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FLEXURE TESTING OF COMPACTED RECTANGULAR BEAMS 
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The bonding t h a t  occurs  when a p r e s s u r e  is a p p l i e d  t o  a pharmaceut ical  powder i s  
o f t e n  a s s e s s e d  by determining the mechanical p r o p e r t i e s  of  t h e  r e s u l t a n t  specimens. 
The d i a m e t r a l  compression test  ( F e l l  & Newton 1970) h a s  found wide a c c e p t a b i l i t y  
f o r  t h i s  purpose, l a r g e l y  because of the ease with which c y l i n d r i c a l  specimens 
are t e s t e d .  However, t h i s  t e s t  method does have some l i m i t a t i o n s  and 
disadvantages.  F i r s t l y ,  t h e  specimens a r e  subjec ted  t o  a complex system of  
stresses, and secondly,  it is  very d i f f i c u l t  t o  measure t h e  s t r a i n  corresponding 
t o  t h e  t e n s i l e  stress. Consequently, it i s  n o t  easy  t o  e s t a b l i s h  the stress- 
s t r a i n  r e l a t i o n s h i p  and t h e  Young's Modulus of t h e  material .  

The s t r e s s - s t r a i n  behaviour of  materials i s  o f t e n  determined by a u n i a x i a l  t e n s i l e  
t es t ,  b u t  t h i s  technique i s  u n s u i t a b l e  f o r  b r i t t l e  powder compacts. A more 
acceptab le  procedure i s  t h e  f l e x u r e  o r  bending tes t .  Three-point f l e x u r e  tests 
have been suggested previous ly  f o r  c y l i n d r i c a l  t a b l e t s  (David & Augsburger 1974) .  
However, as f o r  t h e  three-poin t  bending of  r e c t a n g u l a r  beams, t h e  induced t e n s i l e  
stress i s  non-uniform. I n  four -poin t  bending (see diagram),  t h e  lower s u r f a c e  
between t h e  t w o  i n n e r  c o n t a c t  p o i n t s  experiences  a uniform t e n s i l e  stress. 

I t  can be shown t h a t  the t e n s i l e  stress, u ,  and 
t h e  a s s o c i a t e d  s t r a i n ,  E, a r e  g iven  by 

6Pa 46h 
a = =  a n d ~ = 7  1 

where 6 i s  t h e  v e r t i c a l  displacement  of  t h e  mid- * p o i n t  of t h e  beam, and h and b are t h e  h e i g h t  and 
P p breadth  of t h e  beam r e s p e c t i v e l y .  

Rectangular  beams have been prepared by compressing dry  Avicel  PH-101 powder a t  
known f o r c e s  on an I n s t r o n  Tes t ing  Machine (Model 1195) using s ingle-ended 
compaction i n  a punch and d i e  system a t  a r a t e  of  5 mm min-l. Their dimensions 
were 100 mm by 10 mm by b mm where b depends upon t h e  f o r c e  a p p l i e d  and t h e  
weight  o f  powder compressed. The t a b l e  below shows mean va lues  of d a t a  obta ined  
a f t e r  t h e  beams were subjec ted  t o  four-point  bending us ing  t h e  I n s t r o n  1195 and 
a crosshead speed of  0.5 mm min-l. 

Compaction Mean F r a c t u r e  Mean Frac ture  Younj's Modulus N u m b e r  of  
Pressure  MNm-2 S t r e s s  MNm-2 S t r a i n  ( X 1 0 - 3 )  (x10 ) MNm-2 specimens t e s t e d  

25 3.88 8 . 2 3  0.84 4 
30 5.16 6.94 1.10 5 
35 5.86 6.61 1 .16  2 
40 8.32 7.45 1.44 7 
50 12.77 8 .oo 1.91  4 

The s t r e s s - s t r a i n  r e l a t i o n s h i p s  showed l i n e a r i t y  only  f o r  low stresses, and t h e  
Young's Modulus va lues  g iven  w e r e  es t imated  from t h i s  l i n e a r  reg ion .  The d a t a  
demonstrates that  t h e  f r a c t u r e  stress and Young's Modulus are dependent on t h e  
compaction p r e s s u r e  used t o  prepare  t h e  beam. However, t h e r e  is no obvious t r e n d  
f o r  f r a c t u r e  s t r a i n ,  a l though more d a t a  i s  needed t o  confirm t h i s  observa t ion .  
I t  i s  clear t h a t  this approach can provide u s e f u l  in format ion  about  t h e  mechanical 
p r o p e r t i e s  of pharmaceut ical  compacts and i n  f u t u r e  s t u d i e s  o t h e r  materials w i l l  
be  eva lua ted  and comparisons made wi th  the  d iamet ra l  compression test .  
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