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COURSE GOALS

This course has two specific
goals:

A() To introduce students to
concepts of stresses and strains;
shearing force and bending
moment; torsion and deflection of
different structural / machine
elements: as well as analysis of
stresses In two dimensions



COURSE GOALS

A(ii) To develop theoretical and
analytical skills relevant to the
areas mentioned in (i) above.
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COURSE OUTLINE

Unit -1 Stress, strain and deformation
of solids

Simple and compound bars, thermal
stresses, Elastic constants and strain
energy
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/7

course outli ne e.

Unit 1 |l Beams 1 loads and stresses

shear force and bending moments,
theory of simple bending, bending and
shear stresses

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



/7

course outli ne e.

Unit 7 lIl Torsion

Torsion on circular bars, power
transmitted by solid and hollow shafts
I springs
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course outli ne ¢ée.

Unit 1 IV Deflection of beams and
column theories

Double integration method,
Macaul ayos met hod :
method.

ColumnsT Eul er 6s t heor"
R a n k | formulas
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course outli ne e.

Unit T V Stresses In two dimensions

Thin cylindrical and spherical shells,
Principal stresses and planesi Mo h r
circle
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UNIT -1
STRESS, STRAIN AND
DEFORMATION OF SOLIDS

Definitions:

Rigid Body: Arigid body Is an idealization
of a solid body of finite size in which
deformation iIs neglected.

In other words, the distance between any
two given points of a rigid body remains
constant In time regardless of external
forces exerted on It.




Deformable body: Adeformable body Is a
physical body that deforms, meaning it
changes its shape or volume while being
acted upon by an external force.

Elasticity . The property which enables a
material to change its dimension, volume, or
shape in direct response to a force effecting
such a change and to recover its original
form upon the removal of the force.



Elastic : If a material returns to Its
original  size and shape on removal of
load causing deformation, it is said to be
elastic.

Elastic limit, is the limit up to which the
material Is perfectly elastic.

Elastic stress Is the maximum stress or
force per unit area within a solid material
that can arise before the onset of
permanent deformation.



A When stresses up to the elastic limit
are removed, the material resumes Its
original size and shape.

A Stresses beyond the elastic limit cause
a material to yield or flow. For such
materials the elastic limit marks the end
of elastic behaviour and the beginning
of plastic behaviour.



Actual Rupture Strength ﬂ
U — Ultimate Strength e

o~

-
-
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o
] R Rupture Strenqth
g
oL Y Yield Point
E — Elastic Limit
P — Proportional Limit
>
O Strain, ¢
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The strength of any material relies on the
following three terms:

Strength,Stiffness and Stability.

Strength means load carrying capacity, or
it iIs the ability to withstand an applied
stress without failure. The applied stress
may be tensile, compressive, or sheatr.

Stiffness means resistance to
deformation or elongation, and

Stability means abllity to maintain its initial
configuration.



Stiffness (k)
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Stress Is a measure of the Internal
reaction between elementary particles of
a material In resisting separation,
compaction, or sliding that tend to be
iInduced by external forces.

Mathematically, it Is expressed as the
ratio of the load applied to the cross
sectional area.

Unit: Usually N/m? (Pa), N/mm?, MN/m?,
GN/m
ANote: 1 N/mm2= 1 MN/m2 =1 MPa



Strain 1s defined as the amount of
deformation an object experiences
compared to its original size and shape.

Ai.e., strain is the relative change in shape
or size of an object due to externally
applied force.

AMathematically, it is expressed as the
ratio of change Iin dimension to original

dimension
Ai.e strain=a/ L



Ho o k eaws It states that providing the
limit of proportionality of a material I1s  not
exceeded, the stress is directly proportional
to the strain produced.

Ai.e., with in the elastic limit, the stress is
directly proportional to the strain

A If a graph of stress and strain is plotted as
load Is gradually applied, the first portion
of the graph will be a straight line.



AModulus of Elasticity (E)

Alt is defined as the stress intensity required
by the body to produce unit strain.

Alt is a measure of the stiffness of a
material.

Direct stress (u)
Direct strain (U

Units: N/m? (Pa), or N/mm?, or MN/m?, or
GN/m? etc.,



fc)

() o= P4

£=MNL
Strain
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Direct or Normal stress

When a force Is transmitted through a
body, the body tends to change its
shape or deform. The body is said to
be strained.

A Direct Stress = Applied Force (F)
Cross Sectional Area (A)




Direct Stress Cont...

ADirect stress may be tensile, s, or
compressive, s . and result from forces
acting perpendicular to the plane of the
Cross-section

_
| _< CompreSSion
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Tension
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Direct or Normal Strain

AWhen loads are applied to a body, some
deformation will occur resulting to a
change in dimension.

A Consider a bar, subjected to axial tensile
loading force, F. If the bar extension is ae
and its original length (before loading) Is L,
then tensile strain Is:



Direct or Normal Strai@ontX @

“

A Direct Strain (e ) Ghange in Length
Original Length
ADBOD R
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Direct or Normal Strain Contd

A As strain is a ratio of lengths, it is
dimensionless.

A Similarly, for compression by a mo u n;t
Compressive strain = - ae/L

A Note: Strain is positive for an increase
In dimension and negative for a
reduction in dimension.
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Shear Stress and Shear Strain

AShear stresses are produced by
equal and opposite parallel forces
not in line.

A The forces tend to make one part
of the material slide over the other

part.

AShear stress is tangential to the
area over which it acts.
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shaar load

adhbesive line

marble

shecar Jaad
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Shear Stress and Shear Strain Con

5 Q

v
_I_I

A
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Shear Stress and Shear Strain Con

Shear strain Is the distortion produced
by shear stress on an element or
rectangular block as above. The shear
strain, (gamma) IS given as:

9 = Xx/L

g = tan’
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Shear Stress and Shear Sti@mntd

AForsmall angle f, g=71

A Shear strain then becomes the change in

the right angle.

A It is dimensionless and is measured in

radians.
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Complementary Shear Stress
P 7 - 0

L,

S t R

1
L

b

Consider a small element, PQRS of
the material in the last diagram. Let
the shear stress created on faces PQ

and RS be ¢,
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Complimentary Shear Stress Contt

AThe element is therefore subjected to
a couple and for equilibrium, a
balancing couple must be brought
Into action.

A This will only arise from the shear
stress on faces QR and PS.

ALet the shear stresses on these faces

be
[2



Complimentary Shear Stress Contc

AlLet t be the thickness of the material at
right angles to the paper and lengths of
sides of element be a and b as shown.

AFor equilibrium,  clockwise couple =
anticlockwise couple

Ai.e. Force on PQ (or RS) x a = Force on
QR (or PS) xb

Az‘lxbtxa:z‘zxatxb

e , = 1,



AThus: Whenever a shear stress
occurs on a plane within a material, It
IS automatically accompanied by an
equal shear stress on the
perpendicular plane.

The direction of the complementary
shear stress Is such that their couple
opposes that of the couple due to the
original shear stresses.



Deformation of Simple Bars
We know, modulus of elasticity,

P
E__J_ /A_PZ
_E_&/I_Aﬂ

Pl
), tion, A= —
eformation, 7



Ex 1: Alamp
weighing W = 50N
hangs from

the ceiling by a steel
wire of diameter

D =2.5mm
Determine the

el ongation o Of t he
wire due to the

| ampoOos wel ght .




Given:

The wire supporting the lamp is 1.5m
long

The wire is steel with elastic modulus
E =200 GPa

Required: Det er mi ne t he
t he wire due to t he
Solution :

Area = 4.91 mm?

e = (50 x 1500) [ (|

= 0.0764 mm



Deformation of a solid
truncated conical Bar




Deformation of the element,

5‘&_de_ P dx B 4P dx
- AE _g(@j)g ~ x(d; + kx)2E

Where
(d, —d;)

dp —dy
I

where, k =
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Total deformation of the bar,

[
/_\.:f&ﬁ
0

J-E 4Pdx
0 mE(dy +hkx)=

2 [ (dy + kx)~2dx

4P (—1) [ 1 ] |
mE Wk (dy +kx),
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B 4P 1 |
wEK | (d, +Ed3;d1}]x 0

ap _1 1
' [

mTEK "do .:Ei]

ﬂ:EEdE_ IZ 1-2

4Pl
mEd, dy

4Pl
A=
nEd,d,
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Deformation of uniformly tapering
rectangular bar

b2
bl
Pe—

> P
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Consider a small element of width dx at a
distance x from the left end as shown in Fig.

Deformation of the element,

SA — Pdx
. b, tE
Pdx
= (by + kx)tE
b, — b
where, k= 21 -
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Total deformation of the bar,

l
B Pf dx
- tE ) (by + kx)
0
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b
« A= —|log (ﬁ)]

L b
(bZ - b1)tE[ 0d (E)]
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Elongation of a bar due to its
self weight

L Ll

AE—-

777770 dx
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Deformation of the element,
- Axydx
- AE

- yxdx
- E

l

Total deformation, A f&ﬂ

0O



[ A
_rr 2
2E A
A= ﬂ where w = total weight of
2AL the bar

= Aly



Deformation of a Stepped Bar

Ex2: A steel bar ABCD is shown in
fig. Determine the total change In
length of the bar. Take E = 200 Gpa.

200 mm 600 mm 200 mm

| | | J
| i | |

A=500 mm
A=300 mm 17

| |

(T h— @ —A0 kN ®SOKN*_ @ —* 20KN
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A=400 mm?




Free body diagram

10KN @

—— 10KN

30KN

—

20KN —

l¢—— 30KN

J

—— 20KN
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P, P, P;l
Al = 17 T2tz 7803
A1y Az,  Asks

~10x 10°x 200

~ 300x2x105
—30x103x 600

' 500x2x10°
20 x 103x 200

400 x 2 x 105
= 0.0333-0.18 + 0.05

_|_

= -0.0967 mm (- sign indicates the

deformation in contraction)



Composite bar

Definition: A bar made up of two or
more different materials and fastened
together to prevent uneven straining
and act as a single bar subjected to
axial loading or temperature change.



w
i
-

n




by equilibrium condition

P = P.+P_
= TAg+ticAc -

by compatibility condition

PSS = gC



Psls . Pclc fs fc
Asks  AcEc S E

_ES 2
f;_ﬁfc ()

solving (1) & (2 ), we get f, and f,



EX 3.

A steel rod of diameter 25 mm is placed
iInside a copper tube of Internal
diameter 30 mm and external diameter
40 mm, the ends being firmly fastened
together. Determine the stresses
Induced In the steel rod and copper
tube when the composite bar Is
subjected to a compressive load of 500
kKN. Take E, = 2 x 10> N/mm 2 and
E.=1.1x10°>N/mm 2



Solution

Tt
Area of steel rod Ag = 7> 252 = 490.63mm?

Area of copper tube A=( /4)] (4(P-3(7)

o - = 549.78mm?
By equilibrium equation,
P: fSAS + fCAC

490.63f,+549.78f,= 500103 ........ (1)
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By compatibility condition, e, = e

Es 2.1x%x10°
fS_E_CXfC Le.,]‘;=1.jhx105><fc
= 191f. (2)

Solving (1) and (2) , we get
f. = 642.28N/mm? f. = 336.27N/mm?*

P, = f.A. = 315.13 KN

P.= f.A, = 184.87 KN



EXx 4.

A steel rod of diameter 30 mm and
length 500 mm Is placed Inside a
aluminium tube of Internal diameter
35 mm and external diameter 45 mm
which I1Is 1 mm longer than the steel
rod. A load of 300 kN Is placed on the
assembly through the rigid collar.
Find the stress induced In steel rod
and aluminium tube

Take E, = 200 GPa and E_ = 80 GPa




lP =300 KN

2z IR aRRR,
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Solution
Agzg <30%=706.86 mm -

A, = % < (452-352) = 628.32 mm >

Initial load carried by aluminium tube
alone corresponding to a
compression of 1 mm (&)

 AqEqA  628.32x80x10°%x1
la 501

= 100330 N

P,



Load for composite action,
p’’ = 300000-100330

= 199670 N

By equilibrium condition of
composite action,

fs Astfa Ag=P"
708.86 f. +628.32 £, =199670
e (D



By compatibility condition

fg” — E xfa”

Ec

200 ’
_— X
30 f(l

=256
Solving (1) and (2), we get
£, =83.353 N/ mm 2
;" =208.383 N/ mm

(2)



Final stress in steel f; = £ + f;”

=208.33 N/ mm -

100330

Final stress in aluminium f, = P +83.33

= 159.684+83.353
=243.03 N/ mm -

FP. = 147.3 KN
E, =152.77 KN
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EX5

Two vertical rods one of steel and the
other of copper are rigidly fastened at their
upper end at a horizontal distance of 200 mm
as shown in fig. the lower end supported a
rigid horizontal bar, which carries a load of 10
KN. Both the rods are 2.5 m long and have
cross sectional area of 12.5mm?. Where
should a load of 10 kN be placed on the bar,
so that it remains horizontal after loading.
Also find the stresses in each rod. Take E_=
200 Gpa and E.=110Gpa. Neglect bending of

Cross bar.



Steel Rod Copper Rod

2.5m

As=Ac=12.5 mm?

-/
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by equilibrium condition,
fsAs + fcAc =P
12.5(f;+fc) = 10 x 103

fs +fc =800 (1)
by compatibility, As=A, es=¢e.
fi=Zxf, =Txf,
E. 110

= 1.8182 f. (2)




Solving (1) & (2), we get
fr = 283.87 N/ mm?*
f. = 516.13 N/ mm?

P. = 6451.64 N
P, = 3548.3 N
Position of load
3.5483 x 200
X = = 71mm

10



Thermal stresses

Whenever there is some increase or
decrease Iin the temperature of a body,
it causes the body to expand or
contract.

If the body Is allowed to expand or
contract freely, with the rise or fall of
temperature, no stresses are induced
In the body:.



Thermal stresses ¢ .

If the deformation of the body Is
prevented, some stresses are induced In
the body. Such stresses are called
thermal stresses or temperature stresses.
Change in length of a bar due to

change in temperature, e = | Ut
Where ,| = length of the member
U = co efficient

expansion of the material
t = change In temperature
Note:. strain = U t



Thermal stresses

We know, for an axially loaded bar,A = %

Stress induced [ = -

B Elot

[
= Eat

Note

0 fisD compressive in nature due to
Increase Iin temperature and tensile In
nature due to decrease In temperature



EX:.6

A steel rod of length 3m,
diameter 20mm Is subjected to an
increase in temperature of 100AC.
Find (i) the free expansion of the rod
and stress induced In the rod when
the expansion is fully prevented.
() the stress In the rod when the
extension permitted is 1mm.
Take U 42[ 10%/A and E<= 200 Gpa.



Solution
Free expansion of s

= 3000%X 12X 107°x 100

= 3.6 mm
Stress induced when the expansion Is
fully prevented ,f

=200 x 10° x12x 1072 x 100
= 240N /mm?



| f the extensi on pe

Cextension pr-eyent e
= 3.6-1
= 2.60mm

E
stress induced(f) = T (lat — A)

- 200 X 10° X 2.6

3000
= 173.33 N/mm?




Ex:7 A tapered bar as shown in Fig. below Is
subjected to a increase Iin temperature of
90e CFind maximum and minimum stress
induced in material when expansion s
totally prevented.

Take h =121 10%/ e CE =21 10° N/mm?2.

d, = 100m d, = 150mm

~1=400 mm;
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Soln:

Free expansion, p=1"T

If the expansion of the bar Is totally
prevented, then this Is equivalent to the
same bar Is subjected to a compressive

force (P)
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Soln: A AP
mw Ed,d,
- mEAdd,

p =
41

= 2544690 N
P

Max stress = f,40 = y
min

2544690
=~ :
=% 100
= 323.99 N/mm?

(compressive)
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P

Min stress = f,,i, = y
max

2544690
- T X 1502

= 143.99 N/mm?*

(compressive)
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Thermal stress on composite
bar (a; > a)

Free expansion

Copper [« | ’{ Contraction for composite

/ «—», action

U e— PfA

N

Steel

L]
[ & -II\‘ Extension for composite

Free expansion
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Ex:8 A composite bar is made with
a copper flat of size 501 30mm and
steel flat of 501 40mm of length
500mm each placed one over the
other. Find the stress induced In the
material, when the composite bar is
subjected to an iIncrease In
temperature of 100AC. Take

0, =12x107°/°c a.=18x%x107°/°c

E. = 2 X 10> N/mm?
E. =1 X 10> N/mm?



Free expansion of copper = la, .t
=500-18-107°+100=0.9 mm

Free expansion of steel=l ot
=500-12+107%+100=0.6 mm

For composite action

Therels a pushin copperandpull in steel

Forequilibrium,
pushin copper(p:) = pull in steel(rs)




Pc—Ps
feAc=foA
fc__ }{fS *33]_;5
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Actual expansion of copper (extension)
= (free expansion of copper
contraction due to composite actio

PC ZC fC ZC
0.9 AE 0.9 E
Actual expansion of steel
= (free expansion of steel) +
(expansion due to composite actior
fs Ls
Es

= 0.6 +



For composite action,

Ls

0.9 —lte= g6+ (&
E, E.
Sub (1) in (2)

1.33 o 500  fex500
0.9 = 0.6 + 5% =

1x10°

) XXXXXDO

fs=32.78 N/mm? (T)
f.=43.60 N/mm? (C)



Ex:9 A rigid horizontal bar of negligible
mass Is connected to two rods as
shown In Fig. If the system Is initially
stress-free. Calculate the temperature
change that will cause a tensile stress
of 90 MPa In the brass rod. Assume
that both rods are subjected to the
change In temperature.



L=2m

A = 1200 mm*

E = 100 GPa

a = 18.7 um/(m-*C)

2m—»|

Copper
L=3m

A = 1500 mm’
E =120 GPa
a = 16.8 ym/(m-*C)
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P

3m 2m—a|

Peo

\7 *
8T(co) K\\
One — Oriae)
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Solution

Let , P,, be the force in brass rod
and P.,be the force in brass rod
due to the change in temperature.

Z M hinge support =0
5P,. — 3P., = 0
SJbrAbr - 30'an£& = 0
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5(90)(1200) — 30,,(1500) = 0

o.,— 120 MPa

(Stress induced in the copper rod)



ol

We know, S = —
E
90 (2000)
Obr = Too000 — 1-8MmM
o _ 120(3000)
co = 7120000 -

Where U,, and U_, are the amount
of deformations prevented In the
brass and copper rod respectively



Let Urgpnyand Ugo are the amount of
free deformations induced due to
change in temperature In the brass
and copper rod respectively.

Net deformation of brass rod

| = Up . Uggpy and
net deformation of copper rod

Ao

= uT((:o) - uco



6T(CO) — 66‘0 5b*r o 6T(b*r)

56’1‘(1?0) _35617{1 — 361!)?’ 2 36T(br)
5 (3000)(16.8 X 10%) AT — 5(3)
= 3(1.8) — 3(2000)(18.7 X 10~6)AT
0.3642 AT = 20.4
AT = 56.01°C

(drop Iin temperature)

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.




Shrinking on stresses

The inner diameter of the steel
tyre is slightly greater than the
outer diameter of the wooden
wheel.

The steel tyre is heated and
slipped on to the wooden wheel
and cooled to fit.

Strain in the steel tyre

=(C D-"d/" d=(D-d)/d
Stress in the steel tyre

=E (D -d)/d
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ELASTIC CONSTANTS

Poisson's ratio (W), Is the ratio, when
a sample object Is stretched, of the
contraction or transverse strain
(perpendicular to the applied load), to
the extension or axial strain (in the
direction of the applied load).

l.e., It IS the ratio of lateral strain to
longitudinal strain.



When a material is compressed in
one direction, it usually tends to expand
IN the other  two directions
perpendicular to the direction of
compression. This phenomenon Is
called the Poisson effect.

Poisson's ratio p(nu) is a measure
of the Poisson effect.


http://en.wikipedia.org/wiki/Nu_(letter)

Conversely, If the material Is stretched
rather than compressed, it usually
tends to contract In the directions
transverse to the direction of stretching.
Again, the Poisson ratio will be the ratio
of relative contraction to relative
stretching, and will have the same
value as above.



U Most materials have Poisson's ratio
values ranging between 0.0 and 0.5.

UA perfectly incompressible material
deformed elastically at small strains
would have a Poisson's ratio of
exactly 0.5.

U Rubber has a Poisson ratio of nearly
0.5.



AMost steels and rigid polymers when
used within their design limits (before
yield) exhibit values of about 0.3,
iIncreasing to 0.5 for post-yield

deformation (which occurs largely at
constant volume.)

ACork's Poisson ratio is close to O:

showing very little lateral expansion
when compressed



Materials

Cork

Concrete

Ceramics

Steel

Aluminum

Rubber




FJ---‘~----~--~“----~-~

|
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Pol ssonds rati o,

=

lateral strain or transverse strain

longitudinal strain

Volumetric strain of a rectangular body
subjected to an axial force

t
p — B

7

- 1 3




Initial volume, v — 1p¢t

Final length, ;1 — ;1 4 A;
Final breadth, p =p — Ap
Final thickness, t =t — At

Final volume,V = (I + Al (b — Ab)(t — At)



= [bt + Albt — ltAb — AlAbt — IbAL
— AlAtb + [AbAt + AIAbAL

Neglecting the product of two or
more small quantities

V' = Ibt + btAl — ItAb — IbAL
Change In volume,

AV = btAl — [tAb — [bAt



Volumetric strain,

change in volume AV
e, = = —

initial volume IV

~ btAl —ItAb — IbAt
- Ibt

Al  Ab At
[ b t

= ey te,t+e,




(or)
V = lbt

logV = logl + logb + logt

Differentiating, we get

dV_Al_I_Ab_I_At
Vv I b ot

e. ey = (ex e, +e;)

Volumetric strain = Sum of linear strains



Note:

1) For a solid cylindrical bar of
diameter 6 crd length 6 | 0O
d?

V=—oI
4

m
AV = 1 [d*Al + 2d1. Ad]

_Av_Ab ooad
€y = V _l d (_ex ey ez)






Volumetricstrain of a rectanqularbody
subjected to three  mutually
perpendicularforces

€ ——
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The resultant strain in x direction,

s Iy f

- ST ETHRETHRE
Similarly

I

¢y = F HETHE
and ., fe £

= FEHFE



Volumetric strain, €y = €, T €y, -

- fx 1y
= E(l—zﬂ) +E(1_2H)
f2
+ E(l—zﬂ)

- Ut Sy 1)
B E

(1—2u)
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Ex:10 A solid metallic bar of size 200mm
I 100mm | 70mm is subjected to forces
In three mutually perpendicular directions
as shown in Fig. Find the change In
volume of the bar. Take E=200GPa and
Poi s s camop $=0.25. Also find the
change that should be made inthe 900kN
load, In order that there should be no
change in volume of the bar.



P. =900 kN
y P_ =800 kN

/

600 kN

800 kN
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Soln:

P, 600 ><103_857N ,
4.~ 100 x70 _ o>/ N/mm

f =

B _ 900 x10°
Jy=%,= 200 x100 fmm

P _ 800 x10°
f: =3 = 200 x70 /14 N/mm
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[ -2
ev:(fx+fy+fz)( E ‘u)

=245 x 107

« change In volume,

W=e=24X 107 % 200% 100X 70
= 3424 mm’
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Change required in the 900 kN
load for no change in volume

Let P be the compressive load In
KN that should be made to act in the
plane to 900 kN load Iin order that
there should be no change in volume
of the bar (no change Iin volumetric

strain)



For, ¢, =0

1-2
(h+f+£) 2 =0

fy — _fx_f::r
—P
200 x 100

= —85.7—-057.14

. P =2856.8 kN
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Bulk modulus

When a body is subjected to three
mutually perpendicular stresses of
equal Intensity, the ratio of direct
stress to the corresponding
volumetric strain i1s called Bulk
modulus (K)

K =

direct stress

volumetric strain



Bulk modulus

The ratio of the stress on the body to
the body's fractional decrease In
volume is the bulk modulus.

l.e., It IS defined as the direct stress
required to produce unit volumetric
strain in the body.



Relation between Bulk Modulus
and Modulus of Elasticity

f=Ff

[ f
| P

fu=f I
e -
/ &
ff
fy=t
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Volumetric strain,
_ (1-—2u)
eV_(fx_I'fy +fz) E

_ 37
= — (1 —2p)

3
E = e—f(l—Zu)

(%

E =3K(1—2u)
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Shear modulus

AShear Modulus or Modulus of Rigidity
Is the coefficient of elasticity for a
shearing or torsion force.

AThe ratio of the tangential force per
unit area to the angular deformation
In radians Is the shear modulus.



AThe shear modulus is the elastic
modulus we use for the deformation
which takes place when a force Is
applied parallel to one face of the
object while the opposite face is held
fixed by another equal force.



=)

e e e e e e
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AWhen an object like a block of height
L and cross section A experiences a
force F parallel to one face, the
sheared face will move a distance g x
The shear stress Is defined as the
magnitude of the force per unit cross-
sectional area of the face being
sheared (F/A). The shear strain IS
definedas gpx [/ L



The shear modulus N Is defined as
the ratio of the shearing stress to the
shearing strain.

Shear modulus,

N shear stress

shearing strain
q

?



Relation between Shear Modulus
and Modulus of Elasticity

A
4 | |
B — Cl |
-------- K"'
g l  C c.)...ro 45
| J
0 v A




Shearing strain @ = 4
a

r I’

Strain in the diagonal AC = £
4
_ 2 _ 2
a2 @ 2a
0
) (1)

Linear strain in {he diagonal AC

=5 X shearing strain



cos 4571 ¢g(@alla=20 *
f=qg

A

g
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Considering an element in the diagonal,
Strain in the diagonal AC,

=%—u(—%)
(1 + ) (2

From (1) & (2) ?
2

E—Zq 1+

g
= E(l‘l‘ﬂ)

E =2N(1+ w)



Relation between E,K and N
We know that,

E=2N(1+ pu) (1)
E=3K(1-—2u) (2)
From (2),

1 E

H= 5(1 BK) (a)
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3K—E E—2N
6K 2N

6KN — 2EN = 6KE — 12KN

18KN = 6KE + 2EN
= 2E(3K + N)

- 9KN
3K+ N
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Ex 11: A bar (square) of size 10mm [ 10mm
IS subjected to an axial pull of 25kN. The
measured extension over a gauge length
of 200mm is 0.25mm. Final dimension of
the bar is 9.997 I 9.997 mm. Find the
Poil s s @amoopys and the three elastic
modulil.

Soln: L = 200mm
oL = 0. 25 mm

lateral strain

H= longitudinal strain



Soln:

Dr.K.Chinnaraju,

~ 3 X 107°/10
A= 70.25/200

P =25kN
= 0.25 mm

_25x103_250N ,
f= "0 = fmm

= 0.24

_ 025 1.25 X 1073
= %00
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. Pl 25 x 103% x 200
AA 100 X 0.25

2 X 10> N/mm?

E =3K (1-2p)

E
K = = 128205.13

(1—2u)
= 1.28 X 10°N/mm?
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E =2N (1+ )

E
2(1 4+ p)

= 0.8 X 10°N/mm?*

= 0.8 X 10°MPa
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Strain energy

Whenever a body Is strained, some
amount of energy IS absorbed in the
body. The energy that is absorbed In
the body due to straining effect Is
known as strain energy.

(or)

The potential energy stored in a body
by virtue of an elastic deformation,
equal to the work that must be done
to produce this deformation.
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Work and Energy
Consider a solid object
acted upon by force, F, at a
point, O, as shown In the
figure.

The work done = F dr
For the general case:
W = F, dx

l.e., only the force In

% the direction of the
deformation does work.
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Amount of Work done

Constant Force: If the Force is
constant, the work Is simply the
product of the force and the
displacement, W = F X

Force
- h

X Displacement

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Amount of Work done

Linear Force: If the force is proportional
to the displacement, the work Is

1
W==F
5 %o

F ‘FO_.

% ~ . Displacement
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Strain Energy

AN ——

ANV VAVAVA VA

Consider a simple spring system,
subjected to a Force such that F Is
proportional to displacement X;
F=kX.

Strain energy = kx?



Strain Energy

1
W = > F X,
This energy (work) is stored in the
spring and Is released when the force
IS returned to zero



Strain Energy Density

weleg
] !
U==s.aca=-s.ea’
55 €, > &
y F uglsexaa 1seX
.y 2! 2"

: Where U is called the Strain
— " Energy, and u is the Strain
Energy DenS|ty
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(a)
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»>

x, Displacement

.|e|¢u

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Strain energy density

Q}"-u

ge=A/L
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O'XA

Complementary
energy

density
1

Strain energy
density

o
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AResilience is the property of a material to
absorb energy when it Is deformed
elastically and then, upon unloading to
have this energy recovered.

AThe total strain energy stored in the body
IS generally known as resilience.

AThe maximum energy which can be stored
INn a body up-to elastic limit is called proof
resilience



AModulus of resilience is the energy
that can be absorbed per unit volume
without creating a permanent
distortion. It can be calculated by
Integrating the stress-strain curve
from zero to the elastic Iimit and
dividing by the original volume of the
specimen



Ex:12. A cube of mild steel Is
subjected to a uniform uniaxial
stress as shown;

Determine the strain energy density
In the cube when:

(a) the stress Is
300 MPa; (b) the
strain in the x-
direction is 0.004

X

)
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(a) For a linear elastic material

CONTINUEEL

u=1/2(300)(0.0015) N.mm/m#n
=0.225 N.mm/mm

<
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(b) Consider elastplastic

500
= e
N 400-
& 3007 u=1/2(350)(0.0018)
D ] +350(0.0022)
5 200- =1.085 N.mm/mnA

100-

OO OOO O 002 0. 004 O 006 O 008 0. OlC
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Strain Energy for axially loaded bar

2
U=ipp=r1t
2 2AE

F= Axial Force

A = Cross-Sectional Area
Perpendiculartoin F O

E = Modulus of elasticity,

L = Orlglnal Length of Bar
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Comparison of Energy Stored in Straight and
Stepped bars

2 2
(a) U:FZL (b) U:F L/2+F L/2
2 AE 2AE Z2NAE

_FAL al+ng

2AE¢ 2n +
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UNITT 2
BEAMS 1 LOADS AND STRESSES

Beam - Definition

A structural member which is long when
compared with its lateral dimensions,
subjected to transverse forces so
applied as to induce bending of the
member in an axial plane, is called a
beam.



In  most cases, the loads are
perpendicular to the  axis of the beam.
Such a transverse loading causes only
bending and shear In the beam.

When the loads are not at a right angle
to the beam, they also produce axial
forces IN the beam.



ypesof loads

(a) Concentratedoads
(b) Distributedloads
(c)couples

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Types of beams

A Beams are usually described by the manner
In which they are supported and also based
on degree of statical indeterminacy

A Based on support condition, they are
classified as

(1) simply supported beam or a simple beam
(1) cantilever beam

(1) beam with overhangs

(iv) Continuous beam

(v) Propped cantilever

(vi) Fixed beam



simply supported beam: A beam with a pin support at one
end and a roller support at the other is called a simply
supported beam or a simple beam

cantilever beam: A beam which is fixed at one end and free
at the other end. The free end is free to translate and rotate
unlike the fixed end that can do neither.

Overhangs beams. A simply supported beam with
overhangs at the end/ends.

Continuous Beam: A beam supported by more than two
supports

Propped cantilever : A beam with one end fixed and the
other end hinged or supported on rollers.

Fixed beam: A beam which is fixed at both the ends



A Based on the degree of statical indeterminacy
beams are classified as

(1) statically determinate beams

Ex: simply supported beams with or with our
overhangs and

cantilever beams

(1) statically indeterminate beams
Ex: Continuous beams,

Propped cantilever and
Fixed beams



(1) statically determinate beams

A - - A - -
- ! “

(a) Simply supported beam (b) Overhanging beam
. o o

. JI =
| ¥ d *

L

() Cantilever beam
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A (ii) Statically Indeterminate Beams

I — 2

— ]

(el ) Continuons beam

| e

|
‘ L |

(&) Beam fixed at one end
and simply supported
at the other end

il

( ) Fixed beam
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SHEAR FORCE AND BENDING MOMENT

AWhen a beam is loaded by forces or
couples, stresses and strains are created
throughout the interior of the beam.

A To determine these stresses and strains, the
Internal forces and internal couples that act
on the cross sections of the beam must be
found.

A To find the internal quantities, consider a
simply supported beam as in Figure below




A Cut the beam at a cross-section C located at a

distance x from enc
body of left or right

A The free body is he

A and consider the free
nart.

d in equilibrium by the

forces and by the stresses that act over the

cut cross section.
A The resultant of the

stresses must be such as

to maintain the equilibrium of the free body.

A The resultant of the stresses acting on the
Cross section can be reduced to a shear force
V and a bending moment M.



Concept
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A Concept

i e

(ez)

]-JJ L
A l J Y

R,

mr
1

v b)

P
v 1
B

M (
C
Ry
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A The stress resultants in statically determinate
beams can be calculated from equations of
equilibrium

Definitions:

A Shear Force: is the algebraic sum of the

vertical forces acting to the left or right of the
cut section

A 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



A Sign convention

The shear V and the bending moment M at a
given point of a beam are said to be positive
when the internal forces and couples acting
on each portion of the beam are directed as
shown In Fig. a.

&__‘ IE} Q*"‘ﬂ iq[ l | z

(h) Effect of external forces

) Emﬂﬂhﬂﬂﬂﬂmuﬁ
\positive shear)

ﬁlhhmﬂMHm o | |
(positive bending moment)

(positive shear and positive bending moment)
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AThese conventions can be more easily
remembered If we note that

A 1. The shear at any given point of a beam is
positive when the external forces (loads
and reactions) acting on the beam tend to
shear off the beam at that point as indicated
In Fig.Db.

A 2. The bending moment at any given point
of a beam Is positive when the external
forces acting on the beam tend to bend the
beam at that point as indicated in Fig. c.



AEx: 13

Draw the shear
and bendingmoment
diagrams for a simply
supported beamAB
of spanLsubjected
to a single
concentrated load P
at it midpointC




Beam t . l

(e) Rp=%F

|
b=
hﬂ

A py

BMD
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AEx: 14

A Draw the shear and bendirgoment diagrams
for the simply supported beam shown in Fig.
5.13 and determine the maximum value of the
bending moment l ] 1 H L 1 [ l

Al B
|
|

A i
|




i

Beam HHHMHH

Al B
Ry=7ul Ry=7ul
%wL !
SFD )
L "
— %wL
M la)
gl-whi
BMD
I
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20 kN/m

AEx15  [T{7iii]]

A | C
w U B ﬁn:
~————fm -—‘—- 3m—=—|
"
20 kN/m
ETEEEEERE
B A | |
B
eam twk}; 40 kN
|
v
S0 kN
7
A| (+160) D B c_
SFD x N (—120)
{—40) - o — 40 kN
b
6m - ———
-y = 4m —
160 kN - m
M 120 kN - m

X

BMD
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A RELATIONS AMONG LOAD, SHEAR,
ANDBENDING MOMENT

_ _ _ Fig. P5.12
Dr.K.Chinnaraju, Associate Professo



Relations hetween Load and Shear. Writing that the sum of the ver-
tical components of the forces acting on the free body CC' is zero, we

have

+13F, =0 V—(V+AV) - wixr=0
AV = —w Ax

Dividing both members of the equation by Ax and then lettimg Ax ap-
proach zero, we obtain

n = - (3.9)
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Relations between Shear and Bending Moment. Returning to the
free-body diagram of Fig. 5.12b, and writing now that the sum of the

moments about C' is zero, we have

A
1IN, = 0 (MJrAM)—M—V&Hwix?T:U

1 )
AM=VAx- yV (Ax)

Dividing both members of the equation by Ax and then letting Ax ap-
proach zero, we obtain

—=V (3.7)
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Ex.16 Draw the SFD and BMD for the
simply Supported beam subjected to a
triangular loading as shown below.




Step 1 Determination of support reactions
Tofind Vi apply moment equilibrium condition
atA,ie, x My =0 &)
<~
wl 2

—X == Vol =0
2 3 B
v _Wl
E— 3
To find V, =ox+t v
w

VA_I_VB 2:0



wl wl

V, = wl/6

Vg = wil/3
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Step 2 Shear force diagram

(Fg)L =0

wl
(Fa)r = ?
(Fg)L = _T

(Fg)r =0
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General equation for shear force at a section
X, at a distance x from A,

Fy c lex
wl 1w ,
= X

6 2

wl  wx?




Step 3 Bending Moment Diagram

M, =0

6 6!
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3rd de
parabo

®

quadratic curve

w
N
w

l
V3

gree (cubic
€)

BMD

Wy

Aﬁ
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Determination of Maximum bending moment

For M, to be max,
dMy

dx 0




Since — L
V3

Therefore,

Mmax

IS not admissible,

X

wl?  wl?
6v3 183
wl?



Ex.17 Draw the SFD and BMD for the simply
Supported beam shown below.
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Step 1.Determination of support reactions

Tofind Vi apply moment equilibrium condition

~

atA,l.e, x M, =0 *)
X : X 3t Ve X1 =0
WAy T VBT
v 3wl
B~ 8
wl 3wl wl




Step 2 Shear force diagram (SFD)

(FA)L =0
wl
(Fpr = )
o wl
¢ 8
— 3wl
(Fs) = —
(FB)R = 0
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Step 3 Bending Moment Diagram (BMD)
MA — MB —

wl 1 w2
M = — X — — —_——
¢ 8 "2 16

3wl 3l 3wl 31
Mmax — o

X —— — X —
8 8 8 16

9le

128
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Ex : 18 Draw the SFD and BMD for the
Supported beam shown below

-~
Al Ve t
Soln:

Stepl: Determination of support reactions

To find the reaction at B, apply moment
equilibrium condition atA, x M, =0 +)

l.e., 10- Vg x5=0

Vo =10/5=2kN T ,and V,=10/5=2kN|




Step 2 Shear force diagram (SFD)
(Fa)L =0, (Fa)r = -2 kN
Fo =-2 kN
(Fe)L = -W, (Fe)r =0

Step 3 Bending Moment Diagram (BMD)
Ma =0 <y
(Mg), =-21 2=-4 KNm
(Mo)r =21 3=6kNm
Mz =0
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4 kNm
BMD
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Ex:19 Draw the SFD and BMD for the Supported
beam shown below

A B
£ 4
Soln: !
Step 1: support reactiohis v,
V, = 8/4 = 2 kN

Vo=8/4=2kN |
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Step 2 Shear force diagram (SFD)
(Fa)L =0, (Fa)r = 2 kN

(Fe). =2 kN, (Fe)r =0
Step 3 Bending Moment Diagram (BMD)

(Mp) =0
(Mpy)g = -8 kNm
Mg =0
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r

2 kN 2 kN

SFD

BMD
8 KNm
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Ex:20. Draw the SFD and BMD for the
Supported beam shown below subjected to a
trapezoidal loading.

9 kN/m

sam| | |} LULLLL L
3m

Vi Vg
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Soln:
Step 1.Determination of support reactions

To find Vg, app0 y+) x M
L gy 30B3+2x9)
2 T3 T 3y B =0
V, = 10.5 kN
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(or)

3 1 _

(3><3><—)+(—><3><6><2)—3VB =0

2 2
V, = 10.5 kN

SV, =7.5kN
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9 kN/m

Va=7.5kN V, = 10.5 kN
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Step 2Shear force diagram (SFD)

(Fa)L =0

(FB)R1= 0
=75 —3x — x?
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Position of Zero Shear

75—3x— x“=0

x = 1.6225m (or)
— 4.6225m

( - ve value Is not admissible)
Therefore, x = 1.6225m



Step 3Bending Moment Diagram (BMD)

ssor, Division of Structural Engineering, Anna University, Chennai - 600 025.



For M, to be maximum,

Dr.K.Chinnaraju,

dM,
=0
dx

75—3x— x°=0

x = 1.6225m

M,_ .. =6.796kNm

Associate Professor, Division of Structural Engineering, Anna University, Ch
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7.5KN 10.5 kN

10.5 kN
M,.,. =6.796kNm

BMD
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Ex21. A simply supported beam of span8m Is
subjectedto two couplesas shown in figure
below Draw the shearingforce and bending
momentdiagrams

18 kKNm 34 KNm
m 4 m 2

A2
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Soln:
Step 1.Determination of support reactions

To find Vj, appOby xM
+ )
-18 + 34 V;18=0
Vg =2 kN



A Step 2Shear force diagram (SFD)
(F), =0, (R)r=-2kN

F=0
Fy=0
(F) =-2kN, (F)=0

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Step3: Bending Moment Diagram (BMD)

M,=0

(M), =-21 2= -4KkNm

(Mo)r =-21 271 18 =-22kNm

(Mp), =-21 67 18=-30kNm

(Mp)r =21 2=4KkNm  (or)
=-30+ 34 =4 KkNm

Mg =0

QY
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EX:22 Draw the shear force and bending
moment diagram for a cantilever subjected
to a point load at the free end.

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.
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Solution:

Step 1: Support Reactions:
V=W, M, = WI j

Step 2: Shearforcediagram(SFD)
(Fa)L =0, (Fa)r =

(Fe)L =-W, (Fe)r =0

Step 3: BendlngMomentDlagram(BMD)(.-)
(M) =0, (Mpr =-WI, Mg

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



I SFD

©

Wi- BMD
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Ex:23.Draw the shear force and bending
moment diagram for a cantilever subjected
to a u.d.l over the entire span

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



w kN/m B

PaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVvavavavava

VA=WZ

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai -

600 025.



Solution:
Step 1: Support Reactions:
wl?
V,=wl M, = T >

Step 2: Shearforcediagram(SFD)
(Fa)L =0, (Fa)r = W

Fe =0

Step 3: BendlngMomentDlagram(BMD)
(M, =0, (Ma=-WE (&

Dr.K.Chinnaraju, Associate Professor, Division of StructurZEngineering, Anna University, Chennai - 600 025.




W12/2 w kN/m

wl

| SFD

©

w].?/z | BMD
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Ex:24. Draw the shear force and bending
moment diagram for a cantilever shown

below

4 KN/m 101KN

A%?:
3

; 5mf2mJ{ m_|

6 kNm

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



E,)"“‘“

Soln:

Step 1: Support Reactions

VA:4T5+1(%:30kNT
M, =4x5x§+10x7—6 = 114 kNm)

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Step 2: Shear force diagram (SFD) tle |

(F), =0, (F)x=30kN

F~ =30-4X5=10kN

(Fy), = 10kN,
F, =0

Dr.K.Chinnaraju, Associate

Pro

fessor,

(F)r=10-1

Division of Structural Engineering, Anna

University, Chennai - 600 025.



Step 3: Bending Moment Diagram (BMD)

(MB)R =0 C‘J

(MB)L — 6 kNm

M, = 6 kNm

(Mo, = - 114 kKNm

(Mpa)L =0



114 KNm 4 KN/m 10_KN
(1111 l i 6 kKNm
A 'J P B 9 Y ¥ — v B
C D
& 5m 2m 3m
30kN
30kN
+
0
SFD 0.6m
BKNmM BKNmM
+
0
int of
rraflexure
-14KNm

114 KNm

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



POINT OF CONTRAFLEXURE

From B.M diagram it is concluded that the
point of contra flexure occurs in the portion
DC, at a distance x from D.

A From similar triangle principle

6 14
;:2—x
6
X

20

l.e.,
2

Therefore, x= 0.6 m



OVERHANGING BEAMS

Ex:25. Draw the shear force and bending
moment diagram for the beam shown
below

S kN

3 kN/m l
k'

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Step 1 Determination of support reactions

o find Vg , A X0 M 5
31 81 8/27 Vgl 8+gT 10=0
V; =19.5 kN
To find V,, =8 ‘++

V,-31 8+Vgi 6=0
V, =10.5 kN



Step 2 shear force diagram Tl
(Fa)L = O kN
(Fu)gr = 10.5 kN
(Fg),=10.5T 24 =-13.5 kN
(Fg)r = 6 kN
(Fc) = 6 kN
(Fc)r = O kN



Step 3 Bending Moment Diagram

M, =0, .
Mg =-61 2=-12 kNm C‘)
and M. =0

Maximum BM

Occurs In the span AB at the point of zero
shear

The shear force Is zero at 10.5/3 = 3.5m from A

M_..= 1051 357 31 3.52/2= 18.375 kNm




Point of contraflexure:

Thepoint of contraflexure occursin the portion

AB.at adistancex from A.

3x%
Therefore, 10.5x — — = 0

gives x=0, 7/m



3KN/m 6 kN

8 m 2m
Beam v, |15k Vg | 19.5 kN

6 kN

6 KN

SFD

18.375 KNm

I of contraflexure

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Ex26. Draw the shear force and bending

moment diagram for the beam shown
below

2 kN/m 4 kN/m

FITIEEY’

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Step 1 Determination of support reactions

o find V-, g %0 M4
-21 21 1)+(41 61 3)1 (VoI 6)=0

V. =11.33 kN

To find Vg, =8 V A

(-21 2)+ Vg -(41 6)+V.=0
Vg = 16.67 kN



Step 2 shear force diagram Tl
(F,) = 0 kN
(Fg) =-21 2=-4kN
(Fo)s = -4 +16.67 = 12.67 kN
(Fo), = -11.33 kN
(Fc)r = O kN



Step 3 Bending Moment Diagram C
M, =0 '

Mg=-2x2x1=-4kNm
Mo =-2121 7+16.671 6-41 61 3
=0

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



= ki 4 kN

B
16.67 kN

12.67 kN

11.33 kN

. 2.8325m |
I

16.05 kNm

I 5.665 m i
4 kNm ppmMmD

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.




Maxmium Bending Moment

Position of zero shear( max BM ):

X =11.33/4=2.8325m

Bending moment at a section x from C Is given

by M= 11.33(x)x 2(xY
Therefore M., = 11.33(2.83259 2(2.8325)
= 16.05 kNm

Point of contra flexure
11.33(X)¢ 2(xf =0, gives x =0, 5.665m




Ex.27 Analyse the beam shown in fig and
draw the SFD and BMD. Mark all salient
values and also draw the axial force
diagram.

2 KN/m 6 kKN

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



12 sin 30 2 KN/m 6 KN

i (6 kN)
12 cos 30
(10.39 kN) wee W C
Ha __

<

(10.39 kN) :
2 * 2 X am 1m

Va=35.75kN V= 14.25kN

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Step 1 Determination of support reactions
H, =12 cos (30) = 10.39 kN

To find Vg, apply M=0 *+)
61 2)+@2T1T 41 6)+ (61 91 (Vg 8)=0
Vg =14.25 kN
V,= (6+8+6) 1 14.25

= 5.75 kN



Step 2 shear force diagram

(F4), =0 (Fa)r =575 kN

(Fg), = 6 —14.25 (Fg)p = 6 kN

_8.25 kN
(FC)R — 575 — 6
F.), =5.75 kN
(Fe )L — — 0.25kN

(Fg), = 6 kN (Fg)gp =

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



8.25kN

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Step 3 Bending Moment Diagram (/@\")
MA — 0

M. =575 X2 = 11.5 kNm

Mp, =575 X4—-6X2
= 11 kNm

M, =—-6x1= —6kNm
ME=O

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



0)
1039kN  10.39kN

[AFD]

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Point of Contra flexure

Let the point of contra flexure (P) be at
a distance x from B in the portion DB.

We know the BM at any section X in

DB at a distance x from B,
2

X
M, =6(x +1)+ 2—— 14.25x

= 6x + 64+ x%? — 14.25x
— x4 — 8.25x+ 6



AtP,BM =0

X =0.806 m, 7.44 m (which is not admissible)
L x =0.806m

Axial Force Diagram

Portion AC Is subjected to an axial
tensile force of 10.39 kN



Dr.K.Chinnaraju,

Associate

(Ag)L, =0

(A)r = —10.39 kN

(AC)L = —10.39 kN
(AC)R =0
A, = 0kN

ABZO
AE=0

Professor, Division of Structural Engineering, Anna University, Ch

ennai - 600 025.



10.39 KN 10.39 KIN
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Ex:28. A beam of length | metre carries a udl
of w KN/m over the entire length and rests
on two supports with Dboth sides
overhanging equally. At what fraction of
the length must the supports be placed so
that the maximum BM produced In the
beam is least possible? Draw the SFD and
BMD for the beam.



Soln:

Let the supports be placed at distance
X from each edge of the beam.

For maximum BM to be least possible,
magnitude of max 1 ve BM must be equal
to magnitude of max +ve BM.

w kKN/m

DI’.K.L,HI[IH&JU&:[]U, ASSOCIdLEe FTolessor, DIVISION O1 Suucuurdl engirneering, Arra uriuversity, enerirdl - ouu uso.



max —ve BM =

Maximum +ve BM will occur at the centre

R BM_WZ(Z—Zx) wl |
max rve = ) ) ) 2
wl?  wl wl?

— — X — ——

4 2 8




2
Therefore, wi Y = —

8 2 2
[? — 4]x = 4x*°

4x% + 4lx + 1% = 214

(2x + )? = 217
2x + 1 = ++/21

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



2x = +2 1 — 1

+v2 1 -1
X =
2
Negative value will not be admissible
21— 1
.-.x:\/_z = 0.207 1

x = 0.207 [



wx 2

max +ve BM = max —ve BM = T

- w(0.2071)°
- 2

= 0.02145wl?

B w4
 46.63

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.




w KN/m

0.586 L
wil/? wi/2

0.293 wi 0.207 wi

0.207 wi wl?

0.293 wi

SFD

46.63 BMD 46.63
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BENDING STRESSES IN BEAN

A The bending moment at a section tends to
bend or deflect the beam and the internal
stresses resist its bending.

A The process of bending stops, when every
cross section sets up full resistance to the
bending moment.

A The resistance offered by the internal
stresses, to the bending, Is called bending
stress, and the relevant theory iIs called the
theory of simple bending.



Assumptions In Simple Bending
Theory

1. The material of the beam is perfectly
homogeneous (i.e., of the same kind
throughout) and isotropic (i.e., of equal
elastic properties in all directions).

2. The beam material Is stressed
within its elastic limit and thus, obeys
Hooke's law.

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



Assumptionsn SimpleBendingTheory

4. The beam Is made up of number of
layers placed one over the other, and
each layer of the beam Is free to expand
or contract, independently, of the layer
above or below it.

5.

he value of modulus of elasticity Is the

same both in tension and compression.

6. The beam is Iin equilibrium 1.e., there Is
no resultant pull or push in the beam
section.

/. The beam is initially straight



~VEFTICAL GFP LINES

( (NBUTMAL SUMFASE
l

| | !

b
|

— —— — — - —

_ - CENTHDAL AXIS

/ ALSP A LED THE
NEVTRAL AX|S(NLA )

|| _
4 P T

Beam elevation before loading

i

-2 LINDS( PLANBS)
FEMAIN STRAIGHT
AFTER PEAM PENDS

Beam bending under load

-

Beam cross section

Bending stresses on section b-b
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Theory of Simple Bending

X Consider an Initially straight beam,
under pure bending.

X The beam may be assumed to be
composed of an Infinite number of
longitudinal fibers.

X Due to the bending, fibres in the lower
part of the beam extend and those In
the upper parts are shortened.

x Somewhere Iin-between, there would be
a layer or fibre that has undergone no
extension or change in length.

x This layer Is called neutral layer.



Theory of Simple Bending

A Considera smalllength of a simplysupported
beam subjected to a bending moment as
Shownin Fig (a).

A Now considertwo sectionsAB and CD,which
are normalto the axisof the beamRS

A Due to action of the bending moment, the
beam as a whole will bend as shown in Fig

(b).



Theory of Simple Bending

[ |
A C ™
M A ' M
e I
| I
[ [
B' 'D
(a) Before bending
- _RI_ s
"“'---.?_-'f_ I'. e
B D
(b) After bending
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* Bending Stress

* Consider a small length dx of a beam subjected
to a bending moment as shown in Fig.5.3

Fig.5.3

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



A As a result of this moment, let this small length
2F 0SIY O0SYR Ayiz |y
centre as_ shown in Fia




* Now consider a layer PQ at a distance ‘y’ from
RS (the neutral axis of the beam).

 Let this layer be compressed to P‘Q’(after
bending)

* Decrease in length of this layer,

5l =PQ —P'Q’
51

s Strain =
ratn original length

PQ_PIQI

IalWaea

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



* Now from the geometry of the curved beam
(Fig.5.4), we find that the two sections OP' Q'
and OR' S are similar

P'Q" R-y
R;%,_ R
, B —y
o pe =1 [ R J
R'S"—P'Q" y
PQ R
PQ — P'Q’ Yy
PQ R
I
R

Dr.K.Chinnaraju, Associate Professor, Divi of Structural Engineering, Anna University, Chennai - 600 025.



* |tis thus obvious, that the strain (&) of a layer is
proportional to its distance from the neutral axis

* We also know that the bending stress,

fp= Strain X Elasticity
= XE

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Position of Neutral Axis
6éa = Area of the layer PQ.

Intensity of stress in the layer PQ,

E

= VvV X —
fyR

.. Total force on the layer PQ

= Intensity of stress x Area

= xEx6

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



The intensity of stress in the layer PQ),

E

= VvV X —
fyR

_ (compression) top of beam
l;?‘/'///‘
P 7 4 Q f
y
N } A —_— x —N.A.
— bottom of beam

(tension)

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Total force on the section

E E
=2yxﬁx6a=EZy.5a

Since the section is in equilibrium, therefore
total force, from top to bottom, must be equal
to zero.

Thus, centroidal axis will be the neutral axis.



Moment of resistance

U we know, that on one side of the
neutral axis there are compressive
stresses and on the other there are
tensile stresses.

U These stresses form a couple, whose
moment must be equal to the external
moment (M).

UThe moment of this couple, which
resists the external bending moment, is
known as moment of resistance.



The intensity of stress in the layer PQ),

E
f=yX5

ression
S fop of beam
P ///T///J 0 C
y
N ! A — x —N.A.

> T
:Al_ bottom of beam

(tension)
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* Total force on the layer PQ =y X % X oa

and moment of this total force on the layer PQ

about the neutral axis

= ><E><5 Xy =—vy°8

The algebraic sum of all such moments about the
neutral axis must be equal to M.
Therefore

M—ZE 2.5 —Ez 2.5
=) zyida =2 ) y*.da

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



~ M —EXI
s =5

M E
I R

» \We already seen that,

This is the theory of simple bending equation.

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Strength of a Section

M
—=§ orM=£1andM=fZ

[ y
» The moment of resistance depends upon
second moment of area or section modulus
of the section.

» The second moment of area of beam section
does not depend upon its cross-section
area, but its disposition in relation to the
neutral axis.

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



AIln the case of a beam, subjected to
transverse loading, the bending stress at a
point Is directly proportional to its distance
from the neutral axis.

A lt is thus obvious that a larger area near the
neutral axis of a beam is uneconomical. This
iIdea Is put Into practice, by providing beams
of section, where the flanges alone
withstand almost all the bending stress.



Ex 29. Fora givenstress,comparethe moments
of resistanceof a beam of a square section,
whenplaced(a) with its two sideshorizontaland
(b) with its diagonalhorizontalasshownin Fig




Section modulus of the beam section with its
two sides horizontal,
. bd? axa? a3
176 6 6
Second moment of area of the beam section

with its diagonal horizontal,

a 3
bh3 “ﬁ(ﬁ) a*

— X — = X — —
=2 12 2 12 12

a
and Ymax = NG

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



a4

| 12 a

7. =
: Ymax a4 6\/5

Since the moment of resistance of a section is
directly proportional to their moduli of section,
therefore,

a3
M, Z, =&
_L_Cl__ 6 _\2=1414
M, Z, a

6V2

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Ex30. A rectangularbeamis to be cut from a
circularlog of wood of diameterD. Findthe ratio
of dimensions for the strongest section In

bending
> »

Fig.5.8

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.
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Section modulus of the rectangular section,
Q o (0O ®w) O o

&y —
¢ (0 0
for Z to be maximum, — 11
O O-(I) ;. v
0 mMelO ow T
0 © Ti®) O
7o X X
, O
we Q O —
0]

oo \F’o = 0.8165D



Ex31.Three beams have the same length, the
same allowable stress and the same bending
moment The crosssectionof the beamsare a
square,a rectanglewith depth twice the width
and a circle as shownin Fig Findthe ratios of
weights of the circular and the rectangular
beamswith respectto the squarebeam

—— f";—-—“‘ ]
i |

(a) () (©)




* Since all the three beams have the same
allowable stress (f) and bending moment (M),
therefore the modulus of section of the three
beams must be equal.

 We know that the section modulus for a square
beam,

bd? axa a3

VA = — ]
1 = 6 6 6 (1)

Similarly, modulus of section for rectangular beam,

bd? b x (2b)® 2b3

[, = —— = = — 1
2 6 6 3 (i)
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and modulus of section for a circular beam,

1T
7, =—Xd3 (iii)

32
Equating equations (/) and (i),
a’> 2b°
6 3

we get, b= 0.63a.
a3 T

equating equations (i) and (iii), - = - X d3

we get, d = 1.19a.

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



weight of square beam

" Weight of rectangular beam

area of square beam

area of rectangular beam

a* a’ 1

" 2b2  2x(0.63a)®>  0.7937

~.Rectangular section is economical than square
section

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



weight of square beam

weight of circular beam
area of square beam

area of circular beam

a? a? 1
— T — T —_— - 0.893
oxd*  x(119a)* 112

~ square section is economical than circular
section.

NOTE: Out of the three sections rectangular
section is economical

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.




Ex32. Two beamsare simply supportedover the
samespanand havethe sameflexural strength
Comparehe weightsof thesetwo beams,if one
of them is solid and the other is hollow circular
with Internal diameter half of the external
diameter

T BB
. =%
D D, d
3
| 1
(a) |

(b)




* Since both the beams are supported over the
same span (I) and have the same flexural
strength, therefore section modulus of both the
beams must be equal

e, —-D3= ——{(D*— d*
32 32 01

= {D,* — (0.5D)"}

32 01

/A

=— X 0.9375D,3
32

~D=0.98D,



Weight of solid beam _ Areaof solid beam

Weight of hollow beam Area of hollow beam

.2
_ 4D
A
Z{Dlz—dz}

_ (0.98 D,)?
~ {D,*-(0.5D)%

=1.28
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Ex33. A rectangular beam 320 mm deep Is
simply supported over a span of 5 m. What
uniformlydistributedload the beammay carry, if
the bending stressis not to exceed100 MPa

Takel =250 X10° mn.

w kN/m

C

A MQAAM“L..M B —1 100MPa <
N

. /

4 3 5{ T00MPa f

- 5m




Soln.
Section modulus, Z = I/y = 250 X 109/ 160
= 1562500 mm3.
«  Moment of resistance, M =1, X
=100 x 1562500
= 156.25 x 10° mm?.
We know that maximum bending moment,

M = wl4/8

L

50002

-~ 156.25 x 10° = w x 3

. W= 50N/mm




Ex:34. A beam section is of T-shape,
formed by 2 planks of 120 mm and 20
mm. The beam is simply supported
over a span of 3m and subjected to a
u,d,! of 0.4kN/m. Draw the bending
stress distribution diagram across the
section at centre.




f— e —
0b |/ //P/]T

P hoy”

AN

=i
=1%
=1=)
-
D
e

\. )
=T\
F
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Soln:

M = 0.45 kNm
= 0.45 x10%5 Nmm

E 0.4 KN/m

% 2
0'48 3 0.45 KNm

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



41 T aY>
Y (a, + ay)

- 120x20(y; +¥2)
(120 x 20) + (120 x 20)

- 2400(60 + (120 4 10))

4800
=95 mm

The neutral axis is at a depth of 95 mm from bottom.




We know, .. U ,
0

Where,
Ina = (Uxx)1 + Uxx)o
2 2
— (IX1X1 + alhl ) + (IXZXZ + azhz )

=%><20 x 1203 + 120 x 20 X 352 +

% % 120 x 203 4+ 120 X 20 X 352

— 8.84 x 10° mm*
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M

fcmax o I ycmax

- 0.45 x 10® x 45
~ 8.84x106°

= 2.29 N/mm?

M

ft max — T Ytmax

- 0.45 x 10° x 95
Jemax = 8.84 x 106
= 4.84 N/mm?
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-+ 12() ——» .
mim 2.20 N/'mm~
20 mm
45
mim
N A |
- T - T
120
min
05 mm

| 4.84 N/mm?
20

Bending stress distribution

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



SHEAR STRESS DISTRIBUTION
Shearing stresses at a section in a loaded

beam:

Consider a small portion ABDC of length dx
of a beam loaded with uniformly distributed load
as shown in Fiaq.
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when a beam Is loaded with a uniformly
distributed load, the shear force and bending
moment vary at every point along the length of
the beam.

Let, M = Bending moment at AB,
M + dM = Bending moment at CD,
F = Shear force at AB,
F + dF = Shear force at CD, and

/ = second moment of area of the
section about Its neutral axis.
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Now consider an elementary strip at a
distance y from the neutral axis.

Let, f = Intensity of bending stress across AB at
distance y from the neutral axis

f + df = Intensity of bending stress across CD

and
da = Cross-sectional area of the strip.
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We know M f

Therefore Intensity of bending stress on the
. . M
left side of the strip, £ = — Xy

Similarly, intensity of bending stress on the
right side of the strip,

M + dM
f+df = ; X y




We know that the force acting on the strip
across AB

— 1 —t] da= M
=Stress | Area=1l da= — xy xda

Similarly, force acting on the strip across CD

=(f+d)T da  p 4 am
T

.. Net unbalanced force on the strip

Xy Xda

M+ dM M dM
_ I xyxda—Tnydaszyxda
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The total unbalanced force (F) at any
layer at a distance y, from the neutral axis
can be found out by integrating the above
equation between y, to y;.

| Y1 dM dM
l.e., F =f 7

—daXydy = — qvV
Yo ] y

Where, ay = first moment of area of the
section above the layer taken about the
neutral axis.
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We know that the intensity of the shear
stress,

dM —

_ Total force 7 @Y

¢ Area ~ dx.b
_dM _ay

1z 7p (where b is the width of layer)

ay

_FX—(Sbt't ti dM—F—Sh )
7 upstituting I [ = ear force
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Distribution of Shearing stress over a
Rectangular Section

Consider a beam of rectangular section
ABCD of width O0b0 anc

In Fig. A
4 D

1K

Rectangular section

Dr.K.Chinnaraju, Associate Professor, Division of Strud




We know that the shear stress on a layer
JK of beam, at a distance y from the neutral
axis =
| _ d
T=F X h

where F = Shear force at the section,

a y = first moment of the shaded area
about NA

| = second moment of area of the
whole section about its neutral axis,
and

b = Width of the section.
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We know that area of the shaded portion AJKD,
1=P\2
o (d ) o d vy

1
2

+d—1( +d)
2 2\ T3

N[
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Substituting the above values,

ay
= F X —
' Ib

) Fxb(%—y);%(ﬁg)
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U From the above equation, that shear
stress increase as y decreases.

U At a point, where y = d/2, shear stress=0

U We also see that the variation of shear
stress with respect to y Is a parabola.
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At neutral axis 1.e., at y = 0, the value of
shear stress is maximum.

Thus substitutingy =0and 1 =bd 3/ 12 in the
above equation,

F d? 3F
Tmax = bd3 \ 2 — % = 1.57,

ZXW

where, F F
(Tay = Area  bd
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The shear stress distribution diagram is
shown In Fig.

section shear stress
distribution
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Distribution of Shearing stress over a
Triangular Section

Consider a beam of triangular cross section ABC
of base 60 @amd height 6 lm®shown in Fig.

2h/3

Triangular section
Dr.K.Chinnaraju, Associate Profess B B ) nai - 600 025.



We know that the shear stress on a
layer JK at a distance y from the neutral
axis,

_ Y
T=FX Ib.

Where, F = Shear force at the section,

a ¥ = first moment of the shaded area
about the neutral axis and

| = second Moment of area of the
triangular section about its neutral
axis.



We know that width of the strip JK,
bx

h
. . Area of the shaded portion AJK,

by

1 1 /bx bxz
a=—-JK ><x=—(—><x) -
2 2h

2\ h
Centroid of the shaded area from the neutral axis,

—_2h_x_2
y=3-3=30t-%
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Substituting the values of b,, a and y

bx? 2
b
h

T=F X
|

F

F
_ .
_3I><(hx xX“)
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Thus we see that the variation of shear stress Is a
parabola.

We also see that as a point where x = 0 or X = h,
shear stress= 0.

At neutral axis, where x = 2h/3,

F[ 2h (Zh)z] F 2h%? 2Fh2

=313 7\F3) | 73179 T 37
.~ 2Fh*  8F (1 :b_h3)
- bh3 ~ 3bh 36
4 ( rea = 7)
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Now for maximum Intensity,
differentiating the shear stress and
equating to zero, we get

dt [ F
dx[?»lx(hx )| =0
h—2x=0 (or)x:h

2
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Now substituting the value of x In the

eguation of shear stress,

F[ h (h)z' Fh? (1 bh3
2

tmax =37 |"*37\2) | T 121 36

Fh? 3F 3 F

— — = — X
bh®> bh 2
12x¥

=1571,,

Area
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|



The shear stress distribution diagram Is
shown in Fig.

Triangular section.
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Distribution of Shearing stress over a
Circular Section

Consider a circular section of diameter
0 GHshown in Fig.

O T {
HIE

II .

i

| |

1

|

I

|

[ E—

Circular section
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We know that the shear stress on a layer JK
at a distance y from the neutral axis,

= F X —
t Ib

Where, F_: Shear force at the section,

a 'y = Moment of the shaded area about
the neutral axis,

r = Radius of the circular section,

| = second moment of area of the
circular section about the neutral axis,

b = Width of the strip JK.



We know that Iin a circular section,
width of the strip JK,

b=2r%—y?
and area of the strip,
da = 2r% - y2.dy

.. Moment of this area about the neutral axis

= 2yJT%2 —y2.dy
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Now moment of the whole shaded area
about the neutral axis may be found out by
integrating above equation between the
imits y and r, I.e.,

- T
ayzf 2y\/r2—y2.dy
y

— J. b.y.dy (sz\/rz—yz)
Yy
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We know that width of the strip JK,

b=2r2—y?2
b% = 4(r* — y*)
Differentiating both sides of the above equation,

2b-db =4 (- 2y) dy = - 8y- dy
y-dy = -1/4.b.db
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Substitutingdiylde val ue

1 1 ("
ay:j b(——b.db)z——f b2.db
Y + + y

We know that when y =y, width b = b and when y
=r, width b = 0. Therefore, the limits of integration

may be changed as n bto z e r o adhe above

equation.



_ 1 Y
:——sz db
4b

b
— EJ. b4 db (Eliminating — ve sign)
4 0

] b
1 [b°
4 |3

b3
12
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Now substituting this value of ay in the
original formula for the shear stress, I.e.,

bZ
121

(b =212 —y?)

b3
ay 12
=FX—=FX—= F X—
t Ib Ib
(/7=
= Fx 121
?,.2_ 2
= F X Y

31
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Thus we again see that shear stress
Increases as y decreases.

At a point, where y =r, shear stress= 0 and
the shear stress Is maximum where y IS
zero( at neutral axis).

We also see that the variation of shear
stress Is a parabolic curve.



To find the value of maximum shear stress
substitute y=0 and ; — * 44 in the above equation,
we get, 64

. 6

Tmax — F X = F X =
3 X1 i 4
3x64xd
i 1.33
J— J— . T
3x£xd2 “

4



The shear stress distribution diagram Is
shown in Fig.

Circular section shear stress
distribution
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Ex:35. A wooden beam 100 mm wide x 250
mm deep and 3 m long Iis simply
supported at its ends. It carries a u.d.l of
40 KN/m over the entire length. Determine
the maximum shear stress and sketch the
variation of shear stress along the depth of
the beam.

Sol:
uniformly distributed load (w) = 40 kN/m
=40 N/mm.



We know that maximum shear force,

wl _ 40 x (3 x 10%)
N

2 2
—60x 10° N

and area of beam section,
A=Db-d=100 x 250 = 25 000 mm?



.. Average shear stress across the section

P B0XA0T ) N jmm? = 2.4 MP
Tav = 7= 5000 2AN/mm”= 2.4 MPa

and maximum shear stress,

r..=15%x7=15x%24=3.6MPa

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



The diagram showing the variation of
shear along the depth of the beam is
shown In Fig.

3.6

%32 | MPa

L
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Ex: 36. An I-section as shown In Fig Is subjected
to a shearing force of 200 kN. Sketch the
shear stress distribution across the section.
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We know that the second moment of
area of the I-section about It horizontal

centroidal axis (x-x),

o 200 x (350)° 187.5 x (300)°
X 12 12

= 202.7 X 10® mm?

We also know that shear stress at the

upper edge of the upper flange is zero.
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shear stress at the lower edge of the
upper flange (junction of the top flange and

web)

_ 200 X103x(200 x25 X162.5)
292.7 X10° x200

=2.79 N/mm?
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shear stress at the upper edge of the web

(junction of the top flange and web)

~ 200 X10%x(200 X25 X162.5)
292.7 X10% x12.5

= 44.41 N/mm?

The shear stress at the junction suddenly
iIncreases from 2.79 MPa to 44.41 MPa.
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shear stress at the neutral axis

_ 200 x103%(200 X25 X162.5+150 x12.5 X75)
292.7 X10° x12.5

= 52.1 N/mm?
Due to symmetry of the section, the shear

stress distribution diagram is also

symmetrical about the neutral axis
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The shear stress distribution diagram
across the section Is shown in Fig.

25
- 200 —> J
¥ o ) 2.79 44 .41
ey
300
N | A —] 52.1
350
12.5
S A
)2.79 44 41
vy L e
cross section T shear stress distribution
(dimensions in mm) 25 ~ (units in N/mm?)

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.




Ex.37. A T-shaped cross-section of a beam
shown In Fig. Is subjected to a vertical shear
force of 100 kN. Calculate the shear stress at
Important points and draw shear stress
distribution diagram Moment

e 200 —
50

Y ODimensions are in mm




Position of horizontal centroidal axis from

bottom of web,
, (200 x50 x 225) + (200 x 50 x 100)

(200 X 50) + (200 x 50)
=162.5 mm

y

1
Inag = X 200 x 503 + 200 x 50 x 62.52

+1—12 X 50 X 2003+ 200 X 50 X 62.52
= 113.54 x 10® mm*
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Shear stress at top layer of flange = 0
Shear stress at bottom layer of the flange
~ Fay
~ Ib

100X10°X200X50%X62.5
113.54%106%200

2.75 N/mm?
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Shear stress at top most layer of web

- 100 x 10° x 200 x 50 x 62.5

= = 11.01 N/mm?
113.54 X 10 x 50 0 /

Shear stress at the neutral axis

100 X 103 X 162.5 X 50 X 162.5

2 _ 2
= 113.54 x 106 X 50 11.63 N/mm

Shear stress at the bottom most layer of the
web =0
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200

Section (dimensions in mm)

_}2.75 11.01

_____________ 11.63

(units in N/mnt)

shear stress distribution



(o JRETTANGLE (b) SOLID CIRCLE (¢ ) HOLLOW CIRCLE

4B 15l F

{d)I~- SECTION (¢ )T-SECTION (f)L-SECTION

Shear stress distributions over some common sections
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{g) CROSS {h } BUILT =UP SECTION

) A

(1) SQUARE (] 7TRIANGLE  (k JROLLED SECTION

(1) channel section

Shear stress distributions over some common sections
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UNIT 3  TORSION
SHAFT

When you ride a bicycle,you transfer power
from yourlegto the pedals,andthrough shatft
andchainto the rearwheel

In a car, power Is transferredfrom the engine
to the wheel, requiringmany shaftsthat form
the drivetrain.



Drive Shaft >

A r~ | Differential
k) T

>

Wheel NGB

schematic of the assembly of torsion
members to propel automobiles

(@) (b)
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{ KI FiX
A shaftalsotransfertorque to the bladesof a helicopter

Fig.6.2
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{ KI FiX

a any structural member that transmits
torque from one plane to another iIs
calledaa KI F U ¢

A memberis saidto be in torsionwhenit
IS subjectedto twisting momentabout its
axis

Dr.K.Chinnaraju, Associate Professor, Division of Structural Engineering, Anna University, Chennai - 600 025.



Torgue

Twisting moments or torques are forces acting
throughdistancesoasto promote rotation.
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