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Fig.1 The mechanical model for predicting

mining-induced surface subsidence
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Table 1

The factors influencing mining-induced

surface subsidence

S 5%

il 5
E/GPa # ¢/MPa ¢/(°)  h/m  Hlm o/ (") AlmXm
1 2.6 0.18 0.39 28 2.00 400 0 500 X200
2 9.4 0.23 0.32 31 2.00 207 0 400X 250
3 3.1 0.20 0.42 32 2.00 400 0 160 X 70
4 8.3 0.26 0.28 37 2.20 125 10 173X82
5 12.7 0.30 0.33 33 3.00 225 5 185X 30
6 13.4  0.27 0.45 37 1.65 147 3 200X110
7 12.0  0.26 0.47 31 1.67 272 12 260260
8 13.0 0.28 0.47 39 2.80 310 12 300X120
9 3.0 0.23 0.36 27 2.00 333 8 420X 200
10 2.0 0.28 0.45 33 1.26 55 22 304 X115
11 9.6  0.24 0.38 32 2.00 115 12 348X178
12 2.4 0.27 0.26 31 2.50 163 12 370X207
13 2.8 0.20 0.41 30 2.00 400 0 210X 110
14 3.0 0.22 0.43 32 2.00 400 0 210X 110
15 3.2 0.24 0.45 34 2.00 400 0 210X 110
16 3.4 0.26 0.47 36 2.00 400 0 210X 110
17 1.0 0.36 0.28 26 2.13 221 8  300X115
18 10.5  0.20 1.06 32 4.16 187 6 600X210
19 6.5 0.23 0.515 33 4.30 385 6 970 X400
20 6.5 0.23 0.515 33 5.00 385 6 1 000X400
21 8.7 0.22 0.58 33 2.40 584 14 1060Xx180
22 6.5 0.23 0.515 33 2.60 380 6 50X 90
23 3.0 0.20 0.40 35 2.00 325 21 420 X200
24 28 0.24 1.20 32 1.25 230 6 80X80
25 10 0.20 0.62 34 7.10 197 5 110X 90
26 6.5 0.23 0.515 33 1.94 181 9 300 X102
27 3 0.20 0.40 35 2.00 287 21 420X180
28 10 0.20 0.62 34 5.90 400 4 600 X 200

T I % v. — ANFIS (1) I 25 B0 46 A 5 1)
HHm o LR A

(E, s ¢y dy his Hy iy A) > Y (3)

TNk Sa. — ANFIS I 25508 42 P A 55 1)
E PR )

(Eiy thy cio $iv his Hiy iy A) > Sui (4)

AR E AR R T (e =26, 27, 28).

F TR . — ANFIS {9038 Bt 48 A 35 11 5L



%1 TR . JT ORI R T (K [ 3 N A e A A H S I S 35
R2 o TPRMTORE JLATZ Hse il 45 2R T 000 Sawe — ANFIS 0730038 204 45 vh A0 25 1

Table 2 The geometrical parameters for mining

induced surface subsidence profile
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ple FBsfA FOBHfA TOBIHMA Mk Rl
Y/ Yl () Y/ S /M
1 70 70 90 0.817
2 73 73 90 0.156
3 68 68 90 0.740
4 73 70 85 0.943
5 68 65 87 0.595
6 71 71 88 0.830
7 70 66 84 0.385
8 70 66 84 0.248
9 70 70 86 0.258
10 72 67 80 0.652
11 72 70 84 0.913
12 72 68 84 0.573
13 74 74 90 0.804
14 71 71 90 0.798
15 76 76 90 0.784
16 76 76 90 0.771
17 82 81 85 1.281
18 71 71 87 0.556
19 76 65 86 1.026
20 66 59 87 1.513
21 73 62 83 0.908
22 70 68 87 1.036
23 62 60 81 0.251
24 71 65 87 3.293
25 73 70 88 3.051
26 70 68 85 1.031
27 64 62 81 0.248
28 73 70 88 1.250
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Table 3 Test results for fitting capability of the ANFIS based approach
VLWL 2 K
1) 5 Fi#sh M v,/ Rl sh M 74/ () moBsf v.C) Hiy THT 35 K T YT S/ m
SCWAE PUNE AR Y6 SCIAE TRINAE MDA ZE Y SeME TRONAE MIXR 2/ 9Cdig T R 25 %
1 70 70.005 3 0.007 5 70 70.032 0 0.045 7 90 90.000 6 0.000 7 0.817 0.814 1 0.355 7
2 73 72.996 5 0.004 7 73 72.998 2 0.002 4 90 89.999 8 0.000 2 0.156 0.1555 0.346 7
3 68 68.000 0 0.000 O 68 68.107 1 0.157 5 90 90.002 3 0.002 6 0.740 0.749 8 1.322 8
4 73 72.998 5 0.002 0 70 69.984 4 0.022 2 85 84.999 9 0.000 2 0.943 0.942 1 0.096 3
5 68 68.001 6 0.002 4 65 65.002 6 0.004 0 87 87.000 0 0.000 1 0.595 0.595 2 0.032 8
6 71 71.000 9 0.001 3 71 70.999 7 0.000 4 88 88.000 0 0.000 0 0.830 0.830 3 0.032 1
7 70 70.000 5 0.000 7 66 65.987 5 0.019 0 84 83.999 8 0.000 3 0.385 0.384 6 0.106 0
8 70 69.999 4 0.000 9 66 66.002 9 0.004 4 84 84.000 1 0.000 1 0.248 0.248 2 0.094 3
9 70 69.999 7 0.000 5 70 69. 977 6 0.032 0 86 85.999 9 0.000 1 0.258 0.263 8 2.245 7
10 72 72.000 1 0.000 1 67 66.997 5 0.003 7 80 80.000 0 0.000 0 0.652 0.652 2 0.035 3
11 72 71.998 8 0.001 6 70 70.019 9 0.028 4 84 84.000 2 0.000 3 0.913 0.913 5 0.050 5
12 72 72.001 7 0.002 3 68 67.997 2 0.004 1 84 83.999 6 0.000 4 0.573 0.573 9 0.157 5
13 74 73.514 2 0.656 5 74 73.095 3 1.222 5 90 89.997 6 0.002 7 0.804 0.791 9 1.500 4
14 71 72.508 5 2.124 7 71 73.096 7 2.953 1 90 89.999 5 0.000 5 0.798 0.799 1 0.141 5
15 76 74.410 7 2.091 2 76 74.174 0 2.402 6 90 90.000 4 0.000 5 0.784 0.790 7 0.852 7
16 76 76.563 1 0.740 9 76 76.493 1 0.648 9 90 89.999 5 0.000 6 0.771 0.765 8 0.674 5
17 82 81.999 3 0.000 8 81 81.017 8  0.0220 85 85.000 4  0.000 4 1.281 1.279 8 0.094 7
18 71 71.000 2 0.000 3 71 71.0020  0.002 7 87 87.000 0 0.000 0 0.556 0.556 0 0.001 6
19 76 75.999 5 0.000 6 65 64.992 4 0.0117 86 86.000 0 0.000 0 1.026 1.026 6 0.058 3
20 66 66.000 4 0.000 5 59 59.005 3 0.009 0 87 87.000 0 0.000 0 1.513 1.512 4 0.042 2
21 73 72.999 9 0.000 1 62 61.999 5  0.000 8 83 83.000 0 0.000 0 0.908 0.908 1 0.006 8
22 70 70.000 3 0.000 4 68 68.018 6 0.027 3 87 87.000 2 0.000 3 1.036 1.035 0 0.099 3
23 62 62.000 3 0.000 5 60 60.005 2 0.008 7 81 81.000 1  0.000 1 0.251 0.249 2 0.703 5
24 71 70.999 9 0.000 2 65 64.998 6 0.002 1 87 87.000 0 0.000 0 3.293 3.293 0 0.000 9

25 73 72.999 9 0.000 2 70 69.996 1 0.005 5 88 88.000 0 0.000 0 3.051 3.050 9 0.003 1
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Table 4 Test results for generalization prediction capability of the ANFIS based approach
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SEUNAE PRI AR ZE Y6 SEUNME WAL MRS/ SEIAE WU MR R % Sz FMAE AR 2%
26 70 69.361 6 0.912 0 68 69.081 1 1.589 9 85 85.640 3 0.753 3 1.031 0.897 3 12.970 5
27 64 62.867 8 1.769 0 62 62.238 5 0.384 7 81 80.950 1 0.061 6 0.248 0.259 0 4.439 0
28 73 74.070 2 1.466 1 70 69.248 5 1.073 5 88 87.878 1 0.138 5 1.250 1.219 4 2.450 0
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An ANFIS-based Approach for Predicting Mining
Induced Surface Subsidence

Ding Dexin' * Zhang Zhijunl’ *, Bi Zhongweil’ ’
(1. School of Architectural Engineering, Resources and Environment, Nanhua University ,
Hengyang, Hunan 421001, China; 2. School of Resources and Safety Engineering,
Centrasouth University , Changsha 410083, China)

[ Abstract ] Current approaches for predicting mining induced surface subsidence have a drawback in common
that they predict the subsidence only on the basis of a physical or mechanical approach irrespective of the
practical examples in engineering practice in mining induced surface subsidence. However, these experiences
created in engineering practice are of great value and full use should be made of them to establish an approach
for predicting mining induced surface subsidence. Therefore, this paper accumulated a lot of practical examples
of mining induced surface subsidence, integrated these examples by using adaptive neuro-fuzzy inference system
(ANFIS) and established an ANFIS-based approach for predicting mining induced surface subsidence. The
approach was further tested by using practical examples of mining induced surface subsidence. The results show
that the approach can converge quickly, fit the data in very good agreement and make generalization prediction
with high accuracy.

[Key words ] underground mining; mining induced surface subsidence; adaptive neuro-fuzzy inference

system

(cont. from p.32)

Cellular Automata: An Effective Tool to Explore
the Complexity of Management System

Chen Guohong, Cai Binging, i Meijuan
( Management School, Fuzhou University, Fuzhou 350002, China)

[ Abstract | Cellular automata( CA) has become an effective tool to explore the complex system because it can
discrete the complicated overall situation and continuous system with the simple local rule and discrete method.
In this paper, the developing process, structure, characteristic, basic theories and methods of CA are presented
firstly. Then the applications of CA in management systems such as the oligopoly behavior, traffic management
and engineering transportation, urban development, marketing, stock investment, business strategy are
introduced . Finally, the advantage and deficiency of CA are pointed out and the further research prospect is put
forward.

[ Key words | complexity; cellular automata; management system



