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PERTURBATION TECHNIQUE FOR MODAL DYNAMIC ANALYSIS
OF MODERATELY NONPROPORTIONALLY-DAMPED SYSTEMS

Nz~ F M., stFal & ERE2 OB BH=3, HfE FY
by Benito M. PACHECO, Heeduck KIM, Yozo FUJINO and Manabu ITO

A general second-order perturbation technique which is based on eigensolutions of the
counterpart proportionally-damped system is applied to approximate the complex eigenvectors
and complex eigenvalues of moderately nonproportionally damped systems without direct
solving of quadratic eigenvalue problem. The primary advantage of this approach is to
drastically reduce computational time for obtaining the eigensolutions of the
nonproportionally-damped system. For two-degree-of-freedom (2DOF) systems, explicit closed-
form equations of eigensolutions are obtained through the present perturbation technique
Using perturbed eigensolutions, the modal superposition equation of response to general load
is expressed in terms of well-known proportional modes (or classical modes). The accuracy
of perturbed eigensolutions and the corresponding response is tested on several 2DOF systems
and 9DOF systems. The effects of damping nonproportionality on eigensolutions and time-

history responses are also discussed
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CASE A B C D
"a" structure | structure ground isolator
"b" equipment TMD structure | structure
_Mme {0.002 ~

u=- 0.01 0.01 0.30 5.00
_Eo 0.10 ~ 0.10 ~

y—fa 0.20 3.20 2.00 2.00

Wo 0.70 ~ *

= .00 .0 .

T 0. 1 1.30 1.00 1.00
£o 0.01 0.064 0.02 0.02

# Warburton's optimized 7 is 0.9868

%2 OHHEZRD4->DY —RADNS5A—F

CASE 1 l CASE 2 ] CASE 3 TCASE 4

my~ Mg 1 kg

mg 0.04286 kg
Ki~ka 340 kg/s*

ko 0.4955 kg/s=
Ci~Csg 4 kg/s

Co 0.01457 0.01865 0.02186 0.02914
damping
ratio of 5% 6.4% 7.5% 10%

TMD

%3 OHHEEFLV (Fr—21~4) LB 2BHRBOBRE: &

AR L ZHERK e, 8. £ 1 OBRKME

CASE CASE 1 CASE 2 CASE 3 CASE 4
£ Wmax 0.011% 0.026% 0.068% 0.371%
£ Fmax 0.049% 0.128% 0.356% 2.679%
£ Lvex 0.241% 0.502% 1.220% 5.895%
£ 0 max 3.633% 4.851% 7.629% 16.760%
& Max 0.0057 0.00396 0.0151 0.0320
B raax 0.0072 0.0132 0.0212 0.0462
{ max 0.0089 0.0136 0.0197 0.0375
7 Meax 0.1971 0.2299 0.2872 0.4166
f f Im
1 2
— —_—
ka kb
My mp
! —t L
Ca Cp 0
Xy= = 1
1=Xa X2 =Xp

K1 2EHEHEEREFN

K2 HEHET-FCBII3LE0DESR
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