Question Bank 

Subject: SOM-I 


3rd Semester Mechanical
Short questions
1. Define poison’s ratio

2. Determine the diameter of a solid shaft to transmit 1.50 HP at 200 r.p.m. The allowable shear stress is 75 N/mm 2 and the allowable twist is 10 in a length 3m.

3. Determine the increase in volume of a thin walled spherical shell subjected an internal pressure p.

4. Determine Young Modulus of a material having modulus of rigidity 80 GPa and bulk modulus 140 GPa.

5. Express maximum shear stress in strained element in terms of radius Mohr’s circle.

6. Mention the position of maximum bending moment in a cantilever bean.

7. If depth of a beam is doubled, what change occurs in its section modulus?

8. Sketch the shear stress distribution across circular section with concentric circular hole.

9. Calculate the hoop stress in a thin spherical shell of 100 cm diameter and 1mm thickness subjected to an internal pressure of 1.5 MPa.

10. Differentiate between column and strut.

11. The maximum deflection in a cantilever is Y. If the width of the beam is doubled, what will be the corresponding deflection?

12. How does stress-strain diagram of mild steel differ from that of cast iron?

13. What is a compound (composite) bar?

14. In case of a unidirectional loaded member, which plane will be the maximum normal stress plane?

15. What is the shape of bending moment diagram in case of a couple applied at any point of a beam?

16. What do mean by neutral axis of a beam?

17. What do you understand by the term torsional rigidity’?

18. Why is determination of deflection important?

19. Write various step functions used in Macaulay’s method.

20. Give a common example of thin cylinder in engineering practice.

21. State limitations of Euler’s theory. 

22. What is complementary shear stress?

23. What is a principal stress?

24. What do understand by point of contraflexure?

25. What do you understand by the term equivalent moment of inertia?

26. Why do we prefer hollow shafts to solid shafts for power transmission?

27. What is a thin cylinder?

28. What do you understand by slenderness ratio?
29. Differentiate between slope and deflection.

30. What is Poisson Ratio? What is its maximum value?
31. State the expression for thermal stress in a bar whose ends are perfectly rigid.

32. On which plane in a bar loaded axially, the shear stress would be maximum?

33. What is the shape of bending moment diagram in case of uniformly varying load applied over entire span of a simply supported beam?

34. What is moment of resistance of a section?

35. State the assumptions in deriving torsion equation.

36. How do you define the terms slope and deflection?

37. State Mohr’s theorem.

38. For what purpose are the cylindrical and spherical shells used?
39. What is an ideal column ?

40. What are normal and shear stress?

41. Define thermal stress and thermal strain.

42. Distinguish between a concentrated load and a uniformly varying load.

43. State the assumptions made in simple bending theory.

44. What do you mean by strength of shaft?

45. State the two causes of deflection.

46. What is a hoop stress?

47. Explain upper and lower yield points in stress-strain curve of mild steel.

48. Explain principal strains and principal axis of strain.

49. Why in case of a loaded beam, the slope of bending moment diagram at any section is equal to shear force at that section?

50. What is Flexural Rigidity?

51. What is Equivalent Torque?

52. Why do we use gauge pressure and not absolute pressure in the expressions for stresses in case of thin cylinders?

53. What is Crippling load?

54. What is St. Venant’s principal?

55. What do mean by ductility and brittleness.

56. Define the term impact strength.

57. What do you understand by toughness?
58. Explain the term proof resilience.

59. What is fatigue strength?
60. How do you define hardness of materials?
61. State necessity conditions to generate stress in a solid of finite dimension.

62. Explain the difference between bending moment and twisting moment.

63. A solid shaft is transmitting a torque. Show with the help of a neat sketch the angle of twist and shear strain angle.  

64. Define bulking load.

65. State the criterion of a cylindrical shell being ‘Thin’.

66. Explain why a strut with both ends fixed is stronger than the one with pinned ends.

67. What is a composite beam?

68. Make stress-strain curve for annealed mild steel, showing its salient features,

69. Differentiate between stress and pressure.

70. Define bulk modulus and write its relationship with Young’s modulus of elasticity and modulus of rigidity

71. Write down the expressions for principal stresses with normal stresses σx, σy and shear stress τ.

72. On a simply supported beam having length l, total UDL is W. Give the value of deflection at centre.

73. In a beam where shear force is maximum, what is the value of bending moment?
74. A body subjected to direct tensile stress σ in one plane, where-at what plane-and how much is maximum shear stress?
75. Show on a Mohr’s stress circle the values of principal stresses and maximum shear stress for σx, σy and τ combination.

76. In a stress-stain carve for a ductile material, differentiate between ‘Nominal Curve’ and ‘Engineer’s Curve’.

77. Differentiate between Malleable and Brittle materials.

78. Explain Hook’s Law. What is its limit?

79. Give the expression for thermal stress induced in a bar for temperature raise T, length l and coefficient of expansion α.

80. What do you understand by:
a. Cantilever beam.

b. Overhung beam.

81. Give an option to employ a load W as:

a. Concentrated load,

b. UDL.

82. Where will the failure in a simply supported beam with central load W will occur and why?

83. How will you differentiate between a thin and a thick cylinder?

84. Write down relationship between bending moment, slope and deflection.

85. Write down the assumptions made for the derivation of hoop & longitudinal stress relationships for a thin cylinder subjected to internal pressure.

86. Draw bending moment and shear force diagram for a cantilever beam of length L, having a moment M at its free end.

87. Draw stress -strain curve for a brittle material.

88. Define bending moment.

89. Write down the different types of beams.

90. What do you understand by reversal of stresses, in case of beams.

91. Write down the assumptions made for deriving flexural formula.
Long questions and Numericals
1. Sketch and explain stress-strain diagrams for ductile as well as brittle materials. 

2. A compound bar consists of a copper rod 20mm in diameter and a steel tube 60 mm in external diameter. The rod and tube are assembled coaxially and their ends are rigidly fixed at 300C. If the compound bar is heated to 1300C, determine the stresses induced in each metal. Coefficients of expansion for steel and copper are αs=1.08X10-5 per 0C and αc=1.2X10-5 per 0C respectively. Assume Take Es=2X105 N/mm2 and Ec=1X105 N/mm2.

3. An elemental cube is subjected to tensile stresses of 60 N/mm2 and 20 N/mm2 acting on two mutually perpendicular planes and a shear stress of 20 N/mm2 on these planes. Draw the Mohr’s circle of stresses and hence or otherwise determine the magnitude and direction of principal stresses and also the greatest shear stress.

4. A beam of length 6 m is simply supported at its ends. It is loaded with a gradually varying load of 750 N/m from left hand support to 1500 N/m to the right hand support. Construct the S.F and B.M diagrams and find the amount and position of the maximum B.M over the beam. 
5. A rectangular block of material is subjected to a tensile stress of 100N/mm2 on one plane and a tensile stress of 50 N/mm2 on a plane at right angles, together with shear stresses of 60 N/mm2 on the faces. Find: 1. the direction of principal planes; 2. the magnitude of principal stresses, and 3. magnitude of the greatest shear stress.
6. Draw a shear force and bending moment diagrams for a simply supported beam carrying a concentrated load at its mid-span.

7. A column of 12 cm external diameter, 9cm internal diameter, 3m long, hinged at both ends carries a load of 80kN at an eccentricity of 2 cm from the geometrical axis. Calculate the maximum and minimum stresses. Also calculate the maximum eccentricity for no tension. Assume E=205 GPa.

8. A hollow shaft of 200 mm external and 100 mm internal diameter is transmitting power at 50 r.p.m. If the maximum torque transmitted is 40 per cent greater than the mean torque and the maximum allowable shear stress in the shaft material is 60 MPa. Determine the power transmitted by the shaft.

9. Derive an expression for the shear stress produced in a circular shaft subjected to torsion.

10. A solid steel shaft transmits 1000 kW at 100 r.p.m. the maximum torque being 50% greater than mean. The shaft is supported in ball bearing 1.5 m apart with a flywheel midway between the bearings. Find the shaft diameter if the maximum tensile stress is 60 MPa. 

11. A shaft is subjected to a torque of 1500 Nm and a bending moment of 600 Nm. Find the safe diameter of the shaft, of the maximum permissible stresses in bending and shear are 100 MPa and 70 MPa respectively.

12. A spherical shell of 1.5m internal diameter has wall made from 10 thick steel plate. It is to be hydraulically tested and is just filled with water. Find the volume of additional water to be pumped into it so as to raise the pressure to 10 MPa. Take Kwater=2GPa. Esteel=200GPa, and υ =0.286. 

13. Gas is stored in cylindrical shell of 10 m diameter, 10 m length and 15 mm wall thickness. Determine the maximum permissible gas pressure if the tensile stress in the shell material is not to exceed 100 MPa. Also find the change in the internal shell volume at this pressure. Take E =210 GPa, Poisson’s ratio =0.3.

14. A thin cylinder 50 mm diameter and 1 mm thick is subjected to an internal pressure of 1 MPa and also to a torque of 50 Nm about the axis of the cylinder. Determine the principal stresses and maximum shear stress on the outer surface of the cylinder.
15. A 8 m long column is of circular section of 50 mm internal and 60 mm external diameter and is fixed at one end while its upper end is free. Calculate the maximum load the column will be able to carry if its length is reduced by 1 m. Take E =200GN/m2 and the Rankine constants are 300 MN/ m2 and 1/7500. 

16. Find the expression for crippling load for a long column when one end of the column is fixed and other end is free.
17. A simply supported beam of span 8 m is subjected to two concentrated load of 60 kN and 80 kN at 3m and 5m from left and respectively. Determine

a. Slopes at the supports.

b. Deflection under the loads.

c. Position and magnitude of maximum deflection.

18. State Mohr’s theorems of slope and deflection. Derive the same from moment curvature relation.

19. Derive the expression for the maximum deflection of a fixed beam carrying uniformly distributed load. Draw the BM diagram. 

20. The principal tensile stresses at a point across two perpendicular planes are 120 MN/m2 and 60 MN/m2, find: 

a. The normal stress of tangential stress and the resultant stress and also its obliquity on a plane 200 with the major principal plane.

b. The intensity of stress which acting alone can produce the same maximum strain. Poisson’s Ratio =0.25.

21. A metallic tube of internal diameter 25 mm and 5 mm thickness is simply supported on a span of 1 and the load of the midspan just sufficient to bring the stress to elastic limit level is found to be 900 N. Four such tubes are firmly clamped together to form a single beam, the centres of the tubes forming a square of 35 mm side with two sides of these square horizontal. Calculate the maximum central load which these composite beams can carry if the stress is not to exceed the elastic limit. 

22. A solid shaft is subjected to a twisting moment of 3.45 kN-m, and bending moment of 2.3 kN-m. Find the diameter of the shaft if the permissible tensile and shear stresses for the material of the shaft one limited to 700 and 420 MN/m respectively.

23. From the following data to column of circular section calculate the extreme stresses on the column section. Also find the maximum eccentricity in order that there may be no tension anywhere on the Section. External diameter=20 cm; internal diameter=16 cm, Length=4 m, Load=200 kN, Eccentricity of load =2.5 cm (form the axis). Both ends fixed. E=94 GN/m2. 

24. A bimetallic strip is formed by using copper and steel. Each strip is 60 mm wide and thick. Both strips are joined together and heated through 1200 C. Assuming that both strips bend by the same radius of stresses are transmitted only through end connections. Find: Radius of the bend, Maximum tensile and compressive stresses in both. Coefficients of expansion for steel and copper are αs=1.08X10-5 per 0C and αc=1.2X10-5 per 0C respectively. Assume Take Es=2X105 N/mm2 and Ec=1X105 N/mm2.

25. A wooden beam of rectangular section 240 mm wide by 80 mm deep is 4 m long. It is simply reported at its ends and carries two concentrated loads of 1 kN each at 1.2 m from each end. Neglecting the weight of the beam, find the deflection under the loads and at the mid section of the beam E-14000 KN/m2. 

26. A cantilever, 2m long, carries a load varying from zero at the free end to 50 KN/m run at KN at the free end. Draw the S.F and B.M diagrams. What are the values of maximum shear force and the bending moment? 

27. A 30 mm diameter steel bar, 0.5 m long is placed centrally within a brass tube having an inside diameter of 32 mm and outside diameter of 40 mm. The bar is shorter in length than the tube by 0.12 mm. While the bar and the tube are held vertically on a rigid horizontal plat form, a compressive force of 50,000 N is applied at the top of the tube through a rigid plate. Determine the stresses induced in both the bar and the tube. Esteel= 200X103 MN/m2 and Ebrass = 100x103 MN/m2. Find also the amount by which the tube will be shortened by the load, if the compressive stress in the tube is same is that in the rod. 

28. A piece of steel plate is subjected to normal stresses of 50N/mm 2 and 25N/mm 2 both tensile. Determine the normal, tangential and resultant stresses on a plane inclined at 300 with the axis of the second stress.

29. Derive the standard flexural formula.

30. A thin walled titanium alloy spherical shell has a 1m inside diameter and is 7 mm thick. It is completely filled with an unpressurized, incompressible liquid. If an additional 1000 cm 3 of the same liquid is pumped into the shell, find the internal pressure and stress in the material. Assume E=114GPa, M=0.33.

31. Derive the Euler’s buckling load for a long column fixed at both ends.

32. The safe stress, for a hollow steel column which sustains an axial load of 2.1 x103 kN is 125 MN m. If the external diameter of the column is 30 cm, find the internal diameter.

33. Find an expression for the total elongation of a uniformly tapering rectangular bar when it is subjected to an axial load P.

34. A timber beam is 120 mm wide and 200 mm deep and is used on a span of 4 metres. The beam carries uniformly distributed load of 2.8 kN/m run over the entire length. Find the maximum bending stress induced.

35. Show that in thin cylinders subjected to internal pressure, the circumferential stress is twice the longitudinal stress.

36. Derive an expression for the Euler’s crippling load for a long column when both its ends are hinged.

37. Derive the relationship between elastic constants E and G.

38. Derive the relationship between elastic constants E and K.

39. Write a note on Mohr’s circle of stresses.

40. A rectangular beam 100 mm deep, 50 mm wide and 1.5 m long is simply supported at its ends. Vertical loads of 5 kN each are applied at 0.5 m and 1m from one end. Determine and plot the distribution of longitudinal stress across the section at mid-span.

41. Derive the torsion equation for a circular shaft from the first principle. State the assumptions made.

42. A steel column 50 mm diameter is pin jointed at both ends. If E=200GPa and yield stress=300 GPa for steel, calculate the length of the column for which the failure by yielding and buckling by Euler’s formula is equally likely, when the column is subjected to axial compression.

43. A beam of length 10 m is simply supported and carries point loads of 5 kN each at a distance of 3 m and 7 m from left support and also a uniformly distributed load of 1 kN/m between the point loads. Draw S.F and B.M diagrams for the beam.

44. Find an expression for the torque transmitted by a hollow circular shaft of external diameter =Do and internal diameter =Di. 

45. Discuss moment-area method of determining the slope and deflection of beams.

46. Find the young’s Modulus of brass rod of diameter 25 mm and of length 250 mm which is subjected to a tensile load of 50 kN when the extension of the rod is equal to 0.3 mm.

47. What is the procedure of finding thermal stresses in a composite bar ?
48. Derive from the first principle the expressions for circumferential and longitudinal stresses in a thin cylinder closed at both ends and subjected to internal fluid pressure.
49. A timber beam 150 mm wide and 100 mm deep is to be reinforced by two shed flitches each 150 mm x10 mm in section. Calculate the ratio of moments of resistance if the flitches are attached at top and bottom
50. How Rankine-Gordon formula is used to calculate the intensity of stress in short intermediate and long columns? Explain.
51. Discuss in detail the stress-strain curve for a ductile material.

52. Show that in a material subjected to a biaxial stress system the sum of normal components of stresses on any two planes at right angle to each other is constant.

53. State and prove Bending Equation.

54. Derive an equation for shear stress induced in a solid shaft subjected to a torsional moment. 

55. Discuss the limitations of Euler’s column theory. 

56. A load of 3 MN is applied on a short concrete column of square section of side 600 mm. The column was reinforced with four steel bars of 12 mm diameter, one in each cuter. Find the stresses in both the materials.

57. Draw S.F and B.M diagram for a simply supported beam which is subjected to a varying load over its entire span; the load varies from 0 kN/m at the ends to 100kN/m at the centre. The length of the beam is 10 metres.

58. A hollow M.S. tube 5 m long, 5 cm external diameter and 4 cm internal diameter is used as a strut with both ends hinged. Find the safe load on the tube taking factor of safety = 3 and E =2 x105 N/mm2.
59. Explain Brinell Hardness test.

60. Explain the variation of bending stress in a loaded cantilever with concentrated load W at free end. The cross section is circular.

61. A cylinder 2 m long, 0.5 m diameter and made out of 10 mm steel sheet is subjected to an internal pressure of 2 MPa. What will then be the maximum shear stress in the cylinder?

62. A steel bar of uniform diameter of 40 mm is heated to 800C and then clamped at the ends with the help of two fixtures 4 m apart, and left to cool down to room temperature of 200 C at which temperature the distance between the fixtures was found to be 1.0 mm shorter than at 800 C. Determine the stress in the bar when it has cooled down to room temperature and the reaction at the fixtures. Take Es=2X105 N/mm2 and α=1.2X10-5 per 0C. 
63. A strongest beam of rectangular section is to be cut out a round wooden log of diameter D. Find the dimensions of the rectangular beam.

64. Derive the expression for Euler’s buckling load for a column with one end fixed and other hinged. 

65. Derive an expression for change in length of a bar, which is rotating about Y-axis at an angular speed of ω rad/sec, with its axis perpendicular to axis of rotation. 

66. The principal tensile stresses at a point across two perpendicular planes are 120 MN/m2 and 60 MN/ m2, find the direct stress, tangential stress and the resultant stress and its obliquity on a plane 200 with the major principal plane.

67. Derive an expression for bending stress distribution along the cross-section of a beam of rectangular cross-section.

68. A point is subjected to perpendicular stresses of 50 MN/m2 and 30 MN/m2 both tensile. Calculate the normal, tangential and resultant stresses.

69. Draw S.F and B.H diagrams for a cantilever of length l and having uniformly distributed load w per unit length.

70. A circular bar made of C.I. is to resist a torque of 2.2 kN-m acting in transverse plane. If the allowable stresses in compression, tension and shear are 100 MN/m2 ;35 MN/m2 and 50 MN/m2 respectively, find:

a. Diameter of the bar.

b. Angle of twist per metre length.

71. During a tensile test on a mild steel specimen 40 mm diameter and 200 mm long, load 40 kN, elongation was 0.0304 mm. yield load is 161 kN and length of specimen at facture is 249 mm. Determine:

a. E

b. Percentage elongation

c. Yield point stress.

72. A rigid wheel 1.2 m in diameter is to be provided with a then steel tyre. If the stress in steel tyre is not exceed 120 MN/m2 find:

a. Minimum diameter of tyre.

b. Temperature increase required for tyre to fit on. 

Take E=2X105 N/mm2 and α=1.2X10-5 per 0C. 
73. Two beams one square (b x b) and one circular section diameter d are subjected to some bending moment, some allowable stress and are of equal length. Determine the ratio of weights of the two beams.

74. A thin cylindrical shell of diameter 300 mm of wall thickness 6 mm has hemispherical ends. If there is no distortion under pressure, determine the thickness 6 mm has hemispherical ends. Take E=2X105 N/mm2 and Poisson ratio=0.3. 
75. A closed cylindrical vessel with plane ends is made of steel plate 3 mm thick, the internal dimensions being length 0.6 m and diameter 0.25 m. Determine the longitudinal and hoop stresses in the cylindrical shell due to an internal pressure of 2.8 MN/m2.

76. A solid shaft is subjected to a twisting moment of 3.45 KN-m, and bending moment of 2.3 KN-m find the diameter of the shaft if the permissible tensile and shear stresses for the material of the shaft are limited to 700 MN/m2 and 420 MN/m2 respectively.

77. An I-section girder, 240 mm deep has a web 20 mm thick. The top flange is 120 mm x 20 mm and the bottom flange is 160 mm x 20 mm. If the girder is simply supported at its ends, find the maximum span which can be used if the total distributed load per metre run is 6000 N/M, and the maximum stress is limited to 70 MN/m2 (tensile). 

78. Derive a relation for stress in a bar due to its own weight.

79. The minor principal stress at a point in the cross section of a beam is 20 MN/ m2 compressive and the maximum shear stress is 80 MN/m2. Draw the Mohr’s circle for this point. From the diagram find:-the direct and shear stresses on the plane making an angle of 450 clockwise with the plane of minor principal stress.

