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UNIT I
STRESS AND STRAIN

1.1 STRENGTH OF MATERIALS

Strength of materials is a subject which deals with the detailed study about the
etfect of external forces acts on materials and ability of material to resist deformations
due to cohesion between the molecules The study of strength of materials often refers to
various methods of calculating the stresses and strains in structural members, such as
beams, columns, and shafts.
1.2. STIFFNESS

The Stiffness may be defined as an ability of a material to withstand load without
deformation.
1.3. STRESS

When an external force acts on a body it undergoes some deformation and at the
same time the  bedy presistsy deformatien. The gmagnitwde ofsthemapplied force is
numerically equal to the applied force. Thishinternal resisting force per unit area is called
stress

Mathematically

St __ Force(P)
FERS (o) Area(A)
The unit of Stress is N/mm? or KN/m?.depending upon the units of Force and Area
1.4. STRAIN

When a body is subjected to an external force, there is some change in dimension
of the body. The ratio of change in dimension to the original dimension is known as

strain.

Change in dimenstion

Sitap, = Original demension

It has no unit.
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1.5. TYPES OF STRESSES
There are mainly three types of stresses. They are:
a.Tensile stress,
b.Compressive stress and
¢.Shear stress.

a. Tensile stress & Tensile Strain

When a member is subjected to equal and opposite pulls as shown in figure, as a

result of this there is increased in length. The Stress induced at any
cross section of the member is called Tensile Stress.

; Tensile load
Tensile Stress = ————

Area
X
P ; P
i
ot 1)
p -
- -
e » Resisting force (R)
>
' (b)
o P
1—
Resisting force (R) +—— "
‘_
: (c)
-— R _"_": i —
+———
: (d)

| [
The ratio of mncrease 1n length to the ongimal length 1s known as Tensile Strain

Increase in length(Al)
Original length(l)

Tensile Strain (e) =
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b. Compressive Stress and Compressive Strain

When a member is subjected to equal and opposite pushes as shown in figure, as a
result of this there is decreased in length, The Stress induced at any cross scction of the

member is called Compressive Stress.

Compressive load

Compressive Stress =

Area
X
i
P ; P
i 3 ip—
i
" x (@
P —
S ,: Resisting force (R)
-————
(b)
—> P
Resisting force (R) ——»
—

The ratio of increase in length to the original length is known as Tensile Strain

decrease in length(Al)
Original length(1)

Tensile Strain(e) =

C. Shear Stress and Shear Strain

When the member is subjected to i)
equal and opposite forces acts tangentially ’ S _\\\ﬂ)@ N—*
at any cross sectional plane of a body the . )

body tending to slide one part of the body r— 07 A V2
\‘w RN

over the other part as shown in figure the }
[

stress induced in that section is called shear

stress and the corresponding strain is known as shear strain.

o 3|Page
biniis- Anaroia app

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools
Free PDF Study Materials

STRENGTH OF MATERIALS

1.6. VOLUMETRIC STRAIN

Volumetric strain is defined as the ratio of change in volume to the original

volume

Change in Volume(Av)

Volumetric Strain =
olumetric Strain Original Volume(v)

1.7. HOOKE’S LAW

It States that when a material 1s loaded, within its elastic limit, the stress is

directly proportional to the strain.
Stress (6) =« strain
1.8. FACTOR OF SAFETY

It is defined as the ratio of ultimate stress to the Permissible stress(working stress)

Ultimate Stress

Factor of safety =
SATY Permissible Stress

Problem 1.1 A mild stéel ¥6d 2m long @nd3Cm diametef 1s'subjécted t6 an axial pull of
[OKN. If E for steel is 2x10° N/mm? Find (&) Stress, (5)Strain,(C) Elongation of the rod.

Given:
Length of the rod, L =2m = 2000mm;
Diameter of the rod, D = 3em = 30mm;
Axial load, P = 10KN =10x10°N;
Young’s Modulus, E =2 x 10° N/mm’
To find:

(a) Stress, (b)Strain,(C) Elongation of the rod

Solution:
We know that,
Load(P) _ 10x10% _ 10 x 103
Stress(a) g %X 2 %x =
(o) = 14.14 N/mm’.
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’ Stress
Young’S modulus,(E) ~ Sieain
. Stress
~ Strain(e) "~ Young's Modulus
1414
T 2x105
=7.07x1075
Sl
Strain (e) = T
g B
or 7.07x10 =
2000

81 =2000x 7.07 x 1073
=0.141 mm

Problem:1.2 A hollow Cylinder21i long has an outside diameter of 50mm and inside
diameter of 30mm. \If the cylinder lis €arrying aload of 25KN. FKind the stress in the
cylinder. Also find'the'deformation of the'€ylifider ™ Fake E=100Gpa.

Given Data:

Length, L =2m = 2000mm,

Outside diameter, D =50 mm,

Inside diameter, d =30 mm,

Load, P =25 kN =25 x 103N
Young’s modulus, E =100 GPa= 100 x 10°Pa

— 100 x 10°N/m? = 100 X % N/mm?

= 100x10°N/mm?
To find: Stress(c) and Deformation(Al)
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Solution:
1t _ Load(P)
esale) a Area(A)
_ 25%x10% 4 5 " .
_Ex(Dz—dz) = X (50 —30°) x 100 x 10
25 x 103

B E x (502-302)
=19.89N/mm’.

Pl
Deformation(5l) = FT

(25x10%%x2000)
- % (502-30%)x100x103

=0.398mm

Problem:1.3 A short hollow ¢ast irgn ‘eylinder of external diameter 200mm is to carry a
compressive loadol 1 IMN. Determineth€ infier diameterol the cylinder, if the ultimate

crushing stress for the material is 480MN/m?. Use the factor of safety of 4.

Given Data:

External Diameter, D = 200mm,
Load, P =1.9MN =1.92106N,
Ultimate Stress, ou= 480MN/m’= fifslil%:bifmm2
= 480N/mm?,
Factor of Safety =4

To Find: Internal diameter(d)

Solution:
Working Str ) Ulitmate Stress
orkin, ess o) =
g Factor of Safety
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= |20N/mm?

Load(P)
Area(A)

Stress(o) =

1.9 x 108
:—rx( 2002-d?2)

Or 120

5 TR TpY
Or 40000-d2 = 7———
3 %120

Or d? = 40000-20159.58

= 19840.4mm°*

d=+19840.4
= 140.856mm
= say 141mm
1.9. STRESSES IN BARS OF VARYING CROSS SECTIONS

Consider the following non-uniform cross sections of a member AB,BC and CD

having cross sectional areas of A;,A> and As with their lengths of L1.L2 and L3as shown

in figure.
D
=
B
e — =
P - A4 Ao An 3
L4 Lq Lo
; . ; Load P
Tensile stress in portion,AB = =
Area Ay
PL
Elongation of AB (61,1) - 1
AE
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3 : ; Load _ P
Tensile stress in portion,BC = = —
Area A
PL
Elongation of BC (6L,) = —=
ALE
. . ; Load _ P
Tensile stress in portion,CD = = —
Area A3
PL
Elongation of CD (L3 ) = =2
AsE
Total Elongation =6L, + 6L, + 8L,
PL PL PL
s 1 + 2 + 3
AIE AzE A:.;E
P|L L L
o b B T .

ElAs Az Ay

PJL L L
BL)== A—i + Af + f;
Problem:1.4 A bar0.3m l6ng is 50mnd square in@ection Torpl 20mmyotits length,25mm
diameter for 8Omm/length and of 40mim_diameter, for'the remaining length. If a tensile
force of 100KN is applied to the bar Calculate the maximum and minimum stress
produced in it and the total elongation. Take E=200GN/m’ and assume uniformly
distribution of the load over the section.
Given data:

Total length L =0.3m = 300mm,

Width of first portion by = 50mm,

Length of first portion L= 120mm,

Diameter of second portion D> = 25mm,

Length of second portion, L= 80mm,

Diameter of third portion, D3=40mm,

Load, P = 100KN=100x10°N,

E = 200GN/m?=200x10°N/m?
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10° .
= ZGOXFNImmz = 200=10°N/mm?

To find:(1) maximum and minimum Stress
(2) Total Elongation
Solution:
L=Lj+ L2+ L3
300=120+ 80 + L3
L3z =300 - 200 = 100mm

()Maximum and Minimum Stress:

Area in sectionl (A1) = 50 x 50 = 2500 mm?

~ 100x10°
2500

o1 = 40N/mm*

Load P

Stress in segtion.2 | (62 )=
: ®:2) Area A

Area in section.2 (Az) = gDz
=2252
4
= 490.87mm?*

100x103
 490.87

o2 = 203.72N/mm?

a . Load P
Stress in Section 3 (o3) = =—
Area A3

Area in section 3 (Az)= 3402 = 1256.64mm’

100x10°
1256.64
= 79,58N/mm?
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(2)Total Elongation

(6L)=§[L—1+L—2+L—3

Ay A Az
100x103 [ 120 80 100 ]
= =0.145mm
200x103 L2500 + 490.87 + 1256.64

1.10. PRINCIPLE OF SUPERPOSITION.
When a number of loads are acting on a body, the resulting strain, according to
principle of superposition, will be the algebraic sum of strains caused by individual loads.
While using this principle for an clastic body which is subjected to a number of
direct forces ( tensile or compressive) at different sections along the length of the body,
first the free body diagram of individual section is drawn. Then the deformation of each
section is obtained. The total deformation of the body will be then equal to the algebraic

sum of deformations of the individual sections.

Problem 1.5.Abrass bar, having erogs-sectional area of 1000mm?, is subjected to axial

forces as shown in Fig.

SPKN 80LN [OkN

~— — <«
&°0kN

foom
e Im—e [0 ———

Given Data: A =1000 mm?, E = 1.05 x 10° N/mm?

To find :
The total elongation of the bar.

Solution:

The force of 80 KN acting at B is split up into three forces of SOKN, 20KN and
I0OKN. Then the part AB of the bar will be subjected to a tensile load of 50 KN, part BC
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is subjected to a compressive load of 20KN and the part BD is subjected to a compressive

load of 10KN as shown in figure.

50 kN 50 kN
— —b
A B
20 kN 20 kN
_* ‘_
B o
10 kN
10 kN
B D

Part AB. This part is subjected to a tensile load of S0KN. Hence there will be increase

in length of this part.

Therefore increase in the length of AB
P
=_1 >( Ll
AE
~ '50%1000
1000%1.05x10°3
=10.2857 mm

Part BC. This part is subjected to a compressive load of 20 KN or 20000 N. Hence

X 9600

there will be decrease in length of this part.

Therefore Decrease in length of BC

s 20 x 1000
1000 x 1.05 x 105

=1.1904 mm.
Part BD. This part is subjected to a compressive load of 10 KN or 10,000 N. Hence

X 1000

there will be decrease in length of this part.

Therefore Decrease in the length of BD

s
—AExL3

10 % 1000
= x 2200
1000 x 1.05% 10°
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Since Ly=1.2+1=2.2 m or 2200 mm
= 0.2095 mm.
Total clongation of bar =0.2857 - 0.1904 - 0.2095
( Taking +ve sign for increase in length and -ve sign for decrease in length)
=-0.1142 mm
Negative sign shows, that there will be decrease in length of the bar.

Probleml1.6.A member ABCD is subjected to point loads Py, Pz, P; and P4 as shown in

figure.
B _ C
I X
A -

£ |

P1 + 2 Pz E Pﬂ Pq

i 623 mm Bt B W mm’ —s
]

Hmﬂcm——r[-d— 60 cm —*— 90 cm —h\

Caloulaté the force P> necessampforrequilibfiumeif P1=45KN, P;=450KN and
P4=130KN. Determine the total elongation of the member, assuming the modulus of
elasticity to be 2.1x10°N/mm?.

Given Data:

Part AB : Area, A= 625mm?’ and Length L; = 120cm = 1200mm
Part BC: Area,A>= 2500mm’ and Length L? = 60 cm =600mm
Part CD: Area,A;= 1250mm? and Length L3 =90cm= 900mm

Value of E =2.1x10°N/mm?
To Find : Force P; and the total clongation
Solution:
Value of P2 necessary for equilibrium:
Resolve the forces on the road along its axis (i.e., equating the forces acting
towards right to those acting towards left), We get
Pi+P;s=P2+Py
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45 +450=P>+ 130
Or P2=45 + 450 -130 = 365 kN.
The force of 365 KN acting at B is split into two forces of 45 KN and 320KN (i.e,
365 - 45 = 320 kN).
The force of 450 kN acting at C is split into two forces of 320 kN and 130 kN (i.e.,
450 - 320=130 kN) as shown in figure.

A B

45 kN 45 kN
el — >
320 kN 320 kN
e i — ——
B C
130 kN 130 kiN
- —
C D

From Fig it is clear that part AB is subjected to a tensile load of 45 kN, Part BC is
subjected to a compressive load of 320 kN and part CD is subjected to a tensile load of
130kN.

Hence for part/ AB, there will be ihcrease in length; for part BC there will be
decrease in length and part CD there will be increase in length.

Therefore increase in the length of AB

Py
— ke e |
Ay 1
_ 45x1000
625 % 2.1 X 105

=0.4114 mm

X 1200

Therefore Decrease in length of BC
Py
=— X
A,E L,
320 x1000
2500 x 2.1 X 10°
= 0.3657 mm.

Therefore Increase in the length of CD

X 600
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130 x 1000
1250 x 2.1 x 105

=0.4457mm.
Total elongation of bar =0.4114 - 0.3657 + 0.4457

X 900

( Taking +ve sign for increase in length and -ve sign for decrease in length)
=0.4914mm (extension).
1.11. ANALYSIS OF BARS OF COMPOSITE SECTIONS
A bar, made up of two or more bars of equal lengths but of different materials
rigidly fixed with each other and behaving as one unit for extension or contraction when
subjected to an axial tensile or compressive loads, is called a composite bar.
For the composite bar the following two points are important:
1.The extension or contraction in each bar i1s equal. Hence deformation per unit length
i.e., strain in each bar is equal.
2. The total extesnalsload-en the compesite bar issequalstoythegsum ofithe loads carried
by each different material.
Figure shows a composite bar made up of two different materials,
Let P=Total load on the composite bar,
L=Length of composite bar and also lengths of bars of different materials,

Aj=Area of cross-section of bar 1,

s section of be 7 = 1
Ar=Arca fo cross-section of bar 2, / \
Ei=Young’s Modulus of barl, / \
E>=Young’s Modulus of bar 2, / % L
Pi=Load shared by bar 1, / \
P>=Load shared by bar 2, % %

e N 5.

a1=Stress induced in bar | and l
ar=Stress induced in bar 2 P
Now the total load on the composite bar is equal to the sum of the load carried by the two

bars
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Therefore P=P+P; (1)
Load carried by bar 1

The stress in bar 1 = :
» Area of corss section of bar 1

Py
aq :A_l
Or Pi= 61 A .{11)

Load carried by bar 2
Area of corss section of bar 2

Similarly stress in bar 2, =

£y
Oy = =
2 .43
Or P2=02A; ..(iil)

Substituting the Values of Py and P2 in equation (1), We get
P=01A1+ 62A2 (1)
Since the ends of the two bars are rigidly connected, each bar will change in length by
the same amount. Also the length of each bar is same and hence the ration of change in

length to the original lefigth (i.e.,straih) will be same for each bar.

N A Stress in bar 1 g
But strainin bar 1, 3 - =%
Young' smodulus af bar 1 Eq

Stress in bar 2 _ 02

Similarly strain in bar 2, = -
Young's modulusof bar 2 Ex

But strain in bar = Strain in bar 2

a9 _ 2
£ £, ..(V)

From equations (iv) and (v), the stressg;ando, can be determined. By substituting
the values of o; and o, in equations (ii) and (i1), the load carried by different materials

may be computed.

E, . _ i .
Modular Ratio. The ratio of E'_l is called the modular ratio of the first material to the
2

second.

Problem1.7.A steel rod of 3 cm diameter is enclosed centrally in a hollow copper tube of
external diameter 5 ¢m and internal diameter of 4 ¢m. The composite bar is then
subjected to an axial pull of 45 kN. If the length of each par is equal to 15 cm, determine:
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(1)The stresses in the rod and tube, and

(i1) Load carried by each bar,
Take E for stecl =2.1 x 10° N/mm? and for copper =1.1x10° N/mm?.
Given Data:

Di=3cm =30 mm,

D.=5cm =350 mm,

de=4cm =40 mm

P =45 KN =45000 N

L=15¢cm =150 mm

E:=2.1 x 10° N/mm?

E~= 1.1 x 10° N/mm?
To find (i) The stress in the rod and tube, and

PW//!X;’.-"//////X/’!////// LA

Copper
tube

%_

15cm

/111

AN AANAARANAN
777
b
(]
o
5
(=}

7

.
(7]
3

| 1y

r'y

- ; YP = 45000 N
(11) Load carried by each bar,

Solution:
Area of steel rod,

b2
4

(A) =

X302

= 706.86mm’

Area if Copper tube (Ac)

(i)The stress in the rod and tube
We Know that,

Strain in steel = Strain in copper

or ot T e

Gs Z_Egz‘—chzl.E)Ogﬁc ...(i)
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Now , Stress =

~ Load = Stess X Area
Load on steel + Load on copper = Total Load
Os X As+ae xA. =P
1.909 o. x 706.86 + o. x 706.86 = 45000
oc (1.909 = 706.86 + 706.86) = 45000

2056.25 o. = 45000

45000

gt SORR e 2
—— 21.88 N/'mm~.

Ge

Substituting the value of oc in equation (i) , we get
os= 1.909 x 21.88
= 41,77 N/mm?,

(ii) Load carried by each bar
As Load = Stress x Area
=~ Load carried by steel rodf P = o5 < A

= 41.77 %.706.86

=29525.5N
Load Carried by copper tube, Pc =P —Ps

= 45000 - 29525.5

=154745 N
Problem 1.8.Two vertical rods one of steel and the other of copper are rigidly fixed at the
top and 50 cm apart. Diameters and lengths of each rod are 2 cm and 400 cm
respectively. A cross bar fixed to the rods at the lower ends carries a load of 5 kN such
that the cross bar remains horizontal ever after loading. Find the stress i each rod and
the position of the load on the bar. Take E for steel =2 x 10° N/mm?® and E for copper =
I x 10°N/mm?,
Given Data:

Ds= D~ 2 em=20mm,
P=5 kN=5000N
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L= 400 cm=4000mm
E=2%10° N/mm?
Ec= 1x10° N/mm?
S =50 cm = 500 mm
To find (1) The stress in each rod and
(i1) Position of the load.
Solution:

Area of steel rod(As) = Area of copper rod (Ac)

~ mD?
4 x—>| Eross bar
X202 5000 N

T

=314.16mm’

(i)The stress in each rod.
We Know that,

Straimn in steel = Strain irl copper

s || O¢
or M
Es  E
O g RI0A .
o, =—FE.= X g, =2 Gc I
E. 5 1x105 ¢ ¢ (1)
Load
Now , Stress = ~ Load = Stess X Area
Area

Load on steel +Load on copper = Total Load
OsXAs+6c X Ae =P
20: % 314.16 + o % 314.16 = 45000
oc(2>314.16+314.16) = 5000

942.48c. = 5000

5000

i = 2
T 5.31 N/'mm-.

Oc
Substituting the value of oc in equation (i) , we get

o.=2 % 5.31 =10.62 N/mm’.
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(ii) Position of the load of SKN on cross bar
Let , X = The distance of 5 kN load from the copper rod
Now first calculate the load carried by each rod.
As Load = Stress x Arca
» Load carried by steel rod, P = a5 x A
=10.62 x 314.16
=3336.38 N\.
Load Carricd by copper rod, Pc =P —Ps
=5000-3336.38
=1663.62 N
Now taking the moments about the copper road and equating the same, we get
5000 x X =Psx 50
=3336.38 x 50

_ 3336.38 X 50
000

= 33.36/cm from tlic copper rod.
Problem1.9.A load of 2MN 1§ appliedion'a short.concrete/column 500mm = 500mm.
The column is reinforced with four steel bars of 10mm diameter, one in each corner,
Find the stresses in concrete and steel bars. Take E for steel as 2.1x10°N/mm? and for

concrete as 1.4 x 10* N/mm?°.

Given Data:

Load P=2kN=2x 10°N \ /.
Steel bars

Size of column =500 mm = 500 mm

500
Dia of steel rod = 10 mm mm
No. of Steel bars = 4
Es=2.1x10° N/mm? ° o
E:=1.4x10* N/mm?
To find : ooty ———
The stress in concrete and steel bars
19 |Page
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Solution:
_ nDZ
Area of steel bars(As) =4 X
il 4 %202
=314.16 mm?
Area of column = 500 x 500= 250000mm?
Arca of Concrete(Ac) = Arca of column — Arca of stecl bars
= 250000-314.16
= 249685.84mm’
We Know that,
Strain in steel = Strain in concrete
gs _ Og¢
or —_ =—
ES EC
g __z.1x105>< 18 _
% TRy 1axior O 0% )
Load
Now , Stess | =
Area

Load = Stess X Area
Load on steel +Load on concrete = Total Load
0 XAstoc XA =P
or 156: x 314.16 + o x 249685.84 = 2x10°
G¢(15X314.16r-|-249685.84)==2><106
254398.24c, = 2x10°

_ 2x10°
254398.24

= 7.86 N/mm?.

O

Substituting the value of o, in equation (i) , we get
os= 15% 7.86
= 117.93N/mm?,
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Problem1.10 A rcinforced short concrete column 250 mm * 250mm in scction is
reinforced with 8 steel bars. The total area of steel bars is 2500 mm®. The column carries

a load of 390 kN. If the modulus of Elasticity for steel 1s 15 times that of concrete, find

the stresses in conerete and stecl.

Given Data:

Size of column =250 mm x 250mm
Load, P =390 kN= 390 x10°N
Arca of steel, (As) = 2500mm’
No. of Steel bars =8
Es =15 E:c
To find : The stress in concrete and steel bars
Solution:
Area of column =250 x 250= 62500 mm’
Area of Concrete (Ac) = Area of column — Area of steel bars
= 62500-2500
= 60000mm*
We Know that,
Strain in steel = Strain in concrete
o5 O
g s
Gs =‘;—Z151-:c== 156 (D)
Now , Stress = ij:z ~ Load = Stess X Area

Load on steel +Load on concrete = Total Load
Os X Astocx A =P
or 156 % 2500 + 6. x 60000 = 390 x 10°
oc (15 x 2500 + 60000) = 390 x 10°
975000, = 390 x 10°

390 x 107

G, = = 4.0 N/'mm?.
97500
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Substituting the value of 6¢ in equation (1) , we get
os= 15 %x 4.0
=60.0 N/mm?.
Problem 1.11.A steel road and two copper rods together support a load of 370KN as
shown in figure. The cross sectional area of steel rod is 2500 mm?’ and of each copper rod

is 1600 mm*. Find the stresses in the rods. Take E for steel = 2x10° N/mm? and for

copper = 1x10° N/mm’, 370 kN
Given Data: [ W
P= 370 kN=370000N C /%/
opper Steel / Copper
— = ‘ﬂa EEE;"’
L=15 cm=150 mm 15 %
L~25 em=250 mm s g
A5=2500 l‘rlrrl2 g
Z
Z

A= 2 x1600 = 3200 mm?
E~=2 x10° N/mm’
E=1 x10° Nfmm?’ 10 cm

To find £

e ld
~
S~
5
~
~
~]

rrrr

s Y

TR RS R

L LN

i
~
o
A
~
-

The stresses in each rod .
Solution:
We Know that,

Change in length of steel rod = Change in length of copper rod

g a
or =Ls ==Lc
Es E¢
O¢ x Le XEg
Gy =——

Echs

5
_ Oc¢x 150 x2X%X10

1x105x250
= 1.20; .. (1)
Load
Now , Stress = ~ Load = Stess X Area
Area

Load on steel +Load on copper = Total Load
GsxAs‘i'Gc XAC =P
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1.26. x 2500 + . x 3200 = 370000
oc(1.2x2500+3200) = 370000

6200 o = 370000

370000
Ce = =59.67 N/mm’,
6200

Substituting the value of oe in equation (i) , we get
o= 1.2 x 59.67
=71.604 N/mm?.
Problem1.12.Three bars made of copper, zinc and aluminium are of equal length and
have cross-section 500, 750 and 1000 square mm respectively. They are rigidly
connected at their ends. If the compound member is subjected to a longitudinal pull of
250 kN. Estimate the proportional of the load carried on each rod and the induced

stresses. Take the value of E for copper = 1.3 x 10° N/mm?, for zinc = 1.0 x 10° N/mm?

and for aluminium = 0.8 x 10° N/mm?.
Given
Ac =500/mm°
Az =750'mm?
Aa = 1000 mm*
P =250 kN=250000 N
E. =1.3%10° N/mm? ,
- U/ 777 T L
2 =1.0%10° N/mm
E. =0.8x10° N/mm? + P = 250 kN
To find

(1) The stress in the each rod and

Copper
Aluminium

Zinc

(i1) Load carried by each rod.
Solution:
(i)The stress in the rod and tube
We Know that,

Strain in copper = Strain in zinc = Sfrain in aluminium
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Oc Oz Og
or _—= == ==
E¢ E; Eq
ag 1.3x105 . {605 _
= — — : — — g S 1
% TRy e pasEon o 9
Oq 1.0x10° .
Also, o, =—FE = x g, = 1.250; .11
E, * 08x105 ° ! (if)
Load
Now , Stress = —— ~ Load = Stess X Area
Area

Load on copper +Load on zinc + Load on aluminium = Total Load

CcX A X0 X Azt 0OuxA, =P

or 1.6250, % 500 x 1.25a0, x 750 + g, x 1000 = 250000N
or 2750G, = 250000
= H_ZSGDGU
2750
=90.9 N/mm?.

Substituting they value @f o: in equatien (i) and (i1) we get

o= 18629 x 909" =147.7 N/mim®.

and 8,7 1252909 413625 Nimm?.
(ii) Load carried by each bar
As Load = Stress X Area
Now, Load carried by copper rod, P =0 % Ac
= 147.7 x 500 = 73850 N.
Load carried by zinc rod, P, =0.% A,
=113.625 x 750 =85218 N
Load carried by aluminium rod, Pa = 0. % Aa

=90.9 x 1000 =90900 N
1.12 THERMAL STRESS AND STRAIN
When a material is free to expand or contract due to change in temperature, no
stress and strain will be developed in the material. But when the material is rigidly fixed
at both the ends, the change in length is prevented. Due to change in temperature, stress

will be developed in the material. Such stress i1s known as thermal stress and the
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corresponding strain is known as thermal strain. In other words, thermal stress is the

stress developed in material due to change in temperature.

1.12.1. Determination of Thermal Stress and Strain S A =
Consider a rod AB of length, fixed at both ends A ;j
and B as shown in figure. When the temperature of the L
rod is raised, it tends to expand by o TL. Where a is the ’ 3
coefficient of linear expansion.
JA B B’
When the fixity at the end B is removed, the rod is 3 L::-
freely expanded by oTL. From that we came to know BB® 3, L __l‘ aTl \

=aoTL.

Compressive load P is applied at B’, the rod is decreased in its length from

L + aTL to L as shown in below figure.

JA B B JA B =]
\ j ........ P ‘S
; p KR 1 . |
“
We Know that,
) . . Decrease in Length
Compressive strain or Thermal strain = — -
Original length
_ aTlL
L+aTL
_aTL
L
=k
Thermal Strain = aT
We Know that, Young’s Modulus, E = S
Strain

Stress = Strain x E

Thermal Stress,c = dTE
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We Know that, Stress = LoRg
Area
Or Load = Stress % Area

Load(P) = oTE * A
Suppose a rod of length L, when subjected to a rise of temperature is permitted to expand

only be A, then
Actual expansion allowed

Original length

Thermal Strain =

_ aTL— o)
L

Thermal Stress = Thermal Strain x E

TL—=&
G:u X E

1.13. THERMAL STRESSES IN COMPOSITE BARS

A composite member is composed of two or more different materials which are
joined togetherpThe fallowing figure shows the composite bars consisting of brass and
steel which are subjécted 10 temperature vatiationt Dueflo différent Coefficient of linear
expansion, the tWwednaterials (brass and steel) expand.or contfact'by different amount.

When the ends of bars are rigidly fixed, then the composites section as a whole
will expand or contract. Since the linear expansion of brass is more than that of steel, the
brass will expand more than steel. So, the actual expansion of the composite bars will be

less than that of brass. Therefore, brass will be subjected to compressive stress, whereas

steel will be subjected to tensile stress.

‘_
—

N i

Y
Y

PRLLS AL LRSS

N

N

,,K”

Tensile
stress

Compressive
stress
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Let Ay be the Arca of cross scction of brass bar,
ob be the stress in brass bar,
e, be the Strain in brass bar,
ap be the Cocfficient of linecar expansion for brass bar,
Ep be the Young’s modulus for brass bar.
As be the Area of the cross section of steel bar,
os be the Stress in Steel bar,
¢. be the strain in Steel bar,
as be the Coefficient of linear expansion for steel bar,
and E;s be the Young’s modulus for steel bar
We Knoaw that,

Load on the brass
Area of the brass

Stress in brass =

Load on the brass(Ps) = Stress in Brass (ov) % Area of the brass(Ap)
Similarly,
Load on the Steel (Ps) = Stress imSieel(cs) X Aréa of the Steel (As)

Under equilibrium condition, compression in the brass bar is equal to tension in

the Steel bar
i.e., Load on the brass = Load on the steel
GbAb = GsAs sl 1)
We know that,
Actual expansion of steel = Actual expansion of brass eval B1)

Actual expansion of steel = Free expansion of Steel + Expansion due to

Tensile Stress in steel

zcﬂh%L ... (iil)

[since E = %(or)e = %]

Actual expansion of brass = Free expansion of brass - Contraction due to

Compressive stress induced in brass
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= oy TL - 2L, .. (iv)
Ep

Substituting equation (iii) and (iv) in equation (ii) we get,

o TL, +—21, =0 TL - -2
Eg Ep

Cancelling the L terms on both sides we get,

(o2 0
xST + ~£ = oT-=2
Es Eb

Problem1.13 A steel rod of 30 mm diameter passes centrally through a copper tube of 60

mm cxternal diameter and 50 mm internal diameter. The tube is closed at cach end by

rigid plates of negligible thickness. Calculate the stress developed by copper and steel

when the temperature of the assembly is raised by 60°C. Take E for steel = 2 x 10°

N/mm’,E for copper = 1x10°N/mm?, « for steel = 12x10°/°c, « for copper = 18x10/°c.

Given Data:
Diameter of Steel rod Ds = 30mm
External diameter of copper, P. = 60mm
Internal diameter of copper, d. € 50mm
Rise in témperature, T =60
Young’s modulus for steel  Es=2x10° N/mm?
Young’s modulus for copper, Ec= 1x10°N/mm?*
Coefficient of linear expansion for Steel as= 12x107°°C,
Coefficient of linear expansion for copper a.= 18x10°°C,
To find :

The Stress in steel and copper

Solution
p2
Area of steel rod (As) = H:
_ mx302
4
= 706.86 mm?
Area of Copper tube (Ac) = E[Dﬁ —idz]
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=—160% — 50%] = 63.94mm’

Since the ends of the bars are rigidly fixed, the composite section as whole will
expand or contract. In this problem, the coefficient of linear expansion of the copper is
morc than that of steel. So, the copper will expand more than steel, But the actual
expansion of the composite bars will be less than that of copper. Therefore, copper will
subjected to compressive stress, where as steel will be subjected to tensile stress

We Know that,  Load on the Steel = Load on the Copper
Or, OsAs = OcAc -

os X 706.86 = o, x 863.9

Os x 863,94 . o
gs =————=1.220. ... (il
2 706.86 a (i1)

Also We know that,

Actual expansion of steel = Actual expansion of Copper

Or o I Ay )
B Ec

Cancelling the L terms on both sides we get,

O b
x +o” B uff
sT e T E,
1.220,
-6 0w -6 _ e
oh HasIroeliteay —UN T P

1.22ch+ Oc
2X10°% 1x10°

1.61 x 10%0.= 3.6x10"

_ Bawan™
© 1.61 X 10-5

= (18 x 105 x 60) - (12 x10-°%60 )

O¢

Gc = 22.36 N/mm’
Substituting the values of e in equation ii we get,
cs = 1.22 x 22.36
=27.28 N/mm?
Problem1.14.A gun metal rod 25 mm diameter screwed at the end passes through a steel

tube 35 mm and 30mm external and internal diameters. The temperature of the whole
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assembly is raised to 125% and the nuts on the rod are then screwed lightly home on the
ends of the tube. Calculate the stresses developed in gun metal and steel tube when the
temperature of the assembly has fallen to 20°¢

Take E for gun metal = [ x10°N/mm?,E for steel = 2.1x10°N/mm?, « for gun metal
=20 % 10°%/°¢c,  for steel = 12 x 10-%/c.
Given Data:

Diameter of gun metal rod (Dg) =25 mm

External diameter of Steel, D; =35 mm
Internal diameter of Stee ds=30 mm
Fall in temperature, T=125% -20% = 105°

Young’s modulus for gun metal,Es = 1 x 10° N/mm?
Young’s modulus for Steel, Ee= 2.1 x 10°N/mm?
Coefficient of linear expansion for Gun metal a, = 20 x 10°°C,
Coefficient of linear expansion for steel a,= 12x10°°C.

To find :
The Stress in steel and gun metal

Solution:

Area of gun metal rod, (Ag) e

X252

= 490.87 mm*
Area of steel tube, tube  (AJ) =E [DZ — dZ]
==[35% —307| =25525mim?

Coefticient of linear expansion of gun metal is more than that of steel. So, gun
metal will be subjected to compressive stress whereas steel will be subjected to tensile
stress.

We Know that, Load on the steel = Load on the gun metal

Or, O0:As = GgAg ..(1)
os X 255.25 = o x 490.87
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o
o, =—2422287 _ | 926, ...(ii)
255.25
Also We know that,
Actual Contraction of steel = Actual Contraction of gun metal
Og Og
Or o, TL +—L = o¢,TL -—L
ES & Eg

Cancelling the L terms on both sides we get,

05 _ !
OCST + E_s — GCgT' Eg
1.920
or, (12x10°x105)+ 95 =(20 % 10 x 105) - % 5
2.1x10 1x10

1.92crg+ Og
21105  1x105

19.1 x 10%c,=0.84 x 10

0.84 x 10~3
Op = 6
191 x 10

= (20 x 10 x 105) - (12 x 10 % 105

= 43.97N/mm?.

Substituting the values of g ifi eQuation (ii)'we gef,
as =1.92 %4397 84.42' Ninan®.
Problem1.15.A composite bar is made with a copper flat of size 50mm % 30mm and steel
flat of 50mm x 40mm of length 500mm each placed one over the other. Find the stress
induced in the material, when the composite bar is subjected to an increase in temperature
of 90°. Take coefficient of thermal expansion of steel as 12x10/°c and that of copper as

18x10%/°¢, Modulus of Elasticity of steel = 200Gpa and modulus of Elasticity of copper

= |00Gpa.

Given Data:
Area of copper, A: =50%30 = 1500mm’
Area of steel. As = 50%40 = 2000mm’
Length of the flat (L) =500mm
Rise in temperature, T=90%

Coefficient of linear expansion for Copper a. = 18x107°C,

Coefficient of linear expansion for Steel a=12x10%C.
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Young’s modulus for steel E = 200 Gpa =200x10°Pa

—200x10°N/m? = 200<2% =200%10°N/mm?

108
Young's modulus for copper E. = 100 Gpa =100x107Pa
= 100x10°N/m? = 100><1—g: =100x10°N/mm?
To find : The Stress induced in the material
Solution:
Cocfficient of lincar expansion of gun metal is morc than that of steel. So, gun

metal will be subjected to compressive stress whereas steel will be subjected to tensile

Stress.
Wkit, Load on the steel = Load on the copper
Or, 0sAs = GcAC ..(1)
0s%2000 = o:x1500
o
6. =——=2%0 _( 756, (i)
2000
Also We know that,
Actual Expansion of steel = Actual Expansion of copper
Og Oc
Or o TL +=—L = . TL-—L
E E

5 c

Cancelling the L terms on both sides we get,

«sT + 3 = OCcT-Z—z
or, (12x10-f*x90)+L5”'” = (18x10° x 90) - ———
200x103 100x10
0.750 Oc B

200x103  100x103 (18x10° % 90) - (12x10°x90 )

1.375%x10%0,= 5.4x104

5.4x10~% "
0, === =39.27N/mm".
1.375%x10~5

Substituting the values of o, in equation ii we get,

oy =0.75 x 39.27 = 29.45 N/mm?’,
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1.14. LONGITUDINAL STRAIN

When a body is subjected to an axial tensile or compressive load, there is an axial
deformation in the length of the body. The ratio of axial deformation to the original
length of the body is known as longitudinal strain or lincar strain. The longitudinal strain
is also defined as the deformation of the body per unit length in the direction of the
applied load.

Let L= length of the body,

P=Tensile force acting on the body,

dL=Increase in the length of the body in the direction of load P,

. § 4L
Then, longitudinal strain = .

1.15. LATERAL STRAIN

The strain at right angles to the direction of applied load is known as lateral strain.
Let a rectangular bar of length L, breadth b and depth d is subjected to an axial tensile
load P as shown in fig. The length of thesbar will increase while the breadth and depth
will decrease.
Let 6L = Increase in length,
db = Decrease in breadth and
&d = Decrease in depth.

Then longitudinal strain = i—L and
lateral strain = L or o
b d
< b M
T
d| ! -5 & . B

¢~ (b~ 8b) | “ g N

4+ 1+l >
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1.16. ELASTTC CONSTANTS:
There are three types of elastic constants. They are
1.Modulus of Elasticity or Young's Modulus (E),
2.Shear Modulus or Modulus of Rigidity (C ) or G or (N) and
3. Bulk Modulus (K)
1.17. MODULUS OF ELASTICITY OR YOUNG’S MODULUS:
The ratio of linear stress (tensile or compressive) to the corresponding linear strain
is a constant. This ratio is known as Young’s Modulus or Modulus of Elasticity and is
denoted by E.

Linear stress(o)

B Linear strain{e)
1.18. MODULUS OF RIGIDITY OR SHEAR MODULUS:
The ratio of shear stress to the corresponding shear strain within the elastic limit,

is known as Modulus of Rigidity or Shear Modulus. This is denoted by C or G or N.

Shear stress(t)
Shear strain ()

1.19. BULK MODULUS:

CorG onpNEs

When a body is subjected to the mutually perpendicular like and equal direct
stresses, the ratio of direct stress to the corresponding volumetric strain is found to be
constant for a given material when the deformation is within a certain limit. This ratio is
known as bulk modulus and is usually denoted by K. Mathematically bulk modulus is
given by

~ Directstress _ o
Volumetric Strain %‘")

1.20. POISSON’S RATIO:

The ratio of lateral strain to the longitudinal strain is a constant for a given
material, when the matenal is stressed within the elastic limit. This ratio 1s called
Poisson’s Ratio.

Lateral Strain

Poisson’s ratio, -
(1) Linear Strain
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Lateral strain = u % Linear strain

The value of Poisson’s ratio varies from 0.25 to 0.33. For rubber, its value ranges

from 0.45 to 0.50

Problem1.16.Dctermine the changes in length, breadth and thickness of a steel bar which

is 4 m long, 30 mm wide and 20 mm thick and is subjected to an axial pull of 30KN in

the direction of its length. Take E = 2x10° N/mm’ and poisson’s ratio = 0.3

Given Data
Length of the bar, L=4m =4000mm
Breadth of the bar, b=30mm
Thickness of the bar, t= 20mm

Axial, pull P=30KN = 30000N
Young’s Modulus E= E=2x10° N/mm?
Poisson’s ratio w=03
To Find
The changesyin lengtheghanges insbreadth apdsghanges, in thiekness.
Solution
Load
Stress =
Area
Area = bxt = 30%x20=600mm*
30000 .
Stress (6)= = 50 N/mm~
600
We know that,
Stress
Young’s Modulus = _
Strain
Strss 50
; _ _ S
Strain ) Young's Modulus 2x10° &3x10
Changes in length(61)
. oL
Strain (e) =
SL=Lxe
= 4000 % 2,5x10* =1.0mm
35| Page

biniis- Anaroia app

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools
Free PDF Study Materials

STRENGTH OF MATERIALS

Changes in breadth (6b)
We know that,

» Lateral Strain

Poisson’s ratio = — -
(k) Linear Strain

Latcral strain = Lincar strain *xPoisson’s Ratio
=2.5x104 % 0.3 = 7.5x10°
T N Change in breadth
Original breadth
Changes in breadth (6b) = b x lateral strain

=30 x7.5<107 = 0.00225mm
Changes in thickness (61)

. Change in thickness
Lateral Strain =

Original thickness
Changes in thickness (6t) =t = lateral strain
=20 %7.5%107
=0.0015mm
Problem.1,17.Determine the value of Young’s Maduliis‘and poisson’s ratio of a metallic
bar of length 30cm, breadth 4cm and depth 4cm when the bar is subjected to an axial

compressive load of 400KN. The decrease in length is given as 0.075cm and increase in

breadth 1s 0.003cm

Given Data
Length of the bar, L=30cm =300mm
Breadth of the bar, b=4¢m =40mm
Thickness of the bar, t= 4cm=40mm
Compressive Load P= 400KN =400000N
Decrease in length (6L) =0.075¢cm = 0.75mm
Increase in breadth (6b) =0.003¢cm = 0.03mm

To Find

The Young’s Modulus and Poisson’s ratio.
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Solution
Young’s Modulus
Load
We Know that, Stress =
Area
Area = bxt = 40x40=1600mm?
400000
— = 2
Stress(a) P 250N/mm
) SL 0.75
Also, Strain(c) = =—= ——=2.5x10"
L 300
" Stress 250 " "
Young’s Modulus = —= —3 =1x10°N/mm".
Strain 2.5X10
Poisson’s ratio ()
g g ; _Lateral Strain
We know that,  Poisson’s ratio (u) = T
. Change in breadth 0.03 §
Lateral Strain = = =7.5x10

Original breadth 40

7.5x10~4%

PoiSson’s ralio () = ELYS - 03

Problem1.18.A stec] bar 300 ' mm long»50mM wide and*40mm thick is subjected to a
pull of 300KN in the direction of its length. Determine the change in volume. Take

E=2x10°N/mm’ and p = 0.25

Given Data
Length of the bar, L=300mm
Breadth of the bar, b=50mm
Thickness of the bar, t=40mm
Pull P=300KN =300000N
Young’s Modulus E=2x10° N/mm°®
Poisson’s ratio u=10.25

To Find

The changes in volume (§v).
Solution
Original Volume(V) = Lxbxt
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=300 x 50 x 40 = 600000mm’.

. . fdL Stress
Linear stram(—) = 3
L Young's Modulus

Load 300000

Stress = = =150 N/mm?.
Area (50x40)

dL 150
T o= 000075

Now, Volumetric strain given by Rectangular bar
€ = Ex(1*2#)
L
=0.00075%(1-2x0.25) = 0.000375

dv

v

dV=e/,xv

= 0.000375x600000

Cv =

+225mm?
Problem1.19.A metallic bar 250mm~ 100mmx50mm s loaded as shown in Figure. Find

the change in volunfe. Take E=2x10"Nhnw’ and peisgon’s.gatio = 0.25

I4MN

Load in x—direction o Load in x—direction

Stress in X-direction (o) = ,

Area of cross section YXZ

400000
= = 80N/mm? (tension
10050 ( )
o Load in y—direction
Similarly, oy =
XXZ
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_ 2000000
250X50

Load in z—direction
and C:=

= 160N/mm?”.(tensile)

XXy

4000000

=————— =1 60N/mm’ (compression)
250 X 100

Volumetric Strain of a Rectangular bar subjected to three forces which arc mutually

perpendicular
ev= ‘El'(6x+ﬁy+52) (1-2u)
dv ; :
= =2x105{80+160-16ﬂ](]-2><0.25)
=0.0002
~ change in volume, dv = 0.0002xv
= (0.0002%250%100%50
=250mm’,
1.21. RELATIONSHIP BETWEEN MODULUS OF ELASTICITY(E) AND
MODULUS OF RIGIDITY(C)

Consider atube of Tength L subjected to a shéir stress of (1) shown in Fig. Due to
their stresses, the cube will be subjected to a deformation in such a way that the diagonal
BD is elongated and the diagonal (AC) will be shortened. Let this shear stress(7) cause

shear strain (@) as shown in Fig.

T

s D D ¢ ¢
]
DNP
T T (5] 9
- —— A B
T
(a) Before distortion (b) After distortion

Change in length
Original length

Longitudinal strain (e) =
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_ BD1-BD
BD
 D1D2

BD

DD1 C0S545° , D1D2
e lsmce cos45% = —
BD D1D

DD1 C0S459
== ap
CUS45a

DD1€0545°  DD1C0S459 ls bt iR oD
— = 1 p—
B ADV?Z BD

_bp1 ()

We know that,

D =—— (since@ [DweryvVemall)
Substituting the valtéie of @'in equation (1)=we get,

Longitudinal strain e= % ...(11)

From that we know, Longitudinal strain of the diagonal BD is half of the shear

strain

shearing stress(t)
shearing strain(®)

Modulus of rigidity, C =

T
OI‘, Q = E
Substituting the value of @ in equation ii we get,
Linear strain, e = 2—1_ ...(1i1)
Tensile strain on the diagonal BD i1s due to tensile stress and 1s given by Young’s

modulus,

Tensile Stress
Young’s modulus, E = - -
Tensile Strain
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5
E=-—
e
] - T
Tenslile strain (e) = E
Tensile strain on the diagonal BD is due to compressive stress on the diagonal AC

which is given by Poisson’s ratio.

Poission’s Ratio, p = L D
B Longitudinal strain or Tensile strain

Lateral strain = Poisson ratio ¥ Tensile strain

Lateral strain, ejs = X %

Total strain = Linear strain + Lateral strain

= 2 8.3
SFTEALT
Total strain = E 1+ u) L (1V)
Equating equation (ii1)'& ( iv) we get,
T T
rviad 160
i 1
=5 {1+ i
E=2C(1+u)
1.22. RELATION BETWEEN BULK MODULUS (K) AND YOUNG’S MODULUS
(E)
Consider a cube ABCDEFGH subjected to three mutually perpendicular tensile
stresses of equal intensity as shown in Figure P
S
Let, o = Stress on each face x E B. .
E = Young’s modulus P T | o Wt
K= Bulk modulus o A 7 S
" - . 1 ' /r "," l
—SOr = Poisson’s ratio P & i
D c
L = Length
P
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Now consider the deformation of one side (AB) of cube under the action of three
mutually perpendicular stresses. This side will suffer the following three strains.

1. Tensile strain of AB is cqual to % duc to stresses on the faces AEHD and BFGC.

Tensile Stress
Tensile Strain

Young’s modulus, E =

a
E=—
e

o
Tensile strain (e) = T
2. Compressive lateral strain of AB is equal to g X % due to stresses on the faces AEFB

and DHGC.

Lateral strain
Longitudinal strain or Tensile strain

Poission’s Ratio, p =
Lateral strain = Poisson ratio x Tensile strain
- f
Lateral strain,epc= p X =
3. Compressive Jatetal strain of AB is ¢quabto pu X % dué to stresses On the faces ABCD

and EFGH,
Total Strain of AB is given by,

T B FEHE
L _ o
= lL—ff~f
=l ~ 3
dl. @
e Ll — 2

We know that, original volume of cube V = L
Differentiating with respect to L,
dV =3L%dL

dav _ 3L3dL
v v
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dav _ 3dL

v L
Substituting dL/L valuc We get

V=350 -20)

We know that,

Direct Stress a
Bulk Modulus (K) = - 2
Volumetric strain =
- (]
T
F(1-2p)
B E
T 3(1-2p)
E=3K (1-2,u)

Problem1.20.A bar of 30mm diameter is subjected to a pull of 60KN. The measured
extension on gauge length of 200mm is 0.lmm and change in diameter is 0.004mm.

Calculate the Young’s modulus, Poisson’s ratio, Shear modulus and Bulk Modulus.

Given Data
Diameter of the bar, d=30mm
Pull P=60KN =60000N
Length of the bar, L=200mm
Extension in length (6L) = 0.1mm
Changes in diameter (6d) = 0.004mm
To Find

The Young’s Modulus, Poisson’s ratio, Shear modulus and Bulk Modulus.
Solution

Young’s Modulus

Load
Area

We Know that, Stress =

Area = E d>= f 30%= 706.86mm>

60000

= 84.88 N/mm’
706.86

Stress(c) =
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Also, Strain(e) = 2= - =0.0005

Stress  84.88
Strain 0.0005

Young’s Modulus = =1.6976x10° N/mm?.

Poisson’s ratio (u)

Lateral Strain

We know that,  Poisson’s ratio () = ———
Linear Strain

Change in diameter _ 0.004

Lateral Strain = —— . — = (.00013
Original diameter 30
. , . . ~ _ 000013
Poisson’s ratio (p) = ik 0.27
Shear Modulus(C)
We Know that , E =2C(1+w)
E
Or T 204p)
1.6976x10°
== - 66.835x10°N/mm?.
2%(1+0.27)
Bulk Modulus (K)
We Know that, E = 3K(182p)
E
o o 3x(1-2u)
_ 1.6976%10°
T 3x(1-2%0.27)
= 1.230x10°N/mm?,

1.23. PRINCIPAL PLANES AND PRINCIPAL STRESSES

The planes, which have no shear stress are known as principal planes. Hence
principal planes are the planes of zero shear stress. These planes carry only normal
stresses.

The normal stresses acting on a principal plane, are known as principal stresses.
1.24. METHODS FOR DETERMINING STRESSES ON OBLIQUE SECTION

The stresses on oblique section are determined by the following methods:

1. Analytical method and 2. Graphical method.
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1.25. ANALYTICAL METHOD FOR DETERMINING STRESSES ON OBLIQUE
SECTION
The following two cases will be considered for determining stresses on oblique

planc.
1. A member subjected to a direct stress in one plane.
2. The member is subjected to like direct stresses in two mutually perpendicular
dircctions.
1.25.1 A Member subjected to a Direct stress in one plane.

Figure shows a rectangular member of uniform cross sectional area A and of unit

thickness
E G
P P
P— o/ e - :
4 G
E

Let P = Axial forceacting on the member

A = Area of cress section, which isperpendicular o the line of agtion of the force P.
The stress acting along X .axis, o= E
Hence, the member is subjected to a stress along X axis.
Consider a cross section EF which is perpendicular to the line of action of the force P.
Then the area of section, EF=EF x 1 =A

The stress on the section EF 1s given by

Force P

—_——

C Tareaorer A
The stress on the section EF is entirely normal stress. There 1s no shear stress (or
tangential stress) on the section EF.
Now consider a section FG at an angle 6 with the normal cross section EF as
shown in Figure

Area of FG=FG x 1 =FG

== x1 (sinceIn AEFG, 8 = =+ FG = —)

cosd cosf
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' —— i
cos@
; Force P P
«~ Stress on the scction, FG = = = e == c0s0
Area of sectiion FG A
cost
: P ;
=ocos b (since ©= ;) (1)

This stress on the section FG, is parallel to the axis of the member (i.e., this stress is
along X axis). This stress may be resolved in two components. One component will be
normal to the section FG whereas the second component will be along the section FG
(i.e., tangential stress on the section FG) .The normal stress and tangential stress (i.e.,
shear stress) on the section FG are obtained as given below.(Refer above Fig.)
Let  Py= The component of the force P, normal to section FG = P cos0

P; = The component of force P, along the section FG (or tangential to the surface
FG) = P sin(

on= Normal stress across the section FG

o = Tangential stress (i.e., shear stress) across the section FG.

Fofce nermal t seckioft FG
Aréa of section FG

Normal Stress o=

= (since Pn = Pcosé)

A
cosf

P p
g ;cos{-].cos& = Zcoszﬁ

=oc0s’0 seikil) Tangential stress(or)
Shear stress,

Tangential force across section FG
Gi —

Area of section FG

=— (since Pt = Psin®)

cos@

P . .
=i sinf.cos =asinb.cosh
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=§s°mze ....(iii)
[~ since sin26 = 2sinfBcosO sinBcosH = sin26 /2]
From cquation (ii) it is scen that the normal stress (on) on the section FG will be
maximum when cos’® or cos is maximum. And cosf will be maximum when 6=0as
cos0=1. But when 6=0°, the section FG will coincide with section EF. But the section EF
is normal to the line of action of the loading. This means the plane normal to the axis of
loading. This mecans the planc normal to the axis of loading will carry the maximum
normal stress.
~Maximum normal stress, = 6c0s’0 = ccos’0 = o ..(iv)
From equation (iii), it is observed that the tangential stress (i.e., shear
stress) across the section FG will be maximum when sin26=1 or 26=90° or 270°
or 0 =45% or 135°
This means the shear stress will be maximum on two planes inclined at 45° and

135° to the normal section EF as shown in fig.

d . i . g
Max. value of shear stress = EstE} = ;511190” =3 (V)

From equations (iv) and (v) it is seen that maximum normal stress is equal to o
' " &
Whereas the maximum shear stress is equal to 7 Or equal to half the value of greatest
normal stress.

1.25.2.A member subjected to like Direct stresses in two mutually perpendicular

Directions.
% P,sin0AC
oI
+— —» L P,
-« i f—
0y P1 oy
] —-
Y — 0 —F o
| F - n | P1 = "1 x BC x!

v P,=0,xBF x1

47 |Page

biniis- Anaroia app

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools
Free PDF Study Materials

STRENGTH OF MATERIALS

Fig. shows a rectangular bar ABCD of uniform cross sectional area A and of
uniform thickness. The bar is subjected to two direct tensile stresses (or two principal
tensile stresses) as shown in Fig

Let FC be the oblique section on which stresses are to be calculated. This can be
done by converting the stresses a; (acting along on face BC) and o> (acting on face AB)
into equivalent forces. Then these forces will be resolved along the incline plane FC and
perpendicular to FC. Consider the forces acting on wedge FBC.

Let 6= Angle made by oblique section FC with normal cross section BC

o1 = Major tensile stress on face AD and BC

62 = Minor tensile stress on face AB and CD

P = Tensile force on face BC

P2 = Tensile force on face FB.

The tensile force on face BC,

Py =01 x Areaof face BC=0; x BCx 1
The tensile force on face EB,

P2 =02 3 Ared of face KB 7 o2 x_FBy« |

The tensile forces Py and P> are also acting on the oblique section FC. The force
P is acting in the axial direction, whereas the force P; is acting downwards as shown in
Fig. Two forces P, and P; each can be resolved into two components i.e., one normal to
the plane FC and the other along the plane FC. The components of Py and Picosl normal
to the plane FC and P,sin6 along the plane in the upward direction. The components of
P> and P2sinf normal to the plane FC and P:cos® along the plane in the downward
direction.

Let Pn = Total force normal to section FC
= Component of force P; normal to the section FC + Component of
force P2 normal to the section FC
= Picos0 + Pasind
=01 x BC x cosf + g2 x FB x sinf

(since Py =61 x BC,P2=02 % FB)
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P; = Total force along the section FC
= Component of force P1 along the section FC + Component of force P2
along the section FC
= Psin@ - P>cost (-ve sign is taken duc to opposite direction)
=06 x BC xsinf} - 62 ¥ FB x cos0 (~Pi=01x BC,P2=02x FB)

an = Normal stress across the section FC

_ Total force normal to the section FC
Area of section FC

P T1% BC % cosf+ T2xBFxsind

FC x1 FC

BC BF .

= g1 X— x¢0s0 + g2 x— Xsinf
FC FC

= o1 *cos0 xcostH 62 xsinBsind

=gy #cos?0 + o2 xsin*0

1+COSZ-9] 1—cos28
i ’[ 2 ]

=g )
N2

Q1% T2y b
2 2

avadlangential Stréss (or'shear stressyalongséction FC

_ Total force along the section FC
Area of section FC

Py T1xBCxsin@— g, xBFxcos8

= Fox1 FC
_ " BC o )(BF p
= 0y X=X sin Gy X 7 X CoS

= gl X cosf X sinf — o2 X sinf X cos@

= (01 — 62) cosO x sin0

= (01=32) # 2¢cos0xsind

_ (01—-02)

sin20

The resultant stress on the section FC will be given as

orR=+GZ + Of
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Obliquity. The angle made by the resultant stress with the normal of the oblique plane, is

. . . - T
known as obliquity as shown in fig. Mathematically, it is denoted by, tan@ = J—t
n
D e
a0y
0;1\\
-
ﬁn
A F B
(01-07)

Maximum Shear stress. The shear stress 1s given by Gy = sin260. The shear

stress will be maximum when
Sin268=1 or 208 =90"or 270"
~B=450r 135°

0,—0
And maximum Shear stfess (G¢)mik %
The planes of maximum shear stres$are obtained by making an angle of 45° and
135° with the plane BC (at any point on the plane BC) in such a way that the planes of

maximum shear stress lie within the material as shown in Fig.

Plane of maximum shear stress
/ C C

45°

& . -
Principal Planes

Principal planes are the planes on which shear stress is zero. To locate the

position of principal planes, the shear stress should be equated to zero.

For principal planes, @ sin20 =0
Or sin20 =0 (since (oy — g,) cannot be=0)
Or 26 =0 or 180°
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Or 8=20or90°

When 6 = 0,
+ AL
_ T U'2+U'1 az

o cos20
e 2 2

0'1+C|'2 d1—0z
= + cos0
2 2

o1 +0 01— 0
I O’ O
2 2

= G

When 6 = 90°,
_I_ -
5y = ZJZ + 512“2 c0s(2%90)°

Las . B~
=51202+ 12 2 cos180°

g1t aq—a
:1 2_|__‘1 ZX
2 2

-1

= G|
1.25.3.A member subjected to simple shear stress,
Fig. showsd rectangular bar ABCDof Uniform cross'sectional aréa A and of unit

thickness. The bar is subjected to a simple shear stress ( 7) across the faces BC and AD.

Let FC be the oblique section on which normal and tangential stress are to be calculataed.

T

D . s C D C o
.’\9"9

P, 0 Q, cos 0 /¢ R
T T '@Q YtxBCx1 Let
a8 -:’ Q,= =

Pn O {——-_.,, -

F B A F\{:—B IXFBK'I
—_—
A T Q?oo
e

Angle made by oblique section FC with normal cross section BC,

T = Shear stress across faces BC and AD.
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It has already been proved that a shear stress is always accompanied by an equal shear
stress at right angles to it. Hence the faces AB and CD will also be subjected to a shear
stress T as shown in above Fig. Now these stress will be converted in to equal forces.
Then these forces will be resolved along the inclined surface and normal to the inclined
surface. Consider the forces acting on the wedge FBC of fig.

Let Q) = shear forcc on face BC
=Shear stress * Area of face BC
=txBCx1 (Since Arca of BC = BC x])
=1 xBC
Q2 = shear force on face FB
=Shear stress * Area of face FB
=txFBx1 (Since Area of FB = FB x1)
=71 xXFB
Pn= Total normal force on section FC
P: = Totaktangentialforee on seetion FC

The forcg Qs acting along face CB as shewn,in Fig. This force is resolved into
two components. 1.e., Qicos0 and Q;sin® along the plane CF and normal to the plane CF
respectively.

The force Q- is acting along face FB as shown in Fig. This force is resolved into
two components. i.e., Q2sin® and Q-cosf along the plane FC and normal to the plane FC
respectively.

~Total normal force of section FC,

Pn = Qlsinb + Q2cosb
=17 x BC sinf + 7 x FB cosf (since Q1 =71 x BC and Q> = 1 x FB)
And total tangential force on section FC.
Pi= Q2sin0 — Qicosb (-ve sign is taken due to opposite direction)
=1 x FB sinf - T x BC cos0
Let on = Normal stress on section FC
o: = Tangential stress on section FC
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__ Total normal force on section FC

" Area of section FC

FCx 1

=IXBCﬂn9+TXFBmmB
FCx1

BC . FB
=T Eﬁme g F—C.cose
= T c0s8 sinf + 7 sinb cosb
=2 7 cosl) sin0)
=T sin26

Total tangential force on section FC
Area of section FC

Ot =

o T8
FCx1

_ TXFB sinB— 1t x BC cos0
FCx1

BC
= cos0
5:C08

=K g.sinﬁ 2 !
=g.sinb sinf - T ¢osh cosa
=7 8in’0- T cos’0
=—7 (cos*0- sin’0)
=- 7 co0s20
-ve sign shows that ot will be acting downwards on the plane CF.

1.25.4. A member subjected to Direct stresses in two mutually perpendicular
Directions Accompanied by a simple shear stress.

Above fig. shows a rectangular bar ABCD of uniform cross sectional area A and
of unit thickness. The bar is subjected to :
(i) tensile stress ol on the face BC and AD
(11)  tensile stress 62 on the face AB and CD
(i)  asimple shear stress T on face BC and AD.
The forces acting on the wedge FBC are:
P, = Tensile force on face BC due to tensile stress 61
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= g1 X Area of BC
=g X BCx]
=g x BC
P2 = Tensile force on face BC due to tensile stress o2
=02 * Area of FB
= g2 xFBx1
= o2 % FB
Q1 = Shear force on the face BC duc to shear stress 7
=1 % Area of BC
=1 x BC x]
=7x BC
Q2 = Shear force on the face FB due to shear stress T
=1 x Area of FB
=1 % FB #1
=7 R}
Resolving the above four forces (1.6, Pi,Po, Qi'iand Q32) normal to the oblique
section FC, we get
Total normal force,
P, = Pjcost + PsinB +Qsinb+ Qzcosd
Substituting the values of P1,P2,Q1,and Q2, we get
P: = 01.BC.cost + 52.FB.sin0 +7.BC.sin0+ 7 .FB.cosb
Similarly, the total tangential force (P:) is obtained by resolving P,P>.Q, and Q2
along the oblique section FC
~Total tangential force,
Pi = P;sinB - P2cosB -Qcosb+ Q2sinb
= ¢1.BC sin0 - 52.FB cost - .BC cos8+ 7 .FB sinf
Now,Let o, = Normal stress across the section FC, and

or = Tangential stress across the section FC,
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I,

. — e
Q—T P.‘ 1] S —
;. 4 -
% L™ P,=0,xBCx1
q pAlr—> Q,sin 6 /g
A F " —>» F
A B 5
W e il
Yy 4
02 P2=0'2XFBX1
(a)

(b)

Total normal force across section FC
On = .
. Area of section FC

Py
~ FCx1

_ 91BC.cosB+0, FB:sinf+ 1BC.sinf+1FB.cos6
FCx1

BC FB . EC FB
=0 | B e an - ey, +- gy
1 c0sf +Higs . sinfl +z7 -~ sind ~ cosb

= 5] c0sh.cos0 + o1 sind.sinf +ze0sH.sinb Frrsinfeosh
=gl cos’® + 62 sin0?0 +21cosb.sind

_— [l-i-cgsw] - cr2[1—0;-523] ope

o1+t0; 01-03 2 s
~=g 7+ 5 c0s260 + 1sin20 ...(1)

Tangential stress (i.e., shear stress) across the section FC,

Total tangential force across section FC
G = ;
' Area of section FC

- FCx1

| JlBC.sinS-ag FB.cos—- tBC.cos8+tFB.sin@
FCx1

BE = FB BC FB .
=G| .——.51my - e g=T e + —.8m
1 oS 0-ar e cost -1 Fccos(] oS 0

= ) c080.s1n0 - &2 sinb.cosO -Tcosb.cosO + 7sinb.sind
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= (o1 —02).cos0sinf — Tcos 0 + 7sin’0

agq—0; . »
= 12 £2¢0s0sin0 — 1(cos*0 - sin%0)

¥
= 12 24in20 - 7c0s20 ...(i)

Position of principal planes.

The planes on which shear stress (i.e., tangential stress) is zero are known as
principal planes. And the stress acting on principal planes are known as principal
stresses.

The position of principal planes are obtained by equating the tangential stress to

ZEro
=~ For principal planes, o:=0
Fq —F i
Or 172 sin26 - tcos26 =0
Fq —F Z
Or % sin26 = Tcos20
sin26 T 2T

Or cos20 =-31_"'2 =

> 0—1—0'3

2T
Or tan28" =
0-1—02

But the tangent of any angle in a right angled triangle
_ Heightofright angled triangle 2t

Base of right angled triangle B O1-0>

Now diagonal of the right angled triangle
= /(01-02)% + (21)?

N
= 1.,/ (6,-02)% + 412
1* case 2
T
Diagonal = \/(0,_0,)* + 412
Height 2T
Then sin26 =— = __
Diagonal ./(0y-0;)%+41? 20
L (o) = oy) M
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Base (01-g,)
Diagonal ./(oy-0,)2+412

And cos20=

The value of major principal stress is obtained by substituting the values of
sin20 and cos20 in equation (i)
- Major Principal stress

144, i O1-g4

c0s20 + Tsin20

2
_ O1+0,  O1-0, (01-0,) i 27
2 2 J(o1-02)2+41%2  [(01-07)%+412
o (01-0,) 272
- 1+as; P i 1—02 4 T

“ . J{61_02}2+4TZ V(01-03)% +47?

_Citap | (O1-g,) %+ 472
2 2,/(01-03)2+412

_O1403
.

01+ a1 L0
=— 2 (-—1-—2) & (i)
2 2

1 - :
+ 5\/(0'1_02)2 + 412

20 cage

Diagonal =- /(0,_03)? + 412
Height 2T
Diagonal —./(g,_0;)2+412

Then sin20 =

Base (01-0,)
Diagonal —./(o1_0;)2+412

And cos2() =

Substituting these values in equation (1), we get minor principal stress

= Minor principal stress

T14+03 O1-as .
= + - c0s20 + 7sin20

2
_Gite | Yi-gg (O1-g,) L 2T
2 2 —\/(01-02)2+412 - (01-05)2+412
2 ,
_O145; 1 (01-g;) 272

2 2. [(0,-07)2+412 (o1-02)7 4412
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— dl'l'ﬂz (Gl—d'z )2+ 4T2
2 2,/(01-02)%+41°2

_ T1+a0y
2

1
E\/(0'1—9'2)2 + 412

_ O1+a; 01-09Y\ 3 .
== E (T)"‘Tz .(1v)

Equation (1i1) gives the maximum principal stress whereas cquation (iv) gives the

minimum principal stress. The two principal planes are at right angles.

i & A o, A A A
—
D
Ty c
< . "
& )
? #
a, Principal i
i planes %
0, =
B - -
¥, 3 E
%’a,; 90° + 0,
t } =
\%} >
A gl ¥ |
Uz > T
L 4 v v v v ¥

Maximum shear stress.

d
The shear stress will be maximum or minimum when E(m) =0

2 [ﬂl—_“'a sin26 — TCOSZB] =0

atl 2

%(coszg) X 2 —7(—sin20)x2 =0
(61-02).c0s26 + 21(sin20) = 0

27(sin20) = -(0|-062).cos20
= (62-01).cos20

sin28 92—
Or =1
c0s20 27
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i -9
Or tan20 = &

V)

Equation (v) gives condition for maximum or minimum shear stress.

2_
If  tan20=—1
2T
=3
. I
; Height T2—g e
Then, sin20 = — =+ s )
Diagonal J(2—a1)2 +4712
Base 2T
And cos20 = =

Diagonal — V(02-01)2+412
Substituting the values of sin20 and co0s26 in equation (11), the maximum and minimum
shear stresses are obtained.

al—ﬂ'z

(o ymax = sin286 - tcos20

01—0'2 « T2—0q 2T

+ T
- 2 V(0282412 = J(02-01)%+412
. 2

Z‘f(az_r:rl)2+4r2 = J(UZ_JL)2+4—TZ

4

(62—61)2 +4T2

2,/(02-01)%+412
= +.y(0;-01)? + (20)?

(ogmax = %\/(02_01)2 + 412

Il
H

=~ J(01-0,)" + 477 (Vi)
The planes on which maximum shear stress is acting, are obtained after finding the
two values of 0 from equation (v). These two values of 0 will differ by 90°.
The second method of finding the planes of maximum shear stress is to find first
principal planes and principal stresses. Let 01 is the angle of principal plane with plane
BC of Fig. Then the planes of maximum shear stress will be at 8,+45% and 8,+135° with

plane BC as shown in below Fig.
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A A A A T2 A A A 4

F 3

C

) Ta P "
- & % h‘J

+ & g:ﬁlj R >
-+ '\ ﬁ%ﬁa’ /" il >

e ;
< X -~ *Qﬁ‘# >
oy \é ‘cr,
“ 8, + 135° "
A i b A B v!

Ay

Oz
Problem.1.21.The tensile stresses at a point across two mutually perpendicular planes are
[20N/mm? and 60N/mm?*. Determine the normal, tangential and resultant stresses on a
plane inclined af 30° to'the axis of'mihor stress
Given Data

Major prineipal stress, ‘o) = 120N/fim’

Minor principal stress, 62 = 60N/mm?

Angle of oblique plane with the axis of minor principal stress,

0 =30°

To find

The normal, tangential and resultant stresses.

o, = 60 N/mm’

o™ ‘
E Axis of___—pf > E
E . | minor stress ! ' » E
P M . : =¥ &
‘_._— -] ———P
g < — AXiSOff QP ﬂ
W €——  majorstress [ ¥

ag
oy

"3 b

o, = 60 N/mm’
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Normal stress(oy)
_0y +o, ay—09y
GI‘I 2 + 2

120+60 120—60
= + 5 cos2x30°

cos20

2
= 105N/mm?
Tangential stress(o:)
Ot =~(012;02} sin20

120-60
= sin2x30 = 25.98N/mm*

Resultant stress(or)

The resultant stress on the section FC will be given as

OR =4/ op + of

=y105%% 25982 "= 108.16N/mm?

2 (tensile) and

Problem.1.22. The stresses at a point in a bar are 200N/mm
100N/mm>*(compressive). Determine the resultant stress in magnitude and direction on a
plane inclined at 60° to the axis of major stress. Also determine the maximum intensity
of shear stress in the material at the point.
Given Data

Major principal stress, 6; = 200N/mm’

Minor principal stress, o> =-100N/mm?®  (-ve sign is due to compressive stress)

Angle of oblique plane with the axis of minor principal stress,

8 = 90°-60°=30°

To find

The Magnitude and direction Resultant stress and maximum intensity of shear

stress
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Solution

100 N/mm’
Riiiiiil
E «—— () pNE
T

Normal stress(on)

d+a 01—
On= 12 2+ 2120820
_ 200-100 " 2004100

2 2

c0s2*30°= 125N/ mm?

Tangential stress(o)

o1 = ("1:’2) 320

_ RUF0E .8, 2 1.8 et

Resultant stress(ogr)

The resultant stress on the section FC will be given as

oy oy 2

=v1252 + 129.92 = 180.27N/mm?

Direction of Resultant stress

:ﬂ:_:
tan® o 125 1.04

@ = tan"'1.04 = 46° 6'

Maximum Shear stress

(200+100)
[Gl}mn;x = 5

= 150N/mm?
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Problem.1.23. At a point within a body subjected to two mutually perpendicular
directions, the stresses are 80 N/mm’ tensile and 40N/mm’ tensile. Each of the above
stresses is accompanied by a shear stress of 60N/mm?*. Determine the normal stress,
shear stress and resultant stress on an oblique plane inclined at an angle of 45° with the

axis of minor tensile stress.

60 N/mm"
Given Data T T T T
Major principal stress, o1 =80N/mm? D | - B
E . - o
Minor principal stress, 62 = 40N/mm’ g g g:::?; G N E_
s 2 a ¢ ' g
Shear stress 7 = 60N/mm t:cli 3 @
Angle of oblique plane with the axis 5 ¢— - s ¢
of minor principal stress, 6 =45° l l l l
To find ) 60 N/mm"
The normal, tangential and resultant stresses.
Solution.
Normal stress(os)
o1t+o, Ito
= 24 =2 00520 F 1%in20
2 2
80440 80-40 :
R + - cos(2%45) + 60xsin2x45
= 120N/mm*
Tangential stress(oc;)
01—0
ot = 12 25in20 - Tcos26
80—40 |
= sin(2x45) — 60=cos(2x45)
= 20N/mm?.
Resultant stress(og)
The resultant stress on the section FC will be given as
or=y 02 + o}
=V120% + 20% = 121,655N/mm?
63| Page
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Problem1.24.A rectangular block of material is subjected to a tensile stress of 1 10N/mm?
on one plane and a tensile stress of 47N/mm? on the plane right angles on the former.
Each of the above stresses is accompanicd by a shcar stress of 63N/mm? and that
associated with the former tensile stress tends to rotate the block anticlockwise. Find (1)
the direction and magnitude of each of the principal stress and (i1) magnitude of the
greatest shear stress.
Given Data
Major principal stress, o1 = 110N/mm*
Minor principal stress, 62 = 47N/mm?
Shear stress 7 = 63N/mm’
To find
(i) The direction and magnitude of each of the principal stress and
(i1)  The magnitude of the greatest shear stress.
Solution

(i)Direction and.Magnitude.of principal stresses,

Major Principal stress 60 Nimm'"
oty =T N
= ) e o
¢ Major principal ) E
110447 110-47Y » 2 “ZE- plane 1] g
e () 248 & = o
3 N — e = tf.'
= 148.936N/mm-. Bl e > &
. o iz A
Minor Principal stress l l l l
_oitoy (01_02) 2 2 | 60 N/mm’
2 2 27

_110+47
2

J(ﬂﬂz—fﬁ) 2632 =8.064N/mm?

Direction of Resultant stress

2t 2X63
01—032 E110—47)

tan2Q =

2 @ = tan™'2 = 63° 26 0r243° 26!
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Or @ =31°43'or 121° 26’

(ii)Magnitude of greatest shear stress

(o)max = % J(0,_0,)% + 412

=~ J(110_47)? + 4 X 632 = 70.436N/mm?

1.26. MOHR’S CIRCLE
Mobhr’s circle is a graphical method of finding normal, tangential and resultant
stresses on an oblique plane. Mohr’s circle will be drawn for the following cases:
(1) A body subjected to two mutually perpendicular principal tensile stresses of
unequal intensities
(11) A body subjected to two mutually perpendicular principal stresses which are
unequal and unlike (i.e., one is tensile and other is compressive).
(i11) A body subjected to two mutually perpendicular principal tensile stresses
accompanied by a simple shear stress.

1.26.1 Mohr’s Circle When A Body Is Subjected To Two Mutually Perpendicular
Principal Tensile Stresses'Of Unequal Intensities.
Consider a regtangular body subjectéd to two mutually perpendicular principal

tensile stresses of unequal intensities. It is required to find the resultant stress on an
obligue plane.
Let @ = Major tensile stress
o2 = Minor tensile stress and
6 = Angle made by the oblique plane with the axis of minor tensile stress.
Mohr’s Circle is drawn as follows:
Take any point A and draw a horizontal line through A. Take AB = 6,
and AC = o> towards right from A to some suitable scale. With BC as diameter
describe a circle. Let O is the centre of the circle. Now through O, draw a line OE
making an angle 20 with OB.
From E, draw ED perpendicular on AB. Join AE. Then the normal and tangential
stresses on the oblique plane are given by AD and ED respectively. The resultant

stress on the oblique plane is given by AE
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From Fig.

Length AD = Normal stress on oblique plane
Length ED = Tangential stress on oblique planc.
Length AE = Resultant stress on oblique plane.

= 2 & Fq — (T
Radius of Mohr’s circle = ——=
2

Angle @ = obliquity.

Problem1.25.The tensile stresses at a point across two mutually perpendicular planes are
[20N/mm? and 60N/mm?, Determine the normal, tangential and resultant stresses on a
plane inclined at 30° to the axis of minor stress by Mohr’s circle method
Given Data

Major principal stress, 1 = 120N/mm?(tensile)

Minor principal stress, 2 = 60N/mm?(tensile)

Angle of oblique plane with the axis of minor principal stress,

0 =30°

To find

The normal, fangenfial and resultant Stresses
Solution

Scale. Let 1ecm = 10N/mm?>

Then o)1= 28 12¢m  and

10
60

===
oz= =0

Mohr’s circle 1s drawn as:

Take any point A and draw a horizontal line through A. Take AB = 6;=12cm and AC

A
R
Q
/!'Q
an)
o
o
o~
m
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= g=6cm. With BC as diameter (i.c..BC=12-6=6cm) describe a circle. Let O is the
centre of the circle. Through O, draw a line OE making an angle 20 (i.e., 2x30 =60)
with OB. From E, draw ED perpendicular to CB. Join AE. Measure the length AD, ED
and AE.
By measurements :
Length AD = 10.50cm
Length ED = 2.60cm
Length AE = 10.82cm
Then normal stress = Length AD = Scale
=10.50= 10 = 105N/mm’
Tangential or shear stress = Length ED x Scale
=2.60%10 =26 N/mm’,
Resultant stress = Length AE x Scale.
=10.82x10= 108.2N/mm*

1.26.2. Mohr’s €ircle when, a Body_is.subjected, to two Mutually perpendicular
Principal stresses which are Unequaliand Unlike (i.¢., one is Tensile and other is
Compressive).

Consider a rectangular body subjected to two mutually perpendicular principal

stresses which are unequal and one of them is tensile and the other is compressive. It is
required to find the resultant stress on an oblique plane.

Let &) = Major principal tensile stress

o2 = Minor principal compressive stress and
0 = Angle made by the oblique plane with the axis of minor tensile stress.
Mohr’s Circle 1s drawn as follows:

Take any point A and draw a horizontal line through A on both sides of A as
shown in fig. Take AB = o) (+) towards right of A and AC = o> (-)towards left of A
to some suitable scale. Bisect BC at O. With O as centre and radius equal to CO or
OB, draw a circle. Through O draw a line OE making an angle 26 with OB.
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From E, draw ED perpendicular to AB.Join AE and CE. Then the normal
and tangential stresses on the oblique plane are given by AD and ED respectively.

The resultant stress on the oblique plance is given by AE

i

0-2 —Ppre— G1

Com- Tensile
pressive (+)

(<)

From Fig.
Length AD.= Normal.stress on obligue plane
Length ED = Tangential stress on oBlique plane,

Length AE = Resultant stress on oblique plane.

oq +0'2

Radius of Mohr’s circle =

Angle @ = obliquity.
Problem1.26. The stresses at a point in a bar are 200N/mm? (tensile) and 100N/mm?
(compressive). Determine the resultant stress in magnitude and direction on a plane
inclined at 60° to the axis of major stress. Also determine the maximum intensity of
shear stress in the material at the point.
Given Data

Major principal stress, o) = 200N/mm?

Minor principal stress, @2 = -100N/mm?

(-ve sign is due to compressive stress)
Angle of oblique plane with the axis of minor principal stress,
8 = 90°-60°=30°
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To find
The Magnitude and direction Resultant stress and maximum intensity of shear
stress
Solution

Scale. Let 1cm =20N/mm?

Then o1 = %——- 10cm  and

Mohr’s circle is drawn as:

Take any point A and draw a horizontal line through A on both sides of A as
shown in fig. Take AB = o1 =10cm towards right of A and AC = o2 =-5cm towards left
of A to some suitable scale. Bisect BC at O. With O as centre and radius equal to CO or
OB, draw a circle. Through O draw a line OE making an angle 20(i.e.,2 %30 =60°) with
OB.

Ffom E, draw ED perpendicular to AB.Join AE and CE. Then the normal
and tangential stresses on the oblique plane are given by AD and ED respectively. The

resultant stress or"the oblique plane is given by AE

100 —>re 200

By measurements:
Length AD =6.25¢cm
Length ED = 6.5¢cm and
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Length AE = 9.0cm
Then normal stress = Length AD x Scale
= 6.25% 20 = 125N/mm’
Tangential or shear stress = Length ED % Scale
=6.5%20 = 130 N/mm?,
Resultant stress = Length AE x Scale.
= 9x20= 180N/mm*

1.26.3. Mohr’s Circle when a Body is subjected two mutually perpendicular
principal Tensile Stresses Accompanied by a simple shear stress.

Consider a rectangular body subjected to two mutually perpendicular principal
tensile stresses of unequal intensities accompanied by a simple shear stress. It is required
to find the resultant stress on an oblique plane.

Let o) = Major tensile stress

62 = Minor tensile stress and
T = Sheag stressfactoss face BCand AD
6 SAngle made by the obligue planewith the axis of minor tensile stress.
According to the principle of shear stress, the faces AB and CD will also be
subjected to a shear stress of T
Mohr’s Circle 1s drawn as follows:

Take any point A and draw a horizontal line through A. Take AB = o,
and AC = o> towards right from A to some suitable scale. Draw perpendiculars at B and
C and cut off BF and CG equal to shear stress 7 to the same scale. Bisect BC at O. Now
with O as centre and radius equal to OG or OF draw a circle. Through O, draw a line OE

making an angle 20 with OF as shown in Fig.

From E, draw ED perpendicular on CB.Join AE. Then the normal and
tangential stresses on the oblique plane are given by AD and ED respectively. The

resultant stress on the oblique plane is given by AE
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- ——
From Fig.

Length AD = Normal stress on oblique plane

Length ED = Tangential stress on oblique plane.

Length AE = Resultant stress on oblique plane.
agq—09

Radius of Mohr’s circle =

Angle @= @gbliquity
Problem1.27.A rectangular block of material is siibjected to @ ténsile stress of 65N/mm?
on one plane and=d tensile stréss of 35N#mm* on thé plane right angles on the former.
Each of the above stresses is accompanied by a shear stress of 25N/mm?. Determine the
Normal and Tangential stress a plane inclined at 45° to the axis of major stress.
Given Data

Major principal stress, o) = 65N/mm?*

Minor principal stress, o> = 35N/mm?

Shear stress, 7 = 25N/mm?

Angle of oblique plane with the axis of minor principal stress,

0 = 90°-45°=45°

To Find

The Normal stress and Tangential stress.
Solution

Scale. Let 1em =10N/mm?

. 71| Page
biniis- Anaroia app

binils - Anna University App on Play Store



binils.com - Anna University, Polytechnic & Schools
Free PDF Study Materials

STRENGTH OF MATERIALS

Then o] = % =6.5cm,
02 = == 3.5¢cm and
10

25
T=—=25cm
10

Mohr’s circle is drawn as:

Take any point A and draw a horizontal line through A on both sides of A as
shown in fig. Take AB = o) =6.5¢cm and AC = 62 =3.5¢cm towards right of A to some
suitable scale. Draw perpendiculars at B and C and cut off BF and CG equal to shear
stress 7 = 2.5c¢m to the same scale. Bisect BC at O. Now with O as centre and radius
equal to OG or OF draw a circle. Through O, draw a line OE making an angle 20(i.e
2x45 =90) with OF as shown in Fig.

From E, draw ED perpendicular on CB.Join AE. Then the normal and tangential
stresses on the oblique plane are given by AD and ED respectively. The resultant stress

on the oblique plane is given by AE

— .,! e DK%L. ID "

65 # 25

By measurements :
Length AD =7.5 cm and
Length ED = 1.5 cm
Then normal stress = Length AD x Scale
=7.5% 10 = 75N/mm’
Tangential or shear stress= Length ED x Scale
=1.5%10 = 15 N/mm?.
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IMPORTANT TERMS
Stress(o) . p = Load
A A = area of cross section
Strain(e) _ dl dl = change in length
ESE | = original length
Lateral strain dd dt db d = diameter
T ™ t = thickncss
b = width
Young’s Modulus(E) e g = stress
e e = strain
Shear modulus (or) C = L T = shear stress
Modulus of rigidity(C) @ @ = shear strain
Total change in length of a1 E h L Lj $o For same material (E = same) with
a bar A, A3 different length and diameter
Total change in length dl = For different material with
P El A2 Ez different length and diameter

For composite bar

Total load P=p, + p, +
Strain e, = e, = *-
Change in length are same

uniform taper rectangular

O = b "o

Total change inflength &f L7 = 4P L P = load act on the section
uniform taper rod ~ WEd,ds L="Tengthof the section

E = Young's modulus

di d> = lager & smaller dia.
Total change in length of PL a t = thickness of bar

a = width at bigger end

€y = T(l _2“)

bar b = width at smaller end
Factor of safety FSe Ultimate Stress
""" Working Stress
Poisson’s ratio( L) _ Lateral strain Eiat =R E
B Linear strain
For three dimensional 5 0 " oz " 03 Similar for other direction
stress system il A, A
Total change in length wl? w = weight per unit volume of bar
due to self-weight dl = ——
Volumetric strain(e.) dl For one dimension rectangular bar

For three dimension cuboid
Load in x direction

g —
—~ i} *  Area in x direction
Similar for g, g,
dl dd For cylindrical rod
i
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Bulk modulus(K) K g
dVv
(Yly)
Relation between elastic E = 3K(1 — 2)
constant E, K, C
E=2C1+p)

PRINCIPAL STRESSES AND STRAINS

A member subjected to a direct stress in one plane

Direct stress(a)

g =

p

A

P = load applied
A = area of cross section

Normal stress

0, = o cos? 6

0, = 1TSin26

6 = angle of oblique plane with

the normal cross section of the bar

Tangential stress

z il —

Tangential (or) shear o= Esin 29 | ¢ = —TCos 28 )

stress =

Max. Normal stress = o Se—

Max. shear (or) - e A
2

T = shear stress

A member subjécted to two like stress in mutually perpendicu

lar direction

Normal stress

Uj_'*"ﬂ’z . Oy T

2
ons26
2+2

o, = Major tensile stress
oy = Miner tensile stress

Tangential (or) shear

stress

0y — 03 .
20
5 sin

O =

8 = angle of oblique plane with
the normal cross section of the bar

Resultant stress

Og = 1/ 0p* + 0%

When compressive stress put — ve
sign

Position of obliquit - 1 %t : 2.
e @=tan  — When tensile force is given, we
- = - have to find tensile stress =
Max. shear stress (6.) . il force/that cross section area
t/max 2

A member subjected to two like stress in mutually perpendicular direction with shear stress

0, = Major tensile stress
g, = Minor tensile stress
0 = angle of oblique plane with

stress

o +o, o0, —0
Normal stress 0, = ——2 41 25520
2 2
+ T5in20
. - 0, — O,
Tangential (or) shear o, = 2 2 sin28 — 1cos26

2

the normal cross section of the bar

When compressive stress put — ve

Resultant stress

Or = +J0n?% + 6,2

sign
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When tensile force is given, we

have to find tensile stress =

force/that cross section area

When inclined stress is given it

Position of principal 2T

ot ok prneip tan26 =
plane g
Max. shear (or)

e [ TR s

Tangential stress () max = ( 2 ) ¥

— G, — 0
Position of max. shear FAnTl = 2 > 1

(or) Tangential stress

should be resolved into tensile

stress and shear stress

Major principal stress
Jesp P g, + g,

= e e

Minor principal stress

g, + o, a0y — O05\2 5
5 J ( 2 ) + T
Mohr,s Circle

A body subjected to two mutually perpendicular principal
tensile stresses

Stepl: select suitable seale

Step2: to draw a herizontal limg AB = gy

Step3: to draw AC = o,

Step4: draw a cirele’with BC as diametenawith © as'eentre
Step4: draw a line OE making an angle 26 with OB
Step5: from E to draw ED perpendicular to AB

Result:

Length AD = Normal stress

Length ED = Tangential (or) shear stress

Length AE = Resultant stress

Length OC = OB = Radius of mohr’s circle = Max.shear
stress

Angle of obliquity = 20 = ZEAD

L
] e
1 4 Pd |0
+— —
= G PIE:T.|KBC:IL
-— F Py
A |l B
BN anel
b | "P==DENBFI1

A body subjected to two mutually perpendicular principal
tensile stresses which are unlike (Tensile and compressive)
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All the above procedure are same but szep3 will be varied.
Becausce for compressive stress is in —ve sign, hence to draw
a linc AC in ncgative dirccton

A body subjected to two mutually perpendicular principal
tensile stresses with simple shear stress

Stepl: select suitable scale

Step2: to draw a horizontal line AB = g,

Step3: to draw AC = o,

Step4: draw a perpendicular at B and C as BFand CG =1
Step35: joint the point G & F.ahich interseet line BC.at O.
Step6: draw a circle with Q as genire andyQG = OF as
radius. Step7: draw.a line OF making anangle 26 with'OE
Step8: from E to draw ED perpendicular to AB

Result:

Length AD = Normal stress

Length ED = Tangential (or) shear stress

Length AE = Resultant stress

Length OG = OF = Radius of mohr’s circle = Max.shear
stress

Angle of obliquity =20 = ZEAD

Length AM= Max. Normalstress

Length AL =Min. Normal stress

A A A4
D i C

=2
(-]
-
(]
(=]
YYwYYy

ol

1

s

A U ¢ 0¥
—
e g,

THEORETICAL QUESTIONS
TWO MARKS:

I. Define stress and its types

2. Define strain.

3. Define tensile stress and tensile strain.
4. Define the three Elastic moduli.

5. Define shear strain and Volumetric strain
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6. A square steel rod 20 mm * 20 mm in section is to carry an axial load (compressive) of

100 KN. Calculate the shortening in a length of 50 mm. E = 2.14=10" KN/M*

7. Define Poisson’s ratio.

8. What typc of stress will be induced in a bar when the ends arc restrained and subjccted
to 1) rise in temperature and 1i) a fall in temperature? .

9. Write down the relation between modulus of elasticity and modulus of rigidity and that

between modulus of elasticity and bulk modulus.

10. When a rod of diameter 20mm is subjected to a tensile force of 40 kN, thjc extension

1s measured as 250 divisions in 200mm extension meter. Find the modulus of elasticity if

each division is equal to 0.001mm.

I 1. What do you understand by the assumption, plane section remain plane even after the

application of load?

12.When 1s a cylinder called as thin cylinder? What is the effect of this on stress

distribution?

13.Write the exprésgion farthe determimation of giftumferential stiess or hoop stress in

thin cylinder.

14. Write the expression for the determination of Longitudinal stress in thin cylinder.

| 5.What is meant by ‘Limit of proportionality’?

NUMERICAL PROBLEMS

1.A hollow cast — iron cylinder 4m long, 300 mm outer diameter and thickness of metal

50 mm is subjected to a central load on the top when standing straight. The stress

produced is 75000 KN / m?. Assume Young's Modulus for cast iron as
1.5x10° KN/m’ and find

I Magnitude of the load

ii. Longitudinal strain produced and

iii.  Total decrease in length.
2. The following observations were made during a tensile test on a mild steel specimen
40 mm n diameter and 200 mm long. Elongation with 40 KN load (within limit of
proportionality)
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d1=0.0304 mm, yield load= 161 KN
Maximum load =242 KN

Length of specimen at fracture = 249 mm.

Determine:
1. Young's Modulus of Elasticity
1L Yield point stress

iii.  Ultimate stress

iv.  Percentage elongation.
3. A steel 2m long and 3 mm in diameter are extended by 0.75 mm when a weight W is
suspended from the wire. If the same weight is suspended from a brass wire, 2.5 m long
and 2 mm in diameter, it 1s elongated by 4.64 mm. Determine the modulus of elasticity
of brass if that of steel be 2.0x10° N /n
4. A member formed by connecting a steel bar to an aluminium bar as shown in fig.
Assuming that the bars are prevented form buckling sidewise; calculate the magnitude of
force p) that will/€ausaithgsotal length of'the memben todeercase®25mm. The values
of elastic modulus of steel and aluminum are 2101 KN#/ mm’and 70 KN/ mm’
5. A steel tie rod 50 mm in ¢ and 2.5m long is subjected to a pull of 100 KN. To what
length the rod should be bored centrally so that the total extension will increase by 15 %
under the same pull, the bore being 25 mm ¢ ?
6. A steel flat plate AB of | cm thickness tapers uniformly from 10 cm to 5 cm width in a
length of 40 cm. From first principles, determine the elongation of the plate, if an axial
tensile force of 5000 kg acts on it. Take E=2.0x10kg /em”
7. A steel cube block of 50 mm side is subjected to a force of 6 KN (Tension), 8 KN

(compressive) and 4 KN (tension) along X, y and z directions. Determine the change in

the volume of the block. e=200KN/mm" and m =%

8. A bar of 30 mm ¢ is subjected to a pull of 60 KN. The measured extension on gauge
length of 200 mm is 0.09 mm and the change in diameter is 0.0039 mm. Calculate u

and the values of the three module.
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9.At a point within a body subjected to two mutually perpendicular directions, the
stresses are 80 N/mm’ tensile and 40 N/mm?’ tensile. Each of the above stresses is
accompanied by a shear stress of 60 N/mm?. Determine the normal stress. Shear stress
and resultant stress on an oblique planc inclined at an angle of 45° with the axis of minor
tensile stress.

10. A point in strained material is subjected to the stresses as shown in figure. Locate the
principal planes and evaluate the principal tresses.

12. A metal bar 50 mm * 50 mm scction, is subjccted to an axial compressive load of 500
KN. The contraction of a 200 mm gauge length is found to be 0.5 mm and the increase in
thickness 0.04 mm. find E and p.

13. Steel bar is 900 mm long its two ends are 40 mm and 30 mm in diameter and the
length of each rod is 200 mm. the middle portion of the bar is 15 mm in diameter and
500 mm long. If the bar 1s subjected to an axial tensile load of 15 KN, find the total
extension. E=200GN/m’

14. A bar of 2 mlength, 2iefmbréadth amdnl.5 cmgliieknessuis sabjeeredito a tensile load
of 3000 kg. Findwlic final volume of thevbar, ifu =%and£ £72 0% 10° kg Fem®

15. Determine the poison’s ratio and bulk modulus of a material, for which Young’s
modulus is 1.2x10°N/mm? and modulus of rigidity is 4.5x10* N/mm?.

16. A bar of cross section 10mmx10mm is subjected to an axial pull of 8000N. The
lateral dimension of the bar is found fo be changed to 9.9985mm=9.9985mm. If the
modulus of the rigidity of the material is 0.8x10°N/mm?, determine the poisson’s ratio
and modulus of elasticity.

17.  Calculate the modulus of rigidity and bulk modulus of a cylindrical bar of
diameter of 25mm and length of 1.6m, if the longitudinal strain in a bar during a
tensile test is four times the lateral strain . Find the change in volume when the bar is

subjected to a hydrostatic pressure of 100N/mm?, Take E=1x10°N/mm?
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18. A bar is 30mm in diameter was subjected to tensile load of 54KN and the
measured extension on 300mm gauge length was 0.112mm and change in diameter
was 0.00366mm. Calculate poisson’s ratio and valuc of the moduli.

19. A rectangular bar of cross sectional area 12000mm? is subjected to an axial load of
360N/mm?. 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.

20. Two parallel walls 6 m apart, are stayed together by a steel rod 20 mm ¢ passing
through metal plates and nuts at each end. The nuts are tightened home, when the rod is
at a temp of 100° C. Determine the stress in the rod, when the temperature falls down
20°C if.

a. The ends do not yield and

b.  Theends yield by Imm. E=2x10%%g/cm® and a=12x10°/c
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