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QUESTION BANK 

Name of the Department : Civil Engineering 

Subject Code & Name           : CE8301& STRENGTH OF MATERIALS I 

Year & Semester            : II & III 

 

UNIT I STRESS, STRAIN AND DEFORMATION OF SOLIDS 

PART-A 

 

1. Define: Stress 

When an external force acts on a body, it undergoes deformation. At the same time the body 

resists deformation. The magnitude of the resisting force is numerically equal to the applied 

force. This internal resisting force per unit area is called stress. 

Stress = Force/Area 

 

2. Define: Strain 

When a body is subjected to an external force, there is some change of dimension in the 

body. Numerically the strain is equal to the ratio of change in length to the original length of 

the body. 

Strain = Change in length/Original length 

e = ∂L/L 

 

3. Define: Elastic limit 

Some external force is acting on the body, the body tends to deformation. If the force is 

released from the body its regain  to the original position. This is called elastic limit. 

 

4. State: Hooke’s law. 

It states that when a material is loaded within its elastic limit, the stress is directly 

proportional to the strain. 

Stress α Strain 

σ α e 

σ = Ee 

Where, E - Young‟s modulus in N/mm
2
 

σ - Stress 

e - Strain 

 

5. Define: Young’s modulus. 

The ratio of stress and strain is constant within the elastic limit. This constant is known as 

Young‟s modulus. 

E = Stress /Strain 
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6. Define: Longitudinal strain 

When a body is subjected to axial load P, there is an axial deformation in the length of the 

body. The ratio of axial deformation to the original length of the body is called lateral strain. 

Longitudinal strain= Change in length/Original length 

= ∂L/L 

 

7. Define: Lateral strain 

The strain at right angles to the direction of the applied load is called lateral strain. 

Lateral strain= Change in breadth (depth)/Original breadth (depth) 

= ∂b/b or ∂d/d 

 

8. Define: shear stress and shear strain. 

The two equal and opposite force act tangentially on any cross sectional plane of the body 

tending to slide one part of the body over the other part. The stress induced is called shear 

stress and the corresponding strain is known as shear strain. 

 

9. Define: volumetric strain 

The ratio of change in volume to the original volume of the body is called volumetric strain. 

Volumetric strain= change in volume / original volume 

ev = ∂V/V 

 

10. Define: Poisson’s ratio. 

When a body is stressed, within its elastic limit, the ratio of lateral strain to the longitudinal 

strain is constant for a given material. 

Poisson ratio (μ or 1/m) = Lateral strain /Longitudinal strain 

 

11. Define: Bulk-modulus. 

The ratio of direct stress to volumetric strain is called as bulk modulus. 

Bulk modulus, K = Direct stress / Volumetric strain 

 

12. Define: Shear modulus or Modulus of rigidity 

The ratio of shear stress to shear strain is called as bulk modulus. 

Shear modulus, G = shear stress / shear strain 

 

13. State the relationship between Young’s Modulus and Modulus of Rigidity. 

E = 2G (1+μ) 

Where, 

E – Young‟s Modulus 

G – Modulus of rigidity 

μ – Poisson‟s ratio 

 

14. Give the relationship between Bulk Modulus and Young’s Modulus. 

E = 3K (1-2μ) 

Where, E – Young‟s Modulus K - Bulk Modulus μ- Poisson‟s ratio 
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15. What is principle of super position? 

The resultant deformation of the body is equal to the algebraic sum of the deformation of the 

individual section. Such principle is called as principle of super position 

 

16. What is compound bar? 

A composite bar composed of two or more different materials joined together such that the 

system is elongated or compressed in a single unit. 

 

17. What you mean by thermal stresses? 

If the body is allowed to expand or contract freely, with the rise or fall of temperature no 

stress is developed, but if free expansion is prevented the stress developed is called 

temperature stress or strain. 

 

18. Define thin cylinder? 

If the thickness of the wall of the cylinder vessel is less than 1/15 to 1/20 of its internal 

diameter, the cylinder vessel is known as thin cylinder. 

 

19. What are types of stress in a thin cylindrical vessel subjected to internal pressure? 

These stresses are tensile and are known as 

 Circumferential stress (or hoop stress ) 

 Longitudinal stress 

 

20. What is mean by circumferential stress (or hoop stress) and longitudinal stress? 

The stress acting along the circumference of the cylinder is called circumferential stress (or 

hoop stress) whereas the stress acting along the length of the cylinder is known as 

longitudinal stress. 

 

21. What are the formula for finding circumferential stress and longitudinal stress? 

Circumferential stress, f1 = pd / 2t 

Longitudinal stress, f2 = pd / 4t 

 

22. What are maximum shear stresses at any point in a cylinder? 

Maximum shear stresses at any point in a cylinder, subjected to internal fluid pressure is 

given by (f1 –f2) / 2 =  pd / 8t 

 

23. Define Strain energy. 

When an elastic material is deformed due to application of external force, internal resistance 

is developed in the material of the body. Due to deformation, some work is done by the 

internal resistance developed in the body, which is stored in the form of energy. This is 

known as strain energy. It is expressed in N-m. 

 

24. Define Resilience. 

The total strain energy stored in the body is generally known as resilience. 

 

25. Define Proof Resilience. 

The maximum strain energy that can be stored in a material within the elastic limit is known 

as proof resilience. 
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29. Define Modulus of resilience. 

It is the proof resilience of the material per unit volume. 

Modulus of resilience = (proof resilience / volume of the body 

 

PART-B 

1. When a square bar of certain material (40 mm *40 mm in section) is subject to an axial 

pull of 160 kN, the measured extension on a gauge length of 200 mm is 0.1 mm and the 

decrease in each side of the square bar is 0.005 mm. Calculate modulus of Elasticity, shear 

modulus and Bulk modulus for this material. 

 

2. A solid cylindrical brass bar of 25 mm diameter is enclosed in a steel tube of 50 mm 

external diameter and 25 mm internal diameter. The bar and tube are both initially 1.5 m long 

and are rigidly fastened at both ends. Find the stresses induced in the two materials when the 

assembly is subjected to an increase in temperature of 50
o
 C. Take coefficient of thermal 

expansion of steel as 12*10
-6

/
o
C and that of brass as 18*10

-6
/
o
C, Modulus of elasticity of steel 

as 200 GPa and Modulus of elasticity of brass as 100GPa. 

 

3. The following data relate to a bar, subjected to a tensile test: 

Diameter of the Bar= 30 mm; Tensile Load=54 kN; Gauge length = 300 mm; Extension of 

the Bar = 0.112 mm; Change in diameter= 0.00366 mm. Calculate Poisson‟s ratio and the 

values of three moduli. 

 

4. A steel tube 2.4 cm external diameter and 1.8 cm internal diameter encloses a Copper rod 

1.5 cm diameter to which it is rigidly connected at the two end. If at a temperature of 100C, 

there is no longitudinal stress, calculate the stresses in the rod and the steel tube, when the 

temperature is raised to 200oC. Take ES = 2.1x105 N/mm
2
; Ec = 1x10

5 
N/mm

2
; αS= 1.1x10

-5
 

per 
o
C; αC = 1.8*10

-5
 per 

o
C. 

 

5. A rod tapers uniformly from d1 at one end to at other end. It is subjected to an axial pull 

„P‟. Derive an expression to determine the extension of the rod. A rod 2.5 m long tapers 

uniformly from a diameter of 65 mm at one end to 35 mm at other end. It is subjected to an 

axial pull of 25 kN. Assume Young‟s Modulus E = 210 GPa. Neglecting extension due to 

self-weight, determine the extension of the bar. 

 

6. A 3m long thin cylinder is of 1000 mm internal diameter and 15 mm thickness. It is 

subjected to an internal pressure of 15 MPa. Assume Young‟s Modulus E=200 GPa and 

Poisson‟s ratio 1/m=0.3. Determine 

i) Hoop stress 

ii) Longitudinal stress 

iii) Change in length 

iv) Change in diameter 

v) Change in volume 

 

7. A tensile test was conducted on a mild steel bar. The following data was obtained from the 

test: 

(i) Diameter of the steel bar = 3 cm 

(ii) Gauge length of the bar = 20cm 
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(iii) Load at elastic limit = 250 kN 

(iv) Extension at a load of 150 kN = 0.21 mm 

(v) Maximum load = 380 kN 

(vi) Total extension = 60 mm 

(vii) Diameter of rod at failure = 2.25 cm 

Determine: 

(1) The Young‟s modulus 

(2) The stress at elastic limit 

(3) The percentage of elongation 

(4) The percentage decrease in area. 

 

8. A hollow cast iron cylinder 4m long, 300mm outer diameter, and thickness of metal 50 

mm is subjected to a central load on the top when standing straight. The stress produced is 

75000kN/m
2
. Assume Young‟s modulus for cast iron as 1.5x10

8 
kN/m2 and find 

(i) Magnitude of the load 

(ii) Longitudinal strain produced 

(iii) Total decrease in length 

 

9. A hollow cylinder 2 m long has an outside diameter of 50 mm and inside diameter of 30 

mm. If the cylinder is carrying a load of 25 kN, find the stress in the cylinder. Also find the 

deformation of the cylinder, if the value of modulus of elasticity for the cylinder material is 

100 GPa. 

 

10. A bar 0.3m long is 50mm square in section for 120mm of its length, 25mm diameter for 

80mm and of 40mm diameter for its remaining length. If the tensile force of 100kN is applied 

to the bar calculate the maximum and minimum stresses produced in it, and the total 

elongation. Take E = 2×10
5
 N/mm

2
 and assume uniform distribution of stress over the cross 

section. 

 

11. Three bars made of Copper; Zinc and Aluminium are of equal length and have cross 

section 500 mm
2
, 700 mm

2
, and 1000 mm

2
 respectively. They are rigidly connected at their 

ends. If this compound member is subjected to a longitudinal pull of 250 kN, estimate the 

proportional of the load carried on each rod and the induced stresses. Take the value of E for 

Copper = 1.3×10
5
 N/mm

2
, for Zinc = 1×10

5
 N/mm

2
 and for Aluminium = 0.8×10

5
 N/mm

2
. 

 

12. A composite bar is made with a copper flat of size 50mm30mm and a steel flat of 

50mmx40mm of length 500 mm each placed one over the other. Find the stress induced in 

the material, when the composite bar is subjected to an increase in temperature of 90
o
C. Take 

coefficient of thermal expansion of steel as 12x10-
6
/
o
C and that of copper as 18x10-

6
/
o
C, 

Modulus of elasticity of steel = 200 GPa and Modulus of elasticity of copper = 100 GPa. 

 

13. A steel bar is placed between two copper bars, each having the same area and length as 

steel bar at 20
o
C. At this stage, they are rigidly connected together at both the ends. Then the 

temperature is raised to 320
o
C. Determine final stresses in the bars. Take ES = 220 GN/m

2
. EC 

= 110 GN/m
2
. 

 

14. (i) Derive a relation for change in length of a bar hanging freely under its own weight. 

(ii) Draw stress - strain curve for a mild steel rod subjected to tension and explain about the 
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salient points on it. 

 

 

UNIT II TRANSFER OF LOADS AND STRESSES IN BEAMS 

PART-A 

1. Define: Beam 

Beam is a structural member which is supported along the length and subjected 

to external loads acting transversely (i.e) perpendicular to the center line of the beam. 

 

2. What is mean by transverse loading on beam? 

If a load is acting on the beam which perpendicular to the central line of it then it is called 

transverse loading. 

 

3. What is Cantilever beam? 

A beam whose one end free and the other end is fixed is called cantilever beam. 

 

4. What is simply supported beam? 

A beam supported or resting free on the support at its both ends is called simply supported 

beam. 

 

5. What is mean by over hanging beam? 

If one or both of the end portions are extended beyond the support then it is called over 

hanging beam. 

 

6. What is mean by concentrated loads? 

A load which is acting at a point is called point load. 

 

7. What is uniformly distributed load (udl) ? 

If a load which is spread over a beam in such a manner that rate of loading “w” is uniform 

throughout the length then it is called as udl. 

 

8. Define point of contra flexure? In which beam it occurs? 

It is the Point Where the B.M is zero after Changing its sign from positive to negative or vice 

versa. It occurs in overhanging beam. 

 

9. What is mean by positive or sagging BM? 

The BM is said to be positive if moment of the forces on the left side of beam is clockwise 

and on the right side of the beam is anti-clockwise. 

(or) 

The BM is said to be positive if the BM at that section is such that it tends to bend the beam 

to a curvature having concavity at the top. 

 

10. What is mean by negative or hogging BM? 

The BM is said to be negative if moment of the forces on the left side of beam is anti-

clockwise and on the right side of the beam is clockwise.  

(or) 
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The BM is said to be positive if the BM at that section is such that it tends to bend the beam 

to a curvature having convexity at the top. 

 

11. Define shear force and bending moment? 

SF at any cross section is defined as algebraic sum of the vertical forces acting either side of 

beam. 

BM at any cross section is defined as algebraic sum of the moments of all the forces which 

are placed either side from that point. 

 

12. When will bending moment is maximum? 

BM will be maximum when shear force change its sign. 

 

13. What is maximum bending moment in a simply supported beam of span “L” 
subjected to UDL of „w‟ over entire span? 

Max BM = wL
2
/8 

 

14. In a simply supported beam how will you locate point of maximum bending 

moment? 

The bending moment is max. when SF is zero. Writing SF equation at that point and equating 

to zero we can find out the distances “x” from one end .then find maximum bending moment 

at that point by taking moment on right or left hand side of beam. 

 

15. What is shear force and bending moment diagram? 

It shows the variation of the shear force and bending moment along the length of the beam. 

 

16. What are the types of beams? 

1. Cantilever beam 

2. Simply supported beam 

3. Fixed beam 

4. Continuous beam 

5. over hanging beam 

 

17. What are the types of loads? 

1. Concentrated load or point load 

2. Uniform distributed load (udl) 

3. Uniform varying load (uvl) 

 

18. Write the assumptions in the theory of simple bending? 

1. The material of the beam is homogeneous and isotropic. 

2. The beam material is stressed within the elastic limit and thus obey hooke‟s law. 

3. The transverse section which was plane before bending remains plains after bending also. 

4. Each layer of the beam is free to expand or contract independently about the layer, above 

or below. 

5. The value of E is the same in both compression and tension. 

 

19. Define: Neutral Axis 

It is defined as the line of intersection of N.A of any transverse section is neutral layer with 

the transverse section. 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 

Department of CIVIL 
 

8 
20. Write the theory of simple bending equation? 

(M / I) = (E / R) = (f / y) 

Where, 

M - Maximum bending moment 

I - Moment of inertia 

f - Maximum stress induced 

y- Distance from the neutral axis 

E – Young”s modulus 

R – Radius of neutral layer. 

 

21. Define: Moment of resistance 

Due to pure bending, the layers above the N.A are subjected to compressive stresses, whereas 

the layers below the N.A are subjected to tensile stresses. Due to these stresses, the forces 

will be acting on the layers. These forces will have moment about the N.A. The total moment 

of these forces about the N.A for a section is known as moment of resistance of the section. 

 

22. Define: Section modulus 

Section modulus is defined as the ratio of moment of inertia of a section about the N.A to the 

distance of the outermost layer from the N.A. 

Section modulus, 

Where, I – M.O.I about N.A 

ymax - Distance of the outermost layer from the N.A 

 

 

PART-B 

1. A 10 m long beam ABC is simply supported at B and C over a span of 8 m with end A 

being free. It carries point loads of 8 KN and 4 KN at distances 3 m and 5 m from C. The 

beam also has two uniformly distributed loads of intensity 4 KN/m for a distance of 4 m 

starting from C and of kN/m on AB. Draw shearing force and bending moment diagrams 

indicating all principal values. 

 

2. A flinched beam is made up of two timber joists, each 60 mm wide and 100 mm deep, with 

a 10 mm thick and 80 mm deep steel plate placed symmetrically between them on vertical 

faces. Determine the total moment of resistance of the section if the permissible stress in the 

timber joist is 7 N/mm
2
. Take the modular ratio between steel and timber as 20. 

 

3. A 100mm X 200mm rolled steel I section has the flanges 12mm thick and web 10mm 

thick. Find i) The safe udl the section can carry over a span of 6m if the permissible stress is 

limited to 150 N/mm
2
. ii) The maximum bending stress when the beam carries a central point 

load of 20kN. 

 

4. Two wooden planks 150 mm *50 mm each are connected to form a T section of a beam. If 

a moment of 3.4 KNm is applied around the horizontal neutral axis, including tension below 

the neutral axis, find the stresses at the extreme fibres of the cross-section. Also, calculate the 

total tensile force on the cross-section. 
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5. A cantilever of span 5 m carries concentrated loads of 1 kN, 3 kN and 2 kN at 2m, 3m and 

5 m from the fixed end. Draw SF & BM diagram. 

 

6. A beam 500mm deep of a symmetrical section has I = 1x10
8
 mm4 and is simply supported 

over a span of 10m. Calculate 

i) The UDL it may carry if the maximum bending stress is not to exceed 150 N/mm2. 

ii) The maximum bending stress if the beam carries a central point load of 25kN. 

 

7. A cantilever beam of 2 m long carries a uniformly distributed load of 1.5 kN/m over a 

length of 1.6 m from the free end. Draw the shear force and bending moment diagrams for 

the beam. 

 

8. A cantilever beam 1.5 m long, fixed at A is carrying point loads of 1000 kg at B,C and D 

each and at distances of 0.5 m, 1 m and 1.5 m from the fixed end. Calculate the shear force 

and bending moment values at salient points. 

 

9. A simply supported beam AB of span 4 m is subjected to two point loads of 2 kN and 4 Kn 

each at C and D, distances of 1.5 m and 3 m from the left end. Calculate the shear force and 

bending moment values at salient points. 

 

10. A simply supported beam 6 m long is carrying a uniformly distributed load of 5 kN/m 

over a length of 3 m from the right end. Draw shear force and bending moment diagrams for 

the beam and also calculate the maximum bending moment on the beam. 

 

11. A simply supported beam of 16 m span carries the concentrated loads of 4 kN, 5 kN and 3 

kN at distances 3 m, 7 m and 10 m respectively from the left support. Calculate the maximum 

shearing force and bending moment. Draw the SF and BM diagrams. 

 

12. Draw the S.F and B.M diagram for the beam shown in figure and also calculate the 

maximum shear force and bending moment. 

 

 
13. Draw shear force and bending moment diagram for the beam shown iUn figure. 
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14. Draw shear force and bending moment diagram for the beam shown in figure. 

 
 

15. Draw shear force and bending moment diagram for the beam shown in figure. 

 
 

16. An overhanging beam ABC is simply supported at A & B over a span of 6m and BC 

overhangs by 3m. If the supported span AB carries a central concentrated load of 8kN and 

overhang span BC carries 2kN/m draw the shear force and bending moment diagrams. 

 

17. The moment of inertia of a symmetrical section of a beam about its neutral axis is 2640 

cm
4
 and its depth is 20cm. Determine the longest span over which, when simply supported, 

the beam would carry a UDL of 6 kN/m run without the stress due to bending not exceeding 

1.2x10
5 

N/mm
2
. 

 

18. A timber beam 150mmx250mm in cross section is simply supported at its ends and has a 

span of 3.5m. The maximum safe allowable stress in bending is 7500 kN/m
2
. Find the 

maximum safe UDL which the beam carries. What is the maximum shear stress in the beam 

for the UDL calculated? 
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UNIT III DEFLECTION OF BEAMS 

PART-A 

 

1. What are the methods for finding out the slope and deflection at a section? 

The important methods used for finding out the slope and deflection at a section in a loaded 

beam are 

1. Double integration method 

2. Moment area method 

3. Macaulay”s method 

4. Conjugate beam method 

The first two methods are suitable for a single load, where as the last one is suitable for 

several loads. 

 

2. Why moment area method is more useful, when compared with double integration? 

Moment area method is more useful, as compared with double integration method because 

many problems which do not have a simple mathematical solution can be simplified by the 

moment area method. 

 

3. Explain the Theorem for conjugate beam method? 

Theorem I : “The slope at any section of a loaded beam, relative to the original axis of the 

beam is equal to the shear in the conjugate beam at the corresponding section” 

Theorem II: “The deflection at any given section of a loaded beam, relative to the original 

position is equal to the conjugate beam” 

 

4. Define method of Singularity functions? 

In Macaulay”s method a single equation is formed for all loading on a beam, the equation is 

constructed in such a way that the constant of Integration apply to all portions of the beam. 

This method is also called method of singularity functions. 

 

5. What are the points to be worth for conjugate beam method? 

1. This method can be directly used for simply supported Beam 

2. In this method for cantilevers and fixed beams, artificial constraints need to be supplied to 

the conjugate beam so that it is supported in a manner 

 

PART-B 

1. A beam AB of span 7 m is simply supported at its ends A and B. It carries a point load of 

10 kN at a distance of 3 m from the ends A and a uniformly distributed load of 6 kN/m over 

the right half span length. Determine (i) the maximum deflection in the beam and (ii) slope at 

the ends. Take EI=10000 KN-m
2
. 

 

2. A cantilever of length „L‟ is carrying a load of W at the free end and another load of 2W at 

its mid span. Determine the slope and deflection of the cantilever at the free end using 
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conjugate beam method. Take the flexural rigidity for the half length from fixed end as twice 

that of the remaining length. 

 

3. A steel girder of uniform section, 14 metres long is simply supported at the ends. It carries 

concentrated loads of 90 kN and 60 kN at two points 3 metres and 4.5 metres from the two 

ends respectively. Calculate: the deflection of the girder at the points under the two loads and 

the maximum deflection. E=210x10
6
 kN/m

2
 and I=64x10-

4
 m

4
. 

 

4. A beam AB of span 4 m is simply supported at its ends. The beam carries a concentrated 

load of 20 kN at 1 m from the support A and a uniformly distributed load of 10 kN/m in the 

right of span. Assume EI = 4000 kN.m2. Using Macaulay‟s method, determine 

i) Deflection in mid span 

Maximum deflection 

Slope at A 

 

5. A cantilever 2 m long carries a concentrated loads of 15 kN at mid span and 10 kN at the 

free end. Assuming flexural rigidity = 3000 kN.m
2
, determine the slope and deflection at the 

free end using conjugate beam method. 

 

6. A simply supported beam of length „l‟ is carrying a udl of w/unit length over its entire 

span. Determine the slope and deflection, using double integration method. 

 

7. A 2m long cantilever is loaded with a point load of 500 N at the free end. If the section is 

rectangular 80mm (wide) x 160mm (deep) and E= 10 GN/m2, calculate the slope and 

deflection by double integration method 

i) At the free end 

ii) At a distance of 0.6 m from the free end 

 

8. A cantilever of 3m length loaded with a 30 kN load at its free end. In addition to this it 

carries a udl of 20 kN/m over its entire span. Calculate (i) Maximum slope & deflection (ii) 

Slope & deflection at 2m from fixed end by double integration method. Take E = 210 GN/m
2
 

and I = 3.375x10-
4
 m

4
. 

 

9. A simply supported beam of span 3 m is subjected to a central load of 10 kN. Find the 

maximum slope and deflection of the beam. Take I = 12 ×10
6 

mm
4
 and E = 200 GPa. 

 

10. A steel joist, simply supported over a span of 6 m carries a point load of 50 kN at 1.2 m 

from the left hand support. Find the position and magnitude of the maximum deflection. Take 

EI = 14x10
12 

N.mm2. 

 

11. A steel girder of 6m length acting as a beam carries udl of 4 kN/m over entire span. 

Calculate the slope and deflection at a distance 2 m from one end. Take E= 200GN/m
2
 and 

I=3x10-
5
 m

4
 

 

12. A steel girder of uniform section, 14m long is simply supported at its ends. It carries 

concentrated loads of 90 kN and 60 kN at two points 3 m and 4.5 m from the two ends 

respectively. Calculate: 

i) The deflection of the girder at the points under the two loads. 
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13 
ii) The maximum deflection 

Take I = 64x10-
4
 m

4
 and E = 210x10

6
 kN/m

2
. 

 

13. A horizontal beam of uniform section and 6 m long is simply supported at its ends. Two 

vertical concentrated loads of 48 kN and 40 kN act at a distance of 1 m and 3 m respectively 

from the left support. Determine the position and magnitude of maximum deflection using 

Macaulay‟s method. Take I=85×10-
6
 m

4
 and E = 200 GN/m

2
. 

 

14. Determine the slope at the supports and maximum deflection for the beam shown in 

figure using Macaulay‟s method. 

Take E= 2x10
5 

N/mm
2
 and I = 20x10

6
 mm

4 

 

 
15. A beam AB of 4 m span is simply supported at the ends is loaded as shown in figure. 

Using 

Macaulay‟s method determine: 

i) Deflection at C 

ii) Maximum deflection 

iii) Slopes at the ends 

Take E = 20010
6 

kN/m
2
 and I = 20x10-

6
 m

4
 

 
16. A horizontal beam of uniform section and 6m long is simply supported at its ends. The 

beam is subjected to a UDL of 12 kN/m over the right half span. Find the maximum 

deflection in the beam using Macaulay‟s method. 

17. A beam of span 8m is simply supported at the ends. It carries a udl of 30 kN/m over its 

entire length and a point load of 60 kN at 3 m from left support. Determine the maximum 

deflection in the beam and the location where the deflection occurs. 

 

18. A cantilever of 3 m span carrying udl of 20 kN/mover its whole span and 25 kN point 

load at the free end. Calculate the maximum slope and deflection using Moment area method. 

Take E = 210 GN/m
2
 and I = 1.95x10-

4
 m

4
 

 

19. A simply supported beam is carrying a load W at the centre. Calculate the slopes at its 

ends and the central deflection, using conjugate beam method. 
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20. A cantilever of span 4m carries 2 point loads 10 kN and 8 kN at mid span and free end 

respectively. Determine the slope and deflection of the cantilever at the free end, using 

conjugate beam method. Assume EI is uniform throughout. 

 

UNIT IV TORSION 

PART-A 

1. Write down the expression for power transmitted by a shaft. 

P=2πNT/60 

Where, N-speed in rpm 

T-torque 

 

2. Write down the expression for torque transmitted by hollow shaft. 

T= (π/16)*Fs*((D4-d4)/d4 

Where, T-torque 

q- Shear stress 

D-outer diameter 

d- Inner diameter 

 

3. Write down the equation for maximum shear stress of a solid circular section in 

diameter „D‟ when subjected to torque „T‟ in a solid shaft. 

T=π/16 * Fs*D3 

where, T-torque 

q - Shear stress 

D – diameter 

 

4. Define torsional rigidity 

The torque required to introduce unit angle of twist in unit length is called torsional 

rigidity or stiffness of shaft. 

 

5. What is composite shaft? 

Sometimes a shaft is made up of composite section i.e. one type of shaft is sleeved over other 

types of shaft. At the time of sleeving, the two shafts are joined together, that the composite 

shaft behaves like a single shaft. 

 

6. What is a spring? 

A spring is an elastic member, which deflects, or distorts under the action of load and regains 

its original shape after the load is removed. 

 

7. State any two functions of springs. 

1. To measure forces in spring balance, meters and engine indicators. 

2. To store energy. 

 

8. What are the various types of springs? 

i. Helical springs ii. Spiral springs 

iii. Leaf springs iv. Disc spring or Belleville springs 

 

9. Classify the helical springs. 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 

Department of CIVIL 
 

15 
1. Close – coiled or tension helical spring. 

2. Open –coiled or compression helical spring. 

 

 

 

10. What is spring index (C)? 

The ratio of mean or pitch diameter to the diameter of wire for the spring is called the spring 

index. 

 

11. What is solid length? 

The length of a spring under the maximum compression is called its solid length. 

It is the product of total number of coils and the diameter of wire. 

Ls = nt *d 

Where, nt = total number of coils. 

 

12. Define spring rate (stiffness). 

The spring stiffness or spring constant is defined as the load required per unit deflection of 

the spring. 

K= W/y 

Where, W -load 

y- Deflection 

 

13. Define pitch. 

Pitch of the spring is defined as the axial distance between the adjacent coils in uncompressed 

state. Mathematically 

Pitch = free length / (n-1) 

 

14. Define helical springs. 

The helical springs are made up of a wire coiled in the form of a helix and are primarily 

intended for compressive or tensile load. 

 

15. What are the differences between closed coil & open coil helical springs? 

Closed coil spring 

The spring wires are coiled very closely, each turn is nearly at right angles to the axis of 

helix. 

Helix angle is less (7
0
 to 10

o
) 

Open coil spring 

The wires are coiled such that there is a gap between the two consecutive turns. Helix angle is 

large (>10
o
) 

 

16. Write the assumptions in the theory of pure torsion. 

1. The material is homogenous and isotropic. 

2. The stresses are within elastic limit 

3. C/S which are plane before applying twisting moment remain plane even after the 

application of twisting moment. 

4. Radial lines remain radial even after applying torsional moment. 

5. The twist along the shaft is uniform 
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17. Define Torsion 

When a pair of forces of equal magnitude but opposite directions acting on body, it tends to 

twist the body known as twisting moment or torsional moment. 

Torque is equal to the product of the force applied and the distance between the 

point of application of the force and the axis of the shaft. 

 

18. What are the assumptions made in Torsion equation 

a) The material of the shaft is homogeneous, perfectly elastic and obeys Hooke‟s law. 

b) Twist is uniform along the length of the shaft 

c) The stress does not exceed the limit of proportionality 

d) The shaft circular in section remains circular after loading 

e) Strain and deformations are small. 

 

19. Why hollow circular shafts are preferred when compared to solid circular 

shafts? 

• The torque transmitted by the hollow shaft is greater than the solid shaft. 

• For same material, length and given torque, the weight of the hollow shaft will be less 

compared to solid shaft. 

 

20. Write torsional equation 

T/J=Cθ/L=q/R 

T-Torque 

J- Polar moment of inertia 

C-Modulus of rigidity 

L- Length 

q- Shear stress 

R- Radius 

 

21. What are the stresses induced in the helical compression spring due to axial load? 

1. Direct shear stress 

2. Torsional shear stress 

3. Effect of curvature 

 

22. What is buckling of springs? 

The helical compression spring behaves like a column and buckles at a comparative small 

load when the length of the spring is more than 4 times the mean coil diameter. 

 

23. What is surge in springs? 

The material is subjected to higher stresses, which may cause early fatigue failure. This effect 

is called as spring surge. 

 

PART-B 

1. A shaft is required to transmit a power of 245 kW at 240 rpm. The maximum torque may 

be 1.5 times the mean torque. The shear stress in the shaft should not exceed 40 N/mm
2
 and 

the twist 1
o
 per metre length. Determine the diameter required if 

(i) The shaft is solid 

(ii) The shaft is hollow with external diameter twice the internal diameter. 
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Take modulus of rigidity = 80 kN/mm

2
 

 

 

2. Two shafts of the same material and the same lengths are subjected to a same torque. If the 

first shaft is of a solid circular section and second shaft is of a hollow circular section whose 

internal diameter is 2/3 of the outside diameter and the maximum shear stress developed in 

each shaft is the same, compare the weights of the shafts. 

 

3. A shaft transmits 300 kW power at the rate 120 rpm. Determine 

(i) The necessary diameter of solid circular shaft 

(ii) The necessary diameter of hollow circular section if the inside diameter being 2/3 of 

the external diameter. 

The allowable shear stress is 70 MN/m
2
. 

Also calculate the % saving in the material if hollow shaft is used. 

 

4. A solid steel shaft is subjected to a torque of 45 kNm. If the angle of twist is 0.5
o
 per metre 

length and shear stress is not to be allowed to exceed 90 MN/m
2 

find 

(i) Suitable diameter for the shaft 

(ii) Final maximum shear stress 

(iii) Maximum shear strain in the shaft 

Take C= 80 GN/m
2
 

 

5. A circular shaft is required to transmit a power of 220 kN at 200 rpm. The maximum 

torque may be 1.5 times the mean torque and the shear stress in the shaft not to exceed 50 

N/mm
2
.Determine the diameter required if (i) the shaft is solid (ii) the shaft is hollow with 

external diameter twice the internal diameter. Take modulus of rigidity=80 kN/mm
2
. 

 

6. A solid cylindrical shaft is to transmit 300 kW at 100 r.p.m. 

i) If the shear stress is not to exceed 80 MN/m
2
, find its diameter. 

ii) What percentage saving in weight would be obtained if this shaft is replaced by a hollow 

one whose internal diameter equals 0.6 of the external diameter, the length, the material and 

maximum shear stress being the same? 

 

7. A hollow circular shaft is required to transmit 600 kW power at 110 r.p.m. The maximum 

torque is 20 % more than the mean torque. Assume that the diameter ratio as 3/8 and modulus 

of rigidity G = 80 kN/mm
2
. Determine the external and internal diameters of the shafts. 

 

8. A shaft has to transmit 110 kW at 160rpm. If the shear stress is not to exceed 65N/mm2 

and the twist in a length of 3.5 m must not exceed 1o, find a suitable diameter. 

Take C = 8x10
4
 N/mm

4
. 

 

9. A closely coiled helical spring is made of 10 mm diameter steel rods. The coil consists of 

10 complete turns and the mean diameter is 120 mm. The spring carries an axial pull of 200 

N. Assuming G = 80 kN/mm
2
, determine (i) Deflection in the spring (ii) Strain energy stored 

(iii)Maximum shear stress 

 

10. A close coiled helical spring of 100 mm mean diameter is made of 10 mm diameter rod 

and has 20 turns. The spring carries an axial load of 200 N. Determine the shearing stress. 
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Taking the value of modulus of rigidity = 84 GN/m

2
. Determine the deflection when carrying 

this load. Also calculate the stiffness of the spring. 

 

11. A close coiled helical spring is to carry a load of 500 N and the mean coil diameter is to 

be 10 times that of the wire diameter. Calculate these diameters, if the maximum stress is to 

be 80 N/mm
2
. 

 

12. A closely coiled helical spring made out of a 10mm diameter steel wire has 10 coils of 

120mm mean diameter. The spring is subjected to an axial load of 200 N. Calculate 

(i) The maximum shear stress induced 

(ii) The deflection 

(iii) Stiffness of spring 

Take C = 8 x10
4
 N/mm

2
 

 

13. A closed coil spring has mean diameter of 75 mm and spring constant of 80 kN/m. it has 

8 coils. What is the suitable diameter of the spring wire if maximum shear stress is not to 

exceed 250 MN/m2? What is the maximum axial load the spring can carry?  

Take C = 80 GN/m2. 

 

14. An open coil helical spring made of 10 mm diameter wire and of mean diameter 10 cm 

has 12 coils, angle of helix being 15 degrees. Determine the axial deflection and the 

intensities of bending and shear stress under a load of 500 N. Take C = 80 kN/mm
2
 and E = 

200 kN/mm
2
. 

 

15. An open coiled helical spring of wire diameter 12mm, mean coil radius 84mm, helix 

angle20
o
 carries an axial load of 480 N. Determine the shear stress and direct stress 

developed at the inner radius of the coil. 

 

16. An open coiled helical spring, made of 20 mm diameter steel rod, has 10 complete turns 

at a mean diameter of 150 mm and the angle of helix being 15
o
. An axial load of 400 N is 

applied. Calculate 

(i) Deflection under the load 

(ii) Maximum intensities of direct and shear stresses induced. 

Take C = 80 kN/mm
2
 and E = 200 kN/mm

2
. 

 

17. It is required to design a close coiled helical spring which shall deflect 1mm under an 

axial load of 100N at a shear stress of 90 MPa. The spring is to be made of round wire having 

shear modulus of 0.8x105 MPa. The mean diameter of the coil is 10 times that at the coil 

wire. Find the diameter and length of the wire.  

 

18. A bumper is to be designed to arrest a wagon weighing 500 kN moving at 80 Km/hour. 

Details of buffer springs available are: diameter=30 mm, mean radius = 100 mm, number of 

turns=18, modulus of rigidity=80 kN/mm
2
, and maximum compression permitted=200 mm. 

determine the number of springs required for the buffer. 
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UNIT V ANALYSIS OF TRUSSES 

 

PART-A 

1. Define principle stresses and principle plane. 

Principle stress: The magnitude of normal stress, acting on a principal plane is known as 

principal stresses. 

Principle plane: The planes which have no shear stress are known as principal planes. 

 

2. What is the radius of Mohr‟s circle? 

Radius of Mohr‟s circle is equal to the maximum shear stress. 

 

3. What is the use of Mohr‟s circle? 

To find out the normal, resultant and principle stresses and their planes. 

 

4. List the methods to find the stresses in oblique plane? 

1. Analytical method 

2. Graphical method 

 

5. How method of joints applied to Trusses carrying Horizontal loads. 

If a truss carries horizontal loads (with or without vertical loads) hinged at one end and 

supported on roller at the other end, the support reaction at the roller support end will be 

normal, whereas the support reaction at the hinged end will consist of i)horizontal reaction 

and (ii) vertical reaction 

 

6. How method of joints applied to Trusses carrying inclined loads. 

If a truss carries inclined loads hinged at one end and supported on roller at the other end, the 

support reaction at the roller support end will be normal. Whereas the support reaction at the 

hinged end will consist of (i) horizontal reaction and (ii) vertical reaction. The inclined loads 

are resolved into horizontal and vertical components. 

 

7. What is mean by compressive and tensile force? 

The forces in the member will be compressive if the member pushes the joint to which it is 

connected whereas the force in the member will be tensile if the member pulls the joint to 

which it is connected. 

 

8. How will you determine the forces in a member by method of joints? 

In method of joint after determining the reactions at the supports, the equilibrium of every 

support is considered. This means the sum all vertical forces as well as the horizontal forces 

acting on a joint is equated to zero. The joint should be selected in such a way that at any 

time there are only two members, in which the forces are unknown. 

 

9. What are the benefits of method of sections compared with other methods? 

1. This method is very quick 

2. When the forces in few members of the truss are to be determined, then the method of 

section is mostly used. 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 

Department of CIVIL 
 

20 
 

10. In case of equal like principle stresses, what is the diameter of the Mohr‟s 

circle? 

Answer: Ze 

PART-B 

1. How do you determine the forces in the members of a truss using method of joints? 

Explain in detail. 

 

2. Determine the forces in all the members of the frame by method of joints. 

        
 

3. Find the forces in the members of the truss by method of joints. 

 
4. Analyse the cantilevered truss by method of joint. 
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5. Determine the stresses in the members by method of joints. 

 
6. Analyse the truss shown in figure. 

 
7. Find the magnitude and nature of the forces in the given truss carrying loads as shown in 

figure. 
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8. Determine the forces in all members of a cantilever truss as shown in figure. 

 
 

9. Analyse the truss shown in figure. 

 
 

10. Analyse the truss shown in figure. 

 


