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Rock Mass Rating for Korean Tunnels Using Artificial Neural Network
Hyung-Sik Yang & Jae-Chul Kim

ABSTRACT In this study, the validity of items of RMR system is evaluated and the applicability of this
system to the data measured in Korean sites is discussed. Database was constructed from 139 sites, which are
composed of subways, railway tunnels and road tunnels. These sites are located nationwide. Analysis shows that
original classification of Bieniawski is valid although it was derived empirically. But it has considerable rating
difference (error) in the result of Korean application. Thus new classification systems of KRMRI1 and KRMR2
are suggested, which are deduced from the Korean database. The former includes adjusted ratings and the latter
adopts two more items. These are deduced by artificial neural network because it is difficult to select
‘characteristic value’ to estimate rock quality.
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Name Originator and date Country of origin Applications

Rock loads Terzaghi, 1946 USA Tunnels with steel supports
Stand-up time Lauffer, 1958 Austria Tunneling

RQD Deere, 1964 USA Core loging, tunneling
Intact rock strength Deere & Miller, 1966 USA Communication

RSR concept Wickham et al., 1972 USA Tunneling

RMR system Bicniawski, 1973 S. Africa & USA Tunnels, mines, foundations
Q system Barton et al., 1974 Norway Tunneling, large chambers
Strengthyblock size Franklin, 1975 Canada Tunneling

BGD ISRM, 1981 International General
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Fig. 1. Relationship between the stand-up time and
span for various rock mass ratings
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Fig. 2. Flow chart of neural network simulator for rock
classification
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Table 2. Result of test run of the neural network

Data Input DATA 1 DATA 2 DATA 3
Index
Intact rock strength
(kegfem?) 1370 1500 2800 10
RQD (%) 78 70 95 20
Spacing of
discontinuities(m) 10 15 18 3
Groundwater (point) 7 10 15 1
Condition of ~ 25 20 30 1
discontinuities (point)
Real RMR 64 70 99 10
Estimated RMR 62 67.5 96.8 14.5
Error 1.6 2.5 32 45




Fig. 3. The structure of neural network

Table 3. Variations of tunnel database

Type Area RMR

Road 65 Seoul 12 0~10 0

Railroad 28  Pusan 9 11~20
Subway 46  Taegu 21~30 12
Total 139  Kwangju 15 31~40 10
Taejon 7 41~50 17
Chungchong 27  51~60 27
Kyongsang 25 61~70 29
Cholla 39 71~80 25
Total 139 81~90 16
91~ 100 1
Total 139
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Table 4. Summary of neural network outputs

Classification Bi Neural Percent

KRMR1

Parameter ieniawski network (%)

Intact rock strength 15 16 15.2 18
RQD 20 32 304 30
Spacing of

discontinuity 20 18 172 17
Groundwater 15 19 18.1 18
Condition of 30 20 191 20
discontinuity

Sum 100 105 100.0 100
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Table 6 Summary of neural network output

Table 5. The Coefficient between RMR and parameters

Index Correlation Coefficient Ranking
Intact rock strength 0.14691 5
RQD 0.58835 1
Spacing of discontinuity 0.40281 3
Groundwater 021127 4
Condition of discontinuity 0.57677 2
Specific gravity 0.02376 12
P-wave velocity 0.12040 6
Water absorption 0.03903 11
Young modulus 0.11072 8
Poisson's ratio 0.00611 13
Cohesion 0.05496 10
Internal friction 0.11452

Tensile strength 0.09502
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step 4

Index Error step 1 step 1/1.19 step 4 Error 10979 KRMR2
Intact rock strength 16 134 14.2 +0.6 14.5 15
RQD 32 269 249 20 252 25
Spacing of discontinuities 18 15.1 14.8 -0.2 15.2 15
Ground water 19 16.0 14.1 -1.9 14.4 15
Condition of discontinuities 20 16.8 13.7 -3.1 14.1 15
P-wave velocity 7 59 8.6 +2.7 8.8

Internal friction angle 7 59 716 +1.7 7.8

Sum 119 100.0 97.9 2.0 100.0 100
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