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A Study of the Relationships among RMR, Q-system and GSI Applied
to Classify Rock Mass of Limestone Mine

Yong—Kyun Yoon, Hong—Woo Lee

Abstract A total of 22 sites around openings of limestone mine are chosen to assess rock mass classification schemes
such as RMR, Q-system, and GSI. RMR and Q are modified to estimate the relationship with GSI. Q" is the modified
Q with SRF=1.0 and J=1.0. Rock mass is assumed to be completely dry and very favorable discontinuity
orientations are assumed to estimate RMR,’. Relationships of Q-Basic RMR, Q-Total RMR, GSI-RMR,,’, and
GSI-Q’ are analyzed, in which a correlation of GSI-RMRy," is found to be the highest. Failure strains are calculated
using the modulus ratios and most measuring sites appear to be stable with low failure strain class.

Key words RMR, Q-system, GSI, Modulus ratio, Failure strain
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Measuring site Height of opening (m) Width of opening (m) Elapsed time after mining

Al 6.90 10.90 6 years and 8 months

A2 6.50 10.80 5 years and 4 months

U:lfbirevzerlld A3 5.50 9.80 5 years and 1 month

Ad 6.50 9.20 4 years and 6 months

A5 7.20 9.70 4 years and 5 months

B1 6.00 12.40 8 years and 10 months

B2 7.30 15.40 8 years and 1 month

Usﬂiivilst B3 6.20 8.90 6 years and 11 months
B4 6.60 19.80 5 years

B5 6.20 13.80 7 years and 5 months

Cl 6.50 17.40 9 years and 6 months

Haulage C2 6.20 5.83 1 year and 4 months

level C3 5.40 8.70 7 years and 10 months

C4 12.54 15.42 7 years and 2 months

D1 5.30 7.50 4 years and 11 months

D2 6.10 13.20 4 years and 9 months

LOY:]reIISt D3 5.87 17.46 4 years and 2 months

D4 5.98 9.50 3 years and 5 months

D5 6.36 10.50 3 years and 3 months

El 6.88 11.28 3 years and 3 months

LOVI\:SCIZ nd E2 7.34 10.89 3 years and 2 months

E3 6.62 8.89 1 year and 10 months
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strength index for jointed rock mass(After Marinos and Hoek, 2000)

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.
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Slickensided, highly weathered surfaces with compact

Rough, slightly weathered, iron stained surfaces
Smooth, moderately weathered and altered surfaces
coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

Very rough, fresh unweathered surfaces

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets
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VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets
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BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity
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DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

<Z—= DECREASING INTERLOCKING OF ROCK PIECES
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LAMINATED/SHEARED - Lack
/] of blockiness due to close spacing
A of weak schistosity or shear planes

N/A N/A
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Table 3. Values of RMR, Q, GSI, RMRy,’, and Q’estimated at the measuring sites(©] 8-, 2007; -3} ©], 2007)

Value
Measuring site RMR

Basic Total Q oSl RMRy a
Al 56.0 51.0 4.0 57+£5 64.0 6.1
A2 54.5 47.5 6.6 53+£5 62.5 10.0
Upper 2nd sublevel A3 61.0 49.0 9.9 62+4 66.0 15.0
A4 56.0 51.0 10.0 55+£5 61.0 10.0
AS 50.5 50.5 6.1 57+£5 55.5 9.2
Bl 58.0 46.0 83 60+4 63.0 12.5
B2 61.5 49.5 7.2 62+6 66.5 7.2
Upper 1st sublevel B3 53.2 41.2 39 56+6 64.2 7.8
B4 63.5 63.5 83 64+6 68.5 12.5
BS 62.0 50.0 4.7 58+6 67.0 7.1
Cl 43.0 38.0 1.3 46+4 51.0 2.0
Haulage level C2 60.2 48.2 6.6 62+6 65.2 10.0
C3 50.5 455 3.0 54+6 58.5 4.6
C4 58.8 46.8 10.0 60+5 66.8 10.0
D1 56.3 51.3 33 54+4 61.3 5.0
D2 61.1 56.1 12.4 62+£5 66.1 18.8
Lower Ist level D3 63.0 51.0 6.3 64+7 68.0 6.3
D4 63.8 63.8 6.3 64+6 68.8 6.3
D5 48.5 36.5 1.5 53+6 53.5 23
El 58.1 46.1 7.2 58+7 63.1 10.8
Lower 2nd level E2 56.5 44.5 5.8 62+6 67.5 11.7
E3 57.0 52.0 7.2 57+6 62.0 10.8
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Table 4. Modulus ratio classification of intact and jointed
rocks(After Ramamurthy, 2004)

EN

Class Description Modulus ratio of rock
A | Very high modulus ratio > 500
High modulus ratio 200 ~ 500
C Medium modulus ratio 100 ~ 200
D Low modulus ratio 50 ~ 100
E | Very low modulus ratio < 50

Table 5. Classification of rocks based on failure strain(After
Ramamurthy, 2004)

Class Description Failure strain, &;(%)
A | Very high failure strain > 2
High failure strain 1 ~2
C Medium failure strain 05 ~ 1
D Low failure strain 02 ~ 05
E Very low failure strain < 0.2
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Table 6. Failure strain and modulus ratio calculated at measuring sites

Measuring site RMR o(MPa) E;(GPa) M,; e5(%)
Al 56.0 15.8 3.6 228 0.44
A2 54.5 14.9 33 222 0.45
Upper 2nd sublevel A3 61.0 19.3 4.8 249 0.40
A4 56.0 15.8 3.6 228 0.44
AS 50.5 12.7 2.6 207 0.48
Bl 58.0 17.1 4.1 236 0.42
B2 61.5 19.7 5.0 251 0.40
Upper 1st sublevel B3 53.2 14.2 3.1 217 0.46
B4 63.5 21.4 5.6 260 0.38
B3 62.0 20.1 5.1 254 0.39
Cl 43.0 1.7 182 0.55
Haulage level C2 60.2 18.7 4.6 246 0.41
C3 50.5 12.7 2.6 207 0.48
C4 58.8 26.4 7.5 285 0.35
D1 56.3 16.0 3.7 229 0.44
D2 61.1 19.4 4.8 250 0.40
Lower Ist level D3 63.0 20.9 5.4 258 0.39
D4 63.8 21.6 5.7 262 0.38
D5 48.5 11.7 2.3 200 0.50
El 58.1 17.2 4.1 237 0.42
Lower 2nd level E2 56.5 16.1 3.7 230 0.43
E3 57.0 16.5 3.8 232 0.43
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