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For  media  of the type of soi ls  which a r e  r e spons ive  to the s t ra in  ra te ,  the question of de te rmin ing  the 
u l t imate  dynamic c o m p r e s s i o n  pa t t e rns  cor responding  to an instantaneous loading (~ =~o) [1, 2] is essent ia l .  Up 
to now such pa t te rns  have been de te rmined  on the f ront  of a shock being propagated  in a soi l  m a s s  during the 
explosion of h igh-explos ive  cha rges  [3-5] or  during impact  of a m a s s  having a suff icient ly high initial Velocity 
on a soil  spec imen  [6]. The method mentioned cannot be used during continuous c o m p r e s s i o n - w a v e  p ropaga -  
t ion in soi ls .  

The re la t ion  between the uniaxial  c o m p r e s s i o n  (tension) pa t te rn  and the propagat ion veloci ty  for  weak 
per tu rba t ions  [7, 8] was used for  e las t ic  and e las toplas t ic  media  with nonl inear  c h a r a c t e r i s t i c s  in o rde r  to de-  
t e r m i n e  dynamic tension pa t te rns .  

w 1. The method under considera t ion is based  on the re la t ionsh ip  between the propagat ion veloci t ies  of 
weak per turba t ions  in a c o m p r e s s e d  med ium and the ul t imate  dynamic pa t te rn  q~ (~) (s =~) in a v i scop las t i c  
medium.  It is a s s um ed  that  the fundamental  p r o p e r t i e s  of the soi is  and the porous media  being cons idered  un- 
der sho r t - l i ved  dynamic loads a r e  desc r ibed  suff icient ly accura te ly  when subjected to uniaxial c o m p r e s s i o n  by 
a s t r a in  law of the type [9, 10] 

08 IE (8) at '  "~/ /"  ' 
~ = G ( ~ - / ( O ) + !  t a~, o~ o (1.1) 

where  ~1 is the g r e a t e s t  pr inc ipa l  s t r e s s ;  E(e) is the va r i ab le  s t r a in  modulus under loading (8(rt/St_> 0); E .  (s 
is the va r i ab le  stI:ain modulus under unloading ( a ~ t / a t  < 0); G>  0 for  (rt> f(e)  and G - 0  for  crl_<f(e); f(e)  is 
the s ta t i s t i ca l  compres s ion  pa t te rn  for  s = 0. 

Fo r  E ,  (e) =E(C), the re la t ion  (1.1) a g r e e s  with the s t ra in  law examined in [11, 12]. An analogous model  
was examined in [13] in appl icat ion to explosive wave propagat ion in soi ls .  In pa r t i cu la r ,  it follows f r o m  [9, 13] 
that the re la t ionsh ip  between the propagat ion veloci ty  of sma l l  per tu rba t ions  a (~) and the ul t imate  dynamic 
pa t te rn  r (e) (e =~o) is de te rmined  by the re la t ionsh ip  

E(~) = ~(~) /d8 = p0a~(s). (1.2) 

By integrating, we obtain the ult imate dynamic pat tern f rom (1.2): 

(8) = i E (~) d~, ~ = ~ ,  (1.3) 

Fo r  the s t r a i n  law (1.1), the re la t ionsh ip  (1.3) will  co r r e spond  to the loading condition (0a~/at --> 0). For  
unloading (Dg l /3 t  < 0) and for  ~ l <f(s we _~nalogously obtain 

q~, (~, ~,) ~l~ + ~ E ,  (~) d~, 

where  crl. , ~ ,  a r e  the s t r e s s  and s t r a i n  achieved at the t ime  when the condition (r 1 =f(~) is sat isf ied.  
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T h e r e f o r e ,  by knowing the  dependence a (s f r o m  exper iment ,  the u l t imate  dynamic pa t te rn  ~0 (~)(~ =r 
under loading as  well  as  the pa t te rn  ~0, (~, s , ) f o r  ~1 < f(s can be cons t ruc ted .  

However ,  one c i r c u m s t a n c e  mus t  be noted. It has been shown in [14] that  for  a s t r a in  law of the type 
(1.1), a s i tuat ion is poss ib le  where  weak discontinuit ies  a r e  not propagated  at  the veloci ty  of the c h a r a c t e r i s -  
t ics  (the ca se  of a l m os t  s e l f - s i m i l a r  motion). At the s a m e  t ime,  it follows f r o m  [14] that  such a f inite dis tance 
x ,  can always be  found when weak per tu rba t ions  will be  propagated  at the veloci ty  a (s for  x < x , .  

T h e r e f o r e ,  for  a suff ic ient ly  snml l  spec imen  height h 0 the propagat ion ve loc i ty  of weak per tu rba t ions  will  
a lways equal the c h a r a c t e r i s t i c  velocity.  It hence a lso  follows that such a method may  turn out to be unsuit3ble 
for  long rods  f r o m  m a t e r i a l s  p o s s e s s i n g  viscous  p r o p e r t i e s  [8]. 

w To de t e rmine  the dependence a (s under l a b o r a t o r y  conditions,  a spec imen  of ma t e r i a l  is subjected 
to s ta t ic  loading by  a load ~1i which is va r i ed  in s teps  (i =1, 2 . . . .  , n). 

The s ta t ic  s t r a in  s  and the co r respond ing  t ime  t i =t(s i) for  a wave of weak discontinuity to t r a v e r s e  a 
dis tance equal to the spec imen  height a f te r  a previous  loading h i =h(s a r e  hence determined.  For  a suf-  
f ic ient ly  low spec imen  height the propagat ion ve loc i ty  of a wave  of weak discontinuity is defined as the mean 

a(~i) ~ .  h l / t l ,  ~ --- 1, 2 . . . . .  n. 

Resul ts  of invest igat ing the u l t imate  dynamic c o m p r e s s i o n  pa t t e rns  of  sandy soil  with the volume weight 
of the skele ton To = 1.50 g / c m  3 and the humidity w=0.003 and of foam plas t ic  of the type PKhV with the volume 
weight y0=0.07 g / c m  3 t e s t ed  in an appara tus  desc r ibed  e a r l i e r  in [2] a r e  p resen ted .  

To m e a s u r e  the t r a v e r s a l  t ime  t(s  some  changes w e r e  introduced in the appara tus .  In pa r t i cu la r ,  p iezo-  
t r a n s d u c e r s  on the bas i s  of a TsTS--19 c e r a m i c ,  whose s ignals  were  r e c o r d e d  on an S1-33 e lec t ronic  osc i l -  
lograph,  we re  mounted in p lace  of the piston and b a s e  (central) s t ra in  gauges.  The piston sensor  had been con-  
s t ruc ted  in the f o r m  of a moving module which could be  displaced under impact  by genera t ing  a wave of weak 
discontinuity in the spec imen .  This  weak per turba t ion  was produced for  each value of s  because  of impact  of 
a 100-g bal l  fa l l ing on the  module with the sensor .  The weight of the moving module with the sensor  was a lso  
100 g. The ball  fe l l  f r o m  a height of 1-2 cm.  

Osc i l l og rams  of s ignals  cha r ac t e r i z i ng  the per turba t ion  in a sandy soi l  spec imen ,  as  r e c o r d e d  by the p i s -  
ton 1 and base  2 s e n s o r s ,  a r e  r e p r e s e n t e d  in Fig. la ,  b. The sca le  division on the o sc i l l og rams  is 75 �9 10 -6 
sec  (Fig. la) and 30 .10  -6 sec  (Fig. lb).  The cor responding  values of the t r a v e r s a l  t ime  and the veloci ty  a (s 
for  a l0=0  (Fig. la) a r e  t(0) =139" 10-6sec ,  and a (0) =215 m / s e c ,  while for  ~m=283  k g f / c m  2 (Fig. lb),  t(s n) = 
16.5 �9 10 -6 sec ,  a (en) =1810 m / s e c .  The nature  of the per turba t ions  r e co rded  in the foam-p l a s t i c  spec imens  is 

analogous.  

Appropr ia t e  expe r imen ta l  r e s u l t s  for  sandy soil  (Fig. 2) and foam plast ic  (Fig. 3) a r e  r e p r e s e n t e d  in 
Figs.  2 and 3. Plotted along the  hor izonta l  is the s t r a i n  s and the s t r e s s  ~1 and veloci ty  a (s along the ver t i ca l .  
The points and curves  2 hence co r re spond  to a (s and 3 to the s ta t ic  c o m p r e s s i o n  pat tern  f(e)  obtained at the 
s t r a in  r a t e  ~ = 2.5 �9 10 -4 sec  -1 for  sand and ~ = 2.5 �9 10 -3 sec  -1 for  the foam plas t ic .  Points  4 in Fig.  2 c o r -  
respond  to the ve loc i t i e s  a , ( e )  for  a 1 < f(s The  dependences a(e) and f(e) a r e  approx imated  by  the following 

fo rmulas :  
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for  sand 

a(e)/a(O) --  t ~,- moe, 0 ~ e ~ e 5 

(~)/~ (~,) = [ l  + .~  (~ - ~,)':,]"~, ~, < ~ ~< o.12; 

i ( ~ ) = K ( e + m o j ' ) ,  0 ~ e ~ 0 , 1 3 ;  

(2.1) 

(2.2) 

for foam plas t ic  

a(e)/'a(O) = t --rni~ ~', 0 ~ e ~ 0 . 5 0 ;  (2.3) 

_ I K~, 0 ~  ~ ~-~ e~; (2.4) 
/ (e) -- (~  [ l + m,z (e - -  e~)'-'], ~ < e ~ 0.70. 

where  a (0) =200 m / s e e ;  m0=37; a (e l) =350 m / s e e ;  s  m1=364; v t = l . 0 ;  K=550 kgf/cm2; m2 = 155; v 2 =3.0 
in (2.1) and (2.2), while a (0)=1125 m / s e e ;  m1=0.89;  v1=0.36; ~s=0.0346;  a s =4.5 kgf/em2; K=130 kgf/cm2; " 
m2=2.30; v 2 =0.46 in (2.3) and (2.4). 

The ul t imate  dynamic pa t te rns  (curves 1 in Figs .  2 and 3) a r e  obtained f r o m  (2.1) and (2.3) in the follow- 
ing f o r m  by taking account  of (1.3): 

for  sand 

~ ( e l = [ % ~ - E ~ I e - - e i + m ( s - - e x ) "  ], e ~ < e < 0 : , 1 2 ,  

where  E0=608 kgf/em2; m - 1 8 2 ;  v =2.0; EI=1880 kgf/cm2; ~0=23.2 k g f / c m  2 and 

for  foam plas t ic  

2mi 1-}-~, A- m12 ) 
x 

where  E o = 1000 k g f / c m  2. 

It is in teres t ing to note the qual i ta t ive distinction in the na ture  of the pa t te rn  q~ (e)(s for  sandy soil  
and for  foam plast ic .  In the f i r s t  case ,  the ve loci t ies  a (s grow with the inc rease  in e ,  while the condition 
d ~ / d e 2 >  0 holds fo r  q~ (~). Fo r  foam plas t ic  a(e)  d e c r e a s e s  with the inc rease  in s and dgcp/de2< 0 c o r r e s p o n d -  
ingly {within the l imi t s  of the m e a s u r e d  values of the s t r e s s ) .  

The di f ference  in the values  of  the propagat ion  veloci t ies  of weak per tu rba t ions  a .  (~) during unloading 
f r o m a ( e )  during loading for  the v e r y  s a m e  values  of the s t ra in  e (points 4 in Fig. 2) indicates that E , ( ~ ) ~  E(e) 
in a s t ra in  law of the type (1.1). 

The r e su l t s  obtained con f i rm  the data elucidated ea r l i e r  in [2] about the substant ia l  influence of the s t r a in  
r a t e  on the c o m p r e s s i b i l i t y  of sandy soi ls  under sho r t - l i ved  loads. 

Still m o r e  significant does the influence of the s t r a in  r a t e  turn out to be on the c o m p r e s s i b i l i t y  of foam 
plas t ic  for  which the d i f ference  in the s t r a ins  for  ~ =~o and ~ =2.5" 10 -3 see -1 r e aches  10-15-fold (for (r1=10- 
12 kgf /cm2).  
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L .  A.  M e r z h i e v s k i i  a n d  V. M. T i t o v  

U N D E R  HIGH- 
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In pe r fo ra t ing  a thin pla te  (shield) a h igh-veloci ty  pa r t i c l e  (meteoroid) is sha t t e red  as the r e su l t  of the 
wave p r o c e s s e s  which a r e  genera ted  within it. During the cou r se  of its deformat ion  a veloci ty  field a r i s e s  in 
the par t i c le ;  this  f ield has a nonzero  component perpendicu la r  to the impact  direct ion,  so that the t r a j e c t o r i e s  
of the debr is  pa r t i c l e s  a r e  at var ious  angles  to the t r a j e c t o r y  of the par t ic le ;  these  debr i s  pa r t i c les  then im-  
pact  a t a rge t  plate ,  p laced  behind the shield,  ove r  a much  l a r g e r  a r e a  than the c r o s s - s e c t i o n a l  a r e a  of the 
par t ic le .  This ,  together  with the loss  in m omen tum of the pa r t i c l e  as it pe r fo r a t e s  the shield,  de te rmines  the 
p ro tec t ive  effect  of the shield. 

The p roce s s  involved in the deformat ion  and sha t te r ing  of the par t i c le  in its col l is ion with the shield was 
cons idered  in [1]. In this pape r  we just i fy,  based  on the exper imen t s  conducted in [1], a method of quanti ta-  
t ive ly  es t imat ing  the damage  inflicted on the obs tac le  (target) p ro tec ted  by the shield. The method employed for  
acce l e ra t ing  s tee l  s phe re s  was desc r ibed  in [2]. In al l  our  exper imen t s  we pe rmi t t ed  a p r e s s u r e  of up to 1 m m  
Hg in the space  between the shield and the target .  

It is difficult to give a genera l  descr ip t ion of the p rob l em involving per fora t ion  of a shielded ta rge t ,  s ince 
the m e c h a n i s m  involved in explaining the t a rge t  damage  changes when the dis tance S between the t a rge t  and 
the shield is var ied .  When S is smal l  the impact  onto the t a rge t  is due to a nondiffuse (compact) deb r i s  cloud 
f r o m  a s t i l l  de forming  par t i c le ;  as  S i n c r e a s e s ,  however ,  the damage  to the t a rge t  r e su l t s  in increas ing  m e a -  
su re ,  f r o m  the impact  of the c o a r s e s t  pa r t i c l e s  p r e s e n t  in the concentra ted  debr i s  field. It is n e c e s s a r y ,  t h e r e -  
fore ,  to e s t ima te  the appl icable  in terval  ove r  which the quantity S l=S/d  0 (where d o is the d i ame te r  of the impac t -  
ing par t ic le)  va r i e s  co r respond ing  to a given one of these  t a rge t  damage  mechan i sms .  When the t a rge t  chosen 
is thick (semiinfinite) ,  we can use ,  as  a quant i ta t ive m e a s u r e  of t a r g e t  damage  and, hence a lso ,  of shield e f fec-  
t iveness ,  the depth h of the l a rge s t  of the c r a t e r s  f o r m e d  in the target .  

The exper imen ta l  r e s u l t s  obtained a r e  shown in Fig. 1 in t e r m s  of a se t  of cu rves  showing hl=h/d o 
plotted against  $1; cu rve  1 co r r e sponds  to an impact  of a luminum on a luminum with 6 / d  o = 0.3 (~ is the shield 
th ickness) ;  cu rves  2, 3, and 4, with 5/d0=0.2,  0.6, and 0.67, r e spec t ive ly ,  co r r e spond  to impacts  of s tee l  onto 
D16. Here  and hencefor th ,  the f i r s t - n a m e d  m a t e r i a l  co r r e sponds  to that of the pa r t i c l e  and the second-named  
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