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ɇɟɘɛŮɚɐɠ ɆɡɛɓɞɡɚŮɡŰɘəɐ ȺˊɘŰɟɞˊɐ: 

ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ ȷɄŪ ȸŬůɑɚŮɘɞɠ ɀŬɟɑɜɞɠ, Ⱥˊɘɓɚɏˊɤɜ 
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ÉɀˊŬŰɕɎəŬ Ʉ. ɅɧɕŬ , ȺɟɔŬůŰɐɟɘɞ ɇŮɢɜɘəɐɠ ũŮɤɚɞɔɑŬɠ əŬɘ ɈŭɟɞɔŮɤɚɞɔɑŬɠ, 2018. 

ɀŮ ŮˊɘűɨɚŬɝɖ ˊŬɜŰɧɠ ŭɘəŬɘɩɛŬŰɞɠ. All  rights reserved 
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ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ , ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ 

ɞɚɞəɚɐɟɞɡ ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, 

ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮŰɘəɐɠ ɐ ŮɟŮɡɜɘŰɘəɐɠ 

űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ 

ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ 

ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ůŰɞɡɠ ůɡɔɔɟŬűŮɑɠ. 

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞɡɠ 

ůɡɔɔɟŬűŮɑɠ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡŰŮɑ ɧŰɘ ŮəűɟɎɕɞɡɜ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ ȷ.Ʉ.Ū. 
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Ʉɟɧɚɞɔɞɠ 

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɖ əŬɘ 

ɛŮɚɏŰɖ Űɖɠ əŬŰŬůəŮɡɐɠ Űɖɠ ůɐɟŬɔɔŬɠ ȷɔɑɞɡ ȸŬůɘɚŮɑɞɡ, ˊɞɡ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

Cover-and-Cut əŬŰɎ ɛɐəɞɠ Űɖɠ ɜɏŬɠ ůɘŭɖɟɞŭɟɞɛɘəɐɠ ɔɟŬɛɛɐɠ Ⱦɞɟɑɜɗɞɡ-ɄŬŰɟɩɜ. ȼ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ŬɝɘɞɚɞɔŮɑ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɔŮɤŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ ɡˊŬɑɗɟɞɡ əŬɘ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ, ˊɞɡ ŮəŰŮɚɏůŰɖəŬɜ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɞɡ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ. 

ȼ ŬɜɎɗŮůɖ Űɞɡ ɗɏɛŬŰɞɠ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ɏɔɘɜŮ Ŭˊɧ Űɞɜ əŬɗɖɔɖŰɐ ə. ȸŬůɑɚɖ 

ɀŬɟɑɜɞ ȷɜ. ȾŬɗɖɔɖŰɐ Űɞɡ ȷ.Ʉ.Ū. Űɞɜ ɞˊɞɑɞ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ ɔɘŬ Űɖ ůɡɜŮɢɐ əŬɗɞŭɐɔɖůɖ ůŮ 

ɧɚŬ ŰŬ ůŰɎŭɘŬ ŮəŰɏɚŮůɖɠ Űɖɠ , əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ ˊɞɡ ɛɞɡ ɏŭɤůŮ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ.  

ȺɡɢŬɟɘůŰɩ Űɞɜ əŬɗɖɔɖŰɐ ə. ɉɟɖůŰɎɟŬ ȸŬůɑɚŮɘɞ ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ ŰɟɘɛŮɚɐ 

ůɡɛɓɞɡɚŮɡŰɘəɐ ŮˊɘŰɟɞˊɐ. 

ŪŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ŮəűɟɎɕɤ ůŰɞɜ ȹɟŬ ũŮɤɚɧɔɞ ŪɤɛɎ ɀŬəŮŭɧɜŬ ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ 

ˊɟɞůɏűŮɟŮ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ.  

Ⱥˊɘˊɚɏɞɜ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ŮŰŬɘɟɑŬ ɀɖɢŬɜɘəɐ ȷ.Ⱥ. ɔɘŬ Űɖɜ ɢɞɟɖɔɑŬ Űɖɠ ɓɞɐɗŮɘŬɠ 

əŬɘ Űɖɜ ˊŬɟŬɢɩɟɖůɖ ŭŮŭɞɛɏɜɤɜ, ŰŬ ɞˊɞɑŬ ůɡɜŰɏɚŮůŬɜ əŬɗɞɟɘůŰɘəɎ ůŰɖɜ Ůəˊɧɜɖůɖ Űɖɠ 

ŮɟɔŬůɑŬɠ, əŬɗɩɠ əŬɘ Űɘɠ ŮŰŬɘɟŮɑŮɠ BUNG Ingenieure AG, ũŮɜɘəɐ ɀŮɚŮŰɩɜ ȺɄȺ əŬɘ Űɖɜ 

Ingenieurburo EDR GmbH , ɞɘ ɞˊɞɑŮɠ ŮəˊɧɜɖůŬɜ Űɖɜ ɔŮɤŰŮɢɜɘəɐ əŬɘ Űɖɜ ŰŮɢɜɘəɐ ɛŮɚɏŰɖ , ɞɘ 

ɞˊɞɑŮɠ ɏˊŬɘɝŬɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ɇɏɚɞɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, ɔɘŬ Űɖɜ ůŰɐɟɘɝɐ Űɞɡɠ ůŮ ŮɛɏɜŬ ɧɚŬ ŬɡŰɎ 

ŰŬ ɢɟɧɜɘŬ, ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŬɜ əŬɘ ɔɘŬ Űɖɜ ŭɨɜŬɛɖ əŬɘ Űɞ əɞɡɟɎɔɘɞ 

ˊɞɡ ɛɞɡ ŭɑɜɞɡɜ ɔɘŬ Űɖɜ ůɡɜɏɢŮɘŬ. ȷəɧɛɖ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɞɡɠ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ ˊɞɡ 

ɛŮ ˊɚŬɘůɑɤůŬɜ ɛŮ Űɖɜ ůŰɐɟɘɝɐ Űɞɡɠ ůŮ ɧɚɞ Űɞ ŭɘɎůŰɖɛŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ. 
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ɄŮɟɑɚɖɣɖ 
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ɆȽȹȼɅɃȹɅɃɀȽȾȼɆ ũɅȷɀɀȼɆ ȾɃɅȽɁŪɃɈ-ɄȷɇɅɋɁ.è 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɔŮɤɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɔŮɤŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ ɡˊŬɑɗɟɞɡ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ 

ŭɞəɘɛɩɜ, ˊɞɡ ŮəŰŮɚɏůŰɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐɠ Űɖɠ ůɐɟŬɔɔŬɠ Űɞɡ ȷɔɑɞɡ ȸŬůɘɚŮɑɞɡ ɛŮ Űɖ 

ɛɏɗɞŭɞ ŮˊŬɜŮˊɑɢɤůɖɠ əŬɘ ŮəůəŬűɐɠ , əŬŰɎ ɛɐəɞɠ Űɖɠ ɜɏŬɠ ůɘŭɖɟɞŭɟɞɛɘəɐɠ ɔɟŬɛɛɐɠ 

Ⱦɞɟɑɜɗɞɡ-ɄŬŰɟɩɜ. Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ Űɞɡ 

ɡˊŮŭɎűɞɡɠ, ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŮŭŬűɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ, ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ əŬɘ ɔŮɜɘəɎ 

ɧɚɤɜ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞ 

ɔŮɤŰŮɢɜɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡ Cover-and-Cut. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɔɟŬűɐɛŬŰŬ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ , ɧˊɤɠ Űɤɜ ŭɞəɘɛɩɜ Nspt əŬɘ 

Űɖɠ əɞəəɞɛŮŰɟɘəɐɠ ŬɜɎɚɡůɖɠ ə.Ŭ., ŰŬ ɞˊɞɑŬ ˊɟɞɓɎɚɚɞɜŰŬɘ ůŮ ůɢɐɛŬŰŬ , ɧˊɞɡ ŭŮɑɢɜɞɡɜ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɎɗɞɠ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ.  ɇɞ ɡˊɧ ɛŮɚɏŰɖ ŰɛɐɛŬ Űɖɠ 

ůɘŭɖɟɞŭɟɞɛɘəɐɠ ɔɟŬɛɛɐɠ, ŬɜŬˊŰɨůůŮŰŬɘ ŮɜŰɧɠ Űɖɠ əŬŰɞɘəɖɛɏɜɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ȷɔ. ȸŬůɘɚŮɑɞɡ, 

ɧˊɞɡ ɖ ɢɎɟŬɝɖ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŬəɞɚɞɡɗŮɑ Űɖɜ ɡűɘůŰɎɛŮɜɖ ɡˊɏɟɔŮɘŬ ůɘŭɖɟɞŭɟɞɛɘəɐ 

ɔɟŬɛɛɐ ɄɎŰɟŬ ï Ʉɨɟɔɞɠ Űɞɡ Ƀ.Ɇ.Ⱥ. ɇɞ ŰŮɢɜɘəɧ ŮɜŰɞˊɑɕŮŰŬɘ Ŭˊɧ Űɖ ɉ.Ū. 115+935 ɏɤɠ əŬɘ Űɖ 

ɉ.Ū. 116+500 əŬɘ ŬűɞɟɎ Űɞ Cover-and-Cut ȷɔ. ȸŬůɘɚŮɑɞɡ. ȼ ˊŮɟɘɞɢɐ Űɞɡ ŰŮɢɜɘəɞɨ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɐˊɘɞ ˊŮŭɘɜɧ ŬɜɎɔɚɡűɞ əŬɘ Űɞ ɡˊɏŭŬűɞɠ ŬˊɞŰŮɚŮɑŰŬɘ ɔŮɜɘəɎ Ŭˊɧ 

ˊɞŰŬɛɞɢŮɘɛɎɟɘŮɠ əŬɘ ɗŬɚɎůůɘŮɠ ŬˊɞɗɏůŮɘɠ Űɞɡ ɇŮŰŬɟŰɞɔŮɜɞɨɠ , ɧˊɤɠ Ɏɛɛɞɘ, Ɏɟɔɘɚɞɘ əŬɘ 

ɢɎɚɘəŮɠ. ȼ ˊɞɘɧŰɖŰŬ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɖɠ ˊɡəɜɐɠ ɏɤɠ ˊɞɚɨ 

ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ ůŰŬ Ŭɛɛɩŭɖ ɡɚɘəɎ əŬɘ ůŰɘűɟɐɠ ɏɤɠ ˊɞɨ ůŰɘűɟɐɠ ůŰŬ ŬɟɔɘɚɘəɎ ɡɚɘəɎ. ɇŬ 

ɡɚɘəɎ ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ůɞɓŬɟɞɨɠ əɘɜŭɨɜɞɡɠ ɔɘŬ Űɖɜ ɗŮɛŮɚɑɤůɖ ,ɛɑŬɠ ɡˊɧɔŮɘŬɠ 

ůɐɟŬɔɔŬɠ, ɔɘô ŬɡŰɧ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɔɜɩůɖ Űɞɡ ɓŬɗɛɞɨ ůɡɜŮəŰɘəɧŰɖŰŬɠ Űɖɠ űɨůɖɠ Űɤɜ 

Ŭɟɔɘɚɘəɩɜ ɡɚɘəɩɜ, Űɖɠ ŬɜŰɞɢɐɠ, Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ əŬɘ Űɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɤɜ 

ůɢɖɛŬŰɘůɛɩɜ. ȺɝŬɘŰɑŬɠ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ, ɖ ˊŮɟŬŰɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ 

ɡɣɖɚɐ, ɔɘô ŬɡŰɧ əŬɘ ˊɟɞŰŮɑɜɞɜŰŬɘ ŬˊɞůŰɟŬɔɔɘůŰɘəɎ ɏɟɔŬ ɛŮ ůəɞˊɧ ɜŬ ŬɜŬəɞɡűɑůɞɡɜ Űɞ ɏɟɔɞ 

Ŭˊɧ Űɘɠ ˊɟɞɓɚŮˊɧɛŮɜŮɠ ˊɘɏůŮɘɠ ˊɧɟɤɜ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ, ůɡɜɑůŰŬɜŰŬɘ ɞɘ ŭɞəɘɛɏɠ ɛŮŰŬɓɚɖŰɞɨ 

űɞɟŰɑɞɡ (Maag) əŬɘ ůŰŬɗŮɟɐɠ ůŰɎɗɛɖɠ (ȹɞəɘɛɏɠ Lefranc). ɇɏɚɞɠ, ɔɑɜŮŰŬɘ ɛɑŬ ŬɜŬűɞɟɎ ůŰɞɜ 

ůɢŮŭɘŬůɛɧ Űɞɡ Cover-and-Cut, ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɘɠ űɎůŮɘɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɞɜ ɡŭɟŬɡɚɘəɧ 

ůɢŮŭɘŬůɛɧ Űɞɡ ŰŮɢɜɘəɞɨ. 
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ABSTRACT 

 

ç ENGINEERING GEOLOGICAL ASSESSMENT FOR THE DESIGN AND 

CONSTRUCTION OF THE AGIOS VASILIOS TUNNEL WITH THE METHOD 

OF COVER AND CUT ALONG THE NEW CORINTH-PATRAS RAILWAY 

LINE. è 

 

The present diploma thesis presents the geological and technological assessment of the results 

of the field research and laboratory tests carried out for the construction of the Agios Vasilios 

tunnel with the Cover-and-Cut method along the new Corinth-Patras railway line. The aim of 

the thesis is to investigate the substratum stratigraphy, to determine the physical and mechanical 

properties of the soil formations, to specify the groundwater level and all the engineering 

geological parameters and information required for the Cover-and-Cut design. For this purpose, 

graphs were made to illustrate the changes in test results, such as Nspt and granulometric 

analysis, etc., which are plotted in figures, and show depending on the depth the quality of the 

soil material. The section under study of the railway line, is being developed within the Ag. 

Vasiliou residential area, where generally the layout follows the existing Patras ï Pirgos OSE 

railway line. The engineering structure is located by the KP. 115 + 935 up to KP. 116 + 500 

and has to do with the Ag,Vasiliou Cover-and-Cut. The area of the engineering structure is 

characterized by mild flat terrain and the subsoil is generally composed of river and marine 

deposits of the Quaternary, such as sands, clay and gravel. The quality of the soil formations 

belongs to the category of dense to very dense deposition in the sandy materials and stiff to 

very stiff deposition in the clay materials. These materials can cause serious risks for the 

foundation of an underground tunnel, so it is necessary to know the degree of consistency of 

the nature of the clay materials, the strength, the bearing capacity and the permeability of the 

formations. Due to the stratigraphy, water permeability is high, so drainage works are proposed 

to relieve the structure from predicted strain pores. For this purpose Variable Load Tests (Maag) 

and Stable Level Tests (Lefranc Tests), are recommended. Finally, a reference is made to the 

Cover-and-Cut design, which describes the construction phases and hydraulic design of the 

engineering structure. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [10] 

ȾȺūȷȿȷȽɃ 1: 

ȺȽɆȷũɋũȼ 

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ  

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɡˊɧɔŮɘŬ ɏɟɔŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ, ŮɘŭɘəɧŰŮɟŬ ůŰɞɜ 

ŰɞɛɏŬ Űɤɜ Ɇɘŭɖɟɞŭɟɞɛɘəɩɜ ɛŮŰŬűɞɟɩɜ, ɧˊɞɡ ɞɘ ůɨɔɢɟɞɜŮɠ ŬɜɎɔəŮɠ ɔɘŬ ŭɖɛɘɞɡɟɔɑŬ Ŭɝɧɜɤɜ 

ɡɣɖɚɩɜ ŰŬɢɡŰɐŰɤɜ, ŮˊɘɓɎɚɚɞɡɜ ŭɨůəŬɛˊŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢɎɟŬɝɖɠ, ɛŮ ŰŮɢɜɘəɏɠ 

ɚɨůŮɘɠ ˊɞɡ ɗŬ ŮɚŬɢɘůŰɞˊɞɘɞɨɜ Űɘɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ȼ ŬɜɎɔəɖ ŬɡŰɐ 

ŬɡɝɎɜŮŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɖ ɢɩɟŬ ɛŬɠ ŮɝŬɘŰɑŬɠ Űɞɡ ɏɜŰɞɜɞɡ ŬɜɎɔɚɡűɞɡ Űɖɠ 

ɛɞɟűɞɚɞɔɑŬɠ Űɞɡ ŮŭɎűɞɡɠ. ȼ Ŭɨɝɖůɖ Űɤɜ ˊɘůŰɩůŮɤɜ ˊɞɡ ŭɘŬŰɏɗɖəŬɜ ɔɘŬ Űɞɡɠ ůɘŭɖɟɞŭɟɧɛɞɡɠ 

ɏŭɤůŬɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ɃɆȺ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɞɡ əŬŰŬůəŮɡɏɠ 

ůɖɛŬɜŰɘəɞɨ ɛɐəɞɡɠ ůɖɟɎɔɔɤɜ əŬɘ ůɘŭɖɟɞŭɟɧɛɤɜ.  

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ əŬɘ ɖ əŬŰŬůəŮɡɐ Űɖɠ ɜɏŬɠ ůɘŭɖɟɞŭɟɞɛɘəɐɠ ɔɟŬɛɛɐɠ ɛŮŰŬɝɨ 

Ⱦɞɟɑɜɗɞɡ əŬɘ ɄɎŰɟŬɠ, ɧˊɞɡ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ɔɑɜŮɘ Ŭɝɘɞɚɧɔɖůɖ Ůɜɧɠ ŰɛɐɛŬŰɞɠ Űɖɠ 

əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, ɖ əŬŰŬůəŮɡɐ Űɖɠ ɜɏŬɠ ůɘŭɖɟɞŭɟɞɛɘəɐɠ ɔɟŬɛɛɐɠ ɛŮ Űɖ ɛɏɗɞŭɞ ŮˊŬɜŮˊɑɢɤůɖɠ  

əŬɘ ŮəůəŬűɐɠ (Cover and Cut) ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷɔɑɞɡ ȸŬůɘɚŮɑɞɡ. 

1.2 Ɇəɞˊɧɠ əŬɘ ůɖɛŬůɑŬ Űɖɠ ŮɟɔŬůɑŬɠ 

 

Ƀ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɔŮɤɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɔŮɤŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ ɡˊŬɑɗɟɞɡ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ 

ŭɞəɘɛɩɜ, ˊɞɡ ŮəŰŮɚɏůŰɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐɠ Űɖɠ ůɐɟŬɔɔŬɠ Űɞɡ ȷɔɑɞɡ ȸŬůɘɚŮɑɞɡ. 

ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɔŮɤŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ ɡˊŬɑɗɟɞɡ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ, 

ŭɧɗɖəŮ ɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɞɡ ɡˊŮŭɎűɞɡɠ, ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ɖ ůŰɎɗɛɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ. ɀŮ 

ɓɎůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ɚɞɘˊɧɜ, ɔɑɜŮŰŬɘ ɛɑŬ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ŮŭŬűɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ˊɘɗŬɜɏɠ ŬůŰɞɢɑŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəɚɖɗɞɨɜ əŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɏɟɔɞɡ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [11] 

1.3 ɉŬɟŬəŰɖɟɘůŰɘəɎ ɏɟɔɞɡ 

 

ȼ ɏŭɟŬůɖ Űɖɠ ůɐɟŬɔɔŬɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŮˊŬɜŮˊɑɢɤůɖɠ əŬɘ ŮəůəŬűɐɠ (Cover and Cut) , 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɜŰɧɠ Űɖɠ əŬŰɞɘəɖɛɏɜɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ȷɔ. ȸŬůɘɚŮɑɞɡ,  ɧˊɞɡ ɖ ɢɎɟŬɝɖ ůŮ 

ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŬəɞɚɞɡɗŮɑ Űɖɜ ɡűɘůŰɎɛŮɜɖ ɡˊɏɟɔŮɘŬ ůɘŭɖɟɞŭɟɞɛɘəɐ ɔɟŬɛɛɐ ɄɎŰɟŬ ï Ʉɨɟɔɞɠ 

Űɞɡ Ƀ.Ɇ.Ⱥ. ɆŰɖɜ ɚɐɣɖ Űɖɠ ŮɘəɧɜŬɠ Google Earth 1.1, ŬˊŮɘəɞɜɑɕŮŰŬɘ ɏɜŬ ŰɛɐɛŬ Űɖɠ ɢɎɟŬɝɖɠ Űɞɡ 

ɏɟɔɞɡ, Űɞɡ ɞˊɞɑɞɡ ɖ ɛɖəɞŰɞɛɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 1.2. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑŰŬɘ 

űɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ ȺɘəɧɜŬ 1.3 ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɏɟɔɞɡ , ůŰɖɜ ɞˊɞɑŬ ŮɑɜŬɘ 

ŮɛűŬɜɐɠ ɖ ŬˊɧůŰŬůɖ Űɤɜ əŰɘɟɑɤɜ ɛŮ Űɞ ɏɟɔɞ. 

 
ȺɘəɧɜŬ 1.1: ɇɛɐɛŬ Űɖɠ ɢɎɟŬɝɖɠ Űɞɡ ɏɟɔɞɡ Ŭˊɧ ɚɐɣɖ Google Earth. 

 

ɉŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ɏɟɔɞɡ, ŮɑɜŬɘ ɖ ɏŭɟŬůɖ Űɞɡ Cover-and-Cut, ɛɏůŬ ůŮ ɇŮŰŬɟŰɞɔŮɜŮɑɠ 

ůɢɖɛŬŰɘůɛɞɨɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŮ ˊɞŰŬɛɞɢŮɘɛɎɟɘŮɠ ŬˊɞɗɏůŮɘɠ ɛŮ ɡɣɖɚɧ ˊɞůɞůŰɧ 

ɢŬɚɑəɤɜ.  ɇŬ ɡɚɘəɎ ŬɡŰɎ, ŬˊɞŰŮɚɞɨɜ ɡɚɘəɎ ɛŮ űŰɤɢɏɠ ɔŮɤŰŮɢɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŮɑɜŬɘ 

ɡŭɟɞˊŮɟŬŰɎ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢɞɡɜ Ůɘůɟɞɏɠ ɜŮɟɞɨ əŬɘ ɜŬ ŬůəɞɨɜŰŬɘ ˊɘɏůŮɘɠ ˊɧɟɤɜ ůŰŬ 

ˊɘɞ ŬɟɔɘɚɘəɎ ŰɛɐɛŬŰŬ.  

ȺɨəɞɚŬ ɚɞɘˊɧɜ, ɛˊɞɟŮɑ ɜŬ ůɡɛˊŮɟɎɜŮɘ əŬɜŮɑɠ ˊɤɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, 

ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɟŮɡɜɖŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ, Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ əŬɘ Űɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ əɟɑɜɞɜŰŬɘ ŬˊŬɟŬɑŰɖŰŬ. ɇɛɐɛŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ 

ɀɖɢŬɜɘəɐ ȷ.Ⱥ. , ɔɘŬ Űɖɜ ɞˊɞɑŬ ɞɘ ŬɜɎŭɞɢŮɠ ɛŮɚŮŰɖŰɘəɏɠ ŮŰŬɘɟŮɑŮɠ (BUNG Ingenieure AG, 

ũŮɜɘəɐ ɀŮɚŮŰɩɜ ȺɄȺ əŬɘ Űɖɜ Ingenieurburo EDR GmbH) ŬɜɏɚŬɓŬɜ Űɘɠ ɔŮɤɚɞɔɘəɏɠ əŬɘ 

ɔŮɤŰŮɢɜɘəɏɠ ɛŮɚɏŰŮɠ , ɔɘŬ Űɖɜ ůɤůŰɐ əŬɘ ɞɚɞəɚɖɟɤɛɏɜɖ əŬŰŬůəŮɡɐ Űɞɡ Cover-and-Cut. 
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ȺɘəɧɜŬ 1.2: ɀɖəɞŰɞɛɐ Űɖɠ ůɐɟŬɔɔŬɠ Cover and Cut. 

 

 
ȺɘəɧɜŬ 1.3: ȾŬŰŬůəŮɡɐ Űɖɠ ůɐɟŬɔɔŬɠ Cover and Cut.
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [13] 

1.4 ɀŮɗɞŭɞɚɞɔɑŬ ŮɟɔŬůɑŬɠ 

 

 ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŮɑɜŬɘ ŬɟɢɘəɎ ɜŬ ŮɘůɎɔŮɘ Űɞɜ ŬɜŬɔɜɩůŰɖ ůŰŬ 

ɔŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŮɢɜɘəɞɨ Cover-and-Cut, ůŮ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ɜŬ ŮɟŮɡɜɖɗŮɑ ɖ 

ůŰɟɤɛŬŰɞɔɟŬűɑŬ əŬɘ ɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɗɩɠ əŬɘ ɖ ŰŮəŰɞɜɘəɐ əŬɘ ɖ ůŮɘůɛɘəɧŰɖŰŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ əŬɘ ůŮ ŰɟɑŰɞ ůŰɎŭɘɞ ɜŬ ŮəŰɘɛɖɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮˊɘŰɧˊɘɤɜ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ 

ŭɞəɘɛɩɜ əŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ, ɔɑɜŮŰŬɘ 

ŮəŰɑɛɖůɖ Űɤɜ SPT ŭɞəɘɛɩɜ, ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɞɘ ŭɞəɘɛɏɠ əŬŰɎŰŬɝɖɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ űɡůɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɞɘ ŭɞəɘɛɏɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ɔɑɜŮŰŬɘ 

ŮəŰɑɛɖůɖ Űɖɠ ˊŮɟŬŰɧŰɖŰŬɠ ɓɎůŮɘ Űɤɜ ŮˊɘŰɧˊɘɤɜ ŭɞəɘɛɩɜ Lefranc əŬɘ Maag.  

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ, ɔɟŬűɐɛŬŰŬ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ , ɧˊɤɠ Űɤɜ ŭɞəɘɛɩɜ 

Nspt əŬɘ Űɖɠ əɞəəɞɛŮŰɟɘəɐɠ ŬɜɎɚɡůɖɠ ə.Ŭ., ŰŬ ɞˊɞɑŬ ˊɟɞɓɎɚɚɞɜŰŬɘ ůŮ ůɢɐɛŬŰŬ , ɧˊɞɡ ŭŮɑɢɜɞɡɜ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɎɗɞɠ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ. ɀŮ ɓɎůŮɘ ŰŬ ˊŬɟŬˊɎɜɤ, ɔɑɜŮŰŬɘ ɛɑŬ ŮəŰɑɛɖůɖ 

Űɤɜ ˊɘɗŬɜɩɜ ŬůŰɞɢɘɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ ůŰɞ ɏɟɔɞ , ŮɝŬɘŰɑŬɠ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɞɡ ŮŭŬűɘəɞɨ ůɢɖɛŬŰɘůɛɞɨ, Űɤɜ Ůɘůɟɞɩɜ ɜŮɟɞɨ əŬɘ Űɤɜ ˊɘɏůŮɤɜ ˊɧɟɤɜ.   

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊɘɜɎəɤɜ əŬɘ ɔɟŬűɖɛɎŰɤɜ ˊɎɟɗɖəŬɜ Ŭˊɧ Űɖɜ 

ɔŮɤŰŮɢɜɘəɐ ɛŮɚɏŰɖ , ˊɞɡ ŮəˊɞɜɐɗɖəŮ Ŭˊɧ Űɘɠ ɛŮɚŮŰɖŰɘəɏɠ ŮŰŬɘɟŮɑŮɠ BUNG Ingenieure AG, ũŮɜɘəɐ 

ɀŮɚŮŰɩɜ ȺɄȺ əŬɘ Űɖɜ Ingenieurburo EDR GmbH. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ ɛɑŬ ŬɜŬűɞɟɎ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ 

Cover-and-Cut, ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɘɠ űɎůŮɘɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɞɜ ɡŭɟŬɡɚɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡ ŰŮɢɜɘəɞɨ. 

ũɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŬɜŬɚɡŰɘəɎ űɨɚɚŬ Űɤɜ 

ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮˊɘŰɧˊɘɤɜ ŭɞəɘɛɩɜ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ, 

əŬɗɩɠ əŬɘ ɞ ɔŮɤɚɞɔɘəɧɠ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɖɠ Űɞɡ ŰŮɢɜɘəɞɨ. ɇŬ 

ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ ŬɝɘɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ, ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ əŬɘ 3D Űɞɛɐɠ, 

Ŭˊɧ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ RockWorks 2006 əŬɘ  Autocad 2016 .  
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [14] 

ȾȺūȷȿȷȽɃ 2: 

ŪȺɋɅȼɇȽȾȷ ɆɇɃȽɉȺȽȷ ũȽȷ ɇȼɁ ȺȾɆȾȷūȼ ȾȷȽ ȺɄȷɁȺɄȽɉɋɆȼ 

 

 

2.1 ũŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

 

Ƀɘ ɛɏɗɞŭɞɘ  óȺəůəŬűɐ əŬɘ ȺˊŬɜŮˊɑɢɤůɖô (Cut and Cover) əŬɘ óȺˊŬɜŮˊɑɢɤůɖ əŬɘ ȺəůəŬűɐô (Cover and 

Cut) ŮɑɜŬɘ ˊɟɞɖɔɛɏɜŮɠ ɛɖɢŬɜɘəɏɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůɖɟɎɔɔɤɜ ůŮ ŬůŰɘəɏɠ əŬɘ ɡˊŮɟŬůŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ. ȼ ɛɏɗɞŭɞɠ "Cut and Cover" ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůɐɟŬɔɔŬɠ, ŮɑɢŮ ŬɟɢɘəɎ ŬɜŬˊŰɡɢɗŮɑ ɔɘŬ Űɘɠ 

ŬůŰɘəɏɠ əŬŰŬůəŮɡɏɠ Űɞɡ ɛŮŰɟɧ, ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɖ ŮɚɎɢɘůŰɖ ŭɡɜŬŰɐ ŭɘŬəɞˊɐ Űɖɠ əɡəɚɞűɞɟɑŬɠ.  

ȺűŬɟɛɧɕŮŰŬɘ ůŮ ŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ , ɧŰŬɜ Űɞ ɏɟɔɞ ŮɑɜŬɘ ůŮ ɛɘəɟɧ ɓɎɗɞɠ. ȼ ɛɏɗɞŭɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ůŮ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɜ ŮəůəŬűɐ ɛɏɢɟɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ůɐɟŬɔɔŬɠ ˊɞɡ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ əŬɘ ŬűŬɑɟŮůɖ Űɞɡ 

ɡɚɘəɞɨ ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖɜ ŮəůəŬűɐ. ɆŮ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ Űɖɜ ŬɜŰɘůŰɐɟɘɝɖ Űɤɜ ˊɚŮɡɟɘəɩɜ ˊɟŬɜɩɜ, 

ɩůŰŮ ɜŬ ŮɑɜŬɘ ŮɡůŰŬɗɐ ˊɟɞůɤɟɘɜɎ . ȰˊŮɘŰŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ əŮɚɨűɞɡɠ ɛŮ Űɖɜ ɢɟɐůɖ ůəɡɟɞŭɏɛŬŰɞɠ 

əŬɘ ůɑŭŮɟɤɜ əŬɘ Űɏɚɞɠ Űɖɜ ŮˊŬɜŮˊɑɢɤůɖ Űɖɠ ůɐɟŬɔɔŬɠ ɛŮ ŰŬ ɡɚɘəɎ Űɖɠ Ŭɟɢɘəɐɠ ŮəůəŬűɐɠ , ɔɘŬ Űɖɜ 

ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ Ŭɟɢɘəɞɨ ŬɜɎɔɚɡűɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ. 

 
ȺɘəɧɜŬ 2.1 : ȺűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Cut and Cover. 

ȼ ɛɏɗɞŭɞɠ "Cover and Cut" (ȺɘəɧɜŬ 2.2) ŬɜŬˊŰɨɢɗɖəŮ ŬɟɢɘəɎ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ɟɖɢɩɜ ɡˊɧɔŮɘɤɜ 

əŬŰŬůəŮɡɩɜ ůŮ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ůɡɛűɧɟɖůɖ, ɧˊɞɡ ɞɘ ŬɜɞɘɢŰɏɠ ŰŮɢɜɘəɏɠ ŮəůəŬűɐɠ ɗŬ ˊɟɞəŬɚɞɨůŬɜ 

ůɖɛŬɜŰɘəɐ ŭɘŬəɞˊɐ Űɖɠ əɡəɚɞűɞɟɑŬɠ. ȼ ɗŮɛŮɚɘɩŭɖɠ ɘŭɏŬ Űɖɠ ɛŮɗɧŭɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ˊɟɩŰɞ ůŰɎŭɘɞ 

əŬŰŬůəŮɡɐɠ Űɖɠ "ŮˊŬɜŮˊɑɢɤůɖɠ-Cover", Ůɜɧɠ əŮɚɨűɞɡɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ əŬɘ ůɑŭŮɟŬ, ɧˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞ ɗɧɚɞɠ əŬɘ ɞɘ ˊɚŮɡɟɏɠ, Űɞ ɞˊɞɑɞ ŬəɞɚɞɡɗŮɑ Űɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ, ɖ ɚŮɘŰɞɡɟɔɑŬ 

"ŮəůəŬűɐɠ-Cut", ɧˊɞɡ ɔɑɜŮŰŬɘ ŮəůəŬűɐ əɎŰɤ Ŭˊɧ Űɞ ˊɟɞɖɔɞɡɛɏɜɤɠ əŬŰŬůəŮɡŬůɛɏɜɞ "əɎɚɡɛɛŬ" əŬɘ 

ɖ ŮəůəŬűɐ ɝŮəɘɜɎŮɘ Ŭˊɧ ůɖɛŮɑɞ ˊɞɡ ɓɟɑůəŮŰŬɘ ˊɘɞ ˊɑůɤ Ŭˊɧ Űɞ ɏɟɔɞ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [15] 

 
ȺɘəɧɜŬ 2.2 : ȺűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Cover and Cut. 

 

ɆŮ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, Űɞ əɟɘŰɐɟɘɞ Űɖɠ ŭɘŬŰŬɟŬɢɐɠ Űɖɠ əɡəɚɞűɞɟɑŬɠ ŮɑɜŬɘ ŬˊɞűŬůɘůŰɘəɐɠ ůɖɛŬůɑŬɠ əŬɘ 

ɡˊŬɔɞɟŮɨŮɘ Űɖ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ "Cover and Cut", ɧŰŬɜ ŭŮɜ ɘůɢɨɞɡɜ ůɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ ŰɞɨɜŮɚ 

(TBM ɐ ɎɚɚŮɠ). ȷɜŰɘůŰɟɧűɤɠ, ůŰɘɠ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɞ əɑɜŭɡɜɞɠ əŬŰɞɚɑůɗɖůɖɠ ɞŭɖɔŮɑ ůŰɖ ŰŮɢɜɘəɐ 

"Cover and Cut" , ɤɠ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɆŮ ůˊɎɜɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ əŰɑɟɘŬ, ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ 

əŬɘ ŰŬ űɡůɘəɎ ŮɛˊɧŭɘŬ əɞɜŰɎ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɤɜ ˊɟɞɓɚŮˊɧɛŮɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ŮəůəŬűɐɠ 

ˊɟɞɓɚɏˊɞɡɜ Űɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ, ŬɜŰɑ ɔɘŬ Űɘɠ ůɡɜɐɗŮɘɠ "ɛɖ ŭɘŬŰɖɟɞɨɛŮɜŮɠ" ŮəůəŬűɏɠ. 

(ɀɞɡɟŬŰɑŭɖɠ,2008) 

 

2.1.1 ɄŮŭɑɞ ŮűŬɟɛɞɔɐɠ 

 

Ƀɘ ɛɏɗɞŭɞɘ "Cut and Cover" əŬɘ "Cover and Cut" ŮɑɜŬɘ ŰŮɢɜɘəɏɠ əŬŰŬůəŮɡɐɠ ůɐɟŬɔɔŬɠ ˊɞɡ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɖɜ ŬůŰɘəɐ əŬɘ ɡˊŮɟŬůŰɘəɐ ɞŭɘəɐ ɛɖɢŬɜɘəɐ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŬɡŰɏɠ ɞɘ ɛɏɗɞŭɞɘ 

əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ "ŮɜŭɘɎɛŮůŮɠ" ŰŮɢɜɘəɏɠ ɛŮŰŬɝɨ Űɖɠ Ůˊɘɚɞɔɐɠ Űɖɠ ůɐɟŬɔɔŬɠ ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ɏɜŬ 

"ɓŬɗɨ" ˊɟɞűɑɚ ŭɘŬŭɟɞɛɐɠ əŬɘ ɖ ŬɜɞɘəŰɐ ŮəůəŬűɐ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ɏɜŬ "ɟɖɢɧ" ˊɟɞűɑɚ ŭɘŬŭɟɞɛɐɠ. 

(ɀɞɡɟŬŰɑŭɖɠ,2008) 

ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɛɘŬ Ůˊɘɚɞɔɐ ůɐɟŬɔɔŬɠ ŮɑɜŬɘ ɛɘŬ ůɢŮŰɘəɎ ŭŬˊŬɜɖɟɐ ɚɨůɖ ˊɞɡ ŮˊɘűɡɚɎůůŮŰŬɘ ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ɓŬɗɘɎɠ ɡˊŮɟűɧɟŰɤůɖɠ əŬɘ ŮɡŬɑůɗɖŰɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȷɜŰɑɗŮŰŬ, ɛɘŬ ˊŬɟŬŭɞůɘŬəɐ 

ŬɜɞɘɢŰɐ ŮəůəŬűɐ ŮɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɞ ˊŮɟɘɓɎɚɚɞɜ. Ƀɘ ŭɨɞ 

ɛɏɗɞŭɞɘ "C & C" ůɡɜɘůŰɩɜŰŬɘ ɔɘŬ ŮűŬɟɛɞɔɐ ůŮ ˊŮɟɑˊŰɤůɖ ŮɜŭɘɎɛŮůɞɡ ɓɎɗɞɡɠ ɡˊŮɟɨɣɤůɖɠ əŬɘ ŬɟəŮŰɎ 

ŮɡŬɑůɗɖŰɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. Ƀɘ ɔŮɜɘəɏɠ ůɡɜɗɐəŮɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ əɎɗŮ ŰŮɢɜɘəɐ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 2.1. (ɀɞɡɟŬŰɑŭɖɠ,2008) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [16] 

 
ɄɑɜŬəŬɠ 2.1: ɄŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɤɜ ɛŮɗɧŭɤɜ "C & C" (ɀɞɡɟŬŰɑŭɖɠ,2008) 

 

ȼ ɛɏɗɞŭɞɠ "Cut and Cover" ˊɟɞŰɘɛɎŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ ŬɜɞɘɢŰɐ ŮəůəŬűɐ ˊɞɡ ɞŭɖɔŮɑ ůŮ ŰɛɐɛŬŰŬ 

ŮəůəŬűɐɠ ɔɘŬ ɚɧɔɞɡɠ ˊɟɞůŰŬůɑŬɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ɔŮɤŰŮɢɜɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ. ȼ ŬˊɞəŬŰɎůŰŬůɖ 

Űɤɜ ɡűɘůŰŬɛɏɜɤɜ ŮɔəɎɟůɘɤɜ Űɞˊɘəɩɜ ŭɘəŰɨɤɜ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɚɧɔɞ ŮűŬɟɛɞɔɐɠ Űɖɠ 

ŰŮɢɜɘəɐɠ ˊŬɟɎ Űɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ Űɖɠ ůɐɟŬɔɔŬɠ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ, ɞɘ ŭɨɞ ɛɏɗɞŭɞɘ "C & C" ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ 

əŬŰŬůəŮɡɩɜ ɛŮ Űɖɜ ŬˊŮɘɟɞŮɚɎɢɘůŰɖ ŮˊɘɕɐɛɘŬ Ůɑ́́ Űɤůɖ Űɖɠ ŬɜɞɘəŰɐɠ ŮəůəŬűɐɠ. ȼ ŰŮɢɜɘəɐ "Cover and 

Cut" ŮɑɜŬɘ Ŭəɧɛɖ ɚɘɔɧŰŮɟɞ ŮˊɘɓɚŬɓɐɠ, Ŭűɞɨ ɛɧɜɞ ɞɘ ŮɟɔŬůɑŮɠ Űɖɠ ɟɖɢɐɠ ŰŬɝɘɜɧɛɖůɖɠ ŮəŰŮɚɞɨɜŰŬɘ Ůɜ 

ɧɣŮɘ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ əŬɚɨɛɛŬŰɞɠ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [17] 

 
ȺɘəɧɜŬ 2.3 : ɆŰɎŭɘŬ ȾŬŰŬůəŮɡɐɠ ɔɘŬ Űɘɠ "ɇŮɢɜɘəɏɠ C & C ( Cut and Cover ůŰŬ ŬɟɘůŰŮɟɎ, Cover and 

Cut ŭŮɝɘɎ) (ɀɞɡɟŬŰɑŭɖɠ,2008) 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ɛɏɗɞŭɞɠ "Cut and Cover" ŮűŬɟɛɧɕŮŰŬɘ ůɡɜɐɗɤɠ ůŰɖɜ ɃŭɞˊɞɘɑŬ (Ⱥɘə. 2.3), ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ: (ɀɞɡɟŬŰɑŭɖɠ,2008) 

¶ ɄŮɟɘɞɟɘůɛɏɜɞɡ ɓɎɗɞɡɠ (<50m) ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŮɡŬɑůɗɖŰŮɠ ˊŮɟɘɞɢɏɠ, ŬɜŰɑ ɔɘŬ ŬɜɞɘɢŰɎ 

ɞɟɨɔɛŬŰŬ. 

¶ ɄŮɟɘɞɟɘůɛɏɜɞ ɓɎɗɞɠ  ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŰŬ ŰɞˊɘəɎ ŭɑəŰɡŬ əŬɘ ŮɔəŬŰŬůŰɎůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ 

ɛŮŰŮɔəŬŰŬůŰŬɗɞɨɜ ˊɟɞůɤɟɘɜɎ, ŬɜŰɑ ɔɘŬ ŬɜɞɘəŰɏɠ ŮəůəŬűɏɠ 

¶ ȷɜŮˊɘɗɨɛɖŰŮɠ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ, ɓɚɎɓŮɠ əŬɘ ɢŬɚŬɟɎ ɡɚɘəɎ, ŬɜŰɑ ɔɘŬ ůɐɟŬɔɔŮɠ ɛɘəɟɞɨ 

ɛɐəɞɡɠ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [18] 

Ƀɛɞɑɤɠ, ůɡɜɘůŰɎŰŬɘ ɖ ŮűŬɟɛɞɔɐ "Cover and Cut" (ȺɘəɧɜŬ 2.3), ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɏɢɞɡɛŮ: 

(ɀɞɡɟŬŰɑŭɖɠ,2008) 

¶ ɅɖɢɎ ɡˊŮɟəŮɑɛŮɜŬ ůŰɟɩɛŬŰŬ ůŮ ŮɝŬɘɟŮŰɘəɎ ŮɡŬɑůɗɖŰɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜŰɑ ɔɘŬ "Cut and Cover" ɐ 

ŬɜɞɘɢŰɐ ŮəůəŬűɐ 

¶ ɅɖɢɎ ɡˊŮɟəŮɑɛŮɜŬ ůŰɟɩɛŬŰŬ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŭɑəŰɡŬ, ɡˊɖɟŮůɑŮɠ əɞɘɜɐɠ ɤűɏɚŮɘŬɠ əŬɘ 

ŮɔəŬŰŬůŰɎůŮɘɠ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ ɐ ɜŬ ŬűŬɘɟŮɗɞɨɜ, ŬɜŰɑ ɔɘŬ "Cut and Cover" 

ɐ ŬɜɞɘɢŰɐ ŮəůəŬűɐ  

¶ ɀŮɔɎɚɞɠ əɑɜŭɡɜɞɠ ŬůŰɞɢɘɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ŮɟɔŬůɑŮɠ ŮəůəŬűɐɠ, ŬɜŰɑ ɔɘŬ "Cut and 

Cover"  

 

2.2 ȼ ŰŮɢɜɘəɐ Cut and Cover  

 

ȼ ŰŮɢɜɘəɐ ŮəůəŬűɐɠ əŬɘ ŮˊŬɜŮˊɑɢɤůɖɠ, óCut and Coverô ɧˊɤɠ ɐŭɖ ˊɟɞŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ ɛɑŬ ɛɏɗɞŭɞɠ 

əŬŰŬůəŮɡɐɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ Űɧůɞ ůŮ ŬůŰɘəɏɠ ɧůɞ əŬɘ ůŮ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ.  ȺűŬɟɛɧɕŮŰŬɘ ůŮ 

ɛŬɚŬəɞɨɠ ŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ɧŰŬɜ Űɞ ɏɟɔɞ ŮɑɜŬɘ ůŮ ɛɘəɟɧ ɓɎɗɞɠ ɐ ůŮ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ ŬŭɨɜŬɛŮɠ ɛɖɢŬɜɘəɏɠ ůɡɜɗɐəŮɠ, ȼ ɛɏɗɞŭɞɠ Cut and Cover (ȺɘəɧɜŬ 2.1) , ŮűŬɟɛɧɕŮŰŬɘ ɛŮ 

ŭɘŬűɞɟŮŰɘəɧ Űɟɧˊɞ ůŮ ŬəŬŰɞɑəɖŰŮɠ , Ŭˊô ɧŰɘ ůŮ əŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. ɆŮ ŬəŬŰɞɑəɖŰŮɠ ˊŮɟɘɞɢɏɠ ɖ 

ŮəůəŬűɐ ɔɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ , ɛɏɢɟɘ Űɞ ɓɎɗɞɠ ůŰɞ ɞˊɞɑɞ ɗŬ ŮŭɟŬůɗŮɑ Űɞ ɏɟɔɞ , ŭŮɜ 

ɔɑɜŮŰŬɘ ŬɜŰɘůŰɐɟɘɝɖ Űɤɜ ˊŬɟŮɘɩɜ Űɖɠ ŮəůəŬűɐɠ , əŬɗɩɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ɛŮ Űɖɜ əɚɑůɖ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɘ 

ɏŭŬűɞɠ əŬɘ ɖ ůŰɎɗɛɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ɡˊɞɓɘɓɎɕŮŰŬɘ ɛɏɢɟɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ Űɞ ɏɟɔɞ. 

(ɀŬɟŬɔəɧɠ,1997) 

ɆŮ əŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ , ŮˊŮɘŭɐ ɖ əŬŰŬůəŮɡɐ Űɤɜ ɏɟɔɤɜ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ 

əɡəɚɞűɞɟɑŬ əŬɘ ɕɖɛɘɏɠ ůŰŬ ɔŮɘŰɞɜɘəɎ əŰɑɟɘŬ əŬɘ əŬŰŬůəŮɡɏɠ, ɧˊɤɠ ɡˊɧɔŮɘɞɡɠ Ŭɔɤɔɞɨɠ əŬɘ əŬɚɩŭɘŬ, 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɞůŰŮɑ ɖ əŬŰɎɚɚɖɚɖ ɛɏɗɞŭɞɠ əŬŰŬůəŮɡɐɠ Űɞɡ Cut and Cover . 

ɆŮ əŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɚɞɘˊɧɜ, ɔɑɜŮŰŬɘ ŮəůəŬűɐ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ ůŰɞ 

ɞˊɞɑɞ ɗŬ ŮŭɟŬůɗŮɑ Űɞ ɏɟɔɞ , əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ŬɜŰɘůŰɐɟɘɝɖ (ŭɘŬűɟŬɔɛŬŰɘəɞɑ Űɞɑɢɞɘ, ˊŬůůŬɚɞůŬɜɑŭŮɠ) 

ˊɎɜɤ ůŰɖɜ ɞˊɞɑŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ˊɟɞůɤɟɘɜɐ əɎɚɡɣɖ ɐ ɛɧɜɘɛɖ ˊɚɎəŬ əɎɚɡɣɖɠ ɔɘŬ Űɖɜ ɔɟɐɔɞɟɖ 

ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ əɡəɚɞűɞɟɑŬɠ . ũɑɜŮŰŬɘ ůəɡɟɞŭɏŰɖůɖ Űɖɠ ˊɚɎəŬɠ əŬɘ əŬŰŬůəŮɡɐ ɏɟɔɤɜ 

ˊŮɕɞŭɟɧɛɖůɖɠ. ȼ ŮəůəŬűɐ ůŰɖɜ ůɡɜɏɢŮɘŬ ůɡɜŮɢɑɕŮŰŬɘ əɎŰɤ əŬɘ ɡˊɧ Űɖɜ əɡəɚɞűɞɟɑŬ Űɖɠ əɎɚɡɣɖɠ , 

ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɤɜ 

ˊŬůůŬɚɞůɡůŰɞɘɢɘɩɜ əŬɘ əŬŰŬůəŮɡɐ Űɞɡ ŭŬˊɏŭɞɡ əŬɘ Űɤɜ əŬŰŬəɧɟɡűɤɜ Űɞɑɢɤɜ.  

Ⱥˊɘˊɚɏɞɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ɛɘůɐ ŭɘŬŰɞɛɐ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ əɡəɚɞűɞɟɑŬ ůŰɞ 

ɡˊɧɚɞɘˊɞ ɢɩɟɞ Űɖɠ ɞŭɞɨ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ŮəůəŬűɐ ŬɜŰɘůŰɖɟɑɕŮŰŬɘ ɛŮ ŭɘŬűɟŬɔɛŬŰɘəɞɨɠ 

Űɞɑɢɞɡɠ ɐ ɛŮ ˊŬůůŬɚɞůŬɜɑŭŮɠ , ɩůŰŮ ɜŬ ŬˊɞŰɟŬˊɞɨɜ ɕɖɛɘɏɠ ůŰɘɠ ɔŮɘŰɞɜɘəɏɠ əŬŰŬůəŮɡɏɠ. 

(ɀŬɟŬɔəɧɠ,1997) 

Ⱥˊɑůɖɠ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ "Cut and Cover" ůɡɜɑůŰŬŰŬɘ ůŰŬ ůŰɧɛɘŬ Űɖɠ ůɐɟŬɔɔŬɠ ɧˊɞɡ ɞɘ ɛɏɗɞŭɞɘ 

ůɡɔəɟɎŰɖůɖɠ Űɖɠ ɔɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ŭŮɜ ŮˊŬɟəɞɨɜ ɔɘŬ ɜŬ 

ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ɛɘəɟɐɠ əɚɑɛŬəŬɠ əŬɘ əŬɚɎ əŬɗɞɟɘůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ ŬůŰɎɗŮɘŬɠ. ȼ ɔŮɤŰŮɢɜɘəɐ 

ŬɜɖůɡɢɑŬ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ "Cut and Cover" ŮɑɜŬɘ ɜŬ ˊŬɟɏɢŮɘ ŬůűŬɚɐ Ůɑůɞŭɞ ůŰɞ ɡˊɧɔŮɘɞ ɏɟɔɞ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ˊɚɐɟɖ ɔŮɤŰŮɢɜɘəɐ ůŰŬɗŮɟɧŰɖŰŬ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ. ȼ ŭɘŬŰɐɟɖůɖ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɖ ɛŮɘɤɛɏɜɖ ˊɟɞůˊɎɗŮɘŬ ůŰɖɜ əŬŰŬůəŮɡɐ Ůˊɏɜŭɡůɖɠ əŬɘ ɞɘ ŬůűŬɚŮɑɠ ɔŮɤŰŮɢɜɘəɏɠ 

ůɡɜɗɐəŮɠ ŬˊɞŰŮɚɞɨɜ ŰŬ əɨɟɘŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ŰŮɢɜɘəɐɠ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [19] 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɛɏɗɞŭɞɠ "ŮəůəŬűɐɠ əŬɘ ŮˊŬɜŮˊɑɢɤůɖɠ" ŮɑɜŬɘ ŮűɘəŰɐ əŬɘ ŮˊɤűŮɚɐɠ ɧŰŬɜ: 

Å ɈˊɧɔŮɘŮɠ ŮəůəŬűɏɠ ůŮ ŬŭɨɜŬɛɞɡɠ ŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ ɢŬɛɖɚɧ ɡˊŮɟəŮɑɛŮɜɞ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ŬůŰɎɗŮɘŬ ˊɎɜɤ Ŭˊɧ ŰŬ ůŰɧɛɘŬ. 

Å ȷɜŬɛɏɜŮŰŬɘ ɞɚɑůɗɖůɖ ɐ əŬŰŬˊŰɩůŮɘɠ ɓɟŬɢɞɛɎɕŬɠ , ˊɎɜɤ Ŭˊɧ ŰŬ ůŰɧɛɘŬ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ 

ˊɞɘɧŰɖŰŬ Űɞɡ ɓɟɎɢɞɡ. 

Å ɄɚŮɡɟɘəɏɠ ɞɚɘůɗɐůŮɘɠ ŮɑɜŬɘ ŭɡɜŬŰɏɠ, ɚɧɔɤ ŭɡůɛŮɜɞɨɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ŬůɡɜŮɢŮɘɩɜ ɐ / əŬɘ  űŰɤɢɩɜ 

ɔŮɤŰŮɢɜɘəɩɜ ůɡɜɗɖəɩɜ . 

 

2.3 ȼ ŰŮɢɜɘəɐ Cover and Cut 

 

ɇɞ əɨɟɘɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɧŭɞɡ "Cover and Cut" ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ ɡˊɧɔŮɘɤɜ ŭɞɛɩɜ ůŮ ŬůŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ. ɄŬɟɧɚɞ ˊɞɡ űŬɑɜŮŰŬɘ ɧŰɘ ˊɟɧůűŬŰŬ ŮˊɘəɟŬŰŮɑ ɖ ɛɏɗɞŭɞɠ ɎɛŮůɖɠ  ɡˊɧɔŮɘŬɠ ŭɘɎŰɟɖůɖɠ (TBM) 

ůŰɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɡˊɧɔŮɘɞɡ ŭɟɧɛɞɡ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŮɘŭɘəɎ ɔɘŬ ɟɖɢɏɠ ŮəůəŬűɏɠ, ɖ 

ɛɏɗɞŭɞɠ "Cover and Cut" ɛˊɞɟŮɑ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ, ɧˊɤɠ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ ɡˊɧɔŮɘɤɜ 

ůŰŬɗɛɩɜ. (ɀɞɡɟŬŰɑŭɖɠ,2008). 

Ⱥˊɘˊɚɏɞɜ, ůŰŬ ɏɟɔŬ ŬɡŰɞəɘɜɖŰɞŭɟɧɛɤɜ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɛɏɗɞŭɞɠ "Cover and Cut" ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ŬůŰɎɗŮɘŬɠ Űɤɜ ˊɟŬɜɩɜ Űɖɠ ɔɖɠ ůŰŬ ůŰɧɛɘŬ . Ɇɡɜɐɗɤɠ, ŰŬ ůŰɧɛɘŬ Űɖɠ ůɐɟŬɔɔŬɠ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ŬˊɞůŬɗɟɤɛɏɜɞ əŬɘ əŮɟɛŬŰɘůɛɏɜɞ ɓɟɎɢɞ ˊɞɡ ŬˊŬɘŰŮɑ Ůɘŭɘəɏɠ ŭɘŬŰɎɝŮɘɠ ɔɘŬ 

ɡˊɞůŰɐɟɘɝɖ əŬɘ ˊɟɞůŰŬůɑŬ.  

ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ŬůŰɎɗŮɘŬɠ ˊɟŬɜɩɜ Űɖɠ ɔɖɠ ůŰŬ ůŰɧɛɘŬ, ɛɘŬ ŮəŰŮŰŬɛɏɜɖ óɛɖ-ůɡɔəɟŬŰɖɛɏɜɖô ŮəůəŬűɐ  

(ɢɤɟɑɠ ɛɏŰɟŬ ůɡɔəɟɎŰɖůɖɠ əŬŰɎ Űɖɜ ŮəůəŬűɐ) ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ ŬůŰɎɗŮɘŬ əŬɘ ɗŬ ŬˊɞŭŮɘɢɗŮɑ 

ɛɖ ŮűŬɟɛɧůɘɛɖ (Ⱥɘə. 2.4). ȼ ˊɘɞ ɔɜɤůŰɐ ŰŮɢɜɘəɐ əŬŰŬůəŮɡɐɠ Űɖɠ ɛŮɗɧŭɞɡ "Cut and Cover" ɛˊɞɟŮɑ ɜŬ 

ŮűŬɟɛɞůŰŮɑ ůŰŬ ůŰɧɛɘŬ Űɖɠ ůɐɟŬɔɔŬɠ, ɧŰŬɜ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ŬůŰɎɗŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜŬ 

əŬɘ əŬɚɎ əŬɗɞɟɘůɛɏɜŬ. ȷɡŰɐ ɖ ŰŮɢɜɘəɐ ɔɘŬ ŰŬ ůŰɧɛɘŬ Űɖɠ ůɐɟŬɔɔŬɠ ŮɑɜŬɘ ŮɚŬűɟɩɠ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ 

Űɖɜ ŰŮɢɜɘəɐ ɛɖ-ůɡɔəɟŬŰɖɛɏɜɖɠ ŮəůəŬűɐɠ, əŬɗɩɠ ɚɧɔɤ Űɤɜ ŮəŰŮŰŬɛɏɜɤɜ ŮɟɔŬůɘɩɜ ɢɤɛŬŰɞɡɟɔɑŬɠ, 

ŮɜŭɏɢŮŰŬɘ ɜŬ ŬˊŬɘŰɞɨɜŰŬɘ ˊɚɎɔɘŬ ŰɞɘɢɩɛŬŰŬ ůɡɔəɟɎŰɖůɖɠ əŬɘ ˊɟɞɓɚɏˊŮŰŬɘ ˊɎɜŰɞŰŮ ɖ ŮˊŬɜŮˊɑɢɤůɖ Űɞɡ 

ůŰɞɛɑɞɡ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

ȳŰŬɜ ɞ əɑɜŭɡɜɞɠ ŮˊɘűŬɜŮɘŬəɩɜ ɞɚɘůɗɐůŮɤɜ, ɓɟɎɢɤɜ ɐ ɓŬɗɘɩɜ əŬŰɞɚɘůɗɐůŮɤɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧɠ, ɖ 

ɛɏɗɞŭɞɠ "Cut and Cover" ŭŮɜ ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ ɔɘŬ ŮűŬɟɛɞɔɐ. ȼ ɕɩɜɖ ŮəůəŬűɐɠ ˊɟɏˊŮɘ ɜŬ ɛŮɘɤɗŮɑ ůŰɞ 

ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ əŬɘ ɜŬ ɡˊɞůŰɖɟɘɢɗŮɑ ˊɚɐɟɤɠ ɔɘŬ ɜŬ ŭɘŮɡəɞɚɡɜɗɞɨɜ ɞɘ ŬˊŬɘŰɞɨɛŮɜŮɠ ŮɟɔŬůɑŮɠ 

ɢɤɛŬŰɞɡɟɔɘəɩɜ ŮɟɔŬůɘɩɜ.  

ȷɡŰɏɠ ɞɘ ŬˊŬɘŰɐůŮɘɠ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɡɘɞɗŮŰɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ "Cover and Cut", ɖ ɞˊɞɑŬ ˊŬɟɏɢŮɘ ˊɚɐɟŮɠ 

ŰůɘɛŮɜŰɏɜɘɞ ˊŮɟɑɓɚɖɛŬ ɔɘŬ əɎɗŮ ɞˊɐ ůɐɟŬɔɔŬɠ (ůŮ ˊŮɟɑˊŰɤůɖ ŭɑŭɡɛɤɜ ůɖɟɎɔɔɤɜ) ˊɟɘɜ Ŭˊɧ Űɖɜ 

ŮəůəŬűɐ. ȷɡŰɧ Űɞ ˊɟɞůŰŬŰŮɡŰɘəɧ əɏɚɡűɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŬůůɎɚɞɡɠ ŭɘɎŰɟɖŰɞɡɠ əŬɘ ɢɡŰɞɨɠ ůŰɖ 

ɗɏůɖ Űɞɡɠ, ɞɘ ɞˊɞɑɞɘ ɡˊɞůŰɖɟɑɕɞɡɜ ɛɘŬ ɞɟɘɕɧɜŰɘŬ ˊɚɎəŬ, ɖ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ɢɡŰŮɨŮŰŬɘ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɡɠ ˊŬůůɎɚɞɡɠ, ɛŮ Űɟɧˊɞ ɩůŰŮ ɜŬ ůɢɖɛŬŰɑɕŮŰŬɘ Űɞ əɎɚɡɛɛɎ. 

ȼ ŮəůəŬűɐ əɎŰɤ Ŭˊɧ ŬɡŰɧ Űɞ ˊɟɞůŰŬŰŮɡŰɘəɧ ůəɡɟɧŭŮɛŬ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɖɜ ŮəůəŬűɐ ůŮ ůɤůŰɎ 

ŮˊŮɜŭɡɛɏɜɖ ůɐɟŬɔɔŬ əŬɘ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŬůűŬɚɐɠ. 

ȼ ɛɏɗɞŭɞɠ "Cover and Cut" ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ůŰɞɛɑɤɜ Űɤɜ ůɖɟɎɔɔɤɜ ˊɟɞŰɘɛɎŰŬɘ Ŭˊɧ 

ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ˊŬɟɧɛɞɘŬ ŰŮɢɜɘəɐ ɧŰŬɜ(ɀɞɡɟŬŰɑŭɖɠ,2008): 

¶ ɈˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ɓɟɎɢɤɜ ɐ ŮˊɘűŬɜŮɘŬəɩɜ ɞɚɘůɗɐůŮɤɜ ůŮ əŬŰŮɨɗɡɜůɖ ˊŬɟɎɚɚɖɚɖ ɛŮ Űɖɜ 

ŮɡɗɡɔɟɎɛɛɘůɖ Űɞɡ ŭɟɧɛɞɡ (ȺɘəɧɜŬ 2.5). 

¶ ɈˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ɓŬɗɘɎɠ ɞɚɑůɗɖůɖɠ ůŰɖɜ ŮɔəɎɟůɘŬ əŬŰŮɨɗɡɜůɖ . 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [20] 

¶ ɈˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ɛŮɔɎɚɖɠ əŬŰɞɚɑůɗɖůɖɠ ɚɧɔɤ Űɖɠ ŮəŰŮŰŬɛɏɜɖɠ ŮəůəŬűɐɠ, ůŰɖɜ ŮɔəɎɟůɘŬ 

əŬŰŮɨɗɡɜůɖ (əɎɗŮŰɖ ůŰɖɜ ɞŭɘəɐ ŮɡɗɡɔɟɎɛɛɘůɖ)  (ȺɘəɧɜŬ 2.5). 

¶ Ƀɘ ŮəŰŮŰŬɛɏɜŮɠ ŬɜɞɘɢŰɏɠ ŮəůəŬűɏɠ ŮɛˊɞŭɑɕɞɜŰŬɘ Ŭˊɧ ɡˊɎɟɢɞɡůŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ  ɐ 

ŬˊŬɔɞɟŮɨɞɜŰŬɘ Ŭˊɧ ɞɘəɞɚɞɔɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ. 

 
ȺɘəɧɜŬ 2.4 : ɀɏɗɞŭɞɘ əŬŰŬůəŮɡɐɠ Űɤɜ ůŰɞɛɑɤɜ Űɤɜ ůɖɟɎɔɔɤɜ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [21] 

 
ȺɘəɧɜŬ 2.5: Ⱦɑɜŭɡɜɞɠ ŬůŰɞɢɑŬɠ ůŮ ůŰɧɛɘŬ ůɖɟɎɔɔɤɜ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

 

ȼ ɗŮɛŮɚɘɩŭɖɠ ɏɜɜɞɘŬ Űɖɠ ɛŮɗɧŭɞɡ, ůɡɜɘůŰɎ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ɏəŰŬůɖɠ Űɖɠ ɛɖ-ůɡɔəɟŬŰɖɛɏɜɖɠ 

ŮəůəŬűɐɠ əŬɘ Űɖɜ ˊɚɐɟɖ əɎɚɡɣɖ Űɖɠ ɞˊɐɠ Űɖɠ ůɐɟŬɔɔŬɠ Ŭˊɧ əɎŰɤ. ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ŬɜɞɘɢŰɐɠ 

ŮəůəŬűɐɠ ˊɟɞɠ ŰŬ əɎŰɤ ůŰŬɛŬŰɎ ůŮ ŮˊɑˊŮŭɞ ˊɞɚɨ ɡɣɖɚɧŰŮɟɞ Ŭˊɧ ŬɡŰɧ ˊɞɡ ˊɟɞɓɚɏˊŮŰŬɘ ɔɘŬ Űɖ ɛɖ 

ůɡɔəɟŬŰɖɛɏɜɖ ŮəůəŬűɐ, (Ⱥɘə. 2.6) ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɞɜ əɑɜŭɡɜɞ ŬůŰɎɗŮɘŬɠ. ȾŬŰɎ Űɖ ŭɘŬɛɐəɖ 

əŬŰŮɨɗɡɜůɖ, ɖ ɛɏɗɞŭɞɠ ŮűŬɟɛɧɕŮŰŬɘ Ůű 'ɧůɞɜ ŮəŰŮɑɜɞɜŰŬɘ ɞɘ ŬůŰŬɗŮɑɠ ůɢɖɛŬŰɘůɛɞɑ Űɞɡ ŮŭɎűɞɡɠ.  

ȼ ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɝɘ ɝŮɢɤɟɘůŰɎ ůŰɎŭɘŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ɢɤɛŬŰɞɡɟɔɘəɩɜ ŮɟɔŬůɘɩɜ, ɔŮɩŰɟɖůɖɠ əŬɘ ɢɨŰŮɡůɖɠ ˊŬůůɎɚɤɜ, əŬŰŬůəŮɡɐɠ ˊɚŬəɩɜ, ŬˊɞɛɎəɟɡɜůɖɠ 

ɔŬɘɩɜ əŬɘ ŮɜŬˊɧɗŮůɖɠ (ɆɢɐɛŬ 2.6) (ɀɞɡɟŬŰɑŭɖɠ,2008): 

ɆŰɎŭɘɞ Ƚ: ȺəŰŮɚŮɑŰŬɘ ˊɟɞəŬŰŬɟəŰɘəɐ ŮəůəŬűɐ əŬɘ ŰŬɝɘɜɧɛɖůɖ. ɇɞ ŮˊɑˊŮŭɞ Űɞɡ ŮŭɎűɞɡɠ ɟɡɗɛɑɕŮŰŬɘ 

əŬŰɎ Űɟɧˊɞ ˊɞɡ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɟɧůɓŬůɖ əŬɘ Űɖɜ əɑɜɖůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ Űɖ ɔŮɩŰɟɖůɖ əŬɘ Űɖɜ 

əŬŰŬůəŮɡɐ ˊɚŬəɩɜ. ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ŮɜŬˊɧɗŮůɖ ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰɖɗŮɑ ŰɞˊɘəɎ ɔɘŬ ɜŬ ˊŬɟɏɢŮɘ 

ɞɛɞɘɧɛɞɟűɖ ɞɟɘɕɧɜŰɘŬ ŮˊɘűɎɜŮɘŬ ŮŭɎűɞɡɠ. Ƀɘ əŮűŬɚɏɠ ˊŬůůɎɚɤɜ ˊɟɏ́Ůɘ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ 

ŮˊɑˊŮŭɞ, ɩůŰŮ ɜŬ ŭɏɜɞɜŰŬɘ Ŭˊɧ ɛɘŬ ɞɟɘɕɧɜŰɘŬ ŭɞəɧ əŮűŬɚɐɠ. 

ɆŰɎŭɘɞ ȽȽ: ɀɘŬ ůŮɘɟɎ ˊŬůůɎɚɤɜ əŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ˊɚŮɡɟɏɠ Űɞɡ ŰɛɐɛŬŰɞɠ Űɖɠ ůɐɟŬɔɔŬɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ 

ɛɏůŬ ůŰɘɠ ɞˊɏɠ ˊɞɡ ɎɜɞɘɝŮ Űɞ ɔŮɤŰɟɨˊŬɜɞ. ɇɞ ŭɘɎəŮɜɞ Űɤɜ ˊŬůůɎɚɤɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɑůɞ ɛŮ 2D, ɧˊɞɡ 

D ŮɑɜŬɘ ɖ ŭɘɎɛŮŰɟɞɠ Űɤɜ ˊŬůůɎɚɤɜ. 

ɆŰɎŭɘɞ ȽȽȽ: ɆŰɞ ůŰɎŭɘɞ ȽȽȽ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɞɘ ŭɞəɞɑ əŮűŬɚɐɠ əŬɘ ɖ ˊɚɎəŬ ůəɡɟɞŭɏɛŬŰɞɠ. 

ɆŰɎŭɘɞ IV: ɆŰɞ ůŰɎŭɘɞ IV ɖ "əɎŰɤ" ŮəůəŬűɐ ŮəŰŮɚŮɑŰŬɘ, Ŭɧ́ɚɡŰŬ ˊɟɞůŰŬŰŮɡɛɏɜɖ Ŭˊɧ Űɖɜ ˊɚɎəŬ 

ůəɡɟɞŭɏɛŬŰɞɠ. ɇɞ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ŬˊɚɩɜŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ,  ŬɜɎɛŮůŬ 

ůŰɞɡɠ ˊŬůůɎɚɞɡɠ. 

ɆŰɎŭɘɞ V: ɆŰɞ ůŰɎŭɘɞ V əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ŮůɤŰŮɟɘəɐ Ůˊɏɜŭɡůɖ Űɖɠ ůɐɟŬɔɔŬɠ. 

ɆŰɎŭɘɞ VI: Ƀɘ ŮɟɔŬůɑŮɠ ŮɜŬˊɧɗŮůɖɠ ůɡɜɐɗɤɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɞ ůŰɎŭɘɞ VI ŮɑŰŮ ɔɘŬ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ɚɧɔɞɡɠ ŮɑŰŮ ɔɘŬ ɚɧɔɞɡɠ ŬˊɞəŬŰɎůŰŬůɖɠ ŭɘəŰɨɞɡ. 

Ƀɘ ŭɘŬűɟŬɔɛŬŰɘəɞɑ Űɞɑɢɞɘ ˊɟɞůŰŬŰŮɨɞɡɜ Ŭˊɧ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ ˊɞɡ ůɡɜŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ˊɑůɤ Űɞɡɠ . Ƀɘ əŬɗɘɕɐůŮɘɠ ŮəŰŮɑɜɞɜŰŬɘ ůŮ 1 ɛŮ 2 ɛɏŰɟŬ ˊɑůɤ Ŭˊɧ Űɞɡɠ Űɞɑɢɞɡɠ əŬɘ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [22] 

ɞɚɘəɞɨ ɓɎɗɞɡɠ Űɖɠ ŮəůəŬűɐɠ. ɆŰŬ ŬɟɔɘɚɘəɎ ŮŭɎűɖ ɞɘ əŬɗɘɕɐůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɔɎɚŮɠ , Űɖɠ ŰɎɝɖɠ 

Űɞɡ 1 ɏɤɠ 2% Űɞɡ ɞɚɘəɞɨ ɓɎɗɞɡɠ Űɖɠ ŮəůəŬűɐɠ , Ůɜɩ ůŮ Ŭɛɛɩŭɖ ŮŭɎűɖ ŬɜɏɟɢɞɜŰŬɘ ůŰɞ ɐɛɘůɡ Űɤɜ 

ˊŬɟŬˊɎɜɤ Űɘɛɩɜ , Ůɜɩ ůŮ ˊɡəɜɏɠ Ɏɛɛɞɡɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ. ŪŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɧɚŬ ŰŬ əŬŰɎɚɚɖɚŬ 

ɛɏŰɟŬ ŬɜŰɘůŰɐɟɘɝɖɠ Űɤɜ ŭɘŬűɟŬɔɛŬŰɘəɩɜ Űɞɑɢɤɜ əŬɘ ɞɘ ŮəůəŬűɏɠ ɜŬ ɔɑɜɞɜŰŬɘ ˊɟɞůŮəŰɘəɎ, ɩůŰŮ ɞɘ 

əŬɗɘɕɐůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ ɜŬ ɏɢɞɡɜ ŬůɐɛŬɜŰŮɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɗŮɛŮɚɘɩůŮɤɜ Űɤɜ 

ɔŮɘŰɞɜɘəɩɜ əŬŰŬůəŮɡɩɜ.( ȸŬɚŬɚɎɠ,1984, Ŭˊɧ ɀŬɟŬɔəɧɠ,1997). 

 
ȺɘəɧɜŬ 2.6 :ɆŰɎŭɘŬ əŬŰŬůəŮɡɐɠ Űɖɠ ɛŮɗɧŭɞɡ ñcover and cutò.(ɀɞɡɟŬŰɑŭɖɠ,2008) 

 

 

2.4 Ⱥˊɘůəɧˊɖůɖ əŬŰŬůəŮɡɐɠ 

 

Ƀɘ əŬŰŬůəŮɡɏɠ "Cover and Cut" ůŮ ɏɜŬ ůɘŭɖɟɧŭɟɞɛɞ ŮɑɜŬɘ ŰŮɟɎůŰɘŮɠ ŭɞɛɏɠ. ȼ əŬŰŬůəŮɡɐ ŰɏŰɞɘɤɜ 

ŭɞɛɩɜ ŮɑɜŬɘ ɔŮɜɘəɎ ˊɞɚɨˊɚɞəɖ əŬɘ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ, ůɡɢɜɎ ŭɨůəɞɚŮɠ əŬɘ ɛŮŰŬɓɚɖŰɏɠ 

ůɡɜɗɐəŮɠ ŮŭɎűɞɡɠ əŬɘ, ˊɎɜŰɞŰŮ, ˊɟɏˊŮɘ ɜŬ ŭɘŮɝɎɔŮŰŬɘ ůŮ ˊɟɞůŮəŰɘəɎ ůŰɎŭɘŬ. ȺəŰɧɠ ŬɡŰɞɨ, ɛˊɞɟŮɑ ɜŬ 

əŬŰŬůəŮɡɎɕŮŰŬɘ ůŮ ůɢŮŰɘəɎ ɛŬəɟɎ ˊŮɟɑɞŭɞ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ əŬŰŬůəŮɡɐ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ŮəŰŮɗŮɘɛɏɜɖ 

əŬɘ, ŮɜŭŮɢɞɛɏɜɤɠ, ŮɡŬɑůɗɖŰɖ ůŰɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ŮɝɤŰŮɟɘəɩɜ ůŰɞɘɢŮɑɤɜ.( Krishan Kaul,2010) 

ȺɝɎɚɚɞɡ, ɧůɞɜ ŬűɞɟɎ Űɘɠ ŭɞɛɏɠ Cover and Cut, űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ ŮɛűŬɜɐɠ ŬˊɞɡůɑŬ ɛɘŬɠ ŮɜɘŬɑŬɠ 

ˊɟɞůɏɔɔɘůɖɠ ůŰɞɜ ůɢŮŭɘŬůɛɧ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ůɢŮŭɘŬůɛɧɠ ŰɏŰɞɘɤɜ 

əŬŰŬůəŮɡɩɜ ůɡɜŭɏŮŰŬɘ ůŰŮɜɎ ɛŮ Űɖɜ ŬəɞɚɞɡɗɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡɠ ɖ ɞˊɞɑŬ, ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ ŭɞɛɐ, 

ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ɛɞɜŬŭɘəɐ ŬɚɚɎ, ŮɜŭŮɢɞɛɏɜɤɠ, ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ˊɞɘəɘɚɑŬ ˊɘɗŬɜɩɜ ŭɘŬűɞɟŮŰɘəɩɜ 

Ŭəɞɚɞɡɗɘɩɜ əŬɘ ůɡɜŭɡŬůɛɩɜ. .(Krishan Kaul,2010) 

ɋůŰɧůɞ, ŮˊɘɚɏɔɞɜŰŬɠ ɛɘŬ Cover and Cut əŬŰŬůəŮɡɐ ˊɞɡ ŰŬɘɟɘɎɕŮɘ ˊŮɟɘůůɧŰŮɟɞ ůŮ ɏɜŬ ŭŮŭɞɛɏɜɞ 

ůɨɜɞɚɞ ůɡɜɗɖəɩɜ əŬɘ ˊŮɟɘɞɟɘůɛɩɜ, ŮɑɜŬɘ ůɡɢɜɎ ɢɟɐůɘɛɞ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ ůɡɔəɟɘŰɘəɐ ɛŮɚɏŰɖ 

Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ əŬɘ Űɤɜ ɛŮɘɞɜŮəŰɖɛɎŰɤɜ Űɤɜ ŭɘŬűɧɟɤɜ ŭɘŬɗɏůɘɛɤɜ Ůˊɘɚɞɔɩɜ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ŮɝɏŰŬůɖɠ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ Űɞɡɠ əŬɘ Űɘɠ ŮˊɘˊŰɩůŮɘɠ Űɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɞɡ 

əɧůŰɞɡɠ. .(Krishan Kaul,2010) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [23] 

ɇɞ ˊŮɟɘɓɎɚɚɞɜ ɏŭŬűɞɠ, ɚɧɔɤ Űɖɠ ůŰŮɜɐɠ ŮˊŬűɐɠ Űɞɡ ɛŮ Űɖ ŭɞɛɐ Űɞɡ Cover and Cut, ˊŬɟɎɔŮɘ ˊɚŮɡɟɘəɏɠ 

ˊɘɏůŮɘɠ ˊɞɡ ůɡɜɘůŰɞɨɜ Űɞ əɨɟɘɞ űɞɟŰɑɞ ˊɞɡ ŮˊŮɜŮɟɔŮɑ ůŮ ŬɡŰɧ. ɄŬɟɏɢŮɘ Ůˊɑůɖɠ ůŰɟɞɔɔɡɚɐ ůŰɐɟɘɝɖ əŬɘ 

ůŰŬɗŮɟɧŰɖŰŬ ůŰɖ ŭɞɛɐ. ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ŮŭŬűɘəɩɜ ˊɘɏůŮɤɜ əŬɘ ɖ ɏəŰŬůɖ Űɖɠ ŭɘŬɗɏůɘɛɖɠ 

ůŰɐɟɘɝɖɠ ŮŭɎűɞɡɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ ˊɘɏůŮɘɠ ˊɞɡ ŬɜŰɘŭɟɞɨɜ əŬɘ əɘɜɖŰɞˊɞɘɞɨɜŰŬɘ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ŮɑɜŬɘ 

ůŰŮɜɎ ŬɚɚɖɚɏɜŭŮŰŬ. ɆɡɜŮˊɩɠ, əŬɗɩɠ ɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ɞɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŬɚɚɎɕɞɡɜ 

Ŭˊɧ Űɞ ɏɜŬ ůŰɎŭɘɞ əŬŰŬůəŮɡɐɠ ůŰɞ ŮˊɧɛŮɜɞ, ɏŰůɘ əŬɘ ɖ ɏəŰŬůɖ Űɖɠ ůŰɐɟɘɝɖɠ Űɞɡ ŮŭɎűɞɡɠ ɗŬ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ɏəŰŬůɖ Űɖɠ ŮəůəŬűɐɠ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ ɞɚɞəɚɐɟɤůɖɠ Űɖɠ ŭɞɛɐɠ ˊɞɡ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ůŮ ŬɡŰɧ 

Űɞ ůŰɎŭɘɞ . .(Krishan Kaul,2010) 

ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ ɘəŬɜɞˊɞɘɖŰɘəɐ ɚɨůɖ ůɢŮŭɘŬůɛɞɨ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬˊŰɡɢɗŮɑ 

ɛɘŬ ůŬűɐɠ əŬŰŬɜɧɖůɖ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɞŰɘɛɩɛŮɜɖ ɛɏɗɞŭɞ, Űɖɜ ŬɚɚɖɚɞɡɢɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ˊɟɧəŮɘŰŬɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŮəůəŬűɐ əŬɗɩɠ əŬɘ Űɖ ŭɞɛɐ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ. ȺɑɜŬɘ Ůɝɑůɞɡ 

ůɖɛŬɜŰɘəɧ, ɜŬ ɏɢɞɡɛŮ ɛɘŬ ŮəŰɑɛɖůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəɚɖɗɞɨɜ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ 

ůɢŮŭɘŬůɛɧ ˊɞɡ ɗŬ ŮˊɘɚɏɝɞɡɛŮ. .(Krishan Kaul,2010) 

 

2.5 ɉŬɟŬəŰɖɟɘůŰɘəɎ ůɢŮŭɘŬůɛɞɨ "Cover and Cut" 

 

ȳˊɤɠ ůɡɛɓŬɑɜŮɘ ɛŮ əɎɗŮ ɏɟɔɞ ŰɞˊɞɗɏŰɖůɖɠ ůɐɟŬɔɔŬɠ, ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɛɘŬ ůŮɘɟɎ ɛŮɚŮŰɩɜ ɔɘŬ Űɖɜ 

ŬůűŬɚɐ əŬŰŬůəŮɡɐ əŬɘ ɚŮɘŰɞɡɟɔɑŬ ɛɘŬɠ ůɐɟŬɔɔŬɠ "Cover and Cut", ɧˊɤɠ ɖ ŮəŰɑɛɖůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ 

ŮˊɘˊŰɩůŮɤɜ, ɖ ɔŮɤŰŮɢɜɘəɐ ɛŮɚɏŰɖ, ɖ ŮəůəŬűɐ əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ ɡˊɞůŰɐɟɘɝɖɠ, ɖ ŭɞɛɘəɐ əŬɘ ůŰŬŰɘəɐ 

ɛŮɚɏŰɖ, ɞ ŰŮɚɘəɧɠ ůɢŮŭɘŬůɛɧɠ ŮˊŮɜŭɨůŮɤɜ əɚˊ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

ȼ ɔŮɤŰŮɢɜɘəɐ ɛŮɚɏŰɖ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůɖɛŬɜŰɘəɐ əŬɗɩɠ ŬɝɘɞɚɞɔŮɑ Űɖ ɗŮɛŮɚɘɩŭɖ ůɡɜŮɘůűɞɟɎ ɔɘŬ Űɞɜ 

ůŰŬŰɘəɧ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůɐɟŬɔɔŬɠ. ɀŮ ɓɎůɖ Űɘɠ ŮˊɘŰɧˊɘŮɠ əŬɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ 

ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ɛɎɕŬɠ ɔɖɠ, ŭɖɚŬŭɐ Űɞ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ, ɞ ˊɑɜŬəŬɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɖ ɔɤɜɑŬ 

Űɟɘɓɐɠ, ɖ ůɡɜɞɢɐ əŬɘ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ůŰɞ ŮˊɑˊŮŭɞ ɗŮɛŮɚɑɤůɖɠ.  

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɚɞɡůŰŮɡɗɞɨɜ ɞɘ ŬɜŬɚɡŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ, ŮɝŮŰɎɕɞɜŰŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ Űɖɠ 

əŬŰŬůəŮɡɐɠ "Rover and Cut" əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůɡůŰɐɛŬŰŬ űɧɟŰɤůɖɠ. ɆŰɞ ůŰɎŭɘɞ ȷ, ɞɘ ˊɎůůŬɚɞɘ ŮɑɜŬɘ 

ŭɘɎŰɟɖŰɞɘ əŬɘ űɡŰŮɛɏɜɞɘ ůŰɖ ɗɏůɖ Űɞɡɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ ˊɚɎəŬ ůəɡɟɞŭɏɛŬŰɞɠ əŬŰŬůəŮɡɎɕŮŰŬɘ ůŰɖɜ 

ɏŰɞɘɛɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ɆŰɖɜ ˊŬɟɞɨůŬ űɎůɖ ŬůəŮɑŰŬɘ ŬɛŮɚɖŰɏŬ űɧɟŰɘůɖ ůŰɞɡɠ ˊŬůůɎɚɞɡɠ ɐ 

ůŰɖɜ ˊɚɎəŬ (ɆɢɐɛŬ 2.7 ). ȼ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ɔɖɠ əɎŰɤ Ŭˊɧ Űɖɜ ˊɚɎəŬ ɔɑɜŮŰŬɘ ɛŮ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

ŮəůəŬűɐɠ, ŬəɞɚɞɡɗɞɨɛŮɜŮɠ Ŭˊɧ Űɖɜ ŰŮɚɘəɐ Ůˊɏɜŭɡůɖ Űɖɠ ůɐɟŬɔɔŬɠ, ɛŮ Űɖ ůɡɜɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ ɜŬ 

ŬˊɞŰŮɚŮɑ Űɞ ůŰɎŭɘɞ ȸ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

ȼ ůɡɜɞɚɘəɐ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ˊŬůůɎɚɤɜ, Űɞ ůɖɛŮɑɞ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɞ ɛɐəɞɠ Űɖɠ Ůɔəɞˊɐɠ 

ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɛɏůɤ ɛɘŬɠ ůɡɛɓŬŰɘəɐɠ ŬɜɎɚɡůɖɠ Űɖɠ əŬŰŬɜɞɛɐɠ ŮɜŮɟɔɐɠ əŬɘ ˊŬɗɖŰɘəɐɠ ŰɎůɖɠ ůŰɞɡɠ 

ˊŬůůɎɚɞɡɠ (ɆɢɐɛŬ 2.8). ȼ ˊɑŮůɖ Űɖɠ ɔɖɠ ůŰɞɡɠ ˊŬůůɎɚɞɡɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɟɖŰɘəɐɠ ŬɜŰɞɢɐɠ Űɤɜ ɔɨɟɤ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɤɜ ́ ŮŰɟɤɛɎŰɤɜ. ȷɡŰɐ 

ɖ əŬŰɎůŰŬůɖ ŰɎůŮɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ůŰɎŭɘɞ ȸ, ůɡɔəɟŬŰŮɑ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ ŭɞɛɐɠ "ŭɞəɧɠ - ́ ɚɎəŬ 

əŮűŬɚɐɠ". ũɘŬ ɚɧɔɞɡɠ ůɢŮŭɘŬůɛɞɨ ˊŬůůɎɚɤɜ, ɖ ˊɑŮůɖ Űɖɠ ɔɖɠ ůŮ əŬŰɎůŰŬůɖ ɖɟŮɛɑŬɠ, ɗŮɤɟŮɑŰŬɘ ɧŰɘ 

ŮűŬɟɛɧɕŮŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ˊɚŮɡɟɎɠ əɎɗŮ ůŮɘɟɎɠ ˊŬůůɎɚɤɜ, ŬɜŰɑ Űɖɠ ŮɜŮɟɔɞɨ ˊɑŮůɖɠ, ɔɘŬ 

ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ŬůűɎɚŮɘŬ ůŮ ɧɚɞɡɠ Űɞɡɠ ŬɟɘɗɛɖŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

Ɇɡɜɐɗɤɠ ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ ŬůűŬɚŮɑŬɠ 1,3-1,5 ŮűŬɟɛɧɕŮŰŬɘ ůŰɖɜ ŬɜɎɚɡůɖ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ ɓɎɗɞɡɠ 

ŰɞˊɞɗɏŰɖůɖɠ. Ƀɘ ŰɟɏɢɞɜŰŮɠ ˊŬɟɎɔɞɜŰŮɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ ˊŬůůɎɚɤɜ, SF = 1,5 ɔɘŬ ůŰŬŰɘəɐ 

űɧɟŰɤůɖ əŬɘ SF = 1,2 ɔɘŬ ůŮɘůɛɘəɐ űɧɟŰɘůɖ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ ɧůɞɜ ŬűɞɟɎ 

Űɘɠ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ŰɎůŮɘɠ.  

ɆɡɢɜɎ, ˊɟɏˊŮɘ ɜŬ ŬɜŬɛɏɜŮŰŬɘ ɢŬɛɖɚɐ ŭɨɜŬɛɖ ŭɘɎŰɛɖůɖɠ əŬŰɎ ɛɐəɞɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɟɤɛɎŰɤɜ 

ɔɨɟɤ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ˊɨɚɖɠ ˊɞɡ ŭɘəŬɘɞɚɞɔɞɨɜ Űɖ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ "Rover and Cut". ȼ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [24] 

ŬɟɘɗɛɖŰɘəɐ ŬɜɎɚɡůɖ ůŰɞ ɆŰɎŭɘɞ ȸ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ əŬŰɎɚɚɖɚɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ɚɞɔɘůɛɘəɞɨ ɔɘŬ 

ůŰŬŰɘəɎ əŬɘ ŭɡɜŬɛɘəɎ űɞɟŰɑŬ.  

ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ŭɑŭɡɛɤɜ ůɖɟɎɔɔɤɜ, Űɞ ɓɎɗɞɠ Űɖɠ ŮɜůɤɛɎŰɤůɖɠ ˊɞɘəɑɚŮɘ Ŭˊɧ Űɞ 1/3 ɏɤɠ Űɞ 1/2 Űɞɡ 

ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ Űɤɜ ˊŬůůɎɚɤɜ, ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɎɕŬɠ ɓɟɎɢɞɡ. Ƀɘ ˊɚɎəŮɠ ˊɞɡ 

əŬɚɨˊŰɞɡɜ, ŭɑŭɡɛŮɠ ůɐɟŬɔɔŮɠ ŬɡŰɞəɘɜɖŰɞŭɟɧɛɤɜ, ɏɢɞɡɜ ůɡɜɐɗɤɠ ɏɜŬ Ůɨɟɞɠ Ŭˊɧ 11.50 - 13.00 m.  

 
ȺɘəɧɜŬ 2.7: ɆŰɎŭɘɞ ɛɖŭŮɜɘəɐɠ ŰɎůɖɠ (ɆŰɎŭɘɞ ȷ) (ȷ. ɀɞɡɟŬŰɑŭɖɠ, 2008) 

 

 

 

 

 
ȺɘəɧɜŬ 2.8: ȹɞɛɐ əŬŰɎ Űɖɜ űɧɟŰɘůɖ (ɆŰɎŭɘɞ ȸ). (ɀɞɡɟŬŰɑŭɖɠ,2008) 

 

Ƀɘ ɓŬůɘəɏɠ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ŰɏŰɞɘɤɜ ŭɞɛɩɜ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ŭəɧɚɞɡɗɤɜ: ( Krishan Kaul,2010) 

¶ ɄɚŮɡɟɘəɎ ˊɟŬɜɐ əŬɘ ɡŭɟɞůŰŬŰɘəɏɠ ˊɘɏůŮɘɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ůŰɞɘɢŮɑŬ ůɡɔəɟɎŰɖůɖɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [25] 

¶ ɄɚŮɡɟɘəɏɠ ˊɘɏůŮɘɠ ůŰŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ ŭŬˊɏŭɞɡ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ɞɟɘɕɧɜŰɘŮɠ ɛɧɜɘɛŮɠ 

ŬɜŰɖɟɑŭŮɠ. 

¶ ȾŬŰŬəɧɟɡűŬ űɞɟŰɑŬ (ˊɟɞɠ ŰŬ əɎŰɤ əŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ ,ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ) ůŰŬ 

ɞɟɘɕɧɜŰɘŬ ůŰɞɘɢŮɑŬ ŭŬˊɏŭɞɡ əŬɘ ŰŬ əɎɗŮŰŬ ůŰɞɘɢŮɑŬ ůŰɐɟɘɝɖɠ ɧˊɤɠ ɞɘ əɞɚɩɜŮɠ əŬɘ ɞɘ Űɞɑɢɞɘ. 

¶ ɆŮɘůɛɘəɎ űɞɟŰɑŬ 

¶ ɄɚŮɞɜŮəŰɐɛŬŰŬ ɔɘŬ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŭɞɛɐɠ ůŰɞ ůɨɜɞɚɧ Űɖɠ 

Ƀ ůɢŮŭɘŬůɛɧɠ ɛɘŬɠ ɡˊŮɟɡɣɤɛɏɜɖɠ əŬŰŬůəŮɡɐɠ ɓŬůɑɕŮŰŬɘ ɔŮɜɘəɎ ůŮ əŬɚɎ əŬɗɞɟɘůɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ 

əŬɘ əŬɗɘŮɟɤɛɏɜŮɠ Ŭɟɢɏɠ. ɇŬ űɞɟŰɑŬ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɛŮ ŬəɟɑɓŮɘŬ əŬɘ ɜŬ ŮűŬɟɛɞůŰɞɨɜ 

ůŮ ɔɜɤůŰɏɠ ɗɏůŮɘɠ əŬɘ ůŮ əŬɗɞɟɘůɛɏɜŮɠ əŬŰŮɡɗɨɜůŮɘɠ. Ƀɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ əŬɘ ɖ Ŭˊɧəɟɘůɖ Űɖɠ ŭɞɛɐɠ 

ůŰŬ ŮűŬɟɛɞɕɧɛŮɜŬ űɞɟŰɑŬ əŬɘ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ ůɡɜŭɡŬůɛɞɨɠ űɞɟŰɑɤɜ ɛˊɞɟɞɨɜ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɛŮ 

Ůɨɚɞɔɞ ɓŬɗɛɧ ɓŮɓŬɘɧŰɖŰŬɠ. ɋůŰɧůɞ, ɞ ůɢŮŭɘŬůɛɧɠ ɛɘŬɠ ɡˊɧɔŮɘŬɠ ŭɞɛɐɠ ˊɟɏˊŮɘ ɔŮɜɘəɎ ɜŬ ɓŬůɑɕŮŰŬɘ ůŮ 

ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŮɑɜŬɘ ŬˊɑɗŬɜɞ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗɞɨɜ ɛŮ ŬəɟɑɓŮɘŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ɏɜŬ ŭŮŭɞɛɏɜɞ 

ˊŮɟɘɓɎɚɚɞɜ ŮŭɎűɞɡɠ, ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŮŭɎűɞɡɠ ɛˊɞɟŮɑ ɜŬ ˊɞɘəɑɚŮɘ Ŭˊɧ ɛɖ ɔɟŬɛɛɘəɐ, ůŮ ɔɟŬɛɛɘəɐ-

ŮɚŬůŰɘəɐ ɏɤɠ ˊɚŬůŰɘəɐ. ( Krishan Kaul,2010) 

ȼ əŬŰŬˊɧɜɖůɖ, ɖ ŬɜɘůɞŰɟɞˊɑŬ, ɖ ŮŰŮɟɞɔɏɜŮɘŬ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊɞůŰɟɎɔɔɘůɖɠ əŬɘ ŰŬ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ Űɤɜ ˊɘɏůŮɤɜ ˊɧɟɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŭɘŬűɧɟɤɜ ůŰŬŭɑɤɜ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ 

Ůˊɑůɖɠ ɛŮɟɘəɞɑ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗɞɨɜ ɛŮ ŬəɟɑɓŮɘŬ. ȷɡŰɧ əɎɜŮɘ 

Űɖɜ ŬɜɎɚɡůɖ ˊɟɞůŮɔɔɘůŰɘəɐ əŬɘ ɚɘɔɧŰŮɟɞ ŮɚəɡůŰɘəɐ ůŮ ůɨɔəɟɘůɖ ɛŮ ŬɡŰɐ Űɤɜ ɡˊŮɟəŮɑɛŮɜɤɜ 

əŬŰŬůəŮɡɩɜ. ( Krishan Kaul,2010) 

ȼ ɡˊŮɟɓɞɚɐ ɐ ɡˊɞŮəŰɑɛɖůɖ Űɤɜ ŮűŬɟɛɞɕɧɛŮɜɤɜ űɞɟŰɑɤɜ əŬɘ ɖ ɡˊŮɟŮəŰɑɛɖůɖ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ŭɘɎŰɛɖůɖ 

Űɞɡ ŮŭɎűɞɡɠ ɛŮ Űɞ ɢɟɧɜɞ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘˊɚɏɝɞɡɜ ˊŮɟŬɘŰɏɟɤ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ɜŬ əŬŰŬůŰɐůŮɘ 

ŭɡůəɞɚɧŰŮɟɖ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŮŭɎűɞɡɠ-ŭɞɛɐɠ. ȺəŰɧɠ ŬɡŰɞɨ, ŰŬ ŭŮɑɔɛŬŰŬ 

ŮŭɎűɞɡɠ ŮɑɜŬɘ ůɡɢɜɎ ɛɘəɟɎ əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ ɛɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ Űɖɠ ɛɎɕŬɠ Űɞɡ ŮŭɎűɞɡɠ ůŰɞ ɞˊɞɑɞ 

ˊɟɧəŮɘŰŬɘ ɜŬ ŮəŰŮɚŮůŰɞɨɜ ŰŬ ɏɟɔŬ. ɀŮŰɎ Ŭˊɧ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ ŬɓŮɓŬɘɧŰɖŰŮɠ, ɞ ůɢŮŭɘŬůɛɧɠ ɓŬůɑɕŮŰŬɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ ůŮ ɞɟɘůɛɏɜŮɠ ŮɝɘŭŬɜɘəŮɨůŮɘɠ əŬɘ ůŮ ɏɜŬ ɓŬɗɛɧ ŮɛˊŮɘɟɑŬɠ, ˊɞɡ ŬˊŬɘŰŮɑ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ 

əŬɘ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮɛˊŮɘɟɑŬɠ Űɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɖɠ əŬŰŬůəŮɡɐɠ ˊŬɟɧɛɞɘɤɜ 

ŭɞɛɩɜ ůŮ ˊŬɟɧɛɞɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ. (Krishan Kaul,2010) 

ȼ əŬŰŬůəŮɡɐ ɛɘŬɠ Űɡˊɘəɐɠ Cover and Cut ŭɞɛɐɠ ɗŬ ŭɘŬŰŬɟɎɝŮɘ Űɖɜ ˊŮɟɘɓɎɚɚɞɡůŬ ˊɑŮůɖ əŬɘ Űɞ 

əŬɗŮůŰɩɠ ˊɑŮůɖɠ Űɞɡ ˊɞɟɩŭɞɡɠ ɜŮɟɞɨ ůŰɖɜ ɡˊɎɟɢɞɡůŬ ɛɎɕŬ Űɞɡ ŮŭɎűɞɡɠ. ɆŮ ɛŮɔɎɚɞ ɓŬɗɛɧ, ɖ Ůɜ ɚɧɔɤ 

ŭɘŬŰŬɟŬɢɐ ŮɝŬɟŰɎŰŬɘ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, Ŭˊɧ Űɞ Ůɑŭɞɠ Űɞɡ ŮŭɎűɞɡɠ, Ŭˊɧ Űɞ ŮɎɜ ɏɢŮɘ ŬˊɞůŰɟŬɔɔɘůŰŮɑ 

ŮɚŮɨɗŮɟŬ, ŮɎɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɚŮˊŰɧəɞəəɞ ɐ ŮɜŭɘɎɛŮůɞ, əŬɗɩɠ əŬɘ ɛŮ Űɖ ůŮɘɟɎ əŬŰŬůəŮɡɐɠ Űɤɜ 

ˊɟɞůɤɟɘɜɩɜ əŬɘ ɛɧɜɘɛɤɜ ɏɟɔɤɜ . ɀŮ ŰŬ ůɢŮŰɘəɎ ŮɚŮɨɗŮɟŬ ŬˊɞůŰɟŬɔɔɘɕɧɛŮɜŬ ŮŭɎűɖ, ɧˊɤɠ Ɏɛɛɞɘ əŬɘ 

ɢŬɚɑəɘŬ, ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɤɜ ŭɘŬűɧɟɤɜ ůŰŬŭɑɤɜ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ŮɑɜŬɘ ɎɛŮůŮɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɚŮˊŰɧəɞəəɤɜ ŮŭŬűɩɜ ɧˊɤɠ Ŭɟɔɑɚɤɜ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɚɧɔɤ Űɖɠ ŭɡůəɞɚɑŬɠ Űɖɠ 

ŮɚŮɨɗŮɟɖɠ ɟɞɐɠ Űɞɡ ɜŮɟɞɨ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ɢɟɧɜɞ. ȺɜŰɞɨŰɞɘɠ, ɛŮ 

ŰŬ ŮɜŭɘɎɛŮůŬ ŮŭɎűɖ, ɧˊɤɠ Űɘɠ ɘɚɨɠ, ɖ Ŭˊɧəɟɘůɖ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ŮɑɜŬɘ ŮɜŭɘɎɛŮůɖ, ŭɖɚŬŭɐ Űɧůɞ 

ɓɟŬɢɡˊɟɧɗŮůɛŬ (ɛɖ ůŰɟŬɔɔɘɕɧɛŮɜŬ ŮŭɎűɖ) ɧůɞ əŬɘ ɛŬəɟɞɢɟɧɜɘŬ (ůŰɟŬɔɔɘɕɧɛŮɜŬ ŮŭɎűɖ).  

ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɘɠ Ůˊɘ Űɧˊɞɡ ˊɘɏůŮɘɠ, ɞɘ ˊɘɏůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ ɗŬ ˊŬɟɞɡůɘɎůɞɡɜ ˊŰɩůɖ Űɤɜ Űɘɛɩɜ Űɞɡɠ 

ɚɧɔɤ ɢŬɚɎɟɤůɖɠ Űɞɡ ŮŭɎűɞɡɠ əŬŰɎ Űɖɜ ŮəůəŬűɐ, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ŬɜŬŭɘŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ əŬŰɎ 

ŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ əŬŰŬůəŮɡɐɠ Űɤɜ ˊɟɞůɤɟɘɜɩɜ əŬɘ ɛɧɜɘɛɤɜ ɏɟɔɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɛˊɞɟŮɑ ɜŬ 

ŬɜŬɛɏɜŮŰŬɘ ɛɘŬ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ ́ ɟɞɠ Űɘɠ ŮɜŭŮɢɧɛŮɜŮɠ Űɘɛɏɠ Űɞɡɠ. Ƀ ůɢŮŭɘŬůɛɧɠ ˊɟɏˊŮɘ ɜŬ ŬˊɞŭŮɘəɜɨŮɘ 

ɧŰɘ ɖ ŭɞɛɐ ɛˊɞɟŮɑ ɜŬ ŬɜŰɏɝŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬɡŰɧɜ Űɞɜ əɨəɚɞ ŬɚɚŬɔɐɠ Űɖɠ ˊɑŮůɖɠ Űɞɡ ŮŭɎűɞɡɠ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ ɧɚŬ ŰŬ ɎɚɚŬ űɞɟŰɑŬ ˊɞɡ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ŭɟɎůɞɡɜ Űɧůɞ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůŰŬŭɑɤɜ 

əŬŰŬůəŮɡɐɠ ɧůɞ əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ. ( Krishan Kaul,2010) 

Ɉˊɧ Űɞ ˊɟɑůɛŬ Űɤɜ ɧůɤɜ ɏɢɞɡɜ ůɡɕɖŰɖɗŮɑ ɛɏɢɟɘ ŰɩɟŬ, ŮɑɜŬɘ ůŬűɏɠ ɧŰɘ, ŮɘŭɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŭɞɛɩɜ Cover and Cut, ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ŬɚɚɖɚɏɜŭŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ŭŮɜ ɛˊɞɟɞɨɜ 

ɜŬ Ŭˊɞɛɞɜɤɗɞɨɜ Űɞ ɏɜŬ Ŭˊɧ Űɞ Ɏɚɚɞ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɛɘŬɠ ɘəŬɜɞˊɞɘɖŰɘəɐɠ ɚɨůɖɠ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [26] 

ŭɞɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ, ŮɑɜŬɘ Ůˊɑůɖɠ ŬˊŬɟŬɑŰɖŰɖ ɖ ůɤůŰɐ ɔɜɩůɖ Űɤɜ ˊŰɡɢɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ. ȹŮɜ ˊɟɏˊŮɘ 

ɜŬ ɡˊɎɟɢŮɘ ɛɧɜɞ ɛɘŬ əŬɚɐ ɔɜɩůɖ Űɤɜ ŭɘŬűɧɟɤɜ ɛŮɗɧŭɤɜ əŬɘ ŰŮɢɜɘəɩɜ əŬŰŬůəŮɡɐɠ, ŬɚɚɎ əŬɘ ɛɘŬ ůŬűɐ 

əŬŰŬɜɧɖůɖ Űɤɜ Ŭɟɢɩɜ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɠ ŭɞɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ əŬɗɩɠ əŬɘ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

ŮŭɎűɞɡɠ-ŭɞɛɐɠ, ŬɚɚɎ əŬɘ ɛɘŬ ŭɘŮɝɞŭɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ŮˊɘˊŰɩůŮɩɜ Űɞɡɠ ůŰɞ ůɢŮŭɘŬůɛɧ.  

 

 

2.6 ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŮŭŬűɩɜ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɘŬɠ Űɡˊɘəɐɠ cover-and-cut ŭɞɛɐɠ, Űɞ ˊŮɟɘɓɎɚɚɞɜ ɏŭŬűɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ əɨɟɘŬ 

ˊɖɔɐ űɞɟŰɑɞɡ əŬɘ Űɞ ɛɏůɞ, ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ɎɚɚŬ ŭŮɡŰŮɟŮɨɞɜŰŬ űɞɟŰɑŬ ůŰɖ ŭɞɛɐ. 

ɋůŰɧůɞ, ˊŬɟɏɢŮɘ ŰŬ ˊɘɞ ɎɛŮůŬ ɛɏůŬ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ ůŰŬɗŮɟɧŰɖŰŬɠ ůŰɖ ŭɞɛɐ. Ƀ ɟɡɗɛɧɠ Űɖɠ 

ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ŮŭɎűɞɡɠ, ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ, ŮɑɜŬɘ Ůˊɑůɖɠ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ůɡɜɎɟŰɖůɖ 

Űɞɡ ɟɡɗɛɞɨ ɛŮ Űɞɜ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ɛŮŰŬəɑɜɖůɖ Űɞɡ ˊɞɟɩŭɞɡɠ ɨŭŬŰɞɠ ŮɜŰɧɠ Űɖɠ ɛɎɕŬɠ Űɞɡ 

ŮŭɎűɞɡɠ. ɆŮ ůɢɏůɖ ɛŮ Űɘɠ ŭɞɛɏɠ cover-and-cut, ɖ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬ, ɖ ŬɜŰɞɢɐ əŬɘ ɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŰŬ ŰɟɑŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮŭɎűɞɡɠ. ũɘŬ Űɖɜ ɘəŬɜɞˊɞɘɖŰɘəɐ 

ůɢŮŭɑŬůɖ əŬɘ Űɖɜ ŬůűŬɚɐ əŬɘ ŮˊɘŰɡɢɖɛɏɜɖ əŬŰŬůəŮɡɐ ɛɘŬɠ Űɡˊɘəɐɠ ŭɞɛɐɠ cover-and-cut, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɞɟɗɐ ŮəŰɑɛɖůɖ ŬɡŰɩɜ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ɖ əŬŰŬɜɧɖůɖ Űɖɠ ŬɚɚɖɚŮɝɎɟŰɖůɖɠ Űɞɡɠ. 

( Krishan Kaul,2010) 

 

ȺˊɑŭɟŬůɖ Űɖɠ əŬŰŬůəŮɡɐɠ 

 

ȼ əŬŰŬůəŮɡɐ ɛɘŬɠ Űɡˊɘəɐɠ ŭɞɛɐɠ cover-and-cut ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ɛŮɔɎɚɞɡ ɧɔəɞɡ 

ŮŭɎűɞɡɠ ɛɏůɤ ŮəůəŬűɩɜ ůŮ ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ ɜŬ əŬŰŬůŰŮɑ ŭɡɜŬŰɐ ɖ ŮəůəŬűɐ əŬɘ 

ɎɚɚŮɠ ŮɟɔŬůɑŮɠ əŬŰŬůəŮɡɐɠ ůŮ ŬəɧɟŮůŰɖ əŬŰɎůŰŬůɖ, ůɡɜŮˊɎɔŮŰŬɘ ɛŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ůɖɛŬɜŰɘəɞɨ 

ɧɔəɞɡ ɜŮɟɞɨ. ȼ ˊɟɞəɨˊŰɞɡůŬ ŬˊɩɚŮɘŬ ɓɎɟɞɡɠ ɛɏůɤ ɛɘŬɠ ŰɏŰɞɘŬɠ ŬˊɞɛɎəɟɡɜůɖɠ ɡɚɘəɞɨ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɖɠ ˊɑŮůɖɠ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ. (Krishan Kaul,2010) 

ɇɞ əŬɗŬɟɧ ɓɎɟɞɠ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ˊɘɗŬɜɧɜ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɔɘŬ ɜŬ ɔɑɜŮɘ ɖ əŬŰŬůəŮɡɐ Űɖɠ ŭɞɛɐɠ cover-

and-cut, ŬɜŬˊɧűŮɡəŰŬ ɗŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ ɓɎɟɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ Űɖ ŭɞɛɐ ɧŰŬɜ ɗŬ 

ŮɑɜŬɘ ůŰɖ ɗɏůɖ Űɖɠ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɖ əŬŰŬůəŮɡɐ Űɖɠ ŭɞɛɐɠ əŬɘ ɖ ŮˊŬɜŮˊɑɢɤůɐ Űɖɠ ,ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ŬˊɞəŬŰŬůŰɐůŮɘ ɛɧɜɞ ɏɜŬ ɛɏɟɞɠ Űɖɠ ŬˊɩɚŮɘŬɠ ɓɎɟɞɡɠ ůŰɞ ɡˊɧɓŬɗɟɞ. ɆɡɜŮˊɩɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɚŮɘŰɞɡɟɔɘəɐɠ ɕɤɐɠ Űɖɠ ŭɞɛɐɠ, Űɞ ɡˊɧɓŬɗɟɞ ˊɘɗŬɜɧɜ ɜŬ ˊŬɟŬɛɏɜŮɘ ɡˊɧ əŬɗŬɟɐ ŬɜŬəɞɨűɘůɖ Űɖɠ ˊɑŮůɖɠ. 

( Krishan Kaul,2010) 

 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ŰɎůɖɠ-ˊŬɟŬɛɧɟűɤůɖɠ 

 

ȾŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ŭɞɛɩɜ cover-and-cut, ˊɟɏˊŮɘ ɜŬ əŬŰŬɜɞɖɗɞɨɜ ůŬűɩɠ ŭɨɞ 

ˊŰɡɢɏɠ ɧůɞɜ ŬűɞɟɎ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŮŭŬűɩɜ (Ⱥɘə. 2.9). ȷɡŰɎ Ŭűɞɟɞɨɜ: ( Krishan Kaul,2010) 

¶ ȾŬŰŬɜɞɛɐ ˊɑŮůɖɠ əŬɘ ˊŬɟŬɛɧɟűɤůɖ 

¶ ȺɡůŰɎɗŮɘŬ 

ɆŰɖɜ əɚŬůůɘəɐ ɛɖɢŬɜɘəɐ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ əŬɘ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ˊɑŮůɖɠ 

ŮɝŮŰɎɕɞɜŰŬɘ ɔŮɜɘəɎ ɛŮ ɓɎůŮɘ ɏɜŬ ɘŭŮŬŰɧ ŮɚŬůŰɘəɧ ɏŭŬűɞɠ, ɧˊɞɡ ɞɘ ɘŭɘɧŰɖŰŮɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ɛɞɜɧ 

ůɡɜŰŮɚŮůŰɐ ˊŬɟŬɛɧɟűɤůɖɠ (Menzies, 1973), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.9 (a). ũɘŬ Űɖɜ Ůˊɑɚɡůɖ 

ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ůŰŬɗŮɟɧŰɖŰŬ ɐ Űɖɜ ɞɟɘŬəɐ ɘůɞɟɟɞˊɑŬ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, Űɞ 
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ɏŭŬűɞɠ ɗŮɤɟŮɑŰŬɘ ɤɠ ɎəŬɛˊŰɞ-ˊɚŬůŰɘəɧ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɑŬ ɛɞɜŬŭɘəɐ Űɘɛɐ ŬɜŰɞɢɐɠ ɔɘŬ 

ɛɘŬ ŭŮŭɞɛɏɜɖ ŮɜŮɟɔɧ ɞɟɗɐ ŰɎůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.9(b). (Krishan Kaul,2010) 

ɋůŰɧůɞ, ŰŬ ˊɟŬɔɛŬŰɘəɎ ŮŭɎűɖ ˊɟɞůŮɔɔɑɕɞɡɜ ˊŮɟɘůůɧŰŮɟɞ Űɖɜ ŮɚŬůŰɞ-ˊɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

ůɢɐɛŬŰɞɠ 2.9 (c). ɆŰɞ ůɢɐɛŬ, Űɞ ůɖɛŮɑɞ F ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ŬůŰɞɢɑŬ. ȼ ɞɟɘɕɧɜŰɘŬ ŮˊɏəŰŬůɖ ˊɏɟŬɜ 

ŬɡŰɞɨ Űɞɡ ůɖɛŮɑɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ Űɞ ɏŭŬűɞɠ ůɡɜŮɢɑɕŮɘ ɜŬ ŬˊɞŭɑŭŮɘ ůŮ ůɡɜŮɢɐ ŰɎůɖ ɛŮŰɎ Ŭˊɧ Űɖɜ 

ŬůŰɞɢɑŬ. ȷɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ŮɎɜ ɞɘ ůɡɜɗɐəŮɠ ŮɑɜŬɘ ůŰɟŬɔɔɘůɛɏɜŮɠ ɐ ɛɖ, ŬɡŰɏɠ Ŭəɞɚɞɡɗɞɨɜ ɛɘŬ ůɢɏůɖ 

ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ əɞɟɡűɐ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɑŬ ˊŰɩůɖ Űɖɠ ŬɜŰɞɢɐɠ ɖ 

ɞˊɞɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘɠ ɧŰɞɡ ůŰŬɗŮɟɞˊɞɘɖɗŮɑ ůŮ ɛɘŬ ŰŮɚɘəɐ ɡˊɞɚŮɘɛɛŬŰɘəɐ Űɘɛɐ ɧˊɤɠ ˊŬɟɘůŰɎɜŮŰŬɘ 

Ŭˊɧ Űɞ ůɖɛŮɑɞ R ůŰɞ ůɢɐɛŬ 2.9(d) . (Krishan Kaul,2010) 

Ƀɘ Ɏɟɔɘɚɞɘ ɛˊɞɟɞɨɜ əŬɜɞɜɘəɎ ɜŬ ůŰŮɟŮɞˊɞɘɖɗɞɨɜ ɐ ɜŬ ɡˊŮɟůŰŮɟŮɞˊɞɘɖɗɞɨɜ. ɆŮ əŬɜɞɜɘəɎ 

ůŰŮɟŮɞˊɞɘɖɛɏɜŮɠ Ŭɟɔɑɚɞɡɠ əŬɘ ɢŬɚŬɟɏɠ Ɏɛɛɞɡɠ, ɖ ůɡɛˊŮɟɘűɞɟɎ ŰɎůɖɠ-əŬŰŬˊɧɜɖůɖɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ 

ɛŮ Űɞ ˊɟɞűɑɚ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.9(e), ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɛɘŬ ˊɞɚɨ ŮɚŬűɟɎ ˊŰɩůɖ Ŭˊɧ Űɖɜ əɞɟɡűɐ 

ůŰɖɜ ɡˊɞɚŮɘɛɛŬŰɘəɐ Űɘɛɐ . ȷɡŰɧ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ ŮɚŬůŰɞ-ˊɚŬůŰɘəɐ 

ŮɝɘŭŬɜɑəŮɡůɖ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.9(c). ȺɜŰɞɨŰɞɘɠ, ůŮ ɏɜŰɞɜŬ ɡˊŮɟůŰŮɟŮɞˊɞɘɖɛɏɜŮɠ 

Ŭɟɔɑɚɞɡɠ əŬɘ ˊɡəɜɐ Ɏɛɛɞ, ɖ ˊŰɩůɖ Ŭˊɧ Űɖɜ əɞɟɡűɐ ůŰɖɜ ɡˊɞɚŮɘˊɧɛŮɜɖ Űɘɛɐ ŮɑɜŬɘ ˊɞɚɨ ŬˊɧŰɞɛɖ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.9(f), ɖ ɞˊɞɑŬ ŮɑɜŬɘ Ůˊɑůɖɠ ŮɜŭŮɘəŰɘəɐ Űɖɠ ŮɨɗɟŬɡůŰɖɠ ůɡɛˊŮɟɘűɞɟɎɠ. ȷɡŰɐ ɖ 

ůɡɛˊŮɟɘűɞɟɎ ɛŬɚɎəɤůɖɠ Űɞɡ ŮŭɎűɞɡɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŮɔɔɘůŰŮɑ ɛŮ Űɖɜ ŮɚŬůŰɞ-ˊɚŬůŰɘəɐ ɘŭŮŬŰɐ 

əŬŰɎůŰŬůɖ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.9(d). (Krishan Kaul,2010) 
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ȺɘəɧɜŬ 2.9 : ɅŮŬɚɘůŰɘəɏɠ əŬɘ ɛɖ ůɢɏůŮɘɠ ɇɎůɖɠ-ɄŬɟŬɛɧɟűɤůɖɠ. (Krishan Kaul,2010) 
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2.7 Case Studies 

 

ɇɞ ůŰɧɛɘɞ "Cover and Cut" Űɖɠ ůɐɟŬɔɔŬɠ T6 

 

ȼ ɛɏɗɞŭɞɠ "Cover and Cut" ŮűŬɟɛɧůŰɖəŮ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůŰɞɛɑɤɜ 

ůɐɟŬɔɔŬɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ȺɔɜŬŰɑŬɠ Ƀŭɞɨ. ɇɞ 2002, ůŰɞ ŬɜŬŰɞɚɘəɧ ůŰɧɛɘɞ Űɖɠ ůɐɟŬɔɔŬɠ ɇ6 (ɆɢɐɛŬ 

2.10), ůŰɖɜ ȱˊŮɘɟɞ, ɖ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ɜŬ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ əŬŰŬůəŮɡɐ ɛɏůɤ űɚɨůɢɖ ɛŮ 

űŰɤɢɎ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ.  

ȼ ɔŮɤŰŮɢɜɘəɐ ɛŮɚɏŰɖ ŬɜɏűŮɟŮ ɏɜŬ ɢŬɚŬɟɧ ůɢɖɛŬŰɘůɛɧ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ˊɞɘəɑɚɚŮɘ ůŮ ɓɎɗɞɠ Ŭˊɧ 5 ɏɤɠ 8 

ɛɏŰɟŬ, ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ əŮɟɛŬŰɘůɛɏɜɞ ɣŬɛɛɑŰɖ ɢŬɛɖɚɐɠ ŬɜŰɞɢɐɠ ůŮ ɓɎɗɞɠ 12-15m. ɇɞ ɡˊɞəŮɑɛŮɜɞ 

ɘůɢɡɟɧŰŮɟɞ ɡˊɧůŰɟɤɛŬ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ ŮɚŬűɟɩɠ ŬˊɞůŬɗɟɤɛɏɜɞ ɘɚɡɧɚɘɗɞ ɛɏůɖɠ ŬɜŰɞɢɐɠ.  

ȼ əŬŰŬůəŮɡɐ, ˊɟɞɖɔɐɗɖəŮ Ŭˊɧ ɟɖɢɏɠ ŮəůəŬűɏɠ (ůŮ ɓɎɗɞɠ 3-6 ɛɏŰɟɤɜ), ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ůŰŬŭɘŬəɎ. ɄɎůůŬɚɞɘ ŭɘŬɛɏŰɟɞɡ D = 1,20m əŬŰŬůəŮɡɎůŰɖəŬɜ ůŮ ɓɎɗɞɠ 13m. ɇɞ ˊɎɢɞɠ Űɖɠ ˊɚɎəŬɠ 

əɎɚɡɣɖɠ əɡɛŬɘɜɧŰŬɜ Ŭˊɧ 0,80 ɏɤɠ 1,80 m. ȼ ŰŮɚɘəɐ Ůˊɏɜŭɡůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮŰɎ Ŭˊɧ ŮəůəŬűɏɠ 

əɎŰɤ Ŭˊɧ Űɖɜ ˊɟɞůŰŬŰŮɡŰɘəɐ ˊɚɎəŬ. (ɀɞɡɟŬŰɑŭɖɠ,2008) 

 
ȺɘəɧɜŬ 2.10: ȾŬŰŬůəŮɡɐ Űɞɡ ůŰɞɛɑɞɡ "Cover and Cut".(ɀɞɡɟŬŰɑŭɖɠ,2008) 
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ȼ Ůˊɏɜŭɡůɖ ůɐɟŬɔɔŬɠ T105  ñCover and Cutò 

 

ȼ ŬůŰŬɗɐɠ ŮəůəŬűɐ (h = 10-20m), ůŮ ɞŭɘəɧ ŰɛɐɛŬ Űɞɡ ŬɡŰɞəɘɜɖŰɧŭɟɞɛɞɡ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

(əɞɜŰɎ ůŰɖɜ ȷɛűɑˊɞɚɖ), ŭɘŬŰŬɟɎɢɗɖəŮ Ŭˊɧ ɛɘŬ ŮəŰŮŰŬɛɏɜɖ əŬŰɞɚɑůɗɖůɖ ůŮ ˊɟŬɜɐ Ŭˊɧ ɛŬɚŬəɐ ɘɚɨ. Ƀ 

əŮɟɛŬŰɘůɛɏɜɞɠ ɔɜŮɨůɘɞɠ (GN) əŬɘ ŰŬ ɛɎɟɛŬɟŬ (MR) ŬˊɞŰŮɚɞɨůŬɜ ŰŬ ɡɚɘəɎ Űɞɡ ɡˊɞɓɎɗɟɞɡ.  

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊɟɩŰɤɜ ůŰŬŭɑɤɜ Űɖɠ  ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŮəůəŬűɐɠ əŬɘ ˊɟɘɜ Űɖɜ ɏŭɟŬůɖ Űɖɠ ˊɚɎəŬɠ 

əɎɚɡɣɖɠ, ɏɔɘɜŮ ɛɘŬ əŬŰɞɚɑůɗɖůɖ əŬŰɎ ɛɐəɞɠ ɞɚɧəɚɖɟɞɡ Űɞɡ ɞŭɘəɞɨ ŰɛɐɛŬŰɞɠ (Ⱥɘə.2.11). ȼ ŬůŰɞɢɑŬ 

ůɡɜɏɓɖ ɧŰŬɜ ɖ ɔɟŬɛɛɐ ɞɚɑůɗɖůɖɠ Űɞɡ ɢŬɚŬɟɞɨ ůɢɖɛŬŰɘůɛɞɨ ůɡɜŬɜŰɐɗɖəŮ əŬɘ ŬűŬɘɟɏɗɖəŮ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŮəůəŬűɩɜ ůŰŬɛɎŰɖůŮ əŬɘ ɖ Ůˊɘɚɞɔɐ ŬɜɞɘɢŰɐɠ ŮəůəŬűɐɠ ŮɔəŬŰŬɚŮɑűɗɖəŮ, ɡˊɏɟ ɛɘŬɠ 

ůɐɟŬɔɔŬɠ ɛɐəɞɡɠ 150 ɛɏŰɟɤɜ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ " Cover and Cut ". 

ɄɎůůŬɚɞɘ ŭɘŬɛɏŰɟɞɡ 80cm ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ ŬˊɧůŰŬůɖ 100cm. ɇɞ ɛɐəɞɠ Űɞɡ ˊŬůůɎɚɞɡ ɐŰŬɜ 

14,10 m. əŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ɓɎůɖɠ ɐŰŬɜ 6,60 m. ȺɘŭɘəɎ ɛɏŰɟŬ ŬˊɞůŰɟɎɔɔɘůɖɠ əŬɘ ŮˊɘəɎɚɡɣɖɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞɜ ŮɜŭɘɎɛŮůɞ ɢɩɟɞ ŬɜɎɛŮůŬ ůŰɞɡɠ ˊŬůůɎɚɞɡɠ. Ƀɘ ˊɎůůŬɚɞɘ əŬɘ ɖ ˊɚɎəŬ 

əɎɚɡɣɖɠ ɢɡŰŮɨɗɖəŬɜ ůŰɖ ɗɏůɖ Űɞɡɠ ɛŮŰɎ Ŭˊɧ ɛɘŬ Ŭɟɢɘəɐ ŰŬɝɘɜɧɛɖůɖ.  

ȹɘŮɝɐɢɗɖůŬɜ ŮəůəŬűɏɠ ůŮ ɓɎɗɞɠ 3-6 ɛɏŰɟɤɜ ŬɚɚɎ əŬɘ ŬɟŬɘɏɠ ŮˊŬɜŮˊɘɢɩůŮɘɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬ ŭɎˊŮŭɞ ŮɟɔŬůɑŬɠ, əŬŰɎɚɚɖɚɖ ɔɘŬ Űɖɜ əɑɜɖůɖ Ůɝɞˊɚɘůɛɞɨ ɔŮɩŰɟɖůɖɠ əŬɘ 

ůəɡɟɞŭɏŰɖůɖɠ. ȼ Ůˊɏɜŭɡůɖ Űɖɠ ůɐɟŬɔɔŬɠ ůəɡɟɞŭŮŰɐɗɖəŮ ɛŮŰɎ Űɖɜ ŮəůəŬűɐ əɎŰɤ Ŭˊɧ Űɞ 

ˊɟɞůŰŬŰŮɡŰɘəɧ ůəɡɟɧŭŮɛŬ. ȼ ůɡɛˊɚɐɟɤůɖ ˊɎɜɤ Ŭˊɧ Űɖɜ ˊɟɞůŰŬŰŮɡŰɘəɐ ˊɚɎəŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ 

Űɏɚɞɠ Űɞɡ ůŰŬŭɑɞɡ əŬŰŬůəŮɡɐɠ, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ɛɏŰɟŬ ŬˊɞəŬŰɎůŰŬůɖɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 

(ɀɞɡɟŬŰɑŭɖɠ,2008) 

 

 
ȺɘəɧɜŬ 2.11: ũŮɤŰŮɢɜɘəɐ ŬůŰɎɗŮɘŬ (ɀɞɡɟŬŰɑŭɖɠ,2008) 
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2.8 Ɇɨɜɞɣɖ 

 

ɇŬ ůŰɧɛɘŬ ůɖɟɎɔɔɤɜ ŮɑɜŬɘ ˊɞɚɨ ůɡɢɜɎ ŮɡŬɑůɗɖŰŮɠ ˊŮɟɘɞɢɏɠ ŮəůəŬűɐɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ ůɡůŰŬŰɘəɧ 

ɡɚɘəɧ ŮɑɜŬɘ ŮŭŬűɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ ŬɟəŮŰɎ ŬůŰŬɗɏɠ. ɇŬ ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ ŬůŰɎɗŮɘŬɠ, ŭŮɜ ɛˊɞɟɞɨɜ 

ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ɛɏůɤ Űɖɠ əɞɘɜɐɠ ŭɘŬŭɘəŬůɑŬɠ ŮəůəŬűɐɠ ɐ Űɖɠ ŰŮɢɜɘəɐɠ "Cut and Cover". 

ȷ́ ŬɘŰŮɑŰŬɘ ɚɞɘˊɧɜ, ɛɘŬ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ɛŮ ɚɘɔɧŰŮɟɞɡɠ əɘɜŭɨɜɞɡɠ ɛɏɗɞŭɞɠ.  

ȼ ɚɨůɖ ˊŬɟɏɢŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Cover and Cut, ɖ ɞˊɞɑŬ ŮɝŬůűŬɚɑɕŮɘ ˊɚɐɟɖ ˊɟɞůŰŬůɑŬ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɞɡ ůŰŬŭɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ. ȼ ɛɏɗɞŭɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŰŬɢɨŰɖŰŬ əŬɘ 

ŬəɟɑɓŮɘŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ŰɛɐɛŬŰŬ ɛɘəɟɞɨ ɛɐəɞɡɠ (ůɡɜɐɗɤɠ 10-20 m) ůŰɘɠ Ůɘůɧŭɞɡɠ Űɖɠ 

ůɐɟŬɔɔŬɠ. ɆŮ ɧɚŮɠ Űɘɠ ɛŮɚɏŰŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ˊŮɟɘˊŰɩůŮɘɠ əŬŰŬůəŮɡɐɠ 

ŬɡŰɞəɘɜɖŰɞŭɟɧɛɤɜ, ɖ ŰŮɢɜɘəɐ ŬˊɞŭŮɑɢɗɖəŮ ŬůűŬɚɐɠ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ. 

ɄŬɟ 'ɧɚŬ ŬɡŰɎ, ůŰɖɜ əŬŰŬůəŮɡɐ ŬɡŰɞəɘɜɖŰɞŭɟɧɛɤɜ, ɧˊɞɡ ɞ ˊŬɟɎɔɞɜŰŬɠ "əɧůŰɞɡɠ" ŮɑɜŬɘ əɟɑůɘɛɖɠ 

ůɖɛŬůɑŬɠ, ɖ ɛɏɗɞŭɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŰŬ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ŮŭŬűɘəɞɨ ůɢɖɛŬŰɘůɛɞɨ ŮɑɜŬɘ ɢŬɛɖɚɎ , ɖ ůɐɟŬɔɔɎ ŮɑɜŬɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ůŮ ɛɘəɟɧ ɓɎɗɞɠ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɖɜ ŮŭɎűɞɡɠ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ əŬŰɞɚɑůɗɖůɖɠ.  

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɛɏɗɞŭɞɠ ˊɟɞɓɚɏˊŮɘ ɛɘŬ "ŭɘˊɚɐ Ůˊɏɜŭɡůɖ ůəɡɟɞŭɏɛŬŰɞɠ", Űɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ 

ůɢŮŰɘəɎ ɡɣɖɚɧ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊɟɞɦˊɞɚɞɔɘůɛɞɨ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ. 

ȷɡŰɧ ŮɑɜŬɘ ůɑɔɞɡɟŬ ɏɜŬ ɛŮɘɞɜɏəŰɖɛŬ, ŬɚɚɎ ŮɑɜŬɘ ɛɎɚɚɞɜ ŭŮɡŰŮɟŮɨɞɡůŬɠ ůɖɛŬůɑŬɠ ŮɎɜ ɖ ŮűŬɟɛɞɔɐ 

ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɏəŰŬůɖɠ, ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůŰɞɛɑɤɜ ůɖɟɎɔɔɤɜ. ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, 

ɧŰŬɜ ɖ ɛɏɗɞŭɞɠ ˊɟɞŰɘɛɎŰŬɘ Ŭˊɧ Űɖɜ ŰɟɏɢɞɡůŬ "ŬůŰŬɗɐ ŮəůəŬűɐ" ɔɘŬ ˊɚɐɟɖ əŬŰŬůəŮɡɐ ůɐɟŬɔɔŬɠ, ŮɑɜŬɘ 

ɓɏɓŬɘɞ ɧŰɘ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ŮɜŰɎůůŮŰŬɘ ůŰɖɜ 

ɞɘəɞɜɞɛɑŬ əŬɘ Űɖ ůɡɜŰɐɟɖůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ,ɛɏůɤ ɛɘŬɠ Ŭˊɚɐɠ əŬɘ ŬůűŬɚɞɨɠ ŭɘŬŭɘəŬůɑŬɠ 

əŬŰŬůəŮɡɐɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [32] 

ȾȺūȷȿȷȽɃ 3: 

 ũȺɋȿɃũȽȾȼ ȹɃɀȼ ɇȼɆ ɄȺɅȽɃɉȼɆ 

 

3.1 Ȼɩɜɖ ɇɟɘˊɧɚɖɠ - ũŬɓɟɧɓɞɡ. 

 

ȼ əŬŰŬůəŮɡɐ Űɞɡ ɏɟɔɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɖ ɕɩɜɖ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖɠ , ɖ ɞˊɞɑŬ ůɡɛɛŮŰɏɢŮɘ ůŰɖ 

ɔŮɤɚɞɔɘəɐ ŭɞɛɐ Űɞɡ Ɂɞɛɞɨ ȷɢŬɑŬɠ ɛŮ Űɞ ɖɛɘɛŮŰŬɛɞɟűɤɛɏɜɞ ɡˊɧɓŬɗɟɞ əŬɘ Űɖɜ ɘɕɖɛŬŰɞɔŮɜɐ ůŮɘɟɎ. ȼ 

ɕɩɜɖ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖɠ ɓɟɑůəŮŰŬɘ ŬɜŬŰɞɚɘəɎ Űɖɠ ȽɧɜɘŬɠ ɕɩɜɖɠ əŬɘ ŮɛűŬɜɑɕŮŰŬɘ əɡɟɑɤɠ ɡˊɧ ɛɞɟűɐ 

ŰŮəŰɞɜɘəɩɜ ˊŬɟŬɗɨɟɤɜ əŬɗɩɠ ŮűűɘˊŮɨŮŰŬɘ Ŭˊɧ Űɖ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ. ŪŮɤɟŮɑŰŬɘ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

ŰɛɐɛŬ Űɖɠ ˊŬɚɘɎɠ Ŭɚˊɘəɐɠ ɖˊŮɘɟɤŰɘəɐɠ ˊɚŬŰűɧɟɛŬɠ ɛŮ ɜɖɟɘŰɘəɐ ŬɜɗɟŬəɘəɐ ɘɕɖɛŬŰɞɔɏɜŮůɖ. ȼ 

ˊɚŬŰűɧɟɛŬ ŬɡŰɐ ɐŰŬɜ ɖ ȷˊɞɨɚɘŬ ˊɚɎəŬ ˊɞɡ ŬˊɞůˊɎůɗɖəŮ Ŭˊɧ Űɖɜ ũəɞɜŰɓɎɜŬ əŬɘ ŭɏɢɗɖəŮ ɜɖɟɘŰɘəɐ 

Ŭɚˊɘəɐ ɘɕɖɛŬŰɞɔɏɜŮůɖ.(ɀɞɡɜŰɟɎəɖɠ,2010). ɀŮ ɛŬɨɟɞ əɨəɚɞ ˊɟɞɓɎɚɚŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Űɖɠ 

ŮɟɔŬůɑŬɠ. 

 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ŮɘəɧɜŬ (3.1), ůŰɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ Űɞɡ Ɂɞɛɞɨ ȷɢŬȶŬɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ 

ůɢɖɛŬŰɘůɛɞɑ Ŭˊɧ Űɘɠ Ůɝɐɠ ɕɩɜŮɠ (Ŭˊɧ ŭɡŰɘəɎ ˊɟɞɠ ŬɜŬŰɞɚɘəɎ). 

- Ƚɧɜɘɞɠ ɐ ȷɜŭɟɘŬŰɘəɞɥɧɜɘɞɠ, 

- ɇɟɘˊɧɚɖɠ - ũŬɓɟɧɓɞɡ, 

- ɋɚɞɜɞɨ - Ʉɑɜŭɞɡ, 

ˊɞɡ əŬŰɎ ɗɏůŮɘɠ əŬɚɨˊŰɞɜŰŬɘ ŬůɨɛűɤɜŬ Ŭˊɧ ɁŮɞɔŮɜŮɑɠ əŬɘ ɇŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ. 

 
ȺɘəɧɜŬ 3.1: ɆəŬɟɑűɖɛŬ Űɤɜ Ⱥɚɚɖɜɑŭɤɜ ɕɤɜɩɜ , Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŭɞɛŮɑŰŬɘ ɖ ɄŮɚɞˊɧɜɜɖůɞɠ, əŬŰɎ 

Sebriei,1977,(Ŭˊɧ Ʌɧɕɞ,1989) 
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 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [33] 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ɗŬ ɛŬɠ ŬˊŬůɢɞɚɐůŮɘ ɖ ɔŮɤŰŮəŰɞɜɘəɐ Ůɝɏɚɘɝɖ əŬɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ 

ŬɜŬəɨˊŰɞɡɜ , ɛɧɜɞ ůŰɖ ɕɩɜɖ ɇɟɑˊɞɚɖɠ- ũŬɓɟɧɓɞɡ. 

 

 

3.2 ȿɘɗɞůŰɟɤɛŬŰɞɔɟŬűɘəɐ Ůɝɏɚɘɝɖ 

 

ȼ ɕɩɜɖ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖɠ ŮɑɜŬɘ ɔɜɤůŰɐ ɔɘŬ Űɖ ůɡɜŮɢɐ ɜɖɟɘŰɘəɐ ɘɕɖɛŬŰɞɔɏɜŮůɖ Űɖɠ əŬŰɎ Űɞɡɠ 

Ŭɚˊɘəɞɨɠ ɢɟɧɜɞɡɠ Ŭˊɧ Űɞ ɇɟɘŬŭɘəɧ ɛɏɢɟɘ Űɞ ɃɚɘɔɧəŬɘɜɞ ˊɞɡ ŬˊɏɗŮůŮ ɛɑŬ ůŮɘɟɎ ŬɜɗɟŬəɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ, ɢɤɟɑɠ ɜŬ ˊŬɟŮɛɓɎɚɞɜŰŬɘ Ŭɟɔɘɚɘəɏɠ ɐ ˊɡɟɘŰɘəɏɠ ŮɜůŰɟɩůŮɘɠ.(ȺɘəɧɜŬ 3.2)  

ȼ ɘɕɖɛŬŰɞɔɏɜŮůɖ ɎɟɢɘůŮ ůŰɞ ȯɜɤ ɇɟɘŬŭɘəɧ ɛŮ ŭɞɚɞɛɑŰŮɠ əŬɘ ůɡɜŮɢɑůŰɖəŮ ůŮ ɧɚɞ Űɞ ɀŮůɞɕɤɘəɧ əŬɘ 

ɇɟɘŰɞɔŮɜɏɠ ɛŮ Űɖɜ ŬˊɧɗŮůɖ ɜɖɟɘŰɘəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ. ȷˊɧ Űɞ ȷɜɩŰŮɟɞ ȼɩəŬɘɜɞ ɎɟɢɘůŮ ɖ ŬˊɧɗŮůɖ Űɞɡ 

ɛŬɟɔŬɥəɞɨ-ɣŬɛɛɘŰɘəɞɨ űɚɨůɢɖ ˊɞɡ ůŰŬɛɎŰɖůŮ ůŰɞ Űɏɚɞɠ Űɞɡ ɃɚɘɔɞəŬɑɜɞɡ, ɛŮ Űɖɜ ˊŰɨɢɤůɖ əŬɘ Űɖɜ 

ŰŮɚɘəɐ ŬɜɎŭɡůɖ Űɖɠ ɕɩɜɖɠ. 

ɆŰɖɜ ɄŮɚɞˊɧɜɜɖůɞ əŬɘ Űɖɜ ȾɟɐŰɖ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮŰŬɛɞɟűɤɛɏɜŬ əŬɘ ɖɛɘ-ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ 

(ɄŬɚŬɘɞɕɤɥəɞɑ ůɢɖɛŬŰɘůɛɞɑ), ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ űɡɚɚɑŰŮɠ , ɛŮŰŬɣŬɛɛɑŰŮɠ , ɢŬɚŬɕɑŰŮɠ əŬɘ 

ˊɚŬəɩŭŮɘɠ ŬɜŬəɟɡůŰŬɚɚɤɛɏɜɞɡɠ ŬůɓŮůŰɞɚɑɗɞɡɠ , ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ɔɜɤůŰɞɑ ɛŮ Űɞɜ ɧɟɞ 

óPlattenkalkô.(ɀɞɡɜŰɟɎəɖɠ,2010) 

 

 

 

 

 

 

 
 

ȺɘəɧɜŬ 3.2: ɆɢɖɛŬŰɘəɐ ɚɘɗɞůŰɟɤɛŬŰɞɔɟŬűɘəɐ ůŰɐɚɖ Űɖɠ ɕɩɜɖɠ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖ. 1:ůŮɟɘəɘŰɘəɞɑ 

ůɢɘůŰɧɚɘɗɞɘ, 2:űɡɚɚɑŰŮɠ, 3:ɢŬɚŬɕɑŰŮɠ, 4:ŬůɓŮůŰɞɚɘɗɘəɏɠ ŮɜůŰɟɩůŮɘɠ, 5: ŭɞɚɞɛɑŰŮɠ, 6: ɛŬɨɟɞɘ 

ŬůɓŮůŰɧɚɘɗɞɘ, 7: ɚŬŰɡˊɞˊŬɔŮɑɠ ŬůɓŮůŰɧɚɘɗɞɘ, 8: ɓɤɝɘŰɘəɐ ŮɛűɎɜɘůɖ, 9: űɚɨůɢɖɠ. (ɀɞɡɜŰɟɎəɖɠ,2010) 
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3.3 Ƀɘ ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ 

 

ɇŬ ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɎ ɘɕɐɛŬŰŬ əŬɘ ɞɘ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ɛŮɔɎɚɞ ŰɛɐɛŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. ɇŬ ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɎ ɘɕɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɗŬɚɎůůɘɞɡɠ, ɚɘɛɜɞɗŬɚɎůůɘɞɡɠ, 

ɚɘɛɜŬɑɞɡɠ əŬɘ ɢŮɟůŬɑɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ 

Ƀɘ Doutsos et. al., (1987), Poulirnenos et. al., (1989) ɝŮɢɤɟɑɕɞɡɜ ŰŬ ɢŮɟůŬɑŬ əɟɞəŬɚɞˊŬɔɐ ůŮ ŬˊɞɗɏůŮɘɠ 

ŬɜɩŰŮɟɞɡ əŬɘ əŬŰɩŰŮɟɞɡ ŭɘəŰɡɤŰɞɨ ˊɞŰŬɛɞɨ əŬɘ ůŮ ŬɚɚɞɡɓɘŬəɏɠ ɟɘˊɘŭɘŬəɏɠ ŬˊɞɗɏůŮɘɠ ɛŮ ɛɏɔɘůŰɞ 

ˊɎɢɞɠ Űɖɠ ŮɜɧŰɖŰŬɠ ŬɡŰɐɠ 500 m. 

Ƀɘ Zelilidiis-Koukouvelas et. Al., (1988) ŭɘɏəɟɘɜŬɜ ˊɟɞɠ Űɖɜ ˊɚŮɡɟɎ Űɞɡ ɄŬŰɟŬɥəɞɨ əɧɚˊɞɡ, Űɘɠ Ůɝɐɠ 

ˊɏɜŰŮ əɨɟɘŮɠ ɚɘɗɞűɎůŮɘɠ ůŰŬ ɘɕɐɛŬŰŬ (Ɇɢ. 3.3) : 

1. ȿɘɗɧűŬůɖ ȷ: ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖ ɓɎůɖ Űɖɠ ɚɘɗɞůŰɟɤɛŬŰɞɔɟŬűɘəɐɠ ŭɘŬŭɞɢɐɠ ȷɜɤ ɄɚŮɘɞəŬɘɜɘəɐɠ 

ɖɚɘəɑŬɠ əŬɘ ŭɞɛŮɑŰŬɘ Ŭˊɧ űŬɘɧɢɟɤɛŮɠ ɗŬɚɎůůɘŮɠ ŬˊɞɗɏůŮɘɠ (ŮɜŬɚɚŬɔɏɠ ˊɖɚɞɨ əŬɘ ˊɖɚɞɨɢɞɡ 

Ŭɟɔɑɚɞɡ). ȺɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ȾŬɛɑɜɘŬ- ȸɟŬɢɜɏɥəŬ. 

2. ȿɘɗɧűŬůɖ ȸ: ́ ɞɡ ŮɑɜŬɘ ɚɘɛɜŬɑŬɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůŰɟɩɛŬŰŬ Ɏɛɛɞɡ, Ŭɛɛɞɨɢɞɡ 

ˊɖɚɞɨ əŬɘ ˊɖɚɞɨ ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɚŬɛɑɜɤůɖ. 

3. ȿɘɗɧűŬůɖ C: ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əɟɞəŬɚɞˊŬɔɐ, əɑŰɟɘɜɞɡ ɢɟɩɛŬŰɞɠ, ˊɞŰŬɛɞ-ɢŮɟůŬɑŬɠ 

ˊɟɞɏɚŮɡůɖɠ. Ƀɘ ˊŬɟŬˊɎɜɤ ɚɘɗɞűɎůŮɘɠ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ŬɚɚɞɡɓɘŬəɏɠ əŬɘ ˊɞŰɎɛɘŮɠ ůɨɔɢɟɞɜŮɠ 

ŬˊɞɗɏůŮɘɠ (ŭɨɞ ɚɘɗɞűɎůŮɘɠ: D əŬɘ Ⱥ), 

4. ȿɘɗɧűŬůɖ D:  ůŰɖɜ ɞˊɞɑŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŬˊɞɗɏůŮɘɠ ŬɚɚɞɡɓɘŬəɩɜ ɟɘˊɘŭɑɤɜ (əɟɞəɎɚŮɠ, 

ɢɎɚɘəŮɠ). 

5. ȿɘɗɧűŬůɖ Ⱥ: ˊɞɡ ŭɞɛŮɑŰŬɘ Ŭˊɧ əɞəəɘɜɤˊɏɠ, ɢŮɟůŬɑŮɠ, ˊɞŰɎɛɘŮɠ ŬˊɞɗɏůŮɘɠ (Ɏɛɛɞ, ˊɖɚɧ əŬɘ 

əɟɞəŬɚɞˊŬɔɐ). 

ɇɏɚɞɠ ɞ Ʌɧɕɞɠ, (1989) ɡˊɞŭɘŬɘɟŮɑ Űɞ ɢɩɟɞ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɄɚŮɘɞ-ˊɚŮɘůŰɞəŬɘɜɘəɩɜ ɘɕɖɛɎŰɤɜ Űɞɡ ɜɞɛɞɨ 

ȷɢŬȶŬɠ ůŮ ŰɟŮɘɠ ɡˊɞˊŮɟɘɞɢɏɠ (ɚŮəɎɜŮɠ): Ŭ) Űɞɡ ɄŬŰɟŬɥəɞɨ, ɓ) Űɞɡ ȾɞɟɘɜɗɘŬəɞɨ əŬɘ ɔ) Űɞɡ ȿŮɞɜŰɑɞɡ. 

ɆŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ˊɟɩŰɖ ɚŮəɎɜɖ, ɖ ɚŮəɎɜɖ Űɞɡ ɄŬŰɟŬɥəɞɨ. ȼ ɚŮəɎɜɖ 

ɘɕɖɛŬŰɞɔɏɜŮůɖɠ Űɞɡ ɄŬŰɟŬɥəɞɨ ŮəŰŮɑɜŮŰŬɘ ȹ/əɎ Űɞɡ ɄŬɜŬɢŬɥəɞɨ əŬɘ ˊɟɞɠ ɁɧŰɞ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ 

űɚɨůɢɖ Űɖɠ ɕɩɜɖɠ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖɠ. ɇŬ ɘɕɐɛŬŰŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ŮɜɧŰɖŰŮɠ: 1) ɇɖɜ əŬŰɩŰŮɟɖ ˊɞɡ 

ůɡɜɑůŰŬŰŬɘ Ŭˊɧ ɘɚɡɩŭɖɠ Ŭɟɔɑɚɞɡɠ əŬɘ Ŭɛɛɞɨɢɞɡɠ ɘɚɨŮɠ. ȺɜŰɞˊɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȾɎŰɤ ȷɢŬȶŬɠ ůŮ 

ɛɘəɟɎ ůɢŮŰɘəɎ ɓɎɗɖ əŬɘ 2) ɇɖɜ ŬɜɩŰŮɟɖ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ŬɟɔɘɚɞɛŬɟɔɩɜ, Ɏɛɛɤɜ, 

Ŭɟɔɘɚɞɥɚɨɤɜ ɛŮ űŬəɞɨɠ əɟɞəŬɚɞˊŬɔɩɜ (Ⱥɘə. 3.4 (Ŭ)).(ȸɞɡŭɞɨɟɖɠ, 1995) 

ɇŬ ɘɕɐɛŬŰŬ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ ȾɞɟɘɜɗɘŬəɞɨ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əɨɟɘŮɠ ŮɜɧŰɖŰŮɠ: (ȸɞɡŭɞɨɟɖɠ, 1995) 

a) ɇɖɜ əŬŰɩŰŮɟɖ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Ŭɟɔɑɚɞɡɠ, ɛɎɟɔŮɠ əŬɘ Ɏɛɛɞɡɠ ůŮ ŮɜŬɚɚŬɔɏɠ, 

b) ɇɖɜ ŬɜɩŰŮɟɖ ˊɞɡ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ əɟɞəŬɚɞˊŬɔɐ əŮɟɛŬŰɘůɛɏɜŬ ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ 

ŭŮɡŰŮɟɞɔŮɜɞɨɠ ˊŮɟŬŰɧŰɖŰŬɠ (Ⱥɘə. 3.4 (ɓ)).
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ  ɀɄȷɇȻȷȾȷ ɅɃȻȷ [35] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 3.3: ȿɘɗɞűŬůɘəɧɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰŬɚˊɘəɩɜ ɘɕɖɛɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ (ȹɞɨŰůɞɠ, 1989 Ŭˊɧ ȸɞɡŭɞɨɟɖɠ 1995)



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [36] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EɘəɧɜŬ 3.4: ɆɢɖɛŬŰɘəɐ ɚɘɗɞɚɞɔɘəɐ Űɞɛɐ Űɤɜ ɄɚŮɘɞ- ɚ́ŮɘůŰɞəŬɘɜɘəɩɜ ɘɕɖɛɎŰɤɜ Űɤɜ ɚŮəŬɜɩɜ 

Ŭ)ɄŬŰɟŬɥəɞɨ, ɓ) ȾɞɟɘɜɗɘŬəɞɨ (Ʌɧɕɞɠ, 1989). 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [37] 

3.4 ɇŮəŰɞɜɘəɐ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, Űɞ ŬɚˊɘəɎ ˊŰɡɢɤɛɏɜɞ ɡˊɧɓŬɗɟɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ůɡɜɑůŰŬŰŬɘ 

Ŭˊɧ ŭɨɞ ŮˊɘɛɐəŮɘɠ ɕɩɜŮɠ: Űɖ ɕɩɜɖ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖɠ əŬɘ Űɖ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ. ȼ ɕɩɜɖ ũŬɓɟɧɓɞɡ-

ɇɟɑˊɞɚɖɠ, ŮɑɜŬɘ ŰɛɐɛŬ Űɤɜ Ɏɜɤ ŭɡŰɘəɩɜ Ⱥɚɚɖɜɘəɩɜ əŬɚɡɛɛɎŰɤɜ əŬɘ ŬˊɞŰŮɚŮɑ ɛɑŬ ɛŮɔɎɚɖ 

ŬůɓŮůŰɞɚɘɗɘəɐ ˊɚŬŰűɧɟɛŬ (Ŭˊɧ Jacobshagen, 1977, ŬɜŬűɏɟŮŰŬɘ ůŮ ȸɞɡŭɞɨɟɖɠ, 1995), Ůɜɩ ŬɜŰɑɗŮŰŬ ɖ 

ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɤɜ əŮɜŰɟɘəɩɜ Ⱥɚɚɖɜɘəɩɜ əŬɚɡɛɛɎŰɤɜ. 

ɆŰɞ ȷɜɩŰŮɟɞ ȿɘɎůɘɞ ɖ ŮɜɘŬɑŬ ŬɜɗɟŬəɘəɐ ˊɚŬŰűɧɟɛŬ Űɖɠ ȽɧɜɘŬɠ ɕɩɜɖɠ əŬɘ ũŬɓɟɧɓɞɡ- ɇɟɑˊɞɚɖɠ 

ŮˊɖɟŮɎůŰɖəŮ Ŭˊɧ Űɖɜ ɏɜŰɞɜɞ ɟɖɔɛŬŰɞɔɧɜɞ ŰŮəŰɞɜɘəɐ (block faulting) ɖ ɞˊɞɑŬ ŮɑɢŮ ŮűŮɚəɡůŰɘəɧ 

ɢŬɟŬəŰɐɟŬ əŬɘ ɞŭɐɔɖůŮ ůŰɖ ŭɘɎɟɟɖɝɖ Űɖɠ ˊɚŬŰűɧɟɛŬɠ (Ŭˊɧ ɄŬˊŬɜɘəɞɚɎɞɡ, 1986, Underhill, 1989, 

ŬɜŬűɏɟŮŰŬɘ ůŮ ȸɞɡŭɞɨɟɖɠ, 1995). 

ȼ ́ Ůɟɘɞɢɐ Űɖɠ Ʉɘɜŭɘəɐɠ ŬɨɚŬəŬɠ ɎɟɢɘůŮ ɜŬ ˊŰɡɢɩɜŮŰŬɘ (Ŭˊɧ ɉɟɘůŰɞŭɞɨɚɞɡ, 1982, Jacobshagen, 1977,  

ŬɜŬűɏɟŮŰŬɘ ůŮ ȸɞɡŭɞɨɟɖɠ, 1995) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŬɜŬŭɨŮŰŬɘ əŬɘ ɜŬ ŮˊɤɗŮɑŰŬɘ ˊɟɞɠ ŰŬ ȹɡŰɘəɎ, 

ɛŮŰɎ Űɞ Űɏɚɞɠ Űɞɡ ȼɩəŬɘɜɞɡ. ȰŰůɘ ɞɘ ɛŮɔɎɚɞɡ ˊɎɢɞɡɠ Ʉɘɜŭɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ŮˊɤɗɞɨɜŰŬɜ ɛŮ Űɖ ɛɞɟűɐ 

əŬɚɨɛɛŬŰɞɠ əŬɘ űɗɎůŬɜŮ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɜɞɛɞɨ ȷɢŬȶŬɠ ůŰɞ Űɏɚɞɠ Űɞɡ ɃɚɘɔɞəŬɑɜɞɡ ˊɎɜɤ Ŭˊɧ Űɞɡɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ɕɩɜɖɠ ũɟŬɓɟɧɓɞɡ-ɇɟɘˊɧɚŮɤɠ (Ŭˊɧ ȾŬŰůɘəɎŰůɞɠ, 1991, ŬɜŬűɏɟŮŰŬɘ ůŮ ȸɞɡŭɞɨɟɖɠ, 

1995). 

Ƀɘ ɔŮɜɘəɞɑ ɎɝɞɜŮɠ Űɤɜ ˊŰɡɢɩůŮɤɜ, ɧˊɤɠ əŬɘ ŰŬ ɛɏŰɤˊŬ Űɤɜ ŮˊɤɗɐůŮɤɜ, ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ 

ɚŮˊɘɩɜ ɏɢɞɡɜ ŭɘŮɨɗɡɜůɖ ȸȹ-Ɂȷ əŬɘ ɏɢɞɡɜ ɎɛŮůɖ ůɢɏůɖ ɛŮ Űɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ əŬɟůŰɘəɩɜ ˊɖɔɩɜ . ( 

ȸɞɡŭɞɨɟɖɠ, 1995) 

 

3.5 ɁŮɞŰŮəŰɞɜɘəɐ 

 

Ƀɘ Doutsos et al., (1987) (ȸɞɡŭɞɨɟɖɠ, 1995) (Ⱥɘə.3.6) ŬˊɏŭŮɘɝŬɜ ɧŰɘ, ɞɘ ŰɎűɟɞɘ Űɞɡ ȾɞɟɘɜɗɘŬəɞɨ əŬɘ 

Űɞɡ ɄŬŰɟŬɥəɞɨ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŭɘŬůŰɞɚɐɠ ůŰɖɜ ˊŮɟɘɗɤɟɘŬəɐ ɚŮəɎɜɖ Űɞɡ ȷɘɔŬɘŬəɞɨ 

Űɧɝɞɡ əŬɘ ˊɤɠ ɖ ŰɎűɟɞɠ Űɞɡ Ʌɑɞɡ-ȷɜŰɘɟɟɑɞɡ ůɡɜŭɏŮɘ Űɘɠ ŰɎűɟɞɡɠ ůŬɜ ɕɩɜɖ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ (transfer 

zone). ȼ ůɡɜɞɚɘəɐ ŬɡŰɐ Ůɝɏɚɘɝɖ űŬɜŮɟɩɜŮŰŬɘ, ɛŮ Űɖ ɔɏɜɜɖůɐ ŭɨɞ ůɡůŰɖɛɎŰɤɜ ɟɖɔɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɞɟɗɞɔɩɜɘɞ ůɢɏŭɘɞ (fault pattern) ŮˊɘűŬɜŮɘŬəɐɠ ŮɝɎˊɚɤůɖɠ ɛŮŰŬɝɨ Űɞɡɠ: ȰɜŬ əɨɟɘɞ 

ȹȸȹ/əɐɠ ŭɘŮɨɗɡɜůɖɠ ůɨůŰɖɛŬ əŬɜɞɜɘəɩɜ ɟɖɔɛɎŰɤɜ əŬɘ ȸȸȷ/əɩɜ ɟɖɔɛɎŰɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŭɘŬůŰɞɚɐ Űɖɠ ˊŮɟɘɗɤɟɘŬəɐɠ ɚŮəɎɜɖɠ Űɞɡ ȷɘɔŬɑɞɡ əŬɘ ɏɜŬ ŭŮɡŰŮɟŮɨɞɜ ůɨůŰɖɛŬ 

ȷȸȷ/əɩɜ əŬɜɞɜɘəɩɜ ɟɖɔɛɎŰɤɜ əŬɘ ȸȸȹ/əɩɜ ɟɖɔɛɎŰɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ, ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ 

ɛŮŰŬɞɟɞɔŮɜŮŰɘəɐ Ŭɜɨɣɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɧˊɘůɗŮɜ Űɞɡ Ⱥɚɚɖɜɘəɞɨ Űɧɝɞɡ. ɀŮ ɛŬɨɟɞ ɢɟɩɛŬ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɧˊɞɡ əŬŰŬůəŮɡɎɕŮŰŬɘ Űɞ ɏɟɔɞ. 

Ƀɘ Zelilidls et al, (1988), (ȸɞɡŭɞɨɟɖɠ, 1995) ŬˊɏŭŮɘɝŬɜ ɧŰɘ, ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɄŬŰɟŬɥəɞɨ ŮɛűŬɜɑɕŮŰŬɘ 

ɏɜŬ ɟɞɛɓɞŮɘŭɏɠ ůɨůŰɖɛŬ ɟɖɔɛɎŰɤůɖɠ ɛŮ ɛŮɔɎɚɖɠ əɚɑůɖɠ əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ ȷȸȷ/əɐɠ əŬɘ ȹȸȹ/əɐɠ 

ŭɘŮɨɗɡɜůɖɠ (Ⱥɘə. 3.5). ɇɞ ůɨůŰɖɛŬ Űɤɜ ŬɜɤŰɏɟɤ ɟɖɔɛɎŰɤɜ ŰŬɡŰɞˊɞɘŮɑŰŬɘ ɛŮ ŭɨɞ əɨɟɘŮɠ ɟɖɝɘɔŮɜŮɑɠ 

ɕɩɜŮɠ: ȼ ˊɟɩŰɖ ɕɩɜɖ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞ ɢɤɟɘɧ ȾɎŰɤ ȷɚɘůůɧɠ ˊŮɟɜɎ ɛɏůŬ Ŭˊɧ Űɞ ɉŬɥəɎɚɘ əŬɘ ůɡɜŮɢɑɕŮɘ 

ŭɡŰɘəɧŰŮɟŬ ɏɤɠ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŪɏŬɠ. ȼ ŭŮɨŰŮɟɖ ɕɩɜɖ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞ ŬəɟɤŰɐɟɘɞ Űɞɡ ȷɟɎɝɞɡ ˊɟɞɠ 

Űɞ ɢɤɟɘɧ Ⱥɚɚɖɜɘəɧ əŬɘ ůɡɜŮɢɑɕŮɘ ŬɜŬŰɞɚɘəɧŰŮɟŬ ůŰɞ ˊɟɤŰɞɔŮɜɏɠ ɡˊɧɓŬɗɟɞ. ɆŰɖ ɕɩɜɖ ŬɡŰɐ ɖ əɚɑůɖ 

Űɤɜ ɟɖɔɛɎŰɤɜ ŬɚɚɎɕŮɘ ɓŬɗɛɘŬɑŬ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɘŮɨɗɡɜůɖɠ. ȾŬɘ ɞɘ ŭɨɞ ŬɡŰɏɠ ɟɖɔɛŬŰɞɔŮɜŮɑɠ ɕɩɜŮɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɘəɟɧŰŮɟŬ ɟɐɔɛŬŰŬ ɛɐəɞɡɠ 1-5 Km əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮɘůɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ . 

 ɆŰɖɜ ȺɘəɧɜŬ 3.7 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ŬůɡɜɏɢŮɘŮɠ, ɞɘ ɞˊɞɑŮɠ əŬŰŬɔɟɎűɖəŬɜ ůŰŬ ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɎ 

ɘɕɐɛŬŰŬ, əŬɗɩɠ əŬɘ ɖ ɔŮɤɚɞɔɘəɐ ŭɘɎɟɗɟɤůɖ, ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, Űɞɡ ɢɩɟɞɡ ŬɜɎˊŰɡɝɖɠ ŬɡŰɩɜ (ȷɚˊɘəɧ 

ɡˊɧɓŬɗɟɞ, ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɎ ɘɕɐɛŬŰŬ, ɇŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ). (Ŭˊɧ Ʌɧɕɞ,1989) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [38] 

 
ȺɘəɧɜŬ 3.5: ɅɐɔɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɄŬŰɟŬɥəɞɨ əɧɚˊɞɡ, ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ 

ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ (Ŭˊɧ Zelilidis,1988, ŬɜŬűɏɟŮŰŬɘ ůŮ ȸɞɡŭɞɨɟɖɠ, 1995) 

 

 
ȺɘəɧɜŬ 3.6: ɅɐɔɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ȾɞɟɘɜɗɘŬəɞɨ əɧɚˊɞɡ, ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ 

ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ (Ŭˊɧ Doutsos , 1988, ŬɜŬűɏɟŮŰŬɘ ůŮ ȸɞɡŭɞɨɟɖɠ, 1995)
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ  ɀɄȷɇȻȷȾȷ ɅɃȻȷ [39] 

 
ȺɘəɧɜŬ 3.7: ɉɎɟŰɖɠ ŬůɡɜŮɢŮɘɩɜ ůŰŬ ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɎ ɘɕɐɛŬŰŬ Űɞɡ Ɂ.ȷɢŬȶŬɠ. (Ŭˊɧ Ʌɧɕɞ,1989) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [40] 

3.6 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɞɡ ɜɞɛɞɨ ȷɢŬȶŬɠ, əɚɑɛŬəŬɠ 1:100.000 

 

Ƀ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɞɡ ɜɞɛɞɨ ȷɢŬȶŬɠ ŮɑɜŬɘ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɢɎɟŰɖɠ (1:100.000), ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ ůəɞˊɧ ɜŬ ŭɩůŮɘ ́ ɚɖɟɞűɞɟɑŮɠ ˊɞɡ əŬɚɨˊŰɞɡɜ ˊɞɚɚɎ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɎ ŬɜŰɘəŮɑɛŮɜŬ, 

ˊɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ ɔŮɜɘəɞɨ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɖɠ ˊŮɟɘűŮɟŮɘŬəɐɠ ŬɜɎˊŰɡɝɖɠ. ȳůɞ ŬɜŬűɞɟɎ Űɞ 

ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɧɚŮɠ ɞɘ ɓŬůɘəɏɠ ˊŰɡɢɏɠ Űɞɡ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɤɠ 

ŬɡŰɏɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ ɔŮɤŭɡɜŬɛɘəɐ - ɔŮɤɛɞɟűɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɞɡ ɢɩɟɞɡ əŬɘ Űɞɡɠ 

űɡůɘəɞɛɖɢŬɜɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ ŬˊŬɜŰɞɨɜ ůŰɖɜ ˊŮɟɘɞɢɐ (ůɡɜɞˊŰɘəɧɠ -ɢɎɟŰɖɠ). 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ  ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ ˊɞɚɚŬˊɚɞɨ ůəɞˊɞɨ , ůɡɜɞˊŰɘəɞɨ ɢŬɟŬəŰɐɟŬ əŬɘ ɛɘəɟɐɠ 

əɚɑɛŬəŬɠ , ˊɞɡ ˊŮɟɘɏɢŮɘ ŭɏəŬ ɞəŰɩ (18 ) ȿɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ (LC). ɀŮ ɛŬɨɟɞ ɢɟɩɛŬ űŬɑɜŮŰŬɘ ɖ 

ˊŮɟɘɞɢɐ ɧˊɞɡ əŬŰŬůəŮɡɎɕŮŰŬɘ Űɞ ɏɟɔɞ. 

Ƀɘ ŭŮəŬɞəŰɩ (18) ɚɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ɢɎɟŰɖ, ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: (Ŭˊɧ 

Ʌɧɕɞ,1989) (ȺɘəɧɜŬ 3.8) 

- ɇŮŰŬɟŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ: 

1. ɉŬɚŬɟɏɠ ɚŮˊŰɞɛŮɟŮɑɠ ŬˊɞɗɏůŮɘɠ (sd)/(Q f-1) 

2. ɉŬɚŬɟɏɠ ŬŭɟɞɛŮɟŮɑɠ ŬˊɞɗɏůŮɘɠ (Qc-1) 

3. ɉŬɚŬɟɏɠ ŬˊɞɗɏůŮɘɠ ɛɘəŰɩɜ űɎůŮɤɜ (Qf,c-1) 

4. ɆɡɜŮəŰɘəɞɑ ŬŭɟɞɛŮɟŮɑɠ ůɢɖɛŬŰɘůɛɞɑ (Qc-cm) 

5. ɆɡɜŮəŰɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ɛɘəŰɩɜ űɎůŮɤɜ (Qf,c-cra) 

- ɄɚŮɘɞˊɚŮɘůŰɞəŬɘɜɘəɎ ɘɕɐɛŬŰŬ: 

6. ȽɕɐɛŬŰŬ ŬŭɟɞɛŮɟɐ (Pic) 

7. ȽɕɐɛŬŰŬ əɡɟɑɤɠ ɚŮˊŰɞɛŮɟɐ (PLf-c) 

- ūɚɨůɢɖɠ: 

8. ūɚɨůɢɖɠ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ (Fw) 

9. ūɚɨůɢɖɠ ȾŮɜŰɟɘəɐɠ ȺɚɚɎŭŬɠ (Fe) 

- ȷɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ (ȷůɓŮůŰɧɚɘɗɞɘ - ȹɞɚɞɛɑŰŮɠ):  

10. ȷůɓŮůŰɧɚɘɗɞɘ ȾɟɖŰɘŭɘəɞɨ - ȼɤəŬɑɜɞɡ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ (Lw-C ) 

11. ȷůɓŮůŰɧɚɘɗɞɘ ȾɟɖŰɘŭɘəɞɨ ȾŮɜŰɟɘəɐɠ ȺɚɚɎŭŬɠ (Lc-C) 

12. ȷůɓŮůŰɧɚɘɗɞɘ ɇɟɘŬŭɘəɞɨ - ȽɞɡɟŬůɘəɞɨ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ (Lw-Tj) 

13. ȷůɓŮůŰɧɚɘɗɞɘ ɇɟɘŬŭɘəɞɨ - ȽɞɡɟŬůɘəɞɨ ȾŮɜŰɟɘəɐɠ ȺɚɚɎŭŬɠ (Lc-Tj) 

14. ȹɞɚɞɛɘŰɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ - ŭɞɚɞɛɑŰŮɠ, ȽɞɡɟŬůɘəɞɨ ï ȾɟɖŰɘŭɘəɞɨ (Ld-D). 

- ɆɢɘůŰɞɣŬɛɛɘŰɞəŮɟŬŰɧɚɘɗɞɘ : 

15. ɆɢɘůŰɞɣŬɛɛɘŰɞəŮɟŬŰɧɚɘɗɘəɎ ɘɕɐɛŬŰŬ (Sh) 

- ɇŮəŰɞɜɞɑɕɖɛŬŰɞɔŮɜɏɠ ůɨɛˊɚŮɔɛŬ: 

16. ȺŰŮɟɞɛŮŰɟɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ (G) 

- ɆɢɖɛŬŰɘůɛɞɑ Űɞɡ ɖɛɘɛŮŰŬɛɞɟűɤɛɏɜɞɡ ɡˊɞɓɎɗɟɞɡ: 

17. ɆɢɘůŰɩŭŮɘɠ ůɢɖɛŬŰɘůɛɞɑ (űɡɚɚɑŰŮɠ) (Ph) 

- ȼűŬɘůŰŮɘŬəɎ ˊŮŰɟɩɛŬŰŬ: 

18. ȿɎɓŮɠ (ɜ).
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ȺɘəɧɜŬ 3.8: ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ɜɞɛɞɨ ȷɢŬȶŬɠ (Ŭˊɧ Ʌɧɕɞ,1989) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [42] 

ȾŬɗɩɠ Űɞ ɏɟɔɞ əŬŰŬůəŮɡɎɕŮŰŬɘ ˊɎɜɤ ůŮ ɇŮŰŬɟŰɞɔŮɜɐ  ɡɚɘəɎ, ɗŬ ɐŰŬɜ ůəɧˊɘɛɞ ɜŬ ɔɑɜŮɘ ɛɑŬ ˊɘɞ 

ŬɜŬɚɡŰɘəɐ ŭɘɎɟɗɟɤůɖ Űɤɜ ŮɜɞŰɐŰɤɜ ŬɡŰɩɜ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ɤɠ Ůɝɐɠ: (Ŭˊɧ Ʌɧɕɞ,1989) 

- ɇŮŰŬɟŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ 

a) ɉŬɚŬɟɏɠ ɚŮˊŰɞɛŮɟŮɑɠ ŬˊɞɗɏůŮɘɠ 

a. ɄŬɟɎəŰɘŮɠ Ɏɛɛɞɘ ( sd ) . ȺɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ȸȹ/əŬ ˊŬɟɎɚɘŬ Űɞɡ ɜɞɛɞɨ, ɧˊɞɡ ɏɢɞɡɜ Űɖɜ 

ɛɞɟűɐ ɗɘɜɩɜ, ůɡɢɜɎ ɛŮ Ůɨɟɞɠ 50-2.000 m. əŬɘ ɨɣɞɠ ɛɏɢɟɘ 10 m. ȺɑɜŬɘ əɡɟɑɤɠ űŰɤɢɎ 

ŭɘŬɓŬɗɛɘůɛɏɜŮɠ, ɢŬɚŬɟɏɠ (ɢŬɛɖɚɐ ůɢŮŰɘəɐ ˊɡəɜɧŰɖŰŬ), ɛŮ ɛŮɔɎɚɞ ˊɞɟɩŭŮɠ, ɡɣɖɚɐ 

ɏɤɠ ɛɏŰɟɘŬ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (10-1 ï 10-2 cm/sec) əŬɘ ɢŬɛɖɚɐ ŬɜŬɛŮɜɧɛŮɜɖ űɏɟɞɡůŬ 

ɘəŬɜɧŰɖŰŬ (1 Kg/cm2 ). ȼ ŰŬɢɨŰɖŰŬ Űɤɜ Ůˊɘɛɖəɩɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ (Vp ) ɓɟɑůəŮŰŬɘ 

ɛŮŰŬɝɨ 500-1.500 m/sec. 

b. ȯɟɔɘɚɞɘ , ɘɚɨŮɠ, ˊɖɚɞɑ əŬɘ Ɏɛɛɞɘ ˊɞŰŬɛɞɚɘɛɜŬɑŬɠ ˊɟɞɏɚŮɡůɖɠ, ŬɟɜɘɚɞɛɘɔŮɑɠ Ɏɛɛɞɘ 

Ŭɘɞɚɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ ŬˊɞůŬɗɟɤɛɏɜɞɘ ůɢɖɛŬŰɘůɛɞɑ ˊŬɚɘɧŮɟɤɜ ŭɞɛɩɜ ( Qf-1 ) . 

ɄɎɢɞɠ ɘɕɖɛɎŰɤɜ Ŭˊɧ ɛŮɟɘəɎ ɛɏŰɟŬ ɛɏɢɟɘ əŬɘ 50 m. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɡɚɘəɎ ɛŮ əŬɚɐ 

ŭɘŬɓɎɗɛɘůɖ, ɛɏŰɟɘɞ ɏɤɠ ɢŬɛɖɚɧ ˊɞɟɩŭŮɠ, ɛɘəɟɐ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (10-2 ï 10-4 cm/sec) 

əŬɘ ɢŬɛɖɚɐ ŬɜŬɛŮɜɧɛŮɜɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ (0,75 - 1,5 Kg/cm2 ). ȼ ŰŬɢɨŰɖŰŬ Űɤɜ 

Ůˊɘɛɖəɩɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ (Vp ) əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 500- 2.000 m/sec. 

b) ɉŬɚŬɟɏɠ ŬŭɟɞɛŮɟŮɑɠ ŬˊɞɗɏůŮɘɠ (Qc-l). 

a. ȾɟɞəɎɚŮɠ əŬɘ ɢɎɚɘəŮɠ ˊɞɘəɑɚɞɡ ɛŮɔɏɗɞɡɠ, ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ 

Űɞɡ Ɂɞɛɞɨ, ɧˊɞɡ ŮɑŰŮ əŬɚɨˊŰɞɡɜ Űɘɠ əɞɑŰŮɠ ˊɞŰŬɛɩɜ əŬɘ ɢŮɘɛɎɟɟɤɜ, ŮɑŰŮ ůɢɖɛŬŰɑɕɞɡɜ 

ŮəŰŮŰŬɛɏɜŬ ɟɘˊɑŭɘŬ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ Űɞ ɏŭŬűɞɠ ɗŮɛŮɚɑɤůɖɠ ɞɘəɘůŰɘəɩɜ ˊŮɟɘɞɢɩɜ. 

Ⱥˊɑůɖɠ, ˊɚŮɡɟɘəɎ əɞɟɐɛŬŰŬ, əɡɟɑɤɠ ŬůɓŮůŰɞɚɘɗɘəɎ, ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞɡɠ 

ˊɟɧˊɞŭŮɠ ˊɟŬɜɩɜ ɛŮ ɘůɢɡɟɐ əɚɑůɖ, əŬɗɩɠ əŬɘ əɩɜɞɘ əɞɟɖɛɎŰɤɜ. ɆɢɖɛŬŰɘůɛɞɑ 

ɢɞɜŭɟɞəɚŬůŰɘəɞɑ ɛŮ ŮɚɎɢɘůŰɞ ˊɞůɞůŰɧ Ɏɛɛɞɡ əŬɘ ɚŮˊŰɞɛŮɟɩɜ ɡɚɘəɩɜ, ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɧ ˊɞɟɩŭŮɠ, ɛŮɔɎɚɖ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (100 ï 10-2 cm/sec) əŬɘ 

ůɖɛŬɜŰɘəɐ ŬɜŬɛŮɜɧɛŮɜɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ (2-8 Kg/cm2 ). ɇɞ ˊɎɢɞɠ Űɞɡɠ əɡɛŬɑɜŮŰŬɘ 

Ŭˊɧ ɛŮɟɘəɎ ɛɏɢɟɘ ŬɟəŮŰɏɠ ŭŮəɎŭŮɠ ɛɏŰɟŬ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɤɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ (Vp 

) ůŰŬ ɡɚɘəɎ ŬɡŰɎ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 400-1.500 m/sec. ũŮɜɘəɎ, ɞɘ ůɢɖɛŬŰɘůɛɞɑ ŬɡŰɞɑ 

ŮɛűŬɜɑɕɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ɛŮŰŬəɘɜɐůŮɤɜ, ɘŭɘŬɑŰŮɟŬ ɛŮŰɎ Ŭˊɧ ůŮɘůɛɘəɐ űɧɟŰɘůɖ əŬɘ 

ŮɘŭɘəɎ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜŮɠ ɛɞɟűɞɚɞɔɘəɏɠ əɚɑůŮɘɠ . 

c) ɉŬɚŬɟɏɠ ŬˊɞɗɏůŮɘɠ ɛɘəŰɩɜ űɎůŮɤɜ (Qf,c-1). 

a. ȷɟɔɘɚɞɥɚɨŮɠ, ˊɖɚɞɑ, Ɏɛɛɞɘ ˊɞɘəɑɚɖɠ əɞəəɞɛŮŰɟɘəɐɠ ůɨůŰŬůɖɠ, ɣɖűɑŭŮɠ əŬɘ ɢɎɚɘəŮɠ. 

ȷˊɞŰŮɚɞɨɜ ůɨɔɢɟɞɜŮɠ ˊɟɞůɢɩůŮɘɠ ɐ əŬɘ ŬˊɞɗɏůŮɘɠ əɞɘɚɎŭɤɜ, əŬɚɨˊŰɞɡɜ ŭŮ 

ůɖɛŬɜŰɘəɏɠ ŮəŰɎůŮɘɠ ůŰɞ ˊŮŭɘɜɧ (ŭɡŰɘəɧ) ŰɛɐɛŬ Űɞɡ Ɂɞɛɞɨ əŬɘ ŮɑɜŬɘ əɡɛŬɘɜɧɛŮɜɞɡ 

ˊɎɢɞɡɠ , Ŭˊɧ ɛŮɟɘəɎ ɛɏŰɟŬ ɏɤɠ ŬɟəŮŰɏɠ ŭŮəɎŭŮɠ ɛɏŰɟŬ. ȼ ŰŬɢɨŰŬŰɖ ŮɜŬɚɚŬɔɐ Űɤɜ 

űɎůŮɤɜ, Űɧůɞ əŬŰɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ, ɧůɞ əŬɘ Űɖɜ əŬŰŬəɧɟɡűɖ ŮɝɎˊɚɤůɖ Űɞɡɠ, ́ ɟɞůŭɑŭŮɘ 

ɏɜŰɞɜɖ ŮŰŮɟɞɔɏɜŮɘŬ ůŰŬ ɡɚɘəɎ ŬɡŰɎ əŬɘ ŭɘəŬɘɞɚɞɔŮɑ Űɖɜ Ŭɜɞɛɞɘɧɛɞɟűɖ ɛɖɢŬɜɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ (ŭɘŬűɞɟɘəɏɠ əŬɗɘɕɐůŮɘɠ ŬəɧɛŬ əŬɘ ůŰɖ ɕɩɜɖ Ůɜɧɠ əŰɘɟɑɞɡ). 

ɉŬɟŬəŰɖɟɑɕɞɜŰŬɘ, Ůˊɑůɖɠ, Ŭˊɧ ɛɏůɖ ɏɤɠ ɡɣɖɚɐ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (10-2 ï 10-4 cm/sec) 

ɛŮ ůɡɢɜɏɠ ŮˊɞɢɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ əŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ŬɜŬɛŮɜɧɛŮɜɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ (1,5 - 6 Kg/cm2), Ůɜɩ ɖ ŰŬɢɨŰɖŰŬ Űɤɜ 

Ůˊɘɛɖəɩɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ (Vp ) ŬɜŬɛɏɜŮŰŬɘ ɛŮŰŬɝɨ 500 əŬɘ 1.800 m/sec. ȼ 

əŬŰŬůəŮɡŬůŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ ŬɡŰɞɨɠ ŮɑɜŬɘ ɛŮɔɎɚɖ, ŰŬ 

ˊɟɞɓɚɐɛŬŰŬ ŭŮ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬűɏɟɞɜŰŬɘ ůŮ əŬɗɘɕɐůŮɘɠ, əɡɟɑɤɠ ŭɘŬűɞɟɘəɏɠ, 

ɟŮɡůŰɞˊɞɘɐůŮɘɠ ɐ əŬɘ ŮŭŬűɘəɏɠ ɛŮŰŬəɘɜɐůŮɘ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [43] 

d) ɆɡɜŮəŰɘəɞɑ ŬŭɟɞɛŮɟŮɑɠ ůɢɖɛŬŰɘůɛɞɑ (Qc - cm) 

a. ȾɟɞəŬɚɞˊŬɔɐ, ɛŮ űŰɤɢɐ ůɡɜɐɗɤɠ ŭɘŬɓɎɗɛɘůɖ ɐ ɚŬŰɡˊɞˊŬɔɐ  əɚɘŰɨɤɜ. ɇŬ 

əɟɞəŬɚɞˊŬɔɐ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞ ɓɧɟŮɘɞ əŬɘ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɞɡ Ɂɞɛɞɨ, 

ˊŬɟɞɡůɘɎɕɞɡɜ ˊɎɢɞɠ ɛɏɢɟɘ 100 m əŬɘ Űɞ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ ŮɑɜŬɘ ɣŬɛɛɘŰɞɛŬɟɔŬɥəɧ 

(ɘůɢɡɟɐ ůɡɔəɧɚɚɖůɖ) ɐ Ŭɟɔɘɚɘəɧ (ŬůɗŮɜɐɠ ɏɤɠ ɛɏŰɟɘŬ ůɡɔəɧɚɚɖůɖ). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ɏɢɞɡɛŮ Ŭɟɔɘɚɘəɐ ůɡɜŭŮŰɘəɐ ɨɚɖ, ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɛɘəɟɐ əɚɑůɖ, ŰŬ əɟɞəŬɚɞˊŬɔɐ 

əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ  ˊŬɢɨ ɛŬɜŭɨŬ ŬˊɞůɎɗɟɤůɖɠ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Ůɟɡɗɟɐ Ɏɟɔɘɚɞ 

əŬɘ əɟɞəɎɚŮɠ. ɇŬ ɚŬŰɡˊɞˊŬɔɐ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɘůɢɡɟɎ ůɡɔəɞɚɚɖɛɏɜŬ, ɛŮ ɟɞŭɧɢɟɞɡɜ 

ŬɟɔɘɚɞɛŬɟɔŬȶəɧ ɡɚɘəɧ əŬɘ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŮ ˊɟŬɜɐ ɛŮ ɛɏŰɟɘŬ ɏɤɠ ɘůɢɡɟɐ əɚɑůɖ. Ƀɘ 

ůɢɖɛŬŰɘůɛɞɑ ŬɡŰɞɑ ŮɛűŬɜɑɕɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ŬɜŰɞɢɏɠ əŬɘ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ, Ŭˊɧ 10-2-

10-5 cm/sec, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨ (ŭŮɡŰŮɟɞɔŮɜɐɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ). 

ɇɏɚɞɠ, ɖ ŬɜŬɛŮɜɧɛŮɜɖ ŰŬɢɨŰɖŰŬ Űɤɜ Ůˊɘɛɖəɩɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ (Vp) ŮɑɜŬɘ ɛŮŰŬɝɨ 

800-2.000 m/sec, Ůɜɩ ɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ, ɚɧɔɤ Űɞɡ əŮɟɛŬŰɘůɛɞɨ əŬɘ Űɖɠ 

ŬˊɞůɎɗɟɤůɖɠ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ ɛɧɜɞ ɛŮŰɎ Ŭˊɧ ŮˊɘŰɧˊɘŬ ŮɝɏŰŬůɖ.  

e) ɆɡɜŮəŰɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ɛɘəŰɩɜ űɎůŮɤɜ (Qf,c - cm)  

a. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɢŬɚŬɟɎ ɏɤɠ ɖɛɘůɡɜŮəŰɘəɎ əɟɞəŬɚɞˊŬɔɐ, ŬɟɔɘɚɞɛŬɟɔŬɥəɎ ɡɚɘəɎ, 

Ɏɛɛɞɡɠ ɛŮ ŬůɗŮɜɐ ŭɘŬɔɏɜŮůɖ əŬɘ ɚŬŰɡˊɞˊŬɔɐ. ȺɑɜŬɘ ŮŰŮɟɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ ɛŮ 

ůɡɢɜɏɠ ŮɜŬɚɚŬɔɏɠ Űɤɜ űɎůŮɤɜ əŬɘ ŮɡɟŮɑŬ əɨɛŬɜůɖ Űɤɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ Űɖɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ, Ůɜɩ Űɞ ˊɎɢɞɠ Űɞɡɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ɚɑɔŬ 

ɛɏŰɟŬ ɛɏɢɟɘ ɛŮɟɘəɏɠ ŭŮəɎŭŮɠ ɛɏŰɟŬ. ȼ ŮŰŮɟɞɔɏɜŮɘŬ əŬɘ ɞ ɟɡɗɛɧɠ ůɡɔəɧɚɚɖůɖɠ, ɏɢɞɡɜ 

ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ŬɜɘůɞŰɟɞˊɑŬ ůŰɖ ɛɖɢŬɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

ůɢɖɛŬŰɘůɛɞɨ, ɢɤɟɑɠ  ůɖɛŬɜŰɘəɎ ́ ɟɞɓɚɐɛŬŰŬ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɐˊɘŮɠ əɚɑůŮɘɠ. ȼ ŰŬɢɨŰɖŰŬ 

, Vp , Űɤɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 1000 əŬɘ 2000 m/sec. ũŮɜɘəɎ, ɞɘ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ, ŭɘŮɡəɞɚɨɜɞɡɜ Űɘɠ ɡˊɞůəŬűɏɠ əŬɘ Űɘɠ 

əŬŰŬˊŰɩůŮɘɠ ůŮ ˊɟŬɜɐ ɛŮ ɛŮɔɎɚŮɠ əɚɑůŮɘɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [44] 

3.7 ũŮɤɚɞɔɑŬ -ũŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ůŰŮɜɐɠ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɖɠ Űɞɡ ɏɟɔɞɡ 

 

ũŮɤɛɞɟűɞɚɞɔɑŬ  

 

ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɢɎɟŬɝɖɠ, ůŰɞ ůɨɜɞɚɧ Űɖɠ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɤɠ ɛɞɟűɞɚɞɔɘəɎ ŮɜɘŬɑɞ ŰɛɐɛŬ əŬɘ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɔŮɜɘəɎ Ŭˊɧ ɞɛŬɚɧ əŬɘ ŮˊɑˊŮŭɞ ŬɜɎɔɚɡűɞ Űɞ ɞˊɞɑɞ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ ˊɟɞůɢɩůŮɘɠ Űɤɜ 

ɢŮɘɛɎɟɟɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ Űɘɠ ŬˊɞɗɏůŮɘɠ Űɤɜ ŮəŰŮŰŬɛɏɜɤɜ ŬɚɚɞɡɓɘŬəɩɜ ɟɘˊɘŭɑɤɜ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, 

ůŰɖɜ ɎɛŮůɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɖ ɢɎɟŬɝɖ ˊɚɖůɘɎɕŮɘ ˊɞɚɨ əɞɜŰɎ ůŰɖɜ ˊŬɟɎəŰɘŬ ɕɩɜɖ, ůŮ ɡɣɧɛŮŰɟɞ 

ˊŮɟɑˊɞɡ +10m ɏɤɠ +15m.  

 

ũŮɤɚɞɔɑŬ 

 

ȼ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŬɚŬɘɧŰŮɟŮɠ əŬɘ ɜŮɧŰŮɟŮɠ ˊɞŰŬɛɞɢŮɘɛɎɟɘŮɠ ŬˊɞɗɏůŮɘɠ Űɞɡ 

ˊɚɞɨůɘɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ (ˊɞŰŬɛɞɑ, ɢŮɑɛŬɟɟɞɘ əŬɘ ɟɡɎəɘŬ) ˊɞɡ ŭɘŬɟɟɏɞɡɜ ŰŬ ɓɧɟŮɘŬ ˊŬɟɎɚɘŬ 

Űɖɠ ȸȹ ɄŮɚɞˊɞɜɜɐůɞɡ. Ƀɘ ˊɞŰŬɛɞɢŮɘɛɎɟɘŮɠ ŬˊɞɗɏůŮɘɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɚŬůŰɘəɧ ɡɚɘəɧ ˊɞɘəɑɚɖɠ 

ůɨůŰŬůɖɠ əŬɘ əɞəəɞɛŮŰɟɘəɐɠ ŭɘŬɓɎɗɛɘůɖɠ. ȼ ůɨůŰŬůɖ Űɤɜ ŬˊɞɗɏůŮɤɜ ŬɡŰɩɜ ˊɞɘəɑɚŮɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ 

ɗɏůɖ ůŮ ɗɏůɖ Ůɜɩ ɡˊɎɟɢɞɡɜ ɛŮŰŬɓɎůŮɘɠ əŬɘ ŮɜŬɚɚŬɔɏɠ Űɧůɞ ˊɟɞɠ Űɖɜ əŬŰŬəɧɟɡűɞ ɧůɞ əŬɘ ˊɟɞɠ Űɖɜ 

ɞɟɘɕɧɜŰɘŬ ŮɝɎˊɚɤůɖ ŬɡŰɩɜ.  

ɆŰɘɠ ɔŮɤŰɟɐůŮɘɠ Űɖɠ ɏɟŮɡɜŬɠ ůɡɜŬɜŰɐɗɖəŬɜ əɡɟɑɤɠ ůŰɟɩɛŬŰŬ Ŭɟɔɘɚɞ - ɘɚɡɤŭɩɜ ŬɛɛɞɢɎɚɘəɤɜ əŬɘ 

ŰŮɛŬɢɩɜ (ɏɤɠ 10cm), Ŭɛɛɩŭɞɡɠ Ŭɟɔɘɚɞɥɚɨɞɠ ɏɤɠ Ŭɟɔɘɚɩŭɞɡɠ Ŭɛɛɞɥɚɨɞɠ ɛŮ ɐ ɢɤɟɑɠ ɢɎɚɘəŮɠ əŬɘ ɛɏůɞ-

ɢɞɜŭɟɧəɞəəɖɠ Ɏɛɛɞɡ.  

ȺəŰɘɛɎŰŬɘ ɧŰɘ Űɧůɞ ɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ ɧůɞ əŬɘ Űɞ əŬɗŮůŰɩɠ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

ɛŮɚŮŰɩɛŮɜɞɡ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ. ɗŬ ŮɑɜŬɘ ŮˊɖɟŮŬůɛɏɜɖ Ŭˊɧ Űɖɜ ŭɟɎůɖ Űɞɡ ˊɞŰŬɛɞɨ ɂɖɟɞɟɏɛŬŰɞɠ. ȾŬŰɎ 

ůɡɜɏˊŮɘŬ ŬɜŬɛɏɜŮŰŬɘ ɛɖəɞŰɞɛɘəɐ ŬɜɞɛɞɘɞɛɞɟűɑŬ ůŰɖɜ ůŰɟɤɛŬŰɞɔɟŬűɑŬ, Ůɜɩ ɖ ůŰɎɗɛɖ Űɞɡ 

ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ŮˊɞɢɘŬəɐ ŭɘŬəɨɛŬɜůɖ. 

 
ɇɞɛɐ 3.1: ũŮɤɚɞɔɘəɐ Űɞɛɐ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɖɠ Űɞɡ Cover-and-Cut 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [45] 

3.8 ɆŮɘůɛɘəɧŰɖŰŬ  

 

ȼ ɎɛŮůɖ ɔŮɘŰɜɑŬůɖ Űɞɡ ɜɞɛɞɨ ȷɢŬȶŬɠ ɛŮ ŰŮəŰɞɜɘəɏɠ ŰɎűɟɞɡɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ůɨɔɢɟɞɜɖ 

ɔŮɤŭɡɜŬɛɘəɐ Ůɝɏɚɘɝɐ, ɧˊɤɠ ɖ Ⱥɚɚɖɜɘəɐ ŭɑŬɡɚɞɠ Ŭˊɧ ŭɡŰɘəɎ əŬɘ ɖ ŰɎűɟɞɠ Űɞɡ ȾɞɟɘɜɗɘŬəɞɨ əɧɚˊɞɡ 

Ŭˊɧ ɓɧɟŮɘŬ, ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ůəŭɐɚɤůɖ Ŭɡɝɖɛɏɜɖɠ ůŮɘůɛɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ. 

ȼ ŭɡɜŬɛɘəɐ űɧɟŰɘůɖ ˊɞɡ Ůˊɘűɏɟɞɡɜ ɞɘ ůɡɢɜɞɑ, ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɤɜ ŬɓŬɗŮɑɠ əŬɘ ůɡɜɐɗɤɠ ɛŮɔɎɚɞɡ 

ɛŮɔɏɗɞɡɠ ůŮɘůɛɞɑ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ŭɞɛɞɨɜ Űɖɜ ȷɢŬȶŬ, ŮəŰɧɠ Ŭˊɧ ŰŬ 

ɎɛŮůŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɘɠ əŬŰŬůəŮɡɏɠ, ˊɟɞəŬɚŮɑ ůɡɢɜɎ əŬɘ Űɖɜ Ůəŭɐɚɤůɖ ŭŮɡŰŮɟɞɔŮɜɩɜ űŬɘɜɞɛɏɜɤɜ 

(əŬŰɞɚɘůɗɐůŮɘɠ, əŬŰŬˊŰɩůŮɘɠ, ɟŮɡůŰɞˊɞɘɐůŮɘɠ ə.ɚ.ˊ.) ˊɞɡ ŮɜŭɘŬűɏɟɞɡɜ Ŭˊɧ ɔŮɤŰŮɢɜɘəɐɠ ˊɚŮɡɟɎɠ, 

əŬɗɩɠ ˊɚɐŰŰɞɡɜ ɞɘəɘůɛɞɨɠ əŬɘ ŭɘɎűɞɟŬ ŰŮɢɜɘəɎ ɏɟɔŬ. 

 

ɆŮɘůɛɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ 

 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŬɗŮɩɟɖůɖ Űɞɡ ɉɎɟŰɖ ɆŮɘůɛɘəɐɠ ȺˊɘəɘɜŭɡɜɧŰɖŰŬɠ (ūȺȾ 1154/ȸ/12- 8-2003) Űɞɡ 

ɘůɢɨɞɜŰŬ ȷɜŰɘůŮɘůɛɘəɞɨ ȾŬɜɞɜɘůɛɞɨ (ȺȷȾ 2000), ɞ ɞˊɞɑɞɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.9 , ɖ ˊŮɟɘɞɢɐ Űɞɡ 

ŰŮɢɜɘəɞɨ ɏɟɔɞɡ ŮɜŰɎůůŮŰŬɘ ɧůɞɜ ŬűɞɟɎ Űɖ ɕɩɜɖ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŰɖɜ əŬŰɖɔɞɟɑŬ ȽI ɛŮ 

ůŮɘůɛɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɞ ɏŭŬűɞɠ ȷ=0,24g. ɆɨɛűɤɜŬ ɛŮ Űɖɜ Ůɘŭɘəɐ ŮŭŬűɞŭɡɜŬɛɘəɐ 

ɛŮɚɏŰɖ ˊɞɡ ŮəˊɞɜɐɗɖəŮ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ Cover & Cut Ŭˊɧ ɉ.Ū. 126+400 ɏɤɠ 132+000,  ɖ ɛɏɔɘůŰɖ 

ŮˊɘŰɎɢɡɜůɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ŭɑɜŮŰŬɘ ɑůɖ ɛŮ ȷmax = 0,39g, Ůɜɩ ɖ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ŭɑɜŮŰŬɘ ɑůɖ ɛŮ 0,26g.  ɋɠ ŮɜŮɟɔɧɠ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɖ ˊŮɟɘɞɢɐ 

Űɞɡ ɡˊɧ ɛŮɚɏŰɖ ŰŮɢɜɘəɞɨ ɗŬ ɚɖűɗŮɑ ɖ Űɘɛɐ ȷ = 0,26g, Ůɜɩ ɤɠ ɛɏɔɘůŰɖ ŮˊɘŰɎɢɡɜůɖ ɖ Űɘɛɐ ȷmax = 0,39g. 

ɀŮ ɛŬɨɟɞ ɢɟɩɛŬ űŬɑɜŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɧˊɞɡ əŬŰŬůəŮɡɎɕŮŰŬɘ Űɞ ɏɟɔɞ. 

 

 
ȺɘəɧɜŬ 3.9: Ɂɏɞɠ ɉɎɟŰɖɠ ɆŮɘůɛɘəɐɠ ȺˊɘəɘɜŭɡɜɧŰɖŰŬ 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [46] 

Ƀɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ əŬŰɖɔɞɟɑŮɠ ŮŭɎűɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ 

ˊɑɜŬəŬ (3.1): 

 
ɄɑɜŬəŬɠ 3.1: ɆŮɘůɛɞɚɞɔɘəɐ ȾŬŰɎŰŬɝɖ ɆŰɟɩůŮɤɜ 

 

3.9 ɈŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ 

 

ɇɞ ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ ɛɘŬɠ ɚŮəɎɜɖɠ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ɢŮɘɛɎɟɟɤɜ, Űɤɜ ˊŬɟŬˊɞŰɎɛɤɜ 

əŬɘ ˊɞŰŬɛɩɜ, Űɤɜ ɟɡŬəɘɩɜ ŰŬ ɞˊɞɑŬ ŭɘŬɟɟɏɞɡɜ əŬɘ ŬˊɞůŰɟŬɔɔɑɕɞɡɜ Űɖ ɚŮəɎɜɖ ŬɡŰɐ. ȼ ɛɞɟűɐ Űɞɡ 

ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮ ɓɎůŮɘ Űɖɜ ɚɘɗɞɚɞɔɘəɐ ůɨůŰŬůɖ, Űɞ ɛɞɟűɞɚɞɔɘəɧ ŬɜɎɔɚɡűɞ, 

Űɖ ŰŮəŰɞɜɘəɐ, əŬɗɩɠ əŬɘ Űɞɡɠ əɚɘɛŬŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ˊŮɟɘɞɢɐɠ.  

ɇɞ ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ, ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ ˊɚɞɨůɘɞ əŬɘ əŬɚɎ ŬɜŮˊŰɡɔɛɏɜɞ, 

ŭŮɜŭɟɞŮɘŭɞɨɠ ɛɞɟűɐɠ, ˊɞɡ Ůə űɞɟŰɑɕŮɘ Űɘɠ ɓɧɟŮɘŮɠ ɡˊɩɟŮɘŮɠ Űɞɡ ɧɟɞɡɠ ɄŬɜŬɢŬɥəɧ ˊɟɞɠ Űɞɜ ɄŬŰɟŬɥəɧ 

əɧɚˊɞ, ɛŮ ɔŮɜɘəɐ ŭɘŮɨɗɡɜůɖ ɟɞɐɠ Ŭˊɧ ɜɧŰɞ ˊɟɞɠ ɓɞɟɟɎ.
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [47] 

ȾȺūȷȿȷȽɃ 4: 

ɇȺɉɁȽȾɃũȺɋȿɃũȽȾȺɆ ɆɈɁŪȼȾȺɆ 

 

4.1 ɀŮɗɞŭɞɚɞɔɑŬ Ŭɝɘɞɚɧɔɖůɖɠ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ 

 

ȼ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ Űɞ Cover-and-Cut, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɟɧůűŬŰŮɠ ɘɕɖɛŬŰɞɔŮɜŮɑɠ 

ŬˊɞɗɏůŮɘɠ, ŭɖɚŬŭɐ Ŭˊɧ ŰŮŰŬɟŰɞɔŮɜŮɑɠ ɖɚɘəɑŬɠ ɡɚɘəɎ əɞɟɖɛɎŰɤɜ əŬɘ ˊɞŰŬɛɞɢŮɘɛɎɟɘŬ ɡɚɘəɎ (Ɏɛɛɞɘ, 

ɢŬɚɘəɘɎ, Ɏɟɔɘɚɞɘ). ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɑŬ əŬŰŬɔɟŬűɐ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

ůɡɜɗɖəɩɜ, ɛŮ ůəɞˊɧ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ əŬɘ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮŭɎűɞɡɠ. ũɘŬ Űɞ 

ůəɞˊɧ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Ůˊɑ Űɧˊɞɡ ŭɞəɘɛɏɠ, ɧˊɤɠ ŭɞəɘɛɏɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ əŬɘ ˊɟɧŰɡˊɖ 

ŭɞəɘɛɐ ŭɘŮɑůŭɡůɖɠ. Ƀɘ ŰŬɝɘɜɞɛɐůŮɘɠ əŬŰɎ S.P.T. űŬɜŮɟɩɜɞɡɜ Űɨˊɞ ŮŭɎűɞɡɠ ŭɘŬűɞɟŮŰɘəɐɠ ˊɡəɜɧŰɖŰŬɠ, 

ɡɚɘəɎ ɛŮ űŰɤɢɏɠ ɏɤɠ ɛɏŰɟɘŮɠ ɔŮɤŰŮɢɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, əŬɗɩɠ əŬɘ Űɖ ɚŮˊŰɧəɞəəɖ űɨůɖ Űɞɡ ɡɚɘəɞɨ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ 

ŮɜɧŰɖŰŮɠ, ɗŬ əŬɗɞɟɑůɞɡɜ ŰŬ əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ əŬɘ ɗŬ ɞŭɖɔɐůɞɡɜ ůŰɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ. 

 

4.2 ȰɚŮɔɢɞɠ Ůˊɘ Űɧˊɞɡ ŭɞəɘɛɩɜ 

 

4.2.1 ȹɞəɘɛɏɠ ŭɘŮɑůŭɡůɖɠ SPT 

 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘɎŰɟɖůɖɠ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůɡɜŮəŰɘəɧŰɖŰŬɠ Űɤɜ Ŭɟɔɘɚɘəɩɜ ŮŭŬűɩɜ ɐ 

Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɤɜ Ŭɛɛɤŭɩɜ ŮŭŬűɩɜ, ŮəŰŮɚɏůŰɖəŬɜ Ůˊɑ Űɧˊɞɡ ŭɞəɘɛɏɠ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ (S.P.T.). 

ɆŰɖ ŭɞəɘɛɐ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ, ɏɜŬ ˊɟɧŰɡˊɞ ŬɜŰɑɓŬɟɞ ɓɎɟɞɡɠ 63,5 kg, ˊɏűŰŮɘ ŮɚŮɨɗŮɟŬ Ŭˊɧ ɨɣɞɠ 

76cm ɛŮ ŬɡŰɧɛŬŰɞ ɛɖɢŬɜɘůɛɧ əŬɘ əŬŰŬɔɟɎűŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ əŰɨˊɤɜ ɔɘŬ ŭɘŮɑůŭɡůɖ Űɞɡ ůŰŮɚɏɢɞɡɠ 

əŬŰɎ 15cm ůŰɞ ɏŭŬűɞɠ (ɏɜŬ ůŰɎŭɘɞ). ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ, ɔɑɜŮŰŬɘ ɛɏɢɟɘ ɖ ůɡɜɞɚɘəɐ ŭɘŮɑůŭɡůɖ Űɞɡ 

ůŰŮɚɏɢɞɡɠ űɗɎůŮɘ ůŰŬ 45cm (ŰɟɑŬ ůŰɎŭɘŬ - ŰɟŮɘɠ Űɘɛɏɠ). ɇɞ ɎɗɟɞɘůɛŬ Űɤɜ ŭɨɞ ŰŮɚŮɡŰŬɑɤɜ ůŰŬŭɑɤɜ 

ŬˊɞŰŮɚŮɑ Űɞɜ Ŭɟɘɗɛɧ ɁSPT, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ŮŭŬűɘəɩɜ ɡɚɘəɩɜ, 

ɓɎůŮɘ Űɞɡ ɄɑɜŬəŬ 4.1  ́ ɞɡ ŬəɞɚɞɡɗŮɑ. 
 

 
 

 
ɄɑɜŬəŬɠ 4.1: ȾŬŰɎŰŬɝɖ ȺŭŬűɩɜ ɓɎůŮɘ Űɖɠ ȹɞəɘɛɐɠ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ (NSPT) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [48] 

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɚɨ ůɡɜŮəŰɘəɩɜ ŮŭŬűɩɜ ɐ ŬɛɛɞɢɎɚɘəɤɜ ɛŮ əɟɞəɎɚŮɠ Ŭɜ ůŰɘɠ ˊŮɜɐɜŰŬ (50) əɟɞɨůŮɘɠ 

ŭŮɜ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŭɘŮɑůŭɡůɖ Űɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ əŬŰɎ 15 cm (ȯɟɜɖůɖ), ŰɧŰŮ ůɖɛŮɘɩɜɞɜŰŬɘ ɞɘ 

ˊŮɜɐɜŰŬ əɟɞɨůŮɘɠ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ŭɘŮɑůŭɡůɖ Űɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ůŰɞ ɏŭŬűɞɠ. 

ȹŮŭɞɛɏɜɖɠ Űɖɠ űɨůɖɠ Űɤɜ ŮŭŬűɩɜ ˊɞɡ ŭɘŬŰɟɐɗɖəŬɜ (ŬɛɛɞɢɎɚɘəŬ / ɢɎɚɘəŮɠ), ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ŮɜŬɚɚŬəŰɘəɎ əɩɜɞɠ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ŭɞəɘɛɩɜ ůŰŬ ŬɛɛɞɢɎɚɘəŬ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɞəɘɛɩɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞɡɠ 

ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ˊɑɜŬəŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ( Ʉɑɜ. 4.2, 4.3): 

 

 
ɄɑɜŬəŬɠ 4.2: ȹɞəɘɛɏɠ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ SPT ůŰɘɠ ũŮɤŰɟɐůŮɘɠ ũɁ 334, ũɁ 336 əŬɘ ũɁ 337 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [49] 

 
ɄɑɜŬəŬɠ 4.3: ȹɞəɘɛɏɠ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ SPT ůŰɘɠ ũŮɤŰɟɐůŮɘɠ ũɁ 339 əŬɘ ũɁ 341 

 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůɡɜɞɚɘəɎ 53 ŭɞəɘɛɏɠ SPT Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ 39 ˊŬɟɞɡůɑŬůŬɜ Ɏɟɜɖůɖ (ɁSPT >50) 

Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ 14 ŮɛűɎɜɘůŬɜ Űɘɛɏɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 8 ɏɤɠ 60 əɟɞɨůŮɘɠ.  

 

ɆŰɞ ũɟɎűɖɛŬ 4.1 ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ Ŭɟɘɗɛɞɨ əɟɞɨůŮɤɜ ɁSPT ɛŮ Űɞ ɓɎɗɞɠ 

ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷɔɑɞɡ ȸŬůɘɚŮɑɞɡ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ əŬŰŬɔɟɎűɖəŮ Ɏɟɜɖůɖ ɖ Űɘɛɐ ɁSPT ŭɑɜŮŰŬɘ 

ɑůɖ ɛŮ 50. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [50] 

 
ũɟɎűɖɛŬ 4.1: ȳˊɞɡ ũɁ339,ũɁ341,ũɁ334,ũɁ335 əŬɘ ũɁ337 ɞɘ ɔŮɤŰɟɐůŮɘɠ ˊɞɡ ŮəŰŮɚɏůŰɖəŬɜ. 

 

ȷˊɧ Űɞ ɔɟɎűɖɛŬ 4.1 ůɡɛˊŮɟŬɑɜɞɡɛŮ, ɧŰɘ ɞ ŮŭŬűɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŮŰŮɟɞɔŮɜɏɠ ɡɚɘəɧ, 

Űɞ ɞˊɞɑɞ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůŰɘűɟɐ ɏɤɠ ˊɞɚɨ ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ. Ƀɘ ŬɟɜɐůŮɘɠ ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ŮɑɜŬɘ 

ˊɞɚɨ ˊɡəɜɏɠ, ŮɝŬɘŰɑŬɠ Űɖɠ ɨˊŬɟɝɖɠ ˊɞɚɚɩɜ əɟɞəɎɚɤɜ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ , ˊɞɡ Ůɛˊɞŭɑɕɞɡɜ Űɖɜ 

ŭɘŮɑůŭɡůɖ Űɞɡ əɩɜɞɡ. 

ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɤɜ Űɘɛɩɜ SPT ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ Űɞɛɐ (4.1), ˊɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ ɖ 

ˊŬɟɞɡůɑŬ əɞəəɩŭɞɡɠ ŮŭɎűɞɡɠ əŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ əɟɞəɎɚɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ Ɏɟɜɖůɖ ůŰɖɜ ŭɞəɘɛɐ , 

ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ. ȼ ˊŬɟɞɡůɑŬ Ŭɟɔɑɚɤɜ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɛɘəɟɧŰŮɟɞ ˊɞůɞůŰɧ ˊɞɡ ɧɛɤɠ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůŰɘűɟɐ ɏɤɠ ůəɚɖɟɐ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [51] 

 
ɇɞɛɐ 4.1: ȷˊɞŰŮɚɏůɛŬŰŬ ŭɞəɘɛɩɜ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ SPT, ˊɟɞɓŬɚɚɧɛŮɜŬ ůŮ Űɞɛɐ. 

 

4.2.2 Ɉŭɟɞűɧɟɞɠ ɃɟɑɕɞɜŰŬɠ 

 

ɆŰɖɜ ˊŮɟɘɞɢɐ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɛŮŰɟɐɗɖəŬɜ ɞɘ ůŰɎɗɛŮɠ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ 

əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŮɟɔŬůɘɩɜ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɏɠ Űɘɠ ɛŮŰɟɐůŮɘɠ, ɖ ůŰɎɗɛɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ɓɎɗɖ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 10 - 21 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ůŰɖ ɔŮɩŰɟɖůɖ ũɁ 339 ɞ 

ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ ůɡɜŬɜŰɐɗɖəŮ ůŮ ɓɎɗɞɠ 15,0 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ Ŭɛɏůɤɠ ɛŮŰɎ 

Űɞ ˊɏɟŬɠ Űɘɠ ɔŮɩŰɟɖůɖɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŬɡŰɏɠ ŭŮɜ ɗŮɤɟɞɨɜŰŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ, əŬɗɩɠ ŮɑɜŬɘ 

ˊɘɗŬɜɐ ɖ Ůˊɘɟɟɞɐ Űɞɡɠ, Ŭˊɧ  ɜŮɟɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɘɎɜɞɘɝɖ Űɖɠ əɎɗŮ ɔŮɩŰɟɖůɖɠ. 

ɆŰɘɠ ɔŮɤŰɟɐůŮɘɠ ũɁ 334, ũɁ 337 əŬɘ ũɁ 341 ŰɞˊɞɗŮŰɐɗɖəŬɜ ˊɘŮɕɞɛŮŰɟɘəɞɑ ůɤɚɐɜŮɠ. ȼ ɛɏŰɟɖůɖ Űɤɜ 

ˊɘŮɕɧɛŮŰɟɤɜ ɏŭɤůŮ Űɖ ůŰɎɗɛɖ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ůŮ ɓɎɗɞɠ 11,2 - 13,10 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ɛɏŰɟɖůɖ ˊɘɞ ŬɝɘɧˊɘůŰɖ, əŬɗɩɠ əŬŰɎ Űɖɜ ɚɐɣɖ Űɞɡɠ ŰŬ ɡˊɧɔŮɘŬ ɜŮɟɎ ɓɟɑůəɞɜŰŬɘ 

ˊɚɏɞɜ ůŮ ɖɟŮɛɑŬ. ȼ ŮəŰɑɛɖůɖ ˊɞɡ ɏɔɘɜŮ, ɗŮɤɟŮɑ ˊɤɠ ɞ ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ ɗŬ ůɡɜŬɜŰɖɗŮɑ ůŮ ɓɎɗɞɠ 

12,0 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ, (ůŰɟɤɛŬŰɞɔɟŬűɘəɐ 

ŬɚɚɖɚɞɡɢɑŬ-ˊŬɟŬŰɖɟɐůŮɘɠ ɡˊŬɑɗɟɞɡ) ˊɟɞəɨˊŰŮɘ ɖ ˊɘɗŬɜɧŰɖŰŬ Ŭɜɧŭɞɡ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ ɡˊɞɔŮɑɤɜ 

ɡŭɎŰɤɜ ŮɜŰɧɠ Űɤɜ ˊɘɞ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɟɤɛɎŰɤɜ Ɏɛɛɞɡ ï ɢŬɚɑəɤɜ əŬŰɎ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ, əŬɗɩɠ 

ɡˊɎɟɢŮɘ Ŭɡɝɖɛɏɜɖ ˊɞůɧŰɖŰŬ ŬŰɛɞůűŬɘɟɘəɩɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ. ȼ ŬˊɧűŬůɖ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ 

Ůˊɘˊɚɏɞɜ ɛŮŰɟɐůŮɘɠ Űɤɜ ˊɘŮɕɧɛŮŰɟɤɜ, ɗŬ ɓɞɖɗɐůɞɡɜ ůŮ ɛɘŬ əŬɚɨŰŮɟɖ ŮəŰɑɛɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ 

ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [52] 

4.2.3 ȹɞəɘɛɏɠ ȹɘŬˊŮɟŬŰɧŰɖŰŬɠ 

 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ŭɘɎŰɟɖůɖɠ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ, ŮəŰŮɚɏůŰɖəŬɜ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɛŮ Űɖ ɛɏɗɞŭɞ Űɞɡ ɛŮŰŬɓɚɖŰɞɨ űɞɟŰɑɞɡ (ȹɞəɘɛɏɠ Maag) əŬɗɩɠ əŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ ůŮ 

ůŰŬɗŮɟɐ ůŰɎɗɛɖ (ȹɞəɘɛɏɠ Lefranc). ȼ ŭɞəɘɛɐ Lefranc ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŮŭɎűɖ əŬɚɐɠ 

ˊŮɟŬŰɧŰɖŰŬɠ (Ɏɛɛɞɘ, ɢŬɚɑəɘŬ) , Ůɜɩ ɖ ŭɞəɘɛɐ Maag ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŮŭɎűɖ ɛɘəɟɐɠ ˊŮɟŬŰɧŰɖŰŬɠ 

(Ɏɟɔɘɚɞɘ). 

ɀŮ ɓɎůŮɘ ŭɞəɘɛɏɠ Maag əŬɘ Lugeon ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɏɔɘɜŮ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ȺɜɞŰɐŰɤɜ Ƚ, ȽȽ 

əŬɘ III  ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬ 4.4 əŬŰɎ Terzaghi and Peck (1967) əŬɗɩɠ əŬɘ Űɞɜ ɄɑɜŬəŬ 

4.6 Casagrande. ɇŬ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4.5  ˊɞɡ ŬəɞɚɞɡɗŮɑ , 

əŬɗɩɠ ˊɟɞɓɎɚɚɞɜŰŬɘ əŬɘ ůŰɖɜ ɇɞɛɐ 4.2. 

ɉŬɟŬəŰɖɟɘůɛɧɠ ȹɘŬəɨɛŬɜůɖ K(cm/sec) 

ɈɊȼȿȼ ȾÓ10-1 

ɀȺɆȼ 10-3ÒȾÒ10-1 

ɉȷɀȼȿȼ 10-5ÒȾÒ10-3 

ɄɃȿɈ ɉȷɀȼȿȼ 10-7ÒȾÒ10-5 

ɄɅȷȾɇȽȾȷ ȹȽȷɄȺɅȷɇɃɆ Ⱦ<10-7 

ɄɑɜŬəŬɠ 4.4: ɉŬɟŬəŰɖɟɘůɛɧɠ ŭɘŬəɨɛŬɜůɖɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ.( Terzaghi and Peck,1967) 

 

ɄɑɜŬəŬɠ 4.5: ȹɞəɘɛɏɠ ɈŭɟɞˊŮɟŬŰɧŰɖŰŬɠ ɛŮ Űɘɠ ɀŮɗɧŭɞɡɠ Maag ï Lefranc 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [53] 

 
ɄɑɜŬəŬɠ 4.6: ɄɑɜŬəŬɠ Casagrande ( Ŭˊɧ Introduction to Geotechnical Engineeringò by Holtz R.D, Kovacs 

W.D,1938) 

 
ɇɞɛɐ 4.2: ȷˊɞŰŮɚɏůɛŬŰŬ ŭɞəɘɛɩɜ ɄŮɟŬŰɧŰɖŰŬɠ, ˊɟɞɓŬɚɚɧɛŮɜŬ ůŮ Űɞɛɐ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [54] 

4.2.4 ȾŬŰŬəɧɟɡűɞɠ ůɡɜŰŮɚŮůŰɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ K ˊɞɡ ɛŮŰɟɐɗɖəŬɜ Ůˊɑ Űɧˊɞɡ ɐŰŬɜ ɞɘ ɞɟɘɕɧɜŰɘɞɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ůɢɖɛŬŰɘůɛɞɑ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ɛŮ ɞɟɘɕɧɜŰɘŬ ɐ/əŬɘ ˊŬɟŬɞɟɘɕɧɜŰɘŬ 

ŬˊɧɗŮůɖ, ŮəŰɘɛɎŰŬɘ ɛŮ ˊɞɚɨ əŬɚɐ ˊɟɞůɏɔɔɘůɖ ɧŰɘ ɞɘ əŬŰŬəɧɟɡűɞɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɗŬ ŮɑɜŬɘ 

ůŬűɩɠ ɢŬɛɖɚɧŰŮɟɞɘ Ŭˊɧ Űɞɡɠ ɞɟɘɕɧɜŰɘɞɡɠ. ȼ ůɢɏůɖ əŬŰŬəɧɟɡűɞɡ ˊɟɞɠ ɞɟɘɕɧɜŰɘɞ ůɡɜŰŮɚŮůŰɐ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Kh / Kv ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞɜ Űɟɧˊɞ ŬˊɧɗŮůɖɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ. ȰŰůɘ, ůɨɛűɤɜŬ 

ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬ 4.7 (ũ. ɀˊɞɡəɞɓɎɚŬɠ ñȺɘŭɘəɎ ŪɏɛŬŰŬ ŪŮɛŮɚɘɩůŮɤɜ ñ ɀɏɟɞɠ ȽȽȽ, ȾŮű. 4): 

 

ɇɨˊɞɠ ȷɟɔɑɚɞɡ Kh/Kv 

ɃɛɞɘɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ 1.0-1.5 

ɄɟɞůɢɤůɘɔŮɜŮɑɠ Ŭɟɔɘɚɘəɏɠ ŬˊɞɗɏůŮɘɠ ɛŮ 

ŭɘŬəɞˊŰɧɛŮɜŮɠ ŮɜůŰɟɩůŮɘɠ əŬɘ űŬəɞɨɠ 

ɛŮɔŬɚɨŰŮɟɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

2.0-4.0 

ɆŰɟɤůɘɔŮɜŮɑɠ Ɏɟɔɘɚɞɘ əŬɘ ɎɚɚŮɠ ŬˊɞɗɏůŮɘɠ 

ɛŮ ŮɜŭɘɎɛŮůŮɠ (ˊɟŬəŰɘəɎ ůɡɜŮɢŮɑɠ) 

ůŰɟɩůŮɘɠ ŭɘŬˊŮɟŬŰɞɨ ɡɚɘəɞɨ. 

3.0-15.0 

ɄɑɜŬəŬɠ 4.7: Ɇɢɏůɖ ɞɟɘɕɧɜŰɘɞɡ ˊɟɞɠ əŬŰŬəɧɟɡűɞɡ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ũɘŬ ȷɛɛɩŭɖɠ Ŭɟɔɘɚɞɥɚɨɠ ɏɤɠ Ŭɟɔɘɚɩŭɖɠ Ŭɛɛɞɥɚɨɠ ɛŮ əŬŰɎ ɗɏůŮɘɠ ɢɎɚɘəŮɠ ɏɢɞɡɛŮ Kh/Kv å 3 

Ⱥɜ ˊɟɞəŮɘɛɏɜɤ ɛˊɞɟɞɨɛŮ ɜŬ ŭŮɢɗɞɨɛŮ ɧŰɘ ɖ ˊŬɟŬˊɎɜɤ ˊŮɟɘɔɟŬűɐ ŬɜŰɘůŰɞɘɢŮɑ ůŰŬ ɘɕɐɛŬŰŬ Űɖɠ 

ȺɜɧŰɖŰŬɠ ȽȽȽ ɛŮ ůɢŮŰɘəɐ ŬəɟɑɓŮɘŬ, Ŭűɞɨ ˊɟɧəŮɘŰŬɘ ˊɟɎɔɛŬŰɘ ɔɘŬ Ŭɟɔɘɚɘəɏɠ ůŰɟɩůŮɘɠ ɛŮ Űɞˊɘəɏɠ 

ŬůɡɜɏɢŮɘŮɠ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ, ɧˊɤɠ ŮɜůŰɟɩůŮɘɠ Ŭɟɔɘɚɤŭɩɜ / ɘɚɡɤŭɩɜ Ɏɛɛɤɜ əŬɘ ɢŬɚɑəɤɜ. 

Ⱥˊɞɛɏɜɤɠ ɞ ɚɧɔɞɠ Kh / Kv ÕˊɞɟŮɑ ɜŬ ɚɖűɗŮɑ ůŰɖɜ ȺɜɧŰɖŰŬ III  ɑůɞɠ ˊɟɞɠ ˊŮɟɑˊɞɡ 3, ŭɑɜɞɜŰŬɠ kv = 2.3 x 

10-4 cm/sec ( ɛɏŰɟɘŬ ŭɘŬˊŮɟŬŰɧŰɖŰŬ). 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [55] 

4.3 ȺɟɔŬůŰɖɟɘŬəɐ ɏɟŮɡɜŬ 

 

Ƀɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ, ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ, ŬɝɘɞɚɞɔɐɗɖəŬɜ əŬɘ ɛŮŰɎ Ŭˊɧ ůŰŬŰɘůŰɘəɐ 

ŮˊŮɝŮɟɔŬůɑŬ, ˊɟɞůŭɘɞɟɑůŰɖəŬɜ: ɖ ɛɏɔɘůŰɖ əŬɘ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ, ɖ ɛɏůɖ Űɘɛɐ əŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ 

əɎɗŮ ˊŬɟŬɛɏŰɟɞɡ Űɤɜ ɇ.ȺɜɞŰɐŰɤɜ Ƚ, ȽȽ əŬɘ ȽȽȽ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŭɑɜɞɜŰŬɘ ůŰɞɡɠ 

ˊŬɟŬəɎŰɤ ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ɄɑɜŬəŮɠ (4.8, 4.9, 4.10, 4.11).ȼ ŮɟɔŬůŰɖɟɘŬəɐ ɏɟŮɡɜŬ ˊŮɟɘɚɎɛɓŬɜŮ 

ŭɞəɘɛɏɠ ŮŭŬűɞɛɖɢŬɜɘəɐɠ ɔɘŬ Űɖɜ əŬŰɎŰŬɝɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ůŰɞɡɠ 

ɘŭɘɞŰɐŰɤɜ. 

 

4.3.1 ȹɞəɘɛɏɠ ȺŭŬűɞɛɖɢŬɜɘəɐɠ 

 

Ƀɘ ŭɞəɘɛɏɠ ˊŮɟɘɚɎɛɓŬɜŬɜ ŭɞəɘɛɏɠ ůŰŬ ŮŭŬűɘəɎ ŭŮɑɔɛŬŰŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ əŬɘ ŭɞəɘɛɏɠ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. 

ɆŰŬ ŮŭŬűɘəɎ ŭŮɑɔɛŬŰŬ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ɏɔɘɜŬɜ : 

¶ ŭɞəɘɛɏɠ əŬŰɎŰŬɝɖɠ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ űɡůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ : 

1. ȳɟɘŬ Atterberg : ɧɟɘɞ ɡŭŬɟɧŰɖŰŬɠ LL əŬɘ ɧɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ PL, 

2. əɞəəɞɛŮŰɟɘəɐ ŭɘŬɓɎɗɛɘůɖ ɛŮ əɧůəɘɜŬ əŬɘ ŬɟŬɘɧɛŮŰɟɞ, 

3. űɡůɘəɐ ɡɔɟŬůɑŬ, 

4. űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ, 

5. Ůɘŭɘəɧ ɓɎɟɞɠ 

 

ɀŮ ɓɎůŮɘ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɞəɘɛɏɠ əŬŰɎŰŬɝɖɠ, ŰŬ ŭŮɑɔɛŬŰŬ əŬŰŬŰɎůůɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ȷɛŮɟɘəŬɜɘəɧ 

ůɨůŰɖɛŬ əŬŰɎŰŬɝɖɠ Unified Soils Classification System (USCS). 

 

Ƀɘ ŭɞəɘɛɏɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮɑɜŬɘ ɞɘ 

Ůɝɐɠ: 

¶ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ 

¶ ŭɞəɘɛɏɠ ɓɟŬŭŮɑŬɠ ŭɘɎŰɛɖůɖɠ ůŰŮɟŮɞˊɞɘɖɛɏɜɞɡ ŭɞəɘɛɑɞɡ ɛŮ ŬˊɞůŰɟɎɔɔɘůɖ (CD) 

¶ ŭɞəɘɛɏɠ ŰɟɘŬɝɞɜɘəɐɠ ɗɚɑɣɖɠ ɛŮ ůŰŮɟŮɞˊɞɑɖůɖ əŬɘ ůŰɟɎɔɔɘůɖ. 

 

ɇŬ ůɡɜɞˊŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ 

ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ˊɑɜŬəŮɠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [56] 

ũɁ334 ȹɞəɘɛɏɠ ɇŬɝɘɜɧɛɖůɖɠ ȺŭɎűɞɡɠ  

 

Ⱦȷɇȷɇȷɂȼ 

AUSCS  

CLASSIFICATIO

N 

 

ȾɞəəɞɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ 

ȳɟɘŬ Atterberg  

ũȺɋɇɅȼɆ

ȼ 

ȸȷŪɃɆ 

ȹɃȾȽɀȼɆ 

G S M C L.L P.L P.I W ɔ ɔd Gs 

% % % % % % % % kN/m
3 

kN/m
3 

- 

3.20-3.70 58.

6 

26.

9 

14.5 17.

9 

12.

9 

5.1     GC-GM 

6.20-6.70 55.

3 

35.

7 

9.0 N.P.     GP-GC 

9.20-9.70 53.

1 

38.

1 

8.9 N.P.     GP-GC 

14.20-

14.70 

32.

4 

58.

4 

9.2 N.P.     SP-SC 

16.70-

16.90 

0.9 25.

3 

73.8 N.P.     ML 

17.90-

18.30 

22.

7 

33.

1 

44.

2 

0.0 21.

5 

16.

7 

4.8 17.7

0 

21.08 17.91 2.7 SC-SM 

18.30-

18.60 

3.5 21.

6 

69.

0 

6.0 27.

4 

16.

1 

11.

3 

21.4

5 

19.18 15.79 2.7

5 

CL 

22.30-

22.50 

0.4 27.

8 

62.

3 

9.4 26.

8 

15.

8 

11.

0 

   2.7

5 

CL 

25.40-

25.90 

36.

1 

51.

8 

12.1 N.P.     SM 

28.00-

28.40 

27.

1 

48.

0 

24.9 19.

0 

10.

9 

8.2     SC 

ũɁ336 ȹɞəɘɛɏɠ ɇŬɝɘɜɧɛɖůɖɠ ȺŭɎűɞɡɠ  

 

Ⱦȷɇȷɇȷɂȼ 

AUSCS  

CLASSIFICATIO

N 

 

ȾɞəəɞɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ 

ȳɟɘŬ Atterberg  

ũȺɋɇɅȼɆ

ȼ 

ȸȷŪɃɆ 

ȹɃȾȽɀȼɆ 

G S M C L.L P.L P.I W ɔ ɔd Gs 

% % % % % % % % kN/m
3 

kN/m
3 

- 

2.30-3.00 59.

2 

27.

6 

13.2 24 14 10     GC 

6.20-6.60 47.

8 

38.

6 

13.6 21 13 8     GC 

9.50-10.00 20.

0 

67.

7 

12.3 22 17 5     SC-SM 

13.60-

14.10 

47.

4 

42.

4 

10.2 23 17 6     GP-(GC-GM) 

19.20-

19.40 

1.6 37.

2 

42.

2 

19.

0 

28 18 10    2.7

3 

CL 

22.00-

22.20 

26.

7 

41.

0 

32.3 27 14 13     SC 

25.00-

25.50 

26.

7 

57.

6 

15.7 22 18 4     SC-SM 

29.50-

30.00 

15.

3 

72.

2 

12.5 N.P.     SM 

 

 

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [57] 

ũɁ337 ȹɞəɘɛɏɠ ɇŬɝɘɜɧɛɖůɖɠ ȺŭɎűɞɡɠ  

 

Ⱦȷɇȷɇȷɂȼ 

AUSCS  

CLASSIFICATIO

N 

 

ȾɞəəɞɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ 

ȳɟɘŬ Atterberg  

ũȺɋɇɅȼɆ

ȼ 

ȸȷŪɃɆ 

ȹɃȾȽɀȼɆ 

G S M C L.L P.L P.I W ɔ ɔd Gs 

% % % % % % % % kN/m
3 

kN/m
3 

- 

3.20-3.70 53.

7 

31.

3 

15.0 N.P.     GC 

6.60-7.00 49.

1 

35.

4 

15.5 N.P.     GC 

11.60-

12.10 

30.

5 

58.

5 

11.1 N.P.     SP-SC 

13.90-

14.60 

0.8 31.

8 

61.

6 

5.7 26.

9 

16.

6 

10.

3 

22.

0 

19.88 16.29 2.6

4 

CL 

15.70-

16.20 

17.

0 

45.

1 

38.0 N.P.     SM 

19.80-

20.00 

0.7 33.

5 

65.8 0

.

0 

22.

7 

16.

7 

6.1    2.7

2 

CL-ML 

22.20-

22.40 

28.

7 

25.

6 

45.7 22.

6 

16.

2 

6.4     GC-GM 

25.80-

26.30 

32.

6 

35.

3 

32.1 20.

8 

14.

8 

6.1     SC-SM 

27.90-

28.00 

16.

3 

44.

5 

38.

1 

1.2 17.

7 

16.

6 

1.1    2.7

4 

SM 

29.70-

30.20 

23.

4 

60.

9 

15.8 N.P.     SM 

ũɁ339 ȹɞəɘɛɏɠ ɇŬɝɘɜɧɛɖůɖɠ ȺŭɎűɞɡɠ  

 

Ⱦȷɇȷɇȷɂȼ 

AUSCS  

CLASSIFICATIO

N 

 

ȾɞəəɞɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ 

ȳɟɘŬ Atterberg  

ũȺɋɇɅȼɆ

ȼ 

ȸȷŪɃɆ 

ȹɃȾȽɀȼɆ 

G S M C L.L P.L P.I W ɔ ɔd Gs 

% % % % % % % % kN/m
3 

kN/m
3 

- 

2.30-2.50 72.

0 

18.

1 

9.9 25 17 8     GP-GC 

6.00-6.30 36.

7 

47.

7 

15.6 N.P.     SM 

8.90-9.10 12.

6 

30.

2 

40.

2 

17.

0 

27 19 8    2.6

4 

CL 

11.30-

11.50 

44.

1 

43.

4 

12.5 24 16 8     GC 

14.50-

14.70 

52.

3 

33.

2 

7.5 7.0 25 1 9    2.6

8 

GC 

16.50-

16.70 

40.

6 

46.

9 

12.5 22 18 4     SC-SM 

20.40-

20.60 

1.7 42.

4 

37.

9 

18.

0 

29 18 11  21.55 18.89 2.6

7 

CL 

22.10-

22.30 

30.

8 

48.

2 

21.0 25 19 6     SC-SM 

25.90-

26.10 

48.

4 

35.

1 

16.5 24 17 7     GC-GM 

28.70-

28.90 

42.

5 

45.

1 

12.4 N.P.     SM 

ȹɞəɘɛɏɠ ɇŬɝɘɜɧɛɖůɖɠ ȺŭɎűɞɡɠ  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [58] 

ũɁ341 ȾɞəəɞɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ 

ȳɟɘŬ Atterberg   

Ⱦȷɇȷɇȷɂȼ 

AUSCS  

CLASSIFICATIO

N 

 

ũȺɋɇɅȼɆ

ȼ 

ȸȷŪɃɆ 

ȹɃȾȽɀȼɆ 

G S M C L.L P.L P.I W ɔ ɔd Gs 

% % % % % % % % kN/m
3 

kN/m
3 

- 

2.40-2.60 12.

5 

36.

2 

51.3 27 17 10     CL 

5.20-5.40 34.

7 

40.

6 

24.7 24 16 8     SC 

6.90-7.10 8.5 35.

0 

32.

5 

24.

0 

31 14 17    2.6

8 

CL 

9.40-9.60 36.

9 

50.

8 

12.3 N.P.     SM 

12.30-

12.80 

44.

4 

38.

6 

17.0 22 15 7     GC-GM 

15.80-

16.00 

2.0 36.

1 

61.9 27 19 8     CL 

17.00-

17.30 

0.0 22.

2 

63.

8 

14.

0 

28 21 7  20.66 17.48 2.6

8 

CL-ML 

20.40-

20.70 

0.0 13.

2 

54.

8 

32.

0 

36 17 19    2.6

6 

CL 

21.60-

21.80 

0.0 17.

7 

55.

3 

27.

0 

33 17 16    2.6

7 

CL 

24.20-

24.50 

0.0 39.

6 

49.

4 

11.

0 

24 20 4    2.6

6 

CL-ML 

26.60-

26.90 

11.

7 

45.

5 

42.8 26 16 10     SC 

30.00-

30.20 

32.

0 

46.

5 

21.5 24 16 8     SC 

ɄɑɜŬəŬɠ 4.8: ȹɞəɘɛɏɠ əŬŰɎŰŬɝɖɠ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ űɡůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. 

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [59] 

ɆɈũȾȺɁɇɅɋɇȽȾɃɆ ɄȽɁȷȾȷɆ ɀȼɉȷɁȽȾɋɁ 

ɉȷɅȷȾɇȼɅȽɆɇȽȾɋɁ ȺɁɃɇȼɇȷɆ Ƚ 

ȸȷŪɃɆ(m) NSPT 

ũɁ-334 

2.60-2.82 50 

5.40-5.53 50 

7.60-8.03 50 

10.30-10.57 50 

  

Ʉɚɐɗɞɠ 4 

Max 50 

Min 50 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ũɁ-336 

3.0-3.28 50 

5.20-5.57 50 

  

Ʉɚɐɗɞɠ 2 

Max 50 

Min 50 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ũɁ-337 

2.5-2.78 50 

5.90-6.16 50 

7.80-8.25 64 

  

Ʉɚɐɗɞɠ 3 

Max 64 

Min 50 

ɀɏůɞɠ 55 

ȷˊɧəɚɘůɖ 8.08 

ũɁ-339 

2.90-3.12 50 

13.60-13.72 50 

  

Ʉɚɐɗɞɠ 2 

Max 50 

Min 50 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ũɁ-341 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [60] 

11.0-11.45 44 

14.70-15.15 35 

  

Ʉɚɐɗɞɠ 2 

Max 44 

Min 35 

ɀɏůɞɠ 40 

ȷˊɧəɚɘůɖ 6,36 

ɆɈɁɃȿȽȾȷ ũȽȷ ɇȼɁ ȺɁɃɇȼɇȷ Ƚ 

Ʉɚɐɗɞɠ 13 

Max 64 

Min 35 

ɀɏůɞɠ 49.4 

ȷˊɧəɚɘůɖ 6.30 

ɄɑɜŬəŬɠ 4.9: ȹɞəɘɛɏɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ȺɜɧŰɖŰŬɠ Ƚ. 

ɆɈũȾȺɁɇɅɋɇȽȾɃɆ ɄȽɁȷȾȷɆ ɀȼɉȷɁȽȾɋɁ 

ɉȷɅȷȾɇȼɅȽɆɇȽȾɋɁ ȺɁɃɇȼɇȷɆ ȽȽ 

ũɁ-334 

ȸȷŪɃɆ(m) NSPT 

12.70-12.94 50 

14.80-15.08 50 

24.40-24.85 50 

26.70-26.97 50 

28.40-28.62 50 

  

Ʉɚɐɗɞɠ 5 

Max 50 

Min 50 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ũɁ-336 

8.30-8.56 50 

10.30-10.68 50 

12.90-13.17 50 

15.10-15.48 50 

18.0-18.29 50 

23.0-23.26 50 

25.50-25.71 50 

27.60-27.83 50 

  

Ʉɚɐɗɞɠ 8 

Max 50 

Min 50 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [61] 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ũɁ-337 

10.30-10.57 50 

12.50-12.74 50 

17.30-17.75 38 

25.30-25.57 50 

27.30-27.44 50 

  

Ʉɚɐɗɞɠ 5 

Max 50 

Min 38 

ɀɏůɞɠ 47.6 

ȷˊɧəɚɘůɖ 5.36 

ũɁ-339 

5.10-5.23 50 

10.70-10.84 50 

16.00-16.26 50 

20.8-20.93 50 

22.70-22.94 50 

25.00-25.24 50 

27.40-27.54 50 

  

Ʉɚɐɗɞɠ 7 

Max 50 

Min 50 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ũɁ-341 

2.9-3.12 50 

5.10-5.23 50 

7.80-8.04 50 

27.40-27.54 50 

  

Ʉɚɐɗɞɠ 4 

Max 50 

Min 50 

ɀɏůɞɠ 50 

ȷˊɧəɚɘůɖ - 

ɆɈɁɃȿȽȾȷ ũȽȷ ɇȼɁ ȺɁɃɇȼɇȷ ȽȽ 

Ʉɚɐɗɞɠ 29 

Max 50 

Min 38 

ɀɏůɞɠ 49,5 

ȷˊɧəɚɘůɖ 16.63 

ɄɑɜŬəŬɠ 4.10: ȹɞəɘɛɏɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ Űɖɜ ȺɜɧŰɖŰŬ ȽȽ. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [62] 

 

ɆɈũȾȺɁɇɅɋɇȽȾɃɆ ɄȽɁȷȾȷɆ ɀȼɉȷɁȽȾɋɁ ɉȷɅȷȾɇȼɅȽɆɇȽȾɋɁ ȺɁɃɇȼɇȷɆ ȽȽȽ 

ũɁ-334 

ȸȷŪɃɆ(m) NSPT qu(kPa) ȹɞəɘɛɐ 

ɆŰŮɟŮɞˊɞɑɖůɖɠ 

ȹɞəɘɛɐ 

ȯɛŮůɖɠ 

ȹɘɎŰɛɖůɖɠ 

ȹɞəɘɛɐ ɇɟɘŬɝɞɜɘəɐɠ 

ūɧɟŰɘůɖɠ 

Cc Cv (x10-

4 

m2/min) 

c(kPa) ű(Ü) cô(kPa) űô(Ü) 

18.30-18.60 - - 0.153 0.03 4.9 21.9 - - 

21.50-21.95 15        

28.40-28.62 50        

         

Ʉɚɐɗɞɠ 2 - 1 1 1 1 - - 

Max 50 - 0.153 0.03 4.9 21.9 - - 

Min 15 - 0.153 0.03 4.9 21.9 - - 

ɀɏůɞɠ 32.5 - - - - - - - 

ȷˊɧəɚɘůɖ 24,74 - - - - - - - 

ũɁ-336 

ȸȷŪɃɆ(m) NSPT qu(kPa) ȹɞəɘɛɐ 

ɆŰŮɟŮɞˊɞɑɖůɖɠ 

ȹɞəɘɛɐ 

ȯɛŮůɖɠ 

ȹɘɎŰɛɖůɖɠ 

ȹɞəɘɛɐ ɇɟɘŬɝɞɜɘəɐɠ 

ūɧɟŰɘůɖɠ 

Cc Cv (x10-

4 

m2/min) 

c(kPa) ű(Ü) cô(kPa) űô(Ü) 

18.00-18.29 50 - - - - - - - 

20.30-20.75 15 - - - - - - - 

         

Ʉɚɐɗɞɠ 2 - - - - - - - 

Max 50 - - - - - - - 

Min 15 - - - - - - - 

ɀɏůɞɠ 32.5 - - - - - - - 

ȷˊɧəɚɘůɖ 24.74 - - - - - - - 

ũɁ-337 

ȸȷŪɃɆ(m) NSPT qu(kPa) ȹɞəɘɛɐ 

ɆŰŮɟŮɞˊɞɑɖůɖɠ 

ȹɞəɘɛɐ 

ȯɛŮůɖɠ 

ȹɘɎŰɛɖůɖɠ 

ȹɞəɘɛɐ ɇɟɘŬɝɞɜɘəɐɠ 

ūɧɟŰɘůɖɠ 

Cc Cv (x10-

4 

m2/min) 

c(kPa) ű(Ü) cô(kPa) űô(Ü) 

13.90-14.60 - - 0.154 0.01 - - 4.70 32.9 

14.60-15.05 37 - - - - - - - 

20.20-20.65 16        

22.40-22.85 25        

         

Ʉɚɐɗɞɠ 3 - 1 1 - - 1 1 

Max 37 - 0.154 0.01 - - 4.70 32.9 

Min 16 - 0.154 0.01 - - 4.70 32.9 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [63] 

ɀɏůɞɠ 26 - - - - - - - 

ȷˊɧəɚɘůɖ 10.53 - - - - - - - 

ũɁ-339 

ȸȷŪɃɆ(m) NSPT qu(kPa) ȹɞəɘɛɐ 

ɆŰŮɟŮɞˊɞɑɖůɖɠ 

ȹɞəɘɛɐ 

ȯɛŮůɖɠ 

ȹɘɎŰɛɖůɖɠ 

ȹɞəɘɛɐ ɇɟɘŬɝɞɜɘəɐɠ 

ūɧɟŰɘůɖɠ 

Cc Cv (x10-

4 

m2/min) 

c(kPa) ű(Ü) cô(kPa) űô(Ü) 

18.30-18.75 8 - - - - - - - 

20.80-20.93 50 - - - - - - - 

         

Ʉɚɐɗɞɠ 2 - - - - - - - 

Max 50 - - - - - - - 

Min 8 - - - - - - - 

ɀɏůɞɠ 29 - - - - - - - 

ȷˊɧəɚɘůɖ 29.69 - - - - - - - 

ũɁ-341 

ȸȷŪɃɆ(m) NSPT qu(kPa) ȹɞəɘɛɐ 

ɆŰŮɟŮɞˊɞɑɖůɖɠ 

ȹɞəɘɛɐ 

ȯɛŮůɖɠ 

ȹɘɎŰɛɖůɖɠ 

ȹɞəɘɛɐ ɇɟɘŬɝɞɜɘəɐɠ 

ūɧɟŰɘůɖɠ 

Cc Cv (x10-

4 

m2/min) 

c(kPa) ű(Ü) cô(kPa) űô(Ü) 

17.0-17.30 - - - - 40.7 26.4 - - 

17.50-17.95 31 - - - - - - - 

20.70-21.15 15 - - - - - - - 

21.60-21.80 - - - - 40.8 48.7 - - 

23.80-24.21 50 - - - - - - - 

         

Ʉɚɐɗɞɠ 3 - - - 2 2 - - 

Max 50 - - - 40.8 48.7 - - 

Min 15 - - - 40.7 26.4 - - 

ɀɏůɞɠ 32 - - - 40.75 37.55 - - 

ȷˊɧəɚɘůɖ 17.52 - - - 0.07 15.76 - - 

ɆɈɁɃȿȽȾȷ ũȽȷ ɇȼɁ ȺɁɃɇȼɇȷ ȽȽȽ 

Ʉɚɐɗɞɠ 12 - 2 2 3 3 - - 

Max 50 - 0,154 0.03 40.8 48.7 - - 

Min 8 - 0,153 0.01 4.9 21.9 - - 

ɀɏůɞɠ 30.1 - 0,1535 0.025 28.8 32.3 - - 

ȷˊɧəɚɘůɖ 16.59  0.0007 0.015 20.52 14.35   

ɄɑɜŬəŬɠ 4.11: ȹɞəɘɛɏɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ȺɜɧŰɖŰŬɠ ȽȽȽ. 

ɆŰŬ ũɟŬűɐɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ŭɑɜɞɜŰŬɘ ɔɘŬ Űɘɠ ȺɜɧŰɖŰŮɠ Ƚ, ȽȽ əŬɘ ȽȽȽ  ɖ ɛŮŰŬɓɞɚɐ Űɤɜ ɞɟɑɤɜ Atterberg 

ɛŮ Űɞ ɓɎɗɞɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [64] 

 

 
ũɟɎűɖɛŬ 4.2: ȾɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ ȺɜɧŰɖŰŬɠ Ƚ. 

 
ũɟɎűɖɛŬ 4.3: ȾɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ ȺɜɧŰɖŰŬɠ ȽȽ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [65] 

 
ũɟɎűɖɛŬ 4.4: ȾɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ ȺɜɧŰɖŰŬɠ ȽȽȽ. 

ȷˊɧ Űɘɠ əɞəəɞɛŮŰɟɘəɏɠ ŬɜŬɚɨůŮɘɠ əŬɘ Űɤɜ 3 ŮɜɞŰɐŰɤɜ, ɛŮ ɓɎůŮɘ Űɖɜ əɚɑůɖ Űɖɠ əɞəəɞɛŮŰɟɘəɐɠ 

əŬɛˊɨɚɖɠ  ɛŮŰŬɝɨ Űɤɜ ŭɘŬɛɏŰɟɤɜ d60 əŬɘ d10 Űɤɜ əɧəəɤɜ ůŮ ˊɞůɞůŰɎ ŭɘŮɟɢɧɛŮɜɤɜ ŬɜŰɑůŰɞɘɢŬ 60% əŬɘ 

10% Űɞɡ ɓɎɟɞɡɠ ˊɎɜɤ ůŰɖɜ əɞəəɞɛŮŰɟɘəɐ əŬɛˊɨɚɖ, ɛˊɞɟɞɨɛŮ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ ɧŰɘ Űɞ ɏŭŬűɞɠ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ Ŭɜɞɛɞɘɧűɞɟűɞ , əɎŰɘ ˊɞɡ ŮɑɜŬɘ ɚɞɔɘəɧ Ŭűɞɨ ɛɘɚɎɛŮ ɔɘŬ ɇŮŰŬɟŰɞɔŮɜɐ ɡɚɘəɎ əŬɘ ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Ɏɛɛɞɡɠ , ɘɚɨɠ əŬɘ ɢɎɚɘəŮɠ.  ɄŬɟɧɚŬ ŬɡŰɎ, Ŭˊɧ ŰŬ ɔɟŬűɐɛŬŰŬ Űɤɜ əɞəəɞɛŮŰɟɘəɩɜ 

ŬɜŬɚɨůŮɤɜ Ƚ əŬɘ ȽȽ, ɛˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ Űɞ ɏŭŬűɞɠ ɏɢŮɘ əŬəɐ ŭɘŬɓɎɗɛɘůɖ , əŬɗɩɠ ůŰŮɟŮɑŰŬɘ 

əɧəəɤɜ ɛŮ ŭɘŬɛɏŰɟɞɡɠ ˊɞɡ ɜŬ əŬɚɨˊŰɞɡɜ ɛŮɔɎɚɞ Ůɨɟɞɠ. ɇɞ ŰɛɐɛŬ Űɤɜ əɧəəɤɜ ˊɞɡ ŬˊɞɡůɘɎɕŮɘ ŬɜɐəŮɘ 

ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɖɠ ɘɚɨɠ əŬɘ Űɖɠ Ŭɟɔɑɚɞɡ, ˊɟɎɔɛŬ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ ŮɜɧŰɖŰŮɠ ŬɡŰɏɠ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ  

ɛɘəɟɐ ˊɚŬůŰɘəɧŰɖŰŬ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ŮɜɧŰɖŰŮɠ Ƚ əŬɘ ȽȽ , ɖ ŮɜɧŰɖŰŬ ȽȽȽ ɛŮ ɓɎůɖ Űɖ ɛɞɟűɐ Űɖɠ 

əŬɛˊɨɚɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɏŭŬűɞɠ əŬɚɎ ŭɘŬɓŬɗɛɘůɛɏɜɞ ˊɞɡ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ ɚŮˊŰɞɑ əɧəəɞɘ Ůɘůɢɤɟɞɨɜ 

ůŰŬ əŮɜɎ ɛŮŰŬɝɨ Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ əɧəəɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ɏŭŬűɞɠ ɜŬ ɏɢŮɘ ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ, 

ɜŬ ɛˊɞɟŮɑ ɜŬ ůɡɛˊɡəɜɩɜŮŰŬɘ əŬɚɎ, ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ ŬɜŰɞɢɐ əŬɘ ɜŬ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ɚɑɔɞ. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [66] 

 
 ũɟɎűɖɛŬ 4.5: ɀŮŰŬɓɞɚɐ ŭŮɑəŰɖ ˊɚŬůŰɘəɧŰɖŰŬɠ- PI ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ũɟɎűɖɛŬ 4.5 ɞ ŭŮɑəŰɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ Űɖɠ ŮɜɧŰɖŰŬɠ Ƚ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ŬɡŰɞɨ Űɖɠ 

ȽȽ, ˊŬɟɧɚɞ ˊɞɡ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟɜɎŮɘ ůŮ ɞɟɘůɛɏɜŬ ɓɎɗɖ Űɞɜ ŭŮɑəŰɖ ˊɚŬůŰɘəɧŰɖŰŬɠ Űɖɠ ŮɜɧŰɖŰŬɠ 

Ƚ. ȾŬɘ ůŰɘɠ ŭɨɞ ŮɜɧŰɖŰŮɠ ɧɛɤɠ ɞ ŭŮɑəŰɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ɛɘəɟɧɠ əŬɗɩɠ ŭŮɜ ɏɢɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬ 

ɚŮˊŰɧəɞəəɤɜ ɡɚɘəɩɜ. ȼ ȺɜɧŰɖŰŬ ȽȽȽ ˊŬɟɞɡůɘɎɕŮɘ  ŮɨɚɞɔŬ ɡɣɖɚɧŰŮɟɞ ŭŮɑəŰɖ ˊɚŬůŰɘəɧŰɖŰŬɠ Ŭˊɧ Űɘɠ 

ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɜɧŰɖŰŮɠ, əŬɗɩɠ ɏɢɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬ Ŭɟɔɘɚɘəɞɨ ɡɚɘəɞɨ, ɎɟŬ ůɡɔəɟŬŰŮɑŰŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ əŬɘ ůɡɜŮˊɩɠ ɏɢɞɡɛŮ ɛŮɔŬɚɨŰŮɟŮɠ ɛŮŰŬɓɞɚɏɠ ɧɔəɞɡ, Ŭˊɧ Űɘɠ ɎɚɚŮɠ 

ŮɜɧŰɖŰŮɠ. 

 
ũɟɎűɖɛŬ 4.6: ɀŮŰŬɓɞɚɐ ɞɟɑɞɡ ɡŭŬɟɧŰɖŰŬɠ- LL ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [67] 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ũɟɎűɖɛɎ 4.6, ɖ ȺɜɧŰɖŰŬ ȽȽȽ ˊŬɟɞɡůɘɎɕŮɘ ɧɟɘɞ ɡŭŬɟɧŰɖŰŬɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ ɧɟɘɞ 

(LL=27%) ÕŮŰŬɝɨ ɢŬÕɖɚɐɠ əŬɘ Õɏůɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ, ůŮ ŬɜŰɑɗŮůɖ ÕŮ Űɘɠ Ƚ əŬɘ ȽȽ ŮɜɧŰɖŰŮɠ ɞɘ ɞˊɞɑŮɠ 

ŮɑɜŬɘ ɢŬÕɖɚɐɠ ˊɚŬůŰɘəɧŰɖŰŬɠ. 

ȷˊɧ Űɞ ũɟɎűɖɛŬ 4.6 ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɔɟŬűɐɛŬŰɞɠ 4.5 űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ˊɞůɞůŰɧ 

Űɤɜ ůɡɜŮəŰɘəɩɜ ŮŭŬűɩɜ əŬɘ Űɤɜ 3 ŮɜɞŰɐŰɤɜ ɛŮ ɓɎůŮɘ Űɞ ůɢɐɛŬ (4.1) Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ CL ɐ 

ML, ɧˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ŬɟɔɘɚɞŬɛɛɩŭɖɠ ɘɚɨɠ ɢŬɛɖɚɐɠ ˊɚŬůŰɘəɧŰɖŰŬɠ  . 

 
ɆɢɐɛŬ 4.1 : ȹɘɎɔɟŬɛɛŬ əŬŰɎŰŬɝɖɠ ɚŮˊŰɧəɞəəɤɜ ŮŭŬűɩɜ əŬŰɎ Casagrande.(ɉɟɖůŰɎɟŬɠ,2011) 

 

 

4.4 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ȺɜɧŰɖŰŮɠ 

 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ŮˊɘɢŮɘɟŮɑŰŬɘ ɜŬ ɞɟɘůŰɞɨɜ ɞɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ ɎɝɞɜŬ Űɞɡ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ cover-and-cut. Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ŮɜɞŰɐŰɤɜ ɔɑɜŮŰŬɘ ɛŮ ɓɎůŮɘ 

Űɖɜ ɚɘɗɞɚɞɔɑŬ, ŰŬ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ŰŬ ɡŭɟŬɡɚɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɄŬɟŬəɎŰɤ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ˊɞɡ ůɡůŰɐɜɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ Cover-and-

Cut. 

ũɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ  Cover & Cut ȷɔ. ȸŬůɘɚŮɑɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ ũɁ-334, ũɁ-336, ũɁ-337, ũɁ-339 əŬɘ ũɁ-341.  

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ŮɟŮɡɜɩɜ ɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɞɡ ɡˊŮŭɎűɞɡɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ Ůɜ ɚɧɔɤ ŰŮɢɜɘəɞɨ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ˊɟɞűɑɚ ˊŮɟɘɚŬɛɓɎɜŮɘ Ŭɟɔɑɚɞɡɠ əŬɘ ŬɛɛɞɢɎɚɘəŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊɟɧůűŬŰŮɠ 

ŬˊɞɗɏůŮɘɠ. ȼ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ůŰɞ ɓɎɗɞɠ ˊɞɡ ɗŬ ŮˊɖɟŮɎůŮɘ Űɞ ŰŮɢɜɘəɧ ɏɟɔɞ ɛˊɞɟŮɑ ɜŬ 

ŭɘŬɢɤɟɘůŰŮɑ ůŮ ŰɟŮɘɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ɤɠ Ŭəɞɚɞɨɗɤɠ: 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [68] 

ɄɑɜŬəŬɠ 4.12: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ȺɜɞŰɐŰɤɜ 

ȺˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ ůŰɞ ŰɛɐɛŬ ȷɔ.ȸŬůɘɚŮɑɞɡ ŭŮɜ ŮɜŰɞˊɑůŰɖəŮ ȺɜɧŰɖŰŬ ɇŮɢɜɖŰɩɜ ȺˊɘɢɩůŮɤɜ. 

ȷɜŬűɞɟɘəɎ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɛŮŰɟɐɗɖəŬɜ Ůˊɑ Űɧˊɞɡ ɡɣɖɚɞɑ ůɡɜŰŮɚŮůŰɏɠ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ůŰɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ɇ. ȺɜɧŰɖŰŬɠ ȽȽ əŬɘ ȽȽȽ, Ůɜɩ ɧůɞɜ ŬűɞɟɎ ůŰɖɜ ůŰɎɗɛɖ Űɞɡ 

ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ, ŬɡŰɐ ŮɜŰɞˊɑɕŮŰŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ ůŰŬ 12,7 m.  

ũȺɋɇɅȼɆȼ ȸȷŪɃɆ (m) ȷɁȷ ȺɁɃɇȼɇȷ 
Ƚ ȽȽ ȽȽȽ 

ũɁ-334 0,2-12,0 12,0-15,5 

19,6-21,2 

24,1-28,6 

0,0-0,2 

15,5-19,6 

21,2-24,1 

28,6-30,4 

ũɁ-336 1,5-7,1 7,1-18,4 

21,0-30,8 

0,0-1,5 

18,4-21,0 

ũɁ-337 0,0-10,3 10,3-13,2 

15,0-18,5 

23,5-30,4 

13,2-15,0 

18,5-23,5 

ũɁ-339 1,0-4,5 

12,5-15,5 

4,5-8,2 

9,6-12,5 

15,5-17,4 

20,8-30,0 

0,0-1,0 

8,2-9,6 

17,4-20,8 

ũɁ-341 10,0-15,0 2,6-6,4 

7,8-10,0 

26,1-30,2 

0,0-2,6 

6,4-7,8 

15,0-26,1 

ɇ. ȺɜɧŰɖŰŬ ũŮɤɡɚɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ɇ. ȺɜɧŰɖŰŬ Ƚ ȽɚɡɩŭŮɠ ïŬɟɔɘɚɩŭŮɠ 

ŬɛɛɞɢɎɚɘəɞ ɛŮ ŰŮɛɎɢɖ 

ȼ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ 

ŮɜɧŰɖŰŬ Ƚ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ȽɚɡɩŭŮɠ-ŬɟɔɘɚɩŭŮɠ 

ŬɛɛɞɢɎɚɘəɞ (GP-GC)  əŬɘ 

ŰŮɛɎɢɖ  ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ, 

ˊɞɘəɑɚɞɡ ɢɟɩɛŬŰɞɠ əŬɘ 

ˊŮŰɟɞɔɟŬűɘəɐɠ ůɨůŰŬůɖɠ. 

 

ɇ. ȺɜɧŰɖŰŬ ȽȽ Ƚɚɡɩŭɖɠ ï Ŭɟɔɘɚɩŭɖɠ 

Ɏɛɛɞɠ, ˊɞɚɨ ˊɡəɜɐɠ 

ŬˊɧɗŮůɖɠ, ɛŮ ɢɎɚɘəŮɠ 

ȼ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ 

ŮɜɧŰɖŰŬ ȽȽ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɛŮůɧəɞəəɖ ɏɤɠ 

ɢɞɜŭɟɧəɞəəɖ ɘɚɡɩŭɖ- 

Ŭɟɔɘɚɩŭɖ Ɏɛɛɞ (SC-SM)  

ˊɞɚɨ ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ , ɛŮ 

ɢɎɚɘəŮɠ, ˊɞɘəɑɚɞɡ ɢɟɩɛŬŰɞɠ 

əŬɘ ˊŮŰɟɞɔɟŬűɘəɐɠ 

ůɨůŰŬůɖɠ. 

 

ɇ. ȺɜɧŰɖŰŬ ȽȽȽ ȷɛɛɩŭɖɠ Ŭɟɔɘɚɞɥɚɨɠ ɏɤɠ 

Ŭɟɔɘɚɩŭɖɠ Ŭɛɛɞɥɚɨɠ ɛŮ 

əŬŰɎ ɗɏůŮɘɠ ɢɎɚɘəŮɠ 

ȼ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ 

ŮɜɧŰɖŰŬ ȽȽȽ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

əɡŬɜɞˊɟɎůɘɜɖ ɛɏɢɟɘ 

əŬůŰŬɜɐ Ŭɛɛɩŭɖɠ Ŭɟɔɘɚɞɘɚɨ 

(ML) ˊɞɚɨ ˊɡəɜɐɠ 

ŬˊɧɗŮůɖɠ, ɛɏŰɟɘŬ ůŰɘűɟɐ 

ɏɤɠ ůŰɘűɟɐ əŬɘ ɢŬɛɖɚɐɠ 

ˊɚŬůŰɘəɧŰɖŰŬɠ əŬɘ 

Ŭɟɔɘɚɩŭɖ Ŭɛɛɞɥɚɨɠ 

(CL),ɛɏůɖɠ ˊɡəɜɧŰɖŰŬɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [69] 

ɄɑɜŬəŬɠ 4.13: ȸɎɗɖ ŮɛűɎɜɘůɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ ŬɜɎ ɔŮɩŰɟɖůɖ 

 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ (S.P.T) ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɖ  

ŭɘŬəɨɛŬɜůɖ Űɤɜ Űɘɛɩɜ NSPT  ɛŮ ɓɎůɖ Űɖɜ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ ˊɞɡ ŬɜŬɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ 

ůŰɞ əŮűɎɚŬɘɞ 4.2.1 ůɡɜɞɣɑɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ũɟɎűɖɛŬ 4.7.  

 

 
ũɟɎűɖɛŬ 4.7: ɀŮ Ƚ,ȽȽ,ȽȽȽ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɞɘ 3 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ. 

ȳˊɞɡ ɛŮ ɓɎůŮɘ Űɞ ˊŬɟŬˊɎɜɤ ũɟɎűɖɛŬ ,ŮɝɎɔɞɜŰŬɘ ŰŬ ŬəɧɚɞɡɗŬ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ əɎɗŮ ɛɑŬ Ůə Űɤɜ 

ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ȺɜɞŰɐŰɤɜ Ƚ, ȽȽ əŬɘ ȽȽȽ: 

ɇ.ȺɜɧŰɖŰŬ Ƚ: 

¶ ɇɞ 100% Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñ́ ɡəɜɐɠ ŬˊɧɗŮůɖɠ ɡɚɘəɎò 

ɇ.ȺɜɧŰɖŰŬ ȽI: 

¶ ɇɞ 100% Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñ́ ɞɚɨ ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ ɡɚɘəɎò 

ɇ.ȺɜɧŰɖŰŬ ȽȽȽ: 

¶ ɇɞ 11% Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñ ɛɏůɖɠ ůŰɘűɟɐɠ ɏɤɠ ůŰɘűɟɐɠ 

ŬˊɧɗŮůɖɠò 

¶ ɇɞ 22% Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñ ůŰɘűɟɐɠ ŬˊɧɗŮůɖɠò 

¶ ɇɞ 45% Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñůŰɘűɟɐɠ ɏɤɠ ˊɞɚɨ ůŰɘűɟɐɠ 

ŬˊɧɗŮůɖɠò 

¶ ɇɞ 22% Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñ ́ɞɚɨ ůŰɘűɟɐɠ ɏɤɠ ůəɚɖɟɐɠ 

ŬˊɧɗŮůɖɠò 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [70] 

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŭɞəɘɛɏɠ Maag əŬɘ Lugeon ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ, ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ 

ůɡɜɞɣɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɔɘŬ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ (Ʉɑɜ. 4.14): 

ɇȺɉɁȽȾɃũȺɋȿɃũȽȾȼ 

ȺɁɃɇȼɇȷ 

ɇȽɀȺɆ ɃɅȽȻɃɁɇȽɃɈ 

ɆɈɁɇȺȿȺɆɇȼ 

ȹȽȷɄȺɅȷɇɃɇȼɇȷɆ 

Ⱦ(cm/sec) 

ɆɇȷŪɀȽɆɀȺɁȼ ɇȽɀȼ 

(ɀȺɆȼ) 

Ⱦ(cm/sec) 

I 2.7x 10-3 2.7x10-3 

II  6.8x10-4, 1.46x 10-3, 1.8x 10-

3, 8.6x10-4, 2.14x10-3, 

3.9x10-4,1.6x10-3,2.3x10-4 

,7.1x10-4. 

1.09x10-3 

III  6.46x10-4, 7.6x10-5, 1.66x10-

3, 3.7x10-4 

6.88x10-4 

ɄɑɜŬəŬɠ 4.14: ɇɘɛɏɠ ɞɟɘɕɧɜŰɘɞɡ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ k (cm/sec) 

 

ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɄɘɜɎəɤɜ (4.4, 4.6, 4.14) ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ Ƀ ůɡɜŰŮɚŮůŰɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɖɠ ȺɜɧŰɖŰŬɠ III  ŮɑɜŬɘ əŬŰɎ ɛɑŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ɢŬɛɖɚɧŰŮɟɞɠ 

Ŭˊɧ ŬɡŰɞɨɠ Űɤɜ ȺɜɞŰɐŰɤɜ I əŬɘ II, Űɞ ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ Űɧůɞ ůŰɞ Ŭɡɝɖɛɏɜɞ ˊɞůɞůŰɧ 

ɚŮˊŰɞəɧəəɤɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɧůɞ əŬɘ ůŰɞ ɓŬɗɛɧ ůŰŮɟŮɞˊɞɑɖůɖɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ˊɞɡ 

ɛŮɘɩɜɞɡɜ Űɞ ˊɟɤŰɞɔŮɜɏɠ ˊɞɟɩŭŮɠ. ȳůɞɜ ŬűɞɟɎ Űɘɠ ȺɜɧŰɖŰŮɠ Ƚ əŬɘ ȽȽ, ɖ ŭŮɨŰŮɟɖ ŮɨɚɞɔŬ 

ˊŬɟɞɡůɘɎɕŮɘ əŬŰɎ ˊŮɟɑˊɞɡ ɛɘůɐ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ɢŬɛɖɚɧŰŮɟɞ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Ŭˊɧ 

Űɖɜ ˊɟɩŰɖ, əŬɗɩɠ Űɞ ˊɞůɞůŰɧ ɚŮˊŰɞəɧəəɤɜ Űɖɠ ɓɟɑůəŮŰŬɘ ˊŮɟɑ Űɞ 42,8% ɏɜŬɜŰɘ Űɞɡ ɛɧɚɘɠ 17% 

Űɖɠ ŮɜɧŰɖŰŬɠ Ƚ. 

¶ ɆɡɛˊŮɟŬůɛŬŰɘəɎ, əŬɘ ɞɘ ŰɟŮɘɠ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ȺɜɧŰɖŰŮɠ Ƚ, ȽȽ əŬɘ ȽȽȽ, ŮɜŰɧɠ Űɤɜ ɞˊɞɑɤɜ ɗŬ 

əŬŰŬůəŮɡŬůŰŮɑ Űɞ Cover and Cut Űɞɡ ȷɔɑɞɡ ȸŬůɘɚŮɑɞɡ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñ ɡŭɟɞŭɘŬˊŮɟŬŰɞɑò 

ɓɎůŮɘ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ˊɞɡ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɄɑɜŬəŬ Casagrande, ŬɚɚɎ əŬɘ 

Űɞ ɡɣɖɚɧ ˊɞůɞůŰɧ Ŭɟɔɘɚɘəɞɨ əɚɎůɛŬŰɞɠ (~32%) ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ȺɜɧŰɖŰŬ ȽȽȽ ŮəŰɘɛɎŰŬɘ ɧŰɘ 

əŬŰɎ Űɧˊɞɡɠ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ əŬɘ ɤɠ ñŬŭɘŬˊɏɟŬŰŬò ŰɛɐɛŬŰŬ. 

 

ȷˊɧ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ˊɞɡ ŭɘŮɝɎɢɗɖəŬɜ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɖɜ əɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŰŬ ˊɞůɞůŰɎ Űɖɠ Ɏɛɛɞɡ, Űɤɜ ɢŬɚɘəɘɩɜ əŬɘ Űɖɠ Ŭɟɔɑɚɞɡ ɔɘŬ əɎɗŮ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ ŰŬ ɔɟŬűɐɛŬŰŬ, ůŰɖɜ ɇ.Ⱥ Ƚ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ 

Űɞ əŬŰɏɢɞɡɜ ŰŬ ɢŬɚɑəɘŬ, Űɞ ɞˊɞɑɞ ɏɟɢŮŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɖɠ ŮɜɧŰɖŰŬɠ 

ŬɡŰɐɠ , ˊɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ ɡɣɖɚɧɠ. ɆŰɞ ɔɟɎűɖɛŬ 4.9 ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɖ ɇ.Ⱥ.ȽȽ ˊŮɟɘɏɢŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ˊɞůɞůŰɧ Ɏɛɛɞɡ , ɛŮ Űɖɜ ɇ.Ⱥ. Ƚ ɜŬ ɏɢŮɘ ůŮɘɟɎ, Ůɜɩ ůŰɞ ɔɟɎűɖɛŬ 4.10 ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɖ ɇ.Ⱥ. ȽȽȽ ɏɢŮɘ 

ɛŮ ŭɘŬűɞɟɎ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ɘɚɨɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ , Űɞ ɞˊɞɑɞ 

Ůˊɑůɖɠ ɏɟɢŮŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ˊɞɡ ŮɑɜŬɘ əŬŰɎ ɛɑŬ ŰɎɝɖ ɛɘəɟɧŰŮɟɞɠ 

Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [71] 

ũɟŬűɐɛŬŰŬ 4.8,4.9,4.10 : ȾɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ Ƚ, ȽȽ, ȽȽȽ. 

 
ũɟɎűɖɛŬ 4.8: ɄɞůɞůŰɎ ɢŬɚɘəɘɩɜ ůŰɘɠ ȺɜɧŰɖŰŮɠ Ƚ, ȽȽ, ȽȽȽ. 

 

 
ũɟɎűɖɛŬ 4.9: ɄɞůɞůŰɎ Ɏɛɛɞɡ ůŰɘɠ ȺɜɧŰɖŰŮɠ Ƚ, ȽȽ, ȽȽȽ. 
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ũɟɎűɖɛŬ 4.10: ɄɞůɞůŰɎ ɘɚɨɤɜ ůŰɘɠ ȺɜɧŰɖŰŮɠ Ƚ, ȽȽ, ȽȽȽ. 

ɀŮ ɓɎůŮɘ ŰŬ ŬɜŬɚɡŰɘəɎ űɨɚɚŬ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ůɢŮŭɘɎɕɞɜŰŬɘ ɞɘ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŭɘŬŰɞɛɏɠ (Űɞɛɐ 4.3) əŬɘ ɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Űɞɛɐ , ɛŮ ŰŬ ɛɖɢŬɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ůɢɖɛŬŰɘůɛɞɨ ɜŬ ŬɜŬɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ɡˊɧɛɜɖɛŬ (Űɞɛɐ 4.4). 

 
ɇɞɛɐ 4.3: ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŭɘŬŰɞɛɏɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɖɠ Űɞɡ Cover-and-Cut.
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\ 

ɇɞɛɐ 4.4: ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Űɞɛɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɖɠ Űɞɡ ɏɟɔɞɡ. (Űɟɞˊɞˊɞɘɖɛɏɜɖ Ŭˊɧ ɛŮɚɏŰɖ)
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4.5 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ȺɜɧŰɖŰŬ Ƚ 

 

4.5.1 ũŮɜɘəɎ 

 

ɇɞ ɡɚɘəɧ Űɖɠ ɇ. ȺɜɧŰɖŰŬɠ Ƚ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɘɚɡɩŭɖɠ - Ŭɟɔɘɚɩŭɖɠ ɢɎɚɘəŮɠ əŬɘ ŰŮɛɎɢɖ, ˊɞɘəɑɚɞɡ 

ɢɟɩɛŬŰɞɠ əŬɘ ˊŮŰɟɞɔɟŬűɘəɐɠ ůɨůŰŬůɖɠ, ˊɡəɜɐɠ ɏɤɠ ˊɞɚɨ ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ. ɆŰɖɜ ȺɜɧŰɖŰŬ ŬɡŰɐ, 

ɏɢɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɇŮŰŬɟŰɞɔŮɜɩɜ ŬˊɞɗɏůŮɤɜ , ɞɘ ɞˊɞɑŮɠ űŰɎɜɞɡɜ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 15,5 m. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɞɘ ɘɚɡɩŭɖɠ- Ŭɟɔɘɚɩŭɖɠ ɢɎɚɘəŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ůŰɘɠ 5 ɔŮɤŰɟɐůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. ɆŰɖ ɔŮɩŰɟɖůɖ ũɁ-334 ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 0,2 m ɛɏɢɟɘ Űɞ ɓɎɗɞɠ 

Űɤɜ 12 m, ůŰɖ ɔŮɩŰɟɖůɖ ũɁ-336 Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 1,5 m ɛɏɢɟɘ ŰŬ 7,1 m , ůŰɖɜ ũɁ-337 Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ ŰŬ 10,3 m , ůŰɖɜ ũɁ-339 Ŭˊɧ Űɞ 1 m ɛɏɢɟɘ ŰŬ 4,5 m əŬɘ Ŭˊɧ ŰŬ 12,5 m ɛɏɢɟɘ ŰŬ 15,5 

m əŬɘ Űɏɚɞɠ ůŰɖɜ ũɁ-341 ˊɞɡ ɓɟɑůəŮŰŬɘ Ŭˊɧ ŰŬ 10 m ɛɏɢɟɘ ŰŬ 15 m.  Ƀɘ ɘɚɡɩŭɖɠ- Ŭɟɔɘɚɩŭɖɠ ɢɎɚɘəŮɠ 

ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞ ŰɛɐɛŬ Ŭˊɧ Űɖɜ ɢɘɚɘɞɛŮŰɟɘəɐ ɗɏůɖ 15+880 ɛɏɢɟɘ Űɖ ɗɏůɖ 16+400 , əŬɗɩɠ əŬɘ 

16+240 ɛɏɢɟɘ Űɖɜ ɗɏůɖ 16+560. ɇŬ ˊɎɢɖ Űɖɠ ŮɜɧŰɖŰŬɠ ŬɡŰɐɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 3 ɛɏɢɟɘ 11,8 m. Ƀɘ Űɘɛɏɠ 

SPT  ŮɑɜŬɘ ɡɣɖɚɏɠ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ ŬɟɜɖŰɘəɏɠ əŬɗɩɠ ɖ ŭɞəɘɛɐ Terzaghi ɓɟɑůəŮɘ ŬɟəŮŰɏɠ 

əɟɞəɎɚŮɠ. ȼ ˊŮɟŬŰɧŰɖŰŬ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɗɩɠ ŬɜŬˊŰɨůůɞɜŰŬɘ Ɏɛɛɞɘ əŬɘ ɢɎɚɘəŮɠ. 

 

4.5.2 ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜɧŰɖŰŬɠ 

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ 4.15 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɜɧŰɖŰŬɠ ɧˊɤɠ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŭŮɑɔɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖ 

ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ I. 

 

ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ȹɘŬəɨɛŬɜůɖ 

 Űɘɛɐɠ 

Ʉɚɐɗɞɠ Űɘɛɩɜ ɀɏůɖ Űɘɛɐ ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ 

Min Max 

ȳɟɘɞ ɈŭŬɟɧŰɖŰŬɠ (LL) [%]  18 25 6 22 2,77 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ (PL) 

[%] 

13 17 6 15 1,65 

ȹŮɑəŰɖɠ ɄɚŬůŰɘəɧŰɖŰŬɠ 

(PI) [%] 

5 10 6 8 1,69 

ɄɞůɞůŰɧ ɉŬɚɘəɘɩɜ (G) [%] 44,4 72,0 10 54,6 7,67 

ɄɞůɞůŰɧ ȯɛɛɞɡ (S) [%] 18,1 38,6 10 32,4 6,57 

ɄɞůɞůŰɧ Ƚɚɨɞɠ (M) [%] 7,5 7,5 1 7,5 - 

ɄɞůɞůŰɧ ȷɟɔɑɚɞɡ (C) [%]  7,0 7,0 1 7,0 - 

ɄɞůɞůŰɧ ȿŮˊŰɧəɞəəɤɜ (F) 

[%] 

8,9 17 10 13,1 2,86 

Ⱥɘŭɘəɧ ȸɎɟɞɠ ɆŰŮɟŮɩɜ (Gs) 

[-] 

2,68 2,68 1 2,68 - 

ɄɑɜŬəŬɠ 4.15: ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ŮɜɧŰɖŰŬɠ Ƚ 

ɇɞ ɡɚɘəɧ əŬŰŬŰɎůůŮŰŬɘ əŬŰɎ USCS ɤɠ GP-GC əŬɘ GC - GM, ɢɎɚɘəŮɠ ˊŰɤɢɐɠ ŭɘŬɓɎɗɛɘůɖɠ ɛŮ 

Ŭɟɔɘɚɞɥɚɨ əŬɘ Ɏɛɛɞ, ɘɚɡɩŭɖɠ ïŬɟɔɘɚɩŭɖɠ ɢɎɚɘəŮɠ ɛŮ Ɏɛɛɞ. 
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4.5.3 ɀɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜɧŰɖŰŬɠ 

 

ȺˊŮɘŭɐ ɖ ɚɐɣɖ ŬŭɘŬŰɎɟŬəŰɤɜ ŭŮɘɔɛɎŰɤɜ ɛɖ ůɡɜŮəŰɘəɞɨ ŮŭɎűɞɡɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ, ɏɢɞɡɜ ɔɑɜŮɘ 

ˊɞɚɚɏɠ ˊɟɞůˊɎɗŮɘŮɠ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ŭɞəɘɛɏɠ Ůˊɑ Űɧˊɞɡ. ȷˊɧ Űɘɠ 

ŭɘɎűɞɟŮɠ ŬɡŰɏɠ ɛŮɗɧŭɞɡɠ ŭɘŬəɟɑɜŮŰŮ ɖ ˊɟɧŰɡˊɖ ŭɞəɘɛɐ ŭɘŮɑůŭɡůɖɠ (S.P.T.). ȷɡŰɐ ɖ ŭɞəɘɛɐ 

ŮűŬɟɛɧɕŮŰŬɘ Űɧůɞ ůŮ ůɡɜŮəŰɘəɎ ŮŭɎűɖ (ű - c) ɧůɞ əŬɘ ůŮ ɛɖ ůɡɜŮəŰɘəɎ ŮŭɎűɖ. 

ȺɝŬɘŰɑŬɠ Űɖɠ űɨůŮɤɠ Űɞɡ ɡɚɘəɞɨ ŭŮɜ əŬŰɏůŰɖ ŭɡɜŬŰɐ ɖ ŮəŰɏɚŮůɖ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ɛɖɢŬɜɘəɐɠ 

ŬɜŰɞɢɐɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮəŰŮɚɏůŰɖəŬɜ ŭɩŭŮəŬ ůɡɜɞɚɘəɎ Ůˊɑ 

Űɧˊɞɡ ŭɞəɘɛɏɠ Űɡˊɞˊɞɘɖɛɏɜɖɠ ŭɘŮɑůŭɡůɖɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞɘ ɏɜŰŮəŬ ɏŭɤůŬɜ Ɏɟɜɖůɖ. ȾŬɗɩɠ ɞɘ 

ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ Ɏɟɜɖůɖ ŮɑɜŬɘ ŬůŬűŮɑɠ ŮəŰɘɛɎŰŬɘ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɜŬ 

ɗŮɤɟɖɗŮɑ Űɘɛɐ ɁSPT=50 ɔɘŬ Űɘɠ Űɘɛɏɠ ˊɞɡ ɏŭɤůŬɜ Ɏɟɜɖůɖ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɞəɘɛɩɜ 

ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 4.16 ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

 

 

ȹɞəɘɛɐ 

ȹɘŬəɨɛŬɜůɖ 

Űɘɛɐɠ 

Ʉɚɐɗɞɠ 

Űɘɛɩɜ 

ɀɏůɖ 

Űɘɛɐ 

ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ 

Min Max 

ɇɡˊɞˊɞɘɖɛɏɜɖɠ ŭɘŮɑůŭɡůɖɠ (NSPT)  [-] 44 50 12 47 1,73 

ɄɑɜŬəŬɠ 4.16: ȹɞəɘɛɐ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ SPT 

 

ɆɨɛűɤɜŬ ɛŮ ˊɑɜŬəŬ ůɡůɢŮŰɘůɛɩɜ ɔɘŬ ɛɖ ůɡɜŮəŰɘəɎ ŮŭɎűɖ Űɞɡ Bowles (1982) (ɄɑɜŬəŬɠ 4.17), ˊɞɡ 

ůɡůɢŮŰɑɕŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɢɞɜŭɟɧəɞəəɤɜ ŮŭŬűɩɜ ɛŮ Űɞɜ Ŭɟɘɗɛɧ NSPT=47 Űɞ ɛɖ ůɡɜŮəŰɘəɧ ɏŭŬűɞɠ 

ɗŮɤɟŮɑŰŬɘ ˊɞɚɨ ˊɡəɜɧ ɛŮ ůɢŮŰɘəɐ ˊɡəɜɧŰɖŰŬ Dr > 85% əŬɘ ŮɜŮɟɔɧ ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ űô 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 38Ü. 

ȺɛˊŮɘɟɘəɧɠ ˊɑɜŬəŬɠ ůɡůɢŮŰɘůɛɩɜ ɔɘŬ əɞəəɩŭɖ ŮŭɎűɖ Űɤɜ Terzaghi and Peck (1967) (ɄɑɜŬəŬɠ 4.18) 

ɔɘŬ ɁSPT=47 ˊɟɞŰŮɑɜŮɘ Űɘɛɐ ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȭ: 38-43Á. 

 

 

 
ɄɑɜŬəŬɠ 4.17: ȺɛˊŮɘɟɘəɞɑ ůɡůɢŮŰɘůɛɞɑ ɘŭɘɞŰɐŰɤɜ Ŭɛɛɤŭɩɜ ŮŭŬűɩɜ (Bowles,1982) 
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ɄɑɜŬəŬɠ 4.18 : ȺɛˊŮɘɟɘəɞɑ ůɡůɢŮŰɘůɛɞɑ ɘŭɘɞŰɐŰɤɜ Ŭɛɛɤŭɩɜ ŮŭŬűɩɜ (Terzaghi and Peck, 1967) 

 

ȺˊɘɚɏɔŮŰŬɘ ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȭ= 37Á - 39Á, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ 

ɚŮˊŰɧəɞəəɞ əɚɎůɛŬ ŮɑɜŬɘ əŬŰɎ ɗɏůŮɘɠ Ŭɡɝɖɛɏɜɖ, ɔŮɔɞɜɧɠ ˊɞɡ ŭɘŬűɞɟɞˊɞɘŮɑ ɛŮɟɘəɩɠ Űɞ ɡɚɘəɧ Ŭˊɧ ŰŬ 

ɗŮɤɟɞɨɛŮɜŬ ɔɘŬ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡɠ ŮɛˊŮɘɟɘəɞɨɠ ůɡůɢŮŰɘůɛɞɨɠ, ˊɞɡ ɘůɢɨɞɡɜ ɔɘŬ 

Ŭɛɘɔɩɠ əɞəəɩŭɖ ɡɚɘəɎ. ȷɜŰɑůŰɞɘɢŬ ɚɧɔɤ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ ˊɞůɞůŰɞɨ ɚŮˊŰɧəɞəəɤɜ ɗŬ ɗŮɤɟɖɗŮɑ Űɘɛɐ 

ŮɜŮɟɔɞɨ ůɡɜɞɢɐɠ, cȭ= 0 - 5 kPa. 

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɛɏŰɟɞɡ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ɗŬ ɗŮɤɟɖɗŮɑ Űɘɛɐ NSPT=47 ɔɘŬ ɢɟɐůɖ ůŮ 

ŮɛˊŮɘɟɘəɞɨɠ ůɡůɢŮŰɘůɛɞɨɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ɇɎůůɘɞ əŬɘ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ (1974), Űɞ ɛɏŰɟɞ 

ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ⱥs ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ əɟɞɨůŮɤɜ Ɂ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 

Ⱥs = [Ŭ + Cẗ(N Ñ 6)] ẗ 98,066 (kPa) 

ȳˊɞɡ: 

Ŭ = 40 ɔɘŬ Ɂ>15 

 
ɄɑɜŬəŬɠ 4.19: ɆɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ( Tassios & Anagnostopoulos ,1974) 

 

C = 12 ɔɘŬ ɢŬɚɑəɘŬ ɛŮ Ɏɛɛɞ 

 
ɄɑɜŬəŬɠ 4.20: ȹŮɑəŰɖɠ ůɡɛˊɑŮůɖɠ ( Tassios & Anagnostopoulos ,1974) 

 

ɃˊɧŰŮ ɔɘŬ Űɖɜ Űɘɛɐ ɁSPT = 47 Űɞ ɛɏŰɟɞ ůɡɛˊɑŮůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ⱥs=55 - 60 MPa. 

 

ȸɎůŮɘ Űɤɜ ɤɠ Ɏɜɤ ůɡůɢŮŰɘůɛɩɜ əŬɘ Űɖɠ ɛɞɟűɐɠ Űɞɡ ɡɚɘəɞɨ ŮˊɘɚɏɔŮŰŬɘ Ⱥs = 55 - 60 ɀPa, Ŭˊɧ Űɞ ɞˊɞɑɞ 

ˊɟɞəɨˊŰŮɘ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ (Young) E = 40 - 45 MPa ɛŮ ɗŮɩɟɖůɖ ɚɧɔɞɡ Poisson 0,3.
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [77] 

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊŮɟŬŰɧŰɖŰŬɠ ŮəŰŮɚɏůŰɖəŮ ɛɑŬ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ɛŮ Űɖ ɛɏɗɞŭɞ Űɞɡ ɛŮŰŬɓɚɖŰɞɨ űɞɟŰɑɞɡ (ȹɞəɘɛɏɠ Maag) Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞɏəɡɣŮ Űɘɛɐ ůɡɜŰŮɚŮůŰɐ 

ˊŮɟŬŰɧŰɖŰŬɠ k = 2,7Ĭ10-3 cm/s. 

 

ɀŮ ɓɎůŮɘ ŰŬ ˊŬɟŬˊɎɜɤ ŮˊɘɚɏɔŮŰŬɘ Űɘɛɐ ůɡɜŰŮɚŮůŰɐ ˊŮɟŬŰɧŰɖŰŬɠ k = 2Ĭ10-3 cm/s, ɖ ɞˊɞɑŬ ɧˊɤɠ 

űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 4.2 ŮɑɜŬɘ Űɡˊɘəɐ Űɘɛɐ ɔɘŬ ŬɛɛɩŭŮɘɠ ůɢɖɛŬŰɘůɛɞɨɠ əŬɘ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ ɚɧɔɤ Űɞɡ 

əɚɎůɛŬŰɞɠ Ɏɛɛɞɡ əŬɘ ɚŮˊŰɧəɞəəɤɜ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ. 
 

 
ɆɢɐɛŬ 4.2 : ɇɘɛɏɠ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɔɘŬ ŭɘɎűɞɟɞɡɠ ŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ. (Ŭˊɧ ɛŮɚɏŰɖ) 

 

4.5.4 ɆɡɜɞˊŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ 

 

ɋɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŮɜɧŰɖŰŬɠ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ Ŭəɧɚɞɡɗɞɡ ˊɑɜŬəŬ ɔɘŬ ɔŮɤŰŮɢɜɘəɞɨɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ: 
 

ɄŬɟɎɛŮŰɟɞɘ ɆɢŮŭɘŬůɛɞɨ ɇɘɛɐ 

ūŬɘɜɧɛŮɜɞ ȸɎɟɞɠ ɔ = 19 ï 21 kN/m3 

ȺɜŮɟɔɧɠ ůɡɜɞɢɐ cô = 0 ï 5 kPa  

ȺɜŮɟɔɧɠ ũɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űô = 37Ü - 39Ü 

ɀɏŰɟɞ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ⱥs= 55 ï 60 MPa 

ɀɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ E= 40 ï 45 MPa 

ɆɡɜŰŮɚŮůŰɐɠ ˊŮɟŬŰɧŰɖŰŬɠ k = 2 * 10-3 cm/s 

ɄɑɜŬəŬɠ 4.21 : ɄŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [78] 

4.6 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ȺɜɧŰɖŰŬ ȽȽ 

 

4.6.1 ũŮɜɘəɎ 

 

ɇɞ ɡɚɘəɧ Űɖɠ ɡˊô ɧɣɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ŮɜɧŰɖŰŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɘɚɡɩŭɖ ɏɤɠ Ŭɟɔɘɚɩŭɖ Ɏɛɛɞ, 

ˊɡəɜɐɠ ɏɤɠ ˊɞɚɨ ˊɡəɜɐɠ ŬˊɧɗŮůɖɠ, ɛŮ ŬɡɝɞɛŮɘɩůŮɘɠ ůŰŬ ˊɞůɞůŰɎ ɢŬɚɑəɤɜ əŬɘ ɚŮˊŰɧəɞəəɤɜ ɡɚɘəɩɜ. 

ɆŰɖɜ ȺɜɧŰɖŰŬ ŬɡŰɐ, ɏɢɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɇŮŰŬɟŰɞɔŮɜɩɜ ŬˊɞɗɏůŮɤɜ , ɞɘ ɞˊɞɑŮɠ űŰɎɜɞɡɜ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ 

Űɤɜ 30,8 m. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ɘɚɡɩŭɖɠ- Ŭɟɔɘɚɩŭɖɠ Ɏɛɛɞɠ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŰɘɠ 5 ɔŮɤŰɟɐůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. ɆŰɖ ɔŮɩŰɟɖůɖ ũɁ-334 ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 12 m ɛɏɢɟɘ Űɞ ɓɎɗɞɠ 

Űɤɜ 15,5 m, Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 19,6 m ɛɏɢɟɘ ŰŬ 21,2 m əŬɘ Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 24,1 m ɛɏɢɟɘ ŰŬ 28,6 m 

ůŰɖ ɔŮɩŰɟɖůɖ ũɁ-336 Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 7,1 m ɛɏɢɟɘ ŰŬ 18,4 m əŬɘ Ŭˊɧ ŰŬ 21 m ɛɏɢɟɘ ŰŬ 30,8 m, ůŰɖɜ 

ũɁ-337 Ŭˊɧ ŰŬ 10.3 ɛɏɢɟɘ ŰŬ 13,2 m, Ŭˊɧ ŰŬ 15 m ɛɏɢɟɘ ŰŬ 18,5 m əŬɘ Ŭˊɧ ŰŬ 23,5 m ɛɏɢɟɘ ŰŬ 30,4 m 

, ůŰɖɜ ũɁ-339 Ŭˊɧ ŰŬ 4,5 m ɛɏɢɟɘ ŰŬ 8,2 m, Ŭˊɧ ŰŬ 9,6 m ɛɏɢɟɘ ŰŬ 12,5 m, Ŭˊɧ ŰŬ 15,5 m ɛɏɢɟɘ ŰŬ 17,4 

m əŬɘ Ŭˊɧ ŰŬ 20,8 m ɛɏɢɟɘ ŰŬ 30 m əŬɘ Űɏɚɞɠ ůŰɖɜ ũɁ-341 ˊɞɡ ɓɟɑůəŮŰŬɘ Ŭˊɧ ŰŬ 2,6 m ɛɏɢɟɘ ŰŬ 6,4 

m, Ŭˊɧ ŰŬ 7,8 m ɛɏɢɟɘ ŰŬ 10 m əŬɘ Ŭˊɧ ŰŬ 26,1 m ɛɏɢɟɘ ŰŬ 30,2 m . ȼ ɘɚɡɩŭɖɠ- Ŭɟɔɘɚɩŭɖɠ Ɏɛɛɞɠ, 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɧɚɞ Űɞ ŰɛɐɛŬ Űɞɡ ɏɟɔɞɡ, ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ ɢɘɚɘɞɛŮŰɟɘəɐ ɗɏůɖ 15+880 ɛɏɢɟɘ Űɖ ɗɏůɖ 

16+560. ɇŬ ˊɎɢɖ Űɖɠ ŮɜɧŰɖŰŬɠ ŬɡŰɐɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1,6 ɛɏɢɟɘ 11,3 m.  Ƀɘ Űɘɛɏɠ SPT  ŮɑɜŬɘ ɡɣɖɚɏɠ 

əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ ŬɟɜɖŰɘəɏɠ əŬɗɩɠ ɖ ŭɞəɘɛɐ Terzaghi ɓɟɑůəŮɘ ŬɟəŮŰɏɠ əɟɞəɎɚŮɠ. ȼ ˊŮɟŬŰɧŰɖŰŬ 

Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɗɩɠ ŬɜŬˊŰɨůůɞɜŰŬɘ Ɏɛɛɞɘ əŬɘ ɢɎɚɘəŮɠ. 
 

 

4.6.2 ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜɧŰɖŰŬɠ 

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (4.22) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɜɧŰɖŰŬɠ ɧˊɤɠ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŭŮɑɔɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ ȽȽ. 

 

ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ȹɘŬəɨɛŬɜůɐ 

 Űɘɛɐɠ 

Ʉɚɐɗɞɠ Űɘɛɩɜ ɀɏůɖ Űɘɛɐ ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ 

Min Max 

ȳɟɘɞ ɈŭŬɟɧŰɖŰŬɠ (LL) [%]  18 27 14 23 2,55 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ (PL) 

[%] 

11 19 14 16 1,99 

ȹŮɑəŰɖɠ ɄɚŬůŰɘəɧŰɖŰŬɠ 

(PI) [%] 

1 13 14 7 2,88 

ɄɞůɞůŰɧ ɉŬɚɘəɘɩɜ (G) [%] 11.7 48.4 23 30,9 10,32 

ɄɞůɞůŰɧ ȯɛɛɞɡ (S) [%] 35,1 72,2 23 49,3 9,44 

ɄɞůɞůŰɧ Ƚɚɨɞɠ (M) [%] 38,1 38,1 1 38,1 - 

ɄɞůɞůŰɧ ȷɟɔɑɚɞɡ (C) [%]  1,2 1,2 1 1,2 - 

ɄɞůɞůŰɧ ȿŮˊŰɧəɞəəɤɜ (F) 

[%] 

9,2 42,8 23 19,9 10,29 

Ⱥɘŭɘəɧ ȸɎɟɞɠ ɆŰŮɟŮɩɜ (Gs) 

[-] 

2,47 2,74 1 2,74 - 

ɄɑɜŬəŬɠ 4.22: ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ȺɜɧŰɖŰŬɠ ȽȽ 

 

ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ŭɞəɘɛɏɠ ˊɚŬůŰɘəɧŰɖŰŬɠ ůɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŰɘɠ ŮɜɜɘɎ Ŭˊɧ Űɘɠ ŮɘəɞůɘŰɟŮɑɠ ůɡɜɞɚɘəɎ 

ŮəŰŮɚŮůɗŮɑůŮɠ, Űɞ ɡɚɘəɧ ɓɟɏɗɖəŮ ɛɖ ˊɚŬůŰɘəɧ. 

ɇɞ ɡɚɘəɧ əŬŰŬŰɎůůŮŰŬɘ əŬŰɎ USCS ɤɠ SC ï SM, ɘɚɡɩŭɖɠ ï Ŭɟɔɘɚɩŭɖɠ Ɏɛɛɞɠ, ɛŮ ɢɎɚɘəŮɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [79] 

4.6.3 ɀɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜɧŰɖŰŬɠ 

ȺəŰŮɚɏůɗɖəŬɜ ŰɟɘɎɜŰŬ ůɡɜɞɚɘəɎ Ůˊɑ Űɧˊɞɡ ŭɞəɘɛɏɠ Űɡˊɞˊɞɘɖɛɏɜɖɠ ŭɘŮɑůŭɡůɖɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞɘ 

ŮɘəɞůɘŮɜɜɘɎ ɏŭɤůŬɜ Ɏɟɜɖůɖ. ȾŬɗɩɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ Ɏɟɜɖůɖ ŮɑɜŬɘ ŬůŬűŮɑɠ 

ŮəŰɘɛɎŰŬɘ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɜŬ ɗŮɤɟɖɗŮɑ Űɘɛɐ ɁSPT=50 ɔɘŬ Űɘɠ Űɘɛɏɠ ˊɞɡ ɏŭɤůŬɜ 

Ɏɟɜɖůɖ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɤɠ Ɏɜɤ ŭɞəɘɛɩɜ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ (ɄɑɜŬəŬɠ 

4.23).  

 

ȹɞəɘɛɐ 

ȹɘŬəɨɛŬɜůɖ 

Űɘɛɐɠ 

Ʉɚɐɗɞɠ 

Űɘɛɩɜ 

ɀɏůɖ 

Űɘɛɐ 

ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ 

Min Max 

ɇɡˊɞˊɞɘɖɛɏɜɖɠ ŭɘŮɑůŭɡůɖɠ (NSPT)  [-] 38 50 30 44 2,19 

ɄɑɜŬəŬɠ 4.23: ȹɞəɘɛɐ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ SPT 

ɆɨɛűɤɜŬ ɛŮ ˊɑɜŬəŬ ůɡůɢŮŰɘůɛɩɜ ɔɘŬ ɛɖ ůɡɜŮəŰɘəɎ ŮŭɎűɖ Űɞɡ Bowles (1982) (ɄɑɜŬəŬɠ 4.17), ˊɞɡ 

ůɡůɢŮŰɑɕŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ Ŭɛɛɤŭɩɜ ŮŭŬűɩɜ ɛŮ Űɞɜ Ŭɟɘɗɛɧ NSPT=44 Űɞ ɛɖ ůɡɜŮəŰɘəɧ ɏŭŬűɞɠ 

ɗŮɤɟŮɑŰŬɘ ˊɞɚɨ ˊɡəɜɧ ɛŮ ůɢŮŰɘəɐ ˊɡəɜɧŰɖŰŬ Dr > 85% əŬɘ ŮɜŮɟɔɧ ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ űô 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 38Ü. 

ȺɛˊŮɘɟɘəɧɠ ˊɑɜŬəŬɠ ůɡůɢŮŰɘůɛɩɜ ɔɘŬ əɞəəɩŭɖ ŮŭɎűɖ Űɤɜ Terzaghi and Peck (1967) (ɄɑɜŬəŬɠ 4.18) 

ɔɘŬ ɁSPT=50 ˊɟɞŰŮɑɜŮɘ Űɘɛɐ ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȭ: 38-43Á. 

ȺˊɘɚɏɔŮŰŬɘ ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ŬɜŰɞɢɐɠ űȭ=35Á - 37Á əŬɘ ɛɖŭŮɜɘəɐ ɏɤɠ ˊɞɚɨ ɛɘəɟɐ Űɘɛɐ ŮɜŮɟɔɞɨ 

ůɡɜɞɢɐɠ, cȭ=0 - 5 kPa. ȼ Űɘɛɐ ŬɡŰɐ ůɡɜɞɢɐɠ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ ůŰɖ ɛɎɕŬ Űɖɠ ŮɜɧŰɖŰŬɠ 

ɛɘəɟɞɨ əɚɎůɛŬŰɞɠ ɚŮˊŰɧəɞəəɤɜ ɡɚɘəɩɜ (ůŮ ˊɞůɞůŰɧ 19,9% əŬŰɎ ɛɏůɞ ɧɟɞ). 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɛɏŰɟɞɡ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ɗŬ ɗŮɤɟɖɗŮɑ Űɘɛɐ NSPT=44 ɔɘŬ ɢɟɐůɖ ůŮ 

ŮɛˊŮɘɟɘəɞɨɠ ůɡůɢŮŰɘůɛɞɨɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ɇɎůůɘɞ əŬɘ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ (1974), Űɞ ɛɏŰɟɞ 

ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ⱥs ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ əɟɞɨůŮɤɜ Ɂ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 

Ⱥs = [Ŭ + Cẗ(N Ñ 6)] ẗ 98,066 (kPa) 

ȳˊɞɡ: 

Ŭ = 40 ɔɘŬ Ɂ>15 

C = 4,5 ɏɤɠ 7 ɔɘŬ ɛɏůɖ ɏɤɠ ɢɞɜŭɟɐ Ɏɛɛɞ 

ɃˊɧŰŮ ɔɘŬ Űɖɜ Űɘɛɐ  ɁSPT = 44 Űɞ ɛɏŰɟɞ ůɡɛˊɑŮůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ⱥs=26 - 37 MPa. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄŬˊŬŭɧˊɞɡɚɞ əŬɘ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ (1987) (ɄɑɜŬəŬɠ 4.24), Űɞ ɛɏŰɟɞ 

ůɡɛˊɘŮůŰɧŰɖŰŬɠ Ⱥs ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ əɟɞɨůŮɤɜ Ɂ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 

Es= C1+ C2  ẗ N  

ȳˊɞɡ: 

C1 = 2,60 ɔɘŬ ɘɚɡɩŭɖɠ Ɏɛɛɞɡɠ 

C2 = 0,69 ɔɘŬ ɘɚɡɩŭɖɠ Ɏɛɛɞɡɠ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [80] 

 
ɄɑɜŬəŬɠ 4.24: ȹŮɑəŰŮɠ ůɡɛˊɑŮůɖɠ (ɄŬˊŬŭɧˊɞɡɚɞ əŬɘ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ ,1987) 

 

ɃˊɧŰŮ ɔɘŬ Űɖɜ Űɘɛɐ ɁSPT = 44 Űɞ ɛɏŰɟɞ ůɡɛˊɑŮůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ⱥs = 37 MPa. 

ȸɎůŮɘ Űɤɜ ɤɠ Ɏɜɤ ůɡůɢŮŰɘůɛɩɜ əŬɘ Űɖɠ ɛɞɟűɐɠ Űɞɡ ɡɚɘəɞɨ ŮˊɘɚɏɔŮŰŬɘ Ⱥs = 30 - 35 ɀPa, Ŭˊɧ Űɞ ɞˊɞɑɞ 

ˊɟɞəɨˊŰŮɘ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ (Young) Eô = 22 ï 27 MPa ɛŮ ɗŮɩɟɖůɖ ɚɧɔɞɡ Poisson 0,3. 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊŮɟŬŰɧŰɖŰŬɠ ŮəŰŮɚɏůŰɖəŬɜ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ɛŮ Űɖ ɛɏɗɞŭɞ Űɞɡ ɛŮŰŬɓɚɖŰɞɨ űɞɟŰɑɞɡ (ȹɞəɘɛɏɠ Maag) əŬɘ Űɖ ɛɏɗɞŭɞ ůŰŬɗŮɟɞɨ űɞɟŰɑɞɡ (ȹɞəɘɛɏɠ 

Lefranc). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

ȹɞəɘɛɐ ȹɘŬəɨɛŬɜůɖ Űɘɛɐɠ Ʉɚɐɗɞɠ 

Űɘɛɩɜ 

ɀɏůɖ Űɘɛɐ ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ Min Max 

ɆɡɜŰŮɚŮůŰɐɠ ɄŮɟŬŰɧŰɖŰŬɠ (k) [10-4 cm/s] 2.3 21.4 9 11 6.7 

ɄɑɜŬəŬɠ 4.24 : ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

 

ɀŮ ɓɎůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ ŮˊɘɚɏɔŮŰŬɘ Űɘɛɐ ůɡɜŰŮɚŮůŰɐ ˊŮɟŬŰɧŰɖŰŬɠ k = 10-3 cm/s, ɖ 

ɞˊɞɑŬ ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ ( 4.2) ŮɑɜŬɘ Űɡˊɘəɐ Űɘɛɐ ɔɘŬ ɘɚɡɩŭɖɠ Ɏɛɛɞɡɠ. 

 

4.6.4 ɆɡɜɞˊŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ 

 

ɋɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŮɜɧŰɖŰŬɠ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ Ŭəɧɚɞɡɗɞɡ ˊɑɜŬəŬ ɔɘŬ ɔŮɤŰŮɢɜɘəɞɨɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ: 

ɄŬɟɎɛŮŰɟɞɘ ɆɢŮŭɘŬůɛɞɨ ɇɘɛɐ 

ūŬɘɜɧɛŮɜɞ ȸɎɟɞɠ ɔ = 20 - 22 kN/m3 

ȺɜŮɟɔɧɠ ůɡɜɞɢɐ cȭ= 0 - 5 kPa 

ȺɜŮɟɔɧɠ ũɤɜɑŬ ȹɘŬŰɛɖŰɘəɐɠ ȷɜŰɞɢɐɠ űȭ=35 - 37Á 

ɀɏŰɟɞ ɆɡɛˊɘŮůŰɧŰɖŰŬɠ Es =30 ï 35 MPa 

ɀɏŰɟɞ ȺɚŬůŰɘəɧŰɖŰŬɠ (Young) Eô =22 - 27 Mpa 

ɆɡɜŰŮɚŮůŰɐɠ ˊŮɟŬŰɧŰɖŰŬɠ k = 10-3 cm/s 

ɄɑɜŬəŬɠ 4.25: ɆɡɜɞˊŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ ɔŮɤŰŮɢɜɘəɐɠ ŮɜɧŰɖŰŬɠ ȽȽ 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [81] 

4.7 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ȺɜɧŰɖŰŬ ȽȽȽ 

 

4.7.1 ũŮɜɘəɎ 

 

ɇɞ ɡɚɘəɧ Űɖɠ ɡˊô ɧɣɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ŮɜɧŰɖŰŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əŬůŰŬɜɐ ɏɤɠ əɡŬɜɧűŬɘɖ Ŭɟɔɘɚɩŭɖ 

Ŭɛɛɞɥɚɨ ɏɤɠ Ŭɛɛɩŭɖ Ŭɟɔɘɚɞɥɚɨ, ůŰɘűɟɐ ɏɤɠ ˊɞɚɨ ůŰɘűɟɐ əŬɘ ɢŬɛɖɚɐɠ ˊɚŬůŰɘəɧŰɖŰŬɠ, ɛŮ əŬŰɎ ɗɏůŮɘɠ 

ɢɎɚɘəŮɠ. ȺɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ůɡɜŬɜŰɖɗɞɨɜ ɞɟɑɕɞɜŰŮɠ Ɏɛɛɞɡ əŬɘ ɢŬɚɑəɤɜ ŬɚɚɎ əŬɘ űɎůŮɘɠ Űɖɠ ŮɜɧŰɖŰŬɠ ȽȽȽ 

ůŰɘɠ ɞˊɞɑŮɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŬɚŬəɐ ɖ Ŭɟɔɘɚɞɥɚɨ. ɆŰɖɜ ȺɜɧŰɖŰŬ ŬɡŰɐ, ɏɢɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɇŮŰŬɟŰɞɔŮɜɩɜ 

ŬˊɞɗɏůŮɤɜ , ɞɘ ɞˊɞɑŮɠ űŰɎɜɞɡɜ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 30,4 m. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ Ŭɟɔɘɚɩŭɖ Ŭɛɛɞɥɚɨ ɏɤɠ 

Ŭɛɛɩŭɖ Ŭɟɔɘɚɞɥɚɨ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŰɘɠ 5 ɔŮɤŰɟɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. ɆŰɖ ɔŮɩŰɟɖůɖ ũɁ-334 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɏɤɠ ŰŬ 0,2 m, Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 15,5 m ɛɏɢɟɘ ŰŬ 19,6 m, Ŭˊɧ Űɞ 

ɓɎɗɞɠ Űɤɜ 21,2 m ɛɏɢɟɘ ŰŬ 24,1 m əŬɘ Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 28,6 m ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 30,4 m, ůŰɖ 

ɔŮɩŰɟɖůɖ ũɁ-336 Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ ŰŬ 18,4 m əŬɘ Ŭˊɧ ŰŬ 18,4 m ɛɏɢɟɘ ŰŬ 21 m, ůŰɖɜ ũɁ-337 

Ŭˊɧ ŰŬ 13,2 ɛɏɢɟɘ ŰŬ 15 m əŬɘ Ŭˊɧ ŰŬ 18,5 m ɛɏɢɟɘ ŰŬ 23,5 m , ůŰɖɜ ũɁ-339 Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡ 

ŮŭɎűɞɡɠ ɛɏɢɟɘ Űɞ 1 m, Ŭˊɧ ŰŬ 8,2 m ɛɏɢɟɘ ŰŬ 9,6 m əŬɘ Ŭˊɧ ŰŬ 17,4 m ɛɏɢɟɘ ŰŬ 20,8 m əŬɘ Űɏɚɞɠ ůŰɖɜ 

ũɁ-341 ˊɞɡ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ ŰŬ 2,6 m, Ŭˊɧ ŰŬ 6,4 m ɛɏɢɟɘ ŰŬ 7,8 m əŬɘ Ŭˊɧ ŰŬ 15 

m ɛɏɢɟɘ ŰŬ 26,1 m . ȼ Ŭɟɔɘɚɩŭɖɠ Ŭɛɛɞɥɚɨɠ ɏɤɠ Ŭɛɛɩŭɖɠ Ŭɟɔɘɚɞɥɚɨɠ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɧɚɞ Űɞ ŰɛɐɛŬ 

Űɞɡ ɏɟɔɞɡ, ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ ɢɘɚɘɞɛŮŰɟɘəɐ ɗɏůɖ 15+880 ɛɏɢɟɘ Űɖ ɗɏůɖ 16+560 əŬɘ ůŮ ɛɘəɟɧŰŮɟŬ ŰɛɐɛŬŰŬ 

Űɞɡ ɏɟɔɞɡ ŰŬ ɞˊɞɑŬ ˊɟɞɓɎɚɚɞɜŰŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Űɞɛɐ . ɇŬ ˊɎɢɖ Űɖɠ ŮɜɧŰɖŰŬɠ 

ŬɡŰɐɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0,2 ɛɏɢɟɘ 11,1 m. Ƀɘ Űɘɛɏɠ SPT  ŮɑɜŬɘ ɡɣɖɚɏɠ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ 

ŬɟɜɖŰɘəɏɠ əŬɗɩɠ ɖ ŭɞəɘɛɐ Terzaghi ɓɟɑůəŮɘ ŬɟəŮŰɏɠ əɟɞəɎɚŮɠ. ȼ ˊŮɟŬŰɧŰɖŰŬ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ŮɑɜŬɘ 

ɛɏŰɟɘŬ ˊɟɞɠ ɛŮɔɎɚɖ əŬɗɩɠ ŬɜŬˊŰɨůůɞɜŰŬɘ Ɏɛɛɞɘ əŬɘ ɢɎɚɘəŮɠ. 
 

 

4.7.2 ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜɧŰɖŰŬɠ 

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ 4.26 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɜɧŰɖŰŬɠ ɧˊɤɠ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŭŮɑɔɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖ ɔŮɤŰŮɢɜɘəɐ 

ŮɜɧŰɖŰŬ IȽȽ. 

ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ȹɘŬəɨɛŬɜůɐ 

 Űɘɛɐɠ 

Ʉɚɐɗɞɠ Űɘɛɩɜ ɀɏůɖ Űɘɛɐ ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ 

Min Max 

ȳɟɘɞ ɈŭŬɟɧŰɖŰŬɠ (LL) [%]  21,5 36 16 27 3,78 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ (PL) 

[%] 

14 21 16 17 1,73 

ȹŮɑəŰɖɠ ɄɚŬůŰɘəɧŰɖŰŬɠ 

(PI) [%] 

4 19 16 10 4,30 

ūɡůɘəɐ ɈɔɟŬůɑŬ (w) [%] 17.7 22 3 20.4 2.34 

ɄɞůɞůŰɧ ɉŬɚɘəɘɩɜ (G) [%] 0.0 28,7 17 5,7 8,66 

ɄɞůɞůŰɧ ȯɛɛɞɡ (S) [%] 13,2 42,4 17 29,9 8,04 

ɄɞůɞůŰɧ Ƚɚɨɞɠ (M) [%] 32,5 69,0 13 52,2 11,96 

ɄɞůɞůŰɧ ȷɟɔɑɚɞɡ (C) [%]  0,0 32,0 13 14,1 9,99 

ɄɞůɞůŰɧ ȿŮˊŰɧəɞəəɤɜ (F) 

[%] 

44,2 86,8 17 64,4 12,28 

ūŬɘɜɧɛŮɜɞ ȸɎɟɞɠ (ɔ) 

[kN/m3] 

19,8 21,55 5 20,47 0,95 

ɂɖɟɧ ūŬɘɜɧɛŮɜɞ ȸɎɟɞɠ 

(ɔd) [kN/m3] 

15.79 18.89 5 17.27 1.25 

Ⱥɘŭɘəɧ ȸɎɟɞɠ ɆŰŮɟŮɩɜ (Gs) 

[-] 

2,64 2.75 13 2.69 0.04 

ɄɑɜŬəŬɠ 4.26: ūɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ȺɜɧŰɖŰŬɠ ȽȽȽ 

ɇɞ ɡɚɘəɧ əŬŰŬŰɎůůŮŰŬɘ əŬŰɎ USCS ɤɠ CL ɐ ML, ŬɟɔɘɚɞŬɛɛɩŭɖɠ ɘɚɨɠ ɢŬɛɖɚɐɠ ˊɚŬůŰɘəɧŰɖŰŬɠ . 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [82] 

4.7.3 ɀɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜɧŰɖŰŬɠ 

 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ɛɖɢŬɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ, ŮəŰŮɚɏůŰɖəŬɜ ŰɟŮɘɠ ŭɞəɘɛɏɠ 

ɓɟŬŭŮɑŬɠ ŭɘɎŰɛɖůɖɠ CD, ɛɑŬ ŭɞəɘɛɐ ŰɟɘŬɝɞɜɘəɐɠ ɗɚɑɣɖɠ CD əŬɘ ŭɨɞ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ 

ůŰŮɟŮɞˊɞɑɖůɖɠ. Ⱥˊɑůɖɠ ŮəŰŮɚɏůɗɖəŬɜ ɏɜŰŮəŬ ůɡɜɞɚɘəɎ Ůˊɑ Űɧˊɞɡ ŭɞəɘɛɏɠ Űɡˊɞˊɞɘɖɛɏɜɖɠ ŭɘŮɑůŭɡůɖɠ, 

Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŰɟŮɘɠ ŬˊɞɟɟɘűɗɐəŬɜ ɤɠ ɛɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɜɧŰɖŰŬɠ ɚɧɔɤ Űɤɜ 

ɘŭɘŬɑŰŮɟŬ Ŭɡɝɖɛɏɜɤɜ Űɘɛɩɜ ˊɞɡ ŮɛűɎɜɘůŬɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɤɠ Ɏɜɤ ŭɞəɘɛɩɜ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ 

ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

 

ȹɞəɘɛɐ 

ȹɘŬəɨɛŬɜůɖ 

Űɘɛɐɠ 

Ʉɚɐɗɞɠ 

Űɘɛɩɜ 

ɀɏůɖ 

Űɘɛɐ 

ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ 

Min Max 

ɇɡˊɞˊɞɘɖɛɏɜɖɠ ŭɘŮɑůŭɡůɖɠ (NSPT)  [-] 8 31 8 19 7,39 

ȯɛŮůɖɠ ŭɘɎŰɛɖůɖɠ (CD) 

Ɇɡɜɞɢɐ cô [kPa] 

ũɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űô [Á] 

 

4,7 

32,9 

 

4,7 

32,9 

 

1 

1 

 

4,7 

32,9 

 

- 

- 

ɀɞɜɞŭɘɎůŰŬŰɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ      

ȹŮɑəŰɖɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Cc  [-] 0,153 0,154 2 0,154 0,001 

ȹŮɑəŰɖɠ ŭɘɧɔəɤůɖɠ Cs [-] 0,020 0,021 2 0,021 0,000 

ɆɡɜŰ/ůŰɐɠ ůŰŮɟ/ůɖɠ Cv Ĭ10-4  [m2/min] 0,015 0,034 2 0,025 0,013 

ɇɎůɖ ˊɟɞůŰŮɟŮɞˊɞɑɖůɖɠ ůp  [kPa] 400 400 2 400 0 

50-100 kPa 

ɀɏŰɟɞ ůɡɛˊɑŮůɖɠ Es   [MPa] 

 

3,06 

 

4,06 

 

2 

 

3,56 

 

0,71 

100-200 kPa 

ɀɏŰɟɞ ůɡɛˊɑŮůɖɠ Es  [MPa] 

 

4,75 

 

6,38 

 

2 

 

5,57 

 

1,15 

200-400 kPa 

ɀɏŰɟɞ ůɡɛˊɑŮůɖɠ Es  [MPa] 

 

8,50 

 

10,93 

 

2 

 

9,72 

 

1,72 

400-800 kPa 

ɀɏŰɟɞ ůɡɛˊɑŮůɖɠ Es  [MPa] 

 

15,16 

 

18,0 

 

2 

 

16,58 

 

2,01 

800-1600 kPa 

ɀɏŰɟɞ ůɡɛˊɑŮůɖɠ Es  [MPa] 

 

29,91 

 

32,37 

 

2 

 

31,14 

 

1,74 

ɄɑɜŬəŬɠ 4.27: ȹɞəɘɛɏɠ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

 

ȼ Űɘɛɐ Űɖɠ Cu ɗŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɓɎůŮɘ ɓɘɓɚɘɞɔɟŬűɘəɩɜ ŬɜŬűɞɟɩɜ, ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ ɁSPT Űɖɠ 

ŭɞəɘɛɐɠ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ. 

ɆɨɛűɤɜŬ ɛŮ ɜɞɛɞŭɘɎɔɟŬɛɛŬ əŬŰɎ Sowers (1979) ɔɘŬ ɁSPT=19 əŬɘ ɡɚɘəɧ CL, ɖ Űɘɛɐ Űɖɠ ŬůŰɟɎɔɔɘůŰɖɠ 

ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰŬ 90 - 150 kPa. (ɆɢɐɛŬ 4.3) 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [83] 

 
ɆɢɐɛŬ 4.3 : ȾŬŰɎ ˊɟɞůɏɔɔɘůɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ Űɤɜ Űɘɛɩɜ SPT. 

(Sowers, 1979) 

 

ɆɨɛűɤɜŬ ɛŮ ŮɛˊŮɘɟɘəɧ ůɡůɢŮŰɘůɛɧ Űɞɡ Stroud (1974) ɔɘŬ ŭŮɑəŰɖ ˊɚŬůŰɘəɧŰɖŰŬɠ ɅȽ=10 əŬɘ ɁSPT =19, 

ˊɟɞəɨˊŰŮɘ Cu= 130 kPa. (ɄɑɜŬəŬɠ 4.28) 

 
ɄɑɜŬəŬɠ 4.28: ɆɡůɢɏŰɘůɖ Űɞɡ ŭŮɑəŰɖ ˊɚŬůŰɘəɧŰɖŰŬɠ Cu ɛŮ Űɞ NSPT (Stroud, 1974) 

ɆɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ Űɤɜ Terzaghi & Peck, (1967) ɖ ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Cu ůɡɜŭɏŮŰŬɘ 

ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ əɟɞɨůŮɤɜ ɤɠ Cu = 6.2 ɁSPT. ȸɎůŮɘ Űɖɠ ˊŬɟŬˊɎɜɤ ůɢɏůɖɠ əŬɘ ɔɘŬ ɁSPT=19 ɖ 

ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɖɠ ȺɜɧŰɖŰŬɠ ȽȽȽ ˊɟɞəɨˊŰŮɘ Cu=118 kPa. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [84] 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ Űɘɛɐ ɁSPT ́ ɞɡ ɚɐűɗɖəŮ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ Űɘɛɐɠ Űɖɠ Cu ɓɎůŮɘ ɓɘɓɚɘɞɔɟŬűɘəɩɜ 

ŬɜŬűɞɟɩɜ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɡɚɘəɧ ˊɞɡ ɏɢŮɘ ůɢŮŰɘəɎ ɡɣɖɚɧ əɚɎůɛŬ Ɏɛɛɞɡ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ 

Űɞ ɡɚɘəɧ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɜɧŰɖŰŬɠ ŮɑɜŬɘ ɧɛɞɘɞ ɛŮ ŮəŮɑɜɞ ˊɞɡ ɏɢŮɘ ůɡɜŬɜŰɖɗŮɑ ůŰɘɠ ɔŮɘŰɞɜɘəɏɠ 

ɔŮɤŰɟɐůŮɘɠ əŬɘ ɔɘŬ Űɞ ɞˊɞɑɞ ɓɎůŮɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ɏɢŮɘ ɚɖűɗŮɑ ɛɏůɖ Űɘɛɐ Cu=80 kPa. ȷˊɧ ŰŬ 

ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ ŮəŰɘɛɎŰŬɘ ɤɠ ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ ɔɘŬ Űɖɜ ŮɜɧŰɖŰŬ IIȽ ɖ Űɘɛɐ Cu= 80 - 

100 kPa. 

 

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ŮɜŮɟɔɩɜ ˊŬɟŬɛɏŰɟɤɜ cô, űô ŮəŰŮɚɏůŰɖəŬɜ ŰɟŮɘɠ ŭɞəɘɛɏɠ ɓɟŬŭŮɑŬɠ (CD) 

ŭɘɎŰɛɖůɖɠ ɞɘ ɞˊɞɑŮɠ ɏŭɤůŬɜ ŮɜŮɟɔɧ ůɡɜɞɢɐ cȭ= 28,8 kPa əŬɘ ŮɜŮɟɔɧ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȭ= 

32,3Á əŬɘ ɛɘŬ ŭɞəɘɛɐ ŰɟɘŬɝɞɜɘəɐɠ ɗɚɑɣɖɠ (CD) ˊɞɡ ɏŭɤůŮ ŮɜŮɟɔɧ ůɡɜɞɢɐ cȭ= 4,7 kPa əŬɘ ŮɜŮɟɔɧ ɔɤɜɑŬ 

ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȭ= 32,9Á. 

 

ȺˊɘɚɏɔŮŰŬɘ ɔɘŬ Űɖɜ ŮɜɧŰɖŰŬ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȭ=32 - 34Á əŬɘ Űɘɛɐ ůɡɜɞɢɐɠ cô=0 - 10 kPa. 

Ƀɘ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůɡɛˊɑŮůɖɠ ɏŭɤůŬɜ ɛɏůɞɡɠ ɧɟɞɡɠ Űɘɛɩɜ Űɞɡ ɛɏŰɟɞɡ ůɡɛˊɑŮůɖɠ ɛŮŰŬɝɨ 3,56 

əŬɘ 31,14 MPa ŬɜɎɚɞɔŬ ɛŮ Űɖ ɓŬɗɛɑŭŬ űɧɟŰɘůɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ Stroud (1974) əŬɘ ɔɘŬ 

PI=10 əŬɘ ɁSPT = 19 ˊɟɞəɨˊŰŮɘ Es = 10,5 MPa. 

 

ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɖ ůɢɏůɖ Űɞɡ Stroud(1989) ɔɘŬ Ŭɟɔɑɚɞɡɠ : 

Ὁᴂ

ὔ
πȟω 

ȷˊɧ Űɖ ůɢɏůɖ ŬɡŰɐ əŬɘ ɔɘŬ Ɂ=19, ˊɟɞəɨˊŰŮɘ Űɘɛɐ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥô = 17,1 MPa. 

 

ũɘŬ Űɞ ŮˊɑˊŮŭɞ Űɤɜ ŰɎůŮɤɜ ɛŮŰŬɝɨ 50 əŬɘ 200 kPa Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ 

ˊɟɞəɨˊŰŮɘ Űɘɛɐ Ⱥs = 3,5 ï 5,5 Mpa. ȺˊɘɚɏɔŮŰŬɘ Ⱥs = 5 - 8 MPa Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɛɏŰɟɞ 

ŮɚŬůŰɘəɧŰɖŰŬɠ (Young) Eô = 4 ï 6 MPa ɛŮ ɗŮɩɟɖůɖ ɚɧɔɞɡ Poisson 0,3. 

 

ũɘŬ Űɞ ŮˊɑˊŮŭɞ Űɤɜ ŰɎůŮɤɜ ɛŮŰŬɝɨ 200 əŬɘ 800 kPa Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ 

ˊɟɞəɨˊŰŮɘ Űɘɛɐ Ⱥs = 9,7 ï 16,6 MPa. ɇŮɚɘəɎ ŮˊɘɚɏɔŮŰŬɘ Ⱥs = 16 - 20 Mpa Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɛɏŰɟɞ 

ŮɚŬůŰɘəɧŰɖŰŬɠ (Young) Eô =13 - 15 MPa ɛŮ ɗŮɩɟɖůɖ ɚɧɔɞɡ Poisson 0,3. 

ũɘŬ Űɞɜ ůɡɜŰŮɚŮůŰɐ ůŰŮɟŮɞˊɞɑɖůɖɠ Cv ́ ɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ Ůɨɟɞɠ 

Űɘɛɩɜ ɛŮŰŬɝɨ 0,015 əŬɘ 0,034 x10-4 m2/min. 

 

ɆŰɘɠ ɞŭɖɔɑŮɠ Űɞɡ NAVFAC DM-7 ref. A-1, ˊɟɞŰŮɑɜŮŰŬɘ ŬɜŰɑůŰɞɘɢɞɠ ŮɛˊŮɘɟɘəɧɠ ůɡůɢŮŰɘůɛɧɠ Űɞɡ Cv ɛŮ 

Űɞ ɧɟɘɞ ɡŭŬɟɧŰɖŰŬɠ. Ƀ ůɡůɢŮŰɘůɛɧɠ ŬɡŰɧɠ ŬˊɞŭɑŭŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ ɜɞɛɞɔɟŬűɐɛŬŰɞɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [85] 

 
ɆɢɐɛŬ 4.4: ɁɞɛɞɔɟɎűɖɛŬ Űɞɡ NAVFAC ɛŮ Űɘɛɏɠ Űɞɡ Cv ůɡɜŬɟŰɐůŮɘ Űɞɡ ɞɟɑɞɡ ɡŭŬɟɧŰɖŰŬɠ. 

ȸɎůŮɘ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Űɞɡ NAVFAC (ɆɢɐɛŬ 4.4) əŬɘ ɔɘŬ ɛɏůɖ Űɘɛɐ Űɞɡ ɞɟɑɞɡ ɡŭŬɟɧŰɖŰŬɠ LL=27% 

ˊɟɞəɨˊŰŮɘ Cv=2 x 10-3 cm2/sec = 0,12 x10-4m2/min. ɀŮ ɓɎůŮɘ ŰŬ ˊŬɟŬˊɎɜɤ əŬɘ ɛŮ əɨɟɘɞ ɓɎɟɞɠ ůŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ, ŮˊɘɚɏɔŮŰŬɘ ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ ɛŮŰŬɝɨ 0,02 əŬɘ 0,03x10- 

4m2/min. 

ȳůɞɜ ŬűɞɟɎ Űɞɜ ŭŮɑəŰɖ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Cc, ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ 

ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ ɛŮŰŬɝɨ 0,153 əŬɘ 0,154. ȺˊɘɚɏɔŮŰŬɘ, ɤɠ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɔɘŬ Űɞ ɡɚɘəɧ Űɖɠ ŮɜɧŰɖŰŬɠ ůŰɞ 

ůɨɜɞɚɧ Űɖɠ Űɘɛɐ Cc =0,15-0,16. 

ũɘŬ Űɞɜ ŭŮɑəŰɖ ŬˊɞűɧɟŰɘůɖɠ Cs, ɏɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ ŭŮɑəŰɖ ůɡɛˊɘŮůŰɧŰɖŰŬɠ ɛŮ Űɖ ůɢɏůɖ 

Cs= (1/10 - 1/5) x Cc (Das, 1990), Ŭˊɧ ɧˊɞɡ ˊɟɞəɨˊŰŮɘ Cs= 0,020 - 0,021. ȺˊɘɚɏɔŮŰŬɘ ŰŮɚɘəɩɠ ɔɘŬ Űɞɜ 

ŭŮɑəŰɖ ŮˊŬɜŬűɧɟŰɘůɖɠ Űɘɛɐ Cs=0,019ï 0,021. 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊŮɟŬŰɧŰɖŰŬɠ ŮəŰŮɚɏůŰɖəŬɜ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ɛŮ Űɖ ɛɏɗɞŭɞ Űɞɡ ɛŮŰŬɓɚɖŰɞɨ űɞɟŰɑɞɡ (ȹɞəɘɛɏɠ Maag) əŬɘ ŭɞəɘɛɏɠ ůŰŬɗŮɟɞɨ űɞɟŰɘɞɨ (ȹɞəɘɛɏɠ 

Lefranc) ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

ȹɞəɘɛɐ ȹɘŬəɨɛŬɜůɖ Űɘɛɐɠ Ʉɚɐɗɞɠ 

Űɘɛɩɜ 

ɀɏůɖ 

Űɘɛɐ 

ɇɡˊɘəɐ 

Ŭˊɧəɚɘůɖ Min Max 

ɆɡɜŰŮɚŮůŰɐɠ ɄŮɟŬŰɧŰɖŰŬɠ (k) [10-4 

cm/s] 

0.76 6.46 3 3.64 2.85 

ɄɑɜŬəŬɠ 4.29 : ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ (ɆɢɐɛŬ 4.2) ŮˊɘɚɏɔŮŰŬɘ Űɘɛɐ ůɡɜŰŮɚŮůŰɐ ˊŮɟŬŰɧŰɖŰŬɠ k = 

3Ĭ10-4 cm/s, ɖ ɞˊɞɑŬ ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ ŮɑɜŬɘ Űɡˊɘəɐ Űɘɛɐ ɔɘŬ ɘɚɨɤŭŮɘɠ ůɢɖɛŬŰɘůɛɞɨɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [86] 

4.7.4 ɆɡɜɞˊŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ 

 

ɋɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŮɜɧŰɖŰŬɠ ɔɘŬ ɔŮɤŰŮɢɜɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ 

Ŭəɧɚɞɡɗɞɡ ˊɑɜŬəŬ: 

ɄŬɟɎɛŮŰɟɞɘ ɆɢŮŭɘŬůɛɞɨ ɇɘɛɐ 

ūŬɘɜɧɛŮɜɞ ȸɎɟɞɠ ɔ = 20 ï 21 kN/m3 

ȷůŰɟɎɔɔɘůŰɖ ȹɘŬŰɛɖŰɘəɐ ȷɜŰɞɢɐ Cu= 80 ï 100 kPa 

ȺɜŮɟɔɧɠ ůɡɜɞɢɐ cȭ= 0 ï 10 kPa 

ȺɜŮɟɔɧɠ ũɤɜɑŬ ȹɘŬŰɛɖŰɘəɐɠ ȷɜŰɞɢɐɠ űȭ=32 ï 34Á 

ɀɏŰɟɞ ɆɡɛˊɘŮůŰɧŰɖŰŬɠ Es =30 ï 35 Mpa 

ɀɏŰɟɞ ɆɡɛˊɘŮůŰɧŰɖŰŬɠ Es = 5 ï 8 Mpa ɔɘŬ ůvô= 50-200kPa 

Es = 16 ï 20 Mpa ɔɘŬ ůvô= 200-800kPa 

ɀɏŰɟɞ ȺɚŬůŰɘəɧŰɖŰŬɠ (Young) Eô = 4 ï 6 Mpa ɔɘŬ ůvô= 50-200kPa 

Eô= 13 ï 15 Mpa ɔɘŬ ůvô= 200-800kPa 

ɆɡɜŰŮɚŮůŰɐɠ ůŰŮɟŮɞˊɞɑɖůɖɠ Cv = 0,02 ï 0,03 x10-4 m2/min 

ȹŮɑəŰɖɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Cc = 0,15 ï 0,16 

ȹŮɑəŰɖɠ ŮˊŬɜŬűɧɟŰɘůɖɠ Cs = 0,019 ï 0,021 

ɆɡɜŰŮɚŮůŰɐɠ ˊŮɟŬŰɧŰɖŰŬɠ k = 3x10-4 cm/s 

ɄɑɜŬəŬɠ 4.30: ɆɡɜɞˊŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ ɔŮɤŰŮɢɜɘəɐɠ ŮɜɧŰɖŰŬɠ ȽȽȽ 

 

4.8 3D ɀɞɜŰɏɚɞ 
 

ȼ ŰɟɘůŭɘɎůŰŬŰɖ ɔŮɤɚɞɔɘəɐ ˊɟɞůɞɛɞɑɤůɖ (3D geological modelling), ɛŮ Űɖ ɓɞɐɗŮɘŬ ɖɚŮəŰɟɞɜɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ , ŭɑɜŮɘ Űɖɜ ɩɗɖůɖ ůŰɖɜ ŮűŬɟɛɞɔɐ ůɢŮŭɘŬůŰɘəɩɜ ɛŮɗɧŭɤɜ. ȼ ɔŮɤɚɞɔɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ˊŬəɏŰɤɜ ɚɞɔɘůɛɘəɞɨ (ˊ.ɢ. Rockwork, ə.Ŭ.), ɧˊɞɡ ŮəŰɧɠ 

Ŭˊɧ ůɢŮŭɘŬůŰɘəɧ ˊɡɟɐɜŬ, ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰɛɐɛŬŰŬ ůŰŬŰɘůŰɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɔŮɤůŰŬŰɘůŰɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ, Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜɖ 

ɓɎůŮɘ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɔŮɤŰɟɐůŮɘɠ, Ŭˊɧ ɢŬɟŰɞɔɟŬűɘəɧ ŰɛɐɛŬ əŬɘ Ŭˊɧ Ůɘŭɘəɧ ɚɞɔɘůɛɘəɧ ˊŬɟɞɡůɑŬůɖɠ.  

ȾŬŰɎ Űɖ ɔŮɤɛŮŰɟɘəɐ ˊɟɞůɞɛɞɑɤůɖ ɛɘŬɠ ɔŮɤɚɞɔɘəɐɠ ŭɞɛɐɠ ɛŮŰŬűɏɟŮŰŬɘ Űɞ ɔŮɤɚɞɔɘəɧ ɞɛɞɑɤɛŬ 

(geological model) ůŮ ɏɜŬ ŰɟɘůŭɘɎůŰŬŰɞ ɣɖűɘŬəɧ ɔŮɤɛŮŰɟɘəɧ ɞɛɞɑɤɛŬ. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŬɡŰɞɨ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ ɖ ŰɞˊɞɔɟŬűɑŬ, ɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ, 

ɞɘ ɔŮɤɚɞɔɘəɏɠ Űɞɛɏɠ, 

ɇɞ əɨɟɘɞ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ˊɤɠ ɖ əŬŰŬůəŮɡɐ Űɞɡ ɛŮɚŮŰɖŰɐ 

ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬ ɚɞɔɘəɎ ɞɟɗɧ ˊɟɧŰɡˊɞ. ɆűɎɚɛŬŰŬ ɔɑɜɞɜŰŬɘ ŮɛűŬɜɐ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɔŮɤɛŮŰɟɘəɐɠ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŭɘɞɟɗɤɗɞɨɜ. 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ əŬɘ ɛŮ ɓɎůɖ ŰŬ űɨɚɚŬ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ, ˊɟɞəɨˊŰŮɘ ɏɜŬ 3D 

ɛɞɜŰɏɚɞ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ RockWorks 2006 (ůɢɐɛŬ 4.5) əŬɘ ɏɜŬ 3D ɛɞɜŰɏɚɞ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ 

AutoCAD 2016 (ůɢɐɛŬ 4.6), ˊɞɡ ŬɝɘɞˊɞɑɖůŮ ɤɠ ˊɟɧŰɡˊɞ ɛɞɜŰɏɚɞ Űɞ ɛɞɜŰɏɚɞ Űɞɡ RockWorks. 

Ⱥˊɘˊɚɏɞɜ ůŰɞ 3D ɛɞɜŰɏɚɞ ˊɞɡ ůɢŮŭɘɎůŰɖəŮ ůŰɞ ˊɟɧɔɟŬɛɛŬ AutoCAD 2016 , ˊŬɟŬŰɑɗŮɜŰŬɘ ɧɚŬ ŰŬ 

ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ , əŬɗɩɠ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ŰŮɢɜɘəɧ ɏɟɔɞ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [87] 

 
ɆɢɐɛŬ 4.5: 3D ɛɞɜŰɏɚɞ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ RockWorks 2006 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ  ɀɄȷɇȻȷȾȷ ɅɃȻȷ [88] 

 

 

ɆɢɐɛŬ 4.6: 3D ɛɞɜŰɏɚɞ ůɢŮŭɘŬůɛɏɜɞ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ AutoCAD 2016, ůŰɞ ɞˊɞɑɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ŰŮɢɜɘəɧ əŬɘ ɔɘŬ Űɖɜ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɖɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [89] 

ȾȺūȷȿȷȽɃ 5 :  

ɆɉȺȹȽȷɆɀɃɆ COVER & CUT 

 

5.1 ȺɘůŬɔɤɔɐ  

 

ũɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɞɡ ɏɟɔɞɡ, ɓɎůŮɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ŬůŰŬɗŮɘɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəɨɣɞɡɜ , ŬɟɢɘəɎ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɖ ůŰɎɗɛɖ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɤɗɐůŮɤɜ 

ɔɘŬ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɘɚɞɔɐ ŭɘŬŰɞɛɐɠ Ůɚɏɔɢɞɡ ɛŮ ɓɎůŮɘ Űɞ 

ŭɡůɛŮɜɏůŰŮɟɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ Űɖɠ ɕɩɜɖɠ ůɢŮŭɘŬůɛɞɨ ɔŮɤŰŮɢɜɘəɧ ˊɟɞűɑɚ, ɔɘŬ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ 

ŮəůəŬűɐɠ. ɇŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣɞɡɜ ŮɑɜŬɘ ɗɟŬɨůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɖɠ ŮəůəŬűɐɠ ɚɧɔɤ 

ŭɘŬůɤɚɐɜɤůɖɠ (Piping), Ɏɜɤůɖ ůŰɞɜ ˊɡɗɛɏɜŬ, ŮɝŬɘŰɑŬɠ Űɞɡ ɡŭɟŬɡɚɘəɞɨ űɞɟŰɑɞɡ, Ůűɧůɞɜ ŭŮɜ ɡˊɎɟɝŮɘ 

əŬŰɎɚɚɖɚɖ ŬˊɞůŰɟɎɔɔɘůɖ Űɞɡ ɜŮɟɞɨ, ˊɘɏůŮɘɠ ˊɧɟɤɜ ůŰɞɜ Ŭɟɔɘɚɘəɧ ůɢɖɛŬŰɘůɛɧ əŬɗɩɠ ɓɟɑůəŮŰŬɘ əɎŰɤ 

Ŭˊɧ Űɞɜ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ əŬɘ Űɏɚɞɠ ɏɚŮɔɢɞɠ  ŮɡůŰɎɗŮɘŬɠ Űɞɡ ůəŮˊŬůɛɏɜɞɡ ɞɟɨɔɛŬŰɞɠ ŮɝŬɘŰɑŬɠ Űɤɜ 

űɞɟŰɑɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖ űɎůɖ əŬŰŬůəŮɡɐɠ. 

5.2 ɄŮɟɘɔɟŬűɐ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ 

 

ũɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ C&C ȷɔ. ȸŬůɘɚŮɑɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ ũɁ-334, ũɁ-336, ũɁ-337, ũɁ-339 əŬɘ ũɁ-341. 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ŮɟŮɡɜɩɜ ɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɞɡ ɡˊŮŭɎűɞɡɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ Ůɜ ɚɧɔɤ ŰŮɢɜɘəɞɨ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ 

ɔŮɤŰŮɢɜɘəɧ ˊɟɞűɑɚ ˊŮɟɘɚŬɛɓɎɜŮɘ Ŭɟɔɑɚɞɡɠ, Ɏɛɛɞɡɠ əŬɘ ŬɛɛɞɢɎɚɘəŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊɟɧůűŬŰŮɠ 

ŬˊɞɗɏůŮɘɠ. 

ȼ ůŰɎɗɛɖ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ɚɐűɗɖəŮ ůŮ ɓɎɗɞɠ 7,5 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. 

ȸɎůŮɘ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ˊɘŮɕɞɛɏŰɟɞɡ ˊɞɡ ɚɐűɗɖəŬɜ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ Űɞɜ Ƚɞɨɚɘɞ 

əŬɘ ȷɨɔɞɡůŰɞ Űɞɡ 2007, ɖ ůŰɎɗɛɖ ɓɟɏɗɖəŮ ůŮ ɓɎɗɞɠ 10 ɏɤɠ 12 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ 

Ůɜɩ Űɞɜ ɀɎɟŰɘɞ Űɞɡ 2008, ɖ ŬɜɩŰŮɟɖ ůŰɎɗɛɖ Űɤɜ ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ ɓɟɏɗɖəŮ ůŮ ɓɎɗɞɠ 8,6 ɛɏŰɟɤɜ. 

ȺɝŬɘŰɑŬɠ ŬɡŰɩɜ əŬɘ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɖ ůŰɎɗɛɖ ůɢŮŭɘŬůɛɞɨ Űɞɡ 

ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ɚɐűɗɖəŮ 1,0 ɛɏŰɟɞ ɡɣɖɚɧŰŮɟŬ Űɖɠ ŭɡůɛŮɜɏůŰŮɟɖɠ ɛɏŰɟɖůɖɠ, ŭɖɚŬŭɐ ůŰŬ 7,5 

ɛɏŰɟŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ.  

ȳůɞɜ ŬűɞɟɎ ůŰɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɤɗɐůŮɤɜ ůŮ ɖɟŮɛɑŬ (Ko), ɞɘ ŮɜɧŰɖŰŮɠ Ƚ əŬɘ ȽȽ 

ɗŮɤɟɐɗɖəŬɜ əŬɜɞɜɘəɎ ůŰŮɟŮɞˊɞɘɖɛɏɜŮɠ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ Ⱦɞ ɏɔɘɜŮ ɛŮ Űɖ ůɢɏůɖ Űɞɡ Jaky (1944):  

Ko = 1-sinűô 

ȼ Ɏɟɔɘɚɞɠ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ŮɜɧŰɖŰŬɠ ȽȽȽ ɗŮɤɟŮɑŰŬɘ ŮɚŬűɟɩɠ ɡˊŮɟůŰŮɟŮɞˊɞɘɖɛɏɜɖ, ɛŮ OCR=1,35, Űɘɛɐ 

ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ɤɠ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɞəɘɛɩɜ ůŰŮɟŮɞˊɞɑɖůɖɠ ˊɞɡ 

ŮəŰŮɚɏůŰɖəŬɜ ůŮ ŭɞəɑɛɘŬ Űɖɠ Ůɜ ɚɧɔɤ ŮɜɧŰɖŰŬɠ. ȼ Űɘɛɐ Űɞɡ Ⱦɞ ɡˊɞɚɞɔɑůŰɖəŮ ɓɎůŮɘ Űɖɠ ůɢɏůɖɠ: 

Ko = (1-sinűô) OCR0,5    (Mayne & Kulhawy, 1982) 

5.3 ȹɘŬŰɞɛɏɠ ůɢŮŭɘŬůɛɞɨ 

 

ɀŮ ɓɎůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ŮɟŮɡɜɩɜ, Űɖ ɗŮɤɟɖɗŮɑůŬ 

ůŰɟɤɛŬŰɞɔɟŬűɑŬ, Űɖ ɛɞɟűɞɚɞɔɑŬ Űɞɡ ŮŭɎűɞɡɠ ɗŮɛŮɚɑɤůɖɠ əŬɘ Űɞ ɓɎɗɞɠ ŮəůəŬűɐɠ, ŮˊɘɚɏɢɗɖəŬɜ ŭɨɞ 

ŭɘŬŰɞɛɏɠ Ůɚɏɔɢɞɡ ɔɘŬ Űɖ ŭɘŮɜɏɟɔŮɘŬ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ɡˊɞɚɞɔɘůɛɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ŭɘŬŰɞɛɏɠ ɛŮ ŰŬ 

ůŰɞɘɢŮɑŬ Űɞɡɠ əŬɘ Űɞ ˊɟɞűɑɚ ůɢŮŭɘŬůɛɞɨ Űɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ (ɄɑɜŬəŬɠ 5.1). ɆŰɖɜ əɎɗŮ 

ŭɘŬŰɞɛɐ ŮűŬɟɛɧůŰɖəŮ Űɞ ŭɡůɛŮɜɏůŰŮɟɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ Űɖɠ ɕɩɜɖɠ ůɢŮŭɘŬůɛɞɨ ɔŮɤŰŮɢɜɘəɧ ˊɟɞűɑɚ, 

ɔɘŬ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŮəůəŬűɐɠ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [90] 

 

 

 

 

 

ȾŬŰɖɔɞɟɑŬ 

ɆɢŮŭɘŬůɛɞɨ 

 

 

Ⱥɨɟɞɠ 

ȺűŬɟɛɞɔɐɠ 

(ɉ.Ū. Ŭɟɢɐɠ-

Űɏɚɞɡɠ) 

 

 

ȹɘŬŰɞɛɐ 

Ⱥɚɏɔɢɞɡ ï 

ɉ.Ū. 

ȹɘŬŰɞɛɐɠ 

ũŮɤŰŮɢɜɘəɧ ˊɟɞűɑɚ  

ɀɏɔɘůŰɞ ɓɎɗɞɠ 

Ŭˊɧ ŮˊɘűɎɜŮɘŬ 

ŮŭɎűɞɡɠ ɛɏɢɟɘ 

əɎŰɤ ˊŬɟŮɘɎ 

ˊɚɎəŬɠ ɞɟɞűɐɠ 

(m) 

ɀɏɔɘůŰɞ 

ɓɎɗɞɠ Ŭˊɧ 

ŮˊɘűɎɜŮɘŬ 

ŮŭɎűɞɡɠ 

ɛɏɢɟɘ əɎŰɤ 

ˊŬɟŮɘɎ 

ˊɚɎəŬɠ 

ˊɡɗɛɏɜŬ (m) 

 

 

ũŮɤŰŮɢɜɘəɏɠ 

ȺɜɧŰɖŰŮɠ 

 

 

ȸɎɗɞɠ (m) 

 

 

 

I 

 

 

115+879,802-

116+198,798 

 

 

ȷ-ȷȭ  

 

(116+028,50) 

III  0,0-1,5  

 

 

3,30 

 

 

12,5(ɛŮ ɡˊŮɟ-

ŮəůəŬűɐ 

0,5m) 

I 1,5-7,1 

II  7,1-18,5 

III  18,5-23,5 

II  23,5-Űɏɚɞɠ 

 

 

 

II  

 

 

116+198,798-

116+505,777 

 

 

ȸ-ȸȭ 

 

(116+484,89) 

III  0,0-2,6  

 

 

3,60 

 

 

12,55(ɛŮ 

ɡˊŮɟ-

ŮəůəŬűɐ 

0,5m) 

II  2,6-6,4 

III  6,4-7,8 

II  7,8-15,0 

III  15,0-26,0 

II  26,0-Űɏɚɞɠ 

ɄɑɜŬəŬɠ 5.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɩɜ Ůɚɏɔɢɞɡ ůɢŮŭɘŬůɛɞɨ 

 

ȼ ůŰɟɤɛŬŰɞɔɟŬűɑŬ ůŮ əɎɗŮ ŭɘŬŰɞɛɐ Ůɚɏɔɢɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ůɢɐɛŬŰŬ. 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [91] 

 
ɆɢɐɛŬ 5.1 : ũŮɤŰŮɢɜɘəɧ Ʉɟɞűɑɚ ɆɢŮŭɘŬůɛɞɨ ɔɘŬ Űɖ ȹɘŬŰɞɛɐ Ⱥɚɏɔɢɞɡ ȷô-ȷ 

 

ɇɞ ɔŮɤɚɞɔɘəɧ ˊɟɞűɑɚ Űɞɡ ɆɢŮŭɘŬůɛɞɨ Ƚ (ȹɘŬŰɞɛɐ ȷô-ȷ) (ůɢɐɛŬ 5.1) ɚɐűɗɖəŮ ůɨɛűɤɜŬ ɛŮ Űɖ 

ɔŮɩŰɟɖůɖ ũɁ-336, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ Űɞ ˊɎɢɞɠ Űɖɠ Ŭɟɔɘɚɘəɐɠ ůŰɟɩůɖɠ Űɖɠ ȺɜɧŰɖŰŬɠ ȽȽȽ ɚɐűɗɖəŮ Ŭˊɧ 

Űɖ ũŮɩŰɟɖůɖ ũɁ-337, ˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɏůŰŮɟɞ. ɇɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŮəůəŬűɐɠ ɡˊɞɚɞɔɑůŰɖəŮ ɑůɞ ɛŮ 

3,30m . 
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ɀȺɇȷɄɇɈɉȽȷȾȼ ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 
 ɀɄȷɇȻȷȾȷ ɅɃȻȷ [92] 

 
ɆɢɐɛŬ 5.2 : ũŮɤŰŮɢɜɘəɧ Ʉɟɞűɑɚ ɆɢŮŭɘŬůɛɞɨ ɔɘŬ Űɖ ȹɘŬŰɞɛɐ Ⱥɚɏɔɢɞɡ ȸô-ȸ 

 

ɇɞ ɔŮɤɚɞɔɘəɧ ˊɟɞűɑɚ Űɞɡ ɆɢŮŭɘŬůɛɞɨ ȽȽ (ȹɘŬŰɞɛɐ ȸô-ȸ) (ɆɢɐɛŬ 5.2) ɚɐűɗɖəŮ ůɨɛűɤɜŬ ɛŮ Űɖ 

ɔŮɩŰɟɖůɖ ũɁ-341. ȼ ɔŮɤŰŮɢɜɘəɐ ŮɜɧŰɖŰŬ Ƚ ɛŮŰŬɝɨ Űɤɜ ɓŬɗɩɜ 11,0 əŬɘ 15,0 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ŮŭɎűɞɡɠ, ɗŮɤɟɐɗɖəŮ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɤɠ ɔŮɤŰŮɢɜɘəɐ ŮɜɧŰɖŰŬ ȽȽ, əŬɗɩɠ ɖ ŮɜɧŰɖŰŬ Ƚ ŭŮɜ ŮəŰŮɑɜŮŰŬɘ 

ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɞɡ ɆɢŮŭɘŬůɛɞɨ IȽ. ȼ ŮɜɧŰɖŰŬ ȽȽ ɏɢŮɘ ůɡɜŬűɐ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ Űɖɜ ŮɜɧŰɖŰŬ 

Ƚ, ŮɚŬűɟɩɠ ɛɘəɟɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ŬɜŰɞɢɐɠ əŬɘ ɛɘəɟɧŰŮɟɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Ŭˊɧ Űɖɜ ŮɜɧŰɖŰŬ Ƚ, ɞˊɧŰŮ 

ɖ ˊŬɟŬˊɎɜɤ ˊŬɟŬŭɞɢɐ ŮɑɜŬɘ ůɡɜŰɖɟɖŰɘəɐ, ˊɟɞɠ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ŬůűɎɚŮɘŬɠ. ɇɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ 

ŮəůəŬűɐɠ ɡˊɞɚɞɔɑůŰɖəŮ ɑůɞ ɛŮ 3,60m. 

 

 

5.4 ūɞɟɏŬɠ ŰŮɢɜɘəɞɨ 

 

ɇɞ ɛŮɚŮŰɩɛŮɜɞ ŰɛɐɛŬ Űɖɠ ɁɏŬɠ Ɇɘŭɖɟɞŭɟɞɛɘəɐɠ ũɟŬɛɛɐɠ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɉ.Ū. 115+879,802 

əŬɘ 116+505,777 əŬɘ ɏɢŮɘ ůɡɜɞɚɘəɧ ɛɐəɞɠ 625,975m. ɆŰɞ ŰɛɐɛŬ ŬɡŰɧ ɖ ɢɎɟŬɝɖ Űɖɠ ɁɏŬɠ 

Ɇɘŭɖɟɞŭɟɞɛɘəɐɠ ũɟŬɛɛɐɠ ŬəɞɚɞɡɗŮɑ Űɖɜ ˊŬɚŬɘɎ ɢɎɟŬɝɖ, ŭɘŮɟɢɧɛŮɜɖ ɧɛɤɠ ɡˊɞɔŮɑɤɠ. ȼ ŮɟɡɗɟɎ Űɖɠ 

ɢɎɟŬɝɖɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɓɎɗɞɠ 8,97 ï 10,63m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, Ůɜɩ ŰŬ ɡɣɧɛŮŰɟŬ 

ŮŭɎűɞɡɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 14,79m əŬɘ 16,10m. ȼ ŬˊɧůŰŬůɖ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ŰɛɐɛŬŰɞɠ Űɖɠ ɢɎɟŬɝɖɠ 

Ŭˊɧ Űɖ ɗɎɚŬůůŬ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 260 əŬɘ 500m ˊŮɟɑˊɞɡ. 
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