A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Rock Mass Rating System

Parameter Ranges of values
Point-load For this low range,
strength index >10 4-10 2-4 1-2 uniaxial compressive
(MPa) test is preferred
Suength of
1| intact rock Uniaxial
mategial compressive >250 100 - 250 50-100 25-50 5-25(1-5) <1
strength (MPa)
Rating 15 12 7 4 2 1 0
Drill core %0-100 75-90 50-75 25-50 s
2| quality RQD
(%) Rating 20 17 13 8 3
s Spacing of >2m 0.6-2m 200 - 600mm 60 - 200mm <60mm
discontinuites | gying 2 15 10 8 s
VEOTOUBD 1 lighuy rough | Stghtly rough | Sieensidedsurtices | qop g0y s
Not contintous s mrfml s Mml Gouge <Smm thick thick
4 Condition of No ion 1?;:’]“]0!1 <lmm CP;I'I“W( mm of ﬂl’
discontinuities Un P 4 wall Slightly weathered | Highly weathered Separation 1 - Smm S:pmn_on >Smm
wall rock wall rock . Continuous
rock Continuous
Rating 30 25 20 10 0
Inflow per 10m
wancl length None <10 10-25 25-125 >125
(Umin)
ratio
(joint water
. 0 <0.1 0.1-02 02-05 >0.5
5| Groundwaicr | Presswre)(major
principal stress)
General - .
conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY CONDITIONS
Paramcter Ratings
. <lm 1-3m 3-10m 10-20m >20m
length (p
6 4 2 1 0
None <0.lmm 0.1 - 1.0mm 1-5mm >Smm
P (aperture)
6 5 4 ] 0
Very rough Rough Slightly rough Smooth Slickensided
6 5 3 1 0
Hard filling Soft filling
Infilling (gouge) None <Smm >Smm <Smm >Smm
6 4 2 2 0
Unweathered | Slightly weathered Moderately Highly weathered Decomposed
Weathering weathered
6 5 3 1 0
C.EFFECT OF DISCONTINUITY ORIENTATIONS IN TUNNELLING
Suike perpeadicular to runnel axis
Drive with dip Drive against dip
Dip 45 - 90 [ Dip 20- 45 Dip 45 - 90 | Dip 20 - 45
Very favourable | Favoursble Fair | Unfavoursble
Strike parallel to tunnel axis Imrespective of strike
Dip 20- 45 [ Dip 45 - 90 Dip0-20
Fair | Very unfavoursble Fair
D. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS
Oril ions of Di Very Pair Unfavourable Very Unfavourable
Tunnels & mines o -2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 25
Slopes 0 -5 25 -50 50
E. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100-81 80-61 60-41 40-21 <0
Class no. 1 u m v v
Description Very good rock Good rock Pair rock Poor rock Very poor rock
F. MEANING OF ROCK MASS CLASSES
Class po. I u m v v
Average stand-up time 20yr for 15m span | iyrfor 10mspan | wk for Smspan | 10h for 2.5m span | 30min for Im span
Cohesion of rock mass (kPa) >400 300 - 400 200 - 300 100 - 200 <100
Friction angle of rock mass (deg) >4 35-45 25-38 15-25 <i$

Q-system of RQD 3 J, . s
Rock Mass Classification e-= 7. 7. SRF
-] (m) No rock wall contact when sheared
- bands of disintegrated or rock and clay (see g:,| 6.0, 8.0 or
g .3 for deseription of clay coodition) 80120 |64
% 5 = |l: Zones or bands of silty clay, small clay fraction
i (nonsofiening) 50
% m: Thick, continuous zones or bands of clay (see g:, h:, j: for | 10.0, 13.0 or
= description of clay coudition) 13.0-20.0
SRF Reduce these SRF values by 25-50% {fthe relevant)
) i e hich shear ondy infl butdonot i the
loosening o]rockmu:wllmwwlbawvald excavation
a: Muluple zOnes ining clay
ically disi drock, very] ding
mck (any depth) 100
b:  Single k 200e8 ining clay or ch
dummmud rock (umvuﬂon depth <50 m) 50
¢ Sin ining clay or ck
mwmud mck (uuudon depth >50 m) 2.5
&  Multiph X (clay-free), loose
:umund.in. rock (any depth) 15
e:  Single shear zones in competent rock (clay-free) (depth
= of excavation <50 m) 50
ﬁ f:  Single shear zones in competent rock (clay- free) (depth
'l of excavation >50 m) 25
g Loose open joints, heavily jointed ar ‘sugar cube’, etc.
-§ (any deptr) 50
E ) ofo,  of
E (i) Competens rock, rock stress problems Fewcaserecordsavailable)
h: Low stress, near surface 25 >200 13 nere depthofcrownbelow
g j: Medium stress 10 010 13066 e less than span
a k: High-stress, very tight structure (usually favourable to width. Suggest SRF
subility, may be unfavourable for wall stability) 0.5-2.0 10-5  0.66-0.33 Increase from 2.5 10 5 for
I:  Mild rock burst (massive rock) 5-10 325 0330.16 such cases
m: Heavy rock burst (massive rock) 10-20 5 <0.16
(11i) Squeezing rock; plastic flow of incompetent rock under For fyani: i field (ifm. d}
the influence of high rock pressures when m/c,slo Wc 0,and 0,10 0.80,
n:  Mild squeezing rock pressure 5-10 0380, wlmw,h?lo nduuu aMo lo06c
p:  Heavy squeezing rock pressure 10-20 and 0.60, (where O, = ulu'wwud ompressive
sirength, c - un.vlk:lnn‘lh(polnl ), 5 and|
(iv) Swelling rock; chemical swelling actlvity depending on LA mq,lor and minor principal stresses)
presence of water
q:  Mild swelling rock pressure 5-10
r:  Heavy sweiling rock pressure 10-15
- I, Approx. waler pressure (kg/cm?)
g a:  Dry excavations or minor inflow, g 5 Vmin loul.ly 1.0 <1
& b:  Medium inflow or h of
] joint fitlings 0.66 1.0-2.5
g c:  Large inflow or high pressure in competent rock with
| N unfilled joints 05 25-100  Factors c 10 f are crude estimates.
3 d:  Large inflow o high pressure, considerable outwash of Increase J, if drainage measures
= joint fillings 033 25100 ¢ incialled
3 e:  Exceptionally high inflow or water pressure at
5 blasting, decaying with time 0204 [>100  spocial problems coused by ice
{: Exccptionally high inflow or walcr pressure continuing Jormation are not considered
% without noticeable decay 0.1-0.05 |>10.0
=

mumwdtyﬁlkdﬁmnukyhudmm. 4. Whea lmﬂ- mass contains dAy. lh factor SRF stability and Ls roughly accounted for as in the note in
evaluation,

butthe value of J /7,

tho table for SRF'

hMywmnwhnmwmm.Msfu}ohu !
or discontinuity with the minimum valua of J//, is
favourably orientsied for stabllity, thea a second,
less

sch be th of

lsofliule . Th

mny:omnnmhmn:lpfmnndulhl;hﬂ'
value of J/J_ should bo used when evaluating Q.

Jolot set or

eagths (0, a0d 0 of

lnterest. Howeover, when jointing is minimal and clay  the intact rock shoold be evaluaied in (he saturated
Ls completely abseat, the streagth of the intact rock mumumwmum
mmmmm-ﬂumm in
h A

Mhnﬂnhmwuwmvh

stress fleld s

strongly

Z(classlﬂeetlon parameters) + discontinuity orlentation adjustment

for  exposed 10 moist or saturated conditions.



Applications of rock mass classification

Q-system of RO ) systems
r v
Rock Mass Classification e- 7. C T swe 14
a ( m) No rock wall consact whm sheared
b "g Zanuubmd of or rock and clay (see g:,| 6.0,8.0 or 30 1d lwk__lmo lyr lO'Lr
£ h:, j: for description of clay condition) 8.0-120 |6%-24°
% 5 - |l Zones or bands of silty clay, small clay fraction 20k
= (nonsofiening) 5.0 )
% m: Thick, continuous zones or bands of clay (see g:, h:, j: for | 10.0, 13.0 or Immediate
= description of clay condition) 13.0-20.0 collapse
SRF | Reduce these SRF valuzz by 25-50% {ftherelevan] 101-
W " Hom which shear ondy infl busdonot i the 8~
loam-!ngojrockmulwkmwwlbawmld excavation ol
a: Muluple zOnes ining clay (=
ccally dis drock,very ] ding & St
mck (any deplh) 100 g_ 41
b: Single k 200e8 clay or chemi &7 B 30
disintegrated rock (umvuﬂon deplh <50 m) 5.0 5 3 H
c: Single ing clay or chemi o
dmmmdmdmmwmaﬂ»”m 2.5 =1 50 o
&  Multipl & (clay-free), loose (A\‘
surrounding rock (any depth) 15 0 o ock oS
e:  Single shear zones in competent rock (clay-free) (depth W
= of excavation <50 m) 50 | n .
ﬁ f:  Single shear zones in competent rock (clay- free) (depth ! No support required
o of excavation >50 m) 25
g Loose open joints, heavily jointed ar ‘sugar cube’, etc.
-§ 5 (any depth) 50
3 (ii) Competent rock, rock stress proble SR b ' L ' ' | '
i mpetens rock, rock stress problems
& h: Low stross, near surface 25 >200 >3 imm’fm el 10! 100 10" 10? 10° i04 10° 106
g j: Medium stress 10 010 13066 g U 1ok than span Sand-op fine.
a X: High-stress, very tight structure (usually favourable to width, Suggest SRF tand-up time, hrs
subility, may be unfavourable for wall stability) 0.5-2.0 10-5  0.66-0.33 Increase from 2.5 10 5 for . i
E mm'if‘ﬁm(m( o) A e 525 033016 o cares " Excavation stand-up time for the RMR system.
m: Heavy urst (massive
(11i) Squeezing rock; plastic flow of incompetent rock under For lyand: i d(ifm d):
the influence of high rock pressures wlml m/c,slo Wc o, and 0,t00.80,
n:  Mild squeezing rock pressure 3-10 0380, wlmw,h?lo nduuu aMo lo06c
p:  Heavy squeezing rock pressure 10-20 ::‘:;;*’J‘:"’::'Z,;“:‘m’m "”‘f’;\”;:: Exceptionally | Extremely Very poor Poor | Fair | Good Ver(yi Ext. Exc(.,
00 ood
(1v) Swelling rock; chemical swelling actlvity depending on ©, = major and minor principal stresses) 100 Lour bowt £ £ B
4 ling 3 : L—T 4
presence of water // 8 (‘
¢ Mild swelling rock pressure 5-10 a0l —tT% 1/2/;//
r:  Heavy swelling rock pressure 10-15 | g ﬂ/‘ T /6/ k
— S— — = » | — 154" !
= I, Approx. waler pressure (kg/cm?) g < 20 __/-/ 19 /}?/
2 & Dry excavations or minot inflow, ¢.g. $ Umin locally 1.0 <l =B 35 LT 14 )
& b:  Medium inflow or of e = 101~ 38 / 18 ‘l/l/
= joint fillings 066  [1.025 25 L1 /
g c:  Large inflow or high pressure in competent rock with = - o 4 / 34 1/7
5, unfilled joints 0.5 25100 Factors c 1o f are crude estimates. ] - /
z o] d:  Large inflow or high pressure, considerable outwash of Increase J, if drainage measures 5 E NN E
w joint fillings 033 25100 ¢ incialled - B )
3 e:  Exceptionally high inflow or water pressure at 25 1 33 suppprt required
£ blasting, decaying with time 0204 [>100  spocial problems coused by ice El
% f:  Exccptionally high inflow or walcr pressure continuing formation are not considered Lg- = 16 /
without noticeable decay 0.1-0.05 |>10.0 c’C\’- 04
=
mumwdtyﬁlkdﬁmnukyhudmm. 4. Whnundmumdud.y.mbuuw stability and Ls roughly accounted for as in the note in 02/
butthe value of J /7, Spprop the table for SRF evaluation.
Tikely 10 allow failure 1o inlsiaje. Thus, ifthe jointset  In such bo strength of Lsoflinle 5. Th ,d ) of 0.1
or discontinuity with the minimum valus of 7/, is  lnterest However, when jointing ts minimal and clay ummwuwnum 0.001 0.01 0.1 ) 10 100 1000

llvounbly orientsted for stabillty, thea a second,
Joint set or

mny:omnnmhmn:lpfmnndulugh

value of J/J_ should bo used when evaluating Q.

Ls completely abseal, the streagth of the intact rock
mmmmm-ﬂumm

b A
stress fleld is for

strongly

condition 1f this is sppropriate to present or future
in A sth

should be mado for those rocks that detesiorate when
exposed 10 moist or saturated conditions.

Rock mass quality Q

Support requirements for the Q-system (for fuller details see

Bieniawski, 1989).
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