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The bolts used for the connections of this steel framework are subjected to stress. In this
chapter we will discuss how engineers design these connections and their fasteners.




Stress

CHAPTER OBJECTIVES

In this chapter we will review some of the important principles of
statics and show how they are used to determine the internal resultant
loadings in a body. Afterwards the concepts of normal and shear
stress will be introduced, and specific applications of the analysis and
design of members subjected to an axial load or direct shear will be
discussed.

1.1 Introduction

Mechanics of materials is a branch of mechanics that studies the internal
effects of stress and strain in a solid body that is subjected to an external
loading. Stress is associated with the strength of the material from which
the body is made, while strain is a measure of the deformation of the
body. In addition to this, mechanics of materials includes the study of
the body’s stability when a body such as a column is subjected to
compressive loading. A thorough understanding of the fundamentals of
this subject is of vital importance because many of the formulas and rules
of design cited in engineering codes are based upon the principles of this
subject.

@

Check out the Companion Website
for the following video solution(s)
that can be found in this chapter.

e Section 2
Internal Forces Review, 2-D
e Section 2
Internal Forces Review, 3-D
e Section 3
Force Resultant Review
e Section 4
Average Normal Stress
e Section 4, 5
Average Normal and Shear
Stress
e Section 6
Allowable Stress
e Section 7
Factor of Safety
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Concentrated force
idealization

Linear distributed
load

Fig. 1-1

Historical Development. The origin of mechanics of materials
dates back to the beginning of the seventeenth century, when Galileo
performed experiments to study the effects of loads on rods and beams
made of various materials. However, at the beginning of the eighteenth
century, experimental methods for testing materials were vastly
improved, and at that time many experimental and theoretical studies
in this subject were undertaken primarily in France, by such notables as
Saint-Venant, Poisson, Lamé, and Navier.

Over the years, after many of the fundamental problems of mechanics
of materials had been solved, it became necessary to use advanced
mathematical and computer techniques to solve more complex problems.
As a result, this subject expanded into other areas of mechanics, such as the
theory of elasticity and the theory of plasticity. Research in these fields
is ongoing, in order to meet the demands for solving more advanced
problems in engineering.

1.2 Equilibrium of a Deformable Body

Since statics has an important role in both the development and application
of mechanics of materials, it is very important to have a good grasp of its
fundamentals. For this reason we will review some of the main principles
of statics that will be used throughout the text.

External Loads. A body is subjected to only two types of external
loads; namely, surface forces or body forces, Fig. 1-1.

Surface Forces. Surfaceforces are caused by the direct contact of one
body with the surface of another. In all cases these forces are distributed
over the area of contact between the bodies. If this area is small in
comparison with the total surface area of the body, then the surface force
can be idealized as a single concentrated force, which is applied to a point
on the body. For example, the force of the ground on the wheels of a
bicycle can be considered as a concentrated force. If the surface loading is
applied along a narrow strip of area, the loading can be idealized as a
linear distributed load, w(s). Here the loading is measured as having an
intensity of force/length along the strip and is represented graphically by a
series of arrows along the line s. The resultant force ¥g of w(s) is
equivalent to the area under the distributed loading curve, and this
resultant acts through the centroid C or geometric center of this area. The
loading along the length of a beam is a typical example of where this
idealization is often applied.



