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Abstract

One of the most significant problems in the dynamic behaviour of industrial structures is the effect of
impulsive loading of industrial machinery on the instability of these structures. In design codes, the effects of
impulsive loading have been represented by appropriate coefficients in order to transform the dynamic loads into
the equivalent static loads. However due to the dynamic nature of impulsive loads, investigation into the
instability behaviour of these structures should be undertaken considering the dynamic instability criteria. In the
present paper, dynamic instability behaviour of three dimensional industrial space structures subjected to the
impulsive loading of industrial machinery, set up in the first floor of these buildings, have been investigated
using (geometric and material) nonlinear dynamic analysis. The half-sine-wave, triangular and rectangular
impulsive loads with different time duration as well as step loading have been used to apply the impulsive effects
of industrial machinery on this type of structures. The obtained results from the nonlinear dynamic analyses have
been used to compare with the design criteria presented by design codes and some recommendations have been
suggested to modify the design of these structures.
Key words: Dynamic instability, Nonlinear dynamic analysis, Impulsive loading, Industrial

structures, Initial imperfection.

1- Dynamic Instability
2- Initial Imperfection
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1- Parametric resonance
2- Follower force

3- Whirling of rotating rhafts
4- Fluid — solid interaction
5- Specified duration

6- Control theory

8- Intense loads 7- Parametric excitation
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2- Linear buckling
3- Eigenvalues
4- Finite duration impulsives 1- Finite Element
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2- Step loading
3- Infinite duration
4- Linear Buckling Analyses
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1- Thick beam




2000

150

1350

900

()
Tq= 0.05 sec
®p
(O
(6p=0(,=0.015) % /
Rayleigh Damping Constants :
a=0.32 , B=3.82E -04
30
25
20
3’ . 2656 oy
1
10
5
[
0 0.0004 0.0008 0.0012 0.0016 0.002
X
T4 =0.05 sec

P, = L;F,Sin(201)

()

F, =100000 N

L;=17.0

=)

nnnnn

0 00125 0025 00375 005 00625

e, = 2.5 mm

e, = 5.0 mm X

( 1/1000 <e / L < 1/500



/
/ Budiansky Roth
() /
0.0002
—H15= by
i~ 0 ——17 = Jhqusa
[\:i sooss | ——17.5= Jo
é 1772 eys
T
Z 0.0004- —a—17.8= b
- % 0.0006- -
0.0008- T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6
)
T4 =0.05 sec -

/ /

/ / i

/ / i

/ /

/ / i

/ / i

/ /

/ / ) il

/ 00




Td = (.05 sec L, =13.0 - -

( -) Tq = 0.05 sec

T4 = 0.05 sec L, =20.0

Budiansky —Roth

T4=0.05 sec Budiansky —Roth

Tq4=0.05sec

Tq=10.05 sec

0.0002
——o——18 = w2
—
0
g —e—19 = o w—a
Il
N —x—19.5 = = —a
& -0.0002 . 20 = o u,a
Il
> —m—20.15 = j— i
< -0.0004
o
~ 4a
Il
- X
-
-0.0006
-0.0008
0 0.1 0.2 0.3 0.4 0.5 0.6

Tq=0.05 sec -
‘ )



S s

——12

=) il
=l

——13
—a—13.9

= S

—m—13.961

0.0002

(09=Z

-0.0002
-0.0004

T99=A"87I=X)

-0.0006

0.6

0.4

0.3

0.2

0.1

0.05 sec

Td=

H
995 01'0="1L
935 §0°0="L

238 ST°0="1L

YL

23s 01°0="L

995 §0°0="L

298 §1°0="1L

295 01°0="1L

935 60°0="1L

0.

www.SD.ir



Clough, R. and Panzien, @
n .“\

~

Bathe, K.J.

Chopra, AK.

L]

[1]

[]

L]

[]

[1]

L]

L]

-

(T4 =0.05 sec)

www.SD.ir



[15]Galambos, T.V., “Guide to Stability Design
Criteria for Metal Structures,” John Wiely &
Sons, Inc. New York, 1998.

[16]Narayanan, R. and Roberts, T.M., “Structures
Subjected to Dynamic Loading, Stability and
Strength,” Elsevier Applied Science Publishers,
1991.

[17]Simitses, G.J., “Dynamic Stability of Suddenly
Loaded Structures,” Springer, New York,
Berlin; Heidelberg, 1990.

[18]Stoker, J.J., “On the Stability of Mechanical
Systems,” Commun. Pure Appl. Math., VIII,
1955, 133-142.

[19]Stoker, J.J., ‘“Non-Linear Vibrations in
Mechanical and Electrical Systems,” vol II ,
Interscience , London , 1950.

[20] Trahair, N.S. and Bradford, M.A., “The
Behaviour and Design of Steel Structures to As
4100,” E & FN Spon, 1998.

[21]Ziegler, H. “Principles of Structural Stability,”
Blaisdell, Waltham, Mass, 1968.

[11]Bolotin, V.V., “The Dynamic Stability of
Elastic Systems,” Holden-Day, San Francisco,
1964.

[12]Budiansky, B.,“Dynamic Buckling of Elastic
Structures: Criteria and Estimates,” Proceeding
of the International Conference on Dynamic
Stability of Structures, Pergamon, New York;
pp- 83-106, 1967.

[13]Budiansky, B. and Roth, R.S. “Axisymmetric
Dynamic Buckling. of Clamped Shallow
Spherical® . Shells,”  Collected Papers on
Instability of Shell/ Structures. NASA TN D-
1510, 1962.

[14]El Naschie, M.S., “Stress, Stability and Choas
in_Structural Engineering and Energy
Approach,” McGraw Hill — Inc, 1990.



