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To understand the mechanical properties of rock masses and intact rock in Korea, data from 4,280 in situ and laboratory tests
from 107 tunnels on general national roads were analyzed. The mechanical properties (unit weight, cohesion, friction angle, mod-
ulus of deformation, Young’s modulus, Poisson’s ratio, uniaxial compressive strength, tensile strength, coefficient of permeability,
and specific gravity) were analyzed by rock types and strength of rock in each rock type. The results of analysis, the mean spe-
cific gravity was highest in gneiss. The coefficient of permeability and Poisson’s ratio show the highest mean values in granite
and metamorphic rock, respectively. In addition, the unit weight, cohesion and friction angle in sedimentary rock, modulus of
deformation, Young’s modulus, uniaxial compressive strength and tensile strength in volcanic rock have the highest mean values.
The values for each mechanical property showed wide ranges by the heterogeneity and anisotropy of rock masses in spite of
detailed analysis by rock type and classification of rocks according to the strength.
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Fig. 1. Test data used for analysis in this study: (a) mechanical properties, (b) districts, (c) rock types, and (d) classification of rocks

according to the strength.
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Fig. 2. Box plots of (a) unit weight, (b) cohesion, (c) friction
angle, (d) modulus of deformation, (e) Young’s modulus, (f)
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according to the strength are as follows: weathered rock (W),
soft rock (S), moderate rock (M), and hard rock (H).
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Table 1. Result of analysis for mechanical properties in gneiss. The symbols are follows: Lower quartile (Q;), Upper quartile (Qs), unit weight
(Yy), cohesion (C), friction angle (®), modulus of deformation (E4), Young’s modulus (E), Poisson’s ratio (v), uniaxial compressive strength (o),
tensile strength (¢;), coefficient of permeability (k), and specific gravity (G).

Mechanical property T ¢ @ Eq E v N Ot k G
of geniss kNm®) | (MPa) | () | (GPa) | (GPa) (MPa) | (MPa) |(x107 cm/sec)
Q - 003 | 313 | 002 | 05 - 258 - 43 -
Weathered Q; - 02 | 352 | 03 0.5 - 75.1 - 11.7 -
rock Median - 01 | 333 | o1 0.5 - 66.6 - 7.7 -
Mean - 12 | 323 | o1 0.5 - 54.1 - 83 -
Q 22.0 004 | 294 | 07 43 | 022 | 312 83 14 2.69
Soft rock Qs 26.5 195 | 453 | 69 | 305 | 023 | 1008 | 15.1 45 2.75
Median 253 120 | 390 | 37 82 | 020 | 643 10.7 2.6 2.71
Mean 24.0 1.1 | 364 | 54 189 | 019 | 766 | 112 3.6 2.70
Q 26.4 85 | 448 | 58 1.7 | 015 | 455 8.5 0.4 2.66
Moderate Qs 278 205 | 5001 | 130 | 318 | 022 | 986 15.0 2.9 2.78
rock Median 26.6 170 | 469 | 100 | 174 | 018 | 690 | 13.0 1.0 2.76
Mean 272 154 | 475 | 96 | 253 | 018 | 745 14.5 15 2.74
Q 26.9 003 | 430 | 48 1.5 | 016 | 640 9.2 0.1 2.65
Hard rock Q; 282 20 | 533 | 171 | 416 | 023 | 1077 | 150 16 2.74
Median 27.6 142 | 486 | 119 | 244 | 019 | 872 12.0 0.6 2.68
Mean 27.6 129 | 472 | 132 | 282 | 020 | 905 14.7 22 2.70

Table 2. Result of analysis for mechanical properties in granite. The symbols are the same as those of Table 1.

Mechanical property T C @ Eq E v Oc G k G
of granite (kN/m®) | (MPa) | (°) | (GPa) | (GPa) (MPa) | (MPa) |(x10~° cm/sec)
Q 26.1 003 | 318 | 004 | 02 | 030 | 476 47 47 -
Weathered Qs 264 009 | 470 | 05 09 | 030 | 746 47 10.9 -
rock Median 263 003 | 337 | 02 06 | 030 | 593 47 8.7 -
Mean 262 12 | 387 | 03 06 | 031 | 629 47 15.7 -
Q 249 39 | 455 | 05 | 200 | 021 | 335 48 0.8 2.60
Soft rock Qs 26.0 83 | 490 | 4.1 1.7 | 027 | 850 7.1 3.0 2.61
Median 258 78 | 490 | 1.1 52 | 026 | 529 6.0 2.1 261
Mean 25.6 55 | 467 | 24 109 | 025 | 64.0 5.9 2.5 2.61
Q 262 97 | 540 | 23 37 | 025 | 629 5.9 0.7 2.63
Moderate Qs 264 124 | 560 | 34 | 463 | 027 | 816 7.9 1.3 2.68
rock Median 262 108 | 550 | 2.8 62 | 027 | 689 63 1.0 2.67
Mean 263 121 | 538 | 63 | 21.1 | 026 | 81.1 11.2 1.0 2.66
Q 259 002 | 447 | 54 142 | 020 | 946 74 0.5 2.65
Hard rock Qs 262 240 | 560 | 174 | 582 | 025 | 1897 | 163 23 2.70
Median 26.1 136 | 530 | 118 | 321 | 022 | 1324 | 110 1.0 2.68
Mean 259 137 | 498 | 123 | 358 | 021 | 1386 | 266 2.9 2.68
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Table 3. Result of analysis for mechanical properties in sedimentary rock. The
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symbols are the same as those of Table 1.

Mechanical property Tt c o Eq E v Oc Ot k G
of sedimentary rock | \/md) | (MPa) | () | (GPa) | (GPa) (MPa) | (MPa) |(x10™ cm/sec)
Q - 8.5 533 - - - - 54 1.5 -
Weathered Qs - 9.5 55.8 - - - - 5.8 3.8 -
rock Median - 9.0 | 545 - - - - 5.6 2.6 -
Mean - 9.0 54.5 - - - - 5.6 2.6 -
Q 26.6 7.6 50.8 - 6.1 0.17 42.8 5.5 0.4 -
Qs 26.9 15.3 553 - 8.4 0.26 131.2 9.6 1.0 -
Soft rock
Median 26.8 11.8 53.0 - 6.8 0.25 82.3 8.0 0.5 -
Mean 26.7 11.3 53.0 - 9.1 0.22 84.4 7.1 1.5 -
Q - 7.0 54.5 - - 0.19 46.8 34 2.1 -
Moderate Qs - 12.8 56.2 - - 0.21 86.6 3.4 3.3 -
rock Median ; 70 | 55.0 ; ; 0.19 | 67.1 3.4 2.8 ;
Mean - 10.8 554 - - 0.20 66.4 34 2.9 -
Q 26.7 34 54.0 6.4 18.3 0.22 104.0 9.6 0.8 2.70
Qs 27.0 21.6 60.3 10.6 48.0 0.27 204.6 17.7 2.2 2.70
Hard rock
Median 26.7 17.3 55.8 9.5 30.2 0.24 132.0 14.0 1.5 2.70
Mean 26.7 13.7 56.7 9.0 32.6 0.24 149.5 13.9 1.8 2.70
Table 4. Result of analysis for mechanical properties in volcanic rock. The symbols are the same as those of Table 1.
Mechanical property T C @ Eq E v Oc Gi k G
of volcanic rock kNm®) | MPa) | () | (GPa) | (GPa) (MPa) | (MPa) [(x107° cm/sec)
Q - 0.01 - - - 0.23 41.0 12.6 6.0 2.54
Weathered Qs - 0.01 - - - 0.23 140.7 14.7 6.8 2.55
rock Median - 0.01 - - - 0.23 86.4 13.7 6.4 2.55
Mean - 0.01 - - - 0.23 953 13.7 6.4 2.55
Q 26.1 0.1 352 2.4 53 0.23 37.8 124 0.8 2.66
Qs 26.9 21.9 56.0 10.1 48.5 0.25 96.4 15.1 6.7 2.73
Soft rock
Median 26.3 11.6 54.0 6.1 29.8 0.24 55.9 13.2 1.9 2.69
Mean 26.4 12.9 47.4 6.4 32.9 0.25 83.7 12.8 6.0 2.69
Q - : : : - - : - - :
Moderate Qs ) B B B - - B ) ) B
rock Median - - - - - - - - - -
Mean - - - - - - - - - -
Q 26.3 0.1 39.3 54 384 0.20 48.2 11.9 0.6 2.64
Qs 27.0 27.0 60.5 26.5 57.0 0.26 173.6 18.8 1.2 2.69
Hard rock
Median 26.9 8.2 46.0 5.7 53.5 0.25 89.0 13.9 0.8 2.66
Mean 26.7 12.8 49.4 20.4 57.5 0.23 137.9 15.9 2.1 2.65
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Table 5. Result of analysis for mechanical properties in metamorphic rock. The symbols are the same as those of Table 1.
Mechanical property Tt C @ Eq E v Oc Gt k G
of metamorphic rock | (kN/m®) | (MPa) | (°) | (GPa) | (GPa) (MPa) | (MPa) |(x107 cm/sec)
Q - 0.01 259 0.1 0.2 0.30 - - - -
Weathered Q; - 0.03 322 0.1 0.3 0.30 - - - -
rock Median - 0.02 314 0.1 0.2 0.30 - - - -
Mean - 0.02 28.3 0.1 0.2 0.30 - - - -
Q 26.1 17.6 46.0 0.8 29.2 0.21 91.0 4.1 0.9 2.74
Q; 26.3 21.0 51.0 1.7 51.8 0.26 128.7 10.0 0.9 277
Soft rock
Median 26.2 19.0 46.0 1.1 38.1 0.26 99.5 9.0 0.9 2.75
Mean 26.2 20.3 49.0 1.2 38.2 0.23 99.3 7.3 0.9 2.74
Q - - - - - - - - - -
Moderate Qs - - - - - - - 3 3 3
rock Median - - - - - - - - - -
Mean - - - - - - - - - -
Q 26.1 6.4 51.0 0.6 6.6 0.22 51.0 49 0.4 2.68
Hard rock Qs 26.5 12.6 55.0 3.0 342 0.26 56.9 10.7 1.2 2.68
Median 26.2 83 53.0 0.7 18.3 0.24 54.0 7.8 0.4 2.68
Mean 26.2 9.5 53.3 22 243 0.25 54.0 8.6 9.4 2.68
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