
2. INTRODUCTION  TO  THE Q-SYSTEM
OF  ROCK MASS  CLASSIFICATION
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??ORIGINAL MOTIVATION FOR DEVELOPING A 
QUANTITATIVE ROCK MASS DESCRIPTION ??

was to try to understand why different Norwegian hydropower 
caverns displayed widely different deformation magnitudes.

( A report was eventually written for NGI on this subject….but 
there was a 6 months delay due to Q-system development ! )

Obviously cavern support and rock quality had to be considered 
together. So ‘Q’ had to combine support needs with rock quality 

(and tunnel or cavern span) from the start.
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CASE RECORDS (as these from CECIL 1970) were an important starting 
point for developing Q’’….. then adding parameters to make Q’…. and re-
testing new ratings  until Q was eventually reached.
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how much support…..and why?
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Norway – and Sweden – were ideal places for case records, with 
numerous road tunnels and hydropower tunnels recently constructed.
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• Some fundamentals that had to be ‘quantified’ …….

• Why are these blocks not falling ? ….. are they stable?

• Is the fact that this is a mine (for limestone) a good reason for the 
acceptance of poor stability (hence need for ESR)
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Is joint roughness important?        Are number of joint sets important?

Is joint spacing important?            Are clay-coated joints important?
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Is rock type important?

THE SAME ROCK TYPE CAN TAKE ON MANY COMPLEX SHAPES
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For example basalt
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How was one to describe all the variety…….How was one to describe core…..?
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• Starting with RQD and number of 
joint sets (Cecil’s important 
suggestion – perhaps not popular 
with his Ph.D. supervisor, Don 
Deere),

• ‘Q’ parameters were added and 
tested with different ratings. 

• This is the third or fourth version 
following several months ‘trial-
and-error work. There is no ‘Jw’
term at this stage – and ratings 
are not yet ‘today’s ratings’.

• An important point to note is that 
the case records ‘suggested the 
need’ for the chosen parameters –
and for the ratings – with some NB 
guidance.

• tan-1 Jr/Ja ≈ friction angle 

• (actually ‘φ+i’, or ‘φ-i’) is a direct 
result of this cooperation.



SOME Q-SYSTEM BACK-GROUND

• Initial data base was 212 cases of nominally unlined tunnels and
caverns, for hydropower, road, rail, storage, sewage. (Since 1993 it is 
1250 cases).

• About 60% of the initial Q-cases were from Scandinavia
• About 40% were from Europe, USA, etc.
• About 50% were from hydropower tunnels in Norway and Sweden

• 50 rock types were initially represented

• Numerous shear zones and faults containing clay
• Numerous cases with clay-coated and clay-filled joints
• Numerous cases of weathered rock masses
• A smaller number of weak sedimentary rocks

• A larger number of igneous and metamorphic rocks
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• RQD is the % of competent drill-core sticks > 100 mm in length in a selected 
domain. (In tunnel mapping imagine cores or scan-lines).

• Jn = the rating for the number of joint sets (9 for 3 sets, 4 for 2 sets etc.) in 
the same domain.

• Jr = the rating for the roughness of the least favourable of these joint sets or 
filled discontinuities.

• Ja = the rating for the degree of alteration or clay filling of the least 
favourable of these joint sets or filled discontinuities.

• Jw = the rating for the water inflow and pressure effects, which may cause 
outwash of discontinuity infillings.

• SRF = the rating for faulting, for strength/stress ratios in hard massive 
rocks, for squeezing or for swelling in soft rock.
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Weathering has reduced RQD, increased Jn, increased Ja, reduced Jw, increased SRF
(each of these changes reduce Q, since Q = RQD/Jn x Jr/Ja x Jw/SRF)
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Q = 1000 (or better)

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

Q = 0.001 (or worse)

Q = 10/20 x 1/8 x 0.5/ 20

(The wide numerical range of Q reflects differences in rock mass properties much 
more realistically than RMR or GSI – which vary by only one order of magnitude.)
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THE FIRST TWO PAIRS OF PARAMETERS HAVE DIRECT 
PHYSICAL MEANING:

RQD / Jn = relative block size  (useful for distinguishing  massive, rock-burst-
prone rock from more jointed rock).

Jr / Ja = relative frictional strength  (of the least favourable joint set or filled 
discontinuity).  Closely resembles a friction coefficient.

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

RQD/Jn also represents degree of freedom (and size) for potential block-falls

Jr/Ja represents frictional strength of the nearly planar sides of the blocks
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THE  Q  PARAMETER RATINGS

THE 1ST AND 2ND PARAMETERS
RQD and Jn
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RQD varies from 0 to 100
Jn varies from 12 to 4
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(2m window: RQD = 20 to 50 …. May need to measure)

(Jn = 4 → 6 → 9  ….a lot is blast damage) 24



(3 to 4m window)

Jn = 15 (at least!)
25



(Massive sandstones in Zion National Park, USA. Jn = 2 →3)
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Jv = 2.5 + 5.0 + 4.0 = 11.5/ m3

RQD ≈ 77 %
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competent rock……or not?……RQD may be ZERO… even for L>10cm

(but in Q-calculation minimum Q = 10)
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(Upper Cohasset Flow, BWIP, Hanford, 900m depth)
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Jn and Jr and the possibility of instability are intimately linked



NOTE POTENTIALLY ANISOTROPIC RQD
Jn is obviously 9 (three sets)

The low roughness of the bedding planes – together with the three sets, would 
make roof stability in a tunnel very poor, without rock bolt reinforcement.
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THE 3RD PARAMETER Jr
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Jr = 3 (at least!)
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Jr = 1.5 and 2Jr = 3
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Jr = 1.0  to 1.5
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Jr = 1.5 (joints in sun) Jr = 2+ (half shadow)
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What about relation of
Jr to JRC?
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100 mm approx. 100 mm up to 10 m
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THE 4th PARAMETER Ja
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a) rock-to-rock
contact

b) rock-to-rock
after shearing

c) no rock-to-rock
contact

(deformed paving-stone analogy to clay-bearing rock mass) 45



Ja = ??  definitely 2 for weathered, maybe 4 or 6 for sandy or clay fillings
(both the latter with ‘correct Jr = ?? 1.5 ??) 

The core loss zones (3) probably have Jr/Ja = 1/8 or worse.
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Ja category a) b)     b) or c) c)
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Jr/Ja = 1/5  (Category c – no rock-to-rock contact)
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(3 to 4m window)
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MOSTLY φ + i   (dilating-during-shear joints)
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MOSTLY φ-i (contracting-during-shear filled discontinuities
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Core from UK Nirex Ltd. Planned Rock Characterization Facility, central hole RCF 1

Jr/Ja = 1.5/1.0,  1.0/2.0,  2.0/2.0

(but with histogram logging it is easier to express genuine doubts about 
whether Jr is 1.5 or 2, and whether Ja is 1 or 2  i.e slightly weathered)
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BLOCK DEFINITION AND WALL 
STRENGTH

from RQD/Jn, Jr/Ja

53



1) RQD=100, Jn = 9 (3 joint sets)
(relative block size = 100/9 =11.1

If RQD was 45, if Jn was 15 (4 sets)

then RQD/Jn = 45/15 = 3 = smaller 

blocks

2) Jr = 1, Ja = 1
(frictional strength = 1/1 = 1)

IF THERE WAS WEATHERING:

Ja ► 2 ►3 ►4 ►6 ►8 ……

(Maybe the block/wedge fell when Ja

was reduced to 2)

Jr/Ja ►0.5, 0.33, 0.25, 0.17, 0.13
(125 years old Beaumont Tunnel)
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THE 5TH PARAMETER Jw
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Forsmark cooling water tunnel. Carlsson and Olsson, 1977
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Jw = 1 or 0.66 Jw = 0.5 Jw = 0.2
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Jw = 0.66 Jw = 0.1 or 0.2
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Most of tunnel was Jw < 0.5
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(Dul Hasti HEP, Kashmir)

280 days delay due to Jw = 0.05 event
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Finally SRF

The 6th parameter – and the one that 
causes the most trouble.
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SRF category a)

FAULTING
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Advice from Løset, NGI concerning SRF ‘extension’ into side rock
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Not a fault – affects Jr/Ja only  (2/4 → 1/8)
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(Brazilian HEP tailrace tunnel – incorrect mapping  – therefore – incorrect support)

Multiple faults (at least two): SRF = 10 68



PRESUMED SUB-SURFACE FAULT

(Jr/Ja = 1/8,  SRF = 2.5 or 5 according to depth)
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In the context of faulting (note core loss) this rockmass suggests SRF = 2.5 or 5, 
depending on tunnel depth
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A shear (minor fault) without clay. Try following:
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(A glimse ahead at Q-histograms: faults plot on the left = black)
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SRF category b)

STRESS FRACTURING IN (mostly) 
MASSIVE ROCK
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Tell-tale signs of high (valley-side-parallel) stresses in mountain-side
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An old way to protect against stress-slabbing ( today use B+S fr )
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Tell-tale signs of high stress (and anisotropic stress) in core-disking
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Stress-induced failures in tunnels, a model and theory
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Ita HEP, Brazil  σH ≈ 40 MPa, σV ≈ 1.5 MPa at 50m depth (!)
σφ / σc ≈ 115 /200 ≈ 0.6 SRF ≈ 25 to 35

depth of failure/ ‘radius’ (Df/a) ≈ (3+7m)/7m ≈1.4
(σmax / σc ≈ 0.6) – see next figure
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(from Martin et al. 2002)
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Lærdal Tunnel, Norway  L =24.5km 1.0 to 1.4km depth  σφ / σc ≈ 0.6

See next table for case records
81



Survey of deep Norwegian road tunnels with stress fracturing (Grimstad, 1996)
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Hoek and Brown UCS scaling curve, Wagner mining data,
NB 1987 ‘0.2’ suggestion
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Grimstad and Barton 1993.
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Near-surface example of high tangential stresses. NB’71
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Grimstad, 1996
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SRF category c)

SQUEEZING and SWELLING
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Hydrothermally altered granite containing montmorillonite
(SRF = 15, or higher? - extreme tunnel closure of 4m!)
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ANTICIPATED SQUEEZING.  MOTORWAY UP-AND-DOWN LANES 
DIVERGED BY ABOUT 3 (OR 4?) TUNNEL DIAMETERS

(SRF = 20 ?)
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Squeezing criteria for Japanese tunnels (Aydan)
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ENESAN TUNNEL, JAPAN

(1000m cover, squeezing and swelling)

1.2km bolts/m! due to breakage
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Failure modes typical in tunnels 
(see examples in accompanying Figures)

Post peak strength loss 
reaches an extreme of 
virtual “flow”, tunnel closure 
can occur.

Very soft, plastic rocks (and 
clays) that contract when 
sheared under significant 
stress levels. 

4

Failure may occur by log-
spiral shear development 
and tangential strain. Radial 
deformations are large, and 
pressure on support is high. 
(Twin tunnels need pillars 4 
to 5 times their span c.f. 
Japan, Taiwan) 

Soft, massive, non-brittle 
rocks that may, or may not 
dilate during shear failure. 
Typical for young e.g. 
Tertiary rocks such as the 
mudstones and siltstones in 
Japan

3

Anisotropic response. Shear 
stress dissipates by slight 
shear on bedding planes 
and joints. Deformations are 
moderate. Block falls can 
occur.

Hard or medium hard, 
bedded and jointed rock 
that can shear and dilate 
along structural planes, 
while under moderate to 
high stress levels

2

Extension failure, thin-walled 
stress-slabbing, dynamic 
ejection, bursting. The 
symmetric ‘dog-eared’ fall-
out due to the anisotropic 
stresses may have a ‘nose’. 
Deformations can be large.

Hard, massive, brittle rocks 
that dilate during failure 
even when stresses are 
high. Stress-induced failure 
may be delayed as 
‘strength corrosion’ occurs

1

Mode of behaviourDescription
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Q  RMR  comparison

97



98



99



100



101



102



103



104



105



HISTOGRAM LOGGING TO CAPTURE 
VARIATION …….. AND TO SPEED 

LOGGING
(for use on surface, on core, or in tunnel)

NB! Decide if characterization or classification for tunnel support
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1. For general characterization of rock masses
distant from excavation influences, the use of Jw = 
1.0, 0.66, 0.5, 0.33 etc. as depth increases from say 
0-5m, 5-25m, 25-250m to >250m is recommended, 
assuming that RQD /Jn is low enough (e.g. 0.5-25) 
for good hydraulic connectivity. 

2.     For general characterization of rock masses
distant from excavation influences, the use of  SRF 
= 5, 2.5, 1.0, and 0.5 is recommended as depth 
increases from say 0-5m, 5-25m, 25-250m to 
>250m.
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Remember RQD/Jn represents relative block size – and this 
may be different in classification (for tunnel support), and in 
characterization (no tunnel). SRF will also be different.

Massive, highly stressed rock masses with high cohesive 
strength suffer the greatest reduction in block-size and 
cohesive strength, as a result of stress-induced fracturing 
around deep excavations.

However, this does not occur prior to excavation, so the 
characterization rating and the empirical tunnel design 
classification rating may differ considerably.

Now we will see some Q-logging methods →
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