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 The diagram establishes the directions of reference axes, provides a place

to record the dimensions of the subsystem and the magnitudes and

directions of the known forces, and helps in assuming the directions of

unknown forces.

 The diagram simplifies your thinking because it provides a place to store one

thought while proceeding to the next.

 The diagram provides a means of communicating your thoughts clearly and

unambiguously to other people.

 Careful and complete construction of the diagram clarifies fuzzy thinking by

bringing out various points that are not always apparent in the statement or

in the geometry of the total problem. Thus, the diagram aids in

understanding all facets of the problem.

 The diagram helps in the planning of a logical attack on the problem and in

setting up the mathematical relations.

 The diagram helps in recording progress in the solution and in illustrating the

methods used.

 The diagram allows others to follow your reasoning, showing all forces.



Reactions At Connection
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Shear force and bending moment diagrams (SFD and BMD)
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At any distance x from V0 and M0 at x0

V = V0 + (negative of area under the loading curve from x0 to x)

M = M0 + (area under the shear diagram from x0 to x)

xIf there is no 

externally applied 

moment M0 at x0 = 0



SFD and BMD: Example 
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Uniformly Distributed Stresses

 Uniformly distributed stress distribution is 

often assumed for pure tension, pure 

compression, or pure shear.

 For tension and compression,

 For direct shear (no bending present),
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Normal Stresses for Beams in Bending

 Straight beam in positive 

bending

 x axis is neutral axis

 xz plane is neutral plane

 Neutral axis is coincident 

with the centroidal axis 

of the cross section
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Fig. 3−13



Normal Stresses for Beams in Bending

 Bending stress varies linearly with distance 

from neutral axis, y

 I is the second-area moment about the z axis
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Fig. 3−14



Normal Stresses for Beams in Bending

 Maximum bending stress is where y is 

greatest.

 c is the magnitude of the greatest y

 Z = I/c is the section modulus
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Assumptions for Normal Bending Stress

 Pure bending (though effects of axial, torsional, and 

shear loads are often assumed to have minimal effect 

on bending stress)

 Material is isotropic and homogeneous

 Material obeys Hooke’s law

 Beam is initially straight with constant cross section

 Beam has axis of symmetry in the plane of bending

 Proportions are such that failure is by bending rather 

than crushing, wrinkling, or sidewise buckling

 Plane cross sections remain plane during bending
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Two-Plane Bending

 Consider bending in both xy and xz planes

 Cross sections with one or two planes of 

symmetry only

 For solid circular cross section, the maximum 

bending stress is
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Shear Stresses for Beams in Bending
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Fig. 3−17

V = dM/dx

The integral is the first moment of the area A′ with respect to the neutral axis



Transverse Shear Stress

 Transverse shear stress is always accompanied 

with bending stress.
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Fig. 3−18



Transverse Shear Stress in a Rectangular 

Beam
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Maximum Values of Transverse Shear 

Stress
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Table 3−2



Torsion

 Torque vector – a moment vector collinear 

with axis of a mechanical element

 A bar subjected to a torque vector is said to be 

in torsion

 Angle of twist, in radians, for a solid round bar
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Fig. 3−21



Torsional Shear Stress

 For round bar in torsion, torsional shear stress 

is proportional to the radius r

 Maximum torsional shear stress is at the outer 

surface
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AA cos f

A sin f
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Equation defines the two values of 2φs at which

the shear stress τ reaches an extreme value. The angle between

the two surfaces containing the maximum shear stresses is 90°.

At max. shear stress
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Five steps to construct Mohr’s Circle
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