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Abstract

After the design is practical after the tin foot pine trees, according
to zhou graduated from the teacher issued the book as well as a practical design
of data collection completed YTC Tatun Malaysian tin mining Lo 1450m above
the middle of 1-3 # Orebody the design of mining methods, design of the main
features of the basic principles of design, ore geology and mining technology,
mining production capacity verification system and the middle section, mining
methods, such as 1450 to open up the middle. Design has been developed, such
as ore and the middle of upgrading production capacity of 50,000 tons / year
of the request, Through the selection of technical and economic comparison
of vertical deep—hole charge globular stage of loading ore mine mining methods
Housing Act. Designed to open up the design of mid—1450.

At home and abroad by comparing the situation of the underground
transport development, proposed for the primary program Xikuangshan the
techno—economic comparison, the clock to finalize the roadway along a single
vein Wearing transport arrangements for the 1450 program to open up the middle
level, greatly improving the productive capacity of the mine can be used for
reference in a similar way to mine.

Is designed to focus on the middle part is 1-3 # 1450 designed ore mining,
including primary mining methods, mining methods of economic analysis, 1-3
# ore mining System layout, cutting layout, extraction processes (including
mine way down , blasting design, stope ventilation mode, the way the mine,
a mine equipment selection calculation of loss and poor management) Design
and pressure control, the progress of the preparation of mining plan and
construction sequence, mining methods and technology costs of economic

indicators, and combined with the mining approach the middle of 1450
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production capacity is verified.

The design of the Datun also be outlined in tin mining, the geology of
mineral deposits and mining technology, such as a deposit type, geological
structures, ore industrial scale, physical and mechanical properties of rock
mining and mining conditions, such as rock solid a certain discourse of deposit
to open up the system, the system 1450 to open up the middle plane, mine
ventilation systems, mine hoist system layout and system capabilities, major
equipment, such as a certain description.

[ Keyword ] mining methods opening up of ore deposits DTXK
underground transportation mine shafthoist mine ventilation extraction

plane developm
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(a) BB R (Q FLBR S 7K )=

AEREORG L, RFSROREE . ARA R, R 0.5-10 2K, JRFBIA 40 40K, &
MG T M E v e, 1538 2% K=0. 005-—0. 009 K / [, #EKPESS, BBk
AR
(b) =B RGN IHAL (T2g) HHFHIK)Z

AP X RS B R B (T2g2) MR BB (T2g ) M2, — BB HhIE . &
JERERT1000 2K, AR E, X HNFEEK~GKE. 215 REK=0. 0705 K / 7
(c) ML A (v 53) Bk )z

B N R TE AR 10 H R o R L BT R I 208 £k 107 5 fL 4 B4 i 7 A
1400 422K, #xrEr 1200. 89 2K, MUK B A RBERAL S, %2 BB AR K)E .
R AL P BT KA, SRS AR .

3.4 W REMHEMEE T H

3.4.1 WRBDERSEAL. EHIRTB. BRMEL, SR CRE R, X A0 1
WL SF AT VPIE, e 5 7y A 7E BIA
A BRI AE M ORI S Ak b, DA 2D e T A EE T AT I R S
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B) zoinzay it (B3 LA

J LA o G AR P B R S A W AR TR AR A R, AR A R A EA S,
FERFARGA, oS RS 25 . BIA B L H (22 LR TRk s
1 BRI

52 MM YU R B k. 4% TR TS Kb RHE: %
TR AR LR (I RV G ), kLA (P A SRR
2 R AR

He—e MM AL OB BRI M. A T8 ERMRE . MRV . e R
BiAR, FEYT TSI Ay R T
3 R TR A
(1) MBS HE, RefAEmfE e 1k: (A4 24%15)
(2) g &L &
(3) TRRAEE, B LRRE R R i
4 T O RAR, WK 3.1 P

® 3.1 M TMEIRRR

i H 25 IPEY e
LT %) Sn  Cu (WiALAdFadr) 0.1%  0.2%
AR TN AT (%) Sn  Cu (ERALATFEHR) 0.3%  0.2%
BARRIERE (m) Sn Cu 12K IS
Je A HEREEE (m) Sn Cu 2% 2k

5 HUHf
O BRI HE
WET BT, DR AR, 5 B RN . X R iR, R
Tiik, PRV AR TAE RS A R Bt 2 o FLOCBRE I i A ot R AR 1
O BT
(1) b 7E0 HE B3 0. 2X0. 2 [RMARERFE S IF46 20 ke
(2) IR LE0 RZRIAE 0. 2X0. 2 R AR ST A F T He-5 JE 45 43 ikt
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, w{; 7 TVY 7 ,2’,76,'%%2 & vt (# X ) 4%% A %

(3) FTHRVE e KBE R 4 oy i E
(4) ZIRE: A0 PRI LA 10 emX Sem (3535 (1 HURS TF A 45 73 oRf
& FER AR AT
OIS AL I A R0 Q=Kd2 (Q: FEM T FE T & d A SR K ELAR) 1
TR KGN TR AT IN T, K ECRHZUAN 0. 2. SR FE. MIRE. htde. REOf. 40
Ors AR REUE 4805 TR, KERLEEAE] 40 HIMRE R  OE . TRES, AHREOR R
A (R 60 o) FREedil BFIL 160 H ek,
SEACH AR T E: Sny Pb.y Ag
FRALH L% 62 Sn. Cu. Zn. W. Bi. S
WL 15% AP 5%
6 fifi i TH 5T

Wikg S |0 A K fifi = WAE (O i (%) | &FE (L
it

1-3# &) C 1. 937 46222
H B+C 1. 81 79529
% D 1. 88 62561
) B+C+D 1. 74 39277
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U5 iz s 0t (3 $AK

BNE 7 KITH

4.1 B LUIMEFHBHER

4.1 1 HOH6 ARG E P Z B B I T F0 TR KGR R, IFRUL v

EUXW‘# H yak- S

Py
B

We: [T,
G B3

P bosioloso | BB | 1100
REER e oot 315

AR RS

SXREAT BT ¥ AR G P RS P A3 b A L m] A AD T o TR, el 2T
A RSA KK BEAR o
4L 2§ XK, HFHE R, RS IR

AN XA 257 LD 7 R IE R R T 1 R A ARk &7 7 AR 3 e 245 1]
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B) zoinzay it (B3 LA

Mg, JIVEA MG 2 G ASIAL . ARASEAC I BER, rA b B, v )1
B fEig KA TR, SR R AR D b aeis sl Ak Rg L Wik, AR
WA X o AN HG XA BRI BT, KA R 2ot Aol ==
LR T RIS Z 7 T RKMA 2, N =B I IR T 5 3000 KM 5kig £h
N JE IR S TR AT A . B W, T ENS0E sk KX P, AR
ABER, RN S A G S . T AEAORIY], Mg 3 e X g sh B s A, FEkE
KB RRAN =& R A AT, S b, s 2 a =W, I8, M. 4.
WEEZ G IR ITE RS LIS B 2 N I AR R

W R HRT R, IRAEbR SR 1450-1820 K, ¥R K 15 K, fiifh 60 JiF,
8]+ 500 2K, THUECAR HE 25 15 S R BEA RIAE B, 4 b b e oy il v Fn 2k i ol
WO EEAN AR 53— N
FHH TR -
(=) WE TR R W2 AR 1w v, fhdemeg, B EmE, EEEH.

H VG o) ZR—— ARl A 7 1) B R URE 1) o ™ R A AR P E 1), TR &R
ge. BERRGAT BRI, [MIXRGAT BEAEAREE, PN R 17 PR

S22 ey 50 S IR N 517 & e IS0 05 R N 7 9 =2 e [ =R
B, WG BURHE, 7 100 KR BN 20 h 2-3 BOdATIER, tdbin B TRt
ek BB JERTBL EBUERTT R BOFK.

B bR ok 22 28 FURD™ A [F]— 1 B A (R [RRU ) &, SR b 1 45
W, PR TR . R mBukg [ Bhpe e, X5 n] BT

e w R ——RIOLE IR E A RN FER—[RER T, AR s IR
R IHIE G ), RIS [ 1) e it ] UG SE TR

WA IR L, 0 R R A T IERURPAR . RS I (BUE R
I BETHR T, R B E = AN @A T 1360 B R EHEHIK A, K
H PLC 5 S # il R G Setiis i, WAL Figd] 1360 hE, fpEismsk) 4
M,
4. 1. 30 AV e, A AR ), AR AR
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DO F iz kg Bt (RX) % AA

TS TARHITAEH A 330 K [AJIr TAFSE AT H 2 340 K.
KA IR =HE, YL 8 /N, AN ] H =B s P L], REHE 8 /N,

4.2 W R TEFEERRZ

A=A +AAA, t/a;

e A=A R, t/a;
A—M" D PRI A t/a;
A— MR I A& t/a;
A—RIPH A, t/a.

(DA b3 R A A 4

A=gNt, t/a
At oW HERE S, 200t/d;

N——FeVF RN (PR IRA™ 5 K CR Iz,

T—FLAEH, 330 K;
A=qNt=200%2%330= 132000 t/a
N AR5
RGP G5 FE PR

Ne_mL
11 +K)

e L——E Fr B (R M S K5, 500m;

m

| — 55K, 50m;

4. 2. 1 ey BTSRRI ISR SO VR 7 447 it

R BT A S K B AR R R L B 80~90%

k——3% HER I HRAER S 5 R I B R R R A

BRI REN AR . i 8 S S i 10%, sUiKER, mil ks,
AR AR TR 6 /N

(4—1D

(4—2)

(4—3)
’ EX 85%;
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DO F iz kg Bt (RX) % AA

mL  0.85x500

N= = =1.7, W2
I1+k)  50x(1+1/0.25)

)W R PR A
A= 24750 t/a
(3) R0 f
A=132000 X 8. 95%=11814 t/a
A=A, +A,+A; =132000+24750+11814=168564 t/a
A=168564>5 J i /AE 45 G A = BEK
4. 2. 2 4ZH IRTFRAFE T BRSO UED A4 7

_ VSya

A K,K,E t/a (4—4)

s VPR ITARSE T R (-T2 N R TE BEE S, RS0 5. 074D,
20 m/a;

S—W KR, 2069. 6164 m’;

Y —WfifkTE, 2.355t/m’;

a—— DM A BB CEFERAE. 775 17 FD, 92.61%;
BTNl Fi T . CRFERAE. H. B ED, 12.4%;

K——0 A& IE RS, AR BT HEIR 0. 8

Ke—— 0 R EE IE R E, AR B FHHERR 0. 9;

E——Hi )i e 24, 0.7-1.0, HL0.8;

_VSya ¢ 20*2069.6164*2.355*0.9261*0.8*0.9*0.8
1-p *+° 1-0.124

A =59359. 17 t/a

A=59359. 17>5 JIIi /4, FF&Er=EKk,
4. 2.3 HATE B LRSS RN A 57 =

__Qa _ S
A=ri-F t/a (4—>5)
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U 2 s r 0 it (h2) + AR

Kb Q—— R TkfiE R,  2069. 6164 X 300X 2. 355=1462186.5 t;
T——2 5 R LRI, 4R

Q& _1462186.5x0.9261
TA-B) 30x(1-0.124)

2SOl S oV RPN L ATING SVl A BAIE 6 A T N SR 3

=51527.05 t/a>5 JJWi/4F, FFa4re=gisk,

4.3 W RS ER

7 Ll SE B Al 554 B
T=t,+t,+t,=5+22+3=30 4

b A & BHEER,
W AP P EEEE R, 45
ta——0" LRI B ER, 4R

TS R R 55 4 B

T =t, +%(tl +t3)=22+%(5+3)=26 Go

4.4 HrEREERFE

4401 MRYERD BB ZA, 7 IR AL R 55 38, R B
B Bt = B2 A 60m;

4.4.2 WV, S A B BOR bR
F M BURRREAR Kl 1450, 1510, 1570 2%,

4.5 JTRTTIRRIIEHE

4.5.1 J5 EW)%k:

AR Rk 25 1 A R BT AE L DX R e 25 7, 2 Bzl JUH R AL P 5
MSEBRIG oL, WA 72 O WH—HIE % @i, W I—Hih

o
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&) otz A g ®it () FRAA

BRI @ —RHBCE TR 77 % o BAEREH WLAE = B AT R IT# R T E R
#0520 FmRe o BB = AN L T 1360 B Eakmiixal, KA PLC
AR R G s, AT MR 1360 B, Zepkigism i) AP,

FEA AT I BURL St Z AN e BT T R L LR B, 255019005
RPN EEAR U ——ECAR B AT, Pt EE B, 224, WEE. IS5 IR E.
eIt daf. WAL HoK. JEHRAE ARG S, HNAT G B KA 1A BR AP R
i

FELE IR L AP BE 46T R £33 AT, 3658 (TR S0 P — 5 B IR G
TFRBES THRE A VA — B RIS T
Jig— BT —E BRSO R T
1 IHA RGO

W ARIEAFAE 1450-1570 22 (8], BEGREEA 120 Ko SRR EA R K R4
- A S L TR DAL I A A 4T — > VAR, ARFEA L BLAE AR T R A A AN
IS R AR RAT 53 BT 4T IR~ P Al A vt RO B4R B A o 2 20238k A
FOELRIN 55, S ANE nl A8 2 Y o ARSI AL BN, AT ETS G 2
SR 1S BT, FRATEEAE AR AT E T, AR A KSR
F AN HEN AR RS DAY, MR A A TR T . Tl K B i
BAYHE L REHYEE . SO LR & h & AEE KB E . MRS, 14
HESy AEHEDs ) B 5, DAl WA~ A ds e S AV 1 42 /b S i 3RAT 140
BYUAHAT BB (R AETR B AT M Bt S K 45T

S ARIRAE S AT IR S0 HT, S5 25 o BOE SRR Y #5E , T Bos ik
60 KGN, R B 1A BL. A ki Mg 1510 B, 1450
BB
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&) otz A g ®it () FRAA

BRI BRI, JF HAERE Bl e B LAAh . I R ZERPREETIA R, i
FRN G, WATLERT R Ao S AMEr R AR Ab A & — A B R X F
2 WNRS

AT H R P BRI s b T A0 TS TR, 0 R R FH A LA 58 o) 22 R L sl
R A 2T, R FRATT AT LR W80 pi R 1 22 A AR I A W) AR 72 11 2BK T R i
XA, ZHEAT LR B BN KU R R RO FH G o8 S5 o T8 XS
AR ANt 2, 7 25 SR A b i UK J ot IR XL

HE AN 1360 H1 Byt A FREN , SR 5 FF B AT IR XU 5 TN 1450 B
A1510 B, 38T BAR 200mm (1R IR SRR . 25 Hh Bz s E gt A
BkAMS AR, 2 ANATFHRTHRLE MRV IR, SeR AR T 5 5 XU R AR Py
()] AR TE 28 ANAT B XAHlH 2] 1720 th B, Rl 1720 h B RIHEH AR 1T IXAE
JER T — A el X R S
3 ik, "R

K HI 600mm BEE, $WAK 24 ke/m (MHIE, TS T464 24 ke/m Puid. HHLE.
ME T Az, MPEy, SiE S BRI  gfer (PLO. B, 4
FIHLA ZK3/250 BIARA LA, 9800 1250 mm, /& 0% 15650 mm ™ 2= YCC2. 0-6
MPERA 25, Bk 1250 mm, R4 1300 mm, PSR A 4204 PRC-12 Y, R
HI JKM1. 8 X 4B BUBE 4R THHL, mTLASRTHIIRE, BRI B .

F B EE T NS s s, R 3 ML ARG ] 2. 0 oK T E T
FisiiE I, BE st R 1360 B ML W Il N T N ik
IE AR A R I A - b B AR N ZE BT 5 A AR X
TR B P—RI—E RIS I 07 %

1 T R Gt
WA TE 1450-1570 2 [8], HBERFEA 120 Ko SR REA K . M4k b i
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&) otz A g ®it () FRAA

ST F A ] L b 155 10T R T 4% A 4T — A PR, ARSI BRI R 4%
PRI AE R R RA 7 i, AT 0 PR A A = bt SO R BB E T . -2 s
AT, MBI G, Sy AME T DIAE B o RGP TR AL B I, AT 1% 2%
FE PR AT 1 BBl (R M T, A 1A A A S kgt IS4 s K
B W EFIEA S ZETH DT, RN A AE ST . Tk
Bt v A e 0 EEHEEE S BRI LR & S &R KRG e AR HEY |
WA HEY (EYES KX F W45, DO (A= 1@ 2. ShA P 1 522 2 4R
A BT O R AAT B CELRRZERE Bt RIS 43 Tl Bt S 1 414

M AAMRAFE S AT (R SR 530, 26 5 BB R IR P A, Hh B B ik
60 KGR, ERE—hBrh Xk 1A B A B MK 15610 B, 1450
BN BL
2 WHRSE

AT KB P BRI A i T Ab TSR TR, G R SR FH AU 5 o 22 L
At & X, R FRATT AT LR FH V8 e v V1 22 F OB A W) A 7= (1 2BK T 280 i
AN, ZHEAT LR K MR N KU s e RO FH Y o S5 s o T8 Xy
ORI 2, 7 25 SR A b 1 UK ) ot SR KL

FriE RN 1360 B HE XIERE, SR 5 FF B AAT IR0 i XU 5 N 1450 Fh B
A 1510 B, 38X X FAR 200mm XU IE SR T . X & Brs s i gk
WkAMSiARIE, 28 ANAT IR HRLIE HE RNV, SER AR S 75 X R A Py
(RrE] R AR 1 28 NAT RAG 0 3] 1720 B, Fhi 1720 B RIHE H e o X RE At
JERT — A eI R S
3 izffr, IHRS

K 600mm BUPE, AN 24 ke/m [MHNIE, TISH- A4 24 ke/m B, FHLEE,
DN A s, IVET, siE S EERH W g (PLO). BB,
A5 N0 ZK3/250 MUZRA LA, BRSO 1250 mm, w04 1550 mm, fTA0Y
YCC2. 0-6 MY 4=, $EJZ N 1250 mm, 50k 1300 mm, P45 N 424 PRC-12 1Y,
HRIE A JKML. 8X 4B BB IEHETINL, A LU THRE, A& TIN5
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i Bl e 2z 44 It (R X) H ALK

Fh BT R N RE R is e As, 3 iR ALAEAES] 2. 0 K T E AT
FIsHIE EWIE, BT IIE] 1360 TE MR W IR N R NGk
T AP ARV DI 3 I & BT AR N4 BIA A A AR X

gr bprad, RUFFAREZEIL IR 130m, XSRS L Rt s im 1
RZ, Bk A b H S8 TR 2, FrAgacf3 A4 H £ 10, EF——8 %I
IESEPIEWE S
4.5. 2 J7 EWIL A L
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' ig;@ﬂ}f.zz%:%?'%iiﬁ‘ (# %) '%731&%

#2411 FHERGHERE

TP E RIS T | PRI E RS T
E{IRFA E{IRFA
5 TR H | R B
TR TR
Hir Bt Hir Bt
m 5%, m’ m 5, m’
(o) | 3o o) | Uioo)
— T TR
1 B 480 m’ | 300 | 144000 | 844 m’ | 300 | 253125
2 FIH I 480 m* | 300 | 144000 | 360 m’ | 300 | 108000
3 % 540 m” | 250 | 135000 | 540 m’ | 250 | 135000
4 i 630 m* | 250 | 157500 | 630 m’ | 250 | 157500
5 i == 1460 m’ | 250 | 365000 | 1460 m’ | 250 | 365000
N7 945500 1018625
B PRGAIIFAEESEl
B B Bt iz 4 A5 18 | 450 250 488953 | 450 250 48893
: e
NF 450 488953 | 450 488953
pusn 1434453 | 2852 1507578

MR LR 75 2 RO ISR 2, e s 1 BT 3h5 7k
R AR — T BRI S T 4R 5 5

4.6 FHIFHRIT

4.6.1 FEIEEH

IR R SIS T T %, i 1450 TBLER, 7R AR L
ST BRI, 53 HMT P X 1450 HBr— 1 3 16570 B, Bz ey 41 E ik
—4k, NMTMEHESI 50 BT R TR, R 2R A s K,
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B 2 ez 4 B (AR E AR

B X 1450m H Bk KR EAD R i By, S % v Bz SR gk N 57 ik is
8, 2 AT AR REIE AR MMV, PERI T A S 75 X R 37 (8 A 9 16 B XU
28 NAT IR ATl R = (] X R L 2 1
4.6.2 FEIEOE

FEI AL E SRR R, AR, 2k, &) A, Dl &
AEVEIXATE, HE A A =, EEOFE A E SR RS
4.6.3 FEIFEWHEIR A RS

BRI A AR AT FEA IS D VEHT R AL T RAFH L SRR JPIRES, £
UEASTHE (1 22 AN EH AT, Wik 2 & SRR FE R it HJF T Lo Pl ss
B BB AV ST, B TE RN ORI TT I BTEHE . SRR SRR
ke DA SRS TR R %L LR HE S RE B S, FRAT AR i F RS AT I =03t
Wi .

B
-

3000nm

1550mn,

SO mm

4.6. 4 B BUam /K1 (1A E
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U5 iz s 0t (3 $AK

WRIEE S KPR RN IET MR 0 RTEREOR SRR 5%, B
Bz SV A ER A v oAt By 3, RN A DA 2 BRGE IE T A, SR IR L W ik
BRI KR IS AN EE A T 2, 2 BRI BOa KT R IE R 3%,
WPEDy 3%00 X HTHE E BT BLINBY Briz Sy s BEz S Y- 1 14 .

S
D)

HEY

iz Fid

EE s

1-3#5 4k 14509 B F 1 K

4.6.5 IR R IEFE:
TR IR A MR 454, 2R vt i K 2, et 2
FIERERET) . T AIAL e MR 407 HRECR . SR A &
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' ‘-iieﬂ;f‘zjé%% & 1t (# %) ’%’Hﬂﬂ&

TR M AT RRER A AR VE DL AT R s AR TE AR L o A AT T
AR IAE 10 JIELLR, BrLART LR ASA AR
4. 6. 6 fif= T
AR BRI YEA A, AR s, BHEE A, PUBHE—A. i
GRS A& I R . AT RS ERE A 4nX 3m. 75 1570m Bk
i /KE, A 1450-1570m H B LK o
A2 B RSE AR

Hh B i H Wr It (m*) K m) | AR (mD
G AEZ R 22 8 176
A HL ] = 22 6 132
1450
HLBIL 2 PR 22 10 220
HUB AR = 22 6 132
1570 itk 800
i W A

1 YA KEZ PR i s o SRR PR, TR S Ll 22 i & 2o KEZ PR — ML 4
g, EEME. FEN L SAIE R FI L AR 55 T AL

2 M s BTN SEL R . o Hoph i s e EEXA TN T 100 K BEAE
FXANT 60 K; Al = A PEEHAT NARTE AN T 25 2K BERE UM T 20 K. il
PR R AN T 30 K BEREACA/NT 15 K.

3 BUAIE 2y R AT B B A e AR AR KA1 Cop B B[R] U g ] KUK 1~ B 1 XU
FHAEILHA ML RS

4 HUANEL L IUHAN T 4 0K * Wikl )48 1E 5 FAE A, B TE N =
HA, HAP At 7 M 2 0K, o )RR AR TE

5 YUNEL AT AN H
S (5
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B) zoinzay it (B3 LA

1 AEANR 25 A7 RN 24 B AN I P

2 i HATIE N YELA A, R AR AR 3O, s AT 1.6
K FHAKFEEA R 5 K.

3 ZAA S A BE R B 0. 4 K LA E (R TRIBR, A6 HE 2 BB 0. 6 K LA_F 1) 2 4 i o

4 F[E A A E A E BRI, BB A AL b, DR, HR
TEARRMR FHE TS R R T BN I 1. 50K, TR E AR HE s AV 1. 2
Ko TR R N BB R LZ ]

5 KEEMLEANEAM T VIR 3 KK REWMGEWMLE. HNEABT
KL MH T, 20 L5 I B R 4 L

6 N2 PR IR VR e - S0

T MELEARE . A A 100 KRR AR, AR = R4 AR E 1Y
R e 50

8 EZ. FKERFIEE AN E eI b A7 B IR IRl LU R

9 FAFHCEE My, W Tas%, YT/rist bt bl — 2 B soARAR
AT T B IR

10 ZEIEREASE — M BEHE KA, LL 3~5%0 (K13 5 15 FE A I HE K VA A, BTk 200
X100 2K,
= Byl
PR R P O 24 PR 7 e R, R A e g

1 SRAE BT 7%, B XU 2 RN IR, G AU 16 A A
MOEMIZE T, $2m s, FRIRAEXN S, R vk e A nT 5, B s

2 YELPE NAIRHR BRI 75% I IE DL N, MRS T THASE . A = A 1
PO, EEANERT 40°C.

3 FINACR WL TAERI 735, AFFE PRSI T 18°C, AR T
30°C.

4 FEINFRE DA E T

(1) FEARh 1R RAOR A, R SRK. 2, 4 T FLinhas
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£ g Bl e 2z 44 It (R X) H ALK

(2) PEFHEN 2~4 WERERMATRLEE, SR 8 T BRIy

(3) PEZHEN 6~8 MERHERA RN, SR 10 T FLAgInFAs
L EISHC LAAH R AL, B, WWLE 2, el Pt v,
ILEEY i

1 3 Jin) A7 245 il 5 () 6 50 A T S A BB B KT, AR B K BT KT

2 FE AR K K B8« KA, BRI SR K8, B R A
T PEA iz

1 fEE AR R 294518 P Al e, IR S AN TE B

2 FIZASE G 2 WIDL BRI 2.8 0K LR 2.4 K, Hig gl G,

3 R IR Ei kg M IR 2R IS ik .
75 A R B

1 FI AR R XUATL ) P IR E BT 1) R DX A FL T Bl Pl A e i i 1ok Rl
AT 380 AR, FEA 15~20 T I,

2 PR R XU AR5 4 SR 2 ] B

4.7 W i BEE TEEMHRE R
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K 4.3 WP TR S AR TR

T | Wrd | & T 425 Wi | BT gk atiel (B

f2 | R | K ;S - I
T o N S I 2 I (m/ | 8¢
B ) | & | w | () | # A) je]
4 My [T [2314]5]6
(m’)
2 paes

g 4 T 210 | B840 300 0,7 —

A% | pd |7 210 | 840 300 0.7

B | dd [7] 210 | 840 250 | 0.8] | e

&l | 3x 3 45 | 403 250 [0.18 -

s g% 3 ER 60 | 900 250 | 024 -

VR kT
VT Doy

ME | 3x 50 | 450 250 0.2 -

e




, ‘_iieﬂ;f'zjé%% & vt (# X ) ’%’Hﬂﬂ&

BHE RY A (FED

5. 1 IR RBIA S

W ARGE [ 500m, R ERAE A Y R, £=6-8, J&H AR . K I B
Nt WA, AN R T E AR, f=4~15. B EAET, £=2~6, FRIEMERE.
WA PR R 0 1430~ 1870 m, §™ K JE REAE 2-18 m, JEREARMLEON, B KB 7E 60~
85°

DX RIS T =8 R H A IHAURRIR e 28 TR FCH A iza AR e
K, et FEMERIRA DS KA wa SH KRG BoaSE4l, Rk
W ARGV o« A KER Iy CAS O A~ Wi KB, R YU, 588
W, A, A LI 2. 73-2. 88 ZIH], PRI —MRAE 34. 5-66MPa Ji[H
W, JE A~ IS A, AR VR, AR AP R IETE L RS, BRI
AT BRE A e 2D — AN SC

A AT, A B FEDEN T, Al 40—T0% . HLUORBRIR Y,
BN EAES, RS . BTARSRICA BRI IR, AR AT BT
BIRE

5.2 T ILBLHRE Ik
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6. 5. 2 FEHRAN 5 HE HH A T 75 KU R o5V
Q——W

A———IRIBEWNEZ &, A=3150kg;
T—1 A5 ) 38 XU TE], B 7200s;
L—%J‘E&E, m;

S—ARTEWII, m';

Wi % Q——W— J3150*52*2o 25 =0. 152m"/s

s E &—Jﬂf ﬁﬁﬁ%ﬁ_01wh

H Q———J7ET— v§I§5;Z?F?_ =0. 02m"/s

R T Q——\/T \/W 0.07m’/s

Hri-PAk JKE— JEEE;EEI_ =0. 11m"/s

g I TEe &—Jﬁf %ﬁiﬁ?ﬁ_oowk

R il Q——\/T W 0. 1lm’/s
@LﬁLZHﬁ%M%Wiﬁ%%,M%ﬁi%ﬁﬂ%ﬁ:

= 10.1 m’/s

TRIZHARE 3. 6m"/s
AR om’/s

HUR AR 3.2 m'/s
eSO S| 4.5 m'/s
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Abstract

Block caving methods rely on gravity to break and transport large amounts of ore and waste. Despite the importance of gravity flow,
there is debate within the literature about the influence that the height of draw, partick size and particle size distribution has on the
geometry of extraction and movement zones. This paper presents the results of an experimental programme conducted in the largest
three-dimensional (3D) physical model to investigate the mechanisms of flow of cohesionlkss materials when drawing from a single
drawpoint. Experimental results showed that isolated draw zones are mainly influenced by mass drawn and height of draw. Partick size
was found to have a slight effect on extraction zones and no significant effect on movement zone width. Particle size composition (wide or
narrow distributions) and drawpoint width were found not to have a major role on drawzone geometry. Those conclusions were based on
statistical analysis of experimental data to define the controlling parameters in isolated draw. Model theory principles were used to
mvestigate within the physical modelling framework the possibility of directly scaling the geometry of the extraction zones, which
indicated that flow zones could be scaled in cohesionless materials under a set of assumptions. A mechanistic model of isolated draw is

also postulated from experimental data from observations of siresses and the IMZ’s geometry.

@ 2007 Elsevier Ltd. All rights reserved.

Keywords: 1solated draw; Gravity flow mechanisms; Cohesionless gramular materials; Block caving; Scaling rules; Dimensional analysis

L. Introduction

Block caving refers to mass mining methods in which the
ore body caves naturally after undercutting and the caved
ore is recovered through drawpoints. These include block
caving, panel caving and its varnations. These methods
have the lowest operational costs and highest
in underground mining [1].

The cost effectiveness of a block caving operation relies
strongly on the use of gravity to both cave and transport
large amounts of broken rock from its i situ location. In
block caving methods, the ore and the waste caves under
the influence of gravity and the redistributed in situ stresses
after the undercutting of the orebody base. As material is
extracted, the cave front propagates upwards until the
overlying rock also caves and surface subsidence occurs.

*Comesponding author. Tel: + 61733655954; fax: +61733655999,
E-mail address: raul castro@ug.edu.au (R. Castro).
'On secondment from the University of Chile, Santiago, Chile.

1363-1609/S - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi: 101016/ j.ijrmms. 2007 .01.001

The caving process transforms the mitially in sinu solid rock
mto a broken rock mass, which flows towards the
drawpoints as it 1s extracted by mechanised equipment at
drawpoints located in the production level [2].

Due to the high initial capital investment of a block cave
and its lack of flexibility, it is critical for the success of
caving mines Lo achieve an economically acceptable level of
ore recovery and dilution content when in operation. Ore
recovery and dilution in a block caving operation are
strongly determined by the design and performance of the
production level and the flow characteristics of the ore and
waste material [3].

Research on gravity flow has mainly focused on under-
standing the mechanisms involved and their impact on the
design and operation of the mine's production level
Despite its importance and the substantial research work,
gravity flow mechanisms of the caved ore are still not well
understood [4]. This paper attempts to address some of the
questions raised in the literature by using a Large three-
dimensional (3D) Physical Model built at The University
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of Queensland as part of the International Caving Study,
an mnternational collaborative project funded by several
major mining houses.

2. Previous work

The flow characteristics of the caved rock in block caving
have been studied through physical and numerical models
and full-scale trials [5-17]. There is consensus in the
literature that the gravity flow of a granular medium
generates two definite zones: the extraction zone formed by
the removed material and the movement zone formed by
the matenal under flow [9,10]. The majority of researchers
have concluded that the shape of extraction and movement
zones 1s ellipsoidal and called the zones accordingly [9-16].
Others have observed that the extraction zone geometry
follows other shapes [4.6]. In this paper, in order to avoid
reference to a particular shape of the flow zones when a
point of draw is worked in isolation, we use the term
isolated extraction zone (IEZ) to refer to the extracted
zone; and isolated movement zone (IMZ), to refer to the
volume that defines the flowing malerial.

To date most of the current understanding of the
mechanics of isolated draw has been gained through
physical modelling due to the practical difficulties in
directly observing the caved rock flow in sifu. Despite a
considerable research effort, there 1s still debate in the
literature about the controlling parameters on isolated
draw in block caving. For example, McCormick [13]
observed in small sand models that the IMZ followed a
cylindrical shape and reached a constant width with
extraction. He concluded that particle size and drawpoint
width had a minimal effect on the maximum IMZ’s width.
Marano [12] and others [14,15] later conducted tests on
large 3D sand models and concluded that the IMZ has a
cylindrical shape and reached a maximum width soon after
the start of draw. Marano’s tests were used by Laubscher

fea i vemEs Ve e e as

under those conditions. As a first step towards that
objective, a study of similitude between the large physical
model set up and the prototype (ming) was carried out.

3. Analysis of similitude

The gravity flow of caved rock in block caving is a very
complex process. The rock mass that is initially in a solid
state becomes a fragmented mass by the action of stresses
due to the caving process, that is, the primary fragmenta-
tion process. Afterwards, the caved rock is removed
through drawpoints. As materials flows, secondary frag-
mentation of the rock through point loading and abrasion
mechanisms takes place. Additionally, factors such as
water intrusion, high level of fine fragmented rock and
large stresses could potentially have a strong effect on
material strength behaviour and therefore on its gravity
flow characteristics. In order to physically model the flow
of caved rock, a simplified version of the process was
established which incorporates the following simplifica-
tions and assumptions: (a) gravity flow in caving mines
involves the study of non-cohesive, coarse [ragments,
moving slowly under the action of gravity. (b) The granular
mass is heterogenous but isotropic. (¢) The granular flow
occurs in a 3D environment without any special weak
boundaries. (d) Rock breakage mechanisms, primary and
secondary breakage, are not considered.

For the stipulated assumptions, an analysis of similitude
showed that the gravity flow patterns observed in two
different geometrical scaled models will be similar if the
following conditions hold. (1) There is geometrical
similitude for the whole block geometry. That includes
block dimensions (height and area of draw), drawpoint
dimensions, particle size distribution and particle shape. (2)
Gravity and bulk density in the model and prototype are
the same: 4, = 4, = 1. (3) The scale of times is related to
that of the length by 4 = A% (4) The scale of stresses is

levels in block caves based on the geometry of the IMZ.

Experiments measuring IEZs using gravel as the model
media have been carried out in order to understand the
flow of coarse caved rock [6,16]. Peters [7] concluded that
particle size had a small effect on the IEZ width and
indicated that the drawpoint width dimensions have a
major role in determining its geometry. Peters observed
that the extraction zones in gravel were not elliptical as
described by Kvapil, but were elongated in the centre; he
observed that the 1EZ reached a maximum width with
extraction. Power [16] who conducted 3D modelling using
gravel, found that the height of draw and particle size had a
strong effect on IEZ’s geometry.

In this paper, the authors present a study of the
controlling parameters in isolated draw for the flow of
coarse caved rock from the results of experiments in the
largest 3D physical model ever constructed to study gravity
flow in caving mines. Statistical analyses on the data were
carried out to help delineate the controlling parameters

related to that of lengths by A, = 4, = 4. (5) The residual
friction angles are the same: 4, = 1. (6) Wall friction angle
are similar to the internal friction angle: ¢, = ¢, where 41s
the scale factor for each of the variables under study.
During this study, the above hypothesis of scaling was
tested by carrying out experiments at two different
geometrical scales.

4. Experimental description

The large physical model was designed to run simula-
tions of flow for block caving under both isolated draw and
interactive draw conditions. Variations of design para-
meters such as drawpoint dimensions were also incorpo-
rated in the design. The physical model main assembly is
3.5m wide, 2.5m long, and 3.3m high. It holds approxi-
mately 55 tonnes of aggregate. This represents the largest
3D physical model ever constructed to study flow in block
caving using gravel as the model media (see Fig. 1).
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the markers located at full height arrived at the drawpoint,
which occurred after recycling gravel on the model’s top.

4.1. Model media

The tests described in this paper were conducled using
crushed phyllite gravel purchased from a local quarry. The
gravel was air dried prior to being used in the experiments.
This had the objective of avoiding cohesion due to capillary
effects on the material’s fine [raction. During the experi-
mental phase, two different media were tested, one using a
narrow distribution (8 mm-ND) and another using a wide
size distribution (18 mm-WD) of particle sizes. Additional
to those tests, experiments on IEZs for a 20mm narrow
distribution media conducted by Power [16] were incorpo-
rated in the analysis. The cumulative size distribution for
the different particle sizes is presented in Fig. 2.

The shear strength characteristics of the different media
tested were determined using a large 300mm diameter
shear box. Samples were subjected to different normal
forces ranging from 32 to 240kPa, and results are
presented in Fig. 3. Repeats of the shear strength tests
showed that the error in the estimate of the friction angle
was 1.5°. The results suggest that friction angle slightly
increased with particle size.

The physical model was configured to represent modern
block cave geometries using two different geometrical

scales 1:30 and 1:100. The dimensions in the mode! were
determined after conducting a benchmark of current mine ] =k~ 2mm A0

=
|

design practise [18]. At these scales the physical model
attempted to represent the flow of coarse fragmented caved
rock having a mean size of 0.7m and a height of draw of
100-330 m. The model height was 3300 mm and draw point
dimensions were  120mm  widex 100mm high and
36 x 30mm accordingly. For the isolated draw exper-
ments, drawpoints were located in the centre of the model’s
base so the flow zones did not intersect the model's walls.

Material was extracted using a vibrational loader so that
it was not in contact with the model, preventing vibrations
from affecting the flow. This system allowed material to be
drawn remotely from beneath the model and fed onto a
series of conveyors which transported it to a weigh point.
The wibrational loader was designed and comparisons
were made between extracting material using a model
bucket and the vibrational loader with no difference being
noted.

Refilling of the model was performed after the IMZ had
reached the surface. This had the objective of preventing f il 100
matenal riling towards the crater and of maintaining a ;

‘ - : Size {mm)
constant level of vertical stresses. Thus, the maximum
height of the IEZ referred to in this paper is that at which
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Fig. 2. Size distrbution of matenalfor different particl s distbutions
nder study.
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Fig. 3. Maximum shear strength for different particle sizes.

Table 1

Summary of model media characteristics used during experiments

Material Psa. MM Cu i Solid/bulk density, Ton/m? Size fraction, mm Aspect ratio (w:l'd), mm Shape factor r,

WD-18 mm 16.8 233 45 2719 19 3224004 0.78 (£0.17)
9.5 13:9:3 0.75 (+£0.13)
35 7:5:3 0.82 (+0.28)

ND-8mm 8.3 1.53 41 2.70/1.55 13:9:6 081 (£0.14)

ND-20mm 0 .21 46 2.71/1.5 3220003 0.84 (£047)

4.2, Measurement devices

Because of the 3D configuration of the physical model,
matenal was surrounded on all sides and thus modelling
was, in effect, blind. In order to determine the extraction
zone, painted numbered markers were positioned inside the
model and recovered at the drawpoint (Fig. 4a).

However, only the geometry of the extraction zone for
a given mass drawn could be deduced from the system
of markers. For that reason, sensors were developed in
order to determine the movement zone. The movement
probes are of an extensometer configuration (Fig. 4b).
A length of piano wire slides inside a length of brass tube,
propelled by the internal spring of a microswitch. The
frictional force between the sliding wire and tube is just low
enough for the microswitch to move the piano wire
forward when the assembly 1s honizontal. Adjustment 1s
provided so that the piano wire can be set relative to the
end of the tube when held back by a particle. The
movement probes are designed to detect the beginning
of movement of the particle directly in front of the probe
tip. Prior to installation, the sensors were tested in a 2D
model from where the flow contour could be observed and
calibrated.
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