CIVL 3121

Virtual Work for Trusses

Truss - Virtual Work

= Virtual work is a procedure for computing a single
component of deflection at any point on a structure.

= To compute a component of deflection by the method
of virtual work, the designer applies a force to
structure at the point and in the direction of the
desired displacement.

= The force is called the dummy load or the virtual load.

= The force system created by the virtual loads called
the Q-system.

Truss - Virtual Work

= The force system created by the actual loads is the P-

system.

= As the structure deforms under the actual loads,

external virtual work Wy is done by the virtual loads
as they move through real displacements.

= Due to the conversation of energy an equivalent

quantity of virtual strain energy Uy is stored in the
structure.

WQ: UQ

Truss - Virtual Work

= Consider the method of virtual work applied to one-bar
truss, as shown below.

bar force

deflection elongation

—_— W, - real work Up - real strain
done by P energy stored

in AB due to P

Truss - Virtual Work

= Now consider the forces and displacements produced by
the virtual load, as shown below.

LA
B,

bar force

[t} ﬂ Wy

0 ,\r 0 _\(r‘}
deflection elongation
W, - real work Upy - real strain
done by Q energy stored
in AB due to Q

Truss - Virtual Work

= Now consider the forces and displacements produced by
the virtual load and actual loads acting together.

har force

Los _J defection elongation

W - U 0.4P Wy~ total work Ur- total strain
Q™ VYQ - done by Qand P energy due to @
and P

Truss - Virtual Work

= By the principle of conservation of energy, it
follows that Wq = Uq.

\.!:‘+U.‘
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har force

et ALy o
AL,

Los _J defNection elongation

Q,+P, WQ = QSP
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Virtual Work for Trusses

Truss - Virtual Work

= By the principle of conservation of energy, it
follows that W, = Uq,.

5\31*U= ¥
A
A 8 F

har force

ALy
Los _J defection elongation

o+ [Uq = Falp

Truss - Virtual Work

= By the principle of conservation of energy, it
follows that W = Uq,

Ry+ 0y
W

ALy

defNection elongation

Q6p= FQALP

Truss - Virtual Work

= By summing the energy expression for each member ina
truss, we get:
2@5,0: ZFQALP

* The bar elongation AL, can be compute is terms of the
actual load Pand the properties of the section.

res-Zoe-Tal )

= Where 7 is the force in each member of the truss due
to the virtual load and Nis the force in each member of
the truss due to the real loads.

Truss - Virtual Work

= Typically, the virtual load Qis assumed to be 1 and
dimensionless.

= Therefore, the virtual work expression for the a single
displacement component in the direction of the applied
virtual load Qis:

=

Truss - Virtual Work Example 1

- Example: Compute the horizontal displacement at joint B in the
truss shown below. Assume the E = 30,000 Aip/ ir?, the area of bars
AD and BC = 5 /7?; the area of all other bars = 4 /2.

\\‘\i\‘# .

P = 6l kips

Truss - Virtual Work Example 1

. Example: Compute the horizontal displacement at joint B

= The value and direction of
each real force is
indicated on the truss.

= A (+)sign is tension and
(-) sign is compression.

Real Force System
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Truss - Virtual Work Example 1

- Example: Compute the horizontal displacement at joint B

= The value and direction of
each virtual force is
indicated on the truss.

= A (+)sign is tension and
(-) sign is compression.

Virtual Force System

Virtual Work for Trusses

Truss - Virtual Work Example 1

Member N (kips) n L (in) A (i) NnL/A (kip in/in?)
AB 80 1 240 4 4,800
BC 100 0 300 5 o
b -80 0 240 4 0
AD -100 -1.25 300 5 7.500
BD -60 0 180 4 0

12,300 (kip/in)

Truss - Virtual Work Example 1

= Therefore the horizontal displacement a joint B
may be computed as:

. 12,300 kip/ in

5 ~30,000 kp /i |0
Member N (kips) n L (in) A (ir) NnL/A (kip in/in?)
AB 80 1 240 4 4,800
BC 100 0 300 5 0
cdb -80 o] 240 4 0]
AD -100 -125 300 5 7,500
BD -60 o] 180 4 0

12,300 (kip/ir))

Truss - Virtual Work Example 2

- Example: Compute the magnitude and direction of the displacement
at joint D in the fruss shown below. Assume the E = 29,000 kip/ ir? and that
the area of each bars is given in parenthesis (/7).

Forces due to real loads

Truss - Virtual Work Example 2

" Example: Compute the magnitude and direction of the displacement
at joint D in the truss shown below. Assume the E = 29,000 kip/ir? and that
the area of each bars is given in parenthesis (ir?).

Forces due fo horizontal virtual loads

Forces due to vertical virtual loads
D

Truss - Virtual Work Example 2

- Example: Compute the magnitude and direction of the displacement
at joint D in the fruss shown below. Assume the E = 29,000 kip/ ir? and that
the area of each bars is given in parenthesis (ir?).

Member  N(kips) ny LG AGn)  NmL/A(kip/in) NnyL/A(kip/in)
AB 135  -075 037 72 15 4860 239.76
AC 225 125 229 120 25 1,350.0 2,473.20
8c 125 063 115 9 15 4536 828.0
BD 2819  -157  -077 15035 3.0 2,218.08 1,087.92
o 1509 084 152 8449 15 71397 12312

5,188.2 (kip/in) 5,860.08 (kip/in)
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Truss - Virtual Work Example 2

= Therefore the total displacement a joint D may be
computed as:

5,860.08 kip/ in
% 29,000 kip/ in?

_ 5,188.2 kip/in
% 729,000 kip/ in*

b 0.20 in — — -

o« S5, =4/(0.18/n)" +(0.20/n)" = | 0.27in
= (018in)" + (020m)" = | |

- 0.18in) oo

027 in 0= "m"(o.zom] B

= 1020/ —>

0.18/n

018 /n Y.\

Virtual Work for Trusses

End of Virtual Work - Trusses

Any questions?
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