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straight

• A 2008 cooperation with Dick Bieniawski – finally! Mainly to address misplaced critical
discussion from ‘beam-theorist’ Pells in Australia, and from Schubert/Reidmuller of Austria
(as told in Goodman TTI article) about rock mass classification for tunnels.

• A 2016 article in a Canadian journal by the same Pells of Australia has proposed ‘putting 
RQD to rest’.

• In fact these authors, which strangely had Bieniawski as a co-author, recommended using GSI 
to estimate RQD. This really does not sound like Bieniawski!



‘For Q-system see Bieniawski, 
1989’….! (Hudson and Harrison)

ALSO - A FOND MEMORY OF DICK –
FROM ISTANBUL................... ‘close
encounter of the third kind’ with a 
belly-dancer!

And from TEHRAN (ARMS)…’this is 
the last lecture of my career’ 
(2008)……..thanks to the Brazilians
and ITA it was not!



‘Proof’ that
RMR and Q 
are different, 
though may
‘correlate’ in 
central areas 
of quality.



These two equations
(there are dozens) are
in ‘good agreement’ 
when RMR89 = 65, and 
Q = 10.

Maybe avoidance of
zero and negative RMR 
is a good reason for 
choosing the log10

version?





From Deere and Deere, 1988                                  Redrawn in Palmstrøm, 2005



‘counted against’…..i.e. discounted

‘serves as a red flag to identify low RQD zones
which deserve greater scrutiny’



Do not 
penalise a 
core
because it 
has a 
parallel
joint 
causing
break-up



107m (with
another core
box) of
definitively zero 
RQD.

Maybe:
Q = 10/20 x 1/4 x 0.5/5 ≈ 0.01







RQD = 0 or 100%

(the ‘100’ value is a 
nice demonstration
of the importance
of hole orientation
….actually three
joint sets in this
Hong Kong granite)



YouTube
figure

‘Take RQDw as the average of many measurements’

(OR WE CAN UTILIZE RQD AS AN ANISOTROPIC PARAMETER)



Palmstrøm, 2001….CRITIQUE OF RQD …….ALSO AS A WAY OF SUPPORTING HIS JV

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 critique of RQD. Due to his ignoring the number of joints in 
different orientations, his poor opinion of RQD is misplaced. 

(Is his focus on dimension-stone quarries? where 10m joint spacing is so liked?)



• Another Palmstrøm, 2005 attempt to discredit RQD, and promote his volumetric

joint count Jv – which was referenced/supported in Barton et al. 1974.

• Rock masses are seldom so uniform (unless sedimentary)…..but treating RQD as 

an anisotropic parameter has ADVANTAGES compared to Jv! (For instance, use

of tunnel-oriented RQDo is recommended in QTBM prognosis method – where it is 

essential).



SOME SUGGESTED CORRELATIONS OF RQD
with rock mass deformation modulus 

and strength



Zhang and Einstein, 2004

Coon and Merrit, 1970



Zhang, 2010

σcm/σc



DEVELOPMENT OF THE Q-SYSTEM IN 1973

NB was/is INDEBTED TO ONE OF DEERE’S 
PH.D. STUDENTS: CECIL, 1970 – for 
approx. 90 Norwegian and Swedish case 
records………………………………………………….
AND CECIL’S EMPHASIS THAT NUMBER 
OF JOINT SETS WAS IMPORTANT…..not 
just his professor’s RQD!



Cecil, 1970 case 
records
(this selection reproduced in 
Barton, Lien, Lunde, 1974)



Cecil, 1970 case 
records
(this selection reproduced in 
Barton, Lien, Lunde, 1974)





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



An early version of ‘Q’ in 1973
(Note: RQD assumed – obviously)



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



Hutchinson
and 
Diederichs, 
1996



SO WHAT IS THE ‘Q-system’ ?

•Hellenic Society Soil Mech./Geotech.

• engineers may not be familiar with ‘ Q’

As a briefest introduction: 

Q means rock mass quality.

Q consists of ratings for six parameters.

=  (‘Block size’) x (‘friction’) x (‘active stress’)
SRF

J

J

J

J

RQD
Q w

a

r

n



Q used here!



SUGAR LOAF MOUNTAIN,
RIO DE JANEIRO

TOP END OF ROCK MASS QUALITY 
SCALE.

Q ≈ 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.

Q ≈ 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  (≈ μ)

Jw / SRF = effects of water, faulting, 
strength/stress ratio, squeezing or 
swelling  (an ‘active stress’ term)



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 
method of
recording

data.

RQD is 
frequently
the most 
variable 

parameter



Q-slope
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QTBM



Note AR estimation
for 24 hrs, 1 week,
1 month



Important to 
use RQD as a 
directional
parameter
(when
needed)



A selection of the 300+ locations which were Q-logged



Summing 
the raw
data





Q
 -

 V
A

L
U

E
S

:
(R

Q
D

/
Jn

)
*

(J
r

/
Ja

)
*

(J
w

/
S

R
F

)
=

Q

Q
 (

ty
p

ic
a

l m
in

)=
7

5
/

1
5

.0
*

1
.0

/
5

.0
*

0
.5

0
/

1
.0

=
0

.5
0

0

Q
 (

ty
p

ic
a

l m
a

x)
=

1
0

0
/

4
.0

*
4

.0
/

1
.0

*
1

.0
0

/
1

.0
=

1
0

0
.0

Q
 (

m
e

a
n

 v
a

lu
e

)=
9

8
/

8
.4

*
1

.7
/

1
.3

*
0

.7
5

/
1

.0
=

1
1

.0
7

Q
 (

m
o

st
 fr

e
q

u
e

n
t)=

1
0

0
/

9
.0

*
1

.5
/

1
.0

*
0

.6
6

/
1

.0
=

1
1

.0
0

J
B

V
  

O
S

L
O

-S
K

I
 

N
B

&
A

 #
1

1
0

Q
-h

is
to

g
ra

m
 b

a
s
e

d
 o

n
 c

o
m

p
ila

ti
o

n
 o

f 
a

ll 
ro

c
k
-e

xp
o

s
u

re
 

R
o

c
k
 s

lo
p

e
s

N
B

&
A

3
1
.8

.0
9

lo
g

g
in

g
 f

o
r 

T
U

N
N

E
L

-S
O

U
T

H
, 
th

e
re

fo
re

 e
xc

lu
d

in
g

 c
o

re
 

n
rb

a
n

d
 w

e
a

k
n

e
s
s
 z

o
n

e
s
.

0
0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

5
0

0
0

6
0

0
0

1
0

2
0

   
  

  
 3

0
4

0
   

  
  

 5
0

6
0

   
  

  
 7

0
8

0
   

  
  

 9
0

1
0

0

V
. P

O
O

R
P

O
O

R
F

A
IR

G
O

O
D

E
X

C

0
0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

2
0

1
5

1
2

9
6

4
3

2
1

0
,5

E
A

R
T

H
F

O
U

R
T

H
R

E
E

T
W

O
O

N
E

N
O

N
E

0
0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

1
0

,5
1

1
,5

1
,5

2
3

4

0
0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

5
0

0
0

6
0

0
0

2
0

1
3

1
2

1
0

8
6

5
1

2
8

6
4

4
3

2
1

0
,7

5

0
0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

5
0

0
0

0
.0

5
0

.1
0

.2
0

.3
3

0
.5

0
.6

6
1

0
0

2
0

0
0

4
0

0
0

6
0

0
0

2
0

1
5

1
0

5
2
0

1
5

1
0

5
1
0

7
.5

5
2
.5

4
0
0

2
0
0

1
0
0

5
0

2
0

1
0

5
2

0
.5

1
2
.5

C
o

re
 p

ie
ce

s
>

=
 1

0
 c

m
 

Jo
in

t 
a

lte
ra

tio
n

-l
e

a
st

 

N
u

m
b

e
r o

f 
jo

in
t s

e
ts

Jo
in

t 
ro

u
g

h
n

e
ss

 
-l

e
a

st
 

Jo
in

t 
w

a
te

r
p

re
ss

u
re

S
tr

e
ss

 
re

d
u

ct
io

n
fa

ct
o

rS
R

F

J wJ aJ rJ n

R
Q

D
 %

B L O C K S I Z E S T A N (f
r)

F
IL

L
S

P
L

A
N

A
R

U
N

D
U

L
A

T
IN

G
D

IS
C

.

T
H

IC
K

 F
IL

L
S

T
H

IN
 F

IL
L

S
C

O
A

T
E

D
U

N
F

IL
L

E
D

H
E

A

T A N (f
p)

an
d

E
X

C
. I

N
F

L
O

W
S

H
IG

H
 P

R
E

S
S

U
R

E
W

E
T

D
R

Y

S
Q

U
E

E
Z

E
S

W
E

L
L

F
A

U
L

T
S

S
T

R
E

S
S

 / 
S

T
R

E
N

G
T

H

A C T I V E S T R E S S



Q
 -

 V
A

L
U

E
S

:
(R

Q
D

/
Jn

)
*

(J
r

/
Ja

)
*

(J
w

/
S

R
F

)
=

Q

Q
 (

ty
p

ic
a

l m
in

)=
1

0
/

2
0

.0
*

1
.0

/
8

.0
*

0
.5

0
/

5
.0

=
0

.0
0

6

Q
 (

ty
p

ic
a

l m
a

x)
=

1
0

0
/

3
.0

*
3

.0
/

1
.0

*
1

.0
0

/
1

.0
=

1
0

0
.0

Q
 (

m
e

a
n

 v
a

lu
e

)=
6

7
/

1
1

.2
*

1
.6

/
3

.5
*

0
.6

2
/

1
.5

=
1

.1
6

Q
 (

m
o

st
 fr

e
q

u
e

n
t)=

9
5

/
1

2
.0

*
1

.5
/

2
.0

*
0

.6
6

/
1

.0
=

3
.9

2

J
B

V
  

O
S

L
O

-S
K

I
 

N
B

&
A

 #
1

A
A

8

Q
-h

is
to

g
ra

m
 t

re
n

d
s
 f

o
r 

s
e

le
c
te

d
 c

o
re

 w
it
h

 w
e

a
k
n

e
s
s
 z

o
n

e
s

S
e

v
e

n
 h

o
le

s
N

B
&

A
1
.9

.0
9

o
r 

fa
u

lt
s
: 
a

g
g

re
g

a
te

 o
f 

s
e

ve
n

 h
o

le
s
.

n
rb

0
0

0
5

1
0

1
5

2
0

2
5

1
0

2
0

   
  

  
 3

0
4

0
   

  
  

 5
0

6
0

   
  

  
 7

0
8

0
   

  
  

 9
0

1
0

0

V
. P

O
O

R
P

O
O

R
F

A
IR

G
O

O
D

E
X

C

0
0

0
5

1
0

1
5

2
0

2
5

3
0

2
0

1
5

1
2

9
6

4
3

2
1

0
,5

E
A

R
T

H
F

O
U

R
T

H
R

E
E

T
W

O
O

N
E

N
O

N
E

0
0

1
0

2
0

3
0

4
0

1
0

,5
1

1
,5

1
,5

2
3

4

0
0

1
0

2
0

3
0

4
0

2
0

1
3

1
2

1
0

8
6

5
1

2
8

6
4

4
3

2
1

0
,7

5

0
0

1
0

2
0

3
0

4
0

5
0

6
0

0
.0

5
0

.1
0

.2
0

.3
3

0
.5

0
.6

6
1

0
0

2
0

4
0

6
0

8
0

2
0

1
5

1
0

5
2

0
1

5
1

0
5

1
0

7
.5

5
2
.5

4
0
0

2
0
0

1
0
0

5
0

2
0

1
0

5
2

0
.5

1
2
.5

C
o

re
 p

ie
ce

s
>

=
 1

0
 c

m
 

Jo
in

t 
a

lte
ra

tio
n

-l
e

a
st

 

N
u

m
b

e
r o

f 
jo

in
t s

e
ts

Jo
in

t 
ro

u
g

h
n

e
ss

 
-l

e
a

st
 

Jo
in

t 
w

a
te

r
p

re
ss

u
re

S
tr

e
ss

 
re

d
u

ct
io

n
fa

ct
o

rS
R

F

J wJ aJ rJ n

R
Q

D
 %

B L O C K S I Z E S T A N (f
r)

F
IL

L
S

P
L

A
N

A
R

U
N

D
U

L
A

T
IN

G
D

IS
C

.

T
H

IC
K

 F
IL

L
S

T
H

IN
 F

IL
L

S
C

O
A

T
E

D
U

N
F

IL
L

E
D

H
E

A

T A N (f
p
)

an
d

E
X

C
. I

N
F

L
O

W
S

H
IG

H
 P

R
E

S
S

U
R

E
W

E
T

D
R

Y

S
Q

U
E

E
Z

E
S

W
E

L
L

F
A

U
L

T
S

S
T

R
E

S
S

 / 
S

T
R

E
N

G
T

H

A C T I V E S T R E S S



QH2O



Typical trends 
(of permeability) 
if no clay.



USUAL RANGE OF K at DAM SITES
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(Barton, 2006)

Attempts at an

integrated 

rock-mass 

model

(RQD is of course 
embedded in Qc)



RQD and 
seismic velocity Vp



Sjøgren et al. 1979: RQD/Fm-1/Vp
NB added Q-value scale, 1995: hard rocks.
(120 km ref. seis., 2.2km core)

Below: NB, 1995: general case



HOEK-BROWN 
GSI-BASED ESTIMATION

(AN ALTERNATIVE, WITH RQD INCLUDED)



FOR THOSE WHO ARE 
SUSPICIOUS OF BLACK-BOX 
EQUATIONS –
THERE ARE TRANSPARENT  
ALTERNATIVES……also with RQD!





GSI-based 
algebra for
‘c’ and ‘φ’

contrasted
with

Q-based 
‘empiricism’

Note: shotcrete
needed when 

low CC, bolting 
needed when 

low FC.



58

Four rock masses with successively reducing character: lower RQD, more joint sets, 
more weathering, lower UCS, more clay. 

Low CC –shotcrete preferred Low FC – bolting preferred

45

Unpredicted degrees of weathering have a directly negative effect on both 

these strength (or weakness) components and therefore also on the 

support requirements.
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Table of Q-parameters with declining quality (resembling weathering) (Barton, 2002).
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