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Modeling of Welded Structure for Dynamic Analysis 
(Considering First and Second Vibration Modes) 

1 )

Shigeru AOKI1)

bstract : Welding is widely used for construction of many structures. The dynamic characteristics of the welded structure are
important for design of machines, buildings and so on. The effect of welding on the dynamic characteristics is investigated. In this
paper, analytical models of welded structure based on experiment are examined. First, the dynamic characteristics of welded structure
for the first and the second vibration mode are obtained from experiment using beam type welded specimens. Second, analytical
models which represent experimental results are examined. Two models are considered and parameters are estimated based on the
experimental results. One is the two-degree-of-freedom lumped mass model is considered. The damping ratios and the natural
frequencies of each system are estimated. The other is the proportional damping model which is used for the finite element method is
examined. Coefficients of the model are estimated. 
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溶接構造物の振動解析のためのモデル化

～１次および２次振動を考慮した場合～
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Table 1  Expected value and coefficient of variation damping ratio and natural frequency of specimen 

Fig.2 Two-degree-of-freedom system 

Method (I) (II) (III)  
Mode Specimen Hz

1st (1) Mean 6.21x10-3  2.16x10-2  1.37x10-2  28.1Hz  
  COV 0.098  0.130  0.032  0.012  
 (2) Mean 6.84x10-3 1.12 2.20x10-2 1.05 1.44x10-2 1.06 28.6Hz 1.02 
  COV 0.076 0.176 0.083 0.195 0.114 0.066 0.038 0.013 

2nd (1) Mean 1.26x10-2  3.18x10-2  7.36x10-2  171.8Hz  
  COV 0.145  0.371  0.106  0.007  
 (2) Mean 1.36x10-2 1.08 5.30x10-2 1.71 1.14x10-1 1.55 171.3Hz 1.00 
  COV 0.089 0.092 0.312 0.196 0.028 0.067 0.009 0.006 



Table 2  Expected value and coefficient of variation of damping ratio  
and natural frequency of lower system and upper system 
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Table 3  Expected value and coefficient of variation 

Method (I) (II) (III) 
Mode Specimen Hz

Lower
system 

(1) Mean 1.22x10-2  2.93x10-2  7.27x10-2  170.6Hz  
 COV 0.122  0.429  0.082  0.007  

(2) Mean 1.30x10-2 1.08 5.04x10-2 1.82 1.14x10-1 1.57 170.0Hz 1.00 
 COV 0.094 0.086 0.322 0.270 0.056 0.076 0.010 0.005 

Upper
system 

(1) Mean 6.33x10-2  2.20x10-2  1.38x10-2  28.3Hz  
 COV 0.112  0.141  0.086  0.011  

(2) Mean 6.98x10-2 1.12 2.24x10-2 1.04 1.45x10-2 1.05 28.8Hz 1.02 
 COV 0.101 0.181 0.065 0.204 0.093 0.080 0.010 0.011 

Method (I) (II) (III) 
Specimen
(1) Mean 1.51  5.95  0.60  

 COV 0.131  0.311  0.847  
(2) Mean 1.69 1.17 4.86 0.91 -1.71 2.32 

 COV 0.207 0.290 0.231 0.426 0.367 0.256 

(I) (II) (III) 
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