
3.   LINKING Q TO USEFUL 
PARAMETERS FOR DESIGN
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CORE LOGGING EXAMPLES – PRIOR TO 
PARAMETER ESTIMATION

SKB (Sweden) – from a potential site for high 
level nuclear waste

Simpevarp – jointed rock example
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IDEAL CORE HANDLING CONDITIONS
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SKB’S  SIMPEVARP   

KSH 01 A and KSH 02

(these are 1000m deep holes)
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Variations with depth for the ‘background rock mass’ of KSH 01 A and B
(minus 7 x FZ)

Depth down hole Qmost frequent Qmean Qtyp. min. Qtyp. max.

1.3-100.8 m 24.8 6.3 0.9 75

100.8-199.9 m 31.4 12.9 2.6 100

199.9-302.9 m 13.9 6.0 0.3 75

302.9-398.8 m 31.4 16.8 1.8 150

398.8-500.1 m 15.8 15.3 2.7 150

500.1-600.6 m 49.5 17.9 4.0 200

600.6-699.5 m 62.7 14.0 2.3 200

699.5-798.8 m 133 48.3 2.6 600

798.8-901.2 m 133 59.4 7.1 300

901.2-1003.0 m 150 71.7 13.9 1200
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Q-statistics for KSH 01 A and B’s four principal fracture(d) zones identified 
from Q-parameter changes.

Fracture(d) zone Depth (m) Qmost frequent Qmean Qtyp. min. Qtyp. max.

FZ 1 138.5 -154.5
420 – 437
541 – 570
619 – 637

5.3 2.2 0.3 7.0
FZ 4 3.8 1.4 0.02 24.8
FZ 5 2.3 1.3 0.02 20.9
FZ 6 2.7 1.1 0.04 10.5

20



EXAMPLE OF PARAMETER ESTIMATION AT 
SKB’s ‘APSE’ tunnel
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APPLICATION OF ‘500m’ Qc – Vp equation
(C. Andersson, SKB)
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APPLICATION OF ‘500m’ Qc – Emass equation
(C. Andersson, SKB)
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APPLICATION OF Q – deformation equation
(C. Andersson, SKB)
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CORE LOGGING
OF

FAULTS
AND

WEATHERED ROCK
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LOOK OUT FOR THE PLANAR, RUST STAINED OR 
CLAY-BEARING JOINTS WHEN LOGGING
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THE PRICE PAYED FOR TUNNELLING TOO HIGH IN 
THE WEATHERING PROFILE

35



36



SAME PROJECT
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TOO MUCH OVER-BREAK – REQUIRES PRE-GROUTING
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DEFORMATION MODULI FOR 
NUMERICAL MODELS

e.g.

UDEC-BB, FLAC, PHASES
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DISCRETE ELEMENT MODELLING REQUIRES ‘PRIORITIZING’ OF MAJOR JOINTS.
BUT MODULUS EFFECT OF UNMODELLED JOINTS NEEDS ALSO TO BE CAPTURED.
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• In the case of correlating Q-values to engineering/ geophysical
parameters like Emass (deformation modulus) or to Vp (P-wave 
seismic velocity) the term Qc = Q xσc/100 is used.

• The six-order of magnitude Q range of 0.001 to 1000 (approx.) 
and the larger range of Qc correlate fairly simply, to the huge, 
real world, range of rock mass properties.
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PREDICTING Vp AND EMASS FROM Q, or Qc VALUE

(After Sjøgren et al. 1979, with Barton, 1995 addition of Q)
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(As with all Sjøgren data: hard rock, near-surface)
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AN INTEGRATED MODEL: Qc – Vp – Emass - Pr
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WITH NO CORRECTION FOR DEPTH (OR STRESS) – as central diagonal 
in previous figure – nominal depth 25m
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CC and FC

A recent discovery (Barton, 2002) is that the Q-value consists of the 
product of the cohesive strength ( the component of the rock mass 
requiring shotcrete or mesh or concrete support), and the frictional 

strength ( the component of the rock mass requiring bolting).

100
1 c

n SRFJ
RQDCC σ
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Unpredicted degrees of weathering have a directly negative effect on both 
these strength (or weakness) components and therefore also on the 
support requirements.

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

RQD Jn Jr Ja Jw SRF Q σc Qc FC° CC MPa Vp km/s Emass  GPa
100
90
60
30
10

2
9
12
15
20

2
1

1.5
1
1

1
1
2
4
6

1
1

0.66
0.66
0.5

1
1
1

2.5
5

100
10
2.5
0.13
0.008

100
100
50
33
10

100
10
1.2
0.04

0.0008

63°
45°
26°
9°
5°

50
10
2.5
0.26
0.01

5.5
4.5
3.6
2.1
0.4

46
22

10.7
3.5
0.9
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Rock masses with low CC-values require more 
shotcrete,

Rock masses with low FC-values require more rock 
bolts

60



61



LOW CC                               MEDIUM FC
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LOW CC IN ARCH, AND INSUFFICIENT SHOTCRETE THICKNESS CAUSED 
(REGRETTABLY) THE INSTANT DEATH OF A TUNNEL WORKER
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HIGH CC      HIGH FC

213
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100
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SRF = 5 (near-surface)

MINING AND CONSTRUCTION MAGAZINE
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COMPARISON OF SOME GSI and Q EQUATIONS
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DEFORMATION AND CLOSURE 
PREDICTION

WITH Q
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Chen and Guo collected hundreds of fresh data from difficult tunnelling projects in 
Taiwan, using the same plotting format of log Q/SPAN and log convergence.
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MORE ACCURACY – BY CONSIDERING ‘COMPETENCE FACTOR’

STRESS/STRENGTH DIRECTLY, NOT JUST AS IN SRF

c

v
v Q100

SPAN
σ
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(Units are as follows : SPAN, HEIGHT, ∆v and ∆h are each in millimetres, while 
rock stresses and rock strengths need consistent units such as  MPa).
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EXAMPLE OF DEFORMATION ESTIMATION IN FAULTED ROCK

• Pinglin Tunnel: heavily jointed, slickensided and sometimes clay-
bearing quartzites, acted on by exceptionally high joint-water 
pressures. An initial Q-value, prior to eventual drainage is about :

• The above equation implies a potential deformation of about 1 meter.

• The reality is actually repeatedly stuck TBM, and sometimes badly 
deformed steel sets, or occasional piping failures at the face as the 
water tries to drain through probe holes.

• A key to ‘improved’ Q-value and reduced deformations, would be 
drainage if achievable, and effective high pressure pre-grouting. These 
two potential measures can be beneficial to one or to several of the six 
Q-parameters.
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