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Lecture 35




Castigliano’s Theorem

v It provides a means for finding the deflections of a structure from the
strain energy of the structure

v The partial derivative of the strain energy of a structure with respect to
any load is equal fo the displacement corresponding to that load

ou

5i=a—Pi

v The theorem can be applied to any kind of loading. The important
requirements are that the structure be linearly elastic and that the
principle of superposition be applicable. Also, note that the strain
energy must be expressed as a function of the loads (and not as @
function of the displacements), a condition which is implied in the
theorem itself, since the partial derivative is taken with respect to a
load.




Application of Castigliano’s Theorem
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Use of a Fictitious Load

v The only displacements that can be found from Castigliano’s
theorem are those that correspond to loads acting on the
sfructure.

v If we wish to calculate a displacement at a point on a structure
where there is no load, then a fictitious load corresponding to the
desired displacement must be applied to the structure.

v We can then determine the displacement by evaluating the strain
energy and taking the partial derivative with respect to the
fictitious load.

v The result is the displacement produced by the actual loads and
the fictitious load acting simultaneously.

v' By sefting the fictitious load equal to zero, we obtain the
displacement produced only by the actual loads.




Use of a Fictitious Load

v We wish to find out deflection at C M()(:ﬁ/{ = 5
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Use of a Fictitious Load
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This method is sometimes called the dummy-load method, because of
the introduction of a fictitious, or dummy, load.




Modified Castigliano’s theorem (Unit Load Method)

v The use of Castigliano’s theorem for determining beam deflections
may lead to lengthy integrations, if the bending moment
expression has three terms, its square may have as many as six
terms, each of which must be integrated.

v'we can bypass the step of finding the strain energy by
differentfiating before integrating.
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9.9-1 A simple beam 4B of length L is loaded at the left-
hand end by a couple of moment M, (see figure).

Determine the angle of rotation 6, at support A.
(Obtain the solution by determining the strain energy of
the beam and then using Castigliano’s theorem.)




9.9-2 The simple beam shown in the figure supports a con-
centrated load P acting at distance a from the left-hand
support and distance » from the right-hand support.
Determine the deflection §,, at point D where the load
1s applied. (Obtain the solution by determining the strain
energy of the beam and then using Castigliano’s theorem.)




9.9-11 An overhanging beam 4 BC rests on a simple sup-
port at A4 and a spring support at B (see figure). A concen-
trated load P acts at the end of the overhang. Span 4 B has
length L, the overhang has length a, and the spring has
stiffness k.

Determine the downward displacement 6. of the end
of the overhang. (Obtain the solution by using the
modified form of Castigliano’s theorem.)




9.9-10 An overhanging beam 4BC is subjected to a cou-
ple M , at the free end (see figure). The lengths of the over-
hang and the main span are a and L, respectively.
Determine the angle of rotation 6, and deflection &,
at end A. (Obtain the solution by using the modified form

of Castigliano’s theorem.)
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9.9-7 The cantilever beam ACB shown in the figure is sub-
jected to a uniform load of intensity ¢ acting between
points 4 and C.

Determine the angle of rotation 6, at the free end A.

(Obtain the solution by using the modified form of
Castighano’s theorem.)
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