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1.1 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŮɝɏŰŬůɖ Űɤɜ ŮɜŬɚɚŬəŰɘəɩɜ 

ˊɟɞŰɎůŮɤɜ ɗŮɛŮɚɑɤůɖɠ Ůɜɧɠ əŰɘɟɑɞɡ ůŮ ˊŮɟɘɞɢɐ ɛŮ ůŰɟɤɛŬŰɞɔɟŬűɑŬ ˊɞɡ ˊɟɞɏəɡɣŮ ɨůŰŮɟŬ Ŭˊɧ 

ŮəŰɏɚŮůɖ ŮŭŬűɞŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ. 

ɇŬ ůŰɞɘɢŮɑŬ ůŰŬ ɞˊɞɑŬ ɓŬůɑůŰɖəŮ ɖ ɛŮɚɏŰɖ ŮɑɜŬɘ: 

1) ȹŮŭɞɛɏɜŬ ůŰŬŰɘəɐɠ ɛŮɚɏŰɖɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰŬ űɞɟŰɑŬ ˊɞɡ ɛŮŰŬɓɘɓɎɕɞɡɜ  ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ 

Űɞɡ əŰɘɟɑɞɡ ůŰɞ ɏŭŬűɞɠ. 

2) ɇŬ ŭŮŭɞɛɏɜŬ ɛɘŬɠ ŮŭŬűɞŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ ˊɞɡ ɏɢŮɘ ŮəŰŮɚŮůŰŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ 

Űɖɜ ŮəŰɏɚŮůɖ ŭɨɞ ɔŮɤŰɟɐůŮɤɜ, ɛɘŬɠ ůŰŬŰɘəɐɠ  ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ (C.P.T),Ůˊɑ Űɧˊɞɡ əŬɘ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ. 

ȼ ŮəŰɏɚŮůɖ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ əɟɑɗɖəŮ ŬɜŬɔəŬɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ: 

¶ ȼ ŮŭŬűɘəɐ Űɞɛɐ ůŰɖ ɗɏůɖ Űɞɡ ɏɟɔɞɡ (ɖ ɏəŰŬůɖ əŬɘ Űɞ ˊɎɢɞɠ əɎɗŮ ɛɘŬɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ 

ɛɏɢɟɘ Űɞ ɓɎɗɞɠ ˊɞɡ ɗŬ ŮˊɖɟŮɎůŮɘ ɖ ɗŮɛŮɚɑɤůɖ Űɞɡ ɏɟɔɞɡ. 

¶ ɇŬ űɡůɘəɎ əŬɘ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮŭŬűɘəɩɜ ůŰɟɩůŮɤɜ. 

¶ ȼ ůŰɎɗɛɖ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ 
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1.2 ɄŮɟɘɔɟŬűɐ ɏɟɔɞɡ ï ȹŮŭɞɛɏɜŬ. 

ȼ ɛŮɚɏŰɖ ɗŮɛŮɚɑɤůɖɠ ŬűɞɟɎ əŰɑɟɘɞ ɛŮ ɞɟɗɞɔɩɜɘŬ əɎŰɞɣɖ ɛŮ ŭɘŬůŰɎůŮɘɠ 14,80 m ɉ 20,80 m 

(ŮɛɓŬŭɧɜ 308 m
2 
) Ŭˊɧ ɎɝɞɜŬ ůŮ ɎɝɞɜŬ ɔɤɜɘŬəɩɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ ůŰɞ 

əɏɜŰɟɞ ɞɘəɞˊɏŭɞɡ ŭɘŬůŰɎůŮɤɜ 80 m X 90 m əŬɘ ŮɛɓŬŭɞɨ 4800m
2 
. 

ȹŮŭɞɛɏɜŬ Űɖɠ ůŰŬŰɘəɐɠ ɛŮɚɏŰɖɠ ɐŰŬɜ: 

¶ ȼ əɎŰɞɣɖ Űɤɜ ɗŮɛŮɚɑɤɜ Űɞɡ ɆɢɐɛŬŰɞɠ (ɆɢɐɛŬ 1-1) 

¶ Ƀ ́ɑɜŬəŬɠ 1-1 Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ: V, H, M ɡˊɧ ůŰŬŰɘəɐ əŬɘ ůŮɘůɛɘəɐ űɧɟŰɘůɖ ɔɘŬ əɎɗŮ 

ɡˊɞůŰɨɚɤɛŬ. 

 

V (KN) H (KN) M (KN*m) V (KN) H (KN) M (KN*m)

ɼм 2970.00 148.50 475.20 2376 297 742.50

ɼн 3600.00 180.00 576.00 2880 360 900.00

ɼо 2970.00 148.50 475.20 2376 297 742.50

ɼп 3267.00 163.35 522.72 2614 327 816.75

ɼр 5940.00 297.00 950.40 4752 594 1485.00

ɼс 3267.00 163.35 522.72 2614 327 816.75

ɼт 3267.00 163.35 522.72 2614 327 816.75

ɼу 5940.00 297.00 950.40 4752 594 1485.00

ɼф 3267.00 163.35 522.72 2614 327 816.75

ɼмл 3267.00 163.35 522.72 2614 327 816.75

ɼмм 5940.00 297.00 950.40 4752 594 1485.00

ɼмн 3267.00 163.35 522.72 2614 327 816.75

ɼмо 2970.00 148.50 475.20 2376 297 742.50

ɼмп 3600.00 180.00 576.00 2880 360 900.00

ɼмр 2970.00 148.50 475.20 2376 297 742.50

ʇˉˇˋˍˏ˂˖˃ʰ

ʅˍʰˍʽˁʺ ˒ˈˊˍʽˋʹ ʅʶʽˋ˃ʽˁʺ ˒ˈˊˍʽˋʹ

 

ˊɑɜŬəŬɠ 1-1 



ȺȽɆȷũɋũȼ 

13 

 

 

 

 

ɆɢɐɛŬ 1-1ȾɎŰɞɣɖ ɗŮɛŮɚɑɤɜ 

14,8 

20,8 
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ȹŮŭɞɛɏɜŬ Űɖɠ ŮŭŬűɞŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ ɐůŬɜ: 

 

¶ ɇɞ ŰɞˊɞɔɟŬűɘəɧ ŭɘɎɔɟŬɛɛŬ (ɆɢɐɛŬ 1-2) ůŰɞ ɞˊɞɑɞ ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɗɏůŮɘɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ 

əŬɘ Űɖɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɞɛŮŰɟɐůŮɤɠ 

¶ ɇŬ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ů́ ɑ Űɧˊɞɡ ŭɞəɘɛɩɜ ůŰɘɠ ŭɨɞ ɔŮɤŰɟɐůŮɘɠ əŬɗɩɠ əŬɘ 

ɧɚɤɜ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ůŰŬ ŭŮɑɔɛŬŰŬ Űɤɜ ŭɨɞ ɔŮɤŰɟɐůŮɤɜ  

(ˊɑɜŬəŬɠ 1-2 əŬɘ ˊɑɜŬəŬɠ 1-3) 

¶ ȼ Űɞɛɐ Űɖɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɞɛɏŰɟɖůŮɤɠ ůŰɖɜ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɜŰŬɘ Űɧůɞ ɖ əŬŰŬɜɞɛɐ Űɖɠ 

ŬɜŰɘůŰɎůŮɤɠ Ŭɘɢɛɐɠ qc ɧůɞ əŬɘ Űɞɡ ɚɧɔɞɡ Űɟɘɓɩɜ Rf
y 
ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ (ɆɢɐɛŬ 1-3)  

 

 

ɆɢɐɛŬ 1-2 ɇɞˊɞɔɟŬűɘəɧ ůɢɏŭɘɞ 

  

ũ1 

ũ2 

Ʉ1 
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ũŮɩŰɟɖůɖ ũ1 

 

ˊɑɜŬəŬɠ 1-2 ũŮɩŰɟɖůɖ ũ1 
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ũŮɩŰɟɖůɖ ũ2 

 

ˊɑɜŬəŬɠ 1-3 ũŮɩŰɟɖůɖ ũ2 
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ɇɞɛɐ ˊŮɜŮŰɞɛɏŰɟɖůɖɠ (CPT) 

 

ɆɢɐɛŬ 1-3 ɇɞɛɐ ɆŰŬŰɘəɐɠ ɄŮɜŮŰɞɛɏŰɟɖůɖɠ 
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2 ɄȺɅȽũɅȷūȼ ȺȹȷūȽȾɋɁ ɆɇɅɋɆȺɋɁ  

ȺɄȽȿɃũȼ ȺȹȷūȽȾɋɁ ɄȷɅȷɀȺɇɅɋɁ 
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2.1 ũŮɜɘəɐ Ů́ɟɘɔɟŬűɐ ůŰɟɩůŮɤɜ. 

Ƀɘ ŮŭŬűɘəɏɠ ůŰɟɩůŮɘɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ ŰɟŮɘɠ: 

ɇɞ ůŰɟɩɛŬ I, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əŬůŰŬɜɐ ɛŬɚŬəɐ Ɏɟɔɘɚɞ, ɛŮ ˊɎɢɞɠ ůŰɟɩůɖɠ 7.00m. 

To ůŰɟɩɛŬ II, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ůŰɟɩůɖ ŰŮűɟɐɠ ɘɚɡɩŭɞɡɠ ɢɞɜŭɟɧəəɞəɖɠ ɏɤɠ 

ɛŮůɞɚŮˊŰɧəəɞəɖɠ Ɏɛɛɞɡ ɛɏůɖɠ ˊɡəɜɧŰɖŰŬɠ ůŰɟɩɛŬ ŬɡŰɧ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ ŰŬ 7.00 m ɛɏɢɟɘ ŰŬ 

9.50 m ˊŮɟɑˊɞɡ ɛŮ ˊɎɢɞɠ ůŰɟɩůɖɠ ˊŮɟɑ ŰŬ 2.50 m. 

Tɞ ůŰɟɩɛŬ III, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ůŰɟɩůɖ ŰŮűɟɐɠ ɚŮˊŰɧəɞəəɖɠ Ɏɛɛɞɡ ˊɡəɜɐɠ ɛŮ ɚɑɔɖ ɘɚɨ. ɇɞ 

ůŰɟɩɛŬ ŬɡŰɧ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ ŰŬ 9.50 m ɛɏɢɟɘ ŰŬ 20.00m ˊŮɟɑˊɞɡ(ɓɎɗɞɠ ůŰɞ ɞˊɞɑɞ əŬŰɏɚɖɝŮ ɖ 

ŮŭŬűɞŰŮɢɜɘəɐ ɛŮɚɏŰɖ) ɛŮ ˊɎɢɞɠ ůŰɟɩůɖɠ ɛŮɔŬɚɨŰŮɟɞ Űɤɜ 10.00m. 
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2.2 ɆŰɟɩůɖ I (ȾŬůŰŬɜɐ ɀŬɚŬəɐ ȯɟɔɘɚɞɠ) 

ȼ ůŰɟɩůɖ ŬɡŰɐ ůɡɜŬɜŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ůŰɎɗɛɖ + 0.00m ɛɏɢɟɘ Űɖ 

ůŰɎɗɛɖ -7.00m.ɉŬɟŬəŰɖɟɑɕŮŰŬɘ əŬŰɎ Űɞ ȺɜɘŬɑɞ ɆɨůŰɖɛŬ ɇŬɝɘɜɧɛɖůɖɠ (USCS) ɤɠ CL , ŭɖɚŬŭɐ 

ɤɠ Ɏɟɔɘɚɞɠ ɢŬɛɖɚɐɠ ɤɠ əŬɘ ɛɏůɖɠ ˊɚŬůŰɘɛɧŰɖŰŬɠ, ˊɎɜɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɞɡ ɡŭɟɞűɧɟɞɡ 

ɞɟɑɕɞɜŰŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ -2.00m.ȾɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ CH, ŭɖɚŬŭɐ ɤɠ 

ˊɞɚɨ ˊɚŬůŰɘəɐ Ɏɟɔɘɚɞɠ. ɇŬ ɡˊɧɚɞɘˊŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ɄɑɜŬəŬ 

(ˊɑɜŬəŬɠ 2-1). 

 

ʇʴˊˈ ʶʽʵʽˁˈ ʲʱˊˇˌόˁɿκƳ3) 25.6 25.9 9 25.75

ʀʹˊˈ ʶʽʵʽˁˈ ʲʱˊˇˌόˁɿκƳ3) 13.3 13.6 9 13.47

ɲʶʾˁˍʹˌ ʃˈˊ˖˄ϵ 0.90 0.92 9 0.91

ʂˊʽˇ ʇʵʰˊˈˍʹˍʰˌ [[ό҈ύ37 41 10 39.6

ʂˊʽˇ ʃ˂ʰˋˍʽ˃ˈˍʹˍʰˌό҈ύ21 28 10 24.7

ʇʴˊʰˋʾʰό҈ύ 73 90 10 81

ɮˊʽʻ˃ˈˌ ˁˊˇˏˋʶ˖˄όɿύ1 13 6 5.16

ɮ˄ˍˇ˔ʺ ɼ˗˄ˇˎόǉŎύ όaǇŀύ 1 0.25

ɮ˄ˍˇ˔ʺ ʰ˄ʶ˃ˉˈʵʽˋˍʹˌ 

ʻ˂ʾ˕ʹˌόǉǳύ όaǇŀύ
0.15 0.28 4 0.225

ɮˉˈ C±¢ όYǇŀύ 9 9 2 9

!ˉˈ ɲˇˁʽ˃ʺ ¦¦όYǇŀύ10 11 2 10.5

!ˉˈ /t¢όYǇŀύ 1 10.6

c'(Kpa)/˒ ' 1 0/28

ɲʶʾˁˍʹˌ ˋˎ˃ˉʽʶˋˍˈˍʹˍʰˌ /c 1 0.235

ɲʶʾˁˍʹˌ ˋˎ˃ˉʽʶˋˍˈˍʹˍʰˌ /r 1 0.040.04

0.253

0.25

10.6

0/28

ɲˇˁʽ˃ʺ ˋˎ˃ˉʽʶˋˇ˃ʷˍˊˇˎ

ʃʰˊʱ˃ʶˍˊˇʽ ɲʽʰˍ˃ʹˍʽˁʺˌ ɮ˄ˍˇ˔ʺˌ

 

ˊɑɜŬəŬɠ 2-1 

 

ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ əŬɘ Űɖɠ ŭɞəɘɛɐɠ ůŰŬŰɘəɐɠ 

ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɞɡ Ŭɟɔɘɚɘəɞɨ ůŰɟɩɛŬŰɞɠ. 

ȷˊɧ Űɘɠ ŭɘɎűɞɟŮɠ ŭɞəɘɛɏɠ ˊɟɞəɨˊŰɞɡɜ Űɘɛɏɠ Űɖɠ Cu əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮəŰɘɛɎŰŬɘ ɛɘŬ Ůɝɑůɤůɖ ɖ 

ɞˊɞɑŬ ˊŬɟɏɢŮɘ Űɖɜ ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ. 
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ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

¶ ȹɞəɘɛɐ ˊŰŮɟɡɔɑɞɡ FVT 

Ɉˊɞɚɞɔɘůɛɧɠ ɛɏůɞɡ ŭŮɑəŰɖ ˊɚŬůŰɘɛɧŰɖŰŬɠ PI 

ȷˊɧ ŰŬ 10 ŭŮɑɔɛŬŰŬ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ɔŮɤŰɟɐůŮɘɠ, ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůŰɎɗɛŮɠ Űɖɠ 

Ŭɟɔɘɚɘəɐɠ ůŰɟɩůɖɠ, ˊɟɞəɨˊŰŮɘ ɖ ɛɏůɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ˊɚŬůŰɘɛɧŰɖŰŬɠ PI. 

ɀɏůɞ ɧɟɘɞ ɈŭŬɟɧŰɖŰŬɠ 

LL=[(41+41+41+40+40)+(40+39+39+38+37)]/10 

LL=39.6% 

Mɏůɞ ɧɟɘɞ ˊɚŬůŰɘɛɧŰɖŰŬɠ 

PL=[(24+23+21+22+22)+(25+28+27+28+26)]/10 

PL=24.6% 

ɀɏůɞɠ ŭŮɑəŰɖɠ ˊɚŬůŰɘɛɧŰɖŰŬɠ 

PI=39.6%-24.6%=15.0% 

 

ɆɢɐɛŬ 2-1 ɆɡɜŰŮɚŮůŰɐɠ ŭɘɧɟɗɤůɖɠ Bjerrum   
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H Űɘɛɐ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ Bjerrum 

(ɆɢɐɛŬ 2-1) əŬɘ Űɞɜ ɞˊɞɑɞɜ ŮəŰɘɛɞɨɛŮ ɚ=1.05. Ƀɘ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ ŮɑɜŬɘ Cu
ɛŮŰɟ
=9KPa ůŮ ɓɎɗɞɠ 

z=1.80m əŬɘ z=2.20m, ɎɟŬ ɛŮ Űɖ ŭɘɧɟɗɤůɖ ɗŬ ɔɑɜɞɡɜ: 

Cu
ŭɘɞɟɗ 
= ɚ x Cu

ɛŮŰɟ
=1.05 x 9 = 9.45KPa 

ɆɡɔəŮɜŰɟɤŰɘəɎ: 

.ʱʻˇˌόƳύ Cu
˃ʶˍˊόɼǇŀύ Cu

ʵʽˇˊʻҐ ˂ Ȅ /u
˃ʶˍˊόɼǇŀύ

z = 1.80 m 9 9.45

z = 1.20 m 9 9.45
 

ˊɑɜŬəŬɠ 2-2 

ɇɟɘŬɝɞɜɘəɏɠ  ŭɞəɘɛɏɠ ɢɤɟɑɠ ůŰŮɟŮɞˊɞɑɖůɖ, ɢɤɟɑɠ ůŰɟɎɔɔɘůɖ (UU) ɛŮ  Cu = c, əŬɘ ű = 0
0
 

 

¶ ȷˊɧ ŰɟɘŬɝɞɜɘəɐ əŬŰŬˊɧɜɖůɖ ɢɤɟɑɠ ŬˊɞůŰɟɎɔɔɘůɖ, ɏɢɞɡɛŮ Űɘɠ Ůɝɐɠ Űɘɛɏɠ: 

ɰʱʻˇˌ όƳύ Cu = c (Kpa)

Z=(2.50+3.30)/2 = 2.90 m 10

Z=(4.50+5.00)/2 = 4.75 m 11

 

ˊɑɜŬəŬɠ 2-3 

ȹɞəɘɛɏɠ ŬɜŮɛˊɧŭɘůŰɖɠ ɗɚɑɣɖɠ ɛŮ Cu = qu/2, əŬɘ ű = 0
0
 

 

¶ ȷˊɧ Űɖ ŭɞəɘɛɐ ŬɜŰɞɢɐɠ ůŮ ŬɜŮɛˊɧŭɘůŰɖ ɗɚɑɣɖ, ˊɟɞəɨˊŰɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ Űɘɛɏɠ: 

ɰʱʻˇˌόƳύ qu(Kpa) Cu(Kpa)

z = (1.00+2.00)/2 = 1.50 m 22 11

z = (2.50+3.30)/2 = 2.90 m 15 7.5

z = (4.65+5.50)/2 = 5.10 m 25 12.5

z = (5.00+6.00)/2 = 5.50 28 14
 

ˊɑɜŬəŬɠ 2-4 
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¶ ȹɞəɘɛɐ ɆŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ (CPT). 

H Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɞəɘɛɐɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ 

əŬŰɎŰŬɝɖ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ əŬɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬůŰɟɎɔɔɘůŰɖɠ ŬɜŰɞɢɐɠ Cu, ůɡɜɞˊŰɘəɎ 

ŮəŰɘɛɎŰŬɘ ɤɠ Ůɝɐɠ: 

0.1(MPa) Òqc1 Ò0.4(MPa)                         qc1
ɛŮůɞ

 = 0.25 ɀPa , Rf1 = 3% 

Cu1 =( qc1
ɛŮůɞ

- ůvo1)/Nc
ɛŮůɞ*

 =( 250-18.4*3.5)/17.5 = 10.6 ȾPa 

* Nc
ɛŮůɞ

 = 17.5 ɔɘŬ ɛɖɢŬɜɘəɧ əɩɜɞ 

 

ɆɡɔəŮɜŰɟɩɜɞɜŰŬɠ Űɘɠ ˊŬɟŬˊɎɜɤ Űɘɛɏɠ, ˊɟɞəɨˊŰŮɘ ɖ Ůɝɑůɤůɖ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ 

ŬůŰɟɎɔɔɘůŰɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ ůŰɖɜ Ŭɟɔɘɚɘəɐ ůŰɟɩůɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ. ȼ ɔɟŬɛɛɘəɐ 

ŬɡŰɐ Ůɝɑůɤůɖ ŮɑɜŬɘ(ɓɚɏˊŮ ɆɢɐɛŬ 2-2): 

Cu(KPa) = 7.5 + 0.9 x Z(m) 

 

 

ɆɢɐɛŬ 2-2 
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ɞʆʐʚʈʂʎʂ ʐʂʏ ʒʋʍʐʅʆʙʏ ʅʎʐʋʍʚɻʏ ʐʂʏ ɻʍɾʚʇʋʑ 

 

ȺűŬɟɛɧɕɞɜŰŬɠ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɚɧɔɞɡ Cu/ůôv1 ɛɘŬɠ əŬɜɞɜɘəɎ 

ůŰŮɟŮɞˊɞɘɖɛɏɜɖɠ Ŭɟɔɑɚɞɡ (NC), ɏɢɞɡɛŮ: 

¶ ȾŬŰɎ Skempton: 

Cu/ůôv1 = 0.11+0.0037 x PI = 0.165 

 

¶ ȾŬŰɎ Bjerrum-Simons: 

Cu/ůôv1 = 0.045 x ЍὖὍ = 0.174 

 

¶ KŬŰɎ Karisson-Vieberg: 

Cu/ůôv1 = 0.005 x LL = 0.198 

 

ɃˊɧŰŮ ˊɟɞəɨˊŰŮɘ ɖ ɛɏůɖ Űɘɛɐ (Cu/ůôv1)ɛŮůɞ = 0.179 

 

ɆŰɞ ɛɏůɞ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ Ŭɟɔɘɚɘəɐɠ ůŰɟɩůɖɠ, ɘůɢɨŮɘ: 

Cu/ůôv1 = 12,7656/78.8 = 0,162 

 

ȯɟŬ ɖ Ɏɟɔɘɚɞɠ ɗŮɤɟŮɑŰŬɘ (NC) 
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 ɩʍʋʎɿʅʋʍʅʎʈʝʏ ʀʅɿʅʆʋʞ ɼʗʍʋʑʏ ɾʆʋʍ 

 

¶ ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɔŮɩŰɟɖůɖɠ 1: 

 

 

ˊɑɜŬəŬɠ 2-5 

 

¶ ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɔŮɩŰɟɖůɖɠ 2: 

 

SrҐόʴs Ȅ ǿύκŜ Ȅ ʴ˖dɹҐsɹ/(1+e) [KN/m3] ʴˁˇҐ́sɹx (1+w)/(1+e)[KN/m3]

(25.8x0.36)/0.90x10=1.0 25.8/(1+0.90)=13.6 [25.8x(1+0.36)]/(1+0.90)=18.5

(25.6x0.37)/0.92x10=1.0 25.6/(1+0.92)=13.3 [25.6x(1+0.37)]/(1+0.92)=18.3

(25.7x0.37)/0.91x10=1.0 25.7/(1+0.91)=13.5 [25.7x(1+0.36)]/(1+0.91)=18.4

(25.8x0.36)/0.92x10=1.0 25.8/(1+0.92)=13.4 [25.6x(1+0.37)]/(1+0.91)=18.4

(25.7x0.36)/0.90x10=1.0 25.7/(1+0.90)=13.5 [25.7x(1+0.36)]/(1+0.90)=18.4
 

ˊɑɜŬəŬɠ 2-6 

 

ȷˊɧ Űɞ ɛɏůɞ ɧɟɞ Űɤɜ ˊŬɟŬˊɎɜɤ Űɘɛɩɜ ˊɟɞəɨˊŰŮɘ: 

ɔəɞɟ
1
 = 18.4 ȾɁ/m

2
 

  

SrҐόʴs x w)/e dɹҐsɹ/(1+e) ʴˁˇҐ́sɹx (1+w)/(1+e)

(25.8x0.37)/0.92=10.4 25.8/(1+0.92)=13.4 [25.8x(1+0.37)]/(1+0.92)=18.4

(25.8x0.37)/0.92=10.4 25.9/(1+0.90)=13.6 [25.9x(1+0.36)]/(1+0.90)=18.4

(25.9x0.37)/0.91=10.5 25.9/(1+0.91)=13.6 [25.9x(1+0.37)]/(1+0.91)=18.6

(25.6x0.37)/0.91=10.4 25.6/(1+0.91)=13.4 [25.6x(1+0.37)]/(1+0.91)=18.4

 x ɔɤ [ȾɁ/m
3
] 

 

 

 x 10=1 

 x 10=1 

 x 10=1 

 x 10=1 

[ȾɁ/m
3
] 
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ɞʆʐʚʈʂʎʂ ɾʖʉʚɻʏ ʀʎʖʐʀʍʅʆʙʏ ʐʍʅɼʙʏ ʒȭ 

 

¶ ȾŬŰɎ Kenney 

ũɘŬ ɅȽ=15%, Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ű-ɅȽ əŬŰɎ Kenney (ɆɢɐɛŬ 2-3), ˊɟɞəɨˊŰŮɘ: 

sinűô= 0.535, ŭɖɚŬŭɐ űô= 32.5
0 

 

ɆɢɐɛŬ 2-3 ȹɘɎɔɟŬɛɛŬ Kenney. ɆɡůɢɏŰɘůɖ ŭŮɑəŰɖ ˊɚŬůŰɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ ű 

¶ ȾŬŰɎ Bjerrum-Simons (ɆɢɐɛŬ 2-4), 

ũɘŬ ɅȽ=15%, Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ű-ɅȽ əŬŰɎ Bjerrum-Simons, ˊɟɞəɨˊŰŮɘ: 

űô= 28.5
0 

 

ɆɢɐɛŬ 2-4 ȹɘɎɔɟŬɛɛŬ Bjerrum -Simons. ɆɡůɢɏŰɘůɖ ŭŮɑəŰɖ ˊɚŬůŰɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ ű 

¶ ȷˊɧ ŰɟɘŬɝɞɜɘəɐ ŭɞəɘɛɐ CUPP ɏɢɤ cô = 0 əŬɘ űô = 28
0
 

ȹɖɚŬŭɐ ŰŮɚɘəɎ ɔɘŬ Űɖ ůŰɟɩůɖ Ƚ, ŮəŰɘɛɞɨɛŮ Cô=0 əŬɘ űô= 30
0 
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ɯɻʍɻʆʐʂʍʅʎʈʝʏ ʀɿɻʒʅʆʙʏ ʎʐʍʡʎʂʏ ɼʗʎʀʅ ɻʌʋʐʀʇʀʎʈʗʐʖʉ ɿʋʆʅʈʙʏ CPT 

 

 

 ɆɢɐɛŬ 2-5 ȾŬŰɎŰŬɝɖ ŮŭŬűɩɜ əŬŰɎ Robertson-Campanella ɓɎůŮɘ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɞəɘɛɐɠ CPT  

 

 

 

ɆɢɐɛŬ 2-6ȾŬŰɎŰŬɝɖ ŮŭŬűɩɜ əŬŰɎ Douglas ɓɎůŮɘ ŭɘɞɟɗɤɛɏɜɖɠ Űɘɛɐɠ ŬɜŰɑůŰŬůɖɠ əɩɜɞɡ əŬɘ ɚɧɔɞɡ Űɟɘɓɩɜ Rf 
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ɆɢɐɛŬ 2-7 ȾŬŰɎŰŬɝɖ ŮŭŬűɩɜ əŬŰɎ Douglas and Olson ɓɎůŮɘ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɞəɘɛɐɠ CPT  

 

 

ɆɢɐɛŬ 2-8 ȾŬŰɎŰŬɝɖ ŮŭŬűɩɜ əŬŰɎ Schmertmann  ɓɎůŮɘ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɞəɘɛɐɠ CPT 
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ɞʆʐʚʈʂʎʂ ʆɻʐʗʐɻʊʂʏ ʐʋʑ ɻʍɾʅʇʅʆʋʞ ʎʐʍʡʈɻʐʋʏ ʎʞʈʒʖʉɻ ʈʀ ʐɻ ɿʀɿʋʈʘʉɻ ʐʂʏ ɿʋʆʅʈʙʏ 

(CPT) 

 

¶ ȾŬŰɎ Robertson-Campanella (ɆɢɐɛŬ 2-5)   ȯɟɔɘɚɞɠ 

 

¶ ȾŬŰɎ Douglas (ɆɢɐɛŬ 2-6) 

qc1
*
 = qc1

ɛŮůɞ
[3.5-1.25 x log ůôvo

ɛŮůɞ
] 

qc1
* 
= 0.25[3.5-1.25 log(18.4 x 2 +8.4 x 1.5)] 

qc1
* 
= 0.345 MPa     ȷɟɔɘɚɩŭɖɠ ɘɚɨɠ-Ƚɚɡɩŭɖɠ ȯɟɔɘɚɞɠ 

 

¶ ȾŬŰɎ Douglas-Olson (ɆɢɐɛŬ 2-7)  ȺɡŬɑůɗɖŰɖ ȯɟɔɘɚɞɠ (Sensitive Clays) 

 

¶ ȾŬŰɎ Schmertmann (ɆɢɐɛŬ 2-8)   Ƚɚɡɩŭɖɠ ȯɟɔɘɚɞɠ(Silky Clays)-Ʉɞɚɨ ɀŬɚŬəɐ  

       ȯɟɔɘɚɞɠ(Very Soft Clays) 

 

 



ɄȺɅȽũɅȷūȼ ȺȹȷūȽȾɋɁ ɆɇɅɋɆȺɋɁ 

34 

 

2.3 ɆŰɟɩůɖ II (ɇŮűɟɐ ɘɚɡɩŭɖɠ ɢɞɜŭɟɧəəɞəɖ ɏɤɠ ɛŮůɞɚŮˊŰɧəəɞəɖ 

Ɏɛɛɞɠ ɛɏůɖɠ ˊɡəɜɧŰɖŰŬɠ). 

ȼ ůŰɟɩůɖ ŬɡŰɐ ůɡɜŬɜŰɎŰŬɘ Ŭˊɧ Űɖ ůŰɎɗɛɖ -7.00m ɛɏɢɟɘ Űɖ ůŰɎɗɛɖ -9.45m.ɉŬɟŬəŰɖɟɑɕŮŰŬɘ 

əŬŰɎ Űɞ ȺɜɘŬɑɞ ɆɨůŰɖɛŬ ɇŬɝɘɜɧɛɖůɖɠ ȺŭŬűɩɜ (USCS) ɤɠ SM, ŭɖɚŬŭɐ ɤɠ əŬɗŬɟɐ Ɏɛɛɞɠ, 

ɛŮŰɟɑɤɠ ŭɘŬɓŬɗɛɘůɛɏɜɖ. ɇŬ ɡˊɧɚɞɘˊŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ɄɑɜŬəŬ. 

(ˊɑɜŬəŬɠ 2-7) 

 

ɮˉˈ ɳ˖ˌ

ʃˇˋˇˋˍˈ ˔ʰ˂ʽˁʽ˗˄ό҈ύ 4 0

ʃˇˋˇˋˍˈ ʱ˃˃ˇˎό҈ύ74 78 4 76

ʃˇˋˇˋˍˈ ˂ʶˉˍˈˁˁˇˁ˖˄ό҈ύ22 26 4 24

ʇʴˊˈ ʶʽʵʽˁˈ ʲʱˊˇˌ όˁɿκƳ3) 1 26.5

ʀʹˊˈ ʶʽʵʽˁˈ ʲʱˊˇˌόˁɿκƳ3) 1 15.2

ɲʶʾˁˍʹˌ ʃˈˊ˖˄όŜύ 1 0.74

ʇʴˊʰˋʾʰό҈ύ 1 80

ɮˊʽʻ˃ˈˌ ˁˊˇˏˋʶ˖˄όɿύ16 18 4 17.25

0.80

ʃ˂ʺʻˇˌ 

ˍʽ˃˗˄

ɾʷˋˇˌ 

ˈˊˇˌ

ʊˎˋʽˁʱ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ

ɲʽʰˁˏ˃ʰ˄ˋʹ ˍʽ˃˗˄

0

26.5

15.2

0.74

 

ˊɑɜŬəŬɠ 2-7 

 

ȷˊɧ Űɖɜ ˊɟɧŰɡˊɖ ŭɞəɘɛɐ ŭɘŮɑůŭɡůɖɠ (SPT), ˊɟɞəɨˊŰŮɘ ɞ Ŭɟɘɗɛɧɠ əɟɞɨůŮɤɜ Ɂ, ɞ ɞˊɞɑɞɠ 

ŭɘɞɟɗɩɜŮŰŬɘ ɚɧɔɤ ɡˊŮɟəŮɑɛŮɜɤɜ ɔŬɘɩɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ 

ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ Űɞ ɛɏŰɟɞ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůɡɛˊɑŮůɖɠ, Ůɜɩ ɔɑɜŮŰŬɘ əŬɘ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɔəɞɟ. Ⱥˊɑůɖɠ, ɖ ŭɞəɘɛɐ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ (CPT) , ɛŬɠ ŭɑɜŮɘ Űɘɛɏɠ Űɧůɞ 

ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ ɧůɞ əŬɘ ɔɘŬ Űɖɜ əŬŰɎŰŬɝɖ Űɖɠ ůŰɟɩůɖɠ. 
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ɚʆʋʇʋʑʃʀʚ ʂ ɿʅɻɿʅʆɻʎʚɻ ʈʀ ʝʇʋʑʏ ʐʋʑʏ ʑʌʋʇʋɾʅʎʈʋʞʏȡ 

 

¶ Ʉɟɞůŭɘɞɟɘůɛɧɠ Ůɘŭɘəɞɨ ɓɎɟɞɡɠ ɔəɞɟ 

ȼ ɔŮɩŰɟɖůɖ 1 ŭŮɜ ŭɑɜŮɘ ɛŮŰɟɐůŮɘɠ. 

ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɔŮɩŰɟɖůɖɠ 2: 

SrҐόʴs Ȅ ǿύκŜ Ȅ ʴ˖dɹҐsɹκόмҌŜύ ώɼɿκƳоϐʴˁˇҐ́sɹ Ȅ όмҌǿύκόмҌŜύ  ώɼɿκƳоϐ

(26.5x0.28)/0.74x10=1.0 26.5/(1+0.74)=15.2 [26.5x(1+0.28)]/(1+0.74)=19.5

 

ˊɑɜŬəŬɠ 2-8 

ȯɟŬ ɔəɞɟ
ȽȽ
 = 19.5 ȾɁ/m

2 

 

¶ Ʉɟɞůŭɘɞɟɘůɛɧɠ ɔɤɜɑŬɠ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ ű 

ȹɘɞɟɗɤɛɏɜɞɠ Ŭɟɘɗɛɧɠ əɟɞɨůŮɤɜ Ɂc əŬŰɎ Peck-Hanson-Thornburn 

ʅˍʱʻ˃ʹόƳύ ˋϥvo ɿ ɿϥ Cn Nc = CnxN

ɱ1 = 8.15 18.4x2+8.4x5+9.5x1.15=89.80 17 16 1.05 16.80

ɱ1 = 9.45 18.4x2+8.4x5+9.5x2.45=102.1 18 16.5 1.00 16.50

ɱ1 = 8.25 18.4x2+8.4x5+9.5x1.25=90.70 16 15.5 1.05 16.28

ɱ1 = 9.45 18.4x2+8.4x5+9.5x2.45=102.1 18 16.5 1.00 16.50
 

ˊɑɜŬəŬɠ 2-9 

 

ȳˊɞɡ Cn ŭɘɞɟɗɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ əŬŰɎ Peck-Hanson-Thornburn (ɆɢɐɛŬ 2-9)/ 

ȷˊɧ Űɞɜ ˊɑɜŬəŬ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɖ ɛɏůɖ Űɘɛɐ Űɞɡ ŭɘɞɟɗɤɛɏɜɞɡ Ŭɟɘɗɛɞɨ əɟɞɨůŮɤɜ, ŭɖɚŬŭɐ 

Ɂc=17 
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ȺəŰɑɛɖůɖ ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űII  Ŭˊɧ Űɖɜ ˊɟɧŰɡˊɖ ŭɞəɘɛɐɠ ŭɘŮɑůŭɡůɖɠ (SPT) 

¶ ȾŬŰɎ Peck-Hanson-Thornburn: 

űȽȽ = 27.3+0.3xNc-0.00054xNc
2
 (əŬɘ Ŭˊɧ ɆɢɐɛŬ 2-10)                    űȽȽ = 32.4

0
 

¶ ȾŬŰɎ Osaki: ȷɜŬɚɡŰɘəɐ ůɢɏůɖ: ű=Ѝςπὼὔὧ +15 

űȽȽ = Ѝςπὼρχ +15                            űȽȽ = 33.4
0
 

¶ KŬŰɎ Dunham: ȷɜŬɚɡŰɘəɐ ůɢɏůɖ: ű=Ѝρςὼὔὧ +25 

űȽȽ = Ѝρςὼρχ +25                             űȽȽ = 39.2
0
 

¶ KŬŰɎ ȼatanaka-Uchida: ȷɜŬɚɡŰɘəɐ ůɢɏůɖ: ű=Ѝςπὼὔὧ +20 

űȽȽ = Ѝςπὼρχ +20                            űȽȽ = 38.4
0
 

¶ KŬŰɎ De Mello 

ȷˊɧ Űɞ ɁɞɛɞɔɟɎűɖɛŬ (ɆɢɐɛŬ 2-11) ɏɢɤ ű=39
0
 

 

ɆɢɐɛŬ 2-9 ȹɘɎɔɟŬɛɛŬ Peck-Hanson-Thornburn  
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ɆɢɐɛŬ 2-10 ɆɡůɢɏŰɘůɖ óNc ï űô əŬŰɎ Peck-Hanson-Thornburn   

:  

ɆɢɐɛŬ 2-11 ɁɞɛɞɔɟɎűɖɛŬ De Mello 
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ɞʆʐʚʈʂʎʂ ɾʖʉʚɻʏ ɿʅɻʐʈʂʐʅʆʙʏ ɻʉʐʋʔʙʏ ʒɢɢ ɻʌʝ ʐʂ ɿʋʆʅʈʙ ʎʐɻʐʅʆʙʏ ʌʀʉʀʐʍʋʈʘʐʍʂʎʂʏ ɉCPT) 

¶ KŬŰɎ Robertson-Campanella ɆɢɐɛŬ 2-12 : 

ůɜɞII ' = 90.5 KPa = 0.9 Kgr/cm
2
 əŬɘ  qcII

ɛŮůɞ
 = 4.5 ɀPa  

űȽȽ = 35
0
+11.5x(qcII/30x ůɜɞII ')                            űȽȽ = 36

0 

 

¶ ȾŬŰɎ Jamiolkovski  əŬɘ Schmertmann: ȷɜŬɚɡŰɘəɐ ůɢɏůɖ: DrII = -98+65xlog(qcII/ůǋɜɞ) 

DrII = -98+65xlog(qcII/ ůɜɞǋ) 

 DrII = 43.3%    ɞɛɞɘɧɛɞɟűɖ ɛɏůɖ Ɏɛɛɞɠ (ɆɢɐɛŬ 2-13)   űȽȽ = 36
0 

 

¶ ȾŬŰɎ Kuhlway əŬɘ ɀayne: ȷɜŬɚɡŰɘəɐ ůɢɏůɖ: =tanűȽ = 0.1+0.38xlog(qcI/ ůǋɜɞi)] 

űȽȽ = tan
-1

[0.1+0.38xlog(qcII/ ůɜɞII ')]                    űȽȽ = 40.7
 

ȺəŰɘɛɞɨɛŮ ɛɘŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ Űɘɛɐ ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ: 

űȽȽ
ɛŮůɞ

 = 34
0
 

            

ɆɢɐɛŬ 2-12-ȾŬɛˊɨɚŮɠ Robertson- 

Campanella ůɡůɢɏŰɖůɖɠ óű-9c-ůvoȭô  

ɆɢɐɛŬ 2-13 ɆɡůɢɏŰɖůɖ óDr ï űô ɔɘŬ Ɏɛɛɞɡɠ    

ŭɘŬűɧɟɤɜəɞəəɞɛŮŰɟɘəɩɜ ŭɘŬɓŬɗɛɑůŮɤɜ   
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ɞʆʐʚʈʂʎʂ ʐʋʑ ʈʘʐʍʋʑ ʈʋʉʋɿʅʗʎʐɻʐʂʏ ʎʑʈʌʚʀʎʂʏ EsII ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʈʘʎʋʑ ɻʍʅʃʈʋʞ 

ʆʍʋʞʎʀʖʉ NSPT ʆɻʅ ʐʂʏ ɻʉʐʋʔʙʏ ʆʡʉʋʑ qcII. 

 

ũɘŬ Űɖ ůɡůɢɏŰɘůɖ Űɞɡ Ŭɟɘɗɛɞɨ əɟɞɨůŮɤɜ ɛŮ Űɞ ɛɏŰɟɞ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůɡɛˊɑŮůɖɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

¶ ȾŬŰɎ ɄŬˊŬŭɧˊɞɡɚɞ-ȷɜŬɔɜɤůŰɧˊɞɡɚɞ 

ȷɜŬɚɡŰɘəɐ ůɢɏůɖ ȺSII = C1 x N + Cô2  

ũɘŬ ɘɚɡɩŭɖ Ɏɛɛɞ (SM) (ˊɑɜŬəŬɠ 2-11) C1=690 KPa əŬɘ Cô2=2600 KPa 

ɆɡɜŮˊɩɠ ȺSII =14330 KPa 

 

¶ KŬŰɎ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ-ɇɎůɘɞ 

ȷɜŬɚɡŰɘəɐ ůɢɏůɖ ȺSII = a+C x (N±6) 

ũɘŬ Ɂ>15, a=4000 KPa (ˊɑɜŬəŬɠ 2-10) əŬɘ C1= (350+450)/2 = 400 KPa (ɔɘŬ ɚŮˊŰɐ əŬɘ ɛɏůɖ 

Ɏɛɛɞ). 

ɆɡɜŮˊɩɠ ȺSII = 10800 KPa 

 

ǵȖɸȌȎ ŮŭǼűȌȏȎ C(Es ůŮ ǬPa) 

ǫȈȖȎ ȉŮ ǼȉȉȌ 300  

ǭŮɸŰǾ ǼȉȉȌȎ 350  

ǮǽůȄ ǼȉȉȌȎ 450  

ǷȌȊŭȍǾ ǼȉȉȌȎ 700  

ǝȉȉȌȎ ȉŮ ȐŬȈǿȇȆŬ 1000  

ǷŬȈǿȇȆŬ ȉŮ ǼȉȉȌ 1200  

ˊɑɜŬəŬɠ 2-10 

 

 

 

 

 

ˊɑɜŬəŬɠ 2-11 ɇɘɛɏɠ C1 (KPa) əŬɘ C2 (KPa) əŬŰɎ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ-ɇɎůɘɞ 

 

  

ɇɨˊɞɠ ŮŭɎűɞɡɠ C1   (ůŮ KPa) C2    (ůŮ KPa) 

ȯɛɛɞɠ 7500 800 

Ƚɚɡɩŭɖɠ Ɏɛɛɞɠ SM 2600 690 

ȷɛɛɩŭɖɠ ɘɚɨɠ ML 3200 490 
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¶ ȾŬŰɎ Webb, ŬɜŬɚɡŰɘəɐ ůɢɏůɖ Ⱥs = 333.3x(N+5 

ȺSII = 333.3x(N+5)  

ȺSII = 7332.6 KPa 

 

¶ KŬŰɎ Schultze-Menzebach 

ȺSII = C1xN+Cô2 

ȺɑɜŬɘ (ˊɑɜŬəŬɠ 2-12) Cô2 = 3900 KPa əŬɘ C1 = 450 KPa(ɔɘŬ Ɏɛɛɞ) 

ɆɡɜŮˊɩɠ ȺsII = 11550 KPa 

 

ȷəɞɚɞɡɗɞɨɜ ɞɘ ůɢɏůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ȺSII, ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ əɩɜɞɡ qcII. 

ȾŬŰɎ Schmertmann ( 

¶ ˊɑɜŬəŬɠ 2-13) 

ȺSII = 2.5x qcII 

ɆɡɜŮˊɩɠ ȺSII = 10000ȾPa 

 

¶ KŬŰɎ Webb 

ȺSII = 2.5x( qcII+3.2) 

ɆɡɜŮˊɩɠ ȺSII = 19250ȾPa 

ȷˊɧ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ, ŮəŰɘɛɎŰŬɘ ɖ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɖ ůŰɟɩůɖ, ŭɖɚŬŭɐ: 

ȺSII = 13000ȾPa 
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ˊɑɜŬəŬɠ 2-12 ɇɘɛɏɠ C1,C2ô (ȾɅȷ) əŬŰɎ Schultze-Menzebach 

 

 

Meyerhoff (1965) ɔɘŬ Ɏɛɛɞɡɠ Ŭ = 1,9 

Scmertmann (1970) ɔɘŬ ɞɛɞɘɧɛɞɟűɖ Ɏɛɛɞ Ŭ = 2.5 

Trofimenkof (1974) ɔɘŬ Ɏɛɛɞɡɠ Ŭ = 3 

Scmertmann, Hartman & Brown (1978) ɔɘŬ Ɏɛɛɞɡɠ 2,5 < Ŭ < 3,5 

Sanglerat (1977) ɔɘŬ Ɏɛɛɞ ɛŮ qc<10ɀɅa Ŭ = 2 

Sanglerat (1977) ɔɘŬ ˊɡəɜɧ ŬɛɛɞɢɎɚɘəɞ ɛŮ  

qc>10ɀɅa 

2 < Ŭ < 3 

 

ˊɑɜŬəŬɠ 2-13 ɇɘɛɏɠ ůɡɜŰŮɚŮůŰɐ Ŭ ɔɘŬ Ŭɛɛɩŭɖ ŮŭɎűɖ əŬŰɎ ŭɘɎűɞɟɞɡɠ ŮɟŮɡɜɖŰɏɠ (Ⱥs=Ŭ x qc) 

  

 

ɇȴɄɃɆ ȺȹȯūɃɈɆ                                                              C2 (Es ůŮ KPA) 

 

 C1 (Es ůŮ KPA) 

 
ǭŮɸŰǾ ǼȉȉȌȎ ɸǼȊȒ Ŭɸȕ ŰȄ ůŰǼȅȉȄ ŰȒȊ ȏɸȌȂŮǿȒȊ ȏŭǼŰȒȊ 

 
         5200  

 
33 0 

 
ǭŮɸŰǾ ǼȉȉȌȎ ȇǼŰȒ Ŭɸȕ ŰȄ ůŰǼȅȉȄ ŰȒȊ ȏɸȌȂŮǿȒȊ ȏŭǼŰȒȊ 

 
         7200  

 
490  

ǝȉȉȌȎ          3900  450  

ǝȉȉȌȎ ȉŮ ȐǼȈȆȇŮȎ          3800  1050  

ǫȈȏȗŭȄȎ ǼȉȉȌȎ          2400  530  
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H Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɞəɘɛɐɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ ůŮ ɧŰɘ ŬűɞɟŬ Űɖɜ 

əŬŰɎŰŬɝɖ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ əŬɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȽȽ , 

ůɡɜɞˊŰɘəɎ ɏɢŮɘ ɤɠ Ůɝɐɠ: 

 

ȺəŰɑɛɖůɖ əŬŰɎŰŬɝɖɠ Űɞɡ Ŭɛɛɩŭɞɡɠ ůŰɟɩɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŭɞəɘɛɐɠ (CPT) 

qcII
ɛŮůɞ

 = 4.5 ɀPa , RfII  = 1% 

¶ ȾŬŰɎ Robertson-Campanella (ɆɢɐɛŬ 2-5)  Ƚɚɡɩŭɖɠ Ɏɛɛɞɠ 

 

¶ ȾŬŰɎ Douglas (ɆɢɐɛŬ 2-6) 

qcII
*
 = qcII

ɛŮůɞ
[3.5-1.25xlog ůɜɞII

ɛŮůɞ
]  

qcII
*
 = 4.5x[3.5-1.25xlog(18.4x2+8.4x5+9.5x1.25)]  

qcII
*
 = 4.74 MPa   ȯɛɛɞɠ- Ƚɚɡɩŭɖɠ Ɏɛɛɞɠ 

 

¶ ȾŬŰɎ Douglas-Ƀlson (ɆɢɐɛŬ 2-7)  XɞɜŭɟɧəəɞəŬ ɛɖ ůɡɜŮəŰɘəɎ(Non Cohesive 

Coarse Grainy) 

 

¶ ȾŬŰɎ Schmertmann (ɆɢɐɛŬ 2-8)   ȯɛɛɞɠ (Sand) ɐ ȷɛɛɞɢŬɚɘəɞ (Gravel) Mɏůɖɠ 

ɄɡəɜɧŰɖŰŬɠ 
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2.4 ɆŰɟɩůɖ III (ɇŮűɟɐ ɚŮˊŰɧəəɞəɖ Ɏɛɛɞɠ ˊɡəɜɐ ɛŮ ɚɑɔɖ ɘɚɨ). 

ȼ ůŰɟɩůɖ ŬɡŰɐ ůɡɜŬɜŰɎŰŬɘ Ŭˊɧ Űɖ ůŰɎɗɛɖ -9.45m ɛɏɢɟɘ Űɖ ůŰɎɗɛɖ -20.45m.ɉŬɟŬəŰɖɟɑɕŮŰŬɘ 

əŬŰɎ Űɞ ȺɜɘŬɑɞ ɆɨůŰɖɛŬ ɇŬɝɘɜɧɛɖůɖɠ ȺŭŬűɩɜ (USCS) ɤɠ SM ,ŭɖɚŬŭɐ ɤɠ əŬɗŬɟɐ Ɏɛɛɞɠ, 

ɛŮŰɟɑɤɠ ŭɘŬɓŬɗɛɘůɛɏɜɖ. ɇŬ ɡˊɧɚɞɘˊŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ɄɑɜŬəŬ 

(ˊɑɜŬəŬɠ 2-7). 

ɮˉˈ ɳ˖ˌ

ʃˇˋˇˋˍˈ ˔ʰ˂ʽˁʽ˗˄ό҈ύ 15 0

ʃˇˋˇˋˍˈ ʱ˃˃ˇˎό҈ύ90 94 15 92.2

ʃˇˋˇˋˍˈ ˂ʶˉˍˈˁˁˇˁ˖˄ό҈ύ6 10 15 7.73

ʇʴˊˈ ʶʽʵʽˁˈ ʲʱˊˇˌ όˁɿκƳ3) 27.0 27.2 2 27.1

ʀʹˊˈ ʶʽʵʽˁˈ ʲʱˊˇˌόˁɿκƳ3) 16.2 16.4 2 16.3

ɲʶʾˁˍʹˌ ʃˈˊ˖˄όŜύ0.65 0.68 2 0.665

ɮˊʽʻ˃ˈˌ ˁˊˇˏˋʶ˖˄όɿύ30 45 12 35.6

ʃ˂ʺʻˇˌ 

ˍʽ˃˗˄

ɾʷˋˇˌ 

ˈˊˇˌ

ʊˎˋʽˁʱ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ

ɲʽʰˁˏ˃ʰ˄ˋʹ ˍʽ˃˗˄

0

 

ˊɑɜŬəŬɠ 2-14 

ȷˊɧ Űɖɜ ˊɟɧŰɡˊɖ ŭɞəɘɛɐ ŭɘŮɑůŭɡůɖɠ (SPT) , ˊɟɞəɨˊŰŮɘ ɞ Ŭɟɘɗɛɧɠ əɟɞɨůŮɤɜ Ɂ , ɞ ɞˊɞɑɞɠ 

ŭɘɞɟɗɩɜŮŰŬɘ ɚɧɔɤ ɡˊŮɟəŮɑɛŮɜɤɜ ɔŬɘɩɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ 

ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ Űɞ ɛɏŰɟɞ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůɡɛˊɑŮůɖɠ, Ůɜɩ ɔɑɜŮŰŬɘ əŬɘ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɔəɞɟ. Ⱥˊɑůɖɠ, ɖ ŭɞəɘɛɐ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ(CPT) ŭɑɜŮɘ Űɘɛɏɠ Űɧůɞ ɔɘŬ Űɖ 

ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ ɧůɞ əŬɘ ɔɘŬ Űɖɜ əŬŰɎŰŬɝɖ Űɖɠ ůŰɟɩůɖɠ. ȷəɞɚɞɡɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ 

ɧɚɞɡɠ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ: 

¶ Ʉɟɞůŭɘɞɟɘůɛɧɠ Ůɘŭɘəɞɨ ɓɎɟɞɡɠ ɔəɞɟ
ȽȽȽ

 

ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɔŮɩŰɟɖůɖɠ 1: 

SrҐόʴs Ȅ ǿύκŜ Ȅ ʴ˖dɹҐsɹ/(1+e) [KN/m3] ʴˁˇҐ́sɹ x (1+w)/(1+e) [KN/m3]

(27.2x0.26)/0.68x10=1 27.2/(1+0.68)=16.2 [27.2x(1+0.26)]/(1+0.68)=20.4

 

ˊɑɜŬəŬɠ 2-15 

ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɔŮɩŰɟɖůɖɠ 2: 

SrҐόʴs Ȅ ǿύκŜ Ȅ ʴ˖dɹҐsɹ/(1+e) [kN/m3] ʴˁˇҐ́sɹ x (1+w)/(1+e) [KN/m3]

(27.0x0.25)/0.65x10=1 27.0/(1+0.65)=16.4 [27.0x(1+0.25)]/(1+0.65)=20.5

 

ˊɑɜŬəŬɠ 2-16 

ȷˊɧ Űɞ ɛɏůɞ ɧɟɞ Űɤɜ ˊŬɟŬˊɎɜɤ Űɘɛɩɜ ˊɟɞəɨˊŰŮɘ : 

ɔəɞɟ
ȽȽȽ

 = 20.5 KN/m
2 

  



ɄȺɅȽũɅȷūȼ ȺȹȷūȽȾɋɁ ɆɇɅɋɆȺɋɁ 

44 

 

ɞʆʐʚʈʂʎʂ ɾʖʉʚɻʏ ʀʎʖʐʀʍʅʆʙʏ ʐʍʅɼʙʏ ʒ ɻʌʝ ɻʍʅʃʈʝ ʆʍʋʞʎʅʖʉ ɦ ɿʋʆʅʈʂʏ SPT 

ȹɘɞɟɗɤɛɏɜɞɠ Ŭɟɘɗɛɧɠ əɟɞɨůŮɤɜ Ɂc əŬŰɎ Peck-Hanson-Thornburn 

ʅˍʱʻ˃ʹόƳύ ˋϥvo ɿ ɿϥ Cn Nc = CnxN

ɱ1 = 10.90
18.4x2+8.4x5+9.5x2.45+1.05x1.45=

104.60
33 24.0 1.050.95 22.80

ɱ1 = 12.45
18.4x2+8.4x5+9.5x2.45+1.05x3=  

102.1
32 23.5 0.92 21.62

ɱ1 = 13.85
18.4x2+8.4x5+9.5x2.45+1.05x4.4= 

106.72
34 24.5 0.89 21.81

ɱ1 = 15.90
18.4x2+8.4x5+9.5x2.45+1.05x6.45=

108.87
34 24.5 0.85 20.83

ɱ1 = 18.75
18.4x2+8.4x5+9.5x2.45+1.05x9.3= 

111.87
33 24.0 0.81 19.44

ɱ1 = 20.45
18.4x2+8.4x5+9.5x2.45+1.05x11= 

113.65
35 25.0 0.79 19.75

ɱ2 = 10.45
18.4x2+8.4x5+9.5x2.45+1.05x1= 

103.15
30 22.5 0.96 21.60

ɱ2 = 12.00
18.4x2+8.4x5+9.5x2.45+1.05x2.55=

104.78
32 23.5 0.93 21.86

ɱ2 = 13.45
18.4x2+8.4x5+9.5x2.45+1.05x4.0= 

106.30
38 26.5 0.90 23.85

ɱ2 = 14.95
18.4x2+8.4x5+9.5x2.45+1.05x5.5= 

107.88
40 27.5 0.88 24.20

ɱ2 = 16.95
18.4x2+8.4x5+9.5x2.45+1.05x7.5= 

109.98
42 28.5 0.85 24.23

ɱ2 = 18.45
18.4x2+8.4x5+9.5x2.45+1.05x9= 

111.55
45 30.0 0.82 24.60

 

ˊɑɜŬəŬɠ 2-17 

Ɉ́ ɞɚɞɔɑɕŮŰŬɘ (ˊɑɜŬəŬɠ 2-17) ɖ ɛɏůɖ Űɘɛɐ Űɞɡ ŭɘɞɟɗɤɛɏɜɞɡ Ŭɟɘɗɛɞɨ əɟɞɨůŮɤɜ, ŭɖɚŬŭɐ Ɂc=22, 

ɞˊɧŰŮ: 

 

¶ ȾŬŰɎ Peck-Hanson-Thornburn (ɆɢɐɛŬ 2-10) 

űȽȽI = 27.3+0.3xNc-0.00054xNc
2
                            űȽȽ = 34

0 

 

¶ ȾŬŰɎ Osaki 

 űȽȽI = Ѝςπὼὔὧ +15                            űȽȽ = 35.9
0 

 

¶ KŬŰɎ Dunham 

 űȽȽI = Ѝρςὼὔὧ +25                            űȽȽ = 41.2
0
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¶ KŬŰɎ ȼatanaka-Uchida 

 űȽȽI = Ѝςπὼὔὧ +20                            űȽȽ 40.9
0
 

 

¶ KŬŰɎ De Mello 

ȷˊɧ Űɞ ɁɞɛɞɔɟɎűɖɛŬ (ɆɢɐɛŬ 2-11) ŮɑɜŬɘ űȽȽI =40
0
 

 

 

ɞʆʐʚʈʂʎʂ ɾʖʉʚɻʏ ɿʅɻʐʈʂʐʅʆʙʏ ɻʉʐʋʔʙʏ ʒɢɢ ɻʌʝ ʐʂ ɿʋʆʅʈʙ ʎʐɻʐʅʆʙʏ ʌʀʉʀʐʍʋʈʘʐʍʂʎʂʏ ɉCPT) 

 

¶ KŬŰɎ Robertson-Campanella  

ůɜɞIII ' = 173.43 KPa = 1.734 Kgr/cm
2
 əŬɘ  qcIII

ɛŮůɞ
 = 13 ɀPa 

űȽȽI = 35
0
+1.15x(qcIII/30x ůɜɞIII ')                            űȽȽ = 39

0 

 

¶ ȾŬŰɎ Jamiolkovski  əŬɘ Schmertmann 

DrIII  = -98+65xlog(qcIII/Ѝůɜɞ)))ǋ)                                 

 DrII = 64%                            ɞɛɞɘɧɛɞɟűɖ ɛɏůɖ Ɏɛɛɞɠ                            űȽȽI = 39
0 

 

¶ ȾŬŰɎ Kuhlway əŬɘ ɀayne 

űȽIȽ = tan
-1

[0.1+0.38xlog(qcIII/ ůɜɞIII ')]                      űȽȽ = 43.3
0 

ȺəŰɘɛɎŰŬɘ ɛɘŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ Űɘɛɐ ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ: 

űȽȽ
ɛŮůɞ

 = 36
0
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ɞʆʐʚʈʂʎʂ ʐʋʑ ʈʘʐʍʋʑ ʈʋʉʋɿʅʗʎʐɻʐʂʏ ʎʑʈʌʚʀʎʂʏ EsIII ʎʑʉɻʍʐʙʎʀʅ ʐʋʑ ʈʘʎʋʑ ɻʍʅʃʈʋʞ 

ʆʍʋʞʎʀʖʉ NSPT ʆɻʅ ʐʂʏ ɻʉʐʋʔʙʏ ʆʡʉʋʑ qcIII. 

 

ũɘŬ Űɖ ůɡůɢɏŰɘůɖ Űɞɡ Ŭɟɘɗɛɞɨ əɟɞɨůŮɤɜ ɛŮ Űɞ ɛɏŰɟɞ ɛɞɜɞŭɘɎůŰŬŰɖɠ ůɡɛˊɑŮůɖɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

¶ ȾŬŰɎ ɄŬˊŬŭɧˊɞɡɚɞ-ȷɜŬɔɜɤůŰɧˊɞɡɚɞ 

ȺSIII = C1xN+Cô2 

ũɘŬ ɘɚɡɩŭɖ Ɏɛɛɞ SM C1=690 KPa əŬɘ Cô2=2600 KPa 

ɆɡɜŮˊɩɠ ȺSIII =14330 KPa 

 

¶ KŬŰɎ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ-ɇɎůɘɞ 

ȺSIII = C1xN+Cô2 

ũɘŬ Ɂ>15, ŮɑɜŬɘ Cô2=4000 KPa əŬɘ C1= 350 KPa (ɔɘŬ ɚŮˊŰɐ Ɏɛɛɞ). 

ɆɡɜŮˊɩɠ ȺSIII = 16600 KPa 

 

¶ ȾŬŰɎ Webb 

ȺSIII = 333.3x(N+5)                       

ȺSIII = 13665 KPa 

 

¶ KŬŰɎ Schultze-Menzebach 

ȺSIII = C1xN+Cô2 

ȺɑɜŬɘ Cô2 = 3900 KPa əŬɘ C1 = 450 KPa(ɔɘŬ Ɏɛɛɞ) 

ɆɡɜŮˊɩɠ ȺsIII  = 20100 KPa 
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ȷəɞɚɞɡɗɞɨɜ ɞɘ ůɢɏůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ȺSIII, ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ əɩɜɞɡ qcIII. 

 

¶ ȾŬŰɎ Schmertmann 

ȺSIII = 2.5x qcIII 

ɆɡɜŮˊɩɠ ȺSIII = 32500ȾPa 

 

¶ KŬŰɎ Webb 

ȺSIII = 2.5x( qcIII+3.2) 

ɆɡɜŮˊɩɠ ȺSIII = 40500ȾPa 

ȷˊɧ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ, ŮəŰɘɛɎŰŬɘ ɖ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɖ ůŰɟɩůɖ, ŭɖɚŬŭɐ: 

ȺSIII = 25000ȾPa 

 

H Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɞəɘɛɐɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ ůŮ ɧŰɘ ŬűɞɟŬ Űɖɜ 

əŬŰɎŰŬɝɖ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ əŬɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɔɤɜɑŬɠ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ űȽȽ , 

ůɡɜɞˊŰɘəɎ ɏɢŮɘ ɤɠ Ůɝɐɠ: 

ȺəŰɑɛɖůɖ əŬŰɎŰŬɝɖɠ Űɞɡ Ŭɛɛɩŭɞɡɠ ůŰɟɩɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŭŮŭɞɛŮɜŬ Űɖɠ ŭɞəɘɛɐɠ (CPT) 

qcII
ɛŮůɞ

 = 4.5 ɀPa , RfII  = 1% 

 

¶ ȾŬŰɎ Robertson-Campanella   Ƚɚɡɩŭɖɠ Ɏɛɛɞɠ 

 

¶ ȾŬŰɎ Douglas 

qcII
*
 = qcII

ɛŮůɞ
[3.5-1.25xlog ůɜɞII

ɛŮůɞ
]                             

qcII
*
 = 4.5x[3.5-1.25xlog(18.4x2+8.4x5+9.5x1.25)]                                

qcII
*
 = 4.74 MPa                          ȯɛɛɞɠ- Ƚɚɡɩŭɖɠ Ɏɛɛɞɠ 

¶ ȾŬŰɎ Douglas-Ƀlson                          XɞɜŭɟɧəəɞəŬ ɛɖ ůɡɜŮəŰɘəɎ(Non Cohesive Coarse 

Grainy) 

¶ ȾŬŰɎ Schmertmann                            ȯɛɛɞɠ (Sand) ɐ ȷɛɛɞɢŬɚɘəɞ (Gravel) Mɏůɖɠ 

ɄɡəɜɧŰɖŰŬɠ 
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2.5 ɈˊɞɚɞɔɘůŰɘəɐ ɆŰɟɤɛŬŰɞɔɟŬűɑŬ. 

ȷˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ: 

¶ Űɤɜ Ůˊɑ Űɧˊɞɡ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ůŰŬ ŭŮɑɔɛŬŰŬ Űɤɜ ŭɨɞ ɔŮɤŰɟɐůŮɤɜ 

¶ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɞəɘɛɐɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɞɛŮŰɟɖůŮɤɠ (CTP) 

ˊɟɞɏəɡɣŮ ɖ ɡˊɞɚɞɔɘůŰɘəɐ ůŰɟɤɛŬŰɞɚɞɔɑŬ Űɞɡ ˊŬɟŬəɎŰɤ ɆɢɚɖɛŬŰɞɠ (ɆɢɐɛŬ 2-14): 

 

 

ɆɢɐɛŬ 2-14 ɈˊɞɚɞɔɘůŰɘəɐ ɆŰɟɤɛŬŰɞɔɟŬűɑŬ 

   0.00m 

       Cu(KPa) = 7.5 + 0.9 x 

Z(m) 

            ɔəɞɟ
Ƚ
 = 18.4 ȾɁ/m

3
 

                    űȽ = 30
0
 

                     Cô = 0 

 

ɆɇɅɋɀȷ 

Ƚ        

ȷɅũȽȿɃɆ 

  -2.00m 
Ɇ.Ɉ.

Ƀ 

 -7.00m 

EsII = 13000 KPa 

        ɔəɞɟ
ȽȽ
 = 19.5 ȾɁ/m

3
 

                    űȽȽ = 34
0
 

 -9.45m 

          ɆɇɅɋɀȷȽȽ 

ɀȺɆɃȾɃȾȾȼ  

ȷɀɀɃɆ 

 

          

                  EsIII = 25000 KPa 

               ɔəɞɟ
ȽȽI

 = 20.5 ȾɁ/m
3
 

                      űȽȽI = 36
0
 

 

 -

20.45m 

-20.45m 

     ɆɇɅɋɀȷ ȽȽȽ 

ɄɈȾɁȼ  

ȷɀɀɃɆ 
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3 ȿɈɆȺȽɆ ȷȸȷŪɃɈɆ ŪȺɀȺȿȽɋɆȺɋɆ 
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ȿɈɆȺȽɆ ȷȸȷŪɃɈɆ ŪȺɀȺȿȽɋɆȼɆ 

53 

 

3.1 ȰɚŮɔɢɞɠ ɗɟŬɨůŮɤɠ (űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ) ŮŭŬűɩɜ. 

3.1.1 ȼ ɏɜɜɞɘŬ Űɞɡ ɃɟɘŬəɞɨ ūɞɟŰɑɞɡ ȷɓŬɗɩɜ ŪŮɛŮɚɑɤɜ. 

ȳŰŬɜ ɖ ɏɜŰŬůɖ Űɖɠ űɧɟŰɘůɖɠ ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ůŰɞ ɏŭŬűɞɠ ɛɏůɤ Ůɜɧɠ ɗŮɛŮɚɑɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, 

əɎŰɤ Ŭˊɧ Űɞ űɞɟŰɑɞ ŬɜŬˊŰɨůůŮŰŬɘ ɛɘŬ ɕɩɜɖ Űɞˊɘəɐɠ ŬůŰɞɢɑŬɠ, ɖ ɞˊɞɑŬ ɓŬɗɛɘŬɑŬ ŮˊŮəŰŮɑɜŮŰŬɘ 

əŬɘ ŰŮɚɘəɎ, ɧŰŬɜ ŭɘŮɡɟɡɜɗŮɑ ˊɞɚɨ, Űɞ ɏŭŬűɞɠ ɞŭɖɔŮɑŰŬɘ ůŮ ɔŮɜɘəŮɡɛɏɜɖ ŬůŰɞɢɑŬ ɛŮ ɛŮɔɎɚŮɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ. 

ɆŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ űŬɑɜŮŰŬɘ ˊŬɟŬůŰŬŰɘəɎ ɖ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ŮŭɎűɞɡɠ ɔɘŬ ɛɘŬ 

ůŰŬŭɘŬəɎ ŬɡɝŬɜɧɛŮɜɖ əŮɜŰɟɘəɐ űɧɟŰɘůɖ ˊɎɜɤ ůŮ ɛŮɛɞɜɤɛɏɜɞ ˊɏŭɘɚɞ ɏɤɠ Űɖɜ çɗɟŬɨůɖè Űɞɡ 

ŮŭɎűɞɡɠ. ȼ ˊŬɟŬɛɧɟűɤůɖ əŬŰɎ Űɖɜ ɗɟŬɨůɖ ŮɑɜŬɘ ŬɗɟɞɘůŰɘəɧ ŬˊɞŰɏɚŮůɛŬ ŭɨɞ ŬɘŰɑɤɜ: Ŭ) Űɖɠ 

əŬɗɑɕɖůɖɠ ɚɧɔɤ Űɖɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɞɡ ŮŭɎűɞɡɠ əŬɘ ɓ) Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ ŮŭɎűɞɡɠ 

(ˊɚŮɡɟɘəɎ əɡɟɑɤɠ) əɎŰɤ Ŭˊɧ Űɞ ˊɏŭɘɚɞ.  

ȺɑɜŬɘ ɔɜɤůŰɧ Ŭˊɧ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ˊɏŭɘɚɤɜ ůŰɖɜ ˊɟɎɝɖ ɧŰɘ ɖ çɗɟŬɨůɖè ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɤɠ 

çŭɘŬŰɛɖŰɘəɐ ɗɟŬɨůɖè. Ƀɘ ɓŬůɘəɏɠ ɛɞɟűɏɠ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ɗɟŬɨůŮɤɠ, əŬŰɎ Vesic, ŮɑɜŬɘ ŰɟŮɘɠ 

əŬɘ ɞɟɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ɆɢɐɛŬ 3-1 ˊɞɡ ŬəɞɚɞɡɗŮɑ ɤɠ Ůɝɐɠ: 

 

 

ɆɢɐɛŬ 3-1 ɀɞɟűɏɠ ŪɟŬɨůŮɤɠ əŬŰɎ Vesic (1963) 
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¶ ũŮɜɘəɐ ɗɟŬɨůɖ: ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŮəŰŮŰŬɛɏɜɖ ŭɘɧɔəɤůɖ Űɞɡ ŮŭɎűɞɡɠ ɔɨɟɤ Ŭˊɧ Űɞ ˊɏŭɘɚɞ 

(ˊ.ɢ. űɧɟŰɘůɖ ůŮ ˊɡəɜɐ Ɏɛɛɞ ɐ ůŰɘűɟɐ Ɏɟɔɘɚɞ). 

¶ ɇɞˊɘəɐ ɗɟŬɨůɖ: ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘəɟɐ ŭɘɧɔəɤůɖ Űɞɡ ŮŭɎűɞɡɠ ɛɧɜɞ ŭɑˊɚŬ Ŭˊɧ Űɞ ˊɏŭɘɚɞ 

(ˊ.ɢ. űɧɟŰɘůɖ ůŮ əŬɜɞɜɘəɎ űɞɟŰɘůɛɏɜɖ Ɏɟɔɘɚɞ ɁC). 

¶ ȹɘŮɑůŭɡůɖ: ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŭɘŬŰɛɖŰɘəɐ ɗɟŬɨůɖ ɛɧɜɞ ůŰɖɜ ˊŮɟɑɛŮŰɟɞ Űɞɡ ˊɏŭɘɚɞɡ əŬɘ 

əŬɗɧɚɞɡ ŭɘɧɔəɤůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮŭɎűɞɡɠ (ˊ.ɢ. űɧɟŰɘůɖ ůŮ ˊɞɚɨ ɛŬɚŬəɐ Ɏɟɔɘɚɞ ɐ 

ɢŬɚŬɟɐ Ɏɛɛɞ). 

 

ɇɞ ɛɏɔɘůŰɞ űɞɟŰɑɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŬɚɎɓŮɘ ɏɜŬ ɗŮɛɏɚɘɞ ˊɟɘɜ ŬůŰɞɢɐůŮɘ ɞɜɞɛɎɕŮŰŬɘ űɞɟŰɑɞ 

ŬůŰɞɢɑŬɠ ɐ ɞɟɘŬəɧ űɞɟŰɑɞ Qu əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ˊɑŮůɖ ůŰɖ ɓɎůɖ Űɞɡ ɗŮɛŮɚɑɞɡ ɞɜɞɛɎɕŮŰŬɘ ˊɑŮůɖ 

ŬůŰɞɢɑŬɠ ɐ ɞɟɘŬəɐ ˊɑŮůɖ qu. 

 

ɋɠ əɟɑůɘɛɞ ɐ ɞɟɘŬəɧ űɞɟŰɑɞ Qu -ɧɢɘ űɞɟŰɑɞ ɗɟŬɨůŮɤɠ- ɞɟɑɕŮŰŬɘ Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ Űɞ 

ɏŭŬűɞɠ əɎŰɤ Ŭˊɧ Űɞ ɎəɟŬ Űɞɡ ˊɏŭɘɚɞɡ ŬɟɢɑɕŮɘ ɜŬ ˊɚŬůŰɘəɞˊɞɘŮɑŰŬɘ, ŭɖɚŬŭɐ ŬɟɢɑɕŮɘ ɖ ŮɛűɎɜɘůɖ 

Űɤɜ ˊɚŬůŰɘəɩɜ ɕɤɜɩɜ. Ɇ' ŬɡŰɐ Űɖɜ əŬŰɎůŰŬůɖ Űɞ ɏŭŬűɞɠ ɛɏůŬ ůŰɘɠ ˊɚŬůŰɘəɏɠ ɕɩɜŮɠ ɓɟɑůəŮŰŬɘ 

ůŮ əŬŰɎůŰŬůɖ ɞɟɘŬəɐɠ ˊɚŬůŰɘəɐɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ˊɟɞůűɏɟŮɘ əŬɛɑŬ 

ŬɜŰɑůŰŬůɖ ůŰɖɜ Ŭɨɝɖůɖ Űɤɜ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ, ŭɖɚŬŭɐ Űɞ ɏŭŬűɞɠ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ ɏɜŬ 

ɘɝɩŭŮɠ ɡɚɘəɧ. 

 

 

ȰɜŬɟɝɖ ˊɚŬůŰɘəɩɜ ɕɤɜɩɜ ůŰŬ ɎəɟŬ ˊŮŭɑɚɞɡ (ɇɞˊɘəɏɠ) 

ɄɚŬůŰɘəɏɠ ɕɩɜŮɠ əŬŰŬɚŬɛɓɎɜɞɡɜ ɢɩɟɞ əɎŰɤ Űɞɡ ɗŮɛŮɚɑɞɡ -ɛŮŰŬəɘɜɐůŮɘɠ ŮŭɎűɞɡɠ. 

ɆɢɐɛŬ 3-2 ɄɚŬůŰɘəɏɠ ɕɩɜŮɠ əɎŰɤ Ŭˊɧ űɞɟŰɘɕɧɛŮɜɞ ˊɏŭɘɚɞ. 
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Ƀɘ ɓŬůɘəɏɠ ɗŮɤɟɐůŮɘɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɞɟɘŬəɞɨ űɞɟŰɑɞɡ (űɏɟɞɡůŬɠ 

ɘəŬɜɧŰɖŰŬɠ) ŬɓŬɗɞɨɠ ɗŮɛŮɚɑɞɡ ŮɑɜŬɘ: 

¶ ŪŮɤɟŮɑŰŬɘ ɏɜŬ ɞɟɗɞɔɤɜɘəɧ ˊɏŭɘɚɞ ŭɘŬůŰɎůŮɤɜ ȸɢL (ɧˊɞɡ LÓȸ), Űɞ ɞˊɞɑɞ ŮŭɟɎɕŮŰŬɘ ůŮ 

ɓɎɗɞɠ Df ɛɏůŬ ůŰɞ ɏŭŬűɞɠ. ɇɞ ɗŮɛɏɚɘɞ ɗŮɤɟŮɑŰŬɘ ŬɓŬɗɏɠ ɔɘŬ Df Òȸ. 

¶ ɇɞ ɏŭŬűɞɠ ɗŮɤɟŮɑŰŬɘ ɤɠ ɞɛɞɘɞɔŮɜɐɠ ɖɛɑɢɤɟɞɠ ŬˊŮɑɟɞɡ ɓɎɗɞɡɠ ɛŮ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ ɔ əŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɛɖŰɘəɐɠ ŬɜŰɞɢɐɠ c əŬɘ ű ˊɞɡ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ Ŭˊɧ ɛɘŬ ŮɡɗɨɔɟŬɛɛɖ 

ˊŮɟɘɓɎɚɚɞɡůŬ Mohr-Coulomb. 

¶ ɇɞ ŭɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Űɞɡ ɡɚɘəɞɨ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ŬɡŰɧ Űɤɜ əŬɗŬɟɎ 

ˊɚŬůŰɘəɩɜ ɡɚɘəɩɜ. 

 

 

ɜʅɻ ʐʂʉ ʇʞʎʂ ʐʋʑ ʌʍʋɼʇʙʈɻʐʋʏ ɾʚʉʋʉʐɻʅ ʋʅ ɻʆʝʇʋʑʃʀʏ ɻʌʇʋʌʋʅʂʐʅʆʘʏ ʌɻʍɻɿʋʔʘʏȡ 

 

¶ ȼ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɞɡ ɡˊŮɟəŮɘɛɏɜɞɡ Űɖɠ ɓɎůɖɠ Űɞɡ ˊɏŭɘɚɞɡ ŮŭɎűɞɡɠ ɗŮɤɟŮɑŰŬɘ ŬɛŮɚɖŰɏŬ. 

¶ ɇɟɘɓɏɠ ɛŮŰŬɝɨ ɡˊŮɟəŮɘɛɏɜɞɡ ŮŭɎűɞɡɠ əŬɘ ˊɏŭɘɚɞɡ ɗŮɤɟɞɨɜŰŬɘ ŬɛŮɚɖŰɏŮɠ. 

¶ ɇɞ ɗŮɛɏɚɘɞ ɗŮɤɟŮɑŰŬɘ ŬˊŮɑɟɞɡ ɛɐəɞɡɠ (ˊɟŬəŰɘəɎ ȸ<<L). 
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3.1.2 Ɉˊɞɚɞɔɘůɛɧɠ ūɏɟɞɡůŬɠ ȽəŬɜɧŰɖŰŬɠ ɡˊɧ əŮɜŰɟɘəɐ əŬɘ əŬŰŬəɧɟɡűɖ 

űɧɟŰɘůɖ əŬŰɎ DIN 4 017. 

 

ˊɑɜŬəŬɠ 3-1 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 3-3 

ȼ ɛɏɗɞŭɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŰɎůɖɠ ɗɟŬɨůŮɤɠ ɡˊɧ əŮɜŰɟɘəɐ əŬɘ əŬŰŬəɧɟɡűɖ űɧɟŰɘůɖ Űɤɜ ɗŮɛŮɚɑɤɜ əŬŰɎ Űɞɡɠ 

ũŮɟɛŬɜɘəɞɨɠ ȾŬɜɞɜɘůɛɞɨɠ DIN 4017, űɨɚɚɞ 1 (1979) ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜŮɠ ůŰɖɜ ˊɟɎɝɖ (ɓɚɏˊŮ ˊɑɜŬəŬɠ 3-1 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 3-3) 

ȾŬŰɎ Űɞɜ əŬɜɞɜɘůɛɧ DIN 4017, űɨɚɚɞ 1, ůŰɖɜ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ əŮɜŰɟɘəɐɠ əŬɘ əŬŰŬəɧɟɡűɖɠ 

űɧɟŰɘůɖɠ ɞɟɗɞɔɤɜɘəɞɨ ɗŮɛŮɚɑɞɡ ŭɘŬůŰɎůŮɤɜ axb ɧˊɞɡ b<a, ɖ ŮˊɘűɎɜŮɘŬ ɞɚɘůɗɐůŮɤɠ ɛŮ Űɘɠ 

əŬŰɎ Űɖɜ ɗɟŬɨůɖ ŮűŬɟɛɞɕɧɛŮɜŮɠ ŭɡɜɎɛŮɘɠ űŬɑɜŮŰŬɘ ůŰɞ Ɇɢ. 2.16 Ůɜɩ ɖ ɛɏůɖ ŰɎůɖ əŬŰɎ Űɖ 

ɗɟŬɨůɖ ůɞf = qu  ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

ůɞf = qu = c*Nc*vc + ɔ1*d*Nd*vd + ɔ2*b*Nb*vb 

ɧˊɞɡ: 

c :  ɖ ůɡɜɞɢɐ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ 

ű ɇ D 

0
0 

0.7*b 1.0*b 

15
0
 1.0*b 2.0*b 

30
0
 1.6*b 4.3*b 

35
0
 1.9*b 5.8*b 

40
0
 2.3*b 8.0*b 
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Ɂc Nd Nb : ůɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɖ ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ 

ű Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ŮŭɟɎůŮɤɠ Űɞɡ ɗŮɛŮɚɑɞɡ (ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ), (ˊɑɜŬəŬɠ 

3-2) 

vc vd vb : ůɡɜŰŮɚŮůŰɏɠ ɛɞɟűɐɠ ŮɝŬɟŰɩɛŮɜɞɘ əɡɟɑɤɠ Ŭˊɧ Űɖ ɛɞɟűɐ Űɞɡ ɗŮɛŮɚɑɞɡ,(ˊɑɜŬəŬɠ 

3-3) 

ɔ1 :  Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ, 

ɔ2 :  Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ, 

d :  Űɞ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ 
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            ű Ɂc Nd Nb 

0
0 

5,0 1,0 0 

5
0 

6,5 1,5 0 

10° 8,5 2,5 0,5 

15° 11,0 4,0 1,0 

20° 15,0 6,5 2,0 

22,5° 17,5 8,0 3,0 

25
0 

20,5 10,5 4,5 

27,5° 25 14 7 

30° 30 18 10 

32,5° 37 25 15 

35° 46 33 23 

37,5° 58 46 34 

40
0 

75 64 53 

 

 ˊɑɜŬəŬɠ 3-2 ɆɡɜŰŮɚŮůŰɏɠ ūɏɟɞɡůŬɠ ȽəŬɜɧŰɖŰŬɠ əŬŰɎ DȽɁ 4017 

 

 

ɀɞɟűɐ 

ɗŮɛŮɚɑɞɡ 

 

Vc (űÍ0) 

 

Vc (ű=0) 

 

Vd 

 

Vb 

ȿɤɟɑŭŬ 1,0 1,0 1,0 1,0 

Ƀɟɗɞɔɩɜɘɞ (Vd*Nd-1)/( Nd-

1) 

1+0.2*b/a 1+b/a*(sinű) 1-(0.3)*b/a 

ɇŮŰɟɎɔɤɜɞ ɐ 

əɨəɚɞɠ 

(Vd*Nd-1)/( Nd-

1) 

1.2 1+sinű 0.7 

 

ˊɑɜŬəŬɠ 3-3 ɆɡɜŰŮɚŮůŰɏɠ ɛɞɟűɐɠ əŬŰɎ DIN 4017 
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3.1.3 Ɉˊɞɚɞɔɘůɛɧɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ɔɘŬ ɏəəŮɜŰɟɖ ɐ/əŬɘ ɚɞɝɐ űɧɟŰɘůɖ DIN 

4017. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɤɜ űɞɟŰɑɤɜ ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɖɜ Ŭɜɤŭɞɛɐ ůŰɖ ɓɎůɖ Ůɜɧɠ ɗŮɛŮɚɑɞɡ, 

ɖ űɧɟŰɘůɖ Űɞɡ ɗŮɛŮɚɑɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ (ˊɑɜŬəŬɠ 3-4): 

ūɧɟŰɘůɖ V ȼ ɀ 

Ƀɟɗɐ V Í0 ȼ = 0 ɀ = 0 

ȿɞɝɐ V Í0 ȼ Í 0 ɀ = 0 

ȰəəŮɜŰɟɖ V Í0 ȼ = 0 ɀ Í 0 

ȰəəŮɜŰɟɖ əŬɘ ɚɞɝɐ              V Í0 ȼ Í 0 ɀ Í 0 

ˊɑɜŬəŬɠ 3-4 Ⱥɑŭɖ űɧɟŰɘůɖɠ ɗŮɛŮɚɑɞɡ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɏəəŮɜŰɟɖɠ űɧɟŰɘůɖɠ, ɖ ŮəəŮɜŰɟɧŰɖŰŬ e ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

e = ɀ / V 

ɧˊɞɡ: 

ɀ : ȼ ůɡɜɘůŰŬɛɏɜɖ ɟɞˊɐ ˊɞɡ ŭɟŬ ůŰɖ ɓɎůɖ Űɞɡ ɗŮɛŮɚɑɞɡ 

V : ȼ ůɡɜɘůŰŬɛɏɜɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ űɞɟŰɑɤɜ ˊɞɡ ŭɟɞɡɜ ůŰɖ ɓɎůɖ Űɞɡ ɗŮɛŮɚɑɞɡ 

ũɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ůŰɖ ɓɎůɖ Ůɜɧɠ ɞɗɤɜɘəɞɨ ˊɏŭɘɚɞɡ ŭɘŬůŰɎůŮɤɜ ȸxL ɡˊɧ ɏəəŮɜŰɟɖ 

űɧɟŰɘůɖ, ɘůɢɨɞɡɜ ŰŬ ŬəɧɚɞɡɗŬ: 

¶ ȼ ɛɏůɖ ŰɎůɖ ůŰɖ ɓɎůɖ Űɞɡ ˊɏŭɘɚɞɡ ŮɑɜŬɘ:  ů = V / ȸ*L  

¶ ɀŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɔɟŬɛɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ŰɎůŮɤɜ əŬɘ ɔɘŬ ɛɘəɟɐ ŮəəŮɜŰɟɧŰɖŰŬ, ŭɖɚŬŭɐ 0 

Ò e Ò B/6 , ɞɘ ŰɎůŮɘɠ ůŰɖ ɓɎůɖ Űɞɡ ˊɏŭɘɚɞɡ ɏɢɞɡɜ ŰɟŬˊŮɕɞŮɘŭɐ ɛɞɟűɐ (ɆɢɐɛŬ 3-4) ɛŮ: 

 

ɆɢɐɛŬ 3-4 ȾŬŰŬɜɞɛɐ ˊɘɏůŮɤɜ ŮˊŬűɐɠ ɔɘŬ ɛɘəɟɐ ŮəəŮɜŰɟɧŰɖŰŬ e<B/ů 
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¶ ɀŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɔɟŬɛɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ŰɎůŮɤɜ əŬɘ ɔɘŬ ɛŮɔɎɚɖ ŮəəŮɜŰɟɧŰɖŰŬ, ŭɖɚŬŭɐ 

ȸ/6 ÒeÒȸ/2, ɞɘ ŰɎůŮɘɠ ůŰɖ ɓɎůɖ Űɞɡ ˊɏŭɘɚɞɡ ɏɢɞɡɜ Űɟɘɔɤɜɘəɐ ɛɞɟűɐ(ɆɢɐɛŬ 3-5) ɛŮ: 

ůmax=2*ů*ȸ/ȸô 

ɧˊɞɡ ȸô < ȸ Űɞ ɛɐəɞɠ ůŰɞ ɞˊɞɑɞ ŮəŰŮɑɜŮŰŬɘ Űɞ Űɟɘɔɤɜɘəɧ ŭɘɎɔɟŬɛɛŬ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ 

ůɢɏůɖ:  

Bô = 3 * ( B / 2 ï e )  

 

 

ɆɢɐɛŬ 3-5 ũɟŬɛɛɘəɐ əŬŰŬɜɞɛɐ ŰɎůŮɤɜ ɔɘŬ ɛŮɔɎɚɖ ŮəəŮɜŰɟɧŰɖŰŬ (ȸ/6<e,B/3) 
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ɭʌʋʇʋɾʅʎʈʝʏ ɮʘʍʋʑʎɻʏ ɢʆɻʉʝʐʂʐɻʏ ʑʌʝ ʘʆʆʀʉʐʍʂ ʆɻʅ ʇʋʊʙ ʒʝʍʐʅʎʂ ʆɻʐʗ    DIN 4017 

 

 

ɆɢɐɛŬ 3-6 ɀɖɢŬɜɘůɛɧɠ ɗɟŬɨůŮɤɠ əŬɘ ɓŬůɘəɏɠ ˊŬɟŬŭɞɢɏɠ əŬŰɎ DIN 4017, ɔɘŬ ɏəəŮɜŰɟɞ əŬɘ ɚɞɝɧ űɞɟŰɑɞ ˊɟɞɠ Űɖ 

ɛɘəɟɧŰŮɟɖ ˊɚŮɡɟɎ b 

 

ɄŬɟŬŭɞɢɐ: Űɞ ɏŭŬűɞɠ ɗŮɛŮɚɑɤůɖɠ ŮɑɜŬɘ ɞɛɞɘɞɔŮɜɏɠ 

ȾŬŰɎ DIN 4017(1979), ɖ əŬŰŬəɧɟɡűɖ ůɡɜɘůŰɩůŬ Vb Űɞɡ ɏəəŮɜŰɟɞɡ əŬɘ ɡˊɧ əɚɑůɖ űɞɟŰɑɞɡ 

ɗɟŬɨůŮɤɠ Űɞɡ ŮŭɎűɞɡɠ ɗŮɛŮɚɘɩůŮɤɠ ɞɟɗɞɔɤɜɘəɞɨ ɗŮɛŮɚɑɞɡ ŭɘŬůŰɎůŮɤɜ axb, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɢɏůɖ: 

Vb =ůof *(a'*b')  

ɛŮ 

ůof = c*Ɂc*kc*v'c + Y1*d*Nd*Ⱦd*v'd + Y2*b*Nb*K b*v'b         
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 ɧˊɞɡ 

ůof: ɛɏůɖ ɞɟɘŬəɐ əŬŰŬəɧɟɡűɖ ŰɎůɖ ɗɟŬɨůɖɠ Ůˊɑ Űɖɠ ŮɜŮɟɔɐɠ ŮˊɘűɎɜŮɘŬɠ A'=a'xb' Űɞɡ 

ɗŮɛŮɚɑɞɡ 

 a', b': ɛŮɘɤɛɏɜŮɠ ɚɧɔɤ ŮəəŮɜŰɟɧŰɖŰŬɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɡˊɞɚɞɔɘůɛɩɜ Űɞɡ ɗŮɛŮɚɑɞɡ, ˊɞɡ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

a'=a-2*ea, b'=b-2*eb  

ea, eb : ŮəəŮɜŰɟɧŰɖŰŬ Űɖɠ ůɡɜɘůŰŬɛɏɜɖɠ űɧɟŰɘůɖɠ əŬŰɎ Űɖ 

ŭɘŮɨɗɡɜůɖ Űɤɜ ˊɚŮɡɟɩɜ a əŬɘ b ŬɜŰɑůŰɞɘɢŬ 

c: ɖ ůɡɜɞɢɐ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ 

ɗŮɛŮɚɑɤůɖɠ 

Nc, Nd, Nb : ůɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɖ ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ 

ű Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ŮŭɟɎůŮɤɠ Űɞɡ ɗŮɛŮɚɑɞɡ (ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ).  

 v'c, ɜ d, v'b: ůɡɜŰŮɚŮůŰɏɠ ɛɞɟűɐɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɖ ɛɞɟűɐ Űɖɠ ŮɜŮɟɔɐɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ɗŮɛŮɚɑɞɡ 

 

ɔ1 : Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ 

ɗŮɛŮɚɑɤůɖɠ, 

ɔ2 : Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ,  

d : Űɞ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ 

Ⱦc, Kd,Kb: ůɡɜŰŮɚŮůŰɏɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɖ ɔɤɜɑŬ əɚɑůŮɤɠ ŭs Űɖɠ ŰŮɚɘəɐɠ ůɡɜɘůŰŬɛɏɜɖɠ 

űɧɟŰɘůɖɠ R ɤɠ ˊɟɞɠ Űɖɜ əŬŰŬəɧɟɡűɞ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɖ űɨůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ. 

Ⱥˊɑůɖɠ ɞɟɑɕɞɜŰŬɘ: 

ȼ, V : ɞɘ ůɡɜɘůŰɩůŮɠ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ űɞɟŰɑɞɡ R ˊɞɡ ŬůəŮɑŰŬɘ ɏəəŮɜŰɟŬ əŬɘ ɡˊɧ əɚɑůɖ Ůˊɑ Űɞɡ 

ɗŮɛŮɚɑɞɡ 

 n : ůɡɜŰŮɚŮůŰɐɠ ŬůűŬɚŮɑŬɠ ɏɜŬɜŰɘ ɗɟŬɨůŮɤɠ (əŬŰŬɟɢɐɜ ɎɔɜɤůŰɞɠ ŬɚɚɎ ˊɟɞůŭɘɞɟɘůɛɧɠ) 

ȼb, Vb : ɞɘ ůɡɜɘůŰɩůŮɠ Űɖɠ ŭɨɜŬɛɖɠ ɗɟŬɨůŮɤɠ, ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɘůɢɨɞɡɜ ɞɘ ůɢɏůŮɘɠ: 

ȼb = ɖ*ȼ,     Vb = n*ɜ  

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Ⱦc, Kd,Kb ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ űɞɟŰɑɞɡ ɤɠ 

Ůɝɐɠ: 

¶ ɃɟɘɕɧɜŰɘɞ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ˊɟɞɠ Űɖ ɛɘəɟɧŰŮɟɖ ˊɚŮɡɟɎ bô 

ȾŬɗŬɟɩɠ ɛɖ ůɡɜŮəŰɘəɎ ŮŭɎűɖ (űÍ0, c=0) 
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Kd = (1-0,7*tanŭs)
3
, Kb = (1-tanŭs)

3
  

ȾŬɗŬɟɩɠ ůɡɜŮəŰɘəɎ ŮŭɎűɖ (űu=0, cuÍ0) 

KC = 0,5 + 0,5 * ρ
ǋ
ὅz   ,           Kd = Kb = 1  

H ŮˊɘűɎɜŮɘŬ ȷô ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚŮɔŮɑ ɏŰůɘ ɩůŰŮ : Hb/(Aô*Cu) Ò1  

ȺŭɎűɖ ɛŮ űÍ0, cÍ0 

Kc = Kd ï (1-Kd )/ (Nd-1) ,    Kd = (1-0.7*(Hb/(Vb+Aô*c/tanű)))
3
 ,   
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3.1.4 Ɉˊɞɚɞɔɘůɛɧɠ ūɏɟɞɡůŬɠ ȽəŬɜɧŰɖŰŬɠ ɡˊɧ ɏəəŮɜŰɟɖ əŬɘ ɚɞɝɐ űɧɟŰɘůɖ əŬŰɎ 

Meyerhof. 

Ŭ) ɃɟɘɕɧɜŰɘɞ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ˊɟɞɠ Űɖ ɛɘəɟɧŰŮɟɖ ˊɚŮɡɟɎ b'. 

Ⱦb = (1-(Hb/Vb+Aô*(c/tanű)))
3 

 

ɓ) ɃɟɘɕɧɜŰɘɞ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ˊɟɞɠ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊɚŮɡɟɎ Ŭ'  

ũŮɜɘəɎ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Ⱦc , Kd  , Kb ŮɑɜŬɘ ɑŭɘɞɘ ɛŮ ŬɡŰɞɨɠ Űɖɠ ˊŮɟɘˊŰɩůŮɤɠ (Ŭ) ŮəŰɧɠ Ŭˊɧ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɧˊɞɡ űÍ0, ɞˊɧŰŮ (ɆɢɐɛŬ 3-7): 

Kd = Kb = 1 ï (Hb/(Vb+Aô*(c/tanű))  

 

ɆɢɐɛŬ 3-7 ɀɖɢŬɜɘůɛɧɠ ɗɟŬɨůɖɠ ɔɘŬ ɏəəŮɜŰɟɞ əŮəɚɘɛɏɜɞ űɞɟŰɑɞ əŬŰɎ Meyerhof 

Ƀ ɔŮɜɘəɧɠ Űɨˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ŬɓŬɗɞɨɠ ɗŮɛŮɚɑɞɡ ɡˊɧ ɏəəŮɜŰɟɖ əŬɘ 

ɚɞɝɐ űɧɟŰɘůɖ, əŬŰɎ ɀeyerhof ŮɑɜŬɘ: 

qu =  Sc*dc* ic*c*Nc + Sq*dq* iq*ɔ1*D*Nq + 0,5*Sɔ*dɔ* iɔ*ɔ2*ȸô*Ɂɔ 

ȸŬůɘəɏɠ ˊŬɟŬŭɞɢɏɠ əŬɘ ŮˊŮɝɖɔɐůŮɘɠ ůɡɛɓɧɚɤɜ: 

 ūɧɟŰɘůɖ:  ȾŮɜŰɟɘəɐ ɐ ɏəəŮɜŰɟɖ ɚɞɝɐ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ˊɚŮɡɟɎɠ ȸ. ũɘŬ 

ɏəəŮɜŰɟɖ ɚɞɝɐ űɧɟŰɘůɖ əɞŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ˊɚŮɡɟɎɠ L ŰɑɗŮŰŬɘ ůŰɞɜ ŰɟɑŰɞ ɧɟɞ Lô Ůɜɩ ɔɘŬ 

ŭɘˊɚɐ ŮəəŮɜŰɟɧŰɖŰŬ ŬˊŬɘŰɞɨɜŰŬɘ ŭɨɞ ɏɚŮɔɢɞɘ Űɧůɞ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ȸ' ɧůɞ əŬɘ Űɖɜ Lô 

ŪŮɛɏɚɘɞ:  Ƀɟɗɞɔɤɜɘəɧ ȸxL, ɧˊɞɡ ȸÒL. 

ȰŭŬűɞɠ:   ɃɛɞɘɞɔŮɜɏɠ. 

ɔ1 :   Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ, 

ɔ2 :   Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ, 

D :   Űɞ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ 

 c :   ɖ ůɡɜɞɢɐ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ 
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Ɂc, Ɂq, Ɂɔ:  ɆɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɖ ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ 

Űɟɘɓɐɠ ű Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ŮŭɟɎůŮɤɠ Űɞɡ ɗŮɛŮɚɑɞɡ (ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ). Ƀɘ 

Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ (ˊɑɜŬəŬɠ 3-5) ɐ Űɞ ɆɢɐɛŬ 3-8 ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ. 

ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ ű 

ɆɢɐɛŬ 3-8 ɆɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ əŬŰɎ Meyerhof 
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ˊɑɜŬəŬɠ 3-5 ɆɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ əŬŰɎ Meyerhof ɔɘŬ ɚɤɟɘŭɤŰɧ ˊɏŭɘɚɞ 

 

 

ȸ' : ɀŮɘɤɛɏɜɞ ˊɚɎŰɞɠ ɗŮɛŮɚɑɤůɖɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ŮəəŮɜŰɟɧŰɖŰŬɠ ȸ əŬŰɎ Űɖ ůɢɏůɖ: 

ȸ' = ȸ-2*eB, ɧˊɞɡ eȸ=ɆɀɀB/Ɇɜ  (2.39) 

 

ũɘŬ ŮəəŮɜŰɟɧŰɖŰŬ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ L ɘůɢɨŮɘ ŬɜŰɑůŰɞɘɢŬ: 

Lô= L -2*eL,  ɧˊɞɡ eL =ɆɀɀL/Ɇɜ  

Sc, Sq, Sɔ : ɆɡɜŰŮɚŮůŰɏɠ ɛɞɟűɐɠ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ:  

Sc =   1 +  0,2*Ɂű*ȸ/L  

Sq=   Sɔ=1 , ɔɘŬ ű = 0Á  

Sq =   SɈ = 1+0,1*Ɂű*ȸ/L, ɔɘŬ ű>10Á  

  

űÁ Ɂc Nq Ɂɔ űÁ Ɂc Ɂq Ɂɔ 

0 5,10 1,00 0,00 26 22,25 11,85 8,00 

2 5,63 1,20 0,01 28 25,80 14,72 11,19 

4 6,19 1,43 0,04 30 30,14 18,40 15,67 

6 6,81 1,72 0,11 32 35,49 23,18 22,02 

8 7,53 2,06 0,21 34 42,16 29,44 31,15 

10 8,34 2,47 0,37 36 50,59 37,75 44,43 

12 9,28 2,97 0,60 38 61,35 48,93 64,08 

14 10,37 3,59 0,92 40 75,32 64,20 93,69 

16 11,63 4,34 1,37 42 93,71 85,38 139,32 

18 13,10 5,26 2,00 44 118,37 115,31 211,41 

20 14,83 6,40 2,87 46 152,10 158,51 329,74 

22 16,88 7,82 4,07 48 199,27 222,31 526,47 

24 19,32 9,60 5,72 50 266,89 319,07 873,89 
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ȳˊɞɡ Ɂű = tan2(45Á+ű/2) dc, dq , dɔ: ɆɡɜŰŮɚŮůŰɏɠ ɓɎɗɞɡɠ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ:  

dc =  1 + 0,2* ὔ• *D/B  

dq =  dɔ =1  , ɔɘŬ ű=00  

dq =  dɔ =1+0,1*ὔ• *D/BɔɘŬ ű>100  

 

ȳˊɞɡ Ɂű = tan2 (450+ű/2) 

ic , iq , iɔ : ɆɡɜŰŮɚŮůŰɏɠ ɚɞɝɧŰɖŰŬɠ űɞɟŰɑɞɡ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

ic =  iq = (1-a/900)2,  

iɔ =  (1-Ŭ/ű)2  
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 ɞʌʅʍʍʋʙ ʐʂʏ ʎʐʗʃʈʂʏ ʐʖʉ ʑʌʋɾʀʚʖʉ ʑɿʗʐʖʉ. 

 

ȼ ůŰɎɗɛɖ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ŮˊɖɟŮɎɕŮɘ ŬűŮɜɧɠ ɛŮɜ ɎɛŮůŬ Űɖɜ ŮɜŮɟɔɧ ˊɑŮůɖ Ŭˊɧ ɔŬɑŮɠ, 

ŬűŮŰɏɟɞɡ ŭŮ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ŬɜŰɞɢɐɠ Űɞɡ ɡˊŮŭɎűɞɡɠ. ũɘŬ ŬɡŰɧ ůŰŬ 

ˊɟɞɓɚɐɛŬŰŬ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ˊɘɗŬɜɐ ŬɜɩŰŬŰɖ ůŰɎɗɛɖ 

Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ. 

ɇɞ ŮɜŮɟɔɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ Űɤɜ ɔŬɘɩɜ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɖɠ ɗŮɛŮɚɑɤůɖɠ ŮɑɜŬɘ ɎɛŮůŬ 

ůɡɜŭŮŭŮɛɏɜɞ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ ŰɟɑŰɞɡ ɧɟɞɡ Űɞɡ Űɟɘɩɜɡɛɞɡ Űɨˊɞɡ ˊɞɡ ŮəűɟɎɕŮɘ Űɖ űɏɟɞɡůŬ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ˊɏŭɘɚɤɜ. 

 

ɆɢɐɛŬ 3-9 

ũɘŬ ŭɘɎűɞɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůŰɎɗɛɖɠ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ůŮ ůɢɏůɖ ɛŮ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ ɖ Űɘɛɐ 

Űɞɡ ɔ2 ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ əŬŰɎ Űɞɜ ɀeyerhof (1963): 

¶ ũɘŬ Ɇ.Ɉ.Ƀ ɛŮŰŬɝɨ ůŰɎɗɛɖɠ űɡůɘəɞɨ ŮŭɎűɞɡɠ əŬɘ ůŰɎɗɛɖɠ ɗŮɛŮɚɘɩůŮɤɠ, ŭɖɚŬŭɐ 

ũɘŬ    ȻwÒ0            ŮɑɜŬɘ ɔ2 = ɔ'                                                

¶ ũɘŬ Ɇ.Ɉ.Ƀ ɛŮŰŬɝɨ ůŰɎɗɛɖɠ ɗŮɛŮɚɘɩůŮɤɠ əŬɘ ɓɎɗɞɡɠ Df + B ,ŭɖɚŬŭɐ ɔɘŬ             

0<zw<ȸ              ŮɑɜŬɘ     ɔ2 = ɔ,+(zw/ȸ)*(ɔɡ-ɔô)                               

¶ ũɘŬ Ɇ.Ɉ.Ƀ ůŮ ɓɎɗɞɠ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ ɓɎɗɞɡɠ Df + B,    ŭɖɚŬŭɐ 

ɔɘŬ Ȼw Ó ȸ               ŮɑɜŬɘ      ɔ2 = ɔɡ 

ɧˊɞɡ: 

ɔ2 : Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ  

Df : Űɞ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ 

ȸ : Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɏŭɘɚɞɡ 

ɔ' : Űɞ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ ɡˊɧ Ɏɜɤůɖ (ŮɜŮɟɔɧ) Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ  

ɔɡ : Űɞ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ ɡɔɟɧ Űɞɡ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ ɔɘŬ Űɖɜ ˊɘɗŬɜɐ 

ŮɚɎɢɘůŰɖ Űɘɛɐ űɡůɘəɐɠ ɡɔɟŬůɑŬɠ 
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3.1.5 ɆɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɏɜŬɜŰɘ ɗɟŬɨůŮɤɠ 

ũɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ ŮɜŭŮɑəɜɡɜŰŬɘ ˊɎɜŰɞŰŮ ɜŬ ɡˊɎɟɢŮɘ əɎˊɞɘɞ ˊŮɟɘɗɩɟɘɞ ɛŮŰŬɝɨ Űɤɜ ŰɎůŮɤɜ, 

ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ əŬŰɎ Űɖɜ űɧɟŰɘůɖ Űɞɡ ŮŭɎűɞɡɠ ɛɏůɤ ɛɘŬɠ ɗŮɛŮɚɑɤůɖɠ, əŬɘ Űɖɠ ɞɟɘŬəɐɠ 

ŬɜŰɞɢɐɠ Űɞɡ ŮŭɎűɞɡɠ. 

ȰŰůɘ, ɖ ɏɜɜɞɘŬ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬůűŬɚŮɑŬɠ   ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: Ƀɘ ŰɎůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ ůŰɞ 

ɏŭŬűɞɠ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɖ űɧɟŰɘůɖ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɓŬɑɜɞɡɜ Űɖɜ ŮˊɘŰɟŮˊɧɛŮɜɖ űɧɟŰɘůɖ qŮ ́

Űɞɡ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ, ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ŭɘŬɘɟɩɜŰŬɠ Űɖɜ ɞɟɘŬəɐ űɧɟŰɘůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɔɘŬ 

Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɏŭɘɚɞ əŬɘ ůɨůŰɖɛŬ űɞɟŰɑůŮɤɠ, ɛŮ əɎˊɞɘɞ ůɡɜŰŮɚŮůŰɐ ŬůűŬɚŮɑŬɠ Fs. ȹɖɚŬŭɐ: 

q  Ò qŮ ́= qu / Fs 

ɐ ŬɜŰɑůŰɞɘɢŬ: 

V Ò VŮ ́=Vu / Fs 

ɧˊɞɡ: 

V : əŬŰŬəɧɟɡűɞ űɞɟŰɑɞ ɚŮɘŰɞɡɟɔɑŬɠ Ůə Űɖɠ Ŭɜɤŭɞɛɐɠ 

Vu : əŬŰŬəɧɟɡűɖ ůɡɜɘůŰɩůŬ Űɖɠ ɞɟɘŬəɐɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬ 

ȾŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬůűŬɚŮɑŬɠ ɏɜŬɜŰɘ ɗɟŬɨůŮɤɠ ůɡɜŮəŰɘɛɎŰŬɘ, ŮəŰɧɠ Űɞɡ 

ŮŭŬűɘəɞɨ ɡɚɘəɞɨ, ɖ ŮɡŬɘůɗɖůɑŬ əŬɘ ůɖɛŬůɑŬ Űɖɠ Ŭɜɤŭɞɛɐɠ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɞɘ ůɡɜɏˊŮɘŮɠ Űɡɢɧɜ 

ŬůŰɞɢɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɏŭŬűɞɠ-Ŭɜɤŭɞɛɐ. 

ɆɡɜɐɗŮɘɠ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬůűŬɚŮɑŬɠ ŮˊɘűŬɜŮɘŬəɩɜ ɗŮɛŮɚɘɩůŮɤɜ əŬŰɎ Vesic (1975) 

ŭɑɜɞɜŰŬɘ (ˊɑɜŬəŬɠ 3-6) : 

 

*ũɘŬ ˊɟɞůɤɟɘɜɎ ɏɟɔŬ ɞɘ Űɘɛɏɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞɛŮɘɤɗɞɨɜəŬŰɎ 25%ɛŮ ŮɚɎɢɘůŰɞ ɧɛɤɠ ůɡɜŰŮɚŮůŰɐ 

ŬůűŬɚŮɑŬɠ 2. 

ˊɑɜŬəŬɠ 3-6 ɆɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɏɜŬɜŰɘ ɗɟŬɨůɖɠ əŬŰɎ Vesic 

 

Ⱥɑŭɞɠ ɏɟɔɞɡ 
ũɜɩůɖ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ůɡɜɗɖəɩɜ 

ȾŬɚɐ ɄŮɟɘɞɟɘůɛɏɜɖ 

ȹɞɛɘəɎ ɏɟɔŬ* 2 3 

Ƀŭɘəɏɠ ɔɏűɡɟŮɠ* 2,5 3,5 

Ɇɘŭɖɟɞŭɟɞɛɘəɏɠ ɔɏűɡɟŮɠ* 3 4 

ɇɞɑɢɞɘ ŬɜŰɘůŰɐɟɘɝɖɠ 1.3 1,5 

ȺˊɘɢɩɛŬŰŬ 1,5 2 
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3.2 ȰɚŮɔɢɞɠ əŬɗɘɕɐůŮɤɜ (ɎəŬɛˊŰɤɜ ˊɏŭɘɚɤɜ, ˊŮŭɘɚɞŭɞəɩɜ əŬɘ 

əɞɘŰɞůŰɟɩůŮɤɜ). 

3.2.1 ȼ ɏɜɜɞɘŬ Űɖɠ əŬɗɑɕɖůɖɠ. 

ɀŮ Űɞɜ ɧɟɞ əŬɗɑɕɖůɖ ŮɜɜɞɞɨɛŮ Űɖɜ əŬŰŬəɧɟɡűɖ ˊŬɟŬɛɧɟűɤůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɏɜŬ 

ŮŭŬűɘəɧ ůŰɟɩɛŬ ɚɧɔɤ Űɖɠ Ůˊɘɓɞɚɐɠ ɛɘŬɠ űɞɟŰɑůŮɤɠ. 

ȰŰůɘ, Űɞ ˊɟɧɓɚɖɛŬ Űɤɜ əŬɗɘɕɐůŮɤɜ ŬűɞɟɎ ůŰɖɜ ˊɟɧɓɚŮɣɖ (ŮəŰɑɛɖůɖ) Űɤɜ əŬŰŬəɧɟɡűɤɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ Ŭˊɧ Űɘɠ ˊɟɞɓɚŮˊɧɛŮɜŮɠ űɞɟŰɑůŮɘɠ əŬɘ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ůɡɛˊɘŮůŰɧŰɖŰŬ 

Űɞɡ ɡˊŮŭɎűɞɡɠ. 

 

3.2.2 ȺəŰɑɛɖůɖ əŬɗɘɕɐůŮɤɜ ůŮ ůɡɜŮəŰɘəɎ ɡɚɘəɎ. ɀɏɗɞŭɞɠ Űɞɡ ůɡɛˊɘŮůɞɛɏŰɟɞɡ 

əŬŰɎ Terzaghi. 

ȼ ɛɏɗɞŭɞɠ ŬɟɢɘəɎ ˊɟɞŰɎɗɖəŮ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ əŬɗɘɕɐůŮɤɠ Ůɜɧɠ ɚŮˊŰɞɨ ůŰɟɩɛŬŰɞɠ 

əɞɟŮůɛɏɜɖɠ Ŭɟɔɑɚɞɡ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧɛɤɠ əŬɘ ɔɘŬ ˊŮɟɘˊŰɩůŮɘɠ Ŭɟɔɘɚɘəɩɜ ůŰɟɤɛɎŰɤɜ 

ɛŮɔɎɚɞɡ ˊɎɢɞɡɠ, ŰŬ ɞˊɞɑŬ ɧɛɤɠ ɢɤɟɑɕɞɡɛŮ ůŮ ˊŮɟɘůůɧŰŮɟŬ ɚŮˊŰɎ ůŰɟɩɛŬŰŬ ɛɘəɟɞɨ ˊɎɢɞɡɠ. 

ȾŬŰɎ Űɞɜ Terzaghi, ɖ əŬɗɑɕɖůɖ ɛŮ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ɚɐűɗɖəŬɜ ɡˊɧ ůɡɜɗɐəŮɠ ůɡɛˊɘŮůɞɛɏŰɟɞɡ 

p0d ɗŮɤɟŮɑŰŬɘ ɑůɖ ɛŮ Űɖɜ ɞɚɘəɐ əŬɗɑɕɖůɖ  ɟŰ. 

 

ɆɢɐɛŬ 3-10 ȹŮɑəŰŮɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Cc əŬɘ Cr 

 

ũɘŬ Űɘɠ əŬɜɞɜɘəɎ űɞɟŰɘůɛɏɜŮɠ Ŭɟɔɑɚɞɡɠ NC, ɖ əŬɗɑɕɖůɖ S0di ɚɧɔɤ ůŰŮɟŮɞˊɞɑɖůɖɠ, ˊɞɡ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ Ůˊɘɓɞɚɐ Űɞɡ ɛɧɜɘɛɞɡ ŮɝɤŰŮɟɘəɞɨ űɞɟŰɑɞɡ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (ɆɢɐɛŬ 3-10): 

 

S0di = Cc* hi / ( 1+e0 ) * log  [ (ů'ɜ0i + ȹůzi ) / ů'ɜ0i ]                  
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ȳˊɞɡ 

Cc : ŭŮɑəŰɖɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ Ŭɟɔɑɚɞɡ, ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŭɞəɘɛɏɠ ůŰŮɟŮɞˊɞɑɖůɖɠ,  

hi : Űɞ ˊɎɢɞɠ Űɖɠ ůŰɟɩůŮɤɠ i. 

 e0 : Ŭɟɢɘəɧɠ ŭŮɑəŰɖɠ ˊɧɟɤɜ Űɖɠ ůŰɟɩůŮɤɠ. 

ůôɜɞi : ɖ ŮɜŮɟɔɧɠ ɔŮɤůŰŬŰɘəɐ ˊɑŮůɖ ůŰɞ ɛɏůɞɜ Űɖɠ ůŰɟɩůŮɤɠ. 

ȹůzi  : ˊɟɧůɗŮŰɖ əŬŰŬɜŮɛɖɛɏɜɖ ŰɎůɖ ɚɧɔɤ Űɞɡ ŮɝɤŰŮɟɘəɞɨ űɞɟŰɑɞɡ ůŰɞ ɛɏůɞɜ Űɖɠ ůŰɟɩůŮɤɠ ɑ, 

ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ ɜɞɛɞɔɟɎűɖɛŬ Űɞɡ Fadum (ɆɢɐɛŬ 3-11) ɔɘŬ ɞɛɞɘɧɛɞɟűŬ 

űɞɟŰɘůɛɏɜɖ ɞɟɗɞɔɤɜɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ Ŭˊɧ Űɞ ɜɞɛɞɔɟɎűɖɛŬ Űɞɡ Osterberg (ɆɢɐɛŬ 3-12)  ɔɘŬ 

ŰɟŬˊŮɕɞŮɘŭɐ ŬˊŮɘɟɞɛɐəɖ ɚɤɟɘŭɤŰɐ űɧɟŰɘůɖ 

 

ɆɢɐɛŬ 3-11 ɁɞɛɞɔɟɎűɖɛŬ Űɞɡ Osterberg (1957) ɔɘɞ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊɟɧůɗŮŰɤɜ ŰɎůŮɤɜ əɎŰɤ Ŭˊɧ ŰŬ 

ůɖɛŮɑŬ ŮˊɘɢɩɛŬŰɞɠ ŰɟŬˊŮɕɞŮɘŭɞɨɠ ŭɘŬŰɞɛɐɠ 
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ɇɘɛɏɠ Űɞɡ ɚɧɔɞɡ ɖ = ɀɐəɞɠ/ȸɎɗɞɠ - L/Z 

ɆɢɐɛŬ 3-12 ɁɞɛɞɔɟɎűɖɛŬ Űɞɡ Fadum ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊɟɧůɗŮŰɤɜ ŰɎůŮɤɜ əɎŰɤ Ŭˊɧ ɔɤɜɘŬəɧ ůɖɛŮɑɞ 

ɞɟɗɞɔɤɜɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ɛŮ ɞɛɞɘɧɛɞɟűɞ űɞɟŰɑɞ 
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ũɘŬ Űɘɠ ˊɟɞ-űɞɟŰɘůɛɏɜŮɠ Ŭɟɔɑɚɞɡɠ, ɖ əŬɗɑɕɖůɖ S0di ɚɧɔɤ ůŰŮɟŮɞˊɞɑɖůɖɠ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

Ůˊɘɓɞɚɐ Űɞɡ ɛɧɜɘɛɞɡ ŮɝɤŰŮɟɘəɞɨ űɞɟŰɑɞɡ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

¶ ȷɜ ŮɑɜŬɘ: ȹůȻi < ȹů'Pi , ɘůɢɨŮɘ: 

Sodi  =  Cr * hi / (1+e0) * log [(ů'ɜɞi + ȹůȻi )/ ů'ɜ0i ] 

 

¶ ȷɜ ŮɑɜŬɘ: ȹůȻi > ȹů'Pi , ɘůɢɨŮɘ: 

Sodi  =  Cr * hi / (1+eo) * log [ ( ů'ɜ0i+ȹů'Pi)/ů'ɜ0i ] +  

+ Cc * hi / (1+e0) * log [(ů'ɜ0i+ȹůzɑ) / (ů'ɜ0+ȹů'pi)]                           

 

ȳˊɞɡ 

Cr : ŭŮɑəŰɖɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ Ŭɟɔɑɚɞɡ ůŮ ŮˊŬɜŬűɧɟŰɘůɖ.  

ȹůôpi :ˊɟɧůɗŮŰɖ əŬŰŬɜŮɛɖɛɏɜɖ ŰɎůɖ ɚɧɔɤ Űɖɠ ˊɟɞűɞɟŰɑůŮɤɠ ůŰɞ ɛɏůɞɜ Űɖɠ ůŰɟɩůŮɤɠ i. 
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3.2.3 ȺəŰɑɛɖůɖ əŬɗɘɕɐůŮɤɜ ůŮ ɛɖ ůɡɜŮəŰɘəɎ ɡɚɘəɎ əŬŰɎ DIN 4019(ȾȷɁɈ). 

Ƀɘ ũŮɟɛŬɜɘəɞɑ əŬɜɞɜɘůɛɞɑ ůɡɜɘůŰɞɨɜ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ əŬɗɘɕɐůŮɤɠ əɎŰɤ Ŭˊɧ 

çɢŬɟŬəŰɖɟɘůŰɘəɧè ůɖɛŮɑɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ űɞɟŰɑůŮɤɠ, Űɖɜ ɞˊɞɑŬ ŰŮɚɘəɎ ɗŮɤɟɞɨɜ ɤɠ ɛɏůɖ 

əŬɗɑɕɖůɖ Űɞɡ ɎəŬɛˊŰɞɡ ɗŮɛŮɚɑɞɡ. 

 

ȼ əŬɗɑɕɖůɖ S ɔɘŬ ɞɟɗɞɔɤɜɘəɧ ˊɏŭɘɚɞ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

S = (q * ȸ / Es) * f (s,o)  

 

ȳˊɞɡ 

q : ˊɟɧůɗŮŰɖ əŬŰŬɜŮɛɖɛɏɜɖ ŰɎůɖ ůŰɖɜ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ ɛŮŰɎ Űɖɜ Ůˊɘɓɞɚɐ Űɞɡ ɛɧɜɘɛɞɡ 

ŮɝɤŰŮɟɘəɞɨ űɞɟŰɑɞɡ, ɔɘŬ Űɖɜ ɞˊɞɑŬ ɘůɢɨŮɘ: 

q = p - ɔ * t  

p : əŬŰŬɜŮɛɖɛɏɜɖ ŰɎůɖ ůŰɖɜ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ ɚɧɔɤ Űɞɡ ɛɧɜɘɛɞɡ ŮɝɤŰŮɟɘəɞɨ űɞɟŰɑɞɡ  

ɔ*t: ŮɜŮɟɔɐ ŰɎůɖ Űɤɜ ɡˊŮɟəŮɑɛŮɜɤɜ ɔŬɘɩɜ ůŰɖɜ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ 

ȸ : ˊɚɎŰɞɠ Űɞɡ ɗŮɛŮɚɑɞɡ (ŭɘŬůŰɎůŮɤɜ BxL, ɛŮ BÒL) 

Es : ɀɏŰɟɞ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ 

əŬɗɘɕɐůŮɤɜ ɛŮŰɎ Űɖɜ ɓŮɚŰɑɤůɖŰɞɡ ŮŭɎűɞɡɠ ɛŮ ˊɟɞűɧɟŰɘůɖ, ɖ Űɘɛɐ Űɞɡ Ⱥs ɚŬɛɓɎɜŮŰŬɘ 

ˊɟɞůŬɡɝɖɛɏɜɖ əŬŰɎ 20õ40% 

f (s,0): ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ ȸxL Űɞɡ ɗŮɛŮɚɑɞɡ   əŬɘ Űɞ ɓɎɗɞɠ z əɎŰɤ 

Ŭˊɧ Űɖ ůŰɎɗɛɖ ɗŮɛŮɚɑɤůɖɠ ůŰɞ ɞˊɞɑɞ ŮəŰŮɑɜŮŰŬɘ Űɞ ŬɛɛɩŭŮɠ ůŰɟɩɛŬ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ɜɞɛɞɔɟɎűɖɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ (ɆɢɐɛŬ 3-13). 
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                                                0,5                            f(s,0)                                       1,5 

 

ɆɢɐɛŬ 3-13 ȾŬɗɑɕɖůɖ ɡˊɧ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ůɖɛŮɑɞ ŮɨəŬɛˊŰɖɠ ɞɟɗɞɔɤɜɘəɐɠ ŮˊɘűŬɜŮɑŬɠ űɞɟŰɑůŮɤɠ, əŬŰɎ DIN 

4019 (ȾȷɁɈ) 
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ȼ ˊɟɞɖɔɞɨɛŮɜɖ ůɢɏůɖ ŭɑɜŮɘ Űɖɜ əŬɗɑɕɖůɖ ɔɘŬ ŮŭŬűɘəɐ ůŰɟɩůɖ ɛɏůŬ ůŰɖɜ ɞˊɞɑŬ ŮŭɟɎɕŮŰŬɘ Űɞ 

ɗŮɛɏɚɘɞ. 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ əŬɗɑɕɖůɖɠ ůŮ Ŭɛɛɩŭɖ ŮŭŬűɘəɐ ůŰɟɩůɖ ˊɞɡ ɓɟɑůəŮŰŬɘ əɎŰɤ 

Ŭˊɧ Űɖɜ ůŰɟɩůɖ ůŰɖɜ ɞˊɞɑŬ ŮŭɟɎɕŮŰŬɘ Űɞ ɗŮɛɏɚɘɞ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ůŰɟɩůɖ 2 ůŰɞ 

Ŭəɧɚɞɡɗɞ ůɢɐɛŬ, ŰɧŰŮ ŮűŬɟɛɧɕɞɡɛŮ Űɖɜ Ŭɟɢɐ Űɖɠ ŮˊŬɚɚɖɚɑŬɠ (ɆɢɐɛŬ 3-14). 

 

 

ɆɢɐɛŬ 3-14 Ɉˊɞɚɞɔɘůɛɧɠ əŬɗɘɕɐůŮɤɜ ůŰɖɜ ɡˊɞəŮɑɛŮɜɖ ůŰɟɩůɖ 2 ɛŮ Űɖɜ Ŭɟɢɐ Űɖɠ ŮˊŬɚɚɖɚɑŬɠ 

 

ȰŰůɘ, 

S2 = (q*ȸ/Ⱥs2) * (f s2-fs1)      

 

ȳˊɞɡ: 

Ƀɑ ůɡɜŰŮɚŮůŰɏɠ fs2 əŬɘ fs1 ́ ɟɞɏəɡɣŬɜ ɤɠ ůɡɜɎɟŰɖůɖ ŬɜŰɑůŰɞɘɢŬ Űɤɜ (ȸ, L, Ȼ1) əŬɘ (ȸ, L Z2). 
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3.2.4 ȺˊɘŰɟŮˊɧɛŮɜŮɠ əŬɗɘɕɐůŮɘɠ. ȾɟɘŰɐɟɘŬ Skempton ï McDonald. 

 

ũŮɜɘəɎ ɛŮ Űɞɜ ɧɟɞ ŮˊɘŰɟŮˊɧɛŮɜɖ əŬɗɑɕɖůɖ Ůɜɧɠ ɏɟɔɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɛŮ Űɖɜ əŬɗɑɕɖůɖ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ, ɢɤɟɑɠ ɜŬ ŮˊɖɟŮŬůɗŮɑ ŭɡůɛŮɜɩɠ ɖ ůŰŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ əŬɗɩɠ əŬɘ ɖ 

Ůɜ ɔɏɜŮɘ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɞɡ ɏɟɔɞɡ. 

ȺɑɜŬɘ ɔŮɜɘəɐ ŭɘŬˊɑůŰɤůɖ Ŭˊɧ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɗɘɕɐůŮɤɜ ɧŰɘ ɞɘ əŬŰŬůəŮɡɏɠ ɡˊɞűɏɟɞɡɜ 

ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɘɠ ŭɘŬűɞɟɘəɏɠ əŬɗɘɕɐůŮɘɠ əŬɘ ůŰɟɞűɏɠ, ˊŬɟɎ Ŭˊɧ ůɢŮŰɘəɎ ɡɣɖɚɏɠ 

ɞɛɞɘɧɛɞɟűŮɠ əŬɗɘɕɐůŮɘɠ. 

Ⱥˊɑůɖɠ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɧůɞ ˊɘɞ ŬɟɔɎ ŮɝŮɚɑůůŮŰŬɘ ɖ əŬɗɑɕɖůɖ Űɧůɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɔŮɗɞɠ 

əŬɗɘɕɐůŮɤɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬɚɎɓŮɘ ɛɘŬ əŬŰŬůəŮɡɐ ɢɤɟɑɠ ɓɚɎɓɖ, ɚɧɔɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɞɡ 

Ůɟˊɡůɛɞɨ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ. ũɘ' ŬɡŰɧ əŬɘ ŰŬ əɟɘŰɐɟɘŬ ůŰɘɠ Ɏɛɛɞɡɠ, ɧˊɞɡ ɖ əŬɗɑɕɖůɖ 

ŮˊɘŰŮɚŮɑŰŬɘ ˊɟŬəŰɘəɎ ɎɛŮůŬ, ŮɑɜŬɘ ˊɘɞ ŬɡůŰɖɟɎ Ŭˊɧ ŬɡŰɎ ɔɘŬ Ŭɟɔɑɚɞɡɠ. 

ȷˊɧ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɗɘɕɐůŮɤɜ ůŮ əŰɑɟɘŬ, ůŰŬ ɞˊɞɑŬ ŭŮɜ ˊŬɟŬŰɖɟɐɗɖəŮ ɓɚɎɓɖ Űɖɠ ůŰŬŰɘəɐɠ 

Űɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ , ɞɘ Skempton - McDonald (1956) ůɡůɢɏŰɘůŬɜ Űɖ ɔɤɜɘŬəɐ ůŰɟɞűɐ ɛŮ Űɖ 

ɛɏɔɘůŰɖ əŬɘ Űɖ ŭɘŬűɞɟɘəɐ əŬɗɑɕɖůɖ. ȰŰůɘ ɏŭɤůŬɜ Űɞɜ Ŭəɧɚɞɡɗɞ ɄɑɜŬəŬ (ˊɑɜŬəŬɠ 3-7) ŬɜŮəŰɩɜ 

əŬɗɘɕɐůŮɤɜ ɔɘŬ əŰɘɟɘŬəɎ ɏɟɔŬ. 

ˊɑɜŬəŬɠ 3-7 ȷɜŮəŰɏɠ əŬɗɘɕɐůŮɘɠ əŬŰɎ Skempton - McDonald  

ɇŬ ˊŬɟŬˊɎɜɤ ɧɟɘŬ ŮɝŬůűŬɚɑɕɞɡɜ əɡɟɑɤɠ Űɖɜ ŬůűɎɚŮɘŬ Űɞɡ űɏɟɞɜŰɞɠ ɞɟɔŬɜɘůɛɞɨ. Ⱥűɧůɞɜ 

ɧɛɤɠ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ Ŭˊɞűɡɔɐ əɎɗŮ ɛɘəɟɞɟɖɔɛŬŰɩůŮɤɠ ůŮ Űɞɑɢɞɡɠ ˊɚɖɟɩůŮɤɠ, ŰɧŰŮ ɖ 

ɔɤɜɘŬəɐ ůŰɟɞűɐ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 1/500. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ˊɟɞŰɎůŮɘɠ Űɤɜ 

Skempton - McDonald ŮɑɜŬɘ ŬɝɘɧˊɘůŰŮɠ əɡɟɑɤɠ ɔɘŬ ˊɚŬɘůɘɤŰɏɠ əŬŰŬůəŮɡɏɠ əŬɘ ɧɢɘ ɔɘŬ 

əŬŰŬůəŮɡɏɠ Ŭˊɧ Ɏɞˊɚɖ ŰɞɘɢɞˊɞɘɑŬ. 

ũɤɜɘŬəɐ ůŰɟɞűɐ ɀŮɛɞɜɤɛɏɜŬ ɄɏŭɘɚŬ ũŮɜɘəɏɠ əŬŰŬůŰɟɩůŮɘɠ 

ũɤɜɘŬəɐ ůŰɟɞűɐ 1/300 1/300 

ɀɏɔɘůŰɖ əŬɗɑɕɖůɖ: 

 

ȯɟɔɘɚɞɘ 

ȯɛɛɞɘ 

 

 

3 in 

2 in 

 

 

3 - 5 in 

2 - 3 in 

ɀɏɔɘůŰɖ ŭɘŬűɞɟɘəɐ əŬɗɑɕɖůɖ: 

 

ȯɟɔɘɚɞɘ 

ȯɛɛɞɘ 

 

 

1,75 in 

1,25 in 
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3.3 Ɉˊɞɚɞɔɘůɛɧɠ ˊŮŭɘɚɞŭɞəɩɜ. 

3.3.1 ȼ ɏɜɜɞɘŬ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ. 

ȼ ́Ůŭɘɚɞŭɞəɧɠ ŮɑɜŬɘ ɖ ŬˊɚɞɨůŰŮɟɖ ɛɞɟűɐ ɞɛŬŭɘəɐɠ ɗŮɛŮɚɑɤůɖɠ ɡˊɞůŰɡɚɤɛɎŰɤɜ ɛɏůɤ Ůɜɧɠ 

əɞɘɜɞɨ ɗŮɛŮɚɑɞɡ. Ƀɘ ˊŮŭɘɚɞŭɞəɞɑ ɏɢɞɡɜ ɛɞɟűɐ ŬɜŮůŰɟŬɛɛɏɜɖɠ ˊɚŬəɞŭɞəɞɨ əŬɘ ɛŮŰŬɓɘɓɎɕɞɡɜ 

Űɞ ɎɗɟɞɘůɛŬ Űɤɜ űɞɟŰɑɤɜ ˊɞɡ űɏɟɞɡɜ ɛɏůɤ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ˊɏɚɛŬŰɞɠ Űɞɡɠ ůŰɞ ɏŭŬűɞɠ 

ɗŮɛŮɚɑɤůɖɠ. ɀŮ Űɖ ůɨɜŭŮůɖ ŬɡŰɐ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ ˊɟɞəɨˊŰɞɡɜ ŭɘŬűɞɟɘəɏɠ əŬɗɘɕɐůŮɘɠ ˊɞɡ 

ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛɘəɟɏɠ, əŬŰɎ əŬɜɧɜŬ ŭŮ ŬɜŮəŰɏɠ. 

 

ɆɢɐɛŬ 3-15 (Ŭ)ɄɟɞɞˊŰɘəɧ ůɢɐɛŬ (ɓ)əŬŰɎ ɛɐəɞɠ ɧɣɖ ɗŮɛŮɚɑɤůɖɠ ɛŮ ˊŮŭɘɚɞŭɞəɧ 

 

ȼ ɗŮɛŮɚɑɤůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ˊŮŭɘɚɞŭɞəɞɨɠ ɐ əɞɘŰɧůŰɟɤůɖ (ɛɏɗɞŭɞɘ ɞɛŬŭɘəɐɠ ɗŮɛŮɚɑɤůɖɠ) 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ůɡɜŮɟɔŬůɑŬ ɛŮŰŬɝɨ Űɤɜ ˊɏŭɘɚɤɜ ɐ ɧŰŬɜ: 

¶ Űɞ ˊɞůɞůŰɧ əɎɚɡɣɖɠ Űɤɜ ɛŮɛɞɜɤɛɏɜɤɜ ˊɏŭɘɚɤɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ɓɎůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ (ˊ.ɢ. >50%), 

¶ ɖ ŬɜŬɛŮɜɧɛŮɜɖ ůɡɜɞɚɘəɐ əŬɗɑɕɖůɖ Űɤɜ ˊɏŭɘɚɤɜ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɖ, ɞˊɧŰŮ əŬɘ ɖ ŭɘŬűɞɟɘəɐ 

əŬɗɑɕɖůɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɡɣɖɚɐ, 

¶ ɖ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɡŬɑůɗɖŰɖ ůŮ ŭɘŬűɞɟɘəɏɠ əŬɗɘɕɐůŮɘɠ ɐ ɛŮŰŬűɏɟŮɘ ůɖɛŬɜŰɘəɏɠ 

ɟɞˊɏɠ ůŰɖ ɗŮɛŮɚɑɤůɖ. 
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3.3.2 ɀɏɗɞŭɞɘ ɡˊɞɚɞɔɘůɛɞɨ ˊŮŭɘɚɞŭɞəɩɜ. 

ȼ ˊŮŭɘɚɞŭɞəɧɠ űɏɟŮɘ űɞɟŰɑŬ Ŭˊɧ Űɖɜ Ŭɜɤŭɞɛɐ əŬɘ ŭɏɢŮŰŬɘ Ŭˊɧ Űɞ ɏŭŬűɞɠ ŬɜŰɘŭɟɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

ɔŮɜɘəɎ ŭŮɜ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜŮɠ. 

ũɜɤɟɑɕɞɜŰŬɠ Űɖɜ ůɡɜɎɟŰɖůɖ əŬŰŬɜɞɛɐɠ P=P(ɢ) Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ Ŭˊɧ Űɞ ɏŭŬűɞɠ ŮɑɜŬɘ ŭɡɜŬŰɧɠ 

ɞ ɏɚŮɔɢɞɠ ɘəŬɜɞˊɞɑɖůɖɠ Űɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ ŬˊŬɘŰɐůŮɤɜ ɔɘŬ Űɖɜ ɗŮɛŮɚɑɤůɖ ɛŮ ˊŮŭɘɚɞŭɞəɧ: 

¶ Ƀɘ ŬˊɧɚɡŰŮɠ əŬɘ ŭɘŬűɞɟɘəɏɠ əŬɗɘɕɐůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŮŭŬűɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ P=P(ɢ) 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɜŮəŰɏɠ. 

¶ ɁŬ ɡˊɎɟɢŮɘ ŬůűɎɚŮɘŬ ɏɜŬɜŰɘ ɗɟŬɨůŮɤɠ Űɞɡ ŮŭɎűɞɡɠ. 

¶ ȼ ˊŮŭɘɚɞŭɞəɧɠ, ɤɠ űɞɟɏŬɠ, űɞɟŰɘɕɧɛŮɜɖ Ŭˊɧ ŰŬ űɞɟŰɑŬ Ʌɘ,Ʌ2...,Ʌɖ Űɖɠ Ŭɜɤŭɞɛɐɠ əŬɘ Ŭˊɧ Űɖ 

ůɡɜŮɢɐ ŬɜŰɑŭɟŬůɖ Űɞɡ ŮŭɎűɞɡɠ P=P(ɢ) ˊɟɏˊŮɘ ɜŬ ŮˊŬɟəŮɑ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ əŬŰɎ Űɖ 

ŭɘŬɛɐəɖ ɏɜɜɞɘŬ. 

¶ ȾŬŰɎ Űɖɜ ŮɔəɎɟůɘŬ ɏɜɜɞɘŬ, ɖ ˊɚɎəŬ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ, ˊɞɡ űɞɟŰɑɕŮŰŬɘ ɤɠ ˊɟɧɓɞɚɞɠ Ŭˊɧ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ, ˊɟɏˊŮɘ ɜŬ ŮˊŬɟəŮɑ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ. 

 

ɆɢɐɛŬ 3-16 ɆəŬɟɑűɖɛŬ əŬŰŬɜɞɛɐɠ p=p(x) ŬɜŰɘŭɟɎůŮɤɜ Ŭˊɧ Űɞ ɏŭŬűɞɠ ɛŮ ˊŮŭɘɚɞŭɞəɧ 
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ȼ ůɡɜɎɟŰɖůɖ P=P(x) ŮɝŬɟŰɎŰŬɘ ɔŮɜɘəɎ: 

¶ Ŭˊɧ Űɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɜ ŬəŬɛɣɑŬ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ əŬɘ Űɖɠ Ŭɜɤŭɞɛɐɠ, 

¶ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ əŬŰɧɣŮɤɠ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ, əŬɘ 

¶ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ űɞɟŰɑɤɜ Ʌɘ,Ʌ2,..,Ʌɖ 

 

Ƀɘ ɗŮɤɟɑŮɠ ˊɞɡ ŭɘŬŰɡˊɩɗɖəŬɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ˊŮŭɘɚɞŭɞəɩɜ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ: 

¶ ȷˊɚɏɠ ɛɏɗɞŭɞɘ, ɧˊɞɡ ɖ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ŮəŰɘɛɎŰŬɘ ŮɛˊŮɘɟɘəɎ, ŬɔɜɞɩɜŰŬɠ Űɖɜ Ůˊɘɟɟɞɐ 

Űɞɡ ůɨɜɗŮŰɞɡ ůɡůŰɐɛŬŰɞɠ çɏŭŬűɞɠ-ˊŮŭɘɚɞŭɞəɧɠ-Ŭɜɤŭɞɛɐè ůŰɖɜ ůɡɜɎɟŰɖůɖ P=P(x) ɐ əŬɘ 

ɚŬɛɓɎɜŮŰŬɘ ŬɡɗŬɑɟŮŰŬ ɤɠ ɔɟŬɛɛɘəɐ. ɇɏŰɞɘŮɠ ɛɏɗɞŭɞɘ ŮɑɜŬɘ ɞɘ: 

¶ ȷəɟɘɓɏůŰŮɟŮɠ ɛɏɗɞŭɞɘ, ɧˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŮ ɛɘəɟɧŰŮɟɞ ɐ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ ŬəɟɘɓŮɑŬɠ 

Űɧůɞ ɖ ŮɜŭɞŰɘəɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ ɧůɞ əŬɘ ɖ ůɢɏůɖ Űɖɠ ɛŮ Űɖɜ ŬəŬɛɣɑŬ Űɖɠ Ŭɜɤŭɞɛɐɠ. ɆŮ 

ŬɡŰɏɠ Űɘɠ ɛŮɗɧŭɞɡɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ: 

-ɀɏɗɞŭɞɘ ɓɎůŮɘ ŮŭŬűɘəɞɨ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ əŬŰɎ Winkler 

-ɀɏɗɞŭɞɘ ɓɎůŮɘ ŮŭŬűɘəɞɨ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ ŮɚŬůŰɘəɞɨ ɘůɧŰɟɞˊɞɡ ɖɛɘɢɩɟɞɡ 
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3.3.3 Ɉˊɞɚɞɔɘůɛɧɠ ˊŮŭɘɚɞŭɞəɞɨ ɓɎůŮɘ ŮŭŬűɘəɞɨ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ əŬŰɎ Winkler 

i. ɩʍʋʎʋʈʋʚʖʈɻ ʅɿʀʡɿʋʑʏ ʀɿʗʒʋʑʏ 7ÉÎËÌÅÒ. 

ȷˊɞŰŮɚŮɑ Űɞ ŬˊɚɞɨůŰŮɟɞ ɗŮɤɟɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ əŬŰɎ Űɞ ɞˊɞɑɞ Űɞ ɏŭŬűɞɠ ɡˊɞŰɑɗŮŰŬɘ ɧŰɘ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɚɐɗɞɠ ŬɜŮɝɎɟŰɖŰɤɜ ŮɚŬŰɖɟɑɤɜ. ȼ əŬɗɑɕɖůɖ s Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ŮŭɎűɞɡɠ, ˊɞɡ űɞɟŰɑɕŮŰŬɘ ůŮ ŰɛɐɛŬ Űɖɠ Ŭˊɧ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɖ űɧɟŰɘůɖ q, ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖ ůɢɏůɖ: 

s = q / Ⱦ  

ɧˊɞɡ Ⱦ (ɐ C) ɞ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ. 

ɇɞ ˊɟɞůɞɛɞɑɤɛŬ Winkler ŮɑɜŬɘ ɛɞɜɞˊŬɟŬɛŮŰɟɘəɧ (ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ Ⱦ) əŬɘ ɏɢŮɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ 

Űɖɠ ŮɡɢŮɟɏůŰŮɟɖɠ ɛŬɗɖɛŬŰɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ. ɄŬɟɞɡůɘɎɕŮɘ 

ɧɛɤɠ Űɞ ɛŮɘɞɜɏəŰɖɛŬ ɧŰɘ ŭŮɜ ˊɟɞůŮɔɔɑɕŮɘ ɛŮ ɟŮŬɚɘůŰɘəɧ Űɟɧˊɞ Űɖ ůɡůɢɏŰɘůɖ ˊɘɏůŮɤɜ-

ˊŬɟŬɛɞɟűɩůŮɤɜ ɔɘŬ ˊɞɚɚɞɨɠ Űɨˊɞɡɠ ŮŭŬűɩɜ, ŭɘɧŰɘ ˊɟɞɦˊɞɗɏŰŮɘ ŬɜŮɝɎɟŰɖŰɖ ɓɨɗɘůɖ Űɤɜ 

ŮɚŬŰɖɟɑɤɜ, ˊɞɡ ɘůɞŭɡɜŬɛŮɑ ɛŮ ɛɖ ɛŮŰɎŭɞůɖ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ əŬŰɎ Űɖɜ əŬŰŬəɧɟɡűɖ 

ŮˊɘűɎɜŮɘŬ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ŮŭŬűɘəɩɜ ůŰɞɘɢŮɑɤɜ. 

ȺɜŭŮɘəŰɘəɎ ůŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ űŬɑɜɞɜŰŬɘ ɞɘ ɓɡɗɑůŮɘɠ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ŮŭɎűɞɡɠ ˊɞɡ űɞɟŰɑɕŮŰŬɘ ɡˊɧ ŭɘɎűɞɟŮɠ ůɡɜɗɐəŮɠ əŬŰɎ Űɞ ˊɟɞůɞɛɞɑɤɛŬ ɘŭŮɩŭɞɡɠ ŮŭɎűɞɡɠ 

Winkler 

 

ɆɢɐɛŬ 3-17 ɄɟɞůɞɛɞɑɤɛŬ ɘŭŮɩŭɞɡɠ ŮŭɎűɞɡɠ Winkler  
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ii.  ɞʆʐʚʈʂʎʂ ʐʋʑ ɿʀʚʆʐʂ ʀɿʗʒʋʑʏ ɣ ɉɼʗʎʀʅ ɻʌʋʐʀʇʀʎʈʗʐʖʉ ɿʋʆʅʈɻʎʐʅʆʙʏ 

ʒʋʍʐʚʎʀʖʏ ʌʇʗʆɻʏȟ ʆɻʐʗ ɬerzaghi ). 

 

Ƀ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ C ɔɘŬ ɏŭŬűɞɠ ˊɞɡ űɞɟŰɑɕŮŰŬɘ Ŭˊɧ ɛŮɚŮŰɩɛŮɜɞ ɗŮɛɏɚɘɞ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůŭɘɞɟɘůɗŮɑ ɏɛɛŮůŬ ɛŮ Űɨˊɞ ŬɜŬɔɤɔɐɠ Ŭˊɧ Űɞɜ ŭŮɑəŰɖ ŮŭɎűɞɡɠ Cb. 

Ƀ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ Cb ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ŭɞəɘɛŬůŰɘəɐ űɧɟŰɘůɖ ůŰɞɜ Űɧˊɞ Űɞɡ ɏɟɔɞɡ Ŭˊɧ 

ŰŮŰɟŬɔɤɜɘəɐ ˊɚɎəŬ ˊɚŮɡɟɎɠ b əŬɘ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧɠ ɔɘŬ Űɞ ɏŭŬűɞɠ ŬɡŰɧ ɧŰŬɜ űɞɟŰɑɕŮŰŬɘ 

Ŭˊɧ ŬɡŰɐ Űɖɜ ˊɚɎəŬ. Ƀ ɇerzaghi (1955) ˊɟɧŰŮɘɜŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊŬɟŬˊɎɜɤ ɛŮɗɧŭɞɡ ɛŮ 

ŭɘŬůŰɎůŮɘɠ ŭɞəɘɛŬůŰɘəɐɠ ˊɚɎəŬɠ 1x1 ft
2
, ŭɖɚŬŭɐ 0,305x0,305 m

2
, əŬɘ ɏŭɤůŮ Űɨˊɞɡɠ ŬɜŬɔɤɔɐɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭɛɛɩŭɞɡɠ əŬɘ ůɡɜŮəŰɘəɞɨ ŮŭɎűɞɡɠ əŬɗɩɠ əŬɘ ˊŮɘɟŬɛŬŰɘəɎ 

ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŬɟɘɗɛɖŰɘəɐ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ŮŭɎűɞɡɠ ɔɘŬ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ ŮŭŬűɩɜ. 

 

ɆɢɐɛŬ 3-18 ŪŮɤɟɖŰɘəɐ ɓɎůɖ ŮəŰɘɛɐůŮɤɠ Űɞɡ ŭŮɑəŰɖ ŮŭɎűɞɡɠ əŬŰɎ ɇerzaghi 

 

Ƀ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ C ɔɘŬ ɞɟɗɞɔɤɜɘəɐ ˊɚɎəŬ ɗŮɛŮɚɑɞɡ Lxb ůɡɜŬɟŰɐůŮɘ Űɞɡ ŭŮɑəŰɖ ŮŭɎűɞɡɠ Cb30, 

ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ˊŮɘɟŬɛŬŰɘəɎ ɛŮ ŭɞəɘɛŬůŰɘəɐ ˊɚɎəŬ 1x1 ft
2
 (0,305x0,305 m

2
), ɞ Terzaghi 

ŭɑɜŮɘ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 

¶ ɆŮ ůɡɜŮəŰɘəɎ ŮŭɎűɖ 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚɤɟɑŭŬɠ ˊɚɎŰɞɡɠ b əŬɘ ɛɐəɞɡɠ L ŮɑɜŬɘ: 

C = Cb30 *(1/(3,3*b))*((m+0,5)/(1,5*m))  

ȳˊɞɡ 

m = L/B əŬɘ  b Űɞ ˊɚɎŰɞɠ Űɖɠ ɚɤɟɑŭŬɠ ůŮ m. 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚɤɟɑŭŬɠ ˊɚɎŰɞɡɠ b əŬɘ ɛɐəɞɡɠ L ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɡ Űɞɡ ˊɚɎŰɞɡɠ-ˊŮɟɑˊŰɤůɖ 

ˊɞɚɨ ůɡɜɖɗɘůɛɏɜɖ ɔɘŬ ˊŮŭɘɚɞŭɞəɞɨɠ-ŮɑɜŬɘ: 

C = Cb30*(1/(5*b)) 

ɧˊɞɡ b Űɞ ˊɚɎŰɞɠ Űɖɠ ɚɤɟɑŭŬɠ ůŮ m. 

ὅ  =ɞ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ ɔɘŬ ŰŮŰɟŬɔɤɜɘəɐ ˊɚɎəŬ b=0,305m ɧˊɤɠ ŭɑɜŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬɠ 3-8.  
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ʅˎ˄ʶˁˍʽˁʱ ʶʵʱ˒ʹɶ˃ʽˋˍʶˊʶʅɦˁ˂ʹˊ ʃɦˇ˂ˏ ˋˁ˂ʹˊʱ

ɮ˄ˍˇ˔ʺ ǉu(Kg/cm2) м ʷ˖ˌ нн ʷ˖ˌ п >4

!ˁˊʰʾʶˌ ˍʽ˃ʷˌмΣс ʷ˖ˌ оΣноΣн ʷ˖ˌ сΣп>6,4

ʃˊˇˍʽ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ2,4 4,8 9,6*

ɾʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ˃ˈ˄ˇ ˁʰˍˈˉʽ˄ ˉʶʽˊʱ˃ʰˍˇˌ
 

ˊɑɜŬəŬɠ 3-8 ɇɘɛɏɠ Cb30 ůɡɜŮəŰɘəɩɜ ŮŭŬűɩɜ ůŮ kg/cm3 

 

ɫʀ ɻʈʈʡɿʂ ɉʈʂ ʎʑʉʀʆʐʅʆʗɊ ʀɿʗʒʂ 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚɤɟɑŭŬɠ ˊɚɎŰɞɡɠ b ŮɑɜŬɘ : 

C = Cb30 * ((b + 0.305)/2*b)
 

ȳˊɞɡ b  Űɞ ˊɚɎŰɞɠ Űɖɠ ɚɤɟɑŭŬɠ ůŮ m. 

ὅ   = ɞ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ ɔɘŬ ŰŮŰɟŬɔɤɜɘəɐ ˊɚɎəŬ b=0,305m ɧˊɤɠ ŭɑɜŮŰŬɘ (ˊɑɜŬəŬɠ 3-9) 

 

˔ʰ˂ʰˊɾ̋ʷˋʹˌ ˉˎˁ˄ˈˍʹˍʰˌʃˎˁ˄ʺ

ʆʽ˃ʺ ʴd  (t/m
3) 1,3 1,6 1,9

ɮˁˊʰʾʶˌ ˍʽ˃ʷˌ ˅ʹˊʺˌ 

ʺ ˎʴˊʺˌ ʱ˃˃ˇˎ
лΣсп ʷ˖ˌ мΣфнмΣфн ʷ˖ˌ фΣсфΣс ʷ˖ˌ онΣл

ʃˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ1,3 4,2 16

ɳ˄ˍˈˌ ˏʵʰˍˇˌ0,8 2,6 9,6

ɮ˃˃˗ʵʹ ʶʵʱ˒ʹ
ʅ˔ʶˍʽˁʺ ˉˎˁ˄ˈˍʹˍʰ ʱ˃˃ˇˎ

 

ˊɑɜŬəŬɠ 3-9 ɇɘɛɏɠ Cb30 Ŭɛɛɤŭɩɜ ŮŭŬűɩɜ ůŮ kg/cm3 
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3.3.4 ȾɟɘŰɐɟɘɞ ŬəŬɛɣɑŬɠ Hetengi. 

ɆɨɛűɤɜŬ ɛŮ Űɞ əɟɘŰɐɟɘɞ ŬəŬɛɣɑŬɠ Hetengi ŮəŰɘɛɎŰŬɘ ɞ ŬŭɘɎůŰŬŰɞɜ Ŭɟɘɗɛɧɠ ɓ x l (ɓ=  ) 

ȳˊɞɡ: 

b: Űɞ ˊɚɎŰɞɠ ɏŭɟŬůɖɠ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ 

l: Űɞ ɛɐəɞɠ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ 

cb: ɞ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ (ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ bxl Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ) 

Eb: Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ 

L: ɖ ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ Űɖɠ ˊŮŭɘɚɞŭɞəɞɨ 

 

Ⱥűɧůɞɜ: 

i) b x l < ˊ/4 = 0,785 ɖ ˊŮŭɘɚɞŭɞəɧɠ ɗŮɤɟŮɑŰŬɘ ɎəŬɛˊŰɖ (ɔɘŬ ůŰŬŰɘəɐ Ůˊɑɚɡůɖ ɓɚɏˊŮ 3.3.5) 

ii)  ˊ/4 = 0,785 < b x l < ˊ=3,14 ɖ ˊŮŭɘɚɞŭɞəɧɠ ɗŮɤɟŮɑŰŬɘ ɛŮŰɟɑɤɜ ŮɨəŬɛˊŰɖ (ɔɘŬ Űɖɜ 

Ůˊɑɚɡůɖ Űɖɠ ŬˊŬɘŰŮɑŰŬɘ ˊɟɧɔɟŬɛɛŬ ȼ/Ɉ ɐ ɢɟɐůɖ ˊɘɜɎəɤɜ Ⱥ. ɄŬɜŬɔɘɤŰɞɡɜɎəɞɡ) 

iii)  b x l > ˊ=3,14 ( ɐ ŬəɧɛŬ əŬɚɨŰŮɟŬ >5) ɖ ˊŮŭɘɚɞŭɞəɧɠ ɗŮɤɟŮɑŰŬɘ ŰŮɚŮɑɤɠ ŮɨəŬɛˊŰɖ 

(ŬˊŮɘɟɞɛɐəɖɠ ɔɘŬ Űɖɜ ůŰŬŰɘəɐ Ůˊɑɚɡůɖ ɓɚɏˊŮ 3.3.6) 
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3.3.5 Ⱥˊɑɚɡůɖ ɎəŬɛˊŰɖɠ ˊŮŭɘɚɞŭɞəɞɨ. 

ɆŰɖɜ ɎəŬɛˊŰɖ ˊŮŭɘɚɞŭɞəɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɤɜ ŮŭŬűɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɧ. 

ȰŰůɘ ɔɘŬ Űɖɜ ɎəŬɛˊŰɖ ˊŮŭɘɚɞŭɞəɧ (ɆɢɐɛŬ 3-19) ŮəŰɘɛɎŰŬɘ əŬŰô Ŭɟɢɐɜ ɖ ŮəəŮɜŰɟɧŰɖŰŬ ek ɤɠ  

Ůɝɐɠ: 

|ek| = |  -  | = ||  -  | 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 3-19 Ⱥˊɑɚɡůɖ ɎəŬɛˊŰɖɠ ˊŮŭɘɚɞŭɞəɞɨ 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ (ɆɢɐɛŬ 3-19): l/2 >Ɇɀȷ/V ɞˊɧŰŮ: 

Pmax =  x (1+ ) = PA 

Pmin =  x (1- ) = PE 

əŬɘ ɛŮ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ŮəŰɘɛɩɜŰŬɘ əŬɘ ɞɘ ŮɜŭɘɎɛŮůŮɠ Űɘɛɏɠ PB, P1, Pũ, PȾ əŬɘ Pȹ, ɞˊɧŰŮ ŰŬ 

ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ɀ, Q ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

¶ ɆɖɛŮɑɞ ȸ 

QB =  x (AB) 

MB = QB x  x ς  

¶ ɆɖɛŮɑɞ ȿ (ɛɏůɞ Űɖɠ ŬˊɧůŰŬůɖɠ (ȸũ) 

Qȿ =  x (Aȿ) ï P1 

Mȿ = Qȿ x  x ς  - P1a = Qȿ x  x ς  - P1  

  

ȷ         ȸ              ũ            Ⱦ          ȹ           Ⱥ 

l/2 l/2 

PB 

l2 

l3 

a a 

Pȿ Pũ 
PȾ 

Pȹ PE = Pmin 

 
PA = Pmax 

P1 P2 P3 

l/2 
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3.3.6 Ⱥˊɑɚɡůɖ ŰŮɚŮɑɤɜ ŮɡəŬɛɣɑŬɠ (ŬˊŮɘɟɞɛɐəɞɡɠ) ˊŮŭɑɚɞɡ. 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɟŬəŰɘəɩɠ ŬˊŮɘɟɞɛɐəɞɡɠ ˊŮŭɘɚɞŭɞəɞɨ ɖ Ůˊɑɚɡůɖ Hetenyi ˊŬɟɏɢŮɘ, ɔɘŬ əɎɗŮ 

ůɖɛŮɑɞ i, Űɖɜ ɓɨɗɘůɖ yi (ɓɏɚɞɠ Űɖɠ ŬəŬɛɣɑŬɠ) Űɖɜ ɟɞˊɚɖ əɎɛɣɖɠ M i, əŬɘ Űɖɜ ŰɏɛɜɞɡůŬ Qi, ɤɠ 

ŮˊɎɚɚɖɚŬ Űɤɜ Ůˊɘ ɛɏɟɞɡɠ űɞɟŰɑɤɜ, Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ (ɓɚɏˊŮ əŬɘ ɆɢɐɛŬ 3-20) 

Y i =Ɇ Pjɕ1j 
    

 

M i =Ɇ Pjɕ2j  

Qi =Ɇ Pjɕ3j  

 

 

 

 

 

ɆɢɐɛŬ 3-20 Ⱥˊɑɚɡůɖ ŬˊŮɘɟɞɛɐəɞɡɠ ˊŮŭɘɚɞŭɞəɞɨ,  

 

ȳˊɞɡ: 

Cb:  ɞ ŭŮɑəŰɖɠ ŮŭɎűɞɡɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ˊɚɎŰɞɠ b Űɘɠ ˊŮŭɘɚɞŭɞəɞɨ ɓ=
 

   
 

ɕ1j:  ůɡɜŰŮɚŮůŰɐɠ ɓɨɗɘůɖɠ ŭɘŬŰɞɛɐɠ i ůɡɜŬɟŰɐůŮɘ Űɞɡ ɔɘɜɞɛɏɜɞɡ ɓxij, ɧˊɞɡ xij  ɖ 

ŬˊɧůŰŬůɖ Űɖɠ ŭɘŬŰɞɛɐɠ i Ŭˊɧ Űɖ ɗɏůɖ Űɞɡ űɞɟŰɑɞɡ j. 

ɕ2j , ɕ3j:  ůɡɜŰŮɚŮůŰɏɠ ɟɞˊɩɜ əɎɛɣŮɤɠ əŬɘ ŰŮɛɜɞɡůɩɜ ŬɜŰɘůŰɞɑɢɤɠ Űɖɠ ŭɘŬŰɞɛɐɠ i 

ůɡɜŬɟŰɐůŮɘ Űɞɡ ɔɘɜɞɛɏɜɞɡ ɓxij, ɧˊɞɡ xij  ɖ ŬˊɧůŰŬůɖ Űɖɠ ŭɘŬŰɞɛɐɠ i Ŭˊɧ Űɖ ɗɏůɖ 

Űɞɡ űɞɟŰɑɞɡ j. 

  

P2 

l 

P1 

ȷ    ɀ  ȸ 
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Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ɕ1j ɕ2j , ɕ3j ˊŬɟɏɢɞɜŰŬɘ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɔɘɜɞɛɏɜɞɡ ɓxij ,Ŭˊɧ Űɞɜ ɄɑɜŬəŬ  

(ˊɑɜŬəŬɠ 3-10) 

 

ˊɑɜŬəŬɠ 3-10 ɆɡɜŰŮɚŮůŰɏɠ ɕ1, ɕ2, ɕ3, ɕ4 ŬˊŮɘɟɞɛɐəɞɡɠ ˊŮŭɘɚɞŭɞəɞɨ 

 

ȰŰůɘ ɔɘŬ Űɖɜ ŭɘŬŰɞɛɐ ȷ ɗŬ ŮɑɜŬɘ: 

xA-1=0    ɓ xA-1=0    ‒  =‒
 

= ‒ =1 

xA-2=(ȷȸ)  ɓ xA-2= ɓx (AB)  ‒ , ‒ , ‒  

 

yA = (P1 x ‒ + P2 ὼ ‒  ) ὼ 
    

 =(P1 x ρ + P2 ὼ ‒  ) ὼ 
    

 

MA =(P1 x ‒ + P2 ὼ ‒  ) ὼ  = (P1 x ρ P2 ὼ ‒  ) ὼ  

QA =(P1 x ‒ + P2 ὼ ‒  ) x   = (P1 x ‒ + P2 ὼ ‒  ) x   
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Ⱥɜɩ ɔɘŬ Űɖɜ ŭɘŬŰɞɛɐ ɀ ɗŬ ŮɑɜŬɘ: 

xɀ-1=(ȷɀ)   ɓ xɀ-1= ɓ x (Aɀ)   ‒ , ‒ ,  ‒  

xɀ-2=(ɀȸ)  ɓ xɀ-2= ɓ x (ɀB)  ‒ , ‒ , ‒  

əŬɘ 

yɀ = (P1 x ‒ + P2 ὼ ‒  ) ὼ 
    

  

Mɀ =(P1 x ‒ + P2 ὼ ‒  ) ὼ   

Qɀ =(P1 x ‒ + P2 ὼ ‒  ) x    

 

ɄɟɞűŬɜɩɠ ůŮ əɎɗŮ ůɖɛŮɑɞ ɘ ɖ ˊɑŮůɖ ŮˊŬűɐɠ ůi ˊɟɞəɨˊŰŮɘ ɤɠ ɔɘɜɧɛŮɜɞ 

yi x cb ŭɖɚŬŭɐ   =ůi = cb x yi =Ɇ Pjɕ1j 
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4.1 ȷɝɞɜɘəɐ űɧɟŰɘůɖ ˊŬůůɎɚɞɡ.  

ȿŮɘŰɞɡɟɔɑŬ ï Űɨˊɞɘ ï əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ ˊŬůůɎɚɤɜ. 

ɄɎůůŬɚɞɠ ŮɑɜŬɘ ɏɜŬ ɛŮɛɞɜɤɛɏɜɞ ůŰɞɘɢŮɑɞ ɓŬɗŮɘɎɠ ɗŮɛŮɚɑɤůɖɠ ɛŮ ůɢŮŰɘəɎ ɛɘəɟɐ ŭɘɎɛŮŰɟɞ (ɐ 

ˊɚŮɡɟɎ ŭɘŬŰɞɛɐɠ) ȸ -ůɡɜɐɗɤɠ Ŭˊɧ 0,3m ɏɤɠ 1,50m əŬɘ əŬŰ' ŮɝŬɑɟŮůɖ ɛɏɢɟɘ əŬɘ 3,0m- əŬɘ 

ŬɟəŮŰɎ ɡɣɖɚɧ ɚɧɔɞ L/ȸ ɧˊɞɡ L Űɞ ɛɐəɞɠ Űɞɡ, ˊɞɡ ɛŮŰŬűɏɟŮɘ ŰŬ űɞɟŰɑŬ Űɖɠ Ŭɜɤŭɞɛɐɠ ůŰɞ 

ɏŭŬűɞɠ, ɛŮ ŬůűɎɚŮɘŬ Űɧůɞ ɏɜŬɜŰɘ çɗɟŬɨůŮɤɠè ɧůɞ əŬɘ ɏɜŬɜŰɘ ɡˊŮɟɓɞɚɘəɩɜ ˊŬɟŬɛɞɟűɩůŮɤɜ 

(əŬɗɘɕɐůŮɤɜ ŮɑŰŮ əŬɘ ˊɚŮɡɟɘəɩɜ ɛŮŰŬŰɞˊɑůŮɤɜ). 

Ƀɘ ˊɎůůŬɚɞɘ ɤɠ ůŰɞɘɢŮɑŬ ɗŮɛŮɚɘɩůŮɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŰɘɠ Ůɝɐɠ ˊŮɟɘˊŰɩůŮɘɠ: ɧŰŬɜ 

ɛŬɚŬəɎ ŮŭɎűɖ ɡˊɏɟəŮɘɜŰŬɘ ůŰɘűɟɩɜ, ůŮ ŬˊɞɗɏůŮɘɠ ɛŬɚŬəɩɜ ɐ ɢŬɚŬɟɩɜ ŮŭŬűɩɜ ɛŮɔɎɚɞɡ 

ˊɎɢɞɡɠ, ɔɘŬ ɛŮŰŬɓɑɓŬůɖ ůŰɞ ɏŭŬűɞɠ ɡɣɖɚɩɜ űɞɟŰɑɤɜ ɛŮ ŰŬɡŰɧɢɟɞɜɞ ˊŮɟɘɞɟɘůɛɧ Űɤɜ 

əŬɗɘɕɐůŮɤɜ, ɔɘŬ Űɖɜ ŬɜɎɚɖɣɖ ɞɟɘɕɞɜŰɑɤɜ űɞɟŰɑɤɜ, ə.ɚ.ˊ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ɛŮŰŬɓɑɓŬůɖɠ Űɤɜ űɞɟŰɑɤɜ ůŰɞ ɏŭŬűɞɠ əŬɘ Űɞɜ Űɟɧˊɞ ŬɜɎˊŰɡɝɖɠ Űɖɠ 

ŬɜŰɞɢɐɠ -ɞɟɘŬəɞɨ űɞɟŰɑɞɡ- Űɞɡ ˊŬůůɎɚɞɡ, ŰŬ ůɡɜɐɗɖ ůɡůŰɐɛŬŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ˊŬůůɎɚɤɜ 

ŮŭɎűɞɡɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ : 

Ŭ) ˊɎůůŬɚɞɘ Ŭɘɢɛɐɠ,  

ɓ) ˊɎůůŬɚɞɘ Űɟɘɓɐɠ əŬɘ  

ɔ) ˊɎůůŬɚɞɘ Ŭɘɢɛɐɠ- Űɟɘɓɐɠ. 
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4.1.1 ɇɨˊɞɘ ˊŬůůɎɚɤɜ. 

ȷɜɎɚɞɔŬ ɛŮ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ əŬŰŬůəŮɡɐɠ Űɞɡɠ, ɞɘ ˊɎůůŬɚɞɘ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ: 

 

Ŭ) ɄɎůůŬɚɞɘ ŮəŰɞˊɑůŮɤɠ 

¶ ɄɟɞəŬŰŬůəŮɡŬůɛɏɜɞɘ-ŮɛˊɖɔɜɡɧɛŮɜɞɘ: ɝɨɚɘɜɞɘ, ɛŮŰŬɚɚɘəɞɑ, ɞˊɚɘůɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ 

¶ Ⱥˊɑ Űɧˊɞɡ əŬŰŬůəŮɡŬɕɧɛŮɜɞɘ (ɛŮ ɏɔɢɡůɖ ůəɡɟɞŭɏɛŬŰɞɠ) ɛŮ ŮəŰɧˊɘůɖ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ ˊ.ɢ. 

Űɨˊɞɡ Franki, Vibro ə.ɚ.ˊ. 

ɓ) ɄɎůůŬɚɞɘ ɢɤɟɑɠ ŮəŰɧˊɘůɖ: ɛŮ ŮəůəŬűɐ əŬɘ ŬűŬɑɟŮůɖ Űɞɡ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ əŬɘ Ůˊɑ Űɧˊɞɡ 

əŬŰŬůəŮɡɐɠ Űɞɡɠ ɛŮ ɏɔɢɡůɖ ůəɡɟɞŭɏɛŬŰɞɠ ˊ.ɢ. Űɨˊɞɡ Benoto, Flight auger piles, əɚ. 

 

 

 

4.1.2 ũŮɜɘəɎ əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ ˊŬůůɎɚɤɜ. 

ȾŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ ɛɘŬɠ ɓŬɗŮɘɎɠ ɗŮɛŮɚɑɤůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɝŬůűŬɚɑɕɞɜŰŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ:  

Ŭ) ɜŬ ɛɖɜ ɔɑɜŮŰŬɘ ɡˊɏɟɓŬůɖ ŬɡŰɐɠ əŬɗ' ŮŬɡŰɐɠ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ˊŬůůɎɚɞɡ ɤɠ űɏɟɞɜŰɞɠ 

ůŰɞɘɢŮɑɞɡ. 

ɓ) ɜŬ ɛɖɜ ɔɑɜŮŰŬɘ ɡˊɏɟɓŬůɖ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɎůůŬɚɞɠ-ɏŭŬűɞɠ 

ɔ) ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ (ˊ.ɢ. əŬɗɘɕɐůŮɘɠ) ɜŬ ŮɑɜŬɘ ŮɜŰɧɠ Űɤɜ ŮˊɘŰɟŮˊɧɛŮɜɤɜ ɞɟɑɤɜ ɔɘŬ Űɖɜ 

ŬůűɎɚŮɘŬ Űɖɠ Ŭɜɤŭɞɛɐɠ. 
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4.2 ūɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ ˊŬůůɎɚɞɡ ůŮ Ŭɝɞɜɘəɐ əŬŰŬəɧɟɡűɖ űɧɟŰɘůɖ. 

ɃɟɘŬəɧ űɞɟŰɑɞ (űɞɟŰɑɞ ɗɟŬɨůŮɤɠ) Ůɜɧɠ ɛŮɛɞɜɤɛɏɜɞɡ əŬŰŬəɧɟɡűɞɡ ˊŬůůɎɚɞɡ ɡˊɧ 

əŬŰŬəɧɟɡűɖ Ŭɝɞɜɘəɐ űɧɟŰɘůɖ ɞɟɑɕŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ űɞɟŰɑɞ ˊɞɡ ɞŭɖɔŮɑ ůŮ ŭɘŬŰɟɖŰɘəɐ ŬůŰɞɢɑŬ 

(ɗɟŬɨůɖ) Űɞ ɏŭŬűɞɠ ɗŮɛŮɚɑɤůɖɠ.  

ȱ ůɡɛɓŬŰɘəɎ 

ɋɠ ɞɟɘŬəɧ űɞɟŰɑɞ ɞɟɑɕŮŰŬɘ Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ:  

Ŭ) ɖ ŬɜŬˊŰɡůůɧɛŮɜɖ əŬɗɑɕɖůɖ űɗɎɜŮɘ Űɞ ɛɏɔŮɗɞɠ 0,10*ȸ (ȸ ɖ ŭɘɎɛŮŰɟɞɠ ɐ ˊɚŮɡɟɎ Űɞɡ 

ˊŬůůɎɚɞɡ)  

ɓ) ȺɘŭɘəɧŰŮɟŬ əŬŰɎ Űɖɜ Ůˊɑ Űɧˊɞɡ ŭɞəɘɛɐ ůŰŬŰɘəɐɠ űɞɟŰɑůŮɤɠ ɖ ŰŬɢɨŰɖŰŬ ŬɜɎˊŰɡɝɖɠ Űɖɠ 

əŬɗɑɕɖůɖɠ ɡˊŮɟɓŬɑɜŮɘ əɎˊɞɘŬ ɧɟɘŬ (ŮɜŭŮɘəŰɘəɎ 1 ɏɤɠ 5mm/sec). 

 

ɇɞ ɞɟɘŬəɧ űɞɟŰɑɞ Pu (űɞɟŰɑɞ ɗɟŬɨůŮɤɠ) Ůɜɧɠ ɛŮɛɞɜɤɛɏɜɞɡ əŬŰŬəɧɟɡűɞɡ ˊŬůůɎɚɞɡ ɡˊɧ 

əŬŰŬəɧɟɡűɖ Ŭɝɞɜɘəɐ űɧɟŰɘůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɔŮɜɘəɐ ůɢɏůɖ: 

Pu = Qb + ɆQsi  

 

ɇɞ űɞɟŰɑɞ ˊɞɡ ŬɜŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɞɢɐ Űɖɠ Ŭɘɢɛɐɠ Űɞɡ ˊŬůůɎɚɞɡ ŮɑɜŬɘ: 

Q b = fb *  Ab  

Ůɜɩ Űɞ űɞɟŰɑɞ ˊɞɡ ŬɜŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɎˊɚŮɡɟɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊŬůůɎɚɞɡ ɚɧɔɤ Űɟɘɓɐɠ 

ɛŮ Űɞ ɏŭŬűɞɠ ŮɑɜŬɘ: 

Qsi = fsi * Asi  

 

ɧˊɞɡ fb : ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ Űɖɠ Ŭɘɢɛɐɠ Űɞɡ ˊŬůůɎɚɞɡ  

Ab : ŮˊɘűɎɜŮɘŬ Űɖɠ Ŭɘɢɛɐɠ Űɞɡ ˊŬůůɎɚɞɡ 

fs¡ : ɞɟɘŬəɐ Űɘɛɐ ˊɚŮɡɟɘəɐɠ Űɟɘɓɐɠ  

As¡: ˊŬɟɎˊɚŮɡɟɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊŬůůɎɚɞɡ  

ɇɞ űɞɟŰɑɞ Qs¡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɤɟɘůŰɎ ɔɘŬ əɎɗŮ ŭɘŬəɟɘŰɐ ŮŭŬűɘəɐ ůŰɟɩůɖ i Ŭˊɧ Űɖɜ ɞˊɞɑŬ 

ŭɘɏɟɢŮŰŬɘ ɐ ɛɏůŬ ůŰɖɜ ɞˊɞɑŬ ŮɡɟɑůəŮŰŬɘ ɞ ˊɎůůŬɚɞɠ. 
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ũŮɜɘəɎ ɞɘ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛɏɗɞŭɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɞɟɘŬəɞɨ űɞɟŰɑɞɡ ˊŬůůɎɚɞɡ ŮɑɜŬɘ ɞɘ 

ŬəɧɚɞɡɗŮɠ: 

¶ ɀɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɛŮŰɟɖɗŮɑůŮɠ ɔŮɤŰŮɢɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ɢɟɐůɖ 

çɆŰŬŰɘəɩɜ ɇɨˊɤɜè ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ. 

¶ ȺɛˊŮɘɟɘəɏɠ ɛɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ Ůˊɑ Űɧˊɞɡ ŭɞəɘɛɩɜ (SɅɇ, CɅɇ, 

ɄɟŮůůɘɞɛŮŰɟɐůŮɘɠ). 

¶ ɀɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊŬɟŬŰɖɟɐůŮɘɠ əŬŰɎ Űɖ ŭɘŮɑůŭɡůɖ ɛŮ əɟɞɨůɖ Űɤɜ ˊŬůůɎɚɤɜ 

(ŭɡɜŬɛɘəɞɑ Űɨˊɞɘ). 

¶ ɀɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ Ůɝɑůɤůɖ Űɖɠ ɛŮŰɎŭɞůɖɠ əɨɛŬŰɞɠ əŬŰɎ Űɖɜ əɟɞɨůɖ ɔɘŬ Űɖɜ 

ɏɛˊɖɝɖ ˊŬůůɎɚɞɡ. 

¶ ɀɏɗɞŭɞɘ ɛŮ Űɘɠ ɞˊɞɑŮɠ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ŭɞəɘɛŬůŰɘəɏɠ űɞɟŰɑůŮɘɠ ˊŬůůɎɚɤɜ. 
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4.3 Ɉˊɞɚɞɔɘůɛɧɠ ūɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ˊŬůůɎɚɞɡ ɛŮ ɆŰŬŰɘəɞɨɠ 

ɇɨˊɞɡɠ. 

i. ɭʌʋʇʋɾʅʎʈʝʏ ʋʍʅɻʆʋʞ ʒʋʍʐʚʋʑ ɻʅʔʈʙʏ ʐʋʑ ʌɻʎʎʗʇʋʑ ʆɻʐʗ  ɬerzaghi . 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɗŮɤɟɑŬ ůŰŬɗŮɟɩɜ ůɡɜŰŮɚŮůŰɩɜ ūɏɟɞɡůŬɠ ȽəŬɜɧŰɖŰŬɠ. ɉɟɖůɘɛɞˊɞɘŮɑ ɔɘŬ Űɞɡɠ 

ˊŬůůɎɚɞɡɠ Űɖɜ ɑŭɘŬ ɛɞɟűɐ ɛɖɢŬɜɘůɛɞɨ ɗɟŬɨůŮɤɠ (ɛɞɟűɐ ɔŮɜɘəɐɠ ɗɟŬɨůɖɠ) ɧˊɤɠ əŬɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ ŬɓŬɗɩɜ ɗŮɛŮɚɘɩůŮɤɜ. ȰŰůɘ əŬŰɎ ɇerzaghi (ɆɢɐɛŬ 4-1): 

¶ ȼ ŮˊɘűɎɜŮɘŬ ɞɚɘůɗɐůŮɤɠ ŮɑɜŬɘ ůɨɜɗŮŰɖ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮɡɗɨɔɟŬɛɛŬ əŬɘ ŬəŰɘɜɘəɎ 

ŰɛɐɛŬŰŬ 

¶ ɇɞ ɏŭŬűɞɠ ɗŮɤɟŮɑŰŬɘ ɤɠ ɘŭŮŬŰɩɠ ˊɚŬůŰɘəɧ ɡɚɘəɧ əŬɘ ŬəɞɚɞɡɗŮɑ Űɞɜ ɜɧɛɞ Mohr-Coulomb. 

¶ ȼ ɓɎůɖ Űɞɡ ˊŬůůɎɚɞɡ ɗŮɤɟŮɑŰŬɘ çŰɟŬɢŮɑŬè ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ çůűɐɜŬè əŬŰɎ Űɞ ɛɖɢŬɜɘůɛɧ 

ɗɟŬɨůŮɤɠ, ɜŬ ɗŮɤɟŮɑŰŬɘ ɛɏɟɞɠ Űɞɡ ˊŬůůɎɚɞɡ. 

¶ ɇɞ ŰɛɐɛŬ Űɞɡ ŮŭɎűɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖ ɓɎůɖ Űɞɡ ˊŬůůɎɚɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛɧɜɞ ɤɠ 

ŮˊɘűɧɟŰɘůɖ. ȹɖɚŬŭɐ ŬɔɜɞŮɑŰŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ŮŭɎűɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖ ɓɎůɖ ůŰɖ 

ŭɘŬɛɧɟűɤůɖ Űɤɜ ɔɟŬɛɛɩɜ ɞɚɘůɗɐůŮɤɠ. 

 

ɆɢɐɛŬ 4-1 ɀɖɢŬɜɘůɛɧɠ ɗɟŬɨůŮɤɠ əŬŰɎ Terzaghi 

 

ɆɨɛűɤɜŬ ɛŮ ˊɟɞɖɔɞɨɛŮɜŬ, ɖ ūɏɟɞɡůŬ ȽəŬɜɧŰɖŰŬ Űɖɠ Ŭɘɢɛɐɠ Ůɜɧɠ ˊŬůůɎɚɞɡ ŬɜɎ ɛɞɜɎŭŬ 

ŮˊɘűŬɜŮɑŬɠ ŭɑɜŮŰŬɘ əŬŰɎ ɇerzaghi: 

ũɘŬ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ ˊŬůůɎɚɞɡɠ ɛŮ ŭɘɎɛŮŰɟɞ ȸ: 

qu= 1,3*c*Ɂc + ɔ1*z*Nq+ 0,3*ɔ2*ȸ* Ɂɔ                                                      

 ũɘŬ ŰŮŰɟŬɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ ˊŬůůɎɚɞɡɠ ɛŮ ˊɚŮɡɟɎ ȸ: 

qu = 1,3*c*Ɂc + ɔɘ*z*Ɂq + 0,4*ɔ2*ȸ* Ɂɔ  

ɧˊɞɡ 
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ɔ1*z = ůɜô : ɖ əŬŰŬəɧɟɡűɞɠ ŮɜŮɟɔɧɠ ŰɎůɖ ůŰɖɜ Ŭɘɢɛɐ Űɞɡ ˊŬůůɎɚɞɡ,  

c  :  ɖ ůɡɜɞɢɐ Űɖɠ ŮŭŬűɘəɐɠ ůŰɟɩůɖɠ ůŰɖɜ Ŭɘɢɛɐ Űɞɡ ˊŬůůɎɚɞɡ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɞ 

ŰɟɑŰɞɠ ɧɟɞɠ Űɞɡ Űɟɘɤɜɨɛɞɡ Űɖɠ ū.Ƚ., ŭɖɚŬŭɐ ŬɡŰɧɠ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ˊɚɎŰɞɠ Űɞɡ ˊŬůůɎɚɞɡ ȸ, 

ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬɛŮɚɖŰɏɞɠ əŬɘ əŬŰɎ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɖɠ ū.Ƚ. ŬɔɜɞŮɑŰŬɘ. 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ū.Ƚ. Ɂc, Ɂq, Ɂɔ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ ű Űɖɠ ŮŭŬűɘəɐɠ 

ůŰɟɩůɖɠ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɖŬɘɢɛɐ Űɞɡ ˊŬůůɎɚɞɡ. Ƀɘ Űɘɛɏɠ Űɞɡɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɜ 

ɄɑɜŬəŬ  (ˊɑɜŬəŬɠ 4-1)98 ɐ Űɞ ŭɘɎɔɟŬɛɛŬ (ɆɢɐɛŬ 4-2) ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ 

 

 

 

 

 

 

 

ˊɑɜŬəŬɠ 4-1 ɆɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ əŬŰɎ Terzaghi 

 

 

ɆɢɐɛŬ 4-2 ɆɡɜŰŮɚŮůŰɏɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ əŬŰɎ Terzaghi 

  

˒0
ɿc ɿq Nʴ ˒0

ɿc Nq Nʴ

0 5,7 1 0 26 27,09 14,21 11,35

2 6,3 1,22 0,18 28 31,61 17,81 15,15

4 6,97 1,49 0,38 30 37,16 22,46 19,73

6 7,7 1,18 0,62 32 44,04 28,52 27,49

8 8,6 2,21 0,91 34 52,64 36,51 36,96

10 9,61 2,69 1,25 36 63,53 47,16 51,7

12 10,76 3,29 1,7 38 77,5 61,55 73,47

14 12,11 4,02 2,23 40 95,67 81,27 100,39

16 13,68 4,92 2,94 42 119,67 108,75 165,69

18 15,52 6,04 3,87 44 151,95 147,74 248,29

20 17,69 7,44 4,97 46 196,22 204,2 426,96

22 20,27 9,19 6,61 48 258,29 287,86 742,61

24 23,36 11,4 8,58 50 347,52 415,16 1153,15



ȿɈɆȺȽɆ ȸȷŪEIAɆ ŪȺɀȺȿȽɋɆȼɆ ɀȺ ɄȷɆɆȷȿɃɈɆ 

99 

 

ȺɘŭɘəɎ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŰŬɢŮɑŬɠ (ŬůŰɟɎɔɔɘůŰɖɠ) űɧɟŰɘůɖɠ ˊŬůůɎɚɞɡ ŮŭɟŬɕɧɛŮɜɞɡ ůŮ Ɏɟɔɘɚɞ 

(ɞˊɧŰŮ ű=0Á, C=Cu), ɞ ɇerzaghi ŭɑɜŮɘ ůɡɜŰŮɚŮůŰɏɠ ū.Ƚ.: Ɂc=5,7, Ɂq=1, Ɂɔ=0. ɃˊɧŰŮ ɖ ůɢɏůɖ 

(2.71) ɔɑɜŮŰŬɘ: 

 

qu = 6,68*Cu + ůɜ  

 

ɧˊɞɡ 

Cu : ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Ŭɟɔɑɚɞɡ 

ůɜ : ɞɚɘəɐ əŬŰŬəɧɟɡűɖ ŰɎůɖ ůŰɖɜ Ŭɘɢɛɐ Űɞɡ ˊŬůůɎɚɞɡ 

 

Ⱥˊɑůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ űɧɟŰɘůɖɠ ˊŬůůɎɚɞɡ ˊɞɡ ŮŭɟɎɕŮŰŬɘ ůŮ Ɏɛɛɞ (ɛɖ ůɡɜŮəŰɘəɧ ɏŭŬűɞɠ, 

ɞˊɧŰŮ C=0) əŬɘ ŬɔɜɞɩɜŰŬɠ Űɞɜ ŰɟɑŰɞ ɧɟɞ ˊɞɡ ŬűɞɟɎ ůŰɞ ˊɚɎŰɞɠ Űɞɡ ˊŬůůɎɚɞɡ, ɖ ůɢɏůɖ (2.71) 

ɔɑɜŮŰŬɘ: 

qu = ůôv * Ɂq  

ɧˊɞɡ ůɜ': ɖ əŬŰŬəɧɟɡűɞɠ ŮɜŮɟɔɧɠ ŰɎůɖ ůŰɖɜ Ŭɘɢɛɐ Űɞɡ ˊŬůůɎɚɞɡ. 

 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɔɘŬ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ˊɚɐɟɤɠ ɖ ŬɜŰɞɢɐ Qb Űɖɠ Ŭɘɢɛɐɠ Űɞɡ ˊŬůůɎɚɞɡ, ɗŬ 

ˊɟɏˊŮɘ Űɞ ɛɐəɞɠ ŭɘŮɑůŭɡůɖɠ ůŰɞ űɏɟɤɜ ůŰɟɩɛŬ Űɞɡ ˊŬůůɎɚɞɡ ˊɚɎŰɞɡɠ ɐ ŭɘŬɛɏŰɟɞɡ ȸ ɜŬ ŮɑɜŬɘ: 

Lb Ó 3,5*ȸ 
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ii.  ɭʌʋʇʋɾʅʎʈʝʏ ɻʉʐʋʔʙʏ ʇʝɾʖ ʌʇʀʑʍʅʆʡʉ ʐʍʅɼʡʉ. 

 

¶ ȺŭɎűɖ ůɡɜŮəŰɘəɎ: ɇŬɢŮɑŬ ɓɟŬɢɡɢɟɧɜɘŬ űɧɟŰɘůɖ ˊŬůůɎɚɞɡ ɛɏůŬ ůŮ əɞɟŮůɛɏɜɞ Ŭɟɔɘɚɘəɧ 

ɏŭŬűɞɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ˊŬůůɎɚɞɡ ɚɧɔɤ ˊɚŮɡɟɘəɩɜ Űɟɘɓɩɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ ɛŮ ŬɜŬűɞɟɎ ůŮ ɞɚɘəɏɠ ŰɎůŮɘɠ ɖ ɞˊɞɑŬ ůɡůɢŮŰɑɕŮɘ Űɖɜ ɞɟɘŬəɐ Űɟɘɓɐ fs  

ŬɜɎ ɛɞɜɎŭŬ ˊɚŮɡɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ˊŬůůɎɚɞɡ ɛŮ Űɖɜ ɛɏůɖ ŬůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ 

Cu Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮŭɎűɞɡɠ ɤɠ Ůɝɐɠ: 

fs = a * Cu  

ɧˊɞɡ  a : ůɡɜŰŮɚŮůŰɐɠ ůɡɜɎűŮɘŬɠ ɛŮŰŬɝɨ ˊŬůůɎɚɞɡ əŬɘ ŮŭɎűɞɡɠ. 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ  a  ŮɝŬɟŰɎŰŬɘ: 

¶ Ŭɧ́ Űɞɜ Űɨˊɞ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ŭɟɔɘɚɘəɞɨ ŮŭɎűɞɡɠ (ɁC ɐ OC), 

¶ Űɞ ɡɚɘəɧ əŬɘ Űɞɜ Űɟɧˊɞ əŬŰŬůəŮɡɐɠ Űɞɡ ˊŬůůɎɚɞɡ əŬɘ, 

¶ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ˊŬůůɎɚɞɡ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ űɏɟɤɜ ůŰɟɩɛŬ ŮɑɜŬɘ ɛŬɚŬəɐ, ŬˊɟɞűɧɟŰɘůŰɖ (ɁC) Ɏɟɔɘɚɞɠ (Cu<80 

kN/m
2
) ɞɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ a  əŬŰɎ Űɞɜ ɇɞmlinson ɛŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɞəɘɛŬůŰɘəɩɜ 

űɞɟŰɑůŮɤɜ ůŮ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ (ɆɢɐɛŬ 4-3): 

 

 

AůŰɟɎɔɔɘůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ : Cɡ (KPa)  

ɆɢɐɛŬ 4-3 ɆɡɜŰŮɚŮůŰɐɠ ůɡɜɎűŮɘŬɠ ɔɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ůŮ ɛŬɚŬəɐ Ɏɟɔɘɚɞ 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ űɏɟɞɜ ůŰɟɩɛŬ ŮɑɜŬɘ ůŰɘűɟɐ ɏɤɠ ůəɚɖɟɐ, ˊɟɞůŰŮɟŮɞˊɞɘɖɛɏɜɖ (OC) 

Ɏɟɔɘɚɞɠ (Cɡ=50-250 KN/m
2
) ɞɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ a  əŬŰɎ Űɞɜ Tomlinson ɔɘŬ 

ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ (ɆɢɐɛŬ 4-4, [Ŭ] [ɓ] [ɔ]) 

 

[Ŭ] 

 

 

[ɓ] 

 

 

[ɔ] 

ɆɢɐɛŬ 4-4 ɆɡɜŰŮɚŮůŰɐɠ ůɡɜɎűŮɘŬɠ ɔɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ůŮ ůŰɘűɟɐ Ɏɟɔɘɚɞ 
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ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊɚŮɡɟɘəɐɠ Űɟɘɓɐɠ ˊŬůůɎɚɤɜ ŮəůəŬűɐɠ ŭŮɜ ŭɘŬŰɑɗŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɧɠ 

Ŭɟɘɗɛɧɠ ˊɚɖɟɞűɞɟɘɩɜ, ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŮɛˊɖɔɜɡɧɛŮɜɤɜ ˊŬůůɎɚɤɜ. Ƀɘ Weltman əŬɘ 

ȼealy ůɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ˊɟɞəɨˊŰɞɡůŮɠ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɜɎűŮɘŬɠ ɞˊɧ ˊŬůůɎɚɞɡɠ 

ŮəůəŬűɐɠ ab ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɔɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ  ad  ˊɟɞŰŮɑɜɞɡɜ Űɖɜ Ŭəɧɚɞɡɗɖ 

ŮɛˊŮɘɟɘəɐ ůɢɏůɖ: 

ab = 0,80 * ad    

 

 

ɞɿʗʒʂ ʎʑʉʀʆʐʅʆʗȡ ɬɻʔʀʚɻ ɼʍɻʔʑʔʍʝʉʅɻ ʒʝʍʐʅʎʂ ʌɻʎʎʗʇʋʑ ʈʘʎɻ ʎʀ ʆʋʍʀʎʈʘʉʋ ɻʍɾʅʇʅʆʝ 

ʘɿɻʒʋʏȢ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ˊŬůůɎɚɞɡ ɚɧɔɤ ˊɚŮɡɟɘəɩɜ Űɟɘɓɩɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ ɛŮ ŬɜŬűɞɟɎ ůŮ ŮɜŮɟɔɏɠ ŰɎůŮɘɠ ɖ ɞˊɞɑŬ ůɡůɢŮŰɑɕŮɘ Űɖɜ ɞɟɘŬəɐ Űɟɘɓɐ 

fs ŬɜɎ ɛɞɜɎŭŬ ˊɚŮɡɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ˊŬůůɎɚɞɡ ɛŮ Űɖɜ əɎɗŮŰɖ ůŰɖɜ ˊŬɟɎˊɚŮɡɟɖ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ˊŬůůɎɚɞɡ ŮɜŮɟɔɐ ˊɑŮůɖ. ɆɡɔəŮəɟɘɛɏɜŬ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬɜɏˊŰɡɝŮ ɞ 

ȸurland(1973) ɘůɢɨɞɡɜ ŰŬ ŬəɧɚɞɡɗŬ: 

fs = ůhô * tanŭ + csô   

ɀŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ ŮɜŮɟɔɧɠ ůɡɜɞɢɐ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ ˊŬůůɎɚɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ csô =0, ɖ 

ˊɟɞɖɔɞɨɛŮɜɖ ůɢɏůɖ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

fs = ůhô * tanŭ => fs = ( K*ůvô ) * tanŭ => fs = ( K* tanŭ ) * ůvô =>  

 fs = ɓ * ůɜ'  

ɧˊɞɡ: 

ůhô: ŮɜŮɟɔɧɠ ɞɟɘɕɧɜŰɘŬ ŰɎůɖ 

ŭ : ŮɜŮɟɔɧɠ ɔɤɜɑŬ Űɟɘɓɐɠ 

ůɜ': əŬŰŬəɧɟɡűɖ ŮɜŮɟɔɧɠ ŰɎůɖ ůŰɞ ɓɎɗɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ fs  

Ⱦ : ůɡɜŰŮɚŮůŰɐɠ ɤɗɐůŮɤɠ ɔŬɘɩɜ  

ɓ : ůɡɜŰŮɚŮůŰɐɠ ŮɜŮɟɔɞɨ ˊɚŮɡɟɘəɐɠ Űɟɘɓɐɠ 
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H Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɓ ɏɢŮɘ ˊɟɞůŭɘɞɟɘůŰŮɑ ůŰɘɠ ŬəɧɚɞɡɗŮɠ ˊŮɟɘˊŰɩůŮɘɠ: 

 

¶ ũɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ůŮ əŬɜɞɜɘəɎ ůŰŮɟŮɞˊɞɘɖɛɏɜɖ (NC) Ɏɟɔɘɚɞ əŬŰɎ Burland: 

ɓ=0,30 

¶ ũɘŬ ˊŬůůɎɚɞɡɠ ɛŮ ŮəůəŬűɐ ůŮ əŬɜɞɜɘəɎ ůŰŮɟŮɞˊɞɘɖɛɏɜɖ (NC) Ɏɟɔɘɚɞ əŬŰɎ Burland: ɓ=0,25 

(ɛŮɘɤɛɏɜɞ ɚɧɔɤ ŬˊɞŰɧɜɤůɖɠ Űɤɜ ŰɎůŮɤɜ ůŰɞ ɏŭŬűɞɠ əŬŰɎ Űɖɜ ŮəůəŬűɐ) 

¶ ũɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ůŮ ůŰɘűɟɐ ɏɤɠ ůəɚɖɟɐ, ˊɟɞůŰŮɟŮɞˊɞɘɖɛɏɜɖ (OC) Ɏɟɔɘɚɞ 

əŬŰɎ Flaate əŬɘ Selnes:ɓ=0,30*ЍὙ  , ɧˊɞɡ R ɞ ɚɧɔɞɠ ˊɟɞűɞɟŰɑůŮɤɠ (ŰɎůɖ ˊɟɞűɞɟŰɑůŮɤɠ / 

ˊɑŮůɖ    ɡˊŮɟəŮɑɛŮɜɤɜ ɔŬɘɩɜ) 

¶ ũɘŬ ˊŬůůɎɚɞɡɠ ɛŮ ŮəůəŬűɐ ůŮ ůŰɘűɟɐ ɏɤɠ ůəɚɖɟɐ, ˊɟɞůŰŮɟŮɞˊɞɘɖɛɏɜɖ (OC) Ɏɟɔɘɚɞ əŬŰɎ 

Burland: ɓ=0,8 
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Ɇ ɞɿʗʒʂ ʈʂ-ʎʑʉʀʆʐʅʆʗ 

 

ȼ ŬɜŰɞɢɐ ɚɧɔɤ ˊɚŮɡɟɘəɩɜ Űɟɘɓɩɜ Űɤɜ ˊŬůůɎɚɤɜ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮŭɎűɞɡɠ əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ əŬŰŬůəŮɡɐɠ Űɞɡ ˊŬůůɎɚɞɡ. ɀŮ Űɖɜ 

Ůˊɘɓɞɚɐ ɛɘŬɠ űɞɟŰɑůŮɤɠ ů' ɏɜŬɜ ˊɎůůŬɚɞ, ɖ əɘɜɖŰɞˊɞɑɖůɖ Űɖɠ ŬɜŰɞɢɐɠ ɚɧɔɤ Űɟɘɓɩɜ ɔɑɜŮŰŬɘ 

ŬɟɢɘəɎ ůŰɞ ŬɜɩŰŮɟɞ ŰɛɐɛŬ Űɞɡ ˊŬůůɎɚɞɡ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ űɞɟŰɑůŮɤɠ ɖ Ůɜ 

ɚɧɔɤ ŬɜŰɞɢɐ əɘɜɖŰɞˊɞɘŮɑŰŬɘ ůŮ ɧɚɞ Űɞ ɨɣɞɠ Űɞɡ ˊŬůůɎɚɞɡ. ȼ ˊɚɐɟɖɠ ŬɜɎˊŰɡɝɖ Űɖɠ ŬɜŰɞɢɐɠ 

ɚɧɔɤ Űɟɘɓɩɜ ˊŬůůɎɚɞɡ ůŮ ɛɖ ůɡɜŮəŰɘəɧ ɏŭŬűɞɠ ŬˊŬɘŰŮɑ ɛɘŬ ɛŮŰŬəɑɜɖůɖ (əŬɗɑɕɖůɖ) Űɞɡ 

ˊŬůůɎɚɞɡ Űɖɠ ŰɎɝɖɠ Űɞɡ 1-1,5 cm. 

 

ȼ ŬɜɎ ɛɞɜɎŭŬ ŮˊɘűɎɜŮɘŬɠ ŬɜŰɞɢɐ ɚɧɔɤ ˊɚŮɡɟɘəɩɜ Űɟɘɓɩɜ Űɞɡ ˊŬůůɎɚɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

fs = Ⱦ * ůɜ' * tanŭ 

ɧɞ́ɡ 

ůɜ': ɖ əŬŰŬəɧɟɡűɖ ŮɜŮɟɔɧɠ ŰɎůɖ ůŰɞ ɓɎɗɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ fs  

Ⱦ : ůɡɜŰŮɚŮůŰɐɠ ɞɟɘɕɧɜŰɘŬɠ ˊɑŮůɖɠ ɔŬɘɩɜ 

ŭ : ɖ ɔɤɜɑŬ Űɟɘɓɐɠ əŬŰɎ Űɖ ŭɘŮˊɘűɎɜŮɘŬ ˊŬůůɎɚɞɡ-ŮŭɎűɞɡɠ 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ɤɗɐůŮɤɠ Ⱦ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ Űɞ ɡɚɘəɧ əŬɘ ɞ Űɟɧˊɞɠ 

əŬŰŬůəŮɡɐɠ Űɞɡ ˊŬůůɎɚɞɡ, ɖ ɛɞɟűɐ Űɞɡ ˊŬůůɎɚɞɡ, ɖ ůɢŮŰɘəɐ ˊɡəɜɧŰɖŰŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ɛɖ ůɡɜŮəŰɘəɞɨ ŮŭɎűɞɡɠ ə.ɚ.ˊ. 

ũɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ ůŮ ɛɖ ůɡɜŮəŰɘəɎ ŮŭɎűɖ əŬɘ ɞɟɘŬəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ůɢŮŰɘəɐɠ 

ˊɡəɜɧŰɖŰŬɠ ȽD ɞ ȸrohms (1975) ůɡɜɘůŰɎ Űɘɠ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ Űɞɡ Ⱦ (ˊɑɜŬəŬɠ 1-1). 

 

 

 

 

 

ˊɑɜŬəŬɠ 4-2 ɇɘɛɏɠ ɆɡɜŰŮɚŮůŰɐ ɩɗɖůɖɠ Ⱦ ɔɘŬ ŮɛˊɖɔɜɡɧɛŮɜɞɡɠ ˊŬůůɎɚɞɡɠ 

  

 ɀɘəɟɐ ID ɀŮɔɎɚɖ ID 

ɀɘəɟɐɠ ŮəŰɞˊɑůŮɤɠ ˊɎůůŬɚɞɘ 0,5 1,0 

ɄɎůůŬɚɞɘ ɛŮ ŮəŰɧˊɘůɖ 1,0 2,0 

Ⱦɤɜɘəɞɑ ˊɎůůŬɚɞɘ 1,5 4,0 






















































































































































































































































































































































































































































































































































































































