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UNIT I 

The mechanics of the member of rigid bodies is primarily concerned with the static and dynamic behavior under 
external forces/moments of engineering component. They are treated as infinitely strong and undeform able 
primarily we deal here with the forces and motions accompanied and rigid bodies.  

Mechanics under rigid body:  
The mechanics of deformable solid rigid body is more related with the internal forces and accompanied changes 
in the dimension of the components involved. Of particular importance are the properties of the materials used, 
the strength of which will determine whether the components fails, break and the stiffness of which will 
determine whether the amount of deformation they suffer is permissible. Here, this subject of strength of 
material or mechanics of materials is central to the entire activity of engineering design. Generally the objectives 
in analysis here will be the determination of the stresses, strains, stiffness, bending and deflections produced 
by loads.  

Analysis of stress / strain under load:  

Stress: introduce the concept of stress as we know that of the internal resistance of the body, i.e. the nature of 
forces set up within a body to balance the effect of the externally applied forces.  

The externally applied forces are noted as load/pressure. These load/pressure may be due to any one of the 
reason.  

(i)   Service conditions  

(ii)  Environment in which the component works  

(iii)  Contact with other members  

(iv)  Fluid pressures  

(v)   Gravity or inertia forces.  

So we know that in mechanics of deformable solids, externally forces acts on a body and body suffers a 
deformation. As for as  equilibrium point of view, this action should be opposed or reacted by internal forces 
which are set up within the particles of material due to cohesion.  

These internal forces provide concept of stress. So so us define a stress Here; so us define a term stress  

Stress:  
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So us consider a rectangular bar ABCD of uniform cross section area and subjected to load P (in Newton)  

Now imagine that the same rectangular bar ABCD is assumed to be cut into in between at section XX. The each 
portion of this rectangular bar is in equilibrium under the action of load P and the internal forces acting at the 
section XX has been mentioned  

 

So, the stress is defined as the resistive force intensity or force per unit area. Generally e we use a symbol s to 
represent the stress.  

 

 A is the area of the cross section  

 

There we are using an assumption that the total force or total load carried by the rectangular bar ABCD is equal 
distributed over cross section.  

But the stress distributions may be for from uniform, with local regions of high stress known as stress 
concentrations.  

If the force carried by a component is not equal distributed over its cross – sectional area, A, we must consider 
a small area, ‘dA' which carries a small load dP, of the total force ‘P', Then definition of stress is  

 

As a particular stress generally holds true only at a point, here it is defined mathematically as 

 

Basic Units-  

The basic units of stress in S.I units are N / m2 (or Pa)  

Mega Pascal = 106 Pa  

Gega Paacal = 109 Pa  

Kilo Pascal = 103 Pa  
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IN S.I unit N / mm2 units are used, because this is an equivalent to MPa. While US customary unit is FPS.  

TYPES OF STRESSES-  

Only two basic stresses are exists: (i) normal direct stress and (ii) shear shear stress. Other stresses either are 
similar to these basic stresses or are a combination of this like bending stress are combination of tensile, 
compressive and shear stresses and Torsional stress, are encountered in twisting of a shaft is a shearing stress. 

So us define the normal stresses and shear stresses in the following sections.  

Normal stresses- We have defined stress as force per unit area. If the stresses are normal to the area in the 
direction of force, then these are noted as normal stresses. The normal stresses are generally denoted by a 

Greek soter(s).  

This is uniaxial state of stress,  stresses acts only in one direction however, for biaxial and tri axial state of stresses 
there the two mutually perpendicular normal stresses acts or three mutually perpendicular normal stresses act 
as mention below: 

 

Tensile or compressive stresses:  

The normal stresses may be either tensile or compressive in nature 
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Shear stress-  

Now we consider the condition, in which the cross section area of a block of material is subject to a mention 
forces which are parallel, rather than normal, to the area concerned. This forces are accompanied with a 
shearing of the material, and are referred to as shear forces. The resulting force interests are known as shear 
stresses.  

 

The resulting force are known as shear stresses, the mean shear stress being equal to  

 

Here P is the total force and A the area over which it acts.  
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So that the particular stress holds good only at a point here we can define shear stress at a point as  

 

The Greek symbol t ( tau ) (tangential ) is used to denote shear stress.  

it must be  the stress (resultant stress) at any point in a body is basically resolved into two components s and t 
one acts perpendicular and other parallel to the area, as it is defined in the following figure.  

 

The single shear took place on the single plane and the shear area is the cross - sectional of the rivet, thereas 
the double shear took place in the case of Butt joints of rivets and the shear area is the twice of the X - sectional 
area of the rivet.  

ANALYSIS OF VARIOUS STERSSES  

Against a force Stress at a point in a material body has been defined as a force per unit area. But this definition 
is somewhat ambiguous since it depends upon what area we consider at that point. So us, consider a point ‘q' 
in the interior of the body  

 

So  pass a cut to plane through a point 'q' perpendicular to the x - axis as mention below 

Downloaded from www.rgpvnotes.in

Page no: 5 Get real-time updates from RGPV

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


 

The corresponding force components can be mentioned like this 

dFx = sxx. dax 

dFy = txy. dax 

dFz = txz. dax 

there dax is the area surrounding the point 'q' when the cut to plane ^ r is to x - axis.  

In a similar way it can be assumed that the cut to plane is passed through the point 'q' perpendicular to the y - 
axis. The corresponding force components are mentioned below  

 

The corresponding force components may be written as 

dFx = tyx. day 

dFy = syy. day 

dFz = tyz. day 

there day is the area surrounding the point 'q' when the cut to plane ^ r is to y - axis.  

In the last it can be considered that the cut to plane is passed through the point 'q' perpendicular to the z - axis.  
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The corresponding force components may be written as 

dFx = tzx. daz 

dFy = tzy. daz 

dFz = szz. daz 

there daz is the area surrounding the point 'q' when the cut to plane ^ r is to z - axis.  

So, from the foregoing discussion it is clear that there is nothing like stress at a point 'q' rather we have a 
situation there it is a combination of various state of stress at a point. There the stresses on the three mutually 
perpendicular planes are labelled in the manner as mentioned earlier. The state of stress as depicted earlier is 
called the general or a tri axial state of stress that can exist at any interior point of a loaded body.  

Cartesian co-ordinate system 

For the Cartesian co-ordinates system, we make use of the axes, X, Y and Z  

So us consider the small element of the material and show the various normal stresses acting the faces 

 

So, in the Cartesian co-ordinates system the normal stresses have been represented by sx, sy and sz.  

Cylindrical co-ordinate system 

For the Cylindrical - co-ordinate system we make use of co-ordinates r, q and Z.  
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S0, in the cylindrical co-ordinates system, the normal stresses i.e components acting over a element is being 
denoted by sr, sq and sz.  

Sign convention: The tensile forces are noted as positive while the compressive forces are noted as negative.  

First sub – script: it mentioned the direction of the normal to the surface.  

Second subscript: it mentioned the direction of the stress.  

It may be noted that in the case of normal stresses the double script notation may be dispensed with as the 
direction of the normal stress and the direction of normal to the surface of the element on which it acts is the 
same. Here, a single subscript notation as used is sufficient to define the normal stresses.  

Shear Stresses: With shear stress components, the single subscript notation is not practical, because such 
stresses are in direction parallel to the surfaces on which they act. We here have two directions to perticolarly, 
that of normal to the surface and the stress itself. To do this, we stress itself. To do this, we attach two subscripts 
to the symbol’t’, for shear stresses.  

In Cartesian and polar co-ordinates, we have the stress components as mentioned in the figures.  

txy , tyx , tyz , tzy , tzx , txz 

trq , tqr , tqz , tzq ,tzr , trz 
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Now so us combine the normal and shear stress components as mentioned below:  

Downloaded from www.rgpvnotes.in

Page no: 9 Get real-time updates from RGPV

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


 

Now so  define the state of stress at a point formally.  

State of stress at a point: Stress at a point, we mean information which is required at that point such that it 
remains under equilibrium. Or simply a general state of stress at a point includes all the normal stress 
components, together with all the shear stress components as mentioned in earlier figures.  

Here, we need nine components, to define the state of stress at a point  

sx  txy txz 

sy tyx tyz 

sz tzx  tzy 

If we apply the conditions of equilibrium which are as follows:  

å Fx = 0 ; å M x = 0  

å Fy = 0 ; å M y = 0  

å Fz = 0 ; å M z = 0  

Then we get  

txy = tyx 

tyz = tzy 

tzx = txy 

Only six components to perticolarly the state of stress at a point i.e  

sx , sy, sz , txy , tyz , tzx 

Now so us define the concept of with respect to each other shear stresses. 
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With respect to each other shear stresses:  

 

on planes AB and CD, the shear stress t acts. To maintain the static equilibrium of this element, on planes AD 
and BC, t' should act, we shall see that t' which is known as the with respect to each other shear stress would 
come out to like and alike to the t .  

 

Sign convections for shear stresses:  

Direct stresses or normal stresses  

 Tensile Positive  

 Compressive Negative  

Shear stresses:  

- Tending to turn the element C.W Positive.  

- Tending to turn the element C.C.W Negative.  

We consider the weight of the element is neglected.  

Since the element is a static piece of solid body, the moments applied to it must also be in equilibrium. So ‘O' 
be the centre of the element. So us consider the axis through the point ‘O'. the resultant force accompanied 
with normal stresses sx and sy acting on the sides of the element each pass through this axis, and here, have no 
moment.  

So,tyx . D x . D z . D y = txy . D x . D z . D y 
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So the with respect to each other shear stresses are equal in its magnitude. 

 

Analysis of Stresses: 

 

Let us take a point ‘q' in some sort of structural member like as mentioned in figure below. Assuming that at 
point exist. ‘q' a plane state of stress exist. i.e. the state of state stress is to describe by a parameters sx, sy and 
txy These stresses could be indicate a on the two dimensional diagram as mentioned below:  

 

This is a common way of representing the stresses. It must be realize a that the material is unaware of what 
we have called the x and y axes. i.e. the material has to resist the loads irrespective less of how we wish to 
name them or whether they are horizontal, vertical or otherwise furthermore, the material will fail when the 
stresses exceed beyond a permissible value. So, a fundamental problem in engineering design is to determine 
the highest normal stress or highest shear stress at any particular point in a body. There is no reason to believe 
that sx, sy and txy are the highest value. Rather the highest stresses may associates themselves with some other 
planes located at ‘q'. So, it becomes imperative to determine the values of sq and tq. In order to achieve this so 
us consider the following. 
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Shear stress 

If the applied load P consists of two like and alike parallel forces not in the same line, than there is a tendency 
for one part of the body to slide over or shear from the other part across any section LM. If the cross section 
at LM measured parallel to the load is A, then the average value of shear stress t = P/A. The shear stress is 
tangential to the area over which it acts.  

If the shear stress varies then at a point then t may be defined as  

With respect to each other shear stress:  

So ABCD be a small rectangular element of sides x, y and z perpendicular to the plane of paper so there be 
shear stress acting on planes AB and CD  

It is obvious that these stresses will from a couple (t. xz) y which can only be balanced by tangential forces on 
planes AD and BC. These are known as with respect to each other shear stresses. i.e. the existence of shear 
stresses on sides AB and CD of the element implies that there must also be with respect to each other shear 
stresses on to maintain equilibrium. 

So t' be the with respect to each other shear stress induced on planes  

AD and BC. Then for the equilibrium ( t . xz )y = t' ( yz )x  

t  =  t' 

So, every shear stress is accompanied by an equal with respect to each other shear stress.  

Stresses on oblique plane: Stresses on oblique plane: until currently we've got controlled either pure traditional 

direct stress or pure shear stress. In several instances, but each direct and shear stresses acts and also the resultant 

stress across any section are going to be neither traditional nor tangential to the plane.  
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sz = tyz = tzx = 0  

Example of plane state of stress include plates and shells. 

Consider the general case of a bar under direct load F giving rise to a stress sy vertically  

 

The stresses amendment with the inclination of the planes passing through that time i.e. the strain on the faces of the 

component vary because the spatial relation of the component changes.  

Let the block be of unit depth currently considering the equilibrium of forces on  portion rudiment  

Resolving forces perpendicular to B.C., gives  

sq.BC.1 = sysinq . AB. 1  

but AB/BC = sinq or AB = BCsinq  

Substituting this value in the above equation, we get 

sq.BC.1 = sysinq . BCsinq . 1 or  

                                                                                                                                               (1) 

Now resolving the forces parallel to BC 

tq.BC.1 = sy cosq . ABsinq . 1  

again AB = BCcosq  

tq.BC.1 = sycosq . BCsinq . 1 or tq = sysinqcosq 

                                                                                                                                           (2) 
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If q = 900 the BC will be parallel to AB and tq = 0, i.e. here normal or direct stress.  

By examining the equations (1) and (2), the following conclusions may be drawn 

(i)  The value of direct stress sq is highest and is equal to sy when q = 900.  

(ii)  The shear stress tq has a highest value of 0.5 sy when q = 450 

(iii)  The stresses sq and sq are not simply the resolution of sy 

Material subjected to pure shear:  

Consider the element mentioned to which shear stresses have been applied to the sides AB and DC  

 

With respect to each other shear stresses of equal price however of alike result ar then found out on the edges AD and 

B.C. so as to stop the rotation of the component. Since the applied and with respect to each other shear stresses ar of 

equal price on the x and y planes. Here, they're each pictured by the image txy.  

Now think about the equilibrium of portion of PBC  

 

 

Assuming unit depth and resolving normal to PC or in the direction of sq 

sq.PC.1 = txy.PB.cosq.1+ txy.BC.sinq.1  

        = txy.PB.cosq + txy.BC.sinq 

Now writing PB and BC in terms of PC so that it cancels out from the two sides  

PB/PC = sinq BC/PC = cosq 
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sq.PC.1 = txy.cosqsinqPC+ txy.cosq.sinqPC  

sq = 2txysinqcosq 

sq = txy.2.sinqcosq 

                                                                                                                                                   

Now resolving forces parallel to PC or in the direction tq.then txyPC . 1 = txy . PBsinq - txy . BCcosq 

negative sign has been put because this component is in the same direction as that of tq.  

again converting the various quantities in terms of PC we have  

txyPC . 1 = txy . PB.sin2q - txy . PCcos2q 

   = -[ txy (cos2q - sin2q) ]  

   = -txycos2q or                                                                                                                      

the negative sign means that the sense of tq is alike to that of assumed one. So us examine the equations (1) 
and (2) respectively 

From equation (1) i.e,  

sq = txy sin2q 

The equation (1) represents that the highest value of sq is txy when q = 450.  

So us take into consideration the equation (2) which states that  

tq = - txy cos2q 

It mentioned that the highest value of tq is txy when q = 00 or 900. it has a value minimum when q = 450.  

From equation (1) it should be noticed  that the traditional part sq has most and minimum values of +txy (tension) and -

txy (compression) on plane at ± 450 to the applied shear and on these planes the tangential part tq is minimum.  

Hence the system of pure shear stresses produces and equivalent direct stress system, one set compressive and one 

tensile every settled at 450 to the first shear directions as delineated  within the figure below:  
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Material under goes to two mutually perpendicular direct stresses:  

Let us consider a rectangular element of unit depth, subjected to a system of two direct stresses both tensile, 
sx and sy acting right perpendicular to each other.  

 

On rearranging the various terms we get  

                                                                                                                  

                                                          

 The following result may be drawn from above equation  
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(i)   The highest direct stress will be equal to sx or sy whichever is the greater, when q = 00 or 900 

(ii)  The highest shear stress in the plane of the induced stresses occurs when q = 450 

                                                   **************** 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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