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Attempt FIVE questions only.



Time allowed: 3 hours

Answer not more than THREE from

  Total number of questions = 8

either section A or section B.

All questions carry equal marks.

The figures in brackets indicate the relative weightings

of parts of a questions.

Special requirements:


Graph paper

SECTION A

1.
(a)
Describe the role of the strain gauge in experimental stress analysis.
(4)

(b) The strain gauge rosette shown in Figure Q1 is fixed to a point, O on the outer surface of a mild steel, thin-walled tube under combined bending and torsion.  In an experiment, the strains (a, (b and (c are found to have the following values:




(a = 0.00020,         (b = 0.00012       and      (c = -0.00016,
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Figure Q1




If the strain at a point on a free surface is generally given by,




(( = A + B cos 2(
where A = ((1 + (2)/2





and      B = ((1 - (2)/2



and (1 and (2 are principal strains and ( is the angle between the direction of the principal strain (1 and the direction of the strain (a, determine,



(i)
the principal strains (1 and (2 and the planes on which they act,
(8)



(ii)
the principal stresses at O.
(4)


(c)
Determine the maximum shear stress and the factor of safety according to the Tresca criterion.
(4)



Data for mild steel:



Poisson’s ratio, ( = 0.3, Modulus of Elasticity, E = 203 GN/m2,



Yield stress, (Y = 300 MN/m2.

2. A thick-walled cylinder of outside diameter 40 mm and inside diameter 20 mm has closed ends and is subjected to an internal pressure of 40 MN/m2 and zero external pressure.

Determine,

(a)
the location and value of the maximum hoop stress generated in the cylinder wall;
(6)

(b)
the maximum shear stress generated in the cylinder wall;
(3)


(c)
the change in the internal diameter of the cylinder;
(6)


(d)
whether the cylinder material will yield according to the maximum shear strain energy criterion.
(5)



Lame’s equations:





Hoop stress, (r = A + B/r2




Radial stress, (( = A – B/r2


Where A and B are constants



For the cylinder material, Modulus of elasticity = 200 GN/m2,



Poisson’s ratio, ( = 0.30 and yield stress = 300 MN/m2.

3.
A beam simply supported at each end, has an angle bar attached at a distance of 6 m from the left hand end.  A load of 10 kN acts downwards at this point as shown in Figure Q3.  Using Macaulay’s method or another appropriate method, calculate the position and magnitude of the maximum vertical deflection of the beam.  The flexural rigidity (EI) of the beam material may be taken to be 100 MNm2.
(20)
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Figure Q3


4.
(a)
A column with the cross section shown in Figure Q4 is manufactured from one of the materials in Table Q4.  It has a length of 8 m and is rigidly fixed at each end.  If the column is unsupported between the ends, determine the minimum stress at which failure by buckling will occur if the Euler bucking criterion is assumed to hold.
(10)


(b)
If the structure is to be optimised on its specific modulus, select the most suitable material for the column.
(4)


(c)
State the assumptions and limitations of the Euler criterion and show how the limitations may be overcome.
(6)
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Figure Q4


	Material
	Young’s Modulus
	Yield Stress
	Density

	
	E (GPa)
	(Y (MPa)
	((kg/m3)

	Steel
	207.0
	360.0
	7800

	Aluminium alloy
	72.0
	450.0
	2700

	Glass reinforced polyester
	95.0
	480.0
	1450


Table Q4

SECTION B

5. Describe the role of additives in plastic and rubbers referring to the reasons for making additions to the host polymer.  In particular, explain the functions of the following additives, giving examples:

(i) Plasticisers

(ii) Stabilisers

(iii) Lubricants

(iv)
Fillers
(20)

6.
(a)
Briefly describe the polymerisation of,

(i) High density polyethylene



(ii)
Phenol formaldehyde
(8)


(b)
Discuss the factors that influence the crystallisation of polypropylene.
(6)


(c)
Explain the properties of polystyrene and natural rubber in terms of the glass transition temperature for each material?
(6)

7.
(a)
Briefly explain how creep and recovery behaviour in linear viscoelastic materials can be explained by means of the Boltzmann superposition principle.
(6)


(b)
Show that the strain, ((t) obtained from the Kelvin-Voigt model for viscoelastic behaviour, when used to simulate creep behaviour in polymers, is given by,
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where ( = (/E and E is the elastic constant of the spring, ( is the viscous 



constant of the dashpot and (o is the applied stress.
(9)


(c)
If the elastic and viscous constants in such a model are 1.8 GN m-2 and 100 GN sm-2, calculate the strain developed after 5 minutes when a constant stress of 8 MN m-2 is applied.
(5)

8.
(a)
Sketch the deformation behaviour of a semicrystalline polymer such as polyamide subjected to a tensile test at a relatively low strain-rate at 21(C and identify key features.
(8)


(b)
Explain this behaviour in terms of the molecular structure, indicating the effects of strain-rate and temperature.
(12)

O
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