Engineering Science		Stress & Strain
Stress & Strain
Direct Stress & Strain
Having previously considered a load being applied to a material thus putting it into tension or compression the properties of direct stress and strain were found to follow the following relationships:

Stress 

Strain
The above calculations being based on the assumption that a material remains perfectly elastic and obeys Hookes’s Law.  The direct stress and strain properties giving way to the calculation of Young’s Modulus of Elasticity:


Young’s modulus being the resistance of a material to tensile and compressive forces.
Example
A mild steel engine bolt when correctly tightened provides a tensile load of 3kN.  The bolt is 300mm long and has a diameter of 15mm. Given that for mild steel E = 200x109 N/m2 calculate the stress on the material.  How much with the bolt extend? 



Materials can however deform in other ways:
Shear Stress
If a material is subjected to two forces  that are equal, opposite and parallel a shear action is developed as in figure 1.
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Figure 1.
As the forces ‘F’ are not direct, there will be a tendency for one part of the material to slide or ‘shear’ from the other part.  The cross sectional area under shear stress is measured parallel to the line of action of the forces:

Shear stress: 
Example
A steel pivot bolt in a suspension arrangement has a maximum allowable shear stress of 60MN/m2 and a diameter of 25mm.  Find the maximum shear force that can be applied to the pivot.







Shear Strain
 (
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)Strain takes place in the shear mechanism but deformations takes place as follows:
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                                                     Figure 2.
The square face ABCD is deformed to parallelogram AB’C’D as in figure 2. Shear strain is then defined as the movement of the faces in the direction of the force divided by the distance between the faces.  BB’  is usually denoted by ‘x’ and AB by ‘L’.

Shear strain, γradians
Where ϕ is the angular distortion of the vertical faces and shear strain,γ has no units.  Hooke’s Law still applies to shear stress and the relationship between shear stress and strain is called the modulus of rigidity and has the quantity symbol G.


Example
A nickel steel gudgeon pin in an engine piston has an outside diameter of 27mm and an inside diameter of 20mm.  The force on the piston is 8kN.  The modulus of rigidity for the steel is 90GN/m2.  Calculate the stress and strain in the material.



Stress & Strain Examples
1.  A hole of diameter 5mm needs to be punched in a plate 2.5mm thick.  The ultimate shear stress of the plate material is 350MN/m2.  Calculate the force requires. Hint: The area resisting shear is equal to the hole circumference multiplied by the thickness.				 [13.7kN]


	

2. Calculate the maximum thickness of the steel plate that can be cut by a guillotine if the ultimate shear stress of the plate is 300MN/m2 and the maximum guillotine force is 150Kn given that the plate is 0.8m wide.
			        [0.625mm]


3. How many 10mm diameter rivets are required for a single lap joint which is to support a load of 100kN?  The safe working shear stress of the rivet material is 75MN/m2.			          [17 rivets]


4. Calculate the average value of the shear stress in a solid gudgeon pin of 25mm diameter when the load on the pin is 40kN. Hint: This is a case of double shear hence the area resisting shear is equal to ‘twice’ the area of the cross-section of the pin.			   [40.7MN/m2]



5. 
 (
48N
) (
300mm
) (
X=2mm
) (
L=200M
)[image: ]
The figure above shows an experiment to determine the modulus of rigidity of a sample of rubber, a rectangular block of the material, measuring 300 x 200 x 20mm, was firmly fastened, so that it projected a distance of 200mm from a vertical wall.   It was found that when a downward load of 48N was applied to the free vertical edge, a vertical deflection of 2mm was obtained as shown.  Determine the experimental value of the modulus of rigidity of this rubber sample.	    					       [800kN/m2]


6. At a certain instant during the stroke of a single cylinder engine of 76.5mm bore the cylinder pressure is 2MN/m2.  Calculate the resulting stress in each of the four cylinder head studs assuming the core diameter of the studs to be 9mm.				   		   [36.1 MN/m2]


7. Calculate the force required to punch an 80mm diameter hole into a steel sheet 1.25mm thick if the sheer strength of the material is 420MN/m2.						     	          [131.9kN]
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