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A study on the estimation of an equivalent system of a local vibration system of
a huge structure and the Optimum Structural Modification Method
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ABSTRACT

It is very difficult to execute the vibration analysis of a huge structure, which takes up
much time and expense. In this paper we intend to make the equivalent system of a local
vibration system of a huge structure with a view to improving the dynamic characteristics
and reducing time and expense.

First of all, upper deck structure model is maded. And we perform the vibration analysis
by the Substructure Synthesis Method and execute the exciting test for the upper deck
structure model, and observe the coincidences of two results to confirm the reliability of the
analyzing tools used.

To make the equivalent system, we give boundary condition to sub-structure that want to

be modified and execute the Sensitivity Analysis Method and the Optimum Structural
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Modification Method. And we execute the structural modification of the equivalent system.

The following can be found from this study.

1. The analytical results are generally coincident with each other.

2. The equivalent system of the superstructure model can be easily obtained using the

sensitivity analysis method and the optimum structrual modification method.

3. The structrual modification using the equivalent system can be obtained good results

above 90% of object value.
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Fig. 6 The equivalent system model
of upper deck structure

Table 1 The natural freq. before and after
for the equivalent system (Hz)

modi.

order
1st 2nd 3rd

4th

before modi. 919 982 | 286.6 | 436.0

Fig.

after modi. 912 | 982 | 3378 | 5344

286.6 Hz

7 The

Table 2 Comparison of stiffness before and after modification

natural modes

486.0 Hz

of the

equivalent system model

initial

(x10 N/mm)

stiffness before modification after modification
node num. kx kox ky Koy k; Ko, K kox ky Koy k; Tkt‘)z

1, 57 040 | 808 | 1154 [ 36998 | 9194)131.09{ 040 | 808 ;1696 { 370.04 { 91.94| 131.09
2, 58 076 | 16.15 ] 23.07 136998 | 165.75| 122.20| 0.76 | 16.15 | 24.22 | 370.22 | 271.09 | 122.20
3, 59 0.80 | 16.18 | 22.90 | 732.10 | 183.34| 25847 0.80 | 16.18 | 43.20 | 732.10 | 485.87 | 258.47
4, 60 0.76 | 1620 | 22.72 | 362.11 | 163.04| 12168 | 0.76 | 16.20 | 53.07 | 364.34 | 564.09 | 121.68
5, 61 080 [ 16.18 | 22.90 | 732.10 | 183.34| 25847 | 0.80 | 16.18 | 4467 | 734.05 | 468.13 | 258.47
6, 62 0.76 116.15 | 23.07 | 369.98 | 165.75| 12220 0.76 | 0.76 | 25.33 | 372.68 | 24967 | 122.20
7, 63 040 | 808 [ 1154 (36998 | 9194 |131.09| 040 | 808 [16.71 | 370.34 | 92.121 131.09
1, 7 813 | 040 [11.19 90.92 |354.24|12384| 813 | 040 1661 | 9099 | 35424 | 123.84
8, 14 1613 | 0.76 | 23.72 | 170.70 | 383.76 | 124.20 ] 16.13 | 0.76 | 26.28 | 270.42 | 387.88 | 124.20
15, 21 16.00 | 082 12506 | 191.34 182656 |309.21 | 16.00 | 0.82 | 39.01 | 550.99 | 826.59 | 309.21
22, 28 1613 | 0.76 | 23.72 117070 | 383.76]| 12420 | 16.13 | 0.76 | 76.52 | 766.65 | 384.12 | 124.20
29, 35 16.26 | 080 | 22.37 | 181.84 | 70848 | 24768 | 16.26 | 0.80 | 49.36 | 747.89 | 708.48 | 247.68
36, 42 16.13 | 0.76 | 23.72 | 170.70 | 383.76 | 124.20| 16.13 | 0.76 | 75.96 | 762.02 | 384.19| 124.20
43, 49 16,00 | 082 [ 2506 | 191.34 | 826.56(309.21 | 16.00 | 0.82 | 3861 | 544.21 | 826.59 | 309.21
50, 5 1613 | 0.76 | 23.72 | 170.70 | 383.76] 124.20| 16.13 | 0.76 | 26.05 | 267.19 | 387.66 | 124.20
57, 63 813 | 040 |11.19 90.92 13542412384 813 | 040 1640 | 90.99 | 354.24| 123.84

KIN — 125



TR E o) RS W AR
ez 9lct

223, folA T SIHALEE o] &3
o ITHAFSE L ZFAFS g
10%, 15%Z3HA71e F32HAS A48
o} AAMSE 6 BAQ FAZ dAstm,
AEAE B8 Aol FAREE o] 83}
o HAFzWA 22 16~173] ukBAAbs}
o F WA et 18z SoHAlC
& I HEHARE AAFZEAN ¥}
st AT S AT eEZN SIHA 2
o3 FRMA] AATEE d¢ 72
A€ AU FUEAE A

R

3

i ]

v

3. #=HE Fo| 1H

ANFRFELLY F2874S A8 2
Ay FAFzagg o HHEAARY
A= th&3} 7ok Table 3o S7HA A8 9]
IFAETE 9 2/35F0 27 10%,
15%5 72 AE o, F2HAF S/ 2
g o]B A 73 61 FAES DA FRE) ¥
AE do] AFAAT 245 etz gl
ot ZHAFFE 16%, 10% 74 A A& o 3
2 ZHA Y] HAF A2 1/AF

3 o 1'} I, 10%, 15% /1A & d+=
5218 a5 F o] AR Al w3f4
e °—M sl Table 4= BX3 71
Aol g FRHAFF] HHES B2
AHelstdth 7| 4 5 Kol S~
< o83ty YUY TRAFTFE 40%,
15%7 2471 F2EE S AAEE S 9 7
7+l B %zhel 97.3%, %65%2 WAEHU L,
dd 2 HAETE 7 10%, 15%F 7147
E FEREAS ARG S o, 44 BXg

2] 94.8%, 91.7% = WA=}

:J_EL]_ _1_-;1—74%—’?—3 ‘%—"F—‘E TEHA ]

7}
E‘r‘f&il ik J-F—%EM TR

Fel7h ot BEGE A&+ UL Aol

Table 3 Comparison of the natural freq.

after modification for each case

after modification

order | initial
-15% | -10% | +10%% | +15%

Ist | 931 | 913 | 919 | 943 | 95.1

2nd | 100.3 | 100.2 | 100.2 | 100.3 | 100.4

3rd | 3145 2974 | 3125 3145 | 3144

4th | 3227 3145 | 3147 | 3225 | 322.4
5th |337.8 | 322.8 | 3228 | 352.2 | 356.1

6th |395.8 | 381.7 | 384.5 | 417.2 | 426.3

7th | 430.5 | 429.8 | 430.0 | 432.0 | 438.1

8th | 509.0 | 500.5 | 508.1 | 509.4 | 509.6

iteration| - 16 17 17 16

Table 4 Comparison of the modification

rate after modification for each case

Object value(Hz) after modi.| modi. rate
2871 (15% reduction) | 297.4 | 96.5(%)
304.0 (10% reduction) | 3125 | 97.3(%)
371.6 (10% increase) 3522 | 94.8(%)
3885 (15% increase) | 356.1 | 91.7(%)
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