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= - 2] TBM =& 2d XA}
TBM(Tunnel Boring Machine)& ZA&3st= dAFelA Au] A4, FA|ZHY

TAME FelA AR dekel TBM A& AsteA dSat AL w$
_]

Fosth B gl AN FASS wgos s1Ed TBM 2A4F ZRREY
P7hahy (FneE) 3 P Ee] hF BAS FAstgeh 20009 o) F] RER FAEC

ZAFE EUl2 TBM =3& oA 55499 EFAAE AAs
AAANE TBM Z3A%5 o=5Edo FHQ3d gext
3

A =
Agudz 2 PRAGT. £8 4 AZuded Agd s, 94 19
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AEmElelA] A1gE QAo AENEE BAGT WAoo w TBM 2A& 2 H)
A%} A F AFwEl thetol el

1.1 3¢ TBM 23& 457149 TF7
2000 o] ol 2ix¥ 27 TBM =#x& #d wdsel e 2AE Bz 434
AS71M = AA AL HAGVY T AR BFshA

4
GEIARY S @ FYARH(FEUH 7} dE YIAREFAP ol A 29w >
grbs AAstel 2 #4 WAE xAes: BAF AT TBM 21
AEmdol s Fr OEIARAWEE wx aaE)e 48HAT AR

AARE 7} BEY ATt g2A BAsged, 24 F b pEes ges,

(L ¥y 1

ZgAxte digk dEAAE AAgsta olo dis] @A A 3 24 (Stepwise regression
analysis)= AAlsto] tF3FARds FFobk=d, SAAIARAL A A AR
ot A dAlEs EEARe) AdddA 2 foAdo]l HE 2 YRR FH
AlZrste] st QlERIAE AEsks AWM EH] (Forward  selection method),

MARE AAdey s R P Wss A

=
M FaH oz A A AASE= FZHAAYH (Backward elimination method), Al
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GAE A (Stepwise  selection method)olgt  tth. A¥tAo® oA A 5] A
dAEAEH S Sulstr|E dtu dAA I TR S St HE AAE IARES
EAREA (ANOVA) 9] & TR/ F—test= ©]&3t {94 2 AWdgo] 7P F&
SIARFAE oulsitt. st tE3] A Foll dEAAL ke AddAdol wg 2A HH
U AddEArzE detdAl gok ol A ¥ 3T AT BAke] BlAEdAoR A7
A7) wel] ol WHEA] sfAsfol AWE Qe ARl wEold & v
322 © % Hassanpour et al (2009), (2010), (2011), Hamidi et al (2010) %S©]
AT

(2 ¥4 2

A g2 e A e sAEY B d9das gl 2Rl i
dHAAE HE A do AdEE dF

F—teste § F24 A4, 499

A5E =& A riks S8 RIdTE oA B thEH 2= Yagiz (2006,

1), Gong and Zhao (2009) s°| SQlt}.

do] F X el TEAOR
BE7] gl olel ERws FeA oW AT MEe A dAstolof At
A3 ole] BPWE Fold A= ARRAT 2 AR EFF AN Bl Qe A4S A%
olele] Aol we teret wyow o ddsler sk Aotk olg L& TAD
Adsts e Aol ARA B FeA wikel wep 2 o7t LA
Z’:

Fol7 @4 dole Mol A0 B4 T ste] AZa)

1.1.2 33 3}7] ¥ (Optimization technique)

SAREAE ARt o Thde td HE Y W Aol FaskxRt, HAst VS
HAo d|& zohy] fa AHgEE Mo Adygo] ofd o FHo 2HS wErh:
zpo] el gtk HA3gt 7HE v AP Aol Hipe Ankyed TAES Aty 9
A 8% 3 9lth(Yagizand Karahan, 2015). TBM #3045 5EE2E A3 21744 (Zhao
et al., 2007; Salimi et al., 2015; Martins and Miranda, 2013; Yagiz et al., 2009;
Benardos and Kaliampakos., 2004; Gholamnejad and Tayarani, 2010),
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¥ A o] & (Ghasemi et al., 2014; Hedayatzadeh et al., 2011), w=2—3 %] (Salimi et al.,
2015; Oraee et al.,, 2012; Grima et al., 2000), A2 &# A3} (Yagiz and Karahan,
2011), A E9¥E M2 (Salimi et al., 2015; Martins and Miranda, 2013; Mahdevari et
al., 2014) ol ALEAa, Yagiz et al. (2015)F FEX1 3} (Differential evolution),
Hybrid Harmony Search 183 Grey Wolf OptimizerE #£3to] =X
o Setaxl etk vrekdt HAs IR 54 % 1.2¢ Asida. HA s VHE
Ages REEY 542 @ dolH#Ho]AE Training®¥ Testingd o2 WAL
s ¥, Training® dHlo|HZ TBM =x1& EdS A3 & Testing&oZ 59&
H7Vel= Zlo] dwtAolt}. Yagiz et al (2009) 94+ ‘Swingler (1996) 3 Looney
(1996)2 Testinggo= AA dolgel 20%% 25%% B8, Illingworth
(1990) # Nelson (1990) 20%¢F 30%= AT} 1 Aastdeh. $HH, Salimi et al
(2015) &= Hlo]A &S FHAsshr] Q8] B dHolHE 24 Ao o]&3k= CV(Cross
validation) & 2] &3ttt CVE FAL B HolHE Yl 23l ARE3 & vk A7
SAlel dSHo] 7MY w2 RE(EE AdSseart 7HE A2 Rd)e AE = SUth
CVE fold(dlolE TS ol¥A yr=7tel weka Loocv(Leave one out cross vali—
dation), 10—fold cv$} 5—fold cve o2 {3 4 Ut}
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<3 1.1> TBM S22 A8% thekst o= 7Y
#

45 718

a2

Gong and Zhao (2009)

Hamidi et al (2010)

Hassanpour et al (2009), (2010), (2011)

Mobarral et al (2013)

Delisio et al (2013)

Delisio and Zhao (2014)

Yagiz (2006), (2008)

Yagiz and Yagiz (2006)

Chang et al (2011)

Zhao et al (2007)

Salimi et al (2015)

Martins and Miranda (2013)

Yagiz et al (2009)

Benardos and Kaliampakos (2004)

Gholamnejad and Tayarani (2010)

Ghasemi et al (2014)

Hedayatzadeh et al (2011)

5297

Salimi et al (2015)

Oraee et al (2012)

Grima et al (2000)

Particle swarm

optimization

Yagiz and Karahan (2011)

Salimi et al (2015)

A EEWE A Martins and Miranda (2013)
Mahdevari et al (2014)
AR

Hybrid harmony

search

Grey wolf

optimizer

Yagiz et al (2015)
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<% 1.2> 489 HAs 7o 549k
A3 714 53 |
A o] Fo] RFes FHAHOR HHSE= Sy o]E2ow EF
B okl HETtellAl HF5% Ao FRE AFET § e Aol
o Q= g govua oxpyl AH AR AlLE A
3ok dhe oy wel s
A7 HE wto g 3 FE ndzg AL A AP Tshe]
AANAY | AAGS FHFohs AAE. 5FC2E 9ds g5 ol g3t
gl QAR AR F2E olslsly] o ks okl
TEAA = AAFA AT HE A 9 shEsy, Hxe
TFEHA AE7TERE 553 dof JRE A}%é}t— A eEs A
1Mo E AAAHA MRS Had
Kennedy and Eberhart, (1995)7} ﬂé xﬂ Algk HA3) 7o s
Particle FElek 72t AAE AP A/HE S de JERE o] &3ty

=
swarm oAk 1ol A HA Q] 3 E 7“0]'7}“ A3 AAZIHO R, 7]E9]
optimization | A} Ldua]ZRct Bof w2 AA0A 1 AdH HEe vske
S 7H (o] 2011).
HAHJo dF o7 3]#iA| (regression problem) &} +F

2] 3L E W E] Al (classification problem) & A3 $138l] At A =5
Al IR, ol= 3l AAgs dsta A5 A4S Adsdve

EAo] 9Je(Salimi et al.,, 2015).
22 A 3+= Storn and Prlce (1995) 7} Hx AAISE 7|Ho =2 HAuk
A719] HAWAF NS AFEsks 84 W AR Rs daugse
2} 27 5} ;ngr Aabo]l dids] tetAnt, IelE FHEHEETE v wE
Rl a5 Ao IEpu|E 7t A oA Abgetr] |l g 1e
‘f’:}&;}@ﬁr 7F daeEls Aol stepuEef wfg- w7hsk o)
= (33, 2002).
HS—-BFGS ¢18%5< The harmony search(HS) £}

% 3l5)

BFGS (broyden, Fletcher, Goldfarb and Shanno) 7]|¥< %33l

brid | o) S g1 =e) BRGSS) B (2] gel N7, AlA AA @ S,
harmony WA 3 HSO) W (Aeld A4 gel olel )& AT
search—BF dugFo R - w21 A3 (robust) 7Y, ol ¥t

GS e ALHQA oyt HAHEA ] HLo] 7}50] 7M5 (Karahan.,

et al. 2013).
Mirjalili., et al (2014)7} Hzx AAIS H A3} oz A13] 97 9}
Stie AbEEAEE BRE 7. AL AAE o, 8, 6, o3 E
Grey wolf F0 7 UFon, AbFEA o ZEE IA Tracking, encircling %
Attacking Al AR H . GWO 3} A4k g9 & YAH
oyg] =y} o] AU AE SFFE AFLEA 9= EAS SA 2
%l (Madadi and Motlagh, 2014).

optimizer
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1.2 789 TBM 23& 574 vl
1.2.1 AFdl A (Martins and Miranda, 2013)

Martins and Miranda (2013)2 1341343 AXEHEHHA 7|HE 2Este] TBM
FAEEE A 53t BES AASSI T Queens Water Tunnel #3¢] 153702 DB(Data
= AHEE Yagiz (2008) R€o €A @l DBE ItH® ARS8t (Uniaxial
compressive strength, Brittleness index, the distance between the planes of weak—

ness, the angle between tunnel axis and the planes of weakness). 7% F+

71%9] Yagiz (2008)8} Yagiz and Karahan (2011)7} A" th53] A d )

b4

Particle swarm optimization =23} vw a3t 7 A, AFAAYS L3 mdo]
7HE w3 dS5eaE vEde EoH (R 1.3), d3AAES AL R
2R ¢ £ Aes depdta #desich 74 2de] AsEH7ME AREE F
MAD (Mean absolute deviation) ¥} RMSE (Root mean squared error)< Z}Z} tha3}
o]l k)

< 13> iEd ndol A

Particle Swarm

053 ARY -
s}a}u) g o Optimization AFARZE | AXEHAEHA
(Yagiz, 2008) )
(Yagiz, 2011)
MAD 0.184 0.178 0.163 0.185
RMSE 0.216 0.207 0.195 0.227
R 0.815 0.817 0.838 0.796




KTA—Annual Technical Report

3.5 ~ 3.5 ~
ANN SVM v
S
3.0+ o0 3.0 4
'.-"/ o g
— o —
£ vl opg c Oon
€ 254 ooy o £ 25 /B
a_" 2P “ o : . C}D/ o Og
S o By [ HIJ,E o I rargel oo
fvd o rul , o o i T g o]
= o T

B 20- ity s g 2.0 AR, d
Lo ] R0 O B A, Ht
3 g e 3 o GHE Co
= C Yo o o b=
o jV!rﬂF‘ a O S m o

1.5 /g 1.5+ o

o4
] g yd
1.0 T T T T T 1.0 T T T T v T v
1.0 1.5 2.0 25 3.0 3.5 1.0 1.5 20 25 30 35

Measured ROP (m/hr)
(a) A%

[79 1.1] AT AEEGEHAS

1.2.2 A8 B (Yagiz, 2015)

Yagiz (2015)2 Queens water tunnel®] DBE A}g£3}o] differential evolution(DE),

Measured ROP (m/hr)
(b) AZEWE A

o] g3te] el % W =4 PR¥} wla

Hybrid Harmony Search(HS—BFGS), Grey Wolf Optimizer (GWO)ZS 3X3&3t og]
HAs} 7|=& AHEsto] TBM =XEE 5 oS58k RS /s, 7159 24 Yagiz
(2008), Yagiz and Karahan (2011) % Ghasemi (2014)¥ A5S #H3 T}
A3 (over—fitting) & ©a1 HZA ol weu|HE 37| 9l8l|A], Trainingg dlo]E oA
FAAE AA Holele 80%E MBI, YA 20%= Testing® .2 A3t
Hwsk A3, SAY X559 dFd 2 Rdd ZXEHEe Aol BF AX
AN 1 FollA Fuzzy logices 483k ®WHo] 7 24 gs gdd 4 QI (E 1.4).
<E. 1.4> o5 9 549 PR¥9 vl
#= PR LMR PR ¥ Z]o]& PR PSO PR
2tn g K
(m/h) (m/h) (m/h) (m/h)
3+t 2.05 2.11 2.04 2.06
A= 0.38 0.32 0.38 0.33
#= PR HS—BFGS PR AHE-Z 3 PR GWO PR
u2tu| B
(m/h) (m/h) (m/h) (m/h)
4t 2.05 2.05 2.05 2.05
X FHA} 0.38 0.30 0.29 0.29
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H7hed A ARAQ #HoerE 5% g Qv YRR dAelAd 5 Jhedt
of thst Aol AP ojof st} JHJAA AAGDA = vhA] Al 7HH] WHo R
AEskst = Qlok WUR 12 A AN E dSEde] ARgE @ dolHMol A Y

JHJAAE IR o] &dte] oFEde] AHEF Afolth AtH F7|He] 1 Aol
A2 AN E SR Adsivs Ae st e A H 19]
£o]&A ALFH At (Zhao et al.,, 2007; Yagiz and Karahan, 2011, 2015; Martins and
Miranda, 2013; Ghasemi et al., 2014). ¥} 2& #2438t £doA 71 wo] AFEst=

WHOR J1E oje] RS Fuel F2 AHAAE AESL Bl APH U FA

Ik B gdAES A & FAIEEXA (Principal component analysis), (Salimi
et al.,, 2015; Grima et al.,, 2000), @3 AFEAY = AAAAEA (Hamidi et al.,

2010; Hassanpour et al., 2009, 2010; Mobarral et al., 2013; Delisio et al., 2013;
Delisio and Zhao, 2014; Yagiz, 2006, 2008; Yagiz and Yagiz, 2006; Yagiz et al.,
2009; Hedayatzadeh et al., 2011; Chang et al., 2011)%5<% EA%< HHS =3

YA AFYL AFSE otk W 3& /1E9 ofY RS Fude] Fo
QNS A5atw AWA W TA DR Fal AYAAES Adahs Aotk w
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AgdANA dEAAE =4t & w A E3E Aot (Gong and Zhao, 2009;
Hassanpour et al., 2011; Benardos et al.,, 2004; Gholamnejad and Tayarani, 2010;
Oraee et al.,, 2012; Mahdevari et al.,, 2014; Benato and Oreste, 2015). oSrd e
AL ol gd ARG dHoly wHlo]xe] AFRAel iR F FFS wHAETH
ATeM = B 5o o] &8 tlolEl HojAg A tejA = == sl

1.3.2 24 2: 45713 & (Utilization of prediction technique)

T oA dAE AEE JEJIAE stReR TBME X4 5= S B
TEFshz @Alolth. A5V AEdAE B 1.1 Fol IAREA, HAHs J|Ho=R
AEskth 2 he £l IR HAs VY BEF ARESte] MR Hlwetaat
st (Yagiz et al, 2009; Oraee et al., 2012; Mahdevari et al., 2014). &
zz e Qe "@AAIAEAE AN B oe IR Fol AAFAT(rY)
M2 23 w7 dste] AS5TVIMe AEetuA dEAE AxdE Bk

¢l (Hamidi et al., 2010; Hassanpour et al., 2009, 2010, 2011; Yagiz, 2008).

// <2 1 <2 2> <2 3 \\‘

ELE UHAXL 7|E =& A8y IE =& 18/
o= ApE(H]m) FeE Y FEE oy

_ : Y,
e ™

/\ - AFNAEY 25HA|

x5
- dunEaAry - : . Nz=aemy -
- BN [ S = ] [ SR ] e <::| 0% 7|Ens

- E y,

22 AHA

[Z2¥ 1.2] TBM 23§ o=mdo st E5FA4
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1.4 TBM =3& Edo Al&9 g8 2 &Iz F4
1.4.1 TBM 23§ £9U#

Ankxg oz TBMO X4 esS YeEhe f92& ZX45 % (Penetration rate),
#9371 o] (Penetration per revolution) “12]3. 94FS] BoreabilityS YWERY = Field pen—
etration index i Boreability index S©] ©]€% 1 3lth. TBMS =X 53 #dd
folgl @95 E 1.591 Qs

<% 1.5> TBM =x&7 #dg go4g

oF £ a9
PR Penetration rate m/h, mm/min
RPM Revolution per minute rev/min
P, Penetration per revolution mm/rev
Utilisation Operating ratio %
AR Advance rate m/day
BI Boreability index EN/ cutter/mm/rev
Specific rock mass boreability
SRMBI . EN/ cutter/mm/rev
index
F, Thrust per disc cutter EN/ cutter
FPI Field penetration index EN/ cutter/mm/rev
Pl Field penetration index in blocky EN/mm/rev(2013)
ocky rock mass (2013, 2014) EN/m/mm/rev (2014)

F25E = TBMo| #X3= A7 & Z31AgE HouEu dubg oz n/p EE

PR= rpnrel =4 A gF

A (DM PrS 2XEES Yuisty AHHE 3d 7 2XAYE dE=

=
#jzlol & Atsk=d AHEE = Stk #lzlols vt 2ol 28 S+ Stk

_ 1000< PR
Prev =G0 RPM @)

2 (2)AAM P, #UZo], rPME = T AHIAZ=Y IHAFE A mm/rev,



KTA—Annual Technical Report

rev/min 0.2 RAEC A, PRI 7he&EHEH TBMO HA=H&S v 4 (3)3 o]

ARE 5 ok AZAEES AARANA A BAINE ol Zshd ARgH =
Zad Aotk o7IH, ABEES % @sloln FWANE WA ABARCR e
ol ot

R(m/day) = PR(mm/min)x Utilisation(% ) < ( 6(1)5334 ) (3

2 ()M ARS A=R S, Utilisations 7FeaS ulstt}. 8 UtilisationS TBMZ}
dgel Awae 2 Adae SAnol weh dolsh 27 wEel drie ATAES
TBM =x4% <d5& fs AfAe® ars EFsVIEts PR £ £, 0 A5S

Field penetration index(¥+ Boreability)+ YU¥l& o7 olulofx] oFAAdAL7] 7] 9]
A= Astet AFEETH ol ZXstely TBM AH L i 2 Firel] WE A&
AAANAM A =X EAS Bdsh= e ® A Yg¥th(Commission on engineering and
technical systems of USA 1984). 94t FPIE= TBMY} 9HbAbo] o] Ad% 289 AiE
2}w B (Gong et al.,, 2007) = 4wk 5743, TBME| AR 9 ZHE<1xk9) &

A \EEE & Q) ofd AFAES el B uwE FPIE 43 9k
BI (Boreability Index) ¢t FPI (Field Penetration Index)E AIF(Sundin and Wanstedt,

d Wl g ¥ s

ke
e
o
rir

e
i)
Y

o

ke

L

1994; Hamilton and Dollinger, 1979) 8} A 1k, o] X|FE5&

vtetuH 2 B 4 It (Gong et al., 2007).

(4)

A7NA, k& AgE AH & FHOR kN cutter® EHEY, FPIE F, & P, 0% Ui
woz WA= kN/cutter/mm/reve AFESFCE. Mobarral et al. (2013)> PRHETU+
FPI7F ARbg8hA Qlzbel v WA FddArt 9l e EAsiy. e Fprgt

F,2%Y PR ®+ P, 5 &olstA AT 4 Slth(Hassanpour et al., 2009; Mobarral

et al.,, 2013; Delisio and Zhao, 2014; Salimi et al., 2015). sj2eAl+= <nHko]
Boreability 2] o5& s o EEEo] AAEHASH, Fpr = BIeE ¢4Hbe] EAE
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et &= of g QUAZEE] AddadAlel dist A7 dAE @] 1 vk (Hamidi et
al., 2010; Hassanpour et al., 2009, 2010, 2011; Mobarral et al., 2013; Salimi et al.,
TBM Z&<late] o= Qs 22

rlo

2015). 71&€9 Br= RrRPM *= F3 7
Atz ko] gebx]7] wiitel] TBM ZH&late] dd& 2787 918k Gong et
al. (2007)2 1mm/revollAe BIE 2v|sl= SrRMBI (Specific Rock Mass Boreability
Index) & AAISHHE. o= M=z o& ubxdolA ofvke] Boreabilitys 57 sh=tl
golatA A &d 5 Ut o]Foll SRMBIE A=3H7] 91d o] AA = TH(Zhao et al.,
2007; Gong and Zhao, 2009). Delisio et al (2013) ¥ Delisio and Zhao (2014)+
blocky rock ZZo|A+= 7]1&2 FPIWO 2 Boreabilitys WEstA 188+ E3tcha

wetoy P, (Field penetration index in blocky rock mass)E AlRFstlar, ol &

A5 F e Bde AASA. A, el FPIOl gt A7k d5Fsfal o
gk go] mek FYPEA S HAHolmr FF ofof gt y|ZATUt T Fow
wekE

ARt ofyet ehitel AHE YeEld= IAECl PR, P, FPIE AR AHiA<]

gekelztg ALy QSsS 4 5 Art. Chang et al., (2011)& AEQ #YZol=

=
Technology) & W45 & #9ES A Ay2HE SElsdy. 18l

AP ERE 58 G4 AFYFPEE A4 QIS YED 5 ] Wl

AGHAEROR AL A8eA o2 5 QT (Yagiz, 2008). o= deld
27, Aele B W ARDAS Su pe udes BYER 945 @ TBM

=21 T 2 &S v Y= AS o u|dttl Grima et al.,, (2000), Hassanpour et al.,

(2011), Chang et al., (2011)& A3t tjFo] Rd2 =2 1~27]9 A A5 Z5FE
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Ao} (Martins and Miranda,

EE L
A 3o

&l CSMEE} NTNUE 9]
[e)

9

R S
%!

&l
T

S

==
=

A
9

(Siever's J—value test, The brittleness
A ZE W

dlo] B Hj o] A~ 7}

3|
=2 o
of

©
h=

=

=
=

A
147+2]
A5

R

Q74
b ozt

[e)

Q

o

A2

S|
S

o1

2013; Yagiz and Karahan, 2015; Yagiz et al., 2009; Oraee et al., 2012; Mahdevari

et al., 2014).

A A]

ko=
AN
=
a9

o] & 2}
‘s

3 o] E5% A
[e}
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test)
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[e)
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=2 9F
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zd A AR A7 4571 A8 =94 A7 Aut A =7}
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Alireza Salimi et al, o Field Penetration Index 6.73m
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o A EE W E WAl cutter/mm/rev 478
Jafar Khademi Hamidi et o5 3] A=A Field Penetration Index
W 2 ) 6.73m UCS, RQD, J, « - o] &k
@ al, 2010 ° 1] U5 8] 7] B4 (kN/cutter/mm/rev) Qb
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et al, 2011 (m/hr) HE 44)
Yasser Mobarral et al Field Penetration Index
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® 2013 ° =4 ) (kN/cutter/mm/rev) 5(50)
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Q.M Gong et al, 2009 oy 3 EIRSR R = R R boreability index 3.3m - =
Hy B 2] A
(kN/cgt.ter/mm/rev) (Hd WF474) Ucs. Bi. J. o
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Zhiye Zhao et al, 2007 HH 1 QJIFA A (F5: ENN) boreability index 3.3m - A7VE=2
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Saffet Yagiz et al, _ Penetration Rate
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Search (HS—BFGS)
Grey Wolf
Optimizer (GWO)

Satar Mahdevari et al, g3 AEN Penetration Rate (mm/min) 7.06m s S b SE, TF, CP,
enetration Rate (mm/min ¢
2014 REAT =R (He 2474) Ues, BTS, Bi. DEW, « CcT
H] A Pz 3] 724
K. Oraee et al, 2012 O“iiHX] Penetration Rate - UCS, DPW, RQD -
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J. Hassanpour et al, - T3 A EA Field Penetration Index 6.73m - RMCI _
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XL dEAA 43N

| PERES D
* UCS: Uniaxial Compressive Strength 24
* o Angle between plane of weakness and TBM—driven direction 11
* DPW: Distance between plane of weakness 9
* Bi: Brittleness Index 10

RQD: Rock Quality Designation
RMCI: Rock Mass Cuttability Index
J.: Joint spacing

* J: Joint condition

* I (50)" Point Load Strength Index having 50" diameter
* J,» The volumetric joint count

* BTS: Brazilian tensile strength

* SE: Specific Energy

* TF: Thrust Force

* CP: Cutterhead Power

CT: Cutterhead Torque

. CSME ) CSM model basic rate of penetration
FQI fabric index of Q system

* F: The ratio UCS/cutter load

Fy: logArc&’n(&‘naf*&’n(@ —ay))

PI: Punch penetration index

* Fy: Contact force applied to the disk
* GSI: Geological Strength Index

. 5203 Brittleness Index

* DRI: Drill Rate Index

* CLI: Cutter Life Index

* RMR: Rock Mass Rating

overload factor

overburden

water table surface

permeabilit

Rock Mass Weathering

CFF: The Core Fracture Frequency
* RPM

* Thrust per cutter

* cutter diameter

b—rop

el Rl Rl Rl el L Rl Ll Rl R Rl e B e L Bl B Bl Bl Ll L L Ll EPC R HO R B il 2R RN SR o))

Ha9g
The Queens Water Tunnel (1]=F)
Zagros Tunnel (o] &)
Golab Water Transfer Tunnel(¢]#&)
Karaj—Tehran Water Transfer Tunnel(¢]&)
Nowsood Water Conveyance Tunnel(®] &)
Karaj Water Coneyance Tunnel (o] &)
Gilgel Gibe II Hydroelectric Project (o€ 2 3|o})
The Deep Tunnel Sewerage System (Z7}EZ)
Alborz service tunnel(°] &)
71efF i3 EBld AR (43 o))
Alpine tunnel(e]g-go})
Athens Metro (28 2)

thschberg Base Tunnel(X=$]2~)
Second Manapouri Tailrace Tunnel(GFZ A=)
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2. TBM £8dx XAAE Y3t TAZF &4
Booags ‘0049 ANTEAA  AYTFAO0~0077)” o DBS
o) g3te]  EARMS AN sF @ge  TBMY  7Ado|E g

AREALR IS Fasto] AlF73He DBE 756kl 2] 7hA] &Y A &

FHolHE  AFEea,  AAdACA g5 Jhsst AHRRIRE HE
AASATH(TCR, RQD, UCS, E, RMR). =2 3 <7A3ste] TBM =283

|9 =8HAA #1EE PR, #lZo] P, Field penetration index FPI Al

rJ
Ry

AR AASAT. p.o A9, PrE RPMEE Wrold A48T, P AT

T 9 (kN/cutter) & P, 2= WFolA AilskSic,

® _ E, (kn/cutter) @ % Segment ring width(mm)

FpI = et aai o, PR (mm/min) = :
P, (mm/rev) < I3 = RPM (revjmin) Net excavated time (min)

[2d 2.1] 28AA 3+ B4

2199 % S9A# 3 S AEA

AR AWRIAN(TCR, RQD, UCS, E, RMR)S® ZZHAA (PR, P,, FPI) 29

ratic 4 F M3 A¥® 23S Agsg. B4 4%, E 213 2ol
SHAAE FolA rrrvt 7 AuAALe doRon g ke 4¥E RS
e, ol rrrk JIAQA F, FEn memd 43S BE AAD
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<GE 2.1> SRS A3 29

BEEEEE 23A%, R 2y #A4
PR Pe FPI
(mm/min) (mm/rev) (KN/cutter/mm/rev)
TCR (%) 0.085 0.091 0.1542 Exponential ifl)j5v544 o o~ VOIBTCR
RQD (%) 0.058 0.064 0.090 Polynomlal i’g{i4258 % e*UOUOGfBRQD
UCS o o . e 4 FPI
(Mpa) g g $- wg 0.007 Linear — 53.045 4 0.118 UCS
Elastic FPI
o 1o o o fes
Modulus v w3 w9 uhg 0.004 Linear —14.749+0.022F
(Kpa)
RMR 0.1142 0.099 0.1145 exponential fTS)g.O?.X 0.011R

AZIM, 2 y= A2 w2, oy y, S B UERATE F 2.2004 &
= =

Axol rrr7t PR¥M Pl vlE AWRRIFReLe]  A@gHAl = Ao
FAEA rrre}el ARAEE TCR, RMRO) EUF 0.3 oldew s
=3row, RED7F 11 HE wskth WA, veset E(elastic modulus) = A o]
A A UES #1E # dsd, ol AA AIFFE fAe HEd
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FRAG EY 2

TCR RQD UCS E RMR PR Pe FPI
TCR 1 0.84 0.49 0.47 0.76 0.28 0.30 —-0.37
RQD 1 0.61 0.68 0.77 0.25 0.25 —0.29
UCS 1 0.91 0.24 0.01 0.01 0.08
E 1 0.31 0.02 0.03 0.06
RMR 1 0.33 0.31 -0.33
PR Symmetry 1 0.99 -0.89
Pe 1 -0.92
FPI 1
g & {
g o el -
? 2 1 . v en o :é-: 84 ™ s o o oo
§s- o T~ e T~
E — e £ = e
Ee s fs- £ e e
© a0 M 100 2 0 0 4% e s 10
TCRI%) RMR
8 g
I B sia : ¢ 5 B 55 & :
E E B ’__'_,.,
z R S z .
E 1 - - oo . 3 i g o
l; 2'0 40 EID 8ICI 100 o 20 -!ID B0 B0 Il;D 120
ROQOD{%) UCSMpa)
= 4
£ . .
£ e & s
feg -
g i o
o = L
W 0 G wowl oot
Elastic modulis(Kpa)
[2¥ 2.2] FPI9F A REIAZEE] Sed] AR T8
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2.2 Cross validation2 & £3t & Ix} £A
5—fold cross validationS ©] &3 H71H T2 HEst}t. 5—fold cross vali—
=2

el AES O UnA AEEE AT @ RIS HAESH Hed, 74 AE
2 o2 (y,—y,) S Ft3F zt(Mean absolute deviation, MAD) & & o] =

o]
S #Iedt A Hrk cross validations BE HolEHE TH ol E AMEE 4+ 9l

2 AFelA= DBE a9 E P (Hassanpour, 2011) ¥ F% vHlwE 94
Training £ (70%) 3} Testing€(30%) & WAttt $4 Training® o2 19
2.3% 7ol AAd 5708 ARk 317HA] 2 (O, + 50, +5C +5Cy +5C, = 31)

o® BB3 I 7 Zgolz HE 31 5—fold cross validations 2 A&} ch.

574 ®|grelx} =8 74

-

g ,(- Training Training Training Training
&
§ Training Test Training  Training Training
~
§ — Training Training - Training___ Training
] Training Training Training - Training
0l
B [ Training Training Training Training
A
cv. Error1 cv. Error 2 cv. Error 3 cv. Error 4 cv. Error 5
[ )
. |
z Z cv.error(k)

[713 2.3] Trainingg ®°]E(70%)E ©|&3F 5—fold cross validation

O
o

S 71 vnE A4 DBY Aelds FYAAE EER AL F BAS
Asteinh. 1 Aol o eobe E 2.33% 2k 7 2R Hw A9 Aw

2 23S 1erY REDE FYsR oW, =922 el Cross validation

>

o



KTA—Annual Technical Report

MAD % AIC(Akaike information criterion)< FPI7} 1.633 ¥ 52.65F Atj#
o7 M #E #E UsS AT F QG ol FPI7F TBM E3& o5 =

= = T
geiae AAahs Zo] gelA Aol Wk,

<GE2.3> YAl gk mEste #HA g ok

=904 RESE 43 24 Cross validation MAD AIC
PR PR:EA?)?IIJGZJC?Y}CE)D—O.OO%E) 1838 o4.10
e e 0463?9%?6)0—0.0144 1.833 0380
A FP]:; 8§?S§£g§+ 0.0848 1.633 52.65

3. d&
= oloA= TBM =3& o5& 93 S8z T2 SXIEE PR, B Z0]
P, Field penetration index FPI Al 7}AZ XA 3to] RdlS AAEATE 2 AT
e 218 Al 7] A T ANRIAE 7P 2 AiekeA e 2 o=
sh=Al A7) flete] AR S AAlET Wded 7AW vjolE AumE
2N A, Frrvy 5708 ARRIA(TCR, RQD, UCS, E, RMR) 9] R*7} 7}
T e Aoz BAFAM. prRY ©EA FPr= TBMO ZEdxpel F2 3
RPM 9 J&FS 1dEst FAA AxAZE TBMO #5eAtY J&S AAL & 3l
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(Martins and Miranda, 2013; Yagiz and Karahan, 2015; Yagiz et al., 2009;
Oraee et al., 2012; Mahdevari et al., 2014). ¥Fd, =] H9 TBMS =%4
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