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Dynamic photoelast ici ty has been used to examine the effects of joint geometry  on failure in explosive 
loading; the s t r e s s  waves in terac t  with the shape in a way that can be descr ibed as diffraction at dihedral 
angles formed by the plane of the plates and the surface of the metal  fillet. Such joints fail in the ref lected 
wave at the points of passage from the main metal  to the strengthening fillet, as well as in the interference 
zones.  

Angular  joints a r e  often welded, and they may be subject to dynamic loads in real s t ruc tures .  Spec- 
ifications have been drawn up for  the components of such joints but the s t r e s s  distribution in the weld 
zone and the mode of fai lure under pulse loading a re  not well understood. 

Polar izat ion methods have been combined with high-speed cinephotography to examine the effects of 
joint geometry  on the state o f  s t r e s s  and failure in explosive loading. 

The effects of the s t ruc ture  of the rea l  joint (assumed free from defects) were eliminated by using 
a l inearly viscoelast ic  mater ia l  (polymethyl methacryla te)having the following physicemechanical  cha rac -  

1.18 g /cm , yield points in compress ion,  tension, and bending correspondingly 900,600,  t e r i s t i cs :  densit~ 3 
4 2 T 2 and 1000 kgf /cm ~, e last ic  modulus 3" 10 kgf /cm , Poisson s rat io 0.35, and Brinell hardness  19 kgf /cm . 

Sheet of thickness 10 mm was used to make up joints in accordance  with GOST 147771-69 with the 
joints denoted as U5, U7, U8, and U9 in accordance  with that State standard~ Table 1 gives the dimensions 
of the elements .  

The loading was provided by 50 mi l l igrams of PETN; the maximum load was 500 kgf /cm 2 and lasted 
for  20-25 ~sec, with a r i se  t ime of 8 ~sec. A planar wave front was provided by distributing the mater ia l  
uniformly over  the loaded plate at 60 mm from the working region. 

We found that the shape had a marked effect on the dynamic-s t ress  distribution; as the ]oints were  
unsymmetr ica l ,  it was not equivalent to load them from opposite sides. F o r  instance,  joint U9 when loaded 
from side A (Fig. ld) produced a state of s t r e s s  at the s tar t  (Fig. 2, f rames  recorded at 1 million f r a m e s /  
sec,  f rames  shown at intervals of 8 Psec), and wave diffraction at the dihedral angles formed by the surface 
of the joint root and the planes of the plate, so the maximum s t ress  concentration a rose  there.  The root 
of such a joint is most  likely to have various defects on account of faults during welding, i r r egu l a r  pe r fo r -  
ation of the edges,  and so on, so this region on dynamic loading produces conditions that may initiate 

failure.  

TABLE 1 

Symbol 

U5 
U7 
U8 
U9 

Sizes in mm 

S=S, K 

i4 t0.5 
14 -- 
t9 
t4 

g l 

i3 
2 22 

K~ 

3 

2 

Reinforcement favorably influences the state of stress; 
the lines of maximum tangential stress reproduce the geo- 

metry of the reinforcement (Fig. 3a). Conditions for failure 
are not set up at the points of transition to the reinforcement. 

The diffraction is accompanied by refraction and interference, 

which cause cracks to develop and grow in the loaded plate 
at a distance of 20 mm from the end face. The effect is 

similar to shattering. 
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When a U9 joint was loaded f rom the opposi te  s ide  (Fig.  4) the above effects were  accompanied  by 
s t r e s s  loca l i za t ion  and fa i lu re  at  the point of t r ans i t ion  to the r e in fo rcemen t ,  i .e . ,  r e in fo rcemen t  fac i l i t a ted  
c r a c k  in i t ia t ion  and growth.  This d i spos i t ion  r e l a t ive  to the wave propagat ion  d i rec t ion  was hazardous  
even with compara t i ve ly  smooth t r ans i t i ons  to the r e in fo rcemen t  ( re in forcement  from fac tor  11.0). The 
c r acks  we re  in i t ia ted  and grew mainly  in the r e f l ec t ed  wave, Joe., the l a t t e r  is the mos t  hazardous  from the 
viewpoint  of joint  f a i lu re .  The r e in fo rcemen t  in that  case  tends to favor  sha t te r ing ,  s ince  i t  l i e s  in the 
wave i n t e r f e r ence  zone when the load is on the plate  B s ide .  S t ress  waves of d i f ferent  types  ac t  on ~ e  
ve r t ex  of a growing c rack  to a l t e r  the s ta te  of s t r e s s ,  which a l t e r s  the path of the c r ack  (Fig.  4). The 
in i t ia l  growth ra te  is quite high (500 m / s e c ) ,  but it  g radua l ly  fal ls  to ze ro .  This is  accompanied  by fa i lu re  
at  the root  of the joint ,  i.eo, on the in terna l  contour,  which begins much l a t e r  than that  on the outer  edge. 

The r e su l t s  for  U7 joints showed that  the effects  on loading f rom side  A were  s i m i l a r  to those for  U9 
in spi te  of the d i f fe rence  in the r e in fo rcemen t  (fall f ac to r  6.5). Waves propagat ing  from pla te  B produced 
m o r e  m a r k e d  s t r e s s  concent ra t ion  at  the points  of t r ans i t i on  to the r e in fo rcemen t ,  so the c racks  formed 
and grew sore ewhat e a r l i e r  than for  U9. An impor tan t  pa r t  in the fa i lu re  is  p layed  by the d ispos i t ion  of the 
r e in fo r cemen t  r e l a t i ve  to the wave in t e r f e r ence  zone, which to a l a rge  extent de t e rmines  the c r ack  growth 
r a t e  and hence the joint  s t r eng th .  In the case  of U7, the f i l le t  reduces  the sharp  t rang i t ions  and improves  
the root  geor~etry,  which produces  a m o r e  favorable  s ta te  of s t r e s s .  
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Fig. 4 

The resul ts  fo r  U8 indicated that a very unfavorable geometry  is present ,  in spite of the bilateral  
re inforcement ,  and this leads to a ve ry  high s t r e s s  concentration on the internal edge, which makes i tself  
par t icu lar ly  felt when waves propagate from point A (Fig. 3b). The reason is that a dihedral angle close 
to 90 ~ is formed on the internal edge, and this resul ts  at a certain loading level in fai lure even in the 
incident wave. Results show that fai lure occurs  mainly as in Fig. 3c o r  in the reflected wave at points 
where the joint section changes sharply.  

The U5 joints were  the best  as regards  dynamic strength.  The shape of these does not set up failure 
conditions on the outside edge, although the inner one remains  hazardous (Fig. 3d). No shat ter  effects are  
seen for  this type. 

The resul ts  indicate that diffraction and in ter ference  in s t ress  waves are  responsible for  the state 
of s t r e s s  i n such  joints; in the general  case,  the s t r e s s  waves interact  with the geometry  in a way equivalent 
to diffraction to the corners  formed by the planes of the plates and the surface of the metal  fillet. 
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