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Application of Unascertained Clustering Method in the Thickness
Prediction of Excavation Damaged Zone

ZHAO Guoyan, WU Hao

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

Abstract Firstly, the forecast method of unascertained clustering is optimized and then is applied to the thickness prediction of
Excavation Damaged Zone (EDZ). Afterwards, combined with the characteristics of underground pressure and the support theory of EDZ,
five major factors of roadway, that is, depth, span, the intensity of surrounding rock, rock joint development degree, and excavation basal
area are regarded as the discriminant factors for predicting the thickness of EDZ. Based on 17 groups of measured data, a classification
model of EDZ thickness and the uncertainty measurement function of each factor as well as its weights are obtained. Meanwhile, the
computing formula for the forecasting value is also given. Then, the classification grade for waiting forecast sample is estimated by the
unascertained measurement distance, the forecasting value of EDZ thickness is also able to be calculated by combining the average value
of EDZ thickness with each classification patterns. With the inspection, the computation results show that the average relative errors of
the method are 5.13% and they are 13.61% and 10.17%, respectively by the methods of neutral network and support vector machine,
respectively. In order to further test its reliability, the method is used to make prediction on the EDZ in Maluping mine and the predictive
value is compared with the measured value as well. The results indicate that predicted value fits measured value quite well;
unascertained clustering method is reliable and practical has been proved and it could be applied to the actual engineering.

Keywords EDZ; unascertained clustering method; support; unascertained measurement theory; prediction
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Table 1 Sample set of EDZ thickness
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H/m B/m  R/MPa F S/m*>  fH/m
1 340 3.0 73.6 2 7.6 0.8
2 350 3.2 10.5 3 8.5 1.2
3 362 2.6 62.4 2 6.8 0.6
4 470 3.6 9.1 5 11.2 2.1
5 322 3.4 14.3 4 7.7 1.5
6 340 3.2 32.2 2 9.6 0.7
7 370 3.5 10.5 3 8.3 1.0
8 180 2.8 110.2 1 7.1 0.3
9 450 3.4 9.1 5 7.8 2.0
10 450 3.6 13.3 4 10.8 1.6
11 467 3.4 10.1 4 9.6 1.8
12 665 4.4 10.9 4 14.6 1.7
13 340 3.2 19.8 3 9.2 1.3
14 460 3.2 101.6 1 9.7 0.4
15 470 4.0 10.1 5 12.6 2.2
16 268 3.0 12.0 3 7.5 1.4
17 321 2.6 13.3 3 6.6 1.1
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Notes: For the degree of rock joint development F: worse development, bad
development, moderative development , better development , well
developmeat are represented by 1, 2, 3, 4 and 5, respectivdy. The

same as below.
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Fig. 1 Single index measurement function of
roadway depth
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Fig. 2 Single index measurement function
of roadway span
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Fig. 3 Single index measurement function of
roadway surrounding rock intensity
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Fig. 4 Single index measurement function
of roadway rock joint development degree
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Fig. 5 Single index measurement function of
roadway excavation basal area
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Table 3 List for comprehensive uncertainty measurement vector, unascertained measurement distance and predicted results
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1 (0.6581,0.3365,0.0054)  0.4797 09345 1.2392 A, A, A, A, A, 0.7994 0.8402  0.7525
2 (0.3504,0.3590,0.2906)  0.7971  0.7862 0.8689 A, Ay Ay Ay A, 1.1971 11336 1.3214
3 (0.9109,0.0745,0.0146)  0.1171 12987 1.3440 A, A, A, A, A, 0.6310 06303  0.7471
4 (0.0033,0.0184,0.9783)  1.3967 13859 0.0286 A, A, Ay Ay A, 1.8836 23043 2.1792
5 (0.0035,0.8858,0.1107)  1.3379  0.1591  1.2552 A, Ay Ay A, A, 1.3195 17048  1.4066
6  (0.8331,0.0768,0.0901)  0.2046 12468 1.2361 A, A, A, A, A, 07337 0.8072  0.8431
7 (0.3831,0.2377,0.3792)  0.7621 09336 0.7672 A, Ay Ay Ay A, 1.2321 1.2101 1.1557
8  (0.6000,0.2000,0.2000)  0.4899  1.0198 1.0198 A, A A, A, A 0.9660 04135  0.3899
9  (0.0039,0.0172,0.9789)  1.3967 13871 0.0275 A, A, Ay Ay A, 1.8836 1.8996  1.8743
10 (0.0687,0.3762,0.5551)  1.1476  0.8378 0.5867 A, As Ay Ay A, 1.5634 1.8820  1.7906
11 (0.0072,0.1342,0.8586)  1.3194  1.2194 0.1951 A, A, Ay Ay A, 1.8031 17990  1.8185
12 (0,0.0610,0.9390) 1.3731 13279  0.0863 A, A, Ay Ay A, 1.8603 15912 1.6150
13 (0.1757,0.5579,0.2664)  1.0304  0.5452 09382 A, Ay Ay Ay A, 1.3019 13512 1.3204
14 (0.6327,0.1852,0.1821)  0.4499  1.0476 1.0505 A, A, A, A, A, 09318 0.1344  0.4467
15 (0.0207,0,0.9793) 1.3849 13998  0.0293 A, A, Ay Ay A, 1.8723 20657  2.1286
16 (0.0373,0.8140,0.1487) 1.2694 02410 11784 A, Ay Ay A, A, 1.3209 14513 1.4178
17 (0.2356,0.7579,0.0065) 1.0765 03379 1.2716 A, A, A, A, A, 1.0917 1.1997  1.2572

FEL A /IR AT T, -5 R FH BA-IT 700 8 75 37 Pl o 4 B 18 0
5 4 S B SO 10 47 B A

B A SR EE N E SO E 4, Wi R
T 60000 2 R B (PR 1~ 5) TR 5 A 0048 A 1 A T S
g3 5 2 (0.0965,0,0.9035). (0,0,1). (0.8371,0.1629,0).
(0,0.3751,0.6249) . (0,0,1), I ES T E 2 5 A5
"R E N a=(a,0,a,a,as) =(0.1920,0.2700,0.1607
0.1073,0.2700), #&J5 W15 B 0 248 R g 4 W E 1) &

(0.1530,0.0664,0.7806) , K45 H: A i K1 B2 BF 25K d, d» o ds
350k 11538 .1.2265 .0.2756, w] 1% 4% 18 [ 55 0 3 Bl g T
A3 9, Feda  SRAFRA S R Y JE B N AE R 1.6518m, 55 52 Broui
WS- 1.7840m A8 5 BT, 3% 78 431 B T 2485 SR 2 4 B ]
R, BT RL 2R T R B R 2R T R AT 2 AL
[, " A TN 26 3 R A A Bl P R 4 TR i HAT R
e, e,

4 Hig

x4 DERIFVRHIEEEIEZNERSH
Table 4 Main influential parameters of EDZ thickness in Maluping Mine
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