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The main objective of the study of the mechanics of materials is to provide the future engineer with

the means of analyzing and designing various machines and load-bearing structures.

Both the analysis and the design of a given structure involve the determination of stresses and

deformations. This chapter is devoted to the concept of stress.
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While the results (which are) obtained in the preceding section represent a first and necessary step
in the analysis of the given structure, they do not tell us whether the given load can be safely
supported. Whether rod BC, for example, will break or not under this loading depends not only upon
the value (what is) found for the internal force F,. , but also upon the cross-sectional area of the rod

and the material of which the rod is made. Indeed, the internal force F,. actually represents the

resultant of elementary forces (which are) distributed over the entire area A of the cross section

(Figure —3-1) and the average intensity of these distributed forces is equal to the force per unit

F.. . )
area % in the section.
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Figure 3—1: Member with an axial load

Whether or not the rod will break under the given loading clearly depends upon the ability of the
material to withstand the corresponding value F—;C of the intensity of the distributed internal forces.

It thus depends upon the force ., the cross-sectional area A, and the material of the rod.

The force per unit area, or intensity of the forces distributed over a given section, is called the stress
on that section and is denoted by the Greek letter o (sigma). The stress in a member of cross-

sectional area A subjected to an axial load P (Figure —3-1)is therefore obtained by dividing the

magnitude P of the load by the area A:
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A positive sign will be used to indicate a tensile stress (member in tension) and a negative sign to

indicate a compressive stress (member in compression).

o FUNLY S als

z2ls clearly Uy ability

00,5 Ceoglie withstand el i thus

ools oyl denote cos (48,5 )% | subjected to
0,5 oS divide JRv magnitude
ools oyles indicate (S tensile

Since SI metric units are used in this discussion, with P expressed in newtons (N) and A in square

meters(m?) , the stress o will be expressed in %2 :

This unit is called a pascal (Pa). However, one finds that the pascal is an exceedingly small quantity
and that, in practice, multiples of this unit must be used, namely, the kilopascal (KPa), the mega

pascal (MPa), and the giga pascal (GPa).

We have:
1KPa=10°Pa=10°"N/,
1MPa =10°Pa =10° '\%nz
1GPa =10°Pa =10° %2

When U.S. customary units are used, the force P is usually expressed in pounds (Ib) or kilopounds
(kip), and the cross-sectional area A in square inches (in”). The stress o will then be expressed in

pounds per square inch (psi) or kilo pounds per square inch (ksi).
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