PROBLEMS

EX1
A steel rod 25 mm diameter and 4 m long is subjected to an axial pull of 45kN. Find:

a) Stress b) Strain c) Elongation. Take E =2.1xX10° N/ mm?

Solution:
Given: d = 25mm, | = 4m = 4000mm, P = 45kN = 45000N
nd® mx25? P 45000
A_.___—*=4 o » = =91.6N/ 2
Area, 3 n 90.87mm* ; . Stress, © T 00T 1L.6N/mm
: o ; o 91.6
o i 2SN sm % = S ——— -4
Elastic modulus, E - I, e = i 436x10

€

Also, Strain, ¢ = §l_l_ ; -~ Elongation, 8/ = ex/=4.36x10* x4000 = 1.744mm

EX?2

A steel rod 20mm diameter is subjected to a tensile load of 40kN the extension of rod
was found to be 0.5mm in 400mm length. Find: (i) Stress (ii) Strain (iii) Modulus of elasticity

Solution:
Given: d = 20mm, | = 400mm, P = 40kN = 40x10°N . 8! =0.5mm

nd® =®x20? " P 40x10’
=——=——"=3142mm" ; .. Stress, O=—=——=12730N/ mn’
Area, P A 3142, ON/mm
8 05 o 12730
. =—=—=0.00125 ; , Elastic modul =—= = :
Strain, €= =20 ic modulus, £== 000125 = 101840N /mim
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P1l

A load of 5 kN is to be raised with the help of a steel wire. Find the diameter of the steel
wire, if the stress is not to exceed 100 MPa.
Data : Load, P=5kN=5x 10 N= 5000 N (.- 1kN=10°N)

Stress, ¢ = 100 MPa = 100 x 10¢ N/m? = 100 N/mm* (1 N/mm? = 10° N/m?)

Solution : Let, d = Diameter of steel wire in mm

- : T 2
Area of cross-section of steel wire, 4 = Z d*, mm?

All bl i Load N £
owable or Working stress, ¢ = Area of cross- section of steel wire A4
5000 . 5000 x 4

= ;le., &=
T 4 nt x 100
4
.. Diameter of steel wire, d = 7.98 mm =~ 8 mm
P2

A tensile test is performed on a brass specimen 10 mm in diameter using a gauge length of
50 mm. When applying axial tensile load of 25 kN, it was observed that the distance between
the gauge marks increase by 0.152 mm, Calculate the Modulus of elasticity of brass.

Data : Diameter of brass specimen, d = 10 mm
Gauge length, /=50 mm
Axial tensile load, P =25 kN =25 x 1000 = 25000 N

Extension of gauge marks, 8/=0.152 mm
Solution :

n
Area of cross-section of brass specimen, A = 4 xd = -E x 10 = 78.54 mm?

Axial tensile load

s - —P- 25000
tress, = “Area of cross - section of brass-specimen ~ 4 7854 318.31 N/mm?
, Extension of gauge marks -8 _ 0152 .
Strain, € = Gauge length i T i AR

Stress © 31831

Strain € 3.04x 10~ - 104707.24 N/mm?

Modulus of elasticity of brass, E =

=104.71 x 10° N/mm?
- Modulus of elasticity of brass, £=104.71 x 10’ N/mm?,
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P3

A punch with a diameter 20 mm is used to punch a hole in an aluminium plate of thickness
4 mm. If the ultimate shear stress for aluminium is 275 MPa, what force P is required to
punch through the plate.

Data : Diameter of punch, d = 20 mm
Thickness of plate, 1 =4 mm

Ultimate shear stress for aluminium, 7, = 275 MPa = 275  10° N/m?
=275 N/mm*  (-+ 1| N/mm?® = 10° N/m?)

Solution :
Sheared area = mdr =& x 20 x 4 = 251.3274 mm’
Shearing force, P = Ultimate shear stress Sheared area
=1 X 251.3274 =275 x 251.3274=69115.04 N
— = 69.115x 10° N=69.115 kN (-+ 10°N=1kN)
P4

The following data pertains to a tension test conducted in laboratory :
(i) Diameter of the specimen = 15 mm
(ii) Length of specimen = 200 mm
(iii) Extension under a load of 10 kN = 0.035 mm
(iv) Load at yield point = 110 kN
(v) Maximum load = 190 kN
(vi) Length of specimen after failure = 255 mm

(vii) Neck diameter = 12.25 mm
Determine : (i) Young's modulus
elongation (v) Percentage reductio
15,

Solution :
(i) Young's modulus or Modulus of elasticity
ulate the value of stress and strain within proportionality or

To find Young's modulus, calc . S P _
elastic limit. As for the load 10 kN which is within proportionality or elastic limit, the extension is

given, consider this load.
At a load of 10 kN

(ii) Yield stress (iii) Ultimate stress (iv) Percentage
n in area (vi) Safe stress adopting factor of safety of

Load
Stress, © = Qriginal area of cross - section of specimen
MeR, Ok CrOss

3
_ §_= I0kN _ 1:><10 _ 56.5884 N/mm? [+ 1 KN =10°N]

Rl 15
0 xd a

Strain corre di ; Increase in length or Extension
grondingto fiis load; e Original length or Gauge length

=== _ﬁiS_S_‘S: =323362.286 N/mm?

Strain € .75 x 10

323.362 x 10* N/mm?
S 19
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(1) Yield stress (o)

Load at yield point
Original area of cross - section of specimen

1IOKN 110 x 10°

xd? X x1s?
4 4

Yield stress =

=622.473 N/mm?

(iii) Ultimate stress (c)

Maximum load or Load at ultimate poi
Ultimate stress = —— : pf)mt
Original area of cross -section of specimen

19O kN 190 x 10°

- = 1075.18 N/ 2
%Xd2 :‘"-:xls2 e

(iv) Percentage elongation

. Toal increase in length
LI08 =
Percentage elongation Original length or Gauge length %199

Length of specimen after failure

— Length of specimen

Length of specimen * 100
= -25%:;.0 x 100 = 27.5%

(v) Percentage reduction in area

Coni Original cross - sectional area
Percentage reduction in area =

= = Final cross - sectional area
Original cross - sectional areg x 100

Original cross - sectional area — Cross - sectional area at failure
E Original cross - sectional area

x 1

Ex15- % » 12252

2 2
=4 4 x 100 =u22'£.xlw=33.3%
E><152 15
4

; - i failure)?
[+ Cross-sectional area at failure = g (Diameter at neck or failure)]

(vi) Safe stress

Yield stress 622473
Factor of safety |5

Safe stress = =414.982 N/mm? =415 N/mm’

20
BAPUJI POLYTECHNIC, SHABANUR DAVANGERE



PS5

“ A rod of diameter 15 mm and 50 mm long is subjected to tensile load of 25 kN. The

modulus of elasticity for steel rod may be taken as 200 kN/mm’. Find stress, strain and
elongation of the bar due to applied load.

Data : Diameter of rod, 4= 15 mm ; Length 6!‘ rod, /= 50 mm
Applied tensile load, P=25kN=25x 10’ N (- 1 kN=10’N)

Modulus of elasticity, £ = 200 kN/mm? = 200 x 10* N/mm’
Solution :

(i) Stress (o)

Applied load P 25 % 10°
Stress, o = P : = = = 141471 N/mm? (Tensile)
Arca of cross-sectionofrod ® . o T 152
4 4
(ii) Strain (e)
ST A X (.
Modulus of elasticity, £ = D
141471
ie.,200x 10 =
. Strain, € = 7.07355 x 10~

(iii) Elongation (8/)
Change in length or Elongation  §/

R Length of rod g3
ol
ie, 7.07355x10* = 50
. Elongation, 8/ = 0.0354 mm
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P6

g v mreme

A rod of cross-sectional area 15 mm x 15 mm and I m long
load 22.5 kN. Calculate the stress and decrease in leng

is subjected to a compressive
th, if Young's modulus js

200 GN/m?,

Data : Cross-sectional area of rod, A = 15mm x 15 mm = 225 mm’
Length of rod, /= 1 m = 1 x 10’ mm = 1000 mm (- I'm= 10° mm)
Applied compressive load, P=22.5 kN = 225x 10°N (- 1 kKN= 10° N)

Young's modulus E = 200 GN/M* = 200 x 10° N/m? = 200 * 10° N/mm’
[-- 1 GN=10° N/mm?; 10° N/m? = 1 N/mm’]

Solution :
(i) Stress (o)

e Applied compressive load _ P _ 22.5 X 10° _ 100 N/mm? (Compressive)
? Area of cross-section ofrod 4 225
(ii) Decrease in length (8/)
-y 2 _Stress _ ©
Modulus of elasticity or Young's modulus, £ = Stain ' B
. 100
i.e.,200x 10 = e
. Strain, e = 5 x 10*
Change in length or Decrease in length 3/
Also, Strain, &€ = = Length of rod - 7
o/
ie,5x10* = m

Decrease in length, 8/=0.5 mm
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P7

& ¥ : help of a steel wire. The permissible tensile stress
is to be raised with the help :

a Ioa';l :z:elx‘?ee:l 70 N/mm?. What is the minimum diameter of wire required? What will

:,:o:,gmlon for 3.5 m length of wire? Assume Young's modulus is 196.2 GN/m’.

Data: LOad.P=4kN=4XIO’N=4000N(-..|kN=|01N)
Permissible tensile stress, ¢ =70 N/mm?
Length of steel wire, /= 3.5m=13.5 % |0’ mm = 3500 mm (+ 1 m= 10" mm)
Young's modulus, £ = 196.2 GN/m* = 196.2 x 10° N/m* = 196.2 x 10° N/mm’
(- 1 GN'=10° Nim? ; 10° N/m? = | N/

—

Solution : (i) Minimum diameter of steel wire
Let, d= Diameter of steel wire in mm

: . . T _n
. Area of cross-section of steel wire, 4 = i d* mm?

Permissible tensile stress, ¢ = Loac.i — = -’—)
Area of cross - section of steel wire A

e 70 = 4000 2 4000 x 4

L., Exdz v e, d=—

4

. Minimum diameter of steel wire, d = 8.53 mm
(ii) Extension of steel wire

St (]
Young's modulus, £ = rc:ss =—
Strain €

70

(3
<. Strain, € = 3.5678 x 10

Le., 196.2 x 10?

Al Shaboe Change in length or Extension = &

Length of steel wire /

o/
3500
~. Extension of steel wire, &/ = 1.2487 mm = 1.25 mm

ie,3.5678 x 10 =

D
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P8

A mild steel bar of 15 mm diameter was subjected to tensile test. The test bar was found

to yield a load of 90 kN, attains a maximum load of 180 kN and ultimately fails at a load of
67.5 kKN. Determine the following :

Tensile stress at yield point, ultimate stress and stress at breaking point, il the diameter
of the neck is 7.5 mm.

Data : Diameter of steel bar, d= 15 mm
Load at yield point=90 kN =90 x 10’ N (.- 1 kN = 10° N)
Maximum load = 180 kN =180 x 10° N
Load at breaking point = 67.5 kN = 67.5 x 10’ N
Neck diameter = 7.5 mm
Solution :
(i) Tensile stress at yield point (o)

Load at yield point
cross-scction of bar

Tensile stress at yield point, 0, = (Original area of

3 5
90 kN _ 90x10° _ 509 3 N/mm’

——

R0 By5
=%a 4

"

(ii) Ultimate stress (O)
Maximum load s
Ultimate stress, G, = Griginal area of cross - section of bar

3
180 kN _ 180X 10" _,41¢ 6 N/mm?
Exdz -;EXISZ

(iii) Stress at breaking point (0,) '
Load at breaking point
Nominal stress at breaking point, s = Qriginal area of cross- section of bar

3
_ 67.5 kN _ 67.5x 10" _ 181.972 N/mm?
L x d* T—t- x 15?
4 4

24
BAPUJI POLYTECHNIC, SHABANUR DAVANGERE



P9

The following data pertains to a tension test conducted in laboratory :

(i) Diameter of specimen = 20 mm
(ii) Gauge length of specimen = 100 mm
(iii) Final length = 130 mm
(iv) Final diameter = 11.5 mm
(v) Yield load = 92 kN

(vi) Ultimate load = 165 kN
(i) Yield stress (i) Ultimate tensile stress (iii) Percentage elongation (i

termine :
De uction in area.

Percentage red
Solution :

(i) Yield stress (0)
Load at yield point

Yield stress, O, = Qriginal area of cross - section of specimen

92kN _92x 10’
Txd? Tx20°
4 4

(i) Ultimate tensile stress (o)

= 292.845 N/mm’ [+ 1 kN=10"N]

Ultimate load
Original arca of cross - section of specimen

Ultimate tensile stress, o =
~

1I65kN 165x%10°
= = =— =525.21 N/mm? [-- 1 kN =10’N]
z X dz *‘4— X 202

(iii) Percentage clongation

Total increase in length of specimen
Gauge length of specimen

Percentage elongation x 100

Final length — Gauge length 130 - 100
x100=—""—"

= 0,
Gauge length oo~ 100=30%

(iv) Percentage reduction in area

On'ginal cross - sectional area

¥ v — Final cross - sectional area
Percentage reduction in arca = = - x 100
Original cross - sectional area

X202 % %115

2N 2

= 4 - 4 x 100 = 20—121_5 x 100
= x20° 20
4

= 66.947 %

n
(- Final cross-sectional area = 7 % (Final diameter)?]
25

BAPUJI POLYTECHNIC, SHABANUR DAVANGERE



P10

A hollow steel column has to carry an axial load of 3 MN, If the external diameter of the
column is 300 mm, find the internal diameter. The ultimate stress for steel is to be 480 N/
mm?’, Take factor of safety as 4.

Data : Axial load on the column, P=3MN=3x 10°N (-- | MN = [0* N)
External diameter, @ = 300 mm
Ultimate stress for steel, 6, = 480 N/mm’
Factor of safety = 4

Let, Internal diameter = d,

Ultimate stress _ 480 _ |20 N/mm’

Safe or allowable stress, 0 = Factor of safety 4

- 247
o2 _4)=—x(300"-4
Cross-sectional area of steel column, 4 = z X (d, -4 ) 4 (

P

Axial load & _E_-—————z-
Safe siress, 0 = Cross - sectional area of column ” X (da2 - d, )

3x10°x4
3x10° : P oo ot
e, 120 = 3 ; ie, (00°-d)=T0xn
zx(SOO’-d})
1.e., 90000 - d‘z = 31831 ; 1.e., d'2=(90000—3183|)

~. Internal diameter of steel column, d = /58169 = 241.2 mm
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P11

A steel rod 30 mm * 12.5 mm and 500 mm long is subjected to an axial pull of 75 kN.
Determine the changes in length, width, thickness and volume of bar. Young's modulus is
200 kKN/mm? and Poisson's ratio is 0.3.

Data : Length of rod, /= 500 mm ; Width of rod, b = 30 mm ; Thickness of rod, /= 12.5 mm,
Axial pull, P=75kN=75x 10° N,
Young's modulus, E =200 kN/mm? =200 x 10* N/mm? (- 1 kN=10°N

5 .
Poisson's ratio, ; =03

Solution :
(i) Change in length
Cross-sectional area of the rod = Width or rod * Thickness of rod
e, A = bxt=30x%12.5=375 mm?

- \ =y
Stfess in the direction of load. g = Axial pull
4 Cross - sectional area of rod
gt _75x|o’_mN, :
B T S - it
Young's modul = S = L
s e Longitudinal or Linear strain €
~-Longitudinal or Linear strain, e = % = Ws;.ol—or = 103
Also, Longitudinal strain,e = —ange in length _ 5/
& "€ = “Original length [
<+ Change in length, 8/ = e x /=« 107 < S00=0. . n

(ii) Change in width

Lateral strain
Longitudinal strain

N = X I
Poisson’s ratio, ; -

i
.. Laternal strain = e Longitudinal strain =« 0.3 = 107 =3 = 10

Change in width Cha in thic
Also, Lateral strain = oﬁ;;%mwidm A m';f.;lmk s =§bﬁ-%
.~. Change in width, 85 = Latecral strain * Original width (5) =3 = 104 x 30 = 9 x 10’ mm
(iii) Change in thickness
Change in thickness & = Lateral strain * Original thickness (1)
= 3x10*%x125=375x 10" mm

(iv) Change in volume 3
Original volume,v = [br= 500 =< 30 = 125 = 87500 mm?®

Let, Change in volume = 8v

: i . 5 (l — 3) = Longitudina i 2
Volumetric strain, €, = 7 7 = ongit I strain x (l ==
Sv
- — = 0¥ x (] -2x03
€ 187500 ( )

-. Change in volume, v = 75 mm’[As the valuc of &v is +ve, itis i Nl
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P12

A steel bar 2.4 m long and 30 mm square is elongated by a load 400 kN. If Poisson's ratio
is 0.25, find the increase in volume. Assume E = 200 kKN/mm’,

Data : Length of bar, /=24 m =24 x 10’ = 2400 mm (++ | m= 10" mm)
Width of bar, b= 30 mm
Thickness of bar, 1= 30 mm (- Square cross-scction)
. |
Poisson's ratio, — =025 ; Load P = 400 kN =400 x 10°N
Young's modulus, £ = 200 kN/mm? = 200 x 10° N/mm? (- | kN = 10" N)
Solution :

Stress in the direction of load, ¢ =

P13

Axial load P 400x 10’
Cross-scctional arcaofbar  bxf 3030
. Stress, 6 = 444 444 N/mm?

Stress o

Linearstrain €

Young's modulus, E =
' i 2= 107
5 L il ot % 10-
- Linear strain, € E 200x10° 2.222
Original volume,v = /bt = 2400 x 30 x 30 = 2160000 mm’ = 2.16 x 10° mm’
Let, Change in volume = dv
i s_v_gx(,_g)_l. m.n(,_g)
Volumetric strain, € = TR % inear strai =

dv
i e = 2222 % 10° (1 -2 x 0.25
M 216 % 10° ( )

~. Increase in volume, 8v = 2400 mm’ [As v is +ve, it is increase in volume]

The Young's modulus for a given material is 100 kN/mm? and its Modul 3
40 kKN/mm’. Determine its Bulk modulus and also its latera) contraction :: :: r:i‘l'afz‘
is 50 mm, length 2 m and extension 2 mm. 2 -

Data :

Young's modulus, £ = 100 kN/mm? = 100 x 10° N/mm* (-- 1 kN =10*N)
Modulus of rigidity, G or C = 40 kN/mm? =40 x 10’ N/mm?

Diameter of bar, d = 50 mm ; Length of bar, /=2 m =2 x 10* mm = 2000 mm
Extension of bar, 8/ =2 mm
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Solution :
(i) Bulk modulus
Reaction between Young's modulus, Modulus of rigidity and Bulk modulus is
9KG 9KC

Young's modulus, £ = G+3K % C+3K where K = Bulk modulus
: 9K x 40 x 10°
e, 100 x 107 = (40xlO’+3K)

(9K) (40 x 10%)

e, (40 x 10° + 3K) = (IOOXIO’) =36K
ie,40x10° = 3.6 K-3K=K(3.6-3)=06K
4 3
. Bulk modulus, X = % = 66.667 % 10° N/mm?

(ii) Lateral contraction

PR . 5 3K-2C 3x66.667 x10°~2 x 40 x 10’
olsson'sratio, 77 = 6K + 2C 6 x 66.667 x 10° + 2 x 40 x 10°

OR

=0.25

mE
Modulus of rigidity, C = m where E = Young's modulus

mx 100 x 10°

i.e..40 x10° = 2(m+ l)

) ~ mx100 x 10’
Le,mtl = o 40x10°

e, =125m-m=m(1.25-1)=025m

=125m

1
.. Poisson's ratio, -’;'- = (.25

& 2
Longitudinal strain, e = 7 = 2000 107
I Lateral strain
Now, Poisson's rato, - = Longitudinal strain
025 x 107 =2.5% 10"
. Lateral strain = 2 x Longi“‘di"al S
m
_ Change indiameter _ 32
Also, Lateral strain = Original diameter WO AULE 10 x 50
3 strain o
~ Lateral contraction or change in diameter, 8d = Lateral =0.0125 mm
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P14
' A bar of steel 1 m long, 50 mm wide and 10 mm thickness is subjected to an axial load of

10 kN in the direction of its length. Find the changes in length, width, thickness and
volume. Young's modulus is 200 KN/mm’ and Poisson's ratio is 0.25.

Data : Length of bar, /=1 m =1 x 10’mm = 1000 mm (-; | m =10’ mm)
Width of bar, b= 50 mm ; Thickness of bar, /=10 mm
Young's modulus, £ = 200 KN/mm? = 200 x 10° N/mm? -+ | kN = 10°N]

Poisson's ratio, -} =(.25; Axial load,P=10kN=10x 10°N

. : .
Stress in the direction of load, o = Axial load B P __10x10 - 20N,
Cross -sectional area ofbar b xr 50 x10
Stress o
Young' i .
a2 T o e
& . 30

. Longitudinal i S —
g nal strain, & E 200x10° 10+
Change in length _ &l
Original length ~ /
<. Change in length, 8/ = ¢ x / = 10~ x 1000 = 0.1 mm
(ii) Change in width

Also, Longitudinal strain,e =

Lateral strain
Longitudinal strain

’ = X
Poisson's ratio, —
m

1
<. Lateral strain = =X Longitudinal strain = 0.25 x 104=12.5 x 10

Change in width Change in thickness  §p St
Original width ~ Original thickness ~ 5 1
<. Change in width, 86 = Laternal strain x b = 25x10° % 50=1.25 % 10> mm

(iii) Change in thickness
Change in thickness, 8¢

(iv) Change in volume
Original volume,v = /b= 1000 x 50 x 10 = 500000 mm?
Let, Change in volume = v

Also, Lateral strain =

Lateral strain x t =2.§ x 10°x 10=2.5 x 104 mm

: ) X _Ov _ ¥ 2 2
Volumetric strain, g, = i R k= ; = Longitudinal strain x (I - ;)
dv '
i.c., 500000 = 10 (1 -2 x0.25)

Change in volume, 8v = 25 mm’ [As the value of dvis +ve, it is increase in volum
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P 15
. Il of 80 kN. The measured extens;

A bar of 30 mm diameter is subjected to an axial pu 004 mm, Cal
is 0.1 m on a gauge length of 200 mm and the change in di'"::‘e;::u?;s e N'lodu:::l
the Poisson's ratio and the values of Young's modulus, Bulk m

rigidity.
Data : Diameter of bar, d = 30 mm
Extension of bar, 8/ = 0.1 mm ; Gauge length, /=200 mm
Change in diameter, 84 = 0.004 mm
Axial pull or Applied tensile load, P = 80 kN = 80 x 10’ N (- 1 kN = 10°N)

Solution : (i) Poisson's ratio (%)

Lincar or Longitudinal strain,¢ = —on8¢ in length
Original length

. Change in diameter &4 0
Lateral strain = — = 9.
W ER T Original diameter g = ag_ = 1.333 x 10*

Lateral strain 1333 % 10~
Longitudinal strain ~ ~ 5 x jo= = 0.2667

; = ]
Poisson's ratio, —
m

(ii) Young's modulus

Longitudinal stress, g = S Axial pull P 80 x10’
ross - sectj s
1onal area of bar A n 2
Z xXd
_80x10°x 4 :
T \
T x 302 ==“3]8]Q/n-u-nl
Young's modul = Stress
5x10™ =226.36 x 10° N/mm

(iii) Bulk modulus (K)
-2
Young's modulus, £ = 3K(1 - —2‘) = 3K(m—m—) where K = Bulk modulus
m
mE  3.75% 22636 x 10°
Bulk modulus, K = 3(m—2) 3(3.75 - 2)

1
161.686 x 10° N/mm’ [; =0.2667 ; .. m=3.75]

(iv) Modulus of rigidity or Shear modulus (G or C)

1 + ]
Young's modulus, £ = 2C (l + ;) = ZC(mm ) where C = Modulus of rigidity

mE _ 3.75x22636x 10’

Modulus of rigidity, C = 2(;1; l_j * 2375+ 1)

=89.35 x 10’ N/mm?
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END
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