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Goodman classification(1980) Goodman classification(1980)

Basalt

Goodman classification(1980)

Basalt Breccia

| )
TCR = umofpieces . 100%

tot core run

Goodman classification(1980)

Vesicular Basalt

I : :
SCR _ _sum of solid core pieces % 100%

tot core run

Hornfels
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Rock Quality Designation (RQD)

Basalt interiors i
! [ |

e e W -

RQD _ Isum of colre pieces >10cm length < 100%

tot core run

(2mwindow: RQD = 20 .... May need to rneasur

Rock Mechanics:

Rock Quality Designation (RQD) Rock Structure Rating (RSR)

$ oWl ooy JUSl g K Ko g £9
total core length=200 T8 0508 g g Abuald

Sl G

RQD _ Isum of colre pieces >10cm length x 100%

tot core run

_38+17+20+35 1 n000 _ 5506
200

no recovery

o recov
Deere (1989)
Rock Mechanics

Rock Mechanics:

Rock Quality Designation (RQD)

clockwise

RQD-= {(core longer than 100mm)/(total core length mm)}*100

Rovkquay | RaD |

ol b Ol gien 1y s 9 & g0u 3]
A;w@-ﬂ”‘-,u. 5 5
i

Azimuth=dip direction

VA G i o Y sena Strike
dip direction (three digits)/dip (two digits) S g & ;)L: a4

035/70, 290/15

Rock Mechanics -

Rock Mechanics
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Rock Structure Rating (RSR)

Vickham et al. (1972)

RSR=A+B+C=<100

A General geology

Basic Rock Type
Hard  Medium Soft  Decomposed Geological Structure

Igneous 1 2 3 7] Slightly ~ Moderately  Intensively
Metamorphic 1 2 3 4 Foldedor  Foldedor  Foded or
Sedimentary 2 3 4 4 Massive  Faulted Faulted Faulted

Type 1 2 15
Type 2 2 20 13
Type 3 18 12
Type 4 19 1 10

Parameter A, Geology

al appraisal of geological structure on the basis of:
Rock type origin (igneous, metamorphic, sedimentary).

Rock hardness (hard, medium, soft, decomposed).

Geologic structure (massive, htly faulted/folded, moderately faulted/folded,
intensely faulted/folded).

Rock Mechanics:

Rock Structure Rating (RSR)

B : Joint pattern

Average joint spacing Flat Dipping Verical Dipping Vertical | Flat Dipping  Vertical

Strike 1 to Axis Strike || to Axis

Direction of Drive Direction of Drive
With Dip Against Dip Either directon

Dip of Prominent Joints # Dip of Prominent Joints

1. Very closely jointed, <2 in 1 13 10 12 9
2. Closaly jointed, 2-6 in 19 15 17 14

3. Moderately jointed. 6-12 in 3 19 2 2
4. Moderata to blocky, 1-2 & F:]

5. Blocky to massive, 2-4 1t 38 - 33 35 E 2
6. Massive, > 4 ft 38

A Dip: flat: 0-20°; dipping: 20-50°; and vertical: 50-30"

pck Mechanics.

Rock Structure Rating (RSR)

C : Ground water, joint condition

Sum of Parameters A + 8

Anticipated water inflow Joint Condition

gpm/1000 ft of tunnel Poor Good

None 12 25
Shight, < 200 gpm 9 9 23
Moderata, 200-1000 gpm 21

Heavy. > 1000 gp 18

Parameter (

a.
b

[

b,

oirt condiion: good = tight of cemented; fair = slightly weathersd or altefed: poor = seversly weathered, altersd or
open

Gpm=3.785 liter per minute

Dr. Hasan Ghasemzadeh

Effect of groundwater inflow and joint condition on the basis of:
Overall rock mass quality on the basis of A and B combined.

Joint condition (good, fair, poor)

Amount of water inflow (in gallons per minute per 1000 feet of tunnel).

11/26/2015

Rock Mass Rating (RMR)
Geomechanics classification

Bieniawski (1976-1989)

Numerous amendments since 1976 For assessing the stability of rock slopes

RQD

Groundwater
Discontinuities

Spacing, length, roughness

« Aperture width, infill, weathering

RMR=A1+A2+A3+(A4 or E)+A5+B=<100

Rock Mechanics: -

ROCK MASS RATING (RMR)

Bieniawski (1989)

[A- CLASSIFICATION PARAMETERS AND THEIR RATINGS.

Earameter Ranga of valuss
Point-load TFOr WS ToW 1ange -
Strength :”;;I " >10 MPa 4-10MPa 2-4MPa 1.2MPa uniaxial comprassival
af strength Inde! test is preferred
5.25

Intact rock [Unéaxial comp 2 250 P 50- . 5 <1
tlorad_|strongin 50 MPa 100 - 250 MPa 0 - 100 MPa 25-50 MPa o | AiPa | 1iPa

Rating 5 2 [ 1 ]o
il core Quallty RGD. o0 - 50% - " <T5%
Rating 20 3 3
‘Spacing of dscontinuties >2m 200- 600 mm 60 - 200 mm <60 mm
Rating 20 5 10

B
Very fough surfaces [STGHly rough Elghly rough Eickensided sunaces
INot continuous surtaces sutaces or g
Condition of discontinuities: |No separation [Separation < { mm | Separation < 1 mm  |Gouge < 5 mm thick
) Unweathersd wall — [Sighlly westhered  |Highly wealhered
X wals walls

or
of [separation > 5 mm
Separation 1-5 mm | Cantinuous
Continuous
Rating 5 20 10 o
THow par 10 m 25125 > 125
|tunnet lengih
Grouna [(Joint water pressy
‘water | (Major principal )
Ganeral condiions | Compietely ary Dripping Flowing
Ratng 5 4 0

02-05 >05

Rock Mechanics:

ROCK MASS RATING (RMR)

Bieniawski (1989)

B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (S66 F)
5trike ana dip onentations. Favourabie Fair Unfavourabie Vary Unfavourabie
Z 5 10 2

Tunnels & mines. 0

Ratings | Foundations o T El E ED
Siopes 0 [ 5 25
[C-ROGK MASS GLASSES DETERMINED FROM TOTAL RATINGS.
Rating 10081 | 606 50 41 4021 <21
[Ciass number 0 | 0 i v v
Description Vory good rock | Good roek Falr rock Poot rock Very poot tock

D.MEANING OF ROCK CLASSES
[Class number [ | " i W v

m span | 1 waek for & m span | 10 frs for 2.6 m span | 30 min for 1 m span
<100

[Average stana.up tima 20 yrs for 15 m span | 1 yoar fo
[Conasion of rock mass (kPaj =400 I 300 - 400 200 - 300 100 - 2¢
I 2695 15

3548

Frict

ngie of fock mass (d6g)

Rock Mechanics
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Evaluation of Tunnels
based on RMR

1wk _1mo

ROCK MASS RATING (RMR)

Bieniawski (1989)

ROCK MASS
RATING|

[E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
[Discontinuty lenath (persistence) <im Tam B 0-20m ~zom Immediate
Rating (3 4 2 1 o Collapse
[Separation (aperture) Hone. <01 mm Ba-1.0mm T-5mm S5mm

Rating 6 5 4 1 o
[Roughness Very tough Rough Slighty rough Smooth Shokenskied
Ratng 6 5 3 1 )

=3 Hard filing < & mm | Hard fling > S mm | Sonfllng < 6 mm | Soft fling > 5 mm
4 2 2 o

6
Unweatnared Siightly weathared Moderately Highly weathered Decomposed
6 5 ‘weathered 1 o

3

Roof Span, m

[F_EFFECT OF DISCONTINUITY STRIKE AND DIF ORIENTATION I TUNNELLING™
Strike perpendlcutar 1o tunnel axts Sirike parallel 1o tunnel axis
Drive with dip - Dip 45 - 90° Drive with dip - DIp 20 - 45° Dip 45 - 90 Dip 20 - 45°
Very favourable Favourable Vary unfavourable Fair
Drive against dip - Dip 45-00 Drive aganst dip - Dip 20-45 Dip 0-20 - ITespective of sirke
Fair Untavourable Falr

‘Stand-up Time, hrs
Example: 10 m span RMR =80 Stand up time > 4 years
e RMRL'%6°"Stand up time = 2 days

Q system
(Rock tunnelling quality index)

siced except spot bolting

sk
RMR: 31100

1 - Good rock

okl ey N | o e [ Initial data base was 212 cases of nominally unlined
tunnels and caverns

50 rock types were initially represented
Numerous shear zones and faults containing clay

Numerous shear zones and faults containing clay
A larger number of igneous and metamorphic rocks

Tnstall suppors concurrently
with excavation, 10 from face.

Rock Mechanics: _

Q system

RMR for slopes or tunnels (Rock tunnelling quality index)

Additional factors applied to RMR,

basic*

Accounts for excavation method
Accounts for joint orientation

“Stand up time” for various tunnel spans based on RMR \
Modified RMR for Mining
-MRMR (Laubscher) Active stress and
-MBR (Cummings et al) frictional water effect
35 oud dbml (S a5 9 b g S o9 5 55 g RMR ol 3o! (suvs il
52319 9 slowl D16 (i 5 S 90 Lizeed 9 Sl T

Rock Mechanics - Rock Mechanics -

Dr. Hasan Ghasemzadeh 5
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Q system

Q
(Rock tunnelling quality index) S

P

system

-

structure of the rock mass

» RQD Rock quality designation (10-100)

 J, = joint set number (0.5 — 20) #
By ’

Jn=15 (at |EaSﬂ) Rock Mechanics:

*“The ratio RQD/Jn ~ block size

Rock Mechanics: -

Q system

1. Rock Quality Designation

A | Very poar

B [Poor 25 - 50

€ | Fair E0- 75

D | Good 75 - 90

E | Excellent 80- 100
Note: il Where RQD is reported or measured as = 10 (including 0, a nominal

value of 10 is used to evaluats Q
iil_RQD intervals of 5, ie.. 100. 85, 80, efc.. are sufficiently accurate.

2. Joint Set Number Jn

A | Massive, no or few joints. 0.5-1.0

B | One joint set F]

C | One joint set plus random joints 3

D | Two joint sets P

E | Two joint sets plus random joints 6

F | Three joint sets ]

G | Three jeint sets plus randem joints 12

11 | Four or more joint sets, random, heavily jointed, a5

"sugar cube”, efc.

J | Crushed rock, earthlike 20

Note: i) For intersections, use (3.0 x J, | Rock Mechanics

il For portals, use 2.0 x J, )

Q system
RQD

Q system

roughness and frictional characteristics
 J, = joint roughness number (0.5 -5)

25-50 Two joint sets
Two joint set +

75-90 random

Excellent | 90-100 el

Rock Mechanics -

+ J, = the joint alteration number (0.75 — 20:
hard to soft filling)

The ratio J/J, ~ joint roughness & friction

Rock Mechanics

Dr. Hasan Ghasemzadeh 6



K.N. Toosi university of Technology

Q system

3. Joint Roughness Number

a) Rock-wall contact, and b) rock-wall contact before 70 cm shear
Discontinuous joints

Rough or irregular, undulating

Smooth, undulating
Slickensided, undulating 1.5
Rough or irregular, planar 1.5
Smooth, planar 1.0
Slickensided, planar 0.5

Note: i} Descriptions refer to small scale features and intermediate scale
features, in that order.

¢) No rock-wall contact when sheared

Zone containing clay minerals thick enough to
prevent rock-wall contact

J Sandy, gravelly or crushed zone thick enough to
prevent rock-wall contact

1.0

1.0

Note: i} Add 1.0 if the mean spacing of the relevant joint set is greater than 3m.
iy J, = 0.5 can be used for planar slickensided joints having lineations,
provided the lineations are oriented for minimum strength.

smooth

slickensided

g PP iuy

g = —
. ] S

Undulating |
o rough 15
b P LS i

Slickensided

Jr= 1:5 (joints in sun)

@,
4. Joint Alteration Number sppr Js
@) Rock-wall contact (o minaral fllings, only 00aTings)
“n | Tiahtly healed, hard. non-softening, impormeable =
filing, Le., quarz of apidote - &
B [ Unattered Joint walls, surface staining only 2535° | 10
Siightly altered join wals. Non-softoning minaral
€ | coatings, sandy particles. clay-fres disintegrated 28300 | 20
rock, otc.
b | Sitv- ot sandy-clay coatings, small clay fraction Ty [
(non-softering)
Softening or low friction clay mineral costings, /.e.,
€ | kaolinits or mica. Also chiorite, talc, gypsum, si6s | 40
Graphite, etc.. and small quantities of swolling clays.
o 70 cm sheer Tillings]
F [Sandy particles, clay-fres disintegrated rock. afc. 630" | 40
Strongly over-consolidatod non-softening clay mineral | ¢
G | filings icontinuous, but <Smm thickness) 1pass | &n
1+ [Misdium or low over-consoiidation, softening, @y | 12180 | 8.0
mineral fillngs (continuous, but <Smm thicknass) :
Swalling-clay lings, /6., montmorilonts
4 | tcontinuous, but <5mm thickness), Vaius of J, saze | sz
depands on parcent of swelling clay-size particles,
and occess Lo water, ele.
1 No rock-wall contact whan shoared (thick minoral fiings)
KL | Zonws or bands of dintegrated or crushed rock and | ¢ .. | 6,8, or
M | clay (sea G. H, J for description of clay condition) 812
| Zones or Bands of siity- or sandy-clay, smail clay o0
fraction (non-softening) 8
OP | Thick, continuous zones ai Sers o ciby (388 G. . | 200 | 10,13,
R_|J for description of clay condition] o 132

Q system

a) rock-to-rock

contact

after shearing

contact

11/26/2015
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Q system

Rock Mechanics:

Q system
Jr=1,Ja=1

frictional strength = 1/1 = 1

IF THERE WAS WEATHERING:
Jap 2p3p4pcr

| (Maybe the block/wedge fell when Ja
was reduced to 2)

0.5
(125 years old Beaumont Tunnel) -

Rock Mechanics:

Q system

/

Active stress

+ J,, = joint water reduction factor (1 — 0.05: dry to
water under pressure)

» SRF = the stress reduction factor (0.5 — 400: low

stress & favourable orientation to high stresh
Rock Mechanics

Dr. Hasan Ghasemzadeh

11/26/2015

Q system

5. Joint Water Reduction Factor

Dry excavations or minor inflow, /.e., <5 I/min
locally

Medium inflow or pressure, occasional outwash of
joint fillings

Large inflow or high pressure in competent rock with
unfilled joints

Large inflow or high pressure, considerable cutwash

of joint fillings 0.33

Exceptionally high inflow or water pressure at

i .2-0.1
blasting, decaying with time >10 0.20

Exceptionally high inflow or water pressure

continuing without noticeable decay >10 0.1-0.05

Note: i) Factors C to F are crude estimates. Increase J,, if drainage measures
are installed. i
i) Special problems caused by ice formation are not considered.

Rock Mechanics:

Q system

Jw = 1 or 0.66

Rock Mechanics:

Q system

Jw=0.10r0.2

Rock Mechanics
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Q system

Most of tunnel was Jw < 0.5

Q system

Stress Reduction Factor
Zones i which may cause loosening of rock
mass when tunnel is excavated

A | Multiple occurrences of weakness zones containing clay or chemi-
cally disintegrated rock, very loose surrounding rock (any depth)

o | Single ining clay or chemicall p
disintegrated rock (depth of excavation = 50m)

c Single zones clay or 25
disintegrated rock (depth of excavation > 50m) :
Multiple shear zones in competent rock (clay-free), loose

D : 75
surrounding rock (any depth)

E Single shear zones in competent rock (clay-free) (depth of 5.0
excavation s 50m) )

£ | Single shear zones in competent rock (clay-free) (depth of 25
excavation > 50m) :
Loose, open joints, heavily jointed or "sugar cube®, etc. (any

G 5.0
depth)

Note: i) Reduce these values of SRF by 256-50% if the relevant shear zones
only influence but do not intersect the excavation.

STRESS FRACTURING IN (mostly)
MASSIVE ROCK

6. S Reduction Factor

b) Competent rock, rock stress problems | o, lay
H | Low stress, near surface, open joints | > 200 <0.01 25
J Medium stress, favourable stress 200-10 0.01-0.3 1

Tunnel condition

High stress, very tight structure.
K [ Usually favourable to stability, may 10-5 0.3-0.4 0.5-2
be unfavourable for wall stability.

Moderata slabbing after > 1 hour in g |
L massive rock 5-3 0.5-0.65 5-50
1| Slabbing and rock burst after a few 22 P %0200

minutes in massive rock

Heavy rock burst (strain-burst} and
N |immediate dynamic defarmations in <2 >1 200-400
‘massive rock

Note: iil For strongly anisotropic virgin stress field (if measured): when
§ = 0y/o3 = 10, reduce 0, 10 0.760,. When &y /o3 > 10, reduce g,
to 0.50,, where g, = uncenfined compression strength, @, and o3 are
the majer and minor principal stresses, and g, = maximum tangential
stress (estimated from elastic theory).

iii) Few case records available where depth of crown below surface is less

than span width. Suggest SRF increase from 2.6 to 5 for such cases
(see H).

Dr. Hasan Ghasemzadeh 9
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Q system

Determination of the Stress Reduction Factor in
Highly Stressed Jointed Rock (Warren Peck, 2000)

6. Stress Reduction Factor

SRF
c) Squeezing rock: plastic flow of incompatent rock . lo SRF
+« SRF = 34(%/‘ 01)"-2 under the influence of high rock pressure g e
. . . O | Mild squeezing rock pressure 1-5 5-10
(when not particularly anisotropic stresses) T Fioavy squesting ok prossure =5 020
+ SRF =31(04/ 05)°2 (0/ 04)12

Note: iv) Cases of squeezing rock may occur for depth H>350 Of’s (Singh et
al., 1992). Rock mass compression strength can be estimated from

- B - 13 = k i Jee (Singh, 1993).
(when strongly anisotropic stresses) 9= 7y Q7 MPa) whers y = rock density in gm/cc (STng

d) rock: activity de ding on p. of water
Both the above for category 6./ o, from 10 to 1.5 R | Mild swelling rock pressure 5-10
S | Heavy swelling rock pressure 10-15

Rock Mechanics: -

Q system Q system

Hydrothermally altered granite containing montmorillonite
(SRF = 15, or higher? - extreme tunnel closure of 4m!)

Q system

. il - - - L "E
ANTICIPATED SQUEEZING. MOTORWAY UP-AND-DOWN LANES

5 x ; ] DIVERGED BY ABOUT 3 (OR 4?) TUNNEL DIAMETERS
Near-surface example ential stresses.

Dr. Hasan Ghasemzadeh 10
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Q system

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

STRUGTURE DECREASING SURFACE Q

INTACT OR MASSIVE - intact
tock specimens or massive in %0 »
it rock with fevr widely spaced NA N
discontinuibes
80
2 BLOCKY - wal imeriocksd un-
disturted rock mass conssting

of cubical blocks formed by three
intersecting discontinuity sets

Q= 1000 (or better

60

VERY BLOGKY- interlocked,
partally disturbed mass with
mult-faceted angular blocks
formed by 4 or more joint sets

Q= 100/0.5x 4/0.75 x 1/

BLOCKY/DISTURBED/SEAMY
- folded with angular biocks

ings or angular fragments

of bedding planes or schistasity

DISINTEGRATED - poorly inter-

d, heavily broken rock mass
‘with mituee of anguiar and
rounded fock pieces

Sickensided, highly weathered surfaces with compact

-
T
£
3
£
:
;
8
£
Fy
:
g
§
z
i

§
H
#
H

Rough, slightly weathered, iron stained surfaces
Smooth. moderately weathered and altered surfaces

Viery rough, fresh unweathered surfaces.

VERY GOOD

®
5|8
5|2
g|s
H 1

FAIR
POOR

GOOD

== DECREASING INTERLOCKING OF ROCK PIECES

Q
b
Q

REASING SURFACE QUALITY ==5>
LAMINATEDISHEARED - Lack 10 b
of blockiness due to close spacing wa | nm

Rock Mechanics
A

GSI FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH 51 |is
(Marinos.P and Hoek. E, 2000) T . Mk
From a descripbon of the thology, struclure and surtace conditions. (particulardy & & z § |35f
of the bedding pianes), x in the chart. Locate the positoninthebox o & [ <8 73 [H g3z
v the condiion of the dscontinubies and estmate the averoge £ 3 | S8 | g3 g5 E s
vakue f GSI Fom the contours. Do ot st o b 100 rec age 0 §| €5 | £ ¥ [eaf |28z
i ¥ mocs sl ran g 051 55 Nt v tookiroun 508 | 33 | Fg I B
atfocon dovs nol appiy o siuciwaly conioled falures. Whero unavourably 253 | 2R | 28 IS
sonted cont « rastses are prosare, mess wi domiests. 557 | E | §8 | €3 |23F |22
e bohaveour of & 1 of some ook Massos i SE3| 89 |42 | B% |E3s. g8
presence of oroundwaler and his can be alowed for by s sicht st ote Uz | SF | X8 | 5B |S3RE(8
1ghtn he o for o juans Fisar pros gha| 5 | 2F | 75 |eiBi[Ss%
s e e 55 o oy ey b s £5% | Eg |83 | =F [S8ed[z1:
COMPOSTION AND STRUCTURE Ase| 82 | 8 | =% [2dRc]09E

A Thick beckdod, vory blocky sandsione.
The effect of pettc cotings on the beding 70
planes is minimized by the confinemen of

ho rock mass. in shafiow tunnais or siopes
these bedding planes may couse siucturaly 50
controded nstabiry.

[Co.EandaG-m:
1655 foidad than Austated but
i coes not
Tecone delormaton, taulbng and

F. Toctonicaly deforned, intonsmly 30
or sitstone with broken and deformed

categories to F and H ] cheotc structure

H Toctanicaly defored sity or
clayey shale forming a chaotic
stnucturs with pockos of efay

Thin fayers: of sandstone are
tansiamod into smol rock piscos

Q RMR comparison

RMR - ROCK MASS RATING

(MPa) (%) (m) =) )
=gc + RQD + S + Jconaition + Water

(0-15) (3-20) (5-20) (0-30) (0-15)
+ orientation adjustment (0 to minus 12) for tunnels

(0 to minus 60) for slopes
Theoretical range of RMR = 5 to 100

Q = RQDUN x JdJ; x JISRF

RQD% ~[Joint roughness |Water
number of sets | Joint alteration

10to 100 (actual) [0.5to5  [0.05t0 1.0
0.5 to 20 0.75t020 0510 400

Note that ‘o' and ‘S’ (spacing) do not occur in the
Q-value estimate, only indirectly in stress/strength
(SRF} and in RQD

Note that ‘Jn’ (number of sets) and ‘stress’ do not
occur in RM

Dr. Hasan Ghasemzadeh 11
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Q RMR comparison

Rock Mass Rating, RMR.

Figure 19 A comparison of Q andl RMR logging, NGI Contract Repars, 1994.

EXTREMELY

Exc. poon | EXTRENE

[ venr voon | voon | eainfcoso

® NGI CASE STUDIES
G GEOM. CASE STUIES

O INDIAN CASE STUDIES
+ Net (199)
PN ]

@lp1
xS0
%g;f«z‘feﬁ

}&.-m»m.gqu) o
s %

} etonatity®,
Gy

4 OTHER CASE STUDIES

AMA = 8 In Q+44

veav pood  poch

RMR =9 InQ+44  (Bieniawski, 1989) Qse

10 100

(RMR-44 ]
s

RMR = 1510gQ+50  (Barton, 1995) Q»10

(RMR-50 )
5

Q RMR comparison

Bieniawski ?9‘.’6)
RMR =g In (Q) + 44

Compromise
RMR = 15 log Q + 50

Rock Mass Raling , RMR

AMR =537 In (Q) + 52.7
AMR = 12.36 log () + 52.7
Boreholes A, B, and C

Dr. Hasan Ghasemzadeh
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Tunnels and the Q rating

* Require ESR and D,

— D, = equivalent dimension

D - Excavation span or height

¢ ESR

— ESR = excavation support ratio

— ESR is a function of the tunnel use and acceptable level of

risk

Rock Mechanics:

—

ESR Values (Barton et al 1974)

Temporary mine openings

Permanent mine openings, water tunnels for

hydro power, etc.

Power stations, major road & railway

tunnels, etc.

Underground nuclear power stations, railway

stations, etc.

Rock Mechanics:

Tunnels and the Q rating

ROCK MASS QUALITY AND ROCK SUPPORT

F D

c

Extremely Poor

Fair

Good

21

£l

Span or height in m

o

=

&

/

b1

7

i Zom

@
na

| = 463 10 Wi U1 YBUS| 408

T u
0.001 0004 0.01 004 0.1

RQD

Rock mass quality Q.= ——

Rock Mechanics

4

J,

Sy

J

SRF

12
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Evaluation of Tunnels
based on Q rating

Tunnels and the Q rating

1) Unsupported Examle:

2) Spot bolting

3) Systematic bolting * 10 mspan & ESR =2
4) Systematic bolting, (and unreinforced shotcrete, 4 - 10 cm) e Q=40

5) Fibre reinforced shotcrete and bolting, 5 - 9 cm

6) Fibre reinforced shotcrete and bolting, 9 - 12 cm Requwes rock bolts at 3 m ERECHI 2.4m Iong

7) Fibre reinforced shotcrete and bolting, 12 - 15 cm

8) Fibre reinforced shotcrete, > 15 cm, * 10 m span &ESR =1
reinforced ribs of shotcrete and bolting . =

9) Cast concrete lining Q=40

Requires rock bolts at 3 m spacing, 3 m long

Rock Mechanics: Rock Mechanics:

Evaluation of Tunnels Rock Bolts- Q system
based on Q rating

Example:

1 ) arrangement for grouting

+ 10 m span & ESR =2 S —

vy S
. Q= 40 expansion shell for end-anchoring CT Bolts
e eI e P e S e TSR B |

I,r‘:l.r“_f.',"/;/f‘,’“.! P

2) rolation spring for resin end-anchoring

10 m span & ESR =1
* Q=40

» Rock bolt lengths are for an ESR of 1.0 (conservative)

Rock Mechanics: Rock Mechanics v l

Tunnels
based on Q rating

Exremety very
soor poor
+

Bolt spacing

in shotereted i Final Example:
it . 10 mspan & ESR = 1

+ Q=10

=

Requires rock bolts at 2.3 m spacing, 3 m
long in 40 mm shotcrete

Span or height in m
ESR
Bolt length in m for ESR

n

000 0004 001 009 01

Rock Mass Quality, Q
Figure 1. The Q system Tunnel Reinforcement Design Chart (Bartor', 1996)

8

10 m span ESR =2 10 m span ESR=1
Q= 4QRock Mechanics Q=40 ve Rock Mechanics

Dr. Hasan Ghasemzadeh 13
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Example:

Rock Bolts- Q system

Lengths (L) can be stimated based on the excavation

Tunnels and the Q rafimssnEssss

span (B) :
Excegtionalty | Esremely | Very Poor | For | Gma |Vey| B | Ec
poor 1 good [ good | god _
Bult spacing BpSEE » L=(2+0.15B)/ESR
. in shotcreted 17m
iy s .z maximum unsupported span can be estimated
£ 193] A .
£ s 5 from:
Bl m/') /m /mM/ﬂ)m [ &
=4 - . . ) £
‘% 2500 /wu-m 1 4 )um (;mme °"—| g Bmax =2 (ESR) (Q)*4
/ / sm i unnckread 8 relationship between the value of Qand the permanent
/ i ml. = roof support pressure (P, (Grimstad and Barton ,1993)
[ 0004 001 1 D11 1i 40 14.7 4 A

Rock Mass Quality, Q
Figure i. The () sysiem Tunnei Reinforcement Design Chart (Barton”, 1996)

Rock Mechanics:

Histogram

HISTOGRAM LOGGING TO CAPTURE |
VARIATION AND TO SPEED L
LOGGING 8

Immediate 0 g
Collapse »
& so u
P B N
) Ay 2 a Y
—" | iy

" o sy X X
5] Dd-m_’(_:'; i - N
£ E*“*Z T A TN Ay AN
E Ll TN, AN AN \\ RMR
N s . ———
E R \ k/ 8l . wo |Q

1.0
\ = /10 ‘
1 - _ o1 No Support

Required

Note

* blasting damage will result in the creation
of new joints, can be accounted for by
reducing the RQD value for the blast

damaged zone (Loset, 1992)

it is appropriate to give a range of values
to each parameter in a rock mass
classification and to evaluate the
significance of the final result.

* L s
Rock Mechanics “F . e | 2%, s wnaire prt cant taseh | &

- e e o8| 3/« rougess arpttuetenn tnevel | &, < resibal ticton e

88’2300 U J0) ¥1VQ - 14vHD ONOO0T TWINHDL1039
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AN
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I
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KEY POINTS

* Rock mass rating systems are a useful way
of forming an evaluation of rock masses

» The Q or NGI system was based on
tunnelling

* The RMR (CSIR) system is more commonly
used for slope stability

» The strength of rock masses can be judged
from these sytems

—
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