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The r e s u l t s  of e x p e r i m e n t a l  i n v e s t i g a t i o n s  of  s y s t e m i c  e r r o r s  in s t r e s s  m e a s u r e m e n t s  in 
s a n d y  s o i l s  by  s t r a i n  g a u g e s  u n d e r  s h o r t - t e r m l o a d s  p r o d u c e d  by  d e t o n a t i o n  of  a p lane c h a r g e  
a r e  p r e s e n t e d .  The e f f e c t  of  r i g i d i t y  of  s e n s i t i v e  e l e m e n t s  of  the g a u g e s  and  the e f fec t s  of 
s t r e s s  c o n c e n t r a t i o n s  a r o u n d  the gauge  body on the s t r e s s  f i e ld  m e a s u r e d  a r e  a n a l y z e d .  A 
c o m p a r i s o n  of  the e x p e r i m e n t a l  r e s u l t s  wi th  the t h e o r e t i c a l  c a l c u l a t i o n s  of  [1, 2] is  o f f e r e d .  
It i s  shown tha t  the s y s t e m i c  e r r o r s  w i l l  not  e x c e e d  =~ 3-7% i f  c e r t a i n  e a s i l y  a c h i e v e d  r e -  
q u i r e m e n t s  wi th  r e s p e c t  to the g a u g e s  a r e  fu l f i l l ed .  The q u e s t i o n  of e v a l u a t i n g  s y s t e m i c  
e r r o r  in  s t r e s s  m e a s u r e m e n t  in s o i l s  u n d e r  low i n t e n s i t y  s t a t i c  l o a d s  h a s  b e e n  e x a m i n e d  in 
[3-6] .  

1 .  E x p e r i m e n t a l  M e t h o d  

S e n s o r s  u sed  in  s t r e s s  m e a s u r e m e n t s  in s o i l s  du r ing  p r o p a g a t i o n  of  e x p l o s i v e  w a v e s  [7-9] have  a 
c y l i n d r i c a l  f o r m  wi th  r a t i o  of  he igh t  h to d i a m e t e r  D v a r y i n g  wi th in  the l i m i t s  h / D  = 0 .30-0 .166 .  The s e n -  
s i t i v e  e l e m e n t  of  such g a u g e s  i s  a th in  f i l m  of  t h i c k n e s s  6, a t t a c h e d  to the s u r f a c e  wi th  a s t r a i n  r e s i s t o r  
g lued  to i t s  s u r f a c e ~  

The d i a m e t e r  of  the f i l m  d i s  l e s s  than  the body  d i a m e t e r ,  b e i n g ,  a s  a r u l e ,  wi th in  the r a n g e  d / D  _< 
0 . 5 - 0 . 7 5 .  

A s t r a i n  r e s i s t o r  i s  moun ted  on the i n t e r i o r  l a t e r a l  s u r f a c e  of the gauge  body ,  f o r m i n g  a ha l f  b r i d g e  
with the w o r k i n g  s t r a i n  r e s i s t o r .  A s e c o n d  ha l f  b r i d g e  i s  l o c a t e d  in the s t r a i n  gauge  a m p l i f i e r .  The p r i n -  
c ip l e  of o p e r a t i o n  of  such a gauge  i s  b a s e d  on the d e v e l o p m e n t  of unba lance  in the  b r i d g e  upon ac t i on  on the 
s e n s i t i v e  e l e m e n t  by  a d y n a m i c  load .  C a l i b r a t i o n  of  the gauge  i s  p e r f o r m e d  s t a t i c a l l y  in  an o i l  c h a m b e r .  

In c o n t a c t  m e a s u r e m e n t s  the gauge  i s  moun te d  in a s h i e l d  in a m a n n e r  such tha t  only  the e l a s t i c  f i l m  
i s  l o c a t e d  a t  the  po in t  of  c o n t a c t .  S y s t e m a t i c  e r r o r s  a r e  then connec t ed  with  d e f o r m a t i o n  of  the f i l m  and d e -  
pend on the r e l a t i o n s h i p  b e t w e e n  the r i g i d i t i e s  of  the f i l m  and s o i l .  

In m e a s u r e m e n t s  in  u n l i m i t e d  m a s s e s  the s e n s o r  i s  l o c a t e d  wi th in  the s o i l ,  and  in  th is  c a s e  not  on ly  
f i l m  d e f l e c t i o n ,  bu t  s t r e s s  c o n c e n t r a t i o n  a r o u n d  the gauge  body ,  a f f e c t s  the m e a s u r e d  s t r e s s  f ie ld ,  a s  would  
i n c l u s i o n  of  any  o t h e r  r i g i d  body  wi th in  the  m e d i u m .  

To e v a l u a t e  the  e f f ec t  of  f i l m  r i g i d i t y  on m e a s u r e d  s t r e s s ,  g a u g e s  w e r e  used  with v a r i o u s  d = 18-45 
r a m ,  6 = 1 .0 -4 .0  r am.  The g a u g e s  w e r e  m a d e  f r o m  d u r a l u m i n  with  a modu lus  of  e l a s t i c i t y  E 0 = 7.4 �9 105 
k g / c m  2, P o i s s o n  c o e f f i c i e n t  v 0 = 0.33,  and e l a s t i c  l i m i t  ~S = 60 k g / m m  2. 

The g a u g e s  wi th  v a r i o u s  d and 6 w e r e  moun ted  on a l a r g e  f e r r o c o n c r e t e  s l a b ,  with d i m e n s i o n s  2 • 2 • 
0.5 m 3 in  i t s  c e n t r a l  p o r t i o n ,  in a m a n n e r  such  tha t  the s u r f a c e s  of  t h e i r  s e n s i t i v e  e l e m e n t s  w e r e  l o c a t e d  
a t  the s a m e  l e v e l  a s  the s l ab  s u r f a c e .  Sand  was  p o u r e d  and r a m m e d  on the s l ab  f r o m  above .  Soil  l a y e r  
h e i g h t  was  0.5 m.  S t r e s s  w a v e s  w e r e  g e n e r a t e d  by  de tona t ion  of  a p lane  c h a r g e  of e x p l o s i v e .  The sand  
d e n s i t y  was  Y0 = 1 .45-1.50 g / c m  3, wi th  m o i s t u r e  con ten t  b y  we igh t  of w = 5-7%. 
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To s tudy  the e f f ec t  of  s t r a i n  c o n c e n t r a t i o n  a r o u n d  the gauge  
body ,  g a u g e s  wi th  v a r i o u s  r a t i o s  of  h / D  = 0.166,  0.33,  0.50, 1.0,  
and  2.5 w e r e  u s e d .  T h e s e  p a r t i c u l a r  g a u g e s  had  the h i g h e s t  s e n -  
s i t i v e  e l e m e n t  r i g i d i t y  in the e x p e r i m e n t  (d --- 22 r am,  5 = 3.0 m m ) .  

E x p e r i m e n t s  w e r e  a l s o  conduc ted  with  the goa l  of  s tudy ing  
the c h a r a c t e r  of  the s t r e s s  d i s t r i b u t i o n  o v e r  the s u r f a c e  of  a r i g i d  
c y l i n d r i c a l  b l o c k  l o c a t e d  wi th in  the so i l  m a s s ,  a s  i t  i n t e r a c t s  with 
an i n c i d e n t  w a v e .  This  b l o c k ,  a l so  made  of  d u r a l u m i n ,  had  a 
d i a m e t e r  of D = 150 m m  and h e i g h t  h = 50 m m  (h/D = 0~ Cn 
the b l o c k  s u r f a c e  (about  the ax i s  of  s y m m e t r y  and a t  d i s t a n c e s  of 
30 m m  and 60 m m  f r o m  the axis )  w e r e  moun te d  t h r e e  s e n s o r s  
w i t h . d i a m e t e r  d = 18 m m  and t h i c k n e s s  5 = 2.5 m m .  

The c o r r e c t e d  d e n s i t i e s  of the g a u g e s  in the e x p e r i m e n t  
T1 = P / V ,  w h e r e  P i s  the gauge  we igh t  and  V i t s  v o l u m e ,  v a r i e d  
f r o m  2.2 to 2.6 g / c m  3, wi th  r a t i o s  of  Y1/Y f r o m  1.37 to 1.65 (y = 
1 + 0.01 w, the so i l  dens i t y ) .  F o r  the c y l i n d r i c a l  b l o c k  71 = 2.85 
g / c m 3 ,  Y1/Y = 1.78.  

The gauges  wi th  d i f f e r e n t  f o r m s  and d i f f e r e n t  h / D  r a t i o s  
w e r e  i n s t a l l e d  in the so i l  a t  the s a m e  r e l a t i v e  d i s t a n c e  f r o m  the 

F ig .  1 
e x p l o s i v e  s o u r c e .  H e r e  R = r / G ,  w h e r e  r i s  d i s t a n c e  in m,  G is  
c h a r g e  we igh t  in kg.  

A p o r t i o n  of  the e x p e r i m e n t s  was  conduc ted  in u n d i s t u r b e d  so i l  wi th  Y0 = 1.50-1.55 g / c m  3, w = 5-7%. 

The gauge  i n d i c a t i o n s  w e r e  r e c o r d e d  by  a type  UTS-VT-12/35  a m p l i f i e r  and N-105 loop  o s c i l l o g r a p h s .  
In a l l  e x p e r i m e n t s  loops  of  the s a m e  type  w e r e  u sed ,  s o  tha t  the  t i m e  e r r o r  was  i d e n t i c a l  fo r  e a c h  of a 
s e r i e s  of  e x p e r i m e n t s ,  and had  no in f luence  on the va lue  of  the s y s t e m a t i c  e r r o r s  u n d e r  i n v e s t i g a t i o n  [9]. 

2 .  M e c h a n i c a l  C h a r a c t e r i s t i c s  o f  t h e  S o i l  

In o r d e r  to p e r f o r m  t h e o r e t i c a l  c a l c u l a t i o n s  to e v a l u a t e  m e a s u r e m e n t  e r r o r s  i t  was  n e c e s s a r y  to 
have  c o r r e s p o n d i n g  da ta  on the m e c h a n i c a l  c h a r a c t e r i s t i c s  of the s o i l  in  which the e x p e r i m e n t s  w e r e  con-  
ducted~ T h e r e f o r e  l a b o r a t o r y  i n v e s t i g a t i o n s  w e r e  m a d e  on th i s  s o i l  to d e t e r m i n e  c o m p r e s s i b i l i t y  and 
p l a s t i c i t y  u n d e r  d i f f e r en t  m o d e s  of d e f o r m a t i o n  in a q u a s i s t a t i c  a p p a r a t u s ,  u s ing  the me thod  d e s c r i b e d  in 
[10]. S a m p l e s  with Y0 = 1.50 g / c m  3 and w = 5%, d i a m e t e r  Do = 150 m m ,  and  h e i g h t  h 0 = 3n m m  w e r e  s u b -  
j e c t e d  to l oad ing  by  a shock  load  t h r e e  t i m e s .  To ta l  s t r a i n  on the s a m p l e  was  m e a s u r e d  by a t e n s o m e t r i c  
g l a s s ,  n o r m a l  s t r a i n s  ~l(t)  and  ~2(t) by  m e m b r a n e  s e n s o r s ,  and s a m p l e  d e f o r m a t i o n  a(t) = h0 "l u(t) [u ( t ) i s  the 
d i s p l a c e m e n t  of  the d e v i c e  pis ton]  was  m e a s u r e d  by  a t e n s o m e t r i c  d i s p l a c e m e n t  s e n s o r .  E x p e r i m e n t s  w e r e  
r e p e a t e d  f ive t i m e s  u n d e r  one and the s a m e  c o n d i t i o n s .  Each  of  the p a r a m e t e r s  in an e x p e r i m e n t  was  m e a -  
s u r e d  b y  two o r  t h r e e  s e n s o r s .  The m e a n  v a r i a t i o n  c o e f f i c i e n t  f~ fo r  s t r e s s  and d e f o r m a t i o n  with  a s t a t i s t i c a l  
p r o b a b i l i t y  o f a  = 0.95 was  fi = * 15-17% in  t h e s e  e x p e r i m e n t s .  

F i g u r e  l a ,  b p r e s e n t s  m e a s u r e m e n t s  of the q u a n t i t i e s  ~ l ( t ) ,  ~ ( t ) ,  c(t) fo r  t h r e e  s u c c e s s i v e  l oad ings  
of  the  s a m p l e s  [ f i r s t  load :  2) a l ( t ) ,  2a) e(t), 2b) a2(t); s e c o n d  load:  3) crl(t), 3a) e(t), 3b) a2(t); t h i r d  load :  47 
al( t ) ,  4a) e(t), 4b) a2(t)]. The c o r r e s p o n d i n g  (r(c) c u r v e s ,  c o n s t r u c t e d  b y  e l i m i n a t i n g  t i m e  t f r o m  the  

t r a c e s  ~l( t)  and  e ( t ) , a r e  p r e s e n t e d  in F ig .  2 ( c u rve s  2, 3, and 4). Curve  1 i s  the r e s u l t  of a f i e ld  s tudy  of  
( r i (e . )  a t  the f r o n t  of a s h o c k w a v e  g = ~ e / 0 t  = ~,  whi le  c u r v e  5 i s  f r o m  s t a t i c  s t u d i e s  (e = 1 -10 -5 sec-~).  I t  
i s  e v i d e n t  f r o m  F i g s .  1 and 2 tha t  d e f o r m a t i o n  r a t e  s i g n i f i c a n t l y  a f f e c t s  d e f o r m a t i o n  of a g iven  s o i l  [10]. I t  
i s  i m p o r t a n t  to note tha t  in dependence  on the d e f o r m a t i o n  r a t e  the va lue  of the modu lus  of d e f o r m a t i o n  

E (8) = d~, (e) 
de  

v a r i e s  s i g n i f i c a n t l y .  

Meanwh i l e ,  fo r  ~ > 0, the m a x i m u m  v a l u e s  of E(c) c o r r e s p o n d  (for ~1 = cons t )  to c u r v e  1 , w h e r e  ~= ~ ,  
whi l e  the m i n i m u m s  c o r r e s p o n d . t o  c u r v e  5 ( ~ - - 0 ) .  The v a l u e s  of E , ( c )  fo r  ~ > 0 a r e  g r e a t e r  than E(c) 
u n d e r  the  s a m e  s t r e s s e s .  
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It  wi l l  now be of i n t e r e s t  to ob ta in  quan t i t a t ive  data  on the b e h a v i o r  of E .  as  a funct ion of al  for  ~ < 0. 
F o r  this  pu rpose ,  o s c i l l o g r a m s  of (rl(t) and e(t) at  ~< 0 were  divided into n equal  t ime  i n t e r v a l s  At  = 0.25 �9 
10 -3 sec ,  and the m e a n  modul i  E . i  w e r e  then  d e t e r m i n e d  by the f o r mu l a  

~t k2 -I 

.. ~ . ~ P 

(i = t , 2  . . . . .  n; p = t , 2  . . . . .  l) (2.1) 

which w e r e  then p laced  in c o r r e s p o n d e n c e  with the s t r e s s e s  

~t 

(2.2) 

Here  k 1 and k 2 a r e  the n u m b e r  of s t r a i n  and de f o r ma t i on  m e a s u r e m e n t s  in  each  of the e x p e r i m e n t s ,  
and l is the n u m b e r  of e x p e r i m e n t s  i n  a s e r i e s .  

The funct ion  E ,  ((ri), c o r r e s p o n d i n g  to cu rve  2 of Fig.  2 , i s  p r e s e n t e d  in Fig.  3 {curve 1). The po r t i on  
of the cu rve  a t  4 _< crl -> 20 k g / c m  2 i s  a p p r o x i m a t e d  with su f f i c i en t  a c c u r a c y  by the l i n e a r  ru le  

E ,  = a i + ~iai (kg/cm z) (2.3) 

where  

al = E-* - -  rlASi 2 [AS22] -i ~-z, ~l = rlASi 2 [AS221 -i 

ri = ~ ~ (E,iPSli p - -  n t  E,S1) 
p = I  i ~ l  

and the c o r r e l a t i o n  coe f f i c i en t  

F'* = ~T ~,  E , : ,  
p = l  i = l  

A s ?  = - ~  Y, ( E , :  - E , )L 
p ~ t  i = 1  

O 1 ----- - ~  ~ 6 1 i  p �9 
p = l  i = l  

i o t 

p = l  i = 1  

a r e  the d i s p e r s i o n s  o f the  quan t i t i e s  E .  and cr l ,  r e s p e c t i v e l y .  He re  r 1 = 0.79, ~1 = - -400 k g / c m  2, P1 = 300. 
The dots 2 in  Fig .  3 c o r r e s p o n d  to a p robab le  i n t e r v a l  with r e l i a b i l i t y  ~ = 0.95. 

Fo r  s u c c e s s i v e  load ings ,  the va lue  of E ,  (cri) is  l a r g e r  than E .  (al) for  the f i r s t  load by 10-15% (for 
the s a m e  va lues  of o-1 -< 20 kg/cm2) ,  which,  however ,  i s  wi th in  the l i m i t s  of e x p e r i m e n t a l  a c c u r a c y  (Fig.  3). 

The p l a s t i c i t y  funct ion  for  a g iven  so i l ,  as e a r l i e r  in [7, 8, 10], can be t aken  as  l i n e a r ,  and the p las -  
t i c i ty  condi t ion  w r i t t e n  in the f o r m  

J~ = (k ( I+  b) " / 6 ,  J~ = 2 (ai--a2) ~-, 
= ( ~ i +  2 % ) / 3  (2.4) 
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~0 ,,~ r ~  w h e r e  k = 1.50,  b = 0 a r e  e x p e r i m e n t a l  c o e f f i c i e n t s .  F r o m  Eq. (2.4), 
~ in a c c o r d a n c e  with [10],we have the l a t e r a l  p r e s s u r e  c o e f f i c i e n t  ~ ,  

~.~ /// z yz~ ~ 3 Y ~ -  k = 0.38 
o ~ :i, 3 V~  + 2------~ 

~ g  

I / i  3 .  T h e  E f f e c t  o f  S e n s i t i v e  E l e m e n t  

~z ~ I~0~ 00~ ~ 5/~ I D e f l e c t i o n  o n  S t r e s s  M e a s u r e m e n t  

F i g u r e  4 p r e s e n t s  the r e s u l t s  of  t e s t s  of s e n s o r s  of v a r y i n g  
F ig .  4 r i g i d i t y  i n s t a l l e d  on the s l a b .  The o r d i n a t e  r e p r e s e n t s  the r a t i o  ~ 1 . /  

~ . ,  whi le  the a b s c i s s a  i s  the d i m e n s i o n l e s s  quan t i ty  5 / d ,  c h a r a c t e r i z i n g  the r i g i d i t y  of the s e n s i t i v e  e l e -  
men t .  H e r e  or1, i s  the m a x i m u m  s t r a i n  r e c o r d e d  by  a s e n s o r ,  (r~. i s  the m e a n  a r i t h m e t i c  va lue  m a x i m u m  
s t r a i n  f r o m  d a t a  of  the  m o s t  r i g i d  s e n s o r  in  all e x p e r i m e n t  ((~/d = 0.136),  equa l  to 5.1 k g / c m  2 f o r  po in t s  1, 
and  to 41.1 k g / c m  2 fo r  po in t s  2. The  po in t s  1 and 2 c o r r e s p o n d  to l o c a t i o n  of  s e n s o r  and s l ab  fo r  d i f f e r i n g  
d i s t a n c e s  R f r o m  the e x p l o s i o n  s o u r c e :  1) R = 4 .0 ,  2) R = 1.0.  C u r v e s  1 and  2 (Fig .  3) w e r e  c o n s t r u c t e d  
f r o m  the t h e o r e t i c a l  f o r m u l a  of  [1] 

~'* --(1 .~(l--m) E)-I l - - 2 v  _ (  bo l~ (3.1) 
Zl - ~  --  23.2 ~ , m ---- 2 (i -- v--------) ~ a~ / 

where (h, are the maximum strains recorded by a gauge, a~ are the "true" strains in the soil, E is the 

modulus of deformation of the soil, v is the soil Poisson coefficient, b 0, a0are the propagation velocities of 

transverse and longitudinal waves in the soil, J1 = J (d/2) -3 is the dimensionless film (sensitive element) 

rigidity, J = E053/12 (l--v 2) is the film cylindrical rigidity, E 0 is the modulus of elasticity of the film mate- 
rial, and v 0 is the Poisson coefficient of the film material. 

For the sandy soils studied, m = I/8, and E = E, ((rl,) according to curve 1 (Fig. 3). It is considered 
here that the interaction of sensor with shock wave occurs in a state of soil unloading g < 0. 

To eliminate from Eq. (3.1) the unknown quantity cry, all calculated values of ~I, were divided by the 
quantity 

 1,o E.o (3.2) 
23.2 Jd ) 

w h e r e  Jl  ~ i s  the s e n s o r  r i g i d i t y  wi th  6 / d  = 0.136,  and  E ,  ~ = E ,  ((r~,) .  In c a l c u l a t i n g  the v a l u e s  c r l , / ~ ,  of  
c u r v e  1 fo r  5 / d  = 0 .02-0 .04 ,  i t  was  a s s u m e d  tha t  E ,  = 600 k g / c m  2 (Fig .  4).  

As i s  e v i d e n t  f r o m  F ig .  4, Curves  1 and 2 d e s c r i b e  the e x p e r i m e n t  s u f f i c i e n t l y  we l l .  The m e a n  v a r i a -  
t ion  fl in t h e s e  e x p e r i m e n t s  fo r  a r e l i a b i l i t y  ~ = 0 . 9 5  fo r  c u r v e s  1 and 2 was  :~25 and :~17%, r e s p e c t i v e l y .  

F o r  c o m p a r i s o n ,  the d a s h e d  l i n e s  of  F ig .  4 show c u r v e s  1 and 2, a s  c o n s t r u c t e d  f r o m  the da t a  of [4], 
f o r  the s a m e  e x p e r i m e n t a l  cond i t ions  a s  o u r  c u r v e s  1 and  2. 

Thus ,  the m e a s u r e m e n t  e r r o r  in  m a x i m u m  s t r e s s e s  fo r  s h o r t - t e r m l o a d s  can  be d e t e r m i n e d  with  suf -  
f i c i e n t  a c c u r a c y  by the f o r m u l a  

( 23.2 Jl~-I ~'* -- ~t~ (3.3) A _ =  i ,~i:-m) E, /  ' A _ =  ~o 

C o n s i d e r i n g  tha t  Eq.  (3.3) h a s  been  v e r i f i e d  u n d e r  the w o r s t  c o n d i t i o n s ,  wi th  ~ < 0, the e v a l u a t i o n  of 
Eq.  (3.3) w i l l  a l s o  be  e m p l o y e d  beyond  the shock  wave  f ron t .  

The  e r r o r  v a l u e s  A , d e t e r m i n e d  by  Eq.  (3.3) fo r  the g a u g e s  e x a m i n e d  a b o v e ,  a r e  p r e s e n t e d  be low;  

a/d= 0.022 0.057 0.089 0.t36 
A_= 0.450 0.085 0.020 0.0t0 
A_= 0.790 0.380 0.t50 0.050 

The first and second columns correspond to curves 1 and 2 (Fig. 4). From these data and Eq. (3.3) 
it follows that gauges with 5/d = 0.022 and 0.057 at stresses ffl, = 20-40 kg/cm 2 have large errors and are 
not suitable for measurements. Therefore, in conducting experimental studies in the stress range indi- 
cated, more rigid gauges with 5/d = 0.089-0.136 are usually employed [7-10]. 
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4 .  E r r o r s  R e l a t e d  to  S t r e s s  C o n c e n t r a t i o n  

a r o u n d  t h e  B o d y  o f  a G a u g e  L o c a t e d  

w i t h i n  t h e  S o i l  M a s s  

F igu re  5 p r e s e n t s  the r e s u l t s  of e x p e r i m e n t s  to c h a r a c t e r -  
ize the s t r e s s  d i s t r i b u t i o n  ove r  the s u r f a c e  of a r ig id  b lock  with 
h/D = 0.33, loca ted  in a soi l  m a s s ,  as i t  i n t e r a c t s  with an  exp los ive  
wave.  Po in t s  1 and  curve  1 c o r r e s p o n d  to t ime  t4 = 0 . 5 . 1 0  -3 sec ,  
points  2 and  cu rve  2 to t 2 = 2.5 -10 -~ s ec ,  and points  3 and cu rve  
3 to t 3 = 5.0 -10 -3 sec .  Curves  1, 2, and  3 a r e  c o n s t r u c t e d  f r o m  
the r e s u l t s  of t h e o r e t i c a l  c a l c u l a t i o n s  [2] app l icab le  to these  
cond i t ions .  F r o m  these  r e s u l t s  i t  fo l lows,  in  p a r t i c u l a r ,  tha t  for  
h/D-<1 in  the c e n t r a l  po r t i on  of the s e n s o r  with d -<(0.3-0.5) D the 
s t r e s s  d i s t r i b u t i o n  is c lose  to equa l ,  the s t r e s s  c o n c e n t r a t i o n  value 
is m i n i m u m  and d e t e r m i n e d  by 

h ~,.--~~ h ~i (4.1) 
�9 ~ 1  ~ ~ D 

where  m = (b0/a0) 2, at  ~ is  the s t r e s s  v a l u e  in  the i nc iden t  wave ,  
and crt.  is  the s t r e s s  value r e c o r d e d  by a r ig id  s e n s o r .  

T h e o r e t i c a l  deduc t ions  on the c o n s t a n c y  of s t r e s s  on a r ig id  
b lock  with d _< (0.3-0.5) D a r e  suppo r t e d  by the e x p e r i m e n t a l  da ta  
of Fig.  5. Analogous conc lus ions  as  to the d e c r e a s e  in  the ef fec ts  
of c o n c e n t r a t i o n  with r e duc t i on  in  the r a t io  d / D  have b e e n  an -  
nounced  e a r l i e r  in [3]. 

Equat ion  (4.1) r e l a t e s  to m o m e n t s  of t ime  when a q u a s i s t a t i c  
s e n s o r  mot ion  r e g i m e  has been  e s t a b l i s h e d ,  i . e . ,  when d i f f r ac t ion  
p r o c e s s e s  a r o u n d  the s e n s o r  can be neg l ec t ed .  This  t ime  t o Occurs  
qui te  qu ick ly  for  a s e n s o r ,  and a t y t / 7  -< 1.5-2.0 is  (2.0-2.5)D/ao,  
where  a0 is  the p ropaga t ion  ve loc i ty  of e l a s t i c  waves  in the so i l  
[2]. F o r  s t a n d a r d  s e n s o r s  i n  the e x p e r i m e n t s  p e r f o r m e d  71/~ = 

1.3-1.5,  and the va lue  of to a t  D = 60 m m  is  0.5 "10 -a sec .  Fo r  the 
b lock  of Fig.  5, to ~ 1 . 2 . 1 0  -3 sec .  

F igu re  6 p r e s e n t s  e x p e r i m e n t a l  da ta  on the change with t ime  
of s t r e s s  on the su r f a c e  of the b lock  of Fig.  5. Poin ts  1 a r e  the 

indications of a standard sensor located the same distance from the explosion source, with h/D = 0.166 

(d = 22 ram, 5 = 3.0 mm, A_ = --0.050), points 2 are the indications of a sensor in the central portion of the 
block, and points 3 the indications of a sensor at the block edge (d = 18 ram, 5 = 2.5 ram, A_ = --0.040). 

From the data of Fig. 6 it is evident that the indications of sensor 1 coincide with those of sensor 2 in 

the center of the block. This testifies to the establishment of a quasistatic regime for the sensor and block 

at time t o = 0.5.10 -3 sec. The indications of sensor 3 over the course of the whole process are 25-30% 

higher than those of sensors I, 2. This confirms the conclusion of [2] that stress concentration for sensors 
has a quasistatic character. 

Figure 7 presents the results of strain measurements in a mass of sandy soil by gauges with the 

same rigidity (5/d = 0.136) for d/D = ~3 at various h/D ratios. The ordinate shows maximum stress at* 
recorded by the sensors with various h/D values. 

Points 1-3 correspond to sensors installed at various relative distances R from the explosion source: 
!) R = 0.5, 2) R = 1.0, 3) R = 1.5. 

The v a r i a t i o n  coef f i c ien t s  l / fo r  the se t s  of po in ts  1, 2, 3 a r e ,  r e s p e c t i v e l y ,  ~19o0, ~-9.0, ~22.0% with a 
s t a t i s t i c a l  p r o b a b i l i t y  of o~ = 0.95.  

It fol lows f r o m  the e x p e r i m e n t a l  r e s u l t s  that  the func t ion  crt * (h/D) can be a p p r o x i m a t e d  with su f f i c i en t  
a c c u r a c y  by the l i n e a r  ru le  

~1" =- cq ~ -t- rnlh / D (4.2) 
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w h e r e  crl ~ m i a r e  e x p e r i m e n t a l  c o e f f i c i e n t s .  F o r  c u r v e  1) 
a l  ~ = 28.5 k g / c m  2, ml  = 6.3 k g / c m  2, 2) cri ~ = 22.0 k g / c m  2, ml = 
5.9 k g / c m  3, 3) gl  ~ = 14.0 k g / c m  2, mi = 4.5 k g / c m  2. 

F o r  the  e r r o r  A+ = ( ~ i * -  ~ i ~  ~ we ob ta in  f r o m  Eq. 
(4.2) a f o r m u l a  ana logous  to Eq.  (4.1), bu t  with d i f f e r e n t  m 
v a l u e s  fo r  c u r v e s  1 -3 :  1) m = 0.22,  2) m = 0.27,  3) m = 0.32.  

The t e n d e n c y  to d e c r e a s e  in the va lue  of m with  i n c r e a s e  
in s t r e s s  cri ~ can  be e x p l a i n e d  by  the i n c r e a s e  in  tha t  c a s e  of 
the r o l e  of  p l a s t i c  d e f o r m a t i o n s  of  the s o i l ,  and q u a l i t a t i v e l y  
a g r e e s  with the c o n c l u s i o n s  of  [11]. The  e v a l u a t i o n  o f A + a c -  
c o r d i n g  to Eq.  (4.1) a t  the va lue  m = (b0/a0) 2 = ~ ,  which  i s  c h a r -  

a c t e r i s t i c  of  the so i l  s t u d i e d  in i t s  e l a s t i c  s t a t e  of  o p e r a t i o n ,  wi l l  then be an u p p e r  e v a l u a t i o n  of the e r r o r  
r e l a t e d  to s t r e s s  c o n c e n t r a t i o n  a r o u n d  the gauge  body .  F o r  h / D  > 1.0,  the m e a s u r e m e n t  e r r o r  A+ r i s e s  
s h a r p l y .  In the  e x p e r i m e n t s  i t  was  shown,  in p a r t i c u l a r ,  tha t  fo r  h / D  = 2.5 the i n d i c a t i o n s  of the s e n s o r s  
~ i*  w e r e  a l m o s t  twice  a s  g r e a t  a s  the  i n d i c a t i o n s  a t  h / D  = 1.0.  

We p r e s e n t  be low the v a l u e s  of  e r r o r  A + ,  d e t e r m i n e d  fo r  the c y l i n d r i c a l  s e n s o r s  with v a r i o u s  h / D  
by  Eq.  (4.1) fo r  m = 

h/D 0.t66 0.33 0.50 1.0 
Ai- 0.055 0. t10 0.165 0.330 

The e v a l u a t i o n s  ob ta ined  a g r e e  s u f f i c i e n t l y  we l l  wi th  the r e s u l t s  of s t a t i c  s t u d i e s  [3, 12].  In [3], in 
p a r t i c u l a r ,  a t  d / D  = 0.75 fo r  d e n s e  s a n d y  so i l  m = 0 .6 -0 .65 ;  fo r  c l a y s  wi th  m o i s t u r e  w = 13-16%, m = 0 .39-  
0.45; fo r  c l a y s  with w = 1 8 % , m  = 0.15.  At  the s a m e  t i m e ,  i t  fo l lows  f r o m  the e x p e r i m e n t s  of [3] t ha t  fo r  a 
d e c r e a s e  in  the r a t i o  d / D  to ~ the v a l u e s  of m d e c r e a s e  1.5-2 t i m e s .  In [12], fo r  r i g i d  b a r - t y p e  s e n s o r s ,  
a t  h / D  = 1.35 the va lue  of  " o v e r l o a d "  fo r  s t a t i c  e x p e r i m e n t s  in d e n s e  s andy  s o i l s  wi th  Y0 = 1.68 g / c m  3 was  
e q u a l  to ~ i . / c r i  ~ = 1 .54-1 .66.  T h e r e f o r e  m = 0 .40 -0 .49 .  F o r  the a c t i o n  of a d y n a m i c  load ,  the da t a  ob t a ined  
in [12] fo r  r o d  and m e m b r a n e  s e n s o r s  a r e  c o n t r a d i c t o r y ,  and e v i d e n t l y  i n d i c a t e  a s i g n i f i c a n t  s c a t t e r i n g  in 
the  m e a s u r e m e n t  r e s u l t s .  

The i n v e s t i g a t i o n s  conduc ted  i n d i c a t e  tha t  if  c e r t a i n  qui te  s i m p l e  cond i t i ons  a r e  o b s e r v e d  with r e s p e c t  
to c y l i n d r i c a l  gauge  g e o m e t r y  (h/D _< ~5-~6, d / D  _ 0 .3-0 .5)  and s e n s i t i v e  e l e m e n t  r i g i d i t y  ( J 1 / E .  > ~ ) ,  s y s -  
t e m a t i c  e r r o r s  in s t r e s s  m e a s u r e m e n t  in s o i l s  wi th  s h o r t - t e r m  loads  w i l l  not e x c e e d  A = • (3-7%) and  p r o v e  
to be  s i g n i f i c a n t l y  (2-3 t i m e s )  l o w e r  than  r a n d o m  e r r o r s .  

In connec t ion  with  t h i s ,  one m u s t  a g r e e  with the p r o p o s a l  of  [5, 12] tha t  i t  i s  n e c e s s a r y  to c a l i b r a t e  
gauges  in s o i l .  I t  can  be  e x p e c t e d  in th i s  c a s e  tha t  r a n d o m  e r r o r s  r e l a t e d  to the i r r e g u l a r i t y  of  l oad ing  s o i l  
in to  the c a l i b r a t i o n  c h a m b e r  wi l l  p r o v e  to be s i g n i f i c a n t l y  l a r g e r  than  s y s t e m a t i c  e r r o r s  of the gauges  t h e m -  
s e l v e s ,  and  thus  wi l l  r e d u c e  the  a c c u r a c y  of  the e n t i r e  e x p e r i m e n t .  

In c o n c l u s i o n ,  the a u t h o r s  thank N. V~ Z v o l i n s k i i  and  A. M. Skobeev*  fo r  t h e i r  v a l u a b l e  a d v i c e  and 
e v a l u a t i o n  of  the s t udy ,  and  A. I.  Kotov ,  V. P~ S u t y r i n ,  and  L.  G. R o m a n o v  fo r  p a r t i c i p a t i o n  in  the conduc t  
of  the e x p e r i m e n t s  and  p r o c e s s i n g  of the r e s u l t s .  
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