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» Bu calismanin sunulmasini destekleyen taraflara tesekkur ederiz.

> idare: T.C. Ulastirma, Denizcilik ve Haberlesme Bakanligi,
Altyapi Yatirrmlar Genel Mudurlagu (AYGM)

> Gorevli Sirket: Avrasya Tuneli Isletme, insaat ve Yatirm A.S. (ATAS)
> Yuklenici: Yapi Merkezi ve SK EC Ortak Girisimi (YMSKJV)
> Yapi Merkezi: Yonetim Kurulu Uyeleri
> TMMOB - IMO - istanbul Subesi
» Bu galismada sunulan malzemeler “kaynak™ verilmek suretiyle kullanilabilir.

» Bu sunuda ileri surulen gorus ve sayisal degerlendirmeler tamamen yazarlara aittir.

Yukarida adi gegen kurumlari baglamamaktadir.
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PROJE BILGILERI




PART 4 (L=5.4km) 2o - .-
I '

» Model: Build — Operate — Transfer > Total Project Length: 14.6 km > 1stand 2"9 bridges (total 7x2 lanes)

» Total Investment: ~1,3 Billion $ * Part-1: Europe side (5,4 km) * 180.000 (1% and 220.000 (2nd) crossings

» Construction Period: 55 Months _ per day
e Road and tunnel structures Part-2: Bosphorus Crossing (5,4 km) > Eurasia Tunnel (2x2 lanes)

> Operation Period: ~ 26 Years * Part-3: Asia side (3,8 km) * 110.000 crossings per day (both directions)
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“* PROJENIN KAZANDIRACAKLARI

> Hiz —> » Kisa Seyahat Siiresi
100 dk.’dan 15 dk.’ya

» Ekonomi > > Yakit Tiiketimi
Kisa seyahat suresinin yakit tuketimi Uzerindeki pozitif etkisi

> Giivenlik > > Yiiksek Seviye
Dogal afetlere uygun tasarim
24 saat kapali devre sistemi
Hiz kontrolu

» Konfor ‘ > Yiiksek Seviye
Surus konforu gozetilmis 6zel ig-mimari tasarim
Sis, yagmur, buzlanmaya kargi korunakli

» GCevreye Duyarl — » CSED Raporu
Kaltarel mirasa saygl (UNESCO World Heritage Centre gézetiminde)
Yapilarda yukseklik limiti (7.0 m)
Hava kalitesi

Tarihi yarimadaya daha az trafik yUku (Halig, Galata ve Bogazigi
Kopriistinde trafik yliklerinde %30 azalma)

Kamuoyu ve Paydaslarla danigma sureci
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«» TUNELIN iCTEN GORUNUSU —

» Segmentler (1)

> Alt Tabliye (2)

> Ust Tabliye (3)

» Havalandirma (4)
» Sinyalizasyon (5)
» Isiklandirma (6)

» Kamera Sistemi (7)
>

Acil Mudahale Kutulari (8)

> Baz Olgiiler

» Segment Kalinligr : 60 cm
Ust tabliye kalinligr : 36 cm
Alt tabliye kalinligi : 50 cm

Ust kat yiiksekligi : 500 cm

YV V V VY

Alt kat ydksekligi _: 400 cm
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MUHENDISLIK JEOLOJISI VE GEOTEKNIK

Depth: 19.00m - 25.85m

Depth: 26.40 m - 29.60 m
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¢ BASARILI BiR DENIZALTI TUNEL ORNEGI: MELEN PROJESI

Yuklenici: STFA + Mosmetrostoy ve Turk ALKE
Proje Bedeli: ~120 milyon US$

Tiinel Uzunlugu: 5,5 km

EPB-TBM Gapi: 6,15 m

Proje Arin Basinci: ~4 bar

Minimum Kaya Ortiisii Derinligi: 35 m

TBM Tuinelin Mak. Derinligi: 135 m (65m-deniz)
Formasyon: DoIayoba/Kartal formasyonu Kaynak: Anagnostou (2010) ve Bakir ve dig. (2011)

» Killi kiregtasi, kalkerli seyl, kumtasi, GSI: 45-64 (deniz alti bolumu), Dayk (Andesit/diyabaz) kalinhigi: 1 - 70 m
)
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* PROJE SAHASININ DEPREMSELLIGI

Kuzey Anadolu Fay Zonu (KAFZ) ve Avrasya Tiinelinin Konumu
1 -2000 1900 — 2000 2722 27.6° 28° 28.4° 28.8° 29.2° 29.6°
Marmara Denizi Bolgesi 39.5-41.5K | 39.5-41.5K e
26.0-31.0D | 26.0-31.0D | 412 2 o G T e
Boélgenin Uzunlugu (km) 420 420
Bolgenin Genisligi (km) 220 220 -
Yiizey Alani (x10%) km? 9.2 9.2
f”.
Baskin Faylanma Tipi Sag Yanal Sag Yanal X sf;ié :
40.4° <
Ortalama Sismojenik K el P :
A e { o @ Suggested sites for observatory
Kallnllk (km) lo 10 ‘_'J /\SPasl-Submanne Landslides
Meyd ezl g_elen :Kaynak: http://wwz.ifremer.fr/esonet emso/content/downIoad/33356/278218/fi|e/marmara-observatorv.Ddf
depremlerin toplam 937 566
sayisl
Ms Cinsinden 553 445 > Bolgede meydana gelen tarihsel ve aletsel ddnem depremleri
depremlerin sayisi
o= B0 elan dEmrEmEhn e e incelendiginde, 6zellikle bolgede yer alan dogrultu atim &zellikli
e Kuzey Anadolu fay zonunun etkinligi agikga gorulmektedir.
2/':;5?'0 ECE L 82 16 > Avrasya tiineli giizergahinin Kuzey Anadolu fay zonunun
Ms > 6.8 olan depremlerin o o Marmara deniz igerisindeki segmentlere olan uzakligi yaklasik
sayisi 16 km’dir.

Kaynak: Ambraseys (2006)
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¢ AVRASYA TUNELIi DENiZ SONDAJLARI

~ EUROPE &

I
|
E . Alluvion/Sand . Marine Sediments qepesi .....
[ Marine Sediments  [Jli Marine Sediments =10 524 \
. e R |
: E Marine Sediments . Trakya Formation 106.405 -
|
: 3.400 m
£ %>
. S © Bal§a
Sondaj No Tl x| 2| 2| | | 2| T el e v | | e | e B | EE|EE
O 4L AL « — — — — — — — —| - S S S = = S g |08
Ll T T T T T T T T T T T T T T T T S © U ® o
wn o [an] o o o o o [an] [an] [an] [a] o o o o [aa] O wv un O ¥ X
Deniz Suyu Derinligi
(Y ) g 3 3 8 27 40 62 44 37 35 35 24 22 15 12 12 12 15 24 16 68
m
Ortii tabakasi Derinligi
( ) g 28 38 47 45 36 27 44 59 54 53 52 45 42 37 33 31 27 41 10 24
m
Toplam Ortii Tabakasi
P . /2,1 25134(13312611201]32143(39]1391381(33(31]127124]23]20 3’0 0,7 24
Tiinel Capi
Tiinel Aksi Derinligi
( ) g 37,8148,2161,5178,7(82,6| 94 98 | 100 | 99 97 86 77 67 59 55 53 49 73 21 29
m
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¢ TBM TUNEL KISMINA AIiT CGOKEL KALINLIKLARININ DEGISiMi

Avrupa Asya
Yakasi Yakasi
< —_—
S
o < S =
= o — | &N —
= n i | 1 D @ o S|l |ls|o
3 g B b g B N Il A e I B B I ol e Il B T N RSl I vl
c SR I Y N R R R R R R R R R = Y N e e e o I = 2
o HlY|ls|lvlw|lzlz|zlz|lz|lxz|lz|z|lxz|zlz|z|l|Z|lZ||slslal<
N nlvw|lo|lw|lvw| o|lo|o| |||V ||| V||V |B|O|O| S| S| S|P
) "
Gokel Kalinlig® | | o | n | < | — ol ~lolo|n|lo|2|w|[R]|8|3[v|olo(s|on|n~|lo]|
(HOIOsen)m o — — — — — — o on LN (o} (o) — — — ™~ LN < (o] on (@]
7

Denizel kismi ifade etmektedir.

(@ Denizel gokeller, holosen yash kum, kil, silt ve yer yer gakilli birimler icermektedir.
@ Yapay dolgularin (zemin ve gesitli insaat molozlari) kalinliklari dahil edilmistir.
) Sondajlarin ¢okelleri kesmedigi yerler enkesit korelasyonundan elde edilmistir ve dederler, yuvarlatilarak verilmistir.

> Degerlendirme Notlar:

» Ortalama ¢okel kalinhgi, X = 38 m
En biiyiik gékel kalinhgi, X, = 118 m (BH 1-7)
En kiiciik gokel kalinhgi, X,;, = 7 m (BH1-1)

YV V VY

Cokel kalinliginda, buyuk degisimler (Degiskenlik katsayisi, V = %87) gozlenmektedir. Bu degisiklik temel
yapl ile denetlenen bir ¢okel biriminin varligina isaret etmektedir (Yiimaz ve Saking, 1990).

Kaynak: Yapi Merkezi ARGE, 2014©
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% AVRASYA TUNEL PROJE SAHASININ GENEL JEOLOJISI

» Trakya Formasyonu

> Bolgenin her iki yakasinda yeralan formasyon, Ust Paleozoyik yasli olup, kumtasi/kiltagi/gamurtasi

birimleriyle temsil edilmektedir. Bu eski temel Hersinien ve Alpin orojenizinden etkilenmistir.

» Bu nedenle tum formasyon kivrimli, gatlakli/fissurlu ve fay/zayiflik zonlari iceren bir yapi sergiler.
Alpin orojenizi sirasindaki volkanizma sonucunda olusan andesit ve diyabaz dayklari, Paleozoyik
temeli yer yer keserler (Sayar, 1976). Ornegin, projenin Anadolu yakasinda tiinel agma makinesi 7 adet

dayk kesmistir. Yaklasik araliklar ise, 80 - 90 m olmaktadir.

» Holosen Cokeller

» Holosen c¢okeller, (7400 £ 1300), proje sahasinin en geng jeolojik birimidir. Trakya Formasyonu
uzerinde istiflenen ¢okeller birbirleri ile gecisli acisu-deniz-acisu ve denizel ortamlar iginde gelismistir

(Merig, 1990). COkeller, olusum kosullari ve genel karakterlerine gore ince ve iri taneli zeminlerden

olusmaktadir.
Kaynak: Yapr Merkezi ARGE Bo6liimii,2014©
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s TBM TUNELI JEOLOJISI

» Yapilan sondaj, jeofizik ve batimetre calismalarina gére 3340 m’lik TBM tunelin dagilimi:

» Asya Tarafi - Tam Cephe Trakya Formasyonu =550 m (%17)
» Asya Tarafi - Karisik Cephe =100 m (%3)
» Tam Cephe Denizel Cokeller =750 m (%22)
» Avrupa Tarafi - Karigik Cephe =140 m (%4)
>

Avrupa Tarafi - Tam Cephe Trakya Formasyonu = 1800 m (%54)

Kaynak: Yapr Merkezi ARGE B6liimii,2014©
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% AVRASYA TUNELi GUZERGAHINDAN ORNEK J

EOLOJIK PROFILLER

SEA OF MARMARA

Camurtasi

20m Kumtasi

20m Camurtasi
30 m-E

30m

Diyabaz

40 m

40 m Camurtasi
50 m Kumtasi

50 m Gamurtasi

60 m Diyabaz

Olgek: 1/500

Killi Siltli Kum

#1-4

o Om

NN

Oigek: 1/500

Killi Siltli Kum
Kumlu Kil Silt
Killi Siltli Kum

Kumlu Kil Silt
Kum
Kumlu Kil Silt
Kum
Kum
Kumlu Kil Silt
Killi Siltli Kum

Kumlu Kil Silt

Kumtasi
Camurtasi

Kumtasi
Camurtasi

Kumtasi

Kum

Killi Siltli Kum

Cakil
Kum

Camurtasi

Kumtasi

» Temel Kaya Kiitlesi: Paleozoik yagh Trakya Formasyonu (Kumtasi, Camurtasi, Silttasi ardalamali kaya birimleri ve

Andezit ve Diyabaz Dayklar)

» Holosen Cokeller: CaCO; kavkili (0 < CaCO, < 40%) kum, kil ve yer yer c¢akilli birimler
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¢ YUKSEK ARIN BASINCI BEKLENEN SONDAJIN (BH1-2) JEOLOJIK PROFiILi

0m-—t
10 m_;_ Dot 19.05??‘-"25.85??; » Degerlendirme Notlari:
; e > Kaya Kalitesi:
20 m£ RQD < %25 -cok zayif-
30 m_é_ » GSI Bazinda Kaya Kiitlesi:
Parcalanmis — Koseli ve
40 mE yuvarlak kaya pargalarinin
birlikteliginden olusan, zayif
50 m-£ kenetlenmis, asir derecede
kirikli kaya kiitlesi
60 m-L B2 v )
— — —0m Kum (Ulusay ve Sénmez, 2007).

Kaynak: Yapr Merkezi
Tasarim Bélimii,
AR&GE Béliimii

Bigek: 1/500 ve Fugro, 20100
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¢ EXISTENCE OF DYKE ZONES

>

In Trakya Formation, Sandstone/Mudstone layers cut through dykes (andesite and diabase).

Such a geological setting creates a different rock mass medium with variable stiffness.

Andesite/Diabase dykes have uniaxial compressive strengths more than 200 MPa.

Cherchar Abrasive Index (CAl) is an indication of cutter disc/tools wear rate and in the case

of dykes, this index increases up to 4.5 (extremely abrasive).

[ Y

Pink color in geological profile below corresponds to dyke zones faced during excavation.

Parameter ASIﬁoer:]Zt'il'g?]kya Eurolpz)grrsrigte;(;l'r:akya Overall Trakya Formation
Number of Dyke Zone 6 23 29
Total Dyke Length (m) 28 397 425
Average Dyke Length (m) 5 17 15
Average Dyke Frequency (m) 113 83 90

Note: Longest dyke's length is 120.0 m.

Source: YMSK Joint Venture (2015)
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“* MARMARAY PROJESINDEN KARISIK ARIN SARTLARINA BiR ORNEK

Gozlemler:

% Heterojen Arn: Aynmi kaz
alaninda farkh rjitlikli

formasyonlar

% Kazi boyunca kuguk kaya
parcalari yerine gatlak setlerinin

sayisi ve arahklan ile iligkili

olarak genigs kaya bloklarina

rastlandi.

< Bu durum TBM kazisi sirasinda
ufalama islemi ve hidrolik iletim
sisteminde ciddi zorlukara

neden olmaktadir.

Flhaor 148

Kaynak: Bilgin (2007)den degistirilmigtir .
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** GENERAL OUTLOOK ON MARINE SEDIMENTS

» Properties of marine sediments based on cone penetration test (CPT) and measured shear wave
velocity from P/S logging.

» Marine sediments (Holecene aged, 7400 * 1300) varies from coarse-grained soils (gravels and sand) to fine
grained soils (silts and clays) and change both vertically and laterally as a result of sedimental regime.

» The coarse-grained soils (usually silty/clayey fine sand) are dense. The sands own high stiffness under high
confining pressure.

» Generally speaking, the marine sediments that are normally to lightly overconsolidated at the tunnel axis
depth and consist of inter-bedded sands, silts and clay. The soils appear to be normally consolidated i.e.
OCR=1, many design properties (undrained shear strength -cohesion value-, stiffness) enhance with depth.

» Undrained shear strength can be approximated as:

cu
o,

» Undrained elastic modulus at 50 % peak deviation stress (Es,) can be correlated with ¢, value

~0.22 X y’ XZz (o,' = effective vertical pressure; y'=submerged unit weight; z = depth from sea bottom surface)

Eso=17.64 X c, +119.48 (kPa)

» As for the effective internal friction angle (¢) for sandy soils can be estimated from the modified equation
(Kulhawy and Mayne, 1990):

$=17.6 + 11 x log[34. 3Xq,X ZO'S] (g.= measured cone tip resistance in MPa; z = depth from sea bottom surface in meters)

» Some carbonates due to shell of micro/macro organisms are observed throughout the depth of soils up
to 35% CaCO, at (mean value 25%) Project site. These carbonates were believed in increase "liquefaction
resistance" of sandy soils during seismic loading owing to their roughness structure and reduce in
abrasion.

19



B ivo - isTANBUL SUBESi - MESLEK ici EGITIM SEMINERLERI [

** KIVAM INDEKSI, C’'NIN DERINLIKLE DEGISiMi

Kivam indeksi, Cl
25 20 -15 -1.0 -05 0.0 0.5 1.0 1.5

0 L1l ! 111 I L1111 I L1111 ! 11 l[l L1111 ! 1 l'l 'I L1 l'
] | 9997 o R I | A  BH12
. | 2 ; nl Z : I ! (Kullamlan Parametreler : \
10 WA s $ r‘niAu 0 suis
] | (% :ﬁi i: ' o BH1-4 n  =Verisayisl,
18 | I S '
20 JAHLL LIS NT T, 9IS 222 1 NNNY B
E 1 { I:I= el B & BHiS CI =Kivam indeksinin ortalama degeri,
N Cor TR0 | e e
= 30 Y A F:A; YAy LL  =Likit limit, %,
T o By P INL O BH1-7
Q ] | 5 el ' PL = Plastik limit,
€ 10 N - st Q. | BH1-9
=B o e g R e
3 : : ' ::1: ® : O BH1-10 ® =Dogal su igerigi, %,
Ko B ‘7777|+7 77|‘ l~"> 72;4
& 07 ; ; o Foo ufU( | s  =Standard sapma,
- ‘ | s ARSI
. | | | | | | v .
Beo - il LSS ::%. ‘: ol LL-® V  =Degiskenlik katsayisi, %
. | | | ‘ | SHI [ =
] - CI<0,5: Gok Yumusak IS | : LL — PL V= (i) % 100 o
70_7777;7777\ 77777 ‘********‘l: 77777 l‘..|~7[——77' X )
. | | ‘ =3 u
. Z /': 21NN \ )
. = ‘ I = I
80 —~ - CI_O,OS ,\,,,1 ””lc ™ y
i | 1 wp = | I i
. n=22 I R |
] L Al [
- | b Yo I
0 —Y A AT F A AR T AT s =2t ITINANNL
i I 19 ) a0 I
- B | [ﬁi( |
- |: | | | Kaynak: Yap: Merkezi ARGE B6liim(i,2010©
100 =J ‘ ] \
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Kivam indeksi, CI®)
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% KiLLI FORMASYONLARDA YAPISMA POTANSIYELININ INCELENMESI

1.6 — ;
1.4 = Saglam Orta Yapigma Potansiyeli Lejant

F - ———— - T A_ S S Sl B~ [ E————— —_ - e - -
1.3 3 Cok Sert Z=12m Yiikﬁﬁﬁﬁ&m; rrr- A BH12[ 4= BH16
og 3 Sert OZz=50,7m uz=19 Jé A 0 sH13| A BH17
06 = Orta | | g S =80 5m 2= 94im| ] ]
oS BETET e EE ¥ e ST PR ©®  BHI4| ¥V BHL9
02 = . orl €& 8H15 () BH1-1C
0.0 3
02 = =
-0.4 = + Kivam Indeksi, ClI:
-0.6 =3
0.8 3 ToS LL-w
-1.0 =3 v CI -
e m | LL-PL
3 *
L4 E Dusuk Yapigma Potansiyeli
-1.6 =3 Yumusak
1.8 3
-2.0 3 Kullanilan Parametereler
2.2 =3 o w= Dogal su igerigi, %,
;Z = LL= Likit limit,
o 2 PL= Plastik limit %,
an S Z= Deniz tabanindan derinlik.
3.0 LILLIL LILLIL LI LI LI LI LI

0 5 10 15 20 25 30 35

Plastisite Indeksi, IIO

Kaynak: Yapr Merkezi ARGE B6liimii,2010©
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% KESTIRILEN VE OLGULEN EFEKTIF ICSEL SURTUNME AGIS|

Predicted Effective Internal Friction Angle, ¢’ (°) Measured Effective Internal Friction Angle, ¢’ (°)
48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 22 24 26 28 30 32 34 36

palen |||!|||1|||||||| poalonalavalonalonslonnlonolonalonnlonalonnlosy ILLIII_I!||;i\
> ' ! S } o Drained Direct
53 - ‘1 Shear Test
4 o —= 211 = R ¢  BHJ-
5= From¢D Triaxial 'r’véo— ®  BH)2
20 = Compression-test ﬂ A BHJ-5
PRER I 1x <=  BH1-1
E JESE. V¥ - BH12
S T &
35 X -1 O - BH13
0 3 i1 > - BH14
5 2 A I 1 B BH15
== o = 1 ch . BH1-6
I* e !I I A - BH17
: = el @ BH1-9
i 80 -3 o
= & e AL 7l sHto
H\k 70 = 1L CD Triaxial
A 11 ..,___r X. =40.0° ] = X, =33.6° ___/I{l | Compression test
" 15— /H I O BHJA
N’ = N
= TTTTTTTTT
80 .
FENY Xy =39.5° S=E— Xy =31.8° 7 1 1 O - BHJ2
dh ik\ 853 /vli | /A - BHJ5
P EEEEEEEEEE—— | —
Ll —— '} = |
PN Xy =38.7° 9}9 = Xiz) =31.3° —~—— ik | e BHJ-6
\ J [ - J
:: 95 = ': : > - BHJ7Z
H S
100—=1 Vv BH1-2
I EEE= 4I i
105 : .
Alll SEEE" TEEE [] = BH15
- 110-==
Kaynak: Yapi Merkezi ARGE Boliimii, 2010© Depth, z (m) Note: Robertson (2009) was used for predicted values. X, = mean value, X, = characteristic

value based on student value method, , Xe@) = characteristic value based on Schneider's method.
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“* TEK EKSENLIi BASING DAYANIMININ, o, DERINLIKLE DEGIiSiMi

Tek Eksenli Basing Dayanimi, c,,, MPa

0 25 50 75 100 125 150 175 200 225 250 275 Nokta Yiik 6Igﬁ|en
0 I|||| pudon oo g lon bon b ““|““ indeksinden Basing
3 Donistiiriilen Davanimi
- | I | y
1> > I d4 I Basing Da
5 I ¢ Dayanimi
Er'/l; EIRIEEREEEE S ; A LBHI oo
10 — " bl da Tl I ° V¥  BHI6
a1 1 [ LBH2
:% * & ! ! ¢ LBH3 o e
15 = N4 1 I > S-AS-1
20 —_w: I E] : ! = X S-AS-4
- X )4 ; A NTBL gh  S-AS-6
25 — %A Xy v o+ : + B2 A SAS7
=N I S 3 I & NTB3 [] sAss
30 =l 4 Q) x )2 : X NTB4 4 BH1-2
35 =4 i NTBS O nNB1
10 & * s X 3 & - 4> dh - SAS1 A NTB-2
- 1
40 —:tﬂ%—% B A & & ; ® sAs3 O niBs
Ji + [ > SAs4 X  NTB4
Sl FRO A A ]
i Yo my A : ¥V  sAss v TS
50 <4 $ I i ® SAS6
=R I AS. ( )
5 Ty ‘_,QV¥ . k O | X - shsT Kullanilan Parametreler :
3 7 <& o =71,9 MP ' SASS 7 ¥
0 1 I O.=/% a | H . BHi2a X= Ortalama deger,
3@ 1o n=148 I 5 A 1A Standard
1 1 _ Q i s= Standard sapma,
65 =l dh | s=56,8 MPa I E T BHI-10 P
- = I = _ o . .
O - ! V=79% ' 9 @ BRI V=Degiskenlik katsayisi, %
3 Ii I 1N YV - BHJ-2 s
i n A 1 1" V=(=|%x100 %
T l 1 £ BHJ-6 § X ' J
20 J1° ! 1o Kaynak: Yap: Merkezi ARGE B6liimii,2010©
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<* KAYALARIN TEK EKSENLI BASING DAYANIM DAGILIMI

Frekans, %

Trakya Formasyonu Dayklar
Kumtasi, Silttas: ve Gamur tasi Diyabaz/Andezit/Diorit
280% 220%
12 > NP >
=h N >
11 — 0,81 U y -
7 i Istatistiksel Degerlendirme
= I - —
10 946 046 | Veri Sayisi, n =148
= 8,78 8,78 | Ob,min"Cb,max =3-250 MPa
5 811 [ Mod Degeri, 6, node =8,8 MPa
8 = ’ : Medyan Degeri, 6, neqian | =55 MPa
_— 676 ' Ortalama Deger, X =72 MPa
- 6.08 1 Standard Sapma, S =57 MPa
6 —J ’ : Degiskenlik Katsayisi, V | =79%
5 3 ! 473 v{i].mo,%
- (o
3 405 405 405 ¢
4 NOt: Gy, i Op max » €N diislik ve en yliksek
3 3 o an tek eksenli basin¢ dayanimi degerleri
, - 2,03 2,03
- 135 (135 [135135
1] 068 068 068 0,68
0 -IIII TN rrrrnrrr e rrrrrrrr e rrrrrrrrgrrrryrnrryrnrngrrrrgrrrrgrereryerrryrrengrmnm

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

Tek Eksenli Basing Dayanlml,cb, MPa Kaynak: Yap: Merkezi ARGE B6liimii,2010©
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MESLEK iGCi EGITIM SEMINERLERI

Gc’i = 25 MPa

iIMO - ISTANBUL SUBESI
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* RMR VE o, CINSINDEN KAYA KUTLESININ ELASTIK MODULUNUN KES
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Kaya kiitlesinin elastik modiili, E,, (MPa)
Saglam kayanin tek eksenli basing dayanimi. Analizde, saglam

kayanin elastik modulu,E; asagidaki sekilde bulunabilir.

Ei=Ao;

Kumtas! ve camurtasi icin sabit, A, 300 olarak alinabilir.

cSc,i
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¢ BH1-2 SONDAJI IGiN DERINLIKLE P DALGA, V, VE S DALGA,V HIZI DEGISiMI

P Dalga Hizi, V, (m/s) S Dalga Hizi, V (m/s)
1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 500 1000 1500 2000
0 0 ]
1
2 merlenme 7 2D) 2 Kemerlenme Zonu (2D) 1
|
4 4 }
i
6 6 I
|
—~ 3 - 8
S g :
10 -
~ 10 N :
X 12 — X 12 1
= = [
E 14 § £ u i
=~ — i .
[ [ i | ZEMIN
o 16 a 16 > |
= [|
S 18 S 1 = ,
S RN
c 20 -g 20 ~ o :
— g — \
g 22 % 22 !
S -0 | KAYA
24 < e M
- - - N :
N 2 = N 26 B i S e -
c > ! c > .
D 28 ! O 28 !
a ; | a < ]
30 o I 30 i
—~ i |
32 I 32 1
1 I
34 N ! 34 :
36 = 1 36 e S
— - tinel Arin Zonu (D) !
38 iine n Zon LA I 38 ]
e s i o e SEeeae ] e e SNy W
40 By 40 —
42 42

Kaynak: Yapi: Merkezi ARGE B6liim(i,2010©
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“* KARA YOLU TUNELLERI ICIN KAYA SINIFLANDIRMASI

K Elastik Dalga Hizi, V,,, km/s K last Faktérii
aya arsilastirma Faktorii, 0 N .
Sinif Tipi 1 2lslal s 6 (ot H) RQD,% Catlak arahgi, cm Yaklasim Miktari, mm
a
A : - 80 or more 100 to 50 or more Dakika
d
a
B 2 - 90 to 60 70 to 30 Dakika
d
a
b & -
| c
d;
4 veya daha fazla Order of 50 or
C i 70to 20 50 veya daha az
less
b -
Il c
21 4 veya daha fazla
a
b
Kaya o 4-2
Kiitlesindeki | ' 31 - 60 veya daha az
diger kesitler| 2 )
¢ D e 2 veya daha fazla 20’lerde veya
a daha az
b
Gegig Zonu—j : 2-1 - 200 veya daha az
. —
e
a
b
E dc 1 veya daha fazla - - 400 veya daha az
dp
e
Rock Type:
a) Metamorphic rock (phyllite, graphite schist, siliceous graphite schist, quartz schist, greensch,st, gneiss, serpentinite, hornfels, etc.), plutonic rock (gabbro,
peridotite)

b) Paleozoic and Mesozoic strata (slate, sandstone and conglomerate, graywacke, limestone, quartzite, schalstein, etc.)

¢) Volcanic rock (quartz trachyte, andesite, basalt, etc.), Dike rock (granoporphyry, quartz porphyry, diabase etc.), Plutonic rock (granite, diorite, etc.)

d) Tertiary and lower diluvial strata (mudstone, shale, siliceous, shale, sandstone and conglomerate, tuff, tuff breccia etc.). However, there are subdivided into d
and d, at a diving line of 200 kgf/cm? for unconfined.
d;: o.>200 kgficm? d,: 6.< 200 kgf/cm?

e) Upper diluvial strata (loam and clay pyroclastic deposites), Alluvial strata (talus, surface soil, etc.)

(o.m= Uniaxial compressive strength of rock mass, y= Unit weight of rock, H= Tunnel axis depth, cc= Compressive strength of intact rock) Kaynak: JS For Montain

Tunnelling, JSCE, 1996, p24-25.
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¢ TRAKYA FORMASYONU ICiN CHERCHAR ASINDIRICILIK iNDEKS;

Equivalent (SiO,), content based on Rosiwal Hardness

80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

5

0

- o Andesite
- X Diorite
] A Sandstone A/

i ¢ Siltstone 7/

1 Sio, = 18.34(MH,) — 47.82 /A
~1/ r=0.86, n=25 e

i A/‘

i A

- o

®
L 3 o
- /6 @
R R EEREEENRRAERNEREERARRRNARNRARRR AR NRARERAREENRRRRRRRAR
2 3 4 5 6 7 8

Equivalent abrasiveness wrt Mohs Hardness (MH,)

Cherchar agindincilik indeksi (CAl),
saglam kayanin tek eksenli
laboratuvar basing dayanimi (o) ve
esdeger (SIO,), icerigi ile asagida
verilen formul yardimiyla bulunabilir,

Oci X (Sioz)e

Al = 0.9 X
C 0.9 100

]0.333

(Plininger, 2010)

Ornegin, Mohs sertlik derecesi (MH,)
5 olan bir andezit igin esdeger (SiO,),
igerigi turetilen bagintidan,

(Si0,), = 18.34 x 5 — 47.82 ~ 44
elde edilmektedir.

CAl  ise  yukaridaki  bagintidan
asagidaki sekilde hesaplanabilir (Not:
Andezit i¢in o.,;=180 MPa alinmigtir).

180 x 4410333

~ 3,9
100

CAI=0.9><[

Kaynak: Yapi Merkezi ARGE Béliimii,2015©
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TASARLANAN TUNEL ACMA MAKINASI

Ho=idmerkezi
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** BiR TBM TUNEL PROJESINE ETKi EDEN FAKTORLER
4

~N

Proje Verileri
o Geometrik Boyutlar (Cap, Uzunluk)
o Guzergahin egimi
o Guzergahtaki kurblarin yarigapi (disey ve yatay)
\° Tunel Glzergahi boyunca yerlesim bdlgeleri, kulttrel/tarihsel kallntllarj

/ Dogal Faktorler \ / TBM Faktorleri \

Ortli Tabakasi

o o Kesici disklerin ve keskilerin geometrik
o Hidrostatik Su — Arin Basinci boyutlari ve dizenleri

o Kaya kutlesi / zeminin fiziksel/mekanik 6zellikleri Aciklik orani

o Gegcis zonlari, Zayifik Zonlar1 / Dayklar Maksimum arin basinci

o Zeminin ve Kaya kutlelerinin itme kuvveti

Asindiricihgi (esdeger SiO, igerigi) Dénme momenti

Gaz salinimlar (CH,, CO,, H,S) Kesici kafanin gucu

\Slsmlk kosullar / &Kesici kafa bakimi/tamiri sirasinda hiperbarik §arty

O O O O O

f Yonetsel Faktorler \
o Yuklenici Firmanin proje ve TBM kullanim tecrubesi
o TBM ekibinin tecrube duzeyi
o Karslilasilan problemlerin zamaninda ¢ézimda
(TBM dretici firma ekibinin sahada bulunmasi)
Q Zemin, kaya kutlesi ve TBM arasindaki etkilesim kosgullarina uyum yetenegi )

a4

Proje Hedefleri

o Guvenli TBM Operasyonu
o Optimal ilerleme Hizi

Kaynak: Yapr Merkezi ARGE Béliimii, 2010 ©
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¢ TASARLANAN TBM

< Tipi Bentonit Bul.
_| % Maksimum Arin Basinci 12 bar
4|+ Cap 13.7m
'(-'DJ < Uzunluk 120.0 m
2' < Agirlik ~3,300 t
lc_n < Kurulu Gug 10,330 kW
< Nominal Tork 23,289 KNm
< itme Kuvveti 247,300 kN
_ @ | = Toplam Kesici Disk 35 (gift)
% :'_ln_J < Kesici Disk Cap! 19ing
E I-_IIJ < Atmosferik Degisebilir Keski 48
< | « Hiperbarik Degisebilir Keski 144
2
d = | « insan Basing Odalari (13 bar) |2 adet
:’E') -% < Ekipman Basing¢ Odalari(13 bar) |3 adet
w
x o PI§ Cap 13.2m
W | «igCap 12.0 m
E Ring Dizeni 8+1 kilit tasi
%J Uzunluk 2000 mm
©) L ; . :
|+ Kalinlik 600 mm Yapi Merkezi — Prefabrikasyon
% Agirlik (9 parca 127 t ‘ - o 5
gilik (3 parga) Fabrikada Uretilen Segmentler

Kaynak: Yapr Merkezi ARGE Boéliimii,2014©
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¢ PROJELERDE KULLANILAN TBM'LERIN KARSILASTIRILMASI
Lake Mead, USA ™ -7 > m P design = 17.0 bar

Eurasia, TURKEY $=13.7 m 1
Hallandsas, SWEDEN [ e $=10.6 m
Pt.gesign = 12.0 bar
shanghai Chongming, NN =154

CHINA

Weser, GERMANY [ ©=11.7 m
St Petersburg, RUSSIA ™ $=7.4m
Tokyo Wan, 3APAN |E— -1 ]

Hamburg - Elbe, [ . $=14.2 m m TBM Tasarimi
GERMANY
Westerschelde, |, ©=11-3 M 8 Kullanililan
NEDERLAND —/——m8™8W™@W—+7F+7+7r+—7r—7———F 77777117
0 500 1000 1500 2000 2500

DIAMETER? X PRESSURE (mZ2.bar)
» Eurasia Tunnel TBM (¢ = 13.7 m) is leading the investigated group of 10 projects when the

Kaynak: Untreated data from Anagnostou

“Diameter? x Pressure” parameter is considered. (2014) and Holzhauser et al. (2006)
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Nominal itme kuvveti, F (kN)

B ivo - isTANBUL SUBESI

MESLEK iGi EGiTiMm SEMINERLERI [§f)

¢ HERRENKNECHT AG TARAFINDAN URETILEN BENTONIT BULAMAGLI
TBM’LERDE NOMINAL iTME - (TUNEL CAP2 x ARIN BASINCI) DEGISiMi

300000

280000

260000

240000

220000

200000

180000

160000

140000

120000

100000

80000

60000

Kaynak: Yapi Merkezi AR&GE Boélimi, 20120

—1In=10, r=0.98

F = 117.6(D? x p) + 3300

1| 3 bar <p < 11 bar

“I110.7m<D<19.2m

N
B
)/
/
v

&Orlovski, Rusya Tiineli <ﬁ
»Tunel Tipi: Dere alti Tuneli
»Kazi Cap1 : 19.2m

»Arin Basinci : 6 bar

> itme Kuvveti: 270000 kN

/

/

_A/

- //4>(

\ »Kesici Kafa Glcu: 8400 kvy

éAvrasya Tineli, Tiirkiye\
»Tunel Tipi: Deniz alti Tuneli
»Kazi Capi:13.7m

»Arin Basinci : 11 bar

>itme Kuvveti: 247301 kN

ﬁ- Orlovski, Russia \

‘ Chanjang, China

Nanjing Yangtze, China

The 4th River Elbe, Germany
Lefortovo, Russia
Silberwald, Russia

Smart Tunnel, Malaysia.
Guangshengang, China

Ziirich-Thalwil Zimmerberg,
Switzerland

Weser, Germany

Herren, Germany
Westerschelde, Neteherland:

Istanbul Strait Road Crossing
Project, Turkey

~\

(6vxa vrbOOo 4

~

n=Data Sayisi,
r= Korelasyon katsayisi
D= Tiinel Gap1, m

\ »Kesici Kafa Glcu: 4900 kvy

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
D2xp, (m2xbar)

p=Arin basinci, bar

g J

Not: islenmemis veriler iretici
firmadan alinmstir.

® Tunnel and Tunneling International (2012), sayfa 5’e
gore, Orlovski Tunel projesi iptal edilmistir.
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Giinliik ilerleme Hizi, m/giin
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¢ GUNLUK ILERLEME HIZI VE TUNEL KAZI CAPI

Project Name General Geology/ Formation
26
- \ + Grauholz (1) Sand, Gravel, Debris
- Upper T
24 |:,'__".,€|LI mit o Milheim (1) Sandstone, Claystone
. Lower ‘ Strasbourg (* Gravel, Sand
- . \ -
22 Limi \ ® \\ QO | Taipei® Clay
- W é \ @ Caiol Sand
= \ i Y
20 - \ ar \ /\ | Duisburg (" Limestone, Gravel, Clay
- \ \ :
\ A | Heinenoord Sand, Clay
18 v O X , (B
- \ D \ [] | zurich Glatt(® Debris, unconsolidated materials
: ‘ ¢
- \ )
16 \\ \ . Sydney Clay, sand, sandstone
- \ ) ' Y | Buenos Aires () Sand, Gravel, Clay
14 \ b N v Hamburg () Gravel, marn, rock block
- Formation / Section Ave® é ‘ . Bl L % | Berin sand, clay
12 —f| Trakya Formation (4 days of | 6.8 \ N @ :@ =y H zmir Sand, clay
—1| Holiday excluded) m/day [ A @ + .
10 = o6 \\ . gL | Madrid (¥ Clayey Soil, sand, clay
7 Transition Zones m/day m, : A Dusseldorf () Fine sand, sandy gravel, stones
8 —1| Marine Sediments (4 days 9.2 Wb - " EI Singapore (7 Sediment, clay
=4 Holiday & 13 d ismic joint T L]
- oliday ays seismic joints) | m/day T= Ll 46 . v @ Botlek () Clay, coarse sand, gravel
- 7.0 Bl =
6 — Overall miday =l _‘E_ 1 e SMART® Carstic limestone, sediment
- . ‘ Sand carrying water, silt,
| Overall without Mandatory | - 4 . © | Lefortovo® Iamlnatedrylmgestone alternatedkil
4 —| standstills (8 days Holiday & m/day * Chanmel Limestons. mam. weak
| 13 days seismic joints) . ® Tl']r?eli(“e) slanggtgng am, wea
2 —| Overall without Major 91 .
=]/ Standstills (112 days of major | - s () Values were taken from TKJV TBM Expert Report, 2009.
1| standstills that are more 1 day) y " (2) Carter & Burgess, Inc., 2007.
0 |||'|||'|||'|||'|||'||| T T T T I T T T T T T rrrprTT] @ Herrenknecht, Bippler, 2006.
N~ “ Harris, vd., 1996.

O 1 2 3 4 5 6 7 8 9 10 11 12 13 %4 15 16
Tiinel Kazi Gapi, m A Kaynak: Yapi Merkezi AR&GE Bolimi, 2014©
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TUNEL KAZISI
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% TBM IZLEME SISTEMI

» TBM uzerinde 300’den fazla sens6r bulunmaktadir.
» Sensorler canli olarak internet tzerinden takip edilebilmigtir.

. . . L/
» Temel takip edilen TBM parametreleri: IRIS.:-WL Logged n as: Burskgokcs | Loget
m Project [ Visualization = =+ Advance ~ #Machine Data v #l Reports 2 Geology ¥ & Segment Management ¥/ Tool Changes v @ Maintenance ~ ? Help v

> Gunluk / Haftalik / Aylik

#& » 5-762 » Visualization » Sensorboard

Advance Conveying Circuit TBM
———

I |er| eme H |Z|ar| (m/day) Cutterhead ] Advance J. Conveying Circuit ] Ring No. 430 ] Tunnel Length 869,49 mJ
Rotation Left | (@) Rotation Right | @ Ringbuild | @ Bypass | @ Last Update I
Do SpEea 037 om)| Advance ® 01.09.2014 13:29:23

. . Torque 0553MNm | Total Contact Force 217716 kN | —J

»  Itme Kuvveti (kN) :
— Advance ]_ — Mortar grouting ]_
cyl. 17 cyl. 1 cyl.2
170 bar 169 bar 180 bar
2595 mm 2589 mm 2589 mm w 870 harl w 8,26 bar |
»  Tork (kNm) 16| Comtned stroke portmm) | O3 @ @
170 bar 178 bar

o _:I e
0,03 bar Manual Mode 0,16 bar
Cyl. 15 Cyl. 4 _J _J _J

o=
®F

173 bar Pump 1 5,89 bar 179 bar .
> Penetrasyon (mm/rev) 2614 mm Py’ I 2567 mm
R ump X ar B
Cyl. 14 Pump 4 557D cyl.5
173 bar P:ﬁ: 5 575 h:: 207 bar ﬂ M E ﬂj
2622 mm Pump 6 6,20 bar 2604 mm . .
Ha A Cyl.13 Total Advance Force 1321771 kN] Cvis)
173 bx § 206 b
> Kesici Kafanin Dénls Sayisi (rpm) Rl : e 2] oooom) =
Penetration 0 mmm:n] —_— . .
Cyl.12 Cyl.7

194bar| Speed 0,0 mm/min | 205 bar

Cyl.11 Cyl. 8

ﬂ e ﬂ Actual Grout Volume
> Arnn Basinci (bar) Fol 00 mmim)

195bar | pitch 30 mmim) 207 bar 178421
2637 mm 2638 mm
Cyl. 10 Cyl.9
195 bar 206 bar
2638 mm

> TBM Kullanim Orani (%) 2640 mm

Kaynak: Yapr Merkezi ARGE B6liimii,2014©
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Pressure at Tunnel Axis (bar)
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*¢* ARIN BASINCI VE TOPLAM IiTME KUVVETI

12 I I I I l l l l Co) ——— l l l l [ 240000
4 @ Pressure 10.8 bar ~ ggj(- 239000 kN 2 i
11 || X Thrust (90 % of design capacity) £ (97 % of design capacity) [Nl [ 220000
A e —— i R % i |
10 | 3rY Hyperbaric Maintenance « - a = 1 200000
Bl for "Suction Grid Repair" L oo ‘ £ g |
x = al
9 —| NI — ¥* jgd | 180000 =
[ 4th Hyperbaric Maintenance 2 = |
I | for "Boulder Crusher Repair" ‘4 | 160000 >~
T at 8.5 ba ‘é Jiss
=
7 o | 140000
- -] 3 |
6 21 | 120000
£
S

4 2" Hyperbaric Maintenance — 80000
2 i for "Cutterhead Inspection”
3 at 10.3 bar 60000
2 i 40000
_‘j S e et = il ] Seiismic iR

1 & ; e ' ‘ —— —=g wi‘:’«s—_— == S olint= BSE > 20000
0 0

O 0O 00O 0000000000000 O0OO0O0O0O0OO0O0OO0OO0O0OO0OOO0O OO OOOo

O 0O OO0 000000000000 O0OO00DO0OO0O0OO0O0O0O90O0OO0O0OO0OQ OO o

T MO AN T OO MO ULITONOANT OO OMOUITOHONTOO ON O T M AN «~

M M MO MO O NANANNANONOANANGN-G "« ™™ ™ ™ ™ ™ ™ ™

Tunnel Distance (m)

Source: Arioglu et al. 2016©




B imo - isTANBUL SUBESi - MESLEK ici EGiTiM SEMINERLERI [

% ANA DURMALAR VE NEDENLERI

Ring Completed Face Support Duration R .
No (distance) Tunnel (%) Pressure (bar) (days) Description of Standstill
1 126 75 49 20 Cutterhead repair by compressed air diving (cutterhead damaged due to
( 252 m ) ’ ’ failure of disc cutter sensors. Some buckets replaced, composite plates and pins welded)
2 (3:;2?”) 11.7 5.2 9 Disc cutter replacement under athmospheric pressure
270 . .
3 (540 m) 16.2 6.0 9 Disc cutter replacement under athmospheric pressure
430 . e .
4 (860 m) 25.7 8.2 6 Asian side seismic joint installation
s |, o8 | a0 9.0 4 |Religious holiday
587 . .
6 (1174 m) 35.1 9.7 6 Cutting tool and brush replacement under athmospheric pressure
690 . e .
7 (1380 m) 41.3 10.1 7 European side seismic joint installation
875 . . . . -
8 (1750 m) 52.4 10.8 15 Suction grid repair by saturation diving
9 933 559 10.5 3 Cutterhead inspection by saturation diving (6 cm x 75 cm x 200 cm
(1866 m) ) ’ metal pieces were taken out from jaw crusher area)
10 1003 60.1 10.1 5 Suction grid repair by saturation diving (Middle section of the old
(2006 m) ’ ) suction grid was removed and the new one was installed)
11 (Z:g;l?n) 68.6 8.9 19 Boulder crusher repair by saturation diving
12 | e | 08 4.2 4 |Religious holiday
. Note that 8 days holiday and 13 days seismic joint installations were
Total Standstills 112 mandatory.

Source: Yapi Merkezi R&D Department, 2016©
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* KESICI KAFA TORKU
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* KESICI KAFA TORKU VE KESICi KAFA DONME HIZI
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Source: Yapi Merkezi R&D Department, 2015©

41



B imo - isTANBUL SUBESi - MESLEK ici EGiTiM SEMINERLERI [

% SPESIFiK ENERJI VE PENETRASYON

35 I I I
O Asia Side Trakya Formation
9 < ¢ Marine Sediments
X Europe Side Trakya Formation
30 N

N Curve generated from the Eurasia Tunnel data
’525 _ In(Penetration) = -0.6 * In(Specific Energy) + 3.4
o o Correlatio_p Coefficient, r = 0.84
(o)
> M ‘
© 20 |
I Curve approximated by Authors based on the
€ 1 T e data given in Barla (2000).
: 23 - (¢11.8m; through Dolomite, Limestone and Argillite Formations)
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“* RING KURMA SURESI
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30

Avrasya Tiineli

» En agir segment 15 t ve toplam ring (8+1) agirligi 127 t.

» Segment erektoriin kapasitesi 16 t.

100

! ! ! !
300

Tunnel Length (m)

1000 3000

Source: Limits by Maidl and Comulada
(2011), Eurasia data by Yapi
Merkezi R&D Department, 2015©
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¢ DEGISTIRILEN KESICi DiSK, KESKi VE FIRGALAR

» Formasyon bazinda degisim sayilari

Asia Side Transition Zones and Europe Side
Arag Trakya Formation| Marine Sediments | Trakya Formation | Toplam
(0-564m) (565 m - 1540) (1541 m - 3340 m)
Kesici Disk 54 69 325 448
Keski 16 17 52 85
Firca 0 475 0 475

Source: Yapl Merkezi R&D Department, 2015©

» Kesici disklerin degisimi igin kimi kazi parametreleri

Kesici Disk | Number on Ave.rage Excavated Average Tracked Average
Tioi Cutterhead Linear Tunnel Length (km) Excavated
P Distance (m) g Volume (m3)
Merkez 6 1534 834 1445
(center)
Ayna 23 284 984 1126
(face)
Dis 6 97 697 703
(gauge)

Source: Yapi Merkezi R&D Department, 2015©
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* ZAMAN DAGILIMI

TOPLAM SURE

ILERLEME

31 %

RING KURMA

14 %

Top Root Causes
* Change Tools — Atmospheric

* Change Tools — Hyperbaric

(12 %)
(8 %)

* Slurry/Bentonite Line Leakage (3 %)

* Pipeline Maodification

(8 %)

!

System Out Cutterhead Intervention Operational Disturbances Seperation Plant
(# 300) (# 500) (# 600) (# 700)
4 4

# 301: #504: Ch # 605:
# 302: # 505: Re #607:
#303: 5% #507: Ch sc Cutter # 610:
#304: E #551: E Oom #612:
# 306: CO # 615: Leakage
# 307: Clean Shield Tail # 599: Others # 617: Grout Discharge # 713: Grout Dosing Plant
# 308: Clean Injection Unit / Tubes # 621: Main Bearing Grease # 715: Mix & Refill Bentonite
# 309: Change Grease Barrel # 625: Grout Injection Pump # 799: Others
# 311: Maintenance / Grease # 627: Shield Tail Sealing
# 312: Advance Preparation # 629: Cleaning of Excavation Chamber
# 316: Extend Grout Lines # 630: TBM Cooling System
# 399: Others # 699: Others

v v v

Waiting Periods Others Modification
(# 400) (# 900) (# 800)
\ 2 L 2 \ 2
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Asya Yakasi Portali

Acil Cikis Tematik Tunel Isiklandirmasi
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BETON KAPALAMALAR
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¢+ TUNEL BILEZIGININ GEOMETRIK VE TEKNIK OZELLIKLERI

Parametre

Deger

Bilezik Dis / i¢ Caplari

D,=13.2m/D,=12.0m

Tiinel Kazi / i¢ Alani

A, =147.34m? [ A = 113.04 m?

Ring Diizeni

8 segment + 1 kilit tasi

Ring Uzunlugu

L, = 2.0 m (i¢ capin %16.67si)

Segment Kalinhigi

t, = 0.60 m (i¢c capin %5.07%)

Proje Beton Basin¢g Dayanimi

f, = 50 MPa -silindir-

Kaliptan Cikarilma Dayanimi

f =15 MPa (f,'nin %30u)

Ana ve Diger Donatilarin Akma Dayanimi feana =420 MPa / f_ ... = 480 MPa
Ana Donati Capi 12 x @ 26.0 mm
TBM Patlatma (bursting) Donati Capi 3x@® 19.2 mm

Beton Hacmi ve Ortalama Donati Miktari

47.5 m3/bilezik ve 157 kg/m3

En Agir Segment Agirhig

14.13 t (7/8 segment)

Diger Segmentlerin Agirhigi

13.97t(1, 2,3, 4.,5., 6., 7. segmentler)

Kilit Tasi Agirhigi / Bilezigin Toplam Agirlig

6.66t/119t
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¢ TUNEL BILEZiGiNiN GEREKLILIKLERI

Denizalti tlinel bileziklerinde servis 6mri boyunca istenilen gereklilikler sunlardir:

Etkiyecek tim ylkleri stabiliteyi zedelemeden tasimalidir. (dayanim kosulu)

* Donati korozyonuna eden olan CO, / Cl-konsantrasyonlarinin donatiya ulasmamasi

icin catlak genisligi 0,2 mm den kiiciik olmalidir. (hacim sabitligi kosulu)

* Deniz suyu ve ¢okellerinden diflizyon yolu ile CO, / CI-konsantrasyonlarinin gegisini

onleyecek dayaniklilikta, yani yliiksek performansli olmalidir. (dayanikhilik kosulu)

e Ozellikle beton karisiminda kullailan enerji tiiketimi elverdigince en az diizeyde
olmalidir. Ayrica, dayaniklilik kosulunu saglayan bileziklerin tinelin isletmesi
esasinda olusacak tamir ve bakim masraflart makul dizeyde olmalidir.

(stirdiiriilebilirlik kosulu)
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¢+ TUNEL BILEZIGINiN ANA TASARIM OLGUTLERI

C 50/60 sinifinda ve 100 yillik servis mri esasina gore tasarimi yapilmis olan yiksek
performansli betonun kullaniimasi,

Betonun “su / ¢cimento” oraninin < 0.40 olmasi,

Beton paspayl mesafelerinin segmentlerin i¢ ylizeyinde en az 47 mm, dis ylizeylerde ise
en az 50 mm olmasi,

Beton karisimiicin, normal Portland ¢cimentosu ile silis dumani ve ugucu kiltn birlikte
kullanildigl karisim ile sadece ciruflu cimentonun kullanildigi alternatiflerden birinin
tercih edilmesi istenmistir.

“* BETON KARISIM TASARIMI

C,A (trikalsiyum aliminat) igerigi <%5 olan, distk hidratasyon isisina sahip, dugslk alkali
icerikli CEM-1-42.5N tipi -Portland- ¢cimento,

F tipi ucucu kul ile silis dumani,
Omerli yoresinin yogun kirectasi agregalari, ve yikanmis elenmis kirma kumu,
Sile ve Catalca’ dan temin edilen yikanmis-elenmis dogal kum,

Kullanilan ¢cimento ile uyumlu polikarboksilat kokenli hiperakiskanlastirici katki
maddesi tercih edilmistir.

Ayrica, hem kilcal ¢catlak olusumunun 6nlenmesi hem de yangin direncini artiran
polipropilen lif kullanilmistir.
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¢ KALIPLARIN HAZIRLANMASI VE KONTROLU ¢ KALIPLARIN 3-D KONTROLU

|

e o 2 takim sag, 2 takim sol
Toplam Kalip sayisi : 36
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+* DONATILARIN HAZIRLANMASI +¢* DONATILARIN KALIPLARA YERLESTIRILMESI
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“* BETON DOKUMU s URUN KONTROLU
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¢ KUR UYGULAMA — CONTALAMA ¢+ URON iZLEME SiSTEMi

mm il Uretilen15.057 segment Barkod sistemi ile takip edilmistir.

.- -..-llll e
H

v Santralda beton karisimi,
v Donati uretimi,
v Segment Uretimi,

Kalite yonetimi arayuizii,

<\

<\

Stoklama asamasi,

AN

Nakliye asamasi,

Segmentlerin tiinele yerlesimi,

AN

S ]yapi
me'}kezi

rnsn\snlm\svon AS.
PREFABRICATION INC. Il"'ll

||||I||I BRI

S014497

IED4 30.04.2015

L

90-50-£0Sas

Mg - WD LNA - £10Z 0
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¢+ TAZE BETON DENEYLERI

Yapilan deneyler: Sicaklik 6lciimii, Cokme / Yayilma, Birim Agirlik, Hava miktari

S b et pes Beton Sicakhig Yayilma Hava Miktar Beton Birim Agirhig
Istatistiksel Buyuklikler °C) (cm) (%) (kg/m?)
Deney Sayisi (n) 14997 14994 1356 1407
En Kiiglik Deger (X ;,) 7.5 31.0 1.6 2371
En Biiyiik Deger (x,,.,) 36.3 59.0 3.2 2480
Aritmetik Ortalama (X) 23.7 44.1 2.3 2432
Standart Sapma (s) 5.6 2.3 0.3 22.0
Degiskenlik Katsayisi (v) % 23.6 % 5.3 % 13.1 % 0.9
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% SERTLESMIS BETON DENEYLERI
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*+* URETIM SONUCLARI
» Avrasya Tuneli Projesi kapsaminda kullanilmak Gzere Uretilen 15057 adet segment 17
aylik bir sturecte Uretilmis ve Gretimlerde 80 000 m3 beton kullaniimustir.
» Yaklasik 56 000 kalite kontrol deneyi yapilmistir.

> Olarak elde edilmistir. Uretilen bu betonlarin émri uluslararasi sertifika kurulusunca

en az 141 yil olarak rapor edilmistir.

Hizh Klor Gegirimliligi (Coulomb) Klor Gegirimlilik Katsayisi (10-12x m?¥s)

Karisim
No Deney sonuglari X S | V(%) Deney sonuclari X

27|126| 2.8 | 0.3 10.8

S V(%)

1 490 471|472 364|412 | 396 (434 |46 | 11 |25(3.1 |24 3.2
171172024 |20| 2.0 | 0.3 12.5

2 213|168|208 291|284 | 267 [ 239 |45 | 19 |21

Not: X = ortalama deger, S = standard sapma, V = degiskenlik katsayisi, V(%) = S/ X x 100

Catlak Genisligi (mm) Durum Segment Sayisi (Adet) Toplam Uretime Orani (%)
0-0,2 Tamir Edilen 256 1.7
> 0,2 Fireye Ayrilan 50 0.3

Not: Toplam iiretilen segment sayis: 15057 adettir.
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SONUCLAR
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>
>

Yap-islet-Devret Projesi

Zorlu Proje (geometrik kisitlamalar, eratik jeoloji, yiiksek sismisite, hiperbarik
kosullar, yliksek makine talepleri) |

Zorluklarla Mucadele

< On calismalar
(literatlir | masa bagi ¢calismalari ve detayli saha / laboratuvar ¢alismalari)

“* En son TBM teknoloijisi (ileri izieme sistemleri, atmosferik ortamda disk ve
keski degisimi, delme ekipmani, 6zel basing ekipmanlari)

“ Surekli izleme, bilgi isleme ve biriken bilgileri etkin kullanma
(kazi parametreleri ve durma kbk nedenleri)

% Sismik Contalar
(gelistirildi, tasarlanandi, yeri belirlendi, test edildi, yerlegtirildi, teyit edildi)

¢ Projenin tim konularinda uzmanlar ile ¢alisma

» Efektif 6grenme periyodlari
(disk ve keskilerin degisim streleri, ring kurma sdreler)

“+ Deneyimli TBM ekibi (ortalama 2.8 TBM projesi / personel ve
ortalama 15.0 km TBM tiineli / personel)

Faydalar -_ S : R R S S S W L o ST
<100 dakikadan 15 dakikaya diisen siireler TBM Cikigi: 22/08/2016 - 17:00

(azalan emisyonlar, yakit tiiketimi, bakim masraflari ve girilti) Ortalama Gunlik ilerleme Hizi: 7.0 m/day
+» Kisaltilan ingaat suresi (-8 ay) Kullanim Orani: %31
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