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PART A: ANSWER ALL QUESTIONS

Q1

Q2

Figure Q1 shows few loadings are applied at points A and B of the solid cast-iron bracket.
Knowing that the bracket has a diameter of 20mm.
(a)  Determine the internal loadings at point H.

(6 marks)
(b)  Calculate the stresses at point H

(5 marks)
(c) Determine the state of plane stress at point / and show it on the element.

(3 marks)

(d) Determine the principal stresses and the maximum shearing stress at point H.

(6 marks)
The internal loadings at a section of the beam are shown in Figure Q2.
(a)  Compute the cross-sectional area of the beam
(2Zmarks)
(b) Compute the moment of inertia about
(1) the Z axis
(2 marks)
(ii) the Y axis
(2 marks)
(¢c)  Determine the uniform normal stress distribution due to the normal force
(2 marks)
(d) Determine the normal stress due to bending moment about Z axis at point A
(2 marks)
(¢)  Determine the normal stress due to bending moment about Y axis at point A
(2 marks)
(f)  Ifthe above normal stress is added algebraically, the resultant normal stress at point
A.
(2 marks)

(g)  Determine the principal stresses at point A. Also compute the maximum in-plane
shear stress at this point.
(6 marks)
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Q3

A cylindrical pressure vessel is constructed from a long, narrow steel plate by wrapping the
plate around a mandrel and then welding along the edges of the plate to make a helical joint
(Figure Q3). The helical weld makes an angle 0=65° with the longitudinal axis. The vessel
has inner radius r = 1.75m and wall thickness t = 20 mm. The material is steel with modulus
E = 200GPa and Poisson’s ratio v = 0.30. The internal pressure p is 800 kPa. Calculate the
following quantities for the cylindrical part of the vessel:

(a)  the circumferential and longitudinal stresses o1 and o>, respectively
(5 marks)

(b)  the normal stress o and shear stress 7, acting perpendicular and parallel, respectively,
to the welded seam.
(15 marks)
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PART B: ANSWER TWO (2) QUESTIONS ONLY

Q4

Q5

Q6

(a) Ifatwisting moment of 1200 Nm is impressed upon a 4.4-cm-diameter shaft, what is
the maximum shearing stress developed? Also, what is the angle of twist in a 160-cm
length of the shaft? The material is steel for which G = 85 GPa.

(10 marks)

(b) A hollow 3-m-long steel shaft must transmit a torque of 24 kN - m. The total angle of
twist in this length is not to exceed 2.5° and the allowable shearing stress is 90 MPa.
Determine the inside and outside diameters of the shaft if G = 85 GPa.

(10 marks)

A beam ABC with an overhang at the left-hand end is shown in Figure Q5. The beam is
subjected to a uniform load of intensity q=2.0 kN/m on the overhang 4B and a
counterclockwise couple Mo= 12.0 kNm acting midway between the supports at B and C.

(a) Draw the shear-force diagrams for this beam
(10 marks)

(b) Draw the shear-force and bending-moment diagrams for this beam
(10 marks)

(a) The composite bar shown in Figure Q6(a) is rigidly attached to the two supports. The
left portion of the bar is copper, of uniform cross-sectional area 90 ¢cm? and length 30
cm. The right portion is aluminum, of uniform cross-sectional area 20 cm” and length
20 cm. At a temperature of 26°C the entire assembly is stress free. The temperature of
the structure drops and during this process the right support vields 0.025 mm in the
direction of the contracting metal. Determine the minimum temperature to which the
assembly may be subjected in order that the stress in the aluminum does not exceed 160
MPa. For copper E =100 GPa, @ =17 * 107°/°C, and for aluminum E = 80 GPa.

&=23 % 10rPL.
(10 marks)

(b) The rigid bar 4D is pinned at 4 and attached to the bars BC and ED, as shown in Figure

Q6(b). The entire system is initially stress free and the weights of all bars are negligible.

The temperature of bar BC is lowered 23°C and that of bar £D is raised 23°C. Find the

normal stresses in bars BC and ED. For BC, which is brass, assume E = 90 GPa. a =20

x 107/°C, and for ED, which is steel, take £ =200 GPa and o= 12 x 10%/°C. The cross-
sectional area of BC is 500 mm? and of ED is 250 mm-.

(10 marks)

-END OF QUESTIONS-
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Figure Q2: The internal loadings at a section of the beam
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_ Helical weld

Figure Q3: Cylindrical pressure vessel with a helical weld

g =2.0kN/m
B

My=12.0 kN-m

A

-12:-=8 m—**——‘;—= 8 m—>
Rp Re

Figure QS: An overhang beam ABC
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30 cm ——-4-—20 cm

Figure Q6(a) : A composite bar

Figure Q6(b): A rigid bar AD
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