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rl C | U
omponents work

5ion and compression
sion:- Direct pull. Eg:Force present in lifting

Compression:- Direct push. Eg:- Force acting on
the pillar of a building

Sign convention followed: Tensile forces are
positive and compressive negative



number of different ways in which
lied to a member. Typical loading

Dead/ Static load- Non fluctuating forces
erally caused by gravity

Ive load- Load due to dynamic effect. Load
rted by a lorry on a bridge

pact load or shock load- Due to sudden
blows

D) Fatigue or fluctuating or alternating loads:
Magnitude and sign of the forces changing with
time



S IRESS

| aterial is subjected to an external
force, a resisting force is set up within the
component, this internal resistance force per unit
area Is called stress. Sl unit is N/m?(Pa).
1kPa=1000Pa, 1MPa=10"6 Pa, 1 Gp iy
Terra Pascal=10"12 Pa

“In engineering applications, we use t
the original cross section area of the 4
and It Is known as conventional stress
Engineering stress

Stress o = P/A



IS subjected to some external
5 some change of dimension of the body.

IS known as strain

eSS quantity

ain may be:- a) Tensile strain b) Compressive

ain ¢) Volumetric strain d) Shear strain

Ratio of increase in length to original
ngth of the body when it is subjected to a pull force

- Ratio of decrease in length to
original length of the body when it is subjected to a
push force

Ratio of change of volume of the
body to the original volume

Strain due to shear stress



1940 YPE OF STRESSES

Direct stress/ Simple Stress Indirect stress Combined Stress

ShearStress Mormal stress Torsional Stress Bending Stress

|

Tensile stress Compressive stress




YPES OF DIRECT
STRESS

may be normal stress or shear

irection perpendicular to the area. Normal stress
urther classified into tensile stress

Sile stress Is the stress induced in a

y, when it is subjected to two equal and

site pulls (tensile forces) as a result of which
there Is a tendency in increase Iin length

It acts normal to the area and pulls on the area




1.4.1 TYPES OF DIRECT
STRESS (Tensile stress)

par subjected to a tensile force P at its

al area of the body
=Qriginal length of the body
Increase in length of the body due to its pull

Stress induced in the body
2nsile strain

Consider a section X-X which divides the body into
two halves



1.4 1 TYPES OF DIRECT
RESS (Tensile stress)

art of the section x-x, will be in
equilibrium If P=R (Resisting force). Similarly the
right part of the section x-x will be in equilibrium if




1.4.1 TYPES OF DIRECT

tress induced in a body, when
bjected to two equal and opposite pushes as a
sult of which there is a tendency of decrease in
ngth of the body

ts normal to the area and it pushes on the area

In some cases the loading situation is such that the
stress will vary across any given section. In such
cases the stress at any given point is given by

¢= Lt AA-> 0 AP/ AA= dP/dA= derivative of force w.r.t
area




1 4.1 TYPES OF DIRECT
Ive stress)

) a
P

(b

p
4 (3

J Compressive stress=Resisting force/ cross sectional
area= Applied force/ cross sectional area

go/mpressive strain= Decrease in length/ Original length= -
L/L

Sign convention for direct stress and strain:- Tensile
stresses and strains are considered positive in sense
producing an increase In length. Compressive stresses
and strains are considered negative in sense producing
decrease In length



1.4.1 TYPES OF DIRECT
RESS (Shear stress)

S :- Stress Induced in a body, when
0 equal and opposite forces which
are acting tangentially across the resisting
ection as a result of which the body tends to
ear off across that section

onsider a rectangular block of height h, length L
d width unity. Let the bottom face AB of the

ck be fixed to the surface as shown. Let P be
the tangential force applied along top face CD of
the block. For the equilibrium of the block, the
surface AB will offer a tangential reaction force R
which is equal in magnitude and opposite in
direction to the applied tangential force P




1.4.1 TYPES OF DIRECT
RESS (Shear stress)

section X-X cut parallel to the applied force
‘ectangle into two parts

D

For the upper part to be in equilibrium; Applied force
>=Resisting force R

or the lower part to be in equilibrium; Applied force
P=Resisting force R

Hence, shear stress 1= Resisting force/Resisting area=P/L
X 1=P/L

Shear stress Is tangential to the area on which it acts



1.4.1 TYPES OF DIRECT
RESS (Shear stress)

Angle @ Is called shear strain. As ¢ is very small,
@=tan @=DD1/AD=dl/h
Hence shear strain=dl/h



5 ELASTICITY & ELASTIC
LIMIT

ty of a body by virtue of which it undergoes
hen subjected to an external force and
al configuration (size and shape)
upon the removal of the deforming external force is
called elasticity.

he stress corresponding to the limiting value of
ternal force upto and within which the deformation
ISappears completely upon the removal of external
rce Is called elastic limit

aterial is said to be elastic if it returns to its
original, unloaded dimensions when load is removed.

If the external force is so large that the stress exceeds
the elastic limit, the material loses to some extent its
property of elasticity. If now the force is removed, the
material will not return to its original shape and size
and there will be a residual deformation in the
material



16 HOOKE'S LAW & ELASTIC
\ VMODULLI

states that: “ When a body is loaded
IMit, the stress Is proportional to

stic modulus or Young’s modulus
1ematically within elastic limit

 Stres s/Strain=¢/e=E
~ ¢= PIA; e=AL/L
E=PL/AAL



MODULI

)dulus (E) is generally assumed to be

nsion or compression and for most
plications has a high numerical
Iue Typically, E=210 x 109 N/m2 (=210 GPa)

steel

dulus of rigidity, G= 1/¢p= Shear stress/ shear
rain

lor of safety= Ultimate stress/Permissible
stress

In most engineering applications strains donot
often exceed 0.003 so that the assumption that
deformations are small in relation to orinal
dimensions Is generally valid




engths of various materials

ange Iin length of a selected gauge length of
IS recorded by extensometers

aph Is plotted with load vs extension or stress
Vs strain



1.8 STRESS-STRAIN CURVE
(TENSILE TEST)

Partially plastic ———1

E

F Cirgular

cross-saction —

Extension or strain

Fig. 1.3. Typical tensile test curve for mild steel.



8 STRESS-STRAIN CURVE
SILE TEST DIAGRAM)

proportionality; It is the point where the
f the stress strain graph ceases

‘ t IS the limiting point for the condition
that material behaves elastically, but hooke's law does
ot apply . For most practical purposes it can be often
ssumed that limit of proportionality and elastic limits
e the same

eyond the elastic limits, there will be some
rmanent deformation or permanent set when the
d Is removed

C (Upper Yield point), D (Lower yield point)=> Points
after which strain increases without correspondingly
high increase in load or stress

E— Ultimate or maximum tensile stress; Point where
the necking starts

F-> Fracture point



ELATIONSHIPS BETWEEN
TRESS & STRAIN

lonal case (due to pull or push or shear

2-Dimensional

nsider a body of length L, width B and height H. Let
ody be subjected to an axial load. Due to this

lal load, there is a deformation along the length of
ody. This strain corresponding to this

deformation is called longitudinal strain.

Similarly there are deformations along directions
perpendicular to line of application of fore. The strains
corresponding to these deformations are called lateral
strains



RELATIONSHIPS BETWEEN
STRESS & STRAIN

b = Decrease in breadth, and
&d = Decrease in depth.

Then longitudinal strain = %

. &b
lateralstrmn-T or P

ke (b - 5b) —{ — —
-— e —

Fig. 1.3. Typical tensile test curve for mild steel.



ELATIONSHIPS BETWEEN
TRESS & STRAIN

| strain is always of opposite sign of
train. le if the longitudinal strain is
INS are compressive and vice

ery longitudinal strain is accompanied by
ral strains in orthogonal directions

tio of lateral strain to longitudinal strain is
d Poisson’s ratio (n); Mathematically,

u=-Lateral strain/Longitudinal strain

Consider a rectangular figure ABCD subjected a
stress Iin ox direction and in o y direction



ELATIONSHIPS BETWEEN
STRESS & STRAIN

X direction due to ¢x= ¢ X/E

Irection due to ¢ y=-uxcy/E
. tion ex= ¢ X/E - uxgy/E
larly total strain in y direction, ey= ¢ y/E - px

e above equation tensile stresses are
iIdered as positive and compressive stresses
gative

C) 3 Dimensional case:-

Consider a 3 D body subjected to 3 orthogonal
normal stresses in X,y and z directions
respectively



RELATIONSHIPS BETWEEN
STRESS & STRAIN

direction due to ¢x= ¢ x/E
ction due to ¢ y=-puxgy/E

in along x dire

n dueto ¢ z=-uxgz/E
strain in x direction ex= ¢ x/E - { « Gy/E

‘= Similarly total strain in y direction, ey=¢ y/E - pu«
o XE +z/E)

= Similarly total strain in z direction, ez= ¢ z/E - p
6XE +cy/E)



1. 10 ANALYSIo UF BARS
OF VARYING CROSS

: b§ g(g'f;lr!rgygths and of different

nd hence of different cross sectional
. Let this bar be subjected to

I'he total change in length will be obtained by adding
e changes in length of individual sections
Total stress in section 1: ¢1=E1 x AL1/L1

¢l xL1/E1=AL1
¢1=P/A1l; Hence AL1=PL1/Al1E1l
Similarly, AL2=PL2/A2E2; AL3=PL3/A3E3



10 ANALYSIS OF BARS OF
RYING CROSS SECTION

elongation AL=Px (L1/A1E1+L2/A2E2 +

e Yo , dulus of different sections are the
same, E1=E2=E3=E; Hence AL=P/Ex (L1/A1+L2/A2
+ L3/A3)

hen a number of loads are acting on a body, the
sulting strain, according to principle of
uperposition, will be the algebraic sum of strains
used by individual loads

lle using this principle for an elastic 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 calculated and the total deformation is
equal to the algebraic sum of deformations of
Individual sections



1 ANALYSIS OF UNIFORMLY
PERING CIRCULAR ROD

| a bar uniformly tapering from a diameter
D1 at one end to a diameter D2 at the other end

_et

P—> Axial load acting on the bar

L2 Length of bar

' E-> Young's modulus of the material




RING CIRCULAR ROD

Infinitesimal element of thickness dx, diameter Dx at

(D1 - D2)/L xx
et (D1-D2)/L=k; Then Dx= D1-kx
ALX)= 4 x P x dx/(mt x (D1-kx)? x E)

\ el D1-KX=A, then ax= -(d A/k)
| When x=0, A=D1; When x=L, A=D2

ALx= 4PL/(MED1D2)



1.12 ANALYSIS OF
UNIFORMLY TAPERING
RECTANGULAR BAR

A bar of constant thickness and uniformly tapering in width from one end to the other
end is shown in Fig. 1.14.

Let P = Axial load on the bar
L = Length of bar
a = Width at bigger end

b = Width at smaller end
E = Young's modulus

t = Thickness of bar




13 ANALYSIS OF BARS OF
MPOSITE SECTIONS

up of two or more bars of equal

| L of different materials rigidly fixed with
each other and behaving as one unit for
longation and shortening when subjected to

lal loads is called composite bar.

Consider a composite bar as show

'IIIIII_I;IIIII/IIII/IIIIIII/IIIIII‘

P—> Applied load
L-> Length of bar
Al—-> Area of cross section of Inner member
A2-> Cross sectional area of Outer member




1.13 ANALYSIS OF BARS OF
COMPOSITE SECTIONS

od in the outer member= Strain
iInher member

i1 =¢2/E2
0ad (P)= Load in the inner member (P1) +
n the outer member (P2)

\1+c2xA2="P
olv C above two equations, we get the values
of ¢1, ¢2 & el ande2




SRODUCED IN A BAR DUE TO
TS SELF WEIGHT

A bar of length L, area of cross section A
one end. Let p be the density of the

The force acting on the element considered= weight
of the portion below it=pAgy



ODUCED IN A BAR DUE TO
TS SELF WEIGHT

s developed= Force acting on the
f cross section= pgy.

m the above equation, it is clear that the
Imum stress at the section where y=L, ie at

ALy= [pgydy/AE= pgl®/2AE
v= lpgyd g



15 STRESS IN BAR DUE TO
ROTATION

Consider a bar of length ] rotating about the axis v at a constant angular velocity ®. Consider
an infinitesimal element of thickness dx at a distance x from the axis of rotation.

Tensile force on element ST= Centrifugal force on element TM

Centrifugal force on element TM= Mass of element TM xrx ®*= {1/2 —(x+dx)} xAxp

xXrx ®?

r= x + Yax (1/2- (x+dx)

As dx is numerically very small, x + dx=x

Hence tensile force on element ST=(1/2 —x)x Ax{x + Y2 x (1/2-x)} x px @?

=Axpxix(?/4-x%)/2



1.15 STRESS IN BAR DUE TO
ROTATION

Tensile stress developed= Tensile torce/cross sectional area=Axpx 0*x (1*/4-x%)/2A

orod=pxm*x(12/4-x%)/2

Orod =0, whenx=1/2

Orod =Maximum when d (Grod )/ dx=0; ie when x=0
Orodmax == px®?x1?/8

Extension of element= Orod xdx/E

I
Extension of entire bar=] p x w® x (I*/4 - x*)dx/2=px w® x F/12E
0

Extension of entire bar= px?x13/12E




116 THERMAL STRESS

sses are the stresses induced in a body due
mperature. Thermal stresses are set up in a
mperature of the body is raised or

ly Is restricted from expanding or

)nsider a body whic neated to a certain temperature
Original length of the body
-Rise In temp
oung's modulus
-Coefficient of linear expansion
dL= Extension of rod due to rise of temp
If the rod Is free to expand, Thermal strain developed
et=AL/L=a xAT



Actual strain, e= (Lx a XAT —§)/L

Actual stress=Actual strain x E= (Lx a xAT —
8)/L X E



