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º·¤Ñ́ ÂãÍ: ã¹»ò¨¨ØºÑ¹ä´åÁÕ¼Ùå¤Ô´¤å¹á¼¹ÀÙÁÔàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´äÇåà»ö¹¨í Ò¹Ç¹ÁÒ¡«Öè§ã¹áµãÅÐá¼¹ÀÙÁÔÁÕ¤ÇÒÁáµ¡
µãÒ§·Ñé§ÊÁÁØµÔ°Ò¹áÅÐ¢åÍ¨í Ò¡Ñ´ã¹¡ÒÃãªå ·í ÒãËåà¡Ô´¤ÇÒÁÂØã§ÂÒ¡ã¹¡ÒÃàÅ×Í¡ãªåá¼¹ÀÙÁÔ·ÕèàËÁÒÐÊÁ¡Ñº¡ÒÃãªå§Ò¹ã¹
¡Ã³ÕµãÒ§æ ´Ñ§¹Ñé¹¨Ö§ä´åÁÕ¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂºá¼¹ÀÙÁÔÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´à¾×èÍªãÇÂã¹¡ÒÃµÑ´ÊÔ¹ã¨

ã¹¡ÒÃÈÖ¡ÉÒä´åà»ÃÕÂºà·ÕÂºá¼¹ÀÙÁÔ¢Í§ Taylor, Janbu, Bishop & Morgenstern, Hoek & Bray áÅÐCousin 
ã¹ÅÑ¡É³Ð¡ÒÃÇÔà¤ÃÒÐËèáºº Total Stress (φ=0) áÅÐ Effective Stress (φ>0) ·Ñé§ã¹¡Ã³Õ·ÕèÁÕáÅÐäÁãÁÕ¹íé Òà¢åÒÁÒà¡ÕèÂÇ
¢åÍ§ â´ÂãªåÇÔ¸Õ¡ÒÃÈÖ¡ÉÒ´åÇÂÇÔ¸Õ Parameter Study à»ÃÕÂºà·ÕÂº¤ÇÒÁ¶Ù¡µåÍ§¢Í§¤ãÒ Factor of Safety ·Õèä´å¨Ò¡á¼¹ÀÙÁÔ
µãÒ§æ¡Ñºâ»Ãá¡ÃÁÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´ 2 â»Ãá¡ÃÁ¤×Í â»Ãá¡ÃÁ RE5 ãªåã¹¡Ã³ÕäÁãÁÕ¹íé ÒÁÒà¡ÕèÂÇ¢åÍ§
áÅÐ PCSTABL ãªåã¹¡Ã³ÕÁÕ¹íé ÒÁÒà¡ÕèÂÇ¢åÍ§

¨Ò¡¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂºä´å¢åÍÊÃØ»ÇÜÒ ã¹·Ø¡¡Ã³Õ¢Í§·Ø¡á¼¹ÀÙÁÔä´å¤ãÒÍÑµÃÒÊãÇ¹¤ÇÒÁ»ÅÍ´ÀÑÂ (Factor 
of safety) ã¡Ååà¤ÕÂ§¡Ñº¤ãÒ¨Ò¡â»Ãá¡ÃÁÇÔà¤ÃÒÐËè (error< ±10%) Â¡àÇå¹á¼¹ÀÙÁÔ¢Í§ Hoek & Bray«Öè§ãËå¤ãÒÍÑµÃÒ
ÊãÇ¹¤ÇÒÁ»ÅÍ´ÀÑÂ·ÕèÁÕá¹Çâ¹åÁµíè Ò¡ÇãÒ»ÃÐÁÒ³ 20 %  ÊãÇ¹ã¹¡Ã³Õ·ÕèÁÕ¼Å¨Ò¡áÃ§´Ñ¹¹íé ÒÀÒÂã¹ ¶åÒ¼ÙåÍÍ¡áººãªå¤ãÒ
Pore pressure ratio, Ruã¹¡ÒÃÇÔà¤ÃÒÐËè á¼¹ÀÙÁÔ¢Í§ Cousin ¨ÐÁÕ¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃãªå·ÕèÊØ´ áµã¶åÒãªåÅÑ¡É³Ð¢Í§
àÊå¹ÃÐ´Ñº¹íé Ò á¼¹ÀÙÁÔ¢Í§ Janbu ¨ÐÁÕ¤ÇÒÁàËÁÒÐÊÁ·ÕèÊØ´ áÅÐ¹Í¡¨Ò¡¹Ñé¹á¼¹ÀÙÁÔ¢Í§ Janbu ÂÑ§ÁÕ¤ÇÒÁ¤ÅÍº¤ÅØÁ
ÁÒ¡·ÕèÊØ´áÅÐà»ö¹á¼¹ÀÙÁÔ·Õèá¹Ð¹í ÒãËåãªå

ABSTRACT: Charts for investigating the stability of simple homogeneous earth slopes have been
available for many years. These charts have some differences in assumptions and advantages  as well as
certain limitations . This, therefore, makes designers or engineers difficult to choose the appropriate one.

The purpose of this study is to compare these charts (i.e. Taylor's, Janbu's, Bishop &
Morgenstern's, Hoek & Bray's, and Cousin's) in terms of safety factor's accuracy with the stability
analysis programs (RE5 and PCSTABL) by using the method of Parametric Study and also in terms of
difficulties in calculation together with the restriction of their use. The study is based on both total stress
analysis (φ=0) and effective stress analysis (φ>0) of slopes with and without water.

The results show that in any case all charts give a satisfactory safety factor ( error < ±10 %)
except for Hoek & Bray's charts which tend to give conservative values ( error < -20 %). For the case
with the effect of pore water pressure on the slope, Cousin's charts are the most suitable for using the
pore pressure ratio, Ru. But for using the phreatic surface or water table, Janbu's charts are considered
the most useful charts.
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1. º·¹í Ò
¡ÒÃÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§ÅÒ´´Ô¹â´Âãªåá¼¹ÀÙÁÔàÊ¶ÕÂÃÀÒ¾à»ö¹ÇÔ¸Õ·Õè¹ÔÂÁãªå¡Ñ¹ÁÒ¡Êí ÒËÃÑº¡ÒÃÇÔà¤ÃÒÐËè 

àÊ¶ÕÂÃÀÒ¾ã¹¢Ñé¹µå¹¢Í§ÅÒ´´Ô¹à¹×éÍà´ÕÂÇà¹×èÍ§¨Ò¡à»ö¹ÇÔ¸Õ·ÕèÃÇ´àÃçÇáÅÐÊÐ´Ç¡¼ÙåãªåÊÒÁÒÃ¶¤í Ò¹Ç³¤ãÒÊÑ´ÊãÇ¹¤ÇÒÁ
»ÅÍ´ÀÑÂä´åâ´Â¢Ñé¹µÍ¹¡ÒÃ¤í Ò¹Ç³·ÕèäÁã«Ñº«åÍ¹

·Ñé§¹Õé à¹×èÍ§¨Ò¡ä´åÁÕ¼Ùå¤Ô´¤å¹á¼¹ÀÙÁÔ¢Öé¹ÁÒà»ö¹¨í Ò¹Ç¹ÁÒ¡«Öè§áµãÅÐá¼¹ÀÙÁÔ¨ÐÁÕ¤ÇÒÁáµ¡µãÒ§·Ñé§ÊÁÁØµÔ°Ò¹
áÅÐ¢åÍ¨í Ò¡Ñ´ã¹¡ÒÃãªå áÅÐÍÒ¨¡ãÍãËåà¡Ô´¤ÇÒÁÊÑºÊ¹ã¹¡ÒÃàÅ×Í¡ãªåá¼¹ÀÙÁÔãËåàËÁÒÐÊÁ¡ÑºÊÀÒ¾¤ÇÒÁà»ö¹¨ÃÔ§ã¹
¡ÒÃãªå§Ò¹ ´Ñ§¹Ñé¹¨Ö§ä´åÁÕ¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂºá¼¹ÀÙÁÔàÊ¶ÕÂÃÀÒ¾¢Í§ÅÒ´´Ô¹·Ñé§ã¹´åÒ¹¤ÇÒÁ¶Ù¡µåÍ§áÅÐ¢åÍ¨í Ò¡Ñ´ã¹
¡ÒÃãªå

2. á¼¹ÀÙÁÔÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´
¡ÒÃãªåá¼¹ÀÙÁÔÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´¹Ñé¹â´Â·ÑèÇä»¨Ðáºã§ÅÑ¡É³Ð¡ÒÃÇÔà¤ÃÒÐËèÍÍ¡à»ö¹ 2 

¡Ã³Õ´åÇÂ¡Ñ¹¤×Í ¡Ã³ÕÇÔà¤ÃÒÐËèáºº Total stress (φ=0) «Öè§¨Ðãªåã¹¡Ã³Õ·ÕèÅÒ´´Ô¹à»ö¹´Ô¹àË¹ÕÂÇÍãÍ¹ áÅÐ¡Ã³Õ
ÇÔà¤ÃÒÐËèáºº Effective stress (φ>0)    â´Âá¼¹ÀÙÁÔ·Õèãªåã¹¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂº¤ÃÑé§¹Õé»ÃÐ¡Íºä»´áÇÂá¼¹ÀÙÁÔ¢Í§ 
Taylor, Janbu, Bishop&Morgenstern, Hoek&Bray áÅÐ Cousin ·Ñé§¹ÕéáµãÅÐá¼¹ÀÙÁÔ¨ÐÊÒÁÒÃ¶ãªåä´åã¹ªãÇ§¤ãÒ¤ÇÒÁ
ÅÒ´ªÑ¹áÅÐ¤ãÒ¡í ÒÅÑ§¢Í§´Ô¹·Õèáµ¡µãÒ§¡Ñ¹ã¹¡Ã³ÕµãÒ§æ «Öè§ä´åÊÃØ»ªÜÇ§·ÕèÊÒÁÒÃ¶ÍãÒ¹¤ãÒ¨Ò¡á¼¹ÀÙÁÔä´åäÇåã¹µÒÃÒ§·Õè1

µÒÃÒ§·Õè 1 ªãÇ§·Õèá¼¹ÀÙÁÔµãÒ§æÍãÒ¹¤ãÒä´å
¡Ã³Õ¤ãÒ φ=0

ªãÇ§·ÕèÍãÒ¹¤ãÒä´å Taylor Bishop Janbu Hoek&Brey Cousin
¤ÇÒÁªÑ¹¢Í§ÅÒ´ Ố¹ β 5-90 * 5-90 10-90 5-45
ÍÑµÃÒÊãÇ¹¤ÇÒÁÅÖ¡¶Ö§ªÑé¹á¢ç§
(Depth factor)

0-5 * 0-∝ ** 0-0.5

*   á¼¹ÀÙÁÔ¢Í§ Bishop&Morgenstern ÍãÒ¹¤ãÒä´åà©¾ÒÐ¡Ã³Õ¤ãÒ φ>0
** á¼¹ÀÙÁÔ¢Í§ Hoek&Bray ÁÕÊÁÁØµÔ°Ò¹¡ÒÃ¾Ñ§áºº Toe circle

¡Ã³Õ¤ãÒ φ>0
ªãÇ§·ÕèÍãÒ¹¤ãÒä´å Taylor Bishop Janbu Hoek&Brey Cousin

¤ÇÒÁªÑ¹¢Í§ÅÒ´ Ố¹ β *** 10-25 10-90 10-90 5-45
ÍÑµÃÒÊãÇ¹¤ÇÒÁÅÖ¡¶Ö§ªÑé¹á¢ç§
(Depth factor)

*** 0-0.5 **** **** 0-0.5

c/γHtanφ *** 0-0.6 0.02-∝ 0-∝ 0.02-∝
***     á¼¹ÀÙÁÔ¢Í§ Taylor ã¹¡Ã³Õ¤ãÒφ>0 µåÍ§ÍÒÈÑÂ¡ÒÃ trial&error ·í ÒãËå¢Ñé¹µÍ¹¡ÒÃ¤í Ò¹Ç³ÂØã§ÂÒ¡áÅÐäÁãàËÁÒÐÊÁã¹¡ÒÃãªå
****   á¼¹ÀÙÁÔ¢Í§ Janbu áÅÐ Hoek&Bray ÁÕÊÁÁØµÔ°Ò¹¡ÒÃ¾Ñ§áºº Toe circle

ã¹¢Ñé¹µÍ¹¡ÒÃ¤í Ò¹Ç³¤ãÒÊÑ´ÊãÇ¹¤ÇÒÁ»ÅÍ´ÀÑÂ (Factor of safety, F) ¹Ñé¹à¡×Íº·Ø¡á¼¹ÀÙÁÔ (Â¡àÇå¹á¼¹ÀÙÁÔ
¢Í§ Bishop) ¼Ùåãªå¨ÐÊÒÁÒÃ¶¤í Ò¹Ç³ä´å¨Ò¡¤ãÒ Stability Number, N «Öè§â´Â·ÑèÇä»¨ÐÁÕ¤ãÒà·ãÒ¡Ñº c/γHF ËÃ×Í  γHF/c
áÅåÇáµãá¼¹ÀÙÁÔáµãÅÐá¼¹ÀÙÁÔ â´Â¤ãÒ Stability Number ¨ÐÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸è¡ÑºµÑÇá»ÃÍ×è¹æ´Ñ§ÊÁ¡ÒÃ·Õè 1
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Stability Number, N= N( β, λ , U, D) (1)
β ¤×Í ÁØÁàÍÕÂ§¢Í§ÅÒ´ Ố¹
D ¤×Í ¤ãÒ Depth factor ËÃ×ÍÍÑµÃÒÊãÇ¹¢Í§¤ÇÒÁÊÙ§¢Í§ÅÒ´´Ô¹¡Ñº¤ÇÒÁÅÖ¡¨Ò¡µÕ¹ÅÒ´´Ô¹¶Ö§ªÑé¹á¢ç§
λ ¤×Í ¼Å¨Ò¡ÊãÇ¹·Õèà»ö¹¤Ø³ÊÁºÑµÔ¢Í§´Ô¹áÅÐ¤ÇÒÁÊÙ§¢Í§ÅÒ´´Ô¹«Öè§¨ÐÁÕ¤ãÒà·ãÒ¡Ñº c/γHtanφ ËÃ×Í

γHtanφ/c áÅåÇáµãá¼¹ÀÙÁÔ
U  ¤×Í ¼Å¨Ò¡áÃ§´Ñ¹¹íé Òãµå´Ô¹ «Öè§ã¹á¼¹ÀÙÁÔ¢Í§ Cousin áÅÐ Bishop ¨Ðãªå¤ãÒ Pore pressure ratio,

Ru ÊãÇ¹á¼¹ÀÙÁÔ¢Í§ Janbu áÅÐ Hoek ¨Ðãªå¤ãÒÃÐ´Ñº¹íé Òãµå´Ô¹áÅÐÅÑ¡É³Ð¢Í§¹íé Òãµå´Ô¹à»ö¹µÑÇ¡í ÒË¹´     

                                        
  ¡) á¼¹ÀÙÁÔ¢Í§ Cousin ¡Ã³Õ ru=0.5 Toe circle (COUSINS)              ¢) á¼¹ÀÙÁÔ¢Í§ Janbu ¡Ã³Õ φ=0 (JANBU)

ÃÙ»·Õè 1 µÑÇÍÂãÒ§á¼¹ÀÙÁÔÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´

3. ¢Íºà¢µáÅÐÇÔ̧ Õã¹¡ÒÃÈÖ¡ÉÒ
¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂºá¼¹ÀÙÁÔÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´¹Õé¡í ÒË¹´ãËåÅÒ´´Ô¹·Õè¨ÐÈÖ¡ÉÒÁÕÅÑ¡É³Ð

¢Í§ÅÒ´´Ô¹à»ö¹´Ô¹à¹×éÍà´ÕÂÇ (Homogeneous slope) áÅÐ´Ô¹à»ö¹ª¹Ô´ Isotropic soil ÅÑ¡É³Ð¡ÒÃà¤Å×èÍ¹¾Ñ§¢Í§ÅÒ´´Ô¹
à»ö¹ª¹Ô´ Rotation slip áÅÐäÁããËåÁÕáÃ§ÀÒÂ¹Í¡¡ÃÐ·í Ò¡ÑºÅÒ´´Ô¹ â´Âã¹¢Ñé¹µÍ¹¡ÒÃÈÖ¡ÉÒãªåÇÔ¸Õ Parametric study
«Öè§à»ö¹¡ÒÃÈÖ¡ÉÒ¼Å¢Í§µÑÇá»ÃµãÒ§æÇãÒÁÕ¼ÅµãÍ¤ÇÒÁáµ¡µãÒ§¢Í§¤ãÒ Factor of Safety ·ÕèÍãÒ¹ä´å¨Ò¡á¼¹ÀÙÁÔ¡Ñº¤ãÒ·Õè
ä´å¨Ò¡â»Ãá¡ÃÁÇÔà¤ÃÒÐËè (RE5 áÅÐ PCSTABL) «Öè§à»ö¹â»Ãá¡ÃÁ·ÕèãªåÇÔ¸Õ Simplified Bishop ã¹¡ÒÃÇÔà¤ÃÒÐËè ÇãÒ
¨ÐÁÕ¤ãÒáµ¡µãÒ§¡Ñ¹ÍÂãÒ§äÃã¹ªãÇ§ã´ â´Âä´å·í Ò¡ÒÃÈÖ¡ÉÒÅÒ´´Ô¹ã¹¡Ã³Õ Total stress (φ=0) áÅÐ Effective stress
(φ>0) ÃÇÁ·Ñé§ÅÒ´´Ô¹·ÕèÁÕ¼Å¨Ò¡áÃ§´Ñ¹¹íé ÒÀÒÂã¹ÅÒ´´Ô¹áÅÐÀÒÂ¹Í¡ÅÒ´´Ô¹´åÇÂ

4. ¡ÒÃÈÖ¡ÉÒá¼¹ÀÙÁÔàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´¡Ã³ÕäÁãÁÕ¹íé Òã¹ÅÒ´ Ố¹
ã¹¡ÒÃÈÖ¡ÉÒá¼¹ÀÙÁÔàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´¡Ã³Õ·ÕèäÁãÁÕ¹íé Òã¹ÅÒ´´Ô¹¹Õéä´åáºã§¡ÒÃÈÖ¡ÉÒÍÍ¡à»ö¹ 2 ÊãÇ¹

¤×Í¡Ã³Õ Total stress (φ=0) áÅÐ Effective stress (φ>0) â´Âà»ÃÕÂºà·ÕÂº¡Ñºâ»Ãá¡ÃÁÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§ÅÒ´
´Ô¹ RE5 ä´å¼Å´Ñ§¹Õé
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4.1 ¡Ã³Õ Total stress (φ = 0)
ã¹¡Ã³Õ Total stress ä´åÈÖ¡ÉÒâ´ÂãªåÇÔ¸Õ Parametric study à»ÃÕÂºà·ÕÂº¤ÇÒÁáµ¡µãÒ§¢Í§áµãÅÐá¼¹ÀÙÁÔ«Öè§

ä´åáÊ´§¼ÅäÇå´Ñ§ÃÙ»·Õè 2

¡ÃÒ¿ÃÐËÇãÒ§¤ãÒ Factor of Safety áÅÐ¤ãÒ d
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¡ÃÒ¿¤ÇÒÁÊÑÁ¾Ñ¹ ȩ̀ÃÐËÇãÒ§ Factor of Safety áÅÐ¤ãÒ¤ÇÒÁÅÒ´ªÑ¹
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4.000
4.500
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45.00 33.69 26.57 21.80 18.43 15.95 14.04
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¡ÃÒ¿¤ÇÒÁÊÑÁ¾Ñ¹ ȩ̀ÃÐËÇãÒ§ Factor of safety áÅÐ¤ãÒ H
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¡ÃÒ¿¤ÇÒÁÊÑÁ¾Ñ¹¸èÃÐËÇãÒ§ Factor of Safety áÅÐ¤ãÒ C
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ÃÙ»·Õè 2 ¡ÃÒ¿¤ÇÒÁÊÑÁ¾Ñ¹¸èÃÐËÇãÒ§¤ãÒ Factor of safety ¢Í§áµãÅÐá¼¹ÀÙÁÔáÅÐ¤ãÒ Parameter µãÒ§æ

¨Ò¡¡ÃÒ¿ã¹ÃÙ»·Õè 2 ¾ºÇãÒã¹¡Ã³Õ Total stress(φ = 0) ·Ø¡á¼¹ÀÙÁÔãËå¤ãÒ Factor of safety ·Õèã¡Ååà¤ÕÂ§¡Ñ¹
(error ¹åÍÂ¡ÇãÒ 5 %) Â¡àÇå¹á¼¹ÀÙÁÔ¢Í§ Hoek&Bray «Öè§¨Ðä´å¤ãÒ¤ãÍ¹¢åÒ§µíè Ò (error »ÃÐÁÒ³ 7-15 %)

4.2 ¡Ã³Õ Effective stress (φ > 0)
ã¹¡Ã³Õ Effective stress (φ>0) ¹Ñé¹¤ÇÒÁáµ¡µãÒ§·ÕèàËç¹ä´åªÑ´ã¹áµãÅÐá¼¹ÀÙÁÔ¡ç¤×ÍÊÁÁØµÔ°Ò¹¢Í§ÃÙ»áºº

¡ÒÃ¾Ñ§¢Í§ÅÒ´´Ô¹ «Öè§áµãÅÐá¼¹ÀÙÁÔ¨ÐÁÕÊÁÁØµÔ°Ò¹áµ¡µãÒ§¡Ñ¹´Ñ§ÃÙ»·Õè 3 â´Âá¼¹ÀÙÁÔ¢Í§ Janbu áÅÐ Hoek&Bray ÁÕ
ÊÁÁØµÔ°Ò¹µÒÁÃÙ» A áÅÐ B  á¼¹ÀÙÁÔ¢Í§ Bishop&Morgenstern  ÁÕÊÁÁØµÔ°Ò¹µÒÁÃÙ» C áÅÐ D ÊãÇ¹á¼¹ÀÙÁÔ¢Í§
Cousin ¨ÐÁÕÊÁÁØµÔ°Ò¹·Ø¡áºº·Ñé§ A B C áÅÐ D

·Ñé§¹Õé¨Ò¡¡ÒÃ¤í Ò¹Ç³àÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´ËÅÒÂæ¡Ã³Õâ´Âãªåâ»Ãá¡ÃÁ RE5 ¾ºÇãÒÅÑ¡É³Ð¡ÒÃ¾Ñ§¢Í§
ÅÒ´´Ô¹¨Ð¢Öé¹ÍÂÙã¡Ñºà·ÍÁäÃåË¹ãÇÂ c/γHtanφ ÁØÁàÍÕÂ§¢Í§ÅÒ´ Ố¹,β áÅÐ¤ãÒ Depth factor,d Ö̈§ä ǻ·í Ò¡ÒÃ·´ÅÍ§ËÒ
ªãÇ§¢Í§¤ãÒ·Õèáºã§ÅÑ¡É³Ð¡ÒÃ¾Ñ§â´Â¡í ÒË¹´¤ãÒ c/γHtanφ ¢Öé¹ÁÒáÅåÇÊÑ§à¡µÅÑ¡É³Ð¡ÒÃ¾Ñ§¨Ò¡â»Ãá¡ÃÁ«Öè§ä´å¼Å´Ñ§
ÃÙ»·Õè 4

¡ÒÃÈÖ¡ÉÒã¹¡Ã³Õ Effective stress (φ > 0) ¹Õé¨Ðà»ö¹¡ÒÃÈÖ¡ÉÒà¾×èÍµÃÇ¨ÊÍºÇãÒËÒ¡ÊÁÁØµÔ°Ò¹¢Í§ÃÙ»áºº
¡ÒÃ¾Ñ§¢Í§á¼¹ÀÙÁÔáµ¡µãÒ§¨Ò¡ÃÙ»áºº·Õè¤í Ò¹Ç³ä´åµÒÁâ»Ãá¡ÃÁÇÔà¤ÃÒÐËè(RE5) áÅåÇ¤ãÒ Factor of safety ·Õèä´å¨Ð
áµ¡µãÒ§¡Ñ¹à¾ÕÂ§ã´ «Öè§ÈÖ¡ÉÒâ´Â¡í ÒË¹´ÅÒ´´Ô¹«Öè§ÁÕÅÑ¡É³Ð¡ÒÃ¾Ñ§·Ñé§ 4 áººáÅåÇÍãÒ¹¤ãÒ Factor of safety ¢Í§áµãÅÐ
á¼¹ÀÙÁÔÁÒà»ÃÕÂºà·ÕÂº¡Ñ¹
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¤ÇÒÁÊÙ§¢Í§ÅÒ´ ,H=2 Á.           C=2 T/m2              ¤ÇÒÁÅÒ´ªÑ¹,β= 1 : 2 (26.60 )

¤ãÒ Depth factor ,d=0.5            C=2 T/m2              ¤ÇÒÁÅÒ´ªÑ¹,β= 1 : 2 (26.60 )

¤ÇÒÁÊÙ§¢Í§ÅÒ´ ,H=2 Á.           C=2 T/m2              ¤ãÒ Depth factor, d =0.5

¤ÇÒÁÊÙ§¢Í§ÅÒ´ ,H=2 Á.   ¤ãÒ Depth factor, d =0.5    ¤ÇÒÁÅÒ´ªÑ¹,β= 1 : 2 (26.60 )



ÃÙ»·Õè 3 ÅÑ¡É³Ð¢Í§ Failure Surface áººµãÒ§æ

      (¡) ªãÇ§·Õè¨Ðà¡Ô´¡ÒÃ¾Ñ§áººµãÒ§æ               (¢) ¤ãÒ Depth factor ã¹¡Ã³Õ¡ÒÃ¾Ñ§áºº C áÅÐ D
ÃÙ»·Õè 4 ¡ÒÃ·í Ò¹ÒÂÅÑ¡É³Ð¡ÒÃ¾Ñ§áººµãÒ§æ

¨Ò¡¼Å·Õèä´åÊÃØ»ä´åÇãÒ á¼¹ÀÙÁÔ¢Í§ Janbu áÅÐ Hoek&Bray ãËå¤ãÒ·Õè¤ãÍ¹¢åÒ§ Conservative (µíè Ò¡ÇãÒ¤ãÒ¨Ò¡
RE5) â´Â¤ãÒ Error ¨ÐÂÔè§à¾ÔèÁ¢Öé¹àÁ×èÍÊÁÁØµÔ°Ò¹¢Í§á¼¹ÀÙÁÔäÁãµÃ§¡ÑºÅÑ¡É³Ð¡ÒÃ¾Ñ§¨ÃÔ§ (¡Ã³Õ C áÅÐ D) «Öè§¤ãÒ
Error ¢Í§á¼¹ÀÙÁÔ Janbu ÁÕ¤ãÒ¹åÍÂ¡ÇãÒ -10 % ÊãÇ¹¢Í§ Hoek&Bray ¨ÐÍÂÙãã¹ªãÇ§ ñ10 ¶Ö§ ñ20 %

ã¹¡Ã³Õá¼¹ÀÙÁÔ¢Í§ Bishop «Öè§ÁÕÊÁØÁµÔ°Ò¹à»ö¹áºº C áÅÐ D ãËå¤ãÒ·Õèã¡Ååà¤ÕÂ§¡Ñº¤ãÒ¨Ò¡ RE5 ã¹·Ø¡¡Ã³Õ
áµãÍÂãÒ§äÃ¡çµÒÁªãÇ§·Õèá¼¹ÀÙÁÔ Bishop ÍãÒ¹¤ãÒä´å¹Ñé¹¤ãÍ¹¢åÒ§¹åÍÂ(´ÙµÒÃÒ§·Õè 1) ÍÕ¡·Ñé§¢Ñé¹µÍ¹¡ÒÃ¤í Ò¹Ç³¤ãÍ¹¢åÒ§ÂØã§
ÂÒ¡¨Ö§äÁãà»ö¹·Õè¹ÔÂÁãªå¹Ñ¡ ÊãÇ¹á¼¹ÀÙÁÔ¢Í§ Cousin ¹Ñé¹ãËå¤ãÒã¡Ååà¤ÕÂ§¡Ñº¤ãÒ¨Ò¡ RE5 ÁÒ¡·ÕèÊØ´à¹×èÍ§¨Ò¡ÁÕÊÁÁØµÔ°Ò¹
¡ÒÃ¾Ñ§·Ø¡ÃÙ»áºº

ÊÃØ»â´ÂÃÇÁã¹¡Ã³Õ Effective Stress á¼¹ÀÙÁÔ·Ñé§ËÁ´·Õè¡ÅãÒÇÁÒÊÒÁÒÃ¶ãªåä´åáÁåÇãÒÊÁÁØµÔ°Ò¹¢Í§á¼¹ÀÙÁÔ
¨ÐäÁãµÃ§¡ÑºÅÑ¡É³Ð¡ÒÃ¾Ñ§¨ÃÔ§ â´ÂºÒ§á¼¹ÀÙÁÔÍÒ¨ãËå¤ãÒ·ÕèÁÕ¤ÇÒÁ»ÅÍ´ÀÑÂÊÙ§¡ÇãÒàÁ×èÍ ÊÁÁØµÔ° Ò¹ äÁ‹µÃ§à· ‹Ò¹ Ñé¹

5. ¡ÒÃÈÖ¡ÉÒá¼¹ÀÙÁÔàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´¡Ã³ÕÁÕ¹íé Òã¹ÅÒ´ Ố¹

C/γHtanφ
0.0
0.2
0.4
0.6
0.8
1.0
1.2

0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

Depth Factor

β =1:1 β =1:1.5

β =1:2

A   Toe Sliding ( TS )  à»ö¹ Toe circle áºº·Õèá¹Ç¢Í§ Failure
Surface äÁãÁÕ¡ÒÃÇ¡¡ÅÑº ÅÑ¡É³Ðã¡Ååà¤ÕÂ§¡Ñº Angle of
Repose ÁÒ¡«Öè§à»ö¹ÅÑ¡É³Ðà©¾ÒÐ¢Í§´Ô¹·ÕèÁÕ¤ãÒ φ ÊÙ§
B   Toe Circle ( TC ) ¤ÅåÒÂ toe Sliding áµã̈ ÐÁÕ¡ÒÃÇ¡¡ÅÑº¢Í§
á¹Ç¢Í§Failure Surface à»ö¹ÅÑ¡É³Ðà©¾ÒÐ¢Í§ Ố¹·ÕèÁÕ¤ãÒ φ
¤ãÍ¹¢åÒ§ÊÙ§
C   Base Circle ( BC ) à»ö¹ÅÑ¡É³Ð·Õèá¹Ç¢Í§ Failure Surface
µÑ´ã¹ÊãÇ¹¢Í§Base ¢Í§ÅÒ´´Ô¹áµãäÁãµÑ´Å§ä»¶Ö§ªÑé¹á¢ç§¢Í§
ÅÒ´´Ô¹à»ö¹ÅÑ¡É³Ðà©¾ÒÐ¢Í§´Ô¹·ÕèÁÕ¤ãÒ C ¤ãÍ¹¢åÒ§ÊÙ§
D   Full Circle ( FC ) à»ö¹ Base Circle ·Õèá¹Ç¢Í§ Failure
Surface µÑ´Å§ÁÒ¶Ö§ªÑé¹á¢ç§¢Í§ÅÒ´´Ô¹à»ö¹ÅÑ¡É³Ðà©¾ÒÐ¢Í§

Ố¹·ÕèÁÕ¤ãÒ C ÊÙ§
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¡ÒÃÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§ÅÒ´´Ô¹ã¹¡Ã³Õ·ÕèÁÕ¹íé Òã¹ÅÒ´´Ô¹´åÇÂ¹Ñé¹áµãÅÐá¼¹ÀÙÁÔ¨ÐÁÕÇÔ¸Õ¡ÒÃÃÇÁ¼Å
¡ÃÐ·º¨Ò¡¹íé Ò·Õèáµ¡µãÒ§¡Ñ¹ä»â´Âá¼¹ÀÙÁÔ¢Í§ Bishop&Morgenstern áÅÐ Cousin ãªå¤ãÒ Pore pressure ratio, Ru

ÊãÇ¹á¼¹ÀÙÁÔ¢Í§ Janbu áÅÐ Hoek&Bray ãªåÃÐ´ÑºáÅÐÅÑ¡É³Ð¢Í§àÊå¹ÃÐ´Ñº¹íé Ò¢Í§ÅÒ´´Ô¹ â´Âã¹¡ÒÃÈÖ¡ÉÒ¹Õéä´å
áºã§¡Ã³ÕÈÖ¡ÉÒà»ö¹ 2 ¡Ã³Õ¤×Í Total stress (φ=0) áÅÐ Effective stress (φ > 0) Ñ́§¹Õé

¡Ã³Õ Total stress (φ=0) ¡Ã³Õ¹Õé¨Ð·í Ò¡ÒÃÈÖ¡ÉÒà©¾ÒÐÅÒ´´Ô¹·ÕèÁÕ¹íé Ò·Ñé§ÀÒÂã¹áÅÐÀÒÂ¹Í¡ÅÒ´´Ô¹(ÃÙ»·Õè9¡)
à¹×èÍ§¨Ò¡áÃ§´Ñ¹¹íé ÒÀÒÂã¹ÅÒ´´Ô¹¨ÐäÁãÁÕ¼ÅµãÍ¡í ÒÅÑ§¢Í§´Ô¹ «Öè§ã¹¡Ã³Õ¹ÕéÁÕà¾ÕÂ§á¼¹ÀÙÁÔ¢Í§ Janbu à¾ÕÂ§á¼¹ÀÙÁÔà´ÕÂÇ
·ÕèÃÇÁ¼Å¨Ò¡¹íé ÒÀÒÂ¹Í¡äÇå ¨Ò¡¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂº¤ãÒ Factor of safety ¨Ò¡á¼¹ÀÙÁÔ¡Ñº¨Ò¡â»Ãá¡ÃÁÇÔà¤ÃÒÐËè
(PCSTABL) â´ÂÇÔ¸Õ Parametric study ¾ºÇãÒ¤ãÒ·Õèä´å¨Ò¡á¼¹ÀÙÁÔ¢Í§ Janbu ÁÕ¤ãÒ·Õèã¡Ååà¤ÕÂ§¡Ñºâ»Ãá¡ÃÁ(error <5 %)

¡Ã³Õ Effective stress (φ > 0) ¡Ã³Õ¹Õéä´å·í Ò¡ÒÃÈÖ¡ÉÒ·Ñé§¡Ã³ÕÃÙ»·Õè 9¡ áÅÐ ¢ â´Âà»ÃÕÂºà·ÕÂº¤ãÒ Factor of
safety ¨Ò¡á¼¹ÀÙÁÔ¡Ñºâ»Ãá¡ÃÁÇÔà¤ÃÒÐËè (PCSTABL) à¾×èÍÈÖ¡ÉÒ¶Ö§¤ÇÒÁáµ¡µãÒ§¢Í§¡ÒÃãªå¤ãÒ Pore pressure ratio,
Ru áÅÐ¡ÒÃãªåÅÑ¡É³Ð¢Í§ÃÐ´Ñº¹íé Òà»ö¹µÑÇÃÇÁ¼Å¡ÃÐ·º¨Ò¡áÃ§´Ñ¹¹íé ÒÀÒÂã¹ â´Â¡í ÒË¹´ÅÒ´´Ô¹µÑÇÍÂãÒ§«Öè§ÁÕ
ÅÑ¡É³Ð¹íé ÒÀÒÂã¹áµ¡µãÒ§¡Ñ¹¢Öé¹ÁÒ«Öè§¼Å¨Ò¡¡ÒÃÈÖ¡ÉÒ¾ºÇãÒ·Ø¡á¼¹ÀÙÁÔãËå¤ãÒ·Õè¶Ù¡µåÍ§à¾ÕÂ§¾Íâ´ÂãËå¤ãÒ Factor of
safety ·ÕèÁÕá¹Çâ¹åÁä»ã¹·Ò§à´ÕÂÇ¡Ñº¡Ã³Õ·ÕèäÁãÁÕ¹íé Òã¹ÅÒ´´Ô¹

(¡) ÅÒ´´Ô¹·ÕèÁÕ¹íé Ò·Ñé§ÀÒÂã¹áÅÐÀÒÂ¹Í¡ (¢) ÅÒ´´Ô¹·ÕèÁÕ¹íé Òà©¾ÒÐÀÒÂã¹
ÃÙ»·Õè 9 ÅÑ¡É³Ð¢Í§ÅÒ´´Ô¹·ÕèÈÖ¡ÉÒã¹¡Ã³ÕÁÕ¹íé Òã¹ÅÒ´´Ô¹

6. º·ÊÃØ»áÅÐ¢åÍàÊ¹Íá¹Ð
¨Ò¡¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂºá¼¹ÀÙÁÔÇÔà¤ÃÒÐËèàÊ¶ÕÂÃÀÒ¾¢Í§¤ÇÒÁÅÒ´¹Õé¾ºÇãÒ áÁåÇãÒá¼¹ÀÙÁÔáµãÅÐá¼¹ÀÙÁÔ¨Ð

ÁÕÊÁÁØµÔ°Ò¹ã¹¡ÒÃ¤í Ò¹Ç³·Õèáµ¡µãÒ§¡Ñ¹ á¼¹ÀÙÁÔ·Ø¡á¼¹ÀÙÁÔ¡çãËå¤ãÒ Factor of safety ·Õè¶Ù¡µåÍ§à¾ÕÂ§¾ÍàÁ×èÍà»ÃÕÂº
à·ÕÂº¡Ñº¤ãÒ¨Ò¡â»Ãá¡ÃÁ¤ÍÁ¾ÔÇàµÍÃè (Error <10%) Â¡àÇå¹à¾ÕÂ§á¼¹ÀÙÁÔ¢Í§ Hoek «Öè§ãËå¤ãÒ·ÕèÁÕá¹Çâ¹åÁµíè Ò¡ÇãÒ
»ÃÐÁÒ³ 20 % «Öè§¡çÂÑ§ÍÂÙãã¹´åÒ¹»ÅÍ´ÀÑÂ (Conservative)

ÍÂãÒ§äÃ¡çµÒÁã¹¡ÒÃ¾Ô¨ÒÃ³ÒàÅ×Í¡ãªåá¼¹ÀÙÁÔã¹¡ÒÃÇÔà¤ÃÒÐËè »ò¨¨ÑÂÊí Ò¤Ñ­ã¹¡ÒÃ¾Ô¨ÒÃ³Ò¹ãÒ¨Ðà»ö¹¤ÇÒÁ
§ãÒÂã¹¡ÒÃÍãÒ¹¤ãÒáÅÐ¤ÇÒÁ¤ÅÍº¤ÅØÁã¹¡Ã³ÕµãÒ§æ «Öè§ã¹¡Ã³Õ¹Õéá¼¹ÀÙÁÔ¢Í§ Janbu à»ö¹á¼¹ÀÙÁÔ·Õè¤ÅÍº¤ÅØÁ¡Ã³Õ
µãÒ§æÁÒ¡·ÕèÊØ´ ·Ñé§¡Ã³ÕÁÕ¹íé ÒÀÒÂã¹áÅÐÀÒÂ¹Í¡ÅÒ´´Ô¹ ¡Ã³ÕÁÕáÃ§¡ÃÐ·í Òº¹ÅÒ´´Ô¹ áÅÐ¡Ã³Õ¾Ô¨ÒÃ³Ò¼Å¨Ò¡
Tension crack ¨Ö§à»ö¹á¼¹ÀÙÁÔ·Õèá¹Ð¹í ÒãËåãªå  Í¹Öè§ ¶åÒ¼ÙåÍÍ¡áººµåÍ§¡ÒÃÃÇÁ¼Å¨Ò¡áÃ§´Ñ¹¹íé ÒÀÒÂã¹ã¹ÃÙ»¢Í§ Pore
pressure ratio, Ru á¼¹ÀÙÁÔ¢Í§ Cousin ¨Ðà»ö¹á¼¹ÀÙÁÔ·Õèãªå§Ò¹ä´å§ãÒÂáÅÐàËÁÒÐÊÁã¹¡ÒÃãªå·ÕèÊØ´
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