3. LINKING Q TO USEFUL
PARAMETERS FOR DESIGN




CORE LOGGING EXAMPLES — PRIOR TO
PARAMETER ESTIMATION

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

Simpevarp — jointed rock example






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 | Qo frequent | @mean | Qyp. min. | Ryp. 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.
FZ1 138.5 -154.5 5.3 2.2 0.3 7.0
FZ 4 420 — 437 3.8 1.4 0.02 24.8
FZ5 541 — 570 2.3 1.3 0.02 20.9
FZ 6 619 — 637 2.7 1.1 0.04 10.5
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EXAMPLE OF PARAMETER ESTIMATION AT
SKB’s ‘APSE’ tunnel
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Change of scale
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(C. Andersson, SKB)

APPLICATION OF ‘500m’ Qc — Vp equation
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Figure 8, Plot of Vp versus Q-value using equation Vp
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Seismic velocity (Km/sec)

Q -~ Vp «—> M

Approx.
Rock mass quality Seismic velocity Deformation modulus o
- i = [%28) deform.
V,= log Q + 3.5 (km/sec) M =10.Q " (GPa) M=10.10 (GPa) moduli
Extremely Very : Very Ext. | Exc. »M* .-"."1.,
poor poor Poor Fair Good good good | good (GPa)
Apprm;_ilr?ate 100 |100

depth H (m) [ e —
6.0 — 6.0 | 53| 68
———1000 ""____..-—r; __...--—“'ﬁ:;"'g 30| 46
5.0 _..-—*—'T;; e — = 50 | 17] 32
_fasﬂﬁ j:‘- 9| 22
i N 3| 10

0 57 .
3.0 ] T /"J VA'%L/ —1 130 2 7
%/% 1 5
2.0 @ 20 J|05| 3
.//’/ A
— 03| 2
1.0 // ’// Apprqximal: 10 loz2l1s
: porosity n 9 : o
/ / e ] o1l1o
< . m | ,
0.01 0.1 1 a5 10 40 100 400 1000
Q. = RQD X J, X J, O,
¢ J, J.  SRF/100



APPLICATION OF ‘500m’ Qc — Emass equation
(C. Andersson, SKB)
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Figure 10, Plot of Young's modulus versus Q-value using aquation; Egyg = 107795108203
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APPLICATION OF Q — deformation equation
(C. Andersson, SKB)

5
|
|

\ 4————Change of scale

/’_

Horizontal convergence {mm)
>

- - - = v = & ™ ™ ™

Figure 9. Plot of horizontal deformations versus Q-value using equation. Ah=2xHEIGHT/100Q(ow/o.). Used parameters: Height = 7500, oy =
27 MPa, o = 200 MPa.
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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

33
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THE PRICE PAYED FOR TUNNELLING TOO HIGH IN
THE WEATHERING PROFILE
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SAME PROJECT
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TOO MUCH OVER-BREAK — REQUIRES PRE-GROUTING
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Datum line

Completely weathered

/grunite

Corestones in situ
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DEFORMATION MODULI FOR
NUMERICAL MODELS

e.g.

UDEC-BB, FLAC, PHASES
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Continuwum

Discontinuum

|::> approach

Pseudo-continuum

approach

using continuum
approach

=

.

S
2Erg!

Ly

SN
DN
AN
R Sty

Q=100

FEM/BEM

UDECDEC

FEM/FLAC

Single discontinuity
Two discontinuities

Intact rock

A ;
CONRREYZ R

Several discontinuities

: ( S0

Rock mass
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Motorway tunnels, 16m span
Hong Kong (For Contractors)

Gigvik Olympic Mountain Hall, 62m span
MNorway (For Consuliants)

a7
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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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Deformation modulus, E, .. - (GPa)

Compromise RMR =15 log Q + 50

100

90
80 /
— .=2RMR - 100 //
/
‘\\ / ;/
60 = /B
x‘\\ +J// Se——]
50 | 7
A
40 /(5_'///
0 V4
00 HE e = /T - C'asef- hlsto.nes:
Bieniawski, 1978
10 O Serafim and -
o Pereira, 1983
—8— T T : ' T
10 30 40 50 60 70 80
Geomechanics rock mass rating (RMR)
| | | | \ |
0.001 0.1 1.0 10 100 1000

Q rating




In the case of correlating Q-values to engineering/ geophysical
parameters like E ... (deformation modulus) or to V, (P-wave
seismic velocity) the term Q. = Q xa./100 is used.

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

V, (km/sec.)

2 25 3 35 4 4.5 5 55 6
I T T 11T I T T TTTIH I T T TTTI I T T TTTI I T T TTTT
o 30
n
100 \\ = 25 -
O -
o \\ ?\O- g
>~ 80 ~ 20 =
— ®
g 17
o 60 15 ©
< :
40 10 3
F
/ \@@r
20 — A 5
T L L L0l L L LIl lm 7”4‘1-14-1“_

0.01 .02 .03 01 2 3 1 2 3 10 20 30 100 200 300 1000
Q - value

(After Sjggren et al. 1979, with Barton, 1995 addition of Q) »



Except. | Extremely Very Poor/ Good/ Ext./ Exc.
poor poor poor Fair Very good good
6.0
5.0
w
= 4.0
=3
o 3.0
>
2.0 >50
1.0
0.001 0.01 0.1 10 100 1000
ROCK MASS QUALITY Q=R9B,Jr, Jw
n Ja SRF

(As with all Sjggren data: hard rock, near-surface)
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AN INTEGRATED MODEL: Q, -V, —E, .., - P,
Q V, «—» M Approx. Approx.
< _ —F : range range
Rock mass quality Seismic velocity Deformation modulus of of
V, xlogQ, + 3.5 (km/sec) M=10.Q,°(GPa)  M=10.10(""") (GPa) C:ﬁ;‘ém- pf:spspig .
Extremely Very , Very| Ext. |Exc. i) | hean) P,
poor poor Gt L e s Good| Good |Good (GPa) MPa tnf/m?
Approximatej 100 100+ 0.01- 1
. 6.0 depth H(m) — 6.0| 53 68-
5 f,ﬂ(;cf?% 30 46 [0.02- 2
® 50— 10— — 5.0/ 17 32
2 =1 %%0”5/7////// | 9 22{ |oo0st s
__é“ 4.0 f/:”/“%%i/ A//// 4.0 5 15-
8 I e 7 3 10 |01+ 10
g ' ////%///%?o/ | 1 5] o2+ 20
8 20 / //// \\ 2005 34
0 = iz 03 2{ |05 - 50
e | [Approximate 0215
1.0 pp 1.0
?; vz porosity n% 0.11.0{ |1.0 - 100
|
0.01 0.1 1 4 10 40 100 400 1000
Q.- |RAD . 4 J, | o
S [T J. SRF ] 100
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O,

02 03 05 07 1 15 2 3 5
3 .30.57 0.7 1A 27llls 5 f/uA 22,/ 32
(M Pa)1 o o8 A7 4 1. 2 3/ 5 7./ 10 15/ 22/ 32 /48 (G Pa)
30 0.7 1 1.5 3 5, 7 10. 15 22/ 32 46 (1]
100 1 1.5 2 3 5 7 10 15 22 32 46 68 100
300 1.5 3 5 7 10, 15 22 32 46 68 100 44
0.001 0.01 01 1 10 100 1000
Q - Value D

300 1 1.5 2 25 3 35 4 45 55 55 6 65 7
G N N N N | Vp (km/s)
¢ 116 2 25 3 35 4 45 5 55 6 6
100 4 4
NN N NN NN NN
. 05 1 T\Ls 2 T\z.s 3 T\s.s 4 T\a.s 5u|\ 55 6
(MPa)w 05 1. 1§ 2 26 3 3§ 4 45 5 _ &
NN N\
) 05 1, 15 2 25 3 35 4 45 5
N N N N
) 08 1. 18 2 2§ 3 3§ 4 4
0.001 0.01 0.1 1 10 100 1000
Fig. 9.13 Q - Value

WITH NO CORRECTION FOR DEPTH (OR STRESS) — as central diagonal

in previous figure — nominal depth 25m
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Depth (m)

P-Wave Velocity (km/sec.)

100 —\\\\\—;ET'T'\. ~ 100
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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

(the component of the rock mass requiring ).

_RQD 1 o

X C
J SRF 100

CC

n

FC=tan™ frxJW
Ja




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 |(J, | J, [J,| I, |[SRF| Q R Q. FC®°| CC MPa |V km/s |E .. GPa
1002 2 |1 1 1 100 | 100 | 100 | 63° 50 5.5 46
90 | 9| 1 |1 1 1 10 | 100 10 45° 10 4.5 22
60 |12|15|2 |066| 1 2.5 | 50 1.2 26° 2.5 3.6 10.7
30 |15 1 |4 |066| 25 | 0.13 | 33 | 0.04 9° 0.26 2.1 3.5
10 (20| 1 | 6| 05 5 [0.008| 10 | 0.0008 | 5° 0.01 0.4 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
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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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El regreso de
Caballo Loco

Solucion de
alto vuelo en
los Andes

Cuidando
el
contorno

Orugas en
el desierto

MINING AND CONSTRUCTION MAGAZINE

HIGH CC  HIGH FC

SRF =5 (near-surface)
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COMPARISON OF SOME GSI and Q EQUATIONS

c-

D) |og K
= 4= _—C 10(63[ 10)/40
En (GPa) ( 2] 300 X

(mp +4s —a(mp, - 8s))(mp /4 +5)*”

Ocm =O0¢i X

2(1+a)(2+a)
¢ = asin[ Bam,, (5+mb°‘:in)a_1 1}
2(1+a)(2 +a)+6am, (s +MpG3n )a_

O [(1 +2a)s+(1-a)myoa, ](s +MpG3n )3_1

(1+u)2+ a)J1 + [Gamb(s +MpGan )3_1]/((1 +a)(2+a))
where 63, = 63max /9

(+GSI + a + s + m, relations)

3
EmmonA

c

..« | RQD 1 Oc
C = X X
Jy SRF 100

(no “stress” term yet)

(0c = 0ci )
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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

A _SPAN oy | | _HEIGHT [0y | | _( SPAN )2 AY
Y 7100Q Vo, | | " 200Q Vo.| |° (HEIGHT ) | A

v

(Units are as follows : SPAN, HEIGHT, A, and A, are each in millimetres, while
rock stresses and rock strengths need consistent units such as MPa).
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Example: Nathpa Jhakri

e 20,000 |6 _ >8mm
10-3 V35
- 50,000 |4 o —
10-3 V35

With these Natpa Jhakri power house predictions we therefore

have:
56 Y(20Y
=|—||— | =0.64
.= (5% (%)

Measured values of the principal stresses were oy = 4 MPa, O,
~ 6 MPa, i.e. almost the correct result is shown.
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For example the Gjgvik cavern with span of about 60 m (60,000 mm) showed a total “radial”
arch deformation of about 6 to 8 mm, and had a mean Q-value of about 10. the average depth
was 40 m (say o, = 1 MPa) and the average uniaxial strength 6, = 75 MPa (tectonised gneiss)
substituting in equation 4 we get:

60,000 |1
100-10V75

Tmm=

The right hand side of this approximation is calculated to be 6.9 mm. Normally the agreement
would not of course be as close as this. The influence of horizontal stress on A, is also
unknown in this case.
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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 :

Q_15 0.5 005_0.01

4 1

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