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UNIT I 

PART - A 

1. Define Hooke’s law.  

2. Explain (i). Strain energy (ii). Resilience 

3. What is shear modulus?  

4. What is modulus of resilience? 

5. Differentiate between limit of elasticity and limit of proportionality.  

6. What is the nature of stress along Y-axis and Z-axis due to   

(i) Compressive stress along X-axis and  

(ii) Tensile stress along X-axis 

7. What is an impact load?  

8. How do you estimate thermal stresses in a composite bar?   

9. Define the following  

(i) Modulus of Elasticity (ii) Modulus of Rigidity    

10. What is Poisson’s ratio?   

PART – B 

1. A load of 300kN is applied on short concrete column 250mm X 250mm. 

The column is reinforced by steel bars of total area 5600mm2. If the 

modulus of elasticity for steel is 15 times that of concrete, find the 

stresses in concrete and steel. If the stress in concrete should not 

exceed 4N/mm2, find the area of steel required so that the column may 

support a load of 600kN. 

 

 

QUESTION BANK  
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2. A 15mm diameter steel rod passes centrally through a copper tube 

50mm external diameter and 40mm internal diameter. The tube is 

closed each end by rigid plates of negligible thickness. The nuts are 

tightened slightly more on the projecting parts of the road. If the 

temperature of the assembly is raised by 60ºC, calculate the stresses 

developed in Copper and Steel. Take Es = 2.10x105 N/mm2, Ec = 

1.05x105 N/mm2; αs=12x10-6/ºC; αc=17.5x10-6/ºC;  

3. A rod 10mm diameter was subjected to an axial pull of 10KN. The 

change in diameter was found to be 0.003mm. Calculate the Poisson’s 

ratio and the elasticity modulus. Given that N = 0.51*105 MPa. Also 

calculate the bulk modulus. 

 

4. A steel rod of 20mm diameter passes centrally through a copper tube 

of 50mm external diameter and 40mm internal diameter. The tube is 

closed at each end by rigid plates of negligible thickness. The nuts are 

tightened lightly home on the projecting parts of the rod. If the 

temperature of the assembly is raised to 50ºC, find the stresses in each 

material. Es = 200GPa and Ec = 100GPa; αs = 12x10-6 / º C and αc = 

18x10-6 / º C.      

5. Determine the change in length, breadth and thickness of a steel bar, 

4m long, 30mm wide and 20mm thick when it is subjected to an axial 

pull of 3oKN in the direction of its length. Given that E = 200GPa and 

1/m = 0.30.  

6. Find the strain energy in a bar 3m long and 40mm diameter when its 

subjected to a tensile load of 100KN. E = 200GPa.      

7. A steel rod 5m long and 30mm diameter is subjected to an axial tensile 

load of 50 Kn. Determine the change in length, diameter and volume of 

the rod. Given that E = 200GPa and 1/m = 0.25.  

8. A brass rod long is held horizontally between two rigid vertical walls 

2.403m apart. The temperature of the rod is gradually raised such that 

the ends of the rod get fixed against walls and has a compressive 

stress of 21Mpa. What is the rise of temperature? Given that E = 

105Gpa and ά = 11.8 x 10-6 /ºC.      
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9. Three bars made of copper, zinc and aluminium are of equal length 

and have cross–sections 500, 750 and 1000mm2 respectively. They 

are rigidly connected to their ends. If this compound member is 

subjected to a longitudinal pull of 250kN, estimate the proportional of 

the load carried on each rod and the induced stress. Take the value of 

E for copper = 1.3 x 105 N/mm2.  

10. An unknown weight falls through a height of 10mm on a collar rigidly 

attached to the lower end of a vertical ba 500cm long and 600mm2 in 

section. If the maximum extension of the rod is to be 2mm, what is the 

corresponding stress and magnitude of the unknown weight? Take E = 

2.0 x 105 N/mm2.      

 
 

 

UNIT II 

PART - A 

1. Define shear force and bending moment. 

2. Write the assumptions made in theory of pure bending. 

3. Define the term ‘obliquity’. 

4. Where does the maximum bending moment occurs? 

5. In a beam section, if C is the total compressive force acting normal to 

the section and d is the distance between the compressive and tensile 

forces, what is the resisting moment? 

6. If fb and fs are the bending and shearing stresses across a beam 

section, What are the principal stresses?  

7. Give two examples for cantilever beams. 

8. What do you understand by “Shear Center”?  

9. When member is subjected to a direct stress (σ), what are the stresses 

produced on an oblique plane, inclined at angle ‘ө’. 

10. State the ‘moment of inertia’ of triangular section.   
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PART – B 

1. A cast iron bracket subject to bending has cross-section of I-from with 

unequal flanges. The total depth of the section is 280mm and the metal 

is 40mm thick throughout. The top flange is 200mm wide and the 

bottom flange is 120mm wide. Find the position of the natural axis and 

the moment of inertia of the section about the natural axis and 

determine the maximum bending moment that should be imposed on 

this section if the tensile stress in the top of flange is not to exceed 

20N/mm2. What is then the value of maximum compressive stress in 

the bottom flange? 

2. Draw shear force and bending moment diagrams for the simply 

supported bean shown in Figure.  

 

 

 

 

 

 

 

3. The across – section of just is a T – section, flange 150x13mm, web 

thickness 13mm and overall depth 100mm. The joist is so arranged 

that the flange is uppermost. Find the maximum intensity of shear 

stress and sketch the stress distribution across the section if it has to 

resist a shear force of 80KN. 

4. A beam of span 9.0m is simply supported at the left end and at a point 

3.0m from the right end. The beam carries a UDL of 20KN/m over its 

entire length and point load of 50KN at the right end .Draw the shear 

force and bending moment diagrams for the beam 

5. A simple beam of span 4m has a rectangular section of 150x300mm. If 

the maximum bending stress is to be 36N/mm2,.what intensity of UDL 

can the beam support over full span? If the rectangular section is to be 

replaced by a circular section of the same material, Find the diameter 

of the section.  
 

 

C A E B D 

20KN 30KN 10 KN/m 

3m 2m 2m 2m 
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6. In a two – dimensional stress system, the principal stress are 

200N/mm2 (tensile) and 800N/mm2 (tensile). In another pair of planes 

at right angles, the normal stresses are px (tensile) and py (tensile), px > 

py. Determine px  and py   if the shear stress across these planes in is 

100N/mm2 . 

7. A beam T – section is simply supported over a span of 8m and carries 

a UDL of 2 kN/m over the entire span. The T-section has a flange of 

100mm x 20mm and a web of 100mmm x 20mm. Sketch the 

distribution of bending stress across the section.  

8. Sketch the bending moment and shear force diagrams for the beam 

loaded as shown in Fig.1. 

 

 

 

 

 

 

 

9. A cantilever of length 2m carries a uniformly distributed load of 1kN/m 

run over a length of 1.5m from the free end. Draw the shear force and 

bending moment diagrams of the free end..  

10. An elemental cube is subjected to tensile stresses of 30N/mm2 and 

10N/mm2 acting on two mutually perpendicular planes and a shear 

stress of 10N/mm2 on this plane. Draw the Mohr’s circle of stresses 

and determine the magnitudes and directions of principal stresses and 

also greatest shear stress.  

 

UNIT III 

PART - A 

1. Calculate the deflection under load for a cantilever of length ‘/’ carrying 

a point load W at the free end. 

2. Write an expression for the strain energy stored by a cantilever of 

length ‘/’ carrying uniformly distributed load W per unit run. 

3. What is conjugate beam? 

C A E B D 

10KN 40KN 5 KN/m 

3m 2m 2m 2m 
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4. Write the relation between torque, polar moment of inertia and shear 

stress. 

5. What is the bending energy of a simple beam ‘I’ carrying ‘w’ at the mid-

span?  

6. Sketch the conjugate beam of a cantilever of span ‘I’ carrying load ‘w’ 

at the free end. 

7. In the equation of plastic curve of a simple beam obtained by 

Macaulay’s method, what are the constants C1 and C2?  

8. Distinguish between closed – and Open coiled helical springs.. 

9. How will be the shear stress distribution across a circular section of a 

beam exists when it is subjected to shear Force? Also state the 

expression to determine the above phenomenon.   

10. What do you mean by ‘simple bending’ (or) ‘pure bending’? 

PART – B 

1. A cantilever 120mm wide and 200mm deep is 2.5m long. What is the 

uniformly distributed load which the beam can carry in order to produce 

a deflection of 5mm at the free end? Take E = 200GN/m2. 

2. A fixed beam AB of length 3m carries a point load of 45 kN at a 

distance of 2m from A. If the flexural rigidity (i.e. EI) of the beam is 1 x 

104 kNm2 , determine 

(i). Fixed and moments at A and B  

(ii). Deflection under the load 

(iii). Maximum deflection, and  

(iv). Position of maximum deflection 

3. A simple – beam of span 10m carries loads as shown in Fig.2. Using 

area moment method, determine. 

 

 

 

 

 

 

 

(i). Slopes at A and C 

(ii). Deflection at C 

   Given EI = 6x1012 N.mm2. 

A C 

B 

D 

4 KN 4 KN 

2 m 2 m 2 m 
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4. A close-coiled helical spring of 90mm mean diameter is made up of 

3mm diameter wire. Determine the maximum shear stress and the 

principal stresses in the section of the wire when it is subjected to an 

axial pull of 10N.  

5. For the bean shown in fig.1, show that the deflection under the load P 

using the strain energy method is yc  = 2 / 3EI (7W + 4P). Verify your 

answer by Macaulay’s method. 

 

 

 

 

        A   2m         C   2m   B 

                      

6. Refer to the beam and bending moment (BMD) given in fig.2. 

Determine the slope at the end A. To what value of ‘x’ will the shaded 

area of the bending moment diagram be equal to EI0? What is the 

deflection of the section ‘D’?    

 

 

 

 

 

 

 

 

 

 

 

 

7. A beam 5.0m long is simply supported at the left end and at 1.0m from 

the right end. The supports a UDL of 40KN/m over its entire length and 

a point load of 20KN at the overhanging end. Determine the maximum 

deflection taking EI = 18x109 KN.mm2. Use Macaulay’s method. 

 

P W 

X 9KN 

A 

4m 1m 

B 
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8. A cantilever beam AB of span 4.0m carries a UDL of 20KN/m over a 

length of 2m from the fixed end and a point load of 40KN at 1.0 m from 

the free end as shown in Fig. 1. Determine the deflection at the free 

end taking EI = 40.11 x 109 KN.mm9 use strain energy method.  

  

 

  

 

 

 

        A     B       C    D 

    2m          1m     1m  

 

9. A beam of uniform section 10m long and is simply supported at the 

ends. It carries concentrated loads of 100kN and 60kN at distance 2m 

and 5m respectively from the left end. Calculate the deflection under 

each load. Find also the maximum deflection. Take I=18x108mm4 and 

E=200kN/mm2. 

10. A beam of length ‘/’ is simply supported at the ends and carries a 

concentrated load W at a distance ‘a’ from each end. Find the slope at 

each end and under the each load. Find also the deflection under each 

load and at the center. Use Conjugate beam method. 

 

 

UNIT IV 

PART - A 

1. What do you understand by the term, ‘Torsional rigidity’?  

2. Explain stiffness of a spring.  

3. What do mean by the ‘strength of a shaft? 

4. Define helical springs. 

5. What is the maximum shear stress produced by a torque ‘T’ applied at 

the end of a solid circular shaft of diameter ‘d’? 

6. What is the strain energy in the shaft in question (7) if the length of the 

shaft is ‘I’? 

7. What is the power transmitted by a solid circular shaft? 

2I 

20KN/m 40KN/m 

I 
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8. Give examples for thin cylinders. 

9. Determine the term ‘polar moment of inertia’. 

10. State the expression to determine the torque transmitted by a 

cylindrical (i) Solid shaft (ii) Hollow shaft. 

PART – B 

1. A solid circular shaft is to transmit 200kW at 100rpm. If the shear stress 

is not to exceed 80N/mm2, find the diameter of the shaft. What 

percentage saving in weight would be obtained if a hollow one, whose 

internal diameter equals 0.6 of the external diameter, the length, the 

material and the maximum shear stress being the shame, replaces this 

shaft?    

2.  (a). A leaf spring 750mm long is required to carry a central point load 

of 8000N. If the central deflection is not to exceed 20mm and the 

bending stress not to exceed 200N/mm2. Determine the thickness, 

width and number of plates. Also compute the radius to which the 

plates should be curved. Assume width the plates is equal to 12 times 

the thickness and E=2x105N/mm2.  

(b). A 100mm diameter safety valve is to be designed to below off at a 

gauge pressure 1.2N/mm2. The valve is held in position by a 180mm 

diameter close coiled compression helical spring whose initial 

compression is 25mm. Find the diameter of the rod of the spring and 

the number of turns required, if the shear stress is not to exceed 

80N/mm2. Take C=8.5x104 N/mm2.   

3. A solid soft is to transmit 300kw power at 250rpm the angle of twist in 

length of 2.0m is not to exceed 10 and the maximum shear stress 

allowed is 30MPa. Determine the shaft diameter, if C = 100GPa.  

4. In an open-coiled spring of ten coils, the stresses due to bending and 

twisting are 100MPa and 110MPa respectively when the spring is 

loaded axially. Assuming the mean diameter of the coils to be 8 times 

the wire diameter, find the maximum permissible load and the wire 

diameter for a maximum extension of 18mm. Take E = 200Gpa and C 

= 80GPa. 

5. Select a suitable diameter of a solid shaft to transmit 112.50KW at 200 

rpm. If the allowable shear stress is 75N/mm2 and the allowable twist is 

1º in a length of 3m. Given that N = 82GPa.  
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6. A thin cylindrical vessel of diameter 125mm under an internal pressure 

o` 2N/mm2. Determine the thickness of the vessel if the longitudinal 

stress is not to exceed 30N/mm2 and hoop stress is not to exceed 

45N/mm2. 

7. A allow circular shaft with a diameter ratio 0.5 is subjected to a B.M of 

3 x 106 N.mm and a torque of 4 x 106 N.mm. Determine the diameters 

of the shaft if the maximum allowable shear stress is limited to 

7.N.mm2.  

8. A thin walled cylinder of internal diameter 1.20 and length 4m is 

subjected to an internal pressure of 1.50N/mm2. If the wall thickness of 

the shell is 10mm, find the maximum shear developed and the change 

in volume of the shell. Given that E = 210 Gpa and 1/m = 0.28. 

9. Drive the relation for a circular shaft when subjected to torsion as  

Given below: 

θτ C

LR

T

J
−=−=− where  

  T = Torque transmitted  

  J = Polar Moment of inertia  

  τ  = Maximum shear stress  

  R = Radius of the shaft  

  C = Modulus of rigidity  

  θ  = Angle of twist and  

  L  = Length of the shaft.   

10. A closely coiled helical spring of mean diameter 20cm is made of 3cm 

diameter rod and has 16 turns. A weight of 3kN is dropped on this 

spring. Find the height by which the weight should be dropped before 

striking the spring so that the spring may be compressed by 18cm. 

Take C=8x104 N/mm2.  

UNIT V 

PART - A 

1. What are the objectives of ‘Wire – winding’ of thin cylinders?  

2. State the expression to determine the (i) Circumferential (ii) longitudinal 

stress of a thin cylinder?  

3. What is slenderness ratio for a column?  

4. What are Lame’s equations 
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5. What is bending produces when a load ‘p’ is applied on a circular 

column of diameter‘d’ with an eccentricity ‘e’?  

6. On which side of a thick cylinder (inner / outer) is the hoop stress 

maximum? 

7. Write down the expression for finding the change in volume of thin 

spherical shell subjected to an internal fluid pressure.  

8. What do you understand by the crippling load of a column? 

9. Write an expression for hoop stress in thin cylinders.    

10. What is ‘Crippling load’? 

PART – B 

1. Prove that he circumferential strain (e1) and longitudinal strain 

(e2)produced in a thin cylinder when subjected to internal fluid pressure 

(p), are given by 

whereandeXd
pd

tE

pd

tE 




 −−−=




 −−−= µµ
1

22
2

1

22
1 1  

   p = Internal Fluid pressure  

   d = Internal diameter of thin cylinder  

   t = Thickness of wall of thin cylinder  

   µ  = Poison’s ratio. 

2. A closed cylindrical vessel made of steel plates 4mm thick with plane 

ends, carries fluid under a pressure of 3N/m2. The diameter of the 

cylinder is 25cm and length is 75cm. calculate the longitudinal and 

hoop stresses in the cylinder wall and determine the change in 

diameter, length and volume of the cylinder. Take E = 2.1 x 105 N/mm2 

and µ  = 0.286 

3. Determine the Euler’s load for column of I-section having flanges 

300 mm x 10 mm and web 400 mm x 8 mm. The length of the column 

is 6.0m. One end of the column is fixed and the other end is hinged. 

Take E = 200Gpa. 

4. A thick spherical shell of 400mm internal diameter is subjected to an 

internal fluid pressure of 1.5 N/mm2 . If the permissible tensile stress in  

the shell material is 3.0N/mm2, find the necessary thickness of the  

metal.    

5. A solid round bar 3m long and 50mm diameter is used as a strut with 

both ends hinged. Determine the cripping load. Given that E = 200GPa. 
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6. A thick cylinder of 100mm internal diameter and 150mm external 

diameter is subjected to an external pressure of 1.5N/m2. If the 

maximum hoop stress is restricted to 10N/mm2, what is the maximum 

internal pressure permitted.    

7. A cylindrical vessel composed of thin plates 10mm thick has a diameter 

of 1.20m, ends being hemi-spherical. Find the thickness of the ends in 

order that the circumferential strain may be the same in the ends as the 

shell and state of stress in the ends when the internal pressure is 1.20 

N/mm2 . Take u = 0.25. 

8. A hallow cast iron column has an external diameter of 200mm with a 

wall thickness of 20mm. The column is 4.5m long and is fixed at both 

ends. Find the ratio Euler’s and Rankine’s critical loads. Take fc = 

550MPa, E = 94Mpa and Rankines constant = 1 / 1600.   

9. A cylindrical shell 1m long, 180mm internal diameter, thickness of 

metal 8mm is filled with a fluid at atmospheric pressure. If an additional 

20,000mm3 of the fluid is pumped in to the cylinder, find the pressure 

exerted by the fluid on the wall the cylinder. Find also the hoop stress 

induced. Take E=2x105N/mm2 and 1/m=0.3. 

10. A hollow cylindrical cast iron column is 4m long, both ends beibg fixed. 

Design the column to carry an axial load of 250kN. Use Rankine’s 

formula and adopt a factor of safety of 5. The internal diameter may be 

taken as 0.80 times the external diameter. Take crushing stress = 

550N/mm2 and α = 1/1600. 


