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¥ 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 geometrical stability of the structure. "A structure which is statically
determinate or indeterminate may be geometrically unstable". Give example to support
the statement. [4]

b) The shear force diagram (SFD) of an overhanging beam AD with support at A and C
is shown in figure. Using it, determine

1) Bending moment at critical location and bending moment diagram.

ii) Loading on the beam. [12]
20 KN

2. a) Find from first principle the product of inertia about centroidal axis of a quarter circle
lying in first quadrant. [4]

b) Determine moments and product of inertia about centroidal axes for a shaded area
shown. What will be thd change in these values about an axis inclined at 30°
counterclockwise to the centroidal X and Y-axis? From the data obtained, show that the
polar moment of inertia is invariant under rotation transformation. [8]

2) What is the significance of upper yield point as seen in ductile material like mild
steel? Also explain how to specify the strength of materials which do not have distinct
yicld point. :

[4]




b) Two cooper rods and one steel rod together support 2 load as shown in figure. If the
stress in copper and steel are not to exceed 550 kg/cm? and 1000 kg/em? respectively.
Determine the safe load that can be applied. The cross section of copper is 3x3 cm?
and that of steel is 4x4 cm®. Take Es=2Ec. 17]
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c) A steel truss is acted upon by the force as shown. It is found that a 20 mm diameter
steel rod is capable of taking an ultimate load of 150 kN. If factor of safety is to taken

as 3; determine the required diameter of rod BE. [51
160 KN
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. What is Mohr's stress circle? Write step wise step procedure for Mohr's circle
construction to determine stress on an inclined plane, the plane acting with "like normal
stresses". Verify it with the expression obtained analytically. 8]
. Compare thin and thick walled vessel. A thin cylindrical shell is made of steel plates. It
has hemispherical ends having diameter 300 mm and wall thickness 2 mm. Determine the
thickness of cylindrical portion if there is no distortion of the junction under pressure.
Take Es =200 GPa and poisson's ratio = 0.3. [2+4]

. Discuss shaft in series and parallel on the basis of total angle of twist and torsion. A
hollow steel shaft 20 cm in internal diameter and 30 cm external diameter is to be
replaced by a solid alloy shaft. If the tensional rigidity is same for both the shafts,
determine the ratio of polar moduli. G for steel is equal to 2.5 times G for alloy. [8]

. An 8 m long reinforced concrete channel section as shown is carrymg water Calculate
maximum tensile and compressive bending stresses. 1° = 25kN/m’ 1 =1 OKN/m’. [8]

400
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. Write an empirical formula for calculating critical load for intermediate column.
Calculate the maximum value of slenderness ratio of steel column for which Euler's
formulas is valid. Take oc =330 MN/m” and E = 210 GN/m?. iG]
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D= #xial force, shear force and bending moment dxaoram of given !ouded fmn:e Also

Shows the salient feature. e : : : ~ 6]
Fog 20KNm - » Ism ;
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3m
/108N
he” iam Sk
3m
1 ' =)
2 2) Csicalate the p'ri-ucipalv moment of inertia about the centroid and locate the principal
zxes for the figure as shown bclow & Bty [12]
65 mm / ]
/ i
( f:
0 mm ' 0
j |
i
f-65 mm-s-ie- 80 mm —>1
5} A seamiess spherical vessel of 1.9 m internal diameter and 6 mm thick is filled with a
Swid. under pressure until its volume increases by 400 cm?. Calculate the pressur
exerted by the fluid in the vessel Take 2 x 10° N/mm? and Poisson’s ratio = 0.25. [6]




~

i a) Derive relanonshlp 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? (81 -
5 -~ " 1 S 2 4 S =N
:‘:1 !ﬂ 1‘-5.t jh# 1.5C '_ 3..5t
= i - |
M s =y T
s 50 2m o

4. 2) For an infinitesimal element normal and shearing stresses in the two mutually
- perpendicular planes are given below. Determine the normal and shearing stresses on
the inclined plane at an anigle of 20° with vertical. Also calculate principal stresses,

their planes, maxunmn shear sﬁesses and their planes: S [8]
50 MPa :
e :
— T > 40MPa

80 MPa {* *L 80 MPa

b) Determme the end fixing coup1es diameter of the shaft if the maxizmum shearing
stress is not to exceed 50 MN/m? -and the position of the section Where the shaft
suffers no angular twist. - - . . 18]
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5:.4) Determine 'the.maximum bending stress in the beam shown in ﬁgure bélow.v [10]
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Afl dimensions areincm -

b) A hollow mild steel tube is 5 m long and 4 cm internal diameter. Thickness of tibe is
8 mm and it is used as a strut with both ends hmged Determine critical load and safe
. load on the strut. Take E=2. 1><105 N/mm* F.O. 5= : : =Tl
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i)

’

prd

_ De=w axial force diagram, shear force diagram and bending moment diagram for the

116)

£=me shown, indicating the salient features.
: w0k
Reipe Cﬂ._‘a_lz—_b‘l_, ;f_j;_u Taternal
> 50 ©Im , Hinge
N
: \\( 15 kN
3 m 'l
Slm
: Y Jg i ::)
b — 10m—— -3 m—3
2 2) Determine principal moment of inertia and orientation of principal axes passing
through the centroid. All dimensicns are in centimeter. (12}
; 50
40

| = sl

201 30 | 50
| ,

In 2 thin walled cylindrical vessel show that the volumetric strain is eqﬁal to two
times circumferential strain plus longitudinal strain. [61
Derive a relation between Young’s modulus of elasticity, Shear modulus and bulk
modulus.

. =,

o
L

Ll
\‘\‘A

‘ . (e
57 Two 150 mm * 75 mm * 4 m long timber members are reinforced with a steel plate '
50 mm * 6 mm * 4 m long as shown in figure. The three members are adequately
bolted together. The permissible stresses for the timber and the stcel members are
6 N/mm® and 130 N/mm? respectively. E for timber is 8.4 GN/m? and for steel is
210 GN/m?. Calculate the permissible tensile load for the composite member and the
zmount of elongation due to thisload. : : :

i

(8]




5. aj A simp

4. a) Determine the principal stresses, orientation of principal planes, maximum shearing

and normal stress on thé plane of maximum shear stress. Vcri‘fy'thé results by drawing
Mohr’s Circle. : ; ; :
' 30 Nimm’

|, 18Nam’ -

75 Nmm® «——H %A————» 75 Nfmm®

Vi
18 N/mm* < =

" 30 N/mm®

b) A steel shaft transmits 200 hofse power at 150 rpm. If the shaft is 110 mm in

diameter, find the torque in the shaft and the maximum shear stress developed. Also,
determine the angle of twist for the shaft in the length 5 m. Take G = 90 GN/m®.
(1 hp = 746 watt) : »

ly suf)ported timber joist of 6 m span has to carry uniformiy distributed load
5 KN/m over its entire Iength and a point load of 15 kN at its center. Determine the
dimensionis of the rectangular joist if the maximum permissible stress in bending is

12 N/mm?. :

b) Derive an expression for Euler’s forraula for crippling' load of a column of length ‘L’

with one end fixed and other hinged condition.
' P

[8]

8]

(8]
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) Define pdint of contraflexure. Derive the relationship between rate of loading, Shear

M

force and Bending moment. Bl v
b) Draw axial force shear force and bending moment diagram for a given loaded frame.
Also write the salient features. : [10]
' : - 15 KN/m
_SOLNETIH:H‘HH}:M :
— 7~ & B © T
2m
20kN
DE— ¥
6m

A :
@ sm e
i< |
2 2) Define principal moment of inertias and principal axes. - [2}

b) Determine principal moment of ‘inertias and principal axes passing through the
centroid for the following shaded area. [10]

| 3 —
A z / /
2 “PSem
R5cm
semicircle
/ i
o 30cm : AQcm ! 30cm s
3. =) 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. [6]
T ; D
- SR < i = 0N

}“‘“ 150 i 00 mslx«m

1801 ——4%




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]

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 o each other. If the maximum stress in

not to exceed 150 MPa, to what shearing stress can the material be subjected at the point?
a1? Also find the magnitude of the

What is then the maximum shearing stress in the materi
principal stresses and its planes. 1
5. A thin cylindrical shell is 5m long and has 1m internal diameter and 20mm metal
thickness. Calculate the maximum intensity of shear stress, longitudinal stress and
circumferential stress induced, if subjected to an internal pressure of 5 N/mm2. Also
5 calculate change in diameter, length and volume of the shell. Take E = 200 GPa and
poisons ratio = 0.3. [61

6. A steel shaft is connected to fixed supports as shown in figure. Limiting shear stress In. -
the material is 50 MPa. Determine the maximum forque that can be applied at joint C.

. ‘What is the shear stress at A? {81
P ‘
' e

1 = 2

| =20 mm £ G=30mm >

1- lc ~

- % =

w1l NS TRNm - B
pogE >
0.7 m 3 0Sm

7. A simply supported beam of span 10m is to carry uniformly distributed load 20 KN/m
over the entire span and a point load 50 KN at its center. Determine the dimension of
beam, if the beam is rectangular in cross section and the maximum permissible stress in
“bending tension and compression are 120 N/mm” and 100 N/mm?® respectively. Take

* depth of beam two times its breadth. : : i8]

8. Derive the Eulers formula for critical load for a strut with both end hinged. [6l

EE R
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2} State the prnciple of Superpositio
determination of bending moment of the beam using t
5) Draw axial force, shear foice and bending moment diagram for a given loaded frame.
Also write the salient features. [12]
100 KN

\ic/ ol /4 1
.

v Awempt All questions.

n. Explain the stepwise procedure for the
he principle of superposition. [2+2]

20 KN/m

[2]

2 2) What is radius of gyration?
5) Determine principal moment of inertia about the centroidal axis of following figure. [10]

ASUACLAL

Quarter of a circle

~3

] 15 cm X 30em ot
a bar of 30mm diameter is subjected to a pull of 60 KN. The
easured extension on guage length of 200 mm is 0.09 mm and the change in the

J 11 s h it ilv
Jiameter is 0.0039mm. Calculate the values of Poisson's ratio and three elastic
[6]

z) In an experiment,

121 &1

uminum is rigidly fixed between two supports

%) A composite bar made up of steel and al
aperature of 25°C. Find

23 Lt

== shown in figure. The two bars are free of stress at initial ten
osses in the two bars when the temperature increases 1o 50°C i,

sort are unyielding
I 3 2

1810

up
P
EY

v
(44

(%]

ports move away from each other by 0.1 mm.

< -Gy ~-6 /07
E,=70 GPa, as=13x107°C, 04=23.1x107/°C]

e
i1

w
o

Cid
ey
Il
O
&
(=]
ey
0]
)
(o
il
fes:
]




o

wn

i

o
| Steel 2} Aluminium

‘ﬂ _4emdia, I{ 6 om dia.

>k‘*'~'rt~<’;‘f"<<":L<

_\r 50 cm i 76 cm
3 : —— <
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. {8}
30 MPa
|
30 I‘\QPa
50 MPa%'b 4—*‘50 MPa
30 MPa :
£
i
30 MPa

b) A 1m long hollow cylindrical shaft is to be designed to transmit a power of 1670 KW
at 2 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

25.5GPa. [8]
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. ; - - 16}

5) 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

respectively. Calculate Moment of resistance and value of UDL by assuming the I-section

as shown in figure. - . [8]
' 100 mm

—*SOmm'*.——

s

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
: bl : 1 S T 5 e
is pumped %o increase the internal pressure 0 6N/mm”. Take E=2.10x10"N/mm”, v=0.3

: B :
and K=2100 N/mm". (6]
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1y explain the properties of internal hinge. What do yousunderstand by point of

oC ::::qure’) = 12+2]
D=w AFD, SFD and BMD for following beam. Also indicate the silent features. [12]
20 KN/m
o ey,
Hinge
! i g 3 5t ! !
2m ! 3m Mim T Zm 1 3|

Di=Sine product moment of inertia. [2]
Izte the principal moments of inertia of the section given in figure and their
":* Assume honzontal and vertical axes to be the given x and y axes a‘ld the

[10]

Q__ic_nl_-é}i
_ =

|
e !
2oa

10 cm

emmine the expression for elongation in bar having uniformly tapering circular
[6]

gion subjected to tensile IOAd 2
i rod L; cross secticnal area 1000mm? and two bzass rod each of cross sectional
200mm” t gether support. the load of S0KN. Calculate the stresses in the rod.

- E for steel as 200GP2 and E for brass as 100 GPa. [10]

50 KN
! < e |
Zodmm | -|PESS Srass 2
z Sept
Stesei ‘
e e T j
it




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

stress. [8]
60 MPa
8
= 20 MPa
80MPa e 80 MPa
b

b) Prove that the hollow shaft of same material, same weight and same length is more
stronger than the solid shaft in case of torque transmission. [8]

5. a) Derive Euler critical buckling load formula for a column having one end fixed and the
other end free. Discuss the limitations of Euler buckling formula. {61

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

downwards point load of 'P' kN at the free-end. Determine the value of 'P' and the

moment of resistance of the beam. Teke permissible bending stress in tension and
compression as 150MPa. The cross section is shown in figure. [8]

;, 18cm
==

ya
6 cm

18 cm

+

4 cm

A

6. A cylindrical shell of 260mm exteinal diameter 2.5 m length and 5mm wali 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 a longitudinal joint (85% efficiency) and
circumferential joint (65% efficiency). Take Young's modulus = 200GPa and Poisson's
ratio = 0.3 -

tel
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p—t
.

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

100 kN

25 kN/m

3Im

A5

-

2. a) What is product of inertia? 2]

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

40 cm

100 cm
5 45 cm

30cm

120 cm
3. a) Derive the expression for the total elongation of a 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 cm, together support a load
3000 kg as shown in figure below. Determine the stresses in each rod. Take

E,=2 x 10° kegfem® Ec= 10° kg/em’ (8]
000
3000 kg ———
4m
Ji7 777 ////; T7 77 7F 777 ‘Z'lm‘




1. a) For the state of plane stress shown in figure below determine.

3

(8]

it) orientation of principal planes

i) principal stresses
iv) normal stress on the plane of maximum shear stress

iii) maximum shearing stress

/\60 MPa
80 MPa [ 1 50 MPa
e J/ ‘ >80 MPa
/ 60 MPa
: 3 S e e
b) Derive torsional equation. =i ES - [8]

a) A simply supported beam of span Sm loaded with udl 4 kN/m. Determine the
maximum value of bending stress 15 cm above the base of the cross section. The

cross section is T-section as shown in figure. [8]
10cm
3m
5
{ &
"~ 3em
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
{71

length ‘L’ internal diameter ‘d’ and thickness ‘t’.
*kok
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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]
3 30 KN
J 20 kN/m ; 15 kN/m
i B 3C°CNTTTIRC D
4m 4m 9m . %
25m
506N |
2.5m
g S
2. a) 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]
7;—
150 cm)

¥

-2 le200m,lS0cm )
3. Derive the expression !er 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 x 10° kg/em® and 10° kg / cm’. [6+6]
5000 kg l
s e =
N >
(5] o




4. a) For the state of plane stress shown in figure below determine (i) the principal planes
(ii) principal stresses (iii) the maximum shearing stress and the corresponding normal

stress. [8]
, 15MPa
- 30 MPa

A -

A
=
15 MPa

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

5. 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 80 mm above the base of the cross section. The cross

section of the beam is I section and the dimensions are shown below. [8]
E 30cm >
3cm
A 4
A
5 e 14 cm
'3 cm
y
i 30 cm .
1™ 1
6. Explain the different types of stresses in thin walled cylinders. [6]

* 3k %k
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Draw axial force, shear force and bending moment diagrams for the frame shown in
figure below, mdlcatmg the principal numerical values at salient points.

5 KN/m IWEH
vY.¥ ¥ N v l L
Imeignhl D E 71 2
e m
hinge 2
3m
7/‘_5‘ e
f'm
2
a * +
3m 3m 2m

Find the principal moments of inertia and
shown in figure below.

directions of principal axes for the section as

800

Quarter Circle (in mm)

[16]

[12]




3. a) A block of steel 300 mmx150 mmx 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 (¢) = 0.30. [8]
500 KN
i 900 KN =
i /
|
: : 300 mm
700 KN €—— * | we e THRN
zoeokN |07, T o >
= ' 100 mm
R 150 mm |
: o
500 KN

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

4. a) For an infinitesimal element normal and shearing stress in the two mutually

perpendicular planes are shown in figure below. Determine the normal and shearing

“gfress on the inclined plane at an angle of 30° with vertical. Also calculate pr1nc1pal

Stresses their planes, maximum shear stress and their planes. Verify your result using

Mohr's circle. [12]

#

50MPa \\ ? SOMPa

¥

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 length of 11.25 m. Viewed
from end "A" of the shaft, 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 stress of 60 N/mm’. [10]
Tec=+30 KN.m
T/a ; {Tp=-375KNm To
A ==
A7 c! Di 7B
/] M =
4 { -
. ! -
.. 45m s 30m o N e
: 11 25,’[“ g
: 25m "
e
b) Derive the bending equation [E = % = E} ‘ [6]
¥

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

EE 3
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o Ao A

1. a) Define shear force and bending moment at section of beam.

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

[4]

~_ b) Draw axial force, shear force and bending moment diagram of the frame shown in

figure below.

20 KN

15m

[2m j

1 i

10m

[12]

2. a) Obtain the principle moment of inertia and draw principle axes for the plane figure

given below.

b) Derive the relation % =

“ |a
I
|

(8]

(8l




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

sectional area of each bar as 6 cm” and modulus of elasticity E as 2x10°N/mm’,

b) The principle stresses at a point in a bar are 100 MPa tensile and 40 MPa
compressive. Find the normal stress shears and resultant stress on a plane inclined at
60° to the axis of major principal stress.

4. a) 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.

b) 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?.

5. a) Derive euler's column formula for critical load of a column with both ends hinged.

b) Determine the slope and deflection at the free end of the cantilever beam shown in

figure below. A0EN
. e 2 S cm
A ﬂ 2m $ ‘ 2m J,
4 ‘ B C 10 cm

E = 200 KN/mm?*

kok %

(8]

(8]

(8]

(8]

18]

[8]
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Subject: - Strength of Materials (CES02)

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

... The figures in the margin indicate Full Marks.

v’ Assume suitable data if necessary.

1. a) Explain shear force and bending moments. ' [4]
b) Draw axial force, shear force and bending moment diagrams for the frame given in
figure below. 5 [12]
5 KN/m _
Lv g
Dl &
4m
ESp XL

_FZim a;’,3m

2. a) Determine principal moment of inertia and draw orientation of principal axes of the
figure shown in figure below. {12]

N

b) Define principle moment inertia. [4]

3. a) ABCis arigid bar, wire BD is made of aluminum and EC is made of steel. Determine
the stresses in rods and reactions at A. Take Ay = 4 mmz, Ag =2 mmz, Ea= 72
KN/m?, Eq =210 KN/m>. (8]

AL AL TS T AL LS
LLL B =

Aluminum barj Steel bar

1
i
im

Rigid b :
§>‘; AL oL
A B 30KN

2 el ey ]

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

90 Mpa

120 Mpa

50 Mpa

f

(= ——
98%[pa

120 Mpa

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

circumferential stress at that thin cylinders.

5. a) 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 3° per 10

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.

*kok

(8]

(8]

(8]

(8]
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Subject: - Strength of Materials (CESOZ)

v 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.

Draw axial force, shear force and bending moment diagram of the frame loaded as shown
in the figure below: arn Y [16]

)

—

80K

2. Determine the orientation of the principal axes and the moment of inertia about the
centroidal axes of composite section as shown. [12]

. 8cm ~ 12cm 8em

P N =

10 cm

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. (8]

% 80 N/mm?

60 N/mm?



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 stress
25 mm below from the top surface of the beam.

S0mm
\\ ;”'— -3
o . \\\ . . 15KN e
120mm
8KN/m |

N B

.A . B ‘i SOmm

‘\\ i 2

T b o v 200mm -

5. Derive a relation between Young's modulus of elasticity and bulk modulus.
4 ”

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 torque is
1.3 times the mean torque. Determine the power transmitted by the shaft.

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 E = 10® kg/cm?.

8. Derive an expression for Euler's formula for-crippling load of a column of length L. with
its both ends hinged condition.

*kk

(8]

(8]

(8]

(8]

[12]
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Subject. - Strength of Materials (CE502)

v" Candidates are required to give their answers in their own words as far as practicable.
v’ Attempt AUl questions.

v' The figures in the margin indicate Full Marks.

v’ Assume suitable data if necessary.

1. a) Draw bending moment diagram in the simple beam and frame shown in figure below: (4]

' 10 KN-m 3 {20 KN
1) '\ 11)
7&,. M ;&T 4 m

1 4m 6m
L \

lf Sm

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

L on i ool

2. Find the principal axes and principal moments of inertia about axes through centroid of
the given figure. Verify your results using Mohr’s circle. A i12]

‘o

2m

2m
. ‘ I‘>
P A
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INSTITUTE OF ENGINEERING Level BE Full Marks | 80
- Examination Control Divisione | Programme | BCE Pass Marks | 32
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Subject: - Strength of Material (CE 502)

v’ 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. Draw axial force, shearing force and bending moment diagrams for the following frame

“loaded as shown. Indicate salient points if any. [16]
1 1t/m
1 e T
Hinge L
# FBt/milm
= r
m
|
3m ¥ 3m ’{Lﬂ
” #
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. ' [8]
J
3m
7‘-
9m
.
V

2m 12m §, 3m 2__4,_

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

b) Determine vertical displacement of point F, if AB is a rigid 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. :

" 90KN
A v B
¥ ¥
300m
IR SR
o e AT T T L p

.- ’ D
200 400m

. 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 extemnal 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 interpal diameter.

. a) A thin cylindrical shell 4m long and thickness 1.5c¢m 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 e,
VN SKN/m {..
{ ; 12cm
;‘
. s
AZ’ 15 l J cm
k 3m v } n
t

¢) 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.

* Kk

(81

(8]

[6]

(6}

(8]

[8]



05 TRIBHUVAN UNIVERSITY
'INSTITUTE OF ENGINEERING
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Level BE | Full Marks | 80
Programme | BCE Pass Marks | 32
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Subject: - Strength of Material (CE502)

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

What are its limitations?

b) Draw axial force, shear force and bending moment diagram indicating salient points

for the frame loaded as shown.

o © 7 30KN
nge.‘,

.

20 KN/m

1 lmglm

10KN/m

2m ‘1

1m

.

4m

2. Determine' the principal moment of inertia and orientation of principal axes for the
composite section shown in figure below about its centroid.

4.5 cm

9cm

12 cm

3cm

3. a) How is offset method defined in drawing stress-strain relationship? Where is it

required?

b) A vertical 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”.

n2

[4]

[12]

(2]

(6]




c) Arigid 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 figure below. If the
area of cross-section of the steel and copper rods be 10<>m2 and 8cm respecuvely and
their respective values of E be 200GN/m’ and 100GN/m?, find stresses in each rod
and reaction at A (assume no bending in steel and copper rods). [8]

1m . 2m

X 1 lm I
T T 1 t

(727794

2m 177977
i j[lm»
B I 777777777777 777777700

A

WV

100 KN

4. Figure below shows the state of stress of point in a two dimensional stressed body
Determine the values of principal stresses and orientation bf prineipal plafies. [8] -

8 KN/em?

6 KN/cm? e

—

6 KN/cm?

12 KN/em?| _ 5
[ Ae\t——lz KN/em

8 KN/cm?

5. A thin walled cylindrical shell made up of copper plate has been filled with a liquid at
atmosphenc pressure. An additional 50 c.c. of liquid is then pumped in to 2m long
cylinder whose internal diameter is 25 cm 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/cm’. [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 25cm. The same bar when subjected to tension
elongates 0.01cm in length of 15cm under a load of 70KN. Deduce the value of poisson's

ratio for the material. [6]
7. a) Describe the importance of computing deflections in beams. Also give two typical
examples of pure bending of beam. [2+1]
b) Find the slope and deflection under the load P;. [5]
P P
'\L !j E=2x10°MPa
h— Al 1=2x10*mm*
[ 2m ¢
z T
P)=20KN
P,=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]
* %%k
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L Suliject' - Strength Material (CE 502)

¥ Candidates are requxred to give their answers in their own words as far as prac'ucable

v’ Attempt All questions. -
v’ The figures in the margin indicate Eull Marks. - A PR

V' Assume suitable data if necessary.

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

b) Draw bending moment and shear force diagrams 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 YY axes. (base and height are co]lmeal with XX and YY

© axes respectively). (41
b) Calculate principal moment of inertia and the onentatlon of the principle axes for the =
_ shaded arca shown in figure below. : 8]

15ecm

—_— . ‘ . —
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.

S0 that it remains honzontal after being loaded. Take Es - 2x10° kg/em?. E. =10 x10°

kg/em®.

b) A rigid bar ‘AB’ is hinged at ‘C’ énd connected with a steel rod and a copper rod at

4. a)

b)

a)

b

‘A’ and ‘B’ respectively as shown in figure. Both the rods are rigidly fixed with the
ceiling at the upper ends. A load of 40KN is applied at ‘B’. Find the magnitude of
stresses in the ‘steel rod and the copper rod. Cross sectional area of steel is 400mm’

and copper is 600mm?. Take Es= 200KN/mm? and Ec = IIOKN/mm

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.

©  100MN/m?
60MN/m? o f
, \ ] 50MN/m”
150MN/m’” & 1l |
60°
. ha
Y
100MN/m?

Prove that maximum shear stress in a thin cylinder is half of the longitudinal stress.
Also derive an expression for volumetric strain for thin cylinder.

A hollow steel shaft of 10cm outer diameter and 7cm internal diameter is rotatmg
with a soeed of 300rpm If the permissible shearing stiess for the material is
80MN/m? and maximum torque is 1.3 times the mean torque, determine the power
transmitted by the shaft. : :

A horizontal 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-
section miid span. The beam is of T-section with web 30cmx3cm and flange 18cm
x4cm moking overall depth of 34cm. Find the maximum tensile and compressive
stresses if the flange is at the top and horizontal.

PIOVC with Euler’s formula that critical load for 7 steel column with both ends hmged_

29m
T El
is equal to i where all parameters have their usual meanings.

— Fokok

. 18]

(8]

.

[246] -

(6]

(8]

[6]
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Subject: - Strength of Materials

Attempt any Five questions.

ANER NI NN

Assume suitable data if necessary.

The figures in the margin indicate Full Marks.

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

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

SkN/m  10kN
z

10kN/m

2. a) Calculate the principal moment of inertia about centroid and locate the principle axes

for the figure as shown below.

/r__,._zgc_rnf—u’k
4

/ : .

hinge

"

e— 10kN
3m
- o 1m
3 2m

15cm

};_

radius = 4cm (hole)

15cm V4
A

4

b) Derive an expression for the elongation of uniform solid circular bar of diameter ‘d’

and length ‘I’ due to-it’s self weight.

(16]

[12]

[4]



3. 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? 4
—>

C 2
40 N/mm

. S 60°
<——t— '-:F—?leON/mmz

A
S

b) 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 x 10>mm. Calculate the Poisson’s ratio and the modulus of
elasticity.

4. a) Derive the torsional equation T/J = ©/R = G8/L.

b) A thin cylindrical shell is 4m long and has 1m internal diameter and 12mm metal
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 =2 x 10°N/mm’ and p = 0.3.

5. a) A stepped solid circular 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. A ,
$gem PHogem 4xNm - Ydom
A
/ {
4 \_. w2 kNm
3 %10 kNm
{ ) 4 [va

50cm ~ S50cm # 50cm

b) A simply supported beam of 6m-span is subjected to a concentrated load of 20kN at a
distance of 4m from.the left support. Calculate (i) The position and the value of
maximum deflection (ii) Deflection under the point load.

20kN 20kN

v ¥
#2m /‘%"2m : 2m7?7

)..,“ﬁ'fs‘olid 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 is 0.8 times, the external diameter.

b) Describe the Mohr’s ciréie for stress.

* ok

(8]

(8]
[6]

[10]

(8]

(8]

(8]
(8]

B |

. b

1

)

B
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v’ Attempt any Five questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.

1. a) Explain static determinacy and stability of the following truss. : _ [4]

Real hinge

7Yy .

..b).. Draw axial fofce, shear force and bending moment diagrams for the following frame.  [12]

77

L 6m .
1 A
2. a) Calculate the principal Mol and their orientation for the fdllowing section about X-Y
axes. [12]
12mm
T
1 f
a4 10mm

O_L 60mm .443 i
A R

b) Neatly sketch stress-strain diagram for mild-steel showing salient points. , L [41.




. @) Llive die Toldidon Of auvadlus O Tgadily (O wiks 00WILL Ul viasu\?lty \L) ana
Poisson’s ration ().

b) For the following stress condition of an element, obtam principal stresses and their
orientation. Show the results in a neat sketch.

80 />mm2
' 60N/mm?>

60N/mm?>
& 8ON/mm?

60N/mm?> ’
l 8ON/mm’

. a) Obtain deflection at point A of the fonbwing beam.

60N/mm?

80N/mm?

P\..
M m

o2l

A

31— L .
1 T

b) For the followmg shaft, obtain the angle of twist at free. end

- IOKN-m I
A = 177 : /*SKN-m
’ / - .
G =0.9x10°N/mm? % 110mm {t l:‘60mm é dia |
. | 2m 1

. a) For thin cylinders loaded with internal pressure p, obtain the relation for Hoop stress,

longitudional stress and maximum shear stress.

b) Determine the variation of horizontal shear stress for the following section where

shear force is SO KN.
|5cm lem
2cm-t -
+ — —+
Scm

. a) Prove that the limiting plastlc moment of a rectangular beam made of elastopastlc

material is 1.5 times the maximum elastic moment.

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 Sm length is used as a column with one end fixed and other end hinged.
*kk .

A~

[4]

[12]

(8

(8]

(6]

[10]

6]

[10]
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— v Attempt any Five questions.

v' The figures in the margin indicate. Full Marks.

v Assume suitable data if necessary.
4

1. a) Describe the types of supports and their reactions with necessary sketches. [4]

b) Draw axial force, shear force and bending moment diagrams for the frame shown
L - indicating salient points with their values. : [12]
: -5 KN/m
’ - T2m
- <—— 10KN 1
4m
- 4m } 2m -~igz;-;7
: L} 4
a) Define principal axes and principal moment of inertia. [4]

b) Determine the orientation of principal axes and the principal moment of inertia about
centroidal axes of the composite section shown in figure. [12]

12cm
— g
o
~
- 3. 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.

(16]

- _j:_' - ‘; 50N/mm

A PP 2
¥ 30N/mm




b)

The gap bctwee 1 bar A of cross-sectional area 160C “u 7 wnd bar B of cross-sectiotiai
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: E4 = 2 x 10° N/mm as = 12 x 10”6/°C
and Eg =1 x 10° N/mm?, o3 =23 x 107%°C.

0.26mm
-3 k-

A B

N
.
N
N
N
N
L

:}'\\\\ AN

400mm ", 4 300mm

T A

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 Gyass = 400 KN/mm? and Ggees = 80 kN/mm

Brass d = 80mm
B Steel d =60mm

Ryas

9

KN 1m v 1.2m jt_
A a7 [

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 cyhndncal 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 I section beam (symmetncal) 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 tensile or the

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

%k 3k %

(8]

- [8]
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v

—

a) Define the plastic moment capacity of beam. (4]

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. - [12]

6 KN/
o 5 kN

A . ' |

) Jon
B
2m 4——2KN
Im
N <E
A
: L 2m y - 2m Y 1Sm =~
A 7 A 7

2. a) Calculate principal moment of inertia about the X-Y axes and locate the prmcxpal

. axes of theright angled Ln.angie secuon with 15Sem x.1Semsides ... o .. .0 o [8).. . o
Y
;)T
g
Q
hl
Nv X
¥ 15“7’ A

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. . (8]
3. a) Define the modulus of elasticity, modulus of ngldlty, bulk modulus and Pmssaa s ”
ratio. :




!
¢
£

—r

i
)

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 carries a compressive load of 750 kN. Find the
Stresses and load carried by each of the steel tube and the brass tube and the amount it
shortens. Length of each tube is 250mm. Egee = 2x10° MPa Epps = Ix10° MPa.

4. a) Transform the state of stress into the principal stresses and the maximum shearing

stresses and the associated normal stresses. Show the results for both -ases on
properly oriented elements. Tensile:stress is 10 MPa, Cornpressxve strésé is 7 MPa’
and shearing stress is 10 MPa.

7 MPa
10 MPa «-l

10 MPa +— —> 10 MPa
T —» 10MPa
7 MPa

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

. a) 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 prmcxpal stresses, maximum shear stress in the wall of the
vessel material, E = 200,000 N/mm?, v = 0.3. For water, K = 2100 N/mm”.

b) Determine the internal and external diameters of a hollow shaft to tzangmit a power of
30 kW at 240 rpm if the shear stress must not exceed 100 MPa. ’I'h? ‘Sutside diametet
is to be twice the inside diameter. -

0. a); A beam of Loecuon 20cm. deep.and J0cm wide has flanges 3cm thxck and* web 2cm 3

thick. It carries a bending moment of 10 kNm at a section. Draw bending stresé’
.diagram showing values of maximum stresses in the section of the beam. Calculate
the moment camed by the flanges.

b) A hollow 5m long 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.

*okok

(12]

[i'zl

[4]

(8]

(3]

(8]

(8]
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v" Candidates are required to give their answers in their own words as far as practicable.
V' Attempt any Five questions.

v The figures in the margin indicate Full Marks.

v Assume suitable data if necessary.

1. Calculate 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 Scm. [16]

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. [16]

2KN USKN 1KN/m

= S S
g

3 15m Im 4 15m , 15m , 1.5m 1
L 1 ¥ { T !

3. a)/Derive the relationship among Poison’s ratio, Young’s modulus and modulus of
(6]

~ rigidity. : -
b) A compound tube consists of a steel tube 15cm internal diameter and lem thickness

and an outer brass tube of 17cm internal diameter and lcm thickness. Two tubes are

of the same length. The compound tube carries an axial load of 1000 kN. Find the

stresses and the load carried by each tube. [10]

Take Eqeer =2 x 10" N/em? and Eppgs = | x 107 N/em”

4. o) Prevec toy=0,1T02

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




e

b) A 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 is 20 MPa, Shear stress is 30 MPa. :

allx

5. A timber beam 160mm wide and 300mm deep is simply supported on a span of Sm. It
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/mmz, 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 is 150mm x 250mm
Point Load W =10 kN

| ' B

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 1 MPa. Calculate
circumferential stresses and change in diameter. Take E = 200 GPa and v = 0.25.

* % %

(10]

(16]
(8]

(8]



