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 Structural members are often subjected to the simultaneous action of
bending loads and axial Loads. This happens, for instance, in aircraft
frames, columns in buildings, machinery, parts of ships, and
spacecraft.

Both the axial force N and bending moment M produce normal
stresses, we need to combine those stresses to obtain the final stress
distribution.

 The axial force(when acting alone) produces a uniform stress
distribution =  ⁄ over the entire cross section

 The bending moment produces a linearly varying stress = − with
compression on the upper part of the beam and tension on the lower
part.

 Thus, the equation for the combined stresses is

=  −

Beam with axial Load



Beam with axial Load



When shaft is transmitting torque or power, it is subjected to shear 
stresses. At the same time the shaft is also subjected to bending 
moments due to gravity or inertia loads.

Combined Loading

• wide-flange beam supported by a cable (combined bending and axial 
load),  cylindrical pressure vessel supported as a beam, and shaft in 
combined torsion and bending



1. Select a point in the structure where the stresses and strains are to be
determined. (The point is usually selected at a cross section where the stresses
are large, such as at a cross section where the bending moment has its
maximum value.)

2. For each load on the structure, determine the stress resultants at the cross
section containing the selected point. (The possible stress resultants are an axial
force, a twisting moment, a bending moment, and a shear force.)

3. Calculate the normal and shear stresses at the selected point due to each of
the stress resultants. Also, if the structure is a pressure vessel, determine the
stresses due to the internal pressure. (The stresses are found from the stress
formulas derived previously.

4. Combine the individual stresses to obtain the resultant stresses at the selected
point. In other words, obtain the stresses σx, σy, and τxy acting on a stress
element at the point. (Note that in this chapter we are dealing only with
elements in plane stress.)

Combined loading : Method of Analysis



5. Determine the principal stresses and maximum shear stresses at the
selected point, using either the stress-transformation equations or
Mohr’s circle. If required, determine the stresses acting on other
inclined planes.

6. Determine the strains at the point with the aid of Hooke’s law for
plane stress.

7. Select additional points and repeat the process. Continue until
enough stress and strain information is available to satisfy the
purposes of the analysis.

Combined loading : Method of Analysis
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