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II-B.Tech. II-Semester Regular Examinations, April/May-2004

MECHANICS OF SOLIDS
(Common to Mechanical Engineering and Production Engineering) 

Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.
A bar of steel is 70 cm long. For the first 20 cm it is 2.5 cm in diameter, for the next 30 cm it is 2 cm in diameter and for the remaining 20 cm its diameter is 1.5 cm.  Find the change in length of the bar if it is subjected to a tensile load of 90 KN. E = 2X107 N/cm2.  
2.a)
Explain bulk modulus. Establish a relationship between E, G and K. 
b)
A mild steel bar 25 mm diameter and 250 mm long is placed inside a brass tube, having an external diameter of 30 mm and internal diameter of 25 mm. The combination is then subjected to an axial load of 45 KN. Find i)  the stress in the tube and the rod  ii) the shortening of the rod. ES= 2.1X105 N/mm2, Eb= 0.8X105 N/mm2.

3.
Sketch the shear force and bending moment diagrams  showing the salient values for the loaded beam shown in the figure below. 
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7. Draw the shear force and bendmg moment diagrams (Neat sketches) showing the

salient values for the loaded beam shown in the figure below. (16)
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8. Draw the shear force and bending moment diagrams (Neat sketches) showing the

salient values for the loaded beam shown in the figure below. (16)
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9. Draw the shear force and bending moment diagrams (Neat sketches) showing the
salient values for the loaded beam shown in the figure below. (16)
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4.a)
Find the dimensions of the strongest rectangular beam that can be cut out of a log of wood 2.6m diameter.

   b)
A T-beam having flange 160mm x 20mm and web 20mm x 170mm is simply supported over a span of 6.5m.  It carries a u.d.l of 6kN/m including self weight over its entire span, together with a point load of 40kN at mid span.  Find the maximum tensile and compressive stresses occurring in the beam section and sketch the stresses across the section. 
5.
An overhanging beam ABC 8 m long is supported at A and B such that AB = 6 m and the overhang BC = 2 m.  it has a point load of 3 KN at the end C and a uniformly distributed load of 2 KN/m run for a length of 2.5 m at a distance of 1m from the end A.  If E = 200 x 106 KN/m2 and I = 4.5 x 10-6 m4.  Determine: Deflection at the free end and Maximum deflection between A and B.
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Set No. 1
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 2.5 MN/ m2; find the longitudinal and circumferential, longitudinal ad volumetric strains.  Take E = 200 GN/ m2 and Poisson’s ratio = 0.25. 

7.a)
Explain clearly, by Mohr’s stress circle, the values of principal stresses on a plane, when the body is subjected to direct stress in two mutually perpendicular directions accompanied by a simple shear stress.




b)
At a point, the principal stresses are 140 N/mm2 and 75 N/mm2 both tensile. Find the normal and the tangential stresses on a plane inclined at 60o to the axis of the major principal stress.  
8.
Two close coiled concentric helical springs of the same length, are wound out of the same wire, circular in cross section and supports a compressive load ‘P’.  The inner spring consists of 20 turns of mean diameter 16cm and the outer spring has 18 turns of mean diameter 20cm.  Calculate the maximum stress produced in each spring if the diameter of wire = 1cm and P = 1000N.
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1.
In a tension test on a steel tube of outer diameter 18 mm and 12 mm bore, an axial load of 1.7 KN produced an elongation of 0.0045 mm on a length of 75 mm, while the outer diameter suffered a reduction of 0.00032 mm. Calculate the values of all the four elastic constants.
2.a)
Briefly explain thermal stresses.  





b)
A bar of brass 25 mm diameter is enclosed in a steel tube 50 mm initially external diameter and 25 mm internal diameter. The bar and tube are both initially 1.5 m long and rigidly fastened at both ends using 20 mm diameter pins. Find the stresses in both material and the increase in length when the temperature rises from 30(C to 100(C. E for steel ;   200 Gpa, E for brass = 100 Gpa, ( for steel = 11.6 X 10-6/(C,  ( for brass = 18.7X10-6/(C. Also determine the shear stress induced in the pins.

3.
Sketch the shear force and bending moment diagrams showing the salient values for the loaded beam shown in the figure below. 
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7. Draw the shear force and bendmg moment diagrams (Neat sketches) showing the

salient values for the loaded beam shown in the figure below. (16)
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8. Draw the shear force and bending moment diagrams (Neat sketches) showing the

salient values for the loaded beam shown in the figure below. (16)
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9. Draw the shear force and bending moment diagrams (Neat sketches) showing the
salient values for the loaded beam shown in the figure below. (16)
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4.a)
Find the dimensions of the strongest rectangular beam that can be cut out of a log of wood 3.2m diameter.

   b)
A T-beam having flange 200mm x 25mm and web 25mm x 220mm is simply supported over a span of 7m.  It carries u.d.l of 6.8kN/m including self weight over its entire span together with a concentrated load of 45kN at mid span.  Find the maximum tensile and compressive stresses occurring in the beam section and sketch across the section.
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5.
A beam ABC 13 m long is supported at A and B, such that AB = 10m and  overhang BC = 3 m.  It carries a point load of 4.5 KN from the end A and a uniformly distributed load of 0.4 KN/m over the entire overhang.  Determine: Slope at the end A, Deflection at the free end C and Maximum deflection ;Take    E = 200 x 106 KN m2 and I = 3 x 10-5 m4.

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.a)
Explain the conditions in which the center of Mohr’s circle coincides with the origin. 









     

   b)
Discuss the conditions when the Mohr’s circle reduces to a point
   
     

   c)
Show that in a strained material subjected to two dimensional stress, the sum of the normal components of stresses on any two mutually perpendicular planes is constant.           

8.a)
Prove that for a given spring stiffness and given maximum shearing stress, the ratio of the mass of  a close coiled helical spring made of tube to that of one made of solid wire of the same material and same external diameter is K²/K²+1, where K is the ratio of the outside diameter of the tube to its inside diameter.

b) 
Determine the mean coil radius, wire diameter and number of turns of a close coiled spring of 1kN/m stiffness and solid length 45mm.  The shear stress in the spring under an axial load of 75N should not exceed 180MPa. Modulus of rigidity for the spring material = 82Gpa.
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1.
A steel bar of 4 m long is 32 mm in diameter for 1m of its length, 28 mm in diameter for 2 m, and 25 mm in diameter for the remaining length. The bar is kept in tension, with stress in the smallest section being 110 N/mm2. If E = 2.127X105 N/mm2, calculate the total elongation of the bar and the energy stored in it. 
2.a)
What are the elastic constants ? Derive the relation between them.  

b)
A load of 2.0 KN is to be raised at the end of a steel wire. If the stress in the wire must not exceed 100 N/mm2, what is the minimum diameter of the wire? What will be the extension in 5.0 m long wire? Take E = 210 KN/mm2.   
3.
Sketch the shear force and bending moment diagrams showing the salient values for the loaded beam shown in the figure below. 
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Draw the shear force and bending moment diagrams (Neat sketches) showing the
salient values for the loaded beam shown in the figure below. (16)
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Draw the shear force and bending moment diagrams (Neat sketches) showing the
salient values for the loaded beam shown in the figure below. (16)
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4.a)
State the assumptions involved in the theory of simple bending.

   b)
A simply supported Symmetric I – section has flanges of size 200mm x 15mm and its overall depth is 520mm.  Thickness of web is 10mm.  It is strengthened with a plate of size 250mm x 12mm on compression side.  Find the moment of resistance of the section if permissible stress is 160MPa.  How much uniformly distributed load it can carry if it is used as a cantilever of span 3.6m.
5.
An overhanging beam ABC 7 m long is supported at A and B such that AB = 4m.  It is loaded with point load of 10 KN at the end C. If E = 200 x 102 KN/m2 and I = 12 x 10-6 m4, determine deflection at the point C and  maximum deflection between A and B.
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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.a)
Define principal planes and principal stresses.




b)
A piece of material is subjected to tensile stresses of (x and (y at right angles to each other. (x being greater than (y . Find the plane across which the resultant stress is most inclined to the normal. Find the value of this inclination and the resultant stress when (x = 70 N/mm2 and (y = 50 N/mm2. 

8.
A helical spring consists of 10 coils of mean coil diameter 200mm and helix angle 30°.  It is made out of 10mm diameter steel rod.  If the spring is subjected to an axial couple of 15N-m, calculate (i) the axial deflection and angular rotation of one end of the spring with respect to the other,  (ii) the maximum principal and shear stresses in the spring material.  Take E = 200Gpa and G = 80Gpa.
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1.
A steel wire 600 m long and 6mm in diameter operates a railway signal. A displacement of 150 mm is required at the signal end of the wire, and the operating force at this end is 2 KN. Find the displacement required at the other end of the wire. The wire does not sag between rollers, and the friction between wires and the roller is negligible. E for wire material is 2X105 N/mm2.     

2.a)
Distinguish between

i)  proportional limit and Elastic limit

ii)  Elasticity and plasticity

iii) Ductile material and Brittle material.






b)
A bar of mild steel 30 mm dia is subjected to an axial pull of 50 KN. The increase in length over a gauge length of 200 mm is measured to be 0.16 mm. The decrease in diameter is 0.0048 mm. Determine the modulus of elasticity, Poisson's ratio and modulus of Rigidity. 

3.
Sketch the shear force and bending moment diagrams showing the salient values for the loaded beam shown in the figure below. 
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4.a)
Discuss the assumptions involved in the theory of simple bending.

   b)
A cast iron beam has an I-section with top flange 100mm x 40mm, web 140mmX20mm and bottom flange 180mm x 40mm.  If tensile stress is not to exceed 35MPa and compressive stress 95MPa, what is the maximum uniformly distributed load the beam can carry over a simply supported span of 6.5m if the larger flange is in tension.

5.
A beam A B of span 6 meters and of flexural rigidity EI = 8 x 104 KN-m2 is subjected to a clockwise couple of 60 KN-m at a distance of 4 m from the left end.  
Find the deflection at the point of application of the couple and the maximum deflection and slope.  
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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 55 MN/ m2.  If  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.a)
Write the significance of Mohr’s circle and it’s uses.



                     

   b)  
At a point in a beam section, there is a longitudinal bending stress of 120 N/mm2 
tensile and a transverse shear stress of 50 N/mm2. Find the resultant stress on a plane inclined at 30o to the longitudinal axis.

8.a)
A close-coiled helical spring whose free length when not compressed is 150mm, is required to absorb strain energy equal to 50N-m when fully compressed with the coils in contact.  The maximum torsional shear stress is limited to 140MPa.  Assuming a mean coil diameter of 100mm, find the diameter of steel wire required and the number of coils.  Take G  =  0.8 x 105 N/mm². 


b)
An open coiled helical spring and a close-coiled helical spring are similar in every respect, except that the elongation of the open coiled springs is 2.5% greater than that of the close-coiled spring, under the same load.  Determine the angle of inclination of the coils of the open coils springs.  Take E/G = 2.5.    
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