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A distance discriminant analysis method of forecast for shaft-lining
non-mining fracture of mine

GONG Feng-giang, LI Xi-bing
(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Based on the principle of Mahalanobis distance discriminant analysis, a forcast model of shaft-lining
non-mining fracture of mine was established. Six factor indexes including uniaxial compressive strength, p-wave ve-
locity in rock, volumetric joint count, joint roughness coefficients, joint weathering coefficients and permeability co-
efficient, were regarded as discriminant factor of the model. Discriminant functions were obtained through training a
large set of historical engineering geological samples. The results show that the classification model of distance dis-
criminant analysis excellent performance, high prediction accuracy.
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F 590 3 B 5 R AR LI B A AS o RO AL CRRIFRFI IR ) XEHaRAG IREA AT 00 . 19
I, TR R SR B — R GE T A T k. 20T IR C R TE HARBL AA RL S B A AN S B )z
BARUALE, FESLHFH AR SRR, 50 734 753k R BUSARGF I RLHT. ASCHESE T H50 0 i etig
MREAR, I B2 B SE PR TR AR SR A 2N R, 57 s 0 5 o WA TR X <7 H - TR
E A SAT TR B AR 22 IS AR AT O 35 PRI R 7, ST AR 4 0 1) e AT
ISR TR P TIZ L, BUS T REFRECR.

1 SHFEHIZmEZHER

X A AR R BRI B IR A R Y], BRI LR R A

W2 BV H AR SN , ELROE AR SLH . BRI ) A AR A R s TR e iR
WO ARRER L, L2 R R LRI SR A ikm—a. FBNARLE AL, B, F3
A, Hp Rl b T2 8RB, TEREKZMMES. BEEIR, REELRE, P 5
RN R, HEESAE I, A RS A RERK B0, BT HEE ] . BRI EEZ RO
URA AN THEE, AR AR RE.

LRA LTI A AR SR 00 S LR ML D8 S 38 IX K SO TR B SURE A5, IR 6 MR
VEAFEMASE I TR SRR AR IE R

(1) REJZEIEL: SHHERLREE RN 200 m, 7E7HHEERE BRI K2 KK T FEESE 2 R
I, SR S Bl 2 2 J2 TR, DU BE ] RE T A2 AR A R

(2) IRHRE: JREFBEAMER, — BN 20 ~40 m, i T2 0RESK)Z, RS R A A4
MRGE T HRIKIG IR R RS, B2 SR B RIMINRL T B RN, B DU &
JEREMOR, H R AY n] BEMEBOR

(3) JREKOLERE: SRR FEHE T LI 8 B 12 2B B, TR AE T 7 H- fa] il 3R
AIF]. A SRBESE RN, AR IR R P IS RSk R R R R R

(4) JFfEsME: FEFER TREHUFAE T, SR MR IR SRR 0 i R/ NsaE e, [
BEH-F SMEAE A M R AR ) E N R Z—.

(5) FFEEJRRE: HREJEEEMOK, SLHHE MmO, WEERLIFEAR, AR T IHERE.

(6) FFMTBLAMAIE : ARSI E A, RS RN, S IR BER A T RETE R

2 HEEFIRISHTRE
PRI A FEA SSAE . AEACRIRAS SRR B i, AUHIE R TR BA. TR E s A S R B A

A~
PIAAY

BEAG= (X, X,, -, X,)" Rm Itk (B8 m Mabr), KA X = (v, 6, =, x,)"
é\Mi:E (Xi)’ izl, 25 “.’ m, JrlUE\12|:ji‘J{ErEJ§yﬂM= (Iu‘la M25 .“7 le)VIL l%"fz[:G: (le X25 .“7
X, " BT 25 N

Y =cov(G) =E[(G-p)(G-p)'].
WREA X = (x,, %, =, %,)" K G I (Mahalanobis) BEgsaE L™ K
d*(X,6) = (X -p)'3 (X -p).
FRE2 A MK E =2 BIBERHERI . WA 2 DMK G, FIG,, BREREMKG, (i=1, 2) KN
BEARN X = (wf, wy), o, w0 (=1, 25 e=1, 2, -, n,), Hifn, 2EE G, BIRAANS, T
K G, B g, BOAGTHER

"i
i _ = (i) =(i)\T
W)= (FD e '
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SR G, T 22 X, AT A BT 255 S, B
1

n;, —1
MY =3, =3 W, REEEA Y M Y RGN
B (n, - 1)S8, +(n, -1)8,
n, +n, -2 )
SHAERFHRER X = (v, 2y, =, x,)", DBHHERA X 22 AR SRS & (X, G) Al
& (X, G,), FFHeiE s e v G002, ) 5 v ) oy
{X e G, (d*(X,G,) < d*(X,G,)),
X e G, (d(X,G,) =d(X,G,)).
fai i S IRBE R TR A, s
P(X,G) = (X =-X")'ST (X -X") = X"S'X - 2Y.(X) (i =1,2).
Hry, (X) 2 X M&rEmEe M TAEMEFAMNAR X, iFRH% 8RS RS, HutaE
Y, (X) BpA].

S, =

i i) v (i) i) V()NT
;(th) _X( )(XEL) _X())l'

S

V(X = (87X - (X)STRY (= 1.2).
W) 2 A~ S A B A3 DU Ay
{X € G, (Y, (X) > Y, (X)),
X eG, (Y, (X) s Y, (X)).

HEEE LR B A UG R, SR AN ZRREAS 360 028 UM Tl e

BORABAR G, (i=1, 2) MGEAN X = (), 2, -, 20" (¢=1,2, -, n), IFH
2 AN KRS 0y B ny. RFIFR IS SIS BRI .

(1) MAIK G BIZRREA R IR e —ANRER , IFITIAEA 0, +ny — U BV ZRREAS 13 40 31 B 5

(2) FHEET 30 5] B SOV ) AR A T80 )

(3) WELEE (1), (2), HIBIK G, PRVIGREABAIH, 10 RSN n)

(4) WHEMK G, IGREARTE LT (1) ~ (3), IFCHARFRES K ny) 5

(5) HEIRHAZE,

n = (ng, +n2*])/(n] +1,).

3 MHAHAEBRMEEFANSTRERENA

3.1 BEEBAR SRR SHAMEMEL

PLISCHR [6] Pl pgsr HI R R SPR v 31 (e Bdis W3k 1), eI AP 16 A REAS idiE ik
g, Ha 4 MEABAEARFIREASTRE. %A RN, K460 hE, felRLZE
JE (X)) IREEE (X)) JREKAERE (X)) HEIME (X,) . HEERE (X) FFHREBRA L E
(Xq) VESMFERS AN AR R 00 B 7, B ST (8T 20 R e BRI 58 8 2 AN 00, At S B 8 ) 1) 43 BT A
.
3.2 HEREIRIF—ILALIE

PR S AR R SBR[ R Z (Rl AN ), ARG Z [ 2200 80K, TR 2R
AR, M REA G R B — Ak 3.

x = (x - xmin)/ (% = %) -
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Hrp, & A—ACA B BOREA RS s o IR IREE s xR BRI R /ME s ., 0 IR O B
RAE. VA—ALAE B A REAS B W36 2 Fik 3.
®1 BEBEHARNDEFIERLIRE

Table 1  Composition of results of distance discriminant analysis method

FH 2P RLZIEE/m REEE/m REKAERE/m HEEAME/m JRREEE/m IR SRR

<

NP E F I 189.31 34. 10 60. 225 8.92 1.21 192 )
D e R 190. 41 30. 00 60. 225 10. 10 1.30 225 )
MR ERINIE 190. 41 32.85 60. 000 6. 40 0. 70 241 T
DL PG R 189. 50 29.90 70. 000 7.40 0.95 230 s
fifi 5 F2 - 148. 69 56.29 84. 000 8.50 1.00 194 s
ifi ) - 148. 60 55. 00 82. 000 10. 00 1. 00 187 i
56 XU 202. 56 59. 00 80. 000 6. 60 0. 80 190 e
Bkt £ 185. 50 57.72 87. 500 6. 40 0.70 146 E
Tkt EIH: 184. 50 56. 00 87. 000 7.00 1.00 139 e,
BRI 173. 40 65. 30 86. 200 5.90 0.70 136 )
LR IE F S 189.31 34.10 0 8.92 1.21 0 SEik
DL FE A 190. 41 30. 00 0 10. 10 1.30 0 SEtk
DL AR A 190. 41 32.85 0 6. 40 0.70 0 S
DL TG R 189. 50 29.90 0 7.40 0.95 0 SEik
B 5 148. 69 56.29 0 8.50 1. 00 0 ek
fifi )5 I - 148. 60 55.00 0 10. 00 1.00 0 SEtk
5 6 XU 202. 56 59. 00 0 6. 60 0. 80 0 SEHk
kbt B 185. 50 57.72 0 6. 40 0.70 0 SRk
Tkt E 184. 50 56. 00 0 7.00 1.00 0 SEik
ke Rt 173. 40 65. 30 0 5.90 0.70 0 SEik
F2 A—HEENEEEIE
Table 2 Training results after treated
F 5 F -
FIRDE S SRR Y| G
X] XZ X3 X4 XS Xfy

DR I E I 0.774 8 0.002 8 0.688 3 1.000 0 1.000 0 0.933 6 &) )
DL AR R 0.774 8 0.083 3 0.685 7 0.119 0 0 1. 000 0 e )
DLV R 0.758 0 0 0.800 0 0.357 1 0.416 7 0.954 4 e )
fifd 5 32 0.001 7 0.745 5 0.960 0 0.619 0 0.500 0 0.805 0 e )
560 5 ) 0 0.709 0 0.937 1 0.976 2 0.500 0 0.775 9 ) )
B15 ALK 1.000 0 0.8220 0.914 3 0.166 7 0.166 7 0.788 4 s )
Bkt @t 0. 665 3 0.737 3 0.994 3 0.2619 0.500 0 0.576 8 ) s
Bt AL X 0.459 6 1..000 0 0.985 1 0 0 0.564 3 Es) Wz
SRR RIFE 0.774 8 0.002 8 0 1.000 0 1.000 0 0 SEIK 5z
DLW AR R 0.774 8 0.083 3 0 0.119 0 0 0 SER SEik
L T R 0.758 0 0 0 0.357 1 0.416 7 0 SEi 52

fifd 5 32 0.001 7 0.745 5 0 0.619 0 0.500 0 0 SEi SERL
)5 ) 0.709 0 0 0.976 2 0.500 0 0 SEHK 5E

i 5 A6 KU 1..000 0 0.822 0 0 0.166 7 0.166 7 0 Bt SERL
ks At 0. 665 3 0.737 3 0 0.2619 0.500 0 0 SEak SEik
ks dE Rt 0.459 6 1..000 0 0 0 0 0 Bk SEak
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R3 HEBEFHRSHIETNER

Table 3 Forecast results of distance discriminant analysis method

Y, F 51 T M7 AR NN FNN
X, X, X, X, X X R EAE S Tk i

MEEREFIH 0.754 4 0.118 6 0. 688 3 0.719 0 0.850 0 0.796 7 g g ez W
WREREFFH 0.683 8 0.785 9 1.000 0 0.119 0 0 0. 605 8 FEIK SEkk SEd% Sk
e 0.754 4 0.118 6 0 0.719 0 0.850 0 0 ez ez & 23
I 0.683 8 0.7859 0 0.119 0 0 0 SEHK L% LR SEHE

3.3 FIREERRE K IG5

Syt f o) JR MBS CBRIAGTRE X IR A R, FU A R ERs (£2), MBElRAR
0. MR U A B ES G SRR B 4 SRR AT R, SR S PR E DL SE AT (3R 3).
23 [ TR AT RZE ML (NN) 7kt Rbseibhese (FNN) R4 05 k™ I3 UL 3R, A a5t —
B mal W, FEE G o AR T S R AR R SR A P B 58 4 I AT HL .

4 &5 I}

o S ) 31 A BRI T S (R AR SRR B, 204 TR R AL R AR R SR B 2
W, JHeEH 6 Tifats: RLJRERE | RERRE | IREKALERE, HEIME . HEER R B
VRN T, B SE I 73 MRS HE 2 R, ST T BN 37 H fa7 A 2R A B 9 4 1) e B A6 2.
BRI S PR TR P A TIg T, SRR, B R ) RORAR R, AT LA T B A 2 A a5
F, BUNZRAT SRR OL, TR PR, SR SO AR SR BN At T — A it

Sk
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