Polymer Science & Technology Graduate Program

Experiments for Mechanical Properties

1. Introduction

It is widely accepted that 20th century has been known as the age of polymers and it is likely that 21st century will keep this image.  Polymers cover a wide range of materials, such as plastics, rubbers, fibres, adhesives and composite materials. The annual consumption of polymers in the world was increased from 0.6 kg per capita to 18.8 kg per capita in 40 years from 1950 to 1990.  The world total production of polymers in 1990 reached 5,320 million tons.

Packaging and construction are the most important application fields of polymers.  Electric/electronic applications, transportation, toys, housewares, appliances, and furniture follow these two fields.

The mechanical performance of polymers is important not only in construction engineering, but also in many other applications; for example even in the design of a picnic knife, it should be considered that the material under effect of loads and moments. Some important mechanical properties of polymers can be given as

· Strength

· Stiffness

· Toughness

· Ductility

· Impact resistance

· Wearing resistance

Most of the polymers in the bulk state have low strength and stiffness than those of the traditional materials; but in the fibre form they may show high mechanical properties, for example Kevlar has a comparable strength and stiffness with steel. It is also possible to improve mechanical properties of polymers by using suitable reinforcement elements, such as fibres and particles, in the form of composites. The usage of polymeric composites in every part of life is unlimited and they are taking the place of many traditional materials, such as wood, metals and stone. Even in the repairment of damaged buildings after an earthquake, tons of epoxy resins are being used in the injection of cracks, as well as carbon fibre reinforced plastics in the strengthening of beams and columns.

2. Mechanical Properties

External forces acting a material may either elongate its length or compress or cause distortion.  The tensile forces causes stretching, while compressive ones reduction in length of a specimen. Shear forces change the shape of the materials (Figure 1).
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Stress is defined as force per unit cross-sectional area. It should be given in N/mm2 [or MPa] or kgf/cm2 or any other suitable units.
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Strain is the change in the unit length of the specimen and it can be mentioned as mm/mm, mm/m or in any other combination; if both lengths have the same unit, they can be omitted.
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(for tensile and compressive strains)

ε = Δl / l0  = l − l0 / l0
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(for shear strain)

It is possible to plot stress versus strain by using experimental data obtained during a test. Many materials show a linear relation for the initial part of the stress-strain curves. The slope of this initial part has a special name as modulus of elasticity or Young’s modulus; which shows that there is a constant ratio between stress and strain:
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This equation is also known as Hooke’s Law. The maximum stress level on the stress-strain curve correspond the strength of material while the maximum strain is defined as ultimate strain or fracture strain. Some materials may show a plato region in the stress-strain curve which corresponds to the yielding behaviour. The stress at this region is called as yield stress.

The area under the stress-strain curve shows the total energy (or work) which should be spent in order to break the materials; which is also known as toughness.

Some of the factors effecting mechanical properties of polymers can be given as follows:

· Molecular weight of polymers

· Glass transition temperature

· Degree of crosslinking

· Testing temperature

· Rate of loading (or straining)

3. Experiments

3.1. Tensile Testing

Materials: Thermoset or thermoplastic or rubber.

Shape of specimen: Dumbbell or strip shape with the length is at least 5 times of width.

Testing machine: Universal testing machine or tensile testing machine.

Procedure: After measuring the dimensions and gauge length of specimen clamp the specimen to the machine. If strain will be measured with a gauge measuring instrument (extensometer) it should be attached to the specimen. The test should be made at constant strain or stress rate.  During testing, forces and corresponding elongations should be recorded.

Calculation: Stresses and strains should be calculated by using force-elongation data.  Draw the stress-strain curve. Determine ultimate stress (strength), ultimate strain, and yield stress (if there exists). Find the modulus of elasticity taking the slope of the initial linear part of the stress-strain curve. 

3.2. Flexural and Compressive Testing

Sample Preparation:
Materials: Epoxy resin and hardener, and silica sand

Moulds: 4x4x16 cm prismatic

Procedure: 1- Pure polymer: Mix epoxy and hardener as proposed by the producer. Pour the mixture into the moulds. Prepare 3 specimens.


        2- Polymer-sand mortar: Add 80% by weight of sand into the 20% epoxy + hardener mixture. Mix the ingredients in a mixer for 3 minutes. Pour the mixture into the moulds. Prepare 3 specimens.

Testing:
Testing Machine: Universal testing machine

Flexural testing: Place the specimens on the supports of testing machine. The opening between the supports will be 10 cm. Apply the load at constant displacement rate of 0.5 mm/min.  Measure the flexural fracturing load.

Compressive testing: Apply compressive testing at a rate of 0.5 mm/min. Record both force and displacement at certain intervals. Find the max. load for fracturing. Draw the stress-strain diagram.

Find the slope of initial linear part, which gives also the modulus of elasticity. Compare the compressive and flexural strength and modulus of elasticity of pure epoxy with those of epoxy-sand mortars.  Discuss the results.

Note:
Flexural Strength= 1.5 Pmax . l / (bh2)
Where Pmax is ultimate load, l is the distance between the support, b and h are the width and height of the cross section of the specimen, respectively.
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