
Fundamental Principles

• Definitions

Mechanics of Materials : Is the branch of applied

mechanics that deals with internal behavior of variously

loaded solid bodies.

[ Deals with the relationship between the external loads (

forces and moments ) and the internal forces and

deformations induced in the body ].



Fundamental Principles

Strength : measure the ability of the member to resist
permanent deformation or fracture;

Stiffness : measure the ability of the member to resist
deflection;

Stability : measure the ability of the member to retain its
equilibrium configuration.

Failure : Is any action that results in an inability on the part
of the structure to function in the manner intended.



Fundamental Principles

External Forces: All forces acting on a body, including the
reactive forces caused by supports.

Surface Forces : 
Concentrated  acts at a point; or
Distributed over a finite area

Body Forces : 
acts on a volumetric element 

and is attributable to fields such as 
gravity and magnetism. 



Fundamental Principles

Internal Forces : The forces of interaction between the
constituent material particles of the body.

Load Classification :
Concentrated Load : Any Force applied to an area is
relatively small compared with the size of the loaded
structural member. Draw as and measured usually by N
or kN.



Fundamental Principles

Distributed Load : A load distributed over a considerable
length ( or area) within the loaded structural member. Draw
as or or

and measure usually by N/m or kN/m .

L



Fundamental Principles

Couples or Moments : Any load try to bend or twist the
structural member. Draw as and measure by N.m or
kN.m.

Loads also classified as :
Static Load : A load slowly and steadily applied.
Impact Load : A rapidly applied load .
Repeated Load : Multiple application and removals of load,
usually measured in thousands of episodes or more.



Support Reactions



In case of three dimensions, the equilibrium equations will be  

In case of two dimensions, the equilibrium equations will be  



Fundamental Principles

Ex. Find the reactions for the beam shown. 

Solution:
∑MD=0       +ve

RA×7 – 20×6 + 5‐ 0.5×4×10×2= 0

RA = 22.143 kN
∑MA=0    +ve
‐RD×7 + 20×1 + 5+ 0.5×4×10×5= 0
RD = 17.857 kN

1 m
4 m

D
C

20 kN

10 kN/m

A
B

5 kN.m
1 m 1 m

RA RD

F.B.D
Check: ∑Fy=0       
RA + RD – 20 – 0.5 × 4 × 10 = 0
22.143 + 17.857 – 20 – 20 = 0    O.K.



Fundamental Principles

Analysis of Internal Forces : Method of Sections
If the entire body is in equilibrium, any part of it must be in
equilibrium. The external forces are balanced by internal forces.



Fundamental Principles

Components of Internal – Force Resultants 
Fig. (a) :
A statically equivalent set of
force vector and moments or
couples vector acting at the
centroid C of the cross section.
X‐axis : the length of the member;
Y‐axis :upward axis (e.x. thickness);
Z‐axis: normal to reader (e.x. width).
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The internal forces and moments can be defined according
to their effects on the member:

Axial Force Fx tends to elongate ( or contract) the member
and is often identified by the letter P. If the force acts away
from the cut, it is termed as axial tension; if toward the cut,
it is called axial compression.

The shear forces Fy and Fz tend to shear one part of the
member relative to the adjacent part and are often
designated as Vy , Vz or V.



Fundamental Principles

The twisting moment or torque Mx is responsible for
twisting the member about its axis and is identified as T.

The bending moments My and Mz cause the member to
bend and are often designated asM.

Note : A structural member may subject to any combination
of or all of these four modes of force. The modes are
usually treated separately and the results are combined to
obtain the final results.



Fundamental Principles

For a components in two dimensions ( xy plane):

Fig. (b):
‐ Positive direction (+ve)

when directed with
+ve coordinate system
and vice versa.

‐Axial forces, shear forces, and bending moments acting on the faces
(planes ) at a cut section are equal and opposite.





Concept of Stress

2‐1 . Simple Stress
The unit strength of a material is usually defines as the

stress in the material; σ
σ = P / A [ P = Applied Load; A = Cross‐sectional Area]

[ Units :  Pa = N/m2,    MPa = N/mm2 or MN/m2 ]

[σ also called Normal Stress since  P  is normal to  A ]



Concept of Stress

Ex: 
Bar 1:
σ1 = 500  N / 10  mm2

=  50 N/ mm2 = 50 MPa
or ;
σ1 = 500  N / 10  mm2

= 500  N / 10 × 10‐6  m2  = 50 × 106 N/m2  = 50 MN/m2

Bar 2: σ2 = 5000  N / 1000  mm2 =  5 N/ mm2 = 5 MPa
σ2 = 5000  N / 1000 × 10‐6  m2 = 5 × 106 N/m2 = 5 

MN/m2

Bar 1
A = 10 mm2

Bar 2
A = 1000 mm2

5000 N500 N



Concept of Stress

2‐2 . Average Shear Stress
Shearing stress occur whenever the applied forces

cause one section of a body to tend to slide past its
adjacent section.

Ex. A clevis A, Bracket B and
a pin C;
Pin is in double shear;

Shear occur over an area parallel
to the applied load ( direct Shear).
V = P/2

P

P

A

B

C

b

t1
t t

VV



Concept of Stress

Ex: Single Shear of a rivet
Two plates A and B are 
joined by a rivet.
The rivet is in single shear.
V = P
τave.  = P / ( π.d2 / 4)
τave.  = V / ( π.d2 / 4)

PP

P
V

A
d

PP
t

B



Concept of Stress

2‐3 . Bearing Stress
Is the contact pressure between separate bodies.
clevis : σb = P/2td            Bracket : σb = P/t1 d

P

P

A

B

C

b

t1
t t

P/2td

d

P/t1 d

VV

P/t1 d



Concept of Stress

Bearing stress
σb = P/td 

Note:
For normal Stress
‐ At a section through the hole

σ = P / [  t ( b‐d) ]
‐ At any other section

σ = P / ( t b )

A
d

PP
t

B

t

P

P/2

P/2

b

PP b

















Simple stress and strains

• Introduction
‐ In the preceding chapters, the strength of the
material was discussed, i.e., the relations between
load, area and stress.
‐ In this chapter, deformations is the major concern.
‐ Deformation is the change in shape that
accompany a loading.

‐ Axially loaded bodies will only be studied.



Simple stress and strains

• Elasticity 
‐ when a force (or a system of forces) acts on a body, it
undergoes some deformations and the molecules offer
some resistance to the deformations.
‐ When the external force is removed, the force of
resistance also vanishes; and the body returns to its
original shape only when the deformation is within a
certain limit. Such limit is called elastic limit.
‐ Elastic limit is the stress beyond which the material will
not return to its original shape when unloaded but will
retain a permanent deformation.



Simple stress and strains
• Elasticity is the property of certain materials of returning back 

to their original position, after removing the external force.
• Perfectly elastic body is that body which returns back 

completely to its original shape and size, after the removal of 
external forces.

• Partially elastic body is that body which does not return back
completely to its original shape and size, after the removal of
external forces ( When the force causes deformation within
the elastic limit).

• Note: Beyond the elastic limit ( When the force causes
deformation beyond the elastic limit), the body will not
return to its original shape and size ( the body gets into the
plastic stage), and some residual deformation to the body will
remain permanently.



Simple stress and strains

• Stress
Is the resistance (of molecules of the body) per unit 
area to deformation.
Mathematically stress is the force per unit area. i.e.   
σ = P / 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) (Pa= 1 
N/m2). Bigger units is ( MPa = N/mm2) and (GPa= 
kN/mm2)



Simple stress and strains
• Strain 
Is the deformation per unit length.
Mathematically    ε = δL/ L
Where     δL = Change in length of the body, and

L = Original length of the body.
Notes:
1. When a body is subjected to two opposite tensile forces, the
length of the body will increase. The induced stress is called a
tensile stress and the corresponding strain is called tensile strain.

2. When a body is subjected to two opposite compressive forces, the
length of the body will decrease. The induced stress is called a
compressive stress and the corresponding strain is called
compressive strain.



Simple stress and strains
• Hook’s Law
It states, ‘’ when a material is loaded, within its elastic 
limit, the stress is proportional to the strain’’. 
Mathematically,
(stress / strain)= E = constant
or;    σ α ε σ = E ε
and E = ( σ / ε) = A constant of proportionality Known
as modulus of elasticity or Young’s modulus.
Numerically, it is the 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.







Simple stress and strains



Simple stress and strains
• Stress Strain Diagram
• A standard specimen (a

mild steel bar) is
subjected to a gradually
increasing pull (as applied
by universal testing
machine).

• Stress‐strain diagram is a
straight line between O
and the point of
proportional limit, i.e.,
the stress is proportional
to strain.



Simple stress and strains

• The proportional limit
is important because all
subsequent theory
involving the behaviour
of elastic bodies is
based upon a stress‐
strain proportionality.

• Beyond the point of
proportional limit, the
stress is no longer
proportional to strain.



Simple stress and strains
• Elastic limit is the stress

beyond which the
material will not return to
its original shape when
unloaded but will retain a
permanent deformation.

• Yield Point is the point at
which there is an
appreciable elongation or
yielding of the material
without any
corresponding increase of
load.



Simple stress and strains

• The phenomenon of
yielding is peculiar to
structural steel; other
grades and steel alloys
or other materials do
not possess it.

• For materials with no
yield point, the yield
strength is determined
by the offset method.



Simple stress and strains

• Offset Method
Consist of drawing a
line parallel to the initial
tangent of the stress–
strain curve, at an
arbitrary offset strain,
usually of 0.2% or 0.002
m/m. The intersection
of this line with the
stress–strain curve is
called yield strength.



Simple stress and strains
• Ultimate stress or ultimate

strength is the highest
ordinate on the stress‐strain
curve.

• Rupture strength or the
stress at failure; is usually
lower than the ultimate
strength because it is
obtained by dividing the
rupture load by the original
cross‐sectional area, which is
incorrect. This is caused by a
phenomenon known as
necking.



Simple stress and strains

• Necking Phenomenon 
As failure occurs, the material stretches very rapidly
and simultaneously narrows down, so that the
rapture load is actually distributed over a smaller
area. If the rupture area is measured after failure
occurs, and divided into the rupture load, the result
is a true value of the actual failure stress.

Note: the ultimate strength is commonly taken as the
maximum stress of the material.
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• Working Stress and Safety Factor
working stress: is the actual stress the material has when
under load.
allowable stress : Is the maximum safe stress a material
may carry.
working stress = allowable stress = σw
σw is obtained by dividing the yield stress or the ultimate
stress by a suitable number N, called the safety factor.
σw = σyp / Nyp or   σw = σult/ Nult
Nyp is the safety factor against yielding, and Nult is the 
safety factor against ultimate stress.



Axially Loaded Members





















Simple stress and strains
• Axial Deformation
From Hooke’s law ;   E = σ / ε

or,  σ = E ε

This Eq. is use only when :
1. The load must be axial
2. The bar must have a constant cross section and be
homogenous.
3. The stress must not exceed the proportional limit.





Simple stress and strains

• Shearing Deformation
Shearing forces causes a shearing deformation. An element
subjected to shear undergoes change in shape from a
rectangle to parallelogram, as shown in Fig. below.

The average shearing strain = tan           
since is usually very small, 
then,  
By Hooke’s law; 
Where; G= modulus of elasticity in 

shear, or modulus of rigidity. 



Simple stress and strains

So,

Then;



Simple stress and strains

Summary
Axial Loading:  σ = P / A       ε = δL/ L         σ = E ε

Shear Loading :  τ = V/A  

Axial Deformation:

Shear Deformation:     



Simple stress and strains

• Statically Indeterminate Members
Axially Loaded members in which the equations of

equilibrium are not sufficient for the solution.

Two general principles may be followed:
1. To a FBD of the structure, or a part of it, apply the equations

of static equilibrium.
2. Obtain additional equations from the geometric relations

between the elastic deformations produced by the loads.











Simple Stress

Thin Wall Cylinders



Thin Wall Cylinders

• In engineering field, cylindrical tank containing fluids
such as tanks, boilers, compressed air receivers etc.

• These tanks, when empty, are subjected to
atmospheric pressure internally as well as externally.
In such a case, the resultant pressure on the wall of
the shell is zero.

• But whenever a cylinder is subjected to internal
pressure ( due to stream, compressed air etc.) its
wall are subjected to tensile stresses.



Thin Wall Cylinders

• For thin wall cylinders, the wall thickness (t) is less
than (1/20) of the inner diameter.

• When the tensile stresses exceed the permissible
limit, the cylinder is likely to fail in any of the
following two ways:
1. It may split up into two troughs, and
2. It may split up into two cylinders.



Thin Wall Cylinders

Two Troughs 

Two Cylinders 



Thin Wall Cylinders

• Thin cylinders under internal pressure 
The wall of the cylindrical shell will be subjected

to the following two types of tensile stresses:
1. Circumferential stress (hoop or tangential

stress), and
2. Longitudinal stress.



Thin Wall Cylinders



Thin Wall Cylinders

• Hoop Stress
The lower half of the

cylinder is occupied by
a fluid as shown in fig.
(a).

A F.B.D of the half –
cylinder isolated by the
cutting plane A‐A is
shown in Fig. (b).



Thin Wall Cylinders

• Let    Ƥ = internal pressure;
F = bursting force ;
P = Force acting on each cut surface of the 

cylinder wall;
σh = hoop stress

Then;    F= Ƥ.D.L
P = σh.t.L

∑Fy =0               2P = F                 2 σh.t.L = Ƥ.D.L   

σh =  Ƥ.D / 2t



Thin Wall Cylinders
• Longitudinal Stress

Consider the F.B.D of a transverse
section :

Mean circumference = (D+t). π

In thin wall cylinders t is very small
compared to D, therefore;

Mean circumference = D. π

So, area of Transverse section can be 
closely approximated by ( π.D.t)



Thin Wall Cylinders

Then;  F = bursting force = Ƥ (π D2/4);
σL = Longitudinal stress;
P= resultant of the tearing forces = σL π.Dt

Since , F = P             Ƥ (π D2/4) = σL π.Dt  
σL = Ƥ.D / 4t   
Since  σh =  Ƥ.D / 2t
Then : σL = σh /2



Thin Wall Cylinders

• Hoop and Longitudinal Strains
• ε = Strain = (change in dimension / original dimension);       

ν = Poisson’s ratio;  σ = Stress; 
E = Modulus of Elasticity.

ν = εLateral / εLongitudinal
εLateral = ν . εLongitudinal
E = σ / ε ε = σ / E
εh = (σh /E) – ν (σL /E)             εh = (1/E) (σh – ν σL) 
εL = (σL /E) – ν (σh /E)             εL = (1/E) (σL – ν σh) 



Thin Wall Cylinders

Summary 
Stresses
1. Hoop Stress :   σh =
2. Longitudinal Stress : σL =
Strains
1. Hoop Strain : εh = (1/E) (σh – ν σL) 
2. Longitudinal Strain : εL = (1/E) (σL – ν σh) 
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