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The effects of four independent variables; soil type, preconsolidution load, 

the rate of application of consolidation pressure, and granulometry, on the 

permeability of consolidated clays are studied. To find out the relative importance 

of these factors, a statistically predetermined set of eA~eriments arc run on 

three soil types ''lith various combinations of different levels, of variables. 

Although the effects of these four vttriallics shm., considerable chan~es as 

the void ratio of soil decreases due to consolidation, at the final stages, soil 
• 

type is 'fOt?-Ud tobe the most illlportantfactor, follm'led by the preconsolitlation 

load.rhe' other tHO variable;; are found to be less Si~llificant cOl1l!,aretl to these 

t'io factors. 

Secondly, the correlation beti.'ecn the permeabili,ty of a soil and ~cvpral 

of its physical properties are investigated. Althou~h the mmlber of samples:,i-lerc 

relatively f01-;, considerably reliable equations are 'found i"hich relate 

to the activity, plasticity index and void ratio of soils at llifferent sta~es 

of consolidation. 
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I 
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Permeability is an im;lortant property of soils. It enters all problems 

involvin~ flm'1 of imter throu~h soils, such n:, drainage of subf,;rades and lmck-

fills t settlements due to consolidation, see:'age under sheet piles and especially 

in earth dans. 'rhe effective strength of soils are also controlled indirectly by 

their pei"Ill(mbili ty. 

Because of the great iJllPor~anceof permeability, much research is done on 
I 

this subject. But almost all of this ''lork has been done on the permeability of 

compacted soils due to the fact that most earth structures such as earth dams are 

constructed by the use of cOL,pacted niaterial. The most extensive researches on . 

permeability are the ''lorks of L.Bjerrum - J .lIuder (1) and L.K.Hi tche1l, D.n.Hooper, 

ll.G.Campanella (6). Both of these references mentioned researches are on the 

permeability characteristics of compacted clays. A similar research imsdone by 

Suha Ulu~ay as his l-iaster of Science thesis in Robert Gollege , In his iyork, he 

has studied the effects of soil type, vater content, granu10metry and compactive 

effort, on the permeability of compacted Bosphorus claYs.(l2). A research'on 

llcrmenbility of consoli(lated clays w-as done by H.'l.'.Ttimay as his PLi.l). thesis In 

Istanbul Tcclmical University. In this research, he investigated the clmnge in 

the coefficient of permeability ivith the direction of flml in consolidated soil 

specimens. 

The object of this thesis is to study the cff::-cts of four independent 

vnriableson permeability of consolidated clays. The variables chosen arc soil 

type, prcconsolidation load, granulomctry and the rate of application of 

consolidation pressure. 

I 

I 
! 

I 
I 
! 

I 
--------------------~--------------------------~! 
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In orrler to {1etermine the effects of these parameters, a set of statistically 

predetcrnined e)-.'"]1erimcnts ,;erc :rlamlC(l .• fiJe srouples for these e:-'-11erinents 'vere 

arranged in a Greco-Latin matrix form so that it ,-;QuId be possible to evaluate the 

extent of the effects of inrlepcndent variables by variance analysis (111). 

Thus, nine soil sruaples '.Iere }1rcpared from three different t)11eS of soil at 

three granulometric levels, preconsolido.ted under three different loads. 'rhesc 

samples ,'rere tested at three different loading ratei in a malmer that confirms ,vi tll 

the rcquircrJ.cnts of the Greco-Latin model. 

For tho'experiments an oedometcr and a G~onor pcrmenmeter1lere used. But in 

order to be able to usc those aplmratus for the desirctl Imrposcs, some modifications, 

From the data obtained from these tests, consolidation curves ,vore plotted 

for the precol1so1ic1ation and consolidation steps, and void ratios a-r the end of 

each step ,.,ere computell. For each sample, void ratios obtained at the end of the 

intermediate steps ,,,ere divided by the voitl ratio of the sample at the beginning 

of the first c~nsolidation step. Thus, o/eo values "ore obtained. Then, penneabilityl 

versus e/eo curves were plotted (Figures 12, 13 and l~). From different e/eo levels 

of these curves, three Greco-Latin matrices "Tere constructed. Those matrices ,.,ere 

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

at different stages of consolidation 1'lOre obtained. 
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Permeabili ty is defined as the property of a soil that permits the flO1'1 of 

''later throu~h its pores. It is Imolffi that t,w states of fluid flm~ exist in 

nature; namely, la.lIlinar and turbulent flows. In Im:1illur £10''/, fluid particles 

£01101" smooth, rerrnlar paths 'I'hich arc parallel to each other and to the container 

walls, and in this state of flm';, the viscious forces are predominant. In turhulent 

flm\'" , the motion of fluid particles arc irl'egular and unsteady, and the inertial 

fOl~ces arc predominant. 

De"t1·;ccn theBe t,·,ro states of flow, a theoretical bOllildary is established. 

The value of Reynold's number is an indication of the flo''1 state. l~ynold t s 

nUDber is given by the fol101dl1£; formula 

in ,,,hich, 

R= v DO v 
J-g 

v = velocity 

0"" = uni t 'vei~ht of fluid 

t = viscosity of fluid 

g = gravitational acceleration 

D = dianleter of the passage. (7) 

If the value of Reynold's number is less than 2000, the flm~ is lamiIk'lr 

and if it is greater than 2000, the flm., is turbulent. It is readily seen from 

the fornmla that Reynold's number is jointly proportional with velocity and 

passage diameter. Since both of these values are small in most soils, it is 

apparent that the flO1v through soils is generally laminar. 

__ a _____ _ 
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The 1m'>' which determines the behavior of flml's in soils is lrnown as Darcy's 

La"r. That 1m., may be formulated ns : 

Q = k i A 

Q ::: total discharge 

A = total soils cross-section 

i = hydraulic ~radient 

k = Darcy's coefficient of permeability. 

Darcy's Lm ... may also be 11'ri tten as : 

i, the hydraulic 'gradient is the ratio of the head (lifferencc bet-Hoen the points, 

bet,.,een w'hich the flmr occurs, to the length of soil through ,.,hich the water flmrs. 

Since i is di~ensionless, k turns out to be ill the dimensions of velocity, and v 

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

cross-sectional area of the soil, not the area of the voids through "1hich the lrater 

actually flmrs. For that reason, it should not be confused ,<lith the actual seepage 

velocity,. vs. Since the area .of the total soil cross-section is ah.,ays greater 

than the area. of voids ill that cross-section v, the superficial velocity, is ah.,ays 

smaller than tho scepaf·;e ve loci ty, Vs. 

Factors Affecting !)ermcabili ty : 

The nmin factors affecting permeability are : 

a) Grain Size : \vater passes through the pores betlreen the soil grains. 

Since the sizes of these pores are dependent 011 the grain size of· the soil, 

permeability is also dependeRt on that factor. Doth theory and experimental 

results sho', that permeability is approximately directly proportioD...1.1 to the square 
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of the effective diameter of the soil. In case of sands, for example, Hazen found 

this diameter to be the grain diaJ11eter read from the IO~~ finer point on the 

gradation curve. 

!, 

b) Properties of Pore Fluid: '1'he rate of flmr througll the soil is related 

to -(;ho viscosity of the pore fluid. As the viscosity increases, l)ermeabili ty 

decreases. Since the viscosity of the pore fluid is related to its temperature, 

temperature is also a factor affecting permeahility. Conventionally permeability 

of soils is given at 20oC. Permeability values obtained at other temperatur~s can 

be converted into 200 C permeabilitios as 

in ~rhich, k 200C :: perneabili ty at 20°C, 

kr" 1: = penneabili ty at temperature '1' , 

/T ". viscosity of ''later at temperature T, 

Ao·c = viscosity of iiQ.ter at 20oC. (8) 

c) Void l1atio As the flm., of ''later in n soil. takes place through the I 
voids of soils, void ratio has an important effect on peruea.l)ility. e2 , (5), and 

0 3 I 
I ~ 0 ,(7) t are the void ratio ftUlctions that 'avc been fo:md to be related to k. • 

(Also, e is fOtUld to be a function related to log' k as a result of this 
1 t e3 

thesis ,.,orle.) 

d) Shapes and Arrangements of Paras: Al though tIle rolation bet''''cell 

permcabili-~y and the shapes and arrangement of poros is difiicul t to cX]?ress 

mathematically, the effect of tl:is factor is significant. 

e) Degree of Saturation: 'rllcre is 0. (iirect relatiollshi]) bet1>leen the 

saturation degrec au(l pCrr:lcability. 
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Hathmnatica1 relations bet"mon permeability and some of these factors ma.y 

be derived from the equation of flm·, of ''later tllrou~h soils given by Taylor : 

in ''lhich, 

Q = ( Ds 2 0' l'l 03 C) i A 
~(1 ~ at 

Q = total discharge, 

D = effoctive diameter of soil, 

0' ,,,= unit '''eight of ''later, 

/" = cqefficient of viscosity of '''ater, 
.' . 

e = void ratio of soil, 

C = constant including the shape fuctor, 

i = hydraulic gradient, 

A = area. (7) 

If lTe COm}1are this equation ''lith Darcy's Q::: k i A , it is observed that, 

k = D 2 0',., e3 (12) 
s ~ 1 ... e 

Hethods ~ Heasure Penneabili tY : 

Pen"leabili ty of a soil l:Jay IJe deternine(l by ci-thol' direct or indir0ct '\'lays. 

'fhe direct (letcn!tinations are thcperneability lllcasnremcntn obtained by the 

conventional methods. TiIO main 1msic designs arc used as conventional IJCrmear..lCtcrs 

namely, the constant ,head pO rmeaJ:lC tors , aUtI the falling head IH~rDeamc·ters. 

In tho constant" head permcnmeter (t'ig. 1), the heal1 loss is ;::C!,t constant 

by keeping the hend and tail ''later levels constant. 1:hut is achieved by means of 

ovcrfloils. In this method, pcnlleIl1:i1ity is ohtnined, by detennining tlle rate of 

discharge through the soil by col1cctin~ the t..'l.i1 Hater overflm·, in a graduated 

jar during a specific time interval, and substituting the measned values in,to 

Darcy's fonaula 

_____ ~ __ . _______ .. __ .J 
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Q = Ie i A 

,~, h 
Q=-y;-kA 

LO 
Ie:::: Ah 

.. soil -. ' , 
.. : . rE>a.~p·(e .' 

" ... " .. 
.. . .... 

/---'-- - -,---

PA,GB T 

The fulling hend permeameter is the 011e \Jldch is gellerally used to measure 

the permeability of fine grained soils (Fi~. 2). 

, 

L-~ 
.... O~ ov.3 .. s r" 'I:' ...... It @t 

SoLi • 
h.@{, 

~r-__ ~I:~_·~~~~:~~~m~.r~,_e:~.~~~~~~~~_~ __ -T __ ~ 

Fi(Sltrc 2 

_, _____ ....,.,......,.. __ ~ ___ ~ ___ ~ _____ , ______ • ___ • ___ Ioi ... ______ • _-==au ... -.-



I 
I 

I 
I 

I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBER, ISTANBUL PAGE 8 

In this pereeameter, the '-later level in the ~raduated standpipe is allo,ycd 

to fall as the wnter enters into the soil salll}Jle. Thus, the hydroulic grodient 

is continuously decreasin~. 
\ db . 

The rate of head change is -~, m~nus sign 

indicatinG that the head is decreasing. db 
The quantity of 'yater is - a --a:r-' a 

being the cross-sectional area of the standpipe. From Darcy's un'! : 

in '-lhich, 

khA 
L 

- aclli =-

- a j~1 ~ 
ho ' 

_ a Iln h t'" 
hD I 

i. 

=- k a. I t tD 

( kA 
- a lnhI-lnho) "" -y;- tl 

n (In ho - In hI)"" . ~ tl 

aL 1 ...EA.. 
k =- ,Atl n hI 

2 ~ aL I' .l!2-
k ::: .J Ati og hI 

a = cross-sectional area of the standpipe, 

L = length of the soil sample', 

A = cross-sectional area of the soil sa.mple, 

tl= time lapse at the end of the test, 

ho= hco.(l at tho start of the test, 

nesides the cOllventional methods, permeability of soils maybe indirectly 

determined from their grain size distribution and from their consoliclation 

charactel·istics. 

1 _____ _ J 

I 
'I 
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As state(l aIJOVe, there is a direct relationship bet"t.,ecn the square of the 

effective diruneter of soil grains and permeability. This relation becomes more 

significant as the effective diameter increases. For coarse grained sands and 

gravels, permeability can be reliably computed hy Hazen's formula: 

2 k = 100 DlO 

Permeabili ty of silts and clays can also be calculated fro111 dn.ta obtained in 

laboratory consolidation tests. "'hen a pressure increment is applied on a saturated 

fine grained soil, it is accepted that, at the beginning .the pore 't;Tater takes all 

the pressure increment. Under this excessive pressure, pore 'tlater starts to escapc 

fr.om the soil through the pores of soil, thus the solid grains start to talte the 

pressure increment as the total vollu:te of soil decreases. At the end, a voltullc of 

pore 'fater escapes from soil so that, all the pressure is carried by the solid 

particles. This process requires some time and this time interval is l'elated to 

the escape velocity of 'fater, therefore, permeability. 

Consolidation is actually a three dimensional process in nature. But because 

of difficulties in experimentation, and especially the complexity of the theory, 

one-dinensional consolidation is generally used in laboratory experiments. And in 

most cases, for example as in the consolidation of n clay layer nt some depth belo,V' 

the ~rolmtl surface, and bet'-lccn t,V'O layers of porous r..mterial such as sa.nd, a one 

dimensional analysis is not a rough approximation at all. 

In developing the olle-dimcnsionnll consolidation theory, the fol101nng 

assumptions are nlade : 

a) The soil is homogeneous. 

b) All the voids are filled 'lith '-later. 

c) Doth the 'tV'uter and soil constituents of the soil are perfectly 

incompressible • 

....... ----.-----~~~-~--~--~--.--.-.-..-----
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d) Action of a differential soil ross is similar to the action of a large 

soil mass. 

e) Compression and fl01'! are in one direction. 

f) Darcy's Lm;, is strictly valid. 

g) The relationship bet,;'eell the pressure and the void ratio is linear for 

a small range of variables. 

h) The coefficient of permeability is constant. 

i) The time lag of consolidation is due entirely to the lmv permeability 
~ 

of soils. (3) and (8) 

If we consider a differential volume of Boil ,vith dimensions of dx, dy, ruid 

dz, the time rate of change of vohuue due to ,vater fl01vina in one direction from 

this volume is : 

The volume of solids is : 

The volume of voids is 

dx dy dz 
1 ... e 

e 
--:""1 ~",:--e- dx dy dz 

The time rate of chnnge in volume is 

-0' e 
~ dx dy dZ lt e 

00 1 
= ~ dx dy dz 1 ... e 

The change in volume of the soil nmss to ,vater flm'iing out must be equal to 

the change in void volume : 

1. 
oh a e 1 

k u 'A.!2. dx dy dz = 15t dx dy dz 1 t e 
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Let u represent the hydrostatic pressure h ~ w 

h = 
u -"6,., 

PAGE II 

Let av define the assumed linear rel~tiollship bet''lcen pressure and voi{l ratio 

de 
nv =-<iP 

Since hydrostatic excess pressure is transferred to the soil during consolidation, 

up = - uu 

de 
av = -au- ' de := av du 

Substituting, 
l. 

k L> u "'Ou av 
-r; -ox2=~l"'e 

The coefficient of consolidation Cv is defined as 

Cv 

Then, 

The solution yields 
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Ii = distance of one directional flow, 

Ui= hydrostatic head of the center of soil strata, 

n = 2m + I iiherc lit is an integer. 

PAGE 12. 

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

consolidation, 

in i~hich, 0,= initial void ratio, 

e C! any int~rt1odiate void ratio, 

e2= final void ratio. 

In this case, 

in which, H = -?t 7t (2m f 1) 

T :::: (a dimensionless number called t~ae factor) (3) 

In a laboratory test, a specimen of soil is placed in a ri~z and subjected 

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

are taken and these values are plotted by either the square root method (n VB t) 

or by the log method' (II vs log t). 

From II vs t cUrve t90 (t~e required to reach 90% consolidation) is 

graphically "determined. Cv the coefficient of consolidation is calculated as 

If a II va log t curve is plotted, graphically tlOO (time required to reach 

1005b consolidation) and mlOO (total settlement at 100~b consolidation) values -are 

I 

I 
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determined. Half of the mlOO value is taken as m50 (settlement at 50 ~~ 

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

the curve at mSO. Then, 

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

increment. 

From the calculated void ratios, a curve of void ratio, e, vs log of 

pressure p, can be plotted. The slope of this curve is called the compression 

index Cc , or, 

C de 
c ::: l {log pi 

The slope of the pressure vs void ratio curve is called the coefficient of 

compressihility, ay. Since the log p vse curve is usually plotted rather than 

the p vs e curve, nv can be fmmd fro!!t Cc as, 

in lv'hich, p is the average pres::rnre increment, that is 

Thus, usin~ values of av and Cv found from c~ .. perimental reBults, 

permeability can be calculated as : 

k =. Cv av ~ ... y 

1 .. e 
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HA'fEl1.IALS and Al'PARATUS. 

l'1aterials 

The exreriments ,·rere run on three types of fine araincd soils ''lhich are 

found in different places of the Dosphorns region. Their origins and properties 

'\mrc eX<:1.mined in Istanbul Teclmical University llY Dr. U. Ulker at great extent. 

These' soils are mentioned by }Jr. Ulkerin his doctoral thesis (13) as : , 

a) Pa~abah~e - klrnaZl. : is 0. lou pln.sticity clay ,dth high consistency. 

It is fotmd in the interior part. of Pa~abah9c valley as a lo.yer of more than 

8-10 m thickness. Due to the presence of a great amount 'of aluminum and il·on in 

It is Sli~ht{~; affect • .! by ilia solution 1 its composition, it has a dark red color. 

and has a pH value of 5.3 • 

b) TOllser - sarl : is a 1m', plasticity clay "Idth high consistency. 

It is found in Bosphorus reGion between .f. 20.()O and .f. GO.OO [lcter 

elevations. It contains quarts and sandstone bloclcs of 10-15 em. diameters. It 

also contains fine sancl of quarts origin. 1'llis soil has n yello,., color which 

gets dnrl~er as it gets dry. It has no organic matter in its composition. lIC1 

solution has no effect on this soil. Its Illl value is 5..8 • 

c) Kilyos - esmer : is t\ high plasticity clay. 

It is found around Kilyos district in layers of about 8.0 m thiclmess. 

layers are observed up to f 10.00 m elevation on the Asian side of Dosphorus, 

up to "" 25.00 m elevatiolJ. on the b'uropean side. Some organic concentro.ticHls:'are 

fOlmd betw'ecn the layers. Its color is dark brOiffi. No effect of lIe 1 , solution 

is observed and its plI value is about 5.6 • This clay has a little amount of Gilt 
, \ 
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and a 10':' percentnge of organic matter in its composition. 

The physical propcrtiesas found in nature of these soils are given by 

Dr. n1ker as . . 
~ '''et ~ sat qu ~ 

¢ Vane Gs II! 
tim) tim) kg/cm2 . kg/cm2 C 

Pa§abah~e klrmlZl 2.111 2.11! 2.72 1.70 160 59 0.11 
, 

Topser sarl. 1.65 1.93 2.77 2.12 31.50 1211 0.11 

Kilyos esmer 1.7~ 1.71;, 2.81 1.82 50 II!1 0.11.1 
. 

tr • LL PL PI e n 
~ 

Pa~abnh~c klnU1Z1 18.5 37.9 1<).8 18.1 0.50 D.33l;, 

Topser sar1 ~z2.6 }q.5 21.6 12.9 0.77 0.1!35 

Ki1yos osmer l!lJ;.l 81,t.2 112.6 l.11.G 1.tll 0.585 

~ 

ltesu1ts on undisturbed sm:lples 

no.tura1 

load Cc 
Cv ffiv k 

kg/cm2 10-l.1cm/scc cn!2/I~g cm/sec 

Pa§abahpe kll.'l1l1Z1 0.21 0.093 11..57 1:57=do-2 7. 15x10-9 

Topser sarl 0.22 0.080 ('.5 1.04x10-2 G.GOxlo-9 

Kilyos esmer 0.23 . O.01:t5 G.l! 0.82xlO-2 5. 15xlO-lO 

(13) 

I 

I I 
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The minerolom of these soils. have been investi[ju't,cd in Istanbul Technical 

Universi ty, at lIarmonds'v"Orth Road Ucscarch Laboratory in England, and in Virginia 

High'my llcsearch Council Laboratories in U. S. A. 'rhe results of t1lis research 

is given by Hehmet Tilmay and Ergtin To~ol in a paper. In this paper the results 

of five different methods in minerological determination 

a) By Liquid Limit / Plasticity index mc-thod, 

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 summarized. (10) 

Their conclusion is that, inPa§abah~e - It1rID1z1 kaolinite and illite, in 

, Topser - sarl. kaolini to, and in Kilyos - csmer mountmorilloni te are the predominant 

clay minerals. 

The properties of these soils 'vere also investigated by H. T. Tili.11aY in his 
I 

, 
Ph.D. thesis. Liquid Limitva1ucs for different grain size levels of these soils 

'vere found by him using statistical teclmiques (11) as 

~ - 18 
- 36 - 72 -Soil type -

1)a§abah9c 36.91 37.70 1.12.72 

Topser 37.70 36.31 1.1:1.73 

I~ilyos 88.10 91.09 92.39 

I 
I 
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The experiments ,)'ere performed at three steps.. 'fhese steps arc : prc-

consolidntion, consolidation, and measurement of permeability.. 'fl1c first step was 

accomplisl1ed in the, oedometaI', and the other t"IO were performed in the GEm-iOn 

permeameter. 

The oedOlhetcr'~s~d for preconsolidation consists of a floating ring type of 

specimen con:tainer, a .loa.ding yoke, and in connection ,d tIl that yoke, a systcm' of 

lever an'lS to apply the· desired loila onto the specimen (Picture 1). The arl.'angemen 
. "".~ ( " . 

and dimensions of ,the sys'tem of lev~r arms is ShOll'll in Figurc :3 .. 
i .. ' 

. 33.00 

45.65 

A 

'Figure :3 

T·6S" 
S 

Through this system, a load placed on pan A is transferred to point C \;There 

the yoke is placed, as qO.57 times of its weight. l\nd a load placed on pan B is 

transferred as 10.1 times of its '\.[eight onto the loa(UwJ yoke. 

A sample to be tested in tho GEONOlt permcameter shoul(l llnvc n hei~ht of 

apllroxiDmtcly 5: CID, and also a diameter of n1)proximntcly 5 em.· Since it lrns 

impossible, t9 obtain a pre consolidated sample 1dth thesc dinlensions by the use of 

a standard cop.solidation ring, the author "IUS obligC"d to prepare a spC"cinl 

consolidation mould to satisfy this requirmnent. 

The mould ,.".a8 designed as tw'o hollow' cylindcrs thnt can be fitted into each 

other tigl{tly cnough not to let the slurry lealt: through the joint. The upper 
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• 
cylinder functions as a collar. T~}_c bottom one ivas the actual mould ifith the 

dimensions stated above. 1'hose tim cylinders Here also cut into tiVO equal parts in 

the direction of their central axis in order to make it possible to remove the 

sample, ,from the mould 1dthout any disturbance. TiYO metal rings ,·;ere also provided . : . ,:' 

to clahl~~he parts together as a 1,,1101e body. The mould 1\'aS made of brass to avoid 
~ :. '. 

the corrosive effect of 'vater during the consolida.tion process (Picture 2). 

'"Piciure. C 2.) 

I 
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thiclmess of about 0.5 cm. That disc ''las dimensioned so thnt it moved in the 

cylinder easily, but it did not let the grains of the sand ,·,11ic11 ,ms used as a 

porous media at the top of the sample, to pass betueen the edge of tiie disc and the 

'\'lalls of the mould. A small hole w'Us opene(l at the center of the disc to let the 

pore ''later escape through. 

A 5 em long iron pipe 'ms placed on top of that brass disc. 'rhis pipe ,ms 

prepared very carefully ''lith its top and bottom sections being exactly perpendicular 

to its central axis. 'fhis pipe and the brass disc acted as a piston in the nould. 

'rhe load ',ras applied at the top of the piston by placing the loacliIl{; yoke of the 
. . 

oedomqter onto the iron pipe, and transferred to the soil sample by the r>iston • 
. ' 

This: consolidation mould is shown in detail in Figuro 11. 

,;. " 

. , 0( 

. GEOl'.JOR permea.meter (IIm-l.15 pcrmeameter for compacted clays" as it is nn,med by 

its manufacturer, Norvegian Geotechnical Institute) 'ms used for both consolidation 

and permeabUHiY measurement steps (Picture 3 and l.1) • 

This perr.1eameter ,.,as actually designed for cOl~lr>acted clays, but it ''laS 

efficiently ueed for consolidated clays • 

. GlWNOn perllleamcter may be used either as a constant heaQ or D. falling head 
,':. 

permeametor. It is also possible to apply sufficient pore pressure to the sample 
, 

to dissolve all the entrapr>ed air and provide 100% saturation. Since the triaxial 

cell pressure and pore pressure systems have different scre'l controls and different 

constant pressure cells, this saturation may be achiev?d by increasing both 
. '. " 

pressures in a "lay to keep their difference constant~ \'lithout changing the effective 

stresses. 
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This p~l'Illenmeter is divided in three main groups, namely, the cel1 pressure 

system, the po~ pressure system, and the testing board. A diagram o~ the 

apparatus is given in Figure 5. 

The cell pressure and pore pressure systems are identical, and are equipped, 

in addition to the valves and the pipe system, 'Iiitll a constant pressure cell and 

a SCre'li control. The testing board is connected to a simplified triaxial cell 

and supplied uith some lengths of 1/811 O-D plastic tubinrr,. The plastic tUbing on 

the board itself is approximately 5.25 m lo~ and is partly fil1ed',,,,:ith Hater and 

partly w'i tIl mercury. The mercury length is dependent upon the permeability of 

the teste(l materials, and it is normal1y about 60 cm long. TIle ends of the plastic 

tubing a,re attached to conical pins on the pipe system, "lhile the plastic tube is 

lead over grooved ,,,heels mounted on board, so that the center of the l!lercury column 

forms a U shalla. The tw'o free ends of U are lead over moval)le wheels so that the 

position of the mercurY coltmm may, be clmnr,ed. If the mercury column is pulled 

over one side and up to the top 'of the scale, this 'dll create an over pressure 

in the system, in other "lOrds, a 'hydraulic gradient throuc;h the saniple. This 

proceuure of moving the mercury coltmm over on one siue and keepinG it there 

during the testing, is a test "lith "constant head". 1'ests Can be also carried'l'lith 

lI£a11ing heau", '''hen the mercury C01UlIlll forms a U during the· test. The velocity 

and the situation ofthc l:lCrcury is determined, and from these measurements 

permeability of the sample can be ca.lculatcd. 

During the e:A-periments performed 'tvi th ~onsolidated clays, since the specimens 

were highly saturated (sec preconsolidation data), a back pore pressure "I'laS not 

applied and only the cell pressure system ,-ras used to achieve consolid..1.tion. 

In order to make the lJermeametcr more efficient for this type of 'fOl'k, some 

additions ,.,erc made to the GEONOn. permenmeter. First, a metal tape "las p1aco(1 

I 



I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

13E13EK, ISTANBUL PAGE 28 

,I 

10 
---------"""""'\---.lLE.las{rc / ... 6''13_ 

III 

I 
. I 

U 

GEONOR per-mzeamteter. 
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behind the plastic tubing ,.,hich contained the mercury column. That tape made it 

possible to have more accurate measurements. 

..; ... "-Then, a modification was made in the constant pressure cell system. Oil 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 pipes and even into the 

testing cell. To prevent this situation a box was prepared out of pyrexyglass as 

shown in Figure 7, and fastenedbet,.,eenthe piston and the main system. The volume 

of that "oil trap" vas so arranged that, ''later-oil interference level was ahiays 

within the box, and no oil entered into the main system and no 'vater entered into 

the constant pressure cell. Since the pi~t~ns of the constant pressure cells ,.,ere 

made of a corrosive material, pre'Ventingthe water from'~etting into the cells 't'laS 

also desirable. 
'.' -I • ~ " 1 ". • ~ 

Finally, a scale rod ,vas mounted into the testing cell. This mue it 

possible to measure the vertical settleme,nt of the specimen during the test 'vi th 

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

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

on the Procedure". 
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C11l\PTlm III 

NETIIOD 

Hethod : 

The experiments 1rere performed mainly to determine the effects of four 

independent variables on the permeability of consolidated clays. 

These ,variables ''lere. chosen as: 

1. ' Soil type 

2. Gramilometry 

3. Preconsolidation load 

1.1. The rate of application of consolidation pressure (6P/p). 

Three variations of each factor 1'}'ere used, and nine samples ,',ere prepared by 

arranging the variables in a Greco-Latin matrix combination. 

The levels of each variable 'vere : 

1. Soil type : 

a 101'1 plasticity clay ,dth kaolinite and illite 

clay minerals. 

b. Topser - sarl:· a 101'1 plasticity clay ,'lith Imolinite clay mineral. 

c. Kilyos - esmer : a high plasticity clay ,'lith mount morillonite clay 

mineral. 

2. Granul ollle try :, 

a. - 40 ; .the- portion passing through No.ltO sieve and retaining on 

No.lOO sieve. ' 

b. - 100 ; the portion passin~ through No.lOO sieve and retaining on 

No.200 sieve. 
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These levels were separated by dry sieving from soil samples passing No.1./; 

sieve. Since it ,.,as desired to find the effect of "granulometry obtained by dry 

sieving", a ''let analysis ,.,as not perfort.'1ed. 
"I( 

3. Preconsolidation load 

a. 1.0 kg/cm2 

b. 2.0 ke/cm2 

c. l.i,.0 kg/cm2 • 

l.i,. t::.p/p ratio : 

a. 0.5 

b. 1.0 

c. 2.0. 

&~ch of the nine samples ,,('lere given a sample number. Those numbers and the 

corresponding variable combinations are : 

Sample No. Soil type Granulometry ~ b:.p/p 

1 Pa~abah~e _1./;0 1.0 0.5 

2 Pa§abah~c -100 2.0 1.0 

3 Pa§abah~e -200 l.i,.0 2.0 

l.i, Topscr _1./;0 2.0 2.0 

5 Topser -100 il.O 0.5 

6 Topser -200 1.0 1.0 

7 Kilyos _1./;0 1.1.0 1.0 

8 Ililyos -100 1.0 2.0 

9 Kilyos -200 2.0 0.5 
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Each one of thus arranged nine samples lIaS first consolidatell in the 
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oedometer. But the above stated preconsolidation pressures were not appliell 

directly. The loading lms increased gradually as the consolidation of the 

specimen achieved under each pressure increnlent. After these steps Ivere completed, 

the specified preconsolidation loatl was applied nnll the strain dial "las attache(1. 

From the strain dial readings talcen at specified time intervals, II vs log t 

. curves 'verc plotted (sec appendix). 
~ ~ 

The preliminary loadi~ steps before "the application of the 

load l'lCre ; 

preconsolidation I 

2 . 2 
when Pc:: 2.0 kg/cm; 0.1 kg/cm, 0.2 kg/cm2 , 0.1.1; kg/cm2 , 

Consolidation : 

Thus preconsolidated samples 't'lere consolidated in the testing cell of the 

GEONOR permeameter under the loading coriditions spec:lfied by the model. 

The loading steps were : 

a. '-ihen Ap/p :::i 0.5, PI <:: 0.5 leg/ cm2 , P2 :: 0.75 kg/cm2 , 

P3 = 1.125 kg/cm2 , PI! = 1.68 kfJ/cm2 , 

P5 = 2.52kg/cm2, P6 :::: 3.78 leg/cm2 , 

P7 = 5.67 kg/cm2 , P8 = 8.5 kg/cm2 • 

b. ,-,Then Ap/!) :::: 1.0, Pl = 0.5 leg/ cm2 , P2 t:: 1.0 kg/cm2 , 

P3 "" 
. d 2 2.0 k cm , PI! :: 11.0 lr.g/ cm2 , 

and finally P5 :: / 2 8.0 kg em • 
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.-
In ~ach loading step, the . chang.o in the volume of the sample with resnect to 

the elapsed time 'ms recorded as the 1;rater level in the burette cOlmectetl to the 

sample. 'Hth the points thus obtained, V vs log t diagrams 1\'ere plotted (see 

appendix). 

Permeabilitx : 

At the end of each loadin~ step permeability value "laS Uleasm'etl from the 

GEONOn permeameter. In order to obtain the permeability value, recorded values 

of II, t, h, and L 'vere substituted into the formula 

a It L () ..... 
--. . 

A t II ~H,- ~..., 
(12) k::: 

in ,,,11ich, h. k c: permeability, 

a ::: area of the plasticr tubing '''hieh contains the mercury colUI!l11, 

h ::: change in the elevation of the mercury column, 

L '" lengtp. of ~he soil sample, 

A ::: cross:"sectional area of the soil sample, 

t c: time interval, 

- II :::I height of' the mercury column, 

'6..,= unit weight of ,vater, 

~~::: unit ,,,eight of: mercury •. 

It could have.been possible to' calculate the permeability of each sample 

from its co-nsolidationl'data and compare the :results ilith the actually measured. 
. : .' . 

values. But' thi$ '(;ras not attempted because of. eA"perimcntal difficulties in 
. , 

achiev~ng one directional lvater drai~ge. It i;ras observed that although the 

- sur-faco of the. soil sample '''as covered .'li th vaseline, pore water had"'l;he tendency 
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to escape from the si<1e surfnces alld drain bct1{Cen the sample 'valls and the rubber 

membra.ne covered around the snnt})le. 

Analysis 

The effects of the four independent factors on the permeahility at different 

steps of consoli<1ation irore analized with a Greco-Latin mntrix variance analysis 

computer pro~rrun and the or(ler of importance of. these effects Here determined. 

This computer program is given in the appendix. Pertinent information about the 

Greco-Latin matrix.. is given in Chapter 5. 
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About 300 g. of dry soil was placed into a dish. \'lith the addition of 

enough 'Hater, and by thoroughly mixing, a slurry ",ith, a ,,,ater co'ntent of about 

100% was prepared. For all three soils this represented a moisture content much 

in excess of liquid limit. 

On the other hand, the consolidation mould wus prepared for the experiment 

by covering its inner surface with vaseline, clnmpilllJ it into a fixed position, 

and placilll) a porous stone at the bottom. Tho mould ,;ns covere<1l<itlt vaseline in I 
order to prevent it from adhering to the soil and breaking it in the removal stage, . 

and also to attempt prevent radial drainage in consolidation. It '~as also found 

to be efficient to 'vrap the portion ,.,.here the mould and the collar parts 1'lCre 

connected, ,'lith a skotch tape, to prevent any possible leakage. 

Then, afil ter Pllper wus placed at the top of the porous stone and the slUl"ry ; 

was poured into the mould. In this process special care '"as given not to leave any 

entrapped air bubbles in the slurry. Uhen the soil reached a significant hci~ht 

inside the collar part, a second iil ter paper ''laS placed on top of it and sand was 

poured onto that filter paper. Fina.lly, the piston ,vas placed at the top. 

After the, soil "laS placed into the mould in tho above mentioned manner, it 

was placed in its position on the ocdometer and the base ,vas filled ,dth ,vater. 

By the use of the lever arms system, a consideral>ly small load was applied on the 

soil first. \il'ben the rate of consolidation under this load slm"ccl dm111., the load 

,vas increased and. that process continued untill the soil lIaS reached to a state 

firm,onough not to ooze out under the actual preconsolidation load. Then, the 

strain dial '{as a.ttached and preconsolidntion load was applied" (Figure 8, Picture 5 
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At that stage, strain dial readings '\V'ere taken at total elapsed times of 0t 15", 

30" t 1', 2', ~', S', 15 t, 30 t, 1 hr, 2 hr, ••• until no considerable deflection 

'"as observed on the erlensometcr. 1'hen the load 'vus lifted, strain dial ,ms 

disconnected and the mould "las taken away fr<:>m the consolidation l1k'lchinc. 

To remove the sample from the mould, first the tape "ms torn off, then the 

metal ring around the collar portion "las removed. The collar ''laS taken off by 

sliding the t,.,o parts of the cylinder off carefully as shown in FiC"UI'c 9 (Picture 6 • 

I 

Figure 9 

After the collar ''laS rel!loved, the top of the' soil in thc mould was trinuned 

smoothly and some part of the extra portion W'aS taken for n moisture content 

detcrminn.tion (see preconsolidation da:lia, m:e values). 

The bottom clamp ",'US then removed and the tl'lO 11ar(:,s of the cylinder 1~'rl.S taken; 

off. in the above mentioned manner. The height of the sruul1lc 'Iffi3 measure!l by a 

conlpass and it ,·tas transferred to the GBONOn. pcrneameter. 

Before the sample 1-:o.s!"laced into the GEOHOn permoar.1cter, this apparntus 

should have been prcp~red for the cA":pcriment. This Has (lone by flushill[,; the p i ll0S 
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uith llater, filling the plastic U tube "lith mercury, checking the constant pressure 

cells, and filline the pistons with ,vater. The detailed. procedure of these 

operations is given by Silha Ulu~ay in his lIaster of Science thesis. (12) 

7Cc..-ture. ( b ) 

. The process of placing the sample into the permeameter should start l'li th 

valves 3, 6, 5, 10, l1i, 13, 16 open and valves 6, 11, l~, 2, 9, 1, h, 7, 18 closed. 

The pedestal of the testing cell was covered ,'lith a cylindrical rubber tube in such 

a ,my :·that '{.,heu the porous stone was placed on the pedcsJ;al, the ru.bber collar lvaS 

to cover its sides aml prevent it from cutting the rubllCr meml)rane \Thicl! ,vas going 

to be placed ar01md the sample and the pedestal. 'rhe cylindrical portion which 

acted as a cap on top of the sample lms also covered '\"1i til a similar rubber tube in , 

the same- ,Yay (Figure 10). 

J' 
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The pedestal 'toJasconnectc.d to the system simply by connectiIlC the thin 

plastic tube cOJ1lin~ from valve 17 to the base of the testing cell. The cap 'vas 

first connected to the base with a short thin plastic tube ",hich was to stay in 

the testing ce11 during the oA-periment. The plastic tube coming from valve 15 was 

connected to its special pl~ce in the base, and the connection of the cap to the 
t 

sy~tem ,vas accomplished through those t1'10 tubes. 

After the porous stones ",vere attached to the cap and the pedestal by means 

of the above mentioned rubber tubes, valve 17 'hUS opened and the porous stone on 

A special holl01" cylinder was used to mount a rubber membrane arotmd the 

sample. That cylinder had a small hole on its 'vall to which a rubber tube 'vas 

attached. 'fuen a membrane 't'laS placed into the cylinder 1'1i th two free ends 

.strached over the t"lO ends of tho cylinder, and the air betlveen the· membrane and 

the cylinder 'inlls 'tillS sucked through the above mentioned rubber tube, the membrane 

,ms strached all over the inner surface of the cylinder. Then the cylinder 'vi th 

the rubber membrane was lowered around the soil sample. The cap piece 1ms placed 

on top of the sample and the rubber membranelvns released to cover the sample, the 

pedestal and the top. The cap 1vaS connected to tho base with the short plastic 

tube and valvo 15 lvaS opened. - The i'later filled the tube and saturated the porous 

stono'attached to the capG Du'ring this. operation, the rubber membrane 1ms 
, 

separated from the cap'by pullin£; its sides and the air lfas let ont from between 

the call and the membrane. Then, valve 15 1'1aS closed aml tho rubber membrane 'ms 

released. The short plastic tube was disconnected from the base, stayi~ filled 
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The cylinder used in placing-·-the rubber membrane w'Us taken out and four 

O-rings ''lere fastened aroWld the rubber mombrane. TllO of the O-rin!;s ,'..ere fnstone{l 

aroWld the pedestal at the bottom of the sample and tHO of them around the cap. 
\ 

The O-rings ''lere placed ''ll th the help of a split-cylinder and "mre efficient in 
~I( 

preventing any leakage from the ends of the membrane. Them the short plns'fiic tube 

was connected to the base. By this method no entrapI1ed air 't.ras left in the top 

porous stone and in_the plastic tube (Figure 10). 

Finally, the scale rod l'laS scre'tied into the base, a needle indicator ''las 

placed at the_top of the cl;l.pand fastened with a rubber band. Then the testing 
\ 

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

valve 1, wate?: "las let to fill the testing cell. \111en the cell 'ms completely 

filled ,dth itfater, it ,.,as tilted side't-laYs to let all the air bubbles out. 'ilien 

no more air bubbles '\'lere observed in the cell, air vent ''las closo(l together ,nth , 

valve 1. 

To start the consolidation process, the contact of the system witli the 

reservoir was cut by clo~ing valves 3, 10 and Ill. Valves 15 and 17 ,....ere opened I 
and valves 16 and 18 1'101'e checked to be open. Valve 11. w'as opened <:u:td the necessary , 

amount of dead weights ''lere placed onto the pan of the left constant pressure cell 

to apply the necessaly pressure onto the sample ,.,hen valvo 1 i'las opened. The 

posi tion of the piston was adjusted by screwing in the le,ft pressure control screH. 

The tClllJ.)erature of the system was recorded, and the 1mter level in the burette i-TaS 

recorded as the initial value. The level of the needle indicator on the scale rod 

~"as also recorded. 

Consolidation press,ure "las applied on the sample by opening valve 1. At the 

same time a stop lmtch "las started and readings ,~ere taken fl'om the burette at 
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total elapsedtililes of 15", 30", 1", ~', ~ t, 8', 15', 30 t, 1 hI', ~ hI', ••• until 

no change of the ivater level wus observed. Then the level of the needle on the 

" scale rod was recorded and the perllleabili tY i'lUS neaSl.lXe (~. 

To measure the perllleabili ty of the sample, valve 18 ,vas 01)Cned to~ether 

wi tb valve 16 and the mercury coll.1nm was pulled to one side of the U tube and i'las 

let to fall down forsevernl hol.lXs. 'rhen, its rate of fall ",as mc~sl.lXed by means 

. of a s"jiop ivatch and 1:Then a consistant rate of fall "las observed it 1'lUS accepted 

as the final value. 

Then valves 16 and 18 ,.,ere op~nell, valve 1 1"laS closed and necessary amount 

of dead weights 'vcre added to the pan of the constant pressure -cell. \\'ater level 

in the bl.lXette was recorded and by opening valve 1, the next step of 'consolidation 

'ms started. 

After all the' steps of consolidation iii th that specific sample ,.,cr~ completed 

and all the permeability measurements were talten,. the dead -i"eights 1vore removed 

and the testing cell was opened. The f!ample was taken out for moisture content 

detexmination (see consolidation and permeability data, "'e values) and the pemeometet 

irllsprepared for the testing of the neA'"t sample. 
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In the preconsolidation process, sand '>'as used as the porous media on top of 

the soil instead of 0. porous stone. \',1hen sand is used the pimon settles more 

easily 'and:~"ithout tilting in the mould. 

lfuen li, sample is consolidated in the testing cell of the Gl~mWll l)ermcametcr, 

the volume changes are directly measured. This is done by slliply measuring the 

changes of the ,.,ater level ina burette 1'lhich is directly connected to the sanple .. 

For thatmensurement to be accurate, water temperature should be lmpt constant 

throughout the experiment, because any change in temperature causes the voltunc of 

water to increase, or to decrease, therefore effects the reliability of the 

measure~ent. To overcome that difficulty, the permeru:l~ter 1ms heated by an infrared-

heater lamp, and arranging the distance of the lamp to the perm~ameter as the room' 
·r Of 

temperature 'clk,ng~~ 'a constant temperature of 26°c is maintained during all 

experiments. 

As it was stated above, permeability vas crbtaincd by subs'~ituting .the 

measured values into the equation : 

aLh 
k :::-. II t A 

'6 Hj - ~.., 

But it 11'o.S impossible to take the sample out and measure its height (L) and 

its cross-sectional area (A), £9r the intermediate steps of consolidation. There­

fore, a scale rod was placed :Lnto the testing cell and tl~e decrease in the height 

of the sample 1~as approximately measured on that rod. In order to obtain the cross­

sectional area, the volwne of the sample (obtained by subtractine,the change in 
- -

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

sample height.- In doing that it 1'TaS assumed that the sample 1ms: in a perfect 

cylindrical shape although its actual shape lms as shol·m in Fif,'1ll'e 11, due to the 
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confinements at the two ends. (Thc""measurements taken by a compass at the end of 

the last consolidation steps shplved that the error introduced by the above 

mentioned assumption \"as not more than 1-2 % in the diameter.) 

f( 

{Ii, ~ ff,f{ Cap 
y: fI 

••• 0 '. .• 0 ',0 to " 

J . . r 
I 

J . 
~ 

I - . 
I . . r ' I 

I .' . . , 
I 

SOIL. 
I 

I I 

I SAMPLe: . I 

. , J 
I , . , . . I 
I ... 

I 
J . . 

( . . ' . . I 

:L . . I . . 
I 

.. 

• •• - .D 0" ... u . t>. " • ! .,. eO' • 

~ ~~ "Pecles/at 

Figure 11 
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DA.TA and ANALYSIS 

Pre consolidation Data 

rno = Initial 1.;a.ter content, 

mf = Final 1i'ater content, 

• ef = Final void ratio, 

S = Saturation • 

..;C...;o..;.;ns;;,;;..;;o.;;;l;,;;;i;,;;;da.;;;..;.t.;;;i.;;;.o;;;;;.n alld· Permeabili t;y: Data 

II = Height of mercury colunm, 

h' = Distance of fall, , 

t ::Time interval, 

Li = Initial length of sample, 

Lf = Final length of sample, 

Ai <=rInitial area of the sample, 
. 

Af :: Final area of the sample, 

ei = Initial void ratio, 

of = Final vo.id ratio, 

k = Coefficient of permeability, 

PAGE 48 

roo b Initial moisture content = illf of preconsolidation data (sec first data 

sheet of ea<i4. sample), 

eo = Initial void ratio of . sample before consolic1."l.tion (see first <k'\ta sheet 

of each sample), 

IDe = Final moisture. content (sec last data sheet of each sample). 



Date 
20 -8-/36J 

I 

" 

:1I-8-/96! 

Z'- -~_IS~ 

23 _8 -U6J 

." 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

S ample No. 1 
Soil type PA~ABAHt;e-

Granu l ometr y -~O 

Pc. Load l.tJ K;lcm&. 

Time Tl.El. Time Reading 
/3.19 0 Y 0 

151/ 39.4 

30" 42.0 
, 

46.6 / 

2 
, 

5/.8 

1.;' 6/.1 

8' "13.8 

/5' 90./ 

: 30' 1/ i8.l 

60' 62.9 

/4./9 120' IY25.0 
/1.1'1 2 Lt5 

, 
99.2 

360 
( IY 90.0 /9./S 

2/./9 Lt80' 42.3 

/5. /9 /560' 50.1 

/6·/9, 3060' 52.0 

// . .29 '13 9 0 
, 

5.2.6 

4 Of" 

PAGE '-19 

. 

Remarks 
"Dia( scale. .00'" 

tV % tmQ= /00 0 

dT'lf .:: 2 ~.5 % 

ef == • Sit g 

5= 9'·083 

-"---
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Date 
28 -8 -1%9 

. 

I -

29-8-1.%9 

30 - 8-/969 

3/-8-1969 
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Sample No. P. 
SoH type PASABAH~E 

Granulometry -/00 

Pc. Load 2.0 Kg/em'" 

Time Tl.El. Time Reading 

11.18 0 Y 0 

IS If 92.5 

30" 99.0 

I 
, 

IY 5.9 

2,' I 8.:3 
, 

5 36.0 

8' 50.0 

(5' 72.9 
~----

~-JI.2. 30' 

12.lg '60' 56.9 

1'3. I if 12.0' ~ 2.:3 

16.05 28} I 36. L/ 

--1------------

J J. 58 1480' 41.0 
- --' 

/1.0'1 1906 
, 

41 • 2-

10.5'3 2965 I 42.0 

1:3./8 4440' it 2.9 
---_.--

PAGE 50 

Remarks 

DiCl.L .5ca.(e .001" 

Mo~ 100 % 

rrrt+ = 2'-1·0 % I 
ef:: .14r 

5=88'9°1 
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Sample No, 3 

SoiL type PASABAH<;'E' 

GranuLometry -200 

Pc. Load 4.0 J(I/c-~ 

Time TLEL. Time Re ading 
10·/1 0 IYo.o 

IS" 25.4 

30" 21.9 

" 
31. 2-

2,' 35.9 
.. -. 

Lt' it 2.0 

g I. 50.8 
-----_ .. _. 

15 I 61.'5 
"~ .... ~~ 

30' 76.9 

II ·11 60' 9~.O 

, ~ • 11- 120 • [;( /6.2. 

2.40 
, 

26. J I Lr .1'1 

/5.41 /1=10' 30.1 
- ---

I~. 38 j/4/ 
I 

30·6 

PAGE 51 

Rem·arks 

1)iQ( .seedt • 00 I " 

trrl 0 g; /00 % 

mtf:::: 18.5 % I 
ef:=: .185 

5= 100.00 



I 

-, . 

Date 

5- 8-1969 

6 - 8 -1969 

1- fl- lJ69 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Sample No. 4 
Soil 

. 
type TOPSER 

Granulometry - '10 

Pc. Loa d 2.0 Ka I (.tr\ & . 

Time T. E. Time Reading 
11./3 0 lY 0 

15 " 30.0 

30" 33.5 
, 

38.2-1 

2' 4Lt.9 

,-/' 54.9 

8' 61.3 

15 ' 84.0 

30' Y 9.0. 

12.13 60' 4/.9 

13.13 120' 12·0 

15'.13 240' 86.0 , 

20.13 5LfO' 89'.8 
, 

12./9 /500 
I 

90.5 
, 

90.9 12.30 2951 

" 

PAGB 52. 

Remarks 
1)i:(d ScaL!'! .00" 

11110.g /00 % 

/f'if f':: :r}. 7- % I 
ef = .~/'I 

S=.9'1.158 

I 
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Sample No. 5 

Soil ,type TOP5ER 

Granulometry - roo 

Pc. Load 4. a K3/cmL 

. 
Date Time T.E. Time Reading Remarks 
8- s- 1969 I Lj. yO 0 r.Y 0 DCoL 5ca.le .00'" 

15" 35.2 

30" Lj 0.1 /fllo ~ 100 % 

I' 46.9 Imf = 2'1. Lt % I 
2' 55. t 

~ 

~' 67·S ef= .~Q!J 

8' 85.6 5= Q3. 36:r 

" 
15 ' ~ 6.LJ 

I 
;.. 

30' 3t. t 

-15·40 ; 60' "75. '3 
,-

/6. LJO :,,2.0' Y6.9 
" 

f 8.40 240' I j. 0 

22.~0 4 gO' 2 0.0 
I 

,it .LiO /440' 20.9 

14. LjO 2g~O' 21 ~ 3 
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SampLe No. 6 
Soil type TOP5ER 

Granulometry -200 

Pc. Load /.0 k'glcnt' 

Date Time T l.El.Time Reading Remarks 
16-~-1969 1'2..0'1 0 Y 0 'D(at Sc.a{~ .001" 

/5" 2!3. LJ 

30" 33.5 rmo~ /00 /0 • 

I' JS.5 nKf = 1(1.0 % I 
Z' 46.1 

"I' 61.(, 4=1,115 

8' 80.1- 5= 94.8€:6 

/5' ~5.0 

I JO' 4ft.8 , 

13.0L( €la' L 9.1 

/ ~.oLt 1 '1.0' 86.0 

I b. all 240' ~2b,3 
11-8-1969 /I.OLI /380' '14. g 

OO.2LJ 2160 I ~5.1 
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Sample N o. 1-

Soil type 1-{ILY05 

Granu Lo metry - it 0 

Pc. Loa d it. 0 I<~ g / c .... 

Time T. E. Time Reading 

/I .30 0 Y a 
15 " 4 6.2 

30 
1/ 

49·0 

I ~ 52.l 

2 ' 56.0 

4' 60.2 

8' . 
65·1-

I S I 72.0 

30 
I 

g2...5 

12.30 60' 96. g 

13.30 120' ,/11.1 

/1.05 '315 ' 65. 1 

00.50 800' 3.0 

\ '1... \2- /482' . 22..2 

Ib.25 1735' 27.0 

0/.55 :2.305 ' 32.0 

/2·45 2. 955 ' 3lt. r 

PAGE 55 

Remark 5 

1)j a( .:scCllt .00'" 

I 
trrlo £:! 100 '70 

IYflf = '11./ ~ 

ef = 1.26Lf 

5= 9/.350 

, 
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Sample No. 8 

Soil type KILYOS 
: 

Granu lometry -100 

Pc. Load 1.0 1<5 i C.m~ 

Time T. E. Time Read ing 

/2.0'1 0 IY 0 

IS" 1~·9 

.30" 32.3 

I 
I 38.8 

2,' tIT ./ 

4' 58.4 

8' ":/5.4 

15 ' 9&.3 

30' .;7 26.~ 

/3.0'1 60' 60.4 

/4·07 I 2. 3' 90./ 

V 
-

15·2 T 203 I j.8 

/8.04 360/ 22..0 

690 
, 

2lJ.2. 23.34 

J 6.33 
/ 35.3 It09 

/6.0'1 312.0 
I 3g.6 

/9.51 L/:;9J / 40.1 

11 .20 56!J6 
I 

~o.g 

PAGE 56 

Remarks 

'OiClt .sealto .00'" 

/l7l /2:!. / 00 ~D 

m1f = 55.:; % I 
ef = /. "lsI 

5::::. 89.35 l l 

. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, -1STANBUL PAGE S?-

SampLe No. g 

SoiL type I-<ILYOS 

GranuLome tr y - 200 

Pc. Load 2.0 1<5' Ie".,.' 

Date Time T. E. Time Rea ding Remark 5 

Zit -6-15bB /6.22 0 iY 0 Dj"lscule .00'" 

1 S /I 72..0 
\ 

30 '1 1"1.0 (1110 ~ /00 /0 

/' 83.1 mtl:: 56.!! % I 
2' go.o 

it' IY 00. '3 e.f = I. S3!J 

S' 12.. Ii' 5:= 9:1 .943 

lS' 2,9·i 

I 
.3 0' 56.~ 

n·25 GJ' 9.3·0 

18·2 Q. 120' 'y 29.1 

20.2~ 24.0 
I 

7-/.0 

25-6-/969 00.2'2. '-180' 94·l( , 

1/.2.2. II'tO' V 06.2. . 
16 -G-I'{',) 00.00 1900' 09.1 

9.05 2380' ( I . l{ 

I s·oo 2 ~OO' /3.0 

21-6-/j&j 00·00 33'-10' 14.5 

:1./.25 56 2.S ' /5·0 
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c.5 am pie No. I Pc. . 
CSo(/ Type. -p,q~~Bf-IHC; £ 

Gl"anv/ome t(f - it 0 p. 

Da.te T .. me T.£7t-m~ 7Zeadln,g. 

23 -8- 1969 /.1.00 0 I ~r12 

IS " 16.60 

30" 16.50 

/' 16.~0 

2' /6.29 

" ' 16./0 

8' /S.8t 
IS' IS.SO 

.30' /S.OI 

lit.OO 60' 1'1.39 

IS.OO iU)' 1:3.65 

/7.00 2 't()' 13.1'1 

21.00 f4'O' 12.6'S 

2" -8-/969 /0.30 1290' 12. :; F? 

1.0 I<'.J / em t 

0.5 k.J/cml. 

0.5 

H 6~. I 9 un 

h 2. /8 em 

-t 10 m!n. 

L, , 4'.82 em 

LI 't."13 em 

/-j, 20.6S em' 

4 f /9.96 

e, = • 8'78 

ef=. ~6T 

em 

eo':' €t:= .8<tg 

mo. 2.8.5 % 

• 
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Sample No. I 'Pc I. 0 If! IChI'-
~--

0oi{ 7Ype 'Pf}$//BAHt;. £ 7>. O. :; 5 /CJ Ie-m' 
~--

G-ranulomeirl/ - 4'0 a% O.s 

7Jee.{e Tcme r..t:.. Time. 72eaokn9' H 60/. /.9 cm 
1 'f-8-I!J69 I I. L/6 0 16·6' h /. S 2 em 

IS ~( It. tS 

30" 16.60 
t 10 mIn 

I ' . It. 60 L(, 't.J!) em 

2' 16.5"9 

~( 16.52 

8' /6. all 

/S' 16.0// 

:Jo' 16.2Y I 
L f 4'.16 em 

Ii,' Ig.!Jb cm" 

f-J{ /.J.~I CnJ& 

/2·'16 60' 16.02 et:.:f61 

13·{16 120' IS. 80 e.f-·1''15 
IS· it 6 2. 'to' IS.6!l 

.20-'16 s%' IS-SS 

25-8-1969 10.2/ I.JSS' IS.SO I k = 3/.2 J )( lci~ C~e,1 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

--

.-. 

oap/Ie !Vb. / -Pc. . 

1.50t'{ 7J/jOe "fJ/1-1t9Bt9 H~ £ -"P. 

CTrantllomei(!! . - LtO l.l'JIp 

VCLie feme. T-E. 7ii?Ic- ?2eaol"lJ 

25 - 8 - l!/b!1 12.15 0 18.6g 

IS" /i-62 

30 H I ll-S!J 

I I I fSS' 

2' I R.SO 

{-' If .t(5 

8' li.JO 

IS' I a'. 20 

.:10 ' I fI.of 

13.IS 60' 19·8'0 

/l/·IS 120 
, 

17-53 

16.~0 265' 17-20 

lOSS 620' 11·00 

26 - F?-'I!1~~ 9.?O 12~S' 16.30 

1.0 10/cm l. 

1.125 ~J/cmt. 

0.5 

. 

H 6~-1" em 

h 1.50 em 

t 10 mill 

Lt" Lt· 76 em 

L f 'I. t't em 

,q t~ /!J.8/ CmL 

f}f 19.5'1 em'" 

e,:."TlJ5 

eJ. ;s. :n2 

PAGE 60 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, tSTANBUL PAGE 61 

/' 

c5ample NO. t 'P c. /·0 1~/cmL 

rSo[l Type ?fJ~f/8,qf/~ £ -p 1.68' I<;J/cml. 

G-rancJ/ome{,.i - L.; () il P/p 0.5 

.fl(, 

7)ate Time T-£.77me 7<.eadM!J H 6 '1.19 em 
26 -g-/96'J /1.25 0 It.to 

I IS" /6·60 
h I. Itt em 

:10" 16.59 t /0 m,(J1. 

/' . It .• )'1 L( Lt· f'l em 

I 
2' / t.52-

Lf' 16·51 

8' It. so 
/S' It.)} 

30' /6.lt 

L f Lt. ?2 em 

A[ / !l.5'1 em" 

I1f / .9. 22. C/1/ 

12.2S 60' IS.tJ ec =.712 

13.25 120' IS·~O 

15.2) 2 'fO' 15.0 1 

e/-=.6rr 

1.9·25 'teo' /(.I·~J 

t 22.25 660' /t,t.~o , 

2:;- '?-/~6--j' 9.30 /325' / 'r·:r2 I Ie = 20. 00 ~ 10.9 a~~c: I 
~ 

" 

' . 
. ' 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 
_r.~_ 

<S ampk. JV7,. / Pc_ 

<Sot! lj,Pe. ?11~JllJt4I1fi.£ 7. 

Grol?u/on1ef,y -LIO LI~p 

-:Dcde ?I:me To L::. "", e. 72ead"l?tt 

21-8-1!}£? /1· J' 0 16.2fJ 

IS" It! .25' 

30" /6.21 

I' /6.26 

2' 16.22 

't' 16·2/ 

8' 16./~ 

/S' /6.0' 

30' IS.'I 

12.33 60' IS.62 

13.J3 /20' IS.ZO 

IS·3!} 2 i;()t I~/·!JZ 

18-10 3!J/ ' 1'1.91 

2~- ~-/~tf'J 0/·00 flO I , I tr·st; 

10.IS 1356/ . 1"'.[0 

PAGE G2. 

1.0 I{,/cm" 

2-52 vJ/c"," 

0.5 

1-/ 6~./9 CI'h 

h O.~g CM 

i /0 mt'/1 
" 

L· I /t·J2 em 

L f 't.t? el11 

It (' /9.22 em'-

/-}f 19.06 em' 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL _1'_._ 

C)am,.ole ;{D. I t='e. 

\.Sod Type. ?19~198,qH~ E ? 

Gretnvlomeil'Y -LtO 6~ 

Date /(i11t! r. E. Tif1J(. 2eC(c/;nfj 

a8-8-I!I~!J 12.J 2. 0 15.4'9 

1.5" " IS.~O 

.JO~' 15.39 

/1 /5.31 

l' 15.28 

it' IS./!! 

B' IS. AS 

If I lit. 85 

.J 0 ~ / (I.S(I 

Ij.JZ 60' 1'/.19 

/'-I.3l. 120' /3.;j 

10·J<- 2 i/O' 13JO 

I g.21 3lf5~ IJ.J!j 

ZS-3-15tj 9.00 II 8K' 13.1.)-

r 

/.0 ,(C..J/e-m'" 

.3. '79 /.f.:J /cmt. 

0.5 

1-/ 6 ';·If! em 

h I·otl em 

t IS m(fI 

if Lt./? em 

Lf !,t.bS em 

A[ 19.06 Ct1'/· 

Ar 1&'.66 cn/" 

e,=.6lftr 

4=·602. 

PAGE 63 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBBK,. iSTANBUL 

cSam'ple Ito. / }Dc 

C50(i1fJfJe.. -PfJS,qBIlH~E . 
Granv/omeirJ) - ~I 0 '? 

7)a. -{ e.. Tc-me. T-L:_ Tt~e Keac!inL 
29 - 8-1!l6g 12-'r6 0 1(.(·lrZ 

IS" 1'r-'rO 

30" 1'(·J8' 

/ I 1'-1·30 

21 1'(.20 

l(' /4.0' 

8' 13.!Jo 

IS' IjJl1 

.30 ' IJ.'I!J 

13·/16 60' 13.20 

11r·'rt 120' 12.9R 

16.S6 250' 12.10 

30-8-191, 11·00 133f(1 12 .J-~' 

~ 

/.0 ~/cm" 

5. (, t k{J/cm'-

0.5 

H 6t;.1!/ e/11 

h 0.85 em 

t /5 t?u't1 

L,' ~.6.s e/11' 

Lf 4·62.. C/11 

!-I ( /8." em'" 

fI{ Ig.J} C,11' 

e[ = . 602-

Ef=·561 

PAGB 6'1 

I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEJ4 ,iSTANBUL 

-Pc.. . 

'fJ. 

Gr(lt1tJlomeiry - /to 0.5 

-:Date. T'-Ine T-L=-- renll! 72 e. a 0/Ii7 cJ .H 6 'f ./9 em· 

30-~-I"f /2-'13 0 I" - 90 h o. £I'I em· 
15' 14-6~ 

t 20 mtn. 
30" /0/-& Z 

/ ' 1'1 .S~ Lt' 't.62. Cf11 

;.!.~ 2. ' Ilt.S-() Lf q.S'1 C.f11 

'I' IY· 'II 
el11~ /-l,- It .31 

8' /'t. '1.0 

IS' 1'1.00 fJ/ It.zo em%. 

30' ·13 _1) 

13'/1.1 60' jJ·$'6 ec =.567-

/ 't.,,) leo' 13.Zr 
ef=·544 

It.·it) 2'10' 11-11 

31-J'-/!J6? 1/. It /35S' 11.02-

Ie' -, c,% c:::=·lS-Y)r/o r I 
sec. 

fI1e=18.96 % 
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THESIS 
" 

ROBERT COLLEGE GRADUATE SCHOOL 

nrm~ .. ISTANBUL 

<.S ample No. 2 Pc. 

cSod 7};pe PfJ.$ABA f-/ C E --Po 

Granv1ome:lry -100 ~'% 

va:te. Tf.~n't! To C-. Ti''''CZ '72 eaa,·n.:J 

3/- 8-I!JOfJ IS.SF 0 16.89 
, /SN /6·81 

30" lb. ~6 
I ' /6.6"; 

2 I Ib.s,; 

'I' /6.1-;1 

8' /6.2'; 

15' /6.06 

JO' /5.15 

IIr·58 60' IS.<r~ 

IS·S!? 120' IS~OfJ 

/ '1.5".1 2'1()' Itt· 93 

23.S"S' 600' 1'1·62. 

/ - 9-/~6J /0·12. 12..10 ' /'1.S"Y 

'\ 

2.0 ~/c",· 

0.5 lCO'/c.I'11t. 

/.0 

/-1 C(./. all em 

h 2.0/ C'm 

i 10 nJt'/l 

L~ c. 't.iZ CI>1 

L f ~/.9O em 

A.~ 20.6S em'&. 

AI- 20./1 em'!. 

ez= • "l-Lfr 

€.f =. -r07-

eo = ec = • ":Itl? 

mo", ZLJ.o % 
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T.HESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEKt, .. lSTANBUL 

<SatnjJ/e 110. 2. c 

<SOrt '.!Il'e 7,q.fq8,qH~£ 

Grctf",!ome-{ r!l - 100 p 

'Pee ie (t:pte T· c-- Tiale. 'Reac:liny 

1-.3 -It" IZ.O!J 0 17.11 

15/' 17./l 

30'/ /1.0/ 

/' 1"1.0:;-
2/ 16-9J 

~/ /6.f t 

8' /b.S1 

IS' /b.KO 

30' II.bo 

/J·01 to' /~.JI 

1'1·01 /20' IJ-ol 

/J·o!J 300' /5·1'0 

2,.... f)-1161 9,0' /260' IS. ':;j 

-

2.0 lCo.., /cmL 

/.0 /Cj/cm~ 

1.0 

H GCJ- ~I / em 

h t /. '}o em 

t. I() 17}(,1 

L[ Lf·go (.m 

Lf" ~_gO (;111 

;:Jc- .2 0·1f. em 
... 

r-J., /f).!t cQ;1.. 

e,=.-:;o-:; 

ef=. 682.. 

PAGE 6~ 
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.2 -.9 -11J6' 

" 

.3-B-/!U!l 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEl<,.lsTANBUL 

--p c -
1--

7> . 

/p 

7(:me 7-1i~ 7i"l1'~ 72.eocoft nJ 

IO.".!! 0 18· T O 

/S/~ / t.Sg 

.10" / f·SI 

If /g. CrJ 

2.' 18.J'I 
'fl /~-ZI 

8' /F.o? 

IS' /7· g'1 

.:J Of ;:;·V~ 

II·o/f 60' /6· $',5 

12. vI /ZO· /6·~!J 

/'(. (d 2'10' /6.21 

lB·'!!! trKo' /6.0:1 

10. So/ /'1'15" / $". '3 ~ 

PAGB 68 

I 

-
"' 

2.0 K!/un" 

2.0 kcJ /ern" 

1.0 

/-1 6~-o/l em I 
h 1·1 g ern 

t 10 mfn 

Lt It -8'0 em 

Lf 't.7-J en, 

"qt, / J~!le em 1. 

1-11 19. yS cmt 

er=.682 

4=·63q 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK~ 1STANBUL 

. 

<SClrn?/~ No. 2. 

. ood /y?(. -PI1Sf}B,.qH~ E , . 
Gra r1 (I/o me {/".!1 -100 7P 

LJate. r;·me. i.E. Time 72ead,'t1C1 

.9-3-1.11' /2,.5"J 0 17·88 

IS" 11·10 

30" 17·6Z 

I' 11·SY 

2' /1. 'II 

$" l7.zr 

8" 10 . .J.J 

/5' I~·TI 

:lo' 10.Zy. 

/J.SJ 6/J' /5. :n 

IY·53 Ito' IS.30 

16.S"8 2't$" I(/·$S 

20.l(J- ~TZ' 1'f·:;Z 

~-3-I!Jt~ /o·Ji IJ/S' I l/·6S 

2·0 /cv/c.ntr. 

q·O k7/cm'" 

/·0 

, 

!-I 6 '-I. <-t / Cm 

:h I.IS em 

>t IS min 
, 

Lc Lt- y", em 

'-{ ~-9-Z em 

/-It' I!!. ~J- cm'l. 

f-Jt 1,!1.0 't' c..,."r. 

e,:::.634 

ef= .5?~ 

PAGB 69 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEj'::~_lSTANBUL 

-

~~ ..... 

C5Ctm;o/~ No. 2 -Pc 

<.5 0/!7!I/Je 7,qfl1[JIIH~ 1:- 7J 

rJrCllltJ/omelt'j' -100 AP/p 

• 

7)afe. Ti-d,) e. T-£.7;-me. ;e e. adi." .5 

Lt,J-/Jtr 13.St. a / f-6? 

IS'" /7.50 

30'/ 17· '10 

" 17·30 

2' 17·0 
it, Ib.9'/ 
g" 16.;0 

IS" /6·j2 

:JO' IS·Sf 

/tt.S"l. 60' 1 S.JO 

1S"·.r1. 1 zo' 15.00 

;:J.n. Z'tO' J {I' ']0 

23-$% S'Io' 1't·J'J-

PAGE 70 

,- 4 
i 

2·0 I<d/~" 

8.0 K.J /cmc. 

/·0 

. 

1-/ 6 'I. 't / em 

h O.9S em 

t 20 m'/' 

L[ 't.n. el11 

L/ '1.b j Ctn 

4r /.9.0'/ CI'}fL 

f..Jf 11.~t em'" 

4=. 5Z.~ 

.s -.!J -I,t! 9.S'z. / Zoo' Il/. )l. J ' 8 - -!j C 117 I 1(' = .2.$ )C/o %~c 

me. = 18. so % 

I 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEKt-J~TANBUL 

8amf'le No. 3 Pe. 

ooil type. P.4$1184Hr;E P. 

Granu{omei!JI -200 A% 

D~ie Tb71e. T. £. n·me. 7?eaal'n!J 

It - 8-/S6g /6.35 0 /9·30 

/S" /!J ./0 

30'" /9.01 

I' 10·9'1 

2' /K.gO 

'I' /8.6$ 

8' 1805/ 

/5' /9.36 

30' /i.06 

/t·35 60' 17.75 

18·35 120' 11·60 

20.35 2'10' /7·5/ 

5 - g-/~6!J 00.35 1.;&,0' 11· tr1 
8.35 960' /,?.l19 

I' 
i '1.0 f/'J/cm1. 

0.9 I<J/cm& 

2.0 

H 6~.23 em 

h 3.26 Cin 

t .20 nlia 

Li Lf .:10 em 

Lf 4'.f5 em 

I-Ie' 20.65 CllI' 

/-II 20. I(Y em' 

e[:."785 

ef:=. ::;53 

eo =ec<=-,</El5 

rnD= ze.s % 
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THESIS 
ROBERT'COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-
> 

.-. 

Sample. ;(0. 3 Pc. 

ood zype PflSIIBAHt;.E -p 

G"arzu{~~fry -200 ilP/p 

. 

Da.te.. Time. r. £. TIme. 'Keecdt."rt9 

5-'8-/flbfJ /:1. .11 0 1.9.2 fI 

IS" 1!J·05 

30" I K.91 

/ ' 18.80 

2' 18·6] 

It' 18.~6 

g' • If.20 

IS' /1· 5'5 

.30' 17.36 

1.3. / I 60' /6."7l 

1'/.// /2.0' /6.21 

/6.11 2'fO' /s.l.!J 

20./1 490' IS..50 

6 - g -/.!J6!J /0./1 /390' 15JIO 

/2./1 / it 'to' ISJtO 

" j 

'1.0 /{j~J11' 

2.7 K!!!cm' 

2.0 

H Gi/. 23 ~m 

h 2..20 em 

i :20 mln .. 

L{ L(.lJ'5 C/1'1 

L/ 4'.78 em 

fit- .20.ilf eM' 

111 I'.!III e'l! t 

e,-=. 'l53 

ef=·6gS 

PAGE ?Z 
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THESIS 
ROBERT COLLEGE GRADUATE. SCHOOL 

BEBEK, iSTANBUL 
-''''-

cSample NO. 3 Pc.. 

oodTgpe PfJSIIBflHC£ -po 

Granv/ometry -200 tl~, 

7Ja.te. nme T-E·7fnu. ne.a.dfnS· 

{, - ~- 1~6!J /3.56 0 18·60 

/5// 18·32 

30/' 1/.20 

/' 18.0/ 

2' 1'9.~6 

'" 17.39 

8' /6.30 

I /Sl 16·'30 

30 ' 15.30 

ILt·56 60' Itt. 32 

/5.56 120/ 13.60 

1.9'.~1 Jt;.5/ . /3./0 

7-8-1969 01·2/ 685' 12·!lZ 

1(J·oO 120r,-/ 12.9Z 

if.O /<j/c",L 

8 ./ K.!J le",-

2.0 

~H 6~.2J em 
I 

h 0.6/ em 

t. 20 mt'lt 

L{ 4·1K em 

L f 4'. ~o em 

A,' I!J. Y8' ~Pf t-

Al 1.9./J cm'L 

e,=.685 

ef=·sH4 

me = 20·17 % 

PAGB :r3 

I 
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Sample tr'o. 

oad Type.. 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 
-V ... _ 

4 . 

TOP5£R. 

Granvfomefrg - 40 

Date. Teme T.£.7l·me 7<!ea.dcng. 

7-8-1.969 /~·2.5 0 19.:;0 

IS" 19·2./ 

30" /9.// 

I' /9·09 

2' /8·93 

4" 18.70 

8' 18·0/6 

/5/ /9./0 

30' /1.63 

15.2.5 bO' I t·lg 

16.2,j 120' 10. eo 
18.25 24'0' 16.69 

22. • .2.5 '180' 16·63 

8-8-/969 .9.25 11'10' /6.63 

. 

2.0 /&~m' 

0.9 1{J/c",L 

2.0 

H 6{t.23 em 

h 2.5Z (!m 

t /0 mt"n. 

L{ 'f. 83 em 

r L I '-to ~o em 

At 2,0·65 ent' 

Ai 20.22. CAr' 

e['~ , 7/'f 

ef ='. 668' 

eo:: e, = .1FI 

m" = 21.1 % 

PAGE 91i 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK~.J~TANBUL 

.sample ;y"o. If Pc . 

60d Type 70PS£R 'P. 

Granv!omelry - ~o p 

"Dat.e TCme. 7.£. T,·mt. 7<!ec«It'n1J . 

g -8 -1'6'1 1.2.2!J 0 /8 ·39 

IS" 18 ./~-

30" 18.02-

/' /9·'0 

2' 11·10 

I{' n· ,,~ 
8' 1'1.0'1 

/5' 16-S!J 

30' 15 ·92.. 

1:3 ·2.9 60' /5./1 
, 

1'1.61 lif.;39 I~O' 

I~. 2.'J 2,L/() , IIr·ZO 

20~2q " ftJ' 1'/.06 

9-f?-/~69' 9·29 1260' /1.8'0 

PAGE 7'5 

i 

2.0 1<3/,,,,1. 

2. ? ~J/c"," 

2..0 

H 6.". ZJ em I 
h. 1.5.3 Cm 

t 10 m{n. 

L " 't.?O em 

LI L('1-6 Com 

/-It 2,,1') • 2- 2. cnr1 

(If /g. ~O C",L 

I, 
€[ = • 66 g 

I 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 
_f~.w 

8a.mple i/i;. "Pc. 

ood 7J;pe 

G ranulomefl'.!J 

""Date T'-,ne. T. c-. r'-me. "R e Ct. d,i?5' 

fJ-g'-1969 1/.15 0 /8·11 

IS" /"1.8'/ 

30" It·tl 
It 1 1· ItS 

2' 17·1,3 

'I' /6."/1 

8' /6.20 

15 ' IS. 50 

30' 1'r.sS 

/2.15 60' /:1.7''1 

13./J- 120' 13.10 

15./;- 2 YO' 12.~1 

10- 8-1'69 10 -tr J- /L;20' 12.'!!} 

2.0 

H 6~-2.3 em 

It. /. 't r cm 

t 20 m{1t 

L, l(.1-6 Cm 

L/ 4. 6J em 

/1/ /g.~o emf. 

;:;1 1&,.5"1 em 1 

e[ =.5 8!J 

ef = . Lt.!J3 

PAGE 716 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEIS,.!STANBUL 

dampte If'o. 5 Pe. 
I--

<Sod T.!Jpe. TOP5£R -Po 
I--

Gra/1v{omefr.!l -100 A Pip 

Date !c:me T-E.. nne "'Readil19 

10- 'iI-IJ6~ 15.25 0 /8.60 

15" /9. '12 

:JO" Ig.3? 

/' 18.29 

2 ' 1~.20 

'I' 18./2 

8' /~.oo 

/S' I"i.gy 

3.0' /7·8/ 

16·25 60' 1'1·10 

17·25 120' /7.6 1 

15.2'- 2'10' /7·S"1-

23.2.5 't80' /7.56 

1/- 8-1969 9·00 /055' 17-56 

I-

l-

1-

Lt.O 1<j/clH' 

D. 5 1</1 lent' 

0.5 

H 6o/./J em 

h /.-'0 em 

t /0 mIn 

L f Lt • .!}!} em 

lk 20.65 ern I 

flf 20. 'tg e",' 

h 
J 

ec=. "709 

eo = e( =. ?o!J 

mo= !2ll.Lf % 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, lSTA~BUL 
-".~ 

-----------------------------,--------------

cSampll. 1ft). 5 

dod ':Il'e TOPS£R 

Gral1v/omeiry -/00 

7)at~ Time To £.Tt:m£. 'Reaa't'nj 

/1-8'-1961 1/·18 0 18'. !)O 

lSi' //f.g!) 

30'1 It.flg 

I' /~.g6 

2 I 19.8'2-

1(' /1/. to 

I 
S( 1$.11-

IS I /9.:}t 

30' 1~.65 

/2.1~ 60' If'. 51 

IJ·Jf 120' /$1.50 

jS .Ji 2 itO
I 1$'.'15 

I').J I ~/fO( liJ{2 

12- 'i-/~6' 9·'10 /j2'1 ( /8'. '12 

Lj.O K.1/e~' 

0.i5 1~1e1Or~ 

0.5 

fI 6 't.l3 Cm 

h /.81 em 

t 10~/11{n 

Lt' 'to S:J em 

Lf 't.!Jj CtJ1 

Iii .2 o. 't!l C",L 

III 2 0.36 tlft'-

€c=. G!J2 

ef =. G 8''1 
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-------------------------------------------------------------------------------
THESIS 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, !STANBUL 

.... "'1"~, w 

PAGE =19 
__ ' .. ____ .-.n'YJ_-_b ______ _ 

6am,oie .trO. D 

oodifp! TOP..5£R 

Granl/(ometry -/00 

Vata. Tt:me ToE. Trm~ 

12-8-IJ6!J /2. ·00 0 

15 " 

.JO" 

/' 

2' 

'l 'I' 

I 
8' 
IS' 

:30 ' 

/3.00 60' 

1".06 /25' 

/6·00 .2'1 tJ' 

/j -8-/5169 //.00 /.JdlO' 

7<eadt'n,g 

/5. Of 

/9.00 

11.93 

It.J6 

/ i . .!1'l 

/i.8J 

lB'. 80 

If. 10 

IflS!J 

18,LIO 

/1.21 

/<j.l/ 

18'./-' 

Pc. Lt.O I{J/c", , 

Ap/p 0.5 

1-/ 6 t/./3 em 

h /.5~ em 

t 10 mill . 

L( 4 . .9.! em 

LI Lt . .9 rl Cm 

,ch 20.j 6 C/111 

Ar .2 0.2/ em' 

er:=.681( 

e.f =. 66J 
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• 

THESIS 
ROBERT COLLEGB GRADUATE SCHOOL 

BEBBK, iSTANBUL 
-. <, ~ 

~ 

-. 

dample No. 5 Pc. 

ood Type TOPSER.. P. 

Grat1uiomeir!:l -100 APjp. . 
.. 

7Jcde ,'-me T-e. Tt:ma 7<ead!fl(!. 

13 -8-1%!J /3.57 0 /8.30 

/S" 18.2> 

JO" Ii. 23 

!' 1$.20 

2' Ii.!; 

.y' /8·/0 

8' IK-06 

IS' /8.00 

.30' /1.!J0 

It/_ S 1 60' IJ·:;~ 

15·57 120' 11· :;0 

I7-S1 .z 1(0' 1]·6'1 

.2/-5 f 1.(80' 0.60 

1'f-t-I96!1 9.'15 /le~ , 17.SB' 

, 

'-

't~o I{J/~",. 

/.68' ~k",· 

0·5 

H 6 t,t. I.!J em 

h /.5/ C/17 

t /0 men 

L[ Lt_!J g em 

LI 4.37 em 

;:It- 20.2/ cm1 

;:}f 20./5 t!!11 L 

e,=.663 

e-f=. 6S~ 

PAGB 80 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBE!<.,. .. ~STANBUL 

-

"'--". 

<Sample. /ll'a. 5 Pc., 

ood Type. TO PS Ell 'P. 

Gra/1 vi ometry -/00 4P/p 

• 
Vcde. T,'me 7-1::-. nm~ 'l<.eadir1S· 

I't- 3-1", /1.25 0 1:;.59 

/5/1 I7·St 

30" Fl.Y/ 

I' / 7· ~." 

2,' /7.~/ 

'I' / f·:JJ 

8' 19·20 

15' n·o'i 

.30' /b.3.5 

12.25 00' /6-6/ 

13·25 120( /6· '1/ 

15.3:1 2'/~' /6·23 

20·25 050/0' /6·00 

IS- '6-1'6!J 00·.10 CbS' IS'·,!)</ 

It). 00 12.15 ' 15·!J0 

" li o 

Lf.O /&/c..". 

2,S2 I-&/c/It" 

0.5 

1-/ 6(/, /!J em 

h /.33 em 

1. /0 min. 

L,' Lt·3't em 

LI ~.S6 em 

,.q " .20·/5 em t 

f-lf 20.05 C/If' 

e[=.6s:r 

ef = . 62.!J 

PAGB 81 
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C5a/11f/e ;'/2J. 

Golt type 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, lSTANBUL 
_4~._ 

--

.-.. 

5 -Pc. 

TOPS£R -po 

GralZu/omeir:!J -100 Ll,/p 

7Jau- T(me- 7-£. Time. 7<eackn9' 

/5- B'-/~'9 12.20 0 18·63 

IS" Ilf.6 t 

30" /8.6Z 

I' 1&'053 

2' Igo5O 

'I' /8.1·,0 

8' 16'.25 

IS' /8.06 

.30 ' 17·1.9 

13.10 60' /1·59 

1~-20 IlO' /1·J2 

IS·LIO 200' 17.20 

1~·t5 .:l2S' 17·05 

16 - 8 -/1169 00·05 70S' /6-85 

9./0 1250' /6·CD 

4.0 l{j fem' 

3.18 /cJ/c",' 

" 0.5 I 

H 6't-13ern 

fz I.O&' em 

t I() I7Jlil 

L t- ~-.f6 em 

L f Lt.jS t:m 

Iii .20·05 em· 

/-){ 19."1-1 CIU 1 

e,=.623 

ef =. sse 

PAGE 82. 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBltK, iSTANBUL 

6am?/e. No. 5 7e. 

...so,-{ T!lpe TOP5£1< '"Po 

GI'"ClrJtlIOI1f~ tr!J -/()O A~ 

Va.ie. ["[me To E. ;;·m .. 'Read!'11! 

16 -l/-1!169 1/.'17 0 It.80 

/5// 16.80 

30" 16."19 

/1 16 '11 

2' /6.61 

~' 16.so 

8' 16.J 2-

IS' 16·0 

.30' /S.81 

/2. t/f. 60' /S .';9 . 
IJ.ttl 120' /S-I' 

IS·ltl 2"0' If·n 
11-ll-/768 lo,vl /330' 1'1· KS 

. 

4'.0 /(j hI'" 

5.6 "J I(J !ern" 

0.5 

I, 
i 

H 6 fj. /.!J Com 

It. /.27 em 

-t /s mfn 

Lc 'ISS em 

L f I.;.gt; em 

(-1/ /9- TI c;nl 

(-II /q. '16 em t 

e L =. S!!~ 

4=.565 

PAGE 83 

I 



I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, lSTANBUL 

oam{7/e No. s ?c. 

tSod 7j;pe TOPSeJl. P. 

GrClnv/ametrj; -/00 LJ7r 

7)a{e. 7Cm~ T- t:-. Tt~ -;i2Radcng 

17 - 8-1"7 13.:JJ 0 1'/· :;g 

15 11 1'1. '1 l{ 

30" /'1. ~ z. 

If Il{· 1-0 

2' 1'/.£0 

~' l'f·fs 

9' IIt·to 

/5' 1'1.00 

JO' 1:1·63 

1'1·.1) 60' /3.2'f 

/5'·33 120' /3.00 

n·JJ 2'101 12·g0 

2/·JJ 'fRO' /~.6S 

/9-8 -/96'/ /0·3::1 1260 1 /2·62 

~.O ~/c,.,t 

f5.S KJ'/e",'L 

O.S 

If 6 v./!} em 

h /.3.1 em 
t 20 m[/2 

I 
L[ '1·9'1 em 

LI 0/.93 CI11 

I}l' /9.'16 CHIt 

flf IK'.fJ't Cm~ 

e[=.56S 

e.;=.sct6 

m,- = :la, 85 % 

PAGE S~ 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BE.BEK, ISTANBUL 

CSam;X'e I'/b. 6 Pc. 

C5 oil 7g,oe.. TOP5£R P-

Gr~m.llomf!fl"!J -2.00 A'YP. 

Vate Ti-me T- t:-_ ILi"e I<:! ecu:4ilg 

/8- 8-/!/69 /S.33 0 /t·60 

IS N 
17·~s 

30" /1.30 

I' /l·oo 
2' /6·18 

'I' /6·~2 

. 8' ISSI 
15' IS.¥o 

30' N-SO 

/6.33 60' 13.51 

/7·31 120' /2·9S 

/9.3J 2"10' /2."2. 

23·'19 Lf9S' 12.2.S 

19 -1I'-I.9Dg IDS$' /16$ , 12.20 

1.0 K;/cm& 

O.S ~/cm~ 

1.0 

H 6£j·2~ em 

h 2·6S em 

I: S milz 

Lt' 4·l?G em 

L/ It-r3 c,n 

/-It 20.6S em' 

AI 19·12 {nt" 

eE = 1.11S 

el = 1_ OS 11 

eo:: e( :/·'IS 

mo== Lfl.o ~ 

PAGE '6 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEllEK, ISTANBUL 

6am?/e ;(0. 6 7=C. 

doti Ty,.oe. TOPS£R. 7-J. 

G ra n vi orne fry -.200 LJ% 

'"Dare Tlil1e T. E. Tt.il1~ 'Readcn.g 

19- 8-1969 11./'1 0 16.2.0 

IS" /6.l'f 

BO" 16./0 

I' 16.0/ 

2' 15 . .!l5 

q' 15·86 

8' 15.6/ 

IS I Is.27 

:JO' Itl.81 

12./7 60' 1~.31 

/3./7 /20' 13 . .9.5 

15.17 2 'to' /3·70 

20- 8 -1969 I 1.11 It/yO' 13.'15 

1.0 f.&/cm' 

/.0 l{j/cmr. 

1.0 

H 6 t;.28 em 

h 1.98 em 

t 5 m{rz. 

L( Lt. t9 em 

LI '-1,"18 em 

!-It- 19. "12 ern' 

AI I g. 20 Chi' 

ec= 1.()S9 

e;. = •. n f 

PAGE 8~ 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-

-~. 

CSQml'Ie 1110. 6 -Pc. 

<S oil I.!;pe. TOPSER ? 

GrcNlvlomelry -200 ~P/p 

Vedl!!. TEme 'T-t:-. Time 72 eadc'ntJ· 

20 - 8-1!J6!J 12.0.9 0 1:;·7' 

15" 17·60 

.:10" t'l.so 

I' 17·38 

2' 19·20 

Lf' 16.56 

B' It·to 

IS' 16·2.0 

.:1(/ IS·6S 

I'J.O' 60' 15.05 

1'1·09 120' 1'1·62 

/?2.S 316' 1'-/.29 

2.1.0!J 5'/0' lit. J7. 

.21- 8-196!J 10.09 132.0' 1 '-t. IS 

PAGB 81 

1.0 l{t /em" 

2.0 ('J/cmt. 

/.0 

, 

1-1 6'1·29' em I 
h .2.60 em 

t /0 mfrz . 

Lr Lr·r8 em 

Lf 'T.72 cf11 

r-lc· I !J.20 em' 

A{ I fl. 66 em" 

4 = . SI,! 



-

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-

.-.... 

r..Sqmple NO. 6 Pc. 

<Soi{ /ype.. 70PSER. P. 
G,.anulom~tr~ -200 IJP/p 

7:)e<, t~ Tcme T./:-- T[mi!. 7<.eadln!J 

2/-8-/969 /2·20 0 /6. =1-5 

IS" /6·50 

30" /6·y() 

I ' /6·29 

2' /6./0 

4' /.5·86 

8' /5. It 0 

/5' Itt.92 

.30' /1.(. '1.'1 

/3.20 60' /3·6' 

/".25 /25' 13·/7 

20·2.0 LrKO' /2.70 

a2-8-19l~ g.50 /2Jo' /2..6S 

.~ 

, 

/.0 /{j/cm'-

4.0 /Cj/cm t 

/.0 

/-1 6'1·2!? ell! 

h 2.-32 em 

-t /5 mill 

L· l Lt· 7Z em 

LI It·66 em 

At" /8.66 CI11 1 

A, /;.33 e/l1' 

e[ = • 9/g 

€f=·830 

PAGE 86 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

DEBS;; .. !STA:NBUL 

-

~ 
I 

cS amlle do. 6 P-C. 
I---

1.50d Type TOPS£R -p . 

G-ranvlomdr.!J - 2. 00 /P 

"D a. t.e. TCme T-E. T't11L 7<. eO. oIil18 

<.2 -8-1969 /1. S6 0 16.90 

IS" /6.70 

:JO" 16.S8 

/' 16.'1/ 

2' /6.18 

~' IS. !J 0 

8' /S.3'1 

15' IL;.K~ -

.30 ' I '1. IS 

12·56 60' 13.$0 

13·56 /20' /3.2/ 

15.5"6 2'10' 13.10 

23 -8-ltt,f 8.S6 12GO' /2.70 

/.0 IV/em" 

8.0 KJ /Ct11 L 

1.0 

1-/ 6~.2R em 

h /.39 em 

t. /5 /71[/2 

L[ '1·66 em 

L{ ft. it!l em 

1-,],- Fl· 9:1 cmt. 

A{ /9'7'/ em' 

e[=.930 

ef=. "7JS 

h1e..= 25.S-:; % 

PAGB 99 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, l~:;rANBUL 

3omf'le Ifo. '7 'Pc .i' 

Qot! /.!Ipe... J<IL YOS 'P. 

Grant//omeiC/. -7'0 Ll~p 

Da.-t.e "me T.t:. Time 'ileac/lilt? 

5 - .9 - IS6.!J /'1.23 0 /6.0'1 

/-s'" /.5'. 3 ~ 

30" 1.5.30 

/' /5.211 

2 I /S.2'1 

Lf' /5./9 

8' /.5. /'7 

/5 ' /.5'. II 
. --.--
YO' /s./O 

IS. 21 60 
, 

1.5.03 

-

Li,O K~/cm' 

0.5 1<3/cm' 

1,0 

H G 'I. '10 em 
A /·YY em 

t 20 mIn 

Lt' L(.f2 eM 

LI Lj.iZ eM 

at .2 0.65 Cmt. 

191 .to. Y 6 Cf1(~ 

e[= /. 2t~ 

ef:= I. 2 tr z. 

eo -::: e( ;: (. 26 C; 

mo = 'II. I /; 

PAGB .90 
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• 

Sample tfo. 

Soi{ 0/pe 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

. BEB~ .. ISTANBUL 
, 

-

....... 

? ?~ 

KIL YOS ? 

C;,..an ,,1i>me.f"!1 - lfO A~ 

h r 

-Z::>a. f. (!. Tt'tnc -r. t:-. "'int! 72ead/rly-

5 -.!J - /.7'6' I.!I.,J 0 0 /5· '10 

/.5// IS·39 

ao" /05.31 

/' /5.3/ 

2' 1$·29 

'-;' 15·25 

• ~' IS .2/ 

/5 ' IS ./1 

30' /5·13 

.20·30 60' 15.oZ 

2.1. )0 12.0' /f·.10 

2Lto 
, 

Ir·..:;S 2J·JO 

o-.J-!?/, 8.110 7.!J0/ ILt.J-.r' 

I/.JO J :;0' I ';·J-5 

Lf.O KJ /e"," 

/·0 KJ/Cnt' 

/.0 

H 67'. tj 0 em 

h O.fig em 

t 20 mfa 

Li' 't.~2 eM 

L/ Lt.;'/ em 

/-k 2.0. '16 em 
L 

I1f 20.J/ C+I-r" 

ec = I. 2.1·/ 'l 

4= 1.2.23 

PAGE 91 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

~EB~ • .1STANBUL 

. 

Sa/11jJ/e ~- '7 e-

<SocL 1 YI'e. KIL YOS 

(;.,,-QI7 V lOin ef"'~ -ltO I' 

""Dcde T':me. /. t;-. T/,,,, .. 72 e.ac:/r "J 

6 -!J -IY6? 11(.1'1 0 16."6 

IS" 16. ;'1 

:Jo" 16·:;6 

/ ' /;·11 

2' /;.If 

f' /6.60 

8' /6 • .1-5 

IS' Ib.50 

30' /6.:J~ 

IS.I'I GO' 16./Y 

16./'1 120" /t.oo 

16'- 0 'I 2JO' IS·7-O . 
"1-9-1961 /0.1 'I 120';' I'I·SI 

IS .1'/ 1500' /If .30 
. 

I!J·'I!J /:;:;5"' /$'./ .9 

g -'-IU' 00 . .3'1 20.5..>' 1'/·ltJ 

10.00 Z621' IY·oi 

PAGB 9~ 

4.0 1{;/c/JIl. 

:Z.O /tt.J len)' 

1.0 

H 6£r. '10 em I 
h. O. :;!J em 

i so P1li? 

L " 4·g/ ern 

Lf Lt· 11 em 

f-}[ :20.J / em" 

f-)/ /!J.f6 
.. 

tm 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEB~.,. iSTANBUL 

-. 

~.-'. 

cSamp/e. No 7- Pc. 

Sod 7fiIJl! KILYOS -p 

GranIJIDnudr.!:/. - L(O A-%>. 

?Jaie.. 7?nt~ r.c-: 7.-;,. c.. /2 ead/nc!J . 

8-!1-196!J IS. 23 0 /O.S/ 

/54- /6. '1J 

!Jo" 16. '10 

I~ 16·H 

2' 16.3'; 

4' /6.Jo I, 

I 

8' /t.2.1 

/,$"' 16./',/ 

30' 1.5.-'J 

/6·0 60' /5.6 P 

/9.1) 220' ftl. J.j 

9-!J-I!Jt!l 00.1.1 S20'· 1'1.0/ 

/ / i'S' 13. (/I 

Lf.O K:J/c,;, .. 

if. a I~.J/cm" 

1·0 

/-1 67. 'to em 

h. 0.52 em 

t 60 /?1t't'l 

L./ 't.t g em 

LI ~i·12 em 

II " /j.~t enl"/.. 

(-}f 1'.2; em" 

e["= I. Ito 

el = 1.06,9 

PAGE. 93 

11.lf 

23,.5.5" / !J~I 2. ' IJ·oO 

2 (. Z 0' /2·:Jo 

k:i:: /. 't g )( 10!! (.111/ I 
/.re c-. 

/0-9 -1110$ //.1.1 

/ j.oo JOJ'~' /2.6$ 

11-3-/1($ /2.0 0/120' /2.[5 

23. (/J 4~/o' /2. J-S . 

I 



I 

Sample.. tfo. 

..sod 73pe. 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBE:t;. .ISTANBUL 

-:;z -PI! 

KILYOJ ? 

GrantJ/ome.ir.!:i -'f0 6% 

7:Jodf!.. r.·,)1e T. C-. Ti'tnc. '2 e"",i"'(J . 

IZ-B-I'l61 10.o~ 0 17· "'0 
IS'" 17·30 

.70'" 19· 2.J 

I' Il·V 

2' / i· ZO 

7' 17 .1'; 

f' / '1. Ii) 

IJ" ;t.oo 

JO' /£./5 

II. DY 60' /6·60 

;t.oy 120" 16.2'1 p 

1'1.01 e'lo' 15'7'/ 

N.o9. ~tJ?O' IS·ot. 

13 -J-Iflt II.OY 1500' I:J·~O 

IV -1-/lt! 11.13 29'/J 4 13.00 

,r'f-I!" lo·n 1365 I 1'Z.6'r 

/£-1-1'0 g.oO 563z.' 12·FO 

23.00 6S·)'l. Iz.rrJ 

'1.0 l<:,j ~ .. em 

8.;0 I~/cm· 

1.0 

H b 0/. llO em 

h 0.22- eM 

t 100 -rn(rt 

L -t '-I.?-2 C Ilf 

Lf '-/·6?- ~m 

/-}{ 1 !J.t {> tl"" 

I-}f If. 'I 'I "1'lI'-

ec= 1.06.1 

e/= .gs8 

PAGE g~ 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEB:&l,<'~ .iSTANBUL PAGE 95 

mnm ________________________ • ______ ~----------------------------------~ 

<5~mp(e No. 8 

c50d ;:rt"e. f<.iLYOS 

Gran,,/omeiry -/00 

-Pate. /tine. r: £. 77~ 

25-f'-I.96!J 12.16 0 

15" 

30" 

I' 

2.' 
'I' 
g' 
IS' 

JO' 

/.3. /6 60' 

1't.16 /20' 

/1>./6 2 'to' 

2tJ.2f( 'IKg' 
2S - ~-lj6f 2.~/. 00 tO~' 

26 --l-/~b9' //.21 /391' 

27''1-19If /9.25 3309' 

Pc. 

p. 

LlP/p ~ 

72eaa't'rz.9 

16.35 

/6.20 

1.5.!J5 

/5.fo 

/5.63 

IS. ';2 

/~-17 

I~·J/ 

/j. ~/tJ 

12·/7 

1/. tJO 

/O.O:!/ 

9.50 

9.JtJ 

$.J5 
g'. H!J " 

1.0 /~lcnl~ 

0·9 kJ Ic,,..· 

2·0 

H 62./5 em 

h .3.0 em 

t 20 min 

Li 4'. i2 efYI 

LI L,t. il em 

tCI " 20.£5 em' 

/-II /9.SS em' 

e[,== 1.951 

4= 1.5'-(5 

e,,=€r:= J.:J5/ 

moe SS.':J % 

I 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBE.:&:, .. ISTANBUL 

-

..,~. 

Oampie /110. 8 R. 

Ooti Iy~e f(/LY05 p. 

GI't:tllvlo/11etry -/00 .a1YP 

/ 

Dec.-Ie 7lme I. £.. /i.'me 72cad{iz,9 

21- f-/fll 1/.10 0 /3.90 

15/' /9.50 

30" /g.y/ 
, 

/.!1·]O I 
,l,t I fJ./i' 

4" If) .017 

'6' 1;'.90 

IS / I$'. J~ 

..30 f 17·81 

/2·117 60' /1.0'/ 

1'3·/0 120/ /6.171 

/S·I17 .2 ~o' ILf.:;/ 

/.9. SS 52S/ . /3 . .10 

.2fJ-9 -1969 /1.00 I'IJo' 12·S~ 

30-1-/911 /3.3 () SOlO' II.Jd' 

J/- ? -1?t5~ 1/. DO ~310' 1/· -1<t 

16· 00 '1610' 1/· :; / 

/-,5?-/fi'! 00.10 Sl20' /1·1/ 

1,0 /-Y/c01 t 

2.7 kgfcm • 

.2.0 

H 62./5 em 

h /.S i em 

t 60 mill. 

L· , 4.tl C'm 

Lf irSI (!m 

lie- I!J.SS emf. 

/-J, / K. I t; em' 

ec= 1.5'15 

el = 1.:3 2.'·/ 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBE];" . .ISTANBUL 

Oamp/e N" . B 

dod !YIN!. I<ILY05 

Gral1l1/ometry -100 

7::>C<..te 7£'me T-E. f,ine /<'ead£ir,j 

/ - 8-IY19 11 . .16 0 Ie. 85 

15" /8'.£1 
.30" /$'.to 

/ ' 18053 

.2.' 18'/{2 

f' li·30 

8' li,12 

/5' 17,9/ 

30' 17·Sg 

12.36 60' Ii· O!/ 

/3.:Jb 120' /6. f(l 

/5.36 2'10' IS. 3.9 

2.-f/-1!J69 02.00 86'1' 12.11 

/3.26 15S0' 1/· .95 

3- &'-/'l~f' IS. ~S" 3/29' II· 1'7 

4'-1l-IY67 .9.20 ~/5'r' II· o/j 

PAGB 9~ 

/.0 1<'J/cl71t 

8.1 K.7/cm t 

2.0 

1-1 62./5 ~m I 
h O.Ld em 

t 60 mIn 

L· , It. 5/ em 

L/ Lt.31 Cm 

/1/ I S'.t'lcm1. 

/-If 11-5 It em, ( 

me.= 3l{.S:; J'o 
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oamf'te NO. 

r..5od ~?e 

T H E.S I.S 
ROBERT' COLLEGE GRADUATE SCHQOL 

BEBIg$, . .1ST A..l.iBUL 

.9 'Pc. . 

XILY05 Po 

t;ran(/lcJm~t'Y -200 LJ% 

v~-te. TIme 7.£. Trme 7<eadcn!/ 

!l. ~ - 6 - /.~;.9 22.2. 0 0 IS. 80 

1.5 " I R. ~!J 
30" If. ito 
I' 1$.J5 

,2' 18.26 

~' IB'./S 

8' I&'. Of 

/,5' /1·.90 

30' 11.5' 

23.2D 60' 19..50 

2f-6-lftf 01·25 IRS' 11·20 

03.05 6ft'S' It . .J2 
13.S5 935' 16.J7S 

/}.9- 6 -/f6f· 16.5t .2S5~ , 16. :;0 

/.9.00 2&'60' It·10 

Z.O ~/c.nJ~ 

0.5 /{j/crn\ 

0.5 

1-1 62.25em 

h 2.15 em 

t .20 mEn 

L, q.R2 em 

L/ 4.fD em 

4(' 20.65 em 

fli .20.2i' em 

e;: = I.SS!J 

eo:.e[ :J.S!]') 

mo=56.9 % 

, 
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BElU,!~, ISTANBUr. 

<Sample /YO. 9 "Pc. 

<.Soil 7j;,Pe KILY05 -Po 

G rtxl7v/ometr!l -200 Di)p. 

7:)~te Ttme 7-E. Trine 1< IZCU:/{n.9 

2..9-6 -/~£!J 2/·05 0 /1.50 

IS" /1·Y9 

30" /1.~~ 

/ ' /1· (1'0 

e/ /1·35 

~' 11·3D 

8
1 /1·2S' 

/5" /7. zo 
30' /1./J? 

22.oS 60' /1.0/ 

23.05 /20' /6·30 

.JO-!-I!lt? o/·oS 2yo" /6.-99 

oiJI5 900' /6·Y~ 

15.1"5 //10' /6.4-0 

/-:;-/961 00.00 /605 
, 

/6.2~ 

09.00 2/'15' /6.2v 

16SS 26Z0' /~./2 

:l-r-/~t9 oo·zs :JO:jO' /6·/2 

PAGE 99 

2.0 lfJ/cm' 

0.75 kj/cmt. 

0.5 

H 62.25 em I 
h 2.6'1 em 

t 2 tJ mIn 

L{ 4·RO em 

LI ~.16 cm 

,L)t 20.2Rcm" 

AI 20./9 cn1" 
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~ 

~. 

!: 
I 

r.5CU11pie fa. 9 -:;z:c . 

0o,( IJI,Pe /(ILY05 "? 

C-ranv!omerrg -200 .1~ .. 

IJate lime. • 7.~-. T{(1I~ 7<ead.//'tj". 

2.-1-IY6!J 19.51 0 1'3'_6.l 

/.5 " /8'.6 I 

30" /&'.61 

/ ' /8'.60 

2' /ISlJ 
~ , I~.SO 

g' Ig.L;'-I 

/5' IR·J6 

30' . / J?JO 

I~.sl 60' 1S'.Oo/-

IgSI 120' I? .g'lf 

23.s1 360' 17·J!) 

3- r -lIt!! 23.v6 /7!?S ' /6.bO 

4'. T -Iflr 17.1'1 2 ~l;J' /6. ~s 

20.06 :Jo/J' I / t5. ~S 

, 

.2.0 I<j/cm'" 

1.125 Kg /em' 

0.5 

H 62.2S em 

h 1.6t em 

i 20 rm[/'l. 

L[ 0/.16 em 

L/ 7'.10 C'm 

4/ 20./1" Cnl~ 

,qf / .9'.1S t!pt" 

ec= /.50t' 

ef = I. '-/ '-13 

..J 

PAGE J 00 

I 
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THESIS 
ROBBRT COLLEGB GRADUATE SCHOOL 

BBBBK, ISTANBUL 
_r •• ~ 

oam,ote. 1Vo. .9 . 

Ooft /!If'e. f< II.. YOS "P. 

G2rol1v(ometry - 2 00 P. 

7:)a.:te 7"(:rne. 7-[.7?me 7<. e a.d C:n 8 

.5 - T -1!J6iJ OO.:J,g 0 Ig.oo 
IS ,., /9.00 

30" /8.9g 

1 ' /!.Je 
2' 1~.!J8 • 
'I' /6'. J I 

8' If. ~1 

IS' / 8'. ~o 

.30' /K.60 

01.2'8 60' le.It" 
02 ·/S I/O' /C.2~ 

08.30 ~~21 17.S5 

Ii· 10 1002.' 16.gS 

7- r-I!IO~ 1 g. 2 2- 391S" /6.16 

8-.:r-1.96!J It;. 00 L;Lt9S' /6.16 

2.0 l{tj/cm" 

/.6g 1<'8' /cm' 

0.5 

H 62.25~m 

h 1.12 em 

t 20 mln.. 

L,' 4. '10 em 

L, L/.6R em 

fh /g.JS em" 

1!J.'1/cm 
~ 

f-I{ 

e.= /. (.1 '/!J , 

PAGB 101 
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BEBEK, ISTANBUL 

9 7=t. . 2.0 l-:f/cm'l. cSam,Ple lV'o. 
~ ------+-----------~ 

Dod zype. KIL YOS 

Grt:u1l/!om~t'Y - .200 

Va.te. Ti"me.. T-E·Tt:me. 

g -7 -1!l69 /6.32- 0 

IS" 

30" 

/' 

2' 
4' 

. 8' 
15 1 

30' 

17·32 60' 

IR.32' 120' 

20 .. 12 2£;0' 

9-1-1/163 00.']9 L( is' 

10.05 1053 1 

/0- -1-1:169 18.05 2993' I 

II - t -/969 00.00 Lt716'l' 

12-7-1969 Og.OO 52 'If" 

13 - 7-1369 IS'. 00 rO~5" 

-Po 

72eadifl.!J 

18.20 

11.15 

I ~ ·11 

IU·O~ 

18·06 

/8.01 

It·Yi 

11·JO 

It·?&' 

li·s~ 

19·29 

16·90 

/6.1(J 

/5.50 

1£;.5"0 

14'.00 

13.fiO 

/3.90 

2.52. K.J'/cm' 

0.5 

H 62.25 e/7Z. 

h 0.56 em 

t 20 min. 

L" Lt· 6 f em 

L/ 4.63 Cm 

/-Ii" 1.9. ~I em' 

Af IF.tO c.m'" 

e[= I. 37J 

e f = 1.263 

'PAGB 102. 
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= . 
-

; 

~-

c5ample #'0. 9 Pc. 2.0 I~/cm~ 

coi £ Type KILYOS P. 3. ~f' I''''/cm~ 

G raIlCl/ome.i rg -2.00 Ll0. 0.5 

']::)a.. {e. Tline T-£. Terne. ~ead'i1.!l H 62.25 em 

13- t -/969 /9."1 0 /8.80 h 0.l/6 em 
, 

IS" 18.80 

.JO" 
t 30 m[ /l . 

/8.19 
/' /&,.7f 

!, 
L..c L(.63 Cm 

2' I ~.1'f Lf Lf.Si em 
'I' 18.1/ 

/-Ii ~ 

8' I~. ~o 
IS.jO em 

/5 ' /f.~'t 11/ IK.OG Cnt' 

, . 30' 1'tl.SO 

20."1 60' Ir .. "3 0 

21·l/1 120' 1"1 . .95 

23· .'11 2. '-/0' /1."9 

/'1 - 7- -196!! 9.5'6 ffSS' 16.3/ 

19.1(1 /'1tro' IS. gO 

15- T -1.96.9 20. '-/1 29!tO' IS ·20 

16 -"7 -1.969 20·'10 4313 I Itt·90 

IT -7 -/909 g. 'to . S O!J!J' IIt·9O 
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; 

oamfJle Al'o. 9 2.0 !<.J/cm~ 

oDd 7jt,.oe KILY05 5.67 II.,. /CI71& 

GranCl/omeiry -200 P. 0.5 

"Date Ti;me. 7-£. Time 7<eadlng H 62.25 em 

1:t-'1-/gt9 I 1.35 0 h 0.42 cm.· 
IS d 

jOlt t 60 /71,'/1. • 

/' L{ 4.sR em. 

2,' L f '1.53 ~m. 

~' 

fI' 

/S' 

3D' I 
/-L' 18.06 cm L 

11, /1· 2.5 ant' 

/2 ·.75 60' " ei.=1.161 
I 

13.35 120' 4=I.o~'l 
Il(· 2'1 /6!J' 

11-1-lg69 II{· It5 /610' 

23.11- .2. OS'l' 

I!) -} -/~t~ 12·35 2. !l'lO' 

)( 10- 9 cnuec.\ 
\ 

K= 1.332 

2.0 -"7-196g Id.IO 'IlIf' 

23.30 .$"035 ' 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL _1'_._ 

Sample #'0. 9 Pc 

60,'{ TyfJe /-< Ii.. YOS P. 

Granu{ometry - 200 

7Jod.e.. T,'tne T-£.7im~ 7<et;ldci15' . 

21- ? -1!/6!1 /0.52 0 18·80 

15~' 18.1!J 

.30" /8·11 
/' /1·15 
2' /8·?1 

+' If.90 

; IS I 18'.£/ 

.12' / f.s"S 

1/.52 60' Itf-vl 

12-S2 120' If.!i' 

/ '-I.st 2'10' /'1-80 

·/~·Ol '-130' 17·Jo 

23.57 915' /b.l0 

.22 - ?-IU!I /6.3'1 1"792' It·JO 

23 -t--1.96!1 11·/3 326" 15.n 

2"1 -'7-1!l69 /0·20 I, 2id" 15.~O 

15.00 4528' IS .fD 

2.0 fir/em' 

8.5 /<J-/crn1. 

0.5 

H 62.2S em 

h 0.4'6 em 

t 102 171[(1 

L; 4.53 ern 

L{ it.it :; em 

At' 11. z r cm L 

AI It.?/ c.m1. 

e[=/.o'l'l 

e.f = . 962 

PAGB 105 
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For the statistical evaluations of the test results, a 3x3 Greco-Latin llID.trix 

was used ,'lith four variables. The distribution of variables in this matrix were 

. planned as 

I II 

1 

2 

:; Co/. 

the symbols standing for : 

Soil type : 

2. Topser 

3. Kilyos 

Presonsolidation load : 

ci... 1.0 kg/ cm2 

(3. 2.0 kg/ cru2 

"6. 1.1:.0 kgj cm2 

III 

Cc( 

Granulometrj: 

I. _ lolO 

II. -100 

III. -200 

llP/P ratio . . 
A. 0.5 

D. 1.0 

C. 2.0 

At the end of the preconsolidation steps, void ratios of the samples were 

determined (af on Preconsolidation.Data sheets). These values 11ere the initial 

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

the actual consolidation steps in the m~ONOR apparatus ,rere concerned. At the end 
, 

of each step of consolidation, void ratios of the samples ''lOre also calculated (ef 

on Consolidation and Permeabili.ty Data sheets). By dividing those intermediate 
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void ratios to the correspondin~ initial void ratio of each sample, e/co values 

were obtained. Then, log It: vs c/co curves ,,'erc plotted for each sar:J.ple (see 

Figures ';12, 13, and l1.1). 

:roanalyze the significances of the effects of each variable on the 

permeability value, several variance nnn.lysis w'erc carried at different levels of 

The m.atrices ol>tained by that ,.,ray ,.,ere (Pigures 12, 13, and II,!: 'Jere used for 

this purposc) : -

e/co = 0.95 e/eo = 0.90 

'I 

48.0 34.1 28.5 36.0 26.0 18.5 

30.0 120.0 36.5 23.5 95.0 

6.5 51.3 21.6 3.3 29.0 13.8 
, 

e/eo = 0.85 e/eo = 0.80 

------~----~~------~ r-----~r_------~----~ 

28.0 19.9 . 13.0 20.1 15.0 8.7 
~-----4-------+------~ ~----~~------~----~ 

18.9 67.0 23.0 11.\.7 51.0 

1.6 8.8' 0.76 8.7 5.5 

e/eo = 0.75 

15.0 11.3 5.9 11.2 8.7 1.1:.1 

18.3 11.6 36.8 14.4 9.2 27.2 

0.1.1: 1.1:.8 3.1.1: 0.18 2.6 2.15 

ill All permeability values are given in 10-9 em/sec. 

I 



8.1,1 6.G 

11.3 7.3 

0.09 1.1,! 
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2.7 

20.0 . 
1.33 

PAGB 108 

'rhose matrices "/ere analized by a computer program and the significance 

levels of each variable at the different stages of consolidation ,·:ere obtained. 

Another statistical analysis 'ms performed in order to investigate a 

regression be""w'cenperl1leability and several l)hysical properties of soils. These 
, " 

" 1)1" " e 
proportics'l'or,e chosen as : Activity (Ie; 0.002 nun)' PI, e,DlO and ---- • 

1 of e3 

This analysis 'vas dono by a. computerprogrnm (programmed by Dr. H. A. Efroymso I 

Esso Hathematics and Systems Inc. and modified by H. T. Tiimay for Iill! 1620) and 

was repeated for three different values of cleo ratio. Log k was used as the 

dependent variable in this ,ana.lysis. Then, '6dry '''as added to the above mentioned 

variables and tho analysis ,.,as repeated at the same oleo levels, this timo by using 

k x 109 as the dependent variable. 
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... ..-,. 

/ I 

V I II 
~/ I _J 

I (jl I 
/ I I 

/ e I 
I I J 

J I ¢ . I I I 
/ I I 

IA I I" 7 I I 

/ V / 
I I p:It I 

/ / i 
II I I 

L I I 
I II 

If I ) 
/ I I 

V ~ 7 
/ I j 

v . I -'1 
~/ I I 
V L / 

I / 
I L 

J r 
Ii I 

II 
1. 

V f=' , 

I 
_G.. IL , 

If 5 6 'f fJ !J 10 20 30 "-10 50 ":10 90 .00 

G> Sample N'o. I J ?a!abal7t;e, 1'~ = /.0" 0/- =.5" - LrO 

ED .samp{~ rfo.2 J 'Prxl.bahf-e, 'Pc :2..0, ~.: /.0, -100 

IJ),. 5 amp/~ N'". 3 , 'PaIu.6ahu."Pc:. = It. O,!!J; = 2.0. -lOo 

k )( J0 9 (Cntl"ec.l - ... 
, . 

I 
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I 
~ 

s::s 
t:'\ / 
~I AI 
/ / 

/. 

I 
P lL I 

/ I II 
/ / J. 

/ I l.r 
~ / I 

/ / V 
I 1/ I 

/ J V 
/0 / J 

I I I 
I /A • 

/ I / 
I I / 

f> / 
L I k 

d I /'" 
1 / V 
/ / L 

1 I / 
/ I 

I / 
L 

/ ~. 
AI I 
/ I 

I 
I 

/ 
I 

/ 
G( 
/ 

, 

/0 20 60 80 /00 

~ 8amtlt.l/7,. Lt, Ioj'ser, "Pc:: 2.0, q/--=2.o J -~o 
G> Oan'JOle. NO.5. I Ioj'ser, 1?:..::: ~.o , JfoE-.: 0.$ ,- /00 

EP ..sam/Ie. lib. 6 J Tdj'.ser, 'Pc. == /.0 • 41-- /·0 " - "LOO 
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:l00 <too 

k "/09 ( /. ) , cm/J~c 
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1I 
II 

) V 
7 

/ 

EP .5o./71l'le;Y;. 7- / 

& ,.5antfle No. <6 ~ 
G>. .5am?/l 1'/'0. !J J 

-"". lk 
e~ 

/ 
/ 

V / 
~' I / 

/ 7 
V 1/ 

I' 1 I 

/ V / II 
.. II V / 'J 

II 
J 1I 

I LI 

V V 

J LdV 

/ / 
G I 

/; / 
/, V 

I , 
I 10 

u " .s"" /, 0 I ~/' ~ /, 0 I - ~I 0 IC-I ']" J Ie. ::: ..,. , 

K'(jo.J I 'Pc.: /.0 , 1#::; 2.0 I -/0" 

K1iJ".s I 'PI:. == !l..0 J 0/ :: i). S J -20':; 

~ 
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The changes in the permeability values·of each sample ,'lith the increasing 

consolidation pressures were obtained. These curves are given in the follmdng 

page (Figures 15, 16, and 17), together ~dth e vs log P curves (Figures 18, 19, 

and 20). 

F values, that is the significance levels of each variable at different 

stages of consolidation 'vero obtained as : 

~----~------r-----.-----.------.----~-----;----~~ ____ ~ 

~ 0.95 0.90 0.85 
Variable • 

0.80 0.75 0.70 0.65 

~------------~~-----4------~----~~-----r------r------+-------i 

Soil type 3.93 .11.28 5.98 6.88 9.69 12.52 16.95 
~--------------4-------+-----~~-----+------~------r------+------~ 

Granulometry 1.1.1:2 1.16 1.03 
~--------------~-----4------1-------r------r------r------+-------i 
Preconsolidation 6.93 1.1:.86 11 .63 

load 

Ap/p 1.15 1.60 1.95 

These results are also sho'm on a F VQrsns e/eo curve (Figure 21) to 

demonstrate their relative effects on permeability at different stages of 

consolidation. On that graph percentage evidence levels (2) are also indicated. 

As it is seen frOD this diar;rmn, the effects of the variables are in the 

followinf! order in the final stage : 

1. Soil type 

2. Preconsolida.tion load 

3. Ll.p/p 

I 
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~--------------------------.-----"---------------------------------------~ 
"" \J 

~ 'X 

~q0r-----~r-----~-------r------~------~------.------'------~-----, 
~ 

~ 
~ 

1> 

35~--4\--4-------+-------~------t-------+------~------1-------+---~ 
,\ 
~ 

30 ~----}-tt-+------+------i 0 5aml'/~ No. / , "Pc - I. 0 ~~ /cm' ~ ¥ = o. 5 ~ - ~ 0 

\'\\ ,~ s.san1f'j,//! ~. 32 
J ~ .. ~:OO" ,!: ~. 00 J -:0°00 

'\ ~ Qml t. IT O. "' reo = 7· /I , =r- ;: ",. J • -"," 

~~\ 
Z5~----~~~---+------~---4-------~----~~-----4-------+-----1 

.~~ 
'[" 20~ ____ ~ ____ ~_E~~~~ __ ~ ______ +_----__ ~ ____ ~ ____ --_+------_+----~ 
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I,i'" . '" ': ' '" I '5r-----~------_+:--~--~_r. '~~~+_----~r_----~i------_+------_+----~ 
I "",~ . I 
I ~~, I 

.~~ -\1 -- "" --.... --'O~----~-------+-----_r------+-------r·--~--~~~ ~~~+-------+---~ 
~::..:::::.. --

'''-- .... ~~ 
, 

............... ... 
5~----~-------+----~~------+-------~----~-------i-------f~~--~ 

o~ ____ ~ ______ ~ ______ ~ ______ ~ ______ ~ ____ ~ ______ ~ ______ ~ ____ ~ 

o '3 5 , ~ 8 

-p 0" /em .. ) 

Permt.aDilif.y Vs Consoli.dai[on. pr~s.sc.lre.. 



~o 

~ 
~ 

" ~ 

~ 

" 80 

90 

~ 

\ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

ToP5£R 

fA 5amf"~ «0. ~ I 'Pc=:2.o k.f~m" I LJp#~1-D ,-Y" 
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601-------+--\---+----~ o .5 ~m~/~ ;v.;. 5 I -Pc::. .= 9. 0 If I ~P/p - o. s , -/ 00,+--_---1 

e .satJ1~/e ~. 6 3 ?c::= /.0 " , . .tlf'/".,: 1-0,-200 

/o~-----~----~L----~------_+------_+------_+------_r------_r----~ 

OLO-------/L-----~~~----~3~----~~------~S~----~6~----~?------~,----~ 
-p (kJ/Ct1t e.) 

i :Ji.q. (Ib) ?ermt.abiliu VS. C0t7S0/'(;/«tion p/'~.s.1(/r~. 

I 
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KiL YO.5 , ED c5ample NO. 7 ~ 'Pc.: 'r.o .(J/c.,,,~ , ~;/p=- /.0, -'to 
~ OQl17p/e. tfJ. 8, 'Pc. = /. 0 /I , LJI/p.=:1.·0 I -100 
(£) SamjJle ;(0. !J I 'it=- 2. 0 /I , of I, .:: O. S I -200 0, 
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............. 
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In the reGression nnnlysis, correlation coefficients o,f ench variable i'lith 

respect to lOG It and Ie ,",ere obtained at three different levels of e/eo • ,These 

values and th~se chanr;es i'lith 0/ Co ratio are given in tifO "correlation coefficient 

vs e/oo" gl"aphs (Figures 22 and 23). 

Variables ,.,ith significance levels greater than 2.50 i'lere taken into the 

second step of regression analysis and regrossion coefficients '\'Tere calculated. 

Thus, the follOlfing equations ''lere obtained for e/eo t::) 0.70 and e/eo = 0.80 levels 

respectively. 

cnses. 

log Ie = - 9.38157 - (0.26261)(Activity) ... (3.3081!1!)( 1 : 0 5 ) 

log Ie = -- 9.~~87l - (0.03025)(PI) + (1.03160)(0) + (3.0~016)( 1: e') 

(0/00= 

k ~ 109 = - 27.906 - 13eOO.353 (DlO) + 96.q36 ( 1 + 05 ) 

k x 109 "" 10.106 - 32.297 (Activity) + q3.839 (e) 

Log It equations give better results. 

No variable with an Fvnlue of greater than 2.50 ''lere found for e/eo = 0.90 

The values of log Ie calculated from the first tim equations arc givenbe10i'1 

together i'/'i th the e}q)erimentally fOlll(l values 
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Calculntcu. 

-7.96S03 

-8.05977 

-7.951.1;95 

-8.02236 

-8.02831 

-7.708(.6 

-8.08873 

-S.q71l71! 

-8.Z!1758 

Calculated 

-7.72368 

-7.88385 

-7.81818 

-7.7S6ql 

-7.79601 

-7.30813 

-8.331l76 

-8.12600 

-8.13025 

.. "I"~<;, -. 

Hcn sure cl 

-7.95078 

-8.0601.1:8 

-8.38721 

-7.8I.l163 

-8.03621 

-7. 5651!3 

-8.060q8 

-8.58502 

-8.25963 

Hensured 

-7.696s0 

"'7.82390 

-7.0601.1:8 

-7.63827 

-7.83268 

-7.2921.1:3 

-8.0601.1:8 

-8.0601,18 

~8.25963 

Difference 

-0.01725 

0.00071 

0.1.1:3226 

-0.18073 

0.00790 

-0.1].1:323 

-0.02825 

0.11028 

-0.15795 

Difference 

-0.02688 

-0.05995 

-0.75770 

-O.1~8l1." 

0.03667 

-0.'01570 

-0.27l.l28 

-0.06552 

0.12938 

PAGE 12.1 

I 

The results obtained from the last tivO equations are given in appendix E 

computer outputso 
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The order of im!lortance of four variables arc in thd expected manner with 

the exception of the effect of granulometry. 

The analysis results shm" thnt granulometry hns an unimportant effect on 

permeabili ty. But it is a ,,,ell knmID fact r,ranulometry is one of the most important 

factors. But this docs not'-mertn' that the test results are in contradiction ,dth 

this fact. Because, the sieving operation ,.,ras done on dry soils when the test 

samples ,",'ere prepared. 1\nc1 since it is almost impossible to breal\: a clnyey soil 

to its individual particles by meclw.nical means, actuO:lly the llUllPS of soil 'ivere 

taken as soil Imrticles. This w'Us confirmed when 'lOt analysis of these samples 

'''ere mad.e in order to find their activity and Hazen's coefficient, IlI0 values. As 

.it will'be SCOll frollt; thc. gradation curves obtained from wet analysis which are 

given in appendix, about 60-70 % of +lOO portions ,,,ere found 'io 1)0 passing No.200 

sieve. Therefore, all the samples ,.,ere alJ;lost of sm~e granulolJ1otrr, and a 

granulOJ:lctry effect on 1)crmcabili ty should not be cxpeeted. Since the effect of 

c;ranulometry was· found to he insic;nificnnt, this confirms the validity of the 

variance analysis. 

Soil type is found to be the most iUlportant factor. And this !!lay be 

attributed to the llro,perties of predominant clay minerals in the soil. '.rho 

thickness of ,,,ater film around the soil particles arc affected by the clay mineral. 

And since this nonflO1dng film of '''ater blocks the movement of free water, 

perllleabi;tity is affected by the type of soil. 

In this so·t of experiv1Cnts, soil type had another important affect. The luml 

of soil "lOre taken in preparinG the samples as the actual grains. And the actual 
; 

grain size distribution of the samples ,",ere nmch related to the distribution of 

indiviclunl particles in those hllilpS. Since each soil had a different grain size 
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distribution in the lumps, act"l.U).l granul ome try of the samples were also affected 

by the soil type. 

As it is seon from F versus e/eo graph, the importance of soil type increase 

as the consolidation proceeds. '1'his fa.ct is in agreement with Terzaghi t s theory 

that 1-vhen soils are excessively consolidated, Derlileability is affected only by 

the miner:al stru.cture reeard~css of the other factors • 
. . -,: ' . 

i' 
/ 

Preconsolidation load is found to be the second important factor. In fact, 

in the early stages of consolidation it is the most important one. 'rhis is the 

eXpected result becaus? the arrangement of soil particles is rel~ted to the' 

J:lrqconsolidation. And in the early stages void ratio is also dependent on the 

preconsolidatiou'load. 

,; ; 
, ...... 

,', ' Althot~h "it s!lo''lsan increase as ithe consoIidation steps incren~e, pIp is 

still the less important one' of the allOve mentionecl factors. 

The rosul ts of regression analysis sho,., that perI~eabili ty is significantly 

related to activity (the ratio of plasticity index to percentage ivcir;ht of grains 

smaller than 2 microns size), e ,.. 
1 ... e' and plasticity index itself. Especially 

the relation bctvlCcn permcabili ty and activity is highly significant. This result 

also confirms the great importance of soil type on permeability. 

Also, the correlation coef:Cicients arc determined beti'leen each pair of 

variables cnterinr, into the regression uUc.1.1ysis. 
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Conclusions : 

At the end of this set of eXIleriments, soil type is found to be the most 

iinpprtant factor in permeability. Preconsolidation load also turned out to be 

an important factor in permeability of consolidated clays. The effects of the 

rate at ,·,hich the consolidation load is increased and granulometryare less 

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

deficiency of dry sieving. 

; It may also. be concluded that there is a significnnt correlation be~ ... een 

-the activity of a soil and its permeability. Similar corrplations are also fOt~ 
~'~~i'~~\i':"""~ 

betw'een permeability and plastid ty index and values of soils. 

Al though the experiment.s ,jere I'tID only with nine samples» the rosul ts are 

reliable. The e:A.lleriments ''lore carefully planned boforehand according to statistica 

rules. That made it possible to obtain quite satisfactory results even with nine 

sampl~s. The probab;i.l~ ty leve Is ar;~ ~<l-ther ,higIl i~ spi to of' ;the' fe,.j':mmlber, Qf 
I" 

., 

experiments (80-90 ~~). If a more extensive experimentation ''lill be run 1'<'ith a-

greater number of samples in the same statistical model, it may he possible to 

obtai~ results ,.,i th almost 100~~ sir;nificance. 

'rho fOl'l:lUlas relating permeability to activity, 1 + 0 3 and Plasticity Index 

c1erivcd wi tIl calculations lJUsed on statistical methods, may be considered the most 

important achievement of this experimentation. 1'bose cqtlations make it possible 

to detel'l:linc permeability i111io11 require difficult C:h.11Crimcntation itself, by the 

use of relatively en.sily fOU1lCI soil propcrtics. 

As a furtherrcscnrch on this subject, to !'lID another sto:l:.ist.icully :rredctenTli 

set of experil:1Cnts with a [';reatcr nnnbcr of sam:ples (e.c. In;}", or 5x5 Greco-Latin 

models) may be sU[;Lr,ested. It I:lUY he possible to obtain more accurnte fOl'1:lUlas to 

I 
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rolate permeability to soil propertiQ6 as a result of this research. It mny also 

be possible to detennine the actual effect of granulollletry by using ,.'et sieving 

in preparation of the sau~les for that set of eA~eriment6. 

Another important achievement of such a rese"arch, provided that radial 

drainage is prohibited, may be the comparison of permeability values which will be 

calculated from consolidation duta, with tile experimental permeul>ility measurements 

That comparison may test the validity of theoretical values at different stages 

of consolidation. 

I 



THESIS 
ROBERT ,COLLEGE GRADUATE SCHOOL 

BEBEK, tSTANBUL PAGE 1'2.8 
, ....... -

RlWERENCES ; 

1. Bjcrrum, L., Huder, J., Heasurement .2! Permeability 2.! Compacted ,clays, 

Proc. Fourth Int. Con!. on ;:ioil Hechnnics and Foundations L'ngineering. 

London, 1958. 

2. Fisher, It. A., Yates, F., ~~tistical. Tables for/BioloGical, AgricUltural, ~ 

Hedicn;l Research, Oliver and Boyd Co., London, 1963. 
~ ~ __ ,_.'~ F -

3. I~rol, ll, n., Engineering Properties of: Soils, Prentice lIall Inc., 1955. 

4. Lambe, rr. \'I., .§2i! Testi!!!~ for E~incers, J. ,oj. Sons, 1951. 

5. Heans, R. E., Parcher, J. V., Physical Properties 2! Soils, Charles E. Harrill 

Books Inc., 1963. 

6. Hitchell, J. It., Hooper, D. R., ,Campanella, H. G., Permeability; ~ Compacted 

Clay, J. S. H. F. Di'visiol1, ASCE, Vol. 91, No. SH~tProc. Paper 4392, July 1965. 

7. Taylor, D. \'i., Fundamentals, 2!.§2.!! Hechanics,J. ~.{. Sons, 191.1:8. 

8. Terzaghi, IC., Theoretical ~HeCllO.nics, J. 'i. Sons, 1963. 

9. Terzaghi, K., l'eck, R. D., .§2ll Hecl~anics in Ep.gineeri~ Practice, J. \v'. Sons, 

10. Togrol, E., l'iimay, H., Bogu,z lUlleriniIl; Hinerolojik Ozelliklcri, l'Urldye 

Htihendislik lIaherlcri, SaYl 11.1:3, ~ubut 1967. 

11. TUmuy, N. T., Lure,,,, H.G., Hcen, J. L., i;ffects 2! 1'{eutron-Gamma Irradiation 

2E. rhyso-Chcmical ProTlertics 2! ~ Grained Soils, Higln.,ray Hescarch Board 

12. Ulu~ay, S., Pactors Lffccti11['; r:erl1leahility, Robert Co1lclLC, ~chool of 

Enginccring,Civil Engineering J$Cllt., 1967. 

I 



THESIS 
ROBERT.COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

13. Ulker, 11.., Istanbul BOguzl Qovrc-sin<lcki IUllcrin Jeotcl~il~ Ozelliklcri, 

ITU In~ant PnldiHcsi Hutbaasl, 1966. 

PAGE ,2.9 

11.1:. Volk, lof., AVPliod Statistics ~ Bnginecrs, H~Grow-liill Book Co. Inc., 1958. 

• J 

\ 

, I 



I 

r'H E SIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

APPENDICES 

" ! 

PAGB I!JO 



THESIS 
ROBER~ COLLEGE GRADUATE SCHOOL 

BBBEK, tSTANBUL 

A. Preconso1i~tion Curves 

PAGB J31 



~------~-.----.-

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, tST.fu~BUL . ,-". ~ 

---~-------~--'----------------.--------------

j~ 

~ 

. 

! 
Z 

/ 
V 

/ 
/ 

/ 
,,/ 

/ 
/ 

/ ,V 

I 
_L 
~ 

'1 
I-
I 

1 

(. I 
o -

PAGE 132. 

\ 



/ 

/ 
J 

f 
L 
I 

I 
1 

L 
I 

~ 
..... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

. ..,. 

. 

/ 
/' 

./ 
./ 

.~ 
V 

/' 
r,/ 

/" 
/ 

/ 
/ 

PAGE 133 

~ 

. 
. 

t) 

~ 
1::1 

" 

/ 
/ . 

1::1 

" 
. 

it I 



) 

/ 
L 

j 

! 
j 

J 
-Y 
I 
I 
I 

~ 

THESIS 
ROBHRT COLLEGE GRADUATE SCHOOL 

BEBEK, 1STANBUL 

." ... I 

j 
I 

~ 

/ 
/ 

./ 

""-
/'"' 

/' 
./ 

L~ 

/ 
/ 

0 

. /!u/prra;>L J17JCL 
-: 

:> 

, 

I 

\I) 

C) 
C) , . 

PAGE l:Jlf 

• # 



J 

J 
T 

L 
I 

~ 

o 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, 1STANBUL 

-

•• ,#'..--

I, 

i 

J 

J 
/ 

L 
V 

,,/ 

/" 
/ 

~/ 

/ 
V 

I . 
, 

..I 
1 

/ 
7 

j 
I ., 

o 
o 
o -

o 
o 

0 -

PAGB 135 

~ 
, 

,...~ 

~ 

~ 

~ 
~ 

Cf) 



, 

...I 

T 
I 
~ 
7 
I 

~ 

o 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-

''''. 

\ir 

(. 

(. 

~ 

7 
!' 

7 
/ 

,...7 

7' 
7 

./ 

/ 
[7 

J 
/ 

7 
7 

7 
7 

j 

7 . 
J 
If 

PAGE 136 

.. 

... 
~ 

0 ~ 
C> ~ , 

() I, . 
~ 

II 

~ 

~. 

..... 
ti 



I 

-

<:> 

o 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

,~, 

, 

/ 
J 

- 7 
/ 

./ 
./ 

./ 
,./ 

17" 

7 
/ 

/~ 

I I· 
i 

/ 
I 

I 
F 

I 
I 

1 r 
j 

1 

. t'V.Ir'J:J~(i. )X>?(Z 

---------------------

PAGB lsi 

( 

. 
, 

1\ . 

-



<: 

o 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-

."'---. ; 
/ 

/ 
,L 

y 

L 
/ 

/ 
/ 

V 

L 
y 

/ 
L 

V 
'I 

/ 
j 

! 
I ' . 

" L 
L !' 

I 
j 

r 

PAGB 1:38 

• 

I;) 
t.:) 
t.:) , 

, 

I 
! 
,I , 

01 I ... 
~ 

~ 
I 
.; 

~ 1 

I 
~ 

II ~ 

'" 
1\ 

~ i 

J 



/ 
~ 

;-
/ 

/ 
.I 
! 

J 

j 
y -, 
I 
I 

1 
T 
I 

~ 

o 

THESIS 
ROBERT CULLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

. ....,. 

I 
I 
~ 

7 
/ --, 

/ 
V 

L 
/ 

/ 
/ 

./ 
/ 

/ 
/ 

7 
v 

/ 

J. 

, , 

PAGE (351 

J> 

I . 
• 

J 

1\ 

00 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, tSTANBUL 

----=--------------------- --~---------

-~. 

/ 
/' 

V 

/ 
./ 

/ 
/ 

d' 
/' 

/ 
/ 

V 
/ 

I 
I 

-:7 
Y 

/ 
L 

II 
J 

j 

I 
/ 

1 
I 

J. 
T i 

I 
~ 

-

/ 
'/ 

/ 
/ 

; 

I 

';l 

(. 

'1 

I 

0 
0 .... 

c 
...... 

.... 

PAGB 1't0 

.. 
~ 
~ 

I: 
~ 
" 
C) . 
~ 

II 

~. 

. 
~ 



I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

B. Consoli(~tion Curves 

PAGE I~I 



" r 
II 

J 
r 

j 

I ., 
I 
I 

1 
T 

cl 
;;! 
'-Ii 
'-

" a 
l> 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

. 
. -. 

j) 

J 
'f 

1// ---

f V 

I 

/ I 
I 

./ 
/ I 

./ 
,7 

/ 
/ I 

V I 

/ I 
I 

L 
I 

I 
I , 
I 

, 

I 
I 
I 
I , 

I , 
I 

I 
I 

.::r- '" 

~ 
~ 
"- .. 

~ 

~ 

I ~ 

It) 
• a 

" ~ 

~ 

" -
• 

~ 
~ 

~ 
ts 

CI) 

" 



!'>-..... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

."'-

~ 

II 
f~ 

,;: 
I I , 

/ 
/ 

/ 
.l I 

/ 
/ I 

J I 

I 

I I 

7 I 
I 

I 

I 
I I 

1 

I 
I 
I 

I 

I 

e J 

'-0 

'" 
I 

~ I 
'0 

""" ... 
I~ 
"-

~ 
\} ~ 
~,~ 
~ -i; 
"-

~ 
~ 
"-

~ 
"-

t 

I.t) 

PAGB lJf 3-

" 
~ ~ 

~ 
<;:) 

It) 

~ \-) -....: . 
1\ 

~ ~ 
I 

I 

~ ~ 
~ ""I 

"\ 

~ ~ 
" ~ ~ 

~ ~ q" 

~ tt 

oJ 

~ 
~ y 

"'" 
It) 

I f'I-. . 
<:) 

." 
ft 

"-. 
~ 
~ 

~ 
t:s 

If) 



I 

~ 

<i-

'" Il>ci 
"-

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

~ 

.-"". ., 
I -, 

!/ 
lJ 

j 

IIV 
P~ 

/&f' j 

V I 
)is I 

/ 
/ 

/ I 
./ I 

/ I 

/ I 

~J 
o I 

I I 
) I 

I -, 
I~ -T 

I 
I 
I I 

J I 

7 I: 
II I 

t 

I 
I 

1 
I 

I 
i 
I 

o· f 

I 
. 

I 
~ ~ 

; 

[ 

PAGB I Lt tj 

'"' • 
.~ t 

~ ~ :::: 

~ CIa 

" ~ 
\0 

.~ '" , . 
t;) ~ 1\ 

~ ~ R 
~ I 
'\ 

~ ~~ "l 
'-I 

~ 
~ " 
,~ ~ 
~ ~ I\J 

~ ~ 

.. 
~ 

. 
~ ~ 
~ V '\ 

""' 
\(\ 

~ 

'" ....: 
1\ 

fl 

~ 

" ...... 
. 

~. 
~ 

~ 
i:S 

V) 

" 



G 

~ 

'" 
~ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBEK, ISTANBUL 

-~-

- r 
I 
I 
I 

';J # 

I 
f 

/ 

~ ~--.-P. 
/ I 

-, 
/ 

/' 
V 

,./ -
/" I 

~ 
/ ,·1 

/ I 

I I 
> I 

I 
IJ 
t1 I 

I 

I , 
I 

.1 
I 

I 
I 

I 
I 
I 
I 

I 
I 

"'I -

I:l 
() 

~ 

I:l 
~ 
"-

t::) 
"-

.... 

-o 

PAGE Ilj 5' 

"t 
~ '-... 
~ - It) 

C\J 
V) 

.~ t\j , 

~ 
..... C'f 
"'-! II 

r-( R 
~ , 
.~ ... -} 'W t ., 

~ ~ 
~ 

~ ~ ... 
~ ~ 

.. 
~ 
~ 

00 
'0 

" II 

~ 

....... . 
, ~ 
~ 

~ 
\::S 

CI) 



\ 

,/ 
V 

I 
I 

J 
1 

( . 

..... ..... 
--;, 
"-

'0 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

, , ..... ~ ~ 

.~- P 

I:.. 
r -
// 

// 
L 

/' 
y' 

/ 
./ 

./ - . 

,/ 
/'" 

/ 

It) 

PAGB Ili6 

.. 
~ '" .. 
~ CQo 

""" 
I"l-

It:::. 'i':>o t') 
" 

\I) 
II 

~ " ~ ~ \I .~ ... I 
.~ 

~ 
~ .... '1 'N 

'" ~ 
~ ..... 

~ ,~ 
'~ ~ 

~ !~ ~ 

~ ..... 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, tSTANBUL 

-~-

Ii> 
• , 

I 
I- ---

II 
f 

) V .j 

/ I 

I 
/' 

V 
/' 

L 1 
/' I 

/ 'I 
~ 
V I 

/: I 
, , 

1/ I 

I 
L 

r I 
/ I 

1 I 

J i I 
r 1 

j I 
I 

! I 
j 

I b 

.' I 
• I 

I 
I 

1. 
I 

t; 

1 
!"l-

I 

I 
..:-
It\ .... 

'" ~ t") 

" 
(Jtd) ;;1/.!).70<1Cf.., -eJ';'1-7JJt?g;-

-----------------

PAGB tL, 

~~ 

~ 
~ ~ 

~ n.. 
,I::: "2 ~ 

" ~ \r) 
~ 

"-

'-' 

~ " cu (\. .. 
,t:: , 

.... I 
~, 'fJ 

~ ',::: '1 ... 
~ ~ 

" ~ ~ 
:s 

~ ~ 
~ Ir; 

. 
~ 

-c::) 



-:. 
..... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

, ..... 

I 

111 

JiJ /1 
'I 

V I 

I 
L 

/ I 
/ I 

,./ 

f I 

/ 
lL I 

L I 

f Ii' 
• j 

d 
,~ 

I I 
II I 

.1 
j 

! I 

j I 

I I 
I 

..I. 
I 
I 

. L • I 
J 

I 

! 
® I 

I 
I 

'J- <"\ 

PAGE 148 

.. 

"""" 
~ ~ .... {S , .... 

" ~ 
~ \'lrJ 

t\-- rx; . 
~ 

V t'1 II 

~ ~ ~ Go. , 
"- 'fJ 

I 
~ ~ ~ .., 
\~ ... 

:( 

~ , ,f:l 

~ ~ ~ 
~ ~ 

I::) 

"-
........ 

. 
-~ 

~ 

~ 
c:s 

if) 

..... 

<V 



/ 
/ 

/ 
r 

il 

J 
~ 
.L 
.L 
I 

1. 
f 

~ 

"" n-

"'" ..... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBEK, ISTANBUL 

.~. 

J / 
c I 

!II 
/:1 

, 

I 

/ J 
L J 

.-

/ I 
/ ·1 

/~ j 

L 
l/ I 

1. 
d. _t 
r : I 

u 
i 
;1 
;~I 
.. 

.. 1 

J 

1 

I 

. I 
~ 

PAGE 149 

.. 
i 

~ 
~ 

--.. 
1"1-. . ... . ' \() ... 

~ \r) 
c;:) 

~ c;:) 
III 

~ " , " I ,'" ... 
'1J ~ 

"l 

\~ 
~ 

~ 

~ ~ 

~ 
.... 
t:: 

~ 
~ 

l() . 
ex:> 

\I 

ft 

~ 
...... 

...... 
. 
~ 
~ 

~ 
<3 

CI) 

" 



N-. 
'"'-

VI ... 
~ 

" 

L 

7 
'i' 

7 
7 

] 

7 
I 
~ 

, 
~ 

i" 
/ 

/ 
.I 

I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBEK, ISTANBUL 
. ,"'''.-

," .... 

j 

/ 

f 

1 
1 
r 

'/ 

fr--

~/ 
[7 I 

. I 
." 

./ 
./ 

./ 
I)'J 

/ 
7 

/ 
/ 

I I 
"1 
I 
I 

T 

i I 
I I 

" ) I 
I , -,-

, 
i 

:,' I 

'\ 

, 
i I 
-, 

I 
~ 

( Jill) bl'.'?OC)?L. (}J1-'.I()lZ:. 

PAGB \5D 

~t 

~ 
~ 

""'" ~ .... 
() " .' 

" 
~ II '1\ 

~ ~ 
~ " I 
I:) .~ I 
~ 'tJ 

~ 
} 
~ 

"'l 
I.) 

~ 
~ ' ..... 

:.1 
~ ~ 
~ 

-...;:; 

~ ~ 

~ 
~ ...... 

.I 

"' S 

" I ~ 

~ 
ci 

f{' 

~ 
...... 

~ 

. 
~ 
~ 

~ 
(:$ 

if) 

...... 



I 

~ 

-..... 
n-...... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

~ 

-..,.... ~ 

J.. V 

/1 
V I ;I I 

L 
f I 

/ 
./ I 

/ I 
/ 

/ I 
L -' 

I L 1 
-L 

d 
1 
I I 
I 1 
L r I 

II I 

r 

I I 
I 

I 
I 
r 

I 
I 

. I 

I 
I 

r1- ~ 

PAGE 151 

~ ... ...... ~ 
... 

~ 
.~ It) C) .... 

Cl 
() 

I:) 
.... 

!:: ~ . 
'-' 

~ 
~ 

Q\ ~ ... 
"-, .... r 
" } 'i-l ~ ~ 

'"l ., 
\') 
~ ~ ..... 
~ 

~ ~ ~ ~ 

~ ~ 

; oJ 

~ 
~ 
~ 
" 
<:::> . -

\I 

f\: 

. 
~ 

..... 
c) 

~ 



.~ 

.. , 

c! 

"'" -0 

0:.:. .... 

0 ~ .... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK,1sTANBUL 

-

r;> 
----. 

J 
r 
/ 
I / 

// 
L_ 

// 
/' . 

-£ r 
/ 

/ 
I 

I 
~ 

1 
_L 
I 

j 

r 
j 
r 

CIa ". ..... .... - ..... 

PAGB 152-

. 
~ 
~ ::: 
~ 

~ 
~ ~ 

" ~I --.. 

~ ,~ 

~ I 
'-' I 

~ 
" ~ ~ ... 

"l .~ '" '1..1 11\ 

~ '" :::! " 
~ ~ 
~ ~ 
\l 

~ ~ 

C) 

<:I 
C) 
..... 

.. 
. ~ 

" V -
C) 

I . 
~ 

(( 

(4.' 

. ... 
..... 

'------------------~-------------------;~--------------------------



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBBK, tSTANBUL PAGB /53 

~ .. 
... ~ ... 

....... 
c;> 

'"' ~ <J ,I::: , 
" ~ \X3 ~ q II 'v 

~ ~ ~ 
~ ~ 

I 
~ .~ I .... 

" ~~ 'N ~. 
"\ ..., 

J 

1 / jj----
'J 

~ ~ ..... 
,r:5 ~ 
~ ~ 
~ ~ 

I I 
I \ 

/ i 
/ J 

./ 

~ 
"~ ~ 

"-
~ 
¥ 

/' 
V ~ 

/ . I . 
~ 

/; . I 

I I 
I , 

\I 

~ 

~ 
~ • 

I 
C\l 

/ 
j 

• 

~ 
1 I 

/ I ~ 

~ 

L I 
I 

~ 

() 

ca 
.... 

I 
L 
J. 
I I 

J 
~ I 

~ I ~ 

~ 
" I 

OQ <1- ~ 

'" ...:t-



I 
I 

,( 

r 

~ 

.-<.. 

'" . 
"" -

.... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBEK, ISTANBUL 

'"". 
( 

• t, 
I 
/ 
f 

i// l/'_ 
J _-.--J_ 

/ 
/1/ 
// 

,// , j'I' 

/ 
/ 

L 
V I 

., j I " 

I , 
~ I 

i I 

l 
/ 

If I 

I 

j I 

j I 
, 

I 
r 

I 
I 

I 

f 

I 

I 
I 

..... ~ '- ,)0-..... ..... ....... 

~ 
~ 
I:) 
'\, 

~ 

... . 
o 

-... .... 
I' 
€ 

'-' 
~ 

,~ 
" 'IJ 

PAGE IS It 

't 
~ ~ 
<:) 

.::i-

~ 
I 

~ 
"1 

~ 
~ :s 
~ 
~ 

. 
00 

\I 

~ 

~, 

I 

-



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGE 155" 

, ...... -

. 
.~. 

I 

t 
. / k(---

/ 

/ -" 
// II 

U fT 
L 

L I 
,.J 

V 
'I 

I 
/ ~ , 

I II 
II 

, . 
I 

/ II ~ 
/ 

J II 
1 II 

7 II 

I I 
II 

~ 

I 
[l I 

II 
II 

I ~ 

/ II 
J I 

~ I ~ .;.. 
I " 

...... 
ci 

\)\ 

" 
(Xl r,... 

(J zu) GU? PT.J(}CL 7H 7JJ/J8; 



. 

I 
I 

1 
If 

~ 

,~ 
-~ 

0 - 0. 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

s. _ 

'-. ~ 

" j J-

'I 
/ 

1/ v--

/~ 
Y' I 

f 
/ 

// 
// I 

// 
/' 

-"V I 

/ 
./ I 

V I I 
.f I 

,/ 

l f 
/ 

/ 
j I , 

L I 

j I 

J 
I 

I 

I 
I 

I 
I 

I 
I 
I 

0, 

I 
, . I 

OJ h.. 10 ~ 

PAGE 156 

-~ 
~' ::: 

....... . ~ 
"-

~ 
()) . 

'-J ~ ~ 

~ 
1\ 

" ~ <:) ~ , 
c::) .'" <:) .... 

~ " '!J ~ '.::: 
~ "l 

I') 

~ ~ " ,'t:l ~ 
~ ~ \J ~ 

~ h? 

01 

c:> ~ 
~ ~ " ~ 

~ . 
~ I 

\I 

~ 



THESIS 
ROBERT COLLEyE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGE 15-1 

~---------------------------~~-----------.------------------,----------
-

"-, 
~ 
~ 
n-.. . 
C\) 

,,, ... . (t 
I 

~ , 
~ 

~ 

I 
/1 ~-- -----

~ 
~ 
(t 

/1 ; 

. I 
7 

7 I 
,/ 

7 
/ . l 

/ " 

/ ' I 

...... . 
()o 

II 

p,. I 

I 
I 

I 
,./ 

1 I 
7 
/ 1 

J ' I 

r .', I 

7 I 

II I 
I 
I 

.-. -, 
I 
I 

~ 
. ! 

I 
I 

<'1\, 
~: I "'" -- I 

0 ~ ~ ~ ~ bO .... .... 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGE /58· 

~ 

~ 
-~ , ~ 

-

.~ !).. 

~ 
, 

t'1 
'-.. \) 

~ \J 

~ ~ , 
'" 

.''''-. 

'I..J I ~ ~ It) 
I-) ,~ 
~ ~ 
~ ~ ::s 
~ ~ ~ 

~ 
J }----. I 

L 

/ 1 
,./ 

/ 1 

L I I 
/ I 

L I 

! 
· I 
I 

/ 
...I 
1 '-.1 

I 
I 1 

/ 
L :1 

L : I 

, 

~ 

Ii ; I 
IT 

: I 
J , 

· I 
3' 

1 
1 

· I 

1 
I 

~ 
1 
I --::r-

~ I 
~ 0\ CIQ "t- 'l> 

" 

--:----------------------------= 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGB IS 9 

D • ~ 

~ 

• 

-""'. 

<f 

0 
L 

7 
p, 

" 

;?/i :-- --

// 
77 

77 
V 

7 , 
-7 I 

/ 1 

./ - I 
I 

/~ 
1 

I 

7 I 

I . 
1/ 

'"' '.'-

r I 
/ .. .,..;. I 

/ . : 

f 
/~ 

7 I 

7 I 
I 

v 

1 
r I 

1 
, 

I 
7: I 

'" '" I .... -
~ 

.... ~ ~ ~ ..... 



./ 
L 

L 
L 

L 
/ 

V 

L 

/ .., 
I 

I 
I 

1 r 
1 

.., J 
'-

~ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBEK, tSTANBUL 

, ..... 

• 

j 
/ ./ 

LL' 
LL 

d'L 
R 

L IV 

L 
./ 
/ 

/ .. 

.. 

,. 
. 

.. 
-

, 

i 

.;:,. ..... 

PAGB f60 

. 
~ 

J . 

I 
/ 

L 
V 
y~-

I I 
I 
I 
I 
I 

I 
~ 
I , 
I 
J 

I 

I 
J 

I 
I 

. I 

I 
I 
I 

I ..... 
o 

<'II ...... 



I 

/ 
/ 

.I 
1 

_L 
d· 

... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. 1STANBUL 

~ 

. --
. ...,. 

~ 

t //--. I 
/ 

J I 
/ , 

V 
,) J 

/ 
/ I 

/ 
V 

/ I 
-

L 
L.. 

L-
/ 

/ ~ 

J 

/ I 

T / 
/ I 

· I -, 

# I 

• I 
· I 

I 

I 
I - - '1 

-; .. ..... 
€ ..... 
\I 

C~ 
\) 
~ , 

"-a 

PAGE 161 

" 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGB "a 

~ 

~ ~ 

........ 

~ ~ 
~ 
~ 
"-,-

i 

I 

I II 

~ 
~ -. ~ .. 

It) 
...... 

.~ "" ~ 1\ 
'-.J 

~ 
~ 

~ \ 
.~ 

~~ ~ 
~ "'i 

~ ~ 
~ ~ 
'", ~ 

~ ~ 
f1~ 

--t- .-

VI 
j' I 

/ 
/ 

/ ' t 
/ '" 

~ 'I 

/ ' , I 
/ I • c 

! -I " ~ 

L I 
I 

.1 
J , I 
~ . 
I I 

I I ~ 
1 

. I 

, r I 

l 
. I 

I~ I 
I I . 

I 

I 
I 

I 
r 

Q 

I ~ 
I"' - I 

'{\ -.)' 

~ 
'1 ~ ~ " ~ .... " 

r {'hi} bl//,P>TcJ ":.-:1 -;JJ ?-?~1?'.t!iC 



/ 
/ 

j 

If 
J 

l 
'f' 
I 

7 -, 
J 
'f 

~ 

iii 
0 
..; .... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

~ 

-"'..-. 

G 

J 

1 
i'p~ __ 
~ , I 

7' ,- . 
./ 1" 

7 
1// 1 

;7 

/ I 
/( / I 

/ 
-::7 
; . 

I 

I 

I ' 

T 
1 

I 
I 
J 

I 
..... '" '! --~ 

PAGB 16' 

, 
" 



..... 
w 
.... .... 

~ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

........ 

-

---
~ 

/ 
i 

I/( ------

// 
/L 

// I 

.,/ 
L 

,.., 
I 

/ I 

/ I 
/ I 

/ 
V I 

/ L 
~ 

/"" I 

/ I 

/ I 
L - ! 
/~ I 

J I 

I 

I I 
• 

I 
I I 
I I 

J I 

7 I 

I 1 
~ I 

I 
'I ! 

I 
I 

.... ~ 
~ ~ ~ 

PAGE 16~ 

°t 
~ ~ 

~ ~ 
"" " ~ 
,~ --.: II 

~ ~ ~ " I 
\I I ~ 
.~ -}~ -ij 

'1 
~ ~ " \~ ~ 

~ ~ 

~ \~ 

.a 

C) 
~ 

~ ~ 
~ 

~ 
'0 I 
...: 

II 

~ 

I 



I 

j 

I 

~ 

(') 
~ 

~ ...... 

0<) 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

~ 

-. jil 

~. 

( 

/ 
7 ., 

r I 

/ I 

I 
7 -1 

/ 
,I 

/ 
/ 

/ 1 

I I 
v· 

I / , 
I 

J 
T .. I 

I 
/ 

J 
T r 

j. I 

II I 
1 
I 

I . I 
-

I 
I 

.,.. '<> 

PAGE 165 

t-
oO 

~ ... - ~ .~ ~ " ~ ~ I'h 
'- ~ ~ 
" 'Q II 
~ '" (\. o '" 

~ O'IJ I 
~ 

~~ "-
-} , 

"l 
\~ 

~ ~ 
~ ~ 
~ \~ 

01 

~ 
() ~ () 

'\I~ "- ...... 

C"I 
\r) . 
~ I 

1\ 

~ 

. , 



I 
J .., 
I 
I 

J. 
r 

~ 

It) .,.. 
..0 .... 

~ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

,.. .... -

~ 

-. T 

J I 
h 

If. 

0/ 
V ·1 

~/ 
, 

'I 

/ I 
I 
1 

/ ~L 

I .. i 

,./ 
-I 
.r 

/ . ,I 

/ 
L , 

" 

/~ 
, 
I 

/ 

/ .1 
1 

r.L I 
r -, 

/ 
/ 

J 
7 

. 
I 

V I 
1 

I 
[ 

I 

I 
I 

I 
[ 

! 
L 

~ rio-

PAGE 166 

.. ~ 
~ ~ 

'"" ~ ~ 
,f::! '\t) .. ~ l.r) 
~ In 
'- ~ ~ 

I:) " ~ 
,0 .~ 

, 
\ ' 

t ~ -;l 
~, , 
'1 

~ ~ " ~ ~ 
~ ~ 
~ ~ 

~ ... 
I:: 

0 , 
~ 
"- ~ ~ 

00 
~ . 
~ I 

1\ 

~ 

" i 

, 



I / 
j 

I 
t' 
I 
I 
I 
J 

& 

~ 

'" ..; 
"-

I'l-o 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK,1sTANBUL 

..... -

~ 

~ -. 

I 

~' 
/ 

} V 
I 

-' 
./ 

./ I 

L 
./ 

/ I 

/' I 

V_ I 

/ : I 
I 

/ 
.L 

/'" 
/ 

I 
/ I 

1 
I 

'0 II) 

PAGE 167 

-

" 11 

. 
tn I 
.~ 

~ I() ..... 

~ 
~ 

~ 
(3 

Cf) 

h 



L 
/ 

/ 

/ 
7 

Ii I 
j 

I 

~ 

It\ 
co 
::i-
...... 

It") 

THE~It) 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

! 
! -. 

I 

~ 

I V 

Ii 

(+-
,L / 

/ 
£ 

/' t 
/- f 

/ " 
V I 

/ . I 

/ ! 

I 

) 
V f 

.1 
" .-

. I 

I 

I 

I 

I 
I 
I 

I 

I 
I 
I 
I 

I 
-' 
I 

I 
1 

"l-

PAGS 168 

~ 01 

~ ~ ... 
c: ..... 

~ 
{l 

to 
• I 

00 
1\ 

~ 



/ 
/ 

1,/ 
'ii" 

I I 
j 

I ,.., 
I 

I 
J 

,J 
7 
/ 

I~ 

-E 
~~ 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 

-. 

7 
./ 

7 
/' 

~ 

/""' 
7 

7 
/' 

/ 
/ 

./ 

'"' ... ,.:; 

~ 
'v 

~ 

C! (). ~ 
~ ',. 
~ 'rJ 

/ 1/ 
W 

I 
I 

I 

· i--

t I 
· I 

.' J 

,. 

:1 
, I 
· I 

:~=t= 

1-
: I 

... 
'-

PAGE 169 

oJ 

~ 
~\ 
~ 

\J " 
~ ~ , I 

~ t 
'1 

,~ ~ 
,~ J ~ 
~ ~ 



I 

1 
)-' 

~ 

.:::r-
"l 

'" "-

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

~ 

Il> -. 

/ 
l 

f , I , , 
/ 1 

,./ I 

/' ,I 
/1 I 

/ I 
/ / 

I 

I 
-I 

I 
-...t I 
'j' I 

I 

I I 
J , I 
r J 

. ! 
i 

I 
· I 

T 

-. 
· I 

T 
· I 

I , I 

I 
I 

--_. 

, 

PAGE 170 

.. 
""'\ ~ ~ I~ ~ " ~ '\) 
'-' II) 
\I ~ ~ 
~ \I 

t:) ~ ~ (\. 
~ I 
t:) 
\. 

, 
*~ ~~ "> 

"> 
,~ ~ 

,~ ~ 
~ ~ 
~ ~ 

.. 
() S I::l 

~ "-

c:, I ....: 

II 

~ 

'\:} 

" 
'-n 

, 

~ 
~ 
.~ 

§ 
<I) 

" 



/ 
/ 

/ 
I I 

j 

I 
y 

I 
I 
I 

1 
T 
I 
J 

Q 

~ 

n-.... 

00 ~ ..... ..... 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-. (. 

J 
j 

/ V . 

JI: 
/ 

/ 
/ 

V 
/ I 

/ I 

/ 
/ r 

/ 
I 
! 

I 
7 

7 
r I 

I 

I 
I 

T 
, I -, 

I 

I 

I 
I 
I 
I 
I 

~ ~ ~ 

PAGE 1-;, 

.. 
~ 
~ ~ 

~ \J 
""' ~ ~ .. 

" 
.~ 

II .. 
/0:: 

~ (\ -.. 
<-... , 
" 

, 
~~ ,S ~ "l 

'fJ '1 

~ ~ ~ 
~ 

~ ~ 
~ 

~ " ..... ~ v 
" ~ I C) . 
I:'J 

II 

~ 

~ ..... '-Q 

.. 
~ 
~ 

~ 
(S 

CO 

, 

-ti 
~ 

--------------,----------------------------,------------------------~~ 



J r 
/ 

L 
/ 

! I 
j 

I 
t" 
I 
I 
I 

1 
r 
I 

d 

rt-

.." 
"-

THt:.~I~ 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-- ~ 

/ II 
j( 

/ 
If) 

-\ 

, 
/ 

/ j 
."./ 

/' . 1/ I 

/ I 

7 I 

V 
I 
! 

I 

L I 
~ 

/ 

I 

I 
I 

I 

I 

I 
1 
I 

: 
I 

I 
I 

I 

, I 

I' 
I 

PAGE 1'12-

.. 
~ .... 

~ " 

'"' t:.) 
.~ \J ~ .. 
~ t'i ~. "'" ~ (:) 
\I I 

0 
.~ \ ~ 0 

" " ~ 'j.J '1 
'1 \~ 
,~ ~ 
~ ~ 
~ 

~ ~ 

<:) 
C) .. 
" " ~ 

~ 
~ 

~ I 
~ 

1\ 

~ 

.... 

--------------,----------------------------,--------------------------~-



L 
/ 

/ 
I 

J 

/ 
't' 

I 
I 

1 
T 
I -

J 

'" .... 
'" ..... 

r H I:. !::i I t) 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

~ 

-. r 
I 
I 

I 
I 

0 

/ / 
f ./ 

/ 
/ /~ 

L'/ 
r/ 

y 
./ 

/ I 

/ I 

/ 
)/ 

./ 
J 

r 

I 

I 

I, 
I 

C) 

~ 
-

~ 

....... 

.. 
~ 

" ~ 

~ 
• 
~ 

11 
(4. 

'-9 

~ 
~ 

PAGE 1'7~' 

.~ 

~ 
\) 

~ 

~ 
I 

~ 
'-l 

~ 
~ 

~ 

~ 
c::s 

if) 



0 

., 
~ 

'" .... 

I HI:.t)It) 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

.. ~ ..... 

.-. 

'f' 

V 

I' 

b ------
/, 

,,// I 

ff 

/ 
/ I 

/ I 

/ 
V- I : 

/ I 

/ 
I 

I 
~ I 

I I 
I 

/ 
I 

/ . I 

/ I 
I I 

,. 

I 
I 

o 
~ --

PAGE I-=lit 

.. 
"""" ~ 

\ 
!::: -
t ~ 

" " (J ~ () ~ II ... 
';:) "- \.\. I 
~ " '~ I ~ .... 

'iJ ~~ ~ 
.... 
~ ~ 

~ ~ 

~ ~ 
~ \{ 

.. 
C\ ~ Q 

"- -¥ 

'" I • 
Q 

1\ 

~ 

-t:> 



_. __ ._ .•. 

I t1t:.~I~ 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK,lsTANBUL 

--. 

'/ 
L 

) / 
/ 

/ 
/ 

,/ 
-/' 
/ 

/ 

! 
I 
I ,., 

I 
I 

1 r 
/ 

L 
I~ 

I 
I 
I 

I 
7 
/ 

J 
, 
; 

..., 
~ 

10 .... 

~ "" "'": ~ .... 

PAGE 1Y5" 

... 
~ 
~ 

... ... 
....... ~ .... 

<;J .", 

'" ~ Ii) ~ 
....... \5 ~ \I 1\ 

.~ (\, I 

... I ~ 'IJ -t ..... 

~ 
~ ,~ 

~ ~ 
~ ~ 
\t \( 

I " 
/;,/ :"-

/" 
I 
I 

I 
I 
\ ~ 

I 

I 
I 
I 

I 

·1 

' I 
-

I 

I 
I 
I " , 

01) 



-I 

';j; 
-::-

t. ...... 

I rlE:.vlv 
ROBERT COLLEGE GRADUATE SCHOOL 

BB'BEK, ISTANBUL 

" 

-. 1 
/1' . ! 

/ 
/ 

/ I 
/ 

/ I 
/ I 

/ I 

I I 

I 

V I 
I 

I 
I I 

~ I 
r I 

/ I 

J I 
T I 

I 

! I 

I 
~ I 
I 

I 

! 
I 
I 
I 

I 

I 

I 

I - .... 

o 
C) 
\, 

PAGB 1716 

I 



I n t:. '=> I '=> 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 

/ 
V 

/ 
/ 

/ 
d 

/ 
/ 

! 
r 

I 

I 

.... 
~ . ..... ..... 

N- '" , , ~ 

(ltv) ..fv.7"=~ "N-a~n-$L.. 

• -. 

J 

/ 
/ 

/ 

~ 

-
\j 
r. 

GIl) ---

Y'I 
,,/ ·1 

. I 
/ 

/ 
/ 

/ 
i 

I 
I 

I 
, I 

\ I 
I I 

1 

. I 

I 
I 

. I 

.1 

I 
: I 

I 
I 

I 
I 
I 

I 
I 

I 
I 

1 
~ 

PAGE 1"1] 

~ 

~ 
~ ~ 

-.... ~ \J 
,0:::: 

~ ~ " 
~ II ~ 
\J G\ I I:: I 
,~ 

~~ '1J 

"l '-) 
c;) 

~ ~ <:) 
<:) 

" '~ ~ 

~ 
~ \~ 

" 



/ 
/ 

I 
.I 

I 
/ 

j 

£ 
II 
~ 

~. 
~ 

I nt:.\:)I\:) 

ROBERT COLLEGB GRADUATE SCHOOL 
BBBEK,1sTANBUL 

, . 

-. 
0/ 

V' 
/' 

./ 
/' 

/' . ./ 
./ 

/ 
L 

/ 

I 
I 

i 

. 

""" '" ...... ::::. "-
It) ~ 

(lILl) l'lI.'JC~CJ ;? 7:t?./na.. 

/ 
V 

~ 

PAGB 1"18 

.. 
~ 
~ 

IP 
", 

'"' 
'J 

.... .;;i-'~ 
l':: 

~ ..::; 
1)/ I 
~ 

I':: } "1J 

C/, V 
~/ 

I 
I 
I 

IIJ 
CJ ~ 0 
~ ,I;:) 

" " 
@ 
~ 

I 
I 

I 

' I 

I 
I 

.. 
~ 
~ .;: 

"I: 

'I 
I 

-
I 
I 

I;) ~ I t.::l 
~ " 

~ 
! 

I 
- I 

I 
I _. -

. 
I 
I 

- I 

I 
I 

~ I 
1 I 
I 
I 

I 
I 
I 
I 

I 
I 

J 
w 



I 
I 

1 I 
T 
J 
T 

~ 

It) ., 
'" ...... 

tI. ~ ..... 

I HI:.t)I~ 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

"rl" . 

-. 
J 
I 
I 

r!. 
J 

I 
I V 
// 

1/ 
V I 

) 
/ 

./ 

./ 
./ 

/' 
/ 

./ 

L I 

I , 

I 

I 

~ 
.... .... 

PAGE 1"19 

oJ 

~ 
~ 

""':-
<:l 

1)0-
.s:! ~ " II 
~ ~ ~ \..J 

I I 

~ ~ ~~ ~ \~ '* , " ... , ~ 1) 

~ .~ 
~ ~ 
~ ~ 
~ l~ 

t::) 00 ...... . 
~ ...... 

.~ 

~ 
<l 

<IJ 

-ci .,.. 
I _I 



I Ht:.t;It; 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

til 

~ 
II -. / • 

// ~----
/ /-

/ /-
// 
// 
~ 

/ 
/ 

/r/ 

) 
V 

/ 
/ 

/ 
,/ 

/ 
I 

/ 
if 

I 

I 
1 
I 
I 

J 
1 

~ ~ 
~ 

~ 
"-

~ 
,.... 

~ <) 

( tr2W) 6u.'I'~lJa: 'd};7Jt?1Z: 

PAGB 180 

.. 
t 
~ '-

'-

--- ~ ........ 
,~ Il) ~ 
~ ~. 

~ " ~ " I 
,~ I ~ " ~ '\J t.j 

~ ~ 0 ~ ~ 0 
~ ,"l 

" ~ ~ ~ ~ ~ 

, 



, 
/ 

I 
J 
r 

/ 
J /, , 

1 
T 
I 

.... 
": 

"'" 
G 

--

I MI:.~I~ 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

) 

) 
V V ___ 
V1 

// 
P/ 

7/ 
/' 

/' I 

./ 
V 

/ I 
~/ I 

V -. 

I I 

, 

I 

I 
1 

I 
-I 

I , 

I 
T 

I 

I 

I 
'0 ~ bo 

~ , , ....... ~ ~ 

PAGB 181 

... ,t 

~ ~ 
.~ ~ 
" tI'-
~ c-.t 

'-.J 
" 

~ 
Q 

I 
,~ 

~ " 'IJ 
') 

I:) ~ ~ 
I:) ~ , 

~ 

01 

~ 
~ 
~ 

~ 

~ 
, ....... 

00 
" ~ 

... 

(7uv) 6u,'p~CJ?t 7}f."Une ' 

--------------.-------~-----------------------------------------------~ 



I HI:.t:>It:> 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

.-. 

-

il 
. -- -- ---

-. 71 J' 

-ij/ -, 
I I 

<!J 
/ I 

1/ I 

/ 1 

7 1 

/ I 
I 

/ 
/ 

/ 1 
V I 

7 • I 

7 T 
/ I 

I' I 

I 

~/ 1 

I 
I 

..... 1 1 
'1 1 

I I 

I I 
1 
l I 

I 
j I 

J 1 
I 

...... 

I I 
I 1 
I I 

(, l r ~ 
II 1 

~ 1 
- I I 

rt-
ll\ 

~ 

·1 
..... 

or, 00 Ii. ~ 

--------------------------------------------------------------~ 



I nt:.~lb 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGE 18:3 

~-. 

~ A---
. I 

V 

/' -- I 
I 

7 
7 

1/ I 
./ "1 

/' I 

/ I 

/ r I 
y V I 

/ I 
I 

/ I 
1/ 

L I 
/ , 

/ I () 

/ i 

/ i 
II 

~ 

I I 
" I 

II 

'" I 
I T 

/ T 
i I. 

r I 
j I 

I I 
I 

y 
I 
I I 

I 
j I r I 

_L 1 
Id 1 

I 
I o 



/ 
/ 

~L 
7 
I 
I 
I 
b 

I I 
f 

'" 

6) 

--
V) 

'" 
<Il -

I t1t:.~I~ 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

> 

-. / 
,/ 

,/ 

/' 
/ 

/ 
/' 

L 
/ /' 

/ 
V 

I 
/... 

• 

~ 

PAGB IS, 

~ ~:t" 

~ '* ~ 
,,~ ~ 

ix ~ 
\J 

" ~ .' ~ ~ " 'fJ 

~ , . 

() ~t,< ~ , 
~ 
~ ~I 

~ I 
.~ '" 
~ ~ 
~ \~ 

~V-----
I 

I 
I 
, 
I 

.I 
I 

i 
I 
I C) 

~ .-
I iT 

I 

I 

, ~ 
::\'. 
~ 

J 
V) 

I 
I 

C\J ...... 

I " 
I 

I, 
~ 

I () , 
I 
I 0) . 
I 
I 

~ 

I 
I 

~ 

~ 
~ 

I tI) 
I 

" 
I 
I 
I 
I 

I 
I 

I J 
I 

I 
I 

~ 



I n t:. \:) I '=' 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL PAGE IS 

N 
l: 
~ 

~ ~ 

....... 
t\J .~ " ~ \i) 

~ '\. ~ 
'-l II Gt 
\I C\ 
.~ 

I 

" '!oJ 

Co:I 
~ .~ ~ 
"- ~ 

~ 
~ 

(. . 
J 

/~ 
.-

-. 

/ 
I 
I 
I 

~ 
./ -

/' 
/' 

/" I 

Z I 

/ I 

/ I 
I 

/ 
I 

I 
I 

/ 
/ I 

/ I 

I"" I 
/ I 
~ I 

1\ 

~ 

J ! 
; 

I 

f I 
; I 

-! 
'( I 
L 
I 

j 
I 

r I 

I 
I 

, I 
I . 
I 

I 

, 
f 

I 

I.. I 

--------1 



00 

.,; 

~ ~ 

111l:.vlv 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK,1sTANBUL 

~ 

7 /v 
/v 

/ 
/ 

/ 
V 

L 
/~ 

/ 
/ 

I 
I 

, , 
I 

J 
7 

/ 
j 

r 
J 

" 

• 

.... ~ ~ ..... 

./ 

l--

PAGE IS" 

~ 
~ '" .... 

~ 

~ ~ ~ 
1''' ~ 
~ "- t'I} 

v II 1\ 

" 
~ ~ 

.~ I , 
... 
~*' )J 

., I..j 

C) ~ .~ 
~ ~ J ~ ~ 
" ~ ~ ,~ 

~------

i 

I 
I 
I 
I 

T 

.I 

~ 
~ 
~ 

I 

I 
t'\) 
\s) I 
, 

c:) ~ Il i 
" II 

f.... 
I 

I 
1 

I 
'I 

I 
I 

, 

I 
-I 

1 
I 
I 

I 
I 

I 
I 

r 

I 

.: 
~ 



I I I i... V I V 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, ISTANBUL 

, 
I"V 

/ - / I 

V I 

L I 
,/ 

ftJ 
./ 

./ 
/ 

V .,' 
/ I 

/ ' I 
I 

V il 
I I 

., 
f 

L 
I .1 

./ 
f 

/ 'I 

j I 

l 'I 
I 

I 1 

I 

I 
I 
I 
I 
I 
I , 

I 

r 
1 

<"I 

I co 

~ 
~ .".. r- '" -- --( P J4</) r~"'r'2?;>it ~H-?"H11'L -----------------------------

PAGE 187 

rJ 

~ ~ 

~ -.. n.. 
,~ t\J '-.Q" 

~ V) Ie) 
'"' ~ ~ " ,~ II , 
'tJ ~ ~ I 

~ "") 

~ ,~ 
0 ~ ~ 
~ \~ ~ "-

,~ ~ 

! 



........ '-'1'-' 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, ISTANBUL PAGE 188 

oJ 

~ 
--. 

* .~ .::;; 

0 
M. 

~ ~ Ir) . 
~ ~ 

/ 
;.or. 

. I -. 
/ I 

/: 
, 
I 

I 
./ 

/ 
/ I 

" (t ~ .! \ I 
'(J 

~~~ 
'1 ~ 

() ~ \~ 
~ ~ ~ 
~ ~ "- ~ 

~ l~ 
/ 

/ I 

/ 
/ I 

V I I 

I I 
I 

/ I , 
I I 

" ,. 

r - I 

/ 
/ . I 1\ 

/ 
I 
I 

f I 
I 

I 
I . 

~ 
I 

I 
I 
I 

I 
, I 

I 
I 

i 
I 

I 
,. 

"'" I 
;r~ 

I 
..... M- '-J) It') 'I- ~ W 

-~--.--------------------------------------I 



I 

1~ ~ 
1 

. .. '"- '"" . '"" 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

/ 

" 
f-----

-. V 

/ I 

/ 
I 

I . 
I ,. 

/ 
/ 

/ I 
/ 

/ I 

/ 
Y I 

" I 

I I 
I 

I 
I 

I I 
1 
r 
I 
J I 
I I 

I 
l) I 

I 
I 

I 

I 

I 
I 
I 
I 

I 

I 
I 
I 

I 
-~ 

PAGE '89 

".It 

~ 
""-
.~ ().. 

{ "Q 

\..J \,) 
-------

" ct 
,~ I . 

-} '/.J 

Ii 

I.) ~ 
,~ 

~ ~ 

" ~ 

1\ 

~ 

. 
~-

" 



· .. "- '-' . ........ 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK,lsTANBUL 

C. Calculations 

, . 
\ 

PAGE 190 

I 



· .. - '-' . '-' 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBBK, ISTANBUL 

CROSS-SECTIONAL AREAS: 

In order to find the final cro~s-~ectional area of a 

sample, its final volume is dj.vided by its final height at 

the end of each consolidation step. . 

The symbols used in the ,fol101:r.i.ng cnlcu~2.t:i.ons are : 

Hf: = F:tnal height of the sample at the end of the 

step. 

PAGE \9\ 

Vi. =Volume of the sample at the beg:i.::1.ning of the ster.' 

6.V = Ch~.nzc in the sample volune. 

Vf = Vol~~e of the sample at the end of the step. 

At = Cros~-~ectioPAl area of the sample at the end 

of the step. 

S,ql"fPLE NO. / 

HI = If. 79 em.. J Hi= Lt. fl1. ern. 

Vi = (!lO.65)(Lf.82) = 99.53 ern
3 

AV= 16."10 - Ifl."18 == .3.92 cm:7 

vt = S9.53 - 3.92.. := .95.6/ 

Af = .95. " == /g . .!J6 cm~ 
~.7!J 

~ em 

I 
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P= 0.15 k..Jlcmf. 

HI = '-/.76 em. 

v, = .95.6/ em'] 

IJ.V = /6.69 -/5.50 = 1.19 em 'I 

Vf = 95.61 - 1.11 = 9~. ti.t em' 

At = 9'1.','1. = loS. tg/ em" 
~.16 

P::: 1.125 ~!Jlcm" 

Hf = ~. 70/ em 

V[ = 9Lt. 't ~ em' 

~ V = /8. 68 - /6. !J 0 = /. ~ 8 'CITJ 1 

V.f. = 9'1. '12. -/.18::: .92..6'1 cm J 

Af = 92.6'1 = /~S'l em 2. 

~,,'1 

7'= I. b 8 1<t9/cm1.. 

H.f = Lt.·72 CITl. 

Vc = .92..6'1 cm] 

LJV= 16.60 -1t.1.~2. = I.B8 cm' 

VI = 92.6 '1- /. Sf:: go. 16 CI'J'/ 

Itl = 90. ':1(, = IS. 2. 2. Cm It 

".?2. 
"P= 2.52 I&;k",' 

H~ == 'I. 6:; em 

V,-:: 30.76 em' 

Ll.V= 16.23-/'1.50= 1.7!J cm3 

VI = !lo.:;6 - /."T!I = 88.gl- enl 

At= ~8a.97 = 19.06 cm 2 

1(.6:t-

PAGB 192.. 
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P= 3.::; 8 I<-!J /em' 

7= 8.5 !&/Cmt. 

SAMPI.t: /\/0. :2 

HI = L/. 65 ern 

Ve = 88.J1 em' 

tJV= 15.lJ.J-13.25 = 2.2'1 cm3 

Vf = 88.91-2. 2ft = 86. fj c.m:! 

AI = 86·1.3 = 18. (, 6 em ~ 
4.65 

HI = Lf.6Z cm 

VI- = g(,.=73 - f. g7 == 8'1.86 cmJ 

f}f":~ = Ig.31 cm~ 
"'.62 

J-If = 'f.5=7 em 

V [= g If. g £1 em 1 

!1V = It;. :;0 -/3.02. = J. 6 8 Cfl1
7 

VI = 8'1.86 -/·6f1 = 83./$ em:! 

Af.:: 83.11 = 18.20 cm2 

I(Sl 

Hf = 'I. gO ern J H[ = Lf. 82, em 

V[ = (UJ. 65){ 'I. ~2) = 99.53 cm:J 

flV:::. 16. 8!J - lif. 53 = 2.30 Ct)1 3 

Vf :; 9g.53 - 2.30 = !l1.23 cmJ 

,tj f;:. 97. 2 s = 20. / 1 em 2.. 

~.~o ' 
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I-If = ~. ~O cm 

Vc = !l1. 23 cm3 

[).V = /"l.l!J - /S.13 = I. LtO cm3 

Vf = 97.23 - /. 'fa = .95.8.3 cm3 

AI = 95.83 _ 19.!J 6 
Lt·gO -

/JV= li.l0- /~.gf = 2.1-3 em 3 

VI= gS.g3-2.-1-3 = 93.10 em.1 

I}f = 93./0 = /!J. 't 5 cml. 
Lf.1!J 

fir = 't.72 em 

V[:. 93./0 cm1 

,1 V = 17. fl &' - 1 'I. 65- 3.2:3 em J 

\1 :. g:;.IO - 3.23 = 89.8'1- C,,!3 

89.81 _ 19.0 'f Cl71l. 

it· ~2.. 

11.;:::: Lt, 6 3 em 

~- = 89.gQ em' 

L1V.:= 17.6? - 11(.52 <= .3./5 ca'/' 

VI = 89.1:; - 3./5 :: 86.:;2 em' 

I7J = 86. n = /g.72 
7 'I.G] 

to em 

PAGB 19'1 
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511MPLE NO. .3 

7= 0.9 K.1lcm' 

1-1.;.= 4.85 em", He = if. jo em 

Vc={20.6S){Lt.!Jo)::: /01.13cm3 

Ltv:: IS.30 - li.l(j = I. ~I cm3 

VI- = 101. I!! -1.81 = .9!1.38 cm 3 

/11== .9!].3i' = 2(). '-It cm'Z 
iI.8S 

1-11 ::: if. :; g em 

~- = .99.3 f em' 

IJ\I ::: 19. 2.'l - /5. tlO = .:1. Eli' em' 

VI = !Jg.3~ - 3. 81 = !JS.SO cm3 

A - .!JSS·O _ 19.se em'!. 
f - ~.-1i -

H.t = it.:t 0 em 

Vr = 95'.50 cmJ 

tlv::. 1~.60-/2.9Z = 5.68 cm:J 

v.; = 95. SO - 5, {. 8 = 8g.92. cm:J 

/I 89.iZ ·z 
rtf = = 1.:1.13 em 

Lt. ~o 

?= O.!J K"icm t 

/-/f = ~. flO em J 1-/[ =~. f?3 em 

V["= (20.65)(~.fl3)= ,gS.?'tcm' 

!JV = 1!I.30 -:/6. 63 = 2·67 em:J 
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I S,<:JMPl.c NO. 5 

· ...... """ . ,.,... 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

V-/ = 99. t~_-J..6l-.=. 9'1.07- cm~ 

111= 9~.O~ ::: :20.22. cm'l. 
".to . 

Hf = if. t6 em 

Vc = g;.O 1- cm"3 

L1Y = /g.3fJ-/3.f50 = it. 53 em;) 

VI .: 91·0;' - 4.59 = 92.f( ~ em J 

.92. l{ r = I gJ( 0 em 1-

Lf.~' 

hf .: ~ 6-' em 

,/c,,: 92.'rg em' 

b.V = /8./1 -12.ftS = S. {, l em' 

\If = 31..',8 -5. 62.. = 8{,. U6 em J 

AI = 8~.g6 = /8.5/ em ~ 
f(.6!J 

P= O. 5 )(,lcm~ 

II( == '1.9!J em .) fli = 5.00 em 

\ft- .::. (2. O. 6 5 ) ( 5. 00) = /03. 2 5 em 1 

Ll V = I 8 . to - / t -5 6 = /. 0 'I c n/' 

Vf= /03.25-/. O~ = /01.2/ em] 

/l ::: /():J.2.1 _ ZOo tl-' emil. 
nl Lt-!J9-

/-If = ~.!J!1 em 

V l == /02 _ 2./ c.m l 
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ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, ISTANBUL 

\1.;-= 101..1/..- .'t~ == 101.73 cm3 

1/1 = /OI.?3 = 2. 0.36 emf. 
fr. gg 

HI = Lt. g 6' CI'J1 

Vc ;: 101."73 em J 

LlV = 1~.08 -18.15 = .89 c.m 3 

. Vf = /01.73 - • ~!J = 100. 'Itt 

III = 100. 'K'I = 20.21 cm 2 

l(·!lf 
'P = 1.6'8 kJ/cm" 

1-1.; =: ~-!J 1- cm, 

Vc =: 100. 8't (!'1J11 

4 V -= / g. 3 0 - It. S 8 = • 12. em3 

Vf = /00. g'l- .72 ::: 100.12 Cm
3 

III;: ItJO./2 = 20.IS t!rn2. 
.If. 97-

-Pc 2.52 1'9';fn1~ 

HI = 4.ft em 

Vi:: 100./.2. cm3 

IN =- /f.sg -Is.so = 1.6g cm 7 

v,=- 100./2-1.&S=!J!!.~3 c.m~ 

/II-=- 99. 't3 = 20.05 em 'Z. 

Lt.!J6 

-p =- 3.je K.!lcmq. 

ff; = LI. is Cm 

!It == !J9A 3 em'. 

IJV= Ig.6:J-I6.~O=I.g!J em' 

Vf=gg.~3 -1.·85==97.5''1 em' 

IIf = 97. S'£j = /!1. Ifl em" 
4.95 
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ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, ISTANBUL 

-p = 5. 61 !Lolc,." t-

fl.; = 4. gLI em 

VL-::: 9~. 5'1 em' 

LJV= 16. gO- /Lt. f55.: l.gS ern' 

VI= Jl.SI/-J.9S = !J5.Sf/ em' 

111 = 95.53 .: Ig. '16 cmt. 
~. 9'1 

-p= 8. 5 K~/t",'t. 

HI = Lt. gJ ern 

V[ = 9S.Sg cm z 

J.jV= /t./.tfl-12.62 = 2./6 cmz 

Vf= 95.5:1- 2./6 = 9J.'I3 cm;} 

AI = gJ. '13 = Ig.g,! cm1-
'r.!l3 

?:= 0.5 K.1/cm'l.. 

H; = 'I. "1!1 em ~ ,1-/[.= L;. f/6 em 

V[ = (20.65)(~. fl6) = gg,Jo em' 

VI:= fl':J. go - 5. 1.10 =: !1lf. so cm 3 

Af = 9".50 = /.9.? 2 em'l. 
't. ':f.!1 

7= /.0 ~Am7. 

HI ==- o/.7g em 

Vr = 9~.so em' 

Ll V = /6. 20 - /3,(/5 =- 2. 7' Scm 3 

VI = 9'1. so - 2.75 = 91.?S cm J 

4f = 9/·:;5 = / 'J. 20 cm'l. 
Lr.'1~ 
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I 

111L...VIV 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK. ISTANBUL 

IIf.:: 4."12 em 

Vi:= 9/.75 cm' 

tN == If.iB - 1'1./5 = 3.b'/ Cm j 

Vf = 91.:; S - 3. 6 '/ = 8 8. /1 c m~ 

88./1 /~. (, 6 cm2. 
't·n -

J..{t.:: 'to 66 Cm 

V, -= [1 f{. II em 'J 

L\V.:: /6. fJS - /2.£5 = Lf.30 cm.3 

Vf = 8 Fl. I / - 't. 30 = 83. f? 1 ern:J 

AI = 83.8'1 =- /7. gg em 2-

"t.66 

'"P= 8.0 /~/cm1. 

5r:JHPLE /110. :r-

HI = 0/. 'I:J em 

\k.: 83.81 em' 

L1V= /6.g0-12-:;0=~.20 em.1 

Vf = 'dJ.3/ - '1.20 = ~:J.61 cm) 

///-= 79.61 ::. 17. iZy em'%. 
i.1.'rl) 

1-11-= Lt.~2 em J Hr=Y.~2 em. 

V[ = {20.6S )(l/.KZ) = gg.S3 cm 1 

.6V= 16.0'1-15.03= .gS em' 

VI= .99.53 - .!JS == Sf.58 

Ill.:: !i'S.S8 -= flO.lI6 ern'&. 
"t. S"z. 

, 
em 
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I 

111'-'-'1'-' 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, ISTANBUL 

'P=.I.o Kjlcmt. 

1:11 = Lt.g/ em 

Vc = gg.Sf cm 3 

!JV = 15. ~/O - 1(/.55 = . flS cm' 

Vf': !J~.S8 - . 8S = 37. 1-3 em~ 

111 = 91. ~3 = 2.0.31 cml. 
it·f{ I 

/-1/ -= Lt. 1 f em 

Ve-:: 9 1. 73 CI11
3 

2lV = IG.e6 -/~.o&' = 2.18 em} 

\/f=: 99.:13 -2.7'8= 9'1.3S Crn"3 

/II = gL;.!]S - IS. g6 cm t 

Lt.? 'if 

1-1; = Lt. 12. em 

Vr:: 9't.!iS cJn:J 

LlV = /6 . .5/- /2 .55 = 3.96 CI77 J 

'1 = 9'1.95 - 3.96::. !lO.!).9 cln3 

;:If'::: !l0. qq - IS.:2 f em .... 
Jr.n, 

7>= g.O kj/cm? 

flj = Lt.£ 1 em 

Vc = 90.9!J cm 3 

LlV = 17· ~/O - /2.50 = Lt. flO em3 

».:: 30. 9g - Lt· 90 .::86.09 ern} 

lif ~ 86. 09 = / 9 . Y l/ em l.. 
't· 76 
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SnHPLE }/'O. '6 

111'-'-'1'-' 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK,1sTANBUL 

? = O.!! ~/cml. 

/-If = Lt.71 em , f/[ = 4-.8'2. em 

Vi.:: (ZO.6S){LI.82) = .!J!J.5J em1-

LlV = It. 35 - 8.89 = 7..",6 em J 

Vf = .93.5"3 - 7. '/b =' 92.0;' cm 3 

/1.;..= .92.0'1.= /g.SS em'" 
it·} I 

7= 2.t- ~lcm?. 

II; = /t.51 em 

Vi = 92.09 em' 

fjV = /!J. 70 - 1/.71 = 7.9f! cm 3 

flf = 
7= 8.1 k.Jlcm~ 

gll.Of _ I i. tit em L 

it· 5/ 

..519t1PL.E NO. 9 

HI = '1.3'1 em 

Vi.:: glt. 08 cm 3 

1JV= 18.85-//.£;3= 7.~2 cm J 

Vf = 8~.0&' - f. '12. == 7'6. b 6 cm 3 

/}f = 76. 06 = / f. S C; em'l. 
~.3=1 

'P= 0.5 k'.1lcm l. 

HI = Lt. go em.l 1It-:~· ~2 t:m 

V[= (Z.P.6S) (4·SlZ) ;:: 9!J.S3 cm 3 

/.J.V:::: If.iO-/b. 70 = 2../0 cm J 

Vf = 8!J. 53 - 2 .10 = 9 [I. 't 3 

II - .90/. ttJ - :20. 25' 
f - Ir.~o -

'Z. 
em 

PAGS ~Ol 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

-p = 0.:;5 K~Icf)1 'I-

11.;= Lt.?6 em 

Vc = 97. '13 em' 

~V= 17.50-/6./2 = 1.3icm' 

VI = .17.~J -1.39' = 96.05 

IlI= gr.. os = 2.0.19 cm t 

t,·96 
'P.:: 1.125 AfA-ptL 

HI = "30 em 

V, =- 36.05 cm) 

• em 

LlV= Ig.62-/~.JS =- 2.21- cm 3 

Vf= !J6.0S-~L.27.::. !J:J.'1~ ern") 

111= 
7J.:: /.6 f 19/c", .. 

91.'12 = 19.95 cm'Z. 
~.rO 

II; = Lt. 62 em 

fJV = /j.OO -16.16 = .2.9'3 em:1 

Vf == g'J.:;g - 2.R9 = 90. ~9 cm:1 

Ii/:::: 90. ~9 = l!l. '1/ em Co 

4.68 

fit = ~/·63 em 

V L -= 90.85 crn J 

!J.V = /f.lO -13.!lO = 4'.30 cm 3 

Vf = 90. tg- ~-30 == 'B6.sg em' 

AI::: g6.s9 = /9'.~o em?. 
'1.63 
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f '1'. 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 

'P= 3. =J~ ~/cm£ 

fI/= Lt.'S9 em ' 

\ft- = 86. S:1 em' 

L1V = Ii. go - 14.:10 = 3.50 cm:1 

Vf= g6.S9-3.!JO = 82.6:1 cm J 

I/f= 82.69 = 11.06 em'!. 
f.58 

7= s. 6:; K.rk,?f~ 

~= '-1.53 em 

V[::: fl2. 6 g ern' 

AV::: 17.'11 - 12.8S = ~.S6 em"3 

Vf =- 32.69 - Lt. 5'6 = lR.13 em;) 

111:= '98'·/3 = 17'.2S em"" 
'I.SJ 

-p= g. s K.J/cm"L 

flf = ~. ~I t (m 

Vr = 18./3 em' 

nv= /f.eO-IS.b'O .=3.00 cm3 

Vf .::: 98'.13-3.o0=,~S.13 cm'3 

-r.r.1'3 = /6.8'1 em 1-

"·'17 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

PERl£ABILITY CAICUIAT IONS: 

a. h . L 

H . i: A 

SAMPL.E NO. I 

k = __ -....:.(_. _0:.-3 Lf...:....:....) .:....(_ 2._I_g.:...} _( _Lt_. 7--:9_)_---:- = 31. If 1 x 10-9 
em /0$ t! Co 

( 1'1..55) ( 6 i( • f !J) (60) ( ,oJ ( 19·96 ) 

-p;;: 0.75 K.!J /em t. 

k= (.03£f){ I.B2)( 4.~6} . -, 
3/.23 y 10 cm/st!c -

(/2.ss)( 6 'I. I!J ) (60)(10) (!fl.if) 

'1'= /,/2.5 ~!l/crn 1-

K= (. 0 3~) (I.so) (4.~'t) 
25.38 )( 10- 9 cm/Jt!c. -

(12.55 )(6'1.19)(60)(10) (19.S'LI) 

'P= /.68 1L!l/cmf. 

k= ( • 03 ttl ( I. 14 ) ( it. "It) 
-

(12.S 5)( 61(./ g) (60) ( 10) ( 19.22. ) 

'P= 2.52 K-o/cm" 

.1::.= (. 0] 't ) ( o. 8'9) ( ~. 6 ?-) -
(12.5S) (6 't.19)( 10) (19.06 )(60) 

P=. 3.=78 ~.!l/cmt. 

k= (.03 't)( I.olf){ "'.65) -
-9 

12.35 X /0 . CIn/Jt!c. 
(12.Ss)(6lf.I!Jj(60}(IS) (18.66) 

PAGB 2ot( 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK,1STANBUL 

k =- __ .:....(.-=0-=3_.,...,:)...:.(_. _g_S_) _( _4_. 6_,_)___ = 10. 19 )( 10- 'J em Is t:. c. 
(6 l /./9){ 12 .Ss) (60) (, s){ 19.3'1) 

'P= 8.5 N,lc.rn'l. 

(.0"34) (. flit) (4.57) k .:: ____________ = -s 
-:;.. S ~ '¥f I 0 cm/s~c . 

(/2oSS)( 6 ~ .1,)(6 0) (lO} (I f.2.o) 

'P= 0.5 XJ/cm1. 

Ie = (.03~')(2.01)(it.f?O) 

(12. SS ) (64. '11)(60)(10) (20.0) 

?= 1.0 K9/cm 't 

!c'= (.03 t{){/.rO)(I.;.go) == 
(JZ.S5)(6'1.l(I}{60){10) (/!I.u) 

7= 2.0 kJ/cm1. 

(.034){ 1.lfl) ('t. '19) 
k = -~-----:-:---:-:---:­

(12.5S )(6'1.'1' ) (60) (fo)(!9.i;S') 

rp = L/. 0 k.Jlcm t 
k= (.OJ't)(I.IS){'t.'1Z) 

(12.SS) {t'I.'!1 )(60)(IS)(;9.0Y) 

p = 8.0 K.!J/cml.. 

= 

-j 
2. 8.61- X 10 CPI/.uc 

= 20.38 )C 10-
9 eml.u:.c. 

-!J / /'3.32.)(10 cm/st:.c. 

(.01,,){.9S)(~.tS3) -!J em.!.s k = __ -=-__________ _ 6'.25 ')( /0 • ec.· 
(12..SS) ( 64'. '{I )(60)(20) (18'. ~'l) 

5fJHPLc lifO. If 

p::; 0.9 K.Jlcm'-

PAGB 2,05 
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-P: 2..::; ~*m' 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

k. _ (.O:J"){I.~J)(it.H) _ 

- (/2.SS){ 64.2.3 ) (IO){'O){z.O.l.l. ) 

7= 8./ ~.k/11 ~ 

-9 
)( 10 . em/sec 

k- (.OJit){it.69)(I.~~) == 
- (12·55 )(6't.23)({,O)(zo){lflsJ) 

-9 ,/ /!l. • .J 0 )( I 0 ~mf'UC. 

SAI'f f'L c NO..3 

"P= 0.9 K-0m' 

( • 0 J 'I )( ~. ~ S ) ( .:J • Z , ) k= _______________ = 

(,2. S S ) ( &4. U)( 60) {zo} (z.o. 4 ~) 

(.034)(4.78){.2,..20) k = _____ ~----__ 
(/2.S-5H 6it.2.J )i~o){2.o)(I!J."V) 

7'= g./ K.9/em1-

(.03 t()( 4,"0) (. 6/) I< = _________ --:-__ 
(12.sS ) (6tt.ZJ) (60 J( ~o) (f!J.13 ) 

-1 
S. 2."1 )C 10 cm/.ru .. 

SAHPJ.E /VO. 5 

"'F= 0.5 K~hm2. 

(.0 J 'I) ( /. 90){ It.!lS) k = ---=---=---=-----___ _ 
/12 ... 5 J( 6"./9)( 60) (10)( 'ZO.lI9) 

-p = O. =J 5 /<.!J Icm%. 

I<. = __ .:.(:...:' 0:.,:.1....:,'1:.:.. ).:-.{_I-...:g:.:,./:...,) .:...( .1(_...:. 9..,:'3...:,} ___ = 
(12 .SS){6V.I!J) (I.o){ 10) (20. 3i) 

PAGE 20 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

(. 034)( /.59) (~. 88) k = _.....:...-...::.....:......:...:..:...~::...:.....:. _____ _ = 
(1'1 •• 5S){ 64.19)(&0)(10) (20. 7./) 

(.O:J4)/I.SI)(Lt.!O) 26./2. Y-IO- 9 cm/.uc. 
----~--------------------- = (12.S'S )(60/.19) (60)(IO) (!lO.IS) 

( ~ 03'1) ( J. 3 0) ( 4·' tJ 
k=--~~~------------­

(J2. ~~) (6"-15 }160 J( 10)( '2.0. os) 

p= 3. 78 ky icl7l l. 

1.03', ) ( I. 0 fl) ( ~ . .9 S ) k = _--=--=-.:.....:......: ______ --:-- _ 
I I'Z • .)-S ) ( , l/.19 )( 6 0) (10) ( 1 9 • "I J) 

K..9/cm (. 

(.OJ't)(I.Z1)( 4. !J4) k.: ________________ = 
(12. ss }(,~.Ig)( GO) {IS )(19. 'tt) 

(. OJ 'f ) ( I.:JJ ) ( Lot· 9 J) k = - __________ _ 
(J2.s 5 ) (6'1.1') 16o}(zo) (I K. "I) 

-;0= O. S I<"/cm" 

I.OJ'I){2..6S)(L;·"T9) k:::: ____________ = 
( 12 .S 5 )( 6 4. 'l. ~ ) ( ,,,)( 5 ) ( J". J z. ) 

-p= 1.0 K,lcm'-
t. 0,3 4 ) ( I. 9 S' )( .1./. ~ .9 ) k = ___ ---.: _______ _ 

(12.55 )(6.l.j·28)(6o)(5) (19.10) 

"'P= 2.0 k.J/cm'L 

-9 7/ 22.51., X /0 C/~.J~L 

-9 
19.0b ;rIo 

-~ 1'1.86 ~ 10 

cm/J~c. 

-9 
= /2.15)f 10 cr"/J~' 

-9 go. S }f 10 em/orec 

PAGB 1..0:;' 

k= ---------------------------~ 
. -9 

46.2(IIC'IO ~m/orec. 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

'? = ii, 0 K~/un L 

k= (,039){2,lZ)(4.(.O 

(12. SS ) (6 ~/· 28)( 6o){ IS ) fI~.95J 

-p = <6.0 /C3/tn11. 

(. 03~ J( 1.3.5) ("t.ld) k = __ ~ __________________ ~~_ 
(12..55)( (l(.U){ 6 o){ IS)( o. ~y) 

SFU'1PLt: NO~ r 

'P= 0.5" k-';{,n" 

/~ = ____ {_. __ 03_"_)_(_/ ,_t'_3_)_(_'1_. fI_2_J ____ _ 

(,0,,,)(.89)(4.81> k= _________________________ _ 

(/2.SS)( 6't·"'o){~o){ )..O){20.3J) 

k = ___ (_. O_3_'I...;,.}_{_,_?_:1_)_{_'_'_. ":J_Z_) ___ _ 

7>::: ~/. 0 k-'/clll"\. 

k. _ ( • 0:1 il ) ( • S 2 ) ( ~ . ? Z ) -----....;,...---------

t. 03(1) (, 2Z ) ( LI. 6 ~ ) 
/~ =: -------------- -

(1'2. SS ) {,'t. t 8J (~C>}(IOO) (/8· "I() 

S,qI1PLE ;VO. IS' 

7-'=0.9 

-!J 16,S )flO 

-9 
26.2?- X 10 

PAGB 2.08 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

-p = 2.."7 K'%'mt 

PAGB ~-O9 

(.03 t/)( ~.S 1)( I.S;) 
~~ = 

(12 ss )( 62.IS) (to){ 00) (I g./, 'I) 

-3 
L.j. 60 )( /0 em /.r~G 

p::; 8.1 NJIc.m"-

Ie _ (. OJ'/){ it-,?) ( • LtJ) _ 

- (l2_ss){,z./s)f/,o){oo) (I?.s-'t) 

SAHPL£ NO.9 

-p = O. 5" ~/cmt 

(. 0:1 1./ ) ( 4 _ 6' 0) ( 2 • :; 5 ) k = ________________________ __ 
(12.S.s-) (62-2S ) (,{o)(z.o) (.20.2.8) 

-;v = O. ':/5 ~/C/?f'" 

k -== _____ (_. O_J_'_tJ_{_Lt __ -7_'_J_f_:2_-_6_ (1)---- _ 

(12.0$5)( 6Z.2)-) (bO)(ZtJ) (2.0./!}) 

7'= I. /25 k"/cms, 

k= ( .O:J 'I ) ( V-7 0 ) ( /. 6 t ) 
-

(12·S .r) (62.2 s) (~o}(zo) (1'1. 'IS) 

P-=- /.68 k.J/cm1. 

k= (.03't}(¥-Ir)( /./2) -
(12.5"s")(62.2S )((0)( 20) (/'1. vt) 

7= 2.sZ oKJIc",a. 

k;:; (.03 (I) ( ~. '3)( • S" ,) 

/'12.55) (62.2S) (:1.0)((0) (1'-"10) 

p= :3. "1 g ,k.7hm L 

k= (. 0)'1)1 ~_s a){. ~d) 

(12.sS}(6t.2S) (60) (.JoJ (18.06) 

'P= S. 'i k~/~/,,,, 

k= (. 03'/){ Lt.s J) (. ~/2.) -
(/2. SS )tt:l.2.5 J ('0)(6 tJ){ 11-2.5 J 

/ it _ 16 x /0- If em Isec 

!t.9'1 )( 10- 1 em /Jt!:.c. 

5.03 X 10-'1 cnJ/J"~c 

:1. ~ 2- )( 10-' em/sec. 

j. J J )( 11,-9 cm/S~c 



I 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK, tSTANBUL 

7> = g. I j-~ Ie /If ' 

I ( • o:J lJJ ( I.,. to){ l/6 ) /'( = -------------- = • 8 ~ 
(12.S$) ('Z·U )(&o) (I'lo) (N.BI) 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

D. Gradation Curves 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, tSTANBUL 
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E •. Computer Proarruns and Hesults 

Pro[;rrun One - Greco-Latin ~arianco analysis program. 

Sample datn. Sample output. 

ProGram 'l'lvo - Hultiple rearession analysis program. 

Sample data. 

Ont~ts 

A. Problem. 10021 Hegrossion:· i'lith log k. e/eo = 0.70 
; " ~ < 

, " 

cleo B~ Prob1.cm 10028 Hcgression ,d tIl log k, = 0.80 . , 

c. Problom 10023 - no~ression i'li th log k, oleo s::: 0.90 

D. Problelll 10031 - Rogrcs~ion ,d th k, o/co = 0.70 
- ... "" I· .. , 

E. Problem 10032 Rer,rcssion ,>lith le, 0/00 = 0.80 

F. I1roblom 10033 Rcgrciision with le, c/oo 0.90. 
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C ************************************************~*;~*************** 
·.'.'():':'':\'':.':''::':':':'''lNo:r :E~+~Y?·:: ::~.:.'-\.\.".~.~.\.\.\.\.~.~.::.~.~.: .. : .. :.::):):(:::(+L ... :i,LL\\~·\-\-\·\\\·~\\·~:·~·}~·~·\~\·\:::::\\\ ~~~ ~~~ ~~~ ~~.~ :~~:.~::~~:~',~ ~ ~:+ ~ ~ 2 \/ /:Y/\Y)}.:'T.':f/U.'.') 

C DEGISKENLERIN MIKTARI BAGIMSIZ + BAGIMLI DEGISKE~LERE ESITTIR. 
:·.::'t~~~.~.:.:.:N::.::':ii·BAG.tM.tt:.:.:.D.E.G_l:.sKt&t$'f\tCs.QJ:{((0.t:G:l:S~~:ENtttR:,H::\,(//!/!/!/!////2::!:/:;::L:/ii;;·;-;-;-;·;-;-;-;-;-;;·;-{(()iiiiiiiiiiiiiiiiiiiiiiiiiiiii: 

C ***************************************************************** 
:-:-{;-:-:-:-'-:-\-:-~:-:-:-:-:-:-:-:}-~:-:.:-:-:.:-:-:-~:·\:·~·~::·:·~:·~~·::·:\":)\(J//:~·:f:::X:::~::(:::::::::::::::::\\:::::/:::/:·i:;·i·Xi::,\\':;'i?i;::{{)')::X::::::::::::::::::::::::'\\//:::\)\::':///:\\\\;;.\\-\-\{;\\\:::;:;.;:;:/;/:;/// 

DIMENSION DATA(7,100)~ VECTOR(ll,ll), AVE(10), SIGMA(10~, COEN(10) 
:t?L//·\?j~:~:;:\~st:GMtb:tI:ct)::~./'\tNDEX~tittL::·.:·.~/·j:~:vN+:iztf.L:;;:;:;;~~;;·;.;-:·;:·:::::'::·::::·:-:·::':')_:':':':':.::':':':':':_:)_;_:_:.;.)_.).:_:_:~::i::/:/:/::/:::::::/:"i:i:ii: 

C 
:::E:~>{Q'O:::::R8Afj:::':~.'ITQ_t;;~;~·.·.!£:·FA~N.~ •••• !;'fo.lJT/~:·:::tJO:P:R:.o.~:·{;;lNVAR:;"~::NQD.AtA~·'·:::'·'·'::·:"~·:": :::":;:,,·:·:::;,:,·:::':'::-i·i-i-i-i·;-i·i·;·;·i·;·;·;·i-:--;-:\?, 

1IFWT,IFSTEP,IFRAW,IFAVE,IFRESD,IFCOEN,IFPRED,IFCNST 
::;tL-E-/-2//EEE::::~::~::~::::+::::::::::::"::::::::::':U:"::[{:{{:"i:-i:"::":":"ii~:iiiii!i~ii+i;~iiiiii;!!~:i)33::::::\:::::~\ .. )iii;:;:,::::::::::.::::;::::::::::.:::::::~:::::::.:.-:-:---.::.-~-:-:::::::'::::.:':::::: 

C ***************************************************************** 
\fl;/;;/::~::;::;:::iF.vt{;~:;:(~:iii~;;i;B:iItijN:::·:N:fsBEr:LER::::;;:::t:~:O.:-::::::::::::::::::.~:::::::::::::::::::::::::::::;:-::;.;::::::::.:::::::~::~;:.::::.::, .. :;:::.::::"::'.:):.:::.:~ 

C IFSTEP = 1.0, HERBASAMAK YAZILMAYAC~R 
-.:II(::::IINjii:;j:\;ii;F.:R;A'W .. H~:ii.'d;:/:·i#i}lt~:~KiiR5LER:::lOP;LAMi:::;Y:AZ,iT:i~tAY:A:C:Ak:::::::::::;::::: :::::::::;:;;;;;;;;;;;:;;;;;;;:;:;;;;.;;;;;;;i 

C IFAVE = 1~0, ORTALAMALAR YAZILMAYACAK 
·::::t:::::::::::::::::X:::::::)I:F.:FtE~S:D2¥~~~I~'-Q\F\AR/(lK~\\KAf{EEEft:i~jf;QPi_:Ap4J::::Y:A:LLl::~rA¥:A£:Ak·;;;;;;::::::: ::::::::·:·::::::::~;;·;;;~;·;:::::-,L-::·:···:·:-:· 

· C IFCOEN = 1.0, KISMI KORELASYON KATSAYILARI YAZILMAYACAK 
f}EfZ.fHfHHfiWffEtf"(~-~~jn~tn~Y~YHY:r@Ap.8*&Mt~i~_:_:_t.A8mtlliIH)8G8RmEjRjjj-Y:A~fjI@f..t~[¥n-{GKKi)))))~~~~)}~~E!2iii:ii::::: 

C IFCNST =1.0, D~NKLEMDE ~ABIT BULUNMAYACAK 
TcE<eEL~:2EDE~E::e_\\~"jjJHE:E([([{{:~~~EEf:i~E~F{f:,{{{{{{{{{{{:-~~~¥/2/EHHH:E2~~S_\~.~~_~_e)_~HH))}}H})~~L\;{~}}}_:~_\;_;_;_~_~}\~~~_~_'_'~~;_'_:;~~~}}~jj~jj~t:E}': 

C BASLANGIC PROSEDURU 
~::€::::::~:{{:'~:::{;~:{{{#-:-jf:#-:1f;1f:1Hff:~:~:::f?tfH~::if:~f#:¥.~#:'#::~f:~¥{ffi{f~~~~f&-~V*-~~¥*-:*:M:~~:~:~:~~:~~:**-:~~Y~'=:ff:~¥:~¥:t~~f:~¥:W:W:~¥:¥f:?¥:~f:*#Hf:1E~~~_~~~~~~_~~~~~~~~~f~~;: 

NOIN = 0 
~~-~~-~\~~{E~~+~NAR:Y~~~~~~;o.~,:·:·:·:-:-:-:·:-:-:-:-'-:-:-:-:-:-:-,-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:tN-:2·\22-E":!EHLE?EE?!-2-:':-:LE:':!:~:/:}}:;:::;:;:':':::::::::::;\::::/((((((:\~(:;:~:~:~:Y;:;:;:;:~~:~-~-~~-~~·X·~::::·:·//:)-:-:-::: 

K = 0 
i,W:':':':':':'\::'::':,Efl1EVtt'H:\¥(:'XO::\::\\\::\\\:):\\\/X,::.:.:.:.:.. . ·:::'WNttt~\~~LL/L{FEE~//:;:;:;:;:;:;:;:;:;~:H!/!/f!/F:/jjt!/!/L:)D!!!!!!!!/!/Ffjj,~ ~ ~ ~{{~ ~L-~~-~-~-~-~-{~-~-~-~-X~: 

NOENT = 0 
·:-:-:~-:-:-:-:-:·:-:·::-/-LNQ·f{rN/#.~::'JjHi:'?i:::::'::::,::~~~:'~~~~~~~~:~' ... ·::\;;\\\\\::,:~::,::::,::::\::::::\\::':::\::\~\::\\\::;:>i.\/-:;:-:;'-:::}::}':}}HHHiii:'i:')+::/::':'~}::F0}}}j}:':':':':':'}}}:·;;:·;:E:/EEL~:::\~:" 

;/:<:\:::::\::::{{~g~;·~~~~.~:;'~)~~NVAR:)_~))))))))))}~~~~~~~~~ii:ii~iiiiiii~U~::iii~~~~:\:::::::::::::::::::::~::::::::::/:::::::::\:::::\:Yjj.:jjjj~jj)jjjjj~:::::::~-~~j:jjjj:/:~:::::::':-:':-:':f/:.:.:.:.:.:.:.:-:.:.:::.:.:::.:J 
NVPl = NOVAR + 1 : 

:++~:::{{Y+Nt-iH¥+:l:::::///;:;:://:::·:::/:/:/L)}));:;:):::~-:);:)::):/:::~;:~~::\>-))))/'?~:/:\:::::::::::::?/::\::::~://////:::-::):::/·:-:-;-:~-:-/~-:L\\~~:~::::~::\~::::~~~:,::~:~~::::::::::::::-<:: 
2 IF (INVAR- 10) 110,110,1800 _ .... __ ._ ..... __ .. _ .. _ .. _. 

;U.<ttoH})t}:::::j;i(QHit:::::¥:;X\~<i)!-v:P:;f:::;<:;::::::::::-:-:::::-_:':: : .. :-.:-,.:/: .. : .. :.-'.-: .. ' .... : .. :-'.":::-".:.:.:-:.:.:.:·/::·//:-:·:·:·:::-:::-·:·~·~-:··~:·:··~·:X-;-;·~:··:-:·:·::·~:{U::·:·::: ..... : ... -:: :: ~::::: ~:::::::::: ~::::::: : 
130 DO 120 J = 1, NVP1 

.=.:_;_~ :.~ ~:.t2:.d~:;VE£~r.'b'ff{:j;.}.jj :.:.'.'b:.;-:-H~.:d .. '.'.:.'.:N.::.:.:.'.:.:.:-:.:.:.:.:_:.:.:.:_,.:.:.:.:.::.,:·:·:·:·:,::cc:·':·:·:·:·:-:·:-:·c:·:-c:·:·:·c:·::·:·:·::-:·:-"c::·: :.:-:.: ... : ... ::: :.-:c-·: :c.-:·::ccc:ccc::::ccc:: ::c.:_:: ::_:=:::c:: c:: :.::: ~: ~:: : . 

. }))))))}~;8§~~;~:~~;~E;~:6:~~~~::~::~:~~~·::::}g:~~:;::::::::::~::t~:::::::::::::::.:.:.:_:.:.:.:.:.:.:.:.:.:.:::.:.:.:.:.:.:_:_:_:~._:_:.:_:.:.:;~ .. :;;:;;;;;;;;::.::::;;.:;;;;;:;;:.;;;;;::;:::;;;;:;:;;;;::;;::;;::::.:·:::::.·: .. : .. ·:·::·"::·:"iff/:// 

.\:(::::::\::::::\\:~:~=';ll~=';,j.]ji~jf-~~:~-:~~**~~*~~~~:**~f~f~f:~~~::;;~~~~k*-*~~·;*~£:~~·**~;~;~;~~~;*~:;~~~j·:{~·~;~:~;;;~.~}::;;,{}:j~:~~.;~~·-~~"~{i~~"}*::;?it· 
:::~:::::::::::::::A§A~-:I..RA·_lS:-J::_P;E:YJ~:h-:~:R,::::P:!?:T!?:Y:I:::.<:.9·.R,S·::J:1/\f:I::Z.·.A.X·.A.·.·.· . .QJ~·u.·.R. .. -...... :.:::::: •• :::::::::::::::_.:.:::::: •• :-:::::"'::'_._'.::::'-' 
:-:':(:':-:':':-:':':':':'-_-:':-:-:'*:lk'~k':-l~'~~F:1F~~·:lk-:lF:-1&·3E':;~':_-7E"'1F.*.~-·.'1E *-_~F-*-.~i_-Yi.-1'~-~~-.*·.*·~}·~t-:~E.,f.-3~:*:~f*':-3t:*.:*:*.:~~':~f~f:*::':~:·{f-~.:f::'~~:j,t .. :~f::~~:Jf·::lk-:*-:* '#.:*:~f::~i.:'~':":* )'-f. *- ~~~ :'%:,}:.;~.: ~.: 

··:·:·:.:.::·:·:-i:g:~:':::~~A8LfBn{fWONf(img.~;:tTt=D'AT;A:::rC;-;(~{:f:~:·:::::;·\t/~~:\:i:\\,·:;:\f~:OVA:R::·\}:\·\:ijjjjjj}j~}jjjj~jjjjjjjjjji:'.~jj/jjj}/jjjj:J:':J. 
>L~:};gg~::g~efB~~-{:~i~-~~IT-:N-8·0~A:~g¥::1:~:¥::/g?::WFf(:tB:lf2f:f\::::::::~jBv-AW-)+:./i:'lLHf3.~:-:tYA~·t~-A~Y-i~·VN~·{::::H{,T'DH:::~~~+~~:. 

· ;~~~~~-~}}~;£~§:::':'~:~Ff~&~::.:::4{\HY.~~~~~:~:i~:~hW-+~(.~-Y;~0T~~::+::?b~¥A¥·Y:~·;N:·t~~~Hj{nh~bTN:i;:::::i::i::,:::iiiii:~:i:'::'::::::::::-;::::::\:':::E:L:::~~L:~}j 
· ~2;;-~;·~i;~:~:{{;f~~:f=&:U:~:~{j;;i};~;:i;kfvpii!i:::!::::·~·Y~-:-~·:-·~·\\{::V~ttBk:·¥:N:t:~:{V::#v,¢:F{·:-:·:::{:\:4\::::J'J:J:H\\\\\::\\\:.\\\\\:·:)':.\\\:/:·::·'\\ 

.',.,·,··.??P"J;;P,·, IP.· .. 2.1\.5 •. 0 .;;; •••• ;; ; ••• ;;. ;c •••• ··•·•••·••• ••••••• • •• ;···.c;;;;··;;· ··ii.;;' .... ··l·;·· =·c.;iU.ccii.c .... ;'Lf:C!.·LC~-:.-.. '::.:::·.···-; :.;--;., ...... : 
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PAGE 22 s 

H!i"'~~g"0i~'WE;iiii'Yr':%6e'tW;i'iiLiir'i';"Hg~~¥~~I'¥:';":~~'Jf~"i'f;';:~'~*~;ti;I;:l'~;;;ti~':'i;:1 
\:~·X:~·~·;:~5~{)~0\:.:tiQ·:·:-;5.AQ·\4~{¥.:~:::::t::~H::::::&OV&fLd~<·;H;;IEnlll+llllll;lHllllHllllI1111111Hl:'lllliH:'iiiii':'iiiiiiiiiiiiiiiiiiii!'!!'iiiiiUI·LI/d,::':'Iii,\::':'ii/:I 

540 VECTOR II, J) = VECTOR II,J) + DATAII,N)*DATAIJ,N)*WHT i 
:{-:·tH)'i:tt':':V:'E:(?tdR{:jj\l\if(t}/:~tiVB/t}J/:~.~.\~.~.~.:·.:·}}/.~.~.~.f/.::.~.E¥S\i.E.tt.6.tf/H:i4VP'j~{;:~N\'(P.:¥f:(~((~>:~;:;:;:/:~±~j:f{:f·);:;:;:~~;:~\{{~ 

I 

C ***************************************************************** I 
:',:d::::::::H::::i::i::::iHdiRtEtf{·:·:r~6p.Y:S·A:M·I-~·~·\Ht:s:·ABX:':':j":A]4XMtJ.tNB·i-~·~{·~·j~:U·YMiittJMAt~~~H=A:Fj~tAb:Jt++~>+:))}j::::)).'=f)}}, 
C VECTOR I I ,J) LOKASYONUNDA i' 

~~t~~.~::~~.Z~:/.;:~~.~:.~i.~:W:~.ff.1~.ff.~f.¥f.¥.~ff.¥~(~f·~~~~~~~~~~~~#~~~~*~*~1~~1~~#~~~~~~~#~*~¥:~*~1~~¥:~~~¥.~~~~~~jh*~f:jf:jh~~~f:~~~f:~f~#~'~f:~~'~f~'~§~1f:if~~{~¥I*~¥~~~~~~~j-i4~~j#. i· 
565 NOVMI = NOVAR ~ 1 

:·:·:.:·/:.:·:g:6:g·:':'NOV·p·1L{2~·:·:"f\.fdv/tR:\@\j?::X::L::::::::::::::::::/:::::::::::::::::::::·:~i·i"i~~{:·;·iii~:i{/~{/:~//,\\\:::·':::/,\::\:::::::))::::::.:::;\\\\\\;\~./;\/;\\\:/;:/;:;\~:;:;:;:::;:::;/ 
568 PUNCH90, NOPROB,NODATA,NOVAR, EFIN, EFOUT 

:/-~L/f/1Xtj~F;;;·~t·~t·;fR}\·W;·)\~·~9.:d·fYE?j:f!/O/':·:·;·;·9;ft"o:·;·;·:·;~=::-t;-:::'):::C/:/\:\:'::(::}:'·'.·'::'::.:)<.:.L:.{':.:.:.~::.~:.::.:.:.~{.:.: .•. : .•. :':':/.).\.)" .• ).:.:.:.::((/<i/:/,:~::,:/i:::i.:::::: 
580 PUNCH 15 . 

:"~!t~!:!~~~~~~!:;,t~f~!~~~!~~~~~~~~~~~;t:~:i;';:;;;Mo£:1::(:::!::;(:~iii;iii';i'i~~ii~ii;;:~!'!l 
620 PUNCH 35,I(I,J,VECTORII,J),J=I,NOVMI),I=1,NOVMI) 

;//::::::~K3~1}/:P.U:NtP:{;;);::th'{:I:{V:Etit:6R:FL~:N0VAif)::;::l'#:t~:Hb\(rX.t·:::(:::i:':':':::':':':::':'i:':'.-'.-'·::·:::·:::·:·:·':·:·:::·::·'·'·::·::·::::::)/:·::·:::::i ........... :.::: .. ::. 
640 PUNCH 45, VECTORINOVAR,NOVAR) 

.. / 'i:'fi:'NH::':"Hi/dbiiififd:HiL5"ij=::}::·::::::;/:::::::;:/,:/\:::):\::::;;;;:;;:;;;;;:;;;;;;;:;;:;::;::;:;::;:;;:::;:::::;::;;;:::;:::::.:::;;: ...............•. :::;::::;:: ... ::;;;;;;;;;:;;;;;;;:;;;;;;;;;;:;;; 
C ****************************************************************** 

:::,:t:,::::::::::::::::::t:::::A:R=J:::tj('::::Kl:¥f{e::t~E'B,\\IQ'B.tAt{t.J~.¥.:$.:AeJC.;.;.;.;.;i;iii~ii!iii:i:;:::;:;;;::;:·:;;::::.;.::::.:;;:::;:;;,;.:;:;;::;.;:::;:::::::;.;:::::::::;;;.;.;.;.:::.::.:.:.{.:.:::.:.~.:. 

C ****************************************************************** 
nfffff.K5fifHXfH(Hijtt"tf~"(t:Yf~~Y~t1t1\·fi5I}jjB.~~~~~~~~.~~.~.~.~.~.~).tn~~~~HH~H~~Hll~lln~~l~~~~~~~l1l\\\\\\\\\\\\)))))\)))Hjjjljjjjj)jjl)j))l))))))))H,E~2iiiii::· 

651 IF(VECTOR(NOVpL,NOVPL) 652,652,655 
·2/f5l{iejfHJ.Njff{i/jj{:4YL~Hr{i:'H/H:~~~'H6H{{{[{{{[{{{{[{[{{{{[{{{{{{{{{:':':\2~~/E~~E.~~.~~.~.~.~.~3.~333.~.~33.\~}}).~}.~).~}HH.~.U~~~~~~;;;EL:;;;~}}}}}::}}}:::}::::~:iHHi:, 

GO TO 910 
~~\:::';::'fi/5'fi:{:'D:O:26:6-:oX/E{¥/:j:::T%f0.vji{(LDDD~~Y~Y-?,\Y-:Y-:\\\:Y:\\\,:\\::\,:':\,:':':':\,:':::':'N:':::.::::::'~)L~L>~~~~~~~~~~~~~~~~~ttttttttttttt\:(((;:;/////:///:;/:~ 

670 DO 660 J = I, NOVAR 
~·~·~~\\\Y~Ql9.lQlnV:E.~.J~~~~:\\(:rI·v.·t·:·:·:·j(.:·:V·);:·(I·QKI·JITI~:tEEH.:f{V~CZt.QR.!,\rt,}tQ:VRti(:t:::::¥YVt:;CJ=QB:;:\Gj.~t~&Qv:p.t:·I 

1 / VECTOR INOVPL,NOVPL) 
~\i\'ifi:a};F\Q:b.:i\6::9:Q:'N:,r:::X#XXi\{:\\'Nl'QVAR '::SfNtttt~:LF~LL~~Y2\~LL/:;:;:;:;:;:;:;:;~;:/=/=HHt;:tt:="jt/LHjjjj///CL~:·:E~Y~~·~Y~Y{·/~~·~·~·~·~·~·~·~·~ 

690 AVEI I) = VECTOR(I,NOVPL) / VECTOR(NOVPL,NOVPL) 
:·:·:·:·:·:·:·:·:-!f!-f!.+ J~fL rJ.EA:y':r;:}t~:)l g: q:f~ ~~ ~:r~ :,9. , ... : 1?: ?:::~ ~:,:: ~:: ::~~::::::::':':~ :::~\~~: ~ ~ \?-<~·::~':':':~·::::':·:::::::}}}}}}i:::::'='=:iiiii:\:::33::::::::·/:::::::.~;} ;;~:~;:;;:.;;:.;; :.; :L:E':.::':.f:L\\:/ 

710 PUNCH 50 
;·:~\\/T?P;.;PPNq-jl:))]'?P:I));H.~IIA'f!.:J;;~J~aff~ffffrgJ:MtQV~:J:J:::::::::::::::::::~::::::::::::::::::::~~:~:::::::/:Y·)~~jj333jjjjjjjjj3:::333:3i:i::i:::~:\':':':':}':·:·:·:·:':':.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:. 

730 PUNCH 25, AVE(NOVAR) 
H::H+:7:~:fi+:lf:=::+J:PR.t;$J)/i::/:9.:0;(tL3:4:QJ;:)J;a:0))>\L<~»))~:=::}///::\::::\::F\:/?:://:////:::.:·;·{{;-;-;-;·;-;·;~L~~~~:::::::;;;;:;~:~::~~:·;:~':):::) 
. 740 PUNCH 55 . 
/;;:::;;,:-t-5:0Ep:O/'¥(t:/i/.a'$:;:j::X::r:;,:J,Vt:Cfof<:'f}XJ.T:}:J=¥:.·t·:'-·:N.OV:M:tt·j:t;;:;··LiN6Vi~i·t·:L:·:>·:·L·.:·:::.:.:::.:::::::::::::::=::::::::::::::::::: 

760 PUNCH 40, II,VECTOR(I,NOVAR),I=l,NOVMI) 
·.~~:J5555.1/j0~::P:VNt}f..~.:·:45·.}·.\V·Et'·T-'Ot{{':f.10V'AR\'·:i\iO'v·'Altf:·:·:·:·:·:·:·:·':·:·:·:·:·:·:·:·:·':·:·:·:.:.:.:.:.:.:.' .•. :.:.'.':.:.:::.:.:.:.:.: .. :.:.:.:.:.:.,.::.:: •.•. ::.:.:.:,:.:.,.:::.: .. :.:: .. :::.~:, .. ~::.::::::::::,:::::::~~:.~.~:~.~. 

780 NOSTEP = -1 .( 
·;;));)~;jB:i~;)NtiMe:E:R~~~~~~~\i;\~\~\~\\,):);:~\\\\::::F:::::·::::::::::::::::::::·:.:':':.:.:.:.:.:.:.:':':.::.:: .. ::.:.:.:.:.:.:.:~.:.:.:.:.:~.:~.:.:~.:~~.:.:~~~~~~~:~'::::':~:':'::::::':::'::':':;: .. ::::::::::::;':;;:::;;;::::;;; ::::::: .. :::::::.::.::.:.'/:"{{{/: 

782 DEFR = VECTORINOVPL,NOVPL) - 1.0 
·::\:::\~i§6:\:b:d:\:8:o:d::jt:j:~;;:j::·~:f-roVAjf::::::;;::;::;:;j:;;;;;;;;;;;;;;;;;;;;;;;;;;;.;;;;;;;::;;;;;;;;;~;:\;;::\;;~~;:::~~::;~;;:.:.::;;.;;.;.::::;;:;::;;.:;(:;:::::::: .. : ......... ::::::::. 

791 IFIVECTORII,I» 792,794,810 ............................................................................................ . 
~·~·:·;·:·X·?ijgf2yP.-UN'CHi'9.::{f~.-:;:;:/f//::////;/.U}..:///////iiJJ/:.:.:.: ... :.:i\:::::·:i:iiii:::::::::;;;i:::::::::i::::·:ii··::·:.:.:.::.:::::·'.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:., .•.. :.""::: •• :::: .... :>::.:: 

..................... CJQ ... TQ .... 9J'O................................................................ .. .................. ............ ..... ..: ...... : ..... ::::::::::::::::::::::::::;;;;:::::::::.::::::::::: . ::·:·:·:·:·:·:·i·:g:-iF'PUNEH"::i:9:S:::;:(::::::::::':':.:.::::.:::,:,:,::,:::,:,::::,:,:,:,::::::,:,::;;;,:::::::::~:: .. : .. ::: .. :,\~::.:~.:.::.~~:~~~:.~.:.: .. :~::~::~:::: ... :: .................... :: .... ::::::::.:::::::::::::::.::::::.:.:::::.::.,.::::::::::: 
. ~~~1::.::.:.::,: .. ~g~c.:.:§'·l::g};-lb·t:~.}· .. ·=:·.- .. .:.;..:.;.:.:.:..:::::..1.~·O:.:::.:::::.: ............. ; ....................... ;, .. · .. ·;· .. ········w .. · .. ········· .. ·········· .. ·:.:.::.::.:..:...:.: . .:.::.::.:.::.::.:::.:.·.,·.:.:.:.:=:..:.L::"""· 
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·:::·:-::·:·'79:7-:·::GO-:-:'T·O:·::;8TR)":':-::-:-':·:·:-:-:;-, .. :-:.:.:.:,:.:.:-:-:-:-:.:-:':.:-:-:.:-:-:.:-:-:-:-:.:.:.:.:-:.:.:::::-::::-::::::.::-~.:.~.~.:~.~.-..~::-:~;.:;.:.::.:.::.:.:-.::.:.:.:-:.:-.::-:.:.:-:-:.:::.:.:-:-:.:::.:.:_~~7:~~~~~~~~~:::::.:.:.:~:~=:;:':-:::.::.:.::.=.:-:.:.:.:. 

:·~-::·:)))~)8§·~::~:~,g:f~'tf1s1+·.t:·Y.'N-.~.'~-~:.f-@:.:-_d.X5£J.R;~~~d~j::JdLb~//;;;;2·;·;';';';'Z·':Z/-2E':;ELL:::,::'iii:':::':':::::::'iiiii:\'(::::Y,:;::\:\:\\\:L\';Y·{/:: 
>/~ii%[::~:S:1:,~&g1~:~:¥J~j}ITi;;;~gy:m!~i!!~:.:.:'~:~:-.:~:-:-/.).'./.).:.:.:.:i.:.:.:.).).:-:.:.:.:~-:.:.::.'::.'.:.:,:::·'::::·:·:·:::·:·:·::::·:':·:·::·:·::·'Y/::,::·::/::::::'\:(\\\\\}~.:.:.:~:":.:_:~:.:.'.~.~.::.\\\:_~:::.\:.'.:: 

()))~;~'=B\;~~t~~~:r:~\~j~)d~ghvE~~d~;f-;::(/j+~·\f·F-~·+G·MA;(:i::i~i:s:it~~W!/Fj.+Fi+?\\\\\\~·\/:::/:~~~2~:~::://·:y:::::::~~;~; 
:::;:;{\·:;~::~::g:::::;i.fS{~~'~~2~5~·:h·1·:·:·:·~::g:6~ A~.~®t·l·~F~·&:(P:·;;((··:·::')·/:-::-:i.:.:i-:.:i:ii:~i·:i:~~;;~~:·:·:::·:·::~\·:·~:·~:':'::;::::iiii;::::::;:::i:':'iiiii::(i{(iii·;·i·;·;::-;;i\///; 
;LE~:1:E::::::~:g~:~;:~;:::;::·~:9,:NHv~~h:::j):;{::::r·;.:::::.:.:.:)::;:;;::;;;::::;::::;:::;:»;;://:/:;;:;:;;';.: ;-;:X::·:;;:·;::::::::::::::::::::::~:::::::::::.::::.::.::.:::.::::)(:":::::::':\:\://:(::;:;::~::;:: 

:::::;::?}:~:::.p.Q·::·:~·~5.:::·:·J:::;:;.::l.'.:::NQ:VM2· ........... :::::::::::::::: .......... : ... : ..... : .. . 
.................. ....... ' ............... :.:.: .. . 

880 IP1 = I + 1 
))HBlts·;~;p;0Nt&~·\:;:j:5i:·t:t;ljX\littlQ&{t;#f':jJ#+BIl"N.bVMIH}};}++HHHH::'iiiiiiiiiiiiiiiiiiiiii::::":iiiiiUHE/H,:d,:/,:/:':':':':':':':': 

· 890 PUNCH 40, (I,VECTOR(I,NOVAR),I=l,NOVMI) 
::X-:?{ddd/N&sYfU~X:}D::Nt}s:fEPT::£~::::i\~::.~.:~:·.\~}/'~.:.:////.'5.':/.':;E//.':.':':.':5//.':.::/.::/i/;:~~~~\~~~;:;;:;:~(~~~n~~~H\\\e\:)\~e~/:;{{:;/:(:::(/::·:;:;:\;:{\( 

:::iNilgg~:)::A:~w::~:M\iS~X·~~:S:·~:·~~:ft~~):~~:f,Xft§}:)·~~·~~~t=~~g.I~{~{·J88l-~·~l8J;~\\\·~~~~~~~~~~~~{~~~:/~:::':'/:~~,~{:/~~:~:/L\/\:;/?XX?)_ 
PUNCH 1004, NSTPM1 

:.:.~_:·_~.~.~.:_:N\:·Y.:iiYG b:i.:.t'O.:.:_:t:3.:8.t:.:.:.:.:.:.:.:.:.:.:~·/~;:~2L~L;:::.:_::EfE«:\::<::::::::<:LL/>::~:::='/iiiiii////i/i///iHH{//{//i{/i////:(;;-;·J;));·;·;·;·;/Li iii i ii if ff f ff[ [[ f: [i [fi i i [[i[: 
1010 SIGY = SIGMA(NOVAR) *SQ1TF (VECTOR(NOVAR,NOVAR)/ DEFR) 

:::::':}f(fi-I\dF-tj.~~if:)8)::):\jEttdR::(::N6YjAR~)::::H:JV/.A:t~:fj,\\/{:Q"tj·Xt·Q=t3·:;/i::(Lfi::::~~:S/~:::;\\:;\.\;:;:;~;-};:;.;//;:/;{//;::::;:::;:://:/~ 
1012 R = SQRTF(1.0 - VECTOR(NOVAR, NOVAR) ) 

}(i-/»\·}·)-}!Jjj::tj}·~;~t·~O;I·:5·:·;;·;;;·~::·;;:·)!)!>//D:·::j:-:·;-);-;-3~-;~-i/";-:::·:·::/';-:::::::;{;-:::::::C(:::/t~~:,:.;::.:~~;:::;:{.;:;;.':/':,:,:,:,~~;.:;").{.).:.;.).:)).}-;..=-;.)-'::-:.)./:.-'iJ/·/:/:::':'.-'.-'.-'.-':';:::;,=:'::;.··; 
10:3 R = 000 

t::;::;:TQ:j;::5/J)E:f:R:.~.':#.:\v..£.f..R...::;1:~;:;;;;;;:;::;::Y/:::::::·~/L:.:·~:\::::·.:·:·:::\~::·\':\;:;\:::::·· ::::.::.::.~~::;:;:.:~:.:::;:::::::::;;:;:::::::::::::::::::;::,::;::·?:·:-:~~·i<·;·;-;··"·;·;~··;·::::::'::.:; 

1

1016 IF (DEFR ) 1017,1017;1020 
/-/?f-0;I;·j?-JHjfttH:::l:o.l;9:;~:~:hIDSIEI?:~::::U~:H~:i;i;;;:ii;H:~iiiii;i:iiiiii::::;:i!:iii:;;:";:::;:~:;::';;::.:::;;/::::::::::::::::::::::::-;;~~;::-.,-.::~ ... :.~~.::: ... :.:.\:.:.::.: .. \,::.::.:::::.:.:.:.\,:..:.;.:-: 

· GO TO 1381 
::~~~:i~O:20:::::::v~iVI:l·:~:;"~';;;6~'o':';':i:;i"::i::·::·:::::·:::·:::::::::-:·:::::·:::::·:·:::·:·::::·:·:iiiiii.:i:::iiiiii::;/:i:;;ii:::::;:::;:;:;:;::::iii;:::ii:;;:;:;:::i;;;;::·;::;·;::::··;::::::::·:·;:;;:::;:;:.:.:':::'::::':::':::':'.:.'::.::::;::/::.::=/:~: 

1030 VMAX = 0.0 ............ _ ................ . 
\fitj:3::5:}::NdiH~fHi::;:::}0:}::::::~·;>::;=::=:::::=:=::::;=::;=:=:::=:~::::=:::~;;;;;;;;;;:;;;;;;;;:;;;;:;:::::;;;::;;:;::;::;::;:.:;:;:::;:;::;:::;;.:.:::::;;:;;::::;: ::::;:::::::::;::;:::;:::;::;::,;::::::::::::::::::: 

1040 DO 1050 I = 1,NOVMI . 
·:,:((,j:::@4:t::::/tf-:':'3jVt0IQtf/tl;~:':t¥-j-.\\\l:O.4_1_~'-\¥0.?-ti-.\~To.:.6~b~;:;;;ii;;;i;i;;:;;;;:;·;·i;·;;:;;::;::;: ;:;;:.;;;;;;;:;;;;;;;;:;:;;:::;:;.:::::::::.:;;;.;.;;;::;;;.;.~:.:.:.:-:.:-:-:. 

1042 PUNCH 1044, I, NOSTEP 
HfHitf.4t{:rGtjH@6/j}~~{E@{~~~~~~~·~n~~~~~-~1~~1~~ll~llllll~tEltttHmi.tt~_t~}L~~~~~~~u~~~@n~\\\\\\\\\\\\\\\\\\\\\\\):~\~)))\~~)j~j~jjj~jjjjjjjjjjjjjjjjjjjjjjj)))))))y/E:/ii~j~::~::: 

·2{:i{&'t&'~«~~~fkk:~{0;~g¥bA::,i:'{i:,{~:i~~6:v:l:~~l{#}~&ElfB~~~£:i}~£:~:-~~.f.f.\~i).~.1iSEfOR¥r:T{F~HE~~~~~~~~;~~E;;:::::;:H::Ht 
1090 IF(VAR)1100,1050,1110 

~::~~~':iI'Q:ci'::j\i-EifWt{{~:a-itftfI:-:::4:'::j»)~~::~DD~ED~Y:Y,\\:,\Y:',\\\\\,(:\\\\\\\',:,::',\::':':::':':':':'(555.\L~~~~H~~~~~~~~~~~~~\\~\\~111111111\\\\\\\\:::;////:\;:;:;~;E:(;:;~;/\i 
1120 INDEX(NOIN) = I 

~~~-~~Tljl~t~tQ£f-.n.~Q~lN·:E·:·i~()ttr~:.:r..;QtHJTt¥~NJi,j~IL::¥:E~T@Mn!-jto.vAR'.t::::jy:sji;fi~ti.L+t}L\2~·~·~-~~·~·~::~:~:~.:-:~:::::.:::-:::.:/. 
1140 SIGMCO(NOIN) = (SIGY / SIGMA(I)) * SQRTF(VECTOR(l,I)) 

Hi:\I:i:;~{G::'HtfUHtVMtNiH:\ti'6:;G\~\i\t:·tb·, 9:0~tttbL~~L~~~LLE~~~E;:;:?~~LX~:;:;:;:;:;:;:;:;:j/ED;:)/=;:;:t;:;:L;:;:JL!!!!!!f!!!{:}\\\\\11·~-~-~\1·X~111/X~I~~ 
904 PUNCH 906 

-:-:::·:-:·:-:-:·:-:-:·:':':·:-\U¥¥)FX:-/1.::¥Q:=::':'=H':':':::::: ::::::~;:::::::::(~: ...... ~\\\\\\:\\\~~~~~:,::::\\::':\,;jj\\\~;=:j\\\::.:::./:::::.:.//::'}':}}:{·:}}}}}}}}}ji/;}::::::::::::::::::::::::::\\~{LH:·:·\':':L;/('Y:E~L\{::~: 
1170 VMIN = VAR 

;·.;-{~-Il.~·.0.:;·:.;NQM}N:~~~#))~~F)~~~)~)).~~~))))::)::::))~:{((((~((::(:::(::(::((:(::((((((((/(::::::::::::::::::::::::::::::::::::::::::::::::::::\:::/f)~)~~);~);;;;;;;;3 ~3~~~~£~~\~~~~~~~~~(\\:::\·:':/-:·:-:-:}·:·"'''''-,,:-:·::,-:::·:.:-~: 
1190 GO TO 1050 

::{{;:-YF6'Kt{+:fj)fAf{/·:~':'::::::VMJ:f\F:tt0:5.:~hTo:.5.:o}:t:tj;Q/;~:.:=;:;:-:;:;:::;:~;:;:~:;:::~:::::::::::::://///////:://?//:·://:~~::::/:'{/{;~~Z~::~i::::i::::::~:~:::·~<:i\<::=:~::: 
1110 IF (VAR- VMAX)1050,1050,1210 

HH/1J 2HjJ.ijH.~.vXY'i A::x.;.::.::.f:;{::;:.:\liKf.¥~:.::.::.:~:~::.::.:~::.:~::.::/~:\~:~::;:;:.::;:;:;:~:~~::.:~:~:~ .. ~:~.:~~.~:~:~ ~\~'-~'~'~'~'~'~':'~'~'~':'-:":'-:":.':.':":":'-:"~':"~\\\\'~'~':':':':'~':'~'~':':'/:':'~'~'~':'.~':'.:':'~'~'.:'.:'~'.~.~'.:'.:'.~'.:.:'.~ {.~'.~'.:.~ ~.:'.~.~.:'.:.:: :{{r·.-·.··~·:·:··:·:·: :::'.:'.:: 11 ~ 1: : ~ ~ ~ ~ ~ : ~ ~ ~ l ~ 1 ~ ~ ~ ~ ~ 1 ~; ~:: 
1220 NOMAX = I . 

· }/_~.t.Q5:.b:~.:~t0ttt_tNHE~.~.~.~.~~\:}:·:.:·:::·~:·:.:.'.:.:.:.:.:-'.}.:.:.:,:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:':.:':.:.:.:.:::.:':.:.:.':.:.:.:.:.:.:.:.':.:.:.:.:.:.:.:.:.':-::.:.:.:.:.:-:.:.:-:.:.:.:.:.:.':.:.:.:.:.:-:.:-:.:.:.: .•. :::.:.::.:.:.:.:.::-:::.:::-:.:::.:.-::::.:.:.:::.:::::.::::.:::::.::::::.::.~.~.:. 

1230 IF (NOIN) 903,1240,1245 ~~_~~ 
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::S~\.:~{:.:.:::\\??/:H:H\\.~.<\//\\~r.:j~.~-;n.;.«.;'j:Xir/.;:.;:..~f:.j::.«::~D.;:\:~j.:~::,::::::::.::::::::~::::::~~;HiH::~:::::.:.~~::::;Z:::~S::':~~:::'~!~H:;:A::~:~:::.:.:::.:::::::::::r:::.:::::::::::.;::::::::).;):::::~:·:~~:::;.·:;;::·{·~:~·:~·i-~·l 
1320 FLEVEL = VMIN * DEFR / VECTOR (NOVAR,NOVAR) 

:;:;:;:;:;tX{a:{j::·:·:-tt~{E~f~Oo.:.1:::::i±::\tit;:t;V:B-tj::::~J~~;~;Q~{iiJh3.;$.pl{D.i(Mt0.iii;iiilii;i;iiiiiifHii:'iiiiii:';iiiiiiiiiiiiiiiiiii'!!'iiiiiiiU[[':!:'L!,L:'!!{!!H!i: 
1340 K = NOMIN 

~·:X:·;{3Nf:fLjio.E:fit-X::¥{j)':;}/;;;}':}/:;;};};;}T/:/:}//://:~.~;;.:·.:·.~.~.~;/5.:/-/-;:////L5L5.:::.::.::/.::.:::.::.::L;:~~;:;:~E:~~~~~~~;:\~C:E\\\~~\;/:;://://::·{;:;:;:~:·{:\.:;:\(:;:;:~;:;/{~ 
GO TO 1391 

·:\\:Hf3.:5.:0'\j)tNb.N(:·¥·:·jXEt·t(yR·,(:ii:b\jAft~:hbvAi:H:·~·~·~;·~~·vMX:i(·~·~·\\\}\\\:::;\\::~::~~~~~~::~~:~~·~::~~~~~~~~X/:;-;E:::~?\\Y{\\\Y)~~Y}}/};)\ 
IF(DENOM) 1351,1351,1352 

:.:.:.~:'.1.0-'$.t:}.Ntx..+.~.;.:.:.Z.;.;.:.;:.'.:.:.:.::;.:;:.;.:.;.:.\·~·:·:·~:~:~~·~':·::·:(::::::::::L{::«<::{{::::::::::::::::::::::/:{:~~:::~::~~~:~~LLE·~·DE:L:J::(E'::;;-;:/;{;i;·iiii;-;-;-;-i;-;-;;i~·;·;-;·[[[ff[[[[ffffiififiiiiiifiii; 
GO TO 1370 

;·:·:-:·:Tj5:2)jttE-VEE:·:·~·:~:\irqAx:*\~b:EE(t\i::::::D:ttt6i.f:::;\:S;~:'/:':/i::'/:·>::;·:\~:·::-{\··:··::/:\\\·:::~::::::::)::::X::::\\\~:;=;::)\\\\\\\·/;\\~·>;:;:/:;:;://;-? 
1360 IF (EFIN - FLEVEL) 1370,1361,1380 

.1·:(:/~i·~;~~~;~·~~·:~·~f~:~{~~6:~:~~·~\:13.'8.:Q+l$;$:.4:·~J·p:7:fX::·;:~~:·::/:/·:://:-::::~:/(':::(:~:::/:::;:{}::::.:>:~:.;).-:.{}.::.::.~:.;;;.;.//?//: .. / .. :.::{.}./.;:)).:.:./:;;(~;j;:/;:;:;ii:/i;i;i:::. 

:t:·:!-:t~9/:t::':N:Q~:N:T.:::·.:·:;i.'-'-¥.;.'.:.::·:::::;:::;::'.::::::':::::::::::.:'.::/\::.:.:'.::::::::}.::::.»\":; \\X::'.:::::::»·//::::::~·::::~·:·(~·;:·:;:·:·:·:·:·:;::;::;::·;::;::::;;::·;:';::-i~·i·;·i·:·i·i·:·;-:·:\·i::(;-'\,/ 
i 1391 IF(K) 1392,1392,1400 . 
~·;·/:Zi::?Z¥Z~d:n:/~rGH::I~;?t~;¥:~~~N.Qt:iIS.P::~:::{:~){[[{::{::i:i~i::[[i[i~[[[i[;[[iiii!3::!33ii3::::i3ii;:i:;:33 :::::::::::~::<::::::::::::;.::;;;::::::;:::: .. :;::::::,-::'-.:::::o;:.::.:::.-\.::.::,,:!:::::.:.::.:.:}?:.'.\ 

1394 GO TO 910 
;;;;;t:4:0:0::;j):o::::::;tAI;~X:::::"';::r+;~(/r:;::N:QV·AI{·:::::::::·,·:·:·:·:::·:·::·::·::ii::i.'.::.: .... : .... ::.: .... :::.: .... ::: ... ii:::i.':i;ii::iiiii::,'::.',':.':::·:.':.'.':::.: :::::::::::.::::::::::::::,::,:.::;.:.::.:.:.=:::,:,:::.=.:.=.:.::.:;;:.:.:.:.:: 

1420 IF (I-K) 1430,1410,1430 
HiEi'4:3tii:J.tidj/t4:4D=);:::::;=;;:J\;:::;:::/=i=:;~:>NQVAR;;:;;: ;;;;;;;::;;;:;::::;:;;;;;;:::;:;::;:::::;::;::::::;;::::::::;::;:;;;; ;:::::;;:;;:;::;;.,:::::;::;;:::;;;;;;;;;;.;.;;;;;.;;;.; 

145 0 I F (J - K ) 1460 , 1440 , 1460 
:::::::::j)t::e{(t:::V:~:~::J::QB::{:l:~~:}\::·){:W:.g.~)CQB.J.l::~~:~J)~\\H:~~.fVJ;~(IQJ{k;t;;;K};;)r:;;\((cto.g;;;IK:;J:):·:·::T::V:E(to.j:t~·:·~·:: 

lIK,K) ) 
E;ff.t4?¥tif/t"fj~EttfNf{ft~·~Y;Y(~Y{;Y~({~mY~~~~~~~l~Y~~~~~~\\\\\~\~.~.~.~.~.t~.~.~.~.~)X:\\C\\\\)\\\H:.\l\\\\E\\ll~Hjjjj~illjl\\llllllj~lljjjjjjjjjj~jllll)~))l))))))))~)~)))}/:H,/Eiii:::: 

14:"0 CONTINUE 
/EiXttijEbtE'I.:/{iiHj{:)XE#::iii:'iHPiH1.iJ.fiAR{{{{{{{[{[{{{{{{{{{{;:/:::::::::::~::::::::::~~H:::'::::.~.\:~:'.~.~.~.~.~.~.~33333333.~.\\~H}}~;~YE~::~~~~E+~~E~~~~~~~~~~~~~;~~~~~~~~i:{::/\ 

1490 IF (I-K) 1500,1480,1500 
i~~~~::tB.iQ:Q:/N:€:(:lQ:R~::::J::r:i~T:/:#:D2DV~~::;:{rQR·H{(J:Y~¥J:':\\\/\::':'M~:~:lQ:H':':':':tt.~~W;j~H~~~~<~~~~E~~~~~~~~~~~~~~~~~~:;:;/////:;////:;///:; 

1480 CONTINUE 
\\\\\J?JP.\\\PP~\4?:WQ\\~.4·:·:·:·~.'·:·:·:t)·Y}·~9Y!-\'WEEEI-EH~~~LL?~HEf~~W!-/'.E::~::::~::::~L;·::::::::::.U:::::::::::::D::::::::::/~~:2~:S~(:;:));(:\·~·~·~·~::::·~::·~::::~//:2·:':' 

1530 IF (J-K) 1540,1520,1540 
:WH=il.t~)~N¥:iVe::t;.:TQBJ)1,\~\l}\\\\~;:::\\\{:\V~C·T (}gtth1['(t~:ftF/tLV}f,:j:/rr:fFD;:;:rf{/;/'if.jj/!/H//:;:HH/=/fhi!f!!f!)hi!j:1·:\\\·~E\·~·~\1·~·~·~·~·~/{(X~ 

1520 CONTINUE 
:·:·:·:·:·:¥?:?·:R~ ~·:Y.E.·~J9:R:·qS=:;':J<;)}:;::::.=:=;:;::::~;:¥::~r::: /: .. V r;q IQR'::~':~;:~':W::~ :;:;::::::j\~::::·:·::':::::~·::::·/·:::::}H}H}HHiiHii))):C/.'.: .: . .'.:\\ .. ~jjjjjjjjjjj~j ::·j:·j:·:j::L::2:::L::~\::?: 

1560 GO TO (1000,1561),NIX 
:\;:;::J.:;-?·.t}·J·;;;p:;qt{~}!;::~Jqq~I~}~NQWI~:P.i(((~((~(ff(((:(::(:(::::::::(~::~~:(~:::::::\:::::::::::::::::::::::::::::~:~:~::::::~::\~:2))::3);33j~~i~~~~333 33~3~~~~~~~~~~\::~\·:·:·:·:·:·:·:·:·:·:':·:·:"X::·:·:·:·:.:.;.:.;.;.:.:.:.; 
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!:.:.:G.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.G) :~: ~ :1):{!:. ~ :1(: ~ :?::::D.:t:;.:'(: I.·M4·:t:; R: I.:.:.:::. ::: . ::::: :::::: ':;';'::;'::;';'::::::::: •.......... :.:.:.:.:.: ....................... :::::::: ::: :.::::: ....... :.:::::::: .... ::::::::::::::::::.::. ::':::::::::::::::::':::'::'::':':':'::::::;:: :::::: ·:;t:; .... ::::::::::::::·:::::::::::::::::::::·::::·;:;;;· .... ;;;:: :::::::::::.:::::::::: .. :::...... . .................................................................................. . 

~~::~;';:';'~~~g~~~i::l~t~;1~~~ri_~:1'!"i;1~'~:~I;;:~;(;;~;;~~;:;;;;;;;~::!:::::::::;~::;;:::;:~C;:;~C:~_:";:;;::;;:;;;:::::::::;;;::::;;;;;;;;;;;;:~':~"j 
15 FORMAT( 21HDEGISKENLERIN TOPLAMI II ) \ 

:;{·:X:;{·Y·ZXiSf;ORMA1TTzH':E::::;;::::::::::::/D/:/Y/.\XJ//.VG::3.H.F'::'::;#/;J7.::~.:(r.:.4;;:.~;~EE~~~;:~~~~~~j{S\(/L~~\~;:~;:;{:/:;:+\+~~~;:}':/:\\;~:)~{::;11 
25 FORMAT(17H . Y =F30 0 4) 

':::\:i\'\\<3:b\:iFQRNA:tt:::j~·t\·:t-9HB)·\}{·\·~k·AR£t~t:RiLto.P.~eAM·t\~-\·~·:.z~·~{·?\\t;\\::\\\~\\\\\\\\~·~~\\: :\\{:\\\:,\:'::,+\+L\/{/":i..'}r}'}Y)}))) 
35 FORMAT (7H X(I2,7H) VS X(I2,3H) = F30.6, I ) 

:.:·.\~.:·.:·5.~.:·.:.:i4::O.\:.f.ti.RHA::t.:.:.:.r.:.:.;.;.:.:.;.:.1.tF.;~~t~/:~\~t.1:T2jiTZH:t::::\($/:~E~t(~~;·Lnt//////////ft!1/t{~/&"::{:/{;:liiiii~I·~·~·~;;;;;iiii[[[i~'i~Hiif[[i[[[[i[[i[[~ 
45 FORMAT (21H Y VS Y =F30.6) 

:·:.:I·/:·:·:·:·:·:·5l£:·J~-t)'R·MAtj·:·:\lj::::3:·tBD.e:({1sKE:NCE:R:t{'\f:QRtAtAMA:\Q::eX-;;g:RL-tltt/:::::\\:::tt/:\\\j;.:\\\\\\\;:;;;.;:;:::;:;/;:;:;:;:;:;~ 
55 FORMAT( II 21HARTIK KARELER TOPLAMI II) 

:(({·?J:/P//fQgMAJ~{~;·:·~l::'!·~::~2:8.HKJ$·:MT-:-:)~-qR·J;·.l;·A..SXPN/J\lt.1':;5AXJ.t}\:J{I::·:·::·:}·//·;;·:·r./-'::/.:·:.:.'.:.)·:.:/.:.'.:.:.).":':i:'::/":"::/ii:::i:':;:i.~:L::::: 
65 FORMAT (31HY DEGERININ STANDART HATASI = F20.6 ) 

;:;/?:;:/J:J!/F:GB.t~1.=A':t'.:.=.r.0.0.}:~H~:::~:::~F.::~?wv.~:\rW~:I:::='=:::·:f.J:4:~\if\'J3:4Ht///::Y/:£iJ;o.E8L]Tf':l::·:S.IANi)AR,F":'HAI: i 
1 ASI = F12.4 136H COK YONLU KORELASYON KATSAY:S~ = F12.5 I11H 

EE-{:;L//:/2.C=:}SAe~tT::~#~~~fJ~3.~~~:::l9Qh-L:::::(~·::;~·::(;:;i;;i;:iiiiiii!;::D.!ltG!I;S.KiEi\tii~~iii::i:::;:\;:i;:\KA;cr;5AY:T::::,:·.:::::·j(Ai\s'J\'yr:·.::'S't: 
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X( 4) VS y 

y VS y 

x ( 1) = ..... __ ....... -- .. -........ _- ....... _-. 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

= -.036808 

= 588.734450 

09356 
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x ( 3) = .7636 

X( 4) = . .0005 
~~~~~~~~~~~~~~}~~~~~}}}}}~~~}~~~tjl~j~~j~j~jjjjjj~~~~jj~jj~~~~~~~~~~BB~jBBDBBj~~D)~ttt~ 
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I y = -8.0829 
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