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This chapter is devoted to the study of the stresses occurring in many of the elements contained in this excavator,
such as two-force members, axles, bolts, and pins.
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Introduction—Concept of Stress

1.1. Introduction

The main objective of the study of the mechanics of materials is to pro-
vide the future engineer with the means of analyzing and designing var-
ious machines and load-bearing structures.

Both the analysis and the design of a given structure involve the de-
termination of stresses and deformations. This first chapter is devoted to
the concept of stress.

Section 1.2 will introduce you to the concept of stress in a member of
a structure, and you will be shown how that stress can be determined from
the force in the member. After a short discussion of engineering analysis
and design (Sec. 1.3), you will consider successively the normal stresses
in a member under axial loading (Sec. 1.4), the shearing stresses caused
by the application of equal and opposite transverse forces (Sec. 1.5), and
the bearing stresses created by bolts and pins in the members they connect
(Sec.1.6). These various concepts will be applied in Sec.1.7 to the determin-
ation of the stresses in the members of the simple structure considered earlier
in Sec. 1.3.

In Sec. 1.8, where a two-force member under axial loading is con-
sidered again, it will be observed that the stresses on an oblique plane in-
clude both normal and shearing stresses, while in Sec. 1.9 you will note
that six components are required to describe the state of stress at a point in
a body under the most general loading conditions.

Finally, Sec. 1.10 will be devoted to the determination from test spec-
imens of the ultimate strength of a given material and to the use of a fac-
tor of safety in the computation of the allowable load for a structural com-
ponent made of that material.

1.2. Stresses in the Members of a Structure

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 (Fig. 1.1) is therefore obtained by
dividing the magnitude P of the load by the area A:

(1.1)

q
Il
> |

A positive sign will be used to indicate a tensile stress (member in ten-
sion) and a negative sign to indicate a compressive stress (member in
compression).

With P expressed in newtons (N) and A in square meters (m?), the
stress o will be expressed in N/m?. 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 megapascal (MPa), and the gigapascal (GPa). We
have



d = 20 mm

600 mm

800 mm
30 kN ’

Fig. 1.2

1 kPa = 10° Pa = 10° N/m?
1 MPa = 10°Pa = 10° N/m?

1 GPa = 10° Pa = 10° N/m?

1.3. Analysis and Design

Considering the structure of Fig. 1.2, let us assume that rod BC is
made of a steel with a maximum allowable stress o, = 165 MPa.
Can rod BC safely support the load to which it will be subjected? The
magnitude of the force Fpc in the rod was found earlier to be 50 kN.
knowing that the diameter of the rod is 20 mm, we use Eq. (1.1) to
determine the stress created in the rod by the given loading. We have

P = Fpe= +50kN = +50 X 10°N
20 mm

2
A =7Tr2=7'r( ) = (10 X 1073 m)? = 314 X 10™°m’

P +50 X 10°N

—=——————— = +159 X 10°Pa =
T 3w o = T159 X 10°Pa = +159 MPa

g =

Since the value obtained for ¢ is smaller than the value o of the al-
lowable stress in the steel used, we conclude that rod BC can safely

1.3. Analysis and Design

3



4  Introduction—Concept of Stress support the load to which it will be subjected. To be complete, our analy-
sis of the given structure should also include the determination of the
compressive stress in boom AB, as well as an investigation of the stresses
produced in the pins and their bearings. This will be discussed later in
this chapter. We should also determine whether the deformations pro-
duced by the given loading are acceptable. The study of deformations
under axial loads will be the subject of Chap. 2. An additional con-
sideration, required for members in compression involves the stability
of the member, i.e., its ability to support a given load without expe-
riencing a sudden change in configuration. This will be discussed in
Chap. 10.

The engineer’s role is not limited to the analysis of existing struc-
tures and machines subjected to given loading conditions. Of even greater
importance to the engineer is the design of new structures and machines,
that is, the selection of appropriate components to perform a given task.
As an example of design, let us return to the structure of Fig. 1.2, and
assume that aluminum with an allowable stress o,; = 100 MPa is to be
used. Since the force in rod BC will still be P = Fze = 50 kN under the
given loading, we must have, from Eq. (1.1),

P P 50 X 10°N
ggy=— A= =————— = 500 X 10°m?
c T an 100 X 10° Pa

>

o 2
and, since A = 7r°,

500 X 107° m?
r= \/é = ,/% = 1262 X 10 m = 12.62 mm

d = 2r = 25.2 mm

We conclude that an aluminum rod 26 mm or more in diameter will be
adequate.

1.4. Axial Loading; Normal Stress

As we have already indicated, rod BC of the example considered in the
preceding section is a two-force member and, therefore, the forces Fpe
and Fjp. acting on its ends B and C (Fig. 1.3) are directed along the
axis of the rod. We say that the rod is under axial loading. An actual
example of structural members under axial loading is provided by the
members of the bridge truss shown in Fig. 1.4.

Returning to rod BC of Fig. 1.3, we recall that the section we passed
through the rod to determine the internal force in the rod and the cor-
responding stress was perpendicular to the axis of the rod; the internal
R o force was therefore normal to the plane of the section (Fig. 1.5) and the
' corresponding stress is described as a normal stress. Thus, formula (1.1)
gives us the normal stress in a member under axial loading:

Fig. 1.3

U:Z (1.1)



Fig. 1.4 This bridge truss consists of two-force members that may be in tension
or in compression.

We should also note that, in formula (1.1), o is obtained by divid-
ing the magnitude P of the resultant of the internal forces distributed
over the cross section by the area A of the cross section; it represents,
therefore, the average value of the stress over the cross section, rather
than the stress at a specific point of the cross section.

To define the stress at a given point Q of the cross section, we
should consider a small area AA (Fig. 1.6). Dividing the magnitude
of AF by AA, we obtain the average value of the stress over AA. Let-
ting AA approach zero, we obtain the stress at point Q:

AF

~ ai%oaa W

o

In general, the value obtained for the stress o at a given point Q of
the section is different from the value of the average stress given by
formula (1.1), and o is found to vary across the section. In a slender
rod subjected to equal and opposite concentrated loads P and P’ (Fig.
1.7 @), this variation is small in a section away from the points of ap-
plication of the concentrated loads (Fig. 1.7 ¢), but it is quite notice-
able in the neighborhood of these points (Fig. 1.7b and d).

It follows from Eq. (1.2) that the magnitude of the resultant of the
distributed internal forces is

-

But the conditions of equilibrium of each of the portions of rod shown
in Fig. 1.7 require that this magnitude be equal to the magnitude P of
the concentrated loads. We have, therefore,

1.4. Axial Loading; Normal Stress
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