ORTA DOGU TEKNIK UNIVERSITESI
DENIZ BILIMLERI ENSTITUSU, ERDEMLI/ICEL

MANAVGAT CAYI SU TEMIN PROIJESI ICIN
KIYI OTESI DENIZ JEOFIiZiGi VE JEOTEKNIGI
CALISMALARI PROJESI
-SONUC RAPORU-

Y.Dog¢.Dr. Vedat EDIGER ve Y.Do¢.Dr. Mahmut OKYAR

D‘Estekleyen Kurulug

EM'f—Aydmer Ortakligi

Afustos, 1995



TESEKKUR

Deniz Bilimleri Enstitiisi personelince gerceklestirilen
bu c¢alismada, 6zellikle Prof.Dr. ilkay Salihoglu, Prof.Dr.
Cemal Saydam, Prof.Dr. Muhammet A. Latif, Y.Doc¢.Dr.
Sikri T. Besiktepe, ve Elektronik Miihendisi Mehmet
Demirel’ e katkilarindan dolay: tesekkir ederiz. Ayni
zamanda, galismanin gesitli agamalarinda yardimlarini
esirgemeyen EMT-Aydiner Ortaklifi’'ndan Ingaat
Miihendisleri Ahmet Kanadikirik ve Dogan Yatan beylere de
tesekkiir ederiz.

R/V BILIM arastirma gemisinin kaptan ve
murettebatina, ¢aligmalar sirasinda gostermis olduklari uyum
ve anlayislarindan dolay: tesekkiir ederiz.

Deniz Bilimleri Enstitiisi Miidiiri sayin Prof.Dr. Umit
Unliiata’ya, bu projenin gerceklesmesi igin sagladigi
imkanlardan ve rehberliginden dolay: tesekkiir ederiz.

Ayni zamanda Jeoteknik incelemeler ve yorumlamalar:
ile bu projeye katkilarindan dolayr Orta Dogu Teknik
Universitesi Insaat Miihendisligi Bolimilne'de tesekkiir

ederiz.



ICINDEKILER

. SAYFALAR
TESEKKUR

ICINDEKILER

BOLUM: 1 GIRIS
1.1. Calismanin amaci
1.2. Cahigma alaninin genel dzellikleri

BOLUM: 2 ARASTIRMA CIHAZLARI
2.1. Arastirma Gemisi
2.2. Mevki Bulma
2.2.1. Trisponder Sistemi
2.2.2. Global Konum Belirleme Sistemi (GPS)
2.3. Derinlik Ol¢iim Sistemleri
2.3.1. Raytheon DE-719B
2.3.2. Atlas DESO-10 _
2.3.3. JMC Derinlik Olcerr (Model V-144)

T -
LU R SNaRVaRVale sHe N No N oW e Ne N RN S =Y [\

2.4. Uniboom Dipalt: Sismik Profil Alma Sistemi

2.5. Yam Tarayan Sonar Sistemi

2.6. Uzaktan Kumandali Denizalti Cihaz1 (ROYV)

2.7. Deniz Tabanr Orneklemesi

BOLUM: 3 SONUC VE ONERILER 18

3.1. Calisma sahasimin batimetrisi 18

3.2. Deniz tabamimn ytzey ozellikleri 20

3.3. Deniz tabamnin dipalti ézellikleri 21
3.3.1. A Birimi 21
3.3.2. B Birimi ve toplam sediment kalinlig 22
3.3.3. € birimi . 23

3.4. Deniz tabaninin Jeoteknik Ozellikleri 24



, EKLER
HARITALAR

HARITA 1: Dip alt1 profil alma hat haritas1 (Sub bottom
i profiling trackline map)

HARITA 2: Yam tarayan sonar hat haritas: (Side scan sonar
. trackline map)

HARITA 3: Derinlik Hatlar1 (DB, BB), Uzaktan Kumandal:
Denizalti Hatlar1 (ROV-1, 2, 3) ve Ornekleme
Istasyonlar1 (1-20) Haritasi (Echo sounding lines
(DB, BB), ROV lines (ROV-1, 2, 3) and Sampling

) stations (1-20) map)
HARITA 4: Batimetrik Harita (Bathymetric map)
HARITA 5: Sonar Kayitlar:1 Yorum Haritas: (Sonographs
) interpretation map)

HARITA 6: A Biriminin Kalmlik Haritas1 (Thickness map of
Unit A)

HARITA 7: Toplam sediman (A birimi+B birimi) kalinhk
haritas1 (Total sediment (Unit A+Unit B)
thickness map).

SISMIK PROFILLER

Uniboom U2 profili (Uniboom profile U2)

Uniboom U3 profili (Uniboom profile U3)

Uniboom U8 profili (Uniboom profile US)

Uniboom Ull profili (1 ve 13 fiksler arasi1) (Uniboom
profile Ull (between the fixes 1 and 13))

Uniboom Ull profili (58 ve 65 fiksler arasi) (Uniboom
profile Ull (between the fixes 58 and 65))

Uniboom UI2 profili (8 ve 17 fiksler arasi) (Uniboom
profile Ul2 (between the fixes 8 and 17))

Uniboom Ul2 profili (50 ve 56 fiksler arasi) (Uniboom
profile Ul2 (between the fixes 50 and 56))

Uniboom Ul4 profili (Uniboom profile Ul4)

KESITLER

KESIT 1: A1-SPMI1 hatti boyunca kesit (Cross section along
_ the A1-SPMI1 line)

KESIT 2: A2-SPM2 hatti boyunca kesit (Cross section along
the A2-SPM2 line



BOLUM: 1 GIRIS

1.1. Calismanin Amaci

Bu ¢alisma, Orta Dogu Teknik Universitesi, Deniz
Bilimleri Enstitiisii tarafindan 95.07.01.04 nolu stzlesme
kapsaminda, EMT-Aydiner Ortakligi adina
gergeklestirilmistir.

Caligmanin amaci, kiyidtesi boru hatlarinin planlanmasi
ve montaji i¢in ve ayni zamanda iki adet tek noktali
samandira ve demirleme yerlerinin arastirilmasi igin gerekli
olan jeofiziksel ve jeoteknik verileri elde etmektir. Bu
amacla, sismik veriler (derinlik Ol¢timleri, yiiksek ayirimh
yansima profilleri ve sonar kayitlari), uzaktan kumandali
denizalt: cihazi (ROV) ile video kayitlar1 ve sediman
numunelerl toplanmistir. Bu rapor, Manavgat Cayi Su Temin
Projesi’nin, jeofiziksel ve jeoteknik arastirma sonuclarini
kapsamaktadir. Elde edilen sonuglar, 1/5000 6l¢ekli haritalara
aktarilarak sunulmustur.

Saha calismalari, 7-14 Haziran 1995 de
gergeklestirilmistir.

1.2. Calisma alamimin genel o6zellikleri

Caligma sahasi, Kuzeydogu Akdeniz'de yer alan Antalya

Korfezi'ndeki Manavgat Cayi agzinin kiyidtesini
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kapsamaktadir. Bu saha 31° 27’ 00"-31° 33’ 00" kuzey
enlemleri ve 36° 41’ 30"-36° 45" 00" dogu boylamlari arasinda
bulunmaktadir. Calisma alani yaklagik 30 km*® lik bir yiizey
genisgligine sahiptir.

Jeolojik olarak, bu bolge Paleozoik zamandan beri
¢esitli orojenik hareketlere maruz kalmistir. Bunlarin
baglicalar1 Hersinyen ve Alpin orojenezleridir. Calisma
sahasinin kuzeyinde yer alan Toros Daglari asil olarak Alpin
orojenezinde olusmuslardir. Genellikle, Tiirkiyenin giliney
kiyilari, denize dik bir egimle dalarak kiyi kesiminde yarlar
olusturmaktadirlar, ancak Antalya ve Alanya arasindaki
daglar kiyidan karaya dogru uzaklasmaktadir.

Manavgat Cayr kiyidaki dag kusaginda derin bir vadiye
sahiptir. Daglarin denize bakan taraflarinda Kuvaterner
sedimanlarindan olusan az efimli genis kiyisal bir diizliik
vardir. Kiyi, genis kum ve g¢akilli-kum plajlari ile bu
plajlarin kara kesimindeki genis kumtepeleriyle
¢evrelenmistir. Caligma sahasinin dogu tarafindaki kiyi
kesiminde glincel ¢imentolagsmig (kalsiyum karbonat ile) kaya
parcalar: bulunmaktadir. Bu tiir yumusak kayaclar genelde

yalikayas: olarak isimlendirilmektedir.



‘BOLUM: 2 ARASTIRMA CIHAZLARI

2.1. Arastirma Gemisi

Onerilen hatlar boyunca, gerekli caligmalar
gergeklestirmek amaci ile, Deniz Bilimleri Enstitiisii’niin R/V
BILIM arastirma gemisi kullanmistir. R/V BILIM,
osinografik amach bir arastirma gemisi olarak insaa edilmis
olup, 1983 yilinda denize indirilmistir. Uzunlugu 40.36 m,
genigligi 1se 9.47 m dir.

Ayrica, kiyiya yakin yerlerdeki aragtirmalar igin kiigiik
bir bot kullanilmistir,

2.2. Mevki Bulma
Bu caligma siiresince, asagida deginilen hassas konum
belirleme sistemleri, hem kiyidtesinde hemde si1g sularda

kullanilmistir.

2.2.1. Trisponder Sistemi

Calisma alanlarinda, DECCA Trisponder Mevki bulma
sistemi yaygin olarak kullanilmistir. Bu sistem biri gemide
bulunan bir "Master" {initesi ile ikisi kiyida bulunan kara
initelerinden meydana gelmektedir. Gemide bulunan {inite
araciligiyla, 0.5 m sn lik kisa dalga boyunda radyo frekansh
sinyaller gonderilmekte ve bu gdnderilen sinyaller karada

bulunan her iki inite tarafindan algilanmaktadir. Sinyallerin



gidis gelig siireleri kullanilarak, gemideki Unitenin her iki
kara Unitesine olan mesafeleri, uzaklik élgen iinite (DMU)
tarafindan aninda hesaplanmaktadir. Bu iglemler, cok kisa
zaman araliklariyla (milisaniye mertebesinde) devam
etmektedir.

Bu ¢aligmada, li¢ adet kara lnitesi (T1, T2 ve T3) kiyiya
kurulmustur (Haritalar 1-7). Bu iinitelerin mevkileri yiiklenici
firma (EMT-Aydiner Ortakligi) tarafindan saglanan Distomat
sistemi ile belirlenmistir. Bunu takiben, kiyidaki {initelerin
mevkileri (T1, T2 ve T3), Turkiye Ulusal Girid Sistemi’ne
sahip olan ve 1/10000, 1/5000 6lgekli olarak hazirlanan ve
ayni zamanda calisma alanini kapsayan haritalara
aktarilmigtir (Haritalar, 1-7).

Trisponder sistemi, calismalar baslamadan 6énce 700 m

lik bir uzaklhk i¢in elektronik olarak kalibre edilmistir.

2.2.2. Global Konum Belirleme Sistemi (GPS)

Bu ¢alismalar sirasinda, R/V Bilim gemisine monte
edilmig olan Trimble marka (NT200D) global konum
belirleme sistemide kullanilmistir. Bu sistemde bulunan
elektronik bir kart yardimi ile arastirma gemisinin deniz

ortamindaki konumu, aninda ekran lzerinde gdzlenebilmistir.



2.3. Derinlik Ol¢iim Sistemleri

- Deniz arastirmalar: sirasinda, tiim g¢alisma alanlarinda
asagidaki hassas derinlik Olgerler kullanilmistir. Tim derinlik
Olcerler, su kolonundaki 1470 m/sn lik ses hizi temel
alinarak kalibre edilmistir. Ayrica, bu cihazlarin derinlik
okuma degerleri gubuk yontemi yardimi ile kontrol

edilmistir.

2.3.1. Raytheon DE-719B

Bu sistem, tasinabilir hassas bir derinlik kayitedici
cthazdir. Cihaz bir kayit edici linite ile 208 kHz frekansl
alici/verici iglevini goren bir elemandan olugmaktadir. Bu
derinlik Olgerin derinlik okuma kapasitesi enfazla 123
metredir. Cihazin hassasiyeti derinlik degerinin 1.27% si
kadardir.

Bu cihaz, s1§ kesimde yer alan ve belediye’ye ait olan
atiksu borusunun arastirilmasi igin kiiclik bir bota monte
edilerekte kullanilmigtir. Ayni zamanda bu cihaz, planlanan
boru hatlarinin dogrultulart boyunca ROV cihazi yardimi ile
gergeklestirilen video kayitlar: sirasinda da (Harita 3)

kullanimigtir.



2.3.2. Atlas DESO-10

Atlas DESO-10, R/V BILIM gemisine monte edili hassas
bir derinlik kayitedicidir. Bu cihazin temel pargalari
sunlardir.
kayit tUnitesi ATLAS-DESO 10
kontrol tnitesi ATLAS-DESO 10
alici/verici elemanlar (33 kHz ve 210 kHz frekanslarinda)
ATLAS-EDIG 10 (sayisal olarak veri toplayici)

Atlas Deso-10 cihazinin azami derinlik okuma limiti

1400 metredir. Bu sistem, verileri sayisal olarak toplayan
Atlas Edig-10 yardimu ile tim derinlik okumalari sayisal
olarak kayit edebilmektedir.

Bu sistem arastirmalarin her asamasinda kullanilmustir
(Haritalar 1-3).

2.3.3. JMC Derinlik Olcer (Model V-144)

JMC cihazida gemiye monte edilmis, hassas bir derinlik
Olgerdir. Cihaz 1siya hassas kagit ve ¢ok igneli bir cizici
araciligl ile grafiksel olarak kayit yapabilmektedir. Bu
cihazin azami derinlik okuma limiti 2600 m dir. Bu cihaz,
calisma kosullarina bagh olarak iki farkl: frekans
kullanabilmektedir (28, 200 kHz). Derinlikler ayn1 zamanda

renkli bir monitorden gozlenebilmektedir.



JMC ve Atlas DESO-10 derinlik o6lgerleri birlikte

kullanilmigtir.

2.4. Uniboom Dipalt1 Sismik Profil Alma Sistemi
Sismik hatlar boyunca (Harita 1), dipalti yapilarinin

aragtirilmasi igin EG&G Marka Uniboom yiiksek ayirimli

sismik yansima profil alma sistemi kullanilmistir. Sistemin

ana pargalari sunlardir:

-Model 230-1 Ses Kaynagi

-Model 234 Enerji Kaynagi
-Model 265 Alici

-Model 255 Sismik Kayitci

Uniboom sistemi, 300 Joule’lik ¢ikis seviyesinde, 400-
1400 Hz’lik genig bir frekans bandinda ve 0.2 milisaniye
uzunlugunda bir akustik darbe iiretmektedir. Sinyalin
penetrasyonu tabandaki malzemelerin Ozelliklerine bagh
olarak 75 m ye kadar ulasabilmektedir.

Yansiyan sinyaller, sekiz elemanli basing degisiklerine
hassas (hassasiyeti= -8 db/v/microbar) bir alici ile
toplanmakta, ytksek frekansli (>7 kHz) giiriiltiilere karsi

sizilmekte ve gidig gelis zamaninin (two-way travel time)
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fonksiyonu olarak grafik kayitedici tarafindan kayit
edilmektedir.

Bir katamaran ilizerine monte edilmis olan Elektro-
mekanik ses kaynagl, deniz yiizeyinden gekilmektedir. Ses
kaynagi deniz-hava ortami arasinda yansiyan sinyalleri
elimine edecek gekilde tasarlanmistir. Bu 6zellik, bilhassa
deniz tabanina yakin yerlerde yliksek ayrimliligin elde
edilmesi bakimindan 6nemlidir. Katamaran geminin diimen
suyunun bir tarafinda, alic1 ise diger tarafta olacak sekilde
geminin arkasindan cekilmektedir. Bu da dipaltindan gelen
sinyalin birden fazla yansimasina (multiple) engel
olabilmektedir.

Bu ¢alismada katamaran ve alici, R/V BILIM gemisinin
40 m arkasindan g¢ekilmistir. Geminin konumu ve alici
arasindaki bu mesafe farki, analog kayitlar tizerindeki fiks
cizgilerinin Olgekli olarak kaydirilmasiyla giderilmistir.

Sismik verilerin yorumlanmasi esnasinda, zaman
birimlerinin derinlik ve kalinlik birimlerine ¢evrimi, sediman
icin 1700 m/sn ve su igin 1500 m/sn lik ses hizi degerleri
kullanilarak yapilmistir. Bu degerler icin ¢ubuk o6lcekler
sismik kesitlerde gosterilmektedir (Uniboom U2, U3, U8, Ull,
Ul2 ve Ul4 profilleri).

1.3



7.5. Yamu Tarayan Sonar Sistemi

Seyir hatlari boyunca (Harita 2) deniz tabanini
g&')riintiilemek icin EG&G marka yani tarayan sonar sisteml
kullanlmigtir. Bu sistemin ana pargalari ve caligma
5zellikleri agagida verilmektedir.

Sistem, alici/vericl (tranducer) ihtiva eden bir adet
yedekte cekilen balik ile gift kanalli bir kayitediciden
meydana gelmektedir. Kayitedici, aynl samanda sisteminin
kontroliini saglamaktadir. vedekte gekilen balikta bulunan
transducerler, hiizme seklinde yliksek frekansh (=105 kHz)
ve kisa darbeli (0.1 milisaniye) akustik enerjilerini, baligin
her iki tarafindan gbndermektedirler. Deniz tabanindan
yansiyan bu sinyaller ayni transducerler tarafindan alinarak,
kayitedici cihaz tarafindan proses edilmekte ve kargilik
gelen tarafa kayit edilmektedir. Bu sekilde kayit, deniz
tabaninda kusak seklinde bir alani kapsar. Deniz tabani
malzemelerinin iceriklerine, boyutlarina ve yedekte cekilen
balikla olan geometrik iligkilerine bagh olarak, deniz
tabanimn farkl ozellikleri, akustik ener jileri farkh
siddetlerde olacak sekillerde yansitilirlar. Bu da onlarin kayit
izerinde farkl sekillerde ve farkli renk tonlarinda
gt')riilmelerini saglamaktadir.

Akustik hilzmenin yatay ayrimlligl (hatta paralel),

hilzmenin agisl (12°) ve kayitin menzili ile tayin
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edilmektedir. Caligma hattina dik (menzil ayrimliligi) kayitin
ayrimliligi, teorik olarak akustik darbenin uzunluguyla (0.1
milisaniye) belirlenmektedir. Pratikte, bu da her iki taraftaki

kayit genisligiyle sinirlanmaktadir ve bu mesafe 125 mm dir.

2.6. Uzaktan Kumandali Denizalti Cihazi (ROY)

Hem boru hatlarinin rotalar1 boyunca, hemde belediye
atiksu boru hatt: tzerinde (Harita 3) video goriinti kayitlar:
elde edebilmek i¢in, Benthos marka MKII Uzaktan
Kumandali Denizalti Cihazi (ROV) kullamilmustir. Geminin
konumu ve buna kargsilik gelen video kayit-zamanlari
Tablolar 1, 2 ve 3 de verilmektedir.

Bu sistem; kontrol konsolu, video grafik veri
gortntileyicisi, elle kumanda birimi ve ylizer kablo dan
meydana gelmektedir. Cihaz azami 300 m derinlige kadar
gorsel inceleme yapma kapasitesine sahiptir.

Bu ¢aligmada, ROV cihazi R/V BILIM gemisinin
yedeginde g¢ekilmistir. Deniz suyu derinlikleri Raytheon
derinlik kayitedicisi ile kontrol edilmistir. Video kayitlarinin
incelenmesi sirasinda, ROV cihazinin derinlik kalibrasyonu
yapilmadigindan dolayir, ROV hatlari boyuncaki derinlik

ol¢limleri igin, batimetri konturlar1 (Harita 4) kullanilmalidir.
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TABLO 1: ROV-1 hatt1 boyunca fiksler ve bunlara karsilik
gelen video kayit-zamanlari.

ROV-1 LINE

Fixes Times Fixes Times Fixes Times

H M S H M 8 H M S

1 7 09 21 34 11 41 57 45
2 29 35 14 42 59 10
3 23 37 01 43 1 00 38
4 10 46 24 37 55 44 1 01 47
5 11 55 25 39 02 45 1 03 25
6 13 33 26 40 07 46 1 04 53
7 14 58 27 41 19 47 1 06 07
8 16 20 28 43 55 48 1 07 01
9 17 09 29 44 45 49 1 07 44
10 18 36 30 45 29 50 1 08 40
13 20 24 33 46 26 51 1 10 03
12 22 05 32 48 36 52 1 11 30
1.5 23 54 33 49 32 53 1 12 38
14 25 26 34 50 27 54 1 13 47
15 27 16 35 51 25 55 1 15 11
16 28 16 36 52 16 56 1 16 42
17 29 44 37 53 27 57 1 17 46
18 30 48 38 54 25 58 1 18 50
19 31 46 39 55 40 59 1 20 26
20 33 28 40 56 38 60 1 22 22
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TABLO 2: ROV-2 hatt1 boyunca fiksler ve bunlara karsilik
_gelen video kayit-zamanlari.

ROV-2 LINE

Fixes Times Fixes Times

H M S H M S

X 0 38 21 25 27
2 1 52 22 26 24
3 2 56 213 27 16
4 4 04 24 29 03
5 5 03 25 30 37
6 6 27 26 31 47
7 7 09 27 33 14
8 8 25 28 34 58
9 9 33 29 36 53
10 10 50 30 38 56
11 12 28 31 42 00
1:2 14 02 32 43 08
13 15 21 33 44 31
14 16 19 34 46 14
15 17 47 35 47 00
16 19 04 36 48 34
17 20 16 37 50 19
18 2L 53 38 51 57
19 22 54 39 52 48
20 23 56 40 54 17
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TABLO 3: ROV-3 hatt1 boyunca fiksler ve bunlara karsilik
gelen video kayit-zamanlari,

ROV=3 LINE

Fixes Times Fixes Times
H M S H M S

1 57 40 6 1l 10 51
2 58 24 17 1 11 25
3 59 05 18 1 12 28
4 59 35 19 1 13 29
5 1 00 28 20 1 14 28
6 i @1 A7 21 1 15 37
i 1 @2 25 22 1 16 20
8 1 03 12 23 1 17 26
9 1 04 29 24 X 19 07F
10 "1 05 29 25 i 20 17
11 1 06 21 26 1 21 03
12 1 97 13 2:7 1 22 45
13 1 08 11 28 L 23 51
14 1 08 57 29 1 25 27
15 1 106 15 30 1l 26 49

31 1l 27 58
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2.7. Deniz Tabami Orneklemesi

Deniz tabani Orneklemesi i¢in agirlikli sonda
kullanilmigtir. Ancak, agirlikli sonda drnekleyicisinin
kullanilamadigi, deniz tabaninin kaba taneli (kum boyutunda)
sedimanla kapli oldugu kiy: istasyonlarinda, Dietz Lafonde
kepce ornekleyiciside kullanilmistir. Ornekleme
istasyonlarinin konumlar1 Harita 3 de isaretlenmistir. Her
ornekleme istasyonundaki derinlik Olglimleri, derinlik olgerler
(Atlas DESO-10 and JMC) kullanilarak gerceklestirilmistir.

Agirlikli sonda 90 cm uzunlugunda (numune tiipliniin
uzunlugu), 5 cm ¢apinda ve yaklagik 20 kg agirligindadir
(ilave agirlik: 4x25kg dir). Agirlikli sonda cihazi; ana govde
tipu (lUst parga ve agirlik tasiyici), adaptor, baglanti kulpu,
agirlik tutucu (herbiri 25 kg olan 4 veya 6 tane kursun
agirlik i¢in), numune tutucu, numune kesme agzi ve plastik
tipten meydana gelmektedir. Sondaj uzunlugu, sisteme
eklenen agirliklara ve deniz tabaninin yapisina baghdir.
Aletin agirligi, sondanin su igerisinde serbest diisme
yapmasina ve deniz tabanina garparak yeterli derecede

penetrasyon saglamasina yardimci olmaktadir.
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BOLUM: 3 SONUC VE ONERILER

3.1. Calisma sahasuun batimetrisi

Tlm sismik arastirma hatlar1 boyunca (Haritalar 1, 2, ve
3), derinlik Olcerlerden elde edilen derinlik okumalari bir
baz harita lizerine isaretlenmis ve bir batimetri haritasi
(Harita 4) hazirlanmustir. Calisma esnasindaki azami deniz
seviyesi salinimlar1 +17 c¢cm civarinda olmasindan dolayi
derinlik diizeltmeleri ihmal edilmistir. Bu haritada (Harita 4)
derinlik konturlari araliklary, 7 ve 100 m lik derinlikler
arasinda l'er metre aralikli, ve 100 m den daha biyiik
derinliklerde ise 5’er metre araliklidir. Buna ilaveten Onerilen
boru hatlarinin rotalari boyunca elde edilen degerler
kullanilarak, hazirlanan harita 6lgeginde iki adet kesit
hazirlanmigtir (Kesitler 1 ve 2).

K-G ve KD-GB yo¢nleri buyunca uzanan iki adet deniz
alt1 kanyonu, ¢alisilan bolgenin temel morfolojik dzelligini
yansitmaktadir. K-G yéniindeki deniz alti kanyonu yaklagik
50 m lik su derinliginde baslamakta ve 360 m ye kadar
ulasmaktadir. Ikinci kanyon ise, 100 m den 280 m lik su
derinligine kadar uzanmaktadir. Bu kanyonlar birbirlerinden
caligma sahasi igindeki dar bir yiikselti ile ayrilmaktadirlar.
Bu kanyonlar, muhtemelen galisma alaninin disindaki daha

derin alanlarda birbirleriyle birlesmektedirler. Denizalt:
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kanyonlarinin gevrelerindeki morfolojik degisiklikler selfteki
neotektonik hareketler ve fakli sedimantasyon miktarlar:
tarafindan kontrol edilmistir.

Deniz tabani morfolojisinin goze carpan bir diger
Ozelligide bolgenin dogu tarafinda bulunan sighktir. Bu sighik
deniz tabanindan 6 m lik bir yikseklige sahiptir. Bu
bolgedeki batimetrik konturlar 9 ve 11 m lerde
kapanmaktadir. Sonar kayitlarina dayanilarak bu boélge kaya
mostrasi olarak yorumlanmaktadir (bir sonraki boliime bkz.)

Batimetrik konturlar genellikle kiyiya paraleldir. 30 m
lik derinlige dogru, kontur ¢izgilerinin araliklari genistir. Bu
derinligin Otesinde konturlarin daralmasi deniz tabaninin
egiminin arttigina igaret eder.

Kesit-1 lizerinde, kiyidan 23 m lik su derinligine kadar
olan deniz tabaninin ortalama egimi yaklasik 0.91° dir. Bu
egim degeri 70.7 m ye dogru 1.93° ye ulagmaktadir.

Kesit-2 lizerinde, egimdeki degisiklik 32 m de
olusmaktadir. Kiy1 ile 32 mlik su derinligi arasindaki egim
yaklasik 1.27° dir. Bu egim degeri 80.8 m lik derinlige dogru
3.10° ye ulagmaktadir.

Bu ¢lgimler, dogu boru hatti rotasinin bati boru hatti

rotasindan daha egimli oldugunu belirlemektedir.
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3.2. Deniz tabanimn yiizey ozellikleri

Aragtirma hatlar1 boyunca (Harita 2) toplanan yani
tarayan sonar verilerine dayanarak, bir sonar kayitlar1 yorum
haritasi hazirlanmigtir (Harita 5).

Bélgenin deniz tabani esas olarak kumlu ve kumlu
camur malzemeleri igeren iki sedimanter ortiiyle karekterize
edilmektedir (Harita 5).

Kumlu zemin, bélgenin 25 m den daha az derinliklerdeki
sig kisimlarint kaplamaktadir. Sonar verilerine ve ROV video
kayitlarina dayanilarak, bu zonda kum dalgaciklar: ve deniz
otlar1 gibi bazi olusumlarin varhg gdzlenmistir. Kumlu
materyallerin ve kum dalgaciklarinin mevcudiyeti yiiksek
enerjili ortam Ozelligini yansitir (akintilar ve dalga
aktiviteleri).

Deniz tabaninin 25 m den daha derin olan bélgelerinde
¢amur agirlikli malzemeler daha yaygindir. Bu bodlgede
¢amurun birikimi, dlsiik enerjili kogullarin varligini
gostermektedir.

Bu bulgulardan basgka, deniz tabaninin diger bir
ozelligide ¢aligma alaninin dogusunda yeralan bolgede
bulunan kaya mostrasidir. Bu kaya mostrasinin, deniz
tabanindan itibaren 6 m lik bir yiiksekligi vardir (bkz. 3Ll
Bu yapi, daginik halde kumlu zemin tizerinde yer alan kaya

parcaciklariyla gevrelenmistir. Benzer, kaya parcacgiklari
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bolgenin dogu tarafinda yaklagik 60 m lik derinliklerde de

gozlenmistir.

3.3. Deniz tabaminin dipalt1 6zellikleri
Calisma sahasinin dip alti yapisinin ayrintili olarak
incelenebilmesi igin, ylksek ayirimli sismik yansima profileri

seyir hatlari boyunca toplanmigtir (Harita 1). Sismik verilerin

yorumlanmasi sonucunda, lstten alta dogru g
sismostratigrafik birimin (A, B, C) varlig1 saptanmistir. Bu

birimlerin stratigrafik ozellikleri asagida ac¢iklanmaktadir.

3.3.1. A Birimi

A birimi en lsteki sediman birimidir (Uniboom U2, U3,
U8, Ull, Ul2, ve Ul4 profilleri). Bu birimin Ust siniri
buglinki deniz tabani olarak tanimlanmaktadir. Temel
olarak, sertlesmemis glincel sediman depolanmalarini ihtiva
etmektedir. Sismostratigrafik olarak bu birim paralel
yansima gekilleriyle karekterize edilmektedir.

A biriminin kalinliginin alansal dagilimi Harita 6 da
sunulmaktadir. Bu harita tzerinde gorildigi gibi, en ylksek
kalinlik degeri 23 metre olarak dogu bolgesi boru hattinda,
en digtk kalinlik degeri ise 1 metre olarak bati bdlgesi boru

hattinda goézlenmistir.
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A biriminin kalinliginin alansal degisimi, sedimantasyon
miktarindaki ve B biriminin paleo-topografyasindaki
degisimlerce kontrol edilmektedir. Kiyiya yakin yerlerdeki
yuksek kalinliktaki sedimantasyon degerleri, selfe tasinan
sedimanlarin bliylik bir kismuinin selfin i¢ kesimlerinde ve
aynit zamanda giincel plaj-tepelerinde tutuldugu sonucunu
yansitir.

Diger taraftan, boru hatlarinin rotalari boyunca A
biriminin kalinlik degisimleri Kesit 1 ve 2 de verilmektedir.
Dogu kesiti boyunca A biriminin kalinliginin, bat: kesitinden
daha fazla oldugu goézlenmistir. Genelde her iki kesit

boyunca A biriminin kalinligi 5 m den agsagr diismemektedir.

3.3.2. B Birimi ve toplam sediman kalinlg:

B birimi yari sertlesmisg alttaki sedimanter birimdir
(Uniboom U2, U3, U8, Ull, Ul2, ve Ul4 profilleri). Bu birim
A birimi tarafinda Ortilmekte ve C biriminin {izerinde
uzanmaktadir. Sismostratigrafik olarak bu birim
paralel/azparalel yansima sgekilleriyle karekterize
edilmektedir.

Sedimanter birimlerin (A+B birimleri) toplam
kalinliklarinin alansal dagilimi Harita 7 de sunulmaktadir. Bu

harita lzerinde gorildiigi gibi en yiiksek (63 m) ve en az
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(1 m den az) kalinlik degerleri bati boruhatti bolgesinde
gozlenmektedir.

Bazi sismik kesitlerde; kiyiya yakin yerlerdeki tekrarh
yansimalar (multiple) ve derin sularda zayif penetrasyonlar

nedeniyle toplam sediman kalinligi hesaplanamamuistir (Harita
7).

3.3, C birimi

Sismostratigrafik olarak bu birim, karmagik ve azparalel
yansima gekilleri ile karekterize edilmektedir. Bu birim
zemin kaya olarak yorumlanmaktadir. Bunun iist ylizeyi bir
aginim ve faylanma Ozelligini yansitmaktadir. Baz1 yash fay
izleri zemin kaya igerisinde gozlenmigstir. Ancak, Ustteki
sedimanter birimlerin (A ve B) faylanmasiyla ilgili herhangi
bir belirti yoktur. Bu da gozlemlenen faylarin, depolanmadan
¢cok Once meydana geldigini ve giinimiizde aktif
olmadiklarimi gostermektedir.

Bu birimin en goze garpan ozelligi, ¢alisma alaninin
dogusunda ve deniz tabaninda mostra vermesidir (bolim 3.1
ve 3.2).
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3.4. Deniz tabamnin Jeoteknik Ozellikleri
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MANAVGAT UNDERSEA PIPELINE PROJECT
SOIL INVESTIGATION REPORT

Project No. : 95-03-03-03-15

The soil investigation includes recovering gravity core samples at 20 locations shown in Fig.1.
From locations (2-10) and (13-20) inclusive the samples were received in plexy-glass tubes
having diameter of 50 mm. The samples from locations 1,11 and 12 were received in jars in
disturbed form.

On core samples the following tests were performed :

Specific gravity (Ys)

Saturated unit weigth (Y,)

Natural water content (W,)

Liquid Limit (LL), Plastic Limit (PL) and Plasticity Index (P!)
Laboratory Vane Shear Tests

Fall cone tests to correlate to undrained shear strength (Cy)
Consolidation test on remoulded samples

Sieve analysis and Hydrometer tests

On disturbed jar samples only sieve analysis tests were performed.
The testing procedures and standards are given in Appendix 2. The following are some
interpretations regarding the soil mechanics laboratory test results :

In general all samples have similar soil composition, plasticity, shear strength and
compressibility characteristics.

Plasticity Characteristics :

The plasticity characteristics of the samples are shown on Casagrande Plasticity Chart given in
Fig.2. Majority of the samples are classified as clays of low plasticity (CL) according to unified
soil classification system (USCS). Consistency limits vary over the following ranges :

Property Range Average
Liquid Limit, LL (%) 34-40 37
Plastic Limit, PL (%) 20-25 22
Plasticity Index, PI 11-17 15

Station 2 sample is classified as non-plastic siit (ML).



Grain Size Characteristics :

Grain size distribution characteristics of the samples are shown in Fig.3. As shown in Fig.3 the
samples primarily consist of silt size particles with some clay and minor amount of sand. The
followings are the average sand-silt and clay fractions.

Sand :45%
Silt : 67 %
Clay : 28.5%

The soils do not contain gravel size (>4.76 mm) particles. Grain size distribution curves are
given in Appendix 1.

Water Contents - Unit Weights :

The natural water contents of the samples vary over a range from 47% to 57% which are well
above the liquid limits of the samples. The natural water contents relative to the consistency
limits of the samples are shown in Fig.4.

The saturated unit weights of the samples vary over a range from 16.8 kN/m* to 17.6 kN/m®
as shown in Fig.5. The initial void ratios range from 1.2 to 1.6 as shown in Fig.6.

Shear Strength Characteristics :

The samples were very soft in their natural state, therefore it was not possible to prepare
standard shape triaxial test specimens.

The shear strength of the samples were determined using laboratory vane shear tests. The
results are summarized in Table 1. The undrained shear strength of the samples as obtained
from vane tests are also shown in Fig.7. The undrained shear strengths vary over a range from
6.5 kPa to 9.0 kPa averaging about 7.2 kPa.

Fall cone tests having weigth W=80 g and apex angle 0 =30 degrees have also been used to
correlate shear strength to penetration of the cone. The cone factor of k=1 is used to calculate
the undrained shear strength. The undrained shear strengths obtained from fall cone tests are
summarized in Table 1 and shown in Fig.8. The results are consistent with vane shear tests
revealing an average undrained shear strength of C, = 7.5 kPa.

Compressibility Characteristics :

The e-log P curves of the samples tested are given in Appendix 1. All samples show a normally
consolidated behavior as expected. In general the compression index values (C.=Ael/AlogP)
vary over a range from 0.27 to 0.33 averaging about C.=0.3 as shown in Fig.9.

Specific Gravity @

The specific gravity of the samples are listed in Table 1. The specific gravities ranges from 2.68
to 2.75.
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MANAVGAT SUALTI BORU HATTI PROJESI
ZEMIN DENEYLERI RAPORU

Proje No. : 95-03-03-03-15

Zemin arastirmasi kapsaminda Sekil 1’de gosterilen 20 degisik yerden agirlik uslliyle karot
numuneleri alinmigtir, (2-10) ve (13-20) nolu yerlerden alinan numuneler 50 mm gapindaki

pleksiglas tlipler igerisinde, 1,11 ve 12 nolu lokasyonlardan alinan numuneler ise kavanozlar
icinde getirilmistir.

Karot numuneler Uzerinde asagidaki deneyler yapilmigtir :
-- Ozgl agirlik (V)

-- Doygun birim agdirlik (Y,)

-- Tabii su igerigi (W)

-- Likit Limit (LL), Plastik Limit (PL) ve Plastisite Indisi (PI)

-- Laboratuvar Veyn Deneyleri

-- Drenajsiz kayma dayanimi (C,) ile korelasyon amaciyla dlisen koni deneyleri
-- Yogrulmus numuneler (izerinde konsolidasyon deneyleri

-- Elek analizi ve Hidrometre deneyleri

Bozulmug kavanoz numuneleri (zerinde sadece elek analizi deneyleri yapiimistir.

Deney uslilleri ve standartlari Ek-2'de verilmistir. Asadica zemin laboratuvar deney sonuglari ile ilgili
bazi dederlendirmelere yer veriilmistir.

Genel olarak biitlin numuneler benzer yapi, plastisite, kayma mukavemeti ve sikisabilirlik
ozelliklerine sahiptir.

Plastikiik Ozellikleri :

Numunelerin plastiklik &zellikleri Sekil 2'de verilen Casagrande Plastiklik grafiginde gosterilmistir,
Numunelerin blylk bir balimi Birlegtirilmis zemin siniflandirma sistemine (USCS) gore dstk
plastisiteli killer (CL) olarak siniflandiriimiglarcir. Kivam limitleri asagida verilen limitler arasinda
degismektedir.

_ Ozellik Sinir Degerler Ortalama
Likit Limit, LL (%) 34-40 37
Plastik Limit, PL (%) 20-25 29
Plastisite Indisi, PI 11-17 15

2 nolu lokasyondaki numune plastik olmayan silt (ML) olarak siniflandiriimigtir,



Dane Boyu Dagilimi Ozellikieri ;

Zemin numunelerinin dane boyu dagilimi ézellikleri Sekil 3'de gosterilmistir. $ekil 3'de gdsterildigi
gibi numuneler coguniukla silt boyutu pargaciklar az kil ve ok az kum boyutu danelerden
olugmusgtur. Asagicla ortalama kum, silt ve kil oranlari verilmistir.

Kum :4.5%
Silt : 67 %
Kil : 28.5%

Zeminde gakil boyutu (>4.76 mm) malzeme bulunmamaktadir. Dane boyu dagilim edrileri Ek-1'de
verilmistir,

Su igerigi- Birim Adudik :

Tabii su icerikleri 47% ve 57% arasinda degismektedir ve bu su icerikleri numunelerin likit
limitlerinin epey lzerindedir. $ekil 4'de kivam limitleri ve tabii su icerikleri verilmistir.

Numunelerin doygun birim agiriiklar 16.8 kN/m® ile 17.6 kN/m® arasinda Sekil 5'de gésterildigi gibi
degismektedir. Baglangig bogluk oranlari 1.2 -1.6 arasinda $ekil 6’da gosterildigi gibi degismektedir.

Kayma Dayanimi Ozellikleri :

Zemin numuneleri dogal hallerinde gok yumusak olduklari igin standart g eksenli deney
numunelerinin hazirlanmasi mimkdn olmamigtir,

Numunelerin kayma dayanimlari laboratuvar veyn deneyi kullanilarak bulunmugtur. Sonuglar Tablo
1'de &zetlenmigtir. Yeyn deneylerinden elde edilen drenajsiz kayma dayanimlari ayrica Sekil 7'de
gosterilmistir. Drenajsiz kayma dayanimlari 6.5 kPa ile 9.0 kPa arasinda ortalama 7.2 kPa dederini
verecek sekilde degismektedir,

Dlsen koni deneyleri agirligi, W=80 g ve agisi 0 =30 derece olan koniler kullanilarak
gergeklestiriimig ve koni penetrasyonu ile kayma dayanimi korelasyonu yapilmistir. Drenajsiz kayma
dayaniminin hesaplanmasinda koni faktérli k=1 kullaniimigtir. Disen koni deneylerinden elde
edilen drenajsiz kayma dayanimlari Tablo 1'de dzetlenmis ve Sekil 8'de verilmistir. Ortalamasi

Cu= 7.5 kPa olan digen koni deney sonuglari veyn deney sonuglari ile uyum icerisindedir.

Sikisma Ozellikleri ¢

Kansolidasyon deneyine tabi tutulan numunelerin e-log P edrileri Ek-1'de verilmigtir. BUtin
numuneler beklendigi gibi normal konsolidasyon &zelligi géstermistir. Genel olarak sikisma indisi
(C. =Ae/AlogP) degerleri 0.27-0.33 arasinda degismis ve $ekil 9’da gosterilmigtir. Ortalama sikigma
indisi degeri C.=0.3 ‘dur.

‘Q‘ ul ~ [] %

Numunelerin 6zgal agirliklan Tablo 1'de gosterildigi gibi 2.68 ile 2,75 arasinda degigmektedir.
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APPENDIX 1 : RESULTS OF LABORATORY TEST
EK- 1 : LABORATUVAR DENEY SONUCLARI
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@ MLET.U SOIL MECHANICS LABORATORY

1956

0.D.7.0 ZEMiN MEKANIGI LABORATUVARI

VANE SHEAR TEST
KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

‘DATE:  STEMMUZ/1985
PROJE TARIH
BORE HOLE: 2 SAMPLE: 2 DEPTH:
SONDAJ NO: ORNEK NO: DERSNLEK:
[ (::L:.) \ ;::ri:;:f:) \ (If::) [ xea mTﬂO:dcmz:\l
SR I | |
0 6 0 0 |
T 8,5 \ 25 | 0,946 | 2619 | 0,0271\
[ 20 10 4 | 1,439 [ 985 | o004 |
]F 30 10 4 ]\ 1,439 ]l 3,986 ll 0041 |
40 10 4 1,439 3,986 0,041
I o | 4| 1,439 | 3988 | 0.041ﬂ
| \ \ | |
l | | | |
| | l \ |
\ \ \ l \ ]
TEST:2 -
—T T T T s T T |
R 10 s | 1,110 [ sos | o003t |
20 | 2 | 5 | 1,768 [ agor | o050 |
E B | 6 | 2,097 [ se0e | 0059 |
[ w0 | o 2,097 | 5808 | 0059
[ s | 13 s | 2,097 | 508 | 0059
[r_ 60 \l 13 1] 6 ]] 2,097 ]l 5808 | 0,0594l
L \ ! | \ |
L | | l | il
TEST :3
Bt T /S =
10 10 3,5 1,274 3,530 0,036
[ 20 ] 15 | 5 \ 1,768 | 4807 \ o,osoj\
[ a0 | 125 s | 2,097 | s5.808 :
I | 15 | 2,590 EALE
[ s | 14 75 | 2,590 | 775
Peo \‘ 15 l\ t;.z || 2.919; ll a,t;as [l oo
e | 15 | 55 | 2,018 ] 5,085 | 0,082
[ o0 | 15 [ s | 5,057 [ ia009 | 0143
B.Turgay ALEMDAHOC}LU

Jeoloji Y. Mth.
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M.E.T.U SOIL MECHANICS LABORATORY

0.D.7.0 ZEMiN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

TEST: 1

TEET:2

TEST :3

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

PROJE L

BOREHOLE: e SAMPLE: 3
SONDAJ NO: ORNEK NO:

DATE:
TARIH
DEPTH:
DERINLIK:

14/TEMMUZ/1995

r{fwd‘bn.) \\ (Degree/Derece) \ (H-Cm) F KPa | KelemZ J
— T e oo | o | =
[ 10 | 80 | 20 | 0,781 | 2164 0,022
T 20 | 100 | 40 I 1,439 | 3986 o,o41ﬁ
[ 80 [ 100 [ a0 | 1,439 [ sos | o004 |
e | 1o | 50 ] 1,768 | 4897 | 0050 |
s | mo | 80 ] 1,768 | aso7_| o00s0 |
[ s0 | 110 [ s0 | 1,768 | 407 | o.osoj
7 | | 1 |
e | l \ | |
L \ | l l ]
0 60 00 0 |
10 9,0 3,0 1,110 3,075 0031 |
20 ne | 50 | 1,768 | 4897 0,080 |
[ 30 120 | 60 | 2,097 [ 5808 | 0059 |
[ a0 20 | 80 | 2,755 [ 7601 | 0078
[ 50 | 140 | 80 | 2,755 [ 7631 | 0078
60 0 | 80 | 2,755 7,631 | 0078
l |
l \
L \ | | ]
0 7,0 0.0 0 [
]E 10 ‘\ 9,5 ‘\ 2,5 || 0,946 l[ 2619 | 0,027:\
20 | 1o | 40 [ 1,439 I 0.041j
[ a0 | 120 [ 50 | 1,768 [ 4897 | 000
[ 4 | 130 | 60| 2,007 [ 5808 | 0059 |
[ s0 | 135 [ 65 | 2,261 [ o264 | 0.054:_\
s | 140 | 170 ] 2,426 | 720 | 0069
o | w0 | 70 | 2,426 | e720 | 0089
[ s0 | 140 70 | 2,426 | 6720 | 0069
o | \ | l l

B. EMDARO
Jeoloji Y. Muh.

U



_ - toreaf 2068'0 89'G- 895 . sZ'o
g yei A e (eBinl'a 0¥vL'9 00ZE'¥L SL'o
ooy fAEL : 5958'0 5520 S'€6S 00’
068%'9 0590'F4 00'e-
DT N 8zea'0 8L'0- Stia o'y
\%\ / \ .- <) B 0608’9 0S99'El 00'y-
| ayze'o 90'0- [ AR] o0o'e
/6C0°0 S810'0 6££0'0 06+Z'9 0sZg'El 00’y
8868’0 85'0 5195 00’y
S¥Z0'0 88¥0'0 £160'0 0608'9 0S8yl 00z
¥566'0 y.'0 5'/8% oo’z
L5¥0°0 25600 15600 06¥5'2 oszL'st 00'L
1260} szL'0 Sty 0o't
0080'0 Zvil'o 1/80°0 oviZ'8 0058'St 0s'0
ZeLL'L 89’0 (5129 0s'0
8sEL'0 Z90€'0 9900 ¥£6'8 001594 sZ'0
gese’t 85'0 162 sZ'0
1Z0¥'0 ¥800'} bzsz'o ¥15'6 0CB0"L1 sZ'0
6205t L6'L 00l - 000
Tyl 6L 0
206, w9 I+ AR=AL dyjay=se ay yy mEu\mJ mEu\mu.
bl = o8q 051 064 wwénie iefeeqey| 1unéiop *HzAHZ=2| °HZ-HZHZ| 4V-'HZ=HZ QC T dy Suiewq
ml_ag A ZHLET TG |eswiory wwéiyg  |wuwio yndog 0k ynideg 1By wg ewdiyg ewéiyc uog | 1eawapwy Suceg uwuenBLn
1elwenwy Lolewp|losucy 1e2une awiya3| ‘Yo swnjoa ‘eaudwos ones proa | o ynjfog yBiay uswoade Buipeaa quawIoy| sunseaud
ol b | uonwpi|eeuad jo ‘Jo] swyg Bundld]  Jo'yed 424500 uy 2Buryy onEl PIoA PIoA jo yBiy| 2Buvyo mg| |FIp Fuld 2.nee31y pady
oot o & JnjunBlop iwpunucs 482} | %zZ¢ LS o Buad) ng|ogL'2 n njun ok Siguefeq wws
Woa g s uerginges o 22.62p jeuly w quaaues FUMGIop ) coprued pijos Anwe.8 2yrads
g6 N 16209u9p ynjunbAop peidiburidevg) og'co os'se b 1Pige yowo runy | 1/1'09 [ wwiowy Sibuwideq uibouig
[l ueneimes Jo 22162y [eriy| M Jlos Lip jo ecwpy 7 :uE.Gun_n 3O wn|oA (wriy|
P! 1w/e NP wulg rumy Rpunuos 462] | 06°02 ov'ce pige ngl el wi igquipey SiBuedeq uiBauig
\wHgool="y  Aqieuap K jeug 6 2UMEIow jo Gop IHZ uswipads jo 3ybiay [wraw
690"t (w8 ApiBe wig runy pEadibunéeg | 0o'e8y og'gey Bipge wxeH| 699 weje 3y eyien
i+ 9001="k Aaieuzp fig jeriy| B Buu jo cevpy M2 v Buu jo w21y
L9 /B Brpibe wuig &ef peadbuedeglol'ess or'ses Bipige @y +xpwe LMy Sg'9 KZEC
Kqieuzp ynq |wriy| B |log Rip+Buu jo eewpy w2 Buu jo Jzqsweip |wuL23l)|
7A=Y W BipPenk 12523 ulzuel 1Ry | 00’095 05'¥65 Bipige Wy +yaue Eeh g ou @)7H
v O MEHE pijes jo aybiay quzgainby B 2idwes 1M+ Buu jo cewpy ou Bury
uuag ¢ u A3u0 ou [epuog uog 516uriéeg 3road
ayadsp 2jdweg ou duvg ou:3jolalog ULy ery ILLYH A30F 11TV ZINIA LYOAYNYW  + 1037044
SOELZANNILEL ‘HBYLAlvd IAZNIA NOASYAITOSNOA [HYANLYS0GYT 19INYIIW NIW3Z 1LdO

1631 NOILYAITOSNOD

AM0LYA04Y1 SIINYHIIW T10S L3N




(D M.E.T.U S0IL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
1ase |0.D. .0 ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEY!
PROJECT/F’RQ;‘:JE © MANAVGAT DENiIZ ALTI BORU HATTI
1.30 b
1.20
& i
=
E,_é 1.10 | \
D ot
o
= =
|
'i =t
<[
= ol
D —
NE
X |
=}
- _
8 1.00
0.90
*
] el
= P~
S
\h_-ﬁ_-‘
0.HO 1 [_ |
0.1 1 10 100
BASING Log P Kg/Cm®
Horehole no: Sample no: Depth
Sonda] no: Ornek no: 3 Derinlik:
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M.ET.U S0IL MECHANICS LABORATORY

VANE SHEAR TEST

1956 |0.D.T.0 ZEMIN MEKANIGI LABORATUVARI KANATLI KESME DENEY1
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE : TARIH
BOREHOLE: 4 SAMPLE: 4 DEPTH:

S50NDAJ NO: ORNEK NO: DERINLIK:
NME SPRING DEFLECTION TORQUE COHESION
( ZAMAM \ YAY SAPMASI TORK KOHEZYON J
(Soc/on.) (Pearoe/Derece) ¥ (N-Cm) r KFPa 1 Rgl:rn'.‘.J
\ READING \ DEFLECTION
TEST: 1 OKUMA SAPMA
o | 60 | 00 | 0 ik
T w0 | o | 30 | 1,110 3,075 0031 |
[ 20 | 100 | 40 | 1,439 [ soss | 0041 |
[ a0 | 100 40 | 1,439 [ sgs6 | 0041 |
0 | npo 5,0 1,768 [ apo7 | 0,050 |
50 | 110 5,0 1,768 | 4897 | 0050 |
60 | 110 | 50 1,768 [ aso7_ | 0050 |
[ 70 | mo | s0 1,768 4897 | 0,050
e | l
[ | | |
TEST:2
T o | 70 | oo | 0 \ ‘ H
o | 10 | 30 | 1,110 [ aors__| 0031 B
20 | 120 | 580 | 1,768 [ 4897 | o,osoj
0 | 130 | 60 | 2,007 | smos | 0059
0 | 0 | 8o | 2,755 [ 7831 | oor8 |
so | 10 | 90 | 3,084 [ ss42 | o,oa7j
[ e | 160 [ 90 | 3,084 [ B542_ | 0087
T 70 | 160 | 90 | 3,084 [ sse2_ | 0087 |
T e | 160 | 90 | 3,084 | ss5e2_ | o087 |
o | l | | | |
TEST :3
[ o | l | | I |
| | | | —
o] 1 | | —
| | | | E—
- | | | ]
50| \ 1 l |
e | l l l l |
70 | l | | | |
[ s | | I \ ] |
[ s | | l | 1 |

B.Turgay ALEMDAROGLU
Jeoloji Y. M.
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0.0T.0 ZEMIN MEKANIG! LABORATUVARI

CONSALIDATION TEST (e-logF)
KONSALIDASYON DENEY!

RATIC

RANI - VOID

o

BOSLUK
o

1.0

1.10

1 .00

.90

080

u./n -

PROJECT /T

NON]

MANAVCAL DUNIZ ‘ALTl BORU AT

UL
I I

I
i

\‘\\\\Il

nA 1 10 100

BASING Loy P Kg/Cm’
()é/

Horchole no. Sumple no. Deptt
sondap nos Urnck ot 4 Derinlike
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M.E.T.U SOIL MECHANICS LABORATORY

(\.1- )

Tase |0.01.0 ZEMIN MEKANIG! L ABORATUVARI

VANE SHEAR TEST
KANATLI KESME DENEYI

PROJECT: MANAVGAT DENIZ ALT! BORU HATTI

PROJE
BOREHOLE:
SONDAJ NO:

5 SAMPLE: 5
ORNEK NO:

DATE: 14/TEMMUZ/1895

TARIH
DEPTH:
DERIMLIK:

1M SPRING DEFLECTION TORQUE
ZAMAN YAY SAPMASI TORK
(SDecion.) (Degree/Derece) (H-Cm)

COHESIOH
KOHEZYOM
hglem

6,0 0,0

\ READING \ DEFLECTION
ORUMA SAFMA

| |

| .

1
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@ M.ET.U SOIL MECHANICS LABORATORY '
1956 10.0.1.0 ZEMIN MEKANIGI LABORATUVAR|

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

X ANATLI KESME DENEYi

JaotolY:

DAIE:  14/TEMMUZ/1995

PROJE TARIH
BOREHOLE: SAMPLE: 6 DFEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRIMNG DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMASI TORK, KOHEZYON
(Sec/Sn.) (Dearee/Nerece) (M-Cin) KPa Kafem?2
READING PEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,086 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 12,0 6,0 2,097 5,808 0,059
60 12,0 8,0 2,097 5,808 0,059
70 12,0 6,0 2,007 5,808 0,059
80 12,0 8,0 2,097 5,808 0,059
TESTZ
Q 6,5 0,0 0
10 10,0 35 1,274 3,530 0,036
20 1,5 50 1,768 4,897 0,050
30 13,0 6,5 2,261 6,264 0,064
40 14,0 7.5 2,590 7,175 0,073
50 15,0 8,5 2,919 8,086 0,082
60 16,0 9,5 3,248 8,997 0,092
70 17,0 10,5 3,577 9,509 0,101
80 18,0 11,5 3,906 10,820 0,110
90 18,0 11,6 3,906 10,820 0,110
100 18,0 11,5 3,906 10,820 0,110
TEST 3
0
10
20
30
40
50
60
70
80
90
B.Turgay ALEMQJi\FO
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@ M.E.T.U S0IL MECHANICS LABORATORY VANE SHEAR TEST
1956 (0.D.7.U0 ZEMIN MEKANIGI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 7 SAMPLE: 7 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION [ORQUE COHESIOM
ZAMAH YAY SAPMASI 10RK KOHEZYOR
(Secsn) (Pegree/Nerece) (H-Cin) KPa | KyenZ
READING PEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 10,5 4,5 1,603 4,442 0,045
30 11,5 5.5 1,932 5,353 0,055
40 13,0 7.0 2,426 6,720 0,069
50 13,5 7.5 2,590 7175 0,073
60 14,0 8,0 2,755 7,631 0,078
70 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2,755 7,631 0,078
90 14,0 8,0 2,755 7,631 0,078
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 13,0 7,0 2,426 6,720 0,069
40 15,0 9,0 3,084 8,542 0,087
50 15,0 9,0 3,084 8,542 0,087
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80
90
TEST :3
0 7,0
10 9,0 20 0,781 2,164 0,022
20 10,0 3,0 1,110 3,075 0,031
30 10,0 3,0 : 1,110 3,075 0,031
40 10,0 3,0 1,110 3,075 0,031
50 10,0 3,0 1,110 3,075 0,031
60
70
80
90

B.Turgay ALEMDAROGLU
Jeoloji Y. Mih.
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(D MEIU S0IL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
vann |0.DT.U ZEMIN MEKANIG] LABORATUYARI KONSALIDASYON DENEYI

DIROJECL /IR0

MANAVCGAT DENIZ ALTI BORU HALT

P |

vOiD RATIC

ORANI =

]

BOSLUK

0l 1 10 100

BASING Log P Kg/Cm’

< Horehole no: Lample nos Depth
sonduy o, trnek nos 7 Derinlik:

B Turgay REEMDAROGR
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@ M.E.T.U S0IL MECHANICS LABORATORY VANE SHEAR TEST
1956 [0.D.1.0 ZEMiN MEKANIGiI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/ TEMMUZ/1995
PROJE TARIH
BOREHOLE: SAMPLE: 8 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION [ORQUF COoHESIOMN
ZAMAN YAY SAPMASI TORK KOHEZYOH
(Sec/on) (Deqree/Derece) (H-Cm) KPa Ka/em?2
RFEADIMNG DEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5.0 1,768 4,897 0,050
30 11,0 50 1,768 4,897 0,050
40 12,0 6,0 2,097 5,808 0,059
50 13,0 7.0 2,426 6,720 0,069
60 13,0 7.0 2,426 6,720 0,069
70 13,0 7.0 2,426 6,720 0,069
80 13,0 7.0 2,426 6,720 0,069
30
TEST2
0 8,0 0,0 0
10 17:8 3,0 1,110 3,075 0,031
20 13,0 5,0 1,768 4,897 0,050
30 15,0 7.0 2,426 6,720 0,069
40 16,0 8,0 2. 755 7.631 0,078
50 17,0 9,0 3,084 8,542 0,087
60 18,0 10,0 3,413 9,453 0,086
70 19,0 11,0 3,741 10,364 0,106
80 19,0 11,0 3,741 10,364 0,106
90 19,0 11,0 3,741 10,364 0,106
TEST 33
0 6.0
10 9,0 3,0 1,110 3,075 0,031
20 10,0 4,0 1,439 3,986 0,041
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7.0 2,426 6,720 0,069
50 13,0 7.0 2,426 6,720 0,069
60 13,0 7.0 2,426 6,720 0,069
70 13.0 7.0 2,426 6,720 0,069
80
90
LU

Jeoloji Y. Muh.
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M.E.T.U  S0IL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
0.0.1.0  ZEMIN MEKANIG| LABORATUVAR) KONSALIDASYON DENEYI
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1.t e Tt T B B s ey e o Bt OO = A
1A e — e e
130 —
F ] f
=] 1,21) — \
l o)
z ]
: i \
(] 7 \
j 1.10 §
) ol
(]
1) =
100 : \
DY - et B \ R S
: lﬂ.\ -
[ ~L \
[URI13] v e -t e — - i = == e 8
a1 1 10 100
BASING Loy P Kg/Cm®
o Horehol: ng, Sapde o et
Swonelag g ek nos o Dk
B.Turgay ALEMDAROGLU

Jaoloji Y. M,



MANAVGAL DENiZ ALTI BORU PIATT

3121Ld7d

SUINLL N 1

a0 M-

)

(4

SE o, HAVID

[ZITYNY 3413 IouaiH- 313
SISATVNY YILIWOYAAH-IATIS

[AVANLYYO8Y T IDINVIIW NIW3Z N1aol;

AdOLVHOavl SHINVHDIW 110S N1InW

B.Turgay ALEMDAROC
Jeoloji Y. MR



@ M.F.1.U SOIL MECHANICS LABORATORY
1956 §0.D.1.0 ZEMiN MEKANIGI LABORATUVARI

YANFE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: SAMPLE: 9 PEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIMF SPRIMNG DFFLFC1ION 1ORQUF COHHFSIoN
ZAMALL YAY SAPMAS! TORK KOIHF 70
(See/Sn,) (PDegreetNercee) (H-Cin) KPa L Ke/ein
READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 8,0 2.0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 10,5 4,5 1,603 4,442 0,045
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
G0 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059
90
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 50 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7.0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 15,0 9.0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80 15,0 9.0 3,084 8,542 0,087
S0
TEST i3
0 7.5
10 10,0 2.5 0,946 2,619 0,027
20 11,0 3,5 1,274 3,530 0,036
30 12,0 4,5 1,603 4,442 0,045
40 13,0 55 1,932 5,353 0,055
50 13,0 5.5 1,932 5353 0,055
60 13.0 55 1,932 5353 0,055
70 13,0 55 1,932 5353 0,055
80
90
8-Furgay-ALEMBARQS

Jeoloji Y. Mun.
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@ M.E.T.U SOIL MECHANICS LADORATORY VANE SHEAR TEST

1956 10.D0.1.0 ZEMIN MEKANIGI LABORATUVYARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 10 SAMPLE: 10 DEPTH:

SONDAJ NO: ORNEK NO: PERINLIK:
TIME SPRIMNG DEFLFCTION TORQUE COHESIOHN
ZAMAN YAY SAPMASI TORK KOHEZYON
(Dec/On.) (Deqree/Derece) (N—Cm] KPa Ka/cinl
READING DEFLECTION
TEST:A OKUMA SAPMA
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,086 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 11,0 5,0 1,768 4,897 0,050
- 60 11,0 5,0 1,768 4,897 0,050
70 11,0 5.0 1,768 4,897 0,050
80
90
TEST:2
0 7,0 0,0 0
10 7.5 0,5 0,288 0,797 0,008
20 8,0 1,0 0,452 1,252 0,013
30 10,0 3,0 1,110 3,075 0,031
40 11,5 4,5 1,603 4,442 0,045
50 12,0 5,0 1,768 4,897 0,050
60 13,0 6,0 2,097 5,808 0,059
70 13,0 6,0 2,097 5,808 0,059
80 13,0 6,0 2,097 5,808 0,059
90
TEST :3
0
10 R
20
30
40
50
80
70
80
90
8 Turnay ALEMDAROGL

Jeoloji Y. Muh.
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(D M.E.T.U S0IL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
vans |0.D.T.0  ZEMIN MEKANIGI LABORATUVARI KONSALIDASYON DENEYI
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(D M.E.T.U SOIL MECHANICS LABORATORY
1956 [0.D.1.0 ZEMIN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1985
PROJE TARIH
BOREHOLF.: 13 SAMFLE: 13 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMASI TORK. KOHEZYON
(See/Sn.) (Pegree/Dercee) (N-Cn) KPa Ke/en2
READING DEFLECTION
TEST: 4 OKUMA SAPMA
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 10,0 4,0 1,439 3,986 0,041
30 11,0 50 1,768 4,897 0,050
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059
90
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 50 1,768 4 897 0,050
30 13,5 i 2,590 7 < 0,073
40 15,0 9,0 3,084 8,542 0,087
50 16,0 10,0 3,413 9,453 0,096
60 16,0 10,0 3,413 9,453 0,096
70 16,0 10,0 3,413 9,453 0,096
80 16,0 10,0 3,413 9,453 0,096
90
TEST i3
0 6,0
10 9,0 3,0 1,110 3,075 0,031
20 1.5 8.5 1,932 5,353 0,055
30 13,0 7.0 2,426 6,720 0,069
40 15,0 9.0 3,084 8,542 0,087
50 16,0 10,0 3,413 9,453 0,096
60 17,0 11,0 3,741 10,364 0,106
70 18,0 12,0 4,070 11,275 0,115
80 18,0 12,0 4,070 11,275 0,115
90 18,0 12,0 4,070 11,275 0,115
B Turgay ALEMDAROQGL

Jeoloji Y. Muh.
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@ M.E.T.U SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logP)
vans |0.D.1.0  ZEMIN MEKANIGI LABORATUVARI KONSALIDASYON DENEYI!

PROJECT/P'ROJE = MANAVGAT DENIZ ALTI BORU HATTI
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@ M1y soi mecHANcs LABORATORY VANE SHEAR TEST
1956 §10.D.1.0 ZEMiN MEKANiIGi LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 14 5AMPLE: 14 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIMF SPRING DEFLECTION TORQUE COHFSION
ZAMAH YAY SAPMASI TORK KOHEZYON
(Bec/Sn.) (Degree/Derece) (H-Cin) KPa | Kgenz |
RFADING NEFLECTION
TEST: 1 OKUMA SAPMA
0 7.0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 10,0 3.0 1,110 3,075 0,031
T 11,0 4,0 1,439 3,986 0,041
40 12,0 5,0 1,768 4,807 0,050
50 13,0 6,0 2,097 5,808 0,059
60 14,0 7.0 2,426 6,720 0,069
70 14,0 7,0 2,426 6,720 0,069
80 14,0 7.0 2,426 6,720 0,069
90 14,0 7,0 2,426 6,720 0,069 |
TEST:2
[ o 6,5 0,0 0
10 10,0 3,5 1,274 3,630 0,036
20 11,0 4,5 1,603 4,442 | 0,045
30 12,0 5,5 1,932 5353 | 0,055
40 14,0 7.5 2,590 7175 | 0073
50 14,0 7.5 2,590 7,175 0,073
60 15,0 8,5 2,919 8,086 0082 |
70 15,0 8,5 2,919 8,086 0082 |
80 15,0 8,5 2,919 8,086 0082 |
90 15,0 85 2,919 8,086 0,082 |
TEST :3
0 6,5
10~ 9,0 2,5 0,946 2,619 0,027
20 10,0 35 1,274 3,530 0,036
30 12,0 5,5 1,032 5,353 0,056
40 14,0 7.5 2,590 7175 0,073
[ so0 14,0 7.5 2,590 7175 0,073
[ e0 14,0 7,5 2,590 7.175 0,073
[ 70 14,0 7.5 2,590 7175 0,073
[ 80
I
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(D M.E.T.U SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
vase |0.D.T.0  ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEYI
FROJECT/PROJE - MANAVGAT DENIZ ALTI BORU HATTI
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M.E.T.U S0l MECHANICS LABORATORY

VANE SHEAR TEST

1956 10.D.7.0 ZEMiN MEKANIGiI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 15 SAMPLE: - 15 DEPTH:

SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRIMNG DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMASI TORK KOHEZYON
(Sec/S5n.) (Degree/Derece) (N-Cm) KPa Ka/em?2
i READING DEFLECTION
TEST:T OKUMA SAPMA
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,0 4,5 1,603 4,442 0,045
30 13,0 6,5 2,261 6,264 0,064
40 14,0 7.5 2,590 7,175 0,073
50 15,0 8,5 2,919 8,086 0,082
60 15,0 85 2,919 8,086 0,082
70 15,0 8,5 2,919 8,086 0,082
80 15,0 8,5 2,919 8,086 0,082
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 14,0 8,0 2,755 7,631 0,078
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
TEST:3
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 12,0 55 1,932 5,353 0,055
30 13,0 6,5 2,261 6,264 0,064
40 13,0 8,5 2,261 6,264 0,064
50 13,0 6,5 2,261 6,264 0,064
80 13,0 6,5 2,261 6,264 0,064
. |
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(D M.E.T.U SOIL MECHANICS LABORATORY
vans 10.D.T.0  ZEMIN MEKANIG! LABORATUVARI

CONSALIDATION TEST (c-logF) |
KONSALIDASYON DENEYI
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M.E.T.U SOIL MECHANICS LABORATORY

VYANE SHEAR TEST

1956 (0.D.7.0 ZEMiN MEKANIGi LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: SAMPLE: 16 DEPTH:

S50NDAJ NO: ORNEK NO: DERINLIX:
TIME SPRING DEFLFCTION 10RQUE COHESION
ZAMANR YAY SAPMASI TORK KOHEZYON
(See/Sn.) (PegreaDerece) (H-Cm) KFa l Kafem?
READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 7.0 0,0 0
10 10,0 3.0 1,110 3,075 0,031
20 11,0 4,0 1,439 3,986 0,041
30 12,0 50 1,768 4,897 0,050
40 13,0 6,0 2,097 5,808 0,059
50 15,0 8,0 2,755 7,631 0,078
60 15,0 8,0 2,755 7,631 0,078
70 15,0 8,0 2,755 7,631 0,078
80 15,0 8,0 2755 7,631 0,078
90
TEST:2
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7.0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80 15,0 9,0 3,084 8,542 0,087
90 15,0 9,0 3,084 8,542 0,087
TEST :3
0
10
20
30
40
50
60
70
80
90
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@ M.E.T.U  S0IL MECHANICS LABORATORY CONSALIDATION TEST (c-logP)
vasn |0.D.T.0  ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEYI

FROJECT/PROJE © MANAVGAT DENiZ ALTI BORU HATTI
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@ M.E.T.U SOIL MECHANICS LABORATORY

1956 §0.D.1.0 ZEMiN MEKANIGi LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 17 SAMPLE: 17 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION 10RQUE COHESION
ZAMARN YAY SAPMASI TORK KOHEZYO!
(Seelon.) (Pearee/Derece) (N-Cim) KPa Ka/em?
READING DEFLECTION

TEST:1 OKUMA SAPMA
0 6,0 0,0 (0]
10 9,0 3,0 1,110 3,075 0,031
20 11,0 50 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7.0 2,426 6,720 0,089
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
70 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2785 7,631 0,078
90

TEST:2
0 8,0 0,0 0
10 11,0 3,0 1,110 3,075 0,031
20 12,0 4,0 1,439 3,986 0,041
30 13,5 5,5 1,932 5,353 0,055
40 14,0 6,0 2,097 5,808 0,059
50 15,0 7.0 2,426 6,720 0,069
60 15,0 7.0 2,426 6,720 0,069
70 15,0 7.0 2,426 6,720 0,069
80 15,0 7,0 2,426 6,720 0,069
90 15,0 7,0 2,426 6,720 0,069

TEST i3
0
10 ]
20 |
30
40
50
60
70
80
90
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@ M.E.T.U 50IL MECHANICS LABORATORY YANE SHEAR TEST
1956 10.D.1.0 ZEMiN MEKANIGi LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/ TEMMUZ/1995
PROJE TARIH
BOREHOLE: 18 SAMPLE: 18 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING PEFLECTION TORQUE COHFE SIOH
ZAMAM YAY SAPMASI TORK ROHEZYOMN
(See/on.) (Pegree/Derece) (N-Cin) KPa KgfemZ
READING DEFLECTION
TEST: 9 OKUMA SAPMA
' 0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70
80
90
TEST:2
0 6,5 0,0 0
10 9,0 2,5 0,946 2,619 0,027
20 10,5 4.0 1,439 3,986 0,041
30 11,0 45 1,603 4,442 0,045
40 13,0 6,5 2,261 6,264 0,064
50 13,0 6,5 2,261 6,264 0,064
60 13,0 6,5 2,261 6,264 0,064
70 13,0 6,5 2,261 6,264 0,064
80
90
TEST :3
0
10
20
30
40
50
60
70
80
90
B.Turgay ALEMDAROGLU
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(@ M.E.T.U SOIL MECHANICS LABORATORY
1956 |0.0.7.0 ZEMIN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995
PROJE TARIH
BORFHOLE: 19 SAMPLE: 19 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
MME SPRING DEFLECTION TorRQUE COHESION
ZAMAN YAY SAPMASI TORK KOHEZYOM
(5ecton.) (Degree/Derece) (N-Cn) Wa | Kgem2
KFADING DEFLECTION
TEST:1 OKUMA SAPMA
0 6,0 0,0 0
10 11,0 5,0 1,768 4,897 0,050
20 14,0 8,0 2,755 7,631 0,078
30 15,0 9,0 3,084 8,542 0,087
40 16,0 10,0 3,413 9,453 0,096
50 16,0 10,0 3,413 9,453 0,096
60 16,0 10,0 3,413 9,453 0,096
70 16,0 10,0 3,413 9,453 0,096
80 16,0 10,0 3,413 9,453 0,096
TEST:2
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,0 4,5 1,603 4,442 0,045
30 12,0 55 1,932 5,353 0,055
40 13,0 6,5 2,261 6,264 0,064
50 14,0 7.5 2,590 7175 0,073
60 15,0 8,5 2,919 8,086 0,082
70 15,0 8,5 2,919 8,086 0,082
80 15,0 8,5 2,919 8,086 0,082
90 15,0 8,5 2,919 B,08B6 0,082
TEST 3
0
10
20
30
40
50
60
70
B0
90
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(@ 1M.F_.T.U S0IL MECHANICS LABORATORY
1956 10.0.7.0 ZEMiN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995

PROJE TARIH
BOREHOLE: 20 5AMPLE: 20 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMAS] TORK KOHEZYON
(Sec/5n.) (Degree/Derece) (N-Cm) KPa | Kefen2
READIMNG DEFLECTION
TEST: 1 OKUMA SAPMA |
0 6,5 0,0 0
10 9,0 2.5 0,946 2,619 0,027
20 10,0 3,5 1,274 3,530 0,036
[ 30 11,0 45 1,603 4,442 0,045
40 12,0 5,5 1,932 5,353 0,055
50 12,0 55 1,032 5,353 0,085
60 12,0 55 1,932 5,353 0,055
70 12,0 5,5 1,932 5,353 0,055
TEST:2
0 6.0 0.0 0
10 9,0 3,0 1,110 3,075 0,031
20 12,0 5,0 2,097 5,808 0,059
30 12,5 6,5 2,261 6,264 0,064
40 13,0 7.0 2,426 8,720 0,069
50 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2,755 7,631 0,078
70 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2,755 7,631 0,078
TEST :3
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APPENDIX 2 : STANDARD TEST PROCEDURES
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SHL 2 (a)

STANDARD LABORATORY METHOD FOR DETERMINING MOISTURE CONTENT

08JECT
To determine the moisture content of soil as a percentage of its

dry mass

APPARATUS

(1) A drying oven capable of maintaining a temperature of 105 to 110°C.
(2) A balance readable and accurate to 0.01 g.

(3) An air-tight metal container.

(4) A desiccator containing anhydrous silica gel.

PROCEDURE

(1) Clean a metal container, dry, and weigh it to the nearest 0.01 g (M )
Crumble a sample of at least 30 g of the soil, and place it loosely in
the container, replacing the lid. Weigh the container and contents to the
nearest 0.01 g (u )

(2) Remove the 1id, and place the container and contents in the oven

to dry at 105-110° C.

(3) After a period of 16 to 24 hours, remove the container from the oven,
and place it in the desiccator to cool.

(8) Replace the 1id and weigh the container and contents to the

nearest 0.01 g (Ma).

CALCULATIONS

Calculate the moisture content (m) of the soil from the following

formula:
-
S x 100 (1)
By = B
where,
., = mass of container and wet soil (a);
mass of container and dry soil (q);

-

AR~
by

1]

=z
0]

mass of container (g).

PEPNRTING OF RESIT.TS .

Report the moisture content (n) of the soil to two significant Fiqures
for values up to 10!, For moisture contents abave 10!, reoort the
results to the nearest whole number.

-
fiot=, Fnr organic snils and snils containing qypsum, a temperature

of nat mare than 8n° C, nossibly kept for a lnnaer period than

24 haurs is adiis able to avoid oxidation and loss of water
of crystallization,
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SML 3 (a)
‘ ATTERBERG LIMIT TESTS

A. LIQUID LIMIT TEST
OBJECT

To determine the liquid limit of the air-dried soil, i.e. the moisture
content at which a soil passes from the plastic to the liquid state,

as determined by the closure of the groove over 13 mm by 25 bumps in the
Casagrande liquid limit device.

APPARATUS

(1) Liquid limit device.

(2) Grooving tool.

(3) A glass plate.

(4) Two palette knives

(5) Moisture content test apparatus (see SML 2(a)).

(6) 400 micron sieve (ASTM No.40).

PROCEDURE

(1) Adjust the height to which the cup of the liquid limit device

is lifted, so that, when the cup is raised to its maximum height,

the 10 mn gauge will just pass between it and the base.

(2) Take at least 200 g of the air-dried soil passing the 400 micron
sieve, and place it on the glass p]ate._Add distilled water very slowly,
and using the palette knives mix up the soil thoroughly until it

becomes a thick, homogeneous paste. Be careful not to add too much water.
(3) Allow the paste to stand in an airtight container for about 24 hours
to let the water permeate through the soil mass. (NOTE. This step may be
omitted for instruction purpnses, and for soils of low clay content.)
(4) Place a portion of the snil-water mixture in the cup (the cup resting
on the base), and by means of a palette knife,level the surface parallel
to the base.

(5) Divide the soil in the cup by drawinqg the grooving tool along the
diameter thrcuah the centre of the hinge, at the same time holding

it normal to the surface of the cup with the chanfered edge facing the
direction of movement. (If the ASTM tvpe of qrooving tool is used, the
excess material, which bulges ahove the original smoothed surface of the

soil, muskt be scraped of f from the upper edges of the groove.)
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(6) Turn the crank at the rate of two revolutions per second until the
two parts of the soil come into contact at the bottom of the qroove
along a distance of 13 mm. If the number of drops is between 40 and

60 when this happens, take about 10 9 of the soil from the portions

of the sample that have Just flowed together, using a palette knife,
and place this in a suitable container for subsequent determination

of the moisture content (see SML 2(a)).

(7) Repeat operations (2) to (6) at least four times using the same
sample to which further increments of distilled water have been added.
The amount of water added must be such that when the moisture contents
are plotted, they will be evenly distributed over a range hetween 50
and 10 b]UWS-_Iﬂg_ﬁﬁiﬁmﬂﬁiﬁ_EDﬁDﬁL}FEEEEQ_DTT‘the drier to the wetter

condition of the soil (i.e. in no case must the soil-water mixture be

allowed to dry in order to obtain a higher blow count than the one obtained
last). Each time the soil is removed from the cup for the addition of more
water, the cup and the grooving tool must be cleaned and dried. During
testing of the soil in the cup, keep the remainder of the sample covered
with a damp cloth to prevent rapid drying.

CALCULATIONS

Calculate the moisture contents and plot these as ordinates on the linear
scale of a semi -logarithmic chart with the corresponding number of blows
as abscissae on the logaritlmic scale. Draw the best straight line

through the plotted points. This is called the 'flow curve'.

REPORTING OF RESULTS

Take the moisture content, corresponding to the intersection of the

'"flow curve' with the ordinate representing 25 blows, as the liquid Timit
(wL) of the soil and express this to the nearest whole number.

B. PLASTIC LIMIT TEST
OBJECT

To determine the plastic limit of soil, i.e., the minimum moisture content
at which the soil can be rolled into a thread 3 mm in diameter without
breaking.

APPARATUS

(1) A glass plate.

(2) A palette knife.

(3) Moisture content apparatus.

(4) 400 micron sieve.

(5) A non-corrodible airtight container.
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PROCEDURZ
(1) Take about 20 g of the air-dried soil passing the 400 micron sieve,
and mix it with distilled water until it can be formed into two balls.
Place one of the balls in the airtight container, and roll the other
between the hand and the glass plate to form the soil into a thread.

When the thread reaches a diameter of 3 mm, knead the thread together
into a ball and roll out again. Repeat this procedure until the thread
crumbles when its diameter reaches 3 mm.

(2) Place the crumbled soil thread into a suitable container for moisture
content determination. Sufficient material must be used to ensure that
each welt moisture content sample weighs at least 5 g.

(3) Repeat the test using the second ball.

CALCULATIONS AND REPORTING OF RESULTS

Calculate the average of the moisture contents determined in the two
tests and report this as the plastic limit (wp) of the soil, expressing

it to the nearest whole number.

C. DETERMINATION OF THE PLASTICITY INDEX
OBJECT

To calculate the plasticity index of a soil.

PROCEDURE

Netermine the liquid limit (wL) and plastic limit (wp) by the procedures
given in Sections A and B. '

CALCULATIONS

Calculate the plasticity index (IP) from the formula :

Tp= Wy =¥,

REPORTING OF RESILTS
Report the numerical difference so determined as the plasticity index
(Ip) except under the following conditions:

(1) When the plastic limit cannot be determined or when the plastic
limit is equal to or greater than the liquid limit, report the material
as nan-plastic (NP).

(2) For some soils the liquid limit cannot be determined although

2 value can be obtained for the plastic limit. In such cases if a
measure of the plasticity index is required, it can be obtained by the
use of the linear shrinkage test given in the next section.
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SHL 4 (b)

DETERMINATION OF SPECIFIC GRAVITY OF SOIL PARTICLES

(b) Method for medium-and coarse-grained soils.

OBJECT

To find the specific gravity of the soil particles of medium-and
coarse- grained soils.

APPARATUS

(1) A pycnometer consisting of a 1-litre glass jar with a brass
conical cap, fitted with rubber sealing washer, screwad on top.

(2) A thermostatically controlled dryina oven, capable of maintaining
a temperature of 105-110°C (75-8006 for soils containing gypsum).

(3) A balance readable and accurate to 0.5 g.

(4) A desiccator containing anhydrous silica gel.

(5) A glass rod about 30 cm long and 6 mm diameter.

(6) A thermometer, to cover the range 0-50°C, readable and

accurate to 1°C.

(7) A source of vacuum.

(8) At least 5 litres of water which has been allowed to stand

in the laboratory for about 24 hours.

PRCCENURE

(1) Obtain 400-500 g of the air-dried sample hy quartering or riffling.
Break down any stones larger than 40 mm diameter until they become
smaller than this diameter. Oven-dry the sample at 105-110%C. (If the
soil contains gvpsun, drying should be carried out at 75-80°C and for
a lonaer period of tima.)

(2) Dry the pycnometer and weigh it to the nearest 0.5 g (Ml).

(3) Allow the soil to cool in tha desiccator. Remova the cap of the
pvcnosetar, and introduce about 400-500 q of the soil into it.

Weigh the pycnometer together with the cap and contents to the
nearest 0.5 a (v,). 5
(4) Add water, af a tenparature t 29C of the averane room teaperature
during the test, tn the soil until the jar is about half-full, and

stir the mixture thorouahly with the glass rod to remove entrapped air.
Thea replace the cap, taking care that this is water-tiaht, and that

it is always tiqghtenad to tha same pesition (make lecating marks on the
cap and tha alass jar to aid this), making the volume of the pycnometer
cnnstant th}ouﬂhﬂut the test. Fill the pyznometer with water. Remove any

remaining air by shaking the pvcnometer, holding one finger over




.

the hole in the cap. Then top up the pycnometer with water. Dry the
pycnometer on the outside, and weigh it to the nearest 0.5 g (MJ).
(5) Then empty the pycnometer, wash it out thoroughly, and fill it
completely with water at room temnerature until the surface of the
water is flush with the hole in the cap. Dry the pycnometer on the
outside and weigh it to the nearest 0.5 g (m,).

(6) Repeat the above procedure for a second sample of the same soil,

and obtain two values of the specific gravity.
CALCULATIONS
Calculate the specific gravity of the soil particles (GS) from the

formula:

My = ¥y

g, ®
(#y = 1) = (4 = ¥))

where
M, = mass of pycnometer (g);
M, = mass of pycnometer and soil (g);
M, = mass of pycnometer, soil and water (9);
M, = mass of pycnometer full of water only (g9).

REPORTING OF RESULTS

Take the average of the values obtained as the specific gravity
of the soil particles, and report this to the nearest 0.01.

If the two results differ by more than 0.03, repeat the tests.
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SHML 6 (a)
DETERMINATION OF PARTICLE SIZE DISTRIBUTION OF
MEDIUM - AMD COARSE - GRAINED SOILS

(a) Analysis by webt sieving

OBJECT

To determine the particle size distribution in a soil down to the

fine sand size.

REAGENT

Sodium hexametaphosphate.

APPARATUS

Same as for SHL 6 (b).

PROCEDURE

(1) Same as for SML 6 (b).

(2) Place the reduced sample on a 20 mm test sieve, and brush the retained
particles, to remove finer material adhering to them, using a wire brush or
similar stiff brush. Take care when dealing with soft materials to

ensure that the brushing is not removing parts of the large particles.
(3) Place the material passing the 20 mm test sieve in a large tray,

and cover with water.

(4) To the soil-water mixture add sodiun hexametaphosphate at the rate

of 2 g per litre of water, and stir. Allow the soil to stand for at least
one hour in this solution, and stir frequently.

(5) Then wash the.sample through a 2.5 mm sieve, placed over a 63 micron
sieve, allowing the material passina the 63 micron sieve to run to waste.
[f the material on any of the two sieves is likely to exceed the maximumn
sieve loads qiven in the last column of the data sheet given at the end
of SML 6 (b), the material should be washed in parts.

(6) Continue the washing until the water passina the 63 micron sieve

is virtually clear.

(7) Tip all the material retained on the sieves inta trays or

evanoratirg dishes, and drv in the aven at 105 - 110° C.

(8) Yhen dry, sieve the samole, including anv material retainad

on the 20 m sieve, as in SML 6 (b). Heigh the amounts retained

on each sieve,

(9) Datermine tha amount passing the A3 micron sieve h; addina the

masses nf material retained an each nf the sieves used and subtracting

tha taotal fyom the tntal mass recarded in sten (1).




e

or

P

CALCULATIONS
Making use of the table on the data sheet (given at end of SHL 6 (h))

calculate the percentage (by mass) of the material retained on each
sieve, as well as The per
calculate the Cmnuldlive percentage (by mass) of the material passing
each of the sipves.

REPORTING OF RESULTE

Report your resulls
(mm) as abscissar v

as ordinates 0N the

centage passing the 63 micron cieve. Finally

on 3 semi-logarithmic chart with the particle size
n Lhe logarithmic scale, and the percentaqe passing

linear scale. Report that wet sieving was used.
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SML 7 (a)
DETERMINATION OF PARTICLE SIZE DISTRIBUTION
OF FINE-GRAINED SOILS BY THE HYDROMETER
OBJECT

To determine quantitatively the particle size distribution in a soi)
from the coarse sand size down. The test is not applicable if less
than 10 % of the material passes the 63 micron (ASTM No.200) sieve
as measured by wet or dry sieving (SML 6 (a) or (b) ).

APPARATUS

(1) A hydrometer calibrated to read density (g/m])* at 20°c,

(e.g. ASTM 151 H).

(2) Two 1000 m] graduated glass measuring cylinders about 7 cm

in diameter and 33 cnm high, marked at 1000 m) volume,

(3) A thermometer to cover the range 0-50°C,

(4) An electrically driven stirrer.

(5) Test sieve sizes 2.5 mm, 630 ym, 200 um, and 63 um (ASTM

No. 8, 30, 70, and 200 respectively), and a receiver.

(6) A balance readable and accurate to 0.0] g.

(7) A thermostatically controlled drying oven, capable of
maintaining a temperature of 105 - 170%:

(8) A stop watch.

(9) A desiccator containing anhydrousrsilica gel,

*Some hydrometers (e.q. ASTM 152 H) are graduated to read concentration
of soil particles in one litre of solution (g/litre), assuming a certain
specific gravity G p for the soil grains. In such cases, the readings
have to be converted into density (g/ml) by using the following formula :

Gsh
Rh = R ( —"T )
sh

where R, R, = the reading obtained (after applying the meniscus
correction) for hydrometers reading in g/litre and g/ml respectively,
the latter being recorded as explained in Calculations, Para. 3.
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(10) A centimetre scale.
(11)

(12) A round-bottomed flask of 1000 ml capacity.

(13) A 100 ml measuring cylinder.

(14) A glass rod about 15-20 cm long and 5 mn in diameter.
(15) A constant temperature bath.

Four porcelain evaporating dishes.

REAGENT

Sodium hexametaphosphate solution, obtained by dissolving 33 g of
sodium hexametaphosphate and 7 g of sodium carbonate in distilled
water to make 1 litre of solution. (NOTE. This solution is unstable
and must be freshly prepared approximately once a month. The date of
preparation must be recorded on the bottle.)

PROCEDURE

Calibration of hydrometer

(a) Volume

Determine the volure (vh) of the hydrometer bulb by weighing

the hydrometer to the nearest 0.1 g, and recording the mass in grams 2as
the volume v, inml. This value includes the volume of the stem below
the 1.000 graduation mark. For practical purposes the error due to the
inclusion of this stem volume is negligible.

(b) Calibration

(1) Determine the sectional area of a 1000 ml measuring cylinder in which
the hydrometer is to be used by measuring the distance between two
graduations (e.g. 100-900). The sectional area (a) is equal to the
volume included between the two graduations divided by the measured
distance in cm between them.

(2) Measure and record the distances from the lowest calibration mark
on the sten of the hydrometer to each of the other major calibration
marks (n, ). '

(3) Measure and record the distance from the nack of the bulb to the
nearest calibration mark,

(4) The disktanca 1, corresponding to a reading 7y is equal to the sun
of tha distances measured in (2) and (3).

(5) Measura the distance (7) fran the neck to the kottom of the bulb,
and record tnis as the heaight of the bulb.

() Calculate the effective depth (r:.) corresponding to each of the
maicr calibration marks {rh) using the formula:

1
f = F + [T —————
R T {2 A )




S

«J3=

where Hl lenqth from neck of bulb to graduation B (cm) ;

= twice the length from neck of bulb to 1t5 centre

of volume (cm);
V.= volume of hydrometer bulb (ml1);
A = area of measuring cylinder (cmz).
(7) Plot the relationship between H, and R, as a smooth curve,
Using this curve, construct a scale of R, to the right of the i,
scale (right-most scale) on the attached nomographic chart (Fig.1)
for the solution of Stokes' Law.
(c) Meniscus correction
(1) Insert the hydrometer in a 1000 m) measuring cylinder
containing about 700 ml water.
(2) By placing the eye slightly below the plane of the
surface of the liquid, and then raising it slowly until
the surface seen as an ellipse becomes a straight line,
determine the point where the plane intersects the hydrometer scale.
(3) By placing the eye slightly above the plane of the surface
of the liquid, determine the point where the upper limit of the
meniscus intersects the hydrometer scale.
(4) Record the difference between the two readings in (2) and
(3) above as the meniscus correction c -
TEST PROCEDURE
(1) Of the air-dried soil, obtain by riffling two subsamples
weighing 50-100 g approximately. The actual amount of soil
required will vary according to the type of soil, e.g. 50 g with
a clay soil and 100 g with a sandy soil. Determine the moisture
content (m ) of one sample. Weigh the other accurately to the nearest
0.01 g (M ), and place in an evaporating dish.
(2) To the soil in the evaporating dish add 100 m1 of sodium
hexametaphosphate solution, and warm the mixture gently for
about 10 minutes.
(3) Transfer the mixture to the dispersing cup of the mixer,
by means of a jet of distilled water from a wash-bottle. Do not
use more than 150 ml1 of water for this operation. Then stir the
soil suspension for 15 minutes by means of the mechanical mixer.
(4) Transfer the suspension immediately to the 63 micron test sieye
placed on the receiver, and wash the soil on the sieve using a jet
of di;til1ed water from the wash-bottle. Take particular care to
wash off all traces of suspension adhering to the dispersion cup
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and baffle wires. Do not use more than 500 m]1 of water for this operation.
Transfer the suspension that has passed through the sieve to the 1000 ml
measuring cylinder and make up to exactly 1000 ml with distilled water.
(5) Transfer the material retained on the 63 micron sieve to an
evaporating dish, and dry in the oven at 105 - 110%C. After dryina,
sieve this material on the 2.5 mm, 630 ,m, 200 pum, and 63 ym test
sieves. Weigh the material retained on each sieve and record the

masses b@ L andn&_ respectively).

(6) Insert a rubber bung in the mouth of the measuring cylinder,

shake this vigorously until a uniform suspension is formed, and

finally invert it end over end. Immediately the shaking has ceased,
allow the measuring cylinder to stand, and start the stop watch.
Immerse the hydrometer to a depth slightly below its floating position,
and then allow it to float freely. Take the hydromneter readings after
periods of 1/2, 1, 2 and 4 minutes. Then remove the hydrometer slowly,
rinse it in distilled water, and keep it in a cylinder of distilled
water at the same temperature as the soil suspension.

(7) Re-insert the hydrometer in the suspension and take readings after
periods of 8, 15 and 30 minutes, 1, 2 and 4 hours after the shaking.
Remove the hydrometer, rinse it and place it in the distilled water
after each reading. In taking all readings, insert and withdraw the
hydrometer carefully to aveoid disturbing the suspension unnecessarily,
allowing about 10 seconds for each operation. After 4 hours' sedimentation,
take readings once or twice daily, noting the exact period of
sedimentation,

(8) Read and record the temperature of the suspension once during the
first 15 minutes and then after every subsequent reading, with

an accuracy of at least ¥ 0.5°C.

(9) Place exactly 50 ml of the dispersing agent solution in a weighed
beaker, and place this in the oven at 105-110°C until the water
evaporates. Hence calculate the mass (Fﬁ) of the dispersing agent.
Calculate the dispersing agent correction (x) from the formula:

) 4 .
x EHd

This correction should be approximately 4, if the recommended
concentration of sodium hexametaphosphate has been used.
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CALCULATIONS
(1) Calculate the dry mass of the material taken for the sedimentation

analysis from the formula :

"

Mb =
T+ m
a

(2) Use the mass , for the calculation of the percentages of

material retained on each sieve using formulae such as :

M

Material retained on 2.5 mm sieve = —f— x 100 (%)
: b

Express these as cumulative percentages passing each sieve.
(3) Perform the necessary calculations for the sedimentation stage
of the test by completing the table on the data sheet attached.

In this table,
the hydrometer reading at the upper rim of the meniscus.

R =

h Record this value by reading the decimals only and placing
a decimal point between the the third and fourth decimal
places. For example, record the density 1.0285 as
Ré = 28,5;

c = meniscus correction;

M, = temperature correction given in Fig.2;

x = dispersing agent correction,

(4) Determine the equivalent particle diameter (p) by means of the
nomographic chart (Fig.1) for the solution of Stokes' Law. To do this,
obtain a value of the constant B by placing a straightedge across
the specific gravity (6.) and temperature (T) scales at the
appropriate values. Note the value of B so obtained. Then obtain

a value of veleocity (v) by placing a straightedge across the
hydrometer reading (Rh) and time (t) scales at the appropriate

values. Finally, read off the value of the equivalent particle
diameter (p) by placing a straightedge across the velocity and B °
scales at the points corresponding to the values of v and B

already found.
(5) Calculate the percentage (k) by mass of the panticles smaller than

the corresponding equivalent particle diameter using the formula :

100 ¢
Bow e S e b d s )

t
M, (GS-])
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where M= total dry mass of the soil taken for the sedimentation analysis.
oAy specific gravity of soil particles.

REPORTING OF RESULTS

Plot the cumulative percentages of particles passing each sieve obtained

form the results of fine sieving, and the values of x obtained from

the sedimentation analysis on a semilogarithmic chart with the particle

size p (mm) as abscissae on the logarithmic scale and the percentages

finer than p as ordinates on the linear scale.
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SML 22
CONSOLIDATION TEST ON AN UNDISTURBED CLAY

OBJECT

The object of this experiment is to determine, for an undisturbed
caturated, cohesive soil, the relationship between the effective

pressure and void ratio and the time-settlement characteristics.

FROCEDURE _

1. Weigh the consolidometer ring and measure its depth and internal
diameter, entering these values in Data Sheet I. Then extract a specimen
by driving a special, thin - walled ring (with tte over-drive piece attached)
into the undisturbed soil sample, and trim the ends as follows :

(a) For the Soiltest Inc. consolidometer (Fig.4), the thickness
of the specimen should be slightly Tess than the depth of the ring
in order to accommodate the porous stone. While the specimen is still
in the thin-walled ring, trim one end; then, using the extruder, push the
specimen through the ring for a few millimetres and cut the other end
flush with the edge of the ring. Measure the height of the specimen, and
transfer it into the consolidometer ring.

(b) For the Karol-Warner Inc. consolidometer (Fig.5), there is no
need for such a clearance. The specimen is therefore transferred into the
consolidometer ring and the ends trimmed flush with the ends of this
ring. Measure the height of specimen.

Loading cap .
& tord g Loading cap

Ring

T

POrouss?ona Forous stone f

"’1 T A Y e Ay A A JV/ N (.\7/,(}
< Specimen éSpec-men 4 '

‘& L AN EASY LA O L L3N, 6:.4){441@& zzamz ’

L L Porous stong |, 17/ v,/ Forous stone .|’
EZW?/WW/ L i TSI
FIG. 4. FIG.5.

SOIL TEST INC. CONSOLIDOMETER KAROL-WARNERINC.CONSOUDOMETER

c-280 MODEL 30l
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2. Take samples for the determination of the specific gravity of the soil.
3. Place the specimen with its ring in an evaporating dish and weigh.

4, With filter paper discs (these may be wet for soft clays but must

be dry for stiff, overconsolidated clays) placed nn top and bottom

of the specimen, assemble the ring in the consolidation cell and mount
this on the loading device.

5. Adjust the deflection dial to give sufficient travel under the propased
increment of load, and to record a small amount of swelling.

6. Loading scquence

(a) Select the sequence of loading to be followed from the
following range of pressures (kPa) :

10, 25, 50, 100, 200, 400, 800,‘1600, 3200. The initial pressure to be
applied should be large enough to prevent swelling of the specimen;
this should be around the effective overburden pressure at the depth
from which the sample was taken for stiff clays, and as low as 10 kPa
for very soft clays.

(b) Having recorded the initial dial reading, apply the initial
pressure selected above, and instantaneously start the stopwatch.
Take further readings of the compression gauge at 4, 8.5, 15, 23.5,
and 34 secands, and then at 1, 2.25 , 4, 6.25, 9, 12.25, 16, &™,3,
49, 64, 81, 100, 121 minutes, etc. (The times suggested facilitate
the use of the "square root of time fitting™ method. Readings taken
at other intervals can also be plotted.)

(c) After about 24 hours, record the final readings of compression
and time. Record also the daily maximum and minimum temperature of
the room, Then increase the pressure to the next higher value in the
sequence given in (a), and repeat the previous procedure.

(d) Use an adequate number of stages of loading (not less than 4),
ensuring that the maximum pressure on the specimen is greater than the
effective pressure expected in situ due to the overburden and the
proposed structure,

*The specimen should be flooded with water as soon as possible after

the application of pressure. If this causes the specimen to swell,

or the compression to almost cease within a short time, increase the
pressure to the next higher value in the range given in (a), and re-start
reading the compression gauge at the suggested time intervals. If swelling
continugs, the pressure should be increased further until the specimen
continues to consolidate under the new load.

*
‘See NOTE following step 7.

o —~ @ |
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7. unloading

(a) After completing the readings under the maximum applied
préssure, decrease the pressure to a quarter of the maximum pressure,
and then to 10 kPa, leaving each pressure on for at least 4 hours.

(No intermediate readings are normally taken during the rebound stages
of the test.)

(b) After taking the final reading under the 10 kPa pressure,
quickly dismantle the apparatus. Remove the filter papers, dry the excess
water on the surface of the specimen, and weigh the specimen while still
inside the ring.

(c) Place the specimen and riné in an evaporating dish and dry
in the oven to constant weight.

NOTE (for instruction purpcsrs only). The proper consolidation test takes
over one week to complete. In order to obtain a rough effective stress-
void ratio curve in a 50 - minute instruction period, the following
procedure is suggested:

After the 25-min reading under the first pressure, apply the remaining
pressures in sequence, leaving each pressure on for a period of 3 minutes.
Do not take time - compression readings; just record the last reading

of the dial gauge, before applying the next load. After applying the
Tast pressure and keeping it on for 3 min, take a final reading of the
dial gauge, remove all Toads, and apply the rest of the procedures

in Step 7 (b) and (c).

CALCULATIONS

1. Perform the necessary calculations in order to complete Data Sheet I.
2. From the readings recorded on Data Sheet I1I, plot curves of the dial
gauge readings against the square root of time. From these curves,

i the time for 90 ¥ consolidation, using Taylor's square
root of time fitting method. This is done by extending the straight
portion of the compression-time curve to intersect the compression axis

determine ¢t

at the corrected origin. Through this point, a second straight line

is plotted having all abscissae 1.15 times the corresponding values on the

first curve. The point of intersection of this second straight line with

the laboratory curve gives togg * Making use of the t,, values dete;mine the
0.848 #

t
90

coefficient of consolidation, - using the relation g ¥

where # is one half of the average of thickness values at the
beginning and ‘at the end of a load increment.
3. Use the information on Data Sheet I and the corrected compression-time

curves in order to complete the table on Data Sheet III.
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4, Plot the void ratio of the specimen as ordinate on a linear scale,

and the corresponding applied pressure, p , in kPa as abscissa
on a logarithmic scale. for different stages of the test.

5. Calculate the coefficient of volume change m, in mzlkN for a pressure
increment of 100 kPa in excess of the effective overburden pressure at the
depth from which the sample was taken. Use the semi-logarithmic plot
obtained in (4), and the following equation:

_ de 1 _ de
m = ( ) = ==
dp 1+ e 1001+ )

where de = change in void ratio corresponding to the increment of 100 kPa;
e = void ratio under the present effective overburden pressure.

6. Plot a curve showing the variation of coefficient of consolidation

c, with average consolidation pressure p.

7. Determine the preconsolidation pressure by applying Casagrande's

construction (see, e.g., Craig, 1983) to the semi-logarithmic plot

obtained in (4).

B. Discuss your results.

REPERENCE
Craig, R.F, (1983). soil Mechanics, 3rd edition, Van Nostrand Reinhold,
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L 23
LABORATORY VANE TEST

"OBJECT

To determine the peak and residual undrained shear strength of a soft,
undisturbed or remoulded clay, assumed as saturated, using the
laboratory vane apparatus.

THEORY

Using your lecture notes, derivya the following expression:

w

_ 2 D
T-“Z—D.H.(]f‘—j}}—).c

where D =diameter of circle circumscribing vanes;

H =height of vanes;

c =mobilized shear stress in the clay sample when the vane is

pushed well into the clay, and a torque T is applied to it.

APPARATUS
Give a line diagram, and describe the main features of the laboratary
vane apparatus. This instruction is for the use of the Wykeham Farrance
device, although the general procedure applies for the use of other
equipment,
PROCEDURE
{a) Calibratlon
1. Apply a known torque to the vertical shaft carrying the vane and read
off the angular deflection of the spring. The required torque can be
applied by means of a thread wound round the 9.5-mm diameter section
of the vane shaft, and pulled horizontally by passing it over a pulley
supported independently on a horizontal axis, and placing weights
on a hanger attached to its end,
2.Readings should be taken for loading and unloading stages and the mean
spring deflection determined in aorder to eliminate the effect of
friction at the pulley.

(b) Testing Procedure

1. If an undisturbed sample is available, transfer this into a Proctor

or other suitable mould™. Otherwise, remould about 1 kg of Ankara Clay
with distilled water to a consistency corresponding to a water content

of about 35 ¥. Fill a C.B.R. mould with this clay, t2king care not to trap
any air in the sample, Place the sample so prepared on the base plate of
the vane apparatus, centrally below the vans.

KIF_Fhe_Karol-Harnor device is to be used, the sample can be tested directly
while in the sampling tube.
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2. Rotation of the handle, having a horizontal axis, rotates a graduated
disc which is coupled with the top of a helical spring. (lour springs of
varying stiffness are available, and the one giving as wide a range of
readings as possible must be chosen according to the consistency of the
sample tested, provided that the spring deflection does not exceed 1800).
The Tower end of tﬁis spring is coupled with the vane shaft and also with
two pointers. The shorter of these pointers reads against the graduated
disc and hence registers the relative angular motion between the top

and bottom of the spring, that is, the "spring deflection®. The longer
pointer reads against a stationary graduated dial and hence gives the
angular rotation of the vane.

3. Set the two pointers in contact with each other, with the longer
pointer reading a value close to zero. Take the initial readings of

both pointers.

4. By turning the handle at the top of the screw spindle anticlockwise,
Tower the vane until it is just in contact with the top of the sample.
Then give it 12 more turns so that the vane penetrates the sample by
about three times its own height , #, in order to avoid the surface
irregularities of the sample. Take the pointer readings once more to
check whether any twist of the vane has taken place as it entered the soil.
5. Then apply a torque to the vane by a steady clockwise rotation of the
appropriate handle at a speed of one:quarter of a revolution every 10
seconds. During this process, take readings of the spring deflection
(inner dial) and of the angular rotation of the vane (outer dial) at
intervals of 10 seconds. Continue until the sample fails, this being
indicated by a reduction in the spring deflection. If the spring deflection
reaches 1007, stop the test and repeat with a stiffer spring.

6. Rotate the vane rapidly through two complete revolutions; then reduce
the speed of rotation of the handle to the value wused in (5), and take

a final reading of the spring deflection and the angular rotation.

7. Raise the vane out of the sample by rotating the vertical spindle
clockwise. Wipe the blades clear of adhering soil. Shift the sample so
that the vane can be lowered to a point at least 30 mm from the point

of the previous test and repeat Steps (4) to (6).

8. Repeat (7) for at least one more point of the sample.

9. Take two samples for water content determination.
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COMPUTATIONS
1. Plot the calibration curves, for the springs used, in the form

of graphs of applied torque against the average angular spring deflection.
2. For each shear test performed, convert the values of the spring
deflection to mobilized shear stress in the sample by using the
calibration curve for the spring used and the formula given above. Plot
these values against the angular rotation of the vane, thus obtaining

a set of stress -strain curyes.Read off the values of peak and residual
undrained shear strength.

3. Obtain the average of the values of peak ad residual undrained

shear strength of the soil.

4. Discuss your results,
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CHAPTER: 1 INTRODUCTION

1.1. Scope of the work

This survey was carried out for the EMT-Aydiner Joint
Venture, based on the terms of contract number 95.07.01.04
with the Institute of Marine Sciences, Middle East Technical
University.

The scope of the survey is to obtain geophysical and
geotechnical data for the design and installation of offshore
Pipeline Routes, two Single Point Mooring (SPM) Locations,
and Anchor Locations. For this aim, seismic data (echo-
sounding data, high-resolution reflection profiles, and
sonograph records), ROV (Remotely Operated Vehicle) video
records, and sediment samples were collected. This report
covers the results of the geophysical and geotechnical
investigations for the Manavgat River Water Supply Project.
The results are presented on 1/5000 scale maps.

The field work was carried out during 7-14 June, 1995.

1.2. General characteristics of the study area

The survey area is located offshore of the Manavgat
River Mouth in the Antalya Bay, Northeastern
Mediterranean Sea, between the longitudes 31 27 00"-



31- 33 00" E and latitudes 36° 41’ 30"-36- 45’ 00" N. It has
a surface area of nearly 30 km”®.

Geologically, this area has been subjected to various
orogenic activities since the Paleozoic time. These are mainly
the Hercynian and the Alpine Orogenesis. The Taurus
Mountains, located in the north of the study area, were
mainly formed during the Alpine Orogeny. In general the
southern coast of Turkey is characterized by high mountains
which plunge precipitously into the adjacent Mediterranean
to form a coastline dominated by sea cliffs, but between
Antalya and Alanya the mountains recede inland.

Manavgat River has cut a deep valley in the coastal
mountain-belt. On-the seaward side of the coastal mountains,
there is a gently broad coastal plain composed of
Quaternary sediments. The coast is fringed by broad sand
and gravelly sand beaches with wide belts of high dunes on
their landward sides. Fragments of recently cemented (by
calcium carbonate) rock have been thrown up on the eastern
nearshore of the survey area. This kind of soft rock are

generally called beachrocks.



CHAPTER: 2 SURVEY EQUIPMENT

2.1. Survey Vessel

The Instutitute of Marine Science used its own research
vessel R/V BILIM for performing all aspects of the
proposed route survey. The vessel is designed as an
oceanographic vessel and was launched in 1983. It has a
length of 40.36 m, and a beam of 9.47 m.

Additionally, a small boat was also used in nearshore

surveys.

2.2. Navigation
During this survey, the following accurate positioning
systems were employed at both offshore and the shallow

water areas.

2.2.1. Trisponder System

A DECCA Trisponder Navigation System was employed
throughout the survey. This system consists of an onboard
"master" unit and two onshore responder units. Short (0.5m
sec) pulses of radio frequency signals are transmitted by the
master unit, and responses of each of the onshore units are
received. Using the time taken for a round trip, distance to

each of the responders are measured and displayed by a
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distance measuring unit. This operation continues at very
short time intervals (few milliseconds).

For this study three onshore units (T1, T2 and T3) were
set up on land (Maps 1-7). Their location was determined by
a Distomat System provided by Contractor (EMT-Aydiner
Joint Venture). Following this, the locations of the onshore
units (T1, T2 and T3), were transferred on the 1/10000 and
1/5000 map scales of the Turkish National Grid (Maps, 1-7).

The trisponder system had been electronically calibrated

at 700 m distance, before starting the survey.

2.2.2. Global Positioning System (GPS)

The differential global positioning system, Trimble’s
NT200D model mounted on board R/V Bilim was also used
for this survey. With its Smart Chart Reader option, this
system displayed a real-time image of the survey vessel over

an electronic chart of the surrounding marine environment.

2.3. Echo Sounding Systems

Throughout the marine surveys, the following precision
Echo-Sounders were utilized. All Echo-Sounders were
calibrated for the speed of sound of 1470 m/sec in the
water column. Additionally, their depth readings were also

controlled with the bar check.



2.3.1. Raytheon DE-719B

This system 1s a portable precision survey depth
recorder. It consists of a recording unit and a 208 kHz
transmitter/receiver transducer. The maximum depth
measuring range of the echo-sounder is 123 meters. Its
accuracy is 1.27% cm of indicated depth.

This system was mounted on a small boat and used
during the inspection of the Municipal Sewer Line in the
nearshore area. It was also employed for recording depths

during the ROV video recording surveys along the Pipeline
Routes (Map 3).

2.3.2. Atlas DESO-10

Atlas DESO-10 is a precision depth recorder mounted
on R/V Bilim. The main components of this equipment are;
- recorder unit ATLAS-DESO 10
- control unit ATLAS-DESO 10
- transducers (1 transducer, 33 kHz; 1 transducer, 210 kHz)
- ATLAS-EDIG 10 (Depth indication, for digital data
acquisition)

The maximum depth measuring range of the Atlas
Deso-10 equipment is 1400 meters. With its digital data
acquisition unit (Atlas Edig-10), all depth readings are

recorded in digital form.



This system was used throughout the surveys (Maps 1-
3).

2.3.3. JMC Echo-Sounder (Model V-144)

JMC is also a vessel mounted precision survey depth
recorder. This equipment produces conventional paper graph
recordings using thermal paper and a multi-stylus head. Its
maximum depth reading capability is 2600 m. It uses two
different frequencies (28, 200 kHz) depending on operational
conditions. The depth is also displayed on a color monitor.

The JMC Echo-Sounder was used along with the Atlas
DESO-10 system (Maps 1-3).

2.4. Uniboom Subbottom Profiling System

An EG&G Uniboom high resolution seismic reflection
profiling system was utilized for investigating subbottom
structures along the seismic tracklines (Map, 1). The main
components of this system are:
-Model 230-1 Uniboom Unit Pulse Boomer
-Model 234 Energy Source
-Model 265 Hydrophone
-Model 255 Seismic Recorder

The Uniboom system generates an acoustic pulse of 0.2
millisecond (ms) with a band width of 400-14000 Hz at an

9



out-put level of 300 Joules. The depth of penetration can be
upto 75 m, depending on material properties.

The reflected signals are picked by a hydrophone array
of eight sensitive (sensitivity= -8 db/v/microbar) elements,
filtered for very high frequency noise (>7 kHz), and
recorded by a precision graphic recorder unit as a function
of two-way travel time.

The electro-mechanic transducer is mounted on a
catamaran, and towed at the sea surface. It is equipped with
a shield to prevent reverberation as a result of reflection of
the signal at the water-air interface. This is important for
the achievement of high resolution, especially near the sea-
floor. The catamaran is towed astern on one side of the
ship’s wake and the hydrophone array on the other side.
This eliminates multiple reflection interference with primary
reflections from the subsurface.

In this survey the catamaran and hydrophone were
towed 40 m behind the R/V BILIM. This difference in
distance between the ship’s position and the hydrophone was
eliminated by shifting the fixes lines on the analog seismic
records.

During the seismic data interpretations depth conversion
from the time sections were made using seismic velocities of

1500 m/sec in water and 1700 m/sec in sediments. Bar scales

10



for these values were also displayed on seismic sections (U2,
U3, U8, Ull, Ul2 and Ul4).

2.5. Side Scan Sonar System

An EG&G Side Scan Sonar system was utilized for
imaging the sea floor along the tracklines (Map 2). The basic
components of the system and their operational
characteristics are given below.

The system consists of two basic elements: a towed unit
(fish) which contains two transducers, and a dual-channel
recorder unit. The recorder also has the controls of the
system. The tow fish transducers sends short pulses (0.1
millisecond) of high frequency (~105 kHz) acoustic energy in
a fan-shaped beam on each side of the towing unit. The
reflected signals from the seafloor are received by the same
transducers, processed by the recorder unit and recorded on
chart on the corresponding side. In this manner, the record
covers a strip of the seafloor. Depending on their material
composition, dimensions and geometrical relationships with
the towing unit, different objects or features on the sea-
floor reflect the acoustic energy with different intensities.
This results in their appearance on the record with different

shapes and different patterns of tonalities.
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The horizontal resolution (parallel to the cruise line) of
the beam is determined by its angular width (L.2¢) and the
range of the record. Perpendicular to the cruise track (range
resolution), the resolution of the record is theoretically
determined by the length of the pulse (0.1 millisecond). In
practice this is limited by the width of the record on each

side, which is 125 mm here.

2.6. Remotely Operational Vehicle (ROYV)

Benthos’ MKII Remotely Operational Vehicle (ROV)
was utilized for video recording along both the pipe-line
routes and municipal sewer line (Map 3).

This system consist of a control console, a videographic
data display, a hand controller, an underwater vehicle unit
and an umbilical cable. The system is capable of visual
examination to a maximum depth of 300 m.

In this survey the ROV was towed behind the R/V
BILIM. Water depths were checked by Raytheon depth
recorder. Since the depth calibration of the ROV has not
been applied to this work, bathymetric contours (Map 4)
along the ROV tracklines (Map 3) must be considered during
the playback operation of the video records. The position of
the ship and the corresponding video recording times are

given in Tables 1, 2 and 3.
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TABLE 1: Fixes and corresponding video recording times

along the ROV-1 line.

ROV=-1 LINE
Fixes Times Fixes Times Fixes Times
H M S H M S H M S
1 7 09 2% 34 11 41 57 45
2 22 35 14 42 59 10
3 23 37 01 43 1 00 38
4 10 48 24 37 55 44 1 01 47
5 11 55 25 39 02 45 1 03 25
6 132 33 26 40 07 46 1 04 53
7 14 58 27 41 19 47 1 06 07
8 16 20 28 43 55 48 1 07 931
9 17 09 29 44 45 49 1 07 44
10 18 36 30 45 29 50 1 08 40
131 20 24 31 46 26 51 1 10 03
12 22 05 32 48 36 52 1 1% 30
13 23 54 33 49 32 53 1 12 38
14 25 26 34 50 27 54 1 13 47
15 27 16 35 51 25 55 i 15 11
16 28 16 36 52 1e 56 1 16 42
17 29 44 37 53 27 57 1 17 46
18 30 48 38 54 25 58 1 18 50
19 31 46 39 55 40 59 120 26
20 33 28 40 56 38 60 1 22 22
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TABLE 2: Fixes and corresponding video recording times
along the ROV-2 line.

ROV-2 LINE

Fixes Times Fixes Times
H M S H M S

1 0 38 21 25 27
2 1 52 22 26 24
3 2 56 23 27 16
4 4 04 24 29 03
5 5 03 25 30 17
6 6 27 26 31 47
7 7 09 27 33 14
8 8 25 28 34 58
9 9 33 29 36 53
10 10 50 30 38 56
11 12 28 31 42 00
12 14 02 32 43 08
13 15 21 33 44 31
14 16 19 34 46 14
15 17 47 35 47 00
16 19 04 36 48 34
17 20 16 37 50 19
18 21 53 38 5l 57
1.9 22 54 39 52 48
20 23 56 40 54 17

14



TABLE 3: Fixes and corresponding video recording times
along the ROV-3 line.

ROV~-3 LINE

Fixes Times Fixes Times
H M S H M S
I 57 40 6 1 10 51
2 58 24 17 1 11 25
3 59 05 18 1 12 28
A 59 35 19 1 13 29
5 1 00 28 20 1 14 28
6 1l 01 17 21 1 15 37
7 1 02 25 22 1 16 20
8 103 12 23 1 17 26
9 1 04 29 24 1 19 07
10 1 05 29 25 1 20 17
11 1 06 21 26 1 21 03
12 1 07 13 27 1 22 45
13 1 08 11 28 1 23 51
14 1 08 57 29 1L 25 27
15 i 10 15 30 1 26 49

31 1 27 58
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2.7. Sea Bottom Sampling

For sea floor sampling, a Gravity Corer was used.
However, Dietz Lafonde grab (surface) sampler was also
utilized at some sampling stations where the sea bottom was
covered with coarse material (in sand size). Locations of the
sampling stations are plotted on Map 3. Depth measurements
at each sampling stations were done using echo sounding
systems (Atlas DESO-10 and JMC).

The gravity corer is 90 cm long (coring length), 5 cm in
diameter and weighs about 20 kg (extra weights are:
4x25kg). The corer assembly consists of a main body tube
(upper assembly or weight stand), an adapter, a bail, a collar
(4 to 6 cast lead weights, 25kg each), a coring tube (5 cm
inside diameter, and 90 c¢cm length), a core catcher, a core
cutting edge, and plastic tubes. The corer achieves its
penetration by gravity. Specific gravity of the device is
great enough to cause the corer to free-fall rapidly through
the water and strike the bottom with enough force to

penetrate the sea bottom.
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CHAPTER: 3 RESULTS AND DISCUSSIONS.

3.1. Bathymetry of the study area

Depth readings obtained from the echo sounding data
along all seismic survey lines (Maps 1, 2, and 3) were plotted
on a composite map and a bathymetric map (Map 4) was
prepared. The maximum sea level fluctuations during the
survey were within the range of +17 cm and are therefore
neglected. In this map (Map 4), contour intervals are 1 meter
between the depths of 7 and 100 m, and 5 meters at water
depths greater than 100 m. Additionally, two cross sections
along the proposed pipeline routes are also presented at map
scale (Sections 1 and 2).

It is obvious that the morphology of the survey area is
dominated by two submarine canyons, along the N-S and
NE-SW directions. The submarine canyon along the N-S
direction starts at about 50 m depth and reaches to a depth
of 360 m. The second canyon extends from 100 m to 280 m
water depths. These canyons are separated by a narrow rise
in the study area. They probably join each other at greater
depths, away from the study region. The morphological
changes around the submarine canyons have been controlled
by neotectonic movements and regional differences in the

rate of sedimentation on the shelf.
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The other striking feature of the morphology of the
sea floor is the presence of shoal located on the eastern side
of the area. This shoal, has a 6 m height rise from the sea
bottom. Bathymetric contours at this locality shows closure
at 9 and 11 meters. Based on sonographs data this area was
interpreted as a rock outcrop (see next section).

The bathymetric contours are generally parallel to the
coast. Towards the depth of 30 m the spacing between the
contour lines is wide. Beyond this depths contours become
narrow, indicating and increase in the slope of the sea floor.

On Section-1, average slope of the sea floor is about
0.91- from the shore to the depth of 23 m. Slope value
reaches to 1.93¢ towards the 70.7 m.

On Section-2, change in the slope occurs at about 32 m
depth. The slope value is about 1.27¢ between the shore and
the water depth of 32 m. This value reaches to 3.10°
towards the 80.8 m.

This measurements indicates that the eastern pipeline

route is steeper than the western route.

3.2. Surface characteristics of the sea floor
Based on side scan sonar data collected along the
tracklines (Map 2), a sonographs interpretation map was

prepared (Map 5).

18



The sea floor of the area is basically characterized by
two sedimentary covers, which consist of sandy and muddy
materials.

Sandy ground covers the shallower parts of the area, less
than 25 m depth. Based on sonographs data and ROV video
recordings in this zone some occurrences of sand ripples and
sea grasses were also interpreted. The presence of sand
materials and sand ripples reflect a high energy environment
character (currents and wave activities).

The sea floor where the water depths are greater than
25 m is dominated by muddy materials. Deposition of mud
at this region indicates low-energy settings.

Apart from these findings, the other characteristic of
the sea floor is the existence of rock outcrop in the eastern
part of the survey area. This rock outcrop has a 6 m height
from the sea floor, (Sec. 3.1). This structure was surrounded
by scattered rock fragments. Similar rock fragments were
also observed at about 60 m depth in the eastern part of

arca.

3.3. Subsurface characteristics of the sea floor
In order to obtain the detailed information from the
subbottom in the survey area, high-resolution seismic

reflection profiling data were collected along the tracklines
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(Map 2). Interpretation of seismic data reveals the presence
of three seismostratigraphic units from top to bottom (Units
A, B, and C). These are discussed below.

3.3.1. Unit A

Unit A is the upper sedimentary unit (Uniboom profiles
U2, U3, U8, Ull, Ul2, and Ul4). Its top is defined as present
sea floor. It consists mainly of unconsolidated recent
sediment. Seismostratigraphically this unit is characterized
by parallel reflection configurations.

Areal distributions of thickness of the Unit A is
represented on Map 6. As seen on this map, the maximum
thickness value is about 23 meters at the eastern pipeline
area, and the minimum value is less than 1 meter at the
western pipeline area.

Thickness variations of Unit A are controlled by the
sedimentation rates and paleo-topography of the Unit B. The
high values in the nearshore region suggest that a large
parts of the terrigenous sediment delivered to the shelf has
been trapped in the inner shelf zone and the modern beach-
dune system.

The thickness variations of Unit A along the pipeline
routes are given in Sections 1 and 2. The thickness of Unit-

A along the east section is greater than the west section. In
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general, the thickness of Unit A is greater than 5 m along

the each sections.

3.3.2. Unit B and total sediment thickness

Unit B is the semi consolidated lower sedimentary unit
(Uniboom profiles U2, U3, U8, Ull, Ul2, and Ul4). This unit
is covered by Unit A, and it overlies the Unit C.
Seismostratigraphically this unit is characterized by
parallel/subparallel reflection configurations.

Areal distributions of thickness of the total sedimentary
units (Unit A+Unit B) are presented in Map 7. As seen on
this map, the maximum (63 m) and minimum (less than 1 m)
thicknesses values are observed at the western pipeline area.

Total sediment thickness values have not been
calculated at some seismic sections due to multiple
reflections in nearshore areas and weak penetration in deep

water areas.

Do Uit

Seismostratigraphically, this unit is characterized by
some chaotic and subparallel reflection configurations. It is
interpreted as basement hard rock. Its upper surface reflects
an erosional and faulted surface character. Traces of some

old faults were observed within the basement rock. There 1s,
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however, no evidence that the upper sedimentary units
(Units A and B) were faulted. This indicates that the
observed faults occurred long before the deposition
processes commenced and are not active faults at present.

The most striking feature of this unit is that it gives
an out crop from the sea bottom at the eastern part
(Sections 3.1 and 3.2).
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3.4. Geotechnical properties of the sea floor
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BOLUM: 1 GIRIS

1.1. Calismanin Amaci

Bu ¢alisma, Orta Dogu Teknik Universitesi, Deniz
Bilimleri Enstitiisii tarafindan 95.07.01.04 nolu sozlesme
kapsaminda, EMT-Aydiner Ortaklig1 adina
gerceklestirilmistir.

Caligmanin amaci, kiyitesi boru hatlarinin planlanmasi
ve montajl i¢in ve ayni zamanda iki adet tek noktal
samandira ve demirleme yerlerinin arastirilmasi igin gerekli
olan jeofiziksel ve jeoteknik verileri elde etmektir. Bu
amacla, sismik veriler (derinlik ol¢iimleri, yliksek ayirimh
yansima profilleri ve sonar kayitlar1), uzaktan kumandali
denizalti cihazi (ROV) ile video kayitlar1 ve sediman
numuneleri toplanmistir. Bu rapor, Manavgat Cayr Su Temin
Projesi’nin, jeofiziksel ve jeoteknik arastirma sonuglarini
kapsamaktadir. Elde edilen sonuglar, 1/5000 o6lgekli haritalara
aktarilarak sunulmusgtur.

Saha c¢alismalari, 7-14 Haziran 1995 de
gerceklestirilmistir.

1.2. Calisma alaminin genel ozellikleri
Calisma sahasi, Kuzeydogu Akdeniz’de yer alan Antalya

Korfezi'ndeki Manavgat Cayr agzinin kiyiotesini
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kapsamaktadir. Bu saha 31° 27’ 00"-31" 33’ 00" kuzey
enlemleri ve 36° 41’ 30"-36° 45 00" dogu boylamlar1 arasinda
bulunmaktadir. Calisma alani yaklagik 30 km® lik bir yuzey
g.e£i§ligine sahiptir.

Jeolojik olarak, bu bdlge Paleozoik zamandan beri
cesitli orojenik hareketlere maruz kalmigtir. Bunlarin
baglicalari Hersinyen ve Alpin orojenezleridir. Calisma
sahasinin kuzeyinde yer alan Toros Daglar1 asil olarak Alpin
orojenezinde olugmuslardir. Genellikle, Tiirkiyenin giiney
kiyilari, denize dik bir egimle dalarak kiy1 kesiminde yarlar
olusturmaktadirlar, ancak Antalya ve Alanya arasindaki
daglar kiyidan karaya dogru uzaklagmaktadir.

Manavgat Cay: kiyidaki dag kusaginda derin bir vadiye
sahiptir. Daglarin denize bakan taraflarinda Kuvaterner
sedimanlarindan olusan az egimli genis kiyisal bir dizlik
vardir. Kiy1, genig kum ve c¢akilli-kum plajlart ile bu
plajlarin kara kesimindeki genis kumtepeleriyle
cevrelenmistir. Caligma sahasinin dogu tarafindaki kiy:
kesiminde giincel gimentolagmis (kalsiyum karbonat ile) kaya
parcalar1 bulunmaktadir. Bu tiir yumusak kayaglar genelde

yalikayast olarak isimlendirilmektedir.



BOLUM: 2 ARASTIRMA CIHAZLARI

2.1. Arastirma Gemisi

Onerilen hatlar boyunca, gerekli ¢aligmalar:
gerceklestirmek amaci ile, Deniz Bilimleri Enstitiisti’ntin R/V
BILIM arastirma gemisi kullanmigtir. R/V BILIM,
osinografik amagli bir aragtirma gemisi olarak ingaa edilmig
olup, 1983 yilinda denize indirilmistir. Uzunlugu 40.36 m,
genigligi ise 9.47 m dir.

Ayrica, kiyiya yakin yerlerdeki arastirmalar i¢in kigiik

bir bot kullanilmigtir.

2.2. Mevki Bulma
Bu calisma siiresince, asagida deginilen hassas konum
belirleme sistemleri, hem kiyidtesinde hemde s1§ sularda

kullanilmigtir.

2.2.1. Trisponder Sistemi

Calisma alanlarinda, DECCA Trisponder Mevki bulma
sistemi yaygin olarak kullanilmigtir. Bu sistem biri gemide
bulunan bir "Master" iinitesi ile ikisi kiyida bulunan kara
{initelerinden meydana gelmektedir. Gemide bulunan iinite
aracihgiyla, 0.5 m sn lik kisa dalga boyunda radyo frekansh
sinyaller gonderilmekte ve bu gonderilen sinyaller karada

bulunan her iki linite tarafindan algilanmaktadir. Sinyallerin



gidis gelis siireleri kullanilarak, gemideki initenin her iki
kara {initesine olan mesafeleri, uzaklik 6lgen tnite (DMU)
tarafindan aninda hesaplanmaktadir. Bu islemler, ¢ok kisa
zaman araliklariyla (milisaniye mertebesinde) devam
etmektedir.

Bu calismada, ii¢ adet kara tnitesi (T1, T2 ve T3) kiyiya
kurulmustur (Haritalar 1-7). Bu Unitelerin mevkileri yliklenici
firma (EMT-Aydiner Ortakh$) tarafindan saglanan Distomat
sistemi ile belirlenmistir. Bunu takiben, kiyidaki iinitelerin
mevkileri (T1, T2 ve T3), Tiirkiye Ulusal Girid Sistemi'ne
sahip olan ve 1/10000, 1/5000 &lgekli olarak hazirlanan ve
ayni zamanda ¢alisma alanini kapsayan haritalara
aktarilmistir (Haritalar, 1-7).

Trisponder sistemi, ¢aligmalar baglamadan once 700 m

lik bir uzaklik icin elektronik olarak kalibre edilmistir.

2.2.2. Global Konum Belirleme Sistemi (GPS)

Bu caligmalar sirasinda, R/V Bilim gemisine monte
edilmis olan Trimble marka (NT200D) global konum
belirleme sistemide kullanilmistir. Bu sistemde bulunan
elektronik bir kart yardimi ile arastirma gemisinin deniz

ortamindaki konumu, aninda ekran tizerinde gozlenebilmigtir.



2.3. Derinlik Olgiim Sistemleri

Deniz arastirmalari sirasinda, tim g¢aligma alanlarinda
agagidaki hassas derinlik olgerler kullanilmigtir. Tim derinlik
olgerler, su kolonundaki 1470 m/sn lik ses hizi temel
alinarak kalibre edilmistir. Ayrica, bu cihazlarin derinlik
okuma degerleri gubuk yontemi yardimi ile kontrol

edilmigtir.

2.3.1. Raytheon DE-719B

Bu sistem, tasinabilir hassas bir derinlik kayitedici
cihazdir. Cihaz bir kayit edici tinite ile 208 kHz frekansh
alici/verici islevini goren bir elemandan olugmaktadir. Bu
derinlik olcerin derinlik okuma kapasitesi enfazla 123
metredir. Cihazin hassasiyeti derinlik degerinin 1.27% si
kadardir.

Bu cihaz, sig kesimde yer alan ve belediye’ye ait olan
atiksu borusunun arastirilmasi i¢in ki¢iik bir bota monte
edilerekte kullanilmistir. Ayni zamanda bu cihaz, planlanan
boru hatlarinin dogrultulari boyunca ROV cihazi yardimi ile
gerceklestirilen video kayitlari sirasinda da (Harita 3)

kullanilmistir.



2.3.2. Atlas DESO-10

Atlas DESO-10, R/V BILIM gemisine monte edili hassas
bir derinlik kayitedicidir. Bu cihazin temel pargalar
sunlardir.

- kayit linitesi ATLAS-DESO 10

- kontrol iinitesi ATLAS-DESO 10

- alici/verici elemanlar (33 kHz ve 210 kHz frekanslarinda)
- ATLAS-EDIG 10 (sayisal olarak veri toplayici)

Atlas Deso-10 cihazinin azami derinlik okuma limiti
1400 metredir. Bu sistem, verileri sayisal olarak toplayan
Atlas Edig-10 yardimi ile tiim derinlik okumalari sayisal
olarak kayit edebilmektedir.

Bu sistem arastirmalarin her asamasinda kullanilmigtir
(Haritalar 1-3).

2.3.3. JMC Derinlik Olcer (Model V-144)

JMC cihazida gemiye monte edilmis, hassas bir derinlik
6lcerdir. Cihaz 1s1ya hassas kagit ve ¢ok igneli bir gizici
aracilip1 ile grafiksel olarak kayit yapabilmektedir. Bu
cihazin azami derinlik okuma limiti 2600 m dir. Bu cihaz,
calisma kosullarina bagh olarak iki farkl frekans
kullanabilmektedir (28, 200 kHz). Derinlikler ayn1 zamanda

renkli bir monitorden gdzlenebilmektedir.



JMC ve Atlas DESO-10 derinlik olgerleri birlikte

kullanilmigtir.

2.4. Uniboom Dipalti Sismik Profil Alma Sistemi
Sismik hatlar boyunca (Harita 1), dipalt1 yapilarinin

arastirtimast i¢cin EG&G Marka Uniboom yliksek ayirimli

sismik yansima profil alma sistemi kullanilmigtir. Sistemin

ana parcalar1 sunlardir:

-Model 230-1 Ses Kaynag:

-Model 234 Enerji Kaynagi
-Model 265 Alic

-Model 255 Sismik Kayitcl

Uniboom sistemi, 300 Joule’liik cikis seviyesinde, 400-
1400 Hz'lik genis bir frekans bandinda ve 0.2 milisaniye
uzunlugunda bir akustik darbe tiretmektedir. Sinyalin
penetrasyonu tabandaki malzemelerin 6zelliklerine bagh
olarak 75 m ye kadar ulasabilmektedir.

Yansiyan sinyaller, sekiz elemanli basing degisiklerine
hassas (hassasiyeti= -8 db/v/microbar) bir alici ile
toplanmakta, yiiksek frekansh (>7 kHz) giriiltiilere kars:

siiziilmekte ve gidis gelis zamaninin (two-way travel time)
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fonksiyonu olarak grafik kayitedici tarafindan kayit
edilmektedir.

Bir katamaran lzerine monte edilmis olan Elektro-
mekanik ses kaynagi, deniz yiizeyinden g¢ekilmektedir. Ses
kaynagi deniz-hava ortami arasinda yansiyan sinyalleri
elimine edecek sekilde tasarlanmistir. Bu 6zellik, bilhassa
deniz tabanina yakin yerlerde ylksek ayrimliligin elde
edilmesi bakimindan 6nemlidir. Katamaran geminin diimen
suyunun bir tarafinda, alic1 ise diger tarafta olacak sekilde
geminin arkasindan cekilmektedir. Bu da dipaltindan gelen
sinyalin birden fazla yansimasina (multiple) engel
olabilmektedir.

Bu g¢alismada katamaran ve alici, R/V BILIM gemisinin
40 m arkasindan cekilmistir. Geminin konumu ve alici
arasindaki bu mesafe farki, analog kayitlar lizerindeki fiks
cizgilerinin 6lgekli olarak kaydirilmasiyla giderilmistir.

Sismik verilerin yorumlanmas: esnasinda, zaman
birimlerinin derinlik ve kalinlik birimlerine ¢evrimi, sediman
igin 1700 m/sn ve su i¢in 1500 m/sn lik ses hizi degerleri
kullanilarak yapilmigtir. Bu degerler icin gubuk olcekler
sismik kesitlerde gosterilmektedir (Uniboom U2, U3, U8, Ull,
Ul12 ve Ul4 profilleri).
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2.5. Yam1 Tarayan Sonar Sistemi

Seyir hatlart boyunca (Harita 2) deniz tabanini
goriintiilemek i¢cin EG&G marka yani tarayan sonar sistemi
kullanilmistir. Bu sistemin ana pargalar1 ve ¢aligma
ozellikleri asagida verilmektedir.

Sistem, alici/verici (tranducer) ihtiva eden bir adet
yedekte g¢ekilen balik ile ¢ift kanalli bir kayitediciden
meydana gelmektedir. Kayitedici, ayn1 zamanda sisteminin
kontroliinii saglamaktadir. Yedekte ¢ekilen balikta bulunan
transducerler, hiizme seklinde yiiksek frekansh (~105 kHz)
ve kisa darbeli (0.1 milisaniye) akustik enerjilerini, baligin
her iki tarafindan gondermektedirler. Deniz tabanindan
yansiyan bu sinyaller aymi transducerler tarafindan alnarak,
kayitedici cihaz tarafindan proses edilmekte ve kargilik
gelen tarafa kayit edilmektedir. Bu sekilde kayit, deniz
tabaninda kusak seklinde bir alami kapsar. Deniz tabani
malzemelerinin iceriklerine, boyutlarina ve yedekte gekilen
balikla olan geometrik iliskilerine bagh olarak, deniz
tabaninin farkh ozellikleri, akustik enerjileri farkl
siddetlerde olacak sekillerde yansitilirlar. Bu da onlarin kayit
izerinde farkli sekillerde ve farkli renk tonlarinda
goriilmelerini saglamaktadir.

Akustik hiizmenin yatay ayrimhligi (hatta paralel),

hiizmenin agis1 (1.2°) ve kayitin menzili ile tayin
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edilmektedir. Calisma hattina dik (menzil ayrimhiligi) kayitin
ayrimliligi, teorik olarak akustik darbenin uzunluguyla (0.1
milisaniye) belirlenmektedir. Pratikte, bu da her iki taraftaki

kayit genisligiyle sinirlanmaktadir ve bu mesafe 125 mm dir.

2.6. Uzaktan Kumandali Denizalt1i Cihaz1 (ROYV)

Hem boru hatlarinin rotalari boyunca, hemde belediye
atiksu boru hatt: tzerinde (Harita 3) video goriintli kayitlari
elde edebilmek icin, Benthos marka MKII Uzaktan
Kumandali Denizalti Cihazi (ROV) kullanilmistir. Geminin
konumu ve buna karsilik gelen video kayit-zamanlari
Tablolar 1, 2 ve 3 de verilmektedir.

Bu sistem; kontrol konsolu, video grafik veri
goriintiileyicisi, elle kumanda birimi ve yiizer kablo dan
meydana gelmektedir. Cihaz azami 300 m derinlige kadar
gorsel inceleme yapma kapasitesine sahiptir.

Bu ¢alismada, ROV cihazi R/V BILIM gemisinin
yedeginde gekilmistir. Deniz suyu derinlikleri Raytheon
derinlik kayitedicisi ile kontrol edilmistir. Video kayitlarinin
incelenmesi sirasinda, ROV cihazinin derinlik kalibrasyonu
yapilmadigindan dolayi, ROV hatlari boyuncaki derinlik

6lctimleri icin, batimetri konturlar1 (Harita 4) kullanilmalidir.
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TABLO 1: ROV-1 hatti boyunca fiksler ve bunlara karsilik
gelen video kayit-zamanlari.

ROV-1 LINE

Fixes Times Fixes Times Fixes Times
H M S H M S H M S

1 7 09 21 34 11 41 57 45
2 22 35 14 42 59 10
3 23 37 QL 43 1 00 38
4 10 46 24 37 b5 44 1 01 47
5 11 55 25 39 02 45 1 03 25
6 13 33 26 40 07 46 1 04 53
¥ 14 58 27 41 19 47 1 06 07
8 16 20 28 43 55 48 1 07 01
9 17 09 29 44 45 49 1 07 44
10 18 36 30 45 29 50 1 08 40
11 20 24 31 46 26 5.1 1 10 03
12 22 05 32 48 36 52 1 11 30
13 23 54 33 49 32 53 1 12 38
14 25 26 34 50 27 54 1 13 47
15 27 16 35 51. 25 55 1 a5 41
16 28 16 36 52 16 56 1 16 42
L7 29 44 37 53 27 57 1 17 46
18 30 48 38 54 25 58 1 18 50
19 31 46 39 55 40 59 1 20 26
20 33 28 40 56 38 60 1 22 22
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TABLO 2: ROV-2 hatti1 boyunca fiksler ve bunlara kargilik
gelen video kayit-zamanlari

ROV-2 LINE

Fixes Times Fixes Times
H M S H M S

il 0 38 21 25 27
2 1 52 22 26 24
3 2 56 2.3 27 16
4 4 04 24 29 03
5 5 03 25 30 17
6 6 27 26 31 47
7 7 09 2.7 33 14
8 8 25 28 34 58
9 9 33 29 36 53
10 10 50 30 38 56
11 12 28 31 42 00
12 14 02 32 43 08
13 15 21 33 44 31
14 16 19 34 46 14
15 17 47 35 47 00
16 19 04 36 48 34
5 7 20 16 37 50 19
18 21 53 38 51 57
19 22 54 39 52 48
20 23 56 40 54 17

15



TABLO 3: ROV-3 hatt1 boyunca fiksler ve bunlara kargilik
gelen video kayit-zamanlari.

ROV-3 LINE

Fixes Times Fixes Times
H M S H M S

) 57 40 6 1 10 51
2 58 24 17 1 31 25
3 59 05 18 1 12 28
4 59 35 19 1 13 29
5 1 00 28 20 1 14 28
6 I 01 17 21 1 15 37
7 1 02 25 22 1 16 20
8 1 03 12 23 1 17 26
9 1 04 29 24 1 19 07
10 1 05 29 25 1 20 17
11 1 D& 21 26 1 21 03
12 1 07 13 27 1 22 45
14 1 08 11 28 123 51
14 1l 08 57 29 1 25 2%
15 1 10 15 30 1 26 49

34 1 27 58
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2.7. Deniz Tabani Orneklemesi

Deniz tabami 6rneklemesi igin agirlikli sonda
kullanilmistir. Ancak, agirlikli sonda 6rnekleyicisinin
kullanilamadigi, deniz tabaninin kaba taneli (kum boyutunda)
sedimanla kaplh oldugu kiy: istasyonlarinda, Dietz Lafonde
kepce Ornekleyiciside kullanilmigtir. Ornekleme
istasyonlarinin konumlar: Harita 3 de isaretlenmigtir. Her
ornekleme istasyonundaki derinlik o6l¢iimleri, derinlik olgerler
(Atlas DESO-10 and JMC) kullanilarak gerceklestirilmigtir.

Agirhikli sonda 90 cm uzunlugunda (numune tipinin
uzunlugu), 5 cm ¢apinda ve yaklasik 20 kg agirhigindadir
(ilave agirhik: 4x25kg dir). Agirlikli sonda cihazi; ana govde
tiipti (list par¢a ve agirhik tasiyici), adaptor, baglanti kulpu,
agirlik tutucu (herbiri 25 kg olan 4 veya 6 tane kurgun
agirlik igin), numune tutucu, numune kesme agzi ve plastik
tiipten meydana gelmektedir. Sondaj uzunlugu, sisteme
eklenen agirliklara ve deniz tabaninin yapisina baghdir.
Aletin agirligi, sondanin su igerisinde serbest dusme
yapmasina ve deniz tabanina ¢arparak yeterli derecede

penetrasyon saglamasina yardimci olmaktadir.
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BOLUM: 3 SONUC VE ONERILER

3.1. Calisma sahasinin batimetrisi

Tim sismik arastirma hatlari boyunca (Haritalar 1, 2, ve
3), derinlik 6lgerlerden elde edilen derinlik okumalar: bir
baz harita lizerine isaretlenmig ve bir batimetri haritasi
(Harita 4) hazirlanmistir. Calisma esnasindaki azami deniz
seviyesi salinimlar1 +17 c¢cm civarinda olmasindan dolayi
derinlik diizeltmeleri ihmal edilmisgtir. Bu haritada (Harita 4)
derinlik konturlar: araliklari, 7 ve 100 m lik derinlikler
arasinda I’er metre aralikli, ve 100 m den daha buyik
derinliklerde ise 5’er metre araliklidir. Buna ilaveten Onerilen
boru hatlarinin rotalari boyunca elde edilen degerler
kullanilarak, hazirlanan harita 6lgeginde iki adet kesit
hazirlanmistir (Kesitler 1 ve 2).

K-G ve KD-GB yonleri buyunca uzanan iki adet deniz
alt1 kanyonu, ¢alisilan bélgenin temel morfolojik 6zelligini
yansitmaktadir. K-G yoniindeki deniz alti kanyonu yaklagik
50 m lik su derinliginde baglamakta ve 360 m ye kadar
ulagmaktadir. Ikinci kanyon ise, 100 m den 280 m lik su
derinligine kadar uzanmaktadir. Bu kanyonlar birbirlerinden
calisma sahasi icindeki dar bir ylkselti ile ayrilmaktadirlar.
Bu kanyonlar, muhtemelen ¢aligma alaninin digindaki daha

derin alanlarda birbirleriyle birlesmektedirler. Denizalt:
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kanyonlarinin ¢evrelerindeki morfolojik degisiklikler selfteki
neotektonik hareketler ve fakli sedimantasyon miktarlari
tarafindan kontrol edilmistir.

Deniz tabami morfolojisinin goze c¢arpan bir diger
ozelligide bolgenin dogu tarafinda bulunan sigliktir. Bu sighk
deniz tabanindan 6 m lik bir yiikseklige sahiptir. Bu
bolgedeki batimetrik konturlar 9 ve 11 m lerde
kapanmaktadir. Sonar kayitlarina dayanilarak bu bolge kaya
mostrasi olarak yorumlanmaktadir (bir sonraki bolime bkz.)

Batimetrik konturlar genellikle kiyiya paraleldir. 30 m
lik derinlige dogru, kontur ¢izgilerinin aralhiklar1 genistir. Bu
derinligin Otesinde konturlarin daralmasi deniz tabaninin
egiminin arttigina isaret eder.

Kesit-1 tizerinde, kiyidan 23 m lik su derinli§ine kadar
olan deniz tabaninin ortalama egimi yaklasik 0.91° dir. Bu
egim degeri 70.7 m ye dogru 1.93° ye ulagmaktadir.

Kesit-2 iizerinde, egimdeki degisiklik 32 m de
olusmaktadir. Kiy1 ile 32 mlik su derinligi arasindaki egim
yaklagik 1.27° dir. Bu egim degeri 80.8 m lik derinlige dogru
3.10° ye ulagmaktadir.

Bu oOl¢limler, dogu boru hatti rotasinin bati boru hatti

rotasindan daha egimli oldugunu belirlemektedir.
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3.2. Deniz tabanmimin yiizey ozellikleri

Arastirma hatlar1 boyunca (Harita 2) toplanan yani
tarayan sonar verilerine dayanarak, bir sonar kayitlar1 yorum
haritasi hazirlanmistir (Harita 3).

Bolgenin deniz tabani esas olarak kumlu ve kumlu
camur malzemeleri iceren iki sedimanter Ortiiyle karekterize
edilmektedir (Harita 5).

Kumlu zemin, bdlgenin 25 m den daha az derinliklerdeki
sig kisimlarini kaplamaktadir. Sonar verilerine ve ROV video
kayitlarina dayanilarak, bu zonda kum dalgaciklar1 ve deniz
otlari gibi bazi olusumlarin varligi gozlenmistir. Kumlu
materyallerin ve kum dalgaciklarinin mevcudiyeti yiiksek
enerjili ortam Ozelligini yansitir (akintilar ve dalga
aktiviteleri).

Deniz tabanimin 25 m den daha derin olan bolgelerinde
camur agirlikli malzemeler daha yaygindir. Bu bolgede
¢amurun birikimi, diisik enerjili kogullarin varhigini
gostermektedir.

Bu bulgulardan baska, deniz tabaninin diger bir
ozelligide ¢aligma alaninin dogusunda yeralan bolgede
bulunan kaya mostrasidir. Bu kaya mostrasinin, deniz
tabanindan itibaren 6 m lik bir ytuksekligi vardir (bkz. 3.1).
Bu yapi, daginik halde kumlu zemin tizerinde yer alan kaya

parcaciklariyla ¢evrelenmistir. Benzer, kaya pargaciklari
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bolgenin dogu tarafinda yaklasik 60 m lik derinliklerde de

gozlenmistir.

3.3. Deniz tabaninin dipaltr 6zellikleri

Calisma sahasinin dip alti yapisinin ayrintili olarak
incelenebilmesi igin, yiiksek ayirimli sismik yansima profileri
seyir hatlar1 boyunca toplanmistir (Harita 1). Sismik verilerin
yorumlanmasi sonucunda, listten alta dogru ug
sismostratigrafik birimin (A, B, C) varligi saptanmigtir. Bu

birimlerin stratigrafik ozellikleri asagida agiklanmaktadir.

3.3.1. A Birimi

A birimi en isteki sediman birimidir (Uniboom U2, U3,
U8, Ull, Ul12, ve Ul4 profilleri). Bu birimin st siniri
bugilinkii deniz tabani olarak tanimlanmaktadir. Temel
olarak, sertlesmemis giincel sediman depolanmalarini ihtiva
etmektedir. Sismostratigrafik olarak bu birim paralel
yansima gekilleriyle karekterize edilmektedir.

A biriminin kalinliginin alansal dagilimi Harita 6 da
sunulmaktadir. Bu harita iizerinde gortldiigl gibi, en yiiksek
kalinlik degeri 23 metre olarak dogu bolgesi boru hattinda,
en diisiik kalinlik degeri ise 1 metre olarak bati bdlgesi boru

hattinda gozlenmistir.
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A biriminin kalinliginin alansal degisimi, sedimantasyon
miktarindaki ve B biriminin paleo-topografyasindaki
degisimlerce kontrol edilmektedir. Kiyiya yakin yerlerdeki
yiksek kalinliktaki sedimantasyon degerleri, selfe tasinan
sedimanlarin bliyiik bir kisminin gelfin i¢ kesimlerinde ve
ayni zamanda giincel plaj-tepelerinde tutuldugu sonucunu
yansitir.

Diger taraftan, boru hatlarinin rotalar1 boyunca A
biriminin kalinlik degisimleri Kesit 1 ve 2 de verilmektedir.
Dogu kesiti boyunca A biriminin kalinliginin, bati kesitinden
daha fazla oldugu gozlenmistir. Genelde her iki kesit

boyunca A biriminin kalinligt 5 m den asagi digsmemektedir.

3.3.2. B Birimi ve toplam sediman kalinhg:

B birimi yari sertlesmis alttaki sedimanter birimdir
(Uniboom U2, U3, U8, Ull, Ul2, ve Ul4 profilleri). Bu birim
A birimi tarafinda ortiilmekte ve C biriminin lizerinde
uzanmaktadir. Sismostratigrafik olarak bu birim
paralel/azparalel yansima sekilleriyle karekterize
edilmektedir.

Sedimanter birimlerin (A+B birimleri) toplam
kalinliklarinin alansal dagilimi Harita 7 de sunulmaktadir. Bu

harita lizerinde goriildigi gibi en yiliksek (63 m) ve en az
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(1 m den az) kalinhik degerleri bati boruhatt1 bdlgesinde
gozlenmektedir.

Bazi sismik kesitlerde; kiyiya yakin yerlerdeki tekrarh
yansimalar (multiple) ve derin sularda zayif penetrasyonlar

nedeniyle toplam sediman kalinlig1 hesaplanamamistir (Harita
7).

3.3.3. C birimi

Sismostratigrafik olarak bu birim, karmagik ve azparalel
yansima sekilleri ile karekterize edilmektedir. Bu birim
zemin kaya olarak yorumlanmaktadir. Bunun st ylzeyi bir
asinim ve faylanma oOzelligini yansitmaktadir. Baz1 yasgh fay
izleri zemin kaya igerisinde gozlenmistir. Ancak, lstteki
sedimanter birimlerin (A ve B) faylanmasiyla ilgili herhangi
bir belirti yoktur. Bu da gozlemlenen faylarin, depolanmadan
¢ok Once meydana geldigini ve gliniimiizde aktif
olmadiklarini gostermektedir.

Bu birimin en goze ¢arpan ozelligi, ¢alisma alaninin
dogusunda ve deniz tabaninda mostra vermesidir (bolim 3.1
ve 3.2).
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3.4. Deniz tabanimin Jeoteknik Ozellikleri
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MANAVGAT UNDERSEA PIPELINE PROJECT
SOIL INVESTIGATION REPORT

Project No. : 95-03-03-03-15

The soil investigation includes recovering gravity core samples at 20 locations shown in Fig.1.
From locations (2-10) and (13-20) inclusive the samples were received in plexy-glass tubes
having diameter of 50 mm. The samples from locations 1,11 and 12 were received in jars in
disturbed form.

On core samples the following tests were performed :

Specific gravity (Ys)

Saturated unit weigth (Y,)

Natural water content (W,)

Liquid Limit (LL), Plastic Limit (PL) and Plasticity Index (PI)
Laboratory Vane Shear Tests

Fall cone tests to correlate to undrained shear strength (C,)
Consolidation test on remoulded samples

Sieve analysis and Hydrometer tests

On disturbed jar samples only sieve analysis tests were performed.
The testing procedures and standards are given in Appendix 2. The following are some
interpretations regarding the soil mechanics laboratory test results :

In general all samples have similar soil composition, plasticity, shear strength and
compressibility characteristics.

Plasticity Characteristics :

The plasticity characteristics of the samples are shown on Casagrande Plasticity Chart given in
Fig.2. Majority of the samples are classified as clays of low plasticity (CL) according to unified
soil classification system (USCS). Consistency limits vary over the following ranges :

Property Range Average
Liquid Limit, LL (%) 34-40 37
Plastic Limit, PL (%) 20-25 22
Plasticity Index, PI 11-17 15

Station 2 sample is classified as non-plastic silt (ML).



Grain Size Characteristics :

Grain size distribution characteristics of the samples are shown in Fig.3. As shown in Fig.3 the
samples primarily consist of silt size particles with some clay and minor amount of sand. The
followings are the average sand-silt and clay fractions.

Sand :4.5%
Silt : 67 %
Clay : 28.5%

The soils do not contain gravel size (>4.76 mm) particles. Grain size distribution curves are
given in Appendix 1.

Water Contents - Unit Weights :

The natural water contents of the samples vary over a range from 47% to 57% which are well
above the liquid limits of the samples. The natural water contents relative to the consistency
limits of the samples are shown in Fig.4.

The saturated unit weights of the samples vary over a range from 16.8 kN/m® to 17.6 kN/m’
as shown in Fig.5. The initial void ratios range from 1.2 to 1.6 as shown in Fig.6.

Shear Strength Characteristics :

The samples were very soft in their natural state, therefore it was not possible to prepare
standard shape triaxial test specimens.

The shear strength of the samples were determined using laboratory vane shear tests. The
results are summarized in Table 1. The undrained shear strength of the samples as obtained
from vane tests are also shown in Fig.7. The undrained shear strengths vary over a range from
6.5 kPa to 9.0 kPa averaging about 7.2 kPa.

Fall cone tests having weigth W=80 g and apex angle 6 =30 degrees have also been used to

correlate shear strength to penetration of the cone. The cone factor of k=1 is used to calculate
the undrained shear strength. The undrained shear strengths obtained from fall cone tests are
summarized in Table 1 and shown in Fig.8. The results are consistent with vane shear tests
revealing an average undrained shear strength of C,= 7.5 kPa.

Compressibility Characteristics :

The e-log P curves of the samples tested are given in Appendix 1. All samples show a normally
consolidated behavior as expected. In general the compression index values (C;=Ae/AlogP)
vary over a range from 0.27 to 0.33 averaging about C;=0.3 as shown in Fig.9.

Specific Gravity :

The specific gravity of the samples are listed in Table 1. The specific gravities ranges from 2.68
to 2.75.
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MANAVGAT SUALTI BORU HATTI PROJESI
ZEMIN DENEYLERI RAPORU

Proje No. : 95-03-03-03-15

Zemin aragtirmasi kapsaminda Sekil 1'de gésterilen 20 degisik yerden adirlik ustliyle karot
numuneleri alinmigtir. (2-10) ve (13-20) nolu yerlerden alinan numuneler 50 mm gapindaki
pleksiglas tlpler icerisinde, 1,11 ve 12 nolu lokasyonlardan alinan numuneler ise kavanozlar
icinde getirilmigtir.

Karot numuneler Uzerinde asadidaki deneyler yapilmigtir :
-- Ozgul agirlik (Ys)

-- Doygun birim agirlik (Y,)

-- Tabii su icerigi (W)

-- Likit Limit (LL), Plastik Limit (PL) ve Plastisite Indisi (PI)

-- Laboratuvar Yeyn Deneyleri

-- Drenajsiz kayma dayanimi (C,) ile korelasyon amaciyla dlisen koni deneyleri
-- Yogrulmus numuneler Uzerinde konsolidasyon deneyleri

-- Elek analizi ve Hidrometre deneyleri

Bozulmus kavanoz numuneleri lizerinde sadece elek analizi deneyleri yapilmistir.

Deney ustilleri ve standartlan Ek-2'de verilmistir. Asadida zemin laboratuvar deney sonuglari ile ilgili
bazi degerlendirmelere yer veriilmistir.

Genel olarak bitlin numuneler benzer yapl, plastisite, kayma mukavemeti ve sikisabilirlik
ozelliklerine sahiptir,

Plastiklik Ozellikleri :

Numunelerin plastiklik 6zellikleri $ekil 2'de verilen Casagrande Plastiklik grafidinde gésterilmistir.
Numunelerin blylk bir b&lumu Birlegtiriimis zemin siniflandirma sistemine (USCS) gore diglik
plastisiteli killer (CL) olarak siniflandirimiglardir. Kivam limitleri asadida verilen limitler arasinda
degismektedir.

__ Ozelik _Sinir Degerler Ortalama
Likit Limit, LL (%) 34-40 37
Plastik Limit, PL (%) 20-25 290
Plastisite Indisi, PI 11-17 15

2 nolu lokasyondaki numune plastik olmayan silt (ML) olarak siniflandirlmigtir.



Dane Boyu Dagilimi Ozellikleri :

Zemin numunelerinin dane boyu dagilimi &zellikleri $ekil 3'de gosterilmistir. $ekil 3'de gosterildigi
gibi numuneler gogunlukla silt boyutu pargaciklar az kil ve gok az kum boyutu danelerden
olusmugstur. Asagida ortalama kum, silt ve kil oranlar verilmistir.

Kum : 4.5 %
Silt : 67 %
Kil : 285 %

Zeminde gakil boyutu (>4.76 mm) malzeme bulunmamaktadir. Dane boyu dadilim edrileri Ek-1'de
verilmigtir.

- .
Su Icerigi- Birim Agirhik :

Tabii su igerikleri 47% ve 57% arasinda degismektedir ve bu su igerikleri numunelerin likit
limitlerinin epey Uzerindedir. $ekil 4'de kivam limitleri ve tabii su igerikleri verilmigtir.

Numunelerin doygqun birim agirliklar 16.8 kN/m® ile 17.6 kN/m’ arasinda Sekil 5'de gosterildigi gibi
degismektedir. Baglangig bosluk oranlari 1.2 -1.6 arasinda $ekil 6'da gosterildigi gibi degigmektedir.

Zemin numuneleri dogal hallerinde gok yumusak olduklari igin standart (g eksenli deney
numunelerinin hazirlanmasi mimkdn olmamistir.

Numunelerin kayma dayanimlari laboratuvar veyn deneyi kullanilarak bulunmugtur. Sonuglar Tablo
1’de dzetlenmistir. Veyn deneylerinden elde edilen drenajsiz kayma dayanimlari ayrica $ekil 7°de
gosterilmistir. Drenajsiz kayma dayanimlar 6.5 kPa ile 9.0 kPa arasinda ortalama 7.2 kPa degerini
verecek sekilde degismektedir.

Diisen koni deneyleri agirli§i,W=80 g ve agisi 8 =30 derece olan koniler kullanilarak

gerceklestirilmis ve koni penetrasyonu ile kayma dayanimi korelasyonu yapilmigtir. Drenajsiz kayma
dayaniminin hesaplanmasinda koni faktérii k=1 kullanilmistir. Diisen koni deneylerinden elde
edilen drenajsiz kayma dayanimlan Tablo 1'de &zetlenmis ve Sekil 8'de verilmigtir. Ortalamasi

C.= 7.5 kPa olan duisen koni deney sonuglar veyn deney sonuglar ile uyum igerisindedir.

Sikisma Ozellikleri :

Konsolidasyon deneyine tabi tutulan numunelerin e-log P egrileri Ek-1'de verilmigtir. Batln
numuneler beklendigi gibi normal konsolidasyon &zelligi géstermistir. Genel olarak sikisma indisi
(C.=Ae/AlogP) dederleri 0.27-0.33 arasincla degismis ve Sekil 9'da gdsterilmistir. Ortalama sikigma
indisi degeri C.=0.3 ‘ddr.

Ozgiil Agirhk :

Numunelerin 6zgiil agirliklan Tablo 1’de gdsterildigi gibi 2.68 ile 2.75 arasinda degismektedir.
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APPENDIX 1 : RESULTS OF LABORATORY TEST
EK- 1 : LABORATUVAR DENEY SONUCLARI
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(D M.E.T.U SOIL MECHANICS LABORATORY
1956 10.0.T.0 ZEMIN MEKANIGI LABORATUVARI

VANE SHEAR TEST
KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 5/TEMMUZ/1995
PROJE “TARIH
BORE HOLE: 2 SAMPLE: 2 DEPTH:
SONDAJ NO: ORNEK NO: DERSNLEK:
TIME SPRING DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMASI TORK KOHEZYON
(Becton.) (Pegree/Derece) (N-Cm) KFPa Kg/em2
READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 6 0
10 8,5 25 0,946 2,619 0,027
20 10 4 1,439 3,986 0,041
30 10 4 1,439 3,986 0,041
40 10 4 1,439 3,986 0,041
50 10 4 1,439 3,986 0,041
TEST:2
0 7 0 0
10 10 3 1,110 3,075 0,031
20 12 5 1,768 4,897 0,050
30 18 6 2,097 5,808 0,059
40 13 6 2,097 5,808 0,059
50 13 6 2,097 5,808 0,059
60 13 6 2,097 5,808 0,059
TEST 3
0 6,5 0 0
10 10 3,5 1,274 3,530 0,036
20 11,5 5 1,768 4,897 0,050
30 12,5 6 2,097 5,808 0,059
40 14 7.5 2,590 7,175 0,073
50 14 7.5 2,590 7175 0,073
60 15 8,5 2,919 8,086 0,082
70 15 8,5 2,919 8,086 0,082
80 15 8,5 2,919 8,086 0,082
90 15 15 5,057 14,009 0,143
:
B Turgay ALEMDAROC

Jeoloji Y. Muh.



1531 NOILYAITOSNOD

AN0LYI0dY1 SIINYHIIW 1105 NLIA

HPEITE 1 fallel-Tud S¥.3'0 zs'r sy sZ'0
Dl-oom_(a<‘ .WI—.Q >Mm.=-..—- m . 18€9'9 0cgr gl . _ GL 0 -
— 80890 GELD S S9% og'l
e \ 1£0S'9 osre'al | 00's-
90s9'0 Lo S'SLy 00’y
A = = I L£0¥'9 0svz'9L 00's-
$9v9'0 #0'0- S'6i¥ 00's
9.00'0 celo'o 81500 LESE'S 0soz'al 00'%
#8690 15'0 g'azZy oc'v
E¥L0'0 05200 0050'0 1££8'9 05129t 00’2
€87v.0 Z67'0 £'6.€ 00’2
£220'0 66£0'0 66€0°0 LS9e's 020Z'LL 00’k
£88.'0 £6€'0 ore 00'L
06£0'0 1200 95e0'0 18SL°L 000921 0s'0
g£28'0 SE0 Soe 0s'0
9£90'0 6LL1'0 §620'0 801'8 00s6'LL sz'0
€£58'0 620 9.2 szZ'o
00940 680€'0 zLL0'0 26€'8 oorz'st sZ'0
S0€6'0 9.'0 00Z : 0o'a
85L'6 13 0
098,12 4| /ARTAL dy/ey=re v yy 278 ]
A 0% 064 054 06q wwdnye elweqzy| wndigop *HZAHZ=2| °HZ-HZHZ| u4V-'HZ=HZ IeRWNAQ dy Suewg
mh A A ZHIET s = oo wwéiyg |ueo ynidog “nk yniéog 18Uy g wwéiyg | wvwénye uog | 1eawaspey Suieeg | uwuwinbln
—ﬁchn_onj Eﬂhﬁn“__onr_ﬂi |ezine auwiid| ‘Ye un|eA -8L&E8 onel gioA uRio Mj_gm uwr_@_“_._ —h“E_uumﬁ mﬂmﬁﬂﬁh quWiaaou| “LDOOULL
2H|iqeauLay uoRepIjesua 40 ‘o) swy Bunald| 30 'Ho) 49 'He2 ut 2Buwy) ored ploj PIOA 40 aybiay| 2Bueys @ig| |¥Ip Fuld aineaadd pady
ool % JnunBRop pepunuos 1831 | 442 wWe “ iguodingl5.92 e
A= uonzines Jo 22.6ap |euly w qUIUC 2UIMGION 0 Gaporued poe el oyiseds
66 % 16923.9p ynjunbhop peadibueidegog'eg 0s'eg b ig1pipe yowe rumy{1/1'09 i oy 36ueiéeq wgaug
= uopwimes jo 22.82p ey SM j1oe fup jo ceep %A uswioads jo Fwn|oa gy
009'l jw/e ARG wuig Ry ARpunuos 3521 | 0661 0g'gz 1ppge ngls'L wiw igrujey SibuwSeq uigaug
jw+pgool="g  Apeusp Rig jeuy B sumeiow jo S HZ uzwioads jo qubray ¥
gagl |w /B Apge wuiq runy pegdbueideg|0L'ZES oLZgs Biige  wyeH | 699" e 31 @yeH
w+irgooi="h  Aajeusp g ey 4 Bul ga' eaviy e Buy yo w3y
< ood| . /B 1p1ige wuiq Sel yeslibueideg| 02919 ozZ'919 1PipBe wyjEy +xou0 runy | 529 des 5 ey ey
Raieuzp fing |erM) b jloe Rup+bu jo ecepy wo Buul 4o sogawep @Iy
Zrg's b 1B1peenk 42Bapde wuzpue BEY | OI'9E9 c0'sv9 Bige eyjeyerne 2L 6 ou 2|FH
v 2o/ M=HZ pies jo 34Biay quzpeanby B adwee qam+ Buu Jo SSey ou Bury
Huuzg z u g :ou [wpuog ucg Sibugdeg 3roxd
yadop 2idweg ‘ou 2idwes ou Fayalog el il [LLYH N30 LTV ZINZd LYDAVYNYHW ¢ 123roa4
SEELZNNNIL/E HIFvLALYd IAINZd NOASYAITOSNOX MYANLYI0GY T 19INYNIAN NIW3Z 11d0




M.ET.U SO0IL MECHANICS LABORATORY

CONSALIDATION TEST (e-logF)
vas6 |0.D.T.0-  ZEMIN MEKANIG] LABORATUVARI KONSALIDASYON DENEY]
.+ PROJECT/PROJE : MANAVGAT DENiIZ ALTI BORU. HATTI
0.90 A
| X
0.85 i \\
0.80 _
. \
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BASINC Log P Kg/Cm’
Borehole no: Sample no: Depth
Sonda] no: Ornek no: 2 Derinlik:
B.Turgay ALEMDAROGL
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(D M.E.T.U SOIL MECHANICS LABORATORY VANE SHEAR TEST
1956 |0.D.T.0 ZEMiN MEKANIGI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE i TARH
BOREHOLE: 3 SAMPLE: 3 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMAS| TORK KOHEZYON
(Sec/Sn.) (Degree/Derece) (N-Cm) KPa | Kelom2
READING | DEFLECTION
TEST:1 OKUMA SAPMA |
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 10,0 40 1,439 3,986 0,041
40 11,0 50 1,768 4,897 0,050
50 11,0 5,0 1,768 4,897 0,050
60 11,0 50 1,768 4,897 0,050
70
80
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 50 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 14,0 8,0 2,755 7,631 0,078
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
TEST :3
0 7,0 0,0 0
10 95 2.5 0,946 2,619 0,027
20 11,0 4,0 1,439 3,986 0,041
30 12,0 5,0 1,768 4,897 0,050
40 13,0 6,0 2,097 5,808 0,059
50 13,5 6,5 2,261 6,264 0,064
60 14,0 7,0 2,426 6,720 0,069
70 14,0 7.0 2,426 6,720 0,069
80 14,0 7.0 2,426 6,720 0,069
90
B. EMDAROGIU
Jeoloji Y. Mih.




625 el zoes'o _ . 89's- 89S . sZ'0
< %o uon .u_....z (eBinl'8 : orvl'e 00ZE'¥L . . S0 :
reou VAl 59580 . _ S52°0- €85 . 00's
068 9 0sso'yl 00 £-
[\ 92580 810~ 5’119 00’y
\“\ / \ . < - 060£'9 oseg'El 00's-
J 88’0 90'0- S'LL8 00's
26000 S810'0 6€£0'0 06vZ'9 oszg'el 00'%
8868'0 ss'0 §'19S 0oy
S¥20'0 88v0'0 2180'0 0608’9 osec'yl 00’z
¥966'0 vL'0 s'l8v 00'zZ
15%0'0 1560'0 15600 06¥5'L oszi'st 00'L
1260'L §2L'0 Siky 00't
00200 A ZAN] 1/80°0 oriz's 0058'St 0s'0
zell'L 99'0 6%¢ 0s'0
8SEL'0 Z90E'0 $9.0°0 vE6's 00ls'9l SZ'0
8ssZ'L 85'0 162 sZ'0
L2ov'0 ¥800°t 12sZ'0 ¥15's 006021 sz'0
605"t 16'L 00t - 00'0
[ 249" 61 0
298/,wo 24| jAR=AL dyey=ne oy yy NEu\mJ. NEu\mQ
1 ™2 % 053 | o83 | wwdiye efeezey|  wiigop *HZAHZ=2| °HZ-HZ™HEZ| 4V-'HZ=HZ 1SRNy dy duiceq
mh g pu ZHIET ZH.G%F |esLuow vwényig |ueio ynjdog ok ynidog Brupywp|  wwdnpg | wwdiys uog | 1eawapey Suiewg | ueuwnBAn
wikwoney uoksep|osucy 1eoune 2wpy3l| Yo FwnjoA ‘ezudwes oped pioa | wwaio ynidog B2y uzwioede Bujpwsa qUILIFI0U] suneead
o3ijiqwauLiag uorlep|josuoa jo 'Jjej swp Bunig]  d0°yed 40 ‘HD uy 2Busyg oned ploA PIOA Joybiay| 2Bueys eig| |eip |Sul4 2inesa.l pa1dy
ool s % Anjunblop iyepunucs 383 | 4L2¢ ©LS ” pusd ngloeL'2 nnun ok Seuedeq wwa?
W Ak : Zi5 uopwinies Jo 3.63p |euly w qUITLOD 2INGSION i) saporuwd pos Apines ayosdg
g6 A 169099y yn|unblop neidibueideg| og'co os'so e 1w qowe nuny | 1L1'09 ju nowy Sbueibeq ugsuig
145 uorwinies o 22.bap |ery| oM os Kip jo eewiy %A uzwiszds jo swnjoa ey
baad! |w/® AIHIge wig numy pEpunuos 3691 | 06'02 ov'se gipige gl 5 Wi 1Buyuiey 16uwSeq uigauig
\w+rgo0l="y  Aueusp Rig peuid 2 2uMGiow o GeRy IHZ uzwioads o 3ub2y (w1l
690 juui/® FHIE wig rumy pesdibusdegl0o'cey o2'eey Bge wyvH|529'E wepe 3 exey
jw+rgool="A  Aqsusp Kig (en) B : Buu jo ceep M2 Bu yo w3y
119 jw/e 1g1ige wuig dek peadibuedeglolr'ssg ov'ess 1Braipe wyey +yorug nuny|Sg'o ided 51 exywpy
Rqieusp Ajnq ey ] lloe Kip+Buu jo cewpy wo Buu jo izawwip (Rui2ay)
9L5L ww - 11pp2enk 1agapds unspues By 00’09 0S'+6S Bipige @yjey+poug Sul < ou @@y
Y. "0/ M=0HZ pijoe jo aybray quaeanoy |2 aidwes jam+ Buu o eew, ou Bury
Huu2g < u ¥3uiQ wou fwpueg uog Sibueideg Iroud
adap sdwes iou 2dweg ou sjoyaiog|  (euly et ILLVH N30G 11Ty ZINIJ LVOAYNYHW 1 133704Ed
GE6L/ZNNNIL/SL HI¥YL/ALYa IAINIA NOASYAITOSNOYN IFYANLYS0EY T 1DINYHIAN NIW3Z (1Ld0 P

1531 NOILVAITOSNOD

AA0LVA09Y1 SIINYHITA TI0S NLIN




(D M.E.T.U SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logP)
rase |0.D.T.0 ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEY!

F’ROJECT/PRQ;IE : MANAVGAT DENiZ ALTI BORU HATTI
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HBorehole no: Sample no: Depth ‘
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(D M.E.T.U SOIL MECHANICS LABORATORY
1956 |0.D.T.0 ZEMIN MEKANIGI LABORATUVARI

VANE SHEAR TEST
KANATLI KESME DENEY1

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: SAMPLE: 4 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMAS] TORK KOHEZYON
(See/Sn.) (Degree/Derecs) (N-Cm) KFa l Kg/em2
READING PEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 9.0 3,0 1,110 3,075 0,031
20 10,0 4,0 1,439 3,986 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 11,0 5,0 1,768 4,897 0,050
60 11,0 50 1,768 4,897 0,050
70 11,0 50 1,768 4,897 0,050
B8O
90
TEST:2
0 7,0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 12,0 5,0 1,768 4,897 0,050
30 13,0 6,0 2,097 5,808 0,059
40 15,0 8,0 2,755 7,631 0,078
50 16,0 9,0 3,084 8,542 0,087
60 16,0 9,0 3,084 8,542 0,087
70 16,0 9,0 3,084 B,542 0,087
80 16,0 9,0 3,084 8,542 0,087
90
TEST :3
0
10
20
30
40
50
60
70
80
90

of

B.Turgay ALEMDAROGLU
Jeoloji Y. MUh.
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@ M.E.T.U SOIL MECHANICS LABORATORY VANE SHEAR TEST
19%6 0.0.7.0 ZEMIN MEKANIGI LABORATUYARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALT! BORU HATTI DATE: 14/TEMMUZ/1995
PROJF TARIH
BOREHOLE: 5 SAMPLE: 5 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TME SPRING DEFLECTION TORQUE N COHFESION
ZAMAN YAY SAPMASI| TORK KOHEZYOMN
(Sec/Sn.) (Degree/Derece) (H-Cm) Ka | Kgem2
READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4.0 1,439 1,986 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 50 1,768 4,897 0,050
50 11,0 5,0 1,768 4,897 0,050
60 11,0 50 1,768 4,897 0,050
70
80
90
TEST:2 -
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 14,0 8,0 2,755 7,631 0,078
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
70
80
90
TEST 3
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7.0 2,426 6,720 0,069
50 14,0 8,0 2,755 7.631 0,078
60 14,0 8,0 2,756 7.631 0,078
70 14,0 8,0 2755 7.631 0,078
80
90
o /
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(D M.E.I..Lll SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
iae |0.D.T.U ZEMIN MEKANIGI LABORATUVARI KONSALIDASYON DENEYi
PROJECT/I'ROJE = MANAVGAT DENIZ ALTI BORU TIATTI
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(D M.E.I.U SOIL MECHANICS LABORATORY B
1956 {0.D.1.0 ZEMiN MEKANIGiI LABORATUVAR]

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

PROJE
BORFHOLF: SAMPLE: 6 DFEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIMF SPRING DEFLECIOM TORQUE COHESION
7AMAN YAY SAPMASI TORK. KOHEZYOM
(Sec/Sn.) (Degree/Derece) (M-Cin) KPa Kg/em2
READING DFFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059
TEST:2
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 1.5 50 1,768 4,897 0,050
30 13,0 6,5 2,261 6,264 0,064
40 14,0 7.5 2,590 7,175 0,073
50 15,0 8,5 2,919 8,086 0,082
60 16,0 9,5 3,248 8,997 0,092
70 17,0 10,5 3,577 9,909 0,101
80 18,0 11,5 3,906 10,820 0,110
90 18,0 11,5 3,906 10,820 0,110
100 18,0 11,5 3,906 10,820 0,110
TEST :3
0
10
20
30
40
50
60
70
80
90
B.Turgay ALEMDAROGL
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L)

M.E.T.U SOIL MECHANICS LABORATORY

VANE SHEAR TEST

1956 ]0.D.1.U0 ZEMIN MEKANIGiI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
FPROJE TARIH

BORFEHOLE: 7 S5AMPLE: 7 DEFTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DFFLECTION 10RQUF COHESION
ZAMAH YAY SAPMASI TORK KOHEZYOM
(SeeiSn.) (Degree/Derece) (H-Cin) KPa | Kyem2
READING PEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 10,5 4,5 1,603 4,442 0,045
30 11,5 55 1,932 5,353 0,055
40 13,0 7,0 2,426 6,720 0,069
50 13,5 7.5 2,590 7.175 0,073
60 14,0 8,0 2,755 7,631 0,078
70 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2,755 7,631 0,078
90 14,0 8,0 2,755 7,631 0,078
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 13,0 7,0 2,426 6,720 0,069
40 15,0 9,0 3,084 8,542 0,087
50 15,0 9,0 3,084 8,542 0,087
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80
90
TEST i3
0 7,0
10 9,0 2,0 0,781 2,164 0,022
20 10,0 3,0 1,110 3,075 0,031
30 10,0 3,0 ' 1,110 3,075 0,031
40 10,0 3,0 1,110 3,075 0,031
50 10,0 3,0 1,110 3,075 0,00
60
70
80
90

A

B.Turgay ALEMDAROGLU
Jeoloji Y. Mth.
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(D M.E.T.U  SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logP)
vase [0.D.1.0  ZEMIN MEKANIG| LABORATUVARI KONSALIDASYON DENEYI

ROV CT /RO MANAVCAT DENiZ ALTE BORU TIATTI
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L)

M.E.T.U SOIL MECHANICS LABORATORY

VANE SHEAR TEST

1956 [0.D.1.0 ZEMIN MEKANIGi LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATT! DATE: 14/TEMMUZ/1995
PROJE TARIH

BOREHOLE: 8 SAMPLE: 8 DEFPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING PEFLECTION 10RQUF COHFSION
ZAMAN YAY SAPMASI TORK. KOHEZYON
(SectSn.) (Degree/Derece) (M-Cin) KPa Kg/em2
READING PEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 11,0 5,0 1,768 4,897 0,050
40 12,0 6,0 2,097 5,808 0,059
50 13,0 7.0 2,426 6,720 0,069
60 13,0 7.0 2,426 6,720 0,069
70 13,0 7.0 2,426 6,720 0,069
80 13,0 7.0 2,426 6,720 0,069
90
TEST:2
0 8,0 0,0 0
10 11,0 3,0 1,110 3,075 0,031
20 13,0 50 1,768 4,897 0,050
30 15,0 7.0 2,426 6,720 0,069
40 16,0 8,0 2,755 7,631 0,078
50 17,0 9,0 3,084 8,542 0,087
60 18,0 10,0 3,413 9,453 0,096
70 19,0 11,0 3,741 10,364 0,106
80 19,0 11,0 3,741 10,364 0,106
90 19,0 11:0 3,741 10,364 0,106
TEST :3
0 6,0
10 9,0 3,0 1,110 3,075 0,031
20 10,0 4,0 1,439 3,986 0,041
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7.0 2,426 6,720 0,069
50 13,0 7.0 2,426 6,720 0,069
60 13,0 7.0 2,426 6,720 0,069
70 13,0 7,0 2,426 6,720 0,069
80
90

0%

Jeoloji Y. Mth.
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(D M.E.T.U  SOIL MECHANICS LABORATORY
vane |0.D1.0  ZEMIN MEKANIG] LABORATUVARI

CONSALIDATION TEST (c-logF)
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M.E.T.U SOIL MECHANICS LABORATORY

VANE SHEAR TEST

1956 §0.D.1.0 ZEMiN MEKANIGi LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: SAMPLE: 9 DEPTH:

SONDAJ NO: ORNEK NO: DERINLIK:
TIMF SPRING DFFLECTION TORQUF COHF 5101

ZAMARN YAY SAPMASI TORK KOHEZYOHM
(Sec/on.) (Pegree/Derece) (M-Cin) KFPa Kg/eml
EFADING PEFLECTION

TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 8,0 2.0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 10,5 4.5 1,603 4,442 0,045
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059
90

TEST:2
0 6,0 0,0 0
10 9,0 3.0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
a0 12,0 6,0 2,097 5,808 0,059
40 13,0 7,0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80 15,0 9,0 3,084 8,542 0,087
90

TEST :3
0 7.5
10 10,0 25 0,946 2,619 0,027
20 11,0 3,5 1,274 3,530 0,036
30 12,0 4,5 1,603 4,442 0,045
40 13,0 5,5 1,932 5,353 0,055
50 13,0 5,5 1,932 5,353 0,055
60 13,0 55 1,932 5,353 0,055
70 13,0 55 1,932 5,353 0,055
80
90

Jeoloji Y. Muh,
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(D M.ET.U SOIL MECHANICS LABORATORY
1956 10.0.1.0 ZEMiN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995

PROJE TAEIH
BOREHOLE: 10 SAMPLE: 10 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DFFLFCTION TORQUE COHESION
ZAMAN YAY SAPMASI TORK KOHEZYON
(SeciSn.) (Pearee/Derece) (N-Cin) KPa Kg/em2
READING DFFLECTION
TEST: 1 OKUMA SAPIMA
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4.0 1,439 3,986 0,041
30 10,0 4,0 1,439 3,986 0,041
40 11,0 5,0 1,768 4,897 0,050
50 11,0 5,0 1,768 4,897 0,050
- 60 11,0 5,0 1,768 4,897 0,050
70 11,0 5,0 1,768 4,897 0,050
80
90
TEST:2
0 7.0 0,0 0
10 7.5 0,5 0,288 0,797 0,008
20 8,0 1,0 0,452 1,252 0,013
30 10,0 3,0 1,110 3,075 0,031
40 11,5 4.5 1,603 4,442 0,045
50 12,0 5,0 1,768 4,897 0,050
60 13,0 6,0 2,097 5,808 0,059
70 13,0 6,0 2,097 5,808 0,059
80 13,0 6,0 2,097 5,808 0,059
90
TEST :3
0
10
20
30
40
50
60
70
80
90

L=
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(D M.E.T.U  SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logP)
vans |0.D.T.0  ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEYI

PROJECT/PROJE © MANAVGAT DENiZ ALTI BORU HATTI
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MANAVGAT DENIiZ ALTI BORU HATTI
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M.E.T.U SOIL MECHANICS LABORATORY

VANE SHEAR TEST

1956 {O0.D.1.0 ZEMiN MEKANIGI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 13 S5AMPLE: 13 DEPTH:

SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUE COHESION
ZAMAN YAY SAPMAS] TORK KOHEZYON
(See/Sn.) (Pegree/Derece) (MN-Cin) KPa Kg/cnl
READING DEFLECTION
TEST:1 OKUMA SAPMA
0 6,0 0,0 0
10 5,0 3,0 1,110 3,075 0,031
20 10,0 4,0 1,439 3,986 0,041
30 11,0 5,0 1,768 4,897 0,050
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70 12,0 6,0 2,097 5,808 0,059
80 12,0 6,0 2,097 5,808 0,059
90
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 13,5 7,5 2,590 7,175 0,073
40 15,0 9,0 3,084 8,542 0,087
50 16,0 10,0 3,413 9,453 0,096
60 16,0 10,0 3,413 9,453 0,096
70 16,0 10,0 3,413 9,453 0,096
80 16,0 10,0 3,413 9,453 0,096
90
TEST :3
0 6,0
10 9,0 3,0 1,110 3,075 0,031
20 11,5 55 1,932 5,353 0,055
30 13,0 7,0 2,426 6,720 0,069
40 15,0 9,0 3,084 8,542 0,087
50 16,0 10,0 3,413 9,453 0,096
60 17,0 11,0 3,741 10,364 0,106
70 18,0 12,0 4,070 11,275 0,115
80 18,0 12,0 4,070 11,275 0,115
90 18,0 12,0 4,070 11,275 0,115
B.Turgay ALEMDARQGL

Jeoloji Y. Mt
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(D M.E.T.U  S0IL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
vass [0.D.T.0  ZEMIN MEKANIG| LABORATUVARI KONSALIDASYON DENEYI

PROJECT/PROJE @ MANAVGAT DENiZ ALTI BORU HATTI
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M.E.T.U SOIL MECHANICS LABORATORY

YANE SHEAR TEST

1956 §0.D.1.0 ZEMiN MEKANIGI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: SAMPLE: 14 DEPTH:

SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUF ConFsion

ZAMALH YAY SAPMASI TOEK KOHEZYOM
(Sec/Sn.) (Pegree/Derece) (MN-Cin) KPa Ka/enl
READING DPEFLECTION

TEST: 1 OKUMA SAPMA
0 7.0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 10,0 3,0 1,110 3,075 0,031
30 11,0 4,0 1,439 3,986 0,041
40 12,0 5,0 1,768 4,897 0,050
50 13,0 6,0 2,097 5,808 0,059
60 14,0 7.0 2,426 6,720 0,069
70 14,0 7,0 2,426 6,720 0,069
80 14,0 7,0 2,426 6,720 0,069
90 14,0 7.0 2,426 6,720 0,069

TEST:2
0 6,5 0,0 0
10 10,0 35 1,274 3,530 0,036
20 11,0 45 1,603 4,442 0,045
30 12,0 5,5 1,932 5,353 0,055
40 14,0 7.5 2,590 7175 0,073
50 14,0 7.5 2,590 7175 0,073
60 15,0 8,5 2,919 8,086 0,082
70 15,0 85 2,919 8,086 0,082
80 15,0 8,5 2,919 8,086 0,082
90 15,0 8,5 2,919 8,086 0,082

TEST 3

‘ 0 6,5

10 9,0 25 0,946 2,619 0,027
20 10,0 35 1,274 3,530 0,036
30 12,0 5,5 1,932 5,353 0,055
40 14,0 7.5 2,590 7.175 0,073
50 14,0 7.5 2,590 7175 0,073
60 14,0 7.5 2,590 7175 0,073
70 14,0 7.5 2,590 7,175 0,073
80
90

TTOTY ,\WGLU
Jeoloji Y. MGh.
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(D M.ET.U  SO0IL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
vass |O.D.T.0  ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEYI
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@ M.E.T.U SOIL MECHANICS LABORATORY
1956 10.0.1.0 ZEMiN MEKANIGi LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 15 SAMPLE: 15 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUE COHESIOH
ZAMAN YAY SAPMASI TORK KOHEZYON
(Bec/on.) (Degree/Derece) (N-Cm) KPa | Kyem2 |
; READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 11,0 4,5 1,603 4,442 0,045
30 13,0 6,5 2,261 6,264 0,064
40 14,0 7.5 2,590 7,175 0,073
50 15,0 8,5 2,919 8,086 0,082
60 15,0 8,5 2,919 8,086 0,082
70 15,0 8,5 2,919 8,086 0,082
80 15,0 8,5 2,919 8,086 0,082
TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 14,0 8,0 2,755 7,631 0,078
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
TEST i3
0 6,5 0,0 0
10 10,0 3,5 1,274 3,530 0,036
20 12,0 55 1,932 5,353 0,055
30 13,0 6,5 2,261 6,264 0,064
40 13,0 6.5 2,261 6,264 0,064
50 13,0 6,5 2,261 6,264 0,064
60 13,0 6,5 2,261 6,264 0,064
s
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@ M.E.T.U  5O0IL MECHANICS LABORATORY

CONSALIDATION TEST (e-logF)
rase |0.D.T.0  ZEMIN MEKANIG| LABORATUVARI KONSALIDASYON DENEYI
PROJECT/PROJE : MANAVGAT DENiZ ALIT BORU HATTI
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(D M.E.T.U SOIL MECHANICS LABORATORY VANE SHEAR TEST
1956 [0.D.1.0 ZEMiN MEKANIGi LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BORFHOLE: SAMPLE: 16 DEPTH:
SONDA. NO: ORNEK NO: DERINLIK:
TIME SPRIMNG DEFLECTION TORQUF COHESIOHN
ZAMAN YAY SAPMASI TORK. KOHEZYOM
(See/on.) (Pegree/Derece) (MN-Cim) KPa Ka/emZ
RFEADING DEFLECTION
TEST: 1 OKUMA SAPMA
0 7.0 0,0 0
10 10,0 3,0 1,110 3,075 0,031
20 11,0 4,0 1,439 3,986 0,041
30 12,0 5,0 1,768 4,897 0,050
40 13,0 6,0 2,097 5,808 0,059
50 15,0 8,0 2,755 7,631 0,078
60 15,0 8,0 2,755 7,631 0,078
70 15,0 8,0 2,755 7,631 0,078
80 15,0 8,0 2,755 7.631 0,078
90
TEST:2
0 6,0 0,0 0
10 8,0 2,0 0,781 2,164 0,022
20 10,0 4,0 1,439 3,986 0,041
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7,0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 15,0 9,0 3,084 8,542 0,087
70 15,0 9,0 3,084 8,542 0,087
80 15,0 9,0 3,084 8,542 0,087
90 15,0 9,0 3,084 8,542 0,087
TEST43
0
10
20
30
40
50
60
70
80
90
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Jeoloji Y. Muh.

GLu



gy =3 fonoan L4Z%8'0 L9 (74} SZ'0
b i Byt T 5059 008z vt seo
NIQOHYANITY febi)l 8 62080 zZo 559 00’
509Z'9 00L0'%l 0o'e-
il £€84'0 6L'0- 8Ll 00'v
' \ 50109 00Z8'€L 00'¥-
/i 9s.2'0 90'a- vaL 00’8
8€L0'0 65200 GEOL'0 S0l0'9 009L'ElL 00’7
16480 2080 g'Evs 00’y
£8Z0'0 80500 LLOL'0 czi8'9 0zas'yl 00z
8086'0 8840 S9% 00’z
69¥0'0 y260'0 v.60'0 S009'2 00S€E'St - 00’
z8.0'L §54'0 S'687 0ot
€480'0 16810 8¥50'0 SS5€'8 QscL'9t 0s'0
oeLl'L SEL'0 =184 0s'0
8210 06820 €2.0'0 060’6 ooye'gl sZ'0
£SvZ'L 95’0 0se SZ0
89€E'0 65290 $90Z'0 059's 0oo¥'LL sZ'0
FIE g'L 00z n 000
0sZ'LL 61 0
298/ Wwo 4| aR=AL dyay=ae ay yv iz ey mEummj
bl 251 o8y o5y 08g ewéiye welesqey| wndigap *HzrHZ=?|  HEZ-HZHZ| 4V-'HZ=HZ RCCLET] dy Suieey
. AT AL ZAZET HEF T e ewdiyg  |wwio ynidog Ank Aynigog Brueywo|  ewényg vwdnye uog | 1eawspey Suievg usuenBLn
icifweiey uofsepijosuoy 162406 w3 Y2 FWn|oa ‘eaudwos ongl ploA e ynidog b1y _._uE_Uun_.o.n Pupea. qUILLZ 10U suncea.d
2111w Iz uorERIoSUad 40 1o 2wy Burglly o Ho) 0o ur 2Buwy) orFd ploy ploA jo qybisy| sbueys wig| |elp (Fuld 2UNGG6a.1 paidy
ool % AnjunBRop pepunuce 183 |%.0€ %G % 1Bued ng|0eLT L s
245 uowinges o 22.63p (wuiy w qUPIUOT 2IMGIOK 5] eaoned pice (el syloedg
L6 % 1692219p 4nunblop e3dieuenéeg|00' 2 00'L9 b 1B1jnge xaLug My (12109 jw ey SiGueideq ugau.g
145 ucreinges jo 22.63p (@i M jlog Kip ja eeepy °A uzw|99de ;0 IWn|on @1y
z2g+'l /8 ANpBe wuig nuny pepunues 35211 00'02 ov've g ng | 51 Lty Bruiey SiBuedes uBauag
\W+1/9001="% Kqieusp Lig jeurg 7 2unGI0W JO GeRp IHZ uawisads jo uBey [Py
gl /B Apge wing rumy eadibueéeg! 0z'128 0z'128 Bige exeH| 599 wew 3 eye
LW+ r9001=" Raieuzp Kig |2y 7 Buu jo Geep w2 Bul 4o e5y
sgo'l jul/B BiBe wig Sek yeidbuedegl0z'98s 0z'563 Bife eyjey ~yeig umy|Sg' dw3 5 eyey
Ryjeusp A ng |@iy| & 106 fup+Buul jo eevpy w2 Buti jo amiFwwp
osL'L ww 1Bixaeank 438ap22 upapuel ey | 02809 09229 BB wyjey =g SeL L ou ey
VO MEHE pioe 4o yBiay suzjeninb3 [ sdwiws gom+ Buu jo ey ou Buly
uuzg al u f2uig :ou fepuog uog Siburideg : IrQHE4
adap 2dweg iou 2 dwwg woliajoya.iod o] (e ML VH NYOEG LTV ZINID LYOAYNYH i 13302
S66LZNNNILIYE Hiav1/3Lvd JAZNIA NOASYAITOSNON [AVANLYS0EY T 1DINVYIIN NIWIZZ DFDOﬁ

1531 NOILVAITOSNOD

AM0OLYN0EYT SIAINYHIIN 1105 NLIAW




(D M.E.T.U SOIL MECHANICS LABORATORY CONSALIDATION TEST (c-logF)
vase |0.D.7.0  ZEMIN MEKANIGI LABORATUVARI KONSALIDASYON DENEYI
I"!Q().l[',(il/l'!\‘(l\JE - MANAVGAT DENiZ ALTI BORU HATTI
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(D M.E.T.U SOIL MECHANICS LABORATORY
1956 [10.0.1.0 ZEMIN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 17 SAMPLE: 17 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION TORQUF COHESION
ZAMAN YAY SAPMASI TORK KOHEZYOH
(Sec/on) (Degree/Derece) (M-Cin) KPa KgfemZ
READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 13,0 7,0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
70 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2,755 7,631 0,078
90
TEST:2
0 8,0 0,0 0 |
10 11,0 3,0 1,110 3,075 0,031
20 12,0 4,0 1,439 3,986 0,041
30 13,5 5,5 1,932 5,353 0,055
40 14,0 6,0 2,097 5,808 0,059
50 15,0 7,0 2,426 6,720 0,069
60 15,0 7.0 2,426 6,720 0,069
70 15,0 7.0 2,426 6,720 0,069
80 15,0 7.0 2,426 6,720 0,069
90 15,0 7.0 2,426 6,720 0,069
TEST 3
0
10
20
30
40
50
60
70
80
90
g.Turgay ALEMDAROGL
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(D M.E.T.U SOIL MECHANICS LABORATORY
19656 §0.0.1.0 ZEMIN MEKANIGI LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENIZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995

PROJE TARIH
BOREHOLE: 18 S5AMPLE: 18 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTIOHN TORQUE COHFSION
ZAMAN YAY SAPMASI| TORK KOHFZYON
(Sec/Sn.) (Dearee/Derece) (M-Cin) KFPa Ka/em2
READING DEFLECTION
TEST: 1 ORKUMA SAPMA
' 0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 11,0 5,0 1,768 4,897 0,050
30 12,0 6,0 2,097 5,808 0,059
40 12,0 6,0 2,097 5,808 0,059
50 12,0 6,0 2,097 5,808 0,059
60 12,0 6,0 2,097 5,808 0,059
70
80
90
TEST:2
0 6,5 0,0 0
10 9,0 2,5 0,946 2,619 0,027
20 10,5 4,0 1,439 3,086 0,041
30 11,0 4,5 1,603 4,442 0,045
40 13,0 6,5 2,261 6,264 0,064
50 13,0 6,5 2,261 6,264 0,064
60 13,0 6,5 2,261 6,264 0,064
70 13,0 6,5 2,261 6,264 0,064
80
90
TEST :3
0
10
20
30
40
50
60
70
80
90
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m M.E.T.U SOIL MECHANICS LABORATORY CONSALIDATION TEST (e-logF)
vane |0.D.T.0  ZEMIN MEKANIG! LABORATUVARI KONSALIDASYON DENEYI
PROJECT/PROJE © MANAVGAT DENiZ ALTI BORU HATTI .
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(D M.E.T.U SOIL MECHANICS LABORATORY VANE SHEAR TEST
19%6 0.D.7.0 ZEMIN MEKANIGI LABORATUVARI KANATLI KESME DENEYi
PROJECT: MANAVGAT DENIZ ALTI BORU HATTI DATE: 14/TEMMUZ/1995
PROJE TARIH
BOREHOLE: 19 SAMPLE: 19 DEPTH:
SONDAJ NO: ORNEK NO: DERINLIK:
TIME SPRING DEFLECTION 10RQUE COHESION
ZAMAN YAY SAFMAS| TORK KOHEZYON
(See/Sn.) (Pearee/Derece) (N-Cm) KFa [ Kg/em2
READING DEFLECTION
TEST: 1 OKUMA SAPMA
0 6,0 0,0 0
10 11,0 5,0 1,768 4,897 0,050
20 14,0 8,0 2,755 7,631 0,078
30 15,0 9,0 3,084 8,542 0,087
40 16,0 10,0 3,413 9,453 0,096
50 16,0 10,0 3,413 9,453 0,096
60 16,0 10,0 3,413 9,453 0,096
70 16,0 10,0 3,413 9,453 0,096
80 16,0 10,0 3,413 9,453 0,096
TEST:2
0 6,5 0,0 0
10 10,0 35 1,274 3,530 0,036
20 11,0 45 1,603 4,442 0,045
30 12,0 55 1,932 5,353 0,055
40 13,0 6,5 2,261 6,264 0,064
50 14,0 75 2,590 7,175 0,073
60 15,0 8,5 2,919 8,086 0,082
70 15,0 8,5 2,919 8,086 0,082
80 15,0 8,5 2,919 8,086 0,082
90 15,0 8,5 2,919 8,086 0,082
TEST 3
0
10
20
30
40
50
60
70
BO
90
(M

B Turgay ALEMDAROGLU
el Jeoloji Y. Muh.



O~
N MANAVGAT DENiZ ALTI BORLU HATTI
sl = Siix i e '];__'_::_:——‘:1— E
)\ e I I T
>4 N . R St
i = Sy RIS VT e
[ B S - » S
g o
(@)
o
m‘ﬁ =
o=
< <
z 2
<< -
o g
55
= g o
QO: m d
00 ! - ey r }ﬂ
>-n.— (@] rl
I Il: ;\‘ Ll
w - =
> o =
2 \ :
(¥l '\ (08
E Q \\‘\
> < ) o
x2 I M
== ™
< é = . 5
5O s
m m & A
33 ol — X
V3G a1, N .
E % il S m—
x5 i
W] [V} Y it 1
z b= 5 \
Z
== —
O w | T T T S
i N DY S ST U SN Y TRy N o AV SR o SN Y NN 6 B V1 B o T T T B A S R =
D :D 1 ) (B 1] U0 (TR | I W W o ~t ~t M) ol ot} v N
e :
s_az_-l 8 (%) 0 NVHL MANED INTOR

B.Turgay ALEMDAROGLU
Jeoloji Y. Mih.



(D M.E.T.U S0IL MECHANICS LABORATORY
1956 10.0.7.0 ZEMiN MEKANIGi LABORATUVARI

VANE SHEAR TEST

KANATLI KESME DENEYi

PROJECT: MANAVGAT DENiZ ALTI BORU HATTI

DATE: 14/TEMMUZ/1995

PROJE TARIH

BORFHOLE: 20 SAMPLE: 20 DEPTH:

SONDA.J NO: ORNEK NO: DERINLIK:
TIMF SPRING DEFLECTION TORQUE COHESION

ZAMAN YAY SAPMAS| TORK KOHFEZYON
(Sec/Sn.) (Pegree/Derece) (N-Cm) KPa Ka/em2
READING DEFLECTION

TEST: § OKUMA SAPMA |
0 6,5 0,0 0
10 9,0 2,5 0,946 2,619 0,027
20 10,0 3,5 1,274 3,530 0,036
30 11,0 4,5 1,603 4,442 0,045
40 12,0 55 1,932 5,353 0,055
50 12,0 55 1,932 5,353 0,055
60 12,0 5,5 1,932 5,353 0,055
70 12,0 55 1,932 5,353 0,055

TEST:2
0 6,0 0,0 0
10 9,0 3,0 1,110 3,075 0,031
20 12,0 6,0 2,097 5,808 0,059
30 12,5 6,5 2,261 6,264 0,064
40 13,0 7.0 2,426 6,720 0,069
50 14,0 8,0 2,755 7,631 0,078
60 14,0 8,0 2,755 7,631 0,078
70 14,0 8,0 2,755 7,631 0,078
80 14,0 8,0 2,755 7,631 0,078

TEST :3
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APPENDIX 2 : STANDARD TEST PROCEDURES
EK- 2 : STANDART DENEY YONTEMLERi



SML 2 (a)
STANDARD LABORATORY METHOD FOR DETERMINING MOISTURE CONTENT

OBJECT

To determine the moisture content of soil as a percentage of its

dry mass.

APPARATUS

(1) A drying ovan capable of maintaining a temperature of 105 to 110°C.
(2) A balance readable and accurate to 0.01 g.

(3) An air-tight metal container.

(4) A desiccator containing anhydrous silica gel.

PROCEDURE

(1) Clean a metal container, dry, and weigh it to the nearest 0.01 g (Mc).
Crumble a sample of at least 30 g of the soil, and place it loosely in
the container, replacing the 1id. Weigh the container and contents to the
nearast 0.01 g (Hw)

(2) Remove the 1id, and place the container and contents in the oven

to dry at 105-110° C.”

(3) After a preriod of 16 to 24 hours, remove the container from the oven,
and place it in the desiccator to cool.

(4) Replace the 1id 