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Abstract: The mining subsidence mechanism of metal mine with fractured blocky rock mass is different from that
of coal mine with layered rock mass. In order to guide the safety production and prevent the ground subsidence,
the Beiminghe iron mine is taken as the research background. Based on GIS(geographic information system) and
probability integral approach, a research is done for predicting the subsidence of Beiminghe iron mine. A
three-dimensional calculating model related to geographic, geologic and inherent information is established; and
then the system MSDAS-GIS, which is developed by the probability integral and component techniques, is used to
predict the mining subsidence. By using the effective spatial analytical function and the drawing tool of GIS, the
analytic results intuitively show the degree and scope of mining subsidence. By comparison with the observation
data of the ground surface and actual situation, the proposed approach is verified and a three-dimensional visual
platform is offered for safety control of the metal mine.

Key words: mining engineering; mining subsidence; metal mine; sublevel caving method without sill pillar;

geographic information system(GIS); probability integral method

Wk EHEB: 2006 - 06 - 19; #EEIHHA: 2006 - 08 - 20

HEWH: HX “TH” BB H (2004BA615A - 18)

EER/NY: FEFA978-), F, 2000 FHFACHE T @A TR, PUNEEUIITE, 38N + LA 8 R G071 w98 T4,
E-mail: Icl bj@163.com



« 1244 ¢ A 1S TR 2007 4
FE T A 43 B 195 TSR V8 i, A SO R
1 51 & SEBINBIALIGIERE FER U T R, DL ST

TFRUCREAE A — T2 RHEAT R IUiR T 20
et 20 A0, LI EWFT N A AR
Ja, R BIBERB I AIEHLR LI 5
FRAIE BORFRSE, TN Pk B R BOR

TR T R REAS H IR BE 6 0 TTRUTRE
FOR IR AL e i e 5 BRI PP . [N AN 2
AU TR IS T, R T A T
JHEMPTRARE, KEATL AR 5 2K (1) &
6T VE (B g Y £k3%) s (2) T eR B (B A7
TRER L . Weibull 73 Afid . XU pf 208 37 b 4
55); (3) SRR ECEWI IR AR INE): (4) HRHRL
M (5) PHBI,

BERFINE IR T2 m e Bk, T A2 3h
AR A 22 X rp S RPN % . TR
RUMEFRERI B, B TN, JF HatHaR
AR, HAT O R A N R IIT R
DURETIIN 7 ik FOAT 2 T RO TR 10
MAE SR L AR R

EEN ARG AR A T Ok, AR
PEBCS P SAE, IR T 200, i
KA FIEAF S R 8RB AT,
A B A BT AR AEAR KRR PR

ERES SN IE S P R TN LEg o 2]
HATEAREAT T, A5 18 s ik SRkt
Ja, SRR T, R e E AT R B S AR AT
Tt AR, @ TR
AT i i SR A AR B B 70 M IO B A, I
FERIR RGO ST 19, (H i T AME S
THENIEAAG &, TN R AT AR R b

[LI5/URTTINE 82 VB | E AT E7R T VAS B | R b w7 )
EPRAE 1 km (AR R, A FE P R 3] PR
NRAE R B R BT L. %R TR 4 B
FEREATIRR, G LA IITR, TRERITFE 51
TR R SRR 5, AR5 R ML i R TE
ARSI AN B ST B BE XK
PEKZ) 20 m, FEALBELT 15 m, iR e R 57
SELTIRRADT RO R ARG IR 2, AR T8 i KN
%% 400 mm AAPY, PR T AR, R
JEBLIR I, T AN RSN o kel TR I 3 B
I, AL ZIREA T BN TR (R TR T o

FERACIRI R B2 A A e R 22, FHORIK

AT AR (] () A s A, (RIS Bk I 7 v
FEACAIT A 3

R 73 #r 45 RR 2 B AR . AR i
LuH A KE g, BUBRIAE 2%, AR
TV W b 2 T o S o 110 25 [R5 L B R R 55
S, DRI, W R SRR SEBLT RV
THEIN ) 2 285 TR A2 24 T 0 A A e P X

M PR A5 KL & St (geographic information system,
GIS)HIK JELG T 20 tH4D 60 A8, HRIFEHLRNE.
PR A TR TR A DL R FEROR T
—AA, REME XS ST % i Bk A (R A AT R A AT
R RREW. ATEAL, G ISR R E
MBhA MBS S, IR DGR AL T R
SRR T AU,

H it 7 s H 6 GIS #-EUik 400 2k,
ARC/INFO, MAP/INFO, MAPGIS %5, X% GIS
BAT A HAT FEA B 2 8] 73 A Dhfig,  AHO - RUTFIX
FERAL, ZRG . RARM N 7 0 A BRI )= R
PEo T GIS BA R SE, v DU IS S ke
RICHEHFUS LR GIS ghartok, LAFesr KIEM &
AR, BB L E AN, GEWIR LT Hh ST
TER UM B AR . (5 BB 251 44T
BTN PSS ST A SRR

BRI, ASSCR LT GIS FIHEZ RV 1 T
RGN TR U TS, DA UF H IS
FATE, X4 @A R FF KT e Tl i) sl & ]
PAGREAT A = SCHIHRT

2 ERIRERIMNERYG

2 TERDTRARIEFE AR P mT LU Y R 6 4
ANF I ORISR LS U R 2L A
AR o LA TRy . AER B RE A,
URZSPRAFF LN, A TR ICZ ] IR R AR IR
AAZs ARESA TNy L RE T,
RIELLPESZ BTN, S B o2 1) 5T IR G R
KA, BITHAN S IR AARTE .

AL R JE AL 7 BU R 7k, Ik
JHREEN T Eda i kB = 5T B, MR TVT
B v (AP SR 28 XA ¥ 1A L i B 7e . D fRAIE
K TARIRI 24, 2R TCRAT $ R B I
KA IRSURR I AR B % DR 2 1K 1



F2k ol

P, S5 LT GIS HIBER BV L Bk T KT 10 e v

* 1245

AR A DA DA TSR 5 kS ) 28 B i A LAt 3%
SEI, BT AR AR LA U AT 50K H JC AT 40 B
T S AT 1L TF SR DT B 1) U208 1. SR
IR N AR S 5T ) 7 (RRURLAAR A S5t ) 2
KM ST R )
2.1 EEERMOETNRE
FEMERAREN M, JF R T A 1 DA_E 32 5 1)
AR AR BEALA T ROR A 0, 3 BER AS R DL
Bl 1o ZBRBIIAY, A AL TR B
X R AAR /N R BIXFE B A JFUBURL AL R o ROk 2.
M5ea ke LECR, AT LMAHEXTIZ 8. Jobi i s 5)
FHRTORE (R BE LS B R 3R AL, I X 5 (R ORI )
B G AE B RE o B  BEAN T8 P (1) /N ekl
Bk, mTENER, s L — 2 A4 A%
(RIBHR— N /NERVR AN RS L 7 b 8 At BEALIK, IF R
HAHFIEAR 1/2.

zta --

(SRR AT e iRty LRt
Fig.1 Theoretical model of probability integral method

BT WS RUME IR DA A X
(1) HRATE S PG VR RITEW (X, Y) N

WP (X’ y) =WmaxCXCy
W_.. =0tM cose

| .
C,=—4=|_Jr,e%di=
' \/n'l.ﬁTl
%{erf[\/néj—erf( nXT_IH (1)
_ 1 \/;rl 247 =
Cy _ﬁ-[/;yrzl'e dA=

s gt

|

e W, WK NUUE: o 8 TUTREG t AISE
A TSR 5 5 R I T RUT R & — AN IR (A
FUAs TR, B LRI ) 2R 4005 et 36 AR I e 7
FE), R—ANE[0, 1IXIAIREL, R fik 2 55 2%
FEAVIRERE, t=1; M ATERIERL: o I )2
C,» C, 20 il A SR Rl A 1) AT i) T2 Wi b 5%
MU T UU AT R EL | AROGE KRS L AKX
Wi FFR%EEE; r=H/tanB, r,=H, /tanf, 1, =
H, /tan B 73 K XGE M 71 R hid7ia . by
] (I REA A%, tan B FESE M IEYIE, H, H,,
H, 85l R X GEm T Fiidim. B 7w
TERIREE

(2) HIRAEE AL P(X, Y)W o 7 BAVETZAET,
H
Tw :T(X)Cy cosp+T, ,(Y)C, sing

o=t n[;ﬂrxp{ n(%'ﬂh
o Sefol ] o424

e T, Ty, (y) 70 A AR SR 7 1) A6 )
Wi B 5E s A I RV A (mm/m); T,
AT ) R i SR R AR

(3) HERATE S5 P, y)HT o J7 1] ) il R AR A
K, 4

K, = K(X)C, cos’ ¢+ K, ,(y)C,sin’ ¢ +
T, (MTX) .
— ==~ “sin

max

2¢

x| exp{— n(X_"j }} 3)
r r
W B 2
et frof {2}
y_Lexp —n[y_L] H
r2 r2

s K(x) s K (y) 20 8 AR e i B fit i
ek 2 0seSIIVEY O] HES




« 1246 » A2 T RE2ER 2007 4F
(4) HERATE T P(Xs Y)W @ J5 [ IR7K PR ME SR MSDAS-GIS XAy 8kb 1 Rt it 47
U, A AT 5 5347

U, =UXC, cosp+U(y)C,sing

A A=Y

Ux)=bw,_, {exp

U(y) =bW,,, {exp

“)

A U)» U(y) 7000 0 5 3R L ) AT i) 2

T B RUAL KRS SME (AL mm): b k7K
RREIEY

(5) HLRATE S P(X, V) @ J7 10 KRS B (E

g, N

g, =¢&(X)C,cos’ p+¢& ,(y)C,sin’ g+

sin(2p)(U, , (V)T (X) +U )T, ,(¥))
2W

max

e(X)= —27‘Eb%{i exp{— n[ﬁj } -
r|r r
x—I x—1\’
expl:— n[—] }} (5)
r r
g,(y)= —2nb%{l exp{— n[l) ] -
' rl, 2 rl I"1
ol 2]
r2 r2

Kb e(X) 5 &, (y) 70 A SR R li) B fit i) £E
T W B AL IE N5 KA AR
22 FRIMMETITRE

ARC/INFO J& R Ax % GIS #AFrh Ak I 75 1
AT AR H AL A5 (component object
model, COM)HARN" 2, JLAR AL HAE S TR
SRS D) TUED . JTIMESR, B TS BL ) PR
THFRFE NI

MSDAS-GIS(mining subsidence damage assess-
ment systems, GIS)/& H A LM K 2EZIEE KRG Ht
TR IFR I — KR TI R 4, 2 RS H)
HI COM A4 ARC/INFO 5 T HERAIME I TT
KU TR AL BGEER,  BERE 7870 A 35 T ML B
BEXSPESR, TR IR A, X REIR LM AT GIS
EON IR IR I S VA TN WS S R SN T B N DN
YR = ETE R N BRI ok . PR, A

3 ALEAHA FRTMT

31 IEE=

I 8 TR LA R, AR R A
136~679 m, W ATEALE 1 F o1 s S “Br
HIE”, s N 7.909 71x107 t, KA
BV KW 7R IR, B H4ER B 1.8x10° t,
RSSAERRR 35 a.

e A A st 22, AR ERm)
BRAZ, RN 1 a ZHHEIRZIPR )%, TF
KUK T A B SRR 2R 5)), B T %
A= o LIRS AU S AT PR Y LR,
FERF T RUT b 1T 68 38 11 A B AN B8 2B AT 1T 5 (1) Tl
W, XM KRR o R AW, SR
MEPER fE R PRI A SR A MSDAS-GIS b igaii]
Y Bh A& T R HEATIF S, 50 T R FE A mr
REHH IS FH AT TN, DAFR S e i
3.2 dLiBIMHE =R A E L

(1) AT IR AR TR AR 5 4

AR X HTEE . B X PR R P 1
£

(2) BB

T X EIE BRI S CAD Bk,
HEAT b 20 e 4 B B A R SR DT B 9000 T 5 1)
ARC/INFO 35 F K .

(3) AT HERAE B R G

e 5 ) BB 0 75 B AT B AL B, A
FE U R L IEMIRANOCR . AR R TR
Fe LA SCHRRAE S8 PS5 A N 1Y) Coverage 45 HEAH I #2 o

2SO 2 R e Y S N 2 S VA B | 74T
Bt A ] 2 R

JEFATT AT 7 ()RS0 LS b S R T A0 X B ]
ISR M AE B, S S AR R A
B G IR TIN K /A e T R AF A
3.3 dLBIAER" GIS =4t BRI B ST

MSDAS-GIS BTt R B2 FE T HER L
JEEE, THEAT RCRI IR S R i e i i W% o5
X R (I TR . R 5 {8 5 SEBRIT R 5 i i
DA OUEAT R, ARSCUAAGEIT AT IELE TR
=50 m KPR BTN, I = g R
Kl 3 s



26 46l PEE, ST GIS ABERBUNER LRI B TR E T 2N <1247«

2 bRk (A A

Fig.2 Spatial model of Beiminghe iron mine
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Fig.3 3D calculation model of Beiminghe iron mine
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