
ɳˎ˔ʰˊʽˋˍʾʶˌ: 
ʆˇ ʷˊʴˇ SciNetNatHaz ̝ ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ˃ʶˊʽˁ˗ˌ ʰˉˈ ˍʹ˄ 

ɳΦɳΦ ˁʰʽ ʰˉˈ ʶʻ˄ʽˁˇˏˌ ˉˈˊˇˎˌ ̀ ˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ 
ɳˉʽ˔ʶʽˊʹˋʽʰˁˇˏ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʰˏˊʹ ɸʱ˂ʰˋˋʰ 

Black Sea Basin Joint Operational Programme  2007-2013  

ɼ. ʃʰˉʰʻʶˇʵ˗ˊˇˎ, ʆɳɹ ɼʶ˄ˍˊʽˁʺˌ ɾʰˁʶʵˇ˄ʾʰˌ, ɳ˂˂ʱʵʰ 
ɿΦ ɼ˂ʺ˃ʹˌ, ɲʹ˃ˇˁˊʾˍʶʽˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɸˊʱˁʹˌ, ɳ˂˂ʱʵʰ 

SciNetNatHazPrev  project  -  ɮ˄ˇʽˁˍˈ ʅʶ˃ʽ˄ʱˊʽˇ,  ʅʷˊˊʶˌ ϧ ɸʶˋˋʰ˂ˇ˄ʾˁʹ  нф-30 ʁˁˍ˖ʲˊʾˇˎ 2015 



Åɴ˂˂ʶʽ˕ʹ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʵˇ˃ʷ˄˖˄: ɮ˄ʶˉʰˊˁʺˌ  ̋ ˋˎ˄ʺʻ˖ˌ ʰ˄ˏˉʰˊˁˍˇˌ 
ˁʰˍʱ˂ˇʴˇˌ ̄ ˊˇʹʴˇˏ˃ʶ˄˖˄ ˁʰˍˇ˂ʽˋʻʺˋʶ˖˄ ̋  ˁ ʰʽ ˃ -́ˉˊˇˋʲʱˋʽ˃ˇˌ. 

Åɮ˄ˎˉʰˊ˅ʾʰ ˃ʶˍʰʵʶʵˇ˃ʷ˄˖˄ (Metadata): ˉˇ˂ˏ ʵˏˋˁˇ˂ʹ ʷ˖ˌ ʰʵˏ˄ʰˍʹ  ́
ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ & ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʵˇ˃ʷ˄˖˄ 
όʶʱ˄ ̡ ˊʶʻˇˏ˄!). 

Åʋˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ ʴʽʰ ɳ.ɼ.ɳ. ʰˁˈ˃ʰ ˁʰʽ ˋˍʹ˄ ʾʵʽʰ ˔˗ˊʰ, 
ˁʰʻʽˋˍ˗˄ˍʰˌ ˍ ́̀ ˏʴˁˊʽˋʹ ̱ ˖˄ h ˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ̄ ˊʰˁˍʽˁʱ ʰ˄ʶ˒ʱˊ˃ˇˋˍʹ. 

Åɶ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍʹˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˁʰʽ  ́ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ 
ʵʽʰˁʽ˄ʵˏ˄ʶˎˋʹˌ ˋ ʁˉʶˊʽ˒ʶˊʶʽʰˁʺ ˁʰʽ ˍˇˉʽˁʺ ˁ˂ʾ˃ʰˁʰ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇˋˍʶʾ 
˃ˈ˄ˇ˄ ˉʶˊʽˋˍʰˋʽʰˁʱ. (ʃʰˊˈ˂ˇ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ hˉʰˊʷ˔ˇˎ˄ ˍʽˌ ʰˉʰˊʰʾˍʹˍʶˌ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ɹ ʽʰ ̱ ˇ˄ ̀ ˔ʶʵʽʰˋ˃ˈ ̱ ˎˉʽˁ˗˄ ̄ ˊˇ˂ʹˉˍʽˁ˗˄ ˃ʷˍˊ˖˄) 

ɳˁ ˍʾ˃ʹˋʹ ɼh ˍˇ˂ʽˋʻʹˍʽˁʺˌ ɳ̄ ʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ όɳΦɼΦɳύ ˋˍʹ˄ 
ˉʶˊʽˇ˔ʺ ˍʹˌ ɾʰˏˊʹˌ ɸʱ˂ʰˋˋʰˌ. ʆΧhΦɼʶ˄ʱ! 



A. ɾʶʻˇʵˇ˂ˇʴʾʰ ˍ˖˄ Mora & Vahrson (Sergio Mora C., & Wilhelm-
Gunther Vahrson (1994): Macrozonation Methodology for Landslide Hazard 
determination. Bulletin of the Association of Engineering Geologists, Vol. XXXI 
No.1, 1994, pp.49-58. 

B. ɾʶʻˇʵˇ˂ˇʴʾʰ ʁ˃ˇˋˉˇ˄ʵʽʰˁʺˌ ʇˉʹˊʶˋʾʰˌ ɲʽʰ˔ʶʾˊʽˋʹˌ 
ɴˁˍʰˁˍʹˌ ɮ˄ʱʴˁʹˌ (FEMA, USA) ς HazUS 
(https://www.fema.gov/hazus) 

C.ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʅˎ˄ˍʶ˂ʶˋˍʺ ɮˋ˒ʰ˂ʶʾʰˌ (ɾˇ˄ˍʷ˂ˇ 
ɮˉʶʽˊˇ˃ʺˁˇˎˌ ʃˊʰ˄ˇˏˌ) 

ɳˉʽ˂ˇʴʺ - ʃˊˇˋʰˊ˃ˇʴʺ ˋˍʽˌ ζˍˇˉʽˁʷˌ ˋˎ˄ʻʺˁʶˌη ˁʰʽ 
ɳ˒ʰˊ˃ˇʴʺ ɾʶʻˇʵˇ˂ˇʴʽ˗˄  
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https://www.fema.gov/hazus
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https://www.fema.gov/hazus
https://www.fema.gov/hazus


ʃʶˊʽˇ˔ʷˌ ɳ˒ʰˊ˃ˇʴʺˌ - ɳ˂˂ʱʵʰ 

ʁ ̔ʵˏˇ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ˉʽ˂ˇˍʽˁʺˌ ʶ˒ʰˊ˃ˇʴʺˌ ˉˇˎ 
ʶ˃ˉʾˉˍˇˎ˄ ˋˍʹ˄ ʶˉʽ˂ʷ˅ʽ˃ʹ ˉʶˊʽˇ˔ʺ ˍˇˎ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ̱ ʹˌ ɾʰˏˊʹˌ ɸʱ˂ʰˋˋʰˌ: 

 

A.  ʅ̫ ˊˊʶˌ 

B.  ɼ̌ ˃ˇˍʹ˄ʺ-ɿˎ ˃˒ʰʾʰ 

 

ɳ˒ʰˊ˃ˇʴʺ ˋʶ ʃʶˊʽ˒ʶˊʶʽʰˁʺ ɼ˂ʾ˃ʰˁʰ 

1:50.000 (ʶʽˋʰʴˈ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰ & ʰ˄ʱ˂ˎˋʹ) 



A. ɾʶʻˇʵˇ˂ˇʴʾʰ ˍ˖˄ Mora & Vahrson 

ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ άɳʴʴʶ˄ʺ ɼʰˍˇ˂ʽˋʻʹˍʽˁʺ ɳˉʽʵʶˁˍʽˁˈˍʹˍʰέ  ό{¦{/ύ 
ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ: 
ʅˎ˄ˍʶ˂ʶˋˍʺ ɼ˂ʾˋʹˌ (Sr)  

ʅˎ˄ˍʶ˂ʶˋˍʺ ɽʽʻˇ˂ˇʴʾʰˌ(Sl) 
ʅˎ˄ʻʺˁʶˌ ʇʴˊʰˋʾʰˌ ɳʵʱ˒ˇˎˌ(Sh) 

 
 
 

ɼʰʽ ˍˇ˄ ʃʰˊʱʴˇ˄ˍʰ ɳ˄ʶˊʴˇˉˇʾʹˋʹˌ (TRIG) 
ʃˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˍˇˎΥ 

ʅʶʽˋ˃ʽˁˇˏ ʅˎ˄ˍʶ˂ʶˋˍʺ (Ts)  
ʅˎ˄ˍʶ˂ʶˋˍʺ ɰˊˇ˔ˈˉˍ˖ˋʹˌ(Tp) 



ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍˇˎ ɲʶʾˁˍʹ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ (HI) 

HI = SUSC * TRIG  = (Sr * Sl * Sh) * (Ts + Tp) 



B. ɾʶʻˇʵˇ˂ˇʴʾʰ FEMA (Hazard US) 

ɰʰˋʾʸʶˍʰʽ ˋʶ ʶ˃ˉʶʽˊʽˁʷˌ ˁʰʽ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˋ˔ʷˋʶʽˌ 

 

ʃʶˊʽˇ˔ʷˌ ˉʽ˂ˇˍʽˁʺˌ ʶ˒ʰˊ˃ˇʴʺˌ ˋʶ ʃʶˊʽ˒ʶˊʶʽʰˁʺ 
ɼ˂ʾ˃ʰˁʰ (1:50.000) 

A.  ʅ̫ ˊˊʶˌ 

B.  ɼ̌ ˃ˇˍʹ˄ʺ-ɿˎ ˃˒ʰʾʰ 



1. ɳˁˍʾ˃ʹˋʹ ˍʹˌ ɳˉʽʵʶˁˍʽˁˈˍʹˍʰˌ ˋ ʁ ɼʰˍˇ˂ʾˋʻʹˋʹ (ˎˉˈ ˋˍʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 
˂ʶʽˍˇˎˊʴʾʰˌ) 

2. ɳˁˍʾ˃ʹˋʹ ̱ ʹˌ ɼˊʾˋʽ˃ʹˌ ɳˉʽˍʱ˔ˎ˄ˋʹˌ (Ac) & ̀ ˏʴˁˊʽˋʹ (Ac/PGA) ̱ ˇˎ ˂ ˈʴˇˎ ̱ ʹˌ 
ɼˊʾˋʽ˃ʹˌ ɳˉʽˍʱ˔ˎ˄ˋʹˌ (Ac) ̄ ˊˇˌ ̱ ʹ˄ ɼˇˊˎ˒ʰʾʰ ɳʵʰ˒ʽˁʺ ɳˉʽˍʱ˔ˎ˄ˋʹ (PGA) 

3. ʇˉˇ˂ˇʴʽˋ˃ˈˌ ̱ ˖˄ ɾˈ˄ʽ˃˖˄ ɳʵʰ˒ʽˁ˗˄ ɾʶˍʰˁʽ˄ʺˋʶ˖˄ 

ʂ˂ʶˌ ˇ ̔ˉʰˊʰˉʱ˄˖ ˉʰˊʱ˃ʶˍˊˇʽ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʴʽʰ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 
ˎʴˊʰˋʾʰˌ /  ˎˉˈʴʶʽˇˎ ˄ʶˊˇˏ: άʀɶʄɳʅέ ˁʰʽ άʇɱʄɳʅέ, ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈˍʽ ˇ ̔
άʀɶʄɳʅέ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˉˇˎ  ́ˋˍʱʻ˃ʹ ˍ˖˄ ˎˉˇʴʶʾ˖˄ ˎʵʱˍ˖˄ ʶʾ˄ʰʽ 
ɼɮʆʍ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʰˋˍˇ˔ʾʰˌΣ ʶ˄˗ ˇ ̔άʇɱʄɳʅέ ˈˍʰ˄  ́ˋˍʱʻ˃ʹ ˍ˖˄ ˎˉˈʴʶʽ˖˄ 
˄ʶˊ˗˄ ʁ ʾ˄ʰʽ ɾɳʋʄɹ ̱ ʹ˄ ʁ ˂ʶˏʻʶˊʹ ʁ ˉʽ˒ʱ˄ʶʽʰ ̱ ˇˎ ʁ ʵʱ˒ˇˎˌ.  

ɳˁˍʾ˃ʹˋʹ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˋʶ ɼʰˍˇ˂ʾˋʻʹˋʹ (FEMA) 



ɼ˂ʾ˃ʰˁʰ I: ˂ ʽʴˈˍʶˊˇ ʶˉʽʵʶˁˍʽˁˈ 

ɼ˂ʾ˃ʰˁʰ X: ̄ ˂ʷˇ˄ ʶˉʽʵʶˁˍʽˁˈ 

1. ɳˉʽʵʶˁˍʽˁˈˍʹˍʰ  ˋʶ ɼʰˍˇ˂ʾˋʻʹˋʹ (ˎˉˈ ˋˍʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ) 
ʃʾ˄ʰˁʰˌ 8. ɳˉʽʵʶˁˍʽˁˈˍʹˍʰ ˍʹˌ ɼʰˍˇ˂ʾˋʻʹˋʹˌ ˎ ˉˈ ˋˍʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ    

      (HazUS MH, Chapter 4 ς PESH) 



ɳˉʽʵʶˁˍʽˁˈˍʹˍʰ  ˋʶ ɼʰˍˇ˂ʾˋʻʹˋʹ (ˎˉˈ ˋˍʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ) 

ǨɸȆŭŮȇŰȆȇȕŰȄŰŬ  ůŮ 
ȇŬŰȌȈǿůȅȄůȄ ȏɸȕ 
ŭȆŬűȌȍŮŰȆȇǽȎ 

ůȏȊȅǾȇŮȎ ȏȂȍŬůǿŬȎ 



ɼˊʾˋʽ˃ʹ ɳˉʽˍʱ˔ˎ˄ˋʹ (Ac) ˇˊʾʸʶˍʰʽ ˖ ̩  ́ˇˊʽʸˈ˄ˍʽʰ ʶˉʽˍʱ˔ˎ˄ˋʹ 

ˉˇˎ ɻ ʾ˄ʶʽ ̀ ˎ˄ˍʶ˂ʶˋˍʺ h ˋ˒ʱ˂ʶʽʰˌ  

ɮˊ˔ʺ ˍʹˌ ɾʶʻˈʵˇˎ ʁˊʽʰˁʺˌ ɹˋˇˊˊˇˉʾʰˌ:  ̌ˋʶʽˋ˃ˈˌ ʻʶ˖ˊʶʾˍʰʽ 

˖ ̩˃ʽʰ ˇˊʽʸˈ˄ˍʽʰ ʵˏ˄ʰ˃ʹ (ˋʶʽˋ˃ʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ * ʲʱˊˇˌ ˍʹˌ 

ʵˎ˄ʹˍʽˁʱ ̌ ˂ʽˋʻʰʾ˄ˇˎˋʰˌ ˃ʱʸʰˌ ̱ ˇˎ ̄ ˊʰ˄ˇˏˌ) 

2. ɳˉʽʵʶˁˍʽˁˈˍʹˍʰ ˋʶ ɼʰˍˇ˂ʾˋʻʹˋʹ (ˋʶʽˋ˃ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ) 



ʇˉʱˊ˔ˇˎ˄ ˇˊʽˋ˃ʷ˄ʰ 

ˈˊʽʰ ʴʽʰ ʰˎˍʷˌ ˍʽˌ 

ˋ˔ʷˋʶʽˌ (ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ 

ˋˍˇ ɹ ˊʱ˒ʹ˃ʰ) 

ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ɼˊʾˋʽ˃ʹˌ ɳˉʽˍʱ˔ˎ˄ˋʹˌ Ac 

ɼˊʾˋʽ˃ʹ ɳˉʽˍʱ˔ˎ˄ˋʹ (AC) ʶʾ˄ʰʽ ˃ʽʰ ˋˏ˄ʻʶˍʹ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˁ˂ʾˋʹˌ ˍˇˎ ˉˊʰ˄ˇˏˌ, 
ˍʹˌ ʴʶ˖˂ˇʴʾʰˌ, ˍˇˎ ˎˉˈʴʶʽˇˎ ˄ʶˊˇˏ, ˍˇˎ ˍˏˉˇˎ ˍʹˌ ˁʰˍˇ˂ʾˋʻʹˋʹˌ & ˍʹˌ 
ʽˋˍˇˊʽˁʺˌ ̀ ˎ˃ˉʶˊʽ˒ˇˊʱˌ ̱ ˇˎ ̄ ˊʰ˄ˇˏˌ. 

ʅ.̝  1 

ɼˊʾˋʽ˃ʹ ɳˉʽˍʱ˔ˎ˄ˋʹ ˖ ̩ˋˎ˄ʱˊˍʹˋʹ ɱʶ˖˂ˇʴʽˁ˗˄ ʁ˃ʱʵ˖˄ ˁʰʽ ɳʵʰ˒ʽˁʺˌ ɼ˂ʾˋʹˌ 

(Wilson and Keefer, 1985) 



ʁ ̔ˍʽ˃ʷˌ ˍʹˌ PGA ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋˏ˃˒˖˄ʰ ˃ ʁˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ 
ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ʴʽʰ ˍʹ˄ ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ ˉʶˊʽˇ˔ʺ (ʵʹ˂. ʴʽʰ ˃ʽʰ ˉʶˊʾˇʵˇ 
ʶˉʰ˄ʰ˒ˇˊʱˌ 50, 100, 475 ̝ ˊˈ˄ʽʰ ˁ . .˂ .̄) ˃  ʁ̱  ̝́ ˊʺˋʹ: 

ω ̱ ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ʴʽʰ ˍʹ˄ ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ ˉʶˊʽˇ˔ʺ ʅ˔ʷˋʶ˖˄ ʃˊˈʲ˂ʶ˕ʹˌ ˍʹˌ 
ɳʵʰ˒ʽˁʺˌ ɼʾ˄ʹˋʹˌ (GMPE) ˁʰʽ ˍˇ˄ ˍˏˉˇ ˍˇˎ ˊʺʴ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍˇˎ 
ʶʵʱ˒ˇˎˌ 

ʆˇˉʽˁʷˌ GMPEs  (Skarlatoudis et al., 2003)  ɹ ʽʰ ˍʹ˄ ɳ˂˂ʱʵʰ 

ʃʰˊʱʵʶʽʴ˃ʰ 

ʆʽ˃ʷˌ PGA ς ʇˉˇ˂ˇʴʽˋ˃ˈˌ ̀ ʶ ζˍˇˉʽˁʷˌ ˋˎ˄ʻʺˁʶˌη 



ʆʽ˃ʷˌ PGA ɹ ʽʰ ˍʹ˄ ˉʽ˂ˇˍʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˋˍʽˌ ʅʷˊˊʶˌ 



ɳˉʽʵʶˁˍʽˁˈˍʹˍʰ ˋʶ ɼʰˍˇ˂ʾˋʻʹˋʹ όˋʶʽˋ˃ˈˌύ 



Åɶ ˃ʷʻˇʵˇˌ FEMA ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ 
ʶˁˍʾ˃ʹˋʹ ˍ˖˄ PGD (ɾˈ˄ʽ˃˖˄ 
ɳʵʰ˒ʽˁ˗˄ ɾʶˍʰˍˇˉʾˋʶ˖˄) ʴʽʰ 
ˁʰˍˇ˂ʽˋʻʺˋʶʽˌ (Goodman and 
Seed, 1966)  

ɳˁˍʾ˃ʹˋʹ ɾˈ˄ʽ˃˖˄ ɳʵʰ˒ʽˁ˗˄ ɾʶˍʰˍˇˉʾˋʶ˖˄ (PGD) 

E[PGD] = E[d/Ais]* Ais*n   

Ais: ̄ ˊˇˁʰ˂ˇˏ˃ʶ˄ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ (g) ς Ais = PGA 

 n : h ˊʽʻ˃ˈˌ ˁˏˁ˂˖˄ ˒ˈˊˍʽˋʹˌ (ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ 
˃ʶʴʷʻˇˎˌ ˍˇˎ ˋʶʽˋ˃ˇˏ Mw) 

E[d/Ais]: ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ʶˍʰˍˈˉʽˋʹˌ 
ʴʽʰ ˁʱʻʶ ˁˏˁ˂ˇ ˒ˈˊˍʽˋʹˌ 



C. ɾʶʻˇʵˇ˂ˇʴʾʰ ʅˎ˄ˍʶ˂ʶˋˍʺ ɮˋ˒ʱ˂ʶʽʰˌ - FS 

ʃʽ˂ˇˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ʶ˒ʰˊ˃ˇʴʺˌ 

A.  ʅʷˊˊʶˌ 

B.  ɼˇ˃ˇˍʹ˄ʺ - ɿˎ˃˒ʰʾʰ 

 

ɼ˂ʾ˃ʰˁʰ ʃʶˊʽ˒ʶˊʶʽʰˁʺˌ 
ʶ˒ʰˊ˃ˇʴʺˌ 

1:50.000 (ʵʶʵˇ˃ʷ˄ʰ ʶʽˋʰʴ˖ʴʺˌ 
ˁʰʽ ʰ˄ʱ˂ˎˋʹ) 



Åɾʷʻˇʵˇʽ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˁʰˍˇ˂ʽˋʻʹˍʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ  

ʲʰˋʽʸˈ˃ʶ˄ʶˌ ̀ ˍʹ˄ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹ ̱ ʹˌ ʵʽʰʵʽˁʰˋʾʰˌ h ˋˍˇ˔ʾʰˌ ʁ ˄ˈˌ 

ˉˊʰ˄ˇˏˌ (˃ʷʻˇʵˇʽ ˃  ʁ˒ ˎˋʽˁʺ ̡ ʱˋʹ) 

Å  ɳ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋ ʁʶˎˊʶʾʶˌ ˉʶˊʽˇ˔ʷˌΣ ʶ˒ˈˋˇ˄ ˇ ̔ʴʶ˖˂ˇʴʽˁʷˌ & 

ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˇ˃ˇʴʶ˄ʶʾˌΣ ʰˁˈ˃ʹ ˁʰʽ 

ʶʱ˄ ɻ ʶ˄ ˎ ˉʱˊ˔ˇˎ˄ ˁ ʰˍʱ˂ˇʴˇʽ ˁ ʰˍˇ˂ʽˋʻʺˋʶ˖˄ 

ÅMʷʻˇʵˇˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˋ˒ʱ˂ʶʽʰˌ FS 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˋˎ˔˄ʱ ˍ ̌ ˃ˇ˄ˍʷ˂ˇ ʰˉʶʽˊˇ˃ʺˁˇˎˌ ˉˊʰ˄ˇˏˌ 

(ˉʰˊʱʴˇ˄ˍʶˌ ̄ ˊˈˁ˂ʹˋʹˌ: ̡ ˊˇ˔ˈˉˍ˖ˋʹ ˁ ʰʽ ̀ ʶʽˋ˃ˈˌ) 

C. ɾʶʻˇʵˇ˂ˇʴʾʰ ʅˎ˄ˍʶ˂ʶˋˍʺ ɮˋ˒ʱ˂ʶʽʰˌ - FS 
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ʅʶ ˅ʹˊʷˌ ˋˎ˄ʻʺˁʶˌΣ ʴapp= ɹ   (m=0%) 

ʅʶ ˉ˂ʺˊ˖ˌ ˁˇˊʶˋ˃ʷ˄ˇ ˉˊʰ˄ʷˌ  ɹ app = ɹ sat  
(m=100%) 

ɼʰˍˇ˂ʽˋʻʹˍʽˁʺ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰς ʅˍʰˍʽˁʷˌ ʅˎ˄ʻʺˁʶˌ κ ɿʶˊʱ 

'˒: ʁ ˄ʶˊʴˈˌ ɹ ˖˄ʾʰ ̱ ˊʽʲʺˌ ̱ ˇˎ ɹ ʶ˖ː˂ʽˁˇˏ (0) 
cΩ: ʁ ˄ʶˊʴˈˌ ̀ ˎ˄ˇ˔ʺ ̱ ˇˎ ɹ ʶ˖ː˂ʽˁˇˏ (kPa), 
:̡ ɹ ˖˄ʾʰ ˁ ˂ʾˋʹˌ ̄ ˊʰ˄ˇˏˌ (Deg), 
:ɹ ʁ ʽʵʽˁˈ ̡ ʱˊˇˌ (kN/m3),  

wɹ: ʁ ʽʵʽˁˈ ̡ ʱˊˇˌ  ˄ ʶˊˇˏ (kN/m3), 
z: ̄ ʱ˔ˇˌ y ˗˄ʹˌ h ˋˍˇ˔ʾʰˌ (m) 
m = zw/z  % ˁˇˊʶˋ˃ˇˏ ˃ ʁ ˄ʶˊˈ ˍʹˌ ʸ˗˄ʹˌ 
ʰˋˍˇ˔ʾʰˌ 



ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɮˋ˒ʱ˂ʶʽʰˌ ς ɮˉʰʽˍʺˋʶʽˌ ɲʶʵˇ˃ʷ˄˖˄ 

Åʆˇˉˇʴˊʰ˒ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ (ˍˇˉˇʴˊʰ˒ʽˁˇʾ ˔ʱˊˍʶˌ, ˎ˕ˇ˃ʶˍˊʽˁʱ 
ʵʶʵˇ˃ʷ˄ʰ, ˋʹ˃ʶʾʰ ˉ˂ʷʴ˃ʰˍˇˌ .ˁ .h). ʅ ʁ ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ 
ˍˇˉˇʴˊʰ˒ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˋ ʁ ˁ˂ʾ˃ʰˁʰ 1:50.000 ʵʶ˄ ʶʾ˄ʰʽ 
ʵʽʰʻʷˋʽ˃ʰ, ASTER DEMs ˃ˉˇˊˇˏ˄ ˄ h ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʶʽˌ 
ʲʱˊˇˌ ̱ ʹˌ h ˁˊʾʲʶʽʰˌ. 

Åɱʶ˖˂ˇʴʽˁˇʾ ʋʱˊˍʶˌ 

Åɱʶ˖ˍʶ˔˄ʽˁʷˌ ʃʰˊʱ˃ʶˍˊˇʽ (ˋˎ˄ˇ˔ʺΣ ʴ˖˄ʾʰ ̱ ˊʽʲʺˌΣ ʶʽʵʽˁˈ ̡ ʱˊˇˌ) 

Åɲʶʵˇ˃ʷ˄ʰ ɹˋ˔ˎˊʺˌ ɳʵʰ˒ʽˁʺˌ ɼʾ˄ʹˋʹˌ (ˍʽ˃ʷˌ PGA) 

Åɾʷˋʹ ɾʹ˄ʽʰʾʰ ɰˊˇ˔ˈˉˍ˖ˋʹ (mm) ˁʰʽ ɼʁʄʇʊɮɹɮ ˍʽ˃ʺ 
ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ 



ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɮˋ˒ʱ˂ʶʽʰˌ ς ɮˉʰʽˍʺˋʶʽˌ ɲʶʵˇ˃ʷ˄˖˄ 

Åɱʶ˖ˍʶ˔˄ʽˁʷˌ ʃʰˊʱ˃ʶˍˊˇʽ  h ˄ʱ ɱʶ˖˂ˇʴʽˁˈ ʅ˔ʹ˃ʰˍʽˋ˃ˈ (˒ΩΣ  ŎΩΣ  ɹ ) 

 ɳʱ˄ ʶʾ˄ʰʽ ɰʄɮʋʁɾɮɵɮ, ˍˈˍʶ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍ ̌ˁˊʽˍʺˊʽˇ ʻˊʰˏˋʹˌ Hoek & Brown 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ hʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ 2 ʸʶˏʴʹ ˍʽ˃˗˄ ( Ω˒ & ŎΩύ ˉˇˎ ˄ hʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋ ʁ

˔ʰ˃ʹ˂ʷˌ  ˁʰʽ ˎ˕ʹ˂ʷˌ ʁʄɸɳʅ ʆɮʅɳɹʅ  ό.̄ .̝ ˔ʰ˃ʹ˂ˈ ˉˊʰ˄ʷˌ ˁʰʽ ˕ʹ˂ˈ ˉˊʰ˄ʷˌ). GSI 
(Geological Strength Index ς ɱʶ˖˂ˇʴʽˁˈˌ ɲʶʾˁˍʹˌ ɮ˄ˍˇ˔ʺˌ) ˁʰʽ  ́ɮ˄ˍˇ˔ʺ ˋ ʁ

ɮ˄ʶ˃ˉˈʵʽˋˍʹ ɸ˂ʾ˕ʹ ʶˁˍʽ˃˗˄ˍʰʽ ʲʱˋʶʽ ˂ʽʻˇ˂ˇʴʽˁʺˌ ˋˏˋˍʰˋʹˌ ˁʰʽ ˁʰˍʱˋˍʰˋʹˌ 

ʲˊʰ˔ˇ˃ʱʸʰˌ.  

 ɳʱ˄ ʶʾ˄ʰʽ ɳɲɮʊɹɼʁʅ ʅʋɶɾɮʆɹʅɾʁʅ, ̱ ˈˍʶ ̡ ʱˋʶʽ ɹ ʶ˖˂ˇʴʽˁʺˌ ̄ ʶˊʽʴˊʰ˒ʺˌ όʲ˂ʷˉʶ 

ʴʶ˖˂ˇʴʽˁˈˌ ˔ʱˊˍʹˌύΣ ˍʹˌ ˋ˔ʶˍʽˁʺˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌ ˁʰʽ ˍʹˌ ʶ˃ˉʶʽˊʾʰˌ ˍˇˎ ˔ˊʺˋˍʹ 

ʴʾ˄ʶˍʰʽ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˍʽ˃˗˄ ˒ΩΣ ŎΩ ˁ ʰʽ ɹ . 



http:// www.rocscience.cm 

H=5m 

http://www.rocscience.com 

ɶҐ50m 

ŎΩ Ґ нтƪtŀ 

˒Ω Ґ нн0 

A reliable freeware 
software άRocLabέ 



ʋ˖ˊʽˁʺ ɼʰˍʰ˄ˇ˃ʺ ɱʶ˖ˍʶ˔˄ʽˁ˗˄ ʃʰˊʰ˃ʷˍˊ˖˄ 



˒Ω- ɹ ˖˄ʾʰ ˍˊʽʲʺˌ CΩ- ʁ ˄ʶˊʴˈˌ ˋˎ˄ˇ˔ʺ 

Å ʃˊˇʶˍˇʽ˃ʰˋʾʰ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʅˎ˄ˍʶ˂ʶˋˍʺ ɮˋ˒ʱ˂ʶʽʰˌ (˃ʶˍʰˍˊˇˉʺ 

ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˋʶ Raster); ŎΩ ς ʁ ˄ʶˊʴˈˌ ˋˎ˄ˇ˔ʺ ϧ ˒Ω- ʁ ˄ʶˊʴˈˌ ʴ˖˄ʾʰ ʶˋ˖ˍʶˊʽˁʺˌ ˍˊʽʲʺˌ 

ʇˉˇ˂ˇʴʽˋ˃ˈˌ  ʁ ˄ʶˊʴˇˏ ˋˎ˄ˇ˔ʺˌ όŎΩύ ϧ ʴ˖˄ʾʰˌ ˍˊʽʲʺˌ (˒Ωύ 



ʴ ς ʁ ʽʵʽˁˈ ʲʱˊˇˌ ˎʵˊʰˎ˂ʽˁʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰ 

Å ʃˊˇʶˍˇʽ˃ʰˋʾʰ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʅˎ˄ˍʶ˂ʶˋˍʺ ɮˋ˒ʱ˂ʶʽʰˌ: ɳʽʵʽˁˈ ɰʱˊˇˌ ˁʰʽ 
ʇʵˊʰˎ˂ʽˁʺ ɮʴ˖ʴʽ˃ˈˍʹˍʰ (ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋʻʶʾ ˇ ɼˇˊʶˋ˃ˈˌ ˋˍˇ SAGA GIS) 

ʋ˖ˊʽˁʺ ɼʰˍʰ˄ˇ˃ʺ ɳʽʵʽˁˇˏ ɰʱˊˇˎˌ & ʇʵˊʰˎ˂ʽˁʺˌ ɮʴ˖ʴʽ˃ˈˍʹˍʰˌ 


