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ABSTRACT -

The effects of four independent variabies; soil type, preconsolidation load,
the rate of application of consolidation pressure, and granulometry, on the
permeability-oi consolidated clays are studied. To find out the relative importance
of.ﬁhese factors, a statisﬁically predetermined set of experiments are run on
vthree 501} types with various cémbinations of different levels. of Variablés.

Although the cffects of ﬁheSC»four vdriables show cpnsidérdbi; changes as
the voi& ratio ofvsoil decreases due: to consolidation, at the final stages, soil
type is found tobe the most important‘facto;, folloved by the preconsoliddtidn

load. ilie other two variables are found to be less significant compared to these

two factors.

Secondly, the correlation betweén the permeability of a soil and égﬁﬁral
ofiits physical prope?ties are investigated. Althouph the number of saméieésﬂere
relatively few,.considerably reliable equations are found which relate permeébility
to the activity, plasticity index and void ratio of soils at different stages

of consolidation,
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INT00UCTION

Permeability is an important property of soils, It enters all problems
involving flow of water through scils, such as drainage of subgrades and back-
fills, settlemonts duc to consolidation, seerage under sheet piles and especially
in earth dams, The effective strength of soils arc also controlled indirectly by

their permeability,

Because of the great importance of permeability, mueh research is done on
this subject. Dut almost all of this work has beén'done on the per;eability of
compacted soils due to ﬁhe fact that most earth structures such as earth dams are
constructed by the use of compaéted material. The most extensive rescarches on. .
permeability arc the works of L.Bjerrum - J.Muder (1) and L.K.Mitchell, D.&.looper,
R.G.Campanelia (6). Both of these references mentioncd rescarches are on the
ﬁermcability'charactoristics of compacted clays. A similar rescarch waé‘&bﬁe by
Suba Ulugay as his Master of Science‘thesis in Robert Yollege, In his work, he
has studiedrthe.effecfs of soil type, water contenk; granuiomefry and compactive |
effort, on the permeability of ?ompacted Bosphofus clays.(12). A rescarch on |
permeability of consolilated clays was done by M.T.TUmay as his Ph:D};thesis ih
Istanbul Technical Universit&. In this rescarch, he investigated the change iﬁ'

the coefficient of permeability with the direction of flow in consolidated soil

specimens,

The object of this thesis is to study the effocts of four independent
variables on permeability of consolidated elays. The variables chosen are : soil
type, preconsolidation load, granulometry and the rate of application of

consolidation pressure.
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In order to determine the effects of these parameters, a set of statistically
predetermined experiments werc planned, Ihe samples for these experiments were.
arranged in a Greco-Latin matrix form so that it would be possible to evaluate the

extent of the effccts of independent variables by variance analysis (14),

Thus, nine soil samples were prepared from thrce different types of soil at
three gramlometric levels, preconsolidated under three different loads. These
samples were tested at three different loading rateé'inla_manner that confirms with
the requireﬁents of the Greco-Latin wmodel.

For the experiments an oedometer and a Geonor permeametler werce used. But in

order to be able to use those apparatus for the desired purposes, some modifications

vere made,

From the dato obtained from these tests, consolidation curves were plotted
for the éreconsolidation and consoiidatioﬁ steps, and void ratios a} the end qf
each step were computed. For cach sample, void ratios obtained at the end of the
intermediate steps were divided by the void ratio of the sample at thé beginning
of the first consolidation step.>Thus, e/eO values ﬁere obtained, Then, permeability
.versus e/e, curves were plotted (Figures 12, 13 and 1@). From different e/e, levels
of theée curves, three Greco-Latin matrices were constructed. Thése matrices were

analized by a computer program and significances of the effeccts of each variable

at different stages of consolidation were obtained.
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TIEOW

Permeability is defined as the property of a soil that permits the flow of
water through its pores. It is known that two states of filuid ilew exist in
nature; namely, laminar and turbulent flows, In laminar flow, fluid particles
follow smooth, remular paths which are parallel to cach other and to the container
walls, and'in this state of flow, the viscious forces are predominant. In turhuleht.
flow,_the motion of f£luid particles are irregular and unsteady, qnd ﬁhe inertial

forces are npredominant.

"Between these two states of flow, a theoretical boundary is established.
The value of Reynold's number is an indication of the flow state. ileynold's

mumber is given by the following formula

R = VDK]:
ME
in which, = velocity

&4
]

wnit weight of fluid
viscosity of fluid

= gravitational acceleration

5 o, r
1

= diameter of the passage. (7)

If the value of Nleynold's muber is less than 2000; the flow is laminar
and if it is greater than 2000, the flov is turbuleﬁt. It is readily secn from
- the formula that Reynold'é munber is jointly proportional with wvelocity and
passage diameter. Sinece beth of these values are small in most soils, it is

apparent that the flow through soils is generally laminar.
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The law which determines the behavior of flows in soils is known as Darcy's

Lav. That law may be formulated as :

Q=kiAl

#

o
i

in which, = total discharge
A = total soils ecross-section
i = hydraulic gradient

k

Darcy's coefficient of permeability.

Darcy's law may also be wriiten as

e

WVA=ki=v

i, the hydraulic gradient is the ratio of the head difference between the points,
between which the flow occurs, to the length of soil through which the water flows.

Since i is dimensionless, k turns out to be in the dimensions of velocity, and v

'(= It i) is a superficial velocity. It is called superficial, because A is the total

‘cross-sectional areca of the soil, not the area of the voids through which the water

actually flows, For that reason, it should not be confused with the actual seepage
velocity, vge. Sinecc the area of the total soil cross—scction is always greater
than- the arca of voids in that cross-section v, the superficial velocity, is always

smaller than the séepage velocity, vs.

Factors Affecting Permeability :

The main factors affecting permeability are )

a) Grain Size : Water passes through the pores between the soil grains,.

Since the sizes of these pores are dependent on the grain size of the soil,

Apermeability is also dependent on that factor. Both theory and experimental

results show that permeability is approximately directly proportional to the square
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of fhe effective diameter of the soil. In case of sands, for example, llazen found
this diameter to be the grain'diaﬁétef read from the 10% finer point on the

gradation curve.

b) Properties of Pore Fluid : The rate‘of flow througﬁ the so0il is related
to the viscpsity of the pore fluid. As the viscosity increases, permeability
decreases. Since the viscosity of the pore fluid is related to its temperature,
temperaiure is also a factor affecting permeability. Conventionally permeability
of soils is given at 20°C, Permeability values obtained at other temﬁeraturos can

be converted into 200C permeahilities as 3

ey Lk
T~ Aooog

kgooc £
in which, " kogog = permeability at 20°C,
Ly = permeability at temperature T,

i

viscosity of water at temperature T,

e
/50"c

c¢) Void Ratio : As the flov of water in a soil takes place through the

]

viscosity of water at 20°C. (8)

voids of soils, void ratio has an important effect on permeability. e“, (5), and

Lo .

Tf%*gm ’ (7), are the void ratio functions that !ave been found to be related to k.

(Also, is found to be a functiion related to log k as a result of this

v 14 e’
thesis work.)

'd) Shapes and Arrangements of Pores @ Although the relation between
permeability and the shapes and arrangement of pores is difficult to express

mathematically, the effect of tlis factor is significant,

e) Degrce of Saturation : There is a direct relationship between the

- saturation degrec and permeability.
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Mathematical relations between permeability and some of these factors may

be derived from the equafion of fiéw of water through soils given by Taylor :
Q= (Ds2 S ol _ © _c)ia
S Tl de)

in which, . total discharge,

e
it

D = cifective diameter of soil,
¥ = unit weight of water,

S= coefficient of viscosity of water, »
e =_void ratio 6f soii, f
C = constant inecluding the shape factor,

‘ ' h 1= hydraulic gradient,

A = areca. (7)

. RS

1f we commare this equation with Dﬁrcy's 0=kidl s it is observed that,

k = Do (12)

Hethods to lieasure Permeability :
Permeability of a soil may be determinec by cither direct or indirecct wavs,
The direct determinations are the perreability measurements obtained by the

conventional methods, Two main basic designs are used as conventional vnermeanecters,

namely, the constanl head permeameters, and the falling head pernecameters.

In the conéﬁant‘head peruecameter (Fig. 1), the head loss is kent constant
by keeping the head and taii.water levels constant. 7That is achieved by méﬁns of
overflovs, In‘thiskmethod, permealility is obtained by determining the rate of
discharge through the soil by collecting‘the tail water overflov in a éraduated‘

jar during a specific time interval, and substituting the measued values into

Darcy's formmla :
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Figure 1
The falling head permeameter is the one which is generally used to measure

the permeability of fine grained soils (Fig. 2).
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In this permcameter, the water level in the graduated standpipe is allowed
to fall as the water enters into.the soil samnle. Thus, the hydrovlic gradient
. _ ‘
is continuously decreasinge. The rate of head change is - —%%—, ninus sign

. indicating that the head is debreasing. The quantity of water is - a é%%—, a

being the cross-sectional arca of the standpipe. From larcy's Law @

. dh .
-adt =k ild= T
- adh = khAdt

)
o
\
=
]
TIE
S~
s oz

40

-alinn I: =ka|t],
- a(lobyelnhy) = <2 ¢
5 (lak, - 1n"hl)= e
a ln §§~ = %A 1y

k= .Xi‘:l 1n ﬁ;’_

k= 2.5 4 log }1‘: I )
in whidh, a =.cross-sectiondl area of the stanﬁpipe,

gl
]

length of the soil sampley,

A = cross-~sectional arca of the soil sample,
ty= timé lapse at the end of the test,

hy= head at the start of the test,

h1= head at the time tl.

Besides the conventional methods, permeability of soils may be indirectly
determined from their grain size distribution and from their consolidation

characteristics,
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As stated above, there is a direct reclationship between the square of the
effective diameter of soil grains and permeability., This relation becomes more
significant as the effective diameter increases. Tor coarse grained sands and

gravels, permeability can be reliably computed by Ilazen's formula 3

I = 100 Dyqo2

Permeability of silts and clays can also be calculated from data obtéinéd in
laboratory consolidation tests, Vhen a pressuré'incrementvis applied on a saturated
fine grained soil, it is accepted that, at the beginning the pore water talies all
the pressure increment. Under this excessive pressure, pore water starts to escape
from the soil fhrough the pores of soil, thus the solid grains start to take the
pressure increment as'the total volume of soil decrcases. At the end, a volume of
pore water cescapes from soil so that, all the pressure is‘carried by the solid
particles, This procesé requires somé time and this time interval is related to

- the escape velocity of water, therefore, permeability.

Consolidation is actuallyfa three dimensional process in nature. But because
of difficulties in experimentation, and especially the complexity of the theory, |
one~dimensional cénsolidation'is generally used in 1aborator& experiments, Apd in
most cases, for example as in the conéolidﬁtion of é clay iayer at some depth beiow
the ground surface, and between two layers of porous material such as sand, a one

dimensional enalysis is not a rough approximation at all.

i
it

In developing the one-dimensional consolidation theory, the following

assumptions are made ¢

a) The soil is homogeneous.
b) All the voids are filled with water.
¢) Doth the water and soil constituents of the soil are perfectly

incompressible,
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d) Action of a differential soil mass is-similar to the action of a ldrgc
50il mass.

e) Comprgssion and flow are in one direction.

£) Darcy's Lav is sirictly valid,

g) The relationship between the préssure and the void ratio is linear for
a small ranéc of variables.

h) The coefficient of permeability is constant.

i) The time lag of consolidation is due entirely.to the low permeability

of soils., ' (3) and tS)
If we consider a differential volume of soil with dimensions of dx, dy, ;ﬁd
dz, the time rate of change of volumé due to water flowing in ome direcetion from
this volﬁmg'is 3 ‘
k —Eiéﬁé dx dy dz
., O

- The volume of solids is

dx dy dz
l14e

The volume of voids is 3
T3 + dx &y dz

The time rate of change in volume is 3

2 e 1

e
'at dx dy dz 7 = =3y dx dy e yyg

The change in volumé of the soil mass to water flowing out must be equal to

the change in void volume :

k-P—l-fzdxdydz= E,’oidxdydz-l---_%--(-z-
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Let u represent the hydrostatic pressure h Kw

h =
¥ w
k aluﬁ_.?)e i
ZW ’Ox‘~’at14e

Let ay define thie assumed linear relationship between pressure and void ratio

Since hydrostatie excess pressure is transferred tb the soil during'consolidation,

de ’ y
. ay =——(—1-u-:-,de=avdu .

Substituting,

k Du _Pu ay
iw ox* Dt l4e

ou _ k(14e) 2'u_
ot w By 2 x~

The coefficient of consolidation Cy is defined as @

cy - Jide)

Yy oy
Then, ‘
D u 21
CV D xz = o1

The solution yields :

2H

o
S i Y =atn Cut /.
=) L[5 fusimgp gy Jsm g ) 7T

o
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in which, H = distance of one directional flow,

-

uj= hydrostatic head of the center of soil strata,

n=2m4 1 wherc m is an integer.,

It is more convenient to express the solution in terms of U, percent

consolidation,
U=8Lz=®
¢, = &g
in which, e,= initial void ratio,

e = any intermediate void ratio,

ep= final void ratio.

In this case,
2H

2/6([ Sin _—/L;—J- C[J 2T
24
/// we oy

M = 2n(2m4l)

in which,
P = -9332- (a dimensionless muber called time factor) (3)

i ' , ,
In a laboratory test, a specimen of soil is placed in a ring and subjéctcd

to a pressure increment., Consequent vertical settlement and elapsed time readings

are taken and these values are plotited by either the square root method (H vs %)
or by the log method (II vs log t).

From I vs t curve tgpy (time required to reach 90% consolidation) is

.
*

graphically-determined.' Cy the coefficient of consolidation is calculated as

0.818 12

Cy =~

If a Hvs logt curve is plotted, graphically t3qg (time required to reach

100% consolidation) and mygq (total settlement at 100 consolidation) values -are
_ . |
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determined, Iialf of the'mloo value is taken as m50 (settlement at 50 %

~ consolidation) and t5p (time required to reach 50% consolidation) is read from

the curve at N5 e Then, |
0,197 12

Cy = tz)-g

In both cases, II is the average thiclmess per drainage surface for the load

I}

increment,

From the calculated void ratios, a curve of void ratio, e, vs log of
pressure p, can be plotfed. The slope of this curve is called the compression

index C¢,y or,

Ce = 3 {Toz )

The slope of the pressure vs void ratio curve is called the coefficient of
compressibility, a,. Since the log p vs ¢ curve is usually plotted rather than

the p vs e curve, ay can be found from C¢ as,

0 oll35 Cc
D

‘'in which, p is the average pressure increment, that is '24~%}l£3 .

Thus, using values of ay dnd Cy found from experimental results,

permeability can be calculated as :

k = Cyay Xy ’ (&)

l14e
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CIAPTER II

MATERIALS and APPARATUS.

Materials ¢

The experiments were yun on three types of fine grained soils which are
found in different places of the Bosphorus region. Their origins and properties

were examined in Istanbul Technical University by Dr. R. Ulker at great extent,
These soils are mentioned by br. Ulker in his doctoral thesis (13) as :

a) Pagabahge - Iknrmzi @ is o low plasticity clay with high consistency.

.

It is found in the interior part of Pagabahge valié§ as a layer of more than
8-10 m thickness. Due to the presence of a great amounﬁfof aluminum and ivon in
. . o &)

its composition, it has a dark red color. It is slightf?!affccted by HC1 solution

and has a pll value of 5.3 .
b) Topéer_~ saryr : is a lov plasticity clay with high consistency.

It is found in Bosphorus region between 4 20,00 and 4 60.00 neter
clevations, It contains quarts and sandstone blocks of 10-15 cm. diamebers, It
also contains fine sand of quarts oripgin, This soil has a yeliow color which
gets darker as it gets dry. It has no orgenic matier in its composition., IIC1

gsolution has no effect on this soil. Its pl value is 3.8 .
¢) Kilyos — esmer : is o high plasticity clay.

It is found around Kilyos district in layers of about 3.0 m thiclkness, Thesd
layers are observed up to 4 10,00 m elevation on the Asian side of Dosphoxus, and
up to 4 25.00 m elevation on the Buropean side. Some organic concentrations’are

found between the layers. Its color is dark browmn, No effcct of IIC1 - solution

g

‘is observed and its Pl value is about 5.6 . This clay has a little amount of silt
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and a low percentage of organic matter in its composition,

The physical properties as found in nature of these soils are given by

Dr, Dlker as :

¥ wet ¥ sat G Uy - é B Vane
, = 8 2 . . 2
t/m? t/m? kg/em kg/ em C
Pagabahge kirmizi 2,14 2,14 2.72 1.70 16° 59 0.11
Topser sar: 1.65 1,93 277 2.12 51.5%| 124 0.11
Kilyos esmer 1.7 | 1.7 | o2.81 | 1.82 50 |1 | o,14
W 1L PL PI | e n
4
Pagabahge lirmizi 18.5 37.9 16.8 18,1 0.50 0.354
Topser sari 22,6 34.5 21.6 12.9 0.77 0.435
Kilyos csmer b4 .1 84,2 42,0 1.6 1.k1 0.585
ilesults on undisturbed samples
natural ,
Toad Co CX "y I
kge/ e 10~*cm/sec| em*/kg cm/sec
Pagabahge limmizi | 0.21 0.0953 n.57 1.57:10~2 7.15x10~9
Topser sar: 0,202 0,080 4.5 1.04x10~2 6.60x10™9
Kilyos esmer 0.23 " | 0,045 6ok 0.82x10™2 5.15x10~10

(13)
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The minerology of these soils have been‘investigated in Istanbul Technical
University, at Harmondsworth Road Research Laboratory in Ungland, and in Virginia
Highwvay Research Council Laboratories in U; Se A, The results of ﬂhis rcseafch
is given by Meﬁﬁet Tiimay and lirgiin Tofrol in a paper. In this paper the resuits
of five different methods 1n miﬁerological determination :

a) By Liquid Limit / Plasticity index method,

b) By finding Liquid Limit using different pore fluids,

c) By finding ion exchange capacity, |

d) By using electron microscope,

e) By x-ray diffraction method,

are sumﬁarized.'(IO)

Their conclusion is that, in Pagabahge - kirmizi kaolinite and illite, in -

:Topser - sari kaolinite, and in Kilyos - esmer mountmorillonite are the predominant

clay minerals,

The properties of thesc soils were also investigated by M. T, Timay in his
’
Ph.D. fhesis. Liquid ﬁimit,vélues for different grain size levels of these soils

were found by him using statistical techniques (11) as :

Granulometry ]
Soil type - 18 =3 | -T2
Pagabahge 36,91 37+70 Lo,72
- Topser - 37.70 36,31 £1,73
| Kilyos . 88.10 91,09 92.39
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Apparatus : o
" The experiments werd perfomued at three steps. These steps are : pre-
.consolldatlon, consolldatmn, and measurement of permeability. The first step was

a.ccomphshed :m the oedometer, and the other 'l‘.vo wvere performed in the GEONOR

penneameter. o

oA ne Tty
N ol

~ The bédoﬁiétc_r': uscd for preconsolidation consists of a floating ring tyve of
specinien coﬂﬁiner,' a. ioad'ing yoke, and in connection with that yoke, a system'of
lever arms to apply the desu‘ed load onto the specmen (chture 1). 7The arrangement

(

‘and dimensions of the system of 1ever arms is shown in Figure 3.

10.23 ¢ "33.00 7.55

45.65 765 . 745
: B
A o ‘ ]

Figure 3
-Through this syétem, 2 load placed oh pan A is transferréd to pdint C wvhere

the yoke is plé.ced, as 40,57 times of its weight, And a load placcd on pan B is.

transferred as 10,1 times of its weight onto the loading yolke.

A éampié té be tested in the (:LONOR pemeaﬁleter should have a height of
appro‘ximatel}} 5 em, and also a diameter of approximately 5 cm. Since it was
impossib‘le_ to obtain a preconsolidated sampie with these dinlensions by the use of
a -standa_rd consolidation ring, the authér waé obliged to prepare a special

H

consolidation mould to satisfy this requirewent,

The mould was designed as two hollow cylinders that can be fitted into each

other tig}ftly emough not to let the slurry leak through the joint, The upper
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cylinder functions as a collar. The bottom one was the actual moﬁld with the
dimensions stated above. Those two cylinders were also cut into two equal parts in
thevdirgction of their central axis in order to make it possible to remove the
sample from the mould without any disturbance. Two metal rings were also provided
o 61a§§;§he parts together as a whole body. The mould was made of brass to avoid

the corrosive effect of water during the consolidation process (Picture 2),

sz'cft./ra (z2)
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The load was applied onto fﬁemﬁoiiFSamfie by a brass disc¢ which had a
thickness of about 0,5 em. That disc was dimensioned so that it moved in the
leinder easily, but it did not let the grains of.the sand which was used as a
porous ﬁedia at the tob of the sample, to pass between the edge of the disc and the

walls of the mould. A small hole was opened at the center of the disc to let the

pore water escape through,

A 5 cm long iron pipe was placed on top of that brass disc. This pipe was

‘prepared very carefully with its top and bottom sections being exactly perpendicular

to its central axis. This pipe and the brass disc acted as a piston in the mould,
The load was applied at the top of the piston by placing the loading yoke of the

oedométer"onto the iron pipe, and transfcrred to the soil sample by the piston,
This:consolidation mould is shown in detail in Figure k.

" GEONOR permeametexr ("m;45 permeameter for compacted clays" as it is named by
its manufacturey, Norvegian Geotechnical Institute) was uscd for both consolidation

and permeability measurement steps (Picture 3 and 4).

This permecameter was actually designed for compacted clays, but it was

efficiently used for consolidated clays.

aiGEONOR permeameter ﬁay be used either as a constant head or a falling head
permeameter. It is also possible to apply’sufficient pore pressure to the sample
to dissolve all the entrapped air and provide 100% saturation; Sinece the triaxial
cell pressure and pore pressure systems have different écrew controls and different
constant pressure cells, this saturation may be achieved by increasing both
pressures in avway.to keéf their differéncewéonstan%; ﬁithout changing the cffective

stresses.
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This pg;méameter is divided “iﬂvn-thr.ee main groups, namely, the ccll pressure
system, the pore pressure system, and the testing board. A diagram of the
appar_ams is given in va‘igure‘:' 5e

The cell Iiressure _aﬁd pore pressure systems-are identical, and are equipped,
in addition to the valves and the pipe system, with a constant pre-ssure cell and
a screw control. The testing board is connected to a simplified triaxial cell
and supplied‘with some lengﬁhs of 1/8" 0-D plasfic tubing, | The plastic tubing on
the board: itsel? is apprbximatély 525 m 10né; and is partly filled;‘wi_,t,t‘x' jfate:x‘ axid
partly with mercury. The m'ercury length is dependent upon ‘the permeability of
the tested materials,‘ and it is normally about 60 cm long. The ends of the plastic
tubing are a{:tached to conical pins on the pipe system, while ‘the plastic tube is

lead over grooved wheels mounted on board, so that the center of the mercury column

forms & U shape. The two free ends of U are lead over movable wheels so that the

position of the mercﬁrjr co.lunm mgy,he changed., If the mercury column is i)ulle(l
over one .vside,and up to the top of 1;he scale, this wi}.l create an over pressure

in the system, in other words, a‘hy_draulic gradient throush the sziﬁiple. This
nrocedure of moving the mercury column over on one side and keeping it there

during the testing, is a test with "constant head". Tests can be also carried with
"falling head", when the mercury column forms a U during the test. The velocity
and the si_tuaﬁbn of the mercury is determined, and from these measurements

permeability of the sample can be calculated,

During the experiments performed with c’lonsolidated clays, since the specimens

were highiy saturated (see preconsolidation data), a back pore pressurc was not

" applied and only the cell pressure system was used to achieve comsolidation,

In order to make the permeameter more efficient for this type of work, some

additions were made to the GEONOR permeameter. TFirst, a metal tape was placed
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behind the plastic tubing which contained the meréury colunn, That tape made it

possible to have more accurate measurcments.

r J i ..Then, a modification was made in the constant pressure cell system. O0il in

. the pistons of this system has used to climb up in the plastic tubing connecting

the cells to the main system and get into the copper pipés and even into the
testing cell, To prevent this situation a box was preparcd out of pyrexyglass as
shown in Figure 7, and féstened.between the piston and the main system. The volume
of that "oil ﬁrap" was so arragged that, water-oil interference level was always
wifhin the hox, and no oil entered intd the main system and no water entered into

the constant pressure cell, Since the pistgps of the constant pressure cells wvere

- made of a corrosive material, prgVeﬁ%ing'the'water from ‘petting into the cells was

,,,,,

 Pinally, a seale rod was mounted into the testing cell, This made it
possible to measure the vertical scttlement of the specimen during the test with

some approximation, by recording the movement of a needle indicator fastened on top

of the sample (Picture 7). Details about the scale rod are presented in "Notes

on the Procedure"”.
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Method :

.

CHAPTFR ITI

METIIOD

The experiments &ere performed mainly to determine the effects of four

independent'variables on the permeability of consolidated clays.,

These variables vere chosen as:

1.
2.
3.
L,

o

< Soil type

Granﬁlometry
Preconsolidatioh load

The rate of application of consolidation pressure ( 2p/p).

- Three varidtions of each factor were used, and nine samples vere prepared by

arranging the variables in a Greco-Latin matrix combination.

The levels of each'variable'ﬁere H

1,

Soil type :

a. Pagabahge - Inrmizi ¢ a low plasticity clay with kaolinite and illite
clay minerals, o

b. Topser - sari i-a 1ov plasticity clay with kaolinite clay mineral.

c.A Kilyos - eémér s A high plasticity clay with mount morillonite clay'

miperal,

Granulometry 3,
Be - 40 3 the portion passing through No.k0 sieve and retaining on

No.100 sieve, '

b. =~ 100 ; the portion passing through No.iOO sieve and retaining on

No.200 sieve,
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c. = 200 ; the portion passing throuch No.200 sieve.

These levels were separated by dry sicving from soil sampnles passing No.k

sieve, Since it was desired to find the effcct of "granulometry obtained by dxy

sieving", a wet analysis was not performed.
:fq'

%3« Preconsolidation load :
a. 1.0 kg/cm2
be 2.0 kg/cm?

ce 4.0 ke/enZ.

L, Ap/p ratio :

Qe 005
b. 1.0
c.\\2.0.

Each of the nine samples wvere given a sample number, Those numbexrs and the

corresponding variable combinations are @

Sample No, Soil type Graﬁulométry Pe Ap/p
1 Pagabalge - - =kO 1.0 0.5
2 Pagabaﬁge . =100 2,0 1,0
3 Pagabahge -200 L,0 2,0
4 Topser ~40 2.0 2,0
5 Topsef -100 4,0 0.5
6 Topser ~200 1.0 1.0
v Kilyos 240 4,0 1.0
8 Kilyos - -100 1.0 2,0
9 Kilyos = =200 2,0 0.5
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Preconsolidation : e

Each one of thus arranged nine samples was first consolidated in the
oedometer, DBut the above stated preconsolidation préssures were not appliecd
directly. The loading was increased gradually as the consolidation of the
specimen achieved under each pressure increment. After thesc steps were completed,
the specified preconsolidation load was applied and the strain didl was attached,
From the strain dial readings taken at specified time intervals, H vs log t

. curves werc plotted (see appendix).
LR .

The preliminary loading steps before the application of the preconsolidation

load were ¢

vhen P, = 1.0 kg/ch; 0.1 kg/cmg, 0.2 kg/cmg, 0.k kg/cmg.

- 2 e, 0.2 kefen®. 0.1 2 2
when Pg = 2,0 kg/em”™; 0.1 kp/em™, 0.2 kg/em®, 0.4 kg/em=, 0,8 kg/em”,
when P, = 4.0 kg/cn?y 0.1 kg/em?, 0.2 kg/om2, 0.5 kg/enZ, 1.2 kg/em>,

Consolidation &

Thus pfeqonsolidated samples were consolidated in the testing cell of the

GEONOR permeametér under the loading'conditions specificd by the model.

The loading steps were :

f

ae Vhen Ap/p = 0,5, Py = 0.5 kg/em?, Py = 0.75 kg/em?,

P5 = 1,125 kg/en?, Py = 1.68 lg/cn?,
Py = 2.52-kg/cm2, P6 = 3.78 kg/cmg,
P7 = 5,67 kg/cmgg :PS = 8,5 kg/cmz.

1.0 ko/cm?,
1,0 Xkg/cem?2,

O
and finally Pg = 8.0 kg/em™,

0.5 kp/em?, Po

2,0 ke/cm?,

n

H

b. Vhen Ap/p = 1.0, Py

5]
o~
it

Ps

i
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ce When Ap/p = 2,0, Py = 039 kg/en?, Py = 2.7 kg/en?, Pg = 8.1 e/ e,

- In cach loading step, the change in the volume of the s;mple with resnect to
the elapsed time was recorded as the water level in the bLurette connected to the
sample.A With the points thus obtained, V vs log t diagrams werc plotted (sce

appendix).

Permeability :

At fhé end of cach loading step permeability value was measured from the

GLONOR permeé&eter;\ In order to obtain the permeability value, recorded values

B

of H, t, h, and L were substituted into the formula :

: k. 2hl % (12)

L O

]

in which, '™ k = permeability,
a = area of.the'plastic'tubing vhich contains the mercury colurm,

h

i

change in the elevation df the mercury column,
L = leﬁgtp of @hé s0il sample,
A= érosSLSectiénal area of the‘soil sample,
' :t = time interval,
CH s?heigﬁt of the mercury colunmn,
Y,= unit veight of water, |
¥ = unié ﬁeight of: mercury.
It coqld hqfe.been ﬁossible to calculate the permeability of each samplei
from its céhsolidation;déta ﬁnd comparc the:rcsults with the éctually measured .
values, vBut‘thié was not éﬁtcmptgd beéause of-exﬁerimcntal difficulties in
achipving oﬁe‘dirccfional vater drainage. It ﬁas qbscrved that although the

" surface of the soil samplerwas covered with vaseline, pore water had the tendency
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. -

to escape from the side surfaces and drain between the sample walls and the rubber

membrane covered around the samnle,
Analvsi:s H

The effects of the four independent factors on the permeability at different
steps of consolidation were analized with a Greco~Latin matrix variance analysis
computer program and the order of importance of these effects were determined.

This computer program is pgiven in the appendix, Pertinent information about the

Greco-Latin matrix is given in Chapter 5.

fx '
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CHAPTER IV

PROCEDURE

About 300 g, of dry soil was placed into a dish, With the addition of
enough water, and by thdroughly mixing, a slurry with.a water content of about
100% was prepared. For all three soils this represented a moisture content nmch

in excess of liquid limit.

On the other hand, the consolidation mould was preparcd for the experiment

by covering its immer surface with vaseline, clamping it into a fixed pesition,

and placing a porous stone at the bottom. The mould was covered with vaseline in :
order to prevent it from adhering to the soil and breéking it in the removal stage, E
and also to attempt prevent radial drainage in conseolidation. It was also found

to be efficient to wrap the portion where the mould and the collar parts were

~econnected, with a skotch tape, to p}event any pogsible lealkage,

i

Then, é filter paper wvas plabed-at the top of the porous stone and thé slurny%
was pourcd into the mould. In {his process special care was given not to lcavezuuri
entrappeq air bubbles in the slurry.v When the soil reached a significant height
inside the collar part, a sccond filter paper was placed on top of it and sand was

pouied onto that filter paper. TFinally, the piston was placed at the top,

After the soil was placed into the mould in the above mentioned manner, it
whs placed in its position‘on the ocdometer and the base was filled with water.
By the use of the lever arms system, a considerably small load was aprliecd on the
soil iirsi. When the rate of consolidation under this load slowed down, the load
wvas increased and. that process continued untill the soil has reached to a state
firm,enough not to ooze out under the actual preconsolidation load. Then, the

strain dial was attached and preconsolidation load was applied,(Figurc 8, Picture 5)

i
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wem—C

At that stage, strain dial readings were taken at total clapsed times of 0, 15",
30", 1Y, 2%, 4, 8%, 15', 30', 1 hr, 2 hr, ... until no considerabledéflection
was obsexrved on the extensometers Then the load was lifted, strain dial was

disconnected and the mould was taken avay from the consolidation machinc.

To remove the sample from the mould, first the tape was iorn off, then the
metal ring around the collar portion was removeds The collar was taken off by

sliding the ﬁxqovparts of the cylinder off carcfully as shown in Figure 9 (Picture G)i.

-
s VA /A

7
ftis

Figure 9

After the collar was removed, the top of the soil in the mould was trinmed
smoothly and some part of the extra portion was taken for a moisture content

determination (see preconsolidation data, np values).

: - , ) l
The bottom clamp was then removed and the two parts of the cylinder was taken
off in the above mentioned mammer. The height of the sample was measurcd by a
. .
compass and it was transferred to the GIONOR pormeameter.

Before the sample was placed into the GIONOR permecamcter, this apparatus

should have been prepared for the experiment. This was done by flushing the pives
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with water, filling the plastic U,tube with nereury, checking the constant pressure

.

cells, and £illing the plstons with water. The detailed procedure of thesc

oneratlons is ngen by Sitha Ulugay in his Master of Science the51s. (12)

e

l.'l'l;l

FPreluvre (6)

. The process of placing the sample»into the permeémetcr should start with
valves 3, G, 5, 10, 1%, 13, 16 open and valves 6, 11, 12, 2, 9, 1, 4, 7, 18 closed.
The pedestal of the testing ccll was covered with a cylindrical rubber tube in such
a way rthat when the po¥ous stone was placed on the pedestal, the rubber collar was
to cover its sides and prevent it from cutting the rubber membrane vhich was going
to be placed around the sample and the pedestal. The cylindrical portion which
écted as a cap on top of the sample was also covered with a similar rubber tube in

the same way (Figu:e 10),
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The pedestal 1mscoﬁhected to the system simply by comnecting the thin
i)lastic tube coming from valve 17 to the base of the testing cell, The cap was
first connected to the base with a short thin plastic tube which was to stay in
the testing cell during the experiment. The plastic tube coming from valve 15 was
connected to its special place in the base, and the connection of the cap to the

‘ .
system was accomplished through those two tubes.

After the porous stones were attached to the cap and the pedestal by means
of the above mentioned rubber tubes, valve 17 was opened and the porous stone on

the pedestal was saturated,

Then, a filter paper'was put on the bottom porous stone and the sample was

placed on it, Another filter paper was pﬁt on top of the sample.

A épecial hollow cylihcie'r was used to méu.nt a rubber membrane around the
sample. That cylinder bhad a small hole on its wall to which a rubber tube was
attacl;éd. When a membrane was placed into the cyliﬁder with two free cnds
strached over the two ends of the cylinder, and the air betweeﬁ the membrane and
the cylinder wallsl was sucked through the above mentioned rubber tube, the membrane
was strached-all over the inner surface of the cylinder. Then the cylindgr’ with
the rubber membrane was lowered ax_'ound the soil sample. "l‘he cap piece was placed
on‘top of the sample and the rubber membrane was released to cover the sample, the
pedestal and the top.‘ The‘ cap . wvas conhected to the vbase with'the short plastic
tube and valve 15 was opened.b' The water filled the tube and saturated the porous
stone attached to the :éaﬁ‘), D}i‘ripg ﬁhis.éperqtion, the rubber membrane was
sépérated from the dzip'bf }'v)tilyli‘ng .its sides and the air was let out from between
the cap and the membrane., Then, valve 15 was closcd and the rubbex membrane was

released. The short plastic tube was disconnected from the base, staying filled

with water.
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The cylinder used in placing-the rubber membrane was taken out and four
O-rings were fastened around the rubber membrane, Two of the O-rings werc fastened

around the pedestal at the bottom of the sample and two of them around the cap.

- The Oj-rings were placed with the help of a split—cylinder and werc efficient in

preventing any lea!;a;ge from the ends of the membranc. Then the short plastic tube

was connected to the basec. By this method no e.ntrapped air wvas left in the top

porous stone and in the plastic tube (Figure 10).

Finally, the. scale rod was screwed into the base, a needle indicator was
placed at the top of the ct_xp and fastened with a rubber band. Then the testing

cell was closed (Picture 7). The air vent at the top was opened, and by opening

valve 1, water vas let to £ill the testing ccll, When the cell was completely

filled with water, it was tilted sidevays to let all the air bubbles out. When
no more air bubbles were observed in the celi, ‘air vent was closed together with

vé.lve 1.

; ‘To start the consolidation process, the contact of the system m'.fli the
reservoir was cut by cioging valves 3, 10 and 14, Vé.lves 15 and 17 weﬁ opened
and valves 16 and 18 were. checked to be ogen; Valve 4 was opened and the necessary
‘amoﬁxﬁ; of dead weights were placed onto the pan of the left constant pressure cell
to apply th¢ necessary pressure onto the sample when valve 1 was opened. The
position of the piston waé adjustéd by écrewing in the 1Ae;£’t pressuré control screv.
The‘temperature of the system was recorded, and the water level in the burctte was

recorded as the initial valxie. Thé level of the needle indicator on the scale rod

~was also recorded,

Consolidation press}xre was applied on the sample by opening valve 1. At the

same time a stop watch was started and rcadings were taken from the burette at
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‘of a stop watch and vhen a consistant rate of fall vas observed it was accepted

‘was started,

- was prepared for the teéting of the next sample,

total elapsed times of 15", 30", 1%, 2%, L', 8', 15, 30', 1 hry, 2 hr, ee.e until
no chenge of the water level was observed, Thenbthe level of the needle on the

scale rod was recorded and the permeability was ncasured,

To measure the permeability of the sample, valve 18 was opened together
vith valve 16 and the mercury columm was pﬁlled to one side of the U tube and was

let to fall down for scveral hours. Then, its rate of fall was measurcd by means

as the final value,
. S

Then valves 16 and 18 were opgnéd, valve 1 was closed and necessary amount
of dead weights were added to the pan of the constght presgure -cell, VWater level

in the burette was récorded-and by opening valve 1, the next step of consolidation

Aftex ail the‘stéps of consolidation with that specific sample were completed
and all the permeability measurements were taken, the dead weights were removed
and the testing cell was opened. The sample was faken.out for moisture content

determination (seg COnsdlidation ahd permeability data, m, values) and the permeame tef
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Notes on the Procedure :

In the preconsolidation process, sand was used as the porous media on top of
the 8011 1nstead of a porous stone, Vhen sand is used the piston settles morec

ea311y and V1thout tilting in the mould.

When‘&;sgmple is‘cpnsolidated in the testing cell of the GLONOR permeanmeter,
the vbluPe changes.a?e directly measured. This is done by simply measuring the
changes of the water level in a burette which is directly connected to the sarmle.
For that measurement to be accurate, water temperature should be kept constant:
throughout the e;periment,'becausc any change in temperature causes the volume of
water to increase, of to decrease, thercfore effectsAthe reliability of the |
measurcpent, To overcome that diffieulty, the permeameter was heated by an infrared}
heater lamp, and arranglng the distance of the lamp to the permcameter as the room
temperature changed.a constant temperature of 26°C is maintained during all

: exper1ments.

As it was stated above, permeability was obtained by substituting the

measured values into the equation :

B Bu
A' x"s"?“

I‘-' . a
L k=g

L
t
But it was imﬁossible to take the sample out and measure its height (L) and
its cross—sectienal arca (A), for the iutermediate steps of consolidation. There~
fore, a scale rod was placed into the testing cell and the decrecase im the helght
of the sample was approximately measured on that rod. In order to obtain the cross—
sectional area, the volume of ihe sample (obtaiued'by subtractiug!the change in

_volume, as measured from the. burette, from the initial volume) wvas divided by the

aample helght. In d01ng that 1t wvas assumed that the sample was in a perfect

cylindrical shape although its actugl»shape wvas as shown in Figure 11, due to the
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confinements at the two ends. (Thé measurcments taken by a compass at the cnd of
the last cOnsolidation steps showed that the error introduced by the above

mentloned assumptlon vas not more than 1-2 % in the dlametcr.)

//,% %%C"P

R e e = e = e e

0o °.Y9.0.0 0o

// %MV//// 7:,_,,;5/,.}

" Fipure 11
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CHAPTER V

DATA and ANALYSIS

Preconsolidation Data

il

m Initial water content,

0
my = Final water content,
eg = Final void ratio,
S = Saturation.

Consolidation and Permeability Data

= Height of mercury column,

I

h' = Distance of fall,

t = Time interval, A

L; = Initial length of sample,
Lp = Final length of sauple,

Ay =,Initia1 area of the sample,

Af = Tinal area of the sample,

Initial void ratio,

o
it

ey = Iinal void ratio,
k = Coefficient of permeability,
mp & Initial moisture content = me of preconsolidation data (see first data
shect of eagh sample),
‘eq = Initial void ratio of.sample before consolidation (see fifst data sheet
| of.eéch sample),

m, = Final moisture content (see last data sheet of cach sample).




THESIS

ROBERT COLLEGE GRADUATE SCHOOL

BEBEK, I1STANBUL

PAGE 49

o

Sample No,

!
Soil type PASABAHCE
Granulometry| -40
Pc. Load 1.0 Ky/cme
Date Time [TLEL. Time |Reading Remarks
20 ~8-7945) 13.18 o y 0 Dial scale 004"
/5" 39.4
30" 42.0 m, = 100 %
/" 46.6 any = 28.5 %
2" 5/.8
4! 6/.1 es=.848
g’ 73.8 S=93.083
/5 90.1
- 30° '/ 18.2
60’ 62.9
14.19 /20’ 2/ 25.0
/7.2 | 245 99.2
; /9.19 360 |2 30.0
2/.19 480 42.3
2/-8-/969 | /5./9 /560 50.7
22-6-1968 | /619 '3060' 52.0
23 _.8-./943| /1.29 4390’ 52 .6
A
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aie

Sample No. 2
Soil type |PAsaBaHGE
Granulometry —-/00
Pc. Load |20 Kj/em
Date Time |TLEL Time |Reading Remarks
28 -8-1969| 11.18 o) ° 0 Diut scale -001"
5" 92.5
30" 89.0 mo= 100 %
) / 5.9 my = 24.0%
2 8.3
5 36.0 ep =747
8’ 50.0 S - 88.907
; (5 72.9
30" 7 1.2
) 12.18 60’ 56.9
13.18 (20 3 2.3
16.05 287" 36.4
23-8-1369| 11.58 | 480" 41.0
13.04 1906 4.2
30-8-1963] 10.53 2865° 412.0
31-8-1969| 13.18 4440' 42.9
;




ROBERT COLLEGE GRADUATE SCHOOL

THESIS

BEBEK, ISTANBUL

PAGE 5|

e

Sample No. 3
Soil type PASABAHGE
Granulometry| -200
Pc. Load 4.0 Kg /et
Date |Time |TLEL Time | Reading Remarks
2-8-1969(10.17 o y 0.0 Dial seale .001"
15" 25 .4
30" 27.9 Mo 160 %
l' 3.2 M= 28.5%
2 35.9
4’ .‘12“.._0- er=.785
8’ 50.8 S=/00.00
15 6/.5 ‘
30 76.9
.17 60’ 93-0
12.13 120" /16,2
1y.1% 240’ 26.1
3-8-1969 | 15.41 /1?20 30.1
14-8-1969 | 14.38 3141’ 30.6
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e,

Sample No. 4
Soil type [|TopseR
Granulometry| - 40
Pc. Load 2.0 X3/cm
Date |Time |T.E. Time | Reading Remarks
5-8-1969 | 11.3 o 0 o) Dial Scale 001"
15" 30.0
30" 33.5 Mo 2 100 %,
L’ 38.2 My =23.7 7
2’ 44.9
4' 54.9 ey = .34
8 67.3 S=94.158
15" 84.0
30 '/ 9.0
12.13 60 41.9 -'
13.13 120 72.0
15.13 240’ '86.0
20.13 540° 39.8
6-8-1969 | 12.13 1500° 90.5
7-9-1969 | 12.30 | 2957 90.9
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s

Sample No.

o
Soil type TOPSER
Granulometry| - 100
Pc. Load 4.0 X3 /e
Date |[Time |TE.Time | Reading Remarks
8-8- 1969 | 14.40 o P Dtal Scale .001°
15" 35.2
30° 40.1 Mo & 100 2,
I 46.9 mye=24.9 %
2’ 55.1
4! 6178 ef=.709
8’ 35.6 S-93.367
15" / 6.4
© 30" 3.9
15.40 | 1+ 60 75.9
':16-110 ;j,l2o’ V 6.9
“18.40 524/0' /7.0
22.40 480 20.0
14.40 1440’ 20.9
14.40 2880’ 21.3
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Sample No. 6
Soil type TOPSER
Granulometry | -200
Pc. Load /-0 Ky fem
Date Time [TLELTime |Reading |Remarks
16 -8-1963 |12.0¢ 0 g o) Diat Scale 001"
I5” 238.4
30" .33.5 m,= 100 %,
X 39.5 g =41.0%
2 46.7
4 61.6 ey=1.135
g’ 80.7 S~ 94.886
Is’ ' 5.0
30’ 44.8
13. 04 60' R
{4.04 120" 86.0
16.0Y4 240 >/ 26.3
17-8-1969 | 11.04 1380° 44.8
00.24 2160 45.1
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Sample No. *
Soil type KILYOS
Granulometry] — 40
Pc. Load 4.0 K3/pe
Date |Time |T.E. Time Reading Remarks
3-9-1969|7/.30 | o0 o Dial seate ot
15" 46.2
30" 49.0 Mo =100 %
I’ 52.1 myg=41.1 %
2° 56.0
4 60.2 es =126
8’ 65.% S=91.350
157 72.0
30’ - 82.5
12.30 60° 96.8
13.30 120 AREN
[7.05 35 65.1
4-9-196¢3 | 00.50 g00' 3.0
2.2 1482’ 1 22.2
16.25 1738’ 27.0
5-9-/9¢3 | 01.55 2305’ 32.0
12.45 2855’ 34. %
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Sample No. 8
Soil type [KiLyos
Granulometry| - 100
Pc. Load 1.0 K3 /e
Date |Time |T.E. Time | Reading Remarks
2 -7-1969 | 12.09 0 y 0 Dial scale (001"
157 21.9
30" 32.3 M2 100 %
1 38.8 M =55.32 %
2 47.1
4’ 58.4 es= 195/
8’ 75.4 S=89.35¢
15 96.3 |
30 ' 26.5
13.04 60’ 60.4
14.07 123’ 30. l
is.22 | 203 |2 73
18.04 360° 22.0
23.34 690 29.2
22-7-1963| 16.33 /309 ° 35.3
23-7-1963{ 16.09 3120° 38.6
24-7-1963| 19.5% 47937 40.1 B
25-7-1969 | 41.20 5696 40.9
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Sample No. 9
Soil  type [KILYOS
Granulometry | - 200
Pc. Load 2.0 K3 /eus
Date |Time |TE.Time | Reading Remarks
24-6-1963 | 16.22 o ° 0 Dial scale -001”
15’ 71.0
30" 77.0 Mo £ 700 %
I 83-1 my=56.97%
2 90.0
4 '/ 00.3 ep=1.538
g8’ 1.8 S = 99.949
s’ 23.9 |
30’ 56.3
13.25 63’ 93.0
18.22 120" |¥ 292
20.22 240’ 71.0
25-6-1369] 00.22 4 80’ 94-4
.22 /140° ’ 06.2 ‘
26-6-1969| 00.00 /300’ 039.1
3.05 2380 (1.4
/5:00 2¢00° 13.0
27-6-1943) 00-00 3340’ 14.5
21.25 5625; /5-0
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Sample No. / e. 1.0 /e
(Soi{ Type |PASABAHGE P 0.5 A9/em
Granvlome try - 40 4% 0.5
Date Time |7 £.Time | Readling. H | 64%.79 an
23-g-1369| /3.00 o) /7.72 R 2.78 cm
15 | 16.60 y )
30“ | 76.50 /0 min
/" /6.4%0 L‘. 4.832 wn
2/ /6.29 L, | 4.7 em
4 /6./0 120 25 en
: . .65 em
X /5.87 ak ~
/5’ /5.50 Ay | 19.96 em’
30’ 5.0/
/4.00 60’ /14.39 C:=.848
/5.00 720’ /8.65 e{_=.76;
13.00 | 290’ /13.1%
21.00 | ¢80’ /2.85
24-8-1969 | 10.30 | /290" | 12.7¢ k=37.41x16° ey,
e,= €;=.848
mas 2,8.5 %
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Sample No. / Fe . 1.0 K3 fepm
Soil Type |PasaBAHGE P. | o075 Kfew
Granvlometry| —~ 90 2% 0.5
Dete Teme |72E.77me '7?eab/c’n.9 H 69.79 c¢cm
24-8-1963| //. 46 fo) /76.69 Y/ /-82 ecm
” /6.65
15 d . z /0 min
30 | r6.60
) - 76.60 Lo {479 ¢em
2/ /6.59 Ly | 476 em
‘ /6.52 '
v ¢ : A | 19.96 cm?
8' /6:48
/5! 76-4/ Ay | 19.81 em
30’ /6.2¢8
/2-4¢6 | 60O’ /6.02 Cr=.267
/3.4 | 720’ /5.80 er=. 795
/596 | 290 /5.63 ‘
20.94 | 590 /15.55
-9
25-8-1969| 10.21 | /355’ /15.50 K =3/.23x%x10" cay
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kSa[nf/e: . / . /.0 /g/cm"
Soil Tgpe |Pasasarce P 1.725 R /comt
G-/‘anu/ame{cy. - 40 . 7 o.5
Dete Time |7:F. 7imre Readling y”, £9-19 ¢m
25-9-/969)12.75 o /8.8 4 |50 cm
157 /8-62 2 p -
30" /8.59 o rmin
/' /18.55 Ly | 4-26 cm
2/ /&.50 L/ 4.2 Cm
4’ /78.95 4. 19, 21 N
- ] ¢
8’ /8.0 £ ~
/5° /§.20 Rr | 19-59 ¢m*
J0’ /78.08
/3.75 60’ /7-80 Cr=.745
7415 120’ /7-53 ey =.#2
/6.40 265 /37.20
20.55 | &§20° /7-00
P - ’ _ -5
26-5-1965| 990 | /285 /6.30 K= 25.98x/0° eny
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Sample No. / Pe. 1-O /59 /et
Socl Type |PasABance P /-68 2 /cort
Granvlomedfry -490 45p 0.5
& %
Date |Time |7T-£-Time| Readiag H | 6979 cm
126 -8-/969| //-25 0] /6.60 A | 7.74 em
15" /6-60 n " 3
" n
30" /6.59 e
/" /6.5Y LoV 429 em
2! /6.52 Ly &4.32 ¢m
4! /6.5/ .
' -1 /8.59 cm
8' /5-5-0 Ql 9/
z
/5’ /6.37 Ar /2.22 Cm
3o’ /6.18
72.25 60’ /5-63 €r=.7/2
/3.25 | /20° /5-40 er=. 677
/5.25 240’ /5.0
/8.25 480° /9-83
! ’ -9
P ] 22.25 | 660 19.80 k= 20.00x10"%%,,
29-9~/567 | 9.30 | s325° /4-72
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Sample No. / e 1.0 %/cme
Soil Type |FA5a8AHGE 7, 2.52 “fem
Granvlometry -40 455 0.5
Date Time |7E.7ime| Reading /~ | 69.79 em
- /6.
27-8-/9621 1/-39 (0] 29 b 0.99 cm
15*% /6-28 -
30" /6-27 7 | /0 mn
7’ /16-26 Li4.72 cm
z 1622 Le | 467 cm
4 /6-27
-~ _2 13
15’ /6.09 Ae | 79.06 em*
30° /5.9/
12.39 60’ /5. 61 €r=.677
13.79 /20’ /8.20 67c=-5‘/9
/5.39 240’ /4-92
/8.70 397 /.21
28-§-/967 | 0/.00 g0/’ /4.5Y k= 15.59%16% emg,
10.t5s (73567 |, #4570
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LSam/o/e_ /ﬁ, / Fe. 1.0 &/en
Socl Type |PAsasarc e A 3.38 K/em*
Granulometr y -40 405 0.5
“Date Teme |TE-Time| Reading H | 64.79 cn
28-8-/943 | /2.32 e, 15-49 5 | 700 cm
15 /5-40 ‘. p,
30" /5.33 /'S5 men
/7’ /5.31 Ly | 467 cm
2° /528 Ly | 465 em
2 /5.3 N
g 505 A | 19.06 cm
. t
/5 /%.89 N Af)| 7866 cw
30 /9.5
/3-32 60’ 14./9 €r=-64Y%
14.32 720’ /73.29 €r=.602
16-32 240’ /13.50
/8.2/ 349’ /3.19 '
28-5-73969 g.00 | /188’ /3.2, b= 1235 2102 e

-
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Sampte Ho. / Pe. 1.0 */ene
Socl Tgpe | PASABAHCE P, 5.6? *I/em*
Granvlometry -4Y0 %% 0-5
Date 7Tieme | T-€. Time zeao//’ﬂj H 69-18 cm
28 -8-1969| /12-44 o 1442 4 |o.g5 em
/5" /q-%0
20" YPRT, ¢ /15 mén
/' 1¢-30 L, 4.65 cm
2/ 14.20 Lf | 4.6v cm
4’ /4%-09 .
8’ /3.90 Ac | 7866 o
/5 /377 Ay | 18.37 ¢
Jo’ /3.99
/3-46 60’ 13.20 er=.602
1946 | /20 /2.9% er=.56%
16.56 250° 12.70
30-8-/96p | //-00 /33¢1 72-5%
be10.19 107 ¢y,




THESIS

ROBERTHCOLLEGE GRADUATE SCHOOL

BEBEK,.1STANBUL ‘ : PAGE 65
LS‘amp/e A3. / Pc. /-0 Kg/emt
Soil Type. |PasasAngE . P 8.5 Hiemr
Granvlometry - 70 8. 0.5

Dc‘cie_ Time T-E- Teare 72eﬂa/fﬂt7 /—7/ 6?-/3 e -
30-8-/967| /2.43 o - /74-70 A 0.8Y% cm -
/1s” /4.9 p P
0 min.
30" 1962 !
/! 14.57 Ly | 4.62 cm
ﬂ,“ : 2' /1%.5°0 L{ 4.59 em
4 /9-4t P -
B - /8.3 mn
g . /4-20 ¢
15 /%00 Ar | /8.20 cm?
30° 1337
/3-43 6o’ /3-%96 Cr=.56%
1943 /20° /3.25 ey 544
16-43 240 /3.¢/ :

3/-8-7962) 1/.18 /355’ /3.02 ,

0 -9
/4—37-5'7»'/0 c%"
me=1/8.96 %
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Sample No. 2 7. 2.0 Sfem
Soil Type | PASABAFICE P. 0.5 /e
Granvlomedry | —/00 455 /.0
»
Date Terme |TF. 7ime ?e"‘(’"ﬁ /1 | €44/ cm
3/-8~/969 | 13.58 o /6. 89 h | 2.0/ om
157” /6-81
/0 min
30" /6.76 4
'’ /6.6% Lo-V14.82 cm
2’ /6.5, L. | 480 em
4’ /86.4/ N
-1 20.65 cm
8 | /é.29 A.
/15" /6.06 Ay | 20.17 em*
Jo’ /5.78
14.58 60’ /5.93 Cr=.74?
/5.58 /20’ /5-09 €t =. 707
/7-5% 290’ /4-33
23.59 600’ /9-62
1-9-1%69 | s0.72 |/2/0' | /9-55 L=33.55 x 10 cmy,
eo=€c=-?‘/?
\ My = 24.0 %
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Sample No. 2 e 2.0 /et
Soil Type |PASABAHCE P /-0 mt
Cranviomelry - /00 Sl /.0
Date T ore 7-E-Tiprel ?eac//’ﬂj H 66/_ &/ em
/-9-7969 | 12-058 o /172-17 Ll s.30 em
157" 17.72 -
2o 707 £ /10 min
al /7-0% L | 480 cm
27 /76-9% Ly & .80 cm
7’ /67 20.12 em*
- . cm
g /6.89 A
/5" 16.80 As | 19.98 ca™
30’ /é-60
/3.039 bo’ /6.3/ €r=.70%
/4-09 | 120 16-07 er=.682
/1?09 300’ /15-%0
2~9-1767 | 9.039 /260’ /5.79
| o= 28-47 X/o"cm/,“
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Sample No. 2 Pe - 2.0 ®lem
Soit Type | PASABAHGE “P. 2.0 */em"
Grmw/ame{r_y ~ /00 AP//’ /.0
Date Teme |T-£.-Time | Reaoling /- 6%-4/ em
2-8-/569 | 10. 49 o /78.30 h /-18 cm‘
n 4 .55
i /¥ ¢ /0 min
30" /851
Al /78-43 Ly | &4.90 em
2’ /8.3y Ly .22 cm
g/ /821
A | 1996 co’
g’ /8-07 -
/s’ /7-€/ Af | 13-95 em
Jo’ /7-48
/-5 Lo’ /6-85 Cr=.682
12.49 /20’ /6-99 €r=.634
/9-49 240" /623
/8-99 980’ /6.03
3-8-,963| 10.59 | Jyys’ | /$5.9% f=20.38x187 ey,
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Sample No. 2 Pe . 2.0 ~5/em?
Soil Type |FASABAHEE . 4.0 Kjemt
Granvlometry —-/00 a7, 7.0
Date Time |TE.Time| Reading ~ 6y vs cm
3-9-/94% | 72.53 o /7-88 b | 1.15 em
/5 /7-370
o /S min
30" /7-62 S
7’ 17-8Y Le | 479 cm
27 /7-4/ L, ¢.32 cm
4 /7-25° /7) . -
- s | /949" em
& /6.39 al
/57 /6-7/ Ay | 1909 em*
Jo’ /6-23
13.53 60’ /5. 97 e;=.634
/9-53 /720’ /S5.320 Q,C=-5757
/76.58 2457 /4-85 '
20-45" g72° /9-72
4-3-/963 | s0.37 | /3st | 19-6S L=r322x167 cmg,
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Sample No. 2 Pe 2.0 Afent
Sodl Type | PAsABane & P 8.0 K/em*
@raﬂu/ame'/rj -/00 ‘{P/_P /-0
Date Time | 7-£.7ime| Reaoling | 69.9/ em
4-3-1347 | 1350 | @ 17-63 2 | o.95 om
/57 /7-So 2 P
min
30 /?-4o t i
’” /7-30 c | 4?22 cm
2 /7-13 Ly | 9.643 ¢m
& /6.9y .
- 14
g J6.70 Yoy /.f,a Yy Cin
757 /6-32 Ay | /8.7¢ <t
30’ /5-81
/%-5¢ 60’ /5.30 Cr=.578
/5572 720’ /5.00 er-.522
/7-5¢2 290 /%20
23.52 S o’ /9-597
5-2 -89 8.52 | s200 /4.5 k< 8.25 %107 e ec
Me = /78.30 %
14
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Sampte Ho. 3 Pc. 1|40 Hifepy
Socl Tgpe PASABAHGCE ~ 0.9 K3/erm*
Granvlometry | —200 4 2.0

Date Time |T-£.Teme| Reading y 64.23 cm
4-8-/969 | /6.35 o /9.30 4 3.26 cm
/5,, /9.19 t 20 min
30 18.01
/’ /8-99 L; | 490 em
2’ /8.80 Ly | 495 em
7 A - | 20.65 cor
3" 8.5/ A . con
/5’ /8.36 Ay | 20-49 co*
30 /8.06
/7.35 60 /7.75 €r=.78S
/8-35 | 120" | /769 ef=. 753
20.35 | 240 /7-5/
5-g-/969 | 00-35 480’ 77-99
8.35 | 960 /749 K=35710 x/p‘fm%ec
eo:-' e; = .?35
m.=28.5 7,
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Sam/o/e A/‘o. 3 Pe. 4.0 /{J cmt
Soil Type PASABAHGCE P, 2.7 Ky/enr
Granvlometry| -200 AP 2.0
DaZe T ime 7. E.Time '/?eadc'r{y H 6Y. 93 em
5-9-192697s2.7/ o /9.29 4 2.20 em
” 9.0
/511 i 4 5 f -20 mdere,
30 /8.9/
/' /8.50 L: | 485 cm
2’ /8-67 Ly | 478 em
4’ /8 .46
- | 20.948 cm!
g8 | s#-20 A -
/5" /785 Af | 1998 con
30° /7.36
13.7/ 60’ /6.7 e;=.753
/6.1/ 240' /5.79
20.11 480 /550 :
6-8-/969 | 10.// /380 /5.0 K=-r8.52%x107 cmy
12.// 1440 /5.90
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Sample No. 3 Pc. Y40 Kfepy
Sodl Type PASABAHCE ‘ . P. 8.1 KGfepy
Granvlometry -200 - : 8P . 2.0
Date 7ime \7-£. Time ‘R’eaa’z’nj- : H 6%.23 cm
6-8~1969)/3.56 o /8.60 ; A O.6/ cm
/5% /78 .32
> 8 t 20 min
30" /78.20
/' /8.0/ Le | 478 cm
2° /7-76 | L, | 490 em
4’ /7.39 - -
8/ /6.30 ¢ 19.98 onrr
/57 /6-30 /‘7/ /9.713 <cm*
30 /5.30
/4-56 | 607 /%.32 er=.685
/5.56 720’ /3.60 ef-. 584
9.4/ 3957 |, 13-70
?-8-/969 | 0/-2/ 685’ /2.92
10-00 | 7120%’ 12.92 K=5.22x10° €as,.

me = 20-17 %
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‘Sample No. 4 = 2.0 Kt ¢
Sodl Type. 7 OPSER P. 0.9 /et
G'ranu/ome{ry - 40 A% '20
Date  |Time |T7.E.Time| Reading. ~ 64.23 cm
7-8-/969 | 7425 o 79.30 P 2.52 em
/5" /9-2/ z -
30" 79./9 /0 min.
'l /9.09 Ly 4.83 em
2 /8.93 vl | 490 cm
4’ /8.30 s o
8: /8-44 HL 20. cm
/5’ 78.10 /—)f 20.22 Cn?
30° /7-63
/5.25 60’ /17-18 Cr=.71Y
76.25 | r20° /680 ef=" 66¢
/8.25 240 /6-69
22.25 480° /6-63
B-8-/969| 925 | /790’ /6.63 K=42.04x10° emy,
ea—"-‘ e.- = o';/y
M, = 27.7 %
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B i
Sample No. ¥ Pe. 2.0 K3/ipmt
Socl Typee. 7OPSER . 2.7 K3/emr
Granu/amé_f/_'y -90 /3 2.0
Date Ttme |7-E.7cme | Reading - = 69.23 cn
8-8-/969 | 12.29 o | /8.39 /l /.53 cm
15 /8.15
min
30" /8.02 £ ad
/! 77.30 Le 4.80 cm
q' /7-48 p 20.22 o
8’ /7.0 ‘ oo o
/5’ - 16.59 A /9.40 Crm
30’ /5.92
/3-29 60’ /5.77 er=.668
T I3
/4.39 | /30 /461 es= .583
/6.29 249’ /4.20
20:29 450’ /Y-06
9-g-1969 | 9-29 | /260' | /3.80 K=26.941x167cmy,,




1
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Sample No. 4 Pe. 2.0 1G4,
Socl Tgpe 7OPSER P. 8.1 K9/con
Gr‘ar)u/amer’/‘y - 40 A7 /p 2.0
Dute Teme T-£.Time ?eac/t‘/zy Ve d 69.23 c¢m
9-g-1969 | 1/.15 o /8-1/ 4 |07 em
/157 /2-8/
b t 20 min
30" /7-6/
/ 17-45 Ly | 4-76 cm
2’ /7-13 Ly | 4.69¢cm
7’ /6.7 .
‘ .90 Cr?
8 /6-20 A |7
15 /5.50 A | 1857 cmt
30 14.58
/2.18 60’ /3.79 e[=.583
73.7y" 720’ /3./0 ef_____ . 493
/513" 2y0’ 72.8/
10-8~1969 | /0-44 /9207 /2-99
MK=r2.90 x107° e
!
Me=18.25 5%




THESIS

ROBERT COLLEGE GRADUATE SCHOOL

BEBEK, ISTANBUL

PAGE 77

Oample /l/b. 5 'Pc 4.0 K2 /emt
Socl Type. TOPSER P. 0.5 “9/cor
Granvlometry -/00 A5/p 0.5
14
Deacte Time |7 E.Time Peao(fnj ‘ H 69.19 co
10-8-196%) 15.25 o) /8.640 4 . 90 cm
” 2,
/5 _ /8.42 p 10 min
30 /78.37
A /8.23 Lc 5.00 -€m
2 /8.20 Ly | 4.99 ¢em
4, 18:/2 A | 20.65 cm'
8 /8.00 _
/5" /7-99 As | 20-99 ¢m
30’ /7-8/
/6.25 60’ /7-70 er=.709
77.28 120’ /7-61 es=. 692
/9.2+ 2490’ /7-5%
23.25 | 480’ /7.56
1/-8-1969 | g.00 | 10557 | /7.56 H=32.45 x10” emy,,
eo = ec = . ?03
My = 2‘/. l/ %
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GSample No. 5 P . 4.0 K /emt
Soil Type TOPSER P. 0.75 %5/fun
Granu/o}ne'(ry -/00 45p a.5

Decte Time |7 E.7tme| Reading Y24 64%./9 e
/1/-g-1969 | 1/-38 o /8. 90 4 180 em
| | st /889
/0, min
30" 18.88 4 2l
' 18.86 Lo | 4.9% ¢cm
2’ /8-82 Ly | 4.99 em
4’ /8.80 0. | 20,49 cn*
g - 78.77 A :
5/ /9.31 Ay | 20-36 cm*
30 /8.65 ‘
72.38 60’ /8.57 @r=.,6392
3.3 | 720’ /18.50 er=. 684
/5.78 2490’ /8.45
/9.8 480 /8.42
12-g-7/36%9 | 9.40 /842 X=3110x15" CHfac.

1329
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<5am,a/e Ho. 5 . 4.0 'g/cm‘
Soil Type T7OPSER P, 1.125 #3/cm*
Granvlometry - /00 470 0.5

Date 7eme T2 E.Time | Reading - 64./9 em

/2-8-/%69 |/2-00 o /9.08 4 /.53 ¢cm
157" /9.00 -
” Z‘ 10 .
30" /8.93
7’ 18.3¢ Ly | 4939 cm
2’ /8.9 Ly 4.98 ¢,
LR/ 78.87
7 s Ac | 20.36 cot’
g /8.80
30° /8.59
/3.00 60’ 18.40 er=.68%
14.06 725’ /8.27 er=.663
/6. 00 2407 /8.2/ :
/3 -8-1968 //-00 /380' 18.79
kt 27.46 "F/O.s c%c-
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Sanple No. 5 Pe. 4.0 K9fepr
Soil Type | TOPSER 2. /.68 Ko fop
Granviomelry -/00 AF/p . 0.5 »
Date Teme |\ T-£.Teme | Reading . > 64.19 em
/3-8-/969 | 13.57 o /8.30 A /.51 em
” .25
£ 4l t /0 min
30”7 /8.23
/’ /8_20 Z—[ l/-.?g C/”
2’ /8./7 L/ 4.9 Cm
7! /8-10
Ac | 20.21 em®
8’ /8-06
/5’ /8.00 Ay | 2045
30° - /7.50
14.57 60’ /7.7 €r=.663
/5.5% | 120’ /7-70 er=.65%
17-57 | 240’ /764
257 | 480’ /7-60
-9
/4-8-/1969 | 3-45 1188’ /7.58 H=26.12%10 °eay

8
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Sample No. 5 . o 40 Koot
Soil Type. | TOPSER ‘ P. 2.52 /em
Granvlometry| —/00 4F/p 0.5
Date Time |T & Tipe| Reacling. | 6419 em
14-8-7947 | 11.25 0 /7.59 /.33 em
/1t
/s 77-57 p 5 min
30" 17.5/
7' /7.93 Ly | 492 em
92° /7-4/ z_/ 4.96 cmv
4’ /70 A,: | 2015 em’
&g’ /7.20 -
/5! /7-09 A | 20-05
30’ /6. 85
12.25 g0’ /6-6/ Cr=.657
/3.25 /720" /76-4%/ ef: . 629
/5.3% 298’ /6.23
20-28 sYo’! /6-00
/5-9-1969 | o00.30 | 645" /5.9 K=22.59 157 ey,
t0-00 | ,235° /5.0
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Sample No. 5 Pe. 4.0 /e
Socl Type 7 OPSER P. 3.78 €3/cr
- -
Gra/zu[ome{(l/ -~ 100 A7/, 0.5 !
Date Time T-£.Tipe Peac/fﬂg- ‘ ~ 69./9 cn
/s~8-1969 | 12.20 o /8-63 h 108 cm
/5 /8.67
/ t /0  min
30" /8.62
A /8-53 L, |97 cm
2 /8-50 Ly | 495 em
g7 .40 .
7 4 Ac | 20-05 cm
8 /8.25
/5" /8.06 Ay | 7920 cort
30° /7-79
73.20 | 60’ /7.58 er=. 629
/4-20 | 120° /7-32 ef=.598
/540 200’ 77.20
17.45 aas’ /7-05
/6-8-1969 | oo.05 | 705’ /6-85 H=/906x0° ey
9./0 7250° /6.80
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(Sam/o/e No. o) Pe. Y0 53/ipye
Soil Type | 70PSER P. 5.6% Kfem
Granvlometry| —/00 " .5
}h
Daz(e_ e 7 E -Timme 72806///7(7 H 6(/, /9 ent
/6 -8-1969 | //)- 43 o /6.80 y /.27 em
: 174
/5 /6.80 P 5 min
30" 14-78
/ 6.3/ Lo | 435 em
2’ /6-63 Ly | 4.99 em
4 .50
q( /€ A:’ /3-2/ em®
g /6-32 -
/57 613 Ay | 19-7¢ em
30’ /5.8
/247 | 60’ /5.99 er=.59%
/3412 120° /5.19 es=.565
15-9%7 240’ /79-97
/7-5-/%263 70-47 /380 /%-85
H=19.86x107 cmg,,




1
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PAGE 84

Sample Wo. 5 - 70 K femt
Socl Type | 70PsER P. 8.5 £ilem
Granvlometry| - /700 2% 0.5
Date Teme |TE.7ime| Reading M 69s9 em
/7 -8-/96% | /3-33 o /Y38 4 /35 om
/57 /9-34 »
s 20 min
30" /4-32 ;
/'’ /14-70 Lo | 499 em
2’ /4-60 Ly | 493 cm
g’ /9-45 ol
PY .20 e | 7996 cm
/57 /.00 Ay | 789y cm’
30’ /3-65
74-33 60’ /3.24 €r=.565
/5.33 /20’ /3.00 ef=.5%6
1733 | 290’ /2-80
2033 g50' /2-65
/9-8-1989| 10.33 | r260’ 12.62 K=79.75x107 cmy
Me = 20.85 %

——
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PAGE ®

Sample No. 6 e 1.0 /et
Gocl 7gpe. | TOPSER = 0.5 *K/cm®
Granvlometry| —200 4%. /.0
Date Teme |7-£.7ane| Reading H 69.28 cm
/8-8-/969 | /5.33 o /7-60 /Z 2.65 cm
/157 /17-45 P .
30" /730 S miéine .
/" /7-00 Ly | 486 cm
2’ /6.78 L/ 4.29 ¢m
4 /6-92
c | 20.65 cnr’
- 8’ /15.97 A
157 /5.90 Ay | 78-72 €m
30’ 14.50
/6. 33 60 /3.57 €r=/.175
/77-33 720’ - /12.95 e = 1058
/9.323 240’ 72.42
23.98 495° 12.25
/9-9-7969 | 70.58 /65"’ 72.20 H=290.5 x10° e
€D= ec =//;5
Mo= 4.0 %
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Sample No. 6 . /.0 %9 /em:
Socl Type, 7O0RSER 7> 1.0 K3 /emt
Granuvlometry -200 7 /.0
Date Tame | 7.£.Tune | Reading H | 69.28¢em
/19-8-1969| 11-17 o /6-20 y /.98 cm
/4 .I?
/5” /6 / 5 i
30 /6./0
/" /6.01 Le | 4.79 em
2’ /5.95 Ly | 4.78 cm
4’ 15.86
¢ .72 em®
8’ /5.6/ A /9.7
/57 /5.27 ﬂ]/ 19.20 cm
30° /9.8
12.132 60’ 14.3/ er= 1058
/3.17 120’ /3.35 ef= .58
4 /5.17 240’ /3-70
20-8-/969 | 7/-13 | 1490 /345
K=68.9 x10° emyg
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Sample No. 6 ' 7c. /.0 Kf/cm‘
Soil Type. |70PSER P. 2.0 %3 /em*
Granvlometry -200 7 /.0
Deate Time \7&.Time 7'Zea¢/¢’/7'_9. /_7/ £4.28 cm
20-8-1969 | 72-09 o /7-92 4 2.60 cm
15" 77-é0
” f /0 morn.
30 77-50
/7’ /7-38 Lo | 478 cm
2’ /7-20 Ly | 472 cm
4 /6.96 :
- /9.20 Ctnr
8’ /6.60 A
/5 /6.20 Ay | 18-66 cm
30’ /5.65
/3.09 60’ /5.05 er=.9958
/¢4.09 120’ /7-62 €7l= . 3/%
77.25 376' 79.29
24.09 S9o0’ /%17
2/-8-1965 | s0.09 | 1320’ 14.15 K=46.25x10° cmy
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Sample No. 6 Pc. 1.0 Kofemr
Soil Type. |7OPSER P. 4.0 F3/em
Gr'anu/omtf/y -200 8P/p /.0
Dale Time \7-&-7Time| Reading /- 64.28 cm
2/-8-~1969 | 12-20 0 /6.35 2.32  cm
“ /6 .50
ad ¢ /S min
30" /6-¢0 :
/' 16-23 L, | 472 cm
2’ /é-/10 L/ 4.66 Cm
4! /5-86
~ . t
sl /5",0 H{ /8'66 cn
/57 19.92 F)/ 77.98 cm’
390’ 14-24
/3.20 | 60 /3.63 Br=.9/9
14.25 725’ 1317 er=. g30
20-20 | 480’ 12.70
22-8-196%| 8-50 1230' 12-65 \
- | K =28.13x107 e<my,,
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Sample No. 6 P 1.0 K3 /ent
Sod/ Type TOPSER P. 8.0 K3 /emt
G ranvlometry -200 77 /.0
Date T<ime 7-E.Tcme ’Reaa{fﬁg /~ 69-28 cm
22-8-/969 | 1/. 56 o /6. 90 b .39 e
15"
l 76-79 t . | /5 min
30" /6.58
’ /6.4 Lo | 966 cm
2 /6./8 Ly | 999 c7
g’ /5.50
Qe |77-99 cmt
g’ /5.3Y
/5 /9.8 - Ap 1777 em’
30’ 1%-1s
72.5¢ 60’ /3.50 Er=. 30
/3.5¢ 120’ 73.2/ er=. 735
/5.56 240’ /3.70
23-8-/965 8.56 7260' 72.30 )
Y -9
K=16.50x107 cny,
pe = 25.5% %
}
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Sample No. 7 Pe ! 4.0 lemt
Soil Type . KILYODS . P. 0.5 K8/cm
Granvlometyy . -70 455 /.0

Date Time |T-E.Time| Readling Y4 64 .40 m
5-8-,965 |/4-23 | © /6.09 % | /s em
5 5.38 -
ad / t 20 min
30" /5.30
/'’ /5.28 Lo | 4.82 cm
2’ /5.29 Ly | 4.82 cm
4 | /5.9 P -
Y| 20.65
' /5.7 ¢ 85 ¢
/57 /517 Ay | 20.96 ent
0’ 15.70
/5.23 60’ /5.05 Cr=/.26%

e,l::' 7.292

k=1//.7% X/O-?G%C

eo'-:e“:/-zé(/

m, = 4//-/ Z
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Sam/o/e g 7 P 4.0 K Jent
K .
Soil Type KILYOS P /-0 2 fem
AP
C/aﬂu/ame{/y -90 AD /-0
‘I;
Dale T e T E- 1iine| Reaclin 2g H 69-40¢cm
5-9-s967| 19.20 0 /5-40 A 0.8 cm
/57 /5.39 / 20 min
30" /5.37
a /5-3/ L; | 482 cm
2’/ /5.29 Lr, 4.8/ em
7 522 A | 20.96 cn*
& /5 .2/
75’ /517 Ay 20.3/ cm
30’ /5-/3
20.30 60° /5 .02 e-=1.292
2/.30 /720’ /9-J0 €r=1.223
230 240° /995
6-3-/748 8-40 7507 14.575" , — 1
/.30 J70° /485 k= Z39x,0 co, 1
i
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Sample No. 7 Pe 4.0 %feprt
Soll 7ype | KiLyos P 2.0 /o
Granvlometry -40 ‘470 /.0
Deale T me 7 E.Tire ?caa/fﬂ; H Y- Y0 ¢m
6-9-7567 | 14-14 o /6.86 ! 4 0.79 em
/5”7 /6-29 -
Z 80 min
30" /6-76 :
7’ /6-37 Ly 4.8/ cm
2’ /6-7§ Ly | 478 em
2 /6-60 2o2) oot
7 - 0.3
8’ /6.5°5 . _
/5" /6.50 Ay | 19.06 ¢em
30’ /6.33
/5.7 60’ /6-72 Cr=1.2253 -
/6.79 120" /6-00 ey=1. /60
/8-0v 230° /5.%70
#-9-7969 | s0.79 | 7200 /Y.5/
/5.7y /500’ /4 .30 k= 410x 07 ey,
/3-49 /7357 /9-19
8-9-7%7 0o0.39 | 20557 79.70
10.00 | 262/° /9.04
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Sample. Vo 7 Pe 4.0 *5/co
Soacl Type KiLvyos P 4.0 3 fem®
Graagulometry. -40 A%. /-0
Date Time TE Time| Zeacting. y 64.40 cm
8-8-1969 | 15.23 0 /76.57 4 0.52 em
/57 /6.93 -
60 min
30" /6.Y0
7’ /6-3% Ly | 4.7 em
2 76-39 Ly | 472 em
4’ /6.30 f
: A | 19-8¢ cor
8’ /£.2/
157 /6.1% Ae | /9.2 em*
30° /5.97
16.23 | 60’ /5.69 Cr=1-760
| 1913 | 229 /472 es=1.069
9-9-/969 00./13 sz0” /Y. 07
' /718 17857 13-
23,55 | /%8v¢2’ /13.00 k=/49x,0° cay
/0-9-1265 /7-73 2620° /2.90
/G.00 | Jo&?’ 12.65
1/-9-7363 | s2.72 4120’ 72.5°5
23.43 | 4910’ 12.55
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Sample No. 7 P 4.0 Rfom
Sodl Tgpe KILYOS P 8.0 “Dfem*
N Granvlometry 90 a7 /7.0
Dale Tenre 7.E. Time zeca//n(?. H £Y9.40 cm
/5" /7.30
100 min
Jo” /7-29
/’ 17.22 L | 4.2 enm
2, /7'20 L{ L/-é} cem
G /7.7%
Ae /53.27 ¢m*
& 17102 ¢
/477 /7.00 /-7; /9.9 em?
30 76.85
//-0¥ 60 76-60 e =17.063
/i-08 /207 /76.2% ! ef = 958
1y.08 g2yo’ VERTATS
/2-07. 980’ /5.06
/3-9-1767 ) /1-09 /500’ /3.60 k=0.39x/07 s .
79 -1-1267 | JI-13 294577 t3.00 . )
 -9-1567 .3 365’ 12.67
17-9-15 10 4 2 o= 32.99 %
76-9-1369 4.00 5632’ 12-50
23).00 65-32 72370
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Sample No. 8 Pe. L.O K9/emr
Soil Tgpe | KILYOS P 0-9 41 /cur
Granulometlry | — /00 ar/p !t 2-0
Dete Time |70 F.7ime| Reading H 62.15 em
25-2-1969 | /2.6 o /6.35 4 3.0 em
o5 /6.20 -
20" /5.95 4 20 min
/° 15.¢0 L, | 482 em
2 /5.63 Ly | 4.7/ em
4’ /5.92
8/ /4. 39 A 20.65 em'
15 /4-3/ Ay | /9-55 em?
30’ /3.40 |
/3.16 60° 79./9 €r=1.75/
/4.16 720’ //.00 es= 1.545
/6.16 240’ 70.09
2024 | 488’ 9.50
25-2.79¢7 | 2400 | 704’ | 9.39 K2 26.27 %10 cmy
26-7-/969) 1/.2} /391" 8.95
27-9-1¢969 | 79.25 | 3308’ g.89 @o=€r=/.75/
Mo = 55.2 9,
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Gamp/e Mo, & R. 1.0 Fffeint
Sod 7;/06 KILYOS 2 2.7 Kyfem:
Granvlometry | -/00 A%p 2.0
[]
Date Time |7 E Time| Reading H | B2./5 com
28-2-7767\7/. /70 o /9.70 A /.57 em
/57 /9.50
r.
30" | 194/ L
7’ /9.30 L, | 4.721 em
2 79./8 Ly | 451 em
4’ /9.00 P /5.55 oo
gl /Y' ?0 [4 .15- CM
/5 | .39 Ar | 78.6% e
30" /7-87
/2. /0 60° /7-0% er=1.545
73.70 | 720’ /6.0/ ef=1.324
/5.70 | 290 /4.3
/9.55 \ 5257 | .73.30
28-9-/969 | /1.00 | 1930° | /2.59 K= 4595 xid” ey
30-7-796%| 73.30 | 3029’ /7-98
3/-7-79869 17.00 { 43/0° /779
76-00 | 46/0° 77?2/
/—=&-/767 | ©0.30 5720’ 10.2/
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Sample Mo . 8 Y 1.0 Ko/t
Sodl 7_};}@ K/ILYOS -z 8./ 'gj/cm‘
Grarw/omet’ry ~/00 270, 2.0
Dete Time |T-£.Time | Readiizg / | 62.75 cm
/- §-1969) /.36 o /8.85 4 0.0/ em
' /5" /8.9 p -
[
30" | /840 4 g m
/’ /8.53 L; 4.5/ em
i /8-42 L, | 437 em
4’ /78.30 ,
- | /8.9 ¢
8’ /8.12 A
/75" /7-9/ Ar /7259 cor?
30’ 17.59 |
/2.36 60’ /7.09 er=1.32Y9
/3.36 | 120" | /690 ef=1.1/9
75.36 240’ /5.39
2-8-/969 | 02.00 | 869’ 12.2/
’ NP -9
/13.26 | /s50 /7. 95 K=/ 236 x/0 emy
3-9-1967 | /5.95 | 3/29° /97
4-8-/969 | 9.20 4784’ //-43

/’7e.= 3‘/-5? q/a
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Sample No. 9 . 2.0 @/cm‘
Socl Tgpe KILYOS . 0.5 K5 /et
@ranu/an:ez’;:y -200 254 0.5
Date Teme |T-£ Time| Reading /~/ £2.25 em
27-6-/969 | 22.20 0 /8. 80 4 2.95 e
VA 78.49 P 20 o
30" /8.90 e
/7’ /8.35 L; 4.922 cmn
27 ’78.26 Lr 4.0 cm
7’ /8.15 ' p 2045 et
g . <77
8’ /78.0% ‘ 4
/5’ /7-90 Ay | 2027 em'
30° /7.69 ' '
23.20 60’ /250 Cr=1.599
28-6-/967 \os.25 | /85" | 17-20 ef= 1.594%
" | 09.05 6957 /6.92
73.55 935° /6.85
29-6-/96%.) /6.59 | 2557 | /6.70 K=23.58%10"cmy
/9.00 | 2860° | /6-70
Co=€;:/.599
m,=56.9 %
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Sample No. g Pe. 2-0 %/t
Socl Tgpe | KILYOS . 0.75 K9/epr
Gmﬂu/omez’ry -~200 73 0.5
Date Time \T.£.Time| Reading A | 62.25 con
29-6~/969 | 2/-05 o /77.50 4 2.8 em
’75” /7-99 p 20
30° | 77.4¢ e
/¢ /740 L | 4.80 em
27 /7-35 Ly 4.76 cm
4’ /7.3D : .
Y 27 Ae | 20.28 en
/57 /7.20 Ar | 2o-r2 en®
g0 /778
22.05 60 s/7.0/ Cr= 159y
23.05 120° /6.90 €r=1/.508
30-2-s969 | 0/-05 2¢0’ /6-79
08.95 700’ /6.99
’ . -9
/5.J5 /730 , /6.40 'K= 92.59 xs0 ¢
/=~7-/967 | 00.00 /7605 /6.26 -
09.00 2745’ /6.20
76.55 | 2620’ ’76.72
2-2-/269 | 00-25 070" /6 .72
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Sample No. 9 2. 2.0 K9/p,,"
Soil Type KILYODS s /./125 K32 /em*
Cranvlometry | =200 %D, 0.5
Date 7ime' |TE-Timel Reacling. H | 62.25 em
2-2-/968 | 77.5/ 0 rg-62 4 1-66 em
el 186/ 20 emin
30° 8.6/
7’ /8. 60 Le 4.76 ¢
27 /8.59 Ly 4.0 &
4 /8 .50 _
A /9 et
g/ /5.91/ 1 -20 /y
/5" /8.36 Ar | /9.5 €
30’ 78.30
/8.5/ 60° /8 .0% er=1.50¢
/9.5 720’ 7789 ef=1.4%9
23.5/ 360° /739
3-72-7969 | 23.96 | 1795 | /6.60
G-7-7967 | 7/7.14 | 2843’ /6-45 K="19.76x/07 ermg |
20.06| 30157 /&.95
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Sample No. 9 7e. 2.0 K5/e,+
Soil Type | KILYOS 2. /.68 %5 fepr
Granvlometry -200 2. 0.5
Dale Time |72£.7ime | Readirng y= 62 .95 em
5-2-s7969|00.2¢% 0 /8.00 A /.12 em
/57 /9.00 -
20" 599 t 20 min.
/7 /8.9 L; | 470 em
| | /78.98 Ly | 4.69 em
7 /8.97 7.95 .
g /7. 97 Ac | 1355 em
/57 /8.90 A¢ /9.91 cm
30° /8. 60
0/.28 60’ /8.-44 €= 1.%439
02.18| 170’ /8.29 e;= 1.375
08.30| 4827 /7.55
/17.70| soo02’ /6 .95
F-p-/9691 79.22 | 39257 /6.7 K=979 x 109 em,
8-2-/963| /400 | 4495° /6.76
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Sample No. - g Fx 2.0 “Slepr
Socl Type KILYODS . 2-52 Ka/epr
Granu/omcfry —-J00 . AED | 0.5
|
v"! w
Date Time |T-E.Time | Reading Ao |1 62.25 cm.
8-7-/969 | /6.32 0 /8.20 A lo.56 em
/57 /8./5 P 10 me
- 7M.
30" /811 , ‘
/! /8-09 _ L |4.68 cm
2 /8.06 Ly | 4.63 em
4 /8.01 p 2.2y e’
- . 72
8’ /7-98° £
/5' /7-90 Af | 1870 cm®
30’ 177-78 ,
/7-32 60’ /17-5% Cr=1.375
18.32 | /207 /7-29 €f=/-253
20.32 | 240’ /6.70
g-7-/1969 | 00.3? | 485’ 16.70
/0.05 | /053’ /5.50 K=5.025 %167 emy,,
/0-7-1969 ) /8.05 | 2973’1 /450
//~7-/96% | 00.00 | 4768° /%.00
/2-2-7969| 09.00 | 5248’ /3.%0
/3-7-/969 ) /5.00 | 7098’ /3.90
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Sample No. g e . 2.0 55/c
Soil Type | KILYOS - g 3.79 Ksferm
Granvlometry | —200 7 0.5
Date Time |T-£.Ttme| Reading H 62.25 ¢m
13-2-1969 | 19.41 o) /8.80 h 0.46 Cm
: /5" /8.80 Z 30 mi
- .
20" | 78.79 i
/' /8.7% ) Le | 463 em
2 /879 ' Ly | 4.5¢ em
4’ 78.3/
/ . . R
,"81 A /9.30 ¢ /8-70 cm
st | 9.64 Ar | 18.06 cm’
: "30" | rs¢9.50
20.41 \ 60" | 7¢.30 Cr=1/.263
27.41 /20° /7.95 Cf=1,161
23.4/ 240° /7.49
/Y ~-72-1969| 9.56 855" /6.3/ _
19.91 | 7990° | /5.%0 K= 2.82x107 emy,
/5-2-7969 | 20.41 | 29490’ /5-20
16-72-/969| 20.-40 | 4379 14-90
/17-7~/969 g.40 | 5099’ /4-90
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Sample No. g Pe. 2.0 K9/
Soil Type | KILYOS D. 5.67 Ki/ep
Granvlomelry | —200 AP/p, 0.5
Date Teme |7 £ Time| Reading H 62.25 cm
/7-7-/969| 11.35 0 h |0.92 em.
‘ /57 . .
30” 60 712 .
Vi L" Z/S'g cne.
2 /—/ 4.53 Om.
9/
py Ar \78.06 cmnt
YL Ar | 77.25 entt
30°
/2-35 60’ ; Cs=1.76/
/3.35 /120’ €r=1/.042
/4-29 /69" ’
18-7-1963 | 1445 /630 :
23.72 | 208 K=1,.332 107 e¢my,
79-2-s36% | /2.35 29490’
20 -3-/969 | /8./0 43S’
23.30 | so035’
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Sample No. 9 P . 2.0 A%/crp
Bocl Type KILYOS P. | 8.5 1 g s
Granvlometry -~ 200 4¢ 0.5
Dai& TL’/??& 7:£-///77¢ ?eaa’('ﬂg. /__/ 62-25 cm
/5"” /8.79
14 /02 p
30” /8-78 d
VAl /8-35 L 4.53 em
2’ /8-73 L, 4.47 ¢
4 /8.30 ar -
/5" 8.6/ Ai (1725 em
. 22 /8.55 Ay /8.8/ €t
//-52 60’ /8- ¢/
12.52 720’ /8-/8 €r=1.092
/4.52 | 2490’ /7-80 e;=.962
/8.02 430° /7-30
'23.57 g7s’ /6.70
22-7-7969 | 16.39 | /782" | /6-30 K=0.87%07 emy
23-7-/969 | /7-/3 326’ 175-8/
24-7-1969 | s0-20 4288 /5.80 me=34-04 %
/5.00 4528 /5.80
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Analysis : _ : . -

For the statistical evaluations of the test results, a 3x3 Greco-Latin matrix

was used with four variables., The distribution of wvariables in this matrix were

"planned as

I 11 111
1 Ax Be c¥
2 ‘CF AYX B«
3 BY Cau | Ap
the symbols standing for :
Soil type : Granulomgtrg :

1. Pagabahge
2. Topser

3. Kilyos

Presonsolidation load @
oL o 1.0 kg/cm?

B 20 ke/ cm?
¥ . 4.0 kg/em?

I. - I.&O
I3, =100
I1I. -200

ap/p ratio :

A 005
B. 1.0

Ce 2.0°

At the end of the preconsolidation stcps‘; void ratios of the samples were

determined (ep on Preconsolidation Data sheets). These values were the initial

void ratios of the samples (eo on Consolidation and Permeability Data sheets) when

the actual consolidation steps in the GBONOR apparatus were concerned. At the end

of ecach step of consolidation, void ratios of the samples were also calculated (eg

on Consolidation and Permeability Data sheets), By Elividing those intermediate
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L]

void ratios to the corresponding initial void ratio of each sample, e/e0 values
were obtained. Then, log k vs e/e, curves were plotted for each sample (see
Figuresﬁlﬂ, 13, and 1&).

}f; éna1yze the'significanceé of the effects of cach variable on the
.perﬁe;bility value, several variance analysis were carricd at different levels of
LY

The matrices obtained by thét way were (Figures 12, 13, and 1% werc used for

this purpose) : -

e/eo = 0095 : e/eo ] 0090
lus.0 | 5801 08.5 | 56,0 | 26,0 18,5
46.5 30,0 120.0 36.5 23.5 95.0
6.5 51.5 | 21.6 3¢5 | 29.0 13.8
‘ 1]
e/eg = 0,85 - ‘ ~ e/ep = 0.80
98,0 19.9 | 13.0 20,1 | 15.0 8.7
29,2 18,9 67.0 ' 23,0 14,7 51.0
1.6 15.7 8.,8° 0.76 8.7 5¢5
e/eo = 0.75 ) e/éo = 0070
15.0 11.3 5.9 ' 11,2 8.7 4,1
18.3 11.6 36.8 U 9,2 27,2
0.11 11.8 3.11 0.18 2.6 2.15

% All permeability values are given in 1079 cm/sec.
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e/eo = 0,65 -
8.4 6.6 2,7
11.5 73 20,0
0.09 1.4 1.33

- Thesc motrices were analized by a computer program and the significance

levels of each variable at the different stages of consolidation were obtained,

Another statistical analysis was performed in order to investigate a

regression bé%&een"bermeability and several physical propertics of soils, These
L " o , * S o P .y o e
properties herg chosen as : Activity ( T 0,002 mm')' PI, e, Dyg and =,

14 el

This-analysis'was done by a compﬁter‘pfogram (programmed by Dr. M. A, Efroymso

EsSo Mathematics and Systems Inc. and modified by M. T, Timay for IDM 1620} and
was repeated for three differcnt values of e/eo ratio. Log k was used as the
dependeﬁt variable in this analysis. Then, ﬁdry vas added to the above mentioned

variables and the analysis was repeated at the same e/ey levels, this time by using

k x 102 as the dependent wariable.
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1.0 ,
AR B
Vv /1 1/
T A/ /£
o | /| #
oo 1 7/ 1/ 17
/ /
9 / /1 B
/ / /
/ /[ 1/
/al /) 7
/4
/ / /
/ /
/ /1 f
/ /[ 1/
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8 /
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/ [/
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|4 /7
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/[ _/
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7 A /é
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/[ /
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A
/
.6 -
3 4 5 6 % 8 3 |0 20 30 40 50 70 g0 0O
| K x10% (cmysec)
(0] Samp/c /‘f;./,?a;aéah;e,ﬂ:/.aj_%E=.5J_I/O —

® Sample No.2 , Pasabahce,Pe =2.0, épﬁ =1.0,-100
A Sample py. 3 . Pasababes Poz4.0 02 0 1 —20m Zra (1°2)
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l.o
/
5;7 ,
A /
ol /1 /
! T/ 7
m‘q? ' / l /
P /
——7 7
3
/ /
£ /
/ /
lJ / /
W,
7 A
/ / /
/ /A A
/ / /
.8 / /
£ / A
/ / 4
of / /"
A ,
/ /
/ /
/ /
/[ /
/
7 / 8
N /
/ /
/
e
/
o
/
.6
10 20 Jo0 40 60 80 loo 200 400 |
A Sample No. 4, Tapser, o= 2.0 | 82220 , -40 ' k107 Cempreo)|

© Sample No- 5., Topser, J = 4.0, %E: 0.5 ,=-/00 |
® Sample Nb. 6., Topser, Pe= 1.0, %!:s/-o , -200 . Fig (73)
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/

' kx10? (emfsec)
® Sample Ho. 7, Kilyos, Pe = 4.0 %13:(,0, - 40 —_—

a ,-samﬁ/e /Vb- g} K('{yoJ'Pc: /-0 %E-'- 2.0 , =-/00

s '5“’”/'7/e No. 3, K/'{70J‘,7’¢= 2.0, %Z:O.S,’ZQ«J —F;é' (r%)
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CHAPTER VI

RESULTS, DISCUSSIONS and CONCLUSIONS

Results :

I

vThe changes in the permeability values:of each sample with the increasing
consolidation pressures were obtained., These curves are given in the foilowing
page (Figures 15, 16, énd 17), together with e vs log P curves (Figures 18, 19,
and 20),

T values, that is the s&gnificance levels of each variable at different

stapes of consolidation were obtained as :

¥

e/e, ' :
0.95 | 0,90 | 0.85 | 0.80 | 0.75 | 0,70 | 0.65
Variable i
Soil type 3,93 | ‘4,28 598 6.88 9.69 | 12.52 | 16.95
Granulometry 1.h2 1.16 1,03

Preconsolidation| 6.93 4,86 4,03 5497 k52 L 49 5.10
load

ap/p 1.15 1.36 1.60 1.95

These results are also shown on a T versus e/e0 curve (Figure 21) to
demonstrate their relative effects on permeability at different stages of

consolidation. On that graph percentage evidence levelsb(2) are also indicated.
As it is seen from this diagram, the effects 6£ the variables are in the
follbwing order in the final stage :
1. Soil type
2, Preconsolidation load
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Fia-(16)
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k, Gramilometry.

In the regression analysis, correlation cocfficients of cach variable with
respect to log k and k were obtained at three different levels of e/ey. .These
values and these changes with e/eo ratio are given in two "correlation coefficient

vs e/eo" graphs (Figures 22 and 23),

Variables with significance levels greater than 2,50 were taken into the
second step of regression analysis and regression coefficients were calculated,

Thus, the following equations were obtained for e/e, = 0,70 and e/e, = 0.80 levels

}

respeétively.
log k = - 9,38157 - (0.26261) (Activity) 4 (3.30344)( i’%’ET ) | (e/eo; 0.79
log k = = 9.44871 - (0.05025)(PI) 4 (1.03160)(e) 4 (3.04016)( 37{%1;3 )
| | (e/eg= 0.80
e x 109 = -~ 27.906 - 13800.353 (Dy1g) + 96.%36 ( éfﬁ—gg ) (e/eg= 0.70

k x 109 = 10.106 - 32.297 (Activity) 4 %3.839 (e) (e/eqo= 0.80
Log k cquations give better results.

No variable with an F value of greater than 2.50 were found for e/eo = 0,90

casesg,

The values of log k calculated from the first two equations are given below

'togethér with the experimentally found values :

e/eO = 0,70
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Calculated

~7.96803
-8.05977
~7.95495
«8,02236
-8,028%1

"'7 070866

- -8.08873

e/e, = 0.80

" The resulis obtained from the

as computer outputs.

-8, 47474

~8,41758

Calculated

«7.72368
-7.88385
-7.81818
7478641
7479601

=7.30813.

~84.33476

~8,12600

-8.13025

Measured Diffcrence
~7.95078 ~0.01725
-~3,060%8 0.00071
~8,38721 0.43226
~7.84163 -0,18073
-8,03621 0,00790
~7.56543 ~0.14323
-8,06048 -0.02825
~-8,.,58502 0.11028
~8425963 -0.15795
Measured Difference
~7+69680 ~0,02688
~7.82390 ~0,05995
~7.,06048 -0475770
~7.63827 -0,14814
~7.83268 0,03667
~7.29243 ~0,01570
-8,06048 -0,27428
-8,06048 -0,06552
=8,25963 0,12938

last two equations are given in appendix B
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e

Discussion of Results :

: N
The order of importance of four variables arc in thd expected manner with

the exception of the effect of gramilometry.

The analysis results show that granunlometry has an unimportant effect on
permeability. But it is a well kﬁown fact granulometry is one of the most important
factors. Dut this does not méan that fhe test results are in contradiction with
tﬁis fact. Beéause, the sieving §peration was done on dry soils when the test
samples werce prepéred. And sincc it is almost impossible to break a clayey soil
to its individual particles by nechanical means, aétu;11§ the lumps of soil were
toaken as soil particles. This was confirmed when wet analysis of these samples
were madc‘in oxrder to‘find their activity and llazen's coefficient, Djg values. As
,it:wiil'be_seen ffom;the,gradation curves obtained from wet gnalysis which are |
civen in appendix, about 60-70 % of 4100 portions were found to be passing No.200
sieve, Therefore, all the samples were alpost of some granulometry, aﬁd a
gramlometry effect on permeability should not be expccted. Since the effect of
gramilometry was found to be insignificant, this cénfirms the validity of the

variance analysis,.

Soil type ié found to be the most important factor. And this may be
attrihutéd to the properties of predominant clay minerals in the soil., The
thickness‘of water film around the soil particles are\affccted by the clay mineral,
And since this nonflowing f£ilm of water blocks the movement of free water,

permeability is affected by the type of soil.

In this set of experiments, soil type had another important cffects The lumy
of s0il were taken in preparing the samples as the actual grains$ And the actual
grain size distribution of the samples were much related to the distribution of

individual particles in those lumps. Since cach soil had a different grain size
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distribution in the lumps, actual granulometry of the samples were also affecﬁed

by the soil type.

As it is secn from F versus e/e0 craph, the importance of soil type increases
as the consolidation proceeds., This fact is in agreement with Terzaghit's theory

that when soils are excessively consolidated, permeability is affected only by

j-
!

the mineral structure regardless of the other factors,

Preconsolidation load is found to be the second important factor. In fact,
in the early stgges of consolidation it is the most important one, This is the
ekpécted result becaus§ the arrangement of éoil particlgs is relqted to the{
pr§gonsolidation. And in the carly stqges void ratio‘is also dependent on the
precénsﬁlidationi}oqdf | o |
;; A1thoﬁg£iit showéiéﬁ ih&fchéé ﬁéfthe”dohsquédtiaﬁ éteps-incregge?_ ‘P/P is

still the less important ome of the above mentioned factors,

The results of regression analysis show that per@eability is significantly
related to activity (the ratio of plasticity index to percentage weight of grains
smaller than 2 microns size), i—%—;ﬁ and plasticity index itself, Iispecially
the relation between permoabiiity and activity is highly significant., This result

also confirms the great importance of soil type on permeability.

Also, the correclation coefficients are determined between each pair of

variables entering into the regression analysis.
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Conclusions ¢ .

- significant. The result related to the effect of granulometry is due to the

' deficiency of dry sieving.

fthe act1v1ty of a soil and its permeability, Slmllar corrplatlons are also found

important achievement of this experimentation. Those equations make it possible

. At the end of this set of experiments, soil type is found to be the.most_,
iﬁboftant factor in permeability. Preconsolidation load also turned out to be
an important factor in permeability of consolidated clays. The effects of the

rate at which the consolidation load is 1ncreased and granulometry are less

It may also be concluded that there is a 31"n1flcant correlatlon between

between permeability and plasticity index and <—=3 values of s01ls.

1 + e
Although the experiments were run only with nine samples, the results ere
reliable. -The“experiments were carefully planned heforehand according to statistica
rules, 4That made it possible to obtain quite satisfactory results even with nine

semples. The probablllty 1evels are rather hlgh in splte of the” fov' nnmber of
oxperlments (80~90 ) If a more eveenslve experlmee;atlon will be run w1th a i.

greater mmber of samples in the same statistical model, it may be possible to

obtaln results with almest 100% significance,

4

The formmlas relating permeability to activity, T~%—33 and Plastieiﬁy Index

derived with calculations based on statistical methods, may be considered the most

to determine permeability which require difficult experimentation itself, by the

use of relatively easily found soil propertics.
As a further rescarch on this subject, to run another statistically predeterml
set of experiments with a oreater nmuber of sammles (eors 43k or 5x5 Greco=Latin

ol

models) may be sugpested. It may be nossible to obtain more accurate formmlas to
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Vo .

‘relate permeability to soil properties as a result of this research, It may also
be possible to determine the actual effect of granulometry by using wet sieving

in preparation of the samples for fhat set of experiments,

Another important achicevement of such a research, provided that radial
draiﬁage is prohibited, may be the comparison of permeability vaiues which will be
calculated from consolidation data, witﬁ the experimental permeability measurements,
That comparison may test the validity of theoretical values at differeﬁt stapes

of consolidation.
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C. Calculations
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CROSS-SECTTONAL AREAS :

In order to find the final cross-sectional area of a
sample, its final volume is divided by its final height at
the end of each consolidation step.
The symbols used in the following calculetions are @
H; = Final helght 6f the sample at the end of the
ster.
V; =Volume of the sample at the begianing of the ster. -

av

1

Change in the sample volume. _
Vi = Volume of the sample at the end of the step.
Af = Crosa=-tectional area of the sample at the end

of the step.

SameLe NO. [

P= 0.5 K/em*
Hf = 4.79 em. 5 Hp=4-82 cm.
Vi= (20.65)(4.82) = 99.53 e
AV=— /6.70~ 12.78 = 3.92 co?’
Vy = 99.53-3.92 = 95.6/ cm®

Ay =95-6/ _ 1996 e
4.79
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P=0.75 Ki/mn® _
Hp = 4.76 cm.
Ve= 95.6/ c¢m’
AV = 16.69 —15.50 = /.19 cm’
Vi = 95.6/ —1.19=9992 ¢m’
Ay =%%=,/J, g/ cm*
Pz 1125 k3j, . |
He = 4.79 Ch
Vi= 99.92 cm’
AV = 18.68 -/6.90=1/.78 ‘cm’
Vy = 99.92-138= 92.69 cm’

Ap=392-6% _ /959 cm*
4.79

P=1.68 K3/em*
He= 4.72 cm.
Vi =' 92.69 cm’
AV=/6.60-/4.72 = /.88 cm’
Vi = 92.69—/.88=90.76 crn’

4.72
P=2.52 %"

HFer= 467 cm

Ve = 50.76 | e’

AV = 16.29-/49.50= /.29 cm’
Vi = 90.76 —/.79 = 88.9% e’

A{: 88'5;_—_- /3.06 sz
567
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P=3.78 %3 /cm* ~
Fly=4.65 em
\/r= 88.9% em’
AN =1599-/3.25 = 2.29 ¢m”’
V, = 88.97-2.24 = 26.73 cm®
A-,c:-_‘a;_f'_‘?gi._: /8-66 cm"

Pu 567 Kforn?
Hy=4.62 cm
V: = 86.73 cad
ANV=/9.92-72.55 = /.82 ¢’

V)= 86.73-/.87 = 89.86 c»’

Af = 89-8 _ 18.37 em®
4.62
P= 85 Kfem*
He= 4.57 cm
V= 84.-86 cm’
AV =/%320-)3.02 = /.68 cnm”
V{.—: 87-86 "'/-63: 83/8 ij

Ap=83% _ 1820 cm®
4.57

SampLe No. 2
P=0.5 Kfem*
Hy=4.80 cm
Vy = (20.65)(9.92) = 39-53 ¢cm’

H[ £ Z/. 82 cm

J

AV =/6.83-/4.58 = 2.30 cm’
Vy = 99.53-2.30 = 97.23 car’

As = 97.23 _ 20.17 cm?®
.80 :
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P=/0 %a'/cm‘ _ -
/"/% = ‘/— 80 cm
V[ = .97. 23 Cm’

ANV=/219-/5.28 = 1.40 co®

\//v= 97.23-/.90 = 95.83 cm’®

Ay = 9:-303 = /9.96

P=2.0 Kferp®
Hy =473 cm
Vi = 95.83 cn®
OMN=/8.70-/5.97=2.23 cr’
V= 95.83-2.73 = 83./0 ¢

,q%: 93.70 = /9.95 ot
4.79
P= 4.0 %3/t
’L7;(= 4. 72 cm
Vi= 33./10 em®
AV 17.89-/%.65 = 3.23 cor?
\ = 83./0- 3.23 = 89.87 em’®
Ay =85-87 _ /9.0 cem®
4.32
73.': 8.0 g’Amt
h;(::: 1/-63 cm
V= 89.87 cm’
AV = /7.6 - 14.52 = 3./15 ¢’
V,( = 89.87 - 3./75 = 86.22 cm’

a9, = 8672 _ 18,72 em"
/ &.63
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SHMPLFL-—A NO. 3
P=0.9 “5/(m* -
Hy = 4.85 cm, Hi=4.30 cm
- =(20.65)(4-90) = /0/. 19 cnT’
AV=13.30~/17.48 =17.9] cn’’
Vp= /10019 ~/-8/ = 99.38 e’

Af = 39.38 _ 20.48 em®
4,85

P=2.7 K/ept
Hy=4.78 cm
V- = 39.3? em’ .
A = /9.28 -/5-90 = 3.88 cm’

V= 99.36-3.80=95.50 cm’

.95.5'0 2
= = .99 e
Ay 7 Bl /9.9 m"

P= 8./ e
/7_’/ = 4’_?016/77
Vi=9550 cm’
AV = /8.60-/2.92 = 5.68 cnr®
V= 95.50-5.68 = 89.82 em’ |
89.82

/)/ = = /9./13 cm?
4.30

SAampLE No. Y
P 0.9 K5/imt .

Hy=94.90 cm , He =4.83 cm

V;= (20.65)(%-83) = 99.7% ¢m’

AV = 19.30-/6.63 = 2.67 cm”
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V_/:.- 99.7‘/—2.6-7 = 93.0% ch

./_ 9? 0? _ 20_22 cmt

P=2.7 “Yor*
- Hy =436 cm
Vr=97.0% ¢cn?®
AY = /8.39-13.80 = 4.59% ¢’
Vy=37.02-453 = 92.48 co’
A;:i_f;(_?= 19.40 ecm*
P= 8./ %/em*
A =469 cm
Vir=92.48 cn’
AN 1801 =12.49 = 5.62 em?

\f = 92.48-5.62 = 86.96 cm’

At = 36 gg =/8.5] em*

Sampre vo. 5
P= 0.5 Afem® » , !
Hf= 4.99 cn , Hr = 5.00 cm
Vi=(20.65)(5.00) = /03.25 cm’
AV = 18.60-~/7-56 = /.09 ¢’
Vp=103.25~/.09 = /02.2/ cmf

= /02.21 - zo ‘/3 [
Af = 23 “
P=0.75 K3/ecm*
/'/7( = 499 cm

V;—: /02.2/ cm’
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AN =/8.80-/8.42 =,48 cm’
'\/7[_-: 103.24~ .48 = /0/1.33 ¢’
Ap= L2323 _ 20.36 co*
4.99
P=1.125 43/,
/‘/7[ = 4-336”7
Vi =101-73 c»®
AV = /9.08 -/8./9 = .89 cm’
‘ Vf = /01.73 -~ .88 = /00.84 em’
/97(= /00.89= 20.2/ em?
4.98
?:/.63 K.?/C/)iz
/‘4{ =9 92 cm
Vi=/00.89 ¢em?®
AV= /8.30-17-58 = .32 en)’
\4 = /00.89 - .22 = 100./2 c¢rt’
A{:—M—o'-/_z_:: 20./5 C’Iﬂz
4.97
P= 2.52 Bm* '
Vi = 100.12 cor’
A= 17.59~-15.90= /.69 cn’®
Vi=/00.12~1.69=33.43 cm’
,4/.-_92-_£= 20.05 cm*

4.96 ,
P= 3.78 AYem* ‘
/L4/: l/. 495 cm
V[ - 99.43 _em’.

A= /18.683-/6.80 = /-89 cm?
Ve=99.43 - /.89 =97.59 cm?

,4 = 9?-5(/= 2/ L%
L s (54 cm
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P= 567 “hem* -
Hr=4.899 cm
Vo= 97.59 cm’
OV=16.80-14.85= 1.95 cm’
Vy= 37.5%-1.95 = 95.59 ¢ar

_95-53 _ /9.96 cm*

IR T
73: 8.5 k’éﬁ’"
Hy=4.93 cm
V-:95-53 cm’

MN=/1438~12.62 = 2.1 cn?’
Vi =95.53-2.16 = 93.43 cm’
Ap=-243 _ 18.3¢ cor
&.93
Samre )va. 6
P= 0.5 Kfermt

Hp=4.73 em , M= 496 cm

Vi=(20.65)(%-86)= 99.90 cm’
CAV=/7-60~/2.20 = 5.90 ¢y’
Vi = 39.30 -5.90 = 99.50 c¢m?
| A;:%;giz /9.72 cm®
P=1.0 K9/
/7?: .78 ¢m
Vi= 99.50 cn?
AV =1/620-/3.495=2.75 cm?
Vi= 9450~ 2.35 = 3/.75 cm?

/‘7/ =ﬂ= /19.20 L'/77z
$.78
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P= 2.0 X5/ m* -
/7’/: 4.72 ¢m
Ve=9/1.35 ¢’ _
OV=13.23 - 14/5=3.69 ¢m?

Vp=8/.95-3.69=88.1 cn’

88.11

Af = s

= /8.66 cm*

P=4.0 Kofepy
ﬁ{z: 4.6 ¢m
Vp= 8801 cm?
AV = /6.95-72.65 = 4.30 crm”’
Vi = 88.1/-4.30 = 83.8/ cm”
/I/:%= /17.93 em*
P= 8.0 Kofent
=493 cm
Vo= 83.8/ ¢m’
UV = 16.90-72.20 = .20 cm’

V,z = 83.8/—~ 4.20 = 79.86/ ¢/’

Af =238 _ 1739 e
&/.93 .

SAarmpLe po. F
P=0.5 £/ .
Hif=4-22 cm, MHr=%862 cm.
Vi= (20.65)(4.82) = 99.53 cm?
AV= /6.09Y—-15.09 = .35 cm’

W= 99.53-.95= 9858 cm’

- 98.58
& 4-82

= 20.48 cm*
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_7D=./-0 3 /em* -
/f// =4.9/ em
V= 38.58 em?
A= /5 40-14.55 = .85 con’
Vp=389.58- .85 = 97.33 em’

A/zﬁi_?}_= 20.3/ em*®

4-8/
7): 2-0 ‘ej/(m"
Hy= 4.78 cm
V= 87.73 cm?

AV: /égé—/q-0?= -7-9'36/71’
V= 97.23 ~2.78 = 9495 cm®
Ar=3935= /9.86 cm*®
.78

P= 6’.0 K /cm* '
Hy= 472 cm
\/[': 99—35 6'1773
A= 16.5/—-72.55 = 3.96 cm?
\/{: 9‘/—35"‘3-96: 30_33 c'/nJ
Ay = 32939 _ /9.27 em®

: 4.72

P=8.0 @/le

/‘/7[——- 4’-57 cm

Vf: 90.93 cm’

AVe /7-40~12.50 = 4.90 cor’

: \4: 890.99 - 4.90 = 86.09 cm”?’

/47[ :M: /8.%% ecm*
776
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SHgMPLE NO. &
7>-= 0-3 k’/CmL

.

He= 43 cm , FHi=482cm
Vr=(20.65)(4.82) = 99.53 cott
AV=/.35-8.89Y=7F46 cm? )
V= 95.53- 746 = 92.07 cm®
Ay =529 _ 1955 em®
Y

P= 2.3 Bifipy
//7(.—. 4.5/ cm
V= 32.07 cm?
AV =19.70-11.7] = 7.39 cm?
Vi =92.07-7.99 = 8409 cri’
ﬁ{:.‘%@.: /18.6% em*

P= 8.1 ky/imr
Hf= 4.37 em
Ve=84.08 cm?
AV = 18.85~1/.43 = 7.92 cm?
Vg = 89.09-7.92 = F6.66 cn®

Af = 76.66 _ /7.59 em?
4.37 ’

SarrLe nvo. 9
P=0.5 K3 /fep
Hy=4.80 ¢em , Hr=9 92em
Vi=(20.65)(%-92) = 839.53 cm?®
AV= /8.80-/6.70 = 2./0 cm’
\'/7,; 93.53-2./0 = 94.43

39-43 2
= = 20.28 cm
ﬂ’{ 4-80 .
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-

P=0.75 Kofm*

HL= 4.76 cm
Vi =97.93 em?
AV= 12.50-/6./12 = /.38 cr’
Vz = 37.43-1.38= 96.05 cm’

Ap=96-95 _ 20,19 cm*
436

P=/./25 '.ef/(pp'-

Hy=49-70 cm
Vi= 96.05 cor’
AV=18.62~/£.35 = 2.27 cimt®
Vi=9605-2.27=93.78 cat’

- 93-7% _ /3.95 cort
/47[ 4.20 - cor

P=1£8 Kt

Hi=4.69 cm

V- 93.38 cm’

DN = 13.00-/6./6 = 2-83 cm?®
VL= 93.79-2.99 = 30. 89 em’

Ap =398 _ 9.9/ em*
%.68

P=2.52 K3/erm

Ay =%-63 cm

Vi = 90.89 cm®

AV = /8.20-~13.80 = 4-30 cm?
Vi = 80.89-4.30 = 86.53 cm’

A/:._%_'-f’_= /8.70 cm*®
4-63
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P=3.79 £/
Hf= %.58 cm '
Vi= 86.5%3 cor’ '
AV= /880-/4.30 = 3.90 em’
Vi= 86.59-3.90 = 82.63 em’
A = 525:9= /8.06 cm*
P=5.67 Bfepnr
A= 4.53 ¢m
Vi=82.69 em
| A= /7.9/—12.85 - 4.56 c®
Vf= 82.69- 4.56 = 78./3 cm’
Ay = 7‘/‘23 /7.25 em*®
P= 8.5 £9/em*
=947 cm
V= 78./3 c¢m?
OV =/8.80~1/5.80 =3.00 cm®
V¢ = 78.13 -3.00= 75./3 em’

Ay = 2513 _ /6.8 et
447
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-

PERMEABILITY CAICUIATIONS 2

Samere wno. |

P=0.5 'e’/an"
k- (-034)(2.19)( 4-79) _ 37.41x10° ©M/sec
(12.55)(6%.13)(60)(10) (13-96)

P=0.75 K9/t

ko L030(800436) 533 x 1677 empe
(12.55)(64.19)(60)(r0) (/9.81)

P=1.725 Z3fem?
4 = (.039)(/.50)(4%-7%)

(12.55)(64.19)(60)(10) (19.5¢)

= 25.98 x10°? emy,,

P= /.68 “tm

4 (.03¢4)(1.04)(%.72) — 20.00 v /077 CM/sec
(12.55)( 64-19)(60) (10) (19.22)

P=2.52 /(.%m:.
k= (.034)(0.83)(4-63)
(/2-55)(6‘1./9)(/0) (/8.06 )(60)

= /5.59 x 102 em e,

P=3.78 #3/cm*

4 = (-034)(1-04)(4-€5) = 72.35 x 10~ cmy.,
(12.55)(6%.13)(60)(15) (18.66)
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7D= 15o 6; kﬂ/cm" -
ko (.034)(.85)(«.62) _ J0./9 )(‘/0—9 em free

(64.18)(12.55) (60) (15)(18.37)

P= 8.5 /z.’/(_m"
b~ (-034)(.84)(4.572) = ;,591/0"5 /e .
(12.55)(64./93)(60) (20}(18.20)
SH/"!PLE NO. 2
?: 0-5 K’/C/”l
b - (.039)(2.0/)(%-%0) ~ 33.55% 107 empe,
(12.55)(64.41)(60)(10)(20-1%)
73: /.0 /<9/cm"
b (.039)(1.70)(%-80) 28.6% x (072 cmpe,

(12.55)(64.-41)(60)(r0) (19.86)

77::' 2.0 /(j/cm"
U= (.034)(71.19)(%-99)
(12.55)(64%.41)(60)(/0)(/8-95)

_ 20.38 x 1077 cm fs.

P=4.0 /{76/)77' »
k= (-034)(1.15)(4-72)
(12.55) (64.41)(60)(75)(19-0%)

= 13.32x 7077 cm/fsec .

73_‘-' 8-0 kj’/{ml
L= (.034)(.95)(%.63)
(12.55)(64.4s)(60)(20) (18.72)

= 80 25 X /0“9 CM/JCC .

SamrLE— NO. 4

= 0.9 Kj/cm\

L = (.034)(2.52)(4.90) _ 290 x10"% M/
{’2'55)(5‘/-23)(‘0)“.7) (20.48)
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P=2.7 e
_ (.osa)l1-53)(4-36)
- -(/1.5_5)(6-'-/.23)(/a)[(o)(zo-zz)
P= 8.1 Kooyt
4 - (.039)(4.53)(/-#)
(12.55)(6%.23)(60)(20)(/8-5/)

— 92.09 %167 om/s.

-9
12.30 x /0 erfsec

SArnrLs NO. 3

P = 0.9 l’jﬁmc

4 - (.034)(4-85)(a.2¢) = 272.10 x /o'gcm/_,cc
(12.55)(64.23)(60)(20) (2o.49)
P-= 2.} kj/,,,,'-
L - (.034)(4.28)(2.20) — /8.52 x 1077 M.

(12.55)(64.23)(6€0)(20)(18-4%)

P: g./ k.?/q”"'

b= (-034)(4.30)(.6/)

' -9
= 5.27x/10 " cnifie..
(12.55 )(69-23)(60)(20)(19.13)

SAMPLE NO. 5

?: 0,5 /k.’/[m"
k= (.034)(/-90)(4.453)
(12.55)(64.19)(60) (/0)(20.-48)

32.45 x 107 cmppe.

P=0.75 £3/em* _
K= (.034)(7-8/)(%-99)
(12.55)(6%-.13)(60)(70)(20.36)

31.10 x107 emye,.
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P=1125 ~43/*

k_: [003"){/-59)(4'88) P 27‘4/‘ x/o‘g C/”/sec
(12.55)(64.18)(60)(10)(20-21) :

?: /v 68 k-’/(mt

PR (034)(1-5/)(%.83) _ 26.72 /0% cmjec
(12.55 )(64./8)(60)(r0)(R0.15)

?: 2-52 kj/{p]"
/é _ (.039)(1.30)(4.98) . 22.54% X /0-9 CNYfsre
(12.55)(64-13)(60)(70)(20.05)

N

3.78 K9/t

K = (.039)(7.08)(%.95)
(12.55 )0 64.78)(60)(70)(/8.%1)

P=5.67 K9/,

—_ 19.06 x10°7 Crfsee

k- (vo34)(7.23)(4.34) . /4.86 X 1077 em/sec
(12.55 )64.79)(60)(15)(18.4£) .

79-—- 8.5 k’/Crnt
4 €.034)(1.33)(«-93)
(12.55)(64./9)/60)(20)(/8-94)

_ /2./5 107 cmseq

SAMPLE w~NO. 6.

P= 0.5 ~2/em*

P (.034)(2.65)(%.78) —  90.5 ¥10°° cmfee.

(12.55)(64.22)(¢o)(s)(19-72)

P=1.0 Kyfpr .

k = (.034)(1.98)(%.79)

= 9.4/ x/0 M /sec

(12.55)(64.28)(606)(5)(19.20)

P=2.0 3 eyt
L= (-03)(1.60)(4.32)

= 46.2¢ xr10? €M/ sae
(12.55)(64-28)(60)(s0) (1/8.6€) ~
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1«

P=249.0 'KJ/;m"
L= (.o39)(2.32)(4.¢¢)

— 28.13 » 10°° CMYser
(12.55)(69-28)(60)(15)(/7-99)

= 8.0 /‘j/[mt
ke = (-034)(s.38)(4-49) 16.5 x 1077 cme,

(12.55)(¢q-28)(60)(1S)(17-79)

SAMPLE NO. F

P= 0.5 &5/,

P (.034)(7.43)(4-92) s

= //-79 ¥x/0

c”’/t’ec
(12.55)(6%.40)(60)(20)(20.4¢)

P= /0. lej‘/(mt .
k= (.034)(.89)(4.81)
(72-55)(64-40)(60)( 20)(20.37)

= 7.39 x1077 Ci?fsee

P:.?-O /(-’/cm‘“
L = (.03y)(-?23)(%.78)
(12-55)(64-40)(60)(30) (1% &6)

= 410 x5 emy.,

= 9.0 'éj/t‘ﬂ/t

L - (-034)(.52)(%-22) /.49 x 10~7 cr/se.
(12-55)(6Y%.28)(60) (60) (17-27) '

P= 8.0 K3 fern?

L= C-o03y)(.22)( 4-63) — .39 x10°? ecrfie.

(12.55)(6%-28)(60)(r00)(/8-4%)

SAMPLE vO. B

P= .9 /{j/[m"’

é = (-0311)19-9/)[3'0) — 26-2? X/0_9 cm/;CC
(12.55)(62.15)(€0)(/9.55)
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P=2.7 %Yt

£ = (.034)4-5/)(1-57) L 460 %157 cmppee
(12.55)(62.15)(60)(60)(/8.6%)

P= 8.1 Ko™
ym [-034)(4-37)(-41) 20 x 157 em e
(12.55)Ez.15)(60)(60) (77-5%)

SampLe NO, 9

. P: O. 5 /e.’/c,"l.

X = (.034)(4-80)(2-75) g

= . 23-5? X /0 Cm/xc‘

(12.55°)(62.25)(60)20) (20.28)
?:01?5 /‘k]/cmt -

4 e (-034)( 4-76)(1.69)

_ 22.59 ¥ 167 cmsq.
(r2.55)(6z-25)(60)(26)(20.19)

P=1725 Kofp
/<;= (.034)(%-70)(7.6¢)

— 19-16 X167 cmyse.

(12.55)(62-25)(60)(20)(19-95)

P=1.88 Ko/em?

/. (-034)(&.88)( /.72) 9.7¢ X/0-7 C%/Jcc
(72.55)(62-25)(€0)(20)(/9-4%1)

P=2.52 k]/(mx.

L = (-03‘/)(4«.43)/.5;)’
(72.55)(62.25)(20)(50) (/£-70)

= S.03x/07 cmfee.

P=3.78 %4,

/‘: (.034)04.58).4¢4) 7.82 Y/O_g emy,
(72 S5)(62-25)(60) (30) (78-06) - see

P= 5. 67 /(’/‘I"t

k= (-034)(4-53)(-42) = /.33 %1679 C ) sec
. _//2-55)(42.25)(.;o)/u)(/?-zs}




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL PAGE 210

'P= g-l k’/‘-m‘l

k= (-034)( 4-43)( 46)
(12.55)(62-25)(60)(120)(16-81)

~9
08; X /o0 Cﬂf/}ec.

£ .
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D.

Gradation Curves
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E. - Computer Programs and Results

Program One - Greco-Latin wariance analysis progran.

Sample data. Sample output,

Program Two — Multiple repgression ananlysis program.

' Olltmi:%‘;s :

Ao

B.
C.
.
L,

F.

Sample data.

Problc\ex’rg_lﬂ'o.?.l - Regressionlﬁ with log X, e/eo = 0,70

Probiéﬁz:mOZB - Regression with log k, e/eg = 0.80

I’rqﬁ:iem 10023 - Regression with log k, /e,
Problem 10031 - Reg‘xgggion with Ik, e/eq =

Problem 10032 - Regression with k, efey =

Problem 10035 - Regression with k, e/eq

i}

0.90
0.70
0.80

0.90.
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R T PRECRAM ONE %

.P.,U.N_CH_..Z,Q,.,. .4
- PUNCH 305 TOT"
ZOFORN\T”‘BHSUMQFTERMS'—' i S
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C BASAMAKLI REGRESYON

DEGISKENLERIN MIKTARI DAGIMSIZ + SAGIMLI DEGISKENLERE ESITTIR

DIMENSION DATA(79100)9 VECTOR(11s11)s AVE(10), SIGMA(lO)s

Oy HESAREANMIN TAH{%INIDEGEPLER‘
-1e0s DENKLEMDE SABIT BULUNMAYACAK

NOVAR ENVAR
NVP1 = NOVAR + 1

SRR TR GRS
IF(IFWT) 9005 500

'fEVECToﬁﬁi"
WCONTINUE
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- v
SEREEBEEIEE ﬁ'f,é ﬁ-’?v'r’_:rf"vrvrxé‘,\rpmj

VECTOR (IsJ) + DATA(T>N)¥DATA(JsN) *UHT

, NOPROB>NODATAsNOVARs EFINs EFOUT

INOVAR, NOVPL)

3 493(15VECTOR(19N@VAR)inlyNOVMK
45, VECTOR(NOVAR;NOVAR)

N300 30 30 636 363690 36 3 6 3636 365836 34 36 2

PUNCH 50
2OEPUNCH 205

JJVECT@R(i!J)aJ TANOVMTY S TE TV NOVMT:
(IsVECTOR(IsNOVAR),I 19NOVMI)

e 790 STOMA LT B e dm O s e R

x>
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OVAR)) 100251002,1010

GOSTOF BT
SIGY SIGWA(NOVAR) . “M(VECTOR(NOVAR,NOVAR)/ DEFR)

NOVAR) )

S Qﬁfiiﬂiﬁilﬁéﬂ“
NOSTEP

SRR NVAR: SEGMALNOVAR): ERS
(SIGY / bIGMA(I)) * SQRTF(VECTOR(laI))

¥ 1NTIO5QQIQ50911'_
IF (VAR— VMAX)1050,1050,1210

“IF (NOINY 903,124091245
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ORIPUNCHEGOT:

VMIN # DEFR / VECTOR (NOVAR,NOVAR)

ETORTNOVAR SNAVAR
- 13515135151352

__IF(K) 139251392, 1400

IF (J=K)
G NECTOREKS:
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5 FORMAT (3FlO 5931591012)

2O EORMATLLZR
FORMAT (17H - = ' Y =F30.4)
O FORMAT AL TOHEAM: ARELERITOPERN I
X(I2sTH) VS X(1293H)
GEEORMET S 2K
FORMAT

SEORMAT T AMAMEANAN R EGRESYON  BASAMAK L ER T S:
80 FORMAT (7X F7e2 s2H F12.553H F124552H F1245)

AT AT ARMENT O VESHAR TR IDEGERLER TN KARS T LAS T IR FEMAS T #4455 1)
OKUMA HAKIKI TAHMINI FARK // ‘

ZEIRECEGRIISEM:
3CAGI F SEVIYESI

PUEORMATE T AR R ORI CIREN I DEG I SN R
93 FORMAT (48HDEGISKEN SAYISININ ONDAN BUYUK OLMAMASI LAZIMDIR )
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X(5)y Vs Y ' =334901228

5884734450

3.105002

;! X{.2). VS X( 5). = - TeB52960 ;

B Oy RN Lt T TR ARy YOO Ty KL L LT Y R T P T e r YT T T P USSP TEL P LTIV ST TP P LR L LI =
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RINTROSTANDART “HAT-AST
COK.. YONLU. KORELASYON. KATSAYLSI,

KATSAYISI e 78030

KATSAYI




eSS

ROBERT COLLEGE GRADUATE SCHOOL

- BEBEK, 1STANBUL

PAGE 234

TAHMINI VE HAKIKI DEGtRLERIN KARSILASTIRILMASI

OKUMA HAKIKI TAHMINI
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~1,025057

-23.150900

._,»,a;.-sw-:;,-:_-_-;).(-;(;;Z-;);‘;;;;V;S::-.-.::::..
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 "E£SAMAKHND}
e REGRESYONA.GLREN..DEGLSKEN.
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