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An analysis of fragmentation due t o  impulsive s t ress  loading 
of solid materials i s  developed tlhich resul t s  i n  analytic ezpres- 
sions for dis tr ibut ions i n  fpapnent s i zes .  The analysis i s  
restr ic ted t o  a linear (one-dimensional) dis tr ibut ion ~f material 
which i s  loaded unifomlyv i n  tension u n t i l  fracture, and uZtimateZy 
f ~ ~ ~ ~ p e n t a t i o n ,  occurs. Concepes of survival s t a t i s t i c s  consistent 
w i t 3  simple physical Zaws gove~ning the ,fracture process are usedl 
t o  accoxvrt for the spatial and temporal dis tr ibut ion i n  fracture 
nucZeation s i t e s .  Analytic fragment dis tr ibut ion curves for due- ' 
t i l e  fracture are derived and found t o  provide a good representation' 
o f  data obtaCn@d from imputsiv-e fragmentation sfud.ies sn uZwninum 1 ,  

P$?z;?s. 

The f ragmenta t ion  o f  a  s o l i d  body sub jec ted  t o  t h e  i n t e n s e  
f o r ces  of h i g h  v e l o c i t y  impact, e x p l o s i v e  load ing ,  o r  r a d i a t i o n  "1 
d e p o s i t i o n  i s  a  d e s t r u c t i v e  even t  seemingly o u t s i d e  of t h e  scope 
o f  p r e d i c t i v e  c a l c u l a t i o n s .  Even when a h i g h  degree of  symmetry 
has been i nco rpo ra ted  i n  bo th  t h e  geometry and t h e  a p p l i c a t i o n  o f  
t h e  l o a d  t h e  r e s u l t i n g  i r r e g u l a r i t i e s  i n  f raqment  s i zes  and v e l o -  
c i t i e s  appear t o  b e l i e  t he  ca re  taken  i n  per?orming t he  exper iment  1 j$)<-p& 
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I t  seems c l e a r  t h a t  i n t r i n s i c  i n s t a b i l i t i e s  i n  t h e  deformat ion 
processes  l ead ing  t o  t h e  d . i s rup t ion  of t h e  body n e c e s s i t a t e  t h e  
i n t r o d u c t i o n  of  s t a t i s t i c a l  a s  well a s  physical  concep ts  i n  t h e  
a n a l y s i s  of dynaniic fragrnenta t i o n .  

A problem in  dynaniic f ragmenta t ion  which has r e ce ived  a c t i v e  
and con t i nu ing  a t t e n t i o n  s i n c e  t h e  e a r l y  t r e a tmen t  of  Mott ( 1 )  
i s  t h e  r ap id  expansion and f ragmenta t ion  of metal r i n g s  o r  c y l i n d e r s  
due t o  t h e  a p p l i c a t i o n  of an impuls ive  load t o  t h e  i n n e r  circum- 
f e r e n c e .  The o b j e c t i v e  i s  t he  p r e d i c t i o n  of  t h e  fragment s i z e  
d i s t r i b u t i o n  r e s u l t i n g  from t h e  e v e n t .  Theo re t i c a l  t r e a tmen t s  of  
t h i s  problem inc lude  t h e  work of  Mott ( 1 )  and Taylor  ( 2 )  and 
e x t e n s i v e  exper imental  r e s u l t s  have accuniulated through numerous 
e f f o r t s  ( 3 , 4 , 5 , 6 )  .. 

The p r e sen t  s tudy  was motivated by t h e  o r i g i n a l  work of  I 

Mott ( 1 ) .  In t h a t  work t h e  concept  of  s t a t i s t i c a l l y  random f r a c t u r e ;  
a c t i v a t i o n  was coupled with  t h e  phys ica l  concept  of  t h e  growth of  i * 

p l a s t i c  t e n s i l e  r e l i e f  waves and r e s u l t e d  i n  a  niethod f o r  c a l c u l a -  I 
t i n g  fragment s i z e  d i s t r i b u t i o n s .  Subsequent s t u d i e s  have 
p r i m a r i l y  focused on more a c c u r a t e  c h a r a c t e r i z a t i o n  of t h e  f r a c t u r e  
e v e n t ;  t h e  e s s e n t i a l  s t a t i s t i c a l  concep ts  have no t  a p p a r e n t l y  been 
e x t e n s i v e l y  pursued.  

This  work w i l l  focus  on t h e  s t a t i s t i c a l  concep ts  of  t h e  f r a g -  
mentat ion process  i n i t i a t e d  by Mott .  A formal isni of  s u r v i v a l  
s t a t i s t i c s  i s  in t roduced t o  t r e a t  t h e  randomness of  f r a c t u r e  i n i t i a -  
t i o n  and a n a l y t i c  fragment s i z e  d i s t r i b u t i o n  exp re s s ions  a r e  d e r i v e d  
f o r  t h e  f ragmenta t ion  of d u c t i l e  r i n g s .  The r e s u l t s  a r e  compared 
with r e c e n t  exper imental  work of  Wesenberg and. Sagar tz  ( 5 ) .  

11.  STATISTICAL CONCEPTS 

Tl~e  pr'eserrl: f ragmenta t ion  a n a l y s i s  wi'l 1 be r e s t r i c t e d  t o  a  
one-dimensional d i s t r i b u t i o n  of  ma t e r i a l  which i s  loaded uniformly 
in  t e n s i o n  u n t i l  s t r e s s  r e l i e f  occurs  by m u l t i p l e ' f r a c t u r i n g  

I throughout  t h e  body. The o b j e c t i v e  w i l l  be t o  determine a  s t a t i s -  : 
t i c a l  d i s t r i b u t . i o n  of' fragment s i z e s  ( l e n g t h s )  thst depends on t h e  j 
mate r i a l  p r o p e r t i e s  of t h e  body a s  well  a s  t h e  imposed l oad ing  i ! 

c o n d i t i o n s .  The geometry i s  most e a s i l y  v i s u a l i z e d  a s  a  r i n g  of 
! 

m a t e r i a l ,  whose width and bread th  a r e  van i sh ing ly  small compared 
t o  t h e  c i rcumference ,  which i s  sub j ec t ed  t o  a  uniform outward 
i ~ ~ i p u l s e  d i r e c t e d  a long t h e  r a d i u s  v e c t o r  a s  shown in  F ig .  1 .  Th is  ! 

geo~iietry i s  an i dea l  i z a t i o n  of  t h e  problem cons idered  by Mott and 
w i l l  be c a l l e d  t h e  "one-dimensional Mott" problem i n  t h e  p r e s e n t  . ' 

: i s tudy  . . 1 

I 
I 
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LrdC;iiRE 2 .  The one-c'inisn.sio~a7.a 2. Mott prob l.em. A one-dimensioncil 
d i s t r i b u t i o n  o f  mater ia l  i s  g iven  an outward r a d i a l  irnpulse r e s u l t -  
in,:: i n  c i rcv~l l fere iz t ia l  t ens ion  and f rac ture  a t  z9a)zdom s i t e s  on t h e  
r i n g .  [;laves o r ig ina t ing  a t  t h e  poin ts  o f  f rac ture  propagate a t  
f i n i t e  v e l o c i t i e s  and reduce t o  zero s t r e s s  t h e  i n i t i a l  t e n s i l e  
s t r e s s  i n  t he  body. Time-depeizdezt f rac ture  cont inues  only  i i z  t h e  
r eg ions  not  ye t  s t r e s s  r e l i e v e d .  

To account  f o r  t h e  random l o c a t i o n  a t  which f r a c t u r e s  nuc lea ted  
i n  t h e  unre l ieved  po r t i on  of t h e  r i n g ,  Mott used a  g r aph i ca l  method 
and a r r i v e d  a t  a  coa r s e  p r e d i c t i o n  of  t.he r e s u l t i n g  fragment d i s -  
t r i b u t i o n .  Kecent ly ,  Wesenberg and Sagar tz  ( 5 )  compared e x p e r i -  
mental d a t a  wi th  t h e  Mott method. Having t h e  advantage of  
high-speed computers ,  they made use  of a  random number g e n e r a t o r  : 
r o u t i n e  t o  l o c a t e  f r a c t u r e s  and ,  when averaged over  1000 r i n g s ,  I 

determined a  s t a t i s t i c a l  f ragmenta t ion  curve  i n  r e a sonab l e  ag r ee -  ! 
ment w i t h  t h e i r  d a t a .  

In t h e  p r e sen t  a n a l y s i s  concep ts  from t h e  t heo ry  of  s u r v i v a l  
s t a t i s t i c s  w i l l  be app l i ed  t o  t h e  one-dimensional Mott problem. 
The s t a t i s t i c a l  method w i l l  no t  n e c e s s a r i l y  provide a  p k e d i c t i v e  ' 
c a p a b i l i t y  b e t t e r  than t h e  e a r l i e r  work. I t  w i l l ,  however, provide 
an a l t e r n a L i v e  po in t  of view, and r e s u l t s  i n  a n a l y t i c  r e l a t i o n s  
which a r e  r e a d i l y  compared with  t h e  exper imental  d a t a  and a r e  
p o t e n t i a l l y  amenable t o  g e n e r a l i z a t i o n  t o  more coniplex fragmenta-.  ' 

t ion probl ems. , .  . 



The process  of  dynamic f r a c t u r e  i nvo lve s  s p a t i a l l y  random 
nuc l ea t i on  and growth of  c r acks  and has s i m i l a r i t i e s  t o  o t h e r  
nuc l ea t i on  and growth phenomena ( m e l t i n g ,  r e c r y s t a l l i z a t i o n ,  
exp lo s ive  d e t o n a t i o n ,  e t c . ) .  In f r a c t u r e ,  a s  i n  sonie of  t h e  o t h e r  
phenomena, nuc l ea t i on  and growth of a  s i n g l e  c rack  can be t r e a t e d  
i n  s u b s t a n t i a l  d e t a i l .  I t  i s  t h e  impingement o r  i n f l u e n c e ' o f  one 
c r a c k ,  o r  reg ion  of  growth, on o t h e r s  which compounds t h e  complexi ty  
of t h e  t o t a l  nuc l ea t i on  and growth p roce s s .  

To t r e a t  problems of nuc l ea t i on  and growth,  Johnson and 
Mehl ( 7 )  and Avrami ( 8 )  int roduced t h e  concept  of an extended 
volume f r a c t i o n ,  Dx, de f i ned  a s  t h e  volume f r a c t i o n  o f  t h e  body 
t ransformed wi thout  r e g a r d . f o r  nuc l ea t i on  o r  f o r  growth w i th in  
p r ev ious ly  t ransformed m a t e r i a l .  The extended volume f r a c t i o n  can 
exceed u n i t y .  

The a c t u a l  t ransformed volume f r a c t i o n ,  D, of t h e  body i s  
det.ermined from t h c  r a t i o  i n  t h e  ct-~ange of t h e  extended and a c t u a l  , 

transformed volume f r a c t i o n .  Namely, 

which i n t e g r a t e s  t o  

Equation 2 i s  t h e  e s s e n t i a l  r e l a t i o n  der ived  i n  t h i s  s e c t i o n  and 
w i l l  h e r e a f t e r  be c a l l e d  t h e  JMA r e l a t i o n .  The JMA r e l a t i o n  i s  
a p p l i c a b l e  t o  two-dimensional bod i e s ,  o r  a r e a s ,  a s  well a s  t o  one- 
dimensional bodies o r  l i n e s .  

Although t h e  work of Johnson and Mehl ( 7 )  and Avrami ( 8 )  w a s  
fosused un phas? t r a n s t o r m a t i o n s ,  t h e i r  r e s u l t s  have more genera l  
a p p l i c a t i o n .  The i r  r e s u l t s  a r e  based s t r i c t l y  on t h e  s t a t i s t i c s  
of s u r v i v a l ;  i n  t h i s  c a s e ,  s u r v i v a l  a t  any t ime of t h e  a s  y e t  
untransformed volume. The concept  i s  independent  of t h e  phys ics  
involved and i s  a p p l i c a b l e  t o  any nuc l ea t i on  and growth process  
which i s  random in  n a t u r e .  The JMA r e l a t i o n  a l lows  i n i t i a l  a t t e n -  
t i o n  t o  focus  on t h e  physics  of t h e  nuc l ea t i on  and growth process  
a t  a  s i n g l e  s i t e .  Equation 2 w i l l  then account  f o r  t h e  coa lescence  
of m u l t i p l e  t rans forming  r e g i o n s .  



111 .  PHYSICAL CONCEPTS 

The process  of  f r a c t u r e  nuc l ea t i on  and t h e  growth of  s t r e s s -  
r e l i e v e d  reg ions  dur ing  t e n s i l e  load ing  w i l l  depend on both m a t e r i a l  
p r o p e r t i e s  and t h e  c o n d i t i o n s  of  l oad ing .  I n  p a r t i c u l a r ,  t h e  
nuc l ea t i on  r a t e  i s  expected t o  depend on s t r a i n ,  s t r a i n  r a t e ,  o r  
t ime ,  coupl ing t h e  a c t i v a t i o n  process  i n t i m a t e l y  wi th  t h e  load ing  
cond i t i ons . impre s sed  on t h e  body. In a d d i t i o n  t h e  d e f e c t  s t r u c t u r e  
which provides  s i t e s  f o r  f r a c t u r e  nuc l ea t i on  w i l l  c h a r a c t e r i z e  a  
n ia te r ia l  p roper ty  important  t o  t h e  f r a c t u r e  r a t e .  The nuc l ea t i on  
process  i s  poor ly  understood and a  s imple  uniform nuc l ea t i on  r a t e  
w i l l  be assumed in  t h e  p r e sen t  c a l c u l a t i o n .  

The law governing t he  growth o f  s l r e s s - r e l i e v e d  r eg ions  a f t e r  
f r a c t u r e  i n i t i a t i o n ,  o r  e q u i v a l e n t l y ,  t h e  v e l o c i t y  of t h e  s t r e s s -  
r e l e a s e  waves shown in  Fig .  1 ,  i s  determined by t h e  response  of 
nia ter ia l  s t i l l  i n  t e n s i o n .  Following Mott we w i l l  assume t h a t  
response of  t h e  ma t e r i a l  preceding f r a c t u r e  i s  r i g i d  p l a s t i c  and 
governed by a  flow s t r e s s  oy. Mott has shown through momentuni 
conse rva t i on  concep ts  t h a t  t h e  r e l e a s e  wave o r i g i n a t i n g  a t  t h e  
po in t  of f r a c t u r e  and propagat ing i n t o  t h e  defornii ng p l a s t i c  reg ion  
depends on both time and load ing  r a t e .  The r e s u l t  i s  no t  well 
known and t h e  d e r i v a t i o n  w i l l  be o u t l i n e d  b r i e f l y .  

Consider a  l i n e a r  body of  i n i t i a l  l eng th  L f i x e d  a t  t h e  o r i g i n ,  
and with i n i t i a l  d e n s i t y  p and undergoing unifut-~r~ defot-mation a t  a  
c o n s t a n t  s t r a i n  r a t e  ; in  response t o  a  s t r e s s  o,,. A t  t ime zero  
t he  body i s  r e l e a sed  a t  t h e  o r i g i n  ( s i m u l a t i n g  f ' r ac tu re  ) and t h e  
r e s u l t i n g  s t r e s s - r e l e a s e  wave propaga tes  in  t h e  p o s i t i v e  x d i r e c -  
t i o n .  The t r a j e c t o r y  of  t h e  wave i s  determined from momentum 
co 'nse rva t ion .  A t  t ime zero  t h e  momentu~li uf t h e  body i s  

A t  t ime t t h e  momentum i s  

Equating t h e  change i n  momentum t o  t h e  impulse a p p l i e d ,  



r e s u l t s  in a  t r a j e c t o r y  f o r  the r e l ease  wave, 

a n d  a  ve loci ty  

An exact p l a s t i c  wave ca lcu la t ion  by Lee ( 9 )  shows t h a t  the  r e l ease  
ve loci ty  i s .  i n i t i a l l y  equal t o  the  e l a s t i c  wave ve loc i ty  b u t  rapid ly  
approaches Equation 7 .  T h e  expression in Equation 7 wi l l  be assumed 
fo r  the present  ana lys i s .  

I V .  A P P L I C A T I O N  TO D U C T I L E  FRACTURE 

Before proceeding, one f i n a l  concept in the  f r a c t u r e  process 
niust be introduced. When a  f r a c t u r e  i n i t i a t e s  a t  some point  on 
the one-dimensional body, two re lease  waves, one propagating t o  
the l e f t  and one propagating t o  the r i g h t ,  wil l  be c rea ted .  Each 
region between the  f r a c t u r e  point and the r i g h t  o r  l e f t  d i rec ted  
re lease  wave wi l l  be ca l led  a  domain of r e l ease  ( D O R ) .  Since the  
point a t  which each re lease  wave at-rests  i s  s t a t i s t i c a l l y  indepen- 
dent of the o t h e r ,  i t  will  be necessary, in the  bookkeeping process 
leading t o  the fragment d i s t r i b u t i o n ,  t o  account f o r  each DOR 
separa te ly  . 

Consequently, i f  we assume t h a t  the uniform nucleat ion ra te .  
of DOR ( twice  the f r a c t u r e  nucleat ion r a t e ) i s  a  constant  I X , t h e n  
the extended length f r ac t ion  of s t r e s s - re l i eved  material  a t  time t 
d u e  to  f r a c t u r e s  nucleated a t  an e a r l i e r  time T i s ,  

where the  release-wave veloci ty  from Equation 9 has been used. 
In tegra t ing  t o  time t r e s u l t s  in a t o t a l  extended leriyth of 

To cor rec t  fo r  a r r e s t  o r  DOR and nucleat ion in previously s t r e s s -  
rel ieved regions ,  ignored in the ca lcu la t ion  of D x ,  the  JMA 
r e l a t ion  i s  appl ied ,  r e su l t ing  i n  a n  actual  s t r e s s - re l i eved  length 
f r ac t ion  o f ,  

1 i 

' I 



To determine t h e  r e s u l t i n g  fragment d i s t r i b u t i o n  i t  w i l l  be 
necessa ry  t o  account  f o r  both nuc l ea t i on  and a r r e s t  of DOR. The 
nuc l ea t i on  r a t e  and number of  DOR, ignor ing  a r r e s t  and n u c l e a t i o n  
in  p rev ious  s t r e s s - r e l i e v e d  r eg ions  a r e  I, and N,, r e s p e c t i v e l y .  
The a c t u a l  nuc l ea t i on  r a t e  and a c t i v e  DOR a t  t ime t a r e  then 
I  = I , ( ] -D)  and N = N,(1-0). Using Equation 10  r e s u l t s  i n  

and 

S ince  t h e  nuc l ea t i on  r a t e  i s  g iven by Equation 11 t h e  a r r e s t  r a t e  
I a  can be determined from Equation 12 through t h e  r e l a t i o n  
d N / d t  = I + 1,. The r e s u l t i n g  a r r e s t  r a t e  i s  

The form of  Equation 13 has an analogy i n  t h e  k i n e t i c  t heo ry  
of gases  where t h e  c o l l i s i o n  r a t e  i s  p ropo r t i ona l  t o  t h e  n u m b e r  of 
p a r t i c l e s  and t o  some h a z a r d  f unc t i on  c h a r a c t e r i z i n g  t h e  p r o b a b i l i t y  
of c o l l i s i o n .  

' , 

The next o b j e c t i v e  i s  t o  c a l c u l a t e  t h e  number of D O R  which 
n u c l e a t e  a t  L.i~~tt T and a r r e s t  a t  t ime t s i n c e  we can a s s i g n  a  
f i n a l  l eng th  of a = 2 a ( t  - , ) ' I 2  t o  t h e s e  D O R .  The t o t a l  number 
of DOR which a r r e s t  a t  t ime t w i th in  an i n t e r v a l  d t  i s  I a d t .  Only 
a  f r a c t i o n  of t h e s e  w i l l  have nuc lea ted  a t  t ime T .  I f  t h e  number 
of  DOR a c t i v e  a t  t ime t and which nuc lea ted  a t  t ime T wittisin an 
i n t e r v a l  6~ i s  6 N T ( t )  then t h e  po r t i on  a r r e s t e d  a t  t ime t i s  

S u b s t i t u t i n g  from Equation 12 r e s u l t s  in  



and i n t e g r a t i o n  prov ides  t h e  a c t i v e  DOR a t  t ime t which nuc l ea t ed  
a t  t ime T ,  

Using Equation 16 and r = 2 c ~ ( t  - T)"' in  Equation 15 r e s u l t s  i n  

2  3/2  I 

4 .C i 
-7 I., U ( T  + 7) 

I n t e g r a t i n g  over  a l l  p a s t  t imes p rov ides  t h e  d i s t r i b u t i o n  over  
qengths of  t h e  DOR, 

One furt.heta s t e p  remains i n  c a l c u l a t i n g  t h e  fragment d i s t r i -  
bu t i on .  I t  i s  r e a d i l y  app rec i a t ed  t h a t  t h e  d i s t r i b u t i o n  of,DOR i s  j 
not  p ropo r t i ona l  t o  the d i s t r i b u t i o n  of f ragments .  Each fragment I 
of s p e c i f i e d  l eng th  r e s u l t s  from two DOR whose l e n g t h s  a r e  a r b i t r a r y  
providing on ly  t h a t  t h e  suln of the i t -  l e n g t h s  equa l s  t h e  s p e c i f i e d  
fragment l e n g t h .  Equation 18 can be conver ted  t o  a  p r o b a b i l i t y  
d i s t r i b u t i o n  by normal iz ing wi th  t h e  t o t a l  number of  DOR ( t h e  
i n t e g r a l  of  Equation 1 8 ) ,  r e s u l t i n g  i n ,  

I 

where 



The DOR combine in p a i r s  t o  form fragments and t h e  f r a c t i o n  of 
fragments of l eng th  L within in t e rva l  dL i s ,  

where the  in t eg ra l  i s  over a l l  2 , and e which sum t o  L .  The 
i n t e g r a l  can be completed througA the  t r%nsformat ion  

r e s u l t i n g  in 

IV. COMPARISON WITH EXPERIMENTS ON ALUMINUM RINGS 
. . 

Wesenberg and Sagartz  ( 5 )  performed eleven experiments on 
t h i n  6061-T6 aluminum cy l inde r s  ( 1 2 7  mm diameter by 102 mm l e n g t h ) .  
A c a p a c i t i v e  d ischarge  method was used t o  impart r a d i a l  ' impuls ive  
loading a t . a  c i rcuni fe ren t ia l  s t r a i n  r a t e  of approximately 104/r;. 
Ft-scturc was ob'ser-ved photgraphica'l ly t o  occur a t  a s t r a i n  of 
about 30%. A t o t a l  of 125 fragments from 1 1  equ iva l en t  experiments 
were co l l ec t ed  and assigned an e f f e c t i v e  length  by weight.  

The fragment d i s t r i b u t i o n  func t ion  f o r  d u c t i l e  f r a c t u r e  
(Equation 2 1 )  s c a l e s  with r e spec t  t o  a  s i n g l e  c h a r a c t e r i s t i c  length  : 
parameter L* = ( 6 ~ 2 / 1 , ) 1 / 3 ,  where u i s  def ined in Equation 7 .  A 
value of L* - 22.8 mm provided the  bes t  f i t  t o  t he  da ta  of Wesenberg 
and Sagartz  shown in Fig. 2 .  

Wesenberg and Sagartz  d i r e c t l y  appl ied  the  method suggested 
by Mott through the  use of a  corr~puter program re ly ing  on a  random 
number genera tor  r o u t i n e .  The method was appl ied  t o  1000 r ings  
before s t a t i s t i c a l  convergence was adequate .  Their  bes t  f i t  f o r  
t he  Mott method i s  a l s o  shown in Fig.  2 .  



- .  - 2 .  r"i.c5-ezt distiqibut-loi? czmves fop 6061,-T6 aZtonimm. 
The 2 c t c  07 I;iesenDer$ and Sapsr tz  (5)  wcs obtained by fz-agmentation 

! oJ' ir:?;?i!Zse loaded rin,ns. The s o l i d  cv.j7ve r e ; ? ~ e s e n t s  a b e s t  fit 
o f  t i?c data foll t h e  ?i.esent theoz-c :'with c chaz-ac ter i s t ic  le?zgth 
o f  L.+ = 22 .6  rvn. The  dashed curve i s  a b e s t  f i t  o f  t h e  data bi,' 
I;'csei~bel.~; and Sagazqtz usivi.g t h e  method suggested by Idol-t f 2 )  . 

! I t  i s  not cleat- why the  d i s t r i b u t i o n  curve from the  present  
theory and t h a t  predicted by the  Mott 111ethod a r e  d i f f e r e n t .  The 
nuc lea t ion  law assumed by W~qer-~brlr-g aild Ssgs r t z  d i f f e r e d  f t .o~i i  l t ~ e  
cons tan t  r a t e  of nuc lea t ion  assumed in t he  present  work, and was 
determined by two parameters ,  a l though in f i t t i n g  t h e i r  d a t a ,  t h e  
au thors  found t h a t  only one parameter s e n s i t i v e l y  inf luenced the  
curve .  The d i f f e r e n c e s  in nuc lea t ion  laws might account f o r  t he  
d i f f e r e n c e  i n  d i s t r i b u t i o n  curves .  A l t e r n a t i v e l y ,  t h e  Mott method 
appl ied  by Wesenberg and Sagartz  assumed the  nuc lea t ion  of f r a c t u r e  
was incremented on the  s t r a i n  h i s t o r y  r a t h e r  than al lowing f o r  t h e  
s t a t i s t i c a l  occurrence of f r a c t u r e  in t ime. This might a l s o  
account f o r  the d i f f e r e n c e s .  



V .  SUMMARY A N D  DISCUSSION 

The c u r r e n t  s t udy  has addressed  t h e  problem of p r e d i c t i n g  
fragment s i z e  d i s t r i b u t i o n s  r e s u l t i n g  from t h e  t e n s i l e  f r a c t u r e  of 
impuls ive  loaded bod i e s .  The theory  has been r e s t r i c t e d  t o  one- 
dimensional bodies  sub j ec t ed  t o  uniform load ing .  A r i go rous  
t r e a tmen t  of  t h e  s t a t i s t i c s  of  dynamic fragnienta t i o n  has been 
a t tempted using concep ts  of  s u r v i v a l  . s t a t i s t i c s  and i nco rpo ra t ed  
here  through t h e  r e l a t i o n  de r i ved  by Johnson and Mehl ( 7 )  and 
Avrami ( 8 )  . Physical  concep ts  a r e  in t roduced  through t h e  assuniption 
of a  uniform n u c l e a t i o n  r a t e  of  f r a c t u r e  and t h e  p ropaga t ion  of 
s t r e s s - r e l i e f  wavesgoverned by t h e  t e n s i l e  response  of  an i d e a l l y  
d u c t i l e  m a t e r i a l .  

A n  a n a l y t i c  d i s t r i b u t i o n  curve .was  de r i ved  f u r  d u c t i l e  f r a c t u r e  
and compared with  t h e  f ragmenta t ion  d a t a  of Wesenberg and Saga r t z  
( 5 )  on aluminum r i n g s .  The a n a l y t i c  exp re s s ion  was found t o  
provide a  good r e p r e s e n t a t i o n  of  t h e  d a t a  a l though  f u r t h e r  e x p e r i -  
mental work i n  t h i s  a r ea  i s  s t r o n g l y  needed. 

The p r e sen t  a n a l y s i s  and r e s u l t i n g  fragment s i z e  d i s t r i b u t i o n  
exp re s s ions  a r e  f a i r l y  complex even f o r  t h e  very s imple  geometry 
and loading c o n d i t i o n s  cons ide r ed .  D i r ec t  a p p l i c a t i o n  of  t h e  
method t o  more complicated f ragmenta t ion  even t s  would probably be 
d i f f i c u l t .  Perhaps the  g r e a t e s t  va lue  of  t he  p r e s e n t  type  of  
a n a l y s i s  w i l l  be t h e  i n s i g h t  t h a t  i t .  p rov ides  on t h c  s t a t i s t i c a l  
n a t u r e  of impulse f r agmen ta t i on ;  hopefu l ly  a  source  of  f r e s h  i d e a s  
f o r  coliiputational models c u r r e n t l y  under development (10 ,11  , 1 2 ) .  
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