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ȺˊŰŬɛŮɚɐɠ ȺɝŮŰŬůŰɘəɐ ȺˊɘŰɟɞˊɐ 

ȽɤɎɜɜɖɠ ɇůɞɛˊŬɜɎəɖɠ, Ⱥˊɘɓɚɏˊɤɜ ȾŬɗɖɔɖŰɐɠ 

ȾŬɗɖɔɖŰɐɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɄŮɟɘɓɎɚɚɞɜŰɞɠ ɄɞɚɡŰŮɢɜŮɑɞɡ 

ȾɟɐŰɖɠ 

ȹɐɛɞɠ ɉŬɟɛˊɐɠ, ɀɏɚɞɠ ɇɟɘɛŮɚɞɨɠ ɆɡɛɓɞɡɚŮɡŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 

ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ Ɇɢɞɚɐɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɄŮɟɘɓɎɚɚɞɜŰɞɠ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ Ⱦɨˊɟɞɡ 

ɀɘɢŬɐɚ ūɟŬɔəɘŬŭɎəɖɠ, ɀɏɚɞɠ ɇɟɘɛŮɚɞɨɠ ɆɡɛɓɞɡɚŮɡŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 

ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ Ɇɢɞɚɐɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ ȺɀɄ 

ɁɘəɧɚŬɞɠ ȿŬɔŬɟɧɠ, ɀɏɚɞɠ ȺˊŰŬɛŮɚɞɨɠ ȺɝŮŰŬůŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 

ȾŬɗɖɔɖŰɐɠ Ɇɢɞɚɐɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ ȺɀɄ 

ȺɡɎɔɔŮɚɞɠ ɄɚŮɨɟɖɠ, ɀɏɚɞɠ ȺˊŰŬɛŮɚɞɨɠ ȺɝŮŰŬůŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 

ȾŬɗɖɔɖŰɐɠ ɇɛɐɛŬŰɞɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ & ɇŮɢɜɞɚɞɔɑŬɠ ȺɜɏɟɔŮɘŬɠ, ɀɖŰɟɞˊɞɚɘŰɘəɧ 

ɄŬɜŮˊɘůŰɐɛɘɞ ȳůɚɞ, ɁɞɟɓɖɔɑŬ 

ȷɜŬůŰɎůɘɞɠ ɆɏɝŰɞɠ, ɀɏɚɞɠ ȺˊŰŬɛŮɚɞɨɠ ȺɝŮŰŬůŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ 

ȾŬɗɖɔɖŰɐɠ ɇɛɐɛŬŰɞɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɀˊɟɑůŰɞɚ, ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ 
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ȼ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ɢɟɖɛŬŰɞŭɞŰɐɗɖəŮ ɛŮɟɘəɩɠ ɛɏůɤ ɡˊɞŰɟɞűɘɩɜ ɔɘŬ 

ŭɘŭŬəŰɞɟɘəɏɠ ůˊɞɡŭɏɠ Ŭˊɧ Űɞ ɀˊŬəɞˊɞɨɚŮɘɞ ȾɞɘɜɤűŮɚɏɠ ȲŭɟɡɛŬ əŬɘ Ŭˊɧ Űɞɜ ȽŬŰɟɧ 

ȺɛɛŬɜɞɡɐɚ ɀɘɢŬɖɚɎəɖ. 

 

 

 

This dissertation has been partially financed via PhD scholarships from Bakopouleio 

Foundation and Dr. Emmanouil Michailakis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

i 

 

 

ȺɡɢŬɟɘůŰɑŮɠ 

 

ȹŮɜ ɔɑɜŮŰŬɘ ɜŬ ɛɖɜ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŬəŬŭɖɛŬɥəɧ ɛɞɡ ɛɏɜŰɞɟŬ, Űɞɜ ȾŬɗɖɔɖŰɐ ȽɤɎɜɜɖ 

ɇůɞɛˊŬɜɎəɖ. ȰɜŬɠ ȯɜɗɟɤˊɞɠ ˊɞɡ ɐŰŬɜ ˊɎɜŰŬ ŮəŮɑ ɧŰŬɜ ŰŬ ˊɟɎɔɛŬŰŬ ɕɧɟɘɕŬɜ. ȰɜŬɠ 

ȯɜɗɟɤˊɞɠ ˊɞɡ ɛɞɡ ŮɛűɨůɖůŮ Űɖ ɜɞɞŰɟɞˊɑŬ ɧŰɘ əɎɗŮ ˊɟɧɓɚɖɛŬ ŮˊɘŭɏɢŮŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ ɛɘŬɠ 

ɚɨůɖɠ, Űɖ ɜɞɞŰɟɞˊɑŬ ɜŬ ɛɖɜ ŰŬ ˊŬɟŬŰɎɠ ɛŮ Űɖɜ ˊɟɩŰɖ, ŬɚɚɎ ˊɎɜŰŬ ɜŬ ŮɝŮŰɎɕŮɘɠ Űɖɜ ŮɜŭŮɢɧɛŮɜɖ 

ˊɘɗŬɜɧŰɖŰŬ ɚɨůɖɠ (ɖ ɞˊɞɑŬ ůɡɜɐɗɤɠ ɡˊɐɟɢŮ!). ŪŮɤɟɩ Űɞɜ ŮŬɡŰɧ ɛɞɡ Ůɡɚɞɔɖɛɏɜɞ ɔɘŬŰɑ 

ůɡɜŮɟɔɎůŰɖəŬ ɛŮ ŬɡŰɧɜ Űɞɜ ŬəŬŭɖɛŬɥəɧ ŭɎůəŬɚɞ. 

 ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ ŰŬ ɛɏɚɖ Űɖɠ ŰɟɘɛŮɚɞɨɠ ůɡɛɓɞɡɚŮɡŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ, 

Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ȹɐɛɞ ɉŬɟɛˊɐ əŬɘ Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ɀɘɢŬɐɚ 

ūɟŬɔəɘŬŭɎəɖ ɔɘŬ Űɖ ɓɞɐɗŮɘɎ Űɞɡɠ əŬɘ Űɖ ůɡɜŮɢɐ əŬɗɞŭɐɔɖůɐ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ŮɡɢŬɟɘůŰɩ əŬɘ 

ŰŬ ɛɏɚɖ Űɖɠ ŮˊŰŬɛŮɚɞɨɠ ŮɝŮŰŬůŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ, Űɞɜ ȾŬɗɖɔɖŰɐ ɁɘəɧɚŬɞ ȿŬɔŬɟɧ, Űɞɜ 

ȾŬɗɖɔɖŰɐ ȺɡɎɔɔŮɚɞ ɄɚŮɨɟɖ, Űɞɜ ȾŬɗɖɔɖŰɐ ȷɜŬůŰɎůɘɞ ɆɏɝŰɞ əŬɘ Űɞɜ ȾŬɗɖɔɖŰɐ 

ȾɤɜůŰŬɜŰɑɜɞ ɄɟɞɓɘŭɎəɖ. ɃűŮɑɚɤ ɜŬ ŬɜŬűɏɟɤ əŬɘ Űɖ ůɖɛŬɜŰɘəɧŰŬŰɖ ɓɞɐɗŮɘŬ əŬɘ 

əŬɗɞŭɐɔɖůɖ Űɞɡ ȹɟ. Ʉɟɧŭɟɞɛɞɡ ɊŬɟɟɧˊɞɡɚɞɡ ůŮ ɛŮɑɕɞɜŬ ŮˊɘůŰɖɛɞɜɘəɎ ɗɏɛŬŰŬ əŬŰɎ Űɖɜ 

Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ. 

 ɀŮɔɎɚɞ ɛŮɟɑŭɘɞ ůŮ ɧɚɖ ŬɡŰɐɜ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ŮɑɢŬɜ ɞɘ ŭɨɞ ůɡɜŮɟɔɎŰŮɠ ɛɞɡ ůŰɞ 

ȺɟɔŬůŰɐɟɘɞ ɈˊɞɚɞɔɘůŰɘəɐɠ ȹɡɜŬɛɘəɐɠ əŬɘ ȺɜɏɟɔŮɘŬɠ, ȹɘɞɜɨůɘɞɠ  ɉŬŰɕɖŭɎəɖɠ əŬɘ 

ȷɚɏɝŬɜŭɟɞɠ ȿɡɟŬŰɕɎəɖɠ. Ƀ ɏɜŬɠ ɓɞɖɗɞɨůŮ Űɞɜ Ɏɚɚɞ ɛŮ ɛŮŰɎŭɞůɖ ɔɜɩůŮɤɜ əŬɘ ŮɜɗɎɟɟɡɜůɖ. 

ɀŮɔɎɚɖ ŮˊɑŭɟŬůɖ ŮɑɢŬɜ əŬɘ ɞɘ ŬɜŬɚɡŰɘəɧŰŬŰŮɠ ˊɞŭɞůűŬɘɟɘəɏɠ ˊŮɟɘɔɟŬűɏɠ ˊɞɡ əɎɜŬɛŮ ɧŰŬɜ 

ɡˊɐɟɢŮ ˊɞɚɨ çɣɤɛɑè Ŭˊɧ əɎˊɞɘɞ ɛŬŰůɎəɘ! Ⱥˊɑůɖɠ, ŭŮɜ ɔɑɜŮŰŬɘ ɜŬ ˊŬɟŬɚŮɑɣɤ Űɞɡɠ 

ˊɟɞˊŰɡɢɘŬəɞɨɠ əŬɘ ɛŮŰŬˊŰɡɢɘŬəɞɨɠ űɞɘŰɖŰɏɠ ˊɞɡ ˊɏɟŬůŬɜ Ŭˊɧ Űɞ ɔɟŬűŮɑɞ: ȷɜŰɟɏŬ, ȹɞɟɑɜŬ 

ȿɑɕŬ əŬɘ ɀŬɜɩɚɖ. 

 ȺɑɛŬɘ Ůɡɔɜɩɛɤɜ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ Ŭˊɧ Űɞ ɀˊŬəɞˊɞɨɚŮɘɞ ȾɞɘɜɤűŮɚɏɠ ȲŭɟɡɛŬ, əŬɗɩɠ 

əŬɘ Ŭˊɧ Űɞɜ ȽŬŰɟɧ ȺɛɛŬɜɞɡɐɚ ɀɘɢŬɖɚɎəɖ, ŭɘɧŰɘ ŮɜɑůɢɡůŬɜ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞɟŮɑŬ əŬɘ Űɖɜ 

Ůɝɏɚɘɝɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. Ⱥˊɘˊɚɏɞɜ, ɢɟɤůŰɎɤ ˊɞɚɚɎ ůŰɞɜ Ɏɜɗɟɤˊɞ ˊɞɡ 

ɛŮ ɏɓŬɚŮ ůŰɞɜ çəɧůɛɞè Űɞɡ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, Űɞɜ ə. ɄŬɜŬɔɘɩŰɖ ȿɞɨŰɞ. ȼ ŭɘŭŬůəŬɚɑŬ Űɞɡ 

ɐŰŬɜ Űɧůɞ ˊŬɟŬɔɤɔɘəɐ ˊɞɡ ɛŮ ɏəŬɜŮ ɜŬ ŬɜŬəŬɚɨɣɤ, ɜŬ ŬɔŬˊɐůɤ əŬɘ, ŰŮɚɘəɩɠ, ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɤ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ůŮ ˊɞɚɨ ɓŬůɘəɎ ůɖɛŮɑŬ Űɖɠ ŬəŬŭɖɛŬɥəɐɠ ˊɞɟŮɑŬɠ ɛɞɡ. 

Ⱥˊɑůɖɠ, ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ əŬ. ũŮɤɟɔɑŬ ɉŬɟɩɜɖ ˊɞɡ ɛŮ ůŰɐɟɘɕŮ ůɡɜŮɢɩɠ ůŰɘɠ 

ŭɘŭŬəŰɞɟɘəɏɠ ɛɞɡ ůˊɞɡŭɏɠ əŬɘ ɏŭŮɘɢɜŮ ˊɞɚɨ ɏɜŰɞɜɞ ŮɜŭɘŬűɏɟɞɜ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘɎ Űɞɡɠ.  



 

ii  

 

ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɞűŮɑɚɤ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ ůɡɜŰɟɞűɘɎ ɛɞɡ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ 

ůŰɞ ɔɟŬűŮɑɞ: ůŰɞɜ ŭɘŬŭɘəŰɡŬəɧ ɟŬŭɘɞűɤɜɘəɧ ůŰŬɗɛɧ Offradio, əŬɗɩɠ əŬɘ ůŰŬ dj set ˊɞɡ 

ɏˊŬɘɕŬɜ ŬɡɗŮɜŰɘəɐ, ɤɛɐ əŬɘ ůŰŮɔɜɐ Psytrance, Uplifting  & Goa Trance ɔɘŬ Űɖ ɓɞɐɗŮɘɎ Űɞɡɠ 

ɧůɞɜ ŬűɞɟɎ Űɖ ůɡɔəɏɜŰɟɤůɐ ɛɞɡ, əŬɗɩɠ əŬɘ Űɖɜ ŮɡɢɎɟɘůŰɖ ́ ŬɟɏɚŮɡůɖ Űɤɜ ɤɟɩɜ ůŰɞ ɔɟŬűŮɑɞ 

Ⱦ2.ȷ10. ȰɜŬ ɔɟŬűŮɑɞ Űɞ ɞˊɞɑɞ ɗŬ ɛɞɡ ɗɡɛɑɕŮɘ ůŰɘɔɛɏɠ ɏɛˊɜŮɡůɖɠ, ŭɞəɘɛɩɜ əŬɘ ɏɜŰɞɜɖɠ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ. 

Ƀɘ űɑɚɞɘ ŮɑɜŬɘ ɖ ɞɘəɞɔɏɜŮɘŬ ˊɞɡ ŮˊɘɚɏɔŮɘɠ ɚɏɜŮ. ȺɎɜ ŭŮɜ ɡˊɐɟɢŬɜ ŬɡŰɞɑ ɔɘŬ ɜŬ 

ŬɜŰŬɚɚɎɝɞɡɛŮ ŬˊɧɣŮɘɠ əŬɘ ˊɟɞɓɚɖɛŬŰɘůɛɞɨɠ, ɑůɤɠ ɜŬ ɛɖɜ ˊŮŰɡɢŬɑɜŬɛŮ əŬɘ ˊɞɚɚɎ. ūɑɚɞɘ ɛɞɡ 

ůŬɠ ŮɡɢŬɟɘůŰɩ ˊɞɚɨ ˊɞɡ ɐůŬůŰŬɜ ŮəŮɑ ɧˊɞŰŮ ɢɟŮɘɎůŰɖəŮ. ȾŬɘ ɛɘŬ ɝŮɢɤɟɘůŰɐ ŬɜŬűɞɟɎ ŬɝɑɕŮɘ 

ůŰɞɜ ȾɩůŰŬ, ɏɜŬɜ Ɏɜɗɟɤˊɞ ˊɞɡ Ŭˊɧ ɛɘəɟɧ ˊŬɘŭɑ ɛŮ ůɡɛɓɞɨɚŮɡŮ əŬɘ ɛŮ ŬɡŰɏɠ Űɘɠ əŬŰŮɡɗɨɜůŮɘɠ 

ɏɢɤ űŰɎůŮɘ ɛɏɢɟɘ Ůŭɩ. 

ɇɏɚɞɠ, ɜɘɩɗɤ ɡˊŮɟɐűŬɜɞɠ ɔɘŬ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ. ŪŮɤɟɩ ɧŰɘ ɧůŬ ŮɡɢŬɟɘůŰɩ əŬɘ ɜŬ 

ɔɟɎɣɤ ŭŮɜ ŬɜŰŬɜŬəɚɞɨɜ ɛŮ əŬɜɏɜŬ Űɟɧˊɞ Űɞ ˊɧůɞ ŮəŰɘɛɩ Űɖ ůɡɜŮɘůűɞɟɎ Űɞɡɠ əŬɘ Űɖɜ 

əŬŰŬɜɧɖůɐ Űɞɡɠ ůŰɘɠ Ůˊɘɚɞɔɏɠ ˊɞɡ ɏəŬɜŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. ȾɎˊɞɘɞɘ ŭŮɜ ŮɑɜŬɘ Ůŭɩ ɛŬɕɑ ɛŬɠ ɔɘŬ 

ɜŬ ɕɐůɞɡɜ ŬɡŰɏɠ Űɘɠ ůŰɘɔɛɏɠ, ŬɚɚɎ ɜŬ ɝɏɟɞɡɜ ɧŰɘ ŰŬ ŮűɧŭɘŬ ˊɞɡ ɛɞɡ ɏŭɤůŬɜ ɏˊŬɘɝŬɜ ŰŮɟɎůŰɘɞ 

ɟɧɚɞ ůŰɞ ɜŬ ɞɚɞəɚɖɟɩůɤ ŬɡŰɐɜ Űɖɜ ˊɟɞůˊɎɗŮɘŬ. 

 

        ȷɚɏɝŬɜŭɟɞɠ ɇůɘˊɘŬɜɑŰɖɠ 
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ȹɘŭŬəŰɞɟɘəɐ ȹɘŬŰɟɘɓɐ 

 

 

 

ɆŮɘůɛɘəɐ ŰɟɤŰɧŰɖŰŬ əŬɘ ɓɏɚŰɘůŰɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

ŭɘŬəɘɜŭɨɜŮɡůɖɠ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

 

 

 

ɡˊɧ ȷɚɏɝŬɜŭɟɞɡ ȹ. ɇůɘˊɘŬɜɑŰɖ 

 

 

ɄŮɟɑɚɖɣɖ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɟɞɞŭŮɡŰɘəɐ Ŭɨɝɖůɖ Űɖɠ ɢɟɐůɖɠ ŭŮɝŬɛŮɜɩɜ ɛŮɔɎɚɖɠ 

əɚɑɛŬəŬɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ŭɘŬűɧɟɤɜ ɡɔɟɩɜ. ɀŮɔɎɚŮɠ ŭŮɝŬɛŮɜɏɠ ɞɟɗɞɔɤɜɘəɐɠ əŬɘ 

əɡɚɘɜŭɟɘəɐɠ ŭɘŬŰɞɛɐɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ ɐ ɢɎɚɡɓŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɜŮɟɞɨ, 

ɢɖɛɘəɩɜ əŬɘ əŬɡůɑɛɤɜ. ũŮɜɘəɎ, ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ůŰɞɡɠ Űɨˊɞɡɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ, Űɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ Űɞɡɠ, Űɞ ůɢɐɛŬ, Űɞ ůŰŬŰɘəɧ Űɞɡɠ ůɨůŰɖɛŬ 

əŬɘ Űɖ ɗɏůɖ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ɏŭŬűɞɠ (ɡˊɧɔŮɘŮɠ, ŮˊɑɔŮɘŮɠ, ɡˊŮɟɡɣɤɛɏɜŮɠ). ȷˊɧ Űɖɜ Ɏɚɚɖ 

ˊɚŮɡɟɎ, ŬɟəŮŰɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŭŮɝŬɛŮɜɏɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ 

Ŭˊɧ ɡɣɖɚɐ ůŮɘůɛɘəɧŰɖŰŬ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ ŭŮɝŬɛŮɜɏɠ ɡɔɟɞˊɞɘɖɛɏɜɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ 

ůŰɖ ɅŮɓɡɗɞɨůŬ. ȹɘɎűɞɟŬ əŬŰŬɔŮɔɟŬɛɛɏɜŬ ˊŮɟɘůŰŬŰɘəɎ Ŭˊɧ ůŮɘůɛɞɨɠ ůŮ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ 

ŬˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɖ ŬůŰɞɢɑŬ ŰɏŰɞɘɤɜ ůɖɛŬɜŰɘəɩɜ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ŭɘŬɟɟɞɏɠ, ŮəɟɐɝŮɘɠ, ˊɡɟəŬɔɘɏɠ, ə.Ŭ. ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ ůɞɓŬɟɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əŬɘ 

ɞɘəɞɜɞɛɘəɩɜ ŮˊɘˊŰɩůŮɤɜ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɞ ɓɏɚŰɘůŰɞɠ ŬɜŰɘůŮɘůɛɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɞɡɠ, Ŭűɞɨ 

ɖ Ůɨɟɡɗɛɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŮɑɜŬɘ əŮűŬɚŬɘɩŭɞɡɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ əɞɘɜɤɜɑŬ, Űɖɜ ɞɘəɞɜɞɛɑŬ əŬɘ 

Űɞ ˊŮɟɘɓɎɚɚɞɜ. Ⱥˊɑůɖɠ, ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůɗŮɑ ɧŰɘ ŬɡŰɏɠ ɞɘ ɛŮɔɎɚŮɠ ŭŮɝŬɛŮɜɏɠ, ɚɧɔɤ Űɞɡ 

ůɖɛŬɜŰɘəɞɨ ɟɧɚɞɡ ˊɞɡ ɏɢɞɡɜ ůŰɖɜ ŮɝɡˊɖɟɏŰɖůɖ ɓŬůɘəɩɜ ŬɜŬɔəɩɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ˊŬɟŬɛɏɜɞɡɜ ɚŮɘŰɞɡɟɔɘəɏɠ ŬəɧɛŬ əŬɘ ɛŮŰɎ Ŭˊɧ ɏɜŬɜ ɘůɢɡɟɧ ůŮɘůɛɧ. 

Ƀɘ əɡɚɘɜŭɟɘəɏɠ ɛŮŰŬɚɚɘəɏɠ ŭŮɝŬɛŮɜɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ 

ˊŮŰɟŮɚŬɑɞɡ əŬɘ ɡɔɟɞˊɞɘɖɛɏɜɞɡ űɡůɘəɞɨ Ŭɏɟɘɞɡ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ, ɞɘ ŭŮɝŬɛŮɜɏɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ (ˊ.ɢ., əŰɘɟɘŬəɏɠ) 

əŬŰŬůəŮɡɏɠ, ŮɝŬɘŰɑŬɠ Űɖɠ ŭɞɛɐɠ Űɞɡɠ, Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ɡɔɟɧ ˊŮɟɘŮɢɧɛŮɜɞ 



 

vi 

 

Űɞɡɠ, ŬɚɚɎ əŬɘ Űɞɜ Űɟɧˊɞ ɗŮɛŮɚɑɤůɖɠ Űɞɡɠ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ ɞɘ ŭŮɝŬɛŮɜɏɠ 

ɡˊɧəŮɘɜŰŬɘ ůŮ ŬŭɟŬɜŮɘŬəɎ ůŮɘůɛɘəɎ űɞɟŰɑŬ əŬɘ ɡŭɟɞŭɡɜŬɛɘəɏɠ ˊɘɏůŮɘɠ. ūŬɘɜɧɛŮɜŬ ɚɡɔɘůɛɞɨ 

Űɤɜ ŰɞɘɢɤɛɎŰɤɜ (Űɨˊɞɡ "elephant-foot" əŬɘ "diamond-shape"), əŬɗɩɠ əŬɘ ŬůŰɞɢɑŬ Űɖɠ ɞɟɞűɐɠ 

ɚɧɔɤ űŬɘɜɞɛɏɜɤɜ əɡɛŬŰɘůɛɞɨ (sloshing), ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ 

Űɞɡɠ. Ⱥˊɑůɖɠ, əɘɜɖɛŬŰɘəɞɨ Űɨˊɞɡ əŬŰŬˊɞɜɐůŮɘɠ (ˊ.ɢ., ŮɝŬɘŰɑŬɠ ɟŮɡůŰɞˊɞɑɖůɖɠ ůŮ ˊŬɟɎəŰɘŮɠ 

ɗɏůŮɘɠ) ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ˊɟɞɓɚɐɛŬŰŬ Űɧůɞ ůŮ ŭŮɝŬɛŮɜɏɠ ɧůɞ əŬɘ ɎɚɚŮɠ ˊŬɟŬəŮɑɛŮɜŮɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ ůɡɛˊɑŮůɖɠ, ɡɔɟɞˊɞɑɖůɖɠ, ə.Ŭ.  

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŭɘŬŰɡˊɤɗŮɑ ŭɘɎűɞɟɞɘ əŬɜɞɜɘůɛɞɑ ɔɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ 

ůɢŮŭɘŬůɛɧ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ (ɧˊɤɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ Eurocode 8 ůŰɖɜ 

Ⱥɡɟɩˊɖ, ɞ IITK-GSDMA ůŰɖɜ ȽɜŭɑŬ, ɞ API-650 ůŰɘɠ ȼɄȷ, ə.Ŭ.). Ƀ ɓŬůɘəɧɠ ůŰɧɢɞɠ Űɤɜ Ůɜ 

ɚɧɔɤ əŬɜɞɜɘůɛɩɜ -ɡˊɧ Űɞ ˊɟɑůɛŬ Űɞɡ ůɨɔɢɟɞɜɞɡ ŬɜŰɘůŮɘůɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ ɛŮ ɓɎůɖ Űɖɜ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬ Ůɜɧɠ ɏɟɔɞɡ ɔɘŬ ŭɘɎűɞɟŬ ůŮɘůɛɘəɎ ůŮɜɎɟɘŬ- ŮɑɜŬɘ ɖ Ŭˊɞűɡɔɐ ŬəɟŬɑɤɜ 

əŬŰŬůŰɎůŮɤɜ ŬůŰɞɢɘɩɜ. ȷɡŰɧ ɘůɢɨŮɘ ŬəɧɛŬ əŬɘ ɔɘŬ ůˊɎɜɘŬ ůŮɘůɛɘəɎ ɔŮɔɞɜɧŰŬ ŮɝŬɘŰɑŬɠ Űɤɜ 

ˊɞɚɨ ŭɡůɛŮɜɩɜ ůɡɜŮˊŮɘɩɜ ˊɞɡ ɗŬ ˊɟɞəɚɖɗɞɨɜ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ˊɚɖɗɡůɛɧ əŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

Ŭˊɧ Űɖɜ ŬůŰɞɢɑŬ ŰɏŰɞɘɤɜ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ Űɧůɞ ɛŮɔɎɚɖɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ əŬɘ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ.  

ɆŰɞ ˊɚŬɑůɘɞ Űɤɜ ɛɏŰɟɤɜ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɤɜ ůŮɘůɛɘəɩɜ ɔŮɤəɘɜŭɨɜɤɜ ůŰɘɠ ŭŮɝŬɛŮɜɏɠ 

ˊɞɚɚɏɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘɎűɞɟŬ ůɢŮŰɘəɎ ŬˊɚɎ ɛɏŰɟŬ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ űŬɘɜɞɛɏɜɤɜ 

ɚɡɔɘůɛɞɨ (Ŭɨɝɖůɖ Űɞɡ ˊɎɢɞɡɠ, ˊŮɟɘɛŮŰɟɘəɞɑ ŭŬəŰɨɚɘɞɘ ŭɡůəŬɛɣɑŬɠ, ə.Ŭ.), ŬɚɚɎ əŬɘ ůɡůŰɐɛŬŰŬ 

ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ ɛŮŰŬɝɨ Űɖɠ Ŭɜɤŭɞɛɐɠ əŬɘ Űɖɠ ɗŮɛŮɚɑɤůɖɠ. ũŮɜɘəɎ, ɞ Űɨˊɞɠ Űɖɠ ɗŮɛŮɚɑɤůɖɠ 

(ŮˊɘűŬɜŮɘŬəɐ ɐ ɓŬɗɘɎ ɛŮ ˊŬůůɎɚɞɡɠ) ɛɑŬɠ ŭŮɝŬɛŮɜɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ ˊŬɟŬɛɏŰɟɞɡɠ (ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡˊŮŭɎűɞɡɠ, ŰŬ űɞɟŰɑŬ, Űɖɜ ŰɞˊɞɔɟŬűɑŬ ůŰɖ ɗɏůɖ əŬŰŬůəŮɡɐɠ Űɖɠ, Űɖ 

ɢɟɐůɖ ŬɔəɡɟɩůŮɤɜ ɔɘŬ ɡˊŮɟɡɣɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ, ə.Ŭ.).  

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɞɘ əŬɗɘɕɐůŮɘɠ (ɞɚɘəɏɠ əŬɘ ŭɘŬűɞɟɘəɏɠ) ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ˊŮɟɘɞɟɘůɛɏɜŮɠ ɔɘŬ ɜŬ ɛɖ ŭɖɛɘɞɡɟɔɐůɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ůŰɘɠ ŭŮɝŬɛŮɜɏɠ. ȷɟəŮŰɞɑ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ 

ɛŮɚŮŰɐůŮɘ Űɖ ůŮɘůɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŭŮɝŬɛŮɜɩɜ ɡɔɟɩɜ ŬˊɞɗɐəŮɡůɖɠ, ŭɘŮɟŮɡɜɩɜŰŬɠ Űɖɜ 

ɡŭɟɞŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɟŮɡůŰɞɨ-əŬŰŬůəŮɡɐɠ ɗŮɤɟɩɜŰŬɠ Űɘɠ ɤɠ ˊŬəŰɤɛɏɜŮɠ ůŰɖ ɓɎůɖ 

Űɞɡɠ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɑŬ ˊɞɚɨ ŬˊɚɞɡůŰŮɡŰɘəɐ ˊŬɟŬŭɞɢɐ Ŭűɞɨ ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ 

Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ɏŭŬűɞɠ. Ⱥɜ ɔɏɜŮɘ, ɖ ɟŮŬɚɘůŰɘəɐ əŬɘ 

ŬɝɘɧˊɘůŰɖ ŬˊɞŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ ŰɟɤŰɧŰɖŰŬɠ əŬɘ ɖ ɓɏɚŰɘůŰɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

ŭɘŬəɘɜŭɨɜŮɡůɖɠ ŰɏŰɞɘɤɜ əɟɑůɘɛɤɜ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ŬˊɞŰŮɚŮɑ ŮˊɑəŬɘɟɞ, ŬɚɚɎ əŬɘ ůŰɟŬŰɖɔɘəɐɠ 
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ůɖɛŬůɑŬɠ ɕɐŰɖɛŬ ŮˊɘůŰɖɛɞɜɘəɞɨ əŬɘ ˊɟŬəŰɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧɜ, ɖ 

ŮɟŮɡɜɖŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ůŮ ŬɡŰɧ Űɞ ˊŮŭɑɞ ɓɟɑůəŮŰŬɘ ůŮ ůɡɜŮɢɐ Ůɝɏɚɘɝɖ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ɏɟŮɡɜŬ -ɛŮŰɎ Ŭˊɧ ɛɘŬ ŮəŰŮɜɐ ɓɘɓɚɘɞɔɟŬűɘəɐ ŭɘŮɟŮɨɜɖůɖ ɔɘŬ 

Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ- ŬɜŬˊŰɨɢɗɖəŬɜ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɡˊɞɚɞɔɘůŰɘəɎ 

ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖ ɟŮŬɚɘůŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɟŮɡůŰɞɨ-

əŬŰŬůəŮɡɐɠ-ɗŮɛŮɚɑɤůɖɠ. ɀɏůɤ əŬŰɎɚɚɖɚɤɜ ŬɟɘɗɛɖŰɘəɩɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ 

ůŰɞɘɢŮɑɤɜ ŮɝŮŰɎůŰɖəŮ ŮɜŭŮɚŮɢɩɠ ɖ ŭɡɜŬɛɘəɐ Ŭˊɧəɟɘůɖ əŬɘ ŰɟɤŰɧŰɖŰŬ Űɤɜ ŭŮɝŬɛŮɜɩɜ ɏɜŬɜŰɘ 

Űɞɡ ůŮɘůɛɘəɞɨ əɘɜŭɨɜɞɡ. ȺˊɘˊɟɞůɗɏŰɤɠ, ŬɝɘɞɚɞɔɐɗɖəŬɜ ɛɏůɤ ˊɟɞɖɔɛɏɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɘɗŬɜɎ ɛɏŰɟŬ ɔɘŬ Űɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ɛŮɑɤůɖ Űɖɠ ůŮɘůɛɘəɐɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ 

Űɞɡɠ. ɇŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ŬˊɞŰɏɚŮůŬɜ Űɞɡɠ ɓŬůɘəɞɨɠ ŮˊɘůŰɖɛɞɜɘəɞɨɠ ůŰɧɢɞɡɠ əŬɘ ŮˊɘŰŮɨɔɛŬŰŬ 

Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ɛŮɚŮŰɐɗɖəŮ ɖ ůŮɘůɛɘəɐ ŰɟɤŰɧŰɖŰŬ ŭŮɝŬɛŮɜɩɜ ɔɘŬ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ 

ŮűŮŭɟɎɜɤɜ ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ, ɛŮ əɟɘŰɐɟɘɞ ɡˊɏɟɓŬůɖɠ Űɖ ɛɏɔɘůŰɖ ɘəŬɜɧŰɖŰŬ ɛŮŰŬəɑɜɖůɖɠ Űɤɜ 

ŭɘŬŰɎɝŮɤɜ ŬɡŰɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ŭŮɝŬɛŮɜɏɠ ɐŰŬɜ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜŮɠ ɛŮ ŮűɏŭɟŬɜŬ ɛɞɜɐɠ 

(Single Friction Pendulum Bearing ï SFPB), Űɟɘˊɚɐɠ (Triple Friction Pendulum Bearing ï 

TFPB), əŬɗɩɠ əŬɘ ˊŮɜŰŬˊɚɐɠ (Quintuple Friction Pendulum Bearing ï QFPB) əŬɛˊɨɚɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɟɘɓɐɠ. ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŮɝŮŰɎůŰɖəŮ ɖ Ůˊɘɟɟɞɐ Űɖɠ əŬɗɞɚɘəɐɠ ŬˊɧůɓŮůɖɠ ůŰɖ 

ůŮɘůɛɘəɐ ŰɟɤŰɧŰɖŰŬ ŭŮɝŬɛŮɜɩɜ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ. ȺɘŭɘəɧŰŮɟŬ, ůŮ ŭŮɝŬɛŮɜɏɠ ɛŮ ŮűɏŭɟŬɜŬ 

SFPB əŬɘ TFPB ŭɘŮɟŮɡɜɐɗɖəŮ ŮəŰŮɜɩɠ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ çŭɘŬɟɟɞɐɠ ŬˊɧůɓŮůɖɠè. ȳˊɤɠ 

ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ŮɎɜ ŭŮɜ əŬɗɞɟɘůŰŮɑ ɛŮ əŬŰɎɚɚɖɚɞ Űɟɧˊɞ ɖ əŬɗɞɚɘəɐ ŬˊɧůɓŮůɖ, 

ŰɧŰŮ ɖ çŭɘŬɟɟɞɐ ŬˊɧůɓŮůɖɠè ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ ůɖɛŬɜŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȼ ŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŮŭɎűɞɡɠ-ŭŮɝŬɛŮɜɐɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ŬəɧɛŬ ŬɜŰɘəŮɑɛŮɜɞ 

ɛŮɚɏŰɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ. ȷˊɞŰŮɚŮɑ ɏɜŬ ůɨɜɗŮŰɞ űŬɘɜɧɛŮɜɞ ˊɞɡ ɢɟɐɕŮɘ ɘŭɘŬɑŰŮɟɖɠ 

ɛŮɚɏŰɖɠ ůŮ əɎɗŮ ˊɟɧɓɚɖɛŬ Űɖɠ ůŮɘůɛɘəɐɠ ɛɖɢŬɜɘəɐɠ, ˊɧůɞ ɛɎɚɚɞɜ ůŮ ůɖɛŬɜŰɘəɏɠ ɡˊɞŭɞɛɏɠ 

ɧˊɤɠ ŮɑɜŬɘ ɞɘ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ. ɆŰɖ ůɢŮŰɘəɐ ŭɘŮɟŮɨɜɖůɖ ŮɝŮŰɎůŰɖəŬɜ ŬɟəŮŰɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ, ɧˊɤɠ ɞ ůɡɜŰŮɚŮůŰɐɠ Űɟɘɓɐɠ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ Űɖɠ ɓɎůɖɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ əŬɘ Űɞɡ 

ŮŭɎűɞɡɠ, ɞ ɚɧɔɞɠ ɚɡɔɖɟɧŰɖŰŬɠ, Űɞ ́ ɞůɞůŰɧ ˊɚɐɟɤůɖɠ Űɞɡ ɡɔɟɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ, ə.Ŭ. ȺˊɧɛŮɜɞɠ 

ůŰɧɢɞɠ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ˊɟɞůˊɎɗŮɘŬɠ ɐŰŬɜ ɖ ɓŮɚŰɑɤůɖ Űɖɠ Ŭˊɧəɟɘůɖɠ ŭŮɝŬɛŮɜɩɜ ɛŮ 

ůɡůŰɐɛŬŰŬ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ əŬɘ ˊɟɧůɗŮŰɞɡɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ. Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ůŮ 

ŭŮɝŬɛŮɜɐ ɛŮ ŮűɏŭɟŬɜŬ Űɨˊɞɡ SFPB əŬɘ ɔɟŬɛɛɘəɞɨɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ ŮɝŮŰɎůŰɖəŮ ɖ 

Ůˊɘɟɟɞɐ Űɞɡ ˊɞůɞůŰɞɨ ˊɟɧůɗŮŰɖɠ ŬˊɧůɓŮůɖɠ ůŰɖ ůŮɘůɛɘəɐ ŰɟɤŰɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ 
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ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ, ůŰɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ ůŰɖɜ Ŭɜɤŭɞɛɐ, əŬɗɩɠ əŬɘ ůŰɞɡɠ ɓɟɧɔɢɞɡɠ ɡůŰɏɟɖůɖɠ 

Űɤɜ ŬˊɞůɓŮůŰɐɟɤɜ. 

ȷəɞɚɞɨɗɤɠ, ɏɜŬ ɛŮɔɎɚɞ ŰɛɐɛŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ɏɟŮɡɜŬɠ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ 

ŭɘŬŰɨˊɤůɖ əŬɘ ŮűŬɟɛɞɔɐ ˊɟɤŰɧŰɡˊɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ŭŮɝŬɛŮɜɩɜ 

ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ. ȼ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ŮɝɏŰŬůŮ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

Űɤɜ ŮűŮŭɟɎɜɤɜ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ ůŮ ŭŮɝŬɛŮɜɏɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɡˊɘəɞɨɠ, ɓŮɚŰɘɤɛɏɜɞɡɠ 

əŬɘ ɡɓɟɘŭɘəɞɨɠ ŮɝŮɚɘəŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ. ɆŰɖ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɡɜŭɡŬůŰɘəɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɓŬůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɢɤɟɞɗɏŰɖůɖɠ Űɤɜ ŮűŮŭɟɎɜɤɜ, ɛŮ ŮűŬɟɛɞɔɐ Űɖɠ 

ɛŮɗɧŭɞɡ ŬɜŬɕɐŰɖůɖɠ əɞɨəɤɜ (Cuckoo Search ï CS). ɇɏɚɞɠ, ɖ ŰɟɑŰɖ ŮůŰɘɎɕŮŰŬɘ ůŰɖɜ 

ˊɞɚɡəɟɘŰɖɟɘŬəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŭŮɝŬɛŮɜɩɜ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ əŬɘ ˊɟɧůɗŮŰɞɡɠ ɔɟŬɛɛɘəɞɨɠ 

ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ. 
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Abstract 

 

Large-scale storage tanks are used worldwide for the safe storing of various liquids. Rectangular 

and cylindrical, concrete or steel, storage tanks are constructed for storing water, hazardous 

chemicals, liquefied natural gas (LNG) and oil. In general, there is a variety of tank types 

regarding the liquid content, the shape and their position (i.e., underground, above-ground, 

elevated). On the other hand, many such tanks have been constructed in areas with high 

seismicity. Several seismic events have shown that potential damages of these critical 

infrastructures can cause leakages, explosions and fires. In order to avoid serious environmental 

and socio-economic consequences, the optimum aseismic design of liquid storage tanks is of 

paramount importance. In addition, it should be noted that liquid storage tanks, due to their 

important role in serving basic needs, should remain functional even after a severe earthquake. 

Cylindrical steel tanks are widely used for storing oil and LNG. During an earthquake, 

liquid storage tanks exhibit different seismic behavior compared to ordinary structures (i.e., 

buildings) due to dynamic liquid-tank-soil interaction phenomena. More specifically, liquid 

storage tanks are subjected to inertial earthquake loads and hydrodynamic pressures. The main 

damages of liquid storage tanks are related to buckling phenomena of tank walls, typically in 

the form of "elephant-foot" and "diamond-shape" buckling types, while roof damages can be 

caused due to sloshing. In addition, kinematic type distress (i.e., liquefaction phenomena in 

coastal areas) can also cause problems to liquid storage tanks and related industrial facilities. 

Several norms have been proposed for the aseismic design of liquid storage tanks (such as 

Eurocode 8 in Europe, IITK-GSDMA in India, API-650 in USA, among others). The basic aim 
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of these codes -in the contemporary framework of performance-based design- is the avoidance 

of severe damages even for extreme seismic events, due to the adverse on the population and 

the environment.  

Simple measures for the seismic protection of liquid storage tanks include increased 

tank wall thickness and stiffening rings for the avoidance of buckling phenomena. In addition, 

base-isolation schemes are implemented, in which isolators are installed between the base of 

the superstructure and the foundation. Generally, the foundation type of storage tanks depends 

on various parameters (e.g., soil characteristics, topography, tank construction type, use of 

anchors, etc.). In any case, ground deformations should be limited. Many researchers have 

studied the seismic response of liquid storage tanks, investigating the hydrodynamic tank-liquid 

interaction. The majority of these studies have considered the structure fixed at its base, which 

is not always a realistic representation. In general, the realistic and reliable assessment of 

seismic vulnerability and the minimization of seismic risk of such critical facilities consists an 

important and continuously developing research field.  

Consequently, in this doctoral thesis -based on an extended literature review-  soil-tank-

liquid interaction phenomena have been elaborately examined, via efficient numerical tools and 

finite element models. In this way, the dynamic response and seismic vulnerability of large-

scale tanks have been assessed. Moreover, efficient seismic protection measures, based on 

seismic isolation and supplemental damping, have been proposed utilizing advanced 

optimization methods. Conclusively, the seismic vulnerability and the minimization of seismic 

risk of liquid storage tanks consist the main contributions of the present doctoral dissertation. 

More specifically, the seismic vulnerability of liquid storage tanks isolated by various 

types of friction isolators has been studied in terms of isolators maximum displacement 

capacity. The tanks are base-isolated via Single Friction Pendulum Bearings (SFPB), Triple 

Friction Pendulum Bearings (TFPB), as well as Quintuple Friction Pendulum Bearings (QFPB). 

In addition, the impact of global damping on the seismic vulnerability of base-isolated storage 

tanks has been examined. More specifically, the ñdamping leakageò phenomenon has been 

extensively investigated in liquid storage tanks isolated by SFPB or TFPB. According to 

relevant studies, if global damping is not simulated in an appropriate manner, then ñdamping 

leakageò can significantly affect the results.  

Another goal of this doctoral research is the systematic investigation of the dynamic 

interaction soil-tank. It is a very complex phenomenon that needs extra attention in any problem 
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in structural dynamics, especially for critical infrastructure such as liquid storage tanks. 

Accordingly, various parameters were examined, such as the friction coefficient at the interface 

between tank base and foundation, the tank slenderness ratio, the liquid filling percentage, etc. 

The current study has also been focused on the seismic vulnerability assessment of base-isolated 

storage tanks with supplemental viscous dampers. More specifically, a storage tank with SFPB 

devices and supplemental linear viscous dampers has been used to investigate the impact of 

additional damping percentage on the vulnerability of the isolators, the superstructure 

accelerations and damper hysteretic curves. 

In addition, a significant part of this doctoral research has been devoted in establishing 

novel optimum design formulations of base-isolated storage tanks.  The first approach 

examined the isolators optimization of base-isolated tanks using standard, enhanced and hybrid 

evolutionary optimization algorithms. The second methodology constitutes a combined 

approach aiming to concurrently optimize both isolators sizing parameters and placement 

utilizing Cuckoo Search (CS) optimization algorithm. Lastly, an efficient multi-objective 

optimization formulation is proposed for base-isolated liquid storage tanks with supplemental 

viscous dampers. 
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ȾȺūȷȿȷȽɃ 1 

 

ȺȽɆȷũɋũȼ 

 

 

1.1 ȷɁɇȽȾȺȽɀȺɁɃ ɇȼɆ ȺɅȺɈɁȷɆ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɟɞɞŭŮɡŰɘəɐ Ŭɨɝɖůɖ Űɖɠ ɢɟɐůɖɠ ŭŮɝŬɛŮɜɩɜ ɛŮɔɎɚɖɠ 

əɚɑɛŬəŬɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ŭɘŬűɧɟɤɜ ɡɔɟɩɜ. ȹŮɝŬɛŮɜɏɠ ɞɟɗɞɔɤɜɘəɐɠ əŬɘ əɡɚɘɜŭɟɘəɐɠ 

ŭɘŬŰɞɛɐɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ ɐ ɢɎɚɡɓŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɜŮɟɞɨ, ɢɖɛɘəɩɜ əŬɘ 

əŬɡůɑɛɤɜ. ũŮɜɘəɎ, ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ůŰɞɡɠ Űɨˊɞɡɠ ŭŮɝŬɛŮɜɩɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ˊŮɟɘŮɢɧɛŮɜɞ, Űɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ Űɞɡɠ, Űɞ ůɢɐɛŬ, Űɞ ůŰŬŰɘəɧ Űɞɡɠ ůɨůŰɖɛŬ əŬɘ Űɖ ɗɏůɖ Űɞɡɠ 

ůŮ ůɢɏůɖ ɛŮ Űɞ ɏŭŬűɞɠ (ɡˊɧɔŮɘŮɠ, ŮˊɑɔŮɘŮɠ, ɡˊŮɟɡɣɤɛɏɜŮɠ). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ŬɟəŮŰɏɠ Ŭˊɧ 

ŬɡŰɏɠ Űɘɠ ŭŮɝŬɛŮɜɏɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ 

ůŮɘůɛɘəɧŰɖŰŬ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ ŭŮɝŬɛŮɜɏɠ ɡɔɟɞˊɞɘɖɛɏɜɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ ůŰɖ 

ɅŮɓɡɗɞɨůŬ. ȹɘɎűɞɟŬ əŬŰŬɔŮɔɟŬɛɛɏɜŬ ˊŮɟɘůŰŬŰɘəɎ Ŭˊɧ ůŮɘůɛɞɨɠ ůŮ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ 

ŬˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɖ ŬůŰɞɢɑŬ ŰɏŰɞɘɤɜ ůɖɛŬɜŰɘəɩɜ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ŭɘŬɟɟɞɏɠ, ˊɡɟəŬɔɘɏɠ, ŮəɟɐɝŮɘɠ, ə.Ŭ. ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ ůɞɓŬɟɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əŬɘ 

ɞɘəɞɜɞɛɘəɩɜ ŮˊɘˊŰɩůŮɤɜ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɞ ɓɏɚŰɘůŰɞɠ ŬɜŰɘůŮɘůɛɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɞɡɠ, Ůɜɩ əŬɘ 

ɖ Ůɨɟɡɗɛɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŮɑɜŬɘ əŮűŬɚŬɘɩŭɞɡɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ əɞɘɜɤɜɑŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 

Ⱥˊɑůɖɠ, ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůɗŮɑ ɧŰɘ ŬɡŰɏɠ ɞɘ ɛŮɔɎɚŮɠ ŭŮɝŬɛŮɜɏɠ, ɚɧɔɤ Űɞɡ ůɖɛŬɜŰɘəɞɨ ɟɧɚɞɡ ˊɞɡ 

ɏɢɞɡɜ ůŰɖɜ ŮɝɡˊɖɟɏŰɖůɖ ɓŬůɘəɩɜ ŬɜŬɔəɩɜ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ˊŬɟŬɛɏɜɞɡɜ ɚŮɘŰɞɡɟɔɘəɏɠ 

ŬəɧɛŬ əŬɘ ɛŮŰɎ Ŭˊɧ ɏɜŬɜ ɘůɢɡɟɧ ůŮɘůɛɧ. 

Ƀɘ əɡɚɘɜŭɟɘəɏɠ ɛŮŰŬɚɚɘəɏɠ ŭŮɝŬɛŮɜɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ 

ˊŮŰɟŮɚŬɑɞɡ əŬɘ ɡɔɟɞˊɞɘɖɛɏɜɞɡ űɡůɘəɞɨ Ŭɏɟɘɞɡ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ, ɞɘ ŭŮɝŬɛŮɜɏɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ (ˊ.ɢ., əŰɘɟɘŬəɏɠ) 

əŬŰŬůəŮɡɏɠ, ŮɝŬɘŰɑŬɠ Űɖɠ ŭɞɛɐɠ Űɞɡɠ, Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ɡɔɟɧ ˊŮɟɘŮɢɧɛŮɜɞ 

Űɞɡɠ, ŬɚɚɎ əŬɘ Űɖɠ ɗŮɛŮɚɑɤůɖɠ ɛŮ Űɞ ɡˊɏŭŬűɞɠ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ ɞɘ ŭŮɝŬɛŮɜɏɠ 

ɡˊɧəŮɘɜŰŬɘ ůŮ ŬŭɟŬɜŮɘŬəɎ ůŮɘůɛɘəɎ űɞɟŰɑŬ əŬɘ ɡŭɟɞŭɡɜŬɛɘəɏɠ ˊɘɏůŮɘɠ. ūŬɘɜɧɛŮɜŬ ɚɡɔɘůɛɞɨ 

Űɤɜ ŰɞɘɢɤɛɎŰɤɜ (Űɨˊɞɡ "elephant-foot" əŬɘ "diamond-shape"), əŬɗɩɠ əŬɘ ŬůŰɞɢɑŬ Űɖɠ ɞɟɞűɐɠ 

ɚɧɔɤ űŬɘɜɞɛɏɜɤɜ əɡɛŬŰɘůɛɞɨ, ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ Űɞɡɠ. Ⱥˊɑůɖɠ, 
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əɘɜɖɛŬŰɘəɞɨ Űɨˊɞɡ əŬŰŬˊɞɜɐůŮɘɠ (ˊ.ɢ., ŮɝŬɘŰɑŬɠ ɟŮɡůŰɞˊɞɑɖůɖɠ ůŮ ˊŬɟɎəŰɘŮɠ ɗɏůŮɘɠ, ŬɚɚɎ əŬɘ 

ˊŮɟɘɞɢɩɜ ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŮɜŮɟɔɎ ɟɐɔɛŬŰŬ, ə.ɚˊ.) ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ˊɟɞɓɚɐɛŬŰŬ Űɧůɞ 

ůŮ ŭŮɝŬɛŮɜɏɠ ɧůɞ əŬɘ ɎɚɚŮɠ ˊŬɟŬəŮɑɛŮɜŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ůɡɛˊɑŮůɖɠ, ɡɔɟɞˊɞɑɖůɖɠ, ə.Ŭ.  

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŭɘŬŰɡˊɤɗŮɑ ŭɘɎűɞɟɞɘ əŬɜɞɜɘůɛɞɑ ɔɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ 

ůɢŮŭɘŬůɛɧ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ, ɧˊɤɠ ŮɑɜŬɘ ɞ Eurocode 8 (CEN, 2006) ůŰɖɜ 

Ⱥɡɟɩˊɖ, ɞ IITK-GSDMA (2007) ůŰɖɜ ȽɜŭɑŬ, ɞ API-650 (API 650, 1998) ůŰɘɠ ȼɄȷ, ə.Ŭ.. Ƀ 

ɓŬůɘəɧɠ ůŰɧɢɞɠ Űɤɜ Ůɜ ɚɧɔɤ əŬɜɞɜɘůɛɩɜ -ɡˊɧ Űɞ ˊɟɑůɛŬ Űɞɡ ůɨɔɢɟɞɜɞɡ ŬɜŰɘůŮɘůɛɘəɞɨ 

ůɢŮŭɘŬůɛɞɨ ɛŮ ɓɎůɖ Űɖɜ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬ Ůɜɧɠ ɏɟɔɞɡ ɔɘŬ ŭɘɎűɞɟŬ ůŮɘůɛɘəɎ ůŮɜɎɟɘŬ- ŮɑɜŬɘ ɖ 

Ŭˊɞűɡɔɐ ŬəɟŬɑɤɜ əŬŰŬůŰɎůŮɤɜ ŬůŰɞɢɘɩɜ ŬəɧɛŬ əŬɘ ɔɘŬ ůˊɎɜɘŬ ůŮɘůɛɘəɎ ɔŮɔɞɜɧŰŬ ŮɝŬɘŰɑŬɠ 

Űɤɜ ˊɞɚɨ ŭɡůɛŮɜɩɜ ůɡɜŮˊŮɘɩɜ ˊɞɡ ɗŬ ˊɟɞəɚɖɗɞɨɜ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ˊɚɖɗɡůɛɧ əŬɘ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ Űɖɜ ŬůŰɞɢɑŬ ŰɏŰɞɘɤɜ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ Űɧůɞ ɛŮɔɎɚɖɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ.  

ɆŰɞ ˊɚŬɑůɘɞ Űɤɜ ɛɏŰɟɤɜ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɤɜ ůŮɘůɛɘəɩɜ ɔŮɤəɘɜŭɨɜɤɜ ůŰɘɠ ŭŮɝŬɛŮɜɏɠ 

ˊɞɚɚɏɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘɎűɞɟŬ ůɢŮŰɘəɎ ŬˊɚɎ ɛɏŰɟŬ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ űŬɘɜɞɛɏɜɤɜ 

ɚɡɔɘůɛɞɨ (Ŭɨɝɖůɖ Űɞɡ ˊɎɢɞɡɠ, ˊŮɟɘɛŮŰɟɘəɞɑ ŭŬəŰɨɚɘɞɘ ŭɡůəŬɛɣɑŬɠ, ə.Ŭ.), ŬɚɚɎ əŬɘ ůɡůŰɐɛŬŰŬ 

ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ ɛŮŰŬɝɨ Űɖɠ Ŭɜɤŭɞɛɐɠ əŬɘ Űɖɠ ɗŮɛŮɚɑɤůɖɠ. ũŮɜɘəɎ, ɞ Űɨˊɞɠ Űɖɠ ɗŮɛŮɚɑɤůɖɠ 

(ŮˊɘűŬɜŮɘŬəɐ ɐ ɓŬɗɘɎ ɛŮ ˊŬůůɎɚɞɡɠ) ɛɑŬɠ ŭŮɝŬɛŮɜɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ ˊŬɟŬɛɏŰɟɞɡɠ (ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡˊŮŭɎűɞɡɠ, ŰŬ űɞɟŰɑŬ, Űɖɜ ŰɞˊɞɔɟŬűɑŬ ůŰɖ ɗɏůɖ əŬŰŬůəŮɡɐɠ Űɖɠ 

ŭŮɝŬɛŮɜɐɠ, Űɖ ɢɟɐůɖ Ŭɔəɡɟɑɤɜ ɔɘŬ ɡˊŮɟɡɣɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ, ə.Ŭ.). ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɞɘ 

əŬɗɘɕɐůŮɘɠ (ɞɚɘəɏɠ əŬɘ ŭɘŬűɞɟɘəɏɠ) ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɔɘŬ ɜŬ ɛɖ ŭɖɛɘɞɡɟɔɐůɞɡɜ 

ˊɟɞɓɚɐɛŬŰŬ ůŰɘɠ ŭŮɝŬɛŮɜɏɠ.  

ȷɟəŮŰɞɑ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ɛŮɚŮŰɐůŮɘ Űɖ ůŮɘůɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŭŮɝŬɛŮɜɩɜ ɡɔɟɩɜ 

ŬˊɞɗɐəŮɡůɖɠ, ŭɘŮɟŮɡɜɩɜŰŬɠ Űɖɜ ɡŭɟɞŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɟŮɡůŰɞɨ-əŬŰŬůəŮɡɐɠ 

ɗŮɤɟɩɜŰŬɠ Űɘɠ ɤɠ ˊŬəŰɤɛɏɜŮɠ ůŰɖ ɓɎůɖ Űɞɡɠ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɑŬ ˊɞɚɨ 

ŬˊɚɞɡůŰŮɡŰɘəɐ ˊŬɟŬŭɞɢɐ Ŭűɞɨ ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ɏŭŬűɞɠ. Ⱥɜ ɔɏɜŮɘ, ɖ ɟŮŬɚɘůŰɘəɐ əŬɘ ŬɝɘɧˊɘůŰɖ ŬˊɞŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

ŰɟɤŰɧŰɖŰŬɠ əŬɘ ɖ ɓɏɚŰɘůŰɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ůŮɘůɛɘəɐɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ ŰɏŰɞɘɤɜ əɟɑůɘɛɤɜ 

ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ŬˊɞŰŮɚŮɑ ŮˊɑəŬɘɟɞ, ŬɚɚɎ əŬɘ ůŰɟŬŰɖɔɘəɐɠ ůɖɛŬůɑŬɠ ɕɐŰɖɛŬ ŮˊɘůŰɖɛɞɜɘəɞɨ əŬɘ 

ˊɟŬəŰɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧɜ, ɖ ŮɟŮɡɜɖŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ůŮ ŬɡŰɧ Űɞ ˊŮŭɑɞ 

ɓɟɑůəŮŰŬɘ ůŮ ůɡɜŮɢɐ Ůɝɏɚɘɝɖ.  

ȾŬŰɎ ůɡɜɏˊŮɘŬ, ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ɨůŰŮɟŬ Ŭˊɧ ɛɘŬ ŮəŰŮɜɐ 

ɓɘɓɚɘɞɔɟŬűɘəɐ ŭɘŮɟŮɨɜɖůɖ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ, ŬɜŬˊŰɨɢɗɖəŮ ɛɑŬ ɟŮŬɚɘůŰɘəɐ 

ˊɟɞůɞɛɞɑɤůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɟŮɡůŰɞɨ-əŬŰŬůəŮɡɐɠ-ɗŮɛŮɚɑɤůɖɠ ɛɏůɤ 
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əŬŰɎɚɚɖɚɤɜ ŬɟɘɗɛɖŰɘəɩɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ȺɝŮŰɎůŰɖəŮ ɖ ŭɡɜŬɛɘəɐ 

Ŭˊɧəɟɘůɖ əŬɘ ŰɟɤŰɧŰɖŰŬ Űɤɜ ŭŮɝŬɛŮɜɩɜ ɏɜŬɜŰɘ Űɞɡ ůŮɘůɛɘəɞɨ əɘɜŭɨɜɞɡ, Ůɜɩ ŬɝɘɞɚɞɔɐɗɖəŬɜ 

ɛɏůɤ ˊɟɞɖɔɛɏɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɘɗŬɜɎ ɛɏŰɟŬ ɔɘŬ Űɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ɛŮɑɤůɖ 

Űɖɠ ůŮɘůɛɘəɐɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ Űɞɡɠ. ɇŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ŬˊɞŰŮɚɞɨɜ Űɞɡɠ ɓŬůɘəɞɨɠ 

ŮˊɘůŰɖɛɞɜɘəɞɨɠ ůŰɧɢɞɡɠ əŬɘ ŮˊɘŰŮɨɔɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ɏɟŮɡɜŬɠ. 

 

1.2 ɆȾɃɄɃɆ ɇȼɆ ȺɅȺɈɁȷɆ ȾȷȽ ɄɅɋɇɃɇɈɄȽȷ 

ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ɏɟŮɡɜŬɠ ɏɔɘɜŮ ɛɘŬ ŮɜŭŮɚŮɢɐɠ Ů́ ɘůəɧˊɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ŮˊɘůŰɖɛɞɜɘəɐɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ, əŬɗɩɠ əŬɘ ůɡůŰɖɛŬŰɘəɐ ŮəɛɎɗɖůɖ Űɤɜ əŬŰɎɚɚɖɚɤɜ ɚɞɔɘůɛɘəɩɜ ɔɘŬ Űɖɜ 

Ůˊɘɚɞɔɐ Űɤɜ əŬŰŬɚɚɖɚɧŰŮɟɤɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Űɞ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɞ ˊɚɐɗɞɠ 

ŭɡɜŬɛɘəɩɜ ŬɜŬɚɨůŮɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɛŮɚŮŰɐɗɖəŮ ˊɚɐɗɞɠ ŭɖɛɞůɘŮɨůŮɤɜ, ŭɘŬŰɟɘɓɩɜ əŬɘ 

ůɡɔɔɟŬɛɛɎŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɡɔɟɞɨ-ŭŮɝŬɛŮɜɐɠ, əŬɗɩɠ əŬɘ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɡˊɞŭɞɛɩɜ ŬɡŰɩɜ ɡˊɧ ůŮɘůɛɘəɎ űɞɟŰɑŬ, ɛŮ ɐ ɢɤɟɑɠ ůŮɘůɛɘəɐ ɛɧɜɤůɖ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ŮɝŮŰɎůŰɖəŬɜ ɞɘ əɡɟɘɧŰŮɟŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ůŮ 

ůɖɛŬɜŰɘəɎ ɘůŰɞɟɘəɎ ůŮɘůɛɘəɎ ɔŮɔɞɜɧŰŬ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ 

ɚɞɔɘůɛɘəɩɜ ɔɘŬ Űɘɠ ŬɜŬɚɨůŮɘɠ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, ŮɝŮŰɎůɗɖəŬɜ ŰŬ ŬəɧɚɞɡɗŬ: ABAQUS 

(Dassault Systemes, 2016), ADINA (Bathe, 1978), SAP2000 (CSI, 2017), OpenSeeS 

(McKenna and Fenves, 2001) əŬɘ Seismostruct (Seismosoft, 2016). ȴůŰŮɟŬ Ŭˊɧ ŭɘɎűɞɟŮɠ 

ŭɞəɘɛɏɠ əŬɘ ɔɘŬ Űɜ əŬɚɨŰŮɟɖ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ, ŮˊɘɚɏɢɗɖəŬɜ ŰŬ 

ɚɞɔɘůɛɘəɎ ABAQUS əŬɘ SAP2000. 

 ɆŰɖ ůɡɜɏɢŮɘŬ, ɞ ŮˊɧɛŮɜɞɠ ůŰɧɢɞɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɖ əŬŰŬůəŮɡɐ Ůɜɧɠ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨ 

ɟ́ɞůɞɛɞɘɩɛŬŰɞɠ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ˊŬɟŬɛŮŰɟɘəɩɜ ŬɜŬɚɨůŮɤɜ. 

ɀŮɚŮŰɐɗɖəŬɜ ŬɟəŮŰɎ Ůɑŭɖ, ɧˊɤɠ Űɞ ɟŮŬɚɘůŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ɡɔɟɧ 

ˊŮɟɘŮɢɧɛŮɜɞ əŬɘ Űɖ ŭŮɝŬɛŮɜɐ ɛŮ ŰɟɘůŭɘɎůŰŬŰŬ ůŰŮɟŮɎ ůŰɞɘɢŮɑŬ, Űɞ ˊɟɞůɞɛɞɑɤɛŬ ɧˊɞɡ Űɞ ɡɔɟɧ 

ŬɜŬˊŬɟɑůŰŬŰŬɘ ɛŮ Űɖ ɛɞɟűɐ "ŬəɞɡůŰɘəɩɜ" ůŰɞɘɢŮɑɤɜ, əŬɗɩɠ əŬɘ ŰŬ ŬˊɚɞˊɞɘɖŰɘəɎ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ ŮɚŬŰɖɟɑɤɜ-ɛŬɕɩɜ əŬɘ ɛɞɟűɐɠ ɢŮɘɟɘůŰɖɟɑɞɡ ñJoystickò (Bakalis et al., 2017). 

ũɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ ŬɡŰɐɠ əŬɘ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ɓɏɚŰɘůŰɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ 

ŬəɟɑɓŮɘŬɠ əŬɘ Ŭˊɧŭɞůɖɠ, ɐŰŬɜ ŮˊɘɗɡɛɖŰɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ˊɟɞůɞɛɞɘɩɛŬŰŬ ˊɞɡ 

ůɡɜŭɡɎɕɞɡɜ ŬűŮɜɧɠ ɛŮɜ Űɞ ɛɘəɟɧ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ, ŬɚɚɎ ɞŭɖɔɞɨɜ əŬɘ ůŮ Ŭəɟɘɓɐ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ɆɡɜŮˊɩɠ, ŮˊɘɚɏɢɗɖəŮ Űɞ ŬˊɚɞˊɞɘɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ ñJoystickò, Űɞ ɞˊɞɑɞ 

ŮˊŬɚɖɗŮɨŰɖəŮ ɛŮ Űɘɠ ŬɜŬɚɡŰɘəɏɠ ůɢɏůŮɘɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 ï ɀɏɟɞɠ 

4. 
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 ɆŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ɏɟŮɡɜŬɠ, ɏɔɘɜŮ ɛɘŬ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɓŬůɘəɩɜ 

ŭɡɜŬŰɞŰɐŰɤɜ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɚŬŰűɧɟɛŬɠ MATLAB (Mathworks, 2015) ɤɠ ŮɟɔŬɚŮɑɞɡ 

çŭɘŬůɨɜŭŮůɖɠè (interface) ɛŮ Űɞ ɚɞɔɘůɛɘəɧ ŬɜɎɚɡůɖɠ əŬŰŬůəŮɡɩɜ SAP2000. ɆŰɞ ˊɚŬɑůɘɞ 

ŬɡŰɧ, ŭɖɛɘɞɡɟɔɐɗɖəŮ əɩŭɘəŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ůŰɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ MATLAB, 

ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ůɢŮŭɘŬɕɧŰŬɜ ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŬˊɚɞˊɞɘɖŰɘəɞɨ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ˊɟɞůɞɛɞɘɩɛŬŰɞɠ "Joystick", ŮɘůɎɔɞɜŰŬɜ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ əŬɗɩɠ əŬɘ ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ůɡɜɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ, ɢɟɞɜɞɥůŰɞɟɑŮɠ, ɛɎɕŮɠ, əɚˊ.) ɛŮ ůŰɧɢɞ 

Űɖ ŭɘŮɝŬɔɤɔɐ ɧɚɤɜ Űɤɜ ůŰŬŭɑɤɜ ŬɜɎɚɡůɖɠ (ɘŭɘɞɛɞɟűɘəɐ, ůŰŬŰɘəɐ, ŭɡɜŬɛɘəɐ), Űɖ ŭɡɜŬɛɘəɐ 

ŮˊŬɨɝɖůɖ Űɤɜ ůŮɘůɛɘəɩɜ əŬŰŬɔɟŬűɩɜ ɛɏɢɟɘ Űɞ əɟɘŰɐɟɘɞ ŬůŰɞɢɑŬɠ, ůŰɞ ˊɚŬɑůɘɞ Űɤɜ 

ŮˊŬɡɝɖŰɘəɩɜ ŭɡɜŬɛɘəɩɜ ŬɜŬɚɨůŮɤɜ (Űɨˊɞɡ IDA - Incremental Dynamic Analysis) 

(Vamvatsikos and Cornell, 2002) ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɝŬɔɤɔɐ ˊɞɚɚŬˊɚɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɢɤɟɑɠ Űɖ ůɡɜŮɢɐ ˊŬɟɞɡůɑŬ əŬɘ Ůɛˊɚɞəɐ Űɞɡ ɢɟɐůŰɖ.  

 ɀŮ Űɖ ɓɞɐɗŮɘŬ ŬɡŰɞɨ Űɞɡ ŮɟɔŬɚŮɑɞɡ, ɖ ɏɟŮɡɜŬ ŮˊŮəŰɎɗɖəŮ ůŰɖ ɛŮɚɏŰɖ Űɞɡ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ "Joystick" ŮɝŮŰɎɕɞɜŰŬɠ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ ůŮɘůɛɘəɐɠ 

ɛɧɜɤůɖɠ ůŰɖ ɓɎůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ. ȺɘŭɘəɧŰŮɟŬ, ŮɝŮŰɎůŰɖəŮ ɖ ŰɟɤŰɧŰɖŰŬ Űɤɜ ŭŮɝŬɛŮɜɩɜ ɔɘŬ 

ŭɨɞ Űɨˊɞɡɠ ɔŮɤɛŮŰɟɑŬɠ (ˊɚŬŰɘɎ əŬɘ ɡɣɑəɞɟɛɖ) ɏɢɞɜŰŬɠ ůŰɖ ɓɎůɖ Űɞɡɠ əŬŰɎɚɚɖɚŬ ŮűɏŭɟŬɜŬ 

ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ Űɨˊɞɡ ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ ɛŮ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ŮˊɘűɎɜŮɘŮɠ (SFPB-Single 

Friction Pendulum Bearing, TFPB-Triple Friction Pendulum Bearing, QFPB-Quintuple 

Friction Pendulum Bearing) (Zayas et al., 1987; Sarlis and Constantinou, 2010; Lee and 

Constantinou, 2016). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ŰŬ ŮűɏŭɟŬɜŬ ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ ɞɚɑůɗɖůɖɠ 

-əŬɘ ɘŭɘŬɑŰŮɟŬ Űɞ ˊɘɞ ůɨɜɗŮŰɞ Űɨˊɞɡ QFPB- ůɡɜŮɘůűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɖ ɛŮɑɤůɖ Űɤɜ 

ŭɡɜŬɛɘəɩɜ űɞɟŰɑɤɜ ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɖɜ Ŭɜɤŭɞɛɐ Ŭˊɧ Űɘɠ ůŮɘůɛɘəɏɠ ŭɘŮɔɏɟůŮɘɠ. Ⱥˊɑůɖɠ, 

ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɞɘ ŮˊɘŰŬɢɨɜůŮɘɠ ůŰɖ ɓɎůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɛŮɘɩɗɖəŬɜ ŭɟŬůŰɘəɎ ŮɝŬɘŰɑŬɠ Űɖɠ 

ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ. 

 ȷəɞɚɞɨɗɤɠ, ŭɘŮɝɐɢɗɖ ŮəŰŮɜɐɠ ŭɘŮɟŮɨɜɖůɖ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ Űɨˊɞɡ əŬɗɞɚɘəɐɠ 

ŬˊɧůɓŮůɖɠ ůŮ ŭŮɝŬɛŮɜɐ ɛŮ ŮűɏŭɟŬɜŬ ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ. Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

əɩŭɘəŬɠ MATLAB ɔɘŬ Űɞ ˊɟɞůɞɛɞɑɤɛŬ "Joystick" ŭŮɝŬɛŮɜɐɠ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ, ɔɘŬ Űɖɜ 

ŮɝɏŰŬůɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ əŬɗɞɚɘəɐɠ ŬˊɧůɓŮůɖɠ ůŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŰɟɤŰɧŰɖŰɎ Űɖɠ. Ⱥˊɑůɖɠ, ůŰɧɢɞɠ Űɖɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ 

ŭɘŮɟŮɨɜɖůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ çŭɘŬɟɟɞɐɠ ŬˊɧůɓŮůɖɠè, Űɞ ɞˊɞɑɞ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ 

ˊɞɘɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ŮɝŮŰɎůŰɖəŬɜ ɏɝɘ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ 

ŬˊɧůɓŮůɖɠ (ůŰŬɗŮɟɐ 0%, ůŰŬɗŮɟɐ 5%, ůŰŬɗŮɟɐ ɛŮ ŬˊɞəɚŮɘůɛɧ, ŬˊɧůɓŮůɖ Rayleigh, 

ŬˊɧůɓŮůɖ Rayleigh ɛŮ ŬˊɞəɚŮɘůɛɧ əŬɘ ŬˊɧůɓŮůɖ ˊŬɟŮɛɓɞɚɐɠ) əŬɘ ˊŬɟŬŰɖɟɐɗɖəŬɜ 
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ŬɝɘɞůɖɛŮɑɤŰŮɠ ŭɘŬűɞɟɏɠ Űɧůɞ ůŰɖ ŰɟɤŰɧŰɖŰŬ Űɤɜ ɛɞɜɤŰɐɟɤɜ, ɧůɞ əŬɘ ůŰɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ ůŰɖ 

ɓɎůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ůŰɞɡɠ ɓɟɧɔɢɞɡɠ ɡůŰɏɟɖůɖɠ Űɤɜ  ɛɞɜɤŰɐɟɤɜ, ŬɚɚɎ əŬɘ ůŰɞɜ ɢɟɧɜɞ 

ŮəŰɏɚŮůɖɠ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ Űɤɜ ŭɡɜŬɛɘəɩɜ ŬɜŬɚɨůŮɤɜ.  

 ȷəɞɚɞɨɗɤɠ, ŭɘŮɝɐɢɗɖ ɛŮɚɏŰɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŮŭɎűɞɡɠ-ŭŮɝŬɛŮɜɐɠ 

ɛɏůɤ ɛɘŬɠ ůɡɜŭɡŬůŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ŭɘŬűɧɟɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ůŮɘůɛɘəɐ 

Ŭˊɧəɟɘůɖ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ˊɚŬŰɘɎɠ əŬɘ ɡɣɑəɞɟɛɖɠ ŭŮɝŬɛŮɜɐɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬˊɚɞˊɞɘɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ ŮɚŬŰɖɟɑɤɜ-ɛŬɕɩɜ ɛŮ ůŰɞɘɢŮɑŬ əŮɚɨűɞɡɠ ɔɘŬ ŰŬ 

ŰɞɘɢɩɛŬŰŬ. ȼ ŮŭŬűɘəɐ ůŰɟɩůɖ ŮɑɢŮ ɘŭɘɧŰɖŰŮɠ ɛŬɚŬəɞɨ ŮŭɎűɞɡɠ əŬɘ ˊɟɞůɞɛɞɘɩɗɖəŮ ɛɏůɤ 

ůŰŮɟŮɩɜ ůŰɞɘɢŮɑɤɜ. ȼ ůɡɜŭɡŬůŰɘəɐ ˊɟɞůɏɔɔɘůɖ ˊŮɟɘɚɎɛɓŬɜŮ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɧˊɤɠ ɖ 

Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ Űɟɘɓɐɠ ŮŭɎűɞɡɠ-ɓɎůɖɠ ŭŮɝŬɛŮɜɐɠ, ɖ Ůˊɘɟɟɞɐ Űɞɡ ɚɧɔɞɡ ɚɡɔɖɟɧŰɖŰŬɠ 

ŭŮɝŬɛŮɜɩɜ, ɖ Ůˊɘɟɟɞɐ Űɞɡ ɡɔɟɞɨ ˊŮɟɘŮɢɧɛŮɜɞɡ, əŬɗɩɠ əŬɘ ɞ Űɨˊɞɠ Űɖɠ ɡˊɞəŮɑɛŮɜɖɠ ŮŭŬűɘəɐɠ 

ůŰɟɩůɖɠ. ɇŬ ŮɡɟɐɛŬŰŬ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ ŬɜɏŭŮɘɝŬɜ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ ˊɞɡ ŭɘɏˊŮɘ Űɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŮŭɎűɞɡɠ-əŬŰŬůəŮɡɐɠ, ˊɞɡ ɔɑɜŮŰŬɘ ŬəɧɛŬ ˊɘɞ 

ůɨɜɗŮŰɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŭŮɝŬɛŮɜɩɜ. 

 ɆŰɖ ůɡɜɏɢŮɘŬ, ŮɝŮŰɎůɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ əɡɟɘɧŰŮɟɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ 

ŮűŮŭɟɎɜɤɜ ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɖ ŭŮɝŬɛŮɜɐ, ɧˊɤɠ ɞ ůɡɜŰŮɚŮůŰɐɠ Űɟɘɓɐɠ əŬɘ ɖ 

ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ. ȼ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɑɢŮ ɤɠ ůŰɧɢɞ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ 

ŮˊɘŰŬɢɨɜůŮɤɜ ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɖɜ Ŭɜɤŭɞɛɐ, Ůɜɩ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ůɢŮŰɑɕɞɜŰŬɜ ɛŮ Űɖɜ 

ˊŮɟɑɞŭɞ əŬɘ Űɖɜ ŬˊɧůɓŮůɖ Űɞɡ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ. ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ MATLAB, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ ɔɘŬ ŰŬ ŮűɏŭɟŬɜŬ ŭɨɞ Űɨˊɤɜ (SFPB 

əŬɘ TFPB) ɛŮ ɢɟɐůɖ ŮɝŮɚɘəŰɘəɩɜ Ŭɚɔɧɟɘɗɛɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ Particle Swarm 

Optimization (PSO) (Eberhart and Kennedy, 1995) əŬɘ Cuckoo Search (CS) (Yang and Deb, 

2009). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɔəɟɑɗɖəŬɜ əŬɘ ɛŮ Űɖɜ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ ŬɜŰɘůŮɘůɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ 

Űɖɠ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɖɠ ŭŮɝŬɛŮɜɐɠ ɢɤɟɑɠ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ CS, ɏɔɘɜŬɜ ŰɟɞˊɞˊɞɘɐůŮɘɠ ɛŮ ůŰɧɢɞ Űɖɜ 

Ůɜɑůɢɡůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡ (Enhanced CS-ECS), ŮɑŰŮ ɛŮŰŬŰɟɏˊɞɜŰŬɠ əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ Ŭˊɧ 

ůŰŬɗŮɟɏɠ ůŮ ŭɡɜŬɛɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ, ŮɑŰŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɡɓɟɘŭɘəɐ ˊɟɞůɏɔɔɘůɖ 

(Hybrid CS-BSA), ůɡɜŭɡɎɕɞɜŰɎɠ Űɞɜ CS ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Bird Swarm Algorithm (BSA) 

(Meng et al., 2016). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ŮˊɘŰŬɢɨɜůŮɘɠ ůŰɖ ɓɎůɖ ɛŮɘɩɗɖəŬɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ, ɘəŬɜɞˊɞɘɩɜŰŬɠ Űɞɜ ɓŬůɘəɧ ůŰɧɢɞ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, Ůɜɩ ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ 

ɓŮɚŰɘɤɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ ECS ˊŬɟɞɡůɑŬůŮ ŰŬɢɨŰŮɟɖ ůɨɔəɚɘůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ. 
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 ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŮɝŮŰɎůŰɖəŮ ɖ ůŮɘůɛɘəɐ ŰɟɤŰɧŰɖŰŬ ŭŮɝŬɛŮɜɩɜ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ 

əŬɘ ˊɟɧůɗŮŰɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ ɡˊɧ ŭɘŮɔɏɟůŮɘɠ əɞɜŰɘɜɞɨ ˊŮŭɑɞɡ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ŬˊɚɞˊɞɘɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ ñJoystickò ɔɘŬ ˊɚŬŰɘɎ əŬɘ 

ɡɣɑəɞɟɛɖ ŭŮɝŬɛŮɜɐ ɛŮ ɑŭɘɞ Ŭɟɘɗɛɧ ŮűŮŭɟɎɜɤɜ SFPB əŬɘ ɔɟŬɛɛɘəɩɜ ɘɝɩŭɤɜ ŬˊɞůɓŮůŰɐɟɤɜ 

ůŮ ˊŬɟɎɚɚɖɚɖ ŭɘɎŰŬɝɖ. ȼ ɛŮɚɏŰɖ ŬűɞɟɞɨůŮ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ ˊɞůɞůŰɎ ˊɟɧůɗŮŰɖɠ 

ŬˊɧůɓŮůɖɠ (5%, 10%, 20%, 30%), ŰŬ ɞˊɞɑŬ ůɡɔəɟɑɗɖəŬɜ ɛŮ Űɖɜ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ Űɖɠ ɏŭɟŬůɖɠ 

ɛɧɜɞ ůŮ ŮűɏŭɟŬɜŬ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ. ɆɨɛűɤɜŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰɟɤŰɧŰɖŰŬɠ Űɤɜ 

ɛɞɜɤŰɐɟɤɜ əŬɘ ŮˊɘŰŬɢɨɜůŮɤɜ Űɖɠ Ŭɜɤŭɞɛɐɠ, ɖ Ůˊɘɟɟɞɐ Űɖɠ ˊɟɧůɗŮŰɖɠ ŬˊɧůɓŮůɖɠ ůŮ ůŮɘůɛɘəɎ 

ɛɞɜɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ ɡˊɧ ŭɘŮɔɏɟůŮɘɠ əɞɜŰɘɜɞɨ ˊŮŭɑɞɡ ɐŰŬɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔɘŬ ˊɞůɞůŰɧ 

ˊɟɧůɗŮŰɖɠ ŬˊɧůɓŮůɖɠ 10% əŬɘ 20%. 

 ȷəɞɚɞɨɗɤɠ, ɏɔɘɜŮ ŮűŬɟɛɞɔɐ ŭɡŬŭɘəɩɜ ɛŮɗɧŭɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ɢɟɐůɖ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ CS ɔɘŬ Űɖ ůɡɜŭɡŬůŰɘəɐ ɓŮɚŰɑɤůɖ Űɖɠ ɢɤɟɞɗɏŰɖůɖɠ ŮűŮŭɟɎɜɤɜ SFPB əŬɘ TFPB 

ůŰɖ ɓɎůɖ ŭŮɝŬɛŮɜɩɜ, ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖ ɓɏɚŰɘůŰɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡɠ. ȼ ŬɜŰɘəŮɘɛŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ ŬűɞɟɞɨůŮ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ŮəəŮɜŰɟɧŰɖŰŬɠ, ŭɖɚŬŭɐ Űɖɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ 

Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ əŬɘ Űɞɡ əɏɜŰɟɞɡ ŭɡůəŬɛɣɑŬɠ, Ůɜɩ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ůɢŮŰɑɕɞɜŰŬɜ ɛŮ  Űɖɜ 

ˊŮɟɑɞŭɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ, Űɖɜ ŬˊɧůɓŮůɖ əŬɘ ŰŬ űɞɟŰɑŬ ˊɞɡ ˊŬɟŬɚŬɛɓɎɜɞɡɜ ŰŬ ŮűɏŭɟŬɜŬ. 

ȺɝŮŰɎůŰɖəŬɜ ŰɟŮɘɠ ˊɟɞůŮɔɔɑůŮɘɠ: (Ŭ) Ŭˊɚɧɠ ůɢŮŭɘŬůɛɧɠ ɢɤɟɑɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ, (ɓ) 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ əɡɟɑɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ ŰŬ ŮűɏŭɟŬɜŬ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ, əŬɘ (ɔ) ůɡɜŭɡŬůɛɧɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əɡɟɑɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɢɤɟɞɗɏŰɖůɖɠ Űɤɜ ŮűŮŭɟɎɜɤɜ. ȺɘŭɘəɧŰŮɟŬ, ɖ 

ɢɤɟɞɗɏŰɖůɖ ŬűɞɟɞɨůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ ůŰɖ ɓɎůɖ, ɧˊɞɡ ɡˊɐɟɢŮ ŭɡɜŬŰɧŰɖŰŬ ŰɞˊɞɗɏŰɖůɖɠ 

ɐ ɧɢɘ Ůɜɧɠ ŮűŮŭɟɎɜɞɡ ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ əŬɘ ůŰɖɜ ŰŬɡŰɧɢɟɞɜɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Űɞɡ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ůɡɜŭɡŬůŰɘəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɛɘŬ ˊɞɚɨ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŬɜŬűɞɟɘəɎ ɛŮ Űɞɜ Ŭɟɘɗɛɧ əŬɘ Űɘɠ 

ŭɘŬůŰɎůŮɘɠ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ŮűŮŭɟɎɜɤɜ əŬɘ ˊŬɟɎɚɚɖɚŬ ɜŬ ŮˊɘŰɨɢŮɘ ŬɜŰɑůŰɞɘɢŮɠ ŮˊɘŭɧůŮɘɠ 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛɧɜɤůɖɠ əŬɘ ŭŮɝŬɛŮɜɐɠɛŮ ŬɡŰɏɠ Ůɜɧɠ 

ůɡɜŰɖɟɖŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ɢɤɟɑɠ Űɖɜ ɡɘɞɗɏŰɖůɖ Ŭˊɚɐɠ ɐ ůɡɜŭɡŬůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. 

 ɇɏɚɞɠ, ŭɘŮɝɐɢɗɖ ŮəŰŮɜɐɠ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŰɟɤŰɧŰɖŰŬɠ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ 

ɛŮ ˊɟɧůɗŮŰɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ ɛɏůɤ ŭɨɞ ɗŮɤɟɐůŮɤɜ ˊɞɚɡəɟɘŰɖɟɘŬəɐɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ˊɟɩŰɖ ŭɘŬŰɨˊɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ˊɞɚɡəɟɘŰɖɟɘŬəɐɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊŮɟɘŮɑɢŮ ŰɟŮɘɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ, Ůɜɩ ɖ ŭŮɨŰŮɟɖ ŰɏůůŮɟɘɠ. ȰˊŮɘŰŬ 

Ŭˊɧ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ Űɖ ɛɞɟűɐ çɛŮŰɩˊɞɡ 

ɄŬɟɏŰɞè (Pareto front), ŮˊɘɚɏɢɗɖəŬɜ ɞɘ Űɘɛɏɠ Űɤɜ ŮűŮŭɟɎɜɤɜ əŬɘ ŬˊɞůɓŮůŰɐɟɤɜ ɔɘŬ ŰŬ ɞˊɞɑŬ 
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ɏɔɘɜŬɜ ŬɜŬɚɨůŮɘɠ ŰɟɤŰɧŰɖŰŬɠ. ɆɨɛűɤɜŬ ɛŮ ŰŬ ŮɡɟɐɛŬŰŬ ŬɡŰɐɠ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮɛűɎɜɘɕŬɜ ůɖɛŬɜŰɘəɐ ŭɘŬůˊɞɟɎ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ Űɘɛɏɠ Űɤɜ ɓŬůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ 

ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. 

 ɆɡɜŮˊɩɠ, ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ 

ɔɜɩůɖ ůɡɜɞɣɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

- ȺəŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ ŰɟɤŰɧŰɖŰŬɠ ŭŮɝŬɛŮɜɩɜ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ, ɛŮ ɓŬůɘəɧ 

əɟɘŰɐɟɘɞ ŬůŰɞɢɑŬɠ Űɖ ɛɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ Űɤɜ ŮűŮŭɟɎɜɤɜ. 

- ȺűŬɟɛɞɔɐ Űɞɡ ˊɚɏɞɜ əŬɘɜɞŰɧɛɞɡ ůɡůŰɐɛŬŰɞɠ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ ŮűŮŭɟɎɜɤɜ Űɟɘɓɐɠ 

(QFPB) ůŮ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ. 

- ɀŮɚɏŰɖ ŭɘŬűɧɟɤɜ Űɨˊɤɜ əŬɗɞɚɘəɐɠ ŬˊɧůɓŮůɖɠ ůŮ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ ɔɘŬ 

Űɖ ŭɘŮɟŮɨɜɖůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ çŭɘŬɟɟɞɐɠ ŬˊɧůɓŮůɖɠè. 

- ȺəŰɑɛɖůɖ ůŮɘůɛɘəɐɠ ŰɟɤŰɧŰɖŰŬɠ ɓɎůŮɘ ɛɏɔɘůŰɖɠ ɛŮŰŬəɑɜɖůɖɠ Űɤɜ ŮűŮŭɟɎɜɤɜ ůŮ 

ŭŮɝŬɛŮɜɏɠ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ əŬɘ ˊɟɧůɗŮŰɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ. 

- ɀŮɚɏŰɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŮŭɎűɞɡɠ - ŭŮɝŬɛŮɜɐɠ ŮɝŮŰɎɕɞɜŰŬɠ ŭɘɎűɞɟɞɡɠ 

ůɡɜŭɡŬůɛɞɨɠ Űɤɜ ɓŬůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. 

- ȺűŬɟɛɞɔɐ əŬɘɜɞŰɧɛɤɜ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ŮɝŮɚɘəŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

Űɖɠ Ŭˊɧəɟɘůɖɠ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ. 

- ȺűŬɟɛɞɔɐ ŭɡŬŭɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ɢɤɟɞɗɏŰɖůɖɠ əŬɘ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŮűŮŭɟɎɜɤɜ Űɟɘɓɐɠ ůŮ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ. 

- ȺűŬɟɛɞɔɐ ˊɞɚɨ-ˊŬɟŬɛŮŰɟɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŰɟɤŰɧŰɖŰŬɠ 

ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ ɛŮ ˊɟɧůɗŮŰɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ. 

 

1.3 ȹɃɀȼ ȹȽȷɇɅȽȸȼɆ 

ɆŰɞ ȾŮűɎɚŬɘɞ 2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮəŰŮɜɐɠ ɓɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ Űɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ 

ˊŮŭɑɤɜ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. ȺɘŭɘəɧŰŮɟŬ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ əɡɟɘɧŰŮɟɞɘ Űɨˊɞɘ 

ŭŮɝŬɛŮɜɩɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ, əŬɗɩɠ əŬɘ ŰŬ Ůɑŭɖ Űɤɜ ůŮɘůɛɘəɩɜ 

ŭɟɎůŮɤɜ ˊɞɡ ŮˊŮɜŮɟɔɞɨɜ ůŮ ŬɡŰɏɠ. ȰˊŮɘŰŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ ŬůŰɞɢɘɩɜ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ŭŮɝŬɛŮɜɏɠ əŬɗɩɠ əŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɘůŰɞɟɘəɏɠ ɓɚɎɓŮɠ Űɤɜ ɡˊɞŭɞɛɩɜ 

ŬɡŰɩɜ ɚɧɔɤ ůŮɘůɛɩɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɜŬűɏɟɞɜŰŬɘ ɞɘ əŬɜɞɜɘůɛɞɑ ˊɞɡ Ŭűɞɟɞɨɜ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ 

ůɢŮŭɘŬůɛɧ ŭŮɝŬɛŮɜɩɜ. ȷəɞɚɞɨɗɤɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ŬˊɚɞˊɞɘɖŰɘəɎ 
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ˊɟɞůɞɛɞɘɩɛŬŰŬ, Ůɜɩ ɔɑɜŮŰŬɘ ɛɘŬ ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ ŬɟɘɗɛɖŰɘəɐɠ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ.  

 ɇɞ ȾŮűɎɚŬɘɞ 3 ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖ ŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŮŭɎűɞɡɠ-ŭŮɝŬɛŮɜɐɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ˊɟɞůɞɛɞɑɤůɖɠ ŮŭɎűɞɡɠ-ŭŮɝŬɛŮɜɐɠ, əŬɗɩɠ əŬɘ ɖ 

ˊŮɟɘɔɟŬűɐ Űɞɡ űŬɘɜɞɛɏɜɞɡ ɡˊɧ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ. ȷəɞɚɞɨɗɤɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮəŰŮɜɐɠ 

ɓɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ ɛŮ ɛŮɚɏŰŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ 

ŮŭɎűɞɡɠ-ŭŮɝŬɛŮɜɐɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ Űɞ ŬɟɘɗɛɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɟɘɗɛɖŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ ŬɡŰɞɨ Űɞɡ ůɨɜɗŮŰɞɡ űŬɘɜɞɛɏɜɞɡ, əŬɗɩɠ 

əŬɘ ɞɘ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɘɞˊɞɑɖůɖ Űɤɜ ŬɜŬɚɨůŮɤɜ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ. 

ɆŰɞ ȾŮűɎɚŬɘɞ 4 ŬɜŬɚɨŮŰŬɘ ɖ ŰɟɤŰɧŰɖŰŬ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ. ȷɟɢɘəɎ, 

ɔɑɜŮŰŬɘ ɛɘŬ ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ Űɤɜ ŮűŬɟɛɞɔɩɜ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ ůŮ ŭŮɝŬɛŮɜɏɠ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ əŬɗɩɠ əŬɘ ŮűŬɟɛɞɔɏɠ ŬˊɞŰɑɛɖůɖɠ Űɖɠ 

ůŮɘůɛɘəɐɠ ŰɟɤŰɧŰɖŰŬɠ ɔɘŬ ŬɡŰɎ ŰŬ ɏɟɔŬ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɜɏɞ ŮűɏŭɟŬɜɞ ˊŮɜŰŬˊɚɞɨ 

ŮəəɟŮɛɞɨɠ-Űɟɘɓɐɠ ɞɚɑůɗɖůɖɠ, əŬɗɩɠ əŬɘ ɖ ŬɟɘɗɛɖŰɘəɐ ŮˊŬɚɐɗŮɡůɖ Űɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ 

ˊŮɟɘɔɟŬűɐ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ ɛɖɢŬɜɘəɏɠ əŬɘ ɔŮɤɛŮŰɟɘəɏɠ 

Űɤɜ ŭŮɝŬɛŮɜɩɜ, ŰŬ ŮűɏŭɟŬɜŬ ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ əŬɘ Űɘɠ ůŮɘůɛɘəɏɠ ŮŭŬűɘəɏɠ əɘɜɐůŮɘɠ. ɇɏɚɞɠ, 

ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ, əŬɗɩɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ŬɡŰɞɨ Űɞɡ 

əŮűŬɚŬɑɞɡ. 

ɇɞ ȾŮűɎɚŬɘɞ 5 ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ŰɟɤŰɧŰɖŰŬ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ ɛŮ 

ˊɟɧůɗŮŰɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ. ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɡűɘůŰɎɛŮɜŮɠ 

ŮűŬɟɛɞɔɏɠ ˊɟɧůɗŮŰɖɠ ŬˊɧůɓŮůɖɠ ůŮ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ əŬɘ əŬŰŬůəŮɡɏɠ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ŬɜŬɚɨŮŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŬɡŰɞɨ Űɞɡ 

əŮűŬɚŬɑɞɡ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɟɘɗɛɖŰɘəɩɜ ŬɜŬɚɨůŮɤɜ. ȰˊŮɘŰŬ, 

ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ əɡɟɘɧŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɐɚɗŬɜ Ŭˊɧ ŰŬ ŮɡɟɐɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŮɟŮɨɜɖůɖɠ. 

ɇɞ ȾŮűɎɚŬɘɞ 6 ŮɝŮŰɎɕŮɘ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ. ȰˊŮɘŰŬ 

Ŭˊɧ ɛɘŬ ŮɘůŬɔɤɔɐ, ́ ŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ŮɝŮɚɘəŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ŰŬ əɡɟɘɧŰŮɟŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ŬɜɎɚɡůɖ ŮůŰɘɎɕŮɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ 

ŬɜŬɕɐŰɖůɖɠ əɞɨəɤɜ, Ŭűɞɨ ŬˊɞŰŮɚŮɑ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŭɘŮɟŮɨɜɖůɖɠ ůŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ. 

ȷəɞɚɞɨɗɤɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ əɡɟɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŮűŬɟɛɞɔɏɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ. ȺˊɘˊɟɞůɗɏŰɤɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 
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Űɟɞˊɞˊɞɘɖɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɜŬɕɐŰɖůɖɠ əɞɨəɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ ůŮ 

ŭŮɝŬɛŮɜɏɠ ɛŮ ůŮɘůɛɘəɐ ɛɧɜɤůɖ. Ⱥˊɘˊɚɏɞɜ, ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ 

əɚŬůɘəɩɜ əŬɘ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŮ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜŮɠ 

ŭŮɝŬɛŮɜɏɠ. ɀŮŰɎ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɤɜ əɡɟɘɧŰŮɟɤɜ ŮɡɟɖɛɎŰɤɜ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ 

ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ. 

ɇɞ ȾŮűɎɚŬɘɞ 7 ŬűɞɟɎ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊɞɚɡəɟɘŰɖɟɘŬəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŮɘůɛɘəɎ 

ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ. ȷɟɢɘəɎ ŭɘŮɝɎɔŮŰŬɘ ŮəŰŮɜɐɠ ɓɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ ɔɘŬ Űɞ 

ŮɝŮŰŬɕɧɛŮɜɞ ɗɏɛŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ 

ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ɗɏɛŬŰɞɠ əŬɘ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ Űɤɜ ŬɟɘɗɛɖŰɘəɩɜ 

ŬɜŬɚɨůŮɤɜ. ɆŰɞ ŰŮɚŮɡŰŬɑɞ ɛɏɟɞɠ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ əɡɟɘɧŰŮɟŬ 

ůɡɛˊŮɟɎůɛŬŰŬ. 

ȼ ůɡɜŭɡŬůŰɘəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůŮɘůɛɘəɎ ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ ˊŮɟɘɔɟɎűŮŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞ ȾŮűɎɚŬɘɞ 8. ȺɘŭɘəɧŰŮɟŬ, ɏˊŮɘŰŬ Ŭˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ 

ůɢŮŰɘəɩɜ ɛŮɚŮŰɩɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, əŬɗɩɠ əŬɘ ɞɘ ˊɟɞůŮɔɔɑůŮɘɠ 

ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ. Ⱥˊɑůɖɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, əŬɗɩɠ əŬɘ 

ŰŬ ŮɡɟɐɛŬŰŬ ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ŭɡɜŬɛɘəɩɜ ŬɜŬɚɨůŮɤɜ. ɇɏɚɞɠ, ŬɜŬűɏɟɞɜŰŬɘ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŬɡŰɐ Űɖ ŭɘŮɟŮɨɜɖůɖ. 

 ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ŬɜŬɚɨɞɜŰŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 9. ɇɞ əŮűɎɚŬɘɞ 

ŬɡŰɧ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŮɡɟɐɛŬŰŬ Űɤɜ ŭɘŮɟŮɡɜɐůŮɤɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɗŮɛɎŰɤɜ, əŬɗɩɠ əŬɘ Űɖɜ 

ˊŬɟɞɡůɑŬůɖ Űɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ŭɖɛɞůɘŮɨůŮɤɜ ˊɞɡ ɏɔɘɜŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ 

ˊɟɞůˊɎɗŮɘŬɠ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟŬŰɑɗŮɜŰŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ Űɖ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ Űɖɠ ůŮɘůɛɘəɐɠ 

ŰɟɤŰɧŰɖŰŬɠ əŬɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. 

 

1.4 ȷɁȷūɃɅȺɆ ȾȺūȷȿȷȽɃɈ 

API 650 (1998). Welded storage tanks for oil storage. American Petroleum Institute Standard, 

Washington, D.C. 

Bakalis, K., Fragiadakis, M., and Vamvatsikos, D. (2017). Surrogate modeling for the seismic 

performance assessment of liquid storage tanks. Journal of Structural Engineering, 143(4), 

1ï13. 



ȾŮűɎɚŬɘɞ 1 

10 

 

Bathe, K.J. (1978). ADINA - A finite element program for automatic dynamic incremental 

nonlinear analysis (7th Edn.), Report No. 82448-1, Acoustics and Vibration Laboratory, 

Mechanical Engineering Department, Massachusetts Institute of Technology, Cambridge. 

CEN (2006). Eurocode 8: Design of structures for earthquake resistance - Part 4: Silos, tanks 

and pipelines. European Committee for Standardization, Brussels, Belgium. 

CSI Computer and Structures Inc. (2017). SAP2000 Version 20, Integrated software for 

structural analysis and design, Analysis Reference Manual. Berkeley, CA. 

Dassault Systemes (2016). Abaqus 6.14-5, Analysis Userôs Guide. 

Eberhart, R.C., and Kennedy, J. (1995). A new optimizer using particle swarm theory. In: 

Proceedings of the 6th International Symposium on Micro Machine and Human Science, 

39-43. 

IITK-GSDMA (2007). Guidelines for seismic design of liquid storage tanks - Provisions with 

commentary and explanatory examples. Indian Institute of Technology Kanpur, National 

Information Center of Earthquake Engineering. 

Lee, D., and Constantinou, M.C. (2016). Quintuple friction pendulum isolator: behavior, 

modeling and validation. Earthquake Spectra, 32(3), 1607-1626. 

Mathworks, Inc (2015). MATLAB R2015a. Natick, M.A.: Mathworks, Inc. 

Meng, X.B., Gao, X.Z., Lu, L., Liu, Y., and Zhang, H. (2016). A new bio-inspired optimization 

algorithm: bird swarm algorithm. Journal of Experimental and Theoretical Artificial 

Intelligence, 28(4), 673-687. 

McKenna, F., and Fenves, G. L. (2001). The OpenSeeS command language manual, 1.2 Ed., 

Pacific Earthquake Engineering Research Center, Univ. of California, Berkeley, CA. 

Sarlis, A.A., and Constantinou, M.C. (2010). Modeling of triple friction pendulum isolators in 

program SAP2000. Supplement to MCEER Report 05-009, document distributed to the 

engineering community together with executable version of program and example files. 

University at Bufallo. 

Seismosoft (2016). SeismoStruct 2016 ï A computer program for static and dynamic nonlinear 

analysis of framed structures, available from https://seismosoft.com/.  

Vamvatsikos, D., and Cornell, C.A. (2002). Incremental dynamic analysis. Earthquake 

Engineering and Structural Dynamics, 31(3), 491-514. 

https://seismosoft.com/


ȾŮűɎɚŬɘɞ 1 

11 

 

Yang, X.-S. and Deb, S. (2009). Cuckoo search via Levy flights. Proceedings of World 

Congress on Nature & Biologically Inspired Computing (NaBIC 2009). USA, IEEE 

Publications, 210-214. 

Zayas, V.A., Low, S.S., and Mahin, S.A. (1987). The FPS earthquake resisting system ï 

experimental report. Report No. UCB/EERC-8701, Earthquake Engineering Research 

Center, College of Engineering, University of California, Berkeley, CA, USA 

  



ȾŮűɎɚŬɘɞ 1 

12 

 

  



 

13 

 

ȾȺūȷȿȷȽɃ 2 

 

ȸȽȸȿȽɃũɅȷūȽȾȼ ȺɄȽɆȾɃɄȼɆȼ 

 

 

2.1 ũȺɁȽȾȷ ɄȺɅȽ ȹȺɂȷɀȺɁɋɁ ȷɄɃŪȼȾȺɈɆȼɆ ɈũɅɋɁ 

Ƀɘ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ŬˊɞŰŮɚɞɨɜ ŰŮɢɜɘəɎ ɏɟɔŬ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɘɠ ůɨɔɢɟɞɜŮɠ 

əɞɘɜɤɜɑŮɠ, əɘ ŬɡŰɧ ɚɧɔɤ Űɖɠ ŮɡɟŮɑŬɠ ɢɟɐůɖɠ Űɞɡɠ ůŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ˊɞɘəɑɚŮɠ ŮűŬɟɛɞɔɏɠ. 

ȹŮɝŬɛŮɜɏɠ ɡɔɟɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ɜŮɟɞɨ ɔɘŬ 

ɨŭɟŮɡůɖ, ɎɟŭŮɡůɖ, ˊɡɟɧůɓŮůɖ, ə.Ŭ., ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ˊŮŰɟŮɚŬɑɞɡ, ɓŮɜɕɑɜɖɠ əŬɘ ɚɞɘˊɩɜ 

ˊŮŰɟŮɚŬɘɞŮɘŭɩɜ ůŮ ŭɘɡɚɘůŰɐɟɘŬ əŬɘ ɚɞɘˊɏɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ, əŬɗɩɠ əŬɘ ůŮ ˊɡɟɖɜɘəɏɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɛɘŬɠ ůŮɘɟɎɠ ɢɖɛɘəɩɜ ɡɔɟɩɜ, əŬɗɩɠ əŬɘ ɢɖɛɘəɩɜ 

ŬˊɞɓɚɐŰɤɜ.  

ȺɘŭɘəɎ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɖ ɢɟɐůɖ Űɞɡɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŭɘŬŭŮŭɞɛɏɜɖ, ɔŮɔɞɜɧɠ 

ˊɞɡ əŬɗɘůŰɎ ŬɜŬɔəŬɑŬ Űɖ ɚɐɣɖ ŬɜŬɔəŬɑɤɜ ɛɏŰɟɤɜ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡɠ. ȳˊɤɠ ŮɑɜŬɘ 

ˊɟɞűŬɜɏɠ, ɛɘŬ əɨɟɘŬ ŬˊŮɘɚɐ ɔɘŬ Űɘɠ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ŮɑɜŬɘ ɞɘ ůŮɘůɛɞɑ. ɆŮ ɢɩɟŮɠ 

ɛŮ ɏɜŰɞɜɖ ůŮɘůɛɘəɧŰɖŰŬ ɧˊɤɠ ŮɑɜŬɘ ɖ ȺɚɚɎŭŬ, ɖ ɇɞɡɟəɑŬ, ɞɘ ȼ.Ʉ.ȷ., ɖ ȽŬˊɤɜɑŬ, ə.Ŭ., ɞ 

ŬɜŰɘůŮɘůɛɘəɧɠ ůɢŮŭɘŬůɛɧɠ, ɖ əŬŰŬůəŮɡɐ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ ŰɏŰɞɘɤɜ ŭŮɝŬɛŮɜɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɔɑɜŮŰŬɘ ɛŮ ŮɝŬɘɟŮŰɘəɐ ˊɟɞůɞɢɐ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊô ɧɣɖ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ˊŬɟŬɛɏŰɟɞɡɠ, ɔɘŬ Űɖɜ 

Ŭˊɞűɡɔɐ ŭɡůɛŮɜɩɜ əŬŰŬůŰɎůŮɤɜ. ȰɜŬ Ůˊɘˊɚɏɞɜ ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ŬˊŬɟŬɑŰɖŰɖ Űɖ 

ŭɘŮɝɞŭɘəɐ ɛŮɚɏŰɖ ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ, ŮɑɜŬɘ ɞɘ ŮɜŭŮɢɧɛŮɜŮɠ ůɡɜɏˊŮɘŮɠ 

ɛɘŬɠ ɛŮɟɘəɐɠ ɐ ˊɚɐɟɞɡɠ ŬůŰɞɢɑŬɠ Űɞɡɠ. ɆŮ ɏɜŬ ŰɏŰɞɘɞ ůŮɜɎɟɘɞ ŮɑɜŬɘ ́ ɘɗŬɜɐ ɖ ŭɘŬűɡɔɐ ŰŮɟɎůŰɘŬɠ 

ˊɞůɧŰɖŰŬɠ ɓɚŬɓŮɟɩɜ ɞɡůɘɩɜ ůŰɞ ɡˊɏŭŬűɞɠ əŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ȷəɧɛŬ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ 

ˊɟɞəɚɖɗɞɨɜ ŮəɟɐɝŮɘɠ əŬɘ ˊɡɟəŬɔɘɏɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɗŬ ŮˊɘűɏɟŮɘ ŭɡůɛŮɜŮɑɠ əɞɘɜɤɜɘəɞ-

ɞɘəɞɜɞɛɘəɏɠ ŮˊɘˊŰɩůŮɘɠ.  

ȿɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ Űɞɡɠ ɛɎɕŬɠ ɞɘ ŭŮɝŬɛŮɜɏɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŰɟɤŰɏɠ ůŰɘɠ ɛŮɔɎɚŮɠ 

ůŮɘůɛɘəɏɠ ŭɘŮɔɏɟůŮɘɠ. ȷɡŰɧ ɔɑɜŮŰŬɘ ŮɨəɞɚŬ ŬɜŰɘɚɖˊŰɧ Ŭɜ ŮɟŮɡɜɖɗɞɨɜ ůŮɘůɛɞɑ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ 

əŬɘ ŮɝŮŰŬůɗɞɨɜ ɞɘ ɓɚɎɓŮɠ ˊɞɡ ɡˊɏůŰɖůŬɜ ɞɘ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ. ɀɏɢɟɘ Űɞ 1964 

əŬɘ Űɞɜ ůŮɘůɛɧ Űɖɠ ȷɚɎůəŬ, ɞɘ ŮˊɘůŰɐɛɞɜŮɠ ŭŮɜ ŮɑɢŬɜ ŭɩůŮɘ ɘŭɘŬɑŰŮɟɖ ɓŬɟɨŰɖŰŬ ůŰɞɜ 
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ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡɠ. ɀŮŰɎ Űɘɠ ŮəŰŮŰŬɛɏɜŮɠ ɓɚɎɓŮɠ ˊɞɡ ɡˊɏůŰɖůŬɜ ɞɘ ŭŮɝŬɛŮɜɏɠ ůŮ 

ŬɡŰɧɜ Űɞɜ ůŮɘůɛɧ, ŬəɞɚɞɨɗɖůŮ ɛɘŬ ůŮɘɟɎ ŭɘŮɝɞŭɘəɩɜ ɛŮɚŮŰɩɜ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

Ŭˊɧəɟɘůɖɠ əŬŰŬůəŮɡɩɜ ŰɏŰɞɘɞɡ Űɨˊɞɡ. Ʉɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛŮɚɏŰŮɠ ɐŰŬɜ ˊŮɘɟŬɛŬŰɘəɏɠ, Ůɜɩ 

ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɗŮɤɟɖŰɘəɏɠ ŬůɢɞɚɐɗɖəŬɜ ɛŮ ɛɘŬ ůŮɘɟɎ ˊɟɞɓɚɖɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ɗŬ ŮɝŮŰŬůŰɞɨɜ 

ŬɜŬɚɡŰɘəɎ ůŮ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ. ȯɚɚŬ ɗɏɛŬŰŬ ˊɞɡ ŬˊŬůɢɧɚɖůŬɜ əŬɘ 

ŬˊŬůɢɞɚɞɨɜ Űɞɡɠ ŮˊɘůŰɐɛɞɜŮɠ ŮɑɜŬɘ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ ɡɔɟɞɨ Űɖɠ ŭŮɝŬɛŮɜɐɠ 

ɛŮ ŰŬ ŰɞɘɢɩɛŬŰŬ, əŬɗɩɠ əŬɘ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɞ ɏŭŬűɞɠ ůŰɞ ɞˊɞɑɞ 

ŮŭɟɎɕŮŰŬɘ. 

Ƚůɢɡɟɏɠ ůŮɘůɛɘəɏɠ ŭɘŮɔɏɟůŮɘɠ ůŰɞ ˊŬɟŮɚɗɧɜ ɏɢɞɡɜ ˊɟɞəŬɚɏůŮɘ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ 

ŬůŰɞɢɑŬɠ ůŮ ŭŮɝŬɛŮɜɏɠ. ȾŬɗɩɠ ŰŬ ůŮɘůɛɘəɎ əɨɛŬŰŬ űŰɎɜɞɡɜ ůŰɖ ɓɎůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ɖ ɤůŰɘəɐ 

(impulsive) ůɡɜɘůŰɩůŬ ŬůəŮɑ ˊɑŮůɖ ůŰŬ ŰɞɘɢɩɛŬŰŬ, ˊɟɞəŬɚɩɜŰŬɠ űŬɘɜɧɛŮɜŬ ɚɡɔɘůɛɞɨ ɐ/əŬɘ 

ɛŮɔɎɚŮɠ ɟɞˊɏɠ ŬɜŬŰɟɞˊɐɠ ůŰɞ ůɨůŰɖɛŬ ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɞɚɑůɗɖůɖ (sliding) 

ɐ/əŬɘ ŬɜŬůɐəɤɛŬ (uplifting) Űɖɠ ɓɎůɖɠ. ɇɞ ŬɜŬůɐəɤɛŬ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ůɖɛŬɜŰɘəɏɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ Űɖɠ ůɨɜŭŮůɖɠ ɛŮŰŬɝɨ Űɖɠ ɓɎůɖɠ əŬɘ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ, ˊɟɞəŬɚɩɜŰŬɠ ŮɑŰŮ 

ŭɘɎɟɟɖɝɖ ůŰɞ ɏɚŬůɛŬ Űɖɠ ɓɎůɖɠ, ŮɑŰŮ ɚɡɔɘůɛɧ ůŰŬ ŰɞɘɢɩɛŬŰŬ (ASCE, 2011; Vathi and 

Karamanos, 2015). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɖ əɡəɚɞűɞɟɞɨůŬ (convective) ůɡɜɘůŰɩůŬ 

ŮɝŬɜŬɔəɎɕŮɘ Űɞ ɛɏɟɞɠ Űɞɡ ɡɔɟɞɨ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ ůŮ ɛɘŬ (ˊɟɤŰɑůŰɤɠ) 

əŬŰŬəɧɟɡűɖ ɛŮŰŬəɑɜɖůɖ, ɖ ɞˊɞɑŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ɓɚɎɓŮɠ ůŰŬ ŬɜŰɑůŰɞɘɢŬ ŰɞɘɢɩɛŬŰŬ 

əŬɘ ůŰɖɜ ɞɟɞűɐ, ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ űŬɘɜɧɛŮɜɞ əɡɛŬŰɘůɛɞɨ (sloshing).  

Ƀɘ ůɡɜɖɗɏůŰŮɟŮɠ ɛɞɟűɏɠ ůŮɘůɛɘəɐɠ ŬůŰɞɢɑŬɠ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ŮɑɜŬɘ ɞ ɚɡɔɘůɛɧɠ 

Űɞɡ əŮɚɨűɞɡɠ, ɖ ŭɘɎɟɟɖɝɖ Űɞɡ ŮɚɎůɛŬŰɞɠ ɓɎůɖɠ, ɞɘ ɓɚɎɓŮɠ ɚɧɔɤ əɡɛŬŰɘůɛɞɨ Űɞɡ ɡɔɟɞɨ, ɖ 

ŬůŰɞɢɑŬ Űɤɜ ŬɔəɡɟɩůŮɤɜ (ɔɘŬ ŬɔəɡɟɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ ɛɧɜɞ) əŬɘ ɖ ɞɚɑůɗɖůɖ Űɖɠ ɓɎůɖɠ. ȷɝɑɕŮɘ 

ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ɞɚɑůɗɖůɖ ŭŮɜ ŬˊɞŰŮɚŮɑ ŬˊŬɟŬɑŰɖŰŬ ŬůŰɞɢɑŬ, ŮəŰɧɠ əŬɘ Ŭɜ ɏɢŮɘ ůŬɜ 

ŮˊŬəɧɚɞɡɗɞ Űɖɜ ŬůŰɞɢɑŬ Űɤɜ ůɤɚɖɜɩůŮɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ, ɛɘŬɠ əŬɘ ɛɘəɟɐɠ 

ɏəŰŬůɖɠ ɞɚɑůɗɖůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɜŮəŰɐ Ŭˊɧ Űɞ ůɨůŰɖɛŬ. 

 

2.2 ȾȷɇȼũɃɅȽɃɄɃȽȼɆȼ ȹȺɂȷɀȺɁɋɁ ȷɄɃŪȼȾȺɈɆȼɆ ɈũɅɋɁ 

ȼ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ɛŮɚɏŰɖ ŮˊɑɔŮɘɤɜ əɡɚɘɜŭɟɘəɩɜ ɢŬɚɨɓŭɘɜɤɜ ŭŮɝŬɛŮɜɩɜ 

ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ. ũŮɜɘəɎ, ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ŭɘɎűɞɟɞɘ Űɨˊɞɘ ŭŮɝŬɛŮɜɩɜ ɧůɞɜ ŬűɞɟɎ Űɞ 

ɡɚɘəɧ, Űɞ ɛɏɔŮɗɞɠ, Űɞ ůɢɐɛŬ, ŬɚɚɎ əŬɘ Űɖ ɗɏůɖ Űɞɡɠ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ɀŮ 

ŬɡŰɐɜ Űɖɜ ˊɞɘəɘɚɑŬ Űɨˊɤɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɖɠ əɎɗŮ ˊŮɟɑˊŰɤůɖɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ Űɞ Ůɑŭɞɠ Űɞɡ ɡɔɟɞɨ, Űɞɜ ŭɘŬɗɏůɘɛɞ ɢɩɟɞ əŬɘ ŭɘɎűɞɟŬ ŰŮɢɜɘəɧ-ɞɘəɞɜɞɛɘəɎ ŭŮŭɞɛɏɜŬ. 
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 Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ɡɚɘəɎ əŬŰŬůəŮɡɐɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ 

ŮɑɜŬɘ ɞ ɢɎɚɡɓŬɠ əŬɘ Űɞ ůəɡɟɧŭŮɛŬ. ȷəɧɛŬ, ɡˊɎɟɢɞɡɜ ŭŮɝŬɛŮɜɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞ 

ˊɚŬůŰɘəɧ, Űɞ ɝɨɚɞ, ŬɚɚɎ əŬɘ Űɞ Ŭɚɞɡɛɑɜɘɞ ɤɠ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ Űɞɡɠ. ȳůɞɜ ŬűɞɟɎ Űɞ ůɢɐɛŬ, 

ɞɘ ŭŮɝŬɛŮɜɏɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ əɡɚɘɜŭɟɘəɧ, ɞɟɗɞɔɤɜɘəɧ əŬɘ ůűŬɘɟɘəɧ ůɢɐɛŬ (ȺɘəɧɜŬ 

2.1.ŭ), Ůɜɩ ɡˊɎɟɢɞɡɜ ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɞ ůɢɐɛŬ Űɖɠ ɞɟɞűɐɠ əŬɘ Űɖɠ ɓɎůɖɠ, 

Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮˊɑˊŮŭɞ, əɤɜɘəɧ ɐ ɛŮ Űɖ ɛɞɟűɐ Űɟɞɨɚɞɡ ɔɘŬ Űɖɜ ɞɟɞűɐ. ɇɏɚɞɠ, 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ɗɏůɖ Űɤɜ ŭŮɝŬɛŮɜɩɜ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ɞɘ ŭŮɝŬɛŮɜɏɠ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ŮˊɑɔŮɘŮɠ (ȺɘəɧɜŬ 2.1.Ŭ), ɧˊɞɡ ɖ ɓɎůɖ Űɞɡɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ŮŭɎűɞɡɠ, ɡˊŮɟɡɣɤɛɏɜŮɠ (ȺɘəɧɜŬ 2.1.ɓ), ɧˊɞɡ ɖ ŭŮɝŬɛŮɜɐ ɓɟɑůəŮŰŬɘ ůŮ əɎˊɞɘɞ ɨɣɞɠ əŬɘ 

ůŰɖɟɑɕŮŰŬɘ ůŮ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ ɡˊɧɔŮɘŮɠ (ȺɘəɧɜŬ 2.1.ɔ), ɧˊɞɡ ɞɚɧəɚɖɟɖ ɖ əŬŰŬůəŮɡɐ 

ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ. 

 

    

         (Ŭ)       (ɓ) 

             

           (ɔ)        (ŭ) 

ȺɘəɧɜŬ 2.1. (Ŭ) ȺˊɑɔŮɘŬ ŭŮɝŬɛŮɜɐ (https://ronniebrownlifesystems.com) , (ɓ) ɡˊŮɟɡɣɤɛɏɜɖ (Lakhade 

et al., 2018), (ɔ) ɡˊɧɔŮɘŬ (http://www.siwx.co.jp/), əŬɘ (ŭ) ůűŬɘɟɘəɐ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ 

(http://www.siwx.co.jp/).  

 

 

https://ronniebrownlifesystems.com/
http://www.siwx.co.jp/
http://www.siwx.co.jp/
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2.3 ɆȺȽɆɀȽȾȺɆ ȹɅȷɆȺȽɆ ȺɄȽ ȹȺɂȷɀȺɁɋɁ 

Ƀɘ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ŬˊɞŰŮɚɞɨɜ ɓŬůɘəɎ ŰŮɢɜɘəɎ ɏɟɔŬ ɡˊɞŭɞɛɐɠ Űɤɜ ůɨɔɢɟɞɜɤɜ 

ɓɘɞɛɖɢŬɜɘəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɚɧɔɤ Űɤɜ ůɡɜŮɢɩɜ ŮɝɞɟɨɝŮɤɜ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ŬɚɚɎ əŬɘ Űɞɡ Ůɛˊɞɟɑɞɡ ŭɘŬűɧɟɤɜ ɡɔɟɩɜ, ɏɢŮɘ ŬɡɝɖɗŮɑ ɖ əŬŰŬůəŮɡɐ Űɞɡɠ. 

ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ ɏɢɞɡɜ ŬɡɝɖɗŮɑ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡɠ, űŰɎɜɞɜŰŬɠ ůŮ ˊɞɚɚɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬəɧɛŬ əŬɘ ůŮ ŭɘŬɛɏŰɟɞɡɠ ɏɤɠ 100 m. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ŬɜŰɘůŮɘůɛɘəɐ ɛŮɚɏŰɖ əŬɘ ɗɤɟɎəɘůɖ ŬɡŰɩɜ Űɤɜ əŬŰŬůəŮɡɩɜ. ɆŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ ŮɝŮŰɎɕɞɜŰŬɘ 

ŰŬ ŭɘɎűɞɟŬ űɞɟŰɑŬ ˊɞɡ ŭɟɞɡɜ ůŮ ɛɘŬ ŭŮɝŬɛŮɜɐ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢɞɡɜ ůŮ ŬɡŰɐ.  

ȷɟɢɘəɎ, ŰŬ űɞɟŰɑŬ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ůŰŬŰɘəɎ əŬɘ ŭɡɜŬɛɘəɎ. ɇŬ ůŰŬŰɘəɎ űɞɟŰɑŬ 

ˊɟɞəŬɚɞɨɜŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ űɞɟŰɑůŮɘɠ ɚɧɔɤ ɓŬɟɨŰɖŰŬɠ. ɇŬ ŭɡɜŬɛɘəɎ űɞɟŰɑŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

űŬɘɜɧɛŮɜŬ ɧˊɤɠ ɞ ɎɜŮɛɞɠ, ɞ ůŮɘůɛɧɠ, ŰŬ əɨɛŬŰŬ, ə.Ű.ɚ. ȺɝŮŰɎɕɞɜŰŬɘ ˊɟɤŰɑůŰɤɠ ŰŬ űɞɟŰɑŬ ɚɧɔɤ 

Űɞɡ ɑŭɘɞɡ ɓɎɟɞɡɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ŬɚɚɎ əŬɘ ɞɘ ɡŭɟɞůŰŬŰɘəɏɠ ˊɘɏůŮɘɠ ɚɧɔɤ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ 

ɡɔɟɞɨ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ Űɤɜ ůŮɘůɛɘəɩɜ ŭɟɎůŮɤɜ ůŮ ɛɘŬ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ 

ɡɔɟɩɜ, ɛŮ ŬɜŬűɞɟɎ ůŰŬ ɡŭɟɞŭɡɜŬɛɘəɎ űɞɟŰɑŬ ˊɞɡ ˊɟɞəŬɚɞɨɜ ɓɚɎɓŮɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɖ 

ɓɎůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ. 

ȼ ɛŮɚɏŰɖ Űɤɜ ůŰŬŰɘəɩɜ əŬɘ ŭɡɜŬɛɘəɩɜ űɞɟŰɑɤɜ ůŰɖ ŭŮɝŬɛŮɜɐ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ, əŬɗɩɠ 

ŰŬ űɞɟŰɑŬ ŬɡŰɎ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖ ŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɞɡ ɡɔɟɞɨ 

əŬɘ Űɖɠ əŬŰŬůəŮɡɐɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ůŰɞ ŮɜŭŮɢɧɛŮɜɞ 

ůɡɜŰɞɜɘůɛɞɨ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɛŮ Űɖ ůŮɘůɛɘəɐ ŭɘɏɔŮɟůɖ. Ƀ ůɡɜŰɞɜɘůɛɧɠ ŮɑɜŬɘ ɏɜŬ űŬɘɜɧɛŮɜɞ ˊɞɡ 

ˊɟɏˊŮɘ ɜŬ ŬˊɞűŮɡɢɗŮɑ, ŭɘɧŰɘ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŮˊɘűɏɟŮɘ ɞɚɏɗɟɘŮɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ŭɞɛɘəɐ 

ŬəŮɟŬɘɧŰɖŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ. ɆŰɞ ɀɏɟɞɠ 4 Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 (CEN, 2006a) ŭɑɜɞɜŰŬɘ 

ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɞŭɖɔɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůŮɘůɛɘəɐɠ ŬɜɎɚɡůɖɠ ɔɘŬ ŮɨəŬɛˊŰŮɠ əŬɘ 

ŭɨůəŬɛˊŰŮɠ ŭŮɝŬɛŮɜɏɠ. Ƀɘ ŭŮɝŬɛŮɜɏɠ ɡˊɧəŮɘɜŰŬɘ ůŮ ɞɟɘɕɧɜŰɘŬ ɐ əŬŰŬəɧɟɡűɖ ůŮɘůɛɘəɐ əɑɜɖůɖ 

əŬɘ ɏɢɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

- ȹɘŬɗɏŰɞɡɜ əɡɚɘɜŭɟɘəɧ ůɢɐɛŬ ɛŮ əŬŰŬəɧɟɡűɞ ɎɝɞɜŬ əŬɘ əɡəɚɘəɐ ɐ ɞɟɗɞɔɤɜɘəɐ ŭɘŬŰɞɛɐ. 

- Ȱɢɞɡɜ ŭɨůəŬɛˊŰɞ ɐ ŮɨəŬɛˊŰɖ ɗŮɛŮɚɑɤůɖ. 

- Ȱɢɞɡɜ ˊɚɐɟɖ ɐ ɛŮɟɘəɐ Ŭɔəɨɟɤůɖ ůŰɖ ɗŮɛŮɚɑɤůɖ. 

2.3.1 Ȳŭɘɞ ɓɎɟɞɠ 

ɇɞ ɓɎɟɞɠ Űɞɡ əɎɗŮ ŭɞɛɘəɞɨ ůŰɞɘɢŮɑɞɡ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ŬɚɚɎ əŬɘ Űɞ ɓɎɟɞɠ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ 

ɡɔɟɞɨ Űɖɠ ŭŮɝŬɛŮɜɐɠ ŬˊɞŰŮɚɞɨɜ ŰŬ űɞɟŰɑŬ ɘŭɑɞɡ ɓɎɟɞɡɠ əŬɘ ŮɑɜŬɘ ɛɏɟɞɠ Űɤɜ ůŰŬŰɘəɩɜ űɞɟŰɑɤɜ 

ůŮ ɛɘŬ əŬŰŬůəŮɡɐ. ȺɑɜŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜŰɏɚŬ ŭŮɝŬɛŮɜɩɜ əŬɗɩɠ əŬɘ ɔɘŬ 
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ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɡɔɟɩɜ ˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɏɠ, ɞɘ űɞɟŰɑůŮɘɠ ɚɧɔɤ ɑŭɘɞɡ ɓɎɟɞɡɠ ɗŬ ŮɑɜŬɘ 

ŭɘŬűɞɟŮŰɘəɏɠ. ũɘŬ Űɘɠ ɛŮŰŬɚɚɘəɏɠ ŭŮɝŬɛŮɜɏɠ, ɞɘ ŬŭɟŬɜŮɘŬəɏɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŭɟɞɡɜ ůŰɞ əɏɚɡűɞɠ 

ɚɧɔɤ Űɞɡ ɑŭɘɞɡ Űɞɡ ɓɎɟɞɡɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɏɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɡŭɟɞŭɡɜŬɛɘəɏɠ 

ˊɘɏůŮɘɠ ˊɞɡ ɗŬ ŬɜŬɚɡɗɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ɛˊɞɟɞɨɜ ɜŬ ŬɛŮɚɖɗɞɨɜ ůɨɛűɤɜŬ 

ɛŮ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ əŬɘ ůɢŮŰɘəɏɠ ŮɟɔŬůɑŮɠ (Haroun and Ellaithy, 1985; Jadhav and Jangid, 

2004; CEN, 2006a; Panchal and Jangid 2008, 2012; Saha et al., 2014, 2016; CSI, 2017; Uckan 

et al., 2018; Kameshwar and Padgett, 2018). 

2.3.2 ɈŭɟɞůŰŬŰɘəɐ ˊɑŮůɖ 

ȼ ɡŭɟɞůŰŬŰɘəɐ ˊɑŮůɖ p ŬˊɞŰŮɚŮɑ əŬɘ ŬɡŰɐ ɏɜŬ ůŰŬŰɘəɧ űɞɟŰɑɞ Űɖɠ əŬŰŬůəŮɡɐɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ 

Űɖ ˊɑŮůɖ ˊɞɡ ŬůəŮɑ Űɞ ɡɔɟɧ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ŭŮɝŬɛŮɜɐɠ. ȼ ɡŭɟɞůŰŬŰɘəɐ ˊɑŮůɖ ɛŮŰŬɓɎɚɚŮŰŬɘ 

ɔɟŬɛɛɘəɎ ɛŮ Űɞ ɓɎɗɞɠ Űɞɡ ɡɔɟɞɨ ůŰɖ ŭŮɝŬɛŮɜɐ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 ὴ ”ϽὫϽὬ  (2.1) 

ɧˊɞɡ, ɟ ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɡɔɟɞɨ, Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ɖ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ, h 

ŮɑɜŬɘ Űɞ ɨɣɞɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ, Ůɜɩ g ŮɑɜŬɘ ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ.  

2.3.3 ɈŭɟɞŭɡɜŬɛɘəɏɠ ˊɘɏůŮɘɠ ï ɋůŰɘəɐ ůɡɜɘůŰɩůŬ 

ɆŮ ɛɘŬ əɡɚɘɜŭɟɘəɐ ŭŮɝŬɛŮɜɐ, ɖ əɑɜɖůɖ Űɞɡ ɡɔɟɞɨ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ŮəűɟɎɕŮŰŬɘ ɤɠ Űɞ ɎɗɟɞɘůɛŬ 

ŭɨɞ ůɡɜɘůŰɤůɩɜ, Űɖɠ ɤůŰɘəɐɠ əŬɘ Űɖɠ əɡəɚɞűɞɟɞɨůŬɠ ůɡɜɘůŰɩůŬɠ (Housner, 1963; Ibrahim, 

2005; Goudarzi et al., 2020), ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɞɨɜŰŬɘ ŬˊɞůɡɕŮɡɔɛɏɜŮɠ ɚɧɔɤ Űɤɜ ɛŮɔɎɚɤɜ 

ŭɘŬűɞɟɩɜ ůŰɘɠ ɘŭɘɞˊŮɟɘɧŭɞɡɠ Űɞɡɠ (Veletsos and Shivakumar, 1997; Ozdemir et al., 2012; 

Rawat et al., 2019a). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ˊŮɟɑɞŭɞɠ Űɖɠ əɡəɚɞűɞɟɞɨůŬɠ ůɡɜɘůŰɩůŬɠ ůɡɜɐɗɤɠ 

ɓɟɑůəŮŰŬɘ ůŰɞ Ůɨɟɞɠ Űɘɛɩɜ 6 ɏɤɠ 10 sec, Ůɜɩ ɖ ŬɜŰɑůŰɞɘɢɖ ɤůŰɘəɐ ŮɑɜŬɘ ɛŮŰŬɝɨ 0.1 ɏɤɠ 0.5 sec. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ɖ əɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ ˊɟɞəŬɚŮɑ űŬɘɜɧɛŮɜŬ əɡɛŬŰɘůɛɞɨ ůŰŬ 

ŰɞɘɢɩɛŬŰŬ Űɤɜ ŭŮɝŬɛŮɜɩɜ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɞɟɘɕɧɜŰɘŬ əɑɜɖůɖ Űɞɡ ɡɔɟɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ. 

ɆɡɜŮˊɩɠ, ůɖɛŮɘɩɜŮŰŬɘ Ŭɨɝɖůɖ Űɞɡ ɢɟɧɜɞɡ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Ůɜɧɠ ˊɚɐɟɞɡɠ əɨəɚɞɡ (Spritzer 

and Guzey, 2017).  

ȼ ɤůŰɘəɐ ůɡɜɘůŰɩůŬ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ůɡɜɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɞɜ 

ˊɡɗɛɏɜŬ Űɖɠ ŭŮɝŬɛŮɜɐɠ. ȹɑɜŮɘ ɧɛɤɠ ɛɖŭŮɜɘəɐ ˊɑŮůɖ ůŰɖɜ Ŭɟɢɘəɐ ɗɏůɖ Űɖɠ ŮɚŮɨɗŮɟɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡɔɟɞɨ ɡˊɧ ůŰŬŰɘəɏɠ ůɡɜɗɐəŮɠ, Űɞ ɞˊɞɑɞ ŭŮɜ ɘůɢɨŮɘ ɡˊɧ ŭɡɜŬɛɘəɏɠ ůɡɜɗɐəŮɠ ɛŮ 

Űɘɠ ɞˊɞɑŮɠ ɔɑɜɞɜŰŬɘ ɞɘ ˊɟɞůɞɛɞɘɩůŮɘɠ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ŭŮɜ ŮŬ́ɟəŮɑ ɔɘŬ Űɖ ˊŮɟɘɔɟŬűɐ Űɖɠ 

əɑɜɖůɖɠ ůŰŬ ŭɡɜŬɛɘəɎ ɛɞɜŰɏɚŬ. ȼ ɤůŰɘəɐ ůɡɜɘůŰɩůŬ ŭŮ ɛŮŰŬɓɎɚŮɘ Űɘɠ ůɡɜɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ 

əŬɘ ˊŬɟɎɚɚɖɚŬ ɘəŬɜɞˊɞɘŮɑ Űɖ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ ůŰɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ. ũɘŬ Űɞɜ 
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ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ ůŰɖ ŭŮɝŬɛŮɜɐ, ɞɟɑɕŮŰŬɘ ɏɜŬ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ r, 

z, ɗ, ɛŮ Ŭɟɢɐ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŰɞ əɏɜŰɟɞ Űɞɡ ˊɡɗɛɏɜŬ (ȺɘəɧɜŬ 2.2). ɆŰɞ ůɨůŰɖɛŬ ŬɡŰɧ, z 

ŮɑɜŬɘ ɞ əŬŰŬəɧɟɡűɞɠ ɎɝɞɜŬɠ. 

 Ʉɞɚɚɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŬˊɞŭŮɑɝŮɘ ɧŰɘ ɖ ɤůŰɘəɐ ůɡɜɘůŰɩůŬ ŮˊɖɟŮɎɕŮɘ ůŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ 

Űɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ Űɤɜ, Ŭɔəɡɟɤɛɏɜɤɜ ɐ ɛɖ, ŭŮɝŬɛŮɜɩɜ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖ əɡəɚɞűɞɟɞɨůŬ 

ůɡɜɘůŰɩůŬ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬɛŮɚɖɗŮɑ ɚɧɔɤ Űɤɜ ɡɣɖɚɩɜ Űɘɛɩɜ ɘŭɘɞˊŮɟɘɧŭɤɜ (Clough and 

Clough, 1978; Veletsos and Tang, 1990; Veletsos et al., 1992; Malhotra and Veletsos, 1994a; 

Malhotra, 1997b; Wang et al., 2001; Virella et al., 2005; Larkin, 2008; Sezen et al., 2008; 

ASCE, 2011; Mandal and Maity, 2015; Bakalis et al., 2017a; Kildashti et al., 2018; Phan et al., 

2018). Ⱥˊɘˊɚɏɞɜ, ɞɘ Űɡˊɘəɏɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ (ɓɚ. Ä 2.4) ůɢŮŰɑɕɞɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ɛŮ Űɘɠ ɤůŰɘəɏɠ ˊɘɏůŮɘɠ əŬɘ ɚɘɔɧŰŮɟɞ ɛŮ Űɖ ˊŬɟɞɡůɑŬ əɡɛŬŰɘůɛɞɨ (Malhotra, 1997b; 

Vathi et al., 2013).  

ȺˊɘˊɟɞůɗɏŰɤɠ, ɞɘ ɑŭɘŮɠ ˊŬɟŬŭɞɢɏɠ ɘůɢɨɞɡɜ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůŮɘůɛɘəɎ 

ɛɞɜɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ɤůŰɘəɏɠ ˊɘɏůŮɘɠ ɛŮɘɩɜɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ɚɧɔɤ Űɖɠ 

ůŮɘůɛɘəɐɠ ɛɧɜɤůɖɠ, Ůɜɩ ɞɘ əɡəɚɞűɞɟɞɨůŮɠ ˊŬɟŬɛɏɜɞɡɜ ˊɟŬəŰɘəɎ ŬɛŮŰɎɓɚɖŰŮɠ (Kim and Lee, 

1995; Wang et al., 2001; Christovasilis and Whittaker, 2008; Goudarzi and Alimohammadi, 

2010; Seleemah and  El-Sharkawy, 2011; Weng et al., 2011; Panchal and Soni, 2014; Bagheri 

and Farajian, 2016; Compagnoni et al., 2018; Rawat et al., 2019a; Krishnamoorty, 2021). 

 

ȺɘəɧɜŬ 2.2. Ⱦɡɚɘɜŭɟɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŭŮɝŬɛŮɜɐɠ (Veletsos and Tang, 1987). 

 

 ȼ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ɤůŰɘəɐ ˊɑŮůɖ pi Űɞɡ ɡɔɟɞɨ ůŮ əɎɗŮ ɗɏůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ 

ůɢɏůɖ 2.2 (CEN, 2006a): 

 ὴ‚ȟ‟ȟ—ȟὸ ὅ‚ȟ‟Ͻ”ϽὌϽÃÏÓ—Ͻ̈́ ὸ  (2.2) 
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ɇɞ ɨɣɞɠ Űɖɠ Ŭɟɢɘəɐɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡɔɟɞɨ Ŭˊɧ Űɖ ɓɎůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ əŬɘ ɖ ŬəŰɑɜŬ 

Űɖɠ ŭŮɝŬɛŮɜɐɠ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮ H əŬɘ R, ŬɜŰɑůŰɞɘɢŬ. ȷəɧɛŬ, ɖ ˊɡəɜɧŰɖŰŬ Űɖɠ ɛɎɕŬɠ Űɞɡ 

ɟŮɡůŰɞɨ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ɟ, Ůɜɩ Ag(t) ŮɑɜŬɘ ɖ ɢɟɞɜɞɥůŰɞɟɑŬ Űɖɠ ŮŭŬűɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ. Ƀɘ 

ŬŭɘɎůŰŬŰŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɝ əŬɘ ɠ ɏɢɞɡɜ Űɨˊɞɡɠ, ɝ = r/R əŬɘ ɠ = z/H, ŬɜŰɑůŰɞɘɢŬ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

Ci ŭɑɜŮŰŬɘ Ŭˊɧ (CEN, 2006a): 

 ὅ‚ȟ‟ ςϽВ
Ͻ Ͻ

ϽÃÏÓὠϽ‟ϽΌϽ Ͻ‚  (2.3) 

ɧ́ ɞɡ ὠ
Ͻ
Ͻ“ əŬɘ ‎ , Ůɜɩ I1 əŬɘ Iô1 ŮɑɜŬɘ ɖ Űɟɞˊɞˊɞɘɖɛɏɜɖ ůɡɜɎɟŰɖůɖ Bessel əŬɘ ɖ 

ˊŬɟɎɔɤɔɧɠ Űɖɠ, ŬɜŰɑůŰɞɘɢŬ. ȺɜŭŮɘəŰɘəɎ ˊŬɟŬŰɑɗŮŰŬɘ ɖ əŬɗô ɨɣɞɠ (ȺɘəɧɜŬ 2.3.Ŭ) əŬɘ ɖ ŬəŰɘɜɘəɐ 

(ȺɘəɧɜŬ 2.3.ɓ) ɛŮŰŬɓɞɚɐ Űɖɠ ɤůŰɘəɐɠ ˊɑŮůɖɠ. 

 
 

    (Ŭ)                                                         (ɓ) 

ȺɘəɧɜŬ 2.3. (Ŭ) ȾŬɗô ɨɣɞɠ əŬɘ (ɓ) ŬəŰɘɜɘəɐ ɛŮŰŬɓɞɚɐ Űɖɠ ɤůŰɘəɐɠ ˊɑŮůɖɠ ɔɘŬ ŰɟŮɘɠ ɚɧɔɞɡɠ 

ɚɡɔɖɟɧŰɖŰŬɠ ɔ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ CEN, 2006a). 

 

2.3.4 ɈŭɟɞŭɡɜŬɛɘəɏɠ ˊɘɏůŮɘɠ ï ȾɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ 

ȼ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ ɔɘŬ Űɖ əɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ ůŮ əɎɗŮ ɗɏůɖ Űɞɡ ɡɔɟɞɨ ůŰɖ ɢɟɞɜɘəɐ 

ůŰɘɔɛɐ t ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ (CEN, 2006a): 

 ὴ ‚ȟ‟ȟ—ȟὸ ”В ‪ÃÏÓÈ ‗Ͻ‎Ͻ‟Ͻὐ‗Ͻ‚ϽÃÏÓ—Ͻὃ ὸ  (2.4) 

ɧ́ ɞɡ, ‪
ϽϽ Ͻ Ͻ

, J1, ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ Bessel ˊɟɩŰɖɠ ŰɎɝɖɠ, ɚ1 = 1.841, ɚ2 

= 5.331, ɚ3 = 8.536, əŬɘ Acn(t) ŮɑɜŬɘ ɖ ɢɟɞɜɞɥůŰɞɟɑŬ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ Ůɜɧɠ ɛɞɜɞɓɎɗɛɘɞɡ 

ɕ
=
Ȼ
/
ȼ

 

p
 

pi/(ɟRAg(t)) ɝ=t/R 
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ŰŬɚŬɜŰɤŰɐ ˊɞɡ ɏɢŮɘ əɡəɚɘəɐ ůɡɢɜɧŰɖŰŬ ɤcn ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ: ‫

ὫϽ ϽÔÁÎὬ‗Ͻ‎. 

ȼ əɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ ŬűɞɟɎ Űɖ ůɡɜɞɚɘəɐ ˊɑŮůɖ ɚɧɔɤ Űɞɡ əɡɛŬŰɘůɛɞɨ 

(sloshing) əŬɘ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ ɎˊŮɘɟɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ɧɟɤɜ. Ƀ əŬɗɏɜŬɠ Ŭˊɧ Űɞɡɠ ɧɟɞɡɠ 

ŬɡŰɞɨɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɘŬ əɡɛŬŰɞɛɞɟűɐ Űɞɡ ŰŬɚŬɜŰŮɡɧɛŮɜɞɡ ɡɔɟɞɨ. ũɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ 

ůɡɜɐɗɤɠ ŬɟəŮɑ ɛɧɜɞ ɖ ˊɟɩŰɖ ɘŭɘɞɛɞɟűɐ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ůɡɢɜɧŰɖŰŬ (Veletsos and Yang, 1976; 

Malhotra et al., 2000; CEN, 2006a; De Angelis et al., 2009; Nicolici and Bilegan, 2013). ȼ 

əŬŰŬɜɞɛɐ Űɤɜ əɡɛŬŰɘəɩɜ ˊɘɏůŮɤɜ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɓɎɗɞɠ ɔɘŬ Űɘɠ ŭɨɞ ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.4.Ŭ, ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ ŬɛŮɚɖŰɏŬ ůɡɜŮɘůűɞɟɎ Űɖɠ ŭŮɨŰŮɟɖɠ 

ɘŭɘɞɛɞɟűɐɠ.  

ɆɡɜŮˊɩɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ əɡəɚɞűɞɟɞɨůŬ ˊɑŮůɖ ɏɢŮɘ ůɖɛŬɜŰɘəɐ Űɘɛɐ ůŰɞ ˊɡɗɛɏɜŬ, 

ůŮ ŭŮɝŬɛŮɜɏɠ ɛŮ ɛɘəɟɧ ɚɧɔɞ ɔ (ɢŬɛɖɚɏɠ əŬɘ ɛŮɔɎɚɖɠ əɎŰɞɣɖɠ ŭŮɝŬɛŮɜɏɠ) (Merino et al., 2020). 

ȷɜŰɑɗŮŰŬ, ɔɘŬ ɡɣɑəɞɟɛŮɠ ŭŮɝŬɛŮɜɏɠ ɛŮ ɛŮɔɎɚɞ ɚɧɔɞ ɔ, ɞɘ ˊɘɏůŮɘɠ ɚɧɔɤ əɡɛŬŰɘůɛɞɨ 

ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡɔɟɞɨ. ɆŰɖɜ ȺɘəɧɜŬ 2.4.ɓ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ 

Űɘɛɏɠ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ ɘŭɘɞůɡɢɜɞŰɐŰɤɜ Űɞɡ əɡɛŬŰɘůɛɞɨ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɚɧɔɞɡ ɔ. ȳˊɤɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ, ɞɘ ɘŭɘɞůɡɢɜɧŰɖŰŮɠ Űɞɡ əɡɛŬŰɘůɛɞɨ ŮɑɜŬɘ ůɢŮŭɧɜ ŬɜŮɝɎɟŰɖŰŮɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɔ, 

ɧŰŬɜ ŬɡŰɐ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 1. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ Ŭəɧɚɞɡɗɖ ůɢɏůɖ ŭŮɑɢɜŮɘ ɧŰɘ ɖ 

ˊɟɩŰɖ ɘŭɘɞůɡɢɜɧŰɖŰŬ ŮɑɜŬɘ ɑůɖ ɛŮ (CEN, 2006a):  

 ‫ τȢςȾЍὙ  (2.5) 

 

                     (Ŭ)                                                         (ɓ) 

ȺɘəɧɜŬ 2.4. (Ŭ) ȾŬɗô ɨɣɞɠ ɛŮŰŬɓɞɚɐ Űɤɜ ˊɘɏůŮɤɜ Űɖɠ əɡəɚɞűɞɟɞɨůŬɠ ůɡɜɘůŰɩůŬɠ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ 

ɘŭɘɞɛɞɟűɩɜ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ɚɡɔɖɟɧŰɖŰŬɠ ɔ, əŬɘ (ɓ) Űɘɛɏɠ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ ɘŭɘɞůɡɢɜɞŰɐŰɤɜ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɞɡ ɚɧɔɞɡ ɔ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ CEN, 2006a). 

1ɖ ɘŭɘɞɛɞɟűɐ 1ɖ ɘŭɘɞɛɞɟűɐ 

2ɖ ɘŭɘɞɛɞɟűɐ 
2ɖ ɘŭɘɞɛɞɟűɐ 
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2.3.5 ɆɡɜŭɡŬůɛɧɠ ɤůŰɘəɐɠ - əɡəɚɞűɞɟɞɨůŬɠ ůɡɜɘůŰɩůŬɠ 

ȼ ɢɟɞɜɞɥůŰɞɟɑŬ Űɖɠ ɞɚɘəɐɠ ˊɑŮůɖɠ ŮɑɜŬɘ ɎɗɟɞɘůɛŬ Űɤɜ ɢɟɞɜɞɥůŰɞɟɘɩɜ Űɖɠ ɤůŰɘəɐɠ əŬɘ Űɖɠ 

əɡəɚɞűɞɟɞɨůŬɠ ˊɑŮůɖɠ. ũɘŬ əɎɗŮ ůɡɜɘůŰɩůŬ ˊɑŮůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ŭɘŬűɞɟŮŰɘəɧɠ 

ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ q, ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ůŰɖɜ ŬˊɧůɓŮůɖ ŮɜɏɟɔŮɘŬɠ. 

ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ əɡəɚɞűɞɟɞɨůŬ ˊɑŮůɖ, ŭŮɜ ɡˊɎɟɢŮɘ ŬˊɧůɓŮůɖ ŮɜɏɟɔŮɘŬɠ, ɞˊɧŰŮ q=1. 

ȷɜŰɑɗŮŰŬ, ɖ ɤůŰɘəɐ ˊɑŮůɖ ůɡɜɞŭŮɨŮŰŬɘ ɛŮ ɡůŰŮɟɖŰɘəɐ ŬˊɧůɓŮůɖ ŮɜɏɟɔŮɘŬɠ, ɞˊɧŰŮ ɞ 

ůɡɜŰŮɚŮůŰɐɠ q ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ɛŮ 1.5. ũɘŬ ɛɖ-Ŭɔəɡɟɤɛɏɜɖ ŭŮɝŬɛŮɜɐ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ 

ˊɚɖɟɞɨɜŰŬɘ ɞɘ ɞŭɖɔɑŮɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 - ɀɏɟɞɠ 4 (CEN, 2006a), ɞ ůɡɜŰŮɚŮůŰɐɠ ɚŬɛɓɎɜŮŰŬɘ 

ɑůɞɠ ɛŮ 2. Ƀɘ ɞŭɖɔɑŮɠ Ŭűɞɟɞɨɜ Űɞ ˊɎɢɞɠ Űɖɠ ˊɚɎəŬɠ, ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Űɞɡ 

ˊɎɢɞɡɠ Űɞɡ əɎŰɤ ɛɏɟɞɡɠ Űɞɡ ˊŮɟɘɓɚɐɛŬŰɞɠ. ũɘŬ Űɖɜ ŮˊŬɚɚɖɚɑŬ Űɤɜ ɛŮɔɑůŰɤɜ Űɖɠ ɤůŰɘəɐɠ 

(ȺɘəɧɜŬ 2.5.Ŭ əŬɘ ɓ) əŬɘ əɡəɚɞűɞɟɞɨůŬɠ ˊɑŮůɖɠ (ȺɘəɧɜŬ 2.5.ɔ əŬɘ ŭ), ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ 

ɎɗɟɞɘůɛŬ Űɤɜ ŬˊɞɚɨŰɤɜ Űɘɛɩɜ Űɤɜ ɛŮɔɑůŰɤɜ, əŬɗɩɠ əŬɘ ɖ ɟɑɕŬ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ 

ŰŮŰɟŬɔɩɜɤɜ ŭɑɜŮɘ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ůɡɜŰɖɟɖŰɘəɎ. ɆŰɖɜ ȺɘəɧɜŬ 2.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ əŬŰŬɜɞɛɏɠ Űɤɜ ɤůŰɘəɩɜ əŬɘ əɡəɚɞűɞɟɞɡůɩɜ ˊɘɏůŮɤɜ ůŰŬ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɖ ɓɎůɖ Űɤɜ 

ŭŮɝŬɛŮɜɩɜ. 

 

ȺɘəɧɜŬ 2.5. ȾŬŰŬɜɞɛɏɠ ɤůŰɘəɩɜ ˊɘɏůŮɤɜ (Ŭ) ůŰŬ ŰɞɘɢɩɛŬŰŬ, (ɓ) ůŰŬ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɖ ɓɎůɖ, əŬɗɩɠ 

əŬɘ əɡəɚɞűɞɟɞɡůɩɜ ˊɘɏůŮɤɜ (ɔ) ůŰŬ ŰɞɘɢɩɛŬŰŬ, əŬɘ (ŭ) ůŰŬ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɖ ɓɎůɖ ŭŮɝŬɛŮɜɐɠ 

(Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ IITK -GSDMA, 2017). 

ɆɡɜɘůŰɩůŬ ɤůŰɘəɐɠ ˊɑŮůɖɠ 

ůŰŬ ŰɞɘɢɩɛŬŰŬ 

ɆɡɜɘůŰɩůŬ ɤůŰɘəɐɠ ˊɑŮůɖɠ 

ůŰŬ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɖ ɓɎůɖ 

ɆɡɜɘůŰɩůŬ əɡəɚɞűɞɟɞɨůŬɠ 

ˊɑŮůɖɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ 

ɆɡɜɘůŰɩůŬ əɡəɚɞűɞɟɞɨůŬɠ ˊɑŮůɖɠ ůŰŬ 

ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰɖ ɓɎůɖ 

 
 

(Ŭ) (

ɓ) 

(

ɔ) 

(

ŭ) 

(ɓ) 

(ɔ) (ŭ) 
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2.4 ɆȺȽɆɀȽȾȺɆ ȷɆɇɃɉȽȺɆ ȹȺɂȷɀȺɁɋɁ ȷɄɃŪȼȾȺɈɆȼɆ ɈũɅɋɁ 

2.4.1 ȾŬŰŬɔɟŬűɐ əɨɟɘɤɜ ɛɞɟűɩɜ ŬůŰɞɢɘɩɜ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ ůŮɘůɛɘəɐɠ ŭɘɏɔŮɟůɖɠ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ ŬůŰɞɢɘɩɜ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ɢŬɚɨɓŭɘɜŮɠ əɡɚɘɜŭɟɘəɏɠ ŭŮɝŬɛŮɜɏɠ. ȳŰŬɜ ŰŬ ůŮɘůɛɘəɎ əɨɛŬŰŬ űɗɎɜɞɡɜ ůŰɖɜ 

ŰɞˊɞɗŮůɑŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ɖ ŭŮɝŬɛŮɜɐ, ɖ ɤůŰɘəɐ ůɡɜɘůŰɩůŬ Űɞɡ ɡɔɟɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ əŬŰŬˊɞɜŮɑ 

ŰŬ ŰɞɘɢɩɛŬŰŬ ˊɟɞəŬɚɩɜŰŬɠ ɟɞˊɏɠ ŬɜŬŰɟɞˊɐɠ ůŰɞ ůɨůŰɖɛŬ, Űɞɡ ɞˊɞɑɞɡ ɖ ɓɎůɖ ɛˊɞɟŮɑ ɜŬ 

ɞɚɘůɗɐůŮɘ ɐ ɜŬ ŬɜŬŰɟŬˊŮɑ (ɀˊŬəɎɚɖɠ, 2018). ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ 

ŬůŰɞɢɑŬ Űɖɠ ůɨɜŭŮůɖɠ ɓɎůɖɠ-ŰɞɘɢɤɛɎŰɤɜ ɐ ůŰɖɜ ŮɛűɎɜɘůɖ űŬɘɜɞɛɏɜɤɜ ɚɡɔɘůɛɞɨ ůŰŬ 

ŰɞɘɢɩɛŬŰŬ. Ⱥˊɘˊɚɏɞɜ, ɖ əɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ əŬŰŬəɧɟɡűɖ 

ɛŮŰŬəɑɜɖůɖ Űɞɡ ŬɜɩŰŮɟɞɡ ɛɏɟɞɡɠ Űɞɡ ɡɔɟɞɨ əŬɘ Űɖɜ ŮɛűɎɜɘůɖ əɡɛŬŰɘůɛɞɨ, ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ 

ɜŬ ˊɟɞəŬɚɏůŮɘ ɓɚɎɓŮɠ ůŰŬ ŬɜɩŰŮɟŬ ŰɛɐɛŬŰŬ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ. ɆɡɜŮˊɩɠ, ɞɘ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɘ 

Űɨˊɞɘ ŬůŰɞɢɘɩɜ ůŮ, ŬɔəɡɟɤɛɏɜŮɠ ɐ ɛɖ, ŭŮɝŬɛŮɜɏɠ ŮɑɜŬɘ ɞ ɚɡɔɘůɛɧɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜɖ ɞɚɑůɗɖůɖ 

əŬɘ Űɞ ŬɜŬůɐəɤɛŬ Űɖɠ ɓɎůɖɠ, ɞɘ ŬůŰɞɢɑŮɠ ɚɧɔɤ əɡɛŬŰɘůɛɞɨ, əŬɘ ɖ ŬůŰɞɢɑŬ Űɤɜ Ŭɔəɡɟɑɤɜ. 

ȿɡɔɘůɛɧɠ ɛɞɟűɐɠ ˊɧŭŬ ŮɚɏűŬɜŰŬ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɡɣɖɚɏɠ ŮůɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ 

ŭŮɝŬɛŮɜɐɠ, ɚɧɔɤ Űɞɡ ůɡɜŭɡŬůɛɞɨ ɡŭɟɞůŰŬŰɘəɩɜ əŬɘ ɡŭɟɞŭɡɜŬɛɘəɩɜ ˊɘɏůŮɤɜ. Ƀɘ Ŭɝɞɜɘəɏɠ 

ůɡɛˊɘŮůŰɘəɏɠ ŰɎůŮɘɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ ŬɜŰɑůŰŬůɖ Űɤɜ ŭŮɝŬɛŮɜɩɜ ɔɘŬ 

ŬɜŬŰɟɞˊɐ. ȷəɧɛŬ əŬɘ Ŭɜ ůɖɛŮɘɤɗŮɑ Ŭɨɝɖůɖ Űɖɠ ɛɏɔɘůŰɖɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ˊɘɏůŮɤɜ ɏɜŬɜŰɘ 

ɚɡɔɘůɛɞɨ, ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ űŬɘɜɧɛŮɜŬ ŮɚŬůŰɞˊɚŬůŰɘəɞɨ ɚɡɔɘůɛɞɨ ůŰɞ əŬŰɩŰŮɟɞ 

ŰɛɐɛŬ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ˊɞɡ ɛɞɘɎɕŮɘ ɛŮ Űɞ ůɢɐɛŬ Űɞɡ ˊɞŭɘɞɨ ŮɚɏűŬɜŰŬ (ȺɘəɧɜŬ 2.6.Ŭ).  

  

   (Ŭ)         (ɓ) 

ȺɘəɧɜŬ 2.6. ȿɡɔɘůɛɧɠ ɛɞɟűɐɠ (Ŭ) ˊɧŭŬ ŮɚɏűŬɜŰŬ ůŰɖ ɓɎůɖ ŭŮɝŬɛŮɜɐɠ əŬŰɎ Űɞ ůŮɘůɛɧ Emilia, 2012 

(Buratti and Tavano, 2014), (ɓ) ɔɞɜɎŰɞɡ ŮɚɏűŬɜŰŬ əŬŰɎ Űɞ ůŮɘůɛɧ Űɖɠ ȷɥŰɐɠ, 2010 

(https://www.fema.gov/fema-e-74-reducing-risks-nonstructural-earthquake-damage).  

 

https://www.fema.gov/fema-e-74-reducing-risks-nonstructural-earthquake-damage
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ȳŰŬɜ ŬɡŰɧɠ ɞ Űɨˊɞɠ ɚɡɔɘůɛɞɨ ŮɛűŬɜɘůŰŮɑ ůŰŬ ŬɜɩŰŮɟŬ ŰɛɐɛŬŰŬ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ, ŰɧŰŮ 

ɞ ɚɡɔɘůɛɧɠ ŬɡŰɧɠ ŬɜŬűɏɟŮŰŬɘ ɤɠ ɛɞɟűɐɠ ɔɞɜɎŰɞɡ ŮɚɏűŬɜŰŬ (ȺɘəɧɜŬ 2.6.ɓ). ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ 

Brunesi et al. (2014), ɞ ɚɡɔɘůɛɧɠ ɛɞɟűɐɠ ˊɧŭŬ ŮɚɏűŬɜŰŬ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ ůɡɢɜɐ ɛɞɟűɐ 

ɚɡɔɘůɛɞɨ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ɔɘŬ Űɘɠ ɢŬɚɨɓŭɘɜŮɠ ŭŮɝŬɛŮɜɏɠ. 

 

ȿɡɔɘůɛɧɠ ɛɞɟűɐɠ ŭɘŬɛŬɜŰɘɞɨ 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ˊɟɞɖɔɞɨɛŮɜɖ ɛɞɟűɐ ɚɡɔɘůɛɞɨ, ɖ ɛɞɟűɐ ŭɘŬɛŬɜŰɘɞɨ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɘůŰŮɑ 

ůŮ ɧɚɞ Űɞ ɨɣɞɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ. ȺɑɜŬɘ ɚɘɔɧŰŮɟɞ ůɡɜɖɗɘůɛɏɜɖ, Ůɜɩ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ əŬɘ ɔɘŬ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŰɎůŮɤɜ. ȼ ɛɞɟűɐ Űɖɠ ŬɜŬűɏɟŮŰŬɘ əɡɟɑɤɠ ůŮ ɛɘŬ Űɞˊɘəɐ ɟɡŰɑŭɤůɖ Űɞɡ 

ŰɞɘɢɩɛŬŰɞɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ (ȺɘəɧɜŬ 2.7). 

  

          (Ŭ)                              (ɓ) 

ȺɘəɧɜŬ 2.7. ȿɡɔɘůɛɧɠ ɛɞɟűɐɠ ŭɘŬɛŬɜŰɘɞɨ (Ŭ) ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ, (ɓ) ůŰɞ ɛɏůɞ ŰɛɐɛŬ 

Űɤɜ ŰɞɘɢɤɛɎŰɤɜ əŬŰɎ Űɞ ůŮɘůɛɧ Emilia, 2012 (Buratti and Tavano, 2014). 

 

ȷůŰɞɢɑŮɠ ɚɧɔɤ əɡɛŬŰɘůɛɞɨ 

ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɖ əɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ ůɢŮŰɑɕŮŰŬɘ ůŮ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɘŭɘɞˊŮɟɘɧŭɤɜ. 

Ⱥˊɞɛɏɜɤɠ, ɧŰŬɜ ŭɘŮɔŮɑɟŮŰŬɘ ɚɧɔɤ Űɤɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ əɡɛŬŰɘůɛɧɠ 

Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ ɡɔɟɞɨ. ȳŰŬɜ ŰŬ ˊɚɎŰɖ ŮɑɜŬɘ ɛŮɔɎɚŬ, ŰɧŰŮ ŮɑɜŬɘ ˊɘɗŬɜɐ ɖ ɓɚɎɓɖ Űɤɜ 

ŬɜɩŰŮɟɤɜ ŰɛɖɛɎŰɤɜ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ, ŬɚɚɎ əŬɘ Űɖɠ ɞɟɞűɐɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ (ȺɘəɧɜŬ 2.8) 

(Goudarzi et al., 2010; 2020). Ⱥˊɞɛɏɜɤɠ, ɖ əɡəɚɞűɞɟɞɨůŬ ůɡɜɘůŰɩůŬ ůɡɜŮɘůűɏɟŮɘ ůŰɘɠ ɟɞˊɏɠ 

ŬɜŬŰɟɞˊɐɠ ůŰɖ ɓɎůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŬɚɚɎ ɖ ɔŮɜɘəɐ Űɖɠ ŮˊɑŭɟŬůɖ ůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɤůŰɘəɐ ůɡɜɘůŰɩůŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ (ɓɚ. Ä 2.3.3).  
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ȺɘəɧɜŬ 2.8. ȿɡɔɘůɛɧɠ Űɞɡ Ɏɜɤ ɛɏɟɞɡɠ Űɞɡ ŰɞɘɢɩɛŬŰɞɠ ɚɧɔɤ əɡɛŬŰɘůɛɞɨ əŬŰɎ Űɞ ůŮɘůɛɧ Northridge, 

1994 (Malhotra et al., 2000). 

 

Ƀɚɑůɗɖůɖ ɐ ŬɜŬůɐəɤɛŬ ɓɎůɖɠ 

ȷɡŰɏɠ ɞɘ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ ŮɜŰɞˊɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ ɛɖ-ŬɔəɡɟɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ (ȺɘəɧɜŬ 2.9). 

ɇɞ ŬɜŬůɐəɤɛŬ Űɖɠ ɓɎůɖɠ ŬˊɞŰŮɚŮɑ Űɞ ŭɘŬɢɤɟɘůɛɧ Űɖɠ ɓɎůɖɠ ŭŮɝŬɛŮɜɐɠ Ŭˊɧ Űɖ ɗŮɛŮɚɑɤůɖ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬɠ Ůɜɧɠ ůŮɘůɛɞɨ (Ormeno et al., 2015). Ⱥˊɘˊɚɏɞɜ, ɖ ɡˊɏɟɓŬůɖ Űɖɠ ůŰŬŰɘəɐɠ 

Űɟɘɓɐɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɞɚɑůɗɖůɖ Űɖɠ ɓɎůɖɠ (Malhotra, 2000). ȿɧɔɤ ŬɡŰɞɨ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ, ˊŬɟŬŰɖɟŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ŬɜŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɖ ůɨɜŭŮůɖ ɓɎůɖɠ-

ŰɞɘɢɤɛɎŰɤɜ, ˊɟɞəŬɚɩɜŰŬɠ ŬůŰɞɢɑŬ ŮɑŰŮ ɚɧɔɤ ɡˊɏɟɓŬůɖɠ Űɖɠ ŬɜŰɞɢɐɠ, ŮɑŰŮ ɚɧɔɤ ůɡɜŮɢɞɨɠ 

űɧɟŰɘůɖɠ (Prinz and Nussbaumer, 2012; Vathi and Karamanos, 2015). 

 

 

ȺɘəɧɜŬ 2.9. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɜŬůɖəɩɛŬŰɞɠ ɓɎůɖɠ ŭŮɝŬɛŮɜɐɠ (Űɟɞˊɞˊɞɘɖɛɏɜɞ 

Ŭˊɧ Prinz and Nussbaumer, 2012). 

ȷůŰɞɢɑŬ ůŰɖ ůɨɜŭŮůɖ Űɤɜ ůɤɚɖɜɩůŮɤɜ 

ɇŬ ŬəɟɞűɨůɘŬ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ůɡɜŭɏůŮɘɠ Űɤɜ ůɤɚɖɜɩůŮɤɜ ɛŮ Űɖ ŭŮɝŬɛŮɜɐ. ȼ ŬůŰɞɢɑŬ ŬɡŰɩɜ 

Űɤɜ ůɡɜŭɏůŮɤɜ ˊɟɞəŬɚŮɑŰŬɘ ɨůŰŮɟŬ Ŭˊɧ ůŮɘůɛɘəɐ ŭɟɎůɖ əŬɘ ɛŮɔɎɚŮɠ əŬŰŬəɧɟɡűŮɠ 

ɆɢɖɛŬŰɘůɛɧɠ ˊɚŬůŰɘəɐɠ 

Ɏɟɗɟɤůɖɠ ůŰɖ ˊɚɎəŬ ɓɎůɖɠ 

ɇɞɑɢɤɛŬ 

ŭŮɝŬɛŮɜɐɠ 

ũɤɜɑŬ ůŰɟɞűɐɠ Űɖɠ 

ůɨɜŭŮůɖɠ ɄɚɎəŬ ɓɎůɖɠ 
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ɛŮŰŬəɘɜɐůŮɘɠ (ȺɘəɧɜŬ 2.10). Ƀɘ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ˊɟɞəɨˊŰɞɡɜ ŮɑŰŮ Ŭˊɧ Űɞɜ 

ŮɚŬůŰɞˊɚŬůŰɘəɧ ɚɡɔɘůɛɧ, ŮɑŰŮ Ŭˊɧ Űɞɜ ŮɚŬůŰɘəɧ ɚɡɔɘůɛɧ Űɞɡ əŮɚɨűɞɡɠ. ȷəɧɛŬ, ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəɨɣɞɡɜ Ŭˊɧ Ŭɜɨɣɤůɖ Űɞɡ ŰɞɘɢɩɛŬŰɞɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɐ Ŭˊɧ ŬůŰɞɢɑŬ ůŰɖ ɗŮɛŮɚɑɤůɖ. Ƀɘ 

ůɡɜŭɏůŮɘɠ Űɤɜ ůɤɚɖɜɩůŮɤɜ ŭŮ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɚɎɓɞɡɜ Űɘɠ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəŬɚŮɑŰŬɘ ŭɘɎɟɟɖɝɖ Űɖɠ ůɨɜŭŮůɖɠ ɓɎůɖɠ-əŮɚɨűɞɡɠ əŬɘ ŭɘŬɟɟɞɏɠ Űɞɡ ɡɔɟɞɨ 

ˊŮɟɘŮɢɞɛɏɜɞɡ. 

 

ȺɘəɧɜŬ 2.10. ȷˊɞəɧɚɚɖůɖ Űɞɡ Ŭəɟɞűɡůɑɞɡ ůŮ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ (www.apwa.net).   

 

ȷůŰɞɢɑŬ Űɤɜ Ŭɔəɡɟɑɤɜ 

ɀɘŬ Ůˊɘˊɚɏɞɜ ɛɞɟűɐ ŬůŰɞɢɑŬɠ ůŮ ɛɘŬ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ŮɑɜŬɘ ɖ ŬůŰɞɢɑŬ ůŰɖɜ 

Ŭɔəɨɟɤůɖ Űɖɠ (ȺɘəɧɜŬ 2.11). Ƀɘ ŭɘŬŰɛɖŰɘəɏɠ ŰɎůŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰŬ ŬɔəɨɟɘŬ Ŭˊɧ Űɖ 

ůŮɘůɛɘəɐ ŭɘɏɔŮɟůɖ, ɧŰŬɜ űŰɎůɞɡɜ ůŮ ɡɣɖɚɏɠ Űɘɛɏɠ, ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɚɡɔɘůɛɧ, ŬůŰɞɢɑŬ 

Űɤɜ Ŭɔəɡɟɑɤɜ, ŭɘɎŰɟɖůɖ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ, ŬɚɚɎ əŬɘ ɓɚɎɓŮɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ŭŮɝŬɛŮɜɐɠ. 

 

ȺɘəɧɜŬ 2.11. ȷůŰɞɢɑŬ Űɞɡ Ŭɔəɡɟɑɞɡ ůŮ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ 

(https://www.structuremag.org/?p=8241).   

http://www.apwa.net/
https://www.structuremag.org/?p=8241
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2.4.2 ȺɛˊŮɘɟɑŬ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ůŮɘůɛɞɨɠ 

ȾŬŰɎ Űɞ ˊŬɟŮɚɗɧɜ ɏɢɞɡɜ ůɖɛŮɘɤɗŮɑ ůɞɓŬɟɏɠ ɓɚɎɓŮɠ ůŮ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ 

ŮɝŬɘŰɑŬɠ ɛŮɔɎɚɤɜ ůŮɘůɛɩɜ. ȼ ˊɟɞůŮəŰɘəɐ ɛŮɚɏŰɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɤɜ ůŮɘůɛɩɜ ůŮ ŬɡŰɏɠ Űɘɠ 

ɡˊɞŭɞɛɏɠ ŮɑɜŬɘ ˊɞɚɨŰɘɛɖ, Ŭűɞɨ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɡɚɞˊɞɘɖɗɞɨɜ ɜɏŬ ɛɏŰɟŬ 

ˊɟɞůŰŬůɑŬɠ ɔɘŬ ɏɜŬ ɛŮɚɚɞɜŰɘəɧ ɔŮɔɞɜɧɠ. ȼ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ əŬŰŬůəŮɡɩɜ əŬɘ Űɞɡ Ůɝɞˊɚɘůɛɞɨ 

Űɞɡɠ ůŮ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ůŮɘůɛɞɨɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ ɞŭɖɔɧ ɧůɞɜ ŬűɞɟɎ ŰŬ ˊɟɞɓɚɐɛŬŰŬ əŬɘ Űɘɠ 

ŬŭɡɜŬɛɑŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 

əɡɟɘɧŰŮɟŮɠ ŬůŰɞɢɑŮɠ ŭŮɝŬɛŮɜɩɜ ˊɞɡ ɏɢɞɡɜ ůɡɛɓŮɑ ůŮ ůɖɛŬɜŰɘəɞɨɠ ůŮɘůɛɞɨɠ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ. 

ȷˊɧ Űɞɡɠ ˊɟɩŰɞɡɠ ůŮɘůɛɞɨɠ ˊɞɡ əɑɜɖůŬɜ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŮɟŮɡɜɖŰɩɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ 

Űɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ ŭŮɝŬɛŮɜɩɜ, ɐŰŬɜ ɞ ůŮɘůɛɧɠ ˊɞɡ ɏˊɚɖɝŮ Űɖ ɜɧŰɘŬ ˊŬɟɎəŰɘŬ ˊŮɟɘɞɢɐ 

Űɖɠ ȷɚɎůəŬ ůŰɘɠ 27 ɀŬɟŰɑɞɡ 1964, ˊɟɞəŬɚɩɜŰŬɠ ŮəŰŮɜŮɑɠ ɓɚɎɓŮɠ ůŮ ŭŮɝŬɛŮɜɏɠ (ȺɘəɧɜŬ 2.12), 

ŬɚɚɎ əŬɘ ůŮ ɎɚɚŮɠ əŬŰŬůəŮɡɏɠ. ɇɖɜ ɘůɢɡɟɐ ŮŭŬűɘəɐ əɑɜɖůɖ ŬəɞɚɞɨɗɖůŮ ŰůɞɡɜɎɛɘ ˊɞɡ 

ɞŭɐɔɖůŮ ůŮ ˊɡɟəŬɔɘɏɠ əŬɘ ˊɚɖɛɛɨɟŮɠ ŬɟəŮŰɩɜ ˊŮɟɘɞɢɩɜ. ȹŮɝŬɛŮɜɏɠ ɔŮɛɎŰŮɠ ɐ ɛɘůɞ-ɔŮɛɎŰŮɠ 

ɛŮ ɚɧɔɞ ŭɘŬɛɏŰɟɞɡ ˊɟɞɠ ɨɣɞɠ ɛŮɔŬɚɨŰŮɟɞɡ Ŭˊɧ 1.5 ɡˊɏůŰɖůŬɜ ɓɚɎɓŮɠ əɡɟɑɤɠ ůŰɞ Ɏɜɤ ɛɏɟɞɠ 

Űɤɜ ŰɞɘɢɤɛɎŰɤɜ, əŬɗɩɠ əŬɘ ɚɡɔɘůɛɧ Űɖɠ ˊɚɤŰɐɠ ɞɟɞűɐɠ. Ƀɘ ŭŮɝŬɛŮɜɏɠ ɛŮ ɚɧɔɞ ɛɘəɟɧŰŮɟɞ Űɞɡ 

1 ˊŬɟɞɡůɑŬůŬɜ ɚɡɔɘůɛɧ ůŰɞ əŬŰɩŰŮɟɞ ɛɏɟɞɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ɐ ŬůŰɧɢɖůŬɜ ɞɚɞůɢŮɟɩɠ. ɆŰɖɜ 

ˊŮɟɘɞɢɐ Valdez (85 ɢɘɚɘɧɛŮŰɟŬ Ŭˊɧ Űɞ ŮˊɑəŮɜŰɟɞ), ŭɨɞ ůɢŮŰɘəɎ ɛɘəɟɏɠ ŭŮɝŬɛŮɜɏɠ ˊŬɟɞɡůɑŬůŬɜ 

ɕɖɛɘɏɠ ɚɧɔɤ ˊɡɟəŬɔɘɎɠ əŬɘ ɓɡɗɑůŰɖəŬɜ ɚɧɔɤ əŬŰɞɚɑůɗɖůɖɠ ˊɞɡ ůɡɜɏɓɖ əɞɜŰɎ ůŰɖɜ 

ŬəŰɞɔɟŬɛɛɐ.  

ȺɔəŬŰŬůŰɎůŮɘɠ əŬɘ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ˊŮŰɟŮɚŬɑɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Whittier (60 

ɢɘɚɘɧɛŮŰɟŬ Ŭˊɧ Űɞ ŮˊɑəŮɜŰɟɞ) əŬŰŬůŰɟɎűɖəŬɜ Ŭˊɧ Űɞ ŰůɞɡɜɎɛɘ, Ůɜɩ ůɖɛŮɘɩɗɖəŬɜ ŮəŰŮɜŮɑɠ 

ŭɘŬɟɟɞɏɠ ŮɨűɚŮəŰɤɜ ɡɔɟɩɜ. ɆŰɖɜ ˊŮɟɘɞɢɐ Seward ůŰɞɜ əɧɚˊɞ Űɖɠ ȷɚɎůəŬ, Űɞ ŰůɞɡɜɎɛɘ 

ˊɟɞəɎɚŮůŮ ɞɚɑůɗɖůɖ ŰɛɐɛŬŰɞɠ Űɖɠ ˊɟɞəɡɛŬɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ, ˊɟɞəŬɚɩɜŰŬɠ ůɞɓŬɟɏɠ 

əŬŰŬůŰɟɞűɏɠ ɚɧɔɤ ˊɡɟəŬɔɘɩɜ əŬŰŬůŰɟɏűɞɜŰŬɠ ɞɚɞůɢŮɟɩɠ Űɘɠ 18 Ŭˊɧ Űɘɠ 23 ŭŮɝŬɛŮɜɏɠ ˊɞɡ 

ɡˊɐɟɢŬɜ ůŰɖɜ ŰɞˊɞɗŮůɑŬ. ɇɏɚɞɠ, ůŰɖ ɢŮɟůɧɜɖůɞ Kenai (ˊŮɟɑˊɞɡ 219 ɢɘɚɘɧɛŮŰɟŬ Ŭˊɧ Űɞ 

ŮˊɑəŮɜŰɟɞ) ɡˊɐɟɢŬɜ ŭɨɞ ŭɘɡɚɘůŰɐɟɘŬ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ Ŭɟɔɞɨ ˊŮŰɟŮɚŬɑɞɡ əŬɘ 

ɡɔɟɞˊɞɘɖɛɏɜɞɡ ŬŮɟɑɞɡ. Ƀɘ ŭŮɝŬɛŮɜɏɠ ˊɞɡ ɡˊɏůŰɖůŬɜ ɓɚɎɓŮɠ ɚɧɔɤ Űɞɡ ůŮɘůɛɞɨ ŮɑɢŬɜ 

ŭɘŬɛɏŰɟɞɡɠ Ŭˊɧ 8.5 ɛɏɢɟɘ 43.9 m əŬɘ ɨɣɖ Ŭˊɧ 9.1 ɛɏɢɟɘ 17.1 m. ɇɟŮɘɠ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ 

ŭŮɝŬɛŮɜɏɠ ɛŮ ɚɧɔɞ ŭɘŬɛɏŰɟɞɡ ˊɟɞɠ ɨɣɞɠ ɛɘəɟɧŰŮɟɞ Űɞɡ 1, ŬůŰɧɢɖůŬɜ əŬɘ 5 ŭŮɝŬɛŮɜɏɠ ɛŮ ɚɧɔɞ 

Ŭˊɧ 1.5 əŬɘ Ɏɜɤ, ˊŬɟɞɡůɑŬůŬɜ ɓɚɎɓŮɠ ůŰɖɜ ɞɟɞűɐ, ŬɚɚɎ ɧɢɘ ɚɡɔɘůɛɧ. 
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ȺɘəɧɜŬ 2.12. ȿɡɔɘůɛɧɠ ɛɞɟűɐɠ ˊɧŭŬ ŮɚɏűŬɜŰŬ ůŰɖ ɓɎůɖ ŭŮɝŬɛŮɜɐɠ əŬŰɎ Űɞɜ ůŮɘůɛɧ ůŰɖɜ ȷɚɎůəŬ, 

1964 (https://www.fema.gov/fema-e-74-reducing-risks-nonstructural-earthquake-damage , 

Steinbrugge Collection, No. S2508). 

 

ɇɞ 1964, ɞ ůŮɘůɛɧɠ Niigata ɛŮɔɏɗɞɡɠ 7.6 Űɖɠ əɚɑɛŬəŬɠ ɅɑɢŰŮɟ, ˊɟɞəɎɚŮůŮ ɛŮɔɎɚŮɠ 

əŬŰŬůŰɟɞűɏɠ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ əŬŰŬůəŮɡɏɠ (Suzuki, 2008). ȼ ˊɧɚɖ Niigata, ɖ ɞˊɞɑŬ ŮɑɢŮ 

ɡˊɞůŰŮɑ əŬŰŬůŰɟɞűɏɠ ɚɧɔɤ ˊɡɟəŬɔɘɎɠ Űɞ 1955, ɡˊɏůŰɖ ŬɟəŮŰɏɠ ɓɚɎɓŮɠ ɚɧɔɤ ŮəɟɐɝŮɤɜ əŬɘ 

ɟŮɡůŰɞˊɞɑɖůɖɠ ˊɞɡ ˊɟɞəɚɐɗɖəŬɜ Ŭˊɧ Űɞɜ Ůɜ ɚɧɔɤ ůŮɘůɛɧ. Ⱥˊɘˊɚɏɞɜ, ŬůŰɞɢɑŮɠ 

ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŮ ůɡɜŭɏůŮɘɠ Ŭɔɤɔɩɜ ɛŮ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ɓŮɜɕɑɜɖɠ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

Showa Oil Co, ˊɞɡ ɓɟɑůəɞɜŰŬɜ ɛŮŰŬɝɨ Űɞɡ ŬŮɟɞŭɟɞɛɑɞɡ əŬɘ Űɞɡ ɚɘɛŬɜɘɞɨ Űɖɠ ˊŮɟɘɞɢɐɠ. ɇɞ 

ɡɔɟɧ ˊŮɟɘŮɢɧɛŮɜɞ Űɤɜ ŭŮɝŬɛŮɜɩɜ ˊŬɟɞɡůɑŬůŮ əɡɛŬŰɘůɛɧ ɛŮɔɎɚɞɡ ˊɚɎŰɞɡɠ, ŮɝŬɘŰɑŬɠ Űɖɠ 

ɛŮɔɎɚɖɠ ˊŮɟɘɧŭɞɡ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ ɚɧɔɤ ɟŮɡůŰɞˊɞɑɖůɖɠ. ȹɘŬɟɟɞɏɠ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ 

ɡɔɟɞɨ ˊɟɞɠ Űɖ ɗɎɚŬůůŬ ˊɟɞəɚɐɗɖəŬɜ Ŭˊɧ Űɞ ŰůɞɡɜɎɛɘ əŬɘ Űɞ ɡˊɧɔŮɘɞ ɜŮɟɧ ˊɞɡ 

ŬˊŮɚŮɡɗŮɟɩɗɖəŮ ɚɧɔɤ ɟŮɡůŰɞˊɞɑɖůɖɠ. Ƀɘ ˊɡɟəŬɔɘɏɠ ˊɞɡ ŮɝŬˊɚɩɗɖəŬɜ ůŰɘɠ ɔŮɘŰɞɜɘəɏɠ 

ŭŮɝŬɛŮɜɏɠ ˊɟɞəɎɚŮůŬɜ ŮəɟɐɝŮɘɠ əŬɘ ɜɏŮɠ ŮůŰɑŮɠ űɤŰɘɎɠ (Watanabe, 1966; Iwabuchi et al., 

2006) (ȺɘəɧɜŬ 2.13). ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɞ ůŮɘůɛɧɠ Niigata ɐŰŬɜ ɏɜŬ Ŭˊɧ ŰŬ ˊɟɩŰŬ ɛŮɔɎɚŬ 

ůŮɘůɛɘəɎ ɔŮɔɞɜɧŰŬ ˊɞɡ ůɡɜɏɓŬɚŬɜ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ŭŮɝŬɛŮɜɩɜ ɏɜŬɜŰɘ ůɡɜŭɡŬůŰɘəɩɜ 

ɛɞɟűɩɜ ɔŮɤəɘɜŭɨɜɤɜ, ɧˊɤɠ ɞ ůŮɘůɛɧɠ, Űɞ ŰůɞɡɜɎɛɘ əŬɘ ɖ ɟŮɡůŰɞˊɞɑɖůɖ (Kalogerakou, 2015). 

 

ȺɘəɧɜŬ 2.13. ɄɡɟəŬɔɘɎ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ůŰɖ Niigata, 1964 (Suzuki, 2008). 

https://www.fema.gov/fema-e-74-reducing-risks-nonstructural-earthquake-damage
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 Ƀ ůŮɘůɛɧɠ Űɞɡ Imperial Valley 1979 ŮɑɢŮ ɛɏɔŮɗɞɠ 6.5 ɅɑɢŰŮɟ əŬɘ ˊɟɞəɎɚŮůŮ ůɖɛŬɜŰɘəɏɠ 

ɓɚɎɓŮɠ ůŮ ŬɟəŮŰɏɠ ŭŮɝŬɛŮɜɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɜ ˊŮɟɑˊɞɡ 30 ɢɘɚɘɧɛŮŰɟŬ Ŭˊɧ Űɞ ŮˊɑəŮɜŰɟɞ (ȺɘəɧɜŬ 

2.14). ɇɞ ɟɐɔɛŬ Imperial, Űɞ ɞˊɞɑɞ ɓɟɘůəɧŰŬɜ 5 ɢɘɚɘɧɛŮŰɟŬ ŬɜŬŰɞɚɘəɎ Űɖɠ ŰɞˊɞɗŮůɑŬɠ Űɤɜ 

ŭŮɝŬɛŮɜɩɜ, ˊŬɟɞɡůɑŬůŮ ůɖɛŬɜŰɘəɏɠ ŮŭŬűɘəɏɠ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɖɜ ́ Ůɟɘɞɢɐ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ŭɨɞ 

ɔŮɛɎŰŮɠ ŭŮɝŬɛŮɜɏɠ ůŰɞ ŮɟɔɞůŰɎůɘɞ Imperial Irrigation District ɡˊɏůŰɖůŬɜ ŬůŰɞɢɑŬ ůŰɖɜ ɞɟɞűɐ. 

ȼ ŬůŰɞɢɑŬ ůŰɖɜ ɢŬɚɨɓŭɘɜɖ ˊɚɎəŬ Űɖɠ ɞɟɞűɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɖɠ 

ˊŮɟɘɛŮŰɟɘəɐɠ ůɡɔəɧɚɚɖůɖɠ, ˊɟɞəɎɚŮůŮ ŭɘŬɟɟɞɐ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ ɞɟɞűɐ. ȰɜŬɠ 

ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ 18 ɛɖ-Ŭɔəɡɟɤɛɏɜɤɜ ŭŮɝŬɛŮɜɩɜ ɡˊɐɟɢŬɜ ůŰɞɜ ŰŮɟɛŬŰɘəɧ ůŰŬɗɛɧ Southern 

Pacific Lines Inc. ɇɏůůŮɟɘɠ Ŭˊɧ ŬɡŰɏɠ ˊŬɟɞɡůɑŬůŬɜ ŬůŰɞɢɑŮɠ ɚɡɔɘůɛɞɨ ɛɞɟűɐɠ ˊɧŭŬ ŮɚɏűŬɜŰŬ, 

Ůɜɩ ŮɛűŬɜɑůŰɖəŬɜ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ˊɟɞɓɚɐɛŬŰŬ ɧˊɤɠ ɓɚɎɓŮɠ Űɖɠ ɞɟɞűɐɠ, Űɤɜ ůɤɚɖɜɩůŮɤɜ, 

Űɤɜ ŭɘŬŰɎɝŮɤɜ ŬɜŰɘ-ˊŮɟɘůŰɟɞűɐɠ, ə.Ŭ. ȼ ŭŮɝŬɛŮɜɐ ɛŮ Űɘɠ ˊɘɞ ŭɡůɛŮɜŮɑɠ ɓɚɎɓŮɠ ŮɑɢŮ əɤɜɘəɐ 

ɞɟɞűɐ, ˊŮɟɘɛŮŰɟɘəɧ ŭŬəŰɨɚɘɞ Ŭˊɧ ůəɡɟɧŭŮɛŬ, Ůɜɩ ɐŰŬɜ əŬŰɎ 70% ɔŮɛɎŰɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɞɡ ůŮɘůɛɞɨ. ȼ ŬůŰɞɢɑŮɠ ůɢŮŰɑɕɞɜŰŬɜ ɛŮ ɚɡɔɘůɛɧ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ɛɞɟűɐɠ ˊɧŭŬ ŮɚɏűŬɜŰŬ (ɛŮ 

Űɧɝɞ ɛŮɔŬɚɨŰŮɟɞ Űɤɜ 90 ɛɞɘɟɩɜ), əŬɗɩɠ əŬɘ ŭɘŬɢɤɟɘůɛɧ Űɖɠ ůɡɔəɧɚɚɖůɖɠ ˊɎɜɤ Ŭˊɧ 10 

ŮəŬŰɞůŰɎ ůŰɖɜ ˊɚɎəŬ Űɖɠ ɓɎůɖɠ ˊɟɞəŬɚɩɜŰŬɠ ŭɘŬɟɟɞɐ ɓŮɜɕɑɜɖɠ.  

 

ȺɘəɧɜŬ 2.14. ȾŬŰŬůŰɟɞűɐ ŭŮɝŬɛŮɜɐɠ ɛŮŰɎ Űɞɜ ůŮɘůɛɧ Imperial Valley, 1979 (http://research-

it.berkeley.edu/projects/museum-informatics-project). 

 

 Ƀ ůŮɘůɛɧɠ ůŰɖɜ Coalinga Űɞ 1983 ŮɑɢŮ ɛɏɔŮɗɞɠ 6.7 ɅɑɢŰŮɟ əŬɘ ˊɟɞəɎɚŮůŮ ůɞɓŬɟɏɠ 

ɓɚɎɓŮɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ŮˊɘəŮɜŰɟɘəɐ ˊŮɟɘɞɢɐ. ȹŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ˊŮŰɟŮɚŬɑɞɡ ɛŮɔɎɚɖɠ 

ŭɘŬɛɏŰɟɞɡ (Ɏɜɤ Űɤɜ 31 m) ŮɑɢŬɜ əŬŰŬůəŮɡŬůŰŮɑ ůŮ ŰɞˊɞɗŮůɑŮɠ ɛŮ ɞɜɞɛŬůɑŮɠ Ŭˊɧ Űɞ ȷ ɛɏɢɟɘ 

Űɞ Ȼ, ŮɜŰɧɠ ɛɘŬɠ ůɢŮŰɘəɎ ɛɘəɟɐɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɞ ŮˊɑəŮɜŰɟɞ (ˊŮɟɑˊɞɡ 6.5 km) (Manos and 

Clough, 1985). ȼ ɛɏɔɘůŰɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ŮəŰɘɛɐɗɖəŮ ˊŮɟɑˊɞɡ ɛŮŰŬɝɨ 0.6 g əŬɘ 0.82 g, 

Ůɜɩ Űɞ ɏŭŬűɞɠ ŬˊɞŰŮɚŮɑŰɞ əɡɟɑɤɠ Ŭˊɧ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ. Ƀɘ ŭŮɝŬɛŮɜɏɠ ŮɑɢŬɜ əɡɚɘɜŭɟɘəɧ 

ůɢɐɛŬ, ɐŰŬɜ ŮˊɑɔŮɘŮɠ əŬɘ ɛɖ-ŬɔəɡɟɤɛɏɜŮɠ, Ůɜɩ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɢŬɜ ˊɚɤŰɐ ɞɟɞűɐ. ɆŰɖɜ 

ŰɞˊɞɗŮůɑŬ ȷ, Ŭˊɧ Űɘɠ 19 ŭŮɝŬɛŮɜɏɠ, ɛɧɜɞɜ ɞɘ 2 ɛŮɔŬɚɨŰŮɟŮɠ ˊŬɟɞɡůɑŬůŬɜ ŬůŰɞɢɑŮɠ ůŰɖɜ ́ ɚɤŰɐ 

http://research-it.berkeley.edu/projects/museum-informatics-project
http://research-it.berkeley.edu/projects/museum-informatics-project
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ɞɟɞűɐ. ɆŰɖɜ ŰɞˊɞɗŮůɑŬ ȸ, ɞɘ ŭŮɝŬɛŮɜɏɠ ɡˊɏůŰɖůŬɜ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ŬůŰɞɢɑŮɠ ůŰɞ əɏɚɡűɞɠ əŬɘ 

ŭɘŬɟɟɞɐ ˊŮŰɟŮɚŬɑɞɡ ůŰɖɜ əɞɟɡűɐ (ȺɘəɧɜŬ 2.15). ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ˊŮɟɘɞɢɐ ũ ˊɞɡ ɓɟɘůəɧŰŬɜ 4.5 

km ɜɞŰɘɞŭɡŰɘəɎ Űɞɡ ŮˊɘəɏɜŰɟɞɡ, ɡˊɐɟɢŬɜ ŭŮɝŬɛŮɜɏɠ ɞɘ ɞˊɞɑŮɠ ˊŬɟɞɡůɑŬůŬɜ ŬůŰɞɢɑŮɠ ůŰɖɜ 

ɞɟɞűɐ əŬɘ ŭɘŬɟɟɞɏɠ Ŭɟɔɞɨ ˊŮŰɟŮɚŬɑɞɡ. ɆŰɘɠ ŰɞˊɞɗŮůɑŮɠ ȹ, Ⱥ əŬɘ Ȼ ˊŬɟŬŰɖɟɐɗɖəŬɜ əɡɟɑɤɠ 

ŭɘŬɟɟɞɏɠ, ɓɚɎɓŮɠ ůŰŬ ŬɔəɨɟɘŬ əŬɘ űŬɘɜɧɛŮɜŬ ɚɡɔɘůɛɞɨ Űɞɜ ŰɞɘɢɤɛɎŰɤɜ. 

 

ȺɘəɧɜŬ 2.15. ȹɘŬɟɟɞɐ ˊŮŰɟŮɚŬɑɞɡ Ŭˊɧ Űɖɜ əɞɟɡűɐ ůŮ ŭŮɝŬɛŮɜɐ ɛŮŰɎ Űɞ ůŮɘůɛɧ Coalinga 

(https://www.edac.biz/en/research/earthquakes/structures-and-building-types/structures-of-high-risk-

potential-special-structures/ ). 

 

ɆŰɘɠ 17 ȷɡɔɞɨůŰɞɡ 1999, ɞ ůŮɘůɛɧɠ Kocaeli ɛŮɔɏɗɞɡɠ 7.4 ɅɑɢŰŮɟ ɏˊɚɖɝŮ ɛɘŬ ɛŮɔɎɚɖ 

ˊŮɟɘɞɢɐ Űɖɠ ɓɞɟŮɘɞŭɡŰɘəɐɠ ɇɞɡɟəɑŬɠ. ɇɞ ŮˊɑəŮɜŰɟɞ Űɞɡ ůŮɘůɛɞɨ ɐŰŬɜ 7 km ɜɞŰɘɞŬɜŬŰɞɚɘəɎ 

Űɖɠ ˊɧɚɖɠ Izmit əŬɘ 80 km ŬɜŬŰɞɚɘəɎ Űɖɠ ȾɤɜůŰŬɜŰɘɜɞɨˊɞɚɖɠ (Yazici and Cili, 2008). Ƀ 

ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ŮɔəŬŰŬůŰɎůŮɤɜ ˊɞɡ ůɖɛŮɑɤůŬɜ ɓɚɎɓŮɠ ɓɟɑůəɞɜŰŬɜ ŮɜŰɧɠ 15 km Ŭˊɧ Űɞ 

ŮˊɑəŮɜŰɟɞ, ɧˊɞɡ ɖ ɏɜŰŬůɖ Űɞɡ ůŮɘůɛɞɨ ˊŬɟɞɡůɑŬůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ. ɇɞ ŭɘɡɚɘůŰɐɟɘɞ ˊŮŰɟŮɚŬɑɞɡ 

Űɖɠ Tupras ˊŮɟɘŮɑɢŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 10 ŭŮɝŬɛŮɜɏɠ ůŮ ŭɘɎűɞɟŬ ɛŮɔɏɗɖ, ɧˊɞɡ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ŮɑɢŬɜ ˊɚɤŰɏɠ ɞɟɞűɏɠ (Bendimerad et al., 2000; Persson and Lonnermark, 2004).  

Ƀɘ əɡɟɘɧŰŮɟŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ ˊɞɡ ŮɛűɎɜɘůŬɜ ɞɘ ŭŮɝŬɛŮɜɏɠ ŬɡŰɏɠ ɐŰŬɜ ɞ ɚɡɔɘůɛɧɠ Űɤɜ 

ŰɞɘɢɤɛɎŰɤɜ, ɖ əŬŰŬɓɨɗɘůɖ Űɤɜ ˊɚɤŰɩɜ ɞɟɞűɩɜ əŬɘ ɞɘ ˊɡɟəŬɔɘɏɠ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ˊɡɟəŬɔɘɏɠ 

ŮɛűŬɜɑůŰɖəŬɜ ůŮ ŭŮɝŬɛŮɜɏɠ ˊɞɡ ˊŮɟɘŮɑɢŬɜ ŮɨűɚŮəŰŬ ɡɔɟɎ, ɧˊɤɠ ɖ ŬɛɛɤɜɑŬ (Erdik, 2000). 

Ⱦɨɟɘɞɠ ɚɧɔɞɠ ŬɜɎűɚŮɝɖɠ Űɖɠ ŬɛɛɤɜɑŬɠ ŮɑɜŬɘ ɞɘ ůˊɘɜɗɐɟŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ ɚɧɔɤ Űɖɠ Űɟɘɓɐɠ 

Űɖɠ ˊɚɤŰɐɠ ɞɟɞűɐɠ ɛŮ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ŭŮɝŬɛŮɜɐɠ ŮɝŬɘŰɑŬɠ Űɞɡ ɡˊɏɟɛŮŰɟɞɡ əɡɛŬŰɘůɛɞɨ. 

Ⱥˊɘˊɚɏɞɜ, ůŰɞ ŮɟɔɞůŰɎůɘɞ ŬŮɟɑɞɡ Habas ɡˊɐɟɢŬɜ ŭŮɝŬɛŮɜɏɠ ɞɘ ɞˊɞɑŮɠ ŬůŰɧɢɖůŬɜ ɚɧɔɤ Űɞɡ 

ůŮɘůɛɞɨ ŬɡŰɞɨ. ȼ əɨɟɘŬ ɛɞɟűɐ ŬůŰɞɢɑŬɠ Űɤɜ ŭɨɞ Ůə Űɤɜ Űɟɘɩɜ ŭŮɝŬɛŮɜɩɜ, ɐŰŬɜ ɖ ŬůŰɞɢɑŬ 

Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ Űɖɠ ɓɎůɖɠ (ȺɘəɧɜŬ 2.16) (Sezen and Whittaker, 2006; Sezen et al., 2008). 

https://www.edac.biz/en/research/earthquakes/structures-and-building-types/structures-of-high-risk-potential-special-structures/
https://www.edac.biz/en/research/earthquakes/structures-and-building-types/structures-of-high-risk-potential-special-structures/
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ȺɘəɧɜŬ 2.16. ȷůŰɞɢɑŬ ɡˊɞůŰɡɚɤɛɎŰɤɜ ůŮ ŭŮɝŬɛŮɜɏɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ Habas (Sezen et al., 2000). 

 

Ƀ ůŮɘůɛɧɠ Tokachi-oki, ɛŮɔɏɗɞɡɠ 8 ɅɑɢŰŮɟ Űɞ 2003, ɢŬɟŬəŰɖɟɘɕɧŰŬɜ Ŭˊɧ ŮŭŬűɘəɏɠ 

əɘɜɐůŮɘɠ ɛŮɔɎɚɞɡ ˊɚɎŰɞɡɠ əŬɘ ˊŮɟɘɧŭɤɜ ɔɨɟɤ ůŰŬ 10 sec. Ⱥˊɞɛɏɜɤɠ, ɚɧɔɤ Űɤɜ ɛŮɔɎɚɤɜ Űɘɛɩɜ 

ɘŭɘɞˊŮɟɘɧŭɤɜ ˊɟɞəɚɐɗɖəŬɜ űŬɘɜɧɛŮɜŬ əɡɛŬŰɘůɛɞɨ ůŰɘɠ ɛŮɔɎɚŮɠ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ 

ɡɔɟɩɜ ůɖɛŮɘɩɜɞɜŰŬɠ ŬɟəŮŰɏɠ ŬůŰɞɢɑŮɠ (Hatayama, 2008). ɆɡɔəŮəɟɘɛɏɜŬ, ŮˊŰɎ ŭŮɝŬɛŮɜɏɠ ɛŮ 

ˊɚɤŰɐ ɞɟɞűɐ ɡˊɏůŰɖůŬɜ ˊɡɟəŬɔɘɏɠ ɐ/əŬɘ əŬŰŬɓɨɗɘůɖ Űɖɠ ˊɚɤŰɐɠ ɞɟɞűɐɠ (Yoshida, 2014). Ƀ 

əɡɛŬŰɘůɛɧɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ ˊɞɡ ŬůŰɧɢɖůŬɜ ˊŬɟɞɡůɑŬɕŮ ɘŭɘɞˊŮɟɘɧŭɞɡɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 5 ɏɤɠ 12 

sec, ɞɘ ɞˊɞɑŮɠ ɐŰŬɜ ŬɟəŮŰɎ əɞɜŰɎ ůŰɘɠ ɘŭɘɞˊŮɟɘɧŭɞɡɠ Űɤɜ ŮŭŬűɘəɩɜ əɘɜɐůŮɤɜ ˊɞɡ ˊɟɞəɚɐɗɖəŬɜ 

Ŭˊɧ Űɞɜ ůŮɘůɛɧ. 

ȰɜŬɠ ůɡɜŭɡŬůɛɧɠ ůŮɘůɛɞɨ Űɞɡ Tohoku ɛŮɔɏɗɞɡɠ 9 ɅɑɢŰŮɟ, əŬɘ ŰůɞɡɜɎɛɘ, ůɖɛŮɘɩɗɖəŮ 

ůŰɖɜ ȽŬˊɤɜɑŬ Űɞ 2011. ɇɞ ŰůɞɡɜɎɛɘ ˊɟɞəɎɚŮůŮ ŮəŰŮɜŮɑɠ əŬŰŬůŰɟɞűɏɠ ůŮ ŭŮɝŬɛŮɜɏɠ ˊŮŰɟŮɚŬɑɞɡ 

əŬɘ ůŮ ɎɚɚŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ (ȺɘəɧɜŬ 2.17.Ŭ). Ƀɘ ŭŮɝŬɛŮɜɏɠ əŬɘ ɞɘ Ŭɔɤɔɞɑ ˊɞɡ ɓɟɑůəɞɜŰŬɜ ůŰɖɜ 

ŬəŰɐ Űɞɡ Ⱥɘɟɖɜɘəɞɨ ɤəŮŬɜɞɨ Űɖɠ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐɠ ȽŬˊɤɜɑŬɠ əŬŰŬůŰɟɎűɖəŬɜ ɞɚɞůɢŮɟɩɠ Ŭˊɧ 

Űɞ ŰůɞɡɜɎɛɘ. Ⱥˊɘˊɚɏɞɜ, ŮŭŬűɘəɏɠ əɘɜɐůŮɘɠ ɛŮɔɎɚɤɜ ˊŮɟɘɧŭɤɜ ˊɟɞəɎɚŮůŬɜ əɡɛŬŰɘůɛɧ ůŰɘɠ 

ŭŮɝŬɛŮɜɏɠ ˊŮŰɟŮɚŬɑɞɡ, əŬɗɩɠ əŬɘ ŬůŰɞɢɑŮɠ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ ůŰɘɠ ɡˊŮɟɡɣɤɛɏɜŮɠ ŭŮɝŬɛŮɜɏɠ 

(ȺɘəɧɜŬ 2.17.ɓ), ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ əŬŰŬɓɨɗɘůɖ Űɤɜ ˊɚɤŰɩɜ ɞɟɞűɩɜ əŬɘ Űɖɠ ŭɘŬɟɟɞɐɠ Űɞɡ 

ɡɔɟɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ. ȷɜ əŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ɛɏɔɘůŰɖɠ ŮŭŬűɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 

0.5 g ůŮ ˊŮɟɘɞɢɏɠ əɞɜŰɎ ůŰɖɜ ŬəŰɐ Űɖɠ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐɠ ȽŬˊɤɜɑŬɠ, ɞɘ ŭŮɝŬɛŮɜɏɠ ˊŮŰɟŮɚŬɑɞɡ 

ˊŬɟɞɡůɑŬůŬɜ ɓɚɎɓŮɠ ɚɧɔɤ ɟŮɡůŰɞˊɞɑɖůɖɠ. 
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            (Ŭ)                                                         (ɓ) 

ȺɘəɧɜŬ 2.17. (Ŭ) ȷůŰɞɢɑŬ ŭŮɝŬɛŮɜɐɠ ɚɧɔɤ ŰůɞɡɜɎɛɘ əŬɘ (ɓ) ŭŮɝŬɛŮɜɏɠ ɛŮŰɎ Ŭˊɧ ɏəɟɖɝɖ ɛŮŰɎ Űɞɜ 

ůŮɘůɛɧ Tohoku, 2011 (Zama et al., 2012). 

 

2.5 ȾȷɁɃɁȽɆɀɃȽ ȷɁɇȽɆȺȽɆɀȽȾɃɈ ɆɉȺȹȽȷɆɀɃɈ ȹȺɂȷɀȺɁɋɁ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŬɜŬˊŰɨɢɗɖəŬɜ ŬɟəŮŰɞɑ əŬɜɞɜɘůɛɞɑ əŬɘ ɞŭɖɔɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ŭɡɜŬɛɘəɐ 

ŬɜɎɚɡůɖ əŬɘ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ. ɆŮ ŬɡŰɐɜ Űɖɜ 

ŮɜɧŰɖŰŬ ɗŬ ŬɜŬűŮɟɗɞɨɜ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ůɖɛŮɑŬ Űɤɜ ȺɡɟɤˊŬɥəɩɜ əŬɘ ȷɛŮɟɘəɎɜɘəɤɜ 

əŬɜɞɜɘůɛɩɜ, əŬɗɩɠ əŬɘ Űɤɜ ɞŭɖɔɘɩɜ Ŭˊɧ Űɖɜ ȽɜŭɑŬ əŬɘ Űɖ ɁɏŬ ȻɖɚŬɜŭɑŬ. ȰɜŬɠ ůɢŮŰɘəɎ 

əŬɘɜɞɨɟɘɞɠ əŬɜɞɜɘůɛɧɠ ɔɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ ŮɑɜŬɘ 

ɞ ȺɡɟɤəɩŭɘəŬɠ 8 ï ɀɏɟɞɠ 4 (CEN, 2006a). ȷɜŬűɏɟŮŰŬɘ əɡɟɑɤɠ ůŰɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ 

ůɘɚɧ, Ŭɔɤɔɩɜ əŬɘ ŭŮɝŬɛŮɜɩɜ, Ůɜɩ ŮɑɜŬɘ ɛɏɟɞɠ Űɤɜ ɞŭɖɔɘɩɜ CEN/TC250. ɇɞ ɀɏɟɞɠ 4 

ŭɘŮɡəɟɘɜɑɕŮɘ Űɘɠ Ŭɟɢɘəɏɠ ɏɜɜɞɘŮɠ əŬɘ Űɞɡɠ əŬɜɧɜŮɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ŭŮɝŬɛŮɜɩɜ əŬɘ 

ˊŮɟɘɏɢŮɘ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ůŮɘůɛɘəɩɜ ŭɟɎůŮɤɜ ɓɎůŮɘ Űɖɠ ɛŮɚɏŰɖɠ 

Űɞɡ Rotter (1990) ůɢŮŰɘəɎ ɛŮ Űɞɜ ɚɡɔɘůɛɧ əŮɚɨűɞɡɠ ɡˊɧ ŮůɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ.  

Ƀɘ əŬɜɧɜŮɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɔŮɜɘəɞɑ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ůŮ ŭŮɝŬɛŮɜɏɠ 

ŭɘŬűɞɟŮŰɘəɩɜ ɡɚɘəɩɜ, ɧˊɤɠ ɞ ɢɎɚɡɓŬɠ, Űɞ ůəɡɟɧŭŮɛŬ əŬɘ Űɞ ˊɚŬůŰɘəɧ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ŬɜŬűŮɟɗŮɑ ɧŰɘ ŬɡŰɏɠ ɞɘ ɞŭɖɔɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Ɏɚɚɞɡɠ 

ůɢŮŰɘəɞɨɠ ŮɡɟɤəɩŭɘəŮɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞ ȺɡɟɤəɩŭɘəŬɠ 8 ï ɀɏɟɞɠ 1 (CEN, 2004) ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ űɎůɛŬŰɞɠ ůɢŮŭɘŬůɛɞɨ. Ⱥˊɘˊɚɏɞɜ, ɞ ȺɡɟɤəɩŭɘəŬɠ 3 ï 

ɀɏɟɞɠ 1-6 (CEN, 2007) ŭɑɜŮɘ Űɞɡɠ ɓŬůɘəɞɨɠ əŬɜɧɜŮɠ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɖɜ ŬɜŰɞɢɐ əŬɘ Űɖɜ 

ŮɡůŰɎɗŮɘŬ ɢŬɚɨɓŭɘɜɤɜ ŭŮɝŬɛŮɜɩɜ, əŬɚɨˊŰɞɜŰŬɠ Űɘɠ əɨɟɘŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ ɛŮ ˊŮɟɘůůɧŰŮɟɖ 

ɏɛűŬůɖ ůŰŬ űŬɘɜɧɛŮɜŬ ɚɡɔɘůɛɞɨ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ. ɇɏɚɞɠ, ɞ ȺɡɟɤəɩŭɘəŬɠ 3 ï ɀɏɟɞɠ 4.2 

(CEN, 2006b) ˊŮɟɘɏɢŮɘ Űɘɠ Ŭɟɢɏɠ əŬɘ Űɞɡɠ əŬɜɧɜŮɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ Űɞɜ ɔŮɜɘəɧ ůɢŮŭɘŬůɛɧ 

əɡɚɘɜŭɟɘəɩɜ ŮˊɑɔŮɘɤɜ ŭŮɝŬɛŮɜɩɜ ŬˊɞɗɐəŮɡůɖɠ ɡɔɟɩɜ. 


