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Abstract

For the design of structual systems having the prescribed or optimum dynamic characteristics, some design
changes of the initially designed system are required. In these cases, if the sensitivity analysis which can
predict the changes of dynamic characteristics due to the changes of design variables is applied, the design
changes can be carried out rationally and very efficiently.

For many structural systems, it is well known that the analysis by the transfer matrix method(TMM)
and the combined finite element-transfer matrix method(FETMM) is more efficient than the analysis by
the finite element method. However, most known studies on the sensitivity analysis of structural systems
premise using the finite element method.

In this paper, the sensitivity analysis methods by the TMM and the FETMM are presented and some
numerical investigations on the beam-column with elastically restrained ends and intermediate contraints
and the stiffened plate having subsystems are carried out. The results of the numerical examples show
good accuracy and computationa) efficiency of the presented methods, and show that the application of sensiti-
vity analysis in the dynamic characteristic reanalysis give good results within the practically changeable
range of design variables.
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Table 3.1 The frequency parameter and its 1-st and 2-nd order sensitivities of the beam-column : u=1,,

K,=10, K,=K.,=1, A=1.

frequency 1-st ord, sensitn:vity 2-nd ord. sensitivity
parameter e el
d 9] design variable design variable
ord. RO S
exact | TMM u K. | K. (up) | (KKD (KK | (KD | (K | (KK
1 8.30 830 | —2.267 0.054 | 0604 1.749 | —0.001 | —0.151| —0.018} —0.115 | —0.002
2 2895 | 2895 | —3.214) 0014 | 0246 | 4.834 0.000 | —0.031] 0.010 | —0.180 | —0.001
3 81.19 | 81.19 | —1.678| 0.015 | 0234 | 2776 0.000 | —0.032| 0.001 | —0.091}] 0.000
4 159.32 | 15932 | —0.004| 0.000 | 0.877 | 0.006 | —0.000} —0.132| 0.000 | 0.010 | 0.000
5 220.00 | 220.00 | —5.659| 0.002 | 2.129 | 9.329 0.000 | —0.124 | —0.000| 0.214 | 0.000
run time 21.36 7.19 in total 24.09 in total
(sec)
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Table 3.2 Natural frequencies and its 1-st order sensitivities of the cross stiffened plate having a spring-

mass system at center.

1-st order sensitivity
natural frequency(Hz)
design variable
ord.
exper.[19]] FEM | FETMM W, k, L, Jus I J

1 33.2 34.54 34.51 -0.9071 | 0.0023 0.1521 0.0000 0.4717 0.0000
2 65.6 67.04 68.03 | —2.6598 | 0.0263 0.1328 0.0000 0.1336 0.0000
3 - 84.31 84.22 0.0000 0.0000 1.6594 0.0000 0.0000 0.2353
4 - 9394 | 9299 | 00000 | 00000 | 00000 | 14357 | 0.0000 | 07958
5 - 1104 | 10992 | 00000 | 00000 | 00000 | 05995 | 0.9996 | 0.000

run time(sec) 345.37 50.83 in total
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Table 3.3 Peak amplitude of transient response
at the exitation point.

method FETMM FEM
peak value(cm) 0.3998 04125
at time(msec) 0.1675 0.1675
run time(sec) 620.30 809.90
aw(r)
Oxl
004t
o002} ,” Y
N \
000 —~ kY , 2 3
0.02} N \
design variables \
004 ,JJ : \‘ /I
ly: ==~
L
Tpeok

Fig.3.9 Transient response sensitivities at the ex-
citation point
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