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Suggestion of Charts and Equations Estimating the Strength Parameters
of Rock Mass Using the Rock Mass Classification Value

AR Ik Kim, Min-Kwon

o] 4 A Lee, Yeong-Saeng

Abstract

The strength parameters used in rock mass design are mainly estimated by equations using Hoek-Brown failure criterion
because the tests to obtain the values are limited and expensive. To estimate the strength parameters, the Hoek-Brown
failure criterion should be transformed to the Mohr-Coulomb failure criterion. But the processes are more or less
cumbersome due to the several stages including the computation and the analyzing steps. In this study, several rock
states of various conditions were modeled and then the strength parameters were estimated using the Hoek-Brown failure
criterion. Thereafter by analyzing the results, some charts and equations estimating the strength parameters through only
one step or easily in the field using the values of RMC, the uniaxial compressive strength and the rock constant (my),

were suggested. And then the suggested method was compared and discussed with the existing method.
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Table 1. Values of the constant mi for intact rock, by rock group
(Hoek and Brown, 1997)

Fock | Class Group Texture
type Coarse [ Medium | Fine [ Very fine
Conglomerate  Sandstone  Siltstone Claystone
Clastic @n 19 s 4
—— Greywacke
(1%
z Chalk ———
< 7
E Organic
& Coal ———
= (8-21)
20 Breccia Sparitic Micritic
7 Tsou—_ Carbonate Q20 Limestone Limestone
Clastic (10) g
Chemical Gypstone Anhydrite
16 13
. . Marble Homfels Quartzite
S Non Foliated ) (19) 2
g Slightly foliated (0) 35-31 (6)
= Foliated® Gneiss Schists Phyllites Slate
=] 33 4-2 (10 2
Granite Rhyolite Obsidian
33 (16) (19)
Light - )
- Granodiorite Dacite
(30) an
o Diorite Andesite
= (28) 19
2 Dark Gab_I?ro Dolerite Basalt
= 7 (19) 1n
Nonte
2
Extrusive Agglomerate Breccia Tuff
pyroclastic type (20) (18) (13)

Note) 1. These values are for intact rock specimens tested
normal to bedding or foliation.
2. Values in parenthesis are estimates.
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Fig. 2. Estimate of Geological Strength Index GSI based on
geological descriptions (Hoek and Brown, 1980)
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Table 2. Rock mass classification system (Kim and Lee, 2007; Kim and Lee, 2008; Kim, 2010)

Parameters Ratings of values
Uniaxial Class no. S—1 S-2 S-3 S—4 S-5
compressivi i
1 gt rosgf:r?;?er?;l'?htj‘;;) > 120 80~120 50~80 30~50 <30
Rating 20 15 12 6 3
Class no. | Il ] \% v
2 RAD RQD (%) > 90 60~90 30~60 10~30 <10
Rating 20 15 10 8 2
Spacing of Class no. F—1 F-2 F-3 F—4 F-5
3 discontinuities Spacing (cm) > 130 80~130 40~80 10~40 <10
Rating 30 20 12 6 2
Class no. D-1 D-2 D-3 D—4 D-5
o | M conciton Mo | oaered | weatord | wemmered | weatnarsd
Rating 30 20 16 10 3
RMC RMC=0+Q@+03®+®
Ratings 100~81 80~61 60~41 40~21 20~0
e very hard rock hard rock medium rock soft rock weathered rock
Description X -
Blasting Ripping
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Table 3. Results of boring test
Hole ) Classification Hole ) Classification
Section Section
No. RMC RMR Q GSI No. RMC RMR Q GSl
1.00-3.50 53 58 4.000 61 91.00—-94.00 100 97 71111 92
3.50-6.50 56 65 10.950 65 94.00-97.00 100 99 71111 94
6.50—9.50 72 77 13.800 77 97.00—100.00 100 97 7111 92
9.50-12.50 51 55 7.333 58 100.00—-103.00 100 96 71111 91
12.50—15.50 71 73 65.600 73 100.00—-103.00 100 96 7111 91
15.50—18.50 71 77 72.000 77 106.00—109.00 100 98 71111 93
18.50—21.50 61 70 4.100 70 109.00—-112.00 100 99 711111 94
21.50—24.50 61 66 2.433 66 112.00—-115.00 100 99 71111 94
24.50—-27.50 71 71 11.733 71 115.00—-118.00 100 99 71111 94
27.50—30.50 82 80 36.800 80 118.00—121.00 100 99 7111 94
30.50—33.50 100 93 106.667 88 121.00—124.00 100 99 71111 94
33.50—36.50 77 78 39.200 78 124.00—127.00 100 96 71111 91
36.50—39.50 82 85 53.333 85 127.00—130.00 100 97 71111 92
39.50—42.50 71 68 9.100 68 130.00—133.00 100 99 71111 94
42.50—44.00 82 79 30.000 79 133.00—136.00 100 98 71111 93
TB-1 44.00—46.00 100 96 426.667 91 TB—1 | 136.00—139.00 100 97 71111 92
46.00—49.00 82 84 52.800 84 139.00—-142.00 100 97 711111 92
49.00-52.00 100 96 426.667 91 142.00—145.00 100 97 711111 92
52.00—55.00 76 72 13.950 72 145.00—148.00 100 98 711111 93
55.00—58.00 57 57 5.700 60 148.00—151.00 100 98 711111 93
58.00—61.00 76 75 80.889 75 151.00—154.00 95 95 711111 90
61.00—64.00 76 76 30.667 76 154.00—157.00 71 70 11.850 70
64.00—67.00 82 83 170.667 83 157.00—-160.00 71 72 27.667 72
67.00—70.00 82 83 133.333 83 160.00—-163.00 100 96 71111 91
70.00—73.00 100 99 711111 94 163.00—166.00 100 93 177.778 88
73.00—76.00 100 98 71111 93 166.00—169.00 100 98 71111 93
76.00—79.00 90 92 177.778 87 169.00—-172.00 100 98 711111 93
79.00—82.00 100 98 71111 93 172.00—-175.00 100 97 711111 92
82.00—85.00 100 98 71111 93 175.00—-178.00 71 69 14.000 69
85.00—88.00 100 98 71111 93 178.00—181.00 82 79 33.333 79
88.00—91.00 100 97 71111 92 181.00—184.00 71 74 58.000 74
RMC 2tE 0188 2Btel 2Eq s gt FEEHE & FHAIQ Mt 77
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Fig. 3. Results of correlation analysis

Table 4. Assumed values of some parameters for rock mass modelling

Parameters Values
1 RMC 10, 20, 30, 40, 50, 60, 70, 80
2 uniaxial compressive strength (MPa) 10, 30, 50, 80, 120
3 m, 3, 6,9, 12, 15, 18, 21, 24, 27, 30, 33

Table 5. Analyzed values for the uniaxial compressive strength and strength parameters of rock masses in the case of RMC=10

oc (MPa)
RMC | 10
10 30 50 80 120
No | mi | Oom c ® Ocm c ¢ Ocm o ¢ Ocm c @ Oom c ¢
1 3 0.32 | 0.14 9 0.95 | 0.41 9 1.58 | 0.68 9 2.53 | 1.08 9 3.80 | 1.62 9
2 6 0.48 | 0.19 13 1.44 | 0.58 13 2.40 | 0.96 13 3.84 | 1.53 13 5.76 | 2.30 13
3 9 0.61 0.23 15 1.84 | 0.70 15 3.06 | 1.17 15 4.89 | 1.87 15 7.34 | 2.80 15
4 12 | 0.73 | 0.27 17 2.18 | 0.80 17 3.64 | 1.33 17 582 | 213 17 8.72 | 3.20 17
5 15 | 0.83 | 0.30 19 2.49 | 0.89 19 416 | 1.48 19 6.65 | 2.36 19 9.97 | 3.54 19
6 18 | 0.93 | 0.32 21 2.78 | 0.96 21 4.64 | 1.60 21 7.42 | 2.56 21 11.13 | 3.85 21
7 21 1.02 | 0.34 22 3.05 | 1.03 22 5.09 | 1.71 22 8.14 | 2.74 22 12.21 | 4.12 22
8 24 | 110 | 0.36 23 3.31 1.09 23 5.51 1.82 23 8.82 | 2.91 23 13.22 | 4.36 23
9 27 | 118 | 0.38 24 3.55 | 1.15 24 5.91 1.91 24 9.46 | 3.06 24 1419 | 4.59 24
10 30 | 1.26 | 0.40 25 3.78 | 1.20 25 6.30 | 2.00 25 10.08 | 3.20 25 15.12 | 4.79 25
11 33 | 1.33 | 0.42 26 4.00 | 1.25 26 6.67 | 2.08 26 10.67 | 3.33 26 16.01 | 4.99 26
78 BRRILHEEE =28 X300 H3=
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Fig. 4. Changes of the uniaxial compressive strength and strength parameters according to m; (RMC=10, o, = 10 MPa)
Table 6. Regression analysis for the uniaxial compressive strength of various rock mass models
Estimating equation for the uniaxial compressive Oon = 8,y " M+ b (MPa)
strength of rock mass o oem oem
Os 10 MPa 30 MPa 50 MPa 80 MPa 120 MPa
RMC aocm bacm ancm bOCFﬂ aOCFﬂ bocm ancm bOCFﬂ aOCFﬂ bacm
80 0.1268 3.5262 0.3804 10.579 0.6339 17.631 1.0143 28.209 1.5214 42.314
70 0.1172 2.3707 0.3517 7.1121 0.5862 11.853 0.9379 18.966 1.4068 28.448
60 0.1034 1.7291 0.3101 5.1873 0.5169 8.6455 0.8270 13.833 1.2405 20.749
50 0.0888 1.3401 0.2664 4.0202 0.4440 6.7003 0.7103 10.721 1.0655 16.081
40 0.0752 1.0777 0.2257 3.2332 0.3762 5.3886 0.6019 8.6218 0.9028 12.933
30 0.0633 0.8842 0.1900 2.6526 0.3166 4.4210 0.5066 7.0736 0.7598 10.610
20 0.0471 0.5239 0.1412 1.5716 0.2353 2.6193 0.3764 4.1909 0.5646 6.2864
10 0.0329 0.2977 0.0987 0.8932 0.1645 1.4886 0.2632 2.3818 0.3948 3.5726
Results of regression Qe Ay = 0,%(=2x10"7- RMC?+ 0.0002 - RMC+ 0.0017)
analysis Boom b, = 0,%0.028 - e 0.0322-RMC
RMC gt Ol=28t &Bte| 28 gt FEEHE L FEAQ Mt 79
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Fig. 5. Regression curve for the slope values and the intercept values of the equation for the uniaxial compressive strength
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Fig. 6. Estimating chart for the uniaxial compressive strength of
rock masses
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Table 7. Regression analysis for cohesion of various rock mass models
Estimating equation for the cohesion of rock mass c= a - -m+ h (MPa)
Os 10 MPa 30 MPa 50 MPa 80 MPa 120 MPa
RMC ac be dc be dc be dc be ac be
80 0.0105 1.1589 0.0315 3.4767 0.0524 5.7944 0.0839 9.2711 0.1259 13.907
70 0.0153 0.8177 0.0458 2.4531 0.0764 4.0885 0.1222 6.5416 0.1833 9.8124
60 0.0166 0.6276 0.0498 1.8829 0.0829 3.1382 0.1327 5.0211 0.1991 7.5316
50 0.0163 0.5104 0.0489 1.5313 0.0815 2.5522 0.1304 4.0835 0.1957 6.1253
40 0.0154 0.4287 0.0461 1.2862 0.0768 2.1437 0.1228 3.4299 0.1843 5.1448
30 0.0142 0.3655 0.0425 1.0966 0.0708 1.8277 0.1133 2.9242 0.1700 4.3864
20 0.0115 0.2347 0.0345 0.7042 0.0576 1.1737 0.0921 1.8779 0.1381 2.8168
10 0.0089 0.1447 0.0266 0.4342 0.0443 0.7237 0.0709 1.158 0.1063 1.7370
Results of regression ac a,= 0,x(=5x10""- RMC?+ 0.00005- RMC+ 0.0004)
analysis be h= 0,x0.0133 - e 0.0269-RMC

80 K302 HMI3=
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Table 8. Regression analysis for internal friction angle of various rock mass models

SENIE ¥

2= 9Jt}. Table 82] Au}ojjA A

A

UL o|ZHE 4 (15a),

Estimating equation for the internal friction angle of rock mass o= a,- mih’
Os 10 MPa 30 MPa 50 MPa 80 MPa 120 MPa
RMC a, b, a, b, ay b, a, b, a, b,
80 18.021 0.2802 18.021 0.2802 18.021 0.2802 18.021 0.2802 18.021 0.2802
70 17.085 0.2764 17.085 0.2764 17.085 0.2764 17.085 0.2764 17.085 0.2764
60 15.584 0.2819 15.584 0.2819 15.584 0.2819 15.584 0.2819 15.584 0.2819
50 13.840 0.2934 13.840 0.2934 13.840 0.2934 13.840 0.2934 13.840 0.2934
40 12.075 0.3082 12.075 0.3082 12.075 0.3082 12.075 0.3082 12.075 0.3082
30 10.412 0.3243 10.412 0.3243 10.412 0.3243 10.412 0.3243 10.412 0.3243
20 7.9928 0.3769 7.9928 0.3769 7.9928 0.3769 7.9928 0.3769 7.9928 0.3769
10 5.7610 0.4386 5.7610 0.4386 5.7610 0.4386 5.7610 0.4386 5.7610 0.4386
Results of regression as a, = 15338 - RMC"™
analysis by b= 5x1077+ RMC? — 0.0067 - RMC + 0.493
RMC gi= 018et &8te| 28+ gt FITHE 2 FHA M 81
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Fig. 9. Regression curve for the coefficients of the equation for the internal friction angle
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Fig. 10. Estimating chart for internal friction angle of rock masses
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Table 9. Analyzed results of Hoek-Brown failure criterion for

case 1
no. GSI mp S a 03 o1
1 1.8 13.348
2 3.6 19.920
— 30 2.4626 | 0.0004 0.5
3 5.4 25.383
4 7.2 30.271
35
30
25 o
0 y=3.1241x +8.1721] |
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Fig. 11. Mohr-Coulomb failure criterion for case 1
AH 2. eFHke] AbEf - RMC=40, 0.~30MPa, m=30
AH 3. eHEe] AME - RMC=50, 0.~50MPa, m=30
AH 4. eHEe] AME - RMC=60, 0.~50MPa, m=30
A 5. @HEe] ArEf - RMC=70, 0.=80MPa, m=30
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|| Process to develop estimating charts and equations I

l

’ Parameters : oc, m;, RMC ‘

l

Regression analysis by the results of boring test
RMC = 0.98-GSlI

l

’ Hoek—Brown failure criterion Conversion of GSI to RMC

l

Modelling of rock mass
for several rock states of various conditions
(with various oc, mi, RMC value)

1. 1°' Regression analysis
plotting the shear strength parameters according to m;
individually using the results of modelling and regression
analysis

2. 2" Regression analysis
regression analysis after plotting the slope and intercept
values or constants extracted from the 1% regression
analysis with respect to RMC value

l

3. Suggestion of estimating charts and equations

Fig. 13. Process to develop estimating charts and equations
for strength parameters of rock masses

Table 10. Analyzed results of shear strength parameters for various case

Use of Hoek—Brown eqguation Use of estimating equation
case cohesion (MPa) internal friction angle (°) cohesion (MPa) internal friction angle (°)
1 2.31 31 217 33
2 2.60 34 2.59 35
3 4.89 37 4.99 36
4 5.52 40 5.71 39
5 10.09 43 10.42 42

RMC gt= 0IE8r et 2=d= gt



|| Hoek—Brown

l

’ Parameters : o, GSI, m;

l

Suggestion of estimating charts and equations ||

l

Parameters : oc, RMC, m; ‘

l

Hoek—Brown failure criterion

Estimating of rock mass

Tem
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Fig. 14. Comparison between two methods to obtain the uniaxial compressive strength and shear strength parameters
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