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Chapter 2
Compound Stresses and Strains,
Thin Pressure Vessels
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Principal Planes:

— The planes which have no shear stress are known
as principal planes. It mean planes of ‘zero shear
stress’.

— The normal stresses, acting on a principal plane,
are principal stresses.
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 Methods of determining stresses on oblique
section:

— Analytical Method
— Graphical Method
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Analytical Method

* Member subjected to direct stress in one
plane:

e 6
P L;J B
b am— B;"' —F
Fnl'
0.=0c05°6
0,=0sin26
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* A rectangular bar of area 1000Ommf is
subjected to an axial load of 20kN. Determine
the normal and shear stresses on a section
which is inclined at an angle of 30° with the
normal cross-section of the bar.

a) 1.5N/mmz2, 0.866N/mm?2
b) 2.0N/mm2, 1.5N/mm?2
c) 2.5N/mm2, 2.0N/mm?2
d) 3.0N/mm2, 2.5N/mm?2



Cross-sectional area of the rectangular bar,

A = 10000 mm?2
Axial load, P=20%kN=20,000 N
Angle of oblique plane with the normal cross-section of the bar,
6 =30°
. _ P 20000 ;
Now direct stress, o= A " 10000 =2 N/mm
Let @, = Normal strese on the oblique plane

0, = Shear stress on the oblique plane.
Using equation (3.2) for normal stress, we get
o = 7 cos” f
= 2 x cos® 30°
= 2 x 0.866%
= 1.5 N'mm? Ans.
Using equation (3.3} for shear stress, we get

ﬂﬁ%ﬂinﬂﬂng x sin (2 x 50°)
- 1'x sin 60° = 0.866 Nimm?, Ans.
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(¢ o=2 Nmm?)
(*- cos 30° = 0,B68)
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* Arectangular bar of cross-sectional area of 11000mm?
is subjected to a tensile load P as shown. The
permissible normal and shear stresses on the oblique
plane BC are given as 7N/mm? and 3.5N/mm?,
respectively. Determine the safe value of P.

P . P )
e
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Avea of eross-section, A = 11000 mm? ff/y H.IN TWERSJI D
MNormal stress, o, = T N/mm?
Shear strags, o, = 8.5 N/mm?* i .
Angle of oblique plane with the axis of bar = 60°. - MR
Angle of oblique plane BC with the normal eross- 6"
gection of the bar, B
0= 90" - 60° = 30°
Let F = Safa value of axial pull
o = Safe sfress in the member.
g, =0cos’ B or T=0cos? 30°
= 0 (0.866) {(** c¢os 30° = 0.866)

7
B 0866 x 0,866

o o = 9.334 N/mm?

11
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Gﬁgsinﬂﬂ
a . a . ¥
35="1g8in?2 30" = = PR
; ndx zmnﬁﬂ* Exﬂ,ﬂﬁﬂ
Jox2
—_ = b
o T 8,083 N/mm?,

The safe stress is the least of the two, Ze., 8.088 N/mm?.
Safe value of axial pull,

F = Safe stress % Area of cross-section
=B,083 % 11000 = 88913 N = 88,913 kN. Ans.
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Topics covered in previous class:

Stresses on inclined plane

Stresses on inclined plane when subjected to simple shear

o _

Principal planes and Principal stresses -

Methods of determining stresses on oblique plane
— Analytical and Graphical

21
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* Arectangular bar of cross-sectional area of 11000mm?
is subjected to a tensile load P as shown. The
permissible normal and shear stresses on the oblique
plane BC are given as 7N/mm? and 3.5N/mm?,
respectively. Determine the safe value of P.

P . P )
e
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Avea of eross-section, A = 11000 mm? ff/y H.IN TWERSJI D
MNormal stress, o, = T N/mm?
Shear strags, o, = 8.5 N/mm?* i .
Angle of oblique plane with the axis of bar = 60°. - MR
Angle of oblique plane BC with the normal eross- 6"
gection of the bar, B
0= 90" - 60° = 30°
Let F = Safa value of axial pull
o = Safe sfress in the member.
g, =0cos’ B or T=0cos? 30°
= 0 (0.866) {(** c¢os 30° = 0.866)

7
B 0866 x 0,866

o o = 9.334 N/mm?

23
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Gﬁgsinﬂﬂ
a . a . ¥
35="1g8in?2 30" = = PR
; ndx zmnﬁﬂ* Exﬂ,ﬂﬁﬂ
Jox2
—_ = b
o T 8,083 N/mm?,

The safe stress is the least of the two, Ze., 8.088 N/mm?.
Safe value of axial pull,

F = Safe stress % Area of cross-section
=B,083 % 11000 = 88913 N = 88,913 kN. Ans.
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* Topics covered in previous class:

e Stresses on inclined plane in 2-D stress system

Obliquity

25
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FORMULAS DERIVED

Normal Stress

Shear Stress

Resultant Stress

Maximum Shear Stress

Obliquity
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o,+0
0=+ —12—2 cos26
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* The tensile stresses at a point across two mutually
perpendicular planes are 120N/mm? and 60N/mm?.
Determine the normal, tangential and resultant

stresses on a plane inclined at 30° to the axis of
minor stress.
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Minor principal, o, = 60 N/mm? ’
Angle of oblique plane with the axis of minor principal stress,
6 = 30°.

Normal stress
The normal stress (o) is given by equation

g = i ;02 3 20 ;02 cos 20
< 60 it 120 + 60 120-60 .
ITﬂTTm‘MﬁTT o > 4 2 cos 2 x 30
Haea / = 90 + 30 cos 60° = 90 + 30 x
pam P = 105 N/mm?. Ans.

4——| major sirass |

HHL

a, = 60 Nimm®

Jifii
L1

30



Tangential stress
The tangential (or shear stress) o, is given
by equation

1792 oin 26

ET::

- m}T‘m sin (2 x 50°)

= 3!] = 8in 60° = 30 = 0.8686

= 25,98 N'mm?*, Ans.
Reswliant siress

The resultant stress (o) is given by equa-
tion

ag = Jo. % e a,? = /105 + 25987

= (11025 + 674.96 = 108.16 N/mm?

= WOVELY
) IPIROFESSIONAL
" WINIVERSITY

5nninj India

. Ans.
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e The stresses at a point in a bar are
200N/mm2(tensile) and 100N/mm2 (compressive).
Determine the resultant stress in magnitude and
direction on a plane inclined at 60° to the axis of the
major stress. Also determine the maximum intensity
of shear stress in the material at the point.
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Major principal stress, o, = 200 N/mm®
Minor principal stress, @, =— 100 Nfmm?
(Minus sign is due to compresaive siress)
ng]e of the plane, which it makes with the major principal stress = 60°
Angle B = 90° - 60° = 30°,
Reaufﬂunt gtress in magnifude and direction
First caleulate the normal and tangential stresses.

100 Mimm-
e + S .,...E
5"""‘—" : : =" =
§ ——] A::i:e:ni' I E
] VLN SM05S e W

rYYYYYYYYy
100 M/mm

33



@, = Y1 ;'j“ + 2L ;E'* cos 26
_ 200+ (- 100) | 200 - (- 100)
2 2
cos (2 = 30°)
{0 B =307

_ 200 - 100 . 200 + 100
2 2
=5[|+15ﬂ:-:-% {-; msﬁﬂﬂ:%}
= 50 + 75 = 125 N/mm?&.
Using equation (3.7) for tangential stress,

cos GOF

2
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0,= 2% sin 20 - 2020 in (2 ¢ 30%

_ 200+ 100

— gin 607 = 150 x 0.866 = 129.9 N/mm?2,

34
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for resultant stress,
= J15625 + 1687 = 180.27 N/mm?2.

The inclination of the resultant stress with the normal of the inclined plane is given by

o, 1209
banﬁ—an 125

&= tan-l 1.04 = 46" 6.

Meximum shear stress
Maximum shear stress is given by eguation
Gy -0y 200-¢-100} 200+ 100
2 2 R

= 1.04

= 150 N/mm?®

{-Gl }ﬂl X =

35
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* At a point in a strained material the prmupal
tensile stresses across two perpendicular
planes, are 80N/mm2 and 40N/mm?2.
Determine normal stress, shear stress and the
resultant stress on a plane inclined at 20° with
the major principal plane. Determine also the
obliquity:.

* What will be the intensity of stress, which
acting alone will produce the same maximum
strain if poisson’s ratio is .
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The plane CE is inclined st angle 20° with
major pnnmpal plane (ie., plane BC}
o = 20°

Poisson’s ratio, p = -‘:?

Let o, = Normal stress on inclined plane

CE
@, = Shear stress and
Gp = Resultant stress,
gy~ -
O = o ;02 * ‘2 * cos 20 = 80;40 g L cos (2 x 20°)

= 60 + 20 % cos 40° = 76.32 N'mm?®, Ans.

The shear stress is given by equation
G~ 0y 80-40
0, = —5 sin 26 = >

= 12.865 N/mm®. Ans.

sin (2 x 20°) = 20 sin 40°

37
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The resultant stress is given by equation

e
e s
O = {JO,° + 0,

= 75327 + 12,856 = 764 N/mm®.

a, 12856
o, 7532

12856
7532

tan ¢ =

& = tan~! = 9° 41°,

38
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Lat o = stress which acting alone will produce the same maximum strain. The max-
mum strain will be in the direction of major principal stress.

. Maximum strain = %"%'é[ﬂl - diy)
325
The strain due to stress 0= %
Equating the two strains, we got % - %
g=T0 N'mm®, Ans.

39



= HOVELY
5 IPJROFESSIONAL
7 BINIVERSITY

Tunnelnmminn Fdosnntion Tonnelnmmina Qadig

Case 3: A member subjected to Direct Stresses in two
Mutually Perpendicular Directions Accompanied by a
Simple Shear Stress

T
Figure shows a rectangular bar ABCD of f >
uniform cross sectional area A and of unit o
thickness. This bar is subjected to p =500 psi
a) Tensile stress o, on face BC and AD ( =

b) Tensile stress o, on face AB and CD
c) Asimple shear stress T on face BC and AD

{.
& |
n1: T r o, PP =g, xBCx 1
> P j.:: Q, gind /G
“ F — F




We want to caleulate normal and tangential stresses on oblique section #C, which is
inclined at an angle 8 with the normal cross-section BC. The given stresses are converted into
equivalent forces. '

The forces acting on the wedge FBC are :
P, = Tensile force on face BC due to tensile stress o
= g, x Area of BC .
=g, x BCx 1 (-~ Arvea = BC x 1)
o, x BC -
Tensile force on face FB due to tensile stress o,
cﬂxﬂreaufF.H:UExFﬂx 1
=0y % FB '
@, = Shear force on face BC due to shear stress ©
= T x Area of BC :

It

=1t x BC %1 =x»x BOC .

&, = Shear force on face FE due to shear stress T
=1 % Area of FE
=tx FB x1=1txFB.

Resolving the above four forces (i.e., P, P,, €, and €,) normal to the ob]ique section F(,
we get '

L.II.T
DTTI‘I; : ITE Ly L o
- e B #
- TP P, /il — 0, cos \\‘\f’ﬂ
_‘ f.‘ll _[_._.-.II I:,‘
- i I —+ P, =g, xBCx1
- - a F M e F
- — = -
T UG 21
k) v ¥
= FE=E3HFE.:-:1

) i)



Q‘\S"C'-ﬂ.% .OVELY
% IPIROFESSIONAL

C o
- e i
—» I:!.l-l:l:l'ﬂ: ol
:_jl B Qy
I.'l'l_d T X ..-‘n:: ."'F'1—':lli.:':ﬂll;:::ll':.l
* . Qs 2@ A5
- - = T :
i

42



Total normal force,
P"=P1cnsH+PEsinﬁ+leinE+Qﬂ cos 6
Substituting the values of P, P, &, and @,, we get
. P,=0,.BC.cos8+0,.FB.sinf+t.BC .sin0+t.FB.cos®

Similarly, the total tangentlal force (P,) is obtained by resolving P, P,, @, and @, along
the oblique section FC.

Total tangential force, _
P,=P, sin 0~ Pycos 6~ Q, cos 8+ @, sin 0
=0,.BC.sin8-0,.FB.cos8-v.BC.cos0+1t.FB.sin9

(substitute the values of P, P 2, Ql and @,)
Now, Let o, = Normal stress across the section FC, and

Q2sinQ o, = Tangential stress across the section FC. _Q1sinQ

> p1
> Qz PZSIHQ Qlco% Plco
%q PZCOW
C

L REEER e TR

o
r
e o e
S e P, S — -‘\“-..F
- ) i -
o, ] ™ a, P,=a,xBC x 1
- qznnﬂ 8
« T

TITTTIT ST

,:‘,_.:-J, £h)
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Now, Let o, = Normal stress across the section FC, and
o, = Tangential stress across the section FC.
Then normal stress across the section FC,

_ Total normal force across section FC B,
Area of section FC FOC =1
_9;.BC .cos8 +0, . FB . sinB8+t.BC.s5inB+17.FB cosH
FO =1
'B . .
=0, . .cnsB+UE-—§C.smﬂ+—c.——f;g.slnﬂ+r.-—§g.cusﬂ

=0gy.co56.cos0+0,8INn0 .s8inB+7T.cos0.8n0+Tsind.cos O

LY
SSIONAL
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[ In triangle FBC, % =cos fl and % = sin 'El')

= 0, cosZ 0 + 0, 8in? B + 2t cos 6 5in O

. 1+ cos 28 1-—cos 26 .
=0T g )t O g ) +tsin 20

( m326=lﬂ,sinzﬂ—%and 2msﬂsinﬂ-sin2ﬁl)
= “‘;U%+U1;GE cos 20 + T sin 26 (3.12)
D‘HI - — I R K i N O
- Ik I -‘\‘s
<« T P, /i— 0, cas a,
g, = | T Ta, PP =g, xBCx 1
: B QA end HI
o F " — F/ .
3 i
VT A v
L
vy Po=ayxFBx1



ELY

and tangential stress (i.e., shear stress) across the section FC, ESSIONAL
o - Total tangential force across section FC __ B /ERSITY
L Area of section FC FCx1 wforming Indéa
_0y.BC.5in0-0,.FB.cos8-1.BC.cosB+1.FB.sin#8
) FC x1
=q,. 28 Sin0-0,. 20 cosf-v. 50 cos8+1. 22 sing
1- FC ' 93 - FC = - O . . FC .

=ﬂl.msﬂ.sinB—GE.sinﬂ‘r.:usﬂ—*:.cusﬂ.msﬁ+'r.sinﬂ.sinﬂ
) BC FB .
* In triangle FBC, — = cos § and —=- = gin EJ
[ . FC FC

= {0, — 0,) . cos B sin 6 — v cos® B + vsin? @

s IS
=( L EJ.Ecnsﬂsinﬁ—ricnsﬂﬂ—sinﬁﬂ'}

2
s R 1 I. sin 26 - © cos 260 (- cos?8-—sin?@=cos 20) ..(3.13)
wrp
.l..ull. T
LI e il c
+ P, Sl — 0, cog -;IT\‘.E
o t_:ﬂ: —+ P, =g, xBCx1
1"‘ I:lzl'ﬂﬂ HI
: F P p— F .
“TTTHTILE Y
l v
¥ 'ﬂ'p_- FzzuiHFEI‘I

) ()
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Normal Stress: ¢ =2"% 4 217% 5526 + T 5in26
2 2

0] —()'2

Tangential Stress o= =

sin20 - T cos26

#
- Pl %
pEY T T 0y o8 G/b] L
i % | » P, =a, % B0 x 1
4 - F i F N
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Position of Principal Planes: The planes on which shear stress is =E<JICEES§ISFT/\\L(

zero are known as principal planes. The stresses acting on i

principal planes are known as principal stresses.
The position of principal planes are obtained by equating the I:angentml stress [given by
equation (3.13)] to zero.
For prinecipal planes, g,=0 0.—O

O=——" sin20 - T cos26

or UI;UE sin280—-tecos20=0
or HI;JE sin 20 = v cos 20
sm 20 T _ 2t
or cos20 (0 -0y} (g, -0y)
2
2t
= 3. 14)
or tan 206 (0, —03)
LT
DT‘[‘LI; _ c ¥ C ﬂ,%
L’T y SO —— , cos -;\‘,F
: 3l [_:ﬂ' I : P =axBCx1
-+ plp—r Qs end g
= . F _ n ] ‘F__ A
i 1t s v
L
g 'ﬂ',_. FE=-|:|::HFE11

{ex) )



tan 20 =

2

(o —0og)
But the tangent of any angle in a right angled triangle
_ Height of right angled triangle

Base of right angled triangle
Height of right angled triangle

Base of right angled triangle

Height of right angled triangle = 2t

== J{Gi - Ty }2 +{g—,;}2 - 'J(U'l —0'2]2 + 4

1st Case.

Then

Base of right angled triangle = (o, — a,).
Now diagonal of the right angled triangle

B {Ul—ﬂfﬂ}

J{al - r.:r-z )2 4 4x2

and - f{o, - 0g)% + 4>

Diagonal = J{a, — g5)* + 4%?

Height

sin 26 =

Diagonal \({_ql ~0g)* + 41"

{01 - Ugj

Base

cos 20 =

Diagonal 'J'[ﬂ'l — o) + At .

..{3.14)  [EOVELY
5 IPJROFESSIONAL
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Fig. 3.11
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The value of major principal stress is obtained by substituting the values of sin 26 and
cos 28 in equation (3.12). :
Major principal stress

_ 01 +0y O 0y

NAL
ITY

ndia

cos 20 + T sin 206

2 2 g
O, +0g 01 =0y -Ug (gy —@g)
— =1 2 1 = +T X
2 \[‘_ﬂ-’l *Ug)i‘?“grf Wl UE]E + 41*
01403 1 (0,-0,)" 21

®*;t —_——————
2 2 J{ﬁ] 'Ugjﬂ '|'4T- 1||{ﬂl - UE]E +41:2
Oy +03 (0, — 0g)® + 472

2 E\II('EH - Ug}g + 47°

_ Oy +Tg
2

2
_O1*% | | %1-C 2
=779 +J( 5 ) T .(3.15)

Minor principal stress

"'%J(Ul = Oy ]2 + -ll'l:2

_oitoy_ (o -cp))
TEIL )

49
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Principal
planes
BZ
g, =
%’?u,- 0, 890° + 0,
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) Y, > o.+0 0. —O. 2, -2
rincipal . . .
p s : Major Principal Stress=—-—*+ [(=-—) T
92
« 0, = »
4"%,.'0 80° + 0,
) ey 0 g . . . o.+0 O0.—O0.\2 2
—= ** Minor Principal Stress= 12 2-|( 12 )"+ 1T
“a
RAREARNN|
:_'T' P, Sil— 0, cos -‘;“uﬂ'
1 f.l ‘_:ﬂl L P =g, xBCx 1
B i o _ e F 8

2 e i
|
PE=:=:¢FE:1

()
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Maximum shear stress. The shear stress is given by equation (3.13). The shear stress !
will be maximum or minimum when

d

Eﬂ 'I:'l]'r}=|:'
or %[%siniﬂutensﬂﬂ}=ﬂ
or ﬂl—;ﬂiiﬂmﬂﬂ}xﬂ—t{-ﬂnﬂﬂjxﬂ-ﬂ

(o, — 0y) . cos 26 + 2rsin 20 =0
or 2t 8in 20 = - (o) - a,) cos 26
=[r:rz—nl]|mmiﬂ

sin 28 o, -0y

or

cos 26 2t
or tan 20 = “—f;_}ifi (3.1T)
Equation (3.17) gives condition for maximum or minimum shear
gtress.
g — ¥
Iftan 28 = —=—+~
2t -
. g = Oy iz
Then 5in 26 = = e s
Yoy -ay)? + 42® L)
x
H.I].li cos 2& = + i

Jog —0y) + 4

52
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Eubﬂt-l.tl.itlﬂg the values of sin 28 and cos 26 1n Equat.lf_]n {d 13]' the maximum and mini- dia
mum shear stresses are obtained,

Mazimum shear stress is given by

(O e = T15 22 sin 26 -t cos 20
. el {“*"E‘ij——tw__ﬂt_ﬂ -

. 'JI'[U:E —::rlfh“ + 47° J{ﬁg III'-I_:I' + 47"

[Uj el 8} :|E E‘TE
+ J=-J_ -+ s
2oy — oy )* & d2° ;i{ﬂ'g oy ) e dn

3 g il
=t7|[ch 0y ) o+ 4x -rlqjlfﬁgﬂﬁ13'2 + 4t
2 I:ﬂ:._l;_ﬂj:lﬂ']"ltz 2

(@) = = (g - 0y )F + 47

=%1llr{ﬂ1 ~gg)? + 41® A3.18)

The planes on which maximum shear stress is acting, are ocbtained after finding the two
values of 8 from equation (3.17). These two values of 8 will differ by 90°,

53
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The second method of finding the planes of maximum shear stress is to find first princi-
pal planes and principal stresses. Let 8, is the angle of principal plane with plane BC of Fig. 3.11
(e). Then the planes of maximum shear will be at 8, + 45° and 6, + 135° with the plane BC as
shown in Fig. 3.12 (),

LY

" o o ;
- e " 3 < >
i =il
-t -~ . i »
= *\‘:. ﬁg;; ;Ji'i‘ﬂ" -
¥y 1'5'-% o
. >
“ —
iy o, + 135
+ %’———r
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FORMULA’S DERIVED

+ ~ .
Normal Stress 0n=01202 + 01202 cos20 + tsin26

O0.—0
0.=——25sin20 - T cos26
Shear Stress to2

)2+T2

Major Principal Stress ERA J

Minor Principal Stress 5% \/ % cy) +T

Maximum Shear Stress (0,) .., = 5 /(0, — 0,)? + 477
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* A pointin a strained material is subJected
the stresses a shown. Locate the principal
planes and evaluate the principal stresses.

jt// ation Transform j7/

=
7 5
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The stress on the Face BU or AD is not normal. I ie-in::llnad at an Eﬁﬁiﬂ;{ﬂgiﬁ
BT or AD. This gtress can be resolved into two compenents e, normal to

and along the face BC (or AD,
rmel to the face BC or AD
Stresa e =Eﬂxﬂnﬂﬂ“=ﬂﬂxﬂ.ﬁﬂﬁ=ﬂl.9ﬁ!ﬂmm‘

along the face BC or AD
S - uﬁﬂxmsﬁﬂ"-ﬁﬂxﬂj:mﬂ-’mm?

i

A0 b .
&
+ T ™ i -
S0 MM
I
e ¥ "
N P
a0 MAmm© 4
4 ¥ w -FT ¥
A0 M
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Location of principal planes
2 2230 4995

tan2ﬂ=hl_nz'51_gﬂ-dﬂ

98 = tan-t 4.990 = T8* 42’ or 2587 42
0= 99° 21" or 129° 21°. Ans.

-

hiajur principal stress

[ &
_ G +9a * ‘ll[ul_-_ﬂi] b
" 5 a

' Y
=§1£§+4u+‘f(51.9§—4u] + 30°

= 4508 + 30.6
= 76.58 N'mm®, Ans.

The minor principal stress 15 given by equation (3. 16].

Minor principal stregs

a
oy + Ty rﬂl‘ﬂt] .
3 [ 3 ot

.. [HOVELY
| [PIROFESSIONAL
7 INIVERSITY

_ BLI6+40 ‘{[5 196 - 4::]“ \ 30°

&
= 4595 - 30.6
= 15.38 N'mm®. Ans.

2

Trnmﬁnninj Education 'Tmnx/anninj India
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At o certain point in ¢ material under stress the intensify of the resultant
stress on o vertical plane is 1000 Niem?® inclined at 30° to the normal to that plane and the
stress on a horizontal plane has a normal tensile component of intensity 600 Niem? as shown in

Fig. Find the magnitude and direction of the resultant stress on the horizontal plane
and the principal stresses.
600 Wiem:
c T ' B 1000 Nem’
mb
.
A
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Resultant stress on vertical plane AR = lﬂﬂl} ]f"-T.-"'n‘.':na2
Inclination of the above stress = 30°
Normal stress on horizontal plane BC = 600 N/em?
The resultant stress on plane AB is resolved into normal and tang&ntial component,
The normal mmp-:-nent

= 1000 x cos 30° = 866 N/cm? 600 Niem’
Tangential component ' I

— 1000 x sin 30° = 500 N/em?, ' h
/4‘
) hea

u.i = ﬁiﬂ N.ch:

c -1 B
r = 500 Nicm”
U1=E'Ea w':mz
| ~ Free body diagram of
- z .
1 | o ~888Nem  plock ABCD showing
D T A the effect of Normal
1 = 500 Nfem
¥ o, = 600 Niom® and Shear stress
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= Jﬁﬂ.ﬂﬂ + 5002 = T81.02 Nfem®, Ans.

The direction of the: resultant strese with the horizontal plane BC is given by,

oy 600
P L
tanf =—"=+55

8 = tan~! 1.2 = 50.19°, Ans,

Principal stresses

2
01 + ¥ gy — 0 a2
Principal stresses = : B 2% J(L_?.—i] +T

3
_ Eﬁﬁ;ﬁﬂﬂ . J[Bﬁﬁ ; ﬁﬂﬂ] < 5002

=733 +517.28
= {733 + 517.38) and (733 - 517.38)
= 1250.38 and 215.62 N/ecm?,
Major principal stress = 1250.38 N/cm®. Ans.
Minor principal stress = 215,62 N/cm?®.  Ans.
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GRAPHICAL METHOD : MOHR'’S CIRCLE &

Mohr’s circle is a graphical method of fmdmg
normal, tangential and resultant stresses on an
oblique plan. Principal planes and Principal
stresses will also be evaluated.
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* Signh Conventions:

— Normal stress and shear stress are represented along x-y
coordinate, Normal along abscissa and Shear along ordinate.

— Tensile normal stress taken along +ve x direction and
compressive normal stress along —ve x direction.

— Positive shear stress taken along +ve y direction and
negative shear stress along —ve y direction.

— Principal stresses are normal stresses, so obtained along x
axis.
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Mohr’s circle will be drawn for the following cases:

a) A body subjected to two mutua
principal tensile stresses of uneg

b) A body subjected to two mutua

ly perpendicular
ual intensities.

ly perpendicular

principal stresses which are unequal and unlike
(i.e One tensile and other compressive)

c) A body subjected to two mutually perpendicular
principal tensile stresses accompanied by a

simple shear stress.
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Q. The tensile stresses at a point across two
mutually perpendicular planes are 120 N/mm?
and 60 N/mm2. Determine the normal,
tangential and resultant stresses on a plane
inclined at 30° to the axis of minor stress.



Q. The tensile stresses at a point across two rﬁu’cuaﬂy
perpendicular planes are 120 N/mm? and 60 N/mm?. Determine
the normal, tangential and resultant stresses on a plane inclined
at 30° to the axis of minor stress.
Sol. 0, =120 N/mm? (Tensile) 0, = 60 N/mm? (Tensile)
©=30°
Step 1: Take ascale 1cm =10 N/mm?.
Step 2:

120 60

o,=—=12cm, 0,=—=6cm
10 10

Step 3: Take any point A and draw the horizontal line through A.
Step 4: Take AB=0,=12cmand AC=0, =6 cm.

Step 5: Draw circle by taking BC as diameter. Let O is the Centre
o the circle.
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Step 6: Draw a line OE making an angle 20 (i.e 2 x 30 =
60° with OB.

Step 7: Draw ED perpendicular to CB.
Step 8: Join AE
Step 9 : Measure lengths AD, ED and AE

E
E-Ifl".Dllll:_'l
A C== ==O =D :<B
3.00 J T
25.00 1
6.00
12.00

67



By Measurement : <5 BOVELY
Y :: IPJROFESSIONAL
Length AD = 10.50 cm & EINIVERSITY

’ﬁ'mn‘/nrminy Education 'frmnﬁzrmfny India

Length ED = 2.60 cm
Length AE = 10.82 cm
Normal Stress on = Length AD X Scale
=10.50 X 10 = 105 N/mm?
Shear Stress ot = Length ED X Scale
= 2.60 X 10 =26 N/mm?
Resultant Stress = Length AE X scale
= 10.82 X 10=108.2 N/mm?

o0

L w ~
C -H ua O =D ch
3.00 —‘

23.00

g.00

12.00



/A\ IBIOVELY
Y

3 IPIROFESSIONAL
WINIVERSITY

Transforming Education Transforming India
+ 4

 Mohr’s circle when a body is subjected to two
mutually perpendicular principal tensile
stresses accompanied by a simple shear stress

S
& & 5 A
]
O * C
* Oblique >
+ plane .
-+ »
+£ F ?F'
YYYVYY
Tz
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Sign conventions.

a) Shear Plotted
Down
Clockwise (-ve)

/> HOVELY
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S

I

b) Shear Plotted
UP
Anticlockwise (+ve)
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Take any point A and draw a horizental line through A.

Take AB = o, and AC = o, towards
right of A to some suﬂ:&ble scale. Draw per-
pendiculars at B and C and cut off BF and
C( equal to shear stress v to the same scale.
Bisect BC at 0. Now with O as centre and
radius equal to OG or OF draw a circle.

‘g~ EIOVELY

g//[’/.g IBJROFESSIONAL
&>’/ WINIVERSITY
Trar / ju/{ n Transforn ning Ina S

Through (), draw a line OF making an an-
gle of 20 with OF as shown in Fig.

From E, draw ED perpendicular to CB.
Join AE. Then length AE represents the

resultant stress on the given oblique plane.
And lengths AD and ED represents the
normal stress and tangential stress respec-
tively.
Hence from Fig. we have
Length AE = Resultant stress on the obligue plane
Length AD = Normal stress on the oblique plane
Length ED = Shear stress on the oblique plane.

—_ » ol,T

* AM and AL are max and min
principal stresses

*Angle EAM is obliquity

* Angle FOB (a) and a+180 are
Principal plane angles
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A point in a strained material is swbjectéd to stresses shown in Fig.
Using Mohrs circle method, determine the nﬂrmui and t{mgentml stresses oeross the obligue

plane. Check the answer analytically.

25 N/mm

4 35 Njmm®

85 Nfmm-

Oblique
plane

45° |

¥ a5 Nimm

25 N/mm°

685 memz_
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Sol. Given : 6, =65 N/mm?, g, = 35 N/mm?
Shear Stress t =25 N/mm?.

Angle of oblique Plane, 0 = 45°

Let 1 cm = 10 N/mm?

65 35 25
0,= —=65cm o0,=—=35cm, t=—=25cm
10 10 10

Step 1: Take any point A and draw a horizontal line
through A. Take AB = 0,= 6.5 cm and AC = 0, = 3.5 cm
towards right of A.

Step 2: Draw perpendicular at B and C cut off BF and CG
equal to shear stress t = 2.5 cm.

73



equal to shear stress v = 2.5 em. Biseet BC at 0. Now with O as centre and radius equal to OF
(or Ot} draw a cirele. Through O, draw a line OF making an angle of 26 {i.e., 2 x 45° = 90°) with
OF as shown m Fig. 3.29. From E, draw ED perpendicular to AR produced. Join AE. Then
length A} represents the normal stress and length EDI represents the shear stress.

By measurements, length AD = 7.5 ¢m and

length ED = 1.5 cm.
- Normal stress (o0.) = Length AD x Scale = 7.5 x 10 = 76 N'mm?®. Ans.
(-~ 1cm =10 N/mm?)

And tangential stress (o,) = Length ED x Scale = 1.5 x 10 = 16 N'mm®. Ans.

& .50 250

7.50 74
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Q. An elemental cube is subjected to tensile stresses of =~
30 N/mm? and 10 N/mm? acting on two mutually
perpendicular planes and a shear stress of 10 N/mm?
on these planes. Draw the Mohr’s circle of stresses and
hence or otherwise determine the magnitudes and
directions of principal stresses and also the greatest

shear stress.
Sol. 0, =30 N/mm?, o, = 10 N/mm?
Shear Stress T = 10 N/mm?.

Let 1 cm = 2 N/mm?

30 10 10
0,=—=155cm o0,=—=5cm, t=—=5cm
2 2 2
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By measurements, we have
Length AM = 17.1 cm
Length AL = 2.93 em
Length OH = Radius of Maohr's circle
=T7.05 cm
LF0OB {or 20) = 45°,
Major principal stress
= Length AM x Scale
=17.1=x2
= 34.2 N'mm?®. Ans.
Minor principal stress = Length AL x Scale

=203 x 2

= 5.B6 N'mm?®. Ans.
LFOB or 28 = 45°

=i‘§f=ﬂ.ﬁt Ans,

The second principal plane is given by 8 + 90°.

;. Second principal plane = 22.5 + 90 = 112.5".
The greatest shear stress = Length OH x Scale

A

= T.05 =% 20 = 14,1 N/mmn

% IPIROFESSIONAL
7 BINIVERSITY

Education 'Tmmfanni)l(/ India
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1 em = 2 N/mm?)

1 em = 2 N/mm?)
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R e CE TS IS

.--------------- -‘. ----------
o]
i)
L]

15.00

17.07
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Thin Cylinders and Spheres
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THIN CYLINDER AND = 8weesn
SPHEREICAL VESSEL

Cylindrical vessel Spherical vessel

)
"\. i

Source: 3d-labs.com
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If the thickness of walls of the cylindrical
vessel is less than 1/15 to 1/20 of its internal
diameter. Then vessel is a thin vessel.

Examples of vessels
Boilers

Tanks

Compressed Air
Receivers.
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Thin Vessels Subjected to Interne
Pressure

Cylindrical Shells

* p=Internal Fluid Pressure
* L= Length of the cylinder
* D= Internal Diameter

e t=Thickness of the wall
of cylinder.

* Due to this fluid pressure
the cylinder tends to split
up into two parts.

Ny

S

™ Flid Unde pressure

-

[ D —
[
e e
-
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Failure Modes of Cylmder~

\‘*\ TPrassura force  /
' Two Types of failure
L , 1. Along the Circumference
' 2. Along the length.
!
<z ) | l Stresses devolved in thin
' @ cylinder
- o 1. Circumferential or Hoop
Cross-section perpendicular - Stress
Pkibiaii 2. Longitudinal Stress
| V]
— o
] i !
e J— |

()



Circumferential Stress or Ho

Stress

*Or o, =

* Therefore
*PxdxLl=2x oy xLxt

Pxd

2t

/ WINIVERSITY

w Education 'Tmm/ﬂrmi)izj India

* Force due to fluid pressure= Px
area on which pressure is acting.

* Fo=Px dx L.

* Force due to circumferential
stress= o, X (Lxt+ Lxt)= 2x o, xLxt.

To avoid bursting,
force due to fluid
pressure must be
equal to resisting
force
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Longitudinal Stresses

Force due to fluid pressure = Force due to
Longitudinal stress

To avoid bursting,
force due to fluid
pressure must be

Px ixr?=o X2 xmuxrxt

o :ﬁ equal to resisting
L™ ¢ force
or
Pd

- 85
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d
* Hoop Stress o = z—t

. d
* Longitudinal stress o = Z—t

* Therefore
* Longitudinal stress= Half of Circumferential stress.

. d
* Maximum Shear Stress = Z—t
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* A cylindrical pipe of diameter 1.5m and
thickness 1.5cm is subjected to an internal
fluid pressure of 1.2N/mm2. Calculate a)
Longitudinal stress developed in the pipe, b)
Circumferential stress developed in the pipe.



Longitudinal Strain or axial strain

€, =€ -l(o- c)-l[@-- &j—}
TR TEC TEMWITE |t T M e
AL Pd
i O SR ol ||
==& = o= (1-2]

Hoop strain or Circumferential strain -

©1=6 = YRR TE |2t M
ad ___Pd
q =gl

Ratio of Hoop Strain to Longitudinal Strain

Pd (2-p)
€, _ circumeferentialstrain _ ' ") _ (2-n)

e longitudinalstrain 165(1_2”) (1-2pn)
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Spherical Shells

93



. IBOVELY

‘ | [PIROFESSIONAL

/ UINIVERSITY

* A thin cylindrical shell of thickness 5mm and
diameter 350mm is subjected to an internal
pressure which produces a strain of 1/2500 in
diameter. Find this internal pressure and the

consequent hoop and longitudinal stress. Take
E=2x1075 N/mm2 and v=0.3

ansforming India
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* A cylindrical thin shell 800mm in dlameter and/ o
3m long is having 10mm metal thickness. If
the shell is subjected to an internal pressure
of 2.5x1076 N/m2, determine a) change in
length, b) change in diameter, c) change in

volume.
Take E = 200GN/m2 and v =0.25



IBlOVELY
§ [PJROFESSIONAL
7 [@INIVERSITY







IBIOVELY

- \
& /| [IPJROFESSIONAL
‘ 7 BINIVERSITY

Education Transforming India

e A thin cylindrical pressure vessel 2 5m
diameter and 18mm thick is subjected to an
internal pressure of 1.2N/mm2. In addition,
the vessel is also subjected to an axial tensile
load of 2800kN. Calculate the principal
stresses, Normal and Shear stresses on a plane
at an angle of 60° to the axis of vessel. Find
also the maximum shear stress.
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« A cylindrical shell 90cm long and 20cm
internal diameter having thickness of metal as
8mm is filled with fluid at atmospheric
pressure. If an additional 20cm3 of fluid is
pumped into the cylinder, Find a) the pressure
exerted by the fluid on the cylinder and b) the
hoop stress developed. Take E = 2x1075
N/mm2 and v=0.3
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A thin cylindrical shell made of 5mm’ thlck
steel plate is filled with water under a
pressure of 3N/mm2. The internal diameter of
the cylinder is 200mm and its length is 1m.
Calculate the additional volume of water
pumped inside the cylinder to develop the
required  pressure. Given for steel,
E=208kN/mm2, v=0.3 and for water,
K=2200N/mm?2.
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* In athin cylinder, the stress which acts along the circumference
of the cylinder is known as

a. Longitudinal b. hoop c. normal d. tangential.

* Acylindrical pipe of diameter 2m and thickness 2cm is
subjected to an internal fluid pressure of 1.5N/mm?2.What is the
longitudinal stress developed.

a. 70MPa b. 50MPa c. 60MPa. d. None of theses

* A thin spherical shell an inner diameter 400mm is subjected to
an internal pressure of 2.5N/mm?2. if the hoop stress is not to
exceed 100MPa, What is the thickness of shell ?

a.2.5mm b.5mm c. 10mm d. None of theses
e Circumferential stressis __ of the longitudinal stress.
a.one third b. half c. twice d. thrice.
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MCQ QUESTIONS. >/ AT

* In athin cylinder, the stress which acts along the circumference
of the cylinder is known as

a. Longitudinal b. hoop c. normal d. tangential.

* Acylindrical pipe of diameter 2m and thickness 2cm is
subjected to an internal fluid pressure of 1.5N/mm?2.What is the
longitudinal stress developed.

a. 70MPa b. 50MPa c. 60MPa. d. None of theses

* A thin spherical shell an inner diameter 400mm is subjected to
an internal pressure of 2.5N/mm?2. if the hoop stress is not to
exceed 100MPa, What is the thickness of shell ?

a.2.5mm b.5mm c. 10mm d. None of theses
e Circumferential stressis __ of the longitudinal stress.
a.one third b. half c. twice d. thrice.
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Shear stress on a principal plane is

a. Maxaimum

b. Minimum

c. Zero

d. A non-zero value

Principal planes are those on which normal stress is
a. Zero
b. Maximum
c. Minimum
d. Either maximum or minimum
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Shear stress on a principal plane is

a. Maxaimum

b. Minimum

c. Zero

d. A non-zero value

Principal planes are those on which normal stress is
a. Zero
b. Maximum D
c. Minimum
d. Either maximum or minimum
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Which one of the following Mohr’s circles represents the state of pure shear?

§e
(a) ()

\_/ /

t

(€) #/\ | (d) L/‘
< AL

g
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Which one of the following Mohr’s circles represents the state of pure
shear?

t
(b) |

\_/ /

(a)

t

() # (d) k/‘
4 > .

g

—
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At a point two mutually perpendicular stresses are 120MPa and 60MPa and shear
stress is 40MPa. The maximum shear stress developed is:

a) 60MPa

b) 50MPa

c) Zero

d) None of the above

Consider a two-dimensional state of stress given for an element as shown in the figure given

below:;
l 100 MPa
What are the coordinates of the centre of Mohr's Circle?
a (0, 0)
200MP3 @] s 200MPa b. (100, 200)
c. (200, 100)
d. (50, 0)

T 100 MPa
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At a point two mutually perpendicular stresses are 120MPa and 60MPa dHd"sHedr ™
stress is 40MPa. The maximum shear stress developed is:

a) 60MPa B
b) 50MPa

c) Zero

d) None of the above

Consider a two-dimensional state of stress given for an element as shown in the figure given

below:
l 100 MPa
What are the coordinates of the centre of Mohr's Circle?
a (0, 0)
200MP3 @l s 200 MPa b. (100, 200)
c. (200, 100)
d. (50, 0) D

T 100 MPa
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At a point in two-dimensional stress system ox = 100 N/'mm*, oy = Ty = 40 N'mm-.
What 15 the radius of the Mohr circle for stress drawn with a scale of 1 cm = 10
N/'mm?*?

a Jdcm
b. 4 cm

c.5cm
d 6cm

A body is subjected to a pure tensile stress of 100 units. What is the maximum shear
produced in the body at some oblique plane due to the above?

100 units b) 75 units c) 50 units d) O units
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At a point in two-dimensional stress system ox = 100 N/'mm*, oy = Ty = 40 N'mm-.
What 15 the radius of the Mohr circle for stress drawn with a scale of 1 cm = 10
N/'mm?*?

a Jdcm
b. 4 cm

c.5cm
d 6cm

A body is subjected to a pure tensile stress of 100 units. What is the maximum shear
produced in the body at some oblique plane due to the above?

100 units b) 75 units c) 50 units d) O units

C
(Max shear is
at 45 deg)

117



= [HOVELY
) IPIROFESSIONAL
&’ WINIVERSITY

ning India

Major principal stress at a point is 220MPa and radius of Mohr’s circle is
70MPa. Then Minor Principal stress is given by

a. 80Mpa b. 150 Mpa c. 20 Mpa d.200 Mpa.
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Major principal stress at a point is 220MPa and radius of Mohr’s circle is INIVERSITY
70MPa. Then Minor Principal stress is given by Ty 2

a. 80Mpa b. 150 Mpa c. 20 Mpa d.200 Mpa.
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* Practice Question

A cylindrical vessel is 1.5 m'diameter and £ m Iorf;g is -::Ias?d at ends by
rigid plates. It is subjecied to an internal pressure of 3:Nitnm?Z, If the maximum principal gtress |
is not to exceed 150 N/mm?Z, find the thickness of the shell. Assume E = 2 x 10° Nimm?* and
Poisson’s ratio = 0.25: Find the changes in diameter, length and volume of the shell,
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Dia., | d = 1.5 m = 1500 mm 2. OVELY
Length - L=4m=4000mm . %) BIROFESSIONAL
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Max. principal stress = 150 N/mm?
Max. principal stress means the circumférential Btreas
. Circumferential stress, o, = 150 N/mm?
Value of £ = 2 x 105 N/mm?.
Poisson’s ratie, p = 0.25
‘Let ¢ = thickness of the shell,
= change in diameter,
ol = change in length, and
8V = change in volume.

p::c:d

%
_ pxd _3x1500

T 2xa, 2x150

E}';‘ =

= 15 mm. Ans.
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2
= 311_5{]0 = [l—lk 0.25] = 0984 mm. Ans.
2x15x2x10° 2

_pHdHL[l_ )
oL = 2=k 2z ™

3 x 1000 x 4{]{]{; (1 —{}.25]
2x168=x2x10 2
.75 mm. Ans.

2
&V:jrﬁVz—Lx(ExdzxL)

- 3x1500 (B 3x 15002
- 2 ~2x0.25 | = S
2:-:2_:-:1{! _xlﬁl 4x10” x1b

2000 2000 \4
3 [.— % 15@02 X 4&00) = 10602875 mun3. Ans.
~ 2000 |
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