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straight

ÅA 2008 cooperationwith Dick Bieniawskiςfinally! Mainlyto addressmisplacedcritical
discussionŦǊƻƳ ΨōŜŀƳ-theoristΩ tŜƭƭǎ ƛƴ !ǳǎǘǊŀƭƛŀΣ ŀƴŘ ŦǊƻƳ {ŎƘǳōŜǊǘκReidmullerof Austria
(as told in Goodman TTI article) aboutrock massclassificationfor tunnels.

ÅA 2016 article in a Canadian journal by the same Pells of Australia has proposedΨǇǳǘǘƛƴƎ 
wv5 ǘƻ ǊŜǎǘΩΦ

ÅIn fact theseauthors, whichstrangelyhadBieniawskias a co-author, recommendedusingGSI 
to estimateRQD. This reallydoesnot sound like Bieniawski!



ΨCƻǊ v-system seeBieniawski, 
мфуфΩΧΦΗ όIǳŘǎƻƴ ŀƴŘ IŀǊǊƛǎƻƴύ

ALSO - A FOND MEMORY OF DICK ς
Cwha L{¢!b.¦[ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ Ψclose
encounterof the third kindΩ with a 
belly-dancer!

!ƴŘ ŦǊƻƳ ¢9Iw!b ό!wa{ύΧΩthis is 
the last lectureof my careerΩ 
όнллуύΧΧΦΦthanksto the Brazilians
and ITA it wasnot!



ΨProofΩ that
RMR and Q 
aredifferent, 
thoughmay
ΨcorrelateΩ ƛƴ 
centralareas 
of quality.



Thesetwo equations
(therearedozens) are
ƛƴ ΨgoodagreementΩ 
whenRMR89 = 65, and 
Q = 10.

Maybeavoidanceof
zero and negative RMR 
is a goodreasonfor 
choosingthe log10

version?





From Deere and Deere, 1988                                  Redrawnin Palmstrøm, 2005



ΨcountedagainstΩΧΦΦƛΦŜΦ discounted

ΨǎŜǊǾŜǎ ŀǎ ŀ ǊŜŘ flagto identifylow RQD zones
whichdeservegreaterscrutinyΩ



Do not 
penalisea 
core
becauseit 
has a 
parallel
joint 
causing
break-up



107m (with
anothercore
box) of
definitivelyzero 
RQD.

Maybe:
v Ґ млκнл Ȅ мκп Ȅ лΦрκр Ғ лΦлм







RQD = 0 or 100%

(theΨмллΩ valueis a 
nicedemonstration
of the importance
of hole orientation
ΧΦactuallythree
joint setsin this
Hong Kong granite)



YouTube
figure

ΨTakeRQDw as the averageof manymeasurementsΩ

(OR WE CAN UTILIZE RQD AS AN ANISOTROPIC PARAMETER)



PalmstrømΣ нллмΧΦ/wL¢Lv¦9 hC wv5 ΧΧΦ![{h !{ ! ²!¸ hC {¦tthw¢LbD IL{ WV

10/15 x 1/2 x 0.5/2.5 = 0.07         
10/9 x 1.5/1 x 0.66/1 = 1.1           POSSIBLE Q-VALUE
100/6 x 1.5/1 x 1/1 = 10                ESTIMATES       
100/2 x 2/1 x 1/1 = 100



WHO IS INTERESTED IN ROCK 

THAT IS THIS MASSIVE?

Palmstrøm, 2001 critiqueof RQD. Due to his ignoringthe numberof joints in 
different orientations, his poor opinion of RQD is misplaced. 

(Is his focuson dimension-stonequarries? where10m joint spacingis so liked?)



ÅAnotherPalmstrøm, 2005 attempt to discreditRQD, and promotehis volumetric

joint countJvςwhichwasreferenced/supportedin Barton et al. 1974.

ÅRock masses areseldomso uniform (unlesssedimentaryύΧΦΦbut treatingRQD as 

an anisotropicparameter has ADVANTAGES comparedto Jv! (For instance, use

of tunnel-orientedRQDo is recommendedin QTBMprognosismethodςwhereit is 

essential).



SOME SUGGESTED CORRELATIONS OF RQD
with rock massdeformationmodulus 

and strength



Zhang and Einstein, 2004

Coonand Merrit, 1970



Zhang, 2010

c̀m/ c̀



DEVELOPMENT OF THE Q-SYSTEM IN 1973

NB wasκƛǎ Lb59.¢95 ¢h hb9 hC 599w9Ω{ 
PH.D. STUDENTS: CECIL, 1970 ςfor 
approx. 90 Norwegian and Swedishcase 
recordsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ
!b5 /9/L[Ω{ 9atI!{L{ ¢I!¢ NUMBER 
OF JOINT SETS ²!{ Lathw¢!b¢ΧΦΦƴƻǘ 
just his ǇǊƻŦŜǎǎƻǊΩǎRQD!



Cecil, 1970 case 
records
(this selectionreproducedin 
Barton, Lien, Lunde, 1974)



Cecil, 1970 case 
records
(this selectionreproducedin 
Barton, Lien, Lunde, 1974)





SUMMARIZED DETAIL OF ONE OF CECIL, 1970 CASE RECORDS ςAND Q-
SYSTEM INTERPRETATION



An earlyversionofΨvΩ ƛƴ мфто
(Note: RQD assumedςobviously)



RQD HAS A PERMANENT ROLE IN 
Q, QTBM, Q slope, Q H2O



Hutchinson
and 
Diederichs, 
1996



{h ²I!¢ L{ ¢I9 Ψv-ǎȅǎǘŜƳΩ Κ

ÅHellenicSocietySoilMech./Geotech.

Åengineersmaynot be familiarwithô Qõ

As a briefest introduction: 

Q meansrock massquality.

Q consistsof ratings for sixparameters.

=  όΨ.ƭƻŎƪ sizeΩύ x όΨfrictionΩύ x όΨactiveǎǘǊŜǎǎΩύ
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SUGAR LOAF MOUNTAIN,
RIO DE JANEIRO

TOP END OF ROCK MASS QUALITY 
SCALE.

v Ғ 100/0.5 x 4/0.75 x 1/1

i.e. >1000 

BRAZILIAN HYDROPOWER 
PROJECT COLLAPSE IN FAULT

LOWEST END OF THE ROCK 
MASS QUALITY SCALE.

v Ғ 10/20 x 1/8 x 0.5/20

i.e. < 0.001 
31



THE FIRST TWO PAIRS OF PARAMETERS 
HAVE DIRECT PHYSICAL MEANING:

RQD / Jn = relative block size  

Jr / Ja = frictional strength  όҒ )˃

Jw/ SRF= effects of water, faulting, 
strength/stress ratio, squeezing or 
swelling  όŀƴ ΨŀŎǘƛǾŜ ǎǘǊŜǎǎΩ ǘŜǊƳύ



Q-classes with respective RQD 
distributions and Q-ranges:
0.1-1, 1-4, 4-10, 10-40
(part of 340 km of core logging at mine, by 
12 to 15 engineering geologists)

Demonstrates central role played by RQD in 
(> 40 km of core)





Q-histogram 
methodof
recording

data.

RQD is 
frequently
the most 
variable 

parameter



Q-slope
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