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Why “virtual work method” in Statics?

= Virtual work method Is a standing topic contained In
most textbooks for Statics.

= This method and the traditional method equally require
and emphasize the drawing of FBD in solving problems.

= The initial difficulty in learning it is surmountable with the
understanding of some key concepts & a right approach.

= Virtual work method is usually covered in Statics at the
discretion of instructors to enrich the learning of students.

® This paper is intended to share with fellow mechanics
educators the teaching of virtual work method.
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Key concepts: displacement center, compatible virtual
displacement, & rigid-body virtual displacement

-Displacement
center of AB

00

A body undergoes a compatible
virtual displacement from position
AB to position A'B’, where the
displacement center is at D.
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BB~ = (6)* - 0

A body undergoes a rigid-body virtual
displacement from AB to AB”, and a
compatible virtual displacement from AB
to AB'. The displacement center is at A.

W 50¢,
s
Y

b‘
x
T

;"EE’: Mechanics Division 3

@
2,
4, *
. W (3
Ring 1O°



Work of aforce: U, ,=F-.q=Fq,

Work of a moment: U, ,= M(A0O)
Radian measure formula: 0S =106

Virtual work: It is the work done by a force or moment
on a body during a virtual displacement of the body.

Principle of virtual work:

If a body is in equilibrium, the total virtual work oU of
the external force system acting on its free body during
any compatible virtual displacement of its free body is
equal to zero; i.e.,

oU=20
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A right approach to virtual work method:

Three major steps:
Step 1: Draw the free-body diagram (FBD).

Step 2: Draw the virtual-displacement diagram (VDD)
with a strategy.

Step 3: Set to zero the total virtual work done.

One strategy:

In step 2, give the free body a compatible virtual displacement
In such a way that the one specified unknown, but no other
unknowns, will be involved in the total virtual work done.
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Example 1. Determine only the reaction moment M, at the
fixed support A of the frame loaded as shown.

3m 3m 3m 3m

6 kN N 6 kN | Dy D,
. DTr ) > D A
C C
4 kN 4 m
51 (l} E|2 kN
‘Lg/[" |F_j?m
At 10 kNm
¥
oU =0:

M, (=2 50) + 6 (12 56)
+2(-466) +1050 =0

M, =37 M, =37kN:-m O
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Example 2. Determine only the reaction moment M, at the
fixed support A of the beam loaded as shown.

500 Ib 1500 Ib 200 1b
b-ft 4
P BY o4 D E A Gy H i
Hinge C # Hinge & F Hinge & I
_aft |offof]| aft o) 4ft [2ft] 4ft |
500 1b 1500 1b 200 1b
M, ft 4
i L P P B
A, 1‘ Hinge C4# Hinge A F Hinge 1‘ I
A E, H,
4t |2ft|2ft| 4ft [2ft| 4ft |2ft| 4ft
B’ ,
50 C 3o
y 466 \ |
Bl C D E F G H ]
_Aft |2ft|2ft] 4ft |2ft| 4ft |2ft| 4ft
SU=0: Ma(50)+500(-4656)+600(56)=0 M, =1400 M, =1400Ib-ft O
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Example 3. Determine only the vertical reaction force Ay at the
fixed support A of the beam loaded as shown.

500 Ib 1500 Ib 200 1b
: 4
y 600{[’ 4 D E /éf Gy H K
Hinge C # Hinge & F Hinge & /
aft |2ftf2ft] aft |2f| 4ft [ofi| 4ft |
500 Ib 1500 1b 200 1b
; 4 L
A_/[”GA B 600{b . D E /4 G H 1
A, A Hinge C4# Hinge A F Hinge 1‘ I
AI‘. EI‘. H‘_
4ft |[2ft|2ft| 4ft |2ft]| 4ft |2ft] 4ft
’ B’
A
#\\\\(y
460 460 W(S\@@
A s
Bl C D E F G H I
Aft | 2ft|2ft] 4ft |[2ft| 4ft [2ft]| 4ft
SU = 0: Ay(459)+500(—459)+600(59) =0 A=350 A,=3501Ib T
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Example 4. Determine only the vertical reaction force Ey at the

roller support E of the beam loaded as shown.

500 1b 600 1

N

b-ft

D

=

150011/%4
E 3
i)

200 Ib
G H B
i’

A Hinge C # Hinge
aft |2ft|2ft] aft |2fi| 4f

F

Hinge &

500 Ib

L4 B 600{b-ft

D

1500 :BA ; !{200 Ib 1|
E_ /35 Gy H
1

2 ft

2 ft

—%

Hinge C4# Hinge

4 ft

A
E

it

4 ft

Hinge A

2 ft

Y BLA

’

D
C’/\E, Fr
1086 6 561 4501 —~92—_|

2.506
4 ft

2t

C
2 ft

D
4 ft

E F

2 ft

4 ft

2 ft 4 ft
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0: 600(-2.550)+E, (650) + 2 (1500) (—456) =0

E, = 1050
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Example 5. Determine only the vertical reaction force Hy at the
roller support H of the beam loaded as shown.

500 Ib 1500 1b 200 Ib
600 Ib-ft 4
y 15 . E ,/? Gy H K
Hinge C # Hinge & F Hinge & /
_aft |oft|oft| 4ft [2ft| 4ft [2ft] 4ft |
500 Ib 1500 1b 200 Ib
; 4 o
A—%A Bi ik e E /4 G!{ H '|
A, A Hinge C4# Hinge A F Hinge A4 I
A, E, H,
C4ft | 2ft|2ft| 4ft |2ft]| 4ft |[2ft]| 4ft
G, ,
,/\H
F Bl 80lc |p | F15s0 099450 4
G\é 46 B |F G H 7
aft |ofloflPan |28] 4 |2ft|  4ft

SU=0: 600(58)+3(1500)(~286)+200(-650)+H,(450)=0 H,=750 H,=7501b T
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Example 6. Determine only the reaction moment M, at the
fixed support A of the frame loaded as shown.

5 kN

4 m

4 m

M,
A4)

oU =0:

M, (—456) +10(1650)
+25(266) +15(-850)
+5(650) +16(-56) =0

M, =26 M, =26 kN-m O
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Example 7. Determine only the horizontal reaction force A, at
the fixed support A of the frame loaded as shown.

5 kN

4 m

4 m

M,
A)
A-“! 3m ! 6 m |7

oU =0:

A, (-16560) +10(16 56)
+25(250) +15(-856)
+5(650) +16(-50) =0

A=65 A,=65kN >
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Concluding Remarks

= The key concepts in virtual work method include: work of a
force, work of a moment, displacement center, compatible
virtual displacement, and radian measure formula.

® The virtual work method in Statics consists of three major
steps: (a) draw the FBD, (b) draw the VDD with a strategy,
and (c) set oU = 0 to solve for the unknown.

® The strategy in drawing the VDD is to give the free body a
compatible virtual displacement in such a way that the one
specified unknown, but no other unknowns, will be involved
In the total virtual work done.

m George Bernard Shaw once said, “You see things; and you
say, ‘Why?’ But | dream things that never were; and | say,

‘Why not?’”
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Questions ?
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