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Fig. 1 Interaction matrix
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Table 1 Impact scale

Cloud digital characteristics

Degree of influence

Ex En He
No influence 1 0.437 0.073
Weak influence 2 0.707 0.118
Medium influence 3 0.437 0.073
Strong influence 4 0.707 0.118
Crucially influence 5 0.437 0.073
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Table 2 Classification of rock mass quality evaluation indicators
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—#E = C(Ex, En, He)3 MFILEFRIL, n
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s N 55 Nonin 70 AR BN SR [ /e AT
FE—MAFAETC IR TR A, MRS S 4 & b —5%
PE W HEE.

FEZ M LRI AT T, 2% “3En” JEN,
En DM B ERE, H&SERg—:
En=Ex_, /3 @)

max

e Expax AE IR E R ) I KAE .

R0 A2 0 N E PRI S B, T DAE AR SCAR I En
IR/ KA € He WIMH, —M% 0.01<He<0.1.

PAF 2 oyt a2 IR, A
TR 2 Y SR B RRE, BRI IR
3 B

Grade RJ/MPa ROD/% Jy v/(ms™) G K,

I 0.50-1.00 0.84-1.00 0.92-1.00 0.75-1.00 0.89-1.00 0.72-1.00
11 0.26-0.50 0.63—-0.84 0.85-0.92 0.58-0.75 0.67-0.89 0.48-0.72
il 0.13-0.26 0.42-0.63 0.80-0.85 0.47-0.58 0.44-0.67 0.33-0.48
I\ 0.06-0.13 0.21-0.42 0.70-0.80 0.42-0.47 0.22-0.44 0.28-0.33
\% 0-0.06 0-0.21 0-0.70 0-0.42 0-0.22 0-0.28
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Table 3 Numerical characteristics of multi-dimensional cloud model for rock mass quality classification
qlz;jtl;zljjje chazf:r?ltics R/MPa RODIY N v/(mes ) G &
Ex 0.7500 0.9200 0.9600 0.8750 0.9450 0.8600
I En 0.2500 0.3067 0.3200 0.2917 0.3150 0.2867
He 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
Ex 0.3800 0.7350 0.8850 0.6650 0.7800 0.5700
I En 0.2500 0.3067 0.3200 0.2917 0.3150 0.2867
He 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
Ex 0.1950 0.5250 0.8250 0.5250 0.5550 0.4050
il En 0.2500 0.3067 0.3200 0.2917 0.3150 0.2867
He 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
Ex 0.0950 0.3150 0.7500 0.4450 0.3300 0.3050
I\Y En 0.2500 0.3067 0.3200 0.2917 0.3150 0.2867
He 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
Ex 0.0300 0.1050 0.0035 0.2100 0.1100 0.1400
\4 En 0.2500 0.3067 0.3200 0.2917 0.3150 0.2867
He 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
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Fig. 2 R.—~ RQOD two-factor qualitative conceptual 2D cloud

model
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Fig.3 Flow of rock mass quality evaluation model
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Table 4 Parameters of various sections of rock mass and actual quality grade

HM(1.6667, 0.6530, 0.1821), Bl AE{A v, #1 RQD ff)
U HAR PR R gt o H A TR R I g DA SRt
RIS R TR PP R 3R A LA FH AR e A S gm b i B 4
File témbd = BBV T B Re, K, B A
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X 5 A O B VP PR R 3R A AR R AT A0 T A PR R
FANZHIREGEH . RS ANSIIEIEH, BHT
/Il

R —RI U R AEE S A((Ex)»Eny» He))~Ay(Ex,
Eny, Hey), NI IiEMREUEH RN A(Ex, En, He),
e
Ex = Ex; + Ex, )

EnzﬂEnlz-%Eng (10)
He =+ He} + He; (11)

PL 1L ik, B ARG REmMEER P RTERAT
FFNH = GwhS 2y AR N, R A2 P8 2R 28 U g v 5
(O =R, MRE) SR, RHE RSN HRE
C+E, W& 5 pisl. FIH -Hnk4Eds, LC. Ex
BRE WA H S 4EFE AR L 6 et bRR R 4 i
B, RUONEMR ST R G & R R AE -8R (C-E)
K, il s pvs. Hod x #ONPER C, y HONEER E,
z WA IBE . 5164 RES ' C-E EIXTEL, S ERR
HEIEHT R50, XH ARG IIAEH KR H— M
ER R EBRAN 1 gEa B, BEOUZIE H A ARG
H AR 2 ELAE I AR A R B AL, S 5 4k i
HARGE—NEEERAN AT $ANMHEERE C-E
P e R 2 ] g o AR % TR 3 T 119 22 AR R
PA C=E il 2 BT R T (1P 1, % 5 SR 2 1) 43 72
AVETR 2 30, AT A TR R R RERBECK,
FAET I ERIEZEN RGN A A RS S . H

[5]

Rock R/MPa ROD/% Jv vp/(m-sfl) G K, Actual quality
Al 0.094 0.263 0.70 0.417 0.111 0.222 v
A2 0.392 0.526 0.83 0.592 0.444 0.354 I
A3 0.443 0.726 0.88 0.745 0.778 0.667 I
A4 0.530 0.842 0.93 0.783 0.889 0.737 I
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3.0000 1.6667 3.3333 1.3333 1.0000
R/MPa 0.4370 0.6530 0.5450 0.5720 0.4370
0.1264 0.1821 0.1568 0.1568 0.1264
2.0000 2.3333 3.0000 3.3333 3.3333
0.5270 ROD/% 0.5913 0.4370 0.5450 0.5450
0.1568 0.1821 0.1264 0.1568 0.1568
2.3333 4.0000 4.0000 3.6667 5.0000
0.5913 0.5270 Jy 0.5270 0.4370 0.4370
0.1821 0.1568 0.1568 0.1264 0.1264
2.3333 1.6667 1.6667 1.6667 4.0000
0.5913 0.6530 0.6530 vy/(m-s") 0.6530 0.5270
0.1821 0.1821 0.1821 0.1821 0.1568
1.6667 2.0000 2.0000 3.0000 3.3333
0.6530 0.5270 0.5270 0.4370 G 0.5450
0.1821 0.1568 0.1568 0.1264 0.1568
1.0000 4.3333 3.3333 3.6667 1.6667
0.4370 0.6032 0.5450 0.4370 0.6530 K,
0.1264 0.1821 0.1568 0.1264 0.1821
B4 ok GO o T A YRR R 2
Fig. 4 Interaction matrix code of rock mass quality classification model
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Fig. 5 C—E of indicator factor
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Fig. 6 Interaction intensity histogram
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Fig. 7 Mass membership degree of section
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Table 5 Rock mass quality grading index factor weight

B 6 AT L. O] RES—2 4 2 4 i & 1T F 15
53 0 245 R 512 T REH T AR 75 P45 11 5 A S Br 45 2
KEBUHFE, SRS —4E 2 BRI TR i 45 5t 5t
KWy E o HILRAIE T RES 258 24k SR AE K 3 2%
TN 2 S EA RN . X R RERS] A4 B,
ZBCA TR T 9t 1T RIS B2 43 5l 2 0.9209 Fil
0.9138, MRKAEHARBERN, ZBURT 14, HE
RRG R — AN RS, BABBIVERBENLME.
DLZ Y SR A0 o 00 2R LA R s AL X 1) 73
MIBURRERZ . 35 H0 TR FE R RE R 0.9, fTbh
FESEBR TARME b, W RZAHZBCA AT b B 5 4
BEATHE TP, SRR 5 B R SO i B R AT
AL G AT IE L. R L, TR
RES—% 4 A R (115 1A o B 70 A RUAE S B 73
S-S SEbR, X LR TR ER.

AR R N2 AR ILFEGRGER .
AICHEA ARG TRR(RES)H S, UL A8 0 I g
i, 890 TR B Gl R A
R AL, 28 1 DR A A AR A 3l I AR (C-E) K
M T8 BE T € 2R G i KRB S BN R L 2

Eigenvalues of Digital -
R/MP ROD/® : K.
Interactive Matrix  characteristics o/MPa ODI% Iy vp/(ms ) G ¥
Ex 10.333 13.999 19.000 11.334 12.000 14.000
C En 1.1969 1.1884 1.1345 1.3808 1.2124 1.2121
He 0.3381 0.3506 0.3381 0.3965 0.3506 0.3505
Ex 9.3333 15.000 11.000 17.000 11.667 16.667
E En 1.2627 1.2396 1.3331 1.0852 1.2915 1.1197
He 0.3781 0.3626 0.3856 1.2124 0.3626 0.3251
Ex 19.667 28.999 30.000 28.333 23.667 30.667
C+E En 1.7398 1.7172 1.7505 1.7562 1.7714 1.6501
He 0.5072 0.5044 0.5128 1.2756 0.5044 0.4781
wi% 12.19 17.98 17.98 18.6 17.56 14.67
®O6 CHMTEDBLR KT
Table 6 Rock mass quality classification results
Rock Grade membership Actual  Extension Combination Fuzzy RES:
5] weighting: multidimensional
mass I 11 I v v grade theory cloud model™ cloud model
Al 0.1231 0.4240 0.7511 0.9521 0.5943 v IV v v
A2 0.4262 0.8290 0.9468  0.8445  0.3001 il I i I
A3 0.8067 0.9788 0.7654  0.5028  0.1132 I I I I
A4 0.9209 0.9138 0.6102  0.3521 0.0645 I I I [~11*
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Rock mass quality evaluation method and application based on
fuzzy RES-multidimensional cloud model

ZHOU Tan, HU Jian-hua, KUANG Ye

(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: The saturated uniaxial compressive strength, rock quality designation, acoustic longitudinal wave velocity,
chimerity and integrality coefficient are selected as the index factors of rock mass quality classification. Based on the
system engineering and one-dimensional cloud theory, a fuzzy RES (Rock engineering system)—multidimensional cloud
model for rock mass quality evaluation was proposed. The results show that improving the RES coding mode with cloud
model can effectively weaken the subjectivity of RES. Based on the improved fuzzy RES, the factors-factors and
factors-system interactions are analyzed, and the degree of importance of factors are determined from the perspective of
the system. According to each index factor, five six-dimensional cloud models of rock mass quality grade are generated
by multidimensional cloud theory. The method is compiled by the software program and verified by an engineering
example. The result highly agrees with the geological report, extension theory and one-dimensional cloud model theory.

Key words: rock mechanics; rock mass quality; fuzzy RES; multidimensional cloud model; advantage parameter
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