
spl i t t ing or de lamina t ion  in the plane of the sheet if the 
tes t ing  speed is rapid  enough and the tes t ing  t e m p e r a -  
tu re  is  low enough. This  occurs  because  the th ickness  
of the above-men t ioned  (100)[011] pancake-shaped  
l ayer  sh r inks  three  to four t i m e s  more  than the th ick-  
ness  of the adjacent  (111) mat r ix .  Also, the induced 
t ens i l e  force  in  the th ickness  d i rec t ion  ac t ing  upon the 
(100) plane of the (100)[011] component,  which is the 
c leavage plane of bcc m a t e r i a l s ,  can cause spl i t t ing in 
thick sect ions  because  the cons t r a in t  imposed by thick 
sect ions  p reven t s  roping f rom occur r ing .  The detai l  
ana lys i s  will be the subject  for this  w r i t e r ' s  next  
paper .  Should the th ickness  of the (100)[011] c o m -  
ponent  r e m a i n  equal to the through th ickness  of the 
sheet,  de lamina t ion  would not oceur  in any m e c h a n i -  
cal  t es t  and roping would not be cor ruga ted  in ap- 
pearance ;  instead,  it  would appear as a l te rna te  v a r i a -  
t ions  in th ickness  or grooving.  
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s i m i l a r  tex ture  such as  (111)[01"1] ). The longi tudinal  
s t r a i n  at which buckl ing ensues  wil l  depend on how 
pronounced the tex ture  va r i a t ion  is, as  d i scussed  p r e -  
v ious ly .  3 

The r e m a r k s  conce rn ing  de lamina t ion  and cleavage 
a re ,  again, very  in te res t ing .  Hopefully, well  defined 
ev idence  for  the cause-e f fec t  r e l a t i onsh ips  wi l l  be 
fo r thcoming  in future  publ ica t ions .  

The plast ic  buckl ing model  was  set forth as  a spe-  
cific mechan ica l  explanat ion for roping.  Unlike other  
models,  it is cons i s t en t  with the observed  tex ture  
mixes  a n d  with the undulat ing or  cor ruga ted  morpho l -  
ogy. To be sure ,  the buckl ing  model  may wel l  ove r -  
s impl i fy  the phys ica l  behavior .  Nonetheless ,  quan t i t a -  
t ive p ro jec t ions  show it to be cons i s t en t  with observed 
r a t io s  of co r ruga t ion  width to sheet  th ickness ,  3 with 
obse rva t ions  on the m i n i m u m  rol l ing  d i rec t ion  s t r a in  
needed for buckling, 3 and with the effects  of t ens i l e  
axis  var ia t ion .  4 
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Author's Reply 
ROGER N. WRIGHT 

H-C. Chao was the f i r s t  to demons t r a t e  con-  
e lus ive ly  a c o r r e l a t i o n  between the roping  phenomenon 
and a tex ture  mix I and, thus, his c o m m e n t a r y  is mos t  
welcome.  Nonetheless ,  the a r g u m e n t s  se t  for th in Fig.  
1 of his d i s cus s ion  seem se l f - con t rad ic to ry .  The 
r - v a l u e  ca lcula t ions ,  p e r  s e ,  are  accura te  and c o n s i s -  
tent  with the p rev ious  work. 1-3 The p rob lem l ies  in the 
ove ra l l  (111)[11~ ma t r ix  deformat ion  impl ic i t  in Fig.  
l (b ) .  It appears  in the F igure  that the ma t r ix  m a t e r i a l  
at the ends of the slot  is somehow not deforming when, 
in fact, it would be exper ienc ing  the same  E y  as  the 
m a t r i x  m a t e r i a l  at the s ides  of the slot. Moreover,  it 
i s  of course  the s t r a in  of the ma t r ix  m a t e r i a l  at the 
slot  ends which con t ro l s  Gapf. In short ,  the en t i re  
sheet  of (111)[115] m a t e r i a l  should be dec reas ing  in 
width with t ens i l e  s t r a in ing  and the slot mus t  d e c r e a s e  
in width with the m a t r i x  sheet .  Th i s  behav io r  has been  
d i s cus sed  quant i ta t ive ly  in p rev ious  work 3' 4 and is  
fundamenta l  to the plas t ic  buckl ing model.  

Now the s lo t -end  ma t r ix  m a t e r i a l  cons t r a in t  shown 
in Fig. l ( b )  could be produced by t ens i l e  gr ip  effects.  
However  such c o n s t r a i n t s  should not be p resen t  in the 
t ens i l e  gage sec t ion  p roper  and not as  g e n e r a l  behavior  
in sheet forming  operat ions .  

The s ta tement  that the (100)[011] m a t e r i a l  cons i s t s  
of thin bands  with th i cknesses  wel l  below that of the 
sheet  is  in teres t ing ,  but unsubstant ia ted .  In any case ,  
a l l  that is r equ i red  for the buckl ing m e c h a n i s m  is that 
c e r t a i n  th rough- the - th i ckness  "bands" or sec t ions  be 
re lu t ive ly  r i ch  ~n (100)[011 ] tex ture  in  c o m p a r i s o n  to 
a ma t r ix  re la t ive ly  r ich  in (111)[117 texture  (or a 
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Difficulty of Coarsening of Silica 
Inclusions in Slowly and Rapidly 
Solidified Iron 

W. E. BROWER AND S. N. SINGH 

Inc lus ions ,  known to be d e t r i m e n t a l  to mechanica l  
p rope r t i e s ,  have, for example,  an espec ia l ly  s t rong  
effect on the duct i l i ty  of ro l led  products  in the shor t  
t r a n s v e r s e  d i rec t ion .  Four  va r i ab l e s  desc r ibe  in-  
c lus ion behavior  in f r ac tu re :  volume fract ion,  shape, 
s ize,  and na ture  of the inc lus ions .  It is  known that 
the volume f rac t ion of inc lus ions  should be min i -  
mized for  good duct i l i ty .  Although the shape factor  
is not well  understood,  spheres  a re  p re fe rab le  to 
angular  inc lus ions  to min imize  s t r e s s  concen t ra -  
t ions.  The na ture  of the inc lus ion  may effect the type 
of crack that fo rms  at the inc lus ion  s i te  dur ing  
f r ac tu re .  Brower  and Singh ~ have shown that sphe r i -  
cal  FeO inc lus ions  in  i ron  exhibit  both i n t e r n a l  c racks  
and m a t r i x - i n c l u s i o n  in te r face  decohesion.  SiO2 in-  
c lus ions  in i ron,  however,  exhibit  only m a t r i x - i n c l u -  
s ion decohesion.  Since c racks  a re  assoc ia ted  with 
inc lus ions  dur ing  deformat ion,  l a rge r  inc lus ions  r e -  
sul t  in l a r g e r  c racks  and lower duct i l i ty .  

This  work is concerned  with the control  of inc lu-  
s ion s ize .  Large  inc lus ions  may r e s u l t  e i ther  dur ing  
inc lus ion  fo rmat ion  and ma t r ix  sol id i f ica t ion or  dur -  
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