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Stress (cr) 

Every material is elastic in nature. That is why, whenever some external system of forces acts on 
a body, it undergoes some deformation. As the body undergoes deformation, its molecules set up 
some resistance to deformation. This resistance per unit area to deformation, is known as stress. 
Mathematically stress may be defined as the force per unit area i.e., stress. 

p 
er = A 

where P = Load or force acting on the body, and 

A = Cross-sectional area of the body. 
In S.I. system, the unit of stress is pascal (Pa) which is .equal to 1 N/m2. In actual practice, we use 

big;er units of stress i.e., megapascal (MPa) and gigapascal (GPa), which is equal to N/mm2 or kN/ 
mm respectively. 

Strain (£) 

As already mentioned, whenever a single force (or a system of forces) acts on a body, it under
goes some deformation. This deformation per unit length is known as strain. Mathematically strain 
may be defined as the deformation per unit length. i.e. , strain 

where 

Types of Stresses 

, 
Bl 

E = 
l 

or Bl = El 

Bl = Change of length of the body, and 

l = _Original length of the body. 

. Though there are many types of stresses, but we shall study the following two types of stresses in 
this chapter: 

· t. Tensile stress. 2. Compressive stress. 



 
 

 

 

 

Tensile Stress 

When a section is subjected fo two equal and opposite pulls and the body tends to increase its 

iengtl1, as s~own i~ Fig. 28. l, the stress indu~ed is called tensile stress._The corresponding strain is 

called tensile strain. As a result of the tensile stress, the *cross-secltonal area of the body gets 

reduced. , 
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Fig. Tensile stress Fig.: Compressive stress 

Compressive Stress 

When a section is subjected to two equal and opposite pushes and the body tends to shorten its 

length, as shown in Fig. 28.2, the stress induced is called compres•sive stress. The corresponding 

strain is called compressive strain. As a result of the compressive stress, the cross-sectional area of 

the body gets increased. · 

Elastic Limit 

We have already discussed that whenever some external system of forces acts on a body, it 

undergoes some deformation. If the external forces, causing deformation, are removed the body 

springs back to its original position. It has been found that for a given section there is a limiting 

value of force up to and within which, the deformation entirely disappears on the removal of force. 

The value of intensity of stress (or simply stress) corresponding to this limiting force is called 

elastic limit of the material. 
Beyond the elastic limit, the material gets into plastic stage and in this stage the deformation 

does not entirely disappear, on the removal of the force. But as a result of this, there is a residual 

deformation even after the removal of the force. 

Hooke's Law** 
It states that, "When a material is loaded, then ~~ithin its elastic limit, the stress is proportional 

to the strain." 
Mathematically, Stress oc Strain 

Stress 
or Strain = constant 

It may be noted that Hooke's Law equally holds good for tension as well as compression. 



 
 

 

 
 
 
 

Young's Modulus or Modulus of Elasticity (E) 
We have already discussed that whenever a given material is loaded, then within its elastic Ii"'' . . . d . ~ . • .. ,~ the stress 1s proport10nal to strain. In other words the ratio of stress an stram or a given material is 

constant. 
. ·This constant is known as Young's Modulus or Modulus of elaSticity for a given material and is 

denoted by E. Mathematically, 

or 

Young's Modulus = 
'stress 

Strain 

(J 
E=

£ 
where cr = Stress, 

E = Strain and 
E = A constant of proportionality known as Young's 

· modulus or modulus of of elasticity. Numerically, it 
is that value of tensile stress, which when applied to 
a uniform bar will increase its length to double the 
original length if the material of the bar could remain 
perfectly elastic throughout ·such an excessive strain. 

• I• •' 

Table . 
Young's ~odulus Appratus 

'.: The values of E i.e., Young's Modulus or Modulus·of Elasticity of some materials used In 
eyeryday life, are given below : 
· 1 S. No. · Material Young's Modulus of Elasticity (E) ' '' . ' . . l. ~n units GPa or GN/m2 or kN/mm2 

1. Steel 200 to 220 
., . 2. Wrought iron .,,. ' :.-, ·, .190 to 200 

3. Cast iron 100 to 160 
4. Copper 90 to 110 
5. Brass 80 to 90 
6. Aluminium 60 to 80 
7. Timber IO 



 

 

 

Note: In case of taper shaped body, the cross sectional area will be 

 

A=(π/4)D1D2 

 

 
 

Def~rmation of a Body Due to Force Acting on it 

Consider a body subjected to a tensile stress. 

Let · P = Load or force acting on the body, 

l = Length of the body, 

A = Cross-sectional area of the body, 

cr = Stress induced in the body, 

E = Modulus of elasticity for the materi?J of the body, 

E = Strain, and 

We know that the stress 

and deformation, 

ol = Deformation of the body. 

p 
(j = 

A 
Strain, 

,;. I = cl= 5!..J_=_fl_ 
u e,, E AE 

(j p 
E=-=-

£ A£ 

··a-l ... . - A 

Notes: 1. The above formula holds good for compressive stress also. r 

2. For most of the structural materials, the modulus of elasticity for compression is the same as that for 

tension. 
3. Sometimes in calculations, the tensile stress and tensile strain are taken as positive, whereas com

pressive stress and compressive strain as negative. 

Example 28.1. A steel rod I m long and 20 mm x 20 mm in cross-section is subjecred to a 

tensile force of 40 kN. Determine the elongation of the rod, if modulus of elasticity for the rod 

material is 200 GPa. 
Solution. Given : ·Length (l) = l m = l x 103 mm ; Cross-sectional area (A) = 20 x 20 = 

400 mm2 
; Tensile force (P) = 40 kN = 40 x I 03 N and modulus of elasticity (E) = 200 GPa = 200 x 

l03 N/nun2. 
We know that elongation of the rod, 

61 
= ~ = (40x 10

3
) x (I x 10

3
) = 5 mm 

A.E 400x(20 x !03
) 

Ans. 



 
 

 

 

 

Elastic constants and their Relationship: The various elastic constants are 
“Modulus of Elasticity (E)”, “Sheer Modulus (G)” and “Bulk Modulus (K)”.  All 
these elastic constants can be calculated by using the expressions as given: 
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Stress- Strain Curve for Ductile Materials 

 

Ductile materials undergo a large amount of deformation before failing. The following figure 

shows the stress-strain curve for a ductile specimen: 
 

 
 

The points on the graph are explained below: 
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A = Proportional limit 
B = Etastic limit 
C = Upper yield point 
D = Lower yield point 
E = Maximum stress 
F = Fracture point 
OA = stress o. strain 
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Fig. 10.5: Stress-strain curve. 



Proportional Limit: This limit is represented by point A on the graph. Up to this limit, the 

stress and the strain induced in the specimen are directly proportional to each other, i.e. the 

specimen obeys Hooke’s law. Beyond this point, the stress is not proportional to the strain. 

Elastic Limit: This limit is represented by point B on the graph. Upto this limit, the material is 

said to be elastic. This implies that the specimen regains its original shape and dimensions after 

the removal of the external load. There are no residual deformations seen in the specimen, on 
removal of the load. After this point, the material is said to become plastic. 

Yield Point: Contrary to what the name suggests, this is a region rather than a point. It is 

limited by the upper yield point ‘C’ and the lower yield point ‘D’. The stress – strain curve in 

this part of the graph is almost horizontal, which implies that there is an appreciable increase in 

strain for a negligible increase in stress. Yielding starts at ‘C’ and ends at ‘D’. After the point 
‘D’, the material, due to strain hardening again starts taking load and the curve rises, as seen in 

the figure. The material now is said to be plastic and the deformation is of nearly permanent 
nature. 

Ultimate Stress: This is shown by the point ‘E’ on the graph. It represents the maximum 

stress that a material can take before it fails. The specimen however does not fail at this point. 

After this point, the curve starts dropping. 

Breaking Point: This is the point at which the specimen fails. After the ultimate stress point, 
necking of the specimen takes place, which causes a loss in the load carrying capacity of the 

specimen and ultimately causes it to fail. This point is represented on the curve, by point ‘F’. 

 

 
 

 

ST ESS - STR fN CURVE FOR BRITTLE MATERIALS 

1 fa•efials whi ~h ~how very small elongation before they fracture are called brittle materials. The 

f · e c1.rrre for a britde material is shown in Fig. 10.7. 
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Factor of Safety in Design and Engineering: 

Perhaps one of the most important qualities to be considered when creating parts or products is 

safety...and naturally, an entire industry has cropped up around the need to manufacture safe 

products and structures for consumer use. Most commonly, you’ll hear the terms “Factor of 

Safety” (FoS) or “Safety Factor (SF), which usually refers to one of two things:  

1) the actual load-bearing capacity of a structure or component, or 2) the required margin of 

safety for a structure or component according to code, law, or design requirements.  

A very basic equation to calculate FoS is to divide the ultimate (or maximum) stress by the 

typical (or working) stress.  

A FoS of 1 means that a structure or component will fail exactly when it reaches the design 

load, and cannot support any additional load.  

Structures or components with FoS < 1 are not viable; basically, 1 is the minimum. With the 

equation above, an FoS of 2 means that a component will fail at twice the design load, and so 

on. 
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