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hierarchical cluster analysis, we used cosine similarity (Wierzcho´n and Kłopotek, 2018) 

・・・





o´n and Kłopotek, 2018) is used as a method 

ever beam of length L, the deflection δ when a load P is 
applied to the end point is given by δ = PL
the state before material replacement is defined as “1”, and the index representing the state 

l replacement is “2”, the following stiffness equation (1) should be satisfied to 



β times the radius r (see Figure 3). The second moment of area I of the thin cylindrical 
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we defined the indices so that 1 is steel, 2 is aluminum, E is Young's modulus and ρ is 
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