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0ZET

Haligteki yumusak zemin tabakalarinin varligy, dip
gamurunun taranmasi esnasinda buyuk boyutlarda geoteknik prob-
.lemler ortaya glkarlr. Bu yiizden bu tabakalaran taranmasy es—
esnasinda olugabilecek kritlk durumlarl onlemek igin baza geo-
teknlk hesaplamalar yapmak zoruniudur.

bu tezde ilk olaraklnalig?in genel jeolojisi ve zemin
durumlari incelenir. halig boyunca I2 kesit halinde jeolojik o-
lusum(zemin durumu) verilir. Ayrica bu tabakalarla ilgili geo—
teknik Ozellikler verilir. halig ve gevresindeki ¢evre problem-—
leri ve Halig'in taranmasi durumu araatlrlllr.ﬂaiig'teki taba-
kalarin gok yumugak ve zaylf olmasindan dolayi,kiyilarin stabi-
litesi taranma yapilmadan oOnce arégtlrllma51 gérekiro Bu sebeb-
Lle gev stabilitesi hakkinda kisa bilgi ve bununla ilgili compu-
ter program(KOSELER-I) geiigtirildi. »

Sonug olarak, baza jeolojik ve geoteknik sonuclar ve
taranma esnasinda ve 6ncesihde olugabilecek kritik durumiari

Onlemek igin neler yapabiliriz hakkinda bazljtaVSiyelerde bu~
lunulacaktar,



ABSTRACT

GEOLECHNICAL EVALUATIONS OF

HALIG's SUEDIMENTARY LAYERS

The presence of soft layers in Halig¢ create a great deal
of geotechnical problems dnribg the dredging of Halig, It is neces-
sary to make geotechnical evaluations to prevent critical situafi—'
ons durihg dredging.

The general geology and soil conditions'in the area are
studiedaAGeological formation along Halig¢ is given by géological
cross-sections. Geotechnical properties of these layera are doéu—
mented. The environmental problems in the vicinity of Halig and
dredging of Halig¢ are investigated. Since the layera(botfom sludgé
and underlying clay formation) aré very soit and weak, stability
of the shores should be considered before dredging., So stability

of slopes is studied and the computer program for slope atability |
(KOSELER-I) are given. " |

Some geological and geotechnical conc%usions and recom-
"mendations such as what can we do to prevent cfitical gituations

that may arise before dredging and during dredging are given.
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CHAPTER |

INTRODUCTION

Geotechnical problems ,having serious effects on people.and
buildings ,generally require alarge amount of inveétment and have to be
handled urgently. Un the other hand,the nature of the'problems varies

depending on the type of the sources and environmental conditioﬁs,and
that variations mostly makes necessary to sbtudy geological study and
the geotechnical properties of thevsite.

Generally,environmental problems are to be handled and solved
together with geoteehniéal problem,In fact,each geotechnical problem
.at the inhabited sites,has a tendency %o be an environmental problem.
The outcomes-of geotechnical problems such as eroéion,slope stability,
énd drédging have an importance for people,The large amount of invest-
ment and urgency is necessary for the soluﬁion of such kind of problen

Halig is 7.5 kilometers long natural inlet of the Bosphorous:

strait,.fhe maximum width is 900 meters at the mounth,ﬁhich-;s between
Sérayburﬁu and LYophane Mosqﬁe,and the minimum width ig 150 meters on ti
upatream side at the outlgt of Alibey and §ag;thane00reekselts surface
area is a total of 2,6 million equaré mete;s.Maximum depth iu}Halig is
36 meters and it shallows down to a few meters dadp near Kagithane Qre

Halig has begn a center of attraction and recreation in forz
times.It has a very significant historical back ground, and is surroun
ded by bulldlngs dating from Ottoman and Roman days.



FIG.I.2 Historical view from Eyliip




Over theryears,industrial and domestic wastes,erosion,uncont-
rolled fill and garbage,shipyard wastes and sewage have poliuted Ha-
lige.d0 it has deveLoped into an unbearable and unhealty condivlon.Ad
ditionaly,s0ft Layefs"encountered in the wvicini*ty of Halig creaﬁe 8¢

cial geotechnical problems to the area.

'he soil conditions in halig¢ will cause some geonechnica;L‘PrOk
¢ems'dnming dredging.mherefore,pfior to any construction,developmen?
alteration of conditions and dredging the existing soil conditions
and soil properties should be determined in chapter II, the generel
geology of the area is documented.All previous borings drilled in Wl
" area are given.lhe soil conditions are determined based on the avai.
~lable informations.lhe avarage soll properties are estimated based
on many measuraments reported previously.

- In chapter IIl,environmental problems of hali§ and water pol-
lution is summarized.Also voiume and location of previous dredgings
and types are given. | .

The presence of soft £ills brings a greaf deal of geotechni-
cal problems %o the area.,lhe considerable amount of increase in
thickness of this formation towards the sea causes atability prob-
lems,(FigOI.B . Mg.I.4).Lthe geotechnical conditions in the viciniﬁ
of Halig¢ make necessary for a preiiminary study'of slopes before an
during dredging.In chapter 4, stability of slopes aée gtudied. Alsg
computer program for slope stability (KOSELER-I)is developed.It® na-
kes easier %o solve and compute problems, |

baged on thevfindlngé and the results of this study recom-
mendations for fubure construction and %o prevent critical aituatié

duning dredging are summarized in chapter 5,
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CHAPTER . 11

GEQLOGY AND SOIL CONDITIONS

2 o1 INTRODUCLION

In‘follow1ﬂg chapters,the environmental problema and the rela-
ions with geotechnical problems in the'vicinity of Halig¢ will be exp-
ained. In order to find reasonable golutions of the stability problems
.qd o make reliable investmeﬁts,geological conditions should -be known.
Ld:thls chapter geological conditions and geotechnical condidérations
.h the vicinity of Halig will be given.fhe extend of soil layering along
[alig will be given.Alsd geotechnical pfoperties of each soil layer will

e gummarized.

2 + 2 GEOLOGY

 The geology in the vicinity of Halig¢ has been studied by many
nvestigétors._Une of them,Penck(I9I9), was first o recogniée the grays
ackes ,"Tharace series", as the oldest formations in the a;eé.They belor
o the Lo&er Devonian to Upper Devonian périods-of raleozoic eré.Aiter
hat Packelman(Z925) changed that as upper Devonian.But the existance of
arious litological and paleontological zones in the Lhrace serieé wag i
icated by later research.lhey belonged to the Lower éérﬁoniferous(Upper
aleozoic) -period of the/séme era.
ecently, a complete gedlogical map of Halig aﬁd its vicinity was given
y Sayar (1976),Frgure 2.1 . It is seen from this figure that the oldest
ocké in the area,in Upper Paleozoic (Lower Carboniferous) age and con-

ist of shales and graywackes.
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At the soﬁthern part of Halig on the top of the Paleozoic formations
the middle and upper Miocene formations of sand and gravels,clays and
rarls mactra limestones are encountered.Along the shore lines and be-
low the water of Halig¢ and Creeks however, the Quaternary’aLliviuﬁs

are found.

A, UPPER PALEOZOIC (Lower carboniterous)

Most of the information concerning this iniormation is obtained
trom comparatively shallow borings and excavations a féw meters deeps
at various places in the Istanbul Area, In thé detailed studied of re- |
cent years , the paleozoic formations in the vicinity of Halig are

clagsiiied,

Baltalimani [Formation ¢

fhis formation 1s observed at both sides of Northern part of the
Bosphorus and around Igerenkoy. It consists of black silicified and .

lnten91vely folded shales.

{rakya Formation @

ﬁound in a large part of'tﬁe area and consist of graywaékes and
shalea.Some parts are décompoaed by atmospheric effécts taklng on a
green - grey or yellow-brown colour, The alternation of léyers of co-
arse and fine grains shows the éedlméhtary structures such as cross-—

bedding,slumbing etc,

Cebecikoy limestone:

This formation ﬁdund on Top of %rakya Formation covérs an areé
1

of about 1,000,000 square meters around Uebecikby; It consists of cry-
stalized massive limestones and dolomatic limestones cohtalnlng nu-

merous calcite veilns,



Giimiigdere Yormation ¢

It 1s observed that near Cebecikby Yormation and consist of

shales, silicified shales and tuff.

‘B, MIDDLE AND UPPER MIOCEME

The formations belonglng,toﬁthe middle and upper Miocene are
not common in the‘vicinity.of Halig. But middle Miocene (Tortonien )
formation is encountered in a limited area nedr Gamurhan, 7 to 8 ki~
lometers from Eylip. The formation consists of grey coloufed marls,
sands,yellow coloured clays, micaons sand stones,and grenish’sandy
clays, Lhe thickness of the formations was found to be 30 to 40 me-
ters. | |

To the south and south west of Halig the Paleozoic base is o-
verlain by a thick upper Miocene (Sarmacien) formatlon. It is thick-
ness reaches I50 meters at places. Upper Miocene was divided into
three units by Sayar (I976). Each unit has the name of the area where

the characterlstlcs of the unit ig observed.

Mi OTAKGILAR IR FB
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Fig 2,2 Geological cross-sectlon between Rami-Tagkizak(Sayar,I976



I) Sand and gravel beds of (ukurgesme formation consists of fine
oand bands and lenses,

2) HMarl and'gpeen clay beds of Giingbren formation are generélly
found on top of fthe sand and gravel beds. At the western part of the
walled qity marl and cléy bed are overlain by limestone beds, Glingbren
formatioh consist of vertebrateand molluso fosgils,

3)Limestone beds of Baklrkﬁy formation may easily be recognized

by the variety of mactra species they contaln,thick beds of limestone

exig® in the Bakirkoy area.
-0 U . N .
C 'y QMATERNARY AND CURRENL SEDIMENTS (Recent ) @

The youngest geological fdrmations in the area are alliviumas i

the beds of creeks and sediments at the shore of Halig and the bottom

of the sea.Artificial fills along the shore will be classified in this

- group also., These may be classified according to their characteristics

ag follows:

a) River Alliviums (Flood-plain deposits)=

They are observed in the bottoms of the Welleys of Alibey
and Kagithane lreeks. They are commonly consist of continuous layers

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

b) Maraine Deposits :

At the shores and the bottom of Halig on the paléoz01c base
a si¢ty—clay'iayer containing maflne organism 15 found. The extent of
these sediments might be overlooked since the coast line has been'
greately changed o%er the years. lhe thickness of this layer varies

from I to I2 meters at the shores and 40 to 50 meters at the bottom
of Ha.LlQ °
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¢) Bottom Sludge ¢ Recent ) :

Borings carried out in the middle part of Halig showed
the existence oi a mud layer, The thickness of the bottom sludge
decreases near the sheres, It is iormed by sedimentation of erosed

materlaxs and podllutant in the water.It is also explalned in chap-
ter 1IL,

d) Artificials fills (Recent ):

They are found atthe shores and around Halig¢ just below
the ground lLevel, They consist of stones ,bricks,pieces of conc-
rete,wood,rubble,etc, The thickness of that decreases away from

- the shore line. Between ¢alata and Unkapanl Bridges,the thlcknesa

of artificial fills are 30 - 40 meterso

2> .3 SOIL CONDITIONS

There have been many-geotechnical investigation: related
0o varioué contructions at the vicinity of Halig, The locations of
‘'some of the boreholes drilled for the determinatioﬁ of soil condita-
on in théée investigatiops are shown in Fig, 2, and table 2.1
Txhese boreholes are shoﬁn in Appendix 4,
"Also a list of these borings with their references are given in t%ab-
E 2,1, I2 typrcal geotechnical cross-sectlons,aiong Halig; determi-

ned from the results of these borings are givedXEigures in Appendix.



TABLE 8,1

14

LIS OF GHOLECHNICAL BORINGS LOCALED IN THE VICINIT:
| OF HALIG ' <
Boraing , ‘
Group LOCALION REFERENCE
Ne .
I Silahtaraga Power Plant(' PeynirciogZlu,I975
2 | Istanbul Mill ; Stitlice Peynircio#lu,1965
3 ‘Golden Horn Bradge S.'Madeh,l975
4 Igstanbul Sewage Project TemelﬁAragtlrma,IQBQ
5 Istanbul Sewage Project CAMP-TEK~SER~IQT4
6 Ta@klzak‘Shlpyard, Hagkoy Specié; Report
i . Camialfa Shlpyérd, Kagimpaga épecial report
8 Hali¢ Shipyard, Azapkapl Special report
9 Draper Market, Unkapani Sayaﬁ, 1962 -
10 Social Security DepartmentkCQmplex,ka% Peynircioglu,I973
II Chamber of Commerce House, Eminonil feynircioglu,i973
12 Preliminary Subway Stﬁdy Sayar, 1962
I3 Preliminary Subway Study ( I978) General Dir.0f Haghwa

Silaht%araga Stell Plant,Alibeykdy

Special Report

\




Ayvansaray

Fener

Kagithane

y/i;;;;éiléy

5 6

ISilahtar Power Plant Ex. I95%

2;Istanbul M111,1965

. 3.Halig Bridge,I975
4.1s%7 Sewage Project,I974
5eTagkizak Shipyard,I966

~ 6.Camialtar Shipyard,I966

' T.Ist. Sewage Project,I974

8.Ists Sewage Project,I982
red 200,

9.50c1al Security ﬁépi.'1973

I0.Draper Market,1962

Kas”npasgl,Preliminary Subway,I978
I8.Chamber of Com, House,I973

o

Fig.23Geotechnical Borangs Located In
The vicainity of Halig




A, BEDROCK FORMATION

It 18 seen from cross-gections the depth df the bedrock for—
mation varles cdnaiderably'at various locations and ﬁh? dlpplng of
the bedrock surface towards the sea varies between 20 and 45 degrees.
This steep slope is the main cause of lateral movements across the
shd;eo
| The graywackes and shales'contain local fault zones with va-
rious strike planes and dip anglés° The layers which are close %o the

surface are highly weathered and fractured, The colour of the weathe-

red parts are yellow and brown.

The thickness of the weathered zone of the graywackes and sha-

les 1is nbt'homogenoua,but varies from place t6 pléce.Theﬁthickness of

the weathered zone of the graywacke ,in Eminanﬁ,'3o méters.(sayar,1975){

It decreases along upper part of Halig., 43 a result , the graywacke
formation is mainly fissqred’and upper part is decomposed.

The engineerang properties of the graywackes and shales have

3

!
{
!
|
i

\
,!

|

been invéstigated by many researchers. The engineering properties and

unconfined compressive strengths of gra&wacke samples,from two diffe-

rent locations,are given table 2.2,(ToZrol,I975).



. STRENGTH TEST ON GRAYWACKE SAMPLES (Tozrol, I975)

Table 2.4

ground vssagy Tont DLt fowr | Hastirious,
Congtruction nical Univers. Construction
bepth, m 4-6- 0-2 6-I0
\(m,gr/cm3 243672446 2.38-2.54 2.42-2.54
v. ,gr/em’ 2.74 2.78-2.82 2.78-2:80
w, % 7.3-8.3 2.31-8,05 5:92—7.23
n, % 0.175-0.185 0.I142-0.170 0.142-0.195
e, % 0,212-0,227 0.166-0,205 Q.I70f0.242
Y ary, gr/ém3 | 2.23-2.26 2.32-2.40 2.26~2,40
8 , % 98,5-100,0 32,5-100,0 B835-97.6
Yy Natural Unait Weight n , Porosity
‘ _ e , Vord Ratao
s * Unit Weight of solid particul. , Degree of’Saturatloﬁ
w

, Water Content



B ., SEDIMENLARY LAYRRS-QUARLMRNARY AND RECENT
ALLIVIUMS 5

1) Artaficial fills:

Lhe thickness of such fills decreases with increasing dis-
'tande‘from fhe shore, Along Halig shores, artificial fills vary in
‘thickneae from a few meters %o olmost 40 meteré.The aptificial £ill
containa gravels, sand, boulders, silt,'shells,;ﬁooden piecea, conc-

rete and all kind of city debris.

The existance of this uncontrolled fill is very important

from various points: o
1) Yhe thickness of the fill increases towarda-the sea,

Therefore, it éauses uneven settlements for buildings constructed
on top of the fill layer.

1i) The properties of this fill is no% known and varies
considebably fiqm one point to another. The ﬁroperties of some of
them are given in table 2.5

1ii) The éxistance oi1f this layer in land alter the grey

allty clay properties due to consolidation of silty clay hnder the
the weight of the fill.
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Lanle 2,5
LAB o REPORTS PTAKEN FROM HALIG SHIPIARD BORINGS
(Special Report,I966) |

Boring No: Depth,m, 'Wi Wp : Ip Wn )(s
I 18400 35 2L.7|  I3.3| 36.9 2.7
3 23,00 - - - - : 2,78
5 18,00 6L | 30,3 30T |° 33644 2.73
Wl o Liquad Limi® Wn s Natural Water Content
| wp' , Plagtic Limit Y g » Unat Weight of Solids
‘L, Plagticity Index Yy » Natural Unit Weight
Table 2.6
Boring No: / k /cm2 Y ‘ts/m3
hd Q-u 9 g n ? .
I - 0,06 I.73

q, Unconfined Compressive Strength |




Fig.2.5 Borings taken from Taskizak Shibyard (special repert,1980)
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"LAB, REPORTS TAKEN FROM TASKIZAK SHIPYARD BORINGS

Table 2e7

(Special Repant,I980)
Borlng,No:I} Boraing No:4'| Boraing No:5 | Boring No:3I’
(Depth 3m.)| (Depth 3m.) | (Depth 3m.) | (Depth 3m.)
W
n 2I.4 I8.4 21,3 22,0
(%) :
L5 ' .
30.9 28,0 271 327
(%)
W 19.0 15,00 19.6 22,3
(%
I .
p II.9 I3.4 745 I0.4
(%)
IO - .
(%) 0.85 0074 0977 1003
7 ulo) 12 (4) 7 (ee) - 27 (.)
Cu 0,60 () 0.30 (o) - 10,20 ()
Ya(s) 2044 () 20 () - 20,60 (.)
Y, 1.97() 2.07(...) - 1.97(.)

(.) Quick Shear Test

(..) Triaxial Test



) Sedimentary Layers :

The sedimentary layers which are found under the artifi—r

cial fill cbnsiats of sandy, clayey silta,contain large amount of

organic matter and sheels, The thickness of this layer varies from

6.0 meters, near Galata Bridge, up to 35.0 meters, near the Creek

outle%a.(Kumbasar and Ulker,I975)

This formation contains organic matters in high percan-—

tage énd the water content is around Ligquid Limit,

Qs kgécmz'
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Flg. 2.6 Unképanl, Properties of 'sampléé(.Peynircioglu,I%I)

Borings which were carried out at Silahtaraga Power Plant
shows that Naturel Water Content is nearly equal to liquid limit,
(Tahle 2.8 )



Igble 2.8

r

Properties of samples taken from Silahtaraga&

~ Power Plant, ToZrol,I967

Sample | Depth,m| W (%) Wy (%) c , kg/cm2
3/6 9 82 96 0.I0
3/I0 | 1 79 | o4- 0.10
4/11 5 88 9I | 0,15
917 20 -6 83 0,I0
§/6 Ié T3 17 - 8,10
7/8 18 61 61 0.10
7/6 14 éo_ ‘ 60 0,10
If4 8 - 92 : 56 - 0.05
/5 2| el 55 0.I2
9/3 I2 .46 I 0.20
771 s 55 45 o.;s
I/I | '2 | 39 ) 58  0,40




Also, typlcal variation of test resulis on samples
obtained from boring No: I at Haskdy gark Deglrmenleri site

is given in Iable 2.9 . ( Togrol, I967 )

Tablelz.9,
Laboiatory Iest Result on Samples Obtained |
From Haskoy ark Mills (Togrol,I967) *
ot b o | &) & (;? (;ZS’ K;‘/‘cm?
I 13 68 | 34 34 54 0.7
> | 16 73 35 | 39 | 53 | 0.7
3 i8 T2 35 32 55 0.7 .
4 20 75 57 | 40 | 60 | . 0.4
5 22 72 35 35 6I .| 0.6
6 | = 1 35 42 62 0.3
7 26 | 16 | 36 40 61 | 0.7
8 28 | 70 36 34 55 10,8
9 30 63 32 5T | 50 | 0.8
0 | 33 64 34 30 50 1.0

There are great amount of information related to the pro-

pertieas of gedimemtary layer. Theae valuéé from various gources are

syastematically compiled and wopresented 4in Table 2,10




Table 2.I0
Avarage Properties of Samples
Obtained at Various Sites |
_ ' Depth | W W W - | Reference
Location 1 , q7f
@) @ @ | | (kpl e
Byup,Haskdy,5U8 oo | 60-80 | 30-40| 50-75 | 0.I5-1, Peynirc?I96?
Siitliice,Isto Milll - 85-90 | 40-45| 60 |0.2~0.3 Togrol,I975
Tagkizak Shapyd I2-35 50 27 |50-66 0.64 Spe. Report
Unk.,01d Foundd 30-60 | 50-60 25 | 50 |0.2-I, [Peynirci,I96]]
Silahtaraga - ;
Power Plant 0-30 140-95 351 70 0.2-1, Peynirci,I96]]
3.Halig¢ Bridge | 0560 |50-65 20-27 | 50~65 |0.4~0,8| Dada,I970
Extension of I
‘ - 67 31. 67 04I~0,2] Togrol,I975
Power Plant v . .
Haskby .
- Sark Mills 0-50 70-80 35 50-60 0.5-1,0| Peynirci ,I96H
Wn , Natural Water Content
W, , Liquid Limit
W, , Plastic Limit
Q, Unconfined Compressive Strength




The odeometer tests indicate that the clay is in a Yormally .
Consalitated state.The sensetivity of the clay ranges between 3 and

6 which indicates that a large deformation of the clay can cause &
decrease in the strength of the soil layer (Tozrol,I975).

Also, Lests conducted on the samples.obtained from Tagkizak

, . . z
Shipyard Borings are seen in table 2,I1L ,

i

Table 2.Ii
Laboratory LTest Results on Samples Obtained
from Pagkizak Shipyard, (Special Report,I980)
Boraing I Boring 4 - Boring - 5 Borlng I3
(10,90) (5.00m,) (16.50m.) (I8.50m.)
W 15.0 215 22,9 20,7
W 32,3 34,3 3740 34.2
WD oL.7 ' 18.8 I8.6 I7.6
IP ) 10.6 15.5 I8.4 16.6
I 1,63 0.83 0.77 | 0.81L
Ys - - 2;86 -
Cu (o) - h 0050 0068
Yo () - - 2,06 |- 2.I
- (oo) - | - ol 27
Cu (oo) ~ - _t" 0050 0020
\/n (oo) - - 1074‘ 1097




CHAPTER II

WATER POLLUTION AND DREDGING OF 30T7T0M SLUDGE

3.5 WATER POLLUTION

Thp history of fhe water pollution in the vicinity
of Halig goes Eaék to_ISEP century. The problem was erosion on .
the hills of Kafithane and Alibeykoy Creeks and aécumulatron of
erosed maferial on the bottom of Halig, After I950, industrial
pettlements have‘started in the vicinity of Halig¢ and environ-
menfal pollution has been observed. |
The,waﬁér body in Halig¢ is the mostly polluted
part bf vicinitya The rate of pollution increased by increase
of population and induatrial settlement and the problem deve-
loped into an‘unbearable and unhealty conditiona,. ”
The main causes of the water pollution may bé ata-

ted as follows:

I, Industrial Wastea: 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 pollution due to
‘3 million population,(Xor,I975). Industrial wastes are pollufing
Halig physically,-chemically, ch.mically, and biologically; Valu-

es of bagic paremeters of water pollution at certain locations in . -

Hali¢ are given in table 3.I Karpuzcu (I974), Baykut (I946) and
Kor (I963) .



-
' Table 3,1
 VALUES OF BASIC PARAMETERS ON WATER POLLUTION
Water |Turbidit.omPerar Dissold Heavy Yetals BOD
_ ture in|ved Oxyr
Location Depth |' (cm) . Zn Cda (mgr/1t
April |88Br/1%) . mer
Kagithane ) o
I.0 20 20 I.1 0,2I-473 0.0 -
Creek . o
‘Alibeykby |
: GC.9 24 24 I:4 0.03-.11 0,0 Io.0
Creek
Eyiip~ | S "
) 301 20 IB 0035 - - I5.0
Siitlice ’
Halig Brd. 3.3 | 22 18 0,30 |0.05-,07| 0.05 | 8.5
Atatiirk ,
27«5 - I00 I5 I.9 - - —
Bridge '
Galata ,
' 26,0 I30 I4 4.0 0.02 0,05 365
Bridge :

o




2., Domeatic Wastes : The other important pollutant of the

water in Halig¢ is domest®ic wagstes of 600,000 population in the vi-
cinity. Most of the diétricts in the vicinity are in lack of a pro—.
per sewage system. A new sewage system is designed by/DAMOC.‘§I97I)'A
and it is modified by CAMP-TEKSER (I975). The waétes which»cannof

be treated biologically must be treated previously in discharcing
plants. Halig¢ district has the third priority in the consiruction
gchedule of the project. Therefore, the water poiiutlon by domes-

tic wastes will cohtinue for a per1od of time,(Fig. 3.I) &

Fige 3.I Domestic wastes on the shore at Byilp




3. Erosion and Sedimentation : pFine materials of the

ep hills of Alibey and Kagithane Creeks are tranported during ra-
seagona and sedimented at the bottom of Halig ét a rate of IO cm.
year and constitute almost all of the sedimented material., These
iments are called Bottom Sludge and contains organic nateriala
“heavy metals. These contents contribute also to the pollution of

er and the geotechnical prpbleﬁs of the area,(Fige3.2) .

S

AU

Fig.3.2 Sedimentation in Halig¢, near Siitliice

4. Ships and Wrecka: Ships are polluting the water by
heir wastes and abondoned wrecks impede the circulation of water

n Halig,(Fige3e3)e



Fige 3.3 An abondoned wreck on the shore

3.2 DREDGING OF sOLIOM SLUDGE

Baged on numerous measurements at varidus times it has
been determined that sedimentation of fine mate;ials,is on the or-
der of IO cm, per year. Therefore, it may be concluded that due %o
gediments a total of 260,000 m’ of fine material is”transéortéd by

the creeks to Halig every year.

The bottom sediments have basically three ﬁndesired fea-
tures :

| I. They contribute %o the poilution of the water,
2, They impede sea transportation %o the area. )
3, They 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,IO to I.I§ t/m3 (Becan,
1974) | | “

The geographical location of Halig¢ is providing many
facllltles in the sea transportatlon if the industrial plants
keep their existance in the area, the sea transp0rtatlon on Ha-
li¢ will be the cheapest way for the transportation of row mate-
'rials and goods. - A _

The present conditions are not suitable for an efficient séa
transportbation in Halig¢e So the dredging of bottom sludge to ob-
taiﬁ sufficient depth and to prevent pollutioh of water are ne-
vcessary. But the geotechnical conditions in the vicinity of Ha-
lig makes a preliminary study about stability of shores necess

83rye

There are many types of dredging -equipment for ditferent

materials to be dredged. Over I1.000,000 n’ of dredging was done

in previous years in Halig, (Table 3.2).

The amount of accumulation of sedimented material will
ldecreaae to 200,000 m> per year after the completlon of Alibey-

Loy Dam construction, The ‘amount of material to be dredged is a-

bout 2.5 million m° in Halig,(Arican,I976). Therefore,total vo-

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

four yearse.

32




- Table 3,2
Volume and L;cétiqh of Previous
dredgins in Halig¢ (Araican,I976)

Location 1 aar Volume,.m3
Stitliice-Silahtar ];_96 I 494,000
Haskd y».hala__cmglu 1965 | 250,000

Alibey Creek - 1965 .25.000
Eyiip - Silahtar 1974 330,000
LOTAL | - 1,094,000

Since the bottom sludge and underlying clay formation
are very soft and very weak, stability of these formations shb—
uld be evaluated, Also the stability of shores wshould be consi-

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



CHAPTER 4

Y

SLOPE  STABILITY

4,I INTRODUCEION

Every mass oi soil located beneath a sloping ground
surface or beneath the sloping sides has tendency to move down-
ward’and oufward under the influence of gravity.If this tiendency
is counteracted by shearihg resistance of the soii, the slope-is

stable, Otherwige a slide occurs.

he failure of a mass of soil located beneath a ulope
is called a "Slide", Usually, slides are due to excavation or °
to undercutting the foot of an existing slope. Slides'may occur

in almost every conceivable manner, slowly or suddenly,
4.2 SLIDES IN COHESIVE SOILS

A cohesive material having a shearing resistance, s ,

S=Cc+ P tan ¢ 000000.000.0(491)

where ¢ denotes cohesion
p denotes normal stress

}5. denotes angle of shearing resistance,

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

B4




vVided the height of the slope is somewhat less than critical

height, Ho.If the height of aslope is greater than H_» the slo-
| pe 1s not stable unless it makes an angle with the vertical.
If the height is very great compared to Hc’ the slope will tail
unless the slope angle is equal tu or less than ¢5

If the failure occurs along a surface of siiding_that

intersects the slope at or above its toe (Fig. 4.1a), the sli-
de is known as a " Slope Failure " , On the other hand, if the
80il beneath the level of the toe or -the slope is unable to sus-
tain‘thé weight of the overlying material, the failure oceurs

along a surface that passes at gome distance below the toe of

the slope. A failure of this type is known as " Base failure",
Fig(4.16).

Fiem base

Fig, 4.I Position ot critical cirkle for (a) slope

tailure (b) Base failure

0w%vm\uWYQWmAM”vN\ﬂWV\\“\/T”
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4,3 PROCEDURE FOR INVESUIGALING SUABILITY OF
SLOPES

The general procedure is to determine the position -
of the surféce of the slidingi to estimate the veights of the
various parts of the qliding mass that tended to procedure or
td oppose the slide} and to compute the avarage shearing resis—
tance,s,0f the soil necessary %o satisfy the conditions for equ~-
ilibrium of the mass.

In order to investigate whether or an a slope on so-—
~ 11 with known shear characteristica will be gtable, it is neces-
sary Yo determine the diameter and position of the circle that
represent the surface along which sliding will ocours.This circle
- known és the'" Critical Circle ", must satisfy fhe reqﬁirement
that the fatio between the shearing strength of the soil along
~the surface oi slldlng and the shearing force tending to prodn—
| ce the sliding must be a minimum,.

After the diameter and position of the ecritical circ-
- le have been determined, The Factor onSafety,F s 0f the slope

with respect to failure méy be computed.,
o

Fig. 4.2 Slope Failure



F-_5rda
l.Wl L:"Wa,\.q,

.0.0..0.0.0..(4.2)

Where r denotes the radius of the criticital ciricle
| da denotes the 1éngth of the surface of sliding.
| The slope atability may be investigated by trial,
To make the investigation by triél,'different circles are se-

- lected,each representing a potential surface of slidiné. For

each circle, the value of F (Eq.4aé) is computéd. The mini-
mun value represents the factor oi saBs#ty of tpe siope with
respect to sliding, and the corresponding circle is the cri-

tical circlee.
404 S1OPES ON SOFL CLAY

The avarage shearing resistance ,s , per unit
of area of a potential surface of asliding in homogenous

clay under undrained conditions (4 =0) :
1 .
S'—'—'— e -_ ©0 P OCROCO0OGOOCOESOOISO Y
qu = C (4‘3)

q, denotes Unconfined Compressive Strength

- ¢ denotes Cohesion.
If ¢ is known, the critical height Hc of slope having a )
given slope angle B can be expressed by the equation, “

HC.>:_ NS —%—- oooooaoo...o-ooo(4.4—)

where Ns denotes stability factor,
Ns is a pure number.its value depends only on the slope ang-

le P and on the depth factor ny (Fige.4,Ib) which express the




depth at which the clay rests on a firm bage, If a slope failu-
re occurs, bhe critical circle is usually a " %oe Circle " that
passes through the toe of the slope, HoweVer, if the firm base
is located at a short distance below base the level of toe , the
critical circle may be a " Slope Circle "ﬁthat is tangent to the
firm base and that intersects the slope éﬁove the toe.

The position ol the critical circle with reference to a

given slope depends on the slope angle P and the depth factor n

do
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Q [0 1]
" 4 ij'(‘: —
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— e — Midpoint Circles
~-——-=--- Slope Circles
Fig. 4.3 Relation between s.lope angle and gtability
factor Ns’ for different values of depth factor n

d
(After Paylor, I937) '



According to fig.4.3 , the failure of all slopes rising at an ang-
le of more than 53° occurs along a toe circle, If B is smaller than

53 , the type of iallure depends on the value of the depth tactor ng

and, at low values of ngs also on the slope angleF?o If n, is equal

d
to 1.0 , failure occurs along a slope cirtles

If ng is. greater than aboutv 4.0 , the slope fails along a midpoint
circle tangent to the firm base, If 4 is intermediate ip value bet-
ween I.0 and 4.0 , failure occurs along a slope circle if the point
representingn thé values ofnd and B lies above shaded area in Eig.‘
4,3 o+ If the point lies within the shaded area, failure occurs a

toe circ.le,

4.5 0HE USL OF THE SLIP CIRCLE IN HE STASILITY
ANALYSIS OF SLOPES '

A. If slope is located above water table:

It avslope has an 1rregular’eurface that cannot be representea by

a straight line , or if the surface ot sliding is likély to pass
through several materials with different values of ¢ andg , the
gtability can be inveatigated conviniently by the " Method of Sli-
ces " o According to this procedure , a trial circle isAselecfed,
(fig 4.4), and the sliding mass subdivi@gd into a number of vertical

slices I,2,3 etc,




T T
/s Shice 5
X ,

| . SR |

o " (a) - ()

Pig 4.4 Method of slices for investigating equilib-

rium of slope located above water tahle

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

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

des, and by a set ot forces on'its bases, These include the

‘shearing force ¥S and the normal force.P,_' .

The.forces on eéch glice mﬁst satisty the conditions of equi-

librium, However, the forces I and E depend on the deformation

aﬁd the stress-strain characteristics oi the slice material

and cannot be evaluated rigousliy. They can be appmoiimated with

gsufficient aecﬁracj for practical f_mrposea° The gimplest approxi-
. mation consists 6f setting these forces equai to zero.Under these

circumstances, if the entire trial circle is located above water

table gnd there no excess pore pressures$



The equilibrium 01 the entire sliding mass requires that

r éWS\no{: | éS ,000000900000(405)
1f 8 is the shearing strength of the soil along %, then
S=-2_ L _ ¢ |
F - — b 0.00.0.00000(406)
F Cosa
and
CZEWSwd = £ £ _sSb cececcssesssldal)
| F Coso
Whence

Fo _%(sb/cosq) veeecenenena(deB)
é'W Swnol

. The shearing s‘trength 8 , however , is determined by
D= C F-"—Qﬂ¢ 000000000000(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 4.4Db) ,whence

W = S S\‘“D(-\- ?‘COS(* .000000;0000(40150)

_ P _ C
? “—-—L—"‘ -~ ? bOSd\ = V\hj - ‘%g\%oocoo(4oll)

therefore

mg._.: ...\N-—--i N | | .
cr(W_> S«\u\>£3¢=c+@’g—% tad) Lo ees(4.12)

and _
<. _C(Wh) tad
I L‘L%v( igq))/’;:_

..’;.‘..._..(4013) :



Let

-m¢=( F+tad.-ta ¢

- )}:ogbf......o?.(4.l4)

Then

¢ e (W/b) tapTn
My

n
i

: co;ooooo;o(”4015)
Z W Swy ' o

Equation 4.I5, which gives the factor of‘safety, ¥, for tﬁg tri;'j
al circle underéinvéstigation eontains 6q the right-hand side
the quantity mu(Eq.4.I4) which is iteelf a function of F, The- |
refore Eq.4;15 must be solved by suceessiVe,apprqximationé in which 1
a value of F::FI'is agaumed and used for calculation of my, Where-
U?OB F is then computed. If the value of F differs signifieantly
from FI, the calculatlon is repeated.lhe calculutions are fa01ll-
tated by the chart from whlch values of mg4can be taken, (Janbu,
1956)

F»-||'|l||lll*".['|||||]]‘|l|[1’*r~j

4 sinatang¢ |’
| mg=cosa + ="

L2

Mg 1.0

08—

06

{1 A U Y S T A T |
0 10 20 30 40 50 60 70
a (Degrees)

Fig 4.5 Chart for evaluating factor mgy



- ~B. If the slope is partly submerged :

In general, the slope may be partly submerged and

there will be pore pressures acting along the trial circle ,
(Fig 4.6)

Fig 4.6 llethod of slicea for inveatigating equilibrium
 of slope for partly submerged slopes (d) Forece
polygon for slice 2 if forces T and L on sides

of slice are considered to be zero.

The'magnitudes ot the pore pressures depend upon the'condi*
ﬁions o1 the problem. In some intances they may be estimated
by means of a flow net or tield observations. If the level of
external water surfaceiis denoted by A-A , the weight,W, of

the glice may be written as,

W:Wq+Wb - Eb%w 000000001000000000(4016)
where Wa is the weight of that part below A-A , And W  is

the submerged weight oif the part below A-A and szﬁ'is’the




weight of a volume of water equal to submerged portion of the slo—
pé o If entire slice is located beneath the water levei., ag slice
3 the weight or the water above the slice_musf be ipcludedin zbY
The pore pressure at the ﬁidpoint O% of the base of the»slice is
zwau_, where U is the excess pore pressure with respect to exter-
nal water level, If the emternal water level A-A is Jo cated below
O' on the base of the slice , the pore pressure at O% is h/xw ’
where h is the height $0 which the water would riag in a piozeme-
ter at 0! . If the-pore pressure ia due to oapiliarity, h is nega-
fivé; The shearihg stress , ¥, along'the surface of sliding is,

|

|

t= 3; o - (c+ F{%SD) z%[c+(%_ g\gwq)sﬁsqﬂ

whence

(

S=rt=2 [ele(Paly,-uL)tqp] = —‘F:—?(CL+f‘t3‘b)

Equilibrium oif the entire slide with respect %o moments about

the centre of the trial circle requires that

é_(\Nuaer-\- 1\3\@) ¢ Swol = é S c 4 A 'Xw Af)'(lg‘
2

- 3 ’ » : |
- F i (C\.J‘f\) 'L%b>(‘ -+ %X\” Al(j\ 0000000(4019)
However , the water below level A-A is in equilibrium,

whence




_é-Zb \‘wr %‘w\o{ :__\i_,"‘w Aié‘ 00.0.0‘0,00000(4020)‘ :

Ihereiore,

S(WarWy) e, Sopy o 1/ o ‘
( d’*’ b\) C = oy '-J. R _\‘:_... é(cl-.\- P t€3¢) Poo(4021)

- £(cl+ Plad C
F: ‘) ‘o'ooooooaooo'(‘}oaz)

< (\/\/g 2 Wb) S ol ’9

\/\lq X \Nb + 2% '\';{‘;J = E P2 Q.\K.ﬁ ¥ ?‘f U L) Cosk a3

( P tad) . FL> 3\\\/\01\ oo.':éoooqo(4-023)

and
o Woaa Wy, - u\g«-—-—L Mol .
P - » ::-;--“0(4024‘)
‘\/\J‘ ’
Subgtition of eq. 4.24 in %o 4,22 o \\

Y
4




- g Lcbr (Warwi-ub) tang]
F - ' Mo ' '

. ‘ , cooee o'o"o:‘( 4. 25)
'é(W“*Wb)g\“d\ |

. I% 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 excees pore preasure ,u , is culculated

for the base of each slice., he procedure described in the pre-—-

ceeding paragraphs may be modified to take into account the for-
ces T and L between the slices (Bishop, I955).

4,6 COMPUPLR PROGRAM FOR SLODPE SLASILITY

| This computer program (KOSELER-I) is developed using
Bishop's (I955) Msdified Procedure., The prdgram ugeg a circu-
lar -arc failure surface. rirst Tthe intersection coordinates
of soil layers and the potential failure surface are found
then the areas, angles, etc., can be calculéted._

| The program will solve any slope atability pioblem
“where the gfound surface can be descrihed by étseriea of stra-
ight linea, Any number,oi' linew und moil typeé con be used
The:program allows for describing the pore pressure by use

of‘saturated soil unit weights. The program computés both the

total and effective slice weights}
It is heceasary in using this program to

I, Number all line intersections in increasing X



coordinates from left to right.

2. Number the upper external (closesgt %o arc center) so-

11 lines first in order mfrom left to right. Interior gsoil lines :

_may be numbered in any order.

% The different soils in the mass may be numbered in any
order. | o

4, Compute all line intersections agourately fo 0,005 to

SMINO=0.0I will properly tesu coordinates.

- The program locstes all line intersections inside the tri--

al arc incluiding those lines intefsecting the arc. A glice is

located on every intersection point, Distances beitween intersec-

tion points are divided according to the slice~width specifica—
tion (SWIDLH)S

- This program will compute in either metiic or £ps units.
Use ﬁetérs and kilénewtona or feet and pounds. The unit card

containa three entries:

M - CM 4.807
PP ' IN . 62,500




LINE

4.7 OPERATION OF COMPUTLER PROGRAM

OPBRAT ION

I-5

I3

14

I5

Bookkeeping _ |

READ #ITLE and work unlts(ﬂlwo cards)

READ(I515) | |

NOL: total number of soill lines NLIT: total number

of line intersections(The end of an& line whether or
not intersected by another line is a line intersection)
§OS: number of soil lines in mass(Seme soil submerged
ig counted twice) NOLE: number of top external soil lir
ITX-ITY: number oiAciréle centre points in XyX direc—
tionsjto be analyzed for a single entrance point'
PCODE: plot subroutine used if> 0 NP plot control ‘coun—
ter DIMEN: control number of slicea ag 75,80,90 ,etc,
LIST:control to obtain extra output(after test run
use 0 to converse Paper) |

READ(5 ,%) : ' | a
CX,CY¥:initial trial circle centre coordinates ENIX .
ENTY:trial.circle entrance coordihates DELX ,DELY:
centre X,Y coordinates increments for each trial
SWIDPH: initial slice width( DIMEN may increase va~ -
me | |
READ(5 ,%)

SCALI: plotting scala aa 20,30 for I inch;‘

HAR : fop & coordinateg of slope

.,
e

YAY : disteibuted load on soil( q_:Zt/m) | .



LINE  OFERALION

L

27-52 READ problemata on line intersectigns,soils , etc.,
| and forms arrays for later use, also writes data for
checking | | A
o8  READ NLI:number of liné intersections of each line

in turn one entry per card
"0g READ (C(I,d)4(NOLI®(I,N)yN=I,NLI) ¢(I,J) : line data
‘including line number , number of line interseciions
for the linés, the X,Y coordinates of the end points o
left %o right( 6 entries) NOLIZ(I,N): all the line
intersection rumbers on the ith line including the
end values(NLI entries) | _
30 Gives vertical lines the slope value of BIGNO so com-
puter doesnot divide by 0.0 o
39-40 | READ INLAR(J,K) A
INPAR(J,K): line intersection X,Y coordinates in inc-
reasing intersection numbers |
47 READ soil data on DO loop (
| NSLIN(I): number of soil lines defining the boundary
of the soil. Inclﬁde lines terminating at a joint. If_
a line interseétion a soll-boundary befween the ends
count the soil boundary between the ends, twice G(I)é»
unit weight either saturated or wetrPHI(I)=¢5angle
COHBS(I): cohemion SATL: I,if saturated,0.1f wet
52 READ _ | |
LINSOL: goil line number , INTL-INIR: intersection num—

ber on left and right and of line(if a soil line ter- a,
4



LINE

OPERATION

69-140

I4I-196
197-221

222-285

286-352

353391

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

included, the joint number is used for both INTL and
INUR, | |

Beging IV to test circles

Computes trial circle , lkne intersectiona, £ind lines

~not used ILNU(I) , thacse in o2irele but not intersected -

by circle

Sets up arc intersection array ARCINT.

Find slice width and cheoks'total number of slices aga-
ins t DIMLN and incrementa slice ﬁidth if neceggary

Finds coordinates of ail line intersecting slices in

 slice array SLIE (I,J,K). Noke that lines no® inter—

gsectod 1n-a slice arex given same coordinates as last
line intersecteod and staciked at a poant, Uhnis ap rou~
tine for both coordinétes test and area cémputatiohs
can be uaéd using all lines. SLIC array.is éorted tor
decreasing Y coordinates, .

Computes areas of slice parta and weighta, both effec-
? _

tivem and total,swss nlice vweighis, findo ¢ and and ¢ for

soil touching arc suriace

Computes safiety factor
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CHAPTER §

RESULTS AND RECOMMENPATICNS

51 RLSULLS PROM LHE COMPULER PROGRAM

5.I.I Slope Stability Analysis For lxisting Soil Profile

Results from the computer program and figures showing va-

rious cross-sections are given in figures and tabiea. |

, In cross-sectilon (3—3)A , 8011 I is artificial filljthe
thickness of these filla decreases with increasing diéfénce from
the shore. The artificial £ill contains boulders, gravel, sand,
éilt, shellé, wooden pieées, pieces of concrete, mortar 'and all
kiudé of city debris. lhe determination of engineering characte-
ristiocs of such fills is Very-difficult; S50 soll parameters may
be taken as : (Aras,197s and Uinlii,I1982)

Y, : I.8 t/m>
g : 20°
c 2t/m2'

Soil II is a’sedimentary layer, ‘he sedimentary layeré
which are found under the artificid@l fill layer consists of sandy,

clayey silts which contain large amount of organic matter and



shells. ‘

To find characteristicu parameters for such snila; We"ﬁill mé;’
ke the following consideration accepting the soil to: be normally
conaalidated. The value of ratio ¢ /p is found by the fonmula.

su/ﬁz 0.II +0,0037 PI’

given by Skempton(I975), where s denotesitheiundrainad.shear
strength at a depth where the effective overburden presaure is
equal to P. PI denotes the plasticity index. The avarage value
0of PI may be obtained from table 2,10 to be 35. When this ava-
‘rage value is substituted in the equation, au/ﬁ'ratio’is found
as: o
"u@ = 0,II+0,0037x 35
Bu/P - 0024
For vai-ious depths :
3&110 ‘oooooooooooo'oﬂu;: 00241(301(008:5.76 ’b/m3
4Q0m. ooooooooooooqsu"_-"- 0.24X4-0x0.8 =7068 t/ms

50m. oooooooo-ooooau=0024x50xpas =9.60 t/m3

" 6Qno ©0oc0emecssssee .Su:: 0024)(603(0.8 ‘:—II.52 t/m3

;If we plot these values, we will obtain the angle of friction,

@ =1I2 and the cohesion ¢=0.




Soil III is decomposed graywaqke}'The:enginééring cha-

racteristics of this layer is given in table 2.2 o

| As was stated before when a circle center and a ent-
rance point 1s given as dava to the computer program,‘it analy-
gis further 8 potential failure circles bj keeping the position
of the entrance point constant , and dhanging“fhéméeﬁter of thé
circle in the X and X direétidns. In the table only thé slope
circle which gives the minimum factor-of gafety for this met ip -
'given. So altogether I2x9=IO08 circleg have been investigated,



If we run the computer program for cross—section(S-B)Ai, Wewill"

obtain the following results:

Circle Circle center Coord Entrance Yointks PACLOR OF
_ - SAFETY
NO X X X ¥ Lo
a | 122 138 217 105 1,73
| 84 119 34 | 105 | I
s 94 126 143 I05 |  I.60
a4 106 | 125 | 169 105 | 2.00
o 89 135 151 105 | I.50
£ IIA I47 202 105 2430
g 106 157 161 105 2.10
h 95 155 | 197 I05 | I.55
3 98 135 189 105 |  I1.50
K - 80 148 180 105 I.54
1 80 I28 | 168 | I05 | I.52
n 73 I16. 155 |- 105 I.6I
w 61 130 140 105 1.60
0 74 133 52 105 T.49
% 69 105 115 0% I.61
t 88 125 186 105 1,30
r 100 104 162 105 I.56
p 84 07 145 I05 | I.76
oy 73 s 50 105 © 1.40
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In cross-section(3-3) B moil types are given as:

'Soal I : Aptificial Fill
Soal II : Sedimentary lLayer

Soil III : Deoompose@ Graywacke

The results taken from the computer for cross-section(3-3) B are:

Circle center - | FACZOR OF
Ci;gle, Coordinates Entrance Points VSAEETY
X Y X Y
a 105 148 183 107 I.29
b 96 139 © 160 107 1.65
c 106 139 67 107 I.80
II7 | 146 175 | 107 | 2.20
o 99 146 81 | 107 I,I3
8 III 155 s | 107 | I.36
h 127 149 200 107 1.50
3 II9 163 | 188 S I07 | 2.I2
k 86 14 - | - 180 107 | Ia2
1 83 150 I74 107 - | I.I9
- 82 161 192 107 | I35
n 95 160 189 | 107 I1.II6




mvﬁ.mlmv 1614

€ __Om.

10S




THESLS

:;K«-

» M

')

DPE" STABILITY FOR UNKAP(LIT)

NO OF LINE INTERSECT= Tz
NO OF EXTERMAL SOTL LINES

G

OF LINES

M

3

OF "SOILS=

o~

¥r

HO OF Y_INCREMENTS

2

INCREMENTSS

o
ol

‘;O‘Fé X

254

ITIAL SLICE WwIDTy

IN

m‘LN

o

O V@D = ~INn
NN IS OIOIM

N~ 00 IFD

O Cem N

AR 0 9nua-muw - a.l.u ,

T e e id o -lf-xwi .
B N o L LT

.a/.n.«w sfal<leld sl ol e
PO DT oD
(Vo ol asf V] NSO

wioad .k

Talfmv.w!qxq T.m.l
B IPEI RIS S~ .

o »»..ua”a,.n.m.pan.
XTTMOTSTOT
~TMC oM T o

N N N

L DA sl R
= eiel el al al el el el s -

XX I O T
(e} [ < oT5 N aom
O Q.Q .\_u L»
C

-

Z4

i Selefclelefiaf(alc
QNNNN 22 NINNN

EQ-‘

=

e “%‘:;,ﬂl:.
n»qo..w.».a;q.m.ﬂ-_”

Tl ol P LEY g e v

aVNCoOoOmEN

BT g e e i
TS TAE SRE
lim ~{ im L8 nPum.amuthn
>IN0 DTN
: CCCMNe e O~
> -7
—
e
P~
A. - 2. N
ST S e £ Rt £ e

S 0 N AR R A S A
Dol b 2l S0 nd 100 obl o all ol o
S0 I JOSTUE IS JEL AL T %2
oo~ -Ma e
DM RO NN M~ D Do
L Ll o

>

«C

o

o OUUzé.*T..«L»JI [ 1)

L G nel o ¥ oot “H ORI CUETIDL VN
=3 af of of sth 274wl o 2d ok

| oad R~ g~ Vo = e o ol oY o 0 o

o ’ 788“8935“

A"

R:.

o

b

Lz

= N

,ENT23456789QI2

— el 2Y

L .
P Bt gl B e TN O NI O O O Y P P

Ualstoisiafeleieialaleffotnle
HORROOR oo
5113111

fﬁcan

DOUUUUUUUUUUUD
ifelol el alelof slalofolalelald
H 00000022222255

.M

T838888888888777

2w b b ol a3 i W ad ad 23 0F b ug wd

L o N N s et i L L

P I*.-Aﬁ:
T,: . k
N~ o

N
- ,
A..u»._»u*a..iu»nﬁ»
wntccoococococoooooaoca
$—
=z
.

Y 1S X g v.-m:.nz&\\»v»uiuam)vw«
£+ 7-.“60.3691 584&.&;8?
Tl R S -
[ag

TNTH

«?~:u:r?:.7f?:3
S SNO NS M OMINGD

LEFT

>
<

R . .
Ll el alef el o el el el ol af el o e els

 C2Z SN TNOTNO~OON~DO O

-
<_J
-

L

N .

L i

us?u

T Zowl
WOl
Looxal

X <
O

[SHIRSY.
ez
P I

<O
— Y $m

2NOT INTERSECTED RBRY TRIAL CIRCL

X LTNE

X LINF

4NOT INTERSECTED RY TRIAL CIRCL

6NOT INTERSFCTED PY TRIAL CIRCL

X LINE

INOT TINTERSECTEN RY TRIAL CTRCL

X LINE

ERSECTED RY TRIAL CIRCL

8NOT INT

X LTINF



X LINE:

9NOT INTERSECTED BY TRIAL CTIRCL

2IS NOT INTERSFCTED BUT IS iN ARC - .

«LINE

TERsscf’wITH LINE ARR

N

QM
Keake Yo By 4
731’«'{
X osieddiad
Tty on
o~
et

N
l. ,0 :

C

E
&
ol
TR
7]

E AQRAY WITH

1233“566778890?2

(=R I

ERIRINIRIRIRE .. NIRRT ]
XX XXX XXX XXX XXX XX
X X XX X XN NN X XN X X

0!TTZ22233444“Q44

_:..:__ TEEEIT A bR T e .
V.KKKKKKKKKKKKKKK

S FOLL W

= -ty ?J e o JRR TV T 110 nav& 5%

ol el tes o LV PR o R

R 28 (22 - Yo . S oV R (Yo E A5 SRR 8 o

Tnan ReprsrgaLalsgaL i epefeg rpag s

QOIS 5D

7(31 662ro:,ﬂ87ﬂ:9ﬂﬂ9
[F NS I -]

RS

3% ]

INT

SO0 - - ~Gdp-Fombin mﬁ
LUOOQ..YE(:TJQ,'! 37&1@1&11@1
B A ik T i e Bl ot g g Tal i

alelataiel o] elal ol aialsi i ol aiele

e = = RO EL - apleele B 0% -

.f.“7889u788933uu
: : =T T~ TIN NN

. : N .....qxv..v..f.:....,-l .

- O IO

TRIIRIRI I
XXX NN
b - D b 4

FOCC S
R ¥

.. )
DITIERE B
XX XXX X

l=]
-

OOr Or' O

BETEE. RN o5 - To BEs 1)

R
—ac NS~
ZVvonilac

Y ARCI

] TR o T g
<iei ol al el el ¢

oF aErmon .
LIt -0
. eBhacindd

M #0150 0

B T < X

ND SLTIGE WIDTH AND NO OF SLICES

ARKMAX IMUM. SL

0 To 2750

"Foz

[EMERER])

L R

Ol el

I

T1s

TY FACTOR FOR POINT

-~
o
[

. THE SAF

-
Q
[e 4
fae
(&
-4
L4
it
[a
[
b
o
[}
1}
-
Q
L
wy
o
d
o
ped
pmd
[
(o]
=z
N

X LINE

4NOT INTERSECTED RY TRIAL CIRCL

X LTINE -

‘6NOT INTERSECTED PY TRIAL CIRCL

X LINE

 INOT INTERSECTED BY TRIAL CIRCL

X LINE

8NOT INTERSFCTED RY TRIAL CTRCL

X LINE

AL CIRCL

-

9NOT INTERSTCTED GY TRI

X LINE

215 NOT INTERSECTED BUT IS IN ARC

C INTFRSECT WITH LINE ARRAY

%L INE



i

2334 6677889GT2 LM N0 oy
: B 3_ 15 2., FEEE O P L kU

; i L Naos

DN

WO T e i
e = LN

NN XXX XX XXX X X XX NN ;
SN X NN NN N N NN XN N NN NN il BT : [T
VI T e ST U Cefst et N Y I
= AR . oo o et : el Hedboaged
01112222334QQQ44QA Q589ﬁ2 .

L ‘ . _ . . ‘._ ..,“(,:..h

_215fff,j
RK;

OWS:
1

A : . . o S
SOME AR MR R R R Rt it vl e n it
FKKKKKKKKKKKKKKKK R XX XX s QOO
. o L 7, Y53 T VIR TG
.\Ju.n -£n l?mfﬁ.).&z r.mw«n%»;ﬁ, A0 AN O ;
S oA QT?G’??FT?TT???! CO i i~ Ot R
2% G- ) - G A0 R B R e S [TE e <o JRSL . to( 2L - AERRARPNN on Jio S50 0}
L T\ R BRI B SIS S T e I e e LA TR A WL At R Vo e o
M~ C“.607970Q.75370|7 g~ Pt O P .
(=3 F63?66ﬁ¢55087n‘ Q,nﬂuQ, e \:.66,5” [ca] o LN
) v : : km TR e I o R s .00,.2::,

IS IN ARC

m nma

s FoLL
Kz

ON
1.

cCocr
> Dwo #
e W
e M-
- OV
*

Y TRIAL CIRCL'

Tl
21

ED BUT
c
4"

3
6

A
S

ST ;DUQU%?.J?E..KB‘&%&&“%{ <D ~ER SO A FL LY
CEI O DG M R (N o it i i v RBTZIQf (7 e bt b
NG R I RN 60 - 40y 6 - R o [ I
L NDC ,.Aﬁwnuﬁ&.? efal el sl al afialiaisTalele k,ﬁq,.; olalele
.Xk&t@.. L ZAOPS I NG A i S e Ny -
. s Eu79u78

: s .,..xm&?&

Ly

a1 ]
AN 4
S OO
L Tk st e ef eF

INTERSECTED BY TRIAL CIRCL
T

INTERSECTED BY TRIAL CIRCLY

T INTERSECT
H LIME

oy
"

M

0

'TH?.SAFETY[FACTOR For pomns

2NOT. INTERSECTED BY TRIAL cIﬁCF,l fff'””
4NOT INTERSECTED BY TRIAL CIRCL
6NOT INTERSECTED BY TRIAL' CIRCL™

9NOT INTERSECTED B

BNOT:
21S N

E .A <".

‘N

1

4

LT IR AN
oo

L
LINE

LINE‘f
TN

T
. ARRAY WITH ALL INTER

S
INE S TNOT

L
e
e e e e e

4
Y




Q
Yo

8]
M
o i ~
i ~N : -
| ol L]
b i H
: A * e {ale
- : [ag ol . .
O U D= 0 0 N O M) N O ; Vo] ) ) - N0 e
D : ! oy
: - N
RN IR NN I TN R R T RIRIRINIRT T — IR RN E RN ]
X XN XXX XYY XXX XX XX X s . ’ O XXXXX XXX
XXX X XN N X XN N X XXX XN X | - - i - ol (64 e X XN X XX X
: . 1o Q (&) (& (& (@] O - wv
. . - > > fa d x x @ 04 s 4 =
AN >SS WO N = [ -t - [ - ] = [ 23 200 SN oFE o¥T oVE o ¥ o}
i 4 &) (&) (8] (8] (8] [ & T i)
o o Lk 2 } L
IR IR NIRRT IR INTRENT IR IRINIRERE =it a St - -3 ] - J J 7] = A RT R INI NI
X XX YN XX NN NXNNXX XX XXX XN N OO0 s £ - << < - B - LY X XXX XXX
o v ZLbt b o @ o~ =~ 4 i 4 — —y
‘ .| (PRI W] (=] (oo o] o (o4 4 [e1 (o4 (4 (¢4 = (%]
T T T O N I3 uwn o B O W L w - b — - Ll ) 2o W) Lo
1..!1!791 P??&IT?W) CCi-C v = Ranli s I [s¢} [e o4 LS aalland ,Q.x.‘-ﬂ;1«,.{1 o8
IO BewD 0Ntk er ot a3 B Y (T0E B o o ] -3 o bal g B o 4 -2 > > > > > > > nmMT T E RO 8 een
SRS RS At TN PR TRt ST U Sed A ,.' [0 B B B N v Lo n © ¥o) w Q.o (e (= [ fouy L I STt T A = S A A s S S
DA~ 2MS~ o~ D oM~ LTINS - 2 wl e r~oITr~ QF DI~~~ W0
v oMo~ oo o praVa Vol To R wio o] nayd L ZTCe N8 O v a () o] o [ o — [SSERV e R Tal. ol U [CRS el L RV o RVa N oH Tl Toy
£ PooaeE ~ w0 o D ran < > g iud Ll il Ll Ul &) - & iz
’ o R o R 1 T N T 1 - - = - b = L c.
o O b Tedefiedi > 8] 8] (8] . (8] (&) v [#8] "
- Z > oo L Lat L W L W o5 z b
) -4 - > W ) %) w %] 9] %3] ut -t z
: > N = ta} e o S 0 4 (o4 ox (¢ (a4 — - —
] St 1 e IR E R SRR L e R 4 IR RT TS vyt wl W W 1 W 98] = [ oo R | R NI TR A 8
(7 et e S et L5yt (] s 20 ot Sd o O e €t (N Wt «C Libd bbb < T D b | o | | | o — Pt T ~ror< AT Cvimies N
30 g 0N b drerroir f [a oo s I T+ R SN P ol W N L > pd P-4 =z = Z P N b U NS 0 U 1o TS " 2 0]
siel el ol el a7 el sl sl el el 0i ol e wlisial s el el m T e . oo — e bt Y= fo — — = MM e el sl alalato’s
NI PO DO [aVE- o= JE- SRt N L | 1) oo o =3¢ »f :.,.Z dr>rn 0
PO O QOCOM M W~ I~ a w x ZOLL - - b - b I z i T w~oa
1id i <IN NN — R 5 — b o o (o] o o o (o] o - 0~ ,.b - B
: e o] =z X Ot et 2 z = =z =z rd w (& Lol ol ool [
< hus g - ™~ E o ¥e] ~ <] o)} -t wd =
(&] w = oaad ) o 72}
— [S I k- : . @ >
. 3¢ O Lo L L W w W W L. <
Lo 4 < o X 4 z z =z =z d Wl - x
a [7: L2 — — L = = = 2 o (o4 :
54567890 4NM T N0 “C-4NM) TN WO 3* ISR 4 P - P R | - - - -z LN M U O O
..!7'.:11;.}!.. . Q. * . B - B ¥, 0 . : . - S I - -
w z ¥ =0 > p%4 > > > X * SR L - us
:::::::::::::: TR [ (s 214 > > > > > > * xZ e unun e = IR IR IR INTRINI ]
ed brad bl 2 2 4. L A2 . 2% 3% BR D% A% BE fa » 4 4 22 28 Ba @s e & N - Y s e a & - - -~ < & - ~ Evy - B A AL #%2 b Ae se e 8 & 2



-1~ 0000 O~ C3f=~ 0y
] 5 adot

(RTRINIRTRIRINY!
CN XX X XX X
XM X N XN N

e

IR IR I NI RER]]
X MM X XXX

0 - l...u \\ﬁlﬁ. 5t
L g e B e, s e
‘hn. wosig B p .t.vﬁ
Sl eTal al el el n
DTN~
~acCc oM
e A AN NN

LR IR I
e it ek Pt e

— MO

INIETRIRIRG
X NXNXNNX
XXX X

TN

UL et

o

- .
e N
O e T e
Lo - -8
LrLprh et

oon E¢ g TS S
«f el el e aisis

D4 D0
ng7ﬂLQ78

-d lpeaideTlimn
a8
-C .
(&
L]
-
a.
a
<C~4NMY T UND
Wi
IO IR
TYLI Pt hed 2l

I XX XXX

f&!uzan ;~-”

DI~
Mo
M~ NN
?quhﬂw

£ ﬁn~.nn

FIND SLICE WLDTH_

LIS

THE SAFETY FACTOR FOR POlNT

RKPT PRINTS

I e



. The reaults taken from the computer program for cross-section

§(4—4) A are: | :
cirole | Grole Center | mutmanos potate | YACROR OF
NO | ‘ . SAFELY
A Ry Y ‘A Y

a 65 s | 137 B85 | I.3

7 b 92 | IiI mo | w5 | Lo

e 86 | IIO 139 | 8 | I.83

| ' 92 7 | 163 85 | Lol
o 107 119 174 A5 ror
£ oy | s 85 I.74
g o8I 112 £20 85 | 1.8%
h 83 127 Ia4 | 85 | I.BO
2 S Ior | IS | 180 | ‘85 I1.35
' . tor | 140 85 I1.20
k| 68 118 154 85 I.16
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In cross-section (4-4) B soil types are given as :

'Soil I : Artificial £ill
Soil II : Sedimentary layer
"Soil III: Decomposed Graywacke

The results taken from the computer for cross-seotion

(4-4) B are :

Circle Cirgigrgggzigs Entrance Points FACIOR O
MO 'SAFETY
X Y X Y |
a 85 123 142 90 I.90
b B2 we | s | 90 | 1.0
o 99 118 159 90 I.60.
a 89 1I7 150 90 1.16
e 85 II2 | 128 90 2,00 \
£ 79 1123 I32 |90 | I.85
g 105 | 128 159 90 - I.95
h 92 141 169 90 I.18
i 72 1I0 137 90 1.16
Kk 66 » Ié7 145 90 I.14
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In cross-section (8-8) A soil types are given as :

Soil I is Sottom Sludge? It has been determined that it is

formed by sedimentation of erosed materials and pollutant

in water. The engineering characteristics has been taken as :

0 :'1.15 t/m>

v I2
c 0
Soil II : Artificial Fill
Soil III : Sedimentary lLayer

Soil 4 : Decomposed Graywacke

-

The results taken from the computer for cross-section (8-8)A az

Cirele | Odroe o s Entrance Points | FACIOR OF
NO o . . . S AFETY
a 86 III 135 .| 8I 1,18
b | 8% 105 1I8 8I° I.I4

e 91 108 I24 81 I1.50
a 98 | I3 165 | 8I 160
6 10I s | 153 8I - |. I.60
£ 84 120 127 81 I.I4
g 82 93 133 81 | 1.30
n 72 108 | I3 81 I.o4

n 74 7 | 136 81 113
p RS 128 57 8I 1.35
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In cross-gsection (B-8) B goil types are given as :
Soll I : Bottom Sludge (Slurry)

Soil IT : Artificial Fill

Soil IIX : Sedimentary Layer

Soil 4 : Decomposed uraywacke

The results taken from the computer for crogs-section(8-8)B a

Cirele Cirgizrciﬁzz; Eatrance Yoigts | FACIOR OF
O X Y X y | SAFERY

a 101 110 143 64 | 1,67

b 97 ’103 133 64 3011

c 107 1I0I | - I39 64 | 3.62

d 93 108 136 64 1.54

e 109 | 108 152 64 1.67

s 86 | III 133 64 | T.44

g 88 103 139 64 - I.16
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In cross-section ( IO-IO)A goil types are given as :
Soil I : Botom Slﬁdge' -
Soil II : Artiticial Fill

Soil III : Sedimentary Layer

Soil 4 : Decomposed udraywacke

The results taken from the computer for crogs-gection(I0-I0)A are:

1
1
1

Circle ‘Ciréle Center Entrance Points Factor Of
Coordinates '
NO - ‘ Safety .
X Y X Y
& 117 111 141 90 T.24 ‘
b 125 116 159 90 | I.58 ‘
¢ III 17 | 149 90 1,31 ‘
a | II9 101 168 90 - 3,05 |
e I19 | 130 182  90 27T
. 116 143 187 90 2,54
g 108 129 161 90 | 2,31
h 104 152 184 90 3 .34
k 119 ; 123 145 90 1.54 7 )
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In oross—gection (I0-I0)B soil types are given as

Soil I
Soil 1T

Soil III :

Soil 4

Bottom Sludge

Artificial Fill

Sedimentary Layer

: Decomposed Graywacke

{3}

The resulis baken from the computer for cross~section{ 10-10)B

1

Circle Center

i;gle Coordinates " Entrance Poigts b:z;;§XOE
X Y X Y

. 125 | II3 147 oI 1.80 .
'b 129 112 149 91 2,56

¢ 125 123 158 91 2430

d 116 128 157 91 295

3 121 o I37 165 91 -2.78

t 107 152 169 91 3,07

g 109 137 181 9I 4,0

I 114 115 160 91 4o47
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5¢Lo2 Stability Analysis After Dredging
A8 mentionéd in 6hapter I1I, éhe'insufficient depth
for navigation and contribution to the- water pollution of bot-
tom sludge make necessary dredging in Aalig.
Since the bottom and underlylng clay formations are very
soft and weak, stability of these formations shouldhbe evalua-

tede : ' | |

» Considering the sufficient depth for navigavion, the
helght of dﬁedglng will be mlnlmum 6o 5 eters between Taaklzak

| and Hallg Bridge and 4 0 meters from the Halig Brldge upstream,

(Araican,I976) . At Bagkizak, The height of bottom sludge is nearly

I5 meters, Around Halig Bridée, it is 6-I0 meterss ‘

A% Tagklzak,'we first analyzed the condition when ail
of the bottom slﬁdge ié dredged and then:the éase when 6 meters
5& bottom sludge is drédged. Around Halig¢ Bridge, dredgihg of
all botdwm sludge ie neceasary for navigation. .

So for fheae cases, stability analysis has been con-
duoted?The conclusioﬁs,of‘theée’resuits will be discussed in

next gsection.
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After dredging of bottom sludge of IO meters :

The results taken from the computer for cross-section(3-3)B:

‘ N | ’ - alrl] Al
Circle Circle Center Entra cé Pointa _ FACLOR OF
NO Coordinates F %_ S APLTY
X Y x iy
B (a) 99 146 18I 107 . I.09
k (b) 86 141 180 107 0.99
1(e) 83 150 174 107 | ° I.06
- m(q) 82 161 192 | 107 0.95
n(e) 95 160 189 107 1,07
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After Dredging of ‘ALl Bottom Sludgé:

The results Vtaken from the computer for créssfaection(B-B)A:

. PACTOR OF

Circle Circle center Entrance
NO Cpordinates Polnta ; | SAFEDY
X Y X Y. ? .

a 86 | .III 135 BI 1.09
b 83 105 118 81 1,03
o 91 108 I24 81 I.I9
a 98 123 165 8I I.48
e 101 113 153 8L 1.52
£ 84 120 127 8I 1,05
g 82 93 153 o1 I.I7
m 72 108 136 BI .02
n 74 II7 136 8I 0,97
D 81 I28 157 BI 1,16
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After Dredging of 6ém, of bottom Sludge:

?

The results taken from the computer for cross-section

- (8-8)4A are:

Circle Center

iCircie- i Entranoé Points EACTOR OF
NO' ' Coordinates ;SAFETY
X: Y X Y f |
a 86 III 135 8I 0.99
b - 83 105 118 8I 0.95
o 9I 108 124 8L I.II
a 98 | I23 165 8I I.45
e 10I 113 153 81 1.40 .
£ 84 120 127 | 81 I.I2
g 82 93 133" 81 LI
, : o
n 72 108 136 | 8iL 1,09
n | T4 ' II7 136 8I I.00
P 81 128 157 8I 1.19
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After Dredging of all bottom Sludge:

‘The results taken from the computer for cross-section

(8-8)B  arve:

Circle

Circle center

o Goordinates Entrance Po?nté %FAC?OR OF,
X Y X ¥ SAPELY
a I0I II0 143 64 1.55
b 97 103 | 133 64 1.99
e 107 10I 139 | 64 2459
a o5 | 108 | 136 64 I.42
e 109 108 152 64 1.58
£ 86 11X 133 64 1.35
g 88 103 139 64 L35
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After dredging of B8m, of Sottom Sludge®

The results taken from the computer for cross—section

8-8 B_ are:
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NQ . ] z

X ¥ X Ly o SAFELY
a I0I IIO0 - I43 64 I.46
b 97 " 103 - I33 64 2,01
c 197 I01 139 64 . 3435
d. 93 108 136 64 - I.33
e 109 108 152 64 I.46
£ 86 III I35 | 64 I.24
g 88 103 I39 . 64 I.0I
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After Dredging of 9m. of Bottom Sludge:

. The res%lts taken from the cohputer for cross-section

(I10-I0) A are:

r

Circle |

Circle Center

'FACTOR OF

o Coordinates Entrance Points |
-  SAFETY
X Y X Y R
a 117 111 I4I 90 I.,0I -
b 125 116 136 90 I.41
o III 117 149 90 ?i.33v
a 19 | 101 168 90 2.58
. 119 130 182 90 z.é.ss
‘ e R L R et
g . I08 129 T61 90 iI.sa
b " 104 v15é 184 %0 %2.55
k II9 123 I45 9 I.35
1 II4 120 147 90 | }.17‘
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After Dredging of Bottom Sludge:

The results taken from the computer for cross-section

(I0-I0)B are:

| Circle - 3 '
S Circle center. . FACIOR OF
Coordinates Entrance Polints o
NO ‘ : SAFETY
X Y X Y :
a 123 II3 147 | oI T8 |
‘ b I29 II2 149 9I 5,01
e I25 123 158 9L . I.32
a 116 128 157 | oI L.46
e 121 157 165 91 I.52
F: 107 I52 169 91 2,19
g 109 139 * ;81’} - 9L ~f<g;93 o
h 114 II5 . 160 91 I.I9
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5.2 CONCLUSIONS AND RECOMMENDALIONS

| The summary of the geological and geotechnical ava-

luations may be stated as follows:

I; The main formations in,thé'viéinity.of Halig are
- Paleozolc gréywacke, clayey shist and limestone. Surfaces of
ﬁhege_fissured and folded formations areLdécompoaed and thair
qompresaive strength and unit weight increase with depﬁh;

| 2, he tertiary trormations of sand; and graVe%s are
ﬁot common iﬁ the area. The sand and clay formations, which
are cross-bedded and notvbemented,'are.erQSed'and tranépor-
_ted eagily.

‘ 3, 1he quarternary clay formations are very common
in the whole v1clnity of Halig and an artificiam £ill is en—
countered above sedimentary layer and fill areAuniform.

4, the erosed materials from all formations are
transported to Halig. Lhese erosed materials are mostly de-
composed graywackg and'shales and cons;st of fine quarét
sands, g8ilts,clays, muscpvite particles and organic.materialé?

| 5. The origin of the geotechnical problems in the
vieinity of Halig is goft sedimentary layer (usually con-
fains soft silty clay) over the graywacke bedrock.,

v 6+ Lhe natural water content of this silty clay for-

mation is very high and the shear strength is very low,



7. In the transverse direction %o the shore liné,}.
’ the thicknessof clay layer increases in a considerably'a—
'mount towards Halig¢ and causing differential settlement prob—
"lema for the buildings which are located on the ahore.’

j 8. The steep slope of the bedrock surface towards Ha-
lig causes stabllity problem for the olay formation,

9, from the evaluation of over 135 shear tests, it is
_determlned that shear strength variation with depth is linear,
(Akgit,I977) and therefore it is oconcluded that the ai;ty/ |
clay formation is Normally Consalidated. | G

I0. It is determined that stability of shores is above
dangerous limits, (In'Fefmeneciler, between”AzapkaﬁlﬂéﬂﬁMKa;
rakdy, minimum factor of safety for slope stability iaifound
ag I.II6)(See élope stability analysis for cross-sectioﬁ(3-3)B)
. Alao, it is determined that shores dredging of bottonm Eludge can
cause slides along the shores. (1n cross-section (8-8)B ,
fagkizak, minimum factor of safety for~ slopewslepemstab;lity-’“
| éfter dredging is found as 0.95) So we have to take thé ne-
éeaaary précautions. These precautions are explained iﬁ'Re-
éommendations. | | | | J

| For future geologlcal and geotechnlcal studiss and dred-

ging of bottom sludge in v1cin1ty of Halig, the followmng re-

commendations are given:

I. Deeper boreholes should be drilled at certain lo-
cations and the‘aamples should be kept for investigators to
obtain detailed informations about soil properties. |

2. The quantity of the materials transported»a@d de—



§ posited by Creeks should be estimated.

3. ‘he basic parameters and variation of these?parame—
ters with depth in artificial £ill and sedimentary léyer

é should be determined at various locations. o
; j 4, Because the stability of shores 1is .above dgﬁgerous
i limita,great care has to be given,when constructing‘any major
| bullding along the shore, If possiple the best soluﬁion is %o i'
leave a 100 to 200 meters Widé band along the Bhoré for parkas, -
play grounds-and piocnic areas, This will contrlbute to the imp-
rovement of the touristic value of the area, and ag well %o the
atability problem of the shores.Planted trees will help to dec-
reage the water content of the soil and using thiavareé as a
park will reduce the distributed load which is present beca-
uge of the exiatihg struétﬁres. As an(example the elimination
of the surcharge will increase the Safety Factor from I.116 to
I.2I at cross-section ( 3-3)8 . ‘

5. 48 1t is seen ifrom the resulbs, duriﬂg dredging, sho-
res of Halig may slide. To prevent sliding of shores, some
precautions should be taken. Some methods used to prevent sli-
ding are: -

a) Loadigg on t (Masonary Wa&l) ;

Lhe pimplest way of toe loading is to built masonary
wall, Better forms - are to built reinforeced retalnlng ‘structure
wood, concrete piles or pgi;f;;ges. these structures are useful
if they are dimensioned conv1niently'anu hammered down deeply
enough and no. excavations are made under these mtructures. On .

the other hand the depth of the critical slope circle should

be knowne. " . - e T o



In the case of the stabilisation of lalig's shore , diffi-
culties such as working under sea water necessitates convi—.
nient equipment.'This method may not be economical. 1he
game result can also be achieved easily by spreadlng a la~-

yer of sand or ‘rock material upon the slope (Peynircloglu,

196I)
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Fig., 5; ©Spreading layers of sand for stabilization of
) M . . Y ’ :

Ist. Uommercial,house's shore(?eynircioglu,l961)

mhe situatioo after spreading the layer of sand or rock ma-
teriai is countrolled by means of computer program, (1he unit:
weight for the material ¥, is taken as 2,2 t/ms) It is obser—

ved that the factop of safety in the most critical region ,

Taskziek'(B-B)Eﬂ, changed from 0.95 %o I,0l after this procedur

Lhis may be more economical than bullding & retaining well. '
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' b) Rearranging of slopes:

Slope angle should be decreased in order to compen- _

sate for exira loading caused by dredging.

AT

. this has been analyzed With the computer prbgram.
1he slope angle is decreased from 28 to 24. It is obserVed
that the factor of safety ,in cross—aectiou (3—3)b ’ ohanged

from 0.95 %o I.006 . Yhis may be also economical,

¢) Protection of slopes:

4 Lhe application of thls method is 1mpossible for
Halig shorea because bottom sludge and clay layer are very

soft and weak.
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