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PURE BENDING 
 
 

Introduction 
 
Forces and couples acting on the beam cause bending (flexural stresses) and shearing 

stresses on any cross-section of the beam and deflection perpendicular to the longitudinal 

axis of the beam. If couples are applied to the ends of the beam and no forces act on it, the 

bending is called pure bending. If forces produce the bending, the bending is called 

ordinary bending. 

In using the following formulas for flexural and shearing stresses, it is assumed that 

a plane section of the beam normal to its longitudinal axis prior to loading remains plane 

after the forces and couples have been applied, and that the beam is initially straight and 

of uniform cross section and that the moduli of elasticity in tension and compression are 

equal. 

 
 

Flexure Formula 

Stresses caused by the bending moment are known as flexural or bending stresses. 

Consider a beam to be loaded as shown in figure. 
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E 

y 

Consider a fiber at a distance y from the neutral axis, because of the beam's curvature, 

as the effect of bending moment, the fiber is stretched by an amount of cd . Since the 

curvature of the beam is very small, bcd and oba are considered as similar triangles. 

The strain on this fiber is: 

 = 
cd 

= 
y 

ab  

 
…………………(1) 

 

 

 
 

By Hooke’s law, (  = 


 
 
) then: 

 

 
= 

y 

E  
  m = 

 
*E 

 
 

…………………(2) 

 

 

 

which means that the stress is proportional to the distance y from the neutral axis. 
 

 

Considering a differential area dA at a distance y from N.A., the force acting over the 

area: 

dF = m *dA 
 

…………………(3) 



MECHANICS OF MATERIALS Pure Bending 

3 

 

D 

Dr. Ammar Albakri 

Dr. Ammar Albakri 

 =
y
 

 m 

y E 

 

 

 

Sub. Eq. (2) in Eq. (3) 
 

dF = 
y
 

 

dF = 
E

 
 

*E *dA 

 
* y *dA 

 

 

 
…………………(4) 

 

The resultant of all the elemental moment about N.A. must be equal to the bending 

moment on the section. 

 

 

 

 

 

 

 

 

 

From Eq. (2) , *E 
 

 = 
E I 

m M 
 

 

…………………(5) 

 
Where: 

 is the radius of curvature of the beam in mm (in). 

M is the bending moment in N·mm (lb·in). 

 m is the flexural stress in MPa (psi). 
 

I is the centroidal moment of inertia in mm4 (in4). 

y is the distance from the neutral axis to the outermost fiber in mm (in). 

 m 
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The beam curvature is: k = 
1
 
 

Beam Section Properties 

➢ The maximum normal stress due to bending. 

 

 

 

 

 

 
……..……(6) 

 

 

 

 
 

……………(7) 
 

 

 

Where: 

 
max is the maximum bending stress in MPa (psi). 

 

S is the section modulus in mm3 (in3). 

c is the maximum distance from the neutral axis to the outermost fiber in mm (in). 
 

 

 
max 

 

  

 

Section modulus ( S ) =
c
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Common cross sections 
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Solved Problems in Bending 
 
 
 
 
 
 
 
 

 

2 : 
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Example 4: 
 

Ex 3: 8 
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