


. "U”'ﬁ?/)

O 955 9 Sl (O (gwigo OUL(S

(539098 ) Swodgi Sl yio! sl il (g jLudure
P S j0 aado plod 5 > s il

E955 vl

Lozl sl

2y Ol dww 57D



Qo,.oTQ}Q o &T}'ualg,wb

S @l plemy s 550 GBI Ladaly pyime sbiol &y0 0 (e 5 alosal) 5l alews o
5t S 55 ol oolellane 58 T e slagls s |y e 5 S
550 Bl eaSuily oSS OMeass e onsled e g ollas dase S5O g (S K8
oSl S b5 g ki ey a5l all S slaaclae I mleige 6Kl LIS Lo,
5L 55 i 5 033 lhe, el 355 o Pl uelomd s 55 LT g 4 33,85 ko
S8 ol GBI 0315 4y 09,0l xio olStils g by 4lS 5l maleie g (S0 S
ool e

Jeelos] (2, oo ( LS dem (9 RV S VES L RRVEN 3l hdole pawaige SLGT )
Loydle g QLB 5l eizman 5 plislacaclos 5 o alyan bl de)lj sgne 250 5 e
leiies (0,08 laared )l lagloiis b 4 oy al) 5 (oned

Gl (linle 0,80 o 2l jen  colad bl 4y gl 5 liwgs adS 5 3 3e 00lgils 5l aasls (o
mledcsn



Aol g
5 S e 0aSEl (pdme Elpiwl (pwdige AL, (550 0)90 (el £5,8 el ilnt
- ele (5590 50 ¢ Siwwodgi sla el )l 13U (gladow Al saiis g 09,0l o olSisly G583
P sn M S S 0 ghaie pled (5 )l sla

el 355 5 Lol 5 oo 5l g el 00 plaxil iyl g allis, ol o iz @

el ool slizwl colainl 8,90 g o 4 S0 laione sla g zull ) eolaiul jo

L Sy g5 g <8l ln 65500 98 L o093 bawg 09T aslipll 0 zyvie e o
Lol 00l &l > ey g5kl

odd Cole, Wloog 8,30 alle, ol mls el Cawd 4y 0 a5 ool 3l pled (sgine Ggh> @

b oasl owypiws ol 3l cazd Sledbl 059> 45 a5 (69)lg0 yo ll) ol plxl oo adS™ (o

Sl oals Sl gludl DS Jgol g laslgs (g losly ol sl ouls ool

3> mb cudl
05 eSIAL bl 5 (DS (z Stus DYR) OT DY puamme 5 Sl o) (S 5ime G5 ST 0
s ol A8l o 558l amto oKls 4 Glate (Gl ol il il g 5 L5
By S3absp de SIS 3 (htie o 4 L
.updg;wgf;s O3 asli 0L 53 32 50 ol 5 SleDL jloslinal o




ol

- k4

swojg, ,o (Tunnel Boring Machine) g alaie slos (5 la> slo yuiile 5l (slos s jobo 4 039
oo plzs! TBM o Slas co i sl 50k pldllas w05lSe (5,la> 5T 5 0gd so ooliiwl g5l Jigs
ot oo Sal 03550 g S Slaa pa (eSS )3 e ol S TBM (9580 &5 (e o
Slgige a5 1l 5l gy9050 2 Fge Jelge Sl ol TBM (g5, 255 50 2l & 2306 559
acbuol Loyl i aS cpul 0gzg Loyl Caenl s lis 1) Bigd slya! ley Sae 5l (653080 puedd
srSoslul sl sz BB Dlidzs sl TBM (550 00 ol mly (ol Jalse 51 (o e
Sl oyl 13Uy a5l Gas cwsl ouis ploul TBM (6590 o 0 Sicwodsi sl il )by 550
Al e 0556 g5l 0wl s caliol ayl il g Swosgs

8 ey 090 silebigh Sldae LT 50 o9 g Siwosgs deluel Lalyis ol jglaie ol 1y
@ (S5 ankd) 75 Ol Jsl fg slaools 51 oolaiwl b adaw 9o 50 (slosls ol G s § 48,5
23 0 T ek 1) 88 ek VIS Jsbo a (F aaksd) &8 T Jl B esks V8 Jsb
FoskS WA Jsbo ey (F 5 ¥ lalad) 99,08 O JUiil Jigi (reizman 5 Sl 0 (6 ,la> 3o ol ol
Sapiaamw o5kl Gla by, 5 eoliiw! L TBM wlidys 5 Kiwosgs Lal i p3b ool oo ool JSis
S obel ildae jo el oads duslie oo b Ll bl 5 0ol (gldae 556 3 RES) K  cwiige
Ol doej,e Candy g lul Lyls Jols Kiwesy slaylb SRES 4 36 g5ldoe 0 RMR
Sod Lalpd g oo ol 352y W Scwosy (Sanle i) S92y wSbe s Jelee 5 (e
el o0l solazw!

Siwosgi bl s 4y bgy e Sladgy o aaly  56s8 a5 ol lis el wilgi o )5, oo
ahl, S &y90 4 RMR 5 o cels caw> » (Ground and Rock mass Related Downtimes)
S oS 55l eolatwl b wldg opl giladoe abboe /FY ] Saaod oo LY ax o
oo LY a0 dhl) O Sy 5 e ,S, Julow 9 (Rock Engineering Systems) S cwaige
ol 009 (GRDI) Kooy Loyl a5 bgsje Sla8gy wail 9 GRRD (h/m) (o </AD ygum S,
Slo Hlas /Y Siad oo ) Sawosgy slo ol )b b wlades ol alaly 658 o5ldon

Slades e adgl uess gl sy A Wlg go yogs ool o 4 bl g, 5 sdel s @ alal
ool ey alisee Jolge aSiol s a5 (g Ll —RES ig, 09 48,5 IS 4 Sowodgs bl 51 b
@ OlaBgs il dcwle b s 55 o] 5l oael Caws as alayl) 50,5 o s jo |, Swosgs sle il L

B8 S G gy s &l Slades sl 39*3 8 (S ..\3193(5‘, ol oolail 8 L5.2'>‘)



ooliinl 5 90 505 By, 99 LU )0 (IS g, Ko plse @ G (ul po adl aS wes e il (55
ol 4283 18

= ooy Sledbl g8 cud Lawl ool olgiig Lo 3 dols s g oo pll gl gy a4 a9 L
5 2l Oldes 5 paoy 4 bgs o (g la> ol wladss 51 slaosls oSGl 4 TBM o Slee ¢ ol
oo ) 5 (wyp aey Wlgi oo Bg5 5509, Siwodgs slaylel )l g (oolidine Ll it Grizron
Ol 3l el b sl wald (g las oliws g (e Ll S 00l 4 azg L, ladgs ) (g el
S 50 9,8 sobato 4 |y 09250 Siwodgl (gadad slapiw (suuatl Q\y‘so Slools oL
S9a5 ol TBM cilisgs



IEREER N |

ok J.,.’;L'..«ISC

okl yils
sl i

okl yila

old Jila

SRR e
)j‘) C)uwl

Conl 0 JLW)‘

dlae Slasin

OmidFrough, S. RahmanTorabi, 2013,An Application of Rock
Engineering Systems for Estimating TBM Downtimes,
Engineering Geology Journal

OmidFrough, S. RahmanTorabi, Majid Tajik, 2012, Evaluation of
TBM Utilization Using Rock Mass Rating System: A Case
Study of Karaj-Tehran Water Conveyance Tunnel (Lots 1 and
2), Journal of Mining and Environment

MohajerMansori, SeidRahmanTorabi, OmidFrough, and Kamran
Goshtasbi, 2008, Influence of Intact Rock Parameters on TBM
Penetration Rate in Karaj-Tehran Water Conveyance Tunnel,
ISRM International Symposium, ARMSS

OmidFrough, S. RahmanTorabi, SaffetYagiz, Majid Tajik, 2012,
Effect of Rockmass Conditions on TBM Utilization Factor in
Karaj — Tehran Water conveyance tunnel, World Tunneling
Congress, Thailand

Wylyh W6 SaffetYagiz ora: sl Olas, del ¢ ol 5 Ol A § 3 Lol

e 3 ol iolen pass gy ST J&S1 Lgi 50 TBM Oilidgi 9 cKuwodgi

WA fig e len
CF oo o Pl Jolonl s (S K3 (5 Oyt iy o
e B ele & i (K (owtign S 3 03liiwl L TBM (59 5iu

sins sl g ks

Yo

Iy



[ OOO OO0 OOOTO OO SOOI dedio - 1)
OO PO OO OSSO PRSPPSO Bz plol & g0 -V
| OO OO SOOI Lluogase g Gudod g, -V-)
YV e St Sow 50 0565 (g lazeegs Juad
A R R dodde V-V
A s s S )0 Jigi o slacpile glgl -Y-Y
e 3bey &9 51 By e sbacile -V-Y-Y

) s 0 yos S5 50> gl il -V-Y-Y

VY s i e b By o> glacpile -Y-Y-Y

L 5P TBM » Sloc -Y-Y
VO s s 59050 2 ygo Juelge —F-Y
VY i sssssansnses s ouls plxil Gldllas g o, Slos  cm i o Jow pouw Juad
YA e eesas R dedio —\-Y
YA s TBM o Sloe cmiom s Jow -Y-Y
L OO SOR & sl Jow -V -Y-Y
TV s & 6,95 sl Jow -V-Y-Y
YA s TBM o Sles cmim Sbol sloJos -Y-Y
T Qs et R CSM Jow -V -Y-Y

| OO OO TP PSSO PR TSTOPOOOOON NTNU Jaw -Y-Y-Y

| 17 RN S OO Qram Joe - V-Y-Y
YA s OSSPSR ouls plxil Slalllas ples -F-Y
TV et e ssesraens O, 8o s Gl oo 3590 40 Con -O-Y
) s S5 T (5,95 9 228 sl e -V-0-Y

L S, Qreum s NTNU . CSM gla Joe ~Y-0-Y



Y et e st AliZe sla Jow 10 (5,90 e o —F-Y

|1 JE— TBM o Slos copyion 10 S (swdige sl gananls 5l oolal -Y-Y
BV s Siwodgs gl el )b 4y gy e lades o Lo fuad
TN e eseessesssas s R dodie —V-¥
B s srsssssssssssenees Sowodgs Lyl i 4y bgypo lades -Y-F
O vvvssssssssssssssssssese s sssssssssssssssees G902 2 Swodgs s bogs e laBgy SL-Y-F
FY s osls oSG JoSCis § (69,90 Dlalllas poxiy Joad
Y s R dedie — V-0
2 evseeeeeneneeeees e e 69,50 Sladllas -Y-0
2 LT v Y odakad S Ol Jasl L5 -V-Y-0

[ et s Y axkd z,5 ol Jlsl g -Y-Y-0

Qe s v (F 5 ¥ axkd) 59,08 of Jlas! g5 -Y-Y-0

Y R e et osls oL Sy -Y-0
Vo) e e osls (gaiy plaws —V-Y-0

I [ s s Jol e slaosls -Y-Y-0

LI SO S s p9 gehaw slaosls -Y-Y-0

Y 0 A s e asllac 5 50 s igi o,y —Y-0

Y 2 Qs e sene e St Joe &l il Jad
N ) st AR dedde —\-F

L T OO Solel g, Y-
NN Y s Jsl o sloosls (g Lol Judos —\-Y-#

VYD e 9o pdaw slaosls (g lel Julos -Y-Y-#

VYV e Solel = S (cwiige o w5l ool b (g 5ludow -Y-F
VYV cersineessssssssaasssssssses RES 3l oolaiwl b ouls ploxl Clallas (5,950 —V-Y-F

VYA e oot 3,835, ~Y-Y-F

Y e esn e s & k! - RES (s;ludos -Y-Y-#

VWA v &yl = RES oo s Jow ls -F-Y-¢

VFY R R R R <L gsldow -¥-F

N Y st e Cogac ailegy -V-F-F



AT 1 OO 38 ssldaw sleslainl b coo s Jow &8l -Y-F-F
N A ettt aeen slsldoe mls mls -F-¥-#
YFQ et bannans Al slo iy, b giludan bl aunglio -0-F




B J9u> S 18

VY RME(70,5] s 4 gl 55 0,90 sl yial b V=Y Jgo
Y0 s s RME Jow joFpco o -Y-Y Jgux
Y s s RME Jow joFace po-Y-Y Jgux
N s s Sy s Sl 6-F-Y oo
TY s P3| S VS SRS R i VAT g PR
B s s NTNU Jawe ;0 oo oolawl gla ol )b -#-Y oo
YA i et S 0095 Q 3l oolaiwl Lmy pezd V-V Jgo
1 OO TBMo Slos swin o oo -A-Y Jso

£0 .. Qram s NTNU . CSM gla oo 15 (5550580 oy 2 oo Jolse dunlio -A-F o

FA s Wgd o8 (5,90 40wy uBlS Czgo a5 a4 bogr e Julge —V-F Jouo
OF... SN abgs o DlaBei 5 Soldl T Lol )l 5l slasges -V-F Jgoo
PO vevvveseesssssmsssssssass ol - 7,5 ol Jis! g o le> olfiws Slasein -1-0 Jyo
o et essiiene V2S5 Fe s Siwodgs ooty -Y-0 Jgao
P e O 25 eolid ey Lol oo o odw! 39> 4 Ol Sl Y-8 Jgo
2 PR OV z,5) 398 55 ol 5 (5590 0w po B8 5 (5 > slaley -F-0 Jgoo
L [ Gtal-laxly ;o ailyg, ades slagle; (glol gy —0-0 Jgo>
VY i Gtal-20x1g o alyg, s slagle; g lel (owyp —F-0 Jgax
VY e sessesssassssees Gtal2o>ly ,o ailyy, abes slagle; (bl (owyp -V-0 Jgax
[ Gtal3oxly ,o ailyy, wbes slagle; bl owyp ~A-0 Jgox
[ O Gtaldosly ,o ailyy, bes slagle; s bl owyp —2-0 Jgox
L [ Sts-1aslg o ailyg, sy slayle; lel (cwyp =) =0 Jgo
VY i Sts-2axlg 4o ailyg, ey slacyle; g ylel (owyp —V V-0 Jgo
[ S Mdgasly jo ailjs, wbes slagle; (s bl oy —V V-0 Jgox
VY e Tshaslg o ailyg, ey slacle; kel (cwyp —VY=0 Jgo
L SRS Czazly o ailjg, by slacyle) g lel (cuyp -V F-0 Jso>
AN st sssa s Y5 by e (Kwodgs axlg -V0-0 Jgo
AY e (Y 2,5) owliinime) bl Lo sanl 0g2g 4 &l 36 V90 Jgo
AY e (V 25 3985 25 Ol 5 505 04 i pd o5 5 5l slagle)VV -1V-0 Jgo

A e MGasls 5 ailys, cibss sl yleg gylol ousyys VA-D g



) SCJ.>‘5 L) 4)‘)5) dﬁy LSLQQLQ) LS)L"—‘ R -14-0 des>

AT s SC2uxlg ,o ailyg, aBgs slale; g ylel gwyp =Y+ =0 ooz
AT MOuxlg 4o ailyg, wiBgs slale; g ylal (cwyp ~Y V=0 oz
AD s GToxlg ,o ailjg, hbgs slayle) (s lel (o) ~YY-0 Jgax
AD e Cz20xly ,o ailyg, aBgs slale; oylel gy —YY=0 oo
QY e esssssssseeseeees 39,08 ol Jnl Lgs (g la> olfiws Slasin -YF-0 Jgo
QY ettt bbbt S9508 Lgi s (Siwodgs axlg -YO-0 Jgu
F e (99508) 3985 & 5 50 9 (5190 0 o po «B5i 5 (5 > slayle; —YF-O Jgoo
AF s Klasly jo ailys, cades slacley )bl owy 0 -YV-0 Jgox
AF s K2a>1g 0 ailys, by slagyley s bl owyp ~YA-0 Jgox
R VA K3oxly yo ailjs, abes slayle) (s lel gy ~YA-0 Jgax
QD i Jlaxly yo ailyg, g slagle; s lel (owyyp =Y =0 Jgo
QD) et srssssssesssneeees 120515 0 ailjg, by slacyle) s lel (cwyp Y V-0 Jgo
LY RSP J3uxlg 40 ailjg, sy slacyle) s lel oy ~YY-0 Jgo>
AN et (99,03) (5,la> olSiws o Slas (slo ol \l 1 Slo -YY-0 Jgu
Yo ) e Al o fig ;0 odwl Caws 4 slaosls mlaw -YF-0 Jga
{ IR AT Vs glaosls jo . Dl SU g lades ey —YO-0 Jeux
LI A T Sowodgs laasly SLSES 4 odal Caws a4 laools ~YF-0 Jgo
AT O Yzl slaosls jo calisee sla figi o odel Caws 4 slaools -YV-0 Jgax
YVY st Vs gloosls fgwym b oo cwyp @l V-F oo
YVY e OV zaw) a5, Juloo oolaiwl b ool Cews @y Lalg, ~Y-F Jga
LI R Y v sloosls gy b co o ooy p @l -Y-F oo
AT (¥ ) g5y Sl 5l oolaiunl b ssel cows & Luslg, — - Jgo>
VY s RMR ulol 5 S 0095 Loyl s 4y bog yo Slades Luslg, -0-F Jgux
VY ) e esssssssssss s ssssssssseees ROP, Ar U) ;yguu )55 Juloo ol -#-F Jgo>
YV e C;s).&.&6)336)50M%PRMRQ&M]MOQ.E€‘5)—V—? Jogu>
| IO EQS g, 4 (S a8l o ple jo (g0lo,1 3 slaas ) caogy -A-F Joox
YT sttt sttt rs st Foo slo el o0 Ll -4-F Jgu
VY s Sowodgs calizee gloasly o lades 1 Sge sla el )b -V o - Joux
Y e esssssssssss s oS 5l s pile =V V=F Jga>
VEF S 0] e yile 1 V=8 Jga

VPF o (GRDI) ... ©libg5 sl dosloes -\ Y=F oo



VPV s GRRD 5 GRDi y50 5, Jeloss zls -V Y8 s

AYYA s &_JLD.99J uw..:..b‘ wl.w‘ » uLa.@y O\_\AT Cawd A Jaa‘s) -\¥-f Jﬁd.?
\f() .................. eeeeeeerneerneereeerneernsenennns L@‘JT W}@.C (}"5" 9 6&5)3 LgLQ ,.a.’.,.n —\&—? Jgd.?-
\fA ......................................................... 6)13 JAA u,uLm‘ P g,sLQSﬁ.s ‘SA-A-’JM-’ CQL.J —\?—? Jj«.\>

| JTAY SR oo sraee s essiaesesiaesees ouws &l slo Jow aglie -V V-F oo



lcbdﬁaw}gs

R SO S, Jigh o sl pile (6,15 oogame- VY S
Vo ettt asene s sanen Loes sl Be o slapile-Y-Y S
) st Godl e 5L g 5l Jigh oo il Y-V IS
Y ) e 0y G ya> sl il —F-V JSCs
VY s TheunHinboun expansion project o e G 2> sla yiile -0-Y Ko
Y s sssssaesssss s s 5wl s b g5 > sl ypiile 7Y o

VY sttt (@55 999508 loofsp) (o5adi o b (5l olSiws V-V JSo

Y0 rvveeeeemeeeeesessassseseeesesssssssssssesssssssses s ssesssssssssens S20 5 ST iale;] alwwg DRI cyuns - V=Y S
Yo SR— e Ol paass g 48 ke OlaBgy Loy -Y-Y JSs
YV e et S 0093Q 51 oolaw! bmadsl oz -Y-Y Ko
TQ e eereirsss s RMR olul 55 (65 p80m &5 (S - F-Y U0
O e O 25 Fg) 2255 (g9, 0o 0,5 Siwosgs i, -V-F U

O receerinne O 75 Fe) ooy Sl jokaio 4 ey s 3l COlego 5,55 -V-F USSS
AR O 25 Fo) ooy Golae Hohain a5 pany b 51 Glégo (50,55 -V-F S
O et aeen (59508 Jg5) oy (6 by Sldoe -V-F G
[} SO (¥ Sgwss Jigh) Siwodgs BISS g 03,0 Jodo 4 55 Sps s -F-F U

OY s sssinsi 05550 059, 9 4o @i 5 (5 lax> slaley wo o —O-F S
O et (Y C; L-JJBJ) s )‘9_: 89y g_)" UL‘)"> _¢ ¥ JX“"

OF e e raenene aydl Bgs e ol ol -V-F s
ATAJ———— SSSSO— O z,5 Fe) s Swws 85 5 -A-F s
BY (¥ 9 ¥ 09,03 Jo5) (Smed ouay 1 )0 el g aled & (e (i -3-F S0
BY e (F 5 Y 0g,08 Ligs) QT&}LMO‘}T)B.E.LAQW)BQ P - R g O

OA ... e v sae s (Y Sgwgs Fg5) v 55 9 (sl ol Lyls V)V -f s
A XS RO 0;lSe Figs Vo o lacalyr 5 g e slale) duo o Sl -V V-F IS
O e 0;ilSe Jigi Vo o lacidyi 5 5 k> slaley do o pl T g -V Y-F S
F o e S9y08 9 7,5 laoigy yo badsi 5 5 k> slale; do o Sl -V F-F S

L P éjﬂscﬁduo)ef)ol.bwysé)LDLsLmuLo)M)Oﬁ‘;W—\a—fJiw



BF e )V askd 2,5 O sl bigs Condge —V-0 S

PO eerrvemereerieessessisesessenssssssreensssssesnecs VzS Fg o ool 050 (5 la> ol -Y-0 S
#0..... et V2SS Be yeme (gudigeo (owlidipany Judgpn -Y-0 SO
L (T et V2SS Fe 5 aes jlassb-Y-0 S
YO oot O z,5) ool 5550 sloosls Jlgly8 pl Fen -0-0 S
| R— O 2,5 o Sas slo sl )l 4 by po sdools Sloly8 pl Fotn -F-0 o
VY crtreseeeeesemsmmsssssssesssssssssssssssssssssssssssssssses O 2,5 TBM ladg g 5 )5 slayley -Y-0 JSo
YV crseeevevvmneasssseseenns O z,5) @lbw slbasly WTBMoldss 5 5,15 slagle; -A-0 S
VA e eeeeeee s sssenes g axkad 7 5 Ol Jasl Jigs cundge -2-0 S
At et ~ z,5) J gl 5l e 9 JSTBM y0las -V -0 Ko
At s, (Y z,5) Jloygl 5l s ¥ ashad a0V ashad SITBM Jlasl -V V-0 S
AN s Y 25 g yus (owdigeo (owlidipn) Judgp -V V-0 S0
AY s (Y z,5) 9,04 0oL TBM ae 55 aiees F 7,5 colw -VYV-0 IS
AZ e (Y z,5) o See lo sl )by a4y by po sdosls ol S gincn -V F-0 SO
AY s (Y z,5) oolaiwl 0,90 slaosls Slgl )3 ol Seincn -V0-0 SO
AN et ssssinissssssssssnnes Y z2)TBMolds 5 6,15 slagle; -V2-0 S
A e (Y z,5) @lizs sboaxly WTBMolds 5 6,5 slale; -V V-0 S
Q ot e eeere st 3gped ol Jnl Lg5 Coundge —VA-O S
AN et (F oV Olakad) 09,08 g5 ,o oolawl 0,5 TBM -VA-0 Lo
AN et 39508 Fgi s gwdigen (gulidyuny Judgp -V -0 JS&
R} O (99,08 Jig9) )15 aiews g ol >l Sldeas 5lauob-YV-0 S
QY s S9y08 Jigi sosls pl T g -YY-0 o
AN e (99,08) calizxs sloaxly WTBMoladys o 5,5 slayle; -YY-0 i
QA rrreemeeeessssseeens (99,08) calizxe sloaxly WTBMoladys o 5,5 slayle; -V F-0 i
Y 2V et s \ maw slaosls gl 3 ol S -YO-0 S
Y oY e V v sleosls Slgl 3 ol S ens aslsl -YF-0 S
Y o s e Vv slaosls Slgl 3 ol S an dulol -YY-0 S
VoV eveemn et sssssenes Y s slaosls slaosls glgl )3 ol S -YA-O S
YVE RMRLU 55 Sss (anges alaly gl bowile 8L Judow -V-F s
VVE i RMRU (o (65l alasly (gl onile 8L Judow -Y-F Lo

YV e RQDL 35 asgs5 alayly gl bonile 8L Judow -Y-F S



T Y UCSL (e 65kt Al (sl Waonile 3l ulos ~F-F S5

VAV e srsssenssss e sssssseassanes (Y a>,5 x)RMR 3 GRRD (h/m) alajl, -0-F S
VY e sssssenssessessseessns (wsSxe mUBRMR 3 GRRD (h/m) alayl, -#-5 S5
VYA e (Y 4> 0 &)RMR 3 GRRD (%) alayl, Y- &
YV e (w9Sae BRMR  GRRD (%) alayl, A= s
TR 1 AP Y 4>, xLRMR | (GRRD h/m)alayl; gl bowile 8L Judow -9-F o
TR 1 AP Y 4> 0 URMR L (GRRD %)4layl; sl ossls S Judow -V o=F IS
LI I P o5 URMR L (GRRD h/m)alayl, sl Wosle Sb Judow -V V-7 ISCS
VY o s ovsxe URMR L (GRRD %)akal, sly Wrosile 8L Judow -V V-5 SO
Y VY et s R e s RMR gUalkal, -\ Y- S
T Y e RMR AR alal ) -V F-F |SCs
A 1 OO RMRULUakyl; 5l boails S Judos -VO-F S
{1 1 OSSR RMRULAR 4k, ol onils BL Jodos -V F-F IS
VYE o (FV az 0 alal)) 00l (6,.5050000 g 00l w2 GRRD (h/m)acslas -V V-F ISCs
AR g (veSxe b)) ouls (5 pSo3lail 5 00l oo 2w GRRD (h/m)acslis -VA-F IS5
YYD (¥ ax 0 aayl)) ouls (5 ,505ll g 00l o i GRRD (%) anglie -V 4-F S
VYO e (vesre b)) ouls (5 pSojlail g ouls co i GRRD (%0)auglas -V --F i
VY5 i ol (5 S ojlail g ol So i (5590 40 o duslie -V V-F S
| ol (6 S o3lail g oo oy (9 F i Awglie VY- S
VY e eeeme st BsA sl )l 90 (lp yiaS jail syl -YY-F S
YYD ettt eeeesessss s Pl-cde Jloges -YF-F o
YYD coeeeeeceerrereees e sessssesssmsees s sseass s ssssessens & ol b Syl o ol F g -YO-F Ko
YTV i sseea e s e s GRDig 95 pl )3 gt -Y#-F s
VYA e eeere et GRDig:GRRD (h/m)gs ax>,o alal, -YV-# |SCs
VYA et sessssesss s sseass s ssssssssans GRDi4:GRRD (%) g0 4z ,o alal, -YA-F S
VYA s GRDil GRRD (h/m)alayl; sl boails B Judos -YA-F IS
L PPN GRDiLGRRD (%)akal, sl boaile 8L Judos -V--F IS
1 RES Juw) 00l (5,503l g 00l s i GRRD (h/m)as s -YV-F IS
A T RES Joo) 00ls (5 5031l g oo = GRRD (%) aus o -YY-F IS
L 1 OO OO 8 shie Soleds Jow -YY-F Ko
VEF e ssaaaas ST 9 899,9 sleeols 5 551 Juw -YF-F S
L1 ) SN (GRRD) 25,5 ,uxie Cogac b -YO-F &

Y e GHB piled il g dans -YF-F S



| A — S s S5 oilgd Kles -YV-F S
1 7 S (35 Joe) 00l (s fioms o 5 (a3l;GRRD (/M) anslie ~YA-F S

VEQ s (5 ko] Jow) sods soiun 9 (B8ISGRRD (Wm)awslie -Ya-5 S
VO * rereeeseeseeenenns RES Juaw) 00l cw i 9 81sGRRD (h/m)awslas -¥--F o
A R (38 Jo) ooy comyion 9 (s28I§GRRD (h/m)aslas -FV-F IS
YOV e, Gliseo sldaxly jo ool Lo i 5 (2ly polde anglin -FY-F SO
ATA) SO 00 Sy polie Wiy g 28IGGRRD (h/m)avslas -¥Y-F s









doddo —V-)

Gl S3less b el VAL Lo 1 3 Bg sl slageile Sl sl 36 sl
b oS 5l oo Lylpds 5o 1) ST ol oo 055,0l 457 55k 4 0,5 iy S yus 4 Lol
olo o yo Veor 5l G 4 LTBM (59,80 255 pol> Sl j0 0 )5 4 YL g,-0 &5
Ol Sl Soria £ 0l s la laojen 5l (Fr 00 58 see 9sz (nl b Cl od
)97 o0 i 4 ewbdine) celiel lpl cle ay (Yo Dlidgs >

5 S0 are SeE 5 GeedS 500 Ol @ L TBM o Shee iy s oo 4
sbie cnl sl canl 1o y55 0 ool Caenl Sl 039 n anze 9 loj aulne jolaie 4y (5900 5
ol 0 IS sk a4 Ll el adl anwg 55 SeSUsS slaJow g 48,5 Ojse (ool Slalllas
-9, QM § NTNU  CSM sla Jowe ;o sl o0y aizlo y 395 35 (oawy o 4y Sladlae
Jlse as cnl 5lplas joj0 wloads ail ) clidee lao)go 4 55000 curd oS slo
5o ply 53U IS sk 4y (Jgoad a8 5 a5 o (5,lem sla el b (e bl ot Jolts (Sslane
@ Sl e Siwodg slayial )l 51 (S S0 Bl gl il ol 43§ onsol Jule wix
255 5,8 azgi 0)50 Wb gaoge (pl a5 WA 136 TBM o Slee  (Jlojen jobo

Gl o olidiee qlial Laulyl 5 Sowodss sl fially 3U (o) 2 Bdod (5l oo
Lyl b g ams oo ) Siwosy bl i cde 4y a5 (6,la> olSiws Sladgy (y ladal; &S1)) g 05080

MLJGA ‘J"ﬁ-’ ﬂis)d &_i;.woogs

i ploil O 59 08-Y )
Ol JWs 4 5 65500 5 BB (es (lgier &5 5 5l (5h90 00 2 Sge Jelse calis
7o S TBM (g9 im0 (S &5 Conl zly oo Coenl Syl cwws w1y Big sl e

9 g VU (Ll g9 sloanjo ol 03l (la> 059 S ladal e (eSS 0 v



2 @b 86 wlanaly o9 n yes 4 ook (e @ &S Wlas 5 Sl Gln ISl
0l (55l 0595 S Sladinia (eSS Slp 0dd (St Gl Dde (plply W)ls ladise
el 000LS s

L.S"y}’a umj" J9x “"'CL' o)‘ﬁ"’ LS)L“"“" )0 g ooy )‘9’“::"‘5 LS)"" =) aebusls ‘]a"‘)"‘“" e LS)L“‘“L?’
e 4 mly b oyt 5 Ly SlBP (nyiege Ao s 4 9sd e 039 n 2l )3 e
Sojon )3 mo s I leoisn o w2 gadge Cnl el 03y (owlidine) welusl Lalyd
slo ol g (oalidine) Lulyd moa Wy a5 Jow cnl plis Coslond ons zo29 4 ()5
@59, Oloy e 0 Wilgi oo wled Laseine o (5 90,0 LialS b g TBM wlides (o 1) Kiwosss
ool stz s BB SeS Dlidg (ol (RalS (sl 5l 090 Slanged (St 5 )i sladi e

oads (5,la> 03ilSe by 4 Glpl yo Ol JUEl hsb slabis 51 g0l olaas y5l slalo 5o
)'Lﬂ Ailodgs of o SMSLie L ciany 0090 (3950 Wofgn (pl 5l (gan wiil oo )l b 0 Ly
o9 ol ol lo e .l 009 ‘SKLAJ’ o3l SOy Lo s g'_fl Jsl sla figs 0565 (g ,la>
Eroge ool S spSslr ST slaejgn 50 esls ) WB &S slaolu )b 5l (ke 1 il s
el (ad gl 50 slaogg g adl pledl slacgyn Slo s el piline

5 molidime) blpd Sly &5 aiien Cosal Sl gz ol Sl adis (ol 5l ol glaesls
2 aS ol By Sledbl ywlol 5 (g5 75 G 590 s Jow i lpl (SoesS
ooboly NTNU  Jow Jle lgie 4y ailaidly dnwgs wloads (g lb> casein owlid o) Layl
2 oyl 530 5 Al drwy GoluailSul Covw oK o S )l | Jol> sleesls
55 o ol 5l ool 4z 1 el oKins g5 ol dalyd 5 ol 55 oo o1l ) (6y500
axllas Lol il p3Y (6l cilazd )5 )13 colaswl 0,50 (g5ludios (slrojgym ,o 3350 ,ob 4 o Jlw
@Y olal o Il lalyd g (cwlidiine; Golis 4y azgs L TBM (gy50 00 52 (e Ll 30

D y oo S



690500 A5 el jal plonias lid jaiS gla! Jlo o b onds >l 03656 slrosg p dsllae
S35 & (i Sel als 3929 ol 3 Sl oS 03g Jiee 51 5 el i
Cawd 53 6 YL 6w, 4 Gl oo o5 wrd oo LS la s cnl yo 12l lej 5l (ablie yo YL
YL loo sy 4 oliws cel a5 Ll Wilgs oo o g5 (pl )0 (5,90 580 o po asdlas .8l
bojgn Do Yob Dlidsh (> g Goyie £5 ol Sl &5 M LS (o ) 0nds (5l
golme Sl )0 gae Djgo ar |y p3Y Slayad 5 aes 18 pwyp 9550 (sole Do ienl 0al
23 18 j9iS Jaio pele
1l TBM (550 0 el Omly Lol slse 51 (S e sloals Ll a5 cpl g
oais plowl TBM (g 90 0 p Sowodgd sla el b 13U (6 805lail 6l sy BB Oladss
505t Slalllas s by gl o Eod 3ldigh sloossy ST 40 a5 Llbools IS e 4y .ol
S1osblesl jl oSl jslie @ (Sl ppat gdel psleer )lix ol
aoiy ol plo aies s plis 0 I Sledbl pl &Il 4 glaas adde ol jgline 5 Lle,d S

Al o 05K laggp b et 9 SIS bLs )| Slllas (s

ey dgumo g Guiicd (g, —Y-)
pgo al> 1o (slailbuls” Gldlae Jol al> o sl ol al> po iy Jolls bz ) (S jobo 4
Jo 5o g 00 Lzl glaois s (o2 b 3lbis 05080 sloegs s 51 5L 0550 slaools (551 max
osls oL Sias g wledbsl gai aiws 5 (20 ol pow al> po o Slowe Sladllas o 1>
O] FY Slolgain )l =l o rex> ):'>T al> 1o g Joo @)l g Wrosls Judo o le> al> 10
3,90 Julow jokaie 4y aiilyi co a5 Sledlbol 4y az g5 L Laools Tal Waosls olGL JSCias jalaie 4
il g band ( cwlid e Gl )55 4 az g b .l ool o s 6,5 1,8 oolaiu]

9 2L sl ()15 uioen g oals plol Slawe Sladllas g o ) g Slaslice o wlid e s



a> o 0 el 0al oy LSis Dledbl mhaw b cslite glaosls oL >l le; slresls
mosg sloyiall g (oulidimey Llyd G alaly (o) 4 ool oL ol 5l eolinul b (sus
Sl ooy 2o (6 la> olSwd (5 9000 b g ladey L S

ol oldg i S0 Gike 4 by oo » Siwosg Lulpd 36 adlllae ol &
Gaindial ol ool solatwl Swesy S sl sallb 9 RMR) K s (gunadls
Wile Kwosg calizee slo ol )by Lol wilazdbaswss (5,l00S5 b jshie 4 4> ST RMR
adl i)l s Wil asjlil o S0 K Coglie g giejp; ol do Kiwgol Ll
Ll Jo S (Sanlo peizmen 5 o S35 selal iz las 5 () 929 wiile sl
Ailazd 518 oolaiwl 050 (S Oye0 a4 Glowe Olalllas 5l oolatwl L aS o lai 59>

4 oJsl Cudgazme 3,5 (Gl 09,5 55 @ lgie | Beio (nl Slaudgaze (et
loosgn ol co owlidipo; calidee ablia o Kiwosg 3l 5L 0,90 Sledbl 10,6l s
Double Shield TBM L ailfss ,ow b (g la> olSiws Lawg Sop Gaizs (pl 10 ool axlllas
LS Wigd oo (5,la> olKiws g9 (pl L aS Sl fig ;o s eowl Caws 4 Lalg, 1 aileas (gl
oy 30 (5 la> slaolKiwo L aS Sl figr jo cuils i o b ols ausles &) 6 deud L8
Al wlgn Aok @ i wlidom) Sl ez bhaddl agd wWisdee ol
Siawodgs Loyl ol a4y Jil 0 TBM Sladgs ol o9 .0l 0925 0,5 1 j0 1) Siwosgs sla il b
Dg g plol oals S O 90

9 s 990 irdl 9 ) 95508 ¥ dgmgi ¥ g ¥ 09,08 Y 5 ) )5 slaelyn Gl o
Slp b bgs cpl 5l (Sl el cud Sledlbl wis asie b pw,pm ol o wlad 5 13 axllae
o & (5 ankd) 5 o1 Jasl s csloosls g5 () iy i SIS 155 3,50 (sl ol
bl ey 3 01 asheS 1 85 fasleS VF Jolo (¥ o) 8 ol i i asks 17



sl gl oo 0ael 95,08 5 ¥z S N 2,5 laisl a4 o Lgs cpl caslol o il ouls solazul
@ aS Sl i) llid g Siwosy a4 bgyye Oladss Gubod pl jo adllae 9,90 Lol
Ll 56 addllae gl Gudis (pl 10 050 oo 0awel " Swongs Layl s 4y bgs o SlaBgs" s
Sl gkl Glaig, 5l w05l (gyla 10 5550, cre g Siwossi glayial)ly 5 e
plo 05290 slaosls 5l oolaiw! b puzmen ol ouls colainl 558 (gildan § S cwiige
i)l 290 aslllas 390 Sla b5 ;5 53 39d E5 5 9y £ WSl TBM 5 Slhee sla el )b
IS8 Sl gm0 ooliiul 550 sla )l 5 gl g (g5 e oS el S8 LS ilaid 518
Lol 00l 0ailuiS (yie )0 Do led 4 S 008 euedSSl L2 Jgu 5 o
ol Slacugame 5 Gdow 4 5L Jle g SLIS @abigbl cpl SO Jad p3 b by assl Gillas
po Jad 50 g 0l (w3 Sles (i po)) 9 0l ()i pgs Jad ol oad e
0357 lils Lyl ooz b 53 el 4,55 oy 3,50 TBM 3 Shae stp i slo o
5 ileads Byme digh oo TBM (5,90 0 sy el Gl g (g le> Dlibgs Cgo a5 S
L ooads ools JuSCas lools oll g ool Byme Guiow ol 5o adlllas 5)50 slo by poiy Juad
sols LSz slools olL 51 eoliiwl b iy Jad ;o .l 00 oy 3 Ll (slaools 51 ool
(bl slagig, b Siwodgi layally 5 oeey Lulpd b o)l oS Slidys abyl) o
2 ol 0 dulio v b Ll gls g oo giludon 558 hie § S cwdige Slapiinn
ous il T Slalllas jslate 4y Jlolgiig 5 oud Gl oo 5l Jol> gl e Jad )0 ol






oo —V-Y
plad g la> pile dgl 00,5 o w VAR Jlu 3l L3 & g g,le slapeile ol ol
VABY Jloys " ogadis 3l Lawgs cosls 559000 sle TBM asile Slascie a5 (TBM) ' alaiie
Jos it ales (5 ki pedile dgl VAOF Jlo o' 3], jeu> (Maidl et al., 2008) o azsL,
il 55y 22 Glmesi b a5 005 5L Jigi ya> slageile g5 5l adgl slageile calo ) 5ol
Jlo )0 oy 90 (gyla> dle ol ol aisle Jo,ew go 5l adaie plad (5 k> slaolSiins
CS 5 6,5 b g ot ke L) Seli o8 15 bawgs eile ol oyl il a8 5 1S 4 VAVY
e o Co Ko o By ki slagmile Cdin 5 ool amu b al el jid,
Oeole Elgil 00 5uS s 4y 039 el el ool Lo Jads 4 (Maidl et al., 2008) alox> 51 calizes
S )3 lafigs (5 li> (sl ohan lasls 5 (eulidinme) ulyd 4 4z b oo plod (g i sla

Kow j0 Jigi yoo b iilo glgil -Y-Y
Elgl sl oisle sloeS 1o g ATA) by Madl o cpozs! (som 5l alise slagoispmmis
Fe o glacpile L5 b @ Ll s Sz Sl gl)ls Lasy a5 el ouls 3l TBM
3 Nl o Gl ot S )3 (gl g 8 Slagme) )0 Gyl 09,5 99 ;0 alale sl
1,8 odgazme plcuwl ouls aseine b piile (pl (6,15 ooguse iy i ol ol o V-Y JSCS
Ko o b5 i slopile (Askilsrud, 1996) conl ook slgiian K ol i), &8 0 (sgm

.(Maidl et al., 2008) wigd o (s k3 £lsil 4 Cde

! Tunnel Boring Machine
2Charles Wilson

3James S. Robbins

*Hard Rock TBM



(Open TBM) 3 biss ,a> slopeisle -

(Single Shield TBM) o, w5 Jig ,a> lacpisle -Y

Double Shield or Telescopic Shield TBM) o pwgo Jig5 14 ile Y
ble Shield 1 ic Shield egd g Ha> gl il

ROCK STRENGTH

vida 2ad L4 |
\J’."‘J" fl J'F'u i et /f—')i \ﬂ‘_'a.l/ talisn [ElgES J

METERS

OPEM WA BEAM

YT

ettt

%1 —& I
e e

SIMGLE SHIELD

. i 6 L

DOUBLE SHIELD

(Askilsrud, 1996) Ko jo g i slacmile 5,1 odgame -\-Y JS&

Sbeg sl Py o slagmile V-Y-¥
15 w23ign S 35 Gripper TBM il 4 &5 3 35 5 Jig i slagmile IS b 4
A8 VL B bagie ol olog s Jigs g0 Kiodgi o g se 0y S & Sl
6oladl [y o )las CB L g e ,SSls e aiile (6,l00 @ 5o bg 589 byoyuiile cpl 00,18
—ogi aS Wigd oolawl ol d jo baepile ol conl sl sl (Maidl et al., 2008) ol
3 S5y Al g oog 0,55 0 TBM 1o 5 jLid Joou sl (S Cuwglie 5l by 12559,0 S
dgaz oSl gl dle o8 cpl adsl ez SO leie 4 (Askilsrud, 1996) il acslas
el yewils £o 5l s oy yo (gloalold g asyo Ve e GO RQD (JSLLKe Yoo B Y-

QO Comd 5L Gl Coje o iege (Girmscheid and Schexnayder, 2003) oo owolin
i



- s (Askilsrud, 1996) caul g li> YU slacs pos a4y sbiwss ISl s s sloeile

AFTES, ) caul s s3ls L ¥=¥ 5 Y-V USS 5o 50 g9 5 bigy Lo sloreile Lol sl

(2003

"J._g,--]..a‘:é..- ._...ncf_,r" qJLﬁS;195
For o

i \\ \\

“‘1{?,,. — — o

== H

ahi jlhaid b

(AFTES, 2003) L g5 3l g yi> slagyedle —Y-Y S

Grll Jig9) 5k 95 51 Jig yaor Gnlile Y-V JSCS
0 g I o> s plilo -V-Y-Y

‘Q—| Gl Cond 0 aS wiin ide sl alsnl G O jeo 40w SO i slaile

¢)|o )‘)3 o;b).:w 6ng_i> 9 KON oW WY1 Ko ‘;’J.c Cound 9 (Cutter head) LS)LQ} als

bl 053 ey 5l a5 GlaKiuesy o g )li> gly boeile 55 ol (Askilsrud, 1996)

‘0



o ool Sl S 3l eslaial Ol (S (3 s BB 4 g W)ls 95 (8L
£9 cp! (Maidl et al., 2008 and Askilsrud, 1996) sgd co soliiwl 3 )l 8425 (59,
Sga> 10 oy, (g loalold g as,0 B 390> RQD (JSubKe B+ dgu S Cuaglin jo piilo
sl o (Girmscheid and Schexnayder, 2003) o)ls (5,40 o5 penle 20 U 0O
2 Sdpsep glasa biwg g8 Jloel Gib 5l ()l lp o3 JLaS 0y SOl
kol sl iz (Askilsrud, 1996) osi oo (ol s ! jo ol ceal o Dlalad
o ools Lis TBM gg5 ol 5l slasgas -Y JSo j0 9 F-V IS0 10 0,00 S oo slopyiile

\ L} A F
| l

| A— ' qrfffﬂfﬁfffff:?f A

o

E::j_f{*: ;'_"_“:'1L ______ S

N z%m
H——— (A2 A A7

‘ b oamile F e i Sl s
¥ ¥ T et & Cenmdog - \-—-'"-d-; el

= _&5:..:- Foaa ;‘?3

(AFTES, 2003) o s S5 ja> sloppile -F-Y JSi

B



(therobbinscompany.com) .Y Theun Hinboun o5, 05w G o> slacyile -0-Y S

oSl ypms b Jigi i slaadle ¥Y-Y

05ilSe gyl loojsn yo (SYsb slamle a5 LK) 51 Seli (6, ilory 5,8 )L gl 6l
i) 0 g Aemd g 0ad 35 s lagee; ;0 ) Ul b dle SSle sl w)ls g
ble st o eile nl 5,5 2 ykae 6y S5 (sld pablo dgegs b |, conlin Ceaglie b gla
(Askilsrud, 1996) a a5l 1S5 ol 5], 6l S Lgs o s5us oo b Ligs i

s b o s 50 8 & e s 30 s 5 sl Lol oo 50 TBM g5 0
o s ran 4 ol (6 pm0 S5 slapyeile ailan) Uil sloca b 5 (b slopmble wilon)
P08 e S ln ol Caglin b slacie) 0 w0 9 (D) Slagme) o L8 2l
Bl il 1) Bgi soojlens 2,8 4SS b i) sbml sl ceslie Cglie (e &5 >
Askilsrud, 1996 AFTES, ) sjlo,n slbes )5 coeln 5 )l 4 Wlg o il

5 55l e b By i lapeile ol sl jisy $-Y U5 s (2003, Maidl et al., 2008

Lewl 00 00l QL.,.; TBM 2y Q.g‘ )“ @L‘M\J’yﬁ V-Y G 0

\Y



L4 — -
N
e

—_———— -

_}_.__. S

/A
Wl A7 SIS PP 7
1o
1 oas e Fooahe! S p Sl S
voale e ¥ e S i Sl o
NPT A3
¥ )F e 4 Lenalle e sl
A LIS yous Yo A& e

(AFTES, 2003) s%ds ;s b Bisi o> slaoile -$-Y S

(C)S ojj){.%wjo”cé 035).; C;.w‘) Coww) d}iwl;)mbs)b oKws -Y-Y Jiw

TBM o ,Skos —-¥-¥

\v



5 el Tyt capd g Sei E5 Sarte £5 Jeld 3 Shee 4 by slayual
slocadld gl loy 9xly jo )l olfows 3585 (s w5yl Al by 4 TBM (59,00
Lulyd a4 bgjpe Sliy (puizren 9 Sllos Ot ploj csloyg9 6 IS 9 Sl ond o5 5ludis
Syle Ky ey clials

9 sn ALl gy S50 4y (ki 45 el oy e 4y 00 ()l Jpb o 3985 &3
s oS dals; 09l ce Ol 8 a5 15 2 500 SO il dile (g9 Sl 4 S5 2
e ge Hlad 1) S & 5

ROP (mmy = Lim) / T(hour) \-Y)

ROP (mrevy = 1000 ROP (1) / 60 RPM (Y-Y)
wilis) Oyge 4 a5 Cawl giladigh Sllas loy JS 4 (g5la> loy Cud (550540 o po
~Oeey Blide ghasly wiile Jig s sl id @ln b By Job S sl ailale o Site
slas,go 4 Sllee JS (o) (sygo e o pd Ao ;0 0gbie Sy9ln SIS 4 ol
oz n B oedle )l g9,8 5 loy (al Sl (pam 0 Jle plsie 4 09l e (e SRS
2ol Gl bl b Jg il g9, 5l by cnl IS cle 3 098 e dnulne oSS
Jsb S ot 5 Ceml oad oslitul sy cnl ) 5 GBS Gl jo oS gl e and S S
Cro Jolo bpln Ns Gile by Sy 5 Glles (g yle> ploj S5 @ 0ad (5l (a8
sl ()30 2 o pS 5 Do F

ROP x U =AR ¥-Y)

529054 ¥ Fgo Jolge —F-Y

' Advance Rate (AR)
% Rate Of Penetration (ROP)
*Utilization factor (U)

\Y



L 2ol 2 i ;36 &5 Sl TBM 3 Shoe ;0 Jge oyl 51 (S0 55000 < rd
(eoy bl Llyls ¢ wgd g ol o gyla Sl 0 b (gy9050e O (Gepden £ iliS
5 Yaoxe YU (5550 0 00 Byl 3l 0sd o ol peile gl o ol > b g cns o pos
5 oS g 295 Capde oles 4 ey wslis Lulpd )3 ok 05 g et o by S le
IRV WP TR PR KVS ¢

($9y90 9 0xd saiple) Sliesd oS Gaigns oy Jold Ygomo (ile B55 slagle;
Oles s gl o wdad sl OO b (5, i bl 4y g ame (655 lse
“oy wrd et sl Loyl Gl pled ol aBiie Lelse g (LS la el die 850
plxil jolais 4y TBM a> 51.(Rostami and Ozdemir, 1993) wgl a8 5 a5 0 0L TBM (5,
Canl 55 Hloy oy B+ 5l S ol o la oy Yaerro Lol ol ooy aislw at g (o la>
Jd ojlae Jolis S 0 050l (g la> Oldos Jboy muje8 LS ,9b 4 (Laughton, 1998)
Y
sHla> by @
G CoeSn by (6, il Loy @
Saze (65l oy @
5 s SloolSiuss ) CooSs caty o Sligd 5 (63955 o5 G, @
lojgd landil 5 (Slaitdy pianm 5 (eble 6)I5 9 jons @
e 6 Sl 5 2 STgy0e8 lapts 2> Jdo 4 a3y @
b 55 Gages oley @
SRlF pas O30 b 4y 28y @

'"Regripping
? Pea gravel

10



(390 hl ) Jowyy 653k ooy @
w538 selal ST gz da ) wiile e asbcsl Ll s bl o Slids @

IS bl asl ails g li> wliy 5 SISl )0 coge Wi oo j95 % elge 4lS 4z 51
Sebaaal Lyl )0 (55la> (5590 2 i pd SRS N0 (Sile b g gl W8g5 Jolse o et
590 2l jlge (il 0 g 009 leds (gyel Vgeme mlpl iz o (il sl e
S St €5 b s SlisE (et aSupsb @ 9B e 0390 sl )3 Dae GYsb Slidys

el ol & ‘SML...»U.A) aclucel bl jo ol

\#



o b

TBM & sdos o s S
ouw plxil Ol 9

\Y



doudo —)-Y
Sladllae sl 5 6 ks 4ot ol 0l alwil TBM o ,Shos n i sl o0l Slalllas
Sea5 Fy poodle Slllae cpl 5l can 0 sl 009 398 F 5 St lp o ST LS
el 00l &l (69t F 5 St Sy (Joe Coled 0 g oal 48T LS 0 55 (6590 0 o o
3y90 30 o5 Olllas a5 (pl a4y az g b Lol Cans 8u8od (] £9o90 3585 F 5 Sl 4z 5]
SOk )0 S9i F 5 (reSS pgi) Gl 4 oo By 5l g eads plil (5590 00 o St
e paize jsb ay s wloa wlf jelaie (nl (6l S oS pla e (it Gl ) w9t £
i sJas plo 5l 5ol 5 g Sasls> oS Qrem s NTNU? « CSM' (slaJos ailons
o &bl Ll 10 55 (659000 o pd (i lp ailyy S0 Bkl g attes (98 £

TBM 5 ,5doc Sussing s Joko —Y-Y
Syed (s (Ji3 (Lol 09,5 93 0 [, TBM o Shoe  sin s sladoe Olgiee S5 ok &

.(Rostami et al., 1997)

S 0395 Sloogad jl an s TBM (69580 £ 05 ojll ool &5 (0205 slaJoe @

Alasl dzwgs

Bl Axwg oy 5950 5 Bl Gl ol 5 oS 028 — g8 slaos @
ol jo 3)ls placsgazme Koo Gile 4 b olae (izean g Llie b Jae opl 5l plaS 52

é?""'@ L;.u)).oTBM O,S.Lo-c Syg0 4O R ﬁL’U‘ ‘-’L""‘DU?LQJM U"‘

'Colorado School of Mines
Trondheim Norwegian University of Science and Technology

\A



52525 s e 1Y
ooy ledlol ool 5 b g a8 tle)] Slallae bl 5 b 45 05,5 43 4 b oo ol
S50l 9yt €5 Sl p (275 Sladde (nl Wad(oo s wilond Ly oo 1)
Lo Joms cpl olpin laly, 5 OIS wladl, arwg Siwodsi pxe Elgl o il ool
eile sl il ey bl (Sisesg Sluogas o (gem ) SIUT Alsg 4 Ysans
o)Ll 53 0)lg0 4y )lg5 o Lo oo (! 5 (Rostami et al., 1997) o] o s 4 3445 &5 g
.\)9.4;.;
St dle o oSl S i olacSin 55, » adlllas LAY Jlo jo 556 @
(Tarkoy, 1973) o) ‘yedss Ll 345 & 5 Caoglyd g Coas

ROP =0.076 to 3.72 m/h \-Y)

Yoo g )F G Gse 5 6,lad Cusglie b gaSin gl VAV L o sl e

(USACE, 1997) 5 ‘a5 dail, 51 o, jsbo a1, 355 & 5 o JSuly Ko

Piev = 3940 F, / UCS (y-)
(o) jo A
(mm/rev) aa jlS i3 > 490 ,» sl 4 3945 Prey

9 (KN) Sws jo slil 4 idly (59, Fa

il oo (MPa) Sy S (5 y5me 5 (5,128 Caglive UCS

!Graham
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oK )3 358 &5 s (et slp g alaly VAA Jlo o calS 5 e e °
(USACE, 1997) w35 41| g

Pieyv = 624F, / o8 r-Y)
ZQT o aS
Oy 530 S il 4 e (e 4y 00 55 5985 e Prey

BMPaMﬁGL))JMWBLM OB

il oo KN Gy S 50 0 00 Jlosl (65550 (55565 Fn

G o Bg ¥ sl e Slodlbl 5l ool LAY Jlo 0 o Sen 5 oysus @

Nelson et al., ) sges &l)] cisle cBuw wlal 5 3985 F5 coion Glp 1) Glakaly oo,

(1983

Piey =10.45—-1.19 Hp -7
IQT 4o as
5 (Mm/rev) oo 515 oo > 190 ;2 sl5l 4 3985 Prey

il o el oad )] T g 0 g (555,15 Lawss a5 ciule 25w Ha

! Farmer - Glossop
* Nelson
? Tarkoy and Hendron



Esiie G Ko a5 s g9 ;0 TBM o,Slas (55,  aslllas L VIAF Jlo o To0aaly @
Al sl (B ol 2 3985 E5 i sl 2y IS5 & ) Gladal) wog ead SCis
(Bamford 1984) 5405

ROP =0.535S - 8.49 — 0.00344 T — 0.00023 N + 0.00137 ¢s O-Y)
ol o as
«(m/h) 39& &, ROP
o] 18> 02 S
(1) edle Cenl i g9, T
5 (N/mm) * g e 355 a5l N

sl oo (degree) J=ls Slasl 4yl s

J5 sbay Seelim sloKiw o gilis oelal 5 1) glalal, VAAF L 55 Tjeen .
WS oo ol HLd () S 59y 2 S o b Sis SO Ll Gl ol (68 0908 81l S

.(Hughes, 1986)
Prev = 1.667 (Fn/UCS)'x (2 / D)"¢ #-Y)

ol e as

Srdle mm) Sewd jld D g (mm/rev) ae IS (152 550 18 (slil 4 358 Prey

5 (pleSey (sumails 50e) RSR W9is &35 ¢ 4l 132) Jlu 55 o)l 5 55l °

(Innaurato et al. 1991) el 3 & jgo @ aS wis,S oboul |S& Ko 0,550 ST (5,Lid Cooglin

4 Bamford

5 Cone Indenter Index
® Hughes

7 Innaurato

\g



P, =40.41 UCS**+ 0.045RSR +3.15 V-¥)

Sl Cuws 4 AY abal jlceles e s S0k 55 ke Yy alal; 4 a2
ROP = P,.yx RPM x 60 (A-Y)
aib ptc I MMPA s ) S0 S 0950085 (523 Caaglie p odle 358 aball) o
Cawd & Siwody sla el b 5l glacgome 4 azgi b 093 aS ouds oolaw! RSR Kiwosgs (g
oad &l i s by oS b g 6wl el lp sanaib gt Gl

.(Innaurato et al. 1991) <l

as Jow oyl jo ols &L RMi Siwosgs ol aly 0 Jaw 1990 Jlo jo pg il °
5 Gles,e S K Ceoglan Lol el aws aw 3l oyl NTNU Jow b g0l Solen
(Palmstrom, 1994) ceol ouls oolatwl o Slae  cuion Glp o) LSGs 2 0)ls (59,0
dolee 4 TBM s Shes ,o Siwosss (plss b byl L YerY Jlo o 550 .
YiseS ol JEsl g 5l sdnl cans 4 gloesls wlwl 5 TBM o Slas (oS slp (0,25
(A=Y abal ) ols &l (r=10.82) L laoj,o bulyis g &b Uil
ROP = 1.093 +0.029 PSI - 0.003UCS + 0.437 Log(a) — 0.219 DPW -

sladaly, &0 4 S SRR ele> plas o sl Iy dg zr Gl8las ok a4y ol g9
Clo |y (Kiaad gy (i 45 05l Cawd 4 Joe « o (ols 55 b s 0505 451,
(Yagiz, 2007)

Slp Joe (ooras (oras slaaSid 5 (b 8 g5, ST 0 LY Jle o 550

Conglin «(gy3me 5 (6,Lid Cenglin Jold Siwodgs gloyially b TBM o ,Slos 130,5 La ye

Yagiz
Yy



& Fee Sy Joe d5ed @l W aygly o b Suwgli 5)lakols wso il (s (225
(Yagiz, 2009) asb o b5 alal, glhas ooel Cows
ROP = 0.076 + 0.139UCS + 0.524 BI + 0.633 0”**- 0.234 DPW (\+-Y)
ol S gyt Ll nl o a3, )5 @ la el
«(m/h) 34i5 &5 ROP
@b ool o loelr g5 5laged 10 o op iy (a3l PSI
(MPa) 0,500 S5 (5 ,Lid Cunslite UCS
{(MPa) L, oiiS Cooglis :BI
s (Degree) fgs g )o (Kiwgnl axmio 5 S ;5 o agly 1 0

il oo (M) Fg5 alato pdaw ;o Gars Olas (o alold :DPW

oboly TBM (69,00 £5 (ke Gt sl b Joe Voo f Jlo o (Swglie @
G slpaS slayell g 59, 4 15T YooV Jlo o g @l RME" (Siwongs (g la> ol
(Bieniawski, 2007) cusl oo 03,51 Y-V Jgoz 10 ail oo L5 5,50 RME (45 55l s
Jolis 5o 0,0 elayiol)ly ol RMR (gaisails gimeees oille RME _2jliiel o5
395 Sloj a5 la Kiugnli Laul,s Jg 95l Sl (s ppme S5 (5, Ltd Cunglia
ooyl g0 aliwg 4 (5,95dl> <o Lls (Bieniawski, 2007) ol guejp; o bl 5 (ol
99 0l oy 1 DRI Gosd 0926 V-1 K2 09000 el 535 Ginlejl 5 | el (25

(Bruland, A, 1998) sas o olis iole;l

¥ Rock Mass Excavability
’ DRI (Drilling Rate Index)
YSievers' J Value, SJ

' Brittleness Value, Sog

Y



Bieniawski, 2007)RMEq7 0,51 caws a5 51y 5L5 3,90 sl yal,l = V=Y Jgo

Uniaxial Compressive Strength of Intact Rock [0-25 points]

G, (MPa) <5 5-30 30-90 90-180 =180
Average rating 4 14 25 14 0
Drillability [0—-15 points]
DRI >80 80-65 €65-50 50-40 <40
Average rating 15 10 7 3 0
Discontinuities at Tunnel Face [0-30 points]
Homogeneity Number of joints per meter | Orientation with respect to tunnel axis

Homogeneous | Mixed|0-4|4-8(8-15(15-3C|>30| Perpendicular | Oblique | Paralell
Average rating | 10 o |2 | 7|15 10 |0 5 3 0
Stand-Up Time [0-25 points]
Hours <5 524 24-96 96-192 >192
Average rating 0 2 10 15 25
Groundwater Inflow [0-5 points]
Liters/sec >100 70-100 30-70 10-30 <10
Average raling 0 1 2 4(07) 5

* For argillacious rocks.
425 O9N Sorte T Gl (Bl Hho Jsuz cnl A8 iy eyl )y 5l plas e kel ST
Om a0y bge a8 S A 1 59 0 e ¥l %S VY Jgax jl edel cws 4 RME
.(Bieniawski, 2007) el L3 Lalg, glas (ARA) (g5, &5 ke s RME

ARA1=0.813 x RMEg; — 32.56  (Gc< 45) (O)-Y)

ARA7=0.597 x RME —24.88 (o> 45) (Y-Y)
!y og aelg VY-V akl) lhe meal colpo 4 a6 b 6,985 bwgie 98 £ 5

dloo (Bly (St S9rde TP ARAR 9 6,95 S9pim £5 ARAT dbal,

ARAT = ARAR/( FE . FA Fd) (\ V—V)

rY
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) ] 7 ///, é %/

. :,/A//Af///
Ry 74
20 //%/

10 20 30 40 50 60 70 80
Brittleness Value, S,

Bruland, A, 1998)S20 5 SJ _zle;l ahaws DRI spocas - S

o5 8 moad lp Fa s ol ond ools anwgs o Ve S8 L slafiss sl 398 Ll
S > gy Bgi a8 D alaly cpl j0 098 co dnnlone Ji3 Jge,8 5l colaiul b aS el ool &8l

.(BieniaWSki, 2007b) Sl 00 45‘)‘ Y-y 9 Y-Y 6L®J9d.> B FA 9 FE w‘:@ NG

F4=-0.007D’ + 0.1637D” - 1.2859D + 4.5158 O¥F-v)

(Bieniawski, 2007b) Fg o o -Y-Y oo

Fe S &g pae 536
AIAA sl 5

\ Sl
1o w5l

(Bieniawski, 2007b) Fa cu o -¥-Y Jgox>
Fa Jg ool 5l Job
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Ll & (g5l bl (gamel (glid Cuoglie wile ol ol Jow opl o
e 45 ek B S A 0 ey ol lulpd g bl 03 ooy S anw )0 la Siwgal
rnal colpo Oygo a4 Jigihd Gas o Jiwp a,ms 150 500 Bk lasl o] g8 alais wilgs

el 5o Lol ol olKiss g0 80 52 Ll 5il Gy (gim 1 Wilgh o a5 el o Ll ] 4o

Dgl oo (e SESET A1 (6,90 42 o yS 9 S8 F 5 ¢ Jow

Jedos S5 4y g ,uliw jo igh 5l ool aid )3 glacsls Yoo Jlo jo ¢l5 9 S5 @

253,85 &)l S9& &5 (e sln |y lalal) TBM o Sloe inin johaie & (b5 pé (9am 5

o blayl Gl p) opsin Wiz g e Sgew )T, Jow ol o (Gong and Zhao, 2009)
adls &1 5 dlolre &g 4 Siwongs slo el )b g (6l il 059 ol

BI =37.06 UCS"?® + Bi*!( 0.84¢-"031V4¢0:095in(* +30) (\O-Y)

Caoglia UCS (kN/cutter/mm/rev) Kiwodgs (g la> <ol ofpg sl Bl o] o as

0 ATESPL 0N o B 50 050 Slass Jv (K 8Oy wxl :Bi (MPa) X 897 S5 Lg)Li;é

Db oo (a2)3) 0))0 axbo g igh j7e G 49l
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2o 28 Ol Jaml g 5l jeghS 4 ogam aalllas L Y-+ q Jlo o o) Kon g 590 o> °
23 Cunglin 5 | Slone 39 &5 il G ey el ot (5l Sty (slaSins

.(Hassanpour et al., 2009) 5405 &5l,] la i gsl (5 loalold ¢ ;S0 K 05500 SS
FPI = exp(0.005 UCS — 0.002 A~ +2.338) R*=0.583 (\#-Y)

- 6,led Cweglae UCS FPI = F,, / Prey (mm/rev) LSJ‘M Sgdi & wﬂx\ FPI all, Q—.’.‘ 4o

il e (M) Lig alaie v 15 b (Siwgesl e alols A 5 (MPa) 6,55

lae » TBM o Shee o iy slp sole] Joe SO YoV Jlos po ()5 5 eol> °

9 (FPI) Slowe 3985 il wlol p wgwg Jg5 5l cide 5l ook ools S losls oL
(Khademi et al.,2010) x40 a5I)) RMR (554,9 sl il b

FPI=4.785+0.107 UCS + 0.09RQD + 0.633 JC - 0.234 Log a. AY-Y)

e cha)’)b .L:;‘)...n )L....o‘ JC (MPa) o)9mu_§3 6)Lié Q‘oﬁlﬁ.c :UCS “SJ..\..A 05.94 cy u..u..\.a‘ :FPI

(Degree) fg mlaw 10 Siwgnl axan g Fgi j92ee s a5l : 0 g RMR

2 Gy g i -Y-Y-Y
2 aS Sl Wbl aims e 4, TBM o Slae cin i sl 1y sbals,y 45 b Jow oy
mJoe 95 pl 3l aileads (ganpunds wi)lginl ohg (655 Gluw p A Sldllas g SIS (595 sline

3 .
G55 aly S S awaie (S5 Jool ulwl p VAV Jlw o Gendi$ g 9505, ¢

.(Roxborough and Phillips, 1975)

! Field Penetration Index (FPI)
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F,=4c, tan‘% \DP? - P* OA-Y)

Sg g0 03) (padd S alayl,y 5l Ladde (g9, ol S slogS SIS S 4{31)‘(1)559.65 O‘)'..:.QP

Fy :4(76P2 tan% \a-Y)

wsged &Sl Lzil 5 o8 slog s olul 1y (ol abul, VAAY Lo po o Sa o pogis @
0ges dingr b axms Lis B o S oolii] yialee Yoo i LSS V 5 jhie Sas 5 ) L
abaly il sy o JBlo @y (3 oy (6551 Bz p90 @ 40 SIS iy Cad o IS alols
didges Sleiiay Lo » sloSiow 5l (29,5 (6l (o23e 5 @58 slo 595 9 398 5 e 1) S

.(Snowdon et al., 1982)

FrormaL / Froumg = 21.71 x P, 0% x--Y)

wsly S5 lp 28 5 4 5l ol Jae 58 L VAAL e s el @
(Sanio, 1985) sgai Byxe S5 (59,m oz sl |, SVYolseo
Fo=2ptan(¢/2) c (YV-Y)
-0 398 Gl P g ool 3,3 4l j Sliulgane (25 G 5 SIS Ll ansly § alaly ol o
Of drwgi Grizmen g SIS (s jlead 05 4l Lad resd sl Jgep Sy il adl
Sgad Slpiiay 03,0 (g locgr Glgie 4 dolae S 28,5 Ll o b laejye S 85 Gl o (ol
i yeS o b ooliul 550 saS ojgyel a5 S V glaglS ly 5sb Lals, (Sanio, 1985)

iloas ools drwgy

'"Roxborough and Phillips
2Snowdon
'Sanio
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Glosng 65,50 45 o0l B8 e Al Sglite SalS olEuys b Jow VAAS Lo o T @
Wil e 6 L s )5 Ol g By ehate e STl 5l Sawosgs ()5 9,5
(Boyd, 1986) 5,41 cews s L3 alasly 5l g5 oo 1, 3985 & 3
ROP = (HP x UCS) / (ax A) (YY-Y)
6 oLad Caglin UCS ()b canl co> 5 92 515 )l HP (m/h) 34i5 &5 ROP abal, oyl o
alold A (Degree) Jisi gdaw jo0 Swgnl axio g Jigi j90me (o 4gly 0L (MP2) 0,550 S5

A e (M) Jigs ﬁ.‘a.o.c" CJM 3 s Slxbs (o

iy 6 4 aS alas l Lol aalsl 1) gl ldllae 139Y Jlu o o Sen g sl @
(Sato et al., 1991) sges &51) 1, L5 alal, 5 sges osliil Slyes b 5l s
F=kxP'x S (YY-Y)
Syloalols S (Vb /0 0g0>) 398 oo @ S9i P iy copo Ko Foalal, ol o

A oo (10 3505) (5 l0alsls oy po b 5 lasiuss

TBM 5, ,Sdos S i Lol sl Jow —¥-Y
TBM o Shee gmiin oo (05, Qmu g NTNU ¢ CSM gla o oj9 !

Do A1y b Joe (pl gy p & RS cpl jo s (glite Sl a5 alivs

CSM Juw -V-Y-¥
U] AStus Q“J5| 9 4...9[.: 4.:.....»5.: 50|)15 u..\.bo o..\iwlo )«) ‘ssLxJLL:.A ‘_;7 LS’)?U_ (5)53..: Ju.\.ao Q"‘

3L 0590 (G5 Je (pl (Ozdemir, 1977) cool ools &1,1VAVY Jluyo Lo g ool Lawgs

*Boyd
'Sato
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JSo 5 oy awain sl w515 190 1 ferkie ey ue S9i5 e S o 1) S B
IR VO RLUON- B¢ LI VR

gl 69y » b ir oilde S phlel | Jol> Sledbl L sls » CSM. o
S Swenl ;53U v Ojge 4 Jow (! (Rostami, et al., 1997) el ool Ly S
S 50 Siwodgd Iyl il S0 yoged blod (gl SNl Ll 0,5 cad Gl o 1) Swesys
Ramezanzadeh ) ol oo slpainy 0015 ylas, 4 Lo 330 lawg Jow opl ;0 TBM o Slae
(et al, 2008

2l ol peas Jleel slag s 59, 6oL ;5B S5 dwain a5 aes o las Sldlas
e Gl il 3585 Gas 5 jglome SIS 50 alole Gl L S 5 0y g9y oS S

Bz ohs 551 OF 50 4T 00 9525 (rene 398 25 o Sl dne s Alol Sy iaen
" led Ol a5 ol 8,5 dilate S wiS e 355 w0 a5 s da 515 Seus 1) 8 S
pateie dibaie (pl JS8 w8 oo Jie S @ |) (25 42U (nl 5 o0 SIS 58 00 ol
.(Rostami and Ozdemir, 1993) 055 oo (2,8 0l (3lw oolu jglaie 4y Lol sl ouiis
Wil (S jelme (o 99 Gloe S 5 508 sl a5 0 33 4ol jLed e (e 6
9 hr slegys Ol alal) 5l Gl oe Jlad esd (6l Ll sl oials Caws 40 (I > ol S5
2 bt o Gislesl Glae paS Sledbl SO 5l jelaie (ol (gl 0905 eoliwl (b sla el
Sl S ol sl ool ool ol agd b @B gleawais L Glise sl
S g o)l Cuglia (T ad (oye g a8 S Bes g (loakold a0 (e Jlid ol
Losls tl Ggmm Sy delodd 51 S 50 Suad 3585 Boe e sl 5l 0590 Lails; el S

.(Rostami and Ozdemir, 1993) ol osel Cows 4

"Linear Cutting Test
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oolaiwl alire (sl 0 (3330 Dygo |y 53 dals, CSM g, ;0 VAAY Jlu jo cedw,

S 2
P'=C / Y¥-v)
i DO~ RT G.0:

F, = F.Cos(®/2) , F,=F, Sin(®/2) (YO-Y)

02 58 i 2 S e i3 2 HglisS L5350 Cenl S dnlne sl (il ires (oo,
(Rostami, et al., 1997 and Rostami, and Ozdemir 1993) el o5g0i «l,l 5Ls 0,50 lg5 g
Frgeas Glply il YooV Jlo o 580 91999 Jlo jo Lend ausle (s 5l can
3o 0005l ) a0 ged &l Swongs byl 28,8 i 1o L CSM. Jaw lawgs ool | Zon i Sgi5
Ramezanzadeh et ) sgei slpiics CSM Jos lawgi oals cindion 398 75 guseal sl ails,

(al2008

CSM Juw 55 (559 0 542 °
Sl ooged Bld gl RQD bl 5 1) slabaly g0l IS jore 0aSiils pan) SlSlo dunmgo
(USACE, 1997) ceul 00ls azwgs Siwodgs
MPaF1=1+(100-RQD)/150 UCS <110 7 -Y)

MPaF1=1+(100-RQD)/75 UCS =110 YY-Y)

SO bl 2 098 o0 Soptem £ ML el anir (o Vb odle 1 e (ala B
Wz a5 (Fhge o Debee a5 e Celu VD Sews S g ley (e (nl (SN
Sz 5o dbge GialS aBS T Y 4 s o (agn loy igd (gl (lojen Siud
(USACE, 1997) 05 oo yinn ol o) S50 ngl APE
oy U laciuns Gislo 8 (ol IS ase 0uSidls o) SilSo dugo (slosls oL ol

Jshiie 4y By ey 0,0 3si F 6yl Al LEalS eglis Frogas B lacSays i as
|



b ossle loSw 10 a5 casl cand o) as,0 ¥ oogas saile e laKiw ;0 S e
Sgbior Ol 36 S p Sl Djgo & (izmed Snd pingal loj bge SRl G sy Y
JURGHNSWIRYL SN VE) IRIDP V-YE SOWISTPRSL SRSINLINS WARY RYAN CIRY K (R CT| WRSOV-P V-YE SOWRS RN PRy
2 w98 B s j0 S5 e moral ¢lp 1) F2 (6 CSM Juw (USACE, 1997) coul yi

ol 00505 Slgaiin (RQD =100 L Kiwodgs (5l yio o (wod glads ulul

F2=1-23/R (YA-Y)

b aly Lo 1) oo (5,5 2 b Lo Sl g oMbl Sl slis 2 Jao ol

Lol o cons p g5 (wed glad Roadal,y (pl )0 .0iS oo olpiiin

F3 (hr/m) = 0.030 (hr/m) + (409 m/hr) / R? ¥a-v)

Sl 0als Slping 53U Celo s p FA o 16 o0l go s Ol e (28,5 Jlai o (gl
Gyla> sl o el ubile g la> el el V (Uge] ley) yle> E9pb 40 cupe
celes el o8V (gl oy90 Slipass ooy ol o0l as T L s el +/FYF olos ol
- 48,5 i 0 TBM gl oo pocelo f+ oYY (gl pacss Ol Bl ol il (g la>
el s @y b abal, 5l o onl b ugd 50 09

Survey delay=0.0033+192/R*> h/m (¥--v

o g el o0 0F sgam 0 wlls @By Gl e ol o5 polie gy LblE 4 a5 5,50
el B Job e g aiBop caSeye FUY 4 Ol Jlade a5 alid ol cul o)l

plxil 50 8,55 Oldes a5 YL la ooy oy o0 il o p cele /P AD S50 4 S0

P AR  CcaSe e VO U VY ‘\ggJ Lado 89 Jlw Olaie Al oo owligl b oyl S 5
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b oo (g li lge 4l 5l o5U Sl a0 el ¥y 53l ol ey o Jigd Jsb s

(USACE, 1997) s pl5 s ozl -¥-Y Jgo

(b/m) ,.=b JBy Jo ) Ll
SN0 e Jis s i g5y
A A& g o=l o az 0 - B a0 -0
o[ 0F a8 az 0 +¥ b a0 -
RAA alas,lgs YU Cow 40 a0+ VO B aj0 +Y

38 (Fir (@23 e g5 et B) Jis rd @ 3 By Sl §) 36 S5l
Sl oy adaly Gllae oS

Utility delays=0.030+0.0013G h/m YV-Y)

Joe ol .l 00 08,51 0-Y Jgax .0 RMR L bLs | o cdge 5 S cuas | b 26

WS (oo oleiioy Cuind Loy woy0 VIO IS5k 4y [ 0 g )bl et (agad 5l (L6 SISt

(USACE, 1997)

(USACE, 1997) ¢80 (5,55 cuai 5l 286 56 -0-Y Jgor

(Wm) L5k RMR i
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o [+YA 1AV
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NTNU Juo -¥-Y-¥
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5 pole oBKiils lawg 0,8 oo 8 colatul 0j50 Caio jo Gl S jeb 4 AT Jaw oyl
Arwgl G99 50 05880 (g)lax £9,h 5l G NTNU Jow .cewl 00,5 lag drwgd mulddi 5 (5591955

Selotms SleMbl slae g Joo (pl el ods 55, 4 iz Sledlbl 5l oolazwl b g 00,5 o

sk ]y gy (el Gl yel b P Jgas el 4l anwg Big aghS YO Sl i 039 n YO

.(Bruland , 1998b) sas oo olis asds

(Bruland, 1998b) NTNU Jos ;0 eas coliiwl (sla yiel )b ~#-Y Jgo>

Oeole sla sl by S sla il

Sad ily 9,8
@ Sl s e ey

oyl 5 5 005,0 by oS
«(DRI) Sl oy ol

o p Il alold
e CLI 3 AV) Soules
s Oy
io = (Mo / M)’ (mm/rev) (rY-Y)
I, = i,RPM (60 / 1000) (m/h) (FY-1)

Sl oS 7yl 4y alaly ] o aid, IS 4 gla il
(mm/rev)3ga5 &, 1o
(m/h)ds25 & 5 Iy

kN/c) p5 S o cuiy Jolas (59,5 Meky
398 cq yo b
g or s oo (pl 5o ool &l Gladdl S @ axgi b 3985 oo g Sl ) (900

.(Bruland, 1998b)
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NTNU J..\.o)é 6)90).@ [ ]
Ol yoskS el cas p e Sldos ley (Jow (] 40 (5 90 0 QQ”T dm.:od..gé‘).g

(Bruland, 1998b) &1 co Cews 4 L3 alasly 5l TBM (5,90 542 sy -39 o0

U=(100 Tp) / (Tp+ T¢+ Te + Tiom + Toak + Ta )% (Y¥-v)
Dloe Caws s b3 abal,y 51 () 3585 F5 a az g5 bt eghS el a5 0ly (5,la> Ty
Ty =1000/ 1, (h/km) Yo-Y)
S abaly slas ol ( Sy cnly GloSr uysS 2 Jsb @ plej nl i dame (6525 1920 T
b 0l Tk s Goe T 6 VD s Ygmns) (s i o5 o Jsb Lo alady ()5 bl o o
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BORING CLEAN CLEAR | CUTTER | IMPROVE | WATER PROB | SUPPORT
N (day) 84 84 84 84 84 84 84 84
Mean 5.4892 4067 5596 .0377 2112 .0000 1310 3.8085
Median 5.5100 .0000 .0000 .0000 .0000 .0000 .0000 3.3550
Std. Error of Mean 26185 .16401 20661 .03774 .10009 .00000 13095 .31051
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 12.92 9.50 10.75 3.17 5.92 .00 11.00 10.52
Range 12.92 9.50 10.75 3.17 5.92 .00 11.00 10.52
Std. Deviation 2.39988 1.50322 1.89365 .34588 91731 .00000 1.20020 2.84589
Variance 5.759 2.260 3.586 120 841 .000 1.440 8.099
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BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 89 89 89 89 89 89 89 89
Mean 5.1490 7181 1151 5048 5075 .0000 .0000 7213
Median 5.9500 .0000 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean .28108 .25907 .06973 22398 .28886 .00000 .00000 13778
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 10.00 17.67 6.00 14.25 19.00 .00 .00 5.89
Range 10.00 17.67 6.00 14.25 19.00 .00 .00 5.89
Std. Deviation 2.65166 2.44409 65783 2.11300 2.72509 .00000 .00000 1.29979
Variance 7.031 5.974 433 4.465 7.426 .000 .000 1.689

Gta2 woly o ailj, by slogle; ylel (o) V-0 Jyuz

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 114 114 114 114 114 114 114 114
Mean 5.1258 1.6919 .0095 1.0264 7348 .0000 .0000 5193
Median 5.3750 .2500 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean .20552 25021 .00947 24185 17191 .00000 .00000 .09720
Minimum .00 .00 .00 .00 .00 .00 .00 -.40
Maximum 10.08 12.92 1.08 16.00 9.42 .00 .00 5.98
Range 10.08 12.92 1.08 16.00 9.42 .00 .00 6.38
Std. Deviation 2.19434 2.67147 10115 2.58221 1.83550 .00000 .00000 1.03786
Variance 4.815 7.137 .010 6.668 3.369 .000 .000 1.077

Gta3 s>y o alyg, w@Bg slagle) s kel (o -A-0 Jgo

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 89 89 89 89 89 89 89 89
Mean 5.1727 2.1236 .0609 3.8463 .1687 .0000 .0000 .3789
Median 5.7000 1.6700 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 27379 21470 .04307 75509 .06628 .00000 .00000 .07833
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 9.17 12.00 3.75 24.00 4.25 .00 .00 4.09
Range 9.17 12.00 3.75 24.00 4.25 .00 .00 4.09
Std. Deviation 2.58291 2.02546 40633 7.12349 .62530 .00000 .00000 73901
Variance 6.671 4.102 165 50.744 .391 .000 .000 546
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BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 257 257 257 257 257 257 257 257
Mean 3.8891 2.4894 .1060 2.0934 2212 .0869 .0000 2246
Median 4.0800 2.0800 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 11632 .12855 .03759 31013 .04933 04178 .00000 02745
Minimum .00 .00 .00 .00 .00 .00 .00 -.35
Maximum 8.17 13.17 5.58 24.00 5.83 7.17 .00 2.49
Range 8.17 13.17 5.58 24.00 5.83 7.7 .00 2.84
Std. Deviation 1.86471 2.06082 .60259 4.97173 .79086 66979 .00000 44002
Variance 3.477 4.247 .363 24.718 625 449 .000 194

Sts-1 s>l ;0 ailys, By slaglej s kel (o) p =1+ -0 Jgaz

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 101 101 101 101 101 101 101 101
Mean 3.8680 2.2848 2632 4867 7879 .0156 .0000 4169
Median 4.0000 1.9200 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 19787 .20047 11796 16323 .19881 .01564 .00000 .09360
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 8.33 7.33 8.17 9.75 12.33 1.58 .00 7.02
Range 8.33 7.33 8.17 9.75 12.33 1.58 .00 7.02
Std. Deviation 1.98859 2.01475 1.18552 1.64044 1.99802 15722 .00000 .94072
Variance 3.955 4.059 1.405 2.691 3.992 .025 .000 .885

Sts2 axly o ailjg, wBgs slagle; s kel gy —V V-0 Jgo

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 112 112 112 112 112 112 112 112
Mean 4.0567 2.2821 0157 .9032 4678 .0000 .0000 3197
Median 4.4200 2.2500 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 15476 15510 .00859 23648 12097 .00000 .00000 .06923
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 7.83 6.50 75 15.92 8.25 .00 .00 5.39
Range 7.83 6.50 75 15.92 8.25 .00 .00 5.39
Std. Deviation 1.63778 1.64147 .09087 2.50264 1.28025 .00000 .00000 73262
Variance 2.682 2.694 .008 6.263 1.639 .000 .000 537
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BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 34 34 34 34 34 34 34 34
Mean 3.7230 1.6765 .0000 .3848 1936 .0000 .0000 .0882
Median 3.7083 1.2917 .0000 .0000 .0417 .0000 .0000 .0000
Std. Error of Mean .27022 21334 .00000 .24401 .05800 .00000 .00000 .03066
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 717 5.00 .00 7.33 1.58 .00 .00 .58
Range 717 5.00 .00 7.33 1.58 .00 .00 58
Std. Deviation 1.57564 1.24397 .00000 1.42282 33817 .00000 .00000 17878
Variance 2.483 1.547 .000 2.024 114 .000 .000 .032

Tsh uxly o ailjs, gy slogle; @yl gy 1 V-0 Jyuz

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 51 51 51 51 51 51 51 51
Mean 3.7516 2.0457 1192 6390 .0969 .0000 .0000 1949
Median 4.1700 1.6700 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean .21487 .19946 .07908 22558 .02649 .00000 .00000 .04054
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 6.17 6.00 3.00 6.50 83 .00 .00 95
Range 6.17 6.00 3.00 6.50 .83 .00 .00 95
Std. Deviation 1.53445 1.42441 56474 1.61098 18919 .00000 .00000 .28953
Variance 2.355 2.029 319 2.595 .036 .000 .000 .084

Cz s>y ;o alyy, @By slagloy 5 kel (owyp -V F-0 Jgoxr

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N (day) 85 85 85 85 85 85 85 85
Mean 2.1138 1.4844 9.8896 .0755 9195 .0000 .0000 4916
Median .3300 .0000 2.5000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 27710 47707 1.14454 .05320 27895 .00000 .00000 14336
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 7.50 24.00 24.00 3.42 12.00 .00 .00 7.64
Range 7.50 24.00 24.00 342 12.00 .00 .00 7.64
Std. Deviation 2.55476 4.39834 | 10.55215 49052 2.57182 .00000 .00000 1.32168
Variance 6.527 19.345 111.348 241 6.614 .000 .000 1.747
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BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N 300 300 300 300 300 300 300 300
Mean 3.7587 2.1510 0129 5942 .0000 2160 .0000 5109
Median 3.4500 2.0400 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 15673 10974 .00406 .09161 .00000 .05371 .00000 05192
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 11.60 11.25 .80 13.33 .00 7.83 .00 543
Range 11.60 11.25 .80 13.33 .00 7.83 .00 543
Std. Deviation 2.71467 1.90067 .07039 1.58667 .00000 .93023 .00000 .89923
Variance 7.369 3.613 .005 2.518 .000 .865 .000 .809
SC axly o ailyy, GBs slaley sl syr VA0 Jgo

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N 254 254 254 254 254 254 254 254
Mean 4.5798 2.4763 0478 1.0400 .0000 5862 .0000 .3663
Median 5.0750 2.2500 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 16122 12041 .01068 13596 .00000 12253 .00000 .04626
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 10.47 12.00 1.17 13.25 .00 15.75 .00 5.63
Range 10.47 12.00 1.17 13.25 .00 15.75 .00 5.63
Std. Deviation 2.56939 1.91894 17023 2.16687 .00000 1.95277 .00000 73722
Variance 6.602 3.682 .029 4.695 .000 3.813 .000 543

SC2uxl s ailys, by slagle; s)lel (o) p =Y+ -0 g

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N 38 38 38 38 38 38 38 38
Mean 6.8895 3.3774 .0395 .9582 .0000 1274 .0000 1955
Median 6.7400 2.5000 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean .37953 41836 .02380 28347 .00000 .05807 .00000 .08539
Minimum 1.80 42 .00 .00 .00 .00 .00 .00
Maximum 12.48 10.17 .83 6.67 .00 1.50 .00 2.40
Range 10.68 9.75 .83 6.67 .00 1.50 .00 2.40
Std. Deviation 2.33960 2.57893 14671 1.74744 .00000 .35797 .00000 52637
Variance 5.474 6.651 .022 3.054 .000 128 .000 277

MO s>lg ;o alyy, by slagle; )bl (owy 2 -YV-0 g
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BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N 64 64 64 64 64 64 64 64
Mean 6.0075 2.1877 .0248 1.5870 .0000 .0377 .0000 .3630
Median 7.0850 1.8300 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean .48886 .28266 .01098 .30199 .00000 .03283 .00000 .08598
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 10.93 10.33 42 10.83 .00 2.08 .00 2.75
Range 10.93 10.33 42 10.83 .00 2.08 .00 2.75
Std. Deviation 3.91089 2.26131 .08787 2.41594 .00000 .26260 .00000 68787
Variance 15.295 5.114 .008 5.837 .000 .069 .000 A73

GT axly ;o alys, iy slaplej )bl (g2 -YV-0 Jgazr

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N 56 56 56 56 56 56 56 56
Mean 6.6345 2.6620 .0045 1.3332 .0000 .0000 .0000 1330
Median 6.9100 2.2900 .0000 .0000 .0000 .0000 .0000 .0000
Std. Error of Mean 42210 24752 .00446 33179 .00000 .00000 .00000 .04589
Minimum .00 .00 .00 .00 .00 .00 .00 .00
Maximum 12.10 9.08 25 13.50 .00 .00 .00 2.36
Range 12.10 9.08 25 13.50 .00 .00 .00 2.36
Std. Deviation 3.15869 1.85228 .03341 2.48288 .00000 .00000 .00000 .34339
Variance 9.977 3431 .001 6.165 .000 .000 .000 118

Cz2 uxly o ailyy, by slapyley 5 kel (o) ~YY-0 Jgox

BORING CLEAN CLEAR CUTTER | IMPROVE | WATER PROB SUPPORT
N 18 18 18 18 18 18 18 18
Mean 5.6528 2.6800 .0044 .8656 .0000 1067 .0000 1950
Median 5.7750 2.7500 .0000 .0000 .0000 .0000 .0000 1450
Std. Error of Mean 27116 .26391 .00444 .39777 .00000 .05260 .00000 .05754
Minimum 2.97 25 .00 .00 .00 .00 .00 .00
Maximum 7.78 4.58 .08 475 .00 75 .00 .86
Range 4.81 4.33 .08 475 .00 75 .00 .86
Std. Deviation 1.15044 1.11967 .01886 1.68760 .00000 22316 .00000 24414
Variance 1.324 1.254 .000 2.848 .000 .050 .000 .060
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.1t (ntab I VL) and (N s WH) aned (JO 12 OBL) anel (UCS i= L) and (ABR is L) and (WFC i YES) and (3@ is M) and (G s L) and (CLAY is H) and (GAS is NO) then (GRRD s EX(1) |
2.1t {instah is Ly and (M is M) and (J0 is OBLY and (UCS is M) andl (ABR is L) and (MFC is VES) and (3G is NOY and (GWis L) anel (CLAY is H) and [GAS is NO) then (GRRD is &) (1 .
3.1t Cinstab is L) and (M is M) and (JO is OBL) and (UCS ks M) ancl (ABR is L) and (MFC is YES) and (S0 is NO) and (G is L) and (CLAY is H) and (GAS is NO) then (GRRD is E) (1)
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Cutter change (h/m) = 0.0005 RQD***! R =0.509
Ground improvement(h/m) = 0.0056 + (1.646/ UCS) R®=0.552
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GRRD (h/m) = 0.000911 RMR? - 0.0996 RMR + 2.84 R*=0.62
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RMR
BORING Pearson Correlation -.071
Sig. (2-tailed) .795
N 16
CLNCHK Pearson Correlation .069
Sig. (2-tailed) 799
N 16
CLEAR Pearson Correlation -.535(%)
Sig. (2-tailed) 033
N 16
CUTCHANG Pearson Correlation 558(*)
Sig. (2-tailed) .025
N 16
IMPROVE Pearson Correlation -.400
Sig. (2-tailed) 125
N 16
WATERDT Pearson Correlation -.075
Sig. (2-tailed) .783
N 16
PROP Pearson Correlation -.290
Sig. (2-tailed) 277
N 16
SUPPORT Pearson Correlation -.382
Sig. (2-tailed) 144
N 16
ROP Pearson Correlation 151
Sig. (2-tailed) 578
N 16
AR Pearson Correlation 199
Sig. (2-tailed) 461
N 16
U Pearson Correlation 126
Sig. (2-tailed) 643
N 16
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
RQD
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BORING Pearson Correlation 115
Sig. (2-tailed) 672
N 16
CLNCHK Pearson Correlation 456
Sig. (2-tailed) 076
N 16
CLEAR Pearson Correlation -.421
Sig. (2-tailed) 104
N 16
CUTCHANG Pearson Correlation .586(*)
Sig. (2-tailed) 017
N 16
IMPROVE Pearson Correlation -.438
Sig. (2-tailed) .090
N 16
WATERDT Pearson Correlation 246
Sig. (2-tailed) 359
N 16
PROP Pearson Correlation -.411
Sig. (2-tailed) 114
N 16
SUPPORT Pearson Correlation -514(%)
Sig. (2-tailed) 041
N 16
ROP Pearson Correlation -.050
Sig. (2-tailed) 853
N 16
AR Pearson Correlation 038
Sig. (2-tailed) 890
N 16
U Pearson Correlation 148
Sig. (2-tailed) 585
N 16
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
UCs
BORING Pearson Correlation 290
Sig. (2-tailed) 276

154




N 16
CLNCHK Pearson Correlation 184
Sig. (2-tailed) 494
N 16
CLEAR Pearson Correlation -411
Sig. (2-tailed) 114
N 16
CUTCHANG Pearson Correlation 499(*)
Sig. (2-tailed) 049
N 16
IMPROVE Pearson Correlation -.319
Sig. (2-tailed) 229
N 16
WATERDT Pearson Correlation 048
Sig. (2-tailed) 861
N 16
PROP Pearson Correlation -202
Sig. (2-tailed) 452
N 16
SUPPORT Pearson Correlation -267
Sig. (2-tailed) 317
N 16
ROP Pearson Correlation -.168
Sig. (2-tailed) 535
N 16
AR Pearson Correlation 206
Sig. (2-tailed) 444
N 16
U Pearson Correlation 415
Sig. (2-tailed) 110
N 16

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Independent:

RMR

Dependent MthRsagd.f.

BORING
BORING
BORING

LIN .005 14
LOG .003 14
INV .001 14

F

Sigf

.07
.04
.02

) s Bodld Ogaw 5y i il o

bo bl b2
.795 .3222 -.0003
.845 .3472 -.0106
.903 .3005 .2557



BORING QUA .011 13 .07 .930 .2739 .0018 -2.E-05

BORING pow .010 14 .13 0719 .3756 -.0579
BORING EXP .013 14 .18 .674 .3240 -.0015
CLNCHK LIN .005 14 .07 .799 1261 .0003
CLNCHK LOG .000 14 1.8E-03 .967 .1466 -.0019
CLNCHK INV  .010 14 .15 .706 .1251 .6583
CLNCHK QUuA .155 13 1.19 .335 .3244 -.0086 8.9E-05
CLNCHK pow .012 14 .16 .691 .0610 .1806
CLNCHK EXP .032 14 .47 .505 .0871 .0067
CUTCHANG LIN .311 14 6.32 .025 -.0318 .0018
CUTCHANG LOG .283 14 5.51 .034 -.2433 .0787
CUTCHANG INV .237 14 4.36 .056 .1244 -2.8181
CUTCHANG QUA .322 13 3.09 .080 .0172 -.0003 2.2E-05
CUTCHANG POW .331 14 6.94 .020 3.9E-05 1.7988
CUTCHANG EXP .330 14 6.89 .020 .0055 .0399
IMPROVE LIN .160 14 2.67 .125 .0655 -.0009
IMPROVE LOG .264 14 5.03 .042 .2147 -.0497
IMPROVE 1INV .401 14 9.38 .008 -.0308 2.3931
IMPROVE QUA .443 13 5.18 .022 .2256 -.0080 7.2E-05
1 IMPROVE POW
1 IMPROVE EXP
WATERDT LIN .006 14 .08 .783 .0084 -5.E-05
WATERDT LOG .002 14 .02 .883 .0104 -.0012
WATERDT INV .000 14 9.3E-04 .976 .0060 -.009%6
WATERDT QUA .019 13 .12 .884 -.0024 .0004 -5.E-06
1 WATERDT POW
1 WATERDT EXP
SUPPORT LIN .146 14 2.40 .144 .1089 -.0014
SUPPORT LOG .148 14 2.42 .142 .2800 -.0623
SUPPORT 1INV .130 14 2.09 .171 -.0119 2.2802
SUPPORT QUA .156 13 1.20 .333 .1580 -.0036 2.2E-05
SUPPORT POW .114 14 1.79 .202 .6307 -.8501
SUPPORT EXP .097 14 1.50 .241 .0567 -.0174

Notes:
1 Dependent variable has non-positive values; no equation estimated.

Independent: RQD

Dependent MthRsqgd.f. F  Sigf b0 bl b2
BORING LIN .013 14 .19 .672 .2895 .0003

BORING LOG .006 14 .08 .782 .2764 .0076

BORING INV  .001 14 .02 .888 .3092 -.1220

BORING QUA .029 13 .19 .827 .3165 -.0012 1.5E-05
BORING POW .001 14 .02 .898 .2875 .0106

BORING EXP .007 14 .09 .765 .2894 .0006

CLNCHK LIN .208 14 3.67 .076 .0850 .0009

CLNCHK LOG .169 14 2.85 .114 .0046 .0347

CLNCHK INV  .120 14 1.92 .188 .1635 -.9180
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CLNCHK

CLNCHK

CLNCHK
CUTCHANG
CUTCHANG
CUTCHANG
CUTCHANG
CUTCHANG POW
CUTCHANG EXP
IMPROVE LIN .
IMPROVE LOG .
IMPROVE INV .
IMPROVE QUA .
1 IMPROVE POW
1 IMPROVE EXP
WATERDT LIN .
WATERDT LOG .
WATERDT INV .
WATERDT QUA .
1 WATERDT POW
1 WATERDT EXP
SUPPORT LIN
SUPPORT LOG
SUPPORT 1INV
SUPPORT QUA
SUPPORT POW
SUPPORT EXP

QUA
POW
EXP
LIN
LOG
INV
QUA

Notes:

1 Dependent variable has non-positive values;

Independent: U

Dependent MthRsqgd.f.

BORING LIN
BORING LOG
BORING INV
BORING QUA
BORING POW
BORING EXP
CLNCHK LIN
CLNCHK LOG
CLNCHK INV
CLNCHK QUA
CLNCHK POW
CLNCHK EXP

CUTCHANG LIN
CUTCHANG LOG
CUTCHANG INV

.217
L2717
.298
.344
.316
L2717
.348
.509
.476

192
208
206
212

060
068
065
079

.265
.325
.361
.348
.253
.225

CS

.084
.023
.004
.327
.010
.052
.034
.000
.049
172
.001
.042
.249
.233
.158

14
14
14
13

14
14
14
13

14
14
14
13
14
14

13
14
14
14
14
14
13
14
14

14
14
14
13
14
14
14
14
14
13
14
14
14
14
14

g oy 3 oo

12.

.32
.67
.64
.74

= w w Ww

.90

.97
.55

.04
.75
.92
.47
.73
.06

DD W d oy

F

1

3

6.0E

1

4
4
2

.80
.36
.95
.34
.46
.36
.47
.49
69

.205
.036
.029
.017
.023
.036
.062
.002
.003

090

.076
.077
.213

.359
.331
.342
.588

.041
.021
.014
.062
.047
.064

Sig

.28
.33
.06
.16
.14
77
.49
-03
72
.35
.02
.61
.63
.26
.63

f

.276
.576
.816
.076
.715
.396
.494
.939
.409
.292
.887
.449
.049
.058
.127

vy

.0515
.1085
.0022
.0663

.0004
.0098
.0090
.0040

.0976
L2211
.0040
.1484
.2852
.0544

.1020
.0214
.0637
.0008
.1019
.0967
.0113
.0005
.0091

no

b0

.2697
.2366
.3106
.3645
.2615
.2751
.1202
.1472
.1259
.1795
.1063
.0995
.0170
.1018
.0853

1.2E-06 9.2E-06
.4516
.0115
.0011
.0426
.2519
.0005
.1418
.0271

-1
5.7E-06
1

.0005
.0226
L7057
.0014

8.1E-06

9.3E-05

0040

.1230
.0003

-2.E-06

.0010
.0473
.5645
.0039
.6493
.0150

2.8E-05

equation estimated.

bl b2
.0004
.0159
.2866
.0017
.0311
.0009
.0002
.0018
.8363
.0011
.0341
.0023
.0005
.0378
-1.3499

9.2E-06

5.8E-06



CUTCHANG QUA .252 13 2.18 .152 .0093
CUTCHANG POW .252 14 4.71 .048 .0012
CUTCHANG EXP .240 14 4.43 .054 .0165
IMPROVE LIN .102 14 1.58 .229 .0403 -.
IMPROVE LOG .286 14 5.60 .033 .1403 -
IMPROVE 1INV .552 14 17.25 .001 -.0056 1.
IMPROVE QUA .196 13 1.58 .243 .0690 ~-.
1 IMPROVE POW
1 IMPROVE EXP
WATERDT LIN .002 14 .03 .861 .0048 9.6
WATERDT LOG .011 14 .15 .700 =-.0015 .
WATERDT 1INV .021 14 .31 .589 .0074 -.
WATERDT QUA .010 13 .07 . 935 .0022 6.8
1 WATERDT POW
1 WATERDT EXP
SUPPORT LIN .071 14 1.08 .317 .0646 -.
SUPPORT LOG .070 14 1.05 .322 .1364 -.
SUPPORT INV .044 14 .65 .434 .0247
SUPPORT QUA .081 13 .57 .579 .0796 -.
SUPPORT POW .047 14 .69 .419 .0813 -.
SUPPORT EXP .037 14 .54 .476 .0311  -.
Notes:

1 Dependent variable has non-positive values; no

Dependent variable.. CUTCHANG Method. .

Listwise Deletion of Missing Data

Multiple R .57567
R Square .33139
Adjusted R Square .28363
Standard Error .91783
Analysis of Variance:

DF Sum of Squares Mean Squar
Regression 1 5.845498 5.845497
Residuals 14 11.793790 .842413
F = 6.93899 Signif F = .0196
———————————————————— Variables in the Equation
Variable B SE B Beta
RMR 1.798785 .682859 .575666
(Constant) 3.9010531956E-05 .000104

1yy

.0007

-8.E-07

.8279
.0102

0002
0273
6460
0008

E-06
0017
1009
E-05

0003
0226

.7805

0006
2892
0032

equation estimated.

POWER

e

7
6

2.8E-06

-3.E-07

1.5E-06

T Sig T
2.634 .0196
.374  .7139



Dependent variable..

Listwise Deletion of Missing Data

Multiple R

R Square
Adjusted R Square
Standard Error

Analysis of Variance:

DF
Regression 1
Residuals 14
F = 9.37697
Variable
RMR 2
(Constant) -

Dependent variable..

Listwise Deletion of Missing Data

Multiple R

R Square
Adjusted R Square
Standard Error

IMPROVE

.63334
.40112
.35834
.02689

Sum of Squares

Method.. INVERSE

Mean Square

.00677830 .00677830
.01012014 .00072287
Signif F .0084
Variables in the Equation --————----------—-———-
B SE B Beta T Sig T
.393084 .781496 . 633340 3.062 .0084
.030790 .018142 -1.697 .1118
CUTCHANG Method.. POWER
.71319
.50863
.47354
.78683
Analysis of Variance:
DF Sum of Squares Mean Square
Regression 1 8.9719585 8.9719585
Residuals 14 8.6673292 .6190949
F = 14.49206 Signif F .0019
———————————————————— Variables in the Equation —--—-------—--—-—----—-
Variable B SE B Beta T Sig T
RQD 1.141828 .299941 .713186 3.807 .0019
(Constant) .000515 .000608 .847 .4114

\Y¥



Dependent variable.. SUPPORT Method.. INVERSE

Listwise Deletion of Missing Data

Multiple R .60102
R Square .36122
Adjusted R Square .31560
Standard Error .04652

Analysis of Variance:

DF Sum of Squares Mean Square
Regression 1 .01713532 .01713532
Residuals 14 .03030168 .00216441
F = 7.91687 Signif F = .0138

———————————————————— Variables in the Equation —----------—--—--

Variable B SE B Beta T
RQD 1.564470 .556020 .601018 2.814
(Constant) -.004024 .018720 -.215
Dependent variable.. CUTCHANG Method.. POWER

Listwise Deletion of Missing Data

Multiple R .50177
R Square .25177
Adjusted R Square .19833
Standard Error .97094

Analysis of Variance:

DF Sum of Squares Mean Square
Regression 1 4.441090 4.4410897
Residuals 14 13.198198 .9427284
F = 4.71089 Signif F = .0477

———————————————————— Variables in the Equation —----------—--—--

Variable B SE B Beta T
UcCs .827946 .381461 .501769 2.170
(Constant) .001156 .001951 .592
Dependent variable.. IMPROVE Method.. INVERSE

Listwise Deletion of Missing Data

Multiple R . 74300

1Yo



R Square .55204
Adjusted R Square .52005
Standard Error .02325

Analysis of Variance

DF Sum of Squares Mean Square
Regression 1 .00932868 .00932868
Residuals 14 .00756976 .00054070
F = 17.25306 Signif F = .0010
———————————————————— Variables in the Equation ----—---—-—---—----—---—-
Variable B SE B Beta T Sig T
Ucs 1.646007 .396277 .742997 4.154 .0010
(Constant) -.005599 .008615 -.650 .5263
Y w SBodId Hgwmw > oo @
Correlations
| RMR GRRD
RMR Pearson *
Correlation ! -539(%)
Sig. (2-tailed) .010
Sum of
Squares and 5434.364 | -1984.883
Cross-products
Covariance 258.779 -94.518
N 22 22
GRRD Pearson x
Correlation -539(*) 1
Sig. (2-tailed) 010
Sum of
Squares and -1984.883 2492.232
Cross-products
Covariance -94.518 118.678
N 22 22

** Correlation is significant at the 0.01 level (2-tailed).

Correlations

RMR

GRRDHM

RMR Pearson
Correlation

Sig. (2-tailed)

-521(%)
013

\Ys



GRRDHM

Sum of Squares

and Cross-
products
Covariance

N

Pearson
Correlation
Sig. (2-tailed)

Sum of Squares

and Cross-
products
Covariance

N

5434.364

258.779
22
-521(%)
013

-71.653

-3.412
22

-71.653

-3.412
22

3.478

.166
22

* Correlation is significant at the 0.05 level (2-tailed).

Correlations

RMR

ROP

RMR

ROP

Pearson
Correlation
Sig. (2-tailed)
Sum of
Squares and
Cross-
products
Covariance

N

Pearson
Correlation
Sig. (2-tailed)
Sum of
Squares and
Cross-
products
Covariance

N

5434.364

258.779
22

-.098
.666

-26.473

-1.261
22

-.098
.666

-26.473

-1.261
22

13.553

.645
22

Correlations

RMR

AR

RMR

Pearson
Correlation
Sig. (2-tailed)
Sum of
Squares and
Cross-
products

5434.364

161
475

223.778

\YY




Covariance 258.779 10.656
N 22 22
AR Pearson
Correlation 161 !
Sig. (2-tailed) 475
Sum of
gq“ares and 203778 | 357.577
ross-
products
Covariance 10.656 17.027
N 22 22
Correlations
| RMR U
RMR Pearson
Correlation ! 233
Sig. (2-tailed) .296
Sum of
gq“ares and 5434.364 |  410.705
ross-
products
Covariance 258.779 19.557
N 22 22
U Pearson
Correlation 233 !
Sig. (2-tailed) .296
Sum of
gq“ares and 410705 | 570.670
ross-
products
Covariance 19.557 27.175
N 22 22
Independent: RMR

\YA




Y e SBodld Hgmw 5y Julxi ®

grrdhm
) Observed
2.00 — Linear
(8] == Logarithmic
— -lnverse
— -~ Guadratic
= = Power
— - Exponertial
1.50
1.00
0.50
0.00-— T T T T T T
20.00 30.00 40.00 50.00 &0.00 70.00 &0.00
rmr
Model Summary
Adjusted R | Std. Error of
R R Square Square the Estimate
.785 617 576 .265
The independent variable is rmr.
ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 2.145 2 1.072 15.288 .000
Residual 1.333 19 .070
Total 3.478 21

The independent variable is rmr.

Coefficients

Unstandardized Standardized t Sig.
1va




Coefficients Coefficients
B Std. Error Beta B Std. Error
rmr -.100 .021 -3.938 -4.698 .000
rmr ** 2 .001 .000 3.467 4.136 .001
(Constant) 2.843 477 5.967 .000
Model Summary
Adjusted R | Std. Error of
R R Square Square the Estimate
722 .521 497 .289
The independent variable is rmr.
ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 1.812 1 1.812 21.768 .000
Residual 1.665 20 .083
Total 3.478 21
The independent variable is rmr.
Coefficients
Unstandardized Standardized
Coefficients Coefficients t Sig.
B Std. Error Beta B Std. Error
1/ rmr 28.805 6.174 722 4.666 .000
(Constant) -.301 .160 -1.878 .075




grrd

{0 Observed
£0.00- Linear
== Logarithmic
— -lnverse
o — == Quadratic
- - Power
=0.00:] == Exponential
40,00
30,00
20,00
10.00 I I ] I:Ij I I = I
20.00 30.00 40.00 50.00 60.00 70.00 80.00
rmr
Model Summary
Adjusted R | Std. Error of
R R Square Square the Estimate
791 .626 .586 7.008
The independent variable is rmr.
ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 1559.021 2 779.511 15.871 .000
Residual 933.211 19 49.116
Total 2492.232 21
The independent variable is rmr.
Coefficients
Unstandardized Standardized
Coefficients Coefficients t Sig.
B Std. Error Beta B Std. Error
rmr -2.644 .561 -3.904 -4.712 .000
rmr ** 2 .024 .006 3.414 4.121 .001
(Constant) 86.174 12.610 6.834 .000

M



Model Summary

Adjusted R | Std. Error of
R R Square Square the Estimate
722 521 497 7.728

The independent variable is rmr.

ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 1297.758 1 1297.758 21.729 .000
Residual 1194.474 20 59.724
Total 2492.232 21
The independent variable is rmr.
Coefficients
Unstandardized Standardized
Coefficients Coefficients t Sig.
B Std. Error Beta B Std. Error
1/ rmr 770.797 165.355 722 4.661 .000
(Constant) 2.154 4.296 .501 622
MODEL: MOD_ 3.
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Independent:

Dependent MthRsagd.f.

ROP
ROP
ROP
ROP
.0001
ROP
ROP
AR
AR
AR

ca

LIN
LOG
INV
QUA

POW
LGS
LIN
LOG
INV

Qua
POW
LGS
LIN
LOG
INV

Qua
POW
LGS

RMR

.010
.007
.003
.011

.009
.010
.026
.074
.145

.316

.134
.063
.054
.110
.175

.311

.179
.102

19

19

20
20
20
19

20
20
20
20
20

20
20
20
20
20

20
20

F

»
w

»

N
N> OB NDE P WWYWwWwR

Sigf

.19
.13
.06
.11

.17
.21
.53
.60
.39

.09
.35
.15
.47
.25

.37
.27

1AV

bound

.666
.721
.812
.900

.682
.651
.475
.220
.080
.027

.094
.259
.296
.132
.053
.029

.050
.148

Upper
b0

w w s> W

.8105
.2313
.4760
.5717

.3000

.2675

13.
4
19.

5224

.1726

1842

-3.4429

4.
14.
1.
23.

-5.2406 1.

4.

9403
0840
9106
1219
6517

7871
0754

bl

-.0049
-.1718
4.2479

.0064

-.0546
1.0014
.0412
2.9753
-154.05

.8451 -

.2901
.9953
.0756
4.5742
-213.96
0304 -
.3447
.9939

b2

.0085

.0101



Dependent Variable: grrdhm

RESJMQW)?)M °

Model Summary and Parameter Estimates

Model Summary

Parameter Estimates

Equation R Square F df1 df2 Sig. Constant b1 b2
Linear 446 16.120 1 20 .001 -.077 .016
Logarithmic .288 8.077 1 20 .010 -.868 .391
Inverse 153 3.599 1 20 .072 .699 -6.702
Quadratic 849 53.588 2 19 .000 1.052 -.067 .001
Power 215 5.471 1 20 .030 .058 516
Exponential 372 11.834 1 20 .003 .158 .022
The independent variable is grdi.
Model Summary and Parameter Estimates
Dependent Variable: grrdp
Model Summary Parameter Estimates
Equation R Square F df1 df2 Sig. Constant b1 b2
Linear 517 21.413 1 20 .000 7.198 464
Logarithmic .350 10.769 1 20 .004 -16.481 11.551
Inverse 195 4.837 1 20 .040 30.002 -202.737
Quadratic .846 52.022 2 19 .000 34.478 -1.541 .028
Power .304 8.722 1 20 .008 4.879 419
Exponential 454 16.648 1 20 .001 11.472 017

The independent variable is grdi.

\AY




SIB cpilgd @

Rule Editor: GRRD estimating

Edit  View Options

@~ @ G RD =

==
=

1.
12.
i13:
14
115,
6.
7.
8.
14,
20,
.
122,
123,
24,
125.
|26,
27,
2.
29,
130,
131,
132
133
34,
135,
36,
137
35,
139,
40,
41.
42,
43,
44,
45.
46,
47.
43
149,
50,
=
152,
53.
54,
155,
|96,
5T

If (inztak is VL) and (M iz WH) and (00 s OEL) snd (UCS iz L) and (AR iz L) and (MFC is YES) and (S5 iz M) and (GWis L) and (CLAY is H) and (GAS iz MO) then (GRRD is E1 (1)
If (in=tab is L) and (JM is M) and (IO is OBLY and [UCS is M) and (SBR iz L) and (MFC is YES) and (5Q is MO) and (GWis L) and (CLAY iz H) and (GAS is NO) then (GRRD iz &) (1)

If (instab is L) and (JM iz M) and (IO is OBLY and (UCS is M) and (ABR iz L) and (MFC is YES) and (50 is MO) and (GWis L) and (CLAY is H) and (GAS is NO) then (GRRD iz B) (1)

If (instab is L) and (JN is H) and (J0 is OBL) and (UCS iz M) and (AER is L) and (MFC iz YES) and (30 is NO) and (GW is L) and (CLAY is H) and (GAS is NO) then (GRRD i &) (1)

It (instab is L) and (JN is H) and (J0 s OBL) and (UCS is M) and (ABR is L) and (MFC iz YES) and (S0 is NO) and (GY is L) and (CLAY is H) and (GAS is NO) then (GRRD is B) (1)

If (instab is M) and (M is M) and (J0 s OBL) and (UCS is M) and (ABR is L) and (MFC is YES) and (52 is NOY and (GVW s L) and (CLAY is H) and (GAS is NOJ then (GRRD is 2) (1)

It (irstab i M) and (M is M) and (JO is OBL) and (UCS is M) and (ABR i L) and (MFC is YES) and (33 iz MOY and (W is L) and (CLAY is H) and (GAS is NOY then (GRRD s B) (1)

I (instab is M) and (N is H) and (JO is OBL) and (UCS is M) and (AER is L) and (MFC is YES] and (S0 is MNOY and (G is L) and (CLAY is H) and (GAS is MO then (GRRD iz &) (1)

I (instab is M) and (M is H) and (0 is OBL) and (UCS iz M) and (ABR is L) and (MFC iz YES) and (5Q iz NO) and (GWis L) and (CLAY i H) and (GAS iz MO then (GRRD iz B) (1)

It (instab is WH) and (N s L) and (IO is OBL) and (UCS is M) and (ABR is W) and (MFC is MNO) and (S0 is NO) and (GW is W) and (CLAY iz MO) and (A% iz NO) then (GRRD is &) (1)

If (instab i YH) and (N iz L) and (10 is OBL) and (UCS iz M) and CABR is M) and (MFC iz NO) and (SQ is NO) and (GVW iz ) and (CLAY iz NO) and (GAS ks NO) then (GRRD is B) (1)
If (instal is YH) and (M iz h) and (JO i OBL) and (LUCS iz M) and (SBR is M) and (MFC ks NOJ and (S0 is NO) and (GW iz M) and (CLAY is NO) and (GAS is NO) then (GRRD iz &) (1)
If (instal is YH) and (N iz b) and (JO i OBL) and (UCS iz M) and (SER is M) and (MFC is NOJ and (SQ is NO) and (GW iz M) and (CLAY is NO) and (GAS is NO) then (GRRD s B) (1)
If (instal is YH) and (M is L) and (10 is OBL) and (UCS is b and (AER is L) and (MFC is NOY and (5@ is NOY and (Gv is L) and (CLAY is NO) and (GAS is NO) then (GRRD is £) (1)

If instab is YH) and (M iz LY and (40 is OBL) and (UCS is b and (ABR iz L) and (MFC is MNO) and (5@ is MO and (G s L) and (CLAY is NO) and (GAS is NO) then (GRRD is E) (1)

If {instab is YH) and (N is M) and (J0 is OBLY and (LICS is M) and (ABR is L) and (MFC is MO and (S0 is MO and (GWis L) and (CLAY is MO and (GAS is NO) then (GRRD is &) (1)
If (instak is YH) and (N iz W) and (JO ks OBL) and (LICS iz M) and (S8R is L) and (MFC iz MNO) and (S0 is NOY and (GW is L) and (CLAY is MO and (GAS i NOY then (GRRD is B) (1)
If (instal is YH) and (N iz L) and (IO is OBL) and (UCS is H) and (ABR iz L) and (MFC iz YES) and (S0 is MO) and (GW is L) and (CLAY iz M) and (GAS is NOJ then (GRRD i A) (1)

If (instal is YH) and (M iz b) and (JO ks OBL) and (UCS iz H) and (AEBR iz L) and (MFC is YES) and (56 i MO and (GW s L) and (CLAY is M) and (GAS iz NO) then (GRRD iz ) (1)

If (instal is YH) and (M is L) and (IO is OBL) and (UCS is H) and (ABR is M) and (MFC is NO) and (SQ ks NOY and (GYis H) and (CLAY ks MO and (GAS is NO) then (GRRD is &) (1)
If instab is YH) and (JM is LY and (J0 is OBL) and (UCS is H) and (AER is M) and (MFC is MOY and (SQ ks NOY and (GWis H) and (CLAY is MO and (GAS is NOY then (GRRD is B (1)
If {instab is WH) and (M is L) and (J0 is OBL) and (UCS is M) and (AER is L) and (MFC iz NOY and (SQ is MO) and (G is ) and (CLAY is MO and (GAS is NOY then (GRRD i £) (1)
If {instak is YH) and (N is L) and (10 is OBL) and (UCS is H) and (ABR is L) and (MFC is MOY and [5G is MO and (GW is M) and (CLAY is NOJ and (GAS is NO) then (GRRD is 47 (1)
If (irstak is VH) and (N iz L) and (10 is OBL) and (UCS is H) and (ABR is L) and (MFC is NO) and (S is MO) and (GW iz M) and (CLAY is NOJ and (GAS is NO) then (GRRD is B (1)

If (instal iz WH) and (N iz YL) and (JO is OBL) and (LICS is H) and (ABR iz M) and (MFC is NO) and (SQ is NO) and (GVW is ) and (CLAY iz NO) and (GAS is NO) then (GRRD is &) (1)
If (instal i YH) and (N iz %L) and (JO ks OBL) and (UCS is H) and (ABR i M) and (MFC is NO) and (SQ iz NO) and (GW is M) and (CLAY iz NO) and (GAS is NO) then (GRRD is B) (1)
If (instal i YH) and (M iz YL) and (JO is OBL) and (UCS is H) and (ABR is L) and (MFC is NOY and (56 i MO and (GW s M) and (CLAY is NO) and (GAS is NO) then (GRRD is A) (1)
If (instal is %H) and (M is YL) and (JO is OBL) and (UCS is H) and (ABR is L) and (MFC is MO and (5@ is MNO) and (GW is M) and (CLAY is NO) and (343 is NO) then (GRRD is B (1)
If instab is M) and (JH is L3 and (O is OBLY and (UCS is M) and (ABR iz L) and (WFC ks MOY and (S8 ks NOY and (GWW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is A) (1)
If {instak is M) and (JH is /L3 and (0 is OBL) and (UCS is M) and (ABR iz L) and (MFC is NO) and (SQ is NOY and (G¥is M) and (CLAY is NO) and (GAS is NO) then (GRRD is B) (1)
If (irstal i H) and (M iz WL and (IO is OBL) and (UCS is M) and (AR iz L) and (MFC is NO) and (SQ is NO) and (G is M) and (CLAY is MO and (GAS is NO) then (GRRD i ) (1)
If (instal iz H) and (M iz LY and (IO is OBL) and (UCS is b and CABR is L) and (MFC is NO) and (SQ is NO) and (GV is M) and (CLAY is MO and (GAS iz NOY then (GRRD iz B) (1)
If (instal iz WH) and (N iz YL) and (JO is OBL) and (UCS is WH) and (ABR i L) and (MFC iz NOY and (56 iz MO and (GW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is 4) (11
If (instal iz YH) and (M iz %L) and (JO ks OBL) and (UCS is WH) and (ABR i L) and (MFC is NO) and (SQ ks NOY and (GY iz M) and (CLAY iz NO) and (GAS is NO) then (GRRD is B) (1)
If (instal is YLY and (M is ¥H) and (JO is OBL) and (UCS is L) and (ABR is L) and (MFC ks NO) and (SG is NO) and (GWW s M) and (CLAY is NO) and (GAS is NO) then (GRRD iz &3 (1)
If (instal is %H) and (M is %L) and (JO is OBL) and (UCS is M) and (AER is L) and (MFC is MO) and (5Q is NO) and (G is H) and (CLAY is NO) and (343 is NO) then (GRRD is 4) (1)
If (instal is WH) and (N iz YL) and (JO is OBL) and (UCS is M) and (AER is L) and (MFC is NOJ and (5@ is NO) and (G is H) and (CLAY is NO) and (G453 is NO) then (GRRD is B (1)
If (instal is YH) and (M is YL) and (JO is OBL) and (UCS is M) and (AER is L) and (MFC is MNO) and (50 is NO) and (G is M) and (CLAY ks NO) and (GAS is NO) then (GRRD is &) (1)
If (instab is YH) and (M is YL) and (JO is OBL) and (UCS is M) and (AER is L) and (MFC is MO) and (3@ is NO) and (G is M) and (LAY is MO and (GAS iz NO) then (GRRD iz B (1)
If {instak is M) and (JH is Ly and (J0 is OBL) and (LICS is M) and (48R is L) and (MFC is MO and (S8 is MO and (GW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is A7 (1)

If (irstak i H) and (M iz L) and (0 is OBL) and (UCS iz M) and (ABR is L) and (MFC is NO) and (SC is NOJ and (GW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is £) (1)

If (instal iz YL) and (M is YH) and (JO is OBL) and (UCS is M) and (AER iz L) and (MFC is NO) and (Q iz NO) and (G is H) and (CLAY is NO) and (GAS is NO) then (GRRD is B (1)
If (instal is VL) and (M is YH) and (JO is OBL) and (UCS is M) and (AER iz L) and (MFC is NO) and (Q iz NO) and (Gv is H) and (CLAY is NO) and (GAS is NO) then (GRRD is C1 (1)
If (instal is M) and (JM is M) and (JO iz OBL) and (LUCS is M) and (ABR is M) and (MFC iz YES) and (SQ is H) and (VW is M) and (CLAY iz NO) and (GAS i NO) then (GRRD is 4) (11

If (instal is M) and (I is M) and (JO iz OBL) and (UCS is ) and (ABR is M) and (MFC iz YES) and (S@ is H) and (GW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is B) (1)

If (instal is H) and (JM is W) and (IO ks OBL) and (UCS is M) and (AER is M) and (MFC is YES) and (S0 is H) and (G is b and (LAY ks MO and (GAS is NOJ then (GRRD is &) (1)

If instab is H) and (JM is M) and (JO is OBLY and (UCS is M) and (AER is ) and (MFC iz YES) and (S is H) and (G is ) and (LAY is MO) and (GAS iz NO then (GRRD iz B (1)

If {instab is M) and (JH is H) and (JO is OBL) and (UCS is M) and (AER is M) and (MFC is YES) and (S0 is H) and (GW is M) and (CLAY is MO and (GAS is NOY then (GRRD i A) (1)

If (instak is M) and (JM is H) and (IO is OBL) and (UCS is M) and (AR iz M) and (MFC iz YES) and (S0 is H) and (G is M) and CCLAY i NO) and (GAS is NOY then (GRRD is B) (1)

If (instal is H) and (JM iz HY and (IO is OBL) and (LICS is M) and (ABR s M) and (MFC is YES) and (SC k= H) and (GW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is 47 (1)

If (instal is H) and (JM iz H) and (J0 is OBL) and (UICS is M) and (ABR is h) and (MFC is YES) and (SQ ks H) and (GW is M) and (CLAY is NO) and (GAS is NO) then (GRRD is B (1)

If (instal is M) and (I is L) and (IO is OBL) and (UICS is M) and (A6 ks M) and (MFC is YES) and (SQ i b) and (GW is b and (CLAY i MO and (GAS ks NO then (GRRD i &) (1)

If (instal is H) and (JM is L) and (0 is OBL) and (UCS ks M) and (ABR is M) and (MFC is YES) and (5@ is M) and (GW is M) and (CLAY is NO) and (345 is NO) then (GRRD is 4] (1)

If (instal is M) and (I is M) and (JO is OBL) and (UCS is M) and (ABR k= M) and (MFC is YES) and (SQ is M) and (GW is M) and (CLAY ks NO) and (GAS is NOJ then (GRRD is &) (1)

If (instab is H) and (M iz W) and (IO ks OBL) and (UICS is M) and (AER is M) and (MFC iz YES) and (S is M) and (GW is M) and (CLAY iz NO) and (GAS is NO) then (GRRD is &) (1)

If (instal is YL) and (M is ¥H) and (JO is OBL) and (UCS is M) and (AER is L) and (MFC is MOY and (5Q is H) and (GV is H) and (CLAY is NOJ and (343 is NO) then (GRRD is D) (1)

If (instak is VL) ane (M is YH) and (JO is OBL) and (UCS is M) and (ABR is L) and (MFC is ROY and (5@ is H) and (W is H) and (CLAY is MO and (GAS is NO) then (GRRD s E) (17
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Abstract

In recent years, TBMs are widely used in tunneling projects all over the world. Since
the mechanized tunneling started a wide variety of performance prediction models have been
developed. Most of the prediction models have considered only penetration rate. Some models
have been developed for prediction of TBM advance rate and have suggested some
relationships for estimating utilization factor. In TBM tunneling projects, prediction of the
advance rate is very important as it has a big influence on the duration of the project and
the costs and utilization factor also has a great effect in advance rate. Different Rock mass
conditions have a great role in on TBM downtimes and each effect may reduce machine
utilization. The main goal of this research is the study of effect of rock mass condition on
utilization factor.

In order to model the effect of geology and rock mass conditions on TBM downtimes
(GRRD), a thorough database based on three long water conveyance tunnels in Iran has
developed. Developed database contains maps, detailed engineering geology
information and daily site reports including length of excavated tunnel in each rock
mass units, daily boring time and advance and different rock mass related downtimes.
To achieve this, detailed maps, engineering geology reports and the daily site reports of
study cases including Karaj-Tehran water conveyance tunnel (lot-1 length: 16 km and
lot-2 length: 11 km of 14 km) and Ghomrood water conveyance tunnel (lots 3 and 4
length: 18 km). This effect has been modeled by using regression analysis, combination
of Rock Engineering Systems (RES)-regression analysis and Fuzzy logic methods.

Various regression equations were developed between GRRD and RMR and some
meaningful significant relationships were achieved. After statistical analysis, the
quadratic equation showed the correlation between RMR and GRRD more accurately
with the coefficient of determination 0.62. Using RES method the geology and rock
mass related downtimes index (GRDi) were calculated and then regression analysis was
performed. In this approach, GRDi values are independent input variables whereas the
measured GRRD is a dependent variable. The maximum coefficient of determination
(R? = 0.85) was obtained in quadratic equation. Also Fuzzy logic method is capable to
model GRRD with a good coefficient of determination (R*=0.97). Comparing these 3
models shows that regression analysis is easier to use but RES-regression model is
capable to consider more effective qualitative parameters such as poisonous gases, mixed
face condition, existing clay, squeezing and rock abrasion.
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