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Haligteki yumu§a.k zemin tabaka.J..arJ.nJ.n varlJ.gJ., dip 

9amurunun taranmasJ. esoaSJ.nda btiytik boyutlarda geoteknik prob-
" 

1 emler ortaya gJ.karJ.r. bu yu.zden bu tabakalarJ.n taranmasJ. es-

esnasJ.nda olul}abi.Lecek kritik durumlarJ. onlemek igin bazJ. geo-. ' 

teknik hesap.Lamalar yapmak zorunludur. 

~u tezde i~ o.Larak rtalig'in genel jeolojisi ve zemin 

durumlarJ. incelenir. halig boyunca 12 kesit halind~ jeolojik 0-

lu~um(zemin durumu) veri.Lir. AyrJ.ca bu tabakalarla ilgili geo

tekna' oze..l.likl.er verilir .. llal.ig ve gevresindelci gevre problem

leri ve ~alig'in taranmasJ. durumu ara§tJ.rJ.IJ.r.Halig'teki taba

kalarJ.n gok yumu§ak ve zaYJ.f olmasJ.ndan dolaYJ.,kJ.YJ.larJ.n stabi

litesi taranma yapJ.lmadan once ara§tJ.rJ.lmasJ. gerekir. Bu sebeb

l.e §ev stabili tes,i hakkJ.nda kJ.sa bilgi ve bununla ilgili comnu

ter program(KOSELER-1) ge.J..i§tiril.di. 

Sonug olarak, bazJ. jeolojik ve geoteknik sonuglar ve 

taranma esnasJ.nda ve oncesinde o.Lu§abilece.!t kritik duruml.arJ. 

onlemek i<;(in ne.Ler yapabiliriz hakkJ.nda bazJ.'tavaiyeleJ:de bu

lunulaoaktJ.r. 



ABSTRAaI! 

GEOTBO.bNICAL BV ALUATIONS O~' 

lIUIQ' a S}t;DIMENTARY LAYERS 

~he presence of soft layers in Hali9 create a great deal 

of geotechnical problems during the dredging of Hali9. It is neces

sary to make geotechnical evaluat~ons to prevent critical situati

ons during dredgingo 

~he general geology and soil conditions in the area are 

studiedo Geological format~on along Bali9 is given by geological 

oross-sections. Geotechnical properties of these layers are docu

mented. The enVironmental problems in the vicinity of Halig and 

dredging of Halig are investigated. Since the layera(bottom sludge 

and underlying clay format~on) are very soft and weak, stability 

of the shores should be considered before dredgingo So stability 

of slopes is s·tu.died and the computer program for slope stabil?ty 

(KOSELER-I) are given. 

Some geological and geotechnical conclusions and recom-
! 

"mendations such as what can we do to prevent critical situations 

that may arise before dredging and during dredging are given. 
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CHAP1ER 1. 

INTRODUCTION 

Geotechnical problems ,having serious effects on people. and 

buildings,generallY require alarge amount "of investment and have to be 

handled u;rgently. On the other hand, the- naturE'" of the problems varies 

depending on th,e "type of the sources and environmental conditions ,and 

that variations mostly makes necessary to study geological study and 

the geotechnical properties of the site. 

G.enerally, environmental problems are to be handled and solved 

together with g~oteehnical problemoln fact,each geotechnical problem 
., 

,at the inhabited sites,has a tendency to be an environmental pro?lem. 

~he outcomes of g,eotechnical problems such as erosion, slope s"tabili ty , 

and dredging have an importance for people.~he large amount of inves~ 

ment and urgency is necessary for the sol~tion of such kind. of probleD 

Haliq is 7.5 kilometers long natural inlet of the Bosphorous 

strait.~he maximum width is 900 meters at the mounth,which is between 

~arayburnu and ~ophane Mosque,and the minimum width is 150 meters on tl 

upstream side at the outl@t of Alibey and 'a~thaneCOreeksoIts surface 

area is a total of 20 6 million square meters.Maximum depth in Hal~9 is 

36 meters and it shallows.down to a few meters aaap near Ka~thane Orel 

Hali9 has be@n a center of attraction and recreation in fo~ 
times.It has a very significant historical back ground, and i~ surroun 
ded by buildings dating from ottoman and ROman days. 



General view from Azapkap1 
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FIG o lo2 Historical view from~yUp 



Over the years,industrial and domestic waates,erosion,uncont

rolled fill and garbage ,shipyard wastes and sewage have poJ.J.uted Ha-' 

11g .So it has deve.Loped into an unbearable and unheal ty condi liion. Ad~ 

ditionaJ.y,soft .La~ers· encountered in the vicinity of Halig create SPI 

ciaJ. geoliechn~ca.L proo.Lems lio lihe area. 

!J.!he -80il conditions in .tiali~ wi.Ll caus e some geoliechn ica.L prob 

.Lems dnming dredging.~herefore,prior to any construc~ion,development 

a.Lteraliion of conditions and dredging the exist~ng soil condiliions 

and soil properties should be deliermined in chapter II, the general: 

geology of the area is documented.All previous borings dril.Led in "tb 

area are gi ven.~he soil conditions are determined based on the avai~ 

lable informations.~he avarage soil. properties are estimalied based 

on many measuraments reported previously. 

In chaplier III, environmental prob.Lems of Halig- and water pol

lution is summarized. ALso voJ.ume and location of previous dredgings 

and types are given. 

The presence of soft fills brings a great deal of geoteChni

cal problems to the area.~he considerable amount of increase in 

thickness of this formation towards the sea causes stability prob

lems,(:E'ig o I.3 , .I!'ig.I.4) .~he geotechnical conditions in the vicinit 

of Halig make necessary -for a preliminary study 'of slopes before an 

during dredging.ln chapter 4, stability of slopes are studied. Also 

computer program for slope stability (KOSELER-I)is developed.lt ma,,: 

kes easier to solve and compute problems. 

ba."3ed on thefindlngs and the results of this study recom

mendations for fu:ture construcliion and to prevent critical si tuaiiil 

dnning dredging are summarized in chapter 5. 



, I.4 News from Turkish Newspapers about sliding o.t 
Halie shores~(Milliyet,I98Iand HUrriyet,I980) 
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CHAPTER 11 

GEOLOGy AND SOIL. CONDITIONS 

2.I IN~RODUa~ION 

In followJ.ng chapters,the enviroQmental problems and the rela

,ions with g.eotechnical problems in the vicinity of Halie;- will be exp

.ained. In order to find reasonable solutions of the stability problems 

lnd to make reliable investments ,geological conditions should "be known • 

:~ thJ.s chapter geological conditions and geotechnical conaiierations 

.n the vicinity of Halig will be given.~he extend of soil layering along 

[alig wil.l· be given .Also geotechnical properties of each soil layer will 

Ie summariz ed. 

2 • 2 GOOLOG:l 

~he geology in the vicinity of Halig has been studied by many 

nveatig~tor8. Une of them,Penck(1919), was first to recogniz~ the gray, 

'ackes ,n~harace series", as the oldest formations in th.e area.!1!hey bel.on 

,0 the Lower Devonian to Upper Devonian periods of .l:aleozoic era.Atter 

hat Packelman(I925) changed that as upper Devonian.But the existance of 

arioua litological and paleontological zones in the Thrace series was in . , 
icated by later research.'J!hey belong.ed to the Lower Carboniferous ( Upper 

aleozoic) period of the same era. 

ecently, a complete geological map of Halig and its vicinity was given 

y Bayar (1976) ,l!'J.gure 2.1 • It is seen from this figure that the oldest 

ocks in the area,in Upper ~a~eozoJ.c (~ower Carboniferous) age and con-

is~ of shales and graywackes. 
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At the southern part of Hali9 on the top of the ~aleozoic format~ons 

the middle and upper Miocene formations of s.and and gravels ,clays and 

marls mactra ~imestones are encountered.Along the shore lines and be

low the water of 1i.a~i9 and Creeks however, the ~luaternary a~li viums 

are found. 

A • UP.J:lER PJli.JEOZOIC (Lower carbon~leroU8) 

Most of the informa~ion concerning this iniormation is obtained 

trom comparatively shallow borings and excavations a few meters deeps 

at various places in the Istanbul .Area. In the detailed studied of re

cent years , the paleozo~c format~ons ~n the v~c~n~ty of Hali9 are 

class ~1 ~ed. 

Baltaliman~ Format~on : 

~his format~on ~s observed at both sides of Northern part oj' the 

Eosphorua and around 1gerenkoy. It consists of black silicified and 

~ntens~vely folded shales. 

~rakya Format~on : 

~ound ~n a large part of "the area and consist of graywackes and 

shales.Some parts are decomposed by atmospher~c effects tak~ng on a 

green - grey or ye~low-brown colour. The alternat~on of layers of co

arse and fine grains shows the sed~entary structures suqh as cross

bedding ,slumbing, etc. 

Cebecikoy Limestone: 

This format~on found on top of ~r~cya Format~on covers an area 

of about 1,000,000 square meters around Uebecikoyo It consists of cry

stalized massive limestones and dolomatic limestones conta~n~ng nu

~erous ca~c~te veins. 



Giimii§dere J!lormat~on : 
-

It ~s observed that near Cebecikoy Hor.mat~on and consist of 

shales, silicified shales and tuff. 

B • MIDDLE AND UPPER MIO CElIt~ 

~he format~ons belong~ng, to the m~~,dle and upperM~ocene are 

not common in ~he vicinity of Hali9. But middle Miocene (Tortonien ) 

formation is encountered in a limited area near Qamurhan, 7 to 8 ki

lometers from Eyiip. The for.mat~on consists of grey coloured marls, 

sanda,yellow coloured clays, micaons sand stones,and grenish sandy 

olays. ~he thiokness of the format~ons was found to be 30 to 40 m&-

terse 

To the south and suuth west of Hali9 the Paleozo'~o base is o

verlain by a thiok upper Miocene (Sarmacien) for.mat~on. It is thiok

ness reaches I50 meters at plaoes. Upper Miocene was divided into 

three units by Sayar (I916). Each unit has the name of the area where 

the oharaoteristics of the uni~ is observed. 

+ 100m. 

+ 50 

;; 0 
- 25 
- 50 

- 75 +. --r-.---r---. 
o 500 l000m. 

IIU Kum. Cakll. KumtuKal~' 
Ii::::!::::Ei:: Sa'lds.Gra •• I ... SGnd)< lime. ton. 

Vl7TllTA Kili Si.t.Gro~k 
rLl.iLLf.IJ Shal.. Grcywcckts 

_ .. _--_._-,-__ t-. 

OTAKC;IL4R IF! Fe. 

I "TC 

] 
Ku.oterntr •• GUncel. 
Quaternary and recent. 

] 
] 

iist Mlos..n 
~p.·Miocene 

.lit Karboni!., 
Law. Carboniferous 

Fig 2.2 Geological cross-sect~on between Rami-~a~k~zak(Sayar, 
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I) Sand and gravel beds of QUkuxge§me formation consists of fine 

Dand bands and lenses. 

2) ~\rl and green clay beds of Gtingoren format~on are generally 

found on top of the sand and gravel beds. At the wester"n part of the 

walled city marl and clay bed are overlain by limestone beds. Gtingoren 

formation consist~ of vertebrateand mollusc fossils. 

3)Limeatone beds of Bak~koy format~on may easily be recognized 

by the variety ofmactra species, they contain.~hick beds of limestone 

exist in the Bak~rkoy area. 

C <;.' ~ERN.ARY AND CURRENT SEDIMENTS (Recent) : 

The youngest g~ological fdr.mat~ons in the area are alliviUms i 

the beds of creeks and sediments at the shore of ~alig and the bottom 

of the sea.~tificial fills along the shore \till be classified in this 

group alao. These may be classified according to their characteristics 

qa follows: 

a) River Alliviums (Flood-pla~n deposits): 

~hey are observed in the bottoms of the valleys of Al1bey 
, 

and Kag~thane Wreeks. They are commonly consist of continuous ~ayers 

of sand and clay laid down during ~he high-water season. 

b) Mar~ne Deposi~s : 

At the shores and ~he bottom of Halig on the pa~eozo~c base 

iii ai.J.ty-clay la,yer containlng mar~ne orgat:l~sm ~s tound. The extent of 

these sediments might be overlooked since the coast line has been' 

greately changed over the years. The thickness of this layer varies 

from I to 12 me~ers at the shores and 40 to 50 meters at the bottom 

of Halig. 
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c) Bottom Sludge ( Recent ) : 

Borings carried out in ~he middle part of Halig showed 

the existence 01 a mud layer. The thiokness of the bo~tom sludg,e 

decreases near the sheres. It is formed bj sedimentatiun of erosed 

materiaJ.s and pO..l..lutant in the water.It is ala'o explained in chap

ter rrI. 

d) Artificials fills (Recent ): 

They are i'ound atthe shores and around Balig just below 

the g):'ound ..level. They consist oj stones ,bricks,pieces of conc

rete,wood,rubble,etc. The thickness of that decreases away from 

the shore line. Between ltalata and Unka~ariJ:. Bridges, the thi'ckness 

of artificial fills are 30 - 40 meters. 

~ 0 3 SOI1 CONDITIONS 

There have been many geotechnical investigation:::: related 

to various contructions at the vicinity of Hali~. The locations of 

. a ome of the boreholes drilled for the determination of soil condJ. tJ.

on in these investigations are shown in Fig. 2~ and table 2.1 

~hese boreholes are shown in AppendJ.x A. 

Also a list of these borings with their references are given in tab

.s 2.1. 12 typJ.'cal geotechnical cross-sectJ.ons,along Halig, determi-
ClS .. 

ned from the results of these borings ere givenAFigures in Appendix. 
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!I! ABLE· I!lo I 

LIST OF ~EOTECHNICAL ~ORIN~S LOC~ED IN ~HE VICINIT~ 
o 1!' H.A.1I9 

Borl.ng 
Group LOC~ION REFERENCE 

No 

I Silahtaraga Power Plant Peyciroioglu,1975 

2 Istanbul Mill 9 SUtltioe PeYDiroio~u,I965 

:3 Golden Horn Brl.dge So Maden,I975 

4 Istanbul Sewage Project Temel Ara~t~a,1982 

5 Istanbul Sewage Project CAMP-TEK-SER-1974 

6 Talitkl.zak Shl.pyard, Haskoy Speoial Report 

7 Camialj;l, Shl.pyard, KasJJnpa~a Speoial report 

8 Halig Shl.pyard, Azapkapl. Speoial report 
.;) 

., 

9 Draper Market, Unkapanl. Sayar, 1962 

10 SOOl.a). Security Department Complex,Unk~: PeyniroiotUu,197:3 
..J 

II Chamber of Commerce Hous e, Eminonii .1:'eyniroio~u,I973 

12 Preliminary Subway Study Sayar, 1962 

. 13 Preliminary Subway Study ( 1978) General Dl.r.Of Hl.ghwa 

14 Silahtaraga Stell Plant,Alibeykoy S peoial Report 

, 

I 

I 



, I 

Sut(~ 

tv '. , , 
'.' 

Ayvansaray 

Fener 

1Fo'Silahtar Power Plant E:x:~ 195 

2~Istanbul Mill,1965 
, 3oHEU.ig Bridge,1975 

401s~~Sewage Projec~,1974 

5~~a~~zak Sh1pyard,1966 
6oCamialt~ Sh1pyard,I966 

, 7.Ist. 

8.Ist o 

Sewage Project,1974 
Sewage Project,1982 

o 500m. 
!!t 

~kiiY @ 
I .- 9oSoC~al SecurJ.ty Dep".:.. 1973 

5 6 ' IO.Draper Market,1~62 
Kaslmpa~J:1oPreliminary Subway, 1978 

Unkapanl 

\1 

1d.Chamber ~f 'Com. ~ouae,1973' 
130Preliminary Sub. Stud3i,1962 

14 HaliQ Shipyard, 1966 
:;~ 

o l-<.arak6y 

(f0~. 
EmJ'nonQ . 

~ 

SEA OF 
tv! i\Rtv1ARA 

-----'---------,.-----

FJ.g.2.3G.eotechnl.cal Borl.ngs Located In 
The vl.cl.nl.ty of Halig 



A. BEDRO OK FORMATION 

It ~a Been from orosB-seot~ons the depth of the bedrook for

mat~on var~es oonsiderably'at var~oUB looat~ons and the d~pp~rrg of , 

the bedroak surfaoe towards the aea varies between 20 and 45 degrees. 

This steep slope is the ma~n oause of lateral movements aoross the 

h." shdreo 

The graywaokes and shales oontain looal fault zones with va~ 

r~oUS st~ike planes and dip angl~so 'fhe layers whioh are olose to the 

surfaoe are highly weathered and fraoturedo' The oolour of the weathe

red parts are yellow and brown. 

The thiokne~s of the weathered zone of the graywaokes and sha

les is not homogenoua,but var~es from plaoe to plaoe.Thecthickness of 
. , 

the weathered zone of the graywaoke ,in Eminonll., 30 meters.(Sayar,I975) 

It decreases along upper part of HaliQ. As a result , the graywaoke 

format~on is mainly fissured and upper part is deoomposed. 

The engineer~ng properties of the graywaokes a~d shales have 

been investigated by many researohers. The engineer~ng properties and 

unoonfined oompressive strengths of graywaoke samples,from two diffe

rent looat~ons,are given table 2.2,(Togrol,I975). 



Table 2.4 

STRENGTH TEST ON GRAYWACKE SAMPLES ~Togrol, 1975) . I 

--------- ---,------------,-----------,---'--------j 

Depth, m 

y gr/cm3 
OJ ' 

'Is, , gr/cm3 

w , % 

n , % 

e , % 

s , % 

Zeyrek Under-, 
ground .PassagE 
Construotl.on 

4-6 

2.36-2.46 

2.74 

7.3-8.3 

0.175-0.185 

0.212-0.227 

98.5-100.0 

Test pit near Zinoirlikuyu 
Istanbul Tech- Offioe building 
nieal Universe Construotl.on 

0-2 6-10 

2.38-2.54 2.42-2.54 
" 

2.78-2.82 2.78-2.80 

.. 

2.31-8.05 5.92-7.23 

0.142-0.170 0.142-0.195 
, 

0.166-0.205 0.170-00 242 

32.5-100.0 

~ ____ -----L--~----~---~~-~--~----~ 
',' 

-y n ' Natural Uc+ t Wel.ght n , Porosl.ty 
e , VOl.d Ratl.o 

1(a ' Unit Wel.ght of soll.d partl.oul. s , Degree of Saturatl.o 
w t Water Content 



B 0 SEDI.MEN'J:ARy. .LAYBH.S-QUAR~BlTh.ARY AND RECBNT 

ALLIVIUMS 

r) Art~f~c~al fills: 

~he thickness of such fills decreases with increasing dis

tance from the shore. Along Hali~ shores, artificial fills vary in 

thickness from a few meters to oLmos~ 40 meters.The ~tificial fill 

contains gravelst sand, boulders t silt, shells, wooden pieces, conc

rete and all kind of city debris. 

The existance of this uncontrolled fill is very important 

from various points: 

i) ~he thickness of the fill increases towards the sea. 

I Therefore, it causes uneven settlements for buildings constructed 

on top of the fill layer. 

ii) The properties of this fill is not known and varies 

considebably from one point to another. The properties of some o~ 

them are given in table 2.5. 

iii) The existance olf this layer in land alter the grey 

silty clay properties due to consolidat~on of silty clay under the 

the weight of the fill. 



Fig92.4 13or)ngs taken from Hali~ Shipyard (special report ,1geb) 
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~ab~e 2.5 . 
Llili • REPORTS TAKEN FROM. H..ALIQ SHIP .LARD bORINGS 

(Special Report,I966) 

Boring No: Depth,m. WI Wp Ip Wn Ys 

I I8 aOO 35 21.7 13.3 36.9 2.7 

3 23.00 - - - - 2.78 

5 18.00 61 30.3 '30.7 .. 3'3.14 2.73 
" , 

WI ' LiqUJ.d Limi t W , Natural Water Content n 
W , P~astic Limit 'is ' UnJ.t Weight of Sollds 

P 

I , Plasticity Index .Yn ' Natural Un~t Weight p 

~ab~e 2.6 

Boring No: ~, kg/cm2 Yn ' t/m3 
.' 

I 0.06 1.73 

~ , Unconf~ned Compressive Strength 



Fig. 2.5 i3or·jngs tuken from Ta~1< 17.ak Shi~y nrc! (speci at repcrt / '1980) 
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~able 2.7 

. LAB. REPORTS ~.AKEN JPROM TA9KIZ.AK SHIPY.ARD BORINGS 

Speoial Repdl:t,1980) .. 

]3or~ng.No:! Bor~ng No:4 Horlong No:5 Borlong No: 1~ 

(Depth 3m.) (Depth 3m.) (Depth 3m~) (Depth 3m.) 

Wn 
,> 

21.4 18.4 21.3 22.0 
( % ) 

w~ , 

30.9 28.0 27 .1 32.7 
(%) . 

w 
(%J 

, I9.0 15.00 19.6 22.3 

1p 
11 .. 9 I3.4 7.5 10.4. 

(%) 

I 
(%) 0.85 0.74 0.77 

- , 
14103 

¢u(o) 12 (.) 7 ( •• ) - 27 (.) 

C 0.60 (0) 0.30 ( •• ) . 0.20 (.) u -
Wn(% 20.4 (.) 20 (oJ - 20.60 (.) 

Yo 1.97C,) 2.07( •• ) - 1.'97 ( .) 

( .) Quiok She'ax T es t 

( •• ) Triaxial Test 



2) Sedimentary Layers : 

The aediment?rY layers which are found under the artifi

cial fill consists of sandy, clayey silts,contaJ.n large amount of 

organic matter and sheels. The thickness of this layer varJ.es from 

6.0 meters, near Galata Bridge, up to 35.0 metera, near the Oreek 

Qutleitis.(Kumbasar and Ulker,I975)' 

This formatJ.on contaJ.ns organic matters in high percan

tage and the water content is around Liquid Limit. 
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]'1g Un.k:apaoJ., Properties o:f'samples (PeynirCiOglu,I96I) 
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Fig. 2.6 Unkapan~, Propert~es ot samples (Peynircioglu,I96I) 

Bor~ngs which were carried out at Silahtaraga-Power Plant 

shows that Naturel water Content is nearly equal to liquid limit. 

(Talllle 2 0 8 ) 



~able 2.8 
.L 

Properties of samples taken from Silahtaraga " 

Power Plant, ~ogrolfI967 

Sample Depth,m Wn (%), . WI (%) '.: 
c , kg/ cm.t:. 

3/6 9 82 96 0.10 

3/10 It 79 94 c 0.10 

4/1 5 88 91 00 13 

9/7 20 67 83 0 0 10 
'. 

9/6 18 73, 77 e~IO 

7/8 18 61 61 0.10 
. 

7/6 14 60 60 00 10 

I~4 8 92 56 0.05 

7/5 12 61 55 0.12 
" 

9/3 12 46 ~I 0.20 
~ 

711 4 55 45 0.45 

1/1 2 39 38 0.40 , 



Also, typioal variat~on of test results on samples 

obtained from bor1og No: I at hasko~ ~ark Degirmenleri site 
, " ' 

is given in Table 2.9 • ( Togrol, 1967 ) 

, 

Table 2.9 . 
Laboratory Test Result on Samples .Obtained 
From Haskoy'~ark Mills (Togrol,I967) 

" 

No.of Sam p. Depth W W 

(~f 
w 

~ (m",) (%) ('%) (%~ lr"o7mn2 
" 

I 13 68 34 34 54 0.7 

2 16 73 35 39 53 0.7 

3 I8 72 35 32 53 0.7 
.;, 

4 20 75 37 40 60 ,,0.4 

5 "22 72 35 35 61 0.6 

6 24 77 35 42 62 0.3 

7 26 76 36 40 61 0.7 
" 

8 , 28 70 36 34 55 " 0.8 

9 30 63 32 31 50 0.8 

10 33 ' 64 34 30 50 I.O 

There are great amount of information related to the pro-. 
parties of sedimemtary layer. These valUes from various sources are 

syatematically compiled and ~opresented ~n Table 2e10 • 



Table 2.10 , 

Avarage Properties of Samples 

Obtained at Various Sites 

Looat~on 
Depth WJ. W W 

(kJ~.2 
Referenoe 

(m.) (%) (%J (%~ 
EyUp ,Haakoy ,Sut 0-60 60-80 30-40 50-75 0.15-1. Peyniro'1962 
lUoe 

Sutltice,1stoMiJl - 85-90 40-45 60 0.2-0.3 Togrol,1975 

Ta§k~zak Sh~pyc 12-35 50 27 50-66 0.64 ~pe. Report 
" 

Unk. ,Old Found. 30-60 50-60 25 50 0.2-1. Peyniroi,I96l 
I 

Silahtaraga \ 

Power Plant 0-30 40-95 31 70 \ 0.2-3:. Peynirci.:I961 

I 
3.Hali9 Bridge 07 60 50-65 20-27 50-65 

I 
1 0.4-0.8 Dada,I970 

Extension of 
, 

- 67 31 67 I 0.1-~~2 To grol, 1975 
Power Plant . 

<, 

liaakoy 
, 9ark Mills 0-50 70-:-80 35 50-60 0.5-1.0 Peynirci,196 ~ 

-

We 9 Natural Water Content 

W 1 
, Liquid Limi t 

VI , Plastic Limit 
P 

<lu ' Unconfined Compressive Strength 



~he odeometer tests indicate that the clay is in a l~ormally 

Gonsalitated state.The sensetivity of the clay ranges be~veen 3 and 

6 which indicates that a large deformat~on of the clay can cause a 

decrease in the strength of the soil layer (Togrol,1975). 

Also, ~ests conducted on the samples obtained from Ta§k~zak 

Shipyard Horings are s~en in table 2.11 0 

, 

Table 2.11 

Labora-Gory Test Results on Samples Obtained 
from Ta§k~zak Shipyard, (Special Report,1980) , 

I 

Bor~ng I Bor~ng 4 'Bor~ng . 5 Bor~ng I3 
(1O .. gO) (5.0C!n.) (I6'.5Om.) (1B.5Om.) 

Wn 15.0 21.5 22.9 20.7 

Vll 32.3 34.3 37 • .0 34.2 

Wu 21.7 18.8 18.6 17.6 

I 10.6 15.5 I8.4 16.6 
P -

Ic 1.63 0.83 0.77 \ 0.81 
- -

"Is - - 2.86 ------- ---

Pu (.) - - 0 I 

cu ( .) - - 0.50 0.68 ,. 

'Y n 
( .) - - 2.06 2.1 

h (.0) - - 21 27 
--'-- -

Cu 
( .. ) - - 0.50 0.20 

.--. . _ .. -, e;-

'In ( .. ) - - 1.74 1.97 
. ---- ----- -- ---.--- --.. -. 



CHAPTER m 

WATER POLLUTION AND DREDGING OF BOTTOM SLUDGE 

3 0 3i W.A:I!ER POLLUTIO:N 

~he history of the water pollut~on in the vicinity 

of Halig goes ba~k to].5~ century.' The problem was eros~on on 

the hills of Kai9. thane and Alibeykoy Creeks and accl~:'llulat~con oi 

erosed material on the bottom of Halig. After I950 g industrial 

settlements have started in the vicinity of Halig and environ

mental pollution has been observed. 

The water body in Halig is the mostly pplluted 

part of vicinity" The rate of pollut~on increased by increase 

of populat~on and industrial settlement and the problem deve

loped into an unbearable and unhealty conditions. 

~he main causes of the water pollut~on may be sta-
.r. 

ted as follows: . 

I. IndU8tr~al Wastes: About hundred' plants are gi

ving their wastes directly to Halig and Creeks. The water pollu

tion due to industrial activities is equal to the poilut~on due to 

3 million populat~on,(Kor,I975). Industrial wastes are polluting 

Halig physically, chemically, ch~mically, and biologically. Valu

es of basic parameters of water pollut~on at certain locatl.ons in,' 

Ralig are given in table 3.I Karpuzcu (I974), Baykut (1946) and 

Kor (I963) • 



Table 3.1 

VALUES OF BASI C P .AR.AMETERS ON WATER POLLUTION 

Water Turbidi ~~empera Diaso.1 Heavy Metals BOD ture in ved Oxy -, 

Loeat~on Depth . (em) April fMllr/lt Zn Cd (mgr/lt~ 

KagJ.thane 
1 0 0 20 20 1.1 Oo2I~~:73 0.0 -Creek - -

, 

Alibeykoy 
0 .. 9 24 24 1.4 0.03-.1+ 0.0 IO.O 

Creek: 
, 

EyU.p- -. 

3.r 20 18 0.35 - - 15.0 
SutlUee 

Hali9 -Brj • 303 - 22 18 0 0 30 0.05- 0 07 0.05 8.5 

Atattirk 
27.5 100 IS 1.9 - - -Bridge 

. 
G,alata 

26.0 130 14 4.0 0.02 0 0 05 3.5 
Bridge 

-_1--_________ ---------



2. Domestic Wast,es : The other important pollutant of the 

water in Halig is domestic wastes of 600.000 populatJ.on in the vi

cinity. Moat of the districts in the vioinity are in lack of a pro

per sewag,e system. A new sewage system is designed by DAMOC ' &l97l) 

and it is modJ.fJ.ed by CAMP-TEKSER (1975). The wastes whioh.cannot 

be treated biologically must be treated previously in discharoing 

plants. Hali9 district has the third priority in the constructJ.on 
" 

schedule of the proJect. Therefore, the water pollutJ.on by domes-

tic wastes will oontinue for a perJ.od of time,(Fig. 3.1) 0 

]'ig. 30l Domestic wastes on the shore at Eyiip 



:3. Erosion and Sedimentation,: FFioe materials of the 
-

sep hills of AJibey and KagJ. thane Creeks are tranported during ra-

y seasons and sedimented at the bottom qf Hallg at a rate of IO em. 

t: year and oonsti tute almost aJ.l of the sedimented material. !Chese 

iiments are oalled Bgttgm Sludgg and contains organic materials 

i heavy metals o !Chese contents contribute also to the polluti0n of 

lier and the geotechnical problems of the area,(Fig.-3.2) • 

. \ 

Fig.3.2 Sedimentation in Halig, near Siitliice 

4. Shi.;ga~and Wrecks: Ships are polluting the water by 

heir wastes and abondoned wrecks impede the circulat~on of water 

n Hali9,(Fig.3.3). 

30 



Fig. 3.3 An,abondoned wreck on the shore 

3.2 DREDG1N~ OF DOT~OM SLUDGE 

Baaed on numerous measurements at various times it has 

been determined that sedlmentation of fine materials. is on the or-

der of 10 em. per year. 'fherefore, it may be concluded that due to 

sediments a \iotal of 260.000 m3 of fine material is transported qy 

the creeks to Halig every year. 

~he bottom sediments have basically three undesired fea-

tures . . 
I. They contribute to the pollution of the 'water. 

2. ~hey impede sea transportation to the area. 

30 ~hey' contribute a great deal to the geotechnical prob-

lems of the area. 



These sediments are almost in a liquid state in the upper 5 to 7 

meters zone and have unit weight of~ ~I.10 to 1:1~ t/m3 (Becan, 

1974) 

The geographical location of Halig is 'providing many 

faoilities in the sea transportation if the 1ndustrial plants 

keep their existance in the area, the sea transportation on Ha-

11g will be the cheapest way for the transportation of roW mate

rials and goods. 

The present conditions are not suitable for an effioient sea 

transportation 1n Hallg. So the dredging of bottom aludg,e to ob

tain suJficient depth and tc! prevent pollution of water are ne

cessary. But the g,eotechnical conditions in the vicinity of Ha
lig makes a preliminary study about stability of shores necesa 

aary. 

There are many types of dredgin/:?:'equipment for diiferent 

materials to be dredged. Over I.OOO.OOO m3 of dredging was done 

in previous years in Halig, (Table 3.2). 

The amount of accumulat10n of sedimented material will 

decrease to 200.000 m3 per year after the completion of Alibey

koy Dam construction. The amount of material to be dredged is a

bout 2.5 million m3 in Halig,(.ArJ.can ,I976). Therefore" total vo-· 

lume of material will be 3.5 million m3 at the and of the next 

four years. 



Table 3.2 
, 

Volume and Locat~on of l'revioua 
dredgins in Halig (.A:r~can ,1976) 

Locat~on lear Volume, .m3 

SUtliice-Silahtar 1961 494 0 000 
" 

Haf.lkoy-llal~c~oglu 1965 250,,000 
! 

.Ali bey Creek 1965 25.000 

Eytip - Silah tar 1974 330.000 

TOTAL - 1.094.000 

Since the bottom sludge and underlying clay formation 

are very soft and very weak, stability of these format~ons sho

uld be evaluated. Also the stability of shores ~hould be consi

dered before dredging, (See chapter 4 and 5 ). 



'\ 

CHAP1r' 4 

/ 

.sLOPE STAB'L1 TV 

4.1 INTRODUCTION 

Every mass 01 soil located beneath a sloping ground 

surface or beneath the sloping sides has tendency to move down

ward and outward under the influence of gravity .If this, tendency 

is counteracted by shearing resistance of the soil, the slope is 

stable. Otherwise a slide occurs. 

The failure 01 a mass of soil located beneath a wlope 
-' 

is called a II Slide" ~ Usually, slides are due to exc.avation 'or' 

to undercutting the foot of an existing slope. Slides Iflay OCC'l.ll' 

in almost every conceivable manner, slowly or suddenly,. 

4.2 SLIDBS I~ COHESIVB SOILS 

A cohesive material having a shearing resistance, s , 

5= C + P \:. a 0' ¢ •••••••••••• (4.I} 

where c denotes cohesion 

p denotes normal stress 

fi1 denotes angle 01 shearing resistance. 

can stand with a vertical slope at least for a short time, pro-



H 

vided the he2ght of the slope is somewhat less than critical 

height, Hc.lf the height of aslope is 5r~ater than Hc' the slo

pe lS not stable unless it makes an angle with tne vertical. 

If the height is very great compared to H , the slope will'1ail 
c 

unless the slope angle is equal tu or less than ¢. 
If the failure occurs along a surface of sliding that 

intersects the slope at or above its toe (Fig. 4. I a) , the sli

de is known as a II Slope ~'ailure." • On the other hanq, if the 

soil beneath the level at the toe 01 ·the slope is unable to sus

tain the weight of the overlying material, the 1ailure occurs 

along a aurt'ace that passes at some distance below the toe of 

the slope. A failure of this type is known as " Base failure", 

Fig(4.I6). 

o 

H' 

h 

Fig. 4.1 }osition 01 critical cirmle for (a) slope 

failure (b) Base failure 



403 PROCEDURE FOR Il~VBS~ILTjl.l.rING STiiliILITY OF 

SLOPES 

~he general procedure is to determine the position 

of .the surf ace of the sliding: to estimate the veights of the 

various parts of the sliding mass that tended to procedure or 

to oppose the slide: and to compute the avarage shearing resis

tance,s ,of the soil necessary to satisfy the conditions for equ

ilibrium of the mass. 

In order to investigate whether or n9t a slope on so

il with known shear characteristics will be stable, it is neces

sary to determine the diameter and position of the c~cle that 

represent the surface along whioh sliding will oocurE.~his circ~e 

known as the" Ori tioal Circle" ,must satisfy the requirement 

that the ratio between the shearing strength of the soil along 

the surface of sliding and the shearing torce tending to prod~

ce the sliding must be a minimum. 

After the diameter and positi~n of the critical circ

le have been determined, ~he Factor of Safety,F , of the a~ope 

with respect to failure may be computed. 
o 

I 
I c 

k l" 
I) 

Q b 

Fig. 4.2 Slope Failure 



r-. 

F ::: _..;;;;~....:...r_d...;...o~ __ 
WI l. - W'1.l'l. 

Where r denotes the radius of the criticital cirncle 

da denotes the length of the surface of sliding. 

The slope stability may be investigated by trial. 

To make the investigation by trial, different circles are se

lected,each representing a potential surface of sliding. For 

each circle, the value of F (Eq.4.2) is computed. The mini-, 

mum value represents the factor 01' s~J3ty of the slope with 
! 

respect to sliding, and the corresponding oircle is the cri-

tical circle. 

4.4 S1OP~S ON SOFT CLAY 

The avarage shearing resistance ,s , 'per unit 

of area of a potential surface of a:aliding in homogenous 

clay under undrained condi tiona (¢::: 0) : 

5:..1-9 = C 
.2. ~ 

~ denotes Unconfined Compressive strength 

c denotes Cohesion. 

If cia known, the critical height Hc of slope having a 

given slope angle ~ can be expressed by the equat~on, 

\-\ c. = N.!> c •••••......•.... (4.4) 

where N denotes stability factor. 
fl 

N is a pure number.Its value depends only on the 'slope 2ng
B 

Ie ~ and on the depth 1actor nd (.b'ig.4.Ib) which express the 



depth at which the clay rests on a firm base. If a slope failu

re occurs, the critical circle is usually a II Toe Circle II that 

pass es through -the toe of the slope 0 lioVl~ver, if the firm bas e 

is located at a short distance below base the level of toe , the 

critical circle may be a It Slope Circle II that is tangent to the 
,;>, 

firm base and that intersects ~he slope above the toe. 

The position oj the critical circle with reference to a 

given slope depends on ~he slope angle ~ and the depth factor nd o 

! 
i 

! 

./' V 
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I .: In 
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cI . 
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Slope Circles 

Fig. 4.3 Relation between s.Lope angle and stability' 

factor Ns t -for different values of dep-th factor nd 

(After Taylor, 1937) 



According to fig.4.3 , the ·failure of all slopes ri~ing at an ang

le of more than 53 Q occurs along a toe circle. If ~ is smaller than 

53°, the type of failure depends on the value of the depth factor nd 

and~ at low values of n
d

, also on the slope angleF • If Cd is equal 

to 1.0 , failure occurs along a slope cirmle.-

If Cd is. greater "than about 4.0 , the slope fails alon6 a 

circle tangent to the firm base~ If nd is intermediate in 

midpoint I 
value betJ 

ween 1.0 and 4.0 , failure occurs along a slope circle if the point 

representingx the val-ues of nd and ~ lies above shaded area in .b'ig. 

4.3 • If 1ihe po~nt lies within the shaded area, failure o-ccurs a 

toe circle. 

4.5 ~HB US}; 0.J!' THB S.LIP CIRCLE IN ~HE STAi.:HLITr 

.AN.AlaYSIS 0.J!' SLOP.l!,;S 

A. If slope is located above water table: 

If a slope has an ~regular surface that cannot be represented by 

a straight line , or if' the surf'ace of sliding is likely to pass 

through several materials with different values of c and ¢, the 

stability can be investigated conviniently.by the II Method of sli

ces 'II .• According to this procedure, a trial circle is selected, 

(fig 4.4), and the sliding mass subdivided into a number of' vertical 
.:;, 

slices I,2,3 etc. 



b 

( a) (b) 

Fig 4.4 Method of slices £or investigating equilib

rium o£ slope located above water ta~le 

Each slice , such as slice 5 shown Fig 4.4b, is acted upon by 

its weight W, by shear forces T and normal forCES E on its si

des, and by a set of forces on i~s bases. These include the 

shearing force gs and the normal force.P. 

~he forcea on each slice must satisfy the oonditions o£ equi

librium. However, the forces T and E depend on the de£ormation 

and the stress-strain characteristics 01 the slioe material 

~o 

and cannot be evaluated rigously. ~hey can be approximated with 

sufficient accuracy for practical purposes o ~he simplest approxi

mation consists of setting these forces equal to zero.Under these 
. -

circumstances, if the entire trial circle is located above water 

table Slnd there no exoess pore pressuresf. 



The equi~ibrium 01 the entire ~~id~ng mass requires that 

If s is the shearing strength of the soil along t, then· 

S b - •••••••••• 0.(4.6) 
F Cos.~ 

and 

•••••••••••• (4.7) 

Whence 

~ ( -::,bj co~ci) •••••••••••• (4.8) 
~yv S'\1\oL 

I The shearing strength s , however f is determined by 

•••••••••••• (4.9) 

Where P is the normal stress across the surface of sliding 1 • 

To evaluate p we consider the vertical equilibrium of the slice 

(Fig 4.4b) ,whence 

therefore 

and 

V\/ = S S\.f\tJt-\- PI Cos-a(. •••••••••••• (4.10) 

? Co~d... 
b 

••••••••••• (4.13) 



Let 

Then 

m 0( == (_f."_+_t_5=-ot,--. -l~~~¢ __ ) C oSt{0, ••••••• 0 ~ • ( 4. 14) 
F 

F -

~[C+tW/h)t..~~Jh 
me{ 

Equation 4.15, which gives the faqtor of safety, F, for t~e tri~ 
i 

al circle underiinvestigation contains on the right-hand side 
! : . 

the quantity m~(Eq.4.14) whioh is itself a function of Fo' The

refore Eq.4.15 must be solved by suocessive approximations in which : 

a value of F: Fr is assumed and used for oalculation of Illoc., where

upon F is then computed. If, .the value of F differs signifioantly 

from FI , the calculation is repeated.~he calcUl~tions are facili

tated by the chart from which values of md.,can be taken, '( Ja'obu, 

1956) 

- I , I " I ' I I 
/.4 

" I I I ,- I 

sina tan if' 
mct.=cosa + F 

/,2 

06 

-30 -20 70 
a (Ouqrees) 

Fig 4.5 Chart for evaluating factor m~ 



B. If the slope is partly submerged : 

In general, the slope may be partly submerged and 

there will be pore pressures acti'ng aolong the trial "c~rcle , 

(Fig 4.6) 

(c) 

]lig 4 0 6 Method of slices for investigating eCluil~brium 

01 slope for partly submerged sl.opes (C!-) Force 

polygon for slice 2 if forces T and B on sides 

01' solice are considered to be ~o 

~he magnitudes of the pore pressures depend upon the condi

tions 01 the problemo In some in·tanc~;s they may be estimated 

by means of a flow net or field observations. If the le~el of 

external water' surface lis denoted by A-A , the weigh·t,W, of 

the slice may b,e written as, 

•.••••••..••.••••. (4.16) 

where W is the weight of tha't; part below A-A , And VI is 
a b 

the submerged weight of 1ihe part blU.ow A-A and zbY " is the 
w 



weight of a volume of water equal to submerged portion of the slo

pe • If entire slice is located beneath the water level , as slice 

3" the weight Of the water abov\; the slice must be inc~udedin zbY w 
The pore pressure at the midpoint O~ of the base of the slice is 

z¥ +u , where u is the excess pore pressure with respect to exterw 
nalwater .level. If the ewternal water level ~A is located below 

0' on the base of the slice , the pore pressure at OJ{; is h/"t , 
i . • w 

where h is the height to which the water would rise in a .piozeme-

ter at 0' • If the pore pressure is due to capillarity. h is nega-
( 

tive. The shearing stress , t, along the suri'ace of sliding is, 

whence 

Equilibrium of the entire slide with respect to moments about 

the centre of the trial circle requires that 

\ 

F 

However , the water below level A-A is in equilibrium, 

whenoe 



••••••.•••••• ( 40 20) . 

Therefore, 

And 

••••••••••• (4.22) 

f 

••• ; •••• ~.(4.23) 

and 

Substition at' eq. 4.24 in ta 4.22 \ 



~ [ c b -to l V'l~ -T VVb- \.4 b) co.", <p] , 
rod,. 

1"5 may be noted that the influence of' the external water level 

is fully taken ,into account by the 'the use of the submerged we

ight, Wb ' ,and that the excess pore pressure ,11 , is cuJ.culated 

for the base of each alioe. ~he procedure described'in the pre-

ceeding paragrapha may be modified to take into account the for

ces T and Bbetwe'en the slices (Bishop, 1955)~' 

L· •.• 

• This computer program (KOSELER-1) is developed using 
. , 

Bishop's (1955) MOclJ.fl.ed ProGodure. The program. Uf.ICS a. circu-

lar -arc failure surf<.weo- Yirst the intorseci;ion coordinates 

of soil layers and the potential failure s~'face are found 

then the areas, angles, etc., can be calculated. 

~he program will solve any slope stability problem 

where the ground surface' can be denc:r::i.berl by a se:r::LefJ of stra
I 

ight lines., Any numbAr of linefJ and iH)il 'types ann ~e used 

The pro~am allows for describing the pore pressure by use 
, . 

of saturated soil unit weights. ~he program computes both the 

total and effective slice weights: 

It is necessary in using lihis. program ~o : 

I. Number all line intersections in increasing X ... ~ 1 ........ ' 
~ 
I 

1 



ooordinates from left to right. 
I 

? Number the upper external (closest to aro oenter) so-

il lines first in order mfrom lef-I; to right. Interior soil lines· 

may be numbered in any order. 

3. The difierent soils in the mass may be numbered in any 

order. 

4. Compute all line interaections aocurately to 0.005 to 

SMLNO=O.OI will properly tes~' coordinates •. 

The program locates all line interseotions inside the tri

al arc inoluiding those lines intersecting the aro. A slice is 

located on every intersection point. Distances between interseo

tion pOl.nts are divided according to the slice-width specifioa

t10 n (SW I I1.l! H) : 

This program will compute in either metrio or fps units. . . . 

Use meters and kilonewtons or feet and pounds. The unit card 

contains three entries: 

M 

]Vj! 

OM 

ItI 



4.7 OPERATION Ol!' COMPUTER PIlOu-RAM 

LiNE OPERATION 

1-5 

6 

13 

• 

14 

15 

Bookkeeping 

READ ~ITLE and work units(Two carda) 

READ(I5I5) 

NOL~ total number of soil lines NLIT: total number 
, 

of line intersections(The end of any line whether or 
, 

not intersected by another line is a line intersection) 

NOS: number of soil lines in mas~(Same soil submerged 

is counted twice) NOLE: number of i;op external soil lir, 

ITX-ITr: number of circle centre points in X, i direc

tions to be analyzed for a single eni;ranoe point 

POODE: plot subroutine used if> 0 NP:plot control 'couu-
. 

tar DIMEN: control number of S,licea as 75,80,90 ,eto. 

LIST:oontrol to obtain extra output(after test run 

use 0 to converse paper) 

CX,CY:initial trial circle centre coordinates ~TX· 

illiTY:trial circle entrance coordinates D~XfDELY: 

centre X,Y coordinates incrementa for each trial 

SW1I1£H: iui tial alice width( DIMEN may increase va-

lue 

liAH top L (;()ord.irwtes of. ::.>lope 

YAY dist:d,huted load on soil( q ~ 2. tIm) 



LINE 

'Zl-52 

. 29 

• 
;9-40 

47 

52 

OPERATION 

READ problem Ld,a'lia on line interseotiqns,solls ., eto., 

and forms arrays for later use, also writes data for 

oheoking 

READ NLI:number of line intersections of each line 

in ,turp one entry per oard 

READ (C(I,J).,(NO.LI~(I,N)yN::I,NLI) C(I,J). : line data 

inoluding .line number , number of li,ne interseotions 

for the lines, the X,Y ooordinates of the end p01nts 

lef't to right( 6 entries) NOLI~(I,N): all the line 

interseotion ~mbers on the ita line including the 

end values(NLI entries) 

Gives vertical lines the slope value of EIGNO so com

puter doesnot divide by 0.0 

READ IN~il..H.( J ,K) 

INTAR(J,K): line intersection X,Y coordinates in inc

reasing intersection numbers 

READ soil data on IX) loop 

NS~n~(I): number of soil lines defining the boundary 

of the soil. Include lines terminating at a joint. If, 

a line intersection a soil-boundary between the ends 

count the s011 boundary between the ends. twice G(I): 

uni t weight either saturated or wet PHI( I) : </J angle 

CQllliS( I): cohesion SM!: I.if saturated,O.if wet 

READ . 
LINSOL: soil line number , ll~T~INTR: intersection num-

. . 
ber on lef~ and' right and of line(i£ a soil line ter-



LINE 

62 

69-140 

141-196 

197-221 

222-285 
, I 

286-352 

353-391 

• 

OPER.ATION 

minates ta a j01nt on a soil boundary, that line is 

included, ,the j01nt number is used for both INTL and 

begins DO to test circles 

Computes trial cire.Lo , l~po intel:sectiona, find linea 

not us ed JJfU( I) , tll.:.se :i.n Circle but not i,ntersected 

by circle 

Sets up arc irdiersection array ARCINT 

Find slioe width and checks' :total number of slioes aga

ins t DrrniN and increments slice width j.f necessary 

.l!'indscoordinatea of all line intersecting slioes in 

slice array SLUl (I,J,K). No.e that 11nes not inter-

sec'God in' a s.Lioe ['tl:,'ex glven same coordinates as last 

line interseC1ie:d and stb.GJ:.ed at a pOlot. ~J~his 80 rou-

tine for both cUQrdinates tet,J"t and area coniputatiorts 

can be used using all linea. SLIC array is sorted for 

deQreasing Y coordinates. 

Computes areas ot s.iice partt:! and weightnt both efJeG
I 

ti veM and total,su.ml! fllicQ,'iuights, findo sO and· and c for 

soil touching arc surface 

computes saiety facto~ 

.'.~.,.,! 

'1 
I 





.. -- ,"--

1'1 
6 E; 

666 
," 1'2 ' 

)IFF=BB**2~4;O*AA*CC 
IFCOIFF~LT;O~OJGO TO 20 
Y P R.= C ~B t.f!oS Q R T ( 0 IFF' )/ ( 2 • n>l' A A' 
V ~R = ( .... SB .... S 0 R T ( 0 IFF) ) I ( 2 f!'O * A A) 

id 

THIS pART COMPUTE X CaOROS 
XPR=YPR/SLOPF.(I)+CO~ 
XNR=VNR/SLOPFCI'+CON 
30 TO fa 
~OLL~WING STEPS USED FOR HORIZANTAL LINES ~ 
JIFF=R**2'!.CY C(I,4'1**2 
IF(DIFF~Lr~O~Y GO TO 20 
XPR=CX+SQRTCOIFFI 
XN~=CX~SORT(DIFF) 
YPR=CCI,4J 
YNR=C<T , 4) 
JJ.=O 
J2=o . 
rF(A3SLSLOPE(I»:GE.aIG~Q)GO Tn fl 
rFCXPR~GE .. CCI,3);ANrr.XPR"'LE C(I 5)") Jl=i 
I. F (X NR ... 'GE~C (I, 3) ~ANO:'XNR:LE rc (I: 5) ) J2:!rf', 
30 TO !2 M' • 

IF(SL OeECI')66,66 666 
IF (Y? R 1.G E j,llC C I ,6) :'ANO;Y p R;\ E ~ C C r, 4) , Jr= I' 
IF. ( V .'J R .. G E , •. C( I 1.6 ) :'A N 0 r;y N R • L E:'C (I. ,A}. ) J 2 = f--
GO TO 1;2 .... ~ 
IFCYPRAGE4C(I,4);ANOiYPR;LE.C~I 6"JT=f 
IF ( Y N R :, G E :e,C ( I, 'n ;'A NO'. Y N R .'L EtC C I : 6) , J 2 = l' ' 
IF(J2t,EO-:"U'GO TO J..3 ' , 
,( J. = K 1.1+ 1: -
ARC!~T(Kr,r)=r 
ARCINT(K!,2)=XNR 
ARCINTCKf , 31=YHR 
IF(JV.EQ:OIGO TO 7 

',( 1 = K l'~r 
ARcr"'T(Kr, n =1 
ARCI..,TCKf,2)=XPR 

" 

ARCINT(Kt,3'=YPR 
30 T::> 8 -! :---.----- . 

,i 7 IFCJPl..NE~O;ORdJ2;NEL.OIGO TO B 
,. C END OF LOOP F R ARC&LINE INTERSECTIONS~.~.~.~.~, 
; 20 LNU( Il=I ...... .., '": 

W R I T E ( 6 , 2 '" O. I I 
i. 2&O!, FORMATU/,T5,'XXX LINE',I3,'NOT INTERSECTED 8Y TRIAL CIRCL!) 
; 8 e, ~ ': a NT r "J U E . 

4 03 
- 40f 

,.400 
:C' ' 

. 24 

·25 

, 26 

'2 f 12 

'2114 , r 

,8053 

c 
~~--:--- .. 

) .. 

~~(~aB(i~~~~~bIGO TO 400 ' 
R~=S:)RT( ct'X"C(t,3) )**2+(Cy:1CCI,4) )**2,) 
~2=S~RT«S!~C(1,~I)**2+!CY~CCI16»**2) 
rF(R:tTLR~~KNO~R.LT~R2)~O TO 400 
LNU(I)=u ~ , -
IF(SLOPE(I'~fO=BIGNO)LNU(II=I 
_IFCSLOPE(I)~EQ;BIGNO)YRITE(6,4a3)LNU{I) 
'FORHAT(II,'~*** LINE',IJ,'IS IN ARC BUT VERT~A~D NOT USED') 
JRITE(6,4u1> I. . _, . ~',.~, 
FORHATU/,TS,'***LINE',I3,'1S NOT INTERSECTED3'UT IS'IN 'ARC') 
CONTINUE, - " ' 
~f~g(~~~TH OF ~~=~K~=TOTAL ENTRIE~ IN CIRCLEPLINE INTaARRAY 
DO 2o;'Kr=1,1<1H , " ','f' 
rF'n~CINTrKy,2) i;LE:;'1ARCI~T(Ky+~,2) )GO TO 26··: 
DO 25 KX=" 3 .. ... 
SAV~=ARClht(Ky,KX) . 
ARCI~T(Ky,KX)=ARCINTCKY+f,KX) 
ARCI~T(KY+1,KXI=SAVE 
CO~TINUE 
SO TO '24 
CONTINUE 
JRITE(6,21!2) , 
=O~HAT(I/tT5t'ARC INTERSECT WITH LINE ARRAY',I,T4,'LINE NO' . 

& , T 1'9 , ' x 't 3 2 , ' Y' ) . ' 
JRrT~(6,2lr4r«ARCrNT(KZ,JJI,JJ=r,3),Kz=r,Kl) 
FORMA, T(T51~F3~OtT13,F10.3'2X,F~O.2) -
LINE1~ARC NT(~,~) , ~ ~ 
SJ=AQCINT(f,2} ~ 
s2=A~crNT(113) 
JRrT~(6,Ba5j) I 
FORHAT(/I,T5,'THE ARRAY WiTH ALL INTERSECTIONS FOLLOWS:') 
rcou~=o 
~ = l' 
~K=O 
LL=NLIT+Kj 

COM3INE ~RC1NT AND INTAR IN ORDER OF tNC. X~VA(UES 
' .. 

.',-"" . 
:.. .,'. "" "I" e 



. , 

'--... 

·~·'75 

72 
:73 

DO 70 T=1.,LL 
i< K = KI( + r .' . 
)0 75 J=1,2 ' 
~LLINTCI1.J)=INTAR(KK,J) ... -. 
IF ( I ;'NE d t.A N 0 r~L LIN T ( I:: 1. , ~ ) 4IE 0 ;'1 N TAR ( K K ,1') ) GO' TO 10 
IF(A~CI~I(K,2 .GE~rNTARl~~,~»GO TO 70 . 
IFCICOUN .. 'GTi!OlGO To 7u Q , '. '.' 

)073 L=r,2'" 
'LLI~T(I,L)=ARCINT(K,L+~) 
~~~.~ i,EQ :,K ~)! COUN =,1 .... 
IF.(K~ST K'l )K=Kl 
>(K=KI( rJ."4 . . 

• 70· 11 R IT E r"6 t 80 5( >I, ( ALL IN T (I J) J = l' 2) KKK . ; 
'80S;!. FORMAT( 5t.':r=. ,I3,2X,2F:t2 .. 3',2X,· 'K=' ,i3,2X,'KK=',,';Y3)" 

~ ~RrTE(6,8u52) • ~ ". I . 

8052 . FORMAT(//,T5,'THE APPLICABLE ARRAY ARCINrFOLLD~S:') 
·LAL=O '" .'. •.· .. ,.c.,= •.. 

.. i 

',",. : 

78 

:77 
iC 
;33 

c 
; 8·05 7 
: 98' 

!9999 
-.'---: i 

52 

50 
'LJ 8 

51 
45" 

"'C 

57 

)077 !='f,LL ... .. "! 

~~~~ ~RJ itT~~~~t~~r ~ ~O bfb *;~+ (CY ;ALLINT C.l! 2~ ) *~~L> . 
,b~L~~kk;t, 2 .' : :.i" .' 
ARCI~T(LAL,Kl=ALLINT(I,>() . 'i-
~~~Ji~~t80S~)LAL,(ARCINT(LAL,J)tJ=7,2)t~~LAL ~ 
~,~CAL~ULATE THE wIDTH BETWEEN EACH INT.,POI.NT~ .•. : SCI C )( C .1 ) = S 1 . ...... "- .. 
SLrC(t,~(,·U=S2 . .. ..., 

ShfS!&fl~f&¥hf~flrNTO SLICES OF SIZE~.~.~~~ 
~RITEC6,8057) . ·.'U • ~ 
FORMATCII,T5,'FIND SLICE WIDTH AND NO OF SLICES~) l.,I=r . . .. ". :.' 
NOSLIC=L ; . 
.(H="L . 
K=LKL~f ' 
)0 45 L=r,K 
'1 M= 1. ,. 
IF ( '( ARC I ~ T C ~ + ~ , t.) ... A R C Hn C L , ~) ) ~L E ,. S WID T H ) GOT 0 '* (, 
00 47 MM-.,." IOU . . 
AM=MI1 - ':). 
~IJT-I=CARCINT(L+l,t)r,:JARCINT(L,r»/AM 
IF(WIDTH;LE 4 SWIDTH)GO Ta 49 
CONTINUE 
~6~l1c~~5~~It~~R,~)~ARCINTCL'~) 

CONTROL FOR DIMENSION OF 75 SPACES IN L~'~' 
IF(NJSLIC~LT:DIM.fN)GO TO 99 ~ ~ 
SWIDTH=SW~DTH+O.S . _ 
~RITE(6,9999)SW!DTH 
FORMATc'n',T5,'*****HAXIHUM SLICE WIDTH HAS BEEN INCREMENTE 

~ J TO', F 5;2,1 X A 2) .' .. 
:;0 TO 98 . ~ , 
NSM1=NOSLIC -1. . 
DO ~'ll, I=N, NI5LE 
IF(UW(I) ,EO";I)GO TO. 51 
DO 52 JJ=~M,NSM\.· . 
SLrC~(JJ+')=SLleX(JJ)+WIDTH . 
SLIC(JJ+1~1,1)=SlIC(JJ,:,i)+WIDTH*SLOPE(I) 
SLICCJJ+l,1.',2)=I ,c' ....... . 

D IFF = S L I C X ( J J t. r ) ~C ( I , 5 ). 
IF(A3SCDIFF)~bOlO)SO,50,4a 
1.,1=1+ p ..... , 
KM=NOSLIC 
GO T045 
CONTINUE 
CONTI~WE 
CO~PLETE SLICE ARRAY;'~L;' 
N 0 L P 1'= N 0 L + l' 
NOLEP.1 =NOLE+l 
DO 6 at'! = i, NO $L I C 
~=2 
ARC Y = C Y' SORT (R * * 2 C C x . S L I C X ( I ) ) :4£. 2 ) 
DO 59 J~NOL p~ NOr u 

IF(LNUCJ)~EQ~J1GO TO 59 
SLICCI,N,t)=J . . 
SLIC(I N, ')=C(J,4)+CSLICX(r)~C(J~3»*SLODE(J) . : 
IF C S LIe ~ .c.. b r:. L T -; C C ( J , 3 ) r,: S M L. NO) :,,0 R • S L I C X ( 1') t. G T ;' ( C (J , 5 ) + S M L NO) ) S L I I 

[. ( I , ~, ' ) -': ; a ., 
IF(SLtCCI~f~~,')~GT.CSLr~(I,!,r)+SHLNO)eOR~SLIC(I,N,r)~LT.(ARCY. 

[. S M L N :> ) ) S LeI, I'-J , 1 ,'= .. 10.0 ..... . ~~ 
\I=N+ tl 



;:. 

82 

85' 

8 ~., 

3 

350 

. 3~.O 

302 
308 

35{ 

352 

, 9092 
304 

305 
303 

CONTfNUE . 
SLIC I,fIl,l)=ARCY 
SLIC(I,N f Z)=NOLPl 
SORr.S~ C~ ARRAY IN DECREASING ORDER 

r F ( LIS T • N E ",'0 ) W R I T E ( 6 , 21 - ~) 
&-~ ~ R M 4 T ( T 6., , S L r CEil' , 2 X , , ~"~C 0 0 R D ' , 4 ( 2 X, • LIN t:.NO ~?Z)( t~ r R~ OJ) R [)' 

MCOUN=N 
~=MCDUN·J. . 
DO. 8 f" K r= 1 , NOS LIe 'JUM= ,r,; 

DO 85 KY=~,~ ',. 
IF(SLIC(KZIKy,1)~LE.~9~5n)GO 10 q2: 
IF ( ( S L r C ( K f. 1 K Y , 1 ) + S ML NO) ':G E. S L r C ( K Z , K Y + '.I. , 1 , ) GO: TO 85 
S A V E = S LIe ( K f. , K Y " n *.... t..:. 
SLrC(KZ,KYt~)=SLrC(KZ,KY+:,., , 
SL.rC(KZtKY+1,~)=SAVE •. 
SAVE=SL1C(K~,Ky,2) 
SLIC(KZ,KY,2)=SlIC(KZ,KY+:,2) 
SLIC(KZ,Ky+~,2)=SAVE ~ 
:;0 TJ 85 ." .. 
SLICCKZ,'KY,! )=SLICCKZ KY~j) . . . 

• ! 

SLIC(KZ,KY,2)=SLIC(KZ:Kyrl!:Z') .! 
f.;~ (K-Y 1;NE -;; b"';A NO';lSL IC (K Z t K Y :1') :'5 MLNO';L E eS L IC{ K Z, ~ Y ~~t~) ) N UM=N~M 

rr(NJH:"NE(JN)GO TO 84 ·c_;.- . _ 
rF(LI~T.Nr;O)WRITE(6,3)KZ,SLICX(KZ)t(SLIC«(Z,Ky,2),SLIC(KZ 

&,KY,n,K'Y=l,NCOUtl/) ..' ..... 
FORMAT(T6,rS19F9~2,I,T20,8F9~Z",T20,8F9~2",T20,BF9~2) 
)0 30& I=l,N~Ml. '.. 
SARE.'=O~Ow, .. '. '. . . 
,JE I G H T =.0';'0 
EF..JT=O .. 
ISOIl=n 
~N=MCOUN~':. 
IF(LIST.Nr;O)WRITE(6 350)1 
~0~MAT("T5, 'SLICE LiNE NUMBER'r~4) .. 
DO 303 J=)"NN . . 

. :J A = ( S L r c n." J , i. ) + S LIe ( 1+. J '. J , .t ) .• S LIe C I, J + 1 , j,) ~~;S L I. C (I + .L, J+:1.,,tl ) * 
& ( S LIe X C 1+ " ) '. SL I C X ( I ) ) /? !'n ~ - ~ ,.. -. ... ......, 

IFCDA,;:.LE';5'''Ii:'NO)GQ TO 303' . 
DO 30~ I!=!,NOSPI 
IF<II,EQ:::NOSP.)GO TO 308 
IF(IS~IL:EO.lf) GO TO 305 
~=NSLIN(II)'" 

. ICOUNT=O 
JCOUNT=O 
DO 304 JJ=r,N 
IF(JCOUNTL,EQ:Z)GO TO 305 
I N T L = SOl L r'I I , J J , 2 ) 
INTR=SOILCII JJ 3) . 
IF C I C OU N T ~ E Q ,~ 1) GO. TO 31 a 
IF(SLIC(IrJ,2T:NE.S07LCII,JJ,J» GO T030q 
ICOUNT=l ~ • 

1:_' 

JSOIL=II '.. .'. . . 
I F ( ( S L rex ( I ) + S M L NO) t G E '; I N TAR ( I N T L r 1:) ';' AND =' C S L ! C i< ( !) :1S M L NO) • L E ;-

(. I N T A ~ l! N T R d. ) ) G 0 TO 3 .l n . . 'e'. "" 
rCOUNT=O _. ~. 
~O TO 304 . . I 

IF(SLIC(!+1,J,2):;'NEJSOILlII,JJ,l»GO TO 304 .' 
IF C ( S L I C X ( 1+ 1. ) + S H L NO) ~ L r ~ L N r A R ( t~ TL , 1't"O R t. ( S L I c..X ( I+:U .,.5 ML NO ) :"6 

&INTA=?C.INTR'6).)GO TO 3Ci4 ." .. ' .... 
rCOUNT=2 . 
IF(JSOIL;NE~lI)GO TO 3n5 
rSOIL=II" 
SAREA:;SAREA+DA 
:;SU8=SCISOIL) 
IF(SAT(ISOIL)wGT;O~~)GSUB=G(ISOIL)~FU4 
EFWT=EFWT'+DA*GSUB . 
,JEIGHT=WEIGHT+DA*G~ISOIL) [. 
5~!~t~~t~gt?~G~ 6~ 9092 '. 
FOR HAT ( t 1 0, ' 0 S L 1 C E NO', r 2 , ' OF SLICE···', 13 , ' WIT HiD A OF', F ~ 0 .3 ) 
~ R I T E ( 6 , 3 5 2 ) 1: 5 0 I L , J t S ARE A , WEI G H T t E F ~T : · ' ... 
FOR MAT .<. T r 5 t ' SOl L::;' t r 3 f t L t E S '. IN DSh ICE ,. t 1 I 3..; I ~ T 1'5 , ' TO I,A ~ ARE A 

G = ' , FrO. 31. 3 X , t TOT A L' WE G H T= t , G -i a to'! t 5 X-,*E t-F'·E .;-T-;. '-'IH = ',G '0.3) 
30 T~30j . 
::ONTrNUE 
IF(rfOUNT,EO~~)JCOUNT=JCOUNT+. 
IF(LwOUNT~EQ.~)GO TO 31t 
::ONT'INUE ""... .. 
CONTINUE . ~ 
ALP H A ( Il = A R SIN ( A g S ( C x « S LIe x ( r + t') '. S L I C X ( I) ) / 2 ;" 0 + S LIe X ( r ) ) ) I R I 

.... 'I 



~;;:~~~~·:~t > .. ~ 
!=':c,;: ... ,:; .: 
!'~~:-': "~:';~:i 306 

~~~:::{::::i':; 5 4' . 

1,00 

I 

- -.. 

3&2 
353 
307 

'C 
· 365 

i . 367 

, 1 

'. 387 

i. : 
" 

: 382 

: 1'.6 
· - t-., 

385 
· rOB 

'363 

389 

... 405' 

'., ; 360 

---- ... --.. ~ 

'. ~~~OfftT~~P~+ 
tJEI5rl(t)=WEIGHT 
COCI)=COHES(ISOIL) 
::>(I)=PHI(IS,OIL) 
IF(LIST.EO.O)GO TO 365 : 
JRITE(6;'154) . . ' . ,". ,I 

;:- 0 R M AT ( T 5 , , S LIe E ff ' t 3 X t ' ARE A' t 3 X , • WE I G H T • ,4 X, 'e 0 H E S rON " 3 X , • P ! &rlI't 3X ,'ALPHA') , . . .. 
DO J07 I=:LNSt'11 " ,: ' 
rF(AREA(rr~LE SMLNO)GO TO 362 . 
HRITE(61353)I~AREA(I),WEIGH(r),CO(I),P(I),ALPHA(r) 
:;0 TO 3u7 ;'" 
J R I T E ( 6 , 353 ) I,.A REA ( 1) , WEI G H ( I ) ", __ ,_ . _ . 
FORHAT(T7,I2t2Xt3FrO~3,F6~2tF9~4) 
CONTINUE ~ 

SUM OVERTURN. HOMENTh:'~f~t 
DO 367 I=lLNSMl • ~ • w 
IF(A~EA(Ir:L[,SHLNO)P(I)=o~oO 
IF (AREA (Il ;LI:::SMLNO) co (IJ =0 .00 
P(I)=P(I)/57~2928 .,* 
F 1=)":-'0 , 
ZUM:O.O 
TF = 0 ;I{j' 
DO 392 K=.' ,NSHT 

. . : ~ . 
i, 

CENTR=(SLteX(K+1) SLICX(K»/2 O+SLtCX(K) 
IF ( (~nITR .. ex ) ~L f;:o~o) T: .~EIGH_t~J-! .. ~}_~ (ALPHA( K»), ; 
IF ( ( ... E N T R . ex) ~ E Q " 0 " 0 ) T - 0' " () , ---:--' .. -.. ------:--~.: 
r F ( ( C E N T R +!'c X ) "G T ;'0:0) T = WEI G H ( K ) * SIN ( ALP H A ( K » ;: 
l~~~~~~RE~G(~~AH)T=T+YAY*(SLICX(K.l)?SLICX(K»~~: 
IF«CENTRE~CX)~LT~O~1 A=~~*S!N(ALPHA(K» 
A=SI~{ALPHA(K»· ~, 
3 (K ) = ( S LIe X ( K + 1) C!s LIe x ( K ) I leo S ( A L? H A ( K ) ) _ 

i 

Z=(CO(K).B(K)+EFFWT(K)*TA~(P(~»)/(COS(ALP~A(K»+TAN(P(K».A/F! 
ZUM=ZUM+Z . .. , '" 
FO=ZUM/TF 
~RITE(6 1~6)FI,FO 
F' 0 R MAT( 2 n X', • F I = ' , F fa -; 5 , 3 X , • F 0 =' , F In. 5 ) 
rF(A~S(Fl.Fo),:,on1l385,385t3B3 ''''. 
tJRIT~(6,_U8)NeOUN;FO , , ... , 
F'ORMAT('O',~SX,'THE SAFETY FACT'OR FOR POINT',I3,'IS',FfUZ'S) 
30 TO 360 
i='I=FO 
30 TO 381 
rF(PCODE7EQ.r.OR;R~GE.CY)GO TO 360 
IF(N~OUNiGT:'rGO TO 405 
t. A X, L S = t 2 .. ,,. 
YAXrS=9 .. 
~SCALE=~CALE 
DATA ME:,TER/'M'I 
rF(Url~N~.MErER)GO TO 405 
X A X I S ~ "'5 .. '''' , 

, >" 

YAXIS=f2:' . ' 
PSCALE=S~ALE~2 .-; _ 

' IF! NCO UN, N [ " '1 ~ AND ~ ( N eo UN I N P .. N P ~N E tN e a UN) ;" AND ~N C 0 U N. N E a! T X * IT 
& 'f)ilO TO 36(1 . - '.. I': ••. , ,. 

IF(IX t E07ITX)CX=CXn(IX C &)*OELX ' '! .,., 
STOP , . 
£ND 

: , 

" , 

, , 
1 

l 

1 
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I 
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CHAPTER 5 

RESUL T~ __ .AND RECOMMENOATICNS 

5.I llli0UL~S l!'HOM THB COMPU~l::R PROGRAM 

I 

5.1.I Slope Stability Analysis For Existing Soi~ Profi~e 

Resu.lts from the computer program and figures showing va

rious oross-sections are given in figures and tables. 

In 'cross-sect~on (3:-3) A , soil I is artificial fill,the 

thickness of these fills decreases Vii th increasing distanoe from 

the shore. ~he artificial fill contains boulders, gravel, sand, 

silt, shells, wooden pieoes, pieces of oonorete, mortar and all 

kinds of city debris. ~he determination of engineering charaote

ristios of such fills is very difficu.lt. So soil parameters may 

be taken as 

¢ 

o 

: (Aras,I978 and Unlti,I982) 

: 1.8 t/m3 

Soi~ II is a sedimentary ~aye~. ~he sedimentary ~ayers 

which are found under the artificia~ fill layer oonsists of sandy, 

olayey silts whioh contain large amount of organic matter and 



shells. 

~o find characteristic. parameters for such soils,' we will ma

ke the following consideration aocepting the soil to be normally 

consali4ated. ~he value of ratio c /p is found by the ~or.mula: 
. u 

s If} -= 0.11 + 0.0037 PI u 

given by Skempton(I975), where 

strength at a depth where the effective oVf~rburden pressure is 

equal to p. PI denotes the plasticity index. ~he avarage value 

of PI may be obtained from table 2.10 to be 35. When this ava

rage value is substituted in the equation, s /p ratio is found 
u 

as: 

s ~p = 0.11 -+ 0.0037x 35 u . 
BU/p = 0.24· 

For various depths : 

30m. • •••••••••••• s :.... O. 24x30xO.8 -= 5.76 t/m3 - u 

4Om. • •••••••••••• 8 -:::. O. 24x40xO.8 ::.7.68 t/m3 
u -

5Om. ••••••••••••• 13 ::.0. 24x50xO.8:::. 9.60 t/m3 
u ' 

0.0 ••••••••••• 8 = O. 24x60xO.8 -:::.11.52 t/m3 
': U - ; 

If we plot these values, we will obtain the an~le of friction, 

9J -= 12 and the cohesion c::: O. 



C?ff <?c t N<? . 
str~ss 

Soil III is' decomposed graywacke. !Che engineering oha

racteristios of this layer is given in table 2.2. 

As was stated before when a circle oenter and a ent

rance point is given as da~a to the computer program, it analy

sis further 8 potential failure ciroles by keeping the position 

of the entrance point constant , and ohanging-the'center of the 

circle in the X and Y directions. In the table only the slope 
l 

circle wbiah' gives the minimum faotor of safety for this set is 

gi ven. So altogether 12x9::: 108 ciroles have been investigated. 

( 



If we run the computer program for croaa-aeotion(3-3)A , Wewi~~ 

obtain the fo~~ow~ng r~sulta: 

Cirole center Coord Entrance l!oints FAQI.I!OR OF Cirole 
t 

SAFE~Y 
NO X Y 

X I 
a 122 138 217 105 I~73 

b 84 119 .134 105 1.42 

0 94 126 143 105 1.60 
. 

d 106 125 169 105 2.00 , . , 
e 89 135 151 105 1.50 

f II4- 147 202 105 2.30 

g I06 I'7 161 105 2010 

h 95 153 197 105 1055 

j . 98 I35 189 105 1.50 

k 80 148 180 105 1.54 

l. 80 128 168 ··105 1.52 

m 73 I16. 155 105 1.61 

w 61 130 I 140 105 1 .. 60 

74 :(3fJ I 1:52 105 I~4-9 0 ! 

I 
I I 

I I , 
i 

2i 69 i 125 I 14·5 10;5 1..61 
! 

t 88 I25 I86 105 1.30 

r 100 104 162 105 1.56 

p 84 IO'{ I 145 105 1.76 
I ! 
I I 

Y 73 J _. ___ ~o-~ .. _.J I~LO 105 
I 

1 .. 40 
-- .. -.--~ .. ---~ .. __ ._-----

I 

i 
I 

I 
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• ~ ....... ~ r, V ... .i ~ ..... ~ ~\ I I I __ .,:) .L.;) 't 

!f.:iL.I·NES 7"10 OF LlfiL INTERSLCr= '0 . 

IF" SOl L S = 3 • NO OF EXT F RNA L SOIL L r N E S = 
'/X:bINCRE~E'HS= 2 ,.,0 OF Y TNC~rMENTS-
. "- . ,~'.-

erN::"" ITIALSLrCE WIOTH:: ? .~" ,_ ,U 

3 I 
i 

2 
.. 

1'-

--·Y? - __ . ___ SLO::> E 
67 :':. '1 .. 14 2 6 3l 

.LINE INTER N 
'1' '.1 4 

4· 6 ~'.' .Q~ ;:~,'11' .;76 nono' 
'.15' :;nonDI'll) 

i' S4 ;,H -;r677!'12···· 
6 8 
2 7 

. ! 

SAT 
r. 
n' n ~. 
r-:-n: 
r. ~' 
r· ~:. 

r"" 
r-:' n .... 
£1-:' 

",. . 

LctRCLE NO r _ 
LE eTR C.O~R)S: • x= _X= 88l..:, '! y= 
~NCE PT ... OJRDS. X- .. 86 .. .i..1 y= 

TRIAL A~C ~ADIUS= tun,n2r .. 

LINE 2NOT INTE;(SECTEO BY 

LINF: bNOT rNTt:KSF:CTeO p,y 

LINE 7NDT I NT,:: :( SEC TEO BY 

INE ?IS NOT r NT E R SEC T C'P 

INTERSECT WIT'1 LlfJE 
NO X 
·~I.J77 

q;., , • .'349 
1"64::-J63 
196i){1 

TRIAL 

TRIAL 

rRIAL 

FUT TS 

CrQCL 

CrQCL 

CIRCL 

HJ II RC 

80~P ~ 28 26 a9 
?6- 68 ;;.~ J:.,," .... ·;;'c 3 4 5 5 6 

'X ~3ll4 ono 
,~, , .! 

. . 
" 

~RR~Y WrT~ ALL INTERsrC;frnNS FOLLn~~: 
, "', t:;7 1 K= , KK= r ~ • 0 r: 0 ",; 1. 

" :'uOU 3u~~!>L.:. f<= 1 KK= '2 

7 9 
3 . - 5 
5 .~o 

-'.-



-, 
:5 
7 
.> 
7 
-' 

'!ND SLTCE WIDTH AND NO OF SL1CrS 
j 

K l\ :;; ,~ 

KK= 3 
KK= '-I 
KK= 5 
KI<= 6 
KK= 1 
KK= 7 
KK= 1 
f<K = g 
KK;: 9 
KK= ~)J 

KK= 
KK= 
KK = 
KK= 
KK= 
K'K= 
KK= 

l' 
2 
3 
4 
5 
6 
7 

" 
SLICE ~rDTH HAS BEEN INCPEMENTE 

FI= i~UounU FO= !~2S393 
F r = i ~ 2 5 3 93 F () = ~~ 2 9 6 4 7 

, f 

FI= r:29647 FO= t~~n2~8 
FI= t~3n218 FO= t=30318 

T~E SAFETY FACTOR FOR POINT lIS 

'RIAL CIRCLE ~o 2 
: IRe L E C T ReO 0 R D S : X = X = 9:"· 1 y = 
:NTRANCF P T .. ' COOfWS: X= '.,B 6,,"''!-1, Y = 

TRIAL ARC RAOIJS= 97,n82 M .. 

[XX :LINE 2NDT INTERSECTED ·[lY TRIAL CIRCL 

(XXiLINE !lNOT rIHE~SECTEO 8Y TRI~L CIRCL 

eXXlL1NE 7NOT INTEQSECTED BY TRIAL CIRCL 

~*.LINE 215 NOT INTERSECTED BUT IS IN ARC 

[~E 
r: 
r= 
r= 
r= 
[= 
I= 
I~ 
1= 
I= 
1= 
1= 
1= 

ARRAY 
1 
2 
3 
'-I 
5 
6 
7 
8 
9 

1'0 

I:~ 
"-3 
1'4 

LINE 

, .... , 1" ~, ? 5.l,it ' 
;05 .. ~l; 

o TO 2 :'50 

, i 

,_. t-' ~ 

.~ --~'. : 



--. I 'J ~.t. i'~i - ' "';' , " - 0 1'\ " - '1 ._,=,J'. :;.4 3 t~A '5 11' ., t K - 9 KK - 5 rS2 3B !;. (} .1 6, 
- -" , :l.. :""I K::; n .. KK;;;_ .... b .. , 

7 t 80 -., r r,S':; K - f KK - 7 • , - -" ~. t; ',) 
.~ 

~DSLrcr WIDTH A~) NO OF SLTC~S 
. . . 

;**M A X 1 M U t~ n TO 2;'50: 

TrlE SAFETY FACTOR FOR POINT 
--. ---~;----.,--...-. ----~:.-----.. _' - .. -- . 

!ALfCIRCLE NO 3 
R-,CLf. erR COORDS :X= x= 88~·).1 
rRANCE-pr~ COORDS: x= 'R6~·] 

TRIAL ARC RADIUS= IDnr6~3'~ Y= 
... 

X LlNE .. 2NOT INTE~SECTEO RY TRIAL CIRCL 

X LINE 6NOT INTE~SECTED DY TRIAL CI~CL 

X LINE 7NOT INT ~SECTED BY TRIAL C1RCL 

*LINE . 2rS .NOT INTERSFCTEDBUT IS IN ARC 

E ~RRAY 
~: 

. 3: 
4 

·5 
··6 

1 
8-; 

, 9 i 
ro~ 

-I.f: 
1',.: 

LINE 

FOLLO..JS: 
K= ., KK= 1 
K= i KK= 2 
K= 1 KK= 3 
K= ? KK= '3 
K= 3 KK= 3 
K= 3 KK=4 
K= 3 KK= 5 
K= 3 KK= b 
K= 3 KK= 1 
K= 4 KK= 7 
K= 4 KK=1 
K= 4 KK= 8 
K = 4 . KK= 9. 
K= 4 KK=-n t U 

KK= 
KK= 
KK= 
KK = 
K\{= 
KK= 
KK :: 

l' 
2 
3 
4 
5 
6 
1 

'NO SLICE WID T:-I AN} NO OF SL TCr.S 

:.**~AXIMUH SLr~~=~IDT~o~A~uBEE~o!NCR~~~~~~7 
FI= r:211.?7 FO= :~ .. 28125 
FI= i;28~23 FO= "i,8675 
FI= T:2B675 FO= ~_,875u 

THE SAFETY FACTOR rOR POINT 31S 

,. 
~ , 



_."--

(XX 1 LINE 2NDT INTErtSECrED r;y TRiAL CIRCL 

(XX":LINE oNOT INTEi?SECTED BY TR rAL CtRCL 

(X X LINE 7NOT INTE~S[CTED BY TRIAL CI~CL 

1'* 4' LIN E" -2 r S NOT r N T" E R SEC TED [\ UTI S I I~ ARC 
.. " 

THE:ARRAY I: :~ 
f= 3 
1= • 4 r= 5 
I=6 
1= 7 
1= 8 
I,= 9 

1= to I- "1. 
I= fZ 
t~ hl 

FOLLOwS: 
K= 1 KK= r 
K:: " KK= ? 
K= ~ KK= 1 
K= ? KK= 3 
K= 3 KK= 3 
K= 3 KK= 4 
K= 3 KK= 5 
K = 3 ---l{ K =--6 
K= 3 KK:: 7 
K= 4 KK= 1 
K= 4 KK= 7 
1(: 4 KK: 8 
K: 't K K = 9 
K= 4 KK=;;.O 

KK= 
KK= 
KK= 
KK= 
K.K = 
KK= 
KK= 

f' 

~ 
4 
5 
6 
7 

FINO SLItEWIJT~ AN) NO OF SLICES 
", 

~****MAXIMUM SLICf ~IDTH HAS BEEN INCREM(NTE 
Ft= ;:anonQ FO=7Z4B76 
FI= ~~24876 FO= f729036 
FI= ':2'1036 FO= ~:'2961'3 
FI= t:29b13 FO= ;;29696 

T~E SAFETY FACTOR FOR POINT 415 
i(?T PRINT'£-

.~ '", 

i. 

--"----_._--- --. 

D TO 2 ;'50 

0" 

r 

itS 6 7 B 9 n 12 ~ 4 Cj h 7 q ~ I , 1 ? 1 4 S h 7 Ii q i : ' :.' , 4 S 6 7 M <";I f j 1 ? ~ 4 t:; b 7 R 9 U r';> ~ 4 &; h 1 8 9 [] 1'2 ~ 4 5 b 7 B 9 n t' 2 '3 4- _ 

i 

! 



In oro8a-8eot~on(3-3) B ao~l types are given as: 

So~l I : . .Artifioial. .I!'il1 

S011 II : Sedimentary Layer 

Soil III : Deoomposed ~raywaoke 

~he results taken from the oomputer for oroaa-seotion(3-3) Bare: 

Cirole oenter F ACY.I!OR Oll' 
Cirole Coordinates Entrance Points 

NO SAFETY 
, 

X Y X Y 

a I05 148 183 I07 I.29 

b 96 139 160 I01 I.65 
, 

c 106 139 161 I01 I.80 

d 1I1 146 113 I01 2.20 

e 99 146 181 101 I.I3 

it III 155 188 I01 I.36 

h 121 149 200 101 I.50 

j 119 163 188 I01 2.12 

k 86 141 180 I01 I.I2 

1 83 150 174 I01 ·I.I9 
., 

m 82 161 192 101 1.35 

n 95 160 189 101 I.II6 
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0 

0 
'0' "8 

8 
u 0 
0 0 

0<!J ..Q 5 <:) 

~ 
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OPE STABILITY FOR UNKAP(IT); M K THES~S~ 

o~ LINES 9 NO OF LINE INTERSECT= Tz 
~Dt-SOILS=3 NO OF EXTERNAL SOIL LINES= 3 

OFi X9rNCREM£NTS= 2 flO OF Y INCREMENTS= 2 
~,. 

IN ITIAL SLICE WIDTH= 2:U 

NE tNTEPSECT ARRAY 
NOi X 
fi 2 . 

'-43 ::. -
I 

5 
6 
7 
8 
9 

t~ 
~2 

IL DATA ARRAY , NO LINE tt 

• 
-..., 
I.~ 
2 ... ! 3':' ~ 4:' 

f 
5 ': 6:: 
4::' 

2 5: 
2 67 
2 7'; 
2 : 8:' 
2 9:' 
3 7': 
3 8:' 
3 9~ 

IAL CtRCLE NO 

LEFT T.NT RY'; TNT ,- 4 
ij~ 7~ 
7-:: i; (1 ~ 2:- 6 t 6:- 9o, 
9: '1 M 

2:- !t 6 ~ 
- ~ 6:- 9 .... 

9-; . 1 -!,. 
37 ~5'~ 
5: 8~ 8:- ., ""-
3": ~~.t. 

~) ,; 5: 8"'" 
2':': 8'; :l;-4. 

l' 
95- ,. RCLE CTR COORDS; X= x= J..'~" TRANCE PT: COORDS: X= .. r!l89":l\1 

TRIAL ARC RADIUS= l,U7:~9~2 

X LTNE 2NOT INTERSECTED 8Y TRIAL 

X LINF: 4NOT INTERSECTED PV TRIAL 

X LINE 6J~OT INTEKSFCT£D PY TRIAL 

X LINF 7NOT !NTERsr::CTEn flY TR1AL 

X LINF. 8NOY INYERSFCTEO p.Y nUl'lL 

SLOPE:" -.LINE" INTER 
. 4674664~OQL 1 . 7q 

I. 542857 ,_.. Ii 
~noooou'- 7 ._C 
;''1'62581. 2 6 
":407401:: 6 9 
',n6 279;1.' -9 .:. t 
~2U2!.ftt. 3' 5 

'~4423"08; -:5. 8 
i3 0 3 5 7f 8" 2 

UNIT WT~ ___ PHJ SAT _----cCOHES I O~J 
f'1 7 ---S 7.0';'0 1'9 ':6 
n~ 7 ~8 20='0 1'9 '1:6 n ,.,. 7 "'8 20;'0 r9~6 n;' 7;8 20;'0 1'9:6 ~ , 

£1 ~ 7';S 20 ;'0 1'9 :'6 
n~ 7 ~S 20rO- . 2.'9 ':'6 
n'" 7 ;'8 12.~O ""0 n;" 7"8 1-2 "0 e:o 
n~ 71:8 ,'2;'U ';'0 
0::'-' 7;'8 12 ';'0 ;'0 
n~ 7i8 '['2 ;"0 :0 
n~ 7 Q 8 n~:,o .... 0 
IJ'" ,j, 3 '''7 - 45;'0 - :- 'f.'B !'6 
(1'" . ---"'3 "7 -.!is .... O ".: 1'8;6-~ .:- - .a ____ c-··.-

0 .... : '3 s.1 4 5 ~o 1'8:'6 ... 

~60~,L! Y= 
Y= ~r17 ;"~,l 

.-

. ---

CIRCL 

CIRCL 

CIRCL 
,. 

C!RCL 

ctRCL 



X LINE: 9NOT INTERSECTED BY TRIAL CTRCL . 

:41LI N E 2 IS NOT IN r E R S [C n: n 8 UTI S HI ARC . •. 

c iNTERSEct ~ITH 
E NO , X 
r~:, 40,,198 
... 9r~393 
;. , 1'13""n1 
ill T89~f~~1' 

E ARRAY 
. ,~ 

3 
,- 4' 

5 
6 

·'7· 
8 
9 

10 
1,); 
12 
t3 
14 

t~ 

i 

:~O:SLI~EWIOTH ANO NO OF SLICES 

[OLlOWS: 
K= 1. KK= 
K= :r KK= 
K= ,. KK= 
K= 2 KK= 
K= 2 KK:: 
K= 2, KK= 
K= 2 KK= 
K= 3KK= 
K= 3 KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK-= 
K= 4 KK= 
K= 4 KK= 

KK: 
KK: 
KK: 
KK= 
KK= 
KK: 

r 
2 

'3 
3 

-4 
5 
6 
6 
7 
7 
8 
B 
Q 

-. !) 
~' r;:'2 .. -, 

l' 
'2 
3 
4 
5 
6 

t4l*~MAXIMUM SLICE_W1DTti HAS BEEN INCREt:!,ENTE 
FI.., .' .. onorm FO= , .... 0345 

- , F!: J:.n345 FO= ~;~r5n4 
FI= 1;~'5n4 FO= ~:'t623 
FI= ;~:!623 FO= ~~~1635 

THE ~AFETY FACTOR FOR POINT lIS 

!IAL' ' CtRCLf. NO 2 "8- 'f-
'RClf CTR COORDS: X: x= ~, !.J:' Y= 
I T RAN C f. P T:- COO R 0 S : X :- ,8 9 ... iT Y : -
~~RIAL ARC RADIUS: !U5~3a9 E 

:X LINE 2NOT INTERSECTED BY TRIAL CIRCL 

:x ltNE 4NOT INTERSECTED 8Y HIIAL CIRCL 

:X ltNE; 6NOT INTERSECTED PY TRIAL CIRCL 

:x lINE 7NOT INTERSEcTEo BY TR rAL CIRCL 

:x LINE eNOT INTE~SF.CTEn RY TR .cAL CTRCL 
, , 

:x LINE' 9NOT INTERSfCTED 8Y TRIAL CIRCL 

~*lINE 21S NOT INTERSFCTt::D BUT IS IN ARC 

1C INT[RSECT WITH LINE ARR AY 

-,."---

- / 

" 

o TO 

l' 1.635 a. .r.. 

--

. - ,. 

, . 

• I 

.. 



~"--"f-~-
-.:-::::--'::'~"'J:~~'._' . 
. ~-,~-.- .... -
.-~--. -~-"! -. ".- - . f 

"--~ ... -•..... --' -_.- ~ .~ ~ ... ' . 
-.--.-~- .. " ".- "' . 

- - . . 
WIDTHFt~D N~~8bo~brcEro= _,~"lu25, 
-.. : FI= r':~:tO?5- FO= r;-?2;24j 

of r = 11 ".:' b 2 2 LI ' F 0 = ""; ,: 2 3 6 3 
, FI= ~;t:236j FO= i:;"t2375. 

.THE SAFETY FACTOR FOR pOINT 215 

'~'~:l~~~CLE' NO 3 
:CLE:' eTR 'COORD5: X=' x= 
'RANCE PT;COORDS:' x= 
~:~;T~~}~V,~R~::RADIUS= , 

'; 

2NOTINTERSECTED BY TRIAL CIRCL 

~~:~~lrNJ~; c:-'::;~ N.·9 J. :-1 ti T ; R S ~ C J E 11 BY TRIAL 
~--'_'_ .. ;. ~.~'.~' __ ~'_' __ ' ,...~_~_;*.,,", ~T_," 

(:·'f£INE::'::6 N OT'.I N T ERS E C TED BY TRIAL' e!RCL 
:'::-:~:=;"i:-~':-~~.:·--:"'~-:· .. :'·:.-~··'-':" -.::.-~:~.:~ '.. - . . 

_ ... _----. 
(=-t1:cIN'E:>T7NOJ":INTER SF;CTED BY' TRIAL, C IR~L: 

{""'['tiNE":: 8~JOT:'INTE RSE CTE 0 BY TRIAL e!R CL 

~ ::: ;:--:-~-!::' ':,~' '.' . , , 
ClINE9NOTINTEi?SECTEO BY TRIAL C!RCL 
~'.,:.;- ·t : 
~(IN~ 215 NOT INTERSECTED RUT IS IN ARC 

. . ~ -... : .. 

LINEARR¢Y 

67", on 
53"~69 
84::99 

, ~r17' :,1.1 

E ARRAY WITH ALL INTERSECTIONS FOLLOWS: l' 
.~; ;'[;00 £'4~.P~ K= :1 KK= 

~----"~--

,1 ' 



r= j ,,'lJ :10 1 Dr:: ')1' r: K= 'T KK= 3 r= 4 42;'8n ~., - .,. 
67·0no K= ., KK = 3 r= 5 74;L1.',~ F, 9~: . l' 

t. 

K= ? KK= 4 
r= ·6 84 ;1,! I ' ') 7 ~ 1i"1 .... K= 2 KK= 5 
r= 7 86 -"f I~ r:( "'~f'l'~ K= :> KK = 6 

94 ~907 .) J,.;!. t "'~ r= 8 53·. 95 K= 3 KK= 6 (= .. 9 _44~!, l' . .J17':; '1 K= 3 KK= 7 
E= 10 ~7' ~'T20 ·84":~P.9 K= 4 KK= 7 } "i.-
E= 'f ., "'08 "'. 1 . 7 3": 't K= 4 KK = 8 
E= t~ ij 8 9 ~; 1 ;; r17-:;f,,~ K= 4 KK= 8 4' .. .l .. fJ 
r= 1'3 "'94 .," l' :J 9Q ":r;;: K= 4 KK= '9 I. .. ~ i: 
(= 14 233 ;.] n. n7·4

"., .: K= IJ KK= ,. n . .... , ~ .. ) 
~: "5 2 T 7';"','r ':" r; ": '1: K= II KK= "~r .- 16 2 44~; 1 ~ :~9("~"1t:' K= 4 KK= :2 f~ i' 

" 

:~E APPLICABLE ~RRAV ARC,ltJT ~F()LLOWS: .. 

~ 42 ;'8 n 67 .. Ql1u K= 4 KK= 1 '- 7 -, I' 69~; .. ' K= 5 KK= ? - 4. ~ . .:.. ,- 3 94:' n7 53'~6q5 t<= 8 KK = 3 ,-
'- 4 i IIII :', l ' n-,,,: ,,. .i. K= 9 KK= 4 -'- S ;~7 l ;-, 2 a 1)'84":;<1R9 K= n KK= 5 -'- 6 ''''89 -", 1: ,:~n7:,i 1 -i:- K= .. 2 KK= 6 •. • tt .. ~ 

'IND SLICE WIDTH A~J NO'· OF SLICES 

S L ICE \oJ lOT H HAS B E [ N 1 NCR HI t. N TED TO 2 ';'50 
FI= ~,\:l.in!)rll FO= :' :f353 
FI= r=. '1.353 FO= ::"2597 
F T = \ : -:- -; 5 en F 0 ='";''''2 7 (' u·_-·_-·_···.. . .......... --
FI=' %;~~770 FO= ~~~~7~3 

THi SAFETY FACTOR FOR POINT 315 

• ,R I A L C I R C L E III 0 4 
:IRCLf. CTP t:OOR~S: X= X= 98 :"' .. .'r v= 
:NTRANCF PT: COORDS: X= ~89;;' v= 

: TRIAL ARC RADIU5= ~U6~85~ 

:XX LINE 

(XX LINE 

(XX LINE 

(X X LTNF.: 

(XX LINE 

(XX LINE 

~*.LINE 

p:!E ~R RAY 
(~ 2 
c= 3 
C= 4 
[= 5 
(= 6 
(= 7 
[= 8 

2NOT INTEKSFCT£D P.v 

4NOT INTERSECTED P.Y 

6~JOT INTERSECTED [lY 

71~O T INTERSECTED PY 

8NOT rt~TEKSECT£D py 

9NOT INT(RSECTED py 

?IS NOT HHERSFCT[f) 

LINE 

TRIAL CIRCL: 

TR IAL CIRCL 

TR IAL CIRCL 

TRIAL CIRCL 

TR lAL CIRCL 

TR iAL CIRCL 

RUT IS HI ARC 

J:'OLLl'lwS: 
K= I! KK= 
K= 1 KK= 
~{:: ~ KK= 
K= :' KK= 
K= 2 KK= 
K= 7 KK= 
K = :' K·K = 
K= :; KK= 

·.r 

,~ 

2 
3 
1 
4 
5 
6 
6 



!= 10 170 ;'4'4 8' 
1=!fJ.; t 9 B ;t ~ 1'1. 

·=:12·" li'89;-t 11), 
ir94 ;'T r~'" 1= 13 ... ··,er, 1 J2; 1= 14 

1=· 1'5 
2 3 3 1'';' t: 
237,::;. :-

1=, 1"6 . I} 4 -l~ ~ !' 
t:. :; ~ * 
. 

f~,E APPLrCABL~ ~§R~Y .l. u .. B 
I= ~ 74;,~r.~ 
1=' 3 .. l! l ~~3 211 
I-I 4 l' 44 :1. L~ -' 
1= 5 :no ;~44 a 
I::::: 6 "'8 9 ~\ i r, 

!; • '1 H 

~IND SLIcr WiDT~Ft~J 
F I= 
FT= 
FI= 

;)84-:1H~ 
1\-

K= 
73'":,:r " K= 

~n7':.;)'!o I( = " 9 11': l(.,. (,1 K= 
i r'1":l,'1': K= ~0 "::''''", L'- K= ,j9'O,:Q;11~ K= ~ t-}. ~~ 

ARC r~t .. ,~qbLO~~: 
69-: 1 .. K= 
56'::3n9 K= 
n7'::1. ' K= 

:~ 8 4 ".~7 \ K= 
-7'~ 1 I, K= \t" '''\>~ ~' 

.:> nr\- I 

4 KI<= 7 
4 KK = 8 . " 

4 KK= 8 
.... 

4 KK= 9 , , 

;.,0 4 KK = ! ~-
4 KK= ;:1' 
4 KK= ,~2 

!J. 

KK:: r .. 
4 
5 KK = 2 
8 KK::: 3 
9 KK= 4 

,0 KK= 5 
:~ 2 KK= 6 

THE SAFETY FACTOR FOR P01NT 415 
IR K P T P R HJl1· 

~""''''-'h'' _____ . - ~ - . __ - * - ... - - • 
- _. - - - - - - - .. - - ,. _. -. ~. ~ - - - ~ _. - -. -. - - - - -, 



'"12 

The results taken from the oomputer 'program for oross-seotion 

(4-4) A are: 

---_._---, 

Cirole Circle Center Entranoe Points Coordinates 
FAC~OR 0]1 

NO 
J... 1 . 1.. Y 

~ ..... -~" 
\ ! I a 85 115 137 65 I 

f I 
I I 

, I' b 92 III I50 85 

0 86 110 139 85 1.83 

d 92 117 163 85 I.21. 
I 

e 107 ! 119 174 85 
I : 

I 
I 

;f 77 II~ 134- 85 

IQ'lI 

81 112 I £;,0 85 g 

h 83 127 144 85 1,,80 

l- 101 115 100 '85 
", 

1.35 

j 74 '104- 140 85 I 

k 68 118 154 85 1.16 
._--'--



oClJ 

0-

16 B 
~0J 

001 
D ...-

."~ .. . . 



" 1',' 

lALCIRCLE NO 1 
RCLE CTR COOR)S: x= x= &8~11 
TRANCE PT= COORDS: X= L54r1,1 
-~R!AC ARC~ADIUS= 92tl~4-

., -., --'j .. ' .- ." 

\ ' 

v= 
v= 

'x~,tIN E : 2 NOT: r N T E R SECT E 0 BY T R I ALe I R C L 
"1" 

X LINE; :SNOT' INTERSECTED 8Y TRIAL CIRCL 

'X CINE 7NOT' rNTE~SF.CTE.o BY TRIAL CIRCL 

X LlNE ,8NOT INTERSECTED BY TRIAL CIRCL 
, .. 

.... , , ., 

X L lNE ,9NOT, I N TE.~ SECTED BY TRIAL CIRCL 
, 

." . , .. 
! ' 

-- :...:......:.-,--'" '. 



i 

~$~:~{:~::5~,~, ~ 0 r ;IN r ER SF.: CTEO BUT IS IN ARC 
---"--:-''-''-- -~-, •... , '-'." 

kgLL~WS~K= l' 
K= 1. KK= 2 
K=l KK= 3 
K= 2 KK= 3 
K= 3, KK= 3 
K= 3 KK= 4 
K= 3 KK= 5 
K= 3 KK!: 6 
K= 3 KK= 7 
K= 3 KK= 8 
K= 4 KK= 8 
K= 4 KK= 8 

·K = 4 KK = 9 
K= 4 KK=O 

. K = . '.' K K =·<fT· . 
K= 1* KK = r2 

KK= 
KK= 
KK= 
KK= 

. KK= 
KK= 
KK= 
KK= 

.... 

r 
2 
3 
4 
5 
6 
7 
B 

U~~~LICE~WI~TH AND NO OF SLICES 
I 

~**~A)(HIUMSLICE iJIDT!;! H~S BEEN INCREl:iENTE 
.' ~ .... !... ' : " " I' F 1= ' l',,' 0 0 0 {i 0' F 0 = \ .. ~ 8 8 7 ,. 

.!, ; , ' 'F!= :;: .... ,8874 FO= ii'';'Z"fS67 
''':~::~:~::~>L,FI=*~2'!567 FO= ct~21:898 

FI= 4a21898 FO= '~.21938 

'''':TH'ESAFETY FACTOR FOR POINT ,1'IS 
.. , ". 

rAL:c1: RC u-::N:6 2 
~CLE CTR COORDS: x= x= 72~11 
rRANCE P T;' COORDS: x= ~.~4 ;\P 
., "T R I A L A RC RAJ IUS = 8 8 ., 3 .,. . 

v= 
Y--' 

... 

., , ,; 
:x LINE :2NOT INTERSECTED BY TRIAL CIRCL 

, ' 

:x LINE SNOT INTE=?SECTED BY TRIAL CIRCL 

:x LINE ,7NOT INTERSECTED BY TRIAL CIRCL 
.' .! 
"," . 

:x ·LINE :SNOT.rNTERSECTED P.Y TRIAL CTRCL 
, .,~ :;,c":'i .. " 

(~.LINE ;·9 NOT INTERSECTED OY TRIAL CIRCL 
" c. 

~*LINE 7.1S NOT rriTERSECTEO BUT IS IN ARC 
""" - l' 

~*L IHE SIS NOT INTERSECTED RUT IS IN ARC 

4_.': ,.. ," 

- . . -
-. 1 '"" -

.. .. 

. i 
, " 

r' 



.,\. ,': .:" 

':IND 4StICE 

:)~~--~>"'U:';-'':'" . 
~':-:''':'':::':::-·~:'·'':::i:-·':':'':::·~··''':: .. ::. ~"'" 

AtH"QY 

50":55 
37~42 
60':01 . 
85';~1 

:XK WINE, 2NDT INTERSECTED BY TRIAL CIRCl 

:X~_~JNE 'SNOT INTERSECTED BY TR III CIRCl.-
" .. --.'."::.:-'".-!" .• 

~ , 

:XX" ~J: N E ~ 7NOT INTERSECTED BY TRIAL CIRCl 
-. ""--1""-

-
:XX UrN"Eo 8NOT IfHE~ SECTEO BY TRIAL CIRCl 

:XX~INE: 9NOT INTE~SECTEDBY TRiAL CIRCL 

'*~LINE 21S NOT INTERSECTED BUT IS IN ARC 

IRe INTERSECT wITH lINE 
).IENO- .: . ; x 
r;i . 23"948 
4.:'. 46 tT2 4 
6:~ . r37~5U2 
3 ~ fS4 ~r.~r 

OJ 



KK= 
KK= . 
KK= 
KK= .. KK= 
KK= 
KK·= 
KK= 

THE SAFETY FACTOR :FORPPINT 315 

V= 
V= 

x X X -JINE: 2NOT ,.\ .. INTERSECTED BV TRIAL CIRCL 
,. 

xxx LIN£::: SNOT 
i 

INTERSECTED BY TRIAL C!RCL 

XXX LINE 7NOT INTERSECTED BY TRIAL CIRCL 

XXX LINE 9NOT INTERSECTED BV TRIAL CIRCl 

t:**lIN E 
,~:~ ~'~).;: .:' 

21S NOT INTERSECTED BUT 

~**LINE : SIS NOT INTERSECTED BUT 
-, 

t~E ~~TE~SECT~ITH 
r. 8 501 

. 4 ~ .....; 30 t! h 5 
6t< ···.0. 1'· f .. ··*,,· 
~ 38 :Jlo .1 

31,io o: 0' 54 1'..1 ~ 1 
. ~ .. -·1 .: --: -

rHE: ARRAY r= . 0.1 WITI:i ALL INTERSECIIO,NS 
~\lOO 0 49 ~: . .!. 

r= 2 
r= 3 
t= 4 

.... (j 0 0 3 2!'~;;: ~. 
:'0 0 0 1 3 ': T'I ¢ 

8;50~ 49~§1~ 

IS IN ARC 

IS HI ARC 

FOLlqtJS: 
K= • KK= 
K= ~ KK= 
K= ~. KK = 
K= 2 KK= 

r 
2 
3 
4 
5 
6 
7 
8 

fo 
2 
3 
3 

o· 

f 



In cross-a~otion (4-4) B soil types ~are given as : 

Soil I : Artificial fill 

S011 II : Sedimentary Layer 

Soil III: Deoomposed Graywacke 

~he resUlts taken trom the computer for cross-section 

(4-4) B are : 

Cirole Circle center Entrance Foints Coordinates : 

NO 
.x. y X Y 

.. 

a 85 123 142 90 
--

b 82 'II6 135 90 

c . 99 118 159 90 , 

d 89 117 150 90 

e 85 112 128 90 
'-"- "'~.-- .. - _ .. _- - -- --- -.- --. -

f 79 123 132 90 

g 105 128 159 90 

h 92 I4I 169 90 

j 72 110 137 90 

k 66 127 145 90 

'n 

FAC~OR 0] 
SAFETY 

I.90 

1.94 

I.60 

1.16 

'2.00 

I.85 

1.95 
-

1.18 -
1.16 

I.I4 



.. 

tJ.1 

Ul 
o 

w 

" 

» 
r 
("") , 

~. 

G 
() 

(;) -o 
p 

o 
.\.0 

o 
::T 



~-;::·Of;::ELINES :"0 ' 
:",;-:7i::::_':':'2f:·:·::'-::;:::·~.:··i~. .' ~r~'; . NO OF LlNE INTERSECT= 13 

~::,~~:::S:Ol~~,~ __ ";~ 
fOF;XGrNCREMENTS= 

NO OF EXTERNAL SOIL LINES= 3 

3-3 NO OF Y~INCREMENTS= 
:,{'~~j:Y:iN:·;.ITIA'L ._ SLICE WID TH = 2';'0 

i 

SAT ,UNIT WT 
n, 7.8 n- 7"'8 
0"- 7h 
n;- 7 '~8 
n~ 7 ;'8 
f1 ~ .. ,~ 7 "'8 
(J ~ •• 7 ~i8 
0"" 7"8 . ~ 

7 t S n; 
0-;- 7 ;-8 nl«· 7;'8 .. 
r :' 7 ;8 
n~ 7 ::8 

":- --.-: .~": '. 

0':" 7;'8 
(1'" j :3 "'7 
ri f~ t3

"
7 

o~ X3 (':7 ... H t, 
" ',: '.-C,' '_.1 :, 
- .. - - • _ .. r' ~ ,. . . - . 

Y= .: 27 :'i.1 
y= ;.1;'9 ~·l 

U -t.' 

RIAL; CIRCLF NO r . _ 
. IRe L F,' , C T P. COO R D S : X = X = 6 6 " '1 ., 

:wtRANCf PT:; COORDS: x= ,,'l5:;"d 
T R I A L ARC R A D r u s = 8 1 ~ ~ 3 5 I~\ 

, . N 
-, 

,-

:X)C .. LI NE 2NOT INTERSECTED P.Y TRIAL CIRCL 
:~::::~~~.: -~:;::'.! ~ 

j ........ ~,. --, 
:XX·LINE· 
:' .. ::'.'''; "-'1"-

5NOT INTERSECTED J3Y TRIAL CIRCL 
. ~-- .... , 

(~X'~;hl N E. 7NOT INTERSECTED PY TRV-L CIRCL 

(XX 'LINE. ~8Nor INTERSECTED BY TRIAL CIRCL 

. .-

': . 

PHI-.· itOHES 1 ON 
20'"10 i '{'9 ;:'6 
2U~'O" . i_. 19 .. '6 
2u:1Q " :.'" 1'9:'6 . 
20;'0 ' f9 ;':6 
2 iJ ~'10:':· 1'9'6 
20;"0 '1'9 :-6 
20 ;'0 1"9 :'6 .! 
~'-2"0.: ~'O 
1.'2;'0 ;0 
"2='0 _ 0::0 
"2 :10 ~o 
r2 ;'0 ;;00 
12:'0 :fa -
1'2 ='0 - ;'0' 
45;'10- 08:'6-
45 ;to 
{~5 ~o 

-68~'6 
68 ;'6-

, 
,. 
f 

, 



xxx Ll~f: ~N()I 11~1!:.~SIr::Tt~n r:y TI1IAL CIRCL 

xxx LINF. 11 uti 0 T ; J, r ::.~ s : ..: T I.: L ;: Y 

,(c*LINE 
.. 
? 15 NOT INT[t"?SECTEr 

*~*LINE 5 IS NOT :"JTERS(CTt::D 

I IJT E R SEC T ,oJ IT-l 
NO ~ X _. 

D', 'J r 2 
39~'295 

130:931 
145 21",( 

'r r l. A L C:~CL 

[-'JUT !S HI ARC 

8u-; IS HI ARC 

rHE ARRAy ,.;lTH ~LL INT~RSFCTI~NS I='OLLOIJS: L= .i ! IJ 1 U 5 5 f. ,~ • '1 

r= 2 
r= 3 
r= 4 
r= 5 
r= 6 
r= 7 
r= 8 r= 9 
r= 1'0 
r= l~ r= r 
r= l3 r= .4 
1= 15 
I= 1= }6 . 7 

THE 
I= 
1= 
I= 
1= 
1= 
I~ 
r= 

t'rl,jo SLICE 

,1< = 
," i; ~I G lIlJ~: ~,' ~ K= 
;-'; j'l 0 ? u' ; ~: J:~ K= 

1'5;'012 56'; 36 5 K= 
39;'2?5 44',.,TLJ K= 
57~'.,lL 3u';:~I .. K= c; " -.~, I ' 46 r' ';"1' K= . '7 .. l'" • t- ~ ~f~ .• ... .. 6 n ",.; 1 ' 6 ",~' <"1 " K= , :' j ,I ~ i' i: I!. ,J t~ , ;( 

I, ? J ~ '" " ~ 9 I,,) ' ..... ',. K= 
P3~':'1;, 67';~1,:: K= 
, 'T" r" , 3' :;.-, 9 K= t .. " '...; -' f~) .. 1 b; .:. 
.\. 4 5 ' .. L. 9 U ",. 1.~ K= 
1;8.1 ;!;··~J.r 79t~':'1"t K= :. g2 ··,r,' t', 69' "I,." K= .". O""r .•. 1 1\ 225;':1" qljt:':~.,.i K= 
227 ~!'.1'1 82~~:,l.: K= 2 3 tJ \~"~' t 80 r "1 ~ K= - ~~. t 'ue 

ARCINT FOLLOWS: 
56"-365 K= 

WIDT-l AN) 
FJ= 
FI= 
FI= 
Ft= 

L .' r' -~ 4 .i. II ,dJ K -
46',' 1, K = 
6 • " ~',. r, K -

IJ. ' . .\ -
9 :~,. ~.I 1 '. K -

.' I ' , -
6 1_·" ~t l :r K = .1 1 , k 
68\/'1 K= 
9 _r- .. , K-

_J ... ~!.r 4. -

" ,.. .. 
., 
I ., 
-' 
3 
3 
3 
::; 
:: 
/, 
LI. 

L~ 
4 
4 
4 
L~ 

/\ 
S 
7 
8 
9 

q 
~ 

KK = 
KK= 
K f( = 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KI( = 
KK= 
KK= 

KK= 
KK = 
KK= 
KK= 
KK= 
KK= 
KK= 
K I( = 

THE SAF~TY FACThR FOR POINT ~lS 

TRIAL CI.RCLE NO 2 
I X = 7 -. ., C RCLE eTR COORJS: x= ~!~_ 

ENTRANCE PT~ C08RJS: x= ~45~A1 
TRIAL ARC ~AJIJS= B~~6!r ,. 

xxx LINE 21-.10 T HI H: ~ s [ C TE-: 0 BY IPiAL 

XXX LINE 51'18T rNTE=?SO::-CT£O ry TH It\ L 

XXX LINE 7'~ 0 T rf./rE~sr::CTE[I ny n< .tAL 

XXX LINE 8'~ 0 T rlnE~sr.cTED ElY TRIAL 

X X X LINE 9t-!8 T rNrt~sECTED r~ y TR HL 

y= 
y= 

C!RCL 

C1RCL 

C!RCL 

C:~~CL 

CIRCL 

t 
2 
3 
3 
3 
4 
5 
6 
1 
8 
3 
8 
9 

.rl 
0:-. ,1 
"'? 
~'3 
t! 

1" 
2 
3 
4 
5 
6 
1 
8 

1'~:r4n65 .' 



xx LINE lUNOT IriTERSr::CTED BY HUAL CIRCL .. 
~*L IN E ~lS NOT I f~ T E R S F C T [ [1 BUT T ~; IN ARC 

**LINE SIS \10 T I:';TERSrCTEn PUT TS Iff ARC 

HE ARRAY W ! T H ~,.L L r "I n: R SEer I q N S ~OLLOIIS: 
~ una 55':' ~,' 1(= ,. KK= -

= ~-2 ~\;o 0 4 r fl '~ .. fr K= ~t KK= 't: U ~),. ~ ... ~ 
3 "'u n u 2 J~' f.,. ~. --- 4 -- 5 -- 6 -- 7 -- 8 -- 9 -'- HI -'- L. -'- 1'2 -'- 13 -.- 14 -.-
l~ -r= 

'- 11 -

~INO SLICE 

2 4 t'3]'6 5 7 ~~ ~;3 q 
52!~37 45:ij!3 
5 7 ~" 1 

'f .} " it 
5 9 ~'~! tJ. 
60 "Ii ,!, t .. · ,j, ~. 

;j2 ,i.""; Ij 
. 2 3 "'!'j' t :f; t.,r" ,. ~t 

II. 2 9 l! 15,\ 
'45" 1 .. ,I. 1t 1l., + f S :1 .. 'J 1',: 
'~2""l'~ 
~ 2 5 !.,!~ ~. ~ 
227;':-'"H 
230"7 n • I~ ... 

\oJ lOFf AND 
FI= 
FI= 
FI= 
FI= 

30"; "{-
I~ 6 r- 'fl., r;t 

, .. '~ 
60~'I"r'~ 
Q ;,.,~t rt'"'f ~ 
,. u~! l~~ i ~~ 

~£~;4'8g 
9 O~: . 'i " 
79': :t.1 i 
6 9~:: 1:" 
9 0"; '~ l' 
82" 1;'1 ~ 

• ,.. It 8 0',- ~'1 J , .,:.. .,", 

1<= 'f 
K= 2 
K= 3 
K= 3 
K= 3 
K= 3 
K= 3 
K= 3 
K= q 
K= 4 
K= 14 
K= Lf 
K= 4 
K= 4 
K= 4 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
f<K= 
KK= 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

THE SAFET¥ FACTOR FOR POINT ?IS 

TRIAL CIRCLE ~O 3 
:rRCLf. CTR CQORJS: X= X= 
ENTRANCEPT; COJROS: x= 

TRIAL ARC ~AJIUS= 

x x x LINE 2 ~4 ,J i l·Jr:'~S[CTU) 

hx LINE 4 ~J Cl T (i'l T:::: =< S r.: c T [n 

X X X LTNE 7NOT I fH E ~ SEC TEn 

XX X LINE 8NOT INTERSECTED 

XX X LINE 9NOT T i-IT E ~ S (" C TED 

XX X LINE ! ONO T INTEQSFCTEO 

!=ly T~ IAL 

RY PH"L 

BY TRIAL 

BY TRIAL 

RY T~IAL 

RY Tt? lAL 

v= 
V= 

CIRCL 

CIKCL 

CIRCL 

CIRCL 

CIRCL 

C!~CL 

" ? '. 
3 
3 
3 
4 
5 
6 
1 
8 
8 
f3 
9 

~'f' 
1'2 
"3 t 

I' 
I 

2 
3 
4' 
5 
6 
7 
8 

1 f.13 8 5 8 



4<**LINE 21S Nor INTERSFC,ED PUT IS IN ARC .. 
~RC INTERSECT wITH L.(NE ARR,~y L I~.: NO x X 33 e 322 57.9? 5;- 63:9'.4 47':7(1 

ba,. r2g~3i5 68 ~" 9 
3 :,.. '1'45" 1\1 9 r "1 ' ~," c ' U 'I~. 

THE ARRAY wITH ~~~_INTERSFCIIONS FOLLOWS: r= .i. • U l. J 55, •. '! , 
I= 
I= 
r= 
r= 
r= 
I= 
I= 
r= 
r= 
r= 
I= 
r= 
r= 
r= 
1= 
1= 

TH E 
I= 
1= 
r= 
I= 
'1= 
1= 
1= 

2 
3 
4 
5 
6 
7 
8 
9 

to 
1..J. 
12 
1'3 
'('4 
l5 
16 
1'7 

~ n Cl 0 4 n '; :: '1 y 
-000 20- ,';,!:' 

33~a~2 57~~~4 
57,:'.,1: 3(/, ' 'I. 
59:;"; r" 4 6 r;f1 1 ~, ._ .... ;..,~ ...... ... 
6U~lil 60~~'7 
6 3 ~'9 4 4 LH '; (; 9 7 

;t 21 ~d'~ 90'; 'I 
'~2",I,;, 1'''' 6 7 , ... ' :, ~t 
~ j.~.~ ~~I~ 
'[78;'3 1'5 6B'~~~PB 
I. 4 5" 1', 9 r )'. ~ 'j , 
,i, it ~ 0 , J 'r . 
'1"8' :',"1" 79'" '1'"::' ,. J, '., ,J. 'tt" 
'. 32~' r'" ,.. "I'''' ". t ,:,,, "'I 69 ' ..... 2' 2 5 -,' ~ ~ , 9 [' " t. r . 

., ,\ ':! .J • I' ' .. 
227 ,;::~ r'.;. '82'; .::1:. 
23 u • r n" 8U' If'l'r :'. ;~ "! . "'I • .,:. ~ 

~IND SLICE WIDT~ AN] 
F~..:. 
F.i.= 
F 1= 
F!= 

K= , 
K= .. 

.I 

K'= i 
K= 2 
K= 2 
K= " K= 7 
K= 3 
K= 3 
K= 3 
K= 4 
K= 4 
K= 4 
K= 4 
K= 4 
K= LI 
K= 'I 

KK= 1: 
KK = 2 
KK= 3 
KK= 3 
KK= 4 
KK= 5 
KK= 6 
KK= 6 
KK= 1 
KK= q 
KK= 8 
KK= 8 
KK= 9 
KK= :1 
KK= ::: r 

'KK= ;'2 
KK= ;.3 

KK= f 
KK= 2 
KK= 3 
KK= 4 
KK= . 5 
KK= 6 
KK= 7 

THE SAFETY FACTOR FOR POINT 31S 

TRIAL CIRCLE NO 4 
CIRCLE CTR COORJS: X= x= 
ENTRANCE PT; CCORDS: X= 

TRIAL ARC RADIUS= 

XXX LINE ~NOr (1-.TE,::;:S~:CTEO 

XXX LINE 5'~O T IfHERSECTED 

xxx LINE 7NOT INTERSECTED 

XXX LINE BNOT INTt:~S~CTEn 

xxx LINE 9NOT INTERSf.CTEO 

xxx LINE lUNOT ItHE:KSECTED 

ny 

BY 

GY 

RY 

ny 

BY 

***LINE 21S NOT T.'H ER src TE [1 

·*~LINE SIS NOT r.'~ T[RSECT(n 

HdAL 

TRIAL 

TRIAL 

TRIAL 

TP. IA L 

TDIAL 

RUT IS 

BUT IS 

y= 
Y= 

C!RCL 

CIRCL 

C!RCL 

CrRCL 

CIRCL 

C!RCL 

Hl ARC 

It~ ARC 



[HE APRAY 
(= 1 
[= 2 
[= 3 
(= 4 
(= 5 
(= 6 
[= 7 
[= 8 
[= 9 
[= ra 
[= t,t 
r= '''2 
r= 1'3 
1= J'4 
I= 1'5 
1= T 6 
1= 1'7 

THE 
1= 
1= 
I= 
r= 
1= 
1= 
1= 
1= 

l 

FOLLOIJS: 
K= ~ KK= r 
K= "" KK= -? 
K= ! KK= 3 
K= 2 KK= 3 
K= 3 KK= 3 
K= 3 KK= 4 
K= 3 KK= '5 
1<= 3 KK= 6 
K= 3 KK= 7 
l{= 3 KK= 9 
K= '+ KK= .g 
K= l~ KK= 8 
K= l~ KK= 9 
K = '.' K K = n 
K = 4 f< K = -;: Y' 
K= 4 KK=:2 
K= ,~ KK= "'3 

r.' 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK = 

r 
? 
3 
4 
5 
6' 
J 
B 

:OHIO SLICE W IJ T1 4 NJ 
FI= 
FI= 
F I= 
Fr= 

THE S_FETY FACTOR FOR POI~IT 415 

XXX LINE 2NOT .cNTE~Sr::CTED 8Y TRIAL CI;(CL 

XX X LINF. 4NOT !1~Tc.:~Sr::CTEO RY 'TRIAL CIRCL 

XXX LINE 7NOT INTEQSECT[O BY TRiAL CIRCL 

XXX LINE 8NO,T INTERSfCTED 8Y TR IAL CIRCL 

XX X L TNE 9"10 T H. TE::?Sr-CTED ry TRIAL CIRCL 

XX X LINE fONOT INTE~S[CT[D FY TRIAL CIRCL 

U*LHIE 215 ~oT INTEr.{sfCTED BUT IS IN ARC 

~R C INTERSECT wITH LVI£: ArRAY 
• N E ~w X y 

r. 2£>, ~ 2 !)7~:35 
5 :." -:;l 1. •• ' '16'::2B :;, " ~ ::> L 
6~ r27;3~. 68'::09 
3- r 4 r::; :~ i"' ""," " .. ' :1 ... .1 '\ ;1" 



In cross-secliion (8-B) A soil types are given as 
~ 

Soil I is .cottom Sludge' It has been determined ,that it is 

formed by sedimentation of erosed materials and pollutant 

in water. ~he engineering characteristics has been taken as : 

: 1.15 t/m3 
n 

12 

c 0 

Soil II : Artificial Fill 

Soil III Sedimentary Layer 

Soil 4 Decomposed Graywacke 
, 

The results taken from the computer for cross-aection (8-8)A aJ 

Circle Circle Center Entrance Points FACf.l!OR OF Coordinates 
NO SAFETY 

)... Y :x. y 

a B6 III I35 8I 1.18 

b B3 I05 lIB 8I " I.aI4 

c 9I 108 124 81 1.50 

d 9B 123 165 BI " I.60 

e 101 113 I53 BI ' 1.60 

f 84 120 127 81 I.14 

g 82 93 133 81 1.30 

m 72 108 136 8I 1.24 

n 74 117 136 8I 1.13 

p 81 128 157 8I 1035 

i . 
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f?1 n. 0 () e 

ce oE 

o 
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iLOPE STA8ILITy FOR TASKI?AV,(l) MAHIR KOSELER 

/0 OF LINES iO ~W OF LU!E INTERSECT= 12 
/0 OF SOILS= 4 NO OF EXTERNAL 
~O OF X~INCR~"1E'JTS= 1 ~IO OF Y 

IN ITIAL SLICE wlDTH= 2;0 

~rNE INTERSECT ARRAY 
~T NO X 

1 
2 
3 
4 
5 
6 
7 
8 
9 

lY 
~ 12 

SOIL o AT A ARRAY 

SOIL LINES= 

INC~EMENTS= .... 

THESIS., 
.-' 

3 

3 

rT~~ UNIT HL NO LINE Il LEFT :tNT INT SAT )IT 

t.~, ~ !: .. ~ 
5. 0" f:~J~ ~:. 7" nw .. .. ) --, 7 '":' 7 •. n l .. '~ S j , 

l' 4 ~' 2 ;.' 4 ';' n ~' t;'5 
f. 5 '" 41, 61' n!" 1'~'5 6!' 6, 7':' n ~:. 1'~5 ., ,.. 

7-: 6 H, ~, n. ~' r"'c; 6. 
~ 2-' 7 :' 7'" o ~. 7 ~~8 ., 
2 3;' 7 :' , p'" n~ 7 :'8 
2 5:' 6 ~. '~6 .t r'" 7 t S 
2 6; 6 :;' 7~' ri~ 7 "'8 
2 7- 6 ,., !M' (i "-:" 7;8 4 :" .~ .. ' .t (1 ~t 7 ;;)8 3 2.1. ·¥41,:· 
3 t: .u., 

4, 6'" n~ 7 ~'8 ..J ~ 

6 !' 0'" 3 f,;' 67 7 ;'~8 
3 7-' 67 ' .,. ~I n ... 7 :'8 ' , 
3 B!' 37 ::8'1, n::- 7 ;;-'8 

- 3 9;' s7 Q ~: r .,- 7 ;'8 . , . , 
7 '!'p, 3 lO:' 9 ;' _; 2;' (i ~, 

J: -. 8 .:' 3 ~, ' B :' n .,. .1,3 .. '7 4 ~. I" 
4 9 '., 8 9 ' IJ ';' . 3n 
4 1 r .t, 9 

~ .. ? ,t, 
(l '.'" £ 3 ".'7 ' OJ' 

, .! •• ~ ~ 
, '.' ... ' 

xxx LINE 2N~T INTE~S~CTED oy TRIAL CIRCL 

xxx LINE ~NOT rNTE~SCCTED 8Y TRIAL ClqCL 

xxx LINE 6NOT INrE~S~CTEO BY TRI~L CIRCL 

PH! 
1'2 ·'0 
1'2 ~O 
1'2 ;"'0 
1'2:'0 
1'2 "0 
f2:0 
1'2 ;'0 
20 i'o 
20 .. 10 
20:'0 
20;'0 
~O:'O 
,,'2 '''0 
1'2 ;'0 
l'2~O 
1'2 ~:o 
12 ;'0' 
:1'2;'0 
1'2 ;'0 
45"'0 
45;'0 
4 5 .'0 '. 

LINE INTE 

COHESI ON 
:'0 
;'0 
:;'0 
:'0 
;'u 
;'0 
:0 

f'9 "16 
1:'9 ;6 
f9 ;'6 
1'9 ;'6 
f9:'b 

'''0 ;'0 
;'0 
-'0 
;'0 
;'0 
;'0 

&8 -6 
68:'6 
(,9;'& 

~ 
7 
2 
4 
6 
6 
3 
8 
9 



~ x X LINE 8"JOT INTE~SF.CTEO PY TRIAL C!~CL 

XXX LINE 9"l:)T rNTE~SF:'CTED flY TR IAL CI~CL 

xxx LINE rOI-JOT • 4 IrHE=?SECTEO BY TR II\L C!~CL 

**~L IN E 21S NOT rNTE~SF.CTED RUT IS IN ARC 

.*~LINE 615 NOT INTERSECTEC BUT IS IN ARC 

{dE ~RRAY 

r= 2 r= 3 
1= 4 
1= 5 
r= b 
r= : 7 
r= 8 
r= 9 
r= 1'0 
[= rl 
r= l:t 
r= 13 
[= 1'4 
r= 15 
r= 1'6 

THE 
1= 
r= 
t= 
I~ 
1= 
r= 
r= 

i:'I~D SLICE 

x x X LINE 

XXx LI~E 

OX LINE 

xxx L!NE 

WIJT-I AN) 
F1= 
F1= 
F T= 
F1= 

FOLLOrJS: ." 
K= 1. KK= J.. 
K= 7 KK= 2 
K= 1 KK= 3 
K= 1: KK= 4 
K= 2 KK= 4 
K= 2 KK= 5 
K= 3 KK= 5 
K= 3 KK= 6 
K= 3 KK= 7 
K= 3 KI<= e 
K= 4 KK= 8 
K = 4 KK = 8 
K= 4 KK= 9 
K= 4 KK= '<D 
K= 4 KK= l;l' 
K = 4 KK = ~'2 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

r 
2 
3 
tl 
5 
(, 

7 

T-IE S~FETY FACTOR FOR POINT tIS 

2'~:) T INTE=?SECTED FI, Y TRIAL CIRCL 

4NDf INTE=?SECTED BY TPIAL CIRCL 

6NClT TNfE~S[CTE[) ElY Tf(lAL C!RCL 

S 'JO T T~TEisr:CTEn py TDI~L CIRCL 

I 

I 

I 



:xx LINE 9~DT [NTE~S[CTED By TRIAL CIRCL 

~xx LINE rO~OT [Nr~~SECTED BY rqIAL CIRCL 

~*.LINE 215 ~or I~T~RSfCTED BUT IS IN ARC 

~*.LINE 615 ~OT I~TEQSFCTED RUT IS IN ARC 

I ~E ~RRAY 1= 2 r= 3 
1= 4 
1= 5 
[= 6 
r= 7 
1= 8 
[= 9 
r= '0 
[= f.l 
r = 1'2 ['=1 13 [= 4 
r = 5 
[= f6 

f~ E 
I:: 
[= 
[= 
r= 
I= 
I= 

::'IND SLICE WItHY AN] 
FI= 
FI= 
FI= 
FI= 

FOLLO,JS: 1 
K= ] KK= 
K= 1 KK= 2 
K= 1 KK= 3 
K= j KK= 4 
K= 2 KK= 4 
K= 2 KK= 5 
K= 3 KK= 5 
K= 3 KK= 6 
K= 3 KK= 7 
K= 3 KK= B 
K= 4 KK= B 
K= 4 KK= B 
K= 4 KK= 9 
K= 4 KK= a 
K= 4 KK= *'1' 

,K = 4 K K = 1'? 

KK = 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

l'~ 

1'. 
2 
3 
4 
5 
6 
7 

T~E SAFETY FACTOR FOR POINT 215 

TRIAL CIRCLE ~D 3 _ 
:IRCLE eTR CODRJS: X= x= q2L~' Y= 
~NTRANCE pr; COORDS: X= ~27~7' Y= 

. TRIAL AR: ~AJIJS= S?d4D2 

xxx LINE lNor INTE~SECTEO py TRIAL CT.~CL 

xxx LINE 4'~ 0 T It\rE=<se~~TE:D py TR TAL Cr~CL 

xxx LINE 6NDT INTE;(SECTED BY TRIAL CIRCL 

X'X)( LINE 8NOT INTERSECTED 8Y TRl.<\L C!RCL 

XXX LINE 9NOT rNTE~S[CTtD BY TR tAL C!QCL 

xxx LI"IE 'fCl"lOT ItH E:(S [ C T E: D PY TR IAL CIRCL 

.. 

1',,25407 
:,...# 



~**LINE 615 NOT INTEr-SFCTED PUT IS IN ARC 

T>1 E 
1= r= r= 
t= 
I= 
r= 
1= r= 
1= r= 
I= 
1= 
1= 
1= r= 
1= 

TH E g 
1= 
1= 
1= 
1= 

ARRAY 
I 

,t.. 

2 
.3 
4 
5 
6 
7 
8 
9 

1'0 
1 t 
12 
13 
14 
15 
1:6 

FIND SLICE WIDT1 AND 
FI= 
FI= 
FI= 
FI= 

!:"OLLOIJS: 
K= 1 KK= l' 
1<= 1 KK= 2 
K= 7 KK= ~ 
\<= ~ KK= 4 
K= 1 KK= 5 
K= (> KK= 5 
K= 3 KK= 5 
K= 3 KK= 6 
K= 3 KK= 1 
K= 3 KK= 8 
K= 4 KK= 8 
K= 4 KK= 8 
K= 4KK=9 
K= 4 KK= .. n 
K= 4 KK= ~1' 
K = 4 K K = k,2 

KK= 
KK= 
KK= 
KK= 
KK= 
KK = 

,-
2 
3 
I; 
5 
6 

NO OF SLICES 
: ~;' 0 (1 0 f"' 0 F 0 = 
1. -:;'1; 0689 F 0 = r .... 1;5530 FO= 
r-;45948 FO= 
'" 

THE SAFETY FACTOR FOR POINT 315 

v= 
y= 

.L 2 I; :'l, " .... 8 .' •. ,,"/' 
~.~;,," 

XXX LINE 2NOT rNTE~SF.:CTE[l BY TRIAL CIRCL 

XXX LINE (!"JOT INTE~S[CTED BY TP IAL CIRCL 

XXX LINE !:INOT INTE~SFCTEO r,Y TP IAL CI~CL 

XXX lINE SNOT tNTE~Sr.CTEO BY renAL CTRCl 

XXX lINE 9NOT rNTEiS~CTED flY TO IAl CIRCl 

XXX LINE luNOT rNTE~Si::CTEO 8Y TRIAL CIRCl 

***lINE ?IS .'i () r ttl r::r<S[CTEO P,UT IS HI ARC 

··t:lINE 615 1,/01 INfEf?SECTEO BUT !S IH ARC 

~.., r ~~TERSECT ',J rT'1 LINE J' 0'" AV L .'\ ~ \ .. h Y • HL x 



'p 
5 ~~i 
7~ 
., ''It 

.J\;.. 

fHE 
r= 
r= r= r= 
1= 
1= 
t= r= 
1= 
r= 
1= 
1= 
1= 
1= 
1= 
1= 

TH E 
1= 
1= 
1= 
1= 
r= r= r= 

ARRAY 
J. 
2 
3 
4 
5 
6 
7 
8 
9-

l~ 
12 
13 
r~ 
1'6 

::-INO SLICE 

55 p~7 
69 94 

1.1,9 422 
127 1.~ 1 

~/I)T-I A~) 
FI= 
F I:: 
FI= 
F I:: 

lp'~;6? 
::> Llb 

7L~ '::b 1 
8.: ';.!" 

" 

NO~OF SLICES 
fiOOOC'O FO= 
!'.lJ.601+8 FO= 
1,,"'1'7765 FO= 
F~79?5 FO= 

KK.= 
KK = 
KK= 
KK= 
KK= 
KK.= 
KK= 

THE SAFETY FACTOR FOR POINT 415 

TRIAL CIRCLE NO 5 
CIRCLE CTP COORDS: X= x= 88:~' 
ENTRANCE PT~ CO~RJS: x= 127::t 

TRIAL ARC ~A)lJS= 58~rS2 ~ 

xxx LINE 2"10T !NTE~SECTED BY TRIAL 

XX X LINE 4NOT INTERSECTED BY TR IAL 

XXX LINE 6NOT rNTE~sECTE:D ey TRIAL 

XX X LINE 8NOT HH E ~ S E: C TED BY TRIAL 

XXX LINE 9NOT rNTE~SECTED BY TRIAL 

XXX LINE lOt-lOT ItH E =< 5 [ C TED BY TRIAL 

~**LINE 215 NOT ! N T E'R S reT E [1 BUT IS 

+:**LINE 6IS NOT tNfERSECTED BUT IS 

Lf~t ~~:rr.RSECT ,oJ IT '1 LINE A r. R ,n 
x 

7. ~O? ~1 64 ~ 9 [. ., :r. 

5 :.: 7 :; S93 b7',lIC 
7 ; f ! 8 39l 7~:59 
7·· ~27 1 J. r 8:: "~ 1 ..) fr • .. .' ," 

Y= 
Y= 

CI~CL 

CTRCL 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

IN ARC 

IN ARC 

r 
2 
3 
4 
5 
6 
7 

1\ 'f7940 



In cross-section (8-8) B soil ty"pes are given as . . 
Soil I . ~ottom Sludge (Slurry) . 
Soil II Artificial ])il1 

Soil III Sedimentary Layer 

Soil 4 Decomposed ~raywacke 

The results taken from the computer for croaa-aection(8-8)B ar 

Circle center ]!'ACTOR 0.&' Circle Coor(inatea Entrance l>oints 

1m x y x y SA&'ETY 

I 

a 101 110 143 64 1.;67 

b 91 103 133 64 3.II 
'. 

c 101 101 139 64 3.62 
., 

d 93 108 136. 64 1.54 

e 109 108 152 64 1.67 

f 86 III 133 64 1.44 

g 88 I03 139 64 I.I6 
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(fj 

0 

~ 

........ 
N 
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PE STABILITY FOR TASKIZAK(TIIHAHTR KnSELER THESl~~ 

NO or LINE INT~RSECT= fS OF LINES ~,3 

OF SOILS= 4 NO OF EXTERNAL SOIL LINES= 3 

Ii 0 0 F Y ... r I~ C R F MEN T S = 3 

IN ITI~L SLI:r ~~JTH= 2~U 

LINE END COORD ~ATRIX 
NO NO INT X t 

-~ 2:' ' ~'J II .. ..... 
2:' 77 ~\i, l' ~ 2 .. , 1. 24 ::'1" • ..,' ... 2;~ .. ,:00 

~ 2;: 36 ~, • It. . kf: r 
1.. 2,. B9 .. " ' 
!:. 2:;' B 9 ~'": f 

2;1 1,48 ~-1 l' i, 
2"" ~ 74 ;,. r Ie, .. 2':" r ~'ljJ 

""'\ 2'~ &4 ~' '. f' .' '"", 2;- 25 ",11' i 1 ";I. 2; • 9 9 .~ 1 1" .. + ... " , ~ 

E INTERSECT ARRAY 
~o X 
f, 
2 
3 
4 
5 
6 
7 
B 
9 

;~ 
'2 
13 
'4 
'5 , 

:L 8 ATe A ~ RAY . N IN, ~ 

~~ 
3;' 
4;:: 
5 .. 
6:' 
7-:.' 
2:' 3 .~ ,. 
5;;-
b; 
7-
8~ 
9::-
4:' 
5';;' 
67 

3 7; 
3 8-;' 
3 9 "' 
3 to!' 
3 1 ...., , l" 
3 127: 
3 1'3 ';' 
~ 1'O~ 
1 't':' 
~ 'I'2~ 
4 '3 ft' 

LEFT I~IT 

5"~~ 
8 ;!, 
2.1. 
If , 
7:' 
7": 
8'; 
g. 
7: 
7'-: 

,.-1 :: 
1. ~ ~ 
'. ~ 
" " .01, 

Z .!, 
4 , 
7 .~ 
7 • 

lT~'~~ 
l ,J, ~ 

3 .. 
5,:' 
9"": 
r2~ 

3 ~ 
5 .:' 
9 ... 

1'2.a. .t .. ~ 

y'l 
5(;~Fl 
52;:J .. 
64 ., 141 
33'::p 
36~;~l 
49, •• ' 
q 9"; ::: J 
5 4'~ ':1 
5 '" ~t 1 ~. 6,,11\'"'' 

! 't < I 
010 lj II"t t," ~ 2 -.~ • . r 1. 
41 ~' '~'f 

~ '" .~ . 
" 9"" "'1 "~,, 

PT:' 
6 
8 e 
81' .. 
4 ~, 

1~ 
8., 
7 " 
8~ 
3 " t17 Ii 

" 
F\~ ' r~' ''-'! t;, 

~ r . oi. 
".4 .. f"4 JIll 

71~ 
71.· 

o' 
n" 

~1 .. 
I •. t 
"4 
~5 .~ 
9~ 

i' 
'2'" ~ it s· I~' - ,I "5 ~; 
9 :' , ?tw. 

,t, c; ~ 
.~" ... ' 

IAL CIRCLE ~o j 
iCLE CTR COJKJS: X= X= 
TQANcr PT7 ~JJ~)S: x= 

TNT 

X2 
5~~r 77;:;.,' 

. 124 ... ~1 64 I!., ,. 
229';,"1' 64 :'f 36'" ~1' 3&;;'P i!t I ~ . 

89"'''''' 49;.Q ''''I~#o'\:·r 6411'1, .:: 4 8;t, (,:'1 S 4 ;'1' 1 • ., 
56 ~ll .tZ4i1~~' 
5B~t~ 2~)U.f.;.' 

64: 1 26~ ,·.,sJ· IlI -r.· 
d t" e w." 44,,' .l 

49:n .: 99 -; .\. 1 
" "l ",'" '. 'f 5 - t ~!' t- -I" D ""- .\. b ...... ... 

SAT UNIT WT 
r. 1,5 
f) .' r~§ ~ 
"L ~ ", 'us 

':'5 rf nr 1"'5 
1~ r' ., 15 

pi'" 7 '8 
n'" 1 1.8 ''';' j,; 7 is . ; i.; 
[i, 7 :8 rr 7 "8 

~ nr 7 t a 
r, 7 ,,8 
OJ; 7 t 8 
n~ 7,8 
rI .. , 7 :~8 
fl t. 1 ~'8 
n '" 7;a 
n ~:' 7 ·'8 

7t n ~. ,,8 
f')" 7:8 
gr 7"8 

7 t a 
11:.' t 

;',3 ~ 7 rl ~ 13;7 " . 
'"3';"7 n" 

n ~~ 13 "'7 .... .' t. 

SLOPE LINE 
,,2593Sb='OOl. l 
~c 5 5 31'9 .. ~ 8' 
(;0000"0 8 
;83 0 7 7 2 Po a i 2 
;245293 .. 4 
'r4 2 B 5 7.L ... 7 
;; 8 4 7 458' "'0 n .l 7 
." 7 6 ':) 2 3 l. :;!O 0 f 1.0 
~357J,!.3'~OO ; 1. S ~ 233969 .,' 
;2950132 '5 
~&75b7b:Jao~ 9 

12 ,;2 12 .l '2 J. . 
", ...... "I' .. " 

PH! COHESI ON 
1'2 ~'O ;0 
12 ;'0 ;'0 
12 '''0 "'0 
"21,0 "0 
1'2 ~" ;0 ' >oW 
1'2 ;'0 ;"0 
1.2 ;'0 "'0 
2U""U r9~6 
20;0 1'9;6 
20;'0 r9~0 
2 0 ~'O 1'9 ;'6 
20;:0 1'9 :, ... 0 

1'9 ;'6 2lJ .. o 10 ;'0 19-& , ~o .2 ;'0 
"2 ;'0 ;'0 
12 ;'0 ';'0 
1? ~u :;00 
1'2 ;'0 ~IO 
"2 -'0 "'0 ;'0 12 ~(j 
t 2 ;~o ;0 
12 ;0 :'0 
1'2 ;'0 ;'0 
lIS :;'0 68;'0 
45 ;;-0 58 ;'6 
45;:0 08 ='6 
45.0 68;'6 

INTER 
6 
8 

,.1.3 
"4 

1 
B 

.;.0 
;;.1.' 
:"4 
"5 

9 
.. 2 
:;,5 



TRIAL ARC ::(AOIUS= 64,!.2CJ3 

(X X LINE ;::NOT INTEKSECTED BY 

(X X LINE 4NOT r NT E.::( SF.: C TED BY 

(X X L!NF. 6I.JOT INfE=1SECTEO BY 

~XX LINE 8NOT HiTEQSECTED p.Y 

xxx LINE 9NOT TlHE ~ SF.:CTEO FlY 

xxx LINE fC~·IGT 1 i\ ::RSrCTED PY 

XXX LINE , '; ~j 0 T 
' 1:' I1dE::(SECTED BY 

XXX LINE 12Nor ItHE~SF.:CTED BY 

XXX LINE 13NOT INTE=?Sr-::CTED BY 

~**LINE 215 NOT INTERSECTED 

***LINE 

THE 
1= 
I= 
I= 
1= 
1= 
1= 
1= I= .' 
I= 
1= 
1= 
1= 
1= 
1= 
1= 
I= 
I= 
1= 
1= 

ARRAY 
J, 
2 
3 
4 
5 
(;, 
7 
8 
9 

fa 
f' 1'2 
1"3 

t
,q ,:5 

l" 

.~ 
'8 
'9 

61S NOT INTERSECTED 

~IND SLICE W!DTY AN] 
FI= 
F 1= rr= 
r:- I= 

TRIAL CIRCL 

TR II\L CIRCL 

TRIAL CIRCL 

TRIAL C!RCL 

TRI/\L CIRCL 

TRIAL CIRCL 

TRIAL C!RCL 

TRIAL CIRCL 

TRIAL CIRCL 

BUT 

BUT 

IS IN ARC 

IS IN ARC 

FOLLOwS: 
~~ t, ~~~ ~ 
K= 1" KK= 3 
~< = 1 K K = 4 
K= 2 KK= 4 
K= 2 KK= 5 
K= 3 KK= 5 
K= 3 KK= 6 
K= 3 KK= 7 
K= 3 KK= 8 
!<= 3 KK= 9 
K= 4 KK= 9 
K= 4 KK= 9 
K= 4 KK= ';(1 
K= I~ KK=;'f 
K= 4 KK =. :2 
K= 4' KK= .d 
K = 4 KK = -4 
K= 4 K K = ts 

KK= 
KK= 
K 1< = 
KK= 
KK= 
KK= 
KK= 

f 
2 
3 
4 
5 
6 
7 



THE SAFETY FACTOR FOR POINT tIS f t16 t88 

XX LINE 2NOT INTERSECTED EY TRIAL CIRCL 

XX LINE 4NOT INTE~SF.CTED BY TRIAL CIRCL 

:xx LINE 6~OT INTE~SF.CTED BY TRIAL CIRCL 

:XX LINE BNOT INTERSECTED BY TRIAL CIRCL 

{XX LINE 9NOT INTERSECTED BY TRIAL CIRCL 

(X X LINE rUNOT INTERSfCTED BY TRIAL CIRCL 

(X X LINE lJ"-'or H.T::~SFCTE[) BY TP iAL CIRCL 

~xx LINE !2NOT itn L ~ S LeT [ 0 OY TRIAL CIRCL 

XXX LINE "3 NOT INTERSECTED BY TRIAL CIRCL 

~bc*LINE 2IS NOT INTERSF:CTED BUT IS IN ARC 

i<**L IN E ' 61S NOT INTERSECTED BUT IS IN ARC 

LINE 

t~E ARRAY (oJ I T'"I N.- b BITER Stbl+9"NS FOLLOWS: r ~ !,u 0 '!i.~ "! K = ,I. K K = r= ,,!JOO 33",;~! , K= l' KK=. 2 
[= 3 ~:IJ~).O 'lg~;1 :' K= 1 KK= 3 r= 4 3 6 '-, i U. ~ .. .e n} ; K= 1 KK= Il r= 5 59 !,2 2,9,1 :, .: 6 I,. K= 2 KK= 4 
r= 6 64.!11 26~.1k K= 2 KK= 5 
~- 7 7 2 :"9 0 5 4 5': .;. 3 ., 1\= 3 KK= 5 .L ,-

I.:: 8 7 :' " 52-'n K= 3 KK= 6 
1-= 9 8 ~ '-d' t:lr 49" f~ ~ ~ K= 3 KK= 7 • ,I. 4, "' .. ,,~ 

1= 1'0 2 ."~, i'l 64 -: '" \ K= 3 KK= 8 1. 4~* ~~ ~ 1= 1'1 125........ 44 il K= 3 KK= 9 '~ "'1/'~ 5 2,,1 Z?§ K= 4' KK= 9 1= Z ,t:. 5 !\; 8~8 . r.i. • ;' < 1= 3 ¢39"'t11 64";'_·t, K= 4 KK= 9 
I:: 1'4 ... 48;'(1'1 54'; ,L' K- 4 KK= '0 ' - ;1' 1= 1'5 "'7 ( -,~ r'" c: 6' ~ l' ~ K= 4 KK= , ~ to ~ J. .1 .. ,;. ... ", . 
I:: r6 199~'~~ 49~Mfr K= 4 KK = ... ·2 
1= '7 229 ~\~it 64,:1':'-9 * K= 4 KK= !'3 !'... ,! ~;;\1 ~. 4 KK= ""'4 r= fa 230.~[t 58.~,~ K= 

*'5 1= 1'9 ~';r t:6"'~'" K= l~ KK= 232~'·t ~ -3" t 

THE A P P LIe A 8 L ; ~B ~ A Y ARCINT,...FOLLOWS: 
5 KK= r t= ,i. 9.l28 5\ .. 647 K= 

1= 2' 72:'9115 l~ ~":, 3 6 K = 7 KK = ? 
r.2'-~'rl K- 8 KK= T r= 3 7 7 e:t~ q .J .) ). Ii;. "" -

9 KK= 4 t= 4 89 .. ~l .. 49 .. 1;\ K= 
1= 5 t 2 It :'1 1.1'" 4,-1\1' K- ,i..0 KK= 5 . !"L .. J. 6 11 ..... ,).(. -

':2 KK= (, I:: 6 "25,, 8 9 g 52':228 K= 
I= · ... 3 ~, 1 (: (" l' K= +3 KK= 7 7 ,~ 9 .. ,~, ~, ' ... ~.~,\ ~ 



::'INO SLICE WIOT4 a~D 
FI= 
Fr= 
FI= 
FI= 

THE SAFETY FACTOR FOR POINT 2IS 

TRIAL CIRCLE NO 3 
CIRCLE CTR COOR)S: x= X= 
~NTRANCE PT:' COJR:>S: X= 

~RIAL ARC RADIUS= 

XXX lINE 2NOT rNT£:~SECTED 

XXX LINE 4NOT rNTE~SECTED 

XXX LINE 6"10T lNTE~SECTED 

XXX L!NE 9NOT lInE RSECTED 

XXX II ~jE 9NOT INTERSECTED 

IXX X lINE 'ffjNOT rNTE~SECTEO 

xxx lINE r~NOT INTE~SECTED 

xxx lINE 12NOT lNTE=?SECTED 

)( X X lINE 13NOT INTERSECTED 

BY 

BY 

8Y 

8Y 

BY 

PY 

BY 

BY 

BY 

<r**LINE 21S NOT INTERSECTED 

TRIAL 

TRIAL 

TRIAL 

TRIAL 

TRIAL 

TOIAL 

TRIAL 

TRIAL 

TRIAL 

BUT IS 

Y= 
Y= 

CIRCL 

CIRCL 

CI~CL 

CIRCL 

CTRCL 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

IN ARC 

~*~LINE 615 NOT INTERSECTED BUT IS IN ARC 

THE ARRAY 
I= 1 
1= 2 
1= 3 
I= 4 

I~ ~ 
I= 7 
I= 8 
I= 9 

l~ Ii:~ 
I= '3 
1='4 
1= 1'5 
1= 1'6 
1= 1:7 
1= 18 
I= 1"9 

LINE 

FOLLOwS: 
K= , KK= r 
K= 1 KK= 2 
K= j KK= 3 
K= 1. KK= 4 
K= 1 KK= 5 
1<= 2 KK= 5 
K= 2 KK= 6 
K= 3 KK= b 
K= 3 KK= 7 
K= '4 KK= 7 
K= 4 KK= 8 
K= 4 KK= 9 
K= 4 KK= 9 
K= 14 KK= '0 
K= 4 KK= 0\1' 

'" K= 14 KK= 12 
K = 4 K K = ','3 
K= 4 KK= "~4 
K = 4 K K = ~:s 

THE APPLICA9LE lRQAY lRCI~T~F809~LO~~: 6 KK= 1" r = .1. 6 8 • 7 8 :) ) '" J." -



r-
~ 

-, 1" 
5?""~ K= 7 KK= ,= 7 7 i.~.k J.. l~ ~.~!~ 5 § .- s 0 ~ Bo:. f{ =. 8 KK= r- 4 89·;': 7" l~ 9 " " " " K= 9 KK = 4 .-

1 23"'::"'8 "') ~ i. r- 5 52':( 1~4 1<= ~n KK= 5 ,- r? ~,It. t- 6 64'-"· ~- ~ 4 '~~r~ ,} .I. K= ,i.r KK= 6 [= 7 ~,3 9 "'1'{- 64,1 q'n' K= ," 3 KK= 7 '~\l!'" ~ !~ 

xxx LINE 2~l 0 T IN T E ~ S I: C'T ED, BY TRIAL CIf~Cl 

~XX LINE 4NOT INTE=?5F.:CTED 8Y TRIAL CIRCL 

(xX LINE 6NOT rNrE~SECTED BY TRIAL CIRCL 

XXX LINE 8NOT INTE~SECTED BY TRIAL CIRCL 

l(XX LINE .9NOT INTERSECTED BY TRIAL CIRCL 

\{ X X LINE LiNOT rNTE.~SF.:CTED BY TRIAL CIRCL 

)(XX LINE liN OT INTE~SECTED BY TRIAL CIRCL 

)(XX LINE f2NOT INTERSECTED BY TRIAL CIRCL 

XXx LINE 'f3NOT INTERSECTED BY TRIAL CIRCL 

***L IN E 215 NOT INTERSECTED BUT IS IN ARC 

***LINE 61S ~OT INTERSECTED BUT ts IN ARC 

~RC INTERSECT wITH LINE ARRAY 
_I~E NO X Y 

st't356 5 ~ ,,'~ 4 . ~ 
4~';75 5;. 61;249 

7 t· 1"26:;049 52'~2L~ 
3" r39'~r.l 6 ,. "f 

.t. .. it 'r: 4"i!' 

t~E ~RRAY ~JI T H }b b 0 I N T E R S ~ 8 ~ ~ 9. ~ S FOLLgwS: r 
~ 

K= . KK= 
r= "JCJ:~ 33'1~'!:) I{ = j KK= ? 
r= 3 ..... 0 a 0 . fi .. "1 . K= ! KK= 3 
I= 4 ~ i' 3fl~!~tl K= KK = 4 36 .. .1. .. ,.M, 

2 II I= 5 51;356 5~~443 K= KK= 
1= 6 6 1J .." r ~ 2. J .. ~ K= 2 KK= 5 "")~ ~~ r 1 

3 KK= 5 r= 7 6 7 ~'2 4 Cj 4 3., 4 K= 
r= 8 i!, r' 5 2 ," 'i ', .. , K= 3 KK= 6 
r= 9 

77 t,~ d. ,:t.t;;,~. K= 3 KK= 7 89.,~ ,1 49 .. ,;..~ 
r= 

l~ 
12 I -I' r ,'- 6'1 '; 'r 1 K= 3 KK= 8 

1= . I,!.~,." '''~'1 K:: 3 KK= 9 1 25 II '. 1'''1' 44,:;, ~":1-
I= t26iB4~ 52~,qt K= 4 KK= 9 
1= l~ L 39 .' l r', (, 4 '~ .. "( J. K= 4 KK= 9 
1= 1'43 ;'; 11~ 54:~ 1;: K= 4 KK= '0 
I= is :t ··~~l't 56,,:,t~"f'" K= 4 KK= ir 749* . . ._J. 

4 KK= 12 1= 1'6 " , -,,,~, I 9' .", .. , K= J 9 9 ~ .J.! .. I " .'-' ,I. 



In cross-section ( IO-IO)A Boil types "are given as 

Soil I · Bottom Sludge · 
Soil II Artliicial .&li11 

Soil III Sedimentary Layer 

Soil 4 · Decomposed~raywacke · 

~he restuts trucen from the computer for croBs-s6ction(IO-IO)A are 

Circle Circle Center Entrance Points Factor Of 
Coordinates 

NO Safety , 

X Y 1- Y 

"- 117 III I4I 90 1.24 

b 125 116 159 90 1.58 

c III 117 149 90 1.31 

d 119 101 168 go 3·~05 

e 119 130 182 90 2.77 

f 116 143 187 90 2.54 

g 108 129 161 90 2031 

h 104 152 184 90 3034-
" 

k 119 123 145 go 1.54 



10C, 

w N 

'T1 

c.D 

0 - n Q ::r - Ul 
0 to 0 0 • 

0 Q. - 0 e .l:' 0 p 9- fu -+. 
D-:0 

8-

I'.,) 

= 



J r t. ~'A ts e., r \.J.-( .... ,' L .< ,,, '.i I" I' U \') ; , • t\ " 1-1 t. ;:,;. ;:,. ' 

OF LINES .li 
~. ~J OF LINE INTERSECT= 14 

OF SOILS= 4 ~o OF EXTFRNAL ~OrL LINES= 5 
OF X~lNCRE~ENTS= 3 NO OF Y~INCREMENTS= 3 

TN ITIAL SLICE wIoTH= 2:U 

rNE 1NTERSrCT APQAY 
r NO X 

1. 
2 
3 
4 
5 
6 
7 
B 
9 

tY 
12 
1.'3 
Y'4 
P' 

OIL 
IL 

t 
t 
~: 
y 

f 
~ 
2 
2 
2 
3 
3 
3 
3 
3 

'3 
'l 
4 
It 

DATA ARRAY 
NO LINF. 11 

~i .. ', 

J,fi 
2 .. 
3 ~" 

'" 

4 :' 
5:' 
6 ::' 
7';; 
8·; 

" 

5':' 
4 
7 ~.., 
8 :or. 

6=' 7 ~, .. 
8;;' 
9 ',;-t ,'-, .', 1 U!l., 

' 1· 
9'~' 

'fa ~; 'f. ~, 
. ~ .. 

LEFT TNT ,., 
4 Q 

" 5':' 
8 :. r f , "l, 

. '~ .... !l. 
2;t 
5. 
9 ~' 

r r" ". " ' 7 r ... 

9 :~ 
9 :;' 
2'" , ;.t, 
o ' 
97 
3: 
7 ~: 1 , .. 

'. :.t'., 
..I ' 7 '~ .. .' .... 

}~. , 

PT~; INT 
I~ .. r: . , 

8(0' 
'~ 

.. , fl ". 
:'11 ~~'. 
~"6 'f~ 

,dL 
"""0"'1', 
-* .; £: r f; I:i~ 

\I)~ 
~'3 !. ...... (. 

'6;; 
C) o. 
< ~ -:t P,it' _ .... c· 

"'7 't.~ 
. 'r ;.~~ 
~'4 r. 
".' ~!w "7. 

'1'" 1,1.1::' 
":.':. ".., 

TRIAL CIRCLE NO t 
:IRCLE eTR COORJS: x= x= !17;~1 
~NTRANCE PT7 COORDS: x~ 3' ~,,89::~~:~1 

~ T R TAL 1\ R C ~ A J r u S = ',r \' 

, 

SAT 
(I" r :,-
0;' 
(1 " . ... 
fI ~ . 
(j ;'" 
n .... 
0'" · ~. rJ; 
(l< ' . 
n'" · :; 
('-

'j". 
Ou 
n!' 
n '" " 

[1"" 
fi .~; 
Q~' .., n ... r. :;:,t 
' . r. .•. · .:-.,.., 

Y= 
Y= 

xxx LINE ~NOT INTERSECTED 8Y TRIAL CIRCL 

xxx LINE 2NOT INTE~SECTEO BY TRIAL CIRCL 

.U NI:T wT r 5 1'~'5 ' l' 

n~5 
1';"5 
1';'5 
f:"C:; rt.!s 
. t 
1'.1~ 

»;~ 

1-;;8 
7 ':8 
1 "'8 
1~'8 
7 ~'8 
7 :r8 
r'8 
1 ;'8 
7'~ 8 
7 ~~8 

.t 3 ;;:7 
'[3 '"7 
11'3 f.7 '::,. !.: 

, '1 ,"':. 'f 
II .... .. 1. " :, , 
, 9" -'. " 

.. ' , ~"< 

PHI 
1,'2 r,o 
1'2!'O 
't2~O 
'r2 :'0 
r2~"O 
J.2 ;'0 
12;'0 
T'zZ'a 
? 0"\0 
') 0 t.o .. . 
2 0 ;\0 
7. u:'o 
'f'2 P'o 
~ 2..' 12 .. 0 
1'2;'0 
1"2;'0 
1'2 :'0 
r2 ;~O 
45 ;'0 
45;'0 
tl5 ;'U 

LINE INTER 
4 4, 
q 5 
5 S 
8 ~Q 

fa ::'2 
2 . f) 
6 7, 
9 . ..3 
3 1 
7 .d 

1't. ~1 

COHESI OU 
-:''''0 ' :-0 
~ .. o 
';'0 
;'0 
;'0 
;'0 
';0 

1'9 '-'6 
1'9 ;'6 
r9 ';.'6 
f9:6 

;~D 
~~o 

~10 

~o 
.. 0 
~O 

68;'6 
68;:'6 
68;'6 



XXX LINE 

xxx LINE 

xxx LINE 

xxx LINE 

XXX LINf 

~**LINE 

~**L IN £: 

THE r= 
r= 
1= 
1= 
1= 
I= 
1= 
r= 
I= 
r= r= 
t= 
1= 
t= 
1= 
1= 
I= 
I= 

THE 
t= 
r= 
1= 
1= 
1= 
I= 
I= 
1= 

ARRAY 

~ 
3 
4 
5 
6 
7 
8 
9 

10 
11. 
1:2 
13 

" 1
4 

,5 
16 
11 
18 

4NOT INTE~SF.CT£O i?Y 

71,10 T rNT[~SECT[D n,Y 

9NOT INT[KS(CTED I"JY 

'ION 0 T IrHERSECT[O SY 

'f'NOT 
~, INTERSECTED BY 

III S NOT INTERSFCTEf:l 

71S NOT INTERSECTEO 

TR1AL CIRCL 

TR IAL C!RCL 

TPJ:AL CIRCL 

TR:£A L C[RCL 

TR lAL CIRCL 

GUT 

BUT 

IS HJ ARC 

IS IN ARC 

FQLLqwS: _ 
K-' , KK- l' , 
K = '1 
K= 1 
K= '[ 
K= l 
K= 2 
K= 3 
K= 3 
K = 3 
K= 3 
K= 3 
K= 3 
K = l~ 
X = LI 
K = LI 
K= 4 
K= 4 
K= /1 

KK= 2 
KK= 3 
KK::: 4 
KK= 5 
KKi: 5 
KK= 5 
KK= 6 
KK= 7 
KK= g 
KK= 9 
KK= .;. 0 
KK = r,.~ 

~~~ 1'1' 
KK= '2 
KK= ~3 
K K = r"4 

~~~ 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

r 
2 
3 
I~ 

5 
6 
7 
8 

::'IND SLICE W1DFt .'-IN) 
F 1= 
FI= 
F!= 
FI= 

NO .. ,OF SLICES 
l.OnO~O FO= ~:2r473 
, ... ? " 4 ... 3 F 0 -- .. ···24 3 9 ' V. .'!. ... ;. ! -;. .. . :. 
~~2438! FO- ~i247r[ 1": 2 47' '7 F 0 = '~ .• 24741 ',1'! ~ 

THE SAFETY FACTOR FOR POINT 115 

xxx LINE lNOT INTE~Sr.CTEO rY TRIAL CIRCL 

x X XL! N F 7: ~! :) r T : ; T l ~ S F. C T E: [l D Y T R '[ ~ LeI ~ C L 



XXX LINE 4NOT rNTE~SECTED EY TRIAL C!RCL 

xxx LINE 6NQT Ir...T'::.:<SfCTE:D py TRIAL CIRCL 

xxx LINE 9NOT INTERSeCTED py TRIAL CIRCL 

xxx LHJE JuNOT INTEQSECTED 8Y TRIAL CIRCL 

xxx LTNE 1 ~NO T INTE=?SECTED 8Y TRIAL CIRCL 

t:*4tLINE 41S Nor INrERSfCTEO BUT IS IN ,aRC 
I 
I tR C; . NE 

INTERSECT 
NO 

WITH LINE ARR AY 
3!,; 
7 2• 
8 l:t 
51:< 

THE 
I= 
1= 
I= 
1= 
1= 
r= 
1= 
I= 
1= 
1= 
r= 
I= 
I= 
I= 
1= 
1= 
1= 
r= 

I~E 
r= 
1= 
!= 
T---
I= 
I= 

ARRAY 
J. 

2 
3 
4 
5 
6 
7 
8 
9 

1'0 
1 i 
}2 
.. 3 
f4 is 6 

7 
18 

X Y 
~'. 04,;08 a p' , 

86 .~ ~ . 
. ~~4':'836 8:'~ 8 
136;':t67 86'~66 
~. 4 1 ,. 1. •. 9P~;T ~. .;. I" J 1. _I "\.~; .. 

~ITH ALL rNTERSECIIO~S 
• C. 0·:; 87', ,r.:. 
;'u 0 'J 78 ':;: f 1 
~lU 0 CJ 3 5 -; -1 r 

67 '1' RS··J·j": 
PI"· 'i f:". ~ ;. !J ... -;:: 
_I.,.:.... 86'01.;. 

t C 4 ~~c 8 u B & ': ',. P 
r 1.~, t' .:. 1'.L 8 0 '; :f 1 r 
X14.~36 81~8Rg 
120:'"t.1. 47o;;:~i 
',".,,,, ~.~ 1~ 86!': ~'11!' 
~ ..... '- "\' .• .,;:. • jt .~, .t. r2 5 ;; n: 87-: .J. '1 i. 
• "I: 2 '''i l'r 9 O'~" 'It 
13&:"967 86':65$ 
r4:-.;1,r;, 90':·'" "15 -,\I <." 59,:t:1l 
~ 2 ~·i· f'1: 90" I.,.,. ,. 9 ~ ) _, \ . . ~ J.. 

2 30 ~'l 1'4: 83';'~"r • 
232 ':;i 1. ~, 6 O'~ ¥ if 

• ,j • ~. 

FOl.LOfJS': 
1< = j 

K= '! 
K= 1 
K= , 
I{ = .. 

l 

K= 2 
K= 2 
K= 3 
I( = 3 
I( = 3 
K= 3 
K= 3 
K= 4 
K= 4 
1< = 4 
K= 4 
K= 4 
I( = 4 

KK= 
KK= 
KK = 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK = 
KK= 
KK = 
KI<= 
KK= 
KK= 
KK= 
KK = 
KK= 

KK= 
KK= 
KK = 
KK= 
KK= 
KK= 
KI<= 

r 
2 
3 
4 
5 

15 
,6 
!6 
7 
8 
9 

'0 
!Cl ... '1 
n·, 
t.r ./.. ..., 
.~ (,. 

:1.'3 
"'I~ e. 

r ., 
I. 

3 
4 
5 
6 
7 

::IND SLICE WIL:lT-l AN) 
Ft= 
FI= 
FI= 
FI= 

1.-;:'37942 r .. ; 4 3 39,1 . 
C;4397Z 
~';'44032 .,. 

THE SAFETY FACTOR FOR POUlT 21S 

xxx LINE lNOT INTE~sECTEn BY TPl~L CIRCL 

xxx LINE 2NOT [NTE=?SrCTEO R~ TRIAL CIRCL 

xxx LINF 4NOT rNTE~S[CTED 8Y TrIAL CIRCL 

----



KXX LINE 6NOT INT(~S~CTEO PY TRI~L CIRCL 

xxx LINE 9NOT U)TE~S;::CT[D P,Y TRIAL CIRCL 

x: X X LIN r. ~ D"l J T I tH E ~ S r. C T [D r Y Hi I a. L C I R C L 

~xx LINF 1~NOT rNTE~SECrED BY TRIAL CIRCL 

o**LINE 41S NOT INTERSECTED eUT IS IN ARC 

l~E 
1= r= 
1= 
1= 
(= 
r= r-.-
r= 
r= r= 
!= 1= r= r= 
r= r= r= 

THE 
1= 
y-

f: 
1= 
1= 
1= 
I:: 

ARRAY 
,t 
2 
3 
4 
5 
6 
7 
S 
9 

10 
1 t~ 

1~ 
l4 5 
16 
17 ,8 

::'IND SLICE 

xxx LINE 

XXX L1NE 

XXX LINE 

XXX LINE 

LINE 

WI)T'; A'O 
FI= 
F I= 
F I= 
FI:: 

ARR¢Y 
86"': '1 

83':79 
86":;69 
9(r~;"1, 

FOLLQwS: 
K = J. K K = 
K= I KK= 
K = 1 'KK = 
K= ! KK= 
K= J. KK= 
K= 1 KK= 
K= 2 f<K= 
K= 3 KK= 
K= 3 KK=, 
K= 3 KK='" 
K= 3 KK= 
K= 3 KK= 
K= '. KK= K= 4 KK= 
K:: '+ KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK= 

KK = 
KK :: 
KK= 
KK= 
KK= 
KK= 
KK= 

THE SlF~TY FACTOR FOR POINT 315 

~1. ~ 0 T rNTE~SF.CTED gy 

2NDT INTERSECTED flY 

4 t'IO T ItHE:{SECTED py 

&~I 0 T InTE=1SF.CTCD BY 

TRiAL 

TRr,'IL 

TRIAL 

TR1,\L 

Y= 
v= 

CTRCL 

C!RCL 

CIRCL 

CTRCL 

·f 
2 
3 
4 
5 
6 
7 

1'11'117926 ..... 



E 9NOT rNTE~S~CTEO 8Y TRIAL CIRCl 

E ~DNOT INTE~S~CTED RY TRIAL CIRCL 

f 'lNOT rNTERS~CT[D BY TRIAL CIRCL 

415 NOT INTERSECTEO BUT IS IN ARC 

WIDTI-I Ali) 
Fr.: 
FI= 
FI= 
FI= 

~gLL9..JS~K= r 
K= 1 KK= 2 
1<= 1 KK= 3 
1<= '( KK= 4 
f<= 'J KK= 5 
K= 2 KK= 5 
K= 2 KK= 6 
K= 3 KK= 6 
K= 3 KK= 7 
K= 3 KK= 8 
K= 3 KK= 9 
1<=3, KK= .10 
K = 4 KK =;:'0 
K = 4 1< K = to 
K = 4 K K = 7.'1' 
f<= 4 KK=:t2 
K= 4 KK=:t3 
K= 4 KK= ~~4 

ARC:lHT, .. FQ~LOW~ : 
8 (, '. , •. :, ,;" K - 6 KI<= . '(' 
8""5r:~ v- 8 u .: ;1,1 .:t \ -
8 6 W IS ," ,;, K = .~ [i 
EP" . 'r'r K = 11 I I"-t! >1"0 " ..... , 

9(J.;,':;':, K=:2 
(\6,(,:"6 K= ~:3 
9 : ~ ". ':.1 K = ~. l~ 

.! '-'f ",(:"' r: 1 '':' r C"' c 
, ", '".: ... O't .<.- .. ~ '. F-l 0 -

f' ~..) I, .• to L; U -
<28964 FO= 
;;:"'3'~8-4 -0-i,;!. {'_ I ~-

:: ,o' 3 3 2 <,' 2 F 0 = 
.. "J-

• KK = 2 
I( K = 3 
KK= 4 
KK= 5 
KK= 6 
f( K = 7 

THE SAFETy FACTOR FOR POINT 415 

:TRCLE NO 5 
eTR COORJS: X= X= 
:F.PT;; COORJS: .x= 
:tAL ARC ~A)LIS= 

jE p~OT rNTE.RSECTED 

:[ 2NDT INTE~SCCTED 

IE t;NOT INTE~srCTEO 

lE ~NOT INTERSECTEO 

JF 9NOT INT[KSECTED 

BY TRIAL 

PY 'TR lAL 

BY TRIAL 

BY TRIAL 

pY TPl,\L 

v= 
y= 

CIRCl 

CIRCL 

CTRCL 

CI~CL 

cT~CL 

iOS 

r:>~3335 .... 



xxx LINE 

xxx LINE 

t<*~LINE 

THE 
I= 
I= 
1= 
I= 
1= 
1= 
1= r= 
r= 
1= r= 
!= 
r= r= 
r= 
1= 

, r= 
r= 

fHE 
1= 
I:: 
t= 
I= 
1= 
I= 
1= 

ARRAY 

~ 
:3 
4 
5 
6 
7 
8 
9 

1'0 ·r\ 
'5 (,,-

l~ 
1'5 
16 
17 
18 

j m,j 0 T INTEi{SECH:O I3Y 

't: NOT ItHE~SECTED BY 

/ •. ~ S ~: 0 r r.~T:::r.!SFCT[O 

TRIAL C!RCL 

TRIAL CIRCL 

BUT IS Ir~ ARC 

FOLL9 WS : K= ' KK= 
K= 1. 
K= 1 
1< = :t 
1< = 1 
1< = 2 
K= ") 

1<= 3 
K= 3 
K= "1 

,) 

K= 3 
K= 3 
K= 4 
K= 4 
K= II 
K= 4 
K= 4 
K= Il 

KK= 
KK= 
KK= 
KK= 
KK.= 
KI<= 
1(1< = 
KK= 
K l< = 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK = 
KK::: 

I( K::: 
KK= 
KK= 
KK ::: 
K 1< = 
KK::: 
KK::: 

'r 
2 
3 
4 
S 
5 
6 
6 
7 
8· 
9 

;~ n 
to 
if'} 
rt 
1;'2 
'U'3 
fl. :!;.4 

r ., 
3 
4 
5 
6 
7 

~!NO SLICE WIDT~ AND NO OF SLICES 

xxx LINE 

~~ X X LINE 

xxx LINE 

XXX LINE 

XXX LINE" 

XXX LINE 

FI= ~~OOOOU FO= 1~52322 
FI::: Jd.52322 FO= F'59756 

. F I::: ;'. 59756 F 0 = *- ';'6 n 466 
F!= ~:60q66 FO::: ~:6n53t 

THE SAFETY FACTOR FOR POINT SIS 

!~ NOT INTE~SECTED 

2flOT [ :, '[ ::. ;: SEC TED 

4Nor UdE.~S[CTED 

6 ~IOT iNT[:{SECTED 

9NOT INTERSECTED 

rOHOT !NTE>::SECTED 

BY TR IAL 

PY TRI~L 

BY TRIAL 

RY TRHL 

2Y TR IAL 

8Y TRHL 

y::: 
y::: 

CI~CL 

CI:(CL 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

.. ' 



In oross-seotion (IO-IO)B 80il types are given as 

Soil I Bottom Sludge 

Soil II : Artificial lnll 

Soil 111 Sedimentary Layer 

Soil 4 Decomposed Graywacke 

The results taken from the computer for cross-aection(IO-I0)B 

-------! , 
Ci:r::'cle 

Ci::ccle Center ]j'AC'J!OR OF . Entrance Points 
NO 

Coordinates 
S.AFETr 

X y X Y 

lI1!a 123 113 147 91 1.80 . 

b 129 112 149 91 2056 

c 125 123 158 91 2.30 

d 116 128 157 91 2.95 

e 121 137 165 91 2.78 

f 107 152 169 91 3 41 07 

g 109 137 181 91 4.01 

h 114 115 160 91 4047 

, . 

101 



u 
dJ 0 
0 

v 
0 

*-0 ~ 

.0 
0 

Ow 
..c. 
0 

o 
....J 
« :r: 

(5 
U1 

o 
U1 

~ 

6 
U1 

, 
o -
.-
It. 

u: 



LOPE STABILITY FOR HJ'LIC KCPRU <II) ~IAHIR KOSELER THESIS! 

iOOFLINf S 9 'I 0 0 F L I r: [ I fH E R SEC T = r 2 . 

10 OF -SOILS: t~ NO OF EXTERI,JAL SOIL LINES= 3 

,0 OF. X:::INCR E"1E"lTS= i 3 NO OF Y .... INCREMENTS::' 3 

IN ITIAL SLr:E WIOTH= 2:0 

fRIALCIRCLE NO ~ 
:I~CLE crR COO~)s: x= x= 
rNTRANCE~PT; COORDS: x= 

TfH A l ,i. ~ C :( ~\ :1 1. J 5 = 

);{XX LINE !NOT INTERSECTEO 

XXX LINE 5NOT IIHE ~ SS:CTEO 

XXX LINE 7 "lOT !NrE~SECTEO 

XXX LTNE aNOT INTE~Sr.cTEO 

ElY TRIAL 

BY TRI~L 

BY TFlV,L 

BY T'~IAL 

v= 
v= 

CIRCL 

CI~CL 

CIKCL 

CIQCL 

SLODE 
~ .. 3 6 8 8 5 4 ~o 0 l 

"'21 5 2 2 9 ;100 ;( 
;::000000 -
I'nonoaa 
~f5S555b .. 

;:'!~;'3 '* 9 8 3 7;100! l_nooo'JO ., 
~36202B 
;;14.1. f7!) 5 
1"*" _i:. 

LINE INTE 

k' 
7 
2 
5 
6 
9 
3 
8 



- - .' 

xx LINE 9NOT rNTE~S~CTEn BY TRIAL C!RCL 

~*.LINE SIS NOT INTERSECTED BUT IS IN ARC 

THE 
r-
,~ -
r= 
1=, 

, '1= 
t= 
t= 
r= 
t::: 
''I.-r::: 
r= 
1= 
I= 
t= 
I= 

,1= 

ARRAY 
l 
Z. 
3 

'* 5 
, 0': 
7' 
B 
9 

I~ 
1'2 
t3 
1"4 
1'5 
16 

~HW SLICE 

LXNE 

W1DT1 AN) 
FI:: 
FI= 
F -.1.-
F r= 

FOLL~,JS: 
K= , KK= 
K= 
K= 
K= 
K= 
K= 
K= 
1'-.-
K:: 
K= 
i·\ = 
K= 
K= 
K= 
I~ = 
K:: 

NQ....,OFn· ~L TCES _ 
;."U,OIO FO-
:f':'68864 FO= 
~:19"S7 FO= 
'?'";'8n4 S5 FO= 
'~ 

'f 
if 
;:. 
~iIo, 

2 
3 
3 
3 
3 
3 
4 
4 
4 
If 
l~ 

4 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK:: 
KK= 
KK= 
KK= 
KK= 
KK= 

i{ K :: 
KK= 
I{I( = 
KK= 
K I{:: 
KK= 
KK= 

THE SAF~TY FACTOR FOR POINT lIS 

v= 
v= 

: XXi( '~INE ",tNOT INT£~S'::CT£D BY TRIJ\L CTRCL 

XXX LINE: 4NOT INr[~SECTt:O BY TRIAL 'CIRCL 

XXX Lt~lE 7NOr INTERSECTED BY TRIAL CIRCL 

XXX TINE" aNOT !NTERS(CTEO P.Y TPIAL CIRCL 

xxx LINE 9NOT rNTE~SF.CTEO ElY H'IAL CIRCL 

LP.iE 

'r 
2 
3 
4 
4 
4' 
S 
6 
7 
8 
8 
8 
9 

,0 
~T 
12 
;,.r • 

f 
2 
3 
4 
5 
6 
7 

/ 



I~E 
r= r= 
1= 
1= 
1= 
1= 
1= 
1= 
1= 
1= r= 
1= 
1= 
1= 
1= 

A.RRAY 
2 
3 
4 
5 
6 
7 
8 
9 

10 r f~ 
1'4 
15 
1'6 

k~l.L9,JS~~= r 
~= 1 K~= 2 
K= 1 K~:- 3 
K= , KK= 4 
K= 2 KK= f.J 
K= 2 KK= 5 
K= 3 KK= 5 
K= 3 KK=- 6 
K= 3 KK= 7 
K= 3 KK= 8 
K= 4 KK= 8 
K= 4 KK= 8 
K= 4 KK= 9 
K= 4 K K = ' •. 0 
K = 4 K K = 0 •• 1' 
K= 4 KK=:2 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

.... '" 

fi 
2 
3 
f.J 
5 . 
6 

T~E SAFETY FACTOR FOR POINT 2IS 

XXX LINE ~NOT INTERSECTED 8Y 

XXX LINE 4NOT INTE~SECTED PY 
.. - - - . 

XXX LINE 7NOT INTEKS[CTEO BY 
-- . .. .. 

XXX LINE, 8~lOT INTERSr.CTEO BY 
1 

XXX LINE SlNOT INTERSECTED BY 

Lt~~~~~TERSE~T'WITH 
2 ". r j J. '15 '3 
51O! 1'25 ~'C66 
6 1, l' 3 ~ ;' 9 9 7 

" : .... t . 3 '1 . t47 .. J.., ! 
aa:: '1:0' , 

THEARRAV 
1= l.,' 
1= 2 
1= 3· 
1= 4 
1=, 5 . 
1= 6 
1= 7 
I~ .. ~. 
1= 1'0 
1= " 1 
1= ii 
I= 1.'3 

LI~!E ARR¢Y 
90':4S 
84=97 
85 ';'811 
9 ~: ;,.~ 1-

•• a: 

TRIAL 

TRIAL 

TRIAL 

TRIAL 

TRIAL 

V= 
y= 

CIRCL 

C!RCL 

CIRCL 

CIRCL 

CIRCL 

'-' 
2 
3. 
4 
4 
5 
5 
6 
7 
7 
B 
8 
9 



::-!IIJDSLICE wrDT~ A~J NO-OF SLICES 
FI=I':OnOno " FO= 
FI=322946r,: . FO= 
FI= 3~62S9ij FO= 

'; F I =: .-3:; 64 087 F 0 = 
! ---

THE.SAFETY.FACTOR FOR f>0INT 

I<K= r 
KK= 2 
KK= 3 
KK = -4 
KK= 5. 
KK= 6 

I 
1.1 

-: i 

:( -,. 

, I . - . 
31S 

.•. 31~64I4B 

I 1'6 ~11 : 
';'9 .L !h .. 1. 

,...,;:, , .. t 

l( X l( L:r NL p-l 0 TIN T E: K SEC TED BY TRIAL CIRCL . i . 
,- .~. ;_.. -

- --- . __ ._- _ .. --.... 
X X ~ :tINE=,k2-7~l 0 J 0: r NT E R S r::cr E rF E',Y: TR I A t,:::t IR CL 

.... ~ "-_._.,._.- -

X x· X : L:l:-i.J-E:i.I '8 NOT Ii IN T E R S EeT EO: BY T R ! A l C I R C L 
,--- . -- .. -.- -"- ... --

XX;( l..INE:::9NOT-·HHE~SECTED BYTRIAL'CIRCL 
, .: :':.:::::.::---=--=::':'" ._ :-.: : - .... 0 ••• 

-. ". - -~--"" -- - . .- - - ,-

~RCINTERSECTwrTH 
INE,--"W ... --.-- --.X '
,: 2 tJ' L~:~~=~:EE :pjO~f83 
~~, . 11~~7~& 

~:3~ -1"47t'f1,,1' 
~ .wr ...,. 

~IND sLICr WIDTrl A~J NO OF SLTC~S 

KK= 
KK= 
KK = 
KK= 
KK= 
KK= 

f 
2 
3 
4 

. 4· 
5 
5 
6 
7 
~ 
8 
8 
9 

:i.Q 
• ... 1' t 
t: 2 

1" 
2 
3 
4 
5 
6 

i 
I 

I .. I 
, i 

.- J 



FI= 
F I= 
FI= 
F I= 

TYE SA~ETY FACTOR FOR POINT 4rs 

rRIAL CIRCL~ ~o 5 
::IqCLE CTR COQ,'DS:X= X- ''''6''''1 
t"'_ /'II T RAN C E P T:; COO R 0 S : X = - Ii '4'~' 7 :!.{, 'f 

TRIAL ARC ~ADIUS= 32~6tn ~6-
".\1 

(XX LINE plOT rNTE~SECT[O BY TRIAL 

~xX' LINE . 4 NOT INTE~SECTEO BY TRIAL 

'(xx LtNE' 7NOT INTERS€CTED BY TRIAL 
i 

XXX LINE 8NOT INTERSECTED EY TRIAL 

xxx LINE 9NOT INTEKSECTED BY TRIAL 

aR C ~~TERSECT WIT;-! LINE ARRAY tNE X Y 
2 to 5 • .1'34 

Y= 
Y= 

CI~CL 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

2. r 33 61' 

i . I 

.' 

90 r;'29 
5~ 1'22 "<:S69 83~6q 
67 -r- 8 '1'5 r 85";76 _ 3 " .' . , 3 ,. 

rl~ 7 ~ r" 1 9.,:J1. 
i I I; 

~ It~ 

THE 'ARRAY 
1= l' 
1= :2 
1= 3 
1=4 
1= 5 
1= 6 
1= 7 
1=8 
1= '9 
1= 1'0 
1= 1'1 
1=·· rz.: 
1= 13 
1= 1.'4 :.,:=:: . 
t= . fS': ::. 
1= 1'6:" 

::"HJO SLIcr 

. , 
~ .. 

FOLLOwS: 
K= 1 KK= f' 
K= J KK= 2 
K=\ KK= 3 
K= 1 I(K= 4 
K= 2 KK= 4 
K= :? KK= 5 
K= 3 KK= 5 
K= 3 KK= 6 
K= 3 KK= 7 
K= 3· KK= 8 
K= If KK= 8 
K= 4 KK= 8 
K= 4 KK= 9 
K= 4 KK=O 
K= 4 KK= *1' 
K= 4 KK= ~2 

KK= . t 
KK= 2 
KK= 3 
KK= q 
KK= 5 
KK= I) 

'..'l··'DT-l A .... J flO OF SL TCES 
" FI= :':';unu['1U FO= 2:'529t\ 

-- ..,. FO 2~.·755·.'~ 
~I~ ~~~~~1~ FO~ 2~768;~ 
FI= 2:76877 FO= 2;76952 

THE SAFETY FACTOR rOR POINT SIS 

Y= 
y= 



5.102 Stability Analysis After Dredging 

Aj mentioned in ohapter III, ~e,in~uffioient depth 

for 
i 
I i 

navic!;ation and contribution to the water pollutJ.on of bot-

sludge make necessary dredg~ng in~~9. tom 

Since the bottom and underlying clay formations are very 

soft and weak, stability of these formations should be evalua-

ted. 

Considering the sufficient depth: for navigaliion, the 

height of dltedging will be minimum 6o~ i~ters between Ta~kJ.zak: 

and HaliQ Bridge and 4.0 meters from thJ Hal.ig Bridge upstream,. 

(ArJ.can,I976)o At ~a~kJ.zako The height of bottom ~ludge is nearly 
. . 

15 ~eters. Around lialig Bridge , it is 6-IO meters~ 

At Ta~kJ.zak, we first analyzed the oondition when all 

of the bot-tom sludge is dredg,ed and then the case when 6 meters 
\ 

of bottom sludge is dredged. Around Balig Bridge'- dredging of 

al.l,bot$wn sludge is necessary for naVigation. 

So for these cases, stability analysis has been con

duoted!The cOllclusions. of these results will be discuasee. in 

next section. 



I 

After dredging of bottom sludge of IO meters 

~he results taken from the computer for oross-seotion(3-3)B: 

Circle Circle Center i 
FACTOR 0]' };ntraro~ ,points 

NO Coordinates 
SAlrt.:TJ'. 

X y X I ! y 
i 

jj (a) 99 146 18I 
',' 

I07 I.09 

k (b) 86 141 180 107 0.99 

1 (0) 83 150 174 I07 I.06 

m (d) 82 161 192 I07 , 0.95 

n (e) 95 160 189 I07 I o 07 
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_M 

'0 
til en 

c: 
-0-, 
-0 

OJ 
~ 
-0 

I· t. 
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(1,:/ 0 .., 0 -(!) 

i <t 0 - I 0 
~ I cO 

I <:) 
1 ';) 'D u 
I I 0 <:) 
I c"\ 
! -.. 

0'1 
~ 

u. C 
L)-

c:ri 
-1 'D 
<{ GJ 

l-I 'D 

11I C'J 
1-
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~ B 

" 



/0 OF LTNrs 9 'J 8 OF L ::: r:r: r r~ T ~ R S L C T = ~2 
~'J OF SOIL~;= "t 'JI) OF c:XTFRflAL SOIL LTN:S= 3 ..J 

W OF X ,,:",, HI C ~ E '1l In s = " I!O OF Y r;IC~EMENTS= 2 

TN lTiAL SLICE WIOTH= 

_I~E INTERSECT ARRAY 
H NO X , 

7 
') 
q 
c:; 
(, 
7 
8 
9 

I In 
l1' 
t? 

SOIL 
JIL , 

" 
~; 

f' 
:~I 

~" 
2 
2 
2 
2 

DATA J\RR~,Y 
NO LT"J:' t! 

,~ :~ 

." L • 

3~ 
L! .. .: ., 
J " S ~. 
4 : 
5;'-. -;J ~ 

: 
7 ". 

'. \i 

~ :.C·, 
8;: 
9,,' 

3 7 :" 
" 

" 
3 8:' 
3 9-:: 

L::Fr 

y 
54 ," 
3 h" 1 .-

n ,1 '1 .~. ,,) , 

69 .~ .. :: 
2 7 ~"1 ,:. 
5 r'1"'~'-

• j -~ -' ... 

lu7~"f": 
73 "'''; ~, . '. " 94 ,,!,'j .1 

107~ 'f~ 
'!r'1"11' 
, 9" n;; ~i: 

~ I~ 

I !\IT rT:'~ 

4 .:. 1..\ , ... " .. , 
7-:: r: ,.~ 

")- '~(. /. c- 't . :> 'I 

6': Q ;, 
~ .. u. 9:; ~" .t .. ~ 

z • 6 •. 
6'~ 9:; 9.t, o ..... ,* 

" 
, , ........ , ~:, :5 ~t ;,,, • ,J 5,; a :~ 

8 .. ': ., u: 
,~ #._ .1 3 •• M 5 ~:. 

'! 
5':.' B I,' 

ii 8 -:: j 2-/ 
re·.l,. 

TNT 

~~~~lEC~~~L~D~2Dsl x= 
~NTRANCE PT: COORDS: X= 

x= 99:'.\.1 

TRIAL ARC R AD 1 JS=-
.~ ~ .. ~ ~1:: r 

9 f1 ~8 02- ~' 

xxx LINE 2NDT INT(RSFCTED BY TRIAL 

(XX LINE 4NOT INTERSEC,TED BY TRIAL 

(XX LINE 6NOT INTE:(SECTED BY TRIAL 

xxx LINE 7r~ 0 T rNTE~SECTED 8Y TR rAL 

(XX LINE 'BNOT INT[~Sr.CTEO py TRII\L 

SAT UNTT WT 
r 7,8 r:-- 7 ~'R (1; 7 ~'A 
r'" 7 ';'0 '1r 

7!' 8 r • 
n'" 7 ;'8 
r<;' 7 "'p, 
[1 ~' 

to, 

7 ~,B r: ~" 7 ;'0 . , 
r"" 7~,8 " ' 

r~ 7~'8 
("1f' ' 7"8 

"3 t. r. ~' f ,,7 d; 3 ;'7 
n':" 13 ;'7 - •• , ,;i 

y= , 46-;'\,,1 
Y= ~O 7 :'K1. 

1i. ,'..-

CIRCL 

CIRCL 

CtRCL 

CIRCL 

CTRCL 

SLaDE 
... 2u23~9 
' • .542857 
~'nunano 
;'l625S tt ';;40740r 
~T627~ l 
;; 2 U'2 i f4' 
~4423~8 
~30357~. 

PH! 
20;!0 
2 ():o 
2u -0 
20~O 
2 U ;'0 
? O;'w 
, 2 ; .. u 
tz ';0 
l' 2 ;'0 
12 ;'0 
f2 ;;0 
fz;'o 
45;'0 
q 5;'0 
4 5;'0' 

LIN!: INl 
l 
q 
7 
2 
6 
9 
3 
5 
8 

COHESION 
1'9 ;'6 
1'9 ;'6 
1'9 "'6 
1'9;6 
1'9:'6 
1'9 ::'& 

;'0 
~O 
;0 
;"0 
;0 
~o 

"8 ~6 
1'8 ;;'16 
1'8 ;'6 



I . 

3 
4 
5 
6 
7 

'6r--T" 6 K i 9,;'l\.'~ K K 
j50.~1~. K=. B KK= 

.. : :.~. f"S- 73r ... ~ "'3" 'f4~':1;'::: K = 9 : K K = 
- K=.j.O KK= 

~n7~"~ K= ~ ... ~ KK= ~ .. !! '-'- f. .... \ 

:ND.Sltct.~:WIDT:::L·AND NO OF. :SLICES 

:***HAXIMUM SLICE WIDTH· HAS BEEN INCREM£NTE 
-=-~ .. - Ff= ,t;,ooono FO= ~98488 

F, = »';98488 FO= ~'98Z89 
.F I=';98 289 FO= ~98262 

FACTOR FOR POLNT ,-IS 

v= 
v= 

:X'LTNE~=-:~6NOT INJERSECTEO.BY TRIAL CIRCL 

:x L"INE:.:~t7NOTINTERSECTEDBY TRIAL CIRCL 

::: -.-:: :~~,.:: :~-:£ :.: ... 
(X Ut'N't;~::;;9 N () TIN T E =? S r: C TED E Y T R I A L C I ~ C L 

(.LINE tIS NOT IN.TERSECTtO BUT IS IN ARC 

3\ 
4, 
5; 
6 
7 

o TO 2;'S 0 



f~E~RRAY 
1=': :~~: ,:<~" 
tBd,,"~" 
r= 5 
r= 6 
r= 7 
t= 8 
r= 9 
r= 10 
r= 1" 
r= r~ 
r= f'3 
r= 1'4 
r= \'5 
(= f6 

E~E tPPlICA8L~q~~~fty 
r= z ,. 65.'79J 
r= 3 74 =:'J. r} 
r 4 0 L -.'.'it'.' 11~ = " '. 5 I To ~ ........ f.'~ t=' """"J,,,,l. 
r = . 6.. . r 6 7 ;'l'J 1'0 
r= 7 18 0 ~', 1'.; 

.' 1:. 'J 

I 

C'GLLO..JS· 
:< = 1 K K = j' 

'<= 1 KK= ? 
'-<= 'f KK= :: 
1\= 2 KK= ~ 
K= 3 KK= 3 
K= 3 KK= 4 
K= :3 KK= 5 
K= 3 KK= 6 
K= 3 KK=. 7 
K= I~ KK= 7 
K= I.jI KK= 7 
K= 4 "KK= 8 
K= q KK= 9 
I{= 4 KK= ",,0 
K= 4 KK=!l' 
K = 4 KK = ~i2 

ARCHil .... FOLLOWS: 
6, 020 K= 
4$~8n7 K= 
69.':~J.:. K= 

4 
5 
6 
8 
9 

KK= ,.. 
KK= . 2 
KK= 3 
KK= 4 
KK= 5 
KK = ,6 
KK= 7 

5 r ... ,·. -
, U..It", ~l K: ,;, cn ,', ~! ~, K -
"83';u7u K= 
:jr!7r .. ,.", K-v.. 1,' b \} .1 .it -

J..n 
,.1.1 

=!ND SLICE WIJT~ AN) NO OF SLIcrs 

~****MAXIMUM SL[CE_..JrOTtl~H~S,BEfN !NCRE~ENTE' 
FI- ;.'lin.tro FO- .. 99209 
~- '-9 ~~9 FO- - 9 n • F~: .t.9,;,~ = .t.9i-.~' 

F 1- ft99i,·4 FO- ~99a9U 

THE SAFETY F~CTOR FOR POINT 21S' 

.. )( X j(A': tNt:·" 2t-! OT rNJE~sEtrED 

XXX LINE "::': .. 6NOT INTE~SECTED 

XXX LINE 7NOT INTE~SECTED 
.. '~--.- .. _- .... - .-

XXX 'L'f~jE'- eNOT INTEi<SECrED 

BY TRIAL 

BY TRIAL 

BY TRIAL 

BY TrIAL 

Y= 
y= 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

XX~ LIN~ 9N~T rNTE~srcrED BY TRIAL CIRCL 

~.$LINE ?IS ~OT INT~PSECTcn BUT IS IN ARC 

L 1.14£ 

FOLLO~S: 
K:: l KI<= 
K:: , KK= 
K:: '1 KK= 
K= 2 KK= 
K:: 3 KK= 
K= 3 KK= 
K:: 3 KK:: 
K= 3 KK= 

'{' 
~ 
3 
3 
3 
4 
S 
6 

o TO 2 ;'50 



-TO .. 
: li 
- 1"3 

14 
- 1'5 
- l6 

'I~D SLIef ~l)T~ AN) NO OF SLICeS 

I 
KK = 
KK = 
KK = 
KK= 
KK= 
KK= 
KK= 

r 
~ 
3 
4 
5 
6 
7 

'* •• *MAXI~jM SLICE ~IOTH HAS BEEN INCREMENTE 
FI= ~:aQono FO: :98383 i, FI= -':983P,3 FO= :'98;72 
FI= ~98~72 FO~ ;98:44 

T-it S~F:::TY FACTOP. FOR POINT .315 i 
: 

"RIAL CIRCL~ NO q 
:IRCLF. eTR C08~)~: x= x= 
: ~ T RAN C E P T~' C ~ Cl fD S : X = 

TRIAL A~: 7AJ1JS= 

y= 
y= 

(XX LINE 2NOT INTE~SECTED By TRIAL CIRCL 

(XX LINE 6NOT INTERSECTED BY TRIAL CIRCL 

(XX LINE 7~OT INTE~S[CTED BY TRI~L CTRCL 

(XX LINE aNOT INTERSECTED BY TRIAL CIRCL 

(XX LINE 9NOT INTE~SECTED BY TRI~L CIRCL 

~**LINE 215 NOT INTERSECTED BUT IS IN ARC 

THE 
r= 
1= 
1= 
1= 
r-,-
r= 
I= 
r= 
1= 
I= r= 
1= 
I= 
{= 
1= 
1= 

ARRAy 

~ 
3 
4 
5 
6 
7 
8 
9 

1'0 t· ... 
f~ 
13 
f4 

l~ 

FOLLOwS: 
"<= '1 KK= 
K=" KK= 
K= :to KK= 
K= 2 KK= 

... 
t. 
3 
3 

K= 3 KK= 3 
K= 3 KK= 4 
!<= 3 KK= 5 
~<= 3 KK= 6 
K= 3 KK= 7 
>{= 4 KK= 7 
1<= 4 KK= 7 
K= 4 KK= 8 
K= 4 KK= 9 
K= 4 KK= in 
K= 4 KK= "Ji' d,' K= 4 KK=.;.2 

>i<. 

n To 2:'5 (\ 

98'f44 
~, ' 



S~~~;~~{M:~)(~Etl ~ r5~ittY fA P QR FO R .. Pc9J N T..41 ~:\i'l9~09:H0"X'.i. 
;:f.~~~F;:~ ;:~<~~~:f:'.~~=-;.:'~: ~;::·:.~.:X~<-;···: 

-.--- ...-------.. 



After Dredging of 'All Hottom Sludge: 

The results taken from the oomputer for oro~s-seotion(8-8)A: 

, , 

Cirole Circle center Entranoe : FACTOR OF 
Coordinates l'oints 

NO SAFE~Y 
X Y .l\. 'Y 

. -,-•.. , ~ 

I 

a 86 -III I~5 81 1.09 

b 8~ . 105 II8 ' 8I I.O~ 

0 9I I08 124 81 I.I9 
, 

d 98 I2~ 165 81 1.48 

e 101 II~ 15~ 81 1.52 
, 

f B4 120 127 B1 1.05 

: . g 82 9~ I~~ BI 1.17 

m 72 lOB I~6 BI 1.02 

n 74 117 .I~6 BI 0.97 

p BI I2B 157 BI 1.16 

-._0- ._ _ ~- ----.--~- --



"'0 
() 

Q. '0 
<:> 

C0 

& 

u 

8 0 

rP 

~ 

~ 

== a 



, .. 
,I 

" , ' 

", l" 
- . \ 

OPE STABILITY FOR TASKIZAK(I)EXCAVE~~AHIR KOSElER THESIS~' 
" 

7 , NO OF ·lINE INTERSECT= ,,1'0 OF,lINES , -1 .. , , .. - _ 'r. 

'OF;SOIl.S= 3, NOOF'EXTERNAl SOIL. L.INES= 

'6F XCINCREHENTS= ~ NO OF Y~INCREMENTS= 

; IN ; ITIAl SL.ICEWIDTH= 2;0 

-~---. -- ---

3 

2 

--- _._---

--------

. <', -.. 

lAC :CIRCLE' NO r 
RCLEC~R CQORJS: X= X= 
TRAN!CEPT;' CODRDS: x= 

T?IAL ARC RADIUS= 

SAT 
n" 
n~ 
Ot' 
0':' 
gz 

, "" o~ 
nJo £'L 
of 
n~ 
0 .... 

x lINE, 2NDT INT8RSECTEO RY TRIAL CIRCl 0' 

r 

',I; 
: . 

;'. , 

- 1 

L.INEINTER 
! ~ 
5 a 
4. ~ .. 2 '- " 6 
b ,7 

" 7 .•• '.l G 



.,. ,. '1" 
,I ;-_ 

~'~;~.~} ~IN~ .!',bNOT INTERSECTED BV TR IAL CIRCL 
I : 

.~iX-~~INE .' !:7NOTINTER~ECTED BY TRIAL CTRCL 
1 i 

·";'~~*L:tNE: 21S" I'/OTINTERSECTEO BUT IS IN ARC . " -- '-1 .-., -: ' " i . 
I 

.• i" 
~RCINTERSECT WITH LINE 

L~~~ ~O 38XZ10 

". ':4~ f~. ~ ~.f'~. ~.} ... ' .. .. ,3,~. ~l, lt.,1 

. " 

. t~E;,~RRAV 
1= 3·· . :x=' 4 

'r= 5 
r= 6 

f=' r 
1=9 .' , .. 
r:: fo 
r= "1 r=i"2 
1= f3 

~~tN~,;SLICE WIDTH ANO NO_OF SLICES 
. Fl= '~oauoo FO= 

FI= -:989n7 FO= 
,.:",.:- FI= .. · .~98806· FO= 

, 

'1' 
'2 
2, , 
3' .' 
4 

; 5 I 

b 
6 
b 

'1 
B 
9 

6,0 

KK=. r 
KK= 2· 
KK= 3 
KK= 4 
KK = 5 
KK=. 6 

:'98901 
?98BOb 
':98196 

THE SAFETY FACTOR FOR POINT TIS 

tRIAL CIRCLE NO 2 
CIRCLE C1R COORDS: X= X= 17~jf 

.E ... N. T.RANCE p.r;\ COOROS: X= . . t36~.!! 
.:l>.' 'TRIAL ARC RADIlJS= '69·1 .. 6'" j...... . .. " , ... , ... ,. 

k··· '1 •. 
. i-" 

. XXX LINE ~NOT INTERSECTED BY TRIAL .. : 

·· .• xxx.· LINE SNOT INTERSECTED BY TRIAL 
w'." 

XXX LINE bNOT 'INTERSECTED BY TRIAL 

XX X LINE 1NOT INTER,SECTED BY TRIAL 

ARC INTERSECT wITH LINE ARRAV 
LINf; NO X··· Y 
2~ 43.,;141' 56:;;41 
4&.1 'f3r~~OI 14r~~ 

.3 .ti L~9'j>'t ' 8,.'" ~ .. 

v= 
V,= 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

--.-.,-~ .. ----_."+--

l. 

.' . ~ r : 

.. t ._ 

I .. 

. \_. 

&.9a1~6 

.---- ,.-' 

'.' 



L- .:> 
7 J ~l it 8 ~ ~lt1~' " -:r= ... 6 'i 1'3 .. ': , ' K= ? KK= s. r- 1 t,rs ;If/ 4 ';) lA K= 2 KK= 6 ;- -, 

'1ltr;~6 -~.-.~-, I=' 8 i.~ ~r.\SO;" K=- 3" ' ·'KK = . -- 6 

£= 9 
B .... "i" K= 3 KK= 6 ·:·EO ~1S~fn sij':Qll" K= 3 KK= 7 

:.I~,l " 40~' .' 8~~t·c;. 1<= 3 KK= B 
2 Ir2'" J'" 7~;'·-rQ K= 3 KK= 9 i=,f3 24 4 ~;t ,~, 66.:lt~1~ K= 3 KK= :toO 

'., ~~> _'.~:' dO" >, . w.tp .~ n ..... 

·d .. "::.. ,.j. 

'j" .. 
r . . 

FiINO,SL.;!CE 
.. 1'" ..... .. 

.: 
:.:.! 

WIOTH~t~D.N~~8~o~bICE~0_ ~;on237 
FI= .. ~;;'on237 FO;' t~o.OZ59 

• -. • ~ 1 

THE SAFETy FACTOR FOR POINT 2IS f.n02S9 ! "" . 

~~~~tEc~'~L~O~2DS~ x= X= 74;'.1' Y= 
ENTRANCE PT:' COORDS: X= ., 36 ;'t! It= 

. ,: T·RI.AL ARC RADIJS= 13 ~ 2 4'6\ ' -
11/ . 

, 
; 

xxx L.INE 1NOT INTERSECTED BY TRIAL CIRCL ... 

XXX L.INE 5/110T INTEKSECTED' BY TRIIlL CIRCL 
. , . ,. 

~XX L.INE &/IIOT INTERSECTED BY TRIAL CI'RC~ .. ' 

~XX LINE 1/110T .INTERSECTED BY TRIAL CIRCL' 
, 
i 
'~RC, INTERSECT'W,ITKLINE 

L.INE RO : X 
i 2!!, : 40. 25 l' 
:4"': 't31,Pj'I02 
1 3 ti 1'3 & t 'J:l! . 
! . . . 

-t 

THE 'ARRAY, 
1="'2 . £; .. 3. ' 
1='4 
1= 5 
I= 6 
I= 7 
I= 8 
1= 9 
I= 1'0 
I;.::~rl, 
l= f£ 
~= 1'3 
.t"· . 
1 

'I~E }PPLICABL~a~~~~Y 
~. . 95;" rr 1= 

I= 3 . t 1'3 ;,~ l"~ 
4 ~:3", ~7~,~ f~ 5 \:. 3~ "-L, ~ 

-
FIND SLICE IHDT,.f A.N) 

FOLLOWS: 
K= ! 'KK= 
K= 1 KK,= 
K= 1 KK= 
K= 2 KK=. 
K= 2 KK= 
K= 2 KK= 
K= 2 KK= 
K= 3 KK= 
K=3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 

ARCI~~'";~gLLO~g: 
'*~'I:;' -

4 KK = 
5 KK= 74 *.'. ~ K-

8 ... "'1- K- 6 KK= ,;.,t,} ... , n -
71f,.tSS K= B KK= 
8~ .. ~1.t K=. 9 KK= 

NO OF SLICES 

~ 

FI= I:llDuno FO= '-'97779 
F I= ~, -'97779 ~97578 FO= 
FI= :-97578 FO= ,,97559 

- " 
" 1 

l' 
~ 
3 
4 
5 
6 
6 
6 
7 
B 
9· . o ; 

fl 
2 
3 
~ 
5 

i 
t· 

'i ." 
I .. 

~ .. - ". -

l' 

... : i 

" 



'~zt~t~~~t~~~O~~8~ls:X=x=X= ~~l~~l 
TRIAL ARC RADIUS= 10&725 ~ 

~ • • r' 

v= 
v= 

~,~ . 
'<)" • 

LINE ~NQTINTEqSECTED BY TRIAL CIRCL 

I 

':-XXX;LINE 5NOT.INTER;St·CTED. BY TRIAL CIRCe"':,": 

l . . 
i·XXX: LINe; 6NOT INTERSECTED BY TRIAL CIRCL 
, 

.; , 

xxx; LINE,7NOr INTERSECTED BY TRIAL CIRCL 
i 

'j ARC1INTERSECT .WI:TH LINE 
.-----~---~.---

LINE: NO ' X 
L- 2 U' . '. 4 5;~) 82 
'I 't.,. ·,:(31.,456 

.:'Gl. , . <Ii i3~ ~rk!' 

'THE APPLICABLE ARRAY 
t=: li' 45i:'282 

,IE . t . 9 5 ~Il, 1'1 
.\c·I= ; 34 : .'. kt1i~!'<511lr: .:J;;5 ' . ~3t)~i~'~ 

. -" '"+-:,-~-'":''' ~ . . . 

ARRAY 
Y 

56~95 
14' .. 85 
8:1. ":.].1. 

,~: .-

" . .JFIND SLICE WIDTrf AN) NO ..... OF SLICES 
. ........ ..... "'., . FFI=_ •. ~.J&,ooono FO= 

i I ··.9932i.· . FO= 
i 

t' 2 .. 
3 
3 
4 
5 
6 
6 
6' 
7 
8 
9 

:0 
lIl.; 

KK= r' 
KK= 2 
KK= 3 
KK= '4' 
KK= 5 

~9932,!., 
.9925~ 

,: -, . 

.. i 

., ~ !: .. 
L: 

j 
....... ~ ..... -.-... 

. ~: -} ~ , 

.1 
J 
! 
.:.'. 

I: .. 

i. 

: JHE SAFETY FACTOR FOR POINT 
~BRl(PT PRINTCf 415 .' ~j99259 

f" , '{ .'. 

-~-..--. 

, 
.' j ., , 



After.Dredging of 6m. of ~ottomSludge: 

~he results taken from the co~puter for cross-section 

(8-8)A are: 
-"-"'- ------------.. ~-.. ----

, , 
Circle, Circle Center Entranoe Points FAC~OR OF 

NO Coo:r.odf nates I ; S.AFE'.cY 
X: Y X Y. 

a 86 III 135 81 , 0.99 

'b, 83 I05 1I8 81 0.95 
.:. 

0 ' " 91 I08 124 81 I.II 

; 

d 98 ' 123 165 81 I.45 

e IOI II3 153 81 I.40 I 

f 84 120 127 81 I.I2 
, 

g 82 93 133 - 81 , I.I9 
'" , : 1 

i 

m 72 I08 136 8ir 1.09 
; 

n 74 II7 136 81 I.OO 

P 81 128 157 81 I.I9 

, ' 



level betore dred. 

/I 

HAll c: 

3 

.. 

0p 
0d 

0n ot 

'om 0Cl 0e 
ob 0C 

Gg 

soil 4 
~. 

9 

r ,-

Sf)il 2 

~ .. --.~~- --~--+--- -'. -_.----_. ----

q. 

soil 3 o 
11 

'" 

~'g : tB-~) A Afke.r- Ore d9,n9 of ~ M. of SO\'tocn S\\.\a\se. 

Ii 

a 



rRIALCIRCLE,NO r· . 
:IRCLE:CTRCOORJS: . x= x= . 83';',1,1: 
~NTRANCE PT';'.COORDS: x= . ~18':tl 

,!~I,AL. ARCRADIUS= 42~4.)8' 
::'-.~~ .. 

... 
, 

~)(X.LINE: lNqT INTERSECTED BY TRIAL 
,_ ... - ... ; ,"-' :.:":-' ~':; 

XXX !.-INF.'; 4HOT INTERSECTED BY TRIAL 
r· 

XXX L1NE: SHOT INTERSF.CTEO BY TRIAL 

XXX LINE 1NOT·INTERSECTED BY TRIAL 

---,--~ .. -~ ,~.~ -, .. 

v'
. 1-

y= 

CIRCL 

CIRCL· 

CIRCL 

CIRCL 



O{;JI:..INE - 8NOT INTERSECTED BY- TRIAL CIRCL , 
, :;': .. '- :. -, 

(X~I~E 9NOT INTERSECTED BY TRIAL CIRCL 
. !"-

LINE 

FOLLOwS: 
K= 1 KK= 
K= tKK= 
K= 1 'KK= 
K= 1. KK= 
K= '1'. KK= 
K= '2 KK= 
K= 2 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 

l' 
2 
3 
4 
5 
5 
6 
6 
1 
8 
8 
9 

t n rr 
"2 ril. 

KK= ·1' 
KK= 2 
KK= 3 
KK= 4 
KK= 5 

. "1 

r.N~i.:,;_Sl,I CE WJD T H FAI~_q NO "...OF SL ICE S 
1,.0001'10 FO= 

FI= :9639 A FO= 
·FI= :95874 FO=-.- . 

';'9639.!. 
'::9587zr 

, t;!9 5·7 9 7 

,THE SAFETY FACTOR FOR POINT _, tIS 
t' -

IHAL:CIRCLE:NO 2 ' 
tRCL-ECTR .~OOROS: X= X= 86""': 'fy= ,. 
~TRANCE PT~ COORDS; x= ~18~i! Y= 

RIAL ARCRADIUS= 4n~OOO 
, -.~ 

J 

leX,_,LINE::-INO-r ·INTERSECTED BY TRIAL CIRCL 
: .. ':-::-..f" .-' :"", •• ',""'t'" .• -,' 
.~ -- --...,- .--~- - "' -" .. -_.-

j. 

:X-X{~kIN~::'-4NQT INTERSECTED BY TRIAL CIRCL 
_. '.-1 -. --. ,. ~... • ' 

i 
'-'j -

;)(){::'\':'I Nf SNOT INTERSECTED BY TR;I:AL CIRCL 
'. :::'.~: ··.~i :~::- ~::.-: 
:XX~lINE:' 7NOT INTERSECTED BY TRIAL CIRCL 
- .. L : 
~- -:x~-_::: _ 
:XXttNE- ; BNOT INTERSECTED BY TRIAL CIRCL 

(XX LIN~ 9NOT INTERS[ClED BY TRIAL CI~CL' 
0., 

',-" "' 

ARRAY 
Y 

66';41 
74'.45 
8";:1 
~ ¢ 

r 
? 

..... " , r 

: .. . -



"'.;'04952 
+-':'05709 
r';OS820 
t-;'05837 

TH.E·· SAFETY: FACTOR . FQRPOINT 2IS 

TRtAL~~tRtLE NO 3 
CIRCLE CTR fOORDS: x= X= B3~~' 
ENTRANCE PT:'COORDS: x= 114 .. 2~!8 •. 1r ...... TRIAL ARC RADIUS= ., ... 0., ... 

v=· 
v= 

XXX.L!NE: ~NOT INTERSECTED. BY TRIALCIRCL 
,I '~ 

XX~ LINE ; 4NOT 'INTERSECTED B.Y TRIAL CIRCL 
I 

.... " . . .. 
xxiC LINE 5NOT INTERSECTED BY TRIlL CIRCL 

... 
XXX LINE INTERSECTED BY TRIlL CIRCL 

eNOT INTERSECTED BY TRIAL CIRCL 

:~~~.:L:t~E : 9NOT INTERSECTED BY TRIAL CIRCL .1 
';':::::::j"';'.:: .. ::'.:' ' ..• ,... .- ...... --.... .. .... 

I . 

:l~g~~~TERSECT ~ITHLINE ARR~Y 
. 2 I:.. .. . 72 .. 75 b 65 " ~ 4 
6"!;:.: f~!,4i<156 74'7:qS . '3 ti... . 'l~, t.l1 11 l ,...·i ... ... i! .. ' ..~8t 1:- 8r;"~} 

FOLLOWS: 
K= l KK= 
K= 1 KK= 
K= 1: KK= 
K= l' KK= 
K=' 'f KI(= 
K= 2 KK= 
K= 2 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 

r 
2 
3 
4. 
5 
5 
6 
6 
1 
8 
8 
9 

".0 
"'1' £2 

.. 
.. 



F'IND SLICE 
, , 

~ -'! .... . . 

KK= r 
KK=:2-
K K =--<'3" 
KK=" q 
KK= 5' 

WIDTH AND 
FI= 
Fl= 

NO_OF SLICES 
1.00000 FO= ~99844 
-:9~8~4 FO= '~9982i 

':' T H,E S A F E T Y FACTOR FOR POINT, 31S 

TRIALCIRC\.:E NO '* ... ' 
CIR"C"L,E',CTR"COORD,S: X= X= , 8,6",~'t r V= , 
EN T RAN C E' P T ';l CD 0 R D S: "X =" , , '< ! 8 ;: t''1 Y = 
:~=c:~1~,:;:~IRt~L:~RC R~DIU5;:' 4~~8g?, , , 

i 
-.~. -"'-,-~ .. - .. "' .-. 

-.,-
" 

~)(~,}INE ' 

Xl5J .LlNE 

, xxk LINE 
i . :L -.'.-. 

XX ~cLINE" 
, 

)(X~:LINE 

XXX LINE 

FI.ND SL ICE 

~NOT 

4NOT 

SNOT 

7NO'T 

SNOT 

9N.oT 

INTERSECTED BY TR I AL, CIRCL 

INTERSECTED BY TRIAL CIReL 

INTERSECTED BY :TR IAL CIRCL 

INTERSECTED BY TRIAL CIRCL 

INTERSECTED BY TRIAL CIRGL 

INTERSECTED BY TRIAL CIRCL 

ARR¢Y, 
67r;~n 
74r;li3 
8~':~1 

ARCINT..,FOLL.oWS: 
67';095 K=' 6 
74';'1" K= 7 
74':~3g K= 8 
81''''''1'' K= 9' 
8 r!:*11k K= 11 ,til Ii "" 

KK= ' r 
KK= 2 
KK= 3 
KK= 4 
KK= 5 

WIDTH AND NO OF SLICES 
FI= ' l;onono FO= 
FI= ¥~l13n5 FO= 
FI= '.~30~8 ' FO= 
FI - ~-~~3n5 FO-

- lj," ~.~ {! -

~~i(PT PRINH THE SAFETY FACTOR FOR POINT, 415 1'.13339 .. 

, .. 



After Dredging of all bottom Sludge: 

The ~eaults taken from the computer for cross-seotion 

(8-8)B are: 
d 

Circle Cirole center 
Entranoe Points ,]'AC'J!OR 0] 

• ,NO : Coordinates 0' 

j 

i 
SAFETY 

X. Y X t 
. 

a 101 110 143 64 1.55 

b 97 103 133 64 1.99 

0 107 101 139 64 2.59 
. 

d 
. 

93 108 136 64 1.42 

\ 
e 109 108 152 64- 1.58 1 ' 

f 86 III 133 64 1.35 .,' ) 

88 103 139 64 
: 
'I~I5 g . ' 

, .: 



". --

lJ'l 
Q. 

w 

, 
" ()l -' c .. , ., 

,o..t:: 

I , 
, I 
, , 
. I 
, I , 

. I 

'j 

~. 
tp 
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, t 

{Q.,;~:~,~itT: ABI~,~ TV' FOR r ~ SKI Z A I( ( I I) EX C A V A (n M A H r R 

).~~~blF::7:LINES .. 't·, ° NO OF LINE INTERSECT= 1'0 

r~cR!F .. :sdILS=. 3 NO OF EXTERNAL SOIL LINES= 
'-""""1 - .. ~ ., 

).O.t=: X~'INCREME'4TS= 2 NO OF V,INCREMENTS= 
:.:2·::!' I~'! .. ITIA L S LI CE WIDTH = 2 ;"0 .. . . 
• • 1 .... 1-. .,. 
:' '_".'1: .. 

~E iIN~ END COORD ~ATRI~ 
~e:~ONO lNT X.1' vI 
.'1,"'. ····2:::' ..... ='0 .. 0 33 t 

.'.' z~ 3~ g9 "II, {' 49 t
;'.' 

3:! . '.' : 2~ 124 ~!~o.' 64 ~!or, 
'4"'1 '2"" "94;'rr 52,t;t1 

5 J\i . . .. . 21; J,Jt) Q 1: ' ~ t .. 
: 6!:;"[ 2~ 6'1 ft~". 2i!(! te i' 
7 ':1 2.... 1 25 l"llt l' " " .~ '(\., 

.' I • _., •. t .., ., .it ... '. " •. • . u _ 

KOSELERTHESIS: . , ,,t; 

3 

2 

. - . ; - . 

- ~~.- - - .- .. ~-.". ~ - . ---.--

\ ' 

iRI A L C IRe L E: NO!'. 
:IRCLECTRCOORDS: x= X= 
~NTRANCF!. PT';!.' COORDS: x= 

:TR AL' ARC RADIJS= 

<xx LINE 2NOT INTE~SECTED BY TRIAL 

(X X ~INE. SNqT INTE~SECTED BY TRIAL 

KX X LINE 6NOT INTERSECTED BY TRIAL 
c .j _. ~ 

XXX LINE 7NOT I tH E R SEC TEO BY TRIAL 
I 

U~L~NE 2 IS NOT I"ITERSECTED BUT IS 

~R C INTERSECT tJITH LINE ARR I' Y 
I~~ NO X 4 Y3 1 62~345 4, .. 4Z r29~'D48 5 3'~6!1 

3t; r39~~i'Jl 64 ': .. 'f 
..... 'I!- I' 

-.--------.-----~ ~---

V= 
V= 

CI~CL 

CIRCL' 

CIRCL 

CIRCL 

IN ARC 

I 
. , 

. 
"j'-

1 

... 

LINE INT£ 

¢' 
6 
5 

.~ 
7 



:-I~O SLICE 

THE SAFETY 

kgLL~;.J~~K= 
K= 1 KK= 
\<= 2 KK= 
K= 2 KK= 
K= 2 KK= 
K= 2 KK= 
K= 2 KK= 
K= 2 KK= 
K= 3 KK=~ 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

l' 
2 
'2 
3 
4 
5 
6 
7 
7 
7 
B 
9 

,t n .,., 

l' 
2 
3 
4 
5 
6 

TRIAL CIRCLE NO '2 .... 
CI~eLE eTR ~OORQS: x= x= 9 ,'Y v= 
ENTRANCE PT. COORDS: x= ~3~:!r v= 

TRIAL ARC QADIUS= 61A8~7 

)(XX -! L.I~E 2NOT INTERSECTED BY 

I 
XXX LINE . ; 1 SNOT INTERSECTED I3Y 

I. 
XX,~ LINE 6NOT~INTERSECTED BY 

.)( XX LINE 7NOT INTERSECTED BY 

•• ~LINE 2I5 NOT INTERSECTED 

TRIAL CIRCL 

TRIAL CIRCL 

TRIAL CIRCL 

TRIAL CIRCL 

BUT IS IN ARC 

FOLLOrJS: , 
K= :r KK= r' 
K = .., K K = -_. 2 
K = l' K K= 3 
K= 2 KK= 3 
K= 2 KK= 4 
K= 2 KK= 5 
K= 2 KK= 6 
K= 2 KK= 7 
K= 3 KK= 7 
K= 3 KK= 7 
K= ':: KK= 8 
K= 3 KK= 9 
K= 3 KK= '\l,O 

THE APPLICASLE ARRA''f AReIrH_FoLLOWS: 
I =' J." 6 8 ~7 3 B '1 5 ~ I~ 5 3 K = 4 KK= r 

KK:: 2 1=: 2 B 9 .I,i. J' I 4 9 .. :;,1,L K = 5 
"', 'If ~.. -It 

--~--- ---'-~'-~-'.--" ~ 

, 

, 
-!-.: 

i 

" ; 

1: 



WIDT"! AND 
FI= 
FI= 
FI= 
FI= 

K:: 6 KK= 3 
K= 7 KK= 4 
K= 9 KK= 5 
K= ',0 KK= & 
, - ---.1; _______ . _____ . _______ ..... _ 

NO OF SLICES 
J:onol1O FO= 

. r '" 1.5411 8 F 0 = t,t 1"7 3 53 F 0 = 
t: .t. *'7 5 5 /I F 0 = 't:"t;. ,"? 

,. !~
, -', -:-1 ' 

THE SAFETV FACTOR 1't,,!7575 !. 

XRIAL CtRCLENO, ~ . - - '"'! l' ... IRCLE CTR ~QORClS. x- x- B8 .. .1 y= 
:: NT RAN C E PT.. CO:> R D S : X = ~ 3 9 ;'&t' . Y = 

,TRIAL ARC ~ADIUS= 66yO~8 ~ 
"" 

xxx . LINE' .2NOT INTERSECTED BY TRIAL CIRCL . " 
)(X X LINE ., SNOT INTERSECTED BY TRIAL CIRCL 

, 

- l(;X X LINE ;oNOT INTERSECTED' BV TRIAL CIRCL 
! 

XXX LINE ·7NOT INTERSECTED BY 
! i 

" *~.LINE ; 7.IS NOT INTERSECTED 

'IH, E APPLIC,A9LE ARRAY = . 1· . 63 "995 
I= 2 89~1·d.l 

i~,~; · t,~~ ~,~ r~r 
I = 5 "2 8 ~l'> 2 

, ~'"' I= ,,·6 ,39. 1.tJ. 

FIND SLICE 

.. .,. f. '~I 

WIDL-I AND 
F 1= 
FI= 
FI= 
FI= 

TRIAL CIRCL 

BUT IS IN ARC 

FOLLOWS: 
K= l' KK = 
K= r KK= 
K= 7. KK= 
K= 2 KK= 
K= 2 KK= 
K= 2_KK = 
K=7. KK= 
K= 2 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3 KK= 

KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

THE SAFETV FACTOR FOR POINT 315 

TRIAL CIRCLE NO 4 
CIRCLE eTR eoo~)s: x= x= 
:: N T RAN C E P T;' co:) R J 5 : X = 

TRIAL ARC ~ADIJS= 

v= 
y= 

r ' 
2 . 
~' 

.4 
5 
6 
7 
7 
7 
8 
9 

.LO 
ftf .. 

r 
2 
3 
4 
5 
6 

., j. 

, . . ~ ; - . 

.. 
{ . 
! , . 

- " .. 



, , , 

LINE 2NDT INTERSF.:CTED BY TRIAL CIRCL 
i 

" :XX X LINE SNOT INTEf?SECTED BY TRIAL CIRCL . ; 

i 
:)(XX :LINE 6"10T INTE~SECTED 
'j 

BY TRIAL CIRCL 

'iXXX LINE 7NOT IN IE.~ S ECTED BY TRIAL CIRCL 

1tc**LINE 215 Nor INTERSECTED BUT IS IN ARC 

:THE ARRAV 
·~I = . 1 
1= 2 - 3 
:r= '+ 
1= 5 
'1= ' 6 
I: 7 
'I: 8 r-. - 9 
I- ra '-r= 11 r= 
1= 1'3 

, FIND SLICE 

.. 1. 

aSRi<PT PRINTS 

, 1 

-

LINE 

WITH !,LL INTERSEC;UO~S 
' .000 . 33.~1~ 

6 4 ~2~~ 19f;l; 
70~461 ' 4s1t6! 

. 89 -'~I.rl ' 49'\' , '1; 
94 ~Ttl 52~t:L1ti1 

~ "1 6 4 ~.t·1~ 'I 24 "" ',' ..... ~ fI,jo. ;",,~ 
44~n1T 1'2 5 ~"11, '!' 

!27 ;'276 53!,;57~ 
1'39;'i: P 64'h, .':J, 

~l~'.f "" 229 ;1' l~ 64 ... .,. ... 
2 30 ;;~1' 58 ':'~'l~' 
232 ;'''l'f 561;~1 ~ . ~, ... 

FOLLy~S: 
K='. KI<= 
K= 
K= 
K= 
K= I{:: " 
K= 
K= 
K= 
K= 
1< = 
K= 
K= 

t 
2 
2 
? 
2 
2 
3 
3 
3 
3 
3 

KI<= 
KI{= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 
KK= 

KK= 
KK= 
K I( = 
KK= 
KK= 
KK= 

l' 
2 
:3 
3 
4 
5 
6 
1, 
7 
1 
8 
9 

6° 

r 
2 
3 
4 
5 
6 

THE SAFETY FActOR FOR POINT 415 

----------- -- ---

, 
, , 

, .. ..~ .~ . 



After dredging of Sm. of .bottom S~uq~ee 

~he res~ts taken from the computer for cross-section 

{8-8)B are: 

Circle .. Circle center Entrance Po:irnts FACTOR OF 
NO 

Coordinates , , 

X Y X Y SAFE~Y 

a 101 110 .143 64 1.46 

b 97 103 133 64 2.01 
. 

Q Itfl 101 139 64 3.35 
. 

d 93 108 136 ':64 1.33 
I 

e 109 .10B 152 64 1.46 

f 86 III 133 64 1.24 

g 88 103 139 # 64 1.01 
I 

., 

. ' 
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:"~':! "', ", ; , 
S:"STAS:ILITY FOR TASKIZAI<(!IIEXCAVA(2) MAHIRKOSELER THES'lS.,. 

[. ·fMI 

F
C

' t!N'ES ~1'" 'NOOF LINE INTERSECT= t4 
. -', . , 

F:,,:'sOIL:S = .. 4NOOF,EXTE~NAL S OIL LINES=. 3 .. 

FX~IN:CR EMENTS=: 2 . " NO OF YINCREMENTS= 2 
-: :- ._. ;. - AL". .. 

I,N"ITIAL SLICE' WIDTH= 2;0 

... :: 

'I!NTERSECT 'ARRAY 
.0.:, X 
···~-::>.-:L . ". 

ALC!RCLE NO l' 
CLE::CTR COORDS: x= X= 
RANCE PT';' COORDS; . X= 

T:R I A~ ARC R A DIU S = 
Y= 
Y= 

I' 

LI~E 2NDT INTERSECTED PY TRIAL CIRCL 
, 

----_. "4. _____ , ____ ••• _ 

, ' 



~~0.~~~~::~~~r~·~:~ , :: 
j' . 

<'XX.;.l~NE';.,7NOJINTERSECTED BY TRIAL CIRCL 

j ------------~---.~-.-

~X:X::;(tNE ~NOT; INT£RSECTEO BY TRIAL CIRCL 
- l .. - -.<. " •.• < 

(xjX~~I..·~NE~:·~NOT·:rNTERSECTED BY TRIAL CIRCL 
__ .1 ... ' 

:.' ';.;:,,; ,: .. :" i:- ....... .< t·: ': 
(XX'LINE1'ONOr INTERSECTED BY TRIAL CIRCL 

, , 

-_1"_-'"" -

Fr~D SLICE WIDT~ AND 
. FI= 

FI= 
. F I= 

ARRAY . Y 
46';06 
42':86 
52';96' 
64';'~! 

FOLLOWS: 
K=, 1', KK= ,1' 
K= fKK='2 
K= 1· KK= 3 
K=-l KK='4 
K= 2 . KK= 4 
K= 2 KK= 5 
K= 3 'KK= : .. 5 
K= 3 KK= 6 
K = ·3 KK = 1 
K=3 KK=8 
K= 3 KK=, 9 
K=. 4_ KK = ,9 
K= 4 KK= 9 
K= 4 KK= "n ;'1 
K = 4 KK = r~' 
K = .. 4 K K = 'r2 
K= 4 KK=!3 
K= 4 KK=;[4 

KK= t' 
KK= ., 2 
KK=, 3 

. KK= 4 
KK=5 
KK= 6 
KK= 1 

NO~OF SLICES . 
t.ooar.o FO= 
":'O! 0 8 6 ' F 0 = 
1';01225 FO= 
~ 

THE SAFETY FACTOR FOR POINT tIS 

TRIAL: 'CIRCLE NO 2 
CIRCLE CTR CODROS: X= X= 9~~tt V= 
ENTRANCE PT;' COORD'S: X= 6~ .,8 1t 739 :;;1. v= . '." .. TRIAL ARC RADIUS=. J." .... 

,. 
XXX LINE 2NOT INTERSECTED BY TRIAL CIRCL 

XXX LINE 4NOT ~NTERSECTED BV TRIAL CIRCL 

XXX LINE 1NOT INTERSECTED RV TRIAL CIRCL 

, . 

. , 

.-

. , ",_. 



8N~T. INTERSECTED BY TRIAL ~IRCL 

~X X )CL I·NE 9.NOT 
~: .; :" j ~:..... :.;. '" . - : 

:~;C"";';';";;',~,', ,,; .. , " - _ .. 

XXX'::LINE: l~ciNOT 
''': ':::::"'-1:---·-~:>--· ' .• ~:-::... " ... ~. -. . 

i 
: i 

:X.X~/l;I~E ~r!NOT 

INTERSECTED BY 

INTERSECTED BY 

INTERSECTED BY 

,TI1 IAL CIRCL 

TRIAL CIRCL 

TRIAL CIRCL 

FOLLOwS: '.' 
K= 1 KK= r 
K =' ! ',K K = '2' ' . 
K= :1 KK= '3'> ' 
K= 1 KK= 4 
K= 1. KK=' 5 
K= 2 KK= 5 
K= 3 KK= 5 
K= 3 KK=· 6' 
K = 3· KK= 1 
K= 3' KK= 8 
K= 3·, KK= 9 
K =, 4 , ...K.K..; ____ 9~.-- ,. ' 

,K= 4 KK= 9 
K= 4 KK= 10 
K: 4 KK: ~1' 
~= ~ ~~=?~ 
K=4 KK=r4 

, ... , 

i ;, . 

,~:~~9:R-~.~~~}~:E~-:i~.IDT~F i~D N~-=8bO~b!CE~O=.: ~r;03391 
FI= :=03391 FO; .~0385~ 

. ~ ~i. .: FI= " 1':03851 FO= tf.;"039l'O ' 
;: .... ',' tIc+t..... .;.p.,' 

THE SAFETY FACTOR FOR POINT 21S l'.039l0 
U.J ' ~~~ 

TRIAL CIRCLE NO .3 
CIRCLE!CTR COORDS: x= X= 882~! 

ENI~t~~iAr T ~ R§ 0 ~~ 8i~s = x= 6 6a06'~9. 1:.' 

XXX LINE 2NOT INTERSECTED BY TRIAL 
- - . '-:-.. 

" 

)< XX~).~. I ~ E ; 'HolOT INTERSECTED B,Y TRIAL 

X X)( LINE 7NOT INTERSECTED 8Y TRIAL 

XX~ LINE ' aNOT INTERSECTED BY TRIAL 

Y=' 
y= 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

ti~ . 

~ ! 



, 
~- . ,- -. -l 

. -·XXXLL INE·· <9 NO T IN TER~ ECTED BY TR IAl CIRCl 
--. .1.-- _. _ ..... ~. -" . 

. ~,~ ~-; .:: i .. ;:. '. ; _". !': _. 

-:·'lon( LINE".tONOT INTERSECTED BY TRH,L'CIRCL 
-.-~':: :.;::.-~ .:.. . . ~. ".. .-

xxx LINE !)NOT INTERSECTED 8Y TRIAL CIRCL 

._~.*:.!~~~ E 2 IS. NOT IN TER SEC TE D BUT IS IN ARC-
"' . _. 

LINE ARR AY .y 
46r;~7 
43';~7 
52rz91 
64 r;', 1 

rot· 

FOLLOWS: 
K= 1 KK= 
K= . 1 KK= 
K= '" KK= K= 1. KK= 
K= 2. KK= 
K= 2· KK= 
K= 3 KK= 
K= .3 KK= 
K= 3 KK= 
K= 3 KK= 
K= 3KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK= 
K= 4 KK=. 
K=:4 " KK=. 
K= 4 KK= 

l' 
2 
3 
4 .. 
4 
5 
5 
6 
7 

L 

8 " 
9 ' 
9 
9 

./.0 
""1' :'2 
~'3 
"4 to 

l' 
2 
3 
4 
5 
6 

'7 

"'FINO SLICE ·.W ... I.DTHFAt=~D NO OF S\..ICES· r l;UOOnO FO=' ~=U2236 
FI= ~7:U2236 FO="!~CJ2525~ 

'. FI='" ,,;02525 FO=' t'Z'0256t:, 

THE SAFETY FACTOR FOR POINT3IS 

T~IAL~CIRCLE NO 4 
CIRCLE CTR.COORDS: X= x= 91""' .... 1 v= 
~E~TRANCEPT~ COORDS: x= ~3~~~t y= ····r T R I A L . "R eRA DIU S = 6 3 t 7 ~ l' t· 

:. ":xxbc: LINE 2NO T IN TER SECTED BY TR IAt CIRCl 

XXX-LINE 4NOT INTERSECTED BY TRIAL CIRCL 

XXX LINE 7NOT INTERSECTED BY TRIAL CIRCL 

xxx LINE eNOT INTERSECTED BY TRIAL CI~CL 

xxx LINE 9NOT INTERSECTED BY TRIAL CIRCL 

'11. .. '>1.'>1 .. ' •• T 11 co "t, II r. T T ., T co n C' [" r> T r." n n v T" r A' .,. Tor: I . 

i :.". 



::XX;X~LtNE:l~J.NOT INTERSECTED BY TRIAL CIRCL. _ .....• ) ... ~ .. . ·.· ... ·.·.·T"~ '.. .,.... . 

.- .... ) .' ........ ' . . . 

l~.,.'}:iNt<2IS NOT INTERSECTED BUT IS IN ARC 

ARR~Y 

46";69 
44".:68 
52':85 
64~11 

. ,-, ...... ,------_._.., .... --

FOLLOWS: 
K= 0 1 KK= r 
K= 1- KK= ." 2 
K = !. KK:; .. : 3 
K =_ 1 K K = 4 . .' .. . _ ___.. . . 
K = .y----K1(-::-.... 5----.:...._·· _ .. _ .. _~~ ... ; 
K = 2 K K = . 5 . ... . ._0···· 

K= 3 KK= 5 
K = 3 KK = 6 .: 
K= 3 KK= 7 . 
K= 3 KK= B_ 
K= 3 KK= 9 
K= 4 KK=9 
K= 4 KK= 9 
K= '4KK= t.0 
K= 4 KK= t-,f 
K= . 4 • KK= ,,2 
K= 4 KK= \0'3 
K= 4.' KK = t4 

KK= r 
KK= 2 
KK= 3 
K K"!: 4 

°KI<= 5 
KK= . 6 
KK= 7 

- O' 

f 

- 'r 

.... 



I 

After Dredging of 9m. of ~ottom Sludge: 

~he results taken from the compute~ for cross-section 
" 

(10-10) A are: 

Circle Circle Center Entranqe Points FACTOR OF 
NO Coordinates 

- SAH'ETY 
X Y X Y 

a 117 III 141 90 1.01 
i 

b 125 116 1'6 90 -.1.41 
I 
I 

0 III 117 149 90 1.33 

d 119 101 168 90 i.2.58 

e 119 130 182 90 ., 2.33 

f II6 I43 187 90 2.44-
. ... ~ _ .. -

g 108 129 I6l 
i 

90 :1.82 
. 

h 104 152 I84 90 .- 2.~? 

.it 119 123 .I45 90 1.35 

1 II4 120 I47 90 1.17 
- .---_. -0_- ---------._---_.--- -" ... - . ---. 

- I 
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OF:LINES '7 NO OF LINE INTERSECT= fa 
, 

O.Fts 0 I L S = 3 NO ,OF EXTERNAL SOIL LINES= 3 

2 OF:,X?INCREME~TS: 2 NO OF Y INCREMENTS: ,.) ;:,,:,::':T "," 
,~,J~' : ITIAL SLICE wIDTH= 

:-:--(".~: ':: . -.- . ~ 

-,-;::,';j-' ! 

" . 

~ L :c IRe L E '" 0 r 
C LEe T R COD R) S : X = X = 
RANCE PT';' COORDS: X= 
:,~TRI~L: ARC, RADIUS=· , 

LINE 2NOT ,INTERSECTED BY 

LINE :5NO T ; INTE~SECTED BY 

LT'NE ~6NOT; INTERSECTED BY 

LINE;' '7NOT INTERSECTED £3Y 

ARRAY 
Y 

79):61 
R 6 ,31 
90'::..t .... 

TRIAL 

TRIAL 

TRIAL 

TRIAL 

SAT 
(1, 
ot 
0,> 
n ~~ 
(1~ 
n":' 
n~ , 

'£1:' 
£1"" nt., 
't
Ot. 
0 11 

v= 
Y= 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

-~-"----'- -

" ,I 
\", 
~ I 

'" 

-~ j. :~. :":. ," 
i 

I ' 

, SLO?E"~;' ,LINE, INTER, 
.fB OOOO~lJO~- "'1 . 3 
'~'4 7 519 0:' .," 3 . ,5 
~~OOOOOO':; " b B 

t:l;o38095Z:JOO k ' 5' . 9 
::,9 9 9 U 7 £> :Jo Q r;,· 2, ; , If 
'~2;tB192:'c~:":q ., '7 
lf15~39~~O~ " 1 JO' 

.. 



I=,hZ": 
f=·L3 
;:14 ' I-I- 5 . I:'i', 6":" 

r=i: .. 7,· 
r;:;,,·:8.·; 
r::'!'" 9; . 
r-!fO . 
r: 111 " I =: ' , . 
I=::j:~13:; 

~IND sLICE 

.'UUU 
r3 '"'4 f8 

1 .' ..,~ ft' •• 1. ... ,. J. 
'''20'-'1 t'· f' 2 5 ;!I?, do 
'1'32 ;1f • tly' i'46 i'f.O:l 4 9 ~lr1"; 
j.7 5 ~'rl'S> . 
2 2 9'1t1'1~' . 
230;')'1'1 
232~lrJ; 

'w I :IT -j A N [) 
FI= 
F!= 
FI= 
FI= 

j ~'" i 1;;' K= 1 
79;;~l;~ K= 2 

K:: 2 80 "t"';' 
2 47:'tJ; K= 

87'-II" K= 2 90'f.,· .~ K= 2 
86,J3-1:f. K= 3 
9(1,l't~ K= 3 
59~llt'l> K= 3 
9 O~r;1't,t K= 3 A 3 •• t\.,. f.' K= 3 ~ ~-u. 1 6 or; 1,1 . K= 3 

" -

•. T:-IE SAF::TY FACTOR FOR POINT 

1'.1\';; to, 
KK= 2 
KK= 3 
KK= 4 
KK= 5 
KK= 6 
KK= 6 
KK= 6 
KK= 7 
KK= B 
KK= 9 
KK = '0 

t" 

KK= r 
KK=2 
KK= 3 

. KK=--·q·--_········ .. · 
KK= 5' 
KK =. 6 

1'1S, 1' • .33330 .... ' 

r ":, -

, -, .. ,." 
/ ' .. -, 

TR§AC CIRCLE NO 2. , ...... 
-·--------------.-_________ l ______ .-.... 

~~T~A~~~T~T~og§g~~S:X=X=X= t~:~tl ~~ 
TRIAL ARC ~ADIUS= 44~204 ~ 

(XX LINE. 2NOT INTE~SECTED BY TRIAL CIRCL 

XX)( L.INE 
.. ' 

)(X~: LINE 

xxx' LINt. 

.**LINE 
-. ~ - I 

---.....--

SNOT INTERSECTED BY TRIAL CIRCl., 

.6NOT INTERSECTED BY TRIAL CIRCL 

7NOT INTE~SECTED BY TRIAL CIRCL 

~ 
2 I'S ~OT INTERSECTED BUT IS IN ARC 
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~NTRANCE PT~· COORJS: x= :49~rl 

. TRIAL ARC RADI~S= 46,C98 
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"':."".:-'1'-;' c':":, .. ·······1··.. : 

j:K~~P)·:I,~E 
·,1 

2Nor INTERSECTED 

5NOT INTERSECTED 
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After Dredging of Bottom ~ludge: 

~he results taken from the computer for cross-section 

(IQ-I0)B are: 

" 
f 

\ 

I Circle Circle cen1ier FAC~OR OF 
Coordinates Entrance Points , 

N9 -SAE'ETY 
X Y X Y 

; 

a 123 113 147 91 ~.28 
, 

b r 129 112 149 91 2.01 

c 125 123 158 91 I 1.32 

d 116 128 157 91 1.46 

e 121 137 165 91 1.52 
; 

! i 

, f 107 152 169 91 ~.I9 
! 

g 109 139 181 ·91 - ._ .. 

·-·~"93 , 
: 

h 114 115 160 '91 1.19· 

-
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3 
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, 
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NTRANCE P T;' CODR::JS: x= 160.'.:.1 v= 
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TRI~L lRC RAJIUS= 48 1374 

Y= 
v= 

xxx LINE 

~XX LINE 

)(XX LINE 

xXX LINE 

.**LINE 
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-FINO SLICE lJIDTrI AND 
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5.2 OONCLUS!ONS AND RECOMMENDAT!ONS 

The summary of the geoiogical and geotechnical eva

luations may be stated aa follows: 

I. The main formations in the'vicinity of HaliQ are 

Paleozo~c graywacke, clayey shiat and limestone. Surfaces of 

these fissured and folded formations are .decomposed and thiir 

compressive strength and unit weight increase with depth. 

2. ~he tertiary f·ormations of sanda and grave~s are 

not common in the area. The sand and clay.formations, which 
. , 

are cross-bedded and not cemented, are erosed and transpor-

ted easily. 

:3. ~~e quarternary clay formations are .very common 
r 

in the whole vicinity of Halig, and an artifici~ fil11s en-
not . 

countered above sedimentary layer and f111 areAun1form. 

4. the erosed mater1a.l;.s from all formations are 

transported to HaliQ. ~hese erosed materials are mostly de

composed graywacke and shales and consist of fine quarst 

sands, s11ta,clays, muscovite particles and organic materials' 

5: The origin of the geotechnical prob~ems in the 

vioinity of Halig is soft sedimentary layer (usually oon

tains soft silty clay) over the graywacke bedrowt. 

6. The natural water content of this silty clay for

mat10n is very high and the shear strength is very low. 



7. In the transverse direction to the shore line, 

the thicknessof clay la~er increases in ~ considerably a

mount toward.alialiC; and causing differential settlement. prob-
: 

lems for the buildings which are located on the shore. ' 

B. ~he steep slope of the bedrook surfaoe towards Ha-

lie; causesstabili ty problem for the clay formation. 

9. from the evaluation of over 135 shear tests, it is 

determined that shear strength variation with depth is ,linear, 

(Akliit,I911) and therefore it is ooncluded that the silty 

olay formation is Normally Consalidated. 

ro. It is d~termined that stability of shores is .above 

dangerous limits. (In'l!'ermeneciler, between Azapkapl. and Ka

rakoy, minimum' factor of safety for slope stability is found 

as 1.116)(8ee slope stability analysis for cross-section(;-;)B) , 
AJ.so , it is determine.d that shores dredging of bottom sludge oan 

c,ause slides along tl;l.e shores. (J.n cross-section (B-B)~ ,in' 

!Calikl.zak, minimum, factor of safety for-·sl:ope····s~apestabili t3 . 

after dredging is found as 0.95) So we have to take the ne

cessary precautions. !Chese precautions are explained in Re

oommendations. 

For future geological and geotechnical studies anddred

ging of bottom sludge in Vicinity of B?lie;, the following re

commendations are given: 

·1. Deeper boreholes should be drilled at certain 10-
.~ 

cations and the samples should be kept for investigators to 

obtain detailed informations about soil properties. 

2. ~he quantity of the materials transported and de-

,. , 



posited by Creeks should be estimated. 

3'. !Che basic parameters and variation of these· parame

ters with depth in artificial fill and sedimentary layer 

S40uld be determined at various locations. 

4. beoause the 13 liabili ty 01 shores is .above d.angerous 

limits,5reat care has to be given,when constructing any major 

building alon5the shore. If possiple the best solution is to 

leave a 100 to 200 meters wide band along the shore: for parks" 

play grounds'and pionic areas. ~his will oontribute ,to the imp

rovement of the touristic value 9f the area, and as'~ell to the 

stability problem of the shpres.Planted trees will help to dec

rease the water content of iihe soil and using this area as a 

park will reduce the distributed load which is present beca

use of the exisiiing structures • .As an example the elimination 

of the surcharge will increase the Safety Factor from 1.116 to 

I.21 at cross-section ( 3-3)b • 

5 • .As it is seen :trom the results, during dredging, sho

res of Hali9 may slide. ~o prevent sliding of shores, some 

precautions should be taken. Some methods used to prevent sli

ding are: 

a) Loading on toe: (masonar~ Waal) 

!Che simplest way of toe loading is to built masonary 
-, 

wall. Better forms· are to built reinforced retaining structure 
J Iv,) po (). 

W)od, concrete piles or palplanges. !Chese structures are useful 

if they are dimensioned conviniently anu hammered dOWn deeply 

enough an~ no, excavations are made under these struotures. On 

the other hand the depth of the critical slope circle should 

be known. 



In the cas e. of the stabilisation of liali9' s shore , diffi

culties s'ij,ch as working under sea wat.er necessitates .convi-
i 

nient equipment.~his method may not be economical~ ~he 

same result can also be achieved easily by spreading a la

yer of sand or.rock material upon the slope.(Peynircioglu, 

1961) 

o ~ 8 12 16 20 m . " , 

"~ 
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I 
I 
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, ". . ;, '" 
. .' .. :~ 

Spreading layers of saod for stabilization of 
r . 

1st. Uommercial house's shore(P~ynirci~glu,I96I) 

!.Che situaliioo" aflier spreading the layer of sand or rock ma

terial is cuntro.Lled by means of computer program. (!.Che uoi t· 

weight 10r the malieria.L /(n is taken as 2.2 t/m3) It' is obs er-
." 

ved that the facto~ of safety in the most crit~cal region, . 

~a§kJ.zak (s-sHAA, changed from 0.95 to 1.01 after this procedur; 

!.Chis may be more economical than building a retaining wall. 
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WIJT~ ~ND NO OF SLICES F;IND SLICE 
FI= l~Doono FO= l~D2734 
FI= r-02734 FO= r~02950 
FI= :(!-02950 FO= t';'~2966 

THE SAFETY FACTOR FOR POINT rIs 

TRIAL CIRCLE NO 2 ' " 
CIRCLE eTR ~OOR)S: x= X=B6~!r 

,ENTRANCE PT. CODROS: _X= fj118*~~ 
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,":' , ,*xx LINE I+NOT INTERSECTED BY TRIAL CI~CL 
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; THE ; A P P LI CAB LEA R RAY 
, I = • 1, .' . , 7 a ~5 3 2 
:I= : 2 .... 75~983, .' 'r- '3' 95 ." "I" '" ': ,..., . . •. J, J, ,1, 
i I = 4 1 1" ~17 9 7 
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K= 3 KK= 6 
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.K= 4 KK= 7 
K= 4 KK= 8 
K= . 4 KK = .9' 
K = 4 __ ".KK:;:.- ,- 9, 

. K ='4 ,K K =: n 
K= 4 KK= 1;-1' 
K= 4 KK=!2 
K:;: ". KK = 1:3 
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SLICE WIJT* AN) NO_gF SLICES 
. FI= 1 .. ' Gona "FO= 
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, . 
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:XXX LINE 4 ~~ 0 T INTE~SE'CTE,O BY TRIAL CIRCL 
.':.-. i -
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.-, 1 
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FIND SLI, CE WI,D"T,,~, F,A=NONO OF SLICES 
r ,),;00000" FO=' ',i,-:;'UOqrq 

FI= 1;90414 FO= &;UOq4& 
THE SAFETY FACTOR FOR POINT 31S 

TRIAL CIRCLE N04 
CIRCLE CTP COORDS: X= x= 
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TRIAL ARC RAuIUS= 
Y= 
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~ 1 -

" XXX LINE ~NOT INTERSECTED CIRCL Ry TRIAL 
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XXX LINE 4NOT INTERSECTED BY TRIAL CIRCL 

XXX LINE SNOT INTERSECTED BY TRIAL CIRCL 
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XXX LINE tON~T INTE~SECTED BY TRIAL CIRCL 
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:LINE 
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ARCH-IT _FOLLOWS: 
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b) Hearranging of slopes: 

Slope angle shou~d be decreased in order to:compen

sate i'or extra loading caused by dredging. 

~his has been' analyzed with the oomputer program. 

~he slope angle is decreased from 28 to 24. It is observed 

that the factor 0:1' sat ety ,J.n cross-section ( 3-3).tl , ,ohanged 
--'" --------- -- - -----" -- . 

from. 0.95 to 1.006 • :.chis may be also eoonomical'. 

0) Proteotion of slopes: 

~he applioa~ion of this method is impossible for 

Hali9 shores beoause bottom s~udge and olay layer are very 

soft and weak. 

., 

" , 



A ! eIR L~ N r. . ... ~d:ECTi~ . 002)s:: X= x= . B2,.11 
TRANCEPT .. COORDS: .... x=' '. ;~9Z:'!1' 
.. TRIAL ARC RADIUS= 122~5qO ~ -i>·: :". . .. ....,. ". .. .' 
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I' .. 
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Ie LINE bNOT, INTE~SECTED BY TRIAL . . 

Ie • L~:N,E 7NOT INTERSEC,TE,D BY TRIAL 

Y= 
Y= 

. ' 

CIRCL 

CIRCL 

CIRCL 
. --- -_ .. --.,_. 
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-~RC INTERSECT WITH 
!LINE NO, - X 
: - -1' , t 64,,698 

1-_4~ " ~,-1f8 6J, __ .,~~90266' 
,- 5"i l;t. -:;,;>3L - 1'92l!.'tbr 

LINE 

. ! ~ 

f-INDSL'!Cf. WIDTH AND NO 'OF SLICES 

4 KK= 
5 KK= 
6 KK= 
8 KK= 
9 .~- KK= 

i.n -KK= ;:2 KK= 

l' , __ 
2 '_'_' 
3 

, 4 
5 
6 
7 

! : 
! 

. I", 
~ ~ . , 

:, :'1-'-: 
i 

I **f**·HAX 1M UM SL I~f= W 10 r~o~~60 BEE~O~NCRI~~~b~ 7 
I .. , 

• D"TO 2.i."SO 
:0 

_ • t 

- -'--" I ,_ ,. T~E~SAFETY FACTOR FOR POINT 
I 

./ •• » •• 1. . I - ,; .. ,.,' 

;If::TR tAL: e! RC LEND -2 
, - 'jCIRCLE CTR COORDS: X= X= 85:;" l' 

:i.lr-ENTRANCE PT; COORDS: X= l .. 92;1'1 
• ' ,-'-: - T R I A L A R _C R A 0 IllS = -1'i 9.8:i4 If'-

il .. 

LINE 2NOT INTERSECTED 8y TRIAL 

LINE blllOT IN T E.~ SEC TED BY TR IAL 

'xxx LINE 1NOT INTERSECTED BY TRIAL 
: -. ~- .j , . ~ , . 'j.-

XXX LINE 8NOT INTERSECTED BY TRIAL I 

,,}:: ' 
'( -

INTE~SE-CTED TRIAL I )(X~ ,L INC. 9NOT BY 
:\ 

Y= 
Y= 

C!RCL 

CIRCL 

CIRCL 

CIRCL 

CIRCL 

1'IS 

i- * •• LINE 21S NOT INTERSECTED BUT IS IN ARC 
'j::;-~.- :--".; . 
-I-
I 

i-ARC INTERS,ECT iJITf-i [LINE NO' X . 
! r.. 22 802 

-, 4 ~ . 5 5 i~ ltJ 4 
5 ~, "8 0 ~5 2 4 
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LINE ARRAY 
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K=' 2 
K= 3 
K= 3 
K= 3 
K= 3 
K=' 3 
K= q 
K= 4 
K= 4 
K= ' 4 
K = ~. 4 
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K:: 4 
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KK= 3 
KK= q 
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KK= 6 
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KK= ,:.f.' 
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KK=· r 
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·KK=, 3 
KJ< =. 4 
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, : rJN(l SLICE. WIDT1 AND ',NO OF SLICES . 
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*****MAXIMUH SLICE'WIDTH HAS BtENINCREMENTE 
, ; '. . rl= 4;:00000 FO:: *,':'00228 

.' L . ,.",' fI= ·:.!; .. 00228 ; FO= J:j:;'U0253 

: ' THE SA,F E T Y FA C TO R . FOR . POI N r 2 I 5 

TRIAL CIRCLEN~ 3' , , 
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! 
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--~---~--
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KK = i a 
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KK= t2 
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~ 

6 
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• . : FI= ~i:'00348 FO= ~:~03B7 

~aRi{PT PRINT$' 
Tr-IE SAFETY FACTOR FOR POrtH -41S 1"',.00387 
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