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Work	
  and	
  Energy	
  Under	
  a	
  Single	
  Load	
  

Strain	
  energy	
  may	
  be	
  found	
  from	
  the	
  work	
  of	
  other	
  types	
  of	
  single	
  
concentrated	
  loads.	
  

Transverse	
  load	
   Bending	
  couple	
   Torsional	
  couple	
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Deflec5on	
  of	
  a	
  spring	
  

Compute	
  the	
  deflecBon	
  (which	
  gives	
  the	
  spring	
  constant)	
  in	
  terms	
  of	
  r,	
  R	
  
and	
  n,	
  the	
  number	
  of	
  turns.	
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Deflec5on	
  Under	
  a	
  Single	
  Load	
  

Strain	
  energy	
  of	
  the	
  structure,	
  

EquaBng	
  work	
  and	
  strain	
  energy,	
  

If	
  the	
  strain	
  energy	
  of	
  a	
  structure	
  due	
  to	
  a	
  single	
  
concentrated	
  load	
  is	
  known,	
  then	
  the	
  equality	
  
between	
  the	
  work	
  of	
  the	
  load	
  and	
  energy	
  may	
  
be	
  used	
  to	
  find	
  the	
  deflecBon.	
  

From	
  staBcs,	
  

From	
  the	
  given	
  geometry,	
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Work	
  and	
  Energy	
  Under	
  a	
  Single	
  Load	
  

Strain	
  energy	
  may	
  be	
  found	
  from	
  the	
  work	
  of	
  other	
  types	
  of	
  single	
  
concentrated	
  loads.	
  

Transverse	
  load	
   Bending	
  couple	
   Torsional	
  couple	
  



11-­‐	
  12	
  	
  

Work	
  and	
  Energy	
  Under	
  Several	
  Loads	
  

Reversing	
  the	
  applicaBon	
  sequence	
  yields	
  

Strain	
  energy	
  expressions	
  must	
  be	
  equivalent.	
  It	
  
follows	
  that	
  α12=α21 (Maxwell’s	
  reciprocal	
  theorem).	



DeflecBons	
  of	
  an	
  elasBc	
  beam	
  subjected	
  to	
  two	
  
concentrated	
  loads,	
  

Compute	
  the	
  strain	
  energy	
  in	
  the	
  beam	
  by	
  evaluaBng	
  
the	
  work	
  done	
  by	
  slowly	
  applying	
  P1	
  followed	
  by	
  
P2,	
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Cas5gliano’s	
  Theorem	
  

Strain	
  energy	
  for	
  any	
  elasBc	
  structure	
  subjected	
  to	
  
two	
  concentrated	
  loads,	
  

DifferenBaBng	
  with	
  respect	
  to	
  the	
  loads,	
  

Cas4gliano’s	
  theorem:	
  For	
  an	
  elasBc	
  structure	
  
subjected	
  to	
  n	
  loads,	
  the	
  deflecBon	
  xj	
  of	
  the	
  point	
  
of	
  applicaBon	
  of	
  Pj	
  can	
  be	
  expressed	
  as	
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Deflec5ons	
  by	
  Cas5gliano’s	
  Theorem	
  

ApplicaBon	
  of	
  CasBgliano’s	
  theorem	
  is	
  simplified	
  if	
  the	
  
differenBaBon	
  with	
  respect	
  to	
  the	
  load	
  Pj	
  is	
  
performed	
  before	
  the	
  integraBon	
  or	
  summaBon	
  to	
  
obtain	
  the	
  strain	
  energy	
  U.	
  

In	
  the	
  case	
  of	
  a	
  beam,	
  

For	
  a	
  truss,	
  


