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Study on classification of surrounding rock quality.in mine shaft and

roadway based on Fisher discrimination analysis

Zhang Zizhao' > Chen Kai' Cheng Wenyu' Lid Jun'<Tian Zhongfeng’
( 1. School of Geological and Mining Engineering Xinjiang University Urumqi /830046  China; 2. School of Resources and Geosciences
China University of Mining and Technology Xuzhou 221116 Chinay3.Xinjiang Uygur Autonomous Region Research Institute
of Geology and Mineral Resources. Urumgi 830000 China)

Abstract: In order to establish discrimination model of the surrounding rock quality classification for the mine shaft and roadway at the
mine exploration stage seven factors of a natural uniaxial compression strength saturated uniaxial compression strength softening coeffi—
cient natural shearing strength saturated shearing strength moisture content and RQD value were selected as the classification indexes.
Based on 40 group rock samples from the roof and floor‘of.two seams in a mine of Urumqi Xinjiang as the study samples the Fisher dis—
crimination analysis method was applied to the training of.the 40 group rock samples. A discrimination model was established. A back sub—
stitution estimation method was applied to test and wverify each sample and the accuracy rate was 97.5%. The discrimination classification
model was applied to classify 8 group rock samples from another mine and the classification results were fully fitted with the actual classifi-
cation results. The study results showed that the Fisher discrimination analysis method was an effective classification method of the sur—
rounding rock quality and the discrimination model could be promoted and applied to the surrounding rock quality classification of the actu—
al mine shaft and roadway.
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m Yi Y2 7" Yo 1
o o . Table 1 Rock—mass samples

Py = ;p’ - ,21 /\’/; A (7) X,/MPaX,/MPa X; X,/MPaX;/MPa X¢/% X,/%

Py ( 85%) 1 39.50 3.40 0.09 536 2.70 132 19.2

Mo ° 2 40.00 4.00 0.10 508 3.20 1.25 2I.1

° 33960 3.30 0.08 512 2.90 1.33 18.7

yo=c"x, (=12 my;i=1 2 4 5990 13.30 0.22 16.10 3.21 1.21 28.5

k) x=(x, x, x,) ! 5 5970 13.20 0.22 17.20 3.32 1.22 283

y(x) =c” "x 6  60.50 25.70 0.42 19.60 7.09 0.6  42.2

D} = 7 60.90 25.10 0.41 18.90 6.83 0.58  38.8

m _ _ 8  60.80 25.20 0.41 19.20 6.96 0.63  36.3

,; [ylx) =yul Ci=120 k) 9 1920 1290 0.67 11.10 4.20 122  26.5

, 10 20.00 12.20 0.61 10.80 3.80 1.28  37.2

D? = min D ‘e . 11 19.70 12,40 0.63° .11.00 4.90 1.21 31.4

Lot ' 12 1720 3.02 0.18 - 3.90 0.89 3.4 6.2

1.3 Fisher 13 18.00 2.79 O0x6 4.40 0.93 3.37 5.8

14 17.90 “2.86. 0.16 4.20 0.86 3.28 5.7

° 15  46.50/ 19,90 0.21 10.20 7.09 2.24 34.3

* X, = (%o 16 4710 9.62 0.20 11.20 2.97 1.98 22.1

Ya i %) (a=12 .. ngi=12 k) 17 /20080 3.76  0.18 13.60 2.09 2.23 15.4

185 21.60 4.07 0.19 1440 2.97 2.13 17.2

19 21.40 4.12 0.19 1460 2.02 2.09 19.3

oy G, 20 30.20 7.87 0.26 11.20 3.72 3.45  29.8

G, N 21 2970 8.02 0.27 10.90 5.07 2.32 38.9

22 43.20 13.20 0.31 9.10 4.20 1.28  33.2

n=N/n, +n, + o +n) (8) 23 24.60 13.70 0.56 8.70 3.70 1.25  39.8

24 2520 14.00 0.56 8.90 4.80 1.23  40.1

1.4 25 19.30 2.90 0.15 8.40 1.10 2.98 5.6

26 18.90 3.20 0.17 7.80 1.10 2.89  10.2

27 66.20 34.40 0.52 15.10 8.30 0.59  47.2

7 28 66.10 34.30 0.52 14.90 7.50 0.53  46.7

¢ 1 29 1100 3.90 0.35 2.30 1.80 2.64 7.3

Xis REN RER 30 1160 4.10 0.35 2,40 1.60 2.45 8.2

Xin Xss X¢  RQD 31 5.8 1.80 0.31 450 0.50 3.03 0.0

X, o 32 560 1.70 0.30 4.20 0.90 2.99 0.8

1.5 Fisher 33 550 170 0.31 430 0.70 3.05 0.7

40 34 82.20 34.90 0.42 16.20 10.30 0.47  48.2

35 5270 33.40 0.63 13.30 8.30 0.43 44.5

s Fiahor 36 82.00 34.70 0.42 14.00 7.50 0.51  50.2

37 1690 2.70 0.16 4.50 1.40 3.73 0.0

° 38 17.60 2.20 0.13 470 1.30 3.68 0.7

Fisher 1 39 102.30 29.00 0.28 19.30 8.10 0.61 51.2

SPSS 2— 4. 40 103.40 28.70 0.28 19.50 7.90 0.57  50.7
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Table 2 Typical discriminant function coefficients

Y1 Y2 Y3 Y4

X, -0.065 0.017 0. 102 0. 038

X, 0.200 0.382 -0.186  -0.235

X5 -5.708 -0.457 16.251 6.463
X, 0. 362 -0.064 -0.051 0. 175
Xs 0.783 0. 151 -0. 084 0.984
X -2.441 0. 967 1.265 -0.255
RQD X, 0. 181 -0.216  -0.005 -0. 158
-5.263 -1.533 -7.966 -1.831
2 Fisher

4

y,=-0. 065X, +0. 200X,-5. 708X, +0. 362X, +
0.783X,-2. 441X, +0. 181X,-5.263  (9)

y,=0. 017X, +0. 382X,-0. 457X, —0. 064X, +
0. 151X,+0. 967X, —0. 216X,~1.533  ( 10)

y,=0. 102X,-0. 186X,+16. 251X,~0. 051X, -
0. 084X, +1. 265X,~0. 005X,-7.966  ( 11)

v,=0. 038X, -0. 235X, +6. 463X, +0. 175X, +
0. 984X,-0. 255X, —0. 158X,—1. 831 (12)

3

3

Table 3 Values of discriminant functions at group centroids

Y1 Y2 Y3 Y4
1 12. 826 1.963 -0. 145 -0. 006
I 2. 699 -2.421 0.921 0. 002
m -2.565 —1.848 -1. 306 0. 102
v -10. 311 1. 152 0.033 -0.442
v -12.508 2.258 0.491 0. 464
1.6 Fisher
Fisher 40
4,

4

Table 4 Results of test for discriminant analysis

Y1 Y2 Y3 Ya
1 I I -3.320 -2.414 -2.098 -0.339
2 I m -2.507 -2.568 -2.058 -0.211
3 I | -3.376 -2.286 -2.103 -0.099
4 I I 2.802 -1.072 -0.426 -0.062
5 I | 3.223 -1.113 -0.495 0.278
6 I I 12.329 0.401 -0.706 0.774
7 I I 11.257 0.896 -0.723 1.016
8 I I 10.906 1.521 -0.665 1.567
9 I | 1.360 -1.212 3.006 1.791
10 I | 2.890 -3.735 2.287 -0.569
11 I Il 2.893 -2.333 2.371 1.551
12 v ' -11.865 1.676  0.089 —1.036
13 Y 1Y -11.607 1.633 -0.199 -0.884
14 v v =11.540 1.593 -0.242 -0.939
15 I il 2.477 -1.893 -0.058 1.765
16 I | -2.004 -0.282 -0.060 -0.082
17 i | -2.986 -1.550 -1.731 0.688
18 1 Iir -1.472 -1.826 -1.833 1.441
19 I I -1.666 -2.461 -1.787 0.227
20 I I -3.192 -1.394 1.220 -0.809
21 I I} 2.169 -4.189 -0.277 -0.680
22 I I} 2.305 -1.787 -0.411 -1.155
23 | | 2.901 -3.533 1.679 -1.959
24 I I 3.967 -3.339 1.533 -0.941
25 v v -9.147 1.137 -0.876 0.109
26 v v -8.335 0.192 -0.768 -0.664
27 | | 13.431 3.145 -0.123 -0.823
28 | 1 12.779  3.048 -0.122 -1.536
29 v v -10.099 1.081 1.227  0.313
30 v v -9.585 0.753 1.001  0.008
31 A% Vv -12.425 1.832 0.895 0.484
32 \ \ -11.946 1.661 0.710 0.681
33 \ Vv -12.256 1.700 0.878 0.534
34 | I 15.477 3.550 -0.512 1.090
35 1 I 12.701  3.025 0.445 -0.215
36 1 1 12.736 2.795 -0.128 -2.346
37 \ \Y -13.106 3.245 0.221 0.432
38 A% v -12.809 2.855 -0.248 0.190
39 1 I 13.408 0.659 0.530 0.203
40 1 I 13.233  0.593 0.560 0.205
“y o
4 40 1
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Table 6~ Parameters of testing samples
7
/" ROD
° / / / /
% 1%
5 MPa  MPa MPa  MPa
Table 5 Comparison results of rock samples in each D 65.6 3490 0.53 15.40 10.30 0.62 49.6
category classification index
(@) 17.4 2.60 0.15 6.90 .30 2.89 0
X/ X,/ X, X,/
X5 X/ % Xy!% ® 26.9 3.58 0.13 10.20 3.60 3.48 33.2
MPa  MPa MPa  MPa
@ 11.3 3.40 0.30 1.40 0.70 2.59 3.9
1 73.71 30.54 0.433 17.00 7.88 0.55 +45.60
® 60.3 13.70 0.23 16.40 2.97 1.19 31.3
I 34.77 12.28 0.426 11.40 4.43. 1.45 33.82
©® 103.3 31.00 0.30 19.20 8.30 0.54 49.8
I 32.53 5.02 0.162 10.07 2.82 1.97 20.35
v 16.27 3.25 0.217 477 T8 3.00 7 00 @ 46.8 9.27 0.20 10.90 2.02 2.05 19.8
v 10.28 202 0.242 4.44 0.96 3.30 0.44 ® 197 340 017 850 120 212 7.8
RT FRERHFNER
Table 7 Discriminant results of testing samples
2t H 5] e F A 5 ) , 5 ) min D’ Fisher 7 STFR/p2E
. ) ‘ Dy D, Dy Dy Ds iigs | |4 &k
= Y1 ¥ Y3 ¥4 e BHIEEES R
@ 15.53 38.40 159.70 14.47 27093.97 27250.38 28076.09 27770.36 27 635.27 27 093.97 I 1
@ -10.26 -4.23 11.72 15.53 953. 60 529.09 472.76 420. 86 400. 42 400. 42 \Y v
©) -3.02 -3.69 -0.31 -1.59 285. 67 38.39 7.47 78. 03 130. 26 7.47 i} i1}
@ -11.59 1.50 0.57 -0.59 597. 25 220. 03 96. 67 2.07 2.55 2.07 v v
® 3.30 -1.60 -0.41 -0.73 103. 95 3.35 35.99 193. 15 267. 06 3.35 I |
©® 13.69 1.70 0.44 0.30 1.24 138. 06 279.79 576. 86 686. 47 1.24 I 1
@ -3.46 0.02 0.07 -0.69 269. 44 45. 08 6. 82 48. 30 88.42 6. 82 i} i}
® -6.59 0.03 -1.68 0.14 383. 04 99. 00 19. 83 18.39 44. 84 18.39 v v
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