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Two-dimensional c r a t e r i n g  c a l c u l a t i o n s  have been perf  ormed t o  s tudy 
c r a t e r  s i z e  a t  d i f f e r e n t  impact v e l o c i t i e s .  The Euler ian  SOIL code was used 
t o  model a  c y l i n d r i c a l  i r o n  meteor i t e  p r o j e c t i l e  wi th  cons tan t  mass 
( 1 . 6 7 ~ 1 0 ~  kg) impacting a t  normal incidence onto a  l imestone t a r g e t  
half-space.  The p resen t  s e r i e s  of c a l c u l a t i o n s  was purely  hydrodynamic 
(without shear  s t r e n g t h )  al though s t r e n g t h  was t r e a t e d  i n  a  s e p a r a t e  
c a l c u l a t i o n .  The c a l c u l a t i o n a l  approach has been discussed i n  e a r l i e r  work 
which included a  s imulat ion of the  formation of Barr inger  Cra te r  i n  Arizona 
(1-3)-  

Resul ts  f o r  impacts with v e l o c i t i e s  ranging between 2  and 25 km/s a r e  
summarized i n  the  t a b l e .  Values f o r  k i n e t i c  energy l i e  between 3.3x1014 and 
5.2x1016 J  (80 t o  12,000 k i l o t o n s ) .  Most v a r i a b l e s  i n  the  t a b l e  can be 
r e l a t e d  us ing a  power-law express ion of  the  form Y =  AX^. However, one 
except ion is  t h e  e f f e c t i v e  depth-of-burst  EDOB which is  used t o  r e l a t e  impact 
and explos ion c r a t e r s .  An e x t r a p o l a t i o n  of  a  f i t  of v e l o c i t y  U and sca led  
e f f e c t i v e  depth-of-burst  SEDOB f o r  t h e  h igher  v e l o c i t y  cases  sugges t s  a  value 
nea r ly  t h r e e  t imes l a r g e r  than the  value SEDOB = 11.6 m/ (k t I1 /3  f o r  t h e  2  
km/s case. The c a l c u l a t i o n  i n d i c a t e s  t h a t  f o r  t h i s  low v e l o c i t y  impact t h e  
p r o j e c t i l e  e s s e n t i a l l y  remains i n t a c t .  I n  the  h igher  v e l o c i t y  cases  mel t ing 
and vapor iza t ion  a r e  important  processes.  Oberbeck ( 4 )  obta ined a  s i m i l a r  
value  of SEDOB = 10.6 m/(kt11/3 (EDOB = 6.2+2.0 mm f o r  W = 8 . 7 ~ 1 0 ~  J )  from 
c r a t e r i n g  experiments i n  quar tz  sand f o r  explos ion and impacts a t  2 km/s. 
Thomsen e t  a l .  ( 5 )  found a  value of SEDOB = 5.9 m/(kt)113 a t  a  r e l a t i v e l y  
e a r l y  time i n  t h e i r  c a l c u l a t i o n  of an aluminum sphere  impacting onto 
p l a s t i c e n e  c lay  (EWB = 6.5 mm f o r  W = 5 . 7 ~ 1 0 3  J ) .  

The apparent  c r a t e r  r a d i u s  RA i n c r e a s e s  with i n c r e a s i n g  k i n e t i c  energy 
W a s  RA a Wn where n  = 0.21 f o r  constant  g r a v i t a t i o n a l  a c c e l e r a t i o n  (g = 
9.8 m / s 2 ) ,  This value is  s l i g h t l y  g r e a t e r  than t h e  exponent (n  0.181) 
obta ined by Gault  and Wedekind ( 6 )  from labora to ry  experiments. The i r  value  
was obtained f o r  aluminum spheres  with f ixed  mass impacting on q u a r t z  sand 
t a r g e t s  with v e l o c i t i e s  between 1  and 8  km/s. 

Ca lcu la t ions  such a s  those  summarized he re  a r e  very u s e f u l  i n  he lp ing  
extend c r a t e r i n g  da ta  from t h e  l a b o r a t o r y  s c a l e  where impact v e l o c i t i e s  a r e  
usua l ly  l e s s  than about 8  km/s t o  the  h igher  impact v e l o c i t i e s  (11 t o  72 km/s) 
which a r e  involved i n  t h e  formation of l a r g e  impact c r a t e r s .  Ca lcu la t ions  can 
he lp  monitor v a r i a b l e s  t h a t  a r e  d i f f i c u l t  t o  measure such a s  energy 
p a r t i t i o n i n g  a s  a  func t ion  of time a s  demonstrated by H i l l  and Johnson ( 7 ) .  
Future  c r a t e r i n g  c a l c u l a t i o n s  a r e  planned t o  address  m a t e r i a l  s t r e n g t h  and 
g r a v i t a t i o n a l  e f f e c t s .  

*The address  f o r  W. E. Johnson is  Computer Code Consul tants ,  1680 Camino 
Redondo, Los Alamos, NM 87544. 
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TABLE C r a t e r  dimensions a r e  summarized f o r  c a l c u l a t e d  c r a t e r s  formed f o r  
d i f f e r e n t  v e l o c i t y  i m p a c t s . ( l )  Me teo r i t e  mass was f i x e d  a t  
1 . 6 7 ~ 1 0 8  kg. 

u W R~ D~ v~ C1 
EDOB ( 2 )  SEDOB --- 

(km/s) ( k t )  (m) (m) (m3) ( - 1  -7 '3 (m) m/kt 

Nota t ion:  

U : Meteo r i t e  impact  v e l o c i t y  

W : K i n e t i c  energy  of m e t e o r i t e  ( 1  k i l o t o n  = 4 . 1 8 6 ~ 1 0 ' ~ ~ )  

RA : Apparent crater r a d i u s  

DA : Apparent c r a t e r  depth - .  

. Apparent c r a t e r  volume v~ 
a : R a t i o  D A { ~ A  

EDOB : E f f e c t i v e  depth-of -burs t  

SEDOB: Sca l ed  e f f e c t i v e  depth  of  b u r s t  

) ~ i n a l  c r a t e r  dimensions were o b t a i n e d  a t  a  t ime o f  0.50 seconds  u s i n g  a  
b a l l i s t i c  e x t r a p o l a t i o n  t echn ique  wi th  s l o p e  s t a b i l i t y  ad jus tmen t  t o  o b t a i n  a  
h y p e r b o l i c  shaped c r a t e r .  

( 2 ) ~ h e  e f f e c t i v e  depth-of -burs t  f o r  t h e s e  impact  c r a t e r s  i s  e s t i m a t e d  a t  a  
t ime 0.50 seconds  by f i t t i n g  a  hemisphere t o  t h e  expanding c a v i t y  ( 1 , 3 ) .  
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