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Inference of RMR Value Using Fuzzy Set Theory and Neuro-Fuzzy Techniques

Gyu-Jin Bae and Mahn-Sup Cho

Abstract. In the design of tunnel, it contains inaccuracy of data, fuzziness of evaluation, observer error and so T
on. The face observation during tunnel excavation, therefore, plays an important role to raise stability and to
reduce supporting cost. This study is carried out to minimize the subjectiveness of observer and to exactly \

| evaluate the natural properties of ground during the face observation. For these purpose, fuzzy set theory and

neuro-fuzzy techniques in artificial intelligent techniques are applied to the inference of the RMR value from the f

observation data. The correlation between original RMR value and inferred RMR ; and RMR ,; values from
fuzzy set theory and neuro-fuzzy techniques is investigated using 46 data. The results show that good correlation
between original RMR value and inferred RMR ;, and RMR ;. value is observed when the correlation
coefficients are IRI=0.96 and (RI=0.95 respectively. From these results, applicability of fuzzy set theory and f
| neuro-fuzzy technigues to rock mass classification is proved to be sufficiently high enough.

Keywords: fuzzy set theory, neuro-fuzzy techniques, RMR '
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Table 1. Classification parameters and their ratings of RMR system.

Parameter Ranges of value
Point-load For this low range -
¢ strength > 10 MPa 4-10 MPa 2-4 MPa 1-2 MPa uniaxial compressive
S&engﬂl ob  index test is preferred
intact —
rock material Uniaxial .
compressive > 250 MPa 100-250 MPa 50-100 MPa 25-50 MPa 2-25MPa 1-5MPa <1 MPa
strength
Rating 15 12 7 4 2 1 0
Drill core quality RQD 90%-100% 75%-90% 50%-75% 25%-50% < 25%
Rating 20 17 13 8 3
Spacing of discontinuities >2m 0.62m 200-600 mm 60-200 mm < 60 mm
Rating 20 17 13 8 3
Very rough . . Slickensided
i surfaces.Not Slightly rough Slightly rougl? surfaces.OR Gouge  Soft gouge > 5 mm
Condition of . surface.Separatio surfaces.Separation . . .
. s continuous.No . . < 5 mm thick. OR  thick.OR Separation >
discontinuities . n< 1 mm.Slightly < ! mm.Highly . .
separation.Unwea Separation 1-5 mm. 5 mm.Continuous.
weathered walls. weathered walls. .
thered wall rock. Continuous.
Rating 30 25 20 10 0
Gound water None < 10 liter/min < 10-25 liter/min < 25-125 liter/min > 125
Rating 15 10 7 4 0
Strike and dip .
orientations of joints Very favourable favourable fair unfavourable Very unfavourable
Rating 0 -2 -5 -10 -12
RMR Rating 100-81 80-61 60-41 40-21 <20
Class No. I It m v v
Description Very good rock  Good rock Fair rock Poor rock Very poor rock

Table 2. Correlation coefficient(JR|) between RMR value and input variables.

strength RQD joint spacing  joint condition  ground water directional effect RMR
strength 1 0.75294 0.50107 0.5824 0.2411 0.04631
RQD 1 0.60281 0.70496 0.44685 0.29568
joint spacing 1 0.58953 0.30549 0.63289
joint condition 1 0.54395 0.42865
ground water 1 0.30123
directional effect 1
RMR 0.66354 0.83834 0.77756 0.87465 0.63262 0.58123 1

B7t Haete] dade EA T 23, Table 29 et
W oukel o] AHFEE Aole] FaAdolire 47
%=-RQDY A& 7P e AR vkt 28]
I RQDEH e, A4 dugast g2 4
TAFRZE ¢ 060132 HwH 2 RS H
et

7} g5 RMRE7} H59te] 4844 RMR-A
wekgvte] A9E At BF IRI=0.6°1439] A
#4& B3 em, RMR-RQD &Y RMR-AZH 4
glo] Aagdo] w& Ao veisttt. o9 da4dE

R BAAEE ol8al] WA Ho) 83 Fr2HA
Z)gel Meae B BT

32 HXEER 7Y

HA A Be o83 HIE FY3] st
RMRHE 7} Z2A1HE 6719} RMRZN diste Zhzh 571
9] AojHE Raisle] & 35709 AR T E &
X897, Table 18] RMREF7IENA AAE Z+ &
2 S3H0 S 7I1FeE 43 TS
AL 358 ZAAAEEE. A5 A4S O



Ed3} A3zt 293
MIN
inl
XX in2 in2 AMAO!
in§
BSUM
3
RMRO1 5
ind
MIN
in3
in§ ind AMROT
6
BSUM
DT gl
Fig. 3. Structure of a fuzzy logic system.
Table 3. Linguistic description and properties of input and output variables.

Input & Output Variables Term Linguistic Names Min Max Unit
inl strength very poor poor fair good very good 0 2500 kg/cm2
in2 RQD very low low medium high very high 0 100 %
in3 joint spacing  very poor poor fair good very good 0 2000 mim
. " .. highly slightly
ind joint condition soft gouge gouge weathered rough very rough 1 5 -
in5 groundwater  flowing dripping wet damp  completely dry 1 5 -

. directional very - very
in6 effect unfavourable unfavourable fair favourable favourable -12 0 -
RMRO1 RMR very poor poor fair good very good 0 100 -
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very_poor very_low flowing 1,00 very_poor
very_poor very_low dripping 1,00 very_poor .
very_poor very_tow wet 1,00 very_poor Table 4. Propemes Of rule blocks.
very_poor very_jow damp 1.00 poor
very_poor very_low completely_dry | 1.00 poor RB Title Tnput Variables weisht Rule  Output
. . . . . P ’ & Numbers  Var.
strength very positive
332 Learn RB1, RB2 RBI RQD very positive 125
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S)22 A z HNE0 A&ALE ZASIo, & RB2  joint condition  very positive 125
SAlA 7 e 258 TS, directional effect very positive
Fge) AR okt At #The input variable's influence on an output variable can
+ 854kl (learn method) : random method be determined by the "weight"
« A W83 (iteration) : 1,0002]
- neuron : 1, 2, 4, 6, 8, 12, 482] 7THHAIZ W3} o, o]9} 7ke 2 BloA FH o) WEhe SFAIZE
- &A= Z7(error) : Max. Dev. = 10% (2F 8.3% )3 HTAH K 40.17%) E BHRK13.8%)

Fig 6 919 8544 @ H8¢ veide agol o Y%L 4 Wkos, AT RMRERE 912 8
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Fig. 4. Membership function of input variables.
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Fig. 9. Relationship and error rate between inferred RMR p;, RMR \z and the RMR values.

Table 5. Correlation coefficient between RMR value and RMR ;, RMR ;. resulting from fuzzy set theory and neuro-

fuzzy techniques.

Corr. coeff (Rl Swength ~ RQD ;2;?:18 o Cround - Jolnt Directional  RMR RMR y  RMR e
RMR 06635 08383 07775 08746 06326 05812 1
RMR_, 07017 09149 06885 08656  0.6366 0.4744 09618 1
RMR e 06844 08607 06894 08298 06971 0.4822 09542 09708 1

¥RMR ., : RMR value inferred from fuzzy set theory
RMR ¢ : RMR value inferred from neuro-fuzzy techniques
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