UNIT 2

Moment and Couple



Moment of a force

Vioment of a force.
“loment of a force about a point is defincd as the product of the force and the perpendicular
distance of the line of action of the force from that point.
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F is a uownward force applied at ‘A’ and ‘7’ is the perpendicular distance
of the line of action of the force F, from the point ‘O’

The Moment (M) of the force /" about ‘O’ is given by,
M, = Fxr (ic. Force x perpendicular distance)
Downward force applicd at 4, will have a tendency to rotate OA about the point “O".

Hence, moment may also be defined as the tumning effect produced by a force. Moment 1s
classificd into two types

(1) Clock wisc moment ( ) )and (i) Anticlock wise ( *) ) moment

| downward force K, acﬁng on the right hand side of the fulcrum ‘O, at a
distance ot “a’, produces clock wise moment about ‘O".



" Moment of F) about ‘0’ = F, xa (Clock wis ,) )

But, downward force £, applied on the left hand side of the fulcrum ‘0", at a distan
of b, produces anticlockwise moment about ‘0.

*. Moment of Iy about ‘0’ = F; x b (Anticlock wisc (, )

Sign convention,
In the proceeding articles, we use positive sign for clockwise moment and negative i
for anticlockwise moment.
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Unit of Moment.
In S.I. system, unit of moment 1s Newton-metre (Nm). ie., Force is measurcd in Nowt
and the distance 1s measured in metre.



Moment of vertical and horizontal forces

Moment of Vertical forces.
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About a point ( at ‘O’ ), right hand side downward force and left hand side up\\'flfd f°“;
produces clockwise moment, shown in Similarly, about a point ( at"O ), Ng
hand side upward force and left hand side downward force produces anticlockwise mo

Moment of Horizontal forces
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Varignons theorm
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Varignon’s theorem

. S |
The algebraic sum of the moments of any ‘ |
umber of forces about any point in their plane is

>qual to the moment of their resultant about the

|
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same point.  Vangnon’s theorem is also known as &% |
theorem of moments. o‘:\ d
. . . \«\
Consider a rigid body subjected to three d,!

. . h o
coplanar forces I, [, and /3 E
at perpendicular distances d, , 42 and d; from |
a point O. Let the resultant force Ris atadistance g
'd" from ‘O’

From Varignon’s thcorem,

S f the moments of the forces I, I and F3 about ‘0’ is equal to the moment 0!
um o S g
resultant force R, about the same point ‘0"

1€.. l'.l dl + I'Z dz + l’.3 d} = Rd

ent of all the forces about a point = Moment of their resultant forc
N S04 e m:i‘:t Varignon's theorem is used in locating the resultant force.
ahnonut the came D .




Find the resultant force for the parallel force system.

24N 36N . 24N R=60N 36N
. ’ ‘} ,’
7.2¢cm |
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I
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( as they act in same¢ direction ).

Solution,

Force system shown above is like parallel force system : , llel force
Hence, resultant force will be in between the given forces. ( whercas in ;:fhi(c para
system, resultant force will be either in between the given forces or outside ).

Using the sign conveuton, described in article.
R = 24+36 = 60N

Magnitudc of Resultant force,



Direction of Resultant force:- Upwards. ( As ‘R’ 15 positive )

( In like parallel force system, dircction of Resultant force will be same as the dircetigy
of the given forces ),

Location of Resultant force

To find the Location of Resultant force, i.c., point of application of Resultant foree,
Varignon's thecorem is applied.

Let us locate the Resultant force with reference to the point A. Hence, we will find the
sum of the moments of two forces 24N and 36N about the point 4.

Algebraic sum of the moments about A4,
IMy = (24 x0)-(36x12) ( - sign for anticlock wisec moment)

= —432 Ncm.

M, is negative measure, that is an anticlockwisc moment. Hence the Rcsultam force
should also produce the anticlockwise moment about A. To have anticlockwise moment by
resultant force and also to act upwards, resultant force should be taken on the right side of
A (If it is taken upward, on the left hand side of A, then it will produce clockwise moment)

Equating the moment of Resultant force and the algebraic sum of the moments of the
given forces, ;

Moment of Resultant force about 4 = IMy

1€, Rxx = 432 Nem
where x is the distance of Resultant force from the point A.

or 60xx= 432
432
60

. . The ‘Rcsultant force for the given like parallel forces is 60N, acting upwards, on |
right hand side of 4, at a distance of 7.2¢cm,

X = = 7.2cm



For the parallel forces in diagram,determine the magnitude ,direction and
location of the resultant force.
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Solution

Force system given in the problem is unlike parallel force system.
Magnitude of Resultant force, R= 30—-40-—- 15 + 25 - 60
= —60N

(Force acting towards right is positive and the force acting towards left is negative)
left)

(—) sign of Resultant force shows that, it is acting in the negative direction (.c., towards

ZMA -

Let us find the location of Resultant force with reference to the point 4.

(30 x 8) — (40 x 7) — (15 x 4) + (25 x 2) + (60 x 0)
240 — 280 — 60 + S0

= —SONm
(—) sign shows that, the nct moment is an anticlockwise one. Hence Resultant force should
also produce anticlockwise moment about 4. is left hand side force

Sausfyving ‘R’
producing anticlockwisc moment about A4, it should be taken above the point 4.
Let “x” 1s the perpendicular distance of Resultant force from the point A4.

T X = 50

1e, 60 xx = S0

S I == % = 0.833m

Resultant force i1s shown in dotted line



Four forces of magnitude and direction acting on a square ABCD of side 2m are in diagram,
calculate the resultant in magnitude and direction and also locate its point of application
with respect to the sides AB and AD.

Q- -

Four forces of magnitude and direction acting on a square ABCD of side 2m are shown
in fig " Calculate the resultant in magnitude and direction and also locate its
point of application with respect to the sides AB and AD.

60}\ 45° -
A e 6cos60 |A Bl 12cos45
2m
b & 4cos30 o ¢| 10c0s30
y 30° 5

4KN 10KN L,;,, 30 108in30

b

(a) | ()

Solution:

; : : 5
The given inclined forces are resolved into horizontal and vertical component



Now, Algcbraic sum of Horizontal forces
(—> +) X = 12 cos45 4 10 cos30 6 cos60 — 4 cos30

= &A48S +B.66—-3-3464 = 10.6R1KN
Algebraic sum of vertical forees,

(T+) ZV = 1251145 - 10 s5in30 + 6 sin60 — 4 sin30
= 8485 -5+ 5196 2 — 6 6RIKN
Magnitude of Resultant force, R = Va2 | 317 = ‘~a(l().65ﬂ12 (6 GXT)I
" = 13871
R S, R = 12.598KN
,"" . l % 1 ( :
- i Direction of Resultant force, o« = tan ! HE tan”' [Gsat
e \EH | 10 681 |
TH = e ,

Location of Resultant force.

In the problem, Location of resultant force with respect to the sides A8 and 40 is required
Hecnce, find the algebraic sum of moments of all the given forces about the point 4.

L ZAM,; = (4 cos30° x 2) + (10 5in30° x 2) — (10 cos30° x2) — (12 sind5° < 2)
6928 + 10 —-1732 - 1697

R=12.558xN
1 1 : x e
= 17.36 KN (anticlock wise). . 5. X ._.=:..-tﬂ
(moment of all other forces about A are zero). Y] 1 P

i! i
Hence. to have anticlockwisec moment by the resultant ' }/ |
force. R is to be taken on the right hand side of A as shown
' -~ which will cut the sides A8 and AD.

.~ow, we will find the point of application of Resultant ST
force with respect to the sides A8 and AD at M and V. Let
the Resultant force culs at distances x and ¥ from A on

AB and AI> respectively.

Location of Resultant force w.r.t. A5, (ie, finding x valuz)
Resolve the resultant force 1to two components T an
EV at Af as shown in .

Now, ZAf,; = sum of the moments of TH & TV

~

or IMy= Z¥Vxx
(as ©H moment about A is zero)
17.36 = 6.681 xx




17.36
6 681
= 2.598m
But the side AB is 2m only. So. the Resultant forc
ot 2 398m from A.
Location of Resultant force w.r.t. AD. (i¢, finding ¥ value) )
to two components LA and /

¢ cuts the side AB extended at a distanc,

Resolve the resultant force in

A
i at N as shown in '| / \
... XM, = sum of thc moments of £H and ZV. Y] / |
G S | kbl |
(as moment of LV about A 1s zcro ) ——071 ‘J

or 1736 = 10681 xy b

_ 1736 _
Y = 7068l 1.625m

Resultant force cuts the side AD at N, at a distance of
1.6253m from A.

The Resultant force is shown below

2598 R=12.598KN
. m

o % */

A B /M
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Four forces act on a 700mm plate as | diagram (a) Find the resultant of these forces

(b) Locate the two points where the line of action of the resultant intersects the edge
of the plate’

340N
SOON
ﬁ\\\\\\ & 375mm
\\\ ’l
e \\Ef’ L 760N
F sSO00mm ?00""“
600N
Scolution :
Let F; = 340N Is = 760N : F3 = 600N ; Fa = 500N
£5 1s a horizontal force: hence 6 = 0.
F3 is a vertical force; hence © = 90°

but, angle of inclination of the forces F| and F,4 are not directly given. Let the angle of
inclinations of | (340/N) and /4 (500/N) forces with horizontal be 8, and 8,4 respectively
To find O4.

In a right angled triangle DB,

AEC _ - -1 (375 _ °
AT = 8 tan 560 61.92

To find 04 - In a right angled triangle £CA,
. 3 —1 (375 - P =
LBED _ g, = tan [—500 = 36.86

Resolved components of forces are shown in fig. 5.22.
Resultant Force :
Algebraic sum of horizontal forces,
(— +) X = 340 cos61.92 « 760 — 500co0s36.86
= 160 + 760 — 400 = 520N
Algebraic sum of vertical forces,
(T +) =TV = 340sin61.92 + 600 + 500 sin36.86
= 300 + 600+ 300 = 1200N



. Magnitude of Resultant force. & — Y (Z&)™ + (=H”
= J(520)° + (1200)° = 1307 ]R2N

Direction of Resultant forceo.
_ BN & = 2 —1 {12007 _ & SV ==t
o tan (, = tan S50 66 57 f -
)
- .
u J
=H

L.ocation of Resultant force
We will locate the resultant forcee with recfocrence to the point €

34940 sin 61.92N

S00 sin 36.86 N
e - - 340 cos 61.92N
S00 cos 36.86 .
D.375 M
= D 760N
Oo.7m
&C0 N

Algebraic sum of moments of all forces about C,
(340 cos 61.92 =< 0.375) — (340 sin 61.92 x 0.7) — (500 cos36.86 < 0.375)

60 — 210 — 150 = —300Nm
ows that, sum of moments of all forces at C is anticlockwise Hence
clockwise moment at C. Knowing the dirccuon o
the pomt T

TAL -~ =

Negative sign sh
resultant force should also produce an anti
resultant force to have anticlockwise moment, It should bc taken below

Let the perpendicular distance of resultant force from point C be “x 2222 We know,
sum of moments at O moment of Resultant at C

A~ = R xx

T.e.,
i M 300 __
Sk R® — i30785 2w
Resultant force is shown in fig. 5.23.
R=1307.8B2N
«a ==66.57"
A Bl

o

0. 25



. -
(b) Interception of Resultant force with the edges

-
- —= e —-e6.57"

A a

Let the line of acticn |
ct Re - -
respectively as shown inon of sultant force intcreepts the edges 42 and /) at A7 an

Let A4AAr — 4

and CN = A
To find "5 (ie, CN Distance )

In right angled triangle CON,
Lcon = oge-.

5 Levo =~ s6.57-: CO= x = G23m
2 - O 0.23
. S51InG6. = = = 2.<
i 57 N =
0.23
- % b = —— S —
Sin6s 57 0.25mm or 250mm.
To find *a" (i.e., AM Distance ).
IV=1200N I R
A 2 EH=S2CN
A |
C JD

-~

. ) -
: tan i d =) as shown 1
: force into two components TF an 3 , :
i ;h‘:thxf:gmc:lts at ., TAL~ = —300Nm. (anticlockwise). Tl\x.rcff_oirtti, g;r:::;c :
k"‘-::;'- 5‘-";_‘ :c ab(j)ut ¢ should also be 300Nm. i.c., sum of ths moments O |
resultant for "
(EFf and X V) about C is also cgual to 200Nm. R
i 300 = (TH <xAC) —(EV = a) {— sign duc r
:):-’ - 300 = (520 =0 375) — (1200 x a)
Solving, we .get.
a = 0412m or L 12mm
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couple

“Two forces F and _F having the samé'magnu’tude, parallel lines of actian and

opposite sense are said to form a couple”

When two cqual and opposite parallel forces act on a body, at

some distance apart, the two forces form a couple. Couple has a // F ‘ Plane
tendency to rotatc the body. The perpendicular distance between | ! -
the parallel forces is called arm of the couple. ' X
shows two parallel forces of magnitude /7, but acts in ‘ 1 \
opposite dircction at a distance “a’. These two forces will form a \—+ ~a : )
couple. This couple will have a tendency to rotate the body in --~-‘_____,',/
clockwise dircction.
In a couple sum of the moments of two forces about any po'
(either in between the forces or outside) 1s samec.
To prove this. let us locatc a point (2 1in a couple. at a distance F "
of x from A. There are two unlike parallc] forces'acting at 4 and ———— 8
K. with the arm of couplc ‘a’. A 0 !
Hence,. (A = x and OB = (a-—x). o a
Sum of the moments at A: 3

Lect us find the sum of the moments of two parallel forces about thc pomnt A
M, = (FFxa) (ic., Moment duc to the force at B)
= [Ia (clockwisc) )
Sum of the moments at B:
Similarly. the sum of the moments of two parallel forces about the point B.

My = (I'xa) (ic., Moment due to the force at A)

= Fa (clockwisc) )
Sum of the moments at *O’:

Now._ | :
ct us find the sum of the moments of two parallel forccs about O,



Mo = (Fxx)+ia-y

(7 x X) 4 (7 x a) (7 x x)
= Fa (clockwisc)

oint is same ;
Thercforc the sum of the moments of couple forces about any P n
magnitude and nature,

t of any one of the paraljy
Hence, we may state that, the moment of a couple is the prosie

forces and perpendicular distance between the forces.

' of the le
Moment of a couple = Force x arm of the coup

= Fxa

Difference between Moment and Couple

the moment ns,ta,ken



Types of couples

Types of couple.
Couple is classified into two types based on its nature.
(1) Clockwise couple (i1) Anticlockwise couple

Clockwise couple acting on a body will have a tendency to rotate the body in clockwiss
direction. similarly anticlockwise couple will have a tendency to rotate a body in anticlockwise

direction.

F
- F
F
'E i
F F
(i) Vertical (ii) Horizontal (iif) inclined

Clockwise Couple

F
F '
A a a a
. F
F

(i) Vertical (ii) Horizontal (i) inclined
* Anticlockwise Couple

m
-



Force-couple system

Resolution of a Force into a Force and a couple at a point
(Force-Couple System).




20KN
A —— Jl
fo 3m__.|-_ _—
Force couple syvstem at A
Z20KN Z0KN 20KN Z0KN
A Ja e [A B s - 125_ >
2 3m 2m _, . . 3m )/
' ? 2(i<N 60K NM
(@) ®) )
Force-couple system at A
The given force 20 N magnitudec acting at B, on the rod AC, at a distance of 3m from
A is shown in fig Now it is to be replaced by a Force-couple at 4. For this, apply two
lincar forces at A parallel to thce given force Now, 20 KN
‘TThe moment of this

and 20 KN upward force at 4 form a couple.
-m (clockwise), hence thesc two forces can be replaced by a moment

equal and opposite col
iic, 20 KN downward force remains at A4; it is unchanged

downward force at B,
couple =(20 x 3) = 60 KN :
60 KN-m at A. The third force,

Hence, the final force 20 KN and couple 60 KN-m at 4 is shown 1in

Force-Couple system at C:
20KN 20KN 20KN 20KN
2m
1.___._ <= 2m
= — — c ’;_, e — (
A E e A & — 4 - R R
20KN
@ . @) <)
R i 4 ) Force cowupfe system at C
at C, apply two ;:f,_;s ::d R ~ To replace this force by an equivalent force-couple
same magnitude (i.e. 20 KI:I)) e forces at C, Parallel to the given force and of
upward force at C ﬁ;rrn a cou le. Now 20 KN downward force at B, and 20 KN
uple. The moment of this couple about ¢ = 20 x 2 = 40 KNm
downward force remains ar . It is unchanged

(anticlockwise). The third force, ie. 20 KN
<€) shows the Force couple system at C



A system of parallel forces are acting on rigid bar in diagram . Reduce the system to
(a) single force (b) a single force and a couple at A (c) a single force and a couple at B

30N 150N 70N IO\N
A im © 1im =] 1.5m B

Solution

(1) Single force system

~ The single force system will consist only Resultant force. The given system of force is,
unlike parallel vertical forces. (Coplanar)

Magnitude of resultant force, (T +) R = 30 — 150+ 70 — 10
' = —60N

Direction of resultant force: Downwards (as R is negative)
As all the forces arec vertical, =/ will be zero ; hence Resultant force is also a vertical
force, parallel to the given forces.

Location of Resultant force . i
Let us locate the resultant force with respect to the point 4. Let, the pcerpendicurar distance
of resultant from A4 is “x’m. We know,

Sum of moments of all the given forces about A4, (M) = (R xX)
Now, algebraic sum of moments of forces about A4,
AL, = (30 x0) + (150 % 1) — (70 x 2) + (10 % 3.5)
= 150 — 140 + 35
— 45 KNm (Clockwise)

i about A, We have alre
resultant force also produces clockwise moment » . .
that :::3ftint force is acting vertically downwards. So, to produce clockwise moment an

acting downwards it will be on th.: right side of 4.

afy seer

oW, using WA = R xXx

EMy _ 45 _ o75m

— =



Hence. the given syvstem of paraliel
downward at a2 distance of

forces is cquivalent to SO™N
oO.75m .1
F=N ~M

a single force 60N acting verucally
0 75m from A4 on its night hand side as shown n
B
(ii) A single force and a couple at A
reces is again showmn n Let the
ce this resultant Torce g,

The resulmant force of the given system of fo
Rcesultant force cuts the rod A8 at Af (O 75m from A) Now to redu
collincar f>rcecs at A parallel to the resulta

a force-couple system at A, introduce two unlike
e (GON) as shown 1 ig.

force and of samc magmtud
SON 60N 60N &OoN
O.75m , ‘ I
* N\
= _IX — A
A ™M B o.75m ™M /
, B 4 -
60 X0O.75=45Nm
GON
(a’ o) =
corce-couple al A

upward 60N force at 4 form a clockwiszs couple.
45Nm and the third force ar 4 (80N dowoward)

Now. the downward 60N force at Af and
svstem at A

The moment of this couple at 4 is (60 x 0.75) =
= 1) shows the force-couple

is unchanged.
(iii) A single force and a couple at B
SON SON SOMN €ON
2 . 75m
o= L7
t— 4 'l Sm 4 60x2.75Nm
— - = of =165Nm
A ™M 8 A M BI T A B _*
SanN
(=) (e) (<)
- Forceccuple at B
" The resultant forcc .of the given system of forces i1s again shown * * - but the distan<s
of resultant force 1s mecasured from 8B The distance AMB = AR — AanzT
- ) = 3IS—075 = 2.75M
ow. to rcducce this resultance force into a force-couple system at B, introduce two unhike
as sho™®

collinear forces at B, parzllel to the resultant force and of same magnmitudes (60N).



, Now, the downward 60N force at M and upward 60N force at B fom A
awviockwise couple. The moment of this couple is (60 x 2.75) = 165 Nm, and the third force
at B (60N downward) i1s unchanged. - “ows the force-couple system at B.



The three forces and a couple of magnitude ,M=18Nm are applied to an angled

bracket as shown (a) find the resultant of system of forces (b) locate the points where
the line of action of the resultant intersects line AB and line AC

300mm
o —}.
./ e 4900
s il
e H
:‘ ' 200mm
|
|
Clj_l— =00
Solution :
SON 125 sin 60
1_ 0.3m ‘.L
Q 2 I~ 125 cos 60
18Nm
‘ 0.2m
c 200 N
o « jnchned
iy ,Lzsg;\}c" force system is again drawn in fig. with the components of the
0 Resultam force
Alpe
B“bf;,;c Sum of Horizontal forces, }

125 cos 60 — 200

—1375 N.



Algcbraic sum of vertical forces,
T — 125sin60—50— 5825 N~ el
Magnitude of resultant force. : e - I
= e e p—==17 2 - S
R = NG+ EV”" = WI37.3) + (58.25)° b4 |
— 14932 N
, ) I & > 4 .1 (5825)
Direction of resultant force, @ (—— = tan 7-7-5}
¥ ” ~ >
= 2295°

we will fimé ¢

ILocation of resultant force -
o the point A Hence.

I et us locate the re<ultant force with respcct
algebraic sum of moments about A
AL, = (200 x 02)—(]7*:,;1160;(0«)——18

40 — 32475 — 18
—10475 Nm Negative sign shows anticlockwise moment

""" _13 refers to lhe amiclockmse ::oupie at A’ aﬂ‘*a's"m

mm ol' SDN and 125 cos €0 N forcas about A are zero.
gati ' = = should also prom =

:sé mon‘lcnt of
shotiﬂ

1 et the perpendicular distance of resultant force from 4 be “x” .

Applyving Varngnon's thcorem,
iec. ZAL, = JFxx
MG - 104ATS o s
. R = mm

- x . ==
¥ 14 1932



