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STRESS & STRAIN - HOOKE’S LAW
STRESS:

The force of resistance per unit area offered by a body against deformation is
known as stress.

Stress is "force per unit area' - the ratio of applied force P to cross section area.
c=P

A
Where, ¢ is stress in N/mm?.
Pisload in N.
Ais area in mm?,
UNITS :
The basic units of stress in S.1 units i.e. (International system) are N/m? (or) Pa.
MPa = 106 Pa, GPa = 10° Pa, KPa = 10° Pa
Sometimes N/mm? units are also used, because this is an equivalent to MPa.
TYPES OF STRESSES:
Tensile Stress:
The stress induced in a body, when subjected to two equal and opposite pulls.

Stress that tends to stretch or lengthen the material - acts normal to the stressed
area.

Compressive Stress:
The stress induced in a body, when subjected to two equal and opposite pushes.

Stress that tends to compress or shorten the material - acts normal to the stressed
area.

Shearing Stress:

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

Stress that tends to shear the material - acts in plane to the stressed area at right-
angles to compressive or tensile stress.
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Figure No: 1
STRAIN:
It is defined as the ratio of change in dimension to the original dimension.
It is represented by ‘e’
It has no unit.
TYPES OF STRAIN:
Linear Or Longitudinal Strain:

Itis defined as the ratio of change in linear dimensions (length) to the original dimensions
(length).

It is represented by eL.
eL= oL
L
Linear Tensile Strain:
Itis defined as the ratio of change in increase in length to the original length.
It is represented by eL.
eL = 8L
L
Linear Compressive Strain:
Itis defined as the ratio of change in decrease in length to the original length.
It is represented by eL.
eL = 8L
L



It has no unit.
Lateral Strain:

It is defined as the ratio of change in lateral dimensions to the original lateral dimensions.
It is represented by en, ed, et, en.

er = 6bl/b
Shear Strain:

It is defined as the ratio of transverse displacement to the distance from the lower face. It
is represented by ‘@’.

@=46l/h
Volumetric Strain:

It is defined as the ratio of change in lateral dimensions to the original lateral dimensions.
It is represented by ev.

ev=0v/v
ELASTICITY:

The property of material by virtue of which it returns to its original shape and size upon
removal of load is known as elasticity.

ELASTIC LIMIT:

The maximum extent to which a solid may be stretched without permanent alteration of
size or shape.

HOOKE’S LAW:

It states that within elastic limit stress is proportional to strain.
Stress a Strain (or) Stress/ Strain = a Constant ( E)
Mathematically, E= Stress/ Strain N/mm?.

FACTOR OF SAFETY:

It is defined as the ratio of ultimate stress to the working or permissible stress.
Factor of safety = ultimate stress / working stress

ELASTIC CONSTANTS

ELASTIC CONSTANTS OF A MATERIAL:

Young’s modulus

Bulk modulus

Shear modulus

Poisson’s ratio.



MODULUS OF ELASTICITY (OR) YOUNG’S MODULUS:
Young’s modulus is defined as the ratio of stress to strain within elastic limit.
It is represented by ‘E’. Its units are N/mm?.

Mathematically, E= o/ €

MODULUS OF RIGIDITY (OR) SHEAR MODULUS:

It is the ratio of shear stress (t) to shear strain (@).

It is represented by ‘C’, ‘N’ or ‘G’.

Its unit is N/mm?.

C,NorG=1/0

BULK MODULUS:

It is defined as the ratio of applied pressure to volumetric strain.
It is represented by ‘K’.

Its unit is N/mm?.

K=o/ev

POISSON’S RATIO:

The ratio of lateral strain to longitudinal strain produced by a single stress is known as
Poisson’s ratio.

It is represented by p or 1/m.

The value of ‘p’ varies from 0.25 to 0.50 depending upon the material.
RELATIONSHIP BETWEEN THE ELASTIC CONSTANTS
Relation between E and C:

E =2C [1+ ]

Relation between E and K:

E = 3K (1-2p)

Relation between E, C and K:

E=9KC/ (3K+C)

UNIT CONVERSIONS:

1m=10®mm

1 m? =108 mm?

1 m3=10°mm3



1KN=10°N

1 MN =10° N
1GN=10°N
1 Pa =1 N/m?

1 Mpa=1X108/10°5 N/ mm?
1 Mpa =1 N/ mm?
PROBLEMS

1.A steel rod 1 m long and 20 mm X 20 mm in cross section is subjected to a tensile force
of 40 KN. Determine the elongation of the rod, if modulus of elasticity for the rod material
is 200 GPa.

Given Data:
Length, L=1m=1X 103 mm.
Size of rod = 20 mm x 20 mm = 400 mm?.(A)
Tensile Force, P =40 KN =40 X 10° N.
Modulus of Elasticity,E = 200 GPa = 200 X 10° N/m? =200 X 10% 106 mm?
=200 X 103 N/mm?
To Find:
Elongation of the rod
Solution:
1. Elongation of the rod,
oL = PL = 40X10®X1X10® =0.5mm.
AE 400 X 200 X 103

2. A steel specimen of 13 mm diameter was found to extend to elongate 0.2 mm in a 200
mm gauge length when it was subjected to a tensile force of 26.8 KN. If the specimen was
tested within the elastic range, what is the value of Young’s modulus for the steel
specimen?

Given Data:

Length, L =200 mm.

Diameter, d = 13 mm.

Elongation, 6L = 0.2 mm.

Tensile Force, P =26.8 KN =26.8 X 10% N.
To Find:



Young’s modulus.
Solution:

1.Young’s modulus,

oL = PL
AE
E= PL =26.8X10%X200 A= n Xd?
AXxoL 132.73 X 0.2 4
E =2.019 X 10° N/mm?. =132.73 mm?,

3. A steel bar 2 m long, 40 mm wide and 20 mm thick is subjected to an axial pull of 160
KN in the direction of its length. Find the changes in length, width and thickness of the
bar. Take E = 200 GPa. and poisson’s ratio = 0.3.

Given Data:

Length, L=2m=2 X 10® mm.
Width, b =40 mm.

Thick, t =20 mm.

Axial pull, P =160 KN = 160 X 103 N.
E =200 GPa =2 X 10° N/mm?,
poisson’s ratio = 0.3.

To Find:

change in length.

change in width.

change in thickness.

1. Change in length,

oL = PL = 160X 103X 2 X 108
AE 40 X 20 X2 X 10°
oL =2 mm.

2. Change in width,
vV U= e ec=o6L = 2 =0.001

el L 2 X103

ep=e XK =0.001X0.3



=0.0003

eb = ob

b
ob =epr X b =0.0003 X 40
ob =0.012 mm.

3.Change in thickness,
e = ot
t
ot =et Xt=0.0003 X 20
ot =0.006 mm.

4. A bar of 30 mm diameter is subjected to a pull of 60 KN. The measured extension on
gauge length of 200 mm is 0.09 mm and the change in diameter is 0.0039 mm. Calculate
the poisson’s ratio and the values of the three moduli.

Given Data:

Diameter, d = 30 mm.

Length, L =200 mm.

Change in length, L =0.09 mm.
change in diameter, 6d = 0.0039 mm
Axial pull, P =60 KN =60 X 10° N.
To Find:

Poisson’s ratio

Three moduli. (E, C and K)
Solution:

1.Poisson’s ratio
9

U= ed
eL
ed = od ZM
T 30
=0.00013

v eL =d8L = 0.09
L 200




h = 0.00013
0.00045
L=0.28

2.Young’s modulus,

oL = PL
AE
E= PL = 60 X 10% X 200
A XoL 706.9 X 0.09

E =1.88 X 10° N/mm?.

3. Shear modulus,

E =2C [1+ ]
C= E = 1.88X10°
2 [1+ ] 2(1+0.28)

C =73.3 X103 N/mm2.
4.Bulk Modulus,
E = 3K (1-2p)

K= E = 1.88 X 10°

=149.2 X 103 N/mm?2.

3 (1-2) 3(1-2X0.28)

A= rXd?/4
= 706.9 mm?.

5. A rod 150 cm long and of diameter 2 cm is subjected to an axial pull of 20 KN. If the
modulus of elasticity of the material of the rod is 2 X 10° N/mm?2.Determine the stress,

strain and the elongation of the rod.

Given Data:
Diameter, d =2 cm = 20 mm.

Length, L = 150 cm = 1500 mm.

Axial pull, P =20 KN =20 X 10° N.

E =2 X 10° N/mm?.
A=n X d?/4 =314. 15 mm?
1. Stress,

=P = 20X10°

A 314.15



6 =63.66 N/mm?2.

2. Strain,
E=o
e
e=o0 = 63.66
E 2 X 10°
e =0.000318
3. Elongation,
oL = PL = 20X 10%X 1500 oL =0.477 mm.
AE 314.15 X2 X 10°

6. The safe stress for a hollow steel column which carries an axial load of 2.1 X 10% KN is
125 MIN/m2. If the external diameter of the column is 30 cm, determine the internal
diameter.

Given Data:
External diameter, D = 30 cm = 300 mm.
Axial load, P=2.1 X 103 KN =2.1 X 10° N.
¢ =125 MN/m? = 125 N/mm?,
Solution:
1. Internal diameter,
c= P = 2.1 X106

T n (D% -d?/4

125 = 2.1 X 106
nt (300% — d?)/4
(3002 —d?) = 2.1 X 106 X 4
125X«

d=261.9 mm.

7. The ultimate stress for a hollow steel column which carries an axial load of 1.9 MN is
480 N/mm?2. If the external diameter of the column is 200 mm, determine the internal
diameter. Take the factor of safety as 4.

Given Data:
External diameter, D = 200 mm.

Axial load, P =1.9 MN = 1.9 X 108 N.



ultimate stress = 480 N/mm?,
Factor of safety = 4.
Solution:
1. Internal diameter,
Factor of safety = ultimate stress / working stress
4 = 480 / working stress
working stress =480/ 4

G =120 N/mm?.
c= P = 1.9 X 10°
A nt (2002 — d?/4
d = 140.85 mm.
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» Stress strain curve is a behavior of material when it is subjected to load.

» when a ductile material like mild steel is subjected to tensile test, then it passes
various stages before fracture.

» These stages are;
v' Proportional Limit

v' Elastic Limit



v Yield Point

v" Ultimate Stress Point

v Breaking Point
PROPORTIONAL LIMIT

v Proportional limit is point on the curve up to which the value of stress and strain

remains proportional.

From the diagram point A is the called the proportional limit point or it can also
be known as limit of proportionality.

v The stress up to this point can be also be known as proportional limit stress.

Hook’s law of proportionality from diagram can be defined between point OA. It
is S0, because OA is a straight line which shows that Hooke’s law of stress strain is
followed up to point A.

ELASTIC LIMIT

Elastic limit is the limiting value of stress up to which the material is perfectly
elastic.

v" From the curve, point B is the elastic limit point.

Material will return back to its original position, if it is unloaded before the
crossing of point B.

This is so, because material is perfectly elastic up to point B.

» YIELD STRESS POINT

v Yield stress is defined as the stress after which material extension takes place more

quickly with no or little increase in load.

Point C is the yield point on the graph and stress associated with this point is
known as yield stress.

MODULUS OF RUPTURE

v' Rapture strength is the strength of the material at rupture and is represented by

point D.
ULTIMATE STRESS POINT

Ultimate stress point is the maximum strength that material have to bear stress
before breaking.

It can also be defined as the ultimate stress corresponding to the peak point on the
stress strain graph.

v" On the graph point E is the ultimate stress point.

v/ After point E material have very minute or zero strength to face further stress.



» BREAKING STRESS (POINT OF RUPTURE)
v Breaking point or breaking stress is point where strength of material breaks.

v' The stress associates with this point known as breaking strength or rupture
strength.

v" On the stress strain curve, point F is the breaking stress point.

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

Diameter of the steel bar =3 cm

Gauge length of the bar = 20 cm

Load at elastic limit = 250 KN

Extension at a load of 150 KN = 0.21 mm
Maximum load = 380 KN

Total extension = 60 mm

Diameter of the rod at the failure = 2.25 cm.

Determine the Young’s modulus, stress at the elastic limit, percentage elongation
and percentage decrease in area.

Solution:

1. Young’s modulus,

E=o A=n XD?/4=nX30%/4
e = 706.85 mm?
6= P = 150X10% =212.2 N/mm?.
706.85
e = oL = 0.21 =0.00105
L 200
E = 2122 =2.02 X 10° N/mm?,

0.00105
2. Stress at the elastic limit,
Stress = Load at elastic limit / Area
=250 X 10 =353.68 N/mm?.
706.85

3. Percentage Elongation,



Percentage Elongation = Total increase in length X 100

Original length
= 60 X100 =30 %.
200

4. Percentage decrease in area,

Percentage decrease = (Original area — area at the failure) X 100

in area Original area

= (n X D2/4) — (x X d?/4) X 100
n X D2/4
= (m X 302/4) — (m X 22.52/4) X 100
X 302/4
= 43.75 %.

COMPOSITE SECTIONS (OR) COMPOSITE BARS

A bar made up of two or more different materials joined together is called a
composite bar.

The bars are joined in such manner that the system extends or contracts as one
unit equally when subject to tension or compression.

The following two points should always be kept in view while solving the problems.

v Extension or contraction of the bar being equal that is deformation per unit
length is equal.

v' The total external load on the bar is equal to the sum of the loads carried
by the different materials.

Total external load which will be acting over the composite bar will be shared by
each bar of composite bar and hence we can say that total external load on
composite bar will be equal to the addition of the load shared by each bar of
composite bar.

Let,
A1 and Az = Area of cross section of bar 1 and bar 2
respectively.
E1 and E2 = Young’s modulus of elasticity for material of bar 1
and material of bar 2 respectively.

P1 and P2 = Load shared by bar 1 and bar 2 respectively.



61 and o2 = Stress induced in bar 1 and bar 2 respectively.

» As we have already discussed that total external load which will be acting over the
composite bar will be shared by each bar of composite bar and therefore, we will
have following equation.

P=Pi1+P2

Stress induced in bar 1, 61= P1/ A1
Stress induced in bar 1, 62= P2/ A2
P =01A1+ 02 A2

» We have also discussed above that composite bar will have two or more than two
bars of similar length and these bars will be rigidly fixed with each other and
therefore change in length will be similar for each bar or we can say that strains
will be same for each bar of composite bar.

Strain in bar 1, el1= 01/ E1
Strain in bar 2, e2 = 62/ E2

» From above statement that strains will be same for each bar of composite bar, we
will have following equation.

o1/ E1 =062/ E2
MODULAR RATIO:

The ratio of young’s modulus of one material to the young’s modulus of another material
(E1/ E2) is called modular ratio.

9.A steel rod of 3cm diameter is enclosed centrally in a hollow copper tube of external
diameter of 4cm. The composite bar is ten subjected to an axial pull of 45000 N. If the
length of each bar is equal to 15cm, determine the stresses in the rod and tube, and load
carried by each bar. Take E for steel = 2.1 x 105 N/mm? and for copper = 1.1 x 10° N/mm?2,
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Solution:

1.The stresses in the rod and tube,
Diamater of steel rod = 3cm = 30mm
Area of steel rod, As = & X 302 = 706.85 mm?
4
Area of copper tube, Ac = ( 50°- 402 ) / 4 = 706.85 mm?
Now strain in steel = Strain in copper
GS = Oc

Es E:.

6s= Es X oc¢
E:.
6s= 21x10° X o¢

1.1x10°
65 =1.909 G carrrrrrrrnrrrnnnneneereeereeeeeeeeeees (1)
Stress = Load / Area
Load = Stress X Area

Load on steel + load on copper = Total load



6sXAs+tocXAc=P
1.909 6 c x 706.86 + o ¢ X 706.86 = 45000
o ¢ (1.909 x 706.86 + 706.86) = 45000
2056.25 o ¢ = 45000
6 .= 45000
2056.25
6 ¢ = 21.88 N/mm?
Substituting the value of ¢ ¢ in equation (1), we get
oc =1.909x21.88
6 ¢ =41.77 N/mm?,
2. Load carried by each bar,
Load = Stress x Area
Load carried by steel rod,
Ps= 6sX As =41.77 x 706.86 = 29525.5 N.
Load Carried by copper tube, P=Ps+ Pc
Pc =P -Ps =45000 —29525.5 or oc X Ac= 154745 N.

10.A load of 2 MN is applied on a short concrete column 500 mm X 500 mm. the
column is reinforced with four steel bars of 10 mm diameter, one in each corner.
Find the stresses in the concrete and steel bars. Take E for steel = 2.1 x 10° N/mm?
and for concrete = 1.4 x 10* N/mm?.

Solution:
1.The stresses in the concrete and steel bars,
Now strain in steel = Strain in concrete

0S = O conc

Es E conc
6s= ESs X 6conc =2.1X105X6c0nc
E conc 1.4 x 10*

6 S =150 conc ceeernriciinnicinnns (1)
Area of column = 500 X 500 = 250000 mm?
Area of 4 steel bars, As = & X 102 X 4= 314.159 mm?
4



Area of concrete = Area of column - Area of 4 steel bars

= 250000 - 314.159 = 249685.841 mm?
Load on steel + load on copper = Total load

6 s X As+ 6 conc X A conc = P
15 6 conc X 314.159 + 6 conc X 249685.841 = 2000000
6 conc = 7.86 N/mm?.
Substitute the value of 6 concin equ. 1,6 s =15 6 conc
s =117.92 N/mm?.

11.Three bars made of copper, zinc and aluminium are of equal length and have
cross section 500, 750 and 1000 mm respectively. They are rigidly connected at
their ends. If this compound member is subjected to a longitudinal pull of 250 KN,
estimate the load carried on each rod and the induced stresses. Take E for copper
= 1.3 x 10° N/mm?, for zinc = 1.0 x 10> N/mm? and for aluminium = 0.8 x 10°
N/mm?,

Solution:
1.The stresses in the copper, zinc and aluminium rods,
Now strain in copper = Strain in zinc = strain in aluminium

Gc = 06z = O0al

Ec Ez Eal
6c=Ec¢ x0a=13x10° Xoa

Ea 0.8x10°
= 162506 al coverrrernnenn. (1)
6:= Ez x6a=1.0x10°X 6 al
Ea 0.8x10°
=1.2506a .coevrnennennes (2)

Now,
Total load = Load on copper + load on zinc + Load on aluminium
=6cXAc+06:XAztca XAa
250 X 10°=1.625 6 a1 X 500 + 1.25 6 a1 X 750 + ¢ a1 X 1000
250 X 103=2750 6 al
6a = 250 X 103
2750



6 a = 90.9 N/mm?.
Substitute the value of 6 a1 in equ. 1, 6 ¢ =1.625 6 al
=1.625X90.9
6c =147.7 N/mm?
Substitute the value of 6 a inequ.2,6: =1.250c a
=1.25X90.9
6: =113.625 N/mm?.
2. Load carried by each rod,

Load carried by copper rod, Pc=6 ¢ X Ac =147.7 X 500

Pc = 73850 N.
Load carried by zincrod, Pz=6: X Az =113.625 X 750
P: =85218 N.
Load carried by aluminium rod, Par =6 at X A a =90.9 X 1000
Pa =90900 N.
THERMAL STRESSES

Thermal stresses are the stresses induced in a body due to change in temperature.
Thermal strain,e = 6L =aTL =aT
L L

Thermal stress, 6 = Thermal strain X E
—aTXE.
Stress & Strain when the supports yield,

If the supports yield by an amount equal to &, then the actual expansion =
Expansion due to rise in temperature —

=aTL-9
Actual Strain = Actual Expansion / Original Length
=(aTL-9)/L
Actual Stress = Actual Strain XE=(a TL-0)/L XE.

11.Arodis 2 mlong at a temperature of 10°C. Find the expansion of the rod, when
the temperature is raised to 80°C. If this expansion is prevented, find the stress
induced in the material of the rod. Take E = 1.0 x 10° MN/m? and & = 0.000012 per
degree centigrade.



Solution:
1. Expansion of the rod, T =80°C - 10°C = 70°C
Expansion of the rod = a T L =0.000012 X 70 X 2000
=1.68 mm.
2. The stress induced in the material of the rod,
Thermal stress, ¢ = Thermal strain X E
=a T XE=0.000012 X 70 X 1.0 x 10°
¢ = 84 N/mm?

12.A steel rod of 3 cm diameter and 5 m long is connected to two grips and the rod
is maintained at a temperature of 95°C. Determine the stress and pull exerted
when the temperature falls to 30°C, if

I) the ends do not yield and

ii) the ends yield by 0.12 cm. Take E = 2.0 x 10° MN/m? and a = 0.000012 per degree
centigrade.

Solution:
1.Stress and pull when the ends do not yield,
Stress = a T X E =0.000012 X 65 X 2.0 x 10° T =95°C-30°C
¢ =156 N/mm? =65°C
Pull in the rod, P = Stress X Area = 156 X 225 X =
P =110269.9 N
Areaoftherod, A=n X d?/4=n X302/4 =225 mmZ.
2.Stress and pull when the ends yield by 0.12 cm, 6 =0.12 cm
=1.2mm
Actual Stress=(a TL-8)/L XE.
= (0.000012 X 65 X 5000 — 1.2) X 2.0 x 10°
5000

6 =108 N/mm?2
Pull in the rod, P = Stress X Area =108 X 225 X =«
P =76340.7 N
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INTRODUCTION
PRINCIPAL PLANES:
The planes which have no shear stress are known as principal planes.
Hence principal planes are the planes of zero shear stress.
These planes carry only normal stresses.

PRINCIPAL STRESSES:

v S N XN YV

v' The normal stresses acting on a principal plane are known as principal stresses.
METHODS FOR DETERMINING STRESSES ON OBLIQUE SECTION:

» Analytical Method

» Graphical method

» MAJOR PRINCIPAL STRESS:

v

The plane carrying the maximum normal stress is called the major principal
plane and normal stress is called major principal stress.

MINOR PRINCIPAL STRESS

<V

The plane carrying the minimum normal stress is known as minor principal
plane and normal stress is called minor principal stress.

ANALYTICAL METHOD FOR DETERMINING STRESSES ON OBLIQUE
SECTION

Stresses 1n oblique plane

9 %
Member subjected to direct stress in one plane
g,
Member subjected to direct stress in two mutually e g,
perpendicular plane
o,
— 2
L L T T
Member subjected to simple shear stress.
T
o, &
T
Member subjected to direct stress in two <, G
mutually perpendicular directions + simple shear T
stress
T L=E
Figure No.1

» Induced stress is divided into two components which are given as:

v Normal stress



* Normal Stress on an inclined section.
v' Tangential stress
» Shear Stress on an inclined section.
MEMBER SUBJECTED TO A DIRECT STRESS IN ONE PLANE

Stresses in oblique plane

E G
2
P P g=—
P =Axial Force
F A=Cross-sectional area
perpendicular to force
_Unit depth o, =ocos’ 6
‘ a
P O, = —sin20
= 2
Figure No.2

MEMBER SUBJECTED TO DIRECT STRESSES IN TWO MUTUALLY
PERPENDICULAR DIRECTIONS




MEMBER SUBJECTED TO A SIMPLE SHEAR STRESS

MEMBER SUBJECTED TO DIRECT STRESSES IN TWO MUTUALLY
PERPENDICULAR DIRECTIONS ACCOMPANIED BY A SIMPLE SHEAR STRESS

Stresses 1n oblique plane

<» Member subjected to direct stress in two mutually
perpendicular directions + simple shear stress




~ MAX SHEAR STRESS

d

E(o,)=0

il O, -0
dde alzazsinZG—rcosw =() w— tan29=12—7:2

MAXIMUM SHEAR STRESS

OBLIQUITY:

The angle made by the resultant stress with the normal of the oblique plane is known as
Obliquity.

It is denoted by o.
Mathematically, tan ¢ = ot / on
MAXIMUM SHEAR STRESS:
(ot)max = 61 -62
2
PROBLEMS:

1.A rectangular bar of cross sectional area 10000 mm? is subjected to an axial load of 20
KN. Determine the normal and shear stresses on a section which is inclined at an angle
of 30° with normal cross section of the bar.

Solution:

Normal Stress:



onh = 6 C0S’ O
¢ =P/A =20 X10/10000
¢ =2 N/mm?
on =06C0s’°0 =2 X cos?30°
on =15N/mm?.
6t =6/2 Xsin 20
=2/2 Xsin 2 X 30°
or = 0.866 N/mm?.

2.Find the diameter of a circular bar which is subjected to an axial pull of 160 KN, if the
maximum allowable shear stress on any section is 65 N/mm?.

Solution:
Diameter of a circular bar,
Direct stress, 6= P/A = m = 640000
n X d?/4 n X d?
Maximum shear stress = ¢ /2 = 640000/ & X d?
2

65 = 640000/ & X d?
2

d? =1567
d =39.58 mm.

3. A rectangular bar of cross-sectional area of 11000 mm is subjected to a tensile load P
as shown in fig. The permissible normal and shear stresses on the oblique plane BC are
given as 7 N/mm? and 3.5 N/mm? respectively. Determine the safe value of P.

C
P P
D p——
60°
B
Figure No.3

Solution:



Angle of oblique plane with the axis of the bar = 60°
Angle of oblique plane BC with the normal cross section of the bar,
O =90°-60°=30°
onh = 6 C0S’ O
7=06c0s’O
¢ =7/cos?© =7/ cos?30°
¢ =9.334 N/mm?.
6t =6/2sin 20
3.5=06/2 Xsin 20
6=35X2/sin20=35X2/sin2 X 30°
¢ =8.083 N/mm?.
The safe stress is the least value of the above two, ¢ = 8.083 N/mm?
Safe Value of axial pull, P = Safe stress X Area of cross section
P =8.083 X 11000 = 88913 N
P =88.913 KN

4. Two wooden pieces 10 cm X 10 cm in cross section are joined together along line AB
as shown in fig. What maximum axial force P can be applied if the allowable shearing
stress along AB is 1.2 N/mm?

Solution:
Angle of line AB with the axis of axial force = 30°
Angle of line AB with the normal cross-section,
O =90° - 30° =60°
Let P — maximum axial force
6t =6/2 X sin 20
1.2 =6/2 Xsin 2 X 60°
6=12X2/sin2X60°=12X2/sin 120°
¢ =2.771 N/mm?,
P=6XA=2771 X (100 X 100) = 27710 N or 27.710 KN

5. The tensile stresses at a point across two mutually perpendicular planes are 120
N/mm?and 60 N/mm?. Determine the normal, tangential and resultant stresses on a
plane inclined at 30°to the axis of minor stress.

Solution:



Angle of oblique plane with the axis of minor principal stress, © = 30°

o, =60 N/mm2

kEEERAN

o~
= : Axis of_____—p» S,
§ < minor stress ’ ‘ »
S —— 3 : ==
N < —1 Axis of D  I——
"W <«—— majorstress | —
=

RARERRRE

o, = 60 N/mm?

Figure No.4
Normal stress:
on =120+60 + 120-60 cos2 X 30°
2 2
on =105 N/mm?.

<4

120 N/'mm

0=



The tangential (or shear stress) o, is given (

by equation (3.7). f

S, —OC ;
G‘=¥Sln 206
2

120 - 60
2
30 x sin 60° = 30 x 0.866

= 25.98 N/mm2. Ans. .f
Resultant stress

The resultant stress (oy) is given by
equation (3.8) |

sin (2 x 30°) i

oo O’R

vo.2 +0,2 =,/1052% + 25.982
V11025 + 674.96 = 108.16 N/mm?2

I

6.The stresses at a point in a bar are 200 N/mm? (T) and 100 N/mm?(C). Determine the
resultant stress in magnitude and direction on a plane inclined at 60° to the axis of the
major stress. Also determine the intensity of shear stress in the material at the point.

Solution:
Angle of plane with the major principal stress = 60°
Angle of plane with the normal cross-section,
O =90° - 60° =30°
1. Normal stress:
on =200 + (-100) + 200 — (-100) X cos 2 X 30°
2 2
on =125 N/mm?,

2. Tangential stress:
6t = 200 — (-100) sin 2 X 30°
2
ot = 129.9 N/mm?.




100 N/mm~

TITITITIT

¢ — =
§ - : 604-—’ g
= e - - - - =
S — Axis of /. ', S
<*——] major stress | > &
100 N/mm?
Figure No.5

Using equation (3.8) for resultant stress,
O =0, 40,2 = 1257 + 129.9?

= /15625 + 16874 = 180.27 N/mm?. Ans.

The inclination of the resultant stress with the normal of the inclined plane is given by
equation (3.8 (A)] as

129.9
tangp=—L=—2= =1,
0= h= e = 104

0 =tan"! 1.04 = 46° 6. Ans.

Maximum shear stress
Maximum shear stress is given by equation (3.9)
(0) gy = ;02 i (2“ L ; 190 . 150 N/mm?. Ane.




Problem 3.7. At a point in a strained material the principal tensile stresses across two
Pl"'P‘"‘I"'“I‘"' planes. are 80 N/mm? and 40 N/mm?2. Determine normal stress, shear stress
and the resultant stress on a plane inclined at 20° with the major principal plane. Determine

also the obliquity. What will be the intensity of stress, which acting alone will produce the
same maximum strain if Poisson’s ratio = %
Sol. Given : |

2
2 3 3 { 60 N/mm
Major principal stress, o, = 80 N/mm? !

Minor principal stress, o, = 40 N/mm? 1 . o T T T ] C
The plane CE is inclined at angle 20° with | “E Maijor principal (| “e
major principal plane (i.e., plane BC). | 2 plane q §
: o = 20° | £
= 13 .
. . g 1 | ° = Sy
Poisson’s ratio, p = o | A 1 1 l l )
Let o, = Normal stress on inclined plane .l a
CE | 60 N/mm
o, = Shear stress and \ Fig. 3.7
o = Resultant stress. L : = 2
Using equation (3.6), we get
O, + O, c,—-OC 80 + 40 (o
o, = 1 2 2 + 12 2 cos 20 = 24 +8 240 cos (2 x 20°)

= 60 + 20 x cos 40° = 75.32 N/mm?2. Ans.
The shear stress is given by equation (3.7)

. 80 — 40
o, = Z1272 5in 20 = —5—— sin (2 x 20°) = 20 sin 40°

= 12.865 N/mm2. Ans.
The resultant stress is given by equation (3.8)

Op = Jo,," +0o,2

= J75.32% + 12.866% = 76.4 N/mm?2. Ans.

Obliquity (¢) is given by equation [3.8 (4)]

tan o = O - 12856
o, 17532

| 12856

75.32

Let o = stress which acting alone will produce the same maximum strain. The maximum
strain will be in the direction of major principal stress.

& 0 = tan~ =9°41. Ans.

; 1
s Maximum strain = — -—*=—(0, - j10y)

The strain due to stress

Equating the two strains, we get



I 4 Problem 3.8. At a point in a strained material the principal stresses are 100 N/mm?
(tensile) and 60 N/mm? (compressive). Determine the normal stress, shear stress and resultant

stress on a plane inclined at 50° to the axis of major principal stress. Also determing tie
maxitmum shear stress at the point.

Sol. Given :
Major principal stress, o, = 100 N/mm?2 )
Minor principal stress, ¢, =—60 N/mm?2 (Negative sign due to compressive stress)

Angle of the inclined plane with the axis of major principal stress = 50°
-. Angle of the inclined plane with the axis of minor principal stress,
6 = 90 — 50 = 40°.
Normal stress (G,)
Using equation (3.6),

_0,+03 ©; 0y
c, = 5 + 2 cos 26
100 + (- 60) 100 - (- 60)
= > + 2 cos (2 x 40°)

100 - 60 3 100 + 60
2 2

20 + 80 x cos 80° = 20 + 80 x .1736

=20 +13.89 = 33.89 N/'mm2. Ans.

os 80°

Shear stress (o,)

Using equation 3.7, 0,= s ;02 sin 20

_100-(-60) .
= ‘“2\ sin (2 x 40°)

100+ 60 |
3 8in 80° = 80 x 0.9848 = 78.785 N/mm?. Ans.

Resultant stress ()
Using equation on (3.8),

Ox = |o? + o2 = /33,897 + 787857

= 114853 + 6207.07 = 85.765 N/mm?. Ans.

Maximum shear stress
Using equation (3.9),

O, _02 - 100—('60)
(Ol)max = 92 - 2

100+ 60
S 2

= 80 N/'mm2. Ans.



roblem 3.9. 2/\: a poin.t'in a strained material, the principal stresses are 100 N/mm?
tensile and 40 N/mm? compressive. Determine the resultant stress in magnitude and direction

on a plane inclined at 6.0° to the axis of the major principal stress. What is the maximum
intensity of shear stress in the material at the point ?

Sol. Given :
The major principal stress,

The minor principal stress,

<, = 100 N/mm?
S, = — 40 N/mm?

(Minus sign due to compressive stress)
Inclination of the plane with the axis of major principal stress = 60°

-. Inclination of the plane with the axis of minor principal stress,
0 = 90 — 60 = 30°.
Resultant stress in magnitude

The resultant stress (op) is given by equation (3.8) as

= ’ 2 2
GR— S, YOG,

where o, = Normal stress and is given by eguation (3.6) as

+ (o 2 W .
S 2 4,1 Z cos 20

_ 100 + (— 40) = 100 — (— 40) cos (2 = 30°)
- 2 . 2
_ 100 — 40 4 100; 40 cos 60°
= 30 + 70 x 0.5
= 65 N/mm? i
and o, = Shear stress and is given by eguation (3.7) as
— O 100 — (— 40)
_S1-92 gin2=—"-"5——

_100+40
- B

. = n
Op = 1 65° + 60.62°

Direction of resultant stress

Let the resultant stress is inclined

Then using eguation [3.8 (A)].

G, 6062
tan o= —-=——
S, 65

, 6062
0 =tan" —
65

Muaximum shear stress

Using equation (3.9), (g,)_

sin 60°

2

88.9 N/mm?.

sin (2 x 30°)

70 x .866 = 60.62 N/mm?

Ans.

=43°. Ans.

_o6;,-0,

TR

_100-(-40) 100+ 40

= 2 = 2 = 70 N/mm?2.

(-

Ans.

cos 60° = 0.5)

at an angle ¢ to the normal of the oblique plane.



) Problem 3.11. Ar a point within a body subjected to two mutually perpendicular
directions, the stresses are 80 N/mm? tensile and 40 Nimm? tensile. Each of the above stresses
is accompanied by a shear stress of 60 Nimm?. Determiine the normal stress, shear stress and
reswultant stress on an oblique plane inclined at an angle of 45° with the axis of minor tensile

stress.
Sol. Given :
Major tensile stress, o, = 80 N/mm?
Minor tensile stress, o, = 40 N/mm?
Shear stress, T = 60 N/mm?
Angle of oblique pPlane, with the axis of minor tensile stress,

© = 45°.
(i) Normal stress (>, )
Using equation (3.12),

S, + o, —
c’_n—"z 2 4,21 93 com 20 + T sin 20
2
80 + 40 80 —
= =55 32 - B0 29 cos (2 x 45%) + 60 sin (2 x 45
= 60 + 20 cos 90° + 60 sin 90°
- cos 90° = 0)

= 60 + 20 < 0 + 60 < 1
= 60 + O + 60 = 120 N/mm?2. Ans.

» 40 N/mm©
60 N/mm”. 4__]_

Axis of minor
tensile stress — 2
80O N/mm

80 N/mm™

(i) Shear (or tangential) stress (c,)
Using equation (3.13),

oS, =

O3 —©S2 _.
% — =  sin 20 — Tt cos 26

80 — 40 =
= ——F5 Sin (2 x 45°) — 60 x cos (2 x 45°)

2
= 20 x sin 90° — 60 cos 90°
=20 < 1 — 60 < O
= 20 N/mm?2. Ans.

(iii) Reswltant stress (o)
Using equation, Sy = o,,? + (-,‘2

121.655 N/mm?

11. A rectangular block of material is subjected to a tensile stress of 110 N/mm?

on one plane and a tensile stress of 47 N/mm?on the plane at right angles to the former.
Each of the above stresses is accompanied by a shear stress of 63 N/mm?and that
associated with the former tensile stress tends to rotate the block anticlockwise. Find the

direction and magnitude of each of the principal stress and
magnitude of the greatest shear stress.
Solution: B

Sol.

Major tensile stress., o, = 110 N/mm?

Minor tensile stress, o, = 47 N/mm?

Shear stress, T = 63 N/mm? ) _
(i) Major principal stress is given by equation (3.15).

oy + T
.. Major principal stress = i +
e ey

| & a7 N/mm©
| 63 N/mm”>
-
>
110 N/mn” ’ o 110 N/mm
2
63 N/mm
e

f

¥ 47 N/mm”

Fig. 3.14

I

110 + 47 110 — 472 -
N +\{( s -) +es

157 63)? &
- +"(?) +(63)

= 78.5 ++/31.5%2 + 632 = 785 + J99235 + 3969

= 78.5 + 70.436 = 148.936 N/mm?=2. Ana.
Minor principal stress is given by equation (3.16).

2
o, + O, o, — . Ny
- Minor principal stress, == 1 5 2 _ J( 1 = “z) e




110 + 47 110 - 472 >
== ] + 637 = 7H.5 - 70.436

8.064 N/mm?2. Ans.
The directions of principal stresses are given by equation (3.14),
- Using equation (3.14),

tan 20 = = = % pd
G, -0, 110-47
2x 63
= = 2.0
63

26 = tan~! 2.0 = 63° 26" or 243° 26’
6 =31° 43" or 121°43’. Ans.
(i1) Magnitude of the greatest shear stress
Greatest shear stress is given by equation (3.18).
Using equation (3.18),

1 P
(6) oy = EJ(GI ~0,)% +41?

= 200 - 47)% + 4 x 637

-_-%J632+4x632 =}2—x63><\/§

70.436 N/mm2. Ans.

Problem 3.13. Direct stresses of 120 N/mm? tensile and 90 N/mm? compression exist on
(wo perpendicular planes at a certain point in a body. They are also accompanied by shear
stress on the planes. The greatest principal stress at the point due to these is 150 N/mm?.

(a) What must be the magnitude of the shearing stresses on the two planes ?

(b) What will be the maximum shearing stress at the point ?
Sol. Given :

Major tensile stress,

o, = 120 N/mm?
Minor compressive stress, G, = — 90 N/mm? (Minus sign due to compression)
Greatest principal stress = 150 N/mm?2

(a) Let

1 = Shear stress on the two planes.
Using equation (3.15) for greatest principal stress, we get

2
5 e Gc, +0 Ci =
Greatest principal stress = ———2 + J(__l 2) +12

2 2

2

120-90  [(120+90)\*
= ) +J(*2‘) +T

_ 2
- 150=120+; 90)+J(120—(—-90)) 2




15 + ,/105" + 12
or 150 - 15 = ’1052 + 12
or 135 = 11052 e

Squaring both sides, we get
1352 = 10524 12
or % 1352 -1052 = 18225 - 11025 = 7200

& T = 7200 = 84.853 N'mm?2, Ans.
(b) Maximum shear stress at the point

Using equation (3.18) for maximum shear stress,

( ﬂl )MAI

1 -
=§J<n, -0,)% +41%

l ¢

T2 Y1120 - (- 90)1 + 4 x 7200 (- 12=7200)
1 o o 1

"z v210% + 28800 - V44100 + 28800 =§1 x 270

= 135 N/mm?. Ans.

13. The normal stress in two mutually perpendicular directions are 600 N/mm?and 300
N/mm? both tensile. The complimentary shear stress in these directions are of intensity
450 N/mm? Find the normal and tangential stresses on the two planes which are equally
inclined to the planes carrying the normal stresses mentioned above.

Solution:
1.Normal stress which is equally inclined to the plane,

The normal and tangential stresses are to be calculated on the two planes which are
equally inclined to the planes of major tensile stress and of minor tensile stress. This
means © = 45° and 135°.

When © = 45°, normal stress is given by
6h = 61-62+ 61—62 COS2XO+71sin2X0O

2 2

600 + 300 + 600 — 300 cos 2 X 45° + 450 X sin 2 X 45°
2 2
on =450 +150 X0+450 X 1

Q
S
1]

on =900 N/mm?
When © = 135°, normal stress is given by
on = 600+ 300+ 600-300 cos2 X 135°+ 450 X sin 2 X 135°
2 2
on =450 + 150 X 0 + 450 X (-1) =450 - 450

Gn:0



6t = 01—62 SiN20O-71C0s20
2

2. Tangential stress which is equally inclined to the plane,
When © = 45°, tangential stress is given by

6t = 600-300 sin2x45°-450 X cos 2 X 45°

2
=150 X1-450 X0
ot =150 N/mm?

When © = 135°, tangential stress is given by
6t = 600-300 sin2x135°-450 X cos 2 X 135°
2
=150 X (-1) — 450 X 0
ot = -150 N/mm?




15. At a point in a strained material, on plane BC there are normal and shear stresses
are 560 N/mm? and 140 N/mm? respectively. On plane AC, perpendicular to plane BC,
there are normal and shear stresses are 280 N/mm? and 140 N/mm? respectively as
shown in fig. Determine the,

v Principal stresses and location of the planes on which they act.

v" Maximum shear stress and the plane on which it acts.




-I’robl(rm 3.20. On a mild steel plate, a circle of diameter 50 mm is drawn before the
pla-te is stressed as shown in Fig. 3.17. Find the lengths of the major and minor axes of an
ellipse formed as a result of the deformation of the circle marked.

‘ A 20 NVmm”~

|
40 N/mm~
-

40 Nlmmz

80 N/mm°

80 N/mm~

20 Numm®

N

Take E = 2 x 10° N/mm? and %=

Sol. Given :
Major tensile stress, ¢, = 80 N/mm?



Minor tensile stress, o, = 20 N/mm?
Shear stress, T = 40 N/mm?
Value of &£ = 2 x 10° N/mm?

Major principal stress is given by equation (3.15).
Major principal stress

2

+ o, — Oy

Sasl=G gy 1 2 4+ T2
2 2

2
_ 80+20 80—20) 02
2 2

= 50 + ,/302 + 402 =50+ 50 = 100 N/mm? (tensile)
Minor principal stress

2

o, + O o, — Oy

1 20 1 2 P
2 2

2

_ 80+20 ED—FON oD o) (= (5
2 2

From Fig. 3.17, it is clear that diagonal B will be elongated and diagonal AC will be

shortened. Hence the circle will become an ellipse whose major axis will be along BD and

minor axis along AC as shown in Fig. 3.17.The major principal stress acts along B/ and

minor principal stress along AC.
Strain along 8BD
Minor principal stress

_ Major principal stress

= E & mE

el i o o ( Lt _1_)
T 2x10° 2x10° x4 e A
= 1

~ 2000

Increase in diameter along B

. Z T ot I3
= Strain along B < Dia. of hole = 5000 = 50 = 0.025 mm

Strain along AC
s Minor principal stress = Major principal stress
= mE
= o 100
~ 2x<10° —4><2><106
el et == 80100 (— ve sign shows that there is a decrease in length)
" e

A Docrose in Tongth of diamotor along AC
o Oiwal ! | I
Strain along ACx Din, of hole = = # 60 = 000625 mm
#0010

y i |' vum ! . ' ' | ' |
... lh(.' ( II'(.h Wl” IN\H)III(’ I 1‘”||1Hl' Wlllllw IJON NX1 w|“ h(» 04 0,025 = mmzn m
and minor axis will he

00 0.00626 = 4909475 M,



MOHR’S CIRCLE

Mohr Stress Circle

*» Graphical method to determine stresses.

Body subjected to two mutually perpendicular principal
stresses of unequal magnitude.

Body subjected to two mutually perpendicular principal
stresses of unequal magnitude and unlike (one tensile
and other compressive).

Body subjected to two mutually perpendicular principal
stresses + simple shear stress.

Mohr Stress Circle

< Body subjected to two mutually perpendicular
principal stresses of unequal magnitude

o, 2 length AD = Normal stress on oblique plane
: =0,
length ED = Tangential stress on Oblique plane
= O,

B length AE = Resullta.nt stress on Oblique plane
o,

Oy

B 2 2
=40’ +0,

o

O,



Mohr Stress Circle

Body subjected to two mutually perpendicular principal
stresses of unequal magnitude and unlike (one tensile

and other compressive).
(0,10,)
length AD = Normal stress on oblique plane

o, /——\ E

."(' n
/ length ED = Tangential stress on Oblique plane
= O,
c < 20 = length AE = Resultant stress on Oblique plane
o, 2 2
A D =4/0,” + O,
LA + o, ‘
it \\/

Mohr Stress Circle

Body subjected to two mutually perpendicular principal
stresses + simple shear stress.

length AD = Normal stress on oblique plane
= O'n
length ED = Tangential stress on Oblique plane
=0,
M length AE = Resultant stress on Oblique plane

= Lilids 2
=409, +0,




(3.5 MOLLIR'S CLROLE: |

]Vl‘{]"' s cirelo is o graphical moethod of finding normal, tangential and resultant stresses
on an oblique planc. Mohr's circle will be drawn for the following cascs :
'({) A body subjected to two mutually perpendicular principal tensile stresses of unequal
intensities.
(i) A h"d.\{ subjected to two mutually P sendicular principal stresses which are
unequal and unlike (J.e., one is tensile and other is compressive).
(iii) A body subjected to two mut ually perpendicular principal tensile stresses accompa-
nied by a simple shear stress.

3.5.1. Mohr's Ci

cle when a Body is Subjected to two Mutually Perpendiculax
Principal Tensile Stresses of Unegunl Intens es. Consider a rectangular body sub-
jected to two mutually perpendicular principal tensile stresses of unequal intensities. It is
required to find the resultant stress on an oblique planec.

Let o, = Major tensile stress
o, = Minor tensile stress, and
0 = Angle made by the obligque plane with the axis of minor tensile stress.
Mohr’s circle is drawn as : (See Fig. 3.18). e —— —
line through A. Take AR =o, and AC = o, towards

right from A to some suitable scale. With £3C as
diameter describe a circle. Let O is the centre of
the circle. Now through O, draw a line OF A 5 C\ o [=] Z"’
making an angle 20 with OZF3. S - =

From F, draw 1) perpendicular on AZ3.
Join AF. Then the normal and tangential stresses
on the oblique plane are given by AD and £0) e |
respectively. The resultant stress on the oblique 2374 s oot Al i
plane is given by AKX

From Fig. 3.18, we have

Length A7 = Normal stress on oblique plane

Length ZID = Tangential stress on oblique plane

Length A = Resultant stress on oblique plane.

Radius of Mohr’s circle = g—z—ai

Angle & = obliquity.

Proof. (See Fig. 3.18)

CO = OB = OF = Radius of Mohr's circle =

Take any point A and draw a horizontal ]
|

The tensile stresses at a point across two mutually perpendicular planes are 120 N/mm?
and 60 N/mm?. Determine the normal, tangential and resultant stresses on a plane
inclined at 30°to the axis of minor stress.

AC) » ACS W G
oy Lo Wy, 4oeyy o oy v Oy
oy, - = S
O ON con VA
< o
Al 2 con 20

LA AL 2 O
Sy Sy ) SR con 26
2 2
ooy, o Normal stvoss
aanad & CON s 209
Sy oy

= min 20

>
O, o Tanpontial steosa,

Limportant points. (Sce Rig. 3.18)

G Novmeal stres== i= along the line AC23 Hoeonce maximuim novrmal stress will be when

Point & is oart 27 And maniaamuam normal stres: will be swhoen point 22 is ac O

novmal soross ALY G, and miainaamum novmal stross Al3 = Sy,

G Tangential stress (or shoar stross) s along @ line which is perpendicular to line CF23.
Tlence maximum =hoear stre=: will boe swhon porpondicular to line €77 is drawn from point O.
Then masximum =shoear =tres== will be cqual to the radius of the Mohar's civele.

. UGt e =R
i) Whoen the poimnt & i at 27 or aat €7, the shear stress will be zero.

G The angle @ (Wwhich is= known as angle of obliguity) will be maximum, when the line
AR s tangent to the NMohiv's civelo.

rabhlomn 3. 21 Sodve prodlem S5 by usinag Mohr's circle method.

Sol The data i= given in problem 3.5, is

o, = 120 N/mm® (tensile)
o, = GO N/mm® (tensile)
© = 30°.
Soale. Lot 1 em o= 10 NAamaa?
Then <, = LR - 12 cm = Y : - - w YWE T R
' 10

GO
andd Ao Wb -y g’ G o

NMoher's cirele is drawn as @ (Scee Fig. 3.19).

Take any point A and deaw o hovizontal
line thrrough A Take A = o, = 12 cm and
A = oy, = G om. With 23C as diamoter G.e.,
2C = 1V - G = 6 o) desoribo a civele. et € is thoe o .
contre of thoe cirele. Through €. deaw a line O Eie, M 10

Hence maximum



making an angle 26 (i.e.. 2 x 30 = 60°) with OB. From £. draw ED perpendicular to CB. Join
AFE. Measure lengths AD. ED and AFK.
By measuremeoents
L.ength A = 10.50 ecm
Length <0 2.60 cm
Length AF = 10.82 ecm
Then normal stress

Length AD < Scale

= 10.50 % 10 = 105 N/mm™. Ans=
Tangential or shear stress = Length ED < Scale
= 2.60 x< 10 = 26 N/mm™. Ans.
Resultant stress = Length AFE x Scale
= 10.82 < 10 = 108.2 N/mm~. Ans
3.5.2. Mohr's Circle when a Body is Subjected to two Mut ually Perpe
Principal Stresses which are Unegual and Unlike (i.e.. one is Tensile and o

Compressive). Consider a rectangular body subjected to two mutually perpendicular princi-
pal stresses which are unegual and one of them is tensile and the other is compressive. It is
required to find the resultant stress on an oblique plane.

Let o, = Major principal tensile stress.
o, = Minor principal compressive stress. and
8 = Angle made by the oblique plane with the axis

of minor principal stress.
Mohr's circle is drawn as : (See Fig. 3.20) |

oblique plane are given by A0 and ED. Length AF represents
the resultant stress on the obligue plane.
. From Fig. 3.20, we have
Length AD = Normal stress on obligue plane,
T.ength /1) = Shear stress on oblique plane,
Length AKX = Resultant stress on obligue plane. and
Angle & = Obliguity.

Take any point A and draw a horizontal line through A e i (3
on both sides of A as shown in Fig. 3.20. Take AB = o,(+) towards | 7 'r// J
right of A and AC = o,(—) towards left of A to some suitable | / %, // | \
scale. Bisect BC at Q. With O as centre and radius equal to co | = Ry L
or OB, draw a circle. Through O draw a line OF making an | A re) D 1
angle 20 with OB. | S AR

From FE, draw ZI> perpendicular to AB. Join A¥E and CE. | ] e J
Then normal and shear stress (i.e., tangential stress) on the l 2 /,/

_ el

= % e R e
Radius of Mohr's circle = CO or OB = D -

Proof. (See Fig. 3.20).
CO = OB = OF = Radius of Mohr's circle

st og.
= 2

The stresses at a point in a bar are 200 N/mm? ( T ) and 100 N/mm?( C) . Determine the
resultant stress in magnitude and direction on a plane inclined at 60° to the axis of the
major stress. Also determine the intensity of shear stress in the material at the point.




AO = OC - AC

_ O, Oy & 3y O, 20, “ .,
5 2 i 2 2
A = AO + OD
= A + O3 cos 20 (2 OD = OF cos 26,
=21 2 A Baniog cos 20 ( OF = Radius =21+ %2
2 2 2 )
= o, or Normal stress
and KD = OF sin 20
+ o,
=212 g4in 20 ( OE=257%3
2 2 )

= o, or Tangential (or shear) stress.

Problem 3.22. Solve problem 3.6 by using Mohr's circle method.
Sol. Given : The data given in problem 3.6, is

o, = 200 N/mm?

o, — 100 N/mm? (compressive)

e = 30°.
It is required to determine the resultant stress and the maximum shear stress by Mohr's
circle method. First choose a suitable scale.

L.et 1 cm represents 20 N/mm?.

200
Then o,=W=10cm E
2 . —100

an Oy = 20 =—5cm 1

Mohr's circle is drawn as given in Fig. 3.21. Z J |

Take any point A and draw a horizontal line through S A o D = i
A on both sides of A. Take AB = o, = 10 cm towards right of 100 —Mu———200 |
A and AC = o, = — 5 cm towards left of A. Bisect BC at O. |
With O as centre and radius equal to CO or OB, draw a }
circle. Through O draw a line OF making an angle 20 (i.e., |
2 x 30° = 60°) with OB. From £, draw ED perpendicular to |

AB. Join AEF and CE. Then AFE represents the resultant Fig. 3.=
stress and angle ¢ represents the obliguity. .
By measurement from Fig. 3.21, we have
Length AF = 9.0 cm
L.ength AD = 6.25 cm and length £ = 6.5 cm
Angle ¢ = 46°
.. Resultant stress = Length AFE x Scale
= 9.0 x 20 = 180 N/mm?2. Ans.
Angle made by the resultant stress with the normal of the inclined plane = ¢ = 46°. Ans.
Normal stress = Length AD x< 20

6.25 x 20 = 125 N/mm?
Length FED > 20
= 6.5 < 20 = 130 N/mm?*.

Shear s.t.ress

Maximum shear stress. Shoear stress is nlong a line which is perpendicular to the line
AB. Hence maximum shear stress will be when perpendicular to line Af s drawn from point €.
Then maximum shear stress will be equal to the radius of Mohr's circle
3 Maximum shear stress = Radius of Mohr's circle
- 23 :;70._57 - 200 03 100 -1 80 N/ e
3.5.3. Mohr's Circle when a Body is Subjected to two Mutually Perpendicalas
Principal Tensile Stresses Accompanied by a
Simple Sheanr Stress. Consider a rectangular body
subjected to two mutually perpendicular principal o T TMJ—LT T ~
tensile stresses of unequal intensities accompanied :——v——’
by a simple shear stress. It is required to find the p(anc — -
resultant stress on an obligque plane as shown in o, = - i
Fig. 3.22. ] 0 B
IL.et o, = Major tensile stress -
o, = Minor tensile stress % l l |’I I | l l .
T = Shear stress across face BC and AD oa
6 = Angle made by the obligue plane 1
with the plane of major tensile stress.

According to the principle of shear stress, the faces AB and CD will also be subjected to
a shear stress of T.

Mohr’s circle is drawn as given in Fig. 3.23.

Take any point A and draw a horizontal line through A.

Take AB = o, and AC = o, towards
right of A to some suitable scale. Draw
perpendiculars at B and C and cut off BF
and CG equal to shear stress T to the same
scale. Bisect BC at O. Now with O as centre
and radius equal to OG or OF draw a circle.
Through O, draw a line OF making an
angle of 20 with OF as shown in Fig. 3.23.
From FE, draw FEID perpendicular to CB.

Join AF. Then length AFK represents the \ £ ‘
resultant stress on the given obligque plane. [ o, ——

And lengths AD and ED represents the Fig. 3.23 |
normal stress and tangential stress |
respectively.

Hence from Fig. 3.23, we have

Length AF = Resultant stress on the oblique plane
Length AD = Normal stress on the oblique plane
Length EID = Shear stress on the oblique plane.
FProof. (See Fig. 3.23).

L 1
CO =, CB= 3 [c, — oyl : ¢ CB=go, —oy)

AO=AC+ CO=0,+ & [0, — o)



AD=AO + OD

== ;"Z— + OF cos (26 — ) [~ OD= OFE cos (28 — )
== ;qg‘ + OF [cos 26 cos o + sin 26 sin o}
= =1 ;q“ + OF cos 26 cos o + OF sin 26 sin
= 21222 4 OF cos .. cos 26 + OF sin o« . sin 20
= L ;"z + OF cos o. . cos 26 + OF sin o . sin 26
- OF = OF = Radius)

= 21222 4 OB cos 20 + BF sin 20

== OF cos o= OB, OF sin o = BF)
= 21222 4 CO cos 26 + = sin 20 (-~ OB=CO.BF=nx)
_ O3 + Oz e b i Oy G )
= > + = cos 26 + T sin 26 ( - CO > )
= o, or Normal stress

Now ED = OF sin (26 — a) = OF (sin 26 cos o — cos 26 sin o)

= OF sin 26 cos o — OF cos 260 sin o
= OF cos o . sin 20 — OF sin o . cos 20
= OF cos « . sin 20 — OF sin o. . cos 20 G OFE = OF = Radius)
= OB . sin 26 — BF cos 20 (- OFcos o= 0B, OF sin a = BF)
= CO . sin 26 — T cos 26 (== OB =CO, BF=1)
= i‘—;c—‘ sin 260 — T cos 26 ('.- CO=°_l;_°~’_J

= o, or Tangential stress.

Maximum and minimum value of normal stress. In Fig. 3.23, the normal stress is
given by AD. Hence the maximum value of AD will be when D coincides with M and minimum
value of AD will be when D coincides with L.

. Maximum value of normal stress,
(S ) nx =AM = AO + OM

‘ =L2°z + OF ( Ao:%&-OM=OF=Radius)
| - 3 ~
| =21*92 . [OB? + BF? (-~ In triangle OBF, OF = \JOB* + BF~*)
' 2
2
Dl ( > J 4T ( oB ~2.
Minimuim valuoe of normal strons,
Cdmin = AL =2 A0 — LO
L2d Lk e <
g . : v (- LO = OF = Radius)

- S T ("1_' oz 2
2 2 e

(i) For maximum l_\nrn:ul stress, the point D coincides with M. But when the point D
coincides with M, the point 7 also coincides with M. Hence for maximum value of normal

stress,

Angle 20 = o (-- Line OF coincides with line OAM)
or

o= Ty

Br < ( oy —oa

t 20 =t = P — " r BF =T, 0B=—"—"——=
Also an an o s T - = J

2
2t
= o3 —Ca

(i7) For maximum and minimum normal stresses, the shear stress is zero and hence the
planes, on which maximum and minimum normal stresses act, are known as principal planes
and the stresses are known as principal stresses.

(i) For minimum normal stress, the point £ coincides with point . But when the point
D coincides with Z, the point /2 also coincides with L. Then

Angle 20 =7 + o (62
LCe -
> -..(ZD)

From eqguations (i) and (ii), it is clear that the plane of minimum normal stress is in-
clined at an angle 90° to the plane of maximum normal stress.

Maximum value of shear stress. Shear stress is given by . Hence maximum value
of ED will be when F coincides with (7, and D coincides with O.

. Maximum shear stress,

Line OF coincides with line OL)

L ="t
252 D

(O rew = CHI = O - OH = OF = radius)
= 1/()Bz B e G2 In triangle OBF, OF = |JOB* + BF*~)

2 —_
- (01_0‘2) o) (-_- OB=$—.—&.BF=1-)

2 2

> Problem 3.23. A point in a strained material is subjected to stresses shown in
F;S: 3.24. Using Mohr's circle method, determine the normal and tangential stresses across the
O. l‘queplane. Check the answer analytically.




.

——

4 a5 N/mm”
25 N/mm” [

-

Oblique

65 N/mm° plane

65 N/mm’”

Sol. Given :

Major principal stress, o, = 65 N/mm?

Minor principal stress, o, = 35 N/mm?
Shear stress, T = 25 N/mm?
Angle of oblique plane, 0 = 45°.
Mohr’s circle method
Let 1ecm = 10 N/mm?

65
Then S, = TG = 6.5 cm,

35 N

S: = 1o =3.5cmand T

Mohr’s circle is drawn as given in Fig. 3.25.

3.256

iz,

Take any point A and draw a horizontal line through A. Take AB = o, =6.5cm and
AC = o, = 3.5 cm towards right of A. Draw perpendicular at B and C and cut off B¥ and CcG

equal to sl)ox\r stress T '=‘ 2.6 cm. Bisecct BC at O. Now with O as centre and radius equal to OF
(or OG) draw a civcle. Through O, draw a line OZF making an angle of 20 (i.e., 2 =< 45° = 90°)

with OF as shown in Fig. 3.25. From %, draw I perpendicular to A8 produc

d. Join AFE.

Then length AD represents the normal stress and length £ represents the shear stress.

By measurements, length A7) = 7.5 ecm and
length K7D = 1.5 cm.
. Normal stress (c,)

= Length AD < Scale = 7.5 %< 10 = 75 N/mm?. Ans.
. C= 1 ecm = 10 N/mm?¥)
And tangential stress (o) = Length ED < Scale = 1.5 < 10 = 15 N/manm?Z. Ans.
Analytical Answers
Nornﬁnl stress (o,) is given by equation (3.12).
oo Using equation (3.12),
S, + Oy — o
Sh's ‘262*‘0‘ 202 cos 26 + T sin 26
65 + 35 65 — &
=285235, 85 .35 o8 (2 % 45°) + 26 sin (2 x< 45°)
= 50 + 15 cos 90° + 25 sin 90°
=50+ 15 < 0 + 25 < 1 (& cos 90° = O, sin 90° = 1)

= 50 + O + 25 = 75 N/mm?2.
Tangential stress is given by equation (3.13)
N2 Using equation (3.13),

Ans.

= Ah ek
o, = >

65 — 35

sin 260 — T cos 20

= 22_"22 4in (2 % 45) — 265 cos (2 < 45)

2
= 15 sin 90° — 25 cos 90° =
= 15 N/mm?2. Ans.

15 < 1 — 25 <0 =

15" —0

Orroblerm 3.24. At a certain point in a strained material, the intensities of stresses orn
two planes at right angles to each other are 20 NI/mm=? and 10 N/mm= both tensile. They are
accompanied by a shear stress of magnitude 10 Nimm?®. Find graphically or otherwise, the
location of principal planes and evaluate the principal stresses.

Sol. Given

Major tensile stress, o, = 20 N/mm?
Minor tensile stress, o, = 10 N/mm?
Shear stress, T = 10 N/mm?

This problem may be solved analytically or graphi-
cally. Here we shall solve it graphically (i.e., by Mohr's
circle method).

Scale. Take 1 ecm = 2 N/mm?

20 10
Then G,=—§—=10cm. c'z=?=5cm
and 1:=—122=5cm.

Mohbhr's circle is drawn as given in Fig. 3.26.

Fig. 3.26

28



Take any point -4 and draw =a horizontal line through A. Take /’I! =, = |() P
AC = o, = 5 cm towards right side of AA. Draw perpondicu 1rs bt £3 and Cand cut off 73y Pa
=t =56 cm. Bisect 3C ait Q. Now with O as coentre and radius equal to QG ((.n"(‘)/"). draw g, Cire),
cutting the horizontal line through A, at . and M as shown in Fig. 3.26. Then AA7 and 4,
represent the major principal and minor principal strosses. -

By measuremaoents, we have

Liength AAM = 13.1 e and L.ength AZ

=ZIFOB (oxr 20) = 63.7°.

= l.ength AAM > Scale

n oang

«

= 1.91 cm

e Major principal stress
= 13.1 < 2 N/mm?= - 1 em = 2 N/mmz)
26.2 N/, Ans.
Minor principal stress = l.ength AZ > Scale
= 1.91 %< 2 = 3.82 N/mm?= Ans.

TLocation of principal planes
20 = 63.7°

= 31.85°. Ans.

The second principal plane is given by
O + 90° or 31.85° + 90° or 121.85°. Aras.
Problem 3.25. An elemental cube is subjected to tensile
10 N/mm*= acting on two rmutieally perpendicilar planes and a shear stress of 10 Nirirm
these planes. Draw the Mohir's circle of stresses and hence or otherwise determine the masniticdes
and directions of principal stresses and also the greatest shear stress.

Sol. Given :

stresses of 30O N/mirn® and
< on

Major tensile stress, o, = 30 N/mm?*=
Minor tensile stress, 10 N/mm*
Shear stress, T = 10 N/mm?=
Scale. Take 1 cm = 2 N/mm?

30
Then T Sor = L5 cm

10

°2=_2 =5 cm and 1:=——120 = 5 cm
Mohr's circle of stresses is drawn as Ziven in =
Fig. 3.27. = ’

Take any point A and draw a horizontal line
through A.

Take AB = o, = 16 cm and AC = o, = 5 cm
towards right side of A. Draw pPerpendiculars at 22 and
Cand cut off BF = CG = t= 5 cm. Bisect BC at O. Now
wi‘ih O as centre and radius equal to OG (or OF), draw
a circle cutting the horizontal line through A nt 2. oo
MM as nh_own in Fx_g. 3.27. Then AM and AL represents
the major and minor Principal stresses respectively
And OF represents the maximum shear stress. .

By monsuromonts, we hoave
Longth AM = 17,1 cm
Liongth AL = 2,08 ¢m
Longth O = Radiug of Mohe's civelo
= 7006 ecm
ZF0B (or 20) = 48°,
S Magor principal stronn
Longth AM x Senlo
17.1 X 2
342 N/mm®, Ao

(** lem =2 Nmm%

Minor principal stross = Longth AL % Senlo
2,08 % 2 (v Lem =2 N/mm?)

=686 N/mm?, Ao
ZIFOB oy 20 = 4h°
5
0="22 =920 Ans.
The second principal planoe is givon by 0 + 90°,
s Second principal plano =22.6 + 90 = 112.5°.
The greatest shear stress Length OH x Scale
7.06 % 20 = 14.1 N/mm?*.  Ans.

Ans.
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BEAM

Beams are horizontal structural elements that withstand vertical loads, shear
forces, and bending moments.

They transfer loads that imposed along their length to their endpoints such as
walls, columns, foundations, etc.

TYPES OF BEAMS
v" Simply Supported Beam.
v Fixed Beam.
v Cantilever Beam.
v Continuous Beam.
v Overhanging Beam
SIMPLY SUPPORTED BEAM:

v' A beam supported or resting freely on the supports at its both ends is
known as simply supported beam.

FIXED BEAM:
v A beam whose both ends are fixed or built-in walls is known as fixed beam.
v" Fixed beam is also known as a built-in or encasted beam.

CANTILEVER BEAM:

v A beam which is fixed at one end and free at the other end is known as
cantilever beam.

CONTINUOUS BEAM:

v" A beam which is provided more than two supports is known as continuous
beam.

OVERHANGING BEAM:

v If the end portion of a beam is extended beyond the support, such beam is
known as overhanging beam.



1. Cantilever Beam 2.Simply supported Beam

3. Overhanging Beam 4. Fixed Beam

5. Continuous Beam

Figure No.1
TYPES OF SUPPORTS
» Fixed Support
» Simple Support
v" Pinned Support
v Roller Support
FIXED SUPPORT:
> A fixed support is the most rigid type of support or connection.

» It constrains the member in all translations and rotations (i.e. it cannot move or
rotate in any direction).

» The easiest example of a fixed support would be a pole or column in concrete.
SIMPLE SUPPORT:
» Simple support is just a support on which structural member rests.
PINNED SUPPORT:
» A pinned support can resist both vertical and horizontal forces but not a moment.
» A pinned support is a very common type of support.
» A pinned support is same as hinged support.
ROLLER SUPPORT:

> Roller supports are free to rotate and translate along the surface upon which
the roller rests.

» Roller supports are commonly located at one end of long bridges in the form of
bearing pads.



T

Roller Fixed
Simple

(rctionkess S
FPinned surface)

Support Reactions

Figure No.2
TYPES OF LOADS
» Point load or concentrated load:
v It is one which is considered to act at a point.
v' The load is expressed as W N.
» Uniformly distributed load:

v Itis one which is spread over a beam in such a manner that rate of loading
w is uniform along the length. The rate of loading is expressed as w N/m.

» Uniformly varying load:

v Itis one which is spread over a beam in such a manner that rate of loading
varies from point to point along the length.

faYaValalaYatate'a) IHH“H l H |

Figure No.3



SHEAR FROCE AND BENDING MOMENT:

Shear Force and Bending
Moment

<+ Shear Force: is the algebraic sum of the vertical
forces acting to the left or right of the cut section

<> Bending Moment: is the algebraic sum of the

moment of the forces to the left or to the right of the
section taken about the section

SIGN CONVENTIONS FOR SHEAR FORCE AND BENDING MOMENT:

| X
Shear force will be positive l F

e

| X

Shear force will be negative

—

¢ X

Figure No.4



T

T

1.The positive moment which
called (Sagging) develop at mid of the span.

L <

Figure No.5

SAGGING BENDING MOMENT:
» The moment that makes beam to concave upward is called sagging moment.
> Itis generally taken as positive moment.

> In this moment, the upward of beam compresses and downward of the beam
extends. So, stresses are developed called bending stress.

HOGGING BENDING MOMENT:
» The moment that makes beam to concave downward is called Hogging moment.
> Itis taken as negative moment.
» The upward point is under tension and below point is at tension.
RULES FOR DRAWING SFD & BMD
» Consider the left or right portion of section.

> If the left portion of section is choosen, a force on the left portion acting upwards
is +ve and acting downwards is —ve.

» If right portion is choosen, a force on the right portion acting downwards is +ve
and acting upwards is —ve.

» The +ve values of shear force and bending moment are plotted above the base line
and —ve values below the base line.

» The Bending Moment at two supports of a simply supported beam and at the free
end of a cantilever beam are zero.



CANTILEVER BEAM
CANTILEVER WITH POINT LOAD AT THE FREE END:

Cantilever with point load

>

W = = S¥F

Figure No.6
SHEAR FORCE:
Vs (r) =0 KN
Ve (I) =W KN
Vix =W KN
Va (r) =W KN
Va(l) =0 KN
BENDING MOMENT:
Bending Moment = Load X Distance
BM at free end B, Mg =0 KN.m
BM at section XX, My = -W X x = -Wx KN.m
BM at fixed end A, Ma =-W X L =-WL KN.m



CANTILEVER WITH UDL THROUGHOUT THE LENGTH:

w Per unit

length
AI

| i

BN

-

wi_

wi Z/2 —=

Figure No.7
SHEAR FORCE:
Ve =0 KN
Vi =wx KN
Va (r) =wL KN
Va(l) =0 KN
BENDING MOMENT:
Bending Moment = Load X Distance X Distance/2
BM at free end B, Mg =0 KN.m
BM at section XX, My = -W X (x) X (x/2) = -Wx%2 KN.m
BM at fixed end A, Ma =-W X L X L/2= -WL?/2 KN.m



PROBLEMS:

1.A cantilever beam of length 2 m carries the point loads as shown in fig. Draw SFD and
BMD.

Figure No.8
SHEAR FORCE:
Vb (r) = 0 KN
Vp (I) =800 N
Vc (r) =800 N
Ve (I) = 800 + 500 = 1300 N
Vs (r) = 1300 N
Ve (1) = 1300 + 300 = 1600 N
Va (r) =1600 N
Va (I) =0 KN
BENDING MOMENT:
Bending Moment = Load X Distance
BM at the free end, Mp = 0 N.m
BM at the point C, Mc=-800 X 0.8 —500 X 0 =-640 N.m



BM at the point B, Mg =-800 X 1.5 -500 X 0.7 = -1550 N.m
BM at the fixed end, Ma =-800 X 2 - 500 X 1.2 — 300 X 0.5 =-2350 N.m

2.A cantilever of length 2 m carries a uniformly distributed load of 1 KN/m run over a
length of 1.5 m from the free end. Draw SFD and BMD

SHEAR FORCE:

Ve =0 KN
Vec=1X15=15KN
Va (r) =15KN
Va(l)=0KN

Figure No.9

BENDING MOMENT:

Bending Moment = Load X Distance X Distance/2

BM atfreeend B, Mg =0KN.m

BM at the point C, Mc =-1X 15X 1.5/2=-1.125 KN.m

BM at fixed end A, Ma=-1 X 1.5 X (1.5/2+0.5) =-1.875 KN.m



3.A cantilever of length 2 m carries a uniformly distributed load of 2 KN/m length over
the whole length and a point load of 3 KN at the free end. Draw SFD and BMD.

Figure No.10

SHEAR FORCE:

Vs (r) = 0 KN

Ve () =3 KN

Va(r)=3+2X2=7KN

Va(l)=0KN

BENDING MOMENT:

BM at free end B, Mg =0 KN.m

BM at fixedend A, Ma=-3X2-2X2X2/2=-10 KN.m



4. A cantilever of length 2 m carries a uniformly distributed load of 1.5 KN/m run over
the whole length and a point load of 2 KN at a distance of 0.5 m from the free end. Draw
SFD and BMD.

Figure No.11

SHEAR FORCE:

Vs =0KN

Ve (r) =15 X 0.5=0.75 KN

Ve () =0.75+2 =275 KN

Va(r)=275+15X15=5KN

Va(l) =0 KN

BENDING MOMENT:

BM at free end B, Mg =0 KN.m

BM at point C, Mc =-1.5 X 0.5 X 0.5/2 =-0.1875 KN.m

BM at fixedend A, Ma=-15X2X2/2-2X15=-6 KN.m



5. A cantilever 1.5 m long is loaded with a uniformly distributed load of 2 KN/m run over
a length of 1.25 m from the free end. It also carries a point load of 3 KN at a distance of
0.25 m from the free end. Draw SFD and BMD.

Figure No.12
SHEAR FORCE:
Vs =0KN
Ve (r) =2 X 0.25 = 0.5 KN
Ve () =05+3=35KN
Vo () =35+2X1=55KN
Vo (1) =5.5 KN
Va (r) =55 KN
Va(l)=0KN
BENDING MOMENT:
BM at free end B, Mg =0 KN.m
BM at point C, Mc =-2 X 0.25 X 0.25/2 =-0.0625 KN.m
BM at point D, Mp =-2 X 1.25 X 1.25/2 - 3 X 1 =-4.563 KN.m
BM at fixed end A, Ma =-2 X 1.25 X (1.25/2 + 0.25) - 3 X 1.25 = -5.94 KN.m



6. A cantilever of length of 5 m is loaded as shown in fig. Draw SFD and BMD.
SHEAR FORCE:

Ve (r)=0KN

Ve(l)=25KN

Ve =25KN

Vb =25+1X2=45KN

VE (r) =4.5 KN

Vel)=45+3=75KN

Va (r) = 7.5 KN

Va(l)=0KN

Figure No.13
BENDING MOMENT:
BM at free end B, Mg =0 KN.m
BM at point C, Mc =-2.5 X 0.5 =-1.25 KN.m
BM at point D, Mp =-25X25-1X2 X 2/2=-8.25 KN.m
BM at point E, Mg =-2.5 X 4- 1 X 2 X (2/2 + 1.5) = -15 KN.m



BM at fixed end A, MA=-25X5-1X2X (2/2+25)-3 X 1=-225KN.m
SIMPLY SUPPORTED BEAM
SIMPLY SUPPORTED BEAM WITH MID POINT LOAD

:
- x w C
A I B
W/ 2
B < (=3 B
W2
BN
Wi/ 4
B c B
Figure No.14
REACTIONS:

Ra + Rs = Total Load = W KN.

Ra = Rs symmetrical Loading)

Ra+Ra =W

2Ra=W

Ra=W/2KNand Re=W -Ra=W -W/2=W/2 KN
SHEAR FORCE:

Va (I) =0 KN

Va (r) = W/2 KN

V. (I) = W/2 KN

Ve (1) = W/2 - W = - W/2 KN

Ve (I) = - W/2 KN

Ve () = - W/2 + W/2 =0 KN

BENDING MOMENT:

Bending Moment = Load X Distance

BM at end supports A & B, Ma= Mg =0 KN.m



BM at point C, Mc = W/2 X L/2 = WL/4 KN.m

SIMPLY SUPPORTED BEAM WITH UDL THROUGHOUT THE LENGTH:

w Per unit length

> o
A AV 4,N B
| l
R, > C Ry,
BM
wL /2

wlL./2

wi.2/2 > Wil
8
Figure No.15

REACTIONS:

Ra + Rs = Total Load = wL

Ra = Re symmetrical Loading)

Ra+Ra =wL

2Ra=wL

Ra=wL/2 KN and Re=wL - wL/2 =wL/2 KN
SHEAR FORCE:

Va(l) =0 KN

Va (r) = WL/2 KN

Ve =WL/2-WL/2=0KN

Ve (I) =0 - wL/2 = - wL/2 KN

Ve (r) = - WL/2 + wL/2 = 0 KN

BENDING MOMENT:

Bending Moment = Load X Distance X Distance/2
BM at end supports A & B, Ma= Mg =0 KN.m



BM at point C, Mc =wL/2 X L/2 —w X L/2 X L/4 = wL?/4 - wL?/8
=wL?%8 KN.m

7. A simply supported beam of length 6 m, carries point loads of 3 KN and 6 KN at
distances of 2 m and 4 m from the left end. Draw the shear force and bending moment
diagrams for the beam.

Solution:

REACTIONS:

Ra + Rg = Total Load =9 KN.
Taking moment reactions about A,

ReX6-3X2-6X4=0

6Re-6-24=0
6 Re=30, Rg=30/6 =5 KN
Ra+Rg =9

Ra=9-5=4KN

SHEAR FORCE:

Va(l) =0 KN

Va (r) =4 KN

Ve (I) = 4 KN

Ve (r)=4-3=1KN

Vo (I) =1 KN

Vb (r)=1-6=-5KN

Ve (1) = -5 KN

Ve (r)=-5+5=0KN.

BENDING MOMENT:

Bending Moment = Load X Distance

BM at end supports A & B, Ma=Mg =0 KN.m
BM at point C, Mc =4 X2=8 KN.m

BM at point D, Mp= 4 X4-3X2=10KN.m



Figure No.16

8. Draw the SFD and BMD for a simply supported beam of length 9 m and carrying a
UDL of 10 KN/m for a distance of 6 m from the left end. Also calculate the maximum BM
on the section.

Solution:

REACTIONS:

Ra + Rg = Total Load = 10 X 6 = 60 KN.
Taking moment reactions about A,
ReX9-10X6X6/2=0

9Rs -180=0

Rg =180/9=20KN

Ra+Rs =60

Ra=60-20=40 KN

SHEAR FORCE:

Va (I) =0 KN

Va (r) = 40 KN



Vc =40-10 X6 =-20 KN

Ve (I) = -20 KN

Vs (r) =-20 + 20 = 0 KN.

The shear force changes its sign from positive to negative between A and C.
Distance, x = S.F /UDL = Va (r) / 10 = 40/10 = 4 m.

BENDING MOMENT:

Bending Moment = Load X Distance X Distance/2

BM at end supports A & B, Ma = Mg =0 KN.m

BM at point C, Mc =40 X 6-10 X 6 X 6/2 =60 KN.m

BM at point D or Max. BM, Mpor M max. =40 X4 —10 X 4 X 4/2 =80 KN.m

Figure No.17

9. Draw SFD and BMD for a simply supported beam of length 8 m and carrying a UDL
of 10 KN/m for a distance of 4 m as shown in fig.

Solution:
REACTIONS:
Ra + Rg = Total Load =10 X 4 = 40 KN.

Taking moment reactions about A,



ReX8-10X4X (412+1)=0

8Re-120=0

Re=120/8=15KN

Ra+Re =40

Ra=40-15=25KN

SHEAR FORCE:

Va (I) =0 KN

Va (r) = 25 KN

Ve (I) = 25 KN

Ve (r) = 25 KN

Vo (I) =25 - 40 = -15 KN

Vb (r) = -15 KN

Ve (I) =-15 KN

Ve (r) =-15 + 15 = 0 KN.

The shear force changes its sign from positive to negative between C and D.

Distance, x =S.F/UDL = V¢ (r) / UDL = 25/10 = 2.5 m.

BENDING MOMENT:

Bending Moment = Load X Distance X Distance/2

BM at end supports A & B, Ma=Mg =0 KN.m

BM at point C, Mc =25 X 1 =25 KN.m

BM at point D, Mp =25 X 5-10 X 4 X 4/2 =45 KN.m

BM at point E or Max. BM, Mg 0or M max. =25 X 3.5-10 X 2.5 X 2.5/2
=56.25 KN.m



Figure No.18

10. Draw SFD and BMD of a simply supported beam of length 7 m carrying uniformly
distributed loads as shown in fig.

Solution:

REACTIONS:

Ra+ Rg =Total Load =10 X3 +5x2 =40 KN.
Taking moment reactions about A,

Re X7-5X2X(22+5)-10x3x3/2=0
Reg=15 KN

Ra+Rs =40

Ra=40-15=25KN

SHEAR FORCE:

Va () =0 KN

Va () = 25 KN

Vc=25-10x3=-5KN

Vo (1) = -5 KN

Vb (r) =-5-5x2=-15 KN

Vs (I) = -15 KN



Ve (r) = -15 + 15 = 0 KN.

The shear force changes its sign from positive to negative between A and C.

Distance, x =S.F/UDL = Va (r) / UDL = 25/10 = 2.5 m.

BENDING MOMENT:

Bending Moment = Load X Distance X Distance/2

BM at end supports A & B, Ma= Mg =0 KN.m

BM at point C, Mc =25 X 3-10x3x3/2 =30 KN.m

BM at point D, Mp =25 X 5—10 X 3 X (3/2 + 2) = 20 KN.m

BM at point E or Max. BM, Mg or M max. =25 X 2.5-10 X 2.5 X 2.5/2
=31.25 KN.m

Figure No.19

11. A simply supported beam of length 10 m, carries the UDL and two point loads as
shown in fig. Draw SFD and BMD for the beam. Also calculate the maximum bending
moment.

Solution:
REACTIONS:
Ra + Rg = Total Load =50 + 40 + 10 X 4 = 130 KN.

Taking moment reactions about A,



ReX10-50X2-40X6-10X 4 X (4/2+2)=0

10 Rg-500=0

Re= 500/10 = 50 KN

Ra+ Rs =130 KN

Ra=130-50=80 KN

SHEAR FORCE:

Va (I) =0 KN

Va (r) = 80 KN

Ve (1) =80 KN

Vc (r) =80 -50=30 KN

Vo () =30-10 X4 =-10 KN

Vo (r) =- 10 -40 = - 50 KN

Ve (I) = - 50 KN

Ve (r) = -50 + 50 = 0 KN.

The shear force changes its sign from positive to negative in between C and D.
Distance, x =S.F/UDL = V¢ (r) / 10 = 30/10 =3 m.

BENDING MOMENT:

BM at end supports A & B, Ma=Mg =0 KN.m

BM at point C, Mc =80 X 2 =160 KN.m

BM at point D, Mp =80 X 6 -50 X4 —-10 X 4 X 4/2 =200 KN.m
BM at point E or Max. BM, Mg or Mmax. =80 X5 -50 X 3-10 X 3 X 3/2 =205 KN.m



Figure No.20

POINT OF CONTRAFLEXURE

Figure No.21



Point of contraflexure is the point where bending moment changes its sign i.e,
from positive value to a negative value or vice versa.

» The point of contraflexure occurs where bending is zero.

12.

It will occur in the overhanging beam.

It is also known as point of inflexion.

OVERHANGING BEAM

Draw SFD and BMD for the overhanging beam carrying UDL of 2 KN/m over the
entire length as shown in fig. Also locate the point of contraflexure.

Solution:

REACTIONS:

Ra+ Rg=Total Load =2 x 6 =12 KN.

Taking moment reactions about A,

ReX4-2x6x6/2=0

4Rg-36=0

Re=36/4 =9 KN

Ra+Re =12 KN

Ra=12-9=3KN

SHEAR FORCE:

Va(l) =0 KN

Va (r) =3KN

Ve () =3-2x4=-5KN

Ve () =-5+9=4KN

Ve(l)=4-2x2=0KN

Ve () =0 KN

The shear force changes its sign from positive to negative in between A and B.
Distance, x=S.F/UDL =Va(r)/2=3/2=15m.

BENDING MOMENT:

BM at left end support A, Ma=0 KN.m

BM at free end C, Mc =0 KN.m

BM at support B, Mg =3X4-2X4X4/2=12-16 =-4 KN.m
BM at point D, Mp or Mmax. =3 X 1.5-2 X 1.5 X 1.5/2 =2.25 KN.m



POINT OF CONTRAFLEXURE:

The BM changes its sign from positive to negative in between the sections A and
B.

Let BM is Zero is at a distance of y m from A.
Let point E is at a distance of y m.
Me=3Xy-2XyXyl2=0

=3y-2y%2=0

=y(B-y)=0

=3-y=0

y =3 m. Hence point of contraflexure will be at a distance of 3 m from A.

Figure No.22

13. Draw SFD and BMD for the overhanging beam carrying UDL of 2 KN/m over the
entire length and a point load of 2 KN as shown in fig. Locate the point of
contraflexure.

Solution:

REACTIONS:

Ra+ Rg =Total Load =2 x 6 + 2 = 14 KN.
Taking moment reactions about A,
ReX4-2x6x6/2-2X6=0
4Rg-36-12=0



Re=48/4 =12 KN

Ra+Rg =14 KN

Ra=14-12=2KN

SHEAR FORCE:

Va (I) =0 KN

Va(r) =2 KN

Ve(l)=2-2x4=-6 KN

Ve (r)=-6+12=6 KN

Ve (l)=6-2x2=2KN

Ve (r)=2-2=0KN

The shear force changes its sign from positive to negative in between A and B.
Distance, x=S.F/UDL=Va(r)/2=2/2=1m.

BENDING MOMENT:

BM at left end support A, Ma=0 KN.m

BM at free end C, Mc =0 KN.m

BM at support B, Mg =2X4-2X4X4/2=8-16=-8 KN.m
BM at point D, Mp of Mmax. =2 X1-2 X1 X 1/2=1KN.m
POINT OF CONTRAFLEXURE:

The BM changes its sign from positive to negative in between the sections A and
B.

Let BM is Zero is at a distance of y m from A.
Let point E is at a distance of y m.

Me=2Xy-2XyXyl2=0

=2y-2y?2=0
=y(2-y)=0
:2_y:0

y = 2 m. Hence point of contraflexure will be at a distance of 2 m from A.



Figure No.23

14. A beam of length 12 m is simply supported at two supports which are 8 m apart,
with an overhang of 2 m on each side as shown in fig. The beam carries a
concentrated load of 1000 N at each end. Draw SFD and BMD.

Solution:

REACTIONS:

Ra + Rg = Total Load = 1000 + 1000 = 2000 N.
As the loading on the beam is symmetrical,
hence Ra = Re=2000/2 = 1000 N.

SHEAR FORCE:

Vc()=0N

Vc (r) =-1000 N

Va (l) =-1000 N

Va () = -1000 + 1000 = 0 N

Ve(l)=0N

Vg (r) =0+ 1000 = 1000 N

Vp (I) = 1000 N

Vp (r) =1000 — 1000 =0 N



BENDING MOMENT:

BM at the free end C and D, Mc and Mp = 0 N.m

BM at the left support A, Ma =-1000 X 2 =-2000 N.m
BM at the right support B, Mg =- 1000 X 2 =-2000 N.m
POINT OF CONTRAFLEXURE:

No point of contraflexure, because of constant bending moment.

Figure No.24

15. Draw SFD and BMD for the beam which is shown in fig. Determine the points of
contraflexure within the span AB.

Solution:

REACTIONS:

Ra + Re = Total Load = 800 + 2000 + 1000 = 3800 N.
Taking moment reactions about A,

Rg X 8 —2000 x 5-1000 X 10 +800 X 3=0

8 Rg— 10000 — 10000 + 2400 =0

Re=17600/4 = 2200 N



Ra +2200= 3800 N
Ra =3800 - 2200 = 1600 N
SHEAR FORCE:

Ve()=0N
Ve (r) = -800 N

Va (I) = -800 N

Va (1) = -800 + 1600 = 800 N
Vo (1) =800 N

Vb (r) = 800 - 2000 = -1200 N
Vs (I) = -1200 N

Vg (r) = -1200 + 2200 = 1000 N
Ve (I) = 1000 N

Ve (r) =1000-1000=0N

BENDING MOMENT:

BM at the free end C and E, Mc and Me = 0 N.m

BM at the left support A, Ma =-800 X 3 =-2400 N.m

BM at the right support B, Mg =- 800 X 11 + 1600 X 8 — 2000 x 3 =-2000 N.m
BM at the point D, Mp =- 800 X 8 + 1600 X 5 =1600 N.m

POINTS OF CONTRAFLEXURE:

Here, two points of contraflexure O and O2 where the BM becomes zero.
Point O lies between A and D and point O; lies between D and B.

Let point O is at a distance of x; m from A,

M 01 =-800 X (3 + x1) + 1600 X x1 =-2400 — 800 x; + 1600 X1

X1=3m.

Let point Oz is at a distance of xo m from B,

M 02 = 1000 X (2 + x2) - 2200 X x2 = 2000 + 1000 x2 — 2200 X

X2 =1.67 m.

Hence points of contraflexure is at 3 m from A and also 1.67 m from B.



Figure No.25
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INTRODUCTION
»> BENDING STRESS:

v" When some external load acts on a beam, the shear force and bending moments
are set up at all sections of the beam.

v' Due to the shear force and bending moment, the beam undergoes certain
deformation.

v' The material of the beam will offer resistance or stresses against these
deformations.

v The stresses introduced by bending moment are known as bending stresses.

PURE BENDING

Figure No.1
PURE BENDING:

v' If a length of a beam is subjected to a constant bending moment and no shear
force, then the stresses will be set up in that length of the beam due to bending
moment only and that length of the beam is said to be in pure bending or simple
bending.

v' The stresses set up in that length of beam are known as bending stresses.



ASSUMPTIONS IN THE THEORY OF SIMPLE BENDING:

v
v
v

The material of the beam is homogeneous and isotropic.
The value of young’s modulus of elasticity is the same in tension and compression.

The transverse sections which were plane before bending remain plane after
bending also.

The beam is initially straight and all longitudinal filaments bend into circular arcs
with a common centre of curvature.

The radius of curvature is large compared with the dimensions of the cross section.

Each layer of the beam is free to expand or contract, independently of the layer,
above or below it.

NEUTRAL AXIS:

It is defined as the line of intersection of the neutral layer with the transverse
section.

It is denoted by ‘N.A’.
MOMENT OF RESISTANCE:

Due to pure bending, the layers above the N.A are subjected to compressive
stresses whereas the layers below the N.A are subjected to tensile stresses.

Due to these stresses, the forces will be acting on the layers.
These forces will have moment about the N.A.

The total moment of these forces about the N.A for a section is known as moment
of resistance of that section.

BENDING EQUATION
M = ¢ = E

| y R
Where,

M — bending Moment in N.mm
I - moment of inertia in mm?*
¢ - Bending stress in N/mm?

2

E — Young’s modulus in N/mm

R — Radius of curvature in mm.

FLEXURAL RIGIDITY:



The product of young’s modulus and the moment of inertia is known as
flexural rigidity. (EI)
SECTION MODULUS:

It is defined as the ratio of moment of inertia of a section about the neutral axis to
the distance of the outermost layer from the neutral axis.

It is denoted by Z.

mathematically, section modulus is given by
Z = lymax

Where, | - moment of inertia in mm*

Ymax. - distance of the outermost layer from the neutral axis in mm.

I Ymax.
M= 1 X omax
Ymax.

M = Z X omax

In the above equation, M is the maximum bending moment.

Hence moment of resistance offered the section is maximum when section modulus
Z is maximum.

Hence section modulus represents the strength of the section.
STRENGTH OF A SECTION:

The strength of a section means the moment of resistance offered by the section
and moment of resistance is given by,

M=ZXo

SECTION MODULUS FOR VARIOUS SECTIONS



Expressions for section modulus of various standard cross-sections are derived below.
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A steel plate of width 120 mm and of thickness 20 mm is bent into a circular arc
of radius 10 m. Determine the maximum stress induced and the bending moment
which will produce the maximum stress. Take E = 2 X 10° N/mm?.

Given Data:

b =120 mm

t=20 mm
R=10m=10x 10 mm
E =2 X 10° N/mm?.

To Find:

omax & M.

Solution:

Omax

omax= E X Ymax. Ymax. = t/2 =20/2 =10 mm.
R

= 2X10°X 10 =200 N/mm?,




2. M
M = E I =b X t12 = 120 X 20%12 = 8 X 10*‘mm*
1 R
M= E X I =2X10°X8X10* =16 X 10°N.mm
R 10 x 10°

. Calculate the maximum stress induced in a cast iron pipe of external diameter 40
mm, internal diameter 20 mm and of length 4 m when the pipe is supported at its
ends and carries a point load of 80 N at its centre.

Given Data:
D =40 mm
d =20 mm
L =4m=4x10>mm
W =80 N.
To Find:
Gmax
Solution:

In case of simply supported beam carrying a point load at the centre, the
maximum bending moment is at the centre of the beam.

Maximum Bending Moment, M = WL/4 =80 X 4 x 102 /4 = 8 X 10*“N.mm
I=n/64 (D* —d*) =n/64 (40° — 20*) = 117809.7 mm*
M = Omax

I Ymax. Ymax. = DI2 = 40/2 = 20 mm.

Omax = (M/1) X Ymax = (8 X 104/ 117809.7) X 20 = 13.58 N/mm?.

. A cantilever of length 2 m fails when a load of 2 KN is applied at the free end. If
the section of the beam is 40 mm X 60 mm, find the stress at the failure.

Given Data:

b =40 mm

d =60 mm
L=2m=2x10*mm
W =2 KN.

To Find:



Omax
Solution:
Maximum bending moment for a cantilever is at the fixed end.
M =W X L =2000X2x10® =4 X 10° N.mm
6max= M/Z Z = bd?/6 = 40 X 60%/6
= 24000 mm?®,
omax = 4 X 10° /24000 = 166.67 N/mm?.

4. A rectangular beam 200 mm deep and 300 mm wide is simply supported over a
span of 8 m. What uniformly distributed load per metre the beam may carry, if
the bending stress is not to exceed 120 N/mm?,

Given Data:
b =300 mm
d =200 mm

L =8m=8x10°mm
omax = 120 N/mm?,
To Find:

w
Solution:

Maximum B.M for a simply supported beam carrying UDL is at the centre of the
beam.

M=w X L%8=w X 8%8 =8wNm =8w X 1000 N.mm
M = 8000w N.mm
M =omaxXZ Z = bd?/6 = 300 X 200%/6
= 2000000 mm?,
8000w = 120 X 2000000
w = 120 X 2000000 =30 X 1000 N/m = 30 KN/m.
8000

5. A rectangular beam 300 mm deep is simply supported over a span of 4 m.
Determine the uniformly distributed load per metre which the beam may carry, if
the bending stress should not exceed 120 N/mm?2.Take | = 8 X 10° mm?*.

Solution:



For a simply supported beam carrying UDL, the bending moment is maximum at
the centre of the beam.

Max.BM =2w X 2 —w X 2 X 2/2 = 4w — 2w = 2w N.m = 2w X 1000 N.mm
M =2000w N.mm

M  =omxXZ Ymax = 300/2 =150 mm.

Z=1/Ymax.=8 X 10° /150

Figure No.2
M =120 X (8 X 10° /150)
2000w =120 X (8 X 10° /150)
w = 120X 8 X 10°=3200 N/m.

150 X 2000

6. A square beam 20 mm X 20 mm in section and 2 m long is supported at the ends.
The beam fails when a point load of 400 N is applied at the centre of the beam.
What uniformly distributed load per metre length will break a cantilever of the
same material 40 mm wide, 60 mm deep and 3 m long.

Solution:



In this problem, the maximum stress for the simply supported beam is to be
calculated first. As the material of the cantilever is same as that of simply
supported beam, hence maximum stress for the cantilever will also be same as that
of simply supported beam. [d — 20 mm, b — 20 mm,L —2 m, W — 400 N]

Figure No.3



Figure No.4

Max. BM for a simply supported beam carrying a point load at the centre is given
by,

M =W X L/4 = (400 X 2 X 103)/4 = 200000 N.mm
M =ZomaxXZ Z =hd?6 =20 X 20%/6
= 4000/3 mm?,
200000 = omax X 4000/3
omax = (200000 X 3)/4000 = 150 N/ mm?2,
Now let us consider the cantilever. [b —40 mm, d — 60 mm, L —3 m]
Let w— UDL per m run.
Maximum stress will be same as in case of simply supported beam.
omax = 150 N/ mm?2,
Z = bd?/6 = 40 X 60%/6 = 24000 mm?.
Maximum BM for a cantilever, M =w X L/2 =w X 3/2
=4.5w N.m =4.5 X 1000w N.mm
M =omaxXZ



4.5 X 1000w = 150 X 24000
w =150 X 24000 / (4.5 X 1000)
w =800 N/m

7. Abeam is simply supported and carries a uniformly distributed load of 40 KN/m
run over the whole span. The section of the beam is rectangular having depth as
500 mm. If the maximum stress in the material of the beam is 120 N/mm?and
moment of inertia of the section is 7 X 108 mm*. Find the span of the beam.

Solution:

Max. BM for a simply supported beam carrying a UDL over the span is at the
centre of the beam is given by,

M =w X L?/8 = (40000 X L?)/8 =5000 L?N.m = 5000 L?X 1000 N.mm

M =ZomxXZ Ymax = d/2 = 500/2 = 250 mm.
Z=1/Yma =7 X 108 /250 = 28 X 10° mm?®,

5000 L2 X 1000 = 120 X 28 X 10°

L2=120 X 28 X 10°/ (5000 X 1000)

L=8197m=82m.

8. A timber beam of rectangular section is to support a load of 20 KN uniformly
distributed over a span of 3.6 m when beam is simply supported. If the depth of
the section is to be twice the breadth and the stress in the timber is not to exceed 7
N/mm?. Find the dimensions of the cross section. How would you modify the cross
section of the beam, if it carries a concentrated load of 20 KN placed at the centre
with the same ratio of breadth to depth?

Solution:

Maximum bending moment, when the simply supported beam carries a UDL over
the entire span, is at the centre of the beam is given by,

M=w X L/8=W X L/8=20000 X 3.6/8=9000 N.m = 9000 X 1000 N.mm
M =ZomaxXZ Z =bd?/6 = b X (2b)%/6 = 2b%3 mm?
9000 X 1000 = 7 X 2b%/3
b®=9000 X 1000 X 3/ (7 X 2)
b =124.47 mm =124.5mm
d =2b=2X124.5=249 mm.
Dimension of the section when the beam carries a point load at the centre.

B.M for simply supported beam carries a point load at the centre will be maximum
and is given by,



M =W X L/4 =20000 X 3.6/4 = 18000 X 1000 N.mm
M =omax X Z
18000 X 1000 = 7 X 2b%/3
b®= 18000 X 1000 X 3/ (7 X 2)
b =156.82 mm
d =2b=2X156.82 =313.64 mm.

9. Arolled steel joist of I section has the dimensions a shown in fig. This beam of |
section carries a UDL of 40 KN/m run on a span of 10 m, calculate the maximum
stress produced due to bending.

Solution:
Moment of inertia about the neutral axis,
=200 X 400° — (200-10) X 360°
12 12
= 327946666 mm*,

Maximum B.M is given by,

M =w X L?/8 = 40000 X 10%8 = 500000 N.m = 500000 X 1000 N.mm



Figure No.5
M = ¢

| y
omax = M X Ymax
0
6max = 500000 X 1000 X 200
327946666

Omax = 304.92 N/mmz

10. Two circular beams where one is solid of diameter D and other is a hollow of
outer diameter Do and inner diameter D;are of same length, same material and of
same weight. Find the ratio of section modulus of these circular beams.

Solution:
Let, L — Length of each beam.
W — weight of each beam.

p — density of the material of each beam.



Now weight of solid beam = p X g X Volume = p X g X Area of cross section X L
=pXgX(n/4) XD?°X L

weight of hollow beam =p X g X Volume =p X g X Area of cross section X LL
=p X g X (n/4) X (Do?- Di?) X L

But the weights are same.

pXgX(n/4) XD?XL=pXgX(n/d) X (Ds?-Di?) X L

D? =Do?-Di? OR Di2=Dy?-D?
Now section modulus of solid beam, Z = & X D%32

section modulus of hollow beam, Z = a/32 DoX (Do* - Di %)

= 71:/32 DoX (D02+ Diz) (Doz' Diz)

Section modulus of solid beam = 1 X D¥32
Section modulus of hollow beam /32 DoX (Do? + Di?) (Do? - Di?)
DX Do = D XD?X Do
(Do? + Di?) (Do? - Di?) (Do? + Di?) (Do? - Di?)
D XDo X (Ds?-Di?) = DXDo
(Do? + Di?) (Do* - Di?) (Do’ + Di?)
Section modulus of solid beam = D XDo = D XDo
Section modulus of hollow beam Do+ Do? - D? (2 Ds? - D?)
Section modulus of hollow beam = 2Do*-D?
Section modulus of solid beam D X Do

2D2 _ D® = 2D,_ D

D X Do D X Do D Do



SHEAR STRESS IN BEAMS

The shearing stress in beam is defined as the stress that occurs due to the internal
shearing of the beam that results from shear force subjected to the beam.

It is denoted by the symbol T and is expressed in the unit of psi or N/mm?,
T =F X (Ay/lLb)
F —shear force at a section

A — Area of the section

Y — Distance of the C.G of the area A from the neutral axis.

I — Moment of inertia of the section about the neutral axis.

b — Width of the beam.

11. A wooden beam 100 mm wide and 150 mm deep is simply supported over a
span of 4 m. If shear force at a section of the beam is 4500 N, find the shear stress
at a distance of 25 mm above the N.A.

Solution:
b —100 mm
d - 150 mm
F —4500 N
Let t - shear stress at a distance of 25 mm above the N.A.
t =F X (Ay/l.b)
A = Area of the beam above y; ( Shaded area)
=100 X 50 = 5000 mm?.



Figure No.6

y = Distance of the C.G of the area A from the neutral axis.
=25+ 50/2 =50 mm.
I = M.O.1 of the total section.
= bd/12 = 100 X 150 /12 = 28125000 mm?*,
b — Actual width of section at a distance y1 from N.A. = 100 mm.
=F X (Ay/l.b) = 4500 X 5000 X 50 = 0.4 N/mm?
28125000 X 100




SHEAR STRESS DISTRIBUTION FOR DIFFERENT SECTIONS
RECTANGULAR SECTION

Figure No.7
T =F/21 X (d%/4 - y?)

12. A rectangular beam 100 mm wide and 250 mm deep is subjected to a maximum
shear force of 50 KN. Determine the Average shear stress, Maximum shear stress
and Shear stress at a distance of 25 mm above the neutral axis.

Solution:

Average shear stress,

Tmax = F/Area = 50000/ (b X d) = 50000/ (100 X 250)
= 2 N/mm?

Maximum shear stress,

Tmax = 15X Tavg — 15X2=3 N/mm2



Figure No.8

3. Shear stress at a distance of 25 mm above the neutral axis,
T =F/21 X (d¥4 - y?)
= 50000/21 [ 2502/4 — 252]
= 50000 X [62500/4 — 625]
2 X bd¥12
= 2.88 N/mm?

13. A timber beam of rectangular section is simply supported at the ends and
carries a point load at the centre of the beam. The maximum bending stress is 12
N/mm? and maximum shearing stress is 1 N/mm?. Find the ratio of the span to the
depth.

Solution:



Let, b — Width of the beam
d — Depth of the beam
L — Span of the beam
W — Point load at the centre

Maximum shear force, F = W/2

Maximum bending moment, M =W X L/4

Figure No.9
Tayg = Shear force= W2 = W
Area bXd 2bd
Tmax = 1.5 X Tayg=15X W
2bd
1 =15X W
2bd
2 = W
15 bd

Using Bending Equation,
omax = M X Ymax
|



omax= (W X L/4) X (d/2)
bd®/12

=12XW.Ld =15W.L

8 bd? bd?

12=15W. L

bd?
12=15XW L

bd d—

12 =15X 2 X L

15 d
12/2=L/d =6

CIRCULAR SECTION:

Figure No.10
T = F(R?-y?
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Tavg. = Shear Force / Area of circular section = F/nR?
Tmax. = (4/3) X Tavg. — (4/3) X (F/TCRZ)

14. A circular beam of 100 mm diameter is subjected to a shear force of 5 KN.
Calculate Average shear stress, Maximum shear stress and shear stress at a
distance of 40 mm from N.A.

Solution:
Average shear stress,
Tavg. = Shear Force / Area of circular section = F/nR?

= 5000/ 7 X 50?
= 0.6366 N/mm?

Maximum shear stress,

Tmax. = (4/3) X Tavg. = (4/3) X 0.6366 = 0.8488 N/mm?
Maximum shear stress and shear stress at a distance of 40 mm from N.A.,

1 = F(R*-y?

3l
= 5000 (502 — 402)
3X (ndi6d)
= 5000 (502 — 402)
3 X (7 X 100%/64)

T =0.3055 N/mm?



I - SECTION

Figure No.11
Tmax. = F B (D2 - dz) + bd?
I Xb 8 8

15. An I-section beam 350 mm X 150 mm has a web thickness of 10 mm and a
flange thickness of 20 mm. If the shear force acting on the section is 40 KN, find
the maximum shear stress developed in the I-section.

Given Data:

Overall Depth, D =350 mm

Overall Width, B = 150 mm

Web Thickness =10 mm

Flange Thickness = 20 mm

Depth of Web = 350 — (2 X 20) = 310 mm.
Shear Force, F =40 KN =40000 N.

To Find:

Maximum Shear stress, Tmax



Solution:

| =150 X 350° - 140 X 3103

12 12
= 188375833.4 mm?*.
= F |B(D’-d?) +  bd?
I Xb 8 8
= 40000 150 (350° - 310%) + 10X 310*
188375833.4 X 10 8 8

= 13.06 N/mm?



TORSION

» A shaft is said to be in torsion, when equal and opposite torques are applied at the
two ends of the shaft.

» The torque is equal to the product of the force applied and radius of the shaft.

> Due to application of the torques at the two ends, the shaft is subjected to a twisting
moment.

> This causes the shear stresses and shear strains in the material of the shaft.

TORSION EQUATION

General Torsion Equation (Shafts of circular cross-section)

Lz 60
J 1 L
1. For Solid Shaft T = torque or twisting moment in newton metres
= d® J = polar second moment of area of cross-section
.4 £
I Sl about shaft axis.
y4 4

= shear stress at outer fibres in pascals
radius of shaft in metres

modulus of rigidity in pascals

angle of twist in radians

length of shaft in meftres

diameter of shaft in metres

2. For Hollow Shaft

ar o= A
Il

T 4 4
==t <13)

T :
: (d; —d3)

SHEAR STRESS IN SHAFT

SHEAR STRESS IN SHAFT:(T)

~ When a shaftis subjected to equals and opposite end
couples, whose axes coincide with the axis of the shaft, the
shaft is said to be in pure torsion and at any point in the
section of the shaft stress will be induced.

> That stress is called shear stress in shaft.



ASSUMPTIONS MADE IN THE THEORY OF PURE TORSION

¥ ASSUMPTION IN THE THEORY OF TORSION:

* The following assumptions are made while finding out
shear stress in a circular shaft subjected to torsion.

1) The material of shaft is uniform throughout the length.
2) The twist along the shaft is uniform.

3) The shaftis of uniform circular section throughout the
length.

4) Crosssection of the shaft, which are plane before twist
remain plain after twist.

5) All radii which are straight before twist remain straight
after twist.

MAXIMUM TORQUE TRANSMITTED BY SOLID CIRCULAR SHAFT

i STRENGTH OF SHAFTS

Maximum torque or power the shaft can transmit from one
pulley to another, is called strength of shaft.

(a) For solid circular shafts:
Maximum torque (T)is given by :

T:ixz'xD3
16

where, D = dia. of the shaft
T=shear stress in the shaft



MAXIMUM TORQUE TRANSMITTED BY HOLLOW CIRCULAR SHAFT

T = x 21 . [ Do*—Dit

TX X

16 Do

Where,
T — Torque transmitted by hollow circular shaft N.mm.
7 - Shear stress in N/mm?,
Do — outer diameter in mm.
Di — Inner diameter in mm.
POWER TRANSMITTED BY SHAFTS
Power, P =2 N T7/60

Where, N — Speed of the shaft in r.p.m.

T - Mean Torque in N.m.

POLAR MOMENT OF INERTIA FOR SOLID CIRCULAR SHAFT

e The moment of inertia of a plane area, with respect to an

axis perpendicular to the plane of the figure is called polar
moment of inertia.

® As per the perpendicular axis theorem.

:i)(l)-"“‘in)4
64 64



POLAR MOMENT OF INERTIA FOR HOLLOW CIRCULAR SHAFT
J= = (D% -D%)

32
POLAR MODULUS

Polar Modulus

Polar modulus is defined as ration of polar moment of inertia to the radius
of the shaft.

P

e
R

- T 3

For solid shaft => J = ED

g
S

ZI
Dbz 16

i

For hollow shaft => J=——[D," - D"]
32

g
24| D(dl "'Dl‘
7 = 325 ]=
» D, /2 16D,

(2. -D]

STRENGTH OF A SHAFT:

The strength of a shaft means the maximum torque or maximum power the shaft
can transmit.

TORSIONAL RIGIDITY:

It is defined as the product of modulus of rigidity and polar moment of inertia of
the shaft.

v' Mathematically, Torsional Rigidity = C X J

It is also known as stiffness of the shaft.

Torsional Rigidity is also defined as the torque required to produce a twist of one
radian per unit length of the shaft.

16. A solid shaft of 150 mm diameter is used to transmit torque. Find the maximum
torgue transmitted by the shaft if the maximum shear stress induced to the shaft
is 45 N/mm?.

Solution:
T= aXD’Xnr
16




= n X 150% X 45
16
T =29820586 N.mm or 29820.586 N.m

17. The shearing stress of a solid shaft is not to exceed 40 N/mm?, when the torque
transmitted is 20000 N.m. Determine the minimum diameter of the shaft.

Solution:
Let D — Minimum diameter of the shaft in mm.

T= aXD¥Xr1

16
D3= T X16 = 20000 X 1000 X 16
nXt 7t X 40

D= 136.2 mm.

18. In a hollow circular shaft of outer and inner diameters of 20 cm and 10 cm
respectively, the shear stress is not to exceed 40 N/mm?. Find the maximum torque
which the shaft can safely transmit.

Solution:

T=nX1 D%-D‘ﬂ]
16 Do

T=nX40 |200% 100"
16 200

T =58904860 N.mm or 58904.860 N.m

19. A hollow shaft of external diameter 120 mm transmits 300 KW power at 200
r.p.m. Determine the maximum internal diameter if the maximum stress in the
shaft is not to exceed 60 N/mm?.

Solution:
Let Di- Internal diameter of the shaft.
P=2nNT/60

300000 = (2 X 200 X T /60

T = 300000 X 60

2n X 200
T =14323.9N.m
T =14323.9 X 1000 N.mm



T=nX1X(D%-D%)
16 Do
14323.9 X 1000 = 7t X 60 X (120* - D%)
16 120

D% = 61458000
Di = 88.5 mm.

P
torque: X 3 .
o r sectiorn, whose internal diameter is 2/3 of the outside diarmeter and the

sarm
S ress developed in each shaft is the same, compare the weights of the shafts.

circula
sheal < 5
Sol- Given :

oblem 16.4. Two shafts of the same material and of same lengths are subjected to the

if the first shaft is of a solid circular section and the second shaft is of hollow
IPLCAXCLITLELITE

Two shafts of the same material and same lengths (one is solid and other is hollow)

smit the same torque and develops the same maximum stress.
ran: Lot 7" = Torque transmitted by each shaft
Max. shear stress developed in each shaft

T =
D = Outer diameter of the solid shaft
D, = Outer diameter of the hollow shaft

D, Inner diameter of the hollow shaft — %Do

W, = Weight of the solid shaft
W, = Weight of the hollow shaft
L = Length of each shaft

w Weight density of the material of each shaft.
Torque transmitted by the solid shaft is given by equation (16.4)

T
—=aes 3
r 16 D
Torque transmitted by the hollow shaft is given by equation (16.6),

T Do* —D*| _ = Dt — (278 )
Li=iqe t[ g “ 16 T Do
4 16 4
Bl 25 Do a1 2o s 65 Dy*
= 16 50 e 81 =< D,
7T 65 D,?
= e T ———

3 As torque
@) and (id),
7T 7T 65 3
net 2R e aan 0

Cancelling % T from both sides
or a _ 65 3
D =aq 20

66

II“ 65)""
81

- we
D2 ] —

D =
[ &

Now weight of solid shafl,

=tux%l)3xl,

Weight of hollow shaft,

W, = 1w x Arcn of cross-soction of hollow ahnfl = ]

. CZR)

1
transmitted by solid and hollow shafts are equal, hence equating equations

\

D, = 0.929 1>,

W, = Weight density < Volumae of solicd shan
= w = Arean of cross-scection = Longrthy

“ongth

7T 2 z T
= x = Dy% — D2} < I. = w x = 2, C2/3 13,)2) » g,

n = a P
= w > _’["u' oy l’ul] > I = 1w > :v:; 12,2 > I,
Dividing equation (o) by equation (),
n 3
w, w < 747”17)‘ = 14" _op*
Wi wxZ=x8%pDy2xr B
B [ gmty
$rg (0.929 1), )»* ol
- 71)';:‘ [ £ L = 0.929 D, from equntion (tny
- 2 . o9292 x 2o _ 1.55
5 Dg* 1
= Woeight of solid shaft 1.55 A
"  Woeight of hollow shaft 1 = s

Problem 16.5. A solid circular shaft arnd a hollow circular shaft wwhosce inside diameter

y 3 5 .
is (2) of the outside diameter, are of the same rnaterial, of equal lengths and are required o

transrmit a givern torque. Cornipere
developed irnn the twwo shafts are cqgeeal.
Sol. Given :

Dia. of hollow shaft, 7D, = a Dian. at outside
3
= 3 Do =0.76 D,

Iet L = lLength of both shaft (equal length),
7" = Torque transmitted by each shaft (equal torgue),

T = Maximum shear stress developed in each shaft (egual max.

I = Dia. of solid shaft,
W, = Weight of solid shaft, and
W, = Weight of hollow shafl.
Torque transmitted by a solid shaft is given by equation (16.4) as

T—% > T >x I3

the weights of these troo shafts of the maxirnen shear stress

shear stress),



—  rorque transmitted by a hollow shafl is given by equation (16.6) ns

< Dot — D, - -
o 'y T I, CO.T65 I, >
G i N L DI -_— P P — — 4
r 16 l Dq 16 ¢ Dg
IT

-—xtx—D-"ln—(o':a)-]-L a
oy = g 36 = T > D, = [1 — 0.3164]
7T

= T = I, x 0.6836
But torque transmitted by solid shaft
= Torque transmitted by hollow shaft._
Hence equating equations (i) and (ii), we get
Ead
e > T < D% = T x T x D,* < 0.6836 or D? — 0.6836 D,

D = (0.6836)>'7 x D, or D = 0.8809 D, . CEEE)
Now weight of solid shaft,

- LEE)

W, = p > & = Volume of solid shaft

- > g > (%D’ =< L) . CEe)
Weight of hollow shaft,

W, = p = & = Volume of hollow shaft

-pxg,([%(po"—b,’)xl_]-p‘g,- D, — (075D =~ L
— P <& =< 5 D% — 0.56250,71 =L = p <& =3 x D1 — 0.5625) =< L
T

-px‘x‘xDo’nO.Cva'lBuL

P
Dividing equation (iv) by eguation (o),
£ =
> > == > D% =< I 2
e P >< & > = el i
b o =< & =< % =< 162 < 0.4375 =< L 0.4a375 Do
8809 =
= 0 > | £ From (i), D = O0.8809 D)
0.4375 D,
2
o276 -1 TTST. Amne.
lem 16.6..A e thick transrmits 300 EW power at 200 r.p.orr.
Determine the exter . shear

strain due 1o torsiorn is not to exceed

rrx.

Sol. Given :

Diameter of shaft, /2 = 15 cm = 150 mm

Power transmitted, £ = 150 kW = 150 x 109 W

Speed of shaft, N = 180 r.p.m.

Let T = Maximum shear stress induced in the shaft
Power transmitted is given by eguation (16.7) as

2 NT

s ~N
Problem 16.8. Find the maxirnwum shear stress induced lm
diarneter 15 crn when the shaft transmits 150 kW power at 180 r.p. trcula,. shap,
of

P o=

160 208 = 2EFABOZ T

150 < 107 < 60
RO 7957.7 Nm = 7957700 Nmm
Now using equation (16.4) as,

B T =

7T
T == 16 D3
7967700 = J& x T x 1507

= 16 =< 7957700 .

< T > 160° = 12 N/mm?32. Ans.
Problem 16.9. A solid cylindrical shaft is to transmit 300 W power at 100 r.p.m.
(a) If the shear stress is not to exceed 80 N/mm?, find its diameter.
(&) What percent saving in weight would be obtained if this shaft is replaced by a hollow

one whose internal diameter equals to 0.6 of the external diameter, the length, the material and
maxirnwum shear stress being the same ?

Sol. Given

Power, £ = 300 kW = 300 = 107 W
Speed, N = 100
Max. shear stress, T = 80 N/mm?
(a) Let D = Dia. of solid shaft
Using equation (16.7),

P 2rNT

300x103=§2"";g°"7‘

300 =< 10? =< 60

-~ = = — N-mm
5 T = 2 < 100 28647.8 N-m = 28647800

~ Now using equation (16.4),

28647800 = S x 80 x D? |
va |

= 121.8 mm




p— N_‘ VP;A,“-,,; SoUInas In weiashe
S » loxtov Al dhian, ot hollosw sty

i, Tuternal dia. of hollosw shaaty
0.6 x D, avvon)

- 5 longrth matorial and maximum shoar atross n solidd and holl
ﬁ“j fonce torguoe transmittod by solid shatt i equal to the te oot
the torque tran=amittod by hollow shafl is given by oguation LG G

1ot
wosmbhuatte ave pivon

mandttod by

samo.
sl BUt  ing equation (16.6),
7 e ‘—':‘ % 0 iﬁf_"i—’)&
>
= 800 x !m.:,‘i?_’?n_)i‘ (o D, = 0.6 D)
»

R,
16
“ -
= 3 BO x 2o — Q6 D)%)
D,

But torque transmitted by solid shatu
== 28GATS00 Nanam
Equating the two torques, wo got

08704 D" S
2/REATROO0 = x = 50 x -——————LD“ - o= BO x O.8704 D
00 wva
) D = ROGL 7S = 127.6 mm o= say 128 mamn
& ™= 50 < 0.8704
D, = 0.6 x D, = 0.6 x 128 = 76.8 mm

s Internal dia.
Now let W = Weight of solid shaft,
and W, = Woight of hollow shaft.
W_ o= Weight density = Aren of solid shaft < Longth
(whoro o = woight donsity)

Then
=w x X D% < L
W, = Weight density x Arcoa of hollow shaft x Loength

Similarly
—-w = = D — D2 < L
o Both shafls are of sanme longth and of samo matorial)
Now percent saving in weight

W, — W,
= W, = 100

T 2 = X Dg® — DA L.
Mg 2 Bl g Wy £ = 100

-
T =
= D% > W5
<4
, Ty (C-ncolling e = -"i = L)
D2 < = = —
_ 122 *‘1382 EE8°) o 100 2 2O8E =1 84 — 589g,
122 14884 — x 109
= )
O 100 — 29.55%. .Ans.

14884
Problem 16.10. A solid steel shaft has to trarnsrmiit 75 kW ar 200 r.p.rre. ’I‘ak,’ng ail,
shear stress as 70 N/mm?, find swuitable diarmeter for the sheafr, i the rmaxirniiss torg:, Owaty,
r2itted at each revolution exceeds the rmearn by 309, e trap,,

Sol. Given -
Power transmitted, P =75 kW = 75 x 103 W
R.P.M. of the shaft, N = 200
Shear stress, T = 70 N/mm?=2
7" = Mean torque transmitted
= 1.3 7

Let
T, = Maximum torque transmitted
42 = Suitable diameter of the shaft

Power is given by the relation,

L 2xvT
=4 60
277 < 200 < 7°
D o ——— =
or 76 > 103 = 60
’ 75 =< 10? < 60
- 7T = T = 3580.98 N-m = 3580980 N-mm
- L™ 1:3 "= 1.3 »x 3580980 = 4655274 N-mam.
Maximum torgue transmitted by a solid shaft is given by equation (16.4) as,
T e
7 o = 36 > TxD3
or 4655274 = [T =< 70 = D?
. 16 < 4655274 \V?
B D=(*W = 69.57 mam — 70 mmm. Ans.
FOO W power at 80 r.p.m. If the shear

-F‘roblem 16.11. A fiollow shaft is to trarsrriie
:treas is not to exceed 60 N/.mmg arnd the internal diameter is O.6 of the external diameter, [ind
he external and iriterral diameters assterriirnig thrat the raaxXIirriern torqgue is 1.4 times the mean

Sol. Given :
300 kW = 300 = 102 W

Power transmitted, 2 =

Speed of the shaft, N = 80 r.p.m.

Maximum shear stress, T = 60 N/mm?=2

I i Tt

2 nal d = D, = 0.6 x External diameter = 0.6 D,
aximum torque, Z e = 1.4 times the mean torque = 1.4 =< 7°

Power is given by the relation,
25xNT
p=3 s
= 60



/

p o 80P 60x300x10°
f 2nN omx80 35809.8 N-m
0

Ty =14 T = 1.4 x 35809.8 N-m

=50133.7 N-m = 50133700 N-mm.
o maximum torque transmitted by a hollow shaft is given by equation (16.6) as,

ST s S DyfesD
Tmax 8 16 XTX To"
1 D, -(06D,)"
50133700 = — S0
p U= 00 D,

n D, -.1296D,* | =
i 6 (1] 0 o
Tl D, 16

16 x 50133700\ . et
SR b e i
D;=06xD;=06x170 = 102 mm. Ans.

x 60 x .8704 D,?

D,=
and

Problem 16.12. A hollow shaft, having an inside diameter 60% of its outer diameter, is
to replace a solid shaft transmitting the same power at the same speed. Calculate the percent-
age saving in matertial, if the material to be used is also the same.

Sol. Given :
Let D, = Outer diameter of the hollow shaft

D, = Inside diameter of the hollow shaft = 60% of D,
60

= m > DO = 0.6 DO
D = Diameter of the solid shaft

P = Power transmitted by hollow shaft or by solid shaft
N = Speed of each shaft

T = Maximum shear stress induced in each shaft. Since material of both shafts
is same and hence shear stress will be same.

Power by solid shaft or hollow shaft is given by

2nNT

60
S0P = constant
2nN

(-~ P and N are same for solid and hollow shafts)
Torque transmitted by solid shaft is the same as the torque transmitted by hollow

Torque transmitted by solid shaft is given by equation (16.4) as
T= % wD? ()
Torque transmitted by hollow shaft is given by equation (16.6) as

7T Do‘ —'.Dj‘ x DO‘ —('GDQ)‘]
=— 1| —mm|=757 T
16 D, 16 D,

PR



DINENGTH OF MA@ BEITLALS

n PR BT -
=g D, 16 ** O-BTCOETI.
transmitted is the same and hence equating equations (;) and G

Since torque

1Y n 3
e =— 0.8704 D,".
16 ‘!D’ 16 TXx | 0

ameter of a solid shaft which will transmit 300 kW at
not exceed 30 N/mm? and twist should not be
e modulus of rigidity = 1 = 10% N/rmm®.




32 x 2000 x 11459100

10° x X 0.01745
v D =(18377.81 x 10H" = 107.5 mm
The suitable diameter of the shaft is the greater® of the two values giyey, s

¢ ?(lua

() and (1),
. Diameter of the shaft = 124.5 mm say 125 mm. Ans.

*(If diameter is taken smaller of the two values say 107.5 mm, they from ¢
u

n
T= 6" D3, the value of shear stress will be

11459100 = % T x (107.5)°

or 11459100 = 243920 t

i¥ 11459100
" 7243920

which is more than the given value of 30 N/mm?).

= 46.978 N/mm?*

3
Problem 16.15. A hollow shajft of diameter ratio E(internal dia. to outer dia.) is

transmit 375 kW power at 100 r.p.m. The maximum torque being 20% greater than the me
The shear stress is not to exceed 60 N/mm? and twist in a length of 4 m not to exceed
Calculate its external and internal diameters which would satisfy both the above conditio

Assume modulus of rigidity, C = 0.85 x 10° N/mm?=.

Sol. Given :
Diameter ratio, = &)
5 8
3
D; = B D,
Power, P =375 kW = 375000 W
Speed, N = 100 r.p.m.
Max. torque, T =02 T =
Length, L =4 m = 4000 mm
Max. twist, Oi="22 =10 % radians = 0.0349 radians
Modulus of rigidity, C = 0.85 x 10° N/mm?2
. 3 2neNT
Power is given by, P = 60 Here torque is 77, __
P =< 60 375000 < 60
or 7 6= = = &
2N 21 < 100 35810 Mga
or 7., . con = 35810 N-m
=< T =2 T = 1.2 x 356810

= 42972 N-m = 42972 x 1000 N-mm.



t to exceed 60 Nimm*.

Fpesd ol (e snhinft,
Wwiat o the ahaft g ; A
o e 3 b 4 aelisn DOV TAL rore)

L 20 2 T
650

BOHO.D5 1N-trr = BHIDHO N-trrryy,
ar stross is limited to 50 N/rovens”.

o BEBODHO = T 2 50« 15,

ABROBHO 10" %0.01745
&’




A imum torque, 7, = 1.265 x T

Modulus of rigidity, S = 9 =< 104 N/ mm?=

The horse power transmitted is given by
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FRAMES

v A frame is a structure made up of several steel bars which are riveted or welded
together.

v" These are made up of angle irons or channel sections and are called members of the
frame or framed structure.

v Although the members are welded or riveted together at their joints, they are
considered as hinged or pin- jointed for the purpose of calculations.

v Determination of forces in a frame is needed in many engineering structures.
v The forces are determined based on the application of the principles of either statics
or graphics.

TYPES OF FRAMES:

1. Perfect frames

2. Imperfect frames
1. PERFECT FRAMES

A perfect frame may be defined as that one which is made up of members just sufficient to
keep the frame in equilibrium, when loaded, without any change in the shape.

The simplest example of a perfect frame is a triangle. It is to be noted that the shape will
not be distorted when the structure is loaded.

Thus, for three jointed frames, there should be three members to prevent distortion.
2. IMPERFECT FRAMES

An Imperfect frame is one which does not satisfy the relation between the numbers of
members and number of joints given by the equation n = 2j — 3.

This means that number of members in an imperfect frame will be either more or less than
(2j-3) It may be a deficient frame or a redundant frame.

ASSUMPTIONS:

Following are the assumptions made in finding the forces in the members of a frame.

1. The frame is a perfect frame
2. The frame is loaded only at the joints
3. All the members of the frame are pin-jointed

4. Self-weight of the members is neglected.



VARIOUS TYPES OF TRUSSES:

The following five criterions may serve as a basis for the classification of trusses:
1) The shape of the upper and lower chords;

2) The type of the web

3) The conditions of the supports

4) The purpose of the structure

5) The level of the floor (lane, road)

Howe truss N Pratt truss
I8-30m I18-30m
Howe truss Warren truss
flat roof flat roof
saw-tooth truss “:; ) ‘a
skylight Fink truss
3 =>30m

three-hinged arch '
hangar, gymnasium

Figure No.1



J <
trough Pratt truss Warren truss

parker truss

deck Pratt truss 3
(pratt truss with curved chord)

ﬁ Howe truss ﬁ; éa baltimore truss é%

K truss

Figure No.2
VARIOUS TYPES OF ANALYTICAL METHODS:
1. Method of joint
2. Method of sections
3. Tension co-efficient method

METHOD OF JOINTS OR METHOD OF RESOLUTION:

v For a given frame or a truss the support reactions are determined taking moments
of the external forces with respect to the support.

v' Then each joint is considered individually as a free body in equilibrium and the
forces on the members at that joint are determined by summing up all the vertical
component of forces to zero and all the horizontal component of forces to zero.

ol.e, V=0and H=0

v Joints should be selected such that forces for only two members are unknown in that joint.

v The force is said to be tensile if it pulls the joint to which it is connected.
METHOD OF SECTIONS OR METHOD OF MOMENTS:

When forces in a few members of a truss are to be determined then this method is the
simplest one.

This method is easy since we do not need the solutions from other joints.

Here, we pass a section line passing through the members in which the forces are to be
determined.
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The section line should be such that it does not cut more than three members in which the
forces are unknown.

The truss on one side of the section line is treated as a free body in equilibrium under the
action of external forces.

The unknown forces are then determined using the equilibrium equations, XM =0, XF«=0
and XF,=0.

When we get a negative value of force in a member then the assumed direction is not correct
and it has changed.

TRUSS — ASSUMPTIONS:

There are four main assumptions made in the analysis of truss:

Truss members are connected together at their ends only.
Truss are connected together by frictionless pins.

The truss structure is loaded only at the joints.

The weights of the members may be neglected.

PROBLEMS:

The Method of Joints
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