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Virtual Work

Definition
If there be no motion, no actual displacement

is made, However we may allow the body to
receive an imaginary displacement called the
virtual displacement. Then the work done by

the force in such a virtual displacement is called

virtual work.



Principle of Virtual Work
Q:state and prove the principal of v
irtual work for any system of force
s in one plane

Statement. ¥f a system of coplapar force acting on 2 rr;g:ét gf:;}lzit
in cquilibrium and if the body §s i.magined ‘tc’x undmgu,g z::;l g
ment consistent with the geometrical conditions o): the systelD,
‘algebfai‘c sum of virtual works done by the forces is zero.

Let?;(z: 1, 2, 3,, ...)beasystem of coplanar forces acting zi

,"-EfitTercz'i't points F: (i=1,2,3.. ..y ofa rigid boc?y, the origin bmzfg
an arbitrary point O. Since the forces are equwa]ezizt ip a sIngie
force acting at an arbitrarily chosen point together with a couple, jet

tﬁc ﬁh‘glé force at O be R and the couple be G,

" Hence R = ‘Z,] Py 2. A1
-.{4".‘ . - - - : : o
- and : AT o iE (r1XF¢), . -- $2)
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Let us imagine the body to undergo a slight displacemeny (consjs.
tent with the gcamerricnl conditions of the system), whmh consists Sr
o

a small rotation [ nbout O and a umt‘orm translation n, Then

irr { b"é
displaced to :, |- dr re, we have

- -— -

dr‘ = UA e X oy, =], 243 it
Now the algebraic sum of the virtual works is iy A 3]
Pl dr1+P2 dz ot .
=.P1.(u - e X 11)+P (;7-%-?)( I‘:H-
--(P1+P2+... ).u —{-Pl. (e X )1) +P, (e X r2)+
-—R u+ e (:IxPJ)—i e. (r)ng)—{— v

o . (b>\c)-b (cxa)]":

=u.R +e I‘IXPJ_+I‘3><P2+ ] T

FL : 72 +—£'. ?7, | | R from (1) and (2)
that is P .dr=u.B4s.0 o
But it'is given that the given forcesare in equxhbnum

o d

'»R 0 and G=0

= X Pi . dry -"-“-‘0.‘ - W.hicth-pl‘i)vkc_:s,.



statement and proof of the convers
e of the principle of virtual work

Statement. I the algebraic sum of the virtual works done by any.
systam of coplanar forces acting at different points of a rigid bodyf'ﬁé
xyo for any displacement whatever of the ‘body consistent with the
gromeirical conditions of the system, then the system of forces is in

equilibrivm, ¢
Proof. We have
= P . dry=0 for any displacement;
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that is, #. R '%*Q e . G=0 for any displacement, SOy



where R is the single force and G is the moment of the couple,

into which the given system of forces is compounc‘!cd.. E
Let us first choose a displacement such that it is a translalion

1 -only. - T8
e o —
So 7 *i;i:.;‘=0 and u #0.
Putting in (I), we have.

Z.R=0= R =0, .. 2

fa7
—
Next we choose a displacement to be one of rotation e only
{about O).
So

Hence (1) gives

From (2)and (3), R =0 and G =0
= the given system of forces is in equilibrium. Proved.

20 and u =0,

G=0 = G=0. . (3)
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