
Bending Of Beams 

 

 

 

 

 

 

 

 

 
 

  
Consider the beam shown above, we can see the bottom of the beam has gone into 

compression and the top of the beam is in tension.  The line in the middle represents 

the NEUTRAL AXIS.  Lets consider a small section of this beam; 
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Now lets consider a section through a beam of generic section that is subject to 

bending. 
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This has a moment of; 
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 Ay 2  is termed the second moment of area I; 
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Combining [1] and [2] we get the simple theory of elastic bending; 
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Notice that if the beam is a uniform section, the material is homogeneous and the 

moment is constant, I, E and M are all constants, therefore R must also be constant.  

i.e. the curvature of the beam is perfectly circular. 



The simple theory of elastic bending states that; 
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i.e. the stress in our bent beam is directly proportional to the distance from the neutral 

axis. 

 

 

Force on our beam element 

Consider again our small element in out generic section that is subject to bending.  

We have shown that on the element; 
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Thus the force over the entire section is given by; 

 dAF   

If we assume that the beam is in equilibrium then; 
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Where  ydA  is termed the first moment of area, thus; 

 

 

 ydA  is termed the first moment of area 

 dAy 2  is termed the second moment of area 

 



 By definition, y=0 at the neutral axis, thus the first moment of area=0 at the neutral 

axis, therefore, the neutral axis must pass through the centroid.   

 

 

 

 

 

 

 

 

 

 

Typical bending stress distributions are shown above.  Notice that stress is zero at the 

neutral axis and a maximum when y is greatest.  Hence the use of beams with large 

areas away from the neutral axis („I‟ section beams for example). 

 

We have shown that; 
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Therefore the maximum moment that the beam can carry is given by; 
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where Z = 
maxy

I
 and is called the section modulus 

 

For easy comparisons between beams the section modulus (Z) is often quoted 



Second moment of area 

Most beams can be considered of being made up of various rectangular sections.  It is 

useful therefore to derive the second moment of area for a rectangular beam so that 

we can use this to calculate the second moment of area of a more complex beam. 

 

 

 

 

 

 

 

 

 

 

By definition;   dAyI 2  

Therefore in the above example; 
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Notice that this is the second moment of area about the neutral axis because we 

integrated between –D/2 and D/2.  If we are to integrate this between 0 and D we 

would get the second moment of area about the lower edge of the rectangle; 
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These two equations prove very convenient when trying to calculate the second 

moment of area of a more complex beam as shown below; 

 

In the same we can show that the second moment of area for a circle is; 
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Consider the above „I‟ beam.  This can be considered as one solid beam (BxD), minus 

two smaller beams shown by the shaded areas (b x d). i.e. 
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This approach can be used with any symmetrical beam where the neutral axis runs 

through all of the rectangles that make up the solution to get a rapid solution.  

However, if the beam is unsymmetrical this is not possible, so it is more convenient to 

divide the section into rectangles with their edges on the neutral axis as shown below; 

 

 

 

 

 

 

 

 

 

 

 

 

INA = I ABCD – Ishaded areas + IEFGH 

 

Where each of these terms will be of the form 
3
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Alternatively, it is possible to determine each rectangle about it‟s own neutral axis 

using 
12

3BD
I G  , and then “shifting” them to the equivalent value about the N.A. by 

means of the parallel axis theorem. 
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Where A is the area of the rectangle and h is the distance of it‟s centroid G, from the 

neutral axis.  



Tables of Sections 
 

Structural steels (and other materials) are manufactured and supplied in a range of 

„standard sections‟, and therefore the properties of these sections can also be made 

available for easy reference in any calculations associated with their use.  Examples of 

these tables of sections are shown below. 



Examples 

 

1) An I-section girder, 200mm wide by 300mm deep, with flange and web of 

thickness 20mm is used as a simply supported beam over a span of 7m.  The girder 

carries a distributed load of 5kN/m and a concentrated load of 20kN at mid-span. 

 

a) Calculate the second moment of area using conventional methods 

b) Calculate the second moment of area using the parallel axis theorem 

c) Comment on the two methods used in parts (a) and (b) 

d) Calculate the maximum stress that the beam will see. 

e) Comment on where the maximum stress will be and if it will be 

compressive or tensile. 

[1.86e-4m
4
, 52.9MPa] 

2) A uniform T-section beam is 100mm wide and 150mm deep with a flange 

thickness of 25mm and a web thickness of 12mm.  If the limiting bending stresses 

for the material for the beam are 80MPa in compression and 160MPa in tension, 

find the maximum u.d.l. that the beam can carry over a simply supported span of 

5m. 

[3.4kN/m] 

3) A tee-section bar has dimensions shown below.  If the bar is used as a simply 

supported beam of span 1.5m, calculate the uniformly-distributed load which can be 

applied if the maximum tensile stress is not to exceed 100MN/m
2
.   

 

 

 

 

 

 

 

[9.5kN/m] 

4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[75.92mm] 



Limitations of the simple bending theory 

 

1) Stress is proportional to the distance from the neutral axis 

a) Correct, for homogeneous beams within the elastic range 

b) Incorrect,  outside of the elastic range or for non-homogeneous or composite 

beams. 

 

2) Strain is proportional to the distance from the neutral axis 

a) Correct, for initially straight beams or, for engineering purposes, beams with 

R/d>10 (where d is the total depth of the beam) 

b) Incorrect,  for combined bending and axial load systems such as eccentric 

loading. 

 

3) Plane cross-sections remain plane 

a) Correct, 

i. For cross sections at a reasonable distance from points of loading 

and stress concentration (usually taken as one depth of the beam) 

ii. when the change of cross section with length is gradual. 

iii. in the absence of end-condition spurious effects. 

b) Incorrect,  

iv. For points of local loading 

v. At positions of stress concentrations (holes, fillets etc) 

vi. In regions of rapid change of cross section. 

 

4) The axis of the applied bending moment is coincident with the neutral axis 

a) Correct, when the axis of bending is a principal axis (ie an axis of 

symmetry) 

b) Incorrect,  for „unsymmetrical bending cases‟, when the axis of the applied 

bending moment is not a principal axis. 

 

5) Lateral contraction or expansion is not prevented 

a) Correct, when the beam is narrow (i.e. width is same order as depth 

b) Incorrect,  for wide beams (when width is many times greater than the 

depth. 

 


