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INTRODUCTION

This Workbook guides you through the learning outcomes related to:
Identifying solutions to problems within static mechanical systems

e Shafts and beams:
o The effect of shear forces on beams.
o Bending moments and stress due to bending in beams.
o Selection of appropriate beams and columns to satisfy given specifications.
o The theory of torsion in solid and hollow circular shafts.

GUIDANCE

This document is prepared to break the unit material down into
outcomes above treated in their own sections. Therein you will enc

ee the learning
ctures;

Purpose Explains why you need to study the current sectio ite often learners

ashion. To support the treatments
e given hyperlinks, which may be

Conveys new material to you j

Theory
in this section you are stro

Example

each of the given questions, in the order in which they are presented.
portant, as further knowledge and confidence is built upon previous

are immediately available to you. Contact your Unit Tutor if you need help.

You can really cement your new knowledge by undertaking the challenges. A challenge
could be to download software and perform an exercise. An alternative challenge
might involve a practical activity or other form of research.

Challenge

Videos on the web can be very useful supplements to your distance learning efforts.
Wherever an online video(s) will help you then it will be hyperlinked at the appropriate
point.

Video
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1.1 Shafts and beams:

1.1.1  Introduction.

Supporting structures that do not bend withstand externally applied loads in either tension or
compression. However, in practice, many structures are subjected to bending action. Prior to calculating
bending moments and shearing forces we need to define bending moment and shearing force.

1.1.2  Revision — Moments, couples, torque, stress, and strain

A moment is a turning force producing a turning effect. The magnitude of this turning force depends on
the size of the force applied and the perpendicular distance from the pivot or axis to the line of action of
the force.

A couple occurs when two equal forces acting in opposite directions have theigdines‘efaction parallel.

e compressive stress — produced by forces tending

e shear stress — resulting from forces tending t

Deformation (x)

e. Direct Strain (&) = ——
Original length (1)

1.1.3 Types
A beam is a structure which is
Distributed Loads (UDL

d transversely (sideways). The loads may be point loads or Uniformly
indicates the way that these are illustrated.

¢ ¥ ¥ ¥ ¥y vy Y ¥ %

A Uniformly Distributed Load

—ll

i
T Point Loads

Figure 1 Point Loads and UDLs

The beam may be simply supported or built in, as illustrated in Figure 2.
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. . A 7 Z
T Simply Supported T IZI Built In V V

Beam Encastre’ Beam Cantilever Beam

Figure 2 Types of beam

Transverse loading causes bending, and bending is a very severe form of stressing a structure. The bent
beam goes into tension (stretched) on one side and compression on the other as shown in Figure 3.

compressed

stretched

Figure 3 Stretching and compression

The complete formula which describes all aspects of bending is:
M o E

I~y R

Where:

M is the moment produced by a force

I is the second moment of area.

o is the stress produced during bending,
y is the strain produced during bending
E is the Modulus of Elasticity

R is the radius of the neutral axis

1.1.4 Neutral Axis and Radi

This is the axis along the length g
when it is bent. Norm
position of the ce

Consider that t
is the same len

Figure 4 Neutral Axis

Normally the beam does not bend into a circular arc. However, whatever shape the beam takes under the
sideways loads; it will basically form some form of curve. In mathematical terms, the radius of curvature at
any point on a graph is the radius of a circle that just touches the graph and has the same tangent at that
point.
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