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r ROCK MASS CLASSIFICATION

\»
RMR and Q - Setting records straight

T telipuit el e i After 35 years of use throughout the tunneling world, the RMR and Q

classifications were independent . ) . _
developments in 1973 and 1974, classifications have proved themselves on numerous projects. They still
_ Whose common purpose was to face misconceptions however, as reflected in recent articles in T&T
quantify rock mass characteristics previously , . .
based on qualitative geological descriptions.  International. Here, Nick Barton, of Nick Barton & Associates, Norway,
They were originally developed for assisting - . I ; ' :
with the rock engineering design of tunnels. and ZT Bieniawski, of Bieniawski Desugn Enterprises, USA, clear
The value of thorough geological common misunderstandings and provide the “ten commandments” for

exploration was never disputed, indeed it . .
was always emphasised. In addition, it was proper use of these rock mass classification systems

A A 2008cooperationwith DickBieniawsk, finally! Mainlyto addressmisplacectritical
discussiort NP Y -tHeoBsK)Y t St t a- AY | dza i NRetdmullebf Alistfidr
(astold in Goodman TTdrticle) aboutrock massclassificatiorfor tunnels.

AA 2016artjclein a C(aoa_.diancéournal bthe same Pell®f Australia hagproposedW LJdzl U
wvsS U2 NBbauQ

AlIn fact theseauthors which strangelyhad Bieniawskas a ceauthor, recommendedusingGS|
to estimate RQD.Thisreallydoesnof sound likeBieniawsKi
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ALSO A FOND MEMORY OF [gCk

Cwha L{c¢! b. | dlodedd
encounterof the third kindQwith a
belly-dancet

YR FNRY ¢ 9 Ilthislisb
the lastlectureof my careerQ

O H n n ythanksto®h® Brazilians
and ITA itvasnot!
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RMR=9InQ+44 (Bieniawski, 1989)
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SRF

Thesawo equations
(therearedozeng are

A yoodidgreemens)
whenRMR89 = 65, anc
Q = 10.
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D. U. Deere' and D. W. Deere?

The Rock Quality Designation (RQD) Index
In Practice

REFERENCE: Deere, D. U, and Deere, D. W., ““The Rock Quality Designation (RQD) Index
in Practice,” Rock Classification Systems for Engineering Purposes, ASTM STP 984, Louis Kirkaldie,
Ed., American Society for Testing and Materials, Philadelphia, 1988, pp. 91-101.

ABSTRACT: The Rock Quality Designation (RQD) index was introduced 20 years ago at a time
when rock quality information was usually available only from geologists’ descriptions and the
percent of core recovery. The RQD is a modilied core recovery percentage in which unrecovered
core, fragments and small pieces of rock, and altered rock are not counted so as to downgrade the
quality designation of rock containing these features. Although originally developed for predicting
tunneling conditions and support requirements, its application was extended to correlation with in
situ rock mechanical properties and, in the 1970s, to forming a basic element of several classification
systems. Its greatest value, however, remains as an exploratory tool where it serves as a red flag to
identify low-RQD zones which deserve greater scrutiny and which may require additional borings
or other exploratory work. Case history experience shows that the RQD red flag and subsequent
investigations often have resulted in the deepening of foundation levels and the reorientation or
complete relocation of proposed engineering structures, including dam foundations, tunnel portals,
underground caverns, and power facilities.
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for measuring RQD is illustrated in Fig. 1. The RQD index is an index of rock quality in that
problematic rock that is highly weathered, soft, fractured, sheared, and jointed is counted against

the rock mass. Thus it is simply a measurement of the percentage of “'good™ rock recovered from
an interval of a borehole.

Yountedagainsf) X ddiskotnrted
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MTR Corporation Limited
GEOTECHNICS & CONCRETE ENGINEERING (H.K.) LTD.

PROJECT : Contract NEX/2108 Ground Investigation Works for Express Rail Link
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YouTube
figure

WakeRQDy asthe averageof manymeasurementQ

(OR WE CAN UTILIZE RQD AS AN ANISOTROPIC PARAMETER)
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10/15 x 1/2 x 0.5/2.5 = 0.07

10/9 x 1.5/1 x 0.66/1 = 1.1 POSSIBIALQE
100/6 x 1.5/1 x 1/1 =10 ESTIMATES
100/2 x 2/1 x 1/1 = 100
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WHO IS INTERESTED IN ROCK
THAT IS THIS MASSIVE?

Palmstram 2001critique of RQD. Due to higihoringthe numberof joints in
different orientations hispoor opinionof RQD isnisplaced

(Is hisfocuson dimensionstone quarries? where 10m jointspacings soliked?)



RQD=0

N

AN

31= Elzrrll S3=15%m 51 = Bom A=18m 3= E"J'ﬂ|| Si=18m
SZ=Mcm 52 =Tom | 52=1cm

Jv=1009 +1/0.11 +1/015 =27 N=1009+1/011 +1/015 =27 Jv=1009+1/011 +1/015 =27

AAnotherPalmstrgm 2005attempt to discreditRQD, angbromote hisvolumetric
joint countJv¢ whichwasreferencedsupportedin Barton et al. 1974.

ARock masseasre seldomso uniform (inlesssedimentary Xot weating RQD as
ananisotropicparameter has ADVANTAGI6gparedto JV (Forinstance use
of tunnelorientedRQD isrecommendeadn Qremprognosismethodg whereit is
essential.




SOME SUGGESTED CORRELATIONS OF R
with rockmassdeformationmodulus
andstrength



1.0

® Dworshak dam, granite gneiss, surface gages h . .
+ O Dworshak dam, granite gneiss, buried gages Z an g an E I n Ste I n y 2 C

0 Two Forks dam, gneiss
0g+ ® Yellowtail dam, limestone

& Glen Canyon dam, sandstone |

A a
g o 091 © Coon and Memitt (1970)

06T

a Bieniawski (1978)

E E.JE=0.0231ROD-1.32 0.87 o Ebisu et al. (1992)
044 © 0.7 o
a? . 0.64 Em,EI_looum-ﬁ((m 1 91
O [“E ' (Zhang and Einstein, 2004)
0 2'“ ------ H LL: O §q>
------- ° o i
. s * N Ew/E~0.0231RQOD-1.32
0.4 (Coon and Merritt, 1970:
0.0 . + . t 2 ¢ - t . i ~ ~ -
0 20 40 60 80 100 0.3 Gardner, 1987)
RQD(O"'-)) ‘-
. 0-2-
CoonandMerrit, 1970
0.1
0 | e

0 10 20 30 40 50 60 70 B8O 90 100
RQD(“(»)



Unconfined compressive strength ratio o,/ 0.

1.0

06 +

04 +

02 T

0.0 -

Zhang (2010)

Kulhawy and Goodman (1987)

AASHTO (1996)

Zhang, 2010

cm/ C



DEVELOPMENT OF THEYSTEM IN 1973
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Fig. 7. Sketches of the six case records described in Table 8, after Cecil (1970)
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(this selectionreproducedin
Barton, Lien, Lunde, 1974)
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Fig. 8. Sketches of the six case records described in Table 9, after Cecil (1970)
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Table 8. Classification and Prediction of Support for Six of the Case Records Described by Cecil {1970)

. Mature of instabilir
. Purpose of excavation, lecation, m m
reference

Z
e
e

. DESCRIFTION OF ROCK MASS  SPAN  Height Depth

“‘!’Oﬂ ROD Jr e
In Jo  SRF

o ESR SPAN/ Roof
ESR Suppor
m Recommenda-
Hon

£

. 50 m lengeh of closely spaced, right
diagonal joints in leptite. Planar,
smoth joines. 1 joint sex, 5—]0 cm, 9 -]
spacing. Mo water present.

. Minor overbreak when blasting.

‘Tailrace tunnel, Seirevare Hydro.

M. Sweden (ref. Cecil 1970).

w o

70 10
2 10 L0

Caregory 0

g

. 80 m length, including a 1 m wide
r zone in mylonite. Crushed
mylonite non-softening clay 125 65
seams :m{jninr [illings. lmtrutling
joint ser. 2 joint scts plus ran
5==30cm spacing. Minor wares
inflows [ < 31/min).
Wedge shaped reof fall.
. Headrace tannel, Vietas Hydro,
M, S\I\odun :mf CL-:||. 19

. 50 m length, shear zone in qua:mbe.
“sugar cube” rock structure, Planar,
smooth, unaltered joints. 3 joint 3 [
sers, <5 em, spacing. 510 L'min
swater inl

. Miajor roof falls, progressive forma-

tion of deme- and vaule-sha

crown. Also falls fram the face.

Headrace tannel, Rendal Hydro,

HNaorway (ref. Cecil 1970).

43

. 25 e lengrh, 3 m wide shear zone in
thinly laminated schist, swelli
montmorillonitic clay seam in shear 9 8
zone, some chlorite joint coatings.
Planar slickensided joine walls,
1 joing set, 5—30 cm spacing.
Ground water scepage along cased
de-air hole may have contribured
o sweelling process,

]

39

P

o

e

. Complete collapse of runnel during
ration of power plant. Vault-
shaped crown opening.
Tatlrace tunnel, Sillsjs Hydro,
M. Sweden [m’ Cectl 1970,

bl

110

Rack balis,
wire mesh and 60 Lo L0
refe L3 [ 5

Cast conerere
arch, immedi- 2 14 066
ately after 15 1.0 5
mncking our

Original 6—38

cm shotcrere 20 0.5 Lo
failed. Perma- 2 12 15
NENE SUPPOIT

after farlure

with cast

concrete arches

Category 31
=00A [s1) 30 cm
+B1m

(LR EA W '

s

L A5m ]mg:h ﬁwnhmu shear zone

in sehist, in which there was a 3 em

thick clay (non softening) and gra- 6.5 4.5
hite scam., Shear zone was 0=
00 con wide and contained ;muuth,

slickensided graphite-coated joint

surfaces, 1 joint set, =30 cm spac-

ing. Insignificant warer inflow.

2, Wedge-shaped roof fall,

3. Tailrace munnel, Bergvattnet Hydro,
N. Sweden (ref. Cecil 1970)

A0

Rock bales,

wire mesh and 10 1.0 Lo
vwo shoterere 2 10 5
application:

Category 31
=BE1lm
+5 (me) § em

010 16 41

s 1.20m I.cr:gﬂl. 10 m wide verrical
shear zone in granite. Rock crushed
and frequently altered o carthy-
gravel, Some remnant joimt surfaces
eoated with elay (non-softening). 59 4.3
Rock adjacent to zome blocky and
loose, T lar slickensided joi
surfaces, 530 cm spacing. 1’_:1-9:
water inflows after blasting carned
fault zone debris into runnel, lefr
n voids up e 1 m wide. Noter
unnel located within 10 km of a
major averthrust sl . lacally verti-
cal and low angle shear zones occur,
2. Progressive roof fall-oue to form a
large vault-shaped opening,
3. Headrace tunnel, Stensjcfaller Hydro,
M. Sweden (ref. Cecil 1970).

MNo support

iTm hf':m.h'

afrer blasting.

Eventually 10 1.5 033
two shoterete 1] [ 2.5
applications

Category 34 -
=5 (mr) 7.5 cm

0m7 le 37

Naote: Right-hand column "Roof Support Recommendation” is obrained from Tables 11, 12, 13, and 14
Key: § = shotcrete, Bh- systematic bolting, sb = spot bolting, CCA = cast conerete arches, mr = mesh seinforced, se = steel reinforeed,

clm = chain link mes
Balt spacing is given in metres, -

- Shotcrete or concrete thickness is given in centimeters.
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Table 9. Classification and Prediction of Support for Six of the Case Records Described by Ceeil (1370)

Case 1.

bl o

Nature of instabili
Purpirse of excavanon, location, m
reference

DESCRIPTION OF ROCK MASS  SPAN  Height Depth Supporr used RQ}) j!k ,i"us 4]
L RF

ESR SPANS Roof suppaort
ESR

recommendation

-

[F

. 20m fength, 1 m wide zone of

sheared granite with clay scams
(non-softening) slide bouudaalls a §
thin { < 1 cm) clay seam and

sheared material that lie in mntm
with massive rock. Planar, slicken-
stded joints. 1 joint ser, 5—30cm
spacing. Insignificant inflow of

warter, See note, case S6.

e

. Wedge-shaped roof fall.
. Headrace tunnel. Stemsjfalles Hydro,

M. Sweden (ref, Cecil 1970,

4.3

Rock baolts,
and showcrere 80 08 1.0
2 [ 15

-

[

+ 80 m length, open horizontal sheet-

mjl joints m granite, partially filled
sand smcdm mmml l‘iuut. 7

ruugh surfaced joings. 2 joint sets,

5—30 cm spasing. Insisniﬁﬂm

water inflow. See note, case 56.

. Owerbreak above springline.
. Access tunnel, Stensjifaller Hydro,

M. Sweden (ref. Cecil 1970).

4.5

&7

70

74
73

fa

=

=

[

. 30 m lengeh, close vertical jointing

cuning across schistose rock soruc-

ture in schistose mer
Sandy, gravelly joine ﬁll:np Manar

smooth surface joins, 1 joint set
plus random {for schistocity planes),
=3 cm rp:nng Water inflows
up 1000 1/mi

: l_“:?r overbreak in intrados, some

Railrace tunnel, Stensjéfaller Hydro.
N. Sweden [rrf Ceel 1970).

10 m length, srrongly sheared gra-

nite, very tight vertical structure,

Manar, reugh surfaced, unaltered
joints. 1 joine scr, 5—30 cm spacing. 8
Insignificant water inflow,

Stable, minor overbreak, no roof

falls.

Callector tunnel, Mo i Rana Hydro.

M, Norway (ref, Cecil 1970).

i .ﬁppw;r lkm len h masiive gri-

nite, widely spaced, tight, vertical

joints. Planar, smooth-surfaced
unaltered joints. 1 joint set, I—3 m
spacing. Insignificant water inflow. 12

. Mo overbreak in chambers, but

averbreak at intersections,
Waste water treatment plant,
Kippala, Sweden (ref, Cecil 1970,

300 e lengrh, massive greiss, few
joints. Planar, rough-surfaced, un-
aligred joints. >3 m spacing. Insig=
nificant warer inflow.

. Minor overbreak, no falls or slides. 20
. Wine and liquor storage rooms.

Stockholm (ref. Cecil 1970).

4.8

57

12.5

4.5

L3 18 37

Rock bolts
and shorcrete 70 1.5 L0
15—20 4 2 )

Shoteree

+5 1.5 e

Caregory ;’.I

w5 LS em

MNone

15 2 1.0 25

50

Category 0

Mote: Very tight
STTUCTURE MY im-
ply higher stress,
i. . SRF=1.0
Hence (=30

None in

chambers

100 10 Lo
2100 2 1.0 10 50 L3 92

Baoles at oy 10 1.0
inberiectiond 2x3 10 10 167 L0 120

l%\;%? b

Cat
=B 15—2m
+clm

5o balts

in a

300 m of

chamber 100 5 1o

00 1.3 154

Caregory 0,5

= None or sh

Note: Right-hand column “Roof Suppont Recommendation™ is obtained from Tables 11, 12, 13, and 14,

Key: § = shotcrete, B = systematic bolting, sb = spot bolting, CCA = cast concrete arches, me = mesh reinforced, s# = sreel reinforeed,
clm = chain link mesh.

Bolt spacing is given in metres, — Shotorete or concrete thickness is given in centimeters.
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l Table 9. Classification and Prediction of Support for Six of the Case Records Deseribed by Ceeil (1970

Case 1. DESCRIFTION OF ROCK MASS  SPAN Height Depth Support used RQD b J - 2 ESR SPANS Roof support
No. 2. Nature of instability J e SRF ESR  recommendation
3. Purpaose of excavanon, location, i m m m
reference

60 1. 20m length, 1 m wide zone of Roack boles, Caregory 21
sheared granme with clay seams and shotcrete 80 0g 1.0 =B1m
(non-softening) slide boundary isa 5.9 4.3 85 2 & 25 +52.5¢cm
thin {< 1 cm) clay seam and thinly
sheared miaterial that lie in contact
with massive rock. Planar, slicken-
stded joints. 1 jodne ser, 5—30 cm
spacing. Insignificant inflow of
water. See note, case 6.

. Wedge-shaped roof fall,

3. Headrace tunnel, Stensjcfalles Hydro,
M, Sweden (ref, Cecil 1970]. 1.3 1.6 17
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SUMMARIZED DETAIL OF ONE OF CECIL, 1970 CASERENDORDS
SYSTEM INTERPRETATION



DY SICIL UCVEIUPILICIL 1L I3PD (CONSISIEd Of 4, D anda nnaity o

parameters. Copy of S-parameter

CUBULC .

y
.S.R.)

SPAN (Bln. ¥z

. (unpublished)

version,

oW >

ToOmm

ROCK MASS STRUCTURE

Descriplion @
1
2
3
4

. Massive, no or few éa(nfs,

One joink seb.
One joint set plus random.

6
Three joint sets. 8

. Three ot sels plas random. q
. Crashed rock or ur‘('l\-(ik(, 12

random, heavily jointed .

@ STRESS REDUCTION FACTOR

‘E. medium stress

. high sfress

. Mulbiple clawy occurrences, veny loose 10
k

Surrounding rock.

B gukuss 3one  confainig clawy 5

ephh of excovation < SOm.

. Weskness done  containing clany 2-

Depfh of excavation >50%.

Descriphion | %% | 0.'7/07|

loose, open joints | >100
100-10

66- 66
lo=5 |+66=-33
<5 <33

T, = major principle shvess, (horiz. orvert)

Nno =N
St on

JOINT ROUGHNESS NUMBER

Descripfion @

Rough, unl“\.h.'s 4
S'“”{LI uv\lula‘uls 2
Smooth ) lem-l\.’ P(mnr i

Su.oofL, flat, slickensided 25

fing. ofin ons Hekomnd  (meioll)

sheargd wp to [0cm.

D
E.
E
G. rock burst

EXCAVATION SAFETY RATIO

A. Temporary mine openings. v 2—5

Bl e bde oo &

C. s ooy mioer roed ond .3

D. Power sfabons, major road and |0
railway, tunnels.

E. gl nie o7

factories.

TJOINT ALTERATION NUMBER

. @) @)
1

®

ROOF : bolts &=2+015 B

BOLT AND ANCHOR LENGTHS

anchors L = 040 B (B~ ‘f“")

A. Unalfered (30') H
B. Sliglly altered, sandy 2 (257 | WAs: bl L o=24015 H o0ty
or grovdlly partides. . anchors L =035 H :
C. Ak, el sty 3 (20) |55 5 popoRT PRESSURES
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RQD HAS A PERMANENT ROLE |
Q, QBM Qslope, QHZO
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8 GEOTECHNICAL
ENGINEERING

As a briefestintroduction: h

Q meansrock massquality.
Q consistsof ratings for six parameters
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J, Jy SRF

=0 Y. BiZDpiitionQxoadtived 0 NB 4 a QU

Q:




BRAZILIAN HYDROPOWER

PROJECT COLLAPSE IN FAU

SUGAR LOAF MOUNTAIN,
RIO DE JANEIRO

TOP END OF ROCK MASS QUALITY
SCALE.

v 100.5x4/0.75x1/1
i.e. >1000

LOWEST END OF THE ROCK|/ & |

MASS QUALITY SCALE.
v /20 x 1/8 x 0.5/20

l.e. < 0.001
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THE FIRST TWO PAIRS OF PARAMETERS
HAVE DIRECT PHYSICAL MEANING:

RQD /Jn = relative block size

Jr [ Ja = frictional strength 6 #)

J}{N/ SI%}F/ teffe(:ts tof water, faultmgg
gv(/eer]% sress ratio, s%lee)%rg “NB XA O
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Q-classes with respective RQD
distributions and €anges:

0.1-1,1-4, 410, 1640

(partof 340 knmof core logging at mine, by
12 to 15 engineering geologists)

Demonstrates central role played by RQD
(>40 km of core) l
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I ROCK MASS STRUCTURE

1 |RQD |Deere et al., 1967) block Q
2| J, |= joint set number size { Q
3 F = joint frequency (per metre)
4 J, = volumetric joint count (Palmstrém, 1982)
5 S = joint spacing (in metres)
6 L = joint length (in metres)
7 w = weathering grade (ISRM, 1978) _
8 «/B = dip/dip direction of joints (Schmidt diagram)
II JOINT CHARACTER '
9 | J. |= joint roughness number shear Q
10| J, |= joint alteration number strength { Q
11 JRC = joint roughness coefficient
12 a/LL = roughness amplitude of asperities per unit
length (mm/m)
13 JCS = joint wall compressive strength
14 ¢, = residual friction angle
15 r,R = Schmidt rebound values for  oint and rock
surfaces
III WATER, STRESS, STRENGTH
16| J, |= joint water reduction factor |active Q
17 | SRF | = stress reduction factor stiess { Q
18 K = rock mass permeability (m/s)
19 o, = compressive strength
20 o0, = major principal stress
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MASS
DESC-
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EXERCISE
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RQD is
frequently
the most
variable
parameter
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Q-slope



'\ ~ 0'1'
Bench Face Angle = 40°

) Quiope = 1,
Bench Face Angle = 60°
Quiope = 10,
Bench Face Angle = 80°

3 ]r)
=——x|—) x
a’o

]wice ‘g ke
SRFslope é_s"
+65° |°”

Q-SLOPE METHOD
(Barton and Bar, 2015)

Q-slope = 0.01 : slope angle = 25°
Q-slope = 0.1 : slope angle 45°
Q-slope = 1.0 : slope angle 65°
Q-slope = 10 : slope angle 85°

0.001 0.01

Qgiope - All data for Slope Heights smaller than 30m

o Swubie Skopes

O Quasi-Stable Slopes

x Faled Slopes
—L0g. (New Formuls)







