PHYSICS UNIT 3: Materials and their use in structures
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The safety of structures depends on the properties of construction materials, their shape, and the ways in which they are arranged and connected.
· identify different types of external forces such as compression, tension and shear that can act on a body, including gravitational forces;

· analyse the behaviour of materials under load in terms of extension and compression, including Young’s modulus, Y ;

· calculate the stress and strain resulting from the application of compressive and tensile forces and loads to materials in structure,  = F/A,  =l/l;

Forces can be exerted on a material in a variety of ways.  If a heavy weight is placed on the top of a beam, then the atoms in the beam are squashed together as the earth pulls the heavy weight down.  In this instance the force is called a compression force as the material is made shorter by the action of the force.

If the heavy weight is attached to a steel wire, then the atoms in the wires are stretched apart.  In this instance the forces is called as tension force as the material is made longer by the action of the force.

The other way is which forces can affect a material is when they act together to twist an object.  In this case the planes of atoms are being pushed over each other.  In this instance the force is called a shear force.

In the Motion in one and two dimensions Area of Study there is section on stretching springs.  That section can also be examined in the Materials Detailed Study.  The graph of Force vs Extension gives a straight line, usually through the origin.  The gradient of this line is called the Force Constant.

The difficulty with this graph is that a longer spring made from the same material will have a different graph.  What would be desirable would be a graph for steel wire, for example, regardless of how long or how thick the wire is.  This requires two new concepts: Stress and Strain.












  Force, F

Stress is defined as Force applied to the material divided by the Cross-sectional Area of the wire.
Area, A
[image: image1.wmf]Stress = Force / Area
[image: image2.wmf]( = F / A, with units: Newtons / square metre or Pascals.

In fact in most materials, the stresses are of the order of MegaPascals (MPa)
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Strain is defined as the Change in Length divided by the Natural Length

Strain = Change in Length / Natural Length
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( = ( l / l  with no units.
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Stress produces Strain
When Stress is graphed against Strain a similar straight line graph is produced.
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Stress = Constant x Strain


          Gradient = Young’s Modulus, it is a measure of stiffness









The units of Young’s Modulus = MPa
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The Elastic Limit is the point on the graph at the Yield Strength, up to that point if the stress is eased the material returns to its natural length.  Beyond this point the material will be permanently damaged and if the stress is eased the material will not return to its natural shape.

· evaluate the suitability of composite material for use in a structure by considering its properties and the properties of the component materials (maximum of three components);

In the graph above there is a stress value at which the graph ends, that is, the material fractures.  The stress at this point is called the Tensile Strength if the material is being stretched and the Compressive Strength is the material is being squashed.

Most materials are not equally strong under tension and under compression.  For example materials such steel are very strong under tension, but would buckle if compressed.  Whereas materials such as concrete, brick and stone work well as foundations for buildings where they are compressed, but if they are stretched the particles pull apart and the material cracks.

If a concrete beam is used as a bridge, the weight of the concrete pulls the beam downwards, this pushes the particles on the top surface together to produce compression, and pulls the particles apart on the bottom surface to produce tension.
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Placing steel in the bottom of the beam compensates for the concrete’s weakness under tension.



The reverse situation applies in the case of a cantilever.
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· calculate the potential energy stored in a material under load (strain energy) using area under stress versus strain graph; 
· evaluate the toughness of material tested to the point of failure;
· describe brittle or ductile failure and apply data to predict brittle or ductile failure under load; 

· describe elastic or plastic behaviour under load and the resulting energy transformed to heat;

Strain energy is the energy stored in a material when it is stretched or compressed.  This can be obtained from either a Force – Distance graph or a Stress – Strain graph.  In the case of the Force – Distance graph, the strain energy is simply the “Area under the graph”.  In the case of the Stress – Strain graph, the area under the graph represents the energy stored in each cubic metre of material.  If the volume of the material can be measured the actual strain energy can be calculated.
Elastic strain energy is the energy stored up to the Elastic Limit.  When the stress is eased most of the energy is returned as the material returns to its original length.

Some materials such as metals continue to stretch very easily once past the Elastic Limit.  This behaviour is called Plastic because when the stress is released the stretching remains.
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Brittle materials, such as glass and ceramics, fracture at the Elastic Limit. They have graphs similar to the graph below.  The materials that give way and show plastic behaviour prior to fracture, such as most metals, are called ductile.

Stretching a material requires energy.  The toughness of a material is how much energy is needed to fracture a material. This is related to the area under the Stress – Strain graph.  This area equals energy stored per volume, so to actually calculate the Toughness, the area would need to be multiplied by the volume of the sample.
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· evaluate the suitability of different material for use in structures (including beams, columns and arches) by comparing tensile and compressive strength and stiffness or flexibility under load;

All materials differ.  Some, such as concrete or stone, are strong under compression but weak under tension.  While a steel cable is strong under tension, but folds up under compression.

In an arch each block is compressed by the blocks either side of it, so if a material strong under compression is used the arch will stand for centuries. 

The cabling for a suspension bridge requires material that is not only strong under tension, but also one that is very stiff and does not stretch very much. Nevertheless, its the elastic limit is reached by accident, then the material should not snap at thee elastic limit, but rather have an extended plastic region.

· calculate torque , τ = r      F ;
· analyse translational and rotational forces (torques) in simple structures including uniform columns, struts, ties, beams and cables, but not including trusses, modelled as two dimensional structures in static equilibrium;;

A structure is a set of jointed beams and wires.  It could be a bridge or an overhanging balcony.  As well as compressions and tensions within the structure, there are external forces acting on the structure.  These include weight forces and reaction forces.  The weight forces come from the structure itself, as well as objects hanging from the structure or objects such as trucks on the structure.  The reaction forces come from the surface the structure is in contact with, usually the ground.

These forces act at different points in the structure.  For the structure to be stable, there are three constraints:

The structure does not move up or down

Net Vertical Forces = Zero
The structure does not move sideways

Net Horizontal Forces = Zero
The structure does not topple or rotate

Net Torques about any point = Zero
What is the Torque of a Force?  It is the turning effect of the force about a point.  The turning effect increases the further away the force is from the point.  Consider a car of 2000 kg 5.0 metres from the end of a 25 m bridge of mass 10,000 kg.  What will be the forces at the two bridge supports, A and B?
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If point A is considered, then the weight forces are attempting to turn the bridge clockwise about A, while the force FB is attempting to turn the bridge anticlockwise.  FA has no turning effect about A because the force acts through point A.

The Torque of a Force   =   Size of Force x Perpendicular Distance between the Line of Action

    about a point
          of the force and the point

The unit of Torque is Newton.metre

In the case of the weight of the bridge, the torque about A is 10,000 x 9.8 x 12.5 Nm, because the weight force acts through the middle of the bridge.

Problem Solving Strategy:

Apply each of the three constraints mentioned above.

Net Horizontal Forces = Zero
No horizontal forces acting.

Net Vertical Forces = Zero
FA + FB = 10,000 x 9.8  + 2,000 x 9.8                   (1)

Net Torques about any point = Zero
Take Torques about A


FB x 25 = 10,000 x 9.8 x 12.5 + 2,000 x 9.8 x (25 – 5)  (2)

Now evaluate FB, and substitute its value into equation (1) to find FA.

Note: That the same answers would have been obtained if the Torques has been taken about another point.  The size of the Torque of a Force depends on where the point is.  For example, if Torques had been taken about B, then FA would have a large turning effect about B, while FB would have had no turning effect.

� EMBED MS_ClipArt_Gallery  ���








_1029163336

