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FISHER DISCRIMINANT ANALYSIS MODEL AND ITS APPLICATION TO
PREDICTING DESTRUCTIVE EFFECT OF MASONRY STRUCTURE
UNDER BLASTING VIBRATION OF OPEN-PIT MINE
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Abstract: Based on the Fisher discriminant theory and the actual characteristics of the project, a Fisher
discriminant analysis(FDA) model to predict the destructive effect of masonry structure under blasting vibration of
open-pit mine is established. Eight major factors are taken into account from the aspects of blasting vibration and
structure dynamic characteristics such as peak particle velocity(PPV), dominant frequency, dominant frequency
duration, mortar joints intensity, collar beam structure, height of housing, roof forms and the rate of brick walls.
After training and testing 108 sets of measured data in a open-pit mine, the discriminant functions of FDA are
solved, and the ratio of mistake-distinguish is 0.083. The functions show that PPV is the most important
discrimination indicator, followed by the structural columns of collar beam, roof forms, the rate of brick walls,
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housing height, the main frequency, the main frequency of duration and intensity of mortar joints, which provides

efficient and accurate reference to forecast the destructive effect of masonry structure from blasting vibration.

Another 12 groups of measured data are tested as forecast samples, and the predicted results are consistent with the

measured ones. The prediction accuracy of FDA model is acceptable, so it is a new approach to predict destructive

effect of masonry structure under blasting vibration, which can be applied to practical engineering.
Key words: mining engineering; open-pit mine; blasting vibration; masonry structure; Fisher discriminant

analysis(FDA) model; prediction

1 35l

jillfs

YL BN I A IS i) T O K e, & H
BRI DB AR R 7 Xz —. %%y
MR 2 TR AR T ASIE A
[ 25 R pr e e k. i FROR. A4
7 THIFRI BRI, BRORIBR 22 (R R L R E AT (1))
U ST o R b7 A ) b R A 1
R O TRG, ol TR, sgm TR
(e Mg 4. DRI, R R 3 £ 2 Tl () A 5 —
BRZFREEH . TRIFED gk, b
WL R ANNTIG K, 280 BEEAT K (R MR
VRNV, B 7 AR IR BAR B . A AR U
DA% b 58 55 i 1S 20 S e SR R <A R K
e, HERERANRGIT, BURBE. BHRGEE
TERMRERE B O RN LT Rd% E 5 A
VRIBEATIE, ST, OB A I B R AR R
BEAT FUBIF G0 SOIE A T

FURT, P AR 2 v 3 i A I 2y
HH P 22 4 B A Rl SR (10 38 8 22 M A2
A PPV FIR 4 2 32 AT 1) TR R AT IR . [
AR B AR, O 6 A 45 SRR B [ bR
YT ] b R 3 SR b A e AR 2
BAH PPV B RS [ R il e ah 22 i o
B H AL R i IR 30 2 4 P #0718 T 22 U7 T
FIEM, H 2302 A P R DR S AU T e
VERIRGA, KPR BRI — AP OR R B, X
DA 3 R AT 2 br A D5 95 . T. R, Yu Al S.
Vongpaisal™ 45 & AR AR AL . BRIIR SR B
PRENHSE . 25 R E R S 2R G0 S N3 b Jo 4% A 45 DA
%, FIH BB % B (blast damage index, BDI)k
PN BRBBAR S0 3 R AR A E R s 12 R4
ULy b N T IR RE B A7 5 I R 1 1t £ 1
FRAHEAE 0 25 AR AR IR IR B R B 5 48— 22 42 )

s B HENG SRR S A %G, AT H
RETE AN N2 S T 255 25 L8 PR B % . I(E
SRS . AR RE S [a] DA By R S5 s
PR 2R R g R AR BE T, AR T o 8 1Y 4%
RGN IR 2, HORHHAE — e 1 1E H
FELRRIBRPE, ANBEAR G a2 BN 5 )5 R P 25 4
HANARIESE 2 mml. B, @ r—F A AR
WA/, RN E mH e e bs T— R 2 S 5045
B P AR S A BE

S5 3 BT 2 AR R 1) IR A )4 T R
TEXTHSRAFIREABEAT A2, 15, WL pT R 2k
M —F 2 TG AT ik &7 B R B )
sy Hridi. Bayes oMk, Fisher H500 8,
7E HARBE 22 R4 25 B2 1 2 AN S 43 B4R 4 19 Y.
o e TR ML TRES N, BE 2 3 4 Bk
Bayes |7 Wik 453w S 1, {HE Fisher
SRR I N FE e AT 181 R S B ) Ak 5 W
IRZEONE Y T i, Fisher 5 43 AT 0 8 H 2 4 ik
AR SCHRIRIE « A SCIET Fisher J5 BS54 5L
B TAZARE AL, SR T R 4R Bl ORI 45 R AR 11
FDA B, JfKsi% 7128 H B AL — 88 R0 R 5
B4R B 0T YA 285 A g A 2080 I PN ) 8t v

2 FDA#A+HEIEP
2.1 FDA #EEIfYK il

BHmAEAEG, G, 0 G N
(ELIR AN s Z50 0 o s p @y e g™

v, ve ..y A G o A A
n, REARD,
XS) :{ngy ngy ttty XS%}T
(a:].y 2’ Ty ni§ i:ly 2) Ty m) (1)

)



+ 752 A S TR 2009 4f
BIXD =Xl Xy e XY (WB — A1) 1 AO ©)
i=1, 2, --,m) 2)
5 X0 Eiﬁiiﬂ’]ﬁ W, i RE T AR 0 R A R A | A B 2T
’ J7 RV AL I 8 2V R LA, A R i ml R 43
:_;X& (3) S — 2N KR E(S = min{G-1, m}), —KFE A4
B 1JW DRI LMBRE B A REA (5 B SR — AN 051
X=1-2. 2. X BRSO AL BINT T 2 S0 0 o O 2%
A @) &,
n:Zni 2.2 FDA 1B AN

K XU, X AR S R
FRANE N

e:zmlz TX<|)) ﬂX(I))Z

i=1

Q

X0, - X“)’T}
5)

AP NI KRR 2 X BRI 5, S, N G
B AR XD (=1, 2, - n) FIFEAREZERE.
1w 2N

b= 33 (40 - R -

i=l a=1
i <0 oy o
D (X X)X -X) u=
i=1

o [ni(i‘” X" —E)T}uguw ©)

i=1

N T AR PR BRE W AR 3t Dl oK B AN RS AR

AR, A B 2ok B 2 /N S R R 4 TR) g 22 K
WAFs kA 2 N BRMAN S = BUNEEF. LA
W, A
-0 _ B %
e uWu
b, H P e sk, 4 F=u"Bu-
Ap'Wu-1) .
W F=pu" Bu—A(u™W p—1) KAWmisyr, Az
4 0:
oF ——=2Bp—2AW pA0 (8)
ou

SRR (8), Itk a1

HHERy =X, BXORANy=u"X 1
yO P yO s RN BIRHES, 0 i yO<
YO<..<y™, WHPREG, G, S
niy(i) + ni+17(i+l)
ni + r~|i+1

XEERIFEAR X, R
L i) 5y, G, i+1) 20,

y. (b 1+1) = (10)

[EACREAS, AT P
NIy =u" X ATy, (i -
) X R JE T 6 1

3 IRWIRANEF T BB B RIRRIR AL HI &
Al AFEFRIEFR

3.1 FEIFHLE

PR HR S AE T 57 J IR SE T b2 bl T
i, U B S RS ), X PR s T
GV LR AL B 25 ) LAk, AT 45
Mg At e g KR 3 I 2 o 45 ki
PEIRBIN 3+ YRS AT B RINTE R KA I % AL
PRI B N3 KR AR R P AR SR, e 25 3
&@ﬁ%ﬁﬁU%ﬁA@WMMﬂo%,ﬁ%mu
Boib K, BB S S IR, H T 25 e
A3 IR AR TR T A BE S AL 185 i I oK, X e T
P A AR
3.2 HRIEBIREFR

PEREAR S50 57 SR AR B (M s [ R AR 2, 4%

R FHEYRIRTR SR, T RRIR SR 2
A 2 B R S SRR AT 2 AN IR,
PPV, BRIEHRB) AR . TACRFFLLN ). K4E
SREE. RERETIANE. BEAE. REEAL B
AR il TR A A RS 10 NSO VAT
b, FCrP AR TS IR A . SRR A R, &
BTRFFSLI ] IKEESRIE . WERRINANR . by )2 i
e R IEAR, SRASENE; REmEa. BRI
FE it TR A A O e MR AR, LU RR
HEWE 1.



284 4

R, A F RN RS ) 1A IR RN PN () Fisher B 12 N

* 753«

R EVEIEAR S E

Table 1 Classification and valuation of qualitative indexes
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Table 4 Part of training samples
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2 1 1572 24.4 815 15 3.28 28 1 1 2 2 I I
3 1 2714 18.6 1090 15 3.28 28 1 1 2 2 [ I
4 1 1.378 343 485 15 3.28 28 1 1 2 2 m I
5 1 3.648 36.5 1120 15 3.28 28 1 1 2 2 | I
6 2 0.449 35.1 775 10 2.16 35 1 1 1 2 m n
72 1.395 232 765 10 2.16 35 1 1 1 2 I I
g 2 1.812 329 790 10 2.16 35 1 1 1 2 [ I
9t 2 1.798 253 850 10 2.16 35 1 1 1 2 | I
10 2 2.683 19.8 1100 10 2.16 35 1 1 1 2 | I
1 3 1.495 212 740 25 2.87 6.5 2 2 2 3 m 1
12 3 1.888 375 1215 25 2.87 6.5 2 2 2 3 I I
13 3 0.865 355 310 25 2.87 6.5 2 2 2 3 m I
14 3 1543 17.3 780 25 2.87 6.5 2 2 2 3 m I
15 3 1.458 35.1 470 25 2.87 6.5 2 2 2 3 m 1
6 4 1.633 17.7 780 50 3.11 6.5 3 3 3 1 m I
17 4 1.444 241 790 50 3.11 6.5 3 3 3 1 m I
18 4 4.946 16.2 390 50 3.11 6.5 3 3 3 1 [ I
19 4 2.879 38.7 760 50 3.11 6.5 3 3 3 1 I I
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30 6 0.862 345 310 50 258 105 3 3 3 3 m m
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Fig.1 Figure of grouping using the first and the second

discriminant functions
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Table 5 Test results of FDA model
Xfemesh Mz ms  pa  pe UM U X R EI s
1 1 0.604 26.6 215 15 3.28 2.8 1 1 2 2 1 1
2 1 2.979 39.7 785 15 3.28 2.8 1 1 2 2 I I
3 2 1.497 17.1 655 10 2.16 35 1 1 1 2 I I
4 2 4.923 16.3 385 10 2.16 35 1 1 1 2 I I
5 3 1.543 17.3 780 25 2.87 6.5 2 2 2 3 1] 1]
6 3 4193 29.3 825 25 2.87 6.5 2 2 2 3 I I
7 4 3.536 3906 1100 50 3.11 6.5 3 3 3 1 I I
8 4 1.697 30.9 880 50 311 6.5 3 3 3 1 1 1
9 5 3.608 243 805 25 3.53 6.5 2 1 1 2 I I
10 5 1.589 23.3 850 25 3.53 6.5 2 1 1 2 I I
1 6 4.106 26.3 865 50 2.58 105 3 3 3 3 I I
12 6 0.783 24.6 310 50 2.58 105 3 3 3 3 1 1
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