition of "free vertical strain”, which results from a

uniform distribution of surface 1load: and, second, the

.

condition of "equal vertical strains", which results from
imposing the same vertical deformation at points on the
surface. For ©both strain conditions, Barronk\included an
analysis of the effect of "smear” of the soil near the well
boundary, and the effect of resistancé to flow through the

well itself.

—

2.3.1 Free Strain Consolidation

As indicated on Figure 2.1, for a triangular spacing of

drain wells, a zone of influence exists which has a hexagonal

15



plan form. -The Thexagon represents a circle "of equivalent
diametef, de, which determines the outer limit of the zone of
influence of each drain well. Thus, it becomes sufficient to
consider the radial flow and resulting consoliéatibn of a
volume of soil of unit thickness which is contained Vbetween

the distances d_ (diameter of well influence) and d

(effective diameter of the drain well). -

By eliminating the consideration of vertical flow, eq. (2.15)

becomes

du azu 1 du

st P2y,

(2.18)

which is the equation for consolidation expressed in terms of

radial -coordinates. The boundary conditions which must be

satisfied are:

a) The initial ©pore water pressure, uo,' is uniform
throughout the so0il mass when t = 0.
b) The wexcess pore water pressure at the drain well

surface r* is zero when t > 0.

\

c) The external radius, ?e’ is considered impervious
: Jdu
because of symmetry. Thus, = 0 when r = T,
. - r
Q
The solution of eq. 2.18, is subject te the Tbhoundary

conditions indicated above and i3 quite involved and has been
evaluated by Barron for 'a wide range of re/rw ratios (n -

values) and this information is reproduced 1in Figure 2.2.

16



2.3.2 Equal Strain Consolidstion
In CESE; of radial flow only, as is caused by the equal

vertical strains throughout a horigzontal ring of soil of

thickness dz '‘and bounded by r, r, and r2‘= r , the change

in volume of the ring due~to a uniform change in thickness is

-

Av =An * v = n 2

- r2) dz (2.19)

v (p1 - po) * '(re

after wutilizing the expression for unit volume change,
Eq. (2.2). Due to the volume change by equal vertical
strains, the increase in effective pressure [\ p', is uniform

throughout the ring. This igs related to the 1increase 1in

pressuye on ‘the ring, p, by

p' = p - u | . : (2.20)

where u is the average va%ue of excess pore water pressure.
Since the amcunt of water sgeezed out of the ring of soil 1is
equal to the change of volume, the flow of water out of the

ring is given by the time rate of volume change or

’

Ju

Q= -m ’n‘(re2 - r2) dz {(2.21)

- ,
The change of flow which occurs due teoc an increase in the

size of the ring is

J Q Au

=m §* 2r dz (2.22)
r M At jf

17
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From Darcy's law, the flow of water through the inner

Boundary of the ring is

k Au
* 2 r * 4r

Y, dr

Q =

(2.23)
and the change of this flow in the radial direction is

AQ , k o Au éeu

— = ¥ 2Ndz (—+ r ) . ' (2.24)
dr H; dr arz

Combining Eqs.(2.22) and (2.24) gives

iz.zs)

Barron (1948) obtained the following solution of eq. 2.25°

2 2 _ '
4 2 r r - rw
U, = ——— {fe 1n(—) ———————————] (2.26)
d F(n) r 2 :
e W
in which: T =G 1o (Q) (2.27)
-8 T
A= h (2.28)
F(n)
. o n2 _ 3n2—1
and F(n) =—5 In{n) - ——pb (2.29)
n -1 4n ‘

The ‘initial distribution of hydrostatic excess pressﬁre is
not wuniform, but may be computed from Eq. 2.26 for
TH =]_= 0. Figure 2.3 shows the distribution of ur/uo along
the radius of soil cylinders having values of n (re/rw) of 5,

10, 50 and 100.

18



2.35.3 Comparison of Free- Strain and Equal Strain

Consolidation

Curves showing the relation between the average pore water

pressure , u, and the time factor, T can alsoc be obtained

hl
from Eq.(2.27). Such curves for n.= 5, 10, 20, 40 and 100,
are shown on Figure 2.2 along with the corresﬁdnding curves

.determined by the "free strain" case.

The difference between the results obtained by the two rather
extreme considerat;ons, Free Strain and Equgl Strain, is
small parficularly for the curves re;?esenting values of n
greater than about 1,0. For n = 5, tﬁe discrepancx is about 4
percentlfor the first part of consolidation, but above about
50 percent consofidation, the curves are almost identical.
For applications * in ‘practice, both Barron -(1948) and
Kjellman (1948) recommended the use of the equal strain

solution. Therefore, the Barron solution to determine the

time of c¢consolidation is given by

D n 3 1 1 T e
t = [ 5— 1ln(n) -—+ 2} in¢ ) (2730)
c n .

-

Kjellman (1948), who was working with vertical drains at
about the same time as Barron, obtained the same solution as
Barron for equal- vertical strain, and simplified the ‘equation

-

(2.30) to yield the Kjellman - Barron "solution

19
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el

D 1n(D/4) 3-(a/p)27 1 |
t = 5 - ln(—-) (2.31)
8 ¢ 1-(d/D) 4 10U

ol
which was simplified fuwrther for D/d > 6 %o yield ~ the

Kjellman solution (Hansbo, 1979)

p° 37 1
£ = —— [ln(D/d) --—-} 1n( ) . (2.32)
(o]

8 e 4 1-U “

Eq. 2.32 is commonly used in practice today for the ‘design

of premanufactured vertical drains.

Expressing equation 2.32 in terms of degree of consoclidation
(Uh) due to pore water flow in the horizontal direction, one

obtains the following relationship

8 ch t
U, =1 - exp { - — : (2.33)
D° (1in(D/d) - 0.75)f
or
8 Th
Uh = 1 - exp - ] (2-34)
, F(n)
c t
where: Th = h2
D r
2
n .
Fn,= [ln(n) - 0.75]
n -1
n = D/4d 8
wﬂj ‘\ .
B ) ) ] s
Vim



2.5.4 - Effect of Peripheral Smear

The remoulded or smeared zone at the periphery of the drain

well cfeates an additional resistance to the flow of water

toward the drain. This retards the consolidation process.

The smeared zone will not be uniform or homogeneous with
regard to the soil properties. Very likely, it consists 6f a
thin layer of actual smear plus an adjagenE region in‘ which
the soil has undergone a considerable amount of remoulding or
disturbance. Th:h‘amount of disturbance decresases- Kith

distance away from the well periphery and depends greatly on

the mode of drain installation.

The effect of smear is taken into ‘consideration when

-

calculating the degree of consolidation {egq: 2.32) by

considering (Barron, 1948) ;

2
n . n kc
B, = ln(—) + [1:1(3) - 0.75
n-1 s k"
c
where: 3 = ds/d s
ds = diameter of disturbed zone
kc = permeability of undisturbed zone
k = permeability of disturbed zone

21



2.3.5 Effect of Well Resiatance

The  foregoing analyses have considered that there is
unrestricted flow of the water thrgugh the ‘drain. Actually,

head losses will occur due to the resistance to f;ow of the

- )  \ﬁ:ain backfill material or filters in the c&se of sand drains

or band shaped dfains; respectively. The magnitude of lcosses
-

will depend upom the rate of flow, the size of the drain, and

the permeabiiity of the filter or the material filling the

4
A

drain. Y . . : oL

’
Barron (1948), developed a solution for the case of "equal
vertical strain”, . with and without smear, _ where the

permeaﬁility, k, of the consolidating soil 1is zefd."The
- i . :

y 4

ffect” ‘of &Eifﬁm}esi§tance‘;;rsgown on Figure 2.4 as.applied
to three conditions:représented by n = 15, 30, "and 60. The

AJ/(/ curves for excess pore water pressure versus time are shown

as aclid lines for each value of n for the conditien of no
’ o s
smear and no well resistjance. Thegse curves were derived from
. . -

consideration of radial flow only and are not influenced at
all by changes in the thickness of the clay layer. For drain
installations in practice for which n was about 10 10 15 and

for de/H' of 1.0 or less, the effect on the consclidaticn

behavior of a clay layer should not be significanxz. oo

Y

-

In conventional design procedures, neither smear nor well

resistance isg considéred.

~
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‘C) . .the magnitude of c
-~

v

-

2.3.6 Equivalent Drain Diameter

e
g

In the use of prefabricated bandshéped drains,' the required

-spacing ‘'of the drains ‘is governed by two - imporrant

parameters, viz. equivalent drain diameter (d) and the

2 ‘, , .
consolidation coefficient for pore water flow in  the

horizontal direction _(ch). There still exist today, no

agreemeﬁf‘ on which method to use to calculate the egquivalent
- '
diameter, and‘the difficulties 1in estimating_the coefficient
-~ . . .
of consolidation are well known (Rowe and Shields, 1965)

making it difficuldtk to 1isolate any one of these two

parameters.

Laboratory determination of the_magnitude of ¢, may result in

-

erroneous values because: ) -

.o
A) N the scatter in the results of laboratory tests is high
‘(inhomogeneity of soil)
B) actuwal-in-situ conditions often differ widely from.

laboratory conditions
——(“,‘-' .

h and c, changes with changing

vertical pressure

t

D) different values are found for virgin compression,

re-~compression and remoulded soil.

¢

In fielq conditions, usually c, is found to be 2 - 5 times

-

higher than c .

> -

-



A number of approaches, as listed below, are used today to

determine the effective diameter (d) of a premanufactured

drain; e .
. A '
d, = 2(a+b)jﬁ _ ’ (2.36)
a+b _
d, = . . . (2.37)
2 2
£
d. = J— a*b ' 2.38
3 T @ (2.38)
Ry N (2.39)
d, = [— (open area of a%*b . 2.39
4 T . ‘
Al &n e ) . !
1
= 2 '+p' ) — . 2.40)°
d5 (a ) x (2.40)
dg = from field 6r laboratory observations {(2.41)
! 0.
where: a2 = thickness o'f the drain
b = width of the drain
2(a+*b) = circumference of the drain ) -
ab = cross sectional area of the drgin
2(a'+b') = free or open circumference of the drain
a'b' = free or open cross sectional area of the drain.

The equivalent circular drain diameter wused by K;E}lman
(1948) was 50 mm for his 100 mm wide cardboard wick. Some
references use the circumferential area of the filter 'jacket
(equ. 2.36) which yields a Galue of 65 mm for a 100 mm wide
bandshaped drain (Hansbo,‘1979). Since the flow of water to é

béndshaped drain is less favorable than a cylindrical drain
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with the same width, some apply . a faqt;r of A/4, (Eq._£.37);
redgcing the equiﬁalent diameter to 51 mm‘(Jansen aad Den
Hoedt, 1983). Others indicate that the free or open area of
the surface of the drain hag to be:considered (ég. 2.40); and

make a comparison not with the equivalent circular diameter

but the equivalent sand draiﬁ dismeter considering the open

]

surface -alsoc of the sand’ drain gnd giving values that-are 2
b * ' Ll : N
to 3 times as high as the values found with the previous

‘methods (Fellenius, 19817.

2.4 Expgrimental Inw¥estigation

.

i~
‘Although premanufacturéd.draiﬁs are widely used today, there

are s8till unsolvedf'pro%iems and controversial opinions
concerning the mechanieal and hydraulic characteristics as

well as the durability of*%the bandshaped drains.:

L

Pl .

What is less known of prefabricated band-shaped'dra?ns are
the problems concerning their ~biochemical and physical
degradation with time after installation. On the basis of

limited laboratory and field testing, it is estimated that

non-impregnated filter paper may;be effective up to 12 to 16
months. When the filter is made of impregnated paper, the
duration may be extended at least 24 to 30 months

(Jamiolkowski et al., 1976).

The mechanical properties of the band . shaped drains are

easily identified. However, there exists a lack of well,

-
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" defined standard procedures of measuring these properties and
little is known about the stresses in the drains during:
instailation, when subjected to large lateral soil
displa;eﬁent and large Qettlements. -

A~

The most relevant features for the design and performance of

band-shaped drains are the hydraulic properties, e.g- the
discharge capacity, Q. of the drain créss-section, the
filter permeabdility, kf, and the effective diametef of the
band ;hap;d drain. Most research thus far has been

concené%ated on the . discharge capacity and  filter

permeability (Jamiolkowski et al., 1983, Hansbo, 1983).

For practical reasons, the determination.of q, cannot bg made
in the field, but must rely on laboratory tests. ﬁansbo
(1983) suggests how the 1deal test should be performed and
&escribes a number of tests which have been carried-out by
vhrious institutions, namely; the Ontario Resgarch Fouhdation

-

(the ORF test), Chalmers Unversity of Technology (the CTH.and

CTH revised test), Tokyu Construction Co. Ltd. (the Tokyu

‘Construction test), the Dutch Study Center of Road
Construction (the Delft test),- thle Department of
Transpoptation, State of California (the\ California test),

Moh and Consulting Engineers, Taiwan {(the Taiwan test), and
the Research Center of Hydraulicsland Structures of EﬁEL in
Italy, (ENEL TEST). Hansbo advocates that only the CTH test
which makes use of a conventional triaxiai cell can £ruely

”

measure q_ under in-situ conditions. However, the CTH test

26
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does not measure the iﬁfluence on q of drain fold;ng caused
by large settlements. Neither of the mentioned testé truly
meaéures " the effects of drsaining a large Qolume,
representative of field conditions.

Tests o measure the permeability of the filter have been-
discussed by various authors (Den Hoedt, 1981, énd Hgnsbo,

1983). The purpose of permeability tests is to investigate
two mutually contr;dictpry requirements:

* Almost all fine pagtic}es should be prevented from
.éntering the core.

The water shouid flow trough the filter without any

apreciable head locsses.

It has been shown that the former requirgment prevails in the
se}ection of the filter material (Jamiolkowski et al., 1983).
Figqre 2.5 indicates the influence of finite drain

permeability on consolidation rate. This figure shows that in
éhe case of drains, where usually qw/kh > 2000 m2, the impact

of finite well permeability on the- consolidation rate is

negligible. -

Laboratory tests were performed by the ENKA laboratéries " in

the Netherlands (Jansep,and Den Hoedt, 1983) "to +try and
.clarify the different theoriés agsociated with the equivalent
drain diameter. Two different -fypes of drain <core were

»

examined <consisting of a closed core and an open core, both

.

enclosed in the same filter jacket and using the ENKA drain
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tester (see Fig. 2.6). Three types of soils were used as
described by their grain 8ize distribution (Fig. 2.7). Test
results obtained are shown in Fig. 2.8. |

It was concluded from the Dutch tests, that an "open” drain
core guaranties a much better discharge than a "closedé core
in cases where there is an abundant flow of water toward the
drain, as shown by soil III. Also, the permeability of the
801l to be drained {(soils I and II) is the most..  dominant
factor that controls the flow of water into the drain, and
not the inlet resistance of the drain itself. However, this
test 1is not representative of in-situ conditions where the
diameter of the soil cylinder dewagered by a single drain is
much larger and the time rate of consolidation much greater.
?his is evident from the results of full scale field tests
performed in central Sweden (Erikson and Ekstrom, 1983), who
compared th;ee different types of drains - one sand drain and
two premanufactured band~shaped drains. Results as indicated
in Figures 2.9 fo 2.11, indicate little difference during the
initial stage of -consolid;i@on. However, the deviation
increased with time and drain gpacing. Unfor;unately, both
the method of installation and the filter jackets for thé
band-shaped drains differed making it impossible to isolate

the effect of the core.

Erikson and Ekstron found the values of =the horizontal
".coefficient of <consolidation evaluated from the various

settlement ‘curves to vafy'widely and state the following
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general conclusion; "The extent to which reality agrees with

.theory cannot be &etermined. The fact that the evaluated‘
coefficients of consclidation change with the drain spacing
casts suspic?ﬁn on the simplifications on which the theory 1is
based and the assdmptioné, such as the equivalent diameter of

the drain, that must be assumed in the calculations"”.

Recently, Foot and Koutsoftas (1982), report the results of a
very succe;sfui drainage project . involving settlement
observations in two areas where a band-shaped drain
(Alidrain) had been installed at two different -spacings, 1.5
m and 3.0 m. The drains were-installed with & mandrel system
desigﬁed to minimize the installation disturbance. The
mandrel outside .diméhsions were 140 mm by 75 'mﬁ. At the
smaller spacing, the evaiuated Ly

evaluated from the larger spacing, and the authors concluded

value was smaller than that

that the drain installation had disturbed the soil more at
the 'smaller than at the larger spacing. It is difficult to

accept that the installation disturbance caused by inserting

the 0.14 “pm wide mandrel could distufb the soil 1.5 m, 11
AY -
\ : )
mandrel diameters away. On the contrary, Fellenius and Samson
(1976) and JBozozuk ety al. (1978) indicate that the

disturbance &ffect in soft sensitive ¢lay is much more local

and approximately limited to a zone of about three diameters.

[

Unfortunately, Foot and Koutsoftas {1982) do not quantify the

analysis with regard to the data and assumptioné used as

imput. For instance, it is not clear which approach for the

» .
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équivalent diameter they used in their analysis of the data.
The evaiu;ted y values depend on the various assumptions
made and the conclusions could be disputed since the
backcalcﬁlated cy values can Vary bx a factor of two or more
dépending on what definition of équivalent drain diameter is
applied in the analysis.
‘ 5

Hansbo and Tdrstenson (1977) presented results from a full
scale Eest on the'band-shéped drains {(type Geodrain) compared
#ith sand'drains and found that when using the approach of
equal total circumfe;ence,. the evaluated ¢, value .was 50

h

percent larger than.had been found for sand drains at the
Same siée. Hoyever, as shown by Fellenius and Wager (1977),
were one to use the approach of the open surface instead of
the equivalent sand drain diameter, the evaluated ey value
would have been about equal. to that evaluated from the sand
drain data. The difference is important because the Sy value

has a 1linearly proportional influence on the analysis and

design of drain projects.

Most case histories which deal with the analysis of .vertical

drain projects, conduct a Back-analysis of the settlement

h)'

They obtain such values by keeping the equivalent diameter

curves to calculate the coefficient of <consolidation (e

(d) constant and neglecting the effect of smear, well
resistance, and filtef jacket. By doing so, ch'can no longer
be considered as the coefficient of consoliddtion, bus some

.

other c¢onstant representing factors influencing radial flow,
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such as the:effect Qf the drain core..- Therefore, -it is not

surprising, that some researchers o%tain different Ch values

for different drains installed with the same spacing, en the

same site.
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CHAPTER - 3

. -
- .

3.0 Testing Apparatus and Procedures
This chapter describes the -test apparatus, the
instrumentatiocn and the procedures used ' in this

investigation. A brief description of the evolution which

preceeded each phase of the investigation is also included.

Jad Test Containers

A desirable aspect® of laboratory testing is to perform a test
which is representative of field conditions. To achieve this
criterion requires measdring the consolidation of a soil
cylinder, <the diameter of which sﬁould be chosen about equal
to the spacing Dbetween drainé used on actusl drainage

projects, i.e., a2t least ! metre.

Felad Sand Box

The first study 1into the possibility of measuring the
congclidation of such a large volume ofhsoil, led to the use
of the University of Ottawa's existing test box. The test box
measures‘ 1800 mm in wiéth, 2135 mm in height and 15.0 m in
length. This was ideal for a full scale .test, placing several
drains in a triangular pattern and meas%rlng .the
consolidation of the soil cylinder drain;d by the central

wick. Sand, which is stored in the box could easily be used
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as surcharge,.

The initial design required a 2.1 m by‘1.8 m area, having a
1.5 m depth for a 5.7 n° volume of soil for each test and
22.8 m3 for each series. With +the intention of wusing
manufactured clay (kaolinite), such & large volume rendered

the option of using the box impractical and uneconomical.

3.1.2 Sono Tubes

The next approach was to limit the laboratory testing to a |

a

m depth of éoil contained in a large diameter cylindaz; Some
of the first ideas that were considered consisted of a
flexible membrane held in place by large diameter rings and

an external metal frame, large diampter steel drums and sono

tubes.

The later option was aétraétive in that it provided a

possibili£y of cutting the fube and obtaining a cross

sectional view of the c¢lay, the drain and the instruments, at

the end of primary consclidation. Therefore, this option was

chosen and sono tubes, .940 mm in diameter with 13 mm thick
?

walls, having a wax }ining on the inside surface were

obtained and cut into 1.2 m lengths.

One of the difficulties associated with the jopen-ended sono

tubes, was to provide a leak proof base. As anticipated, and

proven in a smaller scale test, the flexible sono tube 1is
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guaceptible +to expension, and leakage at the base would be
iﬁevitable uniess tﬁe entire tubg circumference was rigidly
restrained; The Dbottom 50 mm length sof the sono tubes were
therefore embedded into'a concrete base, ‘and, after curiﬁg,

the surface of the concrete inside the tube was coated with

shellac.

Prior to filling %the tubes with clay, theynwere filled with
water to verify that the tubes would not leak. During the
first +two days, no 'léaks were observed at the base nor
anywhere else along the tube wall. On the third day, however,
it became apparent that the wall of the tube was absorbing
water and losing it's str;ngth, creating an instability. An
attempt to remedy thé situation was made by placing a double
lining of polyethelene plastic with non-hardening éealing
compouﬁd between the wall of the tube and each -1ining. This

was also repeated at the base. The dattempt was fruitless, and

the use of sono tubes was abandoned.

3.1.3 Steel Cylinders >
W

In‘order to obtain leak proof large diameter cylinders, five
specially manufactured steel drums, 1 m in diameter with a
1.2 m depth, were purchased. The thickness selected for the
wall was 3 mm, sufficient to provide adeqﬁate stability and
to allow handling of the cylinder without altering it's
cylindrical shape. Additional caution was taken by welding a

25 mm by 25 mm angle around the top perimeter. To safeguard
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against 'leaking, the wall was welded throughout at the baée
and vertical joint. Also, all instruﬁsntation would exit the
cylinder from the fop. Geometrical data on the test
eontainers jare shown on figure 3.1. The steel cylinders and
the set-up for Test Series One and Two are. also shown ﬁn
Plate 1.. |

«
All cylinders were painted to minimige oxidation and to
prevent the inferaction of iron elements ;ith soil particleé;
Since fhe bottqm plates were not peffectly flatzt, the
cylinders were placed on a thin layer of lean concrete. This‘
minimized any strain deformation upon application of a load
énd enabled small pIxtes glued to the base on which the
instruments are attached, to remain intact.

3«2 Instrumentation

In each container, the pore preSSufes developing in thg clay
as the Eonsolidation proceeds, were measuréd by means of 18
pore pressure gauges (piezqmeters) placed at different depths
and distance from the Hrain; The Qolume loss resulting Efqm
the drainage of the water, was measured by means of 6

settlement’ gauges pléced in fthe «clay 1inside the test

containers.

All pore pressure gauges and settlement ‘gauges were
_ manufactﬁred specially for the project and have a precision

of about 2 mm water column change or settlement,
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respectively. Laboratory testing has shown that the accuracy,

. » .
when - considering temperature, time lag, and reading

,precision, is about 20 mm (<2.5%) and 10 mm (<4.52) of

piezometers and sgttlement gauges, respectively. A detailed -
desc?ip£ion ef .the instrumeﬁts and their locations - is
presented‘-in the subsequent sections of this chapter. To
ensure 1ongt?rm funetioning of gauges in soil is difficult.
Therefore, =all gauges were doubled-up to enable a re undanéy

of data and to allow for the occurrance of gauge break-dowyns/

3.2.1 Piezometers

N &
The pore pressure gauges consist of a typical manometer type

piezometer as shown on Plates 2 and 3, and Fig. 3.2. A tube

‘attached to a small porous membrane placed inside the test

cylinder exits through the top, and is fixed to a panel for

easy access. Upon the application of a load, coloured water

ingide the tube rises until the height of water 1s in

equilibriﬁﬁ?“w;thlthe pore pressure in the soil matrix at the

location-of thé'porous membrane.

’

L

The porous memﬁrane is a 100 mm thick section of 70 microns

-

porous plastic tubing, haviﬂg a 25 'mm ocutside diameter and 13
mm, inside diameter as_shown on figure 3.2. Two 30 microns’
Y

ijrpdé plastic plates| 3 Wm-in“thickness, are fixed dver the
open surféices of the tubing with epoxy sealing compound,

preventing the 1ingside of the piezometer tip from being

i »
contaminated by fine particles.
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O
Prior to enclosing the porous tubing with the ecircular
plates, a 2 mm digmeter hole is drilled through the wall of
the tubing and t::\upd of a teflon tube, having a 2 oo
outside diameter and 1 mm inside diameter. (AWG 20), is.
inserted through the hole. The inside end of the teflon tube
is then cfi&EEE by heating, to resist any pullout fofcé, and

fixed in ﬂplace by sealing both theé inside and outside

s

orifices with.epoxy seﬁling compound. When this prqcedure 1is

completed, , the circular'plates are fixed in place, enclosing-

pl

the system.

A small scale model study indicated the length of the tubing

embedded ‘in the s0il, experienced bending due to

consolidation of the soil layer. This downdrag acting on the
teflon tubing could “create excess™pore pressures at the
. . A

' p#ueter tip. To remedy this problem, =& 150 mm length of

tubing,. nearest « the porous membrane, is heated and shédped
r >

e, main difficulties in designing the piezometers,
was in sélécting the size of teflon tubing. First, the volume

of fluid'required;to record any signifigant change in pore
L '

preéﬁure musi be small. Minimizing this volume decreases the
1ag tiﬁe {(time for the.soil matrix to receive- or _discharge

water due to a decrease or increase in pore pressure).

However, minimizing <the size of tubing had the offsetting
disadvantage of increasing the influence of cﬁpillgrity.

L]

- , . ,
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Capillary rise {or depression) in a tube (Fig. 3.4) is due to
surface tension 6f liquids in contact with air. From a f;eé—
Body cbnéideration, assuming thelminiscﬁs iﬁ spherical ;nd
equating the lifting’force éfea%éd by surface tensiocn to the

gravity force,
h = {2 ¢cos 8)/( Yr) ‘ ) _ 3.1

surface tension in units of force per unit

I

where v
length
¥ = unit weight of liquid
r = radius of tﬁbe
h = caﬁillary rise
6 = angle betwéen the suffgce of the liquid and
the éurface of the tube at the point Qf

contact

This expression can be used to compu%e the“approrimate
capilli;f rise (or depression) in a tube and can be found in
most text boéks on fluid mechanics. . Fig. 3.5 indicateg the
effects of temperature and water qualiéy on capillarity. R.G.
Folson, who determined the curve for tap water experimentally
at the California fnstitute of Technoiogy, feund dirty water
to give slightly lower values (Daugherti and Franzini, 1977);.
‘Table 3.1 1lists values of capillary rise of water in a 1 mm

. '
inside diameter teflon tube, where it can be assumed that

e = 0.

A series of tests were carried out in the laborafory teo
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verify the effects of capillarity. It was ,observed, that

‘capillary rise occurred only when the water level in the tube

decreased, . When Fhe flﬁid level rose, a depression was -

obtained instead. The effect of capillarity on a single tube
- ’ M

with respect to a depression (Table 3.2), was greater with an

observed maximum error of 39 mm, than the error obtained with

3

l

a .capillary - rise (Tablé 3.3), having an observed maximum

error of 23 nmm,.

These observations, inspired the addition of another <tubing
[
connected to the piezometer, via a Y-connector, at the base

of the monitor panel. Thus, by fluctuating the level of fluid.

in the tubes, ©both the capillary rise and the depression
- -

could be obtained without adversely affecting the pressure at

the  piezometer tip. Taking the average aof the two

simultaneous -readings, it is possible to minimize the error

due to capillarity to 19 mm (Table 3.4).

An interésting“prob;em observed auring the testing .of the
instruments was the appearance of bubbles due to fluid
breakup and possibly other sources. This effect is &easily
detected when observing the difference in fluid level of the
two tubes. Laboratory analyses indicated that a single bubble
could cause an error of as much as 20 mm (Table 3.5). To rid
a single tube of these bubbles is very difficult. However,
with two tubes this task is much easier.

4

To study ' the performance of the instruments in-situ, a small
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scale model test was performed on a 550 mm thick layer of
local clay (see Chapter 4 for soil prOpertiés), placed in a
. 400 mm diameter plastic barrel. Six piezémet;rs were ©placed
at different locations in the‘barrel.. Five ;f these were
connected to a set of two tubes, atfached to a panel. TDhe
sixth piezometer (P-8) was connecte& outgside the barrel to, an
electronic transducer. The electronic transducer was“a PT25;
10, capable‘ of recording pore‘pressures with an accurécy of
53 mm (0.75%) and a repeatability within 7 mm (0.1%) as

specified by the manufacturer. -

Results of the study (Fig. 3.6) indicate that there is a lag
of 20 minufeg between the transduéer readings éﬂd those
obtained from ‘the manometer"type piezometers beforé
registering ‘fhe'peék'prgssure follafiné.the application of a

surcharge.(iéépe the peak is obtained, .there is little or no
\ ‘ - *

lag between the two types of piezometers (Figs. 3.6 and 3.7).
The ég;eqment of results bétween pairs of piezometers (P-8
and P-11, P-5 and P-7, P-6 and P-10) are within acceptable
limits of variation.l The small variations observed 'are
probably due to slightly different  positions .Of the
instruments with réspect to the drain wick dnd variations in
pore pressures within the 'soil layer. Variations between
piezometer P-11 and the electronic transducer (P-8), 1located
at the Dbottom of the barrel and atfequal distance from the
drain_ wick, : are greater, possibly due to _the fluctuating

datum of the ‘electronic transducer as shown ~on Fig. 5.7,

where a change in datum of as much as 309 mm has’ been
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observed. This is an indication that the electronic
instrument ,may be less reIiable than the other manometer type

‘piezometers.
3.2.2 BSettlement Gauges :

Measuring movements in the laboratdry often requires the use
of dial - gauges, providing a higﬁ level of precision and
accuracy. When movements are in excess of 50 mh; such
precision is irrelevant and a simple ruler, able to measure
within 1 mm (0.1 % strain in our case) is adequate.

-

The simplest method of measuring the settlement would be a
System of gauges in direct contact with the soil, measuring
direcfay - the vertical movements of the, soil ;t the gpurface
and at depth within . the soil layer. - ﬁo#éver, direct
measurement using smal; diameter rods attached <to plates
placed within the soil, 1is impractical ©because of the

-obstrueting surcharge. Electrenic devices are excessively

expensive and are often too sensitive to moisture.

Following a series of trials, the setftlement gauge selected
for the ﬁests consisted of a small tube gubmerged in a
container partially filled with alcohol, the level of which_
is monitofed 'outside the test cylinder ‘thrOUgh the same
tubiﬁg. The container of alcohol is fﬁlly enclosed within the

soil mass, ocpen to the atmosphere through two other small

fubes. Details of a settlement gauge are given on Fig. 3.3.
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The settlement gauge comprises of a 40 ml plastic container

with & screw-on cap. A 75 mm plastic plate, shaped like a.

doughnut, ig fixed to the container, glued against the basge

of ‘the cap, to minimize the effect of powential rotation.
Three teflon tubes (AWEG 20) having a 2 mm outside; diameter
and 1 mm inside diameter are inserted into the container

through holes drilled in the cap._ Two of the tubes extend 10

mm into the container to serve as air lines and the third '

tube extends to the bottom to serve as the fluid 1line. All
three ‘tubes are heated and crimped at the inside surface of
Ehe cap to resist pullout forces and then glued in place with

a plastic sealing compound.

Tc prevent thet doynward forces caused by the vertical
displacement of the so0il, be transmitted through the tubing
tec the container, a 150 mm section of the teflon tubing
nearest the cap i1s heated and shapéd into a coil. The tubes
exitﬁ from thé top of the test cylinder and are fixed to &
separate panel outside the containers. .

Unlike the piezometers, the settlement gauges are a closed
system in which the fluid is not in cont;ct with the soil.
This eﬁables the use of a fluid with a lower surface tension
(G) when in contact with.air such as alcohol (= 0.0223 N/m),
as compared %to water (G = 00,0728 ¥/m) at an air temperature

of 20 °

to a 15 mm rise as shown in Table 3.6. Results of tests shown.

in Table 3.6 also indicate that the capillarity -effects

N
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produces a rise-boith when the datum is increased or lowered,

ranging between 10 and 1% mm.

To obtain a higher degree of accuracy, alcohol was used 1in
the settlement gauges insteéd of water. With the use of a
small syringe, 15 ml of alcochoel 3is 1injected into each
container through the fluid line. Bubbles appearing in the
line are easily eliminated by draining the line at any. time
during the test, and reinjecting fluid free of air. No
evaporation of alcohol during bg;h test series was observed.

Any evaporation which may have resulteld, was well within the

instruments reading precision.

The average of four measurements of 'surface displacement,
taken to the nearest mm with the use of & ruler at tpe top of
th; model-test cylinder, are presented on Fig. '3.8;'Results
indicate +that readings from settlement gauges placed at the
surface of +the soil layer are in good agreément with these

measurements, the end result differing by only 1 mm.

3.2.3 Instrument Location;

In all three drain barrels of each test se;ies, eighteen
piezometers were placed radially away-from the edge éﬂd fa;e
of the drain. Two were placed at the bottom (O mm'eiev§$ion),
and eight at both 300 mm and 600 mm elevations ( see Figures
3.9, 3.71 and 3.12). In the reference Dbarrel, only six

piezometers ﬁere reguired, . with +two placed at each the
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”bottom, 300 mm and 600 mm elevations. In all test Ybarrels,
six settiement gauges'were used, with two placed at each of
the 300 mm, 600 mm and 1000 mm (surfaee) elevations (Fig. 3.9
and 3.10). |

All instruments were fixed at their designated elevation
with the use of a fine nylon string. Attached to the
instrument, one string is fixéd.yo a small plate glued to the
bottom of the test barrel and ;nother,té a crossfmember fixed
at the top. The bottoﬁ rlate is aligﬂed with. respect to the
top cross-member, wﬁiéh is pre-marked with regard to each

w

instrument location. An indication of the instrumental set-up
Al
i3 also shown on Plate 3.

.\5
All piezometers are saturated by boiling prior to
‘installation. Saturation is maintained .once tg: ingtruments
are placed in the barrels by submerging them in a container

of water, until the soil is ready %o be placed. Intmediately

before placing the soi% in the bérrel, a positive head of

water is applied, causing water to flow out of the ‘porous
membrane. The top string is then pulled and fied in place

with th&;piezometer tip at its proper elevation.
a3~ Drains . f

The drainé analysed consisted of a studded core {drain A), 4
grooved core (drain G), and a third drain (drain M) having

half the width of drain A. Characteristics of the drains are

44
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presented on Fig. 3.13 and 3.14 and in Table 3.7 .

\ Drainsg A; and G, have approximately the saﬁe total peripheral
area and drain M has about half that area. Drains ﬁ, and G,
have approximately the same free or .open peripﬂeral area, and
drain A has about twice that area.

All drains were placed in position prior to placing-soil. A
tie wire, passing through the stabilizing rod (Fig. 3.1), was
attached 'to the top of the drain and to the exfernal frame,
keeping thé drain ;n tension. A porous sleeve was placed over
the top of the drain, embedded in a 200 .mm thick layer of
sand iA whiéh thé draiﬁ could travel; to miniﬁize ;ny‘
buckling caused by the consglidating soilf

. . LNy

P All drain cores were placed in a polyester filter {Alidrain
filter) %o isolaﬁe'the effect of the filter in the analysis.
Prior +to loading, an impervious polyethelene plastic éleeve
was placed over each drain to assure identical. startfup‘

condifions as shown on Plate 3. Immediately b%fore applying a

surcharge, the sleeve was removed. \._

3.4 Soil Preparation

One of the requirements of this project was to be able to

reproduce the test with the saﬁe soil properties aft any time

in the future. This required the use of an artificial soil. A

soil mixture consisting of kaolinite, ©bentonite, and cement

45



such as used by Tavenas et al. (1973), was investigated. The
resulté of this investigation (Chapter 4), indicated that
creating identical soil properties for the large volume
feq&ired' ( »3.2 ms), would be very difficult an& Tequire .a
) Véry loné time. Therefore, *it became att;active to' use

., natural secil from a local excavation.

3.4.1 Test Series Cne

g
The s0il used in Test Series Oﬁe consists éf a clay and silt,
the properties of which are detailed in the Chapter 4. The
801l was remoulded with an-industrial hand drill and watér

wag added +to make it softer and more compressible and to

insure 100 percent saturation. Once the initial remoulding.
process was conmpleted, the soil was again remoulded using a

i S -
drill press at a speed of 900 rpm. Water was added until the

mixture attained an adequate consistency.

—_

i
1

Samples were ﬁaken of the clay to monitor ;he.differehce in
moisture Dbetween batches and between test barrels. The so0il

was then poufed through a #4 sieve, to remove any gravel size

materfal, into ‘a holding container (fifth barrei).

L]

When sufficient soil had been mixed to fill a 1 m height of a

test barrel (about 20 batches),  the material in the holding
. - u

tank was agéin mixed with the industrial hand drill and then

poured into the insfrumented test barrel.
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3.4.2 Test Series Two

For test series two, an attempt was made to produce a soil;

‘representative of deltaic deposits. This objective was

achieved by miiing sand and 2.5 percent bentonite. Properties

for this soil nmixture are presented in chapter 4.

A mortar mixer was used to mix the sand, bentonite and water.
The mnmixer had a8 volume capacity of 0.15 m3 and tufned at =a
speed‘ cf 50 rpm. The volume of each batch consisted of half

the mixer's volume capacity.

K

5

Following the mixing of each batech, the soil mixture was
immediately poured 1into the test barrel. Moisture , samples

were taken from each mix to monitor changes in water content.

An average of 10.5 batches were required far each test

, .
barrel.
3.5 Surcharge
Initislly,: it was decided to use a soil surcharge

18

representative of field conditions congisting of ! to 1.5 m
of sand fill and placed in =an extension to the teét-cylinder.
Model tests on a smaller cylinder indicated that considerable
arching would be created. Although the actual cylinders were
of latger diameter, the arching of the sand would not be
sufficiently diminished. Other problemsrlsuch as stability of
. i _\—\-—,._/'
the cylinders, the handling o¢f 1instruments and - the

L
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construction of a joint between -cylinders, rendered this

approach impractical and, instead, a surcharge consisting of

*

concrete cylinders was used.

To serve as an upper draining filter, a 200 mm thick crushed

silica sand 1layer was placed between the concrete and the

soil. Priof to placing the sand, a thin pervious filter -
geotchnical fextile - was placed on the soil to serve  as a
membrane separating the sand and the so0il. The concrete

cylinders were - placed on a 19 mm thick plywood. platform

placed directly on the sand.

The concrete weights were 300 mm thick and 900 mm diameter
cylinders. Their design’ included the addition_ of four
symmetrical Slots and steel reinforcing for ease of handling.

A circular slot was designed at its centre, through which a

30 mm diameter steel pipe could be inserted to provide

stability. The mass of each cylinder varied from 280.8 kg to

292.1 kg with an average of 286.0 kg Table 3.8 1lists - each

cylinder with their respective mass. The combination of

concrete cylinders as indicated in Tables 3.8 and 3.10, were
selected in. order +to minimize any 1load variance. between
t?ijﬁ. The mass of the pipe and plywood platform was measured
at 11.4 kg. The sand placed above the soil consisted of aKEOO
mm thick layer:of medium grained silica sand, having a dry
unit{weight of 14 kN/m3 when placed in ‘a loo;e state.

A surcharge of 10.1 ' kPa was obtained by- utilizing two

1
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concrete cylinders as shown on Plate 4. The surcharge
kept on until primary consolidation was achieved, or

it was decided that sufficient time had elapsed.

49
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- . CHAPTER - 4 - | :ﬁ\

' SOIL PROPERTIES
- -

4.1 Introduction’

’ 5

. L |~
For +the purpose of comparative analysis, the soil wused 1in

this study must have identical-properties for each test
performed. Dpe to their nature of deposSition and stress

[N e

history, identical prope;}fes cannot be obtained in natural
T e~

scil deposits unle@s their prOpérties are physically and/or

chemical{z;hggggenizéd. ‘u(/t N

4.2 Artificial Soil -

Y ' /—/‘7
To obtain a s30il with homogensous pféﬁérties,* it becomes
necessary to create an artificial soil, whose echanicﬁl
properties can be reproduced. This approach Bas been stﬁdied
by Tavenas et al. (1972, 1973) as part of research programmes

on the use of - common in-situ test methods in Champlain clays.

-

e

The materials selected by Tavenas et al. (1972, 1973) o
simulate all mechanical properties of the clay, co isted of

66.7 percent Kaolinite type Kaolex D-6, 8.3 percent Bentonite

VAN

type Black Hilﬁ 200 and Portland €ement, CSA type III, and a

water content at miiing of 167 perceg§4f—I;\b§E\be expected,’ %
. ~ :
‘the addition of cement tQ<§he soil miiture, has thg\sffeqt of. -

. ¥ — T .
-(fj\? : 50 . //” ‘\\L//,
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. lnecrea g soil strbngth‘ with time. .Also, although not

. L

indicated in "the study conducted by Tavenas et al. (1972,

I'e

1973), it is a well known fact that the chemical reaction

between cement and water (hydration) is awfunctlon of the
PRLS

» initial waterscontent. The presence of cement in the\soil may

" therefor influence the 'resdlts Aof Lhe study since the

drainage “of the soil layer will cause the water content to

> . - ‘“vary between test barrels. This would reduce the usefulness

Y
of. t soll mixture.

e

Other alternatives, are to use a natural soil and physically
A
_J//Tllter its mechanical properties, or to use an artificial, soil.

'\#without cement. Bofh Have been considered in the study, where
'Y‘ v

J-’ . . ‘ . ! ) ) . .

clay remoulded with water, and sand mixed with water and

/ .
o bentonite were used in ﬁbe'first d second series of  testas,
respectively. ¥ )
~ & . v
4.3 “Test Sefles One
r‘\j L N ol y :
N In the first series of%éests, a natural clay was  obtained
A Co locally from a construction site at +the 1intersection of
e Merivale Road and Clﬁﬂe Avenue in Ottgwa. The following
- information outlines the s0il characteristics determined 1in
the 1abofatory-prior to and subsequent to consolidation.
4.%.1 Characterlstlcs\o;\zﬁy Répoulded Soil
- —
2
Fig. 4.3.1 presents a typlcal pgrtical-size distribution of
N
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tﬂg. soil used in the laboratory testing as obtained fron
hydrometer tests { ASTM D-422, 1980). Results of these tests
indicate that the soil consists of 3 to 4 percent sand, 39 td
46 percent sii% anﬁ 51 to 57 percent clay. Yhese grain sizé
proportians glass%fy thé eeil as a clay and silt with a trace
of sand. TFrom the aspect of engineering ©behaviour, clay
content of 51 to 57 percent is dominant and, therefdre, tﬁe
soil is called clay. - |

A measure of the engineering béhavio;<gi this fine kgr::;Lq
80il is better defined by the Atterberg limits. Atterberg‘
limits are water conients at certain limitang- or critical
stages in s0il behavior y(Holtz énd Kovacs, 1981). As
presented in Table 4.2.1 the plastlc limit (ASTM D424- 59) of
the soil used in the tests is 21.4 and the liquid llmlt (ASTM
D423-66) is 50.3 to 52.3. Consequently, the plasticity index

is 28.9 to 30.9.

A value of relative density, Dr' is necessary to compute the
void ratio of a s0il, and is useful in determining the unit
wei&pt of a soil. The relative density of the ¢lay sample was

~determined to be 2.B0 . (The relative ;;9sity - this term was

formerly called specific gravity" - is the unit weight of a

J .

material divided by the unit weight of distilled water at ¢

degrees celsius).

O0f great importance to this investigation, is permeability of

the soil. .So0il permeability determined by the falling head
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method (ASTM D2434-65T, Bowles, 1970), were 1.5 10 to
5.2 10-8 m/sec .

Also of importance to: this investigation, is the +the
¢ .
coefficient éfzbonsolidation, cvhuwhich defines the material
properties that govern the consolidation process, as defined
py Equation 2.11. Because. of the low consistegyey of the
remoulded clay, 2;3 determination of c, in the laboratory,
required the -use‘ of an apparatus calleﬁ: the "Rowe Cell"
(Taylor, 1977). A number of tests were pérformed. ‘However,
due to tpe sensitivity of the remouldéd clay Eample and the
lack of accuraky of the appargtﬁs at low stress levels, only
one test provided results that could be coprélated Eo the
behavior of the‘ clay in the test Ybarrels. The test was
performed on =a 57.2 mm thick sample placed in a 152.3 mm
inside diameter cell. The initial moisture ‘content was
meaaured at 112.4 percent and the iﬂitial void ratio, e » Was
3.05 with a degree of saturation of 100 percent. The applied
total stress (07) increments were 6.5, 10, 20 and 40 kPa with

an applied pore water pressure (back pressure), u, of 5 kPa.

Plotting the void ratio versusg the logarithm of effective

-

stress (¢'), +the coefficient of compressibility, a _, as
defined by equation 2.1, is found fto be -25.52 10-6 m2/N. At
‘an effective stress of 15 kPa, ' representative of the

effective stress acting on a soil element located at the mid

.

section of the clay layer in our test <cylinders, c wasg

V.
measured at 11.03 10_8 mz/sec » With reference to the Taylors

method of analysis (Taylor, 1948).
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The water content of samples taken from each batch of
remoulded so0il were recorded and the results are sumnarised
in Table 4.3.1. Moisture samples of the remoulded soil as it
was béing poured in the test cylinders were also taken. The.
average 'water content varies from 111.9 +to 115.é percent

between test cylinders.
4.3,2 Characteristics of the Consolidated Soil

In ofder to properly assess the‘ characterisfics of the
congalidated soil, it is necessary to obtain undisturbed s0il-
samples from the tést cylinders. With the wuse of proper
recovery equilpment aﬁd precautionary methods, the degree-of

disturbance was kept to a minimum. This is best achieved with

the use of special piston samplers. Attempts with a ,Swedish

piston-sampler indicated that the adhesion of thé clay to the
inside of the sampler wall was not sufficient to break the
suction created below the sampler as it was withdrawn.
Therefore, alir was supplied to the tip of the sampler with
the aid of a small diameter tuhbe with-the purpose of breaking
the vacuum.lOnce the sampler.was in place, the small diameter
(2mm) tube was inserted along its outside. As the sample is
retrieved, the vacuum below the tip 1is brokén through the wair
tube. (This procedure 1s only possible ©because of the

laboratory coiditions and the limited sampling depths).

- : . R . N s .
A series of soil properties were measured on the recovered

samples. Results of tests are presented in Tables 4.3.2-a and
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4.3.2-b.

Wafer cantents obtainéd at various depths and locations 1in
each barrel,' range from 64.12 to 80.73 percent, a reduction
of between 26.37 to 53.0 percent from the initial dwater
contents. Lower.‘;alues were obﬁﬁined at tﬁe top of the clay

layer. It shculd =slso be noted at this point tha?’thﬁ,degree
. It .
of consolidation is not the same for all barrels since so0il

asampling occurred prior to the end of primary consolidation.

The void ratio, e, varied between 2.04 and 2.30 . :'

~

The degree of saturation, the ratio of the volume-of water to

¥

the total volume of voids in & s3o0il mass, was measured

L ]
¥

) between 94.0 and 100 percent.

Soil. density, a measure of soil’ mass per unit volume, was
measured both wet and dry. The wet total density of the clay,

/Dt' ranged from 1507 to 1586 kg/m3 and the dry densityu/ad,

,

ranged from 849 to 920 kg/m3 .

Tests on undisturbed samples were performed using a fixed

ring consolidometer. To measure the soil properties of a

~ . -

sample having consolidated. due to water flowing across its

horizontal plane, samples from the 50 mm diameter liner tubes
. ) ' 7
("burks") confained inside the Swedish piston sampler during

sampling ‘were carefully trimmed and placed in a -

44.55 mm diameter ring with the horizontal plane remaining

'
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horizental. To measure_ the so0il proberties of a sémple
consolidated due to water flowing across its vertical plane,
samples. were carefully - trimmed and placed in a 38‘26 mh
diameter ring, with the vertical plane becoming fthen

horizontal.

Tests were performed on samples obtained at a depth ranging
forom [360 to 530 mm below the clay surface and 110 to 150 nnm
from the band shaped drain. The eatimated effectiverstress at
this depth ranges from 11.9 to 13,2 kPa. Therefore, a loading
increment of 5, 10, 15, 25, 45 and 90 kPa was selected and
fhe folldwing propérties wére meas;red (refer to Tgblé

4.3.2-b):

- The coefficient of consoliﬁationl C,0 due to pore water

flew in the vertical direction, measured at a stress of 15
-8 -8 2

kPa ranged from 0.42 10 to 13.36 10 n°/s . The

coefficient of consolidation, due to pore water flow in

v
the horizontal directfion, measured at the same stress level
8 -8

(15 kPa), ranged from 1.02 10" to 3.25 10 m2/s , With one

test yielding.d questionable value of 47.31 10—8 mz/s . Thus,

the teat results indicate that the vertical and horizontal

coefficients are about equal.

- The preconsolidation pregsure ,(7}, Eanged between 10.4
and 14.0 kPa, which is in close agreement with the effective

overburden pressure of -11.9 to 13.2 kPa .
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- fThe coefficient of permeability, k, obtained from equation

2.11 varied from 1.18 10710 ¢, 37.52 10—'10 m/s in the

vertical direction, k , and from 2.60 10710 o 29.1 T m/s
in the horizontal direction, ‘kh . The results ingicate ihat
the vertical and horizontal coefficients 6flpermeability are
aﬁout equal: This was expected sigce, accord;ng,to equation

2,11, +the coefficient of permeadility is propoertional to the

coefficient of consolidation.

[4
~ The “"coefficient of compressibility, 8, ranged Dbetween
values of -6.6 10°% ana -28.7 107% n?/n .
- fThe void ratid, e, at the stress level of 15 kPa was
measured between 1.92 and 2.05 with one questionably high

value of 2.22 .

A number of attempts were made to measure ‘the permeability of

‘the consolidated clay samples in the "burks". However, voids

created during sampling between the sample and the wall of
the burk, resulted in erronegusly high permeability. Other
Jttempts' were made and one yieided acceptable results. This
test consistedwof obtaining a sample with a 26.6 mm inside
diaméter tube, ‘inserted into the 50 mm diameter soil sample
and performing a falling head test. This test yielded a soil
permeability, k_, ~of 69.1 10-10 m/s which is similar to the

results of the test on a remoulded sample at the same stress

level.
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4.4 Test Series Two

In the second series of tests, an artificial soil cQnsisting

of a mixture of sand, bentonite, and water was used.

Bentonite was used to obtain a more compressible s2il, having

- .

a perméability comparable to deltaic deposits. Laboratpry

tests indicated that when using Kaolinite, segregation would

occur within the soil mixture, and that both the desired soil

éompressibility andupermeability cculd not be achieved. The

method used to mix these materials are detailed in Chapter 3.

. . | 3

4.4.1 Sand Characteristics

A crushed silica sand described in Table 4:4.1 was chosen for

4

this investigation. The silica sand was facﬁory crushed
quartz, designated as Silicg-24. Fig. 4.4.1 presents a
typical grain-size distribution of the silica sand. A -grain-
size ana{ysis {ASTHM D}140—54) was made to determine the

relative proportions of the different grain sizes which make
L
up a representative 30il mass. The.curve gives a coefficient

of uniformity, Cu, of 1.67 to 2.75 and a coefficient of

concavity, C, of 0.66 to 1.85 . These coefficients"

c

classifies the soil as relatively poorly graded (uniform).
A washed sieve analysis indicated the silica sgpd contained

less than 0.4 percent of material finer than 0.075 mm 1in

diameter (passing # 200 sieve).
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The value of relative densitylof tQh\?rushed silica sand,
defined as the unit weight of the sand solid _divided by the
unit weight of distilled water at 4 degrees Celsius, was

determined at 2.66 .

Soil density,Jo, was measured between 1250 and 1660 kg/m; and
the void ratio, e, ranged between 0.61 and 1.13 .

4.4.2 Bentonite Chardcteristics

The bentonite used in the laboratory tests consisted of a
type ,Quick-GEl Bentonite, largely composed of ‘the clay
mineral Montmorillonite which is the most active of the
identified <c¢lay minerals. A particle of monimorillonite

consists of a gibsite (approximately 3H20) mnass

. 1203
sandwighed between.two silica sheets for a total thickness of
approximately {O i (anfstrom). This material ﬂas a strong
affinity for ;éter, and may take on a layer of as much as‘200
g of water for a tot;l of 400 i Betﬁeen clay particles. It is
this affinity for water whiéh accounts in a_large.ﬁart for
the high swelling characteristics of the mqntmo;illonipe
mineral. The usual thickness ﬁf water layer Ps probably 10 fto

o \ ¥
100 A {(Bowles, 1977).

The relativq density of bentonite varied between 2.13 .and

.

2.18.
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4.4.3 lCharacteristics of the Preconsolidated Artificial Soil

The so0il mix proportions were determined based on two

criteria;

)
.

1 - the permeabilify, 'k,  of the artificial soil should
range from 10 to 10 m/s , representative '

of deltaic deposits {silty sand),
2 - the volumetric strain should be about 10 percent for an

applied load increase of about 10 kPa.

LI

Fig. 4.4.2 presents typical values of falling head
permeability tests performed on mixed samples cansisting of

silica sand and varying amounts of bentonite. The results |

5 9

indicate a permeability of 7.5 1077 m/s to 2.5 10" 'n/s for 1

to 5 percent bentonite respectively. The best results were
-

obtained with 2.5 percent bentonite and 97.5 percent silica

sand with a permeability ranging from 1.8'10_6 to

\

3.3;10_6 n/s .

One 'dimensional compression tests performed with a Rowe Cell
(Taylor, 1977), indicated a volumetric strain, &, of 8.7¢ to
9.96 percent at an effective pressure of 15 kPa. These tests

also-_indicate a coéfficient of'consolidation due to pore

6

water flow in the vertical direction, ¢ , of 5.2'10° to

6.1'1of6 n/s . ‘ o

.
!

Water content of sampies t3ken from each batch of mixed soil

3 /
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are ‘sumﬁarised in Table 4;4.2. These results indicate the
average vwater content of the soil in each barrel varied from
34.5 to ,38.8 percent.

’

-

4.4,4 Characteristics of Consolidated Artificial Soil

.
- %

It is very difficult to obtain undisturbed scil sdmples in a
loose deltaic deposit. The only méthod available to obfain
such samplea.from the test bartels, was to insert a cylinder
and excavate around it and supporting the bottém of =the

sample before removing the cylinder. -} .

Results of tests performed on these samples are presented in

Table 4.4.3 and are summarised below :
-]

- the water content obtained from both disturbed and
uﬁdistdrbed samplés, varied from 31.1 to 37.1 percent

’ between barrels,

- the void ratio, e, varied betweeﬁ_O.SB and 1.07,
+ .
- the degree of saturation, S, varied from 85.7 in the

Drain barrel to 99.5 % in the Drain A barrel,
"~ the dry density,de, varied from 1277 to 1409 kg/m3 and
the wet'density,JP, from 1726 to 1858 kg/m}:r\///

- - the permeebility, k, as measured from th@’falling head
' -6

method ranged from 0.3.10 to 16.'7.10_6 m/fs .

- the opercent of particle passing the # 200 sieve

(0.075 mm), measured from a wash sieve analysis (ASTH

D2217), varied from 2.34 to 3.22 percént. Subtracting the

¥
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percent of fines ©passing the # 200 sieve ©present in

- sand sample, 0.4 percent (table 4.4.2), the

bentonite is estimated to range from 1.9 to 2.8.

o
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CHAPTER - 5 -

EBXPERIMENTAL RESULTS

5.1 General ) l ‘
The pore water pressure diﬁsipaﬁion and settlement data,
monitored with the: aid of instruments fabricated at the
University of Qttawa are presented below for Test Séries One
and 'Two. The unreduced datg.aré preéented in tables and

figures in Appendix A, and the reduced data, computations and

main figures and tables are prese(ii? in the end of the body

of the report. A . —

5.2 Test Series One

. P/ /

5.2%1 Raw Data ;

A total .af 66 ﬁiezometers were used to' moniftor pore water
pressures, 18- in each tbe Drain M, Drain G, and Drain A
barrels and 6 in the ¥o Drain barrel. Results of excess pore
wate; pfessures recorded'é each iqstrument are presented 1in
Tables A.1.1 through A1.4 in Appendix A. These data-are also

plotfed with respect to time (days) on Figs. A.1.1 to A!l.4 in

Appendix AT

To mEasure'settlements, 6 hydraulic gauges were used in each

.
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test barrel for a totdl of 24 settlement gauges. Resplts of

gsettlement ;eadings are presented in Tables A2.1 to N2.4 in

Appendix- A. These regultS‘are also plotted on Figg. AZ2.1 to

A2.4 'In Appendix A.

The time 0.00 refers to the time load application. The
surcharge was placed on all barrels on the 13th day following
the mixing and placing ' the «c¢lay. Pore pressures and
wse'_ftlements were mongtor for a maximum Of 82.days-on the No
Drafn barrel. in none of jthe Series One tests, was the end of

primary consclidation was reached at termination.

—
. -

5.2.2 Reliability ‘ | . e

5.2.2.1 Excess Pore Water Pressure Readings

. '

From the excess pore watér‘pressure plots, Figs. A1.1 to A1.4

- )
in Appendix A, it is possible <to distinguish - -which

'
-

pliezometers were functioning @ properly from, those 'giving
erratic results. Of the 60 piezometers, information from 11

instruments  was found. faulty and' was. not wutilised. These

instruments consisted of P-G2 in the Drain ¥ barrel, P-R1, P-

..G1, P-62, P-G3, P-B!, P-B2 and P-B3 in the Drain G barrel and

.P-R3, P~G1, P-G4 in the Drain A barrel. |

o ‘
A
The peak excess pogg@gfeaﬁuré recorded rangédAfrom 1112 o
: r . - LAY ' ' o

1177 mm of water column™hefight. Although a peak pressure of

138% " mm-at 0.02 days was recorded.for Drain A, Table A1.4,

P » '\_ ‘
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with the electronic transducer, <the sudden dreop in pressure

at 0.03 days indicates an erratically functioning gauge.

A post peak reading of 1165 mm was later recorded for Drain A
with a minimum peak excess pore preééufg'of 1124 mm of water
column' height recorded for Drain M. The différence between
peak excess pore pressures m:asured bbth with the fabricated

piezometers and the electronic transducer, was a maximum of

.25 mm or 2.2 per cent of peak excess pore pressure, ‘recorded

for Drain M.

The remoulding' and placing of the <c¢lay in the barrels
resulted in an initial excess pore/Eﬁessufe in the clay body,
" which hadrnot fully di;sipated at the time of the application
of - the sﬁrcharge. As all the drains weré initially covered
with a plastic sheath, the partial ‘dissipation of this
initial ©pore pressure was equal in all four barrels. The
initial excéss. pore pressure recorded at the bottom of all
barrels (P-R3,‘ P-G3 in the No Drain barrel and P-G5 in the
Drain M, Drain G, and Drain A barrels), variéd from 337 mm to

351 mm. ‘ -

The.theoretical excess p;::\;?3§§§?% due to applied.ﬁurchérge

is 1D.1 kPa or 1030 mm of water colummiheight. This value is.

in addition to the initial excess pore pressure existing in

the soil matrix at the time of the load application.

Although the , difference fh initial excess pore Jggssure isg
) Py : N

LY
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not significant, 14 mm or 4.1 peﬁfent, the difference between
the measured peak excess pore pressures (1112 to 1177 umm) and
the theoretical excess ' pore pressures (1367 to 1381 mm)
ranges from 204 to 255 mm of water column height or 14.8 tp

18.7 percent.of the theoretical excess pore pressure.

The difference 1in peak excess pore pressure could be
[ e

attributed to partial arching of the sand layer overlying the
. -1
clay. Arching- in the sand cculd also. account for the

*

occasionally observed erratic excess pore pre?aure data

during the initial stage of consolidation.

.

By superimposing the raw data curves obtained - from

instruments placed at the same elevation {300 mm level; red

e

and ‘blue piezometers: 600 mm ‘level; gréen and Dblack
piezometersy; ‘it .isfshown that no significant.differeﬁce in
excess pore pressure exigts between instquménté placed egqual"
distancé from the. qéntré of the draén, for the three
instruments farthest vfrom the drain. Resulss from the

piezometers closest to the drain (P-R1, P-G1, P-N! and P-B1);

indicate that the dLstAncg from the drain has an impact on

w

< T ..‘-f“’ * '
the ‘pore pressure reading.  Based.on these observations, the

average reading of instruments is considered in-the Analysis.

Where one gaugé i3, defective, only a single reading 1is

.congidered. These . results are presented in \{ables A3.1 to

A3.4 of Appendix A.

- . ¢

ot

AT



5.2.2.2 Settlement Readings
- : ' Y%
Of +the 24 settlement gauges used in Test Series One, 7

Al

experienced leaking ddring the test. Three of the defective
gauges were 1in the No Drain barrel, which was the firssg
barrel to_be loaded. "0OFf thege three gauges, two were found to

be defective prior to loadiné the .clay su;face, probably

caused duriﬁg_ the handling of the gauges. Thé settlement

gaugas, .in thé other barrels were subsgsequenily cocated with

silicone' gel Tpich prevented further occurrence of defectivé

gauges at lthe beginning of <consolidation and probaply.o

increased the life of’ the gauges.

'

.' The seven defective gaugés not used for analysis ceonsist of,
s;1, S-2, S-3 in the No Drain barrel, S$-4 in the Drain M
barrel, 5-1, 8-2 in the Dréin A bafrel. The results presented
in Tables 42.1 to A2.4 i; Appendix A represent the-average of
_two settlement gauge readings. WheTre one gauge Vgé‘df?ective,
the settlement readf recorded on that levellfs the result
of qnly the one non-defective mpanion gauée'reading. These
results are also plotted on Figs. A2.1 to A2.4 in Appendix A.
As indicatqd. from the small écaie model test discussed ift
Chapter 3,- the settlemené results shown oﬁ“?fgs. A2 .1 to

A2.4, indicate the, gauges were performing excepiionally well,

providing consistent results and very smooth ‘settlement

curves. - f\\,.
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5.3 Test Series Two '
5.35.1 Raw Data

As in Test Serieg One, a total of 60 piezometers and 24

setélement gauges were used. Results of excess pore water
presaures recorded at each piezometgr ére presehtgd in Tables
A4 .1 to A4.4 in Appendix A together with .the artificial soil
surface elevation.v These data are also plofted with \Fespect

to time (days) presented on Figs. A3.1 to A3.4 in Appendix A.

N
L

\\\ Y )
— : -
Results of settlement readings are presented in Tables - A5.1

'to A5.4 in Appendix A. These results are also }bléxteéf on

K

Figs. A%.1 to A4.4 in Appendix A.

. _ . &
The surcharge consisting of the <concrete c¢ylinders, was

placed on all barrels 7 days following the mixing of .the

soil. Pore preasures and settlements-were monitored fol =&

maximum period of 49 days on~ the ©No Drain barre&._ At
. 9 ’ "

\

termination, all tests had reached the end of" primﬁ;fA

consolidation.

5.3.2  Reliability - 5

»
5.3.2.1 Excess Pore Water Pressure Readings

3

N -

%rom ‘the excess pore ;ater pressurét'yiots, Figs. “A3.1 to’
. . .

' . : "% S
AZ .4, it is possiblﬁ to ® distinguish malfdnéé&?ﬂfﬁgﬂ
. . ~ . - d ) H h
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piezometers: Of the 60 piezometers used, only one, P-N1 from

th'e Drain G barrel, was deleted as defective from further

analysis. '

The peak excess pore pressure recorded ranged from {170 mm of

water cclumn height in the Drain M, to 1489 mm in the «No
Drain barrel. The theoretical excess pore pressure due to the

applied surcharge corregponds to 10.1 kPa or 1030 mm of water
column height in addition%to the initial excess pore pressure

existing in the soil matrix at the time of load 'application.

Similar to Test Series -One, . plastic sheath was placed over
" q_ . -

all the drains to insure that the partial dissipation of the
o '

initial pore pressures would be equal in all barrels priodor to

applying the surcharge. This initial excess pore pressure

recorded at the bottom of a1l barrels (P-R3, P-G3 in the No

Drain Ybarrel and HﬁGS in the Drain M, Drain G and Drain A

" N .
barrels, varied from 122 mm to 562 nm. Therefore, the

difference between the measured (1170 mm and 1489 om) and the

. o ‘ ] ‘
theoretical (1152 mm and 1592 mm) peak excess pore préessures

ranges between 18 mm and 103 mm of water column height or 1.6

to 6.5 percent. . ' Ce

The differefice betwelen the peak excess

“Pq;e pressures(‘ﬁ1170

to the dlfference 1n“ﬁhe

initial\excess ﬁresgh1152,1592), is 319 mm and 440
mm, -0 . 27.3 and percent, respectively. The largé

-
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hYpthes;e. "which are discu@iii“ii‘mqre detail and ° with

can be accounted- foy by the -foilowing -

L
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T5.3,2.2

;
further analysis in Chapter

- archiné within the artific¢ial soil layer, .

-

- drainage between the walls and the base of the barrel,

- a difference in permeability within the soil layer and

‘

between.barrels.

i ‘ I

The time requir:}\igreach a peak excess pore pressure varied
. . —
from 0.01 days and 0.04 days in the Drain M and No Dra%in

) .
barrels respectively. The +time difference of 0.03 days
. . :
. .. \
accounts for only 0.25 percent of the time required to.. reach

the end of comsolidation.din the Drain M barrel.

. L n s .
By - superimposing .the raw data curves obtained from

-

instruments placed at the same elevation, as performed -for

)

Test Series One, it Wwas agai@ observed that no significapt

A3
: . ‘ . . . \
difference. in excess pore pressures existed between
’ 3
instruments placed equal distanﬁe from the céntre of the

drain, for the three instruments furthest from the drgin.

Based on these observations, the .average réading of _h

instruments located at the same elevation was considered for#\fﬁ\

further analysis. Where -one gauge,wés defective, only a
’ .
single reading was considered? These results are presented in

Tables A6.1 ‘to A6.4 of Appegdii A.
- » ' |
‘Sgttlement.Readings “

\, s -

24 settlement gauges used in Test Series Two, only one

-4 in _the NHo Drain barrel, was-geféctive. The resplts

0o <



presented in Tables A5.! to A5.4 in Appendix A,*represenﬁ the

average of two settlement gauge. readings. The settlement

-~

reading recorded on the lavel &f the de}ective gauge, 1s the
result of the remaining properly functioning Gauge S-2. These
results are also plotted on Figs. AS5.1 to A5.4 in Appendix A.

L
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CHAPTER - 6 -

’ \
ANALYSIS' AND DISCUSSIORN OF RESULTS

6.1 Tesat Series One

The results of ‘consolidation summarized® on Fig. 6.1.1,

o

confirm that vertical drains accelerate the congolidation

process. It is difficult, however, to determine from these

settiement curves, How much of the measured gset.tlements are

duee to horizontal draiﬁage.\ The exceas “pore pressure

disgipation resultsdbresented in Chapter 5 are difficult to
interpret without further analysis.

As mgntioned in Chapter 5, the test was terminated before
o ,

reaching the end of pfimary consolidation. Therefore, it is

not possible to estimate the time and magnitude of settlem%pt
at the end of consolidation (U = 106) with the conventional
éemi-log approach presented by Casagrande (193§}§ .nor with
the square .root of time approach presented by Taylor {1948).
However, , a recent approach presénted by’ Asaocka (1978), and
discussed by Erikssoﬁ and Ekstrom (1983) and Magnan (1981)

~ -

enables an estimation of the time and magnitude of settlefjnt
%

he

at the end of'ﬁrimary consclidation by extrapolating

initial data in a linear relationship.



‘//6.1;1 Time - Settlement Relationship

In the method of analysis proposed by Asaoka {(1978), the
trend equafion of time series data of settlement from the

one-dimensional consolidation wequation i3 first derived.

Then, this trend is used to extrapolate to the continued -
.‘ i M -

developmentr Asaoka {(1978) proposes two methods, one

graphical and one analytical, which éré given in detail 1in

Appendix B. Edr the analysis in this report, the method .of>
interest is the graphical method due to its simplicity.
7/

Figs. B1 .1 to ,B1.4 in Appendix B, presenf end of

-

consolidatién projections using the Asaoke method of analysis
as based on the settlement results presented on Figure 6.1.1
at a time inferval, t, of five days. Prom these figures, tPe
end of primary consolidétion‘projections, or final settlement
as described by Asaocka, are 286, 232, 23C and 22élmﬁ for the

No Drain, Drain M, Drain G and Drain A barrels, reépectively.

3

Upon * knowing the final settiément, the degree of

Sf,

cansolidation can be obtained by dividing the recorded

. L)

& settleméaf/at_any time, t, by the final settlement. TFigure
6.1.2, presents the results of consolidation ratio, T, vs

time, ©, (days), foria time interval, t, of five days.
) . \ .
k-]

From Fig. ‘6.1.2 it '

is obvious _that the drains have

acéelgratéd the consolidation process by as 'much “as 43

percent. i&so indicated on Fig. 6.1.2, is that Drain A is
. . : @ .

. ) 3 ‘ "

1 . . . .
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-
more effective at accelerating consolidation than Drain M and
Drain G. Although thia may appear to be négligible with

respect to ‘total égftlement, what is of importance is the

-

0
«

difference due to horizontal drainage only.:

el

“Before any analysis can be performed cn tHe acceleration of

I ' .
consolidation thuegto horizontal drainage only, it is

imp%f?ant to verify that the same results, or the same trend,

' i
can be obtained with regard to pore pressure dissipation.

6.1.2 Time - Pore Pressure Dissipation Relationship

; ~
R v

of 1
The excess pore .pressure disssipation' data presented 1in

Chapter 5 ec¢an be analysed with the use of vertical and

horizontal isochrones indicating the mode and rate of

dissipation with both depth and distance fron the drain.

Vertical isochrones presented on Fig. 6.1,3, are pbtaineﬁ by

plotting +the average excess pore pres%ure monitored at fSO,

250 and 350 mm from the edgg-o¢x¢he drain and at a khnown

.

) r’d ) - - IR
depth eas indicated, ang(at a given time, ¢, the data for

-

which is presented in Tables A3.1 to A3.4 of Appendix A. .The
exceas pore pressure remaining to be dissipated in the claj
is represented by the area_under the curve. The area between

Ehe'curve at & given tinme, t, and the'theoretical,curve at

- .

time t=0, reﬁféaents the &excess pore pﬁfssure which has

-

aissipated at time, t. Naturally, the excess pore pressure at

the surface of the claf layer fai1l be zero, since the surface

.
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ts free draining, and the peak excess pore pressure will be

recorded at the bottom where the. drainége' path 1is the

longest.

Results of this analysis indicate very good agreement in the
data recorded at the beginning of consolidatidn,' t=1 day. It
can also be observed., at time =60 days, that the

congsolidation trend is similar'to that observed in the time-

a

settlement analysis. In agreement with‘thé results of the
- . v oo

settlement gauges, the results from the piezometers . clearly

indicate that the drains accelerate consolidation ‘'and also

that Drain A is more efficient than Drain M and. Drain-G. .
. . ) .

. . i . -

The effect of the drains on excess pore pressure dissipation
‘can  best be observed by plotting the horizontal - isochrones.
Horizontal isochrones presented oﬁ Fig. 6.1.4,. are obfained
by . plotting the_average excess poré pressure monitored at
levels 2 and 3 (600 mm apd 300 mm at t=0) and at a known -
distance .from the edg; of the drain as i}ﬂicatedrj and ,;t

given ﬁime, t,. the data for which is presented in Tables A%.1

to A3.4 of Appendix A.  The excess pore pressure remaining to

be diésipated in the clay is represented by the grea under
- . N
the curve. c '

~

The results of ‘this .analysis indicate that there is no

signifiqaht difference ., bétween the excess. pofe pressure
recorded -at 150 mm and 350 mm from the edge 6f the draih.

. - N O . !
This cbservation justifies averaging the excess pore pressure

- s
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results monitored at 150, 250 and 350 mm from the edge of the

drain as in the previous analysis regarding  vertical

isochrones. 4Also, the excess pore pressure at the edge of the"

drain 1is recorded as zero since the drain is connectgd to a
frnge draining sand layer at the surface, and_lthe water
presgure in the drain is hydrogtatic with negligible well

resistance.

Again, a good agreement with the data recorded at time t=1
day is observed. Alsc, Drain A is seen to be mere efficient

at accelerating the' rate of consolidation than Drains M and

G. ' "

—_—

/""-‘

\

The development of the consclidatien ratic, s indicated on

Fig. 6.1.5 in <erms of excess pore pressure digsipation

4

. - . . ) .
versus. time. The &onsolidation ratio, U, is obtained by

. ki
dividing the area under the vertical isochrone curve at tjiume,
%, with - the area under the theoretical isochrone curve at

t=0. Thesé results indicate a trend similar to the trend

-

obtained with the consolidation rdtio vs time relationship

-for settlements :%ich is presented on .Fig. 6.1.2. Of _jnterest
is the similarity of ﬁhe effects on‘fhe rate of consolidation

between the three drains at time t = 70 days.

.
L]

Based on these observations, the anal&sis can be taken one

Qtep further to assess the efficiency of the drains due to

\

horﬁfontal pore water fldw only. . -

R - . 2wl
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e
6.1.3 - Efficiency Analysis
e
In order to properly assess the. efficiency ‘ of one

premanufactured bandshaped drain, as compared with another,
it is necessar},to sebaraté the effectfof horizontal drainage
or consolidation due to horizontal pore water flow f;bm the
vertical flow. According %o Carrill;'(1942), the . average

.

values of pore water pressure are expressed as
i = 1—(1—uh)(1-uv) ' : 2.17

I
b

This equaticn .can be rewrﬂgten and expressed ‘in.ﬂierms of

horizontsal consolidation ratio, Uh’ such as
U 12" i " 6.1
h 1-T \
+ A

From the analysis performed in section 6.1:1, - the Time-

settlement Relationship, it is seen that -~the average

_consolidation ratio, U, at time t = T70:-days-was 63.0,'86.2,
87.8 and 90.0 per cent for the No Drain, Drain M, Drain G and

Drain A barrels, respectivelfﬁ Knowing the effect of vertical

consolidation %o ‘Tbe 63;0 per cent as obtained from the No

. : L
.
Drain barrel, simple mathematics, making uéé;of equation 6.1

provides the avérége‘hof{ZOnpgl consolidation ratio, Uh' for

each drain barrel at t'="70 days. These resuylts were found to

-~

te 62.7, 67.0, and 73.0 per cent for .the ain M, Drain & and

Drain A barrels respectively: - *
. . <

Ny - . . . P
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The -efficiency of the drains at time t = 70 days can now be

obtained by comparing the horizontal counsolidation ratio,

where thé largest rativo ‘would ~indicate the greatest

efficiency, since at the end of consolidatijon Uh'= Uv =y =

100 percent. “Assuming Drain A to be 100 percent- efficient
. . : s : i
since it yiplded the largest horizontal consolidetion . ratio

(U= 73.0 at ¢ = 70 days)y_  the efficiencies of Drain M and

‘Drain G are found to be 85.9 and 91.8 percent fespecﬁively.

with respect to Drain A. These resulfs ‘are. presented in

-

Table 6.1.1 ., . : ‘

6.1.4 Equivalent Drain Diameter .

+

———

Having the results of a full scale laboratory "test, we can
now determine which théqrétical-appyoaph’u;ed to ﬂeéefmine
the effectiye diameter, d, of a premahufacturéd bandshaped
drain described by eq@ations 2.36 to 2.40 (page 24), "is din
better agreement with equation 2.41, obtained from lgborétdry
observatiohs. - The equiv;lent drain diameter obtaiﬁed from
test results, d6, is derived:from eﬁuationv2.34 and expféggéd

as follows

D
dg = 8 T ' 6.2
expl— "h __+ 0.75] .
1n(1-Uh)
c
where Ty = ;;lL?r
> . D

E]

D # diameter of the zone of influence, 1.0 m

T
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The only parameter which remains to be known to -soclve the

above equation, is the coefficient of consolidation due to.

hqrizodtal_flow, Ch* The coefficient of consolidation due to
‘ » .
vertical flow, c,r Was ver;fied in lgboratory tests and found

to be similar to the horizontal, cy (refer to Table 4.3.3).

v

This 1indicates that isotropic soil conditions in the test

barrels were created through the mixing process. :

With'cv expressed by the fdllowing equation;
' ! .
“4 H® 1n(1-T ) . ,
V. ° .
c._ = 5 - . 6.1.3

,lv R S

where .. H = thickness of the clay layer (m),
%

t = time (seconds)
.

we obtain a value of ¢, = ¢ = 5,25 * 10~ mz/sec at time

h v

t+=70 days. Inqefting this value in equation 6,2 for 'each

drain:\\shuivalent' circle drain diameters of 67.6, 47.7 and

.

35.9 mm are obtained for Drains A, G, and M respectively.

-

These values represent a ratio to Drain A of 53.1 percent for

Drain M and 70.6 percent for Drain G respectively, and are

presented in Table 6.1.1 .

When comparing these equivalent circle drain diameters to a
sand drain with a porosity, n = 0.4 for the sand, one obtains
an equivalent sand drain diameter of 169 mm, 119 mm and 90 mm

for the Drain A, Drain G and Drain M respectively.

1]
Y
RN

The Tresults of this ardalysis, presented 4in Table 6.1.2,

-
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indicate that equatiof§ .38 and 2.39 (d3 and d4) which are a
functiohgﬁzﬁ the ~c¢ross-sectional .area of. the drains,. are
inadequate. Eqﬁation 2.36 whgch ig a function of the diameter
-of a.circle whose totallperipheral area-is equivalent to that
of the drain, overestimates "the eiuifalent diahéter b} 6.3 %,
27.3 % and 0.9 % fér the Drain M, Drain G .and Drain A,
reépectively. Equation 2.40 which is sigilar ;to equation
2.36, but differs Sy considering only tﬁe 30pen or free
peripheral area‘of fhe drain; undarestima?es'thg effective
drain diameter by 1.8. %, 41.4 % ;ﬁd 8.1 % for Drain ¥, Drain
G and Drain A respectifely. Equation 2.37, whicﬁ'is the mean
of the.widfh and the thickness of the ‘d£ain, uﬁdérestimates

both ‘the Drain M and Drain A by 19.3 %, and 26.1 %,

respectively and overestimates Drain G by 7.4 Rgrcept..
Test Series Two

6.2.1 Tiﬁe - Settlement Relationship
. ¢ ~

Due <to¢ the higher permeabilit? of the sand bentonite miﬁ}dre
_in Test Series Two, it was possible to record the final
settleﬁent in éirelatively short period“of time, presentedion
Fig. 6.2.0. This enableg‘the use of the square Toot of time
approach,. as presented by Taylor (1948)4“‘to obtain the fime
and settlement at 90 per cent of consolidation (Qj90 2.

Upon " knowing the final ‘settlement, the degree of

Sf' .

consolidation can be obtained by dividing the . recorded

80



an

settlement at any;timg , t, .Py the final settle@eqt. Fig.
6.2.1 presents 'fhe r;;ultslof the consolidation ratio, u,
versus timg (days). From these results, tAe time to reach 90
per cent of consolidation'(2=9q;%)‘is 1.6, 4.4; 1é.7, and 40

days for the Drain M, Drain A, Drain G and No Drain barrels,

reapectively.

It is noted from Fig. 6.2.1 that there wexists a large
discrepancy betweed'éhe,settlement obtained for each barrel
at the end of consolidation. Since at the end of
consolidation, the settlements in each barrel should ﬁe the
same, these ?bservations are an indication that the soil

properties and/or the loading and drainage characteristics

for each barrel may be different.

Results from laboratory tests performed on the sand-bentonite
mixture obtained from ‘each test barrel at the end of
consolidation, indicate that no significant difference

existed 1in +the soil pro%erties between all <test barréls.

#se findings imply that the difference most likely existed

iﬁ‘ the loading and/or drainage characteristics of weach

barrel.
6.2.2 Time - Pore Pressure Dissipation Relationship

)

Vertical isochrones presented on -Fig. 6.2.3 are oBtained by.

plotting the averaée excess pore pressure mconitored 150, 250
end 350 mm from the gdge of the drain and at & known depth as

« .
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indicated, .and at a givep time, t,. for which the-data are
presented in Tables A6}H To. A6.4 of Appendix A.

Horizontal isochrones presented on Fig. 6.2.4, are obtained
by plotting the average excess pore pressuré monitored at
‘levels 2 and 3 (600 mm and 300 mm at t=0) and at a known
distance, t, for which the data are pre;entéd in Tables A6.1

to A6.4 of Appendix A.

For both the horizontai and ::Xtical.isochrones, the excess

pore pressure remaining to be dissipated, is bresented b? the

area below the curve.

The consolidation fatio, U, "versus time, t, presented on Fig.
6.2.5, for excess pore pressure dissipation, is .obtained by

dividing the area below the vertical'isocﬁfone curve at time,

v
.

t, * with %hg area helow the theoretical curve at t=0. From
these results, . the time to reach 90 percent of consolidation
(u=90 %) 4is 1.1, 4.0, 9.5 and 28.5 days for the Drain H,

Drain A, Drain G and No Drain barrels, respectively.

The vertical isochrones presented on Fig. 6.2.3 indicate that
gignificant arching was présent in the Drain A and Drain #
barrels at about 500 to 600 mm above the bottom. Arching is

also present in the Drain G barrel although not as pronouced.
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Since the rate of consolidation is a function of time (time
for excess pore water dissipation) and not of +the applied
load, it was Uéi}eved that the results could best be analyzed
by comparing the /consolidation ratioc versus time curves shown
on Figs. 6.2.2 and 6.2.5. The results,péeseﬁted on Fig. 6.2.2
differ slightly from those presented on Fig. 6.2.5 Ybecause

they were _Lobtained from fotal settlements measured . at the

surface as compared with excess pore pressure dissipation

measured at four different elevations withiﬁ the s0il layer.
Also,  results from both figures indicate the Drain M to be
more efficient than Drain A which is theoretically
impessible. Therefore, it would appear that some other factor

.

may be influencing the rate of consolidation.

-

The horizontal isochrones presented on Fig. 6.2.4 indicates a
drop 1in excess pore pressure near the outside edge of the
barrel for Drain A. This drop in pressure could result from

drainage along the inner wall of the test barrefﬁ Drainage
along the walls and bese of the barrels, combined with

axching appear +to be the cause for the discrepancy in the

consolidation results, the effects of which differs in each’

-

barrel. N

Since the loading and drainage characteriatics of each barrel

are no longer the same,. the-effect of each drain c¢an no
A}

longer 5e igolated. Hence, the results of Test Series Two
. .- ' ! ]
- ¢ould not - be used to measure the effective drain diameter

and compare the efficiency of each drain.

—~ 8%
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. ' CHAPTER - 7 -
CONCLUSIORNS

The results from a full scale 1aboratdry testing programme
conducted on premanufactured band shaped _drains of fthree
different geometrical design are presented in this feport.

From these results, the following conclusions are drawn :

@
v

1) An accurate experimental invqstigation into the
understanding of the effective drain diameter of .band shaped
drains, representing in-sithu cﬁnditions was success%ully
comple%ed ét the University of Ottawa. The manner in which
the tests were performed, enabled fhe ﬂpliﬁination and
isolatioﬁ oé many factors #hich have generally obscured the
results reported in the %technical literature, such as” Hansbo
(1983), Jansen and Den Hoedt (1983), Eriksson and Ekstrom
(1983%), Foot and Koutsoftas (1982).

2) Laboratory tests performed on soil samples obtained from
tﬁé soil mixtures. prior fo and at the completion of the tests
(Chap. 4), ,indieate that isotropic soil conditicns were

: u

obtained. These_ teats also revealed that the coefficients of
consolidation due to vertical and horizontal drainage were
aSout the same for all ~test cylinders. Although the

coefficients of consolidation are a functidn of the effective

b
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stregs within the soil matrix which changes with time during
the <consolidation process, the coefficient of consolidation
due to vertical flow used in the analysis was oftained from
the No Drain barrel. This approach is considgréd readonable
for this comparative study since the soil in all test barrels

had fthe same soil\properties and were subjected to the same

loading conditions.
3) The instruments used +to monitor pore pressures and
settlements over an extended period of time, consistiﬁg of

hydrgulic pore pressure gsauges and settlement "gauges

F) -

‘fabricated in the 'laboratory, proved to be more reliable tﬂan
electronic transducers. ' The piezometezs“‘have- a reading
precision of 2 mm. The accuracy of the piezometers is 20 mm
Sof w#ter column height and the accuracy of the settlement

gauges is 10 mm.

Of the 60 piezometers used in Test Series One, 11 were found
to be faulty. This was impréved in Test Series Two, where

only one piezometer was found to be defective.

Of the 24 settlement gauges used in Test Series One, 7
experienced leaking. Again, this was improved in Test Series

Two to only one defective settlement gauge.

4) The rgsults of the analysis performed for Test Series One

in Section 6.1.1, indicate that the method of estimating the

final settlement proposed by Asaoka yields reasonable

.
Il
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"results,. the discrepancy between the drain barrels being only

. —
4 mm or 1.8 percent.

y .

Further analysis represented Dy Figf 6.1.2 and Figure 6.1.5

confirm that the drains accelerate the consolidation process.

Both indicate the same trends, and the results at ¢t = 70 days

" differ by a maximum of only 7.9 percent obtained for the No

Drain barrel. Both analyses indicate Drain A to be} more
-effective than Drain M and Drain G.,

’
‘The results presented on Fig. 6.1.1 also indicate that the

settlement gauges were performing very well, providing

~

consistent results. The similar observation is not as evident
on Figure 6.1.5 obtained froh éiezometer observations. This
phenomenon may have resulted due to recording excess pore
pressures, and referencing these results to thé theoreticél
excess' pore preésure, a value which was never reached
accqording éb the peak excess pore pressures monitored. 'When
this éffeét is removed by piott%ng the isochrones as shown in
‘F;g.. 6.1.3 and 6.1.4 a clear Lnﬁication that the piezometers
were performing well and providing consistent results was

'
obtained.

Based on the agreement in results.of the above aqglyses‘ and
making use of the theory prasénted %y Carrillo {(1942), it is
possible to separate the degree of consolidation due to
vertical drainage from the effects of horizoptal drainage.

The results of this analysis indicates that the average
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horizontal consolidation ratio-, Uh, for Drain ¥, Drain G and

Drain--"A is 62.7, 67.0 and 73.0 per cent, respectively.:

Expressed in terns of‘efficiency with respect to Drain A, [ we

find +that the efficiency of Drain M and Drain G are 85.9 a

. “th .
91.8 per cent of DraIﬁlﬁi\iispectively.

By assuming the <coefficient of horizontal and vertical
consoligation, ch and Cyt to be eqhal, it is possible to
determine the effective drain diameters, This assumption is
justified by having isotropic soil coddita?ns at the begining
of the tests and knowing that the degree of consolidation due

to ventical flow does not vary significantly; from that-due to

horizontal flow (15 %). Also the coefficients = of
B

»

consolidation c, T %y " 5.25 * 10° m%/s were found to be well

“h

within. the range of values obtained from oedopeter tests

presented in Chapter 4, Table 4.3.3 . The Tesulis of the

effective drain diameter analysis, presented in Table 6.1.2

indicate that the effective drain diamétér, d, is a function.

of both the geometry‘dnd the free or opeﬁ,surface of the
‘drain. This argument is based on the fact that both equation
2.36 and_é.4d (page 24) Yield similar results for both -Drain
M and Drain/A since the free or oP;n surface of the - studded
drains are 90 % of the total peripheral surface. The
equivalent diameter of the‘irooved drain'with 50 % free
surface is overestimated by. equation 2.36 (27.3 %) and
underestimated by equation 2.40 (41.4 ). |

*

The equivalent circle draifi diameters obtained from- the
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'
results of Test Series One were 67.6, 47.7, and 35.9 mm for
LY
Drains’'A, G, and M, respectively.

Basedq on the above egquivalent circle diameters and the
‘concept of <free surface ratio, the equivalent sand drain
diameter with a porosity, n = 0.4, for the sand is 169 =mm,

119 mﬁ, and 90 mm for Drains A, G, and M, respectively.

5) The results of the analysis-perféfmeq in Section 6.2.1 for
Test Series Two,* indicate that the tests did not perform as .
expected. Having followed the same procedures for all four

teat barrels, the final settlement, should have been

Sf,

identical. Fig. 6.2,1 indicates that this was not 3o0.

taboratory tests performed in Chapter 4 indicate that the
soil properties were basically the same for all test barrels.
The vertical isochrones plotted on Fig. 6.2.3 indicates that
arching .im the sand-bentonite mixture, at abodt the 500 to
600 mm level, was present in bpth'the Drain A and Drain M

barrels and possibly in the Drain G barrel.

.

. ~ . )
The horizontal isochrones plotted on Fig. 6.2.4 indicate that

.
drainage along the walls of the barrels was also present.

6) With the controlled laboratory testing, adequate
instrumentation and various. methods of analysis performed in

this atudy, it was possible to obtain a better understanding
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of the performance of prehanufactured-drains and how they

help to_accelerate the rate of consolidation. In additiog,
the abundance of information made it possible to evaluate
external factors affecting the test resul%s, . such as with

Test Seriés Two, providing some. guidance toward g the

improvement of- future tests. «
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Table 3.1, Surface tension of water and capillary rise

—-._..___—__—_.._..—___—.._..._.._.....__...__—_—--.—__.__.__—-...—--._-——-.--..

Temperature ,Surface Specific - Capillary
tension welght rise, h
(oC) (N/m) (kN/m3) - : £mm)

0 0.0756 9.805 30.84

10 0.0742" ' 9.804 ‘ 30.27

20 '0.0728 9.789 \ 29.75

30 , 0.0712 ' 9.764 29.17

' ¥
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Table 3.2 Capillarity in teflon (AWG 20) tubes - effects of

wnter in n _ainpgle tuben (dropping datum),

T T TR T m m M s mm A MR N MR SR R e ek e e e e P T T e Y W R R R A b S e v e m e e - = — - =,

Datunm Rffect of capillarity (mm)
(hising) ------------------------------------------------- -
Tube No.

1-L 1-R 2-L 2-R 3-L 3-R 4-L 4-R 5-L 5-R
545 =30 —{2 -39 —11. ~-21
776 -33 -24 36t -24 -217
957 ~30 ~23 ~33 24 -25
{043 ~23  -25 =20 -19 20 -20 <18 -17 -23 -25
510 19 -18 =21 -19 -13 -12 =19 -19
830 227 -27 -26 -26 -2% =25 =27 -27
1096 .25 26 —22  -22 -22  -23 26 -27
Note - = depression .

4’;‘rise ‘
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Table 3.3 Capillarity in teflon (AWG 20) tubes - effect

-t s s s

Datun

777
606
362
- 476

1021

of water in a ningle tube (risinﬁ datum).

et m e e et n TE R EF e im an et e vt =t e we e em = = e T = am e d = e e e e e e = m

. _
1-L 1-R* 2-L 2-R 3-L 3-R 4-L 4-R 5-L~~5-R
S el

+273 +3 +16 Y T L

+5 +5 13 CT 0

¥16° +7 +16 14 +2
Sl o1 42 w1 +4 «2 48 +7 0+
e L T *2 +9 -6 -6
-1 =1 45 46 ¥2 +2 -3 -4
+4 +3  +5  +5 TOMIT +18 +4 w2
depressioﬁ
rise LI

).
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Table 3.4. Capillarity in teflon (AWGC 20) tubes -~ effects
of water in double tube with fluctuating fluid
levels (rising in right tube and dropping in

left tube).

R A am rw ommms me ma A e e e L L M S o o T me o MM M MR ah AE N Ul a8 e MR MR e M e ek et PR A R M W M B M im o mw mm

Datum Effect of capillarity (mm)
€leV. mmmmmemmmmmm o dccccacaaaaan e R
{(mm) ) Tube No.

M L A e e e e e e e e ew W T R e Em e ek e e e e e W e M mA M M MM e M A mm Mm M ME MR S AN MR ME R ew o e oEr mr wm o = e am

476 -13 0 =31 +3 -1 +2 -1 +7 -16 0
-6.5, -14 -4.5 -2 -8
. - ,
747 -25 -8 -23 -12 =22 -22 -1 -25 -8
-16.5 -17.5. -11.5 -11.5 -16.5
920 -25 -8 -24 10 -21 0 -21  +2 -25 -10
: -16.5 . -17.0 ~-10.5 -11.5 -17.5
622 -10  +2 -10  +26 -7 +3 -7 +7 =11 -1
- -4.0 8.0 -2.0 0 -6.0
916 . -24 -7 -24 -2 20 O -23 -5  -26 12
-15.5  -13.0 -10.0 -14.0 -19.0
Note: - = depression

+ = rige

Y6 ’



Table 3.5 Capillarity in teflon (AWG20) tubes - effect of

»

a single bubble in one tube.

_________________________ D Ty .
Datum . . Tube No. | Commeﬁts
(mm) 1-L 1=R Average :

+ 510 - 13 - 16 - 14.5

+ 830 - 59 YR - 41.5

+ 1096 - 46 - 21 - 33.s

- 1021 + 28 + 3, + 15.5 Single bubble

- 822 + 30 - + 3 + 16.5 {n left tube

- 4479 418 + 19 + 18.5 (-1 .
© - 916 + 25 -2 + 11.5 )

~ 539 + 4 0 Lo+ 2

+ 1072 : - 18 + 4 - 7.0. u
Note + = depression / rise in datum

- = rise / lowering of datum
. . -’\15.
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Table 3.6 Capillarity in teflon (AWG20) tubes -yeffects of

-
alcohol in a single tube. ]
Datum | Fluidulevel o Cépillary
(om) in tube {mm) ‘ o rise (mm)
+ 643 - 630 N ~ 13 . 7
. ®
- 628 15
628 . 'i i | - © 15
P- .

630 13

628 ’ 15

+ 9686 ) 956 - lb

956 10

956 . - 10

' 956 ) iO

956 10

- 864 l ' ‘8573 S n

- 860 K 849 . 11

- 864 "853 11

Note: + = rising of datum’ ' °
- = lowering of datum
o .
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Table .

J

3.7 : Drain Characteristics

. . a d b' a'
Drain Characteristics (m) 1 (om) (mm) (mm)
A Studs _ on 100 d 7.2 91 - 7.2
t Both  Sides 53 .| 7.2 48.2 7.2
6 Grooved 100 3.0 | 50 3.0
| Mote: Polyester filter use& with all cores

a, b, a', b' - defined on Fig. 3.13 and 3.14
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Table 3.8 Mass of concrete cylinders

-.-———-—-._—....._._._.—-————_—---._——-.-..-—..-__——__.——_———————————--———--_—_..

Weight (kg) -289.9 286.2 285.3 292.1 288.5 283.0 ‘285.3

Cylinder No. H I J K L

Weight '(kg) 286.7 285.3 280.8 283.0 285.3

......__-——-._._._.__._—-.__._-..._._.___-.__-._..___..__—_......-.._.______.—...-...-__..—__..__-._
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Table 3.9 Test Series One - Surcharge

rod & base mass mass mass load load

(kg) (k&) (ke (kg)  (kPa)  (kPa)
————————————— ‘—n—._——_—_—'-——"-_---_—..“-—‘-————-ﬂ———

No Drain 11.4 0 280.8 292.1 584, 3 2.8 10.06
. Drain M 11.4 289.9 283.0 $84.3 2.8 10.06
Drain G 11.4 288.5 283.0  582.9 2.8  10.04

Drain A 11.4° 285.3 - 286.2 582.9 2.8 10,04

-—————-———--.___...____——_——-————....————-—o———_--..—-_.—__-__._———...-—-———-—-.a—_—_
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Table 3.10 Surchafge - Test Series Two

Cylinder Mass of 1st Cyl. 2nd Cyl. Total Sand Total

rod & base mass mass mass load load

(kg) (kg) (kg) (kg) (kPa) (kPa)

No Draia 11.4 292.1 280.8 58413 2.8 10.06
Drain M 11.4 285.3 286.2 582.9 2.8 . 10.04
Drain G 11.4 E 289.9 293.0 584.3 2.8 10.06
Drain A 11.4 - 288.5 283.0 582.9 2.8 10.04

. ———p " —— oy —— s = kA R —— - - b ok W N M S e S e e SN W W S S e e S e e
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Table 4.35.1

Characteristics of Remoulded Clay

W e M E W R AL s e wn ek e n e ) e an e e S S =S M e e e e S R R R AR Al M B M eh e b wh wh mb s m mm e e e v . -

2 Clay Size Particles

7 Silt Size Particles

% Sand

Classification

Liquid Limit, W

"Plastic Limit, W

ll

14

Plasticity TIndex, Ip,

Specific Gravity, G

]

Permeability

Rowe Cell Test Results:

[

Clay and Silt, trace of

min:

max:

Applied Pressure

Back Water Pressure

Effective Pressure

Coefficient of Consclidation cv =

Coefficient of Compressibility a,

Initial Void Ratio

Initial Water Content

Degree of 3Saturation

Water Content

Ho Drain Barrel

Barrel

T,
Drain_&\\@{rrel

Drain A ‘Barrel

Drain M

Min.

1071

C111.6

103

111.2

113.2

e

Q

L

Max.

114.4
114.9
114.4

117.2

50.3 ~ 52.3

21.4

28.9

_
2.80

- 30.9

Sand

1.'5*‘10"8 m/sec

5.2%10°8

20 kPa

5 kPa
= 15 kPa
11.0%107 8

-25.5%10"
= 3.05

112.4%

100%

Ave.

111,

m/sec

m2/sep

6

113.6
113.0

115.2

m2/N



Table 4.3.2

A

Characteristics of Consolidated Clay

A8 e o M L A A S o o S - S A

Property

Drain M

Min. Max.

Drain A

S S Ve

Min.

Max.,

e e R P S R e S S S e S e S o ——— P P M W A W M R W WP R M e e e - — - -

Water

Content (W) X%

S A ) T e e ) A S L A S S D T S

Void

Ratio e

- e e ——— = A = e = S S WP = S R M S e =

Degree of

Saturation %

e o e e e v o bt o b e T T i —— i ————— — — —— - — > — - — ————— -

Dry Density

- ———————— — —— o ot AN R ek e - - o - —— T ————— A - —— e = A b ———

. S — A . . -k i ——————— —————— = A Ak ko ——
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Table 4.4.1 Characteristics of Crushed Silica Sand
Type _ Silica-24
% Crushed S : 100
Coefficient of Uniformify, c, . 1.67 - 2.75
Coefficient of Concavity, °, 0.65 - 1.85
T Finea (panaing f 200 aieve) 0.4
Classification ‘ - uniformly praded sand
Specific Gravity, Gs : 2.66
. 3 - .
Dens:.ty,h/g', {g/em”) ‘ ‘ Min: 1.250
- . s Max: 1.660
Void Ratio, e, ) ‘Min: 0.61

Max: 1.13
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‘Table 4.4.2

. Soil

% Silica Sand (Silica-24)
¢ Bentonite {(Quick-Gel)
Specific Gravity, G .

Permeability, k, .

Rowe Cell Test Results:{

4

'Characteristics of Preconsolidated Artificial

Applied Pressure

% Béck Water Pressure

Effective Pressure

Cbefficient of Consclidation c, = 5.5 - 6.1 * 10-6 m2/s

Coefficient of Compreanibility, a, =

Yolumetrie Strain,” , (%)

Initial Void Ratio, e,

Initial Water Content, w, (%)

Degree of Saturation, 3§,

Water Content
No Draih Barrel
Drain M Barrel

Drain G Barrel

Drain A. Barrel

107

¥in.
35.43
32.36

- 34.59

-1

33.21 .

Min:

. Max:

= 20
u = 5

S

LBT*10”

8.

"33

Max.

.41.16
35.78
34.74

37.57

205'
2.65

1.8%10°

6

3.3*10'6

kPa
kPa
kPa_
6 mz/ﬁ
71 - 9.96
0.893

.0 - 3741

100 %

Ave. .
38.78
34.50
36.19
 35.65

n/s

m/s



Table-4.4:3 " Characteristics of Consolidated Artificial Soil

et 8 s e e e S T N T WO M S N e e e i - - —— ——— AR S P A MW M W = e e M R AR e TS

Soil- No Drain . Drain M Prain G Drain A
N~ ) -
Property Min. Max.8% Min. Max. Min. Max. Min. Max.
‘Water 33.0 31.1 . 31.6 3l.4

Content w(X) 37.1 " 33.9 35.2 36.3

Void 0.99 0.88 .0.96" 0.97 '
Ratio e . v 1.02 ' 0.98 1.07 - 1.01

‘Degree of 85.7 91.8 . 86.8 88.3
Saturation (%) 97.5 95.5 ' 90%.1 99.5

Dry Density 1.310 1.338 1.277 1.316
(g/cm3) 1.333 1.409 1.355 1.347

/et Density 1.743 - “1.791 1.726 1.763

(g/cm3) " 1.809 1.858 : 1.789 1.836
e e S S e

Z Fines 2.86 2.65 - 2.34 2.75
3.22 ** 3,02 2.77 2.95

A C ey '
Permeabilicy 0.3 4.3 . 3.1 5.2
% (10=6 m/s) S8l Th.T 12.5 7.8
o ﬂ-“ ' \:
- -—ﬁ -
~ A
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° e WELL o - e
’ SPACING
. DRALN | WELL ... :
> [
NO FLOW! ~fIg¥ %< Y H
ACROss | P+~ T }
OUTER |=& — :
SURFACE Q:\ K 2H
\ ’__\- .___._‘-_\ -
/ﬁq’ \\ ~ 4

(a) Plan of drain wé11'pattern

FI1G. 2.1 :
' Influence of Each Vell

111

{b) Section A-A

plan of Drain Wells and Concept of Flow Within the Zone of




Consolidat‘ion - U-®

Q
]
4

y/4/a8
AR R

10*‘\-—:‘:

2¢

el

e
yIAv/4

A7V 4
L
12
%

A

30 ;\ .
\ n= \
40 NS V§ , 4\§\\
50 MHAREIANY
. N N\
g 6o ' \ AN
i , - \ \ T
S 70 ‘ i \ N
, ‘ . . \
80 _ —— Equal strain \ \\ \
. _ Free strain i \\ \ \\\
> .\\\\\
100 | ] \\\-
o1 0.04 4 0.10 040

‘Time Factor - T,

FIG. 2.2 : Average Rates of Consolidation - U (%), for Cases of Free

Strain and Equal Strain with Varying Drain Spacing - n
(after Barron, 1949}



ase) ,uLed1§ [enb3, 403 34nssauad 493BH D404 SS3DXJ 4O SAN[RA [PLILUT

L 3
M )
.m. M, _spiped ||]om UlEJp O} ‘J-Snipes jo OljEd
00l 06 og oL 09 oS 0] 4 Ot 0oz 0L
L T T T T T T ¥ ] T T T T T L] T T
™) oM uledp jO sniped .

(=) 2ouanjjul

119M JO sniped

S0

"80

Q
-

c’l

o]

jo onjed

.

231U

€S233x%3 DI}B3}S0JPAY

- 23nssaad

n
In

(Y61 ‘uvoddeg u43lje)

M

£°2 "9I4

J-SnIpeJ |{3m U[BJp O}
4 -shiped o Oljed
oL s I O
T T ¥ T L T T T T 0
-4 20
4 ¥0
1 90
4 80
1 01

- 2unssadd S$530%XP D13BISOJPAY O O13EL (EITIU|

©n
J

113



(8y61 uodieg 4234e)

:uwumn_FOmzou abedaay ayj uo aouelsLsay ureaq Burhaep jo 199333 : 'z ‘9Id
N 4, s030ey aury '
o0l - 0’} uoﬁo 10°0
- T g T T
TTT T 17T 71 _,fuﬂUz | L IS B T T T 1 171710 T [T 11
i . . sasA|eue w:u uL papnjout
10U SL Je3WS JO 323)}2 3yl 910N A

0O°€
o'E -
1640

09 = u

H
dp

lumuu * 00002
—3L- " o000z = —

SouUelSIS9d UleJD OU

el

Ot =u

oszi

Al

SL0 = d_.m.l '0000¢
2oueSISa UuleRJp OU

=T AN I

H . Yy
Iuﬂ o000e = Jﬂﬂ.

§OUBSISSY UIEJP OU

Si=u

oz

oy

09

o8

col

sbeaaay

2Jdnssaad 'Gsaaxa

o

d1le3souphy

n
h

*le

114



Theo(a, )/ Theo(idean

i n= 5Q ] .o

3 L dy,
L= 2Qn1l_

2 4 (O) .
1 4
0 L L i Il - 1 M 1 1

(o] 2000, 4000 6000 8000

qukh (mz)
FIG. 2.5

: Influence of Finite Drain Permeability

Rate (after Jamiolkowski et.al, 1983)
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FIG. 2.9 : Measured Time/Sgttlement curves for the Whele ,
Clay Layer. Drain Spacing 1.1 'm (after Eriksson
and Ekstrom, "1983)
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FIG. 2.10 : lleasured Time/Settlement Curves for the Whole
"~ Clay Layer. Drain Spacing 1.4 m {after Eriksson
and Ekstrom, 1983)
lé
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FIG. 2.11 : Measured Time/Settlement Curves for the Whole

Clay Layer. Drain Spacing 1.6 m (after Eriksson .
and Ekstrom, 1983)
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FIG. 2.7 : Grain Size Distribution Curves (after Jansen and Den Hoedt, 1983)
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FIG. 2.8 : Results of Drain Test (after Jansen and Den Hoedt, 1983)
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remolded
s0il :
steol /
drum
5 — 4

Note: all measurements are in mm

FIG. 3.1 : Test Set-Up (Series One and Two)
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© FIG. 3'¢4 : Capillary Rise in a Tube
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3.5 : Capiﬂérity in Clean Circular Glass Tubes
_~ lafter Daugherty and Franzini, 1977)
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e} Piezometer

FIG. 3.9 : Plan View - Instrumentation
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FIG. 4.4.2 : Permeability of Sand-Bentonite Mixture - Determined

from Falling Head Permeability Tests
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FIG. 5.1.2 : Consolidation Ratio versus Time - Test Series One
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EXCESS P\ORE PRESSURE

-

FIG. 6.1.4 « Excess Pore Preséure Bissipation’'- Test Series One
(Horizontal Isochrones ; verage -~ Levels 2 & 3)
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FIG. 5.1.5 : Conselidation Ratio versus Time - Test Series One
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PORE PRESSURE

EXCESS

(mm)

u

<

FIG. 6.2.4 : Excess Pore Pressure Dissipation - Tes't Series Two
(Horizontal Isochrones ; Average - Levels~Z % 3)
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RATIO
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FIG. 6.2.5 : Consolidation Ratio versus

Time - Test Series Two
-
(Excess Pore Pressure 015576Zf?5n)
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Steel Cylinders and Set-Up for Test Series

Plate 1

One and Two
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: Piezometers

P19te 2
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Plate 3 :“Instrum.enta] Set-Up
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: Set

Plate 4

-Up for Test Series Three with Surcharge
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TABLE Al.1l

NO DRAIN
TIME - S0IL EXCESS PORE PRESSURES
(DAYS) SURFACE U (MM)
ELEVATION
LEVEL 1 LEVEL 2 LEVEL ‘3 LEVEL 4
< (MM) P-Gi P-G2 P-R1 P-R2 P-R3 P-G3
0.00 936 173 168 301 282 343 341
0.02 931 974 1003 1082 1085 1128 1117
0.04 926 1000 1010 1122 1105 1167 1157
0.06 926 987 989 1114 1097 "1154 ‘1150
0.08 929 940 950 1059 & 1041 1113 1099
0.10 926 905 889 1010 993 - 1068 1060
0.12 926 942 944 1047 1029 1096 1690
0.14 925 896 . 889 1004 994 1066 1061
0.16 921 929 914 1036 1024 1089 1075
0.20 - 920 933 932 1043 - - 1025 1090 1084
0.25 918 934 933 1044 1026 1090 1084
0.29 917 934 928 1044 1027 1092 981
0.33 916 932 935 1037 1022 1089 1083
. 0.70 908 978 977 1087 1071 1133 1125
0.75 908 955 948 1066 1054 1116 1106
0.83 909 948 946 1057 1043 1109 1096
0.91 905 952 947 1058 1048, 1109 1099
"1.04 904 955 952 1064 1059 , 1116 1102
1.35 907 951 948 1056 1046. ‘1107 1096
1.72 906 939 934 1044 . 1031 1099 1086
1.89 905 934 930 1038 1030 - 1091 1082
2.76 - 899 907 899 1014 997 © 1060 1053
3.80 893 886 880 961 975 1037 1029
4.76 889 874 877 976 960 1018 1015
5.20 884 958 958 1065 1045 1105 1099
5.73 880 956 956 1058 1043 1098 1093
6.07 - 878 952 954 . 1054 1037 1094 1086
6.77 875 954 957 1058 1040 1095 1090 .
7.03 873 963 968 1068 1051 1102 1099
7.74 871 946 946 1053 1033 1086 1080
7.99 869 940 938 1041 1023 1079 1071
8.81 866 935 932 1035 1019 1071 1065
9.89 862 928 927 1031 1012 1063 1057
10.78 - 859 922 925 1029 1010 - 1058 1053
11.84 859 9314 915 1021 1002 1049 1064
12.93 855 919 917 . 1021 1007 1050 1047
13.85 854 896 896 990 988 1032 1025
14,79 849 899 901 1007 990 1032 1028
16.11 : 843 877 879 996 979 1017 1013
16.85 842 870 874 991 971 1009 1006 .
17.80 . 840 851 853 977 953 993 988
18.76 836 844 843 969 945 982 980
%
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T

‘
r

TABLE Al.1
NO DRAIN

TIME  SOIL EXCESS PORE PRESSURES
* (DAYS) SURFACE U ()
ELEVATION ,
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
(MM) P-Gl P-G2 P-Rl  P-R2. P-R3 P-G3
19.80 834 837 835 960 938 975 971
20.79 833 835 834 959 938 973 970
21.80 830 827 823 954 933 974 969
23.89 823 815  -8l2.. 949 928 963 960
25.77 817 773 769 914 893 931 927
27.76 817 779 773 925 904 938 936
29.77 813° 740 736 899 875 909 906
31.77 810 707 703 885 . 845 879 ‘876
33.75 806 684 681 870 828 861 861
35.74 802 701 699 876 853 880 880
37.87 799 665 666 860 822 852 851
39.75 795 643 643 B4t 801 832 842
41.79 792 636 639 841 801. 829 - 834
43.91 788 633 639 842 - 80l 833 836
45.75, 986 628 627 840 79 829 833
47.76 785 585 588 792 75 792 790
49.83 781 568 570 777 740 776 778
52.72 777 538 539 750 751 -+ 749 749
55.73 . 773 531 528 741 699 737 738
58.86 770 515- 505 713 675 716 716
61.75 - 767 500 494 699 660 702 703
64.82 764 488 482 684 645 686 687
68.78 757 475 469 667 625 668 666
71.00 758 425 424 637 587 630 630
75.04 754 390 408 611 '559 596 601
77.77 751 384 389 576 536 581 586 .
81.75_ 747 370 380 536 506 541 542

145
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TABLE Al.2

DRAIN M
TIME »\ [EXCESS PORE PRESSURES
(DAYS) . U (MM) “
LEVEL 2 ,
P-Gl P-G2.  P-G3 P-G4
0.00 133 187 170 182
“0.02 930 863 914 907
0.04 944 889 948 ™\ 934
0.06 922 901 909 | \3%9,
0.08 ' 847 904 855 - 880
0.13 831 '905 851 802
0.18 847 905 _ 853 854
0.65 886 914 | 945 950
0.74 873 921 - 944 - _ 941
0.87 864 975 939 - 947
0.97 * 864 /927 943 952
"1.66 833 933 941 954
1.97 7952 937 919 926
2.20 777 938 213 919
2.67 759 936 903 . 905
2.93 748 940 903 904
3.73 707 936 - 902 895
4,81 685 - 930 - 893 89
5.70 678 924 - 891 893
6.76 89 . 913 . 880 879
7.86 85 907 881 872
"8.78 1134 904 878 877
9,72 680 900 878 8M;
11.03 665 - 899 862 868

11.77 646 894 852 - 856
12.72 647 _ 890 - 853 8 ‘
13.68 640 - 885 840 8

14.73 634 881 825 848
15.72 624 878 812 835
16.72 613 873 804 829
18.81 619 859 796 812
20,69 591 852 765 790
22.68 569 842 755 778
24.72 551 831 - 728 . 755
26.73 520 . 822 696 731
28.72 - 495 703 656 692
30,70 476 664 631 669%
32.81 436 627 597 - 642
34.72 421 - 582 572 616
36.75 418 579 544 591
‘(38.80 403 572 524 - 577
40,71 400 573 506 562
| \‘
| y A |2
¥ Do \‘

-
-

N



~g

_TABLE AL.2

.. . DRAIN M
" TIME - EXCESS PORE PRESSURES
(DAYS) U (M)
K LEVEL 2 \:
P=G1 P-G2 P-G3 Cp=G4 o -
~ /—\
| 375 — 490 468 546 °
5\339 484 .« *T459 520
7313 443 427 494
290 406 402 478
265 198 378 440
245 362 348 436
227 - 351 326 412
204 292 289 Y‘i?['
162 253 233
185 238 240 365,
178 - 253 248 359 —~
179 239 204 307
e . '
; o s
o Na
sy (}/
|
AN
.

T
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TABLE Al.?2
DRAIN M
FIME EXCESS PORE PRESSURES
(DAYS) U (MM)
LEVEL 2
P~N1 P-N2 P-~N3 P=N&
0.900 196 197 180 178
0.02 957 963 944 950
0.04 943 948 933 925
0.06 902 917 907 893
0.08 830 846 836 825
0.13 836 852 842 834
0.18 844 856 854 846
0.65 938 950 946 935
0.74 940 959 952 941
0.87 934 955 946 937
- P97 934 956 950 938
1.66 ° 929 966 958 947
1.97 894 940 935 925
2.20 883 934 927 919
2.67 868 925 919 911
2.93 863 927 921 911
3.73 848 922 917 905
4.81 826 911 901 901
5.70 816 909 901 900
6.76 801 899 893 888
7.86 791 890 . 886 883
8.78 784 891 884 882
9,72 781 885 881 879
11.03 768 868 867 867
11.77 756 858 859 854
12.72 757 858 861 854
13.68 753 846 849 843
14.73 743 830 840 831
15.72 730 817 837 816
16.72 719 808 823 809
18,81 700 796 811 800 .
20.69 668 767 792 777
22.68 650 753 795 768
24,72 590 726 772 746
26.73 561 693 743 . 714
28.72 540 652 706 674
30.70 524 * 625 680 649
32.81 491 591 644 612
34.72 475 565 618 588
36.75 465 549 601 570
38,80 445 526, 577 562
40.71 514 560 562

433
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TABLE Al.2

DRAIN M
TIME EXCESS PORE PRESSURES
(DAYS) ' U (M)
LEVEL 2
P-N1 P-N2 P-N3 P-N4
i 42,70 397 483 519 482
» ' 44,80 381 453 497 493
S 47.68 - 325 423 467 . 445
, 50.69 323 397 458 416
53.82 315 376 419 411
56.72 282 356 387 407
59.78 270 o 342 379 395
63.75 235 302 330 313
65.97 167 245 287 255
70.00 170 247 274 278
72.73 191 295 275 271
76.72 151 384 267 278
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: TABLE Al.2 _ ‘
DRAIN M / :
AazmomoD LY
TIME EXCESS BORE PRESSURES -
(DAYS) ' U (MM) ®
" i LEVEL 3w »
' P-R1 P-R2 P~R3 P-R4
0.00 , 282 281 278 268 -
0.02 1023 1025 1019 . 1004
0.04 1025 1049 1031 1032 .
0.06 1012 1026 . 1019 1013 .
0.08 - 941 - 970 . 960 959
0.13 937 963 954 957
0.18 950 971 971 969
‘0.65 1006 . 1056 1054 1052
0.74 990 1048 1045 1043
0.87 982 1044 1045 1044
0.97 984 1050 1051, 1051
1.66 . * 958 1049 1052 1052
1.97 926 1020 1025 1029
2.20 913 1017 . 1025 1023
2.67 891 1008 1017 1017
2.93 884 1009 1019 1017
3.73 859 997 1012 1015
4.81 837 987 1002 1002
5.70 . 828 981 1002 1002
6.76 814 964 989 989
7.86 805 957 982 985 -
8.78 790 . 950 977 979
9.72 788 949 979 980
11.03 . 783 934 965 965
11.77 783 924 954 © 952
12,72 779 920 949 951 - .
13.68 > 763 905 947 939 a ¢
14.73 755 892 931 924 @
15.72 750 ., 879 = 921 912 .
16.72 741 874 915 908
18.81 733 868 907 903
20.69 709 847 891 883
22.68 709 848 895 881
24.72 696 837 877 . 864
26.73 663 803 852 841 .
28.72 636 769 818 BO6 N
30.70 610 745 794 782 NG
32.81 576 712 . 762 748 ‘
34.72 .558 689 740 . 726
36.75 549 674 726 710
38.80 529 652 704 690

- 40.71 516 637 688 676
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TABLE Al.2:

DRAIN M
TIH:E EXCESS PORE PRESSURES
(DAYS) U (M) '
LEVEL 3 °
P-Rl - P-R2 P-R3 P-R4
42.70 482 596 647 . 633
44.80 466 576 626 613
47.68 438 546 591 578
50.69 417 522 563 551
53.82 403 . 495 535 = 522
56.72- 361 466 - 500 489
59,78 346 . 540 474 461
63.75 304 . 412 426 416
65.97 262 339 . 370 ‘358
70.00 270 336 369 354
72.73 273 329 378 351
76.72 233 300 318 263
3 ]
¥
r“
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TABLE Al.2

DRAIN M . )
. .‘i'%_ﬁ i
TIME _ EXCESS PORE PRESSURES
(pAaYS) U (MM)
LEVEL 3
P=-B1 P-B2 P-B3 P-B4
iy i
A
0.00 281 - 283 251 263
0.02 1019 1018 998 1003 °
0.04 1006 _ 1010 993 996
0.06 982 990 975 978
0.08 - 919 93] 918 921
0.13 920 931 918 922
0.18 929 944 933 934
0.65 1023 1040 1029 1024
0.74, 1027 1048 1034 1031 N
0.87 1021 1043 1032 1029
0.97 1020 1046 1036 1032
1.66 963 1061 1043 1038
1.97 974 . 1035 1020 1019
2.20 962 1029 1014 1014
2.67° . 944 1020 1006 1006
2.93 939 1019 1009 - 1009
3.73 " 918 ° 1013 1004 -+ 1002
- 4.81 893 999 992 989
5.70 883  99¢ 993 995
6.76 866 985 981 982
7.86 856 976 977 977"
8.78 855 966 973 975
9.72 845 968 967 971
11.03 830 951 * 968 958
11.77 824 940 949 946
12.72 821 937 946 945
13.68 805 923 933 933
14,73 789 905 916 914
15.72 787 895 902 - 903
16.72 778 887 898 897
18.81 769 883 895 895
'20.69 749 863 875 878
22.68 748 861 873 871
24,72 733 846 859 851
©26.73 701 816 830 824
28,72 669 778 - 787 785
30.70 644 754 769 164
32.81 611 721 735 733
34.72 593 699 713 713
36.75 582 683 695 - 696
38.80 - 557 662 674 676

40.71 345 646 661 661

/52




DRAIN M.

TABLE Al.2

TIME "EXCESS PORE PRESSURES
(DAYS) U (M)
LEVEL 3 &
P-Bl P-B2 P-B3 P-B4

(42,70 509 - 604 . 618 621
44 .80 492 584 598 603 °
47,68~ 487 553 569 573
50.69 a44 520 537 545
53.82 424 496 511 507
56.72 389 462 478 “489
59,78 379 432 451 467
63.75 333 400 414 438
65.97 283 346 358 376
70.00 298 353 367 . 376
72.73 292 352 355 371
76.72 T 249 307 307 324

/53
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TABLE Al.2
. DRAIN M
TIME SOTIL EXCESS PORE PRESSURES
(DAYS) SURFACE U (M)
ELEVATION
- LEVEL ‘1" LEVEL 4
L (M) P-R5 P-G5 TRANS.
10.00 968 341 337 252
0.02 954 1039 1063 1093 -
0.04 952 1027 1060 1067
0.06 952 997 1043 1115
0.08 950 - 940 991 ' 1069
" 0.13 949 987 1032 1075
0.18 948 963 . 1022 110}
0.65 938 1028 102%“\\\4;137
0.74 936 1030 110 1128
0.87 934 1024 % 1103 1133
. 0.97 932 1025 1108 ° - 1132
1.66 925 1025 1112 1124
1.97 921 993 1087
2.20 918 984 1082 *
2.67 915 968 1076
2.93 912 957 ‘& 1072
3.73 906 937 1065
4,81 898 917 1052
5.70 893 908 1049
6.76 893 ° 890 1033
7.86 890 879 1023
8.78 887 874 1022
9,72 - 883 866 1014
11.03 871 854 1000
11.77 . 869 846 987
12.72 866 843 985 -
13.68 863 823 968
14,73 859 812 953
15.72 855 796 937
16.72 852 793 932
18.81 848 780" 923
20.69 842 761 906
22.68 836 756 - 904
24,72 833 739 885
26.73 828 - 711 856
28.72 824 683 820 -
30,70 819 657 797 ~
32.81 815 623 763
34,72 811 © 607 741
36.75 807 597 727
38,80 804 . 579 706 - <
40.71 800 566 692
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TABLE Al.2
DRAIN M
TIME  SOIL EXCESS PORE PRESSURES
(DAYS) SURFACE .U M)
ELEVATION _ ,
LEVEL 1 - LEVEL &
(MM) P-RS P-G5  TRANS.

42.70 - 798 532 650
44.80 794 515 631
47.68 791 485 . 598
50.69 788 463 571
53.82 784 Lhh 542
56.72 780 406 508
59.78 780 390 481
63.75 779 348 435
65.97 811 302 377

70.00 771 - 300 371 .
72.73 767 302 373
76.72 766 286 324

A
. &4
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DRAIN G
TIME ‘EXCESS PORE PRESSURES
(DAYS) U ()
LEVEL 2
P-Gl P-G2 P-G3 ~P-G4
0.00 172 184 178 173
6.02 937 1049 944 946
0.04 823 917 1926 923
0.06 785 881 896 895
0.09 707 833 855 848
0.11 . 693 862 870 864
0.15 705 880 905 897
0.19 677 869 890 889
0.29 657 894 908 905
0.37 646 908 921 916 .
0.81 598 932 949 940
0.92 "587 952 973 960
1.10 552 947 966 - 961
1.87 506 898 916 920
2.96 297 884 907 898
3.85 318 896 920 926
4.08 1774 900 926 915
4.90 349 859 895 897
6.02 406 - 850 880 888
6.93 439 857 897 502
7.87 442 832 884 889 -
9.16 448 805 852 858
9.91 449 825 877 879
10.87 453 811 863 872
11.83 455 798 848 857
12.87 461. 783 837 - 848
13.86 461 764 770 841
14.86 460 742 - 756 829
16.96 464 705 799 827 "
18.84 465 684 . 8C0 813
20.83 460 647 766 785
22.87 459 612 726 729
24.87 AAA 564 700 700
26.86 441 524 680 685
28.84 435 498 666 658
30.96 421 464 652 613
32.85 415 44} 643 577
34.88" 407 415 633 557
37.02 407 399 628 541
38.85 405 392 604 523
40.87 389 372 583 479 -
42.94 367 346 565 453
56
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TABLE Al.3
DRAIN G

- -

-

TIME EXCESS PORE PRESSURES
(DAYS) U (MM)
LEVEL 2
P-Gl P-G2 P-G3 P-G4

- 45,83 349 305 545 417
48,83 345 276 535 419
51.95 338 247 531 418
54.86 © 319 1210 533 357 °
57.91- 308 176 534 356
61.89 299 . 147 531 284
64,15 291 131 524 290
68.14 281 * 93 505 229
70,86 286 73 500 257
74.85 345 55 477

/517
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TABLE Al.3

DRAIN G 5‘“7
TIME EXCESS PORE PRESSURES
(DAYS) U (M)
LEVEL 2 .
P~N1 P-N2 F P-N3  P-N4
~0.00 ‘190 197 177 138
/ 0.02 966 965 954 936
0.04 919 917 908 917
0.06 885 886 878 - 877
0.09 848 843 831 © 839
0.11 . 833 845 833 838
0.15. 893 889 874 * 868
0.19 904 896 871 863
0.29 924 918 893 883
0.37 911 918 901 890
» 0.81 947 951 939 926
0.92 963 972 . 961 946
1.10 | 961 964 951 941
1.87 892 914 902 893
2.96 878 907 893 886
3.85 882 930 921 909
4.08, 879 909 915 885
4.90 852 898 890 - 878
6.02" 828 882 876 868
76.93 835 898 885 881
7.87 817 ‘879 875 869 .
9.16 804 845 843 835
' 9.91 801 867 865 863
. 10.87 795 859 862 849
11.83 778 843 846 833 .
12.87 772 833 . 854 825
13.86 766 824 829 822
14,86 755 811 829 805
16,96 747 812 831 - 806
18.84 732 798 818, 791
20.83 701 768 795 760
22.87 643,, 711 726 714
24.87 617 691 695 693
26.86 598 667 669 672
28.84 574 652 643 643
30.96 552 599 594 599
32.85 526 579 563 556
34,88 516" 561 552 548
37.02 501 556 552 530
38.85 496 536 513
40,87 456 497 472 475
42.94 430 465 446 439
/58



TABLE AL.3

< DRAIN °G
TIME EXCESS PORE PRESSURES
(DAYS) 'U (MM)
LEVEL 2
P-N1 P-N2 P-N3 P=N4
45.83 394 426 409 . 405
48.83 393 421 408 393
51.95 382 396 396 381
54.86 330 366 360 360
57.91 302 333 325 336
.61.89 268 287 287 287
64.15 240 267 256 254
68.14 210 224 - 234 226
70.86 212 231 | 236 229
74.85 200 228. 217 220
/‘l\_
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TABLE Al.3
: DRAIN G
TIME . EXCESS PORE PRESSURES
(DAYS) ' U (MM)
"LEVEL 3 ‘
P-R1 P-R%' P-R3 P-R4
0.00 252 247 279 271
0.02 1098 980 1102 1077
0.04 964 943 1026 1029
0.06 921, 981 986 1003
0.09 - 940 939 950
0.1l 933 952 . 957
0.15¢ 981 990 995
0.19 956 967 979 -
0.29 980 989 997
0.37 994 996 1004
0.81 830 1026~ 1031 1038
0.92 - 832 1048 1054 1061
1.10 790 1039 1045 1053 -
1.87 680 989 995 1005
2.96 " 520 976 989 997
3.85 388 986 1000 1007
4,08 1774 994 1008 1008
4.90 627 965 . 977 990
.02 2625 949 968 974
6.93 ‘627 958" 980 986
7.87 ' 653 944 966 972
9.16 660 913 937 945
9.91 661 93] 957 965
.10.8%" 663 922 947 957
11.83 664 908 945 940 «
12.87 . 671 - 898 929 ~ 932
13.86 . 67L ©:'892 935 . 924
14.86 656 893 927 918
16.96 657 888 - 923 915
18.84 657 883 900 904
20.83 655 877 897 883
22.87 658 872~ . 831 836
24,87 656 794 836 - 825 -
26.86 653 . 782 826 810
28.84 649 776 794 810
30.96 648 730 S 760 766
32.85 . 647 1702 730 726
34.88 . 593 685 712 722
37.02 - 592 672%. {708 717
38.85 592 657 687 685
40,87\ qy 5&? 613 646 - 639
~42.94 FA 58% . 618 ‘612 .
)-:.;,s .
! /60 o




TABLE Al.3
DRAIN G w
TIME " .- EXCESS PORE PRESSURES
(DAYS) U (MM)
LEVEL 3
P-R1 P-R2 P-R3 P-R&4
45.83 587 546 580 578
48,83 587 541 556 577
51.95 ° 584 529 536 566
* 54.86 582 497 512 - 505
57.91 - 571 465 471 478
61.89 569 458 435 426
¥ 64.15 569 371 384 392
68.14 564 327 358 350
70.86 - 565 - 329 361 . - 362
74.85 558 308 310 306 .

)
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TABLE Al.3

DRAIN G

EXCESS PORE PRESSURES

TIME :
(DAYS)' U (M)
LEVEL 3 “
- P-B1 P=B2 P-B3 - P-B4 '
0.00 233 257 .236 © 262
. 0.02 985 1050 1046 1035-
. 0.04 986 1007 1008 999
d.06 988 971 971 973
0.09 987 940 946 940
0.11 987 925 930 925
0.15 988 955 967 960
0.19 975 962 970 966
0.29 974 1002 999 998
0.37 978 994 996 997
0.81 983 1031 1034 1033
0.92 986 1053 1053 1059
. 1,10 987 1043— 1048 1051
1.87 989 996 999 - 1002
2.96 990 986 991 994
3.85 914 1006 1015 1017
4.08 915 974 1008 1001
4,90 897 948 985 979
6.02 893 949 970 972
6.93 . 895 964 981 984
7.87 891 " 950 970 970
9.16 897 915 935 - 936
g.91 897 933 958 957
10.87 899 927 950 948
11.83 899 915 935 934
12.87 903 912 939 931
13.86 904 913 938 923
14.86 903 951 935 907
16.96 901 893 931, 908
18.84 893 888 900 906
, " -810 | 884 894 879
}2?‘237\ 702 860 826 857
24.87 719 8lé6 746 849
26.86 .. 692 782 640 836
28.84 . 687 776 . 627 825
¥ 30.96 678 749 679 817
32.85 | .670 727 659 769
34.88 662 700 635 754
37.02° 653 687 611 739
38.85 642 677 - 585 704
40.87 538 667 " 556 662 -
42.94 532 654 " 540 637
‘v—- A ’
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TABLE Al.3
DRAIN G _
Hﬂs"“,’ \]
TIME EXCESS PORE PRESSURES
(DAYS) U (MM) y
LEVEL 3 .
P-Bl P-B2 . P-B3 - P=B4
45.83 . 491" 614 - 511 602 *
48.83 67. ' 598 485 569
51.95 4 579 - 457 528
54.86 -48 558 437 493
57.91 -84 525 419 458
61.89 -~ 881 504 398 426
64.15 868 362 388 411
68.14 1912 304 . 366 376
~70.86 1917 296 264 348
74,85 1917 268 - 367 289

/63 .
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TABLE Al.3
R

1

{

4 DRAIN G
TIME SOIL EXCESS PQRE PRESSURES
{DAYS) SURFACE U {MM)
ELEVATTON
LEVEL .1 ®  LEVEL 4
() P-R5 P-G5  TRANS.
0.00 937 339 341 290
0.02 T 927 1032 1053 .
0.04 926 987 1026 1000
¢.06 925 950 1002 1051 -
¢.09 924 941 981 1027
0.11 - 923 905 952 965
Q.15 - 922 926 978 1032 _
0.19 921 938 986 910
0.29 921 970 1017 972
0.37 916 961 1058 1043
(- 0.81 906 987 1095 1108
~8.92 905 1004 1117 1124
“1.10 902 991 1109 110§>
1.87 893 925 1063 109
2.96 883 885 1052 979 “
3.85 876 890 1064 990
4.08 877 _ 971
4.90 ~ 871 854 1035 957
,6.02 .- 868 831 1016
6.93 863 834 . 1023
7.87 857 815 - 1009
9.16 850 780 972
9.91 847 795 993
10,87 843 790 983
11.83 839 788 . 965
12.87 832 786 957
13.86 - 830 L 780 942
14.86 826 773 933
16.96 819 772 936
18.84 814 764 . 924
20.83 810 741 906
22.87 8Q4 691 852 F
24.87 800 688 838 omr
26.86 795 ( 679 - 823
28.84 791 { 657 .. 802
30.96 786 625 - . 761
32.85 782 606 730
34.88 778 599 716
37.02 774 592 713
38.85 . 772 589 701
40.87 770 563 659
42,94, 765 542 . 637
SRR 4
ﬂ L]
) ,
‘ /6Y
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TABLE Al,3

[

3 DRAIN G

TIME =~ SOIL EXCESS PORE PRESSURES
(DAYS) SURFACE U, (¥M)

ELEVATION : <

LEVEL 1 - LEVEL 4 :
+ (MM) P-RS P-G5 TRANS.
1
45,83 761 1 499 606
48.83 757 492 586
51.95 753 477 . 569
54.86 749 448 544
57.91 747 410 515
. 61.89 (:iééz 376 469
B4.15 2 344 433
68.14 - 739 296 397
- 70.86 735 307 393
274,85 734 . 251 323
‘il
»

L.}
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1
TABLE AL.4 ' . S

J A ;
TIME EXCESS PORE PRESSURES
(DAYS) - U (M)
"LEVEL 2 . - )
P~G1 P-G2 P-G3 P-G4
000 167 158 169 145 .
0.) 939 953 952 946 * .
_ - 0.02 1073 1093 1089 1064 .« . '
0.03 858 875 891 857 l
0.05 838 863 " 871 . 844
0.07 818 839 851 821 :
0.09 86l 895 906 876 _ N
0l 833 872 . 876 851 ' -
0.15 829 . 86l 876 846
0.35 -~ 846 920 930 907
0.84 784 . 923 945 947
1.03 783 . 943 967 ‘948
1.05 769 ¢ 932 960 939
1.38 740, . 922 951 926 0
1.89 714 912 951 924 '
1.93 . 718 917 . 956 . 926 ,
2.13 723 922 963 936 : '
2.84 727 1920 969 938
3.13 . 674 - ‘887 944 918
4.17 642 873 933, 915 ) \
4.93 635 862 - 925 910 —
5.85 640 871 927, 908 q
6.85 608 838 902 . 885
7.90 610 826 , 887 874
8.89 605 . 808 871 859
9.89 597 ' 805 871 864
11,98 593 788 864 - B6S
13.86 574 761 841 , 843
15.88 . 559 - 743 820 819
17.89 528 694 779 779
19.90 503 . 665 741 ©74],
21.89 493 643 717 7117
23.88 485 622 690 . 697
25.94 463 ‘585 48 643
27.89 420 546 - 609 603
©29.90 366 & 521 584 583
# 32,05 383 432 567 562 -
33.88 392 485 572 /543
35.87 T 401 451 501 506
37.97 ¢ 407 423% 470 484
" 40.86 411 392 A3 447

43,86 513 - 363 . 407 418



TABLE Al.4
DRAIN A

BRI * ! :
. TIME EXCESS PORE PRESSURES
(DAYS) U (MM)
LEVEL 2
P-Gl  P-G2 P-G3 P-Gh
\ 46.98 416 ™ 347 385 ., 1389
49.90 410 318 354; 360
52.93 248 302 - 332 339.-
56.91 214 302 290 348 -
59.15 195 244 268 . 339 ‘
) 63.17 166 211 237 255
- 65.89 169 213 ‘243 256
69.89 159 210 194 209
@ v %
\ i
- |
. . P
B B -/‘\



TABLE Al.4
DRAIN A
TIME - EXCESS' PORE PRESSURES
(DAYS) - ' U (MM) -
LEVEL 2
P-N1 P-N2 P-N3 P=N&
0.00 17977 1K 1S4 163
"0.01 961 943 920 851,
0.02 1050 1075 1 929 -
0.03 . 872 868 887 859
0.05 ° 854 847 854 836
0.07 832 826 818 817
009 888 881 873 868
1 0.11 859 847 822 833
0.15 863 855 834 854
0.35 918 922 895 905
0.84 920 937 913 933
1.03 @2 . 947 923 948
1.05 908 942 921 945
1.38 ~ 884 929 415 935
1.89 864 930 912 936
1.97 869 936 918 941
2.13 870 946 926 944
2.84 )} 864 955 932 957
3.13 - 822 926 917 938
4.17 788 907 906 929
4.93 773 893 901 928
5.85 770 891 895 927
6.85 734 861 .875 907
7.90 723 848 871 898
8.89 709 832 858 886
9.89 j02 826 ° 854 881
11.98 688 807 846 876
13.84 664 791 821 857
15.88 646 767 81l S §a0
17.89 " 606 744 $ 772 807 -
‘19.90 574 733 746 772
21.89 - 557 . 707 720 745
'23.88 542 - 686 703 726
25.94 495 632 652 670
27.89 459 594 625 629
29.90 444 574 584 . 609
32.05 433 557 579 588
33.88 416 534 558 563
35.87 389 500 . 530 524
37.97 361 467 487 490
40.86 336 439 451 448
43.86 307 418 428

"\w'kll



TABLE Al.4

DRAIN A
TIME EXCESS PORE PRESSURES
(DAYS) U (MM)
) LEVEL 2
P=-N1 P-N2 P-N3, P-N4
46,98 306 402 . 398 .396
49,90 277 370 364 363
52.93 269 330 342 341
56.91 232 316 303 308
59,15 205 296 280 286
$3.17 186 265 249 257
65.89 173 262 251 253
. 69,89 . 151 203 207 211
e’ —
/
p]
N\
e,
[} ’
N
/69




TABLE .Al.4
DRAIN A
TIME EXCESS PORE PRESSURES
{DAYS) U (MM)
. LEVEL 3
P-R1 P-R2 ‘P-R3 P-R4
0 249 280 275 263
_ oég? 1001 1006 1030 1014
o 0.02 1138 1155 1177 1161
0.03 960 993 1009 989
0.05 951 971 986 964
0.07. 940 ds8 969 952
0.09 995 1013 1022 1001
0.11 915 948 976 954
0.15 962 986 991 978
0.35 968 1016 1024 1005
0.84 918 1036 1042 1031
1.03 913 1056 1067 = 1057
1.05 890 1049 1059 1050
1.38 852 1037 1047 1039
1.89 815 1028 1040 922
1.93 820 1032 1047 1047
2.13 821 1035 1063 1054
2.84 831 1040 1072 1064
3.13 788 1013 1053 1048
4.17. 756 993 - 1035 1041
4.93 748 978 1027, 1038
5.85 746 976 1026 1040
6.85 712 952 1007 1020
7.90 711 936 996 1011
8.89 699 921 982 997,
9.89 692 913 97 993
11.98 690 909 975 991
. 13.86 . 674 892 957 972
. 15.88 664 g™ 943 958
17.89 gss —~ 846 911 . 928
19.90 2810 817 880 897
21.89 600 796 860~ 877
23.88 590 779 845 862
25.94 - 548 731 793 811
27.89 521 699 759 777
29.90 506 682 742 761
32.05 493 466 724 743
33.88 ‘478, - 648 704 724
35.87 . 457 614 669 687
37.97 437 593 639 657
40.86 415 547 604 618
43.86 390 540 564 & 592
h . o .
N & -
’ /70 ~
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TABLE Al.4

DRAIN A

TIME EXCESS PORE PRESSURES

(DAYS) _ U (MM)

LEVEL 3 .
P-R1 © P~R2 P-R3 P-R4

46.98 444 511 533 .559
49.90 443 477 505 529
52.93 326 453 478 496
56.91 295 394 481 452
59.15 269 .371 483 427
63.17 242 332 486 - 387
65.89 234 335 485 - 380
69.89 249 277 4891 32%,.
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TABLE A1.45‘-,_,//)

+ DRAIN A

/72

TIME EXCESS PORE PRESSURES
{DAYS) U (M)
LEVEL 3
P-Bl .P=B2 °  P-B3 P-B4
0.00 269 259 296 246
0.01 1038 1030 1038 1016
0.02 1157 1153 1158 1138
0.03 962 967 980 . 954
0.05 938 939 950 . .929
0,07 950 955 975 946
0.09 965 974 989 969
0.11 915 919 934 900
0.15 937 943 955 931
.0.35 1008 1021 1037 1008
0.84 1002 1052 1051 1027
1.03 -.1004 1065 1060 1036
1.05 997 1059 1059 1033
1.38 975 1050 1053 1026
1.89 955 1047 1051 1039
1.93 959 1053 1057 1032
S 2,13 964 1060 1060 1039
2.84 966 1069 1070 1048
3.3 928 1040 1043 1025
4.17 894 - 102] 1030 1014
4.93 880 1010 - 1021 1008
5.85 . 878 1012 1026 1012
6.85 842 987 1006 993
7.90 831 977 996 986
8.89 816 960 984 974
9.89. 810 957 981 974
11.98 799 949 976 972
13.86 784 929 960 956
" 15.88 771 913 946 944
17..89 737 881 914 © 913
15%90 711 ‘853 . 888 889
21.89 694 830 864 866
23.88- 680 815. 851 855
25.94 ‘632 763 798 801
27.89 599 726 ° 760 764
29.90 584 710 744 747
32.05 570 692 727 730
33.88 55% 664 706 709
35.87 . 528 632 673 676
37.97- 5000 ' 624 643 646
40.86 474 574 - 606 609
43.86 444 54] 569 575



TABLE Al.4
DRAIN A
,,/
TIME EXCESS PORE PRESSURES
(DAYS) U (MM) ° :
" LEVEL 3 ) :
P-Bl  P-B2  P-B3  P-B4'
46.98 405 515 543 546
49.90 389 477 509 513
52.93 367 455 485 493
56.91 323 506 442 440
59.15 300 378 417 418
63.17 270 347 377 391
65.89 263 334 370 384
69.89 223 336 316 332
]
Y )
o
Q
R 2 .
) 4
<
§
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TIME

TABLE Al.4
DRAIN A

SRS sy

SOIL

s

EXCESS PORE PRESSURES
(DAYS) SURFACE Uo(MM) )
ELEVATION
LEVEL 1 _ LEVEL 4
(MM) P-RS5 P-G5 TRANS.
0.00 933 350 351 189
0.01 933 993 991 1181
0.02 923 1142 1142 1383
0.03 921 1016 1089 1086
0.05 919 986 1031 1160
0.07 . 919 996 11034 1138
0.09 915 1030 1061 1131
0.11° -~ " 914 965 1011 1147
0,15 914 993 1034 -
0.35 910 1037 1094 1165
0.84 900 997 1122 1156
1.03 896 993 1130 1133
1.05 893 979 1129 1123
1.38 889 952 1120 1105
1.89 884 921 1115 1069
1.93 880 923 1121 1074
2.13 880 920 1123 1081
2.84 ¢ 872 920 1131 1079
3.13 867 873 1107 1039
4}17 865 845 1088 1018
4 f93 860 832 1078 1003°
5.85 856 829 = 1075 982
6.85 850 793 1050 963 .
7.90 846 785 1037 940
8.89 842 772 1020 923
9,89 838 763 1011 930
11.98 828 756 1005 912
13.86 822 .738 . 983 782
15.88 816 725 968 909
'17.89 810 692 929 832
19.90 798 667 901 802
21.89 797 655 879 - -780
23.88 793 643 862 749
25.94 788 604 814 706
27.89 784 573 777 687
29.90 779 560 763 672
32.05, 774 - 551 748 665
33.88 770 540 729 653
35.87 767 509 694 629 .
37.97 763 486 664 600
40.86° 758 462 629 565
43.86 754 433 599 682

/7Y
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A g s (B i s - S

TABLE Al.4
DRAIN A .
TIME SOIL EXCESS PORE PRESSURES
(DAYS) SURFACE . U (MM)
ELEVATION ,
LEVEL 1 LEVEL 4 |
A (M) P-RS P-G5  TRANS,
46.98 749 411 574 654
49.90 747 407 - 534 |
52.93 743 338 511 . |
56.91 740 315 463
. 59.15 738 . 287 438
63.17 734 724 393
- 65.89 732 605 386
69.89 . 730 509 337
A
1
é
]
|
175 {



TABLE A2.1

NO ‘'DRAIN
TIME SETTLEMENT . STRAIN
(DAYS) (MM) &9

LEVEL 1 LEVEL 2 LEVEL 1 LEVEL 2
(SURFACE)} (600 MM)(SURFACE)(600 MM)

0.00 0

. 0 0 0
0.02 6 0 6 0
0.04 Lo 1 11 T2
0.06 10 1 10 2
0.08 8 2 8 3
0.10 10 C 2 10 3

.0.13 .10 2 10 3
0.15 11 2 11 3
0.17 16 7z~ e 3

- 0.21 ‘16 2 16 3
0.25 18 2 ‘18 3
0.29 19 2 19 3
0.33 20 2 20 3
0.71 ™ 29 4 - 29 7
0.75 - . 29 & 29 7
0.83 27 -3 27 -5
0.92 32 -2 32 -3
1.04 33 -2 33 -3
1.3 30 5 30 8
1.73 31 0 31 0
1.89 32 0 32 0
2.76 Y 7 37 12
3.80 43 8 43 13
4.76 48 8 48 13
5.21 52 10 52 17
5.74 56 10 56 17
6.07 59 12 59 20
6.74 62 12 62 20
7.05 64 12 64 20
7.76 66 14 66 23,
7.91 67 15 4 67 25.
8.82 71 15 71 25
9.90 C 74 18 74 30
10.79 78 18 78 30 -
11.02 78 18 78 30

11,77 78 20 78 33
12.78 81 20 81 33
13.78 82 21 82 35
14.76 88 21 88 35
16.13 93) 23° 93 38
16.88 94 27 94 45
17.77 97 28 97 47
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TIME
(DAYS)

TABLE AZ2.1

. NO DRAIN

SR AXINIIIN

' SETTLEMENT
(o)

STRAIN
(%)

LEVEL 1* LEVEL 2 LEVEL 1 LEVEL 2

(SURFACE) (600 MM)(SURFACE)(600 MM) _

18.76
19.76 "
20.75

. 2L.76

) 23.91
25.79
27.79°
29.82
31.77
33.76
35.75
137.86
39.75
41.77
43.91
45.74
47,74
49.88
52.77
55.77
58.90
61.81
64.86

‘ 68,83
« 71.05
75.08
77.81

»

101
103
104
107
113
120

120
124
126

130
134
138
141

. Lbb
149

151

-.152
156
159
164
167
169
173
180
179

183

186

s

b

29
30
30
30
31
33
37
42
47
47
48
49
53
56
62
63
64
68
68
71
75
78
79

101

103

104 .

107
113
120
120
124

126

130
134
138

141 -

144
149

151

152

156

159

164 -

167
169
173

180°

179

183
186

48
50
50

50"

52
55
62
70
78
78
80
82
88
93
103
105
107
113

113 -

118
125
130
132

[P PP,

At o

s

-l -



TABLE A2.2

20

" >
~———— DRAIN M
TIME /" .  SETTLEMENT STRAIN
(DAYS) (M) (%)
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 1 LEVEL 2 LEVEL 3
(SURFACE) (600 #™) (300 MM)(SURFACE)(600 MM) (300 M)
‘ /o ' ‘ .
0.00 0 0 0 0 0 0
0.03 ‘14 2 4. 14 3 12
0.05 16 2 6 16 3
0.07 16 2 5 16 3 15
0.10 18 3 5 18 5 15
0.13 19 3 5 19 5 15
0.18 20 3 5 20 5 15
0.67 30 6 4 30 10 12
0.75 32 10 4 .32 17 12
0.88 34 ‘14 5 34 - 23 15
0.97 36 8 8 36 13 25
1.67 43 12 i0 43 20 33
1.98 47 13- 11 47 22 35
2.22 50 17 12 50 28 40
2.69 53 15 12 53 25 38
2.94 56 16 13 56 27 43
3.75 62 18 10 62 30 33
4.84 70 21 11 70 35 35
5.72 75 23 12 75 38 38
5.96 75 23 - 12 ‘75 38 40
6.76 78 25 10 .78 42" 32
7.69 81 24 0 ‘81 40 0
8.70 85 | 27 7 85 45 22
9,70 97 32 6 97 53 20
11.07 99 35 12 99 58 38
11.81 102 41 13 102 68 43
12.72 105 37 12 105 62 38
13.70 109 39 13 109 65 43
14.71 113 40 14 113 67 45
15.69 116 . 42 15 116 70 48
'16.70 120 A 16 120 73 .52
18.85 126 49 17 126 82 55
20.73 132 53 20 132 88 65
22.73 135 - 56 22 135 93 72
24.76 140+ . 59 21 140 98 68
26.72 144 63 22 144 105 73
28.70 149 67 - 22 149 112 73
30.69 153 70 23 153 117 77
32.80 157 72 23 157 120 77
34.69 161 81 25 161 135 82
36.71 164 79 26 164 132 87
38.85 168 28. 168 137

(o]
(3]
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TABLE A2.2

DRAIN M

TIME SETTLEMENT STRAIN

(DAYS) (MM) (%)

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 1 LEVEL 2. LEVEL 3
(SURFACE) (600 MM) (300 MM)(SURFACE)(600 MM) (300 MM)
- i

40.68 170 84 28 170 140 93
42.68 174 85 28 174 142 93
44 .,82- 177. 89 30 177 148 100
47.71 180 92 32 180 153 105
50.72 184 95 32 184 158 105
53.84 188 98 33 188 163 110
56.76 .188 99 i3 188 165 110
59.81 189 102 34 189 © 170 113
63.78 191 106 - 37 157 177 122
65.99 197 107 36 197 178 120
70.02 201 108 40 201 180 132

T 72.75 202 110 40 202 183 133

L 76.74 204 113 " 40 204 188 132

-~
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TABLE A2.3
DRAIN G
* Y TIME SETTLEMENT STRAIN
. (DAYS) (MM) €3]
N T
LEVEL I LEVEL 2 LEVEL 3 LEVEL 1 LEVEL 2 LEVEL 3
(SURFACE) (600 MM) (300 MM)(SURFACE) (600 MM) (300 M4)
0.00 0 0 0 0 0
0.03 10 0 1 10 0 -
0.05 11 0 1 11 0’
0.07 12 0 i 12 c
0.09 13 1 2 13 2
0.11 14 1 1 14 2
0.16 16 1 2 16 2
0.19 17 1 2 17 2
0.30 # 16 2 2 16 3
- 0.38 22 3 4 22 5 13
0.82 31 11 8 a1 18 .27
0.92 - 33 12 8 33 20 27
©1.10 36 13 10 36 22 33
1.91 45 10 13 45 17 . 43
2.99" 55 13 18 55 22 60
, 3.88 61 13 19 61 22 63
4.12 60 13 15 60 22 50
4.90 66 18 15 66 © 30 50
5.83 69 17 14 69 28 47
6.84 75 19 13 75 32 43,
7.84 - 80 19 12 80 327 40
. 9.22 B8 22 14 83 37 \ 47
9.97 91 23 15 91 38 50
10.87 94 25 14 94 42 47
11.86 98’ 27 14 98 45 47
12.85 106 29 14 106 48 47
13.84- 108 29 14 108 48 47
14.85 7 112 32 15 112 53 50
16.99 119 36 s 17 119 60 57
18.88 123 39 18 123 65 60
20.88 127 43 17 127 72 57
22.91 133 45 19 133 75 63
24,86 138 49 21 138 82 70
26.84 142 53 22 142 88 73
28.83 147 57 23 147 95 77
30.94 151, 60" 23 151 100 77
32.84 155 62 23 155 103 77
. 34.85 159 65 25 159 108 83
37.00 163 68 27 163 113 90
38.83 165 69 27 165 115 7 90
40.83 168 70 28 168 117 93
L 42,97 173 73 29 122 97

e W W W WO
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o

DRAIN G
TIME SETTLEMENT STRAIN
(DAYS) (M) (%)
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 1 LEVEL 2 LEVEL 3
(SURFACE) (600 MM) (300 MM)(SURFACE) (600 MM) (300 MM)
45.85 176 75 29 176 125 97
48,86 181 78 30" 181 130 100
51.99 185 i 79 o 41 185" 132 137
54.90 188 82 40 188 137 133
" 57.94 191 83 36 191 138 120
61.92 195 84 35 195 140 . 117
64.13 196 89 39 196 148 130
68.17 198 87 39 198 145 130
70.89 203 90 40 203 150 133
74.89 ° 203 91 -39 203 152# 130
.
/ 81 )
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TABLE A2.4
DRAIN A

TIME SETTLEMENT STRAIN
(DAYS) (M) (%)

" LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 1 LEVEL 2 LEVEL 3
(SURFACE) (600 MM) (300 MM)(SURFACE) (600 MM) (300 MM)

0.00° 0

0- 0 0 0 0

0.02 11 4 0 11 6 0
0.04 13 2 0 13 3 0
0.06 14 2 0 14 3 0
0.08 15 3 1 15 A 3
0.10 18 3 1 18 4 3
0.13 - 19 A 1 19 T 6 3
0.15 20 4 5 20 6 17
0.17 24 7 7 24 12 23
-0.21 33 12 8 33 19 27
0.25 37 12 8- 37 .. 20 27
. 0,29 40 13 9 40 21 30
0.33 A 15 10 b4 24 33
0.71 49 17 9 49 28 30
- 0.75 54 18 9 54 29 30
0.83 61 19 il 61 31 . 37
0.92 . 66 21 12 66 34 40
1.06 68 33 .15 68 54 50
. .1.35 73 37 20 73 61 . 67
1.73 77 38 17 77 63 . 57
1.89 77 39 16 77 64 - 53
2.76 83 40 19 83 ., 66 63
3.80 88 43 20 88 T 71 67
4.76 91 44 20 91 73 67
5.21 . 96 46 - 22 96 76 73
5.74 105 47 26 105 78 87
6.07 111 53 28 111 88 93
6.74 118 55- 29 118 98 97
7.05 124 58 31 124 . 96, 103
7.76 136 58 33 136 - 97 110
7.91 136 57 33 136 95 110
8.82 141 61 36 141 - 101 120
9.90 146 62 37 146 103 t-123
10.79 149 ° 64 37 149 106 123
11.02 155 67 40 155 112 133
11.77 160 70 43 160 117 143
12.78 163 71 . 43 163 118 = 143
13.78, 167 72 b4 167 120 147
14.76 171 78 45 171 130 150
16.13 175 80 48 176 - 133 ' 160
16.88 1179 82 49 179 136 163
87 52 184 - 144 173

17.77 184 -~
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TABLE AZ.4

'DRAIN A
TIME "4 SETTLEMENT STRAIN °
(DAYS) ' (Mm) T (%)
LEVEL | LEVEL 2 LEVEL 3 LEVEL 1 LEVEL 2 LEVEL 3
(SURFACE) (600 MM) (300 MM)(SURFACE) (600 MM) (300 MM)
18.76  * 187 86 52 143 173
19.76 . 191 . 91 54 191 151 180
20.75 194 93 55 194 154 183
21.76 195 93 57 195 154 190
23.91 199 95 58 199 158 1193
25.79 201 97 61 201 162 203
27.79 203 . 98 60 203 163 200
.-
.~
.\
L]
-t
, .
3
-3 *
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TABLE A3.1

NO DRAIN

TIME SOIL EXCESS PORE PRESSURES
(DAYS) SURFACE U (M) )
ELEVATION .
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
(MM) = (G1,62) (Rl,R2) (R3,G3)

0.00 936 170 291 342
. 0.02 931 988 1083 1122
0.04 926 1005 1114 1162
0.06 926 988 1105 1152
0.08 929 - 945 1050 1106
0.10 926 897 1001 1064
0.12° 926 943 1038 1093
0.14 925 893 999 1063
0.16 921 921 1030 1082
. 0.2Q 920 932 1034 1087
0.25 918 933 1035 1087
0.29 917 * 931 1035 1036
0.33 916 934 1030 1086
0.70 908 977 1079 1129
0.75 908 951 1060 1111
0.83 909 947 - 1050 1103
0.91 905 950 1053 1104
1.04 904 953 1061 1109
1.35 907 949 1051 1102
1.72 906 937 1037 1092
1.89 905 932 1034 1086 -
2.76 899 903 1005 1056
3.80 893 883 983 1033
4.76 8899 ° 875 968 - 1016
5.20 884 958 1055 1102
5.73 880 956 1050 1095
6.07 878 - 953 1046 1090
6.77 875 956 1049 1092
7.03 873 * 966 1060 1100
7.74 871 946 1043 1083
7.99 869 939 - 1032 1075
8.81 866 933 1027 1068
.9.89 862 928 1021 1060
10.78 859 924 1019 1055
11.84 859 914 1011 1046
12.93 855 918 1014 1048
13.85 854 896 989 1028
14.79 849 900 999 1030
16.11 843 878 987 " 1015
16.85 842 872 981 1007
17.80 840 852 965 991
18.76 836 843 957 981
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. TABLE A3.1

NO DRAIN

TEIREE TN N N ZE I

-

TIME SOIL EXCESS PORE PRESSURES
(DAYS) SURPACE U (MM) '
ELEVATION
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL &
s () (G1,62) (R1,R2) (R3,G3)
t -
19.80 834 836 949 973
20,79 833 835 948 972
21.80 830 825 943 971
23,89 823 813 1938 961
25.77 817 771 903 929
27.76 817 776 914 937
29.77 813 738 887 907
31.77 810 705 865 877
33.75 806 682 849 861 .
35.74 . 802 700 . 864 880
37.87 799 665 841 851
39.75 795 643 822 837
41.79 792 637 . 821 831
43.91 788 636 821 834
45.75 786- © 628 817 831
47.76 785 587 773 791
49,83 781 569 758 . . 777
1 52.72 777 538 751" 749
55.73 773 529 720 737
58.86 770 510 694 716
61.75 767 497 . 679 . 70
64.82 764 485 664 6
68,78 757 472° 646 . 67
71.00 758 425 612 630
75.04 754 399 585 599
77.77 751 386 556 583
81.75 747 L 375 521 541
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TABLE_A3.2

« DRAIN M
' E§-3- 1 -} 1) N s . .
TIME EXCESS PORE PRESSURES &
(DAYS) U (MM)
LEVEL 2
(G1,N1) * - (N2) (G3,N3) (G4,N4)
0.00 164 197 175 | 180
0.02 944 963 929 928
0.04 944 948 941 929
0.06 912 917 908 909
0.08 838 846 - 845 842
0.13 833 852 - 846 818
0.18 846 856 853 850
0.65 912 . 950 946 942
0.74 906 959 948 941
0.87 899 L 955 943 942
0.97 899 956 946 945
1.66 881 966 950 951
1.97 843 940 927 926
2.20 830 934 920 919
2.67 813 925 911 . 908
2.93 805 927 912 907
3.73 777 922 909 9500
4,81 755 911 897 897
5.70 747 909 896 ‘896
6.76 745 899 887 883
7.86 738 " 890 883 878
8.78 959 891 B81 879"
9.72 730 885 879 877
11.03 716 868 865 868
11.77 701 858 855 855
12.72 702 858 857 855
13.68 697 846 844 851
14.73 689 - 830 833 839
15.72. 677 817 = 824 825
16.72 666 808 > 813 819
18.81 659 796 803 806
20.69 629 767 778 783
22.68 610 753 775 773
24,72 570 726 .. 750 751
26.73 540 693 720 722
28.72 517 652 681 683
30.70 500 625 656 659
32.81 463 591 620 627
34.72 448 565 595 602
36.75 441 549 573 581
- 38.80 424 526 550 569
40,71 416 514 562
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e S

TABL

E A3.2
~ DRAIN M
: \
TIME EXCESS PORE *RESSURES
(DAYS) U (M)
: LEVEL 2
"(G1,N1) (N2) (G3,N3) (G&,N4)
42.70 386 483 493 514
44 .80 360 453 478 506
. 47.68 319 423 447 470
50.69 307 397 . 430 447
53.82 290 , 376 398 425
56.72 264 N, 356 367 421
59.78 248 342 352 403
63.75 219 . 302 309 352
65.97 164 245 260 303
70.00 178 247 257 322
72.73 184 295 261 315
76.72 165 384 236 292



" TABLE A3.2
- DRAIN M )

EXCESS PORE PRESSURES
U () -

LEVEL J

(R1,Bl) (R2,B2) (R3,B3) (R4,B4)

0.00
0.02
) . 0.04
. 0.06
0.08
0.13
"0.18
0.65
0.74
0.87
0.97
1.66
1.97
a - 2.20
2.67
2.93
3.73
4.81
5.70
6.76
7.86
8.78
9.72
11.03
11.77
12.72
13.68
. 14,73
S . 15.72
X - o 16.72
s : 18.81
. 20.69
22.68 -
24,72
26.73 - -
28.72 -
30.70
32.81
; 34.72
36.75
38.80
- 40.71

282
1021
1015

997

930

929

939

1014

1008
1001

1002

960
950
937
917
911
888
865
856
840
830
823
815
806
803
800
784

772

‘768
759
751
729
729
714

682 |

652
. 627
593
575
566

543

531

282 265

1021 1008
1030 1012
1008 997
950 - 939
947 936
957 952
1048 . 1041
1048 1039
1043 1038
1048 1043
1055 1047
1027 1022
1023 1019
1014 1012
1014 1014
1005 . 1008
993 997
. 989 997
975 . 985
966 979
958 975
958 973
942 % 966
932 951
929 948
914 940

- 898 923

887 911
881 906
875 . 901
855 883

855 ° 884

841 868
809 841
773 . 803
749 781
. 716 748
1694 - 726
679 - 711 °
657 ° 689

641 - 675

/98-

265
1003
1014

996

940

T 939

951 -
1038
1037
1036
1041
1045
1024
1019
1012
1013,
1008
996
998

986

981 -

977
976

962

949

948
936

919

907

902

899

880

876

857

832

795

773

741

719

703

. 683

669



TABLE A3.2

DRAIN M

.

TIME EXCESS PORE PRESSURES
(DAYS) U (M)
: LEVEL 3
(rR1,Bl) (R2,B2) (R3,B3) (R&4,B4)
P | .
42°70 495 600 632 627
44,80 © 479 580 612
47.68 452 549 580 576
430 521 550 548
413 495 523 514
464 . 489 489
436 462 464
406 420 427
342 364 367
70.00 284 344 368 365
72.73 282 340 366 361
76.72 241 303 313 293 |
/

/89
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TABLE A3.3

/90

’ DRAIN G
.TIME EXCESS PORE PRESSURES
(DAYS) ' U (M)
_ LEVEL 2
(N1) (N2) (N3)  (G4,N4)
0.00 190 197 177 155
0.02 966 965 954 941
0.04 919 917 908 920
0.06 885 886 878 886
0.09 848 843 831 844
0.11 . 833 845 833 851
0.15 893 889 874 "~ 883
0.19 904 896 871 - 876
0.29 924 918 893 894
0.37 911 918 901 903
s 0.81 947 . 951. 939 933
© 0,92 963 972. 961 953
1.10 961 964 951 951
1.87 892 914 902 906
2.96 878 907 893 89
3.85 882 930 921 91
4.08 879 909 915 900
4.90 852 898 890 887
6.02 828 882 876 ~ 878
- 6.93 835 898 885 891
7.87 817 879 875 879 -
9.16 804 845 843 846
9.91 801 867 . 865 871
10.87 795 859 862 860
11.83 778 843 846 845
12,87 772 833 854 " 836
13.86 766 824 829 832
14.86 755 811 829 817
16.96 747 812 831 816
18.84 732 798 818. 802
20.83 701 768 795 - 772
22.87 643 711 726 722
24.87 617 691 695 696
26.86 598 667 669 678
28.84 574 652 643 650.
30.96 552 599 594 606
32.85 526 579 563 566
34,88 516 561 552 552
37.02 501 556 552 535
38.85 496 536 513 513
40.87 456 497 472 477
42,94 430 465 446 446

\



' TABLE A3.3

DRAIN G
TIME EXCESS PORE PRESSURES
(DAYS) U (MM)
LEVEL 2 ;
~(N1) (N2) | (N3) (G4 ,N4)
45.83 394 426 409 411
48.83 393 421 408 406
51.95 382 396, 396 399
54.86 330 . 366 360 358
57.91 302 133 325 346
61.89 268" . 287 287 285
64.15 240 267 256 272
68.14 210 224 234 227

/97




" TABLE A3.3

DRAIN G
TIME EXCESS- PORE PRESSURES
(DAYS) : U (M)
. LEVEL 3
(R1,Bl) (R2) (R3) (R4,B4)
0.00 FAULTY 247. 279 266
0.02 . 980 1102 1056 -
0.04 943 . 1026 1014
0.06 981 986 988
0.09 940 - 939 945
. 0.11 - 933 952 941
0.15 981 - 990- 978
0.19 956 967 972
0.29 . 980 989 997
0.37 : 994 996 1000
0.81 - 1026 1031 kgae
0.92 1048 1054 1060
1.10 1039 * 1045 1052
1.87 989 995 1003
2.96 976 989 995
3.85 986 1000 1012 -
4.08 994 1008 1005 -
4.90 965 977 984
6.02 . 949 968 973
6.93 958 980 985
7.87 944 966 | 971 -
9.16 . 9173 937 - 940
9.91 93] 957 961
10.87 922 947 952
11.83 : 908 945 937
12.87 -~ 898 929 932
13.86 - 892 935 923
14.86 . 893 927 912
16.96 888 923 912
18.84 . 883 900 905
20.83 . 877 897 881
22.87 ° 872 831 847
24,87 794 836 837
26.86 782 . 826 823
28.84 774 794 817
30.96 : 730 760 791
32.85 702., 730 747
34,88 685 . 712 738
37.02 672 708 728
38.85 657 687 694
40.87 613 646 650
42.94 585 618 625

/92



TABLE A3.3 .

DRAIN G

- TIME EXCESS PORE PRESSURES

(DAYS) * _ U (M)
" - LEVEL 3

(R},Bl) (R2) (R3) (R4,B8)

45.83 546 580 590
48.83 541 556° © " 573
51.95 529 536 547
54.86 497 512 499
.57.91 ' . 465 471 468
61.89 458 435 426
64.15 371 384 401
68.14 327 358 363

/93




TABLE A3.4

DRAIN A
TIME, * EXCESS PORE PRESSURES
el
(DAYS) U (1)
LEVEL 2

(NI) ~ (G2,N2) (G3 N3)  (N&)

179 151 161 163

0.00
0.01 961 948 936 851
0.02 1090 1084 1075 929
e 0.03 872 871 ' .889 859
' 0.05 854+ 855 862 836 -
0.07 832 833. 834 817
0.09. 888 888 890 868
0.11 859 860 849 . 833
0.15 863 858 855 854 -
0.35 98 921 912 905
0.84 920 930 929 933"
1.03 922 - 945 945 . 948 .
1.05 908 . 937 940 945
1.38 884 . 925 933 935
1.89 . 864 921 931 936
1.93 869 926 937 941
2.13 870 934 945 944
2.84 864 938 950 957
o 3.13 822 - 906 931 938
4,17 788 890" 919 929
4,93 773 877 913 928 -
5.85 770 881 911 927
6.85 734 850 889 907
7.90 723" . 837 879 898
: . .. 8.89 709 820 865 886
- 9.89 702 815 862 881
11.98 688 797 . 855 876
13.86 664 " 776 831 _ 857
15.88 646 . 755 815 840
17.89 606 719 775 807
19.90 574 699 744 772
21.89° 557 675 718 745
23.88 542 654 696 726
25.94 495 608 650 670
. 27.89 459 570 . 617 629
' 29.90 444 548 584 609
32.05 433 494 573 588
33.88 416 509 565 563
@ 35,87 389 475 515 524
37.97 361 445 478 490
40.86 ‘336 415 445 448
Lo 43.86 307 387 413 428

- 19



TABLE A3.4

DRATN 4 - ¢
TIME . EXCESS PORE PRESSURES
(DAYS) U QM) <
'LEVEL 2

C(N1)  (G2,N2) (G3'N3) (N&)

46.98 306 . 374 391 396

49.90 277 344 359 363
52.93 269 316 337 . 341
56.91 232 309 296 308
59.15 205 270 274 286
63.17 186 238 243 257
65.89 173 238 247 253

69.89 151 207 201 211 -

/95



TABLE A3.4

DRAIN A
TIME EXCESS PORE PRESSURES
(DAYS) - U (MM)
LEVEL 3

(R1,B1) (R2,B2)  (B3) (R4,B4)

" 259 270 296 . 255

0.00
0.01 - 1020 1018 1038 1015
0.02 1147 . 1154 1158 - 1149
0.03 961 980 980 971
0.05 945 955 950 946
0.07 ‘945 956 975 949
0.09 980 993 989 985
0.11 915 934 - 934 927
0.15 949 964 955 955
0.35 988 1019 1037 1007
0.84 . 960 1044 1051 1029
1.03 - 958 .. 1060 1060 1047
1.05 943 1054 1059 1041
1.38 913 ~ 1044 1053 1032
1.89 " 885 1037 1051 980
1.93 889 1042 1057 1039
2.13 892 1047 1060 1046
2.84 898 1054 1070 1056
3.13 858. "1026 1043 1037
4.17 825 1007 1030 1027
4.93 814 994 1021 1023"
5.85 812 994 1026 1026
6.85 777 970 1006 1006
7.90 +771 957 © 996 999
8.89 757 7 940 984 985
9.89 751 935 981 - 983
11.98 744 929 976 982
13.86 729 911 ., 960 964 -
15,88 717 895 946 951
17.89. " 686 863 914 - 620
19,90 660 835 888 . 893
21.89 647 813 864 871
23.88 635 797 851 858
25.94 ¢+ 590 . 747 798 806
27.89 560 712 760 770
29.90 545 " 696 ¢ 744 . 754
32.05 531 679 S 727 %77 736
33.88 516 656 706 716
35.87, 492 . 623 673 681
37.97 468 608 - 643 651
40.86 YA 570 606 613

43.86 417 540 569 584

/76




TABLE -A3.4

DRAIN A
TIME EXCESS PORE PRESSURES
(DAYS) U (MM)

LEVEL 3

(R1,Bl) (R2,B2) (B3)  (R4,B4)

46.98 426 513 543 552

49.90 416 477 509 © 521
52.93 346 454 485 494
56,91 - 309 399 442 446
59.15 284 374 417 422
63.17 256 339 377 389
65.89 248 334 370 . 382
69.89 236 306 316 327

197




\ TABLE A4.1 : No Drain - _ NS
. . a
TINE SOIL- EXCESS PORE PRESSUR
(DAYS) SURFACE U (MM Ei -
ELEVATION . . . .
LEVEL 1 - LEVEL 2 LEVEL 32 LEVEL 4
(MM) pP-G1 P-G2 F-R1 P-R2 F-R3 p-32
0.00 984 291 292 541 515 542 527
0,00 980 1138 1159 1430 1430, 1430 1347
0.02 979 1172 1144 1405 1293 1444 1378
D.04 977 1223 1207 1442 1439 1489 1461
0.08 977 1155 1138 1348 - 1343 1423 1380 —
0.28 974 1096 1083 1212 1340 1356 1310
0.78 969 . 1057 1044 1276 1272 1313 1271
* 1,00 949 1034 1019 1251 1248 1291 1259 ~

1,42 947 990 987 1222 1216 1255 1212
1,78 964 . 951 959 1199 1193 1271 11e7
2,03 949 214 935" 1131 1173 122 . 1147
2,32 944 898 914 1170 1142 1199 1155
2,82 942 854 885 1157 1144 1187 1141
3.88 . 960 771 BO4 1113 1101 1119 1091
4,39 259 742 747 1099 1084 1121 1074
4,83 958 724 743 1087 1075 1110 1062
5,38 957 . 706 722 1080 1065 2100 1055
5,87 955 6964 707 1077 10¢2 11098 1047
5.34 954 876 591 1051 1050 1085 10364
6,83 953 660 671 1043 1028 10734 1027
7.34 952 449 655 1034 1030 1043 1020
7.85 951 438 640 1037 1025 1059 . 1008
8.84 949 617 616 1022 L1009 1041 - 93¢
9,93 947 570 570 904 9772 1704 243
11,05 945 S44 537 950 o309 970 o03
11,98 943 521 S511 7 922 910 940 974
13,24 941 492 484 889 870 goe 933
15,25 929 132 319 784 782 310 740
16.,51° 934 405 389 744 740 748 701
18,40 - 935 374 152 173 677 700 670
20,27 932 320 304 597 593 510 557
22,24 931 243 227 498 472 S04 444
23,28 900 219 205 - 4573 141 4472 318
24,29 927 134 S 117 288 258 271 21s
29,2 925 73 42 147 135 145 124 ,
34,29 924 14 7 39 - *158 62 47
37.48 9232 9 14 ar 80 89 * 79
49,38 921 ~40 . =45 -43 -4¢ -44 -40

'/'98



&

{

TIME
NAYS)

-117
=157
=110
-87
1186
402
104

_TABLE A4.2
DRAIN M
EXCESS PORE PRESCURES
U IMM)
LEVEL 2
F-G1 P-G2 P-G3
133 192 184
178 1123, 1089
122 838 810
- 105 687 £76
™~ 94 554 569
92 495 529
" 67 382 420
44 245 246
34 138 154
38 67 R4
22 0 -4
23 -18 -75
24 ~31 -94
24 -34 -9B
22 -3¢ -107
26 -46 =151
25 -70 -117
25 ~59 -37
29 551 -235
29 549 405
28 548 434
30 290 223
31 8¢ 10
32 42 -7
34 13 -32
35 10 -15
¢ 3b, -on ~50
41 -1 ~42
45 -78 -122
46 -84 -124
51 -83 -113
-125 -54 -9¢
a5 e5n 1250
.26 331 324
25 166+~ 9t
111_._
/99

%

T

b

L



"TABLE A4.2

_ DRAIN M
TIME EXCESS FORE PRESSURES
{DAYS) U (MH)
LEVEL 2 _
P-N1 F-N2 P-N3 F-N&
R
0.00 169 223 210 194
0.01 Y 1170 1114 1128
0,03 455 947 913 894
0.05 373 B19 810 7467
- 0.09 298 693 712 669
0411 271 425 671 617
0.31 218 532 " 560 524
0.71 144 390 402 k{3
1,22 74 251 253 - 231
1.74 26 137 146 13¢
2,74 -18 32 30 26
3.82 ~74 ~61 -43 =45
4,93 -90 -79 -75 -p4
. 5.87 -89 -78 -81 -B3
7,13 -104 -90 -91 -102
8,72 -133 -135 -137 -130
9.98 -128 -118 . -98 -108 -
12,03 -47 -41 -34 -39
12,05 184 798 743 742
12,07 284 682 711 660
12,10 194 492 540 513
12,22 97 277 304 307
12,72 -12 28 3 15
12,99 -19 9 9 14
13.75 -42 -31 -31 -2
14,74 -42 -30 -31 -39
15.74 -52 -88 -89 -77
16,76 -53 -61 -55 -42 -
19,72 -124 -118 -122 -116
19,75 -126 - -142 -143 -165
20,77 -121" -114 -102 -124
21,75 -95 -84 -82 -100
21,78 610 1206 1190 1097 -
22,06 153 244 443 ég4
22,97 N 75 111 137 199

200



TIHE
(DAYS)

j TABLE A4.2

DRAIN M

[

F'_

R3

EXCESS PORE FRESSURES

0.00
0.01
0,03
0.05
0.09
0.11
0,31
0.71
1.22
1,74
2,74
3,82
4,93
5.87
7.13

B.72

9,98
12,03
12,05
12,07
12.10

12,22

LA s

12,72
12,99
13,75
14,74
15,74
16,74
19,72
19.75
20,77
21,75
21,78
22,06
22,97

U (HH)
s
LEVE L 3
P-R1 P-R2

133 133
168 703
122 403
107 329
95 262
93 235
45 173
’///;uk" 100
4 54
-14 . 42
-38 -1
=74 -71
-83 -83
v -84 -84
-2 -95
-130  -134
-110 -118
- =37 =35,
120 391
104 305
72 . 212
33 116
=22 7
-26 5
-44 -43
4™ )
-85 -57
-40 -52
-110 -123
-126 ~125
-94 -118
-80 -92
226 769
67 170
34 76
g

- 2o/

173
1045
747
401
488

438

333
221

135

72

=72
~-79
=73

. =79

-131
-111
-34
586
540
400
219
32
28

-11
=75
-70
-121

=128

-110
-B87
1258
293
87

80
3
-11u
-29
728
£83
511
280
22
=31
-30
-91
=31
117
-14§
~103
=79
1417
441

111



L TABLE;M.Z
DRAIN M
TIME EXCESS FORE FRESSURES
{DAYS) U (M4)
F_ ' —
_ LEVEL 3
P-B1 . P-R2 P-B3 . P-R4
0,00 = 124 114 117 114
0.01 - 430 _ 559 428 822
0,03 245 327 381 A79
0,05 212 2460 312 T 374
0.09 167 204 235 277
0,11 153 185 212 244
0,31 110 135 . 147 170
" 0.7 - 53 66 77 92
1,22 .. 23 32 38 47
1,74 -6 - -3 - 11
2.74 -38 . =37 -35° -31
3,82 - -79 -81 -82 ~B4
4,93 -84 -91 -85 -84
5,87 -85 -91 -87’ -88
7,13 -102 . -101 -95 = -97
8,72 -133 -133 - -133 -137
9,98 -12% -123 -105 ~105
12,03 -51 -53 -35 =44
12,05 291, 374 414 514
12,07 174 220 254 324
12,10 119 144 167 ° 214
122 55 64 78 °8
12,72 21 © =22 . 43 Y 15
12,99  -27 © =37 -19 -21
13,75 -4 -47 -37 -42
14,74 = . -46 -48 -2 -44
15,74 -8B -90" -0 -91
16.76 =75 - -48 ~59 -63
19.72 -123 -122 -109 -115
19.75 -141 -148 ' -149 -152
20,77 -114 113 - -99 -109
21,75 -90 -87 . -g2 " g5
21.78 472 454 . 773 1139
22,06 99 11 132 176
22,97 36 .40 43 51

202



A%

TIHE
{DAYS)

SOIL EXCESS PORE FRESSURES

SURFACE
ELEVATION

© LEVEL 1

(MM

TABLE A4.2

DRAIN M

0.00

0.01

© 0,03
“ 0,05

0.09.

0.1t

.31~

0,71
1,22
1,74
2,74
3.82
4,93
5,87
7,13
8.72
. 9,98
12,03
12,05
12,07
12,10

12.22 -

12,72
12,99
£3,75
14,74
15,73
16,74
19,72
19,75
20,77
'31,75
"21,78
23,04

22,97

934
925
924~
923
921
920
917
914
912
911
910
910
909
. 909
910
909
908
908
904
904
905
904
904
903
904
904
005 *
903
903
902
. 902
902
896
895
895"

U (MM
"LEVEL 4 3
P-RS P-GS
97 122
160 B53
128 601
119+ 458
1160 * 357
106 332
¢9 248
39 158
20 102
2 © 53
~19 -B
-54 -78
-62 -84
-48 -85
~83 -98
-98 -143
-114 -112
-91 -37
17 410
20 178
20 294
21 174
15 -
11 -5
-2 -38
- =10 ~34
-24-m,\\\§i3
-32 -5
-80 -127
-82 . -144
-8R -111
312 -94,
231, 124k
6é 799

29

20%

87 «



TIME .
(DAYS)

TABLE A4.3
DRAIN G

EXCESS PORE PRESSURES

0,00
0.00
0.03
0.05
0.11
0.31
0.42
n.78
1,03
1,32
1,74
2,79
3,30
" 3074
4,31
4,76
5,22
5.72
6,22
b.74
7.74

8,82

9,95
10,87
12,1
13,72
14,98
16.89
16,93
14,95
16,99
17,08
17.21

17.73 .

17,98
18,74
19,74
29,73
21,79
24.75
24,77
" 25,76

~124

U (MM
LEVEL 2 ~\_\~E‘
F-G1 -+ P-82 F-GZ
12 343 - 22
798 1697 1100
480 1120 114%
439 1134 1143
378 1098 1101
321 101¢ 1062
312 974 1638
297 - 900 1007
261 844 o971
246 819 054
241 793 9326
222 686 856
209 620 B11
200 581 . 777
191 522 714
187 L 479 T 540
171 334 533
145 385 530
122 342 449
98 29E 407
AR 218 194
20 119 167
-12 b4 104
-35.° 29 56
-55 -10 | ?
-84 -7t -60
-104" ~48 -84 .
-94 -22 -71
334 470 542
217 536 6&3
187 390 630
154 414 535
99 292 . 374
25 114 154
-2 85 © 113
~35 32 41
-50 22 . 8
-78 -50 -54
~79 -20 -52
-129 -111 -134
-134 -14 -49)
-124 -91 -112
% -

"QcDV_

e




TINE
(DAYS)

TABLE A4.3

DRAIMN G

U (HM)

LEVEL 2.
P-N2 F~H

EXCESS PORE PRESSURES

3

9,00
0,00
0,03
0,05
0,11
0,31
0,42
0,78
1,03
1,32
1.74
2,79
3,30
3.74
4,31

4.74
5,22

LA

3,72

" 4,22
s6.74

: 7,74
K §,82
) "9095
10.87

12,13

13,72

14,98 .

14,89
14,93
16,95

14,99

17,06
17,21
. 17,73
1B, 74
12,74
20.73
-21.,75
24.73
24,77
25,74

-13°

310
1063 1
1094 - 1
1084 1
997 1
842 1
816 1
738 1
682

654

626,

528

471

439

402
371
330
301
269
233
165

95

45

|
JUV,
o~

LA
S RS BN |
-1 ta

L.

498

e
] ~0
[2 SR N o]

o
1J O~ 1Dl
D D ] e

208

-0
705
234
402
494
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= I LN
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N

TABLE A4.3

DRAIN B .
TIME EXCESS PORE PRESSURES
. (TIAYS) U (MH) d
: LEVEL 3 -
P-R1 F-R2 P-]3 F-R4

_________ e e e e e e e
0,00 485 477 T 489 522
0.00 331 1057 1118 1253
0.03 267 1105 1254 1212
0.05 250" 771075 1240 1318
0.11 239 980 1194 1274
0,31 230 B74 1087 1228
0,42 - 224 B37 1045 1213
0.78 213 747 962 1179
1,03 165 716 300 1139
1,32 151 689 ° B&4 1113
1,74 143 673 X 1092
2,79 141 . 404 - 744 993
3.30 124 572 70¢ 942
3.74 134 548 476 202
4,31 131 5132 627 B42
4,74 128 484 587 790
5,22 124 - 454 542 - 730
5,72 120 . 419 494 469
4,22 115 386 450 406
6.74 111 354 402 547
7,74 103 277 308 419
8,82 94 1727 . 184 261
9,95 75 109 119 174
10.87 51 57 43 105
12,13 14 13 132 42
13,72 -26 =40 =45 - -48
14,98 -58 -45 -59 G -647
14,89 -49 -44 -R -36
16,93 93 205 418 445
16,95 94 362 481 S sty
14.99 95 33¢ 448 488
‘17,04 B9 ¢ 306 389 454
17.21 e7 259 314 392
17.73 74 129 . 152 197
17.98 b6 9B 121 120
18,74 22 49 61 90
19.74 -10 407 54 69
20,73 -44 -26 =35 . -17
21,75 -68 -34 » -132 -20
24,75 -133 -11% -1t -124
24,77 -133 -11% . -101 -121
25.74 -103 -106 -87 - -110

206
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TIHE -
(DAYS)

S0IL EXCESS PORE FRESSURES

SURFACE
ELEVATION
LEVEL 1

TABLE A4.3

DRAIN

U (MM)

LEVEL 4
P-RS

162
717
608
611
608
597
591
575
562,
550
526
486
465
444
421 -
403

1704
144
149
132
303
245
236
208
168
114

BO

_15'.

-124

-123

~123

-126

-128

-138

-143

-158

-934

934

-934

-912

-930"

-931

‘ 207

t

1704

415
428
404
377
326

= n
c~ Cn

-



TINME

{DAYS) -

0,00
0,00

0.03.
0.05.

0.11
0.31
0.42
0.78
1.03
1.32
1.74
2.79
3.30
3.74
4,31
4,76
5,22
.72
6,22
5,74
7.74
8.82
9,95
10.87
12,13
13,72
14,98
14,89
16,93
16,93
14.99
17.06
17.21
17,73
17,98
18.74
19.74
20.73
21.7%
24,75
24,77
23.7%

483
341
284
273
239

222

208
200
175
171
148
157
153
149

148

144
141
128
119
103
73
43
15
-5

- -26

-44
=74
-67
64
77
78
g2
88
34
21

_3‘

-934
~24
~59

-122

-114
-62

TABLE A4 75—

DRAIN G

EXCESS PORE PRESSURES

U (MM
LEVEL 3
P-R2 P-B3
508 531
1214 1334
1134 1322
1112 1322
1035 1271
942 1214
911 1179
843 1117
790 1060
760 1024
738 989
649 882
609 B33 .
585 799
550 749
514 708
479 654
440 601
404 549
360 493
285 185
180 251
108 157
71 106
22 47
-53 -42
-42 ~57
-41 -4
288 183
262 410
369 431
321 413
261 353
133 182
105 145
49 75
-932 -934
-41 -28
-31 -14
~122 -119
-127 -119
" -92 -92

208




TABLE A4.4

IRAIN A
TIME EXCESS PORE PRESSURES
tDAYS) U (MM
LEVEL 2
P-G1 P-G2 P-R3 PG4
2.00 2764 122 285 748
- 0.01 736 - 1188 1182 1158
0,03 497 1038 1022 1010
0,05 417 932, 913 200
0,09 353 B38 B41 822
0,14 351 793 806 770
0.34 326 711 744 703
0,78 298 429 £78 7 615
1,264 204 499 €53 501
1,75 145 28 454 448
2,26 135 361 179 393
2,78 111 29@ 713 330
3,77 35 188 190 215
4,85 53 74 Y 52
5,97 18 23 . B 29
6.91 34 -4 -5 -G
8,17 37 ~1p -47 -44
9,75 g -4 ~ -95 ~104
11,02 14 -101 -94 -104
12,99 315 -38 -41 -42
13,03 54 - 399 525 TLE
12,05 56 - 393 224 484
13,08 . . 34 . 149 492 423
13.12 57 298 444 172
13,25 55 201 114 242
13,74 5¢ 53 8O 74
14,02 54 ~ 28 67 49
14,78 58 1 .28 z
15,78 59 4 21 4
16,77 108 -34 -10 -40
17.79 42 -49 - 42 -39
20,78 54 -144 -117 -134
20,79 55 -140 -134 -134
21,81 56 -139 -127 -121

209
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TABLE A4.4°

URAIN A a
TINME EXCESS PORE PRESSURES
{DAYS) : ' U (HH)
LEVEL 2
F-N1 P-N2 P-NZ F-N4

__________________________ e
7,00 274 323 312 23
0.01 611 1221 1206 1109
0,03 440 1076 1077 959
0.05 376 991 999 8BS0
0,09 355 220 223 758
0,14 310 879 894 703
0,34 291 B14 842 422
0,78 248 743 786 540
1.26 171 419 677 444
1,75 141 S41 509 398
2.26 114 440 534 383
2,78 24 394 459 319
3,77 58 265 313 219
4,85 i 9 117 153 94
5.97 -15 34 58 . 5S4
6+91 . -28 24 9 -8
8,17 -55 352 -41 -48
9,75 -83 -71 -102 -87
11,02 -95 -B4 -99 -83
12,99 ~44 -62 ~45 -9%
12,03 164 551 591 573
13,05 167 514 574 554
13,08 167 448 518 4465
13,12 164 405 457 407
13.25 120 270 309 271
13,74 35 72 83 44
14,02 25 55 65 44
14,78 Y . 4 15 112
15.78 . -4 5 14 11
16,77 -54 -62  -48 -25
17,79 ~58 -51 -45 -28
20.78 -121 -130 -143 -132
20,79 -122 -131 -135 -130

21.81 * -118 -113 -124 =124

2/0




TABLLE Ad4.4
MRAIN A
::g==:’.‘=
TIME ) EXCESS PORE PRESSURES .
(DAYSY T U (MK
LEVEL 3
P-R1 F-R2 P-R3 - FP-F4
7,00 263 279 207 218
0,01 339 858 1128 1011
0.03 281 442 983 B74 ,
0,05 234 1703 B49 742
0709 213 449 742 641
0.14 205 -431 469 578
..0.34 204 759 542 490
. 0.78 194 333 494 441
1.26 W77 209 375 - 349,
1,75 54 198 313 307
2,26 - 44 173 240 261
2.78 o35 151 214 202
3,77 1B 102 124 128
4,85 -11 17 44 19
5.97 . -22 -7 -3
6,91 -32 //f;g\ -40 -21
"B.17 ~5é -44 -78 -5
9,75 -99 -97 ~126 -107 .
11,02 -105 " -105 -119 -102 @
12,99 -54 -44 -49 -39
13,03 82 201 7202 199
13,05 8BS 179 261 370
13.08 77 158 263 332
13.12 71 142 237 . 29¢
12,25 55 117 170 194
13.76 . 9 35 40 40
14,02 1 24 21 29
14,78 -14 12 -14 -5
15,78 -14 -4 -14 -2
16.77. =11 -41 -70 -5
17.79 =37 - -47 A4 -44
20,78 -135 -132 -130 -178
20,79 -134 ~155 -140 -152
21,81 -133 -122 -121 -121

2/
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TINE
(DAYS)

- TABLE A4.4

EXCESS FORE PRESSURES

U (MM)

LEVEL 3

PR3

4.00
2.01
0,03
0.05
0.409
0.14
0.34
0.78
1.26
1075
‘2!2&
2,78
3.77
4.83
5.97
6.91
B.17
9,75
11,02
12,99
13,03
13.03
13.08
13.12
13.25
13.74
14,02
14,78
13.78
16.77
17.79
20.78
20.79
21,81

27

-100
~-100
-112

-105

331
286
244
219
147

2/2

256
1180

995
882

773
709
420

534

404
344
275
247
152

44

~19

-54

~107

~-100

-30
341
324
286
248
147
36
27
-3

~-45
~35
-128
-181
-118

1029
844
734
639
591
514
449
142

. 387
263
224
137

18

=24
-
-108
-114
-69
248
251
252
240
229
65
51
19

-29
-44
-142
-14¢
-149

1!?) ‘
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\
- .
. TABLE A4.4
TRAIN A
j
TIME S0IL EXCESS FORE FRESSURES !
(DAYS) SURFACE U (MM
ELEVATION .
LEVEL 1 LEVEL 4 |
(MM) = P-RS F-GS i
T T T e e e R n s - -— ]%
0,00 948 248 292 i
0,01 958 296 701 {
" 0.03- - 957 271 570 1
0,05 954 224 490 !
0.09, 955 215 423 [
0.14 250 ., 204 394 . 5
0,34 951 189 343 |
0,78 947 188 333
1,26 942 113 244
1475 940 108 208
2,24 938 102 189
2,78 936 o5 144
3,77 934 87 111 ' -
4,85 232 75 40 . ]
5,97 931 41 5 : ;
6.91 931 . 1 -17
8,17 930 -40 =49
9,75 930 -80 -103
11,02 230 -84 =100
12,99 #20 =79 . =45
12,03 927 13 175
13,05 « . 926 18 182
13,08 927 23 182
12,12 924 24 173
13.25 926 29 178
: 13,76 924 28 40
: 14,02 934 23. 7 oo . .
14,78 925 .3 -4
15,78 925 3 t ’
16,77 925 -11° -40 , ;
17,79 925 -3¢ -43
- 20,78 ' 925 ~113 ~112
20,79 924 -113 -134 g
21,81 924 -11% -120 i
o 1
1

293
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TABLE A5.1 -

SETTLEMENT DATA - TEST NO.2 NO DRATIN

TIHE . SETTLENENT | ~ STRAIN
(DAYS) (MH) - : ()

LEVEL 1 LEVEL 2 LEvEL 3 LEVEL 1 LEVEL 2 LEVEL 3
(SURFACE) (400 HMM) (300 MM)(SURFACE) (400 Mh) (300 MNf)

0,00 0 0 0 0 0 0
0,00 4 1 -1 4 2 -3
L, 0,02 5 . 1 1 5 2 >2
0.04 7 2 1 7 3~ 2
0,08 - B 1 2 8 2 5
0,28 11 1 2 11 2 7
0.78 15 1 . 1 15 - 2
1,00 15 2 -2 15 3 -5
1,42 17 3 -1 17 5 -2
1,78 18, 3 -1 18 -5 -1
2,03 19 3 -1 19 5 -2
2,32 - 20 4 1 20 7 2
2,82 22 5 1 22 8 -2
3,88 25 S 1 25 8 2
4,39 25 6 1 25 19 3
4,83 27 8 1 27 13 3
5,38 2 10 ‘1 28 17 3
5,87 30 10 2 19 17 5
6,34 31 12 2 31 py 7
4.83 31 172 3 31 20 8
7.34 313% 14 4 33 23 12
7.85 34 15 4 34 25 - 12
8.86 35. 17 5 35 28 17
9,93 .38 18 5 38 30 15
11.05 40 20 5 49 33 17
11,98 42 22 o7 42 17 23
13.24 43 25 8 43 42 27
15.25 46 28 9 44 437 28
16,51 42 2 12 49 47 40
18,40 50 31 13 50 52 42
200,27 52 " 34 14 52 57 45
21,26 54 35 15 54 53 50
23.28 55 24 14 55 50 52
24,29 58 39 1e 58 55 58
29 .22 59 39 17 59 &5 57
34,24 61 41 19 61 68 62
37.48 42 41 19 62 48 63
49,38 53 34 23 42 73 75

2/



e

TIME
{DAYS)

0.00-

0,01
0,03
0.05
0,09
0.11
0.31
1,34
1,22
1,74
2,74
3,82
4,93
5!87
7,13

NS e

12,03
12,035
12,07

12,10

12,22

12,72

12,99
13.75
14,74
15,74
16,76
19,72
19.75
20,77
21,75
21,78
22,06
22,97

TABLE

A5.2

SEYTLEMENT DATA - TEST NO.2

SETTLEMENT

(MM)

DRAIN M

ETRAIN

(%)

LEVEL 1 LEVEL 2. LEVEL I LEVEL i LEVEL 2 LEVEL 3
(SURFACE) (600 MM) (300 MM)(SURFACE) (600 -MM} (200 MM}

OO DU DS O

[,
OO

10
10
12
12
14
14
14
14

14
14
13
14
15
15
14

1

17 ..

16
i8

18
19

2/5
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TABLE A5.3 DN
" BETTLEMENT. DATA - TEST ND.2 DRAIN G
TIME . - SETTLEMENT ~ " STRAIN
{DAYS) by (MM : ooy

LEVEL 1 LEVEL 2 LEYEL 2 LEYEL t LEVEL 2 LEVEL I
(SURFACE) (600 MM} (300 MM} (SURFACE) (400 MM} (300 H+)

DA W R S N ] B ] P 1D ) )

i :
0,00 0 0 0 0 0 -0
0,00 7 3 2 7 4 5
0,03 B 3 1 B 4 3
", 0,05 12 3 0 12 5 0
0,11 13 4 L 13 é 2
0,31 14 5. -2 . .14 8 -5
0,42 14 5 -1 14 8 -2
0,78 17 6 -1 17 9 -3
1,03 19 6 0- 19 10 -0
1,32 -21 8 3 21 13 12
1.74 22 9 0 22 14 )
2,79 . 29 12 | 29 19 3
3.30 31 13 3 31 22 8
3,74 33 15 1 33 24 3
4,31 315 . 17 Y 35 - 28 5
3,76 35 18 2 . 15 29 5
5,22 I8 19 2 K 2 10
5,72 8 20 3 Ef: 23 10
6,22 19 21 3 39 5 10
6,74 % - e 4 39 36 12
7.74 41 27 5 41 3e 15
B.B2 42 24 4 - 42 40 12
9,95 3 > 25 5 44 .42 15
10,87 . . 45 24 6 45 . 4% 29
12,1377 a4 - 27 7 46 44. 22
13.72 44 27 5 . 46 44 1
14,98 47' 28 7 - 47 a7 2
16,89 47 28 7 - 47 47" 2
16,93 49 30 7 49 50 2
14,95 50 30 7 50 49 2
16,99 5§ 20 7 50 49 2
17,06 . 50 30 7 . 90 40 2
©17,20 -0 S0 30 - 50 49 2
17,73 S S § R -8 51 51 2
17.98 50 31 8 50 51 2
18.74 . 51 31 8. 51 52 2
19,74 51 71 8 51 51 2
20,73 51 31 7 51 4 22
21,75 © 51 32 7 51 53 23
24,75 52 32 8 52 4 5T 27
24,77 53 34 - 10 53 S5 32
25,76 53 3. 8 53 53 *o2z

2/6



TABLE "A5.4

SETTLEMENT DATA - TEST NO.2

TINE
(DAYS)

LEVEL 1

SETTLEMENT
(HM) -

LEVEL © LEVEL 3 , LEVEL 1
(SURFACE) (400 MM) (300 MM)(SURFACE) (400 MM) (200 MM)

STRAI
(1)

LEVEL

N

]

LEVEL 3

0,00
0.01
0,03
0,05
0,09
0,14
0,34
0,78
1,26
1.75
2,26
2,78
3,77
5,97
6491
B.17

9.73 .

11,02
12,99
13,03
13,09
13.08
13.12
12,25
13.7%
14,02

S 14.78
15.78
16,77
17,79
20.78
20.79
21.81

10

2/7
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.. TABLE A6.1

HO DRAIN

EXCESS PORE PRESSURES

U (M)

[

LEVEL"2 LEVEL 3 LEYEL 4

. gy

TIHE < S0OIL
(DAYS) SURFACE
ELEVATION

LEVEL 1

(MM)
0,00 984
0,00 980
0.02 97%
0,04 . 977
0,08 977
0.28 974
0.78 949
1.42 967
1.78 ' .94é
2,403 945
- 2332 964
2:82 P42
- 3,88 . 960
: 4,39 759
4,82 ., 958
5,38 . 957
5.87 955
;s 6.34 954
4,83 953
7,34 952
7.85 951
B.86 949
?.93 947
11.05 945
11.98 243
13.24 941
. 15,25 939
T4.51 936
N 18,40 935
. 20,27 932
102,24 931
23,28 929
26,29 927
29,22 925
34,2 724
37,48 923

49,38 . 921

(GL1sG2) (R1sR2) (RI,GI)
291 528 545 -
1148 1430 1398
1148 1401 1411
1215 1440° 1475
1144 1365 1301
1090 1311 1333
1050 1274 1292
1026 - 1249 1270
989 . 1219 1233
955 1195 1209
924 1177 1189
906 1166 . 1177
869 1152 1144
787 110777 1115
754 1092 1097
733 1081, 1086 -
714 1072 1077 .
701 106%-*% 1072
483 © 1055 +- 1060
665 104b 1059
652 1032, 1041
439 1031 1033.
614 1015 . 1015
570 978 973
540 944 939
516 916 908
498 B79 866
425 784 775 -
397 742 734 .
363 673 670
312 590 581
240 4E5 475
212 447 449
124 273 252
67 151 134
10 .63 54
11 BI 84
-43 ~45 -4R

%  2/8



. TABLE A6.2
DRAIN M

“ . ’ o SoD=ZX== .
TINE XCESS PORE PRESSURES
1 IAYS) U (MM) '
‘ LEVEL 2 A
(B1/N1)  (B2yN2) (53;NI} (G4,N4)
i ' '
‘ 0,00 151 208 198 - 183
2,01 422 1147 1103 1075
0,03 288 892 - 841 B43
0.05 239 793 743 714
. ' 0,09 194 624 640 618
: 0.11 181 567 . 595 575 .
10,31 143 452 490 " 4p2
0.71 95 317 324 324
1,22 § 36 . 194 203, 202
1.74 It 102 115 112
2,74 - . 2 - 16 13 12
' 3.82 ~26 -39 6% - =70
4,93 . -33 -55 -85 " ~B2
5,87 ~32  -54 -89 <83
. 7413 -41 -48 -99 -97
8,72 -54, -100 " -144 -134
9,98 -52 -94 ~107 -108
L 12,03 - -1t =50 -34 ~44
‘ 12,05, 207 674 264 730
12,07 157 815 458 662
12410 112 520 488 493
12.22 43 283 243 © 279
12,72 10 54 20 22
12,99 , 7 26 1 5
13,75 -4 . -9 -31 -33
14,74 -4 -10 -33 -33
15,74 ;) -55 ~49 -75
© 16,76 -4 -41 -59 =40
19.72 -40 -98 . =122 -117
19.75 . -40 -104 -148 -141
20,77 -25 -98 -108 -117
21,75 . -110 -6% -85 -97.
21,78 317 1079 1220 1141
22,06 89 347 393 544

22,97 50 139 o 114 152




TABLE A6.2

DRAIN M
TINE EXCESS PORE PRESSURES

_{DAYS) U (MM)

N \

|l R
(R1:B1) “{ﬁE:BE) fRIyR3I} (R4,B4)
\ .

____________________ e e e e e
. \\\

0,00 128 124 145 154
0.01 299 ‘631 837 993
0,03 193 345 564 704
0,05 1160 295 457 582
0,09 131 234 142 455
0.11 123 210 125 ¢ 40P
0.31 B8 154 240 - 309
0.71 39 =k 149 200
1,22 14 432 87 122
1,74 -10 20 37 42
2,74 -38 - =19 -18 -7
3.82 -77 =76 C =77 -77
4,93 -B4 -87 -82 -82
5,87 -85 -87 -89 -84
7.13 -97 -98 -87 ~95
- 8,72 -131 -133 -132 . -139
9.98 -119 -120 -408 -109
12,03 -44 -44 -3 -37
12,05 204 383 501 624

12,07 139 242 397 505
12,10 94 178 . 28B4 . 342
12,22 44 20 148 189
12,72 ~21 ~B 9 3
12,99 ~27 -11 5 -8
13:75 -45 =45 -23 -14
14,74 | -45 -4 -24 -37
15.74 -84 -73 -77 -91
16,76 -57 -60 -54 -57
19,72 -117 -123 -115 -115
19,75° -133  -134 -138 -148
20,77 -105 -11% -104 -197
21,75 -85 - -89 -84 -82
21,78 349 - 711 1015 1278
22,06 . B3 144 212 308

22,97 35 58 65 81

220



TINE
(DAYE)

Low -

[ ST N )

+ =

o~ osn
Mo~~~ R

2.95
10.87
"12.13
12,72
14.98
156.89
16,93
14,95
16,99
17.04
17.2
17,73
17.98
18.74
12,74
20.73
21,75
24,75
23,77
25.7%

TABLE A6.3

IRAIN G

EXCESS FORE FRESSURES

U (HH)

LEVEL 2

(61) (G2rN2) (B3IsINI)

320 329
798 1035
480 1107
439 1109
378 1047
321 938
312 B9
297 819
261. . 7463
244 734
241 709
222 606
209 545
200 510
191 462
187 425
171 - 137
145 . 343
122, 305
9?8 2695
48 . 192
20 107
-12 56
-35 24
-55 -13
-Bé4 -71
-104 Co-72
-94 -40
234 479
217 517
187 467
154 183
99 | 24%
25 101
-2 73
-35 26
-50 13
-78 -47
-79 -32
-129 ~11t
-134 -5
-124 -94

22/

341
1123
1144
1143
1103
1044
1041

1006~

968
953
973
B34
777
738
653
621
53
505
450
393
294
134
o7
51

~47
-71
-42
615
688
631
527
2:9
150
113

45

99
-

-50
-38
-132
-10
-go

(G4stig)

5

1094
1127
1139
1091
1051
1028
992
933
eI5
914
801
738
697
634
&}:1°
531
484
435
I78
292
C 144
24

-

=732
k74
- =17
670
703
£21
51¢
1453
144
104
39
20
-57

-43
~132

=71

o

. -9
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TABLE A6.3

DRAIN B
TINE EXCESS PORE FRESSURES
(DAYS) U (MM

LEVEL 3

‘R1,B1) (R2,B2) (R3+B3I) <(R4:R4)

A A e ke A A A A B VR S 8 k= r Prr = - . . = — " —————

0.00 484 493 510 $24
0.00 326 113/ 1224 1283
0,03 274 1120 1288 1320
0.05 242 1093 1291 1223
0,11 239 1007 1222 1282
0.31. 224 908 1150 1233
0,42 214 B74 1112 1224
0.78 207 B80S 1039 1193
1,03 170 753 980 1153
1.32 161 725 944 1128
1.74 155 . 704 714 1107
2,79 149 422 823 1010
3.30 145 591, 749 940
"3.74 142 567 . 737 924
4,31 139 53t 688 B&S
4,76 134 499 547 813
5,22 133 444 598 755
5,72 124 430 548 493
4,22 117 395 499 , 430
6,74 107 357 448 547
7.74 88 281 346 439
B.82 69 178 + 218 282
9,95 45 109 123 189
10.87 23 44 B4 120
12,13 . - -4 17 30 53
13,72 -45 . =54 -53 -41
14,98 Y -63 -58 -57
14.89 -48 -44 -22 -31
14,93 79 o297 400 474
16,95 85 342 450 S14
16,99 . 86 153 430 * 505
17.06 . 91 . 313 401 472
17,21 87 T 240 333 408
17.73 55 131 167 219
17.98 44 102 134 181
18,74 10 4e 48 95
19,74 -472 -447  -440 -4323
20,73 ~50 =33 -3t -15
21,75 -43 -32 -13 -11
24,75 *-128 -119 -115 -124
24,77 . ~124 -121 -110 -122
25,76 -98 -99 . -89 -10¢%

22e



TABLE A6.4

DRAIN A
TIME EXCESS PORE PREZSURES
(DAYS) U CHM)
" LEVEL 2

(G1sN1)  (62:N2) (G3sN3) (G4, Hi:

.._...._...__.......__.__.___._._......._...____._...._____...___....._...___

0.00 274 223 298 239

0.01 473 1204 1194 1133
0.03 44B 1057 1049 984
0.05 394 251 956. 875
0.0% 359 B79 887 . 790
0,14 330 836 851 737
0.34 308 763 793 662
0.78 . 283 684 732 . 587
1,24 187 559 615 472
1,75 153 , 484 532 423
2,26 124 410 457 188
2,78 104 344 386 3124
3.77 61 224 256 217
4,85 31 .97 108 93
5.97 12 28 33 42
4,91 'y 9 2 -9
B.17 -9 1462 -44 -44
9,75 -22 -83 . -98 -95
11,02 -29 -92 -97 ~93
12,99 -14 -50 -53 -48
13.03 109 470 558 549
T 13,05 111 453 400 520
13.08 110 409 505 343
13,12 110 352 451 190
13,25 B7 235 31t 246
13,74 45 42 a1 71
14,02 40 44 Y 44
14,78 . 27 3 22 8
15.78 2 , 5 18 7
14,77 27 -48 -54 -32
17,79 2 -4% -43 -34
20,78 ~34 -137 -140 -124
20,79 -34 -135 - -115 -133
21,81 -31 -124 -125 ~123
N
TN

223



TABLE A6.4

DRAIN A
TINE EXCESS FORE PRESSURES
{DAYS) U (HH)

LEVEL 3

‘R1,B1) (R2:B2) (R3I+E3) (R4:+B4)

0,00 254 273 286 210
0,01 654 . 978 1154 1020
0,03 523 781 989 861
0.05 441 1252 Bés 739
0,09 184 572 759 440
0,14 358 531 689 585
0,34 325 447 591 €07
0,78 297 394 514 455
1,25 188 284 390 345
1,75 150 254 129 197
2,24 131 219 247 242
2,78 109 187 231 223
3,77 79 121 143 t37
4,85 18 31 44 39
5,97 5 1 -1 -
6,91 -7 -21 -29 -24
B.17 -32 -51 -84 -59
9,75 -81 -101 -116 -107
11,02 -93 ~104 -109 -108.
12,99 -2 . =43 -40 -54
13,03 165 244 134 123
13,05 - 163 233 107 310
13,08 155 201 275 202
13,12 144 178 242 273,
12,25 118 132 168 207
13,76 42 33 8 52
14,02 36 25 24 4¢
14,78 21 4 -9 7
15.78 14 -2 -8 -2
16,77 -2 ~63 -48 -47
17,79 -28 -45 -19 -45
20,78 -117 -132 -129 -135
20,79 -117+ -150. -156 -14¢

21.81 -122 -123 -123  ° -135

229
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