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Materials
Engineers use a wide variety of materials in their engineering products.  Materials range from metals and alloys, ceramics and glasses, polymers, composites and semiconductors.  Soil, aggregates, wood, concrete and asphalt are common materials used by civil engineers.  Engineers thus need to have a fundamental understanding of material properties because material selection is the final practical decision in the engineering design process and can ultimately determine the success or failure of the design.   
The simplest question an engineer can ask of a material is (a) how strong is it? (b) How much deformation occurs under a certain load?

The objective of this laboratory is to provide some basic understanding of mechanical properties of a metal when subjected to a point load in a cantilever set-up. 
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Stress and Strain:

Stress,  is defined as the force per unit area on a material.  Therefore it has the units of psi (pounds per square inches) or Pa (Pascals).

Strain, , is defined as the deformation per unit length.  It is dimensionless.  Therefore, for a rod under applied load as indicated in Figure 2,
the stress is             = F/A   and    the strain is        = x/L.

All engineering materials deform under applied forces.  Some materials are ductile while others are brittle.  Steel and ferrous allows are ductile while ceramics and glass are brittle.  

The steel rod in Figure 2, subjected to an applied force F, has deflected an amount equal to x.  Typically, this deflection is proportional to the applied force.
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Stress-Strain Diagram

Stress-strain diagrams of various materials vary widely.  It is possible however to distinguish materials into brittle and ductile on the basis of the characteristics of their stress strain diagrams. 
A typical stress-strain diagram for ductile and brittle materials is shown in Figure 3.


Most engineering materials are designed to undergo small deformations, involving only the straight-line portion of the corresponding stress-strain diagram.  For the initial portion of the diagram, the stress is directly proportional to the strain and we can write

 = E
This is known as Hooke’s Law, after the English mathematician Robert Hooke (1635-1703).  The coefficient E is known as the modulus of elasticity or the Young’s modulus, after the English scientist Thomas Young (1773-1829).  Since strain is a dimensionless quantity, the modulus of elasticity E has the same units as stress.   The linear portion of the stress-strain diagram is known as the elastic region as deformation is not permanent.
Common values of the modulus of elasticity for various materials are shown in Table 1.
                              Table 1: Modulus of Elasticity for Various Materials
	Material
	E (psi)

	1040 Carbon Steel 
	30 x 106

	Aluminum
	10 x 106

	Borosilicate Glass
	10 x  106

	Acrylic
	0.4 x 106

	Concrete
	2.5 x 106

	Diamond
	170 x106

	Wood
	1 x 106


Steel can take high loads in tension and compression.  However steel can buckle under high compressive loads.  Concrete can take high compressive loads and can only take 1/10 of the same load under tension.
Cantilever Beams

A cantilever beam is a beam that has one end fixed into a support while the other end has no supports.  When applying a point load to the free end of the beam, the beam will deflect downwards.  A beam made out of a stiffer material (higher Young’s Modulus) will exhibit a smaller deflection while a less stiff material will have a larger deflection under the same load.  The deflection at the end of a cantilever beam can be calculated using the equation below.
∆max = -PL3
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where: 

b – base of beam(in)

h – height of beam(in)

L – length of beam(in)


P – point load(lb)

E – Young’s Modulus(psi)
I – moment of inertia(in4)
In-Class Activity
a) If a 4” steel rod subjected to a tensile force indicates a 0.25” elongation, what is the value of the applied force in lbs?
b) What is the modulus of elasticity for a material whose stress strain plot is shown below:
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Experiment # 1: Young’s Modulus
Materials
-MTS machine

-metal dog-bone specimen

-ruler/calipers

Procedure
For this part of the laboratory, you will be determining the Young’s Modulus of a metal using the MTS machine.  Prior to the laboratory, dog-bone specimens of a metal were prepared.  You will first measure the cross-sectional area of the dog-bone specimen at the centroid using a ruler or the calipers and you will also measure the length of the specimen.  Next, the specimen will be placed in the MTS machine.  This machine applies a tensile load on the dog-bone specimen and measures the resulting displacement.  From this, an excel file is generated that contains the load versus the displacement.  The next steps are as follows:
· Create a column in excel that divides the load by the cross-sectional area you calculated.  This will give you the stress values (make sure to use appropriate units).

· Create a column in excel that divides the displacement by the total length to obtain the strain.

· Plot the stress versus strain on a graph and determine the linear portion of the graph.  Determine the slope of the linear portion of the graph to obtain Young’s Modulus. (Slope = Young’s Modulus)
 Experiment # 2: Cantilever Beam Deflection
Materials
-clamp

-weight set with hook
-metal beam

-ruler and a straight-edge material
Procedure
1. Measure the base and height of the beam.  Then clamp one end of the beam to the tabletop and allowing one end to remain suspended over the aisle.
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2. Attach the hook to the suspended end of beam and begin attaching weights until a noticeable deflection occurs (around ½” is sufficient).  

3. When the deflection occurs, apply a straight-edged material to the straight portion of the metal beam and use the ruler to measure the deflection between the two.  Remember to measure from the bottom of the straight-edge to the top of the beam.
4. Compare the deflection you obtain from measurement to the deflection you obtain using the cantilever beam’s deflection equation.

Discussion
For the discussion portion of the laboratory, indicate why there were variations between the values obtained in the laboratory and values obtained using the equations with the Young’s Modulus obtained from the MTS machine.  Sources of error should be included in the discussion section also.

Team Laboratory Report

Please submit a letter of transmittal along with the raw data, plots and calculations.  Your results must be presented in the letter.  
BONUS:  What is the value of E for Rubber, Human Cartilage, Human Tendon and Brass?
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Figure 1: Tension and Compression in Axial Members
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Figure 2: Steel Rod Subjected to Tension
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              Figure 3:  Typical Stress-Strain Diagram for a Ductile and Brittle Material
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