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A method developed for early warning of under ground rock mass
instability in mining area based on Cusp catastrophe model and
D-S fusion evidence theory

LUO Zhouquan, LI Yanyan, QIN Yaguang, WEN Lei
(School of Resources and Safety Engineering, Central South University, Changsha, Hunan 410083 ,China)

Abstract: Early warning of rock mass failure has always been an important research subject of mining disaster
prevention. To improve the accuracy and reliability of early warning on rock mass failure, a comprehensive
early warning method is proposed in this paper based on the Cusp catastrophe theory and D-S fusion evidence
theory. Firstly, two independent early warning criteria were obtained by establishing the Cusp catastrophe
analysis model and the D-S fusion evidence model. The following step was to form a comprehensive early
warning criterion with two former criteria on the basis of risk matrix. Finally, the warning effect of the three
warning methods mentioned above was tested by actual microseism data in the mine. The results show that: the
cusp catastrophe model is less effective for early warning of rock mass failure and the D-S fusion evidence
model is less robust, while the comprehensive early warning model has a higher accuracy and a better
robustness. The accuracy and reliability of the early warning for rock mass failure is significantly improved.
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Fig.1 Risk level division according to the parameter
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Table 1 Basic possibility assignment

IE B 1A Vyo/ (mmes™) &V, /m? S,
AI 1 AZ 1 A% 1
BPA A Ay Ay
Avg Ay Ay
(2) JiE 4 fil
A AN UE T AR 14 56 AT A5 B WA AR AR S, PSR

P E Z 18] B AL R B p vl DL i SRR R, p 1Y
BUEIXE 9 [0, 1], p fE#E K, 32 B WA GIE 4 A B 2
()R L 6 A e AR, 0 AR 445 SR 9 S AR B AT A
K
TESE A F A, Z A B AH LR BT R AT
A A

(Y Al [T A
(6)
45 22 ) 4 A0 2 A0 45 L T
W9 o, B2 Sk R B

p(A]’A2> =P =




Hh ) 5 K 5 B R S 4R - 63 -

%55
L pn pis
A=1py 1 py (7)
P31 Px 1

AR A5 AR AL 5 T B B E 41 A ) e 24T 4 2R 1Y
SCRFEE UCA,) R 5 #EAT VA — A Ak B8 {45 4G
PRI X8 7T A5 45 G XU =2 i D 1, B AT 45 31 45 A HiE
IR AR C(A,) AT .

U(A,) = Zm(n =1,2,3) (8)
C(A) = M(n -1,2.3) (9)
ZU(A,L)

T HEE MLV A e AR S R R A A Sk A
A, BOAUE, 5 5 R AR 0 A AN R Y B A R
(ELAifp A5 2% A UE H 00 235 2R 04 0 A 1 B89 RIS, 4B R A
BVl XU HE S A ()

AR = 3 ALC(A) (k= T,1,1) (10)

A Ck) B B BT R Fe) JRUBS: 55 2 B0 Sy XU
SEGATN AR . M D-S TR Rl G R AT A AR AR
BUEm A IR YORW ETHR B 1T U B
S5 R A KU, DU g ) T g 45 2R R XU, Hh B S B — BEI
1] 5 A 2 B ke AR B AT REE K
1.3 L5 TE

DU R I 75 2 — Pl T XIS i 40 388 XL
AR T v A 0 R T G — A R R A S X K
W S5 G 2 5 TP AL o b IR R SR AL 3 M B AR D-S
TIE 405 il - 4S8 7 A R g XU I 5 T 5 R A A —
E R bR W TR DK S TR AR XU P (H R
FAREE v A — 5 SRR TE IR R IE A R O R U 1Y v
BaPE o O T I AS TR R, R — 2D 3R A R R R
e AR TR, LA A5 o3 i B A D-S IR 4 Rl A
T ER) PEAR 45 2R AR D P R DR AS AR U, az XU RS R R
Xt R 4R E AT Rl G, AR AT LR G O A B A
SEGATIR o R T IRV HE B VR 00 A R R KU 45 2 45
BRI 2,

®2 ZREWMEHEX

Table 2 Comprehensive warning mode
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Table 3 Sequences of energy index

Fisf 1) B¢ X RS (1), 1y, o, 1, ]

I 18] B X RLEEFFA 2y, by, ooy 1, ]

6/30~7/9  [0,-0.25,-0.1,-0.15,-0.1, 0.05, 0, 0.1, 0.12, 0. 18]

7/1~7/10 [ -0.25,-0.1,-0.15,-0.1,0.05, 0, 0.1, 0.12, 0.18, 0. 15]

7/2~7/11 [ -0.1,-0.15,-0.1, 0.05, 0, 0.1, 0.12, 0.18, 0.15, 0. 17]
7/3~7/12 [ -0.15,-0.1,0.05, 0, 0.1, 0.12, 0.18, 0.15, 0.17, 0. 16]
7/4~7/13 [ -0.1,0.05,0, 0.1, 0.12, 0.18, 0.15, 0.17, 0.16, 0.19]
7/5~7/14  [0.05,0,0.1,0.12, 0.18, 0.15, 0.17, 0.16, 0.19, 0.25]

7/6~7/15 [0, 0.1,0.12,0.18, 0.15, 0.17, 0.16, 0.19, 0.25, 0.27]

7/7~7/16 [0.1,0.12,0.18, 0.15, 0.17, 0. 16, 0.19, 0.25, 0.27, 0.26]
7/8 ~7/17 [0.12,0.18, 0.15, 0. 17, 0.16, 0.19, 0.25, 0.27, 0.26, 0.3 ]
7/9~7/18 [0.18,0.15,0.17, 0.16, 0.19, 0.25, 0.27, 0.26, 0.29, 0.3 ]

7/10~7/19  [0.15,0.17, 0.16, 0.19, 0.25, 0.27, 0.26, 0.29, 0.3, 0.3]
7/11~7/20  [0.17, 0.16, 0.19, 0.25, 0.27, 0.26, 0.29, 0.3, 0.3, 0.28]
7/12~7/21  [0.16, 0.19, 0.25, 0.27, 0.26, 0.29, 0.3, 0.3, 0.28, 0.3]
7/13 ~7/22 [0.19, 0.25, 0.27, 0.26, 0.29, 0.3, 0.3, 0.28, 0.3, 0.2]

7/14 ~7/23 [0.25, 0.27, 0.26, 0.29, 0.3, 0.3, 0.28, 0.3, 0.2, 0]
7/15 ~7/24 [0.27, 0.26, 0.29, 0.3, 0.3, 0.28, 0.3, 0.2, 0, ~0.1]
7/16 ~7/25 [0.26,0.29, 0.3, 0.3, 0.28, 0.3, 0.2, 0, -0.1, -0.1]
7/17 ~7/26 [0.3,0.3,0.3,0.28,0.3,0.2,0,-0.1,-0.1, 0]

7/18 ~7/27 [0.3,0.3,0.28,0.3,0.2,0,-0.1,-0.1, 0, —0.05]
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Fig.3 Fitting curve corresponding to energy index
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Table 4 Fitting results
WA LR SR P 1) A8 i
o 1)
A R R A R? u v

6/30 ~7/9 y=0.179 1 +0.103 17 -0. 041 2¢* +0. 007 0¢* - 0. 000 4¢* 0. 909 0.189 149 1 0. 055 260 4
7/1 -17/10 y=-0.039 1 +0.183 3¢ -0.060 17> +0. 008 07’ —0.000 3+* 0.929 0.426 698 8 0.127 484 3
7/2 ~7/11 y=-0.370 8 +0. 176 3¢ —0. 045 7¢* +0. 006 4¢° - 0. 000 3+* 0.932 0.244 449 6 0.364 711 1
7/3 ~7/12 y=0.074 1 +0.158 87 -0.047 9¢% +0. 006 4:* - 0. 000 3¢* 0.939 0.123 681 9 0. 060 686 9
7/4 ~7/13 y=0.050 0 +0. 112 5t -0. 039 8% +0. 005 8¢* - 0. 000 3¢* 0. 901 0. 404 588 8 0. 145 449 7
7/5 ~7/14 y= -0.177 5 +0.226 3¢ - 0. 055 2:* +0. 005 7¢° - 0. 000 2¢* 0.932 0.482 730 7 0. 191 557
7/6 ~1/15 y=0.100 0 +0. 248 2¢ —0. 077 02 +0. 006 5:* - 0.000 1¢* 0. 967 3.071 383 6 1.975 229 4
7/7 ~17/16 y= —0.253 3 +0.109 41 -0.011 222 +0. 000 8¢ —0. 000 03¢* 0. 940 -0.747 253 0.458 501 7
7/8 ~1/17 y=0.170 0 +0.094 31 —0.006 17> —0.000 4> - 0. 000 04¢* 0.921 -0.770 761 1.519 204 8
7/9 ~7/18 y=0.105 0 +0. 055 97 —0. 003 37> —0. 000 3¢* +0. 000 03¢* 0. 954 -0.868 237 0.432 491 6
7/10 ~7/19 y=0.187 5 -0.044 7t +0.024 14> —=0.003 0* +0.000 1¢* 0. 957 -0.485 842 0.128 574 1
7/11 ~7/20 y=0.191 7 =0.060 2¢ +0. 026 3z> —0.003 1¢* +0.000 1¢* 0. 946 -0.374 285 0. 174 958 7
7/12 ~7/21 y=0.261 7 -0.111 3¢ +0.034 74> —0.003 6:* +0.000 1¢* 0. 950 -0.291 273 0.205 147 2
7/13 ~7/22 y=0.345 8 —0. 112 11 +0. 044 9742 -0. 005 7¢* +0. 000 2¢* 0.903 -1.555972 -0.832 076
7/14 ~7/23 y= -0.002 5 -0.169 2¢ +0.069 0:* - 0. 008 3¢ +0.000 3+* 0.978 -0.572 503 0.281 361 1
7/15 ~7/24 y=0.1358 —0. 162 47 +0. 075 8> =0.011 1* +0. 000 5:* 0. 967 -0.518 592 0. 134 498 2
7/16 ~7/25 y =0.3358 —0.494 21 +0. 152 5> =0.017 44° +0. 000 7¢* 0. 969 -0.819 630 0.316 137 5
7/17 ~7/26 y =0.415 0 -0.231 61 +0. 107 6> -0.017 0° +0. 000 8 0.979 -0.962 630 -0.270 279
7/18 ~7/27 y=0.4250-0.222 8 +0. 111 44> =0.019 94° +0.001 14 0.918 -0. 884 853 -0.300 878
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Fig.4 Analysis results of energy index based on Cusp catastrophe theory
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Table 5 Critical values based on different evidence for risk

levels of rock mass failure

ER 8- SR

UE5 14
a, B,
Vipae/ (mmes ™ D) 1 20
8V, /(10°m?) 1 5
S. 20.5 19
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Fig.5 Variation of the evidences
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Table 6 Comprehensive warning results and

theactual situations

pi Ak A oo Ry gy g EEE RS

BN RER wEER RESR
7/9 1 + 1 -1 7/19 1 — 3 -0.1
7/10 1 + 1 -0.7 7720 1 + 2 -0.5
7/11 1 + 1 -0.6 7/21 1 + 2 -0.4
7/12 1 + 1 -0.8 7/22 1 - 3 0
7/13 1 + 1 -1 7/23 1 + 2 -0.4
7/14 1 + 1 -0.7 7724 1 - 4 0.3
7/15 11 + 2 -0.4 7725 1 - 4 0.3
7/16 1 + 1 -0.8 7726 1l - 5 1.4
7/17 1 + 1 -0.8 7727 1 - 4 0.1
7/18 1 - 3 0

M 6 Rl LA 25 4 T0UE AR (1 3 45 R
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B
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Fig. 6 Variation of basic possibility of evidences
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Fig.7 Warning results based on D-S fusion evidence
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Fig.8 Photos of rock mass failure
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