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Sub]ect - Strength of Materials (CE 502)

v Candidates are required to give their answers in their own words as far as practxcabie

v Attempt All questions.
v The figures in the margin mdtcate Eull arks
v Assume suitable data if necessary.

1. a) Define point of contraflexure. Derive the relationshl;p between rate of loading, Shear

force and Bending moment. - [2+4]
b) Draw axial force shear force and bending moment diagram for a g1ven loaded frame.
Also write the salient features. : [10]
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2. a) Define principal moment of inertias and principal axes. , 12}
b) Determine principal moment of inertias and principal axes passing through the
centroid for the following shaded area. [10]
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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. [6]
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b) A»Ci»rcvzxiiar-har 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]
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4. Direct stresses of 100 MPz in tension and 60 MPa in compression are applied to an elastic
~ material at 8 certain point on planes right angles to each other. If the maximum stress in
not 1o 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 its planes. 81

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 Nimm2. Also
calculate change in diameter, length and volume of the shell. Take E = 200 GPa and
poisons ratio = 0.3. ‘ - -

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 torque that can be applied at joint C.
“What is the shear stress at A? : ' {81

(6}
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7. A simply supported beam of span 10m is to carry unifomly 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. ' S [81

8. Derive the Eulers formula for critical load for a strut with both end hinged. [61
' ' T -
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Candidates are required to give their answers in their own words as far as practlcable
Attempt Al questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a) Briefly explain the properties of internal hinge. What do yous understand by pomt of

contraflexure? . - 2+2]
b) Draw AFD, SFD and BMD for following beam. Also indicate the silent features. [12]
20 KN/m
80 KN
. S0 KN
mh\\ | % PKNm v
A £ Hinge 17
. l b | 1
T 2m | Im Mmt Zm 1 3m !
a) Define product moment of inertia. 2]

b) Calculate the principal moments of inertia of the section given in figure 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]

jﬁ cm
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. a) Determine the expression for elongation in bar having uniformly tapering circular

section subjected to tensile load P. [6]

b) A steel rod of cross sectional area 1000mm” and two brass rod each of cross sectional
area 800mm?> together support the load of SOKN. Calculate the stresses in the rod,
Take E for steel as 200GPa and E for brass as 100 GPa. [10]
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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
N

, ——t—= 20 MPa
80MPa ‘ ’ g__‘ 80 MPa
20 MPaL_é-—"E:J |

60 MPa

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. (81

5. a) Derive Buler 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. Take permissible bending stress in tension and

- compression as 150MPa. The cross section is shown in figure. [8]

o 18 ¢ e

/ j}cm

18 cm

4 cm

6. A cylindrical shell of 260mm external diameter 2.5 m length and Smm 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 a longitudinal joint (85% efficiency) and
circumferential joint (65% efficiency). Take Young's modulus = 200GPa and Poisson's
ratio = 0.3 : [6]
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v' Candidates are required'to give their answers in their own words as far as practicable.

v’ Attempt Al 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

\! .
G ngsfq/j ZL
]

20 KN/m

7 9 —=e— 2m —=j=—2m —~
2. a) What is radius of gyration? . Ny
b) Determine principal moment of inertia about the centroidal axis of following figure. [10]
‘ v [Quarter of'a circle :

15cm

1. sl ~]
Fi5em U 30em -+

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 values of Poisson's ratio and three elastic -

moduli. [6]

b) A composite bar made up of steel and aluminum is rigidly fixed between {wo supports
as shown in figure. The two bars are free of stress at initial temperature of 25°C. Find
fhe stresses in the two bars when the temperature increases to 50°C i,
" i) The support are unyielding
i) The supports move away fron each other by 0.1 mm.
[Given: Es=200 GPa, Eo=70 GPa, 05=13 x10°5/°C, 0a=23.1x107%/°C] [10]
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é( ' Steel j Aluminium ;
é 4 cm dia. 6 cm dia. 3

Nrdee

v 50 cm v 70 cm
A e
4. 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 MPa
50 MPa—i—* «T—so MPa
30 MPa )
30MPa

“b) A 1mlonghollow cylindrical shaft is to be designed to transmit a power of 1670 Kw
cat 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
- magimum torque is 30% greater than the average torque. shear modulus of material is
. 255GPa. . - 8]

5. 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. - 6]

b) 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 T-section
as shown in figure. : ' (8]
100 mm '

e
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50 mm

\
K

108 mm

6. 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 to 6N/mm?. Take E=2.10x10°N/mm?, v=0.3
and K=2100 N/mm”. . (6]

ok ke
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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, shear force and bending moment diagram for the given frame. Indicate

numerical values at salient points. [16]

30N
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2. a) What do you understand by principle moment of inertia and principal axis? S 4]

§ | . ; »
P b) Determine the principle moment of inertia of the given figure. - (10
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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 / cm’. [6+6]

i 5000 kg

-+

copper -
steel
copper

ST SS S im




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

15MPa

#’17'_‘? 30 MPa

60 MPa

15 MPa

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

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.

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.

. 30 cm R
»~
Jem
v
A
pl—le—2 cm 14 cm
A 4
FY
3cm
¥
| : 30 cm

!

6. Explain the different types of stresses in thin walled cylinders.

18]

(8]

18]

[8]

6]
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v’ Attempt All questions.
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1. Draw axial force, shear force and bending moment diagrams for the frame. Indicate
numerical values at salient points. ’ [16]
k"% 25 kwm
C m /j
4m
: son | P
—
B
Im
.+ 2. a) Whatis product of inertia? [21*‘:&
'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
45 cm
l 30cm
120 cm

3. &) 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° kg/em? B = 10° kg/em? [8]
‘ 3000 k, _
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4. a) For the state of plane stress shown in figure below determine. [8]
it) orientation of principal planes

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

iif) maximum shearing stress

260 MPa
80 MPa | y 50 MPa
< ?—}so MPa
-
60 MPa
1, Go
=2 18]

b) Derive torsional equation. —=-—+=
) d J R L

5. a) A simply supported beam of span 5Sm 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. 81
10 cm
3m
E
(3]
{ <
- Jcm
b)- Derive ‘an expression for the Euler’s formula for crippling load on a column with both
ends fixed. , {8]
6. Derive an expression for the volumetric strain of a thin walled cylindrical vessel with its
{71

length ‘L’ internal diameter ‘d” and thickness “t’.
*
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Candidates are required to give their answers in their own words as far as practicable.

Attempt Al questions. ,
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

Draw axial force, shear force and bending moment diagrams for the given frame. Indicate

numerical values at salient points. [16]
50 KN
Internal Hinge ,
’ ' B *L(‘ Doyryy-ooo
il m I1 m ! - F
3m
30 KN/m' T X
L,
i
Define principal moment of inertia and principal axes. Determine the principal axes and
principal moment of inertia of the given section. [2+10]
\7&
7
/
L__d.—.‘__-.—-'——«-—»v
07 70

a) A rigid bar 3.5 m in length is hinged at L and is supported by steel rod SM and copper
rod PN as shown in figure below. If the length of SM and PN are 1 m and 0.75 m and
cross-sectional area 2 cm® and 4 cm” respectively, determine stress in each of the rods
and elongation of the steel rod if a load of 100 KN is applied on the bar at a distance
of 2.5 meters from the hinge. . [8]
Take Ec = 1.2x10° KN/m? and Eg = 2x10 *KN/m®
The bar is horizontal prior to the application of the load.

I IINIId

&l l Lllid

P

\l. ik M

[=
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100 kN

EGopper
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o

b) Sketch the stress and strain dic:ram for »uild steel as per tensile test and describe the
characteristics points. ' :

4, a) Two planes AB and BC which are at - alit angles, carry shear stresses of intensity
17.5 N/mm? while these planes also carr;’ a tensile stress 70 N/mm? and compressive
stress of 35 N/mm® respectively. Determine the principles planes and. principal
stresses and also determine maximum shear stress and the plane at which it acts.

35 N/mm?®
ﬂ._..,.,,:.?..‘_.,...__.;&'_,' 17.5 N/mm?
C B
2
‘ 70 N/mm 70 N/mm®
D
R T N— Z A
17.5 N/mm?*
35 N/mm®

b) A copper plate vessel in the shape of thin spherical shell 50 cm radius and 1 em shell
thickness is completely filled with a fluid at atmospheric pressure. Additional fluid is
then pumped till the pressure increase by 10 MN/m?. Find the volume of this
additional fluid, given that the poisson's ratic is 0.26 and modulus of elasticity 100

- GN/m* for the shell material. :

'5.-a) A hollow cylinder shaft is required to transfer 500 K'W at 120 rpm. The maximum

torque is likely to exceed the mean forque by 25%. If the shear is not to exceed 60

MN/m? and the twist not to exceed 2° for a length of 4 m, find the minimum external
diameter of the shaft to satisfy above conditions. Take diameter ratio to be 2/5 and,

G = 80 GN/m”,

'b) A Cantilever beam 5 m in length is subjected to load as shown in figure below.
- Determine the value.of bending stress 30 mm below: from:the top surface of the beam.

60 mm

A sKNm

150 mm

60 mm

250 mm

6. Classify the column based on their nature of failure pattern. Derive the expression for the
Euler's formula for crippling load on a column of length I with both ends hinged
condition. : :

ok ok

(8]

[3+5]
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v Candidatss are required to give their answers in their own words as far as practicable.

v Attempt All questions.

v’ The figures in the margin ma’zcate Full Marks.
v Assume suztable data if necessary.

1. Draw ax1a1 force .shear. f01ce and bending moment dlagrams for the frame shown in
figure below, 1nd1cat1ng the principal numerical values at salient points.

[16]

- 10KN

ZK_N/mq YV Y V.Y VY VY V¥V l ,

o|  E

10 KN/

2. Find the principal moments of inertia and directions of principal axes for the section as

shown in figure below. [12]

800

*
£

-

800 . .
Quarter Circle (in mm)






3. a) A block of steel 300 mmx150 mmx
figure below. Find the change in the

100 mm is subjected to axial loads as shown in
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.

. /900 KN 7

/ .

|
T00KN <—1 + |

i 300 mm
pfmaip 700 KN

90KN |70

L]

. gy X
‘ “AO mm

50 mm
nadl

500 KN

b) What is the stress concentration? What effect is produced in_brittle material due to‘f

stress concentration?

4. a) For an infinitesimal element normal aiid "éhearing strésé"ﬁi{iiwt'ﬂéwt“;ﬁahmutually '

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

N

 §
30MPa--

b) Prove that longitudinal stress is half of the circumferential stress for the thin cylinder

with neat sketch.

(8]

[12]

[4]
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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]
Te=+30 KN.m
T £ [ Tp=-375KN.m b
2 ir i ' —
A7 Ct Di . B
/] i : -
1 B i 2
L 45m © 30m ,  375m
N ; i Lor =
. 11.25m N
b) Derive thé'bending eqﬁéﬁon S M = E - [6]
a - y L R : "
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. - ) v [6+2]
dk
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" &) Define shear force and bending moment at a sectien of beam. [4]
moment diagram of the frame shown in 1

[y
.

b) Draw axial force;-shear force and bending
figure below. _
30 KN/m

10m

3
i

2. a) Obtain the principle moment of inertia and draw principle ax

es for the plane figure
given below. ' .

8]

8]



3. a) Find the forces in each members of the bar system shown in ﬁgure below. Ta%(a cross
sectional area of each bar as 6 cm® and modulus of elasticity E as 2x 10°N/mm”. o {8l

b) The pnnc1ple 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. (81

4. a) A water pipe 500 mm internal dlameter contains water at a pressure head 100 m. If
' the umt weight of water is 10 KN/m® and allowable stress of pipe matenai is 20
N/mm?. Calculate the thickness of the pipe. - 81

b)i=Arsolid.circular:shaftis subjected to. a torque 120 Nm. Determine: the dlameter ifthe
-+« -allowable shear stress‘is 100"N/mm? and the allowable angle of twist is 30° per | {
- diameter length of the shaft. G = 10° N/mm - (8]

5. a) Derive euler's column formula for critical load. of a column with both ends hmged. (8]
o b);:Determme the slope and: deﬂectxon at the free end of tbe cantilever-beam shown in. .
- figurebelow. - - 7 (8]
_ 50KN ~ 40KN .

W n - o . B R ,
- oo v 10 cm

E =200 KN/mm?

Fokk
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v
v’ Attempt All questions.
v
v

Assume suitable data if necessary.

—_— -

. a) Explain shear force and bending moments.

b) Draw axial force, shear force and bendmg moment d1agrams for the frame given in

5 KN/m

figure below.

2. a) Determine principal moment of inertia and draw orientation of principal axes of the

figure shown in figure below,

b) Define prmc:ple moment inertia.

121

3. a) ABCisa ngxd bar, wire BD is made of aluminum and EC 1S made of steel. Determme
2 mm Ea= 72

the stresses in rods and reactions at A. Take Ay = 4 mm Ay =

KN/m? ES; =210 KN/m~.

’///f///

LSS L
D
Aluminum bar

" Rigid bar

Steel bar

§>‘\L\
]
¥ooA

I‘“zm““’i'“lm““'l'"xlm .“‘!

b) Derive a relation between Youngs modulus of elasticity, Shear modulus and bulk

modulus.

o

im
el

[4]

i

[4]

(8]

(8]



4. a) The state of s’gfess in a two dimensional stress system is as shown in figure below.
Determine the principal stresses and orientation of principal planes.

90 Mpa

v,

50 Mpa

120 Mpa

90

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 dia_imeter 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 sqlid shaft of
. same weight, material and fength, ‘ : Lo ‘

ok
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18]
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Attempt Al questions.
The figures in the margin indicate Full Marks.
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AANENEN

1. Draw axial force, shear force and bending moment diagram of the frame loaded as shown
in the figure below: ' ' {11 = -
15 KN/m
: 2. Determine the orientation of the pnnclpal axes and the moment of mertm about the

centroidal axes of composite sectlon as shown [12]

. 3. Determine the onentatlon of principal axes and principal stresses for the elemcnt loaded - 2
as shown m figure below. Also calculate maximum shear stress and. orientation of their 7 . :
plane. : : 18]

60 N/mm?



4. A cantilever beam Sm in léngtﬁ 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. ' :

Edmm
pisnal -

rs

s

_I5KN-

(81

S8kN/m 1 m@ﬂimv
svdidliillg '

57

w3

L*

S0mm
&

x

4

By - 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 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 80cc of liquid is then pumped into 3 ‘m cylindrical
g fsysheuﬁwhk:oﬁeisintema‘l:ﬁdiaﬁxetei&is*300:?wmm;fandz.wall*ithickness% 14 mm. Find the valuesof - -
‘pressure: developedon  thie! wall of ‘cylinderdue to ' this extra liquid. Take Poisson

L oratio= 0.36 and Modulus of elasticity E=10° kg/em?®. , _
" §. Derive an expression for Euler's formula for crippling load of a column of length L with
its both ends hinged condition. £ - , i
S ' Lo Py

(8]

(8]
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Subject: - Strength of Materials (CE502)

v Candidates are requn‘ed to give their answers in theu‘ own words as far as prac’ucable

v Attempt All questions.

v' The figures in the margzin indicate Full Marks.

v Assume suitable data if necessary.

1. Draw axial force, shear force and bending moment diagtani of given loaded frame. Also

show the salient feature. [16]
/% ZOKRm rm
FIRNYE R ;) BT
= A . =
L 45T E
- of inertia"and draw the orientation of principal axes ina
3. 'Ihe state of thg :stress inat ‘two- d1men51onal stress system as shown in fi gure below. Find
the principal  and:faximum shear stress. Determine also the normal and tangential

stress on planeiBD. Venfy ﬂxé results by drawmg Mohs's circle. - : [8]

- 90 KN/mm

—“-“*)B _

150 KN/mm?
;,

| [12:]-} &

A
bk

-



4. A horizontal beam 4 m long is simply sipported at ends carries a UDL ‘0 KN/m over
the whole span along with a concentrated load of 40 KN at its mid spar  1¢ Beam is of
I-section of overall depth 36cm. Find the maximum Tensile and Compre > stress. L
. : . v 15 cm | ' ‘

SR, |

4-9cm 6cnl ' 9cm.

32
tad

P o

5. Derive the expression for Euler's Critical load for Strut with one er: i and other
© hinged. Also explain the limitations to the use of ‘this formula. {81
6." A h.ollow' steel shaft, of 6.cm and 4 cm outer and inner diameters re:. ively, rotates
.. with a speed of 250 RPM. Permissible shearing stress for the material .3 MN/m.z' and
 maximum torque is 1.2 times the mean torque. For the shaft obtain; (a) I - or transmitted -
' by the shaft (b) Strength of hollow shaft. . _. o
7. Prove that the longitudinal stress at thin cylinders is equal to the half ¢ rcumferential
. _stress at that thin cylinders. » o = , T :
<A bar ABCD-fixed A and Dis siibjected: toraxial forces/as:show
- Determine the: forces in eachportion ‘of the:bar-and displacement of pois:
E=210GN/m’. o el

900 o 1800mm® Y

900 ram?,

ANy UNS

A ,
; B . C B
__06m 085m 1.1m

i 1;.




04 TRIBHUVAN UNIVERSITY [ Exam. Reg
F t - INSTITUTE OF ENGINEERING Level ' BE | Full Marks | 80
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’ 2070 Chaitra , Year/Part | 1I/1 , Time 3 hrs.
& % . .
Subject: - Strength of Materials (CE502)
= j Vs Cfﬁdidates are required to give their answers in their own words as far as practicable.
v Attempt AU questions. '
— «"  The figures in the margin indicate Full Marks.
: * Assume suitable data if necessary. :
1 a) Draw bending moment diagram in the simple beam and frame shown in figure below: [4]
y o 10KN-m 20 KN
T TR oSN R
' ' 1’57_ & ; 4m
Pl o o4 4 , |
RS N - :
raw axial force, shear force and bending moment diagram for the frame shown in B :
figure below. : [12]
.
Smij -~ A , ' ;
L o C_N\E
; L 6m >§%§m e Sm o)
bl 2. Find the principal axes and principal moments of inertia about axes fhrough centroid of
: the given figure. Verify your results using Mohr’s circle. - . - [12]
) d 6m



3. Determine the maximum permissible load if the compressive stress in the rod is not to
exceed 110 MPa and that in the tube is not to exceed 80 MPa. Take E; = 200 Gpa and
E,=100 GPa. - . S : .

L4~ Brass tﬁbe

4. The intensity of the resultant stress on a certain plane is 60 N/mm? (tensile) and is
*_inclined at-an 30° to the normal.of the plane. The stress.on.a plane right angle to this
‘“.;'p’lane,”fhasia*ﬂormalf:tensi*le:ec‘bmpunem;inteﬁsbfy;‘6f‘.40N;/.-mm"’.. = e
‘Find: “(a) The resultant stress in the second plane
(b) The principal plane and principal stresses
(c) The plane of maximum shear and its intensity

2]

"+ 5. Derive a ratio for thickness ‘of cylindrical portion fo-spherical portion for a cylindrical
.- yesset with hemispherical ends. _ , E R - [6]
6. A solid bar of metal 50 mm: diameter-and 200 -mmi‘length is-tested under tension. A 10
KN load produces an elongation of 0.0051 mm. The same bar undergoes € twist of 1°
when subjected to a torque of 4 XNm. Determine Young’s modulus.and Poisson’s ratio of _
the shaft material. ‘ . e : ' B - [6]

, where the symbols have their usual

il

=R
=<la

7. What is pure bending? Prove that

_\1
|

meanings. : ‘ : ' 147

. Calculate the bucking load for a strut of T section shown in ﬁgurev beldw. The strut is 3m
long and hinged at both ends. Take E =200 GN/m? | R 18]

K— 100 mm oy

o

el e o T TR S ol . ) i
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2071 Shawan Year/Part |1I/1 : Time 3 hrs.

Subject - Strength of Materials (CE502)

4 Candldates are required to gwe their answers in their own words as far as practicable.
v’ Attempt All guestions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
1. Draw bending moment; shear force and axial force and diagrams for the given frame.
Also indicate salient points, if necessary. : ) A ' [16]
10 KN/m ' SOKN
. fizlg p oF
P G | 1
' 46m
8§ m ; '
*20 KN/m.2

SR Calculak the principal moment of inertia, d1rect10n and position for the gwen shaded
€. {12]

7

3. a) Derive a relation between Young’s modulus and Bulk modulus. ) [8]
b) Determine the elongation of the bar as shown in figure. Take E = 2 x 10°N/mm’ (8] -

 300KN \




4 Figure below shows the state of. stress of a point in a two dimensional stressed body.

Determine the magnitude and direction of the principle stresses. | tS]
o e el
6KNfem? |
<
6 KN/em® -
' 8 KN/om® SR
5. A simply supported timber joist of S m span has to carry uniformly distributed load 6
" 'KN/m over its whole span and a point load of 15 KN at its center. Determine the
dimensions of the joist if the maximum permissible stress in bending is 10 N/mm?®. Take
the depth of the joist is twice of its breadth. o ‘ - [8]
6. Prove that the longitudinal stress at‘thin.cyﬁriders_ is equal to the half of cirbumferenti_al
" stress at that thin cylinder. S A R ' - [6]
7. A hollow steel shaft 3 m long must transmit 150 KW of power at 150 rpm. The total
angle of twist in this length should not exceed 2.5 degrees and allowable shearing stressis
60 MPa. Determine the inside and outside diameters of the shafts if G = 85 Gpa. [6]
'ﬂerivé;.ani‘JexpﬁeSSio.nszfdr ‘Fuler critical load for ‘a-strut with ‘one:end- ;ﬁxed.smxdg_a'nother,‘ e

“hinged. Explain the limitations-to the-use of this formula.
: : ST £kk
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INSTITUTE OF ENGINEERING Level BE " Full Marks | 80
Examination Control Division | Programme | BCE Pass Marks | 32
2070 Ashad Year /Part (11/1] Time 3 hrs.

Subject. - Strength of Materials (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. Determine the reactions at supports, draw free body diagrams of each members and plot
axial force, shearing force and bending moment diagram for the frame loaded as shown in -
figure below. ' [16]

(DT Tty
¥ 7
2m 4
12 KIQI' Hinge
7
6m
A ;
' 4m l 4 m 2m |
'

|
! i

2. a) "The moment of inertia forms the basis of dynamics of rigid bodies and strength' of ,
" material". Explain the statement. o 4]

' b) Determine principal fndment of inertia and their orientation of the shaded area as
shown in figure below. oy ] - [8]

T

«— Quarter Circle

>X

3. a) Explain with neat sketch a typical stress-strain diagrami for characteristics of mild
steel. Also describe stress concentrations in the strained body. [5+3]

b) A steel bar 2.5 cm diameter and 25 cm long was subjected to a tension test. On
‘applying a tensile load of 25 KN the elongation was found to be 0.005 cm and
decrease in diameter was 0.00025 cm. Calculate the value of: [8]

i) Modulus of elasticity '
ii) Poisson's ratio

- iii) Change in volume
iv) Shear modulus



4. An element in a stressed material has a tensile stress of 500 MN/m” and a compressive

stress of 350 MI\I/m2 acting on two mutually perpendicular planes and equal shear
stresses of 100 MN/m? on these planes. Find principal stresses and plot Mohr's circle to
verify your results. '

. Determine change in diameter and volumetric strain for the cylindrical shell of 2m
external diameter and 5 m length, subjected to an internal pressure of 350 N/em®. The-

Principle stress is not to exceed 16 KN/em®, Assume E = 200 GPa and poisson's ratio
0.25. ’

. A hollow shaft of external diameter 150 mm an internal dlameter 100 mm is 3.5 m long.
If the permissible shear stress is limited to 50 MN/m?, how much torque can be

transmitted and what will be the maximum angle of twist? G =100 GN/m’

. ) What are the assumptlons in pure bending? Explain.

~b) Determine the maximum value of P in the sxmply supported beam shown in ﬁgure(

below if the bending stress is limited 12000 KN/m”.

P !
l ‘ 20 cm
v 1m ¥ 4m

. 8 a): Denve an expressmn for the equivalent length of a strut when 1ts one end is fixed and

other hinged.

+‘b)+ What+do' you-understand: by termbuckling in" the «column- theory‘? Also explam ‘the:
‘limitations of Euler's formula for the analysis of long column. _

%ok %

(8]

6]

(6}

2] -

[6]

¥
e
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05 TRIBHUVAN UNIVERSITY Exam. :
INSTITUTE OF ENGINEERING Level BE | Full Marks | 80
Examination Control Division | Programme | BCE | Pass Marks | 32
2069 Chaitra Year/Part (/1 Time 3 hrs.

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? [4]
b) Draw axial force, shear force and bending moment diagram indicating salient points
for the frame loaded as shown. [12]
. 30 KN 10KN/m 40 KN
inge -,
{ T

.| lmglm | 2m } Im i

¥ -

2. Determine the principal moment of inertia and orientation of principal axes for the

composite section shown in figure below about its centroid. [12]
4.5 cm '
9cm
3Jem
12cm
3. a) How is offset method defined in drawing stress-strain relationship? Where is it
required? ' : [2]

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”. [6]



¢) 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 frec end B as shown in ﬁgare below. If the
area of cross-section of the steel and copper rods be 10cm? and 8cm respcctlvely 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]
o dm 2m (lm
T T T T
Cladd s
2m v 72774
‘ /E illm .
B LI T 7777777777777
N Al
100 KN o
4. Figure below shows the state of stress of point in a two dimensional stressed body. i
Determine the values of principal stresses and orientation of principal planes. : [8]
8 KN/em?
6 KN/em® &—of —

6 KN/cm?

ei—-— 12 KN/em?
——t—

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] - B

12 KN/em?|

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 t
elongates 0.01cm in length of 15¢m under a load of 70KN. Deduce the value of poxssons

ratio for the material. | [6]
7. a) Describe the nnportance of computmg 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]
B p |
o \L E E=2x10°MPa
é‘“‘ , Y 1=2x10*mm*
t 3m p, 2m . '
P=20KN |
P>=30KN
8. Define bucklmg load and effective length of column and derive a Eulers fonnula for
crippling load of a column of length L with its both ends hinged condition. [2+6]
Fkk
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INSTITUTE OF ENGINEERING Level &
Examination Control Division | Programme || 32
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Subject: - Strength of Matenals ;

Candidates are required to give their answers in their own words as far as practlcable
Attempt any Five questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

ANANANEN

e

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

SkN/ e
< m 10kN

L '
hinge e 10KN

o

J10kN/m

2.‘ie{‘a)?'_ﬁ%«'C’alculate the principal moment of inertia about centroid and locate the principle, axes
- for the figure as shown below. [12]

16cm
1288
8cm
B f rad1us-4cm (hole)
~15cm 'g’ l5cm .,

4

b) Derive an eXpression for the elongation of uniform solid circular bar of diameter ‘d’
and length ‘}* due to it’s self weight. : _ [4]




3.

6.

a) The state of the stress in a two d1mens10nal stress system is as shown in the figure.

Find the prmc1pa1 ‘planes and maximum shear stress. Determine also the normal and
tangential stress on plane AC. Yerlfy the results by drawing Mohr’s circle.

B C
T 40 N/mm*
’ 600 -
| l | __?_?»IgoN/mmz
A e
P "4

b) The modulus of rigidity for a material is 0. 5 % 10° N/mm?. A 10mm dxameter 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.

- Derive the torsional equation T/J = 1/R = G6/L.

b). A thin:cylindrical shell i 18:4m: long and-has' Im-internal .diameter and 12mm metal
~thickness. ' Calculate :the :maximum  intensity ‘of ‘shear  induced -and change in

nE _d1mensmns of the shell if it-is subjected to an internal ‘pressure of 2N/mm® Take

b)

a)

b)

E =2 x 10°N/mm? andp. 0.3.

a)- Astepped solid: cireular rshap@ of the: dimensions :shown. in the figure is subjected to
- .three torques.. If the material-has a:shear modulus. of: dast’ioity'G -80:GPa; find the
: "angle of twist-in-degrees-atithe free end: :Also calculate the maximum: shearing stress

in the shaft. '
p ¢§cm AoGem 4 ,1‘<Nm ¢o4cm
] '
; ( |
4 o 2 kNm'
4 w10 kNm .
¥ ¢ o

S0cm  50cm. ©  50cm
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 ZOkN

{ v
"%’m 2‘ PR m*_—

A solid 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 sactlon 1f mtemal :

diameéter is 0.8 times, the external d1ameter

Describe the Mohr’s cxrcle for stress, ., ... :

skdeck

(8]
[6]

[10]

(8]

B
S s

sy




05  TRIBHUVAN UNIVERSITY Exam,
INSTITUTE OF ENGINEERING Level BE Full Marks {80 .
Fvaminatior Control Division | Programme | BCE Pass Marks |32
2068 Chaitra . o Year/Part - [ I[/] Time .3 his.

<Subject: - Strength Material (CE'5122)’

v" Candidates are requu'ed to give their answers in their own words as far as practicable

v’ Attempt All questions. : L
v The figures in the margin indicate Full Marks. - e
v’ Assume suitable data if necessary. ‘

1. a) Derive the relation between bending moment and shea force at any section of beam, (6]

b) Draw bending moment and shear force diagrams for the beam ABC, which has hinged
qupport at ‘A’ and other support at B, supported by wire (Tensxon member) as shown
in figure : . . - [10]

14

{ 10cm & f?;cm 3

§ R

3. Two vertical rods of steel and oopper are r1g1diy fixed with the celhng at their ends at .
" 100cm apart. Bach rod is 3m lorig 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



- R e Lk A e - e TR

i

80 tha’c it remains honzontal after bemg loaded. Take ’Es - 2x10° kg/cmz. Ec =10 ><:106
kg/em?,

b) A rigid bar ‘AB’ is hinged at ‘C’ a.nd connected with a steel rod and a copper rod at
‘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. Cmss sectional area of steel is 400mm’

~and copper is 600mm?. Take Ey= 200KN/mm? and Ec = 1 10KN/mn’,

DOy //v} LAl R

4 a) Forstresses shown in figure below, find the normal and resultant stresses on the plane
shown. Find the direction of resultant strcsscs Show the results dlagrammatmaliy

| ANIGOMN/m
T il

e 150MI\I/m“’%"§‘ '

100MN/m

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

\ —H15OMN/
. .:/‘ : . A

5. a) A hollow steel shaft of 10em outer diameter and 7cm internal dlameter is rotatmg

8]

[8]

B

[2+6]

with a %oeed of 300rpm, If the permissible shearing styess for the material is. |

ROMN/m* and maximum torque is 1.3 tlmes the mean torque, determme the power
hansm:ﬁvd by the shaft. : .

b) A horizontal beam 4m long simply supported at ends carries a umformly dlstnbuted

Gl

load of 30KN/m over the whole span-along with a concentrated load of 40KN at its T-

section muid span. The beam is of T-section with web 30cmx3cm and flange 18cm

x4em making overall depth of 34cm. Find the maximum tensile and compressive

stresses if the flange is at the top and horizontal.

®

¢) Prove with Euler’s formula that critical load for o steel column withrboth ends iﬁngeci :

2
. . nE : ' . .
- is equalto i where all parameters have their usual meanings.

ook




