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Chapter Learning Outcome

fine bending moment

bending moment formulae




Introduction

e Beam, or flexural member, is frequently encountered in structures
and machines.

— member that subjected to loads applied transverse (sideways) to the long
dimension, that causing the member to bend.

* Transverse loading causes bending and it is very severe form of
stressing a structure.

 The beat beam goes into tension (stretched) on one side and
compression on the other.

Example: a simply-supported beam
loaded at its Mid-point will deform
into the exaggerated bent shape
shown in figure




Classify Types of Beams

sams - classified on the basis of supports or reactions
h as pins, rollers, or smooth surfaces at the ends .




The Bending Theory Neutral

eutral Axis (N.A)

axis along the length of the beam which remains unstress
vhen it is bend.

the region that separates the tensile forces from
essive force

ding stress equal to zero. The position of the
1 the centroid of the section hence t

Compression «

Fibires shorter
Meutral axis
Mi&

Fibres longer
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erivation of flexural formula

To establish the bending stress formula several assumption
are used:-

The cross section of the beam is plane and must remain
e after bending

beam’s material is homogeneous and obey Ho

terial must be free from any resistance f
ies, holes, or grooves.




Horizontal lines
become curved

\ Gkt
Vertical lines remain x|
straight, yet rotate =

Before deformation Afier deformation




)Jue to the action of load beam will bend. Consider a beam that bent into a
c of a circle through angle © radians. AB is on the neutral axis (will be the
me length before and after bending). R is the radius of neutral axis.

® Beams in whatever shape will basically form a

curve of x-y graph. One should be noted that the
radius of curvature at any point on the graph is
the radius of a circle

_ change inlength CD—-AB (R+y)6—RO6 RO—y0—-RO y
~ original length =~ AB RO B RO "R
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oke’s Law, Modulus of Elasticity, E

From Hooke's Law, modulus of elasticity, E

=2 ® Stress and strain vary along the length of

. - the beam depending on the radius of
Substitute & =2 P g

curvature.

Rearrange;

ce y from neutral surface




Standard Sections

® The value of I, second moment of area for a given section may be determined by formulae as in
Figure. However, many beams are manufactured with standard section such as steel beams.
British Standard, the properties of standard steel beams and joists have been given in the

standard code.
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ic Section Modulus, Z

® The section modulus (Ze) is usually quoted for all standard sections and practically is of greater use than
the second moment of area. Strength of the beam sections depends mainly on the second modulus. The
section moduli of several shapes are calculated below
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Maximum stress in beam
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Pure Bending

Pure bending

— is a condition of stress where a bending moment is applied to a beam without the
simultaneous application of axial, shear, or torsional forces.

— Beam that is subjected to pure bending means the shear force in the particular

beam is zero, and no torsional or axial loads .

— is also the flexure (bending) of a beam that under a constant bending moment (M)
therefore pure bending only occurs when the shear force (V) is equal to zero since

dM/dx= V.

This equation indicates that for a given allowable stress and a
max bending moment the section modulus Ze must not be less
than the ratio (Mmax/ocallowable ).

If the allowable stress of the material in tension is the same as
in compression the use of a section which is symmetrical about
the neutral axis is preferred and the material from which the
beam is made should be ductile

M

- max
Oallowable =
Ze

Pure bending in

mid section
(no shearing force)




Example 1

A 250 mm (depth) x 150 mm ( width) rectangular beam is subjected to maximum
bending moment of 750 KNm , find;

i The maximum stress in the beam
The value of the longitudinal stress at a distance of 65 mm from the top
surface of the beam.
Solution:

i maximum stress in the beam:;

-7 - Mc

Distance of N.A. from the top surface of the beam;

y=2=2"=125mm =0125m

Moment of inertia, /

bh® _ 150x250°

12 T 195312500 mm?* = 0.0001953 m*

] =

Using relationship

__ My _ 750x10°x0.125 _ 8 nr . —2
0 = T oocoo1953 4.8 X 10°Nm




longitudinal stress at a distance of 65 mm from the top surface

Using relationship
M M
ﬂ' — —:F = Jrl
I I

Distance y =y1 =60 mm =0.06 m

M 750%10°%0.06 .
= R PP — 230 MNm 2
I 0.0001953

a




Tutorial

A beam has a rectangular cross section 80 mm wide x 100 mm deep. It is subjected to
maximum bending moment of 15 kNm. The beam is made from metal that has a
modulus of elasticity of 180 GPa. Calculate the maximum stress on the section.

A symmetrical section with 200 mm, deep has a moment of inertia of 2.26x10° m* about
its N.A. Find the longest span over which , when simply supported the beam would
carry a uniformly distributed load 4 kN/m run without the stress due to bending
exceeding 125 MN/m

Find the dimensions of a timber beam with length 8 m to carry a brick wall of 200 mm
thick and 5 m high. If the density of brick wnrk is1850 Kgfm and the maximum
permissible stress is limited to 7.5 MN/m? given that the depth of beam is twice the
width.
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