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Probabilistic rock mass classification using electrical resistivity

- Theoretical approach of relationship between RMR and electrical resistivity-
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ABSTRACT: 1t is very important to understand the condition of the surround rock for the successful construction of
underground space. Representative methods of estimating the rock mass condition are RMR method and Q-system, and
they are applied on design, construction, and maintenance. However, many problems with the accuracy of the
measurement method and the subjective viewpoint are questioned continuously, so many researchers have been studied
for estimating rock condition from various methods. Most of them show only the local relation and a tendency between
site investigation data and rock conditions. In this paper, the relationship between RMR method and electrical resistivity
is deducted using the analytical equation derived theoretically from electric field analysis on jointed rock mass. And also,
probabilistic relationship between RMR method and electrical resistivity is deducted for the increase of accuracy. If a
suggested method is applied with the conventional method for estimating the rock condition, it will be helpful to estimate
RMR values on the field.
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Parameters Description Values Unit
L The distance between two sensors 2 m
d The size of blocks 0.1 m
t The size of joints 0.003 m
N The measuring line 10 m
P; The electrical resistivity of joints 50 Qm
Pir The electrical resistivity of intact rocks 10,000 Qm
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Table 2. Relationship between the uniaxial compressive strength (UCS) and the electrical resistivity in sandstone
Conditions Uniaxial compressive Representative Ratin UCS/ucs Electrical resistivity RUSC
strength (MPa) values J (R2m)
Exceptionally strong >250 300 15 6.590 7520 8.266
Very strong 100~250 175 12 5.272 4592 5.048
Strong 50~100 75 7 3.075 2250 2.474
Middle 25~50 37.5 4 1.757 1372 1.508
Weak 5~25 15 2 0.879 845 0.929
Very weak 1~5 3 1 0.439 564 0.620
Extremely weak <1 0.5 0 0.000 505 0.556
Table 3. Relationship between RQD and electrical resistivity
ROD Representative values Rating ROD/ROD" o Electrical resistivity (2m) RROD
<25 12.5 3 0.150 57.102 0.063
25 ~ 50 375 8 0.400 79.761 0.088
50 ~ 75 62.5 13 0.650 132.231 0.145
75 ~ 90 82.5 17 0.851 279.135 0.307
90 ~ 100 95 20 1.001 913.242 1.004
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Table 4. Relationship between the spacing of discontinuities (SoD) and the electrical resistivity

Spacing of discontinuities | Average Values SoD/SoD' Electrical resistivity (Qm) | RSoD
(m) values
> 2 4 20 2711 7969 8.760
0.6 ~2 1.3 15 2.034 5955 6.546
02 ~ 0.6 0.4 10 1.356 2892 3.179
0.06 ~ 0.2 0.13 8 1.085 1149 1.263
< 0.06 0.03 5 0.678 308 0.338
Table 5. Relationship between the condition of discontinuities (CoD) and the electrical resistivity
.. . Electrical resistivity of of Electrical
Conditions Rating t (m) joints (2m) CoD/CoD" resistivity (2m) RCoD
Very rough, no separation 30 0.0001 75 3 9467 10.407
Slightly weathering, 25 0.0005 75 25 5052 5.554
separation < lmm
Highly wreathing, separation 20 0.001 75 5 3200 3518
< 1lmm
Separation 3mm 10 0.003 50 1 910 1.000
Separation Smm 5 0.005 50 0.5 573 0.630
Separation 10mm 0 0.01 50 0 307 0.337

104



A71AFE o83 FEEH INEF -RMRIY A7|H[A BA o8 THE=Z-

A5 Aot A7 HAGe] BAE =2 3.5 RMRIM A7 MING
G Aol Fig. S(d)olA & 5= 5=°l, RCoD7}
()3 kol O »las
S8 2, Bolkule] At £o50E Al A 9 TRERUSC RROD, RSoD, RCoDZ: ©1851]
FH AL AL o 2= Qlrk A (16)= W35k 4] (19)2 o] =8 == 3tk
7} W520] GO ool RMR AL 715t 909689
Rating Rating
16.0 1 25.0
14.0
20.0
12.0
10.0 - 15.0
8.0
60 - 10.0
4.0 50
20
0.0 T 0.0
0.0 2.0 4.0 6.0 20 100 0.0 02 04 06 08 Lo L2
RUCS RROD
(a) Uniaxial compressive strength (UCS) (b) RQD
Rating Rating
25.0 350
300
20.0
250
15.0 200
100 150
100
50
50
0.0 0.0
0.0 2.0 4.0 6.0 8.0 10.0 0.0 20 4.0 6.0 8.0 10.0 120
RSoD RCoD
(c) Spacing of discontinuities (SOD) (d) Condition of discontinuities (CoD)

Fig. 5. Correlation between RMR parameters and electrical resistivity
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Table 6. Correlation relationship analysis at the relationship between RMR and electrical resistivity

Relationship Correlation coefficient p-value
Uniaxial compression strength (UCS) & electrical resistivity 0.963 0.000 (significance level)
RQD & electrical resistivity 0.785 0.012 (significance level as 0.05)
Spacing of discontinuities (SoD) & electrical resistivity 0.993 0.000 (significance level)
Condition of discontinuities (CoD) & electrical resistivity 0.921 0.000 (significance level)
RMR & electrical resistivity 0.938 0.000 (significance level)

Table 7. Removal criteria at the relationship between RMR and electrical resistivity

Categorization Criteria
Case 1 Ra < 0.002, Ry < 0.1
Case 2 Ra < 0.005, R, < 0.15
Case 3 R < 0.008, R, < 02
RMR RMR
100 100
% %

10 10
0 0 . . .
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1 00E+06

Electrical resistivity(Qm) Electrical resistivity(Qm)
(a) Fig. 6 (b) Case 1

RMR RMR

100 100

90 90

80 - 80 "

1.00E+00 100E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 100E+06 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

Electrical resistivity(Qm) Electrical resistivity(Qm)
(c) Case 2 (d) Case 3

Fig. 8. Relationship between RMR and electrical resistivity using probabilistic approach
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Table 8. Correlation coefficient of probabilistic rock mass classification

Relationship Probability (%) Correlation coefficient
Fig. 6 0.938
Case 1 98.7 0.962
Case 2 95.7 0.956
Case 3 91.0 0.967
Table 9. Accuracy of probabilistic rock mass classification using electrical resistivity
Contents Fig. 6 Fig. 8(d)
Electrical resistivity (2m) 1000 1000
RMR 38 ~ 62 44 ~ 58
Class I (Good rock) ~ IV (Poor rock) class II (Fair rock) class
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