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The s t r e s s e s  and the par t ic le  velocit ies in the soil, the loading at the obstacle ,  and its displace-  
ment were  investigated ea r l i e r  in experimental  investigations of the interaction of explosion 
waves with obstacles  [1-4]. Below we present  the resu l t s  of experimental  investigation involv- 
ing simultaneous measuremen t  of s t r e s s e s  and s t ra ins  of soil during the passage of incident 
and ref lec ted  waves and also of the loading at the obstacle .  This permit ted us to refine the 
cha rac te r i s t i c  features  of the p r i m a r y  and secondary  compress ion  of the soil and to verify the 
applicabili ty of the model of an elastoplast ic  medium [4]. 

The experiments  were  ca r r i ed  out in fores t  soil of d i sa r ranged  s t ruc ture  placed in a pit 2 m deep, 1 m 
wide, and 1 m long. The walls of the pit were  coated with sheets of roofing iron for decreas ing  fr ict ion of the 
soil during the displacement  and for ensuring homogeneous motion. A concrete  slab was placed in the pit along 
its entire t r a n s v e r s e  c ross  section. In the f i rs t  var iant  the thickness of the slab was 0.05 m, while in the 
second variant  the thickness was 0.5 m; the mass  per unit a r ea  was 120 k g / m  2 and 1200 k g / m  2, respect ively .  
The slab with 0.05 m thickness was placed at a depth of 0.3 m, while the slab with 0.5 m thickness was placed 
at a depth of 0.6 m. 

The sensors  for measur ing  the s t r e s s e s  and s t ra ins  were  placed in the soil above the slab and on its 
surface.  The s t r e s s  was measured  by a high-frequency tensomet r ic  sensor ;  the s t ra ins  of the soil were  
measured  by sensors  util izing simultaneous r e c o r d s  of the displacements  of the two thin aluminum disks pa r -  
allel to the plane of the charge and separa ted  by 0.05 m f rom each other.  The space between the disks was 
filled with the soil except for a thin tube connecting the disks in which the mechanism permit t ing the record ing  
of the displacement  was placed. The r e s i s t ance  of this mechan i sm to compress ion  was negligibly small  com-  
pared to the r e s i s t ance  of the soil. The readings of the sensor s  were  r ecorded  on loop osci l lographs.  In o rde r  
to ~nsure identical conditions the pit was cleaned of soil before each experiment and then filled again. The sen-  
so r s  were  also installed at that time. 

The wave was produced during the explosion of a plane high-explosive charge at the surface of the soil 
covering the entire t r a n s v e r s e  c ross  section of the pit. The charge consis ted of filaments of detonating fuse 
placed paral lel  to each other and interconnected at the edges. Charges with mass  per unit a rea  C = 0.3 kg /m 2 
were  used. Thetop of the cha rgewas  cove redby  soil of thickness 0.4 m (ground surface).  

The granulometr ic  weight of the soil was T0 = (1.37-  1.43) �9 103 kg/m3; the water  content, was W = 9.8- 
16.2%. The granulomet r ic  composit ion is given in Table 1. 

Let us discuss  the resu l t s  of the experiments .  The incident wave re ta ins  a discontinuity at the front at 
the distance of r -<0.1 m f rom the charge which cor responds  to a maximum s t r e s s  crma x , ' 5 . 0 -  105 N / m  2. At 
distances up to 0.3 m the curves  contain a segment where the s t r e ss  increases  almost  with a jump. With in- 
c reas ing  distance f rom the wave the discontinuity gets eroded and a continuous compress ion  wave approaches 
the slab. Due to its re la t ive ly  smal l  mass  the slab with thickness of 0.05 m is rapidly set into motion together 
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with the so i l ,  and t h e r e f o r e  the effect of r e f l ec t i on  is i n s i ~ d f i c a n t :  the max imum s t r e s s  at the upper su r face  
of the s l ab  is l a r g e r  by 5-10%, and at the lower su r f ace ,  s m a l l e r  by 5-10%, than the max imum s t r e s s  at the 
depth in the incident  wave. The s e n s o r s  p laced  in the soi l  above the s lab  p r a c t i c a l l y  did not show any r e c o r d  
of the r e f l e c t e d  wave. 

The curves  ~(t) obta ined [n the expe r imen t s  with the s !ab  of mass  I200 k g / m  2 a r e  shown in Fig.  1 on a 
s ingle  sca le  [1-3) r e c o r d e d  at depths of 0.2, 0.4, and 0.5 m, r e s p e c t i v e l y ;  4) at  the upper su r f ace  of the s lab  
(0.6 m)]. In the ease  of the s lab  with mass  1200 k g / m  ~, two max ima  of the s t r e s s  a r e  obse rved  above the s lab;  
these  a r e  produced by the incident and the r e f l ec t ed  waves .  At a depth of 0.5 m the s t r e s s  [n the r e f l ec t ed  
wave is l a r g e r ,  while at the depths of 0.2 and 0.4 m the s t r e s s  in the r e f l e c t ed  wave is s m a l l e r ,  than in the in- 
cident wave. The t i m e  of growth of the s t r e s s  in the incident  wave i n c r e a s e s  with the d i s tance  (the eros ion of 
the wave continues) .  The ve loc i ty  of propag~at[on of the s t r e s s  mmximum in the incident  wave is 50-70 m / s e c ,  
while [n the r e f l e c t e d  wave it is 250-300 m / s e c ,  i . e . ,  l a r g e r  by a fac tor  of 4-6.  The s igni f icant  i n c r e a s e  of the 
ve loc i ty  of the max imum in the r e f l e c t e d  wave c o m p a r e d  to that  in the incident  wave was obse rved  in sandy 
so i l s  a l so .  The ve loc i t i e s  we re  50-60 and 800-1000 m / s e c ,  r e s p e c t i v e l y  [3]. 

The curves  of r (t) a r e  shown in Fig .  2 [1 and 2 c o r r e s p o n d  to the r ead ings  of the s t r a i n  s e n s o r s  p laced  
at  the upper  and lower  s u r f a c e s  of the s lab  with m a s s  120 k g / m  2 (depth 0.3 m)]. The max[mum s t r a i n  of the 
so i l  under the s lab  was app rox ima te ly  20% s m a l l e r  than that above the s lab  and the grm~r to the max imum 
occu r s  a f te r  a longer  t ime  in te rva l .  Above the s lab  the s econda ry  growth of the s t r a i n  was not observed .  
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Curves  3 and 4 co r r e spond  to the expe r imen t s  with the s lab of m a s s  1200 k g / m  2 for  the depth of the s e n s o r s  
equal to 0.4 and 0.6 m (at the slab}. A seconda ry  i nc r ea se  of s t r a in  caused by the r e f l ec ted  wave is obse rved  
above the s lab for  this value of the m a s s .  At the su r f ace  of the s lab the i nc rea se  of the s t r a in  occu r s  m o r e  
slowly than at the depth of 0.4 m. 

The d i ag rams  of ~(~) a r e  cons t ruc ted  f r o m  the graphs  cr (t) and e (t) (F ig .3 ,  where  curve  1 co r r e sponds  
to a depth of 0.3 m and expe r imen t s  without the s labs ;  cu rves  2 and3 co r r e spond  to expe r imen t s  with the s lab 
with m a s s  1200 k g / m  ~ at  depths of 0.4 and 0.6 m,  r e spec t ive ly ) .  Curves  1 and 2 (before the a r r i va l  of the r e -  
f lected wave) a r e  di f ferent ,  s ince due to the e ros ion  of the wave the t ime of i nc rea se  of the s t r e s s  to the max i -  
m u m  inc rea se s  with the depth; i .e . ,  the s t r a in  r a t e  ~ d e c r e a s e s .  Curves  1 and 2 contain segments  with dif- 
fe ren t  s t r a i n  r a t e s .  In curve  1, the s t r e s s  i n c r e a s e s  f r o m  15- 105 to 2 5 . 1 0  s N / m  s a lmos t  with a jump and we 
can a s sume  that  e ~ ~o In curve  2, c lose to the initial point e ~2  sec  -1, which is c lose  to the s ta t ic  d iagram.  
On dec reas ing  the s t r e s s ,  the i nc r ea s e  of s t r a in  continues for some  t ime.  The secondary  loading (curve 2) 
does not p roceed  along the line para l l e l  to the d i ag ram of p r i m a r y  dynamic c o m p r e s s i o n  (E --*~o); it has a 
s ignif icant ly  l a r g e r  s lope to the s t r a in  axis .  In the f i r s t  approximat ion  we can a s s u m e  that the secondary  
loading co r r e sponds  to the load line of the med ium rea l i zed  af ter  at taining the m a x i m u m  s t ra in .  The d iag ram 
cr(e) dar ing unloading contains a segment  which p rac t i ca l ly  coincides with the Oe ax is .  The res idua l  s t r a in s  
af ter  the p r i m a r y  and r epea ted  loadings differ  s ignif icant ly .  

The r e su l t s  p re sen ted  above show that  during sho r t - l i ved  wave p r o c e s s e s  the bulk v i scos i ty  of the soil  
can mani fes t  i tself :  the curves  of ~r(e)depend subs tant ia l ly  on the s t r a in  r a t e  and a f te r  the r e m o v a l  of the 
loading the r e s idua l  s t r a in s  a r e  re ta ined ,  which indicates the p r e sence  of p las t ic  p rope r t i e s .  The d i ag rams  of 
dynamic and s ta t ic  c o m p r e s s i o n  are  convex with r e s p e c t  to the s t r a in  axis .  In the f i r s t  approximat ion ,  the 
secondary  loading p roceeds  along the load line. These  p r o p e r t i e s  co r respond  to the model of v i scoplas t ic  
medium [4]. 
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