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Abstract To study the relationship between multiple parameters and stability of downward drift, orthogonal simulation and partial least
squares regression were used to analyze factors affecting the stability of downward drift. Safety coefficient and reliability analysis were
applied to optimize these parameters. On the basis of that, an industrial test was conducted. The results show that: 1) The factors affecting
tensile stress of the loading layer in a descending sequence in terms of significance are thickness of the loading layer, drift width, drift
height, two—sided elastic modulus of the drift, elastic modulus of the loading layer and Poisson ratio of the backfill, and the first three
factors are more effective than the others. 2) Satisfactory fitness and forecast were obtained through partial least squares regression with
errors controlled within 15%. 3) The reliability analysis is more reasonable than the safety coefficient method in optimizing multiple
parameters, which can achieve safer, more efficient and economical downward drift exploitation. The satisfactory results of industrial test
indicate that partial least squares regression has theoretical and practical values in optimizing multiple parameters for downward drift
mining.

Keywords downward drift; orthogonal test; partial least squares; safety coefficient; reliability analysis

WA O AT IR TR T SR AT A RO, Rl | 2RI R TERE R B SRR A L RO
B I FESFCR AT 1 AL ISR R A /N (R E R | BRI R R S E Y, 5 2 SR T OR <1 I 22 3 ¢ IR TR
G ENA AR BARZIN, TRy 2 | %, RZWSAF L Akl b 2d s — ﬁ‘ﬁa’(ﬁ):'%”ﬂ
JIBC ) S B A T 7R 3R R R ARE PR, TR B2 MA@ R R | PRERS TR 7, DUSEBU T 1 B 22 e e 2 5Tk . B

WAS B H1:2014-06-27 ;15 B £1:2014-09-28

AAR A BR A RSP EATA (41272304)

VEE A S R A R T @ AR 5258 N5F, 8F154:1261996062@qq.com; 5 7 EGRAEAE# ) , 3%, IR T @ A 5 B 5 565
1%, 8 F142 44 : xbli@mail.csu.edu.cn

FIAKR BT, Y&, 2F4h, . AT PLS# T et ® % 23y i[)]. #3541, 2015, 33(1): 63-69.

63 I



—t

www.kjdb.org

RS 2015,33(1)

SCIENCE & TECHNOLOGY REVIEW

BT, A1 1) 2 RS PRI 5 3 2R i g 2 e i 2
G R BE AT FESE 73 A= RIS B R A BB AU A
S g2 o A A T [l M AR R R S G BB AR 5
A ZOROE AT SE B AR T 1] R AR E PEHEAT T R
s AR R S0 A EAS I 5 T /R BRI 1 AR RN e
HARAE A . (S ) 2 AT [l R A TR AR Tk, HL
P A S 1 A8 D7 R0 BT 1) B AR PR 2 S s R R
TEAITTSE FE 3T AN Z2 SR A T AL s AV R A (U
W, T ELRA i o AN, I ST IR ME LA 25 2 B0 T )
PEBSARE PERZ R R BRI, e i Z 2B RRETEZ
IR WIS A, O i 2 200 S A S B A
LAY e/ 3R 22 TR AN IR A e A A 7] 22 F A
SR [V BB A7 — 7 B R BRAPE , T of 22 I 2 45 75 92 BB A [T
K5 BE b AT e, SRR RS R 5C 2R  fRE_ERNE WAR©
P fie /N =3 (PLS) [al 48 F2 18073 ML RUAH SC 50 A Al 22 5E [l I3
I T— R R —Rh 2 AR R X 2 [ A R R 1) 2 T 2 04
[, REAS i k2 28 AR BRI 55 52 20 n) AL, e 1) g
A 20 TR 22 TT AR ] A Tk g e 4 1 A 22 W] 14 22 B A
RAEFI/NREASE [ AT 22 0 T PLS 4R 2 o)
2 SRR EERBCR , PR ) 2 i 2 2 RO AT A

it

1 ITEHR
1.1 IEES
INRESEHARARRE ST P E KN EST
Iz —8 A TR ST R B R0 XA T KW
W R I 2B e AL 17 0 (AR 32 W 4l s 7
i, 7 18] NE30°~60° , {1 1] SE , {5 ffj 54°~86° , -1 )L JiF 8.87
m, I 4.96 o/te B A7 BB FESLIR BT LB 951k
B RS MR R T R E M2 5 R LW R TR R
KB oI R G ™ i 0T S L B
fRAb i, R A N B A B A, R & . Hagw
VEFHHLIAL 55 X CoRE R AD T 1) E B TRV 1% R
K 2 kB TR 5 3 Sk AR + 4 Bz i R
ARG TN A BT CRO R BRI A T XK B
T+ JZ2 18] R H A R T 2Kt | 15 2 A58 B 4 1 %
FER S HRE R T miif .
1.2 HWZESEME HME
T A R DA AR TR M B A | A BORE
T FEIARSR B S50, B2 IS R T A AR 5 S8
AT AS 2 R I XA AR S22 50 (R 1) .
HRFE SCHR[ 141, 57 X LR 153 A FLEE Ny
o,...=0.4612 +0.0588H
0, =—0.4346 +0.0286H (1)
o, =-0.4683 +0.0316H
K, Oy T i B 0, 53R KK 0 Sy S/ NKE 3
i RN BT I 7, MPas H gl SR, m.

N o4

®1 WEMTEENFESHY

Table 1 Mechanical parameters of the ore rock and backfill
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Fig. 1 Finite element calculation model of cross—section
of the drift
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Table 2 Statistical characteristic values of primary
random variables

SR STATAR R ] ¥z BRRH
h B 1.05m 0.137 0.13
L IERA 3.08m 0.123 0.04
M IEA 3.05m 0.146 0.05
u IEA 0.25 0.015 0.06
E B 0.07 GPa 0.018 0.23
E: IEZ 0.11 GPa 0.029 0.26

T FEERS  0.42 MPa 0.080 0.19
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Table 3 Parameters and simulation results of the

orthogonal simulation test

FE  bm Lm Mmoo o, IMPa
GPa  GPa

1 078 254 276 022 003 005 0.2950
2 078 308 305 025 007 011 04373
3078 362 334 028 011 017 06141
4 105 254 276 025 007 017 0.1780
5 105 308 305 028 011 005 03460
6 105 362 334 022 003 011 03397
7 132 254 305 022 011 011 0.1687
8 132 308 334 025 003 017 0.1780
9 132 362 276 028 007 005 02507
10 078 254 334 028 007 011 03728
11 078 308 276 022 0.1 017 0.3905
12 078 362 305 025 003 005 05476
13 105 254 305 028 003 017 0.1747
14 105 308 334 022 007 005 03524
15 105 362 276 025 011 011 03318
16 132 254 334 025 0.1 005 02210
17 132 308 276 028 003 011 0.1537
18 132 362 305 022 007 017 02282
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Table 4 Variance analysis for tensile stress of the

loading layer

WER  IECEL AW HJrE FE SRk P

REIEAFAY 0.289° 12 0.024 18.544  0.002
h 0.182 2 0.091 69.828  0.000
L 0.068 2 0.034 26061  0.002
M 0.020 2 0.010 7.502  0.031
u 0.002 2 0.001 0.714  0.533
E 0.013 2 0.006 4.868  0.067
E 0.006 2 0.003 2292  0.197
W= 0.007 5 0.001
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Fig. 2 Flow chart of partial least squares
regression analysis
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Table 5 Correlation coefficient matrix of variables

h L M u E; E.
h 1.000  -1x107" -1x10™" -1x10" -1x10" 1x10™"
L -1x10™" 1.000 -0.197 -0.197 0.114 0.114
M -1x10" -0.197 1.000 -0.322 0.282 -0.388
v —-1x10" -0.197 -0.322 1.000 -0.588 0.282
E -1x10" 0.114 0.282 -0.588 1.000 -0.357
E 1x10"%  0.114 -0.388 0.282 -0.357 1.000
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Table 6 Discrimination of cross validity

h PRESS SS PRESS,/SS,.,  InFHE
1 106806  96596.3 — 0.95
2 116453  93721.7 1.2056 0.95
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Fig. 3 Scatter diagram for t,and u
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Fig. 4 Histogram of regression coefficients
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Fig. 6 Impact of various factors on safety coefficient of the loading layer
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Fig. 7 Impact of various factors on reliability of the loading layer
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Table 7 Critical values of parameters of downward drift
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