
CHAPTER 5

DISCUSSION

The boundary  p o t e n t i a l  s e t t i n g  o f th e  e x p e rim e n ts  a re  shown 
in  ta b le  1 -5 .  The com parison  betw een th e  f i t t i n g  e q u a tio n  and th e  
a n a l y t i c a l  e q u a tio n  o f th e  boundary  p o t e n t i a l  o f specim ens a re  
shown in  ta b le  6 . I t  i n d i c a t e s  th a t  th e  boundary p o t e n t i a l  s e t t i n g s  
a re  c lo s e d  to  th e  t h e o r e t i c a l  v a lu e s .  The cu rve  o f th e  f i t t i n g  
e q u a tio n  i s  th e  a v e ra g e  cu rv e  o f w hich th e  a c tu a l  v a lu e s  d e v ia te  
on b o th  s id e s  o f  th e  cu rv e  a re  e q u a l .  The cause  o f t h i s  e r r o r  i s  
due to  th e  boundary  p o t e n t i a l  b e in g  s u p p lie d  by a number o f p o in ts  
in s te a d  o f b e in g  s u p p lie d  c o n tin u o u s ly .

F i g .13-17 a re  th e  e q u ip o te n t i a l  l i n e s  on each  specim en 
o b ta in e d  d i r e c t l y  from th e  e x p e rim e n t, and th e  s h e a r  s t r e s s  l i n e s  
c o n s t ru c te d  by th e  method shown in  appen d ix  A.

5 . า E s ta b lis h m e n t o f r e l i a b i l i t y

S q u are  and r e c ta n g u la r  specim ens a re  s e le c t e d  to  v e r i f y  th e  
r e l i a b i l i t y  o f th e  equ ip m en t. They a re  d is c u s s e d  s e p a r a te ly  as 
fo l lo w e d :-

5 .1 .1  S quare  specim en

T ab le  7 ,8  and 9 a re  th e  p o t e n t i a l  on x ,y  axes and d ia g o n a l 
l i n e  o f f i g . 13 r e s p e c t i v e ly .  These v a lu e s  a re  used  f o r  c a l c u l a t i n g  
th e  sh e a r  s t r e s s  component by means o f th e  method o f l e a s t  sq u a re
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as shown in  append ix  A. The p o t e n t i a l s  and a l s o  th e  s h e a r in g  s t r e s s  
fu n c t io n s  on th e  c o - o rd in a te  a x e s ^ ’ ^ and th e  d ia g o n a l l i n e s  a re  
p lo t t e d  to  compare w ith  th e  a n a l y t i c a l  v a lu e s  in  f i g . า ร . The 
com parison  o f th e  sh e a r  s t r e s s e s  on c o - o rd in a te  ax es  and th e  d ia g o n a l 
l i n e s  a re  shown in  f i g . 19 .

C o n sid e r f i g . 18 , cu rve  (a )  i s  th e  p o t e n t i a l  (w hich  i s  a ls o  
th e  c o n ju g a te  fu n c tio n )  on c o - o rd in a te  a x i s .  The d e v ia t io n  i s  
in c re a s e d  as  i t  i s  c lo s e r  to  th e  o r i g i n .  The same e f f e c t  can be seen 
on th e  d ia g o n a l a x is  (c u rv e  ๖ ), n e v e r th e le s s  th e  e r r o r  i s  sm a ll and 
th e  r e s u l t  shows good ag reem en t. The same e r r o r  a l s o  happens on 
cu rve  (c )  and (d ) o f th e  s h e a r in g  s t r e s s  f u n c t io n ,  b u t i t  i s  n o t so 
much as on cu rve  (a )  and ( b ) .

On f i g .1 9 ,  th e  r e s u l t s  a g ree  w ith  th e  a n a l y t i c a l  v a lu e s  
e x cep t a t  th e  c o rn e r ,  th e  v a lu e  o f 'T ' วํ ร n e a r ly  2 .5  w h ile/H o c
a n a l y t i c a l l y  i t  sh o u ld  be z e ro . I t  i s  c o n s id e re d  t h a t  th e  in c rem e n t 
o f  p o t e n t i a l  o f  t h a t  re g io n  i s  v e ry  h ig h , j u s t  a l i t t l e  change o f 
s lo p e  c a u se s  a  la rg e  e r r o r  to  th e  r e s u l t .  So th e  e r r o r  may be due 
to  c a l c u l a t i o n .  S in c e  th a t  re g io n  i s  n e a r  th e  b o u n d ary , i t  i s  a ls o  
p o s s ib le  to  be a f f e c te d  by th e  e r r o r s  o f  th e  boundary  p o t e n t i a l

The c o n ju g a te  fu n c t io n s  on c o - o rd in a te  axes a re  v e ry  c lo se d  
to  th e  f i t t i n g * ร cu rve  o b ta in e d  from th e  v a lu e  on X and y a x e s , so 
th e  f i t t i n g  cu rve  i s  shown in  s te a d  o f th e  o b serv ed  p o in t ,

^ The sh e a r  s t r e s s  and th e  s h e a r in g  s t r e s s  fu n c tio n  on th e  
c o - o rd in a te  a x is  a re  th e  av erag e  o f th e  v a lu e s  on X and y a x e s .
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setting. So the error may be due to experiment too. This region covers 
about 1-2 % of the whole area of the specimen. Except this region, 
the remainder agrees with the analytical values.

To approximate the integral part of the torsional stiffness, 
the area of the square specimen was divided into several small 
squares as shown in fig»20 the corresponding value of the shearing 
stress function at the middle of the dividing squares are obtained by 
interpolation as shown in tablelS. To compare the maximum shear 
stress and the torsional stiffness, the CO-efficient (K,K̂ ) of 
e q . ( 2 .kj>) and e q , ( 2 , k k )  obtained experimentally and analytically are 
shown in table 23 .

The errbr of average maximum shear stress is 0 . 1 5  the 
greatest error obtained from hi-side is less than  ๆ %. The torsional 
stiffness obtained experimentally deviated from the approximated 
torsional stiffness within 1 %. The results are accurate enough for 
engineering purpose.

/
5.1.2 Rectangular specimen

The reliability of the equipment is verified again by the 
rectangular specimens. Table 10 and 11 are the potential on x-axis 
of fig.'ll and 15 respectively. From these values, the co-efficient K 
can be calculated for each specimen. The torsional stiffness of both 
specimens are approximated from the value in table 19 and 20. The 
comparison of co-efficient K and are shown in table 2k,



The error of the maximum shear stress is about 2 % but the 
average is only 0.1 %. The error of the torsional stiffness is as 
high as 5 % for L-specimen while the average value is less than 2 °/o.

5.2 Application of I cross-section

For the I cross-section, while the maximum shear stress occurs 
at the middle of the web's surface, the stress concentration occurs 
at the reentrant corner.

The maximum shear stresses of พ and L specimens are calculated 
from the value in table 12 and 15. The values of [ y z  at the

/ H  oc
reentrant, corner are calculated from the value in table 13 and table
16, the values of Izx  at the reentrant corner are calculated from

/ H O C
the value in table 14 and table 17, then the values of stress
concentration are calculated from JZzl. and /zx 1. Torsional

/< O C  M ot- S Â n C
stiffness are calculated from the value in table 21 and table 22.
The comparison between experimental results and the approximate
values of eq. (2 .45),(2.46) and (2,47) are shown in table 2 5»

It is found from the experiment that the maximum shear stress
at the middle of the web is 3.77, comparing with the value approximated
by the narrow-rectangle in eq. (2.46) which is 4, i t  is reliable. The
shear stress lines in fig. 16 and 17 are almost parallel at the region
near the boundary along the web. It means the shear stress along the web
is almost constant and only a little  bit smaller than the maximum
shear stress, but on flange, the shear stress is small.

The value of M from this experiment is 271.64 comparing with
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23^.67 o b ta in e d  from app rox im ate  e q u a tio n  ( 2 - ^ 5 ) » i t  i s  r e l i a b l e .  
C o n sid e r th e  sh e a r  s t r e s s  due to  s t r e s s  c o n c e n tr a t io n  a t  th e  r e e n t r a n t  
c o rn e r  i s  8.67 b u t t h e o r e t i c a l l y  i t  i s  i n f i n i t y ,  i t  does n o t a g re e .

When th e  specim en was f ix e d  on th e  wooden b o a rd , one clamp 
was f ix e d  a t  th e  r e e n t r a n t  c o rn e r .  The clamp d ia m e te r  i s  ab o u t 1 .0  
cm. C o n sid e r th e  most fa v o ra b le  c a s e ,  th e  specim en has a f i l l e t  o f 
r a d iu s  0*5 cm. a t  th e  r e e n t r a n t  c o rn e r . .  R e c a l l  th e  ap p rox im ate  
e q u a tio n  o f  th e  s t r e s s  c o n c e n tr a t io n  o f an a n g le  o f  c o n s t r a n t  
th ic k n e s s ,  eq .C R .^f?).

higher than the value calculated above. The experimental result is 
smaller than expected, i t  is considered unreliable.

T L x  = ^ ° c t ( 1 +

t  = th ic k n e s s  o f  f la n g e  = 2 u n i

2(1 + |2 )  = ๆ2

The stress concentration of the I cross-section obtained by 
numerical calculation based on the method of finite diffirence"' is

Timoshenko,s.p. and Goodier,J.N. Theory of Elasticity.
F i g .168. p . 32^
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