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Abstract; Aiming at the inconsistency of grading results and difficulty in determining credibility for rock mass quality
classification methods such as the RMR method, Q-system method and BQ method, a credibility evaluation method for
rock mass quality classification based on analytic hierarchy process (AHP) , fuzzy comprehensive evaluation (FCE) and
D-S evidence theory is proposed. Firstly, the evaluation vector of rock mass quality grade is obtained via the AHP-FCE
model. The evaluation vectors obtained by the three classification methods are taken as independent bodies of evidence.
The D-S evidence theory and credibility weighting model are introduced to fuse and revise multi-source evidence, so as
to obtain an optimal rock mass quality classification result integrating multi-source information. On this basis, a
calculation platform for the credibility of rock mass quality classification is established with MATLAB GUIDE.
Verification with 16 groups of measured data from No.2 Ping’ an Phosphate Mine shows that the evaluation results
obtained by the proposed method are more consistent with engineering practice than those from any single classification
method. After revision by the credibility weighting model, the conflict coefficients of 16 groups of original evidence
decrease from 0.60—0.82 to less than 0.01. The conflict problem of multi-source evidence is effectively solved, and the
credibility of rock mass quality classification results is improved.
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Table 1  Grading thresholds for RMR parameters
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Table 3 Grading thresholds for Q-system parameters
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Fig. 1

Framework for credibility assessment
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Table 7RI random consistency indices

n RI
3 0.52
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Table 8 Classification results by RMR system
) P R, R, R, R, Rs Rg RMR {i R i
785-1 67(7) 60(13) 0.13(8) 6.7(20) 21(7) -5 50 i — i
805-1 73(7) 70(13) 0.16(8) 7.3(20) 23(7) -2 53 I —
824-1 42(4) 48(8) 0.02(5) 6.8(20) 38(4) -5 36 v B
844-1 64(7) 46(8) 0.15(8) 7.8(20) 18(7) -5 45 Il —
785-2 38(4) 53(13) 0.04(5) 14.1(10) 35(4) -2 34 I\ e
805-2 57(7) 74(13) 0.11(8) 6.2(20) 28(4) -5 47 I —
824-2 53(7) 64(13) 0.02(5) 5.7(20) 27(4) -5 44 Il — Bt
844-2 57(7) 40(8) 0.03(5) 9.1(20) 29(4) -2 42 I — i
785-3 79(7) 73(13) 0.17(8) 2.1(25) 24(7) -2 58 m —
805-3 68(7) 68(13) 0.12(8) 2.3(25) 27(4) -5 52 I — B
824-3 57(7) 47(8) 0.04(5) 8.9(20) 37(4) -2 43 Il — B
844-3 48(4) 43(8) 0.02(5) 8.4(20) 21(7) -5 39 v L
785-4 52(7) 62(13) 0.04(5) 8.6(20) 31(4) 0 49 II —
805-4 74(7) 74(13) 0.05(5) 4.8(25) 19(7) -2 55 Il — B
824-4 72(7) 45(8) 0.13(8) 9.5(20) 20(7) -2 48 Il — B
844-4 79(7) 71(13) 0.18(8) 2.1(25) 26(4) 0 57 Il — i
VL4 785-1 F% 785 BLSE 1 AMMIRLAL, T IR 455 PUECT R I SR A
R QRHEENRER £ 10 BQEDRER
Table 9  Classification results by Q-system Table 10 Classification results by BQ system
31 - =N Sl =N
gg; R%D/ J. J. J. J, SRF QM %% ;Efé ‘Zﬁ'f% ( %{] ";73) K, R./MPa BQfH [BQIfH %% ;Efjé
785-1 60 3 30 1 1 25 2400 I s 785-1  16.67 042 67 406 356 m —
8051 70 3 30 1 1 25 2800 I s 805-1  13.64 048 73 439 389 m  —m
824-1 48 4 15 1 1 25 720 W — 824-1 2030 035 42 314 264 NV %
844-1 46 3 3.0 1 1 25 1840 I 4 844-1 2090 034 64 377 327 NV 2
7852 53 4 15 1 1 25 795 WM 7852 1879 037 38 307 257 NV
8052 74 4 30 1 1 25 2220 1 1y 8052 1242 050 57 396 346 |\ E
8242 64 4 30 1 1 25 1920 T Jie 8242 1545 044 53 369 319 NV
8442 40 3 30 1 1 25 1600 I e 8442 2273 031 57 349 299 VR
7853 73 3 30 1 1 25 2920 I &y 7853 1273 050 79 462 412 m
8053 6 3 30 1 1 25 2720 O i 805-3 1424 047 68 422 372 m
843 47 3 30 1 1 25 1880 I 4 8243 2061 034 57 356 306 |\
8443 43 3 15 1 1 25 860 M 844-3 2182 033 48 327 277 N &%
7854 62 3 30 1 1 25 2480 I s 7854  16.06 043 52 402 352 m —
805-4 74 3 30 1 1 25 2960 I 1 805-4 1242 050 74 447 397 m —
84-4 45 3 30 1 1 25 1800 I 4 824-4 2121 033 72 399 349 |\
8444 71 3 30 1 1 25 2840 I it 844-4 1333 048 79 457 407 m —m
NG (@ > SR (b) N ©
=46.64In(x)-158.58 480 »=312.07In(x)-808.66 500 »=97.39In(x)-103.86
36 95% Fif Y 95% B fE 952&%1%;%%
g S T 400
st g 400 g
- 3501
o 360 300f
0 ' ' : : 280 L 250 : : : :
30 36 42 48 54 60 30 35 40 45 50 55 60 5 10 15 20 25 30
RMR{H RMR{E Of

(a) Q5 RMR {H#HCZ; (b) BQ {5 RMR {HAHCKZ; (o) BQH'S Q HMXXLR
2 3FAEFMELE HmEE

Fig.2 Pairwise fitting curves of three methods
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Table 11

RMR RV FE AR B 56 B B — B A0 10
Judgment matrix and consistency test for evaluation

indicators of RMR system

TRbR R, R, R, R, R 4 — BRI
R, 1 1/4 172 1/6 2 0.070
R, 4 1 3 174 5 0.286
R 2 1/3 1 1/5 4 0.157 A s =35.083;
CR=0.019<0.1
R, 6 4 5 1 8 0.462
Rs 1/2 1/5 1/4 1/8 1 0.025

R 12 Q REXITMIERAIBTIERE R — B0
Table 12 Judgment matrix and consistency test for evaluation

indicators of (-system

8% ROD J, J. J., J, SRF W — BRI
ROD 1 172 1/3 1/2 3 2 0.125
J 2 172 173 4 0.158
J, 3 2 1 12 5 0.269 ) ~6.040;
J, 2 3 2 1 4 0.321 CR=0.006<0.1
J, /3 174 1/5 174 1 172 0.050
SRF 172 1/3 1/4 1/3 2 1 0.077

& 13 BQ EIFM AR FIMTFEPE R —H 4018
Table 13 Judgment matrix and consistency test for evaluation

indicators of BQ system

Ei=L7n R, J, K, W R
R, 1 2 12 0.297

A, ~3.008;

1/2 1 1 1 max H

. ’ 3 0163 CR~0.008<0.1
K 2 3 1 0.540

PR 1.3 3 3% 4 e S IR %S5 5
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066 06 05 O 0
0 0 05 0 0

T o546 %
0O 0 00 10
0 05 1 1 0 1
A,=104 05 0 0 0 O
06 0 0 0 0 O
0 0O 0 0 0 O
0 0 0
033 O 0
A,=10.67 035 034
0 065 0.66
0 0 0
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Fig.3 Comparison of conflict coefficient before and after correction
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Calculation program for credibility of rock mass quality classification
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