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1. a)
The piston of a steam engine is 40 cm in diameter while the piston rod is 6 cm in diameter. The pressure of the steam acting is 1.05 N/mm2. Find the stress in the piston rod and its elongation, if the piston rod is 75 cm long. E = 205 KN/mm2 when the piston is on in the instroke.

b)
A reinforced concrete column 50 cm in diameter has four 30 mm diameter steel rods embedded, and carries an axial load of 850 KN. Calculate the stresses in each of the two materials.  E for steel = 2.04X105 N/mm2 and E for concrete = 0.136X105 N/mm2. What is the adhesive force between steel and concrete?

2. 
Two parallel walls 6m apart are stayed together by a 25mm diameter steel rod at 80oC passing through washers and nuts at ends.  If the rod cools down to 22oC, calculate the pull induced in the rod, if 

(i)
the walls do not yield and

(ii)
the total yield at ends is 1.5mm

E steel = 2 X 105 N/mm2, ( steel = 11 X 10-6 per oC.
3.
Draw the SFD and BMD for a simply supported beam of span ‘l’, carrying a uniformly varying load of w1 KN/m run at the left support to W2 KN/m run at the right support. W1>W2.
4. a)
What is elastic section modulus?

    b)
An I section beam has 250mm wide flanges and on overall depth 550mm.  Each flange is 30mm thick and the web is 25mm thick.  At a certain section bending moment is M.  Find what percentage of M is resisted by flanges and web.

5. a)
Derive the relation ship between slope, deflection and radius of Curvature of  a simply supported beam.

b)
A 300mm long cantilever of rectangular section 48mm wide and 36mm deep carries a uniformly distributed load.  Calculate the value of load w if the maximum deflection in the cantilever in the cantilever is not to exceed 1.5mm.  Take E=70 X 109GN/m2.
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6. a)
Distinguish between cylindrical shell and spherical shell.


  b)
The gauge pressure in a boiler of 1.5 m diameter and 10 mm thickness is     2.5MN/m2; find the longitudinal ad circumferential, longitudinal ad volumetric strains.  Take E = 200 GN/ m2 and Poisson’s ratio = 0.25. 

7. 
In a material subjected to strain, the resultant stress across a certain plane is 60MPa tensile, inclined at 30° to its normal inducing clockwise shear on the plane.  The normal stress across the plane at right angles to this one is 40MPa, tensile.  Find (i) the principal stresses and locate their planes  (ii) the maximum shear stress and specify its plane.
8.
A steel shaft ABCD has a total length of 1metre made up as follows:  
AB = 200mm; BC = 300mm; CD = 500mm. AB is hollow, its outside diameter being 80mm and its inside diameter is d mm. BC and CD are solid, having diameters of 80 and 71mm respectively.  If equal and opposite torques are applied to the ends of the shaft, find the maximum permissible value of d for the maximum shearing stress in AB not to exceed that in CD.

If the torque applied to the shaft is 3600N-m, what is the total angle of twist?  
G = 0.84 x 105 N/mm².
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1. 
The steel bar shown in fig is of constant cross section of 500 mm2 and held rigidly between walls. An axial force of 15 KN is applied as shown.
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Find the reaction on the walls, and the shortening and elongation of the left and right portions. E = 2X105 N/mm2.

2.
A bar of steel is 50mm x 50mm in section and is 150mm long.  It is subjected to a tensile load of 220kN along the longitudinal axis and compressive loads of 300kN and 200kN on the lateral faces.

E = 200kN/mm2
1/m = 0.3.

i)
Find the change in volume of the bar.

ii)
Find what axial longitudinal tensile load acting alone can produce the same longitudinal strain as in (i).
3.
Draw the SFD and BMD for a simply supported beam of span ‘l’m, carrying a uniformly varying load. The load varies from 5kN/m run at the left end to           10kN/m run at the right end.

4. a)
A cantilever of length 3.2m fails when a load of 3kN is applied at the free end.  If the cross section o f the beam is 50mm x 100mm.  Find the stress at failure.

   b)
A circular pipe of external diameter 80mm and thickness 8mm is used as a simply supported beam over a effective span 2.8m.  Find the maximum concentrated load that can be applied at the centre of the span if the permissible stress in the tube is 140MPa.
5. 
A steel girder of uniform section, 10 meters long, is simply supported at the ends.  It carries point loads of 110kN and 60kN at distances of 2m and 5m respectively from the left end.  Calculate the deflection of the girder at the two point under the two loads; and the maximum deflection.  Take I = 16 X 10-4m4 and E = 210 x 106.
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6. a)
Derive a formula for the proportional increase of capacity of a thin spherical shell due to an internal pressure.






b)
A cylindrical tank open at top and having vertical axis, is of 2.75 m inside diameter and 22 m high.  The tank is filled with water and is made of structural steel with a yield point of 220 MN/ m2.  Determine the thickness of the tank if     (i) longitudinal joint is 100% efficient and (ii) longitudinal joint is 75% efficient.  Assume factor of safety as 3.5.

7.
At a point in a material subjected to two dimensional stress, one of the principal stresses is 60Mpa, tensile.  On a plane at 60° to this principal plane, the normal stress is zero. Determine (i) the other principal stress  (ii) the shear stress on the plane of zero normal stress and  (iii)  the planes on which the normal and shear stresses are equal in magnitude.
8.
A shaft ABCD (AB = 0.5m; BC = 1m ; CD = 0.5m) transmits power such that 22.5kW is supplied at A and 15kW at B while three-fourths of the total power is taken off by machines at C and the rest at D.  The shaft over the lengths AB and CD consists of solid circular steel section 50mm in diameter and the over the portion BC has a solid steel care 50mm in diameter encased in a bronze sleeve 10mm thick.  If the shaft is running at 300rpm, determine the maximum shear stresses in steel and bronze.  Take Gsteel = 2 Gbronze; Gsteel = 0.8x105 N/mm².


Also find the total angle of twist in the length ABCD.
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1.
A round steel bar 25 mm diameter and 360 mm long is placed concentrically within a brass tube which has an outside diameter of 35 mm and an inside diameter of 27.5 mm. The length of the tube exceeds, that of the bar by 0.15 mm. Rigid plates are placed on the ends of the tube, through which an axial compressive force of 80 KN is applied on the compound bar. Determine the compressive stresses in the bar and tube. E for steel = 2.1X105 N/mm2. E for brass = 105 N/mm2.

2. a)
How do you find temperature stresses in case of a compound bar subjected to temperature rise?

b)
A bar of brass 25mm diameter is enclosed in a steel tube of 50mm external diameter and 25mm internal diameter.  The bar and the tube are both initially 1m long and are rigidly fastened at both ends.  Find the stresses in two materials when the temperature rises from 15oC to 95oC.  If the composite bar is then subjected to an axial load of 60kN, find the resulting stresses.


E Steel = 200 x 103Mpa ( Steel = 11.6 x 10-6 / oC.


E brass = 100 x 103Mpa ( brass = 18.7 x 10-6/ oC.
3.
A cantilever beam of length 7m carries a uniformly varying load. The load varies from 12 kN/m run at the fixed end to 3 kN/m run at the free end. Construct the shear force and bending moment diagrams.

4. a)
What is section modulus?

    b)
A beam is of solid circular section 165mm in diameter.  Compare the weights of beam of equal strength of 


i)  Hollow circular section with internal diameter equal to 0.82 times the external diameter and


ii)  I section 300mm deep and 150mm wide with uniform thickness of flange and web 20mm.

5. 
A beam of uniform section, 10 meters long, is simply supported at the ends.  It carries point loads of 110kN and 60kN at distances of 2m and 5m respectively from the left end.  Calculate:  The deflection under each load and maximum deflection Give: E = 200 x 106N/m2 and I = 118 x 10-4m4.
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6. a)
A vertical steam boiler is of 2 meters internal diameter and 5 meters high. It is constructed with 20mm thick plates for a working pressure of 1 MN/ m2. The end plates are flat and are not stayed.  Calculate: 

i)
The stress in the circumferential plates due to resisting the bursting effect and the stress in the circumferential plate due to the pressure on the end plates. 

ii)
The increase in length, diameter and volume. Assume the Poisson’s ratio as 0-3 and E = 200 GN/ m2.





b)
The air vessel of torpedo is of 60cm external diameter and 1 cm thick, the length being 1.75m.  Find the change in external diameter and length when subjected to 10 MN/ m2 internal pressure.  E = 200 GN/ m2 and Poisson’s ratio = 0.3.
7.
Derive an expression for the shear stress produced in a circular shaft which is subjected to torsion. What are the assumptions made in the above derivation?

8.
A short length of tube, 4cm internal diameter and 5cm external diameter, failed in compression at a load of 240kN.  When a 2m length of the same tube was tested as a strut with fixed ends, the load failure was 158kN.  Assuming that c in Rankine’s formula is given by the first test, find the value of the Rankine’s constant.  What will be the crippling load of this tube if it is used as a strut 3m long with one end fixed and the other hinged?
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1. a)
Derive the expression for the elongation of a uniformly tapering rod subjected to an axial pull.
    b)
Prove that the deformation of bar under its own weight is equal to half the deformation, if the body is subjected to direct load equal to weight of body.

2. a)
A 38mm diameter and 450mm long bar extends by 20mm when subjected to an axial tension of 100kN.  The same bar, independently, when subjected to a twisting moment of 1.27kN-m twist through 1.922o.  Calculate the values of the four elastic constants.

b)
Show that if E is assumed correct, an error of 1% in the determination of N, involves an error of about 5% in calculating Poisson’s ratio when its correct value is 0.25.

3. 
A beam of span 10m is simply supported at two points 6m apart with equal overhang on either side. Both the overhang portions are loaded with a uniformly distributed load of 2 kN/m run. Draw the SFD and BMD.


4. a)
State the assumptions made in the theory of simple bending.

    b)
A cast iron beam of I section with top flange 160mm x 12mm, bottom flange 220mmX20mm and web 280mm x 12mm is supported over a span of 6.5m.  If the permissible stresses are 100MPa in compression and 22MPa in tension, what uniformly distributed load can be safely applied on the beam?

5. 
A beam A B C D, 6 m long carries a point load of 20 KN at end A and 40 KN at point C, at a distance of 4 meters from A. The beam is supported ones a span of 4 meters at points B and D. if E = 200 x 106 KN/m2 and I = 80 x 10-6 m4 determine the maximum deflection and state where it occurs and slope at supports  A beam A B of  8 m span is simply supported at the ends. It carries a point load of 10 KN at a distance of 1 m from the end A and a uniformly distributed load of 5 KN / m for a length of 2 m from the end B. If I = 10 x 10-6 m4, determine: Deflection at the mid-span, Maximum deflection, and Slope at the end A.  
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6. a)
A thin cylindrical steel shell of diameter 200 mm and wall thickness 4.5 mm has spherical ends.  Determine the thickness of hemispherical ends if there is no distortion of the junction under pressure.




 b)
A 2000mm diameter cast iron pipe has thickness of 10 mm and is closely wound with a layer of 5mm diameter steel wire under a tensile stress of 55MN/m2.  If now water under a pressure of 3.5 MN/ m2 is admitted into the pipe, find the stresses induced in the pipe and steel wire.

7. 
Derive an expression for the Euler’s crippling load for a long column with following end conditions:


(a)  Both ends are hinged
(b) Both ends are fixed


8. a)
A hollow C.I. column whose outside diameter is 200mm has a thickness of 20mm.  It is 4.5m long and is fixed at both ends.  Calculate the safe load by Rankine’s formula using a factor of safety of 4.  Calculate the Slenderness ratio and the ratio of Euler’s and Rankine’s critical loads.  Take c = 550MPa, Rankine’s constant = 1/1600; E = 9.4 x 104 N/mm².




    b)
Define the terms: Column, strut and crippling load.
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