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Deflection in Determinate Structures

[

&
o
S 8Lial
Deflections of Trusses, Beams, & Frames: Work-Energy Methods

* Deflection of trusses by Work & Strain energy principle
:
o

* Deflections of Beams by the V. W. M.

* Deflections of Frames by the V. W. M.
s
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Deflections of Trusses by the Virtual Work Method
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B. Haidar

Structural Mechanics (1)

The truss shown in Fig. carries a gradually applied load Pat the joint A.

he l P NV,AB

1) Analyzing the truss under the real load, for NVin the two
members. We found
Nyy=1.41P(T) N, =P (C)
2) Applying a virtual unit load at Ain the direction of w.
Then Analyzing For A,

Considering the vertical equil. at A:

N.

A €OS 45=0 = /\/V ,ABZO

Considering the horizontal equil. at A:

“Noac T 1,70= N7 =7 (T)

3) Applyingthe VWM (1 ju=u= —0

NNL _ o (CP)DL _ —PL

~.
||MN
=

EA EA

EA

R, Ly T T

https://manara.edu.sy/

Slide 4


https://manara.edu.sy/

10-12/03/2024

B. Haidar

Structural Mechanics (1)

W\

8yLi_aJl
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C I kN
200 kN
3.6m
B
| A ] B
A .
12m ! 1.5 m j |
FA = constant 250 450 3 3
E=T0GPa
A =40 em?2 Real System — F Forces | Virtual System — F, Forces
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Example 01: The member axial forces due to the real system (N) and this virtual system (N_,)

a

§ are then tabulated as shown in the following table:. deola
) ojtiall
N, (NL)
e
u 1875 -1.25 281.25
) AC 45 3125 375  5273.44
BC 3.9 -487.5 -3.25 6179.06
— 11733.75
https://manara.edu.sy/ Slide 6


https://manara.edu.sy/

Example 01: the virtual work expression is applied to determine ACH as shown below:

Y

) o)Ll
) A 1 2 N,(NL)
2 Ny = LL73375
cH) = 70(109)4000(10-6)
ACH = 0.042 m
e Acyg =42 mm -
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Example 02: Use the virtual work method to determine the horizontal components of the %D
doolA

<
o
o
o
2 deflection at joint G of the truss shown in the following figure. deol -
E 'CI_II.l_l:IJl
E 100 G
100 kN 100 kKN —=@-
0 75
3
T 200 kN — L 7).
= 200 kN J
300 75
A 300 B
300 =3 .
= | 300 300 1.5 L5
- , 4 m
< E =200 GPa (b) Real System — # Forces (c) Virtual System — F, Forces
=
3
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©
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Example 02: The member axial forces due to the real system (N) and this virtual system (N_,)

are then tabulated as shown in the following table:

EIrN e

CD
EG
AC

CE
BD

DG

BC
CG

o1 O W W w w s~ b~ s

O 003

0.002 0
0.002 -100
0.003 300
0.003 0
0.003 -75
0.003 -15
0.002 -375
0.002 125

1.5

-0.75
-0.75

-1.25
1.25

N,,(NL/A)

(kn?/m)
400000
0
0
450000

0
56250

56250

1171875
390625
2525000

Y
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Example 02: the virtual work expression is applied to determine AGH as shown below:

Y

5 oyti-al
) LA 1sz(NL)
: (1IN (A = 2325000
CH) = 200(106)
Acy= 0.0126 m
G} Acy = 12.6 mm -
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E =70 GPa
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[

5)lial

AR ARA LT T

3m J 3m4‘

E =70 GPa
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3 Example 03: Horizontal Deflection at B, A,
N 1]
g Real System The real system and the corresponding member axial forces (N) are shown in the ;‘f—‘]u[
(o] I—]\—u-l
S following figure. B
2
T
)
£
E
2
g 225 kN
&
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Example 03: Virtual System Horizontal Deflection at B, ABH : The virtual system used for

Y

<
(o]
o
N ‘e
) determining the horizontal deflection at B consists of a 1-kN load applied in the horizontal ﬂ-ﬁ-ﬂu}
S i
n direction at joint B, as shown in the following fig. The member axial forces (N_,) due to this
virtual load are also shown in this figure.
2
T
o
E
2
E
S
&
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Example 03: The member axial forces due to the real system (N) and this virtual system (N_,) %

are then tabulated as shown in the following table: ﬂ-ﬁ'—ﬂu}
0jligJ

10-12/03/2024

B. Haidar

Structural Mechanics (1)

el L
0.0040 -450 1 -675.000

AC 3 0.0026 75 0 0

AD 3.354 0.0026 -167.7 0 0

CD 3.354 0.0040 670.8 0 0

BD 3.354 0.0040 503.1 0 0
-675.000
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Example 03: the virtual work expression is applied to determine ABH as shown below:

Dy

; 1~ N, (NL
1) =3 )
1)(ay, )= STSO0OKNM 4 oot
°" 70(10°%) kN-m |
Agy =9.64mm <«
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Example 03: Virtual System Vertical Deflection at B, ABV : The virtual system used for

Y

<
N
o
N 1
By determining the vertical deflection at B consists of a 1-kN load applied in the vertical direction ﬂ-ﬁ-ﬂ‘—“}
S i
o at joint B, as shown in the following fig. The member axial forces (N_,) due to this virtual load e
are also shown in this figure.
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Example 03: The member axial forces due to the real system (N) and this virtual system (N ,) %

are then tabulated as shown in the following table: ﬂ-ﬁ'—ﬂu}
0jligJ

Earar a5
0.0040  -450 = 1,350,000
AC 3 0.0026 75 0 0
AD 3.354  0.0026 -167.7 0 0

CD 3.354 0.0040 6708 2236 1,257,674

BD 3.354 0.0040 503.1 2.236 943,255
2 3,550,929
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Example 03: the virtual work expression is applied to determine ABV as shown below:

Dy

1(agy) = 5 2D
3’ (1)(Ag, )= 3 550’229 KN-M _ 5 05073m
70(10°) kN-m
: Ay, =50.73mm <
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Example 04: PAV

0)lioJi
Members of the truss shown consist of sections of aluminum pipe with the cross-sectional
areas indicated.

Using £=73 GPa, determine the vertical deflection of the point £caused by the load P.
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Solution [Z\V

&)liadl
Members of the truss shown -
consist of sections of aluminum
pipe with the cross-sectional
areas indicated.

Using E = 73 GPa, determine
the vertical deflection of the
point E caused by the load P.

 Find the reactions at A and B from a free-body
diagram of the entire truss.

A, =-21P/8 A, =P B, =21P/8

y

B=21P/8 B
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Y

« Apply the method of joints to determine the axial force in each member.

0)lioall
P
Fep
T E
s
7 15
Fpi
_ 17
Fpe =-1/P
FCE = +%P

()P ve =Y (N2 L./ 2EA) = vg = 16.27 mm 4
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Example 05: %ﬁ?

Determine the smallest cross-sectional area (A) required for the members of the truss
shown, so that the vertical deflection at joint (B) does not exceed 10 mm. Use the virtual

work method.

SO kN 100 kN SO KN

| m

‘ ZatZm=4m ‘

FA = constant
E =11GPa
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a

< Example 05:
S
g 5yl
Determine the smallest cross-sectional area (A) required for the members of the truss
shown, so that the vertical deflection at joint (B) does not exceed 10 mm. Use the virtual
work method.
s
T
%
F Forws
5
f , 7
: = 00 o~
S B pam
&
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Y

<
3 Homework
S 5yl
Problem.02: Use the virtual work method to determine the horizontal deflection at joint (E)
of the truss shown.
_ 30N 30kN 30 kN
s
T
%
E
§ —_ 2 M—f—2mMe—f—2 M ——2 m—
2
S EA = constant
g E =200 GPa
3 A = 5000 mm?
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