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Table 1 Physical and mechanical parameters of rock mass and ores
ZH - BUERE/MPa HRREE/MPa MEEERE/MPa WK/ WEFI/MPa  BEEA/ () BAHE/10° kg m >
ERRKA 38.00 1.20 8 000 0.16 0.6 53 2.80
KHEE 28.50 2.30 21 000 0.26 2.16 50 2.80
BASKT 4% 60.00 5.60 65 000 0.31 4.3 51 4.04
ARFASH 53.00 5.20 63 000 0.23 3.2 50 3.28
Fe ik 3.50 0.50 1 000 0.30 0.65 35 2.21
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Fig.1 Profile of experimental scheme of NPCM
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Fig.2 Mechanical analysis of

temporary ore wall
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Table 2 Relationship between width of temporary

ore wall and index of Anti-overturning

Ifs B B BE
B /m 3.0 3.5 4.0 5 5.0 55 6.0 6.5

i(ﬁKE‘)& 0.957 1.127 1.300 1.476 1.656 1.838 2.023 2.212
1

i“(i;)&% 0.229 0.685 1.663 2.718 3.870 5.142 6.563 8.173
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Fig.3 General diagram of anti-overturning

reliability analysis of temporary ore wall
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Table 3 Relationship between width of temporary

orewall and index of strength condition

It B BE

%5 /m 3.0 3.5 40 45 5.0 5.5 6.0 6.5

ﬁ(ﬁlfiﬁo.%l 1.007 1.126 1.370 1.554 1.621 1.823 1.912
2

5 =
—Tf;)ﬁho.m 0.523 1.439 2.498 3.076 3.840 5.325 7.187
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Fig.4 Three dimensional model of back-filling

in sub-stope of NPCM

B4 RUTEANS (YAERAAE) W

Ts— & 5 FEHUA R 1 3 V1 A
Tb_?gfjj [k W]
Ns—&EX THEERWNES &S
N,— ¥ 3T AT Fo SRR 1 sh ik i &
G—REKEN
y—REEMEE
Yo KHWBE

Ay, A TR ST RN E R R
H, L, W—xHEKME, &, K
a—WBH, a=45+ /2
C, s—REELMERIMANERA
C;, $,— B ERFEEMMRIMANERA
Zy— A5 FRE KA K BT E

— R B RN R
R—FRHEKGIE S
S—FRIEMEKE S
| AR FEHEEREENELRE A
f=R/S, (5)
TEKAE SM R
SM =R - S, (6)
4 f=18 SM =0, {E18FEEA&KT] M5 R ER
REFRE
, R-S =0, (7)
AP, HiEH R H:

R = CLW /cos a + [%)'f(ZH — Wtg a) WL(cos a —

gsin @) — %}'waLW/cos a— %)’wZ%,,sin altg ¢,

(8)
Bahh S:

S = %)’f(ZH —~ Wtg a) WL(sin a — 7pcos a) +

%)'Wqucos « - 2{C[H - (Wig a) 2]1W +

WHaC (1 - sin goj)
sin ¢, tg SD,'} ’ (9)

276 UK h Ak B AR LB T T LUK 18 A B 1
Fi, $LBH R RIWEH S RN

R=(1kaa+ﬂ%hQH—Wma)x

WL (cos a — 7sin a) Jtg ¢, (10)

S = ';—)'f(ZH — Wtg a) WL(sin a —

qeos @) — 2{C;[H -~ (Wtg a)/2]W +
WHaC(1 - sin ¢;)
Sin goj
S AARZERAES (0.1, 0.4] T, T o,
p¥ME—%F (¢=38, =0.1), C # [0.35,
0.60] MPa X [EBfAISEE4R p ML 2R F, BIX
Rk, BR, MR F, T, BERRHEARFETT
RERENBRK. ABERERREN AN RER
B/ho ¥BHREFE VAT 0.3 0 g BBER,
EC, s Mg NERRBBHRAMBHELEX
8 (0.1, 0.5] ZE4kat, BEHLAE RS A KEEBRIE
M, REBBARESHH, HEHIERSHR
BAARABIATRER p WEmME 6 fix,
HE 6, ATREERMENERNERRR
HEER, AHREERRPUNT 0.3 0, WK

tg ¢ilo (11)



56 hETHRR¥

H3%&

8.00} o V.=V,= V_,=O,]
o V.=V=V,=0.2

* Ve=V=0.3V,=0.25
6.00% AV.=V= K:;/./

-~
= 4.00F
- /"/M
—p—F
200r 2:2::;’:——*’—‘
0 I 1 i
1.20 1.60 2.00 2.40 2.80
LLRY Fs

S5 ARERRMT p-F, XRHML
Fig.5 Relational curves between § and F;

on various coefficients of variation

12.00
o EFNM
x WMPEES
& 8.00F
E [-
%
® 4.00}

0 I A "
0.10 020 030 040 0.5
EERN

He ARERESERRAEM
SHEBXREBL
Fig.6 = Relational curves between reliability
index, coefficient of variation

and distribution types

AR AR M, ™ HZ RN
EXSARMEKRTFESK A6 g WE. BZF
PR R BB ERHERE K
ARESTHEREY, ERESHEHMMIE
BHHEAZRTRBIHHX S, FEILER C.
¢ My MAERRBYEO.1 BHATEIERRK S5.79, W
0.2t AT S48 4R 4 2.98, B 0.25 B AT S48 45 A
1.91, B 0.4 BY AT HEFEIR N 1.32, BT UM
BRYZHT, 1 Y EREKRNELEREHR 2.17,
MEL B AT AR 458, A S E E T
BXEEELEFR 1 X AEEENR SR, B
FELREME, HbTEWEEENZRNFENL
TR, EMNNSE. TREAR. HHRBEHHES

HEHAR, BIFBEHENATRERTELAE,
REBELRAR . FRENESRBAEERLK
REEARBENLEE, FHik, ERIT 1 0 XREH
RE, R %R BT SE BE BT R, TR MERR I E A& B
PIERSGHHSHER L, HHEBETRERAE
BMER, FREBEFEEFHSER,

4 #H#

HXHEGE R4 BWEDRFIER — R 5 8w, R
WTE&RY ERHEESZRYVHELETZHER, &
ARSI R MER, S EREELRT EHN
KW (BPIGET# BER | 0 X FEIEiK) #ATATEE
Wi, BETUTILAS®:

1) BEET REFE MM, et 82 n 45 45
MEZRBHBEMPRERK, XAHHE XM
SR BERMFEE R -

2) B HTRESR B A SR 46 AR MR K 2 REH
HoAH R B HL R FT SR HE AR R 2 R BUN, IR RS
RIBA R TIRAT 9 B AR R A5IEM, HK
A RGBT B BB BEIR o R DA I B T R B
KEERBTFHTVAREABIIEN, BEEERM
B, X—SxFREHESERT WIEE D &
WItEFEEE L., ERVARNT BEREBRITAER
REEZWT AS, BAKBHEZHBERK, &
= B i 5 T RE A RS E

3) R EHNRITREZLAES.S m, AT
SRE R RS IR R 3.840, PLMIEATRIEIRN 5.142,

4) BRET A RT EZMHT, 1 ¥ XFAHE
KW EERE R 2.17, THIERR 5.79,

5) 1 A XFAHEEWAERIISHEILERTR
REMSALBEFENXRR, HARRT R RBOY
Ketal REEIRE/DN, AR V/ANF 0.3 0 gk
RER; TEMBESSAHMATREERATES
STET fME, —EHETRARBNELEEMEE,

% # Xk
(1] Hfli4, FTEK, FEF. RHBFHER [M].
K¥: hE T K¥EH R, 1988
(2] H#E4. BTERFLURFELTE [J]. $EFT
W, 1992, 1 (2): 13~16
(3] BHFH, TEE, ERF. ELFREXE (M)
KY: R ITIKRFH R, 1989
(4] YAZFCH HTFLUELERTHREMNR [J]. £
Hi% . @AM BB, 1992, 200 (9): 37~40



5138 WS TR L ERAE LR TR SR 57

(5] (R¥FH) KBZRS . RT T (B—%) A, 1995, 4 (1): 24~25
[(M]. db3: W& Tk Hipsist, 1988 [12] AngA. H-S, Wilson H. Tang Probability concepts in
[6] Jaeger ] C, Cook NG W. Fundermentals of rock me- engineering planning and design (Vol II ), Decision,
chanics [M], 3rd Edition: Chapman and Hall, 1979 risk and reliability [M] .John Wiley and Sons, Inc.,
[7] BrownE T. Analytical and computational methods in New York, 1984
engineering rock mechanics [M], London: Allen and [13] Whittlestone A P, Johnson ] D, Rogers M E et al.
Unwin, 1987 Probabilistic risk analysis of slope stability [J] .Trans
[8] AREXR ML. B W ¥EBEEFRPHONA Instn Min Metall (Sect A: Min industry), 1995,
(M]. BE## . L. HET Ikl 1990 104: A19~A24
(9] Z2mM1994 EERERAN¥%SELHNER [J]. [14] Pine R J. Risk analysis design applications in mining
BANF¥EESTITEY¥M, 1994, 13 (2): 190~191 geomechanics [J]. Trans Instn Min Metall.  (Sect
[10] H®F, A, ERR. SR IEPERE R A: Min. industry), 1992, 101: A149~158
BryEg (1) Aah%¥5TRER, 1992, 11 (15] #EZ¥ . HFETREIH (M] LR BETH
(3): 314~316 H R, 1993

(11] &/ R TEFAXAEHEL (J]. FET

Reliability Analysis and Design of Non-pillar
Continuous Mining in Underground Metal Mines

Gu Desheng, Deng Jian, Li Xibing
( Central South University, Changsha 410083, China)

[Abstract] A high-efficient one-step mining method, Non-pillar continuous mining (NPCM), was original-
ly put forward and carried out in a copper mine in Anhui Province, southeast of China. Reliability theory was
employed to analyze the stability of the critical structures, including temporary ore wall and backfilling in sub-
stope of NPCM, which was completely different from the traditional analysis method, the deterministic value
analysis method. Anti-overturning and strength limit state equations for temporary ore wall in NPCM were de-
rived, and reliability index (B) and safety factor were calculated. The relationship between the reliability index
and width of the temporary ore wall were shown. Further, this paper established a 3-D limit state equation of
back-filling in sub-stope of NPCM. Using the 3-D limit state equation the safety factor of backfilling in substop
and its reliability index were obtained.

[(Key words]  underground metal mine; non-pillar continuous mining (NPCM); reliability; backfilling;
temporary ore wall
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