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15. What is meant by Composite Bar?
A composite Bar is made up of two or more bars of equal lengths but of different
materials rigidly fixed with each other and behaving as one unit for extension or
compression.
15. Define Factor of Safety.
It is defined as the ratio between Ultimate Stress to the Available Stress.
Factor of Safety = Ultimate Stress
Available Stress
16. Define Compound Bars.
When a bar of same material consists of varying cross-section of different lengths
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connected with one another, the bar is called as Compound Bar.
17. Write an expression for Elongation in the Compound Bar.
l = f1l1 + f2l2 + f3l3 + ……
E

E

E

18. Define Thermal Stress.

The stresses induced in a body due to change in temperature are known as Thermal
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Stresses or Temperature Stress.

19. State principal plane.
The planes which have no shear stress are known as principal planes. These planes
have only normal stresses.
20. Define principle stresses.
The normal stresses acting on a principal plane are known as principle stresses.
21. State the relationship between young’s modulus and modulus of rigidity.
1

U

E = 2 C ( 1 + --- )
m

Where

ST

E – young’s Modulus
C – Modulus of rigidity
1/m – Poisson’s ratio
22. State the relationship between young’s modulus and bulk modulus.
2

E = 3 K ( 1 - --- )
m

Where
E – young’s Modulus
K – Bulk Modulus
1/m – Poisson’s ratio
23. State the relationship between young’s modulus, shear modulus and bulk modulus.
9 KC
E = ----------3K+C
Where
E – young’s Modulus
K – Bulk Modulus
C – Shear modulus
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24. What is compound bar? (Or) What is meant by composite bar ?
A composite member is composed of two or more different materials joined
together to act as
single unit. The member joined together in such a way that the system is elongated or
compresses as a
single unit.
25. What are the types of elastic constants ?
There are three types of elastic constant.
(i) Young’s Modulus (or) Modulus of elasticity (E)
(ii) Bulk Modulus (K)
(iii) Shear modulus (or) Modulus of rigidity (C)
26. Write two equations used to find the forces in compound bars made of two materials
subjected to tension (or) Write the governing equations for composite bar.
(i)
Change in length of bar 1 = change in length of bar 2
P1L1
P2L2
-------=
------A1E1
A2E2
(ii)
Total load applied (P) = load applied in 1 + load applied in 2
P = P 1 + P2
27. What is stability ?
The stability may be defined as an ability of a material to withstand high load
without major
deformation.
28. Define principle stresses.
Principle stress :
The magnitude of normal stress , acting on a principle planes is known as
principle stresses
29. Define principle plane.
Principle planes
The planes which have no shear stress are known as principle planes
30. What is the shear stress on a principle plane ?
The shear stress on a principle plane is zero.
31. What is the angle between the principle planes and the maximum shear stress ?
The angle between the principle planes and the maximum shear stress is 45º.
32. Give the expression for maximum shear stress in a two dimentional stress system
1 ________________
Maximum shear stress (σt )max = ----- √ (σ1 - σ2 ) + 4 q2
2
33. What is the radius of Mohr's circle?
Radius of Mohr's circle is equal to the maximum shear stress
34. A bar of cross sectional area 600mm2 is subjected to a tensile load of 50 KN applied at
each end. Determine the normal stress on a plane inclined at 30º the direction of loading?
A = 600 mm2
Load = P = 50 x 103 N
Load
50 x1000
Stress (σ) = -------- = ------------ = 83.33 N/mm2
Area
600
Normal stress σn = σ cos2θ = 600 cos230 º = 62.5 N/mm2.
35. What is the use of Mohr's circle?
To find out the normal, tangential, resultant stress, principle stress and their
planes.
36. What are the planes along which the greatest shear stresses occur ?
Greatest shear stress occur at the planes which is inclined at 45º to its normal
37. In case of equal like principle stresses , what is the diameter of the Mohr's circle?
In equal like principle stresses the diameter of the Mohr's circle is zero
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38. What do you mean by like stress?
Like stress means both the stresses are either tensile or compressive in nature.
39. What is the value of maximum shear stress when the principle stresses are σ1
compression and σ2 tension ?
-σ1 - σ2
Maximum shear stress (σt )max = --------2
40. Determine the poisson’s ratio and bulk modulus of a material for which young’s modulus
is 1.2 x 105 N/mm2 and modulus of rigidity is 4.8 x 104 N/mm2 .
1

E = 2 C ( 1 + --- )
m

1

1.2 x 105 = 2 x 4.8 x 104 ( 1 + --- )
Poisson’s ratio (1/m) = 0.25
2

E = 3 K ( 1 - --- )
m

5
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1.2 x 10 = 3 x K ( 1 - 2 x 0.25)
K = 8 x 104 N/mm2
41. A brass rod 2 m long is fixed at both its ends. If the thermal stress is not to exceed 76.5
N/mm2,
calculate the temperature through which the rod should be heated. Take the values of α
and E as
17 x 10--6 /K and 90 GPA respectively. Also calculate the thermal strain.
Thermal stress (σ ) = α T E
76.5 = 17 x 10--6 * T * 90 x 103
T = 50 K
Thermal strain = α T = 17 x 10--6 * 50 =
42. A circular rod 2.5 m long, tapers uniformly from 25 mm diameter to 12 mm diameter.
Determine the extension of the rod under a pull of 30 KN. Assume modulus of elasticity
of the rod is 200 KN/mm2.
L = 2.5 m
D2 = 25 mm
D1 = 12 mm
P = 30 x 103 N
4PL
Extension = ----------------= 1.59 mm
π E (D1 x D2)
43. A reinforced concrete column 300 x 300 mm is reinforced with 8 steel rods with a total
area of 1820 mm2. The column carries an axial load of 400 KN. If the modulus of
elasticity of steel is 18 times that of concrete, find the stresses in concrete and in steel.
Acoiumn = 90000 mm2
Asteel = 1820 mm2
P = 400 KN
Es = 18 Ec
Aconcrete = 88,180 mm2
PS = 0.371 PC
400000 = 0.371PC + PC
PC = 291757.8 N
PS = 0.371 PC
PS = 108242.1 N
σC = PC/AC = 3.3 N/mm2
σS = PS/AS = 59.47 N/mm2
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44. A rod of 3 m long is initially at a temperature of 15° C and it is raised to 90° C. Find the
expansion of the rod and if the expansion is prevented, find the stress in the material.
Take E = 2 x 105 N/mm2 ; α = 12 x 10--6 N/° C
Expansion of the rod = α T L = 12 x 10--6 x 75 x 3000
= 2.7 mm
Thermal stress = α T E = 12 x 10--6 x 75 x 2 x 105
= 180 N/mm2
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45. A bar of varying cross section consists of two sections of length 700 mm and 900 mm
with cross sections 400 mm2 and 625 mm2. It is subjected to an axial pull of 100 KN.
Take E = 200 KN/mm2. Find the total elongation.
L1 =700 mm
L2 = 900 mm
A1 = 400 mm2
A2 = 625 mm2
P = 100 x 103 N
E = 200 x 103 N/mm2
P
L1
L2
Change in length = ------ { ------ + -------}
E
A1
A2
Change in length = 1.595 mm
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46. A steel rod of 20 mm diameter is enclosed centrally in a hollow copper tube of external
diameter 30 mm and internal diameter 25 mm. The composite bar is then subjected to an
axial pull of 40 Kn. Find the load in the rod and tube. Take ES = 200 KN/mm2 and EC =
100 KN/mm2.
AS = 314.15 mm2
AC = 215.9 mm2
P = 40 x 103 N
ES = 200 x 103 N/mm2
EC = 100 x 103 N/mm2
PS = 2.91 PC
40000 = PS + PC
40000 = 2.91 PC + PC
PC = 10230 N
PS = 2.91 PC
PS = 29769.8 N

47. Draw the stress-strain curve for a Ductile material, Brittle material
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1. Determine the change in length, breath and thickness of steel bar 4m long, 30mm wide and
20mm thick, when subjected to an axial pull of 120 KN in the direction of its length. Take
E=200Gpa and Poisson’s ratio = 0.3.
(AU Oct’ 08)
2. A bar of 30 mm diameter is subjected to a pull of 60 KN. The measured extension on gauge
length of 200mm is 0.09mm and the change in diameter is 0.0039. Calculate the
Poisson’s ratio and the value of the three moduli.
(AU May’ .08)
3. Find the young’s modulus and Poisson’s ratio of a metallic bar of length 300mm,breath 40
mm, depth 40mm when the bar is subjected to an a axial load an 40KN.Dec’rease in
length is 0.75mm and the increase in breadth is 0.03mm. also find the modulus of rigidity
of the bar.
(AU Oct’ 08)
4. When a metallic bar of length 25cm, breadth 3cm and depth 2cm is subjected to an a axial
load an 240 KN. The Decrease in length is 0.05cm and increase in breadth is 0.002 cm.
determine the bulk modulus of the material.
(AU Oct’09)
5. For a given material, young’s modulus is 1 x 105N/mm2 and modulus of rigidity is
4x104N/mm2. find the bulk modulus and lateral contraction of round bar of 50mm
diameter and 2.5mm long, when the length is increased 2.5 mm. (AU Apr’09).
6. A bar of cross section 8 cmx8cm is subjected to an axial pull 0f 800 N. the lateral dimension
of the bar is found to be 7.996 x 7.996. If the modulus of rigidity of the material is
9.6x104N/mm2 .Determine the Poisson’s ratio and modulus of elasticity AU Apr’ 08)
7. Calculate the modulus of rigidity and bulk modulus of a cylindrical bar of a diameter 25mm
and length 1.6m. if the longitudinal strain in a bar during tensile stress is four times the
lateral strain. Determine the change in volume, when the bar is subjected to a hydraulic
pressure of 100 N/mm2. Take E = 1x105 N/mm2.
(AU Oct’ 09)
8. An object of weight 200 N, falls by gravity a vertical distance of 6m when its suddenly
stopped by a collar at end of a vertical rod of length 20m and diameter 30mm. the top of
the bar is rigidly fixed to a support. Calculate the maximum stress and strain induced in
the bar due to impact. Take E=2x105N/mm2.
(AU May’ .09)
9. A load of 200N falls through a height of 20mm unto a collar rigidly attached to the lower end
of a vertical bar 2000mm long and of 1.5cm2 cross sectional area. The upper end of
vertical bar is fixed. Find i) Maximum instantaneous stress & instantaneous elongation.
ii) Strain energy. Take E=2x105N/mm2. (AU Oct’ 10)
10. A 20m diameter subjected to an axial pull of 40KN and change in diameter was found to be
0.003822mm. find the Poisson’s ratio, modulus of elasticity and bulk modulus if the shear
modulus of the material of the bar is 76.923 Gpa.
(AU May’10)
11. The young’s modulus of a material is 210 KN/mm2. And modulus of rigidity
75KN/mm2, Determine the bulk modulus.(AU Nov’ 96 and Dec’ 10).
12. A circular rod subjected to a pull of 60KN. The measured extension on a gauge length of
180mm is 0.09mm and the change in diameter is 0.00276mm. Calculate the Poisson’s
ratio and the value of other moduli if young’s modulus = 200KN/mm2.(AU Nov’ 11).
13. Find the value of P and the change in length of each component and the total change in length
of the bar shown in figure.(AU May’ 10).
14. A bar of 30mm x 30mm x 250mm long was subjected to a pull of 90 KN in the direction of
its length. Then extension of the bar was found to be 0.125mm, while the Decrease in
each lateral dimension was found to be 0.00375mm. Find the young’s modulus of the bar.
(AU May’ 11)
15. The steel plate 300mm long ,60mm wide and 30 mm deep is acted upon by the forces shown
in figure. Determine the change in volume. Take E = 200KN/mm2 and Poisson’s
Dec’ 11)

(AU
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16. The composite bar shown in figure; is rigidly fixed at the ends. An axial pull of P=15KN is
applied at B at 20oc. find the stresses in each material at 80oc. Take αs = 11 x10-6/ oc ;
αa = 24 x 10-6/oc; ES =210 KN/mm2; Ea=70KN/mm2.(AU Dec’12)
17. A rod of length 1m and diameter 20mm is subjected to a tensile load of 20 KN. The increase
in length of the rod is 0.30mm and Decrease in diameter is 0.0018. Calculate the
Poisson’s ratio and three moduli.(AU May’ 11)
18. A steel tube 30mm external diameter and 25mm internal diameter encloses a gun metal rod
20mm diameter to which it is rigidly joined at each end. The temperature of the whole
assembly is raised to 150oc. find the intensity of the stress in the rod when the common
temperature has fallen to 20oc. the value of the young’s modulus for steel and the gun
metal are 2.1 x 105N/mm2 and 1x105N/mm2respectively. The co-efficient of liner
expansion for steel is 12 x 10-6/ oc and for gun metal is 20 x 10-6/ oc. (AU May’ 12)
19. A metallic bar 250mm x 100mm x 50mm is loaded as shown in figure. Find the change in
volume. Take E=2 x 105N/mm2 and the Poisson’s ratio = 0.25. also find the change that
would be made in the 4MN load, in order that three should be no change in the volume
of the bar. (AU Dec’ 12)
20. A reinforced concrete column 500mm x 500mm in section is rein forced with 4 steel bars of
25mm diameter, one in each corner, the column is carrying a load of 1000KN. Find the
stress in the concrete and steel bars. Take E for steel =210 x103N/mm2 and E for
concrete=14 x103N/mm2. (AU May’ 12)
21. Derive total elongation expression for bars of varying cross section. (AU May’ 03)
22. Derive total elongation expression for uniformly tapering rod.(AU Oct’ 98)
23. Derive E=2G( 1+(1/3)).(AU May’ 05).
24. Derive E=3K(1-(2/3)).(AU Dec’ 03)
25. Derive an expression for strain energy stored in a body when the load is applied suddenly.
(AU Apr’ 97)
26. The state of stress at a certain point in a strained material is shown in figure. Calculate. i)
principle stress and inclination of the principal planes,
ii) normal, shear and resultant stress on the plane MN.
(AU Apr’ 06)
27. The normal stresses in two mutually perpendicular direction are 110N/mm2 and 47N/mm2
both tensile. The complementary shear stresses in these directions are of intensity
63N/mm2. Find the principal stresses and its planes.
(AU Oct’ 06)
28. At a point in a strained material, the principal stresses are 100N/mm2 (tensile)and 40N/mm2
(compressive). Determine analytically the resultant stress in magnitude and direction on a
plane inclined at 60o to the axis of major principal stress. What is the maximum intensity
of shear stress in 8. A plane element in a boiler is subjected to tensile stresses of 400Mpa
on one plane and 200Mpa on the other at right angles to the former. Each of the above
stresses is accompanied by a shear stress of 100Mpa. Determine the principal stresses and
their directions. Also,find the maximum shear stress.
(AU Oct’ 07)
29. A material is subjected to two mutually perpendicular direct stresses of 80Mpa tensile and
50Mpa compressive, together with a shear stress of 30Mpa. The shear couple acting on
planes carrying the 80Mpa stress is clockwise ineffect. Find
i) principal stresses & maximum shear stress.
ii)the normal stress on the plane of maximum shear,
iii)the stress on the plane at 20o counter clockwise to the plane on which the
50Mpa stress act.(AU , Apr 08)
30. A point in a strained material is subjected to a horizontal tensile stress of 80N/mm2 and a
vertical compressive stress of 100N/mm2. It is also accompanied by a shear stress of
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50N/mm2. Determine i)principal stress, ii) principal planes and, iii)maximum shear stress
& strains.
(AU Apr’ 11)
31. A solid circular shaft is subjected to a torque of 150N-m. find the minimum diameter required
if the allowable shear stress is 100KN/mm2 and allowable twist is 1o per 3m length of
shaft. C=100KN/mm2. (AU Nov’ 09)
32. A rectangular block of material is subjected to a tensile stress of 100Mpa and a compressive
stress of 50 Mpa on the plane at right angles to the former. Each of the above stresses is
accompanied by a shear stress of 60 Mpa and that associated with former tensile
stress tends to rotate the block anticlockwise. Find the principle stresses and
principal planes
(AU Apr’ 09)
33. The like(tensile) principal stresses at a point are 800N/mm2 and 200N/mm2. Calculate the
following. A) maximum shear stress. b) normal and shear stress on a plane at 30o with
the plane of maximum principal stress. c) resultant stress on that plane.
(AU Apr’ 10)
34. At a point in a strained material the resultant intensity of stress across the horizontal plane is
80 r2 Mpa tensile inclined at 45oclockwise to its normal. The normal component the
intensity of stress across the vertical plane is 20Mpa compressive. Locate the principal
planes and find the stresses across them.
(AU Oct’ 10)
35. At a point in a strained material, the resultant intensity of stresses across a certain plane is
shown on figure. Evaluate the principal stresses, maximum shear stress and their
corresponding planes with respect to the direction of the normal stress of 60Mpa.
(AU Apr’ 09)
36. A point is subjected to a tensile stress of 60N/mm2 and a compressive stress of 40N/mmm2
acting on two mutually perpendicular planes and a shear stress of 10N/mm2 on these
planes. Determine the principal stresses as well as maximum shear stress. Also give the
Mohr ‘ s circle method for finding the same.
(AU Oct’ 10)
37. A rectangular block material is subjected to a tensile stress of 90N/mm2 along x-axis and a
compressive stress of 45N/mm2 on a plane at right angle to it, together with shear stresses of
80N/mm2 on the same plane calculate.
i)
The direction of principal planes.
ii)
The magnitude of principal stresses.
iii)
The magnitude of the greatest shear stress.
(AU Nov’ 11)
38. Explain the construction of mohr‘s circle for the given unlike normal stresses and shear stress
at a point.
(AU Nov’ 10)
39. A rectangular block of material is subjected to a tensile stress of 110N/mm2 on one plane
and a tensile stress of 47N/mm2 on a plane at a right angle to the former. Each of the
above stresses is accompanies by a shear stress of 63 N/mm2. Determine the principal
stresses,
principal
planes
and
the
maximum
shear
stress.
(AU Apr’ 12)
40. The stresses at a point in a strained material is Px=200N/mm2 and Py=150N/mm2 and
q=80N/mm2. Find the principal plane and principal stresses. Using graphical method and
verify with analytical method.
(AU Apr’ 11)
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UNIT – II Two Mark Questions
1. 1 Define-Beam.
Beam is a structural member which is supported along the length and subjected to
external loads acting transversely ie, perpendicular to the centre line of the beam. Beam is
sufficiently long as compared to the lateral dimensions.
2. What is meant by transverse loading?
If a load is acting on the beam which is perpendicular to the centre line of it then it
is called transverse loading.
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3. How to classify the beams according to its supports?
The beam may be classified according to the support as follows
(a) Cantilever beam
(b) Simply supported beam
(c) Over hanging beam
(d) Fixed beam and
(e) Continuous beam
4. What is cantilever beam?
A beam with one end free and the other end fixed is called cantilever beam.
5. What is simply supported beam?
A beam supported or resting freely on the supports at its both ends.
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6. When will be the BM is maximum?
BM will be maximum when the SF changes its sign.
7. What is the bending moment at the support in simply supported beam ?
The bending moment at the support in simply supported beam always zero.

U

8. What is meant by reaction?
The upward force provided by the supports to balance the vertical downward load
is called reaction.

ST

9. What is the nature of curve when the beam carrying UDL?
The curve follows parabolic relation (or) parabolic curve.
10. Define the term point of Contraflexture.
The point where the BM changes its sign or zero is called the point of
Contraflexture.
11. What are SF and BM diagrams?
SF diagram shows the variation of forces along the length of the beam.
BM diagram shows the variation of bending moment along the length of the beam.
12. Write the relation between SF and BM.
The rate of change of BM is equal to the SF at the section dM / dx = -F.
13. The maximum BM in a SSB of span ‘L’ subjected to UDL of w over the entire span is
M max =WL2 / 8
14. In SSB, how do you locate the point of maximum bending moment.
The BM is maximum when the SF changes its sign or zero. Writing the SF
equation at the point and equating it to zero we can find out the distance ‘x’ from one end.
Then the maximum BM at the point is found by taking moment of all forces left or right from
that point.
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15. What is the maximum SF in a cantilever subjected to point load w at the free end?
SF is equal to the entire length.
16. Write down the bending equation?
The bending equation is M / I = σb / y = E / R
Where,
M - bending moment
I - moment of inertia of the section

σb

y E R -

bending stress at that section
Distance from the neutral axis
Young’s modulus of the material
Radius of curvature of the beam
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17. What are neutral ‘axis’ and ‘neutral plane’?
Neutral axis: A trace of this plane on any transverse plane of the beam is called
the neutral axis.
Neutral plane: The surface in which there is no longitudinal stress acting is
called neutral plane or layer. In such planes there is either compression or expansion takes
place due to transverse load.
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18. What are the assumptions made in the theory of bending?
1. The material is perfectly homogenous and isotropic. It obeys Hook’s law.
2. The value of young’s modulus is the same in tension as well as in
compression.
3. The radius of curvature of the beam is very large compared to the cross
section dimension
of the beam.
4. The resultant force on a transverse section of the beam is zero.
19. Define ‘section modulus’
It is the ratio of moment of inertia of the section to the distance of plane from
neutral axis.
Section modulus, Z = I / y

ST

σb x Z

U

20. What is moment of resistance of the section?
It is the product of section modulus and the bending stress at that section. M =

21. What is a flitched beam? Why it is used?
A beam which is constructed by two different materials is called flitched beam
or composite beam. It is mainly used to reinforce the material which has lower strength and
reduce the cost.
22. State the theory of simple bending?
If a beam is bend only due to application of constant BM and not due to shear
then it is called simple bending.
23. A beam subjected to a bending stress of 5 N/mm2 and the section modulus is 3530 cm3.
What is the moment of resistance of the beam?

σb

= 5 N/mm2 ;

z = 3530 cm3 = 3530 x 103 mm3
3
Moment of resistance, M= σb x z = 5 x 3530 x 10 = 17.65x106 N –mm.
[D4 – d4
24. What is the section modulus for a circular and a hollow circular section?
For circular section,
z = П D3 / 32
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П
D4 – d4
For hollow circular section z = ---- [ ------------ ]
32
D
Where, D = outer diameter , d = inner diameter.
25. What is meant by over hanging beam?
If one or both of the ends portions are extended beyond the support then it is called
over hanging beam.
26. What are the types of transverse load?
A beam may be subjected to the following types of transverse loads,
(a) Point or concentrated load
(b) Uniformly distributed load
(c) Uniformly varying loads.
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27. What is meant by point or concentrated loads?
A load (w) which is acting at a point is called point load.

28. What is uniformly distributed load?
If a load which is spread over a beam in such a manner that rate of loading ‘w’ is
uniform through out the length, then it is called as UDL.
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29. Define shear force and bending moment at a section?
Shear force: SF at any cross section is defined as the algebraic sum of all the forces
acting either side of a beam.
30. What is meant by positive or sagging BM?
BM is said to be positive or sagging if the moment of the force in the left side of the
beam is clockwise or right side of the beam is counter clockwise. Otherwise the beam tends to
bend like concave manner.

U

31. What is meant by negative or hogging BM?
BM is said to be negative or hogging if the moment of the force in the left side of the
beam is counter clockwise or right side of the beam is clockwise. Otherwise the beam tends to
bend like convex manner.
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32. What types of stresses are caused in a beam subjected to a constant shear force?
Vertical and Horizontal shear stress.
33. State the main assumptions while deriving the general formula for shear stresses?
(i) The material is homogeneous, isotropic and elastic.
(ii) The modulus of elasticity in tension and compression are same.
(iii) The shear stress is constant along the beam width.
(iv) The presence of shear stress does not affect the distribution of bending stress.
34. Define: Shear stress distribution?
The variation of shear stress along the depth of the beam is called shear stress
distribution.
35. Write down the expression for shear stress distribution in a beam subjected to shear force
F.
Shear stress distribution, q= F. Ay / I b.
36. What is the ratio of maximum shear stress to the average shear stress for the rectangular
section?
qmax is 1.5 times the qave.
37. What is the ratio of a maximum shear stress to the average shear stress in the case of
solid circular section?
qmax is 4/3 times the qave.
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UNIT – II QUESTION BANK
1. A cantilever 6 m long carries a load of 30, 70, 40 and 60 kN at a distance of 0, 0.6, 1.5, and 2.4 m
respectively from the free end. Draw SFD and BMD
(Apr 1996)
2. A beam of length 10 m is simply supported at its ends carries two concentrated loads of 5kN each at a
distance of 3m and 7m from the left support and also a uniformly distributed load of 1kN/m between the
point loads draw the shear force and bending moment diagram calculate the maximum bending moment
(May/June 2006 )
3. Draw the shear force and bending moment diagram for the beam shown in fig
(Nov
/Dec
2006)

5.
6.
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7.

A cantilever of 4m long carries a UDL of 3kN/m over the length and two point’s loads of 4
kN and 2.5 kN are placed 1m and 2m respectively from the fixed end. Draw the SFD and BMD. (Nov
2001)
Abeam 8m long is simply supported at the end s and carries a UDL of 1500N/m and three
concentrated load of 1000 N, 2000 N and 4000 N acting respectively at the left quarter points ,center
points and right quarter points draw SFD and BMD.
(Nov 2001)
A cantilever of 3m long carries a UDL of 12kN/m is spread over length of 1.5 m from the
free end it also carries a point load of 15kN at free end another point load 8kN at 1m from the fixed
end. Draw the SFD and BMD.
For the simply supported beam loaded as shown in figure. Draw the shear force and
bending moment diagram Also obtain the maximum bending moment
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4.

ST

U

8.For the beam shown in figure. Draw the SFD and BMD showing all salient values on them.

9 A uniform T section beam is 100 mm wide and 150 mm deep with a flange thickness of 25 mm
and a web thickness of 12 mm. if the limiting bending stress is 160 MPa in tension, find the
maximum uniformly distributed load that the beam can carry over a simply supported span of 5
m. also determine the corresponding maximum bending stress in compression

10. A simply supported beam of span 8 m long is subjected to two concentrated loads of
24kN and 48kN at 2m and 6m from left support respectively. In addition it carries a
UDL of 36kN/m over the entire span. Draw the shear force and bending moment diagrams.
Mark the salient points.
[MAY/JUNE 2009]
11. A simply supported beam of span 6 m and of I section has the top flange 40mm x
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5mm. Bottom flange of 60mm x 5mm total depth of 100mm and web thickness 5mm. It
carries and UDL of 2kN/m over the full span. Calculate the maximum tensile stress and
maximum compressive stress produced.
[MAY/JUNE 2009]
12. A simply supported beam of span 9 m carries uniformly distributed load of intensity
3kN/m over a length of 4m from left support. In addition, the beam also carries two point
loads of 10kN and 20kN at 4m and 7m respectively from the left support. Draw the shear
force and bending moment diagrams indicating the salient points.

AP
P

[MAY/JUNE 2009]
13. Rolled steel joist 40mm deep and 150 mm wide has a flange thickness of 20 mm and
web thickness of 13mm. if the shear force at the cross section is 140 kN, calculate the
maximum intensity of shear stress and sketch the distribution of shear stress across the
section.
[MAY/JUNE 2009]
14. A timber beam of rectangular section is to support a total load of 20kN
uniformly distributed over a span of 3.6m when the beam is simply supported. If the depth
is twice the width of the section and the stress in timber is not to exceed 3.5N/
, find
the dimensions of the cross section?
(NOV/DEC 2006)

A cast iron beam of T-section as shown in the figure below. The beam is simply
supported on a span of 6m. The beam carries a uniformly distributed load of 2kN/m
on the entire length (span). Determine the maximum tensile and maximum compressive
stress.

ST

U
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15.

(MAY/JUNE 2007)
16. Two beams are simply supported over the same span and have the same flexural strength.
Compare the weights of these two beams, if one of them is solid and the other is
hollow circular with internal diameter half of the external diameter.
(NOV/DEC 2007)
17. (i) What do you mean by theory of simple bending? State the assumptions made in
the theory of simple bending.(4)
(ii) A beam of rectangular cross-section 50mm wide and 150mm deep is used as
a
cantilever6m long and subjected to a uniformly distributed load of 2kN/m over the entire
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length. Determine the bending stress at 50mm from the top fibre, at the mid-span of the
beam. Also, calculate the maximum bending stress.(12)
(NOV/DEC 2008)
18. A simply supported beam of length 5m carries a uniformly increasing load of 800N/m run
at one end to 1600N/m run at the other end. Draw the SF and BM diagrams for the beam.
Also calculate the position and magnitude of maximum bending moment. (APRIL/MAY
2009)
19.. cantilever 1.5 m long carries a load of 2 tons at its free end, and another load of
1 tondistance of 0.5 m from the free end. Draw the shear stress and bending moment diagrams
for the cantilever beam.

(NOV/DEC

2010)
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20.A simply supported beam of span 6m is carrying a uniformly distributed load of 2kN/m
over the entire span. Calculate the magnitude of the shear force and bending moment at every
section,2m from the support. Also draw the SFD and BMD.
21.State the assumptions made

(MAY/JUNE 2013)

in theory of simple bending and derive the simple bending
(MAY/JUNE 2013)

CO
R

equation.

UNIT - III Two Mark Questions

ST

U

1. Where the slope and deflection will be maximum for the cantilever with point load at its
free end?
Both slope and deflection will be maximum at the free end
2. What are the units of slope and deflection?
Slope in radians
Deflection in meter or millimeter
3. What is the slope at the support for a Simply supported beam of constant EI and span L
carrying central concentrated load?
WL2
Slope of the support θA = θB = --------16 E I
4. What is the slope at the support for cantilever with a point load at the free end ?
W L2
θ = ------------2EI
5. What is the deflection at the support for cantilever with a point load at the free end ?
W L3
y = ------------3EI
6. What is the slope at the support for cantilever with a point load at a distance of ‘X’ from
the free end ?
W (L- X)2
θ = -----------3 E I
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7. What is the maximum deflection at the support for cantilever with a point load at a
distance of ‘X’ from the free end?
5 W L3
y = ------------48 E I
8. What is the maximum slope at the support for cantilever with UDL for its entire length ?
W L3
θ = -----------6 EI
9. What is the maximum deflection at the support for cantilever with UDL for its entire
length ?
W L4
y = ------------8 EI
10. What is the maximum slope at the support for cantilever with a uniformly varying load
throughout its length?
W L3
θ = ------------24 E I
11. What is the maximum deflection at the support for cantilever with a uniformly varying
load throughout its length?
W L4
y = ------------30 E I
12. What is the maximum slope at the support for simply supported beam with a central point
load ?
W L2
θ = ------------16 E I
13. What is the maximum deflection at the support for simply supported beam with a central
point load ?
W L3
y = ------------48 E I
14. What is the maximum slope at the support for simply supported beam with UDL for its
entire length ?
W L3
θ = -----------24 E I
15. What is the maximum deflection at the support for simply supported beam with UDL for
its entire length?
5 W L4
y = -----------384 E I
16. State the two theorems in the moment area method.
Mohr's theorem 1:
The change of slope between any two points is equal to the net area of the BM
between these points divided by EI.
Mohr's theorem 2:
The total deflection between any two points is equal to the moment of area of the
BM diagram between these two points about the last point divided by EI.
17. Name the method which employ BMD for the calculation of slope and deflection
Moment area method
18. In a cantilever beam, the maximum deflection equals to what?

DOWNLOADED FROM STUCOR APP

GE8301
STRENGTH
OF MATERIAL
DOWNLOADED
FROM
STUCOR
APP I – Q & A

II YEAR / III SEMESTER

In a cantilever beam, the maximum deflection equals to sum of deflections by the
individual
load at the free end.
19. What is meant by 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 formation, some work is done by
the internal resistance developed in the body, which is stored in the form of energy. This
energy is known as strain energy.

AP
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20. What is meant by Resilience ?
The total strain energy stored in the body is generally known as resilience.
21. What is meant by Proof Resilience ?
The maximum strain energy that can be stored in a material within the elastic limit
is known as
Proof resilience.
22. What is meant by Modulus of resilience ?
It is the proof resilience of the material per unit volume.
Proof resilience.
Modulus of resilience = -------------------------Volume of the body
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23. A cantilever of length 4 m carries a UDL of 8 KN/m length over the entire length. If the
section is rectangular of 150mmx260 mm, find the deflection and slope at the free end by
double integration method. Take E=2.1 x 105N/mm2.
Double integration method
W L3
Slope at the free end θB = -----6EI
= 0.00185 radians
W L4
Deflection at the free end yB = -------8EI
= 5.548 mm
24. Define flexural rigidity
The product of Young’s modulus and area moment of inertia is called as flexural rigidity.
Flexural rigidity = EI
Where, E – Young’s modulus; I – Area moment of inertia

25 . Write the expression for Relationship among slope, deflection and load intensity , shear force
and bending moment.

d4y
Relationship for loading = EI
dx 4
d3y
Relationship for shear force = EI
dx 3
d2y
Relationship for bending moment= EI
dx 2
Relationship for slope = EI

dy
dx
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Relationship for deflection = EIy
26. Write the differential equation for deflection. Or equation of elastic curve

M d2y

EI dx 2
27. What is double integration method?
Double integration method is one of the methods to find slope and deflection at section of
a beam. In this method, the differential equation

M d2y

EI dx 2

is integrated twice to get a control

equation for finding slope and deflection.
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28. What are the assumptions made by the double integration method?
i. The whole deflection is due to bending moment only and that the deflection
caused by shear force is negligible.
ii. Deflection is small compared to cross sectional dimension of the beam.
iii. The beam is of uniform cross section and straight before application of load.
iv. Modulus of elasticity in tension and compression are equal.
29. What are the methods used for finding the slope and deflection of beams?
i. Double integration method
ii. Moment area method
iii. Macaulay’s method
iv. Strain energy method
V.Conjugate beam method
30. State the moment area theorem for beam slope
a. First moment - area theorem:
The angle between the tangents to the deflection curve at two points is equal to the
negative of the area of the M/EI diagram between these points.
b. Second moment - area theorem:
The offset of point B from the tangent at A is equal to the negative of the first moment of
area of the M/EI diagram between A and B, taken with respect to the last B.
31. A cantilever 1.5 m long carries a uniformly distributed load over the entire length. Find the
deflect ion at the free end if the slope at the free end is 1.5.
Solution:
Length of the cantilever, l =1.5m
Slope at the free end= 1.5= 1.5x Π/180 radian
w/unit run

A

B
yb
1.5m

Slope at the free end=wl3/6EI = 1.5x Π/180
wl3/EI = 1.5x Πx6/180 =Π/20
Deflection at the free end,
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yb = wl4/8EI = (wl3/EI) xl/8 = (Π/20)x(1.5/8) =29.45 mm
32. State castigliano’s theorem for the deflection of beams
It stares that the partial derivative of the strain energy with respect to any displacement is
equal to the corresponding force Pi, provided that the strain energy is expressed as a function of
the displacements.

Pi=

U
 i

Where, Pi = Force
=

Rate of change of strain energy

AP
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U
 i

33. What is Macaulay’s method?
In Macaulay’s method a single equation is formed for all loadings on a beam, the equation is
constructed in such a way that the constants of integration apply to all portions of the beam. This
method is also called method of singularity functions. This is a convenient method for
determining the deflection of a beam subjected to point loads or in general discontinuous loads.

WL2
Slope=
2 EI

CO
R

34. What is the formula for slope and deflection of a cantilever of length L subjected to
concentrated load W at free end by double integration method?

U

35. When is Macaulay’s method found to be very useful?
i. When the problem of deflection in beams are a bit tedious and laborious.
ii. When the beam is carrying several point loads.
iii. It is used to find deflection where BM is discontinuous

ST

36. What is the main difference between Macaulay’s method and double integration method?
In Macaulay’s method, even though the bending moment varies from section to section,
the constant of integration are valid for all sections of the beam. This is the main difference
between Macaulay’s method and double integration method.
37. What is the relation between maximum bending stress and maximum deflection of a simply
supported beam of span l, carrying uniformly distributed load w per unit run over the whole
span?

wl 2 d
i. Maximum bending stress f =
16 I
5 wl 4
ii. Maximum deflection  
384 EI
d 5 f


l l 24 E
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UNIT IV – QUESTION BANK
1. A cantilever of length 4 m carries a UDL of 8 KN/m length over the entire length. If the
section is rectangular of 150mmx260 mm, find the deflection and slope at the free end by
Macaulay’s method. Take E=2.1 x 105N/mm2.
2. A cantilever of length 4 m carries a UDL of 8 KN/m length over the entire length. If the
section is rectangular of 150mmx260 mm, find the deflection and slope at the free end by
moment area method. Take E=2.1 x 105N/mm2.
Moment area method
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P

3. A steel cantilever 6 m long carries two point loads, 15 KN at the free end and 25 KN at a
distance of 2.5 m from the free end. Find
1. slope at the free end
2. Deflection at the free end.
Take I = 1.3 x 108 mm4 and E = 2 x 105 N/mm2 .
4. A cantilever of length 4 m carries a UDl of 8 KN/m length over the entire length. If the
section is rectangular of 150 mm x 260 mm, find the deflection and slope at the free end.
Take E = 2.1 x 105 N/mm2 .

CO
R

5. A cantilever projecting 3m from a wall carries a UDL of 12 KN/m for a length of 2 m
from the fixed end and a point load of 1.5 KN at the free end. Find the deflection at the
free end.
Take E = 2 x 105 N/mm2 and I = 1 x 108 mm4 .
6. A beam of simply supported 6 m long supported at its ends is carrying a point load of 50
KN at its centre. The moment of inertia of the beam is equal to 78 x 10 6 mm4 units. If E
for the material of the beam is 2.1 x 105 N/mm2 . Calculate the deflection at the centre.

ST

U

7. A horizontal beam is freely supported at its ends 8 mm apart and carries a UDL of 15
KN/m over the entire span. Find the maximum deflection. Take E = 2 x 10 5 N/mm2 and I =
2 x 109 mm4 .
8. A beam is simply supported as its ends over a span of 10m and carries two concentrated of
100KN and 60KN at a distance of 2m and 5m respectively from the left support.
Calculate i)slope at the left support; ii)slope and deflection under the 100KN load.
Assume EI=36X104 KN-m2.(AU May’ 06)
9. Find the euler critical load for a hollow cylindrical cast iron column 150mm external
diameter, 20mm wall thick ness if it is 6m long with hinged at both ends. Assume
young’s modulus of cast iron as 80 KN/mm2.compare this load with that given by
rankine
constants.
a=1/1600
and
567N/mm2.
(AU May’ 06)
10. Find the maximum deflection of the beam shown in the figure. EI = 1x1011
KN/m2.
usemacaulay’s
method.
(AU Nov’ 06)
11. For the cantilever beam shown in the figure. Find the deflection and slope at the free end.
EI=10000 KN/m2.
(AU
Nov’ 06)
12. A beam AB of length 8m is simply supported at its ends and carries two point loads of 50 kN
at a distance of 2m and 5m respectively from left support A. determine, deflection under
each load, maximum deflection occurs. Take E= 2x105N/mm2 and I=85x106mm4.
(AU May’ 07)
13. In the beam shown in the figure. Determine the slope at the left end C and the deflection at 1
m from the left end. Take EI=0.65MNm2.
(AU
Nov’ 07)
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14. The external and internal diameters of a hollow cast iron column are 50mm and 40mm
respectively. If the length of this column is 3m and both of its ends are fixed, determine
the crippling load using Euler formula taking E=100Gpa. Also determine the rankine load
for
the
column
assuming
fc=550Mpa
and
α=1/1600.
(AU Nov’ 07)
15. Using conjugate beam method, obtain the slope and deflections at A, B, C and D of the beam
shown in fig. take E = 200GPa and I = 2x10-2 m4.
(AU
Apr’ 05)
16. simple beam of span 10m carries a udl of 3kN/m. The section of the beam is a T having a
flange of 125x125mm and web 25x175mm. For the critical section obtain the shear stress
at the neutral axis and at the junction of flange and the web. Also draw the shear stress
distribution across the section. (AU Apr’ 05)
17. A beam of channel section 120x60mm has a uniform thickness of 15mm. Draw the shear
stress distribution for a vertical section where the shear force is 50kN. Find the ratio
between
the
maximum
and
mean
shear
stress.
(AU May’ 06)
18. A cantilever of length 2.5m is loaded with an udlof 10 kN/m over a length 1.5m from the
fixed end. Determine the slope and deflection at the free end. Determine the slope and
deflection at the free end of the cantilever L = 9500cm4, E = 210 GN / m2 using Moment
area method.
(AU Dec’ 06)
19. Using double integration method, determine the deflection under the loads of the beam shown
in fig. (AU Apr’ 11)
20. A steel cantilever of 2.5m effective length carries a load of 25kN at its free end. If the
deflection at the free end is not exceed 40mm. What must be the I value of the section of
the cantilever.
Take E = 210 GN/m2 using moment area method.(AU May’ 12)
21. Find the slope and deflection at the free end of the cantilever shows in fig. Take EI = 1x1010
kN/mm2.(AU May’ 12)

U

UNIT – IV Two Mark Questions

ST

1. Define Torsion?
When a pair of forces of equal magnitude but apposite directions acting on body, it
tend to twist the
body. It is known as twisting moment or torsional moment or simply as torque.
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.
2. What are the assumptions made in Torsion Equation?
(i)
The material of the shaft is homogeneous, perfectly elastic and obeys Hooke’s
law.
(ii)
Twist is uniform along the length of the shaft.
(iii)
The stress does not exceed he limit of proportionality.
(iv)
The shaft circular in section remain circular after loading.
(v)
Strain and deformations are small
3. Write Torsional Equation?
T
τ
Cθ
--- = --- = -----J
R
L
Where
T- Torque – N -mm
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J – Polar moment of Inertia –mm4
τ – Shear stress – N/mm2
R – radius –mm
C – Modulus of rigidity –N/mm2
θ – Angle of twist – radians
L - length – mm
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4. What is the power transmitted by circular shaft subjected to a torque of 700 KN-m at 110
rpm.
2 πNT
Power P = --------60
2 x π x 110 x 700
P = ---------------------60
P = 8063.42 KW
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5. Write down the expression for power transmitted by a shaft?
2πNT
Power, P = ---------60
Where,
T – torque in KN-m
N – speed in rpm
P - Power in KW

U

6. Write down the expression for torque transmitted by hollow shaft?
π x τ
T = -------- {D4 - d4}
16
Where
T- torque in N- mm
τ - Shear stress in N/mm2
D- Outer diameter in mm
d – Inner diameter in mm

ST

7. Define Polar modulus?
It is the ratio between polar moment of inertia and radius of the shaft.
Polar moment in inertia(J)
Z = --------------------------------Radius (R)
8. Write the polar modulus for solid shaft and circular shaft?
For solid shaft,
Polar moment in inertia(J)
Polar modulus Z = --------------------------------Radius (R)
π x D4
Where,
J = --------32
For hollow shaft,
Polar moment in inertia(J)
Polar modulus Z = --------------------------------Radius (R)
π x {D4 - d4}
Where,
J = ----------------32
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9. Why hollow circular shaft are preferred when compared to solid circular shaft?
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.
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11. Define Torsional Rigidity?
The torsional equation is
T
Cθ
--- = ----J
L

AP
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10. Write down the equation for maximum shear stress of a solid circular section in diameter
‘D’ when subjected to torque ‘T’.
For solid shaft,
Π x τ x D3
Torque= ----------16
16 x Torque
τ = -------------π x D3
Where,
τ - Shear stress in N/mm2
T- Torque in N-mm
D- Diameter in mm

TL
= ----CJ
Since C, l and J are constant for a given shaft, ø (angle of twist) is directly proportional
to T (torque).
The term CJ is known as torsional rigidity and it is represented by K.
θ

ST
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12. Write an expression for the angle of twist for a hollow circular shaft with external diameter
D, internal diameter d, length L and rigidity modulus G.
T
Cθ
--- = ----J
L
Where,
π
J (Polar moment of inertia) = ---- {D4 - d4}
32
D – External diameter, mm
d – Internal diameter, mm
T – Torque in N-mm
C – Modulus of rigidity, N/mm2
θ – Angle of twist, radians
L – Length of shaft , mm

13. What is meant by spring?
Spring is a device which is used to absorb energy by taking very large change in its
form without
permanent deformation and then release the same when it is required.
14. Classify the spring?
The springs are classified as;
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Torsion spring
Bending spring

15. What is meant by stiffness? What is the formula for the stiffness of a close coiled helical
spring subjected to an axial load?
The stiffness of the spring is defined as the load required to produce unit deflection.
Cd4
Stiffness, S= ------N/mm
3
64 R n

64 W R3 n
(i) Axial deformation δ= ------------C d4
δ = 4.39mm
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16. A helical spring is made of 4 mm steel wire, with a mean radius of 25mm and number
of turns of coil 15. What will be deflection of the spring under a load of 6 N?
D= 4 mm, R=25mm, n =15, W= 6 N
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17. Differentiate between close- coiled and open-coiled helical springs.
Close-coiled helical springs
Open-coiled helical springs
1. Adjacent coils are very close to each
1. Large gap between adjacent coils.
other.
2. Only tensile load can carry
2. Tensile and compressive loads can
carry.
3.Helix angle is negligible
3. Helix angle considerable
18. Give shear and deflection relation for close-coiled helical spring.
64 W R3 n
Axial deformation δ= ------------C d4

U

16 W R
τ = ----------π d3

ST

Shear stress

4 π R2 n
δ = ------------- x τ
Cd

19. The stiffness of spring is 10 N/mm. What is the axial deformation in the spring when a
load of 50N is acting?
S= 10 N/mm
W= 50 N
W
50
S= ---- = ----δ
δ
δ = 5 mm
20. An open coiled helical spring of mean radius of coil of 20 cm and helix angle of 12◦ is
subjected to an axial load of 10 N. What is the bending moment in coil?
R=20cm =200mm, α = 12º , W = 10 N
Bending moment, M=WR sin α
M = 415.82 N-mm.
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21. What kind of stress induced when an axial load acts on a close coiled spring?
Shear stress induced if the close coiled spring subjected to axial load.
22. What kind of stress introduced when an axial load acts on a open coiled spring?
Bending stress and shear stress.
23. The angle of helix of a spring is α, write down equations for torque and moment under an
axial load ‘W’ at the free end?
Torque,
T = WR cos α
Moment, Mo = WR sin α
24. Write down the equation for shear strain energy of a close coiled spring?
τ2
Shear energy, U = ------ x Volume of the spring
4C
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25. What is the value of maximum shear stress in a close coiled helical spring subjected to
axial force W?
16 WR
Maximum shear stress τ = --------Πd3
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26. Write the expression for vertical deflection of a close coiled helical spring due to vertical
load W?
64 W R3 n
Deflection, δ = ------------C d4
27. What are the uses of closed coiled helical spring?
Railway wagons, cycle seating, pistols, brakes etc.

U

28. What is meant by spring constant or spring index?
Spring constant is the ratio of mean diameter of the spring to the diameter of the
wire.

ST

29. Find the diameter of a solid circular shaft to transmit 150 KW of power at 300 rpm. If the
allowable shear stress is 90 Mpa and twist is 1° over 2m length of the shaft. Take rigidity
modulus as 90 Gpa.
T = 4.77 x 106 N-mm
Ist case
π
T = ---- τ D3
16
D = 64.64 mm
IInd case
T
Cθ
--- = ----J
L
D = 89.2 mm
From the above two cases, we find that suitable diameter for the shaft is
89.2 mm.
30. A solid circular shaft of 12 cm diameter is transmitting 150 KW at 150 rpm. Find the
intensity of shear stress induced in the shaft.

DOWNLOADED FROM STUCOR APP

GE8301
STRENGTH
OF MATERIAL
DOWNLOADED
FROM
STUCOR
APP I – Q & A

II YEAR / III SEMESTER

P= 2πNT/60
T = 9.54 x 106 N-mm
π
T = ---- τ D3
16
τ = 28.14 N/mm2
31. A shaft is required to transmit power of 300 KW running at a speed of 120 rpm. If the
shear stress strength of the shaft material is 70 N/mm2. Design a hollow shaft with inner
diameter equal to 0.75 times the outer diameter.
P= 2πNT/60
T = 23.87 x 106 N-mm

AP
P

Π
D4 – d4
T = ---- τ { --------- }
16
D
External diameter D = 136.45 mm
Internal diameter d = 102.33 mm

CO
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32. Determine the diameter of a solid shaft transmitting 300 KW at 250 rpm. The maximum
shear stress should not exceed 30 N/mm2 and the twist should not be more than 1° in a
shaft length of 2m. Take G=100KN/mm2.
P= 2πNT/60
T = 11.45 x 106 N-mm
Ist case
π
T = ---- τ D3
16
D = 124.8 mm

IInd case

ST

U

T
Cθ
--- = ----J
L

D = 108.2 mm
From the above two cases, we find that suitable diameter for the shaft is124.8 mm.

33. A solid circular shaft is subjected to a torque of 150 N-m. Find the minimum diameter
required if the allowable shear stress is 100 N/mm2 and allowable twist is 1 per 3m length
of shaft. C = 100KN/mm2.
Ist case
π
T = ---- τ D3
16
D = 19.69 mm
IInd case
T
Cθ
--- = ----J
L
D = 40.52 mm
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From the above two cases, we find that suitable diameter for the shaft is 40.52 mm.
34. A closed coil helical spring of 8mm diameter wire with 12 coils of mean diameter 100 mm
carries an axial load of 400 N. Find the shear stress induced and deflection caused. What is
the strain energy stored? Take C = 8 x 106 N/cm2.
8WD
Shear stress τ = ------- = 198.944 N/mm2
Π d3
Deflection ∫ = 117.18 mm
Strain energy stored in spring (U) = 1.50 x 106 N/mm2
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35. A closed coil helical spring is to deflect 1 mm under the axial load of 100 N at shearing of
90N/mm2. The spring is to be made of round wire having rigidity modulus of 80 x 10 4
N/mm2. The mean diameter of the spring is to be 10 times the diameter of the wire. Find
the diameter and length of the wire necessary to form the spring?
Maximum shear stress τ = 8WD / π d3
d = 5.32 mm
Coil mean diameter D = 53.2 mm
Deflection ∫ = 8WD3n / Cd4
n = 5.32 or 6 turns
Length of wire required L = π D n = 1002.8 mm

CO
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36. A helical spring is required to carry a total axial force of 50 N and to have a stiffness 0.4
N/mm. Design the spring using 6 mm mild steel bar assuming its shear strength and
rigidity modulus as 96 N/mm2 and 80 KN/mm2 respectively.
Stiffness (s) = W/ defletion
Deflection
= 125 mm
Shear stress = 8WD / π d3
D = 162.86 mm
Number of turns required n = 7.5

U

UNIT – III QUESTION BANK

ST

1. Calculate the Power that can be transmitted at a 300 rpm by a hollow steel shaft of 75mm
external diameter and 50mm internal diameter when the permissible shear stress for the
steel is 70N/mm2 and the maximum torque is 1.3 times the mean. Compare the strength
of this hollow shaft with that of an solid shaft. The same material, weight and length of
both
the
shafts
are
the
same.
(AU May’ 06)
2. A helical spring of circular cross section wire 18mm in diameter is loaded by a force of
500N.the mean coil diameter of the spring is 125mm. the modulus of rigidity is
80KN/mm2. determine the maximum shear stress in the material of the spring. What
number of coils must the spring have for is deflection to be 6mm? (AU May’ 06)
3. A hollow steel shaft of outside diameter 75mm is transmitting a power of 300KW at 200rpm.
Find the thickness of the shaft if the maximum shear stress is not to exceed
40N/mm2.(AU Nov’ 06)
4. A close coiled helical spring is to have a stiffness of 1.5 N/mm of compression under a
maximum load of 60N. The maximum shearing stress produced in the wire of the spring
is 125N/mm2. The solid length of the spring is 50mm. find the diameter of coil, diameter
of wire and number of coils C=4.5x104N/mm2.
(AU
Nov’ 06)
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A solid cylindrical shaft is to transmit 300KN power at 100rpm. If the shear stress is not to
exceed 60N/mm2, find its diameter. What percent saving in weights would be obtained if
this shaft is replaced by a hollow one whose internal diameter equals to 0.6 of the external
diameter, the length, the material and maximum shear stress being the same.
(AU May’ 07)
6. A closely coiled helical spring of round steel wire 10mm in diameter having 10 complete
turns with a mean diameter of 12cm is subjected to an axial load of 250N. determine
7. A solid shaft is subjected to a torque of 1.6KN-m.find the allowable shear stress is 50 Mpa.
The allowable twist is 1o for every 20 meters length of the shaft. Take C = 80Gpa.
(AU Nov’ 07)
8. A closely coiled helical spring of round steel wire 5mm in diameter having 12 complete coils
of
50mm mean diameter is subjected to an axial load of 150N. Find the deflection of the spring and
the maximum shearing stress in the material. Modulus of rigidity (C)=80Gpa. Also find
stiffness of the spring. (AU Nov’ 07)
9. Find the diameter of a circular shaft to transmit 159Kw of power at 300 rpm. If the allowable
shear stress is 90Mpa and twist is 1oover 2m length of the shaft. Take rigidity modulus as
90Gpa. (AU May’ 00,08)
10. A solid circular shaft transmits 75Kw at 200 rpm. Find the shaft diameter if the twist in the
shaft is not to exceed 1o in 2m length of the shaft and the shearing stress is limited to
50N/mm2.
Take
G
=
100KN/m2.
(AU Nov’ 08)
11. A solid circular shaft of 12cm diameter is transmitting 150 kw at 150 rpm. Find the intensity
of shear stress induced in the shaft.
(AU
Nov’ 08)
12. A hollow shaft of diameter ratio 3/8 is required to transmit 588 KW at 110 rpm. The
maximum torque exceeds the mean by 20%. The shear stress is limited to 63 N/mm2 and
the twist should not be more than 0.0081 rad. Calculate the external diameter required
satisfying both the conditions. Take G= 84Gpa. Length=3m. (AU Apr’ 08)
13. A shaft is required to transmit power of 300Kw running at a speed of 120 rpm. If the shear
strength of the shaft material is 70N/mm2. Design a hollow shaft with the inner diameter
equal to 0.75 times the outer diameter.
(AU May’ 09)
14. A hollow circular shaft 20mm thick transmits 300Kw at 200rpm. Determine the inner
diameter of the shaft if the shear strain is not to exceed 8.6x10-4. Take C= 80GN/m2.
Trail and error method can be used. (AU Nov’ 09)
15. Determine the diameter of a solid shaft transmitting 300Kw at 250 rpm. The maximum shear
stress should not exceed 30N/mm2 and the twist should not be more than 1o in a shaft
length of 2m. take G=100KN/mm2. (AU May’09
16. A solid circular shaft is subjected to a torque of 150N-m. find the maximum diameter
required if the allowable shear stress is 100N/mm2 and allowable twist is 1o per 3m
length of shaft. C=100KN/mm2 (AU Nov’ 09)
17. A close coil helical spring of round steel wire 10mm in diameter has a mean radius of
120mm. the spring has 10 complete turns and is subjected to a axial load of 200N.
Determine
i) deflection of the spring.
ii) maximum shear stress in the wire and.
iii) stiffness of the spring. G=80KN/mm2.
(AU Nov’ 10)
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18. A closed coil helical spring made of 5mm diameter wire has 16 coils of 100mm inner
diameter. If the maximum shear stress is limited to 150 Mpa. Find the stiffness of the
spring. Take G=85Gpa.(AU Nov’10)
19. A closely coiled helical spring of round steel wire 5mm in diameter having 12 complete coils
of 50mm mean diameter is subjected to an axial load 100N. Find the deflection of the
spring and maximum shearing stress in the material modulus of rigidity N=80KN/mm2.
(AU Nov’ 10)
20. A closed coil helical spring made of steel wire is required to carry a load of 800N. Determine
the wire diameter if the stiffness of the spring is 10N/mm and the diameter of the helix is
80mm. calculate the number of turns required in the spring. given value for G for the steel
is 80Gpa and allowable stress is 200N/mm2. (AU Nov’ 12)
21. An open coiled helical spring made of 5mm diameter wire has 16 coils 100mm inner
diameter with helix angle of 16o. Calculate the deflection, maximum direct and shear
stress induced due to an axial load of 300N. Take G=90Gpa and E=200Gpa. (AU May’
11)
22. Determine the dimensions of a hollow circular shaft with a diameter ratio of 3:4 which is
transmit
60 kw at 200 rpm. The maximum shear stress in the shaft is limited to 70Gpa and the angle of
twist to 3.8o in a length of 4m. For the shaft material the modulus of rigidity is 80
Gpa.(AU May’ 01)
23. A close coiled helical spring is required to absorb 2250 joules of energy. Determine the
diameter of the wire, the mean coil diameter of the spring and the number of coils
necessary if
i)
the maximum stress is not to exceed 400Mpa,
ii)
the maximum compression of the spring is limited to 250mm and
iii)
the mean diameter of the spring is eight times the wire diameter.
For the spring material, rigidity modulus is 70Gpa. (AU May’ 08)
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UNIT - V Two Mark Questions

1. 1 when will you call a cylinder as a thin cylinder?
A cylinder is said to be a thin cylinder when the ratio of the wall thickness to the
diameter of cylinder is less than 1 / 20
2. In a thin cylinder will the radial stress vary over the thickness of the wall?
No, in thin cylinders radial stress developed in its wall is assumed to be constant since
the wall thickness is very small as compared to the diameter of cylinder.
3. What is the ratio of circumferential stress to longitudinal stress of a thin cylinder
σC/ σA = 2
4. What is the maximum principle stress in a thin cylinder ?
circumferential stress is the maximum principle stress in a thin cylinder.
5. For a thin cylinder , write down the equation for strain along the circumferential direction.
∫d
pd
1
circumferential strain eC = ----- = ------- ( 1 - ------ )
d
2tE
2m
6. For a thin cylinder write down the equation for strain along the longitudinal direction
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∫L
pd
1
1
Longitudinal strain eC = ----- = ------- ( ---- -- ----- )
L
2tE
2
m
7. Write down the expression for hoop stress in thin cylinder due to internal pressure p.
pd
Hoop stress σC = ----------2t
8. Write down the expression for longitudinal stress in thin cylinder due to internal pressure
p.
pd
Longitudinal stress σL = ----------4t
9. What is the circumferential stress in a thin spherical shell subjected to internal pressure p
?
pd
circumferential stress σC = ----------4t
10. What is the volumetric strain in a thin spherical shell subjected to internal pressure p.
3 pd
1
Volumetric strain eV = 3 eC = ----------- ( 1 - ------ )
4t E
m
11. What is the circumferential strain in a thin spherical shell subjected to internal pressure p.
pd
1
circumferential strain eC = ----------- ( 1 - ------ )
4t E
m
12. Differentiate between thin cylinder and thick cylinder.

Thick cylinder

Ratio of wall thickness to the diameter of
cylinder is less that 1/20.
Circumferential stress is assumed to be
constant throughout the wall thickness.

Ratio of wall thickness to the diameter
of cylinder is more than 1/20.
Circumferential stress varies from inner
to outer wall thickness.

U

Thin cylinder

13. Differentiate between cylindrical shell and spherical shell.

ST

Cylindrical shell

stres

Spherical shell

Circumferential stress is twice the
Only hoop stress presents in spherical
longitudinal stress.
shell.
It withstands low pressure than spherical
It withstands more pressure than
shell for the same diameter.
cylindrical shell for the same diameter.
14. Define thick cylinder.
A cylinder is called as a thick cylinder when the ratio of thickness (t) to internal diameter
(d) of cylinder is more than 1 / 20.
15. In a thick cylinder will the radial stress vary over the thickness of wall?
Yes, in thick cylinders radial stress is maximum at inner and minimum at the outer radius.
16. How many stress are developed in thick cylinders? Name them.
Three types of stresses are developed in thick cylinders
Radial Stress.
Hoop stress
Longitudinal stress
17. Define Compound cylinders.
Compound cylinders are thick cylinders shrinking one tube on the other tube to reduce
s.
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18. Assumptions made in Lame’s Theory
The material is homogeneous and isotropic.
The material is stressed within elastic limit.
Plane section perpendicular to the longitudinal axis of the cylinder remain plane after the
application of internal pressure.
All the fibers of the material are to expand or contract independently without being
constrained by the adjacent fibres.
19. Write Lame’s equation to find out stresses in a thick cylinder.
Radial Stress = σ r= (b / r2)-a
Hoop Stress = σ c= (b / r2) + a
20. What is the effect of riveting a thin cylindrical shell?
Riveting reduces the area offering the resistance. Due to this, the cicumferencial and
longitudinal stresses are more. It reduces the pressure carrying capacity of the shell.
21. In thin spherical shell, volumetric strain is how many times the circumferential strain.
There are three time the circumferential strain
22. What do you understand by the term wire winding of thin cylinder?
In order to increase the tensile strength of a thin cylinder to withstand high internal
pressure without excessive increase in wall thickness, they are sometimes pre-stressed by
winding with a steel wire under tension.
23. Define hoop stress circumference or stress.

CO
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The stress acting along the circumference of the shell is called hoop stress
24. Define longitudinal stress.

The stresses acting along the axis of the cylinder is called longitudinal stress.
25. Write the expression for longitudinal stress & Hoop stress
fl 

pd
4t

fc 

pd
2t

U

Longitudinal stress

ST

Circumference stress

Where p – pressure force
d – Diameter of cylinder
t– Thickness of cylinder
26. Write the expression for change is dimensions of the thin cylindrical shell.

(i)

Change in diameter  d 

pd 2 
2
1  
2tE  m 

(ii)

Change in length

l 

(iii) Change in volume

v 

pdl
4tE

2

1  
m


pdv  5 2 
  
2tE  2 m 
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27 . What is the intensity of fluid pressure in thin and thick cylinders?
i. Thin cylinder- 5N /mm2
ii. Thick cylinder – 20 N/mm2
28 . List out the stresses that occur in thin cylinders
i. Radial stress (negligible)
ii. Circumferential stress or hoop stress
iii. Longitudinal stress
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UNIT V – QUESTION BANK

1. A cylindrical shell 3m long, 1m internal diameter and 10 mm thick is subjected to an
internal pressure of 1.5N/mm2. Calculate the changes in length, diameter of the cylinder.
Take E =200 KN/mm2, poisson’s ratio is 0.3.
Change in length = 0.322 mm
Change in diameter = 0.31875 mm
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2. A thin cylindrical drum 750 mm in diameter and 2.5m long has a shell thickness of
10mm. If the drum is subjected to an internal pressure of 2.6N/mm2. Take E = 2.1 x 105
N/mm2 and poisson’s ratio = 0.3
Determine
(i) Hoop strain
(ii) Longitudinal strain

U

3. A thin cylindrical drum 750 mm in diameter and 2.5m long has a shell thickness of
10mm. If the drum is subjected to an internal pressure of 2.6N/mm2. Take E = 2.1 x 105
N/mm2 and poisson’s ratio = 0.3
Determine
(i) Hoop strain
(ii) Longitudinal strain

ST

4. A spherical shell of internal diameter 1m and thickness of 10mm is subjected to an
internal pressure of 1.5Mpa. Determine the increase in diameter and volume. Take E
=200 KN/mm2, poisson’s ratio is 0.3.
Change in diameter = 0.13125 mm
Change in volume = 206167 mm3
5. A thin spherical shell 750 mm diameter and 8 mm thick is filled with water at 1.8 N/mm2.
Determine the change in dimensions of the spherical shell. Take E =2x 10 5 N/mm2,
poisson’s ratio is 0.3.
Change in diameter = 0.1107 mm
Change in volume = 97848.8 mm3
6. A thin cylindrical pipe of internal diameter 1.5 m contains a fluid at a pressure of 1.87
N/mm2. Determine the thickness of the pipe wall if the hoop and longitudinal stresses in
the pipe material are not to exceed 60N/mm2 and 46 N/mm2 respectively.
By hoop stress t = 23.375 mm
By longitudinal stress = 15.24 mm
From the above two values of t, we should take 23.376 mm as the
minimum thickness of the pipe wall. If we take 15.24mm, the pipe will
burst due to circumferential stress.
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7. A cylindrical shell 3 m long, 1m internal diameter and 10 mm thick is subjected to an
internal pressure of 1.5 N/mm2. Calculate the changes in length, diameter and volume of
the cylinder. E =200 KN/mm2, Poisson’s ratio = 0.3.
8. A hollow cylindrical drum 750 mm in diameter and 2.5 m long has a shell thickness of 10
mm. If the drum is subjected to an internal pressure of 2.6 N/mm2
Determine
a. Change in diameter
b. Change in length and
c. Change in volume
Take E =2.1 x 105 N/mm2 and Poisson’s ratio = 0.3.
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9. A thin spherical shell 750 mm diameter and 8 mm thick is filled with water at 1.8 N/mm2.
Determine the change in dimensions of the spherical shell. Take E =2 x 10 5 N/mm2,
Poisson’s ratio = 0.3.
10. A spherical vessel 250 mm in diameter, with a wall thickness 6 mm, is full of water at
atmospheric pressure. If an additional 7500 mm3 of fluid is pumped into the cylinder.
Take E =2.1 x 105 N/mm2, Poisson’s ratio = 0.3.
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11. A rectangular block is subjected to a compressive stress of 150 N/mm2 on one plane and a
shear stress of 72 N/mm2 . Determine the position of principle planes, maximum and
minimum intensity of direct stress. Find also the maximum intensity of shear stress.
12. A cylindrical shell of 1m long, 150 mm internal diameter having thickness of metal as 7
mm is filled with fluid at atmospheric pressure. If an additional 25 cc of fluid is pumped
into the cylinder, find the pressure exerted by the fluid on the cylindrical shell and the
resulting hoop stress. Assume E =2 x 105 N/mm2 and Poisson’s ratio = 0.27.
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13. 1. A steel cylinder shell 3m long which is closed at its ends, had an internal diameter of
1.5m and a wall thick ness of 20mm. calculate the circumferential and longitudinal stress
induced and also the change in dimensions of the shell if it is subjected to an internal
pressure of 1.0 N/mm2. Assume the modulus of elasticity and poisson’s ratio for steel as
200 KN/mm2 and 0.3 respectively.
(AU Apr’ 06)
14. 4. A cylindrical shell 3m long which is closed at the ends has an internal diameter 1m
and wall thickness of 15mm. calculate the change in dimensions and change in volume if
the
internal
pressure
is
1.5
N/mm2.
E=2x105N/mm2.
V=0.3.
(AU Oct’ 06)
15. 5. A cylindrical shell 3m long which is closed at the ends, has an internal diameter of 1m
and a wall thickness of 20mm. calculate the circumferential and longitudinal stresses
induced and also changes in the dimensions of the shell, if it is subjected to an internal
pressure
of
2.0N/mm2.
Take
E=2x105N/mm2
and
1/m=0.3.
(AU Apr’ 07)
16. the material at the point?
(AU Apr’ 07)
17. 7. A cylindrical vessel 2m long and 500mm in diameter with 10mm thick plates is
subjected to an internal pressure of 2Mpa. Calculate the change in volume of the
vessel.
Take E=200Gpa and poisson ‘ s ratio=0.3. for the vessel material.
(AU Oct’ 07)
18. 9. A cylinder has an internal diameter of 230mm, wall thickness 5mm and is 1m long. It
is found to change in internal volume by 12x10-6m3when filled with a liquid at a
pressure ‘p’. Taking E=200Gpa poisson’s ratio=0.25, determine the stress in the cylinder,
the
changes
in
its
length
and
internal
diameter.
(AU , Apr 08)
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19. 11. A cylindrical sell 3m long, 1m internal diameter and 10mm thick is subjected to an
internal pressure of 1.5N/mm2. Calculate the changes in length, diameter and volume of
the
cylinder.
E=200KN/mm2,poisson’s
ratio=0.3.
(AU Apr’ 11)
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