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Center of Gravity and Centroid application

Centroid

Centroid: The centroid is a point which defines the geometrical center of
an object.

1-Lines. For a slender rod or wire of length L , cross-sectional area A, and
density p, Fig.1 , the body approximates a line segment , and dm = pA
dL. If P and A are constant over the length of the rod, the coordinates of
the center of mass also become the coordinates of centroid C of the line
segment, which, from Eqs, may be written:
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2-Areas. When a body of density p has a small but constant thickness t,
we can model it as a surface area A, Fig 2. The mass of an element
becomes dm = pt dA . Again, if p and t are constant over the entire area,
the coordinates of the center of mass of the body also become the
coordinates of the centroid C of the surface area, and d from Eqgs. The
coordinates may be written:
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Areas uniform: 2- triangle:
1- Rectangle: > Area=(1/2)b*h
Area=b*h The centroid (b/3,h/3)
The centroid (b/2,h/2) =t e I h
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Circular sector
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Center of Mass and Centroids

Centroids of Lines, Areas, and Volumes
Centroid is a geometrical property of a body
- When density of a body is uniform throughout, centroid and CM coingide
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Areas: Body with small but Volumes: Body with volume V
constant thickness ¢ o constant over V
Cross-sectional area= A dm=pdV Centroid = CM
o and A are constant over A
dm = ptdA; Centroid = CM
T_}‘m T_J‘m L _ fxdv _ [yav [V
S T Ty YTy Ty
Mumarator = First moments of Area
Examples: Centroids 1 )
Locate the centroid of the triangle along h from the base I_z"
__,-"; Ill oy
Solution: ,’—r" :
x b y Vo
dA = xdy h—y) " e —
Total Arez A = %bh V=7,
- [x.dA o
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Example : Locate the centroid of the area shown.
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Area and Moment Arms. The arca of the element s d A vdx,

and 1ts centrond s located at £y y/2

Integrations. Applying Egs Y4 and integrating with respect to x viclds
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Area and Moment Arms. Thc arca of the clement s /
dA = (1 = x)dv.and its centroid 1s located at / Ldy
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Example . Find the centre of gravity of a 100 mm x 150 mm x 30 mm T-section.

Solution. As the section is symmetrical about ¥-Y axis. bisecting the web. therefore its
centre of gravity will lie on this axis. Split up the section into two
rectangles ABCH and DEFG as shown in Fig 6.10.

y
|
100 B
A - Im.m—H ¥

Let bottom of the web FE be the axis of reference. .
| g | 30 mm
(1) Rectangle ABCH H Gl|i|p ¢ T
a, = 100 x 30 = 3000 mm? 150 mm :
: [
_ 30 ) !
and vy =150 - —|= 135mm :
____F : E

(if) Rectangle DEFG

, —> 30
a,= 120 = 30 = 3600 mimn- | I =30 mm

¥
120 Fig. 6.10.
= 60 mm

and Y, =

We know that distance between centre of gravity of the section and bottom of the flange FE.

_ @y, +ay, _ (3000%135) + (3600 X 60)

¥ min
a +a, 3000 + 3600

=04 1 mumn Ans.
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Example Find the centre of gravity of a channel section 100 mm x 50 mm x 15 mm.

Solution. Asthe section is symmetrical about X¥-X axis, therefore its centre of gravity will lie
on this axis. Now split up the whole section into three rectangles ABFJ, EGEJ and CDHK as shown
in Fig. 6.11.

Let the face AC be the axis of reference.

(1) Rectangle ABFJ
‘a, =50x 15 = 750 mm?

50,
and .11—7—_:'}111111

(if) Rectangle EGKJ A €50 mm | g ¥

@, = (100 — 30) x 15 = 1050 mm? 15 mm
. : J : .
15 E F

and Xy = — =715 mm
’ o Joomm) | Y
(i11) Rectangle CDHKF ) ) ] » €15 mm
a,= 50 15 =750 mm-
50 e K G I
X, =— =25 mm
and 3 2
We know that distance between the centre of gravity of the ¢ D
section and left face of the section AC, Fig. 6.11.

- iy Xy +:’12.1': +ﬂ3.1'5

X =

a +a, +da,

(750 X 25) + (1050 X 7.5) + (750 % 25)
750 + 1050 + 750

=17.8 mm Ans.
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Example Find the centroid of an unequal angle section 100 mm x 80 mm x 20 mm.

Solution. As the section is not symmetrical about any axis, therefore we have to find out the
values of X and ¥ for the angle section. Split up the section into two rectangles as shown in

Fig 6.13.
Let left face of the vertical section and bottom face of the horizontal section be axes of
reference.
{1} Rectangle 1 —H H—?.CI mm
a, = 100 x 20 = 2000 mm* ]
20
i = — =10 mm @
2
100 mim
and ¥ = 100 =50 mm
2
(11} Rectangle 2 _+_
a, = (80 - 20) x 20 = 1200 mm” @ %"_mm
' 60 |€— 20 mm—»|
X =20+ —=50mm
2 Fig. 6.13.
20
and Y2= = 10 mm

We know that distance between centre of gravity of the section and left face,

a; X =+ s X> _ {ZD[IJ x 1[]} + [12[][' b SD}
a + a 2000 + 1200

=25 mm Ans.

T =

Similarly, distance between centre of gravity of the section and bottom face,

a vy, +a,y, (2000 x 50) + (1200 x 10)
a4+ a, 2000 + 1200

¥ = 35 mm Ans.
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Centroids and Centers of Gravity of Composite Areas

A composite body consists of a series of connected (simpler) shaped bodies, which
may be rectangular, triangular, semicircular, etc.

Such a body can often be divided into its composite parts and provided the area and
location of the center of gravity of each of these parts are known.

__IFA __XIyA
=37 I3a

Note:-

1-1f a composite body has a hole, then considers the composite body
without the hole and consider the hole as an additional composite part
having negative size.

2-1f an object is symmetrical about an axis, the centroid of the object lies
on this axis.
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Geometric Properties
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Example (1): Locate the centroid of the plate area shown in figure

Solution:
|
=0
|
Ip
o]
(2]
T [0
i | T NI
l:rlllllll
0 q:.inr
T
Segment|  A(m?) x(m) y(m) XA(m3) yA(m3)
1 —
1 ~ (2)(3)=4.5 1 1 4.5 4.5
2 3(3)=9 -1.5 1.5 -13.5 13.5
3 2(1)=-2 -2.5 2 5 -4
2A=11.5 2 XA=-4 2 yA=14
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X= =~ ="—=-0.348m
g=r=22-2% _122m
A 11.5

Example(2):Locate the centroid for the beams cross sectional area

Tt
" Simnn s el T i
imin Ifi.)r.'_..—_._._r
Sdamm .——:I-E'; FEBDN
mmi
e . | .}l",_.
Solution:-
%7

~300(120)(600) + 120(240)(120)
B 120(600) + 240(120)

= 247.57mm

x=0
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Example(3):Determine the location of the centroid of the beam having cross
sectional area shown below

J_l—l'r.' s _ ¥
&I | T
17 ¥ 75 T&mn
o 1,
l 29 i
[ [ omm (/‘
Sme T | ¥ Gl 7Emn [fomm
150mm @)’Wb——t— (R-EmMm
&
J 2
—_ |—imr é‘;}' T/fa
= [5mn B
LT ,-|..' < N

I I_.:l:m:l—i T S

Solution:
x=0

o _y YA
y=2= A

_7.5(15)(150)+90(150)(15)+172.5(15)(100)
B (15)(150)+(150)(15)+(15)(100)

= 79.7mm
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H.W: Determine the location of the centroid of the area.
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