Q system

» Based on case histories in Scandinavia
* Numerical values on a log scale
* Range 0.001 to 1000

* represents roughness and frictional
characteristics of joint walls or infill material

* represents the structure of the rockmass

. ' * consists of two stress parameters
» crude measure of block or particle size P

* SRF can be regarded as a total stress parameter

ROD J J measure of
O= Q X W — loosening load as excavated through shear zones
Ju Jgq OSRF — rock stress in competent rock
where — squeezing loads in plastic incompetent rock

* JW is a measure of water pressure

RQOD is the Rock Quality Designation

- is the joint set number
Jr is the joint roughness number
Jy is the joint alteration number

Jw is the joint water reduction factor

SRF 1is the stress reduction factor
2010/8/12 13
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DESCRIPTION VALUE NOTES
1. ROCK QUALITY DESIGNATION RQD
A. Very poor 0-25 1. Where AQL is reported or measured as < 10 (including 0),
B. Poor 25-50 a nominal value of 10 is used to evaluate Q.
C. Fair 50-75
D. Good 75-90 2. ARQDintervals of 5, i.e. 100, 95, 80 etc. are sufficiently
E. Excellent 90 -100 accurate.
2. JOINT SET NUMBER Jp _
A. Massive, no or few joints 05-1.0 '
B. One joint set 2 Q = RQD X Jr X Jw
C. One joint set plus random 3 J n J a SRF
D. Two joint sets 4
E. Two joint sets plus random 6
F. Three joint sets 9 1. Far intersections use (3.0 x J,)
G. Three joint sets plus random 12
H. Four or more joint sets, random, 15 2. For portals use (2.0 x J,)
heavily jointed, 'sugar cube’, ete. |
J. Crushed rock, earthlike 20

2010/8/12

(After Barton et al. 1974)
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3. JOINT ROUGHNESS NUMBER J,

&a. Rock wall contact r : _
b. Rock wall contact before 10 cm shear Q — ‘RQD % Jr % JW
A. Discontinuous joints 4
B. Rough and irregular, undulating 3 Jn Ja SRF
C. Smooth undulating 2
D. Slickensided undulating 15 1. Add 1.0 if the mean spacing of the relevant joint set is
E. Rough or irregular, planar 1.5 greaterthan 3 m.
F. Smoacth, planar 1.0
G. Slickensided, planar 0.5 2. J,= 0.5 can be used for planar, slickensided joints having
¢. No rock wall contact when sheared lineations, provided that the lineations are oriented for
H. Zones containing clay minerals thick 1.0 minimum strength.
enough to prevent rack wall contact {nominal)
J. Sandy, gravely or crushed zone thick 1.0
enough to prevent rock wall contact (nominal)
4. JOINT ALTERATION NUMBER Ja ¢rdegrees (approx.)
a. Rock wall conlact
A. Tightly healed, hard, non-softening, 0.75 1. Values of ¢r, the residual friction angle,
impermeable filling are intended as an approximate guide
B. Unaltered joint walls, surface staining only 1.0 25-35 to the mineralogical properties of the
C. Slightly altered joint walls, nen-softening 290 25-30 alteration products, if present.

mineral coatings, sandy panicles, clay-free
disintegrated rock, ste.
D. Silty-, or sandy-clay coatings, small clay- 3.0 20-25 7 ¢
fraction (non-softening)
E. Softening or low-friction ¢lay mineral coatings, 4.0 8-16
i.e. kaolinite, mica. Also chiorite, tale, gypsum
and graphite etc., and small quantities of swelling
clays. (Discontinuous coatings, 1 - 2 mm or less) (After Barton et al. 1974)
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DESCRIPTION VALUE NOTES
4, JOINT ALTERATION NUMBER Jé grdegrees (approx.)
b. Rock wall contact before 10 cm shear
F. Sandy particles, clay-free, disintegrating rock etc. 4.0 25-30
G. Strongly over-consolidated, non-softening 6.0 16-24
clay mineral fillings (continucus < 5 mm thick) -
H. Medium or low over-consolidation, softening 8.0 12-16 RQD J r J W
clay mineral fillings (continuous < 5 mm thick) Q - X X
J. Swelling clay fillings, i.e. montmorillonite, 8.0-120 6-12 J n J a SRF
(continuous < § mm thick). Values of J,,
depend on percent of swelling clay-size
particles, and access to water.
¢. No rock wall contact when sheared
K. Zones or bands of disintegrated or crushed 6.0
L. rock and clay (see G, H and J for clay 8.0
M. conditions) 8.0-12.0 6-24
N. Zones or bands of silty- or sandy-clay, small 5.0
clay fraction, non-softening
O. Thick continuous zones or bands of clay 10.0- 13.0
P. & R. (see G.H and J for clay conditions) 6.0-240 (After Barton et al. 197
5. JOINT WATER REDUCTION Jy approx. water pressure (kgf,cmz)
A. Dry excavation or minor inflow i.e. < 5 /m locally 1.0 <1.0
B. Medium inflow or pressure, occasional 0.66 10-25
outwash of joint fillings
C. Large inflow or high pressure in competent rock 05 25-10.0 1. Factors C to F are crude estimates;
with unfilled joints increase J,, if drainage installed.
D. Large inflow or high pressure 0.33 25-10.0
E. Exceptionally high inflow or pressure at blasting, 0.2-0.1 >10 2. Special problems caused by ice formation
decaying with time are not considered.
F. Exceptionalty high inflow or pressure 0.1-0.05 >10

2010/8/12

16

4)



6. STRESS REDUCTION FACTOR
a. Weakness zones intersecting excavation, which may

cause Joosening of rock mass when tunnel is excavated

A. Mulliple occurrences of weakness zones containing clay or
gi;zmi)cally disintegrated rock, very loose surrounding rock any
B. Single weakness zones containing clay, or chemically dis-
tegrated rock (excavation depth < 50 m)
C. Single weakness zones containing clay, or chemically dis-
tegrated rock (excavation depth > 50 m)
D. Multiple shear zones in competent rock (clay free), loose
surrounding rock (any depth)
E. Single shear zone in competent rock (clay free). {(depth of
excavation < 50 m) .
F. Single shear zone in competent rock (clay free). (depth of
excavation > 50 m) S
@G. Loose open joints, heavily jointed or 'sugar cube’, (any depth)

SARF

10.0

- 5.0

2.5

7.5

5.0

2.5

5.0

1. Reduce these values of SRF by 25 - 50% but
only if the relevant shear zones influence do
not intersect the excavation

_ROD Ty Jy

¢ J, ~J, SRF

2010/8/12
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DESCRIPTION ~ VALUE

NOTES.

6. STRESS REDUCTION FACTOR SRF
b. Competent rock, rock siress problems
0,/04 0{04
H. Low stress, near surface >200  >13 2.5
J. Medium stress 200-10 13 - 0.66 1.0
K. High stress, very tight structure 10-5 066-033 05-2

(usually favourable to stability, may

be unfavourable to wall stability)
L. Mild rockburst {massive rock) 5-25 033-0.16 5-10
M. Heavy raockburst (massive rock) <25 <0.16 10-20

c. Squeezing rock, plastic flow of incompetent rock

under influence of high rock pressure
N. Mild squeezing rock pressure 5-10
0. Heavy sqgueezing rock pressure 10 - 20
d. Swelling rock, chemical swelling activity depending on presence of water

P. Mild swelling rock pressure 5-10

R. Heavy swelling rock pressure 10-15

2. For strongly anisotropic virgin stress field
(ff measured): when 550-1/0-351 0, reduce o,
10 0.8, and ¢; to 0.80;. When ay/og > 10,
reduce d, and ¢ to 0.6, and 0.60;, where
d, = unconfined compressive strength, and
& = tensile strength (point load) and oy and
0'3' are the major and minor principal stresses.

3. Few case records available where depth of
crown below surface is less than span Mdth.
Suggest SAF increase from 2.5 10 5 for such
cases (see H).

_ROD Jr  Jw

¢ J, J; SRF

B e e BEEEA am ko ok B M R e i ke e MmN e e mmm e mme E e e
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_ROD U, Jy
J, J, SRF

Q

ADDITIONAL NOTES ON THE USE OF THESE TABLES

When making estimates of the rock mass Quality {Q), the following guidelines should be followed in addition to the notes listed in the
tables:

1. When borehole core is unavailable, QD can be estimated from the number of joints per unit volume, in which the number of joints
per metre for each joint set are added. A simple relationship can be used to convert this number to AQD for the case of clay free

rock masses: AQD =115 - 3.3 J, (approx.), where J, = total number of joints per m3 (0 < AQD < 100 for 35 > J,,> 4.5).
2. The parameter J,, representing the number of joint sets will often be affected by foliation, schistosity, slaty cleavage or bedding etc. If

strongly developed, these parallel ’joints’ should obviously be counted as a complete joint set. However, if there are few ‘joints’
visible, or if only occasional breaks in the core are due to these features, then it will be more appropriate to count them as ‘random’
joints when evaluating J,

3. The parameters J, and J, (representing shear stfength) should be relevant to the weakest significant joint set or clay filled
discontinuity in the given zone. However, if the joint set or discontinuity with the minimum value of JJJ, is favourably oriented for

stability, then a second, less favourably oriented joint set or discontinuity may sometimes be more significant, and its higher value of
JJJ4 should be used when evaluating Q. The value of J//J should in fact relate to the surface most likely to allow failure to initiate.

4. When a rock mass contains clay, the factor SR~ appropriate to loosening loads should be evaluated. In such cases the strength of
the intact rock is of little interest. However, when jointing is minimal and clay is completely absent, the strength of the intact rock may
become the weakest link, and the stability will then depend on the ratio rock-stress/rock-strength. A strongly anisotropic stress field
is unfavourable for stability and is roughly accounted for as in note 2 in the table for stress reduction factor evaluation.

5. The compressive and tensile strengths (0'c and ¢ of the intact rock should be evaluated in the saturated condition if this is

appropriate to the present and future in situ conditions. A very conservative estimate of the strength should be made for those rocks
that deteriorate when exposed ta moist or saturated conditions.

(After Barton et al. 1974)
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Resolves to three parameters

 Block size (RQD/J,)
* Interblock shear strength (J.7J,)
 Active stress (J,/SRF)
0= ROD Ty  Jw
Jn J; SRF

Does NOT include joint orientation

2010/8/12
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Equivalent Dimension D,

In relating the value of the index Q to the stability and support requirements of
underground excavations, Barton et al (1974) defined an additional parameter which they
called the Equivalent Dimension, D,, of the excavation. This dimension is obtained by

dividing the span, diameter or wall height of the excavation by a quantity called the
Excavation Support Ratio, ESR. Hence:
D. = Excavation span, diameter or height (m)

¢ Excavation Support Ratio ESR

The value of ESR is related to the intended use of the excavation and to the degree of
security which is demanded of the support system installed to maintain the stability of the
excavation. Barton et al (1974) suggest the following values:

Excavation category ESR
A Temporary mine openings. 3-5
B Permanent mine openings, water tunnels for 1.6

hydro power (excluding high pressure
penstocks), pilot tunnels, drifts and
headings for large excavations.

C Storage rooms, water treatment plants, 1.3
minor road and railway tunnels, surge
chambers, access tunnels.

D Power stations, major road and railway 1.0
tunnels, civil defence chambers, portal
intersections. '

E Underground nuclear power stations, 0.8
railway stations, sports and public facilities,
factorics. ‘

21



Estimated support categories based on the
tunnelling quality index Q

Exceptionally | Exiremely Very e e Verv | Bxe | Ixe,
1 poor poor poor Poor | Fair} Good good| good | good
00 : ' Al 20
g f 'v(\ mea 21 1112-3 m 25m -—""""'M
E . X\_O\ctE1b = b /—7'
50 e LT e /
oM 3 2l M n,t,7 / ;7 / 110
= . )z ’
_g} 5 : // P 3
213 | /‘y ) )
: , >
: &
2 S .
S P )
/ 15
1
k) * 15
1.0m
! ‘ ;
|
0.001 0.084 0,00 Cand 01 04 | 4 10 40 160 400 1000

ROD . Jw

Rock mass quahity O o
A Jn Ja X TRE

REINFORCEMENT CATEGORIES 5 Fibre reinforced shoterete, 50 - 90 mm, and bolting
1) Unsupported 6) Fibre reinforced shoterete, 90 - 120 mm, and bolting
2) Spot boiting 73 Fibye reinforced shoterete, 120 - 150 mm, and bolting
3) Systematic bolting 8) Fibre reinforced shoterete, > 130 mun, with reinforced
4) Svstematic bolting with 40-100 mm tibs of shoterete and bolting

unreinforced shoterete 91 Cust conerete Lining

2010/8/12
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Rock Mass Classification System

 RMR and Q system or variants are the most widely used

 Both incorporate geological, geometric and
design/engineering parameters to obtain a “value” of
rock mass quality

« Empirical and require subjective assessment

» Always use two systems for comparison

2010/8/12 23



Prediction of in-situ deformation modulus E,,

from rock mass classifications

100

Tunnel Quality Index Q
0.01 0.04 1.0 4.0 10 40 100 400
90 1 i i | 1 ] i | I
o 80 17 Case histories: Fm = 10710
(i
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e 60 —
=
g ol
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C
g
= 301
E Em=25Log, O
m =25 Log
S 20k ’
= 1ok
0 T ] I 1 [ T | | 1
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Geological Strength Index (GSI)

e Method to link the constants m and j of Hoek-Brown
failure criterion to observations in the field
le: a possible solution to the problem of estimating
strength of jointed rock mass

* A system for estimating the reduction in rock mass
strength for different geological conditions

« Overcomes deficiencies of RMR for poor quality rock

2010/8/12 26



Estimate of Geological Strength Index GSI
based on geological descriptions

GEOLOGICAL STRENGTH INDEX

From the letter codes describing the structure
and surface conditions of the rock mass (from
Table 4), pick the appropriate box in this chart.
Estmate the average value of the Geologicai
Strength Index (GSI) from the contours.

Do not attempt to be too precise. Quoting a
range of GSI from 36 to 42 is more realistic
than stating that G5!I = 38.

fresh unweathered surfaces

Rough, slightly weathered, iron stained surfaces

mooth, moderately weathered or altered surfaces
Slickensided, highly weathered surfaces with
compact coatings of filings of angular fragments
VERY POCR

SURFACE CONDITIONS

VERY GQOD
Very rough
POOR

GOCD
AR

ww
STRUCTURE DECREASING SURFACE QUALITY

Slickensided, highly weathered surfaces with

soft clay coatings or fillings

v

BLOCKY - very well interlocked

undisturbed rock mass consisting
i of cubical blacks formed by three

orthogonai discontinuity sets

VERY BLOCKY - interlocked,
partially disturbed rock mass with
multifaceted angular blocks formed
by four or mare discontinuity sets

BLOCKY/DISTURBED- folded
and/or faulted with angutar blocks
formed by many intersecting
discontinuity sets

[
—
Qo

DISINTEGRATED - poorly inter-
|pcked, heayily broken rock mass
with a mixture of angular and
rounded rock pieces

-~} DECREASING INTERLCCKING OF ROCK PIECES
\\
8.
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GSI -100
m, =m; -exp -8

(3 B Hoek and Brown,1997)
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Rock | Class Group Texture
type Coarse [ Medium | Fine [ Very fine
Conglomerate  Sa @ one Claystone
Clastic (22) 2 9 4
— Greywacke
(18)
> Chalk ——
ﬂ 7
Organic
% ® Coal
= (8-21)
a Breccia Sparitic Micritic
“ Non-_ Carbonate (20) Limestone Limestone
Clastic (10) ]
Chemical Gypstone Anhydrite
16 13
O Non Foliated Marble Hornfels Quartzite
= 9 (19) 24
o
2 Migmatite Amphibolite  Mylonites
g Slightly foliated (30) 25 .31 (6)
ﬁ Foliated* Gneiss Schists Phyllites Slate
[ -
2 33 4-8 (10) 9
Granite Rhyolite Obsidian
33 16 19
Light - \ .) )
Granodiorite Dacite
(30) (17)
% Diorite Andesite
3 (28) 19
% Dark Gabbro Dolerite Basalt
= 27 (19) 17
Norite
22
Extrusive Agglomerate Breccia Tuff
pyroclastic type (20) (18) (15)
30
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Cohesive strength/ Uniaxial strength of intact rock

Friction angle - degrees
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R HEEE - (1)bedding - spacing=0.4m, high weathered,
slightly rough surfaces, continuous, orientation of 180/10;,
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