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ȺɈɉȷɅȽɆɇȼɅȽɃ ɆȼɀȺȽɋɀȷ 

 ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ, ɞɚɞəɚɖɟɩɜŮŰŬɘ əŬɘ ɞ 

ˊŮɜŰŬŮŰɐɠ əɨəɚɞɠ ůˊɞɡŭɩɜ ɛɞɡ ůŰɞ ŰɛɐɛŬ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ 

ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ əɘ ɏŰůɘ ɜɘɩɗɤ Űɖɜ ŬɜɎɔəɖ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ŮəŮɑɜɞɡɠ ˊɞɡ ɛŮ 

Űɖɜ ɡˊɞɛɞɜɐ Űɞɡɠ əŬɘ Űɖɜ ŬɔɎˊɖ Űɞɡɠ ɛŮ ůŰɐɟɘɝŬɜ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ ɔɘŬ ɜŬ ɛˊɞɟɩ ŬɡŰɐ 

Űɖ ůŰɘɔɛɐ ɜŬ ɔɟɎűɤ ŬɡŰɏɠ Űɘɠ ɔɟŬɛɛɏɠ. 

 ȾŬŰô Ŭɟɢɐɜ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

ɛɞɡ ŮɟɔŬůɑŬɠ ə. Ɂɑəɞ ȿŬɔŬɟɧ ˊɞɡ ɛɞɡ ɏŭɤůŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ ɏɜŬ 

Űɧůɞ ůɖɛŬɜŰɘəɧ ɗɏɛŬ əŬɘ ůɡɔɢɟɧɜɤɠ ɛɞɡ ˊɟɞůɏűŮɟŮ Űɘɠ ŮˊɘůŰɖɛɞɜɘəɏɠ Űɞɡ 

ůɡɛɓɞɡɚɏɠ əŬɘ Űɖ ɓɞɐɗŮɘɎ Űɞɡ ɧˊɞŰŮ ŬɡŰɧ ɢɟŮɘɎůŰɖəŮ. 

 Ⱥˊɑůɖɠ, ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞ ůɡɛűɞɘŰɖŰɐ ɛɞɡ ũŮɩɟɔɘɞ ȾŬůɤŰɎəɖ ɔɘŬ Űɖɜ 

Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ əŬɘ Űɖɜ əŬɗɞɟɘůŰɘəɐ ůɡɛɓɞɚɐ Űɞɡ ůŰɖɜ ɏɟŮɡɜŬ əŬɘ ˊŬɟɞɡůɑŬůɖ 

Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ.  

 ȷəɧɛŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ŮŰŬɘɟŮɑŬ ConSteel (www.consteel.hu),  ɔɘŬ Űɖɜ 

ŭɤɟŮɎɜ ˊŬɟɞɢɐ Űɞɡ ɚɞɔɘůɛɘəɞɨ Űɖɠ əŬɘ Űɖɜ ɡˊɞůŰɐɟɘɝɖ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

Ůəˊɧɜɖůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

 Ⱥˊɘˊɚɏɞɜ, ŮɡɢŬɟɘůŰɩ ɧɚɞɡɠ Űɞɡɠ əŬɗɖɔɖŰɏɠ ůŰɞ ŰɛɐɛŬ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ 

ȺɀɄ ɔɘŬ Űɖɜ ŬɜŮəŰɑɛɖŰɖ ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩůɖ ˊɞɡ ɛɞɡ ɛŮŰɏŭɤůŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. 

 ɇɏɚɞɠ, ŭŮ ɗŬ ɛˊɞɟɞɨůŬ ɜŬ ˊŬɟŬɚŮɑɣɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ˊɟɞɠ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, ůŰɞɜ 

ˊŬŰɏɟŬ ɛɞɡ ɆŰŬɨɟɞ əŬɘ Űɖ ɛɖŰɏɟŬ ɛɞɡ ȷɔɔŮɚɘəɐ ˊɞɡ ŮɑɜŬɘ ˊɎɜŰŬ ŭɑˊɚŬ ɛɞɡ ůŮ əɎɗŮ 

ɓɐɛŬ, Űɞɡɠ űɑɚɞɡɠ ɛɞɡ, əŬɗɩɠ əŬɘ ɧůɞɡɠ/Ůɠ ɛŮ Űɞɜ ɏɜŬɜ ɐ Űɞɜ Ɏɚɚɞ Űɟɧˊɞ ɛɞɡ 

ůɡɛˊŬɟŬůŰɎɗɖəŬɜ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. 

 ȼ ŮɟɔŬůɑŬ ŬɡŰɐ ŬűɘŮɟɩɜŮŰŬɘ ůŰŬ ˊɏɜŰŮ ɛɏɚɖ Űɖɠ ɞɘəɞɔɏɜŮɘɎɠ ɛɞɡ əŬɘ ůŰɖ ɔɘŬɔɘɎ ɛɞɡ 

Ⱥɚɏɜɖ. 
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ɄȺɅȽȿȼɊȼ 

 

  ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ůˊɘɟɟɞɐɠ 

Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ ůŰɞ ɓɏɚŰɘůŰɞ ůɢŮŭɘŬůɛɧ ůɨɛɛɘəŰɤɜ 

əŬŰŬůəŮɡɩɜ, ůŰŬ ˊɚŬɑůɘŬ Űɞɡ Performance Based Design.  

  ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, ɞɟɑɕŮŰŬɘ əŬɘ ŬɜŬɚɨŮŰŬɘ ɖ ɏɜɜɞɘŬ Űɖɠ ɔɤɜɑŬɠ ůŮɘůɛɞɨ. 

ȷɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɞɘ ɛŮɚɏŰŮɠ ˊɞɡ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ŭˊɧ ŭɘɎűɞɟɞɡɠ 

ŮɟŮɡɜɖŰɏɠ, ɤɠ ˊɟɞɠ Űɖɜ əɟɑůɘɛɖ Űɘɛɐ Űɖɠ əŬɘ Űɖɜ Ůˊɘɟɟɞɐ ŬɡŰɐɠ ůŰɖɜ Ŭˊɧəɟɘůɖ Űɤɜ 

əŬŰŬůəŮɡɩɜ, ůŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ŬˊɞɛɎəɟɡɜůɖɠ Ŭˊɧ Űɖ ɚɞɔɘəɐ Űɖɠ ŬɜŮɝŬɟŰɖůɑŬɠ Űɤɜ 

ůɡɜɘůŰɤůɩɜ Űɖɠ ůŮɘůɛɘəɐɠ ŭɘɏɔŮɟůɖɠ, ɧˊɤɠ Űɖɜ ŮˊɘɓɎɚɚɞɡɜ ɞɘ ŬɜŰɘůŮɘůɛɘəɞɑ 

əŬɜɞɜɘůɛɞɑ ˊŬɔəɞůɛɑɤɠ. 

  ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ŬɜŬɚɨŮŰŬɘ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

çParticle Swam Optimizationè. ɇɏɚɞɠ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ əɟɘŰɐɟɘŬ ůɨɔəɚɘůɖɠ Űɖɠ 

ɛŮɗɧŭɞɡ. 

  ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ, ŬɟɢɘəɎ ŬɜŬɚɨŮŰŬɘ ɖ ɛɏɗɞŭɞɠ Performance Based Design, ɖ 

ɏɜɜɞɘŬ Űɞɡ ŮˊɑˊŮŭɞɡ Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɞɡ Ůˊɘˊɏŭɞɡ ɏɜŰŬůɖɠ Űɖɠ 

ůŮɘůɛɘəɐɠ ŭɘɏɔŮɟůɖɠ. óȰˊŮɘŰŬ ŬɜŬűɏɟɞɜŰŬɘ ŭɨɞ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ Űɤɜ əŬŰŬůəŮɡɩɜ,  

ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ Performance Based Design, ɖ ɛɏɗɞŭɞɠ Pushover əŬɘ ɖ ɛɏɗɞŭɞɠ 

ɛɖ ɔɟŬɛɛɘəɐɠ ŭɡɜŬɛɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ɞɚɞəɚɐɟɤůɖ ɢɟɞɜɞɥůŰɞɟɑŬɠ. ɇɏɚɞɠ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ  ɞɘ ɛɏɗɞŭɞɘ IDA əŬɘ MIDA , ˊɞɡ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɎ ŮɟɔŬɚŮɑŬ ɔɘŬ 

Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ əŬŰŬůəŮɡɩɜ, ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ 

Performance Based Design. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ɞɟɑɕŮŰŬɘ ɝŬɜɎ ɖ ɔɤɜɑŬ ůŮɘůɛɞɨ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ 

ɢɤɟɘəɐɠ ŮˊŬɚɚɖɚɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘŮɗɜɩɠ, əŬɗɩɠ əŬɘ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ 

ɗɏɛŬŰɞɠ Ŭˊɧ Űɞɜ ȺȷȾ. ȷɜŬűɏɟŮŰŬɘ ɖ ɛɏɗɞŭɞɠ SRSS, ɖ ɛɏɗɞŭɞɠ Űɞɡ 30% ɐ 40% 

ˊɞůɞůŰɞɨ əŬɘ ɖ ɛɏɗɞŭɞɠ CQC3, ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ ɛɘŬ ɗŮɤɟɖŰɘəɐ Űɘɛɐ Űɖɠ 

əɟɑůɘɛɖɠ ɔɤɜɑŬɠ ůŮɘůɛɞɨ.  

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊɤɠ ɛˊɞɟŮɑ ɖ MIDA  ŭɘŮɟŮɨɜɖůɖ ɜŬ ŮɝŮŰŬůŰŮɑ 

Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ Ůˊɘˊɏŭɞɡ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŰɖɜ əɟɑůɘɛɖ ˊɟɞůˊɑˊŰɞɡůŬ 

ɔɤɜɑŬ əŬɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ əŬɛˊɡɚɩɜ MIDA  ůŮ ůɢɏůɖ ɛŮ Űɖ ˊɟɞůˊɑˊŰɞɡůŬ 

ɔɤɜɑŬ, ɛɏůŬ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ MIDA  ŬɜɎɚɡůɖɠ.  

ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ, ŬɟɢɘəɎ ɔɑɜŮŰŬɘ ɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ŮɟɔŬůɑŬɠ. ȰˊŮɘŰŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ MIDA  

ŭɘŮɟŮɨɜɖůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ɛɞɜŰɏɚŬ, ɛŮ ůəɞˊɧ Űɖɜ 

ŬɜɎŭŮɘɝɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ əŰɘɟɑɤɜ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ɔɤɜɑŮɠ ůŮɘůɛɞɨ, 

ŭɘŬűɞɟŮŰɘəɏɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ əŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ɏɜŰŬůɖɠ, ůŰɖɜ 
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əŬŰŮɨɗɡɜůɖ Űɞɡ Performance Based Design. ȷəɞɚɞɡɗŮɑ ɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ůɢŮŭɘŬůɛɞɨ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘŬŰɎɝŮɘɠ Űɤɜ əŮɑɛŮɜɤɜ 

əŬɜɞɜɘůɛɩɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɓɏɚŰɘůŰɞɡ 

ůɢŮŭɘŬůɛɞɨ (ɛŮ ɓɎůɖ Űɞ əɧůŰɞɠ əŬɘ Űɖɜ Ŭˊɧəɟɘůɖ) Ůɜɧɠ Ůə Űɤɜ ɛɞɜŰɏɚɤɜ, ɔɘŬ ɔɤɜɑŮɠ 

ůŮɘůɛɞɨ Ŭˊɧ 0 ɏɤɠ 150 ɛɞɑɟŮɠ. ɇɏɚɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɟɞůˊɎɗŮɘŬ ɓɏɚŰɘůŰɞɡ 

ůɢŮŭɘŬůɛɞɨ Űɤɜ ɛɞɜŰɏɚɤɜ ɛŮ Ůˊɘɓɞɚɐ Űɤɜ ůŮɘůɛɘəɩɜ əŬŰŬɔɟŬűɩɜ ůŰɘɠ əɟɑůɘɛŮɠ 

ɔɤɜɑŮɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ MIDA  ŭɘŮɟŮɨɜɖůɖ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 

ůɢŮŭɘŬůɛɞɨ ŬɡŰɞɨ. 

ɆŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ ŬɜŬűɏɟɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ əŬɘ Űɞɜ ɓɏɚŰɘůŰɞ ůɢŮŭɘŬůɛɧ Űɤɜ ɛɞɜŰɏɚɤɜ, ɔɘŬ Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ 

ɔɤɜɑŬɠ ůŮɘůɛɞɨ. 

 

 

 

 



ǨɸȆȍȍȌǾ ŰȄȎ ŭȆŮȖȅȏȊůȄȎ ŰȄȎ ůŮȆůȉȆȇǾȎ ŭȍǼůȄȎ ůŰȌȊ ȁǽȈŰȆůŰȌ ůȐŮŭȆŬůȉȕ 

ȉŮŰŬȈȈȆȇȗȊ ȇŰȆȍǿȒȊ 

 

 

9 
 

1 
ȺȽɆȷũɋũȼ  

 

 

 

 

 

1.1 ũŮɜɘəɎ 

  ɇŬ əŬŰŬůŰɟɞűɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɔɎɚɤɜ ůŮɘůɛɩɜ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ, ůŮ əŰɑɟɘŬ əŬɘ 

ɏɟɔŬ ɡˊɞŭɞɛɐɠ, ɡˊŬɔɧɟŮɡůŬɜ Űɖɜ ŬɜɎɔəɖ ŮəŰɏɚŮůɖɠ ŮəŰŮŰŬɛɏɜɤɜ ŮɟŮɡɜɩɜ ɔɘŬ Űɖ 

ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ əŬŰŬůəŮɡɩɜ ůŮ ůɡɜɗɐəŮɠ ůŮɘůɛɞɨ, əŬɗɩɠ əŬɘ Űɖɜ 

ŮˊŬɜŮɝɏŰŬůɖ ɧɚɞɡ Űɞɡ ˊɚɏɔɛŬŰɞɠ Űɤɜ ůɢŮŰɘəɩɜ əŬɜɞɜɘůɛɩɜ əŬɘ ˊɟɞŭɘŬɔɟŬűɩɜ. ɆŰɖɜ 

əŬŰŮɨɗɡɜůɖ ŬɡŰɩɜ Űɤɜ ŬɜŬɔəɩɜ ɔɘŬ Ůˊɘˊɚɏɞɜ ɏɟŮɡɜŬ ůŰɖɜ ŬɜŰɘůŮɘůɛɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ əŬŰŬůəŮɡɩɜ əɘɜŮɑŰŬɘ ɖ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɖ ɞˊɞɑŬ 

ɛŮɚŮŰɎ Űɞ ɛŮɑɕɞɜ ɗɏɛŬ Űɖɠ Ůˊɘɟɟɞɐɠ Űɖɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ Űɖɠ òůŮɘůɛɘəɐɠ 

ŮˊɑɗŮůɖɠò ůŰɖɜ əŬŰŬůəŮɡɐ. ȼ ɏɟŮɡɜŬ ɓŬůɑůŰɖəŮ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Penzien Wattabe 

(1975) ́ ɞɡ ɗŮɤɟŮɑ ɧŰɘ əŬŰɎ Űɖɜ ɘůɢɡɟɐ ůŮɘůɛɘəɐ əɑɜɖůɖ ɛɑŬɠ ůŮɘůɛɘəɐɠ ŬəɞɚɞɡɗɑŬɠ, 

ɞɘ ůɡɜɘůŰɩůŮɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ ŮɑɜŬɘ ŬůɡůɢɏŰɘůŰŮɠ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ůɨůŰɖɛŬ Ŭɝɧɜɤɜ, ŬɜŮɝɎɟŰɖŰŬ ɛŮ Űɞ ɢɟɧɜɞ. ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮɘ 

Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ ɔɤɜɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮŰŬɝɨ Űɞɡ ˊŬɟŬˊɎɜɤ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ 

əŬɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ Ŭɝɧɜɤɜ Űɞɡ əŰɘɟɑɞɡ, ůŮ ɛŮŰŬɚɚɘəɏɠ 

əŬŰŬůəŮɡɏɠ. Ƀ ůɢŮŭɘŬůɛɧɠ ŭɞɛɘəɩɜ ɏɟɔɤɜ Ŭˊɧ ɢɎɚɡɓŬ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɚɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɗɩɠ ˊŬɟɏɢŮɘ ɛŮɔɎɚɖ ŬɜŰɞɢɐ əŬɘ ŭɡůəŬɛɣɑŬ ɤɠ ˊɟɞɠ Űɞ ɓɎɟɞɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ (ɛŮɑɤůɖ Űɤɜ ɘŭɑɤɜ ɓŬɟɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ), ŬɚɚɎ əŬɘ əŬɚɐ ůŮɘůɛɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ (ɞɚəɘɛɧŰɖŰŬ). ȷɡŰɧɠ ŮɑɜŬɘ əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ ůŰɖɜ ɛŮɚɏŰɖ ŬɡŰɐ ɏɔɘɜŮ 

ɢɟɐůɖ ɛɞɜŰɏɚɤɜ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ. 
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 Ƀɘ ŬɜɎɔəŮɠ Űɖɠ ůɨɔɢɟɞɜɖɠ Ůˊɞɢɐɠ ɔɘŬ ɞɘəɞɜɞɛɘəɧŰŮɟŮɠ əŬɘ ŬˊɞŭɞŰɘəɧŰŮɟŮɠ 

əŬŰŬůəŮɡɏɠ, ɞŭɖɔɞɨɜ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ Ŭˊɧ Űɖ ɛɞɜɞŭɘɎůŰŬŰɖ ɏɜɜɞɘŬ Űɞɡ çɡˊɏɟ Űɖɠ 

ŬůűŬɚŮɑŬɠè. ȰɔɘɜŮ ɚɞɘˊɧɜ ŬˊŬɑŰɖůɖ, ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ əŬŰŬůəŮɡɩɜ ɛŮ Űɞɜ ɓɏɚŰɘůŰɞ 

ŭɡɜŬŰɧ ůɡɜŭɡŬůɛɧ ŬůűɎɚŮɘŬɠ əŬɘ ɞɘəɞɜɞɛɑŬɠ. ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ŬˊŬɑŰɖůɖɠ 

ŬɜŬˊŰɨɢɗɖəŮ ɖ ɗŮɤɟɑŬ Űɞɡ ŬɜŰɘůŮɘůɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ ɛŮ ůŰɎɗɛŮɠ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ 

ɐ Performance Based Design (PBD) . Ƀ PBD ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ůɢŮŭɘŬůɛɞɨ ɖ ɞˊɞɑŬ 

ŮɝŮŰɎɕŮɘ Űɞɜ ˊɟŬɔɛŬŰɘəɧ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɗŬ ůɡɛˊŮɟɘűŮɟɗŮɑ ɖ əŬŰŬůəŮɡɐ ůŮ 

ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ ɘůɢɨɞɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɧɜɖůɖɠ əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ŬɜŬɛŮɜɧɛŮɜɞ 

ŮˊɑˊŮŭɞ ɕɖɛɘɩɜ. ȼ ŮűŬɟɛɞɔɐ Űɞɡ PBD ŬˊŬɘŰŮɑ ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ȰɜŬ ɘůɢɡɟɧ ŰɏŰɞɘɞ ŮɟɔŬɚŮɑɞ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ IDA 

(Incremental Dynamic Analysis), ɖ ɞˊɞɑŬ ɡɚɞˊɞɘŮɑ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ Performance 

Based Design ɛŮ Ŭˊɚɧ əŬɘ əŬŰŬɜɞɖŰɧ Űɟɧˊɞ. ɆŰɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɖɠ 

ɔɤɜɑŬɠ ůŮɘůɛɞɨ ůŰŬ ɛɞɜŰɏɚŬ ɛŬɠ, ŬəɞɚɞɡɗɐɗɖəŮ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ MIDA  

(Multicomponent Incremental Dynamic Analysis) ŬɜɎɚɡůɖɠ ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ 

ŮˊɏəŰŬůɖ Űɖɠ ɛŮɗɧŭɞɡ IDA, əŬɗɩɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮɚɏŰɖɠ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɖɠ əŬŰŬůəŮɡɐɠ ɔɘŬ ˊɞɚɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ Ůˊɘɟɟɞɐɠ. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ 

ůɢŮŭɘŬůɛɧɠ Űɤɜ ɛɞɜŰɏɚɤɜ ɛŮ ɢɟɐůɖ Ŭɚɔɞɟɑɗɛɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ɓɎůɖ Űɖ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɖɠ ɔɤɜɑŬɠ ůŮɘůɛɞɨ, ůŰŬ ˊɚŬɑůɘŬ Űɞɡ Performance Based 

Design əŬɘ Űɖɠ MIDA  ŬɜɎɚɡůɖɠ ˊɞɡ ɏɢŮɘ ˊɟɞɖɔɖɗŮɑ. ɆŰŬ ˊɟɩŰŬ əŮűɎɚŬɘŬ ɔɑɜŮŰŬɘ 

ŮəŰŮɜɐɠ ŬɜŬűɞɟɎ Űɞɡ ŬˊŬɟŬɑŰɖŰɞɡ ɗŮɤɟɖŰɘəɞɨ ɡˊɧɓŬɗɟɞɡ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

Ŭəɞɚɞɡɗɞɨɜ ɞɘ ŮűŬɟɛɞɔɏɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŬɡŰɏɠ.  
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1.2 Ⱦɟɑůɘɛɞɠ ɄɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɖɠ ɆŮɘůɛɘəɐɠ ȹɟɎůɖɠ 

 ɀɘŬ əŬŰŬůəŮɡɐ ɡˊɧ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ŭɟɎůɖ Űɤɜ ŭɨɞ ɞɟɗɞɔɩɜɘɤɜ ɞɟɘɕɧɜŰɘɤɜ 

ŮˊɘŰŬɢɨɜůŮɤɜ Űɞɡ ŮŭɎűɞɡɠ  Ow əŬɘ Op űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1. ɇɞ ɞɟɗɞɔɩɜɘɞ 

ůɨůŰɖɛŬ Oxyz əŬɗɞɟɑɕŮɘ Űɞɡɠ ɎɝɞɜŮɠ ŬɜŬűɞɟɎɠ Űɖɠ əŬŰŬůəŮɡɐɠ (əŬŰŬůəŮɡŬůŰɘəɞɑ 

ɎɝɞɜŮɠ). ȼ ɔɤɜɑŬ ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ ɛŮ Űɖɜ ɤɟɞɚɞɔɘŬəɐ ˊŮɟɘůŰɟɞűɐ Űɞɡ ɎɝɞɜŬ Űɖɠ 

əŬŰŬůəŮɡɐɠ Ox Ůɤɠ ɧŰɞɡ ŬɡŰɧɠ ůɡɛˊɏůŮɘ ɛŮ Űɖɜ əɑɜɖůɖ Űɞɡ ɎɝɞɜŬ Űɞɡ ŮŭɎűɞɡɠ Ow, 

ɞɜɞɛɎɕŮŰŬɘ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ. 

 

 

       

ɆɢɐɛŬ 2.1  Ʉɟɞůŭɘɞɟɘůɛɧɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ɔɤɜɑŬɠ Ŭ. 

 ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Penzien əŬɘ Watabe, ɞɘ ɞɟɗɞɔɩɜɘŮɠ əŬŰŮɡɗɨɜůŮɘɠ Űɖɠ əɑɜɖůɖɠ Űɞɡ 

ŮŭɎűɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ŬůɡůɢɏŰɘůŰŮɠ ɛŮ Űɘɠ əɨɟɘŮɠ əŬŰŮɡɗɨɜůŮɘɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ. ɇɞ ŮɨɟɖɛŬ ŬɡŰɧ ŬˊɞŰɏɚŮůŮ ɓɎůɖ ɔɘŬ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ, ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ əŬɗɞɟɑůɞɡɜ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ əŬŰɎ Űɞɜ ɞˊɞɑɞ ŬˊɞŭɑŭŮŰŬɘ ɖ ɛɏɔɘůŰɖ Ŭˊɧəɟɘůɖ, 

ɛŮ ŮűŬɟɛɞɔɐ Űɖɠ űŬůɛŬŰɘəɐɠ ŭɡɜŬɛɘəɐɠ ŬɜɎɚɡůɖɠ. ɆŰɞ ɏɟɔɞ Űɞɡ Wilson et al. 

ˊɟɞŰɎɗɖəŮ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ŮɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ əɩŭɘəŬ ˊɞɡ əŬŰŬɚɐɔŮɘ ůŮ 

əŬŰŬůəŮɡŬůŰɘəɧ ůɢŮŭɘŬůɛɧ ɛŮ ɑůɖ ŬɜŰɞɢɐ ůŮ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ Ŭˊɧ ɧɚŮɠ Űɘɠ 

əŬŰŮɡɗɨɜůŮɘɠ. Ƀɘ Lopez əŬɘ Torres ˊɟɧŰŮɘɜŬɜ ɛɘŬ Ŭˊɚɐ ɛɏɗɞŭɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ əŬɗɞɟɑůŮɘ Űɖɜ əɟɑůɘɛɖ ɔɤɜɑŬ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɏɔɘůŰɖ 

Ŭˊɧəɟɘůɖ ɛɘŬɠ əŬŰŬůəŮɡɐɠ ɡˊɧ Űɖɜ ŮűŬɟɛɞɔɐ ɞˊɞɘɤɜŭɐˊɞŰŮ ŬɡɗŬɑɟŮŰɤɜ 

əŬŰŮɡɗɨɜůŮɤɜ Űɤɜ ŭɨɞ ɞɟɘɕɧɜŰɘɤɜ ůɡɜɘůŰɤůɩɜ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ, əŬɗɩɠ əŬɘ Űɖɠ 

əŬŰŬəɧɟɡűɖɠ. ȼ ɛɏɗɞŭɞɠ CQC3 ɔɘŬ Űɞ ůɡɜŭɡŬůɛɧ Űɖɠ Ůˊɘɟɟɞɐɠ Űɟɘɩɜ ɞɟɗɞɔɩɜɘɤɜ 

ůɜɘůŰɤůɩɜ Űɖɠ əɑɜɖůɖɠ Űɞɡ ŮŭɎűɞɡɠ ɛŮ Űɖ ɛɏɔɘůŰɐ Űɘɛɐ Ůɜɧɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ , 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɏɟɔɞ Űɤɜ Menun əŬɘ Der Kiureghian. ɆŮ ŭɨɞ ɏɟɔŬ Űɞɡ Lopez et al. 

ˊɟɞŰŮɑɜŮŰŬɘ ɛɘŬ ůŬűɐɠ ŭɘŬŰɨˊɤůɖ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ əɟɑůɘɛɖɠ Űɘɛɐɠ Ŭˊɧəɟɘůɖɠ 

Űɖɠ əŬŰŬůəŮɡɐɠ ɔɘŬ Űɘɠ ŭɨɞ əɨɟɘŮɠ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ ŮɜŮɟɔɞɨɜ ɡˊɞ 

ɞˊɞɘŬŭɐˊɞŰŮ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ ɤɠ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɖɠ 

əŬŰŬəɧɟɡűɖɠ ůɡɜɞůŰɩůŬɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ. ɆŮ ŭɨɞ ɏɟɔŬůɘŮɠ Űɤɜ Menun əŬɘ 

Der Kiureghian, ŬɜŬˊŰɨůůŮŰŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮ ɓɎůɖ Űɞ űɎůɛŬ Ŭˊɧəɟɘůɖɠ ˊɞɡ 

ˊɟɞɓɚɏˊŮɘ Űɞ űɎəŮɚɞ ˊɞɡ ɞɟɘɞɗŮŰŮɑ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ŬˊɞəɟɑůŮɘɠ ůŮ ɛɘŬ ɔɟŬɛɛɘəɐ 
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ŭɞɛɐ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ (response spectrum based procedure). ɆŰɞ ɏɟɔɞ Űɞɡ 

Anastasiadis et al.  ˊɟɞŰŮɑɜŮŰŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ůŮůɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ ɔɘŬ əŬŰŬůəŮɡɏɠ, 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞɘ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ůɖɛŮɑɞ Űɞɡ ŮŭɎűɞɡɠ, ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ ɛɖ ůɡůɢŮŰɘɕɧɛŮɜŮɠ ůŮ ɏɜŬ əŬɚɎ əŬɗɞɟɘůɛɏɜɞ 

ɞɟɗɞɔɤɜɘəɧ ůɨůŰɖɛŬ. 

 ɈˊɎɟɢɞɡɜ ɚɑɔŮɠ ɛɧɜɞ ɛŮɚɏŰŮɠ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɧˊɞɡ ɖ əɟɑůɘɛɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ 

ŮɝŮŰɎɕŮŰŬɘ ɧŰŬɜ ɏɢŮɘ ɔɑɜŮɘ ŬɜɎɚɡůɖ ɢɟɞɜɞɥůŰɞɟɑŬɠ. ɆŮ ŬɡŰɏɠ Űɘɠ ɛŮɚɏŰŮɠ ŭɘŬˊɘůŰɩɗɖəŮ 

ɧŰɘ ůŰɖɜ ˊɘɞ ɔŮɜɘəɐ ˊŮɟɑˊŰɤůɖ, ɞˊɞɨ ɗŮɤɟɐɗɖəŮ ɛɖ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ŭŮɜ ŮɑɜŬɘ 

Ůɨəɞɚɞ ɜŬ əŬɗɞɟɘůŰŮɑ ɖ əɟɑůɘɛɖ ɔɤɜɑŬ. ɆŰɞ ɏɟɔɞ Űɤɜ MacRae əŬɘ Mattheis, 

ŬˊɞŭŮɘəɜɨŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ 30% SRSS (30% Űɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ɟɑɕŬɠ 

Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ) əŬɗɩɠ əŬɘ ŬɡŰɩɜ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ŬˊɧɚɡŰɤɜ 

Űɘɛɩɜ, ɜŬ Ŭɝɘɞɚɞɔɐůɞɡɜ Űɘɠ ɛŮŰŬŰɞˊɑůŮɘɠ Ůɜɧɠ əŰɘɟɑɞɡ ɔɘŬ ŬɛűɑŭɟɞɛŮɠ ŭɞɜɐůŮɘɠ, Ůɜɩ 

ŬˊɞŭŮɘəɜɨŮŰŬɘ ŬəɧɛŬ ɧŰɘ ɖ Ŭˊɧəɟɘůɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɡɠ ɎɝɞɜŬɠ ŬɜŬűɞɟɎɠ ˊɞɡ 

ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ. MacRae əŬɘ Tagawa ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ůɢŮŭɘŬůɛɞɨ 

ŭɧɜɖůɖɠ ˊɞɡ ˊɟɞəŬɚŮɑ Űɖɜ ɡˊɏɟɓŬůɖ Űɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ (drifts) ŭɘŬɟɟɞɐɠ ɞɟɧűɞɡ Űɖɠ 

əŬŰŬůəŮɡɐɠ, ˊŬɟŬůɨɟŮɘ ůŰɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ ŰŬɡŰɧɢɟɞɜŬ, əŬɘ ɧŰɘ ůɖɛŬɜŰɘəɐ 

ŭɘŬɟɟɞɐ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɓɟɑůəŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɖ ɓɎůɖ. ȹɘŮɔŮɑɟɞɜŰŬɠ ɛɘŬ 

əŬŰŬůəŮɡɐ ˊɟɞɠ əŬŰŮɨɗɡɜůɖ ɞɟɗɞɔɩɜɘŬ ůŰɖɜ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ Űɖɠ ŭɘɏɔŮɟůɖɠ, ɞɘ 

ɛŮŰŬŰɞˊɑůŮɘɠ (drifts) ůŰɖɜ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ ŭɘɏɔŮɟůɖɠ ŬɡɝɎɜɞɜŰŬɘ, ɔŮɔɞɜɧɠ ˊɞɡ 

ŭŮɑɢɜŮɘ ɧŰɘ 2D ŬɜŬɚɨůŮɘɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮəŰɘɛɐůɞɡɜ 3D Ŭˊɧəɟɘůɖ ůɤůŰɎ. Ƀɘ Ghersi 

əŬɘ Rossi ŮɝɏŰŬůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ Ŭɛűɑŭɟɞɛɤɜ ůŮɘůɛɘəɩɜ ŭɘŮɔɏɟůŮɤɜ ůŰɖɜ 

ŬɜŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əŬŰŬůəŮɡɐɠ Ŭˊɚɞɨ ŬəŬɜɧɜɘůŰɞɡ ůɢɐɛŬŰɞɠ ɛŮ ɏɜŬɜ 

ɎɝɞɜŬ ůɡɛɛŮŰɟɑŬɠ, ɧˊɞɡ ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ 

ɡɘɞɗɏŰɖůɖ Űɤɜ ŭɘŬŰɎɝŮɤɜ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 ɔɘŬ Űɞ ůɡɜŭɡŬůɛɧ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ 

ŭɨɞ ůŮɘůɛɘəɩɜ ůɡɜɘůŰɤůɩɜ, ŮˊɘŰɟɏˊŮɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ɞɟɗɞɔɩɜɘɤɜ ůɡɜɘůŰɤůɩɜ 

ůŰɖɜ ŬˊŬɑŰɖůɖ ˊɚŬůŰɘɛɧŰɖŰŬɠ. ɆŰɖɜ ŮɟɔŬůɑŬ Űɖɠ Athanatopoulou ŬɜŬˊŰɨɢɗɖəŬɜ 

ŬɜŬɚɡŰɘəɞɑ Űɨˊɞɘ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɛɏɔɘůŰɖ Űɘɛɐ Ůɜɧɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ əŬŰŬůəŮɡɩɜ ˊɞɡ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ŰɟŮɘɠ 

ůɡůɢŮŰɘɕɧɛŮɜŮɠ ůŮɘůɛɘəɏɠ ůɡɜɘůŰɩůŮɠ ɔɘŬ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɤɜ ŬɜŬɚɨůŮɤɜ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɔɘŬ Űɘɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, 

ɖ əɟɑůɘɛɖ Űɘɛɐ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɖɠ Ŭˊɧəɟɘůɖɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɤɠ əŬɘ 80% ɛŮɔŬɚɨŰŮɟɞ 

Ŭˊɧ Űɖ ůɡɜɖɗɘůɛɏɜɖ ˊŬɟŬɔɧɛŮɜɖ ɧŰŬɜ ɞɘ ůŮɘůɛɘəɏɠ ůɡɜɘůŰɩůŮɠ ŮűŬɟɛɧɕɞɜŰŬɘ əŬŰɎ 

Űɞɡɠ əŬŰŬůəŮɡŬůŰɘəɞɨɠ ɎɝɞɜŮɠ. . Ƀɘ Rigato əŬɘ Medina ɛŮɚɏŰɖůŬɜ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ůɡɛɛŮŰɟɘəɏɠ əŬɘ ŬůɨɛɛŮŰɟŮɠ əŬŰŬůəŮɡɏɠ ɛŮ ɗŮɛŮɚɘɩŭŮɘɠ ɘŭɘɞˊŮɟɘɧŭɞɡɠ ˊɞɡ 

əɡɛŬɑɜɞɜŰŬɜ Ŭˊɧ 0.2 ɏɤɠ 2.0 sec, ɧˊɞɡ ɖ Ůˊɘɟɟɞɐ Űɖɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ Űɖɠ 

əɑɜɖůɖɠ Űɞɡ ŮŭɎűɞɡɠ ŮɝŮŰɎůŰɖəŮ ůŮ ŬɟəŮŰɎ ɛŮɔɏɗɖ Ŭˊɧəɟɘůɖɠ  Űɤɜ əŬŰŬůəŮɡɩɜ. 
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2  

ȸȺȿɇȽɆTɃɆ   ɆɉȺȹȽȷɆɀɃɆ 

 

 

 

 

 

2.1 ȺɘůŬɔɤɔɐ 

 

 ɆŰɘɠ ɛɏɟŮɠ ɛŬɠ ɞ ɧɟɞɠ ñɓŮɚŰɘůŰɞˊɞɑɖůɖ əŬŰŬůəŮɡɩɜò ŮɟɛɖɜŮɨŮŰŬɘ ɛŮ ˊɞɚɚɞɨɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ. Ʉɟɞɠ Ŭˊɞűɡɔɐ ˊŬɟŮɟɛɖɜŮɘɩɜ ŮɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ 

ˊɟɞůŭɘɞɟɑůɞɡɛŮ ŮˊŬəɟɘɓɩɠ Űɞɜ ɧɟɞ ñəŬŰŬůəŮɡɐò Ŭˊɧ Űɖ ůəɞˊɘɎ Űɖɠ ɛɖɢŬɜɘəɐɠ Űɤɜ 

əŬŰŬůəŮɡɩɜ. ɋɠ ñəŬŰŬůəŮɡɐò ɞɟɑɕŮŰŬɘ ŮəŮɑɜɖ ɖ ŭɘŮɡɗɏŰɖůɖ Űɤɜ ɛŮɚɩɜ Űɖɠ ɐ Űɤɜ 

ɡɚɘəɩɜ Űɖɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮɝɡˊɖɟŮŰŮɑ ůŰɖɜ ŬɜɎɚɖɣɖ ɛɖɢŬɜɘəɩɜ űɞɟŰɑɤɜ. H ɚɏɝɖ 

əɚŮɘŭɑ ñŮɝɡˊɖɟŮŰŮɑò ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɖɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. Ƀ 

ůɢŮŭɘŬůɛɧɠ Űɤɜ əŬŰŬůəŮɡɩɜ ŬəɞɚɞɡɗŮɑ ɛɑŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛŮ ůŰɧɢɞ Űɖɜ 

ŮɨɟŮůɖ Űɞɡ ɎɟɘůŰɞɡ ɐ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ. 

 ȼ ŮˊɘůŰɐɛɖ Űɞɡ ɛɖɢŬɜɘəɞɨ ŮɑɢŮ əŬɘ ɏɢŮɘ ɤɠ əɨɟɘɞ ůəɞˊɧ Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ 

əŬŰŬůəŮɡɐ ŭɞɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɔɏűɡɟŮɠ, ŰŬ ŬŮɟɞůəɎűɖ, ŰŬ əŰɐɟɘŬ 

ə.ɚˊ. ɆɐɛŮɟŬ ɖ ˊɟɧɞŭɞɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ ŮˊɏŰɟŮɣŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ŬˊŬɘŰɐůŮɤɜ. Ƀ ůɢŮŭɘŬůɛɧɠ Ůɜɧɠ ŭɞɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɗŬ ɘəŬɜɞˊɞɘŮɑ Űɘɠ 

əŬŰŬůəŮɡŬůŰɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ŬůűɎɚŮɘŬɠ ŭŮɜ ŬˊɞŰŮɚŮɑ ˊɘŬ ɛɑŬ ŬˊɞŭŮəŰɐ ɚɨůɖ. ȺɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ Űɞ ŭɞɛɘəɧ ůɨůŰɖɛŬ ɜŬ ůɢŮŭɘŬůŰŮɑ ɛŮ Űɞɜ ɓɏɚŰɘůŰɞ ŭɡɜŬŰɧ Űɟɧˊɞ. 

ñȸɏɚŰɘůŰɞɠò ɞɜɞɛɎɕŮŰŬɘ ɏɜŬɠ ůɢŮŭɘŬůɛɧɠ ˊɞɡ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ, ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ůɡɔəŮəɟɘɛɏɜŬ əɟɘŰɐɟɘŬ ɧˊɤɠ ŮɑɜŬɘ Űɞ 

əɧůŰɞɠ ɐ/əŬɘ Űɞ ɓɎɟɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ. 
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 ɆŰɧɢɞɠ Űɞɡ ɛɖɢŬɜɘəɞɨ ŮɑɜŬɘ ɜŬ ŮɝŮɡɟŮɗŮɑ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ ŬɜŮɝɎɟŰɖŰɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ˊɟŬɔɛŬŰɘəɏɠ ɐ ŬəɏɟŬɘŮɠ Űɘɛɏɠ əŬɘ ɞɜɞɛɎɕɞɜŰŬɘ 

ˊŬɟɎɛŮŰɟɞɘ ɐ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ (design variables), ɏŰůɘ ɩůŰŮ ɜŬ ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ 

ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ (objective function) Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇŬ ˊɟɞɓɚɐɛŬŰŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɛɖɢŬɜɘəɐɠ, ůɡɜɐɗɤɠ 

ɡˊɧəŮɘɜŰŬɘ ůŮ ˊŮɟɘɞɟɘůɛɞɨɠ, ɧˊɤɠ ŮɑɜŬɘ Űɞ Ůɨɟɞɠ ɛɏůŬ ůŰɞ ɞˊɞɑɞ əɘɜɞɨɜŰŬɘ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮɘ Űɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ, ŬɚɚɎ əŬɘ ɎɚɚŮɠ 

ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ (constraint functions), ɧˊɤɠ ɚɧɔɞɡ ɢɎɟɖ ŮɑɜŬɘ ŮəŮɑɜŮɠ Űɤɜ 

ŰɎůŮɤɜ əŬɘ ˊŬɟŬɛɞɟűɩůŮɤɜ, ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ Űɞɜ ɢɩɟɞ Űɤɜ ŬˊɞŭŮəŰɩɜ ɚɨůŮɤɜ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

 ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ŭɨɞ ɓɐɛŬŰŬ: ɖ ɛŬɗɖɛŬŰɘəɐ ŭɘŬŰɨˊɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŰɞ ɛɞɜŰɏɚɞ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɇɞ 

ˊɟɩŰɞ ɓɐɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɢŮŭɘŬůɛɞɨ, Űɖɠ ůɢɏůɖɠ 

ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ, Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůɡɜɎɟŰɖůɖɠ 

əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɞɜ ɞɟɘůɛɧ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȼ ŭɘŬŭɘəŬůɑŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Ůɜɧɠ əŬŰɎɚɚɖɚɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ Űɞɜ ůɡɜŭɡŬůɛɧ Űɞɡ ɛŮ Űɞ ŭɞɛɞůŰŬŰɘəɧ ɛɞɜŰɏɚɞ əŬɘ Űɞ ɛɞɜŰɏɚɞ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɀɑŬ ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ əŬŰŬůəŮɡɩɜ 

ŮɑɜŬɘ ɖ ŭɘŬŰɨˊɤůɖ ɛŮ ɛŬɗɖɛŬŰɘəɞɨɠ ɧɟɞɡɠ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ əŬŰŬůəŮɡɩɜ 

(ŭɞɛɞůŰŬŰɘəɧ ɛɞɜŰɏɚɞ). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɞɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɖ ůɡɛˊŮɟɘűɞɟɎ 

ˊŬɟŬˊɏɛˊŮɘ ůŰɖɜ Űɡˊɘəɐ Ŭˊɧəɟɘůɖ ůŰŬ ůŰŬŰɘəɎ əŬɘ ŭɡɜŬɛɘəɎ űɞɟŰɑŬ, ɧˊɤɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ, ŰɎůŮɘɠ, ɘŭɘɞŰɘɛɏɠ, űɞɟŰɑŬ ɚɡɔɘůɛɞɨ əɚ.́ ɇɞ ŭɞɛɞůŰŬŰɘəɧ ɛɞɜŰɏɚɞ 

ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ əŬŰŬůŰŬŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖ ŭɘŬŰɨˊɤůɖ Űɖɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ əŬɘ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ. 

 Ƀ ůɢŮŭɘŬůɛɧɠ ˊɞɚɨˊɚɞəɤɜ ŭɞɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ ŬˊŬɘŰŮɑ ˊɞɚɚɞɨɠ əŬɘ ɢɟɞɜɞɓɧɟɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ. ȼ ŰŬɢɨŰŬŰɖ ˊɟɧɞŭɞɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ 

ˊŬɟɎɚɚɖɚŬ ɖ ŬɜɎˊŰɡɝɖ ŬˊɞŭɞŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ, əŬŰɏůŰɖůŬɜ ŮűɘəŰɧ Űɞ ɓɏɚŰɘůŰɞ 

ůɢŮŭɘŬůɛɧ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ɐ əŬɘ ˊɞɚɨˊɚɞəɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ɀŮ 

Űɖɜ Ŭɝɘɞˊɞɑɖůɖ ŬɡŰɩɜ Űɤɜ ɛɏůɤɜ ˊŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ɛɖɢŬɜɘəɧ ɜŬ ůɢŮŭɘɎɕŮɘ 

əŬɚɨŰŮɟŬ ŭɞɛɘəɎ ůɡůŰɐɛŬŰŬ ɛŮ ɛŮɘɤɛɏɜɞ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ůɢŮŭɘŬůɛɞɨ ůŮ 

Ůɨɚɞɔɞ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ. 

 ȼ ɨˊŬɟɝɖ ñɏɝɡˊɜɤɜ - ŬˊɞŭɞŰɘəɩɜò Ŭɚɔɞɟɑɗɛɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŭŮɜ ůɡɜŮˊɎɔŮŰŬɘ 

Űɖɜ ŮˊɘŰɡɢɐ ŬɜŰɘɛŮŰɩˊɘůɖ ɧɚɤɜ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ. ȼ ŮɛˊŮɘɟɑŬ 

- ŮɡűɡȶŬ Űɞɡ ɛɖɢŬɜɘəɞɨ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɖ ůɤůŰɐ ɢɟɐůɖ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ŬɡŰɩɜ. Ƀ ůɢŮŭɘŬůɛɧɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ, ɧˊɞɡ ɤɠ 

ŮˊŬɜɎɚɖɣɖ ɗŮɤɟŮɑŰŬɘ ɖ ŭɘŬŭɞɢɘəɐ ŭɞəɘɛɐ ɛɑŬɠ ɐ ˊɞɚɚɩɜ ɡˊɞɣɐűɘɤɜ ɓɏɚŰɘůŰɤɜ 

ůɢŮŭɘŬůɛɩɜ əŬɘ ɖ ŮəŰɑɛɖůɖ əŬŰɎ ˊɧůɞ ɞ ɏɜŬɠ ɡˊŮɟŰŮɟŮɑ ɐ ɧɢɘ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ, 

ɘəŬɜɞˊɞɘɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȼ ůɡɛɓŬŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ɞɘ ɛɖɢŬɜɘəɞɑ ŮɑɜŬɘ ŮəŮɑɜɖ Űɖɠ ñŭɞəɘɛɐɠ əŬɘ ŭɘɧɟɗɤůɖɠò. 
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ȸɏɓŬɘŬ, ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ əŬɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɖ 

ɢɟɐůɖ ŰɏŰɞɘɤɜ ŮɛˊŮɘɟɘəɩɜ ŰŮɢɜɘəɩɜ ŭŮɜ ɞŭɖɔŮɑ ůŰɖ ɓɏɚŰɘůŰɖ ɚɨůɖ. ȰŰůɘ əŬŰɏůŰɖ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ ŮɝŮɚɑɝŮɘɠ ůŰɖɜ 

ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɆɐɛŮɟŬ ɞɘ ŭɞəɘɛɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮ 

ŬɡŰɧɛŬŰɞ Űɟɧˊɞ əŬɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŰŬɢɨŰɖŰŬ əŬɘ ŬəɟɑɓŮɘŬ. 

 Ƀɘ ˊɟɩŰɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŮ ŭɞɛɘəɎ ˊɟɞɓɚɐɛŬŰŬ 

ɐŰŬɜ ŭŬɜŮɘůɛɏɜɞɘ Ŭˊɧ Űɞɡɠ ŰɞɛŮɑɠ Űɤɜ ɞɘəɞɜɞɛɘəɩɜ, Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ əŬɘ Űɖɠ 

ŮˊɘɢŮɘɟɖůɘŬəɐɠ ɏɟŮɡɜŬɠ əŬɘ ɓŬůɑɕɞɜŰŬɜ ůŰɞɜ ɛŬɗɖɛŬŰɘəɧ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ 

(mathematical programming). ȷɡŰɏɠ ɞɘ ŰŮɢɜɘəɏɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɨɢɟɖůŰŮɠ əŬɘ 

ŬˊɞŭɞŰɘəɏɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŰɖ ɓɏɚŰɘůŰɖ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɛŮ 

ɛŮɔɎɚɞ Ůɨɟɞɠ ˊɟŬəŰɘəɩɜ ŮűŬɟɛɞɔɩɜ. ȺəŰɧɠ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛŮɗɧŭɤɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɡˊɎɟɢɞɡɜ əŬɘ ɞɘ ŰɡɢɖɛŬŰɘəɏɠ ɛɏɗɞŭɞɘ ɧˊɤɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Űɤɜ 

ůŰɟŬŰɖɔɘəɩɜ Ůɝɏɚɘɝɖɠ (Evolution Strategies-ESs), Űɤɜ ɔŮɜŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ (Genetic 

Algorithms-GAs), ɖ ɛɏɗɞŭɞɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ŬɜɧˊŰɖůɖɠ (simulated annealing), 

ə.Ŭ.. ȼ ŮűŬɟɛɞɔɐ Űɤɜ ɛŮɗɧŭɤɜ ŬɡŰɩɜ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŮ 

ɏɜŬ ŮɡɟɨŰŮɟɞ ˊŮŭɑɞ ˊɟɞɓɚɖɛɎŰɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɤɜ ɛŮɗɧŭɤɜ 

ɛŬɗɖɛŬŰɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ [1-4].  

 

2.2 ɀŬɗɖɛŬŰɘəɧ ɀɞɜŰɏɚɞ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ 

 

 ũŮɜɘəɎ ɏɜŬ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬŰŬůəŮɡɩɜ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɑɜŬɘ ůɡɜŮɢɏɠ ɐ 

ŭɘŬəɟɘŰɧ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɞɡ ˊŮŭɑɞɡ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɢŮŭɘŬůɛɞɨ. ȿɧɔɞɘ 

Űɡˊɞˊɞɑɖůɖɠ ˊɞɚɚɏɠ űɞɟɏɠ ŮˊɘɓɎɚɚɞɡɜ Űɞ ˊŮŭɑɞ Űɘɛɩɜ ɜŬ ŮɑɜŬɘ ŭɘŬəɟɘŰɧ. ɇɞ 

ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ Ůɜɧɠ ůɡɜŮɢɞɨɠ ˊɟɞɓɚɐɛŬŰɞɠ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ɛˊɞɟŮɑ ɜŬ 

ŭɘŬŰɡˊɤɗŮɑ ɤɠ Ůɝɐɠ: 
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(2.1)                                                                          

ɧˊɞɡ s ŮɑɜŬɘ Űɞ ŭɘɎɜɡůɛŬ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ, l i əŬɘ ui ŮɑɜŬɘ Űɞ əɎŰɤ əŬɘ Ɏɜɤ 

ɧɟɘɞ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ůɢŮŭɘŬůɛɞɨ si ŬɜŰɑůŰɞɘɢŬ, F(s) ŮɑɜŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ 

Űɖɠ ɞˊɞɑŬɠ ŬɜŬɕɖŰɞɨɛŮ Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Ůɜɩ gj(s), hj(s) ŮɑɜŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ 

ˊŮɟɘɞɟɘůɛɞɨ ŬɜɘůɞŰɐŰɤɜ  əŬɘ ɘůɞŰɐŰɤɜ, ŬɜŰɑůŰɞɘɢŬ.  
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 ɄɞɚɚɎ Ŭˊɧ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ˊŮɟɘɞɢɐ Űɞɡ 

ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ əŬŰŬůəŮɡɩɜ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɛˊŮɟɘɏɢɞɡɜ ŭɘŬəɟɘŰɏɠ ɐ əŬɘ ɛɘəŰɞɨ 

Űɨˊɞɡ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ. ȰɜŬ Űɡˊɘəɧ ˊŬɟɎŭŮɘɔɛŬ ˊɟɞɓɚɐɛŬŰɞɠ ɓɏɚŰɘůŰɞɡ 

ůɢŮŭɘŬůɛɞɨ ɛŮ ɛɘəŰɞɨ Űɨˊɞɡ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ɞ ɓɏɚŰɘůŰɞɠ ůɢŮŭɘŬůɛɧɠ 

ɛɞɟűɐ-ŭɘŬŰɞɛɩɜ ɛɘŬɠ ŭɘəŰɡɤŰɐɠ əŬŰŬůəŮɡɐɠ. ɆŮ ɏɜŬ ŰɏŰɞɘɞ ˊɟɧɓɚɖɛŬ ɞɘ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ əɧɛɓɤɜ Űɞɡ ŭɘəŰɡɩɛŬŰɞɠ, ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ Űɖ ɓɏɚŰɘůŰɖ 

ɛɞɟűɐ Űɖɠ əŬŰŬůəŮɡɐɠ ɛˊɞɟɞɨɜ ɜŬ ɚŬɛɓɎɜɞɡɜ ůɡɜŮɢŮɑɠ Űɘɛɏɠ, ŬɜŰɑɗŮŰŬ, ɚɧɔɞɘ 

Űɡˊɞˊɞɑɖůɖɠ ŮˊɘɓɎɚɚɞɡɜ ɞɘ Űɘɛɏɠ Űɤɜ ŭɘŬŰɞɛɩɜ Űɤɜ ɟɎɓŭɤɜ ɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ŭɘŬəɟɘŰɧ ˊŮŭɑɞ Űɘɛɩɜ. ȰɜŬ ŰɏŰɞɘɞ ˊɟɧɓɚɖɛŬ ɞɜɞɛɎɕŮŰŬɘ ɛɘəŰɧ ˊɟɧɓɚɖɛŬ ɓɏɚŰɘůŰɞɡ 

ůɢŮŭɘŬůɛɞɨ. 

 ɆŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ŭɘŬŰɡˊɩɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝ. (2.1), ɏɜŬ ŭɘŬəɟɘŰɧ 

ˊɟɧɓɚɖɛŬ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ɔɟɎűŮŰŬɘ ɤɠ Ůɝɐɠ: 
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ɧˊɞɡ R
d
 ŮɑɜŬɘ Űɞ ˊŮŭɑɞ Űɘɛɩɜ Űɤɜ ŭɘŬəɟɘŰɩɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ s. Ƀɘ 

ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ si (i=1,2,é,n) ɛˊɞɟɞɨɜ ɜŬ ɚɎɓɞɡɜ Űɘɛɏɠ ɛɧɜɞ Ŭˊɧ Űɞ ůɨɜɞɚɞ 

R
d
. 

 ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Ůɜɧɠ ɛɘəŰɞɨ ˊɟɞɓɚɐɛŬŰɞɠ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ ˊɞɚɚɏɠ ɛɏɗɞŭɞɘ. Ɇɡɜɐɗɤɠ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŭɘŬəɟɘŰɩɜ ɛŮŰŬɓɚɖŰɩɜ Ůɜɧɠ 

ɛɘəŰɞɨ ɐ Ůɜɧɠ əŬɗŬɟɎ ŭɘŬəɟɘŰɞɨ ˊɟɞɓɚɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ůŬɜ ɜŬ ŬˊɞŰŮɚɞɨůŬɜ ůɡɜŮɢŮɑɠ 

ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ. ɆŰɞ Űɏɚɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɧŰŬɜ ˊɘŬ ɗŬ ɏɢɞɡɜ əŬɗɞɟɘůŰŮɑ ɞɘ 

ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ ɧɚɤɜ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ, ŬɜŰɘůŰɞɘɢɑɕɞɜŰŬɘ ůŰɘɠ ůɡɜŮɢŮɑɠ 

ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬŰɎɚɚɖɚŮɠ Űɘɛɏɠ Ŭˊɧ Űɞ ŭɘŬəɟɘŰɧ ˊŮŭɑɞ 

ɞɟɘůɛɞɨ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ŭɘŬəɟɘŰɞɨ ˊɟɞɓɚɐɛŬŰɞɠ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ůŰɞ 

ɞˊɞɑɞ Űɞ ˊŮŭɑɞ ɞɟɘůɛɞɨ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŰŬɝɘɜɞɛɖɗŮɑ ɤɠ ˊɟɞɠ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɤɜ ŭɘŬŰɞɛɩɜ (ŮɛɓŬŭɧɜ, əɨɟɘŬ ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ, ŭŮɡŰŮɟŮɨɞɡůŬ ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ, ə.ɚˊ.) 

ůŮ ɛɘŬ ŬɡůŰɖɟɩɠ ɛɞɜɧŰɞɜɖ ŬəɞɚɞɡɗɑŬ, ŰɧŰŮ ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ŭɑɜŮɘ ɛɘŬ əŬɚɐ 

ˊɟɞůɏɔɔɘůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ. ȳɛɤɠ ůŮ ˊɟŬəŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ŬɡŰɧ ŭŮɜ ɘůɢɨŮɘ.                                          

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊ.ɢ. ˊɞɡ ɞɘ ŭɘŬŰɞɛɏɠ ŰŬɝɘɜɞɛɖɗɞɨɜ ɓɎůŮɘ Űɞɡ ŮɛɓŬŭɞɨ Űɞɡɠ ůŮ ɛɘŬ 

ŬɡůŰɖɟɩɠ ɛɞɜɧŰɞɜɖ ŬəɞɚɞɡɗɑŬ, ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɤɜ ɟɞˊɩɜ ŬŭɟɎɜŮɘŬɠ ŭŮɜ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɛɞɜɧŰɞɜŬ ŰŬɝɘɜɞɛɖɛɏɜŮɠ əŬɘ ůɡɜŮˊɩɠ ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ 

ɜŬ ŭɩůŮɘ ŬˊɞŭŮəŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ɆŰɖɜ ŮɟɔŬůɑŬ Űɤɜ Bremicker et al. [6] 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əɡɟɘɧŰŮɟŮɠ ɛɏɗɞŭɞɘ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŭɘŬəɟɘŰɩɜ ɐ ɛɘəŰɩɜ 
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ˊɟɞɓɚɖɛɎŰɤɜ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛŮɗɧŭɞɡɠ 

ɛŮŰŬŰɟɏˊɞɡɜ Űɞ ɛɘəŰɧ ˊɟɧɓɚɖɛŬ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ůŮ ɛɘŬ ůŮɘɟɎ ůɡɜŮɢɩɜ 

ˊɟɞɓɚɖɛɎŰɤɜ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ŰŬ ɞˊɞɑŬ ɚɨɜɞɜŰŬɘ ŮˊŬɜŬɚɖˊŰɘəɩɠ [7,8]. 

 

2.2.1 ɀŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ 

 

 Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŮəŮɑɜŮɠ ɞɘ ɞˊɞɑŮɠ ɧŰŬɜ ɚɎɓɞɡɜ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ əŬɗɞɟɑɕɞɡɜ ˊɚɐɟɤɠ 

ɏɜŬ ůɢŮŭɘŬůɛɧ ɞɜɞɛɎɕɞɜŰŬɘ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ (design variables). ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɜŬɠ ůɢŮŭɘŬůɛɧɠ ŭɖɚŬŭɐ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ůɢŮŭɘŬůɛɞɨ ŭŮɜ ˊɚɖɟɞɑ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŰɧŰŮ ɞɜɞɛɎɕŮŰŬɘ 

ŬɜɏűɘəŰɞɠ (infeasible), ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɞɜɞɛɎɕŮŰŬɘ ŮűɘəŰɧɠ (feasible). ȰɜŬɠ 

ŮűɘəŰɧɠ ůɢŮŭɘŬůɛɧɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ əŬɘ ɞ ɓɏɚŰɘůŰɞɠ ŬɚɚɎ ŮɑɜŬɘ ˊɎɜŰɞŰŮ 

ˊɟŬɔɛŬŰɞˊɞɘɐůɘɛɞɠ. 

 ȰɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ˊɟɩŰɞ ɓɐɛŬ ɔɘŬ Űɖɜ əŬŰɎɚɚɖɚɖ ˊɟɞůɞɛɞɑɤůɖ Ůɜɧɠ 

ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ ɖ ůɤůŰɐ Ůˊɘɚɞɔɐ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ 

ˊɞɡ ɖ Ůˊɘɚɞɔɐ ŮɑɜŬɘ ɚŬɜɗŬůɛɏɜɖ ŰɧŰŮ ɖ ˊɟɞůɞɛɞɑɤůɖ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŮɑɜŬɘ 

ŮůűŬɚɛɏɜɖ ɐ ůŮ ɢŮɘɟɧŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɞ ɓɏɚŰɘůŰɞɠ ůɢŮŭɘŬůɛɧɠ ůŰɞɜ ɞˊɞɑɞ əŬŰŬɚɐɔŮɘ 

ɞ Ŭɚɔɧɟɘɗɛɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɜŬ ŮɑɜŬɘ ɛɖ ˊɟŬɔɛŬŰɞˊɞɘɐůɘɛɞɠ. ɆŮ ˊɞɚɚɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɜŬ ŮˊɘɚɏɔŮŰŬɘ ɛŮɔŬɚɨŰŮɟɞ ˊɚɐɗɞɠ ɛŮŰŬɓɚɖŰɩɜ 

ůɢŮŭɘŬůɛɞɨ Ŭˊɧ ɧŰɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ůɤůŰɐ ˊɟɞůɞɛɞɑɤůɖ, ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ 

ɧŰɘ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŬɡɝɎɜɞɜŰŬɘ ɞɘ ñɓŬɗɛɞɑ ŮɚŮɡɗŮɟɑŬɠò ůɢŮŭɘŬůɛɞɨ Űɞɡ űɞɟɏŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŬűŬɘɟŮɗɞɨɜ ɞɘ Ůˊɘˊɚɏɞɜ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ 

ɚŬɛɓɎɜɞɜŰŬɠ ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ ɔɘŬ ŰŬ ŮˊɧɛŮɜŬ ɓɐɛŬŰŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȰɜŬ 

Ůˊɑůɖɠ ůɖɛŬɜŰɘəɧ ɗɏɛŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŮɢɗŮɑ əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ɖ ɛŮŰŬɝɨ Űɞɡɠ ŬɜŮɝŬɟŰɖůɑŬ. Ʉɞɚɚɏɠ űɞɟɏɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮˊɘɚŮɔɞɨɜ 

ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ ɜŬ ŮɑɜŬɘ ŮɝŬɟŰɩɛŮɜŮɠ ɖ ɛɑŬ Ŭˊɧ Űɖɜ Ɏɚɚɖ. ɆŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ˊɞɚɨˊɚɞəɞ. 

 ȾŬŰɎ Űɖ ɛɧɟűɤůɖ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɗŬ ˊɟɏˊŮɘ ɖ ˊɟɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůɡɜɎɟŰɖůɖ ɜŬ ŮɑɜŬɘ ŮˊŬɟəɩɠ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ ɧɚŮɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ůɢŮŭɘŬůɛɞɨ. ȷɠ ɗŮɤɟɖɗŮɑ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɧŰɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɑɜŬɘ Űɞ 

ɓɎɟɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ, Űɞɡ ɞˊɞɑɞɡ ŬɜŬɕɖŰŮɑŰŬɘ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ əŬɘ Ŭɠ ɡˊɞŰŮɗŮɑ ɧŰɘ ɖ 

ŰɎɝɖ ɛŮɔɏɗɞɡɠ Űɞɡ ɓɎɟɞɡɠ ŮɑɜŬɘ 1,000Kg. ȷɜ Űɞ ɓɎɟɞɠ əɎˊɞɘɞɡ ɛɏɚɞɡɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ŰɎɝɖɠ ɛŮɔɏɗɞɡɠ 10
-3 

Kg ɐ əŬɘ ɛɘəɟɧŰŮɟɖɠ əŬɘ Űɞ ɛɏɚɞɠ ŬɡŰɧ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɑŬ Ŭˊɧ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ŰɧŰŮ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ Űɘɛɐ Űɖɠ ŬɚɚɎɝŮɘ əŬŰɎ 100% ɖ Ůˊɘɟɟɞɐ Űɖɠ ůŰɖɜ Űɘɛɐ Űɖɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ŮɑɜŬɘ ɛɖŭŬɛɘɜɐ. ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ ˊɟɞɓɚɖɛɎŰɤɜ óəŬəɐɠ 

əŬŰɎůŰŬůɖɠô, ɧˊɤɠ ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ, əɟɑɜŮŰŬɘ ůəɧˊɘɛɖ ɖ ŭɘŬůɨɜŭŮůɖ 

ɛŮŰŬɝɨ Űɞɡɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ. ȹɖɚŬŭɐ, ɞɛŬŭɞˊɞɑɖůɖ əɎˊɞɘɤɜ ɛŮɚɩɜ Űɖɠ 

əŬŰŬůəŮɡɐɠ, ɩůŰŮ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɘ Ŭˊɧ ɛɑŬ əɞɘɜɐ ˊŬɟɎɛŮŰɟɞ ůɢŮŭɘŬůɛɞɨ. 



ǨɸȆȍȍȌǾ ŰȄȎ ŭȆŮȖȅȏȊůȄȎ ŰȄȎ ůŮȆůȉȆȇǾȎ ŭȍǼůȄȎ ůŰȌȊ ȁǽȈŰȆůŰȌ ůȐŮŭȆŬůȉȕ 

ȉŮŰŬȈȈȆȇȗȊ ȇŰȆȍǿȒȊ 

 

 

19  
 

Ʉɟɘɜ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůɡɜɘůŰɎŰŬɘ ɖ 

ŭɘŮɜɏɟɔŮɘŬ ɛɘŬɠ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮɚŮɔɢɗŮɑ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ŮɡŬɘůɗɖůɑŬɠ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ůŮ ůɢɏůɖ ɛŮ ɧɚŮɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ůɢŮŭɘŬůɛɞɨ. ɀɏůɤ Űɖɠ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ɏɢɞɡɜ ɛɖŭŬɛɘɜɐ Ůˊɘɟɟɞɐ ůŰɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ, 

ɩůŰŮ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŭɘŬůɡɜŭŮɗɞɨɜ ɛŮ əɎˊɞɘŮɠ ɎɚɚŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ůɢŮŭɘŬůɛɞɨ əŬɘ 

ɜŬ ˊɎɣɞɡɜ ɜŬ ŬˊɞŰŮɚɞɨɜ ɝŮɢɤɟɘůŰɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ůɢŮŭɘŬůɛɞɨ.  

 

2.2.2 ȷɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ 

 

 ȾɎɗŮ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŮűɘəŰɩɜ 

ůɢŮŭɘŬůɛɩɜ, Ůə Űɤɜ ɞˊɞɑɤɜ əɎˊɞɘɞɘ ŮɑɜŬɘ əŬɚɨŰŮɟɞɘ əɎˊɞɘɤɜ Ɏɚɚɤɜ əŬɘ əɎˊɞɘɞɠ Ůɝ 

ŬɡŰɩɜ ŬˊɞŰŮɚŮɑ Űɖ ɓɏɚŰɘůŰɖ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ɖ 

ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ əŬɚɞɨ əŬɘ əŬɚɨŰŮɟɞɡ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɨˊŬɟɝɖ Ůɜɧɠ 

əɟɘŰɖɟɑɞɡ ɔɘŬ Űɖ ůɨɔəɟɘůɖ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ůɢŮŭɘŬůɛɩɜ. ɇɞ əɟɘŰɐɟɘɞ ŬɡŰɧ 

ŮɑɜŬɘ ɛɑŬ ůɡɜɎɟŰɖůɖ ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ əɎˊɞɘŬ ŭŮŭɞɛɏɜɖ Űɘɛɐ ɔɘŬ əɎˊɞɘɞ 

ůɡɔəŮəɟɘɛɏɜɞ ůɢŮŭɘŬůɛɧ. ȷɡŰɐ ɖ ůɡɜɎɟŰɖůɖ ɞɜɞɛɎɕŮŰŬɘ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ɖ 

ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ (ɓɚ. Ůɝ. (2.1) əŬɘ (2.2)). ɉɤɟɑɠ əŬɛɑŬ 

ˊŬɟŬɓɑŬůɖ Űɖɠ ɔŮɜɘəɧŰɖŰŬɠ ɞɘ ŮɝɘůɩůŮɘɠ (2.1) əŬɘ (2.2) ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬ 

ˊɟɧɓɚɖɛŬ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ. ȰɜŬ ˊɟɧɓɚɖɛŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ F(s) 

ɛˊɞɟŮɑ ɜŬ ɛŮŰŬŰɟŬˊŮɑ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ -F(s). ɀɘŬ 

ůɡɜɎɟŰɖůɖ ɖ ɞˊɞɑŬ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ əŬɚŮɑŰŬɘ əŬɘ ůɡɜɎɟŰɖůɖ əɧůŰɞɡɠ (cost 

function). 

 ȼ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ŬˊɞŰŮɚŮɑ ɏɜŬ Ůɝ ɑůɞɡ ɛŮ Űɖɜ 

Ůˊɘɚɞɔɐ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ůŰɎŭɘɞ ɔɘŬ Űɖɜ ɧɚɖ ŭɘŬŭɘəŬůɑŬ 

ɛɧɟűɤůɖɠ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ůɢŮŭɘŬůɛɞɨ. ɀŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ˊɞɡ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ŮɑɜŬɘ: ɖ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ əɧůŰɞɡɠ, ɖ ɛŮɔɘůŰɞˊɞɑɖůɖ əɏɟŭɞɡɠ, ɞ ůɢŮŭɘŬůɛɧɠ ŮɚŬɢɑůŰɞɡ ɓɎɟɞɡɠ, 

ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ŬˊɤɚŮɘɩɜ ŮɜɏɟɔŮɘŬɠ. ɆŮ ɞɟɘůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ ɓɏɚŰɘůŰɞɡ 

ůɢŮŭɘŬůɛɞɨ ɕɖŰɞɨɛŮɜɞ ŮɑɜŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŭɨɞ ɐ ˊŮɟɘůůɞŰɏɟɤɜ 

ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘˊŬɚŮɨɞɜŰŬɘ ɖ ɛɑŬ Űɖɜ Ɏɚɚɖ. ȳˊɤɠ ɚɧɔɞɡ 

ɢɎɟɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ŭɞɛɘəɞɨ ˊɟɞɓɚɐɛŬŰɞɠ ɧˊɞɡ ɕɖŰɞɨɛŮɜɞ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ Űɞɡ 

ůɢŮŭɘŬůɛɞɨ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ɓɎɟɞɠ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɖ ɛŮŰŬŰɧˊɘůɖ ɐ ɖ ŰɎůɖ ůŮ 

ɞɟɘůɛɏɜŬ ůɖɛŮɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ ɜŬ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ 

ɞɜɞɛɎɕɞɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ˊɞɚɚŬˊɚɏɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ 

(multi-objective design ɐ Pareto optimum design).  

 

 



ǨɸȆȍȍȌǾ ŰȄȎ ŭȆŮȖȅȏȊůȄȎ ŰȄȎ ůŮȆůȉȆȇǾȎ ŭȍǼůȄȎ ůŰȌȊ ȁǽȈŰȆůŰȌ ůȐŮŭȆŬůȉȕ 

ȉŮŰŬȈȈȆȇȗȊ ȇŰȆȍǿȒȊ 
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2.2.3 ɆɡɜŬɟŰɐůŮɘɠ ɄŮɟɘɞɟɘůɛɞɨ 

 

 Ƀ ůɢŮŭɘŬůɛɧɠ Ůɜɧɠ ŭɞɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ 

ůɢŮŭɘŬůɛɞɨ ɚɎɓɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ. ɆɢŮŭɘŬůɛɧɠ, ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ əŬɘ ɏɜŬ 

ŬɡɗŬɑɟŮŰŬ ɞɟɘůɛɏɜɞ ŭɞɛɘəɧ ůɨůŰɖɛŬ, ɧˊɤɠ ɚɧɔɞɡ ɢɎɟɖ ɛɑŬ əɡəɚɘəɐ ŭɘŬŰɞɛɐ ɛŮ 

ŬɟɜɖŰɘəɐ ŬəŰɑɜŬ, ɐ ɛɑŬ ŭɘŬŰɞɛɐ ŭŬəŰɡɚɑɞɡ ɛŮ ŬɟɜɖŰɘəɧ ˊɎɢɞɠ ŰɞɘɢɩɛŬŰɞɠ, əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ əɎɗŮ ɛɖ əŬŰŬůəŮɡɎůɘɛɞ ŭɞɛɘəɧ ůɨůŰɖɛŬ. 

ȾɎɗŮ ŬˊŬɑŰɖůɖ Űɞɡ ɛɖɢŬɜɘəɞɨ ŮɘůɎɔŮŰŬɘ ůŰɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ɛŮ Űɖ ɛɞɟűɐ ŬɜɘůɞŰɐŰɤɜ əŬɘ ɘůɞŰɐŰɤɜ, ɞɘ ɞˊɞɑŮɠ ɞɜɞɛɎɕɞɜŰŬɘ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ɓɎůŮɘ 

ŬɡŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ ˊŮɟɑ Űɞɡ ŮűɘəŰɞɨ ɐ ɛɖ Űɞɡ ŰɟɏɢɞɜŰɞɠ ůɢŮŭɘŬůɛɞɨ. 

ũɘŬ ɜŬ ɏɢŮɘ ɜɧɖɛŬ ɖ ůɡɛɛŮŰɞɢɐ Űɞɡ ˊŮɟɘɞɟɘůɛɞɨ ůŰɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɗŬ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ŮɝŬɟŰɩɛŮɜɞɠ ŰɞɡɚɎɢɘůŰɞɜ Ŭˊɧ ɛɑŬ ɛŮŰŬɓɚɖŰɐ ůɢŮŭɘŬůɛɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ůɡɜɐɗɤɠ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ əŬŰŬůəŮɡɩɜ ŮɑɜŬɘ Űɤɜ 

ŰɎůŮɤɜ əŬɘ ɛŮŰŬŰɞˊɑůŮɤɜ, Űɤɜ ɞˊɞɑɤɜ ɞɘ Űɘɛɏɠ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɡˊŮɟɓŬɑɜɞɡɜ 

əɎˊɞɘŬ əŬɗɞɟɘůɛɏɜŬ ɧɟɘŬ. 

 Ʉɞɚɚɏɠ űɞɟɏɠ ɞ ɛɖɢŬɜɘəɧɠ ŮˊɘɓɎɚɚŮɘ Ůˊɘˊɚɏɞɜ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɩɜ, ɚɧɔɤ 

ŬɓŮɓŬɘɞŰɐŰɤɜ ɐ ŬˊŮɘɟɑŬɠ, ɞɘ ɞˊɞɑŮɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɑɜŬɘ ɎɢɟɖůŰŮɠ, Ŭűɞɨ ŮɑŰŮ ŮɑɜŬɘ 

ŮɝŬɟŰɖɛɏɜŮɠ Ŭˊɧ ɎɚɚŮɠ, ŮɑŰŮ ˊŬɟŬɛɏɜɞɡɜ ˊɎɜŰŬ ůŰɖɜ ŬůűŬɚɐ ˊŮɟɘɞɢɐ. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ, Űɖ ɢɤɟɑɠ əŬɜɏɜŬ ɧűŮɚɞɠ ŭɘɧɔəɤůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ əɡɟɑɤɠ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ ɛŮɗɧŭɤɜ ɛŬɗɖɛŬŰɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ůŰɘɠ ɞˊɞɑŮɠ ŬˊŬɘŰŮɑŰŬɘ ɖ 

ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ. 

 ɆɡɢɜɎ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ŮɜŮɟɔŮɑɠ əŬɘ ŬɜŮɜŮɟɔŮɑɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ. ɀɑŬ 

ŬɜɘůɞŰɘəɐ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ gj(s)¢0 ɗŮɤɟŮɑŰŬɘ ŮɜŮɟɔɐɠ (active) ůŮ ɏɜŬ ůɖɛŮɑɞ 

s
*
 ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ɘůɧŰɖŰŬ, ŭɖɚŬŭɐ gj(s

*
)=0. ȷɜŰɑůŰɞɘɢŬ ɖ 

ŬɜɤŰɏɟɤ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ əŬɚŮɑŰŬɘ ŬɜŮɜŮɟɔɐɠ (inactive) ɔɘŬ ɏɜŬɜ ůɢŮŭɘŬůɛɧ 

s
*
 ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɘəŬɜɞˊɞɘŮɑŰŬɘ ŬɡůŰɖɟɩɠ ɖ ŬɜɘůɧŰɖŰŬ, ŭɖɚŬŭɐ gj(s

*
)<0. ȼ 

ŬɜɘůɞŰɘəɐ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ˊŬɟŬɓɘɎɕŮŰŬɘ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ s
*
 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɚŬɛɓɎɜŮɘ ɗŮŰɘəɐ Űɘɛɐ, ŭɖɚŬŭɐ gj(s
*
)>0. ȷɜŰɑůŰɞɘɢŬ, ɛɑŬ ɘůɞŰɘəɐ 

ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ hj(s)=0 ɗŮɤɟŮɑŰŬɘ ɧŰɘ ˊŬɟŬɓɘɎɕŮŰŬɘ ůŰɞ ůɖɛŮɑɞ s
*
 Ŭɜ ŭŮɜ 

ɘůɢɨŮɘ ɖ ɘůɧŰɖŰŬ, ŭɖɚŬŭɐ hj(s
*
) 0̧. ɆɡɜŮˊɩɠ, ɛɑŬ ɘůɞŰɘəɐ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ 

ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɑɜŬɘ ŮɜŮɟɔɐɠ ɐ ɜŬ ˊŬɟŬɓɘɎɕŮŰŬɘ. ȷˊɧ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ůɢŮŰɘəɎ ɛŮ 

ŮɜŮɟɔŮɑɠ ɐ ɧɢɘ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ɔɑɜŮŰŬɘ ůŬűɏɠ ɧŰɘ əɎɗŮ ŮűɘəŰɧɠ ůɢŮŭɘŬůɛɧɠ 

ɞɟɑɕŮŰŬɘ Ŭˊɧ ŮɜŮɟɔŮɑɠ ɐ ŬɜŮɜŮɟɔŮɑɠ ŬɜɘůɞŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɗɩɠ əŬɘ 

Ŭˊɧ ŮɜŮɟɔŮɑɠ ɘůɞŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ. 

 ɆŮ əɎɗŮ ɓɐɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ ŬˊɑɗŬɜɞ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɧɚŮɠ 

ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ɤɠ ŮɜŮɟɔŮɑɠ. ȸɏɓŬɘŬ, ɞ ɛɖɢŬɜɘəɧɠ ŭŮɜ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɜŬ əŬɗɞɟɑůŮɘ ˊɞɘŮɠ Ŭˊɧ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ˊɟɧəŮɘŰŬɘ ɜŬ 

ŮɑɜŬɘ ŮɜŮɟɔŮɑɠ əŬɘ ˊɞɘŮɠ ŬɜŮɜŮɟɔŮɑɠ ůŮ əɎɗŮ ɓɐɛŬ. ũɘŬ ŬɡŰɧ Űɞɜ ɚɧɔɞ əŬŰɎ Űɖɜ 
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Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ 

ŭɘŬűɧɟɤɜ ŰŮɢɜɘəɩɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ 

ˊŮɟɘɞɟɘůɛɞɨ, ɞɘ ɞˊɞɑŮɠ ɓŮɚŰɘɩɜɞɡɜ əŬŰɎ ˊɞɚɨ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ɛŮɗɧŭɤɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ɛŮɘɩɜɞɡɜ ůɖɛŬɜŰɘəɎ Űɞɜ ɢɟɧɜɞ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ. ȺɘŭɘəɎ ɧŰŬɜ 

Űɞ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛŮɔɎɚɞ, ŭɖɚŬŭɐ ɛŮ ˊɞɚɚɏɠ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɘŬůɛɞɨ əŬɘ 

ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ, əɎɗŮ ŭɡɜŬŰɧŰɖŰŬ ɛŮɑɤůɖɠ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ Űɤɜ Űɘɛɩɜ əŬɘ 

Űɤɜ ˊŬɟŬɔɩɔɤɜ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ˊŮɟɘɞɟɘůɛɞɨ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ŮˊɑˊŰɤůɖ ůŰɖɜ 

Ŭˊɧŭɞůɖ Űɖɠ ɛŮɗɧŭɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȰŰůɘ, ůŮ əɎɗŮ ɓɐɛŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ɞɘ 

ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ˊɞɡ ŮɑɜŬɘ ŮɜŰɧɠ Űɖɠ ŬůűŬɚɞɨɠ (safe) ˊŮɟɘɞɢɐɠ, ŭɖɚŬŭɐ 

ŬɜŮɜŮɟɔŮɑɠ, əŬɘ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ ůŰɖɜ ˊŬɟɞɨůŬ űɎůɖ Űɖ ŭɘŬŭɘəŬůɑŬ ŮɨɟŮůɖɠ 

Ůɜɧɠ ɓŮɚŰɘɤɛɏɜɞɡ ůɢŮŭɘŬůɛɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɜŮɢɘůŰŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɘɠ 

ŮɜŮɟɔŮɑɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ. 

 ɀɑŬ ŮɜŮɟɔɐɠ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɖ ˊŬɟɞɡůɑŬ Űɖɠ ŮˊɖɟŮɎɕŮɘ 

ůɖɛŬɜŰɘəɎ Űɖ ɓŮɚŰɑɤůɖ Űɞɡ ˊŬɟɧɜŰɞɠ ůɢŮŭɘŬůɛɞɨ. Ⱥɝ ɞɟɘůɛɞɨ ɞɘ ɘůɞŰɘəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ ůŮ əɎɗŮ ɓɐɛŬ əɘ ɏŰůɘ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ˊɎɜŰŬ ůŰɞ ůɨɜɞɚɞ Űɤɜ ŮɜŮɟɔɩɜ ůɡɜŬɟŰɐůŮɤɜ ˊŮɟɘɞɟɘůɛɞɨ 

[9,10]. ɀɑŬ ŮɜŮɟɔɐɠ ŬɜɘůɞŰɘəɐ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ůɖɛŬɑɜŮɘ ɧŰɘ ůŰɖɜ ˊŬɟɞɨůŬ 

űɎůɖ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟŮɑŰŬɘ ɤɠ ɘůɧŰɖŰŬ, ɏůŰɤ əŬɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ. ȳŰŬɜ ɛɑŬ 

ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ŮɑɜŬɘ ŬɜŮɜŮɟɔɐɠ, ŰɧŰŮ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ˊŬɟɞɡůɑŬ Űɖɠ ŭŮɜ 

ˊŬɑɕŮɘ ɟɧɚɞ Űɖ ŭŮŭɞɛɏɜɖ ůŰɘɔɛɐ, Ŭűɞɨ ɡˊŮɟəŬɚɨˊŰŮŰŬɘ Ŭˊɧ Űɘɠ ŮɜŮɟɔŮɑɠ ůɡɜŬɟŰɐůŮɘɠ 

ˊŮɟɘɞɟɘůɛɞɨ. ȸɏɓŬɘŬ, ŬɡŰɧ ŭŮɜ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŮɑɜŬɘ ˊŮɟɘŰŰɐ Ŭűɞɨ 

ɛˊɞɟŮɑ ůŮ ɏɜŬ ŮˊɧɛŮɜɞ ɓɐɛŬ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ. Ɇɡɜɐɗɤɠ, ɞɘ ɛŬɗɖɛŬŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɧɜɞ 

Űɘɠ ŮɜŮɟɔŮɑɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ. ȷɚɚɎ əŬɘ ŮɛˊŮɘɟɘəɏɠ ɛɏɗɞŭɞɘ ɓɏɚŰɘůŰɞɡ 

ůɢŮŭɘŬůɛɞɨ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ ˊɚɐɟɞɡɠ ŮɜŰŬŰɘəɐɠ əŬŰɎůŰŬůɖɠ (fully-stressed 

design), ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ɨˊŬɟɝɖɠ Űɤɜ ŮɜŮɟɔɩɜ ůɡɜŬɟŰɐůŮɤɜ 

ˊŮɟɘɞɟɘůɛɞɨ. 

 ũɘŬ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ɞɘ ŮɜŮɟɔŮɑɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ɗŬ ˊɟɏˊŮɘ ˊɟɩŰŬ ɜŬ 

əŬɜɞɜɘəɞˊɞɘɖɗɞɨɜ ɞɘ Űɘɛɏɠ Űɞɡɠ ůŰɖɜ ŰɎɝɖ ɛɞɜŬŭɘŬɑɤɜ ɛŮɔŮɗɩɜ [11] ɔɘŬ ɜŬ ɡˊɎɟɢŮɘ 

ɏɜŬ ŮɜɘŬɑɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɘɛɩɜ ŬɜŮɝŬɟŰɐŰɤɠ Űɞɡ Ůɑŭɞɡɠ Űɖɠ əɎɗŮ ůɡɜɎɟŰɖůɖɠ 

ˊŮɟɘɞɟɘůɛɞɨ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮɜŭɏɢŮŰŬɘ ɖ Űɘɛɐ ɛɑŬɠ ůɡɜɎɟŰɖůɖɠ ˊŮɟɘɞɟɘůɛɞɨ 

ɛŮŰŬŰɞˊɑůŮɤɜ ɜŬ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 0.1-2.0 cm, Ůɜɩ ɖ Űɘɛɐ ɛɘŬɠ ůɡɜɎɟŰɖůɖɠ 

ˊŮɟɘɞɟɘůɛɞɨ ŰɎůŮɤɜ ɜŬ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 25,000 kPa, ɞˊɧŰŮ ɔɑɜŮŰŬɘ ɎɛŮůŬ 

ŬɜŰɘɚɖˊŰɧ ɧŰɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɞɛɞɘɞɔŮɜɞˊɞɑɖůɖ Űɤɜ ɛŮɔŮɗɩɜ. 

 ȼ əŬɜɞɜɘəɞˊɞɑɖůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ˊŮɟɘɞɟɘůɛɞɨ ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ 

ůɢɏůŮɘɠ: 
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ɔɘŬ ɛɑŬ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ Űɖɠ ɛɞɟűɐɠ əɎŰɤ ɞɟɑɞɡ l

jj gg ² , əŬɘ 
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ɔɘŬ ɛɑŬ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ Űɖɠ ɛɞɟűɐɠ Ɏɜɤ ɞɟɑɞɡ u

jj gg ¢ . ȰŰůɘ, ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛɑŬ ůɡɜɎɟŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɏɢŮɘ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ Űɘɛɐ +0.50, ŰɧŰŮ 

ˊŬɟŬɓɘɎɕŮɘ Űɖɜ ŮˊɘŰɟŮˊɧɛŮɜɖ Űɘɛɐ əŬŰɎ 50%, Ůɜɩ ŮɎɜ ɏɢŮɘ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ Űɘɛɐ -

0.50 ŰɧŰŮ ɓɟɑůəŮŰŬɘ əŬŰɎ 50% əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘŰɟŮˊɧɛŮɜɖ Űɘɛɐ. Ɇɡɜɐɗɤɠ, ɛɏůŬ ůŰɞ 

ůɨɜɞɚɞ Űɤɜ ŮɜŮɟɔɩɜ ůɡɜŬɟŰɐůŮɤɜ ˊŮɟɘɞɟɘůɛɞɨ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɧůŮɠ ɏɢɞɡɜ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ -0.1 ɏɤɠ -0.01 [9]. Ⱥˊɑůɖɠ, ůɡɜɐɗɤɠ 

ŮˊɘŰɟɏˊŮŰŬɘ əŬɘ ɛɑŬ ɛɘəɟɐ Ŭɜɞɢɐ ɧŰŬɜ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ˊŬɟŬɓɘɎɕɞɡɜ 

ŮɚɎɢɘůŰŬ Űɖɜ ŮˊɘŰɟŮˊɧɛŮɜɖ Űɘɛɐ (0.001 ɏɤɠ -0.005), Ŭűɞɨ ɏŰůɘ əɘ Ŭɚɚɘɩɠ ɖ ɧɚɖ 

ŭɘŬŭɘəŬůɑŬ ˊɟɞůɞɛɞɑɤůɖɠ, ŬɜɎɚɡůɖɠ, ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ ŮɛˊŮɟɘɏɢŮɘ ˊɞɚɚɏɠ 

ˊɟɞůŮɔɔɘůŰɘəɏɠ ɗŮɤɟɐůŮɘɠ əŬɘ ŬɓŮɓŬɘɧŰɖŰŮɠ. 

 

2.2.4 ɇɞˊɘəɎ əŬɘ əŬɗɞɚɘəɎ ŮɚɎɢɘůŰŬ 

 

 ȰɜŬ ůɨɜɖɗŮɠ ˊɟɧɓɚɖɛŬ ɧɚɤɜ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ ɧŰɘ 

ɚɧɔɤ Űɞɡ ɜŰŮŰŮɟɛɘɜɘůŰɘəɞɨ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ɞŭɖɔɖɗɞɨɜ ůŰɞɜ 

ŮɜŰɞˊɘůɛɧ Ůɜɧɠ Űɞˊɘəɞɨ ŮɚɎɢɘůŰɞɡ (local minimum), ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ 

ůŰɖɟɑɕɞɜŰŬɘ ůŮ ˊɘɗŬɜɞŰɘəɏɠ ɗŮɤɟɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɚɧɔɤ Űɞɡ ŰɡɢŬɑɞɡ Űɟɧˊɞɡ ɏɟŮɡɜŬɠ 

ɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ˊɘɗŬɜɧŰɖŰŮɠ ɜŬ ŮɜŰɞˊɑůɞɡɜ Űɞ əŬɗɞɚɘəɧ ŮɚɎɢɘůŰɞ (global 

minimum). Ƀ ɞɟɘůɛɧɠ Űɞɡ Űɞˊɘəɞɨ əŬɘ Űɞɡ əŬɗɞɚɘəɞɨ ŮɚɎɢɘůŰɞɡ Ŭˊɧ ɛŬɗɖɛŬŰɘəɐ 

ůəɞˊɘɎ ŭɑɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 ɇɞˊɘəɧ ŮɚɎɢɘůŰɞ. ȰɜŬ ůɖɛŮɑɞ s
*
 ůŰɞɜ ɢɩɟɞ ůɢŮŭɘŬůɛɞɨ ɗŮɤɟŮɑŰŬɘ Űɞˊɘəɧ ɐ ůɢŮŰɘəɧ 

ŮɚɎɢɘůŰɞ ɧŰŬɜ ˊɚɖɟɞɑ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ ɘůɢɨŮɘ ɖ ůɢɏůɖ F(s
*
) ¢ F(s) 

ɔɘŬ əɎɗŮ ůɖɛŮɑɞ ŮűɘəŰɞɨ ůɢŮŭɘŬůɛɞɨ ůŮ ɛɘəɟɐ ŬəŰɑɜŬ ɔɨɟɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ s
*
. ȺɎɜ 

ɘůɢɨŮɘ ɛɧɜɞ ɖ ŬɜɘůɧŰɖŰŬ, F(s
*
) < F(s), ŰɧŰŮ Űɞ ůɖɛŮɑɞ s

*
 əŬɚŮɑŰŬɘ ŬɡůŰɖɟɧ (strict) ɐ 

ɛɞɜŬŭɘəɧ (unique) ɐ ŭɡɜŬŰɧ (strong) Űɞˊɘəɧ ŮɚɎɢɘůŰɞ. 

 ȾŬɗɞɚɘəɧ ŮɚɎɢɘůŰɞ. ȰɜŬ ůɖɛŮɑɞ s
*
 ůŰɞɜ ɢɩɟɞ ůɢŮŭɘŬůɛɞɨ ɗŮɤɟŮɑŰŬɘ əŬɗɞɚɘəɧ ɐ 

ŬˊɧɚɡŰɞ ŮɚɎɢɘůŰɞ ɧŰŬɜ ˊɚɖɟɞɑ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ əŬɘ ɘůɢɨŮɘ ɖ ůɢɏůɖ   

F(s
*
) ¢ F(s) ɔɘŬ əɎɗŮ ůɖɛŮɑɞ ŮűɘəŰɞɨ ůɢŮŭɘŬůɛɞɨ. ȺɎɜ ɘůɢɨŮɘ ɛɧɜɞ ɖ ŬɜɘůɧŰɖŰŬ,   

F(s
*
) < F(s), ŰɧŰŮ Űɞ ůɖɛŮɑɞ s

*
 əŬɚŮɑŰŬɘ ŬɡůŰɖɟɧ (strict) ɐ ɛɞɜŬŭɘəɧ (unique) ɐ ŭɡɜŬŰɧ 

(strong) əŬɗɞɚɘəɧ ŮɚɎɢɘůŰɞ. 
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 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ, ŰɧŰŮ ɘůɢɨɞɡɜ ɞɘ ɑŭɘɞɘ 

ɞɟɘůɛɞɑ, ŬɚɚɎ ůŮ ɞɚɧəɚɖɟɞ Űɞɜ ɢɩɟɞ ůɢŮŭɘŬůɛɞɨ əŬɘ ɧɢɘ ɛɧɜɞ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ŮűɘəŰɩɜ ůɢŮŭɘŬůɛɩɜ. ũŮɜɘəɎ, ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ˊɟɞɚŮɢɗŮɑ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɖ ɨˊŬɟɝɖ 

Űɞˊɘəɩɜ ɐ əŬɗɞɚɘəɞɨ ŮɚŬɢɑůŰɞɡ ůŮ əɎɗŮ ˊɟɧɓɚɖɛŬ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ. ɄɎɜŰɤɠ, 

ŮɎɜ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ F(s) ŮɑɜŬɘ ůɡɜŮɢɐɠ əŬɘ ɖ ˊŮɟɘɞɢɐ ŮűɘəŰɩɜ 

ůɢŮŭɘŬůɛɩɜ ŭŮɜ ŮɑɜŬɘ əŮɜɐ (nonempty), ŮɑɜŬɘ əɚŮɘůŰɐ (closed) əŬɘ əŬɗɞɟɘůɛɏɜɖ 

(bounded), ŰɧŰŮ ɡˊɎɟɢŮɘ əŬɗɞɚɘəɧ ŮɚɎɢɘůŰɞ ɔɘŬ Űɖɜ F(s) [12]. ȼ ˊŮɟɘɞɢɐ ŮűɘəŰɩɜ 

ůɢŮŭɘŬůɛɩɜ ŭŮɜ ŮɑɜŬɘ əŮɜɐ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬɚɚɖɚɞůɡɔəɟɞɡɧɛŮɜŮɠ ůɡɜŬɟŰɐůŮɘɠ 

ˊŮɟɘɞɟɘůɛɞɨ ɐ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ɡˊŮɟɎɟɘɗɛŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ. ȺɎɜ ŭŮɜ 

ɛˊɞɟŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɜŬ ŮɜŰɞˊɑůŮɘ əŬɜɏɜŬ ŮűɘəŰɧ ůɖɛŮɑɞ ŰɧŰŮ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ˊŮɟɘɞɢɐ ŮűɘəŰɩɜ ůɢŮŭɘŬůɛɩɜ ŮɑɜŬɘ əŮɜɐ ɞˊɧŰŮ ˊɟɏˊŮɘ ɜŬ 

ŮˊŬɜŬŭɘŬŰɡˊɤɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ ŬűŬɘɟɩɜŰŬɠ ɐ əɎɜɞɜŰŬɠ ŮɚŬůŰɘəɧŰŮɟŮɠ əɎˊɞɘŮɠ 

ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ. ȼ ˊŮɟɘɞɢɐ ŮűɘəŰɩɜ ůɢŮŭɘŬůɛɩɜ ŮɑɜŬɘ əɚŮɘůŰɐ əŬɘ 

əŬɗɞɟɘůɛɏɜɖ ɧŰŬɜ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ ŮɑɜŬɘ ůɡɜŮɢŮɑɠ əŬɘ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ñŬɡůŰɖɟɏɠò ŬɜɘůɧŰɖŰŮɠ (g < 0). ɄɎɜŰɤɠ əŬɘ ŮɎɜ ŬəɧɛŬ ŭŮɜ ɘůɢɨɞɡɜ ŬɡŰɏɠ ɞɘ 

ůɡɜɗɐəŮɠ ŬɡŰɧ ŭŮɜ ŬˊɞəɚŮɑŮɘ Űɖɜ ɨˊŬɟɝɖ ŮɚŬɢɑůŰɤɜ, ŬˊɚɎ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŰŮəɛɖɟɘɤɗŮɑ 

ɛŬɗɖɛŬŰɘəɎ, ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɧŰŬɜ ɓɟŮɗŮɑ əɎˊɞɘɞ ŮɚɎɢɘůŰɞ əŬɘ ŮɚŮɔɢɗŮɑ ŮɎɜ ˊɚɖɟɞɑ Űɘɠ ůɡɜɗɐəŮɠ 

ˊŮɟɘɞɟɘůɛɞɨ. 

 

 

2.3 ɀȺŪɃȹɃɆ ȸȺȿɇȽɆɇɃɄɃȽȼɆȼɆ 

 

2.3.1 Particle Swam Optimization Algorithm   

 

 Ʉɞɚɚɞɑ ˊɘɗŬɜɞɚɞɔɘəɎ ɓŬůɘůɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɜŬɕɐŰɖůɖɠ ɏɢɞɡɜ ŮɛˊɜŮɡůɗŮɑ Ŭˊɧ 

űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɞ ŮɝŮɚɘəŰɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

(evolutionary programming), ɞɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ (evolutionary algorithms) əŬɘ ɞɘ 

ŮɝŮɚɘəŰɘəɏɠ ůŰɟŬŰɖɔɘəɏɠ (evolution strategies). ɄɟɧůűŬŰŬ, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ɛɘŬ 

ɞɘəɞɔɏɜŮɘŬ ɛŮɗɧŭɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ 

əɞɘɜɤɜɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɛŮɚɩɜ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɑŭɞɡɠ ŰŬ 

ɞˊɞɑŬ ŬɜŬɕɖŰɞɨɜ Űɟɞűɐ ɐ ˊɧɟɞɡɠ ɔŮɜɘəɧŰŮɟŬ. ɀɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛŮɗɧŭɞɡɠ ŮɑɜŬɘ ɖ 

Particle Swam Optimization (PSO) ɖ ɞˊɞɑŬ ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɡɠ Kennedy əŬɘ 

Eberhart (1995)  əŬɘ ɓŬůɑɕŮŰŬɘ ůŰɖ ůɡɛˊŮɟɘűɞɟɎ ˊɞɡ ŬɜŰŬɜŬəɚɎŰŬɘ ůŰŬ ůɛɐɜɖ 

ˊɞɡɚɘɩɜ, ɛŮɚɘůůɩɜ əŬɘ ůŰŬ əɞˊɎŭɘŬ ɣŬɟɘɩɜ ˊɞɡ ˊɟɞůŬɟɛɧɕɞɡɜ Űɘɠ űɡůɘəɏɠ Űɞɡɠ 

əɘɜɐůŮɘɠ ɔɘŬ ɜŬ Ŭˊɞűɨɔɞɡɜ ŰŬ ŬɟˊŬəŰɘəɎ əŬɘ ɔɘŬ ɜŬ ŬɜŬɕɖŰɐůɞɡɜ Űɟɞűɐ. ȼ ɛɏɗɞŭɞɠ 

ŬɡŰɐ, ɏɢŮɘ əŮɜŰɟɑůŮɘ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŮɟŮɡɜɖŰɩɜ ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ əŬŰɎ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. 
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 ȰɜŬ ůɛɐɜɞɠ ˊɞɡɚɘɩɜ ɐ ŮɜŰɧɛɤɜ ɐ ɏɜŬ əɞˊɎŭɘ ɣŬɟɘɩɜ ŬɜŬɕɖŰɎ Űɟɞűɐ əŬɘ ˊɟɞůŰŬůɑŬ 

ɛŮ ˊɞɚɨ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɟɧˊɞ. ȷɜ ɏɜŬ ɛɏɚɞɠ ŬɜŬəŬɚɨɣŮɘ ɛɘŬ ŮˊɘɗɡɛɖŰɐ ˊɞɟŮɑŬ, ŰŬ 

ɡˊɧɚɞɘˊŬ ɛɏɚɖ Űɞɡ ůɛɐɜɞɡɠ Ŭəɞɚɞɡɗɞɨɜ ɔɟɐɔɞɟŬ. ɇɞ əɎɗŮ ɛɏɚɞɠ ŬɜŬɕɖŰɎ ɔɘŬ Űɞ 

əŬɚɨŰŮɟɞ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ, ɛŬɗŬɑɜŮɘ Ŭˊɧ Űɖ ŭɘəɐ Űɞɡ ŮɛˊŮɘɟɑŬ əŬɘ Ŭˊɧ Űɘɠ ŮɛˊŮɘɟɑŮɠ 

Űɤɜ Ɏɚɚɤɜ, əɡɟɑɤɠ Űɤɜ əŬɚɨŰŮɟɤɜ Űɞɡ ůɛɐɜɞɡɠ. ȼ ɛɏɗɞŭɞɠ PSO ɛɘɛŮɑŰŬɘ ŬɡŰɐ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ. ȺɑɜŬɘ ɛɑŬ ɛɏɗɞŭɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɓŬůɘůɛɏɜɖ ůŮ ˊɚɖɗɡůɛɧ ɚɨůŮɤɜ 

(population based)  ˊɞɡ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɖ ŬɜŰŬɚɚŬɔɐ ˊɚɖɟɞűɞɟɘɩɜ 

ɛŮŰŬɝɨ Űɤɜ ŬŰɧɛɤɜ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ ɏɜŬ ŮɝŮɚɘəŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ. 

 H PSO ɏɢŮɘ ŬˊɞŭŮɘɢŰŮɑ ŮɝŬɘɟŮŰɘəɎ ŬɝɘɧˊɘůŰɖ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɞɚɚɩɜ ˊɟɞɓɚɖɛɎŰɤɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɀˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ɛɖ ɔɟŬɛɛɘəɞɨɠ, ɛɖ əɡɟŰɞɨɠ ɢɩɟɞɡɠ ɛŮ 

ŬůɡɜɏɢŮɘŮɠ. ɆŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ɛɖ-ɜŰŮŰŮɟɛɘɜɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ɗŮɤɟŮɑŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɧůɞɜ ŬűɞɟɎ Űɞ ˊɚɐɗɞɠ ɡˊɞɚɞɔɘůɛɞɨ ŬɜŰɘəŮɘɛŮɜɘəɩɜ 

ůɡɜŬɟŰɐůŮɤɜ, ŬɚɚɎ əŬɘ ɚɧɔɤ Űɞɡ ɧŰɘ ůɡɜɐɗɤɠ ɞŭɖɔŮɑ ůŮ ɑŭɘŬɠ ɐ əŬɚɨŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ŮɡəɞɚɑŬ ŮűŬɟɛɞɔɐɠ Űɖɠ Űɖɜ əɎɜŮɘ ˊɘɞ ŮɚəɡůŰɘəɐ, Ŭűɞɨ ŭŮɜ ŬˊŬɘŰŮɑ 

ɔɜɤůŰɐ ɛɞɟűɐ ˊŮŭɑɞɡ ŬɜŬɕɐŰɖůɖɠ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ Ŭˊô 

ŮɡɗŮɑŬɠ ůŮ ˊŬɟɎɚɚɖɚŬ ɡˊɞɚɞɔɘůŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ ŬɘůɗɖŰɎ Űɞ 

ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ. ȼ ɛɏɗɞŭɞɠ PSO ɏɢŮɘ ŮűŬɟɛɞůŰŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŮ ˊɞɚɚɞɨɠ 

ŰɞɛŮɑɠ, ɧˊɤɠ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɛŬɗɖɛŬŰɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɖ ŮəˊŬɑŭŮɡůɖ 

ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ əŬɘ ɞ ɏɚŮɔɢɞɠ ŬůŬűɩɜ ůɡůŰɖɛɎŰɤɜ. 

 ɆŮ ɛɘŬ ŭɘŬŰɨˊɤůɖ Űɖɠ PSɃ ůɡɜɡˊɎɟɢɞɡɜ ˊɞɚɚŬˊɚɏɠ ɡˊɞɣɐűɘŮɠ ɚɨůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

ŬɚɚɖɚŮˊɘŭɟɞɨɜ. ȾɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɚɨůŮɘɠ ɞɜɞɛɎɕŮŰŬɘ ÌůɤɛŬŰɑŭɘɞÌ (particle) əŬɘ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ɗɏůɖ əŬɘ Űɖɜ ŰŬɢɨŰɖŰɎ Űɖɠ ůŰɞɜ ˊɞɚɡŭɘɎůŰŬŰɞ ɢɩɟɞ 

ůɢŮŭɘŬůɛɞɨ. ɇŬ ůɤɛŬŰɑŭɘŬ ÌˊŮŰɞɨɜÌ ɛɏůŬ ůŰɞ ˊŮŭɑɞ ŬɜŬɕɐŰɖůɖɠ (search space) 

ŬɜŬɕɖŰɩɜŰŬɠ Űɖ ɓɏɚŰɘůŰɖ ɗɏůɖ.  ȳůɞ ˊŮɟɜɎŮɘ ɞ ɢɟɧɜɞɠ əɎɗŮ ůɤɛŬŰɑŭɘɞ ˊɟɞůŬɟɛɧɕŮɘ 

Űɖ ɗɏůɖ Űɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ÌŮɛˊŮɘɟɑŬÌ Űɞɡ ŬɚɚɎ əŬɘ Űɖɜ ŮɛˊŮɘɟɑŬ Ɏɚɚɤɜ (ɔŮɘŰɞɜɘəɩɜ) 

ůɤɛŬŰɘŭɑɤɜ. ȼ ŮɛˊŮɘɟɑŬ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬŰŬɔɟɎűɞɜŰŬɠ əŬɘ 

ŬˊɞɗɖəŮɨɞɜŰŬɠ Űɖ ɓɏɚŰɘůŰɖ ɗɏůɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɏɢɞɡɜ ˊŮɟɎůŮɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ÌˊŰɐůɖɠÌ Űɞɡɠ. ȾŬɗɩɠ Űɞ əɎɗŮ ůɤɛŬŰɑŭɘɞ əŬŰŬɔɟɎűŮɘ Űɖ ɓɏɚŰɘůŰɖ ɗɏůɖ Ŭˊɧ Űɖɜ 

ɞˊɞɑŬ ɏɢŮɘ ˊŮɟɎůŮɘ, ɖ PSO ŭɘŬɗɏŰŮɘ ɛɑŬ ɛɜɐɛɖ.  ȰɜŬ ůɨůŰɖɛŬ PSO ůɡɜŭɡɎɕŮɘ Űɞˊɘəɐ 

ɛɏɗɞŭɞ ŬɜŬɕɐŰɖůɖɠ (ɛɏůɤ Űɖɠ ŮɛˊŮɘɟɑŬɠ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ) əŬɘ   əŬɗɞɚɘəɐ ɛɏɗɞŭɞ 

ŬɜŬɕɐŰɖůɖɠ (ɛɏůɤ Űɖɠ ŮɛˊŮɘɟɑŬɠ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ůɤɛŬŰɘŭɑɤɜ). 
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ɀŬɗɖɛŬŰɘəɐ ŭɘŬŰɨˊɤůɖ Űɖɠ PSO 

 ȾɎɗŮ ůɤɛŬŰɑŭɘɞ ŭɘŬŰɖɟŮɑ ŭɨɞ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰŬɢɨŰɖŰŬ əŬɘ ɗɏůɖ, ůŰɞ 

ˊɞɚɡŭɘɎůŰŬŰɞ ˊŮŭɑɞ ŬɜŬɕɐŰɖůɖɠ ŰŬ ɞˊɞɑŬ ŬɜŬɜŮɩɜɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

 

v
j(t+1)= wv

j(t)+c1r1o(sPb,j ï sj(t)) +c2r2o(sGb ï sj(t))                     (2.5) 

 s
j
(t+1) = s

j
(t)+v

j
(t+1)                          (2.6) 

 

ɧˊɞɡ ɛŮ v
j
(X) ůɡɛɓɞɚɑɕŮŰŬɘ Űɞ ŭɘɎɜɡůɛŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ůɤɛŬŰɘŭɑɞɡ j ůŮ ɢɟɧɜɞ t, 

ɛŮ s
j
(X) ůɡɛɓɞɚɑɕŮŰŬɘ ɖ ɗɏůɖ Űɞɡ ůɤɛŬŰɘŭɑɞɡ j ůŮ ɢɟɧɜɞ t, Űɞ ŭɘɎɜɡůɛŬ s

Pb,j
 ŮɑɜŬɘ ɖ 

əŬɚɨŰŮɟɖ ɗɏůɖ ůŰɖɜ ɞˊɞɑŬ ɏɢŮɘ ɓɟŮɗŮɑ Űɞ ůɤɛŬŰɑŭɘɞ j əŬɘ Űɞ s
Gb   
ŮɑɜŬɘ ɖ əŬɚɨŰŮɟɖ 

ɗɏůɖ ɞɚɧəɚɖɟɞɡ Űɞɡ ůɛɐɜɞɡɠ.  Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŮˊɘŰɎɢɡɜůɖɠ c1 əŬɘ c2  ɡˊɞŭŮɘəɜɨɞɡɜ 

Űɞ ŭŮɑəŰɖ ŮɛˊɘůŰɞůɨɜɖɠ Űɖɠ əŬɚɨŰŮɟɖɠ ɚɨůɖɠ ˊɞɡ ɏɢŮɘ ɓɟŮɗŮɑ Ŭˊɧ Űɞ əɎɗŮ ůɤɛŬŰɑŭɘɞ 

ŬŰɞɛɘəɎ (c1 ï cognitive parameter) əŬɘ Ŭˊɧ Űɞ ůɛɐɜɞɠ ůɡɜɞɚɘəɎ (c2 ï social 

parameter) ŬɜŰɑůŰɞɘɢŬ. ɇŬ r1 əŬɘ r2  ŮɑɜŬɘ ŭɨɞ ŰɡɢŬɑŬ ŭɘŬɜɨůɛŬŰŬ, ɞɛɞɘɧɛɞɟűŬ 

əŬŰŬɜŮɛɖɛɏɜŬ ůŰɞ ŭɘɎůŰɖɛŬ [0,1]. ɇɞ ůɨɛɓɞɚɞ ñɞò ůɡɛɓɞɚɑɕŮɘ Űɞ ɔɘɜɧɛŮɜɞ 

Hadamart. 

 ɇɞ ůɢɐɛŬ 2.1 ŬɜŬˊŬɟɘůŰɎ Űɖɜ əɑɜɖůɖ Ůɜɧɠ ůɤɛŬŰɘŭɑɞɡ ůŮ ɏɜŬ ŭɘůŭɘɎůŰŬŰɞ ɢɩɟɞ 

ůɢŮŭɘŬůɛɞɨ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ (2.5) əŬɘ (2.6). ɆŮ əɎɗŮ ůŰɘɔɛɐ t, ɖ ɗɏůɖ Űɞɡ 

ůɤɛŬŰɘŭɑɞɡ s
j
(t) ŬɜŬˊŬɟɘůŰɎŰŬɘ Ŭˊɧ Űɞɜ ŭɘŬəŮəɞɛɛɏɜɞ əɨəɚɞ ůŰɞ əɎŰɤ ŬɟɘůŰŮɟɎ 

ɛɏɟɞɠ Űɞɡ ůɢɐɛŬŰɞɠ, Ůɜɩ ɖ ɜɏŬ ɗɏůɖ s
j
(t+1) Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t+1  ŬɜŬˊŬɟɘůŰɎŰŬɘ 

ˊɎɜɤ ŭŮɝɘɎ ɛŮ Űɞɜ ɏɜŰɞɜɞ ŭɘŬəŮəɞɛɛɏɜɞ əɨəɚɞ. ȺɑɜŬɘ ŮɛűŬɜɏɠ Űɞ ˊɩɠ ɖ əɑɜɖůɖ Űɞɡ 

ůɤɛŬŰɘŭɑɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ: i) Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ v
j
, ii) Űɖɜ əŬɚɨŰŮɟɖ ɗɏůɖ ůŰɖ ɞˊɞɑŬ 

ɏɢŮɘ ɓɟŮɗŮɑ Űɞ ůɤɛŬŰɑŭɘɞ s
Pb,j 
, əŬɘ iii) Űɖɜ əŬɚɨŰŮɟɖ ɗɏůɖ ɧɚɞɡ Űɞɡ ůɛɐɜɞɡɠ. 

 

ɆɢɐɛŬ 2.1 ɃˊŰɘəɞˊɞɑɖůɖ Űɖɠ əɑɜɖůɖɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ ŭɘůŭɘɎůŰŬŰɞ ɢɩɟɞ ůɢŮŭɘŬůɛɞɨ  

s
Gb

s
j
(t)

v j(t)

s
j
(t+1)

v
j (t+

1)

s
Gb,j

wv j(t)

c1r1(s
Pb,j-s

j(t))

c 2
r 2

(s
P

b -s
j (t
))
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Ƀ ɧɟɞɠ w Űɖɠ Ůɝɑůɤůɖɠ 2.5 ŮɑɜŬɘ Űɞ ůŰŬɗɛɘůɛɏɜɞ ɓɎɟɞɠ, ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɘəŬɜɞŰɐŰɤɜ ŮɝŮɟŮɨɜɖůɖɠ Űɞɡ ůɛɐɜɞɡɠ. ɀŮɔɎɚŬ 

ŬŭɟŬɜŮɘŬəɎ ɓɎɟɖ ɞŭɖɔɞɨɜ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ŬɜŬɜŮɩůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ (velocity 

updates), ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ əŬɗɞɚɘəɧŰŮɟɖ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ɢɩɟɞɡ ůɢŮŭɘŬůɛɞɨ Ŭˊɧ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ. ȷɜŰɑɗŮŰŬ, ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ Űɞɡ ŬŭɟŬɜŮɘŬəɞɨ ɓɎɟɞɡɠ ɞŭɖɔɞɨɜ ůŮ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ŮɜɖɛŮɟɩůŮɤɜ Űɖɠ ŰŬɢɨŰɖŰŬɠ ůŮ əɞɜŰɘɜɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɢɩɟɞɡ 

ůɢŮŭɘŬůɛɞɨ. ɇɞ ŬŭɟŬɜŮɘŬəɧ ɓɎɟɞɠ ɛˊɞɟŮɑ Ůˊɑůɖɠ, ɜŬ ŬɜŬɜŮɩɜŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ. ȰɜŬɠ ůɡɜɐɗɖɠ əŬɜɧɜŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜŬɜɏɤůɖ 

Űɤɜ Űɘɛɩɜ Űɞɡ ŬŭɟŬɜŮɘŬəɞɨ ɓɎɟɞɡɠ ŮɑɜŬɘ ɖ ɔɟŬɛɛɘəɐ ɛŮɑɤůɖ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 

Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 
 

 

wt+1 = wmax -  x t                                                                   (2.7) 

 

ɧˊɞɡ  t ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ əŬɘ wmax, wmin ŮɑɜŬɘ ɖ ɛɏɔɘůŰɖ əŬɘ ɖ 

ŮɚɎɢɘůŰɖ Űɘɛɐ ŬɜŰɑůŰɞɘɢŬ Űɞɡ ůŰŬɗɛɘůɛɏɜɞɡ ɓɎɟɞɡɠ. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ɖ ɢɟɐůɖ Űɞɡ 

ɔɟŬɛɛɘəɎ ɛŮɘɞɨɛŮɜɞɡ ůŰŬɗɛɘůɛɏɜɞɡ ɓɎɟɞɡɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ŬˊɞŭɞŰɘəɧŰŮɟɖ Ŭˊɧ Űɖ 

ŭɘŬŰɐɟɖůɖ ůŰŬɗŮɟɐɠ Űɘɛɐɠ. 
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ɄɑɜŬəŬɠ 2.1 ȸŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ PSO  

Symbol Description Details 

NP Number of particles A typical range is 10 ï 40. For most 

problems 10 particles is sufficient 

enough to get acceptable results. For 

some difficult or special problems 

the number can be increased to 50-

100. 

n Dimension of particles It is determined by the problem to be 

optimized. 

w Inertia weight Usually is set to a value less than 1, 

i.e. 0.95. It can also be updated 

during iterations. 

s
L
, s

U
 Vectors containing the 

lower and upper 

bounds of the n design 

variables, respectively 

They are determined by the problem 

to be optimized. Different ranges for 

different dimensions of particles can 

be applied in general. 

v
max

 Vector containing the 

maximum allowable 

velocity for each 

dimension during one 

iteration 

Usually is set half the length of the 

allowable interval for the given 

dimension: v
max

i = (s
U

i - s
L

i)/2. 

Different values for different 

dimensions of particles can be 

applied in general. 

c1, c2 Cognitive and social 

parameters 

Usually c1=c2=2. Other values can 

also be used, provided that 0 < c1+c2 

< 4. 
 

   

Ƀɘ ŰŬɢɨŰɖŰŮɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɎɗŮ ŭɘɎůŰŬůɖ I (i=1,2,é,n) ˊŮɟɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɑŬ 

ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ v
max
. ɇɞ ŭɘɎɜɡůɛŬ v

max
 Űɖɠ ŭɘɎůŰŬůɖɠ n ˊŮɟɘɏɢŮɘ?? Űɘɠ ɛɏɔɘůŰŮɠ 

ŬˊɧɚɡŰŮɠ ŰŬɢɨŰɖŰŮɠ ɔɘŬ əɎɗŮ ŭɘɎůŰŬůɖ. ȼ ɢɟɐůɖ ŭɘŬɜɨůɛŬŰɞɠ ŮɑɜŬɘ əŬŰŬɚɚɖɚɧŰŮɟɖ 

Ŭˊɧ Űɖ ɢɟɐůɖ ɓŬɗɛɤŰɞɨ ɛŮɔɏɗɞɡɠ, Ŭűɞɨ ŭɘŬűɞɟŮŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ŰŬɢɨŰɖŰŬɠ 

ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ ůɤɛŬŰɘŭɑɞɡ. ȷɜ ɔɘŬ ɏɜŬ 

ŭɞůɛɏɜɞ ůɤɛŬŰɑŭɘɞ j Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŮˊɘŰŬɢɨɜůŮɤɜ ˊɟɞəŬɚŮɑ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ ɔɘŬ Űɖ ŭɘɎůŰŬůɖ i, ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖ ɛɏɔɘůŰɖ 

ŰŬɢɨŰɖŰŬ v
max,i
, ŰɧŰŮ ɖ ŰŬɢɨŰɖŰŬ ŬɡŰɐɠ Űɖɠ ŭɘɎůŰŬůɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ Ñ v

max,i
. ɇɞ 

ŭɘɎɜɡůɛŬ v
max 
ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ůɡɜɞɢɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ 

ɓŬůɘəɐ ɛɏɗɞŭɞɠ PSO ɏɢŮɘ ɛɧɜɞ ɚɑɔŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɟɨɗɛɘůɖ, ɞɘ 

ɓŬůɘəɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 2.1. 
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ɄɑɜŬəŬɠ 2.2 ɄŬɟɎɛŮŰɟɞɘ ůɨɔəɚɘůɖɠ Űɖɠ PSO   

Symbol Description Details 

tmax Maximum number of 

iterations for the 

termination criterion. 

Determined by the complexity of 

the problem to be optimized, in 

conjunction with other PSO 

parameters (n, NP). 

kf Number of iterations 

for which the relative 

improvement of the 

objective function 

satisfies the 

convergence check. 

If the relative improvement of the 

objective function over the last kf 

iterations (including the current 

iteration) is less or equal to fm, 

convergence has been achieved. 
fm Minimum relative 

improvement of the 

value of the objective 

function. 

 

 

2.4 ȾɅȽɇȼɅȽȷ ɆɈũȾȿȽɆȼɆ 

 

 ɆŮ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ əɎˊɞɘɤɜ 

əŬɜɧɜɤɜ ɓɎůŮɘ Űɤɜ ɞˊɞɑɤɜ ɖ ŭɘŬŭɘəŬůɑŬ ɗŬ ŰŮɟɛŬŰɑɕŮŰŬɘ. Ƀɘ əŬɜɧɜŮɠ ŬɡŰɞɑ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ŰɏŰɞɘɞɘ ɩůŰŮ ɜŬ ůɡɜŭɡɎɕɞɡɜ ŭɨɞ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɄɟɩŰɞɜ, ɜŬ ŮˊɘŰɡɔɢɎɜɞɡɜ Űɞɜ 

ŰŮɟɛŬŰɘůɛɧ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ŭűɞɨ ˊɟɩŰŬ ɏɢŮɘ ɔɑɜŮɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɕɖŰɞɡɛɏɜɞɡ, 

ŭɖɚŬŭɐ ɜŬ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ ɞɘ Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɖ 

ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɓɏɚŰɘůŰɖ Űɘɛɐ Űɖɠ. ȹŮɨŰŮɟɞɜ, ɞ 

ɡˊɞɚɞɔɘůɛɧɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůŬ ůŮ Ůɨɚɞɔɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ. 

 ɇŬ ɛɐəɖ ɓɐɛŬŰɞɠ, ŬɜŬˊɟɞůŬɟɛɞɕɧɛŮɜŬ ɓɎůŮɘ Űɞɡ əŬɜɧɜŬ ŮˊɘŰɡɢɘɩɜ 1/5, Ŭˊɧ Űɖ 

ůŰɘɔɛɐ ˊɞɡ ɏɢŮɘ ˊɟɞůŮɔɔɘůŰŮɑ ɖ ɗɏůɖ Űɞɡ əŬɗɞɚɘəɞɨ ɓɏɚŰɘůŰɞɡ ɞŭɖɔɞɨɜŰŬɘ ůŮ 

ůɡɜŮɢɩɠ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ. ɆɡɜŮˊɩɠ ɏɜŬ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ əɟɘŰɐɟɘɞ 

ůɨɔəɚɘůɖɠ ŮɑɜŬɘ Űɞ Ŭəɧɚɞɡɗɞ: ɧŰŬɜ Űɞ ɛɐəɞɠ ɓɐɛŬŰɞɠ ɔɑɜŮɘ óɛɖŭɏɜô ɖ ŭɘŬŭɘəŬůɑŬ ɜŬ 

ŰŮɟɛŬŰɑɕŮŰŬɘ. ɀɖŭŮɜɘəɐ Űɘɛɐ Űɞɡ ɛɐəɞɡɠ ɓɐɛŬŰɞɠ ůɡɜŮˊɎɔŮŰŬɘ əŬɘ ɛɖŭŮɜɘəɏɠ 

ŭɘɞɟɗɩůŮɘɠ ůŰɘɠ Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɢŮŭɘŬůɛɞɨ ɞˊɧŰŮ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɖŭŮɜɘəɐ 

ɓŮɚŰɑɤůɖ əŬɘ ůŰɖɜ Űɘɛɐ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ. ũɘŬ ɜŬ ɔɑɜŮɘ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ɞ əŬɜɧɜŬɠ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɞ ɜŬ ŰŮɗŮɑ ɤɠ ŰŮɚɘəɐ Űɘɛɐ Űɤɜ ɛɖəɩɜ 

ɓɐɛŬŰɞɠ ɛɑŬ ɛɘəɟɐ, əɞɜŰɎ ůŰɞ ɛɖŭɏɜ, ˊŮˊŮɟŬůɛɏɜɖ Űɘɛɐ. Ƀ əŬɜɧɜŬɠ ŬɡŰɧɠ ɏɢŮɘ ɏɜŬ 

ůɞɓŬɟɧ ɛŮɘɞɜɏəŰɖɛŬ, ŰŬ ɛɐəɖ ɓɐɛŬŰɞɠ ɚŬɛɓɎɜɞɡɜ ůɡɢɜɎ ɛɘəɟɏɠ Űɘɛɏɠ ɧɢɘ ɛɧɜɞ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɢŮɘ ŮɜŰɞˊɘůŰŮɑ ɖ ˊŮɟɘɞɢɐ Űɞɡ əŬɗɞɚɘəɞɨ ɓɏɚŰɘůŰɞɡ ŬɚɚɎ əŬɘ ɧŰŬɜ 

ɏɢŮɘ ŮɜŰɞˊɘůŰŮɑ ɖ ˊŮɟɘɞɢɐ Ůɜɧɠ ɞˊɞɘɞɡŭɐˊɞŰŮ Űɞˊɘəɞɨ ɓɏɚŰɘůŰɞɡ. ɆɡɜŮˊɩɠ, ɖ 

ŬˊŬɑŰɖůɖ ů>Ů ɐ ||s
(g)

-s
(g-1)
||>Ů ɔɘŬ Űɞɜ ɛɖ ŰŮɟɛŬŰɘůɛɧ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜŬɕɐŰɖůɖɠ ŭŮɜ 
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ŮɔɔɡɎŰŬɘ ůɨɔəɚɘůɖ ůŰɞ əŬɗɞɚɘəɧ ɓɏɚŰɘůŰɞ ŬɚɚɎ ůɡɢɜɎ ɞŭɖɔŮɑ ůŮ ˊɟɧɤɟɖ ůɨɔəɚɘůɖ 

ůŮ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ. 

 ȰɜŬ ŭŮɨŰŮɟɞ əɟɘŰɐɟɘɞ ůɨɔəɚɘůɖɠ ŮɑɜŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ 

ůɡɜɎɟŰɖůɖɠ ȹF=F(s
(g-1)

)-F(s
(g)
). ȼ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɧŰŬɜ ɖ ŬˊɧɚɡŰɖ Űɘɛɐ Űɖɠ 

ŭɘŬűɞɟɎɠ ȹF ɔɑɜŮɘ óɛɖŭɏɜô ɐ ɛɘəɟɧŰŮɟɖ Ůɜɧɠ ɞɟɑɞɡ. ȳɛɤɠ əŬɘ ˊɎɚɘ, ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ 

Űɞ əɟɘŰɐɟɘɞ ŬɡŰɧ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ əŬɘ ůŮ əɎˊɞɘŮɠ ɗɏůŮɘɠ ɛŬəɟɘɎ Ŭˊɧ Űɞ əŬɗɞɚɘəɧ 

ɓɏɚŰɘůŰɞ. ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ əŬɘ ˊɎɚɘ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ˊɟɧɤɟɖɠ ůɨɔəɚɘůɖɠ, ɓɎůŮɘ 

Űɞɡ əŬɜɧɜŬ ŮˊɘŰɡɢɘɩɜ 1/5 Űɞɡ ɛɐəɞɡɠ ɓɐɛŬŰɞɠ, ŬɡɝɎɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ů
2
, əŬɘ ɏŰůɘ ɖ 

ŭɘŬűɞɟɎ Űɤɜ Űɘɛɩɜ Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ȹF ɛŮŰŬɝɨ ŭɨɞ ŮˊɘŰɡɢɖɛɏɜɤɜ 

ŭɞəɘɛɩɜ ŬɡɝɎɜŮŰŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ. ȼ ŭɘŬŭɘəŬůɑŬ ŰŮɟɛŬŰɑɕŮŰŬɘ ɧŰŬɜ 
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ɧˊɞɡ ŰŬ ȹg²20n əŬɘ Ůc>0 ɐ 1>Ůd>0, ŮˊɘɚɏɔɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ 

ɡˊɞɚɞɔɘůŰɐ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ.  

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŬɜ əɟɘŰɐɟɘɞ ŰŮɟɛŬŰɘůɛɞɨ 

Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɖ ɨˊŬɟɝɖ ˊɏɜŰŮ ůɡɜŮɢɧɛŮɜɤɜ ɔŮɜŮɩɜ ɢɤɟɑɠ ɓŮɚŰɑɤůɖ 

Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ.  
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3  
PERFORMANCE BASED DESIGN ȾȷȽ 

ɀȺŪɃȹɃȽ ȷɁȷȿɈɆȼɆ 

 

 

 

 

 

3.1 Performance Based Design (PBD) ï ũŮɜɘəɎ 

 

 ɆɞɓŬɟɏɠ ɕɖɛɘɏɠ ˊɞɡ ˊɟɞəɚɐɗɖəŬɜ Ŭˊɧ ˊɟɧůűŬŰɞɡɠ ůŮɘůɛɞɨɠ ɏəŬɜŮ Űɖ ɛɖɢŬɜɘəɐ 

əɞɘɜɧŰɖŰŬ ɜŬ ŬɜŬɟɤŰɖɗŮɑ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ŰɟɏɢɞɜŰŬ ůŮɘůɛɘəɞɨ 

əɩŭɘəŬ ůɢŮŭɘŬůɛɞɨ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ˊɟɤŰŬɟɢɘəɧɠ ůŰɧɢɞɠ Űɖɠ ůɨɔɢɟɞɜɖɠ ůŮɘůɛɘəɐɠ 

ŭɘŬŭɘəŬůɑŬɠ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ɖ ˊɟɞůŰŬůɑŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɕɤɐɠ, ŮɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ 

ɖ ˊɟɧůɗŮŰɖ ɏɜŰŬůɖ Ŭˊɧ ůŮɘůɛɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɝŮŰŬůŰŮɑ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ 

ɖ ŭɞɛɘəɐ Ŭˊɧŭɞůɖ ůŮ ˊɞɚɚɎ ŮˊɑˊŮŭŬ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. ȾŬŰɎ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ŭŮəŬŮŰɑŬ, Ůɘůɐɢɗɖ ɖ ɏɜɜɞɘŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ ɛŮ ɓɎůɖ Űɖ ůŮɘůɛɘəɐ Ŭˊɧŭɞůɖ 

(Performance Based Design) ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ Űɤɜ ŭɞɛɩɜ ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ 

ůŮɘůɛɘəɏɠ ůɡɜɗɐəŮɠ űɧɟŰɘůɖɠ. Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ Űɞɡ PBD ŮɑɜŬɘ ɜŬ ˊŬɟɏɢŮɘ ɏɜŬ 

ɞɚɞəɚɖɟɤɛɏɜɞ ˊɚŬɑůɘɞ ɔɘŬ Űɖ ɢɤɟɞɗɏŰɖůɖ, Űɞ ůɢŮŭɘŬůɛɧ, Űɖɜ əŬŰŬůəŮɡɐ əŬɘ Űɖ 

ůɡɜŰɐɟɖůɖ əŰɘɟɑɤɜ, ɩůŰŮ ɜŬ ɏɢɞɡɜ ˊɟɞɓɚɏɣɘɛŮɠ ŮˊɘŭɧůŮɘɠ ůŮ ɛɘŬ ˊɞɘəɘɚɑŬ Ŭˊɧ 

ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ůŮɘůɛɞɨ ůŰɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ 

Űɞɡɠ. 

 ȼ ŬɜɎɚɡůɖ əŬɘ ɞ ŬɜŰɘůŮɘůɛɘəɧɠ ůɢŮŭɘŬůɛɧɠ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ PBD ɏɢŮɘ ŰŬ 

ŬəɧɚɞɡɗŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ˊŮɟɘɞɟɘůŰɘəɞɨɠ ɡűɘůŰɎɛŮɜɞɡɠ 

əŬɜɞɜɘůɛɞɨɠ : 
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 (i) ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɘŭɘɞəŰɐŰɖ, Űɞɜ ŬɟɢɘŰɏəŰɞɜŬ əŬɘ Űɞɜ ɛɖɢŬɜɘəɧ ɜŬ ŮˊɘɚɏɝŮɘ Űɞ 

əŬŰɎɚɚɖɚɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůŰɎɗɛɖ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ, (ii) ɖ əŬŰŬůəŮɡɐ ůɢŮŭɘɎɕŮŰŬɘ ɔɘŬ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ 

ůŮ ɛɘŬ  ůŮɘɟɎ Ŭˊɧ ůɡɜŭɡŬůɛɞɨɠ Ůˊɘˊɏŭɤɜ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŮ ůɡɜɎɟŰɖůɖ 

ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůŰɎɗɛɖ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ.  

 ȼ ŭɘŬŭɘəŬůɑŬ Űɞɡ PBD ɓŬůɑɕŮŰŬɘ ůŰɖ ɛŮŰŬŰɧˊɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ, ŭɖɚŬŭɐ ŰŬ 

əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ əŬɘ ɞɘ ŬɜɘůɩůŮɘɠ ɔɘŬ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ɘəŬɜɧŰɖŰŬɠ ŮəűɟɎɕɞɜŰŬɘ ůŮ 

ɛŮŰŬŰɞˊɑůŮɘɠ  əŬɘ ɧɢɘ ůŮ ŭɡɜɎɛŮɘɠ. ɇɞ ɓŬůɘəɧ əɞɛɛɎŰɘ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ PBD ŮɑɜŬɘ 

ɖ ŭɘŮɡəɟɑɜɘůɖ Űɤɜ ůŰɧɢɤɜ Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ. ȼ 

ŭɘŬŭɘəŬůɑŬ Űɞɡ PBD ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɛŮ ŰŬ ŭɨɞ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ: 

1. ȾŬŰŬɜɞɛɐ Űɞɡ ŭɘŬɛɐəɖ əŬɘ Űɞɡ ŮɔəɎɟůɘɞɡ ɞˊɚɘůɛɞɨ, ɐ Űɤɜ ŭɘŬŰɞɛɩɜ Ŭɜ 

ɛŮɚŮŰɎɛŮ ɛŮŰŬɚɚɘəɐ əŬŰŬůəŮɡɐ, ɧɚɤɜ Űɤɜ ɛŮɚɩɜ ɛŮ ɓɎůɖ Űɖɜ ɞɟɘŬəɐ 

əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ.  

 

2. ɉɟɐůɖ əɎˊɞɘŬɠ ɛŮɗɧŭɞɡ ŬɜɎɚɡůɖɠ (ˊ.ɢ. ɛɖ ɔɟŬɛɛɘəɐ ůŰŬŰɘəɐ ŬɜɎɚɡůɖ 
Pushover ɐ ɛɖ ɔɟŬɛɛɘəɐ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ) ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ 

Űɖɠ əŬŰŬůəŮɡɐɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ˊɞɡ Űɖɠ 

ŮˊɘɓɎɚɚɞɜŰŬɘ.  ȰˊŮɘŰŬ ɔɑɜŮŰŬɘ ɖ ŬɜŬɗŮɩɟɖůɖ Űɞɡ ɞˊɚɘůɛɞɨ ɐ Űɖɠ ŭɘŬŰɞɛɐɠ 

(ɔɘŬ ɛŮŰŬɚɚɘəɐ əŬŰŬůəŮɡɐ) Űɤɜ ɛŮɚɩɜ, ɏŰůɘ ɩůŰŮ ɖ əŬŰŬůəŮɡɐ ɜŬ ŮˊŬɟəŮɑ 

ůŰɘɠ ůŮɘůɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ. 

 

 ɇɞ ˊɟɩŰɞ ɓɐɛŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ŭɘŮəˊŮɟŬɑɤůɖ Űɞɡ ŭŮɨŰŮɟɞɡ ɓɐɛŬŰɞɠ 

əŬɗɩɠ ɖ ɘəŬɜɧŰɖŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɝŬɟŰɎŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ ŬɚɚɎ əŬɘ Ŭˊɧ 

Űɞɜ ɞˊɚɘůɛɧ Űɖɠ əŬŰŬůəŮɡɐɠ. Ƀɘ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŰɞ ŭŮɨŰŮɟɞ 

ɓɐɛŬ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ Űo ɛɏɔɘůŰɞ drift əɎɗŮ ɞɟɧűɞɡ ɔɘŬ əɎɗŮ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. ȷɡŰɧ ŮɑɜŬɘ Űɞ əɟɘŰɐɟɘɞ ɛŮ Űɞ ɞˊɞɑɞ ɛŮŰɟɎɛŮ Űɘɠ əŬŰŬůəŮɡŬůŰɘəɏɠ ɐ 

ɛɖ ɕɖɛɘɏɠ  ɚɧɔɤ Űɖɠ əɞɜŰɘɜɐɠ Űɞɡ ůɢɏůɖɠ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ˊɚŬůŰɘəɐɠ ˊŮɟɘůŰɟɞűɐɠ 

ɔɘŬ ɛŮɛɞɜɤɛɏɜŮɠ ůɡɜŭɏůŮɘɠ ŭɞəɩɜ-ɡˊɞůŰɡɚɤɛɎŰɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ˊɞɡ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ   50%, 10% əŬɘ 2%   əŬɘ    ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ůŮ 50 ɢɟɧɜɘŬ. ɇɞ 

ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ŭŮɑɢɜŮɘ ůɢɖɛŬŰɘəɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ PBD. 
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  ȹɘɎɔɟŬɛɛŬ Ʌɞɐɠ ŭɘŬŭɘəŬůɑŬɠ Performance Based Design 

 

 

 

 

3.2 ɆŰɎɗɛŮɠ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ  

 

 Ƀ ůŰɧɢɞɠ Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ůɡɜŭɡŬůɛɧ Űɖɠ ůŰɎɗɛɖɠ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ  ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞ FEMA 356 [3] ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰɟŮɑɠ ůŰɧɢɞɘ Ŭˊɧŭɞůɖɠ. ɇɞ ˊɟɩŰɞ 

ɓɐɛŬ Űɖɠ Ůˊɘɚɞɔɐɠ ůŰɧɢɞɡ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ ůŰɎɗɛɖɠ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ.  
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Ƀɘ  ůŰɎɗɛŮɠ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ ˊɞɡ ɚɐűɗɖəŬɜ ɡˊɧɣɖ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

 (i) Ƚmmediate Occupancy Structural  Performance Level (ȯɛŮůɖ ɢɟɐůɖ): ɇɞ 

ɔŮɜɘəɧ ŮˊɑˊŮŭɞ ɕɖɛɘɩɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŮɚŬűɟɨ. ȹŮɜ ɡˊɎɟɢɞɡɜ ˊŬɟŬɛɏɜɞɡůŮɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ, Ůɜɩ ɖ əŬŰŬůəŮɡɐ ŭɘŬŰɖɟŮɑ ˊɚɐɟɤɠ Űɖɜ ŬəŬɛɣɑŬ əŬɘ Űɖ 

űɏɟɞɡůŬ ɘəŬɜɧŰɖŰɎ Űɖɠ.  

 ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ Ůˊɘˊɏŭɞɡ ɎɛŮůɖɠ ɢɟɐůɖɠ, ɞɘ əŬŰŬůəŮɡŬůŰɘəɏɠ ůɡɜɘůŰɩůŮɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ  ɛɖɜ ɏɢɞɡɜ ɝŮˊŮɟɎůŮɘ Űɞ Immediate Occupancy Structural 

Performance Level əŬɘ ɞɘ ɛɖ əŬŰŬůəŮɡŬůŰɘəɏɠ ůɡɜɘůŰɩůŮɠ Űɞ Operational 

Nonstructural Performance Level. 

 ɇɞ ŮˊɑˊŮŭɞ immediate occupancy structural performance ŮɑɜŬɘ ŮəŮɑɜɞ Űɞɡ ɞˊɞɑɞɡ ɞɘ 

ɕɖɛɘɏɠ ɛŮŰɎ Űɞ ůŮɘůɛɧ ŮɑɜŬɘ ŰɏŰɞɘŮɠ ɩůŰŮ ɖ əŬŰŬůəŮɡɐ ɜŬ ŮɑɜŬɘ ŬůűŬɚɐɠ ɔɘŬ ɢɟɐůɖ, 

Ůɜɩ ŭɘŬŰɖɟɞɨɜŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ əŬɘ ɖ ŬəŬɛɣɑŬ Űɖɠ ůŰŬ ŮˊɑˊŮŭŬ ˊɟɞ ůŮɘůɛɞɨ. ȷəɧɛŬ, ɖ 

ůŰɎɗɛɖ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ çȯɛŮůɖ ɢɟɐůɖè ůɖɛŬɑɜŮɘ əŬŰɎůŰŬůɖ ɕɖɛɘɩɜ ɛŮŰɎ Űɞɜ 

ůŮɘůɛɧ, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ˊɞɚɨ ˊŮɟɘɞɟɘůɛɏɜŮɠ əŬŰŬůəŮɡŬůŰɘəɏɠ ɕɖɛɘɏɠ. ɇɞ 

ɓŬůɘəɧ ůɨůŰɖɛŬ ŬɜɎɚɖɣɖɠ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ űɞɟŰɑɤɜ ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ 

ůŰŬ ŮˊɑˊŮŭŬ ŬəŬɛɣɑŬɠ əŬɘ ɘəŬɜɧŰɖŰŬɠ ˊɟɞ-ůŮɘůɛɞɨ. ȼ ŭɘŬəɘɜŭɨɜŮɡůɖ ɔɘŬ ŬˊŮɘɚɐ 

Ŭɜɗɟɩˊɘɜɤɜ ŰɟŬɡɛŬŰɘůɛɩɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ əŬŰŬůəŮɡŬůŰɘəɩɜ ɕɖɛɘɩɜ ŮɑɜŬɘ ˊɞɚɨ 

ɛɘəɟɐ, əŬɘ əɎˊɞɘŮɠ ˊɘɗŬɜɏɠ əŬŰŬůəŮɡŬůŰɘəɏɠ ɕɖɛɘɏɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ˊɟɞəɨɣŮɘ, 

ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ɎɛŮůɖ ɢɟɐůɖ Űɖɠ əŬŰŬůəŮɡɐɠ, ɜŬ ŬˊɞəŬŰŬůŰŬɗɞɨɜ. 

Ⱥˊɑůɖɠ, Űɞ operational nonstructural performance level, ŮɑɜŬɘ ɖ ɛŮŰɎ-ůŮɘůɛɞɨ 

əŬŰɎůŰŬůɖ ɕɖɛɘɩɜ ůŰɖɜ ɞˊɞɑŬ ɞɘ ɛɖ əŬŰŬůəŮɡŬůŰɘəɏɠ ůɡɜɘůŰɩůŮɠ Űɞɡ ůŮɘůɛɞɨ ŮɑɜŬɘ 

ɘəŬɜɏɠ ɜŬ ŬɜŰŬˊŮɝɏɚɗɞɡɜ ůŰɘɠ ˊɟɞ-ůŮɘůɛɞɨ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡɠ. 

 ɆŮ ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ, ŰŬ ɛɖ əŬŰŬůəŮɡŬůŰɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ɧˊɤɠ ɞ űɤŰɘůɛɧɠ, ɞɘ ůɤɚɖɜɩůŮɘɠ, ɞ 

ɛɖɢŬɜɞɚɞɔɘəɧɠ Ůɝɞˊɚɘůɛɧɠ əŬɘ ŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ ɚŮɘŰɞɡɟɔɞɨɜ, ɛŮ əɎˊɞɘŬ 

Ŭˊɧ ŬɡŰɎ ɜŬ ɢɟŮɘɎɕɞɜŰŬɘ əɎˊɞɘŬ ɛɘəɟɐ Ůˊɘŭɘɧɟɗɤůɖ. ȷɡŰɧ Űɞ Nonstructural 

Performance Level ŬˊŬɘŰŮɑ ŮəŰɘɛɐůŮɘɠ ˊɏɟŬ Ŭˊɧ ŮəŮɑɜŮɠ ˊɞɡ ŮɑɜŬɘ ůŰɖɜ ɎɛŮůɖ 

ŬɟɛɞŭɘɧŰɖŰŬ Űɞɡ ɛɖɢŬɜɘəɞɨ. ȷəɧɛŬ, ɔɘŬ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɧŰɘ ɞɘ ɛɖ əŬŰŬůəŮɡŬůŰɘəɏɠ 

ůɡɜɘůŰɩůŮɠ ŮɑɜŬɘ ůɤůŰɎ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŰɖɜ əŬŰŬůəŮɡɐ, ŮɑɜŬɘ ˊɞɚɚɏɠ űɞɟɏɠ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŭɘŬŰɎɝŮɤɜ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ. ɀˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ŬɡůŰɖɟɧɠ ɏɚŮɔɢɞɠ Űɞɡ ɓŬůɘəɞɨ ɖɚŮəŰɟɘəɞɨ əŬɘ ɛɖɢŬɜɞɚɞɔɘəɞɨ 

Ůɝɞˊɚɘůɛɞɨ ɔɘŬ ɚŮɘŰɞɡɟɔɑŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŭɞɜɐůŮɤɜ. Ƀɘ ɢɟɐůŰŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ, 

Ŭɜ Ůˊɘɗɡɛɞɨɜ ɜŬ ůɢŮŭɘɎůɞɡɜ Űɖɜ əŬŰŬůəŮɡɐ ɔɘŬ Űɞ Nonstructural Performance Level 

ɗŬ ˊɟɏˊŮɘ ɜŬ Ŭəɞɚɞɡɗɐůɞɡɜ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Ŭˊɧ ɎɚɚŮɠ ˊɖɔɏɠ (ˊ.ɢ. Ŭˊɧ Űɞ 

ŮɔɢŮɘɟɑŭɘɞ Űɞɡ əŬŰŬůəŮɡŬůŰɐ) ɔɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ɖɚŮəŰɟɞɚɞɔɘəɞɨ 

əŬɘ Űɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ. ȯɟŬ ɚɞɘˊɧɜ, ɞɘ əŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ůɡɜŬɜŰɞɨɜ 

ŬɡŰɐ Űɖ ůŰɎɗɛɖ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ, ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɡˊɞůŰɞɨɜ ŮɚɎɢɘůŰŮɠ ɏɤɠ əŬɗɧɚɞɡ 

ɕɖɛɘɏɠ ůŰŬ əŬŰŬůəŮɡŬůŰɘəɎ əŬɘ ɛɖ ɛɏɟɖ Űɞɡɠ. ȼ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ɘəŬɜɐ ɔɘŬ Űɖɜ 

əŬɜɞɜɘəɐ ɢɟɐůɖ Űɖɠ, Ŭɜ əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ ɛŮ ɏɜŬɜ ŮɚŬűɟɩɠ ŮɝŬůɗŮɜɘůɛɏɜɞ Űɟɧˊɞ, ɛŮ 
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Űɞ ɟŮɨɛŬ, Űɞ ɜŮɟɧ, əŬɘ ɎɚɚŮɠ ŬˊŬɟŬɑŰɖŰŮɠ ŬɜɎɔəŮɠ ɜŬ ˊɟɞɓɚɏˊɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊɖɔɏɠ 

ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ, əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ ɛŮ ɛŮɟɘəɎ ŭŮɡŰŮɟŮɨɞɜŰŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ŭŮɜ 

ɚŮɘŰɞɡɟɔɞɨɜ. Ƀɘ əŬŰŬůəŮɡɏɠ ˊɞɡ űŰɎɜɞɡɜ ůŮ ŬɡŰɐ Űɖ ůŰɎɗɛɖ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ, 

ŰɑɗŮɜŰŬɘ ɡˊɧ ɛɘəɟɧ ɟɑůəɞ ɔɘŬ Űɖɜ  Ŭɜɗɟɩˊɘɜɖ ɕɤɐ.  

 ȾɎŰɤ Ŭˊɧ ŬɟəŮŰɎ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɩɜ əɘɜɐůŮɤɜ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ əŬŰŬůəŮɡɏɠ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ űŰɎůɞɡɜ ůŮ ŬɡŰɐ Űɖ ůŰɎɗɛɖ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ. ɆŰɖɜ 

ˊɟɎɝɖ, ŮɜŰɞɨŰɞɘɠ, ŭŮɜ ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɧ ɜŬ ůɢŮŭɘŬůŰŮɑ ɛɘŬ əŬŰŬůəŮɡɐ ůŮ ŬɡŰɐ Űɖ 

ůŰɎɗɛɖ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ ɔɘŬ ɞˊɞɘŮůŭɐˊɞŰŮ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ, ŮəŰɧɠ Ŭɜ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ əŬŰŬůəŮɡɏɠ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ ŬˊŬɟŬɑŰɖŰŮɠ ɡˊɖɟŮůɑŮɠ.   

 (ii ) Life Safety Structural  Performance Level (ɄɟɞůŰŬůɑŬ ɕɤɐɠ): Űɞ ɔŮɜɘəɧ 

ŮˊɑˊŮŭɞ ɕɖɛɘɩɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɛɏŰɟɘɞ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ɛɘəɟɏɠ 

ˊŬɟŬɛɏɜɞɡůŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɢɤɟɑɠ ɜŬ ɛŮŰŬɓɚɖɗŮɑ ɖ ŬəŬɛɣɑŬ əŬɘ ɖ űɏɟɞɡůŬ 

ɘəŬɜɧŰɖŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ ůŮ ɧɚɞɡɠ Űɞɡɠ ɞɟɧűɞɡɠ. ɇŬ ůŰɞɘɢŮɑŬ Űɞɡ űɏɟɞɜŰɞɠ 

ɞɟɔŬɜɘůɛɞɨ ůɡɜŮɢɑɕɞɡɜ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ əŬɘ ŭŮɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɘŭɘŬɑŰŮɟŮɠ ɓɚɎɓŮɠ 

ůŰɘɠ ŰɞɘɢɞˊɚɖɟɩůŮɘɠ. ȼ ŭɘŬəɘɜŭɨɜŮɡůɖ Ŭɜɗɟɩˊɘɜɤɜ ŰɟŬɡɛŬŰɘůɛɩɜ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ əŬŰŬůəŮɡŬůŰɘəɩɜ ɕɖɛɘɩɜ ŬɜŬɛɏɜŮŰŬɘ ɢŬɛɖɚɐ. ȺɑɜŬɘ ŭɡɜŬŰɐ ɖ 

ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ əŬŰŬůəŮɡɐɠ, ɔɘŬ ɞɘəɞɜɞɛɘəɞɨɠ ɧɛɤɠ ɚɧɔɞɡɠ ɛˊɞɟŮɑ ɜŬ ɛɖɜ 

ŮɑɜŬɘ ůɡɛűɏɟɞɡůŬ.  

 ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ çɄɟɞůŰŬůɑŬɠ ɕɤɐɠè, ɞɘ əŬŰŬůəŮɡŬůŰɘəɏɠ 

ůɡɜɘůŰɩůŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ űŰɎůɞɡɜ ůŰɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɞɡ Life Safety Structural 

Performance Level əŬɘ ɞɘ ɛɖ əŬŰŬůəŮɡŬůŰɘəɏɠ ůɡɜɘůŰɩůŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ űŰɎůɞɡɜ 

ůŰɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɞɡ Life Safety Nonstructural Performance Level. ɇɞ ŮˊɑˊŮŭɞ Űɖɠ 

Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ŬɡŰɧ, ůŰɞ ɞˊɞɑɞ ɛŮŰɎ Űɞ ůŮɘůɛɧ ɞɘ ɕɖɛɘɏɠ ůŰŬ 

əŬŰŬůəŮɡŬůŰɘəɎ ɛɏɟɖ Űɖɠ ŮɑɜŬɘ ŮɛűŬɜŮɑɠ, ɧɛɤɠ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ 

əɑɜŭɡɜɞɠ ɛŮɟɘəɐɠ ɐ ɞɚɘəɐɠ ŬůŰɞɢɑŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ȷəɧɛŬ, ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ 

Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ůɖɛŬɑɜŮɘ ɧŰɘ ůŰɖ ɛŮŰɎ-ůŮɘůɛɞɨ əŬŰɎůŰŬůɖ, ɏɢɞɡɜ 

ˊŬɟɞɡůɘŬůŰŮɑ ŬɝɘɞůɖɛŮɑɤŰŮɠ ɕɖɛɘɏɠ, ůŮ ůɖɛŮɑɞ ɧɛɤɠ ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ 

ɛŮɟɘəɐɠ ɐ ɞɚɘəɐɠ əŬŰɎɟɟŮɡůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ȾɎˊɞɘŬ ůŰɞɘɢŮɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ 

ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ˊɞɚɚŬˊɚɏɠ ɕɖɛɘɏɠ,  ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ŭŮɜ ŮˊɏűŮɟŬɜ əɘɜŭɨɜɞɡɠ ˊŰɩůɖɠ 

əɞɛɛŬŰɘɩɜ ŮɜŰɧɠ ɐ ŮəŰɧɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ɀˊɞɟŮɑ ɜŬ ˊɟɞəɨɣɞɡɜ əɎˊɞɘɞɘ 

ŰɟŬɡɛŬŰɘůɛɞɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ůŮɘůɛɞɨ, ˊŬɟɧɚŬ ŬɡŰɎ, ɞ ɔŮɜɘəɧɠ əɑɜŭɡɜɞɠ 

ůɞɓŬɟɞɨ ŰɟŬɡɛŬŰɘůɛɞɨ ůŮ ůɖɛŮɑɞ ŬˊɩɚŮɘŬɠ ɕɤɐɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ əŬŰŬůəŮɡŬůŰɘəɐɠ 

ŬůŰɞɢɑŬɠ ŬɜŬɛɏɜŮŰŬɘ ɢŬɛɖɚɧɠ. ŪŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɕɖɛɘɩɜ, ɧɛɤɠ 

ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɟŬəŰɘəɧ ɔɘŬ ɞɘəɞɜɞɛɘəɞɨɠ ɚɧɔɞɡɠ. Ⱥɜɩ ɖ əŬŰɎůŰŬůɖ Űɖɠ 

əŬŰŬůəŮɡɐɠ ŭŮɜ ŮˊɘűɏɟŮɘ əɑɜŭɡɜɞ əŬŰɎɟɟŮɡůɖɠ, ɗŬ ɐŰŬɜ ůɡɜŮŰɧ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɞɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ŮˊɘůəŮɡɏɠ ɐ ˊɟɞůɤɟɘɜɏɠ ŮɜɘůɢɨůŮɘɠ ɔɘŬ Űɖɜ ŮˊŬɜŬɚŮɘŰɞɡɟɔɑŬ Űɖɠ. 

 ɇɞ ŮˊɑˊŮŭɞ life safety nonstructural performance, ŮɑɜŬɘ ŮəŮɑɜɞ əŬŰɎ Űɞ ɞˊɞɑɞ ɖ ɛŮŰɎ-

ůŮɘůɛɧ əŬŰɎůŰŬůɖ Űɤɜ ɛɖ əŬŰŬůəŮɡŬůŰɘəɩɜ ůɡɜɘůŰɤůɩɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ŬɟəŮŰɏɠ ɕɖɛɘɏɠ, ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ŭŮɜ ŬˊŮɘɚɞɨɜ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŬəŮɟŬɘɧŰɖŰŬ. ȷəɧɛŬ,  Űɞ 

ŮˊɑˊŮŭɞ life safety nonstructural performance, ůŰɖ ɛŮŰɎ-ůŮɘůɛɧ əŬŰɎůŰŬůɖ 
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ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŬɝɘɞůɖɛŮɑɤŰŮɠ əŬɘ ɞɘəɞɜɞɛɘəɎ ůɖɛŬɜŰɘəɏɠ ɕɖɛɘɏɠ ůŮ ɛɖ 

əŬŰŬůəŮɡŬůŰɘəɎ ɛɏɟɖ, ŰŬ ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ŬˊɞəɞɚɚɐɗɖəŬɜ ɐ ŭŮɜ ɏˊŮůŬɜ Ŭˊɧ Űɞ 

ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɐŰŬɜ ŰɞˊɞɗŮŰɖɛɏɜŬ, ŬˊŮɘɚɩɜŰŬɠ  Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŬəŮɟŬɘɧŰɖŰŬ ŮɜŰɧɠ 

ɐ ŮəŰɧɠ Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɐ. Ƀɘ ŭɘɎŭɟɞɛɞɘ ŮɜŰɧɠ Űɞɡ əŰɘɟɑɞɡ ŭŮɜ ɏɢɞɡɜ əɚŮɑůŮɘ 

ŮəŰŮɜɩɠ, ɧɛɤɠ ɛˊɞɟŮɑ ɜŬ ŮɛˊɞŭɑɕɞɜŰŬɘ Ŭˊɧ əɎˊɞɘŬ ůɡɜŰɟɑɛɛɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ɏɢɞɡɜ 

ˊɟɞəɚɖɗŮɑ Ŭˊɧ Űɖ ůŮɘůɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. Ƀ ɛɖɢŬɜɞɚɞɔɘəɧɠ Ůɝɞˊɚɘůɛɧɠ ɗɏɟɛŬɜůɖɠ, 

ɞɘ ůɤɚɖɜɩůŮɘɠ, əŬɘ ɞ Ůɝɞˊɚɘůɛɧɠ ˊɡɟɞˊɟɞůŰŬůɑŬɠ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɕɖɛɘɏɠ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞˊɘəɏɠ ˊɚɖɛɛɨɟŮɠ əŬɘ ŭɘŬəɞˊɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. Ⱥɜɩ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəɨɣɞɡɜ ŰɟŬɡɛŬŰɘůɛɞɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ůŮɘůɛɞɨ Ŭˊɧ Űɖɜ ŬůŰɞɢɑŬ ɛɖ 

əŬŰŬůəŮɡŬůŰɘəɩɜ ɛŮɟɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ, ɔŮɜɘəɎ ɞ əɑɜŭɡɜɞɠ ŰɟŬɡɛŬŰɘůɛɞɨ ˊɞɡ ɗŬ 

ŬˊŮɘɚɐůŮɘ  Ŭɜɗɟɩˊɘɜɖ ɕɤɐ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɞɠ. ȷˊɞəŬŰɎůŰŬůɖ Űɤɜ ɛɖ 

əŬŰŬůəŮɡŬůŰɘəɩɜ ɛŮɟɩɜ ɛˊɞɟŮɑ ɜŬ ɢɟŮɘŬůŰŮɑ ˊɞɚɚɐ ˊɟɞůˊɎɗŮɘŬ. ȯɟŬ ɚɞɘˊɧɜ, ɞɘ 

əŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ űŰɎɜɞɡɜ ůŰɞ ŮˊɑˊŮŭɞ ŬɡŰɧ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŮəŰŮŰŬɛɏɜŮɠ 

ɕɖɛɘɏɠ ůŮ əŬŰŬůəŮɡŬůŰɘəɎ ɐ ɛɖ ɛɏɟɖ Űɞɡɠ. ȼ ŬˊɞəŬŰɎůŰŬůɐ Űɞɡɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 

ɔɘŬ Űɖɜ ŮˊŬɜŬɚŮɘŰɞɡɟɔɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ɢɤɟɑɠ ɜŬ ŬˊɞəɚŮɑŮŰŬɘ ɧɛɤɠ ɜŬ ŮɑɜŬɘ 

ˊɟŬəŰɘəɩɠ Ŭůɨɛűɞɟɖ. Ƀ əɑɜŭɡɜɞɠ ŰɟŬɡɛŬŰɘůɛɞɨ, ɚɧɔɤ ŬůŰɞɢɘɩɜ, ˊɞɡ ɗŬ ŬˊŮɘɚɐůŮɘ  

Ŭɜɗɟɩˊɘɜɖ ɕɤɐ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɞɠ. 

 ȷɡŰɧ Űɞ ŮˊɑˊŮŭɞ Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ ůɡɜŮˊɎɔŮŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ɕɖɛɘɏɠ Ŭˊɧ Űɘɠ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ɔɘŬ əŬɘɜɞɨɟɘŮɠ əŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ əŬɘ 

əŬŰŬůəŮɡŬůŰŮɑ ɛŮ ŬɜŰɘůŮɘůɛɘəɐ ˊɟɞůŰŬůɑŬ, ɧŰŬɜ ɡˊɞɓɚɖɗɞɨɜ ůŰɞ ůŮɘůɛɧ 

ůɢŮŭɘŬůɛɞɨ Űɞɡɠ. Ʉɞɚɚɞɑ ɘŭɘɞəŰɐŰŮɠ ɛˊɞɟŮɑ ɜŬ Ůˊɘɗɡɛɞɨɜ ɜŬ űŰɎůɞɡɜ ůŮ ŬɡŰɧ Űɞ 

ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ Ŭˊɧŭɞůɖɠ ɔɘŬ  ˊɞɚɨ ɏɜŰɞɜɞɡɠ ůŮɘůɛɞɨɠ. 

 (iii ) Collapse Prevention Performance Level (ɃɘɞɜŮɑ əŬŰɎɟɟŮɡůɖɠ): ɇɞ ɔŮɜɘəɧ 

ŮˊɑˊŮŭɞ ɕɖɛɘɩɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɏɜŰɞɜɞ. ȺɛűŬɜɑɕɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ɕɖɛɘɏɠ 

ůŰɖɜ əŬŰŬůəŮɡɐ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ ŬəŬɛɣɑŬɠ əŬɘ 

ɘəŬɜɧŰɖŰŬɠ ŬɜɎɚɖɣɖɠ ˊɚŮɡɟɘəɩɜ űɞɟŰɑɤɜ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ŮəŰŮŰŬɛɏɜŮɠ əŬɘ 

ɛɧɜɘɛŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ŬɚɚɎ əŬɘ ɛŮɑɤůɖ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ. ȸɏɓŬɘŬ, ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ, ɔɘŬ Űɖɜ ŬɜɎɚɖɣɖ Űɤɜ 

űɞɟŰɑɤɜ ɓŬɟɨŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ůɡɜŮɢɑɕɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ɛŮŰɎ Űɞ 

ůŮɘůɛɧ. Ƀɘ ɕɖɛɘɏɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬŭɨɜŬŰɞ ɜŬ 

ŬˊɞəŬŰŬůŰŬɗɞɨɜ əŬɘ ŮɑɜŬɘ ŬɜŬůűŬɚɐɠ ɖ ŮˊŬɜŬɚŮɘŰɞɡɟɔɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, 

əŬɗɩɠ ŮɜŭŮɢɧɛŮɜɖ ɛŮŰŬůŮɘůɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ 

əŬŰɎɟɟŮɡůɖ. 

 ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ Ůˊɘˊɏŭɞɡ collapse prevention performance, ɞɘ əŬŰŬůəŮɡŬůŰɘəɏɠ 

ůɡɜɘůŰɩůŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ űŰɎůɞɡɜ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ Űɞɡ Collapse 

Prevention Structural Performance Level. ɆŰɞ ŮˊɑˊŮŭɞ ŬɡŰɧ, ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ 

ɞɘ ɛɖ əŬŰŬůəŮɡŬůŰɘəɏɠ ůɡɜɘůŰɩůŮɠ. ɇɞ ŮˊɑˊŮŭɞ Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ 

ŬɡŰɧ, ůŰɞ ɞˊɞɑɞ ɛŮŰɎ Űɞ ůŮɘůɛɧ ɞɘ ɕɖɛɘɏɠ ůŰŬ əŬŰŬůəŮɡŬůŰɘəɎ ɛɏɟɖ Űɖɠ, ŮɑɜŬɘ ŰɏŰɞɘŮɠ 

ɩůŰŮ ɖ əŬŰŬůəŮɡɐ ɜŬ ɛˊɞɟŮɑ ɜŬ  ŬɜŬɚɎɓŮɘ ŰŬ űɞɟŰɑŬ ɓŬɟɨŰɖŰŬɠ, ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ 

ŮɝŬůűŬɚɘůɛɏɜɖ ɏɜŬɜŰɘ əŬŰɎɟɟŮɡůɖɠ. ȷəɧɛŬ, ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ Ŭˊɧŭɞůɖɠ Űɖɠ 
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əŬŰŬůəŮɡɐɠ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ ɕɖɛɘɏɠ ɗŬ ŮɑɜŬɘ ŰɏŰɞɘŮɠ, ɩůŰŮ ɜŬ ɓɟɑůəŮŰŬɘ ůŰŬ ˊɟɧɗɡɟŬ 

ɛŮɟɘəɐɠ ɐ ɞɚɘəɐɠ əŬŰɎɟɟŮɡůɖɠ. ȺɛűŬɜɑɕɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ɕɖɛɘɏɠ ůŰɖɜ əŬŰŬůəŮɡɐ, 

ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ɛŮɑɤůɖ Űɖɠ ŬəŬɛɣɑŬɠ  Űɖɠ, Űɖɠ ɘəŬɜɧŰɖŰŬɠ ŬɜɎɚɖɣɖɠ 

ˊɚŮɡɟɘəɩɜ űɞɟŰɑɤɜ, ɛɧɜɘɛŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ŬɚɚɎ əŬɘ ˊɘɗŬɜɐ ɛŮɟɘəɐ ŬɜɘəŬɜɧŰɖŰŬ 

ŬɜɎɚɖɣɖɠ əŬŰŬəɧɟɡűɤɜ űɞɟŰɑɤɜ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ, ɔɘŬ 

Űɖɜ ŬɜɎɚɖɣɖ Űɤɜ űɞɟŰɑɤɜ ɓŬɟɨŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ůɡɜŮɢɑɕɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡɠ. ɀˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ůɞɓŬɟɧɠ əɑɜŭɡɜɞɠ ŰɟŬɡɛŬŰɘůɛɞɨ ɚɧɔɤ ˊŰɩůɖɠ əɞɛɛŬŰɘɩɜ 

Ŭˊɧ ůɡɜŰɟɑɛɛɘŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ůŮɘůɛɞɨ. ȼ əŬŰŬůəŮɡɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ˊɟŬəŰɘəɩɠ ŬŭɨɜŬŰɞɜ ɜŬ ŮˊɘŭɘɞɟɗɤɗŮɑ əŬɘ ŭŮɜ ŮɑɜŬɘ ŬůűŬɚɐɠ ɔɘŬ ɎɛŮůɖ 

ŮˊŬɜŬɚŮɘŰɞɡɟɔɑŬ Űɖɠ, əŬɗɩɠ ɛŮŰŬůŮɘůɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ 

əŬŰɎɟɟŮɡůɖ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŭŮ ɛŮɚŮŰɎŰŬɘ əŬɜ ɖ Ŭˊɧŭɞůɖ Űɤɜ ɛɖ əŬŰŬůəŮɡŬůŰɘəɩɜ 

ɛŮɟɩɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɧŰɘ ɛˊɞɟŮɑ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ŮɑɜŬɘ ŬŭɨɜŬŰɖ ɖ 

ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɕɖɛɘɩɜ ůŰŬ ɛɖ əŬŰŬůəŮɡŬůŰɘəɎ ɛɏɟɖ.  

 ɄɟɞůɗɏŰɤɠ, ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ŬˊɧűŬůɖ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ 

əŬŰŬůəŮɡɐɠ, ɛˊɞɟŮɑ ɜŬ ɚɖűɗŮɑ, ɢɤɟɑɠ ɜŬ ŮɝŮŰŬůŰŮɑ ɖ ŮɡˊɎɗŮɘŬ Űɤɜ ɛɖ 

əŬŰŬůəŮɡŬůŰɘəɩɜ ɛŮɟɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ, ɧŰŬɜ ɖ 

ŬˊɞəŬŰɎůŰŬůɖ  ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɢɤɟɑɠ Űɖ ŭɘŬəɞˊɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ. Ʉɞɚɚɏɠ űɞɟɏɠ 

ŮɑɜŬɘ ŭɡɜŬŰɧ, ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŬˊɞəŬŰɎůŰŬůɖɠ ɜŬ ɔɑɜɞɡɜ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɖɠ 

əŬŰŬůəŮɡɐɠ. ȷəɧɛŬ, ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ŮəŰŮɜɐɠ ŭɘŬəɞˊɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ, ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɛɖ əŬŰŬůəŮɡŬůŰɘəɩɜ 

ɛŮɟɩɜ. ɇɏɚɞɠ, ɚɧɔɤ Űɤɜ ɛŮɔɎɚɤɜ əɘɜŭɨɜɤɜ, ɤɠ ˊɟɞɠ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŬəŮɟŬɘɧŰɖŰŬ, 

ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮɡˊɎɗŮɘŬ Űɤɜ əŬŰŬůəŮɡɩɜ, ˊɞɚɚɞɑ ŭɐɛɞɘ ɛˊɞɟŮɑ ɜŬ 

Ůˊɘɗɡɛɞɨɜ Űɖɜ ɡɘɞɗɏŰɖůɖ Ůɘŭɘəɩɜ ŭɘŬŰɎɝŮɤɜ ŬˊɞəŬŰɎůŰŬůɖɠ , ɞɘ ɞˊɞɑŮɠ ɗŬ Ŭűɞɟɞɨɜ 

ɛɧɜɞ ůŰɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ɧɢɘ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɛŮɟɩɜ Űɖɠ. 

 

 

     ȹɘɎɔɟŬɛɛŬ 3.2  ɆŰɧɢɞɘ ůɢŮŭɘŬůɛɞɨ 
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3.3 ȺˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

  

ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ůŰɧɢɞɡ Ŭˊɧŭɞůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ŮɑɜŬɘ ɞ 

əŬɗɞɟɘůɛɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. Ƀɘ ůŮɘůɛɘəɞɑ əɑɜŭɡɜɞɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊŬɟŬɛɏŰɟɞɡɠ ɧˊɤɠ ɎɛŮůɖ ɟɐɝɖ Űɞɡ ŮŭɎűɞɡɠ, ŮŭŬűɘəɐ ŭɧɜɖůɖ, 

ɟŮɡůŰɞˊɞɑɖůɖ, ˊɚŮɡɟɘəɐ ɛŮŰŬŰɧˊɘůɖ əŬɘ ɞɚɑůɗɖůɖ Űɞɡ ŮŭɎűɞɡɠ FEMA-350 [4]. ȼ 

ŮŭŬűɘəɐ ŭɧɜɖůɖ ŮɑɜŬɘ ɖ ɛɧɜɖ ˊŬɟɎɛŮŰɟɞɠ ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŰɞɡɠ 

ŬɜŰɘůŮɘůɛɘəɞɨɠ əŬɜɞɜɘůɛɞɨɠ. Ƀɘ əɑɜŭɡɜɞɘ ɚɧɔɤ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɘŬ əŬɛˊɨɚɖ (hazard curve) ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ˊɘɗŬɜɧŰɖŰŬ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ, ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɖ ɛɏɔɘůŰɖ ŮˊɘŰɎɢɡɜůɖ, ɜŬ ɝŮˊŮɟŬůŰŮɑ ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ. ɇŬ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ˊɞɡ ɏɢɞɡɜ ɚɖűɗŮɑ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

 (i)  Occasional earthquake  hazard level: ȼ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ŬɡŰɞɨ Űɞɡ 

Ůˊɘˊɏŭɞɡ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ŮɑɜŬɘ 50% ůŮ 50 ɢɟɧɜɘŬ ɛŮ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 

72 ɢɟɧɜɘŬ. 

 (ii ) Rare earthquake hazard level: ȼ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ŬɡŰɞɨ Űɞɡ Ůˊɘˊɏŭɞɡ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ŮɑɜŬɘ 10% ůŮ 50 ɢɟɧɜɘŬ ɛŮ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 475 

ɢɟɧɜɘŬ. 

 (iii ) Maximum considered event hazard level: ȼ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ŬɡŰɞɨ Űɞɡ 

Ůˊɘˊɏŭɞɡ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ  ŮɑɜŬɘ 2% ůŮ 50 ɢɟɧɜɘŬ ɛŮ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 

2475 ɢɟɧɜɘŬ. 

 ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ůŰɧɢɞɘ Ŭˊɧŭɞůɖɠ ɔɘŬ ůɡɜɐɗŮɘɠ 

əŬŰŬůəŮɡɏɠ. 
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3.4 Performance Based Design (PBD)  

 

3.4.1 Performance Based Design ɛŮ ɛɖ ɔɟŬɛɛɘəɐ ůŰŬŰɘəɐ ŬɜɎɚɡůɖ 

(NSP) 

 
 ȼ ɛɖ ɔɟŬɛɛɘəɐ ůŰŬŰɘəɐ ŬɜɎɚɡůɖ, ɔɜɤůŰɐ ɤɠ ŬɜɎɚɡůɖ Push over, ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɧəɟɘůɖ Ůɜɧɠ 

ɘůɞŭɨɜŬɛɞɡ ɛɞɜɞɓɎɗɛɘɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊɟɩŰɖɠ ɘŭɘɞɛɞɟűɐɠ 

Űɖɠ əŬŰŬůəŮɡɐɠ. ȼ Pushover ŬɜɎɚɡůɖ ɝŮəɘɜɎ ɛɧɚɘɠ ɖ əŬŰŬůəŮɡɐ ɘəŬɜɞˊɞɘɐůŮɘ Űɞ 

Ŭɟɢɘəɧ ůŰŬŰɘəɧ ɓɐɛŬ ŬɜɎɚɡůɖɠ, Ůɜɩ ɡɘɞɗŮŰŮɑŰŬɘ ɛɘŬ ˊɚŮɡɟɘəɐ ŭɘŬɜɞɛɐ űɞɟŰɑɤɜ ˊɞɡ 

ŬəɞɚɞɡɗŮɑ Űɖɜ ˊɟɩŰɖ ɘŭɘɞɛɞɟűɐ. ȼ ŬɜɎɚɡůɖ ŰŮɚŮɘɩɜŮɘ ɧŰŬɜ ŮˊɘŰŮɡɢɗŮɑ, ɐ ɚɑɔɞ ˊɟɘɜ 

ŮˊɘŰŮɡɢɗŮɑ Ŭɜ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŬˊɞŰɨɢŮɘ ůŰɖ ůɨɔəɚɘůɖ, Űɞ 150%  Űɖɠ ůŰɞɢŮɡɧɛŮɜɖɠ 

ɛŮŰŬəɑɜɖůɖɠ, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ  ůŮɘůɛɧ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ 2% ůŮ 50 ɢɟɧɜɘŬ. 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůŰɞɢŮɡɧɛŮɜɖɠ 

ɛŮŰŬəɑɜɖůɖɠ, ɧˊɤɠ: 

 

¶ ɀɏɗɞŭɞɠ ATC-40 

¶ ɀɏɗɞŭɞɠ Ɂ2 

¶ ɀɏɗɞŭɞɠ ůɡɜŰŮɚŮůŰɩɜ 
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3.4.2 Performance based design ɛŮ ɛɖ ɔɟŬɛɛɘəɐ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ 

(NDP) 

 
 ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ PBD, ɚŬɛɓɎɜɞɜŰŬɘ ŰɟɑŬ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ, əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ˊɞɚɚɏɠ əŬŰŬɔɟŬűɏɠ ůŮɘůɛɩɜ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

ɧůɞ ŭɡɜŬŰɧɜ ɛŮɔŬɚɨŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ. ɆɡɜɞɚɘəɎ ɚɞɘˊɧɜ ŬˊŬɘŰɞɨɜŰŬɘ ˊɞɚɚɏɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛɖ ɔɟŬɛɛɘəɏɠ ŭɡɜŬɛɘəɏɠ ŬɜŬɚɨůŮɘɠ (Ŭɟɘɗɛɧɠ əŬŰŬɔɟŬűɩɜ x 3 ŮˊɑˊŮŭŬ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ). ȷɡŰɧ ŭŮɑɢɜŮɘ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ ˊɞɚɨ 

ɢɟɞɜɞɓɧɟŬ əŬɘ ŬˊŬɘŰŮɑ ɛŮɔɎɚŮɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ. ɄŬɟɎɚɚɖɚŬ ɧɛɤɠ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ ŮɚəɡůŰɘəɐ ɚɧɔɤ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɖɠ, ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ 

ŭɘəŬɘɞɚɞɔŮɑ Űɖ ɢɟɐůɖ Űɖɠ ůŮ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ əŬŰŬůəŮɡɏɠ. 

 

 

 

3.5 Incremental Dynamic Analysis (ɀɏɗɞŭɞɠ IDA)  

 

 ȼ ŮűŬɟɛɞɔɐ Űɞɡ PBD ɛŮ Űɖ ɛɖ ɔɟŬɛɛɘəɐ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ, ŬˊŬɘŰŮɑ ɏɜŬ ŬɝɘɧˊɘůŰɞ 

ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ əŬɘ Űɖɠ ŬˊŬɑŰɖůɖɠ Ŭˊɧŭɞůɖɠ ůŮ 

ɞˊɞɘɞŭɐˊɞŰŮ əŬŰŬůəŮɡŬůŰɘəɧ ůɨůŰɖɛŬ. ɀŮŰŬɝɨ Ɏɚɚɤɜ, ɖ IDA (Incremental 

Dynamic Analysis) ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ ˊɞɡ əɎɜŮɘ əŬɚɐ 

ŮəŰɑɛɖůɖ Űɖɠ Ŭˊɧəɟɘůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ɧŰŬɜ ɡˊɧəŮɘŰŬɘ ůŮ ůŮɘůɛɘəɞɨɠ əɘɜŭɨɜɞɡɠ 

əŬɘ ŮɑɜŬɘ ɛɘŬ əŬŰɎɚɚɖɚɖ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ PBD ŭɘŬŭɘəŬůɑŬ.  

 

Ƀ ɓŬůɘəɧɠ ůŰɧɢɞɠ Űɖɠ IDA ɛŮɚɏŰɖɠ, ŮɑɜŬɘ ɖ ŮɨɟŮůɖ ɛɑŬɠ əŬɛˊɨɚɖɠ ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ 

ɗŬ ˊɟɞəɨˊŰŮɘ ɖ ůɢɏůɖ Űɞɡ Ůˊɘˊɏŭɞɡ ɏɜŰŬůɖɠ ɛŮ Űɖ ɛɏɔɘůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ Űɖɠ 

əŬŰŬůəŮɡɐɠ. 

 

ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɚɏŰɖɠ IDA ŬəɞɚɞɡɗŮɑ ŰŬ ŬəɧɚɞɡɗŬ ɓɐɛŬŰŬ: 

 

1. Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɞ ɞˊɞɑɞ ɗŬ ŮűŬɟɛɞůŰŮɑ ɖ ɛɖ ɔɟŬɛɛɘəɐ 
ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ, 

2. Ⱥ́ ɘɚɞɔɐ ɛɑŬɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ůŮɘůɛɘəɩɜ əŬŰŬɔɟŬűɩɜ, 

3. Ⱥ́ ɘɚɞɔɐ Űɞɡ Ůˊɘˊɏŭɞɡ ɏɜŰŬůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ , 

4. Ⱥ́ ɘɚɞɔɐ Űɞɡ ɛŮɔɏɗɞɡɠ ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ɗŬ ɔɑɜŮŰŬɘ ɖ ŮəŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

Ŭˊɧəɟɘůɖɠ, 

5. ɉɟɐůɖ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ ɞ ɞˊɞɑɞɠ ɗŬ əɚɘɛŬəɩɜŮɘ Űɘɠ əŬŰŬɔɟŬűɏɠ ɩůŰŮ ɜŬ 
ˊɟɞəɨɣŮɘ ɖ əŬɛˊɨɚɖ IDA əɎɜɞɜŰŬɠ Űɘɠ ɚɘɔɧŰŮɟŮɠ ŭɡɜŬŰɏɠ ŭɡɜŬɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ. 

6. ɄŬɟɞɡůɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɛɖ ɔɟŬɛɛɘəɐɠ ŭɡɜŬɛɘəɐɠ ŬɜɎɚɡůɖɠ ɔɘŬ 
Űɘɠ ˊɞɚɚŬˊɚɏɠ Űɘɠ əŬŰŬɔɟŬűɏɠ. 

 

 ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɗɧŭɞɡ IDA, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɢɟɞɜɞɥůŰɞɟɑŬ Űɖɠ 

ŮˊɘŰɎɢɡɜůɖɠ Űɤɜ ŮŭŬűɘəɩɜ əɘɜɐůŮɤɜ Ůɜɧɠ (ɐ ˊŮɟɘůůɧŰŮɟɤɜ) ůŮɘůɛɞɨ. ũɘŬ Űɖ ɛŮɚɏŰɖ 

Űɖɠ əŬŰŬůəŮɡɐɠ ůŮ ˊɞɚɚɎ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ, ɔɑɜŮŰŬɘ 

əɚɘɛɎəɤůɖ Űɞɡ ŮˊɘŰŬɢɡɜůɘɞɔɟŬűɐɛŬŰɞɠ, ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ ɧɚŮɠ Űɘɠ Űɘɛɏɠ Űɞɡ ɛŮ 

ɏɜŬ ůŰŬɗŮɟɧ ůɡɜŰŮɚŮůŰɐ ɚ, Űɞɜ ɞˊɞɑɞ ůɡɜɐɗɤɠ ŮˊɘɚɏɔɞɡɛŮ ɛŮ ɓɎůɖ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ 
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Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ. ȰŰůɘ ɚɞɘˊɧɜ, ɛˊɞɟɞɨɛŮ ɛɘŬ əŬŰŬɔɟŬűɐ ɜŬ Űɖɜ ŬɜɎɔɞɡɛŮ ůŮ ˊɞɚɚɎ 

ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ, ɔɘŬ Űɖ ɛŮɚɏŰɖ ůɨɛűɤɜŬ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ 

PBD. 

 

 ȼ Ůˊɘɚɞɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Ůˊɘˊɏŭɞɡ ɏɜŰŬůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɞɡ ɛŮɔɏɗɞɡɠ 

ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ɗŬ ŮəŰɘɛɖɗŮɑ ɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ (ˊ.ɢ. drift, 

ŰɏɛɜɞɡůŬ ɓɎůɖɠ əɚˊ), ŬˊɞŰŮɚɞɨɜ ŰŬ ŭɨɞ ˊɘɞ ůɖɛŬɜŰɘəɎ ɓɐɛŬŰŬ Űɖɠ IDA ɛŮɚɏŰɖɠ. ɇɞ 

ŮˊɑˊŮŭɞ ɏɜŰŬůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘŬ əɚɘɛŬəɞɨɛŮɜɖ ůŮɘůɛɘəɐ əŬŰŬɔɟŬűɐ, ɧˊɤɠ ɖ 

ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ, ɖ ŮŭŬűɘəɐ ŰŬɢɨŰɖŰŬ, ɖ űŬůɛŬŰɘəɐ ŮˊɘŰɎɢɡɜůɖ ɔɘŬ ɝ=5% Űɖɠ 

ˊɟɩŰɖɠ ɘŭɘɞɛɞɟűɐɠ əŬɘ ɎɚɚŮɠ. ɇɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ, Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűɟŬůŰŮɑ əŬɘ ɤɠ ŮˊɑˊŮŭɞ ɕɖɛɘɩɜ, ŮəŰɘɛɎŰŬɘ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ 

ɛɏɔŮɗɞɠ, Űɞ ɞˊɞɑɞ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏŰɟɞ Űɞɡ Űɞ ŬɜɎɔɞɡɛŮ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ůŰɎɗɛŮɠ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŮəŰɑɛɖůɖɠ Űɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɤɟɘůŰɞɨɜ ůŮ 4 əŬŰɖɔɞɟɑŮɠ: ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɛɏɔɘůŰɖ ɛŮŰŬŰɧˊɘůɖ, 

ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ Ŭűɞɟɞɨɜ  Űɖ ůɡɜɞɚɘəɐ ɕɖɛɘɎ, ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɛɏɔɘůŰɖ 

ɛŮŰŬŰɧˊɘůɖ əŬɘ Űɖ ůɡɜɞɚɘəɐ ɕɖɛɘɎ əŬɘ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ əŬɗɞɚɘəɐ 

ɛɖɢŬɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əŬŰŬůəŮɡɐɠ. ɆŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ drift 

ɞɟɧűɞɡ, ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɛɏɔɘůŰɖ 

ɛŮŰŬŰɧˊɘůɖ. Ƀ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ŮˊɘɚɏɢŰɖəŮ ŬɡŰɧ Űɞ ɛɏɔŮɗɞɠ, ŮɑɜŬɘ ɔɘŬŰɑ ɛˊɞɟŮɑ ɜŬ 

ůɡɜŭŮɗŮɑ ɎɛŮůŬ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ɕɖɛɘɩɜ (ůŰɎɗɛŮɠ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ), ɧˊɤɠ ɖ ɎɛŮůɖ 

ɢɟɐůɖ, ˊɟɞůŰŬůɑŬ ɕɤɐɠ əŬɘ Ŭˊɞűɡɔɐ əŬŰɎɟɟŮɡůɖɠ. 

 

 ȿɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ əŬɘ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɟɞůˊɎɗŮɘŬɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ŰŬ 

ŰɟɘůŭɘɎůŰŬŰŬ (3D) ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ŰŬ 

ˊɟŬɔɛŬŰɘəɎ əŰɑɟɘŬ, ɔɑɜŮŰŬɘ ɢɟɐůɖ Ŭˊɚɞˊɞɘɖɛɏɜɤɜ ŭɘůŭɘɎůŰŬŰɤɜ (2D) 

ˊɟɞůɞɛɞɘɩůŮɤɜ.  ȷɡŰɧ ɔɑɜŮŰŬɘ əɡɟɑɤɠ ůŰŬ ůɡɛɛŮŰɟɘəɎ əŰɑɟɘŬ əŬɘ ŭɖ ůŰŬ əŰɑɟɘŬ Ŭˊɧ 

ɢɎɚɡɓŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɘůŭɘɎůŰŬŰŬ ˊɚŬɑůɘŬ. ɆŮ əŰɑɟɘŬ Ŭˊɧ 

ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ, ɤůŰɧůɞ, ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Ŭɜɐəɞɡɜ ůŮ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ 

ŰŮɛɜɧɛŮɜŬ ŮˊɑˊŮŭŬ, ɏŰůɘ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ˊɟɞůɞɛɞɑɤůɐ Űɞɡɠ ɤɠ 2D Ŭűɞɨ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ɞɘ ŬɛűɑŭɟɞɛŮɠ ɞɟɗɞɔɩɜɘŮɠ əɘɜɐůŮɘɠ. Ⱥˊɑůɖɠ, 3D ɛɞɜŰɏɚŬ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ɗŮɤɟɞɨɜŰŬɘ ŰŬ ɛɖ-ůɡɛɛŮŰɟɘəɐɠ əɎŰɞɣɖɠ əŰɑɟɘŬ Ŭˊɧ ɢɎɚɡɓŬ. 

 

 ɀɏɢɟɘ ůŰɘɔɛɐɠ ɖ IDA ɏɢŮɘ əɡɟɑɤɠ ŮűŬɟɛɞůŰŮɑ ůŮ 2D ŭɞɛɏɠ. ȷˊô ɧůɞ ɔɜɤɟɑɕɞɡɛŮ, 

ɛɧɜɞ ɛŮɟɘəɎ ɏɟɔŬ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ɧˊɞɡ ɖ IDA 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ 3D ŭɞɛɏɠ. ȼ MIDA  ( Multicomponent Incremental Dynamic 

Analysis) ɔɑɜŮŰŬɘ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ɛŮ Űɖɜ 2D ŮűŬɟɛɞɔɐ Űɖɠ IDA.  
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3.5.1 MIDA-ŮűŬɟɛɞɔɏɠ 

 

 ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɚŬɑůɘɞ Űɖɠ MIDA , ɏɜŬ ůɨɜɞɚɞ ůŮɘůɛɘəɩɜ əŬŰŬɔɟŬűɩɜ, ˊɞɡ 

Ŭűɞɟɞɨɜ Űɘɠ ŭɘŬɛɐəŮɘɠ əŬɘ Űɘɠ ŮɔəɎɟůɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ, 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɛŮ ůəɞˊɧ ɜŬ ɚɖűɗŮɑ ɡˊô ɧɣɘɜ ɖ ŰɡɢŬɘɧŰɖŰŬ Űɖɠ 

ůŮɘůɛɘəɐɠ Ůˊɘˊɧɜɖůɖɠ. ȼ ŭɘŬűɞɟɎ Űɖɠ MIDA  ɛŮ Űɖɜ IDA ŭɘŬŭɘəŬůɑŬ, ɓɟɑůəŮŰŬɘ ůŰɞ 

ɧŰɘ ɔɘŬ əɎɗŮ ůŮɘůɛɘəɐ əŬŰŬɔɟŬűɐ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ Ŭɟɘɗɛɧɠ Ŭˊɧ MIDA  

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬɛˊɨɚŮɠ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Űɖɠ 

ŮŭŬűɘəɐɠ əɑɜɖůɖɠ ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ, Ůɜɩ ɖ IDA ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɛɘŬ ɛɞɜɞŭɘɎůŰŬŰɖ 

ɛŮɚɏŰɖ əŬɗɩɠ ɔɘŬ əɎɗŮ ůŮɘůɛɘəɐ əŬŰŬɔɟŬűɐ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɧɜɞ ɛɑŬ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ əŬɛˊɨɚɖ. ɀɏɢɟɘ ŰɩɟŬ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ MIDA, ɞɘ 

ůɡɜɘůŰɩůŮɠ Űɤɜ ůŮɘůɛɘəɩɜ əŬŰŬɔɟŬűɩɜ ŮűŬɟɛɧɕɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ Űɤɜ əɨɟɘɤɜ 

əŬŰŬůəŮɡŬůŰɘəɩɜ Ŭɝɧɜɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ, ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ɔɤɜɑŬ ůŮɘůɛɞɨ, ɖ ɞˊɞɑŬ 

ɗŬ ɐŰŬɜ ɑůɖ ɛŮ ɛɖŭɏɜ Ŭɜ ɗŬ Űɖɜ ŬɔɜɞɞɨůŬɛŮ, ůɡɜŮˊɩɠ ɗŬ ŬɔɜɞɞɨůŬɛŮ əŬɘ Űɖɜ 

ŰɡɢŬɘɧŰɖŰŬ ŬɚɚɎ əŬɘ Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ ůŰɖɜ Ůˊɘˊɧɜɖůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. ɆŰɖɜ MIDA , 

ɖ Ůˊɘɚɞɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ůŮɘůɛɘəɐ ɏɜŰŬůɖ əŬɘ Űɖ ůŮɘůɛɘəɐ 

Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ, ŬɚɚɎ əŬɘ ɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡɠ, ɔɑɜŮŰŬɘ ɛŮ ŰŬ ɑŭɘŬ əɟɘŰɐɟɘŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɖɜ IDA, ŭɖɚŬŭɐ ɔɑɜŮŰŬɘ əɚɘɛɎəɤůɖ Űɤɜ ůŮɘůɛɘəɩɜ 

əŬŰŬɔɟŬűɩɜ əŬɘ ůŰɘɠ ŭɨɞ ůɡɜɘůŰɩůŮɠ ɩůŰŮ ɜŬ ŬɜɎɔɞɡɛŮ Űɖɜ ůŮɘůɛɘəɐ əɑɜɖůɖ ůŮ 

ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɔɘŬ ɜŬ ŬɜŬɚɡɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əŬŰŬůəŮɡɐɠ 

Ŭˊɧ Űɖɜ ŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ůŰɖ ŭɘŬɟɟɞɐ ɖ ɞˊɞɑŬ əŬŰɎ Űɖɜ ŮɝɎˊɚɤůɖ Űɖɠ ɞŭɖɔŮɑ 

ůŰɖɜ  ɞɚɘəɐ ŬůŰɎɗŮɘŬ.   
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4  
ȺɄȽɅɅɃȼ ũɋɁȽȷɆ ɆȺȽɆɀɃɈ 

 

 

 

 

 

 

4.1 ũɤɜɑŬ ůŮɘůɛɞɨ 
 

4.1.1 ũŮɜɘəɎ 

 ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Penzien Watabe (1975), ůŮ Űɡɢɧɜ ůɖɛŮɑɞ Űɞɡ 

ŮŭɎűɞɡɠ ɞɟɑɕŮŰŬɘ ɏɜŬ əɨɟɘɞ ůɨůŰɖɛŬ ɞɟɗɞɔɤɜɘəɩɜ Ŭɝɧɜɤɜ, ɤɠ ˊɟɞɠ Űɞ ɞˊɞɑɞ ɞɘ 

ůŮɘůɛɘəɏɠ ůɡɜɘůŰɩůŮɠ ŰŬɚɎɜŰɤůɖɠ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬůɡůɢɏŰɘůŰŮɠ. ȼ 

ɘůɢɡɟɧŰŮɟɖ ůŮɘůɛɘəɐ ůɡɜɘůŰɩůŬ ɏɢŮɘ ŮˊɘəŮɜŰɟɘəɐ ŭɘŮɨɗɡɜůɖ, Ůɜɩ ɖ ŬůɗŮɜɏůŰŮɟɖ 

ůŮɘůɛɘəɐ ůɡɜɘůŰɩůŬ ŮɑɜŬɘ əɎɗŮŰɖ ůŮ ŬɡŰɐ (ɞɟɗɞŰɟɞˊɘəɐ ŭɘɏɔŮɟůɖ). Ƀɘ ůɡɜɘůŰɩůŮɠ 

ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ əɨɟɘŮɠ ůŮɘůɛɘəɏɠ ůɡɜɘůŰɩůŮɠ. ɆŮ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ ůɨůŰɖɛŬ 

Ŭɝɧɜɤɜ ɡˊɎɟɢŮɘ ůɡůɢɏŰɘůɖ Űɤɜ Űɟɘɩɜ ůɡɜɘůŰɤůɩɜ ůŰɞ ɗŮɤɟɞɨɛŮɜɞ ůɖɛŮɑɞ. ɋɠ ɔɤɜɑŬ 

ůŮɘůɛɞɨ ɗŮɤɟɞɨɛŮ Űɖ ɔɤɜɑŬ ɛŮŰŬɝɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɞɟɗɞɔɤɜɘəɩɜ Ŭɝɧɜɤɜ Űɖɠ 

ůŮɘůɛɘəɐɠ əɑɜɖůɖɠ əŬɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɞɟɗɞɔɤɜɘəɩɜ Ŭɝɧɜɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ. 
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ɆɢɐɛŬ 4.1 ũɤɜɑŬ ůŮɘůɛɞɨ ɗ 

 

 

4.1.2 Ⱦɟɑůɘɛɖ ɔɤɜɑŬ ɗcr 

 ȼ ɗɏůɖ Űɞɡ ŮˊɑəŮɜŰɟɞɡ Űɞɡ ůŮɘůɛɞɨ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ, ůɡɜŮˊɩɠ ŭŮ ɛˊɞɟɞɨɛŮ ɜŬ 

ɔɜɤɟɑɕɞɡɛŮ Űɖ ɔɤɜɑŬ ɗ ɛŮ Űɖɜ ɞˊɞɑŬ űŰɎɜŮɘ ɞ ůŮɘůɛɧɠ ůŰɖɜ əŬŰŬůəŮɡɐ. ɇɑɗŮŰŬɘ 

ɚɞɘˊɧɜ Űɞ ŮɟɩŰɖɛŬ ɔɘŬ Űɞ ˊɞɘŬ ŮɑɜŬɘ ɖ əɟɑůɘɛɖ ɔɤɜɑŬ, ŭɖɚŬŭɐ ɖ ɔɤɜɑŬ ɖ ɞˊɞɑŬ ɗŬ 

ˊɟɞəŬɚɏůŮɘ Űɖ ɛɏɔɘůŰɖ ɏɜŰŬůɖ ůŰɖɜ əŬŰŬůəŮɡɐ. ɆɨɛűɤɜŬ ɓɏɓŬɘŬ ɛŮ ɛŮɚɏŰŮɠ ˊɞɡ 

ɏɢɞɡɜ ɐŭɖ ɔɑɜŮɘ ůŮ 3D əŬŰŬůəŮɡɏɠ ɖ əɟɑůɘɛɖ ŬɡŰɐ ɔɤɜɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɑŭɘŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɧˊɤɠ Űɖɜ ɘŭɘɞˊŮɟɑɞŭɧ Űɖɠ ɐ Űɞ ɓŬɗɛɧ 

ŬɜŮɚŬůŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ əŬɘ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ɔɘŬ ŰŬ ŭɘɎűɞɟŬ ŮɜŰŬŰɘəɎ 

ɛŮɔɏɗɖ Űɖɠ əŬŰŬůəŮɡɐɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛˊɞɟŮɑ ɛɘŬ əŬŰŬůəŮɡɐ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ 

ɛɏɔɘůŰɞ drift ɞɟɧűɞɡ ɔɘŬ əɎˊɞɘŬ ŭŮŭɞɛɏɜɖ ɔɤɜɑŬ ŬɚɚɎ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰɖ 

ůŰɟɏɣɖ ɡˊɞůŰɡɚɤɛɎŰɤɜ ɔɘŬ ɛɑŬ ŭɘŬűɞɟŮŰɘəɐ ɔɤɜɑŬ. Ⱥˊɑůɖɠ, ɖ əɟɑůɘɛɖ ɔɤɜɑŬ ŮɑɜŬɘ 

ŭɘŬűɞɟŮŰɘəɐ ůŮ ůɡɔəŮəɟɘɛɏɜɖ əŬŰŬůəŮɡɐ ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨɠ ůŮɘůɛɞɨɠ. Ƀ 

ˊɟɞůŭɘɞɟɘůɛɧɠ ɚɞɘˊɧɜ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɔɤɜɑŬɠ ůŮɘůɛɞɨ ˊɞɡ ɗŬ ɢŬɟŬəŰɖɟɑůŮɘ Űɖ 

ɛɏɔɘůŰɖ ɏɜŰŬůɖ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ŬɜɏűɘəŰɞɠ ˊɟŬəŰɘəɎ, ɧɛɤɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŮɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ɛŮɚɏŰɖɠ ɧˊɤɠ Űɞ drift ɞɟɧűɞɡ ɐ ůŰɟɞűɐ Űɖɠ əŬŰŬůəŮɡɐɠ, ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ əɟɑůɘɛɖɠ ɔɤɜɑŬɠ ŮɑɜŬɘ ŮűɘəŰɧɠ əŬɘ ɧˊɤɠ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ,ůŮ ŬɡŰɐ 

Űɖ ɔɤɜɑŬ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɛŮɚɏŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɏɢɟɘ 80%  ɛŮɔŬɚɨŰŮɟɞ 

Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɔɤɜɑŬ ůŮɘůɛɞɨ ɤɠ ˊɟɞɠ Űɞɡɠ əŬŰŬůəŮɡŬůŰɘəɞɨɠ ɎɝɞɜŮɠ 

ŮɑɜŬɘ ɛɖŭŮɜɘəɐ.  
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4.1.3 ȾŬŰŬəɧɟɡűɖ ůɡɜɘůŰɩůŬ 

 ȼ ŮŭŬűɘəɐ əɑɜɖůɖ ŮɑɜŬɘ ŰɟɘůŭɘɎůŰŬŰɖ, ůɡɜŮˊɩɠ ˊɏɟŬ Ŭˊɧ Űɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ 

ůŮɘůɛɘəɐɠ ŭɘɏɔŮɟůɖɠ, ɡˊɎɟɢŮɘ əŬɘ ɖ əŬŰŬəɧɟɡűɖ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ Ⱥɚɚɖɜɘəɧ 

ȷɜŰɘůŮɘůɛɘəɧ ȾŬɜɞɜɘůɛɧ (ȺȷȾ)  ɔɘŬ ůɡɜɐɗŮɘɠ əŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɏɢɞɡɜ űɞɟŮɑɠ 

Ŭˊɧ ˊɟɞŮɜŰŮŰŬɛɏɜɞ ůəɡɟɧŭŮɛŬ, ŭɞəɞɨɠ ˊɞɡ űɏɟɞɡɜ űɡŰŮɡŰɎ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ 

űɏɟɞɡůŬ ŰɞɘɢɞˊɞɘɑŬ, ŭŮ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ əŬŰŬəɧɟɡűɖ ůɡɜɘůŰɩůŬ Űɖɠ 

ŮŭŬűɘəɐɠ əɑɜɖůɖɠ. Ⱥˊɑůɖɠ ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ CQC3, ɖ ɞˊɞɑŬ ŬɜŬɚɨŮŰŬɘ 

ˊŬɟŬəɎŰɤ, ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ əɟɑůɘɛɖɠ ɔɤɜɑŬɠ  ůŮɘůɛɞɨ ůɡɛɛŮŰɏɢɞɡɜ ɛɧɜɞ ɞɘ 

əɨɟɘŮɠ ůŮɘůɛɘəɏɠ ůɡɜɘůŰɩůŮɠ əŬɘ ɧɢɘ ɖ əŬŰŬəɧɟɡűɖ. ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ůŰɖɜ 

ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŭŮɜ Ůɚɐűɗɖ ɡˊɧɣɖ ɖ Ůˊɘɟɟɞɐ Űɖɠ əŬŰŬəɧɟɡűɖɠ 

ůŮɘůɛɘəɐɠ ůɡɜɘůŰɩůŬɠ. 

 

4.2 ɀɏɗɞŭɞɘ ɢɤɟɘəɐɠ ŮˊŬɚɚɖɚɑŬɠ 

 Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ ŬɜŰɘůŮɘůɛɘəɞɑ əŬɜɞɜɘůɛɞɑ ŭɘŮɗɜɩɠ, ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ 

ˊɞɚɡŭɘɎůŰŬŰŮɠ ŮŭŬűɘəɏɠ əɘɜɐůŮɘɠ əŬɘ ɔɘŬ Űɖɜ ŮˊŬɚɚɖɚɑŬ Űɤɜ ůɡɜɘůŰɤůɩɜ ůɡɜɐɗɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŮɑŰŮ Űɖ ɛɏɗɞŭɞ SRSS (Square Root of Sum of Squares) ɐ Űɞɜ əŬɜɧɜŬ 

Űɞɡ ˊɞůɞůŰɞɨ (percentage rule). ɆŰɞɜ ȺȷȾ2000, ůŰɖ ŭɡɜŬɛɘəɐ űŬůɛŬŰɘəɐ ɛɏɗɞŭɞ, 

ɔɘŬ Űɖɜ ŮˊŬɚɚɖɚɑŬ Űɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ŬˊɞəɟɑůŮɤɜ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ 

əɎɗŮ ůɡɜɘůŰɩůŬ Űɞɡ ůŮɘůɛɞɨ ɖ ˊɘɗŬɜɐ ŬəɟŬɑŬ Űɘɛɐ ŰɡɢɧɜŰɞɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ SRSS ɐ ɖ ɛɏɗɞŭɞɠ CQC əŬɘ ɔɘŬ Űɖɜ ɢɤɟɘəɐ ŮˊŬɚɚɖɚɑŬ 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊɘɗŬɜɐ ŬəɟŬɑŬ Űɘɛɐ ŰɡɢɧɜŰɞɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ ɔɘŬ 

ŰŬɡŰɧɢɟɞɜɖ ŭɟɎůɖ Űɤɜ ůɡɜɘůŰɤůɩɜ Űɞɡ ůŮɘůɛɞɨ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ əŬɜɧɜŬɠ Űɞɡ 

ˊɞůɞůŰɞɨ ɛŮ ˊɞůɞůŰɧ 30 ɐ 40 % ůŰɖ ŭŮɨŰŮɟɖ ůɡɜɘůŰɩůŬ əŬɘ ɞ əŬɜɧɜŬɠ SRSS. ɆŰɞɜ 

ȺȷȾ, ŬɜŬűɏɟŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ Űɞɡ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ Űɤɜ Penzien-Watabe, ɧɛɤɠ 

ŰŮɚɘəɎ, ɗŮɤɟŮɑ ɑůŮɠ ŮɜŰɎůŮɘɠ Űɤɜ ůŮɘůɛɘəɩɜ ůɡɜɘůŰɤůɩɜ, ˊŬɑɟɜɞɜŰŬɠ Űɘɠ ůŰŬŰɘůŰɘəɎ 

ŬɜŮɝɎɟŰɖŰŮɠ.  Ƀ ŬɜŰɘůŮɘůɛɘəɧɠ əŬɜɞɜɘůɛɧɠ UBC97 ŬˊŬɘŰŮɑ ŮɑŰŮ Űɖ ɢɟɐůɖ Űɞɡ əŬɜɧɜŬ 

SRSS ɐ Űɖ ɢɟɐůɖ Űɞɡ əŬɜɧɜŬ Űɞɡ ˊɞůɞůŰɞɨ, ɞ ŬɜŰɘůŮɘůɛɘəɧɠ əŬɜɞɜɘůɛɧɠ ůɢŮŭɘŬůɛɞɨ 

ɔŮűɡɟɩɜ Űɞɡ ŰɛɐɛŬŰɞɠ ɛŮŰŬűɞɟɩɜ Űɖɠ ȾŬɚɘűɧɟɜɘŬ, ŬˊŬɘŰŮɑ Űɖ ɢɟɐůɖ Űɞɡ əŬɜɧɜŬ Űɞɡ 

ˊɞůɞůŰɞɨ ɛŮ ˊɞůɞůŰɧ 30% ɔɘŬ ɧɚŬ ŰŬ Ůɑŭɖ Űɤɜ əŬŰŬůəŮɡɩɜ, ɢɤɟɑɠ ɜŬ ɔɑɜŮŰŬɘ 

ˊɞɡɗŮɜɎ ŬɜŬűɞɟɎ ɔɘŬ ŮɜŬɚɚŬəŰɘəɐ ɢɟɐůɖ Űɞɡ əŬɜɧɜŬ SRSS.Ƀ əŬɜɞɜɘůɛɧɠ ASCE 4-

86 ˊɞɡ ŬűɞɟɎ əŬŰŬůəŮɡɏɠ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ ɢɟɐůɖ ˊɡɟɖɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ŬɜŬűɏɟŮɘ Űɖɜ ŬˊŬɑŰɖůɖ ɢɟɐůɖɠ Űɞɡ əŬɜɧɜŬ Űɞɡ ˊɞůɞůŰɞɨ ŮɑŰŮ ŮɜŬɚɚŬəŰɘəɎ Űɖ ɢɟɐůɖ 

Űɞɡ əŬɜɧɜŬ SRSS. ɇɏɚɞɠ, ůŰɞɜ ATC-32 ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ Űɞɡ əŬɜɧɜŬ Űɞɡ ˊɞůɞůŰɞɨ 

ɛŮ ˊɞůɞůŰɧ 40% ůŰɖ ŭŮɨŰŮɟɖ ŭɘŮɨɗɡɜůɖ əŬɘ Űɞɡ əŬɜɧɜŬ SRSS. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ əŬɜɏɜŬɠ Ŭˊɧ Űɞɡɠ ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ əŬɜɞɜɘůɛɞɨɠ ŭŮɜ 

ˊɟɞɓɚɏˊŮɘ ŮɝɎɟŰɖůɖ ɛŮŰŬɝɨ Űɤɜ ůɡɜɘůŰɤůɩɜ Űɤɜ ŮŭŬűɘəɩɜ əɘɜɐůŮɤɜ. 
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4.2.1 ɀɏɗɞŭɞɠ SRSS (Square Root of Sum of Squares) 

 

 H ɛɏɗɞŭɞɠ SRSS ŮɑɜŬɘ ɛɘŬ ˊɟɞůŮɔɔɘůŰɘəɐ ɛɏɗɞŭɞɠ ɘŭɘɞɛɞɟűɘəɐɠ əŬɘ ɢɤɟɘəɐɠ 

ŮˊŬɚɚɖɚɑŬɠ. ɆŰɖ ɛɏɗɞŭɞ SRSS ŬɗɟɞɑɕɞɜŰŬɘ ŰŬ ŰŮŰɟɎɔɤɜŬ Ůɜɧɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ 

əŬɘ ɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ɛŮɔɏɗɞɡɠ ŬɡŰɞɨ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ŰŮɚɘəɧ ɛɏɔŮɗɞɠ. ȼ ɓŬůɘəɐ 

Űɖɠ ˊŬɟŬŭɞɢɐ ŮɑɜŬɘ ɧŰɘ ɞɘ ůɡɜɘůŰɩůŮɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ ŮɑɜŬɘ ɛŮŰŬɝɨ Űɞɡɠ 

ŬɜŮɝɎɟŰɖŰŮɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Penzien-Watabe ŬɡŰɐ ɖ ˊŬɟŬŭɞɢɐ ɗŬ 

ɐŰŬɜ Ŭəɟɘɓɐɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ əŬŰŬůəŮɡŬůŰɘəɞɑ ɎɝɞɜŮɠ ɗŬ ůɡɜɏˊɘˊŰŬɜ ɛŮ Űɞɡɠ 

ɎɝɞɜŮɠ Űɤɜ əɡɟɑɤɜ ůɡɜɘůŰɤůɩɜ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ. ȼ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ Űɞɡ 

əŬɜɧɜŬ SRSS ŮɑɜŬɘ : 

R = ãВ ╡▒▒     

ɧˊɞɡ: 

R: ɇɞ ɛɏɔŮɗɞɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ, ɤɠ ŮˊŬɚɚɖɚɑŬ 

Űɤɜ ůɡɜɘůŰɤůɩɜ. 

 

 

4.2.2 ȾŬɜɧɜŬɠ Űɞɡ ˊɞůɞůŰɞɨ 

 Ƀ əŬɜɧɜŬɠ Űɞɡ ˊɞůɞůŰɞɨ ŬɜŬűɏɟɗɖəŮ ˊɟɩŰɖ űɞɟɎ ůŰɖɜ ŮɟɔŬůɑŬ Űɞɡ Newmark 

(1975) əŬɘ Ŭˊɧ Űɞɡɠ Rosenblueth əŬɘ Contreras (1977). Ƀ əŬɜɧɜŬɠ ŬɡŰɧɠ ɡˊɞɚɞɔɑɕŮɘ 

Űɖɜ ŮˊŬɚɚɖɚɑŬ Űɞɡ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ, ɤɠ Űɞ ɎɗɟɞɘůɛŬ Űɞɡ 100% Űɖɠ 

Ŭˊɧəɟɘůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛɑŬ ůɡɜɘůŰɩůŬ əŬɘ Ůɜɧɠ ˊɞůɞůŰɞɨ Ŭ ɧˊɞɡ Ŭ=30% ɐ 

Ŭ=40% Űɖɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭŮɨŰŮɟɖ ůɡɜɘůŰɩůŬ. Ƀ ůɡɜŭɡŬůɛɧɠ ɞ 

ɞˊɞɑɞɠ ŭɑɜŮɘ Űɖ ɛɏɔɘůŰɖ ůɡɜɞɚɘəɐ Ŭˊɧəɟɘůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ 

ůɢŮŭɘŬůɛɧ. ũɘô ŬɡŰɧ Űɞ ɚɧɔɞ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ: 

R= R1+ Ŭ R2 

R= Ŭ R1+ R2  

ɧˊɞɡ: 

R: ɇɞ ɛɏɔŮɗɞɠ Ŭˊɧəɟɘůɖɠ Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ. 

R1: ɇɞ ɛɏɔŮɗɞɠ Űɖɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɟɩŰɖ ůɡɜɘůŰɩůŬ Űɖɠ ŮŭŬűɘəɐɠ 

əɑɜɖůɖɠ. 

R2: ɇɞ ɛɏɔŮɗɞɠ Űɖɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭŮɨŰŮɟɖ ůɡɜɘůŰɩůŬ Űɖɠ ŮŭŬűɘəɐɠ 

əɑɜɖůɖɠ. 
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4.2.3 ɀɏɗɞŭɞɠ CQC (Complete Quadratic Combination) 

 

 H ɛɏɗɞŭɞɠ CQC ŮɑɜŬɘ ɛɑŬ ɛɏɗɞŭɞɠ ŮˊŬɚɚɖɚɑŬɠ Űɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ŬˊɞəɟɑůŮɤɜ ɖ 

ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ɘŭɘɞɛɞɟűɘəɩɜ Űɘɛɩɜ Űɞɡ ɛŮɔɏɗɞɡɠ 

Ŭˊɧəɟɘůɖɠ ɛɏůɤ Ůɜɧɠ ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ Ůij. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ, 

ɚŬɛɓɎɜŮɘ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ŭɘɎɟəŮɘŬ, Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ůŮɘůɛɞɨ ŬɚɚɎ 

əŬɘ Űɘɠ ɘŭɘɞɛɞɟűɘəɏɠ ɘŭɘɞˊŮɟɘɧŭɞɡɠ əŬɘ Űɞɡɠ ɚɧɔɞɡɠ ŬˊɧůɓŮůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ȼ 

ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ: 

R = В В ╡▒ⱬ▒▓╡▓
▪
▓

▪
▒  

ȳˊɞɡ: 

R: ɇɞ ɛɏɔŮɗɞɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ, ɤɠ ŮˊŬɚɚɖɚɑŬ 

Űɤɜ ůɡɜɘůŰɤůɩɜ. 

ⱬ▒▓: ɆɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ   

                      ⱬ▒▓
Ⱪ ►►Ⱦ

► Ⱪ► ►
  əŬɘ   

►

╣▒

╣▓
 

 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ ɟ=1, ɖ ɛɏɗɞŭɞɠ CQC ůɡɛˊɑˊŰŮɘ ɛŮ Űɖ ɛɏɗɞŭɞ SRSS. 

 

 

4.2.4 ɀɏɗɞŭɞɠ CQC3 

 H ɛɏɗɞŭɞɠ CQC3 ŬɜŬűɏɟɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1985 Ŭˊɧ Űɞɡɠ Smeby əŬɘ Der 

Kiureghian əŬɘ ɞɡůɘŬůŰɘəɎ ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊɏəŰŬůɖ Űɖɠ ɛŮɗɧŭɞɡ CQC ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ ŮˊŬɚɚɖɚɑŬ Űɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ŬˊɞəɟɑůŮɤɜ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŮ ɛɑŬ ɛɧɜɞ 

ůɡɜɘůŰɩůŬ, ɔɘô ŬɡŰɧ Űɞ ɚɧɔɞ ɞɜɞɛɎůŰɖəŮ CQC3. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ 

Űɖɠ Űɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɡɜɘůŰɤůɩɜ Űɤɜ ůŮɘůɛɘəɩɜ əɘɜɐůŮɤɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Penzien-Watabe. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɞ əŬɜɧɜŬɠ ŬɡŰɧɠ ŭŮ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭɘŮɗɜɩɠ Ŭˊɧ Űɞɡɠ ŬɜŰɘůŮɘůɛɘəɞɨɠ əŬɜɞɜɘůɛɞɨɠ əŬɗɩɠ əɎɜŮɘ 

ˊŬɟŬŭɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ɛɖ ůŰɏəɞɡɜ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ əŬŰŬůəŮɡɩɜ 

ŬɚɚɎ əŬɘ Űɤɜ ůŮɘůɛɘəɩɜ əɘɜɐůŮɤɜ, ɧɛɤɠ ŮɑɜŬɘ ŬɟəŮŰɎ Ŭəɟɘɓɐɠ ɔɘŬ əŰɑɟɘŬ ɛŮ 

ɞɟɗɞɔɤɜɘəɐ əɎŰɞɣɖ, ɧˊɤɠ ŬɡŰɎ ŰŬ ɞˊɞɑŬ ɛŮɚŮŰɩɜŰŬɘ ůŮ ŬɡŰɐ Űɖ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ. ȼ ɛɏɗɞŭɞɠ CQC3 ŮɑɜŬɘ ɖ ɛɧɜɖ ɛɏɗɞŭɞɠ ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ Űɖɜ 

əɟɑůɘɛɖ ɔɤɜɑŬ ůŮɘůɛɞɨ, ɛŮ ɏɜŬ Ŭˊɚɧ Űɨˊɞ ˊɞɡ ůɡɜŭɡɎɕŮɘ ŰŬ ɘŭɘɞɛɞɟűɘəɎ ɛŮɔɏɗɖ 

Ŭˊɧəɟɘůɖɠ. 
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ɆɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ ɖ ŰŮɚɘəɐ Űɘɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ R ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ ŮɑɜŬɘ: 

R= ╡ ╡ ╡ ♬ ╡
♬
╡ ἻἱἶⱣ

♬

♬
╡ ἻἱἶⱣἫἷἻⱣ Ȣ 

ȳˊɞɡ: 

Rk = ВВⱬ░▒▒ ╪ⱥⱤ♪▓▒╢▓░╢▓▒░  

   ȳˊɞɡ, ɟ : ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ Űɖɠ ɛŮɗɧŭɞɡ CQC 

             Ŭ : ůɡɜɎɟŰɖůɖ ˊɞɡ ŬűɞɟɎ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ 

                  Űɞɡ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ Űɞ ɞˊɞɑɞ ɛŮɚŮŰɎŰŬɘ 

             S : ůɡɜɘůŰɩůŮɠ Űɖɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ 

              ɔ : ɞ ɚɧɔɞɠ   , ŭɖɚŬŭɐ ɞ ɚɧɔɞɠ Űɖɠ əɨɟɘŬɠ ůɡɜɘůŰɩůŬɠ Űɖɠ  

                  ŮŭŬűɘəɐɠ əɑɜɖůɖɠ ɛŮ Űɖ ŭŮɡŰŮɟŮɨɞɡůŬ ( 0<ɔ<1) 

             ɗ: ɖ ɔɤɜɑŬ ůŮɘůɛɞɨ ɛŮ ɛɏŰɟɞ:  ɗ =  ÔÁÎ
 

 

 ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ ɗ=0 ɖ ɛɏɗɞŭɞɠ CQC3 ůɡɛˊɑˊŰŮɘ ɛŮ Űɖ ɛɏɗɞŭɞ CQC Ůɜɩ əŬɘ ɔɘŬ 

ɟ=0 ůɡɛˊɑˊŰŮɘ ɛŮ Űɖ ɛɏɗɞŭɞ SRSS. 
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5  

ɄɅɃɆɄȽɄɇɃɈɆȷ ũɋɁȽȷ Ɇɇȷ ɄȿȷȽɆȽȷ 

ɇȼɆ MIDA  ȷɁȷȿɈɆȼɆ 

 

 

 

 

 

5.1 ũŮɜɘəɎ 

  ɆŰɖɜ ˊŬɟɎɔɟŬűɞ ŬɡŰɐ ŮɝŮŰɎɕŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ Ůˊɘˊɏŭɞɡ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŰɖɜ əɟɑůɘɛɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ əŬɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ 

əŬɛˊɡɚɩɜ MIDA  ůŮ ůɢɏůɖ ɛŮ Űɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ, ɛɏůŬ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ MIDA  

ŬɜɎɚɡůɖɠ.  

 

5.1.1 Ⱦɟɑůɘɛɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

  ũɘŬ ɜŬ ŮɝŮŰŬůŰŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ɔɤɜɑŬɠ ůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ Űɖɠ 

əŬŰŬůəŮɡɐɠ, ŮˊɘɚɏɢɗɖəŬɜ ŰɟŮɘɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ 15 ŰɡɢŬɑɤɜ 

əŬŰŬɔɟŬűɩɜ əŬɘ ŮűŬɟɛɧůŰɖəŬɜ əŬɘ ůŰŬ ŭɨɞ ŭɞəɘɛŬůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ. Ƀɘ ŰɟŮɘɠ 

əŬŰŬɔɟŬűɏɠ ˊɞɡ ŮɚɐűɗɖůŬɜ ɡˊɧɣɖ ŮɑɜŬɘ ɞɘ Loma Prieta (WAHO), Imperial Valley 

(Compuertas) əŬɘ Northridge (LA, Baldwin Hills), ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɞˊɞɑɤɜ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1. Ƀɘ ŰɟŮɘɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ ŮűŬɟɛɧůŰɖəŬɜ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɏɜŬ Ůɨɟɞɠ ˊɟɞůˊɘˊŰɞɡůɩɜ ɔɤɜɘɩɜ Ŭˊɧ 0Á ɏɤɠ 360Á ɛŮ ɓɐɛŬ 5Á 

ɛɞɘɟɩɜ. ũɘŬ ɜŬ ŮɝŮŰŬůŰŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ɔɤɜɑŬɠ ůɢŮŰɘəɎ ɛŮ Űɖ 

ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ ɞɟɧűɞɡ ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ 
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ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ, ɞɘ ŰɟŮɘɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ ɏɢɞɡɜ əɚɘɛŬəɤɗŮɑ ɔɘŬ ŬˊɧůɓŮůɖ 5%  

əŬɘ űŬůɛŬŰɘəɐ ŮˊɘŰɎɢɡɜůɖ əŬŰɎ Űɖɜ ˊɟɩŰɖ ɘŭɘɞˊŮɟɑɞŭɞ Űɖɠ əŬŰŬůəŮɡɐɠ 0.05g, 0.30g 

əŬɘ 0.50g, Ůɜɩ ɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ ɞɟɧűɞɡ əŬŰŬɔɟɎűŮŰŬɘ ɔɘŬ ɧɚŮɠ Űɘɠ 

ˊɟɞůˊɑˊŰɞɡůŮɠ ɔɤɜɑŮɠ əŬɘ ŰŬ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ˊɞɡ ŮɚɐűɗɖůŬɜ 

ɡˊɧɣɖ. 

ɄɑɜŬəŬɠ 1. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůŮɘůɛɘəɩɜ əŬŰŬɔɟŬűɩɜ 

Record 

Station 

R1 

(km) 

EpiD2 

(km) 

Duration 

(sec) 

PGAlog 

(g) 

PGAtran 

(g) 

Campbellôs 

GEOCODE3 

Fault 

rupture4 

Superstition Hills 1987 (B) 

(M=6.7) 

       

1. El Centro Imp. Co 

Cent 

18.5 35.83 40.00 0.36 0.26 A 
SS 

2. Wildlife Liquefaction 

Array 

24.1 29.41 44.00 0.18 0.21 A 
SS 

Imperial Valley 1979 

[23:16], (M=6.5) 

      
 

3. Chihuahua 8.4 18.88 40.00 0.27 0.25 A SS 

4. Compuertas 15.3 24.43 36.00 0.19 0.15 A SS 

5. El Centro Array #1 21.7 36.18 39.03 0.14 0.13 A SS 

San Fernando 1971 (M=6.6)        

6. LA, Hollywood Stor. 

Lot 

25.9 39.49 28.00 0.21 0.17 A 
RN 

Northridge 1994 (M=6.7)        

7. Leona Valley #2 37.2 51.88 32.00 0.09 0.06 A RN 

8. LA, Baldwin Hills 29.9 28.20 40.00 0.24 0.17 C RN 

9. LA, Fletcher Dr 27.3 30.27 29.99 0.16 0.24 B RN 

10. Glendale Las Palmas 22.2 29.72 29.99 0.36 0.21 A RN 

Loma Prieta 1989 (M=6.9)        

11. Hollister Diff Array 24.8 45.10 39.64 0.27 0.28 A RO 

12. WAHO 17.5 12.56 24.96 0.37 0.64 C RO 

13. Halls Valley 30.5 36.31 39.95 0.13 0.10 B RO 

14. Agnews State 

Hospital 

24.6 40.12 40.00 0.17 0.16 A 
RO 

15. Sunnyvale Colton 

Ave 

24.2 42.13 39.25 0.21 0.21 A 
RO 

 

  ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɖ Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ Űɘɛɐ 

Űɖɠ Ŭɛűɑŭɟɞɛɖɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬəɑɜɖůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɧɚɤɜ Űɤɜ ɞɟɧűɤɜ, ɖ ɞˊɞɑŬ 

əŬɗɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ:  

 

2 2

max max ( ) ( )X Yt tq q q= +
 , 

 

ɧ́ ɞɡ ɗ(t)X  əŬɘ  ɗ(t)Y  ɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ ɞɟɧűɞɡ əŬŰɎ Űɞɡɠ əŬŰŬůəŮɡŬůŰɘəɞɨɠ 

ɎɝɞɜŮɠ X əŬɘ Ɉ Űɖɜ t ɢɟɞɜɘəɐ ůŰɘɔɛɐ, ɗmax ɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ ŭɘŬɜɡůɛŬŰɘəɞɨ 
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ŬɗɟɞɑůɛŬŰɞɠ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬəɑɜɖůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ ůŰɞɡɠ ŭɨɞ 

əŬŰŬůəŮɡŬůŰɘəɞɨɠ ɎɝɞɜŮɠ. 

  ȼ ɛŮŰŬɓɞɚɐ Űɖɠ ɛɏɔɘůŰɖɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬəɑɜɖůɖɠ ɞɟɧűɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɔɤɜɑŬ 

ˊɟɧůˊŰɤůɖɠ əŬɘ Űɞ ŮˊɑˊŮŭɞ ɏɜŰŬůɖɠ ɔɘŬ Űɘɠ ŰɟŮɘɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ůŰŬ ɆɢɐɛŬŰŬ 5.1.1.1 əŬɘ 5.1.1.2 ɔɘŬ ŰŬ ŭɨɞ ˊŬɟŬŭŮɑɔɛŬŰŬ, ŬɜŰɑůŰɞɘɢŬ. ȳˊɤɠ űŬɑɜŮŰŬɘ 

Ŭˊɧ Űɘɠ ŭɨɞ ɞɛɎŭŮɠ Űɤɜ ɛŮɔŮɗɩɜ Űɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ŭɞəɘɛɏɠ, 

ɧŰŬɜ ɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 0Á əŬɘ 180Á ŰŬɡŰɑɕŮŰŬɘ ůɢŮŭɧɜ ɛŮ Űɖ 

ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɔɤɜɑŬ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 185Á ɏɤɠ 360Á 

(ůɡɛɛŮŰɟɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ). ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ůɢŮŰɘəɐ ŬɜŬɚɞɔɑŬ Űɤɜ 

ŭɨɞ ɞɟɘɕɧɜŰɘɤɜ ůɡɜɘůŰɤůɩɜ Űɤɜ əŬŰŬɔɟŬűɩɜ ŰŮɑɜŮɘ ůŰɞ ɏɜŬ, ɏŰůɘ ɞɘ ŭɨɞ ůɡɜɘůŰɩůŮɠ 

əɚɘɛŬəɩɜɞɜŰŬɘ ůŰɞ ɑŭɘɞ ůɢŮŭɧɜ ŮˊɑˊŮŭɞ ɏɜŰŬůɖɠ, ŭɖɚ. ɑŭɘŬ Űɘɛɐ Űɖɠ SA(T1,5%).  

Ⱥˊɘˊɚɏɞɜ ŮɑŰŮ ůɡɛɛŮŰɟɘəɎ ŮɑŰŮ ŬůɨɛɛŮŰɟŬ əŰɑɟɘŬ ŮɚɏɔɢɞɜŰŬɘ ˊɟɤŰɑůŰɤɠ Ŭˊɧ Űɖ 

ˊɟɩŰɖ ɘŭɘɞɛɞɟűɐ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Ůɨɟɞɡɠ 0Á-180Á 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɘɠ ˊŬɟŬɛŮŰɟɘəɏɠ ɛŮɚɏŰŮɠ ˊɞɡ ɏɚŬɓŬɜ ɢɩɟŬ ůŰɘɠ ŬəɧɚɞɡɗŮɠ 

ŮɜɧŰɖŰŮɠ ɔɘŬ Űɘɠ ŭɨɞ ŭɞəɘɛɏɠ. 

 

 

 

ɆɢɐɛŬ 5.1.1.1. ȹɞəɘɛɐ 1: ɗmax (%) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Űɖɠ əŬŰŬɔɟŬűɐɠ ɔɘŬ 

ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ: (a) 0.05g, (b) 0.30g and (c) 0.50g 
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  ɀɘŬ ŭŮɨŰŮɟɖ ˊŬɟŬŰɐɟɖůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ɆɢɐɛŬŰŬ 5.1.1.1 əŬɘ 5.1.1.2 ŮɑɜŬɘ 

ɧŰɘ ɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Űɞɡ 

ůŮɘůɛɞɨ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊɟɩŰɖ ŭɞəɘɛɐ ɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ 

ɞɟɧűɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ Loma Prieta (WAHO) əŬŰŬɔɟŬűɐɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 

0.17% ɏɤɠ 0.23% ɔɘŬ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 0.05, Ůɜɩ ɔɘŬ ŮˊɑˊŮŭɞ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 0.50 ɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ ɞɟɧűɞɡ Űɖɠ ɑŭɘŬ 

əŬŰŬɔɟŬűɐɠ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 1.77% - 2.20%. ɀɘŬ ŬəɧɛŬ ůɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ 

Ŭˊɧ ŰŬ ŭɨɞ ůɢɐɛŬŰŬ ŮɑɜŬɘ ɧŰɘ ɖ ɛɏɔɘůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ ůɡɜŬɜŰɎŰŬɘ ɔɘŬ 

ŭɘŬűɞɟŮŰɘəɐ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɧŰŬɜ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛɘŬ Ɏɚɚɖ ůŮɘůɛɘəɐ 

əŬŰŬɔɟŬűɐ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɔɘŬ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 0.30g ɖ 

ɛɏɔɘůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ ɔɘŬ ŭɞəɘɛɐ ůɡɛɛŮŰɟɘəɐɠ ŭɘɎŰŬɝɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɔɘŬ 

ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɛŮŰŬɝɨ 90Á ɛŮ 120Á ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Northridge (LA, Baldwin 

Hills). ũɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Loma Prieta (WAHO), ɤůŰɧůɞ, ůŰɞ ɑŭɘɞ Ůɨɟɞɠ ɔɤɜɑŬɠ 

ˊɟɧůˊŰɤůɖɠ ůɡɜŬɜŰɎŰŬɘ ɖ ŮɚɎɢɘůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ. ɄŬɟɧɛɞɘŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ 

ɛˊɞɟɞɨɜ ɜŬ ůɖɛŮɘɤɗɞɨɜ ɔɘŬ Űɖ ŭŮɨŰŮɟɖ ŭɞəɘɛɐ əŬɘ Űɞ ɑŭɘɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɧŰŬɜ ɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 60Á əŬɘ 120Á. 

 

 

ɆɢɐɛŬ 5.1.1.2 ȹɞəɘɛɐ 2: ɗmax (%) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Űɖɠ əŬŰŬɔɟŬűɐɠ ɔɘŬ 

ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ: (a) 0.05g, (b) 0.30g and (c) 0.50g 
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  ɆŰɞɡɠ ɄɑɜŬəŮɠ 2 əŬɘ 3, Űɞ ɛɏɔɘůŰɞ əŬɘ Űɞ ŮɚɎɢɘůŰɞ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ Űɖɠ ɛɏůɖɠ 

Űɘɛɐɠ əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɛŮŰŬɓɞɚɐɠ (COV) Űɖɠ ɛɏɔɘůŰɖɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬəɑɜɖůɖɠ 

ɞɟɧűɞɡ, ɧŰŬɜ ɞɘ ŰɟŮɘɠ əŬŰŬɔɟŬűɏɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ˊɟɞůˊɑˊŰɞɡůŮɠ ɔɤɜɑŮɠ, ŭɑɜɞɜŰŬɘ. ȷɡŰɧ ˊɞɡ ɛˊɞɟɞɨɛŮ ŬəɧɛŬ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ Ŭˊɧ 

Űɞɡɠ ŭɡɞ ɄɑɜŬəŮɠ  ŮɑɜŬɘ ɧŰɘ Űɞ ɜŬ ˊɟɞɓɚɏɣɞɡɛŮ Űɖɜ əɟɑůɘɛɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ, ůŰɖɜ 

ɞˊɞɑŬ ɖ Ŭˊɧəɟɘůɖ Ŭˊɧ ˊɚŮɡɟɎɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬəɑɜɖůɖɠ ˊŬɑɟɜŮɘ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ ɔɘŬ 

ɛɖ ůɡɔəŮəɟɘɛɏɜɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ, ŮɑɜŬɘ ŬˊɑɗŬɜɞ. ɀˊɞɟŮɑ Ůˊɑůɖɠ 

ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɛŮŰŬɓɞɚɐɠ COV ˊɞɘəɑɚŮɘ ůɖɛŬɜŰɘəɎ ůŮ ůɢɏůɖ ɛŮ 

Űɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ əŬɘ Űɖɜ ůŮɘůɛɘəɐ əŬŰŬɔɟŬűɐ əɎɗŮ ŭɞəɘɛɐɠ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Űɞ Ůɨɟɞɠ Űɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ ɔɘŬ Űɖ ŭŮɨŰŮɟɖ ŭɞəɘɛɐ 

Ůˊɘˊɏŭɞɡ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 0.05g əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 10% əŬɘ 32%. 

 

  Ⱥˊɘˊɚɏɞɜ, ůŮ ŬɡŰɞɨɠ Űɞɡɠ ŭɨɞ ˊɑɜŬəŮɠ, ɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ ɞɟɧűɞɡ 

ɧŰŬɜ ɞɘ ŭɨɞ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ůŮɘůɛɘəɐɠ əŬŰŬɔɟŬűɐɠ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞɡɠ 

əŬŰŬůəŮɡŬůŰɘəɞɨɠ əŬɘ əɨɟɘɞɡɠ ɎɝɞɜŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ, ɛŬɕɑ 

ɛŮ Űɞ 16%, 50% əŬɘ 84% Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɖɠ ɗmax  ɧŰŬɜ ɞɘ ŰɟŮɘɠ əŬŰŬɔɟŬűɏɠ 

ŮűŬɟɛɧɕɞɜŰŬɘ Ŭˊɧ 0Á ɏɤɠ 180Á. ɄɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ 

ɛŮŰŬəɑɜɖůɖ ɞɟɧűɞɡ ˊɞɘəɑɚŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ əŬŰŬůəŮɡŬůŰɘəɞɑ əŬɘ əɨɟɘɞɘ 

ɎɝɞɜŮɠ ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ ɗmax  ɧŰŬɜ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ 

əŬŰŬɔɟŬűɐɠ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞɡɠ əŬŰŬůəŮɡŬůŰɘəɞɨɠ əŬɘ əɨɟɘɞɡɠ ɎɝɞɜŮɠ əŬɗɩɠ əŬɘ 

ůŰɞɡɠ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨɠ Űɞɡɠ. ũɘŬ Űɖɜ ˊɟɩŰɖ ŭɞəɘɛɐ ɞɘ əɨɟɘɞɘ əŬɘ əŬŰŬůəŮɡŬůŰɘəɞɑ 

ɎɝɞɜŮɠ ůɡɛˊɑˊŰɞɡɜ ŮɝŬɘŰɑŬɠ Űɖɠ ůɡɛɛŮŰɟɑŬɠ Űɖɠ əɎŰɞɣɖɠ əŰɘɟɑɞɡ. ȾŬɘ ɔɘŬ Űɘɠ ŭɨɞ 

ŭɞəɘɛɏɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ əŬŰŬůəŮɡŬůŰɘəɞɑ əŬɘ ɞɘ əɨɟɘɞɘ ɎɝɞɜŮɠ ŮɑɜŬɘ ŮɑŰŮ 

ɛɘəɟɧŰŮɟɞɘ ŮɑŰŮ ɛŮɔŬɚɨŰŮɟɞɘ Űɞɡ 50% Űɖɠ ɛɏůɖɠ Űɘɛɐɠ,  ɖ Űɘɛɐ Űɖɠ ɗmax  ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖ ůŮɘůɛɘəɐ əŬŰŬɔɟŬűɐ əŬɘ Űɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ůŰɖɜ ˊɟɩŰɖ ŭɞəɘɛɐ, ɔɘŬ ɧɚŬ ŰŬ ŰɟɑŬ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɖ Űɘɛɐ Űɖɠ 

ɗmax ɔɘŬ Űɞɡɠ əŬŰŬůəŮɡŬůŰɘəɞɨɠ ɎɝɞɜŮɠ ŮɑɜŬɘ əɞɜŰɎ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ Űɞɡ 84% 

Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɖɠ əŬŰŬɔɟŬűɐɠ Loma Prieta (WAHO). Ʉɞɚɨ ŭɘŬűɞɟŮŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ Űɖɜ ɑŭɘŬ ŭɞəɘɛɐ Űɖɠ əŬŰŬɔɟŬűɐɠ Imperial Valley 

(Compuertas). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɧŰŬɜ ɞɘ ŭɨɞ ůɡɜɘůŰɩůŮɠ Űɖɠ əŬŰŬɔɟŬűɐɠ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞɡɠ əɨɟɘɞɡɠ ɎɝɞɜŮɠ, ɖ Űɘɛɐ Űɖɠ ɗmax ˊɚɖůɘɎɕŮɘ Űɞ 50% Űɖɠ ɛɏůɖɠ 

Űɘɛɐɠ ɧɚɤɜ Űɤɜ Ůˊɘˊɏŭɤɜ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. 
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ɄɑɜŬəŬɠ 2: ȹɞəɘɛɐ 1 ï ȹŮŭɞɛɏɜŬ ɔɘŬ ɗmax (%) ůŮ ůɢɏůɖ ɛŮ ŰŬ ŰɟɑŬ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

Sa(T1) 

(g) 

Max 

ɗmax(%) 

Incident 

Angle 

(degrees) 

Min 

ɗmax(%) 

Incident 

Angle 

(degrees) 

Structural 

Axes 

ɗmin(%) 

Mean 

ɗmax(%) 

COV 

(%) 

Median 

16% 

ɗmax(%) 

Median 

50% 

ɗmax(%) 

Median 

84% 

ɗmax(%) 

Loma Prieta (WAHO) 

0.05 0.2497 160 0.1564 060 0.2336   0.1984   14.56 0.1661 0.1925 0.2336 

0.30 1.1551 155 0.6639 095 1.1310   0.9498   16.47 0.7705 0.9062 1.1277 

0.50 2.1313 165 1.1959 075 2.0974   1.7182   18.72 1.2822 1.7129 2.0876 

Imperial Valley (Compuertas) 

0.05 0.3616 145 0.2036 050 0.2157 0.2541   17.59 0.2163 0.2398 0.2970 

0.30 1.4258 135 0.9843 060 1.1649 1.2309   9.20 1.1394 1.2005 1.3727 

0.50 1.7012 150 1.2918 090 1.6545 1.4890   10.27 1.3230 1.4273 1.6776 

Northridge (LA, Baldwin Hills) 

0.05 0.4544 040 0.2536 150 0.3481 0.3452   18.18 0.2737 0.3355 0.4286 

0.30 1.5468 100 1.1548 035 1.3556 1.3544   7.17 1.2609 1.3474 1.4547 

0.50 2.0663 065 1.4561 010 1.5566 1.7803   10.36 1.5862 1.7479 1.9787 

 

 

 

ɄɑɜŬəŬɠ 3: ȹɞəɘɛɐ 2 - ȹŮŭɞɛɏɜŬ ɔɘŬ ɗmax (%) ůŮ ůɢɏůɖ ɛŮ ŰŬ ŰɟɑŬ ŮˊɑˊŮŭŬ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

Sa(T1) 

(g) 

Max 

ɗmax(%) 

Incident 

Angle 

(degrees) 

Min 

ɗmax(%) 

Incident 

Angle 

(degrees) 

Structural 

Axes 

ɗmin(%) 

Mean 

ɗmax(%) 

COV 

(%) 

Median 

16% 

ɗmax(%) 

Median 

50% 

ɗmax(%) 

Median 

84% 

ɗmax(%) 

Loma Prieta (WAHO) 

0.05 0.2497 160 0.1564 060 0.2336   0.1984   14.56 0.1661 0.1925 0.2336 

0.30 1.1551 155 0.6639 095 1.1310   0.9498   16.47 0.7705 0.9062 1.1277 

0.50 2.1313 165 1.1959 075 2.0974   1.7182   18.72 1.2822 1.7129 2.0876 

Imperial Valley (Compuertas) 

0.05 0.3616 145 0.2036 050 0.2157 0.2541   17.59 0.2163 0.2398 0.2970 

0.30 1.4258 135 0.9843 060 1.1649 1.2309   9.20 1.1394 1.2005 1.3727 

0.50 1.7012 150 1.2918 090 1.6545 1.4890   10.27 1.3230 1.4273 1.6776 

Northridge (LA, Baldwin Hills) 

0.05 0.4544 040 0.2536 150 0.3481 0.3452   18.18 0.2737 0.3355 0.4286 

0.30 1.5468 100 1.1548 035 1.3556 1.3544   7.17 1.2609 1.3474 1.4547 

0.50 2.0663 065 1.4561 010 1.5566 1.7803   10.36 1.5862 1.7479 1.9787 



5.1.2 ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬɛˊɨɚŮɠ MIDA  ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɔɤɜɑŬ 

ˊɟɧůˊŰɤůɖɠ 

   

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ɜɤɟɑŰŮɟŬ, ɖ ŮűŬɟɛɞɔɐ Űɞɡ ˊɚŬɘůɑɞɡ MIDA  ŬˊŬɘŰŮɑ Űɞɜ əŬɗɞɟɘůɛɧ 

Űɖɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐɠ MIDA  əŬɛˊɨɚɖɠ ɔɘŬ əɎɗŮ əŬŰŬɔɟŬűɐ ɐ ɔɘŬ əɎɗŮ ɕŮɨɔɞɠ 

əŬŰŬɔɟŬűɐɠ-ˊɟɞůˊɑˊŰɞɡůŬɠ ɔɤɜɑŬɠ. ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ ŰɟŮɘɠ ŮűŬɟɛɞɔɏɠ 

Űɞɡ ˊɚŬɘůɑɞɡ MIDA, ɧˊɞɡ ɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ůŮɘůɛɞɨ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ əŬŰŬɔɟŬűɩɜ, Ůɜɩ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ŭɨɞ ˊŬɟŬɚɚŬɔɏɠ ɔɘŬ əɎɗŮ 

ŮűŬɟɛɞɔɐ. ȺɘŭɘəɧŰŮɟŬ, ůŰɖɜ ˊɟɩŰɖ ŮűŬɟɛɞɔɐ (ɞɘ ŭɨɞ ˊŬɟŬɚɚŬɔɏɠ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ 

ˊŮɟɑˊŰɤůɖ ȷ1 əŬɘ ˊŮɟɑˊŰɤůɖ ȷ2), ɞɘ ŭɨɞ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɤɜ əŬŰŬɔɟŬűɩɜ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɘɠ ŭɘŮɡɗɨɜůŮɘɠ Űɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ Ŭɝɧɜɤɜ əŬɘ Űɤɜ 

ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ Űɞɡɠ, ŬɜŰɑůŰɞɘɢŬ. ɆŰɖ ŭŮɨŰŮɟɖ ŮűŬɟɛɞɔɐ ɞɘ ˊŬɟŬɚɚŬɔɏɠ 

ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ ˊŮɟɑˊŰɤůɖ ȸ1 əŬɘ ˊŮɟɑˊŰɤůɖ ȸ2, əŬɘ ɞɘ ŭɨɞ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɘɠ ŭɘŮɡɗɨɜůŮɘɠ Űɤɜ əɨɟɘɤɜ Ŭɝɧɜɤɜ əŬɘ Űɤɜ ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ Űɞɡɠ. 

ɇɏɚɞɠ, ůŰɖɜ ŰɟɑŰɖ ŮűŬɟɛɞɔɐ ɧˊɞɡ ɞɘ ˊŬɟŬɚɚŬɔɏɠ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ ˊŮɟɑˊŰɤůɖ C1 

əŬɘ ˊŮɟɑˊŰɤůɖ C2, ɞɘ ŭɨɞ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɤɜ əŬŰŬɔɟŬűɩɜ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ 

ɎɝɞɜŮɠ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɖɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ (30Á) əŬɘ Űɞɡɠ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨɠ 

Űɞɡɠ. 

  ɀɏůŬ Ŭˊɧ Űɖɜ ˊŬɟŬɛŮŰɟɘəɐ ɛŮɚɏŰɖ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮɜɧŰɖŰŬɠ, ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ 

əɟɑůɘɛɖ ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ ˊɞɘəɑɚŮɘ ůɖɛŬɜŰɘəɎ ůŮ ůɢɏůɖ ɛŮ Űɞ ŮˊɑˊŮŭɞ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. ɇɞ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɞɨ Űɞɡ ɛɏɟɞɡɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɜŬ ůɡɔəɟɑɜŮɘ Űɘɠ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ MIDA  əŬɛ́ɨɚŮɠ Űɤɜ Űɟɘɩɜ ŮűŬɟɛɞɔɩɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬɛˊɨɚŮɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮŰŬɓɚɖŰɐ ɔɤɜɑŬ 

ˊɟɧůˊŰɤůɖɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɞɘ ŰɟŮɘɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɞɘ ˊŬɟŬɚɚŬɔɏɠ Űɞɡɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɔɘŬ Űɘɠ ŰɟŮɘɠ əŬŰŬɔɟŬűɏɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɖɜ ˊŬɟŬɛŮŰɟɘəɐ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮɜɧŰɖŰŬɠ. ɇŬ ůɢɐɛŬŰŬ 7(a) ɏɤɠ 7(f) əŬɘ 8(a) ɏɤɠ 8(f) 

ŬˊŮɘəɞɜɑɕɞɡɜ ɔɘŬ Űɘɠ ŭɨɞ ŭɞəɘɛɏɠ, Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ MIDA  

əŬɛˊɨɚŮɠ ˊɞɡ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ əŬɗɞɟɑɕɞɜŰŬɘ ɛŮ ɛŮŰŬɓɚɖŰɐ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Ůɨɟɞɡɠ 

Ŭˊɧ 0Á ɏɤɠ 180Á ɛŮ ɓɐɛŬ 5Á ɛŬɕɑ ɛŮ Űɘɠ əŬɛˊɨɚŮɠ MIDA  ŮəˊɟɞůɤˊɩɜŰŬɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ȷ1, ȷ2, ȸ1, ȸ2, C1 əŬɘ C2 ɛŬɕɑ, ɛŮ Űɘɠ 16%, 50% əŬɘ 84% ŭɘŬɛɏůɞɡɠ. 

Ƀɘ ŮɜŭɘɎɛŮůŮɠ əŬɛˊɨɚŮɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛɏůɤ Űɤɜ ɀIDA əŬɛˊɡɚɩɜ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ ɔɘŬ ɛŮŰŬɓɚɖŰɐ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ əɘ Ŭˊɧ Űɘɠ ŭɨɞ ɞɛɎŭŮɠ 

ůɢɖɛɎŰɤɜ, ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɘɠ əŬɛˊɨɚŮɠ MIDA  ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ. ũɘŬ Űɖɜ ˊɟɩŰɖ ŭɞəɘɛɐ, ɧˊɞɡ ɚɧɔɤ ůɡɛɛŮŰɟɑŬɠ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ 

Ai  əŬɘ Bi (i=1,2) ŰŬɡŰɑɕɞɜŰŬɘ, ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ȷ2/ȸ2 əŬɘ C2 ŮɑɜŬɘ ˊɘɞ ůɡɛɓŬŰɘəɏɠ ůŮ 

ůɢɏůɖ ɛŮ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ȷ1/ȸ1 əŬɘ C1, ŮəŰɧɠ Űɖɠ Northridge (LA, Baldwin Hills) 

əŬŰŬɔɟŬűɐɠ ɧˊɞɡ ɖ ˊŮɟɑˊŰɤůɖ C1 ŮɑɜŬɘ ˊɘɞ ůɡɛɓŬŰɘəɐ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ 

C2. Ⱥˊɘˊɚɏɞɜ, ɖ əŬɛˊɨɚɖ MIDA  ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ȷ1/ȸ1 ŮɑɜŬɘ ˊɎɜŰŬ Ɏɜɤ Űɞɡ 50% 

Űɞɡ ɛɏůɞɡ ɧɟɞɡ, Ůɜɩ ɖ əŬɛˊɨɚɖ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ȷ2/ȸ2 ŮɑɜŬɘ ˊɎɜŰŬ ɢŬɛɖɚɧŰŮɟɖ 

Űɞɡ 50% Űɞɡ ɛɏůɞɡ ɧɟɞɡ ˊɚɖůɘɎɕɞɜŰŬɠ Űɞ 84%. ȷəɧɛŬ, ɞɘ ˊŮɟɘˊŰɩůŮɘɠ  Ai /Bi (i=1 ɐ 

2) ŮɑɜŬɘ əŬɘ ɔɘŬ Űɘɠ ŰɟŮɘɠ əŬŰŬɔɟŬűɏɠ ˊɘɞ ůɡɛɓŬŰɘəɏɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

Ci. ɆŰɖ ŭŮɨŰŮɟɖ ŭɞəɘɛɐ, ˊŬɟɧɚɞ ˊɞɡ ɖ ŰŮɚŮɡŰŬɑŬ ˊŬɟŬŰɐɟɖůɖ ˊŬɟŬɛɏɜŮɘ ɖ ɑŭɘŬ, ŭɖɚ. 
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ɞɘ ˊŮɟɘˊŰɩůŮɘɠ Ai /Bi (i=1 ɐ 2) ŮɑɜŬɘ ˊɘɞ ůɡɛɓŬŰɘəɏɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Ci, ɖ 

ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɘɠ ɎɚɚŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɖɠ ˊɟɩŰɖɠ ŭɞəɘɛɐɠ ůɡɜɡˊɞɚɞɔɑɕŮŰŬɘ. 

ȾŬɜɏɜŬɠ ůŬűɐɠ əŬɜɧɜŬɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɔɘŬ Űɘɠ ůɢɏůŮɘɠ Űɤɜ 

ˊŮɟɘˊŰɩůŮɤɜ ȷ1, ȸ1 əŬɘ C1 ɛŮ ŬɜŬűɞɟɎ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ȷ2, ȸ2 əŬɘ C2. Ⱥˊɘˊɚɏɞɜ, 

ŮɜŰɞˊɑɕŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖ ɗɏůɖ Űɤɜ Ai ,Bi əŬɘ Ci (i=1 ɐ 2) 

əŬɛˊɡɚɩɜ MIDA  ůŮ ůɢɏůɖ ɛŮ Űɞ 16%, 50% əŬɘ 84% Űɞɡ ɛɏůɞɡ ɧɟɞɡ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ŮɜɧŰɖŰŬɠ ŮˊɘɓɎɚɚɞɡɜ Űɖɜ ŬɜɎɔəɖ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ 

ŰɡɢŬɘɧŰɖŰŬ əŬŰŬɔɟŬűɐɠ əŬɘ ˊɟɞůˊɑˊŰɞɡůŬɠ ɔɤɜɑŬɠ. 

  

 

5.2 MIDA  ɛŮ ɓɎůɖ Űɖɜ PBEE 

 

 ȰɜŬ Ŭˊɧ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ůŰɖɜ PBEE ŮɑɜŬɘ ɖ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

ŬɝɘɞˊɘůŰɑŬɠ ɛɘŬɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ Űɤɜ ŰɡɢŬɑɤɜ ɛŮɚɚɞɜŰɘəɩɜ ůŮɘůɛɩɜ ůŮ ɛɘŬ 

ŰɞˊɞɗŮůɑŬ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ɖ ŬɜɎɚɡůɖ ɗɟŬɨůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮəŰɘɛɖɗŮɑ ɖ ɛɏůɖ ŮŰɐůɘŬ ůɡɢɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ɛɘŬɠ ɞɟɘůɛɏɜɖɠ Űɘɛɐɠ 

əŬŰŬůəŮɡŬůŰɘəɐɠ ˊŬɟŬɛɏŰɟɞɡ ɕɐŰɖůɖɠ. ɆŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ 

MIDA  ŬɜɎɚɡůɖ  ɔɘŬ ŬɜɎɚɡůɖ  ɔɘŬ 3D əŰɑɟɘŬ ɞ́ ɚɘůɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. 

 

 

5.2.1 ȼ MIDA  ŭɘŬŭɘəŬůɑŬ 

 

  ɇɞ ˊɟɩŰɞ ɓɐɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮəŰŮɚŮůɗŮɑ ɖ MIDA  ŬɜɎɚɡůɖ, ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Ůɜɧɠ 

ůɡɜɧɚɞɡ űɡůɘəɩɜ əŬŰŬɔɟŬűɩɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ MIDA  

ɛŮɚɏŰɖɠ, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ŮɑɜŬɘ ɖ ɗɏůˊɘůɖ Űɞɡ 50% Űɤɜ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ  

əŬɛˊɡɚɩɜ MIDA  Űɤɜ ŭɨɞ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɞɟɑɞɡ Űɤɜ əŬɛˊɡɚɩɜ 

ŮɡůŰɎɗŮɘŬɠ. ɀŮ ɓɎůɖ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ [34], ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ŭɏəŬ ůŰɘɠ Ůɑəɞůɘ 

əŬŰŬɔɟŬűɏɠ ŮɑɜŬɘ ŮˊŬɟəŮɑɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ, ɛŮ ŬˊɞŭŮəŰɐ ŬəɟɑɓŮɘŬ, Űɖɠ 

ŬɜŰɘůŮɘůɛɘəɐɠ ŬˊŬɑŰɖůɖɠ Ůɜɧɠ ɛŮůŬɑɞɡ əŰɘɟɑɞɡ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɏɜŬ ůɨɜɞɚɞ 15 

əŬŰŬɔɟŬűɩɜ ɛŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ ɖ əŬɗŮɛɑŬ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ. Ƀɘ 

ŮŭŬűɘəɏɠ ůŮɘůɛɘəɏɠ əŬŰŬɔɟŬűɏɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1. 

  ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

MIDA. ɆŰɖɜ ˊɟɩŰɖ ŭɘŬŭɘəŬůɑŬ, ɞɘ ŭɨɞ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɤɜ ůŮɘůɛɘəɩɜ 

əŬŰŬɔɟŬűɩɜ ŮűŬɟɛɧɕɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ Űɤɜ ŭɨɞ ɞɟɗɞɔɩɜɘɤɜ Ŭɝɧɜɤɜ ɛŮ Űɖɜ ɑŭɘŬ 

ˊɟɞůˊɑˊŰɞɡůŬ ɔɤɜɑŬ (Ŭəɟɘɓɐɠ ˊŮɟɘɔɟŬűɐ Űɤɜ ɛɞɜŰɏɚɤɜ Ai , Bi əŬɘ Ci ŭɧɗɖəŮ ůŰɖɜ 

ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ). ɆɨɛűɤɜŬ ɛŮ Űɖ ŭŮɨŰŮɟɖ ŭɘŬŭɘəŬůɑŬ, ɖ MIDA  ŮəŰŮɚŮɑŰŬɘ 
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ůŮ ɏɜŬ ŭŮɑɔɛŬ ɕŮɡɔɩɜ əŬŰŬɔɟŬűɩɜ ï ˊɟɞůˊɘˊŰɞɡůɩɜ ɔɤɜɘɩɜ ˊɞɡ ˊŬɟɎɔŮŰŬɘ, ɧˊɤɠ 

ˊŮɟɘɔɟɎűɗɖəŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ. ɇŬ ůɢɐɛŬŰŬ 5.2.1(a) ɏɤɠ 5.2.1(g) əŬɘ 

5.2.2(a) ɏɤɠ 5.2.2(i) ŬˊŮɘəɞɜɑɕɞɡɜ Űɘɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬɛˊɨɚŮɠ MIDA  Űɤɜ 15 

əŬŰŬɔɟŬűɩɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ 16%, 50% əŬɘ 84% Űɤɜ MIDA  

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ əŬɛˊɡɚɩɜ. ɄŬɟɎ Űɖ ůɡɛɛŮŰɟɘəɐ əɎŰɞɣɖ Űɞɡ ˊɟɩŰɞɡ 

ŭɞəɘɛŬůŰɘəɞɨ ˊŬɟŬŭŮɑɔɛŬŰɞɠ, ŰŬ ůɢɐɛŬŰŬ 5.2.1(a) əŬɘ 5.2.1(b) ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ȷ1/ȸ1 əŬɘ ȷ2/ȸ2, ŬɜŰɑůŰɞɘɢŬ. 
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ɆɢɐɛŬ 5.2.1 






















































