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1 Center of Forces R!
“Applying the eqUIllbrlum Gl‘ G@* - G’i *f‘

1 condltlons
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The correspondmg pomt C (an arbltrary pomt on the actlon
Ime of H) is caIIed the Center of forces 3
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1 Center of Forces
~Applying the equmbrlum
1 conditions < , :-:E
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1 Center of Forces
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CENTER OF GRAVITY, CENTER OF MASS AND
- CENTROID FOR A BODY &

2 Center of Gravity. and Center of Mass

The center of gravity (G) is a point which Iocates the
| resultant weight of a system of particles or body.

The center of mass is a point which locates the resultant
mass of a system of particles or body. Generally, its
location is the same as that of G.

| The centroid C is a point which defines
the geometric center ofan object.  ~

The centroid c0|nc___|des with the center ~~
of mass or the center of gravity only if
the material of the body is homogenous

I (density or specific welght IS constant
throughout the body).<




CENTER OF GRAVITY, CENTER OF MASS AND
2o CENTROID FORA BODY. =
2 Center of Gravity. and Center of Mass
Consider a system-of n particles & 2 &
Fas shown in the figure. The. net 9
or the resultant welght s glven
as Wg=2 W. o
Summing the moments about
the y-axis, we get - |

.;--xW = X\W +XZW-|- XW -
Where X1 represe nts x A
coordinate of Wy, etc.. -
S|m|larly, we can sum moments

{about the x<and z- axes, te fmd
the coordinates of G. 7
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2 Center of Grawty and Center of Mass

LS z

,-coordmates of the center of P
fgraV|ty i Wy
X : y wﬂ
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By replacing the W with a M.in these- equatlons the _‘_;_'%}.ﬁ?'-"_'u
coordlnates of the center of mass can be found.
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CENTER OF GRAVITY, CENTER OF MASS AND
CENTROID FOR A BODY
2 Center of Gravity. and Center of Mass A
A-rigid body can be considered S &
}as made up of aninfinite number
of particles. Hence, using the
same prmaples as in theprewous
slide; we get the coordinates of G
by simply replacing the dlscrete
| summation sign (. %) by the
1 contlnuous summatlon sign ([ )
and W by dw. 7
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3 Center of Volume- Py & __f,-_g;‘is‘-rf _,_x_f_\_fr.;:“f
s Consider an object subdivided =

"~ into volume-elements dV, for
ocatlon of the centr0|d X

3 de Jde - j 7 d__.
59 =V = V.o

I jdv - j dV ~fav v

Z_

V& W U /

Slmllarly, the ceerdmates of- the center of mass and the
céntroid of area or Iength can be ebtalned by replacmg V
{ by m, A or’ L respectlvely &

e N

shayath=Hallak
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4 Centrmd of an Area

-—x—-

1 For centroid for surface area of an ob]ect such as. plate and
sheII subdiwde the area mto dlfferentlal eIements dA
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4 Centrmd of an Area

e

The integrals are caIIed the: ﬂrst |
= moments’of the area with'respect to the
X and the y- aX|s “respectively: |

} The first moments of an area W|th respect to axes through
its centroid are zero.

Pr=GNE yad e
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4 Centrmd of an Area

If the area haé an axis of symmétry, the- centroid of the
area lies on this axis.
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4 Centrmd of a Line
" If the geometry of the ob]ect takes the form of a I|ne

the balance- of moments- of dlfferentlal eIements dL
about each of the coordlnate system y|eIds




STEPS FOR DETERMING AREA CENTROID

1. Choose an approprlate differential eIement dA at a
general point (x,y) Hint: GeneraIIy, ifyis easrly Q

<~ expressed in terms of x (e.g., Y = X2 + 1), use a vertlcal

~ rectangular element. If the converse is:true, then use a
horizontal rectangular eIement

2. Express dA in terms OT the dlfferentlatmg eIement dx (or
Ady).

3. Determine coordmates (x V) of the. centr0|d of the

* rectangular eIement in terms of the ‘general pomt (x,y)

4, Express all-the varlables and rntegral limits in the

formula using either x or y. dependmg on whether the ©
dlfferentlal element is in terms of dx or dy, respectlvely,
~and integrate. s
-"--Note Similar steps are’ used for determrmng CG, CM etc..
These steps will become clearer by doing a few examples










_EXAM PLE . f

leen The area as shown

Fmd The- centr0|d Iocatlon (x y)

_______Plan Foilow the St€p5 £

Sol utlon ,

” 1_ Smce Yy is glven in terms. of X,
- . choose-dA as a vertlcal
X,y o rectangular str|p ;

2.dA = ydx = (9 - x2) dx
30x = xand y = Y / 2
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;-;;_;'The I-beam is: commonly “used
in bundmg structures

—

When domga stress anaIyS|s &
on an I --beam, the location: of
the centr0|d is‘very |mportant

T

( j_‘?'How can we asﬂy determlne the Iocatlon of the/centr0|d for
a given beam shape?”

Pr=Ghayatiriialiak



CONCEPT OF A COMPOSITE BODY

Many industrial obJects & censtructlon members can be

| considered as composite: bodies made: up of a series of
connected* ‘simpler” shaped parts or holes like a
rectangle, triangle; and semicircle. = %
Knowmg the location of the centr0|d C, or center of graV|ty,

| G, of the simpler shaped parts, we can easily determine the
location of the C or G for the more complex composite body.

P GhaydtizEldliaK



CONCEPT OF A COMPOSITE BODY

Vv

|

-:- j'*-"Thls can be done by conSIderlng each part asa' partlcle
and foIIowmg the pnocedure as: descrlbed earller

This: is a simple, effectlve'___and __ractlcal method of
determining the location of the centroid or center of
- gravity for cemp05|te b@dy or surface

P GhaydtizEldliaK



STEPS FOR ANALYSIS -

1.

4.

5—__'._:.-'_ 3

Divide the body |nto pleces that are known shapes

Holes are conS|dered as Dleces W|th neqatlve welqht or -
~size. - : Ioe L) A

Make a table W|th the leSt column for segment number
the second column for weight, mass, or size. (dependmg
on the problem), thenext set of columns fer the

____-moment arms, and, flnaIIy, several columns for recordlng
~results of simple: 1ntermed|ate calculat|gn5 Nz

Fix the coordlnate axes, determine the coordlnates of the
center of graV|ty of centr0|d of each’ plece and then f|||—~-

inthe table: .=~
Sum the columns to get x; y, and Z. Use formulas |Ike

(ZxA)/(ZA) orX (ZXW )/(ZW)
This approach will become clear by doing examplesI
Div=lalidydtii=Hiadlidic




For. the plane area shown determme
(3) the first moments W|th respect to ]
‘the xand yaxes (b) the Iocatlon of
1 the centr0|d <5 -

120 mm A
i — rp = G0 mm 60Tm

s = 40 mm

-
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~120mm ~ A 2546 mim o = 60 Hiim™ -
/o rp = 60 mm . - ~ 3w 1 -

’ -'1= B0 mm, - ~ en

1 F ol ra=40mm _’-_:' ,';-"“ ’ , 2 — R
™~ ff & * T 40 mm ) ' | { E/‘n'-,
¥ | ) f hs .'F ) h I'.
A ' Al ST T o 105.46 mm H.J_:M} |

80 mm " Iy .

[ 40 mm_ [

! —~— x X ' " ;X ! ‘ '
B0 mm it o — T et i

. e B0 mm —60 mm
N —il".'rmm o "

e 5 N — — 3 S 3
Component A, mm s x, mm y ‘mm 1A, mm Ny yA, mm

Rectanigle (120)(80) = 96 X 10° _ "~ | 60 <40 +576% 10° s +384 X 107
Triarigle 1{120)(60) = 36 % 1{]3 40 | -20 +144 x 10° o =72 % 107
Semicircle L7(60)* = 5655 X m-” 6O 105.46 33393 x 100 | o 45964 x 10°
N Circle —(40)* = 5. uJT x 10° 60— 80 ) -;’3[}1 6 x 100 |~V —402.2 X 109

N- A= 13 828 X 10° [ 7 STA= +757.7 X 1[}3 -_3 SyA = +506.2 X 103

—

a. FH’St Moments ef the Area Q. = ZjA = 506.2 X 10° mm’
. @y = EIA = 7577 X l'[.'la mm

b.< Locatlon IEA STA: xfls 828 X 103 mm?) = 7577 X 10° min’

Of CentrOld X'= 548 mm

“’]"Eﬂ Eyﬂ Y{ISEES}{It]me} St]ﬁixlﬁamm
Y = 36.6 mm

=m&rﬂjfaﬁlﬂ~



EXAM PLE A \ ;
Flnd' The centroid of the part

Solutlon

1. Thrs body can be: lelded |nto the foIIowrng pleces
|~ rectangle (a) + trlangle (b) + quarter C|rcular (c) —
semIC|rcuIar area (d) « N

N _ - 4r/3m=axu3n=

C 43 S d 4(3n)
Dl




o o _f.._jj_:-_'_'__':;--4r/3ﬂ: 4x3/37'c d 4r/31= 4x1/37t—
a b € 4/3 4/ (3@)

) N y . y =

Segugnt Area A X CAX Ay
& (in%) o (in) (in) N3 | (in3)
Rectangle 18 o 3. 15 | 54 57
/. Triangle 4.5 - S 1 & 315 1 4.5
"~ Q. Circle 9n/ 4 - 43)/(Bn) | 43)/(Cn) -9 9
Semi-Circle | —®/2 | .0 aD/Gn | 0 | -3

= (ZXA)/( ZA)=76.5in%28.0in2 = 173 in

(ZyA)/(ZA)—3983|n3/280|n2 142 in

s*




