Beam Deflection

(Double integration Method)

Important relations between applied load and both normal and shear stresses
developed in a beam were presented in previous chapters. However, a design is
normally not complete until the deflection of the beam has been determined for
its particular load. In building construction, excessive deflections can cause cracks
in walls and ceilings. Doors and windows may not close properly.
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Elastic curve

Steps to calculate the deflection in beams:

1- Sketch the free-body diagram of the beam and establish the x and v
coordinates.

2- Calculate the support reactions and write the moment equation as a
function of the x coordinate.

3- Substitute the moment expression into the equation of the elastic curve
and integrate once to obtain the slope. Integrate again to obtain the
deflection in the beam.

E16= [ Mdx+C,

Elv = ” Mdxdx + C,x + C,

4- Using the boundary conditions, determine the integration constants and
substitute them into the equations obtained in step 3 to obtain the slope
and the deflection of the beam.



Relationship of Derivatives:
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Discontinuity Functions (Macaulay Functions)

In cases where a beam is subjected to a combination of distributed loads,
concentrated loads, and moments, using the method of double integration to
determine the deflections of such beams is really involving, since various segments
of the beam are represented by several moment functions,
computational efforts are required to find the constants of integration. Using the
method of singularity function in such cases to determine deflections is
comparatively easier and relatively quick. This method of analysis was first
introduced by Macaulay in 1919, and it entails the use of one equation that
contains a singularity or half-range function to describe the entire beam deflection
curve. A singularity or half-range function is defined as follows:
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x= coordinate position of a point along the beam.
a= any location along the beam where discontinuity due to bending occurs.

n=the exponential values of the functions. forn=0, n=1, and n =2 are plotted in
the figure shown
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Boundary conditions

Boundary conditions are specific values of the deflection v or slope 0 that are
known at particular locations along the beam span. We use the boundary
condition ( B.C) to determine the integration constants.
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