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ANSTRACT

dr "  I  h rn  r 00  bu rs t3  i n  . o , I  o . cu r r€d  a t

Le i chh . rd t  co r l i € r y  p r i o r  t o  D€cebbe r  1973

during nine d.veloDdeni in th€ 6 m thict

cen in i  sean  a t  dep th r  app iox i@t i na  400  n .

T r , . e€  l s r se  bu r3 l r  each  d i ap laced  ro re  t h l n

100  t onnes  o f  co . l  and  e tone .

rh i ch  occu r red  i n . on t i . uous  n i . € r

d€ve topEen ts ,  d r€  d€3c r i b€d

ceo ros i ca l  . e t t i nes ,  n i n i na  s t r a i . 3  i nc l u< l i na

i nduced  c l eav rse  and  roo f  f a i l u re3  a .6oc la ted

' i r h  bu rs t s  a re  de3c r i bed .

A  sho t f i t i n8  t €chn ique  rep l . ced

nechan i sed  n i n i r y  f o l l o r i ne  a  n . j o r  i n . i den t

a t  r he  co l l i € r y ,  P res€n !  n i n i ng  p rocedu res ,

rhe  appa ren r  i np rovm€n t  i n  s t . b i l i t y  o f

'orkinee and ongoing s€o!€chni.aI Dnitorina

P rog ra@e a re  d i scussed ,

INTRODUCTION

ine  @rk inss  a t  Le i chha rd !  co l r i e r y ,

l o . . t €d  15  !m3  sou rh  o f  BL . ck ra te r  i n  Cen r ra l

@e€nsland (tis. It are in th€ eenini s€an of

.he Upp€r P€rnian Raneal coar ne,8ure3, The

Cor r i e r y  ha r  a  h i s l o r y  o f  bu r8 t s  s i t r ce  1974

den   , e  f i ! 3 t  bn r sL  uas  recocD ised ,  I t  i 3

p rob ,b l e  t ha t  sn ' 11€ r  bu rac .  occu r red  p r i o r

t o  1974  bu t  € re  no !  r €cogn i s€d  ss  such ,

sin.€ 1974, nor€ th.! 20o bnrsts h,ve b€€n

recosnised ransins ir size frd less than

500  t onnes  o f  na te r i a l

M in i nB  ne thods  re r€  vs r i €d  con3 id€ r , h l y

i n  a r renp l s  ! o  a l l ev i a te  t he  6 r r s r  p rob l€n .

xo6 t  d r i vage  ua3  nade  { i t h  ,  Joy  10Cx

con t i nuous  n i ne r  c ! t t i n s  r €c taneu l6 r  r o .d r . ye

3  s  h i gh  l i r h  non in . r  v i d t hs  o f  5  !  ! o  6  n ,

d r i v . n . t  v . r i ou r  1ev€1 .  r i ! h i n

the 5 s thict seatr, Som driv,se 'as n.de ,irh

an  A lp i ne  r . I 50  n i ne ,  - u t t i n3 . r  s r ^hed  ro ' dw5 .

t  n  h i sh ,  s i bu l r aneo l s  sho t f i . i ng  r a6  u .ed  i n

l a !€  r 974  t o  i nduce  bu r t ! t ,  Deg . ss i ns /

des t re33 ina  bo r€ho le8  se r€  d r i l t €d  r he .d  o f

f aces  f r@ l . t e  l 97 t  t o  1973  v i t h  que3 r i o .ab te

success .  sho t f i r i ng  i 3  i n  cu r ren t  us€  and  rhe

shotfired roadlays lre free f.on butrrs and

exh ib i i  h i n i na l  n i n i ns  s l r a i n .

C€o techn i ca r  i nves t i sa t i on .  a re  P roc€ed i t r g

.u r ren t l y  i n t o  l he  bu rs r  s i r ua t i on .nd  r . l a t €d

haza rds .  The i r  a i n  i s  t he  es t . 6 l i shoen !  o f

t t €  p . r a - " L c , s  c o n t ' o l l i r e  s a J e  n i n i n s  i n  r h t s

Le i chha rd t  Co l l i e r y  env i r onoen t  eo  t h . !  ea f€

techniques for developnent and extracrion, fr€e

f ron  bu rs t i ns  and  s t r a ta  con t ro l  p rob lens  can

b €  e 5 ! a b l i s n c d .  l c h i p v e n e n t  o t  ( h i 3  d i s  r i l l

p ro l i de  a  ba . i s  no t  on l y  f o r  s i n i . a  , t

k i chha rd t  co l l i e r y  bu !  f o r  l he  3a r€  recove t y

or rhe v.st underground coal resourcet in

t he  conp le r  cen r r . l  pa r !  o f  che  Bow .  Bas in .

caol-ocrcA! sEarrnc
l - € i chh , rd t  Co l l i e r y  i s  s i i u , t ed  oD  l he  30

d ipp ing  € r s i e rn  l i nb  o r  r he  con€ r  R idge .nd

les te r .  l imb  o f  l he  M imsa  syn . I i ne .  I i f r y

k i l one t re6  ! o  t he  € , s r  ; s  l he  ! € r1  d€ f i ned

lManas€! Leichh.rdt colliery - Danpiei ltinins

conpan r  ! i n i t ed ,  ! l a ckwa te r .
2se t r i o r  c€o roE i s t ,  coa l ,  Q ld .  -  Danp ie t  i n i ng

cmpany I-inited, Black'.ter.

Th. Au. I M.M. Soulhm Ou..nrh.d Ar.nch, Th€ Oeur€ne, Pr.dlcrio..nd Cof,rd or
outbudt in col Min.. sympdum s.pr.mb.r, 1 gao
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Forded  zone  (Ha l l ho i ne ,  r 97 t )  ! h i . h  L rend3

app rox ina te l y  t 5oo  (D i ck i ns  5nd  l l i l one ,  r 97 l )
cen in i  sean  rep res€n ta t i ve  b . i sh tne€s  p ro f i r e

and  ana ryses

F i s .  1  Res iona l  ceo lo3y

Ine  n i ne  l o r k i nes  , r e  i n  t h€  cen in i  sean

lh i ch  sve rases  6  n  i n  t h i ckness  ov€ r  t he  350  n

i o  t h€  410  n  deep  co l l i € r y , o r k tnss .

v i t r i n i t e  r e r l ec tanc€  (R  n : i J  o f  t h€  sean

ave rases  1 ,2 t2 .  Tab re  I  e i ves  rep res€n ! , t i v€

ch in i  sean  rna l ys€ r  and  a  g raph i c  a€c t i on

o r  i he  c€m in i  sean  show ing  roo r  p r r t i n ss .

Above  t he  cen in i  sean  i s  t he  2 , t  n  t h i cL

A r i e3  se ,n ,h i ch

drivase, T1i€

v . r i es  f r on  I t  n  i n  Lhe  ues t  t o  39  m  ove r  l he

p r€sen !  eo . k i ngs ,  Tn .  i n l e r v3 l  cons i s r s  o l

t i r h i .  sdnds tone ,  sha l€ .nd  s i r t s t one ,  l n

rh€  a rea  o f  t h i c k€s t  i n t e r3eam i n te r v . l ,  t he

s t r . r .  cons i6 t s  o f  up  t o  702  s ' nds ton€

depos i t e< l  i n .  mande r i ns  pa laeo i i v€ r

t n P - 5 n e t r e P a r t i n g

T r l e  . o r r i e r y  i s  s t r uc t l r a l 1y  compr . r

l i r h  Nne rous  f su l t 3  o r  l $s  t han  10  n  t h ro '

s t r i k i ns  p redom indn r t y

f , u r t s  o f  E i sn i l i can r

i n  t he  co l l i e r y  uo rk i nss  (F iE ,  2 ) ,  Tvo  a re

s teep l y  d i pp ins  no rm l  f au t t r  r i t h  t h rous

s rea re r  r h ,n  l 0  n .  Th€  t h i r d  i s .  sh , l 1ou

d ipp ins  r ev€ rse  r . u l r  w i t h  t h ro '  3 , t  n

and  i s  a .3oc ia ted  u i t h  a  3ands ton€  f i 11ed

chann€1  i n  t he  sean  roo l ,  sh r l l o r  d i pP ins

s l i c kens ide  p l ane3  6 t r i k i na  spp rox i r u te l y

! es te rn  s i de

c l . a t i ng  i s  comon .  r h .  h iSh  r r equency

r . ce  c l e r t  l t r i kes  o4oo  t o  t o0o  ! i ! h  a  mean  o i

0650 .  c t ea i s  s i l h  3 t r i k€  l ens lh  B rea te r  l han

I  n  (@ny  i n  excess  o f  6  n )  . c . u r  a t  . ve raee

spac ing r  d f  1€ss  t han  2  n  i n  t he  p i r  bo t t on

ar€a lith decreasins frequ€ncy in the north

The Aus. l M M. Solih€h Oomn.l.nd 8dnch, Th€ Occurcnc., tu€didio. rnd ConlElol

Ourhu6ls in C@l Mlno Symgdium S.pr6mb.t, l9AO
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F ig .  2  Le i ch l r a rd t  co l l i e r y  l o r k i nss

Th.A!c. LM.M. sourh.h ouenrl.nd BEnch, The Occurs.c., P@dicrion.nd conrDl ol
ourbuEt in c@l Mjnos symoosium Soor.mb.r, l98o
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i no i  f au rL  s l i p  and  ny l on i sa t i on  o . . u r s  on

n jny  c l e : t s .  M ino r

p r ra l l cL  r he  n . j o r

sys !en , t i c  bu t t  c l ea t s  a re  con f i ned  ! o

b r i sh t  coa l  bands  and  aL rhoush  l he i r  ne :n

s t r i ke  i s  pc rp ! : nd l cu l a r

t he i r  r anse  i s  r s  h i gh : s  I 30o .  They  a r .

i nv . . i ab l y  f i r l . d  w i t h  a  p i nk  m ine ra l i sa ! i . n

o r  k ' o l i n i t e ,  m o n r n o r i L l i n i r e  a n d  d i . k i r e .

r he  cen in i  sesm con ta i ns  up  ! o  l 6  m-

. l  i e t hane  pe .  r . nne  o r . . a r  ( | t dn t5n

c .nsu r t i ns ,  c xB ts ,  unpub l i shed  da t r  1976 ) .

L tZ  ca rbon  d i ox i de  i n .  p l " . es .

d i n i ng  s t r a i n  i s  r un i r es !ed  a r

l - c i chha .d t  i n  s€ve rd r  f o rns  xh i ch  i nc l ude

f .  i nduced  c l ea lage

3 .  r i b  h r t d e n i n s ,

4 ,  r oo f  saE

Th .s3  s t r a i n  En i f es ra r i ons  a re

i n te r r . l a t . d  and  a re  t he  p roduc t  o f  n i n i ns

i n  r  h i gh  l : t e ra1  6 t r . 6s  f i e l d  a r  dep th .  The

in r l ! €nce  o f  t he  1a !e r3 l  s l r ess  r i e rd  i s

i nd i ca l ed  by  r he  r€ l r t i onsh ip  o f  sme  f o .mg

o r  s t r a i n  t o  n i n i nE  d i r . c t i on .  h  r he

102o  ! yp i ca l l y  bu . s t  ' nd  t he  roo f  ssss ,

Head tnss  d ' i ven  t o  01?o  f u r€Ly .bu r . r  and  t he

roo r  r ena ins  f l a r .

r o  1920  have  sna l l  bu ! s t s  bu t  a  f l a t  r oo f .

r any  roo r  f a l r s  r h rouehou r  t h€  n i ne  3nd  so f re

.o .1  t oo f  bu re t  cav i ! i e s  h , ve  €1 ip t i c , 1

ho r i zon !a l  sec r i ons  r i i h  l ons  sxes  o r i en ied

aPProx i t u te l y

pe rpend i cu la r  t o  t he  i n f e r red  mx imn

p r i nc i pa l  s t r €ss  ( q ) .

The  t ' o  f o rne  o r  n i n i nE  s t r a i n  nos .

pc r ! i nen t  t o  t he  l op i c  a re  i nduced  c l eavage

and  bus l s  o f  coa l  6nd  sa . ,

i n  l he  cen in i  sean

as  en  e .he10n  su . f : c . s  vh i ch

i r ound  i he  open ins  p rodu . i ng

.  f r a . l u re  enve lope .  c l eavase  i s  nos t

d r i v e n  b y  a . o n r j n u . u s

n i . e r  vhe re  f r equen . i es  o f  I 00  ro  1000  p€ .

ne t re  a re  no t cd ,espec ia l l y  i n  t he  ve ry  du l1

o f  ! hc  sean  ( r i s ,  : l ) .  Thc

con iun . t i on  o r  nune rous  c l eavase  pLanes

fa l l  r € . d r l y  i n ro

c l eav . se  i s  r . . o rded  l o r  : l  n  ahead  o f  m3ny

n in€ !  d r i ves .

0  l 0  20  l 0  cn

F i s .  I  -  n i n i . g  I nduced  c l eavase

rhe  sec ! i ons  d r i ven  u i t h  2n  A rp l ne  m lne .  I

sho r  a  s im i l a r . l e . vage  p r r t e rn  ' ound  l he

ope . i ns ,  bu t  t he  c l eavage  i s  l ess  i n t ense

p , r : r 1e l s  t he  oPen ins

open inss  i s  r ess  i n t ense  r i t h  f r equ€n . i es  o f

on l y  10  t o  20

Th€  c l eav .Ses

as  e * l ens ion  f r a . r u res  i n  t he  0 "1  -  d2  p l ane  o r

Th. Aus. LM M Southon Ou..ml.nd Aranch, Th€ Occur€ns, Prodidion ahd Conitol ol
Ourbudr h Coal Min$ SvmDcium S.Di6hb.r, 1980
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I i s ,  4  -  C ro r s  r ec i i o .  o f . yP i . a l

c l eav€d  pa r . r l e t  co  t he  f ac€  c tea . ,   ' e

clesvdse b€ins induced by a hish indlc€d

r . r ess  d i r f € ren t i a t  ( d t  -  dJ )  r i r h i n .he

r€a ion  o r  t h€  bu r r ! .

Su rs tB  occu r  l i t h  ! h€ i r  c . v i t y . r eg

perpe.dicular !o th€ @5t pronir€nr

< l i s con t i nu i t y  i .  t he  sean ,  i , e .  r he . xes  a re

pa ra r re l  co  t he  d i r ec t i on  o f  l eas t  co r s l r a i n ! ,

The axes of msr bursrs are perpendicnlsr to

dir€crion lnd lh€Be burltr

ribs or face ge.er3lly on tb€

s ide  d i ch  f i r r t  c l e . ! .  t any

75

r he  1o . . l l y  concen r ra !ed  l . t € r r I  s t r ess  f i e l d

t he  open ing .  r n  d  con r i nuous

' i ne r  d r i vase ,  t h i s  s r r e6s  . on .en r t a ! i on  i s

rhousht to o..ur in the .6at vithin . res

ne t re3  o f  r he  f ace  and  occas iona l l y  r i sh !  a .

. he  l , ce .  i !  i s  cons ide red  t ha t  *en  rhe

a t  t h€  f ace  i n  s0 f f i c i en t

nasn i t ud€ ,  t he  coa l  bu rs r3  i n t o  r he  open ins .

A  s i n i r a r  pa i t e rn  i s  be l i eved  ! o  ex i s r

d r i ve  he .d i nss  bL t  o f  t o re r

appa ren !  i n t ens i t y  o l i ns  t o  t h€  a r cn€d  shap€

o f  l he  d r i ven  se * i on  and  i he  cu rv€d  f . . e  r i ne .

I n  t he  head inse  d r i v€n  by .on ! i nuoLs

n in€ r ,  v i sua t  d i f r e ren .es  i n  r i b . ppe . rance

oc tu r .  r n  p t . ces  t he  l i be  c .ush  on  m in i ng

o . cu r .  r n  o the r  p taces ,  . he

r i be  s r . nd  "ha rd " , nd  t h i s  i s  f o r t oRd  i n

M t r y  i n l t . ncea ,  by  a  bu r3 r .

The  s l d  r dLe  o f . dva . ce .nd  pos . i b l y

the nelr'od ot driv.ae of the rhotfir€d ope.ir.sr

o f  p ros re r s i v€

. t r ess  r c r . e ! i on ,bou t  r he  open ins .

I nves r i ga ! i ons  o f  abu rnen !  con f  i s l r . r i on t

Th€ fitst bursrs recosnised at

iei.$,ardt occurred lh€n the !orti.s! '€re

175  n  f r 6  No .  2  Sha f t  {F i s ,  2 ) .  A r t housh

30b€  sna r r  bu rs r - t i t e

recos . i . €d  i n  ea r r i e r  r o r k i nss ,  s I 1  de f i n i t e

bur3ti o.cur beyond the areas encrosed by

c i r c l €s  155  n  ! o  I 75  n  r ad iu .

r vo  sh . f r a  (F iE ,  2 ) .  Red i s t r i bu r i on  o f  s t r es ,

abou t   ' e  sh . f t s  i s  i n f e r red .

.  T1 *  bu rs t s  . r e  ms t l y  con i ca l .  The  
'

bou.da.ies of Lhe bur.ls are defineil by

i nd r . €d  f . . c l u res ,  sep . r . t i n s  r he  re r . t i ve t y

Bo l i d  coa l  f r on  t h€  co , l  w i r h i n  r h€  bu rs r  . one
yhich, .rth6ugh he.viry fr..tured ! buts€d

ou ry . . qa  i n ro  r he  open ina .  i 3  no r  neces ! ' r i l t

coDp l€ .€ l y  e j . c red  (F i g ,  4 ) .  The  co . l  i n  and

i l r ed i . t e I , . r ound  a_1 " ' ae .on .  i "  i n t . r r e t y

I

I

Th. Au.. LM M. Slrnh.rn Ou.on.trnd Br.ncl Th. Oeur..6, p6dicrion .nd Controt ol
Ootbodr In Co.t Min€. Sympodsd S.pr.db.r. tg8)
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bu re t s  occu r  f r on  t he  coa l  r oo f  l h€n  i he  I  n ,

4 n o r 5 n p , r r i n g s

The i r  axes  a re  pe rpend i cu la r  ! o  bedd ins .  r n

p races ,n  e l i pc i ca l  c ross  sec i i o .  i s  deve lop€d

in  t h€  ho r i r on ra l  p l an€  r i r h  r he

the  e l i pse  o r i en led  no r rheas t ,  i . e .  pa r . 1 Ie1

to  i n r€ r red  v i r s i n  n . x iNn  s t r ees  (d1 ) .  sone

b u ' . ' ,  d l s o  o . r J r  " i r F  ! h c i r  a { e e  P " ' p " n d :  d l a r

ro  i n t ense ry  i nduced  . t €avage  i n  t h€  coa r .  Th .

na jo r i . y  o r  bu rs r s  occu r  a t  o r  r i t h i n  2  n  o f

o r  mo re  t han  200  bu rs t s  a r  l - e i chha td t ,

t h re .  i nvo l ved  30o  t onnes  o r  no re  o f  na t€ r i a r .

T'o occufted in the eas. .nd one in ihe north

o f  t he  co l l i e r y  (F i a ,  2 ) .  o f  t h€  €as te rn

bus t s ,  one  occu r red  rhen  n i n i og  e i . h  .

conrinuous f,iner

3ho r f i . i na ,  The

uhen  m in i ng  r i t h

r h e  r a r s . 3 !  e x p e r i e n c e d  d t  L e j ( h 5 . ' d r  . o l l i - r )

T r l e  t oo  l a r se  bu rs l s  p roduced  by  con t i nuous

n in€ rs  a r€  desc i i bed .nd  cmpa red -

BY CONTINUOIIS UTNER

The  imed ia t€  r oo f  o l  t h€  no r t he rn  bu rs .

i s  ned iun  bedded ,  ned iuD  s .a tn€d ,  t i r h i c

sands ione  o i t h  sode .h i n  i n re rbeds  o f

s i l t s t one .  The  i n t € r va1  be rGen  che  cen in i

r pan  and  ove r l y i ns  A r  i p4  s . . n  i .  . pp rox i n r re l )

33  m  l h i ck  con t , i n i ns  70  p€ rcen t  sands tone .

Th€  im€d ia re  r oo r  o f  ! h€  eas te rn  bu rs !

i s  t h i n r y  i n ! e rbedded  s i l t s t one  and  f i ne

g ra i n€d  l i r h i c  ssnds lone .  The  A r i es  t o

cenini inrerseatr inLerval is 5Pproxinarely

36  n  and  conL . i ns  t t  pe r cen t  3ande ron€ .

Tn€ imedist€ f100r ot rhe .rea of the

no r t h€ rn  b ( s t  i s  eha le  ! p  r o  3  n  r h i . k ,

l nde r l a i n  by  a  Lh i ck  sand6 tone  f i l t ed  chan r€1

T1r€ €aact Iocatio.

f r oo  t he  b ro rd l y  r paced  da r '  ava i l ab l € ,  bu t

t he  €dse  i e  app . ren r rY

Th€  imed ia l e  f r oo r  o f  r he  . r ea  o r  t he

i 3  essen t i a r r y  shs le  f i i ch  i s

app roa i . a l e l y  5  n  t h i . k  i n  Bo re  No .  t 3 ,  120  E

no r theas i  ( r i s ,  2 )  de re  i t  i 3  unde r r s i n  by  a

rh i ck  sands lone

s€quence . r  r he  bu rsL  3 i t e  i s

r o  b r  i n v . s t i s d L . d  : 6  L L r a r

bo th  r . r ge  bu rs t s  occu r red .3  t he  uo rk i nss

c ro3s€d  t he  edEes  o r  Lh i . k  sands tone  depos i ! s

_ o  I n "  v i .  i r i r y  o r  t \ e  r o r t h " r  '  b d r s I h P

c€n in i  se rn  ave ras€e  t . 7  n  l h i c kness -  ov€ r

t he  i nbye  end  o r  l he  bu rs r  . r v i r y  r he  sedn  i t

. n  . nona lous  6 .9  r  Lh i ck  (F i s ,  5 ) ,  The

in . r ea6€  i n  ! h i ckn€3s  p rob .b l y  i s : ssoc ia t€d

r i r h  r oca l  r eve rse  f . u l t i n3 .

The  t h ; ckness  o f  r he  sean  a t  l he  eas re rn

bu rs i  i s  6 .3  m  uh i ch  i s  no rnd l  f o r  t h€  a rea

rn  t he  v i c i n i t y  o f  r he  no r t h€ rn  bu rs t ,

sha l r o r  d i pp ins

d i sp lacenen r  ( r ess  i han  0 .2  n )  and  assoc ra r€d

e l i ! r " n " l d e d  p l a n e s  i n  r \ c  o a I  5 r p  p r e v - l c r t ,

I 4o3 t  o f  . he  s r i c kens id€d  p l anes  s t r i ke  1670  5nd

d ip  29o  no l t h€as t .  On l y  one  0 ,1 t  n  r ev€ rse

rau l r  i n t € r sec !5  t he  s l ndsLone  roo f ,  The

ps laeos ! ress  {d l )  ' h i ch  p roduced  rhe  reve rse

fau l t s  v l s  n€a r  ho r i zon r . l  , nd  o r i en ted  094 - .

Many  s t i . kens ided  p l an€3  i n  r he  no r t h

.onv€ iAe  l i t h  l he  5  n  p . r r i ng  l h i ch  r 23  used

rs fritrins .oof prio. !o the burst. ourbye the

bu rs t  a rea ,  r he  coa l  be lo !  r he  t  n  p . r t i n s

i 3  esEen r i a l l y  f r ee  r r on  3 ! r u . t o t r r  5h€a r i ns .

uo leve r ,  b r€ . c i . Led  coa l  ! o  0 .5  n  Lh i ck  ' i t h

Tho Aus. LM M. Sourh.m Ou.sn.land Branch, lh€ Occun.nc., tu.diction dnd Conlbl ol
outbudt in co.l Minoe SynpGlum S.pr.mb.L igao
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I i s ,  t  -  No r t he rn  bu rs t ,  s t r uc tu ra l  de t , i l s

. 6Boc i , t ed  s l i c keM ided  p l ane3  occu rB

imedirtely .bove lte t n partina on the

er3tefl rib at the f..e rhere ch€ nor.hern

bur.t co@n.ed. rnbye, rhe pronine..€ of

sbeding rith associared br.cciated coal and

syronire i.creraer !hrorgr,o!e rhe sec!ion to

d round  t { en . y  pe rc€n t  o f  t o l a l  n .B3  (F i s .  5 ) ,

fh€ eeae gr.des 3te€pry to rhe e.st .t

. pp rox iB t€1y  I  i t r  7  (F i g ,  2 ) .

T te  *11s  o f  r he  e !8 .  bu r r t  cav i i y

exh ih i t  no  Beo log i c r l  ano@l iee ,  sh€a r i . g

3nd nyronite .r€ .b8ent. The e€.n a4d€6 to

the  . a r t  a t  I  i n  17  ( r i 3 ,  2 ) .

h  l he  no r t h  bu r r t ,  f . ce  c1€ . ! r  h . €

lerytbs or res. th.n I r .nd . frequency or

10 to 20 pe! re.re. xircr (shor!€r tha.

0 ,1  r )  f r ce  c1€ . t s . r e  bo re  f r equene ,  r ou i

s t a ! i . t i c , l l y  s i sn i l i c . n t  s t r i ke  conce . . r ! t i o . g

o , . " r . r  0 r a o  ( d o n i . r n t ) ,  l l ? o ,  o . 2 2 o  s n d  t 2 2 o

D ips  , r e  nea r  ve r t i c r l .  c l l c i r €  n i ne ra r i aa ! i on

i 5  cmon ,  e rpec la l l y  i n  t h€  ve ry  du r r  t op  coa l ,

I n  t h€  €as t  bu r8 t ,  . r € r !  f r equ€nc i . a  and

in ten . i l ae . . r e  l i n i l a r  t o  che  no r rh  6u rs ! ,

s l r i k€  i s  0600  r i t h  Nch  I €se

v r r i r c i on  and  d i p .  a re  nea r  ve r t i cd l .  c . l c i t e

i a  p re3en t ,  €3pec i r r l y  i n  l he  ve ry  du l l  t op

TN'DUCED CIE,TVACE

the  p . r ! € rn  o f

ctelvsg€ ch..ae. fro6 non-eii..€n! 20 6 6utby.

to int€nre at Atong lhe '.ll8

o f  t he  hu r6 i  c . l i t y  l he  c l € . v . se  i i  @re

int€nre on th€ tert€rn rid€ rhe.e i. th€ dulr

Th. Au.. LM.M. Souihd Ou@n.b..l A4.c[ Ih. O6om6, Pr.dlction .nd Co.tnt ol
Oorbod. ln Co.l Mln€. Sympodln S.Dr.nb.r, I 960

WORI<II6 FACE AT TIME

o*)- .*,r',-..0

INBYE I]ER€

WORK]NG FACE AT I M€ Z VERY DULL COAL

BRECCIATEO COAL+
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r op  cos l  i t  i s  € .e i 1y  d i f f € ren t i a t ed  f r on

c re , ! 8 ,  Toua rd3  l he  t op  o f  r h€  res te rn  r i b ,

t he  c l eavase  d i ps  3oo  ! o  40o  i n ro  t he  r i b ,

bu t  i n . . e . ses  doMra rd  t h roush  l he  8ec ! i on .

Ove t  f r uch  o f  r he  e . s l e rn  r i b  o f  r he . . v i t y ,

t he  c l eav . se  i s  nea r  pa r : l 1e l  i o  t he  c l es t  i n

s r r i r e  ( r i s .  5 )  and  i 6  r € l a t i ve l y  absen t  f r on

the  du l l  r op  coa1 ,  The  h i sh . r  i n rens i l y  o r

c r€3v . sc1ons  l he  uee re rn  s i de  con fo rns , i r h

rhc  sene ra l  p r . r e rn  o f  t he  no r t h  de le l opnen !

and supporis the

in i i i : t i n s  l he

the  res re .n  s i d€  o f  t he  open ins .  T t€  co l l  i n

rhe  ap€x  o f  l he  bu r3c  i 3  ve r y  h i gh ry  c l eave , l

b u r s t ,  l h e  r a t  l s  6 r . h e

caviry ar€ rorned

( r i e .  6 ) .  I n t ens i r y , r d  r r equ€ncy  o r

c l eavage  a re  on l y  h i gh  l h€ re  a  c ro8s  t ec l r on

o f  bu rs t  coa l  ' h i . h  hds  no t  been  € j ec l ed  c ,n

be  obse rved .  Th i s  occu r3  n . i n l t  i n  t he  aPex

o f  r he  bu rs t  uhe re  i nd r . ed  c re , vsge  pa ra l 1€ l

t o  c l ea r  p roduce t  a  ve r y  r r i ab l e  co ,1  sec ! i on

u i t h  c res t / c l eav . se  p l anes  a t  app iox ima !eLy

1  000  pe r  ne t r€  r r equency .

The  c ross  se . r i on

c , v i t y  i s  ba r re l  Ehaped  y i r h  t he  r i bs .oncave

in to  ! h€  open ins .  The  roo f  and  n i ned  f l oo r

a r€  r € l a t i veLy  r r , r .  The  i n i r i a l  bu r . t

c , v i t y  ex tended  up  t o  l he  b .3€  o r  t he  ve ry

du l r  t op  coa l  ( r ab re  I )  r eav ine

0 .6  n  o f  coa l  i n  t he  roo f .  Th€  unsu tpo r t ed

coa l  and  up  i o  r . 2  n  o f  s t one  f € r r  subsequen t

t o  ! h€  bu rs t ,  Th€  r i bs  o r  t he  csv r t y  a re

. o u C h  o L . n c  t o  t r P  h i s h  a n E L " 5  o f  t n t " r ' P  r  i o n

r i . h  c l ea t s  5nd  c l eavase  ( I i s .  5 )  r he

o r i en rs t i on  o f  r ne  bu rs t  cav i t y

by . re , t  and  f au l t  o r i en t , t i ons  ( r i a  5 )

The  cav i ! y  ax i s  i e  apProx id t€ r y  pe rPend i co ld r

ro  t he  dm i . s t r t  c1e . r  d i l ec t i ons  ove r  nos t  o f

i t s  l c n s t h  3 n d  i t  i .  a l s o  n e J r

F i s .  6  Eas te rn  bu rs t ,  3 t r u . r u ra l  de ra i l 3

hean  s t r i ke  o l  s l i c kens ided  p tan€s  i n  l he

b r r s r ,  t he  cav i ! y

i n i t i a l l y  ex rended ,hed  o f  r he  n i ned  race ,nd

na in l y  o l r  i o  t he  r i sh r  hand  s i d€  (F iE .  6 ) .

The  cav i l y  nou  ex i ends  up  i n l o  t h€  s rone  t oo f ,

bJL  i L  - i  b !  I  i e vcd

to  t h€  sean  sec r i on  and  t ha t  up  Lo  1n  o f

s tone  roo f  f e l l  subs .quen !  r o  t he  bu rs t  Tn€

n ined  roo r  i s  0 .3  n  be loo  t he

r i bs  o f  t he  b l r s t

and  f o .  " d  by  : nducPd  c - c , v , g ,

pa ra l r €1  t o  t he  r i bs  (F i s ,  6 )  l t oweve r ,  i n

bu rs ! ,  c t e  . l eavase  and  c l ea t s

a re  pa ru11 .1  and  rh€  co , r  i 3  seve re l y  b roken

( r i e .  5 ) .  r h .  . o . r  su r round ins  t he  o r i € i n . r

bu rs t  cav i t y  i s  be l i eved  t o  have  b€en  roaded

Th. A!c.lM M Soulhdn Ouoantl.nd BEnch, The Occurcnco, Prcdidion tnd Contol ol
OulbuEt in Cdl iline Svmp6ium S.pt.mbd,lgao
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dt i! .d.€qu.nr linins thu. l..vin! nrr

forGa cte.v.g. .. e.ll.. tt. .urp.ct€d

idti.l bur!! c.rity i. indF.t..l o! pir. 6.

l! .lorBt.d root frll !o I r h€ilbt

o..!r!€d .!b&qu.n! to the ...tcrn bu!.t yilh

t h . . x i .  o f . l ona .L i@ o r i 6 t . d  1650  (F rS .  6 ) ,

thi. ir 6.li.r.d to be .pproridt.lt

pcrp.ndicul.r to th. lirSin uii@n princip.r

.d... (q) .t the tiG or rh. bur.t.

A! ..tidr.d 10 OOO to 12 OOO !3 of

dii.ne lnd op to 1 5OO n3 of c.lbd aiorid.

s.r r.re...d in.tant.ne.u.1y by the nortl'€d

bu!.t (eth!!e r. p€! @rlune etritor, crrbon

di6riil. e.ti@red o. notu,l CH4:C02 r.!io).

tlE volure of g$ r.l€..ed by rh€

v!. nor det€r.i!.<t,

sir tunths prior to thc north.rn 6!r.t,

A xolth lot*e. h..din! v.! !€rpor.rily

r e r i n . r ed  . nd  ren  100  r  d i rG ! . r  ho l . ! ,  .&n

2a r 16n9, Ere drilled itrto th6 fac€ .na

.llo@d to !t!nd fo! fiw€ mnth.. The.e ftol€!

p .n€ t f . r €d  ro  w i r h i n  . i 3h t  e r re .  o f  t h€  . r r r r

bf th. ..jor bur6t (Fis, 5), su6.equ€nrly,

tt. &ction containins the 5or€. e.. oin.d ro

the 5 r p.rtins .. voikins root by cortiduou.

! { ! . r  r i t h  f ew  . i 3ns  o t  bu r r !  p roncne r . ,  r f i en

!n. f.ce r.. ldv.dced 25 o .nd r!! rithin 3 n

of rhc .Dd of the I00 @ hol.e, . fu'rher fivE

hole. e.!€ .tritled. It i. .!.pected ch.r et

le..t fd! of the.e hole. par.ed b€ld th€

s.ntul tujor bui.r c.vi!y. xlntla

r.c@n..il icdi.tely Na |hetr the rortila!

.dvlnc€d 5 r to ju.t b€yond rh. fir.! dlilled

hol€., . 6ur.t occuE.a lrd the 1€ft h..d

.id€ of ri. f.c. droppins .pproaietety I r

of loof corl. S@ 50 !omc. of .o.l rcre

re1.a..it i! th. 6ur.t. lll€ fotloyhs d.,

durina .le.nins up, .nothe! bc.t oc.!r!ed

ej.ctiq lrproridt€1y 90 rom.. or.o.1.

on ah. folldinA d.t, [rid.y, l.r Decdt ! 1974,
ehe! th. @!tina. h.a .dv..c.d . tot.r ot t6 .,
2l toDo.. oJ c61 Er. 1o.d.d out ol !h. brr.t

.ffect€d left h$d .ide of rh. f.c. .!d tn
rin.! mv.a to !h. !i!ht lbnt .1.i. ol rt. f$€

rhich e.r d..c!ib.d .r .t.ndin! riahtlt rith

the co.l .pp..rina .olid .nd h.ra. 9lr.n tb€

thr.e-qu.rtd. of ttE rr.v.l

dom th€ frc. th. n.jo! bur.i occurr.d,

cod.ci.a !. . 'r&llira o!t" 6f rte lop p.rt

of the left h.nd half of the f.c., fi. 5!r.t

.pp . r .n t Iy  inc rer .€d  in  ran i tud€.nd  w io l .nce

,irhin ...dd8. th. d.putt r.port.d. Ed..
of adbl. b.n8 noi.€. .nd 6! .tor. in.pe.tlon

of the bur.r .lvity durinA 1rt.! .rc.v.ri6l

it r.s poa.ible to ... rh€le fiv. dirtisr

burrtr could hlv€ o..u!r.d. $. co.l frd

the b$r. c6pl.r€1y.ov.rd rh. !ir.! .nA
rbuttle c'r, fillinB th. h..dtra ro rirhin

0.6 d of th. 5. p.lting loof ro 16 o tutbye

I'liot ro rh. e..t€d bur.t, th. n€.rby

cut - th rou3h and rh .  f i r l t  12  '  o f  th6  h4d ins .

drive r!.d be€n .t.ntina lor .plroridt.ly ts

mntr'r (FiB. 2), No pr.borilt n. .oniluct.d.

on lTth July, 1975, .pprdidt.ly t0 n of

driv.ge e!€ dd. ai.aina dom ftri ti. lroe

roo f  to  re lve  0 .5  to  0 .3 .  o f  c6 .1  in  th .

!oof. on 18th July, ! .Mll bur.! occur!€d

frd th€ liaht trnd rib rnd t.n u1frt.. lrt.r,

. jor bor.. occulrcd buryina th. riGr rith
r@.. co.l, .6plet.1y cderina it to b.l|i!d

the drivet'r ..bin (Ffu. 6). It i. b.li.Ed

th.t tft. bui.. occulred .. rh. riner pict.

to&hed th6 f&e. Tt. co.l !6f pri6r ro rl'c
bors. w.. .upporr.d ro ,ittrin 4 ! of thG front

of th. riner, but v.. ..aaina ...t .onr.in.d

oP.n f!.ct!rc!,

lcuvtTlEs altBB DlcErttf, lsT, 197a

S!6.equ6t ro th. brrt tu!.t of D.cab.r

r"t, rera "p"..\*".t ttr. colli.ry Fle h.1a

f6t r p€lioa to . crr. .tld dint.ence b..i..

tn. A!, rra.ir. adnlt r. Osi.hnd 0t nclr. TrE O..udn a rudon .rd Corht ol
o|rrhur- th Cot Mld Sy.|Ddtun C.Di.Dt , tga, 

1
I
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Th. 6ur.t clvity '!r clc.n.d of .o.l .nd l o l id  f ! .e  r r .  d . , i sn€d ( r iB ,  7 ) .  l r  { . .

d€b r i 6 .nd  ruppo r t ed !  f o r l@ed  by  d€ t , i l ed  l hoosh !  t b r t  t he . . t i on  o f  n€ .h . ! i c . l l v

inve.tisrtion' of th€ n.ture of th. c.vitt.ad unilercu.ting or ce.tre cuttins .hc f... hd '

im.di.te efrirolwtrt. Dotetrtirl of inducins d bur.t shir. sen *re

mirat inv.rtis.cion. rnd e,.nimtion. .t tb€ f,c€, .6 thie sa' not s$dpt.d rh'

toot pl.ce, !r'e colli.ry wrkforce r!! d€p1oy€d optiouo l€trsth of.rl b.1e, in the tound r'3

on g€!€r.1 uderground duties. lbrrrotce € . l ab l i ah€d , t  2 , 13  n ,  t h l r  p t ov i d i na  r . ound

tur'l€ rra a! a very lov 1ev.l duritrA thir thich l€ft a t.1ltiv€lv 6q!.!€ frc. wirh th'

p€riod 8nd th€ colli.ry lo.t r l.rse i i n imn .mun t  o f  " bu l l i ng i  i n  r op  rnd  s i d .

per.ent4e of eaPerienc€d elploye€., inclldins hol€s. The top rror€o ,r€ boted .o 0.3 n rron

rh€  roo f  ho r i . on  ra r t i q ,  , nd  i . . r r  ca3eB

At tnrc tine. . mthod of s.f€ roldq"v (t, 4.nd 3 r Paiting.) . lev.l !trd 6€c!re

d€veloloent utilitids n€.h:nic.I techniqle. rorki.s roof i. ohldined.

eirhin th€ c.rini aelo r.e no! .v.ir!bl. .nd

Mjor itda or rini.3 @chi.ery ret.

tranrf€ted to other operatiotr',

Du r i ns  Ap r i l  1c79 ,  @n .3m6 t  i . v . ! r i a l t ed

th€  po .3 i b i l i t y  o f  € lD lo t i n3 .  . bo t f i r i na

road'.y adv.!c. techniqu€, lfte! di.to8tre

eirh the Queenar:nd Dep.rrmnt of xinea,

. relhod rai developed which e.3 .e€! .. !

safe lnd via61e @.nt of f.c. .dvrrce rirr,in

che .onrext of the cenini &.o.

The dethod c@nced on Aplit 26rh, 1979

in th€ northern workinae of th€ co11ierr.

( r i s ,  2 )  us i ns  l he  5  !  p r r t i na  ! e  .  t oo r .

A 40 a by 65 n pill.r s.r cdpl€t€d utth the

SHOTF1RINC IECIIIIIQUf,

A f t e r  l he  sn . c€ . . f u l  t r i , l  o f  t he

t€chniqle ir the north are., it w.. d€cided to

u . i r i se  t he  aho t f i r i q  By8 td  i n  t he

geo lo3 i c . l l y  i nLe rp re ted . r€ . t  i n  t h .  aou .h€3 ' r

ex r rd i t i ee  o f  t he  co l l i e r y  f t r L i q3  (F i s .  2 )

to .tevelop , 600 n, .hr€e he'dins panel

euitable for 1.ter full s€.n ertEctio.,

To . . h i eve  rh i s  r esu l t ,  nod i r i . ' t  i on !  , nd

refinebent. rere added to rhe techniqu€ and ,

Bt.nd.rd "3hotf iritra round"'.s e6tlbri.r'€d.

To en.ur€ .ll co.t u! d€po.ited in tbe

c€ntre of the opdiq to e*pedit€ Elb&quent

lo.ding, . eeds€ p.ttern of 3bolflins off the

. " . . .

o dif c::r+::r! .! o

.  d :  d _ - * : : .  o  . : !  .

Fia. 7 - stand.rd shotfirins lotrnd

rhe petui!ted errrosive u3€d ('lorcor")

is a .€ni-se1'tino!s €rPlosive eith r,iah

po{er (burk str€nsth fif.y percetrt B c.) .nd

aood ear€r  res i . . ina  qu l i t i€8 .  Ar r  hore t  . re

fh.46. I M.M. Sdth.n Ou@nd.nd Adrch. Th. Occutr.n.., Ptdclion ,nd Conool ol

odbuft In cdt Mind svmp.rium s.p6mb{. l93D



ch . r3ed  r i r h  300  gns  o f  exp los i ve .nd

inve rs€ ry  i n i ! i a l ed  s i Lh  de lay  ac t i o .

u i t h  an  ove ra l l  de l ay

l i ne  o f  r 00  n i l l t s€conds .  Each  round  i 3

i n i L i . r ed  o i t h  a  'Bee rhoven  | 1a rk  r r  [ xp l od€ r ' ,

v i a .  i , i n  rw i s t ed  2 /70  -  2  m  sho t f i r i ng

c .b l €  a r  a  d i s t . nce  o f  200  n  f rm  l he  t ace ,

Ea .h  r ound  c re . r es  op€n ing  d i nen3 iong

h e i s h t  2 . 3  n ,  3 n d , i t h

ove rb reak ,  an  advan .e  o f  2 .5  f r  p€ r  r ound  i s

, ch i ev€d ,  vh i ch  y i e1d3  3pp rox imr€ l y  50

a !  0 ,32  kg  o f  exp ros i ve  pe r

tonne of coat nined,

RESIJf,TS OF DEI,AY SITOIIIRINC

Imed i . r e r y  sho t l i r i n s  v i r h i n  t he

ctuini 6ean cme.ced, ir ra6 appdrenr lhat

a cb.qe in e.vironnent around the opening

Th€  roo f  b€hav iou r  imed ia te l y . t r e red

f rm  a  roo f  ' h i ch  r as  i nc l i n€d  t o  f r ake

awar  o r  imed ia te l y  f . i r  a f . e r  n i n i ns  v i t h  a

f i xed  head  con r i nuous  n i ne i ,  r o  a  1ev€1

ho r i zon .  Th i s  cond i t i on

roo f  pa r t i ngs  . cenp !€d  w i t h i n

th€  seam ( i . e .  3 ,  4  and  5  n  pa r t i nss )  and

roo f  3 tone  ho r i zon .

rh€ .oa l  r i 6s  ( s i des  o f

r o .d l sys )  a r so  chansed .  BL rs r i ns  does  no t

occu r . nd  i nduce , l  c1€8vage  i s  l e r s  i n t ense .

i s  an  appa ren t r y  r a i t ed  r i b

wh i ch ,  i f  co r rec t r y  sp rassed  b5 . k  o f r  r he

t imbe r6 ,  r en . i ns  sa f c  and  sLab te .

c a "  m - k e  i n i o  t h e  o p ? n i n s  ' s  e J b s r J n r  i d t . y

reduced  us i ng  rhe  sho t f i r i ng  t echn ique ,  33

, re  r he  EaE  o i sE ion  va lues  raken  be ro re

f i r i n s  each  round  us i ns  r he  "Ha rg r . ves r !

en i ss i on  n€ te r  ( 1ab re  2 ) .
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r € ra t i l e  Ha rs raves  en i ss i on

Coneinuous ninins 5nd

EaUTPMEM DIPLOYDD tor shothdle borins. Th€
The  c€chn ique  ras  i n i t i s t ed  us i ns  " Joy  se lnod  vas  t he .  r e f i ned ,  , nd .  7 t  k I ,  d i ese r

l4BU and 13HR galheiing am toad€rs for coar "[inco 913" load haut-dhp, front end loader
l oad ing  and  a  hand  h€1d  " v i c t o r " . i r  

u t i l i r ed  t o  r o ,d  coa t  f r d  r he  f j c€  dnd
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lr.tr.port it .o the colveyor b.r. syrten. A
"Jol. CD71" co.l drill is ctrtrentry enployed

to driLl tbe rhot bol€r. The dchin€ i6

equipp€d rilh "" ,ut*ti" ".6r" t..r". ""a

c$ be opera.€d an<l tramd by

Roof supporl is .chieved by the use of
I'At1as €opco Roof Bolte.ri port.hle pnerMtic

roo f  bo l t i ng  mch ine3 .  " r "  6 t r ap3  5  r  l ons ,

bolled rith file 2.13 n chhical archor rock

a1 l  op€ ra t i ons  ( i - e .  I osd  ou t ,  r l ppo r t

and bore/cr,.rs€) are conducted

ridlran€oualy ri$' a leeuilr foor o.n crev

p lus  on€  dep l r y l ' ho t r i r e r .

PANE], LAYOUTS AND SUSSEQUf,M EXTRACTTON

the turur€ eeoini !€& llyour i3

plamed !o r.b.i! cmpatibre with !h€

r .  bu r s r  p roneness i

2 ,  6  n  t h i ck  r ean  ( . nd  3ubseq len t  ex t r a . t i o . ) ,

3 ,  ex t€n r i ve  f au l t i na ,

4 ,  spon tdneous  cdbus t i on ,

5 .  poss ib l e  h i sh  ne than€  en i3s i ons ,  r nd

The sener.l ain of the t.yout ie !o

acfiieve heading .dvance s,fely i. tbe

hazardous c€ditri sean and .ubsequencly

f u11y  ex t r ac t  r be  3en  u r i t i r i ng  .  f i xed  he .d

con t i nuous  n i ne r  a .d  sbu t t l e  c r r s  v i a .

mdified l]ons,! li spli! and fen<ler

A  b . s i c  t r i a l  r i n i ns  op . rac i on  t a .

cmenced  i n  t he  a r i e3  3e .n  u t i l i s i ng  a

3ho t f i r i n s  t ecbn ique .  T l i .  t r i a l  D i l r

provide inforMrion o. the aries sedn

r€s . rd i ns  6u r8 t  p ro .ene6s ,  qua l i l y  and

s€ne rd1  n i t r eab i l i t y .

RISEARCII AND I\\ESTICATION

Inv€r!iaaitons being condlc.€d at

Leichhardt ColIiery 8re aiftd at defininA

lhe g€oloaical environdnt, ro.k and co.r

phyri.lr p.raoelers, th€ lirsin s!t€s3 snd

g .B  6 t ! t es  a .d  t he i r  va r i a t i on !  r i r i  E i n i nA i

Pdtlb€te!3. The Yotk is

be ins  co t rduc ted  by  Le i chha rd t  co t l i e r y  s t a f f

and  f t obc r r  oL  v . r i ou3  resc ' r cF  o rgan i ca r  i on r

fhe seolosical en!ironnenr concrol3 rhe

r€ . c t i on  o f  l he  6 l r a ta  r o  n i n i ng .  Ceo roa i c . r

mpp ins  o f  s t r ucLu r€ .  l i t ho l os i es ,

sed inen to l osy ,  peko logy ,  and  va r i a t i ons  o l

t hese  f ac ro r s  i s  con r t nua l l y  upd . t ed  co

M in t . i . . l l  o t he r  i nwes r i sa t i o t u  i n  l he i r

H in i ns  6 t t r i n  i s  , r i o  h .pped

on  a  r ou t : ne  bss i s  i o  d i f f e ren t i a t e  s€o1oa i ca1

fracluring and oLher phenohe.a fron nitring

induc€d re.tfes, Minine strain nappi.s

i nc l l des  d i r f e r€n t i a t i on  o l  i nduced  c l eavaaeB

r ron  c l eacs  o r  j o i nLs ,  r ec . r d i ng  o f  r oo f  sas

r : b  . o n d i L i o n s .  r o o f  f . i I J , c

a re  co I l €c ted  by  v i su6 l

n.ppina, attilude neasurenent ,nd the us€ of

rebound ha@€rs, roof bol t

t €ns i on  d€ re r s ,  e t c ,  as  r e11

h i c ro6 t ra i ns  i n  coa l  $d  s l on€

f rd  con f ; nen€nL

re la t i ve r y  s i np le  n . ch .n i ca l  g . uges ,

co l l ec ted  l o r  l i t ho l os i ca t

da !a .nd  nechan i ca r  p rope . t y  t €3 ! i ng .

Mechanical prop€rtie6 .te detemined lrob

Iabo r " t o r y  t es t i ne  . . d  f r on  s i np le  f ; e l , l  ! €s tg

such  as  po inL  l o . d .

A lLhough  t h€  l e3 t i ne  o f  v i r g i n  s t r ess

i s  cu r ren r l y  f . auah r  u i t h  d i f f i cu l t i ee ,  sone

res r i ns  ' i l 1  be  conduc ted  a t  Le i chhs id r  co l r i e t y

ro  p rov i d€ .n  i nd i ca t i on  o f

f i € l d .  no r€  i npo r ran r l y ,

f t asu renen ! s  us i ns  v i b t , r i ng  u i r e  5 t r €33ne te r3

' . d  USBY hyd rau l i c  ce113  a re  condu . red  t o

de re tu i ne  t he  l €ve lB  and  l oca t i one  o r  s r t ess

.hans€  ahead  o f . d ranc i . g  r aces .

D€ f i n i ! i on  o f

important for th€ underat.ndins of burlt3 a!

Th. A!..lM M Souih.n ousonllrnd Bdnch. The Occlrenco. Pr.dldion.nd conl@lol
OstbsEts in Co.l Minor Symp@llm S.pi6mb.r, 1930
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ho!. ei.h ro tilnk D.4i€r inina

t.d for t€dir.l6n to pu61i.h

m. co.trib!!ion. of .o11..au..

t J, tood in th.i. cod.tructiv.

.d ..rly d..ft of thir p.p* d6
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