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SUMMARY

In this research, the relationship between rock
propartias and the performance of a full-face tunnel
Boring machine were investigated. Research was carried
out in both site and laboratory. Site investigation was
made in Baltaliman: Tunnel which is a part of
Istanbul Sewerags Froject being constructed by STFA Cons.
Co in Istanbul. Laboratory tests were carried out in the
mechanical sxcavation ressarch labaratory of Mining
Department of Istanbul Technical University.

In the first chapter, Istanbul Sewerage Froject,
Geology along the ftunnel line, and TBM being uwsed in
Baltalimani Tunnel are detailed

Test procedures proposed by IBRM were used in the
raesearach, The tests used are as follows.

~Foint Load Test

—~Lone Indenter Test
~Cerchar Hardness Test
~Schmidt Hammer

~Impact Fenetration Test

EBesides, some site records were taken in the tunnel
during sxcavation, such as penetration rates, propel
prazsures of the:machine, net cutting rates, machins
partormance data and so on, in order to find
relationships betwesen machine xcavation performance and
rock properties.

Correlation coefficients found for relationships
betwaen cutting rate,disc consumption and rock properties
were found statistically significant for any prediction
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EIF Tar CEFHE TONEL ACHA MAKINASININ KATI FERFORMANZINA
JEOTEENT OFELUIELERIN ETKISE )

Glnumuzde turmel acma makinaiarinln pesrormansi v
bunlarda kuallanilan wg sarfiyvatinin Snosden kestirilm
gerek skonomiklik ve gerskse zaman btassseufu 21=
alindiginda blvilk Srem tasimakiagir. Tdnel falismalar:
fnoesi vapilacak arsstirmalara verilzoss Snem, dodru
makina sscimi demek oldugundan, verilmesi gereken gaba ve

1na,rimndiliq;ndpn ortaya gikacaktir. Bunun yaninda,
e; ilmis bir makina ile, verilmig olan jeclojik yapida
cazinin vapilmasi wve bupunla ilgili bilgilerin toparlanie
szrlandirilmesi, ayni ortamda ileride vapilacak benzer
aligmalar igin bir temel olusturacaktir. Diger bir
degisle, hem kazi Bncesi hemde kazi galigmalar: slresince
gerekli verilerin toplanmasi mekanize zlnel agmanin
gelismesinde faydali olmaktadir,

i
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EBu arastirmada Kabatas—Baltaliman:i Kanalizasyon
Frojesinde kullanilan tam cephe kazi makinasinin farkl:
iki formasyonda kazi performans: degerlendirilmis, ayrica
kava drellikleri ve jscloiik yap: ile 1lintisi
arastirilmistir,

Mekanize kazi galigmalarinda, kazi performansi: ve ug
sarfivatinin Snceden kestirilmesi, kavag Ozellikleri 11@
makinanin performans: arasindaki ilintinin bulunmas: igin
villardan beri arastirmalar yapilmig ve gesitli ydntamler
geligstirilmistir,

11k olarak, Z.. Z. ve 4. bdlumlerds, projenin,
bdlgenin jeolojisinin ve makinanmin tanitimi yapilmigtir.
fu bdlumler ile ilgili bilgiler, STFA Ingsaat A.3. ‘nin
ISTANEBUL KAMALIZASYON PROJESI, HABATAS BALTALIMANI
TUNELLERT ile ilgili yaylnlarlndan alinmigtir. 8Sod=
konusw tilnelde kullanilan tam ca2phe kazt: makinas:
Buvilkada ve Trakva gibi iki degisik jeclojik formasvonda
kazi vapmistir., Aragiirma boyunca kazi performans: ile
iigili elde edilen veriler degenlendirilersk makinanin
degisik formasvonlardaki kaz: davranisi arastiril-
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mig ve sonugta hangi jeolojik formasyonda daha randimanla
olabilecegi degerlendirilmigtir.,

'

Daha Once dé belirtildigi gibi BRaltalimani Tlnelinde
iki degisik formasyon ile karsilasilmistier, Blyikada ve
Trakya Formasyonu.

Bluylikada Formasyonu yapi itibari ile Trakyva
Formasyonundan daha saglam ve stabildir. Kirectas:,
yvunrulu kiregtas: ve karbonatl: seylden olusmaktadir.
Trakya Formasyonu ise silttas:, kumtas: ve camurtagindan
olusmaktadir.

Buyikada Formasyonun’'da +ay zonlarinin disinda
Jeonlojik glicglilerle pek karsilasilmamigstir. Bunun
diginda gegilen bllgeler oldukga serttir.

Trakya Formasyonu ise ¢ok daha fayli, kirikl: ve
gatlaklidir. bu vap:i gok biyik jeolojik problemlere
nedan olmustur.

Tez calismas: suresince calismalar saha ve
laboratuar olarak ikizkisimda ylpltllmistir. Saha
calismalari STFA Insaat A.S. ‘nin Baltalimani Santiyesi,
Baltalimani Tunelinde F ile N Saftlari arasinda
gerceklestirilmigtir. S8z konusu tinelden alinan kaya
numuneleri dzerinde yapilan densyler ise ITU Maden kKazi
va Mekanizasyvonu arastirma laboratuarinda yvapilmistir.

Baltalimani Tuneli nde kullanilan tam cephe kaz:
makinesi: dizayn agisindan sert formasyonlarda
kullamilabilecek bir TEM dir. Stzkonusu makina Blylikada
ve Trakya gibi gerek vapisal ve gerekse mekanik
trellikler agisindan birbirinden oldukga farkl: iki
degisik formasyonda kazi yapmis ve birgok problemlerle
kargilasilmigtir. Sonugta makinamnin kazi performansi
olumsuz yoOnde etkilenmigtir. . Makina faydalanma oranlara
acisindan karsilagstirildiginda, Blylkada Formasyonunda bu
oran “ZZ8.5 olarak gergeklesirken Trakya Formasyonunda
%10 a bile ulasmamistir. Bunun en blylik nedeni zemin

-viii—



kogullarinin yarattig: problemlerdir. Ancak bunun yaninda
makinanin uygunlugunu da gdz ondne almak gerekir,

Buyiikada Formasyonu ' nda kazi yvapilairken kargsilasilan
2n bliylk problemlerin basinda disk vataklarindalki
arizalar gelmektedir. Birkag kez yapilan modifikasyon-
larla sorun ortadan kaldirilmig fakat kazi blyik dlglde
aksamistir. Disk asinmasi Trakya Formasyonundakine
nazaran ¢ok daha fazla olup bBlim &.3F te de gdridldlgd
gibi disk degisimi makina 8l zamaninin %14.84 lik
kisminy kapsamaktadir. Bu oldukga ylksek bir orandir.
Fullanilan TBM, yvapisi itibari ile tahkimatsiz zemin
kEosullary icin daha uygun oldugundan, dzellikle fayla
zonlarin gecisinde tahkimat (gelik hasir+gelik
bag+plskidrtme beton) yapilmas:i zorunluw hale gelmis ve bu
da kazi performansiniy 4214 oraninda etkilemistir. Uygun ve
tahkimatsiz gidilen zemin kosullarinda, performnansi
diglren diger bir neden de vagon katarlarinin
beklenmesidir. Cunkil, makinanin back-up sisteminin
vetersiz olusu ve hafriyatiy ylzeye cikaran nakliye
sisteminin hizinin, makina kazi hizina yeterli oranda
vetisememesi, bu tip problemlerle karsilasilmasina neden
olmustur. UOzellikle tinel wzunlugu arttikega, bu
duraklamalar kendini daha fazla hisssttirmistier.

Trakya Formasyonunda karsilasilan gaclikler kayanin
dzelliklerinden dolayi daha fazladir. En biyik problem
yvaganilan gécikler, bunlarin tahkimati ve bu tip zonlarain
gecilis sUreleridir. Sonucta bu beklemeler, makina kazi
performansini %64 oraninda etkilemigtir. Bu problemler
holum 6.5.%3te avraintili olarak anlatilmistir. Goglklerin
vasandig: kava vapis: genelde kil iceren fay zonlari,
altere olmus , ok kirikli ve catlak ylzeylerinde kil
dolgusu igeren kaya gruplari olarak siralanabilir.

Tahkimatl: gegis ele alindiginda Rlylkada
Formasyonunun %410 luk kisminda Trakya'da ise Z49.5 luk
kisminda tahkimatli gecilmesi zorunlu olmugtur. Bu da
makina kazi performansinin ne kadar disik olabilecegi
konusunda bir fikir verebilir.

Daha dncede belirtildigi gibi kazi hizinin bazi hkaya
Grellikleri ile ilintisi de aragtiriimistir. kKazi perfor-
mansini disliren birgok problemlerin olmasina ragmen



t

bulunan korelasyon katsavilar: kabul edilebilie
orandadir. Eazi sirasinda performans ile ilgili kayitlar
tutulmus, yverinds ve laboratuvar deneyleri yvapilmistir.
ezellikle laboratuvarda yapilan deneyler ISRM nin
gnerdigi sartnameler dogrultusunda gergeklestirilmistir.
Faydanilan deneyvler,

~Nplkta yik denevi

~kFoni delici den@yi
~Cerchar sertlik deneyi
~Gohmidt gekici deneyi

—Impact penstrasyon deneyil

SHrkonusdy deneylerin tim sonuglar: 32-7 nolu eklerde
verilmigtir. lzleyen bdllmde ise kayag dzellikleri ile
kazi hizi ve disk tiketiminin birbirleri ile olan
ilintisi arastirilmis ve grafik halinde bdlim 7.3 te
ayrintily olarak agiklammistir. Bulunan iligkilerin
korelasyon katsayilari, makina performansini ve disk
thketiminin dnceden kestirilmesi igin kabul edilebilir
dogruluktadir.

Makinenin kazi hizaina tahmin etmek igin, basing
dayvanimi ve ROD degerleri birlikte kullanilarak
hulunan korslasyon bagintisinin, iliskiyi daha dogru
ifade etfigi tespit edilmistir. Baginti: su sekildedir.

100-125 bar itme basinci igin,

Met kazi hizi=12.60-1.4& (GoxROD/ 100}

LE5-160 bar itme basingir icin

Nat kari hizi=10.78-1.2&6Ln (GouRAD/1GO)



Disk tlketimi igin ise cerchar sertlik degerleri
kullanilaralk asagidaki bagaintilar bulunmugtur.

Disk tlkebtimi=1l1l.40+226.46xC(0.5)
Disk tlketimi=208.23+82.49:C(1)

Burada,

C.5)=0.% cm delik derinliginde sertlik
degari

Cili=1 cm delik derinliginde sertlik degeri



LIST OF FIGURES

Figure no:

IR P General Lavout OF Istanbul Sewerage Froject
F.EG Type 0Ff The Tunnels In The Froject

IR .| Organization Chart of The Froject

4.2.1 General Lithostratigrophic Column

4,.8.1 Rose Diagram Showing 8Strikes of joint in

Graywacke

4.8.2 Fose Diagram Showing Strikes of Joint in
Nodular Limestone

4.8.3 Rose Diagram Showing Strikes of Joint on the
Dutcrops of Eartal Formation

d.8. 9 Rogse Diagram Showing Strikes of Joint in
Modular Limestones and Eartal Formation

H5.1.1 Robbins Full—Face Tunnsl Boring Machine
Refurnished By Herrenknecht Company

H5.2.1 Movement Of the Machine During the Excavation
and Advance Period

H.2.2 Disc Cutters on the Cutterbead

H.2.3 Disc Assemblies (A 15.5" dia. (B 12" dia.
H5.2.4 (AY 15.5" Disc Assembly (B)’12“ Disc Assembly
H3.2.9 Fosition of Disc Cutters On The Cutter

Ho2ub Roof Supports of the Machine

S.8 7 Gripper Assembly

H5.2.8 Torque Cylinders

3
o

. 7 . Rear Support Cylinders

D

-3 i



H.2.10

H.3541

bl

e S |
B ot Wl

H.4.1
G4, 2
Hed 3
P

TR - D]
Foo I

.23

&
£
e
.

{{..
£ ]

(81
d
Ui

=
H.5.208

fe o Um e
[ RO I gt

]

H.E502.

GaSe 2. T

.5, 2.10

H.H5.2.11
=

N g -4
Sedema 12

‘o e
G.T.2. 13

H.G5.2.14

2. 15

it

&,

b BB 17

H.H. 2. 18

2

Oparator’s Control Consol
Back—-up System of the Machine

The Fercentage of The Breakdown
Formation

in Buyikada

Monthly Advance in Blvlkada Formation
Weelkly Advance In Blylkada Formation
The Fercentage DOFf Breakdown In Trakya Formation
Monthly Advance In Trakya Formation
Weekly Advance In Trakya Formation
Fassage Hole To The Face

Checking Of Cutters At The Face
Disc fAssembly After The Unscrew
Unscrewing 0OFf The Disc Qsaembly

The Rig Being Used For Taking Out Worn Cutter
Rings From The Assembly

Futting the Assembly On The Ring

Applying The lLoad For Taking Out The Worn
Cutter.

The Hu% After Taken Out The Worn Cutitser ring
Fixing'Df A New Cutter Ring

Disc Dgtters Betore The Usage

Disc Cutters After The lsage

Fiwst.Deaign 0f 15.5"

Disc Assembly

Disc Cutter With 15.5" dia. After The First

Modification

Firgt Design of Twin Disc Assembly
New Design For Twin Disc Assembly
Mew Design For 15.5" Disc Assembly
Bearing Failure

Wearing 0Ff Disc Dutters Due To Bearing Failure

~uwidii—



S B, 2. 320

G.5.35.1

e
st Bl

g
i}

-

EraSe Bl B

Wearing And Breaking OFf Disc Cutters Dus To
Bearing Failurs

Supporting In Blyvikada Formation (steel arch+
wirenash+shotcrete)

Defarmation OFf The Steel Arches By The Gripper
Fads

Cracks On The Shotcrete Cover Caused By The
Gripper Pads

HWooden Blocks FPlaced Between Gripper Fads And
Support Svstem

Overbreak Caused By The Gripper Pads
Collapse Between Chainage O+928-0+93E5

Support System In Collapsed Area A4t Chainags
Q-9 EE

Support System In Collapsed Area At Chainage
G+ EE

Overbreaks Between Chainage O0+935-0+%45
Ovaerbreaks Occured During The Tunmesl Advance
Collapse At Chainage 0+9245

Support System &t Chainage 0+948

Collapses Between Chainage 0+965-0+%82
Collapses Betwesn Chainage O+7&85-~-0+782
Supporting In Collapsed Area At Chainage O+972
Collapsed Area At Chainage O0+974

Wedged Rock Blocks Between Chainage 1+148-1+1855
Wedged Rocks Blocks On The Shields

Collapsed Area Betwesn Chainage 1+215-1+230

Overbreaks Before Fault Zone And Supporting
With "U" Profiles In The Area

Collapsed Area In The Fault Zone At Chainage

1+228
A Spherically Truncated Conical Flaten

) ~ilv—

1



Ta2.10

Ta2a11

i A d

£ owoalia al

ToA01.1

7elala

7aE. 1.8

AR

TeZ 1.7

FPoint Load Test Machine

Shape Requirements For Specimens (a=diametral
test,b=anaial test,c=block test,d=irregular
lump test)

Some Tested Samples In The Foint Load
Experiment

Cone indenter Test Instrumant

The Drilling Rig Used in the Cerchar Hardness
Test

Bitg Used in Cerchar Hardness Test

Fulling System Of The Drilling Rig

Testing of A Rock Sample On the Work Table
A sample Tested In the Cerchar Hardness Test

FRelationship Between Two Test Results In the
Cerchar Hardness Test '

MY Type Schmidt Hammer

Relationship Between Advance Rate And The
Froduct OFf Compressive Strength With RED (For
Evip Tunnel)

Relationship Between Advance Rate And
Compressive Strength (For Eyip Tunnel)

Relationship Between Net Cutting Rate And
Compressive Strength (For Baltalimani Tunnel)

Relationship Between Net Cutting Rate And RQD
{(For Baltalimani Tunnal)

Relatipnsnip Between Net Cutting Rate And RQD
{(For Eyilp Tunnel)

Relatipnship Between Net Cutting Rate And The
Froduct 0+ Compressive Strength With ROD
(For Baltalimani Tunnel)

Relationship Between Net cutting Rate And
Schmidt Hammer Values (For Raltalimani Tunnel)

Felationship Between MNet Cutting Rate And The
Froduct OFf Schmidt Hammer Yalues With RED
(Far Baltalimani Tunnel)



Tl o

PR

Ve 110

T.EGLLLL

FaZol.12

TaZ 113

F.ik.a1.14

F.Z3.1.15

T30l 14

TeZalal?

Relationship Between Advance Rate And (A)
Schmidt Hammer Values (B) The Product OFf Schmidt
Hammer Values With RAD (For Eylp Tunnsl)

Relationship Between Net Cutting Rate And Point
l.oad Index (For Baltalimani Tunnel)

Relationship Between Net Cubtting Rate And The
Froduct OFf Point Load Index With RGED
{(For Baltalimamni: Tunnel)

Felationship Between Compressive Strength And
Impact Fenetration Values (For Baltalimana
Tunmnmeal)

Relationship Betwesen Compressive Strength And
The Froduct 04 Impact Fenetration Values With
RED (For Evip Tunnel?

Relationship Between Net Cutting Rate And
Impact Fenetration Values (For Baltaliman:
Tunnal}

Relationship Betwesen Net Cutting Rate And
Impact FPenetration VYalues (For Eyip Tunnel)

Relationship Betwe=en Met Cutting Rates And
Cerchar Hardness (For 0.3 cm Drilling Depth)

Felationship Between NMet Cutting Rate And
Cerchar Hardness (For 1 cm Drilling Depth)

Relationship Between Disc Consumption And
Cerchar Hardness 0Ff Rock (AY For 0.5 om
Drilling Depth (BY For 1| om Drilling Depth
Relationship Between Disc Consumption And (&)
Compressive Strength (B) FPoint Load Index

Relationship Betwesn Disc Consumption And (A)
Cone Indenter Index (B) Schmidt Hammer Values

Relationship Between Penetration Rate And
Fropel Pressure’

Relationship Batween Fenetration Rate And
Fropel Fressure o

~HVi=-



LIST OF TARLES

Tabls Nos

oy
wtn Al n

-r Rl ~n
R

e ow
i B e W

-y
IR |

Tha South Halig Froject And Related Structures
The North Halig Project And Related Structures

The Kabatag-Baltalimani Tunnels And Related
Structures

Length,Diameter O0Ff Tunnels And Tunnelling
Method In the Project

Some Characteristic O0F Full-Face Tunnel Machine
load Applied By The Gripper Fads

Summary O0Ff Disc Consumption For TEM In BlUylkada
And Trakya Formation

Disc Consunption{(Disc/1i000 m) For Different
Tunnels

Rolling Distance OF Disc Cutiters in Raltalimana
Tunnel

Average Rolling Distances For All Cutters In
Baltalimani Tunnel

Summary 0f Disc Cutting Life In Diffirent
Tunnels

Machine Performance In Blylkada And Trakya
Formation

Test Results In Diffirent Rock Units In
Baltalimani: Tunnel

Correlation Expressions

—xvii-



CHAFTER 1. INTRODUCTION

The need of continuous excavation systems to replace
cyclic drill and blast operations has been realised for
many yvears., When correctly used they reduce the waste of

materials, labour and time2 in tunnelling works.

Excavation by machines, investigation of factors
atfecting cutter behavior, design of the cutterhead,
factors related to machine excavation performance  ars
the main subjects of many research projects. Collecting
of data prior to excavation or during the fturnelling
oparations are usefull For the proper design of tunnel
boring machines, Especially, prediction of machine
parformance and cutter consumpition in a given geological
formation prior to sexcavation has a very important role
in choosing the excavation method and machine. Because, a
wall executed programme of geotechnical investigations
provides a realistic basis for the costing and planning
of tunnelling operations and is therefore essential for

the financial success of tunnelling contracts.

Excavation by machines in both Mining and Ciwvil
Engineering is basically the same. Excavation machines
used in mining are also being wsed in construction
industry in such as underground, sewerage and wabepr
tunnels. Dbjectioh in both is application to choose the

most suitalle machine in a given geological structure.



CHAFTER 2. ORJECTIVE OF THE RESEARCH

Baltalimani Tunmnel is a part of Istanbul Sewerage
Froject being constructed by STFA Cons. Co in Istanbul
and A Raobbins type 1453~-168 full-face tunnel boring
machine is planned to use in this tunnel. Two rock
formation mainly:different in geologocal structure are
expected to pasggduwing the tunnel works. Bearing in mind
that many other tunnelling projects, including Istanbul
Metro are planned to be realized in the next future in
Istanbul. The following points are thougth to be worth to
investigate
~Feotecrnical chracteristic of the rock formation and

units in the tunnel route

—In-situ and laboratory cuttability characteristics of tﬁ;
rock units encountered along the tunnel route
~Recording the cutting perfomance of the tunnelling
maching; including, net cutting rate, disc consumption,
and machine downtime

~Tom investigate the raletionship betwesn machine
performance and fhe characteristic of the rock units

~Top accumulate reliiable data for & successfull tunnel

boring in similar rock formations.



CHAFTER Z. DISCRIFTION OF THE FROJECT

2.1, General

Collector tunnels designed to renew Istanbul’'s
inadeguate sewerage network and to clean the very
polluted Golden Horn (Halig) are currently under
construction by STFA Construction Co. along The Golden

Horn and European side of The Bosphorus. (see Figure

Z.oi.1.0 L [11

As part of World Bank funded project, some 20 km of
circular tunnels varying in diameter from 2.2 m to 4.5 m
are being driven., The three contracts awarded to STFA
cost in excess of 30 million us dollars and from part of
vary large plan to provide interception and treatment of
raw sewarage prior to its discharge into The Rosphorus
and The Marmara Sea. This ambitious pollution abatement
pragrammne 1s sponsored by The Istanbul Metvo#olitan
Municipality and sngineered by The Istanbul Water and
Sewarage ﬁdminiﬁﬁration (I8KI) . The master design of the
system have been;perfOﬁmed Jjointly by Turkish Consultant
UBM and Donsultant Taylor Binnie and Fartners, who are

also responsible for the construction supervision.
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F.2. Parts of the project

The construction region consists of Faleoroic
Sedimentary rocks comprising greywacke, shale siltstone,
mudstone~conglomerate followed by limestons. The ground
conditions vary extensively from soft fill material with
high water heads to very strong rock. It was obvious that
very robust and powerfull machines which are able to cope
Wwith a wide wvariation of graound conditions would be

NECessary.

Consequently, in the part between of The South Halicg
and MNorth Halig Interceptors Froject, the shield driven
tunnalling technique with roadheader type boring machines
was chasen. Manholes of upstream ends of tunnels were
usad as working shafts and tunnels were driven down grade

from one end to the other.

The primary lining made up with precast concrete
bolted segments wers installed immediately atter the
excavation. Later, the secondary lining was cast insitu
using circular telescopic steel shutters. The secondary
lining has a Pvcflimer cast integral with the concocrete to
protect it from corrosion by hydrogen sulphide gases. In
the hand driven cdonnections to the existing sewer system,
steel arches and insitu concrete lining were used instead

of segmnents.

The rock strata from Arnavubtkdy to Baltaliman:
contains a greater percentage of silica and guartz and

considered to be too strong for being driven by a



o oy o

roadhsader machins., Conssquently a Robbins full—face TEM

machine was puwohased for this part of the project.

The pipe jacéing method is adapted for twnnelling in
difficult water~1égged saft and made-up ground condition
that exist at Fasimpasa, Besiktas, and Ortakidy shafts D—
Fo E-E and L2-L1 respectively, reaching a total length of
1082 m., STFA is manufacturing special concrete pipes

neaded +or this part.

Firgt stage of Istanbul Sewerage Froject, The South
Halic Conract, comprises the construction of thres main
tunnaels, 661% m. in total length and diameters VQﬁying
between Z200-2300 mm, 4 shéfta, 12 manholes, 2 vortex
chambars and 3 storm surcharge outlets. The construction
was completed by the end of 1987 and The South Halic was
handed over to I8KI. The sewerage collected by this
collector is discharged, after pretreatment at Ahirkap:
plant with 750,000 m3/day capacity to The Marmare Ssa by

a twin 1200 m. long and 1.6 m diameter buried steel

pipe, also installed by STFA (see Table 3.2.1.)



Table 3.2.1. The South Halicg Proaect find Related
Structures

I— Eylp Tunnel @2200, 18460 m.
2= Manholes 2 no: (Ei EZ2,E3)
%~ Beadischarge i no: (E4)
4- 1200/1800 Tunnel, 136 m.
G- @B1200 pipe 100 m. (E4-ES)

~ Halig Tunnel, @2600, 2643 m.

- Manholes 5, (MH1,HZ,HZ,H4,H8)

-~ Bea discharge 1 no: (H7) ~
- 1200/1800 tunnel 110 m.

- @R200 pipe 100 m. (HA~H7)

b— BL200 pipe 114 m. (HA-H10)

1- Fatih Tunnel @2800, 1862 m.,d2200, 193 m.
2~ Manholes 8 no (F2,F3%,F4,F5,F3Q,F&,F6A,F&R)
Z— Bea discharge 1 no (F1)

oo PFRAR00 pipe 764 m (F1-F2)

S @R200 pipe 70 m (F2-F3)

&= @R2200 pipe 27.5% m (FS5~F35A)

7 @2200 pipe 35 m (F6-F&R)

8- @2200 pipe 78 m (F&-F6R)

- @2800 pipe 420.5 m (Fé&~Fretreatment)

The second stage of Istanbul Sewerage Project
involves the North Halig and Kabatas~EBaltaliman:
contracts, which are currently under xecution. The
North Halig Collector between Eagithane and Besiktas is

8382 m. in length consisting of 4982 m. tunnel and 3400
m. pipeline. The}contract, awarded to STFA in March 1987,
involves the confructiun of three main tunnels with
diamaters vavyiné between 2400-3200 mm, 7 egg-shaped
1200/1800 mm branch tunnels 600 m in total length, 10
shaftts, 12 overdlow and discharge chambers, 62 manholes,a
box—culvert 46 m. in length and installation of
reinforced condrete of pipes 7300 m in length including
branchs with diameters varying between JI00-3200 mm (see

Table 3.2.2.)



The KFKabatas-Baltalimani: contract, awarded to 5TFA
in October 1987, involves construction of 2 main tunnels
7?31 my, in total length between Besgiktas and Baltalimani,
2 sgg-shaped 1200/1800 mm branch tunnels 252 m. in total
length & shatts, 1 vartex and 6 overtlow chambers, 163
manholes, a box-culvert 26 m. in length and installation
of reinforced concraete pipes of diameters 3J00-1200 mm.
adding up to 8470 maters. The sewerage collected by North
Halig and Kabatas-Baltaliman: collectors will be
discharged to the Bosphorus Waterway after breatment at
Baltalimani treatment plant with 1.1 million/m3 capacity.
Specialired civil works in Isfanbul Sewsrage Froject
other than tunneling consists of shafts-sinking pipe
laving of various types and ground reinforcement
by means of jat~grmunting,5hotcwetin9 and rock anchor

(sep table Z.2.73)0



Table 3,2.2 The North Halic Project And
Related Structures

Interceptor in open cut

1= @2200 pipe 3400 m (A-B)

2= Overflow and see discharge 2 no. (A,A1)
Z- Fipes in various diameters 215 m.

4—- Type manholes 27 no.

1~ Kasimpasa Tunnel, @2600, 14660 m.

2- Overflow and sea discharge 2 no.

I~ Bhafts T no. (B,C,D

4- Manholes 1 no. (HM1)

S~ Pipes in:vawious diameters, 1024 m.

Interceptors

1- Overflow and sea discharge 2 no. (E1-E2)
2 Shatts | no. (e)

EZ~ Culvert 1 no. (EF1)

G- Type manholes 21 no.

b Pipes in various diameter 1754 m.

1—- Donanma Tunnel, @3200, 1603 m.

2~ Overflow and sea discharge 2 no. (62,63
F- Bhatts 3% na. (F,6,G61)

4-- Manholes 5 no. (TFL,TRZ, TP, TP4, TFS)

5—- 120071800 Tunnel, 324 m.

&— Fipes in various diameters 247 m.

1- Findikl: Tunnel, 1719 m.

2= Overflow and sea discharge 4 no. (H1,HZ,J2, I3
I Bhafts I no. (H,J,E)

4~ Manholes & no. (H2,DR2,DBZE,DE4,DBS, DR&)

S~ 1200/1800 Tunnel 276+47

6&— Fipes in various diameters, 597 m.
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Table Z.2.%3. The Habatas—Raltaliman: Tunnels And

Felated Structures

1—- Besiktas Tunnel,@3Z200 2263 m.

2= Manholes 1 no. (k,E1l}

2~ Branch interceptaors (Bl), 205 m.

4— Branch interceptors (B3), 217 m.

1= Armnavutkdy Tunnel, @32600, 3345 m.

2~ Manholes % no. (M,M1,M,N1,N2)

I~ Gea discharge 1 no. (N3)

4= 1200/1800 mm. Tunnel, 164.3 m. (M~MN1)

H— 1200/1800 mam. Tunnel, 87 m. (M—-M1)

b Z2HBF00 pipe 38 m. (M1-N2)

T 2v0%00 pipe 47 m. (N2-NZ)

8~ Branch interceptor (Bé), 1399 m.

G- Branch interceptor (B7), 673 m.

LO— Branch interceptor (BRé), 2439 m.

1- Baltalimani: Tunn=l, @3600, 2318 m.

2- Manholes 1 no. (F)

IF~ EBranch interceptor (B?), 730 m.

4—- Branch interceptor (B10G), 1747 m.

Branch ‘interceptor (A1), 436 m.
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«Fe Tunnel Types and Excavation Method in The Froject

There are three types of tunnel in the project, as
it is seen in the Figure Z.3%3.1. Cross section and

axcavation methods of other tunnels are as follows:

Table Z.3.1. Length, Diamater O0Ff Tunnels And Tunnelling
Method In The Froject (2]

Tunneal Excavation Final Excavation
Tunnel MNams l.ength Diamater Diameter Method
Evilp 18465 2.88 2.2 RH
Halig 2643 T.a2B 2.6 RH
Fatih 2107 3.48 2.8 FH
Fasimpagsa (B-D) 1&&0 2. 88 2.6 RH
Fasimpagsa (D-E) 254 Z. 88 R, FJ
Fasimpasa (E~F) 184 2.96 T.2 FJ
Donanma (F-—H) 1603 X296 208 RH
Findikli {(H-J") 1719 Z.96 3.2 FH
Besikbtag (K~K") 10 .80 F.2 FJ
Begsiktas (K ~-L2) 1506 .96 R FH
Begiktas (L.2-L) 153 2.B0 F.2 PJ
Arnavuthkoy (L-L2 294 .80 2.2 FJ
Arnavutkoy (N-L13) 3343 4.50 b FF
Baltalimana (FP~-N) 2318 4. 50 I.b FF

#RH: Roadheader-PJ:Fipe Jacking—-FFiFull Face
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Figure 3.3.1. Types 0f The Tunnels In The Froject



Z.4. Organization

Organization. chart of the project is given in Figure
Z.4.1. This is related to The North Halic¢ Interceptors
and The Fabatag-Baltalimani Tunnels Froject (see chapter

-

>
taal,

ot

Tunnelling activities in Baltaliman: turnnel were
cartriad out on a two shift/day or a three shift/day.
Staff member for one shift wusuwally is consisted of 24 men

for Baltaliman: Tunnel and they are,

in a shift Total

—~Tunnal section chief .s.ecscvvenevunves 1 wuwsuwens 1
“~SNifh BNOIN@Er s usswsnmnosssonssnssans 1 aseuneses
eI RS o o T o ool oo o ol o o e o cllE¥ oo oo g
~Elactric fOrmEen .onssesonnnsesssnnase 1 ssansewnns 1
~EtRCTriCian cassuanasenwsnnnasnnsense L awsasnnsne o5
~TEM Operator s..cissesxssnsnsaansnnanss 1 wnoeona
~WRld@r i auseasenasssssusasnunsancanss L oewuwwunsun
FMechanicman e .
~L.0comOotive driver seosussssnunsscennss & wnnsnessa &

~Workers for shaftt top
al“ld thtDm ® 8 N O B M owH N %D E YU EEDE NS NE NN NG -t nu-------E;

~Warkers for shotcerete machine
and pipe installation c.icevensnoncen @ avesseaes B

~Warkers for shotcreting and
agupport installation .seceesesssossnssans 4 vawanans 12

~Unekilled laboOWr scescosascssansuennsas

8}
—
81}

24 70
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CHAFTER 4. THE GENERAL GOELDBY OF THE DOLMABAHCE-

BALTALIMANI SEWERAGE TUNNEL ROUTE AND ITS

SURROUNDINGS

4., 1-General

Surface and subsuwrface geolological studies havs
been carried out along the 880G metres long tunnel line
from Dolmabahge to Baltalimani within a strip of 550 o

430 meters. [3]

Local intense urbanisation and, plant cover produced
considerable difficulties during the surface geclogical
studies and in many instances prevented detailed
measurenents. The geological studies were carried out by
out crop mapping ftechniques and detailed maesurements of
strike,dip, joints etc. in the area were carefully made.In
the area where there are no out crops the subsurface

genlogy is extrapolated from drill holes data.
4.2~-5tratigraphy

Faleozoic rocks representing a continous

i

edimantation from lower Devonien to Middle Carbonitfeous
arg prasent within the studied area. These formations are
locally covered by 3 to 1% m thick Neogeh deposits of
clay,silt,sand aﬁd boulder of 2-30 m. thick #illing and

alluvion occur in the vallevs.



Devonien and Carboniferous Formations which make up
the bedrock are cut by andesite and diabase dykes of 1-30
m. thickness. The Lithostratigraphic units which form the
bedrock along the tunnel line are presented in the {figure

PRI
4.3 Geologycal Formations Along The Tunnel Line

l-Kartal Formation of Lower and Middle Devonian age, it
consistes of shale, silty shale, fossiliferous shale
and sandy limestons (Dky,

2=Blyvlkada Formation of Upper Devonian age, consists of
limestone—nodular, limestone-corbonate-rich shale (Db,

Z-l.ower Corboniferous Baltalimani Formations; consists
of chert,silicecous shale,chert with phosphate
nodules (CL),

d-Lowsr-Middle Corboniferous Trakya Formation; consists
of micaceous siltstone—mudstone (Eg); feldspathoidal,
micacsous sandstone (greywacke (ki quartz

conglomerate-micro conglomerate (Kko)

Trakya Formation constitutes the bedrock of the
tunnel bestween Dolmabahge and Kuruwgesme. However, the
mudstone, shale-graywecke and conglomerate units could
not be seperately mapped in this area due to strong

urpanisation ancd extensive young cover,

The strong alteration of the bedrock outcrops of the
Fartal and Trakya Formations provided difficulties in the
racognition of major discontinuities. Detailed

observations could only be conducted in recent excavation
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lstanbul Paleozoic rocks which are interupted by
antdesite and diaba%e dykes of various thickness are in
genaral atrongly‘jointedgfolded and faulted. The
complexity of the faults, the lateral lithological
changes observed in various units are often in distances
of a few 10's of meters, the abundance of tectonic
confacts, will aﬁl provide pqtential geonlogical problemns

during the tunnel excavation.

4,4~ Shale-Silty Shale-Sandy Limestone-Fossiliferous
Shale (Dk) (Lower—Middle Devonian KARTAL

FORMATION)

This unit is yellowish brown,porous,medium to
thickly bedded and quite fossiliferous at the the lower
levels., The upper parts have intercalations of
limestone-sandy limestone and mudstons. Especially the
fossiliferous lower parts are irregularly and strongly
fractured and altered. The sandy limestone beds within
Fartal Formation are 10-40 cm thick, dark grey-bhlues
and very hard. No karstic features are observed in these
limsstons beds. The thickness of karital Formation is

approximately 2850 meters.

4.5~ Limestone—~Nodular Limestone-Carbonate-Bearing

Shale (Db} (Upper Devinian BUYUKADA FORMATION)

RBlyikada Formation which lies conformably over
kartal Formation starts with thinly-bedded micritic
limestone and passes upwards to nodular limestone.

Intercalated with the nodular limestons there are
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carbonate-~rich shale and silicecus shale hurizomé. The
noduular limestone is made up of generally 4 cm. locally
E-12 om large, =2lliptical nodules which show an increasing
clay content toward the rims. The nodules are generally
in conteact with each other and are parallel to bedding.
They have a light grey colour on the otucrops and grey o

dark grey colour in the drill cores.

Buyiikada Formation is strongly folded, little
Jointed and has massive appearance. The joints are
generally vertical to bedding and have vertical to
subvertical dip. Minor Karstic feaatures are observed
along the discontinuity surdfaces. The apporoximate
thickness of Blvikada Formation is 250 meters. -

Because of the frequent block faulting in the area, the

poundaries of Blvikada Formation with the other

formations are irregular and often fectonic,.

4.6— Chert-Silicenvs shale—chert with Fhosphatic Modules

(Ct) {Loveer carboniferous—BALTALIMANI FORMATION)

This unit is laminated thinly bedded (7-8 ocmi,
strongly fractured and folded. It 13 conformably with the
underlying nodular limestone and forms a very good "Key
Horizon'. The chert beds are bluish to black while ths
siliceous shales are vellowish grey, thinly bedded,
locally laminated and gcontain micro-crystalline quartz.
Althougt the unit is very hard, it iz easily excavable

hecause of strong jointing and fracturing. It contains

first-sized, black chert nodules. The thickness of the
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Baltalimani Formation is 40-50 m.

4,7~ Shale—-Siltstone~Sandstone-Conglomerate (Lower-—

Middle Carboniferous— TRAKYA FORMATION)

Trakva Formation is closely jointed and locally
strongly folded and it contains turbidites in terms of

channelised deposits of coarse sandstone and conglomerate
4,8~ Structural Geaogalagy

Although the structure of the Istanbul Faleo=oic
rocks are studied by various geogolists, it is not Enown
wall because of the effects of block faulting, thrust,

magmatic intrusions and large number of units.

Most of Fformation contacts are tectonic in nature
which presents major difficulties for the determination
of true thickness and relative ages and brings major

uncertainties.

It is known that the Istanbul region is aftfected by
Hercynian and Alping orogenesis with the resulting

folding, Jjointing and faulting.

The Dolmabahce-Baltaliman: tunnel line lies on the
western limb of the large anticline known as the Focaell
anticlinoriumg the strike of the bedding in this region
ranges generally between NIGE and N3Z0W and shows
important variability due to faulting and dykes. The dip

of the bedding is generally to the MW and EW and ranges
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from B-10° to 90° with a max. around 30-55°. Due to the
narrow within of the project area, the major fold axis
could not be located precisely; however, abundant N-5
striking folds are observed in the nodular limestone

between Baltalimani and FHurucesme.

The evaluation of the measured joints along the
tunnel line has shown the presence of two major joint
sets, Une of them strikes NOU~-BOW is subvertical to the
hedding and, dips at 65°-8B3* to the NE or SW: the other
Joint set strikes MN4O-80E and dips at &0-8%° 4o the KW
or SE (figure 4.8.1, 4.8.2, 4.8.7 and 4.8.4 . Together
Wwith the bedding these three discontinuities have

produced prismatic rock elements.

Two impratant fault systems have been distinguished
based on surface geological mapping and data from the

drill cores.

Une of these fault systems strikes N-E and is
responsible for the formation of Bosphorus. The other
crossas the first fault system at an angle of S50-80° and

strikes E-W.

Both fault systems are faulis of pliocene age and
have produced horsts and grabens and wide shear zones.
The throw on the faults is thought to range from a few

maters to 230 m..

A geologycal map of the region where the Baltalimam

Tunnsl exist is enclosed in appendix 11.






Showing Strikes 04 Joint On The
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Out Cropes OF Eartel Formation

Figurs 4.8.4 Rose Diagram Showing Sirikes OFf Joints In
Nodular Limestone éAnd Kartal Formation
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CHAFTER &. DESCRIFTION OF THE TUNNEL BORING MACHINE

(TBM) BEING USED IN BALTALIMANI TUNNEL

5.1. BGeneral

A Robbins type=145-168 full-face tunnel boring
maching (diaa. 450@mm} is used in Kabatas Baltaliman:
Tunnel projects. Thiﬁ machine was selected according to

hard rock conditions on Baltalimani Tunnel line (figure

5.1.1). [4]

Design of the machine was governed by geological
requirenents and specifications of the project such as
tunnel diameter, rock gstrenght and type of support. In
table S.1.1., some characteristics of the machine are

given.

Table S.1.1. Some Characteristics 0Ff The Machine[gl

Type : Hard Rock Boring Machins
Manufacturer : Fobbins

Made ], : 145-1468
Refurnishment : Herrenknecht
Machine diamster : 450G mm
Weight r 130 ton
Fropel clynders : 4 pieces
Gripper cylinders - 1 2 pieces
Side suppert clynders t 2 pieces
Root support clynders : B pieces
Rear support cvlinders : 4 pieces

Frimary conveyor belt

Tensioner Cylinders : 1 pieces

Framary Conveyor Cylinders @ 2 pieces

Gripper piston shoes : 2 pieces

Fower

Cutterhead : 7HLES=875 HP
Hyd.pump propel and low pressure

+ Ffirst and third conveyor : 100 HF (75 Ew)

Hyl. pump gripper and low pressure: 50 HF (37 Ew)



continued from Table 5.1.1

Second belt conveyor motor s 50 HF (37 Ewi
Hyd. oil. transfer pump : E/4 HF (0,55 Ew)
Transformer t ZxEO0 VA L0000 V
Current : ZBO OV ~ 50 H=
Control lighting g 220 - 50 Hz
Disc cutters
Number : A 4 mos iz,

. Jinos 15, 5")

Figure J.1.1 Robbins Full-Face Machine Refurnished Ry
Herrenknecht Company
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F.2— Elements of The Machine

Main structural members of the Robbins® tunnel
borring machine are the cutterhead, cutterhead support,
main beam, gripper assembly, trear platform and rear

support clynders .

During the boring cyvole, all of the memﬁers except
the gripper assembly, advance forward as the propel
clyndaere are extanded. The gripper assembly remains
stationary with the gripper clynders expanded against the
tunnel wails and provides the reaction point for the
propel clynders (figurse 5.3.1 A). AFfter the advance
(figure 5.2.1. B}, the rear support clynders besar agsainst
the turnel muck chute. During the regripping ovole,

(Figure S3.2.1. 0} these rear support clynders support the

machine and back-up equipment while the gripper asssmbly

moves forward (Figure 3.32.1. I as the the propel

e}

clvnders are retracted and the

ibher members are

stationary. The gripper assembly support the machine and

=

back-up sguipment (figure 5.Z.1. E} while the rsar

support clynders are retrected and back-up svsiem (figurs

H5.2.1. F
Cutterhead

The cutterbsad, mounted on alarge two-row tapered
roller bearing is driven by seven electrical motors
through planetary drives which result in a rotational

speed of 5.3534% rpm. For horizantal boring, the cutter-



head is sguiped with eight buckets which bransport the

musk into & conveyor through a chute in the cuttserhead
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support. The bolt-on buckets replace eight of the
padestals when the machine is not boring on an incline of
sufficient grade for gravity feed of the muck. The muck
ig then picked uﬁ by the buckets and deposited on the

convaeyor for dispmsal using conventional method.

The pedestals are used when boring up an incline of
sufficient grade for gravity feed of the muck. The muck
ig allowed o paga under the cutterhead support and enter
a muzk chute whith controls it as it slides down the

incline.

The cutterhead carries 35 disc cutters on itself.
The housing are welded directly to the cutterhead,
pedestals and buckets. The cutter assemblies are
straddlie-nounted and bolted on to the cutter housings.

e

{(Figure S.28.3)

The below table shows some feature of disc cutters
being used.

Bluntness
Disc number Disc Dia. Edge fngle Diamster Width

Be SR AR B ol B

2

1~ e e Zmm &Zmm

— w R -
e 15.59 7R Emm &Zmim

In Ffigure 5.2.3 and 5.2.4, disc assemblies for both
disc cutters are shown. Besides, position of all cutters

L]

on bthe cubtterhead is given in figure 5.2.5
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Figure 5.2.2 Digsc Cutters On The Cutterhead



{A)

(E)

Figure 3.2.73% Disc Assemblies (A) 15.35" dia. (B 12V
dia.
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Figure 5.2.4 Disc Assemblies (A) 15.5" dia. (B) 12V
dia.
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Cutterhead Support

The Cutterhead support is located directly behind
the cutterhead. This structure supports the cutterhead
bearing, drive mdtowa, main beam, shield and various

auxiliary eguipment.
Shield

The shield consits of two side supporits, ftwo roof
gsupports and a vertical front support which are mounted
on the cutterhead support and are used to support the
tunnel roof and walls to stabilize aﬁd support the front

oFf the machine.

FEach side support is actuated by & wedgs which is
controlled by on 8-inch bore, 10-inch store clinder. The
side support reacts a portion of the vertical and lateral
torces of the cutterhead, thus stabilizing and supporting
the cutterhead. Each cylinder is independently controlled

from the high pressure circuit.

Roof supports cover the top 120 degrees of the
tunnal. Each support is actuated by two, 4—-inch bore, &-
inch stroke and two, 4 inch bore, 1 1/2 inch stroke
cylinders. Each roof support is operated by a single
control valve in the high pressure circult. ((figurs

Geda b



Figure S.2.6

Roof Supports 0Ff The Machine

Main beam

The main beam is bolted to the rear of the

cutterhead support and has ways that accommodate the fore

and aftt travel of the machine. The main beam reacts
cutterhead torqgue and overtuwrning momsnts dus o steering

or uneven rock o at

1
f

the cutting face.

1

Gripper assembly

The gripper carrier is mounted on the main beam ways

with salf lubricating bronze bearings and has a fore and

aft travel of 48 inches. The gripper cylinder is attached

to the carrier by two cylinders referred to as torque

cylinders.

The gripper cylinder consists of two, 26 inch bore
18 inch stroke hydraulic cylinders with a common fast

resat and horizontal steering controls. (figure 5.2.7)
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Figure 3.2.7 GBripper Assembly

Torque cyvlinders ~

The two ftorque cylinders attach the gripper to the
gripper carcier. These cylinders react cutterhead torgue,
support the weight of the machipne during boring, provide a
maans of steering and alignment in the vertical plane and
react overturning moments from the cutterhead. Each 1O

inch bore cylinder is independently controlled. (figure

5. 2.8}
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Figure 3.2.8 Torque Cylinders

Propel Cvlinders

The four propel cylinders are attached to the {forwad
side of the gripper shoes and push against the aft side
ot the cutbterhead support. These 11 inch bore, 48 inch
strolke cylinders provide the force necessary to advance

the machine through the rock and have two conmon controls

high pressuwe propel and fast reset.
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Rear Platform

The rear platform is bolted to the att end of the
main beam, it provides space for the operator’s station,
the hydraulic svystem, slectriral contrals and othesr

auxiliary systems.

@ar Support Cylinders

PR ARy

The Ffour raar support cylinders are located under
the rear platfoﬁm and support the weight of the machine
during the Pagripping cycle or when the machine is not in
WS . (Figure S;E.Q). The 4 inch bore, 324 inch stroks

cylinders have a common control.

Figure 95.2.9 Rear Support Cylinders
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Convevor Head Pulley Motor

The conveyor head pulley has an internal gear
reduction driven by a hydraulic motor. The head pulley
gspeed is B6 rpm with 39 GFM input. The working pressure
is 2000 psi The conveyor drive is controlled at the
machine operator’s station and is pregéurized from the

low prassure circuitbt.

Operators Control Console

It is located on the rear platform behind the

gripper carriar. The console Includes hydraulic,

.

alectrical contréls and indicating devices (figure

i

H.2.10) '

Figure 5.2.10 Operator’'s Control Consol
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Hydraulic

The Hydraulic controls consist of six switches for
remately located, solenoid-operated, directional control
valves; eight manuel, directional control valves and the

propal pump pressure and volume controls.

Three of the control valves are spring-centered and
control the vertical and horizontal alignment and
steering of the machine. These functions require the close
attention of the operator and should never be operated

unless the cutterhead is rotating.

The remaining 11 controls are detent-positioned and
contral such circuits as the grip and propel which are of

arn "off-aon' nature.

The propsl pump pressure and volume controls
determine the rate of advance of the machine. The
pressure control and the pump hand wheel control are

located on the right side of the Control Console.

Electrical

The Electrical pushbutton and selector switches are

'

located at the right of the operator’'s station. (see

figure S5.2.10)

Indicating Devices

i

The Indicating Devices consist of pressure and
temperature gages, flow indicators, ammeters and warning

lighte. these are located above the hydraulic valves and



to the right of the operator’'s area.

S.3~Back—-up System 0Ff The Machine

There are 13 platfarms in the back-up. They provide

i
space for auxilidry system of the machine. (figure 5.3.1)

Figure 5.3.1 Back-up System 0Ff The Machine

H.4~Machine Systems

The tunnel boring machine includes the following
aystems Lube 0il, Seal FPressurizing, Water, Muck

Handling, Dust Collection, Hydraulic and Electrical.

Lube il

The Lube 0il system provides oil to the main
cutterhead bearing, to the six pinions which mesh with

the main ring gear and $o the six reducers which drive



the cutterhesad., Thes system provides constant oil
circulation and Filtration and has a dry sump bearing and
gear cavity. The oil is dispensed through positive oil
distrubutors which assure the correct lubrication of the

varrinus parts.

Three pressure switches are provided to prevent
rotation of the cutterhead unless the Lube Dil system is

up to operation pressure and that no lines are blocked.

Seal Fressurizing

The Seal Fressurizing sysiem provides air to
pressurize the bearing and seal caviity and the cavity
betwsen the Gearlock seals and the inner shield and
provides lubricated flushing air out through the outer

shield., The air carries enough lubricant to lubricate

the inner and outer shields.

Water

The Water system provides waler to five nozzles
mounted on the cutterhead to help control dust and water
to flush labyrinth located outside of the seals.
Normally, facility water pressure is adequate but a
hooster pump Can be used in case facility pressure is fToo

low.

Muck Handling

The Muck Handling system consists of two wavs of

moving the muck From the cutterhead area to the near of



the machine.

i
t

A conveyor is provided for horizontal boring which
accepts the muck from the buckets and carries it to the
near of the machine to the trailing equipment which will
be furnished by the customer. Operating the machine on
an incline of sutficient grade allows gravity fesd of
muck wnder the curterhead support, through the muck chute
formed by the anti-back slip structure, to the turnnel
muack chute supplied and installed in the tunnel by the

customar.,

PDust Collection

An aier duct is provided on the right side of the
near platform for collection to the air handling system
provided by the custommer.The duct is continued forward

inside the near platform and main beam.

The low pressure area at the cutterhead face is
improved by the Dust Bhield which is a seal beatwesen the

zhield and the cutterhead supporf.

Hydraulic

The hydraulic system is supplied by two, fixed
volune, low pressure pumps and two, high pressure,

varidiable volume pumps-—one with a remote volume control.

During the boring cycle, the remote-controled, high
pressure punp provides oil to the propsl cylinders while

the pre-set, variable volume, high pressure pump provides



o £} e

oil to the remaining system which require high pressure.

During the regripping cycle, the low pressure pumps

provide oil to the systems for fast reset.

Electrical

The slectrical power is provided to the machine at
H000 volts, 3 phase, 50 hertz through a portable power
cable. The cable is connected to two transformers
through oil fuse cutouts. Two, 400 EVA branstformars
raduce the voltage to 380 volts for the power circuits
and 220 voalts for the control circuit. Electrical control
cabinets mounted directly to the transformers house the

circuwit braakers, contactors, starter and relays.



CHAFTER & EXCAVATION FPERFORMANCE AND DIFFICULTIES

ENCOUNTERED DURING THE TUNNEL FROGRESS

1

4.1 Beneral

[

A Full—-face Machine which is used injBaltalimanz
Tunnal excavated through two diffirent rock formation
BayUkada and Trakya Formation (See chapter 4). For this
reasan, excavation performance in these geological

formations was evaluated separetely.

All the excavation performance and progress data for
the machine in two diffirent geological formation ars

recorded during the tunnei driving by the author.
6.2 Assessment O0F The Machine Performance

Shift time was taken account to calcoculate excavation
performance. Machine Utilization, advance rate, downtime,
and penetration rate were evaluated daily and then

weekly, according to the following formulas

Actual working time of Lthe
machine (hr}
Maching downtime (L) %100
Total working time (hti

Machine downtime (4)= 100-Machine utilization (%)

oy
downtime (hr)

Machine downbime (4)= 100
Total working time (hr)




Actual advance (m)

Net cutting rate(m/h)=
' Actual working time (he)

raev.of the cutterhead (mm/rev) {::1_

Fenetration rate{mm/revixS.5&:460

Met cutting rate(m/h)=

1000
Actual advance (mm) 1
FPenstration rate{mm/rev)= R
Net Cutting Timed(min.) 5.56

Actual advance (m)
Frogress rate (m/hi=

Total working time (hr)

Using these formulas, excavation performance in both

geologycal formations was evaluated during 11 months from

the beginmnig of May 90 to the end of March 91
6.3 Excavation Ferformance in Blylkada Formation

Excavation FPerformance data is given in appendix 1
for Bluylikada Formation Evaluation was made between
chaifNage O+097.32 and O0+780. Overall performance is as

Tollows,

Machine Utilization %2850
Machine downtime . wW71.30

Net cutting rate <22 m/h
Frogres rate - ; G35 3/h
Average shift advance 5018 m/shift
Best shift advance 11.3 m/shift
Lowest shift advance 0. &0 m/shift
Avaragese daily advance 7.18 m/day
Best daily advance 20.0 m/day
Lowest daily advance O.22 m/day
Average weekly advance 4% m/week
Best weskly advance 76 m/week

Lowest weskly advance 2.95 m/week



Averags monthly advance 197 m/month
Best monthly advance 261.48 m/month
Lowsst monthly advance 56.2 m/imonth

Total advance in Blvlkada Formation———— &8I m

Machine downtims

Disc changing “l&. 84
Disc control AR S
Support %i4.04
Mucking and waiting {for wagons %14.47
Mechanical breakdown %S. 11
Elsctrical breskdown %l.21
Ground condition - Ysa DO
Crang failure 4. 20
Conveyor faillurs %G, 88
Ventilation failure %0. 31
Maintenance Ve OO
dthers b ER
TOTAL. %71.50

Graphical Evaluation was also made in order Lo
understand better the gwcavation performance in

Bluvilkada. Formation (figure &.3.1, &.32.2, and &.3.3).
o) q b



MACHINE UTILIZATION
‘2B.5%

MACHINE DOWNTIME 71.50%

OTHER REASONS

1 MAINTENANCE 6. 39%
2%
VENTILATION FAILURE
0.31%
CONVEYOR FAILURE :
©.88% . ;
CRANE FAILURE : = -
4.20% DISC CHANGING
16.84%
GROUND CONDITION
%
ELECTTIET; EREAKDOWN T CONTROL
L21% 3. 05%
MECHANICAL. EREAKDOKN J. 05%
5, 11%
. SUFFORT
14.04%

MUCKING AND WAITING
FOR WAGONS 14.47%

Figure &.3.1 The Fercentage O0F The Breakdown In
Buyukada Formation
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6.4 Excavation Ferformance in Trakya formation.

Excavation Ferformance for this formation is given

in appendix 2. It includes data between chainge O+7B0 and

1+3535. Overall performance is as follows

Machine Utilization

Machine downtime

NMet cutting rate

Frogres rate

Average shift advance

Best shift advancs

Lowest shift advance

Average daily advance

Best daily advance

Lowest daily advance

Average weekly advance

Best weakly advance

Lowest weekly advance

Avarage monthly advance

Best monthly advance

Lowest monthly advance
Total advance in Trakya Formation

Machine downtime

Support

Ground condition

Mucking and waiting for wagons

Electrical breaakdown

Mechanical breakdown

Belt conveyor failure

Disc changing

Disc control

Maintenance

Crame fallure

Ventilation failure
Others

oo S s rbre SebHE SHare S0 caett 45549 Seste Soves TS PUROR 0D YHIPS SHSON 4414 SSubY SIS SII08 SHIOL PRI SR ahen Shove PSS Mpure ibvs S0008 Soais Heel ubes Se080 Wbib SAIND cadue detue sebve

%7 40
792, &0
1.70 m/h
Q.13 m/h

e 28 mishift
2.97 mishitt

- 0L20 m/shift

2,12 m/day
16.5 m/day
G.50 m/day
21.0 m/day
&b 0 m/week
1.90 m/week
84.0 m/week
177 .65 m/month
17.32% m/month
H58&.24 m/month

%44 .58
L2939
%4 . 34
4L, 39
FZ Q0
%“l.75
%O. 8BGO
“0.17
%, 58
L0, 25
PAS I

%5.83

pA Y-

Graphical evaluation for Trakya Formation is as in

the figure 6.4.1,6.4.2, and 6.4.3



MACHINE UTILIZATION
7.40%

MACHINE DOWNT IME
92, 607

DISC CHANGING C.8%
DISC CONMTROL ©Q.17%
MAINTENANCE O.58%
CONVEYOR FAILURE 1.75%
CRANE FAILURE 0.28%

VENTILATION FAILURE 0O.S2%
OTHER REASONS B

9. 83%

ELECTRICAL EREAKDOWN
1.39%

MECHANICAL EREAKDOWN
%

:

MUCKING AND WAITING
FOR WABONS 4,34y,

SUFFORT
44.58%

GROUND CONDITION
29.39%

Figure é&.4.1 The Fercentage 0Ff The Breakdowns In
' Trakya Formation
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6.5 Difficglties Encountered During The Tunnel Frogess

6.5.1 General

Excavation with Full-face TBMs is the fastest and
most economical way of driving along continuous tunnels
thirough suitable rock, and they have increasingly been
used for this reason over recent years. They are now
widely used for headrace and water ftransfer tunnels on
major hydroelectric schemas., They are also popular for

largs sewerage and waste water schemes in many countries.

The essential factors determining the succesful use
of TEMs are the capital investment justified by the
length of tunnel and suitabality of the ground conditions
expected through the tunnel. Derivage by TBEMs are quicker
and jobs can be finished sooner, so they generally
provide tunnels at a lower cost per metre. They do suffer
from the drawback of inflexibility if the tunnel
unexpectedly runs into faults, soft ground or very bad
roclk conditiqns. Many TBMs have become stuck and been

lost in this bad situation.

Im fairly good to good rock conditions, TEMS cause
less stability problems than driil~blast method.
Considerable savings on provisional and definite lining
are possible. However, in rocks of poor stability, the
aplication of aordinary TEMs may lead to a complate fiasco
becaugelth@ excawation is not flexible enough to be
adapted to such Fcck conditions. Therefore extensive site

investigation and research are necessary and essential



for the succesful use of Tunnel Boring Machines.
6.5.2 Difficulties Encountered In Blylkada Formation

As a result 64 site investigation and drill holes
along  EBaltalimani Tunnel Route, B&y&kadavFormatidn is
found to be massive and more stable than Trakya
Formation, and consists of limestone,nodular
limestone, carboniferous shale (see chapter 4). The TBM

usad in this part excavated between chainage 0+075-0+780
8 Chainging of disc cutters

The major problem encountered in this faormation is
disc failure which took %1&.84 of machine downtime as

s2en in chapter 6.3 . Chainging of disc cutters takes

very much time for such machines

There is a passage hole just under the root supports
(figure &.5.2.13 to pass in front of the cutterhead and

check or change disc cutters. (figure 46.3.2.2)

For changing the worn cutters, the machine is first
pullaed back about 1 or 1.3 m in order to give way to work

easily in front of the cutterhead.

The tunnel wall has to be digged with a hand break
to take out out gauge disc assembliss. This is compulsory
due to the form of the cutterhead. When the rock is very
hard, digging a hole to change gauge assemblies can take

vary much time



Figure Face




Disc assembly is taken out with a little crane on
the beam (figure &.2.3) after unscrewing the assembly

from the housing on the cutterhead (figure &.5.2.4)

Figure 6.3.2.7% Disc Assembly After The Unscrew




This operation is done for sach worn disc cutter.
. !

Thén, assaemblies are btaken to the workshop for changing

worn cutters rings and also if the bearing failure

necured.

The changing rig used for worn cutters is seen in
figure 6.5.2.5 . For this , disc assembly is put on the
rig by a little crane (figure 6.5.2.6) then, as seen in

figure &.5.2.7 load is applied on the assembly to take

out woarn cutter ring. Job is repeated for each assembly

Figure &.5.2.5 Tha‘Rig.Being Used Far Taking Out Worn
Cutter Ring From The Assembly



Figure &.5.%.7 Appliying The Load For Taking Out The
Worn Cutter



Figurs S.5.2.8 The Hub After Taken Out The Worn Cutter
Ring
An extra work has to be done to fix again new cutter
rings on the assemblies, this is as Follows. (figure

E.5.2.9)

Cutter ring is heated in an oven at Z70°-IZ00°C for-
=4 hours or in an oil bath for 20 minutes at 180°-~-20G0°,
Eefore installation of cutter ring, burrs and forsign
particles are cleaned $rom hub’'s cutter retainer shouldsr

2.9 Ay, Hub assembly is placed on a tool as

LI

n

(figurs &.5,
seen in figure 4.5.2.%9 4 , then heated cutter ring is
dropped over the hub (figure &£.5.2.9 B} , it must be

assured the full seating of cutter ring on hub’'s cutter



— &0

retainer shoulder (figure 6.5.3.% 0y o I4 cutter ring
does not seat adesquately to hub shoulder, a force ring is

used to make cubtter ring to seat properly (figures &.5.2.9

Ay . After this, the halves of split ring is

CUTTER RETAINING
SHOULDRER

SPLIT RING

WELD

Figure 6.5.2.% Fixing 0f & Mew Cutter Ring
To The Hub
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affixed into the groove as seen in figure 6.5.2.9 A and
6£.5.2.9 Dy and welded at its adjoining ends. So, disc
assanbly is again ready to use. This is done for each

assembly and then, all new assemblies are taken back to

the tunnel for installing on the cutterhead.

In figure 6.9.2.10, new cutter rings and figure

H.5,.2.11 cutter rings after the usage ars given

Figure 6.5.2.10 Disc Cutters Before The Usage



Figure &.5.2.11 Disc Cutters After The Usage

g Bearing Failure

I+ a bearing failure happens, both cutter ring and
pearing has to be changed. Betwwen chainage 0075, 70 and
O+0%90, all cutters and some bearings were changed due to

bearing failure.

At first bearing failure (after and advance of 17 m.
from chainage 0+073.70), it was found that installation
and bearing tolerance were wrong. 5o, modification of
these was decided and all disc assemblies were taken out

for modificetion.



First problem is involved with 15.3" dia. disc
cutter. As seen in figure 6.5.2.12, the part touching the
hearing of cover ((no: &) was turned on lathe as 10 mm., a
plate was placed betwsen cover and bearing housing in
order to distribute the load coming to the bearing
{figure &.3.2.1%) Besides, the tolerance was reduced. For
twin disc assemblies, only the bearing tolerance was

changed (figure A.5.2.14)

All assemblies were reinstalled, and excavation
restarted. In the msantime, disc cutters wers oftfen
checked., After an anvance of 1.5 m., it was found that
some cutters overheated and bearing failure happened
again. All cutters were taken out once more for another

modification.

After the second modification, excavation was again
started, cutters were being contralled at cerbtain
intervals. Fram time to time, bearing failure occured. So,
it was found that, two modificaéion made bafore were not
sufficient. For this reason, it was decided to use a new
design disc cutter assembly as seen in figura’&.ﬁ.z.lﬁ

and &.5.2.16.
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Roller  cutter 15 1/2”
item orderingno piece Description weight
o 20601036 1 ROLLER curTeam 15 1/7 120.00
01 20601035 1 BEARING COOPLETE . 103.00
02 20601028 1 CUTTING RING 15 1/2 16.00
03 20601034 1 RETAINING RING 1.00
04 20601030 1 AXLE 17.00
05 20601031 1 [BEARING BUSH 3800
06 20601027 2 COvER{WITH SET SCREX 65646914) 14.00
07 20601032 2 ADAPTER RING 1.00
08 20601033 1 SPACER  RING
09 5811081 2 SLIDE RING GASKET 0,50
10 02149253 8 HEAD CAP SCREW SW17 MT 336Na 0.20
1 6912100 2 TAPER ROLLER BEAMING 1.10
12 74732101 2 0 RING
13 74732904 2 0 RING
14 656 46914 2 SEYT SCREW
15 6399173 | SHIN RING

Figure 4.5.2.12 First Design 0f 135.5" dia. Disc Assembly
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Figure &.5.2.1% Disc Cutter With 15.3" dia. After The
Firet Modification
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00 20601055 1 CENTRE CUTTER 102.00
0 20601015 1 BEARING COAPLETE 83.00
02 20600186 2 CUTTING RING 12° 9.50
03 20601041 1 AXLE 12.00
04 20601040 2 BEARING BUSH 1400
05 20601050 1 COVER [WITH SET SCREW 65646914) 850
06 20601049 1 COVER( » » “ . ) 950
07 20601045 1 SPACER RING 1.00
08 20601043 4 ADAPTER RING 0.70
038 20600187 2 RETAINING RING 060
10 20601046 2 SPACER RING 020
1 00012745 4 TAPER ROLLER BEARING 205

‘

i i i isc Assembl
Figure &.5.2.14 First Design 0f Twin Disc Y
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Figure 6.5.2.18 Wearing 0Ff Disc Cutters Due To
Bearing Failure '
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Figure 6.5.2.1%9 Wearing And Breaking Of Disc Cutters Due
To Bearing Failure



s Support Installation

The other problem was support installation in
faulted or crushed zones in front of the gripper pads.
Steel arch+wiremash+shotorete and sometimes rock bolt

were used as support elements if they are necessary.

As smean in c%apter .3, support installation took
Al4.4 of maching éowntime. If steel arches were installed
behind gripper pads, there was no problem while gripping
onta the tunnel walls for advance. But, only the
axcavation had to be stopped at every 1.2 m. of prograss
for supporting {(figure 6.5.2.20). However, it was also
necessary to support in front of the gripper pads due to
bad ground conditions. Whiles gripping onto the tunnel
walls(on the steel aiches installed) Consequently, the
pads caused deformation of steel arches or cracks the
shotorete. Especially in crushed zones, when the pads are
pressed against the tunnel walls, overbreaks occured

iri the places where the gripper pads were gripped.
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g Mucking And Waiting For Wagons

Az seen in chapter 6.3, this delay btook %i4.47 of

1t

vetem of the machine

Ry
it

owntime, Because, back-u

i

f

maching i
and spesd of crane were not sufficient for keeping up
with daily advance. When the maching works without

failure or any breakdown, max. daily advance can reach to

in

20 m. In this stuation, mucking and waiting for wagon
took YLE0-70 oFf maching downtims. In conclusion, one can
say 2asily that this delay caused machine performance and

o unacoceptable levels.

o

daily advance rate to decrease
6£.5.3 Difficulties Encountered In Trakya Formation

Trakva Formation consists o

-+

graevwacke, shale-—
z#iltsone, mudstone and is closely iointed, locally

strongly folded and faulfed

The biggest and most important prbblem encounterad
through this formation are support installation in front
of the gripper pads, overbreaks at crown and sidewalls of
the tunnel, sometimes collapses sspecially in crushed and

Faulted zones.

Overbreaks and collapses ococured at different
chainagess and supporting of this, passing through them
caused the excavation performance of the machine to
descrease very much. Besides, pressing on the steel
arch+shotorete by the gripper pads céused another big

problem,when clay band exist.

Supporting of the caverns at crown and sidewalls



plus supporting by stesl arche+twiremwsht+shotocrete took
%74 of machine downtime during the excavation through

Trakya Formation

g Support Installation In Front Of The Gripper Fads

When support were installed in front of the gripper
pades some problems faced aftter pressing the pads as in
Buylkada Formation. Gripper pistons apply wvery much
load to the turnel walls as seen in table 6.35.3%.1. For
this reason they caused deformation of support system
(Figure 6.5.3.1) and cracks on shotcrete cover (figure

SuGL B

Table 4.5.3.1 Load Applied By The Gripper Pistons

gripper pressure (bar) load (ton)

200 wewvnnnwnnannnnnwaaa HB4

=y ey 7o
1 S 7o
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2&‘:‘1 W ® 5 & ¥ B E® D BT Y SO E NS BBC‘)
28‘:‘ RN U R Y A BT I B R SR N I N 957
:3;(:} (:’ A % 8 % U A KO R M N Y NN NSO WSR 1 (:)36

32(:).n-nu--nu-u-nuul--.-. 1(:)94

When encountered with highly crushed zones ar clay band,
the pads entered into the sidewalls due to weal ground
conditions (figure 6.5.%.1. A). Sometimes, this caused

the break of the shaft of the gripper piston, and

changing of it could take almost 24 hours.

In order to distribute the load coming to the

sidewalls, wooden blocks were placed between pads and



w7 by

support system (figure 6.5.3%.3). Another problem caused
by the pads was the overbreak on the sidewalls (figure
4£.5.3.4), shotcreting was generally made in such places

for stabilization.

Figure &.5.%.1 Deformation OFf Steel Arches By Gripper
Fads



T T

Figure $.5.2%3.2 Cracks On Shotcrete Cover Laused By The
Gripper Fads

T

i
I

Figure &.35.3.3 wumdehﬁBlécké
Support System

Placed Between Grippers.And



Figure &.5.3.4 Overbreaks Caused By*The°Gripper Fads



7 G

= Collapses

Collapses were the majors problems faced during the
excavation through Trakya Formation. A special support
system was appliéd according ta the form of &averns in

addition to planed support (stesl archt+wiremesh+shotcrets)

Collapses t@ak place in different rock conditions,
sUCh as, $au1tedf crushed, fractured or highly alterated
zones, Because these collapses took much time to support
and to pass, they caused a lower machine downtime. Sa,
they are described in this chapter in detail in terms of

their conditions, suppart system and forms.

Collapse between chainage Q+895-0+935

At the beginning of Trakya Formation. there was no
problem in terms of rock conditions. The tunnelling
machine (TEM) bored 200 m. without problem. When it is
reached the chainage Q+897, especially, on the right
shield of the machine, some overbreak started due to
highly jointed rock with discontinuties containing clay
fill. Geological formation encountered in this section
wag interbedded highly jointed silstone-mudstone. The.
collapse between chainage O+227-0+93% (figure 6.5.3.57,
occured in very crushed and fractured zone. Formation is
given interbedded siltstone-mudstone, but it is very
crushed dus to fault zone. It started from right shoulder
and anlarged towards the left shield of the machine.
Support system used in this collapsed érea is described

H.5.5.6 and 6.5.3.7
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(A)

(B)

Figure 6.5.3.7 Support System In Collapsed Area At O+937



Collapse Between Chainage OQ+9235-0+2485

Geological aﬁd structural conditions produced severes
stability problem% within 10 m. of the collapsed area.
Extensive overbreak from left wall and roof caused some
caverns of 1 to 1.5 m. dimension. In this area steel ribs

and wiremnesh reinforced shotorete were used with 60 cm

intervals.

The tunnel was excavated within grey dark coloured,
siltstone banded, medium hard jointed and fractured
mudstones. Well developed and to medium closely spaced
joints (20-50 om max? and other nonsystematic
discontinuties seperated the rock mass into rock elemsnts

of 520 cm.

Overbreaks occured during the tunnel excavation are
shown in figure 6.5.3.9., when reached chainage 0+%45, at
left shoulder of the machine with clay fill. (see figure
H.5.3%3.8) and &.5.%.10) . Support system used in this area

is shown in figure &.353.3.11
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(A)

(&)

Figure 6.5.3.9 Overbreaks Occured During The Tunnel
Advances
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(A)

(EB)

Figure 6.5.3%.10 Collapse At Chainage O+F45



Figure &.8.3.11 Support System In Collapsed Arsea At
O+94%5

The Collapse Betwéen Chainage O+2&5-0+9282

Three collapses happened bstween these chainages due

to bad rock conditions. (Ffigure 6.5.3.12 and 6.5.3.13)

The collapse between chainage Q+268B-0+972 took part
in mudstone of Trakya Formation which is green to grenish
gray coloured, moderately hard, heavily Jjointed and
fractured, shears zones with clay Ffilled. Roock units are

waalk to very weak due to joints (see figure &.5.3.14)

The crushed material within the fault zone having
20-30 om clay gauge and making an angle of 40-~30° with
tunnel rouwte and the clay filled vertical joints having

an angle of 20--3Z0° caused tunnel collapse in this area.



¢
i

In this area 40-50 m3 rock material Filled the face

and burried the cutterhead of the machine
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Supporting In The Collapsed Area At
O+g72



The tunnel boring continued after the completion
remedial prevention at chainage O+272. At chainage 0+%74
another collapse occured due to heavily fractured zones
and faults. Approximately 45 m3 of material filled the

tunnel in this region

At collapsed area, mudstone—claystone of Trakya
Formation are heavily +fractured, jointed and also water
leakage is observed. Discontinuity surfaces are generally

openad and filled with clay, calcite and pyrite

In this area "U" profiles, wiremesh+shotcrete, also

rock bolts were used as support elements.

N
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{(A)

(B)

Figure 6.5.3,15 Collapsed area At 0+974



The third collapse happened at 0+981, (between
chainage 0+92&4B-0+982). Beological conditions are the same
as in previous collapsed areas. 25-30 nd loose rock
material filled the tunnel at this section and a cavern

R4

of I-Z.5 m formed on the left of the roof.

The collapsed area was supported by "UY profiles and
surfaces were covered by wiremesh+shotcrete for

stabilization.

The Collapse Between Chainage 1+148-1+155

In this section of the tunnel, highly jointed and
fractured rock with clay filled siltstone-claystone—

mudstone of Trakya Formation were encountered.

Joint sets which intersected each other caused the
collapses in this area as seen in figure 6.3.5.16 and
H.5.3.17. Rock blpcks collapsed on the shield due to

joint sets.
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Figure 6.5.%.16 Wedged Rock Blocks Between Chainage
1+148-1+155
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The Collapse Between Chainage 1+220-1+235
(Figure 6.3,5.183

The main rocks at collapsed area are giltsztornes and
mudstonss, although not obvious, sone sandstons bands

have besen recorded.

Trakya Formation in this area is intensely jointed
and factured. Joints are generally filled with clay
and/or calcite. Nearly at 1+210 an overbreak due to loose
fractured rock occured on left hand wall, (figurs

£.59.%.19% and later when a fault zone was encountersd,

R oy

the collapse pooured. The encountered fault at km 1+223
had Z30-40 om thick clay gauge and sirike angle of 30-40°
with tunnel sxe and dipping of 40-50° 8W. Joint sets
making an angle of Z0-30° with the tunnel axe had an

average strike of 30-40°% SW-~NW

HWater income in this section of the tunnel also
incrzased considerably, especially before the fault

enoountered.
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Figure 6.5.3.1%2 Overbreaks Before Fauit Zone And
Supporting By "U" Frofiles In The Area

i
'
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Figure &.5.3.20 Collapsed Area In The Fault Zone At
14225
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CHAFTER 7 RELATIONSHIFP OF THE EXCAVATION FERFORMANCE

WITH THE ROCE PROFERTIES

7.1 Beneral

Some laboratory and in—situ tests wers carrvied out
in order to determine rock properties. Rock samples were
taken systematically along the tunnel route at certain
irnservals, for labroratory tests. Machine performance

o consumnption, average advance rate, net

il

data such as, di
cutting rats, machine downtimes, machine thrust, r.p.m.
2. t.0 were carefully collected including the geologycal
conditions encountered in the excavated area. The main
obhjective of this investigation was to %gnd SOMme
correlations between machine performance and rock
propertises. It was obvious that such relationships would
e much helpful for any tunnelling work prior to start

the sscavation.
7.2 Mechanical Tests Used In The Research

Some tests procedures proposed by Interntional
Societ? For Rock mechanics wers used in order to
determine rock properties in this investigation.
Commission for ISRM was held in September 3, 1987 in
Montresl for describing test procedu#es which would be
necessary to find rock properties such as

cuttability,drillability or boreability of rock.
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According to this commision, it is essential that a few
tests should be used together in order to determine some
rock properties for engineering and praoject purposes in a

similar investigation

ISRM suggest the following tests can be used for
rock excavation assessment [é]
i-Hardness of the rock
Freferred tests : Shore Scleroscope
Roell and Korthhaus Sklerograf
ficceptable test @ Schmidt Rebound Hammer
2-Strength of the rock
Freferred tests ¢ "Brazilian" indirect test“strength
Funch Shear Strength
Uniaxial Compressive Strength
Fracture Toughness

Acceptable test @ Foint Load Strenth Index

3-Texture of the rock
Freferred test @ Quarti Content
Accaeptable test @ Texture coefficient
Grain size and shapes
4—-Abrasivines of the rock

Freferred test :: Goodrich Wear Number
Cerchar Abrasivity
Faddle Abrasivines
Acceptable test : Cére Cutting Test Abrasivity
L.C.P.C ﬁbkasimeter '

Taber Abrasivines
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S-Drillability
There are 3 main modes of derilling and cutting for
drillabilty tests
(A) Translational
Freferred Tests: Goodrich Drilability
Sievers "J" Number
Acceptable Tests: Core Cuting Test Spesific Energy
VOEST ALPIME Rock Cutability
Indesx
Taber Abradability
(B) Penetrative

L,

Preferred Test : NCB Cone Indenter Test
Acceptable Test : Morris Drillability
Handewith Test

Q&K Wedge Test

(9) Percussive
Freferred Test: lmpact. Hardness Number
Acceptable Tests: Coeﬁiicient of Rock Strength
"“Frotodyabonov! Test

Tests used in the resarch are as follows,

Foint Load Strength Index

The Foint Load Strength test is intended as an index
test procedurs For the strength classificasion of rock .
materials. It may also be used to predict other strength
parameters such as uniaxial tensile and compresive

strength of the rock.l 7 1



-

Rock Spacimens'in the form of either core, cut block
or irregular lumps are broken by the aplication of
concentrated load through a pair of sphericaly truncated

conical platens. (See Figure 7.2.1)

l r:Smm.

.

65

.

.

Figure 7.2.1. EBpherically Truncated Conical Flatens
For Point Load Test
The testing machine consists of a loading system and
a megasuring system for the load P necessary to break the

specimen (figure 7.2.2}).

Figure 7.2.7 FPoint Load Te
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Specimen Shape requirements for core,

%

irregular lump test are given in the figure 7.2.3
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Figure 7.2.3% Shape FRequirements For Specimens(a=diametral
test,b=the arial test,c=the block test,d=the

irregular lump test) [7]

Cut block samples were used throughout the
separiments. The following expression is used for

calculating point load index
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where,
Ig—3 point load indsx (kgsfomi)
Foei load required to break the specimen (kgl-

g distance between two platen contacts (cm)

Somz broken samples are shown in figure 7.2.4

Figure 7.2.4 Some Tested Samples In The Foint Load
Expariment

A size correction was also necessary to correct
point load strength for an eguivalent core size of 5 om.

L71
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The uncorrected Foint load Strength is calculated as

F/De2  where, the "equivalent core diameter" is given by

4A

wheare,

A=W.D= min.cross sectional area of a plane through the
platen contact points.

However, the depth of the prepared samples was
almost 5 cm. Therefore, size corrections was done for a

few samples during the test.

The sirze correction factor can be obtained from the
axpression:

.45

F=(De/50)
S0, size correction may be accomplished by wusing the
formulas:

Test results are given in appendix 32

NCE Conge Indenter Test

The NCE Cone indenter, which was developed by MRDE
is a portable instrument capable of giving a measure of
strength without requiring the preparation of accurately

shape and finished specimens. [ 8 ]

The. instrument (figure 7.2.5%5.) which works on a

similar
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3

principle to thatiemployad in metallurgical hardness
tester, is designed {o determine the hardness of rock by
nRasuring its resistance to indentation by a hardened

tungsten carbide cone.

T

80 s eresblailibingg MBS

Figure 7.2.5. Cone Indenter Test Instrument

It comprises a portal steel frame 1785 mm long in
which a steel strip is clémpad along a longitudinal asis.
In the middle of one longitudinal side aof the frames a
dial gauge is inserted in such a way that its probe is in
contact with one side of the steel strip. In the opposifte
longitudinal side of the‘fwama a micrometer is fitted
with a hollow spindle into which & tungsten carbide tip
of 40° is inserted. The micrometer is used to determine

the amount ot indentation
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and the gauge the deflection of the steel frame

The cone indenter hardness value for any particular
test iz obtained by dividing the force necessary to cause
penetration by thé amount of penetration that has
accurread. *

Thus, cone indenter number.
I=D/F
Whare,
Der—zriominal deflection of steel strip

P~w—§penetration of specimen by cone

The specimen is set on the steel strip and the
micrometer screw is turned until the specimen is Jjust
hold in position by cone. The dial gauge is reseted to
zero and the micrometer is read (Mi). Then the micrometer
screw is tuwrned slowly clockwise wuntil the spring
deftlection, as indicated by the dial gauge, is equivalent
to a load of 40N; this should be 0.635 mm approximately.

S0, the micrometer is read again (M2).

The penetration of the cone into the specimen is

FP=(M1-M2)-0.4635 and the standard cone indenter number is,

0.635
T

(MZ2-M1)-0.635

I+ Is is less than .13 mm proceed as follows,
This time, the micrometer screw is turned to 1.27 mm

which is equivalent to 110N, then the micrometer is read



=110~

(M2} . So, the modification cone number is

0. 23

Im=

(ME=-M1)=1.27

Some rocks will fracture when the standard cone
indenter test is done. That’'s why, the micrometer screw
turned until the spring deflection, as indicated by theg
dial gauge, is squivalent to a load of 12M. This should

Ll

be 0,23 mm. so, cone indenter number is,

0.23

Tw=

(M2~M1) -0, 23

The relationship between the cone indenter numbers
and compressive strength is approximately linear [8I1.To
determine comnpressive strength of rock by cone number the
following expresssions can be used (Bo is in kg/cml in
the equations)

Bcu248xls(fot standard cone indenter number)

Go=358xIm(for modified cone indenter number)

1&.5x¢Imi{for cone indenter number of weak rocks)

iy}
{1
i

Test results . are given in appendix 4

i

Cerchar Hardpness Test [ 9 1

Cerchar Hardness Test is a method to determine

hardness of rock by a drillability test.

A tungsten carbide bit, having a length of 8 mm and
an inclusive tip angle of 20°%, is rotated at a speed of

190 rev/min, and is thrusted under a constant normal load
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of 20 kg, against the test specimen. The index of

nardness is chosen as the time taken in the seconds to

drill a hole of 1 cm aeep, assuming constant rotational

speed,

The apparatus used to realize the hardness test was

a heavy type drilling rig as shown in figure 7.2.6.

Figure 7.2.6 The Drilling Rig Used In The Cerchar
Hardness Test. ' ' '
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This drill rig has five variable rotational spesds
of 180 up to 1100 revimin. Drilling bit used in fthe

dperiments were standard bits (DIN 4039 having a form

i

of B mm widse and an inclusive tip angle of 110°. (figure

speaed of 300 rev/om was used during the

“d
fd

« 73 oand a

gxperiments.

Bits lsed In Cerchar Hardness Test

T

ala

~d

Figurs

During the test, it was necessary to hold the rock

samples in a vice to ensure the security of the

test, (figure 7.2.%9) later the vice was placed onto the

work table of the drilling set.A special pulling device

was constructed in order to satisfy test conditions as

described by Cader M. (1973) as shown in figurs 7.2.



Figure 7.2.8 Pulling System Of The Drilling System

One aof the pulleys is attached to the drilling head,
the other pulley is screwed down on the wall. The weight
table is hung up by means of & steel wire passing thirough
both pulleys. When the drill rig is running, the drill
bit is thrusted on rock sample due to tﬁe aeffect of the
dead weight which is placed onto the weigth table. Using
this techpique a thrust force of 20 kg was applied during

sach test.
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Figure 7.2.%9 Testing O0f A Rock
Table

it

Sample On The Work
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(A)

[P

(B}

Figure 7.2.10 Sample Tested In Cerchar Hardness
Test
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DRILLING
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CERCHAR HARDHESS
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The index of hardness is chosen as the time taken in
seconds to drill a hole of 1 cm deep assuming a constant
rotational speed (3500 r.p.m.). Also, the time to drill a
hole of 0.9 cm was also recorded in order to find the
diffirence between the two test results. As seen in

figura 7.2.11, there is a good relationship betwesn two

test results.

[
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180.8 f ) . * .
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v

8.8 T | T ‘l { . | 1 | |
e.6 18.e 20.8 30.8 40,0 56.0 +6@.86 70,0 8@.0 90.0

CERCHAR HARDNESS (FOR 0.5 CM DRILLING RHOLED

Figure 7.2.11 Relationship Between Two Test Results In
Cerchar Hardness

Results of Cerchar hardness test are given in

appendix 3
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The Schmidt Hammer

The Schmidt Hammer was originally developed to
compare the surtace hardness of concreste and, through
emperical relations, to esstimate 28-day cubs strengihs.
Subsequently the schmidt hammer has been used in a
similar manmer to estimate the uniaxial compressive
strengt of rocks ferom sueface hardness data obtained from

natural or artificial exposures. [10]

Despite apparently good laboratory correspondence,

there are evidance that site correlations may be

8]

insufficiently reliable for some design or contract

decisions.

Before using the Schmidt Hammer in a tunnel
sidewall, surface of wall must be clean.” Therefore, the
surface was scraped and brushed clean before testing.
Each point was then impacted 8 times at certain

intervals. All values were recorded and are given in

appendix &
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Figure 7.2.12 "N" Type Schmidt Hammer

The Impact Feneration Test

An impact penetrometer working according to the same
principle as described by Hudson and Drew [11] was used
throughout the site investigations. During the TRRL
Tunnelling Trials at Chinnar it was necessary to
characterize the tunnel +ace in terms of cuttability. A
74 mm hardened steel cone was fired into the chalk and
the depth of penetration recorded. The resulting values
of penetration strength were closely related to the

cutting forces; the penetration strength profile and the
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cutting forces profiles around the pick cutting circle

wers vepry similar [1113.

A commercially available impex penetrometer using
explosives charge and a steel cone 42 mm long was used
for indexing The Halig Tunnel face by K. EBharriar [123.
The penetration depth was recorded at several points of
the face and an average value for each Tone was
calculated. During the experimental test, it was noted
that test resulis were greatly influenced by the
discontinuity spacing aﬁd the strength of the rock
formation. The same site test described above was also
used in Ealtalimani in which a TBEM is used. All test -

results are given in appendix 7
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7.% Relationship EBetween Rock Froperties And Cutting Rate
And Disc Consumption

7.3.1 Relationship Between Net Cutting Rate And Rock
Froperties

A) The Effect of Rock Compressive Srength And RGOD on Net

Cutting Rate

First, it was intended to find a relationship

betwesn net cutting rate (m/h) of TBM and compressive
strength or the product of compressive strength with RQD
as defined by BILGIN as trock mass cubttability index. A
similar relationship is shown in figure 7.3.1.1 for The
Evip Tunnel which is a part of Istanbul Sewerage Froject
[12]. This assessment is made for a boom tunnelling
machine and taken from a technical paper written by

BILGIN, SEYREK and SHAHRIAR

m’-
#H
6 Y=28.06(0.997)
1 r=—-0, 88
- L ]
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s [ e 2/
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Figure 7.23.1.1 Relationship Between Advance Rate And The
Froduct O0OFf Compressive Strength With RED
£181
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As seen in figure 7.3.1.2.A, in highly frectured and
jointed rocks, compressive strength does not give a good
indication of rock machineability. However, if data is
groupad according to ROAD values greateﬁ than %50, the
machine advanve bate may be reascnably‘predictad from
comnpressive strength (figure 7,.3.1.2.8). A detailed
statistical analysis showed that rock mass cutbability
index values, defined as the product of compressive

NS
strength RQthu s are more representative factors in
pradicting Poadhéadar cutting rates (Figure 7.3.1.1).

In order to see, if a same trend exists for full-
face tunnelling machine, a similar statistical analysié
to previous one was carried out for Baltalimani Tunnel.
Bearing in mind that higher pengtration rates are
expected tor high propel pressures; the acumulated data
is grouped in two, one for propel praessures between 100-
125 bars, and the second for 135-160 bars and so the

statistical analysis is carried out for sach group.
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As seen in figure 7.3.1.3, there are statistically
significant relationships between net cutting rates and

comnpressive strength of the rock formations.

The relationship between net cutting rate and RED
values is also shown in figure 7.%.1.4. Correlation

coefficient is not good as expected for roadhsader

machine in Evip Tunnel. {(figurse 7.3.1.5)
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Howaver, it is important to note that better
correlations are obtained if the compressive strength and
ROD values are evaluated together. (see figure 7.3.1.6&1.
Thea mathematical?expwessions obtained for sach group data

is Ffound to be diffirent as expected.
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B)The Effect OF Schmidt Hammer Values On Net Cutting Rate

The relationship between net cutting rate and
gehmidt hammer values, are shown in figure 7.3.1.7 and
7.3.1.8 The correlation coefficient for statistical
axpressions are not very good enough as expected from
pravious resesarch results as given by BILGIN,SEYREK,

ERDING and SHAHRIAR [141 for Eylp Tunnel (figure7.Z.1.9)
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C) The Effect OFf Foint Load Index On Net Cutting Rate

In figure 7.%.1.10, relationship betwsen point load
index and net cutting rate of the machine is given.
Correlation coefficients are good enough to predict TBM

parformance.

The relationship between net cutting rate and the
product of point load index with ROD is also shown in

figure 7.3.1.11

As seen in figure 7.3%.1.11, relationship between net
cutting rate and the product of point load index with RQD
is more representative for the cutting rate of full-face

boring machine (TEM) .
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D) The Relationship Between Net Cutting Rates And Impact

FPenetration Values

As stated in chapter 7.2, an impact penetration
test was used to characterize rock formation in terms of
cuttability. Du;ing the expefimantal teats,‘it was noted
that, test PESuitg were greatly'ib¥luenced by the
strength of the rock formation. As seen in fisdke

7.%.1.12, a good relationship exists between compressive

strength of rock and impact Penefratibn valuegs
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Figure 7.3.1.12 Relationship Between Compressive Strength
and Impact Fenetration Values (For
Baltalimani Tunnel)

However, it is interesting to note that, a similar

relationship was found previously for Eylp Tunnel As seen
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in fFigure 7.3.1.13 [133. RAD values have also an effect

on impact penetration values. Bince ROD values are quite

high in the rock formation tested for Baltalimani Tunnel
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Figure 7.3.1.17 Relationship Between Compressive Btrength
And The Froduct 0OF Impact Fenetration
Values With RAOD (For Eyvip Tunnel)

As seen in figure 7.2.1.14, The relationship between

net cutting rate and impact penstration values is

significant snough For any reliable prediction. In figurs

7.3.1.15, a similar trend is given for Eyvip Tunnel.

"ot w
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E) The Effect O0F Cerchar Hardness On Machine Cutting Rate

Gerchar hardness test is orginally developead in
Charbonnage de France to estimate the cuttability and
geillability of rock formation, it is an sasy and

inerpensive test procedure to use.,

Az seen 1IN Figurs 7.3.1.16 and 7.3.1.17, net
cutting rate is related o cerchar hardness in a

logoritmic manner for both ftest conditions.
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7.3.2 Relationships Between Disec Consumption And Rock
Froparties
Az stated in chapter &.3, disc wear was ong of the
major problems encountered, especially in  Blyikada
Formation. This also affected machine performance very

much (sese chapter 4.3 and &.4)

Mechanized excavation with a full-face machine (TBHM)
involves the indentation of the rock face by an array of
rolling disc cutting tools. Efficient sxcavabtion
correlates the formation of large chips as the rock
batwaen cutting rolling paths is removed. The process of
chip formation is affected by machine operating levels of
thrust and torque, by disc cutter gesometry, and by rock
and rock nass properties, Rock communition is, however, &
maittually destuctive action between the rock and cutter,
and the indentation response of a given rock also atfects
the rate of cutter wear. For this reason, relationship
between disc consumption (disc/m) and sone rock
propertiss were investigated carefully during the

axecution of the ressach program.

In table 7.2.2.1, disc consumption in Buylkada

and Trakya Formation is sumnmarized. - . N

These cutter replacement records were taken between
chainage 0+0%3 and 1+077 during the in-situ
investigations, (683 m in EBuvikada Formeticr a&an 297 m

in The Trakya Formation). In order to calculate disc
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consumption, the following formula was used

number of cutters at certain
i chainages

consumption{(disc/m)=

i

b
-
3
&
¥

i
w

distance betwesnthose oh:

Table 7.3.2.1 Summary 0+ Disc Consumption For TEM In
Buyiikada aAnd Trakya Formation(Disc
Consumption Pegr Metre)
Fosition Disc Riiyvikada Formations Trakya
INE S Mo limestone, Nodular Formationg
Do Limestone, Carboni- Greywacks, Shale
Cutters ferous shale Siltstone,
Mudstone
Canter 1—4 G. G2 -
Face 526 Q.05 =
Bage 27355 .04 a3l
Overall 1-35 O.11 V.01

In order to make comparison, some cutter wear

records for different tunnels are compared in table
7.E2.2.2. This comparison was made according to the

avaerags number of cutter replacemsnt per 1000 m. of

tunnael L[15]
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Table 7.3.2.2. Disc Consumption(Disc Number/1000 m.)
For Different Tunnel In Some Countries
Tunnel | Tunnel Rock Units Position O+ Cutters
Section
Encountered
Center|Face |GBagel| All
Cutters
Dansmore| Sandstone 4,44 4.30 [10.3 5.97
Culver -
Goodman Shale 1.48 1.31 |2.60] 1.67
Good~- limestone
man
Culver Shale 1.05 0.85 |1.64 1.08
limestone
Outbound Dmlosfone Q.69 0.85 10.82 0.82
ICooil
Imbound Dolostone .0.65 0.82 |0.92 0.85
TARF = Dolastone 2.85 0.82 11.51 1.48
kaba- Balta- limestone - = . .
tas limani Carbonife- i1 1 28 70
Balta~— rous Shale
limani

In the following table 7.3.2.3, the rolling distance

of each disc cutter is also given in accordance with the

ravolution of the cutterhead,

and table 7.3.2.4

summarizes the average rolling distance for each disc

cutter in Baltalimani: Tunnel {(for noar

axcluding bearing failure)

mal wear only,
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Table 7.3.2.4%.

Avarage Rolling Ristences For All

Cutters In Baltaliman;‘Tunnel

Disc Nos

Fosition
- OF
Disc Cutter

Average:
Distance
{(m.?

Average
Relling
Digtance

105,00

51195

1
=z Center 208, 00 H427C5E
= BES, OO 587296
4 100, GO HEE1&
5 248, 00 147608
& f 248, OO 179380
7 248,00 21EB00
& 411 .50 4324597
o 411,50 497012
1 248,00 AL9708
11 411.50 &H15582
12 411 .50 680791
1A 41150 746474
14 411.50 BO4447
15 Face 411 .50 859947
1é& 411 .50 17759

17
18
19
20

-3
s 1
I
o
e
Al

24
29

~

24

490 . GO
411.50
411.50
411.50
F24.00
248. 00
248. 00
248. 00
FR7.00

248 . G0

FEREAS

I
1OZXRZ25

1089950
1144284
FEIL0Z
718184
FAGRGT
778419
G7RLZA
BIOOGAS

27
28
“aey
L

EO
1

e

il
PR

4

.
e

5
i
i
o

19.10
E22. &0
128, O
148.50
186. 00
248. 00
148.50
245,00

19.10

4IZ0740
FEELST
47 ZEST
4EFIT7 &
541921
FIS4EF
4H20ED
B1E412
S68694
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Table 7.2.2.% summarizes the average ralling

di

i}

tunnels including Baltelimani Tunnel T1i53.

The average rolling distance corresponds to the
average distance traveled before the replacement, and

equal to the circumference of the cutter travel path

tances of center, face and gauge cubtiers in diffirent

is

multiplied by the number of times that the cutterhead was

rotated atter the cutter was installed. The number of
rotation determined aszs the ratational rate of the
cutterhead multiplied by the clock time slapsed after

installation of the cutters.
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Table 7.3.2.5. Average Folling Distance 04 Disc
Cutters In Differsnt Tunnels
&
1O m. 3
Turnnsl] Tunnel Rock units Fosition of Cutters
Section
Encounteraed
Center|Face |[GageslAll
cutters
Damsmore! Sandstone 0. 03 0.2 O.23 0.2
Culver
Goodman Shale 0. 08 Q.21 |U.B6& .82
Good- limestone
man
Culver | SBhale O.12 1.3%4 oD 1.24
limestone
Outbound] Dolostones .21 1.4% 12.57 1.&9
100011
Inbound Dolostone (v, 20 1.4% | 2.357 1.46
TARF - Dolostoneg .05 1.42 1.47 i.14
Flabha— Balta~ limestone
tas limani Carbonife- | .18 Q.70 [0.60 e 30
EBalta— rous )
limani

All correlation coefficient found Ffor relationships
between disc consumption and rock propsrties ars
signiticant to predict disc consumption in the rangs of
genlogical formations encountersd during the tunnel
derivage. The highest correlation coefficient was found

xS

oG Ze 1}

-5
7

for cerchar hardness (see {figure

FRelationship between disc consumption and other rock
L2 oand F.EZLE.

properties are given in figure 7.3,

Correlation coefficients are good enough to predict disc
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|
.

consunption by using rock properties such as compressive
strength, point load index, cone indenter index and

schmidt hammer value.
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7.4 Effect 0OFf Thrust Force On Machine Fenetration Rate

Im the applictions of TEM, peneration rate iz used
bhoth fto estimate the time required to complete a given
tunnel and to evaluate the feasibility of machine boring

in a specitied geological environment.

In order to investigate the effect of propel
prassure on penetration rete in Balteslimani Tuannel
where a full-face machine iz used, the accumulated data
is groupsd in threes catsgories, first {for compressive

strength of 700-1000 kg/om? second for conprassive

strength of 1000-1300 kgfsom? and third Ffor 13001700

kgsom?2 of rock strength.

The relationship between penetration rate of full-
face maching and propesl pressures is shown in figurs

Z-4.1l. and figure 7.4.2

In the graphs, thrust force was also teken into
account. In table 7.4.1, theorical and actual thrust
force applied by propel clvnders are shown. Actual Thrust
torce is approximately %40 of theorical thruft force.

This value is obtained by means of in-zitu observations.



Tabhle 7.4.1 Theorical And Actual Thitrust Forces

Fropael Fressure Theorical Thrust Actual Thrust
(Bar} Forcs (ton) Force (ton?
30 127 20
&5 1&35 L3¢
B0 203 145
PE 241 172
11 279 200
125 217 226
14 25é 254
155 E94 ‘ 281
170 FES FO9
185 470 EEE
200 508 D63
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CHAFTER 8 CONCLUSIONS AND RECOMMANDATIONS

8.1 Conclusions

A Robbins full-Fface tunnel boring machine {(fvpe (45~
168) was used in Baltalimani Tunnel which is a part of

ITestanbul Sewerage Froject.

fAlong the tunnel line, two geological formations,
"Blyikada and Trakva Formations' exists. Blyikada
Formation consists of limestone, nodular limestone,
carbaoniterous shale and Trakya Formation consists of

gravwacke, shale-siltstonse and mudstone.

Buyviukada Formation is strongly folded, little
Jointed and has a massive appearance. The joints are
generally vertical to bedding. However, Trakya Formation
15 closely JjJointed and strongly folded. During thas
axcavation through Trakyva Formatio, collapses occured dus

to highly Jjointed and folded rock maszss conditions.

In this investigation, the performance of a full-
face tuwnnelling machine was investigated in two diffirent
geological formation as stated above. Machine Utilization
im found to e “Y28.9 in Bilvikada Formation and less
than %10 in  Trakya Formatiom.Excessive disc wear,

zuppoarting works and bad ground conditions were the



reasons for low

Trakyva Formation,

the collapses took

and supporting work:

downtime in

mach ine

w74 of machine downtime.

s1ie

-] B

ware the main

utilization time.

Especially,

supporting of the caverns dus to

Disc chang

reasons of maching

o W N - . . . .
Buvukada Formation. Difficulties

gncounteraed in both geological are explained in detail

chapter &.5.1.

4

amd &.5. 2.

The comparison of machine performance in both

geological formatio

rn

is givern inm table B.1.1.

in

ing

in

Machine Ferftormance In
Tralkya Formation

Riyiltkada and

BiiYUKADA
FORMAT ION

TRAKYA
FORMAT ION

Machine
Utilization (4)

28. 50

T4

Machine
Downt ime (1)

71.380

2a 60

I e 2 oy sy o
MNet Cutting .2 170
Rats im/h)
Average Monthly 197 84
Advace (m. )
Average Weekly 475 =1
Advancs (m.
Averanse Daily 7.18 Eo12
Achvance (m. )

In order to determine rock properties, the following

insitu and laboratory btests were carried out
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in—-sity tesghs

~Gehnidts Hammer, sh
~Impact Fenetration, Ip (mm.)

=Tt measuremant of ROD

Labaratoary tests

~Foint Load Index, Is, kg/cm?
~Cone Indenter Index,Im,kg/om
—Cerchar Hardness Test,C01) and C0Q, 5
~Gonpressive Strength derived from point load and

indenter indexes; Go,kglfom?

Tests results in diffirent rock unit are summarired

in tabhle &.1.2.

Table 8.1.3. Test Results In Diffirent Rock Units In
Baltalimani Tunnel
Rock Foint ‘Con@ l Cerchar Schmidt | Impact|{Comp.
Load {Indenter Hardness Fanet-~
Urmits Index |Index Hammar |[ration|Strgt.
kagsom2 [kgdoms OO, 5y )21 value
Is } Im Sh {mm} kg /ome
i
]-lmc“ 29 bes 3 12 37 & 777G
istono 3= 5,835 55 2801 61 3 2094
{Dla 52 ILER 17 x9 54 ] 1175
base @1 4.1% T7a 1473 Bé & 1746
Silt~ O 1.92 5 G 50 16 &7
stona ) 2.58 i1 20 & 22 11&6
Sand-— 41 .14 5 15 44 - 1G6G
atona 7E 5. 25 19 3] 52 545

Some relationship between met cutting rate, disc

consumption and rock properties were also investigated.

Correlation coefficients found are significant snough to
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predict the machine performance in the rock +ormation
having similar properties.

The statistical relationships obtained between

machine cutting rate and rock properties are as follows

Tabhle 8.1.3%. Correlations Expressions
100125 bar 135160 bar
propel pressure Rropel pressurs
MNet
Cutting | 12,460 miﬁ 78
Rate ~1 . &6 (BoxRED/100) 1. 261N {GBexREDA 100
-, B0 pram-C, 78
MNest:
Cutting|3.%96-5. 2648h =5, T 70, 07 73Eh
Rate prome-(y, F0 =, 7O
Mzt (TsxREADZ1OG) (TeuRED/L1O0)
Cutting | 4.20x(0.97) =3 B9 (G, 98]
Fate -0, 75 pram-0), B0
Net (1.0 (O.é&l
Cutting & 49w (Ips =0, 23 (Ipi
FRate PG, 834 -0, F3
Net
Cuttingl2.67-0.311nlC0. 53] =P, 2eE-0. 241Nl (0.5 ]
Rate ey, 51 pram-, &1
f .
Ne t
Cutting{2.852-0.331nlc 1) 1 =P, A7-0.28InLC (1]
Rate -, 7E -, &5

Expressions found fto predict disc consumption are as

tollows,

Disc Consumption=11.40+22&6, 44640 (0.5 =0, B9
Disc Consumption=3238.2%5+32.49xC(1) =0, BS
D.17
Disc Donsumption=1%966&6. 071 (GC) =0, 84
0.17

b4

Disc Consumption=93, 14x({Ils) e, B



Q.17
disc Consumption=53.0753x (Im} r=0. 83
Disc Consumption=51.,83+32, 04(5h} r=0, 70

8.2 Recommendations

During the excavation through Blylkada and Trakya
Formation, many problems were encountered, especially due
to bad rock conditimma, such as hard rock and faulty
rones in Blvikads Formation, highly jointed, fractured and
altareted rocks aéd faulty zones in Trakya Formation.

These geological formations caused the machine
performance to decrease very much. The machine
wtilization time {found in both formation are too low. It
ig strongly reconmended to use roadbheaders with shield in
rock conditions similar to ones in Trakya Formation and
probably conventional drilling and blasting fechniques in
very hard massive rock. Mixshield TBM could be also used

in such rock conditions.

In appendix 8 and 9, somse geological difficulties

and the precauvtion to be taken are summarized [1&]
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AFFENDIX 1

Summary Of Machine Performance In Blylkada Formation

Week No 01 02 O G4 0% &
Date 1220 IO/ QL/05 114705 | 28/7053 1 28/705104/06
OQFH/QG| 12705 19/052&6/05 0270609 /04
Support (hr) - - 20|85X.07138.2 F.91
Chainging
of cutbters (he) | 13.3231232.58115.92 - & 00 -
Disc cutter
control (he) L. 73] &.521 5.08 - Z.25 2.82
Mucking and
waitting for
wagons (hr) B.S0 18,31 124.81 - 20.74[27%.14
Maintance (hr) 2.76 - - - - 1.25
Belt
canveyor (hr) 1.00 - - - - 1.08
Crane
failure (hrl 11.63112.50) 2.00 - Q.84 |37.99
Ground
condition (he - - 4,.50147.01 = -
Ventilation
prablem (he) - 0.75 = =2 - 1.00
Elaectrical (hr) - - S.16 - - A.&7
Mechanical {(hr) - 12,00 Q.75 - Z2.00| 4.75
Other reason
(b - 1.58 [11.49(10.98( Z2.88(22.08
Weelk 1y wording
time (hour) 60O 120 120 120 1230 144
Actual time(hr) |19.0&6|45.7630.291 B. 94|37, 00135, 2
Weaekly advance [
(im) ROJEOI22.31148.37118.84 1532041 44. 60
Avaradge daily
advarce {(m7 FET O 4.881 8.06| 2.99 8.67( 7.43
Avaradge shift ‘
advance {(m! 3.3 244 4.030 1.30] 4.734) 2.47
Net cutting
rate (m/h) 1.221 0,70 1.64] 1.8%) 1.411 1.327




CONTINUED FROM AFF. 1

Summary O0Ff Machine Perfomance In EBlylkada Formation

Week No

Q7 08 0g 10 11 2
Date 1990 11706 18/06|25/06 | CGR2/07109/07 16707
16/Q6125/706 1 30/0607/707 14707121707
Suppatrt (hr) 11.00 - 1&.00 H g -
‘Chainging
of cutters (hr) 1.OOIE25. 64| 62.50 T 52.86
Disc cutter
contral {(hr) 1.68] 4.456| 4.00 i} 2,850
W}
Mucking and
waitting +or F
wagons (hr 26.592125.41 2.4% 10,07
Maintance {(he) 7190 4,000 5,92 I 2.48
Belt L.
conveyor (hr) - - - M 1.90
Crane
failure (hr) - 200 - G -
Ground
condition {(hr} S 00 - — I =
Ventilation
problem (he) - = = ] =3
Electrical (he? - - 4., 00 =
F
Mechanical he) [223.99117.17| &.45 D =
Other reasons
{hr) EQ.T7I) 4.50] 1.50 2.50
Weekly working W
time (howur) 152 144 144 120
A
Actual timedhe) |[Z5.82160.82 (24,20 0 4é. 69
Weekly advance
(m) &EZ.14163.9818. 10 R Q.95
Avaradge daily
advance (m) 10.52110.66] 3,02 Y K 1.66
Avaradge shift
advance (m) J.50) E.E5] 1.00 .83
Net cutting
rate (m/h) 1.958(1.14 Q.él 0. 25




CONTINUED FROM AFF. 1
Summary 0+ Machine Pertormance In Blyilikada Formation

Weelk MNo 13 14 15 lé& 17 18

Date 19290 PRE/QT|BO/OT7|0&/0B|1E/08|20/0827/08
28707104708 [111/08(118/708 25708101709

Suppoart (hrm - 1.50 - - 6. 6353215

Lhainging

of cutters thr) T.00|66.58 48,75 12.00 - -

Disc cutter
control (hed 4.8%1 Z.58981 5.1%1 4.160 L.001 2,75

Mucking and
waitting for

wagons (hr) 17.27117.82119.62(32.88| B.13(27.76
Maintance (hr? 5.50 - Z.HOL Zoeb) 078 4.75
Belt

conveyor (hr) 5. 58 - - 5.92 - 2. 00
Crane

failure (hr) - - d.bb]l O.bb&] 2.23 o
Ground ;

condition (herl Z.000 - <3 = o =

Ventilation

probliem i) - S = 4.50 = -~
Electrical {(hrJ 2,25 7.00 - = = 2.00
Mechanical {(he) 12,25 ) T.50] Q.00 S.751 .75

Other reasons
(h) 11.75] F.00] 3.50] 3I.00) .58 Z.75

Weskly working
time (hour) 120 120 120 120 140 120

Al bt

Actual time(hr) [SO.S57|20.52122.3214 21.91[40.09

i
(853
8}

Weakly advance
(m) 44,7540, 65 48,051 7603|3957 75,23

Avaradge daily

advance (m) SAb| b.67] B.00[12.67 6.60(12.54

4

fAivaradge shift
advance (m) FTED OBLEG] 4.00] 6.F4) 2,33 4.18

NMet cutting
rate (m/hl 0.86 1.94] 1.44 1.70f 1.70] 1.465




AFFPENDIX 2

Summary 0Ff Machine Ferformance In Trakya

Farmation

|

Week No 1% 20 21 22 2% 24
Date 1990 QR/09]10/70917/09124/09101/10]08/10
OB/0915/09 | 22/09 [ 29/09 0671013710
Suppart (he) A8, 00150, 06104, 682.42199.241101.0
Chainging
of cutters he) - - - - - -
Disc cutter
contral (hes - 1.00 - - - -
Mucking and
waitting For
wagons (hr) 192.26]124.01 - 5.67 - -
Maintance (hiri .50 2,09 1.92( 0.83F] 1.50 -
Balt
conveyor (hir) 24,25 - - Q.75 - -
Crane
failure (hr) - - - - - -
Ground
condition (he e 4,97 |20, 73 = IZ9.9E43,00
Ventilation
problem (her? = 1.00 = = - <=
Electrical (hr) - Q.50 =3 2.96] 1.00 -
Machanical () 1.42 8.95 = 1.50 = <=
Other reasons
c(he? 1206|1817 130.15136.2 - -
Weslkly working
time (hoar) 144 144 168 144 i44 144
Actual time(herd [26.41(36.05[10.64 113,99 1.63 -
Weekly advance
{m) I9.07|64.65|16. 385 24.70]|1.70 -
évaradgé daily
advance {(m) 6.51110.77] 2.34 4.15| 0,322 -
Avaradge shitt
advance (m) 2.00] Z.60] 0.78) 1.381 0.11 -
Net cutting
rate (m/h) 1.64] 2,001 1.64] 1.63] 1,10 -




CONTINUED FROM AFF. 2

Summary OFf Machine FPerformance In Trakya Formation

Week No 25 2é 2 28 29 20
Date 1990 1S/101282/10129/10105/11112/11119/711
B2O/10127/1010Z/11 110710 [ L7710 (247118
Support e} - 115.2(112.8196.48|77.00|28. 00
Chainging
of cutters hr) - - - - —- —
Disc cutter
contraol he? - Lo - - - -
Mucking and .
walitting +or
wagons (he) - - - - - -
Maintance h - Fe 73 4,50 - - -
Belt
conveyvar {(he) - 2,50 - - - -
Crane
fallura (he) - - - - . -
Ground
condition hr 144 2E.75] 4.37110.48B167.00(116.0
Ventilation
problem (hr) - = = = = -
Electrical (hr) = F.00011.42113.75 o= =
Mechanical hi) = 1.871 0.50( 6.10 - -
Other reasons
{hed - 1033 Z.67) 4.25 - -
Weekly working
time (howe) 144 1649 144 144 144 144
Actual time (hr) - 7.85| S.47(12.94 - -
Waeskly advance
(imd - 11,15} 2.18[17.52 - -
fvaradage daily
advance (m) - 1.8992) 1.33] 2.92 - -
fivaradge shift
advance (m) - GLEE 0081 072 - -
Met cutting
rate (mn/h) - 1.70) 1.84) 1.59 - ~-




CONTINUED FROM AFF, 2

Summary 0Ff Machine Ferformance In Trakya

Formation

Wesk No =1 %52 EE =4 it Zé
Date 19290 2671103/ 12(10/12117/712124/712131/712
1991 QILA12108/1 2115712227121 29/12]|05/01
Suppart (hr) - 107,624,001 10B.2(38.08 -
Chainging
ot cutters (he) - - - - - -
Disc cutter
control (e - - - - Ze 79| 0050
Mucking and
waitting +or
wagons (hr) - 2.7& - - He26|18.4&7
Maintance (hr) - - - - 2.30 -
Belt
conveyor  (hi) - - - - S.46] 2.00
Crang
failure (hr) - - - = - -
Ground
condition (he) 144 28.901120 F2.9EF1 1.95 =
Ventilation
problem (he) - < < = - e
Electrical (hr) & - = 2.00 = &
Mechanical <(hr) = = = 2.E3B148.2613.75
Other reasons
{(he) - 2,25 - 15.88[115.11114.28
Weekly working '
time (hour) 144 144 144 148 144 72
Actual time{hr) - 2.45 - H.E5722.83122.80
Weekly advance
(m) - 2,25 - B.39|35.20]138.10
Avaradge daily
advance (m) - 0454 - 1.20] 5.88|12.70
Avaradge shift
advance (m) - 0.18 - 0.40( 1.96 P23
Net cutting
rate (msh) - 1.327 - 1.25] 1.49) 1.73




CONTINUED FROM AFF., 2

Summary 0F Machine Pertformance In Trakya

Formation

Wesk No 37 8 A 40 41 432
Date 1921 QF /01 [14/01121/701128/01|04/702]11702
127011 19/010126/01|Q2/02(10/02117/702
Support (hr) 15.42 43671074 |82.83|1473.5 69.8;
Chainging
of cutters (he) |3Z5033 - - - - -
Digc cutter
control ) L7585 0.83 - - - -
Mucking and f
waitting ftor
wagons  (he) 17.46 1207211207 |29.47 - 28.87
Maintance (hr) 1.00 - 1.00 - - 2.00
Belt
conveyor (hr) 24.546 - - 4.25 - -
Crane
failure (hr) b 70 - - 2. 00 - -
Ground
condition (hr) - 2.001 .00 B.8B| 6.00[2F.12
Ventilation
problem (hr) = - = - - <
Electrical {(hm ~ 29.00 = = = -
Mechanical () (10.84) 8.17) 2.05| 1.40| 1.00(110.15
Other reasons
(b3 P2H.84116.40) 1.00110.62110.22113.08
Weekly working
time (houer) 168 144 144 168 168 168
Actual timelhr) |29.435)23.2 L21ies.Es] 7037 20,097
Weaekly advance
{m) 44,4540, 20118.00164.535]111.75 | 48.20
Avaradge daily
advancs (m) G.E7| &.701 ZL00110.701 1.68| 6.89
fivaradge shitt
advance (m) 2.120 2.231 1.00 4.&1 Q.84 .44
MNet cutting
rata (mn/h) 1.44) 1.80| 2.132] 2.40( 1.60| 2.7%4




CONTINUED FROM AFP. 2

Summary (O0Ff Machine Ferformance In Trakya

Faormation

Wealk: No 473 aé 45 46 47 48
Date 1991 1B/02|123/02[04/03111/703)1B/03)25/03
24/0231/03110/03 177031 24/031 31 /03
Support (hr) S1.835140, 753 105.4]1109.5]60.2 GO0
Chainging
of cutters h - - - - - 1.00
Disc cutter
contral (el - - - - - -
Mucking and
waitting for
wagons (hr) 34035 - - - - 2,00
Maintance hr) 2.00 - - - - 1.00
Belt
convayor (hid - b 25 - - - -
Crana
tailure (hrd F.00 - = - F ==
Ground
condition {hm 19.991117. 4185, 72|1858.001104.0|129.9
Ventilation
problem (hr) - = = = = =
Electrical (hr = - - 3 e =
Mechanical ((hir) Z. 00 - 1.75 = - 7.48
Other reasons
{(hr) 25.80 - - - - Z.50
Wealkly working
tima (hour) 168 148 168 168 168 1468
Actual timelthr) |28.25) 2.57) 5.14] .45 2Z.73] 4.08
Weekly advance
{m? AHEHL2G]T 4,001 4.80( Z.50| Z.81| 7.02
Avaradgs daily
advance (m) F.AdbH] O E5T) D69 0S50 054 1.00
Avaradge shitt
advance (m? G. 73] Q.29 Q.34 OL25| Q.27 Q.50
Net cutting ‘
rate (mAh) 2.3 1,271 1.030 2,001 1.00) 2.25




AFFENDIX 3

Results OF

Foint Load Test

137G.47

Formation Fm N d F Is De F 150
{om) (g) (Kg/cm?
limestone |O+100[ 1 B5.0 1442, 4 58 -~ - 58
2 4.5 |[1E70.47 béb -~ - &8
O] 4.8 |1298.34| Se - - S5é&
4 4 b 100%.82 48 - - 48
5 PO 1270.47 &8 - - &8
limestone |O0+120] 1 5.0 [1442.6 58 - - 58
2| 4.1 ]1009.8%] &0 - - b0
3 e 4 QE7 .69 x2 - - 2
4 4.3 A7 .69 81 - - 51
limestone [0+140( 1 4.8 |1442.& a - - 3
2 S.2 |17E1.12 &4 - - &4
A 4.4 11586, 86 86 - - 86
4 4.0 |1370.47 gé& - - 86
5 4.5 11009.82 50 - - 50
limestone [O+1460] 1 5.2 |2308.16 a9 = - 89
2 4.5 2885, 20 5 - & 95
3 5.3 |12091.77 74 oz o= 74
4 4.9 1584, 84 bé& - = &b
5 4.4 QET . LT 48 - < 48
limestone |[0O+1B0O| 1 G 1 504,91 19 = - 19
2 H.1 [1731.12 bé = = b6
& 4,2 PET . &Y 53 - = L
4 Ha T2 15 - - 15
limestone [0+2001 1 4,0 1298.34 81 - - g1
2 4.4 GET .49 44 - - 44
= A7 F21.7350 =53 4B.36] 0.95 50
4 T.7 1144260 108 49. 00| O.9& 10
limestonse [O+220) 1 4.5 [2019.64] 100 - - 100
2 Z.b 504.91 Z0 47.68) 0.90 23
3 IS O11731.121 141 48.86] .95 134
4 4.6 | 1009.82 48 47.921 0G.921 44
limestone (0+240] 1 .7 FZT0Q.47)1 100 40,001 0,96 58
2 4,353 11154.048 &2 - Q.97 &
A 3.9 GO 47.921 0.921 56




CONTINUED FROM AFF.

o
"

Results

0F Point Load

Formation

Fam

i w}

F_‘a

Is

De

0.85

{cm) (kg) {kg/cmi
limestone |0+2601 1 (4.7 1442, 6 58 - * 58
2 14.0 1370.47 &8 -~ - &8
Z 1.8 1298.34 5é - - 54
4 5.8 1009.82 48 - - 48
limestone [0+280 1 4.4 LE370.47 71 - - 71
2 4.1 FET7 . 6T 5& - -~ 5é&
3 1%.8 1009, 82 70 - - 70
limestone [(O+320) 1 4.6 [1442.6 =58 - - 58
2 .8 |1370.47 &8 - - &8
A E2.9 11Z298.734 56 - - 54
4 4.3 11009.82 48 - - 48
diabase O+340) 1 4.1 12302, 16| 137 - - 13
2 4.5 (2019.64] 109 - - 10%
A 4.5 |3462.241 171 - - 171
4 4.8 [1442.60 % - - g
limestona [G+34601 1 4.4 11154.08 6O - - &0
2 4,0 721,30 45 - - 45
= 4,73 11298.34 70 -~ - 7
4 2.8 |12246.21 8% - - 85
limestoneg |0+400] 1 F.7 [20%91.77) 1853 - OG.76) 148
= 4.0 11154.08 72 49,001 O.964 &9
3 4,75 | 34462.2 187 48,36 .95 178
4 3.9 1154.,08 76 45,001 0,93 71
limestone (O0+4201 1 4.0 [E895.02] 243 40,00 0,946 233
2 2.8 12452.42] 170 - - 170
3 . 1154.,08] 100 45,001 0.93 =
limestone |O+425 A 2019.64] 140 5,431 .94 32
2 2.9 [1370.47 20 45,001 0,93 84
= Ee 1009.82 bé 38.45 0.91 &G
4 Z.9 {1586.86] 104 Be, 001 0,92 Gy
limestone |0+440 vary hard
limestone |O+45%0] 1 2R | L3BZ7Q.47 78] L0010 0,90 81
2 4.8 |ZBES5.20( 125 48,001 0,90 112
A 4.8 1947.51 84 G55 . Q0

71




CONTINUED FROM AFF.

-
"

Results OF Foint Load Test

Formation km No d F - De I50
{(cm) (kg) |Eg/cm
diabase Q+4&601 1 4.9 [11081.95 45 - 45
2 4.8 |1442.60 &3 - A
= 4.8 11154.08 50 - 56
diabase O+465) 1 F.0 [17Z1.12 &9 - &5
2 4.2 |12883.20( 1464 - 164
= 4.8 [2596.681 113 - 1173
limestone |O+4851 1 4.8 [2308.1&) 100 - 100
2 4.8 (115408 50 - W]
4 4.8 |2885.201 125 - 125
limestone |O+510] 1 4.8 |1803.25 78 - 78
2 4.8 11442. 60 - SB - 55
5 4.8 {1370.47 71 - 71
limestone |O+350) 1 4.9 |16588.99 a9 - 69
2 4.9 J1731.12 72 - 7z
3 H.2 J1731.12 &4 - b4
4 9.2 |1731.12 &4 - &4
limestone |[Q+585] 1 S 11875.38 &9 - &9
2 4.8 |2308.1&) 100 - 100
= T3 | 1ET70.47 4% - 40
limestone [D+&00] 1 S.2 1226 45 - 45
2 4.8 ”BBQ.» 125 - 125
3 F.3 |2380.2 85 - 85
limestone [O+615( 1 H5.2 |1154.08 57 - 57
2 4.8 TELL3O 78 - 28
A e A QET 67 E0 - 30
limestone [O+&645] 1 H5.5 11154.¢8 41 - 41
limestone [Q+6801 1 Sal 127047 593 - 53
2 5.2 577.04 21 - 21
A B2 |2308.14 85 - =25
limestons | O+&F0] 4 H.1 13270.47 5 - 5A
# L] DSR4 z2 - EE
3 el 100982 3 - Z%
4 5.0 OI7 .69 =7 - a7




CONTINUED FROM_AFF.

-
]

Fesults OF FPoint Load

Farmation

F.m

M

{(cm)

Fz
(Ke)

Ka/lom?

De

36

P
i
]
-
o

S

2165.90

siltstone |Q+735 1 a3 1 1009.,.40 Zb - -

2 4.8 QPIET AT 41 - - 41
3 4.8 216350 4 ~ - @4
4 4,9 504,21 2 - - 21
ziltstone [04+730] 1 H.2 111534,.08 |5 - - 47z
=2 S5.C QIV . 6T z7 - - =7
5 4.7 |1370.47 42 - - &
4 5.2 H77.04 21 - - 21
siltstone |O+780]1 1 4.9 [ 1442.60 & -~ - &0
2 Hew |23B0.29 88 - - 85
= Bl BT W BT =7 - - 37
4 S.% (11731.12 Py - - &2
siltstone [O+8Q5] 1 4.8 PET . 6T 41 - - 41
2 Bal BAR7 .. 6T b - - Zé
3 Ha 2 TRI 45 a2 - — a2
ziltstone [O+BE0O| 1 4.9 11009,.82 42 - - 42
2 4.2 B65., Hé b - - oA
s 4.9 [1009,82 42 - - 42
siltatone |0O+865] 1 4.8 [1009.82| 44 - - 44
2 4.7 TRE. 45 A ~ - &
= 4.9 1100982 432 - - 42
siltstone [0+910 1 4.5 865,546 = - - s
2 4.8 FR1.EQ Z1 - - =1
z .0 577 .04 23 - - 2E
4 4.9 1144260 &HO - - &0

i

giltetone [O+953% 1 Ha 2 1009,82 57 - - 7 }
sandstone 2 4.9 TE1.30 E0 - - E0
3 S5.1 LA, 17 25 - - 25
4 He 2 B77 .04 2 - - 21
andstone 14+0251 1 5.0 [2883.20 115 - - 13
=2 4.9 |2594.6B] 108 - - 108
= Ha.1 1442, 2¢ T - - k]

. |
diabase 1+058 1 4.8 18735.38 91 - - 81
=2 8é6 - - 8o




CONTINUED FROM &FF. 3
Results 0F Point Load Test

Formation fm No cl F Is
(cm) (kg |kg/cm?
sandstone [ 141031 1 S.0 11875.E8 75
2 dad |2019.64 96
3 4.8 11731.12 75
sandstone [1+174] 1 4.8 |11442.2 b3
2] 4.9 {216E.90 Q0
= 4.2 1154.08 Fot]
sandstone [1+210] 1 4.4 TELLLZ2 a9
2 Ha. 0 b4, 17 26
A 4.8 11298.34 5é




AFFENDIX 4

Results Of Comne Indenter

Test

5.830

7.425

£ L
= 3
o =

Formation Chainage mos Mi M2 Im Ave. Im
L1ime~sstam~:- Q4+ 100 1 ] 7 P50 .58 R
2 &.275 975 2.95
limestone O+-120 i &H. 850 8.375 2.79 2.84
2 &L F00 8.610 2.89
limestone O+140 1 G130 &. 825 .14 2.90
2 5.475 7. 225 2.65
limestone 04160 1 & 650 8. 250 .85 .72
2 &o P00 8.525 .58
limestone O+ 180 1 F. 435 7075 .43 2.57
= 5. 425 7455 1.72
limestone O+200 1 &. 025 7700 Z.14 2.77
2 & OO0 7. 800 2. 40
limestone Q+3220 1 F. Q00 G275 4.16 .45
2 5.8238 7. 560 2,73
limestone O+24G 1 5. 400 7.225 2.2 2.35
2 5. 850 7. 650 2.40
limestone Q+260 1 5w 250 7200 1.87 2.08
2 4,925 b. 750 2.29
limestone O4+280 1 &. 750 8.575 2. 29 2.12
= & 00 B8.625 1.94
limestona O+320 1 &.T75 8.500 2.79 230
2 &. 750 8.725 1.80
diabase G+340 1 4.250 | 5.82% | 4.16] 4.04
2 4, EZBO 5275 I.91
limestone Q+Z560 1 b. 625 8.300 .14 2.%1
2 L5759 8. 320 2a b7
limestone O+400 1 T. 180 b 700 5. 08 Telb
2 4.725 b. 220 5. b4
limestone O+420 1 5.67%5 7270 F.04




CONTINUED FROM AFFE. 4

Results O0Ff Cone Indenter Test

Py =

4. 900

&.273

Z.14

Formation Chainage mo: M1 M2 Tm Ave. Im
limestone Q425 1 & FEO 8.725 2.51 2.9
z G075 77325 .54
Jimestone Q+440 1 7. 700 9.200 He 02 5.86
2 7. 128 8. 600 bH. 19
limestone O+ 450 1 G.775 6. 325 & 54 3,96
2 4.875 b 525 Z. 36
diabase O+4&0 i &. 65O . 250 Z.BS 3.3
= 5. FED 7. 650 2,82
diabase O4+365 1 4,850 bHa 390 4,54 4,70
2 5. Q00 & HOO Z.85
limestones Q+4335 1 - - - -
e — —. —
limestone 0+510 1 4,500 6. 000 5.52 5.11
2 4,360 H. 900 4., 90
limestone O+FS0 1 T.900 | S5.480 | 4.10| 4.40
2 Z.B7S H.410 4.70
limestone O+585 1 4,500 bH. 185 D06 273
2 4,075 5.873 240
limestone O+&0HD 1 - = e =
-} ooy e -
limestone O+&H15 1 4, Q00 5. 620 B.hE T.02
2 4,025 5. 823 2. 40
limestone O+&H45 i Z.875 5. 650 2.49 2.35
2 Z.780 5. 625 2.21
limestone O+680 1 . 720 7 . 400 .10 4,04
2 & . 200 7725 4.98
limestone O+&F0 1 G375 . Y 1.84 2.13
2 5. EE0 T l25 2.42
siltstone O+7 35 4,880 Ga BOO Z2.82 2.98




CONTINUED FROM AFF. 4

Results OFf Cone Indenter Test
Formation Chainage nos M1 M2 Im Ave., Im
siltstone Q+73H0 i 4.825 b. 575 265 2.82
2 4.825 b.520 2.99
|siltstone Q+780 1 4., &80 6,225 | 4.62 H.57
hes 4,675 b. 140 G.51
=iltstone Q+7820 i 24440 4. 3OO 4,74 2.74
2 2,200 4.580 1.14
siltstone O+805 1 . 200 . 175 1.80 2.05
2 4.175 & OO0 2.29
siltstone O+EE0 i 4. 450 b 200 2.05 2.28
2 5. 000 b.775 2.51
siltstone O+845 i 5.7258 7.475 2.65 2,72
2 5.425 7.750 2.79
ziltstone Q+910 i e 250 7. 200 1.87 1.94
2 5. 225 7.125 2. 00
siltstone O+S53 1 Z.250 5.175 1.94 2,02
sandstone 2 2.350 4,425 210
sandstone 1+025 1 G 75 & 575 5.52 e 25
2 5,128 b HHO 4,98
diabase 1+058 i 2.750 4,525 4.16 275
2 Bl 000 4,650 Z.354
sandstone 1+10% 1 e HOO 7 EOG 2.95 X.14
2 G700 7. 350 .34
sarndstone 1+174 1 4,800 &. 400 .85 E. b0
2 4.750 & 400 234
sandstone 1+210 1 4,350 Z.850 .85 ZL. 40
2 5. 400 2.950 295




AFFENDIX S

Results OF

Cerchar

Hardness Test

Farmation Chainage Haole depth{cm) Hardness index
limestons Q4+ 100G 0.5 17
1.0 40
limestone OF120 .5 403
1.0 158
limestone 04140 0.5 45
1.0 280
limestones O+160 0.5 50
1.0 2E8
limestone Q180 0.5 &G
- 0 300
limestone Q+200 0.5 15
1.0 30
limestons Q+220 0.5 =25
1.0 54
limestone Q-+240 0. 5 &
1.0 2
limestone O+260 0.5 &b
1.0 115
limestone O+280 OuS &
1.0 2
limestone Q+320 0.5 7
1.0 15
diabase O4+340 0.5 =57
1.0 128
limestone G+Z60 0.5 7
1.0 ié
limestone Q+400 0.5 4.6
1.0 143
limestone O+420 .5 40
1.0 Q0




CONTINUED FROM AFF. S

Results OFf Cerchar Hardness Test

Formation Chainage Hole depth (cm) Hardness index
limestone Q+425 Q.5 -
1.0 -
limestone O+440 0.5 -
1.0 -
limestons O+ 450 .5, -
1.0 -
diabase Q460 0.5 17
1.¢ 39
diabase O+ 465 0.5 35
1.0 147
limestone O-485 0.5 150
1.0 very hard
limestone O+510 .5 &0
1.0 230
limestons O+3E0 G5 75
1.0 2230
limestone O+5B85 0.5 17
1.0 47
limestaone O+L600 0.5 A£O
1.0 140
limestone O+a61S 0.5 9
1.0 19
limestone O4+6H45 0.3 5
1.¢ 14
limestone O+ 680 0.5 A
1.0 2
limestone O+&P0 .5 &
1.0 12
siltstone Q+735 [ 5
1.0 12
siltstone Q+750 0.5 7
1.0 15




CONTINUED FROM AFF. 5

Results OF

™

aerchar Hardness Test

Farmation Chainage Hole depth{(cm) Hardness index
siltstone Q+780 0.3 11
1.0 20
siltstone O+80%5 0.9 7
1.0 15
siltstone O+8Z0 0.3 5
1.0 11
ziltstone O+865 0.5 6
1.0 15
siltstons O+Fi0 .35 7
1.0 15
siltstone O+953 0.5 2
sandstone 1.0 19
sandstong 1+028 0.5 19
1.0 e
diabase 1+058 0.5 75
1.0 180
sandstone 1+103 Q.S 5
1.0 15
sandstone 1+174 0.5 11
1.6 23
sandstone 1+210 0.5 9
1.0 i9




AFFENDIX &

Results OF

f

!
4

Schmidt Hammer

Formation| kKm Foint no: Records Ave.,
limestone | O0+100 i Q& /52750/84/53/83/855/54 Sh. 40
2 A /60/627/60/58/61 /60762
limestone | O+ 120 i S/EB/ BB/ 62/6T/62/62/62 59.75
ey HR/IG2/E2/57/59/58/86761
limestone |{O+140 i SO/E0/E82/85/32/51L /52750 H52.75
2 Q4 /57 /7B3/SB7/55/58/54/54
limestone | 0+160 i SO/ EO/ G2/ 66/62/61762/59 58. &8
2 SO/54/598/54/56 /56759760
limestone | O+180 1 IB/TE/2R/TQ/IRR/26/ZT 740 A7.12
2 QE/38/48/43/40/44 7387738
limestone | 0+200 1
o SUPFPPFORT
limestone | O+220 1 HQO/TG/BB/FA/66/60/62/ 461 &0 546
2 S/ 63/ 60/627/64/6E/7/60/59
limestone | 0+240 1 4B/ E2/A2/B27BZ7B4 /82750 48. 00
2 SS5/44/80/54 /46747747744
limestone | Q+260 1 S1L/35/82/48/742/748/745/51 50018
2 AB/ SL/ 54 /47 /47 /52753754
limestona | G+280 1 B4/ EBZ2/BB/BR2/TO/B2/BL/52 Br. 62
2 SO/BE/BE/DE/EB/BA/EEL/BT
limestone [ Q+320 1
2 SUPFPPFPORT
diabase O+340 1 )
> SUPFPPORT
ltimestone [O+360 1 B3/80/50/36/62/64765 /466 &1.37
2 OB/ 63/ 68/60/667/64/67
limestone | 0+400 i S&LIEEBIE2/BV/BE/AB/E52/52 SE.68
2 H2/GQ/EB/ET/54/744 /54753
limestone | 0+420 1 GE/BL76L/B9/66/62762/61 57 .68
by S2/E0/BA/BR/E0/GB/BE/5T




CONTINUED FROM AFF., &

Results 0OF Schmidt Hammesr

Formation| Em Foint no: Records Ave,
limestone | 0+425 1 SOAB/49/750/51 /82759760 52.24
2 48/ 54 /53759750789 /746/48
limestone | Q+440 1 SS5/84/60/59/64/7/64/64764 =58.47
2 S7/85/60/7/62/62/60/61 /564
limestone | O+450 1 LA/ 61/58/70/60/67 /763770 L4, 12
2 LHO/EE/E2/647/62/7076F /60
diabase O+ 460 1 RITOSTOIERSTRZIT7VL/I6B/T0 &5.81
2 GO/GO/ G2/ 68/89/6E/761765
diabase O+465 1 LOILL/ISB/ILQ/IE2/67 /64758 S59.43
2 A9/ BE/62/B7 /760754765 /5%
limestone | 0+48% 1
2 SUPPORT
limestone |[O+510 1 B&/E1/60/61/858/58/60/61 58,62
2 B4 /5955 /546257 /62760
limestone | O0+530 i &1/7861/765/62/60/62/7/60762 &L B1
2 SO/ EL/62/58/64/60/58/57
limestone | Q+385 1 H2/ET/E/62/60/763/62/63 58. 00
2 S4/55/ 54/ FE/G56/53/55/57
limestone | O+&00 1 G462/ 6T/8R/61/7/627/63760 2.6%
2 B7/62/766/6F9/7667647/68/67
limestaone [O+615 1 Qa4 /52/02/46/54 /53 /54/54 51.5
2; 4O/ 49/34 /59 /95 /52/52/52
liméstone Q+645 1 BE/EB/E2/DI/BI/BOEE6/39 55.18
2 SQ/46/44/50/32/58/61 /762
limestone | 0+&80 1
2 S UFPORT
limestone | D+4%0 1
2 SUPFORT
siltétone Q+735 1 b4/ ES/ 6L/ 6A/ET /64 /6E7E6T P2Ye A
2 BO/E8/ S8/ 62/64/56/52/50




CONTINUED FROM AFFP. &

Results O0F Schmidt Hammer

[

SUFPORT

Formation| Em Foint no: Records Ave.
siltestone (O+750 i 48/82/56/592/48/54/55/56 91.93
2 A5 /B0Q/ B3/ 54 /32/50/55/751
siltstone|0+780 1
2 SUPFPFFORT
siltstone | O+8035 1 ’ .
2 SUPFPPFORT
slltstone | O+830 1 A0/4Q7rS50/50/51 /744749755 149.87
2 BI/EBR/A42/49/53/31/760/59
siltstone|O+843 1
2 SUFFORT
siltstone|0+910 1 43/53f48/42/52/55/55/55' 51.73
2 4B/57/50/50/55/38/52/52
siltstone | O+953 i
sandstone 2 j SUFPORT
sandstone | 1+025 1 ;
2 SUPPORT
diabase 1+058 i SO/ 5L/ SE/B0/50/48/50/50 54,00
=2 4B/ 6O/82/82752/60/52/7/60
sandstone | 1+103 1 A5 /42 /48740/40/40/447472 44 ., 00
2 42741740787 /744/74B/50/51
sandstone|[1+174 1 BA/EBR2/4G/B0/50/50/52/49 50,00
2 A/ 40/50/50/S51 /92753752
sandstone | 1+210




AFFENDIX 7

Fesults OF Impact Fenetration Test

Kl Formation Noe Records Avarege
Q4+ 100 limestone i 13 14.&2
2 16
A 15
O+120 limestone 1 18 1&6. 67
2 15
X 3 17
O+140 limestone 1 14 12.00
2 12
= 10
O+160 limaestone 1 13 14.&7
z 18
A 1é
O+ 180 limestone 1 3 2. 67
2 ZE
3 a1
O+200 limestone 1 17 19.50
2 22
O+220 limestane 1 14 15,00
2 16
04240 limestone 1 13 14.50
2 1é
O+260 limestone 1 1é 18. G0
= 20
Q+280 limestone 1 ié 18.67
2 22
= 18
Q4320 limestone 1 18 2000
2 22
Q4340 diabase 1 4 85.00
2 &
O+Z6H0 limestone 1 ig 19. 50
2 21




CONTINUED FROM AFF. 7

Results O0Ff Impact Penetration Test
Fom Formation N Records Avarage
Q4 GO limestone 1 20 19.320
2 i8
5 20
Q+420 limestone 1 19 18.67
v 2 20
3 17
O+425 limestone i = 11.50
2 10
Q+440 limestone 1 5 e S0
2 &
O+450 limestone 1 & GO0
2 7
O+4 40 diabase 1 7 6. Q00
= &
Q+465 diabase - - -
O+485 limestone 1 10 15000
2 16
O+S510 limestone 1 10 11.00
2 2
Q+E550 limestone 1 19 18.50
i 2 18
O+585 limestone 1 9 10, 00
2 11
O+&O0 limestone 1 5 & OO
2 7
O+&H1S limestone 1 1 8.50
i~ 5
O+&40 limestone - - -
O+680 limestone - - -
O-+&F0 limestone - - -




CONTINUED FROM AFF. 7

FResults OF Impact Penetration Test
Km Formation N s Records Avarege
O+735 siltstone 1 24 22.30
‘ 2 23
%] 20
Q+730 siltstone 1 25 203,00
2 16
) 19
0+730 siltstone - - -
Q+805 siltstone - - -
O+835 siltstone - - -
Q+8&5 siltstone 1 18 45. 67
& 15
= 14
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AFFENDIX 10

Summary Uf The Geotechnical Froperties 0f The Rock Formation

Cerchar

Hardness | Schmidt
\ RGED {(Is Im gC s { E2 Y} oo
Formation km (%) |kg/cm? [kg/m? |kg/cm? 0.3 1 |Hammer
limestone 100 | 95 [859.60 [Z.2 1239 155 (155 | 56.00
limestone 120 g0 |9Z.00 |12.84 1091 |40 1588 59.75
limestone 140 95 |&B.40 | 2.BY 1270 |45 [ 280 HE.00
limestone 160 B0 |&2.67 13.71 1383 150 | 235 5. 00
limestone 180 285 [29.00 [2.57 779 5 12 A7 .00
limestone 200 BO |58.33 2.77 1137 115 0 -
limestone 220 g0 [59.47 [Z.44 1272 125 54 &, 0
limestone 240 80 [179.67 |2.34 1295 |24 2 55. 00
limestone 260 80 |77.353% [2.08 | 1223 léeé& (119 50,00
limestonsg 280 25 |65.67 |2.11 1100 | & 12 54 .00
limestone 20 75 [51.00 |[2.29 971 7 15 -
diabase 40 80 |8&6.00 14,00 1462 |57 (128 -
limestone R60 7E [65.00 12,90 1274 7 1é &1, 00
limestone 400 75 (6&.67 |5.364 1697 (46 113 54,00
limestone 420 735 FZL00 14,00 1739 140 | 1720 58, 00
limestone 4325 80 (80,00 |2.92 1444 = =3 52,00
limestone 440 75 o 5.85 2094 =2 - 58. 00
limestone 450 80 |78.42 |3.94 1568 - = &4 00
diabase 460 85 |592.67 2033 1175 {17 39 bb, 0
diabase 465 85 |21.00 |4.19 1746 |25 1143 5%, 00
limestone 485 S0 75,00 - 1650 (150 ~ =
limestone 510 75 1692.00 15,11 1674 |60 230 59 .00
limestone 550 80 [&67.25 (4.3 18926 |75 | 220 Al .00
limestone 585 80 |59.00 |2.78 1147 117 47 58. 00
limastone &HO0 go |65, 00 - 1470 1 &0 | 140 3. 00
limestone 615 H80 |38.33 13,00 PEQ 9 19 51,00
limestons &45 PS5 [41.00 |[2.35 872 5 14 Sl 00
limestone &S50 80O 1Z7.00 [4.04 1130 |20 2 -
limestone &F0 5 {40.25 [2.13 824 & 2 -
siltstone 755 80 3Z2.47 |2.98 8935 5 Z2 G 00
siltstone TEQ g0 [3F.67 (2.82 875 7 15 . 00
siltstone 780 80 33,00 - 11&6 (11 20 -
siltstone 805 80 | 3433 [2.00 758 7 15 -
siltstone 830 75 140,00 {2.58 PO 5 i1 50.00
siltstone 863 79 |40.47 |[2.72 P34 | b 15 -
siltstone F10 TEH JE2.25 [1.93 7O |7 15 52.00




CONTINUED FROM AFF,

10
Summary 0Ff The BGeotechnical Properties 0f The Raock Formation
Cerchar
‘ Hardness |Schmdit
RAD |Is Im ec e { 11 ) ]
(%) [kg/cm? |[kg/m2 {kg/cm2 |[O.5 1 |Hammer

Formation

kKm

siltstone
mudstone

FIO-535,

0-28 highly fractured, jointed and
falterated zone.
L

mudstones

siltstone 93I5-945, 25-350 jointed rock (wedged block,
- systematical joint sets which
interrupted each other)

siltstone G55 85 (20,00 [2.02 L2 8 19 -
sandstone
siltstone 965-982, < 25 jointed and sheared rock unit,
mudstone fault zone.
sandstone 1025 &0 |55.00 |5.25 1545 (119 28 -
diabase 1058 60 |BE.30 [3.73 1590 |75 180 54.00
sandstone 1103 60 |73.00 |3.14 1387 5 15 44, G0
siltstone 1148-1155, 50-75 systematical joint sets which

interrupted each other

{with clay filled)
sandstone 1174 &0 (64,00 13,60 1348 |11 23 50.00
sandstone 1210 60 144,00 [3.40 1060 9 i9 =
siltstone 1220-1234, 0-28 intensively jointed and fractured

(filled with clay),
TOone

trock
fault




CONTINUED FROM AFF.

10

Summary 0F The Geotechnical Froperties O0Ff The Rock Formation

Impact Fropeal Cutting

Fenetration|Fenetration|Fressure|rate
Formation kEm (mim) (mm/rev) (Bar) (m/h)
limestone 100 15 2. 69 120 0.88
limestone 120 17 1.76 @5 0. 58
limestone 144 12 2.89 120 Q.95
lLimestone 160 15 G539 130 2.11
limestone 180 ) S5.10 100 1.68
limestone 200 19 4,335 100 1.4%
limestone 220 15 4.26 130 1.41
limestone 240 S 14 4. 49 130 1.55
limestone 2860 .18 4,71 140 1.55
limestona 280 19 4.%3 135 1.473
limestone Z20 20 5.38 110 1.77
diabase J40 3 5.05 120 1.67
limestone 260 20 4.47 25 1.47
limestone 400 19 4.24 135 1.40
limestone 420 19 2.85 A 0. 94
limestone 425 i1 1.58 120 Q.52
limestone 440 é 2.01 110 Q. 6b6
limestone 450 & Q.73 1160 Q.24
diabase 460 b 1.99 110 O.bb
diabase 465 - 1.00 110 Q.33
limestone 485 13 4.82 125 1.59
limestone S10 11 2. 90 135 0.82
limestone 550 19 b 5% 150 Z.15
limestone 585 10 S 59 160 i.84
limestone &HO0 & 2. 45 150 0. 80
limestone &15 9 5.83 160 1.92
limestone “bdS - 5.36 160 1.77
limestone 650 - &.89 150 2.27
limestons &F0 - 2.85 110 0.924
siltstone 735 22 S9.44 150 1.7%9
siltstone 750 20 5.58 15G 1.84
siltstone 780 - 4.464 100 1.53%
siltstone BOS - 7.55 158 2.49
siltstone 830 - Sedb 150 1.74
siltstone 865 16 5.8%9 110 1.924
siltstone AR - 5 2.17




CONTINUED FROM AFF. 10
Summary 0Of The Geotechnical Fropertles 0f The Rock Formation

i Impact - Fropel Cutting
) Fenetration|Fenetration|{Fressure|rate
Formation fm {mm) (mm/rev) (Bar) (m/h}

siltstone 930-935, 0-25 highly fractured, jointed and
mudstone alterated =zone.

siltstone 935~945,'““~50 Jointed rock (wedged block,
systematical joint sets which
interrupted each other)

siltstone PEHE - 4,4% 125 1.46
sandstone

siltstone 965-982, < 25 jointed and sheared rock unit,
mudstone fault zone.

sandstons 1025 - S 25 1.75
diabase 1088 - b2 140 2,00
sandstons 1103 - He. b3 125 1.86

siltstone 1148-118%, 50-73 systematical Jjoint sets which
interrupted each other
(with clay +illed)

L.

sandstone 1174 == 5.8% 100 1.92
sandstone 1210 - 7.11 8% 2,55
siltstone 12201238, 0-25 intensively jointed and fractured
imudstone» rock (filled with clay),

fewhtt zone
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APPENDIX 11

GENERAL GEOLOGICAL
MAP
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