Chapter 4. Rock Mass Classification

1. Introduction
(1) During the feasibility and preliminary design stages
(2) A check-list to ensure that all relevant information has been considered.

(3) To build up a picture of the composition and characteristics of a rock mass to provide initial
estimates of support requirements.

(4) To provide estimates of the strength and deformation properties of the rock mass

2. Engineering rock mass classification
It is recommended that at least two methods be used at any site during the early stages of a project

(1) Aim
- Groups of similar behavior
- Basis for understanding characteristics
- Quantitative data
- Common basis for communication
(2) Requirements
- Simple, easy and understandable
- Clear and widely accepted terminology
- Should include the most significant properties
- Based on measurable parameters in the field
- Rating system for relative importance
- Functionally quantitative



(3) Parameters

- In-tact rock strength (i.e. point load strength index)

- RQD (Rock Quality Designation)

- Spacing, condition (roughness, continuity, separation, weathering, infilling), orientation,
groundwater condition, stress field

- Surface / near surface — structural geological features
Deep underground — stress controlled

* For point load strength index, refer to the attached ISRM suggested method
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3. Terzaghi’s rock mass classification (rock load)
(1) Evaluates rock loads
(2) Appropriate to the design of steel sets
(3) Most commonly used for steel sets
(4) Not suitable for modern tunnels (shotcrete & rock bolts)
(5) Too generous (too conservative)
(6) Not providing quantitative information on rock masses
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Example. B =15 ft, H, = 15 ft, Depth = 300 ft, Granite, w = 165 Ib/ft3 (pcf)
vy =165/62.4 = 2.64

(1) Moderately jointed: 0 ~ 0.25B

Hp, min — 0

Hp, max=0.25B = 0.25 x 15 ft = 3.75 ft

. Max. stress = 3.75 ft x 165 pcf = 620 Ib/ft> - 4.31 psi = 0.03 MPa
(2) Moderately blocky and seamy: 0.25B ~ 0.35(B+H,)

Hp, min = 0.25B = 0.25 x 15 ft = 3.75 ft

Hp, max = 0.35(B+H,) = 0.35 x (15+15) ft = 10.5 ft

. Min. stress = 620 Ib/ft?

Max. stress = 10.5 x 165 = 1730 Ib/ft> - 12.0 psi = 0.083 Mpa

4. Classifications involving stand-up time
- Lauffer (1958) — Pacher (1974) Classification

(1) Unsupported span: The span of the tunnel or the distance between the face and the nearest
support, if this is greater than the tunnel span
(2) Stand-up time: - Period of time that a tunnel will stand unsupported after excavation
- Function of tunnel orientation, shape, excavation and support method
- ~ Rock mass classes
- Lauffer (1958) — Pacher (1974) modified
(3) Tunnel span T — Time available for the installation of support ¥

Example. Small pilot tunnel — short span, successfully excavated
Larger span tunnel — immediate installation of substantial support required
(bench / multiple drifts)



5. Rock Quality Designation Index (RQD) — Deere (1967)
(1) A quantitative estimate of rock mass quality from drill core logs
(2) Definition: - The percentage of intact core pieces longer than 100 mm (4 inches) in the total length
of drilling
- Core should be at least NX size
(54.7 mm or 2.15 inches in diameter)
- Double-tube core barrel

-

Total length of core run = 200 cms

L=38cm Z Length of core pieces > 10 cm length
RQD = x 100%

Total length of core run
L=17 B+17+20+35
‘M RoD = % 100 = 55%
I 200
L=0

no pieces > 10 cm

\\YZ4

L=20cm

L=35cm

Drilling break

‘F |

L=0
N0 recovery

[ P

Figure 4,1: Procedure for measurement and calculation of RQD (After Deere, 1989).
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5. Rock Quality Designation Index (RQD) — Deere (1967)
(3) RQD index vs. Terzaghi’s rock load factor
- Reasonable only for steel-supported tunnels (NOT good for rock tunnels)
(4) RQD — NOT good with clay fillings or weathered material
- NOT sufficient on its own, though inexpensive
(5) Palmstrom (1982) — When no core is available
RQD =115-3.3 ],
J, = The sum of the number of joints per unit volume for all joint (discontinuity) sets
(Volumetric joint count)

6. Rock Structure Rating (RSR)
(1) Developed by Wickham et al. (1972, USA)
- A quantitative method for describing the quality of rock mass

- For selecting appropriate support
(2) Advantages

- Quantitative

- Many parameters incorporated

- Complete classification (input & output)
(3) Rating system (using weighted values)
(4) Two general categories

- Geological parameters: - Construction parameters

rock type, size of tunnel
joint pattern (spacing), direction of drive
joint orientation (dip & dip direction), method of excavation

type of discontinuities,
major faults, shears, folds,
rock material properties,
weathering, alteration



(5) Three basic parameters
Parameter A, Geology (rock structure)
rock type origin (igneous, sedimentary, metamorphic)
rock hardness
geologic structure
Parameter B, Geometry (discontinuity pattern)
joint spacing
joint orientation
direction of tunnel drive
Parameter C, Groundwater flow
overall rock mass quality (A + B)
joint condition
amount of water flow (gal/min/1000 ft)

M"».
- "~ - . T
N

Drive with dip

Drive against dip

10
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Table 4.1: Rock Structure Rating: Parameter 4: —General area geology

Basic Rock Type

Hard Medium Soft Decomposed Geological Structure
lgneous 1 2 4 Slightly Moderatsly Intensively
Metamornohic 1 2 4 Folded or Folded or Folded or
Sedimentary 2 3 4 4 Massive Faulted Faulted Faulted
Type 30 22 15 g
Type 2 27 20 13 8
Type 3 24 18 12 7
Typed 15 15 10 B
Table 4.2: Rock Structure Rating: Parameter 5: —Joint pattern, direction of drive
Strike L to Axis Strike || to Axis
Direction of Drive Diraction of Drive
Both With Dip Against Dip Either direction

Dip of Prominent Joints 2 Dip of Prominent Joints
Average joint spacing Flat Dipping Vertical Dipping Yerical Flat Dipping Vertical
1. Very closely jointed, = 2 in g 11 13 10 12 g a 7
2. Closely jointad, 2-6 in 13 16 19 15 17 14 14 11
3. Moderately jointed, 6-12 in 23 24 28 19 22 23 23 19
4. Moderate to blocky, —1-2 ft 30 32 35 26 28 30 28 24
5. Blocky to massive, 2-4 ft 36 38 40 i3 35 36 24 28
6. Massive, = 4 1t 40 43 45 v 40 40 g 4

12
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Table 4.3: Rock Structure Rating: Parameter C: —Groundwater, —joint condition

Sum of Parameters 4 + B

13-44 45-75
Anticipated water inflow Joint Condition b
gpm/1000 ft of tunnel Good Fair Poor Good Fair Poor
None 22 18 12 25 22 18
Slight, < 200 gpm 19 15 9 23 19 14
Moderate, 200-1000 gpm 15 22 7 21 16 12
Heavy, = 1000 gpm 10 8 & 18 14 10

& Dip: flat: 0-20°; dipping: 20-50°: and vertical: 50-90°

Joint condition: good = tight or cemented; fair = slightly weathered or altered; poor = severely weathered, altered or open

14



RSR

Shotcrete

1 inch diameter
rockbolts ..

/Practical limit
" for rib and
bolt spacing

28 6.3 RSK:6m

0 10.5
—
1.0 04
8]
15 g @
5 |2 = 2
2420 5 ot
= £ 50
= E
0 PO &
i = § 40
T )
40 o @
w — -
~so g 3
LX) -
e
10 ; . 10
] 3 8 0
AL 3, ft
g 2E 03, ft
£3E F4, in. )

S0 eigol theh RIS E (Wickham &, 1972) ()

Steel rib spacing - feet
Rockbolt spacing - feet
Shotcrete thickness - inches

Figure 4.2: RSR support estimates for a 24 ft. (7.3 m) diameter circular tunnel.
Note that rockbolts and shoterete are generally used together. (After Wickham et

al, 1972).
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Example A hard metamorphic rock — Type 1
Slightly folded or faulted - A = 22

Moderately jointed
Joint striking L tunnel axis
Dipping 20°~50 ° — B = 24 (Drive with dip)

A + B = 46 — Fair joint condition
Slightly weathered and altered
Moderate water inflow: 200 ~ 1000 gpm —» C =16

RSR=A+B+C+62

24 ft diameter tunnel

Shotcrete: 2 inches

Rockbolts: 5 ft (1 inch diameter)
Steel rib: 7 ft (not a practical solution)

Example For RSR =30
8WF31 (8” deep wide flange | section weighing 31 ppf): 3 ft
Shotcrete: 5 inches
Rockbolts: 2.5 ft

16



(6) Machine bored tunnel vs. Drilled & blasted tunnel
(Lesser amount of support)

(7) Rockbolts spacing: Very rough calculation

Example.

(8) Shotcrete thickness

Example.

Example.

Rockbolt tension considered only
25 mm¢, working load 24,000 Ib

Spacing (ft) =24 /W
W: work load in 1000 Ib/ft2

Moderately blocky and seamy
Max. rock load = 1730 Ib/ft?
Spacing=24/1.73=13.9ft=4.5m

t=1+(W/1.25) or t=D(65-RSR)/150
t: shotcrete thickness (inches)

W: work load (Ib/ft?)

D: tunnel diameter

W = 1730 Ib/ft?
t=1+(1.73/1.25)=2.5inches=z6.5 =

D=6 m=20ft, RSR =50
t = 20(65-50) / 150 = 2 inches = 5 cm

17



7. Geomechanics classification (RMR: Rock Mass Rating)
(1) Developed by Z.T. Bieniawski in 1973 (Modified in 1989)
(2) Six parameters
- Uniaxial compressive strength (UCS) of rock material
- Rock Quality Designation (RQD)
- Spacing of discontinuities
- Condition of discontinuities
- Groundwater conditions
- Orientation of discontinuities
(3) Rock mass should be divided into a number of structural regions
Each region is classified separately.

18



CHART A FZgs| 2ol g B3

B34

o D Lo W D O =) 0 L5

—l\\

15

14

13 -

12 | /

A

\

10 80 120 160
@& 4 FE-MPa

19



CHART B RQDel oj# 3%

20
19
18
17
16
15

M

.
P

13
12
11
10

ff‘"r-'
£ b L3 e oh o =1 OO W

RQD-%

100

20



CHART C

Ba&d A g 33

Wi

3 e O 2 e L T =) o0 2D

20

19

18

17
16

15
14

13

12 >

11 Z

10

1600

21



CHART D RQDst 3944 HHe Auud

; 5
100 =
o- X
%) - RQD #x ‘E‘.'.'i"ﬁ| 7 4

- NN
o1 _

Lo (i6) 344 RaDs gase
S A aas #3890 o
7 e HE FBRY
07 7
” ; RQD #A
8 11
10 -
SIS\
0 N N 0 60 1 A 600 2000

HE 949 7y —mm



CHART E B9&9 shee] £5E 918 43"

w5 4 &
{1m 1-3m 3= 10m 10~ 20m 3 20m
A1 o
2949 Ho| 5 A 5 1 0
- gl (0.1mm 0.1~1.0mm 1 ~5mm » 5mm
= 6 5 4 1 0
271 ' w3 A A3 o7t A3 w128 & ol el &
= 6 5 3 1 0
gd 25 Hogg #HE
: e { Hmm 3 Bmm { Hmm » Bmm
e 6 4 9 ) 0
e U= g ehzh FFal ohi E8 e £ A4
e 8 5 , 3 i 0

a. o1® Abelis 4 delalelch, ol & So] FTe] TAY AE FUE o] AW e FAT F U AR 2 G471 ek

olefgt 9= £ 6.98 Y o &slof ot

23



® 6.10

EgBAA Soidpio]l I HANEO| oYl

ool £pde) Bup] 4
A4 wee 24

A o 34

b 45°~90° 7AF 200~ 45" 7Ab 45°~90° 74 200 ~45°

42 §2) #e)

L2 o 2

e

Fapo] 923 B
Ak 2r~-45 AL 45

Fopn TR 44
~a0° b or~20°

L2 o+ £ E£E

24



A RMR ¥4 3 #H3

whde AP RS

PRIWIET gl ) AL

W ¥ H ooy
of WM
HlZSUEXF| ) 10MPa 4~10MPa 2~4MPa 1~2MPa e Ade] Uas
1 o700 215 SEHUSAE AHe)
5 525 1-5 il
EE%IQQE ¥ DE0MPa 100~ 250MPa 50~100MPa 20~ 50MPa \Pa \Pa MPa
¥ X 15 12 7 4 2 1 0
) ROQD 90 ~ 100% | 75~ 90% 50 ~ 75% 25 ~ 50% { 25%
3 H 20 17 13 8 3
3 Hel?ky ¥ 2m 0.6 ~ 2m S00~H00mm 60~ 200mm { B0mm
H A 20 15 10 8 5
o 3= #A, ekt A4l ekt A, vlneldH Ee | dogg 24E) Smm 5
dAdio] g&, BB lmm PEAN(Imm | $H3EEmm A T 2 5A0D05mm 953
el WelFle] gla, Fe]dol He|we] Ee WeEEM Ql ey
4 We|de] Fepsia] | o3t Fah i Fs} 1~ 5mm 943
oe. ol AH
g 80 25 20 10 0
EdZol 10 :
~ me fl& (10 el 10-25 2el/8 25-125 2lelE 3125
&g = .
x| Ei TE EE TE e
o E | e EElEE 0 0.0 ~ 0.1 01~ 02 0.2 - 05 Y 0.5
Ahatef % Az w 7 Ae A Bubg weld Feug
¥ H 15 10 7 4 0

25



B, ¥d4nie] uloke] n}e gajuz

Hz)o] FHD AL ofe el - 7 7 £ & & e Ez
(S| 0 -2 - h -10 -12
o 2l = 0 -2 -9 -15 I -25
A A 0 =5 -25 =50 -60
C. +794 o o it
=y A 100 ~ B0 B0 ~ 61 B0 ~ 41 40 ~ 21 {20
ot 8 [ i m v W
ok Mep | W) % ¥z BE ua e B
D. shils79 £]n|
gt &3 | il m v Ay
15m &g 10m #28 fm L& ?6m Feog lm Z278
I_ =
HE RRARE 20 1 139 1012 304
2te] EHily » 400 kPa | 300 ~ 400 kPa | 200 ~ 300 kPa | 100 ~ 200 kPa| < 100 kPa
glate] ofEt { 45° ¥ ~4 x5 ~3 15 -~ {15

26



A. CLASSIFICATION -PARAMETERS AND THEIR RATINGS

Parameter Range of values
Strength | oniload >10 MPa 4-10 MPa 2-4MPa 1-2 MPa il l%;rrna;rgégéwe
of strength index test is preferred
1| fntact rock ;—’t?éi’;?r: comp. >250 MPa 100 - 250 MPa 50 - 100 MPa 25 - 50 MPa Ol I
Rating 15 12 7 4 2 1 1]
Drill core Quality RQD 90% - —100% 5% - —90% 0% - 75% 25% - 50% < 25%
2 Rating 20 17 13 G 3
Spacing of discontinuities =2m 06-2.m 200 - 600 mm 60 - 200 mm < 60 mm
3 Rating 20 15 10 8 5
Very rough —surfaces | Slightly  rough  sur-|Slightly  rough  sur-| Slickensided surfaces Soft gouge >5. mm|

Mot continuous faces faces or thick
Condition of —discontinuities Mo separation Separation <1 mm  |Separation <1 mm  |Gouge < 5 mm thick or
4 (See E) Unweathered wall| Slightly weathered Highly weathered or Separation —> 5 mm
rock walls walls Separation 1-5 mm Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10m None <10 10-25 25 - 125 > 125
tunnel length (I/m)
Ground [ {Joint water press)/ o _ -
General conditions Completely dry Damp Wet Dripping Flowing
Rating 13 10 T 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike —and dip orientations “ery favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 =50
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C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS

Rating 100 « 81 80 « 61 60 «— 41 40 « 21 < 21
Class number [ Il Il A W
Description ery good rock Good rock Fair rock Foor rock Very poor rock
D. MEANING OF ROCK CLASSES
Class number [ Il Il A W
Average stand-up time 20 yrs for 15 m span | 1 vyear for 10 m span | 1 week for 5 mspan | 10 hrs for 2.5 m span | 30 min for 1 m span
Cohesion of rock mass (kFa) =400 300 - 400 200 - 300 100 - 200 < 100
Friction angle of rock mass (deg) =45 35-45 25-35 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length (persistence) =1m 1-3m 3-10m 10-20m =20m
Rating 5 4 2 1 0
Separation (aperture) MNone <0.1Tmm 0.1-1.0 mm 1-5mm =5 mm
Rating 5 2] 4 1 0
Roughness Wery rough Rough Slightly rough Smooth Slickensided
Rating 5 ] 3 1 0
Infilling (gouge) MNone Hard filling < 3 mm Hard filling = 5 mm Soft filling < 5 mm Saft filling = 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered | Moderately weathered|  Highly weathered Decomposed
Ratings 5 2 3 1 0
F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING™
Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45 - 90° Crive with dip - Dip 20 - 45° Dip 45 - 50° Dip 20 - 45°

Very favourable

Favourable

Very favourable

Fair

Drive against —dip - Dip 45-90°

Drive against —dip - —Dip 20-45°

—Dip 0-20 - Irrespective of strike®

Fair

Unfavourable

Fair

* Some conditions are mutually exclusive . —For example, if infilling is present, the roughness of the surface will be overshadowed by the
influence of the gouge. —In such cases use A4 directly.

= Modified after Wickham et al (1972).
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Example.

A slightly weathered granite
A dominant joint set dipping at 60° against the direction of the drive

Point load strength index 8 Mpa Al=12
RQD =70% A.2=13
Slightly rough and slightly weathered joints A4 =22
Separation < 1 mm, spacing 300 mm A.3=10
Wet condition AS5=7
E: 1 ~ 3 m discontinuity length 4
Separation 0.1 ~ 1.0 mm 4
Slightly rough 3
No filling 6
Slightly weathered 5
B: -5
A+B=59

C = Good rock (1)

>
I

64

22 (A.4)
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" Table 4.5: Guidelines for excavation and suppﬂn.o_ful{} m span rock tunnels in accordance with the RMR system (After
Bieniawski, 1989,

Oy <25 MPa. Depth 0O

Rock mass class | Excavation Rock bolts Shotcrete Steel sets
(20 mm diameter, fully
routed)
[ - Very good Full face, Generally no support required except spot bolting
rock 3 m advance
RMR: 81-100
II - Good rock Fuil face , Locally, bolts in crown 3 | 50 mm in MNone
RMR: 61-80 1-1.5 m advance. Complete support | m long, spaced 2.5 m crown where
20 m from face with occasional wire required
mesh
III - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm None
RMR: 41-60 1.5-3 m agdvance in top heading. long, spaced 1.5-2min | in crown and
Commence support after each blast. | crown and walls with 30 mm in
Complete support 10 m from face wire mesh in crown sides
IV = Poor rock | Top heading and bench Systematic bolts 4-3 m 100-150 mm | Light to medium
RMR; 21-40 1.0-1.5 m advance in top heading. long, spaced 1-1.5min | incrownand | ribs spaced 1.5 m
Install support concurrently with crown and walls with 100 mm in where required
excavation, 10 m from face wire mesh sides
V = Very poor Multiple drifts Systematic bolts 5-6 m 150-200 mm | Medium to heavy
rock (1.5-1.5 m advance in top heading. long, spaced [-1.5 m in in crown, 150 | ribs spaced 0.75 m
RMR? <20 Install support concurrently with crown and walls with mm in sides, | with steel lagging
excavation. Shotcrete as soon as wire mesh. Bolt invert and 50 mm and forepoling if
possible after blasting on face required. Close in-
vert

30



%
20
2433
10 Y
= 0

\ =
\

88—

S
\— \
1 v

£

o~

2D
YT T T T T |

=TT T b I A B e b | T Tt T T F
107 10° 10° ilia 10° 10* 10° 10°
AYAIZE, A
3 6.5 RMR etEfR S2of st A7 E Alojef AbabaiAl: ziZ o (g2 ofgt 2o}
Ze MZEe HFY, ¢ AJLHE gEZEoMe HEAZD| AlE GERdC) Mo MBS
HEZTHA|ojct,

B

20,/

HAE, m

31



30 1 T 1 T [ —
. » —_ |
60 / \ AA
10 f/< \ A \\
8 .d"rf X B \‘L - \\
e < A AN
: a — T~ N S
E 4 ) AN c N\ N\
S NS
2 :
’ N = x') . N
IR
1 E . '*K TBM S5t
- S
- A& '
A N[
T T TR T T T T T T T I —rTTrTrN
107! 10" 10 lig 10° 10' 10° 1

| AT, AT |
a2l 6.6 TBME2ES & yuts=el ZAE UetlE Lauffer(1988)2] sH T #(Lauffer, 1988)



33

O3 AT HEED tz EmE giekelEe E2iUnal, 1983



7. Geomechanics classification (RMR: Rock Mass Rating)
(4) Support load (Udal, 1983)

P = (100 - RMR) yB / 100 = yht : Support load
h,=[(100-RMR)/100]B : Rock load height (m)

B: tunnel width (m)
v: density of the rock (kg/m3)

Example. RMR =40, h, = 0.6B, P = 0.6By
vy = 2500 kg/m3, B =10 m

P = 15000 kg/m? — P =15000 kg/m per I m tunnel length
~ 150 kKN/m per unit length

(5) Application to rock slopes
Based on the cohesion & friction angle

8. Modification to RMR for mining
(1) Modified Rock Mass Rating (MRMR)
Laubscher (1977, 1984), Laubscher & Page (1990)
* Bieniawski’'s RMR — Based on civil engineering case histories

(2) Modified Basic RMR (MBR)
Cummings et al. (1982), Kendorski et al. (1983)
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Table 6.12. Adjustments to the Geomechanics Classification for mining applications

2 |

Strength of Blasting damage
intact rock adjustment Ap
Rating: 0-15 _ : 0.8-1.0
Discontinuity Discontinuity In-situ stress &
density orientation change of stress
RQD: 0-20 adjustment ' adjustment
Spacing: 0-20 A,
Rating: 0~40 — 1 0.6-1.2
Basic RMR
' 0-100
Major faults &
condition s
Rating: 0-30 —_ : 0.7-1.0
W Adjusted RMR
Groundwater '
condition ! RMRXA;xAgxS
krﬁY_-J
Rating: 0-~15 ] max. 0.5
e

- - _ éuppou recommendations
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9. Rock Tunnelling Quality Index, Q (Q-System)
(1) Developed by Barton et al. (1974) of NGI (Norwegian Geotechnical Institute)

(2) Major contribution
- Large number (200) of case histories of underground excavations (mostly tunnel)
- Quantitative classification
- Enables design of tunnel supports

(3) Q varies on a logarithmic scale from 0.001 to 1000
Q=(RQD/J,) J,/3,) Q,!SRF)

RQD: Rock Quality Designation
J,: Joint set number

J,: Joint roughness number

J,: Joint alteration number

J,,: Joint water reduction factor
SRF: Stress reduction factor

(4) RQD / J,,: Block size (100/0.5 ~ 10/20: 200 ~ 0.5: 400 times)
RQD, J,: overall structure of the rock mass
J. 1 J,: interblock shear strength
J,, / SRF: active stress
SRF: loosening load, rock stress, squeezing and swelling loads; total stress parameter
Joint orientation: implicit in J, and J, (most unfavorable joint)
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Table 4.4: Classification of individual parameters used in the Tunnelling Quality Index O (After Barton et al, 1974).

DESCRIPTION VALUE NOTES
1. ROCK QUALITY DESIGNATION RQD
A Nery poor 0-25 1. Where RQD is reported or measured as < 10 (including 0),
B. Poor 25 -50 anominal value of 10 is used to evaluate €.
C. Fair 50-75
D. Good 75-90 2. RQD intervals of 5, 1.e. 100, 95, 90 etc. are sufficiently
E. Excellent a0 - 100 accurate.
2. JOINT SET NUMBER Jy
A Massive, no or few jaints 05-10
B. One joint set 2
C. One joint set plus random 3
D. Two joint sets 4
E. Two joint sets plus random §]
F. Three joint sets 9 1. For intersections use (3.0 = Jn}
. Three joint sets plus random 12
H. Four or more joint sets, random, 15 2. For portals use (2.0 x J,)
heavily jointed, 'sugar cube’, etc.

J. Crushed rock, earthlike
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3. JOINT ROUGHNESS NUMBER
a. Rock wall contact

b. Rock wall contact before 10 cm shear

A Discontinuous joints

B. Rough and irregular, undulating

. Smooth undulating

D. Slickensided undulating

E. Rough or irregular, planar

F. Smooth, planar

. Slickensided, planar
c. No rock wall contact when sheared

H. Zones containing clay minerals thick
enough to prevent rock wall contact

J. Sandy, gravely or crushed zone thick
enough to prevent rock wall contact

3
2
1.5
15
1.0
0.5

1.0
(nominal)
1.0
(nominal)

1. Add 1.0 if the mean spacing of the relevant joint set is
greater than 3 m.

2. J,=0.5 can be used for planar, slickensided joints having
lineations, provided that the lineations are oriented for
minimum strength.

T ik i R 1 werers Aol ak i kI DR R P e
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4. JOINT ALTERATION NUMBER
a. Rock wall contact

A Tightly healed, hard, non-softening,
Impermeable filling

B. Unaltered joint walls, surface staining only

C. Slightly altered joint walls, non-softening
mineral coatings, sandy particles, clay-free
disintegrated rock, etc.

D. Silty-, or sandy-clay coatings, small clay-
fraction (non-softening)

E. Softening or low-friction clay mineral coatings,
I.e. kaolinite, mica. Also chlonte, talc,
gypsum and graphite etc_, and small
quantities of swelling clays. (Discontinuous
coatings, 1- 2 mm or less in thickness)

0.75

1.0

20

3.0

40

¢ degrees (approx.)

1. Values of ¢, the residual friction angle,

25-35
25-30

are intended as an approximate guide
to the mineralogical properties of the
alteration products, If present.
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DESCRIPTION VALUE NOTES
4, JOINT ALTERATION NUMBER Jaq ¢ degrees (approx.)
b. Rock wall contact before 10 cm shear
F. Sandy particles, clay-free, disintegrating rock etc. 4.0 25-30
. Strongly over-consolidated, non-softening 6.0 16 - 24
clay mineral fillings {(continuous < 5 mm thick)
H. Medium or low over-consolidation, softening 8.0 12-16
clay mineral fillings (continuous < 5 mm thick)
J. Swelling clay fillings, 1.e. montmorillonite, 80-120 6-12
(continuous < 5 mm thick). Values of ‘Ja
depend on percent of swelling clay-size
particles, and access to water.
c. No rock wall contact when sheared
K. Zones or bands of disintegrated or crushed 6.0
L. rock and clay (see G, H and J for clay 8.0
M. conditions) 80-120 6-24
N. Zones or bands of silty- or sandy-clay, small 50
clay fraction, non-softening
O. Thick continuous zones or bands of clay 100-13.0
F. & R. (see G.H and J for clay conditions) 60-240
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5, JOINT WATER REDUCTION Jw approx. water pressure ::kgffr:mz}
A Dy excavation or minor inflow i.e. <= 5 I'm locally 1.0 = 1.0
B. Medium inflow or pressure, occasional .66 1.0-254
outwash of joint fillings
C. Large inflow ar high pressure in competent 05 25 - 1. Factors C to F are crude esti-
10.0 mates; increase
rock with unfilled joints “"w if drainage installed.
O. Large inflow ar high pressure 0.33 25 -
10.0
E. Excentionally high inflow or pressure at 02-01 =10 2. Special problems caused by ice
formation are
blasting, decaying with time not considerad.
F. Exceptionally high inflow or pressure 0.1-0.05 =10
6. STRESS REDUCTION FACTOR SRF
a. Weakness Fohes intersecting excavation, which may
catse loosening of rock mass when tunnel is excavared
A Multiple occurrences of weakness zones containing clay or chemically disinte-  10.0 1. Reduce these values o the rele-
grated rock, very loose sumounding rock any depth) vant shear zones only influence but
T SRF by 25 - 50% it do not inter-
sect the excavation
B. Single weakness zones containing clay, or chemically dis- 5.0
tegrated rock (excavation depth < 50 m)
. Single weakness zones containing clay, or chemically dis- 25
tegrated rock (excavation depth = 50 m)
O. Multiple shear zones in competent rock (clay fres), loose 7.5
surrounding rock {(any depth)
E. Single shear zone in competent rock (clay free). (depth of 5.0
excavation = 50 m)
F. Single shear zone in compelent rock (clay free). (depth of 25
excavation = 50 m)
5. Loose open joints, heavily jointed or 'sugar cube’, (any denth) 5.0
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DESCRIPTION VALUE NOTES
6. STRESS REDUCTION FACTOR SRF
b. Comperent rock, rock stress problems
T./0y 0,0 2. For strongly anisctropic virgin stress field
H. Low sfress, near surface = 200 =13 25 (if measured): when 51151!5321[]: reduce .
J. Medium stress 200-10 13 -0.66 1.0 to 0.8c, and o; 10 0.8q. When oyfoy = 10,
K. High stress, very tight structure 10-5 0.66-0.33 05-2 reduce o, and o to 065, and 0.6, where
(usually favourable to stability, may O, = unconfined compressive strength, and
be unfavourable to wall stability) G = tensile strength (paint load) and oy and
L. Mild rockburst (massivie rock) R-25 033-016 R-10 T are the majar and minor principal stresses.
M. Heavy rockburst (massive nock) =25 = (.16 10-20 3. Few case records available where depth of
c. Sgueezing rock, plastic flow of incompetent rock crown below surface is less than span width.
under influence of high rock pressure Suggest SRF increase from 2.5 to & for such
M. Mild squeezing rock pressurs 5-10 cases (see H).
2. Heawy squeezing rock pressure 10- 20
d. Swelling rock, chemical swelling activity depending on presence of water
F. Mild swelling rock pressure 5-10
F. Heavy swelling rock pressure 10-15
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ADDITIOMAL NOTES ON THE USE OF THESE TAELES

WWhen making estimates of the rock mass CQuality (Q), the following guidelines should be followed in addition to the notes listed in the
tahles:

1. When borehole core i5 unavailable, RQ0 can be estimated from the number of joints per unit volume, in which the number of joints
per matre for each joint set are added. A simpla relationship can be used fo mnvm this number to RGD faor the case of clay free rock
masses: RQ0 = 115 - 3.3 Jy, (approx_), where J,, = tofal number of joints per r'n (0 = RQD =100 for 35 = J, = 4.5).

2. The parameter J representing the number n::-f joint sets will often be affected by foliation, schistosity, slatg,r cleavage or bedding efc.
If strongly d@.reluped, these parallel joints' should obviously be counted as a complete joint set. However, if there are few ‘joints’ visible,
or if only occasional breaks in the core are due to these features, then it will be more appropriate o count them as random’ joints when
evaluating J,..

3. The parar?‘telers -.Ilr and -.Ila, (representing shear strength) should be relevant to the weakest significant joint set or clay filled disconti-
nuity in the given zone. However, if the joint set or discontinuity with the minimum value of J .r“a is favourably oriented for stability, then
a second, less favourably oriented joint set or discontinuity may sometimes be more significant, and its higher value of Jy/J5 should he
used when evaluating @. The value of '-"H“ra should in fact relate to the surface maost likely to allow failure o initiate.

4 When a rock mass contains clay, the factor SRF appropriate to loosening loads should be evaluated. In such cases the strength of
the intact rock is of little interest. However, when jointing is minimal and clay is completely absent, the strength of the intact rock may
becoms the weakest link, and the stability will then depend on the ratio rock-stressirock-strength. A strongly anisotropic stress field is
unfavourable for stahility and is roughly accounted for as in note 2 in the table for stress reduction factor evaluation.

5. The compressive and tensile strengths (o and crt] of the intact rock should be evaluated in the saturated condition if this is appro-
priate to the present and future in situ n:nndiﬁcns. A very conservative estimate of the strength should be made for those rocks that
deteriorate when exposed to moist or saturated conditions.
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Example.

RQD: 85% ~ 95% — RQD =90
Two joint sets —>J,=4
Rough & irregular joints (undulating) —J,=3
Unweathered / minor surface staining —-J,=1
Minor inflow —-J,=1

Depth = 2,100 m, 5, = 2,100 m x 0.027 MPa/m = 57 MPa
Principal stresses: 6, = 1.5 5, = 85 MPa

UCS = 170 MPa, 6./ o, = 2

90 3 1
RIS

4.5

—» SRF = 15 (10~20)

(5) Equivalent Dimension, D, of the excavation

Example.

D

_ Excavation Span, diameter or height (m)

e

Excavation SupportRation, ESR

A crusher station of 15 m span > ESR =1.6

D, =PM_gam
16

Reinforcement category (4):

Systematic (pattern) bolting: spaced at 2.3 m

40~50 mm shotcrete thickness
length >3 m
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Blasting damage (Loset, 1992)
For 4 < Q < 30, blasting damage — joints —» QJ
How to estimate? Reduce RQD.
45 3 1
Ex. For 50% RQD drop, Q=—x—x—=2.3
RS TET:
Reinforcement category (5):
rockbolts — 2 m spacing, 50 mm thick fiber reinforced shotcrete

50



Span or height in m

ESR

Exceptionally

Extremely | .| Ve Ext. | Exc.
poor poor | poor | Poor | Fair| Geod | gorgd good | good 20
100 1 ——
! { Cm‘tﬂ -4 MM
oSO g m_,_,.--*f"’f
¥ polt R L g Ry 10
aEE 7 / /
12m j'm/"// f/ 7 / 7
1.0 i
20 i _.-W /1 A A 7/ / = 5
—"/’(;} (® / (M / ) / (5) Adf) 3y @ (n
/ 4.0 m
1[] f_’ I !J / A | 53 3'
& &l & e 30m b7
2 N & Q."‘
5 £ ' > @ & ) ko 24
L I P 5 — .
./ // / m.‘p\'}p
/ / VA 5
2 / T 1. 1.5
I . I |
0.001 0004 0.01 004 0.1 0.4 40 100 400 1000
: : - ROD  Jr W
Rock mass quality (0 o X S-X Gpp

REINFORCEMENT CATEGORIES

1) Unsupported
2) Spot bolting

3) Systematic bolting

4) Systematic bolting with 40-100 mm
urreinforced shoterete

5) Fibre reinforced shoterete, 50 - 90 mm, and bolting
&) Fibre reinforced shoterete, 90 - 120 mm, and bolting

7y Fibre reinforced shoterete, 120 - 150 mm, and bolting
8) Fibre reinforced shoterete, > 150 mm, with remforced

ribs of shoterete and bolting
9) Cast concrete lining

Bolt length in m for ESR =1

Figure 4.3: Estimated support categories based on the tunnelling quality index Q
{After Grimstad and Barton, 1993).
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(6) Length of rockbolts (Barton, 1980)

L 2+0.15B
ESR
2+0.15x15
Example. B=15m,ESR=16—> L= 16 ~3(m)

(7) Maximum unsupported span (Barton, 1980)
2-ESR-Q%
Example. ESR =1.6, Q = 4.5 — 2*1.6*4.5%4=6 (m)

(8) Permanent roof support pressure (Grimstad & Barton, 1993)

B ZEQ_(Q
3J,

roof —

22 x(45)13)

Example 'Jn = 41 Q = 451 ‘]r = 3 — Pr

oof — 3X3

~0.27
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10. Using rock mass classification systems

(1) Two most widely used methods: RMR & Q
(2) Both use geological, geometric and design / engineering parameters
(3) Differences

RMR Q-system
Scale Linear Logarithmic
Stress N/A SRF, 6 /o,
Discontinuity Direct Indirect
Strength Direct Indirect

(4) Recommended use
e Full and accurate characterization — parameter ratings
e Use of two rock mass classification
e Give a range of values
.e. Q=895 1.7<Q <20 (See p.46 of textbook)

(5) Relationships

RMR =9In Q+44 (Bieniawski, 1974)

RMR =13.5log Q +43(SD =9.4)

RSR =0.77RMR +12.4 (SD =8.9) (Rutledge, 1978)
RSR =133logQ +46.5(SD =7.0)
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11. Estimation of in situ deformation modulus

(1) Important parameter: Numerical analysis
Interpretation of monitored deformation
(2) Difficult & expensive to determine: Estimate !
(3) Bieniaski (1978): E.,=2RMR - 100 (RMR > 50)
RMR-10
(4) Serafim & Pereira (1983): E,=10 “° (wide range)

(5) Barton et al. (1980, 1992), Grimstad & Barton (1993): E_ =25log,,Q (Q>1)

. Tunnel Quality Index
0.01 0.04 : 1.0 4.0 10 40 100 400
% 1 ! L 1 1 1 1 1
o 80— Case histories: Em = 1084 1o
-9
C oo e Serafim and Pereira (1983)
3 ®  Bicniawski (1978)
= 60 —
=]
g n
& Em =2 RMR - 100
3 L
G
[=]
E
_§ 30
Em=125Log,
E ool 8o ¢
= 10+
0 T T T T T T T T T
0 10 20 30 40 50 &0 70 80 90 100

Geomechanics Rock Mass Rating RMR

Figure 4.5: Prediction of in situ deformation modulus Em from rock mass claffica-
tions.



12. Seismic Velocity vs. Rock Mass

(1) v, (km/s), Q, joint frequency F (1/m), RQD (%)
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(2) v,=logQ+3.5 (km/s)

: A O
Use of normalized Q. (QC =Q 100)

v, =logQ+3.5 (kmfs)
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