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ME102: Subunit 3.1.3: Beam Loading, Internal Stresses, and Deflections 

A beam is a long structural element that can support loads transverse to the long 
dimension.  When it does so, it bends.  

 

Figure 1.  Beam loading and bending.  Image under the Creative Commons Attribution-Share Alike 3.0 
Unported license.  The original version can be found at this link.  

The study of beam use in structures can consume a whole career; this reading is a brief 
introduction to some issues you may wish to pursue later. 

Types of Beams 
Beams can be categorized by several features, including cross-section shape, material 
of construction, and how they are used.  You are probably familiar with rectangular 
beams, I-beams, and angle or channel beams.  These terms just describe the cross-
section shape.  Common materials of construction are steel, concrete, polymer 
composite, and wood.  Beams are also named by their use; common terms include a 
simple beam (such as in figure 1), a simply supported beam with overhang past the 
supports, a continuous beam, a cantilevered beam, and several other more complex 
configurations.  Some of these configurations are illustrated in figure 2.  

http://en.wikipedia.org/wiki/en:Creative_Commons
http://creativecommons.org/licenses/by-sa/3.0/deed.en
http://creativecommons.org/licenses/by-sa/3.0/deed.en
http://en.wikipedia.org/wiki/File:Bending.svg
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Figure 2.  Some beam configurations: A. Simply supported beam; B. Cantilever beam; C. Multiple or 
continuously supported beam; D. Simply supported beam with overhang; E. Discretely loaded cantilever 
beam; F. Uniformly loaded, simply supported beam 

Boundary Conditions and Loading 
Both of these terms describe the external forces acting on the beam.  Boundary 
conditions, as you might guess, describe how the beam is supported at its ends (and 
possibly other locations), and the reaction forces that occur there.  Loading refers to the 
possibly variable forces that act on the beam length during use.  

Simple supports like rollers can only produce a force perpendicular to the beam axis 
and can produce no moment.  Cantilever supports, like a beam built into a wall, can 
produce both a force and a moment. 

Loadings can be represented by either discrete forces at points along the beam, or by 
distributed or continuous forces along one or more sections of the beam.  Combinations 
of discrete and continuous loading forces are possible.   

Internal Stresses and Deflections 
Take a look again at the shape of the deflected beam in the lower part of figure 1.  The 
length of the beam along the top of the deflected beam is shorter than its original length; 
the top of the beam is in compression.  Conversely, the bottom of the beam is longer 
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than its original length; it is in tension.  This difference in forces from top to bottom of the 
beam leads to a bending moment at each arbitrary vertical slice through the beam.  In 
addition, one can visualize shear stresses caused by the relative change in length from 
top to bottom of the beam; if you imagine the beam being made up of lamina (sheets), 
then they must be sliding past one another when the beam is loaded.  In order to 
understand the deflections of a beam we must do an internal-force balance taking all of 
these factors into account. 

Historically, structural design using beams was rather empirical, until the late 1800’s 
when the results of a more theoretical approach developed by Euler and Bernoulli 
(1750) started to be implemented.  This approach considers elastic deformation of a 
beam of modulus E and second area moment I.  You may wish to review moment 
calculations from subunit 2.1.1.  The deformation and load per unit length are w(x) and 
q(x) respectively.  For constant properties, the analysis reduces to the fourth-order 
differential equation  

𝐸𝐼 𝑑4𝑤/𝑑𝑥4 = 𝑞(𝑥) 

You may recall that in order to solve such an equation, we need four boundary 
conditions, which are typically determined primarily by the types of supports employed.  

Several solutions to this equation have been tabulated; we shall consider the example 
of a uniformly loaded beam simply supported at each end.  In this case, the maximum 
deflection d at the center of a beam of length L, second area moment I, and uniform 
load q, is given by (5/384)qL4/EI.  The maximum stress in that situation is hqL2/8I, where 
h is approximately the half-height of the beam.  

Similar expressions for several other cases are tabulated at the Wikipedia entry 
Deflection (engineering). 

Example 
Consider a square oak 4x4-inch beam than is 5 m long.  It is simply supported at each 
end.  The load is 200 kg, uniformly distributed along the length of the beam.  What is the 
maximum deflection? 

Solution 

1. Convert inches to meters for the dimensions of the square beam. 4 in = 0.102 m. 

2. Calculate I for a square = (0.102)4/12 = 8.9x10-6 m4. 

3. Look up E for oak = 11 GPa. 

4. Calculate q = 200kg x 9.8 m/s2 / 5 m = 392 N/m. 

5.  d = (5/384)qL4/EI= 3 cm. 

6. So, the beam will sag 3 cm at the center.  

http://en.wikipedia.org/wiki/Deflection_%28engineering%29

