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UNIT | STATICS OF PARTICLES

Mechanics

It is defined as that branch of science, which describes and predictsthigons ofrest

or motion of bodies under the action of forces. Engineering mechanics applies the
principle of mechanicgo design takinginto accounthe effectsof forces.

Statics

Staticsdealwith the conditiornof equilibriumof bodiesacteduponby forces.

Rigid body

A rigid body is defined as a definite quantity of matter, the parts of which are fixed in
position relative to each other. Physical bodies are never absolutely but deform slightly

under the action of loads. If the deformation is negligible as compared to its size, the
body is termed as rigid.
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Force

Forcemaybe definedasanyactionthattendsto changethe stateof restor motionof a
bodyto whichit is applied.

The threequantitiesrequiredto completelydefine force are calledits specificationor
characteristicsSo the characteristic# aforceare:

1. Magnitude

2. Pointof application

3. Directionof application
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Line of action of force

The direction of a force is the direction, along a straight line through its point of

application in which the force tends to move a body when it is applied. This ¢iakeid
line of action of force.

Representationof force
Graphicallya force may beepresented by the segmeia straight line.

b K
1

= \ -
& -

Composition of two forces

The reductionof a given systemof forcesto the simplestsystemthat will be its
equivalents called the probleraf composition of forces.

Parallelogram law

I f two forces represented by vectors

a body at point A. Their action is equivalent to the action of one force, represented by

vector AD, obtainedas the diagonalof the parallelogramconstructedon the vectors
AB andAC directedasshownin thefigure.

ar



ForceAD is calledthe resultantof AB and AC andthe forcesare calledits

components.

R=J(P? + 0" + 2P0 Cosar )

Now applyingtrianglelaw

P Q _ R

Sig Sib  Sinp - a)

Specialcases

Casel: | f =00
R:\/(P2+Q2+2PQXCOSO°) ={J(P+0) =P+Q

P Q R
—_———>—>
R =P+Q
Casell:IfU = 180c¢

R:\/(Pz 40"+ 2P0x CosI80) =(P* + O ~2PQ) =\[(P-0F =P- Q






Casell: | f U = 90e

R= (P2 +0? +2P0xCos90 ) =[P* + Q

U= tan® (Q/P)
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Resolutionof a force

Thereplacemenof a singleforce by a severalcomponentsvhich will be equivalentn
actionto thegivenforceis calledresolutionof aforce.

Action and reaction

Oftenbodies in equilibriunare constrainetb investigatehe conditions.
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Eree body diagram
Free body diagram is necessary to investigate the condition of equilibrium of a body or

system. While drawing the free body diagram all the supports of the body are removed
andreplacedvith thereactionforcesactingonit.

1. Drawthe free body diagrantf the following figures.
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2. Draw the free body diagraof the body, the string CD and the ring.
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3. Draw the free body diagraof thefollowing figures.

g 3

Equilibrium_of colinear forces:

Equllibrium law: Two forcescanbein equilibriumonly if they areequalin
magnitudepppositein directionandcollinearin action.

P %@ﬁ_‘ = o= ~%g’+f’

(tension)

T et

(compression)




Superpositionand transmissibility

Problem 1: A man of weight W = 712 N holds one end of a rope that passes over a
pulley vertically above his head and to the other end of which is attached a weight Q =
534N. Find theforce withwhichthem a nféespressagainsthefloor.

Terarn /2 ne hgl ,Qﬂuko/
Yo the /pac offechedd Yo it
R:=534n1

< R~ 4
N&Qopfdyfng =

poralletrgrom |00
fepu r%m#%f'@

;< o /w?-fggf 24 ot /3D

O Rl s b 178N QL)
?whon on The mon's XL‘JI—}‘ =z ,7Q'N <‘¢)

Problem 2: A boat is moved uniformly along a canal by two horses pulling with forces

P = 890 N and Q = 1068 N acting under an
theresultant pull on thboatandtheanglesba nd 3 .

P = 890 N, U = 60e
Q =1068 N

R= \/(PZ +Q? + 2PQcosxa)
= /(8902 +10682 + 2 x 890 x1068x 0.5)
=1698.0N
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P R

Q =——==
sinp sinn sinp -a) 5 X
//‘\ ‘//
. _ Qsina {% .8
sinb = )
R /// =) K
_ 10632 sin60 (S 3 2
1698.01 A—” : E
=33
sim = Psina
_ 8902 sin 60
1698.01
=27

Resolutionof a force

Replacemenbdf a single force by severalcomponentsvhich will be equivalentin
actionto thegivenforceis calledthe problemof resolutionof aforce.

By usingparallelograniaw, a singleforce R canbe resolvedinto two componentd?
andQ intersectingata pointonits line of action.

Fe ol

e
A f*&—’ 25
Ay F 5
b 3 -
| ey
f 4

Equilibrium of collinear forces:

Equilibrium law: Two forcescanbein equilibriumonly if they areequalin magnitude,
oppositein directionandcollinearin action.

ge—BesT — el 32
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Law of superposition

The action of a given system of forces on a rigid body will no way be changeaddve
to or subtractrom themanother systeraf forcesin equllibrium.

Problem 3: Two spheres of weight P and Q rest inside a hollow cylinder whrelstisig
on a horizontal force. Draw the free body diagram of both the spheres, together
separately.
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Problem 5: Determinetheanglesdandb shownin thefigure.

4450t

L8762

a =tan

=3947

87625

109

b =tan

=5119
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Problem 6: Find thereactions RandRo.

Problem 7: Two rollers of weight P and Q are supported by an inclined plane and
vertical walls as shown in the figure. Draw the free body diagram of both the rollers
separately.
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Problem 8: F i nnénddin the followingfigure.
=)

Problem 9: For the particularpositionshownin the figure, the connectingrod BA of
an engine exert a force of P = 2225 N on the crank pin at A. Resolve this force into two
rectangulacomponent$, and R horizontally and verticallyespectivelyat A.

‘h) / /.
2

)
ks

S

Ph=2081.4 N
Py =786.5N

Equilibrium of concurrent forcesin a plane

1 If a body known to be in equilibrium is acted upon by several concurrent,
coplanarforces thentheseorcesor rathertheirfreevectorswhengeometrically
addedmust forma closed polygon.

1 Thissystenrepresentthe conditionof equilibriumfor anysystenmof concurrent
forcesin aplane.
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L a mitheésem

If threeconcurrentforcesareactingon a body keptin an equllibrium, theneachforce
is proportional to the sine of angle between the other two forces and the constant of
proportionalityis same.

P_Q_R
sina sinb sinu

S R, W

Sin%0 _ sin(180-a) sin(90+a )
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Problem: A ball of weight Q = 53.4N rest in a right angled trough as shown in figure.
Determine the forces exerted on the sides of the troughaatd E if all the surfacese
perfectly smooth.

W

Problem: An electric light fixture of weight Q = 178 N is supportedas shownin
figure. Determinethe tensileforcesS; andS; in the wires BA andBC, if their angles
of inclination are given.

b = ’7S’N .
S _ S _ 178
sin135 sin150 sin75
n .2 ‘«>
g // - 0
/ - )
\\ X - 77.;‘) }
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R,=W + Ssina

=W+ 3sina

cosa

=W + Ptana

Problem: A right circular roller of weight W rests on a smooth horizontal plane and is
held in position by arnclined bar AC. Find the tensions in the bar AC and vertical
reactionRy, if thereis alsoa horizontalforceP is active.

YR
o S
= A
b3 8 i J 54
s~ ("v "‘_/J; : L
o ( * )XF :
N B
7"».
'Q'»..
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Theory of transmissiibility of a force:

The point of applicationof a force may be transmittedalongits line of actionwithout
changinghe effectof forceon anyrigid bodyto which it maybeapplied.

Problem:

N

. P

L N Lo 777
var
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ax=o

S, c0s30+ 20sin60= S, sin30
Fs+208_s

2 * 2 2
s_s +10 13

2 21

S =+/33 +20V3

avy=o0

S sin30+ S, cos30=§, cos60+ 20
E+S£:§+20

2 2 2

i+fs:3o
2 2 2
S, ++/3S, =60

Substitutingthevalueof S in Eq.2,we get

Sl+\5(\[351+20\/3) =60
S +35 +60=60

4S,=0

S, =OKN

S, = 204/3 = 34.6&KN

19
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Problem: A ball of weight W is suspended from a string of length | and is pulled by a
horizontalforce Q. The weightis displacedby a distanced from the vertical position

as shown in Figur eforceD@ and tenmsipnirethetsting Smihg | e U,
displacedposition.

14d 6
R
a2

sirfa +coga =1

a =Ccos

Y sina =4/(1- cofa)

d2
= f]_- 1_2
:1— Il2_d2

I
ApplyingL a mihéosem,

S _ Q _ wW
sin90 sin(90+a) sin(180- a)
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Q _ W
sin(90+a) sin(180- a)
W cosa W%@
Y Q: :—Q—T
sina }\/12 ~d?

wi

112_d2

Problem: Two smooth circular cylinders each of weight W = 445 N and radius r = 152
mm are connected at their centres by a string AB of length | = 406 mm and rest upon a
horizontal plane, supporting above them a third cylinder of weight Q = 890 Mdiog

r = 152 mm. Find the forces in the string and the pressures produced on tagltieor
point of contact.

203

cola =_

304

Y a =481
RR, _ R _Q

sin138.1 sin138.1 83.8
Y R,=R.=597.8N
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Resolvinghorizontally
ax=o0
S=Rcos48.1
=597.86c0s48.1
=399.2N

Resolvingvertically LA

HY=0 '

R, =W +Rsin48.1

= 445+ 597.86sin48.1 Y c
=89\ a4

R,=89(N Rs
S=399.2N

W
Problem: Two identical rollers each of weight Q = 445 N are supported by an inclined

plane and a vertical wall as shown in the figure. Assuming smooth surfaces, find the
reactionanducedat the pointsof supportA, B and C.

R, _ S _445
sin120 sin150 sin90
Y R,=385.38\

Y S=222.5N
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Resolvingvertically
avy=o0
R, c0os60=445+ Ssin30

J3 2225

Y &73:445+ Re

Y R,=642.30N

Resolvinghorizontally
A X=0 e,
R.=R,sin30+ Scos30

Y 642.30%in30+ 222.50s30

Y R.=513.84N

Problem:

A weight Q is suspended from a small ring C supported by two cords AC and BC. The
cord AC is fastened at A while cord BC passes oVectionless pulley at B andarries
aweightP.If P=QandU = fibdahevalueofb .

Resolvinghorizontally

axs=o

Ssin50=Qsinb (1)
Resolving vertically

avy=o0

Scos50+Qsinb =Q

Y Scos50=Q(1- cosb)

Puttingthevalueof Sfrom Eq. 1, we get

23



Scos50+Qsinb =Q
Y Scos50=Q(1- cosb)

Y QLnb cos50 = Q(1- cosb)
sin50

Y cot50= 1- cosh

sinb
Y 0.83%inb =1- cosb

Squaringoothsides,
0.703sikb =1+ cog b - 2 cosb

0.703(% cogb)=1+cogb- 2 cosb
0.703- 0.703coéb =1+cog b - 2cosb

Y 1.703c0éb - 2cosb +0.297=0
Y cog€b -1.174cosb +0.297=0
Y b=63.13
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Method of moments

Moment of a force with respectto a point:

T

T

Considering wrench subjected to two forces P and Q of equal magnitude. It is
evident that force P will be more effective compared to Q, though they are of
equalmagnitude.

The effectivenes®f the force asregardst is the tendencyto producerotation

of a body about a fixed point is called the moment of the force with respect to
that point.

Moment = Magnitude of the force x Perpendicular distance of the line of action
of force.

Point O is called moment centre and the perpendicular distance (i.e. ¢
moment arm.

Unitis N.m

Theorem of Varignon:

The moment of the resultant of two concurrent forces with respect to a centre in their
plane is equal to the alzebric sum of the moments of the components with respect to
somecentre.

Problem 1:

A prismaticclear of AB of lengthl is hingedat A and supportedat B. Neglecting
friction, determinghereactionRy producedat B owing to theweightQ of thebar.

TakingmomentaboutpointA,

R31 =Qcosxa. _
° 2
Y R, :%cosa

25



Problem 2:

A bar AB of weight Q and length 2l rests on a very small friction less roller at D and
against a smooth vertical wallat B.i nd t he angle U that the |
horizontalin equilibrium.

Resolving vertically,

R,coaa =Q

Now takingmomentaboutA,

Ria Q.lcosa =0

cosa

. Q.a

Y -Qlcoa =0
coga Q

Y Qa- Qlcosa =0

Y cosa = %
Q.

. 1./
Y a =cos 3|—

Problem 3:

If the piston of the engine has a diameter of 101.6 mm and the gas pressucglindiee
is 0.69 MPa_ Calculate the turning moment M exerted on the crankshaftforthe
tion.

J
A
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Areaof cylinder

A=" (0.1016% =8.107103n?
4

Forceexertedon connectingod,

F = Pressurex Area
=0.69x16 x 8.107x1C°
=5593.83N

1817806 _

°=27.8
3802

Now a =sin

Scoaa =F P

Y S= L =6331.2N
coxa A

Now momententeredn crankshaft, E

Scosa 2 0.178=995.N =1KN

Problem 4:

A rigid bar AB is supported in a vertical plane and carrying a loat i€3 free end.
Neglecting the weight of bar, find the magnitude of tensile force S in the horigtingl
CD.

TakingmomentaboutA,
é M,=0
S.{I;oa =Q.lsina2
Vv S= Q.sina
—cosa
2

Y S=2Q.tana
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Friction

1 The forcewhich opposes the movement or the tendency of movement is called
Frictional force or simply friction . It is dueto theresistanceto motionoffered
by minutely projecting particles at the contact surfaces. However,igheetenit
beyond which the magnitua this force cannotincrease.

1 If the applied force is more than this limit, there will be movement of one body
over the other. This limiting value of frictional force when the motion is
impending,it is known ad.imiting Friction.

1 Whenthe appliedforce is lessthanthe limiting friction, the body remainsat
rest and suchfrictional force is called Static Friction, which will be having
anyvaluebetweerzeroand the limiting friction.

1 If thevalueof appliedforce exceedshelimiting friction, the body startsnoving
over the other body and the frictional resistance experienced lopdyewhile
moving is known a®ynamic Friction. Dynamic friction is lesshanlimiting
friction.

1 Dynamicfriction is classifiedinto following two types:

a) Slidingfriction
b) Rolling friction

71 Sliding friction is the friction experienced by a body when it slides ovesttier

body.

Rolling friction is the friction experienced by a body when it rolls ovauréace.

It is experimentallyfoundthatthemagnitudeof limiting friction bearsa constant

ratio to the normal reaction between two surfaces and this ratoallisd

Coefficient of Friction.

= =4

w

Coefficientof friction = F_
N
where F is limiting friction and N is normegaction between the contact surfaces.

Coefficientof friction is denotedoy .

Thus, m= E
N

28



Laws of friction

1. The force of friction always acts in a direction opposite to that in which body
tendsto move.

2. Till the limiting value isreached, the magnitude of friction is exactly equéhéo
forcewhich tendsto movethe body.

3. The magnitude of the limiting friction bears a constant ratio to the normal
reaction between the two surfaces of contact and this ratio is called coefficient
of friction.

4. Theforceof friction dependsipontheroughness/smoothnestthe surfaces.

5. The force of friction is independent of the area of contact between the two
surfaces.

6. After the body starts moving, the dynamic friction comesinto play, the
magnitude of which is less than that of limiting friction and it bears a constant
ratiowith normalforce.Thisratiois calledcoefficient of dynamic friction .

Angle of friction

Consider the block shown in figure resting on a horizontal surfacesanjdcted to

horizontal pull P. Let F be the frictional force developed and N the normal reaction.
Thus, at contactsurfacethe reactionsare F and N. They canbe graphicallycombined

to get the reaction R which acts at angl e
angleof friction is givenby

F
tang = __
N

@sPincreasesFincreaseandhencedalsoi n c r e eanreashthe ndximumvalue
Uwhen Freaches limitingralue. At thisstage,

F
tana =_=m
N

This value of LbnitingsFricton Héneedthe Anglg of kmitidgiction
may be defined as the angle between the resultant reaction and the ndahealdoe
onwhich themotionof thebodyis impending.

Angle of repose

29



Consider the block ovei ght W resting on an inclined

with the horizontal. When d is small, t he
increased, a stage is reached at which the block start sliding down the plane. The angle
d for which the motion is impending, i s <ca

inclination of the plane on which a body, free from external forces, can repose is called
Angle of Repose

Resolving vertically,
N= W. cos d

Resolving horizontally,
F= W. sin d

Thus,tanq = F_
N

| f isthe valueof d whenthe motionis impending thefrictional forcewill belimiting
friction andhence,

tanf = F_

N
=m=tana
Yf=a
Thus,thevalueof angleof reposdas sameas the valuef limiting angle ofrepose.

Coneof friction

1 When a body is having impending motion in the direction of force P, the
frictional force will be limiting friction and the resultant reaction R will make
limiting angleUwith thenormal.

1 If the body is having impending motion in somher direction, the resultant
reaction makes | imiting fricti ohosal angl
when the direction of force resuliardR gr adu a
generatesright circularconewith semicentralangle equato U .
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Problem 1:Block A weighing 1000N rests over block B which weighs 20005hasvn
in figure. Block A is tied to wall with a horizontal string. If the coefficientradtion
between blocks A and B is 0.25 and between B and floor is 1/3, what shthdddlee
of P to movethe block(B), if

(a) Pis horizontal.

(b) Pactsat3 Oupwardgo horizontal.

Solution:(a)

A

Consideringblock A,

av-=o0
N; =100(NN

SinceF is limiting friction,

E =m=0.25

N,
F, =0.25\, =0.25 1000= 250N

A H=0
F,- T=0
T =F1=25N

Consideringequilibriumof block B,
av=o0

N2 - 2000- N1 =0

N, =2000+ N, =2000+1000=3000N
Foom=t

N, 3
F,=0.3N,=0.31000=1000N

31



A H=0
P =F, +F,=250+1000=1250N

(b) WhenPisinclined:

1000 N

av-=o0

N, - 2000- N, +P.sin30=0
Y Nz +0.5P = 2000+1000
Y N2 =3000- 0.5P

Fromlaw of friction,

F= 1_ N =1 (3000- 0.5P) =1000-
2.3 °% 3

05,

aqH-=o0
Pcos30=Fi1+F, |

YV Pcos30= 250+ %000 %°p

3

05 % -

. a
Y Pz50s30+ P 6=1250
80 3 0

g -
Y P=1210.4%

5,0
0

Problem 2: A block weighing 500N just starts moving down a rough inclined plane
when supportedby a force of 200N acting parallel to the planein upwarddirection.

The same block is on the verge of moving up the plane when pulled by a force of 300N
acting parallel to the plane. Find the inclination of the plane and coefficient of friction
betweertheinclined planeandthe block.

So0N
50 o

900//
L

B,
Sl
_As

3V =0
N =500.cos
F1 =mN = m500cog]

32



AH=0
200+ F1 =500.sirg
Y 200+ m500cog] = 500.sim

av-=o0
N =500.cos
F2 = mN =m500.cos

3H=0
500sing + F2 =300
Y 500sing + m500cos] = 300

Adding Egs.(1) and(2), we get

500 =
sind 05
d=30c¢

1000. s

Substituting
500sin30+ m500c0s30= 300

50

M= ————=0.11547
500c0s30

t

nd

he

v al
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Parallel forceson aplane

Like parallel forces: Coplanar parallel forces when act in the same directiiri. l
Unlike parallel forces: Coplanar parallel forces when act in different direcliorl
Resultantof like parallel forces:

b R
Let P and Q are two like parallel forces act at poingné B.
R=P+Q

A B

Resultant of unlike parallel forces:

P
R=P-Q R I
A

Ris in thedirectionof theforcehavinggreatemagnitude.

O

Couple:

Two unlike equalparallelforcesform acouple.

The rotational effect of eouple is measured by its moment.
Moment= P x |

SignconventionAnticlockwisecouple(Positive)
Clockwisecouple(Negative)
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Problem 1 : A rigid bar CABD supported as shown in figure is acted upon byetyual
horizontal forces P applied at C and D. Calculate the reactions that witlui=edatthe

pointsof supportAssumed =1.2m,a =0.9m, b =0.6 m.

TakingmomentaboutA,
R=R,
R3I+P3b=P3a

. P(0.9- 0.6
VRS (LZ !

Y R, =0.25°(-)

Y R, =0.25P(®)

Problem 2: Owing to weight W of the locomotive shown in figure, the reactions at the
two points of support A and B will each be equal to W/2. When the locomopudiirsg

the train and thdrawbar pull P is just equal to the total friction at the poinitsootact

A andB, determinghe magnitude®f theverticalreactiondRa andRe.

W

AV =0
R*R=W

TakingmomentaboutB,

35



aM; =0
R,32a+P3b=W3a
2a
\ R=W- R,
V R =W- aw.a- Pbg
(s; -
Y R, :W.a+P.b
2a

Problem 3: The four wheels of a locomotive produce vertiimates on the horizontal
girder AB. Determine the reactiong &d R at the supports if the loads P = 90 kbkch
andQ = 72KN (All dimensions are in m).

X k12 %\,gﬁim s\g—g‘%i

AA
77

e
av=o
R+R,=3P+Q
Y R+R,=390+72
Y R, +R,=34XN
é. M,=0

/ /1
ﬁ.‘%

R,29.6=90°1.8+90% 3.6+90% 5.4+723 8.4

Y R,=164.2KN
\ R,=177.7KN

Problem 4: The beamAB in figure is hingedat A and supportedat B by a vertical

cord which passes over a frictionless pulley at C and carries at its end aleddrfine
thedistance x from A at which a load Q must be placed on the beam i tamainin

equilibriumin ahorizontalposition.Neglectthe weightof thebeam.

LLLLu
¢
/
7O P
AL —IB
—x—
/ Q
e —
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g=P
OR Ry =P e TB
1 A U 1
el R O
Q

A M,=0
S31=Q8 x
YX:P_'l

Q

Problem 5: A prismatic bar AB of weight Q = 44.5 N is supported by two veriicads
at its ends and carries at D a load P = 89 N as shown in figure. DetermioctsS,
and $ in thetwo wires.

L2000 1LLLLL

e

Q=445N & 3,
P=89N A
T D £
Resolvingvertically, A I T I T IT e
av=o . .
S+S5=P+Q ‘(—5’.1 ) %

Y S, +5=89+445
Y S +5=133.0N
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é M,=0
ss1=ps | +Q3
b 4 2
. P, Q
Y -4+ =
> 4 2
- 89 445
Y = _ _ 4+ __
> 4 2

Y § =445
\ §=133.5 445
Y S =89N

Centre of gravit

Centre of gravity: It is thatpoint throughwhich theresultantof the distributed gravity
force passes regardlesstbi orientation ofthe body in space.

1 Asthepointthroughwhichresultantof force ofgravity (weight) ofthe bodyacts.
Centroid: Centrroidof anarealies ontheaxis ofsymmetry ifit exits.

Centreof gravity is appliedto bodieswith massandweightand centroidis appliedto
plane areas.

x=a Ax 1.
yc:é. Ayl ;I. / T‘
oy
« = At A L
TOAHA, | g -
y =AYt AY, ||
COA+A, l ® |
[ | 1 R
x =y - Momentof area
© ¢ Totalarea
M-dA
*TTA
_ fivdA
TN
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Problem 1: Considerthe triangle ABC of base6 baimd height 6 h Determinethe
distanceof centroidfrom thebase.

Let usconsideranelementaktrip of width 6 #dandthicknessd d y 6 .

DAEF - DABC

\E-:h-_y
b

Areaof elementeF (dA) = bixdy,,
=b- » By
(; -

Thereforey. is atadistanceof h/3from base.
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Problem 2: Considera semicircle of radiusR. Determineits distancefrom diametral

1\
S ‘J ~—

S
y< &

/ D\

Dueto symmetry centroiddé mustlie on'Y -axis.

Consider an el ement at a distance o6ro6 fron
dr.

Areaofel ement = (r.dd) Il dr

Momentof areaaboutx = fjy.dA

pR
= ff{r.dq).dr3 (r.sinq)
00

p R

= ffjr % sing.dr.dq
00

pR
= g’f;(r Z.dr).sinq.dq

N R
Perig

~ = .sing .dg
083 (b
"R
I
= __.sinq.dq
3

??3
=" [ cosq]
3 0

:§[1+1]

_2ps

3

_ Momentof area
¢ Totalarea
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: o , 4R
Therefore,the centroid of the semicircleis at a distanceof __ fom the diametric

3p
axis.
Centroids of different figures
Shape Figure X y Area
Rectangle R N b d bd
N 2 2
L \
I 'b
Triangle I 0 h bh
¢ Tx X 3 2
[ ’Ts,
TL,,:; -
.
Semicircle e 0 4R prl
an i 2
— 3P C')‘:
Quartercircle 5 4R 4R prl
% 3p 3p 4
— S %

Problem 3: Find the centroidof the T-sectionasshownin figure from thebottom.

<—100—>l

1 | 20
T 1
2
100
_.|zo|<_l

41



Area(A)) Xi Yi Ai Xi Aiyi

2000 0 110 10,000 22,0000
2000 0 50 10,000 | 10,0000
4000 20,000 32,0000

y :é AY, :A1Y1+AZY2:M:80
c A A+A

i 1 2

4000

Dueto symmetry,the centroidlies on Y-axisandit is at distanceof 80 mm from the
bottom.

Problem 4: Locatethe centroidof thel-section.

%
A . > X

As thefigureis symmetriccentroidlies ony-axis. Therefore,x= 0

Area(Ai) Xi Yi Ai Xi AiYi
2000 0 140 0 280000
2000 0 80 0 160000
4500 0 15 0 67500
y _a Aiyl :A1y1+A2y2+A3y3 =59.71Imm
¢ A A+A +A
i 12 3

Thus,thecentroidis onthe symmetricaxisatadistances9.71mm from thebottom.

Problem 5: Determinethe centroidof the composite figur@aboutx-y coordinateTake
X =40mm.

FL:L-%‘—"E* kﬂ@—‘ 4t é'v"f

A1 = Areaof rectangle= 12x.14x=168%
42



A; = Areaof rectangleo besubtracted 4x.4x= 16 x2
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PR _P (%)

— 2
Az = Areaof semicircleto besubtracted- =25.1%

2 2
: 4x)?
A4 = Areaof quatercircleto besubtracted ﬁ _P(™) - 12.56¢

. 4 4
As = Areaof triangle= 53 6x2 4x =12¢
Area (Ai) Xi Yi Ai Xi Aiyi
A1=268800 | 7x =280 6x =240 75264000 | 64512000
A2=25600 |2x=80 10x=400 2048000 | 10240000
A3=40208 | 6x=240 4 X _67006 | 9649920 | 2730364.44¢
3p
A2=20096 | 10x+Qax- © 0| gy+sy. * #X010889040.64 8281420.926
I S
=492.09 =412.093
As=19200 | 144+ %X =16« X _53.33 12288000 | 1023936
3 3
=640

= A A - A - A+ A _
1 2 3 4 5

Vo = Ay, 'AA_zy'g\'_Ag\yf -AA‘-‘l-y4A+ AsYs =219.124nm
1 2 3 4 s

Problem 6: Determinethecentroidof thefollowing figure.

1
A1 = Areaof triangle= 53 80° 80 = 32007

A = Areaof semicircle= Pd% ﬁ 2513.274n

A3z = Areaof semicircle=

44



8

2
1256.64n
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Area(A)) Xi Yi Ai X Aiyi

3200 2x(80/3)=53.33 80/3= 26.67 170656 85344

2513.274 40 ~4740_ 1697/ 100530.96 | -42650.259
3p

1256.64 40 0 50265.6 |0

x = At AKX AX g 5m

¢ A+AFA
1 2 3
y = A1y1+A2y2_ A3y3:958nm

C A+
1

A-A
2 3

Problem 7: Determinethecentroidof thefollowing figure.

A1 = Area of the rectangle
Az = Area oftriangle
Az = Areaof circle

Area(Ai) | Xi Yi Ai Xi Aiyi

30,000 100 75 3000000 | 2250000

3750 100+200/3| 75+150/3| 625012.5| 468750
=166.67 | =125

7853.98 | 100 75 785398 | 589048.5

L B AX 2 A A AKX g

T

A-A-

A

i 1 2 3
_ a A|y| — Alyl' Azyz' A3y3:648nm

C

aA

A-FR- A
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Numerical Problems (Assignment)

1. An isosceledriangle ADE is to cut from a squareABCD of dimensiono a 6 .
Findthealtituded yofithetrianglesothatvertexE will becentroid of remaining
shadedhrea.

2. Findthecentroidof thefollowing figure.

*]

Thde .
275 q,_g <
)L Frw—{_’_/hh

3. Locate the centroid C of the shaded area obtained by cutting ecisel@iof
d i a me framrthe quaddantf acircle ofradius6 a 6 .

/

2 .
4.  Locatethecentroidof thecompositdigure.

Module i1l 2




Truss/ Frame: A pin jointed frame is a structure made of slender (esessional
dimensiongjuitesmallcomparedo length)membergin connectedtendsandcapable
of takingloadat joints.

Such frames are used as roof trusses to support sloping roofs and as bridge trusses to
supportdeck.

Plane frame: A frame in which all members lie in a single plane is called plane frame.
They are designed to resist the forces acting in the plane of frame. Roof trusses and
bridgetrussesarethe exampleof planeframes.

Spaceframe: If all the membersf framedo notlie in a singleplane,they are called
asspacdrame.Tripod, transmissiotowersare theexamplef spacdrames.

Perfect frame: A pin jointed framewhich hasgot just sufficient numberof members

to resist the loads without undergoing appreciable deformation in shape is called a
perfectframe. Triangularframeis the simplestperfectframe andit has03 joints and

03 members.

It may be observed that to increase one joint in a perfect frame, two more members are
required. Hence, the following expression may be written as the relationship between
numberof joint j, andthe numberof membersnin a perfectrame.
m=2j1 3

(a) WhenLHS = RHS, Perfectframe.

(b) WhenLHS<RHS,Deficientframe.
(c) WhenLHS>RHS,Redundanframe.

Assumptions

Thefollowing assumptionaremadein the analysisof pin jointedtrusses:
1.Theendsof themembersarepin jointed (hinged).
2.Theloadsactonly atthejoints.
3.Selfweightof thememberss negligible.

Methods of analysis

1.Methodof joint
2.Methodof section
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Problemson method of joints

Problem 1: Find theforcesin all themembersf thetrussshownin figure.

Al B
' 4 4
3m2
| 4
&
Y ¥ — »C
! D
E ‘e 3m — >T<~ - 3m >
v \4
40 kN 40 kN

tang =1
Y q=45

Joint C

”Q?\
S = S cos45 -‘3)1&?

Y S =40KN (Compressbn)

Lypkn
S sin45=40
Y S =56.5&N (Tension)
JointD
3
Al

S =40KN (Tension)
S =S, =40KN (Compressbn)

JointB

Resolvingvertically,
av-=o0
Ssind5=S + $sin4s
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Y S =113.13KN (Compression)

Resolvinghorizontally,

aH=0

S = S cosdb+ S cosdb

Y S =113.13%0s45+56.56c0545
Y S =120KN (Tension)

Problem 2: Determine the forces in all the members of the truss shown in figure and
indicatethe magnitudeandnatureof theforceson thediagram ofthe truss. All inclined
membersareat6 Ot@horizontalandlengthof eachmembeiis 2m.

40 kN 50 kN
B c
60° 60° 60° 60° e
p - 4 T GokN (L
Ra 2m 2m Rp E——Qrm ——HK——am >
60 kN

Takingmomentat pointA,
am,=0
Ry;34=4031+60% 2+503 3
Y R=77.%N

Now resolvingall theforcesin verticaldirection,
av=o0

R,+ R, =40+60+50

Y R,=72.%KN

JointA l@
AV =0 PAC

) n_32
Y R, =S sin60 ;\ RR:
Y S =83.72KN (Compresson)

aqH-=0
Y S =S cos60

45



Y S =41.8KN (Tension)
Joint D

AV =0 4
S sin60=77.5
Y S =89.%KN (Compression) %

AH=0
S =S cos60
Y S =44.7KN (Tension)

Joint B

av=o
S sin60= S cos60+ 40
Y S =37.53XN (Tension)

aH=0

S = S cos60+ S cos60

Y S, =37.5320s60+83.72c0s60
Y S =60.626<N (Compression)

Joint C

AV =0

S Sin60+50 = S sin60 —2 X G
Y S =31.76&KN (Tension) a//\&
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