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1. The structural shape shown in Figure QI pivots at point A as it is gently lowered by
slipping on the rope which is fixed at point B. The structure weighs 1500 N and its centre
of gravity is as indicated in the figure. What is the pull tension of the rope T if there 15 to

be impending motion of the structure downward? The coefficient of friction between the
rope and the surface of the structure is 0.33.
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2.

Figure Q2 shows a steel tube 4, fixed to a rigid wall; it has an internal diameter D = 37.5
mm and wall thickness ¢ = 1.25 mm. The tube is coaxially connected 1o a steel shaft of
diameter d = 25 mm via a polymer insert B that is perfectly bonded to each member as
shown. The shaft is subjected to either an axial load P or a torque 7 at different stages of
the service cycle, and it can displace through a circular opening in the wall. Answer the
following questions with the help of free body diagrams.

(A)  Consider the situation when the torque T'= 35 Nm is applied.

(1) What is the mean shear stress and its direction on the cylindrical surface of
the polymer connector where it is bonded to the tube?

(i)  What is the mean shear stress on the cross-section of the steel tube at the
station C between the rigid wall and the end of the polymer connector?

(B)  Consider the situation when the axial load P =2 kN 1s applied.

(i) What is the mean shear stress and its direction on the cylindrical surface of
the polymer connector where it is bonded o the tube?

(ii) What is the mean direct stress on the cross-section of the steel tube at the
station C7

Gii) If the shaft displaced 0.55 mm along its axis relative to the steel tube, what
is the shear strain in the polymer, assuming that the steel shaft and tube are
rieid compared o ihe polymer connector?

(iv) Assuming lineas elasiic behaviour, determine the approximate shear
modulus of ithe polymer.
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3 Figure Q3 shows two concentric cvlinders of length 0.75 m which are attached to thick,
rigid end plates, used for transport of a pressurized, hazardous fluid in the inner cylinder.
The outer eylinder, made of an aluminium alloy, is a safety feature which also provides
some mechanical protection; it has an internal diameter of 300 mm and wall thickness of
1.5 mm. The inner cylinder is made of stainless steel: it has an inner diameter of 250 mm
and wall thickness of 5 mm. The two cylinders are stress-free before the inner cylinder is
filled with the fluid up to a pressure of 3.5 MPa.

Under the maximum pressure, calculate:
(a) the stresses in the walls of the cylinders; and
(b) the change in the internal radius of the inner cylinder.

Material properties: Young 's modulus Poisson s ratio
Stainless sieel 207 GPa (.3
Aluminium alloy 110 GPa 0.33
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