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L. a) Derive the relationship between rate of loading, Shear force and Bending moment. 4]
b} Draw axial force, shear force and bending moment diagram for a given loaded frame.
Also write the salient features. [12]
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2. Define principal moment of inertias and principal axes. For the following figure,

determine principal moment of inertias and orientation of principal axes passing through
the centroid. All dimensions are in cm. [2+10]
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3. a) Define Poisson’s ratio and bulk modulus of elasticity. Derive the relationship between
Young’s modulus of Elasticity, Bulk Modulus of elasticity and Poisson’s ratio. [2+6]




b) Two copper rods of diameter 2 cm and one steel rod of diameter 4 cm, together support
a load 3000 kN as shown in figure below. Determine the stresses in each rod. Take
E; =2 x 105N/mm’E, = 105 Nimm®.
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4. For the state of stress at a point is shown in figure below, determine the principal stresses
and orientations of principal planes. Also find the maximum shear stresses & orientation
of maximum shear stress.
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5. A cylindrical shell of length 4 m intérnal diameter 350 mm and wall thickness of 12 mm
is initially filled with water at atmospheric pressure. Find the increase in volume if the
water is pumped to increase the pressure by 6 N/mm”. Take E= 2.10%10°Nimm?, v= (.28,
Assume water is incompressible.

6. Derive torsional equation.

7. A simply supported beam of span 5m is loaded with UDL 4 kN/m. Determine the
maximum value of bending stresses in tension and compression for the following section,
The cross section is T-section as shown in figure.

10 cm

3em

42 cm

3 cm

8. Derive an expression for the Euler’s formula for crippling load on a column with both
ends hinged.
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A} State and explain prineiple of superposition,
b) Draw SFD and BMD for following frame. Also indicate the saljent points,
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Derive the relationship between Young’s modulus of elasticity, modulus of rigidity
and Poisson’s ratio. [8]
A rigid bar ABCD pinned at B and connected to two vertical rods as shown in the
figure below, Assuming that the bar was initially horizonta) and the rods stress free,

ietcrmineﬂlcsmineachmdaﬂﬁ-mﬂmdF=59{}Nisapp]iad, Esieet = 200 GPa
pnd By = 100 GPa, (8]
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4. qute down the stepwise procedure (with) sketch for the determination of stresses in
inclined plane for general stresses conditions (o, o, and 1, are given) using the Mohr’s
circle method.

» i ess spherical vessel of 2.5 m internal diameter and 8 mm thick is filled with a
fluig under the pressure until its volume increases by 300 cm’. Caleulate the pressure
exerted by the fluid on the vessel. Take E = 2.10x10° N/mm?, v = 0.3.

6. For the following shaft system with the torque as shown in figure, determine the torsional
ions. Also determine the rotations of joint B and D and maximum shear stress
devéloped in each member. Take Guee = 78 GPa and Gegpper = 44 GPa.
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7. A simply supported T-beam of 6 m span is subjected to the load as shown in figure.
Calctlate maximum bending stresses in tension and compression.
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8. Derive the expression for the Euler’s formula for crippling load on a column of length L
with Both ends fixed.
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1. a) Determine internal, external and total degree of indeterminacy for the frame structure
shown, [31

e
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b) Draw axial force, shear foree and bending moment diagram for the given frame. Also

show salient features if any. [12]
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2. Explain physical meaning of moment of inertia. Derive an expression for principal axes
and principal moments of inertia, [12]

3. a) Explain offset method used in drawing stress-strain relationship. Where and why is it
used? A steel bar 3em x Sem section and 30cm long is subjected to an axial pull of
200kN. Take E = 200GPa and Poisson’s ratio as 0.3. Calculate the change in length
and sides of the bar and volumetric strain, © [2+46]



b) Each of the links AB and CD is made of stec] (E = 200 GPa) and has a uniform
rectangular cross section 6x24 mm. Determine the largest load ‘P* which can be
suspended from point E if the deflection of E is not to exceed 0.25 mm.

25em =wim— 37T Scm ——a

. In a two-dimensional problem, the stresses at a point are o, = 100 MPa, o,= 60 MPa. If

the principal stress is limited to 150 MPa, find the value of shear stress t,,. Also, find the
inclination of the principal plane and the magnitude of maximum shear,

. Differentiate thin walled vessel from thick wall vessel based on dimensional parameter

and stress distribution parameter. Prove that hoop stress is twice of longitudinal stress for
thin cylinder,

. Derive an expression for power transmitted by the shaft if a force F acts tangentially on a

shaft of radius R. A solid bar of metal 50mm in diameter and 200 mm in length is tested
under a tension of 10 kN load producing an elongation of 0.0051 mm. The angle of twist
i5 1° when subjected to torque of 4 kNm. Determine the value of Poisson's ratio for the
shaft material. .

. Explain pure bending with suitable example. A hollow steel pipe is of 150 mm external

diameter and 100 mm internal diameter, If the stresses in tension and compression do not

exceed 150 N/mm” then what longest length of it can be simply supported? Unit weight
of steel is 78 KN/m”.

. Define buckling load. A round bar is clamped at the bottom and is free at the top. Iis

effective length is 2 m. A horizontal force of 300 N at top produces a horizontal
deflection of 20 mm. Determine buckling load for the bar if the same load is applied

ok
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L. a) Define degree of freedom of a system and write its values for roller, hinge and fixed

support for a plane structure. Is it possible for a statically determinate or indeterminate
structure to be geometrically unstable? Explain with suitable example [2+4]

b) A beam AB carrying uniformly varying load of intensity SkN/m and a peint load of
SkN {at 60%) is hinged to a wall at end A and is connected by a tie rod DE which is
hinged to the wall at end E and also hinged to a vertical bracket CD (of length Im) at
end D as shown. Draw AFD, SFD and BMD for beam AR. [10]

50 mm

3. a) Describe stress concentration and stress concentration factor. What information does
Saint-Venant’s principle provide on this? Why factor of safety is used in design?
Explain, [2+2+3]



b) The gap between bar A of cross-sectional area 1000 mm? and bar B of cross.
sectional area 800 mm® is 0.26 mm at room temperature. What are the siresses
induced in the bar if the temperature is raised 1o 40°C? Given: Ex = 2 x 10° N/,

s =12 % 10°6 /°C and Eg = 1 x 10° Nimm’, oz = 23 % 10°°/°C. (8]
(2 6min
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Derive an expression for stresses on an inclined plane of an element subjected to axial
loads (like stress) on two perpendicular direction (Bi-axial loading). Also explain how
Mohr suggests finding it graphically. [6+2]

b

A thin cylindrical shell is 4m long and has Im internal diameter and 12mm metal
thickness. Calculate the maximum intensity of shear pmdi:lmed and change in dimension
of shell if it subjected to an internal pressure of 2N/mm”. Take E= 2x 10° N/mm?® and
v={.3, [4]

Clarify the basic difference between torsion and bending. A hollow shaft 20 ¢ internal
diameter and 30cm external diameter is to be replaced by a solid alloy shaft. If the polar
modulus has the same value for both, calculate the diameter of the solid shaft and the
ratio of torsional rigidities, G for steel = 2.5 times € for alloy. {246]

N

=

Explain flexural rigidity and its importance. A beam is loaded as shown in figure.
Determine maximum tensile and compressive bending stress developed in the beam. 18]
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8. Differentiate short column and long column based on failure mechanism. Caleulate the
maximum value of slendemness ratio for a column for which Euler’s formula is valid.
Take E=210GPa and o, =330MPa. [1+6]
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. a} State and explain principle of superposition, [4]
b) Draw SFD and BMD for following frame. Also indicate the salient points, [12]
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2. a) Differentiate between centre of gravity (CG) and Centroid. [

o |

b) Determine the principle moment of inertia and orientation of principle axis for section
as shown in the figure below about centrotd, all dimensions are in mm. [10]

3. a) Derive the relationship between Young’s modulus of Elasticity. Modulus of rigidity
and Poisson’s ratio. ' (8]

b) A rigid bar ABCD pinned at B and connected 10 two vertical rods as shown in the
figure below. Assuming that the bar was initially horizontal and the rods stress free,
determine the stress in each rod after the load P = S00 N is applied. B = 200 GPa
and Ey = 100 GPA. 18]
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4. Write down the stepwise procedure (with) sketch for the determination of stresses in
inclined plane for General stresses conditions (o, o, and 1, are given) using the Mohr's
circle method, [8]

A seamless spherical vessel of 2.5 m internal diameter and § mm thick is filled with a
fluid under the pressure until its volume increases by 300 em’. Calculate the pressure
exerted by the fluid on the vessel. Take E = 2.10x10° Nimm®, v = 0.3, [6]

L

6. For the following shaft system with the torgue as shown in figure, determine the torsional
reactions. Also determine the rotations of joint B and D and maximum shear stress
developed in each member. Take Gue = 78 GP2 and Geogpe: = 44 GPa. 8]
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7. A simply supported T-beam of 6 m span is subjected to the load as shown in figure.
Calculate maximum bending stresses in tension and compression, [8]
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8. Derive the expression for the Fuler’s formula for crippling load on a column of length L
with both ends fixed. [6]

L LL
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1. a} Bhow the relation between loading intensity ‘w’, shear force *V' and bending
moment ‘M’ [2

b) Draw axial force, shear force and bending moment diagram for the given frame. [111']
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2. a) Find the principal moment of inertia, direction and position for the given section

shown in figure. (All dimensions are in mm.) [12]
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b} The cylindrical shell is 1 1 long and has diameter 200 mm. The metal thickness is &
mn, it has sphama‘! ends. C‘aiculate the change in volume . if the internal pressure is
raised to 1.5 N/mm’. Take E = 2x10° N/mm” and Poisson’s ratio is 0.25, {6]

3. a) The rigid bars PQ and RS shown in figure are supported by pins at P and R and the
two rods. Determine the maximum force W that can be applied, if its vertical

movermnent 1s limited o Smm under load, [8]

Elamsinivm

Ledm

A=500nmal

P E=TiaPa Q

Stawl
L=lm
A=200m 2

E=2WGFE




Ao

b) A ieinforced concrete column of size 230 mm =400 mm has § steel bars of 12 mm

diameter and subjected to an axial compression of 600 kN, find the stresses developed
in steel and conerete, take modular ratio as 18.67. [6]

At 2 point in a material under stress, the intensity of resultant stress on a plane EF is 50
MN/m’ (tensile) inclined at 30° to the normal to that plane. The stress on another plane at
right angles to this plane is 30 MN/m®. (8]

Determine:
(1) The resultant stress on the plane GE.
(ii) The principal stresses and the principle planes,

(iti} Maximum shear stress and its plane.

30 MN/m'

b) A solid shaft is to transmit 300 kW at 120 mpm. If the shear stress is not to exceed 100

b)

MPa, Find the diameter of the shaft, What percent saving in weight would be obtained
if this shaft were replaced by a hollow one whose internal diameter equals (0.6 of the

external diameter, the length, material and maximum allowable shear stress being the
same? [%]

Determine deflection at points B and C and slope t points A and D, 8]
SkN
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A strzight bar 1.5 long and 12 mm x 5 mm in section is mounted on a test machine
and 1s loaded axially till it buckles. Assuming Fuler's formula for both ends hinged,
estimate maximum central deflection before it attains the yield point at 290 N/mm", [8]

Take E = 2x10° MPa

Fd
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1. a) Provide suitable example to clarify “Principle of Superposition™. [4]

b) A beam AB carrying uniformly varying load of intensity 3 kMN/m and poiut load is
hinged to a wall at end A and is supported by a tie rod DE which is hinged to the wall
at end E and also hinged (o a vertieal bracket CD at end I as shown. Draw AFD, SFD

and BMD of the beam. (12}
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7. Determine principal moment of inertias about the centroid and also locate the principal

axes for the following figure.
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3. a) Show the relations between elastic moduli and Poisson’s ratio, [6]

b} The composite section of aluminum, copper and steel bar is rigidly held by supporis
on left end. Find the total change in length and stresses in each bar, if the composite
bar is subjected to loads al section as shown in figure. Take Eeopper = 100 kN/mm’,
E pomsinan = 70 KN/mm” and Eges = 200 KN/mm?®. . (8]
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4. a)

b}

For an infinitesimal element normal and shearing stress in the two mutually
perpendicular planes are shown in figure below. Determine the normal and shearing
stress on the inclined plane AB at an angle of 25% with vertical, Also calculate
principal stresses, their planes, maximum shear stresses and their planes. Verify your
result using Mohr's circle.

30 MPa

3 ,__;. 50MPa

—{F-

50MPa < --—--—

30 MPa

A wvertical thin walled standplpe is 4m in diameter and stands 30m high. If the
allowable working stress in tension is 120 N/mm?, what is the required wall thickness
of the pipe?

Define torsional ngld:t-. A hollow steel shafi of 10 cm outer diameter and 7 cm
internal diameter is mtalmg with 2 speed of 300 rpm. If the permissible shearing
stress for the material is 80 MN/m”, determine the torque and compare the strength of
this hollow shaft with that of solid shaft of same material, weight and length.

A simply supported 1-beam of flange 40 cm * 6 cm each and web 60 cm * 6 cm, is
used over a span of 6 m. It carries a uniformly distributed load of intensity 25kN/m
over its entire length. Find the maximum stress induced in the beam at the flange-web
junction due to bending.

6. Derive the Euler's formula for the end support condition one end fixed and another end
hinged.

EEE

[10]

[4]

8]

[8]

8]
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1. Draw axial force, shear force and bending moment diagrams for the frame shown in the

figure below. Also indicate the salient features, [16]
5 kN/m 12 kN
| 25 KNm J,
Cﬂﬂlﬂg___..._. il _._) WG s, (. W
15 kN Irternal Hinge Ll F [
30° E 3m
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9. Find out the principle axis and principle moment of inertia for the given section and
verify using Mohr's circle. [12]

300mm

200mm

1

200mm

. 200mm .E{i{}mni 200mm,




b}

b)

a)

b)

Derive the expression for the elongation of a circular bar of tapering section due to
axial load.

A rigid bar ‘ABCD’ is supported at ‘A’ and connected with a brass rod BE and a steel
rad CF at "B” and *C” respectively as shown in the figure. A load of 15 kN is applied
at ‘D", Find the magnitude of stress in the brass rod and the steel rod. Take
Ap = 1000 mm’, A, = 600 mm’, E, = 100 kN/mm’ and E, = 200 kN/mm’.

VNN

2m

A B C .,,-_..;D

Im

TR ¥
The tensile stress at a peint on two perpendicular planes along X-axis and Y-axis are
120 MN/m? and 60 MN/m” respectively. Find principle stresses and their direction.
Bascd on obtained data, verify stress invariant concept. What will be the intensity of
stress which acting alone can produce same maximum strain? Take poisson’s
ratiao = ',

A cylindrical vessel 3 m long and 600 mm diameter with 10 mm thick plates is
subjected to an internal pressure of 3 MPa. Caleulate the change in volume of the
vessel. Take E = 200 GPa and Poisson’s ratio = 0.3 for the vessel material.

A solid shaft is to transmit 300 kW at 120 rpm, Determine the diameter if the
allowable shear stress is 100 N/mm’ and the allowable angle of twist is 30° per

diameter length of the shaft. Assume that the maximum torque is 1.3 times the mean
torque. Take G = 10°MPa.

What is pure bending? Explain with suitable example. Determine the maximum
deflection in a simply supported beam AB of length L, carrying uniformly distributed
load of intensity w kIN/m over whole span.

. A round bar fixed at bottom and fiee at top has a length of 3 m. Determine the buckling
load for the bar if the load is applied axially on top. If & horizontal force of 15 kN at top
can produces a horizontal deflection of 35 mm,

e

[6]

18]

[10]

[4]

(8]
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- Draw axial force, shear force and bending moment diagram of given loaded frame. Alsp
show the salient feature, [16]

20KNm ram
llii“lm v

(3 £

; | 3m,
“““f'"gii e -
I., dm

2. a} Calculate the principal moment of inertia about the centroid and locate the principal
axes for the figure as shown below. [12]

-

F- 65 i -t 80 i -]

b} A seamless spherical vesse] of 1.9 m internal diameter and 6 mm thick is filled with a
fluid under pressure until its volume increases by 400 cm?. Calculate the pressure
exerted by the fluid in the vessel. Take 2 » 10° Nimm? and Poisson’s ratio =025, [6]



-

3. a) Derive relationship between young's modulus and bulk modulus. 6]

b} At what distance ‘x’ from the fixed end of the uniform bar should the ‘2t force be

applied in order that the net overall change in length of the bar will be zero? [8]
ﬂ et 1.5t e 1St e 7 5
i TR A
e 1rmn Z2m 2m

4, a) For an infinitesimal element nommal and shearing stresses in the two mutually
perpendicular planes arc given below. Determine the normal and shearing stresses on
the inclined plane at an angle of 20° with vertical, Also calculate principal stresses,
their planes, maximum shear stresses and their planes. i8]

50 MPa
s

——* 40 MPa

]

!
80 MPa "i‘ ﬁ“ 80 MPa

4MPa =i~

¥
50 MPa

b) Determine the end fixing n::uup]es diameter of the shaft if’ the maximum shearing
stress is not to exceed 50 MN/m® and the position of the section where the shaft

suffers no angular twist.

[8]
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5. @) Determine the maximum bending stress in the beam shown in figure below. (1

10 . 10, 10
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All dimesnsions are in cm

b} A hollow mild steel tube is 5 m long and 4 em internal diameter. Thickness of tube is
& mm and it is vsed as & strut with both ends hinged. Determine critical load and safe
load on the strut. Take E = 2.1x10° Njmm® F.0.5 =3 6]
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and bending momeit diagram for the

1. Draw axial force diagram, shear force diagrany
frame shown, indicating the salient features. [14]
A0 KNfm
S 20 Wl U0
|' b5 50 EMm
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2. a) Determine principal moment of inertia and orientation of principal

axes pessing
through the centroid, All dimensions are in centimeter,

[12]

50

40

30

Wi ow i o
b) In a thin walled cyhindrical vessel show that the volumetric strain is equal to two
times circumferential strain plus longitudinal strain.

Derive a relation between
modubes.

(6]
3.8y Young's modulus of elasticity, Shear modulus and bulk

1]

b) Two 150 mm % 75 mm x 4 m long timber members are reinforced with a steel plate

150 mm x 6 mm x 4 m long as shown in figure. The three members are adequately

bolted together. The permissible stresses for the timber and the steel members are

6 N/mm® and 130 N/mm? respectively. E for timber is 8.4 GN/m” and for stee] i

210 GNm’, Caleulate the permissible tensile load for the compesite member and the
amount of elongation due to this load.

8]
75y & O [

A e

75 fom
=]




4. a) Determine the principal stresses, orientation of principal planes, maximum shearing
and normal stress on the plane of maximum shear stress. Verify the results by drawing
Mohr's Circle. [8]

a0 N"u'.ll'l:

18 Nmm®

75 bfmm <—-§—‘ {—v?sw:m’
U

]g .rllm._n‘.. s

30 W

b) A steel shaft transmits 200 horse power at 150 rpm. If the shaft is 110 mm in
diameter, find the torque in the shaft and the meximum shear stress developed. Also,
dotermine the angle of twist for the shaft in the length 5 m. Take G = 90 GN/m’.

{1 hp =746 watt) %]
5. &) A simply suf:p-uﬂ-::d timber foist of 6 m span has 1o carry uniformiy distributed load
2 L N/m over its entire length and a point load of 15 kN at its center, Determine the
dimensions of the rectangular joist if the meximum permissible stress in bending is

12 N/mm’. 8]
b} Derive an expression for Euler's faranla for erippling load of a column of length °L’
with one end fixed and other hinged condition, 8]

L



4 ;
TRIBHUVAN UNIVERSITY GYCRNNNN . Back
INSTITUTE OF ENGINEERING Level BE Full Marks | 80
Examination Control Division |Programme | BCE Pass Marks | 32
2076 Ashwin Year/Part |T1/1 Time 3 hrs.

Subject: - Strength of Material (CE 502)

v Candidates are required to give their answers in their own words as far as practicable.
¥ Attempt All questions.

v The figures in the margin indicate Full Marks.

v Assume suitable data if necessary.

1. a) State the principle of Superposition. Explain the stepwise procedure for the
determination of bending moment of the beam using the principle of superposition.  [2+2]

b) Draw axial force, shear force and bending moment diagram for a given loaded frame.

Also write the salient features. [12]
100 KN
: O
; r S oy ﬁ#&
: L —= 41 FANCE:
20 KNim 4 *;- LA A R
m  pBRARNA
9m —=te—2m—=—— 2m —= s -
A
2. &) What is radius of gyration? [2]
b) Determine principal moment of inertia about the centroidal axis of following figure. [10]
0 i,Quartﬁr of a circle :
15em
L}
e
15 em
e

1- -
M 15em b 3 em E2

3. a) In an experiment, a bar of 30mm diameter is subjected to a pull of 60 KN. The
measured extension on guage length of 200 mm is 0.09 mm and the change in the
diameter is 0.0039mm. Calculate the valucs of Poisson's ratio and three elastic
moduli. [6]

1) A composite bar made up of steel and aluminum is rigidly fixed between two supports
as shown in figure. The two bars are free of stress at initial temperature af 25°C. Find
fhe stresses in the two bars when the temperature increases to 50°C if,
i) The support are unyielding
if) The supports move away frowm each other by 0.1 mm.
[Given: Es=200 GPa, E4=70 GPa, as=13x10"/°C, ta=23.1 x<107%/°C) [10]



4,

wn

70 em

gﬁ Steel Aluminium
7/ 4 o dia 6 cm dia.
4 -
14 S0em \r f:
7 ~ 71

a) Determine the normal and shearing stress on the inclined plane at the angle of 40° to
the vertical. Also calculate principal stresses and their planes.
30 MPa

a0 MPa

50 MPa —1—-— ~—T— 50 MPs
30 MP ’
‘t
30 MPa

b) A 1 m long hollow cylindrical shaft is to be designed to transmit a power of 1670 KW
at a rotational speed of 4500 rpm. The outer diameter is to be 1.75 times the inner
diameter. The maximum shear stress of the material is to be limited to 210 MPa and the
angle of twist is not to exceed 0.5 degrees. Determine the size of the shaft. Assume
maximum torque is 30% greater than the average torque. shear modulus of material is
25.5 GPa.

a) Derive the Euler's formula for critical load for a strut with one end fixed another
hinged. Also mention the limitation for using this formula.

) A simply supported beam of span 10 m, subjected to UDL w throughout the length. if
permissible bending stress in tension and compression are 150 MPa and 180 MPa
reapectively. Caleulate Moment of pesistance and value of UDL by assuming the I-section

as shown in figure.
100 mm

=

-[15 min

q S0 mm p— SO mm

IIS mm
100 mm

A cylindrical shell of length 4m internal diameter 300mm and wall thickness of 12mm is
initially filled with water at atmospheric pressure. Find the increase in volume if the water

is pumped to increase the internal pressure 1o 6N/mm”, Take E=2.10x10°N/mm?, v=0.3
and K=2100 N/mn?.

i
-

o

)

(8]
(6]

(81

[6]



TRIBHUVAN UNIVERSITY  Exam.
INSTITUTE OF ENGINEERING Level BE Full Marks | 80 |
Examination Control Division | Programme | BCE PassMarks |32 |
2076 Chaitra Year/Part | 11/1 Time L s i
Subject: - Strength of Materials (CE 502) B
¥ Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions.
v' The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
1. a) Define point of contraflexure. Derive the relationship between rate of loading, Shear
force and Bending moment. [244]
b) Draw axial force shear force and bending moment diagram for a given loaded frame.
Also write the salient features, [10]
15 kN
SORN T T
T B C S
! 8] @291-:]"4 r.ff: i A -
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2. a) Define principal moment of inertias and principal axes,

b) Determine principal moment of inertias and principal axes passing through the
centroid for the following shaded area.

L3

Slicm

dllem

3. a) Find the total elongation in the bar. Take E for the material as the 200Gpa. A Steel bar

of 600 mm? cross-sectional area is carrying loads as shown in the figure given below.

A B

(

[
[10]
BScpn
5em
e _
[6]

0

Wi« - B2

T i

t*—- T mm*-—ﬂP— ETTTS "—"I"l"-']\snﬁm—hl



b) A Circular bar ABCD, rigidly fixed at A and D is subjected to axial loads of 50 KN
and 100 KN at B and C as shown in the figure. Find the loads shared by each part of
the bar and displacements of the points B and C, Take E for the steel as 200Gpa. [10}

D

4. Direct stresses of 100 MPa in tension and 60 MPa in compression are applied to an elastic

material at a certain point on planes right angles to each other. If the maximum stress in
not to exceed 150 MPa, to what shearing stress can the material be subjected at the point?
What is then the maximum shearing stress in the material? Also find the magnitude of the
principal stresses and jtg planes. (8]

- A thin cylindrical shell i 5m long and has 1m internal diameter and 20mm meta]
thickness. Calculate the maximum intensity of shear stress, longitudinal stress and
circumferential stress induced, if subjected to an internal pressure of 5 Nimm?2, Also
calculate change in diameter, length and volume of the shell. Take E = 200 Gpa and
poisons ratio = ().3. [6]

- A steel shaft is connected to fixed supports as shown in figure, Limiting shear stress in
the material is 50 MPpa. Determine the maximum torque that can be applied at joint C.
What is the shear stress at A9 (8]

over the entire span and a point load 30 KN at its center. Determine the dimension of
beam, if the beam is fectangular in cross section and the maximum ?mnissible stress in
bending tension and compression are 120 N/mm? and 100 N/mm respectively, Take
depth of beam two times its breadth, (8]

8. Derive the Eulers formula for eritical load for a strut with both end hinged, [6]

T
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. @) Briefly explain the properties of internal hinge. What do you.understand by point of

contraflexure? e [2+2]
b) Draw AFD, SFD and BMD for following beam. Also indicate the silent features. [12]
20 KN/m
B0 KN
KN
g
| b BKYD
Hinge 15

l | | L ! !

| T 3m " Im 1 Zm | Im |
. @) Define product moment of inertia. [2]

b) Calculate the principal moments of inertia of the section given in fipure and their
orientation. Assume horizontal and vertical axes to be the given X and y axes and the

bottom left corner of the section to be the origin for the purpose of your calculation. [10]
14 cm
BHem
12 em
8 em
/ 12 cm
= =
10 cm

. a) Delermine the expression for elongation in bar having uniformly tapering circular

section subjected to tensile load P. [6]

by A sieel rod of cross sectional arca 1000mm” £nd two brass rod each of cross sectional
area 800mm’® together support the load of SOXN. Caleulate the stresses in the rod.
Take E for steel as 200GPa and E for brass as 100 GPa. (107

S0 i
Jn.m Bracs

L
Drass ;J
G = FEamm

) U,




4. @) The state of stress in a two dimensional stress system is shown in figure. Determine
the principal stressés and their direction, maximum shear and associated normal

stress. 8] ;

60 MPa .a_:g

80 MPa ¥

;.

60 MPa 5

b) Prove that the hollow shaft of same material, same weight and same length is more j

stronger than the solid shaft in case of torque transmission. [8] A

&

5. &) Derive Euler critical buckling load formula for a column having one end fixed and the b

other end free. Discuss the limitations of Euler buckling formula. (6l %

b) A 3.0m long cantilever beam having self-weight 1.5 kiN/m is subjected to a i %

downwards point load of 'P' kN at the free end. Determine the value of 'P' and the =
moment of resistance of the beam. Take permissible bending stress in tension and : g
compression as 150MPa. The cross section is shown in figure. [8] H

; 18cm .

6 cm ' :E

18 :Elr

cm o

4 cm ?

6. A cylindrical shell of 260mm cxtemal diemeter 2.5 m length and 5mm wall thickness is %
subjected to internal pressure of 1.60 MPa. Calculate the change in diameter, length and
volume of the cylinder if the cylinder has 2 longitudinal joint (83% efficiency) and 2
circumferential joint (65% efficiency). Take Young's modulus = 200GPa and Poisson's
ratio=10.3 (6] e

e ﬁ;

#

'
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Draw axial force, shear force and bending moment diaprams for the frame. Indicate
numerical values at salient points. [16]

e I0KN 55 knNim
'l: m

4m
Zm

A

2. a) Whatis product of inertia? 2]

b) Determine principal moment of inertia of the given figure below about the axes
passing through the centroid. [10]
45 em

100 cm

45 cm
30 cm

1 20 cm

3. a) Derive the expression for the total elongation of & uniform bar of length L and cross
section area A under its self weight. [5]

b) Two copper rods and one steel rod are having diameter 4 ¢m, together support a load
3000 kg as shown in figure below. Determine the stresses in each rod. Take
E. =72 x 10% kgfem® E, = 10° kg/em’ [8]

1 3000 kg

T7 77 3 i '_"i"_
FEE i’ .’_,-",f!' ff./ Fali I'm

T

s




}. a) For the state of plane stress shown in figure below determine. [%]

% i) principal siresses ii) orientation of principal planes
iii} maximum shearing stress  iv) normal stress on the plane of maximum shear stress

= 2

T 5
J

b) Derive forsional equation. %’i (8]
. a) A simply supported beam of span 5m loaded with udl 4 kN/m. Determine the
maximum value of bending stress 15 cm abowve the base of the cross section. The

cross section is T-section as shown in figure.
10 cm

[8]

im

+:___ 42 em

(.

Iem

b) Derive an expression for the Euler’s formula for crippling load on a column with both

ends fixed. [8]
. Derive an expression for the volumetric strain of a thin walled cylindrical vessel with its
length ‘L’ internal diameter *d” and thickness “t’. (7]

Lt
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1. Draw axial force, shear force and bending moment diagram for the given frame. Indicate

numerical values at salient points. [16]
30 kN
: 20 KN/m /ﬂ,m 15 kN/m
= B 3{:“{( C D
4m 4m Om Jﬂ‘r
25m
50kN |
25m
. 8
2. &) What do you understand by principle moment of inertia and principal axis? 4]
b) Determine the principle moment of inertia of the given figure. [10]
II 140 gm. .{
i i
|
150 em |

i

3. Derive the expression for the total elongation due to the circular tapered bar. Two copper
rods and one steel rod is of 3 cm diameter, together support a load of 5000 kg as shown in
figure below. Find the stresses in each rod. Take E° for steel and copper as
2 % 10 kg/em” and 10° kg / em’. [6+6]

r | ' |




4. a) For the state of plane stress shown in figure below determine (i) the principal planes
{11} principal stresses (iii) the maximum shearing stress and the corresponding normal
slress. [B]

, 15MPa
v 30 MPa

5 ’ =, 60 MPa

#___.:
15 MPa

b} Show that hollow shaft is more strong than solid shaft when material, weight and
length arc same. 8]

3. a) Derive the expression for the Euler’s formula for crippling load on a column with
both ends hinged condition. Explain the limitation of Euler's Formula also. [8]

b) For the simply supported beam of 4m span loaded with UDL of 3 kN/m, determine
the value of bending stress B0 mm above the base of the cross section. The cross
section of the beam is [ section and the dimensions are shown below. [8]

30 cm

= P

3ecm

— - —2 cm Htm
T3em
!5‘ 30 em o
6. Explain the different types of stresses in thin walled cylinders. [6]

£53
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1. Draw axial force, shear force and bending moment diagrams for the frame shown in
figure below, indicating the principal numerical values at salient points. [16]

5 KN/m b

2m

3m

lm

7. Find the principal moments of inertia and directions of principal axes for the section as
shown in figure below. ] [12]

800 ]
Quarter Circle (in mm)




3. a) A block of steel 300 mm=150 mm> 100 mm is subjected to axial loads as shown in
figure below. Find the change in the dimensions of the bar and change in volume for

the material of the block. Take Es = 200 GN/m’ and poisson’s ratio (o) = 0.30. [8]
500 KN
}-9&[} KN
300 mm
[ 700 KN
X
100 mm

500 KN

b) What is the stress concentration? What effect is produced in brittle material due to
siress concentration? [4]

4. a) For an infinitesimal element norma! and shearing stress in the twoe mutually
perpendicular planes are shown in figure below, Determine the normal and shearing
“lress on the inclined plane at an angle of 30° with vertical. Also calculate principal
‘Stresses their planes, maximum shear stress and their planes, Verify your result using
‘Mohr's circle. [12]

i

Sy

+
|

it

b

'

Prove that longitudinal stress is half of the circumferential stress for the thin cylinder
with neat sketch. [4]




5. a) A horizontal shaft securely fixed at each ends has a free lenpth of 11.25 m. Viewed
from end "A" of the shafi, axial couples of 30 KN.m clockwise and 37.5 KN.m
counter clockwise act on the shaft at a distance 4.5 m and 7.5 m from left
respectively. Determine the end fixing couples in magnitude and direction and find

the diameter of shaft (solid) for a maximum shearing siress of 60 N/mm’. [14]
Te=+30 KN.m
T: ; | To=-375KNm b
A7 e D! B
/; il R e =
: } i
45m . 30m 3.75m '
pdom —~
11.25m :
e = G
- . . KE. B
b) Derive the bending equation | —= T [6]
¥

6. Derive Enler's formula of critical load for a steel column with both ends fixed, Also
explain the limitations 1o the use of this formula. [6+2]

HEE
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1. a) Define shear force and bending moment at a section of beam. [4]

_ b) Draw axial force, shear force and bending moment diagram of the frame shown in
figure below. [12]

30 KN/m

10 m

(2m | : 10m L 3!

2. a) Obtain the principle moment of inertia and draw principle axes for the plane figure
given below. (8]

| 30em , S0cm -, SOem  20em, 40¢

b) Derive the re'iatm %

g E
a (8]




3, a) Find the forces in cach members of the bar system shown in figure below. Take cross

4.

b) The principle stresses at a point in a bar are 100 MPa tensile and 40 MPa

a)

b)

b)

sectional area of each bar as 6 cm

compressive. Find the normal stress shears and resultant siress on a plane inclined at

607 to the axis of major principal

A water pipe 500 mm internal diameter contains water at a pressure head 100 m. If
the unit weight of water is 10 KN/m" and allowable stress of pipe material is 20
N/mm”. Calculate the thickness of the pipe.

A solid circular shaft is subjected to a torque 120 Nm. Determine the diameter if the
allowable shear stress is 100 N/mm® and the allowable angle of twist is 30° per 10
diameter length of the shaft. G = 10° N/mm”.

Derive euler's column formula for critical lead of a column with both ends hinged.
Determine the slope and deflection at the free end of the cantilever beam shown in

? and modulus of elasticity E as 2%1 0°N/mm?.

siress.

fi below,
N s e 40 KN
A B e

E = 200 KN/mm®

&k

Jcm

0 em

[8]

[8]

(8]

i8]
[8]

[8]
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1. a} Explain shear force and bending moments.

b} Draw axial foree, shear force and bending moment diagrams for the frame given

3 E/m

figure below.

4m

6m .

2, a) Determine principal moment of inertia and draw orientation of principal axes of the
figure shown in figure below.

120 em

20 cm 30 cm

—

I‘fu_ﬁ Gm

k_ 120 cm

b) Define principle moment inertia.

3. a) ABCUis arigid bar, wire BD 1s made of aluminum and EC is made of steel. Dmr:rmme
the stresses in rods and reactions al A, Take Ay = 4 mm’, A, =2 mm-, Eg= 72
KN/m?, B, = 210 KN/m>

F il /JLA;:’_#Z../.,{.:J‘_K "_,f’

Aluminum bar Steel bar T

\ Rigdm{ i | cj_
% - * SDHHI

= 2m ——j=1m e

b) Derive a relation between Young's modubus of elasticity, Shear modulus and bulk
modulus.

(12]

[4]

[8]

(]




4. a) The state of stress in a two dimensional stress system is as shown in figure below.

Determine the principal stresses and orientation of principal planes.

120 Mpa

b) Prove that the longitudinal stress at thin cylinders is equal to the half of

90 Mpa

= 50 Mpa

-

e

N

o9

circumferential stress at that thin cylinders,

3. @) A solid circular shaft is subjected to a torque 120 Nm. Determine the diameter if the
allowable shear siress is 100 N/mm’ and the allowable angle of twist iz 3% per 10

ipe

diameter length of the shaft, G = 10° N/mm®.

b) Prove that the torque transmitted by the hollow shaft is greater than the solid shaft of

same weight, material and length.

120 Mpa

[8]

(8]

(8]

(8]
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LR Y

|, Draw axial force, shear force and bending moment diagram of the frame loaded as shown
in the figure below: T

[16]

e
15 KN/m F{Lﬂ'v" f ff

6m

2. Determine the orientation of the principal axes and the moment of inertia about the
centroidal axes of composite section as shown.

Bom _ 12 em Ecm

. o]

10cm

3. Determine the orientation of principal axes and principal stresses for the clement loaded
as shown in figure below. Also calculate maximum shear stress and orientation of their
plane,

80 Nfmm’®
e

60 N/mm”

[12]



4. A cantilever beam 5m in length is subjected to the loads as shown in figure. Determine
the maximum bending stresses in the beam. Also, determine the value of bending siress

25 mm below from the top surface of the beam. (7]
5ﬂmm
“ —
- 15K ] -
\‘
“a
A B i
:\\‘: _|| Sﬂmm
i i -
~ 5m —'"“'-'--] 200mm
5. Derive a relation between Young's modulus of elasticity and bulk modulus. |&]
= -

6. A hollow steel shaft having 10 cm outer diameter and 7 cm inside diameter is rotating at a
speed of 300 rpm. If the permissible shear stress is 80 N/mm’ and the maximum lorque is
1.3 times the mean torque. Determine the power transmitted by the shaft. [8]

7. A thin walled cylindrical shell made up of copper plate has been filled with a liquid at
atmospheric pressure. An additional 8Qcc of liquid is then pumped into 3 m cylindrical
shell whose internal diameter is 300 mm and wall thickness 14 mm. Find the values of
pressure developed on the wall of cylinder due to this extra liquid. Take Poisson

ratio = 0.36 and Modulus of elasticity F = 10* kg/em®. [8]
8. Derive an expression for Euler's formula for-crippling load of a column of length L. with
its both ends hinged condition. [12]
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1. a) Draw bending moment diagram in the simple beam and frame shown in figure below: [4]
10 KIMN-m 7 6 KN
i) 1i)
i S ! 4m
1
1

4 1 Hm ]

= 1 1 Sm

b) Draw axial force, shear force and bending moment diagram for the frame shown in

figure below. [12]

30 EN/m

20 KMN/m

2. Find the principal axes and principal mements of inertia about axes through centroid of
the given figure. Verify your results using Mohr's circle. . ii2]

A, 3m S _E

2 m
2m

2m
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1. Draw axial force, shearing force and bending moment diagrams for the following frame

“loaded as shown. Indicate salient points if any. [16]
L}Y‘h _ﬂmlﬂm
? : . i T
T Hinge '
zmi : ; . t/m‘lm
£ ¥
2m} St/mg Jtm
T
2. a) State and prove parallel axis theorem for product of inertia. [4]
b) Determine the principle moment of inertia about centrodial axis and locate the
principle axes for the section shown in figure below. %]

3. a) Derive the relation between Bulk modulus and Young's modulus of Elasticity. [8]

b) Determine wvertical displacement of point F, if AB is a ngid bar and remains
horizontal, AC and BD are rods made of steel and aluminium having diameter 20mm



and 40mm respectively. E for steel and aluminium are 200GPa and 70GPa

respectively.
A K B e
F

300m

i

I~

B (o \amit=, Lo ie g

400m

e

"D

. a) Derive an expression for the normal stress and shear stress on an oblique section of

rectangular strained body when it is subjected to direct stresses in two perpendicular
directions accompanied with simple shear stress.

b) Find the external and internal diameters required for a hollow shaft which is to
transmit 40 KW of power at 240 rev/minute. The shear stress is to be limited to
100MN/m’. Take external diameter to be twice the internal diameter.

. a) A thin cylindrical shell 4m long and thickness 1.5cm is of 1.5cm internal diameter.

Determine the change in length and diameter if the shell is subjected to an internal
pressure of 25N/mm?’. E=2.05x10°"N/mm® and poisson’s ratio=0.3.

b} A cantilever beam 3m in length is subjected to load as shown below. Determine
maximum bending stress at 25mm below from the top surface of the beam.

20KN L0

; SKN/m
4 12¢m
/
A;E i L_ |' Scm
A
K Im 1 }L——.Z.U.Q[Il..__’r

¢) A round bar is clamped at bottom and free at top. Its effective length is 2m. A
horizontal force of 300N at top produces a horizontal deflection of 20mm. Determine
the buckling load for the bar if the load is applied axially on top.

¥k

(8]

(8]

[6]

(6]

(8]

[8]
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]

a) What do you mean by principle of superposition? Explain with suitable example.

P o e el L T T T

e A o B

What are its limitations? 4]
b} Draw axial force, shear force and bending moment diagram indicating salient points
for the frame loaded as shown. _ 12
% © 30KN KN AOKN ’
. 10 KEN/m
Hinge 3
4m
20 KMN/m
lm 4 1m } 2m } lm 1
2. Determine the principal moment of inertia and orientation of principal axes for the
composite section shown in fipure below about its centroid. [12]
4.5 cm
9cem
Jocm
12 cm
3. a) How is offset method defined in drawing stress-strain relationship? Where is it
required? (2]

b) A verical rod of length 3m tapers uniformly from a diameter of 80mm at the top to
40mm at the bottom. If it is rigidly fixed at the upper end and is subjected to an axial
load of 45KN, determine the total extension in the bar. Take density of
material = 2x10°kg/m” and young's modulus = 210GN/m’". [6]

e St g e Tl s T S e R e e



¢) A rigid bar AB is hinged at A and supported by a 2m long copper rod and a 1m long
steel rod. It carries a load of 100 KN at the free end B as shown in ﬁguﬁ:bel?w, If the
area of cross-section of the steel and copper rods be 10cm? and $cm’ respectively and
their respective values of E be 200GN/m® and 100GMN/m’, find stresses in each rod

and reaction at A (assume no bending in steel and copper rods). (8]
B ]m z zm § ].11] I
] | ] L]
2m fecged
: ]Im :
B A A O T S S 57 S0 L T AR Y S
b A
100 EN
4, Figure below shows the state of siress of point in a two dimensional stressed body.
Determine the values of principal stresses and orientation bf prineipal planes. 8] -
8 KNfom®
6 KN/em®
DO 6 KN/cm®
s -i—u KN/em?
— T
8 KN/cm?

5. A thin walled eylindrical shell made vp of copper plate has been filled with a liquid at
atmospheric pressure. An additional 50 c.c. of liquid is then pumped in to 2m long
cylinder whose internal diameter is 25 em and wall thickness is 12 mm. Find the values of
pressure developed on the wall of cylinder due to this extra liquid. Take poission
ratio = 0.34 and modules of Elasticity = 10° kg/em”. [6]

6. A steel bar of 2.5 cm diameter when subjected to a torque of 300N produces an angle of
twist of 1.35 degrees in the length of 25¢m. The same bar when subjected to tension
elongates 0.01cm in length of 15cm under a load of 7T0KN. Deduce the value of poisson's

ratio for the material. [6]
7. a) Describe the importance of computing deflections in beams. Also pive two typical
examples of pure bending of beam. [2+1]
b) Find the slope and deflection under the load P,. [5]
Py P
5{ '»L f E=2x10°MPa
o 1) [=2%10*mm°
£
; 3m |l 2m i
Pi=20KN '
Py=30KN
8. Define buckling load and effective length of column and derive a Euler's formula for
crippling load of a column of length L with its both ends hinged condition. [2+6]
ET 23S

Jre

l"".‘."

j BeEcs

K.
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1. a) Derive the relation between bending moment and shear force at any section of beam. [6]

b) Draw bending moment and shear force diagranss for the beam ABC, which has hinged
support at “A’ and other support at B, supported by wire (Tension member) as shown

in figure. [10}
2. a) Find from the first principle product of inertia for a right angled triangle with base ‘b’
and height *h” along XX and Y'Y axes. (base and height are collinear with XX and YY
axes respedtively). [4]
b) Caleulate principal moment of inertia and the orientation of the principle axes for the
 shaded arca shown in figure below. 8]

15cm

e . —
3. Two vertical rods of steel and copper are rigidly fixed with the ceiling at their ends at™
¢ 100cm apart. Each rod is 3m long and 25mm diameter. A horizontal cross piece connects
the lower ends of the rods. Where should a load of 3.5 tonnes be placed on the cross piece



5.

50 'I:]‘J.Et it remains horizontal after being loaded. Take E: 2x10° kEl"ﬂl'ﬂ E: = 1.0 x10°

kg/om’.

b)

4. a)

b)

a)

b)

A rigid bar ‘AB’ ishmgedal‘ﬂ'andwnnect&dm{hasteﬂmdandamppmmdat
‘A’ and ‘B’ respectively as shown in Egum Both the rods are ngidly fixed with the
ceiling at the upper ends. A load of 40KN is applied at ‘B’. Find the magnitude uf
stresses in the steel rod and the copper rod. {':rnss sectional area r;:f steel is 400mm’

and copper is 600mm’. Take E;= J00KN/mm” and E llﬂKNa’nun

im

For stresses shown in figure below, find the normal and resultant stresses on the plane
shown. Find the direction of resultant stresses. Show the results diagrammatically.

1 OMN/m®

60MN/n® e

4 150MN/m*
150MN/m®

60"

L e

-4 ;
100WN/m'

Prove that maximum shear stress in a thin cylinder is half of the longitudinal stress.

Also derive an expression for volumetrie strain for thin cylinder.

A hollow steel shaft of 10cm ounter diameter and 7em internal diameter is rotating
with a sjfzeed of 3{lﬂrpm If the permissible shearing sligss for the material is
SOMMN/m” and maximum torque is 1.3 times the mean torque, determine the pnwer
transmitted by the shaft.

A horizental beam 4m long simply supported at ends carries a uniformly distributed
load of 30KN/m over the whole span along with a concentrated load of 40KN at its T-
seetion miid span. The beam is of T-section with web 30cmx3cm and flange 18cm
xdem making overall depth of 34cm. Find the maximum tepsile and compressive
sfresses if the flange is at the top and horizontal.

Prove with Euler's formula that critical load for & stee! column with both ends hinged

y
: 2 El . :
is equal to ‘_é'?_ , Where all parameters have their usual meanings.

— * Ak

- [8]

(8]

[8]

[2+6]

[6]

(8]

6]
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LAY

. Draw axial force, shear force and bending moment diagrams for the frame shown,
indicating the principal numerical values at salient points. [16]

SkN/m  10kN

‘LJLFL |

10kMN/m

2. a) Calculate the principal moment of inertia about centroid and locate the principle axes
for the figure as shown below. [12]

20cm
At

h §

Scm

\"‘*"radius = 4cm (hole)
L, 15em 15cm T4
e <1 A

b) Derive an expression for the elongation of uniform solid circular bar of diameter *d’
and length ‘1" due to it’s self weight. [41



-3. aj

b)

4. a)

The state of the stress in a two dimensional stress system is as shown in the figure.
Find the principal planes and maximum shear stress. Determine also the normal and
tangential stress on plane AC. Verify the results by drawing Mohr's circle.

120 N/mm?* ?
i C 2
40 MNimm

g ; 6{].0
et % 180 N/mm’*

."ﬁ‘ﬁ——"‘
Lo

The modulus of rigidity for a material is 0.5 x 10° N/mm®. A 10mm diameter rod of
the material was subjected to an axial pull of 10kN and the change in diameter was

observed to be 3 % 10”mm. Calculate the Poisson’s ratio and the modulus of
elasticity.

Deerive the torsional equation T/J = /R = GB/L.

b) A thin cylindrical shell is 4m long and has 1m internal diameter and 12mm metal

5. a)

thickness. Calculate the maximum intensity of shear induced and change in
dimensions of the shell if it is subjected to an internal pressure of 2N/mm’. Take
E=2x 10°N/mm’ and pi = 0.3.

A stepped solid cireular shape of the dimensions shown in the figure is subjected to
three torques. If the material has a shear modulus of elasticity G = 80 GPa, find the

angle of twist in degrees at the free end. Also calculate the maximum shearing stress
in the shaft.

4 %8em pbgem 4kNm 8

5 :

H }

4 ' 2 kNm
7 “%10 kNm e

{ ’d

Sﬂ;:m i S'EIl:In_:'l S50cm

b) A simply supported beam of 6m span is subjected to a concentrated load of 20kN at a

o
~

distance of 4m from. the left support. Calculate (i) The position and the value of
maximum deflection (ii) Deflection under the point load.

20KkN 20kN

I %
. T R

“Asolid circular compression member 50mm in diameter is to be replaced by a hollow

circular section of the same material, Find the size of the hollow section, if internal
diameter iz 0.8 times, the external diameter,

b) Describe the Mohr's circle for stress.

EE 2

(8]

(8]

[10]

(8]

(8]

1
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1. a) Explain static determinacy and stability of the following truss. [4]
- Real hinge
i
b). Draw axial force, shear force and bending moment diagrams for the following frame.  [12]
2, a) Calculate the principal Mol and their orientation for the following section about X-Y
axes, [12]
12mm
Y—-
1
<y
- | 10mm
D+ Hlmm A o . %
b) Neatly sketch stress-strain diagram for mild-steel showing salient points.

[4]




Jooa) clhive die TotadoD 06 cscddlus Of Tty yvop ol s ol chaSudlly o) a0l
Poisson's ration (y). [4]

b) For the following stress condition of an element, obtain principal stresses and their
orientation. Show the results in a neat sketch. : [12]

E 2
i ' [urz.{:u».n'nunu2

/mm*
80N/mm”* .e--snﬂmz

60N/mm”

. 60N/mm* g
-1 80N /mm

4, a) Obtain deflection at point A of the following beam. = (8]
Py 2 '
M EI

- m—

3 L
L]

b) For the following shaft, obtain the angle of twist at free end. _ (3]

T L
G = 0.9x10° N/mm’ j 110mm J_M G
A\
+ 3m I 2m 1
5. a) For thin cylinders loaded with internal pressure p, obtain the relation for Hoop stress,
longitudional stress and maximum shear stress. (6]

b) Determine the variation of horizontal shear stress for the following section where
shear force is 50 KN. _ [10]

-
Scm i

ot

4
¥ ¥

Scm

6. a) Prove that the limiting plastic moment of a rectangular beam made of ej&stopastic
material is 1.5 times the maximum elastic moment. (6]

b) A 5m long simply supported beam has 30mm maximum deflection due to a 800N
transverse load applied at the center of the beam. Determine the buckling load if the
same beam of 5m length is used as a column with one end fixed and other end hinged.  [10]

¥ '

ek
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a} Describe the types of supports and their reactions with necessary sketches.

b) Draw axial force, shear force and bending moment diagrams for the frame shown
- indicating salient points with their values.

5 KM/m

2m

2
=

4m

2. a) Define principal axes and principal moment of inertia.

b) Determine the orientation of principal axes and the principal moment of inertia about
centroidal axes of the composite section shown in figure.

The state of stress in a two dimensionally stressed body is as shown in figure below.
Determine principal stresses, principal planes and maximum shear. Determine also the
normal and tangential stresses on plane BE and verify the results by drawing Mohr's

circle.
D  E—F—»40N/mm’
C
4

*&" "E SON/mm

——
+ 30M/mm

fad

[4]

[12]

[4]

[12]

[16]



)

b)

b)

6. a)
b)

The gap between bar A of cioss-seclional wea 150Utny and bas B of cross-sectional
area 800mm?® is 0.26mm at room temperature, What are the stresses induced in the bars
if the temperature is raised to 40°C? Given: B, = 2 = 10° Nimm’, @a = 12 x 107°°C
and Eg =1 x 10° N/mm®, o = 23 1078,

0.26mm
/ A N
7| -
4 4 . 8T
1 _ 3
"‘F 400mm b 300mm i

The allowable shear stress in brass is 88 N/mm® and steel is 110 N/mm®. Find the.
maximum torque ‘T that can be applied at the free end C in the stepped shaft of solid
circular section as shown. Find also the total rotation of free end of the shaft with
respect to the fixed end, if G, = 400 kKN/mm” and G = 80 KN/mm®.

Brass d = B0mm
| Steel d = 60mm

T,

9
G im p lom

i

Derive the expression for Euler’s critical load for strut with one end fixed and the
other hinged. Explain the limitation to the use of this formula.

A cylindrical shell 4m long and 1m diameter is subjected to an internal pressure of-
2 N/mm?, If the thickness of the shell is 8mm, find the circumferential stress and
longitudinal stress. Find also the maximum shear stress and change in volume.

Derive a relation between Young’s modulus, bulk modulus and Poisson’s ratio.

An | section beam (symctricaﬁ has 200mm wide flanges and overall depth 500mm.
Each flange is 25mm thick and the web is 20mm thick. Determine (i) the maximum
bending moment that should be imposed in the section if the temsile or the

compressive stress is not to exceed 40 N/mm” (i) What percentage of the moment is
resisted by flanges and web?

*ok &

Ly

[8]

[10]
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. a) Define the plastic moment capacity of beam.

b) Draw bending moment diagram and locate the maximum and minimum values of BM
for the frame which has hinged support at A and other support at B as shown in

figure.
6 kN
= 5 kN
=
2
ririe
B
Fn KN
Im
= A<E
i 2m i 2m L 1.5m j
A “ A A

a) Calculate principal moment of inertia about the X-Y axes and locate T.he principal
- axes of the right angled mangj.e, section with Lyem x 15cm sides. ..

I

15cm

b} Prove that the volumetric strain is three times the longitudinal strain for a cube
subjected to equal stresses in the three mutually perpendicular directions.

3. @)= Define the modulus of elasticity, modulus of rigidity, bulk modulus and Pmsm 5

ratio.

[4]

[12]

[8]




b)

b)

. a)

b)

. A

b)

A compound tube consists of steel tube 130mm internal diameter and 10mm thickness
and outer brass tube 160mm internal diameter and 10mm thickness. The twa tubes are
of same length. The combined tube cammes a compressive load of 750 kM. Find the

“tresses and load carried by each of the steel wibe and the brass tube and the amount it

shortens. Length of each tbe is 250mm. Eqee = 2x10° MPa Ejpges = Ix107 MPa

Transform the state of stress into the principal stresses and the maximum shearing
stresses gnd the associated nogmal stresses. Show the results for both ~8SE5 oM
pmpeﬂv oriented elements, Tensile:stress is 10 MPa, Compressive Stress is 7 MPa~

and shearing stress is 10 MPa,
7 MPa
10 MPa - l
10 MPa +— —* 10} MPa

}

T —» 10MPa
7 MPa

Prove that plastic torque of a solid circular shaft made of elasto-plastic material is 4/3
times the maximum elastic torque of the shaft.

A thin walled cylindrical pressure vessel of 1m diameter and 8mm thick is filled with
water at atmosphere pressure. Additional water is pumped and the internal pressure is
raised to 10 N/mm”. Find principal stresses. maximum shear stress in the wall of the
vessel material, E = 200,000 memz, v =023, For water, K = 2100 N/mm”.

Determine the internal and external diameters of a hollow shaft to transmit a power of
30 kW at 240 rpm if the shear stress must not exceed 100 MPa. ‘outside diameter
is to be twice the inside diameter. =

A beam of Lagcuon 20cm_deep. ‘ﬂﬂd Hem wide has flanges Jem thu:k 1n¢ wizh 2cm
thick. It carries a bending moment of 10 kNm at a section. Draw bending stress’
.diagram showing values of maximum stresses in the section of ﬂ'lf: beam. Calculate
the moment Larne& by the flanges.

A hollow 5m !nng mild steel tube has the internal diameter of 4cm and thickness of

6mm. It is used as a strut with one end fixed and the other hinged. Find crippling load,

~ crippling stress and the safe compressive load for the member if E = 2x10° N/mm’® and

factor of safety is 3.

LR

[12]

[Il 2]

14

8]

[3]

18]

[

[

(8] '

—
e .

T

e

- R

=i

o=

e (RN R

.

ot



05 TRIBHUVAN UNIVERSITY
INSTITUTE OF ENGINEERING

Examination Control Division
2066 Chaitra

Exam. Back

Level BE | Full Marks | 80
Programme | BCE, B.Agri. | Pass Marks | 32
Year / Part | I/1 Time [ 3 hrs,

Subject: - Strength of Materials

Candidates are required to give their answers in their own words as far as practicable.

¥

v’ Attempt any Five guestions.
¥

v

The figures in the margin indicate Full Marks.

Aszume suitasle doee i nzcossary.

&Jf’ Caleulate principal moment of inertia and locate the principal axes through the centroid of
the area of the L section shown in figure. Total depth of the web is 20cm. Total breadth of

the flange is 15cm and thickness of the web and flange is Sem.

2. Calculate maximum positive and maximum negative bending moment and draw thrust
diagram and bending moment diagram for the beam as shown in the figure,

“IKN

k J

Im

1KMN/m

SKN

—

A

A

{ Lim  15m l..m

I L3m } lin

1 i T 'l

3 q}/’ Derive the relationship among Poison’s ratio, Young's modulus and modulus of
o

rigidity. e
b}

A compound tube consists of a steel tube 13cm internal diameter and lem thickness
and an outer brass tube of 17¢m internal diameter and lem thickness. Two tubes arz

of the same length. The compound tube carries an axial load of 1000 kN. Find the
stresses and the load carried by each tube,

Take Eqeq =2 % 10" Niem® and Eupgs = | x 107 Niem’

4. 2V Proves +oy=G T

[Sum of normal stresses is equal to sum of principal stresses]

[16]

[16]

(6]

[19]




b"{} plane element is subjected to the stresses as shown in figure. Determine analytically
or graphically, the principal stresses and their directions. Tensile stress is 50 MPa,

Compressive stress 15 20 MPa, Shear stress is 30 MPa.

i

3. A timber beam 160mm wide and 300mm deep is simply supported on a span of 5m. [t
carries an uniformly distributed load of 1 KN/m run over the whole span and three equal
concentrated loads W each placed at mid span and quarter span points. If the stress in
timber is not to exceed 10 N/mm?, find value of W.

6. a) Find deflection of the beam shown below at middle of the span. Given that:

Modulus of Elasticity of the material is 20000 MPa
Section of the beam 15 150mm = 250mm
Point Load W =10 kN

' ]I 4m IF Jm_ |

|

b) A steel spherical pressure vessel of radius 1000mm having wall thickness of 10mm is
™ filled with a fluid and the internal pressure is raised to | MPa Calculate
circumferential stresses and change in diameter. Take E = 200 GPa and v = 0.25.

g

[10]

[16]
[8]

(8]



