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THE PR OBLEM OF’ COUNTRY ROCK IN UNDERGROUND EXPLOSIVES MAGAZINES

1’ or, ‘i’d

~Tbis  report attempts to present a survey of the probl&~~ of country
rock in underground explosives magazines. —

It deals first with the importance of this problem wit1d~A t i i e  jro~;a’~ ox’k
01’ th safety of such installations as a whole. This is followed by a
qualitative presentation of the various factors that influe~.cc the prubI~~:~
of country rock. Finally, some of the formulations in use today ar&’ discussed
a~.d compared. This report does not , however , exhaust the subject , and the
same is true of the conclusions derived therefrom. —

The specific purpose of this report is to serve as a point of departure
for future investigations of this problem.

The report was compiled after the Thun meeting of 9/10 December 1976,
of t~ e working group of German , Swedish , Norwegian , and Swiss experts ,
the group formed to carry out so—called “Operation Block ,” and which
since them has been engaged in a regular exchange of experience in the
field of explosives storage. ,. —
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1. l u t i- o du c t i o u i

1~i g explosives magazines frequently are built underground to better

control the effects  of accidental exp losions (Figure i ) .

unce ment ed
rock /‘

~
rock

~~~~~~~ 
__-

~iL~~~ -— — — ~~~-

Figure 1. Typ ical cross sect ion of an underground magazir~e.

~\dcqiiacy of count ry rock is specif ied for indiv idual  storage ch0;W~~rs,
b ’ co e’c such adeq uacy wi l l  avoid add i t iona l , s i gn i f i can t  c rater ing  u i ’f ~~ct~~

i ; i  the storage chamber proper , and this  is in addit ion to the exp losion

~ ffects that escape from the entrance tunne l .  The result  is a reduction
in the total  area subject to exp le:-~ion e f fec ts , as compared to those taking
p lace in an above—ground storage area (Figure  2) .

a t r s : : c~~~~~~~~~~~~
t
~~~~

7

~~~

Figure 2. Comparison between danger zones around underground

and above—ground magazine8.
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-\~ I, ’q;i.a :V of ’ c o u u m l  u ’y I’o(k afl—u) I .’-~ a p I’eu’eqm11~—~i te to, iJ~.’ • - I ~~~. c t i V e  use
o l  , ‘ , i -

~~ ~~~~~~~~~~~~ , whi ch too help t o  reduce I_lie . ‘t l e c t : - ~ ~~~c a p 1 i J
l i e ; : ,  ( I i , ’  t0 ;t l ’ailci ’ t uu ~u ie l  lconci’et_ e block seal , for  e x u ; i p 1 ’ ) • This can

I;: . t, p. s~— h i  p , u ;  the ext. renip c a - u  • , to I j liii t the el lt’c Is of an tx—
05 1,0 ,  O i l  the sur rowid i  ui g area simply te vi brat iou .

Spec i I_ i cat ions for estabi ishmiui g the country rock c r i t e r ia , and
~~ ; iti ; are contained iii all standards for such ins ta l la t ions, therefore are
of thu utmost importance. A reliable survey of country rock is a pre—
requisite for the underground storage concept.

However , the result of a comparison of some of the specifications
contained in various existing standards is not standard (Figure 3).

NATO s t r d a x ’.i
(gran ite

‘V . ~~~~~~~

/
~~~~~ Swjs5 sL~ :.d,,*’~~

7 stazìdards

so joo 
~so ~oo \~/ C~~~~~)

Figure 3. Comparison between various standards for country rock.
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\eu’y di l ’1’~~r e u u t  r e s u u lt s  • tui’ ‘,ht.aiuu ’d for the same situat i on , os will
s. ‘‘ i i .  ~‘l)r4’.,ver , di ffervum I pal ’aI ;I~’ t el’s are corita i ned i i ,  I_ i~ forrnn I •..~

and t.,hI es , under couisjderat lou , to wit:

The c o u n t ry  rock required i i i  tables of Finnish and Swed i shi standards
is determined as a function of charge density (t/m i ) , and chamber spun.

Son~’ parameters in the NATO standards , which are used in the FItG ari d ,
i i i  principle , in Norway too , are total charge and type of country rock
(granite , limestone , sandstone).

The following formula is contained in the Swiss standard currently
ni effec t

W = 2.? . h0
225 

V °25

where

W is the charge ( k g ) ;
is country rock ( n u ) ;

V is chamber volume .

The differences between the various standards therefore  are not even
“ X I ) X ’(’sSCd in the same terms wi th  respect to country rock required. aune—
t int ’s  one , and sometimes the other , standard can provide higher  values ,
depending on the case.

It  c e r t a i n l y  is possible to state values for the country rock requ i red
for  a s torage chanther that w i l l  have the hig hes t p r o b a b i l i t y  of being on
It o ,  safe s ide . However , t h i s  serves no purpose in many COses . Ou t i n ’  one.,
1,~& ; oi , the  country  rock required determines the length of t h e  entrance’
t o n : ,’! , and as a resul t  in f luences  the economic fc.’isj t . i l i ty  and ope l ’n t i O l i

of  an t z i s t a l l a t j o u m .  On the other hand , and what is much more inportoi t

i s  that it of ten  is very d i f f i c u l t  to f ind  sui table  locations w i t h  a;! ’—
qu a t ’  country rock ; t h e  greater the requirements for  country rock , the
gi’eoter this d i f f i cu l t y .  F i na l l y ,  the depth of country rock is s ta ted
in te,-ns of existing installations , and this applies to the majority of
cases in many countries. In such cases applicable standards determine the
possible use of such storage chambers.

keliable data and knowledge concerning the problem of country rock
t her e fo re  are of great interest.

Desp i te  the great s ign i f i cance  of this problem , why all the great
un cer t a in t i e s  that s t i l l  exist ? This question is raised in par t icular
because of the quite extensive research that is going on today in the
field of crater formation.

One of the main reasons probably is that there’ are a uiuniber of sig-
ni ficant differences between the elementary, and thoroughly studied basic
problem of crater formation , and the problem we are dealing with (Figure 4).

—5—



toiiceui t i’ai ed and confined b~ uiid ergx’ouu.d stolage
charge chamber -

Figure /i. Comparison between the basic case of a buried chiarg”
and au underground storage chamber.

It j~ extremel y difficult to derive the necessary prix.c i~~les .‘x :-. ri—
t ; : ’z , t u !  ly  at reasonable cost in the case of an explosive5 ;.:aq;t~’~i t . ’ , •.,
p~;r.-I to the b as iC  case. This difficulty is priinari ly associat d~~~ ta t i e
great many parameters involved. In addition , knowledge of model i~~~i .--
t h 0t  , ,pp ly to model tests are lacking for many aspects of the problen.

TI .’ next section will discuss the qualitative differences betu ’eexi
CaSt s (a) and (bI . Section 3 will deal with some of the quantitative
f;,r,::ulatioiis.

2. ~oJor Influences on Country Rock

2.1. Safety criterion

Let us discuss the basic problem of the safety criterion before
dealixi i , with the physical questions of country rock.

There can be two limiting cases :

(a) The vibration at ground level must be such that there is no
.,pK lous  danger to persons , bu i ld ings , or other ins ta l la t ions  that may be
present.

(b. A limited crater effect is permitted , provided this effect  does
not  subject important objects at the site to unacceptable danger.

Of c ourse , there can be many solutions between the two limiting
c u s l a.  The establishment of this criterion obviously has great influence
o’i the country rock values required.

—6—
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• 
-

-~~~••-‘-_ _
‘• -— — -—--‘~ --~._‘- ‘-

~

~
- 

~~~~
—.~

----~~~. \ ‘\ ‘ \‘/

I” i guz’e . Limiting cases of the coun t ry  rock cri I_ e r !  i i .

i l ~~’ s tandards  iii ques t!  on gene ra l ly do not hint at t h is  j , i ’oL I .  a.
I1,~~’ (e:;(’p t . of a “squeeze m i  me” i s somet l ies m e n t i o n e d  w i  t i  r - p (  Ct t o
c~.i r.’.-~p .in1 i i uy priuiciple s . This would  c lear ly  indicate criteria Ci ’ .~ ( to
c,,~~.’ ( t  ) i i ;  F i g u r e  5. Basically, th is  seems to be l o g i c a l .  h i n w e v r ,
t i . ,  a, i t  proh l e n  is tha t crater e f fec t s  are , as is known , w i d e l y  disperoed ,
rel i tively speaking. So we must raise the quest ion of the ex ten t  of L O t ’

s.ife distance ” from case (b) in order to e l imina te  undesirable ef f ec ts
w i t h  on adequate degree of probability.

l’l;e “squeeze mj~j~~t criterion ~~~~~ as i t  were , a lim iting ca-~t’ of
i 0 t , ’ i ’ l’orma t i or ; .  But a country rock c r i t e r ion  could just  as w e l l  be

d.’i’ii ”d as a l i m i t i n g  case of v ibra t ion  e f f e c t .  Ever greater  v i b rat i o n
fin , , !  ly leads to spall ing e f fec t s , and as a result  to loosening of the
z o c k  sur face.  ~ cr i ter ion also could be def ined by l i m i t i n g  the
spallizig depth , spalling rate , etc.

The question , in the concrete case , is where these two types of
c r i t e r i a , the “crater l i m i t  cr i ter ion” and the “v ibra t ion  l imi t  c r i te r ion”
meet , or whether they intersect.

l~e therefore have a qualitative problem (which criterion?) and a
quantitative problem (up to what intensity?) for the country rock
criterion.

2.2. l ’h ;y sical  l im i t a t i ons

2 .2.1 Su rv~~

The following elucidations are based oui the basic model of a completely
confined , con centrated charge , as shown in Fi gure 4. Deviations from
this basic model will be described as clearly as possible.

The relevant limitations can be divided into four groups :

geometry;

—7—
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~~o : . 1  i u i e rn e i t

r•i;I~’ 01 ~t i c k

COO 1 St ’  of t i e  exp losion.

f our  in f l u e n c e s  w i l l  be discussed in q u a l i tat iv e  terms ,

ii briefl y, i i i  what  fo l l o w s.

2.2.2 Geometry

L e V j ~~ t~~0ilS in geometric rela t ionshi ps can be divided into three

factors

the position with respect to the surface can no longer be detcral; ed

by ~, s ing le magnitude , h , because the charge is elongated ;

terrain configuratiOn usually deviates more or less from a p
lane ;

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~T T

t in ; span of the chambe~ is significantly greater than the actual charge

diameter  wi th  respect to country rock.

• • —8—
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2.2. . Coi i  t’i ii , ’uti , ’tit

Cou i f  i i ; .  uIlen t di f I_ei ’s iii t wo respects.

A so—c .;l led (leCOilp i ing effect develops as a result of th e cavity
around tu e charge.

_ _ _ _ _ _ _ _ _ _ _  ~~~J~~~~ L —e. L _L~~~

• exp losiv.’ e i q i t

y = density of charge = chamber v celiiae

Ii; addition , there u s u a l l y  is a d e c o u p l i n g  ef fec t  t h r o u g h t i l e

t a t  r o l ice  tunnel of the storage chamber.

2.2.~~. (ou ritry rock chiar;tc t e e ’  i st  it’s

Country rock characteristics naturally influence the eff,’c t .-~ of  a

l ull y confined , concent ra ted  charge , a si tuat  iou; des igu;a t ’ d  i i ;  lh  pi s’ 4
as t h e  basic  c a se .  The maJori  ty  of exper iments  made w i t h  such Ci .;i’~~t’S

wez ’t ’ conducted with significantly smaller quauitities 01 , ‘ X j ) I O S i V t ’ S  t i t a n
t ; . o - t’  present in am; explosives magazine. Titus , there should be f ew er  in—
h oii;)’jt’ncitie~ w i t h i n  the area of rock inf luenced  by the e ffec t s .  lii
add i t ion , it is assumed that  homogeneous rock conditions are preferred
for tests to the extent possible.

—9—
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A t 1. ‘, , s t  t ir e , ’  l’,tc  to rs  p h •ty  a ;‘oi ‘ i n  tI~ • d. ‘s 1’ 1 ~ t• io u of  r o c k
aid i 1. i t  , I I ~~

I ; o p ’; . ‘ous rock ch ia ri r— t t’r is  t i c s  ( ~p ‘o l o g i ca l  sp. ‘c L ie;; , for e x a m p l e)

roc k cia ;x’act eristics within I _ h i  rock f o r mat i o n  ( s t a bi l i t y ,  for
e :~a;p lt ’ ) , that  is , t a kin g  regula r  ir iho uuuog ene i t ies  (regu lar , f i u a e  cracks ,
to ; ’  ex am p le )  i n t o  cons ide ra t ion;

~;t ’eatcr inhomogeneities , such as large clefts , change in typ e of
rock (par t icu la r ly  uncememted rock zones).

•__,,,,,,~..~— u : . e e - , . : t , ’ ;j rock

~~ ci ~~~

•i \ •‘

I- /\~~~~~~ ~~~~~ ~
• ‘

~ç ’ ’ la rg e  cleft5

~\ ~~~~ parent t ’oc

h” i gu re  6. Various  e f fec t s  of rock condit ions.

2 .2.5.  ( o u r s , ’  of the exp los i on

ii i •s factor must be mentioned here for tue sake of cou up iet e ’ e ’ss.
It will not , however , be discussed ii; what follows.

exp los iVe~ stored in the chamber W i l l  react like ’ an i (h ( , ;l l v  dutou0tcd
T\T ~i ,  u~~j c’  ol’ equal si f e  onl y ii;  ex cep t i o n al  c• s ’s • On the ou t  h i id
t h e  d.coup 1 t u g  • l’fec t through; th e; en trance sh~~l t  call be f l iO l ’ ,’ a~~t i Vt’ 1 C _ a i l S  C
of t i ; , ’ del a y , and ou ; the other hand , th e dyu ;auui  c shock pre s sUr O

trauc,1er;’ed to t i e  rock can be smaller. Although all the atci’ial stored

~~, y ,  i t ;  th e  f i nal  anal ys is , par t ic ipa te  in an exp losion , only  pal t 01’ i t
i o u l d  be regarded as being e f fec t ive  for crater e f f e c t .  There are many

Cases, in practice , when some part of the material will not take part i n
the event , but this will depend on the type of material stored.

-10-
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3. 1’ ;- ;’s, ’n t  I ) . ’ ,  i v a t  io n s

3. 1 • ___________

1 : .  \ L i ’ l  ‘‘us a l  today ’ s uu;odt ’l s of the c r a t e r  p r o b l e m  eau i t  - g I o i .

• : i t, u t w o  ; , i  I n  c o t ( ’ ’j 0 I ’~ .‘s . l’h~e two ways to cons ider  t lit ’ mode ! a , alt’. . i( 1) ’

oned u i  •S,’c I t o ; ;  I , are :

La , ’  c u a u t ’ r  c r i t e r i o n  as a limit ing Case of I _ h i ,  op e t i  ci;, I_ cr ( a~~ u c

ii: i i ’

t a t ’ cu ’• i L L ’ i ’  ci ’i t e ’r i o u ;  as a li m itiz j d us t  01 s t r o n g  v i f i . , t j o ; , .

A ( 1 1 : 1  i u i C t  i on should h~~’ ti . , c l e ’  b . ’t ;~~’ . ’ui  pu re l y . i : , p l I ’ u ( 0 1 1  ~~~n .  las ~~~
i .’I O O l O S  I u . o L  . ,t L t m pt  to  describe a physical p i c c ’ s , p u ’t cc;l~~u iy  WI L~ i
r~ -~~ ct  s t  to  t 1i f i rst  d c i i  VatjOui . Souu, ’ of t i l e  den v~~ti (0 a i i  CXI 5 L eu ct -

t c t j . jy w i l l  n. d. ’ sc u l L u ’ d  and d i scussed  b r i e f ly i i i  c h a t  f ol L~t-ts . l ;e  i u . ~~1uei ,~
ct’s discuss ’d in  Sc~~tj o i ;  2 w i l l  i,e de ; , lt  wi I _ h i  case ’  by case.

3.2. D, ’i i v u t  i o n  C) ! ( ‘li~~l I j C l ; h  ( , u , , t , ’r  I u : ; :

3.2.1. ( o : e . ’r t r u i t e d  and confined charge (grad .- of r o c k)

i i i  s case is the  point  of depar ture  for  var ious f o rm u l a - a en’
*‘ X i S t e i i C( ’  and , as already mentioned , is based on extensive cxper i r tc’; . t s
w~ t h i  such explosions.

• 
H~
.

I

1~~~’ genera l formula  is as fol lows , and is based on the laws ui
s i m i  i i  tuu , ’ :

- -Lir) — . ‘
,•

>k g;; i tudes 01’ 3 ore fouuud in viini ous theorems — l I n t  3 ~ 1sc. ~~~~~~ ids
u i  t i ~. p r o p e r t i e s  01’ explosives , and on the grade ol’ rock , i i ;  the c ase of
l’u l  I y c o n f in e d  ch a r g t’s .  Values 01’ 1~ 1 to 2.3 are found for ~ j u t  the
I i  t . r a t u r e  lor  a so—cal led  squeeze m in e  if the f o r m u l a  is ~t.t;ida;’chl it’d

~ u ch i  that  the  exp losive factor  for TNT is 1. The accuracy w i t h  w i i i c i i  rock
c~a; be graded is limited. Table 1 shows the corresponding references.
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l ab le  1. ~3 VAI•Ul S h”Oi~ DI h”h’ i , i!i ,,’\T  ( l ~’sic: ~ , (11” Juts _ K At_cUi!3~1h h .C,

VAUIOUS SUI in 1;s

Pa m l tr u n — l ~ j c ou n  [1~ o f .  1] 1 i c jh i t  ; ‘‘il 3 =

j u ’.; v t l  W I t h  stIl l 0

~ u 1 id  gravel 3
-,o f t  rock 3 = 1.4

hard rock 3 = 1.1

i ic ’s t-a t Swjss standard (based on mine formulas by Vaubaui/h lauser and
t i l t ’  ,‘va iuatjon of Castelletto milling enterprises ) [i~ef. 2, 3]

medium rock = l.”~

C~~~ .s : i i rg  ~t’vaiuatloa of nuclear tests converted to molecular
t’ X I ) l o s lV C S )  [J~ef .  4]

mean value of all rocks = 1.7

\ arinuuc other  authors wi thout  g i v i n g  grade of rock
j d i i ’ . 2]

3 —

it would appear that a value of approximate ly  I .  ‘i is l0~j ,  ~~ ,, :01’ :i
or medium grade rock. As far  as I_lie effects of a squeeze m l ; , , ’  a x e  con—

c e ru u ’ d , reference usua l ly  is made to the fact that  there  Is flO signAl ic a n t
ejection 01’ material onto the surface.

3.2.2. Decoup l i n g

h i , ’  SW ISS standards i t t  cffect today ax’~’ base d Oh the t’u:i ~’iric~;l

den ‘•‘a t  ion for the couucentrated , con f i n e d  charge; it; t i .~ ’ ju’t ’ vious se Ct  io n ,
but they also take the decoupling effect into consideration.

The., reduction factor in question was determined in clay and lead i i ,
model tests , and found to be L2]:

= f~ ~0 .  f 1~~f \ ~ L / ~) = i0~
or ‘% v I

= • 1d = 0. 465
where

L is the charge in kg; -

h is the country rock required for a squeeze mine , in m;

V is chamber volume blasted out , in m3;

)‘ is density of charge , ill kp/m3;

is the decoupling factor.

-12-
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if t h i s factor is used , and i f  the equat ion  i s  solved for ci;arg;’ ~
we obtain the formula already ment ioned in Sect ion 1

2 25 0 ‘)5
V/ 2 . 7 h 0 • V

~=l .7 f u l l y  ( ; 0 ;f i n i’ d

I

• .~ o 200

h” igure 7. Couiiparison between required country rock for various
rock factors , and between the influence of various
chamber volumes , when ~ = 1.4.

i’hie above figure shows there is little variation for the chamber
volumes in question once decoupling is taken into considjration . On
th~ other hand , the influence of the grade of the rock is significant.
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‘3 . 2 .  ‘3 • b a rge  o h  ouug;;t t o t ;

KTA t M i  I i t o I ’v  T o c ht r ; i c a l  Depar tn ;eu;t  , now Group t i l  A u L l , ; ; , ( - i , t  ~~~~~~ • ( C ,

o: l i i . ’ Ft’eh.’ra 1 Miii tou’y  Depar tment  ) 
, i i ;  t h e  • ‘az ’ly 1 ‘)(c(ls , pro;c  .s~~d a nod ’’!

t h~~1, I ,,k.’s charge o lou ;gat  iou ;  i n to  cons i dc ’nat iou-; • This  mode I is  based ui

the I’ollowing principle [5] :

(w.~~

i gure 8. lL ;~ i c concept of t i f l ’  charge e I ox e J a  t i o u ;  node I o r e
to t~~].

~‘ a c ht  e l , ’un u , t  , d~ , of ,a; elongated ch i . ; i ”j t ’  c , ’u ; t r t t , ; i t e ’~ t o t h , , ’  ,-~
‘ ct ou ’  ~~t thu; cni t i cal  poi rut or; th e.’ sLix’I’ace . d i i ’  critical 1 : 0 ; :  Ii  ,,;e ol ’

t : o ’ st  ross v. ’ctor was standard i ,ed using t i~ ,’ c ase of a cou u cex i t ,  u’ •, I~ -ci

I i . . ’ .‘: t, in’’ -
‘ ‘ctor 1’ ; eld  , a r i d  riot ou ; l y the  St i ’ i’s~~ ~‘t ’ci  ~~t’ a t  a s I ag i . -  ~~o i nt

w0s detcrrniu;ed using this method , so we can make a s tatement for a : o u . —
Ui • i i’oi’ui terrain (see exauuip 1;’ in Fig;; re 9

Fi gur e 10 shows that decoup l i uig and i i  ongation have approxi t a ct ,  - l v

the’ satie; effect jul thu’s.’ models ,  In combina t ion , they result in  ~ gre at
reduct ion in the country rock required.
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Cou ;ceu ;t  rated arid

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DecouP l~~~; ou ; 1 Y

o~~~~3

so 4~..O :,oo W (•~~ L

Figure  10. Inf luence of decoupling and charge e longat ion
according to [2] and [5] , respectively.
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‘3 . 3 .  i c , ’ u I L , ; u c , , i u , , t  n t o t  l i d  i i . ‘ I i  c O V e O ,  ‘u ’
d c u ; ’ ;  nj ; u d ’ u ’g r I c c a . c l  • ‘ x j c h o t c , u l ;

‘3.3.1 . , I l / (  ,‘n t i , ; t . ’ d  , ; u , d  , c c i i f ’ ; u c ’ ’ cJ  c } c u ’ : ’
,,~,,2j, t d c ’  c i t o

i~. - ‘‘I’~ ‘ u t ’  ‘ I 4 1 ~ PP I’OU( ’ I ‘5 t I . ‘ pi ’e ;I ,  1 ‘ r u  , . 1 ’ (- ‘ ‘ l u l l  I I’)’ I ’’ I t  k b y n— I ‘¶ 1 t
t , ’ ;-r :: ,~ l u o u ;  o h  e , ;v . ’ s  , , . u ’ chj u ;u u ; . ’y s  , u . ’ /~ ;l t i l i ~~ h i ’’ ’;:, co d ; u a , l ’ ’ l j z ’I c d ; i , c h  . ‘ x p 1 e~s i t t u ~ .
I’ii,’ ~o ) i  u ;t  e) I’ depa i ’ tu r ’e  t s  ( I i . ’ fo l  low ; u q  p u t - i l  i s.

l’Ji e  course oh ~ c o u i f i u ; e d  c xp l o sj ou ;  car ; be d .’sc i ’ibed  b u x e ’ f l y  as
:~o 1 1 ot,- s . Th;’ f o r m a t  ion of dctou u ; ;  I j ot; qas ’s p roduces  sucI~ eg r ’a  t j r.  ‘ -~ sure
t , ~~t t i , , , ,r  i g i  t ;a l  y,ero s ;I ae . ’  • ‘ X J c ~ u l I I S  t o  r a d i u s  1~. ‘the cave’ forme d b y

i ’ ’ -’ ’ U I ’  of the ovei ’lviu ;g masses of rock , w h i c h  are a lr e a d y  p a r ’ t i al ly
: ‘ , ;~~~~

, ‘ - :  1. - c l  I I V  t h u . ’  cl. ’ t c ’ u c , ; t i o u ;  •‘ r i ; ’x ’gy , cave’s in w i t h i n  5( ’C Ol t (hS  ‘‘F l i / H I l t ’ s .

cl ’s , c~ / l i ’ at  l v  , addi  t u ou ua l  nuass. ’s of rock detach tiucunselves veu’t ic ; , ,l  ly , 5 , c , v e . ’

1 1,. ’ , ‘ x ;c i o .’~ l ’~ I .  ,_ - ,‘u , t t i ’ ant i  Ic Ve’rt u~~,u l  c i ; i r : : i i ey  is formed. The chimney will
; , , ~ t i ’ ‘ , n l i  i i ’ ’  sei; ’l ’,;rc ’ if t1 ,’ .-xp los I on is comp le tely confined. I I ’  ‘r ‘ w i l l
i t t ’  ~ d c ’u h c ~ • ci . ’: , e : , ’  0 t h i ( ’  gn e u;;d w i u ’u ;  the exp losion is almost COH~~c I e ’  to  I y C 1,1

and 11,1 ’ c~~~ : c l o y neaclo’s the surface’.’’

• c - 1’ ,~i’uiu las  in  ql;est ion we ’re den v ’ d  l i-urn very s ir uu p I c ’  
~~~~~ 

i~ , . i  l u ’—

- h a l  l o i S , u ; i d  by evaltuat ir ug uuur:re- nou s e xp er i nu e u it s .  l i , ’ i ’t ’ i t I J , ; i l c  t u e i n : , —

• a ’ r ot  h , , i ~ ,’, a rt ’ based on experience w i t h  n u c l e a r ’ c h i .; r ’ ;e ’ , sad ,~ l , :’L’c ’ ,— ,

• i ,  e c ’ a v , ’ u ’ s i o u i  t o chemical charges has Lo t- ru u : l a ( i e ’ . Va lues  101’ L’ , , I ’I 0(15  u , ,

o n  here , as compared to the formula by t h e  same a u t h o r  n~ nt i ‘ c u e d

aec t i o n  3.2. 1

‘ i t . . -  1’ormu la  fo r  f i n d in g  the necessary ovcrb;urdi’ru is o b t a i n e d  by
,~~ ‘l , . , t  i .~~J CAi V e.’ vo 1uus~ to chii uurne.’y volume. The ch imney  height thic ’u ; c0u . be
I ound and equated to cocntry  rock in the limiting case.

Ii,us , the relation for country rock required is

,~ ,_  /_ ,,\ 3 • S , I”:
- — 

“,,, • 
~~) J,/

h0 -
p 0. 2

- 

Ide’ values of K , C, and p will depend on the rock and arc’ givt’r~ in
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o •

50 ~QO ~ SO ~ Q0

Figure  11. Couu;ti-y rock required according to [‘i]  w i t h  ch imn ey
mode l ;  comparison with empirical crater formulas
of Section 3.2.1.

3.3 .2 .  D e c o u p l i n g

The model of cave format ion  under discussio;; here is iu utl u :u .ute’ l v

~.ss c t t  tated with the problen of s t ress  propagat ion , so let  us b r i e f l y
derive the decoupliu;g effect that is based on stress propagation.
aoctioui 3.6.1 will discuss this derivation in detail.

Llased on the relationship
C-,

(r) 
~~~~~ 

/r)

-
-

S 
~~~~ ~~~~~~ 

-
‘

;~ ~“T A

~
-
~~

>
“ ~~~~~~~~
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1, , , . ’ i o I iO 01 lI;. e q u t\ ;l ’ l . t  , ful l y coc;pl,’d charge , n’ 
, I n  L t ~ .’ e l  i t - e t u v o ’

It , au  Ic e .‘-c t , ; t , ’ c h  a:. l’eil I ’ c ws

—

‘ ‘ i ’ ’ ’

Is I s  i l l, ’  - j t t ’ c  i f t c  i l - a t  i~~ 1 ~ o ;

‘ u s  the’ pnopagat  i oh 1’ac t O i’ .

• l i i . -c , l e - u ’ i v a t i o u .  a o t e I o e ’ s  e ’ I s , c c t l v i d e ’ c i t ’ e c c c u j ~ I j u j i ’. ; c i c : g i V - u  A l .  3 .2 .2 ,
as l1i ’,’5t’ I I Y c ’ ’ u u t , ; j u u e ’ d  ii; I i , , ’  a w i 5 5  st io idard  ( s u , , ’ u u  ~~~~~~ I (~~) w t , , ’ n

K = 1.2 and 2 .7 (t h a t  is , so i l  roc k) .

t i l t ’  ( i . ’ c o l u p l i u u g  e f f e ct is  th e ’  s t i i R’  as that nc , ’uetio ;,,- d in
I - - c t u , c : ~ I .2 .2 .  In c ’ c u i t u ’ast t o  the  eu : :pi i—ica l  der iv , ,t io : i  H, ~~‘ c t i o x ,  3 .2 .2 ,
t h , ’  .,~ ‘c ve f o rmu l a  adds t w o  a d d i t i o n a l  magr ;i tudes  ; k , whi  c i ,  di  i ’f , ’ rs ;.l t i .

u t y  of c h t l u r ~;t ’ , and t h e ’  rock factor  ) ,. As already :ue r i t  iox ;ed , t i , i ,—,

l’actor will bt’ discussed later.

3.3.  j .  Ch;cx ’qc ’ e’ l O l Ig a t  1011

I’!,,’ fonrurat ion of cave’s , or ch iuu ineys  , is der ived  in  rel’en eu ce ~~ c J
pri;:.arily for use in deve loping  an e longated charge model .

W0 will riot discuss the model in de ’t a il .  In p r inc i p l e , t h e  elongated
( 5t ~ 1 ’j t’ is separated into individual partial concentrated charges , th e
c : .1u; iu .eys  of which Just touch each other.

________________ • j / ’~ ‘ ‘.‘L,~ ‘ ‘

Figure 12. Elongated charge with respect to slope inclinced by
au; angle a.
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u v , . t  u . , u i  i’.’s tu l I s  i n  t h e  h a l  loe~’i r i ’j  , i l , u ’ l c , l u l , i  Ic,!’ u , ~ , , X u i i u f l ,  C l

( , /  ‘ “- I ,-
- ~~~.f/

’ 
~~~~~~~ —

and i~l i . :. 30°,

1~~’ 1/
W O. O:c5 ~~÷ 2 ) ~~ ’ — 2 ;l~~~~ 

-

~~~

g : u ; ’e 13 compares a concent ra ted  charge w i t h  the d e n k v a t i C t : A  iii
.i~~ ~~c I u ’c l , i l  ce w i t h  3.2.3.

d e l .  [1~ J ic ,~ = ~~~

: ~: ;~~~~~~~ 

1 1

Figure  13. Comparison between concentrated and e longated  charge
according to references [4] and [2] , and [5i .
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j u t ’ I ’ j ’ c : L i , e t  u o r c  i i lee t j ,  ; l t ’ , e i . ’ i ’ , ,~~~ 
, c c u - ’ h i n ’ ~ La  I; ~. j ’ , w , ’ v , ’j ’ , 1 st

z - . ’ h ’, ’ u . ’ u , ~~ ’ ’ h i ~~ ’’5 Iu ;o ;’.’ e ’ ’ u i s e ’ t ’ V , t l  u v e ’  v , e I I ; , ’ : ,  1’,,i’ i’oa  ‘, e l c , u ; ’, e c I o u ’ u : - , t u (  , , sO 1 1 ;

l i i  a I u .  - ,~c ; I t ; — ’ lou’ ;.. i i i ;t  1’)’ ro ck . t l  I i  t ’ ; , a u . ’  vo ny I ~t~~e ’ t o  t . I , c , , .e c Led i a

3 .6 . P.’ r ; v ;~ 1 o u t  a V s I  I ’ ’ ; —  ;-c j~ u ’ c ‘I’’ u ’j ic  I I tn  I :

I ) , ’u ’ j v ,1 t LOU5 0 ) 3 ’ tI;l s ty pe  hay , ’  not I , t ’ , ’ ; i i se ’cI  to  ( 1 / 1 1 0 ’  l u ;  C o l t u u ( ’ C t i O n

w i t h ;  t a ’ pi ’oh t e ru ;  e)I ( ‘Fat . ’; ’ for ’n r~~ t , i o r ;  u sn i g  f u l l y cou,I’i ro’,I loads , so we ;

w i l l  deal di r ec t l y  w it h  the probleun of the decoupled charge .

3.~e. I • Couuc, ‘rut u’ated  decoup I .‘d charge ( grade of r”’c k

• u ‘ / c a ’ ‘ ,-~ c-au ; be di fI’erent  ia ted (Fl  gu ;-e l~e ) whi ’; I we I ,c ,k .1t I t o  - pro—

h ’ ,c ’ , e t  i t , :  c ’ l ~ 1 e - .-— — n r e , or stress , d u r i n g  lcn t ’xp l o s i o u i  i l l  a rn( ,~ ( a V i  t y .
i i : . ’ , - x~ l 1’ . s A c ) u u  ~c ; - .’s s Iur e  w,u V e  propagates in ihe air i n  t h , t -  l’ t r st  / o i o’ , t i,e

1 . - t w o ’. ’ : ,  charge and rock. ‘l it. ’ si~~~l c i  liLy of L I I I ’  rock i u ,  t i , ’ f i rst
,‘ , , a e ’  ,~l’ L i i i ’  c o u n t r y  rock is exc.’ed,-d wh c ’ui  d e n s i t i e s ol’ c i t a r ’’, , ‘ , O t  ‘ l i i  g i l.

- . - - U 1 ’ t’ wave propagates  e l a s t i c a l ly in t o  the ar’s beyond thiCI
e l . ’st ru ct i o r i  Zl ) h ie  t ha t  is in the su r round ing  area (s e i smi c  z on e ’) .

—

se;isnic -zoute: in rock — / 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

cav~ tv

d,’,;tructiou; zone in rock t charge

i-i ~ure l’*. De coup led  e ’xp los ion pressure propagation into
various zou;e’s.

d’,’l ’,’z ’,’ Ot t ;  1 6] l>r ’t ’st ’x i ts the appropriate laws of px ’opag a t  1011 , a~~d the
o t c r r . ’s lcc4 id .  . •j  rock 1’acto rs are determined iii  tests using thret’ tvja’s of
Fat  ~~~ . It W c & , ’t found th uat s u f f i c i e n t l y  accurate ca lcu la t ions  could be nuade
1 or l~~c t z ~ rock zones , us ing  one propagation law for those densi t ies  of
ckoan ’p :  of primary in teres t .

Pressure PC 
in the cavity is first determined as

PC 
= 

~ch 
(r
c/r ch

)
_3k

or

- k
= 

~ch 
(y/y )
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I’- ;  , u i  i l .  W I  t h tb , . c: - SI i h i l j  c i  iou t I , . ;  u - ~ c l ~~~~t I .‘~ t ‘ ‘ ‘ ~ ‘~~ 
~c 

i i i  th e ’ roe K W5 I I
i l ’  p u ’c )~~ ,) rt L e d !  ;a I t O )  ‘l ’e’ si-. u u .  ‘ p , 1 i t o  I ; , t liti 1.

K • p
C -

the  14 I l i w i r u g  app l i t ’s for further j c ; ’ I I I I , t g O t i c c h i

/ ., ~~,\

— ~~‘ ‘S I • I __ F _ ‘ ‘ -
-‘ • t I c )

decoupl jug e f f e c t  the’:; call b e ’  found icy equ a t i n g  t h e  stress of a
f u l l y ,> n l ’ i u , o ’ d  charge , W~~, to a decoup led charge , W , at the same distance.

f u l l y confined a c r )  = :~cli c

wi th  r

a~~ r) : 
~~~~~~~~~~~~~~~~~~~~~~~~~~

ch ‘- -, J

decoupled c ‘k . : “± ) ~ ( r/’r~~) 
‘
~

/
wi th  r i f  ‘~~-~~~‘ 1

C

‘ I .;’
- ( 7  \ —

‘
- —— r ~ • 0 1,  -

c1u~ ‘ I -

— ‘ \ - / “ ?  ~, - - , - I ’.’
/ , , ( ‘f ,“ ‘,~~ ‘ j ., “

~ 
( 

~~~~
‘ 
‘‘ \ “I

G ,:’, - G  (lI’~ : 
~~~~~~~~~~~~~~~~~~~ 

t~
-,-,-)

f 0 \
i.

W

~iiis ohs’’ is t i , e •  d e c o u p l i ng  i’a c t e c z ’ fo r  h u e ’  c i i a; ’c j e ;  , as a lu ’ e - .u dv
-a t  , , c i , , ’ , I  i z u  Sect iou ;  3. 3.2 .  Sec t ion 3.3.2 -:hiow,’ei t hat  U; is foe l ox’ C c ’ F —

u . - ,-5 1~ c~ u d s  to the decoup l jug factor de x - iv . ’d  emp i r i c a l l y ,  c o n t a i n e d i u u  the

p 1 , ’ :~ o - u , 1  “~w i s , ,  standards , when k I • 2 ari d ~, = 2.7.

~‘e-, no ‘r i t i o t u e d  , no fene’nce [6] examined this law for thicc kinds of u u c k ;
I.; t l . c  ~~u i , ,  grani te , hiucyrus 1 imeston;e , an d Marion 1 ir :,~’stox1e. h ere t oo  t u e

t .~ I e I u l at i o n s  were made for k = 1.2. The ~ 
values for these three types

oh ’ rock were found to be

—22— 

-



i - u  h h i e c u ;  i a  ) ; a u l  i l ( ’  ‘
~ = I .‘ i

l i c u c v  i ’i;s 1 u l i l t ’ S  I c l u  0 ’  • _ :~. I
M.,;’u ou ; I u l : I e ’ St o I u ’  ‘

~, 2.65

. 1 , . l,ist 01’ l i t , ’ L i i i ’, ’ , ’  h i S  ‘
~ of  ,,boul_ 2 . 7 ,  ,e~ wa;  h I l t - u I :  i c c u . c c l  ~u I s , V e ’ .

A I , , ’ c j I , c t h u i ) I i l u c J  e l i o t  L i i i  e v e u  s tu ’ ’ , u u c ; t ’ u ’ 1 0 c r  hui’den rock. l’ernou ci t ’’.~
v ,~ I i i .  -s o u I • S i i  1 7 ] . N ,’wr ; ua :’k , ~ i u t he  other bau d , ci tea t ’x p o r . c  ‘ I i  15 ‘‘1’

= 2. i .  lii a ,c I l l c l ’OX i  nra t ie ) r ;  f o r m u l a s .  h owever , th e -se  refer  pn ir r u an i  ly
h e )  u ;;orc s o l i d , uzicemented types of rock [8].

— ‘ --.

ci , ,~:: , , , c -u -
—--.-‘ •“

? (Swiss st,euidai’d )

Marion l imes ton e

• 

- _____ ___ _____ ,___.._ 

~~ 

• ~~~~~ Bucyu ’i i s  l~~: , c - / S L c ’ :.e

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t i - i - ’; ~=? i si-a ~~~~~~~~~~ ~i,-~’ j I ’  .~S l  

~~‘ -
~ ~~~~~~~~~ ~~~~~~~ ~ ?

b” ig ure 15. hi ; ’ l ~u t i on s h i p be tween f u l l y  coup led  charge %~
., and

e f f e c t iVe charge , I~, for various t ypes of rock
according to [6].
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1 c t u u r s  , it’r - t v c t  i t  t u  , . i i  te l ( j i  V I - u i  t t o  p c  ,l c i i i ,  ( J J ’.c l  I - a I no ,
- c l  1 1 1 - I  c i  i c e  I hi ,;.— s,;eh; — l i e 1  1 v , , h c u o ’ : ;  h i , ; o i  t i , , - ~ - , t O i l , t u t U  co

1 c c  1,, ’ ,~~, i  u ‘ - 1 i ts  ; c  1 , 1 1  1’ u U t i l t  , t I ,  1 c’ ,U-~ t ,~ ,s j I;1~ 55 1 l i e ’  p u c  . u ,  1,  - i t  t h u  i c I e r  ci ~ - - c  I , : ; : : ,

- ~~~ ‘ 1~~. o ’ u ’u u e ’ e I .  l i i ,  - I , , , ; ,  u c 1 .ick 01’ at  F. - s — i  j 0 i ’ O lc a~ J , c i i ’  tu  , eli r i  V a t  l o l l ; ,  W A  I I
, o  4 ’  - U  ‘ I - ’ - ‘ - ‘1 I I I  I ‘ F i t ’  I I a  U i ’  o r;.

‘J . ?’ . 2 .  (‘h. ;r ’- ‘ - l c c h , ~~ , c t  i c , u h

. i i ’ ’ ; - ’ - I U , ~ I t u ’~ -
~ U r i c - u  i t  ci’ t i n ’  case , a l b e it  si l I l t  I i  l’io ‘d , ol an e ’ l o n gat o  ‘u

e i A O l’ l o ’ is I c e c ,~~s~~~~i c l c ~’ by ~c~.p l y i u u r j  the stress p r o p a g a t i o n  law.

—~~~~~~~~ _ _ _ _

“I0 ‘ 
- 

‘ “ 0

- 
___—

~~~

- 

‘0/s \‘/ ~, - L- ~~

i- u n i ’. I i~~. ( t c l . I ~ c~~ i s c t i  L e t we c ’u c  sp h e r i ca l  change ar id  equ i vu - n t
cyl  u n e l u ’i c , ,l  C h u i e i ’gt :  ci’ leu cjtli 1 .

: e c c i . c o’~~ t i ~~~ted c h a r g e , I. . . is c c l i l l c ;u r e ’d  w i t h  a cy l in d r i ca l  ci . .ci ’g e ’  , Ic .
a: i -  , s pu ’c ‘ Ic ag , it  j  ,, u i i s  d’ ‘ t e l l ;  I A .  -d i n  :i siuip l, if led L u a u , ;  er  as l’ox ’ a Vex’) ’  long

i a;- ; c ’ . l i , 0 ’ ;: ,c oj e l  t i ; t ’ u ’ o ’ l c c x ’e is ro ’l  i~ cb Ie , t h i e ’ i ;io re ~ o because t i l t ;  r~’c~(
—a , u ’r eai :  cl i u . j  the  cyl i cot  u’ ic~el change ’  is t i~k~’ii  as C e l i A St a i l  t

. 1 0-  c o f l s i cl c ’ i ’,c t i o h u s  , p r im a r i l y  supported by rei’ei’eiu c ’s [6 J and [c) ]
,,:‘. ‘ b.~.-, o - d  on the f o l l o w i n g  r e la ti onsh ip s

,st re~ s fo r siclierical charge ~ ci’.) :~ i’/r  )

S

-

stre ss for cylindrica l charge 
~~ 

(~~~)

to Ii,’

K is a e - ’ o u i ,~ tant  that  depends on the detonation I)l’essure of the

exp los ive ;

r , r are the r ad i i  of the spherical and c y l ind r i c a l  chax-ges , F e ’—
S C spec t iv e l y ;

), are the p r o pa ga t i o n  factors  for t u e  spherical  au ;d cyii ;i dx’ ica l
s c -cases , respectively.
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I ,, - - : , , c c . : i  ; i , . , t  .; ; c r , l i , e l ; , , t l c , u l  i t t  I , ,  r c ’ l ” - 
,t . 7 , ; c : - - c - c l  i ,

~~~~~~~~~~~~~~ i . - , .  I . U c l l t ; ~~t c , c S c i ; s  I c ,  , 1 .~) h t c ~~ cy l iut d l’i c Acl W ’ , ’ A t ’  ~c u j c , c g , c L A ~~,1

I I t  i c i ’ ’ ’ ~~ ’ ’ , ‘ I

, , , c  1, 1 1  1 c l A ~~i O ~~ : - I I 1 ’ ; , t  A t  c . t i e , u , — ~ , t r c -  i ; I , u , j c ;  ~L ui t i te ’  ,,ii,c ov(’ I t x ’i : c c u I ~~,s

j
-
, - - - r

— — ‘_c ‘ ‘~~~

~ 
:1 ‘f

~
j

- 
/ \:~ ~, 

:~
\c~~

. 4 - c t  1~ i , ’ , i i a - : a - i , c ; , , I I  c s c i o l i t i o u i  t o i ’ t l , e ;  squet;ze L l I u A ( ’  i i,  t i l e ;  case 01’ a c c c l , —

C c - I l u ’.c t  c - e l  t I I,;1 ’ ; j e  - is i l L  r ot i lu cc u

1~~’~ii — 1. ‘c Ic / “ ( i n  ru ~ ;id k g )
0 S

j I l O ’ i A  — c ’ t t i I~g “j ’ ( h i  ) 
= —~

- (ii ) , we t c i c t l c l i i
5 0 C 0

a L • 
. 2/3 ( j u l  t u  .11111 ,

~9

5 X’(’ 1 at  1011 i 5. U V  i i  I i ,,i c - t i  I or  v ,1r I 1,l ~ S cI i , , I , , j  c C ’ i ’  i t - u i ; ;  t i  ,s , 1 , i I”i gu Fe-
I , , ~ c c i i i U t i O i , S  ~~c c u ’  ( ‘ J c c i l ( J , i t l c c l I  l c F o -  S , l~~ c, t ’ i’ L a i I c  t~~, ~c t : , ~-n  i, , i ’ \ O —

‘t~~~4 , ,- t t ’ ( / t t i - C  1,1 ~ i.e , i l i ’ c i ,, i I ’c’ l i , ’ u l tj o u i e d  s u : : I i c L ~~~i i c a t i o ; o s .  f l , , -  re ; :at is a
1, - c I s c ’,. . ‘ ‘ I I  f lu  t u , e’  l o ; i ’ t i s a i b l t ’  C i ) /u u j t ;  ion  st~i u i l char:ub er l e : ; ;g t i , s  , I , iF i c

is i : , , x ’ c ’ , u I j 5 tj c  arid s t t - u : i a  fx ’orn the ’  s i i ; , : c l i f c a t i ou t s . At ,a,  i’ O , C

I S 5 1, 0 / 1 ,  ~ s t h ut  iii g u u i  f i C~i u i t  r e d u c t i on s  in country rock ‘t / l i C I ‘c - a e’~~,t s

c” 1 - F  t h i e ’  I’or a chambe r leng th  of 100 m , despi te  t h u e  conse rvat iv e ’

~ c r;,piifucutions .

-I— — -‘ —‘——— —.‘ ‘ - - — - 
0’ — — - — -

‘ 
- . — -  —~



i i  ~~~~ • ~,

_~~~~~
‘
~~~~~~ 

— — ‘ 

C : ; ,~~e ’; ,t ~’~~L t 4  , I u l l y
confiu ,c;d cI , ar ~~e

t I c  U j , ,  Ut- cl charge -

of l en g t h  i_

7,
So too

Figure  17. Count ry  rock required for a cylindrical charge’ of
length L parallel to the surface.

‘I ’kie, model iu st ;d  here would be in relatively good agreemen t witii the
case shown in Figure 18.

1-igu re 18. Magazine chamber with more or less u n i f o r m  country
rock.

—26—

— - - - - - - 
0. ‘ ‘~~~~~~~~~ -‘



3 .“i .3. c : : ’ ;’ . 0  I r’ ’ -; , I- . . ‘ c i ,, ’
-; I I I - _; i;i. c t ’ ’ u ’ u ’ c’:, U u on

- — i’t ’ ’i.La I

, . . ‘ - c t t - l ’ I V , , i  u c , ; ,  ol S t i ’c - s : —  o ; ’ o c l c ,u ; , , L l c c ; ,  l I ; I l 1 l l c ’ .-,t  i c t ~ I , , n I  A S  ‘ - i ’ , - !  , , u S l  0 ’
u I u e ’ i ’, ’ j o - , , ; t , t c ’ l v  i .~~~; I I  I c - q U A  ‘c - t I e - a l , , ,ii’ t -  , ;~~~c ’ ’ _ : e - d  i o u ’  1,1,1 t l l i . , 4 I _ ’’A’ F ’ct . i’

U u ’ u ’, . - , - I ~~~~~ -‘a t i ; -  t ’c c  u ’ i ’, ‘c , ‘c. i l l  p n i~ t i  p l c ’  i c l i c  - I  - Cc ’ ’ - .c,L ’e - A I ‘~~~~‘c, L i ,  .4

1 , 1 1 1  0 1 V l S i ’ ,, L I , S , lout  w h i t - i ;  1111 I ’c - i l ’ V W I L  c i c - .--, l  l ’ l ,C L i O i ,  i i , t ’ . i . , i , , o ,

t . ( l i  t ’ ’ S i i  L a  i h c ’ c i l  u ’’ ’ c t i o u;  of , t t : t u u a l cr~ ct . ’z ’ i a u ’u;ci u t i o u i , t i t ’ t - ’ e - 1 c ,~ , A l ,  t ’ ’t ~
I l o g  i , , ,, t . .F i a l

t i ’  , ‘, . i i c ’ t :c ci ’ l ’ c ’ C t u i o ; s I - , O l  th~e - t a l it - i I i ,~~ A e O C - , e l u ~,,w;,  1I’ Ol; l  L i ,  c e  , l I ’ l ‘A , ,

- o l,~ . , , ~~ - I I,, ’ , , c c c k , - 1 I  i i i  w i t h  a t:i’ j t i c , i I  t ’y t ’  i o - u ; i l u ; ~ c -  ta t ;  t c ’ u A d l - I ~ e:y to ‘‘lu’1 Y
t - c l , i c i — , - , , ,” t ’ ,i  Ci’ j l e ’ i ’ A . t  sl u c h i  as these ’  sh ou l d  Dc’ ~cvc ,id ed.

a u ’e - a c , v  l I l t - I l l  101 c e - t i  , v i  Dru t io r u  eI ’l’(- cts a1’c ’  C en t / l i l A  tO i c e ’  I I . ~ - 1
- , L ~ ‘- , , l l , t ’ ,~~t , 1 - i f ~~c ts  La ~‘e~~F OIl t i l e  s u r face  j ; i  t h u e ’  ( ‘Vea l,  01’ I I , . - , ’

t~~~j i l c c 5 i~~Uis . ~~~~~~ e f l e ’ c t a  t r u c i ’ t ’a st ’ w i th  I l u C l ’ t’ a s e ’  i u ,  c i . a i ’q , - , 5 .’ 1d
a ,, I l’t - S l ,  i t  U:: i’ui’thc’r i u l c I ’e I i s c: is i u , C l ’t’as i r i tj ly uiii , 1 ’k (- cJ ci ’o , c ’x’ i o u ’ ; . . , A ’— , U i l~~

~ \- , ,)  S HI I C  e~’XIil :u; ) 1e’~ (F igu re  19) w i l l  de ;luonstrate tha t two cot~~c l c  - t . t - I  y
ci. I t ’ ; ’e U e L  :,;~ -cl~~~;, i slt ,- can be at work here , mechanisms that have  l i t t le -  C l ) i ,

;. t - ~~ t 1 o n  wi th each other.

_ _  - _

I I
t ?

—‘  
c ’

- light ~;;ud loose
u ;rat e r ia l

i ’ i g e u r c -  19. Ex.ur ;ip les of the questionable appl ica t ion of t h e ’

stress propagation der ivat ion .

i- .xa:;;~Io’ 1 is presented to show that maxinuuur lr stress . t t ,  L i i ,,’ s e u n n ’, tce

Cal ;  everywhere be approximately equal , depending on the geometry , but that
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‘ ‘I  , , ‘ I c  c - _ i t  I u n - ;  c c i ,  I I , . ’ t c I l I , i  u ’v I c e  cc e . u i ,  , ,,t  I 1 , , -  - ‘ , i i i C  ‘ 1 1 1 1,0 ’  , i~’ - ~, - I ’—

. , I c  1) t l u  I i t ’ I ’ c~ I c U .

i ~~ . t 1~~’ 2 -, i , t t h e ’ : - , I O u  o \ . i l c h o ’ , I , i i . ; I  I i g i t i  . u r , t l  h o c ,  c c v ’ - n ’ I , c , u ’ c t c - ,

u - t - t i c , ,  c - S t  u , :  - - I ’ ,; L i , ’ u - w ‘ 1 1 , h r  i l  Ii ,~ h , c I  l i t . ’  , ., c l , l c  - I, A l , c c  - 11, 0 ’  U ‘ ‘ h i ’  - :  1’’’~ ,’ i i

h ’, ’s i s h  ., i , t I ’ c c l  t I i . ’ ,t ~~ t - r ’ , c i t u ’ c i c ’ i ,  I S  V c ’ F) ’  I t c i , ’ .

, c ; ,  t I l t - :  t ’  ear  ,.; , ele-i ’ ,tt i , c l , 5  I i , t ’  do ‘I’i ‘A’ ,,  t I c t l , :  110 L i , ; ; .  ~‘ ‘ L L ;  c c ; ,  S~c - I ’. -

i , c t ~~ t i s , ’ t t  tO  e l t ’i ’ , V ’ . c C L U I I I  c o c u u u t n ’y rock h ’o i ’ r r u L l l I l s  • b I t t  ou,ly to  l in e d dei’ivo—
t i c t i ,-, i , t i ’ i i i , -  ‘‘ d & ’ c o u i o l i ; h e j ’’ .Uid ‘‘ o - I o a i c j a t i o u ; ’’ r e d u ct i o r ,  I’uct o ns.

c t - a l _ a u  h ci c,: c h i l i ; l e ’ l i t  on i  h u e  prob 1 err; 01’ an e longa ted  cl ;an’ge i i i  t h e ’
i I C  I i i , l ’ ci sur f 5 c e  case (F igu re  20) .

‘

N— o

~~~~~ I C L I ’

i” i ‘jc~ i’t ‘ . ,~ :: i _ t  - u ’ s h c , c - k  create -cl  Dy exp los i o u u  g . o s e - s 1I’ t , l l ,  I . ’’  ‘ ‘ , e c u ,  ‘j 0t C ’U

c u i , U ’ ’J e’  u t  L i i , ’  s i t’’  w l u e u ’,-  c o i u u ~ tx ’y rock is we akest.

c’ l , A : I S L  0.--k  c , , I i ’S , ’ I V , ’ ,-, i f , h~ t h i s  Sj t i u ~c t i o u i , t h e ’ to t~,1 t ’i~,,i1’ ’~) c ’  ~~i I ~~

L a O ’  ‘ r o t o r e l e - C t  dca-’1,i U , .  e ’ I o h I J l c t l O i i .  ‘li e c c c i i i c t i’y puck c .11, 1cc , ’

I c , t j~~~t I - c l  iLl-c ‘o’e ’ l 5~ 0 - ,-, t 1)01 h i t  , i co r ’t i c ulu ir ly  wi I t ’ l l  it i S  soi ;iewhiat  i_ h in .

.a,,’ q;o ’s t i c ’~. c c i ’ t Ic , - e ’ , \ t c ’n t  to which  11, -U r i s  w i l l  be ejected t h e - u t  c/ l i .  de pend
i_ l i , :  tc ’t~~l vol cu u : i c ’  ui explosion gase s pn (’serut ~ t the time of the aI’tersi,uc,-k.

3 .0 • I c c  - I I V it  I t o r I  I) 1’ it s irlApi c ‘ c ’qhh i I i  I c n j  un n c c d c ’  1

iS  ~s c l c ’ i ’ u  C a L ion , l i k e  tha t discussed i i i  3. 1i , is not  co i , c ez ’ u l e t i  w i t h
:~ ,1I y e : e , u , f u  no el charge case , so the decoupled charge is discussed

di co - c U À y

3. , .  I • CcO ( e ’ r i t u ’ / ;t c , d de’co~p 1e’d cl uarge ( gn u i t h ’  of i’c c c bs

I ; ’  point ox ’ departure for this derivation is a veI’y s i l : -~) l c -  ( - ( 1 1 1 1 1  I U F I I I I ;u

;:. - , d c - A  t : , ,, t equates explosion gases d r iv ing  force to country rock i’es ist a l it -e
2 k ) .

_ _ _  _-— a— — ‘—.-~~ — —‘ _ — —  
~~~~ 0 • ~~~~~~~~ - — - — -



.__ ,___,_.____._____.,,____ ,,,,_,.__
~
,, 

~~~~~~~~~~~~~~~

— -  j c e ’ e _  i I C  C/ t i 11 1 , 1, -
- - - ‘f “c,cj u ’c c c ,s c_ I ,,

4 ~c 
0

C~~~
’ ~~~~ ~~~— r ,  rr

I -~~, i I ’e ’  2 1 .  .‘c , t l c i j i ’ied e’quilibniunu model.

- Sc - I 1 ’~h cj  j e , u , i e l  iruode l p I ’t c i c i i b ly  is r iot  ve ry  real l it  c. iicclc ’t - V t  ‘I’  , t I . t ’

.S j) / c i i , i . i .  L i i i u . g  he - re  is to f j u , c J  a d e r iv a t i o n  tha t  re la tes  ~ ll ne’ ~cv ,4. t

C lu.t ; ; ,b ( ’r  pressure ’ , p ,  is der ived  x i i  accordance st’i th r e f e ,u ’er ,ce ~ i ~ s

- (~~7
— -‘ 

c — S_0~~’~ - -.

~~c 
— ‘ chi ’

~~c ~~u ,’ 
—

re - U t i i~ J 
~chi = i~

6 
psi arid k 1.2 . ic c e c r d u u i g  to L 6 1  , we ob ta in  the

fc1 11 a w i l .~~ a~cpro xirn u at i on1  fe,x ’rIIa l~ for  ch am ber  l c h ’c_’ssui ’c-

~~~~~~~ 
:~~

, c ) X ’i i , i u i . .  w i l l  h a t  l , c , ’ (:(51I 1 /1I ’c ’ d  ic’u t h  otl ’,e ’r ap1)r o x i m i ;a t i o u u  le i l ’ ; ,Ul , , s
,r & I .,,r , D t -i ’ 1,2 ’ - ,--i a I u x ’ e , bu t  th e -  s i t i ;, ,  - b,ise’s w i l l  be :  U~~c’d , ~c’hic ’ i ’ evc -r Il oss i tc l e

~~;. a ; , , -r to compare i t  w i t h  the der ivati ons presented j u t  the  p r e C c d l u -J
a c - C t  i Ol ,~

l’~, .- r e la t ionsh ip  for required country rock then Ca;; be wr i tt ~ ’n as

h - 
~~~~~~ 

:,)~. (ru-i , ~~~0 
~~~ + “

~~c ”r

.\ (c tu  that that part of the sur ro tu idin g  weig ht in the art a th0t is
relevant in practice is negligible. i h u e l u

0. ~~ - 10’~ ..,, Dc (ri’i . ~2)
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. 11 ’  c , , , : . , c  I ‘ - I ’ l l - , 1. 1 U 11110 ( 1 111 ‘A i s le -  I d r  i ’t t c k  1’ , - ; ;  1 S l S c l I (  0 ’ , 
‘
~ ~5 l i t  L t i t ,  I l l ( tJ

~~~~~~~~~~~~~ ~~~ t i ~ i h ’~ I t t u l l I I i l , t  I I ;  t i ; e  l i w u s s  s t i c u t l I c u ’ e i s .  i h t t w ’v . - r , 1, 1 , 1 . - tha t
‘ A . ’ ’. , c h A t ’ I c  t ’ e , I L t , , c i. ’i c t ’ I u i e nt  ()r & i c - u a i t y  oh ’ ch uitrge , t I l I e l. is , t i , t ’  i : u c c l c - I  a

c - I ’ ’ ,. . L i i  r c ’ : _ I c c ’ t t to t h e  i m c i ’ l r i t ’ u i e  c -  ol’ d en s i t y  01’ e : iu ~i;’~j e [ T  I bsp/c ; ; 2 i

- — - - . 7u -- c •4  ‘ - i s - ’ , S

, 1 ) - U t ’ 21 , - c c u , - L ,i t  h i , e  c h c C o l I . c l i i ,  e ’ i i e C L  £ / l ’ J l t o ’c c i ’ 110 ’ .0 11. 1
‘c i , , . ~~~; t \  i c c c . ly  ,Ih ’(’l--c ’I i, ci tic i ’li,itia;,;, y ie lu  i f  th ~ c -  i , i’l , l I l

/ c &l l i i i ’  , c t I c  i l l  L V  ( c i  t 1 ~~,il”J c ’ 01’ 11))) kl, /
’ ;IIJ  ( t i~~,L i~~~, T = 1(,( c . S/ C t~~~~i

H ‘ 1 , 1 1  ‘ , “ ‘Jz’e .i te r  o v e ’ z ’u t i  cd i i  IS ~.e -C e ’ S S a i ’V  l’or i i  g li u , : , :  t I I I ,  01’ ca0x~~~ -

I - - i , I , . , i u - : . ,- , t I ) I I  ii, c d l  ,i & i t ’;l ; -Jty  ol’ c i c , h ’cJe of  25 kp/i ;ui c. t i , , , ’c, is ,
— 1

~cj  , -

- c c  t , i a , V l l l , , - i S l t S c i c ’  \ c ’ c I l I (  Di  S i i i  L ., I c I c ’  fa r ’ L i St ’  I I ,  L l c i / i I ; ’~ 1’cc Cl-l

; , l J U s  11,1,, L’O1I5 I L e : ; ’~~ L I I , ; i .  l c c ; - ;t -v , , ; i ’ , I c  c,,u it  is c I . : t ’ c u l v
, - 1 c l  , , c , t . cc S . tt ~~’ t o  c c ’ A , ’; ’, c 1 u h ’ ~~e h I  Ia ’  i c J i ’ l ,~~~ ~t I I ,  i S i t i l  t , O ’e.’ Vlu2 ’Ia1c ~~ c’ t a , , . , ,

I ’-~~~ ,s i , c c ,  t c e u ’ , 3 , L u L u ’ c c d l l i c d d in  3.1.1 , u-.ii ~ ch varies on ly  by a l’ro,tc,x’ of
. , . - , - I c ’ l - .  ; . i . i lt - I )  I b , -t w c ezu lOose  rock  ,i i d l .~~I ’ l  rock. il,e;’c,’ i , - , t i , , :I’t - i ’c i r c -  , a
S cJ ;  ‘A f~~ c , u I e t  coot  r ad ic t i o ni  Letw eemi this derivation amid tUa ; e ;t l ; c i  r i ca1  :o~ ’::, a I~~s.

U e ’ C c c l i l l i t ; l l  c I .c ~~’ ; c ’  ,~u c - —

_______________________________________ coi’d .m,j to, C C - i  l i x

mode l ~T~~53 ,~‘,/ c~;—

/
I ‘ 

de ’ c o l u p le : / l  Cl , . ;’ Je ’

/ 

,_,
~~

,, , _.c o r d iu ug  t cc re f .  [ 3 i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ti 
u r I~~~~

•

l- ’ u gure 2’l. l) e - ( . e f l i p l  A n ;cj el’fec  i. according to cqui l ib r i un i  model au;d
SwIss standard 1 3 ] .
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a 1 . ,,~~. - ,, , u i t c ,  e , c ~ - - e h e - u , i  C e c u  I u I I  I 1 1- ; C o at -  • 1 her e ic lj i&.i II , t I . e  lit ’(~
c ,i ,~~c h i ,  5j

- I e - c C A S  ‘c  A i ~C I 101 cl S A L i e u  I t .11,0 - d i . , I y .

_____ - , . t -  ,‘ ~~~~~~~~~~~~
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1 ’ : ’ ~~L . I ’ t ’  2~~. L O l . I c , , ; A S c c S  D eL I ,  c c ’ S  s i c h l e - r i C , i I  C : I , , x ’c i e ;  w ld  equiV .t ic : ’t
c y i l i u u i ’ke ,A. c i . i , b ’gc ’  ol’ l e - m , c i t i u  I’.

I ’ ’ ’  l u l l ., A as , , f c c i ’  t~ Ie: ov ;x ’.curdcn bi ~ , are dc ’i’i v e ;c .I 101’ a 5~ l 1 l e h ’e ,

J a r  ii CY i i l , a ( ’ l ’ , as i’o i l O W S  I -

- ‘j  / - - - -

— .1 ‘ch . i
’ - ’- - - s ’

2 \‘~ ~
‘ ‘,c 

-

/2
e y l  f l t c I c ’ l ’ :- , , C

C i .  C
S 0 , i c I ~~~i L t d , S’ A L L U I ; b .. “ Oc  — 

T~
’
~~
’ 

\ I,,j~•~/ )
Vt a i ’- t , i ;  ,cc ; c l i  bi ’~ .j ij
uI ~ ‘ I c ’  i s  101,

A l i e :  l’ol low ing /ippnox i L i t t l e - I ;  formula is obtained fx’omiu ii h i
Os oc

3. :~ • — ti . :3 ~~~~~~~~

~1 l . n ’ I - - , I ’c I u u , b  t i l e ’  b road d i i i . ’ u is i o n i  01’ t he~ cyl i ; ielcn ’ , isI u c l u  i:c .c l s t ; : ,  i c c

u - - I  . c c i ~ ( ; .t ; , t r i  b o u t  l e ) i I  to r c ’ s I s l , c u u c e ’  , nu e ’amu s t h 0t  the c y l i u u d e ’r  e . i m u  bc ,
u c - - j , i i ’c~ t - d  a. i l u l l  I , I  t , ’l y l ong .  Thus , the above equat ion pI’ovidhes a cc c . .~~
ct -;.; u ’,1 t - d  Change- , W5, equivalent  to a l inear load , w~~, para l le l  to the’
s , A r h  . c t o ;

~- i  - l’hn.-- 2~; , ‘va lu at c s  t h i i : ,  formula. It shows a very strong reduction 
-

efl’.’ct for t h ;e required overburden.

—

--— —-_- ~~~~_ ‘ ‘ —— ‘ —- - - —,— — —
~~~~~

‘.. — ,
~~~ 

- - — —— -—-, —
~ 

- —



— 
0~ 

- ,  - 
— ‘

0~ I ‘ 
~ 0’- ,. ‘

~~~~ 

~~~~~~~~~ 

c_-~,, h
r ’ , ~ -

“
-I c

- 

ii = 1. !,

. —
•—•

_.—-. co n c c ru t z ’at ( d f u l ly

ccl .~~ .c t (  -d C i 1 1 & i DL’

wi th L Go Ill

_ _- ‘ . 

‘

- . :-

..—, ‘t~o ‘,-I C 1 . ~~ ‘
~‘i~~)

1” A c J c u z ’e’ 2~;. i- . lor ;g a t i o m ~ e’l’i’ect for o cy l in d r i c a l  charge paral le l
to thA c surface according tec the equilibrium model.

- ,  • I , :  , c  r ’x’ - c ;  I i  C o i i e :  I l l S  10115

- 1, ‘g . t r  U sclI;uuary ol’ a l l  t h i ~ r e sul t s  pi’e s e - u  L e ’ eh  I I I  t h u t ’ 1’c c x ’ c - c j o iu ; t,J 1 - c
- A t  V. - ; i c t ’ i  y dii ’ I i  t c u lt. h owever , the l’ol l owing  three I i  gures art’ au 11th e ’l ;up t

tc - j c i ’c - . , c ’ u , I i i i  ov ,-rv j ew.

c~~i;  in  a, . ‘Wa NA’u-o , Sweden-u/l”inland , and S~0’i t 5e’x’ ko i , e h  ~ ‘A o l  .cI.ir ’ds .
- .-. h ’

~~~~’ ~ feil 1 y COUP led charge  I s q cu e - e i e  mi - ue cri te n on ) , auth  the ’  Curv e,-

1’or li. ’ccdct lcled an;d elongated chai’ge according to [5)  arc plott ed l i~~ the
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- I c - I - 1 , ,  c ’ I I  c S • ( 1 , , c ’  5,  ; c c  U 1 a, 1 ‘ c u  s c - i  1 ,  1 5 I I , ,  I , ,c ’ . , , . , ( I  e c A  U ~~~~~~~~ a i a

t i c ’ I : ‘c c - I - . c ’  c c : ’ i 1 , 0 ’  - - c~ l l d  c / 0 ’  III I t ’ c, r , I c - i - m c c l ,  , A il , I ’ l l ’  , t l - ’  ~u ,  c’ ,c ‘ 01 i c  cc k I S

I .  SI l l - , , 1 0  N \ 1 ’ ) ~- c I  . e i , c h u r ’ t l  e s c , c u l e l  . t I c J c c ’ , c l ’ t o o  h . o ’  ) ‘i , , t  ‘1 l c n ’ i r i c ;ei ’ i ly  ‘ a

— , ~ 1 I I c c - i  , i - I 1 c I - i c c  I , . C I n  - C c - , - I c c z ’ I - c c  I I - 1 — u c  cc  It , - , , ‘ c l I I ,  c - ‘ c l _ i c e - I  1 ,1 ,11  , I t ; ’  1, t Ii r
I , c u , ,  I c i c ’  t e l  i i  i l . ~ : , 1 l i d t ’ / I ’  I ; l i ; , t -  e i ’ i I e ’ i ’ i O l ; .  :,s’, - , l i , i ,  .d l l  1 1 5 1 , 1 - I ,

S ~~ - ‘ - , I l - i l .  1 , - h  , ,x  1 1 , ’ ’ c ‘ i i  ‘ c t  I c ’ r  c c ; ;p l o ’d  ,~~ctl  e lc a - J l t t e ’ I h  e i t . , i ’ j c ’ ~~ d e ’ L c ;r i ; i ~~iied
. ‘- ‘ . 5  c ’  i c I V . c  t -  Wi C I .  I’c l , ’ i c ’ ,’ It c’ Si. l~~ I W t r C’ . t 1 I I t ’ ~~ l c t i  ct c l u m i t ; ’y n’c,ck c~o. be-

1, c c i  l , c c~ i t ’ i ’t ’ u ’ , ’  c c - . . , b I l l c c l ~~l y  I c c i ’ V e ’ I ’ V  ge)e)d grades of rock. ‘ I I t c u ~
I I , ’ L c I c , I , , c i  t i l t -  L,,c t t c t i l I  C U l t e ’  i l l  I - i tj u x ’ e  25 cou l d  a p p l y  to ‘ A i r y  yet od

:1 i~ . c c i i ’ , - c c i ~~~ i ’ d c i  ~

I - . ; . u r ’ e ’ IL u s  ,, c , , , ~ c l I , I i LaIl c c l ’ I I , , ’  ( I t ’ e c t l u I d l l i i l J  ‘ - l i ’,’c t. h l c l ’e ’  L I i c ;  d i a —
i h V i S i t  , I - I  L i i  g c c ’ l h  ~~I ’.c cu c S  01 i ’eceis p r o v i c i i  m j .; a u t l ~ J i u

a , c , c i . , c ;  i I . ~ . 1  I c - c t .  i , I c ’ u l u j l l , u t - l , c , : e -  oil  ( i i ,,l L c i , d l’ V c d l I I L l , ’  i .-~ s i g u i i r  ic,1I r, l y 11- 1,5

I .. a”  I i  1 C l . i ~ it  ~ c i ’ u - c c ,  is .  As o l i ’c ’ .1,i y i i c l i c at c ’c l  t~~~ ’li i;i’ , L i , ’ ’  c - A L l ’, r e l y

‘ I ,  ( , c , i d I  i I , c J , i c t i~ l I l c J I ,  g i ’. i c l e ’ i - ’ I l l  1’()cI’. cam hard l y be realistic. w i t h

I , ’  t i c ’ c i c c i c l e - l I l  u u , V I ’ S t L c J i t t ’ 1 i  lucre .

I’ , -~~I
’l ’ LL ” . 1 ,~~~~, , u a i i i  c O ;o i I : - c .— c I u l ’’. t ’~ ’ Of the  p r o b lc_-n u of ch i c i ; ’ ’ ; c ’  e l t d ; . c J l t L I C c : I .

- . e -  . St - c i l S j c c  1 , ’ c O i l  is nOt as ‘J r’c’aL • The fact that  ( ‘ C e l i  /l C)’ I 0 , 5 1 ’ paral
C o  I.  - - ~u~ : a c t  - u u - 0 u [  ts in  a r ed u c t i o n u  01’ the coum utry rock i’c’qu L i ’c (A

- , , i c c l ’ c t a  t I~ - L l - c l ’c s S i O X i  t I u l i L  i t  is ce n t , , i m il y  j u s t i f i e d  to g ive  r c , ;a sun—
,, , e - 1’ , ; L  i a n  to the e lon i t j a t i oni  c i l Le C L

- ‘.c’~~- ,, ll  l i , t -  l i O l I l o’ f l c , -s ; , , t ’ a t I c ) i l c - i .  I l l  Scctjon 2 were c l I s C C l . ~,-cd i l,
- - c L ,‘c ~~, 3 , Ia, U t I  ~~~~~~~ of i_ Dc, ’ rmnoSt I i ; llco r ’t a l i 1 ,  ( ‘ l e - l ; i c u A L s  , grade 01’ r’c)c ,’i,,

‘ ‘ c ’ ’ , ,  , a ;  , a :,c l  (:l .i V ;’ - t - l or i g a t  ion wer~ - . The q u es t  i o m ;  of the  cx L c~ I i t  to

- - LI’e .,s cl ’c)III ,LJ ,li_ iOIi models can be used to evaluate th ese e-ffect~ is
01’ I I , , ,  ,~cn  S i  LI ’~ i l iCI t S C e .

~~i 1~~ 5 report is l)n imu r x ly  in tended to st iu :,u lat e  f u r t h e r  d isc us~~i a m u .
1 ,Oe ’ 0.i~ )0 i ’ L ai it  ques t ion  ~s the damage cr i ter ia  to use as the L~~sis for
c o t i i ct i ’y  rock rcquirem its.
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: 1 ’~’ i c a  15;  t , . , , l .  i s , : ‘ i , c t 1 L e ~~~ L c , , S L , , I , t o ’  (ii ’ L I,c ’ c 1  ai ’
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c , or
i t t  i’ c c C c s  S l u m ,  .1c c ’

e ’ c , i ; , C i’y i ’o c e  I’ I’t-quiua- (J [e ) v e ’ i ’ I d t d u ’ d c - i c  i

c i i c c  L I  C c ’  - ; I i , c r g e ’

c e ~ ,i  , V ., I e - i c L  , f ul l y couj  ed charge

‘I. ,, ,,, ‘,‘ , c , , l k  t i , , , 5 , c ’

c \‘~~ l i , c . l ’ i c , ,~~, Ci~~.~~I ’ -j c
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c,~~ ,. , : g e’  rou,,111,

c v i  i ;.dr .  coi. c i l ai ’g e: r a uj u s
0,,

n a ; c u.c ’ n ic a i  ch u a i ’ge : i’.ct i i,U S

I c  .. - J i .~ 01’ e le) I , cj a Led  cbi angc~

e ’Xp i os iou lun e a su r e  iii ca vi t y

,‘ - detonation pressure is the charge
L , t

spe c i f i c  w e i - ji .u of exp losive substance

spec i f ic  weight of rock

t i o : i i a it y  of charge W/V

c h u , i I l , c t c nist i c  resistance stress of rock ii i  s i l u lh ) l i l ’ied
i Ii bri ummu inuode,i I

1c 1 ’t t i c , c g , t L l e o l i  factor for px ’e’;- ;: -, t u r c ’  Wave i i i  rock

j c 5 c c i I , , ~~~ ,Lj 0 1 l  factor i’or pressure wave in rock wi th spherical
- 

lox  u~’Cc- J~iU i On

- 
l c r e ) l c i e c j a l i o r i  factor for pressure wave in rock with cylindrical

-, 
1oVO ~

,.i ’j at iOf l
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is 1’- ,~ c - c. I i l t ’  1. - . i t  l’a l, I c ’

p L’01)Ol’t iO d i a  1 t V  C c ) 1  ~~‘ t~~ n t  I I I  ‘ l i , i t  I UiCal C n . tt e  ‘I ’ lO l’ilmUla

decoup i ing factor for ccoi u iitr y rock = relat ionship 01’ h i
w i th  and wi thout  decoup l ing 0

—39—

— ‘ - —
‘

,——
~~~~~

--


