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The m e c h a n i s m  of the shea r  mode of duct i le  f r a c t u r e  has been  inves t iga ted  in sheet  t en-  
s i l e  spec imens  of an ~ b r a s s  conta in ing  few inc lus ions .  The techniques  of opt ical  me ta l -  
lography,  scann ing  e lec t ron  mic roscopy  and t r a n s m i s s i o n  e l ec t ron  mic roscopy  of both 
th in  foils  and r ep l i ca s  were  a l l  used in o r d e r  to obta in  as complete  a p ic tu re  of the f r a c -  
tu re  m e c h a n i s m  as  poss ib le .  It was found that a zone of shea r  deformat ion ,  made up of 
many in tense  shea r  bands ,  developed a c r o s s  the spec imen  neck and f r ac tu r e  o c c u r r e d  
within this zone along the shear  bands .  These  she a r  bands cons i s ted  of m a t e r i a l  with a 
f ine subgra in  s t r u c t u r e .  No voids were  found in the necked r eg ion  of e i the r  de formed  or 
f r a c tu r ed  spec imens  yet the f r ac tu r e  su r f aces  were  covered  with elongated d imples .  It 
is  the re fore  sugges ted  that the d imples  on the f r a c t u r e  su r face  a re  not a p r e c u r s o r  of 
the f r a c t u r e  but fo rm only dur ing  the f ina l  p r o c e s s  of sepa ra t ion .  

DUCTILE f r ac tu r e  of c o m m e r c i a l  meta l s  and a l loys  
involves two bas ic  modes,  the f ibrous  mode and the 
shear  mode.  F ib rous  f r ac tu r e  is c h a r a c t e r i z e d  by the 
fo rma t ion  and growth of voids f rom nonmeta l l i c  in-  
c lus ions  or  second phases  leading to a f r a c t u r e  s u r -  
face covered  with equiaxed d imples .  The m e c h a n i s m  
of this type of f r ac tu re  is  f a i r ly  well  unders tood.  1,2 
The shear  mode of duct i le  f r ac tu re ,  on the other  hand, 
gives r i s e  to f r ac tu r e  su r f aces  covered with s t rong ly -  
o r ien ted  parabol ic  d imples .  The m e c h a n i s m  by which 
this  type of f r ac tu r e  occurs  is  not so well  unders tood,  
p a r t i c u l a r l y  for  some c l a s se s  of m a t e r i a l s .  

The shea r  mode of duct i le  f r ac tu r e  occur s  in a n u m -  
be r  of d i f fe rent  s i tua t ions  including the ou te r  por t ion  
of cup-cone f r a c t u r e s ,  the t ens i l e  f r a c t u r e  of sheet  
m a t e r i a l s  and the f r ac tu r e  of some m a t e r i a l s  under  
hydros ta t ic  p r e s s u r e .  A gene ra l  model  for  this  type 
of f r a c t u r e  has been proposed 2 which involves  the 
development  of zones  of heavy shear  de fo rmat ion  
within which sheets  of voids form,  followed by f r ac tu r e  
due to the axial  t ens i l e  s t r e s s .  No specif ic  m e c h a n i s m  
for  the fo rma t ion  of the la rge  n u m b e r  of voids within 
the shear  zone was suggested  by the model .  

The fo rma t ion  of these voids can be s a t i s f ac to r i l y  
explained in t e r m s  of nuc lea t ion  at i nc lus ions  for  ma-  
t e r i a l s  which contain many s m a l l  i nc lus ions ,  such as 
i n t e rna l ly  oxidized copper a l loys  3 and a l u m i n u m  a l -  
loys .4 Addi t ional  f ea tu res  of this  type of f r a c t u r e  
which have become apparen t  f rom s tudies  of these  ma-  
t e r i a l s  a re  that, where the re  is a s t rong  inc lus ion -  
ma t r ix  in te r face ,  such as in a l u m i n u m  al loys ,  voids 
develop only jus t  p r i o r  to f r ac tu r e  and that,  in  any 
case,  void coa lescence  occurs  rapidly and only c lose  
to the f r a c t u r e  path. 

The m e c h a n i s m  of fo rma t ion  of sheets  of voids in 
i n c l u s i o n - f r e e  m a t e r i a l  has not been s tudied in deta i l .  
A n u m b e r  of s tudies  have been made of the p rob lem of 
nuc lea t ion  of voids in the absence  of inc lus ions  which 
suggest  that c racks  could fo rm at g ra in  bounda r i e s  
due to d i s loca t ion  p i l e -up  5 or by c lu s t e r i ng  of vacan-  
cies produced by moving d i s loca t ions .  6 Also,  c rack  
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propagat ion  in s ing le  c r y s t a l s  of high pur i ty  has been  
shown to develop by coa le scence  of c ry s t a l l og raph ic  
holes in the r e o r i e n t e d  m a t e r i a l  fo rmed  in the necked 
reg ion .  7 It s e e m s  unl ike ly  however  that any of these  
m e c h a n i s m s  could account  for  the fo rma t ion  of sheets  
of voids in po l yc r y s t a l l i ne  m a t e r i a l  sub jec ted  to the 
ve ry  la rge  s t r a i n s  which exis t  in a zone of heavy 
shear  de format ion .  

The p r e s e n t  paper  d e s c r i b e s  an examina t ion  of the 
shea r  mode of duct i le  f r a c t u r e  in me ta l s  r e l a t i ve ly  
f ree  f rom fine inc lus ions .  The m a t e r i a l  chosen for  
study was a c o m m e r c i a l  pur i ty  ~ b r a s s .  The tech-  
n iques  of opt ica l  meta l lography ,  scann ing  e l ec t ron  
mic roscopy  (SEM) and t r a n s m i s s i o n  e l ec t ron  m i c r o -  
scopy (TEM) of both thin foi ls  and r ep l i ca s  were  
used in o r de r  to obta in  as comple te  as poss ib le  a 
p ic tu re  of the shear  f r a c t u r e  and of the p r o c e s s e s  
leading  to it .  

MATERIALS AND METHODS 

The m a t e r i a l  used was an ot b r a s s  of compos i t ion  
70.1 wt pct Cu and r e m a i n d e r  Zn  with t r ace  i m p u r i -  
t i e s  only, o r ig ina l ly  in the f o r m  of 13 m m  thick hot 
ro l l ed  pla te .  This  b r a s s  conta ined a few e l l ip t i ca l  
ZnS inc lus ions ,  about 3 0 / m m  2, which were  v i s ib le  
under  the opt ica l  m i c r o sc ope .  The average  s ize  of 
these  inc lus ions  was 2.6 ~ m  by 1.2 ~tm with the l a r g e r  
d i me ns i on  p a r a l l e l  to the ro l l i ng  p lane .  F la t  t ens i l e  
spe c i me ns  with round th readed  ends were  machined  
f rom the midsec t ion  of the pla te  so that the gage 
c r o s s - s e c t i o n  of 10 m m  × 0.65 mm lay p a r a l l e l  to 
the ro l l i ng  plane and the 20 m m  gage length was 
p a r a l l e l  to the ro l l ing  d i r ec t ion .  Sheet t ens i l e  spec i -  
mens  were  used because  p rev ious  work 8 has shown 
that  such s p e c i m e n s  f r a c t u r e  en t i r e ly  by the shear  
mode.  Spec imens  of this  geomet ry  were  a lso  con- 
ven ien t  for obta in ing  TEM s p e c i m e n s .  

The s p e c i m e n s  were  de fo rmed  in an I n s t r on  t ens i l e  
machine  usua l ly  at a de fo rma t ion  ra te  of 0.5 m m / m i n  
although some  spe c i me ns  were  deformed  more  slowly 
so that de ta i l s  of the l oad -ex t ens ion  curves  could be 
s tudied.  In some cases  the de fo rma t ion  was con-  
t inued unt i l  comple te  s epa ra t i on  of the s p e c i m e n  had 
o c c u r r e d  whi ls t  in o thers  the de fo rmat ion  was stopped 
p r i o r  to th is .  
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Detai led opt ica l  mic roscopy  of some of these  de- 
fo rmed  s p e c i m e n s  was c a r r i e d  out by examin ing  longi-  
tudina l  sec t ions  pe rpend i cu l a r  to the wide faces  at a 
n u m b e r  of pos i t ions  a c r o s s  the spec imen  width. In 
tfiis way the de ta i l s  of the mac roscop ic  development  
of the de fo rma t ion  and f r a c t u r e  could be followed. The 
f r a c t u r e  s u r f a c e s  of some  spec imens  were  examined  
us ing  SEM and TEM of two-s tage  ca rbon  r ep l i c a s .  The 
SEM s tudies  were  usefu l  for  gaining an ove ra l l  p ic tu re  
of the topography of the f r a c t u r e  su r f aces  whils t  r ep l i -  
cas were  usefu l  for looking at fine de ta i l s .  TEM 
s tudies  at 100 kV were  made of thin foi ls  taken f rom 
both f r ac tu red  and highly deformed s p e c i m e n s .  In the 
case  of the highly deformed  spec imens  3 mm diam 
d i scs  for th inn ing  were  s p a r k - m a c h i n e d  f rom the 
cen te r  of the necked reg ion .  F r a c t u r e d  s p e c i m e n s  
were  f i r s t  e lec t rop la ted  with a thick layer  of copper 
then d iscs  were  s p a r k - m a c h i n e d  so that the f r ac tu r e  
edge was approx imate ly  in the cen t re  of the d i sc .  
F i n a l  th inning was done in both cases  by e l ec t ro -  
pol i sh ing  in the c h r o m i u m  t r i o x i d e / a c e t i c  ac id  so lu-  
t ion  desc r ibed  in Ref. 9. The d i s t ances  of examined  
a r e a s  in f r a c t u r e d  s p e c i m e n s  f r o m  the f r a c t u r e  edge 
were  a s c e r t a i n e d  f rom opt ica l  m ic rog raphs  of the 
thinned d i s c s .  It was found that  d i scs  could be r e -  
peatedly e lec t ropo l i shed  unt i l  thin a r e a s  were  ob- 
ta ined  c lose  to the f r a c t u r e  edge. 

RESULTS 

a) Load -Ex tens ion  Data 

The m a t e r i a l  was quite duct i le ,  having an e longa-  
t ion  to f r a c t u r e  of be tween 100 and 130 pct on the 20 
m m  gage length.  Necking began at an e longat ion about 
10 pct l ess  than the f r ac tu r e  e longat ion.  After  neck-  
ing had s t a r t ed  the load began to d e c r e a s e  gradua l ly  
but  this  was followed by a rap id  drop in load when 
f r a c t u r e  s t a r t ed .  The load-ex tens ion  curve of a spec i -  
men s t r a ined  at a lower ra te  than usua l  (0.05 mmY 
min) showed that  the rap id  load drop ac tua l ly  o c c u r r e d  
in about s ix sha rp  s teps  with most  of the e longat ion 
o c c u r r i n g  be tween these  s teps  under  condi t ions  of 
g radua l ly  d e c r e a s i n g  load. At this  late s tage of the 
tes t  the de fo rmat ion  could be stopped be tween  any of 
the sha rp  s teps  in load but not dur ing  them.  

b) Opt ical  Meta l lography 

Examina t ion  of longi tudinal  sec t ions  pe rpend icu la r  
to the wide faces  of s t r a ined  spec imens  showed that a 
b road  neck began  to develop a f te r  a un i fo rm reduc t ion  
in th ickness  of about 37 pct.  Th i s  neck developed by 
gene ra l  de fo rmat ion  unti l  the spec imen  th ickness  was 
reduced  by approx imate ly  55 to 60 pet.  At this s tage 
the de fo rmat ion  became  loca l ized  into a zone of shear  
de fo rmat ion  extending a c r o s s  the spec imen  neck.  This  
zone contained many roughly p a r a l l e l  bands of shea r  
de fo rma t ion  (see Fig .  1). The  width of the indiv idual  
da rk  etching bands  was about 0.7 ~m.  

At pos i t ions  within the s p e c i m e n s  where  the r e -  
duct ion in  th ickness  exceeded 60 pct a well  developed 
f r a c t u r e  had usua l ly  occu r r ed .  Such f r a c t u r e s  f i r s t  
o c c u r r e d  nea r  the cen te r  of the spec imen  width and 
i nva r i ab ly  they o c c u r r e d  within the shear  zone.  Fig .  
i shows an ea r ly  s tage of the f r a c t u r e .  The mat ing  

Fig. 1--Optical micrograph of longitudinal section perpendi- 
cular to the wide face of a deformed specimen showing the 
beginning of fracture. 

su r f aces  were  often quite wide apar t  indica t ing  that 
some elongat ion had occur red  a f te r  the i r  fo rmat ion .  
Longi tudina l  sec t ions  away f rom the cen te r  of the 
s p e c i m e n  width showed that the f r a c t u r e  consis ted  
of two or more  por t ions  of d i f fer ing c rack  width indi -  
ca t ing  that f r ac tu r e  spread  toward the spec imen  edges 
in a number  of d i s c r e t e  s tages .  

The zones of she a r  de format ion  and the subsequent  
f r a c t u r e  appear  to occur  independent ly  of the inc lu-  
s ions  in the m a t e r i a l  s ince  it was r a r e  for  sec t ions  of 
zones  to contain an inc lus ion .  In the ve ry  few in-  
s t ances  when a shea r  zone passed  through an inc lu-  
s ion the inc lus ion  was broken  into a n u m b e r  of p ieces  
and voids exis ted  between these p ieces .  An impor t an t  
f ea tu re  of the shear  zones was that no optical ly v i s i -  
ble  voids were  found in the zones  in e i ther  deformed 
or f r ac tu red  spec imens ,  except at the r a r e  inc lus ions .  
Any such voids mus t  t he re fo re  fo rm only along the 
f r a c t u r e  path very  late in the de fo rmat ion .  

c) Studies of the F r a c t u r e  Surfaces  

Studies of ca rbon  r ep l i ca s  of the f r ac tu r e  su r faces  
us ing  the TEM showed that the su r f ace s  were covered  
with shallow d imples .  The ma jo r i ty  of these  d imples  
were  elongated and had a parabo l ic  out l ine as shown 
in Fig .  2. This  appearance  is typ ica l  of the shear  
mode of f r a c t u r e .  Occas iona l ly  the f r a c t u r e  su r f aces  
contained isola ted  l a r g e r  d imples  which were  more  
equiaxed and appeared  to contain r e m n a n t s  of pa r t i -  
c les .  These  were  probably  the voids which formed at 
i nc lus ions .  An impor tan t  fea ture  of the f r ac tu r e  s u r -  
faces  was that no i m p r i n t s  of pa r t i c l e s  could be 
found at the roots  of the elongated d imples  (see Fig.  
2). Th i s  obse rva t ion ,  together  with the fact that the 
d imple  densi ty  of approx imate ly  5 × 10S/mm 2 was 
s e v e r a l  o r d e r s  of magnitude higher  than the inc lus ion  
densi ty ,  show that the major i ty  of elongated d imples  
were  not nuclea ted  at inc lus ion  p a r t i c l e s .  

S t e r e o - p a i r s  of SEM mi c r og r a phs  of the f r ac tu r e  
s u r f a c e s  proved ve ry  useful  for s tudying f r ac tu re  
su r f ace  geomet ry .  Such s t e reo  m i c r o g r a p h s  revea led  
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Fig. 2--Electron micrograph of two-stage carbon replica 
from fracture surface showing elongated dimples with no im- 
prints of parent inclusions. 

that, on a local  sca le ,  the f r ac tu r e  su r f ace s  were  
made up of a n u m b e r  of roughly p a r a l l e l  p lanes  a few 
d imples  wide jo ined by shor t  f e a t u r e l e s s  r eg ions  at 
approx imate ly  r ight  angles  to these  p lanes ,  as  shown 
in Fig.  3. Also,  s t e r e o - p a i r s  f rom ma tch ing  r eg ions  
of the f r a c t u r e  s u r f a c e s  of the two halves  of a f r a c -  
tu red  s p e c i m e n  showed that in gene ra l  the d imples  
pointed in  opposite d i r ec t ions  ind ica t ing  that  these  
d imples  fo rmed  in a shea r  m a n n e r .  

d) T r a n s m i s s i o n  E lec t ron  Microscopy  

Thin  foils  were  p r e p a r e d  f rom both deformed  and 
f r a c t u r e d  s p e c i m e n s  f rom un i fo rmly  s t r a i n e d  reg ions ,  
necked r eg ions  and reg ions  nea r  the f r a c t u r e  su r face .  
Mic rographs  f rom un i fo rmly  s t r a ined  r eg ions  showed 
that this  r eg ion  contained many d i s loca t ions  and s tack-  
ing fau l t s .  Fo i l s  f r o m  c lose r  to the necked  r eg ion  

contained an i n c r e a s i n g  n u m b e r  of de format ion  twins .  
Mic rographs  f rom reg ions  within the neck of spec i -  

mens  were  found to conta in  th ree  types  of d e f o r m a -  
t ion s t r u c t u r e ,  a l l  of which often o c c u r r e d  within c lose  
p rox imi ty  of one ano ther .  A few a r e a s  conta ined a 
dense  d i s loca t ion  s t r u c t u r e  whils t  o ther  a r e a s  con- 
ta ined  many c lose ly  spaced de fo rmat ion  twins .  How- 
ever ,  mos t  of the thin a r e a s  f r o m  within the necked 
reg ion  had a s t r u c t u r e  cons i s t ing  of fine subg ra in s  of 
re la ted  o r i en ta t ion .  A r e a s  of this  s t r u c t u r e  were  most  
c l ea r ly  r ecogn ized  f rom the i r  d i f f rac t ion  p a t t e r n s  
which cons i s t ed  of a r c e d  r eg ions  making up sec t ions  
of a r i ng  p a t t e r n  as shown in the d i f f rac t ion  pa t t e rns  
of Fig.  4. The appea rance  of m i c r o g r a p h s  f rom these  
a r e a s  v a r i e d  cons ide rab ly ,  but two main  types of 
s t r u c t u r e  were  found. One cons i s t ed  of i r r e g u l a r  
light and da rk  r eg ions  as shown in Fig .  4(a) whi ls t  the 
other  cons i s t ed  of s t rong ly  banded reg ions  as shown in 
Fig.  4(b). The d a r k e r  a r e a s  of both of these  types  of 
appearance  usua l ly  contained the fine f r i n g e - l i k e  sub-  
s t r u c t u r e  v i s ib l e  in Fig .  4. T u r l e y  9 has found s i m i l a r  
s t r u c t u r e s  in ~ b r a s s  ro l l ed  to reduc t ions  g r e a t e r  
than 70 pct and has e s t ab l i shed  that they a r e  reg ions  
of f ine subgrains.10 

In f r ac tu red  s p e c i m e n s  the p ropor t ion  of f ine sub-  
g ra in  s t r u c t u r e  i n c r e a s e d  as the f r a c t u r e  su r face  was 
approached unt i l ,  in  r eg ions  l e s s  than about 0.05 m m  
f rom the f r a c t u r e  su r f ace ,  v i r t ua l l y  a l l  of the mate -  
r i a l  cons i s ted  of this  f ine s u b g r a i n  s t r u c t u r e .  

These  r e s u l t s  sugges t  that  the reg ions  of s u b g r a i n  
s t r u c t u r e  obse rved  by TEM might  co r r e spond  to the 
dark  e tching she a r  bands  obse rved  opt ical ly  s ince  the 
subgra in  s t r u c t u r e ,  l ike the shea r  bands ,  o c c u r r e d  
only within the necked r eg ion  close to the f r a c t u r e  
su r face .  S t ronge r  evidence  for  this  a s s e r t i o n  was ob- 
ta ined  when some  la rge  th in  a r e a s  about 0.3 m m  
f rom the f r a c t u r e  su r f ace  were  examined .  These  
a r e a s  were  made up of qui te  wide zones  conta in ing 
many p a r a l l e l  de fo rmat ion  twins  bounded by quite  

Fig. 3--Stereo pair of scanning electron mierographs of fracture surface showing that the dimples occur on many roughly 
parallel planes. 
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(a) (b) 
Fig. 4--Transmission electron mlcrographs from within the necked region of a specimen showing the two types of appearance 
associated with regions of fine subgrain structure; (a) irregular light and dark regions, (b) strongly banded regions. 

n a r r o w  zones  (about 0.5 ~m wide) with a l e s s  ea s i l y  
i n t e r p r e t a b l e  s t r u c t u r e .  Such an a r e a  is shown in Fig .  
5. When the n a r r o w  zones  w e r e  examined  at h igher  
magni f ica t ion  they w e r e  found to cons i s t  of diffuse 
l i gh t e r  and d a r k e r  r eg ions  t yp i ca l  of the subgra in  
s t r u c t u r e .  Se lec ted  a r e a  d i f f rac t ion  pa t t e rns  f r o m  the 
n a r r o w  zones  a lways  cons i s t ed  of a r c e d  sec t ions  of a 
r i n g  pa t te rn ,  s i m i l a r  to those  in F ig .  4. The d i s t ance  
of these  r eg ions  f r o m  the f r a c t u r e  su r f ace  was about 
that  at which s h e a r  bands began to appear  in op t ica l  
m i c r o g r a p h s .  It t h e r e f o r e  is  v e r y  l ikely that the s h e a r  
bands o b s e r v e d  op t ica l ly  a r e  r eg ions  of subgra in  
s t r u c t u r e .  

Although many a r e a s  w e r e  examined  in t r a n s m i s -  
s ion  dur ing  the c o u r s e  of th is  work,  no inc lus ions ,  
o ther  than the few l a rge  ones v i s i b l e  opt ical ly ,  w e r e  
found. S i m i l a r l y ,  no voids were  found in any of the 
th in  a r e a s ,  even  those  a r e a s  which w e r e  within only 
0.05 m m  of the f r a c t u r e  s u r f a c e .  

DISCUSSION 

A model of the sequence of events leading to the 
shear mode of ductile fracture in this material can 
now be developed as follows. After the specimen 
necks  a zone  of s h e a r  d e f o r m a t i o n  deve lops  p a r a l l e l  
to one of the two planes  of m a x i m u m  s h e a r  s t r e s s .  
The  d e f o r m a t i o n  in th is  s h e a r  zone p r o c e e d s  by the 
f o r m a t i o n  of many n a r r o w  bands of in tense  s h e a r .  
T h e s e  bands a r e  in fact  r e g i o n s  of m a t e r i a l  with a 

Fig. 5--Transmission electron micrograph of region away 
from fracture surface showing wider regions containing twins 
bounded by narrow regions of fine subgrain structure. 

f ine subgra in  s t r u c t u r e  which f o r m  s e p a r a t e l y  and 
roughly  p a r a l l e l  to one another .  As the de fo rma t ion  
p r o c e e d s ,  the m a t e r i a l  towards  the c e n t e r  of the 
s h e a r  zone becom es  a l m o s t  to ta l ly  made up of these  
bands .  Evident ly  the amount  of s t r a i n  that  can be 
a c c o m m o d a t e d  by a s ing le  band is l im i t ed  s ince  many 
bands develop and the number  i n c r e a s e s  with d e f o r m a -  
t ion .  

F r a c t u r e  o c c u r s  a long the shea r  bands and the 
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f r a c t u r e  s u r f a c e  is  m a d e  up of e l o n g a t e d  d i m p l e s .  
T h e  f r a c t u r e  s u r f a c e  c o n s i s t s ,  on  a l o c a l  s c a l e ,  of  
s e c t i o n s  on a n u m b e r  of  r o u g h l y  p a r a l l e l  p l a n e s  so  
t h a t  t he  f r a c t u r e  p a t h  m u s t  f r e q u e n t l y  m o v e  b e t w e e n  
s h e a r  b a n d s .  S i n c e  no v o i d s  w e r e  found  e x c e p t  t he  
e l o n g a t e d  h a l f - v o i d s  on t h e  f r a c t u r e  s u r f a c e ,  t he  f o r -  
m a t i o n  of  s u c h  v o i d s  c a n n o t  b e  a p r e c u r s o r  to  f r a c t u r e  
bu t  m u s t  b e  p a r t  of t he  f r a c t u r e  p r o c e s s .  T h e  s h e a r  
m o d e  of d u c t i l e  f r a c t u r e  in  ~ b r a s s  in  s h e e t  f o r m  
t h e r e f o r e  d i f f e r s  f r o m  t h a t  s u g g e s t e d  by  t h e  v o i d -  
s h e e t  m o d e l  2 in  t h a t  no v o i d s  a r e  f o r m e d  p r i o r  to  t h e  
a c t u a l  f r a c t u r e .  T h e  f r a c t u r e  s p r e a d s  a c r o s s  t h e  
s p e c i m e n  w i d t h  in  d e f i n i t e  m a c r o s c o p i c  s t a g e s  a s  
b o r n e  out  by  b o t h  t h e  s h a r p  d r o p s  in  l oad  o b s e r v e d  and  
by the  o b s e r v a t i o n  t h a t  t h e  f r a c t u r e  c o n t a i n s  p o r t i o n s  
of d i f f e r e n t  w i d t h s .  

T h e  h igh ly  l o c a l i z e d  b a n d s  of s h e a r  d e f o r m a t i o n  
d e s c r i b e d  a b o v e  h a v e  b e e n  found  to  o c c u r  p r i o r  to 
t e n s i l e  f r a c t u r e  in a n u m b e r  of m a t e r i a l s  and  in  a 
n u m b e r  of  s p e c i m e n  g e o m e t r i e s .  T h e y  o c c u r  in  r o u n d  
c r o s s - s e c t i o n  s p e c i m e n s  of c o p p e r  11 and  b r a s s  ~2 
t e s t e d  u n d e r  s u p e r i m p o s e d  h y d r o s t a t i c  p r e s s u r e  and  
a l s o  in  s h e e t  s p e c i m e n s  of  c o p p e r  and  ~-/3 b r a s s  8 
t e s t e d  a t  b o t h  r o o m  p r e s s u r e  a n d  h igh  p r e s s u r e s .  T h e  

p r e s e n t  r e s u l t s  s u g g e s t  t h a t  t h e s e  b a n d s  a r e  r e g i o n s  
of  f i n e  s u b g r a i n  s t r u c t u r e .  U n d e r  c o n f i n i n g  p r e s s u r e s  
b e t w e e n  r o o m  p r e s s u r e  and  a c r i t i c a l  p r e s s u r e  (which  
d e p e n d e d  on  t h e  m a t e r i a l )  t h e  f o r m a t i o n  of b a n d s  w a s  
f o l l o w e d ,  a s  in  t h e  p r e s e n t  c a s e ,  by  an  e l o n g a t e d  d i m -  
p l e  t y p e  f r a c t u r e .  A t  p r e s s u r e s  g r e a t e r  t h a n  t h e  c r i t i -  
c a l  one  h o w e v e r  a l l  v o i d  f o r m a t i o n  w a s  s u p p r e s s e d .  
In  s u c h  c a s e s  m a n y  m o r e  s h e a r  b a n d s  d e v e l o p e d  and  
f r a c t u r e  f i n a l l y  o c c u r r e d  at  a c h i s e l - p o i n t f  '11 
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