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What causes the limit of proportionality to change from material to material?

Beyond the elastic limit
When the material breaks after the maximum stress, why doesn’t the stress immediately
decrease to 0 instead of gradually declining?

A.C. NORMAN

anorman@bishopheber.cheshire.sch.uk
Does the graph show an average trend which isn’t for a specific material?

What is the unit of tensile strain?

The limit of proportionality

I think it’s a ratio, so it’s dimensionless.
So far, we have only looked at materials“in the limit of small
deformations, where Hooke’s law_applies (deformation is re-
versible and proportional to the force applied). In this limit,
all materials behave in a véry similar way, determined by their
Young modulus. ond the limit of proportionality, which
has widely varying values for different materials, there is
great variation between materials in what happens as more
stress is applied.

What is the hookean region and why is it before LP?

Which dashed line is this referring to?
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The extension of a typical i aterial in tension is
shown on the graph above. aterial is extended, the

stress needed on the object, s plottéd out.

There is an elastic (H6okean) region, where the strain is
directly proportional tg'the stress, before the limit of propor-
tionality (LP). Beyord this limit, the the material will return
to a similar shape’and size when the stress is removed, but
there will be sofhe permanent extension (it will continue to
return to thig'new form if forces are applied) — this is shown
as the dashed line. Some materials cannot be permanently
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stretched in this way—the limit of proportionality for these COMMENTS ON PAGE 2

materials is almost exactly the same as the elastic limit and
yleld pg}nt—and these anfﬂ‘r‘iQ]Q7 e.g g]ﬂqq are said to be

brittle. What is the yield point?

After the elastic limit (EL), just after the limit of propor-
tionality, has been passed, the material will no longer return .cleared up 2 paragraphs down...
to its original length or shapé; will sti -

what in length if the stress is reduced.
Just after the elastic limit, there is a point called the yie
point (YP), at which a stress causes a major change in a ma-

What factors can affect the elastic limit of a material? (Rhiannon Hales)

terial. The material undergoes plastic deformation, meaning Can the effect caused by over-extension be reversed by anything e.g. heat?
that in a ductile material, the bonds between molecular layers

break, and the layers flow over each other. It will continue to You need to change passes to passed here. (Rhiannon Hales)

stretch without extra stress, and even if the stress is reduced.

At this point, the material has lost its strength, it has passes What unit would this stored energy be measured in? Would it just be joules?

the maximum stress it can take—the breaking stress or ulti-
mate tensile stress (UTS), and its strain will increase until it
finally reaches the breaking point.

The work done in extending the material-is equal to the
energy stored in the material, and-is given by the area under
the curve.

Can toughness be determined/found on a stress/strain graph?

Describing materials

Quite a lot of information about a material can be gleaned
from the stress—strain curve, and materials scientists and en-
gineers use a number of different terms to describe how ma-
terials behave under load:

e Stiffness and flexibility — Materials like rubber which
are easily deformed are flexible, whearas materials whic
hold their shape when a force is applied, like glass, are
termed stiff. The stiffness of different materials can be
compared using the gradient of the stress—strajn line,
which is the Young modulus.

o Stremgth — This is determined by how myich force is
required to break the material. strong materials require
much more force to break them than dg/weak ones. The
strength of the same material can b¢/very different de-
pending on its shape and how it ¥ measured, so nor-
mally we take the ultimate tengile stress (UTS) as a
measure of tensile strength.

e Toughness — Brittle materials such as china have tiny
cracks which can spread and open up, making them snap
cleanly and sharply. This means that they can often
fail catastrophically, with the release of lots of energy.
Materials which resist the formation and spreading of
cracks, such as steel, are tough.
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