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Tabka[“0-12 Geomechanics Classification ofRock Masses

A. Classification paramcters and thelr ratings

Paramecter Ranges of values o )
. Strength Point-load >10 MPa 4-10 MPa 2-4 MPa 1-2MPa for this low Tange
of strength uniaxial compressive test
intact rock index ] is preferred.
material Uniaxial S750NFa TOU-2500Pa  [S0-100MTa I5-S0MPa [ 5-25 R
compressive MPa MPa  MPa
sfrength =
—Rating T3 T2 Y q , 7 o TS S
. Drill core quality RQD yos-100% 75%-00% 50%-75% 25%-50% <25%
Rating 70 17 T3 5 —
Spacing of discontinuities >2 m 0.6-Z m Zuo—bbpmm 60-200mm <60 mm
Rating 20 15 10 8 i 5
Condition of discontinui-| Very rough SIightly ro- |SIightly ro- Slickensided Boft gouge >5mm thick
ties surfaces. ugh surfaces jugh surfaces |Surfaces DR Separation >5mm
Not conti- |Scparation<i |Separation OR Gouge<Smm continuous.
nous.No se-|mm Slightly |<I1mm Highly thick or
paration weathered weathered separationi-5
Unweathercdiwalls walls 1mm continuous
wall rock 3
Rating 30 25 20 10 0
T <10 »
. Ground ' Inflow per None oR: 1 Srreludn 10-25 25-125 >125
water 10m tunnel - 0 0-0 i -3 R 13 . OR litre/min. OR mem=scans
length 0 .0-0. 0 itre/min — 50.5
Joint water PR« |OR ==----=-=- 0.1-0.2 B o OR ===m-omn=
rcssure Completely OR =-=~=--=--=-- - oLt
5336?*???37" pdry Y Damp Wet Dripping Flowing
cipal stress
“Gendéral
Conditions.
Rating 15 10 7 4 0

- cont...



B. Rating adjustment for discontinuity orientations
Strike and dip Very Favourable Fair Unfavourable  Very un~
Orientationof joints favourable 2 faveurable
Ratings Tunnels 0 -2 -5 =18 =12
Foundations 0 -2 -7 =15 =25
Slopes 0 -5 -25 =50 =60
> o b oDl b ol U el R b e o G e o - o e = S = e = e e A G N S R S N W e e e AR e P R R S e G G A e e e P A M S EE AN A LR E AR TR A RO onwo
C. Roc¢k mass classes determined from total ratings.
Rating 100-81 80-61 60-41 40-21 220
Class No. I It = LIl 1V Y
Description Very good rock Good rock Fair rock Poor rock Vcr{ poor
TOCK:
D. Mezning of rock mass classes
Class No. I 11 IlL 1v v

Average stand-up time 10 yrs for 15m

6 months for

1 week for

10 hours for

30 minutes

span 8m span Sm span 2.5m spen for 1m span
Cohesion of the rock mass >400 KPa 300-400 KPa 200-300 KPa 100-200KPa <100XPa
Friction angle of the rock mass >0 359-45° 25 - Z5P 157 = 257 <15°

e e =y e e N e e Y - - - - -~ > = = = - = - = = = - n = e T Y am W e R GR B = = - =
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SiO2 = %1.26, Al,O3 = %0.65, Fe203 = %0.45, CaO = %30.91, MgO = %0.89,
K20 = %17.53, Na2O = %1.73, TiO2 = %0.30, L.O.1 = %42.41
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First Joint set and fault (Dip/Dip direction): 79/180

Second Joint set and fault (Dip/Dip direction) 90°/91(271)

Bedding (Dip/Dip direction)10°/0

Slope (Dip/Dip direction) 35/180
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Line of intersection between 1 and 2 (Trend/Plunge) : 174°/80°

Line of intersection between 1 and bedding (Trend/Plunge) : 271/2°

Line of intersection between 2 and bedding (Trend/Plunge) : 3/10°
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First joint set and fault (Dip\Dip direction): 90°\130° (310)
Second joint set and fault (Dip\Dip direction): 86°\180°
Bedding and fault (Dip\Dip direction): 10°\15°

North East Slope: (Dip\Dip direction): 30°\50°
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Line of Intersection Between 1 and 2 and Fault (Trend\Plunge): 225°\85°
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C = 1.8 kg/cm? ¢ = 24° Degrees
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Sl ailh e b Sinsals 5 We )0 Cluasad 5 g labald il cas Kaw sa g A3l
DB 0 5 (Alallas 03 gaae Giliadidio 4 4 58 Ll g A (g1 )10 Qaae IS Adii ) oad s
$Wo 3 asli 5 Aok il b dansi 48 WSl Joh ay 4S el 4g Tl 8 aaes 8 K
Ol dhala Sl (a je ey A8L e e Ko U Sle gl 75 O 2 g3 e J RS Ll
Sl 75 B 50 G ead alag) sSh Culdia Gl a3 jiegile 60 U el 40
2sdea J S Lamination s Bedding b s jida sy cpl il i
@ ol aan 5ol Sl dlay) Gals ae K caly dilaie S 4l K a5 aaa IS Ly
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CORRECTION

Diagram No. 71

S (s plie uly 230 IS A 5 aly sl i 48 K ) (5315 5 b 40 Gy shaie 4
Clallas  Giae oualidi IS Hhs Gl 500l (b jee albly () gic 40 lae () 25d s SIS
D2 sm 50 Bl 0355 78 o jled e 23 K 250 B 025 paa %10 250s 02 ol
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o o8 b eolal Ko &s sl Al 4nl Jldal 6l e e Al e 4 Cpey )

Gisiaga Olsie 4y o0 Abud 5 cadagiye i dasha lagad ulal 4l o) 0 8

e 60 Cud laie g an 3 282 sl Ciga (51l Jisb a0 4dua 3y dsa s e S sl

) (B0 (K sl (e g 213 4a )3 75 Cud e 5 An ) 210 Gand (5w 00 Adud (e g

Gl g 2l oe 4a )3 20 Gl e 5 4a 50 35 O Alia el G 4S Gl i S5
ol 5 (5 S0 Hail A )3 16 4dalo and Hlaie 5 4a 53 30 aa Akl

First Joint set and Fault (Dip/Dip direction): 60°/282°

Second Joint set and Fault (Dip/Dip direction): 75°/210°

Bedding (Dip/Dip direction): 20°/35°

Slope (Dip/Dip direction): 16°/30°

paddia (Kiu sl dadia 4w () adalE ) Juala basha sad 43l ) ) i hsha jlagai 4y aagi by

sl sad

Line of intersection between 1 and 2 (Trend\Plunge): 271°/60°

Line of intersection between 1 and bedding (Trend\Plunge): 1°/17°

Line of intersection between 2 and bedding (Trend\Plunge): 120°/2°

ol K3 B 515 3 ) s cad o L8 (O (i (ol 4edie 5 48 (il dlal Ll 5 4 4n 53 Ly S

) Adud 93 A d Caga Cawl il 4delo (il Hlase Hle j o Al g0 ja d lase -
3 O ) (AU glaadia Al Sl Gl i 2550l CODUA) Adaly il iga b a8
A e e 0 ) ) Al
RN 2l G BSa Lda a5 s 5 ol g b L i dialy 5 sidl cud G -
Gl o2l 43aly g oluly g el Gl g Gl Adaly Gl G e gaiadY il lads 4a
2ald L8 (gan Jalad lla SO Ha 1) Aely () As j0 4 eyl lase Sl cadlaal)

-

Ll
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A adalli bad Cud 5 Gl adaly Gl an o a5 Jl 60 At adald b
Alai e oS i () daisa | Lel AS ) 4ialy Gl G S 24 5 a0 00
A 5 s 3200 51 Gl 0 b 5 sl () (55 48 ) ) e 4555 L
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025 2500 An 2 24 K o258 SlSaral y e 02d aladl g gaibh Gl -
Ll 2l ol g8 CaDEA) Alaly Cund g Lo ) Ay g3 e i G Ll
D) o BB ) G sa i and Akl sl
(90 - wr) + 6] < wp
(90 - 16) + 24 < 75°
AL e Le (8515 alagl Jayl b 4S5 55 e saaLie Gyl il
oy adbice S 4l )3 s se Akeld o lad apha ol i 0 4S < R angil Ol S Culed
A iy s Jal pd (g ) Glilee 550 G pd Gl da g Gl lal 4e S
6 MG Cililee alad) oK 2 4S Culils dn 55 Al (e gead 4y Canl i o gline 4S 2
G 5 4kely i G oL 3550 gan Jalad 48 38 e (ghI R 4y aaly i 4y 05381 L il
EUBNS IS NERIED)
5 S Sl Glallas 4als Gl )3 g olSGae Gllee Gad dawse Gsa 2 da 2 4
R W s 5y S Al g aly al kel er 4l sl
Cadl 4y 4 i b 4e Sy aihie S ojlad 4ali Jdea 0358 (Jlaial) uilidicie ) o pdd
P R Ol U ) gam 4 aaali Ol e (S50 ladiadie 5 ol aa
(om0 ) isma 0258 5 5 = L = 300(m)
(2 oma a5l ) Jama 038 o e (B8 = W = 150(m.)
() pana a8l 5) 4als A1 R s 58 i = o = 16° = (Deg.)
(QL:).L.\ G 5 (e iy 1) (A3 S a3 =%70
(a2l p) allaly aa 52 =0010
(eBiilaJl) (Fama s3 53 (g ala a seada ()5 = 2.75 (Ton/md)
(lainl - Halas) (s 0355 3ee = H (M)
(illas) (Fama 0358 e mhaws = S (M)
(ladae) (Fame 0358 pan =V (MP)
(Flslas) (A 03502 = M (Ton)
H=w x tga = 150 x tg16° = 43 m.
S =H xw/2 =43 x 150/2 = 3225 m?
V =S x L =3225x 300 = 967500 m3
M=V x G =967500 % 2.7 =2612250 Ton



o e Sameed g sl o A3 = M X (A% je cu = 2612250 x 0.6 = 1567350 Ton

23 8 e Gt Allly 5 (A0S da ) Gl A da s L A e

ATS 53 gaaa (4

O b Ko Al 2l 43 bigye Sl slacKin 4K sasaae 0 cad i S 4S g ) shile
Cadu e Lad K (5l e e 4l S sagana (l 2 211 Gseid ) (YL Gl
4y ol edd Cadly y Al S5 Clallas Ciga KR-6 o _ladd 43 5a3 4al cpl 5 ol s w2l
ol oy K (8 520 6 0_ladd 4ali () sie can Balad ()

Cga Gl 48 8 ) 8 ashie Ll o0 e Jb 5o 5 4D adhic e 50 6 ol 4als
Sl g sala dalal 3 (LiaglS 1/5 ag0a o) eals Gilaal 4 3l 4aals ) g;u&_m‘x__ak_;u)iua
(il 5 (adiiia ol i) 8 G s 40 AS lidinne ) A8 55 o 4ali o) anily e 43S
4l Sal lacKin cad o jLi) AIS s sane g Kan A S5 iy o iR )2 4S (5 ) shila
6112 o285 oS) yia 5 i ca S —gyiuSIA K 4y s s Sle Balal ) s2gana ol 6 o jled
G Seuu I 2l b gl ol Cad 0ad yy cal 2l o (aanS ) 5485 0 5eas i U
(S g 5la) 258 e a8 ool all dle Ly 5 2 e

CnlS ) g 4y el iy € ) S ) a8 (adidie i o sy Sae gl b
a) Gl Jsae Sla U jsaal JBL ) eae 5 allion S5 Sae Qb (gl 1y A4S dilead SIS
4 ang b bSan cpl Qb sl 8 I8 sk Suy oS5l (i oo Gld T G sea 4y oS5l
QPR B ISR ERUPRN PR

GLosainy ) ead 3 GSsh 55 4l aladl (Sl - Soa lagile )l 4 e by
5 S gadaiia Gl sddl ()R Cugn 4 O S gl 4S A0S ashic 6 4nl S

DB e ) ¢ s 4l Cl Sl slacBin Slsa

KB-1 A gad o lads

2.686 gricm?® Sia Glla )a A5 sal Al e ada )
2.695 gr/cm?® (SSD) sad Sia mhaws 5 g Lulil Clla 50 43 53 s (e gadia )5
2.71 gr/cm?® i sal sl Gasada ()5
0.31% 4 gad Gl s a2

0.9% 43 gai JAIAT 2ia g

457 kg/cm? Sia Qlla ) 4 s (5 )l Caa glia

436 kg/cm? glud) clla o (5 i e glia



114250 kg/cm? S clla 5 (Kl Jsa) 4 sad Abinl) J s

67076 kg/cm? ludl clla 5 (Kl U se) 40 5 Alpaaiinal) J 52
0.39 (SR Clla 3 () sl 53 Cannad

29.3% (ol G sl) il bl a0

0.21% iailis ¢ (e A gus) (sl slad slae Jilie 53 il a5

Gen sthe SalS - S0 lulin) 5 (38 sl SulSa - S0 (sl el anlia b
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D3 sad (5 Rl

o5 R 3 laSan 0l (2/686 gricmB) 4bIS ad 4l ) ead 3l i pai JBs 4 ansi Ly
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O pasad 20 L) M L Cujese g ) Sal glaiin qgllae o jlailia
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ol yio glhae 3 lailiad e a3 4S s K uad daya 0/3 ] ADS 25350 6
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505 aa e el e SIS 651 kg/em? dabee il K 55 MPa sl s Jilas
436 kglem? Jilas 4DIS sagams 6 ojled 4l i sad M) Aigal gl sl o
i€ solaa 3 lailivd an 3 4S 2 K et (plad) Clla 50) aupe e Bl g0 SIS
1Al Canlgl (gl i 0/125 U 0/1 bKin L3iS R Gl jae 48 Canl oala (LS 43 ya
et g a S5US 43/6 kg/em? il Jilaa 43S 6 o jled 4pali 4 sar SRIS A
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Sladaiia 4S O Cpia o)) e Yl 0 0ad 40l ) SailSia - S s ik ) gl 4 Culie U
S (gl 2 lailind Jlae dn ) (RS (5 LEE () ADIS 6 ojlad 4ali slacKin Suils
6 anli (S (glagysaid 5 3l oad D) (sladigai (55 n 4l aladl liasd gl 4 4a i b
4nli Cpl 43 s ye 40 gai (oland GAadie ol sl U)K Cingy 4 ) SIS gl 4S 43S
) s 4
;A e
SiO2 = %0.29, Al203 = %0.25, Fe203 = %0.86, CaO = %53.45, MgO = %0.56,
K20 = %0.34, Na:0O = %1.17, TiO2 = %0.37, L.O.1 = %42.00
4 gai 48 3 K (5 pfdai (s () i YU )2 023 ) ) bead slagiile ) i i 8 las ja
il e hed sladiadiio Blal 5 Cuulic U Lyl jd 52 43S 03 5350 6 4al ) o2 2
5 Slaltaa o) (bl g Ut JERY aladl 5 S S8 Lﬁ)&aJJa Glalldae 4aalh )
Jshie Cpa 28 aladl Khu s gh wdige gaiiad Ll (5310 5 el a4y ) jaa glacals
GLOsain ) 4 dasi b 5 g oale Sl 5 S p 5 (Slalldas sasaas o ala e gl 2
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DB emon ose Woun g S5 5 cledal 408 a8 il 50 Cadlay Gldee (ulieS
8 0 Al i g 30 3 ) 5e (slags S Aisad b S
20 QLS ) B Cumia g glind ) o oad 38) (K aadid sladisa Aaa i ) gu os&ila 3l
ile 3l 2 e 025 4agh (5 paikin (sladd gai 2l Ll ) (5 )ailin 40 gad sl 4n ala8) ¢ Hlallag 03 gaaa
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400 581 554545 Gn a)s Couiin Gl sad duulas 64/7 cud e G5l W o sal
S
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DM e g2l GBS Sl g il Al b Gl s sala LS 79 o jlad Jlasal o
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Diagram No .78



SCHHMIDT POLE
OMCEMT RAT I ONS
s aof total per
1.0 ¥ area

o 3 0 7
oafSeconds,
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G 51 “
EQUAL AREA

LHR. HEHMISPHERE

28 POLES
28 ENTRIES

TERZAGHT
CORRECTIOM

Diagram No .79

pogde 434S 30 )53 RM=22 K o258 () 510 RMR sirinha (el (53 e i i Cp) 49

) T8 A Bl oag Gyl i (sW Al L350 ) 53 POOr ROCK iimia S L [V o2
Dl (pedd L8

¢ =10° C = 1.1 kg/cm?

Cuaal il Jha K aee S s sl iy (510 K 0358 Ak O ae Ll

GacSsh canl (Shsals 5 e Gluapad (gl alals il cad il o) Ll




A< 2 e a4y Alallas 4agll 5 adhie Glabaial) 4 4 6 L s a4 gl o) A%l
LSl Jsh 2 00l e JUES (ual glae )0 sl 5 Jska el )l Jaw 55 lAcS 5l J sk ae
2?50 U e Aila 20 O pRe M Sl e e Koy el 75 Om 4aali O
sl Gl 8
Ailyge it )Y siegile 60 U e giils 40 ) 6 Casliiia sy
Gy 4 o) ) (i o )G Calide dal je 50 53l Sl alagl Calis (K 0355 ans 4t
DB Grinan 5 eaal dee 4 gl o) 5 (e laalie 4 da 5 L e ) paliiulDly el
D diga 83 ) (pedd %60 ADIS (ad 4ali Bl sa i aS sk ouli S
@bl G aas 2158 ls SIS 5 cKin sa)5a 3 ml A U mha 4 (3 B
S 0353 ) (obai 79 s jlad pSe 20 Son 2500 %10 253n ADIS 4l K 0255 5)
283 e ol ) 4K Rl adlaia
PR TN T S PEN RGN R PLEOI PN RPN N U RV S YIS S v oy « VPR )?\_psi_}
el (5l Qi (511 3halie lalid 5 s oIl £ )50l iy
p2ld andli 50 Adud Hlea oad 4ged )i laghd Hlagad Gelal p AOS ddlaia (RS 4l
p9d 80 Aty Al o 4ny 50 b g Any0 jha cud Gga gl Jl o0 At 2 gd e
4 Bl RAa Cud Caga pogas 00 Al Cal 4 5 87 i O Jae 42 5 4350 114 Sisep il g1l
Crav 4 Gl 4a 33 80 (sl la Lo ) )a adus (p AT il 4a 50 50 (ind ke 5 4a )3 75 G
4a 0 70 4iely cud laia il 4a 3 250 s 4 Al ud Gga 280 e 4a 30 20 sy )
First Joint set and Fault (Dip/Dip direction): 50/0
Second Joint set and Fault (Dip/Dip direction): 87/114
Bedding (Dip/Dip direction): 50/75



@Pﬂu\J\)ﬂu\S\.ﬁzJ‘)JJJUYu‘)ddﬁ%dk.m6é\:\abjj‘;_uuodﬂ795JLA.J:&5\C

C._Lw\ J}G.ju\

Fourth Joint set and fault (Dip/Dip direction): 80/20

Slope (Dip/Dip direction): 70/250

paddia (K sl dadia 4 () alal8 ) Juala basha sad 43l )) ) i hasha jlagai 4 aagi by
ol oad

Line of intersection between 1 and 2 (Trend\Plunge): 27/47

Line of intersection between 1 and 3 (Trend\Plunge): 37/44

Line of intersection between 1 and 4 (Trend\Plunge): 295/28

Line of intersection between 2 and 3 (Trend\Plunge): 26/28

Line of intersection between 2 and 4 (Trend\Plunge): 41/79

Line of intersection between 3 and 4 (Trend\Plunge): 98/47

il 83 B ) 3 )) se Col o2l 00l a5 (i Gl dedile 2 4S gl bl jd waa g b

Lgas 4 Ll cud Cgn s ol S el cud e O agu 5 sl gslae ) 4t il

A sa s (sMadia iRl Sl 4 2l G Sassy



Qg 4S (Gl e Gl S 43y il Hlase Jlajles 5 g sle )0 ATy il Hlase -
e sMadia Gia) Sl Jila (ped 40200 CERI Sl S0 L L aa Ll cund

-

R
S Gl gl S 4 Qlite gla Kiusnl ghabls ) Jaala hagha glacud e -
Ll 3Ly AN didy 40 by 4daly el ) pliicd Gom Side dib 40 L) alaSan
il o Wedge failure gl sS (il s 58 Jadly sl 43 ol (qud
Ol ol (ol ) aBla) ddaly cudh G b Gllicand (g5 a3 5 Jl sleejn A -

Aol asa s i (AR5 5 sl sl

A dla p o Gl laly aIS ddhie GRS 4al )2 4kl Gl ed 5 ks Tyl 55 3 ol i

A8 I8 LB e ol ans Bl pd sl e Glilee gl pBs 4 4S Gl 4a s

R 1A (g5 mm ala e 0l 5 cud oy 54l 5 (e ()l Clallas

) e sy 4g Aa 8 L 3OS Adhaiae do jled 4ali Soma a3 g8 ((Jldal) ililicpe ) o A

123 Roa Ot D ) gem g 4l Gl sk (S glaaaiia

(a8l 50) S 0253 sk (358 = L = 200(m.)

(! pm a8131) (Fiama 0355 (o e (58 = W = 120(m.)

(i) Fame o258 3ee = H = 30(m.)

(e ma il y) 4l &) R g 58w o = 70(Deg.)

(el il g 5 (2l omaa Gl p) A0S 2a 5 =0460

() oaa il p) allaly aa 52 =0010

(Biia ) (Fana 2255 5 salls a eadia (535 = G = 2.71 (Ton/md)

(llae) (Fame 0258 ghala mhaws = S (M)

(ladae) (Fame 0358 pan =V (MP)

(Flslas) (A 035502 = M (Ton)

S = (H x (H/tga) x 0.50 — ((W — (H/tga)) x H) = 3436 m?

V =S x L = 3436 x 200 = 687200 m?

M=V x G =687200 x 271 = 1862312 Ton

Gy (ina 0353 Mlaial o 323 = M X (A% ) <y i = 1862312 x 0.5 = 931156 Ton

238 e Gpnd allly 5 83058 da 0 O e Ay s 5 L A% e
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Friction angle (degrees)

Peak shear strength of filled-discontinuities (Hoek and Bray. 1981). Note that pairs of numbers
indicate ranges of strength.

. Bentonitic shale.

. Bentonite seams in chalk.

. Bentonite; thin layers.

. Bentonite triaxial tests.

. Clay, over-consolidated.

. Limestone, 10-20 mm clay infillings.

. Lignite and underlying clay contact.

. Coal measures; clay mylonite seams.

- Limestone; <l mm clay infillings.

. Montmorillonite clay.

- Montmorillonite; 80 mm clay seam in chalk.
- Schists/quartzites; 100- 150 mm thick infilling.
. Schists/quartzites; stratification, thick clay.

14,
15.
16.
17
18.
19.
20.
21
22.
23.
24.
25.
2.

Basalt; clayey, basaltic breccia.

Clay shale: triaxial tests.

Dolomite, altered shale bed,
Diorite/granodiorite; clay gouge.
Granite; clay-filled faults.

Granite; sandy-loam fault filling.
Granite; shear zone, rock and gouge.
Lignite/marl contact.
Limestone/marl/lignites: lignite layers.
Limestone; marlaceous joints;
Quartz/kaolin/pyrolusite: remolded triaxial.
Slates: finely laminated and aitered.
Limestone: 10-20mm clay infillings.
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Point one:

Latitude: 33°47'53.1"N

Longitude: 46°28'23.1"E

Point two:

Latitude: 33°37'51.8"N

Longitude: 46°28'22.5"E

Point three:

Latitude: 33°47'51.4"N

Longitude: 46°28'23.2"E
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Point one:

Latitude: 33°48'8.5"N

Longitude: 46°28'47.7"E

Point two:

Latitude: 33°48'10.7"N

Longitude: 46°28'45.6"E
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