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Simple Stress and strain
1.1. INTRODUCTION

- When an external force acts on a body, the body tends to undergo some deformation.
Due to cohesion between the molecules, the body resists deformation. This resistance by which
material of the body opposes the deformation is known as strength. of material. Within a
certain limit (/.e., in the elastic stage) the resistance offered by the material is proportional to
the deformation brought out on the material by the external force. Also within this limit the
resistance is equal to the external force (or applied load). But beyond the elastic stage, the
resistance offered by the material is less than the applied load. In such a case, the deformation
continues, until failure takes place.

- Within elastic stage, the resisting force equals applied load. This resisting force per unit
area is called stress or intensity of stress.
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STRESS

1.2. STRESS

The force of resistance per unit area, offered by a hody against deformation is .knnwn as
stress. The external force acting on the body is called the load or force. The load is applied on
the body while the stress is induced in the material of the body. A loaded member remains in
“equilibrium when the resistance offered by the member against the deformation and the ap-
plied load are equal.

P

Mathematically stress is written as, 0 = Y.

' where o = Stress (also called intensity of stress),
P = External force or load, and

A = Cross-sectional area.
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Units of Stress

1.2.1. Units of Stress. The unit of stress depends upon the unit of Toad (or force) and
unit of area. In M.K.S. units, the force is expressed in kegf and area in metre square (.., m?),
Hence unit of stress becomes as kef/m?. If area is expressed in centimetre square (i.e., cm?)
the stress is expressed as kgf/em?

In the S.I units, the force is expressed in newtons (written as N) and area is expressed
as m?, Hence unit of stress becomes as N/m® The area is also expreﬂsed in mﬂhmetre square

then unit of force becomes as N/mm?®.
1 N/m? = 1NA100 em)? = 1 N/10* em?

- 1 1
) 0 -6 2 [on AN 4. |
= 1074 N/em? or 10" N/'mm [ o 7 mmE]

(N/m2) & ga¥) &laa g (S.1. Units) allad) cilas glf Ui b




Units of Stress

. 1 N/mm?2 = 10% N/m?2.
Also 1 N/m? = 1 Pascal = 1 Pa.

The large quantities are represented by kilo, mega, giga and terra. They stand for :
Kilo = 10% and represented by ...... k

Mega = 10° and represented by ...... M
Giga = 10° and represented by ...... G
Terra = 10'? and represented by ...... T.

Thus mega newton means 10° newtons and is represented by MN. The symbol 1 MPa
stands for 1 mega pascal which is equal to 10¢ pascal (or 10¢ N/m?2).

The small quantities are represented by milli, micro, nana and pica. They are equal to
Milli = 10-? and represented by ...... m
Micro = 10-% and represented by ...... n
Nana = 10-? and represented by ...... n
Pica = 10712 and represented by ...... p.
Notes. 1. Newton is a force acting on a mass of one kg and produces an acceleration of 1 m/s ie.,
1N =1(kg)x1m/2
2. The stress in 8.1. units is expressed in N/m?2 or N/mm?2.
3. The stress 1 N/mm? = 10% N/m? = MN/m?, Thus one N/mm? is equal to one MN/m?
. 4. One pascal is written as 1 Pa and is equal to 1 N/m?2.



Strain

1.3. STRAIN

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

* Strain may be :

1. Tensile strain, 2. Compressive strain,

3. Volumetrie strain, and 4. Shear strain.

[f there is some increase in length of a body due to external force, then the ratio of
increase of length to the original length of the body is known as tensile strain. But if there is
some decrease in length of the body, then the ratio of decrease of the length of the body to the

originallength is known as compressive strain. The ratio of change of volume of the body to the
original volume is known as volumetric strain. The strain produced by shear stress is known

as shear strain.

AL 333 T B30 1) 3 g Bl o (Y sl dlagh 3 s 43 115 (strain) Jod] iy o
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Types of stresses

1.4. TYPES OF STRESSES

The stress may he normal stress or a shear stress.

Normal stress is the stress which acts in a direction perpendicular to the area. It is

represented by o (sigma). The normal stress is further divided into tensile stress and compressive
stress.

1.4.1. Tensile Stress. The stress induced in a body, when subjected to two equal and
opposite pulls as shown in Fig. 1.1 (a) as a result of which there is an increase in length, is
known as tensile stress. The ratio of inerease in length to the original length is known as
tensile strain. The tensile stress acts normal to the area and it pulls on the area.

(Shear Stress) u<® 2ga! 9 (Normal Stress) (b gl G5Ss O (Sa AgaY)

Lo Jgal g (tensile stress) 2 Agal N avds (0) A ey dalowll S Lagas i éﬁ\ R anbll Agal
(compressive stress)

LaS ) ) 0 3509 olaiVly (pfiaslaia g laBally (b gluucia (i 8 ) ) 2 5 (8 a2y (tensile stress) o) dlga)
Jshl) A Bak) i e milig (1.1a) JS&d A
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Types of Stresses
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Types of stresses

Let P ="Pull (or force) acting on the body,
- A = Cross-sectional area of the body,
L = Qriginal length of the body, |
dL = Increase in length due to pull P acting on the body,
o = Stress induced in the body, and
e = Strain (i.e., tensile strain),

Fig. 1.1 (a) shows a bar subjected to a tensile force P at its ends. Consider a section x-x,
which divides the bar into two parts. The part left to the section x-x, will be in equilibrium if
P = Resisting force (R). This is shown in Fig. 1.1 (b). Similarly the part right to the section x-,
will be in equilibrium if P = Resisting force as shown in Fig. 1.1 (c). This resisting force per unit
area is known as stress or intensity of stress,
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Types of Stresses

or

Resisting force () Tensile load (P)

. Tensile stregs = 0= sm—r—ssmunm =
(ross-sectional area A

03:‘{

And tensile strain is given by,

" [ncrease in length dL
" Original length L

( P=R)

L)

(1.2)



Types of Stresses

'1.4.2, Compressive Stress, The stress induced in a body, when subjected to two equal
and opposite pushes as shown in Fig. 1.2 (a) ag a result of which there is a decrease in length
of the body, is known as compressive stress, And the ratio of decrease in length to the original
length is known as compressive strain. The compressive stress acts normal to the area and it

pushes on the area.

Let an axial push P is acting on a body is cross-sectional area A, Due to ﬂxtﬂrna] push P,
let the original length L of the body decreases by dL. -

slat¥ly (piSlatia g yIa8ally ¢y gludia (g I Al (& 25 (e addy (Compressive stress) biall dga) e
) Job (B pali 3 e @il (1.2a) JSE A LS JAI ) Glaia,
.(Compressive strain) kil Jladi) ol ) Johll A Jshal) & (alill fp dadl) o
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Types of Stresses
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Then compressive stress is given by,
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And compressive strain is given by,
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Types of stresses

1.4.3. Shear Stress. The stress induced in a body, when subjected to two equal and
opposite forces which are acting tangentially across the

resisting section as shown in Fig. 1.3
as a result of which the body tends to shear off acr

oss the section, is known as shear stress. The
_corresponding strain is known as shear strain. The shear stress is the stress which acts tan-
gential to the area. It is represented by T.

b)
Fig. 1.3
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shear stress 1) =

shear load

area resisting shear

P
'}i
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Elasticity

1.5. ELASTICITY AND ELASTIC LIMIT | 4igsall aa s 4ig 4l

When an external force acts on a body, the body tends to undergo some deformation. If
the external force is removed and the body comes back to its origin shape and size (which

means the dafnrmatiﬂnl disappears completely), the body is known aselastic body. This property,
stress to the corresponding strain is a constant within the elastic limit, This constant is repre-
sented by E and is known as modulus of elasticity or Young’s modulus of elasticity.

Nﬂl_":_‘t}ﬂ] stress Y

' - T — = Constant or — =K
Corresponding strain e
where o = Normal atr%ss, e = Strain and E = Young’s modulus
- o
or | e=x (1.7 CA)]

. The above equation gives the stress and strain relation for the normal stress in one
direction.

Aol sdlag) g AdSd ) acead) dle g 3 g8l ly ) KR °#‘M@MW&%@J&33§‘3JS‘ 1) o
.(Elastic Body ) G e 4d) Ao ciliay amaal) 128 (8 JalS JSy 0 9l J) 9 (i 138 9
Jalea avy (constant) <ull Lie suy g uall 353 (e (strain) Judi g (stress) gl Cn A8l o

. (modulus of elasticity) 4334l
(E) 72k 4= 5 (Young modulus) zs Jelaay A pall Jalaa Ciay o

E =

o
e
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Hooke's Law
dga (sl
Hooke's Law states that when a material is loaded within elastic limif, the stress is
proportional to the strain produced by the stress. This means the ratio of the stress to the

corresponding strain is a constant within the elastic limit. This constant is known as Modulus
of Blasticity or Modulus of Rigidity or Elastic Modulii.

¢ Agal) Alld il Al Jladi) s Guuliy zlil) Aga¥) (b Al g all 3 9aa Cpana Lgduaal Al La 13) BaLal) o) Ao g o4il aly
Alall Jalaa g) 4 g pall Jalaa e il 138 ¢ digpall 3gan Cpana A5 ¢y oS5 Jlad) L1 alga¥) Gu daadl) o) Any Sl

stress (o) oc strain (g)

— =— constant*
strain
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Modulus of Elasticity

1.7. MODULUS OF ELASTICITY (OR YOUNG’S MODULUS) (i gy Jalaa) 45 g yal) Jalaa

The ratio of tensile stress or compressive stress to the corresponding strain is a con-
stant. This ratio is known as Young’s Modulus or Modulus of Elasticity and is denoted by E.

Tensile stress Compressive stress
E=— or : :
I'ensile strain Compressive strain
a .
‘or E - ey : ...(105)
X e : '
AgaY) Claa g udi A 4dlaa g (E) 45 g al) Jalaa g o9 Jalaay i et JadtY) g Jaall o) AN Agal O Al

(N/m?) Sia

1.8. FACTOR OF SAFETY

It is defined as the ratio of ultimate tensile stress to the working (or permissible) stress.
Mathematically it is written as

Factor of safety = Umfna_te prees ' (1.7)

Permissible stress

(Salad) AgaY)) 4 7 gamsall dlgal) A1 a8 A& slga) Gm dsadl) 4) o Gy Gl Jalaa
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Examples

(i) the stress, r
(it) the strain, and |
(i) the elongation of the rods

598 A L2l 2 cm okl 150 cm sk A gee
L5 a Jalaa GIS 13, 20 KN W laka 4y sae A
: ol |, 2x105 N/mm?2 s 3gand) BaLa
gy

JadN) i

Pmblan; 1.1, A rod 150 cm long and of diameter 2.0 cm is subjected to an axial :D”” of
20 kN, If the modulus of elasticity of the material of the rod i 2 % 10° N/mm? ; determine :

Cdgand) & ALY i

Sol. Given : Length of the rod, L = 150 cm
D=20cm =20 mm

Diameter of the rod,
Area, A= % (20)? = 1007x mm?
P =20kN = 20,000 N

Axial pull,
Modulus of elasticity, E = 2.0 x 10° N/mm?
(2) The stress (0) is given by equation (1.1) as

= P = 20000 = 63.662 N/mm?. Ans.

(12) Using equation (1.5), the strain is obtained as
EwZ,
e
. o 63.662
Strain, e = = 2 x IO.SH = 0.000318. Ans.

(iiz) Elongation is obtained by using equation (1.2) as
dL

7
Elongation, dl. = e x L
= 0.000318 x 150 = 0.0477 cm. Ans.

IJ




Examples

Problem 1.2. Find the minimum diameter of a steel wire, which is used to raise a load
of 4000 N if the stress in the rod is not to exceed 95 MN/m®.

95 MN/m? Jstak ¥ ¢ s bl b 3lga¥! GAS 13 4000 N o_)ia Jaa g ardiey idea dllad i J8) aa

Sol. Given : Load, P =4000N

Stress, 0 = 95 MN/m? = 95 x 10° N/m? (+ M = Mega = 105)
= 95 N/mm?* (*+ 10° N/m? = 1 N/mm?)
Let D = Diameter of wire in mm
Area, A= g D>?
Load P
N t - ee—— -
ow stress red "k
4
95 = 4000 . 000:4 or D?= 4000 x 4 - 53.61
n 1)2 nD ntx95
4

D =7.32 mm. Ans.
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Examples

Problem 1.3. Find the Young's Modulus of a brass rod of diameter 25 mm and of
length 250 mm which is subjected to a tensile load of 50 kN when the extension of the rod

I8 equal to 0.3 mm. L la8a A 3 681 42 124 250 mm sk 25 mm okd (el s 3 gand Al g sal) Jalaa 22

. 0.3 mm b 3gand) & ALy cils Lasie 50 KN

Sol, Given ; Dia, of yod, D = 25 mm

\Aaolnd,  As % (26" = 490,87 mm*

Tensile load, P e 50 KN =50 x 1000 = 50,000 N
xtension of rod, L= 0,3 mm
Length of rod, L= 200 mm

Sirass (0) s given by equation (L1), 08

E B ¢ %}0 = 101,86 Nmm,

| A 49087
Sty (¢) i given by equation (12) &
LT
L %0 -
Using equation (15), he Young' Modulus (E) s obtained, &s

2
Stregs 101,66 Nimm - 84689.39 N

- —.LI-”I* =

St 00012
=885213If331 10°Nim? Ans, (v llﬂlimmH = 10° Nim

- 4883 x 10 Nind = 84,889 GNf, Ans. (: 12019=G]




Examples

Problem 1.4. A tensile test was conducted on a mild steel bar. The following data was
obtained from the test !

qlall e agas o b LA g s

(i) Diameter of the steel bar | =Jdem ;00 i) e sl
(11) Gauge length of the bar = 20 em
(iti) Load at elastic linit =250 kN
(iv) Extension at a load of 150 kN = (.21 mm
(v) Maximum load = 380 kN
(vi) Total extension = 60 mm
(vii) Diameter of the rod at the fuilure =225 cm.
Determine :(a) the Young's modulus, (b) the stress at “astic limi,

(c) the percentage elongation, and  (d) the percentage decrease in area.

KA e L “ . “ " “ . < e
Laall (A alil) g (d) A duwi(c) Agsall 2 die Agal) (b) 4yl Jalaa (@) s o gllaal)
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Examples

Sol. Area of the rod, A= D = (3)% em?

| d

%
4

2
1

= 7.0685 ecm?2 = 7.0685 x 10 % mZ2. [ cm® 100 m) ]

(a) To find Young’s modulus, first calculate the value of stress and strain within elastic

limit. The load at elastic limit is given but the extension corresponding to the load at elastic

limit is not given. But a load of 150 kN (which is within elastic limit) and corresponding exten-

sion of 0.21 mm are given. Hence these values are used for stress and strain within elastic
lHmit

lL.oad 150 x 1000

Stress = . < N/m?2 (-~ 1 kN = 1000 IN)
Area 7.0685 x 10~
= 921220.9 x 10* N/m?
s Spiaiiy m Increase in length (or Extension)
! ~ Original length (or Gauge length)
0.21 mm
T 20 x 10 mm SOCAPE
. Young’s Modulus,
' Stress 212209 x 10 :
E = - =2 ; 4 2
Strain 0.00105 9200523 3107 D

= 202,095 x 10 N/

| (' 10%= G = (3
= 202006 GNim?, Ans, el

NP
(€5}




Examples

(b) The stress at the elastic limit is given by,
Stress = Load at elastic limit 250 x 1000

Area 70685 x 10~
= 35368 x 10¢ N/m?

= 363.68 x 10° N/m? (" 10°= Mega = M)
= 363.68 MN/m% Auns

(c) The percentage elongation is obtained as,
Percentage elongation

- Total increase in in length
Onginal length (or Gauge length)

e % 100

X LU Inm
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Examples

(d) The percentage decrease in area is obtained as,

Percentage decrease in area

(Ongmal area — Area at the failure)

Original area
(;‘ x 32 -%x 2.252)
L — - - X 100
2‘ X 32

_(32-225’-] 100 = (9=50625)
9

x 100

x 100 = 43.75%,

Ans,
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Home Work

1. Arod 200 cm long and diameter 3 cm is subjected to an axial pull of 30 kN. If the Young’s
modulus of the material of the rod is 2x10°> N/mm? , determine:

I. Stress.

I, Strain.

ii. Elongation of the rod.

2. Find the Young’s modulus of a rod of diameter 30 mm and of length 300 mm which is subjected to
a tensile load of 60 kN and the extension of the rod is equal to 0.4 mm.

3. An axial pull of 40000 N is acting on a bar consisting of three sections of length 30 cm,25 cm and
20 cm and of diameters 2 cm,4 cm and 5 cm respectively. If Young’s modulus = 2x10° n/mm?,
determine:

I.  Stress in each section.

il.  Total extension of the bar.

26
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