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FUNDAMENTAL OF
ENGINEERING MECHANICS

1.1. Fundamental Concepts of Mechanics

e Mechanics is a branch of physical science which deals with effects of force on objects.
e Application of law of mechanics to field problem is termed as Engineering mechanics.

( Engineering Mechanics )

!

Mechanics of solid Mechanics of Fluids
Mechanics of rigid Mechanics of deformable
bodies bodies
l l Theory of elasticity
Statics Dynamics
Theory of Plasticity
Kinetics Kinematics

e Static only-In Gate Syllabus.
1.1.1. Basic Terminologies in Mechanics

e Length: Used to locate the position of point of space and thereby describe the size of physical system.

e Space: The geometrical region in which study of body is involved is called space.

e Time: It is a measure of succession of event. As static is time independent, this quantity plays an important role in
dynamics.

e Mass: Measure of inertia of body, which is its resistance to a change in velocity.

e Particle: It is a concentrated point mass of negligible dimension. Such body cannot exist theoretically.
e.g., a bomber aeroplane is a particle for a gunner operating from ground.

e Rigid body: A body is said to be rigid, if the relative position of any two points in it do not change under the action
of forces.

Fl

AB=A4"B
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[ Engineering Mechanics °

1.1.2. Newton’s Law of Motion

A particle remains at rest or continues to move with uniform velocity if there is no unbalanced force acting on it.

The rate of change of momentum of a body is directly proportional to impressed force and it takes place in the direction
of force acting on it.
If:%:d (mV) :de +\7'd_m
dt dt dt dt
If mass ‘m’ is constant — F =ma

dm

Mo
dt

The force of action and reaction between interacting bodies are equal in magnitude, opposite in direction and collinear

(they lie on the same plane)
R- reaction
= F = action

R=F
1.1.3. Newton’s Law of Gravitational Attraction:

Gravitational attraction between any two particles is formulated as

e ¥ o N

. ° °

F = Force of gravity between two particles m
M

G = Universal constant of gravitation
G =6.67 x 10 Nm?%/kg?

When particle is located at surface of earth, the force of gravity between them is called weight.

W =GmR'ZZIe
= W =mg =%=g=9.81m/s2
R
Earth
Me

e For most engineering calculation ‘g’ is determined at sea level and at latitude of 45° (standard location)

“The most effective way of learning the principles of engineering mechanics is to solve problem”
mmm)
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VECTORS

2.1. Force Vectors

In general force is considered as “Push” or “pull” exerted by one body on another.
A force is completely characterized by 10 kKN

)

(2) Direction

©)

Eg.,
1)
)
(©)
(4)

Magnitude l

Point of Application @' |
(4) Line of action I@W //%

1 m 4m
Magnitude = 10 kN

Direction = Downward
Point of Application = At C which is 1 m from left support, i.e., point A.
Line of action = Vertical

2.1.1. System of Force

When numerous amount of force are acting on a body simultaneously. They will form a system called force system

(1) Collinear (2) Coplanar parallel (3) Coplanar like parallel
——>

e Line of action of
all force act along

the same line

e All force are parallel to
each other and lie in a
single plane

(4) Coplanar concurrent (5) Coplanar non-concurrent (6) non coplanar parallel

/
j\ N
]

Line of action passing

through a single point All force do not meet at a
and force lie in same point but lies in a same plane. z
plane
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[ Engineering Mechanics °

(7) non-coplanar concurrent (8) Non Coplanar non concurrent

y y

\‘

A A

e Scalar: A scalar is any positive or negative physical quantity that can be completely specified by its magnitude.
e.g., Mass, Time etc.

e Vector: A vector is any physical quantity that can be completely specified by its magnitude as well as direction.
e.g., Force position, momentum, etc.

R

g

6%6 >1 ) . .
o O . Line of action

1.2.2. Vector Operations

(1) Vector Addition:

B .
\ (Commutatlve)

B-T+F-F+7
(1) Add given vector “Head to tail” fashion
(2) Resultant vector is extend from tail of first to head of last vector

(2) Vector Subtraction:

—

B

R'=A+(-B)=—A+B (not commutative)
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[ Engineering Mechanics °

2.1.3. Resultant Force:

If number of forces are acting on a particle simultaneously then it is possible to find out a single-force which could replace
them i.e., which could produce the same effect as produced by all given forces. This single called as resultant force.
Process of finding out resultant force is called composition or compounding of force.

Analytical method (most feasible)

! !

Parallelogram Law of Force Mecthod of resolution

Parallelogram Law of Force:

R=yF2 +F} + 2F,F, cos0
F,sin6

tano=————
F + F, cosO

e 0=90° R=yJF2+F2
o 1f0=60° R=\[F2+F2+FFR

e 1f0=0° R=F+F,
e 1f0=180° R=F-F,

F=F R=2F cos(gj
Remember A:

F[ /_' R=A2F > F
F 3F
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o Engineering Mechanics

The magnitude and direction measured from horizontal of the resultant force is

F,=100N F, =150 N 6=90-32-12=46°

R=F2 +F} +2F,F,cos0

= /1002 +150? +2x100x150x c0546 = 231 N

F,sin®@  150xsin46

tano = = =0431
FF,cos® 150+100xcos46
= a=26.18° = ¢=12+26.18=38°18°
e The magnitude and direction measured from horizontal are:
100 N
100 N
60°
90°
> 10053 N
R :100,\]_3 = Resultant =100\/§ N
* 10N <R =100n3 Angle = 60°
100N
3.\ 120 \ lOOl\]_?a

e If two force F; and F act at 60° their resultant is 13N and if they act at right angle their resultant is v10 N
Find F; and F;

(I) When 6=90° R:JF12+F22 :>\/1_=‘/|:12+F22

F2+F7 =10

() When 0=60° R=\/F?+F}+FRF, =V13=\F’+FZ +RF,
13= > +F/ +RF,
FF,=13-10=3
(R +F)? =F?+F +2RF, =10+2x3=16
= F =3kN, F,=1kN
= R+F,=4 )
(R-F)?=R?+Ff -2RF,=102x3=4

= Fl—F2=2 (2)
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o Engineering Mechanics

Steps:
(1) Resolve the forces horizontally and find algebraic sum of all horizontal component ( ZF, )
(2) Resolve the forces vertically and find algebraic sum of all vertical component (ZFR)

(3) Resultant R\JIE(ZFX)2 +(2Fy)2
(4) Resultant force will be inclined at an angle 6 with horizontal

>F
tanf=—"Y

X

400 N

» X
300 N
Determine the magnitude and direction of resultant force

400 sin30° 400 N
250 Nw_ 250 sin, (53.13

250 cos 53.13° 400 cos 30°

53.13° 30°

>

300N

4 = 0=tan”! (g] =53.13°

3
>F, =400c0s30+300—-250c0s53.13=496.4 N

2F, =400sin30+2505sin(53.13) =400 N

R =+/496.4% + 4002 =637.5N
o=tan[ 290 |_33.86°
496.4

Find the direction of resultant force measured counter clockwise from positive x-axis.

Py

26 kN

30 kN
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o Engineering Mechanics

AN 6=tan‘1(§j=67.38°

5
SF, = 26¢0s(67.38) —30sin30 = — 25 kN

SF, = 26sin(67.38) ~30c0s 30 =—1.98 kN
9=tant (ﬁ) —453°
25

26 sin(37.38)
26 ;

26 cos(67.35)

30 sin 30%

30 30 cos 30
e Asbhoth Fyand Fy are -ve = 3" guadrant.
= 0=180+4.53 =184.53°
+ | +
— +
~ 453 b
R
10
SON 10 cos 15
sin 30°
50
10 Sil’l 15 50 cos 30(
> cos 4 80 sin 60°
80N 5 80

L 60°

>F, =50c0s30+80sin60—-5c0s45—-10sin15=106.46 N
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o Engineering Mechanics

ZFy =50sin30+80 cos60—5sin45-10cos15=51.80 N

R =+/106.46 +51.802 =118.39 N

150N

100

A system of force has resultant 80 N along positive x-axis find magnitude and inclination of unknown force P

150 10 cos 45

150 sin 45

100 sin (30)

2F, =180+ Pcos6 —150sin 45 -100sin 30
=Pcos6+23.93=0= PcosO =-23.93

ZF, =Psin0+150cos45—-100cos 30
=Psin0+19.46 =0= Psin6=-19.46

tan0= —19.46 —0=39.12°
23.93

BB N
€0s(39.12)

4
<

39.12

30.84 N

aoad
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MOMENT

3.1. Introduction

3.1.1. Moment:

e Turning effect of force.

o Moment of a force is equal to the product of Force and the perpendicular distance of the point about which moment is
required and line of action of force.
Moment at ‘O’ =P x L

P
2 L
Unit: KN-m

Types of Moment:
(1) Clockwise moment (2) Anticlockwise moment

2—4' ﬁTt

» Determine the moment about point O

0 o m - 1
m
M 0N Sm 10N M,=10x4=40Nm)
M, =100 x2=200 N.m ) 0
» Find moment of point O
Zf N
2.5m 25m . 5m
4 N 2 .
a 5m 5 45° 20N 2 2 sin (45) 1X45°
m . I
10N 2 ¢os 45
10N

Assuming c/w +ve
M, =10x (5+2c0s45) —10x 2sin45+ 20(0) + 20x 2.5

=100 N—m)
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Engineering Mechanics ®

100 sin 30
T 100N
@»100 cos 30
2 sin 30
‘ 2 m ”200530 '
M, =100sin30°(2 + 2cos30°) —100 cos 30° (2sin 30°)

= - .\
86.6 N m-)

3.1.2. Couple

o It is defined as two parallel forces that have the same magnitude and opposite direction and are separated by
perpendicular distance d.

¢ Resultant of force is zero Fe—1——

¢ Only effect is to produce rotation

Moment of couple
M =Fd

» Determine the resultant couple moment acting on beam
300N 300N
~

7 > 100 N
7 I 0.2 m
I — ~ 100 N
'y 3m | 2m "R
. 400N
Mr=-300%x2+400x5+100x 0.2

= 1420 N-m )

» Determine the magnitude of force F so that the resultant couple moment is 400 N.m clockwise.

600N F
X
F
600N 77 0 A
T_-‘ Im ‘:l 0.5
250N 250N cos 40 =0.5/x
=  x=0.652
= F=53006N M, = F % 0.652 — 600 x 0.652 + 250 x 1
= 204.400 Nm

3.1.3. Varignon’s Principle of Moments

e Itis the number of coplanar force are acting simultaneously on a particle, the algebraic sum of moments of all forces
about any point is equal to the moment of their resultant force about the same point”

GATE WALLAH CIVIL HANDBOOK 1.11
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Position of resultant force for non-concurrent force system.
42 KN

® ®

3 KN+

©

I3KN

<300 ©

4 KN

Four coplanar forces are acting on a square body having it side 1 m. Determine the position of single resultant force from

point A.
42 KN
5 KN+=
4sin30
4c0s30
4 KN v KN
> fx=4c0s30-5=-1.53KN — R=4153%4+1% =1.83KN
ny=2+4sin30—3=1KN
tane:(i) !
153 >
03316 « 33.16
1.53
By Vangon’s Theorem
(e EMp _ —2x1+3x1-4c0s30x1 —_2.46m (Left of A)
Ry 1
1.83 KN
33,167, ®
T 246m

o) ©

Replace the loading acting on beam by single resultant force. Specify where the force acts measured from B.
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° Engineering Mechanics

450 N 300N

® o) @) 3

/N2m Am Gh 3m (O.)1500 N-m

700 N

45(1 $in60 30(iN 70fcos30

K )

LN 450c0s60 s _/700sin30
1500 N-m

> fy =450sin60+300N + 700 cos 30 =1295.92 N({ )
> fx=450c0s60 — 700sin 30 = -125 KN

R =4/(1295.92)2 + (125)> =1301.93 N
0= tan‘l(lz%'gzj =84.5°
125

125 N
84.5°

1295.92N
1301.93N

> Mg =450sin 60x4—3x 700 cos 30—1500 =—1759.8 N-m

By Varignon’s principle

Ryd:ZMB
= d=2228_1558m
1500
1301.93 N
@ /450 ©
JAN S% 1358m
aoo

GATE WALLAH CIVIL HANDBOOK
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EQUILIBRIUM

4.1. Introduction

(a) Equilibrium of a Particle

A particle is said to be in equilibrium, if both resultant force ‘R’ and the resultant couple ‘M’ both are zero for 2D bodies.

> Fx=0 > Fy=0 > M=0

(b) Free body diagrams (FBD):

A diagram of a body in which the body under consideration is freed from all contact surface and is shown with all the

force on it (including self weight and reaction from other contact surface) is called free body diagram.

Reacting Bodies FBD

smooth surface

3 N

—

rough surface / T

R N

3 T

roller support N

Rx ——»
Rx
4
. . R I
pin connection Y Ry
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° Engineering Mechanics ®

< M
5 Rx
—1 E L
build in/fixed support Ry
6 ’{
Gravitational attraction W=mg
7 Z r F
spring force
w
8
ball
R
T
|
w
Y P’ «—R,
P—> P 'T w
Ladder R,

(c) Lami’s Theorem:
“If three coplanar force acting at a point be in equilibrium, then each force is proportional
to sine of the angle between other two”
P Q R
sin sinp siny

GATE WALLAH CIVIL HANDBOOK 1.15



° Engineering Mechanics

e Determine tension in cable AB and BC.

50 kg
By Lami’s Theorem
_ Faa  _ _ Foc  _ 59x9.81 5078
sin120° sin135°  sin105°
= Fesa =439.77 N and Fec = 395.06 N

e Determine magnitude of C and T

—

Tsin90° * T

L» T c0s90°

c 13 KN
\ C sin20°
20° T
i> = ‘
~%7
Pe ' s
s - Ccos20° .
L LT 400 :
: 17T 2
R S IR
i e  aw 16 KN

Bridge truss joint
ZFX=—16+8+Csin20°+T c0s40°=0
T cos40°+Csin20° =8
3" Fy=-3-Cc0s20°+Tsin40°=0
Tsin40°—-Ccos20°=3

= C=3.03KN

T=9.09 KN

8 KN

(i)

(i)

GATE WALLAH CIVIL HANDBOOK
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Engineering Mechanics

A
200 N 500 N

Fe  Fo 500
sin135°  sin120°  sin(105)

= Fas =366.02 N Fap = 448.28 N

Fye€08 0 ----nmmnnaatee
366.02 sin60°
200 N 366.02 N
366.02 cos60°
> Fy=0
= Fsc Sin6 =200 + 366.02cos 60 = 383.01
= F2. cos® 0+ FZ sin® 0 =316.98" + 383.01°
= Fec =497.16 N
e If undeformed length of spring AB is 0.5 m. Calculate the required length of chord AC.
< 2m >

K ;=300 N/m

100 N

100 T @ T
sin150° sin90° sin120°

= Tac=200N Tas=173.2N

T =KXl =00 =% =0.577 m

GATE WALLAH CIVIL HANDBOOK 1.17



° Engineering Mechanics ®

Stretched length =0.5 + 0.577 =1.077 m
Ty

100 N 30° A

= fac =€0s30° + 1.077 =2

= lac =1.065 M

e A sphere weighing 100 N is tied to a smooth wall by a string as shown in figure. Find the tension T in the string and
reaction R from the wall.

T 4 T'sin75°
4 5
T‘cos75° 7 )
v 100 N

= R = Tcos75° > Fx=0

100 = Tsin75° > Fy=0
= T=10352N

R=26.79N

e Asmooth circular cylinder of radius 1.5 m is laying in triangular groove as shown in figure. Find the reaction at contact
surface. Assume surface is frictionless and cylinder weight is 100 N.

R, R,
55°
S 75° <4 50°
90° [ 2V
A B
40° 15° 50° 40°

v 100 N

GATE WALLAH CIVIL HANDBOOK 1.18
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100

sin(140) sin(165) sin55

= Ra=316N Re=785N

e A uniform wheel of 500 mm weighing 10 kN rest against a rigid rectangular block of 100 mm height. Find the least
pull, through centre of wheel require to just turn the wheel over the corner A of block.

» P
250 \
4 500 mm //‘ 150
100 mm y 0
X

X =4+/250" —150° =200

> M, =0=>Px250=10%200

= Pmin = 8 kN
o Find reaction acting on the bar of weight 200 N.
B
4m
A 30°
> M, =0
Re x 4 + 200 x 2c0s30° =0
RB =86.6 N
> fx=0

Re sin30° — 200 + VAo =0

)
A ' 10 kN

Va =200 - 86.6 sin30° = 156.7 N

2. fy=0
Rg c0s30° = Ha
Ha =75N

GATE WALLAH CIVIL HANDBOOK
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If two identical cylinder each weighing 250 N then find the reaction at point A. (Assume all point of contact are smooth)

R, = R 250
sin135°  sin135° sin90°

= Rc=176.77 N
RB

> Fx=0

= Ra — Rg €c0s45° — Rc €0s45° = 0
= Ra — R C0s45° = 425
> Fy=0

—250 — 276.77 sin45° + Rg sin45° = 0

Rs=530.32 N

From (i) Ra=500N

floor level to prevent it from slipping.

100 N
l Il m

60°

R, R,
190°
45° |_:_| 45°
900 T90° )
v250 N
R,

250 N

100 N

A ladder weighting 250 N is to be kept in the position as shown in figure. Determine the horizontal force required at

x’=2.31 cos60°
=1.15m

60°

GATE WALLAH CIVIL HANDBOOK
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sin60° =—

{=4.62m

X"= 3 =\/§m
> M, =0

—R, x4+100x+/3+250x1.15=0

= Re = 115.18 N
D> Fx=0
= F=Rs=115.18 N

(d) Application to Beam problem

Type of Beam

oo

1 Simply supported ANNNNNNNNNNA
T I T snnple support

Ml

A 4

fixed support

3 Both end hinge

2 Cantilever Q

4 | One end hinge other end rotter : l LVVV\N”@"

b

5 | Overhanging Q\ "Q"

«—>
overhang

>
overhang

6 Propped cantilever

' / can be simply
support roller

7 Fixed

| )

|

GATE WALLAH CIVIL HANDBOOK
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Type of Loading

1 Concentrated point load

2 Uniformly distributed load (UDL)

/fl/l/l/f o
3 Uniformly varying load (UVL) v
4 External moment T p U , T

Conversion of load:
W KN/m

W I 4 |
e i

L2 L2 T

“Equivalent concentrated point load = Area of loading diagram which act at center of gravity of loading diagram”

A }
T I T T 23 L L3 T

Find the reaction at both end.

= —Rg x1+(W xL)x==0
WL
R.=—
°2
Yiy=0
= Ra+ Rg=WL

GATE WALLAH CIVIL HANDBOOK 1.22
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o M
2
—x5x5=125KN
A4 B = % e o
T 5m T " 53m 108m |
> M, =0

-R; ><5+12.5><§=0

= Re = 4.167 KN

S0
Ra+Rg=125

Ra=12.5-4.167 = 8.33 KN
S5 KN

2 KN/m ISKN 5KN 5KN
3 KN/ l
AM[; = A l l l B

T” smo sm | T2.5m 25m 3.33m 1.67m

> My =0
Rax10-15x75-5x%x25
-5x167=0

= Ra=13.335 KN
S fy=0
Ra+Rg=15+5+5=25

= Ra =11.665 KN

aoad
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FRICTION

5.1. Introduction

(a) Friction:
e Itisa force that resist the movement of two contacting surface that slide relative to one another.

Fricltion
v v
Static Friction Dynamic Friction
Body is in rest Body is in motion
or tends to move
\] ¥
Sliding Friction Rolling Friction
Body slides over Body rolls over
another body another body

(b) Angle of Friction:

o Let the angle (o) be gradually increased, till the body just starts sliding down the plane. This angle at which a body
just begins to slide down the plane, is called angle of friction/ angle of repose.

(c) Limiting Friction:

e When a body is at verge of moving, the force of friction acting at that time is called limiting friction or impending
motion.

Mathematically Fo= 4N
= F > Fs (slipping occurs) F. — limiting frictional force

M — Coeff. of friction
F < Fs(Motion not impending)

GATE WALLAH CIVIL HANDBOOK 1.24
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(d) Coefficient of Friction: -

e Ratio of limiting friction to normal reaction.
F
=—=tano
TN
6 = Angle of friction
(e) Angle of Friction: -

e Ratio of limiting friction to normal reaction.

F
tan0 = —
n
tan6 = p

FP777777 7777777777 7Y 777777 P77 7777777
\
> F
\
(j) \
A}
A)

(f) Cone of Friction: -

e The inverted cone with semi central angle which is equal to limiting friction angle is called cone of friction.
W

|

_pP

(g) Kinetic Friction: -

GATE WALLAH CIVIL HANDBOOK 1.25
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(k)

After slipping occurs, a condition of kinetic friction accompanies the ensuring motion.

F
4 F, = ukN
No Motion
F, Motion
F, / \
45 . P

Fc = kN

w, — Coeff. Of kinetic friction.

Hs = Ky
n=(0 to 1)

w>1— Silicon rubber or acrylic rubber coated surface.

e Determine the magnitude of frictional force F exerted by the horizontal surface.
700 N

100 kg /
po=08 / 30°

K, = 0.6
e Assume equilibrium
709 sin 30 700
30°
F N 700 cos 30°
v
YF =0
700 cos30°-F = 0
F = 606N
xR =0
N -981+700sin30° = 0
= N = 631N
Fmax = pusN=0.8 x 631 =505<F =606 N
Motion occurs
F = wN=0.6x631=379N

000
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TRUSSES

6.1. Trusses

A truss is structure composed of slender member joined together at end points by bolting/Rivelting/welding. Ends of the

member are pointed to a common plate called Gusset plate

6.1.1. Assumption

e Member joint together by smooth pin
o All loading are applied to joint
o Self Weight of member is negligible.

6.1.2. Zero Force Member

They are provided to reduce effective length of other members.

e If two non — collinear member exist at a truss joint and no external force or support reaction is applied at joint, the
member must be zero force member.

O o

)

®
© ©

e If 3 member joint at a point and out of 2 are collinear and also no external load acts at joint, then the third member is
zero force member.

GATE WALLAH CIVIL HANDBOOK 1.27
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Equilibration of (®

q No reaction of G to balance >fx=0
force in GA

. ® © ®

Member neither elongate nor contract

— @ L ® I:'; ©"L

P
F FDE
P
B ——
F’
60 kN
FMD F
—) ’
F
1. Method of joint:-
e Equilibrium of each joint is considered
e Not applicable if number of unknown forces at the joint is more than 2
o Start from there where 2 member forces are unknown.
o> e > e > .
(Tension) (Compression)

Sign Convention
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Engineering Mechanics

Ques. Calculate forces in all members given truss.

RP+RQ = 90
ZMP =0
Rox3h = 30%x2h+60xh
Ro = 40kN
= Rp = 50kN
—
ﬂ)h h Y h y h
T 60 kKN 30 kN
R,

D f, =0=>Fn+Fyc0s45=0

D f, =0=Fagsin45+50=0
= For =—70.71kN(c)

For =50kN(T)

D f,=0 F, =+50kN(T)
D f,=0 Fgp=+60kN(T)

> f,=0

Frs + Fry, €0545,= Fyp c0s45
Frs =—40kN

D.f,=0

Frp SiN45+ 60+ Fg, sin45=0
= Fyy, =-14.14 kN

45°
50
AF.
< L
50
‘ -
60
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-70-71 =F

RP

2. Method of Section

e Used only if force in few member is required.
e Section line should not cut more than 3 member and whole truss is cut into two portion.
Find force in CD?

. .® _®

— R
) P
a
FAP
® ©
2a >
Foy
a vEo,
® ®
D f,=0
- Fep = P(Tensile)
10 kN ©
l 10 F,
2m F,.
fskn Fu
5kN 3 kN
> M, =0
-10x.Feg x2=0
Foe =—10kN
5kN [ 10kN LlOkN I0KN 5kN
SN — o Lo
(; 3m
A 3m 3m 5m 5m 3m 3m M
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D> M, =0

R, x18=5x15+10x12+10x9+10x6+5x3+5x3

= R2 =20.833 kN
R1 =19.1667 kN

5 10

a0
5
F,
T 3m 3m ® > Fy
>Mp=0 19.16 f
+F:x3+5x3+19.167x6=5x%x3
F.= -38.334 kN
FA= 0
Fy= 0

Fg cos 45 +19.167 = 5 + 10 — considering vertical equilibrium

— Fs=-5.89 kN

3. Graphical Method

4. Tension coeff Method.

T33 33 3 33 3T

HF,, HF,,
Most of force acting at joint XM joint =0
Fac x sin 30+ 300 x 3cos30 = 0x6
Fac = —346.41 N (c)
Fo 300
150
F
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ZMJ =0
Fop X 6 — 300 x 300x =0
cos30
Fbb = 173.2(T)
300 F,
N\ F,
150
N .
T 3 5
150
cos30=§
X
3
X=
cos30
Find Fer and Fep.
9

3m |f——
3m/

T 3m | 3m 3m l 3mT

Y

<
“*

3kN SkN  5kN 2kN

>Mp =
Forsin (26.6) x6+7x3 =
Fer = —7.83kN (c)
Mg = 0
Fopsin56.3x6+7x3-2x6 = 0
Feo = —-1.8KkN(c)

000
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CENTER OF MASS

7.1. Introduction

e  Center of mass is defined as a point where the whole mass of the body appeared to be concentrated.

e  Consider a body of mass ‘M’ whose center of mass is required to found out. Dividing the body into small masses of known
center of mass ms, m,, ms, ... and centroid co-ordinates (X1, Y1), (X2,Y2), (Xs, ¥3) X — co-ordinate of center of mass of body.

By principle of moments

MX = m, X, +M,X, + MyX, y A
7= > mx
M
- M O 1 1 ' >
X —> X
IT’
ydm — >
Similarly; y:m:j._ Xs
M M
7.1.1. Locate the centroid of Circular Arc
Symmetry = y =0 ,

dL = rdo
rcosd

A
\/

= (2dr)a= I(rcose)rde

2arX = 2r?sina

><V

___-_____________.>
«
= /7R
=

rsina
o

X =
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Find centroid from base.

AVZJ‘ych
Y
A
h
Lo
b
Y h
bh_ * b(h—y), bh?
A My - dv = ——
2”7 !y h 6
v h
_dy y=5
Pl A
> X
7.1.2. Basic Shape
=bd x=b y=d
Area=bd x=b/  y=d/
el xb/  y=h
Area = Ehb xé y_A
Area= mr?  X=r y=r
y
A
2
/\ Area=T_  g_, y=4r
2 3n
» X
Semicircle
y

»
>

2
Area = i 7=£ y:ﬁ
2 3n 3n
» X

Quarter circle

»
>

2Rsina
3a

o . Area= aR* X=

<
Il
o

Sector of circle
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° Engineering Mechanics

ah 3a 3h
4 10

»
»

[4)
Parabolic spandrel

Find centroid of 100 mm x 150 mm x 30 mm T section

A 100 mm
y < >
- + a, X A
g = 31;11 - az 2 1 30 mm
2
y= ay +ay, i
a +a, ,
E 2
_ (100x30)x 135+ 30x120x 60 150 mm 4
100x30+30x120 E »
e s e e e e e e e = == )
y =94.1mm Y vy h
Find position of center of gravity from point 0
 _ 100x 300150 + 50 300x150-+150x 50x150 150 mm
100x 300 +50x 300 +150% 50 0 3
=150 mm 300 mm
2 ¢
y_100><300><50+50><300><250+150><50>< 425 > 50 mm
100x 300 + 50 =300 + 150 % 50
| 100 mm
=160.71 mm 0 300 mm >
Find Centroid
y
A 30
X | :
|
|
30 1 30
30
-_— = X 2 —— X
40 40 40 40
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° Engineering Mechanics

a X, + a3 X3 —a,Xx,

X =
a, +a;—a,

80x2 mx20°

30><80><40+%><80x30><

(40+20)

30x80+%x80x30—nx202

=41.15 mm

30><80><15+;x80><30><(30+330j

_nXZ02[4><20j
2 3n
mx20°

J_}:

30><80+%><80><30—

=26.47 mm

00

€O st
A Y Library:- https://smart.link/sdfez8ejd80if
PW Mobile APP:- https://smart.link/7wwosivoiced4
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