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Expert System on Mining Desing and Development

Toru Kwakita
Abstract

Since the fiscal vear of 1991, the activity has been started in a
subsidiary working group of Lhe committee for study on design and development
of the mining technology for radiation protection. Inm the fisca! year of 1992
this committee was founded to develop an expertsystem for mine design and
development,

In the fiscal vear of 1991, preliminary study has been carried out. At
firsi, various mining methods were surveyed and the distinctive features of them
were discussed. Finally, a tiny expert system for selecting an appropriate
mining method was proposed. In the fiscal year of 1992, a required investigation
for mine development was examined. Special attention has been paid to rock mass
classification. And also the tiny expert system was put to the test-run. In
the fiscal vear of 1993, rock mass evaluation/classilication system was
discussed and a new evaluation/classification sysiem was proposd. The precise
and delailed data of mines were collected and test-run of tiny expert system was
carricd out for thesec mines.

In this fisical vear, rock mass evaluation/classification system was discus
sed again, and the obtained results was implemenied to the expert svstem. The
experl sysiem was also modified through the detaited study of collected data of
actual mins. Then, an abvanced system, including knowledge base. for mine design
and development was discussed

In chapter 1, the object of this study and the outline of results in this
vear were stated. In chapter 2, concept of an advanced system was proposed. In
chapter 3, an advanced systemas for mine design and development was discussed in
detail. Also, items necessary for detailed desining and develtopment of mine
were discussed. In chapter 4, implementation of rock mass/calassification
system to the expert svstem was stated. The expert syslem was also modified
through the detailed study of collected data of actual mines. In chapter 2,
possibility of knowledge base was discussed. Finally, in chapter 6, a bhriefl
summary of the resulls and the subjects to be studied in the next vear
described.

Work performed by the Mining and Materials Processing lustitute of Japan under
contract with Power Reactor and Nuclear Fuel Development Corporation.

Contract Number 06000216

PNC Liaison : Resources Appraisal Section Tono Geoscience Center ; Akio Ishido

¢ - The Mining and Materials Processing lnstitute of Japan ; President
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A B, BEHE:Suble
Input 9 2 1
Shape Size Value
Open Pit Good Good Good
Room & Fillar NO Good Good
SubLevel Fair Fair Good
Over C & F Goeod Good Good
Under C & F Good Good NO
Shrinkage Fair Good Good
Stull Fair Fair Falr
Block Caving NO NO Good
Sub L Caving NO NO Good
Longwall NO NO Good
Shortwall NO Good Good
OK P ABUSEENRRERSE LS TV
Point : A BN £ HE(NO)DO M
Press Any Key?
2 g MFEHSR, BHEFE: Short
Input 5 2 2
Shape Size Value
Open Pit Good Good Good
Room & Pillar Good Good Good
SubLevel NO Fair Good
Over C & F NO Good Good
Under C & F NO Good Good
Shrinkage NO Good Good
Stull NO Fair Good
Block Caving NO NO Good
Sub L Caving NO NO Good
Longwall Good NO Good
Shortwall Good Good Good
OK C ABEREEMFRES SRV
Point : @ 7 £ & (NO) D #

Press Any Key?

voel
3 2
Depth Ore
NG Good
Fair Good
Good Falr
Good Fair
Good Good
Good Good
Good Good
NO Goad
NO Good
Good Good
Good Good
Walll
3 2
Depth Ore
NO Goed
Fair Good
Good Fair
Good Fair
Good Good
Good Good
Good Good
NO Good
NO Good
Good Good
Good Good

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

NO

| o]

Rock

Good
Fair
Fair
Fair
Failr
Fair
Good
Good
Good
NO

NC

Point

Point



3 gt AE, B¥E:O0ver C & F
Input 8 1 1 2
Shape Size Value Depth
Open Pit Fair Good Good NO
Room & Pillar NO Good Good Good
Sublevel NO NO Good Good
Over C & F Fair Good Good Good
Under C & F Good Good NO Good
Shrinkage Falr Good Good Good
Stull Fair Good Fair Good
Block Caving NC NO Good Good
Sub L Caving NO NO Good Good
Longwall NO NO Good Good
Shortwall NO Fair Goeod Good
OK T ABAOEERRES LS ULL

Point : A @ 72 & # (NO) @ ¥

Press Any Key?

4 @il BUFAL (LB, WS
Input 8 3 2
Shape Size Value
Open Pit Fair Good Good
Room & Pillar NO Good Good
SubLevel NO Good Good
Over C & F Fair Good Good
Under C & F Good Good Good
Shrinkage Fair Good Good
Stull Fair Fair Good
Block Caving NO Good Good
Sub L Caving NO Good Good
Longwall NO Good Good
Shortwall NO Good Good
OK s RBRSEEXKEZ AL LT L

Point : & 71 & B (NO)DHE

Press Any Key?

Ore

Good
Fair
Fair
Fair
Good
Good
Good
Good
Good
Goad
Good

Fol1, [{EE: 0

Depth

NO
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
NO

Fair
Fair
Good
Fair
Good
Good
Good
Good
Good

v

g

Rock

Good
Fair
Fair
Fair
Fair
Fair
Fair
Good
Good
Fair

Fair

Rock

Good
NO
NO
Fair
Fair
NO
NO
Good
Good
Good
Good

&

Point

-1
-2
0K <—

OK
OK

-2
-2
-1

Point

-1
-3
-2
0K <—
0K
-1

-1
-1

-1



4 g AFEL (EE, BR) o2, BEE:Over
Input 8 3 2 3 3 4
Shape Size Value Depth Ore Rock
Cpen Pit Fair Good Good NO Good Good
Room & Pillar NO Good Good Fair Fair NO
SubLevel NO Goocd Good Good Fair NO
Over C & F Fair Goed Good Good Fair Fair
Under C & F Good Good Good Good Good Fair
Shrinkage Fair Good Goeod Good Good NO
Stull Falr Fair Goed Good Good NO
Block Caving NO Good Good NO Good Good
Sub L Caving NO Good Good NO Good Good
Longwall NO Goad Good Good Good Good
Shortwall NO Good Good Good Good Good
0K T R BERERFRMAES A2 T
Point : A~ #BL £ E(NO)D X
Press Any Key?
5 #l:BFEL (EHPEL) , BELE: Shrinkage
Input 8 3 2 3 3 3
Shape Size Value Depth Ore Rock
Open Pit Falr Good Good NO Good Good
Room & Pillar NO Good Good Fair Fair Fair
SubLevel NO Good Good Good Fair Fair
Over C & F Fair Good Good Good Fair Fair
Under C & F Good Good Good Good Good Fair
Shrinkage Fair Good Good Good Good Fair
Stull Fair Fair Good Good Good Fair
Block Caving NO Good Good NO Good Good
Sub L Caving NO Good Good NO Good Good
Longwall NO Good Good Good Good Fair
Shortwall NO Good Good Good Good Fair
QK R BEBREENRES LWL
Point : T~ BT & & (NO) D ¥
Press Any Key? —25—

C

& F

Point

Point



6 @il BIFEL (BHM) , WkAE: Under C

Input g 3 2
Shape Size Value
Open Pit Good Goocd Good
Room & Pillar NO Good Good
SubLevel Fair Good Good
Over C & F Good Good Gocd
Under C & F Good Geod Good
Shrinkage Fair Good Good
Stull Fair Fair Good
Block Caving NG Good Good
Sub L Caving NO Good Good
Longwall NO Good Good
Shortwall NO Good Good
OK P ABEREHEBRI AL SR

Point : A#E W K HE (NO)O M

Press Any Key?

Depth

NO

Fair
Good
Good
Good
Good
Good
NO

NO

Good
Geood

7 &R, ¥EEE: Shrinkage

Input 8 1 2

Shape Size Value
Open Pit Fair Good Good
Room & Pillar NO Good Good
SubLevel NO NO Good
Over C & F Fair Good Good
Under C & F Good Good Good
Shrinkage Falr Good Good
Stull Fair Good Good
Block Caving NO NO Good
Sub L Caving NO NO Good
Longwall NO NO Good
Shortwall NO Fair Good
0K C RBREEFREI LS L

Point : @ %% & # (NO) @ %

Press Any Key? — 26—

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
NO

Fair
Fair
Good
Fair
Good
Good
Good
Good
Gooed

Qre

Good
Good
Fair
Fair
Good
Good
Good
Good
Good
Good
Good

&

Rock

Good
NO
NO
Fair
Fair
NO
NC
Good
Good
Good
Good

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

NO

Point

OK <—
0K
-2
-2

-2



Shrinkage

8 @S:WMof, FHEE:
Input 10 2 2 2
Shapé Size Value Depth

Open Pit Good Good Good NO
Room & Pilllar NO Good Good Good
SubLevel Fair Fair Good Good
Over C & F Good Good Good Good
Under C & F Good Good Good Good
Shrinkage Fair Good Good Good
Stull NO Fair Good Good
Bleock Caving Fair NO Good Good
Sub L Caving Fair NO Good Good
Longwall NO NO Good Good
Shortwall NO Good Good Good

OK D ABREFMNES LT WL

Point ABULEENO)O Y

Press Any Key?

9 #ik:&Hm LK, BREE:0ver C &

Input 12 1 1 2

Shape Size Value Depth
Open Pit Good Good Good NO
Room & Pillar NO Good Good Good
SublLevel Good NO Good Good
Over C & F Good Good Good Good
Under C & F Good Good NO Good
Shrinkage Good Good Good Good
Stull Fair Good Fair Good
Block Caving NO NO Good Good
Sub L Caving NO NO Good Good
Longwall NO NO Good Good
Shortwall NO Fair Good Good
0K s AERNRENREH LS AW
Point : & 7 & # (NO)© ¥

— 97—

Press Any Key?

Ore

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

F

Qre

Good
NO

Fair
Fair
Good
Fair
Good
Good
Good
Good
Good

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO

NO

Rock

Good
NO
NO
Fair
Falr
NO
NO
Good
Good
Good
Good

Point



10 #Mb:&F W&, HALE: Shrinkage

Input 13 1. 2 2 1 2
Shape Size Value Depth Ore Rock Point
Open Pit Good Gaod Good NO Good Good -1
Room & Pillar NO Goed Goed Good Good Fair -1
SubLevel Good NO Good Good Good Fair -1
Over C & F Good Good Good Good Good Fair 0K
Under C & F Good Good Good Good Good Fair OK
Shrinkage Good Good Good Good Good rair 0K <—
Stull NO Good Good Good Good Good -1
Bloek Caving NO NC Good Good Good Good -2
Sub L Caving NO NO Good Good Good Good -2
Longwall NO NO Good Good Good NO -3
Shortwall NO Fair Good Gocd Good NO -2
0K P ABAREEERSE AL STV

Point : @ &% & & (NO) @ ¥

Press Any Key?

11 #: BH, BEE:Stull

Input 11 1 3 2 2 2

Shape Size Value Depth Ore Rock Point
Open Pit Fair Good Good NO Good Good -1
Room & Pillar NO Good Fair Good Good Fair -1
Sublevel NG NO Fair Good Fair Fair -2
Over C & F Fair Good Good Good Fair Fair 0K
Under C & F Good Good Good Good Good Fair 0K
Shrinkage Fair Good NO Good Good Fair -1
Stull Good Good Good Good Good Good OK €<—
Block Caving NO NO NO Good Good Good -3
Sub L. Caving NO NO NO Good Good Good -3
Longwall NO NO Good  Good Good NGO -3
Shortwall NO Fair Good Good Good NO -2
OK P ABUSHESRE LS AL

Point : R & 7% & & (NO) O M

Press Any Key? —28-



12 @i Br&, BLE:Room & Pillar

Input 1 1 3 2 1 1
Shape Size Value Depth Ore Rock Point
Open Pit Good Good Good NO Good Good -1
Room & Pillar Falr Good Fair Good Good Good OK <—
SubLevel Good NO Falr Good Good Good -1
Over C & F Fair Good Good Good Good Good 0K
lUnder C & F Good Good Good Good Good NC -1
Shrinkage NO Good NO Good Good Good -2
S5tull NO Good Good Good Good Good -1
Block Caving Good NO NO Good Good Good -2
Sub L Caving Good NO NO Good Good Good -2
Longwall NO NO Good Good Good NQ -3
Shortwall NO Fair Good Good Good NO -2
0K P ABREHEBE S AL TV

Point : A @ X £ & (NO) ¥

Press Any Key?

13 Sl # 8y, EE: Room & Pillar

Input 1 1 1 1 3 3

Shape Size Value Depth Ore Raock Point
Open Pit Goed Good Good Good Good Good OK
Room & Pillar Falr Good Good Fair Fair Fair OK <—
SublLevel Good NO Good Fair Falr Fair -1
Over C & F Fair Good Good Fair Fair Fair OK
Under C & F Good Good NO Good Good Falr -1
Shrinkage NO Good Good NO Good Fair -2
Stull NO Good Fair Fair Good Fair -1
Block Caving Good NO Good Good Good Good -1
Sub L Caving Good NO Good Good Good Good -1
Longwall NC NO Good Fair Goed Fair -2
Shortwall NO Falr Good Fair Good Fair -1
0K  RBEEBEBREI L ST

Point : F & 7 & & (NO)DO ¥

90—
Press Any Key? 29



OK

Point

14 @k RO, HRELE

Input

Open Pit
Room & Pillar
SubLevel
Over C & F
Under C & F
Shrinkage
Stull

Block Caving
Sub L Caving
Longwall
Shortwall

Press Any Key?

12

Shape

Good

Good
Good
Good
Good
Fair
NO
NO
NO
NO

Size

Good
Good
Fair
Good
Good
Good
Fair
NO

NO

NO

Good

15 @b : 8T, REE:

Input

Open Pit

Room & Pillar
SubLevel

Over C & F
Under C & F

Shrinkage
Stull

Block Caving
Sub L Caving

Longwall
Shortwall

OK

Point

Shape

Falr
NO
NO
Fair
Good
Fair
Fair
NO
NO
NO
NO

Size

Good
Good
NO
Good
Good
Good
Good
NO
NO
NO

Fair

Over

Value

Good
Good
Good
Good
Goeod
Good
Good
Good
Good
Good
Good

FERRENRELS 5T 0D
ABER&RHE(NO)DH

Stull

Value

Good
Good
Good
Good
Good
Good
Good
Good
Good
Goeod
Good

FENEHEHRIERLSAL

Press Anv Kev?

X @ 7R & (NO) DB

_30_.

C & F

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good

Good

Good

Ore

Good
Fair
Fair
Fair
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Rock

Goad
Fair
Fair
Fair
Fair
Fair
Fair
Good
Good
Fair

Fair

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO

NGO

oK €<—
-2
-2

-2



16 #: K&,

#HeE: Shrinkage

Input 11 1 2
Shape Size Value
Open Pit Fair Good Good
Room & Pillar NO GCood Good
Sublevel NO NO Good
Over C & F Fair Good Good
Under C & F Good Good Good
Shrinkage Fair Good Good
Stull Good Good Good
Block Caving NO NO Good
Sub L Caving NO NO Good
Longwall NO NO Good
Shortwall NO Fair Good
0K P ABUNEEFAES L LR L
Point : "B L & & (NO)D ¥
Press Any Key?
17 &1 7%E, BuFE:Over
Input 1 1 2
Shape Size Value
Cpen Pit Good Good Goecd
Room & Pillar Falr Good Good
SubLevel Good NO Good
Over C & F Fair Good Good
Under C & F Good Good Good
Shrinkage NO Good Good
Stull NO Good Good
Block Caving Geood NO Good
Sub L Caving Good NO Good
Longwall NO NO Good
Shortwall NO Fair Good
OK D ABREESRELLSTL
Point : F AN &£ H(NO)D K
Press Any Key? —31-

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

cC & F

Depth

NC

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Falr
Fair
Good
Good
Good
Good
Good
Good
Good

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO

NO

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

NO

Foint

FPoint



18 @E:HER o1, HHEE: Sublevel

Input 1 2 1 2 1 1
Shape Size Value Depth Ore Rack Point
Open Pit Good Good Good NO Good Good -1
Room & Pillar Fair Good Good Good Good Good OK
SubLevel Good Fair Good Good Good Good OK <—
Over C & F Fair Good Good Good Good Good OK
Under C & F Good Good NO Good Good NO -2
Shrinkage NO Good Good Good Goecd Good -1
Stull NO Fair Fair Good Good Good -1
Block Caving Good NO Good Good Good Good -1
Sub L Caving Good NO Good Good Good Good -1
Longwall NO NO Good Good Good NO -3
Shortwall NO Good Good Good Good NO -2
OK P ABAREEBR YA LW

Point : S BT £ & (NO)O ¥

Press Any Key?

18 #Mih:#ER o2, BEE: O0Over ¢ & F

Input 1 1 1 2 1 1

Shape Size Value Depth Ore Rock Point
Open Pit Good Good Good NC Good Good -1
Room & Pillar Fair Good Good Good Good Good 0K
SubLevel Good NO Good Good Good Good -1
Over C & F Fair Good Good Good Good Goad OK <—
Under C & F Good Good NO Good Good NO -2
Shrinkage NO Good Good Good Good Good -1
Stull NO Good Fair Good Good Good -1
Block Caving Good NO Good Good Good Good ~1
Sub L Caving Good NO Good Good Good Good -1
Longwall NO NO Good Good Good NO -3
Shortwall NO Fair Good Good Good NO -2
0K P ABEREEERS oA

Point : A B X & # (NO)D ¥

Press Any Key? —32—



19 #h: 2KE, REE:0ver
Input 10 1 1
Shape Size Value
Open Pit Good Good Good
Room & Pillar NO Good Good
SubLevel Fair NO Good
Qver C & F Good Good Good
Under C & F Good Good NO
Shrinkage Fair Good Good
Stull NO Good Fair
Block Caving Falr NO Good
Sub L Caving Fair NO Good
Longwall NO NO Good
Shortwall NO Fair Good
0K T ABARHEBRI LTV
Point ETEHE (N B
21 @#bh:Midwest, BEE:
Input 1 1 3
Shape Size Value
Open Pit Good Good Good
Room & Pillar Falr Good Fair
SubLevel Good NO Fair
OQver C & F Fair Good Good
Under C & F Good Good Good
Shrinkage NO Good NO
Stull NO Good Good
Block Caving Good NO NO
Sub L Caving Good NO NO
Longwall NO NO Good
Shortwall NO Fair Good
0K  FERNEAERBE LS AV
Point @R ENOORK
—99—

Press Any Key?

cC & F

2 2
Depth Ore
NO Gooed
Good Good
Good Fair
Goed Fair
Good Good
Good Good
Good Good
Good Good
Good Good
Good Good
Good Good

Sublevel

2 4
Depth Ore
NO Good
Good NO
Good Failr
Good Fair
Good Good
Good Falr
Good Good
Good Good
Good Good
Good Good
Good Good

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO

NO

Rock

Good
Fair
Falr
Fair
Fair
Fair
Good
Good
Good
NO

NO

Point

Point



22 #$ih:Stanleigh, F#HE:Room & Piltar

Input 3 3 1
Shape Size Value
Cpen Pit Good Good Good
Room & Pillar Good Good Good
Sublevel NO Good Good
Over C & F NO Good Good
Under C & F NO Good NO
Shrinkage NO Good Good
Stull NO Fair Fair
Block Caving NO Good Good
Sub L Caving NO Good Good
Longwall Good Good Good
Shortwall Good Good Good
OK P ABENREEMNREE AL L
Point : A @ S &£ & (NO) o B
Press Any Key?
23 #§ib:Key Lake, $R&i:
Input 1 1 3
Shape Size Value
Open Pit Good Good Good
Room & Pillar Fair Good Fair
SubLevel Good NO Fair
Over C & F Fair Good Good
Under C & F Good Good Good
Shrinkage NO - Good NO
stull NO Good  Good
Block Caving  Good NO NO
sub L Caving Good NO NO
Longwall NO NO Good
Shortwall NO Fair Good
0K C RBARGEHFREELLR L

Point : AE R & H(NO)DHE

Press Any Key?

Depth

NO

Fair
Good
Good
Good
Good
Good
NO

NO

Good
Good

Open

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Goaod
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Fair
Falr
Falr
Good
Good
Good
Good
Good
Good
Good

Rock

Good
Good
Good
Good
NO

Gooed
Good
Good
Good
NO

NO

Rock

Good
Falr
Fair
Fair
Fair
Fair
Fair
Good
Good
Falr

Fair

Point

Peoint



24

Input

Open Pit
Room & Pillar
SubLevel
Over C & F
Under C & F
Shrinkage
Stull

Block Caving
Sub L Caving
Longwall
Shortwall

OK
Peoint

Press Any Key?

Press Any Key?

Shape

Good
Fair
Good
Fair
Good
NO
NO
Good
Good
NO
NO

FLii:Rbb it

Size

Good
Good
NO
Good
Good
Good
Good
NO
NO
NO
Falr

2 1
Value Depth
Good Good
Good Fair
Good Falr
Good Fair
Good Good
Good NO
Good Fair
Good Good
Good Good
Good Fair
Good Fair

TR EEBREYL SR
AHEGEE(NO)D K

25 iy, BEHE:Sublevel

Input 12 3 2 1
Shape Size Value Depth
Open Pit Good Good Good Good
Room & Pillar NO Good Good Falir
SubLevel Good Good Good Fair
Over C & F Good Good Good Fair
Under C & F Good Goed Good Good
Shrinkage Good - Good Good NO
stull Fair Falr Good Fair
Block Caving NO Good Good Good
Sub L Caving NO Good Good Good
Longwall NO Goed Good Falr
Shortwall NO Good Good Fair
0K FATRETEBEFNEH LAY
Point FREBEHBNO)DH
—35—

Lake, E#iE:0pen

Ore

Good
Fair
Fair
Fair
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Fair
Fair
Good
Good
Good
Good
Good
Good
Good

P

it

Rock

Good
Fair
Fair
Fair
Fair
Fair
Fair
Good
Good
Fair
Falr

Rock

Good
Fair
Failr
Falr
Fair
Fair
Good
Good
Good
NO

NO

Point

0K <—

Polnt

CK
-1

DK <—



26 #milbh:HMR, B#E:Short
Input 3 1 1
Shape Size Value
Open Pit Good Good Good
Room & Pillar Gocecd Good Good
SubLevel NO NO Good
Over C & F NO Good Good
Under C & F NQ Good NO
Shrinkage NO Good Good
Stull NO Good Fair
Block Caving NO NO Good
Sub L Caving NO NO Good
Longwall Good NO Good
Shortwall Good Fair Good
0K  AETNSEBEE YA SN

Point : A HE R EHE(NO)D

Press Any Key?

Walll

Depth

NO

Good
Geood
Good
Good
Good
Good
Good
Geood
Good
Good

Ore

Good
Fair
Fair
Falr
Good
Good
Good
Good
Good
Good
Good

Rock

Good
Fair
Fair
Fair
Fair
Fair
Fair
Good
Good
Fair
Fair

Point
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2. RHEFAHH

3. BRuE

4. M@, 2, BERL
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6. BRI

7. %O

Om#Eioe s HRrEEET S, BCTHRLOTS LW,
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(1)1

(2) 1994, 9. 13

(37 e ®—

(4) HERIEE Q. AT TR CE 2 & 23, £EMAE ., REEVHED
TN TN

(5) REBFEEE ZENEE L

6

(7)) BESBELE &F, FEMENED 5,

(1> 2
(2> 1994, 11. 9
(3) 7Rig th—
(4) ERREETR. AEOHNBE,BETEWE ZE. Wil REETZ Lo TE
lamid 4. R TIFEEN 7 ) —THEWEFEICL - T, BAX B TRITBUX
BENALIIHBEDNLEE L,
(H)
(6) BT O, L—ILORAKEEHlH 0. XERE LTREFIAE.
J.F. Curtis:Rockburst in the gold mines

0f the Witwatersrand —A review. Trans. [. M
M., Vol. 90 (1981), pp. A163—-1T76.

(7)

(1) 3

€2 1994, 9. 13

(3) Fk 16—

(1) BEREEE (EFRD OBBRSIE. HEEEOILB L0 b, B TEORE
EREEDOIRED I ENE N,

(5)

(6) FHEME— - AR  IBRI D O FEMFEASHHIITELERK - 3
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(1) 4

(2% 16%4. 11. 9

(3) AR w—

(4) BEFLOHFLCR. FI v 7y M@BEWRELInL .,

(5) AR Y. FREFENEHHTLHOERICDLTHE, JORDTELL,
(§) BLAOEEINRT. OESHRICARALAZNS, XE LTRIFIAE.
TR HE—  MEEIEROEIR S RO R, Sl 3 34585 (1980) pp. 48-55.
{7)

(135

(2) 1994. 11. ¢

(3) B8 #—

(4) BEMTREYITE 2 5820%ED R, FMOBEIRITL © b, R FHE]
W ESSHRFORIE) & -T. RFEBHIE0F L,

(5) K734, HFLEEER

(6) Hw by RO ML 2RECTSIEFBBEAL FTLPHIRT L — L ORI
ek T RO, BERTIEE W,

{7)

(1) 6

(2) 1994. 12. 6

(3) #af

(4) F5y 7/ Ey MEROAREMETR. MEE (@8 Z/ha <, L0 ARG
X JEALVLT = B BRECLEANE V.

(5) R—rULER R, BES, TERER CELE.

() WHIROE » MEBEIYEEICHA L TERT 5, Lo =T, RN EF-
g, D1 & L IMBFARBESRT 5. Eke LTI, B fa— T HIHEAR D 43
R ST A 2. JOREIEoVnT, HiksE, 8 7T&9955 (19T 1) . 65-74.

7
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(2 1964, 11. 1



(3) Myt =fl

(4) BaEh+5y GFETREE000ke /o Rl b)Y TH-Th ML L0
LA@EATE L TVAISSE., ERIEREO#EMFEIRHETH 5.

(5

(6)

7

(1) 8§

(2> 1994, 11.1

(3) Mt Ef
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- T, BFRIERE ARG D B,

(53
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(1) 9

(23 1994, 11. 1
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(1> 10

(2) 1994. 11. 1

(3) Mt EM

(4) WTKDEAEFICL A ELT BRI BCTEHTH 5,
(5)

(6

(72



(1) 11

(2 1994, 11. 1

(3) sk A

(1) BEO/AT Y EHRE CERPHEDE VROIRIIE. By b T2 FT 4 LR
BHEEERITS B,

(3)

(6)

{7)

(1) 12

(2> 1995, 2. 160

(3) ¥ IEW

(4) BEFRBELOFREHCDWT (FEeD

ZH. EHROBENONRSHNEEER T LI LESCEVLTR, BXORIIEZEY
O FOMEHI T 22 EHESNIS B & ) Bt EET 2, JnidsEoaR
MDKSH B, BETEDEL, BEERE(L. FORESEELOHTHL,
BRRROOTERE AR £ A . GEEMNOMmE TE SR UEERITE S LSBT 5. JDr
Wiz, Bern (FuED ) oA RE(TA L, EREFEOMARETRCT LD
Wb 4 BernOfEAE (720, BRESEVSEARERCEQORENES L
WA, BOOBEIEY LT Py 2 IRERCA G GBIt S E DD AT
— MR T B AE, 7 L— LB ROy TR RO TN A& ¥ e~k
Ny BRE TRy =) VT AREENRE LA, ITHOOEREE ICIERE LB
VN— L E SRS,

(5) a—a = a—A 0 7 HhERL, & O L

mrEd oy it AMed systen TYERE L, Ew MAEEAE4 5° ERE L Tlinal pit
slope &LbEE L 7o

ERE 2D & & 38°

EEE 5 Mo & & 32° Efi T,

GaismE = NUF ok 4. 1T
(6)

(7) R=ES
ﬁ%ﬁz4v%ﬂv?%hﬂ%&\%ﬁ—T&H@\F?v?ﬁﬁﬁZA—Zfﬂ<ﬂ
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(1) 13

(2> 1995, 2,160
(3) &y HEH
(1) BRBOETERG T 7

HE, EBILICEBY ZEREICEV T,

D HDEFEFLIIDawn-the hole driil

E7cdRotary drillick D BEILEELT S, dry €L THD ., TOEBOSITLD.

PRl E =TT A, ME. A

atE. ARRTEEE NS OMIEEEH V. 7. BR

G (o= UF MR « OIS, RIESIE. B0 Fo—L, HEEESAT TS
N5, BEIZOWTH, A, T0RERE, RUBRESNS L, J0kb., B0
7Y VEREH TEETS 50 SeB—isub-duri | | OB ERETREE 5720,
ZDF Iz, %ﬁ&y%%éifﬁé<ﬁ%TT5&ﬁ%®M®LEE;—wv—b&
#HIFLEOHRECILD, TN OER ST R 510,
WU F Y LA BB MRS B STV (. MM ITERBE ©
HE, WEIC L 0 ENThID, Thifl, COWMBEEDL ST Y o4 5 i
BOTEETH 5,

}’oaL
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(1) (74 —"F)  (Tonnage factor 2.60t/m®)  (Swell factor 20%
6 3/4 25 0. 45 0.7
9 7/8 40 1.53 0.71
12 1/4 hY 2.496 1:37
REOBBINSLEY VTN ERSI S, F 7 o P EEE L EEAEE LT

KENS. Mo,
TETA,

AuEEMNCuEERIZEEN S & &1, dﬁ%
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7Yy FBREORAERT
Wineral Deposit Evaluation (A.E. Annels) £ D 3IA

12°
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18 18 24"
(b) Box cutter. J

P .
r Hinged Flate
Drill Deck /

Cuttings

Pipe Cuiter.

Auto-sampler beneath drill-deck.
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(1) 14
(2> 18995, 2. 10

(3> 38 T

(1) %4 CREE. crib) ikonT

AEE, EEEERELT, E5—0fRAE L TREAIN S, SEOMHHED LS »
e, ANBE AT TES L IATiddraw pointi<BiF Bsill pillar, crown piliar
. side pillar ORAE LTUE LMW 545, Room and pillar, shrinkage, sub le
vel stoping, stull stoping, long wall FDFRFLFICEATRETH b, EEHICBERT W
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TE&, E5—%2BTIDEMTHY ., BOoENENE LTS, BREICOWTIREREICRE
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(1> 1h

(21994, 9. 20

(3) 3% W

(4) Room & Pillar, @i, EREOBE. ENEZ LT 270007 —DROHIZK
BAERT S, ARBIE, EEAE. D &L, HARBORREEET 3 MERD 5.
AR I EARBICL O RISIENT 5.

(5) BIFERIR

() Ao FRx., TRZBEED ICBWTL EBoBWL JAZRRTES, (B
L. BREE 4 mEIT)

(1) 16

(2) 196864, 9. 390

(3) IEF W

(4) Shrinkage 1IN RBRHLL EOMM TIHEHETS 5400, AEMFRVLIE. IO
FEWIRICIEEBRTEL Y, BElbackF BT LO0MRETH L.

(5) BIFALL. £ % Bt

(13 17

(2> 1994, 9. 30

(3) ¥F HH

£4) Shrinkage HIEINEE A, THEAROHANENEDETERE . BOED
EIAHEBTE

(5) Bt

(6) WEinenm & TS OBERRAKRTS 5720, —BIEIRHRT. 7D 0EEAS
A DT

(1218

(231894, 9. 30

(3) 35 HH
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(1) 19

(2) 1994. 1. 1
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Fig. 12-202—Arch before failure, Urad mine,

Fig. 12-203—Arch after failure, Urad mine.
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