Comparative Testing

About mechanical properties

Just how strong is it?

When we talk about the mechanical properties of materials, one of the first things we
think about is strength. It's a property with obvious benefits. If you were building a
bridge it would have to be made from something strong. If you were making an
articulated lorry, that too would have to be made from some very strong materials.
But it's not just these grand feats of engineering that have to be strong. Loads of
other things need strength: shopping bags, CD cases, keyboards, mugs, screwdrivers.
In fact - almost everything!

But strength is a complicated concept ...

The National Physical Laboratory describes a material’s strength as its ability to
withstand large stresses before either breaking or deforming such that the strain is no
longer proportional to stress.

Let’s have a look at some of these terms. First, what is stress? Stress is the force applied
per unit of cross-sectional area. It has the same unit as pressure (Nm), which is also
called a pascal (Pa).

And strain? Strain is defined as a fractional change in length when something is under
stress. In other words, if you stretched a material, the strain would be the ratio of
extension to original length. Because it's a ratio it has no unit.

When testing a material’s strength the material may break or deform. Deformation can
be either permanent (when the force is removed, it stays deformed), or temporary
(when the force is removed, it springs back to its original shape).

But strength is even more complicated than that! Forces can be applied differently. For
example, you can apply a tensile force (you stretch the material) or a compressive force
(you squeeze the material). Some materials have good compressive strength, but poor

tensile strength, or vice versa.

Furthermore, materials can be resistant to impact forces, or static forces. For example, if
you hit a table with a hammer you'd be applying an impact force. If the hammer was
Just placed on the table, its mass would provide a static force.

This pack contains tests for you to compare the tensile strength, compressive strength
and impact resistance of different materials. The tests are comparative only; they don't
give absolute values. British Standards enable absolute values of different types of
strength to be determined. They're usually specific to a particular type of material (for
example, paper, ceramics, metal, wood, composites). However, these are not easily set
up in the laboratory. For example, in tensile strength testing the load must be applied
and increased smoothly.

Stiff or bendy?
Sometimes we need materials to be stiff. Other times they need to be flexible or bendy.
For example, a bike frame must be stiff but fishing rods must be flexible; and they both
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have to be strong. A stiff material requires a large stress to produce a small strain. The
stress:strain ratio is called the Young’s modulus - stiff materials have a high Young's
modulus. Stiffness is sometimes called rigidity.

This pack provides you with a way of comparing materials’ stiffness. As with the
strength tests, it doesn’t give you absolute values.

Cushioning the blow

Imagine you were designing a children’s playground. You'd want the flooring to
cushion a child’s fall. Concrete wouldn’t be a good material to use. Something rubbery,
on the other hand, would.

A material that cushions the blow absorbs energy when it's struck. So, if you fall onto a
mattress some of the energy is transferred to and absorbed by the mattress. If you fall
onto concrete, most of the energy is transferred straight back into your body. That
causes pain and damage.

The ability of a material to absorb energy when struck can be measured by determining
its coefficient of restitution. A test to do so is provided here. The test is based on a real
British Standard which measures the coefficient of restitution of ceramic tiles. The
procedure you will follow has been adapted so you can use any material, provided it
has been cut to a specific size, and prepared in a specific way.

And the rest ...

There are plenty more mechanical properties not dealt with here. Hardness, for
example. That's because it's very difficult to set up a meaningful test without
sophisticated apparatus and measuring instruments.

Density is also a mechanical property, but it's been dealt with in a different section of
this resource (see About density).
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1 Scope

5 Test Specimens

This Comparative Test specifies a method to
measure a material’s coefficient of
restitution. The coefficient of restitution
gives a good indication of how well a
material absorbs energy.

2 Definitions

One way of determining the coefficient of
restitution is to measure how high an object
bounces when dropped from a fixed height
onto a sample of the material being tested.
A ball dropped on rubber, for example, will
not bounce very high, as it has a low
coefficient of restitution; but a paving slab
has a higher coefficient.

3 Principle

You should test at least three test
specimens, each 75 mm x 75 mm

The test specimens should be glued to a
concrete block, approximately 75 mm x 75
mm X 50 mm. The concrete blocks should
be made of one part by mass cement to 5
parts gravel sand, in other words 5 g of
sand to 1 g cement. For every 1 g of
cement, add 2 g of water and mix
thoroughly.

The test specimen should be stuck to the
concrete block using an epoxide resin
adhesive, spread approximately 2 mm thick
across the concrete.

Procedure

The coefficient of restitution can be
determined by dropping a steel ball from a
fixed height onto a test specimen and
measuring how high the ball rebounds.
This is difficult to judge with the naked eye.
A better method is to time the interval
between the first and second times the ball
hits the material under test.

A material with a low coefficient of
restitution does not absorb much energy
when it is impacted. This means the energy
remains in the steel ball, causing it to
bounce higher. 1t is called an elastic
collision.

4 Apparatus

e Chrome steel ball with a diameter of 19
mm

e Ball-release apparatus (see Figure 1),
consisting of:

- clamp

- clear plastic tube (1 m long and
approximately 20 mm diameter)

e Electronic timing device (optional),
which uses a microphone to measure
the time between the first and second
times the steel ball hits the test
specimen

e stopwatch

e Make sure the plastic tube is clamped
over the centre of the test specimen.

¢ Hold the steel ball at the top of the
plastic tube.

e Release the steel ball. Start the stop
watch when the steel ball hits the test
specimen; stop it when the steel ball
hits the test specimen for a second
time.

e Alternatively, use an electronic timing
device to measure the time between
bounces.

e Examine the surface for cracks or
indentations.

¢ Repeat the whole procedure for the
other test specimens.

Expression of Results

For a ball impacting a horizontal static
surface, the coefficient of restitution (e) is
calculated using the equation:

e = \J(hy/h,)
where
h, is the height of rebound, in centimetres;

h; is the height of the drop, in centimetres
(100 cm)
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To calculate the height of the rebound (h,)
use the equation:

h, = 122.6T?
where

T is the time between the first and second
impact, in seconds

8 Test Report

Your test report should include:
(a) reference to this Comparative Test
(b) a description of the test specimens

(c) the coefficient of restitution of all test
specimens

(d) the average coefficient of restitution
(calculate this by adding all coefficients
of restitution and dividing the total by
the total number of test specimens)

(e) any indentation or cracking of the test

specimens
figure 1
— @ ———— steel ball
1
clamp ——
clear plastic tube
electronic timing device 1.0m
(optional)

material under test

epoxide resin
concrete block
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1 Scope

5 Procedure

This Comparative Test specifies a method of
comparing the impact resistance of different
materials.

Principle

By dropping a mass onto a sample of a
material, an impact force is applied. By
measuring the mass taken to break the
specimen, a comparative value can be given
to the test material. This value can be
compared to other materials tested in the
same way.

Apparatus

o steel ball bearing, approximately 20 mm
diameter

e Blu-Tak (or similar)

e two wooden blocks, approximately 40
mm3

e two wooden blocks, approximately 40
mm? and 8 mm thick

e 100 g mass hanger
e 100 g masses

e tubing, 500 mm long, with an inside
diameter marginally larger than the
diameter of the mass hanger being used
(can be made of any suitable material,
provided the inside edge is smooth).
Tubing may need to be longer if the
drop height is increased (see NOTE in
procedure)

e 3 x clamp and stand
e thread
e metre rule

e 2 xG-clamp

Test specimens

e Set up a testing rig as shown in figure 1

¢ Drop the mass hanger from a height of
300 mm onto the ball bearing

e Remove the ball bearing and record
changes, if any, to the test specimen
(for example, cracks or indentations)

e Put the ball bearing back into position

e Use the thread to pull up the mass
hanger. Add a 100 g mass and drop it
onto the ball bearing from a height of
300 mm

e Record any changes

e Continue repeating the procedure until
the test specimen breaks

e NOTE: if the test specimen breaks too
easily to obtain a meaningful result,
repeat the procedure using 10 g
masses; if it still breaks too easily,
decrease the drop height. If the test
specimen doesn’t break, try increasing
the drop height

Expression of Results

For each test specimen:

Record results in a table similar to the one
shown in table 1. The table should include
the mass dropped, in kg, and the drop
height, in m, required to break the test
specimen.

NOTE: dropping a mass from a greater
height increases the impact force.

Test Report

Test specimens should be 200 mm x 40
mm. Three tests specimens should be
tested, so an average breaking force can be
calculated

Your test report should include:

(a) reference to this Comparative Test
(b) the name of the material being tested
(c) a copy of the completed results table

(d) the average force required to break the
test specimen (calculated by adding all
three breaking forces and dividing by
three).
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figure 1

thread

mass hanger

tubing, held in place with a clamp and stand

steel ball bearing, placed on the centre of the
test specimen and held loosely in place with very
small pieces of Blu-Tak

|
5

test specimen
/ wooden block (40 mm2, with

thickness of 8 mm)

wooden block (40 mm3)

S L L L

N

table 1

G-clamp, clamping test specimen,
wooden blocks and workbench securely
together

Material under test =

Mass Height of
dropped / kg | drop / m

Observation
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1 Scope

This Comparative Test can be used to

compare the tensile strength of plastic,
paper and board. The test also gives an
indication of the test material's ductility.

2 Principle

under laboratory test conditions, decrease
the width.

At least three specimens should be tested.

Procedure

When a specimen is stretched, a tensile
load is being applied. When the specimen
breaks, a comparative value for tensile
strength can be determined by dividing the
force required to break the material, in

newtons, by the width of the test specimen,

in millimetres. The value can be used to

compare materials tested using this method.

In the laboratory it is possible to apply a
tensile load to a test specimen until it
breaks; by noting the mass required to
break the specimen, you can calculate the
tensile strength.

3 Apparatus

e Set up the apparatus as shownin figure 1

e Add a 100 g mass to the mass holder.
Record the mass and the position of the

pin
e Keep adding 100 g masses until the test

specimen breaks. Record the position of
the pin every time you add a new mass.

¢ Record the mass, in kilograms, required
to break the test specimen (NOTE: one
kilogram = 1000 g).

Expression of Results

e large pair of scissors, or surgical knife
for cutting test specimens

e clear sticky tape
e metre rule

e clamp and stand
e wooden blocks
e strong thread

e dowel with a pin or pointer attached to
one end

e 100 g mass hanger
e 100 g masses
e 10 g masses

4 Test specimens

Test specimens should be 10 mm wide. The

length should be sufficient to set up the
apparatus with 30 mm of test material
between the clamps.

If test specimens break very easily (in other

words, under only a small load), increase
the width. Similarly, if they do not break

Calculate the force required to break the
test specimen using the equation:

F=mx9.8
where

Fis the force required to break the
specimen, in newtons;

m is the mass required to break the test
specimen, in kilograms;

9.8 is acceleration due to gravity.

For the purposes of this test, tensile
strength of the test specimen is calculated
using the equation:

S=Fw
where

S is the tensile strength, in kilonewtons per
metre;

w is the width of the test specimen, in
millimetres (NOTE: one metre = 1000 mm)

Plot a graph of mass / kg against distance
the pin moves / mm

The shape of the graph gives an indication
of the material's ductility. A material that
stretches a long way before breaking is
more ductile than one that breaks without
stretching.




COMPARATIVE TEST 0001-3:2003

Page 2 of 2

8 Test Report

Your test report should include:
(a) Reference to this Comparative Test

(b) The tensile strength of each test
specimen

(c) The average tensile strength of test
specimens (calculate this by adding the
total tensile strengths of all test
specimens, and dividing it by the total
number of test specimens)

(d) A general description of how ductile the
test specimen was.

figure 1

pin, attached to the —
piece of wooden dowel

5
;

s S

clamp, holding test specimen

between two wooden blocks

metre rule

test specimen, taped to a piece of wooden

dowel (there must be 300 mm of the test
specimen between the tape and the clamp)

tape

piece of wooden dowel

thread, tied to dowel

100 g mass hanger

box of crumpled paper for mass to fall
into
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Scope

This Comparative Test allows comparison of
the compressive strengths of plastic, board
and plaster of Paris.

Principle

Specimens are loaded to failure in a
compression testing rig (for the purposes of
this test, failure is determined as the point
at which the specimen breaks). Using the
expression:

compressive strength = force needed to
produce failure in the sample divided by the
cross-sectional area of sample

it is possible to gain comparative values for
materials tested using this method.

Apparatus

not dropped onto the test specimen)

e Repeat this process, adding 100 g
masses until the test specimen breaks,
or is permanently deformed. Check the
test specimen after each mass has been
added

e Record the total mass that broke or
permanently deformed the test
specimen

o If the specimen has low compressive
strength and breaks easily, repeat the
experiment with a new test specimen
using the 10 g masses.

Expression of Results

e wooden cylinder, 10 mm thick and the
same diameter as a 100 g mass hanger

e tubing, 200 mm long, with a diameter
marginally larger than the 100 g mass
hanger. The tubing can be made from
any material, provided the inside edges
are smooth.

e 100 g mass hanger and 100 g masses
e 10 g masses

e clamp and stand

e thread

Test specimens

The test specimen should be a cylinder of
the material under test, of diameter 20 mm
and length 20 mm. If a specimen is
damaged or has air bubbles it should not be
tested. Three specimens should be tested.

Procedure

7

The force needed to produce failure in a
specimen is equal to the total mass needed
x 9.8. The value is given in newtons (N)

For the purposes of this test, use the
expression:

compressive strength = force needed to
produce failure in the sample divided by the
cross-sectional area of sample

where,

compressive strength is measured in
Newtons per square millimetre (N/mm2)

the maximum force (load) at failure is
measured in newtons (N)

cross-sectional area of specimen is
measured in square millimetres (mm?)

The compressive strength should be written
to the nearest 0.5 N mm-2

Test Report

e Set up the apparatus as shown in figure
1, making sure the wooden block is
positioned over the centre of the test
specimen

e Lower the mass hanger into the tube
using the thread (make sure the mass is

Your test report should include:
(a) Reference to this Comparative Test

(b) The compressive strength, as
determined by this test, of each test
specimen.
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figure 1

clamp and stand

—

D:ﬂ

thread, to lower mass hanger onto wooden
cylinder

tubing

mass hanger

wooden cylinder

test specimen
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1 Scope Test specimens should be cut to the same

This Comparative Test can be used to
compare the stiffness of materials. The test
also gives an indication of a material's
elasticity. Elasticity is the ability of a
material to change shape when subjected
to an applied force, but spring back to its
original shape when the force is removed.

Principle

The stiffness of materials can be compared
by recording how much objects made of the
materials bend when a force is applied.

This can be done by clamping one end of
an object made from each material to a
workbench and gradually adding masses to
the other end. When the final mass has
been added, removing the load and
observing what happens to the object
indicates the material's elasticity.

The same method can also be used to
compare the stiffness of different shapes.
For example, three pieces of the same
plastic, of equal thickness but with different
cross-sections (see figure 1) could be
compared.

width, length and thickness (3 cm wide, 30
c¢m long and 0.5 cm thick).

e If using the Comparative Test to
compare the stiffness of different
materials to be used for an
engineered product:

Test specimens should be cut to the same
width and length (3 cm wide, 30 cm long),
but should be whatever thickness they
would be in the final engineered product.

e If using the Comparative Test to
compare the stiffness of different
cross-sections

Each test specimen must be made from the
same material, and be of equal dimensions.

Procedure

Apparatus
e Workbench
e G-clamp

e Metre rule

e Needle

e 100 g mass hanger
e 100 g masses

e suitable cutting tools, depending on the
materials under test

4 Test specimens

o If using the Comparative Test to
compare the stiffness of different
materials:

e Set up apparatus as shown in figure 2

e Add a 100 g mass hanger to the end of
the test specimen

¢ Record the deflection, if any, of the test
specimen, by noting how much the
needle has moved down the metre rule

e Add a further 100 g mass and record
the deflection again

¢ Continue adding masses until the test
specimen breaks or the deflection
reaches 15 cm

o If the test specimen did not break,
record any permanent deflection (this
can be measured by removing the
applied force and noting the position of
the pin against the metre rule).
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6 Expression of Results

Stress is proportional to the force, F,
required to produce a measured deflection.
In this test, that deflection is 15 cm.

Calculate this stress using:
F=mg
where,

m is the mass in kilograms required to
produce a 15 cm deflection (or to break the
test specimen)

g is acceleration due to gravity (9.8 ms2)
For each test specimen:

Plot a graph of load (in grams) against
deflection (in centimetres).

The shape of the curve gives an indication
of relative stiffness. The least steep curve
indicates the stiffest material.

Note any permanent deflection, in
centimetres. This indicates the material's
elasticity - no deflection means the material
has high elasticity; a high deflection means
the material has little or no elasticity (it has
the property of plasticity).

7 Test Report

Your test report should include:
(a) Reference to this Comparative Test

(b) Reference to whether the Comparative
Test was used to (a) compare the
stiffness of different materials; (b)
compare the stiffness of different
materials to be used for an engineered
product; or (c) compare the stiffness of
different cross-sections

(c) The force, in newtons, required to
produce a 15 cm deflection (or, if the
test specimen broke, record the force
required to break it).

(d) Where appropriate, a diagram of the
different cross-sections and the
dimensions of the test specimens.

(e) A description of the test specimen's
elasticity.
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figure 1: examples of different cross sections

OX B

test specimen

figure 2

/\T G-clamp

£

7

/

needle attached to mass hanger

mass hanger

5 cm of the test specimen should be
clamped to the workbench

metre rule




