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S I M I L A R I T Y  A N D  T H E  E N E R G Y  D I S T R I B U T I O N  

I N  A N  E X P L O S I O N  IN A N  E L A S T I C - P L A S T I C  M E D I U M  

P .  F .  K o r o t k o v  a n d  B.  M.  P r o s v i r n i n a  UDC 539.3 

An exact  solution of the p rob lem of an explosion in a solid medium where  la rge  s t r a ins  occur  is poss ible  
by using n u m e r i c a l  methods  [1., 2]. Results  of computa t ions  of s epa ra t e  ve r s ions  of s t rong explosions a r e  
p resen ted  in [3-9]. The sphe r i ca l ly  s y m m e t r i c  explosion is invest igated in a medium which d i f fe rs  min imal ly  
in complex i ty  of the descr ip t ion  f r o m  an e las t ic  med ium but an impor tan t  p rope r ty  of a medium subjected to 
l a rge  s t r a ins ,  the capac i ty  to plas t ic  flow, is taken into account  for  a detailed ana lys i s  and to obtain genera l  
r egu l a r i t i e s  in this paper .  Such an ideal  e l a s t i c - p l a s t i c  medium di f fers  f rom the elast ic  by one excess  p a r a -  
m e t e r ,  the yield point. The p rob lem of an explosion in such a medium was approx imate ly  solved e a r l i e r  for  
s impl i fy ing  a s sumpt ions ,  and a detai led s u rve y  is  found in [10-14]. 

The equations of motion continuity and energy  in Lagrange  va r i ab les  for  the nonsta t ionary  motion of a 
cont inuous med ium with spher i ca l  s y m m e t r y  have the f o r m  

P00v aa~ a r -  o~ 
V 0t ='~7 "'I'2 'r ' 

i av i 0 _ P o  
T 0-7 = 7 " ~ 7  ( r 'u) '  Y - T '  

OE OV I Oe r Oe~ 
Po'57 = --P ~7" -}- V ( S,--~-}- 2S~-~  ), 

Oe r Ov Oeq~ v 
o-7 = - ~ '  -M - =  "7-' ~ , =  - - p - k S , ,  o~=  - - p - b  S~, 

where  v is the veloci ty,  p i s t h e  densi ty  of the medium,  p 0 is the initial  densi ty ,  p is the p r e s s u r e ,  cr r and (r~ 
a r e  the rad ia l  and tangent ia l  s t r e s s e s ,  S r and Sr a r e  s t r e s s  dev ia to r  components ,  E is the in ternal  ene rgy  of 
the medium pe r  unit m a s s ,  and e r and e r  a re  s t ra in  t en so r  components .  

The re la t ionsh ips  between the s t r e s s e s  and s t r a in s  fo r  an e las t ic  m a t e r i a l  a r e  used in the f o r m  

Moscow. Trans la t ed  f r o m  Zhurnal  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  ]~iziki, No. 2, pp. 143-152, 
M a r c h - A p r i l ,  1980. Or ig inal  a r t i c l e  submi t ted  Apr i l  9, 1979. 
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(1) 

where # is the shear  modulus, and 6 r,  6~  a re  the s train deviator  components.  These equations are  obtained 
by differentiat ing HookeWs law and using the continuity equation. 

It is assumed that plastic flow sets  in upon compliance with the Mises condition which has the following 
fo rm for  spher ical  s y m m e t r y  

i1(~, - -  ~ l  = V-E.kc,  

where kc is a constant  (the yield point under pure shear) .  Upon compliance with this condition, the P r a n d t l -  

Reiss equation 

p 
ae' r aS r aeq) 03r 

2~-~/-=- o---F-t-~,Sr, 2p~-g./--=--$/-@%S~. 

should be used in place of (1). The quantity ~ is determined f rom the fluidity condition by the formula  
] 

~ w  a e '  r a c e  
~, = 0 (W< 0), i~ = ~ ( w > ~  0), w = Sr ~ + 2S,~-~. 

F o r  the constant  yield point used in the paper,  the quantity w equals the rate of energy dissipation per  unit vol-  
ume in plastic flow. 

The case  w < 0 cor responds  to the unloading mode, which occurs  elast ically.  Let us note that an impor-  
tant assumption of the P r a n d t l - R e i s s  model about the principal  axes of the plastic s t rain rate tensor  being 
coincident  with the principal  axes of the s t r e s s  deviator  is satisfied automatical ly in the case  under cons idera -  
tion because  of the spher ical  s y m m e t r y  of the problem. 

The equation of state is taken in the Mie-Gr i ine isen  form with the shear  s t rain energy taken into account 
[9] since the computat ions were  per formed for  a medium for  which the yield point is of the same o rde r  as the 
e las t ic  moduli 

= / . r  , P Po + k~l H- k2~l ~ -+- ka*l s ~-- p P E  - -  ~ (~ ~, F)/(2Lt), 

~l = P / P o - -  i, 

where k is the compress ion  modulus,  I~ is the second invariant  of the s t r e s s  deviator,  F is the Griineisen con-  
stant,  k 2 and k3 are  constants  cha rac te r i z ing  the medium, and P0 is the initial p re s su re  in the medium. In the 
computat ions  of all the vers ions  p re sen ted in th i s  paper,  the values of the coefficients in this equation did not 
va ry ,  quantities with the dimensionali ty of a p r e s su re  were calculated in the units p 0c~ , where c I is the longi- 
tudinal sound wave velocity, 

k/(p04 ) = 0.66, ~/(p0c~) = 0.25, k2/(p0c~) = l0 -~, 

k3/(poc~ ) = 0.3t, F = t .  

It was assumed that the p r e s s u r e  is constant  along the radius in the cavity occupied by the explosion 
products ,  and diminishes  with increas ing radius according to a law represented  by two power functions [15]: 

3~ 1 p = pp  (ro/r) (r < r , ) ,  p = p ,  (ro/r) 3v2 (r >f r , ) .  

The computat ions were per formed for  the following values of the constants:  T1 =2.81, 3/2 =1.26, r , / r 0  =1.6278. 

The part ia l  differential  equations presented were  approximated by a difference scheme basical ly  s imi la r  
to that used in [2] and in [15-17]. This s cheme  is supplemented in o rder  to make possible the execution of 
computat ions for  large cavi ty  expansions. An average  of such a form was introduced as would operate  only on 
the sawtooth velocity profi les,  where the maximum value on the shock front would not be averaged.  The scheme 
being used was not divergent ,  hence the energy balance of the explosion and the medium were  calculated during 
the computation,  on which basis  the accuracy  of the computations could be est imated.  The computation was 
cons idered  sa t i s fac tory  if the unbalance did not exceed one percent .  To conf i rm operation of the scheme in 
the elastic domain, a computation was per formed of the problem for  which there is an exact analytic solution: 
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A constant: p r e s s u r e  occu r s  and is sustained in the cavi ty  in the initial  instant.  Sa t i s fac tory  a g r e e m e n t  is ob- 
tained between the numer i ca l  and exact  solutions in the continuous flow mode (the shock is diffused by a r t i f i -  
c i a l  v i scos i ty) .  Let  us note that  a s imple  method fo r  reducing the shock ampli tude re la t ive  to the si te on the 
p rof i l e  at  which the Hugoniot condition is sa t is f ied,  is ment ioned in [18]. A check on the c o r r e c t n e s s  of scheme 
opera t ion  in the plas t ic  domain was accompl i shed  by a computat ion of the plast ic  shock, and a check computa -  
t ion of s t rong  shocks  was  a lso  p e r f o r m e d .  The r e su l t s  obtained cor responded  to the theore t ica l  re la t ions .  

A typica l  a r r a n g e m e n t  of the plast ic  zones  and the fo rmat ion  of an elast ic  wave is shown in [16] for  an 
explosion in an e l a s t i c - p l a s t i c  medium.  In the domain of r e l a t ive ly  smal l  yield points whenthe initial  cavi ty  is 
b roadened  m o r e  than twice and in the ra ted band of the ra t io  pp/(p 0c~ ) 

i 0 - '  < kc/pp < 10 -2, 0,09 < pp/(poc~) < 9. (2} 

The finite c a v i t y  radius  rp  and the length of the domain  of plas t ic  shock exis tence  l B can be r ep re sen t ed  by 
p o w e r - l a w  re la t ionsh ips  Obtained by p rocess ing  the r e su l t s  of a numer i ca l  computat ion by l eas t  squares :  

=  Sarop .,,,: o.oo,kc-o.,ol o.oo, (p0c )0.0-• 00,; 

z ;  = (p0c ) (4) 
The fo rmu la s  a r e  obtained on the bas i s  of computat ions  in which a c o m p r e s s i b l e  medium with Poisson 

ra t io  v =0.33.was cons ide red .  Under these  conditions the radius  of the cavi ty  being fo rmed  depends weak/yon  
the  quanti ty p0c~ , i .e . ,  on the com pre s s i b i l i t y  of the medium.  In connection with this resul t ,  let  us note [19, 
20] in which an assumpt ion  about i ncompress ib i l i t y  of the medium surrounding the expanding explosion cavi ty  
was  used as  a hypothes is  to fac i l i ta te  the solution. The dependence on the initial p r e s s u r e  was obtained iden- 
t ica l ly  in these  fo rmu la s ,  within the l imi t s  o f  the e r r o r s  mentioned.  The re fo re ,  s imi l a r i t y  of the finite cavi ty  
r ad ius  and the d imens ion  of the plast ic  domain  ex i s t s  in explosions in media  with the s ame  yield point. This  
s i m i l a r i t y  ex is t s  not only for  finite d imens ions  but is obse rved  a lso  dur ing a s ignif icant  t ime  of explosion 
deve lopment ,  except ing the init ial  ins tants .  Le t  us note that  the s imi l a r i t y  of explosive waves  is es tabl ished 
fo r  an explosion of cha rge s  with d i f ferent  ca lor i f ic  va lues  in a i r  a f t e r  the shock has passed  s e v e r a l  radi i  of 
the c h a r g e  [21]. 

The  t ime  development  of the cavi ty  radius  and the plas t ic  zones is shown in Fig. 1 for  explosions in 
med ia  with four  values  of the yield point.  Each such cu rve  turns  out to be identical  for  explosions with initial 
p r e s s u r e s  d i f fer ing  by hundreds  of t imes  and sa t is fying the inequali t ies  (2). Since the energy  of the explosion 
is p ropor t iona l  t o  the p r e s s u r e ,  then the t ime  of deve lopment  of such explosions d i f fe rs  grea t ly .  But if  the 
length of the p las t ic  domain  l B is taken in confo rmi ty  with (4) as the: l inear  sca le  of the explosion, and the 
s a m e  quantity divided by the e las t ic  wave veloci ty  c l as  the t ime  scale ,  then explosions with different  values  
pp a r e  developed ident ical ly in such coord ina tes .  

Elas t ic  waves  emit ted by explosions with d i f ferent  init ial  p r e s s u r e  also turn out to be s i m i l a r  if they a re  
executed in media  with ident ical  yield points.  P r e s s u r e  p ro f i l e s  in emit ted elast ic  waves ,  computed for  four  
d i f fe ren t  kc a r e  shown in Fig.  2. The wavelength is r e f e r r e d  to the quantity l B, andthe ampli tude o f t h e p a r a m -  
e t e r  Pm = ~/'3"(1 + v)kc/{3{1 - 2v)) which equals the ampli tude of the elast ic  p r e c u r s o r  during propagat ion of a 
plane p las t ic  shock. This  p a r a m e t e r  is c h a r a c t e r i s t i c  even for  a spher ica l  wave in which the length of the p r e -  
c u r s o r  is not l a rge  com pa red  to the d is tance .  In the case  under  cons idera t ion ,  this length is de te rmined  by 
the d i f fe rence  in the r a t e s  of the longitudinal and the so -ca l l ed  volume sound waves  c 0. The re la t ive  length of 
the p r e c u r s o r  equals the qunati ty (c l -c0}/c0 = 4 3 ( 1 -  v)/(1 + ~ ) - 1 .  Fo r  the Poisson  ra t io  u =0o33 used in the 
computa t ions ,  it equals 0.23 which is a not iceable  magnitude,  hence for  r - - l  B the rated ampli tude of the p r e -  
c u r s o r  can d i f fer  f r o m  Pm by approx ima te ly  the s ame  magnitude.  Moreover ,  the ampli tude tu rns  out to be 
somewha t  diminished because  of the act ion of the scheme  v iscos i ty .  Le t  us note that asymptot ic  prof i les  in 
the units P /Pm and the med ium veloci ty  in the units V/Vm, where  v,~ : ]/3- (1 - -  ~,)kc/((i - -  2v)p0cl) a r e  iden-  
t i ca l .  But the a s y m p t o t i c  prof i le  of the veloci ty  is fo rmed  l a t e r  than the p r e s s u r e  profi le ,  at a d is tance  con-  
s ide rab ly  exceeding l B where  the ampli tude of the veloci ty  will be diminished in inve r se  propor t ion to the 
d i s tance .  

Let  us examine  explosions  in media  with d i f ferent  kc in m o r e  detai l .  According  to (3) and (4), the ra t io  
be tween the length of the plast ic  domain  and the finite cavi ty  s ize  v a r i e s  in this case;  consequently,  there  is 
no s i m i l a r i t y  in explosions in media  with d i f ferent  yield points,  and explosions develop dif ferent ly .  As is seen 
f r o m  Fig. 1, as the yield point d imin i shes ,  the length of the plast ic  domain around the cavi ty  and i ts  t ime  
dura t ion  grow. The plas t ic  shock which has  a finite width because  of the applicat ion of a r t i f i c ia l  v i scos i ty  in 
the computa t ions ,  is propagated at a constant  veloci ty  with the exception of a smal l  sect ion at the cavi ty ,  where  
i ts  ve loc i ty  will be the higher ,  the g r e a t e r  the init ial  p r e s s u r e  in the cavi ty .  
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The posi t ive wave phase  turns out to be identical  for  explosions in media with di f ferent  yield points in the  
a sympto t i c  p r e s s u r e  prof i les  shown in Fig. 2 (in re la t ive  coordinates)  in the emit ted e las t ic  waves.  This is 
explained by the fact  that the ampli tude is r e f e r r e d  to the yield point while the duration of the growing par t  of 
the posi t ive phase  is not d i rec t ly  dependent on kc but is de te rmined  by the magnitude of the d i f ference  between 
c l and %. The ampli tude of the negative wave phase  d iminishes  with the diminution in the yield point of the 
med ium,  but its durat ion i n c r e a s e s .  The plast ic  domain being fo rmed  at the cavi ty  exe r t s  influence on the 
fo rma t ion  of a negat ive wave phase.  It is seen f rom a compar i son  of Figs .  1 and 2 that the i nc rea se  in the 
plas t ic  domain around the cavi ty  r e su l t s  in a diminution in the ampli tude of the negative wave phase and an 
i n c r e a s e  in its durat ion.  Vibrat ions  of low ampli tude coupled to the cavi ty  v ibra t ions  st i l l  follow the posi t ive 
and negative wave phases .  The f i r s t  r e c i p r o c a l  motion of the cavi ty  is m o s t  intense,  and evokes the a p p e a r -  
ance of st i l l  another  plas t ic  domain located within the one which had been there  e a r l i e r  for  computat ions  with 
ini t ial  data sa t i s fying conditions (2). All  the subsequent  v ibra t ions  a re  e las t ic  in nature  and damp out as in the 
e las t ic  p rob lem [22]. However ,  the s teady s ta te  of the s t r e s s  near  the cavi ty  d i f fers  f rom the s t r e s s  profi le  
i n t h e p u r e l y e l a s t i c p r o b l e m .  In an explosion it would occur  a f t e r  the plast ic  motion and is cha r ac t e r i z ed  by 
the fact  that  the values  of [ a r l  and I cr~l grow with dis tance f rom the cavi ty  [15], and only s t a r t  to d rop  a f t e r  
a c e r t a i n  d is tance .  

The computa t ions  executed pe rmi t t ed  evaluation of the finite value of the p r e s s u r e  in the cavi ty  Pc" The 
fo rmu la  

Pc = t .99p'~~176177176176176 kcl"l~7 2z~176176 (pock) -~'~177176176176 (5) 
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is obtained in the s imi la r i ty  domain (2). Finally, the s teady-s ta te  p ressu re  in the cavi ty is determined mainly 
by the yield point of the medium. Its dependence on the initial p re s su re  and compress ib i l i ty  of the medium is 
weak. 

The change in amplitude, with distance,  of the velocity of the medium in a shock is shown in logari thmic 
coordinates  in Fig.  3 for  severa l  vers ions  which differ in the initial p re s su re  in the cavity. The yield point 
was identical 0.78"10-3p 0c~ in all the vers ions .  The left end of the curves  cor responds  to the coordinate of the 
initial change radius.  Curves  for  the lower initial p r e s su re  run into the curves  for  high p ressure .  This pas-  
sage is explained by the influence of the initial charge  radius. The velocity attenuation lines form a single 
cu rve  af ter  the shock has t r ave r sed  approximately  three charge  radii.  At the midsection, the slope of the at-  
tenuation lines is 1.6. Computations for  o ther  values of kc showed that the slope of the common middle part  
of the attenuation curve  is 1.6. Hence only the position of the initial section changes. As kc changes, l B in- 
c r e a s e s ,  hence, the rat io r0 / l  B diminishes,  and the beginning of the curve is consequently shifted leftwards.  

The velocity amplitude attenuates ra ther  more  strongly near  the place where the plastic shock vanishes,  
and the attenuation occurs  according to elastic laws at dis tances exceeding l B where there  is a l ready no shock, 
although the slope of the curve  is initially somewhat  g rea t e r  than one since the wavelength here  is not small  
in compar i son  to the distance.  
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The t ime change in the magnitude of the ratio between the kinetic E k and the internal energies  E i of the 
medium, as well as of the rat io between the energy dissipated during plastic motion E d and the explosion ener -  
gy E 0 is shown in Fig. 4 for three vers ions  in which the initial gas p res su re  in the cavity differed by hundreds 
of t imes .  The numbers  around the curves  show the magnitude of pp/(p 0c~). The yield point of the medium 
equals 0 .78 .10  -3 (Poe}) in all cases .  As inFig .  1, the relat ive time is pl0tted along the absc i s sa  axis. 

It is seen in Fig. 4 that the higher the initial p re s su re  in the cavity, the more  rapidly do the kinetic and 
inte'rnal energies  of the medium increase .  Energy t r ans fe r  occurs  during expansion of the cavity, whose mag-  
nitude at the initial instants is determined by the mass  flow rate of the medium in the shock wave that occurs .  
This velocity is proport ional  to the p re s su re  in the weak waves considered and to the square root of the p res -  
sure  in s t rong waves. Both degrees  are  g rea t e r  than the exponent for  the p ressu re  in the formula  (4) for  l B, 
hence the explosion energy in the initial instants is t ransmit ted more  rapidly to the medium after  the same 
relat ive t ime for  a large initial gas p r e s s u r e  in the cavity. 

The initial internal  energy of the medium and the p re s su re  therein were zero in the vers ions oonsidered.  
Under such conditions the shock communica tes  an equal quantity of kinetic and internal energies  to the medium; 
consequently,  these kinds of energy agree  at the f i rs t  instants in Fig. 4. La ter  they develop differently. The 
internal  energy grows monotonically,  while the kinetic passes  through a maximum. The ra ther  different na- 
ture  of the relat ionships between them for  a high and low initial p re s s ' , r e  in the cavity can also be noted. At 
the high p re s su re  the internal energy of the medium becomes  g rea t e r  than the kinetic energy.  For  a low ini- 
tial p res su re ,  the shock which occurs  is weak, and even when it depar ts  sufficiently far,  a high p ressu re  still 
r ema ins  in the cavity,  hence the cavity continues to expand, thereby increas ing the velocity of the medium. In 
these vers ions ,  the kinetic energy exceeds the internal energy up to a cer ta in  time. La te r  the cavity still con- 
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t inues to be broadened and to t r ansmi t  energy to the medium but more  and more  slowly because of the adiabatic 
p r e s s u r e  drop therein.  But in this same time the plastic motion a l ready encloses  a significant volume, and 
the diss ipat ion grows so much that it exceeds the additional energy  t ransmit ted by the expanding cavity,  hence, 
the kinetic energy  of the medium s ta r t s  to drop. Af te r  cessa t ion of the plastic motion, only elastic strain oc-  
cu r s ,  for  which there  is no dissipation.  The elast ic vibrations of the cavity a re  smal l  and yield no noticeable 
energy  redis tr ibut ion.  The elast ic wave is a l ready  close to asymptotic form at this t ime and also does not 
resu l t  in substantial  redis t r ibut ion.  Hence, soon af ter  cessa t ion of the plastic motion, the kinds of energy con-  
s idered retain constant  values.  It is seen in Fig. 4 that the t ime:of  emergence  at the constant  value is approx- 
imate ly  identical for  all kinds of energies .  

Let  us note the s ingular i ty  of reaching the final distr ibution of explosion energy in a solid medium. The 
shock front  is e i ther  conserved  to infinity in an explosion in air  o r  in water  if an ideal medium is considered,  
o r  is spread by viscous  andheat-conductive:  effects in the weak stage. In both cases  there exists a dissipation 
and continuous diminution of the explosive wave energy which does not cease  to infinite time. The energy r e -  
maining in the concluding stage of explosion development can be judged only approximately in these media 
since it is not c lea r  at  what t ime the calculation is per formed.  Dissipation ceases  af ter  the cessa t ion of the 
plastic flow in an explosion in an e l a s t i e - p l a s t i e m a t e r i a l .  Hence, the rat io between the explosion energy and 
those kinds of energies  between which it is distr ibuted can be evaluated perfect ly  definitely in such a medium. 

The final value of the gas energy in an expanding cavi ty is shown in Fig. 5. This energy grows as the 
ra t io  ke/(p 0c~) inc reases  since the g r ea t e r  the yield point, the less does the cavity expand, and the g rea t e r  
is the energy  remaining therein.  The horizontal  sections on the right sides of the curves  cor respond to elastic 
motion of the medium. Each curve  cor responds  to a definite value of the initial gas p ressu re  in the cavity,  
which is indicated near  the line. The numbers  denote the ratio pp/(p 0e~ ). The diminution in the energy Ep 
remain ing  in the cavi ty with the r i se  in the initial p r e s su re  is explained as follows. The ratio Ep/E 0 is pro-  
port ional  to the quantity PcVf/ppV0, where V 0 and Vf are  the initial and volumes of the cavity.  Hence, by using 

(3), (5), we obtain E p / E  0 ~ pp-0.21. The main reason for  the existence of the considered rec ip roca l  regular i ty  
is that the degree  of the ~tependence of the final cavity radius on the initial p re s su re  in (3) is less than 1/3. 

The final value of the kinetic energy of the medium is shown i n  Fig. 6. The notation is the same as in 
Fig.  5. A charac te r i s t i c  s ingulari ty is the presence  of maximum energy for  a change in the ratio k c / ( p  0c~ ). 
As the initial p r e s s u r e  changes in the cavi ty but the yield point is unchanged, a maximum is also obtained. In 
the s imi la r i ty  domain (2) the kinetic energy diminishes  monotonically as the initial p re s su re  in the cav i ty  in- 
c r e a s e s .  This p r e s s u r e  dependence can be obtained as follows. The relat ive p r e s s u r e  profiles which agree 
with the relat ive asymptot ic  prof i les  of the velocity of the medium are  shown in Fig. 2. Integrating the square 
of the velocity over  the profi les mentioned, each of which is the same for  constant  kc but different pp because 
of the s imi lar i ty  noted, and taking into account that the distance on the graph is divided by l B, we obtain 

3 �9 the final value of the kinetic energy is proport ional  to the volume of the plastic domain. Using E k ~ / B ,  i .e. ,  
(4), we obtain Ek /E  0 ~ pp-0.1~. 

The dependence on another pa ramete r ,  on the yield point of the medium, can be est imated only approxi-  
mate ly  by this method since the velocity profi les  in the negative phase are  different for  different  quantities kc. 
Never the less ,  such an es t imate  also resu l t s  in the fact that the kinetic energy grows in the s imi lar i ty  domain 
as  the yield point increases~ Let us note that af ter  the plast ic  motion ceases ,  a lmost  all the kinetic energy is 
concentra ted  in the elastic zone, its f ract ion due to motion around the cavity is not large.  The kinetic energy 
equals the elast ic energy in the explosion wave studied; therefore ,  twice the value of the kinetic energy yields 
the magnitude of the total energy of such a wave. 

The final value of the energy dissipated in the plastic motion of the medium is shown in Fig. 7. It drops 
monotonically as  the yield point inc reases .  The magnitude of this energy is approximately proportional  ~o 
the product  kc and the volume of the plastic domain l ~ so that by using (4) we obtain the approximate quantity 
Ed /E  0 ~kc  -~ in the s imi lar i ty  domain (2). Outside the domain (2), dissipation also diminishes as kc increases  

and vanishes in the absence of plastic motion. 

The change in pp also exer ts  influence on the magnitude of the energy under considerat ion.  ~or  large 
values of kc the energy dissipat ion drops  as  pp diminishes,  and vanishes for  a definite initial p re s su re  when 
it is inadequate for  the occur rence  of plastic motion. F o r  relat ively small  values of kc in the s imi lar i ty  do- 
main (2), there is obtained that the g rea t e r  the initial p r e s su re  in the cavity, the smal le r  the f ract ion of ex- 
plosion energy dissipated in plastic motion. However, the shock intensity and the associa ted i r r eve r s ib le  en- 
e rgy  losses  hence grow because of the growth of entropy in the shock. As computations show, the total losses  
grow with the increase  in initial p r e s su re  in the cavity.  
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In conclusion,  we examine  the question of the ef fec t iveness  of an explosion.  An es t ima te  of this p rope r ty  
depends on what is taken as  useful work.  If the explosion is cons idered  as a source  of e las t ic  waves ,  then the 
ene rgy  of the emit ted  wave should be taken as the useful energy.  Fo r  typica l  values  of kc/~o 0c}) =10 -3 and 
p p / ( P  0c} )--1,  about 10% of the explosion energy  goes o v e r  into the e las t ic  wave.  If the explosion is used to 
produce  a cavi ty ,  then its fo rma t ion  is ce r t a in ly  accomPanied by l a rge  s t r a ins ,  which a r e  poss ib le  only during 
plas t ic  motion.  Hence, the energy  being d iss ipa ted  in plast ic  mot ion around the cavi ty  should be r e f e r r e d  to 
useful work.  ]~or typical  p a r a m e t e r s  this is about 40% of the explosion energy.  
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