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Chapter 14 - Stresses in Beams
Reading: Chapter 14 — Pages 487-510

14-1
Introduction

 � Normal stresses along the longitudinal direction are caused by bending moments, and shear stresses 
are caused by shear forces.

 � The distribution of normal and shear stresses in a beam and the relationship of these stresses to the 
internal bending moment and shear force in the beam will be studied.

14-2
Normal Stresses in Beams Due to Bending

Neutral Surface and Neutral Axis
 � The fibers mn along the beam axis do not undergo any change of length due to bending, and therefore 

are not stressed.
 � The surface mn is called the neutral surface.
 � The intersection of the neutral surface with a cross-section is called a neutral axis.

For a beam subjected to pure bending (no axial force), the neutral axis is a horizontal line that passes 
through the centroid of the cross-sectional area.



243

Variation of Linear Strains
Linear strains of the longitudinal fibers due to bending vary linearly form zero at the neutral surface to the 
maximum value at the outer fibers.

Variation of Flexural Stresses
For eleastic bending of the beam, Hooke's law applies

Hooke's Law

or
σ = Eε

where E is the constant of proportionality between stress and strain and is called the modulus of elasticity.

= Eσ
ε

 � For most materials, the moduli of elasticity in tension and in compression are equal.
 � Under these conditions we conclude that the flexural stresses in a beam section vary linearly from zero 

at the neutral axis to the maximum value at the outer fibers.
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The Flexure Formula
Derivation of the Flexure Formula
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Section Modulus

Section Modulus for a Rectangular Section

Section Modulus for a Circular Section

d

Maximum Tensile and Compressive Stresses

b

h
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Example 14-1
A timber section with a nominal 4 in. X 10 in. rectangular section is used on a simple span of 10 ft. 
The beam supports a uniformly distributed load of 450 lb/ft (which includes the weight of the beam). 
Determine the maximum flexural stress due to bending.

Solution.
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Example 14-2
A cantilever beam with a 13.12-ft span and a solid circular cross-section of 3.94-in. diameter is subjected to 
a concentrated load P = 450 lb applied at the free end, as shown in Fig. E14-2A. Determine the maximum 
flexural stress in the beam caused by the load. 

Solution.

L = 13.12 ft

P = 450 lb
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Example 14-3
The overhanging beam in Fig. E14-3(1) is built up with two full-size timber planks, 2 in. x 6 in., glued 
together to form a T-section, as shown in Fig. E14-3(2). The beam is subjected to a uniform load of 400 
lb/ft, which includes the weight of the beam. Determine the maximum tensile and com pressive flexural 
stresses in the beam.

Solution.

A
B
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14-4
Allowable Moment

Solving EQ 14-2 for the moment M and using the allowable flexural stress σallow  for σmax we get the formula 
for computing the allowable moment of a beam:
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Example 14-4
Determine the allowable uniform load that a structural steel W14 x 38 beam can support over a simple 
span of 12 ft without exceeding an allow able flexural stress of 24 ksi.

Solution.




