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A Study on the Characteristics of Rock Mass by GSI in Limestone Mine

Choon Sunwoo, Karanam U. M. Rao, So-Keul Chung and Yang-Soo Jeon

Abstract Rock mass classification methods such as RMR, Q system and GSI have been widely adopted with certain
modifications for the design of mine openings. The GSI system is the only rock mass classification system that
is related to Mohr-Coutomb and Hoek-Brown strength parameters and gives a simple method to calculate the
engineering properties of rock masses which can be useful input parameters for a numerical analysis. A detailed
surveying for GSI mapping as well as for calculating RMR values was undertaken at Daesung and Pyunghae
underground limestone mining sites. RQD values were determined for four locations in these two mining sites.
Based on GSI values and intact rock strength properties, the rock mass strength, modulus of elasticity as well as
the Mohr-Coulomb strength parameter c¢m and ¢,, were determined. GSI and RMR are correlated

KeyWords Rock mass classification, GSI, RMR, Q, Rock mass strength and deformation modulus, Modulus ratio
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Fig. 1. Underground mine development plan and survey
sites of Daesung limestone mine
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Fig. 2. Underground mine development plan and survey sites
of Pyunghae limestone mine
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Table 1. Characterization of rock masses on the basis of
. interlocking and joint alteration
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(a) Blocky rock mass : very well interlocked, undisturbed
rock mass consisting of cubical blocks formed by three
orthogonal discontinuity sets. (Daesung Mine)

Fig. 3. Blocky rock mass(a) and very blocky rock mass (b)

(a) Blocky/ disturbed rock folded mass (Daesung Mine)

Fig. 4. Blocky and disturbed rock
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(b) Very blocky rock mass : interlocked, partially disturbed
rock mass with prominent four sets of discontinuities
{(Daesung Mine)

(b) Blocky/ disturbed faulted rock mass (Daesung Mine)
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Fig. 5. Tectonically sheared weak rock mass (Pyunghae
Mine)
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Table 2. Characterization of rock masses of Daesung and Pyunghae mine site based on GSI

Daesung Mine Pyunghae Mine

Borehole-1 Borehole-2 Borehole-1 Borehole-2
GSI test GSI test GSI test GSI test

RQD 83 - - 80 - 50 - 75 -
g (MPa) 141.9 152.0 105.6 110.0 108.2 109.0 69.7 70.0

m; 18.8 - 16.0 - 11.2 - 7.6 -
or; (MPa) 0.40 10.0 0.26 8.0 0.51 10.0 0.21 7.0

Oem (MPa) 378 - 23.6 - 22.6 - 11.6 -
¢ (MPa) 8.56 25 5.67 18 6.04 20 2.78 14
. (deg) 40.0 474 375 48.5 352 442 28.9 374
E (GPa) 2.0 52.5 1.60 47.4 1.78 48.6 1.25 35.6
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Table 3. Estimation and comparison of 4., and E, values according to GSI, RMR and Q systems for o values given

in Table 2
RMR Q Gsl (OCI\/IPT;) ((lizr;:) ((li;r;:) (GEPla) (grlr’l;) (l(silll’:) (2‘;:) f—;ﬁ UEz f c:
59 6.6 62 37.79 1.09 28.46 52.5 2.0 4.99 21.08 52.92 4541 740.7
56 6.0 58 23.64 0.91 24,98 47.4 1.60 3.79 18.57 67.68 4167 740.7
58 7.0 60 22.60 0.95 26.51 48.6 1.78 435 19.64 78.76 4579 740.7
52 5.0 57 11.57 0.85 20.47 35.6 1.25 2.13 15.18 108.0 2505 740.7

F) Ocmt & Em refers to GSI; Oem> & Em refers to RMR; Ocm3 & Em refers to Q system
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Fig. 8. Correlation of strain rates of intact rock material(e;)
and rock mass(en).
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Fig. 9. Comparison of mechanical properties of intact rock with the rock mass properties obtained from GSI system
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Table 4. Estimation of O and Enm for intact rock strength 0,=141.9 and 69.7 MPa for GSI values

GsI [ For 0,=141.9 MPa I For o= 69.7 MPa
Om (MPa)| E.n (GPa) Em/Ocm Strain (€%)| Ocm (MPa) Enm (GPa) Em/Ocm Strain (€%)

90 99.0 100000.0 1010.3 0.10 43.1 83456.6 1935.5 0.05
80 66.9 56234.1 840.9 0.12 272 46931.1 17279 0.06
70 479 31622.8 661.1 0.15 18.1 26391.3 1455.7 0.07
60 358 17782.8 496.1 0.20 12.8 14851.6 1156.6 0.09
50 27.8 10000.0 359.7 0.28 9.5 8351.7 875.5 0.11
40 22.1 5623.4 254.6 0.39 7.4 4696.5 639.0 0.16
30 17.9 3162.3 177.2 0.56 5.8 2641.0 453.8 0.22
20 14.6 1778.3 122.0 0.82 4.7 1485.2 316.7 0.32
10 12.0 1000.0 83.3 1.20 3.8 835.2 218.7 0.46

Table 5. Classification based on failure strain (Ramamurthy,
1993 & 1994)

Table 6. ISRM classification based on the intact rock
strength [ISRM, 1978]

Class Description Failure strain(eim%) Strength (MPa) Description
A Very high failure strain > 2 > 250 Very high strength

B High Failure strain 1 ~2 100 ~ 250 High strength
C Medium failure strain 05 ~ 1.0 50 ~ 100 Moderate strength
D Low failure strain 02 ~ 0.5 25 ~ 50 Medium strength

E Very low failure strain < 0.2 5 ~ 25 Low strength
<5 Very low strength
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Appendix 1 : Rock mass characterization based on GSI (see Fig. 1 and 2)

48l FARHE) GSI Rl o PIEHAT

Mine Site UCS (MPa) GSI Range ocm (MPa) En (MPa) Em / Oem Strain (&m)
A-l 54.6 58-75 11.86 19660.58 1657.79 0.06
A2 51.1 45-60 6.50 8020.67 1237.38 0.08
A3 88.9 45-60 18.22 16776.25 920.942 0.11
A4 58.1 50-65 11.93 18059.84 1513.82 0.07
A5 38.7 45-65 49 8298.80 1705.20 0.06

MAIN 37.7 62-78 8.52 19493.59 2288.25 0.04
B-1 34.8 60-75 7.42 16673.78 2248.05 0.04
B-2 432 58-75 8.60 16991.90 1977.64 0.05
B-3 40.1 58-73 7.53 15455.11 2052.31 0.05
B-4 38.7 58-72 7.20 15182.93 2108.45 0.05

D:;is::g B-5 44.7 - R } R R
B-6 44.6 48-65 6.26 9708.84 1551.43 0.06
B-7 532 55-72 10.25 16328.86 1593.06 0.06
C-1 29.1 33-48 2.03 3028.30 1491.04 0.07
c-2 43.1 50-75 735 13481.51 1834.22 0.06
c3 39.3 35-55 3.99 8359.81 20866.04 0.005
c-4 32.7 55-75 5.70 13560.44 2377.36 0.04
D-1 282 55.75 479 12592.87 2629.54 0.04
D-2 46.4 40-55 6.21 9064.02 1458.65 0.07
D-3 28.4 55-70 434 10962.82 2525.99 0.04
D-4 59.4 58-75 12.98 19924.77 1534.88 0.06

60-1-1 58.1 43-60 10.03 13554.60 1351.41 0.07

60-1-2 499 55-70 11.87 22360.68 1883.80 0.05
60-2 76.5 60-80 20.59 27658.63 1343.30 0.07
60-3 69.5 30-50 9.56 8336.67 872.04 0.11

60-4-1 62.2 40-50 9.90 5914.19 597.39 0.17

60-4-2 622 40-50 11.41 7886.70 691.03 0.14
60-5 67.6 5575 10.10 16404.89 1624.25 0.06
60-6 58.0 63-80 15.54 27021.78 1738.85 0.06

60-7-1 75.0 30-50 10.70 8660.25 809.07 0.12

60-7-2 55.7 30-50 4.10 2360.85 575.82 0.17
60-8 50.6 37-52 6.42 7981.33 1243.20 0.08

Pyl‘\‘;‘ii:ae 60-9 52.3 45-60 8.67 12860.29 1478.36 0.07

60-10 48.5 62-72 10.18 18529.81 1820.22 0.05
80-2 66.1 50-65 11.28 12875.73 1140.45 0.09

80-3-1 87.2 60-75 22.86 26318.32 115078 0.09

80-3-2 44.4 53-70 7.52 13295.10 177032 0.06

80-4-1 33.8 55-70 5.8 11600.01 2196.97 0.05

80-4-2 62.7 55-70 9.50 10559.27 1113.85 0.09
80-5 96.3 48-62 21.66 19580.02 903.97 0.11
80-6 69.9 50-70 12.97 14867.52 1147.19 0.08

80-7-1 68.2 45-60 12.61 14685.62 1163.68 0.09

80-7-2 732 50-70 19.46 27055.60 1391.03 0.07
80-8 80.9 65-75 18.59 21329.18 1147.35 0.09




