Stress Resultants in Straight Beams

Beams are usually subjected to forces perpendicular to their axes. If there is no loading
(external or reactions) in the direction of the beam axis, the normal force vanishes /= 0.

Beams under Concentrated Loads
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To determine V& M choose a coordinate system and cut at an arbitrary x. Represent V& M/
with their positive directions in the F. B. Ds.; use Eq. Egs. for either portion of the beam.

Results are a shear-force and a bending-moment diagram. &5 & ¢ )1 SNdlna cpdb ciisal
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Relationship between distributed Loading and Stress Resultants (General case)
'dF:q(;E)d;f_; EdF:q(.’f)dm

Any part of the beam is in Equilibrium

q(x) : Vi Mean
WTL /m M 1" by Eq. Egs. of [dx]:
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Example 1 The simply supported beam in Fig.a. is subjected to the three forces F, = £,
F, =2 Fand F, = -F. Draw the shear-force and bending-moment diagrams.
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Example 2 Determine the shear-force and bending-moment diagrams for the
cantilever beam shown in Fig.a.
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By Heart 4
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Example 3 Determine the shear-force and bending-moment diagrams for the
beam shown in Fig. using the section method and the integration method.
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Example 4 Determine the shear-force and bending-moment diagrams for the cantilever
beam shown in Fig. using the section method and the integration method.
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’f Example 5 Determine the shear-force & bending—moment diagrams

B forthe shown simple beam. using the integration method.

N Solution:

1) Find the function of the distributed load: q(x) = %x
d*M

dx?

v

2) Integrate twice the equation: = —q(x) Toget:

dzM__CIo V_d_M_ d0,-2 C M = -4 3_|_C +C
A2 = Tx = — dx —_z—lx + 1 = = ax 1X 2

3) Determine the two constants (| & C, from the two boundary conditions:

1- At = =0 (pin supportat A) M =0: 0= -2(0)°+C;(0)+C, = C;=0

2- At z =l (roller supportatB) M =0: 0 = —LI* + ;] = ¢ = Do
4) Write the final expressions of V & M as:

V:—g—‘l’x2+q—6"l=%(—3x2+l2) M=—%x3+q—6°lx=%(—x3+l2x)

x=O:V=%l &x=l:V=—%l x=0M=0 & x=0LM=

V=0 x == 05771 c=-L 057715 m,,, = J8 _ 9l
V3 /3 max 9v3 156
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9y
Example 6. Determine the shear-force & bending—moment diagrams

A for the shown cantilever beam, using the integration method.
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Example 7 Determine the shear-force and
bending-moment diagrams for the simple
beam shown in Fig. using the section method.
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