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ﬂ Appendix B:: Useful Solutions for Standard Problems

B.3 ELASTIC BENDING OF BEAMS

When a beam is loaded by a force, I, or moments, M, the initially straigfis
axis is deformed into a curve. If the beam is uniform in sectioh and pro‘pé
ties, long in relation to its depth, and nowhere stressed beyond the elasy]
limit, the deflection, 8, and the angle of rotation, 4, can be calculated usi

elastic beam theory (see Section B.16). The basic differential equat G
describing the curvature of the beam at a point x along its length is

Ll {—l;’, =M
dx?

where y is the lateral deflection, and M is the bending moment at the poinc¥
on the beam. E is Young's modulus, and | is the second moment of ated oy
(Section B.2). When M is constant this becomes

M _ 1]
M oL —
g (R rg,)

where R, is the radius of curvature before applying the moment and R is the
radius after it is applied. Deflections 4 and rotations 0 are found by integrating,
these equations along the beam. ' v :

The stiffness of the beam is defined by

F_ CiEl

§=-== Y

. [ Ll Ex

: It depends on Young's modulus, I, for the matérial of the beam, on its length,
L, and on the second moment of its section, 1. The end slope of the beam, 4, is

given by

I
ol

)=

Lquations for the deflection, 4, and-end slope, 0, of beams for various
common modes of loading are shown on the facing page together with values
of C, and C,.
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F = Young's modulus (N/m?)
4 = Deflecuon (M)

F = Force (N}

M = Moment (Nm}

L =length(m)

b = Width (m)

t = Depth (m)

# = End slope {-)

| = See Table B.2 (m%)

y = Distance from neutral axis {m)
A = Radius of curvature (m)
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B.5 Buckling of Columns, Plates, and Shells
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