

Bending of Beams		Engineering Science
Bending of Beams
A beam is a length of rigid material, usually supported in a horizontal position carrying vertical loads.  These vertical loads tend to do two things; bend the beam, and shear the beam.  If the beam is bent, direct tensile and compressive stresses are caused.  When designing a beam, in order to calculate the material dimensions, both the direct stresses caused by the bending and the shear forces need to be considered.  The theory of bending enables us to calculate the stresses so that the beam can be designed to carry these loads.
Many components of a vehicle have forces acting at right angles, such as axles and sections of the chassis, and can be considered as beams.  Bending theory can then be applied.  A vehicle chassis has to resist:
1. The weight of the vehicle, passengers and load,
2. Horizontal forces acting on the end of the chassis due to road bumps and shocks, tending to distort the rectangular frame into a parallelogram,
3. Vertical forces acting upwards from the wheels due to road bumps and shocks, tending to twist the frame and cause tensional distortion.
A chassis frame must have a cross-section that resists bending and distortion.  The three usual types are channel, tubular or box as shown below in figure 1.

[image: ]
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Figure 1.
So it is important to calculate the magnitude of bending moments and shear forces and also the direct shear stresses and deflections caused by the moment, when considering chassis construction.
In all cases the forces acting on the beam are assumed to be in equilibrium i.e the algebraic sum of all the horizontal and vertical forces acting on a beam is zero and the algebraic sum of all the moments of the forces is zero.

Shearing force and bending moments
Bending moment diagrams are usually used to find the bending moments that a beam is subject to along its length.  Bending moments are simply moments of a force that tend to bend the beam.  Shear force diagrams show the shear force that a beam is subject to along its length.  In order to design a beam it is important to know the bending moment and shear force values at any section.  Beams sometimes vary in cross section along their length in order to withstand the forces they are subjected to.
There are several conventions when considering the magnitude of a shearing force and with the magnitude of a bending moment.
The shearing force (S.F) which tends to slide the left hand side of the section of the beam upwards relative to the right hand side will be considered positive. That which tends to side the left hand side of the section of beam downwards relative to the right hand side will be considered negative.  See figure 2.
 (
Negative Shear Force
(left down, right up)
) (
Positive Shear Force
(left up, right down)
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Figure 2.
The bending moment (B.M) which tends to cause the beam to concave upwards, sometimes called ‘sagging’, will be considered as positive, and that which tends to cause the beam to concave downwards, known as ‘hogging’ will be considered as negative.  See figure 3.
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Figure 3.

Shearing Force and Bending Moment Diagrams
Diagrams indicating the value of the shearing force and the bending moment at any section along a loaded beam can be constructed.  These diagrams are drawn immediately underneath a loading diagram to the same horizontal scale.  In each case positive values are plotted upwards and negative values downwards.  In addition the principal values should be shown on both diagrams.
Worked Example.
A beam ABCDE, 6m long, is simple supported at A and E. It carries concentrated loads of 200N, 400N and 300N at B, C and D respectively.  If AB=1.5m; CD=2m; DE=1m
Draw to scale the shearing force and bending force diagrams for the beam, marking on them the principal values.
Firstly find the reactions:
Taking moments about ‘A’:


Taking Moments about ‘E’:


	
Secondly calculate the shear forces:

S
Thirdly bending moment calculations (looking at forces to the left of specified point):


Finally construct bending and shear diagrams on graph paper, see PDF file.
Examples
1. A beam that is simply supported at each end is 10m long, and carries concentrated loads of 4kN and 7kN at 2m and 6m respectively from the left end.  Draw the shearing force and bending moment diagrams.
Firstly calculate reactions, taking moments about ‘A’:


Taking moments about ‘D’:


	
Secondly calculating shear forces:


Thirdly calculate bending moments (looking at forces to the left of specified point):


Finally draw the bending and shear diagrams, see PDF.
2.  A lorry chassis CADEBFG can be considered as a beam, 4.2m long, and freely supported at two points, A and B, 3m apart.  The frame is subjected to concentrated loads of 5kN, 10kN, 15kN and 10kN at C, D,E and F respectively.  CA=0.3m, AD =0.9m, DE=1.2m, EB=0.9m, BF=0.6m, FG=0.3m.
Draw to scale the shearing force and bending moment diagrams and mark on them the principal values.
Firstly find the reaction forces, taking moments about ‘A’:


Taking moments about ‘B’:


Secondly consider shear force calculations:



Thirdly, calculate the bending moments:



Finally construct bending and shear force diagrams, see pdf.
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