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Rock mass quality Q = Jn X Ja XSRE
REINFORCEMENT CATEGORIES:
1) Unsupported 6) Fibre reinforced shotcrete and bolting, 9 - 12 cm
2) Spot bolting 7) Fibre reinforced shotcrete and bolting, 12 - 15 cm
3) Systematic bolting 8) Fibre reinforced shotcrete, > 15 cm,
4) Systematic bolting, (and unreinforced shotcrete, 4 - 10 cm) reinforced ribs of shotcrete and bolting
5) Fibre reinforced shotcrete and bolting, 5 - 9 cm 9) Cast concrete lining
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LSI] Tendons only, ultra wide pattern 81%
LS2 Boltless, TSL (fast)* 7%
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Sparse Bolted Membrane, TSL (fast)* 58%
LS4 Staged: TSL (fast) only 76%
Staged: Ultra-wide pattern tendons 79%
Tendons and WWM 38%
Tendons and TSL fast* 33%
SS1 Staged: TSL (fast) only 76%
Staged: TSL (fast) + 30% tendons 58%
Staged: 100% designed tendons 41%
S Tendons and WWM (‘common support') 0% | |
~__|Tendons and TSL fast* 19% -_I I -

(Suorineni et al., 2008) (gg yiws, & 3 5 CBg0 (5,00 I V-F JSC&

\-fF



S Glazye gojlal wigh oo oolitul a5 (5,005 a9 g5 5 la> slabs, plod a5y
CS b slacKiwodg i 10 ol il Gl (6 ol dims co (S Lo a0 |y IS s
J=les oles S )b sl pdy Sllasil adsl (6,l0eSs ST (eigdallone 5 (cwlol (slopne)) Sl
5 SIS s el 0 B0 O jg0 0 K )b (Al 55 )5 e Sl ol 150 4
oo g s YL So (6 5B dblate a5 Cul (o 00 sy pp JSD s B0 o0 7
L g 5095 <o, Sle 5l ooliinl O (g, 9,509, 08 loy il 8l oles 5L g 08 s 1) (5l
S o=l S iz wiS g elS ol b osdioe sl a5 005 Cdge (5 IS (lgie 4 S
S5 B Sodsy (8l p S 0055 10 0ad ;S g cenlie IS ts S5 el Dgzg 4 sl
6 S sl 4255 b g O g, 5o Lol aws cod Siwosgd 4y |y (Sl Cows o5l 5 00

o; oolawl Yb WBLQA L: 9 ﬁfos) TSL s_i: )‘ U‘y(.SA Qo>

395 &It i ;ST coigadlone ;f g olol 2 Slaens po 45 Clls azgi il 4]
3 e e Siws g dn |y i o ol sl sl YU ()T o b g 05 10550 5 s
e 2 O)l5 Sk SRl carge Caled)e 5 WS pod eoliial (B33 (5,55 Cudyl 5 S e
g mlpd ez o we il Gl el Sllasil b5 ol a0 Gz 9sdiee (6,
S 6,10 e el loj g Cadio e Wb o lgen e go e 2 sLAS (5l pae

Dl 18 p o el

O* b O by dmmlio¥-¥

Gl anlas V-Y-F

Ol e Lol Q* 2 Fye o5 O)le ol Bde o ls v Q* 5Q Uhsy 0 oS ol (5 Lol
sadaly o0 O gy 50 el ol a8 el (6l piacms (b 50 e Syl SO s
a2l adal) sl )l an el ol 0 Py oo bl s 51,8 Swesgs 4y ool

VoV



)49_A )‘“"‘—’ 5 aS el Q"‘)_’ Q* U"B) uLfJ._:)gid.:d.: )sl_g Ll 00 03l JLM‘ S 0093 CalS

i) e 4O adal) 5 2 S g 0l S e Ko 0553 CarieS 4y oo jhetel o 6,3

IR E PE U S KV PG ORI ES 4 PV QT Gk 3l g ool eols Jal (SL) a5 o

o Ll koo p alod 092 digy 32 (258 O gy 5o 45 Sal Ll 53 (s 59 G g sl

* = .
M ol Q dbs) o Soew 00g

Las el ojlw b by sbewl, 0o ROD oty azg O Cad O 550 Codio sl S5 5
. 3 . RQD 3 & 4 . PO & &

Log sl sbul slaSel o3lull I Oolee a5 Wb 00l gl ien Db e 00l i ROD,

oolo 1,8 o ls wglas alises slicwly ;o S el slal a5 STyl 5 as co ylias 1) oo 0 aiws

Sy e ojle b B sbily jo S ol ojluil 4 oles s ROD sl> 4, RODy

4 (6,lagS ol gl g oyls 1,8 (SL) s mlaws alayly (o 5 Siwosgs 4 205kl galal,

Ay 1) 00,350 Cu0d K 0355 CapieS Vgone 0 oS Canl (21 07 50 g loglis (oot |
248 Cil mly Sl 055l 00 s | (55l (B pme j0 Shusesg CeieS O L 35510 Cmd
L Gl ansz (2hb g oud poss jlars dilate ;0 o 25 Comdy (jn) sojle i plin
B o=l ) DP9y omp 99 plmil (g lam o yme 10 S 0395 LS g 9y L]yl & az g

el (635,9 g0l o (6 s B sl s

0395 CotnS a4y 0oy 00ls plas! slol jralS el g oS co s /P U o Slg5 4658 S

VoA



el FSG0 5 Catdly 4 O gy il ol g ge oS3 ol 51 eyl oo

oy dnlio Y-Y—F
i Sl oo Culps o a5 i g Swedy CouS ol Cowdds o Wl (s opl jo
L3l 6l sy 99 2 a8 (algy arazgi b ols 18 s 00550 008G L) Bigd oo (5l
G295 (=l (68,90 anlllas jo hgy 90 0 mlS o 29 (Swued 10 3929 (6,1 e
o=l 5 hlisre G5 ol § Siwedsi ;00 slacesS 0 LTaS 05 s il Lol s ssalie
5 el FS0058 09z g0 Cuably 4y by, S LT ATl (Stepe GIEB L ol 0gzg (Sien
o5 SL 05,5 5o i e Giegh Gl )0 (o050 Bigi 90 2 50 0,50 )8 c) 28550 by
s gl 4y b g +IF 5 S a5 abons 5 s i 59 8 5 o8 |y 55,5 3
A3l B ol 5 sk 50 by 90 ol (S 45 05 wa e iy onl 3l el

SIS L8 ey s el 990 1) (gt a3, b ool cpl Sl (ol el

Pl Ll b 6l vy oo SlaS a5 el (b 0 F9 Sl gl by, S O g,y Sl
o sl gy ol oSl S (ly5 sl O g 99500 Ul cnlplis a3l oas gl
9 Somw0d95 CplesS (eSS 50 (VL Lo Same o3l SsST igs Ll il g YU jLad 5 Ges
Ll s ol jo oSl g5 5l (65l s 2 35l LA (e 5 (6l i LS
Ll sy anly 03l o Siaognls Jaul o a4y aly aSGT 51 ey (e 05 soslo S gl
oS s j18 5 5 Ghag cnl 69,90 aslllae o oS (paly i Lailpd o Lol cenl adlaie 05

S35 o0 Do oy bawgs (5 laky

V-Q



TSL 65105 s (o3 32 F-F
L1y ndn Sllasl (2580 5 olse Ji5 5 Joor (20lS 5 ol S s (2l 381 TSL (510055 i
G900 ()b cud b oyl aS cuils asg5 b TSL 5l soliiwl pllin .l axils Jlss 4 045
O i e Syl (6 5S gl el Jloo,0 b onds anSs slo K 0 SU sdiwg Gl
g dloy Sl JS00Sy LS )0 0 jgemme Siawodgs Slalal aeaii)d 09h o0 S b3l o2 5l
D9 Camns 3> 5| oy 4S5 000 o5l Sawosgs a4y Lalyd (51095 0 (6 S5l (505 wsd
S ermdge Do an Ly ool ot 1) (6 lagSS Dl s Glgi oo (el gailaie S slml jslaiea
Sl 5995l g Ko o 5l Ygoro LIS yolan jo 5905 oolazwl TSL L gl b K ey oS 5
SIS sl 2S5 Gl g 1SS Dlalad (65005 sl (soe 6055 3 9 595 STk (65l

(Yilmaz & Toper, 2003) s oo ooliwl S>55 Sl pp 5 0udS oSl oo

5 @bl b b 0S5 505 ()0 syl Cdib 5y 2 IS la> b ST
R 1 50 a5 (Ll po ogas a el i b S yB o3lail 4 (605 (g iy Sllasil
“s LS jslre sloSiw SlaSsh G (B2 2lralr b g (o 2l 4l g 039 3L (e
S sle bl milesgs YL Cwglas L cu SOl aile Jawil slge Jlne olgie 4 .09,
Som sle ol ozl (ale 8 ()l S loie 4 gons 558 AT (o y0 Wsd o0 S
Shls TSL ay cois (60¥9 8 BLIN a e &0 ,S5LS  cogae Sl 0 0l valys Sow o 1)
ot st Blanl TSL il abj ol Ken o5 oyl 4 Lol el (6,5VL (5,005 Conglie

(Lau, ol lawg ool sl sla yiolej] Gub ams oo gy |, slels 51 (5,5 so5b g ools
g YO« a8 Ly eo¥sd BLII 4 mlae oo SSLs ain S Saydam, Cai, & Mitra, 2008)
Ol o S Ay SOl ead eanbigy S sl Sl b anslie o e Jo Ve Cwlbs

VY.



—wéoubdeMyg_i’dﬁmwr@m)‘t\suiusgbowdeBrwa’ G ¥
S LacSsh o 35 Ji5 505 401, LT b sl o0 ], b gbons K el il

Joiz ey g SlS Ceeglie 5§ S 4 Ay (S polie a0l a4 Al 0als &

(Ozturk & Tannant, 2010) s¢i J oS TSL lavg Slg o S,y 4 il

0dls (B a5 W oo L ) ceSe S G 3l ool Ja SO V- S oS 365 G S

o=l 09 5 0Bl ye (Lo V5 (e BBlaz 0,0 (Falil oS wiS (e 3985 oo yd (95,0 4 edy

(Lau et al., 2008) 55 saly> jodio B+ B Y+ ps 05,0 5y 4 youds 345 Gos >

Ol S

|

O o S

0L Cvwans Sy

(Tannant, 2001) b jwo Souw a3 Sgly (10,5 28 j0 poudy g Y-F JSC&

RN



L Job L ploje S & sl 5l G S (53025 51 5ldoj90 (55,03 V- abladly 321

(Tannant, 2001):L | ,l
F =L.ds.o, V- ¥ ala

S9a (3] 9 youk 5 (oo L g yioslio o (Siwgnli (90 4 youly 3585 Gac dp o 0 45

el Fg 9hS o p (S Sobs

ool ply pocly (G285 Zuglie b S @y pocdy (S Cuoglie 45 098 o0 (2,8 > (nl o
ieiS Ceaglia | a8 Kis Ay yarly St Caoglie 45 Ll 5 S obly cls o 4]
9 S s e iy pardy (G885 Conglie a4y Ssly 0l (6950 a5 (nl 1 S el ey
Oly=e 4 Sols (35 9 rmr Alie S 3l LS (s By Lol il oo 35T o ey
Bl Ko g oy s (r o &5 canl (] (28 eudy (BAS Caaglie § (LEES (595
s yoely S983 Bas g ol aldls 292y yo /) azg Jsbo b oxSe Sob aSpl (08 L il e
s o3 59y oLST ol JISllSe A parly 25S Ceaglin g b siarkes Yo 03,8 5,0
©Dpdy D9 0))3 dzg So ;0 perk S9ai S 09 daly> (gignig S PV Ll Sl ol
e Sols Sy bt (59 09 delsS (Fedsl SN L uln Ssly bl gl p3Y (595 oS
H Ve 050 8 G M Cdib 5 cnlil el GieS YO L pln e /) Sl b (S
plos g osls gy |y o pled oy oS ol (nl 2 (5,8 Lrial jo atdl il STl (59 69
o ol @ plaS a2l L o 5l Lel il 8 (S (256 ge 03900 52 Sii e
Sialo3] onl azedi 0g dmles Sol ()39 5l s (e yerdy ()10 ﬁﬂ@;ﬁs@suﬁr@j%@i
(S9=dm AuS Sgi S 0995 (5loo},0 9,0 4 Al 3L (6 pends Y Blge ST o o lid

S Gili3l Eel Al e S5l ST LS (5 g5 1y K S sl il o

WY



Gy Sl iyl 5] ol 5 3L 6oy (6,04 s Sy o> yb (6l Lol 098 TSL s

(Ozturk & Tannant, 2010) s¢i

P sl (Ko (LS5l (e (s S5 > ) (T sl sl els D92y (Swgal g (S

A0S Ojgo Gl 0 azgi BB OlS o asl ) LS as o ls 1) 530 o s Sl gy S
Lagl (o &5 12 0050 4 laSsh (10,5 Ji5 L Wl oo dtwgy 3)lg0 (S0 ) 09 caad S
00 8)lge 0 S e ol (g lax glad Gl bl Kiwosss gl Ol G aseii o g S Sgaza |
2 S Gle St i Sl (oS 5 Gl dwain 5 S mhae (S 008 Ll b a5 Slej
JoB g SO lese an 5)l0gSS dalpd i ot ] oo 9929 @ bl Sow 5l ddlate

. (Yilmaz, 2007)&«5@ Jo.c Q&A 5o Sow Lhas 9 Ls)‘..x@‘.ii LS‘)'? LS):’.“.)% Jiw peoey)

Sl Gy Slos YL (e 025 (o0 )13 SAn plraly Lo 6N pie &5 e

3wl O)le K S8 Olalad olg,d S S o>

Oy e 30 0S5 4SS (S sl Sol 057 Jas @

S 0355 a5 J5 J) s,55lr @

S s oS5k o Jolos sl @
WY



S 51395 (215 51 laly (e SG ol] @

(Dirige & Archibald, 2009) oS o Jos Jd 5,055 S lsie

o Cdle g0 o 0 Sl e b (g0ges Ll 90 5l (S bawgd Wlg oo (s pendy SL aing,
o=l S b wieg Slo)ge (Sl L e (B CeSCE 3l b Jlede iz LS ek
AS Jd o 7y Slo) Yiaix] cuSs Sl g0l ars F) Sw ood ol el wis

ML: Ma; GMS WBLM c)‘d.;‘ 44..»94 ;M u)d-‘)

Slybl jo Jsb azly o g9y Olsre 4 Ll 59) (IS Cad,b (Sl iz glacdl> ol

(Lau et al., 2008) =

F=r.o, Y-F b,

Sy godgutme (JEblRe A L5 ) oy (228 Ceogliie 9y luo¥ diiwgy Culis (25 L
039 P il St ;e V Sy ool p ST ieul (50 SLS YV B F (go3l o (5,5
A7 et Bmes b Ssl o 059 Wl o0 TSL (6,555 O jgear caSe o (9 obS VP ogase
- Sl a8 el wiliigr L a8 ol l osd cds T a wl oS lass sl a1 e O b
30005 Ty ;e O Gae L (Sody eeil axals Waml e oo F culis b g youls (satmg
Ol g 009 phaiels Djgo dn (AT oS el (glaisS 4 (IS L Lyl aBly (o lax Laul

1YY



Cales 5l 128 55 S oo oz ) i aS gy Cawlrd voyge oS SHL clls o as o S
Sgs s 48,5 000l Sl pl e mal by jo Codad pae Jol 4y axgil Jl> 0l b sl aingy  gol

(Tannant, 2001)

o Lo, 580 O g0 a4 dlwgy (b il LS TSL Jlis,) 550 40 onds 4]yl 0,505, a5 J> )0
1 S SzsS lali (6 lagS5 oUlys TSL smbly ok Lol oy aunlys a0 >,k wile onadly

el s 1 Ll

z9l o LaS el obuls cunl oas saaline o Joo V5l iy le 4 iiS ‘_;.%LA)’T Ko o
Oy )l B S roeh sty &5 was oo Gl (nl el dtigy Calis I rdny (L Ve L
4 TSL Sz Baa ol & foum,y 6l sl S0 58 g oS 4 0l Sl gal> 0 4
S a8 (S Jhis an Stz ool Cuws jl cnlpls g cens Il oSl 1 (S
OLts byl (b (satmg (59, » oad el slagialejl s .l (b i alais 5 e a9
S Sz 08 Lol sl aingy Glas (285 (F)k 6950 bl dwgy (oD (5955 Sawl 00l
S @lomler Glegys wlg (oo Sob (55, dwg D50 (nl 50 g WS N A Cel S

(Ozturk & Tannant, 2010) &S oz 1, Sl

TSL L oS5 o Sy vl OlsSos Sz Fgo (28 SRl ln w0000 2,

2,5 oolazul

ARIA



Dwgmy gy \-F-F
L som (55— ol dlisgny Gidigy S5 5l ookl (6 )l0gS5 g5 0 e a5 Cenl ooly ylis @
L b Swgn (o Szss Glacw jlospe )b (i cdel a5 conl Jole s (6l Sy o0k 0>
a0 o SzsS GlaKiw )l pogdle Wilg oo dlgy ()l S &S b 0 WS oo oz

WS e JUsb (5,065 S 9

e 3 Ll il it s (5, 525 syl L L S (S0 55 gy sl a5
g Loojyo Gl Cunl (Ston diadign (6 sl Dl WS (0 S9m rhaw sloygiS ) gy IS
L gy Sy amii il LS ol s, bs 1) TSL olgs g 00,5 lolis |, o S
|y i a5 00 TSL slge Gy 5 psmtdyo cely IS ol mlaislo JouSie b o Sla
- ale 08 o 3sii broj,o YA 0 aS TSL olge 5l SeaSie )b aSiils S5 a0 o LualS
1 L il L S g 5SSt sloS ol oo bl S| 555k 45 03,5 Jac St
LT S SiaS Ko @l as wilgs TSL olge 5l (6,95 4 a5 ol s Jlows (o ol o
g (Ghwy S Ladin 45 | > .cuils walss (6 g o Slos dingn diwg S 5l oolasl
Lyl 48 ey o ol b aogy anlys TSL J55eSice 5 4 5| o8 s s oyl 5Tl
(Yilmaz & 59 aals> ;S5 oolaidl s 5550 TSL 3l SeeSae )5 oSl Sy ol conlin (20

Toper, 2003)

Ollos F 5 Y-F-F
—ols alssl | (6 oS sl pimmm cilizis glgil caas Slbos sl olej 5 4o Sldlas INCO
S ol ol g B el o aloul e FIAXF/A sl b g > o sal p lallas ol ol
Co,SLs il S g h)d 5 s piel 5 (8 Grble bangl con 558 g (S e
5551l g (s (6l S Lagh (6 pandy gy 5 St oS 5 Sl b g cwd O jso

\\F



29 plxl

gy tNOL NN ok a4 o (5,85 b ye VA Job b (SGlSe S 6l Slidas 5
9 o il L g (69Y98 BLITL mhase 5 o Lo 00 Cualied b 2o ,SSLS (6l g a8 2 50
Ot Sy (9 S yorks gy (6l 9 4880 1o 10 moye e VYL /) o S g 3
Sosliil Ly g 5 by Le 5 551 o S5l @liles #55 andl ool aids s anpe,me VY B VA
i (5,50t S5t b ol ial33l il Ve b i Wlgi oo il 450 ol 5l 5085 das g
by et (6 el Dy g Al (6 iy S T 5l ooliiul 5y, o Uil TSL ol

(Yilmaz, 2012) oS lowg

3o Y-F-F
i b kit 5 Sl b 0 TSL (6,5 slappiames 2 5 ool 8590 Slgo
N0+ L5 YD s e 503l yin oo T cealinds Lo L oblS 1355 o Yoo o o il
Colis Ly (o998 Bl 4 mhone < )OS Ciad ailine Cond cpl s o 1) mye e 500 50
72 YL Ve sgam 5009 S0l serw 6)5 5 S e Cood Zanl e (e O
(ot § 59§ S i Jlaie (g3llely g el a5 cdls b Jb ol bl a0 e
Sl 9,1 o5 Jold (6 S5 sloas o o )l5e plad jo el 00,88 Slles 5 nole; )8
S Jole L5 eyl sy oo 45 ool i ot 4555 ol it &) lga ) iy o

s LS)“"'Q'% ‘W' “ ul?u.:‘ 6‘)‘.’ LsoLaS;é‘ Lso.x;;f

s o) LhalS Loy ot alowl 5V (s,50 500 sblsa TSL 3l olictul 5l o> (golazsl blie

Slg— Jo LS TSL L )5 pliim 4y 09 o0 48,5 a3 )5 lge J&5 5 Jom ganjo 5 lge J&5

aS Cwl 00,5 Lasine INCO lawg sl Sldlas .ol o Sli s Cand (pao) 90 4 (6505
VY



A a5 Sl muye e 2 (5l YO VYO sga Uel (L dlse U TSL 5l eolawl ol sloas o
9 a3 Cnlienl (69¥58 ST L oud Syl <o )L 51 Sl b 9 Sl (6558 9 S
sl 00 daslins 555 ooliiasl LSS g5 dan Sl ingm 5 45 Sl (650 (iS5 )0
39S 50 eolaiwl (gl a S el LS j0iS 1o ouls pled gan s ol adl (Tannant, 2001)
L 51 505, olnl 5255 s 5 J85 5 Joo sladisse a5 Lnil 5l 05 oo Cguma o5 ol

Jad gy gox O-F
Lo gy 9 Jedoss (nl ol enalie )28 (Bs, S olare & Q* %9y ey 9 Jedod Jad cpl yo
A (6,055 e SLE g Sl JI5 g 5l Judoxd g (g5 (ol (55l Sl Jolis
5 o9y o=l ke ee sle el Gk hsycnlil eslasinl o)lge (o) o bedod cnl jo Ll S
I3 ey Sy90 (595 Dled B Ojgo 5 by, cnl 9,55 B8 fnizmen el (] oSl
g gadaly LwlQ (b, 50 by Jdod g el )l anslio 4 gom o5 0 285
o =) 2§ el A Calgdy 8,5 18 ) 20550 sy 99 2 IS g 5l g Comal
L=l 29,5 9y cnl IS I g 5l gy ol 55 oy (&S 0l a3 lo py TSL (6 )leSS

el 0l a3 g ley a5l e by, ple b ol anslis

A



gy 9 g o2y o O

AR



Tl g guuzex)-0
ol el aiaz (6 NS5 a5 O (39, 5 5 5o sy 5 el sy ol 51 Ban
=) 00 1A s (> g S 0055 CuhlS (eSS W) L lgn B oS oo SeST San
0352 UDEC |58l 5 aliws 2 038 (3lw e (2ol 0l (6l oolil 0,50 15l o LT g
LS il e wam oy s, S Olsie 40 by, dns (sl WIs oo @l cnl oo

RO VST APV IS

rates sl 03,5 drgs Sk 0355 kS (a3 (8l o sloyiall 40 g, )
3 e e (e sl il an az i b el 050 polas el L el ()l
etz P ROD jaie jog) il 1o Grizren )5 Casd dp Siwodgi (5,0,b095 b5
Dhlasd a az gl 090 (oo Siwwodsh S |y (eed Sl a5 995 o0 dpslire o5l
5 35l (o (S, 10 K 0098 (et Eel 4T ] (6,500 il )b wlas] gl il
G L8 Cueglie 4y azgi o o Gl Sk e 0 1) (6, e (b B0
a3 3l aillaz (slalal) olsie 4 adlaie 1o Sezge la il b ol S 5 g 0j5me S
Ll Gashe Sl 8 (6,105 it SRl (gl p S 0095 ClS

SIS e a5 Sl sl ESR sl 5 sl sailes ol 4 @ 3, Y
oolaiwl 8)lge 0 o lei co 9,0pml5l el gy ol dwls [blas Ylaisl £a590 oyl
Bl Sz alas b (Sose sla by 4 by je it bg) cnll

e ol 8l Esl a8 el onls az gl TSL yolis wyor (5 )l omns &1 29y (0l )0 Y
Db o laaijo falS 5 (59 i

oSl <17 YU i Lol 1o (6,100 piacns GBSl (gl 00l )l Jloged 4y am gl

S s a5l ) ) a5 O Jaie a5 olSin iz o 0, g qpes 8 ola>

\Y-



S G gl 85 o el 9 055me o bame ) Sl sl K 095 sl
S5 0525 (54 e 4 Sl 3l )+ 3l 20 O ke o 5 A3 ¢F

el ol 0 O (o) 4z 5 6)laSS i 2 05 )b y0 Jig glad il wazg b 0
815 (8 i Eugages O Oy & Camd O gy cdls bl g oo

YL &5 4 ol ol S8 @ 05 ge el a5 5l Jlgl sLle TSL (5 )lagSS s F
Ul o Cnglie (oS coal Gloj 4 Gl Ll cnl galexjl 28l cuns (o i
2l bcaS 5 5o Bllasil g ©dgn &jgo 4y (6)lSS Ul (e &yg0 4 (6l
0,8 o)Ll o S0l g Sy ylal (5SS lapinn

35 65V oIS i o0d s SirgS lalad (60455 sl TSL 6045 wiamms Y
5 ol G Lalpd o b oels 6)leSS plre & 6)ISS e Gl Sl ool (sl
L S oS5 Lol Ojg0 ol 58 50 0,5 eoliial Swodgs o3 CodeS L
Dg oolaiwl o Sl

2l bl 5 O gy s 00 4] (6045 i 2055 ol (5,9 aslllas 43 A
ol a5 arul ol gedims las pl s byl ilate (soae (g5l Jow j sanliassas
SIS i Sty 9 S 0095 Sl (eSS (6l dde gy S Sl oo b

b
Ololpalan V-0
%
SrS 5 asles gojlasl a6l SS aass ;0 O s, (sdnwy Gl e oo Sliiey )
B9l axgi gy slad

5 Lbgy st bl gl e &S polis LI O s, o cadolgiin slaslagS Y

gl (ilw oS polie cpl iy sba 5155 (6 elaez b sl i (6,100 pins

AR



4.,\_.@54 U"‘)"L"" Slos S¢>¢ Q uis”)o WL.A TSL uL?p.:‘ 6|f60mm5@3o U"’5) Y
J—ol5 sk amy Sgamme (gooe Jos vz (i Como L il (025 by, o saslllas Y

Sg plodl  riwcore ol Jigh dilas o ,e

\YY



&lw

25 ol JGil g o395 50 TBM olSiuss 59,y €55 5 550 drlome VYAV (gl ¢ o
Ol oBidls ¢y jas i o 0,55 e oz 0y s Jow ol U ol a5

VWAY Coigs)|

(s slad 6,105 o Thin Spray-on Lining (s ,sLs 5,0, YA ol (o

VYA o s 03 olSiils ¢yl (6,000 (sl 5,58 il jaiS oo

9 )k B b ame (owdipe ;0 (g0ae gl sla g, d i lesds doae (S

AA-AY o ATAY el

Abbott, B., Abbott, R., Adhikari, R., Ageev, A., Allen, B., Amin, R., ... others.
(2004). Detector description and performance for the first coincidence
observations between LIGO and GEQO. Nuclear Instruments and Methods in

Physics Research Section A: Accelerators, Spectrometers, Detectors and

Associated Equipment, 517(1), 154-179.

Amstrup, S. C., McDonald, T. L., & Manly, B. F. J. (2010). Handbook of capture-

recapture analysis. Princeton University Press.

Archibald, J. F., & Dirige, P. A. (2006). Development of thin, spray-on liner and
composite superliner area supports for damage mitigation in blast-and
rockburst-induced rock failure events. WIT Transactions on The Built

Environment, 87.

Armstrong, E. L. (1970). Development of tunneling methods and controls.

Journal of the Construction Division.

\YY



Ash, C., Priest, F. G., & Collins, M. D. (1993). Molecular identification of rRNA
group 3 bacilli (Ash, Farrow, Wallbanks and Collins) using a PCR probe
test. Antonie van Leeuwenhoek, 64(3—4), 253—260.

Barton, N., (1999). General report concerning some 20th century lessons and
21st century challenges in applied rock mechanics, safety and control of the
environment. In: Proceedings of the 9th Congress of ISRM, Paris, Balkema,
Rotterdam, vol. 3

Barton, N. (1988). Rock mass classification and tunnel reinforcement selection
using the Q-system. In Rock classification systems for engineering purposes.

ASTM International.

Barton, N., & Choubey, V. (1977). The shear strength of rock joints in theory and
practice. Rock Mechanics and Rock Engineering, 10(7), I-54.

Barton, N., & Grimstad, E. (2014). Forty years with the Q-system in Norway and
Abroad

Barton, N., Lien, R., & Lunde, J. (1974). Engineering classification of rock
masses for the design of tunnel support. Rock Mechanics, 6(4), 189—236.

Barton, N. R. (2000). TBM tunnelling in jointed and faulted rock. CRC Press.

Barton, N. R. (2008). Shear strength of rockfill, interfaces and rock joints, and
their points of contact in rock dump design. Rock Dumps, 3—17.

Bell , F.G. (1994) , Engineering in Rock Masses Butter worth Heinemann Ltd.

Bieniawski, Z. T. (1973). Engineering classification of jointed rock masses. Civil
Engineer in South Africa, 15(12).

Bredy, T. W., Lee, A. W., Meaney, M. J., & Brown, R. E. (2004). Effect of
neonatal handling and paternal care on offspring cognitive development in

the monogamous California mouse (Peromyscus californicus). Hormones

\YY



and Behavior, 46(1), 3038,

Brown, E. T. (1981). Rock characterization, testing & monitoring: ISRM
suggested methods.

Carranza-Torres, C., & Fairhurst, C. (1999). The elasto-plastic response of
underground excavations in rock masses that satisfy the Hoek--Brown

failure criterion. International Journal of Rock Mechanics and Mining

Sciences, 36(6), 777-809.

Charette, F. (1988). Utilisation des classifications g{é¢}om{é}caniques pour la

d{¢é}termination des besoins de boulonnage en galerie.

Chen, J., Hagan, P. C., & Saydam, S. (2016). Load Transfer Behavior of Fully
Grouted Cable Bolts Reinforced in Weak Rocks Under Tensile Loading

Conditions.
Darling, P. (2011). SME mining engineering handbook (Vol. 1). SME.

Dershowitz, W. S., & Einstein, H. H. (1988). Characterizing rock joint geometry
with joint system models. Rock Mechanics and Rock Engineering, 21(1), 21—
51

Diederichs, M. S., & Kaiser, P. K. (1999). Tensile strength and abutment
relaxation as failure control mechanisms in underground excavations.
International Journal of Rock Mechanics and Mining Sciences, 36(7), 69—
96.

Dirige, A. P. E., & Archibald, J. F. (2009). Numerical modeling simulations of
spray-on liners support potential in highly stressed and rockburst prone
rock conditions. In Proc 3rd Canada-US rock mechanics symposium.

Toronto.

Edelbro, C,. (2004). Evaluation of rock mass strength criteria. Lulea university

of technology, department of civil and environmental engineering. division
YO



of rock mechanics.

EFNARC, “Specification and Guidelines on Thin Spray-on Liners for Mining
and Tunneling”, July, 2008

Erasmus J. 2000. Assessment of the applicability of legislation, pertaining Hi the
prevention of rock related accidents occurring at South African
metalliferous mines. M.Sc. Research Report. University of the

Witwatersrand. Johannesburg

Gaudreau, D., Aubertin, M., & Simon, R. (2004). Performance assessment of
tendon support systems submitted to dynamic loading. {Ej}cole

polytechnique.

Grimstad, E. (1993). Updating the Q-system for NMT. In Proceedings of the
International Symposium on Sprayed Concrete-Modern use of wet mix
sprayed concrete for underground support, Fagemes, Oslo, Norwegian

Concrete Association, 1993.

Grimstad, E., & Barton, N. (1988). Design and methods of rock support.
Norwegian Tunnelling Today, Publ, 5, 59—64.

Herget, G. (1988). Stresses in rock. Balkema Rotterdam.

Hoek, E. (1998). Tunnel support in weak rock. In Proc. Reg. Keynote address,

Symposium of Sedimentary Rock Engineering, Taipei, Taiwan, No-vember

(pp. 20-22).
Hoek, E., & Brown, E. T. (1980). Underground excavations in rock.

Hudson, J. A., & Harrison, J. P. (2000). Engineering rock mechanics: an

introduction to the principles. Elsevier.

Jager, A. J., & Ryder, J. A. (1999). A handbook on rock engineering practice for

tabular hard rock mines. Safety in Mines Research Advisory Committee,

\Y#



Johannesburg.

Jing, L., & Hudson, J. A. (2002). Numerical methods in rock mechanics.
International Journal of Rock Mechanics and Mining Sciences, 39(4), 409—
427.

Lau, V., Saydam, S., Cai, Y., & Mitra, R. (2008). Laboratory investigation of
support mechanism for thin spray-on liners. In Proceedings of the 12th

International Conference of International Association for Computer Methods

and Advances in Geomechanics (IACMAG), Goa, India (pp. 1381-1388).

Li, Z., Saydam, S., Mitra, R., & Chalmers, D. (2016). Potential use of thin spray-
on liners for gas management in underground coal mines. Journal of the

Southern African Institute of Mining and Metallurgy, 116(12), 1091-1100.

MAHTAB, A., & Grasso, P. (1992). Geomechanics principles in the design of

tunnels and caverns in rock. Elsevier.

Martin, C. D., Kaiser, P. K., & Christiansson, R. (2003). Stress, instability and
design of underground excavations. International Journal of Rock

Mechanics and Mining Sciences, 40(7), 1027—1047.

Mathews, K. E., Hoek, E., Wyllie, D. C., & Stewart, S. B. V. (1980). Prediction of
stable excavations for mining at depths below 1000 metres in hard rock.

Canmet Report, §02—-1571.

Ozturk, H., & Tannant, D. D. (2010). Thin spray-on liner adhesive strength test

method and effect of liner thickness on adhesion. International Journal of

Rock Mechanics and Mining Sciences, 47(5), 808—815.

Palmstrom, A., & Broch, E. (2006). Use and misuse of rock mass classification
systems with particular reference to the Q-system. Tunnelling and

Underground Space Technology, 21(6), 575-593.

Palmstrom, A., & Skogheim, A. (2000). New milestones in subsea blasting at
\YY



water depth of 55m. Tunnelling and Underground Space Technology, 15(1),
65-68.

Palmstrom, A., Milne, D., & Peck, W. (2001). The reliability of rock mass
classification used in underground excavation and support design. ISRM

News J, 6(3), 40—41.

Pande, G., Beer, G., & Williams, J. (1990). Numerical methods in rock

mechanics.

Peterson, P. F. (1996). Long-term safeguards for plutonium in geologic
repositories. Science & Global Security, 6(1), 1-29.

Reddy, J. N. (1993). An introduction to the finite element method (Vol. 2).
McGraw-Hill New York.

Sheorey, P. R. (1994). A theory for in situ stresses in isotropic and transverseley
isotropic rock. In International journal of rock mechanics and mining

sciences & geomechanics abstracts (Vol. 31, pp. 23—34).

Singh, B., Jethwa, J. L., Dube, A. K., & Singh, B. (1992). Correlation between
observed support pressure and rock mass quality. Tunnelling and

Underground Space Technology, 7(1), 59-74.

Sinha, R. S. (1989). Rock reinforcement. Underground structures—design and

instrumentation. Amsterdam: Elsevier.

Suorineni, F. T., Kaiser, P. K., & Henning, J. G. (2008). Safe rapid drifting--
support selection. Tunnelling and Underground Space Technology, 23(6),
682—699.

Suorineni, F. T., & others. (1991). Ground assessment for the construction of
large underground excavations at Ashanti Goldfields Corporation (GH)
Limited, Ghana. In T7th ISRM Congress.

\YA



Tannant, D. D. (2001). Thin spray-on liners for underground rock support. In
Proceedings of the 17th International Mining Congress and Exhibition of
Turkey-IMCET (pp. 57-73).

Thyrock, K.; Gollnick, 1.; Wyink, U.; Thiele. G.; “Application of Thin Spray on
Line (Masterseal) at Longwall T-Junction Sections in German Hard Coal

Mines”, 29" International Conference on Ground Control in Mining, 27-29

July, 2010

Yilmaz, H., & Toper, A. Z. (2003). Emerging support concept: thin spray-on

liners.

Yilmaz, H. (2007). Shear-bond strength testing of thin spray-on liners. Journal of
The Southern African Institute of Mining and Metallurgy, 107(8), 519-530.

Yilmaz, H. (2012). Development of testing methods for comparative assessment

of Thin Spray-on Liner (TSL) shear and tensile properties.

AR



Abstract

Empirical methods are very useful methods for the initial design of
underground space. At the design stage, these methods require little data
and provide a good estimate of the rock mass as well as the selection of the
support system according to the pressure applied to the supporting.
Considering the use of underground structures in the process of designing
underground structures is very necessary. The important point in using
empirical methods is to pay attention to the origin of these methods and
their generality, in order to increase the accuracy of the estimates, these
methods are used in the right place. The Q* method is a new empirical
method based on Q method, which has been used well in Canadian mining.
Since little studies have been done on this method and it seems that the
accuracy of a better estimation of the mass quality is presented, it is
necessary to analyze this method. In this research, in addition to the full
introduction of this method, it has been tried to analyze and investigate this
method in various aspects. To do this, after calculating the data on the data
obtained from the access tunnels of horizons 2110 and 2240, tunnels of
K12 tunnel of the Taareh mine and the design of the maintenance system
based on the Q* method of design steps and the approach of this method in
the evaluation of rock mass and maintenance selection And the effect of
different parameters in the design process was analyzed and evaluated. In
order to compare the Q* method with previous methods, this method was
compared with the Q method that has been successfully used all over the
world for years. Also, in order to study the maintenance system proposed in
this method, numerical modeling was used by UDEC software and Mohr
Coulomb's failure criterion. After examining the model and output results
of the software, the displacement values were investigated. The results

showed that, with proper accuracy in determining the initial data, the Q*



method could have an acceptable accuracy in estimating the rock mass and
selecting a maintenance method for small tunnel minerals. Finally, because
Q* method has been used from new support systems such as Thin Spray-on
Lining (TSL), part of this study is to study the properties of this support

system.

Key words: Q * method, joint persistence, TSL support system, tunnel

stability analysis, UDEC, Tazareh mine
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