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 1ļŧŎŅŧŎŘŧĶşžŧŠŘŦŏļŧŎŜũŝŜĶŘŘŖųŗōŧ 

şžŧŠŘŦŏķƢŢĹũŉķŢļļŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶŴŎŐŘťűŌŝŵŌŗ ŢŘŭň ĿŦŗűşŘŪ1 ŵŉƢĶŚơŧŜŵŜƢŴŎŠŎŦļşŬŢŀūŹļ

ŘŜŏŘŜŖűŢŧşŧűŠŊŭĶŧŘŜũŏŦŊũķŢļŢŧĹŧŘ şŧűŠŊŭķŢļĶŧŘŜũŏŦŊũ ŲŚťĶŧŘŲĶƢŵķŢŧĹŧŘŜũŏŦŊũŵŜƢ ŉŦļŎŪź 

"ĶŧŘŜũŏŦŊũķŢļŢŧĹŧŘŀūŹļűĶũŉĽŧĶşŧűŠŊŭŢŬŹŎŖŦĶĽťŵŖơşŮƢŘŭŎŲŘļ ŗĶűŜƢŎĶŘňŪŌŪŹųĹŘļşŘƢŧļŢŢĶŲŏŏ

őũŉœŚŧŉ űĿơŎ űŚŸĶŵŐ ŠŘŬŢĶŧŘĹŜŏĹŭŖļŧŎŵŖơŉŪĽŎųĹŘļşŘƢŧļŵŖơşŧŖŧŘŋĽťŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŵŉƢ ŲŚť

ŖŦĶşŦļűĶŊűŠŸŎĶŧŘŜũŏŦŊũŵŉƢŊŦźļŲŊơŘťŗťŲŘĶ űĿơŎ ĹŧŎűŘũŹŖŘƢŧŜűŚŸĶŎƢŢŗŲŚťĹơŢŗŷķŗŧŗŊŦŜŢŢĶŵŐ űŖŬŹŢŠŧ

şŧűŠŊŭœŏĶŸşŧŖŧŘŋŀơŢŖŲŀŖŲĶƢŵķŵŉƢŵŖơŗŧĶŎŦĶ ŲŊơşžŧŠŘŦŏĶŧŘŜũŏŦŊũŢŦŎűĶũŉŌŪŹŅŧŎŘŧĶŎŦźŎ ŴŎķŦźŎŲŘĶ

ŖŦĶşŦļűĶŊŵŖơœŏűœŘŧťŢŗŮơŴŊƢŉũŎ ŊơŢűŖŬŹŢűĶũŉŢŧĶŧŘŲŊĶŘƢŧŜķŢļųĹŘļşŘƢŧļķūźŎŗơŢŖŠŖŧŗĹŜŧŖŜơŧŵŉƢ

űĶũŉĶŧŘŌŘŭŉŊŦŜķūźŎŖŧĶŠŘŬŢŎŧŎŖŧŲŚƢŜ ŠŘŬŢŋƢŧŢŦŊŘŧĶŧŘŌŘŭŉŊŦŜűŘŸŜŖŧĶĶŸŢŧĽŌžŧŴŠƢŢŧĹŧŘŌŦźļŠŚŦļœŦļ

ŚļŵŉƢŴŎűŜŚŧŢŦŎşŦźŎŲŚťŴŎŏŧļĶŘňŪşŭŉŜũşŦŗŌŪŹĽťŲĶƢŵķŵŉƢŌŦŎ ĶŧŘŲĶƢŵķŅŧŎŘŧĶŌŪŹķžŧŘŭŉŎŦźŎĶŘťŌžŧŵŉƢŗŧĶ 

ŲŚťŊƢŢļşũźŎĹơŧŴĿƢĽơŧŗşŮļŖŧĶŉƢŜŗ ľťŎŦźŎŴŎĶŧŘĹžŧŎŜňŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŅŧŎŘŧĶ ĽťŊƢŢļŴŠƢ

ĹŜŧŖŘťŖŦŉŘťŜŦļűŐƩŎœũűŝŞ ŵŖơĹŜŘŖŪĶŧŘűşŪŹŗļŴŉŷŌŦźļşũźŎ}  

ĽŧĶĹžŧĶŚơŧŜķƢŧļŊƢŎŀūŹļűķŪŗŎŵŜƢŴŎŐƙ œ,ŝ, 0316 űŖŬŹŢűŜŚŧőơŧŎŵŐŠŚŧŗŐƙ &ŐƧĽĽŭŏŦŎ œ,ŝ, 0331' ĶŸ

ŗŦļŖŪĶŘňŪŝūĶŞŧŋūļĶŧŘŜũŏŦŊũķŢļŢŧĹŧŘűŎŬŹŢļŖŧĽŧĶĶŧŘŜũŏŦŊũķŢļŅŧŎŘŧĶŢŗŮơűşŖŢ ŊŦŜŢŗơŧļűĿơŎĶŧŘŴĿƢ

ŅŧŎŘŧĶŌŪŹŵŖơűŠŖŧťşŖŌžŧŴŠƢűĶũŉĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶşŮļĽŎŌžŧŴŠƢŲŘļŕŧŗŴŎųĹŘļşŘƢŧļŢŧĹŧŘőũŉ

ŵŐĽŧĶŌŪŹŢŢĶŲŏŏŵŜƢ ĽŎűĶũŉĶŧŘŲŊĶŘƢŧŜķūźŎ ŴŎŏŧļĶŘňŪŢŧĽĽťŗŦļŵŖơűĶũŉĶŧŘŜũŏŦŊũ ŲŊơűĶũŉĹŜŧŖ

űşŪŗŠŧŗŴŎķňťŌžŧĶŧŘĶơŢşŘƢŧļ űĿơŎĶơŢşŘƢŧļűşŧűķŸŖŅŧŎŘŧĶŲŚƢŜŵŖơşŧŖŧŘŋŖŪŲŘļŊƢŧŎŌŧŎŊơŢŎźžŧŠŎŦĶ

ŏŘŘŌŭĶŵŉƢŊŧŖŌŪŹĹžŧŎŜňŵŜƢ ŠŘŬŢűŚŬŢĶŴĿƢŜũōŪŐƝŢļĶŦŎŲŘļŉŦŎŉũŎŉƢŧŎķƢŧļŵŖơŋŮĶŊƢŢļŌžŧŴŠƢűĶũŉĶŧŘŜũŏŦŊũ 

ŠŘŬŢŠŧĶŵŖơűĶũŉĶŧŘŜũŏŦŊũĶŸŵŖơŵŉƢœũĽŧŘňŧĶŧŘűĹŚŬŹŢŎŊŦŜķŢļųĹŘļşŘƢŧļĶŦŎŉũŎŜơŧĽťĶơŢŴŠƢűĶũŉőŚĶŘťŌŏ

ĶŦŏşũŹļŐŚŮĶşŘƢŧļűŉũŖŢŗơŧļŵŘ şũŹļűŠŚơŧŎŪźĶơŢŴŠƢűĶũŉĹŜŧŖşŮłűşŪŗŌŦźļŌŘŦœŗƥşũŎ &ŵŉƢŲĶơŊŦŜŢŧĹŧŘűŢļ ŠŘŬŢ

ĹơŧŴĿƢĽơŧŗŌŪŹŊƢŢļŀơŢŖŲŀŖ' şŮłűşŪŗűŜŚŧ &űŜŚŧŌŪŹŢŧĽĽťŊƢŢļŐƘŉĶŧŘŴĿƢļŧŎŢŧĹŧŘűœŬŹŢŀơŢŖŲŀŖ' ŀūŹļ

                                                             
1 îäùÔ Ëòãÿëäö, ÂóäèõÛòÖõÃîÈîóÅóä ëóÿìÖù ĀæñÂóäĀÂ­ăÃ, èëØ., 2538 
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pornpot@sut.ac.th 

ĶŧŘşŮłűşŪŗűŠŚơŧŎŪźşŧŖŧŘŋŐƝŢļĶŦŎŵŉƢŋƢŧŴĿƢĹŜŧŖŘŮƢŌŧļŉƢŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶŢŗơŧļŋŮĶŊƢŢļŲŚť

űŠŖŧťşŖ 

1.1 ŐŘťŜŦŊũŝŧşŊŘƥļŧŎŅŧŎŘŧĶŴŎŐŘťűŌŝŵŌŗ 

 

ŘŮŐŌŪŹ /-/ şŭŕŧŞũŊŢũŝŘłŧň1 

ĹŎŵŌŗŎŦźŎŵŉƢŘŮƢĽŦĶĶŦŏŅŧŎŘŧĶĶŦŎŖŧűŐƩŎűŜŚŧŎŧŎŲŚƢŜ ŲŚťűŐƩŎűŘŬŹŢļŌŪŹűĶŪŹŗŜķƢŢļĶŦŏĿŪŜũŊķŢļĹŎŵŌŗ

űŐƩŎŐŘťĽžŧĽŎŠŖơŢŖűĽƢŧŢũşŘłŧňŴŎşŖŦŗŘŦĿĶŧŚŌŪŹ 2 şŧŖŧŘŋŎžŧŖŧŐŘťœŦŎōƥűŐƩŎşŭŕŧŞũŊŵŉƢ ŉŦļŎŦźŎ

őŮƢĹŎŌŦŹŜŵŐŴŎŗŭĹşŖŦŗŎŦźŎşŧŖŧŘŋűķƢŧŴĽŵŉƢŵŖơŗŧĶŜơŧűşŧŠũŎŌŪŹŗŧŜŲŐŉŝŢĶ2 &2 űŖŊŘ' ŎŦźŎŋƢŧŋŮĶőŚŦĶ &ŖŪ

ŲŘļĶŘťŌžŧŌŧļŉƢŧŎķƢŧļ' şŚŦŏŉƢŧŎĶŦŎŠŚŧŗŷ ĹŘŦźļ űşŧĽťűĶũŉĶŧŘųŗĶĹŚŢŎ &ŖŪŲŘļŊƢŧŎŌŧŎŚŉŚļ' 

ŲŚťŢŪĶŐŘťĶŧŘŠŎūŹļŌŪŹşŧŖŧŘŋĹŧŉűŉŧŵŉƢĽŧĶşŭŕŧŞũŊŎŪźĹŬŢ ŉũŎŴŎŏŘũűŜňŎŦźŎűŐƩŎŉũŎŌŪŹŖŪĶžŧŚŦļŊƢŧŎŌŧŎ

ŊơŢŲŘļĶŘťŌžŧŊŹžŧ 

şžŧŠŘŦŏĶŘňŪŝūĶŞŧķŢļŅŧŎŘŧĶķŢļŵŌŗŴŎŢŉŪŊŵŉƢĽŧĶűŢĶşŧŘķŢļ &şŦŎŊũ 0325' ŀūŹļŵŉƢŝūĶŞŧĿŎũŉ

ķŢļŅŧŎŘŧĶķŢļųŏŘŧňşŋŧŎŴŎŐŘťűŌŝŵŌŗ ŲŏơļűŐƩŎĿơŜļŵŉƢŉŦļŎŪź 

¶ ŴŎşŖŦŗĶŘŭļŝŘŪŢŗŭōŗŧ 

ŵŉƢŲĶơŅŧŎŘŧĶķŢļŢļĹƥœŘťŐŘŧļĹƥŜŦŉŢŘŭňŘŧĿŜŘŧŘŧŖŜŘŖŠŧŜũŠŧŘ űŐƩŎŅŧŎŘŧĶŲőơŌŪŹŘŢļŘŦŏŵŜƢ

ŉƢŜŗŵŖƢŀūŹļŖŪŚŦĶŞňťűŠŖŬŢŎűşŧűķŸŖ ŲŚťűŐƩŎŌŪŹŎũŗŖĶŦŎŲœŘơŠŚŧŗűŎŬŹŢļĽŧĶĿŦźŎŉũŎűŐƩŎŌŪŹŘŧŏŚŭơŖŲŖơŎźžŧŀūŹļ

űŐƩŎŉũŎŢơŢŎ  

¶ ŴŎşŖŦŗĶŘŭļŘŦŊŎųĶşũŎŌŘƥ  

ŴŎşŖŦŗŎŪźŵŉƢűŘũŹŖŴĿƢŠŚŦĶĶŧŘŌŧļŉƢŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶŖŧĶķūźŎűŎŬŹŢļĽŧĶŊƢŢļşũŹļŐŚŮĶşŘƢŧļşơŜŎŴŠłơ

ŢŗŮơŊũŉĶŦŏŲŖơŎźžŧŀūŹļűŐƩŎŉũŎŢơŢŎ ŊŦŜŢŗơŧļűĿơŎ 

ŐƝŢŖŜũűĿŪŗŘųĿŃĶ Ľ, şŖŭŌŘŐŘŧĶŧŘ ŵŉƢŖŪĶŧŘŴĿƢűşŧűķŸŖŵŖƢķŎŧŉűşƢŎőơŧŎŝŮŎŗƥĶŚŧļŐŘťŖŧň 4 ú 5 

űŀŎŊũűŖŊŘ ŊŢĶŚūĶŐŘťŖŧň / űŖŊŘ űŐƩŎŅŧŎŘŧĶķŢļŐƝŢŖ űŎŬŹŢļĽŧĶŉũŎŏŘũűŜňĿŧŗŒƧƪļŌťűŚűŐƩŎŉũŎŌŪŹ

ĹơŢŎķƢŧļŢơŢŎŖŧĶ  

                                                             
1 ëùáóêõÖîõéäÎóÔ ÿÜĆÚßäñÚõßÚÙ°ÃîÈìâ¬îâÿÉ­óîõéäÎóÔ ĂÚäòËëâòãßäñÛóØëâÿÕĆÉßäñÉîâÿÂæ­óÿÉ­óîãú¬ìòè            
2 ßäñäóËÛòÎÎòÖõâóÖäóËòćÈ ÖèÈ èòÕ ßäñßùØÙéòÂäóË đēĕĕ É÷ÈÂČóìÚÕĂì­ 1 éîÂãóèÿØ¬óÂòÛ ½ ÃîÈÿâÖä (0.5 ÿâÖä) 

îòÚÿëóìõÚĀÜÕéîÂÖîÂÿÜĆÚìæòÂ     ăÜâóÝæòÂÛ¬îãÿÃ­óÿëóãòÈăìè 
ÉÈàòÈìúăè­ìúÅîãÕúăÜ                         ÿËøćîÚČĈóĂÉÕöÂè¬óîã¬óÿËøćîãù 
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ŴŎşŖŦŗŘŦĿĶŧŚŌŪŹ / ŵŉƢŖŪĶŧŘşŘƢŧļŜŦļŠŎƢŧŌŧļŉƢŧŎŊťŜŦŎŢŢĶķŢļŲŖơŎźžŧűĽƢŧœŘťŗŧųŉŗŴĿƢűşŧűķŸŖŵŖƢŖŪ

űşƢŎőơŧŎŝŮŎŗƥĶŚŧļ /0 űŀŎŊũűŖŊŘ ŗŧŜ /,2 űŖŊŘ ŊŢĶŠơŧļĶŦŎŐŘťŖŧň .,1 űŖŊŘ ŲŚťŢŦŉűŝŞŐŮŎ ŠũŎ 

ĶŘťŌŭƢļŲŎơŎ ŲŚƢŜĶơŢşŘƢŧļŢŧĹŧŘşơŜŎŏŎ 

ĶŧŘşŘƢŧļŐƝŢŖœŘťşŭűŖŘŭ ŵŉƢŖŪĶŧŘŊŢĶűķŸŖŵŖƢŠŚŧŗķŎŧŉűœŬŹŢűŐƩŎŅŧŎŘŧĶķŢļŐƝŢŖűœŬŹŢűŐƩŎűķŸŖœŬŉ

ŐƝŢļĶŦŎŉũŎŵŠŚŢŢĶ ŲŚťŖŪĶŧŘŴĿƢųŢơļŉũŎűŐŚơŧşŮļ 33 űŀŎŊũűŖŊŘŜŧļűŠŚŬŹŢŖŚūĶŚļŴŎŉũŎ 5 ŴŏűœŬŹŢŚŉ

ŎźžŧŠŎŦĶĶŉķŢļŉũŎ 

ŕŮűķŧŌŢļŜŦŉşŘťűĶŝ ŌžŧĶŧŘşŘƢŧļŅŧŎŘŧĶųŉŗķŭŉŉũŎŚļŵŐŋūļĿŦźŎŉũŎŢơŢŎŖŧĶ ŲŚƢŜűŢŧŠŚŦĶŲœŌŦźļ

ŊƢŎűŐƩŎűķŸŖŠơŖŚļŵŐĽŎűŊŸŖŲŚƢŜűŢŧŵŖƢŀŭļŌžŧűŐƩŎűķŸŖ ŐŮűŐƩŎŊŧŘŧļŲŚƢŜĶơŢŝũŚŧŲŚļķūźŎŖŧűĶŬŢŏűşŖŢŉũŎ 

 ŴŎŢŉŪŊĶŧŘĶơŢşŘƢŧļŅŧŎŘŧĶŌŪŹŴĿƢűşŧűķŸŖŖŦĶĽťĶŘťŌžŧŊŧŖŐŘťşŏĶŧŘňƥŌŪŹĿơŧļĶơŢşŘƢŧļŵŉƢŘŦŏŖŧ

ųŉŗŢŧĽĽťŴĿƢŜũōŪĶŧŘŚŢļőũŉŚŢļŋŮĶ ŲŊơŴŎŐƧĽĽŭŏŦŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶĽťŴĿƢŜũōŪĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏ

ŎźžŧŠŎŦĶķŢļűşŧűķŸŖĽŧĶőŚĶŧŘűĽŧťşžŧŘŜĽ ŠŘŬŢŌžŧĶŧŘĶơŢşŘƢŧļűşŧűķŸŖĽŘũļŲŚťŌŉşŢŏ ŀūŹļŵŖơŊƢŢļŴĿƢ

ŜũōŪŚŢļőũŉŚŢļŋŮĶűŠŖŬŢŎŴŎŢŉŪŊ 

1.2 ļŧŎŉƢŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

ŅŧŎŘŧĶŎŦźŎĽžŧűŐƩŎşžŧŠŘŦŏųĹŘļşŘƢŧļŌŭĶĿŎũŉŌŪŹŵŉƢŘŦŏŢũŌōũœŚĽŧĶŲŘļųŎƢŖŋơŜļķŢļųŚĶ ŀūŹļļŧŎ

ŌŧļŉƢŧŎŜũŝŜĶŘŘŖųŗōŧűĶŬŢŏŌŦźļŠŖŉĽťűŐƩŎļŧŎŌŪŹűĶŪŹŗŜĶŦŏųĹŘļşŘƢŧļŌŪŹŖŪŎźžŧŠŎŦĶŖŧĶ ŜũŝŜĶŘĽť

ŢŢĶŲŏŏųĹŘļşŘƢŧļŴŠƢŖŪĶŧŘŋơŧŗŎźžŧŠŎŦĶĽŧĶųĹŘļşŘƢŧļŚļşŮơŅŧŎşơŜŎŚơŧļşŭŉŲŚťŋơŧŗŚļşŮơŉũŎ ŜũŝŜĶŘ

ĽťŊƢŢļŊŘŜĽşŢŏŜơŧŉũŎŌŪŹŘŢļŘŦŏųĹŘļşŘƢŧļŎŦźŎĽťŊƢŢļŵŖơŜũŏŦŊũ ŀūŹļŋƢŧŉũŎűĶũŉĶŧŘŜũŏŦŊũŋūļŲŖƢŜơŧųĹŘļşŘƢŧļ

ĽťŋŮĶŢŢĶŲŏŏŖŧŢŗơŧļŉŪűœŪŗļŵŘĶŸŵŖơŖŪŐŘťųŗĿŎƥŉŦļŘŮŐŌŪŹ 1-2 ŲŚťŜũŝŜĶŘŗŦļĽťŊƢŢļŊŘŜĽşŢŏŜơŧŉũŎŌŪŹ

ŘŢļŘŦŏųĹŘļşŘƢŧļĽťŵŖơűĶũŉĶŧŘŌŘŭŉŊŦŜŖŧĶĽŎĶơŢŴŠƢűĶũŉĹŜŧŖűşŪŗŠŧŗŊơŢŊŦŜųĹŘļşŘƢŧļűŢļ 
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ŘŮŐŌŪŹ 1-2 ŢŧĹŧŘŌŪŹűĶũŉĶŧŘŌŘŭŉŊŦŜĽŎŴĿƢļŧŎŵŖơŵŉƢŲŊơųĹŘļşŘƢŧļŢŧĹŧŘŵŖơűĶũŉĶŧŘŜũŏŦŊũ &ŕŧœĽŧĶűŜŐŵŀŌƥķŢļ 

ŜũŝŜĶŘŘŖşŋŧŎŲŠơļŐŘťűŌŝŵŌŗŤ' 

1.2.1 ļŧŎŌŪŹŴĿƢŉũŎűŐƩŎŜŦşŉŭĶơŢşŘƢŧļ 

ŉũŎűŐƩŎŜŦşŉŭŌŪŹŖŪŢŗŮơűŐƩŎĽžŧŎŜŎŖŠŧŝŧŚŏŎųŚĶ ŀūŹļŴŎŏŧļœŬźŎŌŪŹŉũŎűŐƩŎŜŦşŉŭűœŪŗļĿŎũŉűŉŪŗŜŌŪŹĽťŴĿƢ

űŐƩŎŜŦşŉŭĶơŢşŘƢŧļŵŉƢ ŲŚťŋƢŧşŧŖŧŘŋŴĿƢŉũŎŴŎŏŘũűŜňŴĶŚƢűĹŪŗļĶŦŏœŬźŎŌŪŹĶơŢşŘƢŧļŵŉƢŉũŎĽťĽŦŉűŐƩŎŜŦşŉŭŌŪŹŖŪ

ŘŧĹŧŊŹžŧŌŪŹşŭŉ ŴŎĶŧŘűŚŬŢĶŴĿƢŉũŎűŐƩŎŜŦşŉŭĶơŢşŘƢŧļŎŦźŎŜũŝŜĶŘĽžŧűŐƩŎĽťŊƢŢļŴĿƢĹŜŧŖŘŮƢŌŧļŐŅœŪ

ĶŚŝŧşŊŘƥŴŎĶŧŘűŚŬŢĶŲŠŚơļŜŦşŉŭŌŪŹűŠŖŧťşŖųŉŗœũĽŧŘňŧĽŧĶőŚĶŧŘĽžŧŲŎĶŉũŎŊŦŜŢŗơŧļŲŚť

ĹŭňşŖŏŦŊũŌŧļĶŧŗŕŧœķŢļŉũŎŜơŧűŠŖŧťşŖűœŪŗļŴŉ ŲŚťŗŦļĽťŊƢŢļœũĽŧŘňŧŋūļĹŜŧŖşŧŖŧŘŋŴŎĶŧŘ

ŏŉŢŦŉŲŚťĹŭňşŖŏŦŊũķŢļŉũŎŌŪŹŋŮĶŏŉŢŦŉŲŚƢŜŜơŧşŧŖŧŘŋŴĿƢļŧŎűŐƩŎųĹŘļşŘƢŧļŵŉƢŠŘŬŢŵŖơ ŲŚťĽťŊƢŢļŖŪ

ĶŧŘŊŘŜĽşŢŏĹŭňŕŧœķŢļŉũŎŴŎşŎŧŖŵŉƢŏŉŢŦŉŵŉƢŲŎơŎűœŪŗļœŢŠŘŬŢŵŖơ ŀūŹļŊŦŜŢŗơŧļķŢļĶŧŘŴĿƢŉũŎűŐƩŎ

ŜŦşŉŭĶơŢşŘƢŧļŵŉƢŲĶơļŧŎŋŎŎ ļŧŎşŎŧŖŏũŎ ļŧŎűķŬŹŢŎ űŐƩŎŊƢŎ  



1 ļŧŎŅŧŎŘŧĶşžŧŠŘŦŏļŧŎŜũŝŜĶŘŘŖųŗōŧ 

 5 

 

ŘŮŐŌŪŹ 1-3 ļŧŎķŗŧŗŋŎŎŌŧļŠŚŜļŠŖŧŗűŚķ 0 şŧŗşŘťŏŭŘŪ ú ŎĹŘŘŧĿşŪŖŧ ŀūŹļŴĿƢŉũŎűŐƩŎŜŦşŉŭĶơŢşŘƢŧļ 

 

 

ŘŮŐŌŪŹ 1-4 űķŬŹŢŎŚžŧŊťĹŢļűŐƩŎűķŬŹŢŎķŢļĶŘŖĿŚŐŘťŌŧŎ ŴĿƢŉũŎűŐƩŎŜŦşŉŭşŘƢŧļŊŦŜűķŬŹŢŎ 
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1.2.2 ļŧŎŚŧŉŉũŎŲŚťļŧŎķŭŉ 

şžŧŠŘŦŏļŧŎŐŘťűŕŌŎŪźűŐƩŎļŧŎŌŪŹŖŪĶŧŘķŭŉűŐƘŉŠŎƢŧŉũŎűœŬŹŢĶơŢşŘƢŧļşŘťűĶŸŏŎźžŧ ŢơŧļűĶŸŏŎźžŧ ŠŘŬŢķŭŉ

űŐƘŉŠŎƢŧŉũŎűœŬŹŢĶơŢşŘƢŧļŊŢŖơŢķŢļŢŧĹŧŘ &ŘŮŐŌŪŹ 1-5' ŠŘŬŢŴŎŏŧļĶŘňŪŜũŝŜĶŘŢŧĽŢŢĶŲŏŏŚŧŉŉũŎŴŠƢ

ŖŪĹŜŧŖĿŦŎŌŪŹűŠŖŧťşŖŌŪŹĽťŵŖơœŦļŌŚŧŗűœŘŧťķŧŉűşŋŪŗŘŕŧœŴŎļŧŎŋŎŎŉŦļŘŮŐŌŪŹ 1-6 ŋūļ ŘŮŐŌŪŹ 1-7 

 

ŘŮŐŌŪŹ 1-5 ĶŧŘķŭŉűŐƘŉŠŎƢŧŉũŎűœŬŹŢĶơŢşŘƢŧļŅŧŎŘŧĶķŢļųĹŘļşŘƢŧļŌŧļŉơŜŎ 

 

ŘŮŐŌŪŹ 1-6 ŚŧŉŉũŎķŭŉűĿũļűķŧŊũŉĶŦŏŌŧļŠŚŜļĿơŜļ ŲœŘơ-ŢŭŊŘŉũŊŋƥ 
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ŘŮŐŌŪŹ 1-7 ĶŧŘŜũŏŦŊũķŢļŚŧŉŉũŎŢơŧļűĶŸŏŎźžŧķŎŧŉŴŠłơŴŎ Ŋ, şŭŘŎŧŘŪ Ľ, ŎĹŘŘŧĿşŪŖŧ 

1.2.3 ųĹŘļşŘƢŧļŌŪŹĶơŢşŘƢŧļųŉŗŒƧļŵŜƢŴŊƢŉũŎŲŚťĶžŧŲœļĶŦŎŉũŎ 

ļŧŎųĹŘļşŘƢŧļŌŪŹĽžŧűŐƩŎŊƢŢļĶơŢşŘƢŧļųŉŗŒƧļŵŜƢŴŊƢŉũŎşơŜŎŴŠłơĽťűŐƩŎųĹŘļşŘƢŧļşŧōŧŘňŮŐųŕĹŴŎ

œŬźŎŌŪŹűŖŬŢļŴŠłơŌŪŹŖŪĹŜŧŖŊƢŢļĶŧŘŴĿƢœŬźŎŌŪŹűŐƩŎŢŗơŧļŖŧĶ ŀūŹļŋƢŧŒƧļŵŜƢŴŊƢŉũŎĽťűŐƩŎĶŧŘŐŘťŠŗŦŉœŬźŎŌŪŹŲŚť

űœũŹŖŌŦŝŎŪŗŕŧœŴŠƢĶŦŏœŬźŎŌŪŹŲŜŉŚƢŢŖŉƢŜŗ ŴŎŏŧļĶŘňŪŌŪŹĶŧŘķŭŉŠŘŬŢŋŖŉũŎŵŖơşŧŖŧŘŋşŘƢŧļŚŧŉŉũŎűœŬŹŢ

űœũŹŖűşŋŪŗŘŕŧœŵŉƢŠŘŬŢŊƢŢļĶŧŘŋŖŠŘŬŢķŭŉŉũŎĿũŉĶŦŏűķŊŌŪŹŉũŎŴŎĿŦźŎŉũŎŌŪŹŖŪĶžŧŚŦļŊƢŧŎŌŧŎŵŖơşŮļ

ĽžŧűŐƩŎŊƢŢļŴĿƢųĹŘļşŘƢŧļŖŧĿơŜŗŊƢŧŎŌŧŎŲŘļŉŦŎŉũŎŌŪŹűĶũŉķūźŎűŎŬŹŢļĽŧĶĹŜŧŖŊơŧļŘťŉŦŏŎŪź ŴŎĶŧŘ

ŜũűĹŘŧťŠƥŲŚťŢŢĶŲŏŏųĹŘļşŘƢŧļŴŊƢŉũŎŲŚťĶžŧŲœļĶŦŎŉũŎŜũŝŜĶŘŊƢŢļŐŘťŗŭĶŊƥĹŜŧŖŘŮƢŌŧļŐŅœŪ

ĶŚŝŧşŊŘƥŖŧŴĿƢŴŎĶŧŘŜũűĹŘŧťŠƥŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļ ųŉŗĽťŊƢŢļĹžŧŎūļŋūļĶžŧŚŦļķŢļŉũŎ ŲŚťŲŘļŌŪŹ

űĶũŉķūźŎŴŎŖŜŚŉũŎűŎŬŹŢļĽŧĶŲŘļĶŘťŌžŧĽŧĶŕŧŗŎŢĶŉƢŜŗ ŘŮŐŌŪŹ 1-8 ŲŚť ŘŮŐŌŪŹ 1-9 űŐƩŎŊŦŜŢŗơŧļķŢļĶŧŘ
ŴĿƢĶžŧŲœļĶŦŎŉũŎĿŦŹŜĹŘŧŜűœŬŹŢĶơŢşŘƢŧļųĹŘļşŘƢŧļŌŪŹŒƧļŢŗŮơŴŊƢŉũŎ 
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ŘŮŐŌŪŹ 1-8 ĶžŧŲœļĶŦŎŉũŎűķŸŖœŬŉűŠŚŸĶşžŧŠŘŦŏĶơŢşŘƢŧļŢŭųŖļĹƥŘŋŵŔŔƝŧŴŊƢŉũŎ 

 

ŘŮŐŌŪŹ 1-9 ĶžŧŲœļĶŦŎŉũŎŲŏŏűķŸŖűĽŧťűŘŪŗļŊơŢűŎŬŹŢļűœŬŹŢŴĿƢĶơŢşŘƢŧļŢŭųŖļĹƥşžŧŠŘŦŏŘŋŗŎŊƥ 

1.3 ŐƧłŠŧŌŧļŜũŝŜĶŘŘŖŌŪŹŊƢŢļŴĿƢĹŜŧŖŘŮƢŌŧļŐŅœŪĶŚŝŧşŊŘƥ 

ŴŎĶŧŘŜũűĹŘŧťŠƥŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŌŧļŜũŝŜĶŘŘŖŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŉũŎ ŜũŝŜĶŘĽžŧűŐƩŎĽťŊƢŢļŖŪ

ĹŜŧŖŘŮƢŲŚťűķƢŧŴŎŴŎŐŅœŪĶŚŝŧşŊŘƥűŐƩŎŢŗơŧļŉŪ űŎŬŹŢļĽŧĶŉũŎűŐƩŎŜŦşŉŭōŘŘŖĿŧŊũŌŪŹŲŊĶŊơŧļĽŧĶŜŦşŉŭ

ĶơŢşŘƢŧļĿŎũŉŢŬŹŎŷŌŪŹşŧŖŧŘŋşŘƢŧļķūźŎŖŧŴŠƢŖŪĹŭňşŖŏŦŊũŊŧŖŊƢŢļĶŧŘŵŉƢ ŢŪĶŌŦźļŉũŎŖŪĹŭňşŖŏŦŊũŌŪŹķūźŎĶŦŏ



1 ļŧŎŅŧŎŘŧĶşžŧŠŘŦŏļŧŎŜũŝŜĶŘŘŖųŗōŧ 
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ĿŎũŉķŢļŢļĹƥŐŘťĶŢŏ* ķŎŧŉĹŚť* ŐŘũŖŧňŎźžŧŴŎŉũŎ* ŐŘťŜŦŊũķŢļŠŎơŜŗŲŘļŌŪŹűĹŗűĶũŉķūźŎŴŎűŎŬźŢŉũŎ 

űŐƩŎŊƢŎ ŴŎŢŉŪŊŌŪŹőơŧŎŖŧĶĽūļŖŦĶĽťŖŪŐƧłŠŧűĶũŉķūźŎűŎŬŹŢļĽŧĶŜũŝŜĶŘŵŖơŵŉƢŊŘťŠŎŦĶŋūļĹŜŧŖĽžŧűŐƩŎķŢļ

ŐŅœŪĶŚŝŧşŊŘƥ ŊŦŜŢŗơŧļŐƧłŠŧŌŪŹŖŦĶĽťœŏŵŉƢŲĶơ ĶŧŘŜũŏŦŊũķŢļŚŧŉŉũŎ* ĶŧŘŜũŏŦŊũķŢļĶžŧŲœļĶŦŎŉũŎ* 

ĶŧŘŌŪŹŅŧŎŘŧĶŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŊŹžŧĶŜơŧŌŪŹŊƢŢļĶŧŘ* ĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŌŪŹşơļőŚŊơŢĹŜŧŖĿžŧŘŭŉ

ķŢļŢŧĹŧŘ űŐƩŎŊƢŎ ŀūŹļűŘŧŢŧĽĽťœŏűŠŸŎŵŉƢŊŧŖşŬŹŢŊơŧļŷ ŠŧĶĶŧŘŜũŏŦŊũŖŪĹŜŧŖŘŭŎŲŘļŲŚťşơļőŚ

ĶŘťŌŏŊơŢĿŪŜũŊŲŚťŌŘŦœŗƥşũŎ ŉŦļŊŦŜŢŗơŧļŴŎŘŮŐŌŪŹ 1-10 ŲŚť ŘŮŐŌŪŹ 1-11 

  

ŘŮŐŌŪŹ 1-10 ķơŧŜŠŎƢŧŲŘĶ ĶŧŘŜũŏŦŊũķŢļŘťŏŏĶŦŎŉũŎşžŧŠŘŦŏĶŧŘĶơŢşŘƢŧļŏơŢŏžŧŏŦŉŎźžŧűşŪŗķŎŧŉŴŠłơŌŪŹŒƧļŵŜƢŴŊƢŉũŎ

űŖŬŹŢ /5 şũļŠŧĹŖ 032. &ķơŧŜĽŧĶ ŠŎŦļşŬŢœũŖœƥűŉŚũŎũŜşƥ' 
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ŘŮŐŌŪŹ 1-11 ķơŧŜĶŧŘŜũŏŦŊũķŢļŋŎŎşŧŗŘŦļşũŊ-ŎĹŘŎŧŗĶ 

ŴŎĶŘňŪŌŪŊƢŢļĶơŢşŘƢŧļĹŦŎŉũŎųŉŗĶŧŘŋŖŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎ ŢŧĽűĶũŉĶŧŘŜũŏŦŊũķŢļĹŦŎŉũŎŵŉƢ

űŎŬŹŢļĽŧĶĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎűŠŎŪŗŜŢơŢŎŊŹžŧ ĶơŢŎĶŧŘĶơŢşŘƢŧļŜũŝŜĶŘĽūļŊƢŢļŊŘŜĽşŢŏ

űşŋŪŗŘŕŧœķŢļĹŦŎŉũŎŲŚťŉũŎŌŪŹŢŗŮơŴŊƢĹŦŎŉũŎŜơŧŖŪűşŋŪŗŘŕŧœűœŪŗļœŢŠŘŬŢŵŖơ ŀūŹļŊƢŢļŴĿƢĹŜŧŖŘŮƢŌŧļŉƢŧŎ

ŐŅœŪĶŚŝŧşŊŘƥŴŎŉƢŧŎķŢļĶžŧŚŦļŊƢŧŎŌŧŎŊơŢŲŘļĶŘťŌžŧĽŧĶŕŧŗŎŢĶķŢļŉũŎ ŲŚťŜũŝŜĶŘŢŧĽĽťŊƢŢļ

ŐŘťŖŧňĹơŧĶŧŘŌŘŭŉŊŦŜķŢļĹŦŎŉũŎŌŪŹĶơŢşŘƢŧļŏŎŉũŎűŠŎŪŗŜŢơŢŎŉƢŜŗ űœŬŹŢŴĿƢŴŎĶŧŘŜŧļŲőŎĶŧŘ

ŏžŧŘŭļŘŦĶŞŧŠŘŬŢŠŧŖŧŊŘĶŧŘŐƝŢļĶŦŎŀūŹļŊƢŢļŴĿƢĹŜŧŖŘŮƢŐŅœŪĶŚŝŧşŊŘƥŉƢŧŎĶŧŘŚŉŐŘũŖŧŊŘķŢļŉũŎŌŪŹ

ķūźŎĶŦŏűŜŚŧ ŘŮŐŌŪŹ / 4 űŐƩŎŊŦŜŢŗơŧļķŢļĶŧŘŌŘŭŉŊŦŜķŢļĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎŌŪŹŲŊĶŊơŧļĽŧĶĶŧŘŌŘŭŉŊŦŜ

ķŢļŅŧŎŘŧĶşťœŧŎŌŪŹŜŧļŢŗŮơŏŎűşŧűķŸŖ 
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ŘŮŐŌŪŹ 1-12 ĶŧŘŌŘŭŉŊŦŜŌŪŹŲŊĶŊơŧļĶŦŎŘťŠŜơŧļĿŦźŎŉũŎŋŖĶŦŏŅŧŎŘŧĶķŢļşťœŧŎŌŪŹŜŧļŢŗŮơŏŎűşŧűķŸŖ 
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ŘŮŐŌŪŹ 1-13 ŐƧłŠŧĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŊŬźŎŌŪŹŜŧļŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎ ŌžŧŴŠƢŝŧŚœŘťŕŮŖũűŢŪŗļĽŧĶŲŎŜŉũŹļ 

1.4 ļŧŎŅŧŎŘŧĶşžŧŠŘŦŏŢŧĹŧŘŌŪŹŖŪŎźžŧŠŎŦĶŏŘŘŌŭĶşŮļķūźŎ 

ĹŜŧŖŘŮƢŌŧļŉƢŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶŎŦźŎŵŉƢŋŮĶŐŘŦŏŐŘŭļŢŗŮơűşŖŢűŎŬŹŢļĽŧĶĹŜŧŖŊƢŢļĶŧŘŴĿƢœŬźŎŌŪŹķŢļ

ŖŎŭŞŗƥűœũŹŖķūźŎŴŎķňťŌŪŹœŬźŎŌŪŹŖŪŢŗŮơŢŗơŧļĽžŧĶŦŉ ĽŧĶŴŎŢŉŪŊŌŪŹŅŧŎŘŧĶŖŦĶĽťűŐƩŎŅŧŎŘŧĶŲőơ ŠŘŬŢŅŧŎ

ŘŧĶŌŪŹűŐƩŎűşŧűķŸŖŲŏŏŌŪŹŊƢŢļŴĿƢŚŮĶŊŭƢŖŊŢĶŚļŴŎŉũŎ ŵŉƢŋŮĶœŦŇŎŧĽŎŖŧűŐƩŎűşŧűķŸŖűĽŧťŌŪŹŖŪĶžŧŚŦļŘŦŏ

ŎźžŧŠŎŦĶŏŘŘŌŭĶşŮļķūźŎ űşŧűķŸŖűĽŧťŵŉƢŋŮĶŴĿƢűŐƩŎŅŧŎŘŧĶķŢļųŘļļŧŎőŚũŊĶŘťŲşŵŔŔƝŧŌŪŹŏŧļĶŘŜŗűŖŬŹŢŐƙ 

œ,ŝ, 03.31 ŲŚťŊơŢĽŧĶŎŦźŎŵŉƢŖŪĶŧŘŎžŧŜũōŪĶŧŘĶơŢşŘƢŧļűşŧűķŸŖűĽŧťŲŏŏŊơŧļŷ ŖŧŴĿƢĶơŢşŘƢŧļűşŧűķŸŖ 

ŢŧŌũűĿơŎŴŎŐƙ œ,ŝ, 03/2  ŵŉƢŖŪĶŧŘŴĿƢűşŧűķŸŖűĽŧťŘťŏŏűŜŪŗŎĶŚŦŏ (Reverse circulation) ŴŎĶŧŘ

ĶơŢşŘƢŧļşťœŧŎşŖűŉŸĽœŘťŐƘƪŎűĶŚƢŧ ŲŚťŵŉƢŖŪĶŧŘŎžŧŘťŏŏ Continuous flight auger ŖŧŴĿƢĶơŢşŘƢŧļ

ųŘļŲŘŖűœŘşŀũűŉŎŌƥ űŐƩŎŊƢŎ  

                                                             
1 ÔäÈÅ° ØòéÚÚõßòÚÙ° ĀæñÅÔñ (ƘƛƛƘ), ÿîÂëóäÜäñÂîÛÂóäÛääãóãĂÚßõÙöâîÛäóÈèòæéóëÖäóÉóäã° Õä. Ëòã âùÂÖßòÚÙù° 
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ŠŚŦļĽŧĶŐƙ œ,ŝ, 030. űŐƩŎŊƢŎŖŧŵŉƢŖŪĶŧŘŎžŧűĹŘŬŹŢļĽŦĶŘĶơŢşŘƢŧļűşŧűķŸŖűĽŧťŲŏŏ Rotary drilling 

ŌŪŹœŏűŠŸŎųŉŗŌŦŹŜŵŐŴŎļŧŎĶơŢşŘƢŧļűşŧűķŸŖűĽŧťķŎŧŉŴŠłơŖŧŴĿƢ ŲŚťĽŧĶŎŦźŎűŐƩŎŊƢŎŖŧŵŉƢŖŪĶŧŘ

œŦŇŎŧĶŧŘŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŴŠƢűşŧűķŸŖŖŪĶžŧŚŦļŊƢŧŎŌŧŎŎźžŧŠŎŦĶŏŘŘŌŭĶşŮļķūźŎ  

ŴŎŐƧĽĽŭŏŦŎŵŉƢŖŪĶŧŘŴĿƢŅŧŎŘŧĶűşŧűķŸŖűĽŧťűœŬŹŢŘŢļŘŦŏŎźžŧŠŎŦĶķŢļŢŧĹŧŘŲŚťųĹŘļşŘƢŧļĶŦŎŢŗơŧļ

ŲœŘơŠŚŧŗķūźŎ ŲŚťŖŪŲŎŜųŎƢŖŌŪŹĽťŊƢŢļŴĿƢĹŜŧŖŘŮƢŌŧļŉƢŧŎĶŧŘŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŅŧŎŘŧĶŌŪŹĶƢŧŜŠŎƢŧ

ŖŧĶŜơŧŴŎŐƧĽĽŭŏŦŎ ŘŮŐŌŪŹ /-/2 ŵŉƢűŐŘŪŗŏűŌŪŗŏķŎŧŉķŢļűşŧűķŸŖűĽŧťŌŪŹŴĿƢĶŦŏķŎŧŉķŢļĹŢŎųŉŖũűŎŪŗŖ

œŬźŎŌŪŹ 1. ŊŧŘŧļűŖŊŘ ŴŎŢŎŧĹŊŢŧĽĽťŖŪĶŧŘœŦŇŎŧŜũōŪĶŧŘŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŌŪŹŉŪĶŜơŧŴŎŐƧĽĽŭŏŦŎĶŸ

ŵŉƢ ŉŦļŎŦźŎŜũŝŜĶŘųŗōŧŌŪŹŖŪŠŎƢŧŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŜũŝŜĶŘŘŖŅŧŎŘŧĶĹŜŘĽťŊƢŢļűŊŘŪŗŖŊŦŜűœŬŹŢŴŠƢŖŪĹŜŧŖ

œŘƢŢŖŴŎĶŧŘŌžŧļŧŎŉƢŧŎŜũŝŜĶŘŘŖŊơŢŵŐ 

 
ŘŮŐŌŪŹ /-/2 űŐŘŪŗŏűŌŪŗŏķŎŧŉķŢļűşŧűķŸŖŲŊơĽťĿŎũŉĶŦŏŠƢŢļķŎŧŉ 1. ŊŧŘŧļűŖŊŘ 
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 2ĶŧŘşžŧŘŜĽŲŚťŌŉşŢŏŉũŎŴŎļŧŎ

ŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

ŖŎŭŞŗƥŘŮƢĽŦĶşžŧŘŜĽŉũŎűœŬŹŢŌžŧŅŧŎŘŧĶķŢļųĹŘļşŘƢŧļŖŧŎŧŎŲŚƢŜ ŴŎŢŉŪŊŖŦĶĽťŴĿƢŜũōŪŚŢļųŉŗŵŖơŖŪ

ŖŧŊŘŅŧŎŘťŏŭŢŗơŧļĿŦŉűĽŎŊŦŜŢŗơŧļűĿơŎ ŴŎŠŎŦļşŬŢŌŪŹűķŪŗŎųŉŗŜũŝŜĶŘĿŧŜŒŘŦŹļűŝşűŖŬŹŢŐƙ œ,ŝ, 0012 

&Ĺ,ŝ, /47/' ŵŉƢŢōũŏŧŗŜũōŪĶŧŘşžŧŘŜĽŉũŎűœŬŹŢŴĿƢĶơŢşŘƢŧļŅŧŎŘŧĶŵŜƢŉŦļŎŪź ÿŴŠƢŚŢļűĽŧťŠŚŭŖŠŚŧŗŷŠŚŭŖ

űœŬŹŢŠŧĿŦźŎŉũŎŌŪŹűŐŚŪŹŗŎŲŐŚļ ŲŚťűœŬŹŢŌŪŹĽťŴŠƢŲŎơŴĽŜơŧŉũŎŌŪŹŖŪĹŭňŕŧœŉŪŎŪźŵŖơŵŉƢŜŧļŢŗŮơŏŎŉũŎűŠŎŪŗŜ ŉũŎ

ŌŘŧŗ ŠŘŬŢŉũŎŴŉŷŌŪŹĽťŗŭŏŊŦŜŚļűŖŬŹŢŖŪŲŘļĶŉĶŘťŌžŧ ŴŎĶŘňŪŌŪŹűĽŧťŠŚŭŖűœŬŹŢŉŮŉũŎŵŖơŵŉƢ ĶŸŴŠƢŴĿƢŵŖƢŗŧŜ 4 

ŋūļ 6 ŔŭŊ űĹŧťœŬźŎŉũŎ ŋƢŧűşŪŗļŎŦźŎŲŎơŎŲŚťűŏŧŲşŉļŜơŧŉũŎŲŎơŎ ŉũŎĽťŖŪĶžŧŚŦļŊƢŧŎŌŧŎŲŘļĶŉŵŉƢŉŪ ŲŊơ

ŋƢŧűşŪŗļŌŪŹŵŉƢ űŐƩŎűşŪŗļŌūŏŉũŎĽťŖŪĶžŧŚŦļŊƢŧŎŌŧŎŲŘļĶŉŵŖơŉŪĽūļŵŖơĹŜŘŴĿƢŜŧļŅŧŎŘŧĶĀ 1  

ŴŎĶŧŘşžŧŘŜĽŉũŎűœŬŹŢĶŧŘŜũűĹŘŧťŠƥŲŚťŢŢĶŲŏŏŅŧŎŘŧĶŎŦźŎ ŜũŝŜĶŘĽžŧűŐƩŎĽťŊƢŢļŴĿƢŌŦźļœŬźŎ

ŅŧŎĹŜŧŖŘŮƢŌŧļŌřŞŃŪķŢļŜũŝŜĶŘŘŖŐŅœŪ* ŲŚťĹŜŧŖŘŮƢŌŧļŜũŝŜĶŘŘŖųŗōŧŲķŎļŢŬŹŎŷŐŘťĶŢŏŉƢŜŗ ŢŪĶ

ŌŦźļŌŦĶŞťķŢļĶŧŘĹƢŎŠŧ ĶŧŘŘŜŏŘŜŖ űŘŪŗŏűŘŪŗļķƢŢŖŮŚ ŴŠƢşŧŖŧŘŋŎžŧŖŧŴĿƢűŐƩŎœŧŘŧŖũűŊŢŘƥşžŧŠŘŦŏŴĿƢ

ŴŎĶŧŘŜũűĹŘŧťŠƥŵŉƢ  

ŐƧłŠŧŌŪŹŖŦĶĽťœŏşžŧŠŘŦŏőŮƢŌŪŹŵŖơŖŪŐŘťşŏĶŧŘňƥŴŎĶŧŘűŚŬŢĶŴĿƢœŧŘŧŖũűŊŢŘƥşžŧŠŘŦŏŜũűĹŘŧťŠƥŲŚť

ŢŢĶŲŏŏŖŧĶơŢŎĹŬŢ ŵŖơşŧŖŧŘŋŌŪŹĽťŲŐŚļĹơŧŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏŌŪŹŴĿƢĶŦŎųŉŗŌŦŹŜŵŐűĿơŎ Standard 

penetration test ŵŐűŐƩŎĹơŧœŧŘŧŖũűŊŢŘƥķŢļŉũŎűĿơŎ Undrained shear strength, us  ŠŘŬŢĹơŧ Internal 

friction angle, jŵŉƢ ŗũŹļŵŐĶŜơŧŎŦźŎĶŸĹŬŢŵŖơşŧŖŧŘŋŊŦŉşũŎŴĽŵŉƢŜơŧĽťŴĿƢĽžŧŎŜŎŠŚŭŖűĽŧťűŌơŧŴŉ

űœŬŹŢŌŪŹĽťŴŠƢűĶũŉĹŜŧŖŖŦŹŎŴĽŴŎĶŧŘŜũűĹŘŧťŠƥŢŢĶŲŏŏŉŪ ŠŘŬŢŴĿƢĶŧŘŌŉşŢŏŴŉűœŬŹŢŌŪŹĽťŵŉƢœŧŘŧŖũűŊŢŘƥŌŪŹ

űŠŖŧťşŖĶŦŏĶŧŘŜũűĹŘŧťŠƥŢŢĶŲŏŏŲŊơŚťĿŎũŉŉŪ ŴŎŌŧļŜũŝŜĶŘŘŖŅŧŎŘŧĶŎŦźŎŵŖơŖŪĶńűĶňņƥŌŪŹŲŎơŎŢŎ

ŊŧŗŊŦŜ ŖŪŲŊơűœŪŗļŲŎŜŌŧļŲŚťŐŘťşŏĶŧŘňƥŌŪŹşŦŹļşŖķūźŎŖŧűŌơŧŎŦźŎ şžŧŠŘŦŏŐŘťşŏĶŧŘňƥŎŦźŎŢŧĽŵŖơ

                                                             
1 Paraphrased from L' Architecture Pratique, a ƗƜƟƗ book of practical design and construction guidelines by the French engineer Bullet  
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ĽžŧűŐƩŎĽťŊƢŢļűĶũŉĽŧĶĶŧŘŚļŖŬŢĶŘťŌžŧűœŪŗļŢŗơŧļűŉŪŗŜ ŢŧĽŵŉƢŖŧĽŧĶĶŧŘŝūĶŞŧķƢŢŖŮŚŌŪŹŵŉƢŖŪőŮƢŌžŧŵŜƢ

ŲŚťŵŉƢűķŪŗŎűőŗŲœŘơŴŎŜļŜũĿŧĶŧŘŠŘŬŢŴŎŜļĶŧŘŜũĿŧĿŪœ ŀūŹļşŧŖŧŘŋĹƢŎŠŧŲŚťŝūĶŞŧŵŉƢŌŦŹŜŵŐ 

ŜşŌ, ŵŉƢĶŚơŧŜŵŜƢŜơŧ ÿĽŧĶĶŧŘşžŧŘŜĽųĹŘļĶŧŘĶơŢşŘƢŧļķŎŧŉŴŠłơŌŦźļļŧŎŢŧĹŧŘ ļŧŎŌŧļŠŚŜļ 

ŲŚťļŧŎųĹŘļşŘƢŧļœŬźŎŅŧŎŌŪŹŚơŧĿƢŧĶŜơŧ œŏŜơŧ ŊƢŎŌŭŎĶŧŘĶơŢşŘƢŧļųŉŗűľŚŪŹŗŲŚƢŜĽťşŮļķūźŎŖŧĶĶŜơŧļŏ

ĶơŢşŘƢŧļŌŪŹŐŘťŖŮŚŵŉƢ ŀūŹļĹŘūŹļŠŎūŹļķŢļŊƢŎŌŭŎŌŪŹşŮļķūźŎŎŪźŖŦĶűĶũŉĽŧĶĶŧŘŜŧļŲőŎŉƢŧŎĶŧŘşžŧŘŜĽŉũŎŵŖơŖŪ

ŐŘťşũŌōũŕŧœœŢűœŪŗļ ŠŘŬŢĽŧĶĶŧŘŐŘťŖŜŚőŚŲŐŚĹơŧűœŬŹŢŎžŧőŚŚŦœōƥķƢŢŖŮŚļŧŎŉũŎŎŪźŵŐŴĿƢŵŖơ

ŋŮĶŊƢŢļĀ 

şžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŉũŎŎŦźŎĽťŊƢŢļĶŘťŌžŧŢŗơŧļűŠŖŧťşŖ ĶŚơŧŜĹŬŢŴŎĶŧŘűĽŧťşžŧŘŜĽŴŎ

ŐŘũŖŧňűœũŹŖķūźŎŢŧĽĽťŌžŧŴŠƢŜũŝŜĶŘŖŪķƢŢŖŮŚŖŧĶűœŪŗļœŢŌŪŹĽťşŧŖŧŘŋŊŦŉşũŎŴĽűŚŬŢĶŴĿƢųĹŘļşŘƢŧļŵŉƢ

ŢŗơŧļŐŚŢŉŕŦŗŲŚťŐŘťŠŗŦŉ űŖŬŹŢœũĽŧŘňŧŉƢŧŎűŝŘŞŅŝŧşŊŘƥŐŘťĶŢŏ ŲŊơŋƢŧŖŪĶŧŘűĽŧťşžŧŘŜĽŖŧĶ

űĶũŎĶŜơŧĽŭŉŠŎūŹļĽťŌžŧŴŠƢķƢŢŖŮŚŎŦźŎŖŪŖŧĶűĶũŎĹŜŧŖĽžŧűŐƩŎŲŚťŵŖơŌžŧŴŠƢĹơŧŴĿƢĽơŧŗŴŎĶŧŘŌžŧųĹŘļşŘƢŧļ

ŚŉŚļŵŉƢŢŪĶ ŲŊơĹơŧŴĿƢĽơŧŗŴŎĶŧŘűĽŧťşžŧŘŜĽĽťűœũŹŖķūźŎ ŀūŹļŲşŉļŵŜƢŴŎŘŮŐŌŪŹ 0-/ 

 

ŘŮŐŌŪŹ 0-/ ŐŘťşũŌōũŕŧœķŢļĹơŧŴĿƢĽơŧŗķŢļĶŧŘşžŧŘŜĽŲŚťŌŉşŢŏŌŪŹűœũŹŖķūźŎŊơŢĹơŧŴĿƢĽơŧŗķŢļ
ųĹŘļĶŧŘ 

ĶŧŘşžŧŘŜĽŲŚťĶŧŘŌŉşŢŏŉũŎşžŧŠŘŦŏųĹŘļĶŧŘŠŎūŹļŷŎŦźŎ ĽťŖŪķƢŢŖŮŚĶŧŘşžŧŘŜĽŲŚťķƢŢŖŮŚĶŧŘ

ŌŉşŢŏűŐƩŎĽžŧŎŜŎŖŧĶŀūŹļŢŧĽŌžŧŴŠƢĶŧŘŐŘťŖŜŚőŚķƢŢŖŮŚűœŬŹŢŎžŧŖŧŴĿƢĹžŧŎŜňŊơŢĹơŢŎķƢŧļŖŪĹŜŧŖ

ŗŭơļŗŧĶűŎŬŹŢļĽŧĶųŉŗŐĶŊũŲŚƢŜĶŧŘŜũűĹŘŧťŠƥĽťşŖŖŭŊũŴŠƢűŎŬźŢŉũŎşŖŹžŧűşŖŢűœŬŹŢŚŉĹŜŧŖŗŭơļŗŧĶŴŎĶŧŘ

ĹžŧŎŜňŲŚťĶŧŘĹŜŏĹŭŖĶŧŘĶơŢşŘƢŧļŋūļŲŖƢŜơŧĿŦźŎŉũŎĽťŖŪŚŦĶŞňťĹơŢŎķƢŧļĽťşŖŹžŧűşŖŢ ŲŊơĶŸŢŧĽŖŪ

ĹŜŧŖŲŐŘŐŘŜŎŴŎĿŦźŎŉũŎűĶũŉķūźŎŵŉƢ ŀūŹļűŐƩŎűŘŬŹŢļŐĶŊũ ŉŦļŎŦźŎĶơŢŎĶŧŘĹžŧŎŜňŢŢĶŲŏŏĽťŊƢŢļşŘƢŧļŘŮŐ

ŊŦŉĿŦźŎŉũŎķūźŎŖŧĶơŢŎ ųŉŗŘŮŐŊŦŉĿŦźŎŉũŎĹŜŘĽťŘťŏŭŋūļĹŭňşŖŏŦŊũķŢļŉũŎŌŧļŉƢŧŎŜũŝŜĶŘŘŖŴŎŲŊơŚť

ϲУДЛлУДИϹЯЖСϲУДЈЅЛОЋЈЦжЖСЮОЦГЅϳЧзЊ

ϵ
ϤУб
ϻ
ϥϹ
ϤУГ
Ј
ЦжЛ
Ъϸϳ
ЧзЊ

 (
n

o
 s

c
a

le
)

ϵϤУбϻϥϹϤУГбЊϲУДЛлУДИϹЯЖСЈЅЛОЋ

ϵϤУбϻϥϹϤУГДИВЈЦжІжлУЛЩЅ

ϵϤУбϻϥϹϤУГДИВϳОϸаϵДϸϲУД

ϵϤУбϻϥϹϤУГбЊϲУДϲϤОЛДϥУϸ

ϹЩЅЈЦжЮМВУСЛВЛлУМДТЋϲУДЛлУДИϹЯЖСЈЅЛОЋ
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ĹŜŧŖŚūĶŵŜƢ ŲŚťĹŜŘŘťŏŭŋūļĶŧŘűŐŚŪŹŗŎĿŎũŉķŢļŉũŎŵŜƢűœŬŹŢŴĿƢŴŎĶŧŘűŚŬŢĶœŧŘŧŖũűŊŢŘƥŌŪŹűŠŖŧťşŖŴŎ

ĶŧŘĹžŧŎŜňŊơŢŵŐ ŴŎĶŧŘşŘƢŧļŘŮŐŊŦŉĿŦźŎŉũŎűœŬŹŢĶŧŘĹžŧŎŜňŜũűĹŘŧťŠƥķūźŎŖŧŎŦźŎŊƢŢļŢŧŝŦŗ engineering 

judgement ŘơŜŖĶŦŏĶŧŘűŚŬŢĶĹơŧķƢŢŖŮŚŌŪŹűŠŖŧťşŖŴŠƢĶŦŏĿŦźŎŉũŎŴŎĶŘňŪŌŪŹķƢŢŖŮŚŏŧļşơŜŎķŧŉŠŧŗŵŐ ŀūŹļ 

judgement ŎŪźűĶũŉĽŧĶĹŜŧŖŘŮƢŲŚťĹŜŧŖűķƢŧŴĽŴŎĶŘťŏŜŎĶŧŘşžŧŘŜĽŴŎşŎŧŖŲŚťĶŧŘŌŉşŢŏŴŎ

ŠƢŢļŐńũŏŦŊũĶŧŘ 

2.1 ŜŦŊŋŭŐŘťşļĹƥķŢļĶŧŘűĽŧťşžŧŘŜĽŉũŎ 

ŴŎļŧŎŜũŝŜĶŘŘŖŐŅœŪşũŹļŌŪŹĽžŧűŐƩŎŐŘťĶŧŘŠŎūŹļĶŸĹŬŢĶŧŘűĽŧťşžŧŘŜĽŉũŎ ŜŦŊŋŭŐŘťşļĹƥŴŎĶŧŘűĽŧť

şžŧŘŜĽŉũŎŎŦźŎűœŬŹŢŴĿƢűŐƩŎķƢŢŖŮŚ 

¶ űœŬŹŢŴĿƢűŚŬŢĶĿŎũŉķŢļŅŧŎŘŧĶ 

¶ űœŬŹŢŴĿƢŠŧĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶķŢļŅŧŎŘŧĶŌŪŹűŚŬŢĶŴĿƢ 

¶ űœŬŹŢŐŘťŖŧňĹơŧĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŌŪŹűŚŬŢĶŴĿƢ 

¶ űœŬŹŢŠŧĹơŧŘťŉŦŏŎźžŧŴŊƢŉũŎ 

¶ űœŬŹŢŠŧŲŘļŉŦŎŉũŎŉƢŧŎķƢŧļŌŪŹĶŘťŌžŧŊơŢĶžŧŲœļ ŠŘŬŢ Abutment 

¶ ŴĿƢĿơŜŗűķŪŗŎĶžŧŠŎŉŴŎĶŧŘĶơŢşŘƢŧļűœŬŹŢŐƝŢļĶŦŎŐƧłŠŧŌŪŹĽťűĶũŉķūźŎ 

¶ űœŬŹŢŴŠƢŠŧĿŎũŉķŢļŉũŎŌŪŹűŠŖŧťşŖŴŎļŧŎŋŖ ŲŚťŠŧ Degree of compaction 

¶ űœŬŹŢŐŘťűŖũŎĹơŧĹŜŧŖŐŚŢŉŕŦŗķŢļųĹŘļşŘƢŧļűŉũŖ 

¶ űœŬŹŢŠŧŜũōŪŌŪŹűŠŖŧťşŖŴŎĶŧŘŲĶƢŵķ ŴŎĶŘňŪŌŪŹųĹŘļşŘƢŧļŵŖơŖŪĹŜŧŖŐŚŢŉŕŦŗ ŠŘŬŢŢŧĽŖŪŐƧłŠŧ

űŎŬŹŢļĽŧĶĶŧŘŌŘŭŉŊŦŜ 

2.2 şũŹļŌŪŹŊƢŢļŌžŧŴŎĶŧŘşžŧŘŜĽŉũŎŊŧŖŖŧŊŘŅŧŎ ASTM D420 

¶ ĶŧŘĹƢŎŠŧķƢŢŖŮŚűŉũŖŌŪŹŖŪŢŗŮơŲŚƢŜ 

¶ űĿơŎ ķƢŢŖŮŚĿŦźŎŉũŎķŢļųĹŘļĶŧŘĶơŢşŘƢŧļŌŪŹŢŗŮơķƢŧļűĹŪŗļ ŠŘŬŢķƢŢŖŮŚŌŪŹŵŉƢŌžŧĶŧŘşžŧŘŜĽŵŜƢŴŎķňť

ŢŢĶŲŏŏķŦźŎŊƢŎ ŀūŹļşũŹļűŠŚơŧŎŪźĽťŌžŧŴŠƢŜŧļŲőŎĶŧŘűĽŧťşžŧŘŜĽŵŉƢŉŪķūźŎ 

¶ ĶŧŘşžŧŘŜĽŴŎşŎŧŖŌŦźļĶŧŘşžŧŘŜĽŌŪŹőũŜŉũŎŲŚťĶŧŘűĽŧťşžŧŘŜĽųŉŗŜũōŪŊơŧļ ŷ űĿơŎ ĶŧŘŴĿƢşŜơŧŎ

ŖŬŢűĽŧť ĶŧŘķŭŉŠŚŭŖŌŉşŢŏ ŠŘŬŢĶŧŘŴĿƢűĹŘŬŹŢļŖŬŢűķƢŧŖŧűĽŧťşžŧŘŜĽŲŚťűĶŸŏŊŦŜŢŗơŧļ űœŬŹŢ

şžŧŘŜĽĹŜŧŖŚūĶķŢļŎźžŧŴŊƢŉũŎ ŲŚťĿŦźŎŉũŎŌŪŹŲķŸļŲŘļœŢŌŪŹĽťŜŧļŅŧŎŘŧĶŵŜƢŵŉƢ űĿơŎ ĿŦźŎŠũŎŠŘŬŢĿŦźŎ

ŉũŎŌŪŹŖŪĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶşŮļ 

¶ ĶŧŘşžŧŘŜĽşũŹļĶơŢşŘƢŧļŌŪŹŢŗŮơŴĶŚƢĶŦŏŏŘũűŜňŌŪŹĽťŌžŧĶŧŘşžŧŘŜĽŜơŧŖŪœřŊũĶŘŘŖŢŗơŧļŵŘ ŴŎŲļơķŢļ

ĿŎũŉķŢļŅŧŎŘŧĶŌŪŹŴĿƢ ŲŚťŚŦĶŞňťĶŧŘŴĿƢļŧŎ  
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2.3 ŲŎŜŌŧļĶŧŘŊŘŜĽşŢŏĿŦźŎŉũŎűœŬŹŢļŧŎŅŧŎŘŧĶ &Ŝ,ş,Ō, 0323'  

2.3.1 ŐƧĽĽŦŗŌŪŹĹŜŘĹžŧŎūļŋūļŴŎĶŧŘŜŧļŲőŎĶŧŘűĽŧťşžŧŘŜĽĿŦźŎŉũŎ 

¶ şŕŧœĿŦźŎŉũŎŌŪŹŲŐŘŐŘŜŎ ŢŧĽœŏşŕŧœĿŦźŎŉũŎŌŪŹűŠŖŬŢŎĶŦŏĿŦźŎŉũŎŴŎŏŘũűŜňŴĶŚƢűĹŪŗļ ĶŧŘ

ŜŧļŲőŎĶžŧŠŎŉŊžŧŲŠŎơļŲŚťĽžŧŎŜŎŠŚŭŖĽūļŖŪĹŜŧŖşžŧĹŦł  

¶ ķŎŧŉķŢļųĹŘļĶŧŘ 

¶ ķƢŢŖŮŚŌŪŹŵŉƢűœũŹŖűŊũŖŴŎŘťŠŜơŧļĶŧŘĶơŢşŘƢŧļ 

2.3.2 ĶŧŘŜŧļŲőŎĶŧŘűĽŧťşžŧŘŜĽŲŏơļűŐƩŎ 3 ķŦźŎŊŢŎ  

¶ şžŧŘŜĽŠŧűľœŧťķƢŢŖŮŚœŬźŎŅŧŎŌŧļōŘňŪűŌĹŎũĹ űœŬŹŢŌŘŧŏŚžŧŉŦŏŲŚťĹŜŧŖŠŎŧķŢļŲŊơŚťĿŦźŎ

ŉũŎœŘƢŢŖŌŦźļĹŭňşŖŏŦŊũœŬźŎŅŧŎŌŦŹŜŵŐķŢļŉũŎűŠŚơŧŎŦźŎ 

¶ ŎžŧķƢŢŖŮŚşžŧŘŜĽűŏŬźŢļŊƢŎŌŪŹŵŉƢŖŧŝūĶŞŧűŐŘŪŗŏűŌŪŗŏĶŦŏŎźžŧŠŎŦĶŲŚťŘŮŐŘơŧļķŢļųĹŘļşŘƢŧļŴŎőŦļ

ŏŘũűŜňŌŪŹĶžŧŠŎŉĶŧŘĶơŢşŘƢŧļ ųŉŗŢŧĽŴĿƢķƢŢŖŮŚŌŪŹŵŉƢĽŧĶųĹŘļĶŧŘŢŬŹŎŀūŹļŢŗŮơŴĶŚƢűĹŪŗļĶŦŎŖŧ

ŐŘťĶŢŏ űœŬŹŢĶžŧŠŎŉŘŧŗŚťűŢŪŗŉşžŧŠŘŦŏĶŧŘűĶŸŏŊŦŜŢŗơŧļœũűŝŞ ĶŧŘŌŉşŢŏŜũűĹŘŧťŠƥŌŪŹĹŜŘ

ŖŪűœũŹŖűŊũŖ ŲŚťĶŧŘĶžŧŠŎŉĹŜŧŖŚūĶŌŪŹűŠŖŧťşŖŴŎŠŚŭŖűĽŧťşžŧŘŜĽŊơŢŵŐ 

¶ ŊŘŜĽşŢŏŊũŉŊŧŖőŚŚŦœōƥĽŧĶķƢŢŖŮŚĶŧŘşžŧŘŜĽŜơŧşŢŉĹŚƢŢļŲŚťűœŪŗļœŢşžŧŠŘŦŏĹŜŧŖ

ŊƢŢļĶŧŘŴŎĶŧŘŢŢĶŲŏŏŠŘŬŢŵŖơ ŚŦĶŞňťŉũŎ-ŜŦşŉŭŌŪŹœŏŘťŠŜơŧļĶơŢşŘƢŧļĽŘũļűŐƩŎűĿơŎŵŘ ŠŘŬŢŖŪ

şũŹļőũŉŐĶŊũűŏŪŹŗļűŏŎŵŐĽŧĶķƢŢŖŮŚűŏŬźŢļŊƢŎűŉũŖŠŘŬŢŵŖơ ŠŘŬŢŖŪĶŧŘűŐŚŪŹŗŎŲŎŜĹũŉŢŢĶŲŏŏ

ųĹŘļşŘƢŧļŲŊĶŊơŧļŵŐĽŧĶŲŎŜĹũŉűŉũŖŌŪŹŵŉƢŢŢĶŲŏŏŵŜƢŲŚƢŜ ĶŘňŪűĿơŎŎŪźĹŜŘűĽŧťşžŧŘŜĽŉũŎűœũŹŖ 

ŏŘũűŜňŌŪŹŗŦļŖŪķƢŢşļşŦŗŠŘŬŢŏŘũűŜňŌŪŹŊƢŢļĶŧŘķƢŢŖŮŚűľœŧťşžŧŠŘŦŏĶŧŘŢŢĶŲŏŏ 

2.3.3 ŲŎŜŌŧļĶŧŘŊŘŜĽşŢŏĿŦźŎŉũŎ  

ŜũŝŜĶŘŘŖşŋŧŎŲŠơļŐŘťűŌŝŵŌŗ ŵŉƢűşŎŢŲŎŜŌŧļĶŧŘŊŘŜĽşŢŏĿŦźŎŉũŎűœŬŹŢļŧŎŅŧŎŘŧĶŴŎ

ŐŘťűŌŝŵŌŗ ŲŚťŵŉƢşŘŭŐŢŢĶŖŧűŐƩŎŊŧŘŧļűœŬŹŢűŐƩŎŲŎŜŌŧļ ŴŎŐƧĽĽŭŏŦŎŗŦļŵŖơŖŪĶŧŘĶžŧŠŎŉŵŉƢŢŗơŧļŖŪ

űĶňņƥŊŧŗŊŦŜ ųŉŗşơŜŎŴŠłơŲŚƢŜĽťŴĿƢŠŚŦĶűĶňņƥŌŪŹűĹŗŐńũŏŦŊũĶŦŎŢŗŮơűŐƩŎŐŘťĽžŧ ŊŦŜŢŗơŧļűĿơŎ 

¶ ŴŎļŧŎŢŧĹŧŘ ŋƢŧœŏŜơŧĿŦźŎŉũŎŎŦźŎŖŪşŕŧœşŖŹžŧűşŖŢŵŖơűŐŚŪŹŗŎŲŐŚļŖŧĶŎŦĶ ŠŚŭŖűĽŧťĽťŠơŧļ

ĶŦŎŐŘťŖŧň 2.-4. űŖŊŘ &ųŉŗűľŚŪŹŗŲŚƢŜŠŚŭŖűĽŧť / ŠŚŭŖĽťűŐƩŎŊŦŜŲŌŎķŢļœŬźŎŌŪŹķŎŧŉ 

2.³2. m0 ŋūļ 4.³4. m0' 

¶ ŴŎļŧŎŋŎŎ ŠŚŭŖűĽŧťŲŊơŚťŠŚŭŖŢŧĽŠơŧļĶŦŎŋūļ 0..-3.. űŖŊŘŊŧŖŲŎŜŋŎŎ 
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2.3.4 ŲŎŜŌŧļşžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŴŎűķŊ ĶŘŭļűŌœŖŠŧŎĹŘ ŲŚťŐŘũŖňņŚ 

ĹŜŧŖŚūĶķŢļŠŚŭŖűĽŧťŌŪŹŴĿƢűŐƩŎŲŎŜŌŧļşžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŴŎűķŊ ĶŌŖ, &ŉŮŠŖŧŗűŠŊŭ Ķ' ŲŚť

ŐŘũŖňņŚ ŀūŹļŵŉƢĶŚơŧŜŜơŧ ÿĹŜŧŖŚūĶķŢļŠŚŭŖűĽŧťŖŦĶĶžŧŠŎŉķūźŎĽŧĶŐŘťşŏĶŧŘňƥűĽŧťşžŧŘŜĽŉũŎŌŪŹ

şťşŖŖŧŖŧĶĶŜơŧ 50 Őƙ ĽŧĶķƢŢŖŮŚŌŪŹŖŪŢŗŮơ ŲŚťĽŧĶķƢŢŖŮŚşžŧŘŜĽŉũŎķŢļųĹŘļĶŧŘŌŪŹűŐƘŉŴĿƢļŧŎŵŉƢŉŪŲŚƢŜ

ŴŎŚťŲŜĶŴĶŚƢűĹŪŗļĀ 

ŊŧŘŧļŌŪŹ 0-/ ŲŎŜŌŧļşžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŴŎűķŊ ĶŘŭļűŌœŖŠŧŎĹŘŲŚťŐŘũŖňņŚ &Ŝ,ş,Ō, 0323' 

ųĹŘļşŘƢŧļ ŐŘťŖŧňĶŧŘĹŜŧŖŚūĶ

ķŢļŐŚŧŗűşŧűķŸŖŌŪŹĽť

ŴĿƢ (űŖŊŘ' 

ĹŜŧŖŚūĶķŢļŠŚŭŖűĽŧť (Ĺ' 

ŢŧĹŧŘŐĶŊũşŮļŵŖơűĶũŎ 5 ĿŦźŎŠŘŬŢųŘļļŧŎķŎŧŉűŏŧ 21-23 (ķ' 30 

ŢŧĹŧŘŐĶŊũşŮļŵŖơűĶũŎ 10 ĿŦźŎŠŘŬŢųŘļļŧŎķŎŧŉŠŎŦĶ 22-25 (ķ' 35-40 

ŢŧĹŧŘŐĶŊũşŮļŵŖơűĶũŎ 15 ĿŦźŎ 25-30 (ķ' 40-45 

ŢŧĹŧŘŐĶŊũşŮļŵŖơűĶũŎ 20 ĿŦźŎ 25-45 (ķ' 50-60 

ŢŧĹŧŘŐĶŊũşŮļŵŖơűĶũŎ 24 ĿŦźŎ 45-55 60-70 

ŢŧĹŧŘŐĶŊũşŮļŵŖơűĶũŎ 28 ĿŦźŎ 50-60 70-80 

ŢŧĹŧŘşŮļ 30 ĿŦźŎķūźŎŵŐ - 80-120 

&Ķ' ŗĶűŜƢŎŏŘũűŜňŌŪŹĿŦźŎŉũŎőũŉŲŐŚĶŵŐĽŧĶşŕŧœŐĶŊũ űĿơŎ  

¶  ŏŘũűŜňŏŧļŘŦĶ &şŦŎŎũŞŅŧŎŜơŧűŐƩŎŲŎŜŲŖơŎźžŧűĶơŧ' ŀūŹļŖŪĿŦźŎŉũŎűŚŎŢơŢŎŖŧĶşŪŉžŧĶŘťĽŧŗŢŗŮơ

ŴŎĿơŜļĿŦźŎĹŜŧŖŚūĶ 38 ú 50 űŖŊŘ 

¶  ŏŘũűŜňŏŧļœŚŪ ŉũŎŢơŢŎĿơŜļŏŎŖŪĹŜŧŖŠŎŧŖŧĶ ŏŧļœŬźŎŌŪŹŚūĶŋūļ 04 űŖŊŘĽŧĶŘťŉŦŏőũŜŉũŎ

ŀūŹļĹŘŢŏĹŚŭŖœŬźŎŌŪŹŐŘťŖŧň ĶŖ, 06 ķŢļŋŎŎŏŧļŎŧ-ŏŧļœŚŪ-ŏŧļŐťĶļ 

¶  ŏŘũűŜňŒƧƪļōŎŏŭŘŪ ŖŦĶŖŪĿŦźŎŌŘŧŗķŪźűŐƩŉ ŠŘŬŢ ŊťűķŸŏķŢļŌŘŧŗŲŐƝļ &silt seam) ĶŘťĽŧŗŢŗŮơ

ŌŦŹŜŵŐ ųŉŗŖŦĶŲŌŘĶŢŗŮơŴŎĿŦźŎŉũŎŢơŢŎĿơŜļŏŎ ĹŜŧŖŚūĶ .- /3 űŖŊŘ (ŘŮŐŌŪŹ 0-0 ) 
&ķ' űœŬŹŢŴŠƢĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŘŦŏŎźžŧŠŎŦĶşŮļķūźŎ ĹŜŧŖŚūĶķŢļŅŧŎŘŧĶűşŧűķŸŖŌŪŹŴĿƢŢŧĽ

űŐŚŪŹŗŎŲŐŚļŵŉƢ ŋƢŧŜũŝŜĶŘŊƢŢļĶŧŘŌŪŹĽťŢŢĶŲŏŏűŐƩŎűşŧűķŸŖűĽŧť ŠŘŬŢűşŧűķŸŖĶŚŖŲŘļűŠŜŪŹŗļŌŪŹŴĿƢ

şŜơŧŎűĽŧťŎžŧ (Auger Presses Spun Pile) ŀūŹļşŧŖŧŘŋĶơŢşŘƢŧļŚļŵŐŵŉƢŚūĶĶŜơŧųŉŗŵŖơŖŪŢŭŐşŘŘĹĽŧĶ

ĶŧŘŊŢĶŠŘŬŢűĽŧťőơŧŎĿŦźŎŌŘŧŗŲŎơŎ 

&Ĺ' ŵŉƢŐŘťŖŧňĶŧŘĹŜŧŖŚūĶŠŚŭŖűĽŧťŵŜƢ ĶŘňŪŌŪŹĽťŴĿƢűşŧűķŸŖűĽŧťűŐƩŎŌŧļűŚŬŢĶ ųŉŗŖŪķƢŢŖŮŚŌŧļ

ĿŦźŎŉũŎŌŪŹűĿŬŹŢŋŬŢŵŉƢķŢļŢŧĹŧŘķƢŧļűĹŪŗļŀūŹļŵŉƢĶơŢşŘƢŧļűşŘŸĽşŖŏŮŘňƥ ŲŚťŴĿƢļŧŎűŐƩŎŌŪŹŎơŧœŢŴĽŲŚƢŜ 
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ŘŮŐŌŪŹ 0-0 ĿŦźŎŉũŎŊťĶŢŎŌŘŧŗŏŘũűŜňŘũŖŊŚũŹļŲŖơŎźžŧűŐƩŎşũŹļŌŪŹŊƢŢļĹžŧŎūļŋūļŴŎĶŧŘŜŧļŲőŎĶŧŘűĽŧť
şžŧŘŜĽ ŴŎŘŮŐűŐƩŎŘŮŐŊŦŉĿŦźŎŉũŎĽŧĶĶŧŘűĽŧťşžŧŘŜĽűœŬŹŢĶơŢşŘƢŧļşťœŧŎŜļŲŠŜŎŢŭŊşŧŠĶŘŘŖ 

2.3.5 ŲŎŜŌŧļşžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŴŎœŬźŎŌŪŹŊơŧļĽŦļŠŜŦŉ  

şžŧŠŘŦŏœŬźŎŌŪŹŊơŧļĽŦļŠŜŦŉ ŀūŹļŵŉƢŊŘŜĽŉŮşŕŧœĶŧŘĶơŢŊŦŜŲŚťĶŧŘĶžŧűŎũŉķŢļĿŦźŎŉũŎŌŧļōŘňŪŜũŌŗŧ

ŲŚƢŜ ŖŪĹŜŧŖűşŪŹŗļŎƢŢŗŊơŢĶŧŘŌŘŭŉŊŦŜűŎŬŹŢļĽŧĶŖŪĶŘťűŐŧťŉũŎűŠŚŜŢơŢŎŲŌŘĶŊŦŜŢŗŮơ ŠŘŬŢĽŧĶĿŦźŎŉũŎŌŪŹ

űŐƩŎųœŘļĿơŢļŜơŧļ ŊŧŘŧļŌŪŹ 0-0 ĹŬŢŲŎŜŌŧļşžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŴŎœŬźŎŌŪŹŊơŧļĽŦļŠŜŦŉ 
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ŊŧŘŧļŌŪŹ 0-0 ŲŎŜŌŧļşžŧŠŘŦŏĶŧŘűĽŧťşžŧŘŜĽŴŎœŬźŎŌŪŹŊơŧļĽŦļŠŜŦŉ &Ŝ,ş,Ō, 0323' 

ųĹŘļşŘƢŧļ ĹŜŧŖŚūĶŐŘťŖŧň

ĶŧŘşŮļşŭŉ (űŖŊŘ' (ķ' 

űĶňņƥşŦļűĶŊĹŜŏĹŭŖĶơŢŎşũźŎşŭŉĶŧŘűĽŧť

şžŧŘŜĽŉũŎ (Ĺ' 

ŢŧĹŧŘşŮļ 1-2 ĿŦźŎŠŘŬŢŢŧĹŧŘųĹŘļşŘƢŧļ

ĿŦŹŜĹŘŧŜķŎŧŉűŏŧŖŧĶ 

25 SPT, N-Value > 35,  

ŠŎŧŊơŢűŎŬŹŢļĶŦŎ ŵŖơŊŹžŧĶŜơŧ 3 űŖŊŘ 

ŢŧĹŧŘşŮļ 3-4 ĿŦźŎ &ŠŘŬŢųŘļļŧŎ-ųĶŉŦļ' ķŎŧŉ

űŏŧ 

25 N > 35, ŠŎŧ 4-5 űŖŊŘ ŠŘŬŢ  

N>40 ŠŎŧ 3 űŖŊŘ 

ŢŧĹŧŘşŮļ 5-6 ĿŦźŎ &ŠŘŬŢųŘļļŧŎ-ųĶŉŦļ' ķŎŧŉ

ŠŎŦĶŐŧŎĶŚŧļ 

30 N > 40, ŠŎŧ 4-5 űŖŊŘ ŠŘŬŢ 

N>45 ŠŎŧ 3 űŖŊŘ 

ŢŧĹŧŘşŮļ 6-9 ĿŦźŎ &ŠŘŬŢųŘļļŧŎ-ųĶŉŦļ' ķŎŧŉ

ŠŎŦĶ 

30 N > 45, ŠŎŧ 4-5 űŖŊŘ ŠŘŬŢ  

N>50 ŠŎŧ 3 űŖŊŘ 

ŢŧĹŧŘşŮļ 6-9 ĿŦźŎ &ŠŘŬŢųŘļļŧŎ-ųĶŉŦļ' ķŎŧŉ

ŠŎŦĶŖŧĶ 

35-40 N > 45, ŠŎŧ 6 űŖŊŘ ŲŚťĹŜŧŖŚūĶŠŚŭŖ

űĽŧťŊƢŢļŵŖơŎƢŢŗĶŜơŧ 15 űŖŊŘ ŠŘŬŢ N > 

50, ŠŎŧ 4-5 űŖŊŘ ŲŚťĹŜŧŖŚūĶŠŚŭŖ

űĽŧťŊƢŢļŵŖơŎƢŢŗĶŜơŧ 15 űŖŊŘ 

ŢŧĹŧŘŠŎŦĶœũűŝŞ űĿơŎ ŠŢŐŘťĿŭŖ, ųŘļ

ŕŧœŗŎŊŘƥ, ŠƢŧļşŘŘœşũŎĹƢŧ ŢŧĹŧŘŌŪŹŖŪŘťŗť

ĿơŜļűşŧŠơŧļĶŦŎŖŧĶ ŠŘŬŢŢŧĹŧŘşŮļ 16-18 ĿŦźŎ 

40-50 N > 50, ŠŎŧ 6-8 űŖŊŘ ŲŚťĹŜŧŖŚūĶ

ŠŚŭŖűĽŧťŵŖơĹŜŘŎƢŢŗĶŜơŧ 20 űŖŊŘ 

&Ķ' ŗĶűŜƢŎĽŦļŠŜŦŉŌŪŹŖŦĶœŏşũŹļŲŐŘŐŘŜŎŠŘŬŢĶŧŘĶơŢŊŦŜĶžŧűŎũŉŌŧļōŘňŪŜũŌŗŧŌŪŹŵŖơşŖŹžŧűşŖŢ űĿơŎ 

ŕŮűĶŸŊ şŭŘŧŞŃŘƥōŧŎŪ şļķŚŧ ŐŘŧĽŪŎŏŭŘŪ &ŖŪĿŦźŎŉũŎŢơŢŎŢŗŮơŴŊƢĿŦźŎŉũŎŲķŸļ' ĽŦŎŌŏŭŘŪ ŲŚťŘŧĿŏŭŘŪŏŧļœŬźŎŌŪŹ 

&ķ' ŐŘťŖŧňĽŧĶĹŜŧŖŗŧŜűşŧűķŸŖŊŢĶķŢļŢŧĹŧŘŌŦŹŜŵŐŌŪŹŴĿƢŢŗŮơŐƧĽĽŭŏŦŎ ŀūŹļŵŉƢĶơŢşŘƢŧļŲŚƢŜűşŘŸĽ 

ŲŚťŴĿƢļŧŎűŐƩŎŌŪŹŎơŧœŢŴĽ 

&Ĺ' ŐŘťűŖũŎĽŧĶĹŜŧŖşŧŖŧŘŋķŢļŐƧƫŎĽŦŹŎ ĿŎũŉ ŲŚťŜũōŪĶŧŘŊŢĶűşŧűķŸŖ ųŉŗŌŦŹŜŵŐœŏŜơŧĹơŧĶŧŘ

ŌŘŭŉŊŦŜķŢļĿŦźŎŉũŎĽťŚŉŚļűŖŬŹŢűŐƩŎĿŦźŎŉũŎŲķŸļŖŧĶŠŘŬŢŌŘŧŗŲŎơŎ ŌŪŹŖŪĹơŧ SPT, N-Value > 2. ŠŘŬŢ 3. 

ĹŘŦźļ-ŔŭŊ 

2.3.6 ŲŠŚơļķƢŢŖŮŚŠŚŭŖűĽŧťĽŧĶűŜŐŵŀŌƥķŢļĶŘŖųŗōŧōũĶŧŘ 

ŲŠŚơļķƢŢŖŮŚŠŚŭŖűĽŧťşžŧŘŜĽŴŎŐŘťűŌŝŵŌŗŢŧĽşŬŏĹƢŎŵŉƢĽŧĶŅŧŎķƢŢŖŮŚŴŎŢũŎűŊŢŘƥűŎŸŊ 

ŊŦŜŢŗơŧļűĿơŎŅŧŎķƢŢŖŮŚŘŧŗŚťűŢŪŗŉőŚĶŧŘűĽŧťşžŧŘŜĽĿŦźŎŉũŎŌŦŹŜŐŘťűŌŝķŢļĶŘŖųŗōŧōũĶŧŘŲŚťőŦļ

űŖŬŢļ ĽŧĶűŜŐŵŀŌƥ www.dpt.go.th &www.dpt.go.th 0326' ŀūŹļĽŦŉŌžŧķūźŎųŉŗşžŧŎŦĶĹŜŏĹŭŖĶŧŘĶơŢşŘƢŧļ 

ĶŚŭơŖļŧŎŜũűĹŘŧťŠƥŜũĽŦŗŲŚťœŦŇŎŧ ŀūŹļķƢŢŖŮŚűŠŚơŧŎŪźşŧŖŧŘŋŴĿƢűŐƩŎķƢŢŖŮŚűŏŬźŢļŊƢŎĶơŢŎŴŎĶŧŘŜũűĹŘŧťŠƥ

ŢŢĶŲŏŏŘťŏŏŅŧŎŘŧĶűŏŬźŢļŊƢŎ ŴŎķŦźŎŊŢŎĶŧŘŢŢĶŲŏŏŲŚťŐŘťŖŧňŘŧĹŧ şžŧŠŘŦŏųĹŘļĶŧŘķŎŧŉ

ŴŠłơŎŦźŎĽžŧűŐƩŎĽťŊƢŢļűĽŧťşžŧŘŜĽĿŦźŎŉũŎĽŘũļűœũŹŖűŊũŖŴŎŏŘũűŜňŌŪŹĽťŌžŧĶŧŘĶơŢşŘƢŧļ ŴŎĶŘňŪųĹŘļĶŧŘ

http://www.dpt.go.th/
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ķŎŧŉűŚŸĶŌŪŹŵŖơŖŪĶŧŘűĽŧťşžŧŘŜĽŉũŎ ķƢŢŖŮŚűŠŚơŧŎŪźĽťŎžŧŵŐŴĿƢűŚŬŢĶŘťŏŏŅŧŎŘŧĶ ŀūŹļŉŪĶŜơŧĶŧŘűŚŬŢĶŴĿƢ

ŅŧŎŘŧĶųŉŗŵŖơŖŪķƢŢŖŮŚĶŧŘűĽŧťşžŧŘŜĽŉũŎűŚŗ 

2.4 ŊžŧŲŠŎơļķŢļŠŚŭŖűĽŧťŲŚťĹŜŧŖŚūĶķŢļŠŚŭŖ 

 ŴŎĶŧŘűŚŬŢĶŊžŧŲŠŎơļķŢļŠŚŭŖűĽŧť ŋƢŧĿŦźŎŉũŎŵŖơşŖŹžŧűşŖŢŎŦĶ ŢŧĽƢŢļŌžŧĶŧŘűĽŧťşžŧŘŜĽŴŠƢ

ŴĶŚƢűĹŪŗļĶŦŏŊžŧŲŠŎơļķŢļŅŧŎŘŧĶŖŧĶŌŪŹşŭŉ ŋƢŧŴŎķňťŌŪŹĽťŌžŧĶŧŘűĽŧťşžŧŘŜĽŗŦļŵŖơŖŪĶŧŘŜŧļŊžŧŲŠŎơļ

ųĹŘļşŘƢŧļ ŊžŧŲŠŎơļķŢļŠŚŭŖűĽŧťĹŜŘĽťĹŘŢŏĹŚŭŖŏŘũűŜňŌŦźļŠŖŉ ĽžŧŎŜŎŠŚŭŖűĽŧťŌŪŹĽťŊƢŢļűĽŧť

ķūźŎŢŗŮơĶŦŏŐƧĽĽŦŗŠŚŧŗŐŘťĶŧŘ űĿơŎĹŜŧŖşŖŹžŧűşŖŢķŢļĿŦźŎŉũŎ ŋƢŧĿŦźŎŉũŎşŖŹžŧűşŖŢĶŧŘűĽŧťŠŚŭŖűĽŧť

űœŪŗļŵŖơĶŪŹŠŚŭŖĶŸŢŧĽűœŪŗļœŢŲŚƢŜ ŲŊơŋƢŧĿŦźŎŉũŎŵŖơŖŪĹŜŧŖşŖŹžŧűşŖŢŢŧĽĽťŊƢŢļűĽŧťŠŚŭŖűĽŧťŖŧĶķūźŎ 

ŐƧĽĽŦŗŢŪĶŐŘťĶŧŘŠŎūŹļĶŸĹŬŢ ĹơŧŴĿƢĽơŧŗŴŎĶŧŘűĽŧťűŖŬŹŢűŐŘŪŗŏűŌŪŗŏĶŦŏŖŮŚĹơŧķŢļųĹŘļĶŧŘ ųĹŘļĶŧŘ

ŖŮŚĹơŧŵŖơşŮļŖŧĶŎŦĶ ŋƢŧŌžŧĶŧŘűĽŧťşžŧŘŜĽŲŚťŌŉşŢŏŐŘũŖŧňŎƢŢŗŲŊơŴĿƢ Factor safety şŮļķūźŎĶŸŢŧĽ

ŐŘťŠŗŦŉĶŜơŧ ŲŊơŋƢŧűŐƩŎųĹŘļĶŧŘŌŪŹŖŪŖŮŚĹơŧųĹŘļĶŧŘşŮļĶŧŘűĽŧťşžŧŘŜĽŲŚťŌŉşŢŏŖŧĶķūźŎĽťŌžŧŴŠƢŵŉƢ

ķƢŢŖŮŚŌŪŹŋŮĶŊƢŢļŖŧĶķūźŎ ŀūŹļŢŧĽŌžŧŴŠƢŘŧĹŧķŢļŅŧŎŘŧĶŚŉŚļŢŗơŧļŖŧĶ şžŧŠŘŦŏųĹŘļĶŧŘŌŦŹŜ ŷ ŵŐŴŎ

ĿŦźŎŉũŎŌŪŹŵŖơŀŦŏŀƢŢŎŲŚťœŢĽťŌŘŧŏķƢŢŖŮŚĿŦźŎŉũŎŖŧŏƢŧļĽťűĽŧťŠŚŭŖűĽŧťŐŘťŖŧň 2 ŠŚŭŖŋƢŧűŐƩŎŵŐŵŉƢ

ĹŜŘĽťűĽŧť 3 ŠŚŭŖűœŬŹŢŲşŉļŘŮŐŊŦŉĿŦźŎŉũŎŵŉƢŌŦźļşŢļŲŎŜŉŦļŘŮŐŌŪŹ 0-1 ŀūŹļűŐƩŎŲŎŜŌŧļĶŧŘĶžŧŠŎŉ

ŊžŧŲŠŎơļŠŚŭŖűĽŧť 



2 ĶŧŘşžŧŘŜĽŲŚťŌŉşŢŏŉũŎŴŎļŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶ 
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ŘŮŐŌŪŹ 0-1 ŲŎŜŌŧļĶŧŘŜŧļŊžŧŲŠŎơļŠŚŭŖűĽŧťųŉŗŌŦŹŜŵŐ &a) ŢŧĹŧŘŠŚŧŗĿŦźŎ &b) ŢŧĹŧŘųŘļļŧŎ (c) œŬźŎŌŪŹķŎŧŉ

ŴŠłơŌŪŹŗŦļŵŖơŵŉƢĶžŧŠŎŉŊžŧŲŠŎơļŢŧĹŧŘ &Tomlinson /773' 

şžŧŠŘŦŏĹŜŧŖŚūĶķŢļĶŧŘűĽŧťĽťŊƢŢļœũĽŧŘňŧĽŧĶőŚķŢļŲŘļŌŪŹŋơŧŗĽŧĶŅŧŎŘŧĶŚļşŮơŉũŎŜơŧŖŪ

őŚĶŘťŌŏŚļŵŐŚūĶűŌơŧŴŉ ŊŦŜŢŗơŧļűĿơŎŴŎĶŘňŪķŢļŅŧŎŘŧĶŲőơŌŪŹőũŜŉũŎ  ŲŘļŉŦŎŉũŎŌŪŹĹŜŧŖŚūĶ 1.5 

űŌơŧķŢļĹŜŧŖĶŜƢŧļķŢļŅŧŎŘŧĶŗŦļŖŪĹơŧŐŘťŖŧň 20% ŉŦļŎŦźŎĹŜŧŖŚūĶķŢļŠŚŭŖűĽŧťŎơŧĽťŚūĶĶŜơŧ 1.5 

űŌơŧķŢļĹŜŧŖĶŜƢŧļķŢļŅŧŎŘŧĶ ŲŊơŊƢŢļœũĽŧŘňŧŜơŧŖŪĿŦźŎŉũŎŢơŢŎŢŬŹŎ ŷ ŢŗŮơŴŊƢĿŦźŎŉũŎŲķŸļŠŘŬŢŵŖơŋƢŧ

űŐƩŎŵŐŵŉƢĹŜŘĽťűĽŧťşžŧŘŜĽĽŎŋūļĿŦźŎŉũŎŌŪŹŲķŸļűœŪŗļœŢŲŎŜŌŧļĶŧŘĶžŧŠŎŉĹŜŧŖŚūĶķŢļŠŚŭŖűĽŧťŢŗŮơ

ŴŎŘŮŐŌŪŹ 0-2 

МЖЩВЮϹУС

x

y y y y

x

x

(a) (b)

(c)

МЖЩВЮϹУС

ЁУЊДУϲ

ЮϵДШжОϸϹТϲДМЊТϲ

МЖЩВЮϹУСЮЏШжО

ЮϲеЋІТИОГϤУϸ

МЖЩВЮϹУСЈЅЛОЋ

бЊЛЊУВ

ЋϤОЊзлУЈЦжЇЪϲЇВ
ЈУϸЊзлУ
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ŘŮŐŌŪŹ 0-2 ŜũōŪĶžŧŠŎŉĹŜŧŖŚūĶŠŚŭŖűĽŧťşžŧŠŘŦŏŅŧŎŘŧĶŢŧĹŧŘųĹŘļşŘƢŧļĿŎũŉŊơŧļ ŷ &Tomlinson 

/773' 

2.5 ŜũōŪĶŧŘşžŧŘŜĽŉũŎűœŬŹŢŴĿƢŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶ 

ŴŎĶŧŘşžŧŘŜĽŉũŎűœŬŹŢĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŎŦźŎşŧŖŧŘŋĶŘťŌžŧŵŉƢŌŦźļĶŧŘűĶŸŏŊŦŜŢŗơŧļķūźŎŖŧŌŉşŢŏ

ŴŎŠƢŢļŐńũŏŦŊũĶŧŘ ŲŚťĶŧŘŌŉşŢŏŴŎşŎŧŖ ŀūŹļŘŮŐŲŏŏĶŧŘűĽŧťşžŧŘŜĽŉũŎŲşŉļŉŦļŘŮŐŌŪŹ 0-3 ķƢŢ
ŲŊĶŊơŧļķŢļĶŧŘŌŉşŢŏŌŦźļşŢļŜũōŪŎŪźĹŬŢ ŜũōŪĶŧŘűĶŸŏŊŦŜŢŗơŧļĽťŊƢŢļűĽŧťŠŘŬŢķŭŉĽŎŋūļŘťŉŦŏŌŪŹŊƢŢļĶŧŘ

űœŬŹŢűĶŸŏŊŦŜŢŗơŧļķūźŎŖŧ şơŜŎĶŧŘŌŉşŢŏŴŎşŎŧŖŎŦźŎŵŖơŊƢŢļűĶŸŏŊŦŜŢŗơŧļķūźŎŖŧŌŉşŢŏ şžŧŠŘŦŏ

ŘŧŗŚťűŢŪŗŉĽťĶŚơŧŜŴŎŠŦŜķƢŢŋŦŉŵŐ 

 

B

B to 3B

 B

B

1.5B

2D/3

D

1.5B B

(a) Pad Foundation (b) Raft Foundation

(c) Raft Foundation (d) Pile Foundation

B

МЖЩВЮϹУС МЖЩВЮϹУС

МЖЩВЮϹУС

МЖЩВЮϹУС
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ŘŮŐŌŪŹ 0-3 ŘŮŐŲŏŏĶŧŘşžŧŘŜĽŉũŎ 

 

 

ŘŮŐŌŪŹ 0-4 ĶŧŘşžŧŘŜĽŉũŎ ŀūŹļŘŜŖŋūļĶŧŘŝūĶŞŧűŏŬźŢļŊƢŎ ĶŧŘűĽŧťűĶŸŏŊŦŜŢŗơŧļ ĶŧŘŌŉşŢŏŴŎ
ŠƢŢļŐńũŏŦŊũĶŧŘ ĶŧŘŌŉşŢŏŴŎşŎŧŖ 

Cone 

Penetration TestStandard 

Penetration 

Test

Field Vane 

Shear Test

ϲУДЮϲеЋІТИОГϤУϸϳЧзЊВУЈЅЛОЋ

бЊМϥОϸЌЀХЋТІХϲУД (sampling)

ϲУДЈЅЛОЋбЊЛЊУВ

(In-situ testing)

ЅХЊОϤОЊ

ЅХЊЯϳеϸ

CPT Testing

ϳЩЅЋϤОЛлУДИϹ

ЅϥИГЯДϸϸУЊϵЊ

ϳЩЅЋϤОЛлУДИϹЅϥИГ

ЮϵДШжОϸϹТϲД

ЮϹУСМЖЩВЛлУДИϹ

* To be conducted during boring

SOIL EXPLORATION

Collection of information about 

structure,  layout, type, loading details, etc

Study of available geological and aerial maps

Indirect method

Purpose:  

i) Locationof bed rock or hard stratum and 

change of strata

ii) Relative stiffness of soils

Sounding Vane shear 

test

Plate bearing 

test

Geophysic

al methods

Static cone 

penetration 

test

Dynamic cone 

penetration 

test

Standard 

penetration 

test*

Electrical 

resistivity

Seismic 

resistivity

Direct method 

purpose : 

i) Draw log of stratum

ii) Engineering properties 

Open pits with sampling Boring Sampling

Auger 

boring

Wash 

boring

Percussion 

boring

Rotary 

boring

Disturbed samples,

- auger samples

- thick wall tube sample

Undisturbed samples,

- thin wall tube sample

Classification tests in laboratory.

+ Grain size distribution

+ Atterberg's limits (LL, PL, PI)

+ Water content

+ Unit weight

+ Specific gravity

Laboratory testing

+ Classification

+ Shear

+ Consolidation

+ Permeability
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2.5.1 ŜũōŪĶŧŘķŭŉ űĽŧťűœŬŹŢűĶŸŏŊŦŜŢŗơŧļŉũŎ 

  ŴŎĶŧŘűĶŸŏŊŦŜŢŗơŧļŀūŹļŢŗŮơŚūĶŚļŵŐŴŊƢŘťŉŦŏőũŜŉũŎŎŦźŎ ĽžŧűŐƩŎĽťŊƢŢļŌžŧĶŧŘķŭŉŠŘŬŢűĽŧťŚļŵŐ

ĽŎŋūļĹŜŧŖŚūĶŌŪŹŊƢŢļĶŧŘŲŚƢŜűĶŸŏŊŦŜŢŗơŧļķūźŎŖŧűœŬŹŢŎžŧŵŐĽžŧŲŎĶŉũŎ ŠŘŬŢŌŉşŢŏűœŬŹŢŠŧĶžŧŚŦļķŢļŉũŎ 

şžŧŠŘŦŏŜũōŪŴŎĶŧŘűĶŸŏŊŦŜŢŗơŧļŎŦźŎķūźŎŢŗŮơĶŦŏşŕŧœĿŦźŎŉũŎŲŚťĿŎũŉķŢļŅŧŎŘŧĶŌŪŹŊƢŢļĶŧŘ ŀūŹļŚŦĶŞňť

ķŢļĶŧŘűĶŸŏŲŚťŌŉşŢŏŊŦŜŢŗơŧļŉũŎŲşŉļŉŦļŘŮŐŌŪŹ 0-3 ųŉŗŋƢŧŅŧŎŘŧĶŖŪĹŜŧŖŚūĶŵŖơŖŧĶŢŧĽŴĿƢŜũōŪķŭŉ
ŏơŢşžŧŘŜĽųŉŗŴĿƢŲŘļļŧŎĹŎŠŘŬŢűĹŘŬŹŢļĽŦĶŘ ŲŊơŋƢŧĿŦźŎŉũŎŌŪŹŊƢŢļĶŧŘşžŧŘŜĽŢŗŮơŴŎŘťŉŦŏŚūĶŖŧĶ ĽžŧűŐƩŎ

ĽťŊƢŢļŴĿƢŜũōŪĶŧŘűĽŧťŀūŹļŜũōŪŌŪŹŴĿƢŴŎĶŧŘűĽŧťķūźŎŢŗŮơĶŦŏĿŎũŉķŢļĿŦźŎŉũŎ ŲŚťŚŦĶŞňťķŢļŊŦŜŢŗơŧļŌŪŹ

ŊƢŢļĶŧŘ ŜũōŪŌŦŹŜŵŐŌŪŹŴĿƢŴŎĶŧŘűĽŧťşžŧŘŜĽŉũŎŲşŉļŉŦļŊŧŘŧļŌŪŹ 0-1  

ŊŧŘŧļŌŪŹ 0-1 ŜũōŪŌŦŹŜŵŐŌŪŹŴĿƢŴŎĶŧŘűĽŧťşžŧŘŜĽŉũŎ &Teng /762' 

ĿŎũŉĶŧŘűĽŧť ŜũōŪĶŧŘűĽŧť ĶŧŘŴĿƢļŧŎ ŠŖŧŗűŠŊŭ 

ŏơŢşžŧŘŜĽ 

 

űĽŧťŉƢŜŗűĹŘŬŹŢļŖŬŢŌŪŹŴĿƢŲŘļĹŎ, 

ŴĿƢŘŋŊŦĶŉũŎ ŠŘŬŢ ŴĿƢűĹŘŬŹŢļŊŦĶ

ŉũŎ 

ĶŧŘűĽŧťşžŧŘŜĽĿŦźŎŉũŎŵŖơŚūĶŖŧĶ 

űĶŸŏŊŦŜŢŗơŧļŉũŎųŉŗŴĿƢĶŧŘűĶŸŏ

ŊŦŜŢŗơŧļŉƢŜŗŖŬŢ 

ŵŖơűŠŖŧťĶŦŏŠŚŭŖ

űĽŧťŴŎŉũŎűŖŸŉŠŗŧŏ

ŌŪŹŚūĶĶŜơŧŘťŉŦŏŎźžŧŴŊƢ

ŉũŎ 

 

şŜơŧŎ űĽŧťŉƢŜŗŖŬŢŠŘŬŢŴĿƢűĹŘŬŹŢļűĽŧť 

ķŎŧŉűşƢŎőơŧŝŮŎŗƥĶŚŧļ 5 ŀŖ. 

ŋūļ 15 ŀŖ. 

űŐƩŎŜũōŪŐĶŊũŌŪŹŴĿƢŴŎĶŧŘűĽŧťŠŚŭŖ

űĽŧťşžŧŘŜĽ 

ŋƢŧŴĿƢşŜơŧŎŖŬŢĽť

űĽŧťŵŉƢŚūĶŵŖơŖŧĶ 

ĶŧŘűĽŧťŲŏŏľŪŉŚƢŧļ 

(Wash boring) 

űĽŧťųŉŗŴĿƢŎźžŧŠŘŬŢŎźžŧųĹŚŎœơŎ

ŢŢĶŌŧļŐŚŧŗŌơŢŌŪŹŖŪŠŦŜĶŦŉŉũŎ

ŊũŉŢŗŮơ 

űŐƩŎŜũōŪŐĶŊũŌŪŹŴĿƢŴŎĶŧŘűĽŧťŠŚŭŖ

űĽŧťşžŧŘŜĽ 

 

ĶŧŘűĽŧťŲŏŏűĽŧť

ĶŘťŲŌĶ (Percussion 

drill) 

űĽŧťųŉŗŴĿƢűĹŘŬŹŢļűĽŧťŲŏŏ

ĶŘťŲŌĶ (jack hammer) ŠŘŬŢ

űĹŘŬŹŢļŖŬŢŢŬŹŎ ŷ ŌŪŹŌžŧŴŠƢűĶũŉŘŮ

ŴŎŉũŎŠŘŬŢŠũŎŉƢŜŗŠŦŜĶŦŉŲŏŏ

ĶŘťŲŌĶ 

şžŧŠŘŦŏŴĿƢűĽŧťŉũŎŌŪŹŲķŸļŖŧĶŠŘŬŢ

ŠũŎ 

 

ĶŧŘűĽŧťŲŏŏŠŖŭŎ 

(Rotary drill) 

űĽŧťŠũŎŲŏŏŊơŢűŎŬŹŢļųŉŗŴĿƢŠŦŜ

űĽŧťŲŏŏűœĿŘ (diamond drill 

bit) ŠŘŬŢŠŦŜűĽŧťŲŏŏ 

Tungsten carbide ŌŪŹŊơŢĶŦŏ

ĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŚťĶƢŧŎ

űĽŧť 

şžŧŠŘŦŏŴĿƢűĽŧťŠũŎŌŪŹŲķŸļŖŧĶ  
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şžŧŠŘŦŏŜũōŪűĽŧťŌŪŹŎũŗŖŴĿƢĹŬŢŜũōŪűĽŧťŲŏŏľŪŉŚƢŧļŉŦļŲşŉļŴŎŘŮŐŌŪŹ 0-5  

 
ŘŮŐŌŪŹ 0-5 ĶŧŘűĽŧťŠŚŭŖűĽŧťųŉŗĶŧŘűĽŧťŲŏŏľŪŉŚƢŧļ 

2.5.2 ĶŧŘűĶŸŏŊŦŜŢŗơŧļŉũŎ 

ŠŚŦļĽŧĶűĽŧťŠŚŭŖűĽŧťŋūļŘťŉŦŏŌŪŹŊƢŢļĶŧŘŲŚƢŜ &ŊŧŖŠŦŜķƢŢ 0,3,/'  ĽťŌžŧĶŧŘűĶŸŏŊŦŜŢŗơŧļŌŪŹŘťŉŦŏ

ŎŦźŎ ŷ ŴŎĶŧŘűĶŸŏŊŦŜŢŗơŧļĽťŌžŧĶŧŘűĶŸŏűŐƩŎĿơŜļ ŷ ųŉŗŐĶŊũŲŚƢŜĽťŌžŧĶŧŘűĶŸŏŊŦŜŢŗơŧļŌŭĶ ŷ 1.50 

űŖŊŘ şžŧŠŘŦŏŜũōŪŌŪŹŴĿƢŴŎĶŧŘűĶŸŏŊŦŜŢŗơŧļĽťķūźŎŢŗŮơĶŦŏĿŎũŉķŢļŉũŎ ŚŦĶŞňťķŢļŉũŎŌŪŹŊƢŢļĶŧŘűĶŸŏŜơŧ

ŊƢŢļĶŧŘŊŦŜŢŗơŧļŉũŎŲŏŏĹļşŕŧœűŉũŖŌŪŹ (Undisturbed sample) ŠŘŬŢŉũŎŲŏŏŵŖơĹļşŕŧœűŉũŖ 

(Disturbed sample) ŀūŹļŜũōŪŌŦŹŜŵŐŌŪŹŴĿƢűĶŸŏŊŦŜŢŗơŧļŉũŎŲŚťŠũŎĽŧĶŠŚŭŖűĽŧťŌŉşŢŏŲşŉļŢŗŮơŴŎŊŧŘŧļŌŪŹ 

0-2 

Ҿ̓ҥҹӆү҉ҤқҗӨ+ ҩ҃ӥҴқ

ЌϪϯВ

ЈϤОЛϤϸЊзлУЮϳϥУ

ϲϥУЊЮϹУС

ҝҧү҃ҾҭҧӅ҃

ҭҳҩҾҊҴҲ

ӥ҃ҴқҾҊҴҲ

ЋϤОЏТϲІСϲОЊ

ҬӤҩқҙҷӆүҤһӤӁҗӥ
ҝҧү҃ҾҭҧӅ҃
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ŊŧŘŧļŌŪŹ 0-2 ŜũōŪŌŪŹŴĿƢűĶŸŏŊŦŜŢŗơŧļŉũŎĽŧĶŠŚŭŖűĽŧť &Teng /762' 

ĿŎũŉĶŧŘűĶŸŏŊŦŜŢŗơŧļ ŜũōŪĶŧŘűĶŸŏŊŦŜŢŗơŧļ ĶŧŘŴĿƢļŧŎ ŠŖŧŗűŠŊŭ 

ŊŦŜŢŗơŧļŋŮĶŘŏĶŜŎŖŧĶ 

(Highly disturbed 

samples) 

űĽŧťŉƢŜŗşŜơŧŎ, ľŪŉŚƢŧļ ŠŘŬŢ 

űĽŧťĶŘťŲŌĶ 

ŊŦŜŢŗơŧļĽťűĶŸŏĽŧĶŉũŎŌŪŹŊũŉŖŧ

ĶŦŏşŜơŧŎ ŠŘŬŢŉũŎŌŪŹķūźŎŖŧĶŦŏ

ŎźžŧŌŪŹľŪŉŚƢŧļĶƢŎŠŚŭŖ ŠŘŬŢ ŒŭƜŎ

ŠŘŬŢűŝŞŠũŎĽŧĶĶƢŎŠŚŭŖŌŪŹűĽŧť

ŉƢŜŗŜũōŪűĽŧťĶŘťŲŌĶ 

ŵŖơűŠŖŧťŌŪŹĽťŴĿƢŴŎ

ĶŧŘşžŧŘŜĽűœŬŹŢ

ŢŢĶŲŏŏŅŧŎŘŧĶ 

ĶŘťŏŢĶőơŧŀŪĶ (Spilt 

spoon) 

ĶŘťŏŢĶőơŧŲŏŏŖŧŊŘŅŧŎ 

(Standard split spoon)  

űşƢŎőơŧŝŮŎŗƥĶŚŧļŕŧŗŴŎ = 2 

ŎũźŜ 

űşƢŎőơŧŝŮŎŗƥĶŚŧļŕŧŗŎŢĶ = 

13/8 ŎũźŜ 

ĹŜŧŖŗŧŜĶŘťŏŢĶ = 18-24 

ŎũźŜ 

ĶŘťŏŢĶĽťŲŗĶŵŉƢŊŧŖĹŜŧŖ

ŗŧŜŊŚŢŉŲŎŜ 

űĶŸŏŊŦŜŢŗơŧļŉũŎŲŏŏ 

Disturbed 

űĶŸŏŊŦŜŢŗơŧļŉũŎŌŪŹŖŪĹŜŧŖŲķŸļ 

űĶŸŏŊŦŜŢŗơŧļŠũŎŌŪŹĹơŢŎķƢŧļŢơŢŎ 

ĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ

ĿŎũŉŎŪźŗŦļŴĿƢŌŉşŢŏ 

Standard 

Penetration Test ŵŉƢ

ŉƢŜŗ 

ĶŘťŏŢĶŏŧļ (Thin-

walled tube) 

ŌơŢűŠŚŸĶŲŏŏŵŖơŖŪŘŢŗŊơŢ

ķŎŧŉűşƢŎőơŧŎŝŮŎŗƥĶŚŧļ 2-3 

ŎũźŜ ŋƢŧĶŉųŉŗŴĿƢŲŘļĹļŌŪŹĽť

ŉŪĶŜơŧŴĿƢŊŭƢŖŊŢĶ 

ŴĿƢűĶŸŏŊŦŜŢŗơŧļŉũŎŲŏŏ 

Cohesive soil Ųŏŏ 

Undisturbed 

ŵŖơűŠŖŧťĶŦŏŉũŎűŖŸŉ

ŠŗŧŏŠŘŬŢŉũŎŲķŸļ 

ĶŧŘűĶŸŏŉƢŜŗŜũōŪűĽŧťűŢŧ

ŲŌơļŊŦŜŢŗơŧļ (Core 

boring) 

ŴĿƢŠŦŜűĽŧťŲŏŏŠŖŭŎ űĶŸŏŊŦŜŢŗơŧļŠũŎŲŏŏŊơŢűŎŬŹŢļ  

űĶŸŏŊŦŜŢŗơŧļŉƢŜŗĶŧŘűŐƘŉ

ŠŎƢŧŉũŎ 

ŊŦŉűĶŸŏŊŦŜŢŗơŧļŉũŎĽŧĶőŎŦļ

ŏơŢşžŧŘŜĽŉƢŜŗŖŬŢ 

ŊŦŜŢŗơŧļŋŮĶŘŏĶŜŎŎƢŢŗŌŪŹşŭŉ 

(Least disturbed) ŵŖơŎũŗŖŴĿƢ

űœŘŧťĹơŧŴĿƢĽơŧŗşŮļ 

 

2.5.2.1 ĶŧŘŋŮĶŘŏĶŜŎķŢļŊŦŜŢŗơŧļ (Sample disturbance) 

şžŧŠŘŦŏŉũŎŏŧļĿŎũŉŋƢŧŋŮĶŲŘļĶŘťŌžŧĽťŖŪőŚŊơŢĶžŧŚŦļķŢļŉũŎŢŗơŧļŖŧĶ ŘŮŐŌŪŹ 0-6 ŲşŉļŴŠƢűŠŸŎŜơŧ
űŖŬŹŢŊŦŜŢŗơŧļŵŖơŋŮĶŘŏĶŜŎĽťşŧŖŧŘŋŘŦŏŎźžŧŠŎŦĶĶŉŌŦŏŵŉƢ // ĶũųŚĶŘŦŖ ŲŊơűŖŬŹŢŋŮĶŘŏĶŜŎŲŚƢŜĽťŵŖơ

şŧŖŧŘŋŘŦŏŎźžŧŠŎŦĶĶŉŌŦŏŵŉƢűŚŗŉŦļĽťűŠŸŎŵŉƢĽŧĶĶŧŘŌŪŹŉũŎĶŚŧŗűŐƩŎķŢļűŠŚŜŠŎŬŉŌŪŹŵŠŚŵŉƢ 



2 ĶŧŘşžŧŘŜĽŲŚťŌŉşŢŏŉũŎŴŎļŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

 15 

 

ŘŮŐŌŪŹ 0-6 őŚķŢļĶŧŘŋŮĶŘŏĶŜŎķŢļŊŦŜŢŗơŧļŉũŎűŠŎŪŗŜŌŪŹŖŪĹŜŧŖŵŜŊŦŜşŮļ  &Powrie /774' 

ŜũōŪĶŧŘűĶŸŏŊŦŜŢŗơŧļŌŪŹŋŮĶŘŏĶŜŎŎƢŢŗŖŧĶűŐƩŎŜũōŪĶŧŘķŭŉűŐƘŉŠŎƢŧŉũŎĽŎŋūļŘťŉŦŏŌŪŹŊƢŢļĶŧŘűĶŸŏ

ŊŦŜŢŗơŧļŲŚƢŜŊŦŉŲŊơļŊŦŜŢŗơŧļŲŏŏŚŮĶŏŧŝĶƥųŉŗŴŠƢŖŪĶŧŘŘŏĶŜŎŉũŎŎƢŢŗŌŪŹşŭŉŉŦļ 

 
ŘŮŐŌŪŹ 0-7 ŜũōŪĶŧŘűĶŸŏŊŦŜŢŗơŧļŲŏŏŋŮĶŘŏĶŜŎŎƢŢŗųŉŗĶŧŘķŭŉűŐƘŉŠŎƢŧŉũŎĽ 

şžŧŠŘŦŏĶŧŘűĶŸŏŊŦŜŢŗơŧļųŉŗŴĿƢĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŊơŢĶŦŏĶƢŧŎ ŴŎķňťŌŪŹĶŉĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ

ŉũŎķūźŎŖŧĽŧĶĶƢŎŠŚŭŖ ŊŦŜŢŗơŧļŉũŎĽťŵŠŚűķƢŧŴŎĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ ŴŎķňťŌŪŹŉũŎŵŠŚűķƢŧŖŧŴŎ

ІТЅЯІϤϸІТИОГϤУϸбМϥЮϳϥУДЪЌ ЖϥОВІТИОГϤУϸЅϥИГϲЖϤОϸ

ЯЖСЮϵЖШОЋЅϥИГЏУДУАϛЊ

ϲУДІТЅЯІϤϸІТИОГϤУϸЋЊЖУЅϵТЊЅХЊІТЅЯІϤϸІТИОГϤУϸЖϸϲДСЋОϲϲЖВ

ЮϼУДϤОϸДОЋІТИОГϤУϸЈЦжϹСЮϲеЋ

ϲДСЋОϲϲЖВ

вВϥ

ЏУДУАϛЊ
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ĶŘťŏŢĶŎŦźŎĽťűĶũŉŲŘļűşŪŗŉŌŧŎŘťŠŜơŧļőũŜķŢļĶŘťŏŢĶĶŦŏŉũŎŀūŹļŢŧĽĽťŌžŧŴŠƢŊŦŜŢŗơŧļŉũŎŋŮĶŘŏĶŜŎ 

ŘťŉŦŏĹŜŧŖŘŭŎŲŘļķŢļĶŧŘŘŏĶŜŎŊŦŜŢŗơŧļķūźŎŢŗŮơĶŦŏŜũōŪĶŧŘĶŉĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ ŲŚťĹŜŧŖŠŎŧ

ķŢļĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ ŀūŹļĹŜŧŖŠŎŧķŢļĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļĽťĹžŧŎŜňųŉŗŴĿƢĹơŧ Area ratio, 
rA  

ĹžŧŎŜňŵŉƢųŉŗŴĿƢşŖĶŧŘŌŪŹ 0,1 

 
2 2

2

( )
(%) 100o i

r

i

D D
A

D

-
= ³  &0,1'  

űŖŬŹŢ 0D  ĹŬŢűşƢŎőơŧŎŝŮŎŗƥĶŚŧļŕŧŗŎŢĶķŢļĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ ŲŚť iD ĹŬŢűşƢŎőơŧŎŝŮŎŗƥĶŚŧļ

ŕŧŗŴŎķŢļĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ ŋƢŧŚŢļĹžŧŎŜňĹơŧ Area Ratio ķŢļ ĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļ Ųŏŏŏŧļ 

(ŘŮŐŌŪŹ 0-/.) űŐŘŪŗŏűŌŪŗŏĶŦŏĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŏŏőơŧŀŪĶ &ŘŮŐŌŪŹ 0-/0) ŀūŹļűŐƩŎĶŘťŏŢĶűĶŸŏ
ŊŦŜŢŗơŧļŲŏŏŠŎŧĽťŵŉƢőŚŉŦļŎŪź 

Standard spilt spoon sampler: iD = 1.38 ŎũźŜ ŲŚť oD = 2 ŎũźŜ 

 
2 2

2

(2) (1.38)
100 110%

(1.38)
rA

-
= ³ =   

Shelby tube sampler ķŎŧŉ 2 ŎũźŜ: iD  = 1.875 ŎũźŜ ŲŚť oD =2 ŎũźŜ  

 
2 2

2

(2) (1.875)
100 13.7%

(1.875)
rA

-
= ³ =  

ŀūŹļĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŌŪŹŋŬŢŜơŧűŐƩŎŊŦŜŢŗơŧļŉũŎĹļşŕŧœŌŪŹŖŪĹŭňŕŧœĹŜŘĽťŖŪ Area ratio ŢŗŮơŘťŠŜơŧļ 10 ŋūļ 

/3 űŐŢŘƥűŀŸŎŊƥ şžŧŠŘŦŏŉũŎŌŪŹŖŪĹŜŧŖŵŜŊơŢĶŧŘűşŪŗĶžŧŚŦļşŮļŢŧĽŴĿƢĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŌŪŹŖŪĹơŧ Area ratio = 10 

űŐŢŘƥűŀŸŎŊƥ  

ŊŦŜŢŗơŧļŌŪŹűĶŸŏųŉŗŴĿƢ Spilt spoon sampler ĽťŋŮĶŘŏĶŜŎŖŧĶ (Highly disturbed) şžŧŠŘŦŏ Area 

ratio ķŢļ Shelby tube ŖŪĹơŧŖŧĶĶŜơŧ 10% űŚŸĶŎƢŢŗŀūŹļŗŦļŋŬŢŜơŧűŐƩŎĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŏŏ 

Undisturbed ŢŗŮơ ŊŦŜŢŗơŧļ Disturbed ŌŪŹŴĿƢĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŏŏ Split spoon űĶŸŏŖŧŎŦźŎşŧŖŧŘŋ

ŎžŧŵŐŌŉşŢŏ Grain size distribution, liquid limit, plastic limit ŲŚť Shrinkage limit ŲŊơŋƢŧĽťŎžŧ

ŊŦŜŢŗơŧļŖŧŌŉşŢŏ Consolidation, Triaxial ŠŘŬŢ Unconfined Compression ĽťŊƢŢļŴĿƢŊŦŜŢŗơŧļŲŏŏ 

Undisturbed 

 

ŘŮŐŌŪŹ 0-/. ĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŏŏŏŧļŲŏŏŖŪŚŮĶşŮŏ &Piston sampler) 

Thin wall tube Â­óÚÿÉóñ (Drill rod)

DiDo
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ŘŮŐŌŪŹ 0-// ķŦźŎŊŢŎĶŧŘűĶŸŏŊŦŜŢŗơŧļŉƢŜŗ Thin wall sampler (a) ŠŗơŢŎĶŘťŏŢĶŚļŴŎŠŚŭŖųŉŗŴŠƢŐŧĶĶŘťŏŢĶŢŗŮơ

űŠŎŬŢĶƢŎŠŚŭŖ (b) ĶŉĶƢŧŎűĽŧťŴŠƢĶŘťŏŢĶĽŖŚļŴŎŉũŎĶƢŎŠŚŭŖ (c) ŠŖŭŎŊŦŜŢŗơŧļŴŠƢŉũŎŐŧĶĶŘťŏŢĶķŧŉĽŧĶŉũŎűŉũŖ

ŲŚƢŜŉūļĶƢŧŎűĽŧťķūźŎ ŉũŎŊŦŜŢŗơŧļĽťŊũŉĶŘťŏŢĶķūźŎŖŧŉƢŜŗ  

 
ŘŮŐŌŪŹ 0-/0 ĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŏŏőơŧŀŪĶ 

2.6 ĶŧŘŌŉşŢŏŴŎşŎŧŖ 

2.6.1 ĶŧŘŌŉşŢŏŴŎşŎŧŖŉƢŜŗŜũōŪ Standard Penetration Test (SPT) 

ĶŧŘŌŉşŢŏŉƢŜŗŜũōŪŎŪźŵŉƢœŦŇŎŧķūźŎŖŧŘŧŜŐƙ Ĺ,ŝ, /705 ŀūŹļŴŎŐƧĽĽŭŏŦŎűŐƩŎŜũōŪŌŉşŢŏŌŪŹŎũŗŖŴĿƢĶŦŎ

ŖŧĶŌŪŹşŭŉŲŚťűŐƩŎĶŧŘŌŉşŢŏŌŪŹŐŘťŠŗŦŉŌŪŹşŭŉŌŪŹĽťŵŉƢķƢŢŖŮŚĿŦźŎŉũŎŖŧŴĿƢŴŎĶŧŘŢŢĶŲŏŏ ųŉŗ Bowles 

(Bowles 1996) ŐŘťŖŧňŵŜƢŜơŧ 63 ŋūļ 7. űŐŢŘƥűŀŸŎŊƥķŢļĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŐĶŊũŴŎŢűŖŘũĶŧűŠŎŬŢ

ŲŚťŢűŖŘũĶŧŴŊƢŴĿƢķƢŢŖŮŚ SPT ŴŎĶŧŘŢŢĶŲŏŏ ĶŧŘŌŉşŢŏĽťŢƢŧļŢũļŖŧŊŘŅŧŎ ASTM D 1586 ųŉŗŖŪ

ķŦźŎŊŢŎųŉŗşŦļűķŐŉŦļŎŪź 

ŊŢĶĶŘťŏŢĶŲŏŏőơŧŀŪĶŲŏŏŖŧŊŘŅŧŎ ŀūŹļŖŪķŎŧŉŉŦļŘŮŐŌŪŹ 0-/0 ųŉŗŴŠƢŐŚŧŗķŢļĶŘťŏŢĶŜŧļŢŗŮơ
œŢŉŪĶŦŏŘťŉŦŏĶƢŎŠŚŭŖűĽŧť ųŉŗĶŧŘŊŢĶĽťŴĿƢŊŭƢŖŊŢĶŌŪŹŖŪŎźžŧŠŎŦĶ /2. ŐŢŎŉƥ &41,3 ĶũųŚĶŘŦŖ' ŴŎĶŧŘ

ŊŢĶŲŊơŚťĹŘŦźļĽťŗĶŊŭƢŖşŮļ 1. ŎũźŜ &540 ŖũŚŚũűŖŊŘ' ŊĶŢŗơŧļŢũşŘť ŉŦļŘŮŐŌŪŹ 0-/0 

Ltube

(a) (b) (c)

Lrec

ÂÕ Õ÷È

Split barrel Ball valve
Driving shoe

457.2mm

34.9mm

76.2mm

50.8m)

ІϤОϲТЋϲϥУЊЮϹУС
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ŴŎĶŧŘŊŢĶĽťŊŢĶŴŠƢĶŘťŏŢĶĽŖŚļŴŎŉũŎűŐƩŎŘťŗť /6 ŎũźŜ ųŉŗŲŏơļŘťŗťķŢļĶŧŘŊŢĶűŐƩŎ 1 ĿơŜļ

ĿơŜļŚť 4 ŎũźŜ Ĺơŧ SPT, N ĽťűŐƩŎĽžŧŎŜŎĹŘŦźļķŢļĶŧŘŊŢĶ /0 ŎũźŜşŭŉŌƢŧŗ ŠŎơŜŗķŢļĹơŧ SPT, N ĽťűŐƩŎ

ĹŘŦźļŊơŢŔŭŊ &blows/ft) ŌŪŹŵŖơŘŜŖűŢŧĽžŧŎŜŎĹŘŦźļķŢļĶŧŘŊŢĶ 4 ŎũźŜŲŘĶűŎŬŹŢļĽŧĶŉũŎĿơŜļşơŜŎŎŪźĽťŋŮĶ

ŘŏĶŜŎŢŗơŧļŖŧĶĽŧĶĶŘťŏŜŎĶŧŘűĽŧťŉũŎ  ŴŎĶŘňŪŌŪŹŊŢĶŌŉşŢŏŲŚƢŜŊŢĶŵŖơŚļĽťŠŗŭŉĶŧŘŌŉşŢŏ

űŖŬŹŢ  

¶ ŊŢĶűĶũŎĶŜơŧ 3. ĹŘŦźļŲŚƢŜĶŘťŏŢĶĽŖŚļűœŪŗļ /3. ŖũŚŚũűŖŊŘ 

¶ ŊŢĶűĶũŎĶŜơŧ /.. ĹŘŦźļűœŬŹŢŴŠƢĶŘťŏŢĶĽŖŚļ 1.. ŖũŚŚũűŖŊŘ 

¶ ŊŢĶŊơŢűŎŬŹŢļĶŦŎ /. ĹŘŦźļŲŚƢŜĶŘťŏŢĶŵŖơĽŖŚļűŚŗ 

ŴŎĶŘňŪŌŪŹŵŖơşŧŖŧŘŋŌŉşŢŏŊŢĶĽŎŋūļŘťŗťŊŧŖŖŧŊŘŅŧŎ ĽťŏŦŎŌūĶőŚĶŧŘŌŉşŢŏűŐƩŎĽžŧŎŜŎ

ĹŘŦźļķŢļĶŧŘŊŢĶŊơŢŘťŗťŌŪŹĽŖŚļŵŐ ŊŦŜŢŗơŧļűĿơŎ 5.-/.. ŠŖŧŗŋūļ ŊŢĶŌŉşŢŏ 5. ĹŘŦźļŲŚƢŜ

ĶŘťŏŢĶĽŖŚļ /.. ŖũŚŚũűŖŊŘ ŠŘŬŢ 63-2ŎũźŜ ŠŖŧŗŋūļŊŢĶŌŉşŢŏ 63 ĹŘŦźļŲŚƢŜĶŘťŏŢĶĽŖŚļ 2 ŎũźŜ 

űŐƩŎŊƢŎ 

şžŧŠŘŦŏĿŎũŉŚŮĶŊŭƢŖŎźžŧŠŎŦĶųŉŗŌŦŹŜŵŐŌŪŹŖŦĶĽťŴĿƢŴŎĶŧŘŌŉşŢŏŖŪŠŚŧŗĿŎũŉŉŦļŘŮŐŌŪŹ 0-/1 ŀūŹļŲŊĶŊơŧļ
ĶŦŎŴŎŜũōŪĶŧŘŗĶŊŭƢŖŎźžŧŠŎŦĶŲŚťŜũōŪĶŧŘŊŢĶ ŀūŹļŌžŧŴŠƢŐŘťşũŌōũŕŧœķŢļĶŧŘŊŢĶķŢļŲŊơŚťőŮƢőŚũŊ

ŲŊĶŊơŧļĶŦŎ ŴŎĶŧŘŢŢĶŲŏŏŚŮĶŊŭƢŖŲŚťŜũōŪĶŧŘŊŢĶşơŜŎŴŠłơĽťœŗŧŗŧŖŌžŧŴŠƢŵŉƢŐŘťşũŌōũŕŧœķŢļ

ĶŧŘŊŢĶŐŘťŖŧň 4. űŐŢŘƥűŀŸŎŊƥ ŉŦļŎŦźŎűœŬŹŢŴŠƢĹơŧŌŪŹŵŉƢŖŪœŚŦļļŧŎŌŪŹŴĿƢűŌơŧĶŦŎĽūļŊƢŢļŖŪĶŧŘŐŘŦŏŲĶƢųŉŗ

ŴĿƢşŖĶŧŘŌŪŹ 0,2  

 

ŘŮŐŌŪŹ 0-/1 ĿŎũŉķŢļŊŭƢŖŎźžŧŠŎŦĶŌŪŹŴĿƢŴŎĶŧŘŌŉşŢŏ SPT 

Donut hammer Safety hammer Automatic hammer

ЈТжϸ

ЖЪϲІЩϥВВЦДЪІДϸϲЖУϸ

(ЮМВШОЊаЅЊТЈ)

ϲϥУЊЮМЖеϲЊлУ

ЛϤИЊЈЦжбϻϥІϤО

ϲТЋϲϥУЊЮϹУС

ЮϻШОϲЛлУМДТЋЅЧϸГϲ

ЯЖСЌЖϤОГІЩϥВ

ЮϻШОϲЛлУМДТЋЅЧϸГϲ

ЯЖСЌЖϤОГІЩϥВ

ДЪДСЋУГОУϲУЙ

ϳЄСЌЖϤОГІЩϥВІОϲ

ЈТжϸ

ЖЪϲІЩϥВВЦЖТϲКЄСЮЌϬЊЌЖОϲ

 МЊТϲ 140 ЌОЊЅϨ

ЛϤИЊЈЦжбϻϥІϤО

ϲТЋϲϥУЊЮϹУС

ДЪДСЋУГОУϲУЙ

ϳЄСЌЖϤОГІЩϥВІОϲ

ЮϻШОϲЛлУМДТЋЌДСϵОϸ

ІЩϥВІОϲ

ЖЪϲІЩϥВМЊТϲ 

140 ЌОЊЅϨ

ЛϤИЊЈЦжбϻϥІϤО

ϲТЋϲϥУЊЮϹУС

ЌЖОϲЌДСϵОϸІЩϥВІОϲ

ЛϤИЊϲЖвϲЌЖϤОГІЩϥВ

ОТІаЊВТІХ
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ŘŮŐŌŪŹ 0-/2 ĶŧŘŌŉşŢŏ Standard Penetration 

2.6.1.1 ĶŧŘŐŘŦŏŲĶƢĹơŧ Standard penetration 

Ĺơŧ SPT, N ŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏŴŎşŎŧŖŢŧĽĽťŊƢŢļŖŪĶŧŘŐŘŦŏŲĶƢ ŀūŹļşŧűŠŊŭŌŪŹŊƢŢļŖŪĶŧŘŐŘŦŏŲĶƢ

ŐŘťĶŧŘŲŘĶŵŉƢŲĶơ ĶŧŘŌŪŹķŦźŎŊŢŎĶŧŘŌŉşŢŏŌŪŹŵŖơűŠŖŬŢŎĶŦŎŴŎŲŊơŚťŕŮŖũŕŧĹ ĽūļŵŉƢŖŪĶŧŘŲŐŚļĹơŧ 

SPT, N ŌŪŹŜŦŉŵŉƢŵŐűŐƩŎĹơŧ 60N ŀūŹļűşŎŢŵŜƢųŉŗ Skempton, 1986 ŉŦļşŖĶŧŘ 

 measured60
6.0

N
CCCE

N RSBm=  &0,2' 

ųŉŗŌŪŹ 

=60N  Ĺơŧ SPT, N ŌŪŹŐŘŦŏŲĶƢűŎŬŹŢļĽŧĶŜũōŪŲŚťķŦźŎŊŢŎĶŧŘŌŉşŢŏ 

=mE  ŐŘťşũŌōũŕŧœķŢļĶŧŘŊŢĶ &ŊŧŘŧļŌŪŹ 0-3' 

=BC  ĹơŧŐŘŦŏŲĶƢűŎŬŹŢļĽŧĶķŎŧŉķŢļŠŚŭŖűĽŧť &ŊŧŘŧļŌŪŹ 0-4' 
=SC  ĹơŧŐŘŦŏŲĶƢűŎŬŹŢļĽŧĶŜũōŪĶŧŘűĶŸŏŊŦŜŢŗơŧļŉƢŜŗĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŲŏŏőơŧŀŪĶ &ŊŧŘŧļŌŪŹ 

0-4' 

=RC  ĹơŧŐŘŦŏŲĶƢűŎŬŹŢļĽŧĶĹŜŧŖŗŧŜķŢļĶƢŧŎűĽŧť &ŊŧŘŧļŌŪŹ 0-4' 

ЖЪϲІЩϥВЊзлУМЊТϲЯЋЋаЅЊТЈ

140 ЌОЊЅϨ (63.5 ϲ.ϲ.)

ЯЈϤϸЊлУЖЪϲІЩϥВ

ЯЈϤЊДТЋϲУД

ϲДСЯЈϲ

ϲϥУЊЮϹУС

ДСГСІϲ = 30 ЊХзИ

(762 ВХЖЖХЮВІД)

ДОϲ

ЈТжИвЌϹСбϻϥЮϻШОϲ

ВСЊХЖУ 25 ВВ.

ϲИϥУЊ

МЖЩВЮϹУС

18 ЊХзИ
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=measuredN  Ĺơŧ SPT, N ŌŪŹŜŦŉŵŉƢĽŧĶĶŧŘŌŉşŢŏ 

ŊŧŘŧļŌŪŹ 0-3 ŐŘťşũŌōũŕŧœķŢļĶŧŘŊŢĶ (Coduto 2001) 

ŐŘťűŌŝ ĿŎũŉķŢļŊŭƢŖŊŢĶ 

 

ŜũōŪĶŧŘŐŚơŢŗŊŭƢŖŊŢĶ ŐŘťşũŌōũŕŧœ

ķŢļĶŧŘŊŢĶ 

ĽŪŎ ŲŏŏŐŚơŢŗŢŦŊųŎŖŦŊũ ŐŚơŢŗűŐƩŎŘŢŏ .,4. 

 ŲŏŏųŉŎŦŌ ŐŚơŢŗŉƢŜŗŖŬŢ .,33 

 ŲŏŏųŉŎŦŌ ĶŜƢŧŎ .,3. 

łŪŹŐŭƜŎ ŲŏŏųŉŎŦŌ ŴĿƢŵĶŐŚơŢŗŊŭƢŖ .,56 ú .,63 

 ŲŏŏųŉŎŦŌ ĶŜƢŧŎ 0 ŘŢŏŲŚťŐŚơŢŗŉƢŜŗŜũōŪ

œũűŝŞ 

.,43 ú .,45 

şŠŘŧĿ

ŢŧňŧĽŦĶŘ 

ŲŏŏŐŚơŢŗŢŦŊųŎŖŦŊũ ŐŚơŢŗűŐƩŎŘŢŏ .,51 

şŠŘŦŅŢűŖŘũĶŧ ŲŏŏŎũŘŕŦŗ ĶŜƢŧŎ 0 ŘŢŏ .,33-.,4. 

 ŲŏŏųŉŎŦŌ ĶŜƢŧŎ 0 ŘŢŏ .,23 

 

ŊŧŘŧļŌŪŹ 0-4 ĹơŧŐŘŦŏŲĶƢűŎŬŹŢļĽŧĶķŎŧŉķŢļŠŚŭŖűĽŧť* ŠŦŜűĶŸŏŊŦŜŢŗơŧļ ŲŚť ĹŜŧŖŗŧŜķŢļĶƢŧŎűĽŧť (Coduto 

2001) 

şŧűŠŊŭķŢļĶŧŘŐŘŦŏŲĶƢ ĿŎũŉ-ķŎŧŉ ķŢļűĹŘŬŹŢļŖŬŢ ĹơŧŐŘŦŏŲĶƢ 

ķŎŧŉķŢļŠŚŭŖűĽŧť, BC  65 ŋūļ //3 ŖũŚŚũűŖŊŘ 1.00 

 /3. ŖũŚŚũűŖŊŘ 1.05 

 0.. ŖũŚŚũűŖŊŘ 1.15 

űŎŬŹŢļĽŧĶŜũōŪĶŧŘűĶŸŏŊŦŜŢŗơŧļ*  SC  ŜũōŪĶŧŘűĶŸŏŲŏŏŖŧŊŘŅŧŎ 1.00 

 űĶŸŏŊŦŜŢŗơŧļųŉŗŵŖơŴĿƢ liner 1.20 

űŎŬŹŢļĽŧĶĹŜŧŖŗŧŜķŢļĶƢŧŎűĽŧť*  RC  3 ŋūļ 2 űŖŊŘ 0.75 

 2 ŋūļ 4 űŖŊŘ 0.85 

 4 ŋūļ /. űŖŊŘ 0.95 

 ŖŧĶĶŜơŧ /. űŖŊŘ 1.00 

 

ĶŧŘŐŘŦŏŲĶƢŐŘťĶŧŘŌŪŹşŢļ şžŧŠŘŦŏŉũŎűŖŸŉŠŗŧŏ &Granular soil) ŠŎơŜŗŲŘļĶŉŌŦŏŐŘťşũŌōũőŚŴŎ

ŲŎŜŉũŹļķŢļŉũŎ vs¡ ĽťŖŪőŚŊơŢ Ĺơŧ SPT, N ŉŦļŘŮŐŌŪŹ 0-/4 ĽťűŠŸŎŜơŧűŖŬŹŢ vs¡ ŖŪĹơŧşŮļĶŜơŧ /.. kN/m2 

SPT, N ŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏĽťŖŪĹơŧşŮļűĶũŎĽŘũļ ŴŎŌŧļĶŚŦŏĶŦŎŋƢŧ vs¡ ŎƢŢŗĶŜơŧ /.. kN/m2 Ĺơŧ SPT, 

N ŖŪĹơŧŊŹžŧűĶũŎĽŘũļ  
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ŘŮŐŌŪŹ 0-/3 űŐƩŎĶŧŘŚŉŚļķŢļĹơŧ SPT, N űŖŬŹŢŠŎơŜŗŲŘļĶŉŌŦŏŚŉŚļűŎŬŹŢļĽŧĶĶŧŘķŭŉŚŢĶŉũŎ

ŢŢĶűŐƩŎĹŜŧŖŚūĶ 6 űŖŊŘ ŉũŎŌŪŹŋŮĶķŭŉŚŢĶŢŢĶűŐƩŎŉũŎŌŘŧŗŲŖơŎźžŧŚťűŢŪŗŉŐŧŎĶŚŧļŋūļŚťűŢŪŗŉ ĶŧŘ

ķŭŉŉũŎŢŢĶĽťŌžŧŴŠƢ Vertical effective stress ŚŉŚļŐŘťŖŧň 7 ŊŦŎŊơŢŊŧŘŧļűŖŊŘ ŀūŹļŌžŧŴŠƢĹơŧ SPT, 

N ŚŉŚļŐŘťŖŧň /. blows/ft ŉŦļŎŦźŎŋūļŲŖƢŜơŧŉũŎĽťűŐƩŎĿŎũŉűŉŪŗŜĶŦŎŲŊơŋƢŧŖŪŠŎơŜŗŲŘļĶŉŌŦŏşŮļĽťŌžŧ

ŴŠƢőŚĶŧŘŌŉşŢŏşŮļŉƢŜŗ ĶŧŘŎžŧŵŐŴĿƢŢŢĶŲŏŏĽťŊƢŢļŌžŧĶŧŘŐŘŦŏŲĶƢűŎŬŹŢļĽŧĶőŚķŢļŎźžŧŠŎŦĶĶŉŌŦŏ

űşŪŗĶơŢŎ 

 
ŘŮŐŌŪŹ 0-/3 ĶŧŘŚŉŚļķŢļŠŎơŜŗŲŘļĶŉŌŦŏŴŎŲŎŜŉũŹļűŎŬŹŢļĽŧĶĶŧŘķŭŉŚŢĶŉũŎŢŢĶŐŘťŖŧň 6 űŖŊŘŌžŧŴŠƢĹơŧ 

SPT-N ŚŉŚļ &ŊƢŎľŏŦŏĽŧĶ Laxroix and Horn, /751' ĹŦŉŚŢĶŲŚťŲŐŚĽŧĶ &CIRIA_Report_/21' 
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ŘŮŐŌŪŹ 0-/4 őŚķŢļ Effective overburden pressure ŊơŢĹơŧ SPT, N œŬźŎŌŪŹŲŘűļŧűŐƩŎőŚŌŪŹŵŉƢĽŧĶŠƢŢļŐńũŏŦŊũĶŧŘ 

œŬźŎŌŪŹŵŖơŲŘűļŧŵŉƢĽŧĶĶŧŘŌŉşŢŏŴŎşŎŧŖ &Skempton, 1986)  

 

ŉŦļŎŦźŎĹơŧ SPT, N ŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏŴŎşŎŧŖŌŪŹŖŪ vs¡ ŊơŧļĶŦŎĽťŊƢŢļŐŘŦŏŲĶƢųŉŗűŌŪŗŏĶŦŏĹơŧ SPT, 

N ŌŪŹ vs¡ ŖŧŊŘŅŧŎųŉŗŴĿƢşŖĶŧŘ  

 Filedcorrected NCN N=  &2,3' 

ųŉŗŌŪŹ 

correctN   ĹŬŢĹơŧŌŪŹŐŘŦŏŲĶƢŲŚƢŜųŉŗűŌŪŗŏĶŦŏĹơŧ SPT, N ŌŪŹ 2kN/m 6.95=¡vs  (ŊžŧŘŧŏŧļűŚơŖ

ŘťŏŭĹơŧ 2kN/m 100=¡vs ' 

NC    ĹŬŢĹơŧŐŘŦŏŲĶƢ  

FiledN   ĹŬŢĹơŧ SPT, N ŌŪŹŌŉşŢŏŵŉƢŴŎşŎŧŖ 

ŖŪőŮƢűşŎŢŜũōŪŐŘŦŏŲĶƢűĿũļŐŘťşŏĶŧŘňƥşžŧŠŘŦŏĹơŧ NC  ŵŜƢŠŚŧŗŜũōŪ űĿơŎ Bazaraa (1967), Peck and 

Bazaraa (1969), Peck et al. (1974), Tang (1962), Seed (1976, 1979) Tokimatsu  and Yoshimi 

(1983) ŲŊơşŖĶŧŘŌŪŹŴĿƢļơŧŗŌŪŹşŭŉĽťűŐƩŎşŖĶŧŘķŢļ Liao and Whitman (1986) ŀūŹļŴŠƢőŚŉŪűŠŖŬŢŎĶŦŏŜũōŪ

ŢŬŹŎ 
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şžŧŠŘŦŏŘťŏŏ SI 

 ( )
)(kN/m 

76.951
2

v

NC
s¡

=  

şžŧŠŘŦŏŘťŏŏ Metric 

 ( )
)(tons/m 

76.91
2

v

NC
s¡

=  

ĽťşŦļűĶŊŵŉƢŜơŧşŖĶŧŘŌŦźļşŧŖŎŦźŎűŐƩŎşŖĶŧŘűŉŪŗŜĶŦŎ űœŪŗļŲŊơŖŪĶŧŘŲŐŚļŠŎơŜŗĽŧĶŘťŏŏ U.S. 

ŖŧűŐƩŎŘťŏŏ SI ŠŘŬŢŘťŏŏ Metric űŌơŧŎŦźŎ  

2.6.2 ĶŧŘŴĿƢķƢŢŖŮŚĶŧŘŌŉŉşŢŏ SPT 

Ĺơŧ SPT-N űŐƩŎŲĹơűœŪŗļŉŦĿŎŪĿŪźŜŦŉœřŊũĶŘŘŖķŢļŉũŎŊŢŏşŎŢļŊơŢĶŧŘŊŢĶűŌơŧŎŦźŎ ŵŖơŵŉƢűŐƩŎĶŧŘŜŦŉ

ĹŭňşŖŏŦŊũŌŧļĶŚķŢļŉũŎųŉŗŊŘļ ŉŦļŎŦźŎĶŧŘĽťŎžŧŵŐŴĿƢŜũűĹŘŧťŠƥŌŧļŉƢŧŎŜũŝŜĶŘŘŖŐŅœŪ ĽžŧűŐƩŎ

ĽťŊƢŢļűŐŚŪŹŗŎűŐƩŎķƢŢŖŮŚŌŪŹşŧŖŧŘŋŴĿƢŵŉƢűşŪŗĶơŢŎųŉŗŢŧŝŦŗĹŜŧŖşŦŖœŦŎōƥűĿũļŐŘťşŏĶŧŘňƥŌŪŹŖŪőŮƢŌžŧŵŜƢ

ĶơŢŎŲŚƢŜ ŀūŹļĹŜŧŖşŦŖœŦŎōƥŌŪŹŖŪŢŗŮơŎŦźŎşơŜŎŴŠłơĽťĹơŢŎķƢŧļŠŗŧŏ ųŉŗűľœŧťĹŜŧŖşŦŖœŦŎōƥŌŪŹşŘƢŧļķūźŎ

ųŉŗŢŧŝŦŗķƢŢŖŮŚŌŪŹŵŉƢĽŧĶűĹŘŬŹŢļŖŬŢŌŉşŢŏŘŭơŎűĶơŧŌŪŹŲŊĶŊơŧļŵŐĽŧĶűĹŘŬŹŢļŖŬŢŌŉşŢŏŌŪŹŴĿƢĶŦŎŢŗŮơŴŎ

ŐƧĽĽŭŏŦŎ ŊŦŜŢŗơŧļŌŪŹűŠŸŎŵŉƢĿŦŉĹŬŢŋƢŧŵŉƢĹơŧ SPT űŌơŧĶŦŏ 0. ĹŘŦźļŊơŢŔŭŊ űŖŬŹŢŊƢŢļĶŧŘŲŐŚļĹơŧŵŐűŐƩŎ 

unconfined compression test ĽťŖŪĹơŧŵŉƢŊŦźļŲŊơ /3 ŊŦŎŊơŢŊŧŘŧļűŖŊŘ ŵŐĽŎŋūļ 2. ŊŦŎŊơŢŊŧŘŧļűŖŊŘ 

ŀūŹļőŮƢşŘƢŧļĹŜŧŖşŦŖœŦŎōƥŵŉƢŲŎťŴŠƢŴĿƢűŌơŧĶŦŏ 0. ŊŦŎŊơŢŊŧŘŧűŖŊŘ ĽťűŠŸŎŵŉƢŜơŧĹơŧŌŪŹŲŎťŎžŧŎŦźŎőũŉŵŐĽŧĶ

ŌŪŹűŐƩŎŵŐŵŉƢŖŧĶŌŪűŉŪŗŜ ĹŜŧŖŵŖơŲŎơŎŢŎŢŪĶŐŘťĶŧŘŠŎūŹļŵŉƢŲĶơĹŜŧŖŵŖơŲŎơŎŢŎķŢļķƢŢŖŮŚĶŧŘŌŉşŢŏ 

SPT űŢļ ųŉŗŊŦŜŢŗơŧļķŢļĶŧŘŌŉşŢŏ SPT ŴŎŏŘũűŜňűŉŪŗŜĶŦŎŌŪŹŖŪĿŦźŎŉũŎĹơŢŎķƢŧļşŖŹžŧűşŖŢŴŠƢőŚŌŪŹ

ĶŘťĽŦŉĶŘťĽŧŗŖŧĶŉŦļŘŮŐŌŪŹ 0-/5 ŉŦļŎŦźŎŴŎĶŧŘŴĿƢĹơŧ SPT ŴŎĶŧŘŢŢĶŲŏŏŎŎŦźŎĽťŊƢŢļŘťŚūĶŵŜƢűşŖŢŜơŧ

ĹơŧŌŪŹŵŉƢŎŦźŎűŐƩŎűœŪŗļĹơŧŉŦĿŎŪűŌơŧŎŦźŎ 
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ŘŮŐŌŪŹ 0-/5 őŚĶŧŘŌŉşŢŏ Standard penetration test ŴŎĿŦźŎŉũŎĶŘŭļűŌœŌŪŹĹơŢŎķƢŧļşŖŹžŧűşŖŢ 

2.6.2.1 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ SPT, N-Value ĶŦŏœŧŘŧŖũűŊŢŘƥķŢļŉũŎ 

 ŵŉƢŖŪĶŧŘŎžŧűŢŧĹơŧ SPT-N value ŵŐşŘƢŧļĹŜŧŖşŦŖœŦŎōƥĶŦŏĹŭňşŖŏŦŊũŌŧļŜũŝŜĶŘŘŖķŢļŉũŎŌŪŹ

ŴĿƢŴŎĶŧŘŢŢĶŲŏŏ ŉŦļŲşŉļŴŎŊŧŘŧļŌŪŹ 0-5 
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ŊŧŘŧļŌŪŹ 0-5 ĹơŧĹŜŧŖŠŎŧŲŎơŎķŢļŌŘŧŗ ŲŚťĹŜŧŖŲķŸļķŢļŉũŎűŠŎŪŗŜ ĽŧĶőŚĶŧŘŌŉşŢŏ Standard 

Penetration Test (Peck, Hanson and Thornburn, 1974) 

SANDS (Fairly Reliable) CLAYS (Rather Unreliable) 

Number of blows 

 per ft, N 

Relative density Number of blows  

per ft, N 

Consistency Unconfined compressive 

strength, t/sq.m. 

  Below 2 Very Soft 0-2.5 

0-4 Very Loose 2-4 Soft 2.5-5.0 

4-10 Loose 4-8 Medium 5.0-10.0 

10-30 Medium 8-15 Stiff 10.0-20.0 

30-50 Dense 15-30 Very Stiff 20.0-40.0 

Over 50 Very Dense Over 30 Hard Over 40 

2.6.2.2 ŐŘťŖŧňĹơŧ Undrained shear strength ķŢļŉũŎűŠŎŪŗŜĽŧĶĹơŧ SPT, N    

(Pitupakorn, 1982) ŵŉƢűşŎŢĶŧŘŐŘťŖŧňĹơŧ Undrained shear strength ŎŪźĽťŵŉƢŖŧĽŧĶ

ĹŜŧŖşŦŖœŦŎōƥűĿũļŐŘťşŏĶŧŘňƥŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏŊŦŜŢŗơŧļŉũŎŴŎşŎŧŖŲŚťŴŎŠƢŢļŐńũŏŦŊũĶŧŘűŐƩŎ

ĽžŧŎŜŎŖŧĶŲŚƢŜĽūļŎžŧŖŧşŘƢŧļĹŜŧŖşŦŖœŦŎōƥ ŀūŹļĹŜŧŖşŦŖœŦŎōƥĽťŲŏơļŊŧŖĹơŧœŚŧşŊũŀũŊŪźķŢļŉũŎ ųŉŗ

ŋƢŧűŐƩŎŉũŎűŠŎŪŗŜŌŪŹŖŪĹơŧœŚŧşŊũŀũŊŪźşŮļĽťŴĿƢŘŮŐŌŪŹ 0-/6 şơŜŎŉũŎűŠŎŪŗŜŌŪŹŖŪĹơŧœŚŧşŊũŀũŊŪźŊŹžŧĽťŴĿƢŘŮŐŌŪŹ 

0-/7  

 
ŘŮŐŌŪŹ 0-/6 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ SPT-N Value ĶŦŏĹơŧ Unconfined compressive strength şžŧŠŘŦŏŉũŎűŠŎŪŗŜ

ŌŪŹŖŪĹơŧœŚŧşŊũŀũŊŪźşŮļ &Pitupakorn, 1982) 
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ŘŮŐŌŪŹ 0-/7 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ SPT-N Value ĶŦŏĹơŧ Unconfined compressive strength şžŧŠŘŦŏŉũŎűŠŎŪŗŜ

ŌŪŹŖŪĹơŧœŚŧşŊũŀũŊŪźŊŹžŧ &Pitupakorn, 1982) 

 

2.6.2.3 ŐŘťŖŧňĹơŧŖŭŖűşŪŗŉŌŧŎķŢļŌŘŧŗĽŧĶĹơŧ SPT-N  

ĶŧŘŐŘťŖŧňĹơŧŖŭŖűşŪŗŉŌŧŎŕŧŗŴŎķŢļŉũŎŌŘŧŗĽŧĶőŚĶŧŘŌŉşŢŏ SPT ŵŉƢűşŎŢŵŜƢųŉŗ Peck 

&Peck, Hanson et al. /731' ŉŦļŘŮŐŌŪŹ 0-0. ŀūŹļŵŉƢŘŜŖűŢŧĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ bearing capacity 

factor, qN  ŲŚť NgĶŦŏĹơŧŖŭŖűşŪŗŉŌŧŎŕŧŗŴŎűŢŧŵŜƢŉƢŜŗ 
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ŘŮŐŌŪŹ 0-0. ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ SPT-N ĶŦŏĹơŧqN , gN ŲŚť j&Peck, Hanson and Thornburn, /752' 

2.6.3 ĶŧŘŌŉşŢŏŴŎşŎŧŖĿŎũŉŢŬŹŎ ŷŌŪŹŎũŗŖŴĿƢ 

 ŴŎĶŧŘűĽŧťşžŧŘŜĽŉũŎűœŬŹŢŎžŧŖŧŴĿƢűŐƩŎķƢŢŖŮŚŴŎĶŧŘŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŅŧŎŘŧĶ ŜũōŪĶŧŘ

ŌŉşŢŏŴŎşŎŧŖ (in-situ test) ŵŉƢŋŮĶŎžŧŖŧŴĿƢŴŎĶŧŘşžŧŘŜĽŉũŎ ŀūŹļĹŭňşŖŏŦŊũķŢļŉũŎŌŪŹŵŉƢĽŧĶĶŧŘ

ŌŉşŢŏŴŎşŎŧŖŢŧĽĽťŴŠƢőŚŌŪŹŉŪĶŜơŧĶŧŘŌŉşŢŏŴŎŠƢŢļŐńũŏŦŊũĶŧŘŵŉƢ ŌŦźļŎŪźűŎŬŹŢļĽŧĶĶŧŘŌŉşŢŏŴŎ

şŎŧŖĽťŵŖơŖŪĶŧŘŘŏĶŜŎŉũŎŴŎķňťŌžŧĶŧŘűĽŧť ŀūŹļĽťűŠŖŧťĶŦŏŉũŎŌŪŹŖŪĹŜŧŖŵŜşŮļ (High sensitivity) 

ĶŧŘŌŉşŢŏŴŎşŎŧŖŌŪŹŎũŗŖŴĿƢĶŦŎŌŪŹĽťĶŚơŧŜŋūļŖŪŉŦļŎŪźĹŬŢ 

2.6.3.1 ĶŧŘŌŉşŢŏĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎŴŎşŎŧŖŉƢŜŗ Field Vane Shear Test 

şžŧŠŘŦŏŉũŎűŠŎŪŗŜŢơŢŎŖŧĶŋūļŲķŸļŐŧŎĶŚŧļ ( us ŐŘťŖŧň 50-60 kPa) ĶŧŘűĶŸŏŊŦŜŢŗơŧļŉũŎ

űŠŎŪŗŜĹļşŕŧœ (Undisturbed sample) ŎŦźŎŌžŧŵŉƢĹơŢŎķƢŧļŗŧĶ ŢŪĶŌŦźļŴŎķňťűŊŘŪŗŖŊŦŜŢŗơŧļűœŬŹŢŌžŧ

ĶŧŘŌŉşŢŏŴŎŠƢŢļŐńũŏŦŊũĶŧŘŢŧĽŖŪĶŧŘŘŏĶŜŎŊŦŜŢŗơŧļűœũŹŖķūźŎŢŪĶ ĽūļŵŉƢŖŪĶŧŘŌŉşŢŏŉũŎűŠŎŪŗŜŢơŢŎ

ŴŎŌŪŹųŉŗŴĿƢŴŏŖŪŉŘŮŐĶŧĶŏŧŌ (Cross blade) ŀūŹļŊơŢĶŦŏĶƢŧŎĶŉŚļŴŎŉũŎŲŚƢŜŌžŧĶŧŘŠŖŭŎĶƢŧŎ ŲŚťŜŦŉ

Angle of shearing reistance, j (Deg.)
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ŲŘļŏũŉ (Torque) ŌŪŹĽťŌžŧŴŠƢŉũŎűĶũŉĶŧŘŜũŏŦŊũ (Fail) ŘŢŏŴŏŖŪŉ (Vane) ŉŦļŲşŉļŴŎŘŮŐŌŪŹ 0-0/ ųŉŗ
ĹơŧŲŘļűľŬŢŎĽťĹžŧŎŜňŵŉƢĽŧĶŲŘļŏũŉŌŪŹŜŦŉŵŉƢŉŦļşŖĶŧŘ 

 

ŘŮŐŌŪŹ 0-0/ ŠŚŦĶĶŧŘŌžŧļŧŎķŢļ Field Vane Shear Test 

Undrained shear strength ŌŪŹĹžŧŎŜňĽŧĶŲŘļŏũŉŌŉşŢŏŉŦļşŖĶŧŘ 

 
)

62
(

32 DHD

T
su

+

=

p

 (2.4)  

űŖŬŹŢ: T  = ŲŘļŏũŉşŮļşŭŉŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏ H = ĹŜŧŖşŮļķŢļŴŏœŦŉ D = ĹŜŧŖĶŜƢŧļķŢļŴŏœŦŉ

ĽŧĶķŢŏŋūļķŢŏ 

ĶŧŘŌŉşŢŏ Field Vane Shear Test şŧŖŧŘŋŌŉşŢŏŵŉƢ 2 ŜũōŪĹŬŢ 

1. ŌŉşŢŏųŉŗŵŖơŊƢŢļűĽŧťŠŚŭŖŌŉşŢŏ (Self Borer) ųŉŗŴĿƢŲŖơŲŘļĶŉŴŏœŦŉŌŪŹŢŗŮơŴŎŐŚŢĶŠŭƢŖŴŠƢŚļ

ŵŐŋūļŘťŉŦŏŌŪŹŊƢŢļĶŧŘŲŚƢŜĽūļŌžŧĶŧŘŌŉşŢŏ 

2. ŌŉşŢŏŴŎŠŚŭŖűĽŧťŌŪŹűĽŧťűœŬŹŢűĶŸŏŊŦŜŢŗơŧļŉũŎ ųŉŗűŖŬŹŢűĽŧťŠŚŭŖűĽŧťŋūļĹŜŧŖŚūĶŌŪŹŊƢŢļĶŧŘ

ŲŚƢŜĽūļŠŗơŢŎŴŏœŦŉŌŪŹŊũŉĶŦŏĶƢŧŎŚļŵŐĶƢŎŠŚŭŖ ŲŚťĶŉŚļŵŐŚūĶŐŘťŖŧň 0.5 űŖŊŘ ĽūļŌĶĶŧŘŌŉşŢŏ 

ŴŎĶŧŘŌŉşŢŏŉƢŜŗŜũōŪŎŪźŠŚŦļĽŧĶŌŉşŢŏĽŎŉũŎŜũŏŦŊũŲŚƢŜĽťŌžŧĶŧŘŐƧƪŎŉũŎ (Remolded) ŐŘťŖŧň 

15-25 ŘŢŏĽŧĶŎŦźŎŌŉşŢŏŠŧŲŘļűľŬŢŎŢŪĶĹŘŦźļĽťŵŉƢĹơŧŲŘļűľŬŢŎŌŪŹ Remolded ŲŚƢŜ ( us¡) ĽŧĶĶŧŘ

ŌŉşŢŏűœũŹŖŎŪźĽťŵŉƢĹơŧĹŜŧŖŵŜķŢļķŢļŉũŎ (Sensitivity = uu ss ¡/ ) ŀūŹļŋƢŧŉũŎŌŪŹŐƧƪŎŲŚƢŜŖŪĶžŧŚŦļŚŉŚļ

ŖŧĶĽťűŐƩŎŉũŎŌŪŹŖŪĹŜŧŖŵŜşŮļŀūŹļűŖŬŹŢŋŮĶŘŏĶŜŎĽťşŮłűşŪŗĶžŧŚŦļŵŐŢŗơŧļŖŧĶ 

D

H

ЛϤИЊООϲЯДϸМВЩЊЋХЅ

ЯЖСМЊϥУЌϪЅЯЛЅϸЯДϸЋХЅ

Casing

Rod

ЛϤИЊМЩϥВбЋ vane 

бЊϳЄСϲЅЖϸбЊЅХЊ
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 ĶŧŘŎžŧĹơŧŵŐŴĿƢŜũűĹŘŧťŠƥűşŋŪŗŘŕŧœķŢļŉũŎĽťŢļŐŘŦŏŲĶƢĹơŧĶơŢŎ ųŉŗĹơŧŐŘŦŏŲĶƢĽťķūźŎŢŗŮơĶŦŏ

Ĺơŧ Plasticity ķŢļŉũŎ ŀūŹļ Bjerrum (1972) ŵŉƢűşŎŢŵŜƢŉŦļŘŮŐŌŪŹ 0-00  

 () ()
 testfielddesign uu ss m=  (2.5)  

 
ŘŮŐŌŪŹ 0-00 ĹơŧŐŘŦŏŲĶƢ Undrained shear strength ŌŪŹŵŉƢĽŧĶ Field Vane Shear Test (Bjerrum, 1972) 

 

Öòèîã¬óÈØöć Ƙ.Ɨ ĽŧĶőŚĶŧŘŌŉşŢŏ field vane shear test ųŉŗŴĿƢķŎŧŉ D  = 63.5 mm ŲŚť H  = 

127mm ĽļĹžŧŎŜňĶžŧŚŦļŘŦŏŲŘļűľŬŢŎŲŚť sensitivity ķŢļŉũŎŌŪŹĹŜŧŖŚūĶ 0* 4* ŲŚť /0 űŖŊŘ ĽŧĶĹơŧ

ŲŘļŏũŉşŮļşŭŉŌŪŹŜŦŉŵŉƢĽŧĶĶŧŘŌŉşŢŏŴŎŊŧŘŧļŌŪŹ 0-6  

ŊŧŘŧļŌŪŹ 0-6 ŲŘļŏũŉşŮļşŭŉĽŧĶĶŧŘŌŉşŢŏ 

ĹŜŧŖŚūĶ 
Torque (N-m) 

Undisturbed Remoulded 

2.0 18.79 2.57 

6.0 11.58 1.54 

12.0 35.52 7.72 

 

ŊŧŘŧļŌŪŹ 0-7 őŚĶŧŘĹžŧŎŜň 

ĹŜŧŖŚūĶ 

Torque (N-m) us  (kPa) 

Sensitivity Undisturbe

d 

Remoulded Undisturbe

d 

Remoulded 

2.0 18.79 2.57 20.02 2.74 7.30 

6.0 11.58 1.54 12.34 1.65 7.50 
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12.0 35.52 7.72 37.85 8.23 4.60 

2.6.3.2 ĶŧŘűĽŧťşžŧŘŜĽĿŦźŎŉũŎŲŚťĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļŉũŎųŉŗŴĿƢ Cone Penetrometer 

 ĶŧŘŌŉşŢŏŴŎşŎŧŖŢŪĶŜũōŪŠŎūŹļŌŪŹŎũŗŖŴĿƢĶŦŎĶŸĹŬŢĶŧŘŌŉşŢŏ Cone penetration test ŀūŹļŖŪķƢŢŉŪ

ĹŬŢŌŉşŢŏļơŧŗųŉŗŵŖơŊƢŢļűĽŧťŠŚŭŖűĽŧť ŀūŹļŊơŧļĽŧĶ Standard Penetration Test ŌŪŹŊƢŢļűĽŧťŠŚŭŖ

ŌŉşŢŏĽūļĽťŌŉşŢŏŵŉƢ şơŜŎķƢŢűşŪŗşžŧŠŘŦŏĶŧŘŌŉşŢŏŉƢŜŗŜũōŪŎŪźĶŸĹŬŢŵŖơşŧŖŧŘŋűĶŸŏŊŦŜŢŗơŧļŖŧŉŮ

ŠŘŬŢűĶŸŏŖŧŌŉşŢŏŴŎŠƢŢļŐńũŏŦŊũĶŧŘŵŉƢ ĶŧŘŌŉşŢŏĽťűŐƩŎĶŧŘŜŦŉŠŎơŜŗŲŘļŊƢŧŎŌŧŎŌŪŹŐŚŧŗĶŘŜŗ 

cq ŲŚťŠŎơŜŗŲŘļűşŪŗŌŧŎŌŪŹőũŜķŢļŐŚŢĶ cf  ĿŎũŉķŢļĶŧŘŌŉşŢŏŲŏơļűŐƩŎ 0 ĿŎũŉŵŉƢŲĶơ 

¶ Mechanical friction-cone Penetrometer ŀūŹļŲşŉļŴŎŘŮŐŌŪŹ 0-01 ŴŎĶŧŘŌŉşŢŏĽťĶŉĶƢŧŎųŉŗ
ŴĿƢŘťŏŏŵţųŉŘŚũĶşƥŴŠƢŐŚŧŗĶŘŜŗŗŬŉŢŢĶűŐƩŎŘťŗťŐŘťŖŧň 2. ŖũŚŚũűŖŊŘ ŴŎķŦźŎŊŢŎŎŪźŲŘļŌŪŹ

ŜŦŉŵŉƢĽťűŐƩŎŲŘļŊƢŧŎķŢļŉũŎŌŪŹŐŚŧŗĶŘŜŗ cQ ĽŧĶŎŦźŎĶŉĶƢŧŎŊơŢĽťŌžŧŴŠƢŠŦŜĶŘŜŗŗŬŉŊŦŜŢŢĶ

œŘƢŢŖĶŦŏŉūļŐŚŢĶŴŠƢűĹŚŬŹŢŎŌŪŹŊŧŖŉƢŜŗ ŴŎķŦźŎŊŢŎŎŪźŲŘļŌŪŹŜŦŉŵŉƢĽťűŐƩŎőŚŘŜŖķŢļŲŘļŊƢŧŎŌŪŹ

ŐŚŧŗĶŘŜŗŲŚťŲŘļűşŪŗŉŌŧŎŌŪŹŐŚŢĶ cs QQ +   ŀūŹļűŖŬŹŢŠŦĶĹơŧŎŪźŢŢĶŉƢŜŗŲŘļŊƢŧŎŌŪŹŐŚŧŗ

ĶŘŜŗŲŚƢŜĽťŵŉƢŲŘļűşŪŗŉŌŧŎŌŪŹŐŚŢĶ sQ  

¶ Electric friction-cone Penetrometer ŠŦŜĶŘŜŗĽťŲŊĶŊơŧļĽŧĶĶŘňŪķŢļ Mechanical 

Penetrometer ųŉŗŵŖơŊƢŢļŴĿƢĶŚŵĶŌžŧŴŠƢŐŚŢĶŗŬŉŊŦŜŢŢĶ ŉŦļŎŦźŎĶŧŘŌŉşŢŏĽūļŌžŧŵŉƢŊơŢűŎŬŹŢļ

ųŉŗŴĿƢŢŦŊŘŧĶŧŘĶŉ 0. ŖũŚŚũűŖŊŘŊơŢŜũŎŧŌŪ ŴŎĶŧŘĶŉĽťŌžŧĶŧŘŜŦŉŲŘļŊƢŧŎŌŪŹŐŚŧŗĶŘŜŗŲŚť

ŲŘļűşŪŗŉŌŧŎŌŪŹŐŚŢĶŉƢŜŗ Load cell ŲŚť Strain gauge ĽŧĶŎŦźŎşơļķƢŢŖŮŚőơŧŎşŧŗşơļ

şŦłłŧňķūźŎŖŧŌŧļĶƢŧŎĶŉşŮơőũŜŉũŎ  
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ŘŮŐŌŪŹ 0-01 ŊžŧŲŠŎơļķŢļ Cone ŴŎķňťŌŉşŢŏ Cone penetration test 

 
ŘŮŐŌŪŹ 2-24 ŘŮŐ Electric friction-cone Penetrometer ķŢļ Fugro 

 

cone

Friction 

sleeve

ϲϥУЊϲЅ
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1. ϲЅ casing 2. ϲЅϲϥУЊ 3. ϲЅϲϥУЊІϤОвЌ 4. ЏДϥОВЛлУМДТЋ
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ЯДϸІϥУЊЌЖУГ

ϲДИГ

ЯДϸЮЛЦГЅЈУЊЍХИ

Casing

Inclinometer

fs = sleeve friction

qt = corrected cone tip stress = qc +(1-a)ub

qc = measured tip stress or cone resistance

ub = pore water pressure

aN =new area ratio

1. saturation of cone tip cavities and 

placement of pre-saturated porous filter 

element

Continuous hydraulic 

push at 20 mm/s

Add rod every 1 m.

Cone rod 

(36 mm dia.)

Readings taken 

every 10 to 50 mm

2. Obtain baseline readings for tip, 

sleeve, pore water transducer and 

inclinometer channels

Electric cone:

60 deg apex

Diameter = 36 mm (10 sq.cm.) or 

Diameter = 44 mm (15 sq.cm.)

sf
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tq
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ŴŎĶŧŘŲşŉļőŚĶŧŘŌŉşŢŏĽťĹžŧŎŜňŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗĶŘŜŗŲŚťŠŎơŜŗŲŘļűşŪŗŉŌŧŎŐŚŢĶ

ŉŦļşŖĶŧŘŌŪŹ 2.6 ŲŚťşŖĶŧŘŌŪŹ 2.7 

ŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗĶŘŜŗ (Cone resistance, coneq ) ųŉŗĹơŧŲŘļűşŪŗŉŌŧŎŐŚŧŗĹžŧŎŜňŵŉƢĽŧĶ 

 
c

c

cone
A

Q
q

'

=  (2.6)  

űŖŬŹŢ '

cQ = Load on cone ŲŚť cA = Area of cone 

ŠŎơŜŗŲŘļűşŪŗŉŌŧŎķŢļŐŚŢĶűľœŧťĽŭŉ (Local sleeve resistance, sleevef ) 

 
s

s
sleeve

A

Q
f =  (2.7)  

űŖŬŹŢ sQ = Load on sleeve sA = Surface area of sleeve 

ĹơŧŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏĽťŎžŧŖŧĹžŧŎŜňŠŧĹơŧŢŦŊŘŧşơŜŎŲŘļŒƛŉ (Friction ratio) 

 100(%) RatioFriction ³=
c

s

q

f  (2.8)  

şžŧŠŘŦŏŊŦŜŢŗơŧļőŚĶŧŘŌŉşŢŏŲşŉļŉŦļŘŮŐŌŪŹ 0-03 ŀūŹļűŐƩŎĶŧŘŌŉşŢŏŌŪŹŵŖơŖŪőŚĶŧŘŜŦŉŲŘļŉŦŎŎźžŧ 
şơŜŎŴŎŘŮŐŌŪŹ 0-04 űŐƩŎőŚĶŧŘŌŉşŢŏ Electric friction-cone Penetrometer ŌŪŹŖŪĶŧŘŜŦŉŲŘļŉŦŎŎźžŧ

ŴŎķňťŌŉşŢŏ ŀūŹļĽťşŦļűĶŊűŠŸŎŜơŧŲŘļŉŦŎŎźžŧŌŪŹŜŦŉŵŉƢŴŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎĽťşŮļĶŜơŧŲŘļŉŦŎŎźžŧ 

hydrostatic ŲŚťŲŘļŉŦŎŎźžŧŴŎŉũŎŌŪŹŚūĶĶŜơŧ 15 űŖŊŘĽťŊŹžŧĶŜơŧşơŜŎŌŪŹŢŗŮơűŠŎŬŢĶŜơŧ 15 űŖŊŘ ŌŦźļŎŪźŢŧĽ

űŎŬŹŢļĽŧĶşŧűŠŊŭşŢļŐŘťĶŧŘ ŐŘťĶŧŘŲŘĶűĶũŉķūźŎűŎŬŹŢļĽŧĶĶŧŘŚŉŚļķŢļŲŘļŉŦŎŎźžŧŲŏŏ piezometric 

drawdown (ŉŮŠŦŜķƢŢ 2.7 űŘŬŹŢļĶŧŘŜŦŉŲŘļŉŦŎŎźžŧŴŎŉũŎ) ŲŚťŐŘťĶŧŘŌŪŹşŢļŢŧĽűĶũŉķūźŎ űŎŬŹŢļĽŧĶĶŧŘ

űĶũŉŲŘļŉŦŎŎźžŧŌŪŹűŐƩŎŚŏ (negative pore pressure) ŴŎŉũŎ Overconsolidated soil űŖŬŹŢŖŪŠŎơŜŗŲŘļŴŎŉũŎ

űœũŹŖķūźŎ 
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ŘŮŐŌŪŹ 0-03 ŊŦŜŢŗơŧļőŚĶŧŘŌŉşŢŏ Cone penetration ŴŎĿŦźŎŉũŎĶŘŭļűŌœ 
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ŘŮŐŌŪŹ 0-04 őŚĶŧŘŌŉşŢŏ Electric friction-cone Penetrometer ŌŪŹŖŪĶŧŘŜŦŉŲŘļŉŦŎŎźžŧŴŎķňťŌŉşŢŏ (ŌŉşŢŏ

ŴŎŏŘũűŜňĽŦļŠŜŦŉşŖŭŌŘŐŘŧĶŧŘ) 

2.6.4 ĶŧŘŎžŧĹơŧŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏ Cone penetration test ŵŐŴĿƢ 

2.6.4.1 ŎžŧŵŐŴĿƢĽžŧŲŎĶĿŦźŎŉũŎ  

ĶŧŘŌŉşŢŏ Cone penetration ĽťŵŖơŵŉƢűĶŸŏŊŦŜŢŗơŧļķūźŎŖŧĽūļŵŖơşŧŖŧŘŋŌŪŹĽťĽžŧŲŎĶĿŦźŎŉũŎŵŉƢ 

ŉŦļŎŦźŎŵŉƢŖŪőŮƢŌžŧĶŧŘŘŜŏŘŜŖőŚĶŧŘűĽŧťŠŗŦŹļ Dutch Cone ŲŚƢŜŎžŧĹơŧ Cone resistance ŲŚť Friction 

Ratio ŖŧœŚŸŢŊ ŀūŹļĽťşŧŖŧŘŋĽžŧŲŎĶĿŦźŎŉũŎŵŉƢŉŦļŘŮŐŌŪŹ 0-05 ŲŚťŵŉƢşŘŭŐŵŜƢűŐƩŎŲŎŜŌŧļŢŗơŧļĹŘơŧŜ ŷ 
ŴŎŊŧŘŧļŌŪŹ 0-/. 
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ŘŮŐŌŪŹ 0-05 ĶŧŘĽžŧŲŎĶĿŦźŎŉũŎĶŘŭļűŌœ ĽŧĶőŚĶŧŘűĽŧťşžŧŘŜĽŉƢŜŗ Dutch Cone (şŋŧœŘ, 2540) 

ŊŧŘŧļŌŪŹ 0-/. ĶŧŘĽžŧŲŎĶĿŦźŎŉũŎűŠŎŪŗŜĶŘŭļűŌœ ĶŧŘőŚĶŧŘűĽŧťŠŗŦŹļ Dutch Cone 

ĿŎũŉķŢļŉũŎ 
Cone Resistance, cQ  

 (t/sq.m.) 

Local friction resistance, lfQ  

(t/sq.m.) 

ŉũŎűŠŎŪŗŜŢơŢŎ (Soft clay) 
cQ < 110 lfQ < 3.5 

ŉũŎűŠŎŪŗŜŲķŸļ (Stiff clay) 110 < cQ < 600 3.5< lfQ < 23 

ŌŘŧŗ (Sand) 
cQ > 600 lfQ > 23 

 

2.6.4.2 ŐŘťŖŧňĹơŧ Su (Undrained shear strength) ķŢļŉũŎűŠŎŪŗŜ 

 
k
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s-
=  (2.9)  

űŖŬŹŢ:  

cQ = Cone resistance (t/sq.m)  

0vs = Total overburden pressure 

kN  = ĹơŧĹļŌŪŹŖŪĹơŧŐŘťŖŧň 15-25 

2.6.4.3 ŐŘťŖŧňĹơŧ Friction angle j ķŢļŉũŎŌŘŧŗ 

şžŧŠŘŦŏĶŧŘŐŘťŖŧňĹơŧ j ķŢļŉũŎŌŘŧŗ ĽŧĶĹơŧ Cone resistance ŲŚťĹơŧ Vertical effective 

stress ŉŦļŲşŉļŴŎŘŮŐŌŪŹ 0-06 
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ŘŮŐŌŪŹ 0-06 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Qc ĶŦŏ vs¡ ŲŚť j &Robertson and Campanella, 1983) 

 

2.7 ĶŧŘŜŦŉŲŘļŉŦŎŎźžŧŴŎŉũŎ 

ŴŎĶŧŘűĽŧťşžŧŘŜĽŉũŎĽťŖŪĶŧŘŜŦŉŘťŉŦŏŎźžŧŴŎŠŚŭŖűĽŧťŠŚŦļĽŧĶűşŘŸĽĶŧŘűĽŧťŲŚƢŜ ųŉŗĽťŌũźļŠŚŭŖ

űĽŧťŵŜƢűŐƩŎűŜŚŧ 02 ĿŦŹŜųŖļ ŘťŉŦŏŎźžŧŌŪŹŵŉƢŖŦĶĽťŎžŧŵŐŴĿƢŴŎĶŧŘŢŢĶŲŏŏųŉŗĹžŧŎŜňűŐƩŎ hydrostatic 

ŲŊơŴŎŏŧļĶŘňŪŲŘļŉŦŎŎźžŧŌŪŹűĶũŉķūźŎŴŎŉũŎŵŖơŵŉƢűŐƩŎ hydrostatic ŊŦŜŢŗơŧļűĿơŎŲŘļŉŦŎŎźžŧŴŎĿŦźŎŉũŎĶŘŭļűŌœ 

ŀūŹļűŐƩŎŲŘļŉŦŎŎźžŧŌŪŹŎƢŢŗĶŜơŧŲŘļŉŦŎŎźžŧŲŏŏ hydrostatic ŉŦļŘŮŐŌŪŹ 0-07 ŀūŹļĽťűŠŸŎŵŉƢŜơŧŲŘļŉŦŎŎźžŧĽť
ŚŉŚļųŉŗűŘũŹŖĽŧĶŘťŉŦŏ /. űŖŊŘĽŧĶőũŜŉũŎĽŎĶŘťŌŦŹļűŐƩŎŝŮŎŗƥŌŪŹŘťŉŦŏŐŘťŖŧň 01 űŖŊŘ ŀūŹļŘťŉŦŏŎŪź

ĽťűŐƩŎŘťŉŦŏŎźžŧŌŪŹŐŘŧĶńűŖŬŹŢŴĿƢ Piezometer ŜŦŉŘťŉŦŏŎźžŧ ŲŚťűŖŬŹŢœũĽŧŘňŧŠŎơŜŗŲŘļŐŘťşũŌōũőŚŴŎ

ŉũŎĽťœŏŜơŧŠŎơŜŗŲŘļŐŘťşũŌōũőŚĽťşŮļķūźŎŉŦļşŖĶŧŘ wus s¡= -ŀūŹļŋƢŧŲŘļŉŦŎŎźžŧŚŉŚļŠŎơŜŗŲŘļ

ŐŘťşũŌōũőŚĽťűœũŹŖķūźŎ ŀūŹļĶŧŘűœũŹŖķūźŎķŢļŠŎơŜŗŲŘļŐŘťşũŌōũőŚűŎŬŹŢļĽŧĶŲŘļŉŦŎŎźžŧŴŊƢŉũŎŚŉŚļŎŪźĽťŖŪ

őŚŊơŢœřŊũĶŘŘŖķŢļųĹŘļşŘƢŧļŴŎŘťŗťŗŧŜ ĹŬŢűŖŬŹŢŲŘļŉŦŎŉũŎĶŚŦŏűķƢŧşŮơşŕŧŜť hydrostatic ŠŎơŜŗ

ŲŘļŐŘťşũŌōũőŚĽťŚŉŚļŲŚťŌžŧŴŠƢĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎŚŉŚļŉƢŜŗ 
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ŘŮŐŌŪŹ 0-07 ŲŘļŉŦŎŎźžŧŴŎĿŦźŎŉũŎĶŘŭļűŌœŌŪŹŚŉŚļĽŧĶ hydrostatic űŎŬŹŢļĽŧĶĶŧŘşŮŏŎźžŧŏŧŉŧŚ 

 

 
ŘŮŐŌŪŹ 0-1. ŘťŉŦŏŎźžŧŴŊƢŉũŎŴŎœŬźŎŌŪŹĶŘŭļűŌœŲŚťŐŘũŖňņŚŴŎŐƙ œ,ŝ, 0311 Ųşŉļ Piezometric level ŜŦŉĽŧĶőũŜ

ŉũŎ' 

 

Piezometer űŐƩŎŢŭŐĶŘňƥŌŪŹŴĿƢşžŧŠŘŦŏŜŦŉŲŘļŉŦŎŎźžŧŴŎŉũŎųŉŗŖŪŚŦĶŞňťŉŦļŲşŉļŴŎŘŮŐŌŪŹ 0-1/ 
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ŘŮŐŌŪŹ 0-1/ Standpipe Piezometer ŲŚť ĶŧŘŊũŉŊŦźļŚļŴŎŠŚŭŖűĽŧť 

2.8 ŘŧŗļŧŎŌŧļŉƢŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

ŘŧŗļŧŎŉƢŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶűŐƩŎĶŧŘŘŜŖķƢŢŖŮŚŌŪŹűĶŪŹŗŜķƢŢļĶŦŏųĹŘļĶŧŘűķƢŧŵŜƢŉƢŜŗĶŦŎ ŀūŹļķƢŢŖŮŚ

űŠŚơŧŎŦźŎŵŉƢŲĶơ ķƢŢŖŮŚĽŧĶŠŚŭŖűĽŧť ķƢŢŖŮŚĽŧĶĶŧŘşžŧŘŜĽŏŘũűŜňųĹŘļĶŧŘ ķƢŢŖŮŚűĶơŧŌŪŹŖŪőŮƢŏŦŎŌūĶŵŜƢ 

ŲŚťőŚĶŧŘŌŉşŢŏŴŎŠƢŢļŐńũŏŦŊũĶŧŘ ŀūŹļŴŎ Eurocode 7 ŘťŏŭŜơŧŴŎĶŘťŏŜŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŎŦźŎ

ĽťŊƢŢļşơļŘŧŗļŧŎŌŧļŉƢŧŎŜũŝŜĶŘŘŖŐŅœŪ &Geotechnical report) ŴŠƢőŮƢŜơŧĽƢŧļŠŘŬŢűĽƢŧķŢļļŧŎŉƢŜŗ ŀūŹļ

ŘŧŗļŧŎŖŦĶĽťŖŪŚŦĶŞňťĹŚƢŧŗĶŦŎųŉŗŖŪŠŦŜķƢŢŉŦļŎŪź 

2.8.1 ŏŌŎžŧŴŎŘŧŗļŧŎ 

ŴŎşơŜŎķŢļŘŧŗļŧŎŎŪźĽťŏŢĶĶŦŏőŮƢŢơŧŎŘŧŗļŧŎŜơŧ ŴĹŘűŐƩŎőŮƢŌžŧĶŧŘşžŧŘŜĽ ŌžŧŵŖŋūļŊƢŢļŌžŧĶŧŘ

şžŧŘŜĽ ŌžŧĶŧŘşžŧŘŜĽŢŗơŧļŵŘ &ŢŗơŧļĹŘơŧŜŷ' ŲŚťŌžŧŴŎĿơŜļűŜŚŧŴŉ ŴŎŏŧļĹŘŦźļŘŧŗļŧŎĽťŲŏơļ

ŢŢĶűŐƩŎşŢļşơŜŎĹŬŢ  

¶ factual report ŀūŹļŐŘťĶŢŏŵŐŉƢŜŗķƢŢŖŮŚĽŧĶĶŧŘŝūĶŞŧŴŎşžŧŎŦĶļŧŎ ķƢŢŖŮŚĶŧŘşžŧŘŜĽŴŎ

şŎŧŖ ŲŚťķƢŢŖŮŚĽŧĶŠƢŢļŐńũŏŦŊũĶŧŘ 

¶ interpretative report űŐƩŎĶŧŘŊŪĹŜŧŖķƢŢŖŮŚųŉŗ ŎŦĶōŘňŪ ŠŘŬŢŜũŝŜĶŘ ŠŘŬŢųŉŗŌŦźļĹŮơ  
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2.8.2 ŏŘŘŗŧŗŌŦŹŜŵŐűĶŪŹŗŜĶŦŏųĹŘļĶŧŘ 

ŴŎşơŜŎŎŪźķŢļŘŧŗļŧŎĽťŏŘŘŗŧŗűĶŪŹŗŜĶŦŏŚŦĶŞňťŊžŧŲŠŎơļ ŲŚťŚŦĶŞňťœŬźŎőũŜķŢļœŬźŎŌŪŹųĹŘļĶŧŘ 

ųŉŗŘťŏŭŋūļŊžŧŲŎơļķŢļŊƢŎŵŖƢ œŭơŖŵŖƢ ŢŧĹŧŘűĶơŧ űŠŖŬŢļ ŐŚơŢļ ŲŢơļŎźžŧ ŘơŢļŎźžŧűĶơŧ ŏŘũűŜňŌŪŹűŐƩŎŉũŎŋŖ 

ŋŎŎ ŲŚťŘŧļŘŋŵŔ ŲŚťŋƢŧŖŪķƢŢŖŮŚĶŧŘŴĿƢļŧŎœŬźŎŌŪŹĹŜŘĽťŘťŏŭŵŜƢŴŎŘŧŗļŧŎŉƢŜŗ ŘŜŖŌŦźļŘŧŗļŧŎŋūļ

şŕŧœŌŪŹŢŧĽűĶũŉŎźžŧŌơŜŖ ĶŧŘĶŦŉűŀŧťŌŪŹűĶũŉĽŧĶŌťűŚ ŠŘŬŢŚŖ ĶŧŘŌŘŭŉŊŦŜķŢļœŬźŎŌŪŹ &Subsidence) 

ŲŎŜųŎƢŖŌŪŹĽťűĶũŉŲőơŎŉũŎŵŠŜ ĹŦŎŉũŎŌŪŹŵŖơŖŪűşŋŪŗŘŕŧœ ŠŘŬŢ ŢŧĹŧŘķƢŧļűĹŪŗļĶŦŏųĹŘļĶŧŘŌŪŹŖŪŘŢŗ

ŲŊĶŘƢŧŜűŎŬŹŢļĽŧĶĶŧŘŌŘŭŉŊŦŜ 

2.8.3 ŏŘŘŗŧŗŋūļŚŦĶŞňťķŢļŉũŎŴŎŠŚŭŖűĽŧť &ŠŘŬŢŠŚŭŖűŐƘŉŠŎƢŧŉũŎ' 

űŐƩŎşơŜŎŌŪŹŏŘŘŗŧŗŋūļşŕŧœķŢļŉũŎųŉŗŢƢŧļŢũļĽŧĶŘťŉŦŏőũŜŉũŎ 

2.8.4 őŚĶŧŘŌŉşŢŏŉũŎŴŎŠƢŢļŐńũŏŦŊũĶŧŘ 

ĽťŊƢŢļŵŖơĶŚơŧŜŋūļőŚĶŧŘŌŉşŢŏŴŎŲŏŏĶŧŘŏŘŘŗŧŗŲŏŏŗŬŉŗŧŜ őŚĶŧŘŌŉşŢŏŊƢŢļŢŗŮơŴŎŘŮŐŌŪŹ

űķƢŧŴĽŵŉƢļơŧŗ şžŧŠŘŦŏŘŧŗŚťűŢŪŗŉķŢļőŚŢŧĽŲşŉļŴŎŘŮŐķŢļĶŘŧŔ ŊŦŜŢŗơŧļűĿơŎĶŘŧŔ grain size 

distribution őŚĶŧŘŌŉşŢŏ triaxial ŌŪŹŲşŉļŴŎŘŮŐķŢļ Kmfpýq agpajc ŲŚťőŚĶŧŘŌŉşŢŏ 

Consolidation ŲşŉļŴŎŘŮŐķŢļĶŘŧŔ pressure-void ratio  

2.8.5 ŜũĽŧŘňƥőŚķŢļĶŧŘşžŧŘŜĽŴŎŲļơķŢļĶŧŘŢŢĶŲŏŏŲŚťĶơŢşŘƢŧļŅŧŎŘŧĶ 

ŏŌŎŪźűŐƩŎŏŌŌŪŹűŐƩŎŲĶơŎķŢļŘŧŗļŧŎ őŮƢűķŪŗŎŘŧŗļŧŎĹŜŘĽťűķŪŗŎŴŠƢŊŘļŐŘťűŉŸŎ ųŉŗŌŪŹőŮƢŢơŧŎ

ŘŧŗļŧŎŵŖơĽžŧűŐƩŎĽťŊƢŢļŖŧŌžŧĹŜŧŖűķƢŧŴĽĶŦŏĿŎũŉķŢļŅŧŎŘŧĶŌŪŹŵŖơűŠŖŧťşŖŢŪĶ ŴŎĶŘňŪķŢļ Strip 

foundation ĽťŊƢŢļŘťŏŭĹŜŧŖŚūĶķŢļŅŧŎŘŧĶŌŪŹŊƢŢļĶŧŘ ŲŚťŘťŏŭĹơŧ Allowable bearing pressure ŲŚť

ĹơŧĶŧŘŌŘŭŉŊŦŜŌŪŹşŦŖœŦŎōƥĶŦŏ Allowable bearing pressure 

ŴŎĶŘňŪķŢļŅŧŎŘŧĶűşŧűķŸŖőŮƢűķŪŗŎŘŧŗļŧŎĽťŊƢŢļŘťŏŭĿŦźŎŉũŎŌŪŹĽťűŐƩŎĿŦźŎŌŪŹŐŚŧŗűşŧűķŸŖŒƧļŢŗŮơ ĹŜŘ

ŘťŏŭĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖ  

Eurocode 7 ŘťŏŭŜơŧŴŎŘŧŗļŧŎĽťŊƢŢļŖŪĹžŧŲŎťŎžŧűĶŪŹŗŜĶŦŏĹŜŧŖŐŚŢŉŕŦŗŴŎķňťĶơŢşŘƢŧļ şžŧŠŘŦŏ

ŊŘŜĽşŢŏŘťŠŜơŧļŲŚťŠŚŦļĶŧŘĶơŢşŘƢŧļ ŲŚťŴŎĶŘňŪŌŪŹşŘƢŧļűşŘŸĽŲŚťűŐƘŉŴĿƢļŧŎ 

2.8.6 ŏŌŌŪŹűŐƩŎŏŌşŘŭŐ 

ŴŎĶŘňŪŏŌŜũĽŧŘňƥőŚŖŪĹŜŧŖŗŧŜŖŧĶ ŢŧĽĽťşŘŭŐŐŘťűŉŸŎŴŎŘŧŗļŧŎŵŉƢŗŧĶ ŏŌŎŪźĽūļűŐƩŎŏŌŌŪŹĿơŜŗ

ŴŠƢŢơŧŎŘŧŗļŧŎŵŉƢşťŉŜĶķūźŎ ŴŎĶŘňŪŌŪŹŊƢŢļĶŧŘŌŘŧŏőŚŘŧŗļŧŎŢŗơŧļŘŜŉűŘŸŜ ŴŎŏŧļĹŘŦźļŘŧŗļŧŎŢŧĽ

űŘũŹŖŊƢŎŉƢŜŗĶŧŘşŘŭŐĶŧŘşžŧŘŜĽŢŗơŧļŗơŢ ŲŚťŏŌşŘŭŐŠŚŦĶĽŧĶŘŧŗļŧŎĶŧŘűĽŧťşžŧŘŜĽ 
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şŭŉŌƢŧŗķŢļĶŧŘŌžŧŘŧŗļŧŎűŐƩŎĶŧŘœũŖœƥŲŚťŊŘŜĽşŢŏĹžŧőũŉŴŎŘŧŗļŧŎ ŌžŧĶŧŘŲŌŘĶŘŮŐ ŊŧŘŧļ 

ŲŚťűŗŸŏűŚơŖ ųŉŗşũŹļşžŧĹŦłŌŪŹĽťŊƢŢļŖŪŴŎŘŧŗļŧŎŵŉƢŲĶơ boring log ŉŦļŊŦŜŢŗơŧļŴŎŘŮŐŌŪŹ 0-10 

 
ŘŮŐŌŪŹ 0-10 ŊŦŜŢŗơŧļ Boring log  

 

  LOG  OF  BORING
PROJECT :  Assignment 1_2549 LOCATION : BKK

COORDINATE : 

s u  (UC) s¡u  (UC)

s u  (FV) s¡u  (FV)

Q p /2

DESCRIPTION  OF  MATERIAL (t/m
2
)

SPT, N (Blow/ft)
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very stiff (CL)

20 13
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 16

25 SS
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(SM)
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SS
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SS

30

20 End of Boring 

BORING  STARTED  RIG.  G WL. 1 m from ground level
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0.00 0.00

12.00 12.00
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2.1
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1.9
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1.8
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2.1

2.1

Total Unit Weight

(t/m
3
)

Natural water

Plastic limit

Liquid limit

(%)

content

40 60 80 100 20 40 60 80 100

5 7.5 10 12.5

1.5 2.0 2.5
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2.9 ŊŦŜŢŗơŧļĹžŧŗơŢŌŪŹŴĿƢŴŎŘŧŗļŧŎĶŧŘűĽŧťşžŧŘŜĽ 

ŊŦŜŢŗơŧļĹžŧŗơŢŌŪŹŴĿƢŴŎŘŧŗļŧŎĶŧŘűĽŧťşžŧŘŜĽűœŬŹŢŐŘťŠŗŦŉűŎŬźŢŌŪŹ ŲşŉļŉŦļŊŧŘŧļŌŪŹ 0-// 
 

ŊŧŘŧļŌŪŹ 0-// ŊŦŜŢŗơŧļĹžŧŗơŢŌŪŹŖŦĶĽťŴĿƢŴŎŘŧŗļŧŎĶŧŘűĽŧťşžŧŘŜĽ 

ĹžŧŗơŢ ĹžŧŢōũŏŧŗ 

SS Split spoon ú 13/8 inches I.D.  2 inches O.D., except where noted 

ST Shelby tube - 2 inches O.D., except where noted 

PA Power auger sample 

WS Wash sample 

FT Fish tail 

RB Rock bit 

WO Wash out 

Qr_lb_pb ÿLĀ 

Penetration 

Blows per foot of a 140 pound hammer falling 30 inches on 2 inches O.D. split 

spoon 

şŦłŚŦĶŞňƥŌŪŹŴĿƢŴŎŘťŏŭűĶŪŹŗŜĶŦŏŘťŉŦŏŎźžŧŴŊƢŉũŎ 

WL Water level 

WCI Wet cave in 

DCI Dry cave in 

WS While sampling 

WD While drilling 

BCR Before casing removal 

ACR After casing removal 

AB After boring 

ŘťŉŦŏŎźžŧŴŊƢŉũŎŌŪŹŘťŏŭŢŗŮơŴŎ Boring logs űŐƩŎŘťŉŦŏŎźžŧŌŪŹŜŦŉŵŉƢŴŎŠŚŭŖűĽŧťŴŎűŜŚŧŌŪŹŘťŏŭŵŜƢŴŎŘŧŗļŧŎ ŴŎŉũŎŌŪŹŎźžŧŀūŖ

őơŧŎļơŧŗ (Pervious soil) ŘťŉŦŏŎźžŧŌŪŹŘťŏŭŴŎŘŧŗļŧŎĽťŋŬŢŜơŧűŐƩŎŘťŉŦŏŎźžŧŴŊƢŉũŎŌŪŹŎơŧĽťűĿŬŹŢŋŬŢŵŉƢ ŲŊơŴŎĶŘňŪķŢļŉũŎ

ŌŪŹŎźžŧŀūŖőơŧŎŵŉƢŗŧĶ (Impervious soil) ĶŧŘŘťŏŭŘťŉŦŏŎźžŧŴŊƢŉũŎĽŧĶŠŚŭŖűĽŧťŌŪŹŋŮĶŊƢŢļűŐƩŎŵŐŵŖơŵŉƢűŚŗŋūļŲŖƢŜơŧĽť

ŌũźļŠŚŭŖűĽŧťŵŜƢŠŚŧŗŜŦŎĶŸŊŧŖ ŀūŹļŋƢŧűŐƩŎĶŘňŪŎŪźĽťŊƢŢļŴĿƢŜũōŪŢŬŹŎŴŎĶŧŘŘťŏŭŘťŉŦŏŎźžŧŴŊƢŉũŎ 

2.10 ŊŦŜŢŗơŧļŚŦĶŞňťĿŦźŎŉũŎŲŚťőŚĶŧŘűĽŧťşžŧŘŜĽŉũŎ 

ŴŎşơŜŎŎŪźĽťűŐƩŎĶŧŘŘŜŏŘŜŖķƢŢŖŮŚĿŦźŎŉũŎŴŎŌŪŹŊơŧļŷ űœŬŹŢűŐƩŎŊŦŜŢŗơŧļŲŚťűŐƩŎķƢŢŖŮŚűŏŬźŢļŊƢŎŴŎĶŧŘ

ŜũűĹŘŧťŠƥŲŚťŢŢĶŲŏŏ 
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ŘŮŐŌŪŹ 0-11 ŘŮŐŊŦŉĿŦźŎŉũŎŚŭơŖŎźžŧűĽƢŧœŘťŗŧ &Balasubramaniam and Brenner /76/' ŴŎŏŘũűŜň

ĶŘŭļűŌœŖŪĿŦźŎŠũŎŲķŸļŚūĶŐŘťŖŧň 3.. űŖŊŘ ŅŧŎŘŧĶűşŧűķŸŖŌŪŹŚūĶŌŪŹşŭŉŴŎĿŦźŎŉũŎŏŘũűŜňĶŘŭļűŌœŢŗŮơŌŪŹ

ŐŘťŖŧň 4. űŖŊŘĽŧĶőũŜŉũŎ 

 

 
ŘŮŐŌŪŹ 0-12 ŘŮŐŊŦŉĿŦźŎŉũŎŊťĶŢŎųŉŗŌŦŹŜŵŐķŢļĶŘŭļűŌœŖŠŧŎĹŘ 
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ŘŮŐŌŪŹ 0-13 ŊŦŜŢŗơŧļĶŧŘŜŧļŊžŧŲŠŎơļķŢļŠŚŭŖűĽŧťşžŧŘŜĽŉũŎűœŬŹŢŴĿƢŢŢĶŲŏŏŅŧŎŘŧĶűşŧűķŸŖűĽŧť
ŲŚťĶžŧŲœļĶŦŎŉũŎ Diaphragm wall ųŉŗĶŧŘĶơŢşŘƢŧļŠƢŢļŴŊƢŉũŎķŢļŢŧĹŧŘŎŪźĽťŊƢŢļķŭŉŉũŎŚūĶ

ŐŘťŖŧň 7 űŖŊŘŊũŉĶŦŏŲŖơŎźžŧűĽƢŧœŘťŗŧ 

 

ŘŮŐŌŪŹ 0-14 ŘŮŐŊŦŉŲşŉļŊžŧŲŎơļķŢļűşŧűķŸŖŢŧĹŧŘ ĹŜŧŖŚūĶķŢļĶžŧŲœļĶŦŎŉũŎ ŘŮŐŊŦŉĿŦźŎŉũŎ ŲŚťőŚ
ĶŧŘŌŉşŢŏĶžŧŚŦļŘŦŏŲŘļűľŬŢŎųŉŗŜũōŪ File vane shear ŲŚťőŚĶŧŘŌŉşŢŏ Standard penetration 

test 

ОУϵУД ϵЛЖ. 

5 ϻТзЊ

ЯВϤЊзлУЮϹϥУЏДСГУ

BH-2

ОУϵУД ϵЛЖ. 

5 ϻТзЊОУϵУД ϵЛЖ. 

5 ϻТзЊ

ОУϵУД ϵЛЖ. 

5 ϻТзЊ

BH-1

BH-3

BH-4BH-5

ϲлУЯЏϸ Diaphragm wall

МЖЩВЮϹУСЛлУДИϹ

ЮЛУЮϳеВЮϹУС

ЮЛУ ЮϳеВЈЅЛОЋ
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ŘŮŐŌŪŹ 0-15 ŘŮŐŊŦŉĿŦźŎŉũŎŌŪŹŵŉƢĽŧĶĶŧŘűĽŧťşžŧŘŜĽűœŬŹŢĶơŢşŘƢŧļŅŧŎŘŧĶűşŧűķŸŖķŢļşťœŧŎŗĶŘťŉŦŏ
ŴŎĿŦźŎŉũŎĶŘŭļűŌœ ŀūŹļŖŪŘťŗťŠơŧļķŢļŠŚŭŖűĽŧťŐŘťŖŧň 3.. űŖŊŘ 

 

 

ŘŮŐŌŪŹ 0-16 ŘŮŐŊŦŉĿŦźŎŉũŎŲŚťŊžŧŲŠŎơļķŢļŅŧŎŘŧĶķŢļşťœŧŎœŘťŘŧŖ 7 ķƢŧŖŲŖơŎźžŧűĽƢŧœŘťŗŧ
ŏŘũűŜňŜŦŉŵŌŘ &Morrison, Freeman et al. /765' 
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ЎϪϭϸЉЊЋЩДЦ
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ŘŮŐŌŪŹ 0-17 őŦļŲşŉļŊžŧŲŠŎơļķŢļŠŚŭŖűĽŧťşžŧŘŜĽşžŧŠŘŦŏĶŧŘĶơŢşŘƢŧļŅŧŎŘŧĶűşŧűķŸŖűĽŧťķŢļűşŧşơļ

ŵŔŔƝŧŲŘļşŮļŴŎĽŦļŠŜŦŉŘťŗŢļ űşŧşơļŲŊơŚťŊƢŎŖŪŘťŗťŠơŧļĶŦŎŐŘťŖŧň 2.. űŖŊŘ ŲŚťĿŦźŎŉũŎŖŪĹŜŧŖŲŐŘŐŘŜŎĽūļ

űĽŧťŠŚŭŖűĽŧťşžŧŘŜĽŊŘļŊžŧŲŠŎơļŌŪŹĽťĶơŢşŘƢŧļűşŧşơļŌŭĶŊƢŎ 

 
ŘŮŐŌŪŹ 0-2. ŘŮŐŊŦŉĿŦźŎŉũŎŲşŉļŊžŧŲŠŎơļķŢļŠŚŭŖűĽŧťşžŧŘŜĽşžŧŠŘŦŏĶŧŘĶơŢşŘƢŧļŅŧŎŘŧĶűşŧűķŸŖűĽŧťķŢļűşŧşơļ

ŵŔŔƝŧŲŘļşŮļŴŎĽŦļŠŜŦŉŘťŗŢļ űşŧşơļŲŊơŚťŊƢŎŖŪŘťŗťŠơŧļĶŦŎŐŘťŖŧň 2.. űŖŊŘ ŲŚťĿŦźŎŉũŎŖŪĹŜŧŖŲŐŘŐŘŜŎĽūļ

űĽŧťŠŚŭŖűĽŧťşžŧŘŜĽŊŘļŊžŧŲŠŎơļŌŪŹĽťĶơŢşŘƢŧļűşŧşơļŌŭĶŊƢŎ 

аДϸϲлУЮЊХЅвААϠУ

LEGEND :

Frame tower

Monopole tower

Transmission line

ОϤУИвЈГ

аДϸϸУЊЮϵВЦ

аДϸϸУЊЮϵВЦ

аДϸϸУЊЮϵВЦ

аДϸϸУЊЮϵВЦ

аДϸϸУЊЮϵВЦ

аДϸϸУЊЮϵВЦ аДϸϸУЊЯГϲϲУϼ

ЛЇУЊЦв ААϠУГϤОГ

ВУІДУЛϤИЊ (ϲХаЖЮВІД)
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ŘŮŐŌŪŹ 0-2/ ŘŮŐŊŦŉĿŦźŎŉũŎŊťĶŢŎŌŪŹűŢŪŗļŊŦŜŖŧĶűĶũŎĶŜơŧŐĶŊũŴŎŏŘũűŜňŖŠŧŜũŌŗŧŚŦŗűŌĹųŎųŚŗŪşŭŘŎŧŘŪ ŀūŹļĶơŢŴŠƢűĶũŉ

ŐƧłŠŧĹŦŎŉũŎűĹŚŬŹŢŎŊŦŜŊŧŖŲŎŜĿŦźŎŉũŎŢơŢŎŎŪź 

 

 

ŘŮŐŌŪŹ 0-20 ŘŮŐŊŦŉĿŦźŎŉũŎŊŧŖŲŎŜĶơŢşŘƢŧļŢŭųŖļĹƥ ŲŘļŉŦŎŎźžŧŴŎŉũŎűŐƩŎşũŹļŌŪŹşžŧĹŦłŴŎļŧŎĶơŢşŘƢŧļ

ųĹŘļşŘƢŧļŚūĶŚļŵŐŴŊƢŉũŎ 

 

 

ЅХЊЇВвВϤЋЅОТЅ

ЅХЊЮМЊЦГИЯϳеϸЌУЊϲЖУϸЛЦЯЅϸ 

su = 7 t/m
2

ЯЈДϲЅϥИГϻТзЊЅХЊЮМЊЦГИОϤ ОЊВУϲЛЦϳУИ

su = 2.5 t/m
2

+97.50

+97.00

+100.00

1

1 ЅХЊОХЊЈДЦГϨЈТЋОГЪϤЋЊЅХЊϲДИЅЌЊЅХЊЮМЊЦГИ

ЅХЊЮМЊЦГИЯϳеϸЌУЊϲЖУϸЛЦЯЅϸ

ЅХЊЮМЊЦГИОϤОЊВУϲЛЦϳУИ

ЅХЊЇВвВϤЋЅОТЅ

ЋДХЮИЄЈЦжЮϲХЅϲУДЮϵЖШжОЊІТИ

+88.50

ϻТзЊЅХЊЯϳеϸВУϲ

ОЩаВϸϵϨДСЋУГЊзлУ

ВТϲϲСЛТЊ
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ŘŮŐŌŪŹ 0-21 ŊŦŜŢŗơŧļĶŧŘűĽŧťşžŧŘŜĽŉũŎķŢļųĹŘļĶŧŘŐŘŦŏŐŘŭļĹŭňŕŧœŉũŎűŠŎŪŗŜŢơŢŎűœŬŹŢĶơŢşŘƢŧļŋŎŎŉƢŜŗĶŧŘ
űŘơļĶŧŘŌŘŭŉŊŦŜ ųŉŗŖŪœŬźŎŌŪŹŐŘťŖŧň 1... ŵŘơ ŲŚťŖŪĶŧŘűĽŧťşžŧŘŜĽŊŧŖŲŎŜűşƢŎŌŧļ 3 ŠŚŭŖŲŚťŖŪĶŧŘŌžŧ field 

vane shear test 5 ŠŚŭŖ 

2.11 ŲŏŏŒƚĶŠŦŉ 

/,  ŊƢŢļĶŧŘĶơŢşŘƢŧļŢŧĹŧŘşŮļ 6 ĿŦźŎŀūŹļŖŪőŦļŅŧŎŘŧĶŉŦļŘŮŐ ĽŧĶķƢŢŖŮŚĿŦźŎŉũŎķŢļŏŘũűŜňųĹŘļĶŧŘ

ķƢŧļűĹŪŗļœŏŜơŧĿŦźŎŉũŎŖŪĹŜŧŖşŖŹžŧűşŖŢŉŦļŘŮŐŌŪŹ 0 ĽŧĶķƢŢŖŮŚĿŦźŎŉũŎŎŪźŜũŝŜĶŘĽūļŵŉƢűŚŬŢĶŴĿƢűşŧűķŸŖŊŢĶ

űŐƩŎŅŧŎŘŧĶųŉŗŴŠƢŖŪŐŚŧŗŜŧļŢŗŮơŴŎĿŦźŎŉũŎŌŘŧŗ ĽļŊŢŏĹžŧŋŧŖŊơŢŵŐŎŪź 
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/,/ ĽļŘťŏŭĽžŧŎŜŎŠŚŭŖűĽŧťŌŪŹŊƢŢļĶŧŘşžŧŠŘŦŏųĹŘļĶŧŘŎŪź œŘƢŢŖŌŦźļűķŪŗŎŊžŧŲŠŎơļŠŚŭŖűĽŧťŚļŴŎŘŮŐ

ŌŪŹ / ųŐŘŉŗĶűŠŊŭőŚŐŘťĶŢŏĶŧŘŊŦŉşũŎŴĽ 

/,0 ĽļŘťŏŭĹŜŧŖŚūĶķŢļŠŚŭŖűĽŧť ŲŚťĿŎũŉķŢļŜũōŪűĽŧť ŜũōŪŌŪŹŴĿƢűĶŸŏŊŦŜŢŗơŧļ ŲŚťŘťŗťĶŧŘűĶŸŏ

ŊŦŜŢŗơŧļ űœŬŹŢŎžŧķƢŢŖŮŚŖŧŌŉşŢŏŴŎŠƢŢļŐńũŏŦŊũĶŧŘ 

/,1 ĽļŘťŏŭĶŧŘŌŉşŢŏŴŎşŎŧŖ űœŬŹŢŌŪŹĽťŴŠƢŵŉƢĹơŧ j şžŧŠŘŦŏŌŘŧŗ ŲŚť us  şžŧŠŘŦŏŉũŎűŠŎŪŗŜ 

œŘƢŢŖŌŦźļŘťŏŭŜũōŪĶŧŘŲŐŚļĹơŧŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏŴŎşŎŧŖŌŪŹűŚŬŢĶŴĿƢŖŧűŐƩŎĹơŧ jŠŘŬŢ us  

 

0, ĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŖŪűşƢŎőơŧŎŝŮŎŗƥĶŚŧļŕŧŗŴŎ 1,153 ŎũźŜ ŲŚťűşƢŎőơŧŎŝŮŎŗƥĶŚŧļŕŧŗŎŢĶ 

1,3 ŎũźŜ Area ratio ķŢļĶŘťŏŢĶűĶŸŏŊŦŜŢŗơŧļŎŪźűŐƩŎűŌơŧŴŉ? 
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 3ŅŧŎŘŧĶŲőơ 

1.1  ŏŌŎžŧ 

ŅŧŎŘŧĶűŐƩŎŜũŌŗŧĶŧŘŌŪŹŖŎŭŞŗƥŘŮƢĽŦĶĶŦŎŖŧŊŦźļŲŊơŌŪŹŖŎŭŞŗƥűŘũŹŖŊƢŢļĶŧŘŌŪŹŢŗŮơŢŧŝŦŗ ųŉŗŖŎŭŞŗƥŗŭĹ

ųŏŘŧňŴŎŗŭųŘŐŌŪŹŢŧŝŦŗŢŗŮơŘũŖŌťűŚşŧŏşŘƢŧļŏƢŧŎŏŎűşŧŌŪŹŊŢĶŚļŵŐŴŎŉũŎŴŊƢŌťűŚşŧŏ ŲŚťĿŧŜųŘŖŦŎ

şŘƢŧļŢŎŭşŘňƥşŋŧŎŵŜƢŏŎĶŚŭơŖķŢļűşŧŵŖƢŀūŹļŊŢĶŵŜƢŴŎŉũŎ ŲŚťŖŎŭŞŗƥŴŎŗŭĹĶŚŧļŴĿƢĿŦźŎŢũŅĶơŢűœŬŹŢŘŦŏ

ŎźžŧŠŎŦĶķŢļųĹŘļşŘƢŧļ ŀūŹļŴŎŗŭĹűĶơŧŎŦźŎĶŧŘŢŢĶŲŏŏűŐƩŎĶŧŘŚŢļőũŉŚŢļŋŮĶŠŘŬŢĶŧŘĹŧŉűŉŧųŉŗ

ŐŘťşŏĶŧŘňƥķŢļĿơŧļĶơŢşŘƢŧļ ŲŊơŴŎŐƧĽĽŭŏŦŎŜũŝŜĶŘşŧŖŧŘŋŢŢĶŲŏŏŅŧŎŘŧĶųŉŗŴĿƢŜũōŪŌŪŹűŐƩŎŘťŏŏ

ŌŧļŜũŌŗŧŝŧşŊŘƥŖŧĶķūźŎ  

ŅŧŎŘŧĶĹŬŢşơŜŎķŢļųĹŘļşŘƢŧļŌŪŹşŦŖőŦşĶŦŏŉũŎŀūŹļŌžŧŠŎƢŧŌŪŹŋơŧŗŎźžŧŠŎŦĶųĹŘļşŘƢŧļŀūŹļűĶũŉĽŧĶŎźžŧŠŎŦĶ

ĽŘ ŲŚťŎźžŧŠŎŦĶŋŧŜŘŚļşŮơŉũŎ ŀūŹļĿŎũŉķŢļŅŧŎŘŧĶŌŪŹŎũŗŖŴĿƢĶŦŎŴŎŐŘťűŌŝŵŌŗŖŪŵŉƢŲĶơ &/' ŅŧŎŘŧĶŲŏŏ

Ųőơ &0' ŅŧŎŘŧĶűşŧűķŸŖ ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŲőơĽťĹžŧŎŜňųŉŗŴĿƢŜũōŪŠŎơŜŗŲŘļŌŪŹŗŢŖŴŠƢ 

&Permissible stress method) ŀūŹļŵŉƢŲĶơŜũōŪŌŪŹŵŉƢĽŧĶŖŧŊŘŅŧŎķŢļŢŦļĶřŞ (BS 8004:1986) ŀūŹļŵŉƢ

ŐƧĽĽŭŏŦŎŵŉƢűŐŚŪŹŗŎűŐƩŎ Eurocode 7 ŲŚƢŜ ŜũōŪĶŧŘŢŢĶŲŏŏĽžŧŊƢŢļĹžŧŎŜňŎźžŧŠŎŦĶķŢļųĹŘļşŘƢŧļŌŦźļŠŖŉ 

&ŎźžŧŠŎŦĶĽŘ)ŎźžŧŠŎŦĶŋŧŜŘ' ŲŚťŎžŧŖŧĹžŧŎŜňŲŘļŌŪŹŅŧŎŘŧĶĶŘťŌžŧŊơŢŉũŎ ŀūŹļŅŧŎŘŧĶĽťŋŬŢŜơŧŘŦŏ

ŎźžŧŠŎŦĶŵŉƢŢŗơŧļŐŚŢŉŕŦŗűŖŬŹŢŠŎơŜŗŲŘļŌŪŹűĶũŉķūźŎűŎŬŹŢļĽŧĶŎźžŧŠŎŦĶķŢļųĹŘļşŘƢŧļŵŖơűĶũŎŠŎơŜŗŲŘļŌŪŹ

ŗŢŖŴŠƢķŢļŉũŎ ŀūŹļŠŎơŜŗŲŘļŌŪŹŗŢŖŴŠƢŎŪźŊƢŢļĹžŧŎūļŋūļĹŜŧŖŵŖơşŖŹžŧűşŖŢŊŧŖōŘŘŖĿŧŊũķŢļűŎŬźŢŉũŎŀūŹļŌžŧ

ŴŠƢűĶũŉĹŜŧŖŵŖơŲŎơŎŢŎŴŎĶžŧŚŦļŲŚťşŊũŔűŎşķŢļŉũŎ ŲŚťŊƢŢļĹžŧŎūļŋūļőŚűŎŬŹŢļĽŧĶĶŧŘűŐŚŪŹŗŎŲŐŚļ

ŘťŉŦŏŎźžŧŴŊƢŉũŎ ŲŚťőŚűŎŬŹŢļĽŧĶĹŜŧŖŲŊĶŊơŧļķŢļŌřŞŃŪŌŪŹŎžŧŖŧŴĿƢŜũűĹŘŧťŠƥĶŦŏœřŊũĶŘŘŖĽŘũļķŢļ

ŅŧŎŘŧĶ ŀūŹļşŦŉşơŜŎŐŚŢŉŕŦŗŌŪŹŲŎťŎžŧŵŜƢŴŎ BS8004:1989 ĹŬŢŢŗŮơŘťŠŜơŧļ 0 ŋūļ 1 

ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŲőơŵŉƢŖŪŲŎŜŌŧļĶŧŘŢŢĶŲŏŏŌŪŹűşŎŢŵŜƢųŉŗŠŚŧŗŢļĹƥĶŘŀūŹļŖŪŜũōŪŴŎĶŧŘ

ŢŢĶŲŏŏŲŊĶŊơŧļĶŦŎ ŊŦŜŢŗơŧļűĿơŎ 

¶ AASHTO - Standard Specifications for Highway Bridges-Division I - Design: 5th edition, 

1992 
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¶ U.S. Army Corps of Engineer - Engineering and design bearing capacity of soils: EM 

1110-1-1905, 1992 

¶ Eurocode 7 - Geotechnical Design, 2004 

ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŴŠƢŴĿƢļŧŎŵŉƢŎŦźŎŊƢŢļĹžŧŎūļŋūļşũŹļşžŧĹŦł 1 ŐŘťĶŧŘĹŬŢ 

/, ŅŧŎŘŧĶĽťŊƢŢļŜŧļŢŗŮơŴŎŘťŉŦŏŚūĶűœŪŗļœŢŌŪŹĽťŵŖơĿžŧŘŭŉűŎŬŹŢļĽŧĶĶŧŘĶŦŉűŀŧťķŢļŎźžŧŌŪŹŵŠŚőơŧŎ

ŅŧŎŘŧĶ 

0, ŅŧŎŘŧĶĽťŊƢŢļŐŚŢŉŕŦŗ ųŉŗŉũŎŌŪŹŅŧŎŘŧĶŜŧļŢŗŮơĽťŊƢŢļŵŖơŜũŏŦŊũ ŲŚťŊŦŜŅŧŎŘŧĶűŢļĽťŊƢŢļŵŖơ

ŜũŏŦŊũŉƢŜŗ 

1, ŅŧŎŘŧĶĽťŊƢŢļŵŖơŌŘŭŉŊŦŜĽŎŌžŧŴŠƢųĹŘļşŘƢŧļŌŪŹŴĿƢŅŧŎŘŧĶŘŦŏŎźžŧŠŎŦĶűĶũŉĹŜŧŖűşŪŗŠŧŗĽŎŴĿƢļŧŎ

ŵŖơŵŉƢ   

3.1.1 ĹŜŧŖŚūĶķŢļŅŧŎŘŧĶ 

ŘťŉŦŏĶƢŎŅŧŎŘŧĶĽťŊƢŢļŵŖơŜŧļŢŗŮơŴĶŚƢĶŦŏŘťŉŦŏőũŜŉũŎ űŎŬŹŢļĽŧĶĶŘťŏŜŎĶŧŘŌŧļōŘŘŖĿŧŊũŢŧĽ

ĶơŢŴŠƢűĶũŉĶŧŘűĹŚŬŹŢŎŊŦŜķŢļŉũŎŌŪŹŘŢļŘŦŏŅŧŎŘŧĶŢŗŮơ ųŉŗŅŧŎŘŧĶĽťŊƢŢļŜŧļŢŗŮơŏŎĿŦźŎŉũŎŌŪŹŲķŸļŲŘļ

űœŪŗļœŢŌŪŹĽťŵŖơűĶũŉĶŧŘŜũŏŦŊũ şžŧŠŘŦŏŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŎŦźŎşũŹļŌŪŹĽťŊƢŢļĹžŧŎūļŋūļŢŪĶ

ŐŘťĶŧŘĶŸĹŬŢĶŧŘűŐŚŪŹŗŎŲŐŚļŐŘũŖŧňŎźžŧŴŎŉũŎŊŧŖřŉŮĶŧŚ ŀūļŉũŎűŠŎŪŗŜŢŧĽĽťŠŉŊŦŜŴŎřŉŮŲŚƢļŲŚť

œŢļŊŦŜŴŎřŉŮŒŎ ĶŧŘŠŉŊŦŜķŢļŉũŎŎŦźŎşŧŖŧŘŋŘťŏŭŵŉƢŉƢŜŗ Plasticity index ŲŚť clay fraction ŉŦļ

ŊŧŘŧļŌŪŹ 1-/ ŴŎĶŧŘŜŧļŘťŉŦŏŅŧŎŘŧĶĽťŊƢŢļŜŧļŴŠƢŚūĶĶŜơŧĹŜŧŖŚūĶķŢļĿŦźŎŉũŎŌŪŹŖŪųŢĶŧşŏŜŖŠŘŬŢŠŉ
ŊŧŖřŉŮĶŧŚŉƢŜŗŉŦļŊŧŘŧļŌŪŹ 1-0 

ŊŧŘŧļŌŪŹ 1-/ ųŢĶŧşŌŪŹĽťűĶũŉĶŧŘŠŉŊŦŜķŢļŉũŎ BRE Digest 240, 1980 (ĹŦŉŚŢĶĽŧĶ &Barnes 0...''  

Plasticity index (%) Clay fraction (%) ųŢĶŧşŌŪŹŉũŎĽťŠŉŊŦŜ 

> 35 >95 şŮļŖŧĶ 

22-48 60-95 şŮļ 

12-32 30-60 ŐŧŎĶŚŧļ 

<18 <30 ŊŹžŧ 

ŊŧŘŧļŌŪŹ 1-0 ŘťŗťŒƧļķŢļŅŧŎŘŧĶŴŎŉũŎűŠŎŪŗŜŌŪŹŎơŧĽťŖŪĶŧŘŠŉŊŦŜ NHBC 1992 (ĹŦŉŚŢĶĽŧĶ &Barnes 0...'' 

 

 

ųŢĶŧşŌŪŹŉũŎĽťŠŉŊŦŜ Plasticity index (%) ĹŜŧŖŚūĶķŢļŅŧŎŘŧĶ &m) 

şŮļ >40 1.0 

ŐŧŎĶŚŧļ 20-40 0.9 

ŊŹžŧ 10-20 0.75 
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ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŴŎļŧŎŜũŝŜĶŘŘŖŅŧŎŘŧĶŎŦźŎşũŹļŌŪŹűŐƩŎŠŦŜŴĽşžŧĹŦłĶŸĹŬŢĶŧŘŎžŧŎźžŧŠŎŦĶ

ŏŘŘŌŭĶķŢļųĹŘļşŘƢŧļŋơŧŗŚļşŮơŉũŎųŉŗŌŪŹŵŖơűĶũŉĶŧŘŜũŏŦŊũŲŚťŖŪĶŧŘűĹŚŬŹŢŎŊŦŜŢŗŮơŴŎĿơŜļŌŪŹŗŢŖŘŦŏŵŉƢųŉŗ

ŴĿƢŜũōŪŌŪŹűŠŖŧťşŖŌŦźļŉƢŧŎĶŧŘĶơŢşŘƢŧļŲŚťĹŜŧŖŐŘťŠŗŦŉ ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶŲŏŏŲőơŎŦźŎĽťŊƢŢļ

ŌžŧĹŜŧŖŘŮƢĽŦĶĶŦŏŘŮŐŲŏŏĶŧŘŜũŏŦŊũķŢļŘŧĶŲőơŌŪŹŘŦŏŲŘļĶŉŊŧŖŲŎŜŲĶŎĶŦŎĶơŢŎ ųŉŗŘŮŐŲŏŏĶŧŘŜũŏŦŊũ

ŌŦŹŜŵŐĽťŖŪŢŗŮơ 1 ŘŮŐŲŏŏŉŦļŊŧŘŧļŌŪŹ 1-1 

 ŊŧŘŧļŌŪŹ 1-1 ŘŮŐŲŏŏĶŧŘŜũŏŦŊũķŢļŅŧŎŘŧĶŊŬźŎ 

ŘŮŐŲŏŏĶŧŘŜũŏŦŊũ ŚŦĶŞňť ĿŎũŉķŢļŉũŎ 

 
General shear failure 

¶ űŠŸŎŲŎŜĶŧŘűľŬŢŎĽŎŋūļőũŜŉũŎŵŉƢŢŗơŧļ

ĿŦŉűĽŎ 

¶ őũŜŉũŎŌŦźļşŢļķƢŧļķŢļŅŧŎŘŧĶŏŜŖŐŮŉ

ķūźŎŖŧŠŚŦļĽŧĶĶŧŘŜũŏŦŊũ ŲŚťŅŧŎŘŧĶĽť

űŢŪŗļŵŐŉƢŧŎŴŉŉƢŧŎŠŎūŹļ 

¶ ĶŧŘŜũŏŦŊũűĶũŉķūźŎŢŗơŧļŘŜŉűŘŸŜŲŚťŘŭŎŲŘļ 

¶ ĹơŧŐŘťŚŦŗĹŬŢĽŭŉŌŪŹŴŠƢŠŎơŜŗŲŘļĶŉşŮļşŭŉ 

¶ Low compressibility soil 

¶ Very dense sands 

¶ Saturated clay (NC and OC) 

undrained shear (fast loading) 

 
Local shear failure 

¶ űŠŸŎŲŎŜĶŧŘűľŬŢŎĿŦŉűĽŎŲĹơŴŊƢŅŧŎŘŧĶ

űŌơŧŎŦźŎ  

¶ ĶơŢŎŌŪŹŲŎŜĶŧŘűľŬŢŎĽťŐŘŧĶńŌŪŹőũŜŉũŎĽť

ŅŧŎŘŧĶĽťŊƢŢļűĹŚŬŹŢŎŊŦŜŴŎŐŘũŖŧňşŮļ 

¶ ŖŪĶŧŘŏŜŖŐŮŉķŢļŉũŎķƢŧļŅŧŎŘŧĶŏƢŧļ ŲŊơ

ŅŧŎŘŧĶĽťŵŖơűŢŪŗļŊŦŜŵŐŉƢŧŎŴŉŉƢŧŎŠŎūŹļ 

¶ ĶŧŘŜũŏŦŊũŵŖơűĶũŉķūźŎŢŗơŧļŘŭŎŲŘļ 

¶ ŵŖơŖŪŠŎơŜŗŲŘļşŮļşŭŉ ŘťŏŭŠŎơŜŗŲŘļŐŘťŚŦŗ

ŵŉƢŵŖơĿŦŉűĽŎ 

¶ Moderate compressibility 

¶ Medium dense sands 

 
Punching shear failure 

¶ ŲŎŜĶŧŘűľŬŢŎĿŦŉűĽŎŢŗŮơŴŊƢŅŧŎŘŧĶ 

¶ ĶŧŘŌŘŭŉŊŦŜűĶũŉķūźŎŴŎŐŘũŖŧňŖŧĶ

űŎŬŹŢļĽŧĶ compressibility ķŢļŉũŎŴŊƢŅŧŎ

ŘŧĶ 

¶ ŉũŎķƢŧļŅŧŎŘŧĶŵŖơŏŜŖķūźŎŖŧ ŅŧŎŘŧĶŵŖơ

űŢŪŗļŵŐŉƢŧŎŴŉŉƢŧŎŠŎūŹļ 

¶ ĶŧŘŜũŏŦŊũŵŖơűĶũŉķūźŎŢŗơŧļŘŭŎŲŘļ 

¶ ŵŖơşŧŖŧŘŋŘťŏŭŠŎơŜŗŲŘļŐŘťŚŦŗŵŉƢ ĶŧŘ

űœũŹŖŠŎơŜŗŲŘļĶŉĽťűŐƩŎĶŧŘŌžŧŴŠƢŌŘŧŗ

ŲŎơŎķūźŎ 

¶ High compressibility soil 

¶ Very loose sands 

¶ Partially saturated clays 

¶ NC clay in drained shear (very 

slow loading) 

¶ Peats 
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q
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şžŧŠŘŦŏķŦźŎŊŢŎŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶşŧŖŧŘŋűķŪŗŎűŐƩŎ Flow chart  ŉŦļŲşŉļŴŎŘŮŐŌŪŹ 1-/ 

 

ŘŮŐŌŪŹ 1-/ ķŦźŎŊŢŎĶŧŘŢŢĶŲŏŏŅŧŎŲőơ &ĿŦŗ and ŎŧĹŧŀŧŜŧ 0315' 

şžŧŠŘŦŏŅŧŎŘŧĶŌŪŹŢŗŮơŏŎŉũŎűŠŎŪŗŜŎŦźŎĶŧŘŢŢĶŲŏŏĽťŊƢŢļœũĽŧŘňŧŌŦźļűŘŬŹŢļĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶ

ŏŘŘŌŭĶŲŚťĶŧŘŌŘŭŉŊŦŜŐŘťĶŢŏĶŦŎ ŀūŹļŊơŧļĽŧĶŅŧŎŘŧĶŌŪŹŢŗŮơŏŎŌŘŧŗŀūŹļĶŧŘŌŘŭŉŊŦŜĽťŖŪőŚŎƢŢŗĶŜơŧ  

şžŧŠŘŦŏĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŎŦźŎĽťűĶũŉűŎŬŹŢļĽŧĶĶŧŘűŐŚŪŹŗŎŲŐŚļŠŎơŜŗŲŘļŐŘťşũŌōũőŚ 

(Effective stress) ŵŖơŴĿơŠŎơŜŗŲŘļŘŜŖ (Total stress) ŀūŹļşŧűŠŊŭķŢļĶŧŘŌŘŭŉŊŦŜűĿơŎ 

¶ ŖŪŎźžŧŠŎŦĶŏŘŘŌŭĶŖŧĶŘťŌžŧ 

¶ ŘťŉŦŏŎźžŧŴŊƢŉũŎŚŉŚļ 

¶ űŖŬŹŢŉũŎŖŪĹŜŧŖĿŬźŎűœũŹŖķūźŎŲŚƢŜųĹŘļşŘƢŧļķŢļűŎŬźŢŉũŎŗŭŏŊŦŜŚļ 

¶ ĶŧŘŏŜŖķŢļŉũŎ 

ЯДϸϲДСЈлУ

ЊзлУМЊТϲЋДДЈЩϲϹД + 

ЊзлУМЊТϲЋДДЈЩϲЇУИД

ϳϥОВЪЖϻТзЊЅХЊ

ЯЖСϳϥОВЪЖϵЩЄЛВЋТІХϳОϸЅХЊ

ϵϤУЈДЩЅІТИЈЦжГОВбМϥϳОϸ

аϵДϸЛДϥУϸ
ЛТЅЛϤИЊЌЖОЅБТГ

ЮЖШОϲϻЊХЅЯЖСϳЊУЅϳОϸЁУЊДУϲ

ϵлУЊИЄϲлУЖТϸДТЋЊзлУМЊТϲЋДДЈЩϲϳОϸЅХЊ 

ЯЖСМЊϤИГЯДϸЈЦжЮϲХЅϳЧзЊЮЊШжОϸϹУϲЊзлУМЊТϲЋДДЈЩ

ϲ аЅГбϻϥϻЊХЅЯЖСϳЊУЅϳОϸЁУЊДУϲЈЦжЮЖШОϲвИϥ

МЊϤИГЯДϸбЊЅХЊ  МЊϤИГЯДϸЈЦжГОВбМϥ?

ϵϤУϲУДЈДЩЅІТИ  ϲУДЈДЩЅІТИЈЦжГОВбМϥ?

ООϲЯЋЋаϵДϸЛДϥУϸ

МЊϤИГЯДϸбЊаϵДϸЛДϥУϸ  МЊϤИГЯДϸЈЦжГОВбМϥ?

ЮϳЦГЊЯЋЋЯЖСϲлУМЊЅДУГЖСЮОЦГЅ

вВϤ

вВϤ

вВϤ

бϻϤ

бϻϤ

бϻϤ
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3.2 ŜũōŪĶŧŘŠŧĶžŧŚŦļŘŦŏŲŘļĶŉŐŘťŚŦŗķŢļŅŧŎŘŧĶ (Ultimate bearing capacity)  

3.2.1 ŜũōŪĹžŧŎŜňĽŧĶ Bearing capacity equation űŖŬŹŢŲŘļĶŘťŌžŧŵŖơűŗŬźŢļŝŮŎŗƥ 

Bearing capacity ŉũŎĹŬŢĹŜŧŖşŧŖŧŘŋķŢļŉũŎŌŪŹĽťŘŦŏŲŘļĶŘťŌžŧĽŧĶŅŧŎŘŧĶŵŉƢųŉŗŉũŎŴŊƢŅŧŎ

ŘŧĶŵŖơŜũŏŦŊũ ŀūŹļűŐŘŪŗŏűŌŪŗŏŵŉƢĶŦŏĹŧŎŌŪŹŘŦŏŎźžŧŠŎŦĶŵŉƢųŉŗŵŖơŜũŏŦŊũŎŦŹŎűŢļ ĽŧĶĶŧŘŌŉşŢŏĶŉŅŧŎŘŧĶ

ĽŎŜũŏŦŊũĽŧĶŎŦźŎŊŘŜĽşŢŏŲŎŜĶŧŘŜũŏŦŊũœŏŜơŧŉũŎŴŊƢŅŧŎŘŧĶĽťŋŮĶűľŬŢŎķŧŉűŐƩŎŘŮŐųĹƢļ ŀūŹļŉũŎŌŪŹŋŮĶ

űľŬŢŎķŧŉŎŪźĽťŉŦŎőũŜŉũŎŉƢŧŎķƢŧļŅŧŎŘŧĶŴŠƢŎŮŎķūźŎ ŲŚťųŉŗŌŦŹŜŵŐŲŚƢŜŅŧŎŘŧĶĽťŜũŏŦŊũŵŐŴŎķƢŧļŴŉķƢŧļ

ŠŎūŹļűŌơŧŎŦźŎ ŲŘļŊƢŧŎŌŧŎķŢļŉũŎĽťŵŉƢŖŧĽŧĶĶŧŘŐŘťŖŧňŲŎŜĶŧŘŜũŏŦŊũķŢļŉũŎŉƢŜŗşŖĶŧŘ

ĹňũŊŝŧşŊŘƥ ŀūŹļŴŎķňťŎŪźŗŦļŵŖơŖŪşŖĶŧŘĹňũŊŝŧşŊŘƥŴŉŴĿƢŠŧŲŎŜĶŧŘŜũŏŦŊũŵŉƢŢŗơŧļŲŖơŎŗžŧ ŲŊơĶŸŵŉƢŖŪ

őŮƢşŘƢŧļşŖĶŧŘŌŪŹŴĿƢŐŘťŖŧňŲŎŜųĹƢļķŢļĶŧŘŜũŏŦŊũŀūŹļşŧŖŧŘŋŴĿƢŐŘťŖŧňĶžŧŚŦļŲŏĶŌŧŎķŢļŉũŎŵŉƢ

œŢűœŪŗļ ŘŮŐŅŧŎŘŧĶŌŪŹŖŦĶĽťŎũŗŖŴĿƢĶŦŎŵŉƢŲĶơ 

/, ŅŧŎŘŧĶŌŪŹŖŪĹŜŧŖŗŧŜŖŧĶĶŜơŧĹŜŧŖĶŜƢŧļŖŧĶ ŎũŗŖŴĿƢŘŢļŘŦŏĶžŧŲœļ 

0, ŅŧŎŘŧĶŘŮŐşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşŖŪĹŜŧŖŗŧŜűŌơŧĶŦŏĹŜŧŖĶŜƢŧļ 

1, ŅŧŎŘŧĶŘŮŐşŪŹűŠŚŪŹŗŖőŬŎőƢŧŖŪĹŜŧŖŗŧŜŉƢŧŎŵŖơűŌơŧĶŦŎ ųŉŗŖŪĹŜŧŖŗŧŜŲŊĶŊơŧļĽŧĶĹŜŧŖĶŜƢŧļŵŖơ

ŖŧĶ 

3.2.2 şŖĶŧŘ Bearing capacity 

şŖĶŧŘşžŧŠŘŦŏĹžŧŎŜň Bearing capacity ŎŦźŎŵŉƢŖŪőŮƢűşŎŢŵŜƢŠŚŧŗşŖĶŧŘŉƢŜŗĶŦŎ ŀūŹļ &Vesic /751' 

ŵŉƢŘŧŗļŧŎŜơŧŖŪőŮƢűşŎŢŌřŞńŪĶŧŘĹžŧŎŜň Ultimate bearing capacity ŵŜƢ /3 ŜũōŪŉŦļŊŧŘŧļŌŪŹ 1-2 

ŊŧŘŧļŌŪŹ 1-2 őŮƢŌŪŹŵŉƢűşŎŢŌřŞŃŪŌŪŹŴĿƢĹžŧŎŜň Ultimate bearing capacity ķŢļŅŧŎŘŧĶŊŬźŎŎŦŏŊŦźļŲŊơŐƙ /72. (Vesic 

1973) 

Plane-strain case Axially-symmetrical case 

Sokolovskii, 1942 Ishlinskii, 1944 
Terzaghi, 1943 Berezantsev, 1952 
Mizuno, 1948 Mizuno, 1953 
Meyerhof, 1948 Shield, 1955 
Caquot and Kerisel, 1949 Eason and Shield, 1960 
Lundgren and Mortensen, 

1953 

Cox et al., 1961 
Gorbunov-Possadov, 1952 Cox, 1962 
Bent Hansen, 1969  

 

 ŀūŹļĶŧŘœŦŇŎŧűŘũŹŖŊƢŎķūźŎŖŧĽŧĶ Prandtl ŵŉƢœŦŇŎŧşŖĶŧŘşžŧŠŘŦŏĹžŧŎŜň Bearing capacity ķŢļ

ŜŦşŉŭŌŪŹűŐƩŎųŚŠť ĽŧĶŎŦźŎ Terzaghi ŵŉƢœŦŇŎŧşŖĶŧŘķŢļ Prandtl ŴŠƢŴĿƢŵŉƢĶŦŏŜŦşŉŭŌŪŹűŐƩŎŉũŎ ŲŚťŴŎ
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ŕŧŗŠŚŦļŵŉƢŖŪőŮƢŎžŧűŢŧşŖĶŧŘŌŪŹ Terzaghi œŦŇŎŧŵŜƢŖŧœŦŇŎŧŊơŢŗŢŉŢŢĶŵŐŢŪĶ ŊŦŜŢŗơŧļşŖĶŧŘŌŪŹŎũŗŖ

ŴĿƢŵŉƢŲĶơ Meyerhof, Hansen ŲŚť Vesic űŐƩŎŊƢŎ ŴŎŏŌŎŪźűŘŧĽťŝūĶŞŧŋūļşŖĶŧŘŲŊơŚťşŖĶŧŘŜơŧŴĿƢļŧŎ

ŢŗơŧļŵŘ  

3.2.2.1 şŖĶŧŘ Bearing capacity ķŢļ Prandtl 

Prandtl ŵŉƢœŦŇŎŧşŖĶŧŘűœŬŹŢĹžŧŎŜň Bearing capacity ķŢļŜŦşŉŭŌŪŹűŐƩŎųŚŠťųŉŗŖŪĶŚŵĶĶŧŘŜũŏŦŊũ

ŲşŉļŉŦļŘŮŐŌŪŹ 1-0 ŲŚťşŖĶŧŘŌŪŹ 1,1 ĹŬŢşŖĶŧŘŌŪŹŴĿƢĹžŧŎŜň bearing capacity  

 
(a) 

 

 
(b) 

ŘŮŐŌŪŹ 1-0 Failure mechanism ķŢļ Prandtl ŖŭŖ şŦļűĶŊŜơŧŖŭŖ y ŖŪĹơŧűŌơŧĶŦŏ 2/45 j+a   

 () qcu qNcNq +=
Prandtl  &1,1' 

ųŉŗ  

( )245tanexp 2tan jjp +=qN  

( ) jcot1-= qc NN  

=c  Cohesion 

=j Friction angle 

şŖĶŧŘŌŪŹ 1,1 ŵŖơŵŉƢĹũŉőŚűŎŬŹŢļĽŧĶŎźžŧŠŎŦĶķŢļŜŦşŉŭűķƢŧŵŐŴŎşŖĶŧŘŉƢŜŗ ŀūŹļŴŎĶŘňŪķŢļŜŦşŉŭŌŪŹŖŪĶžŧŚŦļşŮļűĿơŎ

ųŚŠťĽťŖŪĹơŧőũŉœŚŧŉŵŖơŖŧĶűŎŬŹŢļĽŧĶ  ̀̀ultq şơŜŎŴŠłơŵŉƢŖŧĽŧĶĶžŧŚŦļķŢļųŚŠť şžŧŠŘŦŏĶŘňŪķŢļŜŦşŉŭŌŪŹŖŪ

ĶžŧŚŦļŘŦŏŲŘļűľŬŢŎŊŹžŧĶŜơŧųŚŠťŖŧĶűĿơŎŉũŎŵŉƢŖŪőŮƢœŦŇŎŧşŖĶŧŘķūźŎŖŧ ŀūŹļĽťŵŉƢĶŚơŧŜŴŎŠŦŜķƢŢŋŦŉŵŐ 

3.2.2.2 şŖĶŧŘ Ultimate bearing capacity ķŢļ Terzaghi 

ŋƢŧűŐƩŎŜŦşŉŭŌŪŹŖŪĶžŧŚŦļŊŹžŧĶŜơŧųŚŠťŖŧĶ ŎźžŧŠŎŦĶķŢļŉũŎĽťŖŪőŚŊơŢ Bearing capacity ŉƢŜŗ ŴŎŐƙ 

/721 Terzaghi ŵŉƢœŦŇŎŧşŖĶŧŘ bearing capacity ųŉŗŴĿƢŎžŧşŖĶŧŘķŢļ Prandtl ŴŎŠŦŜķƢŢŌŪŹŲŚƢŜŖŧ

œŦŇŎŧŊơŢ ųŉŗ Terzaghi ŵŉƢűœũŹŖşơŜŎ bearing capacity ŌŪŹŵŉƢĽŧĶŎźžŧŠŎŦĶķŢļŉũŎűķƢŧŵŐŴŎşŖĶŧŘŌŪŹ 1,1 

ŲŚť Terzaghi ŵŉƢşŖŖŭŊũŴŠƢŖŭŖ jy=  ŲŌŎŌŪŹ 2/45 jy += şŖĶŧŘŌŪŹ 1,2 ĹŬŢşŖĶŧŘ bearing 

capacity ŌŪŹűşŎŢųŉŗ Terzaghi şžŧŠŘŦŏŅŧŎŘŧĶŊŬźŎŌŪŹŖŪőũŜŵŖơűŘŪŗŏ (Rough shallow foundation) ųŉŗŖŪ

şŖŖŭŊũŅŧŎŉŦļŎŪź 

Active äúÜæõćâ

Passive

äúÜßòÕäúÜßòÕ

Passive

ìÚ¬èãĀäÈÂÕØòÛ
ÉóÂÕõÚ2

45
j

y += a

fD 2
45

j
-a
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¶ űĶũŉŚũŹŖŘŮŐşŧŖűŠŚŪŹŗŖŴŊƢŅŧŎŘŧĶŀūŹļĶơŢŴŠƢűĶũŉşŕŧŜťŲŢĹŌŪŔķūźŎŴŎŉũŎųŉŗŖŭŖj űŌơŧĶŦŏ  y 

¶ ŚũŹŖŘŮŐşŧŖűŠŚŪŹŗŖŎŪźŉŦŎŉũŎŢŢĶŌŧļŉƢŧŎķƢŧļĶơŢŴŠƢűĶũŉŲŘļşŕŧŜťŲœŀŀŪŔķūźŎŴŎŉũŎųŉŗŌžŧŖŭŖ 

245 j-a  
¶ ŲŎŜŌŪŹŢŗŮơŘťŠŜơŧļŚũŹŖŌŦźļşŢļŐŘťŖŧňŉƢŜŗşŖĶŧŘĿŎũŉ Log-spiral ŀūŹļŖŪşŖĶŧŘĹŬŢ 

( )jq ¡
= tan

0 exprr  
¶ ųŉŗŌŪŹ q ĹŬŢĹơŧŖŭŖŖŪŠŎơŜŗűŐƩŎűŘűŉŪŗŎ, j¡ ŖŭŖűşŪŗŉŌŧŎķŢļŉũŎ ŲŚť 

( )( )245cos20 j+=Br  

 ggBNqNcNq qcult
2

1
++=  &1,2'  

űŖŬŹŢ 

 c= ĹơŧŲŘļŗūŉűĶŧť (cohesion) ķŢļŉũŎ  

g = ŠŎơŜŗŎźžŧŠŎŦĶķŢļŉũŎ* fDq g=  

cN , qN * gN = Bearing capacity factor űŐƩŎĹơŧŌŪŹŵŖơŖŪŠŎơŜŗŲŚťűŐƩŎŔƧļĶƥĿŦŹŎķŢļŖŭŖ j űŌơŧŎŦźŎ &ŉŮ

ŊŧŘŧļŌŪŹ 1-3' űŖŬŹŢűŘŧŝūĶŞŧŲŊơŚťœĽŎƥŴŎşŖĶŧŘŌŪŹ 1,2 ĽťŵŉƢŜơŧ 

¶ œĽŎƥ ccN ĽťűŐƩŎşơŜŎŌŪŹŖŧĽŧĶķŢļŲŘļŗūŉűĶŧťķŢļŉũŎ 

¶ œĽŎƥ qqN ĽťűŐƩŎşơŜŎķŢļŠŎơŜŗŲŘļĶŉŌŦŏűŠŎŬŢŘťŉŦŏķŢļŅŧŎŘŧĶ 

¶  œĽŎƥ ggN
2

1
ĽťűŐƩŎşơŜŎŌŪŹŖŧĽŧĶŎźžŧŠŎŦĶķŢļşơŜŎĶŧŘŜũŏŦŊũķŢļŉũŎŌŪŹűŐƩŎŘŮŐŚũŹŖ 

 
ŘŮŐŌŪŹ 1-1 Failure Mechanism ķŢļ Terzaghi ĽťşŦļűĶŊűŠŸŎŜơŧŖŭŖ yŖŪĹơŧűŌơŧĶŦŏ j 

şžŧŠŘŦŏşŖĶŧŘķŢļ Terzaghi ĽťŴĿƢĹơŧŖŭŖ yűŌơŧĶŦŏj ŲŌŎŌŪŹĽťűŐƩŎ 245 j+a ŌžŧŴŠƢĶžŧŚŦļŘŦŏ

ŎźžŧŠŎŦĶŌŪŹĹžŧŎŜňųŉŗşŖĶŧŘķŢļ Terzaghi ĹŚŧŉűĹŚŬŹŢŎŴŎĶŘňŪŌŪŹŖŭŖ j ŊŹžŧŖŧĶŷ 

ŊŧŘŧļŌŪŹ 1-3 şŖĶŧŘ Bearing capacity ŲŚť bearing capacity factor ķŢļ Terzaghi 

Terzaghi 
ggBNqNcNq qcult

2

1
++=  

 

( ) jcot1-= qc NN  
j

j
p tan

24

3
2

exp
ö
÷

õ
æ
ç

å
-

=qN  ö
ö

÷

õ

æ
æ

ç

å
-= 1

cos2

tan
2j

j g

g

pK
N  

2
45

j
-a

ultq

fD

j

jy=
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ųŉŗŌŪŹ Terzaghi ŵŉƢűşŎŢĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Bearing capacity factor ĶŦŏŖŭŖ j ŵŜƢŉŦļŘŮŐŌŪŹ 1-2 

 
ŘŮŐŌŪŹ 1-2 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Bearing capacity factor ķŢļ Terzaghi ĶŦŏŖŭŖ j (Terzaghi 1943) 

 

3.2.2.3 şŖĶŧŘ Bearing capacity ķŢļ Terzaghi şžŧŠŘŦŏŅŧŎŘŧĶŘŮŐşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşŲŚťŜļĶŚŖ 

şŖĶŧŘŌŪŹ 1,2 űŐƩŎşŖĶŧŘşžŧŠŘŦŏŅŧŎŘŧĶŲŏŏ strip footing ŀūŹļŋƢŧűŐƩŎŅŧŎŘŧĶŘŮŐŢŬŹŎĽťŊƢŢļ

ŐŘŦŏŲĶƢşŖĶŧŘŉŦļŊŧŘŧļŌŪŹ 1-4 
 

ŊŧŘŧļŌŪŹ 1-4 şŖĶŧŘ Bearing capacity ķŢļŅŧŎŘŧĶŲŏŏŗŧŜ ŲŏŏşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦş ŲŚťŲŏŏŜļĶŚŖ 

ŘŮŐŅŧŎŘŧĶ şŖĶŧŘ Bearing capacity 

Strip  

 

ggBNqNcNq qcult
2

1
++=  

Square 

 

( ) ( ) ggBNqNcNq qcult
2

1
8.03.1 ++=  

Circular 

 

( ) ( ) ggBNqNcNq qcult
2

1
6.03.1 ++=  
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3.2.2.4 şŖĶŧŘ Bearing capacity ķŢļ Meyerhof ŲŚť Vesic  

şŖĶŧŘķŢļ  Terzaghi &şŖĶŧŘ 1,2' ŎŪźŵŉƢŴĿƢűŐƩŎŊƢŎŲŏŏķŢļşŖĶŧŘŴŎŕŧŗŠŚŦļ şŖĶŧŘ bearing 

capacity ŌŪŹŎũŗŖŴĿƢŵŉƢŲĶơşŖĶŧŘķŢļ Meyerhof, Hansen ŲŚť Vesic ŲŊơşŖĶŧŘķŢļ Terzaghi ŎŦźŎűŐƩŎ

şŖĶŧŘŌŪŹŴĿƢŵŉƢļơŧŗŌŪŹşŭŉĽūļűŐƩŎşŖĶŧŘŌŪŹŜũŝŜĶŘŕŧĹŐńũŏŦŊũŎũŗŖŴĿƢ ŲŊơĶŸŖŪķƢŢŉƢŢŗŏŧļŐŘťĶŧŘĹŬŢŴĿƢŵŖơŵŉƢ

ĶŦŏĶŘňŪķŢļŅŧŎŘŧĶŌŪŹŘŦŏŲŘļŉƢŧŎķƢŧļ* ĶŘňŪŌŪŹŅŧŎŘŧĶŘŦŏųŖűŖŎŊƥŉŦŉ* ŅŧŎŘŧĶűŢŪŗļ ŲŚťŅŧŎŘŧĶŌŪŹ

ŜŧļŢŗŮơŏŎŚŧŉĹŦŎŉũŎ  

 

ŘŮŐŌŪŹ 1-3 ĶŚŵĶĶŧŘŜũŏŦŊũŌŪŹŲŊĶŊơŧļĶŦŎķŢļ 0 ŜũōŪ (a) Terzaghi ŲŚť (b) Meyerhof 

 

şžŧŠŘŦŏĹơŧűŔĹűŊŢŘƥŐŘŦŏŲĶƢķŢļ Meyerhof ŲşŉļŉŦļ ŲŚťĹơŧŐŘŦŏŲĶƢķŢļ Vesic ŲşŉļŉŦļŊŧŘŧļŌŪŹ 

0,4 ŲŚťŊŧŘŧļŌŪŹ 0,5 ŊŧŖŚžŧŉŦŏųŉŗĹžŧŢōũŏŧŗķŢļűŔĹűŊŢŘƥŲŊơŚťŊŦŜŖŪŉŦļŎŪź 

¶ Shape factor 

ŵŉƢŲĶơĹơŧŐŘŦŏŲĶƢ 
cs , 

qs , 
gs  ŀūŹļűĶũŉķūźŎűŎŬŹŢļĽŧĶşŖĶŧŘŌŪŹ 0,0 ŵŉƢœŦŇŎŧķūźŎŖŧĽŧĶşŖŖŭŊũŅŧŎŌŪŹŜơŧ 

ŅŧŎŘŧĶŗŧŜŖŧĶ ŉŦļŎŦźŎŋƢŧŅŧŎŘŧĶűŐƩŎŘŮŐŢŬŹŎűĿơŎŘŮŐşŪŹűŠŚŪŹŗŖőŬŎőƢŧ ĽťŊƢŢļĹũŉőŚűŎŬŹŢļĽŧĶķƢŢŎŪźŉƢŜŗ 

¶ Depth factor 

ŵŉƢŲĶơĹơŧŐŘŦŏŲĶƢ 
cd , 

qd , 
gd  ŀūŹļŵŉƢœũĽŧŘňŧűœũŹŖ Bearing capacity ųŉŗĶŧŘĹũŉŜơŧŉũŎŌŪŹŢŗŮơűŠŎŬŢ

ŘťŉŦŏŅŧŎŘŧĶşŧŖŧŘŋŊƢŧŎŌŧŎŠŎơŜŗŲŘļűľŬŢŎŵŉƢŉƢŜŗŉŦļŘŮŐŌŪŹ 1-3 ŢŗơŧļŵŘĶŸŉŪőŮƢŢŢĶŲŏŏŏŧļŘŧŗ
ŢŧĽĽťŵŖơĹũŉőŚűŎŬŹŢļĽŧĶŘťŗťŒƧļŎŪź ŀūŹļŌžŧŴŠƢŅŧŎŘŧĶŖŪşŦŉşơŜŎŐŚŢŉŕŦŗűœũŹŖķūźŎ ųŉŗűŠŊŭőŚűŎŬŹŢļĽŧĶ 

ŉũŎŌŪŹŴĿƢűŠŎŬŢŅŧŎŘŧĶŖŦĶĽťŖŪĹŭňŕŧœŵŖơŉŪűŌơŧŉũŎŌŪŹŘŢļŘŦŏŅŧŎŘŧĶŢŗŮơ ŲŚťŉũŎŴŊƢŅŧŎŘŧĶĽťŊƢŢļŗŭŏŊŦŜ

ŵŉƢŎƢŢŗŖŧĶŀūŹļŴŎŌŧļŐńũŏŦŊũŉũŎŴŊƢŅŧŎŘŧĶŢŧĽŏŉŢŦŉŵŉƢŵŖơŲŎơŎœŢ 

¶ Inclination factor 

ŵŉƢŲĶơĹơŧŐŘŦŏŲĶƢ 
ci , 

qi , 
gi  ŀūŹļŵŉƢœũĽŧŘňŧőŚűŎŬŹŢļĽŧĶŲŘļĶŘťŌžŧŌŪŹŖŪşơŜŎķŢļŲŘļŢŗŮơŴŎŲŎŜŘŧŏ 

ŢŦŎĽťŌžŧŴŠƢ Bearing capacity ŚŉŚļ 

 

fD

(a) (b)



3 ŅŧŎŘŧĶŲőơ 

 59 

ŊŧŘŧļŌŪŹ 1-5 şŖĶŧŘ Bearing capacity ķŢļ Meyerhof şžŧŠŘŦŏĶŘňŪ Drained ŲŚť Undrained  

Meyerhof ( ) ( ) ( )ggggg idsNBidsqNidscNq qqqqccccult
2

1
    ++=  

Undraineda0=j  14.5=cN  0.1=qN  0.0=gN  

Shape factor 
L

B
Ks pc 2.01+=  0.1=qs  0.1=gs  

Depth factor 
B

D
Kd pc 2.01+=  0.1=qd  0.1=gd  

Inclination factor 2

90
1 öö

÷

õ
ææ
ç

å
-=

a

aq
ci  

2

90
1 öö

÷

õ
ææ
ç

å
-=

a

aq
qi  0=gi  for 0>j  

 

Drained a0>j  ( ) jcot1-= qc NN  ( )245tanexp 2tan jjp +=qN  ( ) ( )jg 4.1tan1-= qNN  
Shape factor 

L

B
Ks pc

¡

¡
+= 2.01  

L

B
Ks pq

¡

¡
+= 1.01  

L

B
Ks p

¡

¡
+= 1.01g

 

Depth factor 
B

D
Kd pc 2.01+=  

B

D
Kd pq 1.01+=  

B

D
Kd p1.01+=g  

Inclination factor 2

90
1 öö

÷

õ
ææ
ç

å
-=

a

aq
ci  

2

90
1 öö

÷

õ
ææ
ç

å
-=

a

aq
qi  

2

1 öö
÷

õ
ææ
ç

å
-=

a

a

j

q
gi  

ŠŖŧŗűŠŊŭ 

ö
÷

õ
æ
ç

å
+=

2
45tan2 j

pK  
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ŊŧŘŧļŌŪŹ 1-6 şŖĶŧŘ Bearing capacity ķŢļ Vesic şžŧŠŘŦŏĶŘňŪ Drained ŲŚť Undrained (ŉŮĹơŧ
cN ,

qN ,
gN  ŴŎ

ŊŧŘŧļŌŪŹ 1-7' 

Vesic ( ) ( ) ( )ggggg idsNBidsqNidscNq qqqqccccult
2

1
    ++=  

Undrained

a0=j  

14.5=cN  0.1=qN  0.0=gN  

Shape factor 

c

q

c
N

N

L

B
s

¡

¡
+=1  jtan1

L

B
sq

¡

¡
+=  

L

B
s

¡

¡
-= 4.01g

 

Depth factor kdc 4.01+=  0.1=qd  0.1=gd  

Inclination factor 
cuf

c
NsA

mH
i -=1  0.1=qi  0.1=gi  

 

Drained a0>j  ( ) jcot1-= qc NN  ( )245tanexp 2tan jjp += a
qN  ( ) ()jg tan12 += qNN  

Shape factor 

c

q

c
N

N

L

B
s

¡

¡
+=1  jtan1

L

B
sq

¡

¡
+=  6.04.01 ²

¡

¡
-=

L

B
sg  

Depth factor 
jtan

1

c

q

qc
N

d
dd

-
-=  ( )kdq

2
sin1tan21 jj -+=  0.1=gd  

Inclination factor 
jtan

1

c

q

qc
N

i
ii

-
-=  m

fT

i

q
cAV

H
i

ù
ù
ú

ø

é
é
ê

è

¡+
-=

jcot
1  

1

cot
1

+

ù
ù
ú

ø

é
é
ê

è

¡+
-=

m

fT

i

cAV

H
i

j
g

 

BDk=  űŖŬŹŢ 1/ ¢BD   

( )BDk 1tan-= űŖŬŹŢ1/ >BD  

k ŖŪŠŎơŜŗűŐƩŎűŘűŉŪŗŎ 

TV  = őŚŘŜŖķŢļŲŘļŴŎŲŎŜŉũŹļ 

iH = ŲŘļŴŎŲŎŜŘŧŏ 

fA  = œŬźŎŌŪŹŅŧŎŘŧĶŐŘťşũŌōũőŚ LB ¡³¡  

c¡ = Cohesion  

us  = Undrained shear strength 

j = Friction angle (in degree) 
 

űŖŬŹŢŲŘļķŎŧŎĶŦŏĹŜŧŖĶŜƢŧļ  B¡, 
LB

LB
mm B

¡¡+

¡¡+
==

/1

/2   

 
 

űŖŬŹŢŲŘļķŎŧŎĶŦŏĹŜŧŖŗŧŜ  L¡, 
BL

BL
mm L

¡¡+

¡¡+
==

/1

/2  

 
 

 

űŖŬŹŢŖŪŲŘļĶŘťŌžŧ 0 ŌũŝŌŧļ22

LB mmm +=  

 

 

 

L
B

iH

TV

L
B

iH

TV
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ŊŧŘŧļŌŪŹ 1-7 ŊŧŘŧļĹơŧ Bearing capacity factor ŀūŹļŴĿƢĹơŧ( ) ()jg tan12 += qNN  ķŢļ Vesic 

j 
cN  

qN  
gN   j 

cN  
qN  

gN  
0 5.14 1.0 0.0  26 22.3 11.9 12.6 
1 5.4 1.1 0.1  27 23.9 13.2 14.5 
2 5.6 1.2 0.2  28 25.8 14.7 16.7 
3 5.9 1.3 0.2  29 27.8 16.4 19.3 
4 6.2 1.4 0.3  30 30.1 18.4 22.4 
5 6.5 1.6 0.4  31 32.6 20.6 26.0 
6 6.8 1.7 0.6  32 35.5 23.2 30.2 
7 7.2 1.9 0.7  33 38.7 26.1 35.2 
8 7.5 2.1 0.9  34 42.1 29.4 41.0 
9 7.9 2.3 1.0  35 46.1 33.3 48.0 
10 8.3 2.5 1.2  36 50.7 37.8 56.4 
11 8.8 2.7 1.4  37 55.6 42.9 66.2 
12 9.3 3.0 1.7  38 61.3 48.9 78.0 
13 9.8 3.3 2.0  39 67.9 56.0 92.3 
14 10.4 3.6 2.3  40 75.3 64.2 109.4 
15 10.8 3.9 2.6  41 83.9 73.9 130.2 
16 11.5 4.3 3.0  42 93.7 85.4 155.6 
17 12.4 4.8 3.5  43 105.1 99.0 186.5 
18 13.2 5.3 4.1  44 118.4 115.3 224.6 
19 13.9 5.8 4.7  45 133.9 134.9 271.8 
20 14.8 6.4 5.4  46 152.1 158.5 330.3 
21 15.9 7.1 6.2  47 173.6 187.2 403.6 
22 16.8 7.8 7.1  48 199.3 222.3 496.0 
23 18.1 8.7 8.2  49 229.9 265.5 613.1 
24 19.3 9.6 9.4  50 266.9 319.1 763.0 
25 20.8 10.7 10.9  51 311.8 386.0 955.8 

 

ŊŧŘŧļŌŪŹ  1-/. ĹžŧŲŎťŎžŧşžŧŠŘŦŏŲŊơŚťşŖĶŧŘ (ĹŦŉŚŢĶŏŧļşơŜŎĽŧĶ &Bowles /774'' 

şŖĶŧŘ űŠŖŧťşžŧŠŘŦŏ 

Terzaghi ŉũŎűŠŎŪŗŜŌŪŹ 1/ ¢BD f
  

ŴĿƢŐŘťŖŧň 
ultq  ŢŗơŧļŘŜŉűŘŸŜűœŬŹŢűŐŘŪŗŏűŌŪŗŏĶŦŏőŚĽŧĶşŖĶŧŘŢŬŹŎ 

ŵŖơŴĿƢŴŎĶŘňŪŌŪŹŅŧŎŘŧĶŘŦŏųŖűŖŎŊƥŉŦŉ ŲŘļĶŘťŌžŧŉƢŧŎķƢŧļ ŅŧŎŘŧĶűŢŪŗļ ŠŘŬŢ ŅŧŎ

ŘŧĶŌŪŹŜŧļŢŗŮơŏŎŚŧŉĹŦŎŉũŎ 

Hansen, Meyerhof, Vesic ŴĿƢŵŉƢĶŦŏŌŭĶĶŘňŪ ķūźŎŢŗŮơĶŦŏĹŜŧŖŋŎŦŉŠŘŬŢĹŜŧŖĹŭƢŎűĹŗķŢļőŮƢŴĿƢ 

Hansen, Vesic űŖŬŹŢŅŧŎŘŧĶűŢŪŗļ  

ŅŧŎŘŧĶŜŧļŏŎĹŦŎŉũŎ 

1/ ²BD f
ŠŘŬŢŅŧŎŘŧĶŒƧļŢŗŮơŚūĶŖŧĶĶŜơŧĹŜŧŖĶŜƢŧļ 
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3.3 ŅŧŎŘŧĶŖŪŲŘļűŗŬźŢļŝŮŎŗƥŠŘŬŢŲŘļűŢŪŗļĶŘťŌžŧ (Barnes 2000) 

ŅŧŎŘŧĶķŢļųĹŘļşŘƢŧļŖŦĶĽťŖŪųŖűŖŎŊƥŉŦŉŲŚťŲŘļŉƢŧŎķƢŧļŖŧĶŘťŌžŧ ŀūŹļŋƢŧŖŪŲŘļŌŦźļşŢļŎŪźŖŧ

ĶŘťŌžŧĽťŌžŧŴŠƢŅŧŎŘŧĶœŚũĶĹŜŹžŧ (Overturning) ŵŉƢ ŴŎĶŧŘĹžŧŎŜňĽťŊƢŢļŠŧőŚŘŜŖķŢļŲŘļŴŎ

ŲŎŜŉũŹļŌŪŹĶŘťŌžŧŊơŢĶƢŎŅŧŎŘŧĶ ŌŪŹŘťŗťűŗŬźŢļŝŮŎŗƥ eŉŦļŘŮŐŌŪŹ 1-4 
ŴŎĶŘňŪŌŪŹŖŪŲŘļŴŎŲŎŜŘŧŏĶŘťŌžŧŌŪŹĶƢŎŅŧŎŘŧĶĽťĶơŢŴŠƢűĶũŉŲŘļŲŘļŚŦœōƥŌŪŹŌžŧŖŭŖĶŦŏŲŎŜŉũŹļ ŀūŹļŲŘļ

ŌŪŹĶŘťŌžŧűŗŬźŢļŝŮŎŗƥŲŚťŲŘļŚŦœōƥűŢŪŗļŌžŧŖŭŖĶŦŏŲŎŜŉũŹļŎŪźĽťŌžŧŴŠƢ Bearing capacity ŚŉŚļ 

3.3.1 ŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ (Eccentric loading) 

ŊžŧŲŠŎơļķŢļŲŘļŚŦœōƥŴŎŲŎŜŉũŹļTV ŢŧĽĽťűŗŬźŢļŝŮŎŗƥŵŉƢŌŦźļŲŎŜŗŧŜŲŚťŲŎŜşŦźŎķŢļŅŧŎŘŧĶ ųŉŗ Le

ĹŬŢŘťŗťűŗŬźŢŝŮŎŗƥŊŧŖŲĶŎŗŧŜ ŲŚť Be  ĹŬŢŘťŗťűŗŬźŢŝŮŎŗƥŊŧŖŲĶŎşŦźŎķŢļŅŧŎŘŧĶŉŦļŘŮŐŌŪŹ 1-4 

 
ŘŮŐŌŪŹ 1-4 ŅŧŎŘŧĶŌŪŹŘŦŏŲŘļŴŎŲŎŜŉũŹļ ŲŘļŴŎŲŎŜŘŧŏ ŲŚťųŖűŖŎŊƥŉŦŉ 

űŖŬŹŢŅŧŎŘŧĶŊƢŢļŘŦŏųŖűŖŎŊƥŉŦŉ ŠŎơŜŗŲŘļŌŪŹűĶũŉķūźŎŴŊƢŅŧŎŘŧĶĹžŧŎŜňŵŉƢųŉŗĶŧŘşŖŖŭŊũŴŠƢŅŧŎŘŧĶ

ŖŪĹŜŧŖŲĶŘơļŖŧĶ ųŉŗĹũŉűŐƩŎŠŎơŜŗŲŘļŘŜŖŘťŠŜơŧļŠŎơŜŗŲŘļŌŪŹűĶũŉķūźŎűŎŬŹŢļĽŧĶŲŘļĶŉŴŎŲŎŜŉũŹļ 

ŲŚťŠŎơŜŗŲŘļŌŪŹűĶũŉķūźŎűŎŬŹŢļĽŧĶųŖűŖŎŊƥŉŦŉ ŋƢŧŴŠƢŲŘļĶŉŴŎŲŎŜŉũŹļűŐƩŎ QŲŚťŖŪŘťŗťűŗŬźŢļķŢļŲŘļ

ĶŉĽŧĶŝŮŎŗƥŋơŜļķŢļŅŧŎŘŧĶűŐƩŎe&ŉŦļŘŮŐŌŪŹ 1-5' ĽťĶơŢŴŠƢűĶũŉųŖűŖŎŊƥŉŦŉűŐƩŎQe ŠŎơŜŗŲŘļŘŜŖĽť

ķūźŎĶŦŏŘťŗťűŗŬźŢļŝŮŎŗƥųŉŗŋƢŧŘťŗťűŗŬźŢļŝŮŎŗƥeŵŖơűĶũŎ/ 6B ŠŎơŜŗŲŘļĶŉűŎŬŹŢļĽŧĶŲŘļŴŎŲŎŜŉũŹļĽť

ŖŧĶĶŜơŧŠŎơŜŗŲŘļŉūļűŎŬŹŢļĽŧĶųŖűŖŎŊƥŉŦŉŠŎơŜŗŲŘļŘŜŖŴŊƢŅŧŎŘŧĶĽūļűŐƩŎŠŎơŜŗŲŘļĶŉŌŦźļŠŖŉ ŲŊơŴŎ

ĶŘňŪŌŪŹŘťŗťűŗŬźŢļŝŮŎŗƥeűĶũŎĶŜơŧ/ 6B ŠŎơŜŗŲŘļĶŉűŎŬŹŢļĽŧĶŲŘļŴŎŲŎŜŉũŹļĽťŎƢŢŗĶŜơŧŠŎơŜŗŲŘļŉūļ

űŎŬŹŢļĽŧĶųŖűŖŎŊƥŉŦŉŲŚťŌžŧŴŠƢŏŧļşơŜŎķŢļŅŧŎŘŧĶűĶũŉŠŎơŜŗŲŘļŉūļ ŀūŹļŴŎŌŧļŐńũŏŦŊũŋŬŢŜơŧŉũŎŘŦŏŲŘļ

ŉūļŵŉƢŎƢŢŗŖŧĶŅŧŎŘŧĶşơŜŎŌŪŹűĶũŉŲŘļŉūļĽūļŵŖơşŦŖőŦşĶŦŏŉũŎŢŪĶŊơŢŵŐ 

e

TV

H

 weightfoundationbackfillcolumn VVVVT ++=

backfillV

columnV

M

H

f
backfillV

 weightfoundationV

()()()()MfHeVT °=
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ŘŮŐŌŪŹ 1-5 ŠŎơŜŗŲŘļŴŎŉũŎŴŊƢŅŧŎŘŧĶŌŪŹŘŦŏŲŘļĶŘťŌžŧŲŏŏűŗŬźŢļŝŮŎŗƥ 

ŠŚŦĶŅŧŎĽŧĶĶŧŘŌŉŚŢļĶŉŅŧŎŘŧĶĽžŧŚŢļŏŎŉũŎŌŘŧŗŲŚťŘŦŏŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥŴŎŲŎŜŉũŹļ &ŘŮŐ

ŌŪŹ 1-6' űŖŬŹŢŢŢĶŲŘļĶŉĽŎĶŘťŌŦŹļŉũŎŜũŏŦŊũĽťűŠŸŎŜơŧŖŪŏŘũűŜňŌŪŹœŬźŎķŢļŅŧŎŘŧĶĽžŧŚŢļŵŖơşŦŖőŦşĶŦŏŉũŎ 
ŎŦŹŎŠŖŧŗĹŜŧŖŜơŧĹŜŧŖĶŜƢŧļķŢļŅŧŎŘŧĶŌŪŹşŦŖőŦşĶŦŏŉũŎŖŪŘťŗťŚŉŚļ ŀūŹļűŐƩŎŌŪŹŖŧķŢļŠŚŦĶĶŧŘķŢļ

ĶŧŘŚŉĹŜŧŖĶŜƢŧļķŢļŅŧŎŘŧĶŌŪŹűşŎŢųŉŗ Meyerhof  ŉŦļĽťŵŉƢĶŚơŧŜŊơŢŵŐ 
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ŘŮŐŌŪŹ 1-6 ĶŧŘŜũŏŦŊũķŢļŉũŎŴŊƢŅŧŎŘŧĶűŎŬŹŢļĽŧĶŲŘļĶŉűŗŬźŢļŝŮŎŗƥŴŎŲŎŜŉũŹļ ĽťűŠŸŎŵŉƢŜơŧĽťűĶũŉŏŘũűŜňŌŪŹŅŧŎŘŧĶ

ŵŖơşŦŖőŦşĶŦŏŉũŎ: ŚŢĶŘŮŐĽŧĶŕŧœŋơŧŗķŢļ Jumikis, 1956 (Perloff and Baron 1976) 

ŜũōŪŌŪŹşťŉŜĶŲŚťŴŠƢĹơŧŌŪŹŢŗŮơŴŎŉƢŧŎŐŚŢŉŕŦŗŵŉƢŲĶơŜũōŪķŢļ Meyerhof (1953) ŀūŹļŲŎťŎžŧŜũōŪĶŧŘ

ŜũűĹŘŧťŠƥŵŜƢųŉŗĶŧŘŌŪŹ 

¶ şŖŖŭŊũŴŠƢŲŘļŚŦœōƥŴŎŲŎŜŉũŹļ 
TV ĶŘťŌžŧŌŪŹĽŭŉĶūŹļĶŚŧļķŢļœŬźŎŌŪŹŅŧŎŘŧĶŐŘťşũŌōũőŚ &ųŉŗŵŖơ

œũĽŧŘňŧœŬźŎŌŪŹŌŪŹŢŗŮơŎŢĶŏŘũűŜňŎŪźűŚŗ' ŀūŹļŌžŧŴŠƢşŧŖŧŘŋŴĿƢşŖĶŧŘ Bearing capacity ķŢļŅŧŎ

ŘŧĶŌŪŹŖŪŲŘļĶŘťŌžŧŵŖơűŗŬźŢļŝŮŎŗƥŵŉƢ (ŘŮŐŌŪŹ 1-7' 
¶ ųŉŗŌŪŹœŬźŎŌŪŹŅŧŎŘŧĶŐŘťşũŌōũőŚ LBAf

¡¡= ųŉŗ 2 BB B e¡= -  ŲŚť 2 LL L e¡= -  

¶ ŠŎơŜŗŲŘļĶŉűľŚŪŹŗŌŪŹŅŧŎŘŧĶĶŘťŌžŧŊơŢŉũŎűŌơŧĶŦŏ (Mean contact pressure) ĶŘťĽŧŗ

şŖŹžŧűşŖŢ ŉŦļşŖĶŧŘ 

 
LB

V
q T

¡¡
=  &3,3' 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

1

2

3

4

5

6

7

8

9

10

11

12

13

14

1

2

3

4

5

6

7

8

9

10

11

12

13

14

ЋДХЮИЄϼЧжϸвВϤЛТВЍТЛϲТЋЅХЊ

ЯДϸϲЅЮГШзОϸЙЪЊГϨ

ϲДСЈлУϹЊЅХЊИХЋТІХ

ЯЊИϲУДЮϺШОЊϳОϸЅХЊ
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ŘŮŐŌŪŹ 1-7 ĶŧŘĹžŧŎŜň Bearing capacity ķŢļŅŧŎŘŧĶŌŪŹŖŪŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ ųŉŗŴĿƢŜũōŪœŬźŎŌŪŹŐŘťşũŌōũőŚ ŀūŹļĽť

şŖŖŭŊũŜơŧŲŘļŉŦŎŴŊƢŅŧŎŘŧĶĶŘťĽŧŗűŌơŧĶŦŎŠŖŉųŉŗŵŖơŊƢŢļĹũŉŲŘļŉŦŎŉũŎŌŪŹűĶũŉķūźŎĽŘũļ 

3.3.2 ŲŘļĶŘťŌžŧűŢŪŗļĽŧĶŲŎŜŉũŹļ &Inclined loading) 

űŖŬŹŢŖŪŲŘļĶŘťŌžŧŴŎŲŎŜŘŧŏŊơŢŅŧŎŘŧĶĽťŌžŧŴŠƢŲŘļŚŦœōƥŵŖơŢŗŮơŲŎŜŉũŹļŀūŹļĽťŌžŧŴŠƢųŀŎĶŧŘŜũŏŦŊũķŢļ

ŅŧŎŘŧĶŚŉŚļŉŦļŘŮŐŌŪŹ 1-/.  

 

ŘŮŐŌŪŹ 1-/. ŲŎŜĶŧŘŜũŏŦŊũķŢļŉũŎűŖŬŹŢŅŧŎŘŧĶŘŦŏŲŘļĶŘťŌžŧŉƢŧŎķƢŧļ &ŲŘļŚŦœōƥűŢŪŗļĽŧĶŲŎŜŉũŹļ' 

3.4 őŚĶŘťŌŏķŢļűŎŬŹŢļĽŧĶŘťŉŦŏŎźžŧŴŊƢŉũŎ 

şŖĶŧŘŌŪŹ 1,2 ĽťŴĿƢĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŲőơķŢļŉũŎŴŎĶŘňŪŌŪŹŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŊŹžŧĶŜơŧŘťŉŦŏŅŧŎ

ŘŧĶŖŧĶĶŜơŧĹŜŧŖĶŜƢŧļķŢļŅŧŎŘŧĶ ŀūŹļŋƢŧűŐƩŎĶŘňŪŌŪŹŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŴĶŚƢŠŘŬŢŢŗŮơşŮļĶŜơŧŘťŉŦŏŅŧŎ

ŘŧĶĽžŧŊƢŢļŖŪĶŧŘűŐŚŪŹŗŎŲŐŚļŏŧļœĽŎƥķŢļşŖĶŧŘŌŪŹ 1,2 ųŉŗœũĽŧŘňŧőŚĶŘťŌŏűŎŬŹŢļĽŧĶŘťŉŦŏŎźžŧ

ŴŊƢŉũŎűķƢŧŵŐœũĽŧŘňŧŉƢŜŗ ŀūŹļŲŏơļŵŉƢűŐƩŎ 1 ĶŘňŪŉŦļŊŧŘŧļŌŪŹ 1-//  
 

B

L

TVB¡

L¡

Be

Le

B¡

2/B¡

B

BeBB 2-=¡

LeLL 2-=¡

TV

H

q
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ŊŧŘŧļŌŪŹ 1-// şŘŭŐőŚĶŘťŌŏűŎŬŹŢļĽŧĶŘťŉŦŏŎźžŧŴŊƢŉũŎ 

ĶŘňŪŌŪŹ /  ĶŘňŪŌŪŹ 0 ĶŘňŪŌŪŹ 1 

 

 
 

ĽťŖŪőŚŊơŢŎźžŧŠŎŦĶĶŉķŢļŉũŎqűŠŎŬŢ

ŅŧŎŘŧĶ ( )wsatsat DDq ggg -+= 21
 

 
ŴĿƢ  g¡ ŴŎœĽŎƥ 

ggNB ¡5.0  

ĽťŖŪőŚŊơŢĹơŧŠŎơŜŗŎźžŧŠŎŦĶg 

ŴŎœĽŎƥŌŪŹşŧŖķŢļşŖĶŧŘŌŪŹ 1,2  
( )

B

ddB gg
g

+-¡
= (Bowles 

&Bowles /774' ĽťŴĿƢŜũōŪŌŪŹ

ŲŊĶŊơŧļĽŧĶŎŪź ŉŮŊŦŜŢŗơŧļŴŎ

ŠŦŜķƢŢŌŪŹ 1,/1' 

 

ŵŖơŖŪőŚŊơŢĹơŧ gŴŎşŖĶŧŘŌŪŹ 1,2 

 

şžŧŠŘŦŏĶŘňŪŌŪŹ / ŎŦźŎŋƢŧŘťŉŦŏŎźžŧŢŗŮơűŠŎŬŢŘťŉŦŏķŢļŅŧŎŘŧĶŢŗŮơŴŎŘťŉŦŏŌŪŹşŮļķūźŎĽťŌžŧŴŠƢŠŎơŜŗŲŘļ

ĶŉŌŦŏŐŘťşũŌōũőŚ &Effective overburden) űŠŎŬŢŘťŉŦŏķŢļŅŧŎŘŧĶŚŉŚļĽŎŌžŧŴŠƢ Bearing capacity 

ŚŉŚļ  

şžŧŠŘŦŏĶŘňŪŌŪŹ 0 ŋƢŧŘťŉŦŏŎźžŧŢŗŮơŴŊƢŘťŉŦŏŅŧŎŘŧĶŲŊơŵŖơűĶũŎĶŜơŧŘťŗťĹŜŧŖĶŜƢŧļ BĽťŊƢŢļŴĿƢ

ĹơŧűľŚŪŹŗŠŎơŜŗŎźžŧŠŎŦĶŴŎœĽŎƥŌŪŹşŧŖķŢļşŖĶŧŘŌŪŹ 1,2 ŀūŹļűŐƩŎœĽŎƥŌŪŹűĶũŉķūźŎűŎŬŹŢļĽŧĶŎźžŧŠŎŦĶķŢļŉũŎ

ųŉŗŜũōŪűľŚŪŹŗŠŎơŜŗŎźžŧŠŎŦĶŖŪ 0 ŜũōŪŵŉƢŲĶơŜũōŪŴŎŠŎŦļşŬŢķŢļ Das &Das /773' ŲŚťŜũōŪŴŎŠŎŦļşŬŢķŢļ 

Bowles (Bowles 1996) ŉŦļŲşŉļŴŎŘŮŐŌŪŹ 1-//  

B

Df  -zw

Df

zw D1

D2

satg

g¡

B

d

Df

B

B

d

Df

B
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ŘŮŐŌŪŹ 1-// ĶŧŘűľŚŪŹŗŠŎơŜŗŎźžŧŠŎŦĶķŢļŉũŎŌŪŹŴĿƢŴŎœĽŎƥŌŪŹşŧŖķŢļşŖĶŧŘŌŪŹ 1,2 ŴŎĶŘňŪŌŪŹŏŧļşơŜŎķŢļŘŮŐŚũŹŖĽŖŢŗŮơ

ŴŊƢŎźžŧ 

ĶŧŘűľŚŪŹŗĽťųŉŗŴĿƢœŬźŎŌŪŹ &Bowles (Bowles 1996)) 

 
21 AAA wettotalavg ggg ¡+=  

 ( )
ö
ö

÷

õ

æ
æ

ç

å -
ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
¡+öö

÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å -+
ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
=ö
÷

õ
æ
ç

å

H

dHB
d

H

dHHBBH
wetavg

2

22

1
2

)(

22

1
2

2
ggg  

 ( )
( )

2

2

2
2

H

dH

H

d
dHwetavg

-
¡+-= ggg  &3,4' 

ŊŦŜŢŗơŧļŌŪŹ ĽťŲşŉļŋūļőŚĶŧŘĹžŧŎŜňųŉŗŴĿƢĹơŧűľŚŪŹŗŠŎơŜŗŎźžŧŠŎŦĶŌŪŹŲŊĶŊơŧļĶŦŎ ĽŧĶőŚĶŧŘ

ĹžŧŎŜňĽťŴŠƢőŚĶŧŘĹžŧŎŜňŌŪŹŲŊĶŊơŧļĶŦŎŵŖơŖŧĶ ĽūļűŐƩŎŉŭŚœũŎũĽķŢļőŮƢŴĿƢŜơŧĽťűŚŬŢĶŴĿƢĶŧŘűľŚŪŹŗųŉŗ

ŜũōŪŴŉ 

3.5 Combined footing and mat footing 

ŅŧŎŘŧĶŲŏŏşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşűŐƩŎŘŮŐŲŏŏŌŪŹŐŘťŠŗŦŉŌŪŹşŭŉşžŧŠŘŦŏŘŢļŘŦŏűşŧĶŚŖŠŘŬŢűşŧşŪŹűŠŚŪŹŗŖ

ĽŦŊŭŘŦş ŠŘŬŢŠŧűŐƩŎűşŧşŪŹűŠŚŪŹŗŖőŬŎőƢŧŠŘŬŢĶžŧŲœļ ŅŧŎŘŮŐşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşĽťűŠŖŧťşŖĶŜơŧ ŲŊơŋƢŧŠŧĶ

ŊžŧŲŠŎơļűşŧŊŦźļŢŗŮơŴĶŚƢŲŎŜűķŊŌŪŹŉũŎĶŧŘŴĿƢŅŧŎşŪŹűŠŚŪŹŗŖŎŦźŎŢŧĽűŐƩŎŵŐŵŖơŵŉƢűŎŬŹŢļĽŧĶşơŜŎķŢļŅŧŎŘŧĶ

ĽťŚźžŧűķƢŧŵŐŴŎœŬźŎŌŪŹķƢŧļűĹŪŗļ ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶĿŎũŉŎŪźŖŪŌŧļűŚŬŢĶŠŚŧŗŌŧļŉŦļŘŮŐŌŪŹ 1-/0 
ŴŎĶŧŘŜũűĹŘŧťŠƥĽťşŖŖŭŊũŴŠƢŅŧŎŘŧĶŲĶŘơļŖŧĶ (rigid) 

2/45 j+a

d

( )2/45tan
2

1
j+= aBH

wetg

wsub ggg -=¡

avgg

A2 

ЏШзЊЈЦжбІϥЊзлУ

A1 

ЏШзЊЈЦжЮМЊШОЊзлУ
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ŘŮŐŌŪŹ 1-/0 ŘŮŐŲŏŏķŢļŅŧŎŲőơŎŢĶűŠŎŬŢĽŧĶĶŘňŪŅŧŎűŉŪŹŗŜ 

 
ŘŮŐŌŪŹ 1-/1 ŅŧŎŘŧĶŲŏŏ strap footing 

ŊŦŜŢŗơŧļŌŪŹ 1,/ ĶŧŘĹžŧŎŜňķŎŧŉŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦş 

 űşŧķŎŧŉ 2..x400 ŖũŚŚũűŖŊŘ ŘŦŏŲŘļĶŘťŌžŧŴĿƢļŧŎ //. ŊŦŎ ŲŚťŘŦŏŲŘļĶŘťŌžŧŐŘťŚŦŗ /43 ŊŦŎ 

ĽļŠŧķŎŧŉķŢļŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşŌŪŹŊƢŢļĶŧŘ ŅŧŎŢŗŮơŴŎŉũŎŌŘŧŗŌŪŹŖŪ SPT-N űŌơŧĶŦŏ 0. ĹŘŦźļŊơŢ

ŔŭŊ ŲŚťŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŌŪŹŘťŉŦŏőũŜŉũŎ ĹŜŧŖŚūĶķŢļŅŧŎŘŧĶűŌơŧĶŦŏ /,3 űŖŊŘ 

ĶŧŘĹžŧŎŜňŲŏơļűŐƩŎşŢļşơŜŎ şơŜŎŲŘĶűŐƩŎĶŧŘĹžŧŎŜňĶžŧŚŦļŲŏĶŌŧŎķŢļŉũŎ 

ĽŧĶ SPT-N 0. ĹŘŦźļŊơŢŔŭŊ ĽťŵŉƢĹơŧŖŭŖűşŪŗŉŌŧŎŕŧŗŴŎjűŌơŧĶŦŏ 11 Ţļŝŧ &ŵŖơŐŘŦŏŲĶƢĹơŧ SPT-

N űŎŬŹŢļĽŧĶ overburden pressure - ŅŧŎŘŧĶŢŗŮơŴŎŘťŉŦŏŊŬźŎ ŀūŹļŢŗŮơŴŎŉƢŧŎŐŚŢŉŕŦŗ'  

ĹžŧŎŜňŠŎơŜŗŲŘļĶŉŌŦŏűŠŎŬŢŅŧŎ 
2(0.8)(1.5) 1.2 t/mq Dg¡= = =  

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 

33f=  38.7cN =  26.1qN =  35.2Ng=  

Shape factor - ( )
2.5

1 tan 33
2.5

qs = +  

1.65qs =  

ö
÷

õ
æ
ç

å
-=

5.2

5.2
4.01gs  

6.0=gs  

 () ()0.5ult q qq q N s B N sg gg¡ ¡= +  

 (1.2)(26.1)(1.65) 0.5(2.5)(0.8)(35.2)(0.6)ultq = +  

 251.68 21.12 72.80 t/multq = + =  
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ŋƢŧĹũŉűŐƩŎ net pressure ň, ĽŭŉŌŪŹŉƢŧŎŚơŧļķŢļŅŧŎşŦŖőŦşŉũŎ 

 272.8 1.2 71.6 t/mnet

ultq = - =  

ĶžŧŚŦļŲŏĶŌŧŎŌŪŹŗŢŖŴŠƢ 

 271.6 / 3.0 23.9 t/mnet

allowq = =  

 

şơŜŎŌŪŹşŢļűŐƩŎĶŧŘĹžŧŎŜňķŎŧŉķŢļŅŧŎŘŧĶűœŬŹŢŴĿƢŘŢļŘŦŏűşŧ 

ŴŎĶŧŘŌŉŚŢļŠŧķŎŧŉĹŘŦźļŲŘĶŵŖơĹũŉŎźžŧŠŎŦĶķŢļŅŧŎ ŉŦļŎŦźŎœŬźŎŌŪŹŅŧŎŌŪŹŊƢŢļĶŧŘĹŬŢ 

2110
4.6m

23.9
trialA = =  

ŚŢļűŚŬŢĶķŎŧŉŅŧŎŘŧĶűŐƩŎşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦş 0,0 űŖŊŘ ŠŎŧ .,3űŖŊŘ ŎźžŧŠŎŦĶķŢļŅŧŎŘŧĶĽť

űŌơŧĶŦŏ 

(2.2)(2.2)(0.5)(2.4) 5.8 tonW= =  
ŲŘļŌŦźļŠŖŉŌŪŹĶŘťŌžŧŊơŢŉũŎ 

110 5.8 115.8 tonW= + =  
œŬźŎŌŪŹŅŧŎŲőơŌŪŹŊƢŢļĶŧŘ 

2115.8
4.8 m

23.9
reqA = =  

œŬźŎŌŪŹŅŧŎŌŪŹŊƢŢļĶŧŘűœũŹŖķūźŎĽŧĶűŉũŖ ŉŦļŎŦźŎűŐŚŪŹŗŎŵŐűŚŬŢĶŴĿƢķŎŧŉŅŧŎűŐƩŎşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦş 0,2 

űŖŊŘŠŎŧ .,3 űŖŊŘ ŲŚťŊŘŜĽşŢŏŲŘļŉŦŎŉũŎĽťŵŉƢ 
2115.8 / ((2.4)(2.4)) 20.1 t/mload allowq q= = <  

ŠŎơŜŗŲŘļŌŪŹĶŘťŌžŧŊơŢŉũŎŵŖơűĶũŎĶŜơŧĶžŧŚŦļŲŏĶŌŧŎŌŪŹŗŢŖŴŠƢŉŦļŎŦźŎŴĿƢŵŉƢ 

 

ŊŦŜŢŗơŧļŌŪŹ 3,2 ĶŧŘĹžŧŎŜňķŎŧŉŅŧŎŘŧĶŘơŜŖ 

űşŧŘũŖŢŧĹŧŘĿũŉűķŊŌŪŹŉũŎķŎŧŉ 4..x450 ŖũŚŚũűŖŊŘ ŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶĹļŌŪŹ 54 ŊŦŎ ŲŚťŎźžŧŠŎŦĶ

ŏŘŘŌŭĶĽŘ 36 ŊŦŎ űşŧŊƢŎŴŎŖŪķŎŧŉ 4..x600 ŖũŚŚũűŖŊŘ ŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶĹļŌŪŹ ///. ŊŦŎ ŲŚť

ŎźžŧŠŎŦĶŏŘŘŌŭĶĽŘ 67 ŊŦŎ ŋƢŧűşŧŌŦźļşŢļŊƢŎŎŪźŜŧļŘơŜŖĶŦŎŢŗŮơŏŎŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖőŬŎőƢŧŉŦļŘŮŐŌŪŹ 1-/2 
ĽļĹžŧŎŜňķŎŧŉķŢļŅŧŎŘŧĶűœŬŹŢŊƢŧŎŎźžŧŠŎŦĶŏŘŘŌŭĶĽŧĶűşŧşŢļŊƢŎŎŪź 

ŅŧŎŒƧļŢŗŮơŴŎŉũŎŌŘŧŗŌŪŹŖŪ SPT-N űŌơŧĶŦŏ 0. ĹŘŦźļŊơŢŔŭŊ ŲŚťŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŌŪŹŘťŉŦŏőũŜŉũŎ 

Factor of safety = 3.0 ĹŜŧŖŚūĶŅŧŎŘŧĶűŐƩŎ 0 űŖŊŘ 
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ŘŮŐŌŪŹ 1-/2 

ŐŘťŖŧňķŎŧŉķŢļŅŧŎŘŧĶŌŪŹŊƢŢļĶŧŘ 

ŎźžŧŠŎŦĶŏŘŘŌŭĶŴĿƢļŧŎŘŜŖķŢļűşŧ A = 134 ŊŦŎ 

ŎźžŧŠŎŦĶŏŘŘŌŭĶŴĿƢļŧŎŘŜŖķŢļűşŧ B = 200 ŊŦŎ 

ĹžŧŎŜňŊžŧŲŠŎơļķŢļŲŘļŚŦœōƥŜŦŉĽŧĶŝŮŎŗƥĶŚŧļűşŧ A 

 (200)(5.5) / (134 200) 3.293 mx= + =  

ŠŧĹŜŧŖŗŧŜķŢļŅŧŎŘŧĶűœŬŹŢŴĿƢŘŢļŘŦŏűşŧ ųŉŗŴŠƢŲŘļŚŦœōƥŢŗŮơŊŘļĶūŹļĶŚŧļķŢļĹŜŧŖŗŧŜŅŧŎ 

 2(0.3 3.293) 7.2 mL= + =  

 

ĹžŧŎŜňĶžŧŚŦļŲŏĶŌŧŎķŢļŉũŎŌŪŹŗŢŖŴŠƢ 

ĽŧĶ SPT-N 0. ĹŘŦźļŊơŢŔŭŊ ĽťŵŉƢĹơŧŖŭŖűşŪŗŉŌŧŎŕŧŗŴŎjűŌơŧĶŦŏ 11 Ţļŝŧ &ŵŖơŐŘŦŏŲĶƢĹơŧ SPT-

N űŎŬŹŢļĽŧĶ overburden pressure - ŅŧŎŘŧĶŢŗŮơŴŎŘťŉŦŏŊŬźŎ ŀūŹļŢŗŮơŴŎŉƢŧŎŐŚŢŉŕŦŗ'  

ĹžŧŎŜňŠŎơŜŗŲŘļĶŉŌŦŏűŠŎŬŢŅŧŎ 
2(0.8)(2.0) 1.6 t/mq Dg¡= = =  

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 

33f=  38.7cN =  26.1qN =  35.2Ng=  

Shape factor - 
( )

2.5
1 tan 33

7.2
qs = +  

1.22qs =  

2.5
1 0.4

7.2
sg

å õ
= - æ ö

ç ÷
 

0.86sg=  

 () ()0.5ult q qq q N s B N sg gg¡ ¡= +  

 (1.6)(26.1)(1.22) 0.5(2.5)(0.8)(35.2)(0.86)ultq = +  

 250.95 30.27 81.22 t/multq = + =  
ŋƢŧĹũŉűŐƩŎ net pressure ň, ĽŭŉŌŪŹŉƢŧŎŚơŧļķŢļŅŧŎşŦŖőŦşŉũŎ 

 281.22 1.6 79.62 t/mnet

ultq = - =  

ĶžŧŚŦļŲŏĶŌŧŎŌŪŹŗŢŖŴŠƢ 

 279.62 / 3.0 26.5 t/mnet

allowq = =  

Column A 

(600mmx450mm)

Column B 

(600mmx600mm)

5.50
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şơŜŎŌŪŹşŢļűŐƩŎĶŧŘĹžŧŎŜňķŎŧŉķŢļŅŧŎŘŧĶűœŬŹŢŴĿƢŘŢļŘŦŏűşŧ şŖŖŭŊũĹŜŧŖŠŎŧķŢļŅŧŎűŐƩŎ 

/... ŖũŚŚũűŖŊŘ ĹžŧŎŜňĹŜŧŖĶŜƢŧļŌŪŹŊƢŢļĶŧŘ ųŉŗŏŜĶŎźžŧŠŎŦĶķŢļŅŧŎűķƢŧŵŐĶŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶ 

&şŖŖŭŊũŴŠƢĹŜŧŖĶŜƢŧļķŢļŅŧŎűŐƩŎ 0 űŖŊŘ' 
334 (2)(7.2)(2.4)

1.93 m
(7.2)(26.5)

reqB
+

= =  

ĹŜŧŖĶŜƢŧļŌŪŹşŖŖŭŊũŵŜƢűœŪŗļœŢ ĽūļűŚŬŢĶŴĿƢĹŜŧŖĶŜƢŧļűŌơŧĶŦŏ 0 űŖŊŘ ŊŘŜĽşŢŏŲŘļŉŦŎŌŪŹŅŧŎŘŧĶ

ĶŘťŌžŧŊơŢŉũŎ 

 2(334 (2)(7.2)(2.4)) / ((7.2)(2.0)) 25.6 t/mload allowq q= + = <  

ŠŎơŜŗŲŘļŌŪŹĶŘťŌžŧŊơŢŉũŎŵŖơűĶũŎĶŜơŧĶžŧŚŦļŲŏĶŌŧŎŌŪŹŗŢŖŴŠƢŉŦļŎŦźŎŴĿƢŵŉƢ 

3.6 ŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŏŎŉũŎŌŪŹűŐƩŎĿŦźŎ 

ŲŏơļűŐƩŎ 0 ĶŘňŪĹŬŢŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŴŎĿŦźŎŉũŎűŠŎŪŗŜŲķŸļŌŪŹŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎŘŦŏŲŘļĶŉŴŎ

şŕŧœŌŪŹŵŖơŘťŏŧŗŎźžŧ ŲŚťŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŴŎĿŦźŎŉũŎŌŘŧŗŌŪŹŜŧļŊŦŜŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎŌŪŹŘŦŏŲŘļĶŉ

ŴŎşŕŧœŵŖơŘťŏŧŗŎźžŧ ŀūŹļĽťŢōũŏŧŗĶŧŘĹžŧŎŜňşžŧŠŘŦŏŲŊơŚťĶŘňŪ 

3.6.1 ŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŴŎĿŦźŎŉũŎűŠŎŪŗŜŲķŸļŌŪŹŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎ 

ŋƢŧŘťŗť H  ŠŎŧŵŖơŖŧĶ &űŖŬŹŢűŌŪŗŏĶŦŏ B ) ŲŘļĶŉĽŧĶŅŧŎŘŧĶĽťŉŦŎĿŦźŎŉũŎŴŠƢŌťŚŭ ŌžŧŴŠƢĿŦźŎŉũŎ

ŢơŢŎĶŜơŧķƢŧļŴŊƢŜũŏŦŊũŲŏŏ general shear failure ŉŦļŘŮŐŌŪŹ 1-/3 

 

ŘŮŐŌŪŹ 1-/3 Failure mechanism ķŢļŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŴŎĿŦźŎűŠŎŪŗŜŲķŸļŌŪŹŜŧļŊŦŜŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜ

ŢơŢŎ &Ķ' űŖŬŹŢĶŧŘŜũŏŦŊũűĶũŉķūźŎŴŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎŌŪŹŢŗŮơŴŊƢĿŦźŎŉũŎűŠŎŪŗŜŲķŸļ &ķ' űŖŬŹŢĶŧŘŜũŏŦŊũŢŗŮơŴŎĿŦźŎ

űŠŎŪŗŜŲķŸļ 

ŀūŹļşŖĶŧŘŌŪŹŴĿƢĹžŧŎŜňĹŬŢ 

H

Df

B

Df

H

B

ЯДϸϲЅЈС ЖЩϻТзЊЅХЊЋУϸ

1g

)1(us

0=j

2g

)1()2( uu ss >

0=j

ϻТзЊЅХ ЊЮМЊЦГИЯϳеϸϲИϤУ

ϻТзЊЅХ ЊЮМЊЦГИОϤОЊϲИϤУ

ϻТзЊЅХ ЊЮМЊЦГИЯϳеϸϲИϤУ

ϻТзЊЅХ ЊЮМЊЦГИОϤОЊϲИϤУ

(ϲ) (ϳ)

a¡

a
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ųŉŗŌŪŹĹơŧ ultq  ŊƢŢļŖŪĹơŧŵŖơűĶũŎ 
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layer soil  topof failureshear  General

1)1(2.01 fcuult DNs
L

B
q g+ù
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÷
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å
+¢  &3,6' 

ųŉŗ  

BĹŬŢĹŜŧŖĶŜƢŧļķŢļŅŧŎŘŧĶ  

LĹŬŢĹŜŧŖŗŧŜķŢļŅŧŎŘŧĶ 

cN  = 5.14 (Bearing capacity ŴŎĶŘňŪŌŪŹ0=j ' 

ac  ĹŬŢŠŎơŜŗŲŘļŗūŉűĶŧťŴŎŲŎŜ aa ¡ &ŘŮŐŌŪŹ 1-/4 ' 

 

ŘŮŐŌŪŹ 1-/4 ĶŘŧŔűœŬŹŢŴĿƢŠŧĹơŧac  ĽŧĶĹơŧ )1(us ŲŚť)2(us  (Das 1995) 

3.6.2 ŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŴŎĿŦźŎŉũŎŌŘŧŗŌŪŹŜŧļŊŦŜŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎ 

ŴŎŏŧļĶŘňŪ ĽťŊƢŢļĶơŢşŘƢŧļŅŧŎŘŧĶŏŎŌŘŧŗŏŉŢŦŉŌŪŹŜŧļŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎ ŀūŹļŲŏơļŚŦĶŞňť

ĶŧŘŜũŏŦŊũŵŉƢűŐƩŎ 0 ĶŘňŪķūźŎĶŦŏĹŜŧŖŠŎŧķŢļĿŦźŎŌŘŧŗŌŪŹŢŗŮơŘťŠŜơŧļŅŧŎŘŧĶĶŦŏĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎŵŉƢŲĶơ 

&/' űŖŬŹŢŘťŗťHŎƢŢŗŌŘŧŗĽťŋŮĶŉŦŎŌťŚŭĽŎűĶũŉĶŧŘŜũŏŦŊũŴŎŉũŎűŠŎŪŗŜ &0' ŘťŗťH  ŖŧĶĶŧŘŜũŏŦŊũĽťŢŗŮơ

ŴŎĿŦźŎŌŘŧŗŉŦļŘŮŐŌŪŹ 1-/5 

0.6

0.7

0.8

0.9

1.0
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)1()2( / uu ss

)1(u

a

s
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ŘŮŐŌŪŹ 1-/5 Failure mechanism ķŢļŅŧŎŘŧĶŌŪŹŜŧļŢŗŮơŴŎĿŦźŎŉũŎŌŘŧŗŌŪŹŜŧļŊŦŜŢŗŮơŏŎĿŦźŎŉũŎűŠŎŪŗŜ 

ųŉŗĹơŧ Ultimate bearing capacity ķŢļŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖőŬŎőƢŧŌŪŹŲŎŜĶŧŘŜũŏŦŊũŗŦļĹļŢŗŮơŴŎĿŦźŎŌŘŧŗ

ųŉŗŴĿƢĹơŧŌŪŹŎƢŢŗĶŜơŧŘťŠŜơŧļşŖĶŧŘŌŪŹ 1,7 ŲŚťşŖĶŧŘŌŪŹ 1,8 
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1  &1,8' 

ųŉŗĹơŧ sK ĹŬŢĹơŧ Punching shear resistance factor ŠŧŵŉƢĽŧĶĶŘŧŔŘŮŐŌŪŹ 1-/6  

 

ŘŮŐŌŪŹ 1-/6 ĶŘŧŔűœŬŹŢŠŧĹơŧ 
sKĽŧĶĹơŧŖŭŖűşŪŗŉŌŧŎ j 
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3.7 ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŚŢŉŕŦŗ (Allowable capacity) 

ŠŎơŜŗŲŘļŌŪŹĹžŧŎŜňŵŉƢųŉŗşŖĶŧŘ 1,2 ŎŦźŎűŐƩŎŠŎơŜŗŲŘļŌŪŹŅŧŎŘŧĶűĶũŉĶŧŘŜũŏŦŊũŉŦļŎŦźŎŴŎĶŧŘŴĿƢļŧŎ

ĽťŊƢŢļŠŧŘ Ultimate bearing capacity ŉƢŜŗşŦŉşơŜŎŐŚŢŉŕŦŗ ŉŦļŎŦźŎ Allowable capacity ĹžŧŎŜňŵŉƢ

ĽŧĶşŖĶŧŘ 

 
FS

q
q ult

a =  &3,9' 

ŀūŹļ Vesic (1995) ŵŉƢŲŎťŎžŧşŦŉşơŜŎŐŚŢŉŕŦŗŵŜƢŴŎŊŧŘŧļŌŪŹ ŀūŹļķūźŎŢŗŮơĶŦŏĿŎũŉķŢļųĹŘļşŘƢŧļ ķƢŢŖŮŚ

ķŢļŅŧŎŘŧĶ ŲŚťőŚĶŘťŌŏŌŪŹŊŧŖŖŧŋƢŧűĶũŉĶŧŘŜũŏŦŊũķūźŎ ŋƢŧųĹŘļşŘƢŧļŎŦźŎűŐƩŎųĹŘļşŘƢŧļĿŦŹŜĹŘŧŜŢŧĽ

ŴĿƢşŦŉşơŜŎŐŚŢŉŕŦŗŚŉŚļŵŉƢŋƢŧųĹŘļşŘƢŧļŎŦźŎűŐƩŎųĹŘļşŘƢŧļĿŦŹŜĹŘŧŜ ŴŎŌŧļĶŚŦŏĶŦŎŋƢŧŅŧŎŘŧĶŎŦźŎŖŪ

ŲŎŜųŎƢŖŜơŧĽťŊƢŢļŘŦŏŲŘļĶŘťŌžŧşŮļşŭŉűŐƩŎŐŘťĽžŧŢŧĽĽťŊƢŢļœũĽŧŘňŧűœũŹŖşŦŉşơŜŎŐŚŢŉŕŦŗŴŠƢşŮļķūźŎ 

ųŉŗĽťŊƢŢļĹžŧŎūļŋūļŐƧĽĽŦŗŊơŧļŷ ŵŉƢŲĶơ 

¶ ĹŜŧŖŵŖơŲŎơŎŢŎķŢļŲŘļĶŘťŌžŧ - ŲŘļŌŪŹĶŘťŌžŧŊơŢųĹŘļşŘƢŧļŌŪŹŵŖơűŐƩŎųĹŘļşŘƢŧļŐĶŊũĽťŵŖơ

şŧŖŧŘŋŘťŏŭŲŘļĶŘťŌžŧŌŪŹŲŎơŎŢŎŵŉƢ 

¶ ųŢĶŧşŌŪŹŅŧŎŘŧĶĽťŘŦŏŲŘļĶŘťŌžŧşŮļşŭŉ ú ŲŘļŌŪŹĶŘťŌžŧŊơŢųĹŘļşŘƢŧļŌŪŹŵŖơűŐƩŎųĹŘļşŘƢŧļŐĶŊũ 

ŢŧĽŖŪųŢĶŧşŌŪŹĽťŖŪŲŘļĶŘťŌžŧşŮļşŭŉŖŧĶŘťŌžŧŵŉƢ 

¶ őŚŌŪŹĽťŊŧŖŖŧŋƢŧŅŧŎŘŧĶŜũŏŦŊũ - şžŧŠŘŦŏŢŧĹŧŘşŧōŧŘňťűŘŧĽťŵŖơŗŢŖűşŪŹŗļŴŠƢűĶũŉĶŧŘŜũŏŦŊũ

ķūźŎűŎŬŹŢļĽŧĶĽťŖŪőŚŊơŢĿŪŜũŊŲŚťŌŘŦœŗƥşũŎŖŧĶ ŲŊơŋƢŧűŐƩŎųĹŘļşŘƢŧļĿŦŹŜĹŘŧŜŀūŹļŵŖơŵŉƢűŐƘŉ

şžŧŠŘŦŏşŧōŧŘňťĶŸŢŧĽŴĿƢĹŜŧŖűşŪŹŗļŌŪŹşŮļķūźŎŵŉƢ űŎŬŹŢļĽŧĶŠŧĶűĶũŉĶŧŘŜũŏŦŊũőŚĶŘťŌŏĽťŵŖơ

ŘŭŎŲŘļűŖŬŹŢűŐŘŪŗŏűŌŪŗŏĶŦŏŢŧĹŧŘşŧōŧŘňť 

¶ ĹŜŧŖŵŖơŲŎơŎŢŎķŢļŉũŎ ú űŎŬŹŢļĽŧĶĹŜŧŖŵŖơşŖŹžŧűşŖŢķŢļŉũŎŊŧŖōŘŘŖĿŧŊũ ŀūŹļĽťŲŊĶŊơŧļŵŐ

ĽŧĶşŖŖŭŊũŅŧŎŌŪŹŴĿƢŴŎĶŧŘĹžŧŎŜň  

¶ ķƢŢŖŮŚĶŧŘűĽŧťşžŧŘŜĽŉũŎ ú ĶŧŘűĽŧťşžŧŘŜĽŉũŎŊƢŢļŖŪĹŜŧŖŚūĶűœŪŗļœŢŌŪŹĽťŘťŏŭĿŦźŎŉũŎŵŉƢ ŲŚť

ĽťŊƢŢļŖŪĶŧŘŌŉşŢŏŌŪŹűœŪŗļœŢŌŪŹĽťŎžŧŖŧŴĿƢŘťŏŭœŧŘŧŖũűŊŢŘƥķŢļŉũŎ ŀūŹļŋƢŧŖŪĶŧŘűĽŧťşžŧŘŜĽ

űœŪŗļœŢ ĽťŖŪĹŜŧŖŖŦŹŎŴĽŴŎőŚĶŧŘĹžŧŎŜň Bearing capacity ŖŧĶķūźŎ 
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ŊŧŘŧļŌŪŹ 1-/0 şŦŉşơŜŎŐŚŢŉŕŦŗŊŹžŧşŭŉŌŪŹŲŎťŎžŧşžŧŠŘŦŏŅŧŎŘŧĶŊŬźŎ Vesic (1975), ĹŦŉŚŢĶĽŧĶ &Fang /77.' 

ŐŘťűŕŌ ųĹŘļşŘƢŧļ ŚŦĶŞňťœũűŝŞķŢļųĹŘļşŘƢŧļ ĶŧŘşžŧŘŜĽŉũŎ 

ķƢŢŖŮŚşŖŏŮŘňƥ

ŖŧĶœŢ 

ķƢŢŖŮŚĽžŧĶŦŉ 

A şťœŧŎŘŋŵŔ, ųĶŉŦļűĶŸŏ

ķŢļ, ĶžŧŲœļĶŦŎŉũŎ, ŵŀųŚ 

ųĹŘļşŘƢŧļŢŧĽŊƢŢļŘŦŏŎźžŧŠŎŦĶ

ŏŘŘŌŭĶűŐƩŎŐŘťĽžŧ ĶŧŘŜũŏŦŊũ

ĶơŢŴŠƢűĶũŉőŚĶŘťŌŏŢŗơŧļŘŭŎŲŘļ

ŖŧĶ 

1,. 2,. 

B şťœŧŎŘŋŗŎŊƥ, ųŘļļŧŎ

ŢŭŊşŧŠĶŘŘŖűŏŧŲŚť

ŢŧĹŧŘşŧōŧŘňť 

ųĹŘļşŘƢŧļŢŧĽŊƢŢļŘŦŏŎźžŧŠŎŦĶ

ŏŘŘŌŭĶşŮļşŭŉűŐƩŎŏŧļĹŘŦźļ ĶŧŘ

ŜũŏŦŊũĶơŢŴŠƢűĶũŉőŚĶŘťŌŏĹơŢŎķƢŧļ

ŘŭŎŲŘļ 

0,3 1,3 

C ŢŧĹŧŘœŦĶŢŧŝŦŗŲŚť

ŢŧĹŧŘşžŧŎŦĶļŧŎ 

ųĹŘļşŘƢŧļŢŧĽŵŖơŊƢŢļŘŦŏŎźžŧŠŎŦĶ

ŏŘŘŌŭĶşŮļşŭŉ 

0,. 1,. 

ŠŖŧŗűŠŊŭ 

¶ şžŧŠŘŦŏųĹŘļşŘƢŧļĿŦŹŜĹŘŧŜşŧŖŧŘŋŚŉĹơŧŴŎŊŧŘŧļŚļŵŉƢ 5. űŐŢŘƥűŀŸŎŊƥ ŲŊơĹơŧşŦŉşơŜŎŐŚŢŉŕŦŗŵŖơĹŜŘŊŹžŧĶŜơŧ 

0,. 

¶ şžŧŠŘŦŏųĹŘļşŘƢŧļşŮļŖŧĶűĿơŎŐŚơŢļŵŔ ŲŚťŠŢşŮļŠŘŬŢųĹŘļşŘƢŧļŌŪŹŜũŏŦŊũŲŚƢŜĽťűŐƩŎŌŪŹŎơŧĶŚŦŜŊơŢőŮƢœŏűŠŸŎŢŧĽ

űœũŹŖĹơŧŴŎŊŧŘŧļŢŪĶ 0. ŋūļ 3. űŐŢŘƥűŀŸŎŊƥ 

¶  ŊƢŢļĹžŧŎūļŋūļĹŜŧŖűŐƩŎŵŐŵŉƢŌŪŹĽťűĶũŉŎźžŧŌơŜŖ ŲŚť-ŠŘŬŢ ĶŧŘķŭŉŚŢĶŠŘŬŢŎźžŧĶŦŉűŀŧťűŢŧŎźžŧŠŎŦĶĶŉŌŦŏ

űŎŬŹŢļĽŧĶŉũŎŋŖŅŧŎŘŧĶŢŢĶŵŜƢŉƢŜŗ 

¶ ŲŎťŎžŧŴŠƢŊŘŜĽşŢŏűşŋŪŗŘŕŧœŠŚŦļĶơŢşŘƢŧļűşŘŸĽ &Short-term) ŲŚťűşŋŪŗŘŕŧœŴŎŘťŗťŗŧŜ (long-term) ŴŎ

ĶŘňŪŌŪŹŵŖơşŧŖŧŘŋŘťŏŭŵŉƢŜơŧĶŘňŪŴŉűŐƩŎŊŦŜĹŜŏĹŭŖ 

¶ ŋƢŧĶŧŘŢŢĶŲŏŏĽťŊƢŢļĹŜŏĹŭŖŐŘũŖŧňĶŧŘŌŘŭŉŊŦŜĽťŊƢŢļŴĿƢşŦŉşơŜŎĹŜŧŖŐŚŢŉŕŦŗŌŪŹşŮļĶŜơŧŎŪź 

3.8 Gross and net ultimate bearing capacity 

ŴŎĶŧŘĹžŧŎŜň Bearing capacity ŎŦźŎĽťŵŉƢőŚŚŦœōƥŢŢĶŖŧűŐƩŎ Gross ultimate bearing capacity 

( )
grossultq ŀūŹļŋƢŧŅŧŎŘŧĶŎŦźŎŖŪŉũŎĶŚŖŌŦŏŅŧŎŘŧĶŉƢŜŗĽťŊƢŢļĹžŧŎŜň bearing capacity ŌŪŹŉũŎŴŊƢŅŧŎŘŧĶ

ĽťŘŦŏŵŉƢűœũŹŖķūźŎĽŧĶŅŧŎŘŧĶŎŦŹŎĹŬŢ Net ultimate bearing capacity ( )
netultq  ŀūŹļĹžŧŎŜňŵŉƢĽŧĶ 

 ( ) ( ) Dqq ultult g-=
grossnet  &1,10' 

ŀūŹļşŖĶŧŘŌŪŹ 1,10 şŧŖŧŘŋŢōũŏŧŗĽŧĶ free body diagram ŉŦļŘŮŐŌŪŹ 1-/7 
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ŘŮŐŌŪŹ 1-/7 Freebody diagram ķŢļŅŧŎŘŧĶŌŪŹŒƧļŢŗŮơŴŎŉũŎ 

ĽŧĶşŖŉŭŚķŢļŲŘļŚŦœōƥŴŎŲŎŜŉũŹļĽťŵŉƢ 

 resistance)( ultload qDq <+g  

 Dqq ultload g-< resistance)(  

ĽŧĶşŖĶŧŘŲşŉļŜơŧŲŘļŉŦŎĽŧĶŕŧŗŎŢĶŌŪŹĽťĶŘťŌžŧŊơŢŉũŎŴŊƢŅŧŎŘŧĶŵŉƢųŉŗŵŖơĶơŢŴŠƢűĶũŉĶŧŘŜũŏŦŊũ

ĽťŊƢŢļŎƢŢŗĶŜơŧ Dqult g-resistance)(  ŀūŹļresistance)( ultq  űŘŧĹžŧŎŜňŵŉƢĽŧĶ ultimate bearing capacity 

ŉŦļŌŪŹŵŉƢĶŚơŧŜŖŧķƢŧļŊƢŎ 

 

backfillV

ŲŘļŉŦŎĽŧĶŉũŎŋŖ,

ŲŘļŉŦŎĽŧĶųĹŘļşŘƢŧļ,

ŠŎơŜŗŲŘļŊƢŧŎĽŧĶŉũŎ,

D

loadq

Dg

resistanceult )(q

g

ŲŘļĽŧĶųĹŘļşŘƢŧļ
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3.9 Allowable bearing capacity ĽŧĶĹơŧ SPT 

 
ŘŮŐŌŪŹ 1-0. ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Allowable bearing capacity ĶŦŏĹơŧ SPT-N ŌŪŹ 1/ =BD f

 &ŲŐŚļŠŎơŜŗŖŧĽŧĶ 

&Das /773'' 

 
ŘŮŐŌŪŹ 3-21 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Allowable bearing capacity ĶŦŏĹơŧ SPT-N ŌŪŹ 5.0/ =BD f

 &ŲŐŚļŠŎơŜŗŖŧ

ĽŧĶ &Das /773'' 

60

50

40

30

20

10

0

N
e

t 
a

llo
w

a
b

le
 b

e
a

ri
n

g
 c

a
p

a
c
it
y
, 
q

n
e

t(
a

llo
w

) 
(t

/m
2
)

1.200.3 0.6 0.9

Foundation width, B (m)

N = 50

N = 40

N = 30

N = 20

N = 15

N = 10

N = 5

1=
B

Df

1.200.90.60.3

Foundation width, B (m)

60

50

40

30

20

10

0

N
e

t 
a

llo
w

a
b

le
 b

e
a

ri
n

g
 c

a
p

a
c
it
y
, 
q

n
e

t(
a

llo
w

) 
(t

/m
2
) N = 50

N = 40

N = 30

N = 20

N = 15

N = 10

N = 5

5.0=
B

D f



ŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

 78 

pornpot@sut.ac.th 

 
ŘŮŐŌŪŹ 1-00 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Allowable bearing capacity ĶŦŏĹơŧ SPT-N ŌŪŹ 25.0/ =BD f

 &ŲŐŚļŠŎơŜŗŖŧ

ĽŧĶ &Das /773'' 

3.10 Allowable bearing capacity űŏŬźŢļŊƢŎşžŧŠŘŦŏĶŧŘŢŢĶŲŏŏ  

ŴŎĶŘňŪŌŪŹŵŖơŖŪőŚĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶ ŀūŹļŢŧĽűĶũŉĽŧĶŌŪŹŵŖơŖŪŜũōŪĶŧŘĹžŧŎŜňŌŪŹ

űŠŖŧťşŖŠŘŬŢŢŧĽŵŖơĽžŧűŐƩŎĽťŊƢŢļĹžŧŎŜň ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶķŢļŉũŎŌŪŹŗŢŖŴŠƢųŉŗŌŪŹŵŖơűĶũŉĶŧŘ

ŜũŏŦŊũķŢļŉũŎŢŧĽĽťŠŧŵŉƢĽŧĶķƢŢĶžŧŠŎŉŴŎŌƢŢļŋũŹŎ ŊŦŜŢŗơŧļűĿơŎķƢŢĶžŧŠŎŉŴŎŖŧŊŘŅŧŎķŢļŐŘťűŌŝ

ŢŦļĶřŞ ŠŘŬŢœŘťŘŧĿŏŦłłŦŊũĹŜŏĹŭŖŢŧĹŧŘķŢļŐŘťűŌŝŵŌŗűŐƩŎŊƢŎ ŀūŹļŴŎĶŧŘŎžŧŵŐŴĿƢļŧŎŢŧĽĽťŊƢŢļ

ŴĿƢŴŎĶŘňŪŌŪŹűŐƩŎųĹŘļşŘƢŧļŌŪŹŖŪŚŦĶŞňťŴĶŚƢűĹŪŗļĶŦŎ  

3.10.1 ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļŉũŎŊŧŖ BS8004 

ŖŧŊŘŅŧŎ BS8004 (BS8004 1986) ŵŉƢŴŠƢŲŎŜŌŧļşžŧŠŘŦŏ Allowable bearing pressure ķŢļŅŧŎ

ŘŧĶŏŎŠũŎŲŚťŉũŎŉŦļŊŧŘŧļŌŪŹ 1-/1 ĹơŧŎŪźŴĿƢşžŧŠŘŦŏĶŧŘŢŢĶŲŏŏűŏŬźŢļŊƢŎűŌơŧŎŦźŎ ŀūŹļŢŧĽŐŘŦŏĹơŧķūźŎ

ŠŘŬŢŚļűŖŬŹŢŖŪķƢŢŖŮŚŖŧĶœŢŴŎķŦźŎŊŢŎĶŧŘŢŢĶŲŏŏŘŧŗŚťűŢŪŗŉ ŲŚťĹơŧŴŎŊŧŘŧļŵŖơŵŉƢŖŪĶŧŘűœũŹŖşơŜŎŌŪŹ

űĶũŉĽŧĶŘťŗťŒƧļķŢļŅŧŎŘŧĶűķƢŧŵŐŉƢŜŗ 
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ŊŧŘŧļŌŪŹ 1-/1 ĹơŧųŉŗŐŘťŖŧňķŢļ Allowable bearing capacity ŕŧŗŴŊƢ Static load (BS8004 1986) 

ĿŎũŉ ĿŎũŉķŢļŠũŎŲŚťŉũŎ ĹơŧŐŘťŖŧňķŢļ 

Allowable bearing 

(kN/m2) 

ŠŖŧŗűŠŊŭ 

ŠũŎ Strong igneous and gneissic rocks in 

sound condition 

10,000 ĹơŧŌŪŹŵŉƢŖŧ ŖŪşŖŖŭŊũŅŧŎ

ŜơŧŅŧŎŘŧĶŜŧļŢŗŮơŏŎ

ŠũŎŌŪŹŵŖơőŭœŦļ 

(Unweathered rock) 

 

Strong lime stone and strong sand 

stone 

4,000 

Schists and slates 3,000 

Strong shales, strong mudstones 

and strong siltstone 

2,000 

ŉũŎŌŪŹŵŖơŖŪĹŜŧŖ

űĿŬŹŢŖŲŎơŎ 

Dense gravel, or dense sand and 

gravel 

> 4.. ĹŜŧŖĶŜƢŧļķŢļŅŧŎ

ŘŧĶŊƢŢļŵŖơŎƢŢŗĶŜơŧ / 

űŖŊŘ şŖŖŭŊũŜơŧŘťŉŦŏ

ŎźžŧŴŊƢŉũŎŖŪŘťŉŦŏŵŖơŊŹžŧ

ĶŜơŧĶƢŎŅŧŎŘŧĶ 

Medium dense gravel, or medium 

dense sand and gravel 

<200 ŋūļ 4.. 

Loose gravel, or loose sand and 

gravel 

<200 

Compact sand >300 

Medium dense sand 100 ŋūļ 1.. 

Loose sand  <100 

ŉũŎŌŪŹŖŪĹŜŧŖ

űĿŬŹŢŖŲŎơŎ 

Very stiff boulder clays and hard 

clays 

300 ŋūļ 4.. ŖŪŲŎŜųŎƢŖŜơŧĽťűĶũŉ

ĶŧŘŌŘŭŉŊŦŜŴŎŘťŗť

ŗŧŜűŎŬŹŢļĽŧĶĶŧŘŢŦŉ

ŊŦŜĹŧŗŎźžŧ 

Stiff clays /3. ŋūļ 1.. 

Firm clays 53 ŋūļ /3. 

Soft clays and silts < 75 

Very soft clays and silts - 

ŉũŎŌŪŹŖŪŀŧĶœŬĿŠŘŬŢŉũŎŢũŎŌŘŪŗƥ -  

ŉũŎŋŖŠŘŬŢŉũŎŌŪŹŖŎŭŞŗƥşŘƢŧļķūźŎ -  

3.10.2 ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļŉũŎŊŧŖ œŘŏ, ĹŜŏĹŭŖŢŧĹŧŘ (2522) 

ŴŎœŘťŘŧĿŏŦłłŦŊũĹŜŏĹŭŖŢŧĹŧŘŐƙ 0300 ŵŉƢŘťŏŭŴŠƢ ĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŏŎŉũŎŌŪŹ

ŅŧŎŘŧĶķŢļŢŧĹŧŘĽťŊƢŢļűŐƩŎŵŐŢŗơŧļűŠŖŧťşŖ ŲŊơŋƢŧŵŖơŖŪűŢĶşŧŘŌŪŹŘŦŏŘŢļųŉŗşŋŧŏŦŎŌŪŹűĿŬŹŢŋŬŢŵŉƢ1 

                                                             
1 ë×óÛòÚØöćÿËøćî×øîăÕ­ ìâóãÅèóâè¬ó ë¬èÚäóËÂóäìäøîÛäõêòØÉČóÂòÕØöćâöèòÖ×ùÜäñëÈÅ°ĂÚÂóäĂì­ÅČóÜä÷ÂêóĀÚñÚČóÕ­óÚèõéèÂääâ Ì÷ćÈâöèõéèÂä
ÜäñÿáØèùÓõèõéèÂä ëóÃóèõéèÂääâāãÙó ÖóâÂÏìâóãè¬óÕ­èãèõËóËößèõéèÂääâÿÜĆÚÝú­Ăì­ÅČóÜä÷ÂêóĀæñĀÚñÚČó ĀæñæÈæóãâøîËøćîäòÛäîÈÝæÂóä
ÖäèÉëîÛÈóÚèõéèÂääâÅèÛÅùâ 
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ŲşŉļőŚĶŧŘŌŉŚŢļŠŘŬŢĶŧŘĹžŧŎŜň ĽťŊƢŢļŵŖơűĶũŎĶžŧŚŦļŲŏĶŌŧŎķŢļŉũŎŐŘťűŕŌŊơŧļŷŉŦļŊŧŘŧļŌŪŹ 

1-/2 

ŊŧŘŧļŌŪŹ 1-/2 ŎźžŧŠŎŦĶŏŘŘŌŭĶŌŪŹŗŢŖŴŠƢŊŧŖœŘťŘŧĿŏŦłłŦŊũĹŜŏĹŭŖŢŧĹŧŘ 0300 

ĿŎũŉķŢļŉũŎ ĶžŧŚŦļŲŏĶŌŧŎ  

(ŊŦŎŊơŢŊŧŘŧļűŖŊŘ' 

ŉũŎŢơŢŎŠŘŬŢŉũŎŋŖŵŜƢŲŎơŎŊŦŜűŊŸŖŌŪŹ 0 

ŉũŎŐŧŎĶŚŧļŠŘŬŢŌŘŧŗŘơŜŎ 3 

ŉũŎŲŎơŎŠŘŬŢŌŘŧŗŲŎơŎ /. 

ĶŘŜŉŠŘŬŢŉũŎŉŧŎ 0. 

ŠũŎŉũŎŉŧŎ 03 

ŠũŎŐŮŎŠŘŬŢŠũŎŌŘŧŗ 1. 

ŠũŎŢŦĹŎŪŌŪŹŗŦļŵŖơŲŐŘşŕŧœ /.. 

3.11 ĶŧŘŌŉşŢŏ Plate baring  

ŴŎĶŧŘŌŉşŢŏŠŧ Bearing capacity ķŢļŉũŎŴŊƢŅŧŎŘŧĶĽťŢƢŧļŢũļŊŧŖŖŧŊŘŅŧŎ ASTM 1194 ŀūŹļŖŪ

ĶŧŘŌŉşŢŏŉŦļŘŮŐŌŪŹ 1-01  

 
ŘŮŐŌŪŹ 1-01 ĶŧŘŌŉşŢŏŠŧ Bearing capacity ŉƢŜŗŲőơŎűŠŚŸĶ 

şžŧŠŘŦŏĶŧŘŌŉşŢŏųŉŗŴĿƢŲőơŎűŠŚŸĶŎŪźŖŪķƢŢĽžŧĶŦŉŏŧļŐŘťĶŧŘ űĿơŎ ŵŖơşŧŖŧŘŋŌŉşŢŏųŉŗŴĿƢŲőơŎ

űŠŚŸĶŌŪŹŖŪĹŜŧŖĶŜƢŧļűŌơŧĶŦŏŅŧŎŘŧĶĽŘũļŵŉƢűŎŬŹŢļĽŧĶĽťŊƢŢļŴĿƢŲŘļĶŉŖŠŧŝŧŚŴŎĶŧŘŌŉşŢŏ ŲŚťŴŎ

ĶŧŘŌŉşŢŏĽťőŚĶŘťŌŏűŎŬŹŢļĽŧĶĹŜŧŖŲŊĶŊơŧļŘťŠŜơŧļŲőơŎűŠŚŸĶĶŦŏŅŧŎŘŧĶĽŘũļ ŀūŹļŵŉƢŲĶơ 

¶ ŲŘļĶŉŌŪŹĶŉĽťŌžŧŴŠƢűĶũŉŠŎơŜŗŲŘļŴŎŉũŎŚūĶŚļŵŐŋūļŐŘťŖŧň 2 űŌơŧķŢļĹŜŧŖĶŜƢŧļŅŧŎŘŧĶ 

ŀūŹļőŚŎŪźŢŧĽĽťşơļŵŐŋūļŉũŎĿŦźŎŚơŧļŴŎĶŘňŪķŢļŅŧŎŘŧĶĽŘũļ ŲŊơŢŧĽĽťŵŖơŖŪőŚűŚŗŴŎĶŘňŪķŢļ

ŅŧŎŘŧĶŌŉşŢŏ ŉŦļŲşŉļŴŎŘŮŐŌŪŹ 1-02 

ĀÝ¬ÚÿìæĆÂ

ÚĈČóìÚòÂÂÕÿßøćîÿÜ»ÚĀäÈÜÐõÂäõãó
ÃîÈĀâ¬ĀäÈ

B

Āâ¬ĀäÈăïÕäîæõÂë° âóÖäèòÕÂóäÿÅæøćîÚÖòè
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¶ ŉũŎŌŪŹŢŗŮơŴŎŘťŉŦŏŚūĶĽťŖŪŲŘļŉŦŎŉũŎŉƢŧŎķƢŧļşŮļĶŜơŧŉũŎŌŪŹŢŗŮơŴŎŘťŉŦŏŊŬźŎ ŉŦļŎŦźŎŉũŎŌŪŹŢŗŮơŴŎŘťŉŦŏ

ŚūĶĽťŖŪ ÿşŊũŔűŎşĀ şŮļĶŜơŧŉũŎŌŪŹŘťŉŦŏőũŜŉũŎűŎŬŹŢļĽŧĶĶŧŘŏŪŏŘŦŉŌŪŹűœũŹŖķūźŎ ŀūŹļĽťŌžŧŴŠƢŖŪőŚŊơŢ 

load-settlement ķŢļŉũŎ 

 
ŘŮŐŌŪŹ 1-02 űŐŘŪŗŏűŌŪŗŏŏŘũűŜňŌŪŹŋŮĶĶŘťŌŏűŎŬŹŢļĽŧĶĶŧŘĶŉŅŧŎŘŧĶŲőơŎűŠŚŸĶŌŉşŢŏ &B=0.3 űŖŊŘ' ĶŦŏŅŧŎ

ŘŧĶĽŘũļ &B=2 űŖŊŘ' 

ŋūļŲŖƢŜơŧĽťŖŪķƢŢŉƢŢŗŉŦļŌŪŹĶŚơŧŜŖŧŲŚƢŜķƢŧļŊƢŎ ŲŊơŴŎŐƧĽĽŭŏŦŎĶŸŗŦļŴĿƢĶŧŘŌŉşŢŏŎŪźŴŎŏŧļĹŘŦźļ ŀūŹļĶŧŘ

ŎžŧőŚĶŧŘŌŉşŢŏŵŐŴĿƢļŧŎŊƢŢļĹžŧŎūļŋūļŐƧĽĽŦŗķƢŧļŊƢŎŉƢŜŗ şžŧŠŘŦŏĶŧŘŌŉşŢŏĽťŵŉƢĶŘŧŔĶŧŘŌŘŭŉŊŦŜ

ĶŦŏŠŎơŜŗŲŘļĶŉŉŦļŘŮŐŌŪŹ 1-03  

 
ŘŮŐŌŪŹ 1-03 Load-settlement curve ŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏ Plate bearing 

ĶŧŘŘťŏŭĹơŧ ultq  ĽŧĶőŚĶŧŘŌŉşŢŏŢŧĽĽťŴĿƢŜũōŪĶžŧŠŎŉĹơŧĶŧŘŌŘŭŉŊŦŜŌŪŹ 03 ŖũŚŚũűŖŊŘ &ĹŜŏĹŭŖ

ŉƢŜŗĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶ' űŎŬŹŢļĽŧĶőŚĶŘťŌŏķŢļķŎŧŉŅŧŎŘŧĶŋƢŧűŘŧŊƢŢļĶŧŘŐŘťŖŧňőŚĶŧŘ

ŌŉşŢŏŴŎŌŘŧŗĽťŴĿƢŜũōŪ Extrapolate ĽŧĶőŚĶŧŘŌŉşŢŏųŉŗĹũŉŜơŧĹơŧ qN  ŖŪőŚŎƢŢŗŖŧĶĽŧĶşŖĶŧŘ

ŌŪŹ 1,11 
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ŀūŹļşŖĶŧŘŌŪŹ 1,11 ĽťŴĿƢŵŉƢŉŪĶŸŊơŢűŖŬŹŢĹŜŧŖ 3/ ºplatefoundation BB ŲŊơŋƢŧ platefoundation BB /  ŖŪĹơŧ

ŊŦźļŲŊơ 4 ŋūļ /3 ĶŧŘ extrapolate őŚĶŧŘŌŉşŢŏĽťĹŚŧŉűĹŚŬŹŢŎşŮļŖŧĶĽŎűŠŖŬŢŎĶŦŏĶŧŘĹŧŉűŉŧ ŀūŹļ

ŴŎĶŘňŪŎŪźĽťŴŠƢőŚŌŪŹŵŖơŉŪŵŐĶŜơŧĶŧŘŴĿƢ bearing capacity equation ŘơŜŖĶŦŏőŚĶŧŘŌŉşŢŏ SPT 

3.12 ĶŧŘĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜ 

ĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶűĶũŉŵŉƢŠŚŧŗŘŮŐŲŏŏŉƢŜŗĶŦŎ ŘŮŐŌŪŹ 1-04a űŐƩŎĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶ

ŢŧĹŧŘŲŏŏűŌơŧĶŦŎŌŭĶŅŧŎŘŧĶŀūŹļŌžŧŴŠƢŢŧĹŧŘŌŘŭŉŊŦŜųŉŗŵŖơŖŪĶŧŘŏũŉűŏŪźŗŜ ŴŎŘŮŐŲŏŏŎŪźĽťŵŖơŖŪ

ųŖűŖŎŊƥŉŦŉŲŚťŲŘļűľŬŢŎŠŘŬŢŲŘļŏũŉűœũŹŖķūźŎŴŎűşŧŲŚťĹŧŎĽūļŵŖơűĶũŉĹŜŧŖűşŪŗŠŧŗ ŲŊơŢŧĽĽťűĶũŉ

ŐƧłŠŧĶŦŏĶŧŘŊơŢűĿŬŹŢŖĶŦŏŢŧĹŧŘŢŬŹŎŠŘŬŢĶŧŘŌŘŭŉŊŦŜŌžŧŴŠƢŘťŉŦŏŉũŎŲŚťŘťŉŦŏŢŧĹŧŘőũŉŵŐĽŧĶŌŪŹ

ŢŢĶŲŏŏŌŧļşŋŧŐƧŊŗĶŘŘŖŵŜƢ  ŘŮŐŌŪŹ 1-04b űŐƩŎĶŧŘŌŘŭŉŊŦŜŲŏŏűŢŪŗļŵŐķƢŧļŠŎūŹļųŉŗŌŪŹűşŧŲŚťĹŧŎ

ŗŦļĹļŘŮŐűŉũŖŵŖơűĶũŉĶŧŘŏũŉűŏŪźŗŜķūźŎ ŘŮŐŌŪŹ 1-04c űŐƩŎĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŌŪŹŵŖơűŌơŧĶŦŎŴŎŢŧĹŧŘ 

ĶŧŘŌŘŭŉŊŦŜŴŎŘŮŐŲŏŏŎŪźĽťŴŠƢűşŧŲŚťĹŧŎűĶũŉĶŧŘŏũŉűŏŪźŗŜĽŎŢŧĽűĶũŉųŖűŖŎŊƥŉŦŉ ŲŘļűľŬŢŎŲŚť

ŲŘļŏũŉķūźŎŴŎűşŧŲŚťĹŧŎşŮļĶŜơŧŌŪŹŵŉƢŢŢĶŲŏŏŵŜƢŌžŧŴŠƢŢŧĹŧŘűĶũŉĹŜŧŖűşŪŗŠŧŗ ŘŮŐŲŏŏĶŧŘŌŘŭŉŊŦŜ

ŲŏŏŌŪŹşŧŖŎŪźĽťűŐƩŎşŧűŠŊŭŠŚŦĶŌŪŹŌžŧŴŠƢűĶũŉŐƧłŠŧĶŦŏųĹŘļşŘƢŧļŢŧĹŧŘ  

őŚķŢļĶŧŘŌŘŭŉŊŦŜŊơŢųĹŘļşŘƢŧļŢŧĹŧŘŎŦźŎűŐƩŎűŘŬŹŢļŌŪŹĹơŢŎķƢŧļŀŦŏŀƢŢŎ ŲŚťĶŧŘŜũűĹŘŧťŠƥűœŬŹŢŠŧ

ĹơŧĶŧŘŌŘŭŉŊŦŜŎŦźŎķūźŎŢŗŮơĶŦŏŠŚŧŗŐƧĽĽŦŗűŐƩŎ ŀūŹļŢŧĽĽťŴĿƢűŜŚŧŴŎĶŧŘŜũűĹŘŧťŠƥŎŧŎŖŧĶŠŘŬŢŢŧĽűŐƩŎŵŐ

ŵŖơŵŉƢűŚŗ ŉŦļŎŦźŎŴŎĶŧŘŜũűĹŘŧťŠƥĽūļŵŉƢŌžŧŐƧłŠŧŴŠƢļơŧŗųŉŗĶŧŘŲŏơļűŐƩŎĶŧŘŜũűĹŘŧťŠƥűœŬŹŢŠŧ ĶŧŘŌŘŭŉ

ŊŦŜŘŜŖ &Total settlement) ŲŚťĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎ &Differential settlement) 
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ŘŮŐŌŪŹ 1-04 ŘŮŐŲŏŏĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶ (a) ĶŧŘŌŘŭŉŊŦŜŲŏŏűŌơŧĶŦŎ (b) ĶŧŘŌŘŭŉŊŦŜŲŏŏűŢŪŗļŵŐŌŦźļŢļĹƥ

ŢŧĹŧŘųŉŗŵŖơŖŪĶŧŘŏũŉűŏŪźŗŜ &c) ĶŧŘŌŘŭŉŊŦŜŲŚťŖŪĶŧŘŏũŉűŏŪźŗŜķŢļŢļĹƥŢŧĹŧŘ 

3.12.1 ĶŧŘŌŘŭŉŘŜŖŊŦŜŲŏŏűŌơŧĶŦŎ 

ĶŧŘŌŘŭŉŊŦŜŘŜŖŲŏŏűŌơŧĶŦŎ d űŐƩŎĶŧŘŌŪŹŘťŉŦŏķŢļŅŧŎŘŧĶűĹŚŬŹŢŎŚļĽŧĶŊžŧŲŠŎơļűŘũŹŖŊƢŎĶơŢŎŌŪŹ

ĽťŖŪŲŘļĶŘťŌžŧŵŐŗŦļŊžŧŲŠŎơļşŭŉŌƢŧŗŌŪŹŖŪŲŘļĶŘťŌžŧŲŚƢŜŉŦļŘŮŐŌŪŹ 1-05 ŋƢŧųĹŘļşŘƢŧļŌŪŹŜŧļŢŗŮơŏŎŅŧŎ
ŘŧĶűĶũŉĶŧŘŌŘŭŉŊŦŜŌŪŹŖŧĶűĶũŎĽťŌžŧŴŠƢűĶũŉŐƧłŠŧ ŊŦŜŢŗơŧļűĿơŎ ŐƧłŠŧĶŧŘűĿŬŹŢŖŊơŢķŢļœŬźŎŢŧĹŧŘűĶơŧ

ĶŦŏŢŧĹŧŘĶơŢşŘƢŧļŴŠŖơ ŐƧłŠŧĶŧŘŌŪŹŎźžŧŌũźļŵŖơŵŠŚŢŢĶŊŧŖŌŪŹŢŢĶŲŏŏŵŜƢűŎŬŹŢļĽŧĶĶŧŘŌŘŭŉŊŦŜ ŐƧłŠŧ

ĶŧŘŵŠŚķŢļŎźžŧőũŜŉũŎűķƢŧŖŧŴŎŊŦŜŢŧĹŧŘ ŲŚťŐƧłŠŧŉƢŧŎĹŜŧŖşŜŗļŧŖ űŐƩŎŊƢŎ  

 
ŘŮŐŌŪŹ 1-05 ĶŧŘŌŘŭŉŊŦŜŲŏŏűŌơŧĶŦŎķŢļŅŧŎŘŧĶŊŬźŎ 

ŢŧĹŧŘŏŧļĿŎũŉşŧŖŧŘŋŴĿƢļŧŎŵŉƢŋūļŲŖƢŜơŧĶŧŘŌŘŭŉŊŦŜĽťşŮļŖŧĶĶŸŊŧŖ ŢŧĹŧŘŏŧļŲŠơļŴŎűŖŬŢļ

űŖŸĶŀũųĶŌŘŭŉŊŦŜŚļűŌơŧĶŦŎŠŖŉ 0 űŖŊŘŲŊơĶŸŗŦļĹļŴĿƢļŧŎŢŗŮơ (Coduto 2001)  ĶŧŘŌŘŭŉŊŦŜŌŪŹŗŢŖŴŠƢŌŪŹŴĿƢ

űŐƩŎŲŎŜŌŧļŴŎĶŧŘŢŢĶŲŏŏŲşŉļŉŦļŊŧŘŧļŌŪŹ  1-/3 

(a)

(b)

(c)

d

ÑóÚäóÂÂ¬îÚâöĀäÈÂäñØČó ÑóÚäóÂìæòÈ×úÂĀäÈÂäñØČóĀæ­è

P



ŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

 84 

pornpot@sut.ac.th 

ŊŧŘŧļŌŪŹ  1-/3 ĹơŧĶŧŘŌŘŭŉŊŦŜŌŪŹŗŢŖŴŠƢŌŪŹŴĿƢŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶųŉŗŌŦŹŜŵŐ (Coduto 2001) 

ĿŎũŉųĹŘļşŘƢŧļ ĹơŧĶŧŘŌŘŭŉŊŦŜŌŪŹŗŢŖŴŠƢ &ŖũŚŚũűŖŊŘ' 

ŢŧĹŧŘşžŧŎŦĶļŧŎ /0 ŋūļ 3. &03 űŐƩŎĹơŧŌŪŹŴĿƢĶŦŎŖŧĶŌŪŹşŭŉ' 

ŢŧĹŧŘŢŭŊşŧŠĶŘŘŖŠŎŦĶ 03 ŋūļ 53 

şťœŧŎ 3. 

3.12.2 ĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎ 

ŴŎĶŧŘŢŢĶŲŏŏŅŧŎŘŧĶşžŧŠŘŦŏŘŢļŘŦŏųĹŘļşŘƢŧļűŘŧĽťŊƢŢļĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶ ŲŚť

ŊŘŜĽşŢŏŜơŧŅŧŎŘŧĶŌŘŭŉŊŦŜŴĶŚƢűĹŪŗļĶŦŎ ŉŦļŎŦźŎŴŎŌŧļŌřŞŃŪųĹŘļşŘƢŧļĽťŌŘŭŉŊŦŜűŌơŧĶŦŎ ŲŊơŴŎĹŜŧŖ

űŐƩŎĽŘũļŲŚƢŜĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŖŦĶĽťŵŖơŊŘļĶŦŏĹơŧĶŧŘŌŘŭŉŊŦŜŌŪŹŵŉƢĹžŧŎŜňŵŜƢ ŀūŹļĹŜŧŖŲŊĶŊơŧļŎŪź

űĶũŉķūźŎŵŉƢĽŧĶŠŚŧŗşŧűŠŊŭŵŉƢŲĶơ  

¶ ĿŦźŎŉũŎŢŧĽŵŖơşŖŹžŧűşŖŢŴŎŏŘũűŜňœŬźŎŌŪŹŀūŹļŴĿƢűŐƩŎŅŧŎŘŧĶŢŧĹŧŘ  

¶ ĹŜŧŖŲŊĶŊơŧļŘťŠŜơŧļŲŘļŌŪŹĶŘťŌžŧŊơŢŅŧŎŘŧĶŴŎşŕŧœĽŘũļĶŦŏŲŘļĶŘťŌžŧŌŪŹŴĿƢŢŢĶŲŏŏ - 

ŲŘļŴŎűşŧŴŎşŕŧœĽŘũļŌŪŹşŮļĶŜơŧŲŘļŌŪŹŢŢĶŲŏŏŵŜƢŖŧĶĽťŌžŧŴŠƢŅŧŎŘŧĶŎŦźŎŖŪĶŧŘŌŘŭŉŊŦŜşŮļ 

¶ şŦŉşơŜŎŘťŠŜơŧļŎźžŧŠŎŦĶŏŘŘŌŭĶĹļŌŪŹĶŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶĽŘŲŊĶŊơŧļĶŦŎŴŎŲŊơŚťűşŧ ú ĶŧŘ

ĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜĽťŴĿƢŎźžŧŠŎŦĶŏŘŘŌŭĶŘŜŖ &ŎźžŧŠŎŦĶŏŘŘŌŭĶĹļŌŪŹ ) ŎźžŧŠŎŦĶŏŘŘŌŭĶĽŘ' ŲŚƢŜ

ĽūļŢŢĶŲŏŏķŎŧŉķŢļŅŧŎŘŧĶ ŲŊơŴŎĹŜŧŖűŐƩŎĽŘũļųĹŘļşŘƢŧļŏŧļĿŎũŉŎŦźŎŖŦĶĽťŵŖơŵŉƢŘŦŏ

ŎźžŧŠŎŦĶŏŘŘŌŭĶĽŘŊŧŖŌŪŹŵŉƢŢŢĶŲŏŏŵŜƢ ŀūŹļŌžŧŴŠƢŅŧŎŘŧĶŌŪŹŢŢĶŲŏŏŵŜƢŘŦŏűľœŧťŎźžŧŠŎŦĶ

ŏŘŘŌŭĶĹļŌŪŹŌŘŭŉŊŦŜŖŧĶĶŜơŧŅŧŎŘŧĶŌŪŹŵŉƢŢŢĶŲŏŏŵŜƢŘŦŏűľœŧťŎźžŧŠŎŦĶŏŘŘŌŭĶĽŘűŐƩŎŠŚŦĶ 

¶ ķŎŧŉķŢļŅŧŎŘŧĶŌŪŹĶơŢşŘƢŧļĽŘũļ &as-built) ŲŊĶŊơŧļĽŧĶķŎŧŉŌŪŹŘťŏŭŵŜƢŴŎŲŏŏ 

 

ĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎ 
DdűŐƩŎĶŧŘŌŘŭŉŊŦŜŌŪŹŲŊĶŊơŧļĶŦŎķŢļŅŧŎŘŧĶşŢļŅŧŎ ĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎ

ŘŧĶŌŪŹŵŖơűŌơŧĶŦŎŎŪźĶơŢŴŠƢűĶũŉŐƧłŠŧŖŧĶĶŜơŧĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎűŎŬŹŢļĽŧĶĽťűĶũŉĶŧŘŏũŉűŏŪźŗŜķŢļ

ŢŧĹŧŘ ŀūŹļŌžŧŴŠƢĶžŧŲœļŘƢŧŜ ŐŘťŊŮŲŚťŠŎƢŧŊơŧļŊũŉķŦŉ űĶũŉĹŜŧŖŵŖơŎơŧŉŮŲŚťŵŖơşŏŧŗŴĽŲĶơőŮƢŢŗŮơŢŧŝŦŗ 

ŀūŹļŋƢŧŐŚơŢŗŴŠƢĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎűĶũŉķūźŎŵŐųŉŗŵŖơŠŗŭŉŢŧĽűĶũŉŐƧłŠŧĶŦŏĹŜŧŖŊơŢűŎŬŹŢļķŢļ

ųĹŘļşŘƢŧļŢŧĹŧŘŵŉƢ 

 

ŴŎĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŏŎŉũŎŌŪŹŢũŹŖŊŦŜŉƢŜŗŎźžŧŎŦźŎĽťűĶũŉĽŧĶĶŘťŏŜŎĶŧŘ 3 ĿŎũŉĹŬŢ 

¶ ĶŧŘŌŘŭŉŊŦŜŌŦŎŌŪ (Immediate settlement) ŠŘŬŢűŘŪŗĶŜơŧĶŧŘŌŘŭŉŊŦŜűŘũŹŖŲŘĶĽťűĶũŉŌŦŎŌŪ

ŠŚŦļĽŧĶŅŧŎŘŧĶŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŲŚƢŜ ĶŧŘŌŘŭŉŊŦŜŲŏŏŎŪźűŐƩŎĶŧŘŌŘŭŉŊŦŜųŉŗŐŘũŖŧŊŘķŢļ

ŉũŎŵŖơŖŪĶŧŘűŐŚŪŹŗŎŲŐŚļ 
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¶ ĶŧŘŌŘŭŉŊŦŜűŎŬŹŢļĽŧĶ Consolidation ŀūŹļűĶũŉŠŚŦļĽŧĶĶŧŘŌŘŭŉŊŦŜŌŦŎŌŪ űŐƩŎĶŧŘŌŘŭŉŊŦŜŌŪŹűĶũŉ 

excess pore-water pressure ŵŠŚŢŢĶŢŢĶĽŧĶűŎŬźŢŉũŎ 

¶ ĶŧŘŌŘŭŉŊŦŜŠŚŦļĽŧĶ Consolidation ŀūŹļűŘŪŗĶĶŦŎŜơŧœřŊũĶŘŘŖĶŧŘĹŬŏ (Creep) űĶũŉŠŚŦļĽŧĶŌŪŹ 

excess pore-water pressure űŐƩŎŝŮŎŗƥ 

 
ŘŮŐŌŪŹ 1-06 ĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶųŉŗŊŦźļşŖŖŭŊũŅŧŎŜơŧŉũŎŖŪœřŊũĶŘŘŖŢŗŮơŴŎĿơŜļŢũŚŧşŊũĶ &a) ŅŧŎŘŧĶŲŏŏ 

flexible (b) ŅŧŎŘŧĶŲŏŏ rigid 

3.12.3 ĶŧŘŌŘŭŉŊŦŜŌŦŎŌŪķŢļŅŧŎŘŧĶŏŎŉũŎűŠŎŪŗŜŢũŹŖŊŦŜ 

ĶŧŘĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜŌŦŎŌŪķŢļŅŧŎŘŧĶŏŎŉũŎűŠŎŪŗŜŢũŹŖŊŦŜĽťŴĿƢşŖĶŧŘķŢļ Janbu (1956) ú ŉŦļ

şŖĶŧŘŌŪŹ ųŉŗŉũŎűŠŎŪŗŜŢũŹŖŊŦŜűŖŬŹŢŖŪŠŎơŜŗŲŘļŖŧĶŘťŌžŧĽťŖŪĶŧŘűŐŚŪŹŗŎŘŮŐųŉŗŌŪŹŐŘũŖŧŊŘŵŖơ

űŐŚŪŹŗŎŲŐŚļűŎŬŹŢļĽŧĶŎźžŧŴŎĿơŢļŜơŧļķŢļŉũŎŗŦļŵŖơŋŮĶŘťŏŧŗŢŢĶŵŐ Ĺơŧ Poisson ratio, nķŢļŉũŎŴŎ

ĶŘňŪŎŪźĽťűŌơŧĶŦŏ .,3  

 
s

e
E

Bq
AAS 0

21=  &1,12' 

şžŧŠŘŦŏĹơŧ 
1AŲŚť 2A ĽťŠŧŵŉƢĽŧĶĶŘŧŔŴŎŘŮŐŌŪŹ 1-07 ŲŚť Ĺơŧ sE ųŉŗŐŘťŖŧňŲşŉļŴŎŊŧŘŧļŌŪŹ 
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ŘŮŐŌŪŹ 1-07 Ĺơŧ 

1AŲŚť 2AşžŧŠŘŦŏĹžŧŎŜň immediate settlement ųŉŗŴĿƢşŖĶŧŘŌŪŹ 1,12 &Christian and Carrier, 

1978) ú ĹŦŉŚŢĶĽŧĶ &Das /773' 

ŊŧŘŧļŌŪŹ 1-/4 œŧŘŧŖũűŊŢŘƥŌŪŹŴĿƢŴŎĶŧŘĹžŧŎŜňŲŏŏŢũŚŧşŊũĹķŢļŉũŎŊơŧļĿŎũŉ &Das /773' 

ĿŎũŉķŢļŉũŎ Modulus of elasticity (MN/m2) Nmgqqmlýq p_rgm 

Loose sand /.,13 ú 02,/3 .,0. ú .,2. 

Medium dense sand /5,03ú05,4. 0.25ú0.40 

Dense sand 34.50 ú 55.20 0.30ú0.45 

Silty sand 10.35ú17.25 0.20ú0.40 

Sand and gravel 69.00ú172.50 0.15ú0.35 

Soft clay 4.1ú20.7 0.20ú0.50 

Medium clay 20.7ú41.4 0.20ú0.50 

Stiff clay 41.4ú96.6 0.20ú0.50 

 

ĶŧŘĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŖŦĶĽťşŖŖŭŊũŜơŧ Stress şŦŖœŦŎōƥĶŦŏ strain űŐƩŎűşƢŎŊŘļ ŀūŹļűŐƩŎ

ĽŘũļŴŎĶŘňŪŌŪŹŲŘļŉŦŎŴŊƢŅŧŎŘŧĶŵŖơşŮļĽŎĶŘťŌŦŹļűĶũŉĶŧŘĹŘŧĶķŢļŉũŎŴŊƢŅŧŎŘŧĶ ŀūŹļŴŎŐƧĽĽŭŏŦŎĶŧŘ

ŜũűĹŘŧťŠƥŉƢŜŗĹŢŖœũŜűŊŢŘƥųŉŗŴĿƢŜũōŪŵŔŵŎŌƥŢũŚũűŖŎŊƥŵŉƢŲœŘơŠŚŧŗŖŧĶķūźŎ ŊŦŜŢŗơŧļųŐŘŲĶŘŖŌŪŹŴĿƢ
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ŜũűĹŘŧťŠƥŵŉƢŲĶơ PLAXIS, FLAC űŐƩŎŊƢŎ ĶŧŘĹžŧŎŜňŉƢŜŗŜũōŪŎŪźŎŦĶŝūĶŞŧĽťŝūĶŞŧűœũŹŖűŊũŖŵŉƢĽŧĶűŘŬŹŢļ

ĶŧŘŐŘťŗŭĶŊƥŴĿƢĹŢŖœũŜűŊŢŘƥŴŎļŧŎŜũŝŜĶŘŘŖ 

ĽťűŠŸŎŵŉƢŜơŧĶŧŘŌŘŭŉŊŦŜķŢļųĹŘļşŘƢŧļűŖŬŹŢŘŦŏŲŘļĶŘťŌžŧŎŦźŎűŐƩŎşũŹļŌŪŹŵŖơşŧŖŧŘŋŠŚŪĶűŚŪŹŗļŵŉƢ ŀūŹļŋƢŧ

ĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶŌŭĶŊŦŜŴŎŢŧĹŧŘűŐƩŎŵŐŢŗơŧļűŌơŧĶŦŎĽťŵŖơĶơŢŴŠƢűĶũŉŐƧłŠŧĶŦŏųĹŘļşŘƢŧļ ŲŊơ

ŠŧĶĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎŘŧĶűĶũŉķūźŎŵŖơűŌơŧĶŦŎĽťĶơŢŴŠƢűĶũŉŐƧłŠŧĶŧŘŲŊĶŘƢŧŜķŢļŢŧĹŧŘŵŉƢ &ŘŮŐŌŪŹ 

1-1.' ĶŘňŪŌŪŹŢŧĹŧŘŜŧļŢŗŮơŏŎĿŦźŎŉũŎŌŪŹŖŪĹŭňşŖŏŦŊũŌŧļĶŚŲŊĶŊơŧļĶŦŎűĿơŎşơŜŎŠŎūŹļŜŧļŢŗŮơŏŎŉũŎŢơŢŎ
ŲŊơŏŧļşơŜŎŜŧļŢŗŮơŏŎŉũŎŲķŸļ ŉŦļŘŮŐŌŪŹ 1-1/ 

 
ŘŮŐŌŪŹ 1-1. ŕŧœşűĶŊŀƥŲşŉļĶŧŘŲŊĶŘƢŧŜķŢļŢŧĹŧŘűŎŬŹŢļĽŧĶĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎ (Teng 1984) 

 
ŘŮŐŌŪŹ 1-1/ ŊŦŜŢŗơŧļĶŧŘűĶũŉĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűŌơŧĶŦŎķŢļŢŧĹŧŘŌŪŹŜŧļŢŗŮơŏŎŉũŎŊơŧļĿŎũŉ &Teng /762' 

ŘŢŗŲŊĶŘƢŧŜŌŪŹűĶũŉķūźŎŴŎűŎŬźŢĹŢŎĶŘŪŊŎŦźŎűŐƩŎűŘŬŹŢļŐĶŊũ ŀūŹļŢŧĽŵŖơŵŉƢűĶũŉĽŧĶĶŧŘŌŘŭŉŊŦŜķŢļŅŧŎ

ŘŧĶŢŧĹŧŘ ŊŦŜŢŗơŧļűĿơŎĿũźŎşơŜŎŢŧĹŧŘĹŢŎĶŘŪŊķŎŧŉŴŠłơŢŧĽűĶũŉŘŢŗŘƢŧŜķūźŎűŎŬŹŢļĽŧĶĶŧŘŠŉŊŦŜ

ķŢļĹŢŎĶŘŪŊŠŧĶŵŖơŵŉƢŢŢĶŲŏŏŠŘŬŢĶơŢşŘƢŧļŢŗơŧļűŠŖŧťşŖ ŀūŹļĶŧŘŲŊĶŘƢŧŜųŉŗĶŧŘŠŉŊŦŜķŢļ

ĹŢŎĶŘŪŊĽťŲŊĶŘƢŧŜŢŗơŧļŵŖơŖŪŘŮŐŲŏŏ ŲŚťŐŚŧŗķŢļŘŢŗŘƢŧŜŢŧĽĽťŠŗŭŉĶơŢŎŌŪŹĽťŋūļķŢŏķŢļĶžŧŲœļ

ŉŦļŘŮŐŌŪŹ 1-10 

(a) (b) (c)

ДОГДϥУИЮЊШжОϸϹУϲ

ОУϵУДЈДЩЅ

ЅХЊЯϳеϸМДШОМХЊ

ЅХЊОϤОЊ
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ŘŮŐŌŪŹ 1-10 ŘŮŐŘŢŗŘƢŧŜŴŎőŎŦļķŢļŢŧĹŧŘŌŪŹŵŖơŵŉƢűĶũŉĽŧĶĶŧŘŌŘŭŉŊŦŜŌŪŹŲŊĶŊơŧļĶŦŎķŢļŅŧŎŘŧĶ &Teng /762' 

3.13 ŊŦŜŢŗơŧļĶŧŘĹžŧŎŜň 

ŊŦŜŢŗơŧļŌŪŹ 3,3 úŅŧŎŘŧĶŘŦŏŲŘļŵŖơűŗŬźŢļŝŮŎŗƥ* űŐŘŪŗŏűŌŪŗŏŘťŠŜơŧļőŚĶŧŘŌŉşŢŏĶŦŏőŚĶŧŘ

ĹžŧŎŜň 

ĽļűŐŘŪŗŏűŌŪŗŏőŚĶŧŘĹžŧŎŜň Ultimate bearing capacity ĽŧĶŌřŞŃŪĶŦŏőŚĶŧŘŌŉşŢŏĽŘũļųŉŗ 

H. Muhs ŀūŹļŌžŧĶŧŘŌŉşŢŏŅŧŎŘŧĶŉŦļŘŮŐŵŉƢ 2kN/m 1863=ultq  

 
( )( ) 2kN/m 66.45.031.9 ===Dq g  

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 
a7.42=j  5.101=cN  7.94=qN  6.176=gN  

Shape factor - ( )7.42tan
0.2

5.0
1 ö

÷

õ
æ
ç

å
+=qs  

23.1=qs  

ö
÷

õ
æ
ç

å
-=

0.2

5.0
4.01gs  

9.0=gs  

Depth factor  

ŴĿƢ BŲŚťL  

- 0.15.0/5.0/ ¢=BD  

( ) ö
÷

õ
æ
ç

å
-+=

5.0

5.0
)7.42sin1(7.42tan21 2

qd  

19.1=qd  

0.1=gd  

ŲŌŎĹơŧŴŎşŖĶŧŘ 

 ( ) ( )gggg dsNBdsqNq qqqult 5.0+=  

 ( )( )( )( )( ) ( )( )( )( )( )( )0.19.06.17631.95.05.019.123.17.9466.4 +=ultq  

 2kN/m 8.10159.3699.645 =+=ultq  

ДОГДϥУИЈЦжОУϹвВϤвЅϥ

ЮϲХЅϹУϲЁУЊДУϲЈДЩЅ

0
.5

0

2.00

PLAN

SECTION

0
.5

0

a7.42=¡j

 0=¡c

3kN/m 31.9=soilg

kN 1863resulttest =V

0.50
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ĽťűŠŸŎŵŉƢŜơŧĹơŧŌŪŹŵŉƢĽŧĶĶŧŘĹžŧŎŜňĽťŎƢŢŗĶŜơŧőŚĶŧŘŌŉşŢŏ űŎŬŹŢļĽŧĶ j ŎŦźŎŵŉƢĽŧĶőŚĶŧŘ

ŌŉşŢŏ Triaxial ŲŊơœřŊũĶŘŘŖķŢļŉũŎĽŘũļŢŗŮơŴŎşŕŧœ Plane strain Ĺơŧ jŌŪŹŵŉƢĽŧĶĶŧŘŌŉşŢŏĽūļŊŹžŧ

ĶŜơŧĹŜŧŖűŐƩŎĽŘũļ ŲŊơşžŧŠŘŦŏĶŧŘŢŢĶŲŏŏ űŘŧŖŦĶĽťŴĿƢőŚĶŧŘŌŉşŢŏ triaxial ųŉŗŊŘļőŚŌŪŹŵŉƢĽūļŢŗŮơ

ŴŎŉƢŧŎŐŚŢŉŕŦŗ 

ŊŦŜŢŗơŧļŌŪŹ 3,4 ú ŅŧŎŘŧĶŘŦŏŲŘļŵŖơűŗŬźŢļŝŮŎŗƥ ŲŘļĶŘťŌžŧűŢŪŗļŌžŧŖŭŖĶŦŏŲŎŜŉũŹļ &ŖŪŲŘļ

ŉƢŧŎķƢŧļĶŘťŌžŧ' 

ĽŧĶŘŮŐŅŧŎŘŧĶŌŪŹŴĿƢŌŉşŢŏ ĽļĹžŧŎŜň Bearing capacity ŲŚƢŜŎžŧőŚŌŪŹŵŉƢŖŧűŐŘŪŗŏűŌŪŗŏĶŦŏőŚ

ĶŧŘŌŉşŢŏŉŦļŊŧŘŧļ &Bowles /774'  

 
( ) kN 382=

ultLH  
( ) kN 1060=

ultLV  

( )( ) 2kN/m 7.45.043.9 ===Dq g  
 
ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 

a47=j  6.173=cN  2.187=qN  6.403=gN  

Shape 

factor 

- ( )47tan
0.2

5.0
1+=qs  

27.1=qs  

ö
÷

õ
æ
ç

å
-=

0.2

5.0
4.01gs  

9.0=gs  

Depth 

factor 

- 0.15.0/5.0/ ¢=BD  

( ) ö
÷

õ
æ
ç

å
-+=

5.0

5.0
)47sin1(47tan21 2

qd  

15.1=qd  

0.1=gd  

Inclination 

factor 

- ( )
( )

2.1
5.0/21

5.0/22
=

+

+
=Lm  

( )()() ( )

2.1

47cot025.01060

382
1 öö

÷

õ
ææ
ç

å

+
-=qi  

58.0=qi  

( )()() ( )

37.0

47cot025.01060

382
1

2.2

=

öö
÷

õ
ææ
ç

å

+
-=

g

g

i

i  

ŲŌŎĹơŧŴŎşŖĶŧŘ 

 ( ) ( )ggggg idsNBidsqNq qqqqult 5.0+=  

 ( )( )( )( )( )( ) ( )( )( )( )( )( )( )37.00.19.06.40343.95.05.058.015.127.12.1877.4 +=ultq  

0
.5

0

2.00

382 kN

PLAN SECTION

0
.5

0

382 kN

1060 kN

a47=¡j

 0=¡c

3kN/m 43.9=soilg
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 2kN/m 1.10628.3163.745 =+=ultq  

ĽťűŠŸŎŵŉƢŜơŧőŚŌŪŹŵŉƢĽŧĶĶŧŘĹžŧŎŜňųŉŗşŖĶŧŘ Bearing capacity ŴŠƢőŚŵŖơŲŊĶŊơŧļĽŧĶőŚĶŧŘ

ŌŉşŢŏŴŎĶŘňŪŌŪŹŲŘļĶŘťŌžŧűŢŪŗļ 

ŊŦŜŢŗơŧļŌŪŹ 3,5 ú ŅŧŎŘŧĶŘŦŏŲŘļŴŎŲŎŜŲĶŎ ) ųŖűŖŎŊƥŉŦŉ &ŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ' 

ŅŧŎŘŧĶŘŦŏŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ ú ŅŧŎŘŧĶŘŮŐşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşķŎŧŉ /,6³/,6 m ŘŢļŘŦŏűşŧŢŧĹŧŘ

ŌŪŹŖŪŲŘļĶŉ /6.. kN ŲŚťŖŪųŖűŖŎŊƥŉŦŉm-kN 450=xM , m-kN 360=yM ĶŘťŌžŧ ŋƢŧŅŧŎŘŧĶŒƧļŢŗŮơŌŪŹ

ĹŜŧŖŚūĶ /,6 m ŲŚťŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŌŪŹĹŜŧŖŚūĶ 4,/ m ĽŧĶőũŜŉũŎ ĽļĹžŧŎŜň Ultimate bearing 

capacity 

 
 

ĹžŧŎŜňŘťŗťűŗŬźŢļŝŮŎŗƥķŢļŲŘļ 

 m 25.0
1800

450
==xe  m 3.06/8.1 =<   ŀūŹļŢŗŮơŴŎ kern zone  

 m 20.0
1800

360
==ye  

ĹũŉŜơŧűŐƩŎŅŧŎŘŧĶŴŠŖơųŉŗŖŪķŎŧŉŅŧŎŘŧĶŐŘťşũŌōũőŚĹŬŢ 

 ( ) m 3.125.028.1 =-=¡B  

 ( ) m 4.120.028.1 =-=¡L  

ŠŎơŜŗŲŘļĶŉŌŦŏűŠŎŬŢŅŧŎŘŧĶ 

 ()( ) 2kN/m 4.328.118 ===Dq g  

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 
a36=j  6.50=cN  8.37=qN  3.56=gN  

Shape 

factor 
ö
÷

õ
æ
ç

å
+=

6.50

8.37

4.1

3.1
1cs  

69.1=cs  

( )36tan
4.1

3.1
1+=qs  

67.1=qs  

ö
÷

õ
æ
ç

å
-=

4.1

3.1
4.01gs  

63.0=gs  

Depth 

factor  ( ) ( )36tan6.50

25.11
25.1

-
-=cd  0.18.1/8.1/ ¢=BD  0.1=gd  

a36=¡j

kPa 20=¡c

3kN/m 18=soilg

1
.8

0

1.80

1
.8

0

kN 1800=V

m-kN 450=xM

m-kN 360=yM

x

y
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ŴĿƢ BŲŚťL  25.1=cd  () ö
÷

õ
æ
ç

å
-+=

8.1

8.1
)36sin1(36tan21 2

qd  

25.1=qd  

ŲŌŎĹơŧŴŎşŖĶŧŘ 

 
( ) ( ) ( )

( )( )( )( )( )( )( )( )( )( ) ( )()( )( )( )( )

2kN/m 5.51094156.25569.2137

0.163.03.56183.15.025.167.18.374.3225.169.16.5020

5.0

=++=

++=

¡++= gggg dsNBdsqNdscNq qqqcccult

 

 2kN/m 1703
3

5.5109
==allowq  

 
( )( )

32 kN/m 1703kN/m 899
4.13.1

1800
<==loadq  

ŊŦŜŢŗơŧļŌŪŹ 3,6 ú ŅŧŎŘŧĶŘŦŏŲŘļŴŎŲŎŜŲĶŎ ųŉŗĹžŧŎūļŋūļőŚĶŘťŌŏűŎŬŹŢļĽŧĶŎźžŧŴŊƢŉũŎ  

ŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦş 0,3m ŘŦŏŲŘļŵŖơűŗŬźŢŝŮŎŗƥŜŧļŢŗŮơŴŎĿŦźŎŉũŎŌŘŧŗŉŦļŘŮŐ ĽļĹžŧŎŜň Ultimate 

bearing capacity  

 
 

ĽŧĶŘŮŐŊŦŉĽťűŠŸŎŜơŧŘťŉŦŏŎźžŧŴŊƢŉũŎĽťŢŗŮơŴŎşơŜŎŜũŏŦŊũŌŪŹűŐƩŎŚũŹŖŉŦļŎŦźŎĽťŊƢŢļűľŚŪŹŗŠŎơŜŗŎźžŧŠŎŦĶķŢļ

ŚũŹŖ ŀūŹļŌžŧŵŉƢ 0 ŜũōŪĹŬŢ űľŚŪŹŗųŉŗŴĿƢŘťŗťĹŜŧŖŚūĶŠŘŬŢœŬźŎŌŪŹ 

/, űľŚŪŹŗųŉŗŴĿƢŘťŗťĹŜŧŖŚūĶ (Das 1995) 

 ( )
B

ddB
avg

gg
g

+-¡
=  

 ( )( )( )( ) 3kN/m 1.13
5.2

85.01.1885.05.28.93.20
=

+--
=avgg  

2. űľŚŪŹŗųŉŗŴĿƢœŬźŎŌŪŹ &Bowles /774' 

 ( )
( )

2

2

2
2

H

dH

H

d
dHavg

-
¡+-= ggg  

 ( )( )( )
( )
( )

( )
( )
( )2

2

2
401.2

85.0401.2
8.93.20

401.2

85.0
85.0401.221.18

-
-+-=avgg

 

 3kN/m 9.14=avgg  

3kN/m 10.18=wetg

a35=j

0=c

1
.1

0
0

.8
5

2
.4

0
1

3kN/m 3.20=satg
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ĽťűŠŸŎŜơŧĹơŧűľŚŪŹŗŠŎơŜŗŎźžŧŠŎŦĶŖŪĹơŧŊơŧļĶŦŎ ( ) %7.131.13/1001.139.14 =³-  

ĹžŧŎŜňŠŎơŜŗŲŘļĶŉŌŦŏ  

( )( ) 2kN/m 9.191.11.18 ===Dq g  
ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 

a35=j  1.46=cN  3.33=qN  48=gN  

Shape factor - ()35tan
5.2

5.2
1+=qs  

57.1=qs  

ö
÷

õ
æ
ç

å
-=

5.2

5.2
4.01gs

 

6.0=gs  

Depth factor  - 0.15.2/1.1/ <=BD  

() ö
÷

õ
æ
ç

å
-+=

5.2

1.1
)35sin1(35tan21 2

qd  

11.1=qd  

0.1=gd  

ŲŌŎĹơŧŴŎşŖĶŧŘ 

/, ŋƢŧŴĿƢ 3kN/m 1.13=avgg  

 ( ) ( )gggg dsNBdsqNq avgqqqult 5.0+=  

 ( )( )( )( )( ) ( )( )()( )( )( )0.16.0481.135.25.011.157.13.339.19 +=ultq  

 2kN/m 4.16266.4718.1154 =+=ultq  

0, ŋƢŧŴĿƢ 3kN/m 9.14=avgg  

 ( )( )( )( )( ) ( )( )()( )( )( )0.16.0489.145.25.011.157.13.339.19 +=ultq  

 2kN/m 2.16914.5368.1154 =+=ultq  

ĹơŧŲŊĶŊơŧļķŢļ 
ultq  ŌŪŹĹžŧŎŜňųŉŗşŢļŜũōŪĹŬŢ ( ) %98.34.1626/1004.16262.1691 =³- ŀūŹļĽť

şŦļűĶŊűŠŸŎŵŉƢŜơŧŲŊĶŊơŧļĶŦŎŎƢŢŗŖŧĶ ŉŦļŎŦźŎĽťűŚŬŢĶŴĿƢŜũōŪŴŉĶŸŵŉƢķūźŎŢŗŮơĶŦŏŜũĽŧŘňłŧňķŢļőŮƢĹžŧŎŜň 

ŊŦŜŢŗơŧļŌŪŹ 3,7 - ŅŧŎŘŧĶŘŦŏŲŘļŵŖơűŗŬźŢļŝŮŎŗƥŴŎşŕŧŜťŘťŏŧŗŎźžŧŲŚťŵŖơŘťŏŧŗŎźžŧ 

ŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖőŬŎőƢŧĶŜƢŧļ 0,3m ŗŧŜ 1,3m ŚūĶĽŧĶőũŜŉũŎ /,5m ŜŧļŢŗŮơŴŎĿŦźŎŉũŎűŠŎŪŗŜŢũŹŖŊŦŜ

ŀūŹļŖŪŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŌŪŹ /,0m ĽŧĶőũŜŉũŎ ĽļĹžŧŎŜň Gross ultimate bearing capacity ŲŚť Net 

ultimate bearing capacity ŴŎşŕŧŜťŘťŏŧŗŎźžŧŲŚťŵŖơŘťŏŧŗŎźžŧ 
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ÂäÔöØöć Ɨ şŕŧŜťŵŖơŘťŏŧŗŎźžŧ 

 ( )( ) 2kN/m 6.367.15.21 ===Dq g  

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ - şŕŧŜťŵŖơŘťŏŧŗŎźžŧ 
a0=j  14.5=cN  0.1=qN  0.0=gN  

Shape 

factor 
ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
+=

14.5

0.1

5.3

5.2
1cs  

14.1=cs  

()0tan
5.3

5.2
1+=qs  

0.1=qs  

 

- 

Depth 

factor  

 

ö
÷

õ
æ
ç

å
+=

5.2

7.1
4.01cd  

27.1=cd  

0.1=qd   

- 

 

ŋƢŧŵŖơĹũŉőŚűŎŬŹŢļĽŧĶŘťŗťŒƧļķŢļŅŧŎŘŧĶ 

 () ()qqccuult sqNsNsq +=  

 ()( )( )( )( )( )0.10.16.3614.114.565 +=ultq  

 2kN/m 5.4176.369.380 =+=ultq  

ŴŎĶŘňŪŌŪŹĹũŉőŚűŎŬŹŢļĽŧĶŘťŗťŒƧļķŢļŅŧŎŘŧĶ 

 ( ) ( )qqqcccuult dsqNdsNsq +=  

 ()( )( )( )( )( )( )( )( )( )0.10.10.16.3627.114.114.565 +=ultq  

 2kN/m 3.5206.367.483 =+=ultq  

ĹŜŧŖŲŊĶŊơŧļķŢļ 
ultq  űŖŬŹŢĹžŧŎūļŋūļŘťŗťŒƧļŴŎşŕŧŜťŵŖơŘťŏŧŗŎźžŧ   

 ( ) %6.245.417/1005.4173.520 =³-   
ÂäÔöØöć Ƙ şŕŧŜťŘťŏŧŗŎźžŧ 

şŖŖŭŊũŜơŧŉũŎŴŊƢŅŧŎŘŧĶűŐƩŎŉũŎŲŏŏ Incompressible ŉŦļŎŦźŎĶŧŘŜũŏŦŊũŗŦļĹļűŐƩŎŲŏŏ general shear 

failure ĽūļŵŖơŚŉĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎ ĶŘňŪşŕŧŜťŘťŏŧŗŎźžŧŊƢŢļŴĿƢ effective stress 

3.50

PLAN

1
.7

0

SECTION

1
.2

0

3kN/m 8.9=wg

a27=¡j kPa 3=¡c

3kN/m 5.21=satg

II. Drained

I. Undrained
a0=j kPa 65=us

2
.5

0
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( )( )( )( ) 2kN/m 7.315.08.97.15.21 =-=¡q  

( ) 2kN/m 7.118.95.21 =-=¡g  
ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ - şŕŧŜťŘťŏŧŗŎźžŧ 

a27=¡j  9.23=cN  2.13=qN  47.14=gN  

Shape 

factor 
ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
+=

9.23

2.13

5.3

5.2
1cs  

39.1=cs  

( )27tan
5.3

5.2
1 ö

÷

õ
æ
ç

å
+=qs  

36.1=qs  

ö
÷

õ
æ
ç

å
-=

5.2

5.2
4.01gs

 

71.0=gs  

Depth 

factor  

 

( ) ( )27tan9.23

21.11
21.1

-
-=cd  

22.1=cd  

0.15.3/5.2/ ¢=BD  

ö
÷

õ
æ
ç

å
-+=

5.2

7.1
)27sin1)(27tan(21 2

qd  

21.1=qd  

 

0.1=gd  

 

ŋƢŧŵŖơĹũŉőŚűŎŬŹŢļĽŧĶŘťŗťŒƧļķŢļŅŧŎŘŧĶ  

 () () ()ggg sNBsqNscNq qqccult
¡++= 5.0  

 ()( )( )( )( )( ) ( )( )( )( )71.047.147.115.25.036.12.137.3139.19.233 ++=ultq  

 2kN/m 8196.961.5697.99 =++=ultq  

ŴŎĶŘňŪŌŪŹĹũŉőŚűŎŬŹŢļĽŧĶŘťŗťŒƧļķŢļŅŧŎŘŧĶ 

 ( ) ( ) ( )gggg dsNBdsqNdscNq qqqcccult
¡++= 5.0  

 ()( )( )( )( )( )( )( )( )( ) ( )( )( )( )( )( )0.171.047.147.115.25.021.136.12.137.3122.139.19.233 ++=ultq  

 2kN/m 4.9606.966.6886.121 =++=ultq  

ĹŜŧŖŲŊĶŊơŧļķŢļ 
ultq  űŖŬŹŢĹžŧŎūļŋūļŘťŗťŒƧļŴŎşŕŧŜťŘťŏŧŗŎźžŧ ( ) %3.17819/1008194.960 =³-   

ŊŦŜŢŗơŧļŌŪŹ 3,8 úŅŧŎŘŧĶŘŦŏŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ &Barnes 0...' 

ŅŧŎŘŧĶŉŦļŘŮŐŘŦŏŲŘļĽŧĶųĹŘļşŘƢŧļ 63. kN ŀūŹļűŗŬźŢļŝŮŎŗƥ .,4m ŊŧŖŲĶŎŗŧŜķŢļŅŧŎŘŧĶ Ľļ

ĹžŧŎŜň Ultimate bearing capacity ŲŚť Factor of safety against general shear failure 

 
ŲŘļĶŉŴŎŲŎŜŉũŹļűŎŬŹŢļĽŧĶŉũŎŋŖ  

( )( )( )( ) kN 1.2905.195.35.27.1 ==fillV  

3.50

2
.5

0

PLAN

0.60

1
.7

0

SECTION

850 kN

1
.2

0

3kN/m 8.9=wg
a27=¡j

kPa 3=¡c

3kN/m 5.19=g
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0=S centerM  

 ( )( )( )Le1.2908506.0850 +=  

 m 45.0=Le  

ĹơŧĹŜŧŖĶŜƢŧļŲŚťĹŜŧŖŗŧŜŐŘťşũŌōũőŚ 

() m 5.2025.2 =-=¡B  

( ) m 6.245.025.3 =-=¡L  
ŠŎơŜŗŲŘļĶŉŌŦŏűŠŎŬŢŅŧŎŘŧĶ 

( )( )( )( ) 2kN/m 3.285.08.95.192.15.19 =-+=¡q  
 

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 
a27=j  9.23=cN  2.13=qN  5.14=gN  

Shape 

factor 
ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
+=

9.23

2.13

6.2

5.2
1cs  

53.1=cs  

( )27tan
6.2

5.2
1+=qs  

49.1=qs  

ö
÷

õ
æ
ç

å
-=

6.2

5.2
4.01gs

 

62.0=gs  

Depth 

factor  

ŴĿƢ BŲŚťL  

( ) ( )27tan9.23

21.11
21.1

-
-=cd  

22.1=cd  

0.15.2/7.0/ <=BD  

( ) ö
÷

õ
æ
ç

å
-+=

5.2

7.1
)27sin1(27tan21 2

qd  

21.1=qd  

0.1=gd  

ĹžŧŎŜň Bearing capacity 

 ( ) ( ) ( )gggg dsNBdsNqdscNq qqqcccult
¡¡+¡+= 5.0  

 ()( )( )( )( )( )( )( )( )( ) ( )( )( )( )( )( )0.162.05.148.95.195.25.021.149.12.133.2822.153.19.233 -++=ultq  

 2kN/m 3.9161095.6738.133 =++=ultq  

Net ultimate bearing capacity 

 ( ) 2kN/m 8883.283.916 =-=
netultq  

ŠŎơŜŗŲŘļűŎŬŹŢļĽŧĶŲŘļĶŘťŌžŧ 

 ( )
( )( )

2kN/m 7.130
6.25.2

850
==

loadultq < 2kN/m 888   OK! 

 

ŊŦŜŢŗơŧļŌŪŹ ƙ,Ɵ ú ĹžŧŎŜň bearing capacity ķŢļŅŧŎŘŧĶŘŦŏŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ 

 ŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşķŎŧŉ /,3 űŖŊŘ ³ /,3 űŖŊŘ ŖŪŲŘļĶŘťŌžŧűŗŬźŢļŝŮŎŗƥ 3.0=Le űŖŊŘ ŲŚť 

5.0=Be űŖŊŘ ĽļĹžŧŎŜň Ultimate bearing capacity 
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ųĽŌŗƥķƢŢŎŪźĶžŧŠŎŉĹơŧűŗŬźŢļŝŮŎŗƥŖŧŴŠƢŲŚƢŜĽūļŎžŧŖŧŴĿƢĹžŧŎŜň B¡ŲŚť L¡ ŵŉƢűŚŗ 

 ( ) m 2.115.025.1 =-=¡B   

 ( ) m 9.03.025.1 =-=¡L  

 ()( ) 2kN/m 6.127.018 ===Dq g  

ĹžŧŎŜňĹơŧ Bearing capacity factor ŲŚťĹơŧŐŘŦŏŲĶƢ 
a30=j  1.30=cN  4.18=qN  4.22=gN  

Shape factor - ()30tan
2.1

9.0
1+=qs  

43.1=qs  

ö
÷

õ
æ
ç

å
-=

2.1

9.0
4.01gs  

7.0=gs  

Depth factor  

ŴĿƢ BŲŚťL  

- 0.15.1/7.0/ <=BD  

( ) ö
÷

õ
æ
ç

å
-+=

5.1

7.0
)30sin1(30tan21 2

qd  

13.1=qd  

0.1=gd  

ŲŌŎĹơŧŴŎşŖĶŧŘ 

 ( ) ( )gggg dsNBdsqNq qqqult
¡+= 5.0  

 ( )( )( )( )( ) ( )()( )( )( )( )0.17.04.22189.05.013.143.14.186.12 +=ultq  

 2kN/m 6.5011276.347 =+=ultq  

 ( )( )( )( ) 2kN/m 541.70.92.1 6.501 ==¡¡= LBqQ ultult
 

ŊŦŜŢŗơŧļŌŪŹ 3,10  - Bearing capacity ķŢļŅŧŎŘŧĶŴŎŉũŎűŠŎŪŗŜŲķŸļŜŧļŊŦŜŢŗŮơŏŎĿŦźŎŉũŎ

űŠŎŪŗŜŢơŢŎ  

ĽŧĶŘŮŐŅŧŎŘŧĶķŎŧŉ 1.5 m³1 m ŜŧļŢŗŮơŌŪŹŘťŉŦŏ 1 m ĽŧĶőũŜŉũŎŴŎĿŦźŎŉũŎűŠŎŪŗŜ ŀūŹļŜŧļŢŗŮơŏŎĿŦźŎ

ŉũŎűŠŎŪŗŜŀūŹļŢŗŮơŚūĶŚļŵŐĽŧĶŘťŉŦŏŅŧŎŘŧĶűŐƩŎŘťŗť 1 m ĽļĹžŧŎŜň Allowable bearing capacity ŋƢŧ

ŴĿƢşŦŉşơŜŎŐŚŢŉŕŦŗűŌơŧĶŦŏ 4  

1
.5

0

1.50

0.5

0
.3

0

0
.7

0

a30=¡j

0=¡c

3kN/m 18=soilg
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ŴŎĶŘňŪŎŪź ĶžŧŚŦļķŢļŉũŎűŠŎŪŗŜĿŦźŎŌŪŹŢŗŮơŚūĶŚļŖŧŊŹžŧĶŜơŧĿŦźŎŏŎ ĽūļŖŪųŢĶŧşŌŪŹŉũŎĿŦźŎŏŎĽťŋŮĶűľŬŢŎ

ŌťŚŭŚļŖŧĽŎűĶũŉĶŧŘŜũŏŦŊũķūźŎŴŎŉũŎűŠŎŪŗŜĿŦźŎŚơŧļ ĽūļŴĿƢşŖĶŧŘ  

 
f

a
cuult D

B

Hc

L

B
Ns

L

B
q 1)2(

2
12.01 g+ö

÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
++ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
+=  

ŲŚťĽťŊƢŢļŖŪĹơŧŵŖơűĶũŎ 

 
fcuult DNs

L

B
q 1)1(2.01 g+ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
+=  

ŠŧĹơŧ ac  ĽŧĶĶŘŧŔ ųŉŗĽŧĶĹơŧ 4.012/8.4/ )1()2( ==uu ss  ŵŉƢĹơŧ 9.0/ )1( =ua sc  ŉŦļŎŦźŎ 

 () 2 t/m8.10129.0 ==ac  

/,0 ŲŌŎĹơŧŚļŴŎşŖĶŧŘ 

 ( )( )
( )()

( )()168.1
1

18.102

5.1

1
114.58.4

5.1

1
2.01 +ö

÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
++ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
+=ultq  

 2 t/m6.6568.13696.27 =++=ultq  

ŊŘŜĽşŢŏŜơŧűĶũŎĶŜơŧşŖĶŧŘŌŪŹ 0 ŠŘŬŢŵŖơ 

 ()( )( )()168.114.512
5.1

1
2.01 +ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
+=ultq   

 22  t/m6.65 t/m6.7168.19.69 >=+=ultq  ŴĿƢ 2 t/m6.65=ultq  

 2 t/m4.16
4

6.65
===

FS

q
q ult

allow
 

ŊŦŜŢŗơŧļŌŪŹ 3,11 ú ŅŧŎŘŧĶŴŎĿŦźŎŉũŎŌŘŧŗŌŪŹŌŦŏŉũŎűŠŎŪŗŜ 

ŊƢŢļĶŧŘşŘƢŧļŅŧŎŘŧĶşŪŹűŠŚŪŹŗŖőŬŎőƢŧķŎŧŉ /,.m ³1.5m ŴŎĿŦźŎŌŘŧŗŏŉŢŦŉŌŪŹŜŧļŢŗŮơŏŎĿŦźŎŉũŎ

űŠŎŪŗŜŉŦļŘŮŐ ĽļĹžŧŎŜň Ultimate bearing capacity 

1.0

1.0

Clay

3 t/m68.1=tg

Clay

2 t/m12=us

a0=j

3 t/m62.1=tg

2 t/m8.4=us
a0=j

1.50
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ĽŧĶŘŮŐŉũŎŴŊƢŅŧŎŘŧĶŖŪųŢĶŧşŌŪŹĽťŋŮĶűľŬŢŎĽŎŌťŚŭĽŎŌžŧŴŠƢŉũŎűŠŎŪŗŜĿŦźŎŚơŧļűĶũŉĶŧŘŜũŏŦŊũ 

ųŉŗĽŧĶŊŧŘŧļŌŪŹ 1-7 Ĺơŧ40j=  ĽťŵŉƢ64.2, 109.41qN Ng= =  

  ( )
( )()( )

1.0
41.109187.15.0

95.114.5
@  

ŠŧĹơŧ sk ĽŧĶĶŘŧŔ ŵŉƢĹơŧ 2.5sk º  

ŲŌŎĹơŧŴŎşŖĶŧŘ 

 ( )( ) ( )( )
( )
( )

( )
( )

( )( )0.187.1
0.1

40tan
5.2

2.1

0.12
12.187.1

5.1

0.1
114.595.1

5.1

0.1
2.01

2
+öö

÷

õ
ææ
ç

å
+ö

÷

õ
æ
ç

å
++öö

÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
+=ultq   

 2 t/m34.3887.111.2536.11 =++=ultq  

ŲŌŎĹơŧŴŎşŖĶŧŘŌŪŹ 0 

 
qult DNBN

L

B
q gg g+ö

÷

õ
æ
ç

å
-= 4.01

2

1  

 ( )( )( )( )( )( )2.640.187.141.1090.187.1
5.1

0.1
4.01

2

1
+ö

÷

õ
æ
ç

å
-=ultq  

 2 t/m07.19505.12002.75 =+=ultq  

ŊŦŜŢŗơŧļŌŪŹ 3,12 - ĶŧŘŌŘŭŉŊŦŜŌŦŎŌŪķŢļŅŧŎŘŧĶ 

ŅŧŎŘŧĶŲŏŏ flexible ĶŜƢŧļ 3m ŗŧŜ /.m ŘŦŏŲŘļĶŘťŌžŧĽŧĶųĹŘļşŘƢŧļŀūŹļĶơŢŴŠƢűĶũŉŲŘļŉŦŎŴŊƢŅŧŎŘŧĶűŌơŧĶŦŏ 

53kN/m2 

ŋƢŧ Undrained modulus ķŢļŉũŎűŠŎŪŗŜűŌơŧĶŦŏ 6 MN/m2 ĽļĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜűľŚŪŹŗķŢļŅŧŎŘŧĶŎŪź 

1.00

1.20

Sand

3 t/m87.1=tg

Clay

a40=j

2 t/m95.1=us

1.50

3 t/m87.1=tg
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25/10/ ==BL  ŲŚť 45/50/ ==BH   ĽŧĶĶŘŧŔŘŮŐŌŪŹ 1-07 ĽťŵŉƢĹơŧ 77.01@A  

ŲŚťĽŧĶ 4.05/2/ ==BD 94.02 @A  

ŲŌŎĹơŧŚļŴŎşŖĶŧŘ 

 
s

e
E

Bq
AAS 0

21=  

 ( )( )
()()
( )

( ) mm 341000
108

575
94.077.0

3
=

³
=eS  

 

3.14 ŲŏŏŒƚĶŠŦŉ 

1. ĽļĹžŧŎŜň Allowable bearing capacity ŴŎşŕŧŜťŵŖơŘťŏŧŗŎźžŧŲŚťşŕŧŜťŘťŏŧŗŎźžŧķŢļŅŧŎ

ŘŧĶŢŧĹŧŘşŧōŧŘňťŀūŹļŖŪķŎŧŉŲŚťŘťŗťŒƧļŉŦļŘŮŐųŉŗŅŧŎŘŧĶŖŪŲŘļĶŘťŌžŧŌŪŹŘťŉŦŏĶƢŎŅŧŎŘŧĶŉŦļŎŪź  

ŲŘļĶŘťŌžŧŴŎŲŎŜŉũŹļ    

ŲŘļĶŘťŌžŧŴŎŲŎŜŘŧŏŴŎŌũŝŌŧļķŎŧŎĶŦŏŲĶŎŗŧŜķŢļŅŧŎŘŧĶ   

ŴŠƢŎŦĶŝūĶŞŧĶžŧŠŎŉ Factor of safety űŢļųŉŗĽťŊƢŢļŢōũŏŧŗŜơŧŌžŧŵŖĽūļűŚŬŢĶŴĿƢĹơŧŎŪź, şŖŖŭŊũŜơŧĶŧŘ

ŜũŏŦŊũűŐƩŎŲŏŏ general shear failure  

 
 

 

2
0

m
2

m

2

0 kN/m 75=q

2MN/m 8=uE

 3.00

PLAN

1
.5

0

SECTION

3kN/m 10ºwg

a28=¡j kPa 0=¡c

3kN/m 20=totalg

II. Drained

I. Undrained
a0=j kPa 60=us

2
.0

0

H = 20 kN

H = 20 kN

V = 900 kN
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2. ĽļĹžŧŎŜň Allowable bearing capacity ķŢļŅŧŎŘŧĶűŖŬŹŢŖŪŲŘļĶŘťŌžŧŉŦļŘŮŐ 

 

 
 

 

1, ĽļĹžŧŎŜňĶŧŘŌŘŭŉŊŦŜŌŦŎŌŪķŢļŅŧŎŉŦļŘŮŐ ĶžŧŠŎŉŴŠƢ 2MN/m 30=E   ŲŚťĿŦźŎŉũŎŲķŸļŖŧĶŢŗŮơ

ŌŪŹ 0. űŖŊŘĽŧĶőũŜŉũŎ 

 
2, ĽŧĶŘŮŐĶŧŘŗĶŋŦļŐŮŎųŉŗŴĿƢŘŋűĹŘŎŎźžŧŠŎŦĶ / ŊŦŎ ųŉŗŌŪŹŘŋűĹŘŎŗŬŎŢŗŮơŏŎŅŧŎ ŌŪŹŖŪķŎŧŉűşƢŎőơŧŎ

ŝŮŎŗƥĶŚŧļ .,3 űŖŊŘ ĽļĹžŧŎŜň  

/, ŲŘļŉŦŎŌŪŹŘŋűĹŘŎĶŘťŌžŧŊơŢŉũŎ 

0, ŲŘļŊƢŧŎŌŧŎŊơŢŲŘļĶŘťŌžŧ &Ultimate bearing capacity' 

1, şŦŉşơŜŎŐŚŢŉŕŦŗŊơŢ bearing capacity failure 

2, ŋƢŧŅŧŎŘŢļŵŖơűœŪŗļœŢ ŲŚťĽťŊƢŢļŴĿƢŲőơŎűŠŚŸĶşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşŐŮŘŢļŴŊƢŅŧŎ ĽťŊƢŢļŴĿƢķŎŧŉ

űŌơŧŴŉ 

 

 

3.50

2
.5

0

PLAN

0.70

1
.7

0

SECTION

850 kN

1
.2

0

3kN/m 8.9=wg
a30=¡j

kPa 3=¡c

3kN/m 5.19=g

3.00

PLAN

1
.5

0

SECTION

2
.0

0

V = 900 kN

3.00

1
8

.5

ϻТзЊЅХЊЯϳеϸ
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ŘŮŐŌŪŹ 1-11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cohesion = 2 t/sq.m.
Friction angle = 20 deg

1 ton

14.053

5.800

ŲŘļŉŦŎŊơŢ 2 ŅŧŎŲŘļŉŦŎŊơŢ 2 ŅŧŎ

ŅŧŎĶŚŖ
űşƢŎőơŧŎŝŮŎŗƥĶŚŧļ 0.5űŖŊŘ



   

 4ŅŧŎŘŧĶűşŧűķŸŖ 

űşŧűķŸŖŎŦŏŜơŧűŐƩŎşơŜŎşžŧĹŦłķŢļųĹŘļşŘƢŧļŌŪŹşŦŖőŦşŉũŎųŉŗŊŘļ űşŧűķŸŖĽťŌžŧŠŎƢŧŌŪŹŋơŧŗŎźžŧŠŎŦĶ

ķŢļŢŧĹŧŘŚļşŮơŉũŎŌŪŹŘťŉŦŏŚūĶ ĶŘňŪŌŪŹĽťŊƢŢļŴĿƢűşŧűķŸŖŵŉƢŲĶơ 

¶ űŖŬŹŢĿŦźŎŉũŎŘťŉŦŏŊŬźŎŵŖơşŧŖŧŘŋŘŦŏŎźžŧŠŎŦĶķŢļŢŧĹŧŘŵŉƢ ŠŘŬŢűĶũŉŵŉƢĶŸŖŪĶŧŘŌŘŭŉŊŦŜŖŧĶűĶũŎŵŐ

űŖŬŹŢŖŪŎźžŧŠŎŦĶķŢļŢŧĹŧŘĶŉŌŦŏ ĽūļŊƢŢļŴĿƢűşŧűķŸŖŴŎĶŧŘŋơŧŗŎźžŧŠŎŦĶķŢļŢŧĹŧŘŚļşŮơĿŦźŎŉũŎŲķŸļ

ŌŪŹŢŗŮơŴŎŘťŉŦŏŚūĶ ŋƢŧĿŦźŎŉũŎŲķŸļŢŗŮơŚūĶŖŧĶŎźžŧŠŎŦĶĽťŋơŧŗŚļşŮơŉũŎŴŎŘŮŐķŢļŲŘļűşŪŗŉŌŧŎŌŪŹőũŜ

ķŢļűşŧűķŸŖ 

 
ŘŮŐŌŪŹ  2-/ űŐŘŪŗŏűŌŪŗŏŘťŠŜơŧļŠŎơŜŗŲŘļŴŊƢŅŧŎŘŧĶŊŬźŎĶŦŏŠŎơŜŗŲŘļŴŊƢŅŧŎŘŧĶűşŧűķŸŖ &Tomlinson /773' 

¶ űŖŬŹŢųĹŘļşŘƢŧļĽťŊƢŢļŘŦŏŲŘļŌŧļŉƢŧŎķƢŧļ ŠŘŬŢŖŪųŖűŖŎŊƥŉŦŉĽŧĶųĹŘļşŘƢŧļşơŜŎŏŎ űşŧűķŸŖ

ŢŧĽĽťŊƢŢļŋŮĶŢŢĶŲŏŏŴŠƢŘŦŏŵŉƢŌŦźļŲŘļŴŎŲŎŜŉũŹļŲŚťųŖűŖŎŊƥ ŀūŹļųĹŘļşŘƢŧļşơŜŎŴŠłơŴŎĶŘňŪŎŪź

ĽťűŐƩŎ ĶžŧŲœļĶŦŎŉũŎ &Retaining wall) ŠŘŬŢųĹŘļşŘƢŧļŌŪŹŊƢŢļŘŦŏŲŘļŚŖ ŠŘŬŢŲŘļűŎŬŹŢļĽŧĶ

ŲőơŎŉũŎŵŠŜ 

¶ űŖŬŹŢųĹŘļşŘƢŧļĽťŊƢŢļĶơŢşŘƢŧļŏŎ Expansive soil ŠŘŬŢ Collapsible soil ŀūŹļŖŪĹŜŧŖŠŎŧŖŧĶ 

Expansive soil ĽťœŢļŊŦŜűŖŬŹŢĹŜŧŖĿŬźŎŴŎŉũŎűœũŹŖķūźŎ ŋƢŧŴĿƢŅŧŎŘŧĶŲŏŏŊŬźŎĽťŌžŧŴŠƢųĹŘļşŘƢŧļ

űĶũŉĹŜŧŖűşŪŗŠŧŗŵŉƢ ĽūļŊƢŢļŴĿƢűşŧűķŸŖűœŬŹŢŋơŧŗŎźžŧŠŎŦĶŚļşŮơĿŦźŎŉũŎŌŪŹŵŖơŖŪĶŧŘœŢļŊŦŜ 

Backfill

ЯДϸϲДСЈлУ, q

Bulb of 

pressure

Ѕ
ХЊ
Ј
Цжв
В
ϤЇ
Ъϲ
Д
Ћ
ϲ
И
Њ

ЅХЊЈЦжЇЪϲДЋϲИЊ

ЅХЊЋДХЮИЄЍХИϳОϸ

ЮЛУЮϳеВЇЪϲЮϺШОЊ

Bulb of pressure 

for friction pile

ЋДХЮИЄЅХЊИХЋТІХ

ЅХЊЈЦжЇЪϲЯЈЊЈЦж

ЅϥИГЮЛУЮϳеВ

ЁУЊДУϲ

ЛЦжЮМЖЦжГВϹТІЩДТЛ

МЊϤИГЯДϸ = 10% 

ϳОϸЯДϸϲДСЈлУ q
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¶ ŴŎĶŘňŪŌŪŹųĹŘļşŘƢŧļŖŪŲŘļŋŢŎűĶũŉķūźŎűĿơŎųĹŘļşŘƢŧļűşŧşơļŵŔŔƝŧŠŘŬŢ ŢŧĹŧŘŠƢŢļŴŊƢŉũŎŌŪŹŖŪĽŖ

ŢŗŮơŴŊƢŘťŉŦŏŎźžŧŴŊƢŉũŎŀūŹļĽťŖŪŲŘļŚŢŗŊŦŜĶŘťŌžŧ ŌžŧŴŠƢŊƢŢļŴĿƢűşŧűķŸŖŗūŉųĹŘļşŘƢŧļŵŜƢűœŬŹŢ

ŊƢŧŎŌŧŎŲŘļŋŢŎ 

¶ űşŧűķŸŖķŢļşťœŧŎŀūŹļĶŧŘŵŠŚķŢļŎźžŧŢŧĽĶŦŉűŀŧťŉũŎŌŪŹŌƢŢļŎźžŧ ĽūļŊƢŢļŴĿƢűşŧűķŸŖűœŬŹŢŋơŧŗ

ŎźžŧŠŎŦĶşťœŧŎŚļşŮơĿŦźŎŉũŎŌŪŹŎźžŧĶŦŉűŀŧťŚļŵŐŵŖơŋūļ 

 

ŘŮŐŌŪŹ  2-0 ĹŜŧŖŲŊĶŊơŧļķŢļŅŧŎŘŧĶŊŬźŎŲŏŏŲőơ ŲŚťŅŧŎŘŧĶűşŧűķŸŖ 

 

ŘŮŐŌŪŹ  2-1 űşŧűķŸŖĶŚŭơŖŀūŹļŘŦŏŲŘļŴŎŲŎŜŲĶŎ ŲŘļŌŧļŉƢŧŎķƢŧļ ŲŚťųŖűŖŎŊƥŉŦŉŘơŜŖĶŦŎ 

ÑóÚäóÂÿëóÿÃĆâ ÑóÚäóÂÿëóÿÃĆâ 
Āæñì­îÈĂÖ­ÕõÚ

ÑóÚäóÂĀÝ¬

ÑóÚäóÂÿëóÿÃĆâ
ëČóìäòÛëñßóÚ

ËòĈÚÕõÚî¬îÚ

ËòĈÚÕõÚĀÃĆÈ

ЯДϸϲЅ

ЯДϸЅϥУЊϳϥУϸ

аВЮВЊІϨЅТЅ
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ŘŮŐŌŪŹ  2-2 űşŧűķŸŖŌŪŹŴĿƢűŐƩŎŘŢļŘŦŏųĹŘļşŘƢŧļşťœŧŎķƢŧŖŲŖơŎźžŧ 

4.1 ĶŧŘĽžŧŲŎĶĿŎũŉķŢļűşŧűķŸŖ 

British Standard Code of Practice for Foundations (BS8002) ŵŉƢŲŏơļűşŧűķŸŖŊŧŖŚŦĶŞňťĶŧŘ

ŲŌŎŌŪŹŉũŎűŐƩŎ 3 œŜĶŉŦļŘŮŐŌŪŹ 2-3 

 

ŘŮŐŌŪŹ 2-3 ĶŧŘĽžŧŲŎĶĿŎũŉķŢļűşŧűķŸŖŊŧŖŚŦĶŞňťĶŧŘŲŌŎŌŪŹŉũŎ &BS6..2 /764' 

4.1.1 űşŧűķŸŖŌŪŹĶơŢŴŠƢűĶũŉĶŧŘűĹŚŬŹŢŎŊŦŜķŢļŉũŎŴŎŐŘũŖŧňşŮļ &Large displacement pile) 

űŐƩŎűşŧűķŸŖŌŪŹŊŦŎ ŠŘŬŢűşŧűķŸŖĶŚŜļŲŊơŐƘŉŐŚŧŗŵŜƢ ŀūŹļĶŧŘŊũŉŊŦźļŌžŧŵŉƢųŉŗĶŧŘŊŢĶŠŘŬŢĶŉŚļŴŎĿŦźŎ

ŉũŎ ŀūŹļŵŉƢŲĶơűşŧűķŸŖŊŢĶŌŭĶĿŎũŉ  

4.1.2 űşŧűķŸŖŌŪŹĶơŢŴŠƢűĶũŉĶŧŘűĹŚŬŹŢŎŊŦŜķŢļŉũŎŴŎŐŘũŖŧňŊŹžŧ &Small displacement pile) 

űŐƩŎűşŧűķŸŖŌŪŹŊƢŢļŊŢĶŠŘŬŢĶŉŚļŴŎŉũŎűŠŖŬŢŎĶŦŎ ŲŊơĽťŖŪœŬźŎŌŪŹŠŎƢŧŊŦŉŎƢŢŗŉŦļŎŦźŎĽūļŖŪŐŘũŖŧŊŘŉũŎŌŪŹ

ŊƢŢļŋŮĶŲŌŎŌŪŹŎƢŢŗŉƢŜŗ ŀūŹļŵŉƢŲĶơűşŧűķŸŖűŠŚŸĶ Wide Flange  

Types of pile

Large displacement Small displacement Replacement

Preformed: solid or hollow 

closed at the bottom end, driven 

into the ground and left in 

position

Cast in place: formed in situ by 

driving a closed tubular section to 

form a void and then filling the 

void with concrete whilst 

withdrawing the section

Solid Hollow (closed at bottom 

end and filled or unfilled 

after driving)

Precast 

concrete
Timber

Formed to 

required length Formed as units with 

mechanical joints and 

special driving shoes

Steel tubes 

or box pile

Concrete 

tubes

A void is formed by boring or 

excavation; the void is filled with 

concrete. The sides of the void are:

Supported Unsupported

Permanently 

(by casing)
Temporarily

By casing
By drilling 

mud

By soil on a 

continuous flight auger

Steel sections, includes H-

piles, open-ended tubes 

and box piles (unless a plug 

forms during driving)

Screw piles
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4.1.3 űşŧűķŸŖķŭŉŉũŎŢŢĶŲŚťűŌĹŢŎĶŘŪŊŲŌŎŌŪŹ &Replacement pile) 

űŐƩŎűşŧűķŸŖŌŪŹŖŪĶŧŘűĽŧťŴŠƢűŐƩŎŘŮűœŬŹŢűŢŧŉũŎŢŢĶĽŧĶŎŦźŎĽūļűŌĹŢŎĶŘŪŊŚļŵŐŲŌŎŌŪŹŉũŎŌŪŹŎžŧķūźŎŖŧŎŦźŎ 

ĶŧŘűĽŧťĽťŴĿƢŐŚŢĶűŠŚŸĶŐƝŢļĶŦŎőŎŦļŠŚŭŖűĽŧťœŦļŌŚŧŗ ŲŚťŋƢŧűĽŧťŚūĶŖŧĶŴŎĿŦźŎŌŘŧŗŌŪŹŢŗŮơŴŊƢŘťŉŦŏ

ŎźžŧŴŊƢŉũŎĽťŴĿƢşŧŘŚťŚŧŗűŏŎųŌŵŎŌƥűŊũŖŚļŴŎŠŚŭŖűĽŧťűœŬŹŢŐƝŢļĶŦŎŖũŴŠƢŠŚŭŖűĽŧťœŦļűŎŬŹŢļĽŧĶŎźžŧŴŊƢŉũŎ

ŌťŚŦĶűķƢŧŖŧ 

4.1.4 ŜŦşŉŭŌŪŹŴĿƢűŐƩŎűşŧűķŸŖ 

ŜŦşŉŭŌŪŹŴĿƢűŐƩŎűşŧűķŸŖŎŦźŎŖŪŢŗŮơŠŚŧŗĿŎũŉ ŴŎĶŧŘűŚŬŢĶŴĿƢķūźŎŢŗŮơĶŦŏŎźžŧŠŎŦĶŌŪŹűşŧűķŸŖĽťŊƢŢļŘŦŏ őŚĽŧĶ

şŕŧœŲŜŉŚƢŢŖŊơŢűşŧűķŸŖ ķƢŢĽžŧĶŦŉŴŎĶŧŘĶơŢşŘƢŧļ ĹŜŧŖşžŧĹŦłķŢļųĹŘļşŘƢŧļűŐƩŎŊƢŎ ķƢŢŉŪŲŚť

ķƢŢŉƢŢŗķŢļűşŧűķŸŖŲŊơŚťĿŎũŉşŘŭŐŵŉƢŉŦļŊŧŘŧļŌŪŹ 2-/ 
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ŊŧŘŧļŌŪŹ 2-/ ķƢŢŉŪŲŚťķƢŢŉƢŢŗķŢļűşŧűķŸŖŲŊơŚťĿŎũŉ &ĹŦŉŚŢĶŏŧļşơŜŎĽŧĶ &Vesic /755'' 

ĿŎũŉķŢļűşŧűķŸŖ ķƢŢŉŪ ķƢŢŉƢŢŗ 

űşŧűķŸŖŵŖƢ ¶ ŊŦŉŠŦŜűķŸŖŵŉƢļơŧŗ 

¶ ŘŧĹŧŋŮĶ 

¶ ŠŧŵŉƢļơŧŗ 

¶ őŭļơŧŗűŖŬŹŢŢŗŮơűŠŎŬŢŘťŉŦŏŎźžŧŴŊƢŉũŎ ųŉŗűľœŧťŴŎ

ŌťűŚ 

¶ ŖŪķŎŧŉŲŚťĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŴŠƢűŚŬŢĶŵŖơŖŧĶ 

¶ ŖŪųŢĶŧşĿžŧŘŭŉűŎŬŹŢļĽŧĶĶŧŘŊŢĶŖŧĶ 

¶ ŊơŢĹŜŧŖŗŧŜŗŧĶ 

¶ ŖŪűşŪŗļŉŦļŘŏĶŜŎűŎŬŹŢļĽŧĶĶŧŘŊŢĶ 

űşŧűķŸŖűŠŚŸĶ ¶ ŊŦŉŲŚťŊơŢŠŦŜűşŧűķŸŖŵŉƢļơŧŗ 

¶ ŖŪķŎŧŉŲŚťĹŜŧŖŗŧŜŴŠƢűŚŬŢĶŠŚŧŗķŎŧŉ 

¶ şŧŖŧŘŋŊŢĶŌťŚŭĿŦźŎŉũŎŲķŸļ ĶŘŜŉŴŠłơ ŲŚťŠũŎ

ŌŪŹŖŪĹŜŧŖŲķŸļŵŖơŖŧĶŵŉƢ 

¶ űĿŬŹŢŖŊơŢűķƢŧĶŦŏųĹŘļşŘƢŧļűŠŚŸĶŵŉƢļơŧŗ 

¶ ŖŪŐƧłŠŧűŘŬŹŢļĶŧŘőŭĽŧĶşŎũŖ ŋƢŧŊƢŢļŴĿƢŴŎŌťűŚ

ŊƢŢļŖŪĶŧŘŐƝŢļĶŦŎ 

¶ ŋƢŧűşŧűķŸŖŖŪŠŎƢŧŊŦŉűŚŸĶ űŜŚŧŊŢĶŢŧĽűŏŪŹŗļŵŐ

ĽŧĶŲŎŜĶŧŘŊŢĶŵŉƢ 

¶ űŎŬźŢŜŦşŉŭŖŪŘŧĹŧŲœļűŖŬŹŢűŌŪŗŏĶŦŏŜŦşŉŭĿŎũŉŢŬŹŎ 

¶ ŖŪűşŪŗļŉŦļŘŏĶŜŎűŎŬŹŢļĽŧĶĶŧŘŊŢĶ 

űşŧűķŸŖ ĹşŚ, 

ŠŚơŢşžŧűŘŸĽ 

&ŢŦŉŲŘļ ŠŘŬŢŵŖơ

ŢŦŉŲŘļ' 

¶ ŌŎŌŧŎŊơŢĶŧŘĶŦŉĶŘơŢŎŵŉƢŉŪŴŎűĶŬŢŏŌŭĶşŕŧŜť 

¶ űĿŬŹŢŖŊơŢűķƢŧĶŦŏųĹŘļşŘƢŧļ ĹşŚ, ŵŉƢļơŧŗ 

¶ ĶŧŘķŎŗƢŧŗŗŭơļŗŧĶ ŋƢŧŖŪŋŎŎŲĹŏ ŠŘŬŢŖŪœŬźŎŌŪŹ

ĽžŧĶŦŉ 

¶ ĶŧŘŊŢĶŗŭơļŗŧĶ  

¶ ŗŧĶŴŎĶŧŘŊŦŉŠŦŜűşŧűķŸŖşơŜŎűĶũŎ 

¶ ŗŧĶŴŎĶŧŘŊơŢŠŦŜűşŧűķŸŖ 

űşŧűķŸŖ ĹşŚ, 

ŠŚơŢŴŎŌŪŹ 

&űşŧűķŸŖűĽŧť' 

¶ ŵŖơŊƢŢļĶŧŘœŬźŎŌŪŹŴŎĶŧŘĶŢļűĶŸŏűşŧűķŸŖ 

¶ şŧŖŧŘŋĶžŧŠŎŉŘťŉŦŏŠŦŜűşŧűķŸŖŌŪŹŊƢŢļĶŧŘŵŉƢ 

¶ şŧŖŧŘŋĶơŢşŘƢŧļŵŉƢĶơŢŎĶŧŘķŭŉűŐƘŉŠŎƢŧŉũŎűœŬŹŢ

ŌžŧŠƢŢļŴŊƢŉũŎ 

¶ ŏŧļĿŎũŉŵŖơŊƢŢļŊŢĶųĹŘļşŘƢŧļŴŉŷŚļŴŎŉũŎ Ōžŧ

ŴŠƢűŠŖŧťĶŦŏœŬźŎŌŪŹŀūŹļĹŜŏĹŭŖĶŧŘşŦŹŎşťűŌŬŢŎ 

ŲŚťĹŜŏĹŭŖűşŪŗļ &œŬźŎŌŪŹŴŎűŖŬŢļ' 

¶ ŐƧłŠŧűŘŬŹŢļĶŧŘŵŠŚŊŦŜķŢļŉũŎŢơŢŎűķƢŧŖŧŴŎ

ŘŮűĽŧť &ŲĶƢŵķųŉŗŴĿƢŐŚŢĶűŠŚŸĶĿŦŹŜĹŘŧŜ) 

¶ ŐƧłŠŧűŎŬŹŢļĽŧĶĹŜŧŖŊơŢűŎŬŹŢļķŢļĹŢŎĶŘŪŊ 

¶ ŋƢŧűĽŧťŴŎĿŦźŎŌŘŧŗŐƧłŠŧűŎŬŹŢļĽŧĶŎźžŧŴŊƢŉũŎŌžŧ

ŴŠƢŠŚŭŖűĽŧťœŦļŌŚŧŗ 

 

4.1.4.1 űşŧűķŸŖŵŖƢ  

ŌžŧĽŧĶŵŖƢşŎ ŠŘŬŢŵŖƢűŏłĽœŘŘňŖŪķŎŧŉ 3 ú 8 ŎũźŜŗŧŜ 3-8 űŖŊŘŴĿƢĶŦŏųĹŘļşŘƢŧļķŎŧŉűŚŸĶ ķƢŢŉŪ

ķŢļűşŧűķŸŖĿŎũŉŎŪźĶŸĹŬŢŠŧŵŉƢļơŧŗ şơŜŎķƢŢŉƢŢŗĶŸĹŬŢŖŪĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŵŖơşŮļ ŲŚťŴŎŏŧļĹŘŦźļŠŧķŎŧŉ

ŠŎƢŧŊŦŉŠŘŬŢĹŜŧŖŗŧŜŊŧŖŌŪŹŊƢŢļĶŧŘŵŖơŵŉƢ şơŜŎŴŎĶŧŘŎžŧŵŐŴĿƢļŧŎĽťŊƢŢļĹžŧŎūļŋūļĶŧŘőŭœŦļķŢļűŎŬźŢŵŖƢ

ŌŪŹŢŗŮơűŠŎŬŢŘťŉŦŏŎźžŧŴŊƢŉũŎŉƢŜŗŀūŹļŋƢŧűşŧűķŸŖĽŖŢŗŮơŴŊƢŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơŊŚŢŉűŜŚŧĽťŐƝŢļĶŦŎĶŧŘőŭœŦļ

ķŢļűŎŬźŢŵŖƢŵŉƢ 
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ŘŮŐŌŪŹ 2-4 ŘŮŐŊŦŉķŢļűşŧűķŸŖŵŖƢ 

4.1.4.2 űşŧűķŸŖĹŢŎĶŘŪŊşžŧűŘŸĽŘŮŐ 

şơŜŎŴŠłơŴĿƢűŐƩŎűşŧűķŸŖķŢļŢŧĹŧŘķŎŧŉŐŧŎĶŚŧļŋūļŴŠłơ ŲŚťŴĿƢűŐƩŎűşŧűķŸŖķŢļşťœŧŎķŎŧŉ

ĶŚŧļ ŷ ŠŘŬŢűşŧűķŸŖķŢļŌŧļŉơŜŎ űŐƩŎŊƢŎ űşŧűķŸŖĽťŠŚơŢŴŎųŘļļŧŎŲŚťķŎŗƢŧŗŵŐŠŎơŜŗļŧŎĶơŢşŘƢŧļ

ĽūļŖŦĶĽťŊƢŢļŖŪĶŧŘŢŦŉŲŘļŴŎűşŧűķŸŖ ĹŜŧŖŗŧŜŖŪĹŜŧŖŗŧŜŊŦźļŲŊơ 7-26 űŖŊŘ ŲŊơŋƢŧĽžŧűŐƩŎĽťŊƢŢļŴĿƢ

ĹŜŧŖŗŧŜŖŧĶŠŘŬŢŖŪœŬźŎŌŪŹŴŎĶŧŘķŎŗƢŧŗĽžŧĶŦŉ ŢŧĽĽťŲŏơļűŐƩŎşơŜŎ ŷ ŲŚƢŜŎžŧŖŧűĿŬŹŢŖĶŦŎŴŎŠŎơŜŗļŧŎ

ĶơŢşŘƢŧļŵŉƢ ŠŎƢŧŊŦŉŌŪŹŎũŗŖŴĿƢĶŦŎŌŦŹŜŵŐŲşŉļŉŦļŘŮŐŌŪŹ 2-5 ŲŚťŘŮŐŲŏŏĶŧŘűşŘũŖűŠŚŸĶŊŧŖŲŎŜŗŧŜŲşŉļ
ŉŦļŘŮŐŌŪŹ 2-6 

 
ŘŮŐŌŪŹ 2-5 ŠŎƢŧŊŦŉŌŦŹŜŷŵŐķŢļűşŧűķŸŖĹŢŎĶŘŪŊűşŘũŖűŠŚŸĶ 

 

ŘŮŐŌŪŹ 2-6 ŊŦŜŢŗơŧļĶŧŘűşŘũŖűŠŚŸĶŴŎűşŧűķŸŖĹŢŎĶŘŪŊ 

4.1.4.3 űşŧűķŸŖĹŢŎĶŘŪŊűşŘũŖűŠŚŸĶŲŏŏŠŚơŢŴŎŌŪŹ 

űŐƩŎűşŧűķŸŖĹŢŎĶŘŪŊűşŘũŖűŠŚŸĶŌŪŹŴĿƢŉũŎűŐƩŎŲŏŏŠŚơŢ ŖŦĶĽťŴĿƢűŐƩŎŅŧŎŘŧĶķŢļųĹŘļĶŧŘķŎŧŉŴŠłơ 

ŠŘŬŢŴŎĶŘňŪŌŪŹŴĿƢűşŧűķŸŖŊŢĶŲŚƢŜĽťŌžŧŴŠƢŢŧĹŧŘķƢŧļűĹŪŗļűĶũŉĶŧŘĿžŧŘŭŉűşŪŗŠŧŗ űşƢŎőơŧŎŝŮŎŗƥĶŚŧļŖŪ

ŊŦźļŲŊơ 0.35 űŖŊŘ ŋūļ 2.0 űŖŊŘ ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖűĽŧťĽťşŮļŖŧĶűœŘŧťşŧŖŧŘŋűĽŧťŴŠƢŖŪ

ĹŜŧŖŚūĶŵŉƢŋūļĶŜơŧ 60 űŖŊŘ &ŴŎųĹŘļĶŧŘĶơŢşŘƢŧļşťœŧŎķƢŧŖŲŖơŎźžŧűĽƢŧœŘťŗŧŴŎųĹŘļĶŧŘŌŧļœũűŝŞ

şŧŗŏŧļœŚŪ ú şŭķşŜŦşŉũŽ ŴĿƢűşŧűķŸŖűĽŧťķŎŧŉűşƢŎőơŧŎŝŮŎŗƥĶŚŧļ 0 űŖŊŘŚūĶ 42 űŖŊŘ' ŘŧĹŧķŢļ

űşŧűķŸŖűĽŧťĽťşŮļĶŜơŧűşŧűķŸŖĹŢŎĶŘŪŊűşŘũŖűŠŚŸĶŲŊơĽťŖŪĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŊơŢŊƢŎşŮļĶŜơŧ 

Square Square hollowed I section Spun pileHexagon

0.207L

L

0.207L

700 1350

RB4@35 RB4@75 RB4@200 RB4@35RB4@75

LIFTING POINT
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ŘŮŐŌŪŹ 2-7 ŠŎƢŧŊŦŉűşŧűķŸŖĹŢŎĶŘŪŊűşŘũŖűŠŚŸĶŲŏŏķŭŉŲŚťŠŚơŢųŉŗŴĿƢŉũŎűŐƩŎŲŏŏŠŚơŢ 

 

4.1.4.4 űşŧűķŸŖűŠŚŸĶ 

űŐƩŎűşŧűķŸŖŌŪŹŌžŧĽŧĶűŠŚŸĶŘŮŐœŘŘňűĿơŎ Wide Flange ŠŘŬŢŌơŢűŠŚŸĶ űşŧűķŸŖĿŎũŉŎŪźşŧŖŧŘŋŘŦŏŲŘļ

ŉūļŲŚťųŖűŖŎŊƥŉŦŉŵŉƢŉŪ ŲŚťşŧŖŧŘŋŊŢĶŴŎĿŦźŎŉũŎŲķŸļŵŉƢ ŴŎĶŧŘĶơŢşŘƢŧļŠƢŢļŴŊƢŉũŎŚūĶŖŧĶŴŎĿŦźŎŉũŎ

űŠŎŪŗŜŢơŢŎŖŦĶĽťŋŮĶŎžŧŖŧŴĿƢűŐƩŎűşŧűķŸŖķŢļşťœŧŎĿŦŹŜĹŘŧŜ şũŹļŌŪŹĹŜŘŘťŜŦļŴŎĶŧŘŴĿƢűşŧűķŸŖűŠŚŸĶűŐƩŎ

ųĹŘļşŘƢŧļŋŧŜŘĶŸĹŬŢőŭĶŘơŢŎķŢļűŠŚŸĶűŎŬŹŢļĽŧĶşŎũŖ şũŹļŌŪŹŊƢŢļĹžŧŎūļŋūļŢŪĶŐŘťĶŧŘŠŎūŹļĶŸĹŬŢŘŧĹŧķŢļ

űşŧűķŸŖűŠŚŸĶűœŘŧťűşŧűķŸŖűŠŚŸĶĽťŖŪŘŧĹŧşŮļĶŜơŧűşŧűķŸŖĹŢŎĶŘŪŊűşŘũŖűŠŚŸĶ 

 

ŘŮŐŌŪŹ 2-/. ŠŎƢŧŊŦŉűşŧűķŸŖűŠŚŸĶŘŮŐœŘŘň 

4.2 űşŧűķŸŖŌŪŹŎũŗŖŴĿƢŴŎŐŘťűŌŝŵŌŗ  

4.2.1 űşŧűķŸŖŊŢĶ 

ĶŧŘŊŢĶűşŧűķŸŖŢŧĽŌžŧŵŉƢųŉŗĶŧŘŴĿƢŲŘļĹŎŠŘŬŢűĹŘŬŹŢļĽŦĶŘŴŎĶŧŘŊŢĶ ŲŊơŴŎļŧŎĶơŢşŘƢŧļşơŜŎ

ŴŠłơŲŚƢŜĽťŴĿƢűĹŘŬŹŢļĽŦĶŘŴŎĶŧŘŊŢĶ ŊŦŜŢŗơŧļűĹŘŬŹŢļĽŦĶŘŌŪŹŴĿƢŴŎĶŧŘŊŢĶűşŧűķŸŖŲşŉļŉŦļŘŮŐŌŪŹ 2-/0  

ЮМЖеϲГШЊ
ЮМЖеϲЌЖОϲ

ЮЛУЮϳеВЮϹУС

МЊϥУІТЅϲЖВ

ЮЛУЮϳеВЮϹУС

МЊϥУІТЅЛЦжЮМЖЦжГВ

ЮЛУЮϳеВЮϹУС

МЊϥУІТЅϲУϲЋУЈ

ЮЛУЮϳеВЮϹУС

ДЪЌІТИЈЦ

Wide flangeTube
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ŘŮŐŌŪŹ 2-// űĹŘŬŹŢļĽŦĶŘŊŢĶűşŧűķŸŖŌŪŹŎũŗŖŴĿƢųŉŗŌŦŹŜŵŐ ĽŧĶŀƢŧŗŵŐķŜŧ &/' ŐƧƫŎĽŦŹŎŊũŉĶŦŏŘŋŏŘŘŌŭĶ 

&0' ŐƧƪŎĽŦŹŎųĹŘļűŠŚŸĶ &1' ŐƧƫŎĽŦŹŎĿŎũŉűĹŚŬŹŢŎŌŪŹŉƢŜŗŊŪŎŊťķŧŏ 

 

 

ŘŮŐŌŪŹ 2-/0 ŠŚŦĶĶŧŘŌžŧļŧŎķŢļĶŧŘŊŢĶűşŧűķŸŖŉƢŜŗŜũōŪŊơŧļŷ  &Vesic /755' 

ЖЪϲІЩϥВЮМЖеϲ

ЖЪϲІЩϥВЮМЖеϲ
ЖЪϲІЩϥВЮМЖеϲ

ЮЛУЮϳеВ

ЈϤОЊЖϤУϸ

ЮЛУЮϳеВ

ЈϤОЊЋЊ

ϹЩЅЮϻШжОВЮЛУЮϳеВ 

(ЇϥУбϻϥЮЛУЮϳеВ

ВУϲϲИϤУ 1 ЈϤОЊ)

вПаЅДЖХϲЛϨ

ГϲЖЪϲІЩϥВ

ЛЖХϸГϲЖЪϲІЩϥВ

ЛЖХϸГϲЖЪϲІЩϥВ

ЛЖХϸГϲϻЩЅІОϲ

вПаЅДЖХϲЛϨ

WW W

W

Static weight

ДСГСГϲ

бϻϥДОϲГϲ

ЯЖϥИЌЖϤОГ

Cushion

Cushion

Helmet

ЮЛУЮϳеВ

ОТЅЯДϸЅТЊ

ГϲІЩϥВ

ЌЖϤОГЯДϸЅТЊ

ЌЖϤОГІЩϥВ
ϲДСЋОϲЛЪЋ

ЖЪϲЛЪЋ
ОТЅЯДϸЅТЊЯЖС

ЌЖϤОГЯДϸЅТЊ

ЈТжϸЮМЖеϲ

ϲДСЋОϲЛЪЋ

МϥОϸϹЩЅДСЮЋХЅ

ЌУϲϵЦЋ 

(clamp)

ЮϵДШжОϸЛТжЊ

(Oscillator)

вОЊзлУМДШОЖВ

(a) 

Drop hammer

(b) 

Single-acting 

hammer

(c) 

Double-acting 

hammer

(d) 

Diesel hammer

(e) 

Vibratory

hammer
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4.2.1.1 ŐƧƫŎĽŦŹŎŲŏŏųĹŘļűŠŚŸĶŌŪŹŴĿƢŚŮĶŊŭƢŖŊĶŢŗơŧļŢũşŘť &Drop hammer)  

űŐƩŎűĹŘŬŹŢļĽŦĶŘŊŢĶűşŧűķŸŖŌŪŹŎũŗŖŴĿƢĶŦŎŖŧĶ ŲŌơŎŊŢĶĽťűŐƩŎųĹŘļűŠŚŸĶşŮļ 8 űŖŊŘ ú 30 űŖŊŘ 

ŚŮĶŊŭƢŖŌŪŹŴĿƢŊŢĶűŐƩŎűŠŚŸĶ ķŦźŎŊŢŎŴŎĶŧŘŊŢĶĽťŗĶŊŭƢŖűŠŚŸĶŉƢŜŗŘŢĶŴŠƢşŮļ 0.3 űŖŊŘ ŋūļ 1.2 űŖŊŘ

ŲŚƢŜŐŚơŢŗŴŠƢŊĶĶŘťŲŌĶŠŦŜűşŧűķŸŖ  

 
(a) 

                  

 
           (b) 

ŘŮŐŌŪŹ 2-/1 (a) ĶŧŘŊŢĶűşŧűķŸŖųŉŗŴĿƢŐƧƫŎĽŦŹŎŲŏŏųĹŘļűŠŚŸĶ (b) ŐƧƫŎĽŦŹŎŲŏŏŌŪŹűĹŚŬŹŢŎŌŪŹŵŉƢ 

 

ŢļĹƥŐŘťĶŢŏŌŪŹĽžŧűŐƩŎķŢļĶŧŘŊŢĶűşŧűķŸŖŉƢŜŗŊŭƢŖŊŢĶĹŬŢ ŠŖŜĶĹŘŢŏŠŦŜűşŧűķŸŖŲŚťŠŖŢŎŘŢļ

ŠŦŜűşŧűķŸŖŉŦļ ŘŮŐŌŪŹ 2-/2 
¶ ŠŖŜĶĹŘŢŏŠŦŜűşŧűķŸŖŌžŧŠŎƢŧŌŪŹŋơŧŗŲŘļĽŧĶŊŭƢŖşŮơűşŧűķŸŖ ŲŚťŐƝŢļĶŦŎŊŦŜűşŧűķŸŖŲŊĶŘƢŧŜ

űŎŬŹŢļĽŧĶŲŘļĶŘťŲŌĶ  

¶ ŵŖƢŘŢļŠŦŜűşŧ ŲŚťĶŘťşŢŏĽťŌžŧŠŎƢŧŌŪŹŉŮŉŀŦŏŲŘļĶŘťŲŌĶķňťŌŪŹŊŭƢŖĶŘťŌŏűşŧűķŸŖ ĶŘťşŢŏ

ĽťŴĿƢŘŢļűşŧűķŸŖĶơŢŎĽťŴşơŠŖŜĶĹŘŢŏ şơŜŎŵŖƢŘŢļŖŦĶĽťŴĿƢŵŖƢŠŎƢŧşŧŖűŘŪŗļŊơŢĶŦŎĽŎŖŪķŎŧŉ

ŴĶŚƢűĹŪŗļĶŦŏŠŖŜĶĹŘŢŏ  
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ŘŮŐŌŪŹ 2-/2 ŠŖŜĶĹŘŢŏŠŦŜűşŧűķŸŖŲŚťŠŖŢŎŘŢļ 

 

4.2.1.2 ŐƧƫŎĽŦŹŎŲŏŏŚŮĶŊŭƢŖŊŢĶŌŪŹŗĶŉƢŜŗŘťŏŏŵţųŉŘŚũĶşƥ  

űŐƩŎűĹŘŬŹŢļĽŦĶŘŊŢĶűşŧűķŸŖŌŪŹŊũŉŊŦźļŏŎŘŋűĹŘŎ ŖŪŠŚŦĶĶŧŘŌžŧļŧŎűŠŖŬŢŎŐƧƫŎĽŦŹŎųĹŘļűŠŚŸĶĹŬŢŊƢŢļ

ŗĶŚŮĶŊŭƢŖŲŚƢŜŐŚơŢŗŴŠƢŊĶŚļŖŧĶŘťŲŌĶŠŦŜűşŧűķŸŖŌžŧŴŠƢűşŧűķŸŖĽŖŚļŴŎŉũŎ űœŪŗļŲŊơĶŧŘŗĶŊŭƢŖŊŢĶ

ĽťŗĶŉƢŜŗŘťŏŏŵţŉŘŢŚũĶşƥ  ŘťŗťŗĶķŢļŊŭƢŖŊŢĶĽťŋŮĶĹŜŏĹŭŖŵŉƢŉŪĶŜơŧŐƧƫŎĽŦŹŎŲŏŏųĹŘļŖŧĶ 

4.2.1.3 űĹŘŬŹŢļŖŬŢŊŢĶŲŏŏŢŬŹŎ ŷ űĿơŎ űĹŘŬŹŢļŊŢĶŉƢŜŗŘťŏŏŉŪűŀŚ űĹŘŬŹŢļŊŢĶŘťŏŏŵŢŎźžŧ ŲŊơŖŦĶĽť

ŵŖơűŐƩŎŌŪŹŎũŗŖŴĿƢŴŎŐŘťűŌŝŵŌŗ 

 

ŘŮŐŌŪŹ  2-/3 űĹŘŬŹŢļĽŦĶŘŊŢĶűşŧűķŸŖŲŏŏŊũŉŊŦźļŏŎŘŋűĹŘŎŀūŹļŖŪűĹŘŬŹŢļĽŦĶŘşžŧŠŘŦŏűĹŚŬŹŢŎŗƢŧŗŊŦŜűŢļ

ŵŉƢ 

Cushion

Cushion

Helmet

ЮЛУЮϳеВ
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ŴŎĶŧŘŊŢĶűşŧűķŸŖĽťŵŖơŴĿƢŊŭƢŖŊŢĶŚļŏŎŠŦŜűşŧűķŸŖųŉŗŊŘļűœŘŧťĽťŌžŧŴŠƢŠŦŜűşŧűķŸŖĿžŧŘŭŉ ŴŎŌŧļ

ŐńũŏŦŊũĽťŴĿƢŜŦşŉŭŌŪŹŗŭŏŊŦŜŵŉƢűĿơŎŵŖƢŘŢļŘŦŏŠŦŜűşŧűķŸŖűœŬŹŢŋơŧŗŲŘļĶŘťŲŌĶŚļŵŐŌŪŹŠŦŜűşŧűķŸŖ ŲŚťĽťŖŪ

ĶŧŘŴĿƢŠŖŜĶűŠŚŸĶŘŢļŘŦŏŢŪĶŉƢŜŗ 

4.2.2 űşŧűķŸŖűĽŧť 

űşŧűķŸŖűĽŧťşŧŖŧŘŋŲŏơļŵŉƢűŐƩŎ 2 ŐŘťűŕŌĹŬŢűşŧűķŸŖűĽŧťŲŏŏŲŠƢļŲŚťűşŧűķŸŖűĽŧťŲŏŏűŐƙŗĶ 

4.2.2.1 űşŧűķŸŖűĽŧťŲŏŏŲŠƢļ &Dry process bored pile) 

űşŧűķŸŖűĽŧťŘťŏŏűĽŧťŲŠƢļşơŜŎŴŠłơĽťűŐƩŎűşŧűķŸŖűĽŧťŴŎĿŦźŎŉũŎŌŪŹŎźžŧŴŊƢŉũŎŢŗŮơŚūĶŖŧĶŠŘŬŢűŐƩŎĿŦźŎ

ŉũŎűŠŎŪŗŜ űœŘŧťŋƢŧŖŪŎźžŧŴŊƢŉũŎŴŎĿŦźŎŌŘŧŗŵŠŚűķƢŧŖŧŴŎŠŚŭŖűĽŧťĽťŌžŧŴŠƢŠŚŭŖűĽŧťœŦļŌŚŧŗ ŲŚťĽť

ŌžŧŴŠƢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŌŪŹŐŚŧŗűķŸŖŚŉŚļűŎŬŹŢļĽŧĶŖŪŉũŎŠŚŜŖŢŗŮơŌŪŹŐŚŧŗűşŧűķŸŖ űĹŘŬŹŢļŖŬŢűĽŧťŌŪŹŗŦļ

ŎũŗŖŴĿƢĶŦŎŖŪŢŗŮơ 2 ŐŘťűŕŌĹŬŢ 

1) űĹŘŬŹŢļűĽŧťŲŏŏşŧŖķŧ űĹŘŬŹŢļűĽŧťŘťŏŏŎŪźĽťŴĿƢŲŘļļŧŎĹŎűŐƩŎşơŜŎŴŠłơűŠŖŧťĶŦŏųĹŘļĶŧŘŌŪŹŖŪ

űşŧűķŸŖĽžŧŎŜŎŎƢŢŗűœŘŧťŴĿƢĹơŧŴĿƢĽơŧŗŴŎĶŧŘķŎŗƢŧŗűĹŘŬŹŢļŖŬŢŵŖơŖŧĶ ŊŦŜŢŗơŧļļŧŎŌŪŹŴĿƢűĹŘŬŹŢļűĽŧťşŧŖ

ķŧŵŉƢŲĶơ ļŧŎűşŧűķŸŖşťœŧŎŚŢŗĹŎűŉũŎķƢŧŖ, ļŧŎŊơŢűŊũŖŏƢŧŎœŦĶŢŧŝŦŗ ŠŘŬŢļŧŎĶơŢşŘƢŧļŢŧĹŧŘķŎŧŉ

ĶŚŧļ ĹŜŧŖŚūĶŴŎĶŧŘűĽŧťŵŖơĹŜŘűĶũŎ 25 űŖŊŘŲŚťŖŪķŎŧŉŊŦźļŲŊơ 0.35 űŖŊŘ ú 0.80 űŖŊŘ  

 

ŘŮŐŌŪŹ  2-/4 űĹŘŬŹŢļŖŬŢŌŪŹŴĿƢűĽŧťűşŧűķŸŖűĽŧťŲŏŏşŧŖķŧ 
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ŘŮŐŌŪŹ 2-/5 ķŦźŎŊŢŎĶŧŘĶơŢşŘƢŧļűşŧűķŸŖűĽŧťŲŏŏşŧŖķŧ &/' űĽŧťŠŚŭŖųŉŗŴĿƢĶŘťŏŢĶűĶŸŏŉũŎ &0' ŊũŉŊŦźļűŠŚŸĶ

űşŘũŖŲŚťűŊŘŪŗŖĶŘŜŗűŌĹŢŎĶŘŪŊ &1' űŌĹŢŎĶŘŪŊőơŧŎŌơŢűŌ &2' ŠŗŭŉűŌĹŢŎĶŘŪŊűŖŬŹŢŋūļŘťŉŦŏŌŪŹŊƢŢļĶŧŘ &3' ŋŢŎ

ŐŚŢĶűŠŚŸĶŢŢĶ &4' űşŘŸĽĶŧŘĶơŢşŘƢŧļ 

2) űĹŘŬŹŢļűĽŧťŲŏŏşŜơŧŎ &Rotary drilling rig) űŐƩŎĶŧŘűĽŧťŲŠƢļųŉŗŴĿƢşŜơŧŎŌŪŹŠŖŭŎŉƢŜŗűĹŘŬŹŢļŗŎŊƥ 

&ŘŮŐŌŪŹ 2-/6' ŜũōŪĶŧŘĶơŢşŘƢŧļųŉŗşŦļűķŐ ĹŬŢ ŚļŐŚŢĶűŠŚŸĶŐƝŢļĶŦŎĿŦźŎŉũŎŢơŢŎŲŚťŴĿƢűŐƩŎŊŦŜŎžŧ

ŊžŧŲŠŎơļķŢļűşŧűķŸŖŉƢŜŗŲŚƢŜűĽŧťŉũŎŕŧŗŴŎŐŚŢĶűŠŚŸĶŢŢĶųŉŗŴĿƢşŜơŧŎ &Auger) ĽŎŵŉƢŘťŉŦŏŌŪŹ

ŊƢŢļĶŧŘŠŚŦļĽŧĶŎŦźŎŚļűŠŚŸĶűşŘũŖŲŚťűŌĹŢŎĶŘŪŊĽŎűŊŸŖŘŮűĽŧťŲŚťŋŢŎŐŚŢĶűŠŚŸĶŢŢĶűşŧűķŸŖűĽŧť

ŜũōŪŎŪźĽťűĽŧťŵŉƢűŘŸŜŖŧĶ ŠŧĶűķŸŖŚūĶŵŖơűĶũŎ 25 űŖŊŘĽťŴĿƢűŜŚŧűĽŧťŵŖơűĶũŎ 1 ĿŦŹŜųŖļ ŘťŏŏĶŧŘűĽŧťųŉŗ

űĹŘŬŹŢļĽŦĶŘŐŘťűŕŌŎŪźŗŦļűŐƩŎŌŪŹŎũŗŖŢŗơŧļŲœŘơŠŚŧŗŴŎŐƧĽĽŭŏŦŎ  

1 2 3 64 5

ϵОЊϲДЦІ
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ŘŮŐŌŪŹ 2-/6 űĹŘŬŹŢļűĽŧťŲŏŏşŜơŧŎŠŖŭŎ (Rotary drilling rig) 

4.2.2.2 űĹŘŬŹŢļŖŬŢŌŪŹŴĿƢűĽŧťűşŧűķŸŖŘťŏŏűĽŧťűŐƙŗĶ &Wet process bored pile) 

űşŧűķŸŖűĽŧťŲŏŏűĽŧťűŐƙŗĶŘťŏŏ Rotary drill űŐƩŎŘťŏŏŌŪŹŲœŘơŠŚŧŗŌŦŹŜųŚĶ ĶŧŘĶơŢşŘƢŧļŢŧĹŧŘ

şŮļ  şťœŧŎŚŢŗ ŤŚŤ ŴŎĶŘŭļűŌœŖŠŧŎĹŘŎũŗŖŴĿƢŘťŏŏűķŸŖűĽŧťĿŎũŉŎŪźŖŧĶ ŌŦźļŎŪźűœŘŧťşŧŖŧŘŋ

ĶơŢşŘƢŧļŵŉƢŘŜŉűŘŸŜĶŜơŧűşŧűķŸŖűĽŧťŘťŏŏŢŬŹŎŷ ŢŪĶşŧŖŧŘŋĶơŢşŘƢŧļŴŠƢŖŪķŎŧŉŴŠłơŲŚťŚūĶ ŴŠƢşŧŖŧŘŋ

ŘŦŏŎźžŧŠŎŦĶŵŉƢşŮļŲŚťĹŚơŢļŊŦŜĶŜơŧűşŧűķŸŖűĽŧťŐŘťűŕŌŢŬŹŎŷ űĹŘŬŹŢļŖŬŢűĽŧťŉũŎŘťŏŏ Rotary drill ŎŪźĽť

ŊũŉŊŦźļŏŎŘŋűĹŘŎ ŀūŹļŖŪ 2 ŐŘťűŕŌ ŐŘťűŕŌŲŘĶűŐƩŎĶŧŘŎžŧŠŦŜűĽŧťŵŐŊũŉŊŦźļŏŎŘŋűĹŘŎŊŪŎŊťķŧŏŲŏŏ

ŵŖơŊŧŗŊŦŜ űŖŬŹŢűŚũĶŴĿƢşŧŖŧŘŋŋŢŉŢŢĶŵŉƢ &ŘŮŐŌŪŹ 2-/7-a'ŢŪĶŐŘťűŕŌŠŎūŹļűŐƩŎűĹŘŬŹŢļűĽŧťŐŘťűŕŌ

ŊũŉŊŦźļŊŧŗŊŦŜŏŎŘŋűĹŘŎŊŪŎŊťķŧŏ ŵŖơşŧŖŧŘŋŋŢŉŲŗĶşơŜŎŵŉƢ &ŘŮŐŌŪŹ 2-/7-b' ŌŪŹŵŉƢĿŬŹŢŜơŧűŐƩŎűşŧűķŸŖ
ŘťŏŏűĽŧťűŐƙŗĶűŎŬŹŢļĽŧĶűşŧűķŸŖĿŎũŉŎŪźŊƢŢļŴĿƢşŧŘŚťŚŧŗűŏŎųŌŵŎŌƥűœŬŹŢŐƝŢļĶŦŎŖũŴŠƢŠŚŭŖűĽŧť

œŦļŌŚŧŗ ŠŦŜűĽŧťŉũŎŌŪŹŴĿƢĽťķūźŎŢŗŮơĶŦŏşŕŧœŉũŎŉŦļŲşŉļŉŦļ şžŧŠŘŦŏķŦźŎŊŢŎĶŧŘűĽŧťŲşŉļŉŦļ 

űşŧűķŸŖĿŎũŉŎŪźűŠŖŧťşžŧŠŘŦŏűŐƩŎŅŧŎŘŧĶķŢļŢŧĹŧŘŌŪŹŖŪŎźžŧŠŎŦĶşŮļ şžŧŠŘŦŏşŧŘŚťŚŧŗŀūŹļŊƢŢļŴşơŵŜƢ

ŴŎŠŚŭŖűœŬŹŢŐƝŢļĶŦŎŠŚŭŖűĽŧťœŦļűŎŬŹŢļĽŧĶŲŘļŉŦŎŎźžŧŴŊƢŉũŎŎŦźŎşơŜŎŴŠłơĽťŴĿƢűŏŎųŌŵŎŌƥ ŲŊơŴŎŐƧĽĽŭŏŦŎ

ŵŉƢŖŪĶŧŘŎžŧűŢŧşŧŘŚťŚŧŗųœŚŪűŖŢŘƥűķƢŧŖŧŴĿƢŲŌŎşŧŘŚťŚŧŗűŏŎųŌŵŎŌƥĶŦŎŖŧĶķūźŎűŎŬŹŢļĽŧĶŵŖơűŐƩŎŎźžŧ

ųĹŚŎĽūļŖŪĹŜŧŖşťŢŧŉĶŜơŧ ŲŚťųœŚŪűŖŢŘƥŗŦļŌžŧŴŠƢŲŘļűşŪŗŉŌŧŎķŢļőũŜķŢļűşŧűķŸŖűœũŹŖķūźŎŢŪĶŉƢŜŗ 

ŠŚŦĶĶŧŘŐƝŢļĶŦŎŉũŎœŦļķŢļűŏŎųŌŵŎŌƥŲŚťųœŚŪűŖŢŘƥŲşŉļŉŦļŘŮŐŌŪŹ 2-00  
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ŘŮŐŌŪŹ 2-/7 űĹŘŬŹŢļĽŦĶŘűĽŧťűşŧűķŸŖŌŪŹŊũŉŊŦźļŵŜƢŏŎŘŋűĹŘŎ ŘŮŐŀƢŧŗűŐƩŎŲŏŲŗĶşơŜŎŵŉƢ ŘŮŐķŜŧűŐƩŎŲŏŏŲŗĶşơŜŎ

ŵŖơŵŉƢ 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

ŘŮŐŌŪŹ 2-0. ŠŦŜűĽŧťŉũŎşžŧŠŘŦŏĶơŢşŘƢŧļűşŧűķŸŖűĽŧť (a) ŠŦŜűĽŧťŉũŎŲŏŏşŜơŧŎ &b) ŠŦŜűĽŧťŠũŎŲŏŏşŜơŧŎ (c) ŠŦŜ

űĽŧťŉũŎŲŏŏŋŦļşžŧŠŘŦŏűĽŧťŴŊƢşŧŘŚťŚŧŗűŏŎųŌŵŎŌƥ &c) ŠŦŜűĽŧťŠũŎŲŏŏ Core barrel 

 

Kelly bar 

Bucket МДШО 

Auger
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ŘŮŐŌŪŹ 2-0/ ķŦźŎŊŢŎĶŧŘĶơŢşŘƢŧļűşŧűķŸŖűĽŧťŘťŏŏűĽŧťűŐƙŗĶ (1) ŊŢĶŐŚŢĶűŠŚŸĶĶŦŎŉũŎųŉŗŴĿƢ 

Vibro hammer (2) űĽŧťŉũŎűŠŎŪŗŜųŉŗŴĿƢşŜơŧŎ ŲŚťűĽŧťŴŊƢűŏŎųŌŵŌŎƥųŉŗŴĿƢ bucket (3) ŠŗơŢŎűŠŚŸĶ

űşŘũŖŚļŴŎŠŚŭŖ &2' űŌĹŢŎĶŘŪŊŴŊƢŎźžŧŴŠƢŉŦŎűŏŎųŌŵŎŌƥķūźŎŖŧ &3' űŖŬŹŢĹŢŎĶŘŪŊŋūļŘťŉŦŏŌŪŹŊƢŢļĶŧŘŲŚƢŜ

ĽūļŋŢŎŐŚŢĶűŠŚŸĶķūźŎ 

 
(a) 

 
(b) 

ŘŮŐŌŪŹ 2-00 şŧŘŚťŚŧŗŌŪŹŴĿƢĶŦŎŠŚŭŖűĽŧťœŦļŴŎĶŧŘĶơŢşŘƢŧļűşŧűķŸŖűĽŧťŘťŏŏűĽŧťűŐƙŗĶ &a) űŏŎųŌŵŎŌƥ (b) ųœŚŪ

űŖŢŘƥ 

4.2.3 ŐƧĽĽŦŗŌŪŹŖŪőŚĶŘťŌŏŊơŢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖ 

4.2.3.1 ĶŘŘŖŜũōŪĶŧŘĶơŢşŘƢŧļ 

ŴŎĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶķŢļűşŧűķŸŖşũŹļŌŪŹŊƢŢļœũĽŧŘňŧŐŘťĶŢŏŉƢŜŗĹŬŢ ŚŦĶŞňť

ĶŧŘĶơŢşŘƢŧļŀūŹļĽťŖŪőŚĶŘťŌŏŊơŢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŢŗơŧļŖŧĶ ŊŦŜŢŗơŧļűĿơŎ ĶŧŘŊŢĶűķŸŖŴŎ

ŠŚŭŖŌŪŹŖŪĶŧŘűĽŧťŎžŧŵŜƢĶơŢŎ ŢŧĽŌžŧŴŠƢŲŘļűşŪŗŉŌŧŎķŢļűşŧűķŸŖŚŉŚļ 

TEMPORARY 

CASING

VIBRATOR

REINFORCEMENT 

CAGE

TREMIE 

PIPE

BUCKET

ЛУДЯϳИЊЖОГ

ЮЋЊаЈвЊЈϨ

ОЊЩБУϵ

ЮЋЊаЈвЊЈϨ

ЮВеЅЅХЊ

ЮЋЊаЈвЊЈϨ

Filter cake

ЯДϸЅТЊ 

hydrostatic ЮϹЖаЏЖЦЮВОДϨ

ЮЛϥЊбГаЏЖЦЮВОДϨ

ЮЛϥЊбГаЏЖЦЮВОДϨ ЮЏХжВ 

cohesion ϳОϸЅХЊ
ЮϹЖаЏЖЦЮВОДϨ 

ОЩЅϻϤОϸИϤУϸбЊЅХЊ
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ŊŧŘŧļŌŪŹ 2-0 ĹơŧķŢļ Coefficient of lateral earth pressure, K  ķŢļűşŧűķŸŖ 

ķŦźŎŊŢŎĶŧŘ

ŊũŉŊŦźļ 

űşŧűķŸŖűĽŧťŌžŧŴŠƢŉũŎŘŢŏűşŧűķŸŖŠŚŜŖ űķŸŖŊŢĶŌžŧŴŠƢŉũŎŘŢŏűşŧűķŸŖŲŎơŎ 

ĶơŢŎĶŧŘŊũŉŊŦźļűşŧűķŸŖ  

 

 

 
ŠŚŦļĶŧŘŊũŉŊŦźļűşŧűķŸŖ 

 

 

 

4.2.3.2 ĹŜŧŖķŘŭķŘťķŢļőũŜűşŧűķŸŖ 

űŎŬŹŢļĽŧĶűşŧűķŸŖŊŢĶŎŦźŎĽťŌžŧĶŧŘőŚũŊűşŧűķŸŖųŉŗĶŧŘĹŜŏĹŭŖĹŭňŕŧœĶơŢŎŌžŧĶŧŘŊũŉŊŦźļ ŉŦļŎŦźŎ

őũŜķŢļűşŧűķŸŖĽūļŖŪĹŜŧŖűŘŪŗŏŖŧĶĶŜơŧĶŘňŪķŢļűşŧűķŸŖűĽŧťŀūŹļŴĿƢŉũŎűŐƩŎŲŏŏŠŚơŢĹŢŎĶŘŪŊ ŀūŹļĽŧĶ

ĶŧŘŝūĶŞŧķŢļ Flemming et al. œŏŜơŧűŖŬŹŢűşŧűķŸŖŖŪĹŜŧŖķŘŭķŘťĶžŧŚŦļķŢļűşŧűķŸŖĽťşŮļķūźŎŉŦļŘŮŐŌŪŹ  

2-01 

sh = 0
K = 0

sh = Ksv

K = 0.3 - 0.6

K = 0.1-0.4

ĀÚèÕõÚÿÅæøćîÚÖòè

ĀÚèìæùâÿÉóñ

K = 0.75 - 4



ŜũŝŜĶŘŘŖŅŧŎŘŧĶ 

 118 

pornpot@sut.ac.th 

 
ŘŮŐŌŪŹ  2-01 ŲŘļűşŪŗŉŌŧŎőũŜűşŧűķŸŖűŖŬŹŢűşŧűķŸŖŖŪőũŜķŘŭķŘť &Flemming and Sliwinski /755' 

4.2.3.3 űŎŬŹŢļĽŧĶűŏŎųŌŵŌŎƥŐƝŢļĶŦŎŠŚŭŖűĽŧťœŦļŌŚŧŗ 

űşŧűķŸŖűĽŧťŌŪŹűĽŧťŉƢŜŗŜũōŪűĽŧťŲŏŏűŐƙŗĶŲŚťűĽŧťŲŏŏŲŠƢļĽťŴŠƢőŚŴŎĶŧŘŘŦŏŲŘļŵŖơűŠŖŬŢŎĶŦŎ 

ųŉŗŌŪŹűşŧűķŸŖŌŪŹĶơŢşŘƢŧļųŉŗŴĿƢűŏŎųŌŵŎŌƥĽťŖŪĶžŧŚŦļŘŦŏŲŘļŌŪŹŊŹžŧĶŜơŧ ŲŊơŊƢŢļœūļŘťŜŦļŜơŧŴŎĶŧŘűĽŧťŲŏŏ

űĽŧťŲŠƢļŎŦźŎĽťĶŘťŌžŧŵŉƢŴŎĶŘňŪŌŪŹŵŖơŖŪŐƧłŠŧűŘŬŹŢļŘťŉŦŏŎźžŧŴŊƢŉũŎűŌơŧŎŦźŎ ŋƢŧĿŦźŎŉũŎűŐƩŎĿŦźŎŉũŎŌŘŧŗŌŪŹŖŪ

ŘťŉŦŏŎźžŧŴŊƢŉũŎŢŗŮơşŮļ ĽžŧűŐƩŎĽťŊƢŢļŴĿƢŎźžŧųĹŚŎűŏŎųŌŵŎŌƥűœŬŹŢŐƝŢļĶŦŎŠŚŭŖűĽŧťœŦļŌŚŧŗŉŦļŠŦŜķƢŢŌŪŹ 

2,0,0,0 ŲŚťĽŧĶĶŧŘŌŉşŢŏűşŧűķŸŖűŐŘŪŗŏűŌŪŗŏŘťŠŜơŧļűşŧűķŸŖűĽŧťŌŪŹŴĿƢűŏŎųŌŵŎŌƥĶŦŏűşŧűķŸŖűĽŧťŌŪŹ

ŵŖơŴĿƢűŏŎųŌŵŎŌƥœŏŜơŧ űşŧűķŸŖűĽŧťŌŪŹŵŖơŴĿƢűŏŎųŌŵŎŌƥĽťŴĿƢĶžŧŚŦļŘŦŏŲŘļĶŉşŮļĶŜơŧűşŧűķŸŖűĽŧťŌŪŹŴĿƢűŏŎ

ųŌŵŎŌƥŉŦļŘŮŐŌŪŹ 2-02 

 

ŘŮŐŌŪŹ 2-02 űŐŘŪŗŏűŌŪŗŏĶŘŧŔĶŧŘŌŘŭŉŊŦŜĶŦŏŲŘļĶŉķŢļűşŧűķŸŖűĽŧťŌŪŹŴĿƢűŏŎųŌŵŎŌƥĶŦŏűşŧűķŸŖűĽŧť
ŌŪŹŵŖơŴĿƢűŏŎųŌŵŎŌƥ &Flemming and Sliwinski /755' 

P
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4.2.3.4 őŚűŎŬŹŢļĽŧĶŢŧŗŭķŢļűşŧűķŸŖŠŚŦļĽŧĶĶơŢşŘƢŧļűşŘŸĽ 

ŢŪĶŐƧĽĽŦŗŠŎūŹļŌŪŹŖŪőŚŊơŢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖĶŸĹŬŢ űŜŚŧ ŊŦŜŢŗơŧļűĿơŎűşŧűķŸŖŌŪŹŊŢĶűŖŬŹŢűŜŚŧ

őơŧŎŵŐĽťŖŪĶžŧŚŦļŘŦŏŲŘļşŮļķūźŎŉŦļŘŮŐŌŪŹ 2-03 ĶŧŘŊŢĶűşŧűķŸŖŴŎĿŦźŎŉũŎűŠŎŪŗŜŌžŧŴŠƢŉũŎűŠŎŪŗŜŘŢŏ
űşŧűķŸŖŋŮĶŘŏĶŜŎűŎŬŹŢļĽŧĶĶŧŘŊŢĶŴŠƢűşŧűķŸŖĽŖŚļŴŎŉũŎ ĶŧŘŘŏĶŜŎŉũŎŎŪźŌžŧŴŠƢŉũŎűŠŎŪŗŜűşŪŗĶžŧŚŦļ

űŐƩŎŢŗơŧļŖŧĶ ŲŊơŉũŎŌŪŹŋŮĶŘŏĶŜŎŎŪźĽťűŘũŹŖŢŦŉŊŦŜŲŚťĹŬŎĶžŧŚŦļŢŗơŧļŘŜŉűŘŸŜŠŚŦļĽŧĶŊŢĶűşŧűķŸŖűşŘŸĽ 

&Teng /762' ĶŚơŧŜŵŜƢŜơŧşơŜŎŴŠłơŲŚƢŜŉũŎűŠŎŪŗŜŌŪŹŋŮĶŘŏĶŜŎĽťŖŪĶžŧŚŦļĹŬŎűŠŖŬŢŎűŉũŖŕŧŗŴŎ

ŘťŗťűŜŚŧŐŘťŖŧňŠŎūŹļűŉŬŢŎŠŚŦļĽŧĶŊŢĶűşŧűķŸŖ şŭŉŌƢŧŗŲŚƢŜŉũŎűŠŎŪŗŜŢơŢŎŏŘũűŜňŘŢŏűşŧűķŸŖĽť

ŖŪĶžŧŚŦļşŮļĶŜơŧŉũŎŌŪŹŵŖơŋŮĶŘŏĶŜŎ ŴŎųĹŘļĶŧŘĶơŢşŘƢŧļŢŧĹŧŘŌŦŹŜŵŐĶžŧŚŦļŊƢŧŎŌŧŎķŢļűşŧűķŸŖŌŪŹŊŹžŧŚļ

ĿŦŹŜĹŘŧŜŵŖơŖŪőŚŊơŢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖşŭŉŌƢŧŗűŎŬŹŢļĽŧĶŲŘļŌŪŹűĶũŉķūźŎűŎŬŹŢļĽŧĶųĹŘļşŘƢŧļ

ŢŧĹŧŘŎŦźŎĽťĶŘťŌžŧĶŦŏűşŧűķŸŖŠŚŦļĽŧĶŊŢĶŲŚƢŜŠŚŧŗűŉŬŢŎŠŚŦļĽŧĶŊŢĶűşŧűķŸŖ ŴŎŏŧļĶŘňŪŌŪŹ

űşŧűķŸŖĽťŊƢŢļŘŦŏŲŘļĶŘťŌžŧĽŧĶųĹŘļşŘƢŧļŌŦŎŌŪŠŚŦļĽŧĶŊŢĶűşŘŸĽĽťŊƢŢļĹžŧŎūļŋūļĶžŧŚŦļķŢļűşŧűķŸŖŌŪŹ

ŚŉŚļűŎŬŹŢļĽŧĶĶŧŘŊŢĶűşŧűķŸŖŎŪźŉƢŜŗ ŴŎĶŘňŪűĿơŎŎŪźĽťŊƢŢļŌŉşŢŏĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎŌŪŹŋŮĶ

ŘŏĶŜŎŲŚťŠŧŢŦŊŘŧĶŧŘĹŬŎŊŦŜķŢļĶžŧŚŦļŘŦŏŲŘļűľŬŢŎŠŚŦļĽŧĶŋŮĶŘŏĶŜŎŲŚƢŜ 

 
ŘŮŐŌŪŹ 2-03 ĶžŧŚŦļķŢļűşŧűķŸŖŊŢĶŌŪŹűœũŹŖķūźŎűŖŬŹŢŢŧŗŭķŢļűşŧűķŸŖŖŧĶķūźŎ  &Tomlinson /773' 

4.2.3.5 őŚűŎŬŹŢļĽŧĶĿŎũŉķŢļĿŦźŎŉũŎŌŪŹŐŚŧŗűşŧűķŸŖ 

ĿŎũŉķŢļŉũŎŌŪŹŐŚŧŗűşŧűķŸŖŖŪőŚŊơŢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļŉũŎűŎŬŹŢļĽŧĶŉũŎŌŘŧŗĽťŖŪŠŎơŜŗŲŘļŊƢŧŎŌŪŹ

ŐŚŧŗűķŸŖşŮļĶŜơŧŉũŎűŠŎŪŗŜ ŉŦļŎŦźŎŴŎĶŧŘűŚŬŢĶĹŜŧŖŚūĶķŢļűşŧűķŸŖŖŦĶĽťűŚŬŢĶŴŠƢŐŚŧŗűşŧűķŸŖŜŧļŢŗŮơ

ŏŎĿŦźŎŌŘŧŗŲŎơŎ ķƢŢĹŜŘŘťŜŦļŢŪĶŐŘťĶŧŘŠŎūŹļĹŬŢ ŐŚŧŗűķŸŖŌŪŹŢŗŮơŴŎĿŦźŎŌŘŧŗŲŊơŖŪĿŦźŎŉũŎűŠŎŪŗŜŢŗŮơŴŊƢ

ŐŚŧŗűķŸŖŚļŵŐŢŪĶŀūŹļűŖŬŹŢĿŦźŎŉũŎűŠŎŪŗŜŎŪźŖŪ Effective stress űœũŹŖķūźŎűŎŬŹŢļĽŧĶŲŘļĶŉĽŧĶűşŧűķŸŖĽťŌžŧ

ŴŠƢűĶũŉĶŧŘŌŘŭŉŊŦŜűŎŬŹŢļĽŧĶ Consolidation ĶŧŘűŐŘŪŗŏűŌŪŗŏĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖşŢļŊƢŎŌŪŹŜŧļ

ŢŗŮơŴŎĿŦźŎŉũŎűŠŎŪŗŜŲŚťĿŦźŎŉũŎŌŘŧŗŲşŉļŉŦļŘŮŐŌŪŹ  2-05 ŀūŹļĽťűŠŸŎŵŉƢŜơŧűşŧűķŸŖ A ŖŪŐŚŧŗŢŗŮơŴŎĿŦźŎŉũŎ

űŠŎŪŗŜŲŚťűşŧűķŸŖ B ŖŪŐŚŧŗŢŗŮơŴŎĿŦźŎŉũŎŌŘŧŗųŉŗűşŧűķŸŖ B şŦźŎĶŜơŧűşŧűķŸŖ A ŲŊơűŖŬŹŢŌŉşŢŏĶžŧŚŦļ

ЮИЖУМЖТϸϹУϲІОϲЮЛУЮϳеВЮЛДеϹ (ИТЊ)
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200 215mm ЮЛУЮϳеВϵОЊϲДЦІ

(Gothenburg)

300 125mm ЮЛУЮϳеВДЪЌІТИвО

(Gothenburg)

150mm ЮЛУЮϳеВЈϤОЮМЖеϲ

(San Francisco)

350 150mm ЮЛУЮϳеВвВϥЌЖУГЛОЋ 

(Drammen)
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ŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖœŏŜơŧűşŧűķŸŖŌŪŹŖŪŐŚŧŗŜŧļŢŗŮơŴŎĿŦźŎŌŘŧŗŲŎơŎĽťŖŪĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶşŮļĶŜơŧŲŚť

űŖŬŹŢŘŦŏŲŘļĶŉűŌơŧĶŦŎĽťŖŪĶŧŘŌŘŭŉŊŦŜŌŪŹŎƢŢŗĶŜơŧŉƢŜŗ 

 

ŘŮŐŌŪŹ  2-04 ŐŚŧŗķŢļűşŧűķŸŖŖŪőŚŊơŢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖ 

4.2.3.6 őŚűŎŬŹŢļĽŧĶĶŧŘŢŦŉľŪŉŎźžŧŐŮŎŌŪŹŐŚŧŗűşŧűķŸŖ 

ĽŧĶĶŧŘŝūĶŞŧĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŌŪŹŖŪŐŚŧŗűşŧűķŸŖŢŗŮơŴŎĿŦźŎŌŘŧŗŲŚťŌžŧĶŧŘŢŦŉľŪŉŎźžŧŐŮŎ

ŌŪŹŐŚŧŗűşŧűķŸŖœŏŜơŧűşŧűķŸŖŌŪŹŖŪĶŧŘŢŦŉľŪŉŎźžŧŐŮŎĽťŖŪĶžŧŚŦļŘŦŏŲŘļĶŉşŮļķūźŎĶŜơŧűşŧűķŸŖŌŪŹŵŖơŖŪĶŧŘŢŦŉ

ľŪŉŎźžŧŐŮŎŌŪŹŐŚŧŗűşŧűķŸŖ &ŘŮŐŌŪŹ  2-05' ĶŧŘŢŦŉľŪŉŎźžŧŐŮŎĽťŐƧƬŖŎźžŧŐŮŎőơŧŎŌơŢŀūŹļűŊŘŪŗŖŵŜƢŴŎŘťŠŜơŧļ
ĶơŢşŘƢŧļűşŧűķŸŖŵŐŗŦļŐŚŧŗķŢļűşŧűķŸŖ  
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ŘŮŐŌŪŹ  2-05 ĶžŧŚŦļŘŦŏŲŘļķŢļűşŧűķŸŖŌŪŹŢŦŉľŪŉŎźžŧŐŮŎŌŪŹŐŚŧŗűşŧűķŸŖ  

4.2.3.7 őŚűŎŬŹŢļĽŧĶ effective overburden pressure ŌŪŹűœũŹŖķūźŎűŎŬŹŢļĽŧĶ Piezometric drawdown 

ĽŧĶĶŧŘŝūĶŞŧŲŘļŉŦŎŎźžŧŴŎŉũŎųŉŗŴĿƢ Piezometer ŴŎĿŦźŎŉũŎĶŘŭļűŌœ œŏŜơŧŲŘļŉŦŎŎźžŧŴŎŉũŎŵŖơŵŉƢ

űŐƩŎ hydrostatic ŲŊơűŐƩŎŲŘļŉŦŎŎźžŧŲŏŏŌŪŹűŘŪŗĶŜơŧ Piezometric drawdown ŀūŹļŲŘļŉŦŎŎźžŧŌŪŹŚŉŚļŎŪźĽťŌžŧ

ŴŠƢ Effective overburden pressure űœũŹŖşŮļķūźŎŉŦļŘŮŐŌŪŹ 2-06 ŀūŹļĽťŖŪőŚŊơŢĶžŧŚŦļŊƢŧŎŌŧŎŲŘļűşŪŗŉ
ŌŧŎķŢļűşŧűķŸŖ ŲŊơŢŗơŧļŵŘĶŸŊŧŖŴŎĶŧŘŢŢĶŲŏŏ ĽťŊƢŢļĹžŧŎūļŋūļŲŘļŉŦŎŎźžŧŌŪŹŢŧĽűœũŹŖķūźŎŉƢŜŗ

űŎŬŹŢļĽŧĶ Piezometric drawdown ŢŧĽĽťŖŪŘťŉŦŏĶŚŦŏĹŬŎşŮơŲŘļŉŦŎŎźžŧŐĶŊũŲŏŏ hydrostatic ŀūŹļĽťŌžŧ

ŴŠƢ Effective overburden ŚŉŚļ 
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ŘŮŐŌŪŹ 2-06 ŲŘļŉŦŎŎźžŧ ŲŚť effective overburden pressure ŴŎĿŦźŎŉũŎĶŘŭļűŌœ 

4.3 űĹŘŬŹŢļĽŦĶŘşžŧŠŘŦŏŊũŉŊŦźļűşŧűķŸŖŲŏŏ hydraulic static pile driver 

ĶŧŘŊũŉŊŦźļűşŧűķŸŖŲŏŏ hydraulic static pile driver űŐƩŎűĹŘŬŹŢļĽŦĶŘşžŧŠŘŦŏŊũŉŊŦźļűşŧűķŸŖşžŧűŘŸĽŘŮŐ

ųŉŗŜũōŪĶŧŘĶŉŚļŴŎĿŦźŎŉũŎ ŀūŹļŲŊĶŊơŧļĽŧĶĶŧŘŴĿƢŚŮĶŊŭƢŖŎźžŧŠŎŦĶŊŢĶűşŧűķŸŖ ĶŧŘŊũŉŊŦźļűşŧűķŸŖŉƢŜŗŜũōŪ

ŎŪźĽťŴĿƢŲŖơŲŘļŵţųŉŘŚũĶşƥĽŦŏűşŧűķŸŖŵŜƢŲŚť ŌžŧĶŧŘĶŉŉƢŜŗŲŖơŲŘļŵţųŉŘŚũĶşƥŉŦļŘŮŐŌŪŹ 2-07 ŴŎķňťŌžŧ
ĶŧŘĶŉűşŧűķŸŖĽťŴĿƢŎźžŧŠŎŦĶķŢļűĹŘŬŹŢļĽŦĶŘűŢļűŐƩŎŲŘļŐńũĶũŘũŗŧ ŊŦŜŢŗơŧļűĿơŎűĹŘŬŹŢļĽŦĶŘĶŉűşŧűķŸŖŌŪŹŖŪ

ŎźžŧŠŎŦĶ 20. ŊŦŎ ĽťŖŪŲŘļĶŉűşŧűķŸŖşŮļşŭŉĹŬŢ 20. ŊŦŎ űŐƩŎŊƢŎ ĶŧŘŊũŉŊŦźļűşŧűķŸŖŉƢŜŗŜũōŪŎŪźŵŖơ

ĶơŢŴŠƢűĶũŉĶŧŘşŦŹŎşťűŌŬŢŎűŎŬŹŢļĽŧĶĶŧŘŊŢĶ ŀūŹļŌžŧŴŠƢŚŉőŚĶŘťŌŏŊơŢŢŧĹŧŘķƢŧļűĹŪŗļ ŀūŹļűŐƩŎŢŪĶ

ŌŧļűŚŬŢĶŠŎūŹļşžŧŠŘŦŏĶŧŘŊũŉŊŦźļűşŧűķŸŖşžŧűŘŸĽŘŮŐ űĹŘŬŹŢļĽŦĶŘĿŎũŉŎŪźŵŉƢŎžŧŖŧŴĿƢĶŉűşŧűķŸŖŗŧŜ 0/ űŖŊŘ

ŴĿƢĿŦźŎŉũŎĶŘŭļűŌœŉŦļŘŮŐŌŪŹ 2-1. 
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ŘŮŐŌŪŹ 2-07 űĹŘŬŹŢļĽŦĶŘşžŧŠŘŦŏŊũŉŊŦźļűşŧűķŸŖųŉŗŜũōŪĶŉŉƢŜŗŵţųŉŘŚũĶşƥ 

 

 
ŘŮŐŌŪŹ 2-1. űĹŘŬŹŢļĽŦĶŘŊũŉŊŦźļűşŧűķŸŖŘťŏŏĶŉŌŪŹŖŪŲŘļĶŉşŮļşŭŉ 20. ŊŦŎ 

 

 

 

 

ϲДСЋОϲвПаЅДЖХϲЛϨ

ЛлУМДТЋООϲЯДϸϲЅ

ЯЈϤϸЮМЖеϲЛлУМДТЋЮЌеЊ 

counterweight

ЮЛУЮϳеВЛϤИЊЋЊ

ЁУЊЮϵДШжОϸϹТϲД 

ИУϸЋЊЅХЊ

ϲДСЋОϲвПаЅДЖХϲЛϨ

ЛлУМДТЋЮЖШжОЊІлУЯМЊϤϸ

Pile clamping box
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4.4 ĶŚŵĶĶŧŘŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŌŪŹŘŦŏŲŘļŴŎŲŎŜŲĶŎ 

űşŧűķŸŖĶŸűŠŖŬŢŎĶŦŏŅŧŎŘŧĶŊŬźŎŌŪŹŢŗŮơŴŎŘťŉŦŏŚūĶŖŧĶ ŵŉƢŖŪőŮƢşŖŖŭŊũŘŮŐŲŏŏĶŧŘŜũŏŦŊũķŢļŉũŎŌŪŹŐŚŧŗ

űşŧűķŸŖűĿũļŌřŞŃŪŵŜƢŠŚŧŗŘŮŐŲŏŏŉƢŜŗĶŦŎŉŦļŘŮŐŌŪŹ 2-1/ 

 
ŘŮŐŌŪŹ 2-1/ ŘŮŐŲŏŏĶŚŵĶĶŧŘŜũŏŦŊũķŢļŉũŎŴŊƢŅŧŎŘŧĶűşŧűķŸŖŌŪŹşŖŖŭŊũķūźŎ ųŉŗ Vesic 1967 &ĹŦŉŚŢĶŘŮŐĽŧĶ 

&Lambe and Whitman /747' ' 

 şžŧŠŘŦŏĶŚŵĶĶŧŘŜũŏŦŊũķŢļŅŧŎŘŧĶŊŬźŎŲŚťŅŧŎŘŧĶűşŧűķŸŖŊŧŖŲŎŜĹũŉķŢļ Terzaghi ŲŚť 

Meyerhof ŲşŉļŉŦļŘŮŐŌŪŹ 2-10 ŲŚťŘŮŐŌŪŹ 2-11 ŊŧŖŚžŧŉŦŏ 

Prandtl, Reissner, Caquot, 
Busman, Terzaghi

DeBeer, Jaky, 
Meyerhof

Berezantsev&Yarosh
enko, Vesic

Bishop, Hill&Matt, Skemton, 
Yassin&Gibson

Q Q Q Q
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ŘŮŐŌŪŹ 2-10 ĶŚŵĶĶŧŘŜũŏŦŊũŌŪşŖŖŭŊũķūźŎşžŧŠŘŦŏœŦŇŎŧşŖĶŧŘ Bearing capacity ķŢļ Terzaghi (a) ŅŧŎŘŧĶŊŬźŎ &b) 

ŅŧŎŘŧĶŚūĶ  

 

ŘŮŐŌŪŹ 2-11 ĶŚŵĶĶŧŘŜũŏŦŊũŌŪşŖŖŭŊũķūźŎşžŧŠŘŦŏœŦŇŎŧşŖĶŧŘ Bearing capacity ķŢļ Meyerhof (a) 

ŅŧŎŘŧĶŊŬźŎ &b) ŅŧŎŘŧĶŚūĶ 

4.5 œřŊũĶŘŘŖĶŧŘŘŦŏŲŘļķŢļűşŧűķŸŖ 

űŖŬŹŢŖŪŲŘļĶŉĶŘťŌžŧŌŪŹŠŦŜűşŧűķŸŖŲŘļŌŪŹŠŦŜűşŧűķŸŖĽťŋơŧŗőơŧŎűşŧűķŸŖŵŐşŮơŉũŎ ŀūŹļşŧŖŧŘŋŜŦŉŲŘļŎŪźŵŉƢ

ŌŧļŢƢŢŖųŉŗĶŧŘŜŦŉ Strain ųŉŗŴĿƢŢŭŐĶŘňƥŌŪŹűŘŪŗĶŜơŧ strain gauge ŀūŹļŊũŉŊŦźļŵŜƢŴŎűşŧűķŸŖŉŦļŘŮŐŌŪŹ 2-12 
ĽŧĶĹơŧ strain ŌŪŹŵŉƢŎžŧŖŧŲŐŚļűŐƩŎŲŘļŌŪŹűĶũŉķūźŎŴŎűşŧűķŸŖŀūŹļĽťŌžŧŴŠƢşŧŖŧŘŋŝūĶŞŧŋūļœřŊũĶŘŘŖĶŧŘ

ŘŦŏŲŘļķŢļűşŧűķŸŖŵŉƢ 

Qult

(a) (b)

ЊзлУМЊТϲЅХЊ

ЊзлУМЊТϲЅХЊ

Qult

(a) (b)

B5.3º

B

Qult Qult
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ŘŮŐŌŪŹ 2-12 ŲŘļŴŎűşŧűķŸŖŌŪŹŜŦŉŵŉƢųŉŗĶŧŘŴĿƢ Strain gauge 

ĽŧĶŲŘļŌŪŹŜŦŉŵŉƢŴŎűşŧűķŸŖŋƢŧĽžŧŲŎĶŲŘļŌŪŹűĶũŉķūźŎűŐƩŎşŢļşơŜŎĹŬŢŲŘļűşŪŗŉŌŧŎŌŪŹőũŜűşŧűķŸŖŲŚťŲŘļ

ŊƢŧŎŌŪŹŐŚŧŗűķŸŖŲŚťŎžŧŖŧűķŪŗŎĶŘŧŔĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŘťŗťŗŭŏŊŦŜķŢļŠŦŜűşŧűķŸŖĶŦŏŲŘļŌŪŹűĶũŉķūźŎ

ŴŎűşŧűķŸŖĽťŵŉƢŉŦļŘŮŐŌŪŹ 2-15 

 
ŘŮŐŌŪŹ 2-13 Load settlement curve ķŢļűşŧűķŸŖŗŧŜ &Friction pile) 

ĽŧĶĶŘŧŔŘŮŐŌŪŹ 2-13 ĽťűŠŸŎŜơŧşơŜŎķŢļŲŘļűşŪŗŉŌŧŎĽťűĶũŉķūźŎűŊŸŖŌŪŹűŖŬŹŢŘťŗťŗŭŏŊŦŜķŢļŠŦŜ

űşŧűķŸŖűŌơŧĶŦŏ 0. ŖũŚŚũűŖŊŘŀūŹļŖŪĹơŧŐŘťŖŧň 2% ķŢļűşƢŎőơŧŝŮŎŗƥĶŚŧļķŢļűşŧűķŸŖ şơŜŎķŢļŲŘļ

ŊƢŧŎŐŚŧŗűķŸŖĽťűĶũŉűŊŸŖŌŪŹűŖŬŹŢŘťŗťŗŭŏŊŦŜķŢļŠŦŜűşŧűķŸŖŖŪĹơŧűŌơŧĶŦŏ 80 ŖũŚŚũűŖŊŘ ŀūŹļŖŪĹơŧŐŘťŖŧň 

6 % ķŢļűşƢŎőơŧŎŝŮŎŗƥĶŚŧļķŢļűşŧűķŸŖ 
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ŴŎĶŧŘĹžŧŎŜňŲŘļŌŪŹűĶũŉķūźŎŴŎűşŧűķŸŖŎŦźŎ űŘŧĽťœũĽŧŘňŧűşŧűķŸŖŴŠƢűŐƩŎŜŦşŉŭŌŪŹűŐƩŎŲŌơļŗŧŜŴŎŜũĿŧ

ĶŚŝŧşŊŘƥŜŦşŉŭ ŲŊơűşŧűķŸŖĽťŖŪşŕŧœŌŪŹűŐƩŎ Indeterminate ŌŪŹŖŪŊŦŜŲŐŘŵŖơŌŘŧŏĹơŧűŐƩŎĽžŧŎŜŎŖŧĶ ŎŦŹŎ

ĹŬŢŋƢŧŖŪŲŘļĶŘťŌžŧŌŪŹŐŚŧŗűşŧűķŸŖűŘŧĽťŵŖơşŧŖŧŘŋŘťŏŭŵŉƢŜơŧűşŧűķŸŖŖŪĶŧŘĶŘťĽŧŗķŢļŲŘļŊŧŖĹŜŧŖ

ŗŧŜűşŧűķŸŖűŐƩŎŢŗơŧļŵŘ 

 
ŘŮŐŌŪŹ 2-14 ŐƧłŠŧĶŧŘŘŦŏŲŘļĶŉķŢļűşŧűķŸŖűŐƩŎŐƧłŠŧ Statically indeterminate ŌŪŹŖŪŊŦŜŵŖơŌŘŧŏĹơŧűŐƩŎĽžŧŎŜŎ

ŖŧĶ 

 ŴŎĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŌŪŹŖŪŊŦŜŵŖơŌŘŧŏĹơŧűŐƩŎĽžŧŎŜŎŖŧŎŪźĽžŧűŐƩŎĽťŊƢŢļŴĿƢ

ŌřŞŃŪŌŧļŐŅœŪĶŚŝŧşŊŘƥűķƢŧŖŧĿơŜŗ ųŉŗŖŪķŦźŎŊŢŎŉŦļŎŪź 

¶ ĹžŧŎŜňŠŎơŜŗŲŘļŊƢŧŎŐŘťŚŦŗŌŪŹőũŜűşŧűķŸŖŲŚťŌŪŹŐŚŧŗűşŧűķŸŖ 

¶ ĹžŧŎŜňŲŘļŊƢŧŎŐŘťŚŦŗŌŪŹőũŜűşŧűķŸŖŲŚťŐŚŧŗűşŧűķŸŖ 

¶ ŘŜŖŲŘļŐŘťŚŦŗŌŪŹőũŜűşŧűķŸŖŲŚťŌŪŹŐŚŧŗűşŧűķŸŖűķƢŧŉƢŜŗĶŦŎ  

1L

2L

3L

P

1p

2p

3p

4p

5p

6p

7p

8p

9p

10p

11p

(b)(a)
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ŘŮŐŌŪŹ 2-15 ĶŧŘĹžŧŎŜňŲŘļŊƢŧŎŌŧŎŊơŢĶŧŘĶŉķŢļűşŧűķŸŖ 

ĽŧĶŘŮŐŌŪŹ 2-15 &b) ĽťűŠŸŎŵŉƢŜơŧŋƢŧŖŪŲŘļĶŉŌŪŹŠŦŜűşŧűķŸŖűŌơŧĶŦŏ PĽťŖŪŲŘļŊƢŧŎŌŧŎĽŧĶŲŘļűşŪŗŉ

ŌŧŎŘťŠŜơŧļőũŜűşŧűķŸŖĶŦŏŉũŎűŌơŧĶŦŏ 101 pp>  ŲŚťŖŪŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖűŌơŧĶŦŏ
11p ŀūŹļűŘŧŵŖơ

şŧŖŧŘŋĹžŧŎŜňŲŘļűŠŚơŧŎŪźŉƢŜŗŜũōŪşŋũŊŗŝŧşŊŘƥŢŗơŧļŊŘļŵŐŊŘļŖŧŵŉƢűŎŬŹŢļĽŧĶűŐƩŎŐƧłŠŧŲŏŏ 

indeterminate ŌŪŹŖŪŊŦŜ redundant űŐƩŎĽžŧŎŜŎŖŧĶ ŉŦļŎŦźŎĶŧŘĹžŧŎŜňĽūļűŐƩŎĶŧŘĹžŧŎŜňŠŎơŜŗŲŘļ

ŐŘťŚŦŗķūźŎŖŧĶơŢŎŲŚƢŜĽūļĹžŧŎŜňŲŘļŐŘťŚŦŗ ŉŦļŘŮŐŌŪŹ 2-15 (a)  űşŘŸĽŲŚƢŜĽūļŎžŧŲŘļűşŪŗŉŌŧŎőũŜŲŚť

ŲŘļŊƢŧŎŌŪŹŐŚŧŗŖŧŘŜŖĶŦŎŉƢŜŗŜũōŪşŋũŊŗŝŧşŊŘƥ 

ĹžŧŎŜňŲŘļűşŪŗŉŌŧŎőũŜķŢļĿŦźŎŉũŎĽžŧŎŜŎn  ĿŦźŎŵŉƢĽŧĶ 

 ()( )()( ) ()( )nnssss pLfpLfpLfQ +++= >2211  (4.1)  

ĹžŧŎŜňŲŘļŊƢŧŎŐŚŧŗűķŸŖĽŧĶşŖĶŧŘ 

 ()( )bbb AqQ =  (4.2)  

ŲŘļŊƢŧŎŌŧŎŊơŢĶŧŘĶŉĹŬŢőŚŘŜŖķŢļŲŘļűşŪŗŉŌŧŎőũŜŲŚťŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ 

 WQQQ bsult -+=  &4,3'  

ųŉŗŐĶŊũŲŚƢŜŎźžŧŠŎŦĶķŢļűşŧűķŸŖĽťŎƢŢŗŖŧĶűŖŬŹŢűŌŪŗŏĶŦŏĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŘťŚŦŗķŢļűşŧűķŸŖ 

ŉŦļŎŦźŎşơŜŎŴŠłơűŘŧĽťŵŖơĹžŧŎūļŋūļŎźžŧŠŎŦĶķŢļűşŧűķŸŖ űŎŬŹŢļĽŧĶŠŎơŜŗŎźžŧŠŎŦĶķŢļŜŦşŉŭŌŪŹŴĿƢŌžŧűşŧűķŸŖĽť

ŖŧĶĶŜơŧŠŎơŜŗŎźžŧŠŎŦĶŉũŎŌŪŹŋŮĶŲŌŎŌŪŹŵŖơŖŧĶŎŦĶųŉŗŐĶŊũŲŚƢŜŎźžŧŠŎŦĶķŢļűşŧűķŸŖĽťŎƢŢŗŖŧĶűŖŬŹŢűŌŪŗŏ

ĶŦŏultQ şơŜŎŴŠłơĶŧŘĹžŧŎŜňŖŦĶĽťŵŖơĹžŧŎūļŋūļŎźžŧŠŎŦĶķŢļűşŧűķŸŖ űœŘŧťŠŎơŜŗŎźžŧŠŎŦĶķŢļŜŦşŉŭŌŪŹŴĿƢ

1L

2L

3L

( ) ()( )111
pLfQ ss =

()( )bbb AqQ =

(a)

ultQP=
ultQ

( ) ( ) ( )
321 sss QQQ ++( ) ()( )222

pLfQ ss =

( ) ()( )333
pLfQ ss =

bQ

(b)
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ŌžŧűşŧűķŸŖĽťŖŧĶĶŜơŧŠŎơŜŗŎźžŧŠŎŦĶŉũŎŌŪŹŋŮĶŲŌŎŌŪŹŵŖơŖŧĶŎŦĶ ųŉŗŌŦŹŜŵŐĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŘťŚŦŗķŢļ

űşŧűķŸŖŵŉƢĽŧĶşŖĶŧŘ 

 bsult QQQ +=  (4.4)  

 

ŘŮŐŌŪŹ  2-16 ŲŘļŌŪŹűĶũŉķūźŎŴŎűşŧűķŸŖűŉŪŹŗŜŌŪŹŖŪŠŎƢŧŊŦŉŊŦŎ 

şžŧŠŘŦŏűşŧűķŸŖŌŪŹŖŪŠŎƢŧŊŦŉŵŖơŊŦŎŀūŹļŵŉƢŲĶơűşŧűķŸŖŘŮŐŊŦŜŵŢ űşŧűķŸŖ wide flang űşŧűķŸŖŲŏŏŌơŢĶŚŜļ

ŐŚŧŗűŐƘŉŎŦźŎĶŧŘĹũŉœŬźŎŌŪŹőũŜűşŧűķŸŖŴĿƢűşƢŎŘŢŏŘŮŐķŢļűşŧűķŸŖŌŪŹűŐƩŎŲŎŜűľŬŢŎķŢļŉũŎŉŦļŘŮŐŌŪŹ 2-17 ŀūŹļ
œũĽŧŘňŧŵŉƢĽŧĶŕŧœŋơŧŗķŢļűşŧűķŸŖ wide flange &' ŌŪŹŋŮĶŋŢŎķūźŎŖŧĽťűŠŸŎŵŉƢŜơŧŖŪŉũŎŊũŉŢŗŮơŘťŠŜơŧļ 

flange ŲŚť web ķŢļűşŧűķŸŖ ŀūŹļŲşŉļŜơŧŘťŎŧŏĶŧŘŜũŏŦŊũĽťűĶũŉŌŪŹűŎŬźŢŉũŎ ŲŌŎŌŪŹĽťűĶũŉŘťŠŜơŧļőũŜ

űşŧűķŸŖĶŦŏŉũŎ ŉŦļŎŦźŎŴŎĶŧŘĹžŧŎŜňŲŘļŊƢŧŎŌŧŎķŢļűşŧűķŸŖĽťŊƢŢļŴĿƢŘťŎŧŏĶŧŘŜũŏŦŊũŉŦļŘŮŐŌŪŹ 2-17 
 

PP
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ŘŮŐŌŪŹ 2-17 ŲŘļŌŪŹűĶũŉŴŎűşŧűķŸŖűŉŪŹŗŜŌŪŹŖŪŠŎƢŧŊŦŉűŐƘŉ 

 

 

 
&a) 

 
(b) 

ŘŮŐŌŪŹ 2-2. ŘťŎŧŏĶŧŘŜũŏŦŊũŌŪŹűĶũŉŘťŠŜơŧļ flange ķŢļűşŧűķŸŖ wide flange ŌŪŹŋŮĶŋŢŎķūźŎŖŧ  (a) ŘťŠŜơŧļĶŧŘŴĿƢ

ŲŖơŲŘļŋŢŎűşŧűķŸŖĽťűŠŸŎŉũŎŊũŉŘťŠŜơŧļŐƙĶķŢļűşŧűķŸŖ (b) űşŧűķŸŖŌŦźļŊƢŎŌŪŹŖŪŉũŎŊũŉŢŗŮơŘťŠŜơŧļŐƙĶķŢļűşŧűķŸŖ 

 

4.5.1 ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜűşŧűķŸŖŲŚťŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗ 

ŊŧŘŧļŌŪŹ şŘŭŐŜũōŪŌŪŹŎũŗŖŴĿƢŴŎĶŧŘĹžŧŎŜňŲŘļűşŪŗŉŌŧŎŌŪŹőũŜķŢļűşŧűķŸŖ ĽŧĶőŚĶŧŘŌŉşŢŏĶžŧŚŦļ

ŘŦŏŲŘļűľŬŢŎŴŎŠƢŢļŐńũŏŦŊũĶŧŘ şžŧŠŘŦŏűşŧűķŸŖŊŢĶŲŚťűşŧűķŸŖűĽŧť ĶŧŘĹžŧŎŜňųŉŗŴĿƢŠŚŦĶĶŧŘŠŎơŜŗ

ŲŘļŐŘťşũŌōũőŚ (Effective stress) ĽťŴĿƢŵŉƢĶŦŏŌŦźļŉũŎűŠŎŪŗŜŲŚťŉũŎŌŘŧŗ ŲŊơĶŧŘĹžŧŎŜňųŉŗŴĿƢ

P P P
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ŠŚŦĶĶŧŘŠŎơŜŗŲŘļŘŜŖ (Total stress) ŖŦĶĽťŴĿƢĶŦŏűşŧűķŸŖŌŪŹŢŗŮơŴŎĿŦźŎŉũŎűŠŎŪŗŜ œŧŘŧŖũűŊŢŘƥ aŲŚť 

bĽťŵŉƢŖŧĽŧĶĹŜŧŖşŦŖœŦŎōƥűĿũļŐŘťşŏĶŧŘňƥ (Empirical correlations)  

 
ŘŮŐŌŪŹ 2-2/ ĶŚŵĶĶŧŘűĶũŉŲŘļűşŪŗŉŌŧŎŌŪŹőũŜķŢļűşŧűķŸŖ 

 

N = unit force of soil acting normal to pile surface

f = friction

F

N
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ŊŧŘŧļŌŪŹ 2-1 ŜũōŪĶŧŘĹžŧŎŜňŲŘļűşŪŗŉŌŧŎőũŜķŢļűşŧűķŸŖŊŢĶŀūŹļŴĿƢőŚĶŧŘŌŉşŢŏĽŧĶŠƢŢļŐńũŏŦŊũĶŧŘ (Poulos, 

1989) 

ĿŎũŉķŢļŉũŎ şŖĶŧŘ ŠŖŧŗűŠŊŭ ŢƢŧļŢũļĽŧĶ 

ŉũŎűŠŎŪŗŜ 
us sf a=  )kPa 25(0.1 ¢= usa  

)kPa 70(5.0 ²= usa  

ŘťŠŜơŧļşŢļĹơŧŴĿƢĹŜŧŖşŦŖœŦŎōƥŲŏŏűşƢŎŊŘļ 

API (1984) 

  )kPa 35(0.1 ¢= usa  

)kPa 80(5.0 ²= usa  

ŘťŠŜơŧļşŢļĹơŧŴĿƢĹŜŧŖşŦŖœŦŎōƥŲŏŏűşƢŎŊŘļ 

ŋƢŧ 50/ >dL ŊƢŢļŴĿƢŲŔĹűŊŢŘƥĹŮňĹŜŧŖŗŧŜŉƢŜŗ 

Semple and Rigden 

(1984) 

  5.05.0 -

ö
ö
÷

õ
æ
æ
ç

å

¡ö
ö
÷

õ
æ
æ
ç

å

¡
=

v

u

ncv

u ss

ss
a űŖŬŹŢ 1¢

¡
v

us

s
 

25.05.0 -

öö
÷

õ
ææ
ç

å

¡öö
÷

õ
ææ
ç

å

¡
=

v

u

ncv

u ss

ss
a űŖŬŹŢ 1²

¡
v

us

s
 

Flemming et al. 

(1985) 

 
vsf sb¡=  ( )( ) jjb ¡¡-= tanOCRsin1

5.0  Burland (1973)  

Meyerhof (1976) 

ŌŘŧŗŀũŚũĶŧ 
vsf sb¡=  35.015.0 -=b  (űşŧŘŦŏŲŘļŢŦŉ' 

24.010.0 -=b  (űşŧŘŦŏŲŘļŉūļ' 

McClelland (1974) 

  44.0=b  űŖŬŹŢ a28=¡j  

75.0=b  űŖŬŹŢ a35=¡j  

2.1=b  űŖŬŹŢ a37=¡j  

Meyerhof (1976) 

  ( ) ( )( )jdjb /tan/ 00 KKK=  

jd/  ķūźŎĶŦŏĹŜŧŖķŘŭķŘťķŢļűşŧűķŸŖ ( jd/ =.,3 -/,.) 

0/ KK  ķūźŎĶŦŏŜũōŪĶŧŘĶơŢşŘƢŧļ (
0/ KK = .,3- 2,.) 

jsin10 -=K  

Stas and Kulhawy 

(1984) 

Uncemented 

calcareous 

sand 

vsf sb¡=  1.005.0 -=b  Poulos (1988d) 
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ŊŧŘŧļŌŪŹ 2-2 ĶŧŘĹžŧŎŜňŲŘļűşŪŗŉŌŧŎőũŜķŢļűşŧűķŸŖűĽŧťŀūŹļŴĿƢőŚĶŧŘŌŉşŢŏĽŧĶŠƢŢļŐńũŏŦŊũĶŧŘ 
(Poulos, 1989) 

ĿŎũŉķŢļŉũŎ şŖĶŧŘ ŠŖŧŗűŠŊŭ ŢƢŧļŢũļĽŧĶ 

ŉũŎűŠŎŪŗŜ 
us sf a=  45.0=a &London clay) 

7.0=a űŌơŧķŢļĹơŧ aķŢļűşŧűķŸŖŊŢĶŲŏŏŲŌŎŌŪŹŉũŎ 

Skempton (1959) 

 ( )vs Kf sd ¡= tan  ŴĿƢĹơŧ K ŌŪŹŎƢŢŗĶŜơŧŘťŠŜơŧļ  

0K  ŲŚť ( )015.0 K+  

3/2/ 0=KK ŋūļ /,.  

dķūźŎŢŗŮơĶŦŏĿŎũŉķŢļőũŜşŦŖőŦş 

Flemming et al. 

(1985)  

Stas and Kulhawy 

(1984) 

ŌŘŧŗŀũŚũĶŧ 
vsf sb¡=  1.0=b  űŖŬŹŢ a33=¡j  

2.0=b  űŖŬŹŢ a35=¡j  

35.0=b  űŖŬŹŢ a37=¡j  

 

( )a5tan -¡= jb F  

7.0=F (űşŧűķŸŖŘŦŏŲŘļŢŦŉ' 

5.0=F (űşŧűķŸŖŘŦŏŲŘļŉūļ' 

Meyerhof (1976) 

 

 

 

Kraft and Lyons 

(1974) 

Uncemented 

calcareous 

sand 

vsf sb¡=  

¢sf
 ()

limsf
 

8.05.0 -=b  

() kPa 10060
lim

-=sf
 

 

Poulos (1988d) 

ŊŧŘŧļŌŪŹ  2-3 ŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ ŀūŹļĹžŧŎŜňųŉŗŴĿƢőŚĶŧŘŌŉşŢŏĽŧĶŠƢŢļŐńũŏŦŊũĶŧŘ (Poulos, 

1989) 

ĿŎũŉķŢļŉũŎ şŖĶŧŘ ŠŖŧŗűŠŊŭ ŢƢŧļŢũļĽŧĶ 

ŉũŎűŠŎŪŗŜ ()
bucb sNf =  9=cN  şžŧŠŘŦŏ 3/ ²dL  

()
bus  ŊŘļŊžŧŲŠŎơļŐŚŧŗűşŧűķŸŖ 

Skempton (1959) 

ŌŘŧŗŀũŚũĶŧ 
vqb Nf s¡=  

ŀūŹļ ()
limbb ff ¢  

40=qN   

ŴĿƢĶŘŧŔĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ
qN ĶŦŏ j¡  

ŴĿƢĶŘŧŔĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ 
qN ĶŦŏ j¡ŲŚťĹŜŧŖ

ŲŎơŎşŦŖœŦŌōƥ  ŲŚťŠŎơŜŗŲŘļŐŘťşũŌōũőŚ 

ŠŧĹơŧ 
qN  ĽŧĶŌřŞŃŪ Cavity expansion ŀūŹļűŐƩŎ

ŔƧļĶƥĿŦŹŎķŢļ j¡ŲŚť Volume compressibility 

API (1984) 

Berezantzev et al. 

(1961) 

Flemming et al. 

(1985) 

Vesic (1972) 

Uncemented 

calcareous 

sand 

vqb Nf s¡=  

ŀūŹļ ()
limbb ff ¢  

20=qN  

ĹơŧŐĶŊũķŢļ 
qN  ŢŗŮơŘťŠŜơŧļ 6 - 0. 

qN  ŵŉƢŖŧĽŧĶĹơŧ j¡ŌŪŹŚŉĹơŧŲŚƢŜ  

Datta et al. (1980) 

Poulos (1988d) 

Dutt and Ingram 

(1984) 
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4.5.2 ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗŲŚťŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗŌŪŹŴĿƢŴŎŐŘťűŌŝŵŌŗ 

ĽŧĶŠŦŜķƢŢ 2,3,/ ĽťűŠŸŎŜơŧĹơŧŴŎŊŧŘŧļŊơŧļŷűŐƩŎĹơŧŌŪŹŵŉƢŖŧĽŧĶŐŘťşŏĶŧŘňƥĽŧĶŊơŧļŐŘťűŌŝ

ŌŦźļŠŖŉ şžŧŠŘŦŏŴŎŐŘťűŌŝŵŌŗŵŉƢŖŪĶŧŘşŘƢŧļĹŜŧŖşŦŖœŦŎōƥűœŬŹŢŠŧĹơŧŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗŲŚťŲŘļ

ŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗĽŧĶőŚĶŧŘŌŉşŢŏűşŧűķŸŖŌŪŹŊũŉŊŦźļűĹŘŬŹŢļŖŬŢŜŦŉŵŜƢ ŉŦļŌŪŹĶŚơŧŜŲŚƢŜĶơŢŎŠŎƢŧŎŪź  

4.5.2.1 şžŧŠŘŦŏűşŧűķŸŖŊŢĶ 

ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļűşŧűķŸŖŊŢĶŴŎĶŘňŪŉũŎűŠŎŪŗŜĹžŧŎŜňŵŉƢĽŧĶşŖĶŧŘ  

 s uf sa=  (4.5) 

ŋƢŧŵŖơŖŪĶŧŘŌŉşŢŏűşŧűķŸŖŲŚťŜŦŉĹơŧŲŘļűşŪŗŉŌŧŎ ŴŠƢŴĿƢĹơŧ a ŵŉƢĽŧĶĶŘŧŔĹŜŧŖşŦŖœŦŎōƥűĿũļ

ŐŘťşŐĶŧŘňƥŴŎŘŮŐŌŪŹ 2-20 ŀūŹļŵŉƢŖŧĽŧĶĶŧŘŌŉşŢŏŠŧĹơŧŲŘļűşŪŗŉŌŧŎőũŜķŢļűşŧűķŸŖŴŎĿŦźŎŉũŎ
ĶŘŭļűŌœ ųŉŗŴŎĶŘňŪķŢļűşŧűķŸŖŊŢĶŴŎĿŦźŎŉũŎűŠŎŪŗŜŢơŢŎ ŉũŎűŠŎŪŗŜŢơŢŎŖŪŲŎŜųŎƢŖŌŪŹĽťŗūŉűĶŧťŲŚť

şŦŖőŦşĶŦŏőũŜűşŧűķŸŖŉŪűŎŬŹŢļĽŧĶŉũŎŖŪĹơŧŉŦĿŎŪœŚŧşŊũĶşŮļ ĽūļűŐƩŎşŧűŠŊŭŴŠƢĶžŧŚŦļķŢļĶŧŘŗūŉűĶŧť

ŴĶŚƢűĹŪŗļŠŘŬŢűŌơŧĶŦŏĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎ ŲŊơŴŎĶŘňŪķŢļűşŧűķŸŖŊŢĶŴŎĿŦźŎŉũŎűŠŎŪŗŜŲķŸļ ĶŧŘ

ŊŢĶűşŧűķŸŖŎŢĶĽŧĶĽťŘŏĶŜŎŉũŎųŉŗŘŢŏŲŚƢŜŗŦļŌžŧŴŠƢűĶũŉŘŢŗŲŗĶűŚŸĶŷ ŘťŠŜơŧļőũŜűşŧűķŸŖĶŦŏŉũŎ

űŠŎŪŗŜŀūŹļŌžŧŴŠƢĶžŧŚŦļķŢļĶŧŘŗūŉűĶŧťŊŹžŧĶŜơŧĶžŧŚŦļŘŦŏŲŘļűľŬŢŎķŢļŉũŎűşŖŢ  

 
ŘŮŐŌŪŹ 2-20 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ Adhesion factor ĶŦŏĹơŧ Undrained shear strength şžŧŠŘŦŏűşŧűķŸŖŊŢĶ 

ŴŎĶŘňŪķŢļűşŧűķŸŖűşŪŗŉŌŧŎŴŎĿŦźŎŉũŎŀũŚŌƥ ŋƢŧŉũŎŀũŚŌƥŖŪĶžŧŚŦļŊƢŧŎŌŧŎűŎŬŹŢļĽŧĶĶŧŘŗūŉűĶŧť

ĹơŢŎķƢŧļşŮļŢŧĽĽťŴĿƢűĶňņƥşžŧŠŘŦŏŉũŎűŠŎŪŗŜĶŸŵŉƢ ŲŊơŋƢŧŉũŎŀũŚŌƥűŐƩŎŉũŎűŖŸŉŚƢŜŎ ŲŘļűşŪŗŉŌŧŎőũŜ

űşŧűķŸŖĽťķūźŎĶŦŏĹŜŧŖŲŎơŎşŦŖœŦŌōƥķŢļŉũŎŀũŚŌƥ űşŧűķŸŖŊŢĶŲŌŎŌŪŹŉũŎŴŎŉũŎŀũŚŌƥŢơŢŎŢũŹŖŊŦŜ &ŠŘŬŢ

űĶŬŢŏŢũŹŖŊŦŜ' ĽťŵŖơŋŮĶŢŦŉĽŎŲŎơŎűŠŖŬŢŎĶŘňŪķŢļŉũŎŌŘŧŗŲŊơŉũŎŀũŚŌƥĽťŋŮĶŏŪŏŢŦŉŉƢŧŎķƢŧļŴŠƢŌťŚŦĶ
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ķūźŎŖŧŏŎőũŜŉũŎŠŘŬŢŧĽűĶũŉ liquified ĶŚŧŗűŐƩŎŌŘŧŗŵŠŚ &quick sand) ŀūŹļŊƢŢļŴĿƢűŜŚŧŠŚŧŗŜŦŎĶơŢŎŌŪŹ

ĽťűŘũŹŖŖŪĶžŧŚŦļŊƢŧŎŌŧŎ ŉŦļŎŦźŎşŘŭŐŜơŧŉũŎŀũŚŌƥŢơŢŎŠŘŬŢŉũŎŀũŚŌƥŠŚŜŖŵŖơűŠŖŧťŌŪŹĽťűŐƩŎűşŧűķŸŖűşŪŗŉ

ŌŧŎ ŋƢŧĽťŴĿƢűşŧűķŸŖĽťŊƢŢļŴĿƢűşŧűķŸŖŗŧŜŚļŵŐŋūļŉũŎĿŦźŎŌŪŹŚūĶĶŜơŧ ŉũŎŀũŚŌƥŏŉŢŦŉŢŧĽŴĿƢŘŢļŘŦŏŅŧŎŲőơ

ųŉŗŊŘļŠŘŬŢŘŢļŘŦŏűşŧűķŸŖűşŪŗŉŌŧŎ ĶŧŘŘťŏŭĹŜŧŖŗŧŜŲŚťĶžŧŚŦļŊƢŧŎŌŧŎķŢļűşŧűķŸŖŴŎĿŦźŎŉũŎŀũŚŌƥ

ŢŧĽĽžŧűŐƩŎŊƢŢļŴĿƢĶŧŘŌŉşŢŏűşŧűķŸŖ 

 

ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļķŢļűşŧűķŸŖŊŢĶŴŎĶŘňŪŉũŎŌŘŧŗĹžŧŎŜňŵŉƢĽŧĶşŖĶŧŘ 

 ds tansvs Kf ¡=  (4.6)  

ųŉŗĹơŧ sK ķūźŎŢŗŮơĶŦŏŜũōŪĶŧŘĶơŢşŘƢŧļűşŧűķŸŖ &ŉŮŊŧŘŧļŌŪŹ 2-4' şơŜŎĹơŧd ķūźŎŢŗŮơĶŦŏĿŎũŉķŢļőũŜşŦŖőŦş

ŘťŠŜơŧļűşŧűķŸŖĶŦŏŉũŎŉŦļŊŧŘŧļŌŪŹ 2-5 

ŊŧŘŧļŌŪŹ 2-4 ĹơŧķŢļşŦŖŐŘťşũŌōũŽŲŘļŉŦŎŉũŎŉƢŧŎķƢŧļ sK ŀūŹļķūźŎŢŗŮơĶŦŏŜũōŪĶŧŘĶơŢşŘƢŧļ úKulhawy 

(Tomlinson 1995) ú şžŧŠŘŦŏĹơŧ
0K  ŴĿƢşŖĶŧŘķŢļ Jaky jsin10 -=K  

ŜũōŪĶŧŘĶơŢşŘƢŧļ 
0/ KKs
 

űşŧűķŸŖŊŢĶ ŉũŎŋŮĶŲŌŎŌŪŹŖŧĶ 1 ŋūļ2 

űşŧűķŸŖŊŢĶ ŉũŎŋŮĶŲŌŎŌŪŹŎƢŢŗ 0.75 ŋūļ 1.75 

űşŧűķŸŖűĽŧť ŲŚťŠŚơŢĹŢŎĶŘŪŊŴŎŌŪŹ 0.70 ŋūļ 1 

ŊŧŘŧļŌŪŹ 2-5 ĹơŧķŢļŖŭŖűşŪŗŉŌŧŎŘťŠŜơŧļűşŧűķŸŖĶŦŏŉũŎ d ŀūŹļķūźŎŢŗŮơĶŦŏŚŦĶŞňťœŬźŎőũŜ (Kulhawy)  

Pile/soil interface condition Angle of pile/soil friction (d) 

őũŜűŘŪŗŏ - őũŜűŠŚŸĶűŘŪŗŏĶŦŏŌŘŧŗ 0.5j¡ŋūļ  0.7j¡ 

őũŜķŘŭķŘť - őũŜűŠŚŸĶŚŢŎŚŮĶŔŮĶĶŦŏŌŘŧŗ 0.7 j¡ ŋūļ 0.9j¡ 

őũŜűşŧűķŸŖ ĹşŚ, şžŧűŘŸĽŘŮŐ ĶŦŏŌŘŧŗ 0.8j¡ ŋūļ 1.0j¡ 

őũŜűşŧűķŸŖűĽŧťŲŚťŠŚơŢĹŢŎĶŘŪŊŴŎŌŪŹĶŦŏŌŘŧŗ 1.0j¡ 

őũŜűşŧűķŸŖŵŖƢĶŦŏŌŘŧŗ 0.8j¡ ŋūļ 0.9j¡ 

 

ŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗŎŦźŎĹžŧŎŜňŵŉƢĽŧĶ Bearing capacity equation ŴŎĶŘňŪķŢļŉũŎ

ŌŘŧŗ vqb Nq s¡=  şžŧŠŘŦŏĹơŧ qN  ŎŦźŎŠŧŵŉƢĽŧĶĹŜŧŖşŦŖœŦŎōƥĶŦŏ friction angle ŀūŹļŖŪőŮƢűşŎŢ

ĹŜŧŖşŦŖœŦŎōƥŵŜƢŉŦļŘŮŐŌŪŹ 2-21 ŀūŹļĽťűŠŸŎŵŉƢŜơŧĹơŧŌŪŹŵŉƢĽŧĶĶŘŧŔŖŪĹŜŧŖŲŊĶŊơŧļĶŦŎŖŧĶ ŊŦŜŢŗơŧļűĿơŎŌŪŹ 
a35=j  ĹơŧqN ĽťŖŪĹơŧŊŦźļŲŊơ 2. ŋūļ 1.. ŉŦļŎŦźŎŴŎĶŧŘŜũűĹŘŧťŠƥűœŬŹŢŐŘťŖŧňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļ

űşŧűķŸŖŴŎŌŪŹŎŪźĽťűŚŬŢĶŴĿƢĶŘŧŔŘŮŐŌŪŹ 2-22 ŀūŹļűşŎŢųŉŗ Peck et al. (1974) ųŉŗŢƢŧļŢũļĹơŧ qN  ŖŧĽŧĶ

ļŧŎķŢļ Terzaghi  
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ŘŮŐŌŪŹ 2-21 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Bearing capacity factorqN  ĶŦŏĹơŧ friction angle ĽŧĶŠŚŧŗŌřŞŃŪ &Fellenius 

/777' 

 
ŘŮŐŌŪŹ 2-22 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ SPT-N ĶŦŏ Angle of shearing resistance, j ŲŚť Bearing capacity factor 

(Peck, Hanson and Thornburn, /752' ú ĹŦŉŚŢĶĽŧĶ &Whitaker /754' 
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ĽŧĶşŖĶŧŘĽťűŠŸŎŵŉƢŜơŧĹơŧ bq ŌŪŹŖŭŖ jĹơŧŠŎūŹļĽťűœũŹŖķūźŎŊŧŖĹơŧ vs¡ŲŊơŴŎĹŜŧŖűŐƩŎĽŘũļŲŚƢŜĹơŧ bq

ķŢļŌŘŧŗĽťűœũŹŖķūźŎĽŎŋūļĹơŧşŮļŌŪŹşŭŉŌŪŹĹŜŧŖŚūĶķŢļŐŚŧŗűşŧűķŸŖĹơŧŠŎūŹļŀūŹļűŘŪŗĶŜơŧ Critical 

embedment ratio ( / )b crL D  Ĺơŧ ( / )b crL D  ŠŧŵŉƢĽŧĶĶŘŧŔŌŪŹűşŎŢųŉŗ Meyerhof (1976) ŴŎŘŮŐŌŪŹ 

2-23  

 
ŘŮŐŌŪŹ 2-23 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Critical embedment ratio ĶŦŏŖŭŖ j ŀūŹļŋƢŧĹŜŧŖŚūĶŖŧĶĶŜơŧ Critical 

embedment ratio ŲŚƢŜĹơŧ bq ĽťŵŖơűœũŹŖķūźŎŊŧŖĹŜŧŖŚūĶŢŪĶ &Meyerhof, 1976) ú ĹŦŉŚŢĶĽŧĶ &Das /773' 

şžŧŠŘŦŏűşŧűķŸŖųŉŗŐĶŊũŌŪŹŴĿƢĶŦŎŢŗŮơŴŎŐŘťűŌŝŵŌŗĽťŖŪĹŜŧŖŚūĶŖŧĶŜơŧĹŜŧŖĶŜƢŧļŖŧĶ űĿơŎűşŧűķŸŖ

ķŎŧŉ .,4 űŖŊŘŚūĶ 0. űŖŊŘŜŧļŢŗŮơŏŎĿŦźŎŉũŎŌŪŹŖŪĹơŧ 030=j  ĽťŖŪ ( ) 336.0/20/ ==
crb DL  ŀūŹļ

ŖŧĶĶŜơŧ ( / )b crL D   

şžŧŠŘŦŏŉũŎűŠŎŪŗŜŎŦźŎĹơŧŠŎơŜŗŲŘļŊƢŧŎŐŘťŚŦŗŌŪŹŐŚŧŗűķŸŖĹžŧŎŜňŵŉƢĽŧĶ cb cNq = ųŉŗŠŧĹơŧcN

ŵŉƢĽŧĶĶŘŧŔŘŮŐŌŪŹ 2-24 

Soil friction angle, j (deg)
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ŘŮŐŌŪŹ 2-24 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Bearing capacity factor ĶŦŏ friction angle űŖŬŹŢŐŚŧŗűşŧűķŸŖŒƧļ

ŢŗŮơŴŎŘťŉŦŏŚūĶ Meyerhof (1976) ú ĹŦŉŚŢĶĽŧĶ &Das /773' 

 űŖŬŹŢűşŧűķŸŖŖŪĹŜŧŖŚūĶŖŧĶĶŜơŧ 1 űŌơŧķŢļŠŎƢŧĶŜƢŧļűşŧűķŸŖĹơŧcN ĽťŵŖơűœũŹŖķūźŎŊŧŖĹŜŧŖŚūĶŢŪĶŀūŹļ

ŴŎŌŧļŐńũŏŦŊũ 9cN =  ŉŦļŎŦźŎŴŎĶŘňŪķŢļŠŎơŜŗŲŘļŊƢŧŎŌŪŹŐŚŧŗűşŧűķŸŖŐŘťŚŦŗşžŧŠŘŦŏŉũŎűŠŎŪŗŜĹŬŢ  

 ub Sq 9=  (4.7) 

  

4.5.2.2 űşŧűķŸŖűĽŧť 

œŧŘŧŖũűŊŢŘƥŌŪŹŴĿƢĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŘťŚŦŗķŢļűşŧűķŸŖűĽŧťŎŦźŎŵŉƢŖŧĽŧĶşŖĶŧŘűĿũļ

ŐŘťşŏĶŧŘňƥŌŦźļşũźŎ ŲŚťŲŊĶŊơŧļĽŧĶűşŧűķŸŖűĽŧťŖŧĶŉŦļŲşŉļŴŎŘŮŐŌŪŹ 2-25 ŲŚťŘŮŐŌŪŹ 2-26 

Soil friction angle, j (deg)
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ŘŮŐŌŪŹ 2-25ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Adhesion factor, j ĶŦŏĹơŧ Undrained shear strength ķŢļŉũŎ

űŠŎŪŗŜķŢļűşŧűķŸŖűĽŧť &Ng /760'  

 

ŘŮŐŌŪŹ 2-26 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ Angle of shearing resistance, j ĶŦŏ Bearing capacity factor, 

qN şžŧŠŘŦŏűşŧűķŸŖűĽŧť &Ng /760' 

ŴŎĶŧŘŢŢĶŲŏŏĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŎŦźŎĽťűŐƩŎĶŧŘŐŘťŖŧňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŘťŚŦŗĽŧĶ

ŌřŞŃŪœŬźŎŅŧŎŌŧļŐŅœŪĶŚŝŧşŊŘƥőŎŜĶĶŦŏŜũōŪşŋũŊŝŧşŊŘƥ ĶŧŘĹžŧŎŜňŴŠƢŵŉƢĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŌŪŹŋŮĶŊƢŢļ

ŎŦźŎűŐƩŎŵŐŵŉƢŗŧĶŠŘŬŢűŐƩŎŵŐŵŖơŵŉƢűŚŗ űŎŬŹŢļĽŧĶĹŜŧŖŲŐŘŐŘŜŎķŢļĿŦźŎŉũŎŀūŹļŋūļŲŖƢŜơŧĿŦźŎŉũŎŖŪĹŜŧŖ

şŖŹžŧűşŖŢŲŊơŴŎĹŜŧŖűŐƩŎĽŘũļŲŚƢŜĶŸŗŦļŖŪĹŜŧŖŲŐŘŐŘŜŎ 

şŘŭŐşŖĶŧŘŌŪŹŴĿƢŴŎĶŧŘĹžŧŎŜňŠŎơŜŗŲŘļűľŬŢŎŲŚťŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗķŢļŉũŎűŠŎŪŗŜ

ŲŚťŉũŎŌŘŧŗ 
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ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļŉũŎűŠŎŪŗŜ  

 us Sf a=  (4.8)  

ŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗķŢļŉũŎűŠŎŪŗŜ  

 ub sq 9=  (4.9)  

ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļŉũŎŌŘŧŗ 

 ds tansvi Kfs ¡=  (4.10)  

ŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗķŢļŉũŎŌŘŧŗ 

 vqb Nq s¡=  (4.11)  

4.5.3 şŦŉşơŜŎŐŚŢŉŕŦŗşžŧŠŘŦŏűşŧűķŸŖ 

4.5.3.1 ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŌŪŹŗŢŖŴŠƢ Allowable pile capacity and factor of safety 

ŴŎĶŧŘŢŢĶŲŏŏűşŧűķŸŖĽťĹžŧŎŜňĶžŧŚŦļŘŦŏŲŘļĶŉŜũŏŦŊũ ŠŘŬŢŲŘļŌŪŹŌžŧŴŠƢŲŘļŊƢŧŎŌŧŎķŢļűşŧűķŸŖ

űĶũŉķūźŎűŊŸŖŌŪŹ ŲŊơŴŎŌŧļŜũŝŜĶŘŘŖĶŧŘŜũŏŦŊũķŢļųĹŘļşŘƢŧļŌŪŹŜŧļŢŗŮơŏŎűķŸŖŢŧĽűĶũŉķūźŎĶơŢŎŌŪŹĽťŲŘļŴŎ

űşŧűķŸŖĽťűĶũŉķūźŎűŊŸŖŌŪŹ űŎŬŹŢļĽŧĶŖŪĶŧŘŌŘŭŉŊŦŜŌŪŹŖŧĶűĶũŎŵŐ  ŴŎĶŧŘŢŢĶŲŏŏűşŧűķŸŖşơŜŎŴŠłơ

ĽūļĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŘťŚŦŗķŢļűşŧűķŸŖŲŚƢŜŠŧŘŉƢŜŗ Factor of safety ŀūŹļĽťŌžŧŴŠƢŵŉƢ

ŎźžŧŠŎŦĶŏŘŘŌŭĶŐŚŢŉŕŦŗŌŪŹşŦŖœŦŎōƥĶŦŏĶŧŘŌŘŭŉŊŦŜŌŪŹŗŢŖŘŦŏŵŉƢşžŧŠŘŦŏųĹŘļşŘƢŧļ ĽŧĶķŦźŎŊŢŎĶŧŘ

ĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŘťŚŦŗķŢļűşŧűķŸŖķƢŧļŊƢŎ űŘŧşŧŖŧŘŋĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶ

ŏŘŘŌŭĶŐŚŢŉŕŦŗ &Allowable pile capacity) ŵŉƢĽŧĶ 

 
..SF

Q
Q ult

allow=  (4.12) 

4.5.3.2 űŠŊŭőŚķŢļĶŧŘŴĿƢ Factor of Safety 

¶ űŎŬŹŢļĽŧĶĹŜŧŖŵŖơŲŎơŎŢŎķŢļşŕŧœŉũŎōŘŘŖĿŧŊũ ŴŎŉƢŧŎĶžŧŚŦļ ŲŚťĶŧŘŗŭŏŊŦŜ 

¶ űŎŬŹŢļĽŧĶĹŜŧŖŵŖơŲŎơŎŢŎŴŎŜũōŪĶŧŘĹžŧŎŜň ŀūŹļŐĶŊũĽťŴĿƢ Empirical method 

¶ űœŬŹŢŴŠƢŲŎơŴĽŵŉƢŜơŧŠŎơŜŗŲŘļŌŪŹűĶũŉķūźŎŴŎűşŧűķŸŖŢŗŮơŴŎűĶňņƥŌŪŹŐŚŢŉŕŦŗ 

¶ űœŬŹŢŴŠƢŲŎơŴĽŜơŧĶŧŘŌŘŭŉŊŦŜķŢļűşŧűķŸŖűŉŪŹŗŜŠŘŬŢĶŚŭơŖűşŧűķŸŖŢŗŮơŴŎĿơŜļŌŪŹŗŢŖŘŦŏŵŉƢ ųŉŗŌŪŹŵŖơ

űĶũŉĶŧŘŌŘŭŉŊŦŜŖŧĶűĶũŎŵŐĽŎųĹŘļşŘƢŧļĿžŧŘŭŉ 

ĽŧĶŐŘťşŏĶŧŘňƥĶŧŘŢŢĶŲŏŏŲŚťŌŉşŢŏűşŧűķŸŖűŐƩŎĽžŧŎŜŎŖŧĶ &Tomlinson /773' œŏŜơŧŋƢŧ

ŴĿƢşŦŉşơŜŎŐŚŢŉŕŦŗűŌơŧĶŦŏ 2.5  űŖŬŹŢűşŧűķŸŖŘŦŏŎźžŧŠŎŦĶŴĿƢļŧŎŲŚƢŜĽťŖŪĶŧŘŌŘŭŉŊŦŜŌŪŹŵŖơűĶũŎĶŜơŧ 10 

ŖũŚŚũűŖŊŘ ŀūŹļŵŖơĶơŢŴŠƢűĶũŉŐƧłŠŧşžŧŠŘŦŏŢŧĹŧŘşơŜŎŴŠłơŢŗơŧļŵŘĶŸŊŧŖ ĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶ
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ŐŘťŚŦŗķŢļűşŧűķŸŖŎŦźŎűŐƩŎĹơŧŌŪŹŐŘťŖŧňĽŧĶĹŜŧŖşŦŖœŦŎōƥűĿũļŐŘťşŏĶŧŘňƥ ŲŚťŴŎŏŧļĹŘŦźļ

œŧŘŧŖũűŊŢŘƥķŢļŉũŎĶŸŵŉƢĽŧĶşŖĶŧŘűĿũļŐŘťşŏĶŧŘňƥŉƢŜŗ ŉŦļŎŦźŎĽūļĽžŧűŐƩŎĽťŊƢŢļŌžŧĶŧŘŌŉşŢŏ

ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŌŪŹŖŪķŎŧŉŠŎƢŧŊŦŉŲŚťĹŜŧŖŗŧŜŌŪŹŵŉƢŢŢĶŲŏŏŵŜƢ ĶŘňŪŌŪŹŵŖơŊƢŢļŌŉşŢŏ

űşŧűķŸŖĹŬŢĶŘňŪŌŪŹŜũŝŜĶŘŌŘŧŏœřŊũĶŘŘŖķŢļűşŧűķŸŖŴŎĿŦźŎŉũŎŌŪŹĶơŢşŘƢŧļűşŧűķŸŖűœŪŗļœŢŲŚƢŜ ŊŧŘŧļŌŪŹ 

2-6 űŐƩŎĹơŧşŦŉşơŜŎŐŚŢŉŕŦŗşžŧŠŘŦŏĽžŧŲŎĶŊŧŖŚŦĶŞňťųĹŘļşŘƢŧļ 

ŊŧŘŧļŌŪŹ 2-6 şŦŉşơŜŎŐŚŢŉŕŦŗşžŧŠŘŦŏűşŧűķŸŖ 

ųĹŘļşŘƢŧļŲŚťŚŦĶŞňťĶŧŘŘŦŏŲŘļ şŦŉşơŜŎŐŚŢŉŕŦŗ 

ųĹŘļşŘƢŧļŋŧŜŘ- ŘŦŏŲŘļĶŉ   >2.5 

ųĹŘļşŘƢŧļŋŧŜŘ- ŘŦŏŲŘļŉūļ  >3.0 

ųĹŘļşŘƢŧļĿŦŹŜĹŘŧŜŌŪŹŵŖơŊƢŢļĹžŧŎūļŋūļĶŧŘŌŘŭŉŊŦŜ 1.5 ŋūļ 2.0 

4.5.4 ķƢŢŖŮŚŌŪŹŴĿƢŴŎĶŧŘŢŢĶŲŏŏĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶķŢļűşŧűķŸŖ 

ŴŎĶŧŘŢŢĶŲŏŏűşŧűķŸŖķƢŢŖŮŚŌŪŹŖŪĽťŵŉƢŖŧĽŧĶĶŧŘűĽŧťşžŧŘŜĽŉũŎ ŀūŹļĽťŢŗŮơŴŎŘŮŐķŢļŘŧŗļŧŎőŚ

ĶŧŘűĽŧťşžŧŘŜĽ &Soil Investigation report) 

ķƢŢŖŮŚĽŧĶĶŧŘűĶŸŏŊŦŜŢŗơŧļŖŧŌŉşŢŏŴŎ Laboratory 

¶ Soil Classification (USCS) 

¶ Soil Description  (Coarse, Fine, Stiff, Soft, Hard) 

¶ Physical properties and Index (Liquid Limit, Plastic Limit, Natural water content, Plasticity 

index, Unit Weight) 

¶ Shear Strength (Unconfined compressive strength, Unconsolidated Undrained Triaxial 

test) 

ķƢŢŖŮŚĽŧĶĶŧŘŌŉşŢŏŴŎşŎŧŖ 

¶ Standard Penetration Test (SPT) 

¶ Field Vane Shear Test 

¶ Cone Penetration test 

ųŉŗŐĶŊũŲŚƢŜĶŧŘűĶŸŏŊŦŜŢŗơŧļŉũŎűŠŎŪŗŜŲķŸļŲŏŏ Undisturbed ŴŎŘťŉŦŏŚūĶűœŬŹŢŎžŧŖŧŌŉşŢŏŴŎ

ŠƢŢļŐńũŏŦŊũĶŧŘŌžŧŵŉƢĹơŢŎķƢŧļŗŧĶ ŉŦļŎŦźŎĽūļŵŉƢŖŪĶŧŘşŘƢŧļĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧĹơŧ Undrained shear 

strength ĶŦŏĹơŧ SPT, N-Value ŀūŹļŵŉƢŲşŉļŉŦļŘŮŐŌŪŹ 2-27 ŲŚť ŘŮŐŌŪŹ 2-3. ŀūŹļĽťűŠŸŎŵŉƢŜơŧ
ĹŜŧŖşŦŖœŦŎōƥŌŪŹŵŉƢŖŪĹŜŧŖŲŐŘŐŘŜŎŢŗŮơœŢşŖĹŜŘ ŉŦļŎŦźŎĶŧŘŴĿƢĹŜŧŖşŦŖœŦŎōƥŎŪźŴŎĶŧŘŢŢĶŲŏŏŊƢŢļ

ŊŘťŠŎŦĶŋūļĹŜŧŖŲŐŘŐŘŜŎķŢļőŚĶŧŘĹžŧŎŜňŢŢĶŲŏŏŉƢŜŗ  
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ŘŮŐŌŪŹ 2-27 ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ SPT, N-Value ĶŦŏĹơŧ uq ķŢļŉũŎűŠŎŪŗŜŌŪŹŖŪĹŜŧŖűŐƩŎœŚŧşŊũĶşŮļ 

&Pitupakorn, /760' 

 
ŘŮŐŌŪŹ 2-3. ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļĹơŧ SPT, N-Value ĶŦŏĹơŧ uq ķŢļŉũŎűŠŎŪŗŜŌŪŹŖŪĹŜŧŖűŐƩŎœŚŧşŊũĶŊŹžŧ 

&Pitupakorn, /760' 

4.5.5 ķŦźŎŊŢŎŴŎĶŧŘĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖ 

¶ űķŪŗŎŘŮŐŊŦŉĿŦźŎŉũŎŌŪŹŵŉƢĽŧĶŘŧŗļŧŎĶŧŘŌŉşŢŏŉũŎ ųŉŗŘťŏŭŜơŧűŐƩŎĿŦźŎŉũŎűŠŎŪŗŜŠŘŬŢĿŦźŎŉũŎ

ŌŘŧŗ œŘƢŢŖŌŦźļŘťŏŭœŧŘŧŖũűŊŢŘƥķŢļŉũŎĿŦźŎŎŦźŎŐŘťĶŢŏŵŜƢŉƢŜŗ şžŧŠŘŦŏœŧŘŧŖũűŊŢŘƥŌŪŹŎžŧŖŧŴĿƢ

ŴŎĶŧŘĹžŧŎŜňĽťŴĿƢĹơŧűľŚŪŹŗķŢļĿŦźŎŉũŎ &ŉŦļŘŮŐŌŪŹ  2-3/' 
¶ ĶžŧŠŎŉŐŚŧŗķŢļűşŧűķŸŖųŉŗŌŪŹŐŚŧŗűşŧűķŸŖĹŜŘĽťŜŧļŢŗŮơŏŎĿŦźŎŉũŎŌŪŹŖŪŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗ

űķŸŖŐŘťŚŦŗşŮļ ŵŉƢŲĶơĿŦźŎŌŘŧŗŲŎơŎ &dense sand) 

¶ ĹžŧŎŜňŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļŉũŎŲŊơŚťĿŦźŎ űŖŬŹŢĹŮňĶŦŏœŬźŎŌŪŹőũŜűşŧűķŸŖĽťŵŉƢŲŘļ

űşŪŗŉŌŧŎőũŜŐŘťŚŦŗ 

¶ ĹžŧŎŜňŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗ űŖŬŹŢĹŮňĶŦŏœŬźŎŌŪŹŠŎƢŧŊŦŉűşŧűķŸŖĽťŵŉƢŲŘļŊƢŧŎŐŚŧŗ

űķŸŖŐŘťŚŦŗ 

¶ ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŘťŚŦŗķŢļűşŧűķŸŖ 

¶ ŴŎĶŧŘĹžŧŎŜňŢŢĶŲŏŏŖŦĶĽťŊƢŢļŖŪĶŧŘŌŉŚŢļűŚŬŢĶĹŜŧŖŗŧŜķŢļŐŚŧŗűşŧűķŸŖ ŉŦļŎŦźŎĽť

űŐƩŎĶŧŘşťŉŜĶĶŜơŧŋƢŧŌžŧĶŧŘĹžŧŎŜňŴŎŘŮŐķŢļŊŧŘŧļ ųŉŗŌŦŹŜŵŐŲŚƢŜŖŦĶĽťŌžŧĶŧŘĹžŧŎŜňŴŎ
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ųŐŘŲĶŘŖŊŧŘŧļĹžŧŎŜň EXCEL űŐƩŎŊƢŎ ŀūŹļűŖŬŹŢĶŧŘĹžŧŎŜňŢŗŮơŴŎŘŮŐķŢļŊŧŘŧļĽťŌžŧŴŠƢļơŧŗ

ŊơŢĶŧŘŊŘŜĽŌŧŎŀūŹļĽťŌžŧŴŠƢŚŉķƢŢőũŉœŚŧŉĽŧĶĶŧŘĹžŧŎŜňŚļŵŐŵŉƢ 

  
ŘŮŐŌŪŹ  2-3/ ĶŧŘűŚŬŢĶŴĿƢœŧŘŧŖũűŊŢŘƥķŢļŉũŎĽŧĶķƢŢŖŮŚĶŧŘűĽŧťşžŧŘŜĽŲŚťŌŉşŢŏŉũŎ 

ŊŦŜŢŗơŧļŌŪŹ 2,1 ú ĶŧŘĹžŧŎŜňŢŗơŧļļơŧŗűşŧűķŸŖŊŢĶŴŎĿŦźŎŉũŎŌŘŧŗŚƢŜŎ  

ĽļŐŘťŖŧňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŚŢŉŕŦŗķŢļűşŧűķŸŖŊŢĶŴŎĿŦźŎŉũŎŌŘŧŗŉŦļŘŮŐ  

 
ŘŮŐŌŪŹ 2-30 ŘŮŐşžŧŠŘŦŏŊŦŜŢŗơŧļŌŪŹ 2,1 

/, ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļŉũŎŌŘŧŗ ú ĹžŧŎŜňŌŪŹĶūŹļĶŚŧļĿŦźŎŉũŎ 

 ( )()( )() 2 t/m450.158.1 =-=¡vs  

űşŧűķŸŖŊŢĶĹơŧ 05.1 KKs=  &ŊŧŘŧļŌŪŹ 2-4'  

 ( )( ) 75.030sin15.1 0 =-=sK  

L1

L2

L3

su

(L1)/2

(L1)/2

(su)avg

SPT-N value

Soft clay

Stiff clay

Loose 

sand

Dense 

sand

(SPT)avg

(SPT)avg

L4

(SPT)avg

0.00

10.00

a30=j

0=c

3 t/m8.1=tg

Sand
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 ŲŚťŵŉƢĹơŧ jd 9.0=  

 ()( ) ( ) 2 t/m5.1309.0tan75.04 =³= a
sf  

 ( )( )()  t2.131022.045.1 =³=sQ  

2. ŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗķŢļŉũŎŌŘŧŗ ú ĹžŧŎŜňŌŪŹŐŚŧŗűķŸŖ  

 ( )()( )() 2 t/m8100.1108.1 =-=¡vs  

şžŧŠŘŦŏűşŧűķŸŖŊŢĶ 030=j ŵŉƢĹơŧ 5.9=qN  &ŘŮŐŌŪŹ 2-22'  

 ( )() 2 t/m7685.9 ==bq   

 ()( ) 2 t/m7.322.022.076 =³=bQ  

  t9.167.32.13 =+=ultQ  

  t6.7
5.2

9.16
==allowQ  

ŊŦŜŢŗơŧļŌŪŹ 2,2 úĶŧŘĹžŧŎŜňŢŗơŧļļơŧŗşžŧŠŘŦŏűşŧűķŸŖŊŢĶŴŎĿŦźŎŉũŎűŠŎŪŗŜ 

ĽļŐŘťŖŧňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŚŢŉŕŦŗķŢļűşŧűķŸŖŊŢĶşŪŹűŠŚŪŹŗŖĽŦŊŭŘŦşķŎŧŉĶŜƢŧļ .,00 űŖŊŘŴŎĿŦźŎ

ŉũŎűŠŎŪŗŜŉŦļŘŮŐ 

 
ŘŮŐŌŪŹ 2-31 ŘŮŐşžŧŠŘŦŏŊŦŜŢŗơŧļŌŪŹ 2,2 

/, ŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜŐŘťŚŦŗķŢļŉũŎűŠŎŪŗŜ - ŵŖơķūźŎĶŦŏŠŎơŜŗŲŘļŐŘťşũŌōũőŚ 

űşŧűķŸŖŊŢĶĹơŧ 2 t/m5=us  ŵŉƢĹơŧ  47.0=a  &ŘŮŐŌŪŹ 2-25' 

 ( )() 2 t/m35.2547.0 ==sf  

 ( )( )()  t7.201022.0435.2 =³=sQ  

2. ŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖŐŘťŚŦŗķŢļŉũŎűŠŎŪŗŜ ú ŵŖơķūźŎĶŦŏŠŎơŜŗŲŘļŐŘťşũŌōũőŚ 

0.00

10.00

2 t/m6=us

2 t/m8.1=tg

0=j

Clay
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 () 2 t/m4559 ==bq    

 ()( )  t2.222.022.045 =³=bQ  

3. ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŘťŚŦŗ 

  t9.222.27.20 =+=ultQ  

  t9
5.2

9.22
==allowQ  

ŊŦŜŢŗơŧļŌŪŹ 2,3 - ĶŧŘŐŘťŖŧňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖŊŢĶ 

ĽŧĶķƢŢŖŮŚĿŦźŎŉũŎŉŦļŘŮŐ ĽļĹžŧŎŜňŠŧĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŚŢŉŕŦŗķŢļűşŧűķŸŖŊŢĶŊƢŎŎŪź &ŴŠƢŴĿƢ 

Factor of Safety ; 2.5'  

 

ŘŮŐŌŪŹ  2-32 ŘŮŐŊŦŉĿŦźŎŉũŎşžŧŠŘŦŏŊŦŜŢŗơŧļŌŪŹ 2,3 

1. űķŪŗŎŘŮŐŊŦŉĿŦźŎŉũŎ ŲŚƢŜŘťŏŭœŧŘŧŖũűŊŢŘƥŌŪŹűĶŪŹŗŜķƢŢļŚļŴŎŘŮŐŊŦŉĿŦźŎŉũŎ  

2. ĽŧĶųĽŌŗƥĶžŧŠŎŉŴŠƢĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűķŸŖŊŢĶ ŀūŹļŖŪŐŚŧŗŌŪŹ -22 űŖŊŘĽŧĶŘťŉŦŏőũŜ

ŉũŎ  

3. ĹžŧŎŜňŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜķŢļűşŧűķŸŖ  

3.1 ĿŦźŎŉũŎ Soft clay ŖŪĹơŧ 2 t/m8.1=us   

 () uis Sf a=  

ŠŧĹơŧ a ĽŧĶ usŵŉƢ 0.1=a  - ŘŮŐŌŪŹ 2-20 
 () ( )( ) 2

1
t/m8.18.10.1 ==sf  

soft clay

 (CH)

stiff clay

 (CL)

dense sand 

(SW)

0.00

12.00

16.00

ЌЖУГЮЛУЮϳеВ 22.00

su = 1.8 t/m
2

gt = 1.7 t/m
3

SPT-N = 15 blows/ft

gt = 1.8 t/m
3

SPT-N = 25 blows/ft

gt = 1.9 t/m
3

1

2

3

0.4 m

0.4 m

0.4 m

0.4 m

0.4 m

0.4 m
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3.2 ĿŦźŎŉũŎ Stiff clay ŖŪĹơŧ SPT, N = 15 blows/ft ŲŊơűŘŧŊƢŢļĶŧŘĹơŧ 
usŠŧĹơŧĹŜŧŖşŦŖœŦŎōƥŵŉƢĽŧĶ 

(ŘŮŐŌŪŹ 2-3.) 
ŉũŎűŐƩŎ Low plasticity clay, ()Nsu 52.0=   

 () 2 t/m8.71552.0 ==us  

ŠŧĹơŧ aĽŧ us  ŵŉƢ 4.0=a  - ŘŮŐŌŪŹ 2-20 

 () ( )( ) 2

2
 t/m1.38.74.0 ==sf  

3.3 ĿŦźŎŉũŎ Dense sand ŖŪĹơŧ SPT-N = 25 blows/ft űŘŧŊƢŢļĶŧŘĹơŧŖŭŖ d ŀūŹļĹžŧŎŜňĽŧĶĹơŧŖŭŖ 

j 
3.3.1 ĹžŧŎŜň effective stress ŌŪŹĽŭŉĶūŹļĶŚŧļĿŦźŎŌŘŧŗ (ĹŜŧŖŚūĶ = 19m) 

 uvv -=¡ss  

 ( ) ( )( )( )( )( ) 2

3layer  mid
t/m3.14190.10.39.10.48.10.127.1 =³-³+³+³=¡

vs  

3.3.2 ŊƢŢļŐŘŦŏŲĶƢĹơŧ SPT űŎŬŹŢļĽŧĶŎźžŧŠŎŦĶĶŉŌŦŏ ųŉŗŴĿƢşŖĶŧŘ ( )vNC s¡= /76.9  

ĽŧĶĹơŧ 2 t/m3.14=¡vs  ĽŧĶşŖĶŧŘĽťŵŉƢĹơŧ ( ) 83.03.14/76.9 ==NC   

 NCN N=¡  

 ( )() blows/ft 212583.0 ==¡N  

3.3.3 ŠŧĹơŧŖŭŖ j ĽŧĶĹơŧ SPT Ĺơŧ N¡ = 21 blows/ft ŵŉƢĹơŧ a33=j  - ŘŮŐŌŪŹ 2-22 
3.3.4 ŠŧĹơŧ 

sK ŊŧŘŧļŌŪŹ 2-4  
űŎŬŹŢļĽŧĶűŐƩŎűşŧűķŸŖŊŢĶűŐƩŎűşŧűķŸŖŌŪŹŉũŎŋŮĶŲŌŎŌŪŹŴŎŐŘũŖŧňŖŧĶ 5.1/ 0 =KKs

= 1 ŋūļ 2 

űŚŬŢĶŴĿƢĹơŧ5.1/ 0 =KKs
 ŲŚťĹơŧ 

0K ĹžŧŎŜňĽŧĶşŖĶŧŘ Empirical ķŢļ Jaky  

 jsin10 -=K  

 ( ) 46.033sin10 =-= aK  

ĹžŧŎŜňĹơŧ 
sK  

 ( )( ) 69.05.146.0 ==sK  

3.3.4 ĹŜŧŖşŦŖœŦŎōƥķŢļĹơŧ d ĶŦŏĿŎũŉķŢļűşŧűķŸŖ  

ĶŘňŪķŢļűşŧűķŸŖĹŢŎĶŘŪŊşžŧűŘŸĽŘŮŐĶŦŏŉũŎŌŘŧŗ jd 9.0=  - ŊŧŘŧļŌŪŹ 2-5 
3.3.5 ĹžŧŎŜňŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜķŢļĿŦźŎ dense sand 

 () )tan(
3

dsvss Kf ¡=  

 () ( )( ) 2

3
 t/m63.5)339.0tan(3.1469.0 =³= a

sf  

3.4 ĹžŧŎŜňŠŎơŜŗŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ 

3.4.1 ĹžŧŎŜň effective stress ŌŪŹŐŚŧŗķŢļűşŧűķŸŖ 
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 ( ) ( )( )( )( )( ) 2 t/m17220.10.69.10.48.10.127.1 =³-³+³+³=¡
basevs  

3.4.2 ŠŧĹơŧ 
qNĽŧĶĹơŧŖŭŖ jűŖŬŹŢŖŭŖ a33=j ŵŉƢĹơŧ 6.18=qN  - ŘŮŐŌŪŹ 2-22 

 
vqb Nq s¡=  

 ( )() 2 t/m2.316176.18 ==bq  

3.5 ĽŧĶŠŎơŜŗŲŘļűşŪŗŉŌŧŎőũŜ ŲŚťŠŎơŜŗŲŘļŊƢŧŎŐŚŧŗűķŸŖ ŎžŧŖŧĹžŧŎŜňűŐƩŎŲŘļűşŪŗŉŌŧŎŲŚť

ŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ ĽŧĶŎŦźŎŘŜŖĶŦŎűŐƩŎĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŘťŚŦŗĽŧĶ ŲŘļűşŪŗŉŌŧŎőũŜ = S(ŠŎơŜŗŲŘļ

űşŪŗŉŌŧŎőũŜ ³ œŌ, őũŜ) 

 ( )( )( )( )( )( )  tons4.10864.0463.544.041.3124.048.1 =³³+³³+³³=sQ  

ŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ = ŠŎơŜŗŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ ³ œŌ, ŠŎƢŧŊŦŉ 

 ( )( )  tons6.504.04.02.316 =³=bQ  

ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŘťŚŦŗ 

 
bult QQQ += s
 

  tons1596.504.108 =+=ultQ  

ĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŐŚŢŉŕŦŗ 

 
..

ult

SF

Q
Qallow=  

  tons6.63
5.2

159
==allowQ   ­ 41 tons 

¶ şžŧŠŘŦŏűşŧűķŸŖŊŢĶ ĽťŊƢŢļœũĽŧŘňŧŋūļŐƧĽĽŦŗŢŬŹŎŷ ŐŘťĶŢŏŉƢŜŗ  ŊŦŜŢŗơŧļűĿơŎ  

¶ őŚĹŜŧŖşŦŹŎşťűŌŬŢŎűŎŬŹŢļĽŧĶĶŧŘŊŢĶűşŧűķŸŖŊơŢųĹŘļşŘƢŧļŴĶŚƢűĹŪŗļ 

¶ ĹŜŧŖŗŧŜķŢļűşŧűķŸŖŌŪŹşŧŖŧŘŋķŎşơļŵŉƢ ŋƢŧűşŧűķŸŖŌŪŹŢŢĶŲŏŏŵŜƢŗŧŜűĶũŎŵŐŢŧĽĽťŊƢŢļŴĿƢ

űşŧűķŸŖŖŧĶĶŜơŧŠŎūŹļŌơŢŎŖŧűĿŬŹŢŊơŢĶŦŎ  

¶ ŚžŧŉŦŏķŢļĶŧŘŊŢĶűşŧűķŸŖűœŬŹŢŐƝŢļĶŦŎŉũŎŌŪŹŋŮĶűşŧűķŸŖŲŌŎŌŪŹŵŐŉŦŎűşŧűķŸŖŠŦĶ 

¶ ŴŎĶŧŘŢŢĶŲŏŏűşŧűķŸŖŖŦĶĽťşŘŭŐőŚĶŧŘĹžŧŎŜňŴŠƢŢŗŮơŴŎŘŮŐķŢļŊŧŘŧļűœŬŹŢŴŠƢļơŧŗŊơŢĶŧŘ

ŊŘŜĽşŢŏ ŀūŹļŊŧŘŧļĹžŧŎŜňŢŧĽĽťŴĿƢųŐŘŲĶŘŖ MS Excel ŀūŹļĽťŌžŧŴŠƢĶŧŘĹžŧŎŜňŌžŧŵŉƢ

ŢŗơŧļŘŜŉűŘŸŜ  

 

ĽŧĶőŚĶŧŘĹžŧŎŜňŴŎŘŮŐŊŧŘŧļűŖŬŹŢűķŪŗŎűŐƩŎŵŉŢťŲĶŘŖķŢļŲŘļŌŪŹűĶũŉķūźŎŴŎűşŧűķŸŖĽťŵŉƢŉŦļŘŮŐŌŪŹ 

2-33 ųŉŗŲŘļŌŪŹűĶũŉķūźŎŎŦźŎŊƢŢļŲŗĶűŐƩŎŲŘļĶŘťŌžŧŀūŹļŖŪķŎŧŉűŌơŧĶŦŏ /37 ŊŦŎ ŀūŹļŲŘļĶŘťŌžŧŎŪźĶơŢŴŠƢűĶũŉ
ŲŘļŊƢŧŎŌŧŎĽŧĶŉũŎŵŉƢŲĶơŊƢŧŎűŎŬŹŢļĽŧĶŲŘļűşŪŗŉŌŧŎ &/.6,2 ŊŦŎ' ŲŚťŲŘļŊƢŧŎűŎŬŹŢļĽŧĶŉũŎŌŪŹŐŚŧŗ

űşŧűķŸŖ &3.,4 ŊŦŎ' ŲŚťűŎŬŹŢļĽŧĶűşŧűķŸŖŢŗŮơŴŎşŕŧŜťşŖŉŭŚ ŲŘļŊƢŧŎŌŧŎĽūļűŌơŧĶŦŏŲŘļĶŘťŌžŧ  
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ŀūŹļŗŦļŖŪĹŜŧŖşŦŏşŎŴŎĶŧŘŜũűĹŘŧťŠƥĶžŧŚŦļŊƢŧŎŌŧŎŊơŢŲŘļĶŘťŌžŧķŢļűşŧűķŸŖűŎŬŹŢļĽŧĶĹŜŧŖűķƢŧŴĽ

őũŉŜơŧŲŘļŊƢŧŎŌŧŎĹŬŢŲŘļĶŘťŌžŧ ŴŎĹŜŧŖűŐƩŎĽŘũļŲŚƢŜşũŹļŌŪŹĹžŧŎŜňŵŉƢűŐƩŎŲŘļŊƢŧŎŌŧŎŵŖơŴĿơŲŘļŌŪŹ

ĶŘťŌžŧ ŲŘļŌŪŹĶŘťŌžŧŊơŢűşŧűķŸŖŎŦźŎĽťŊƢŢļŖŧĽŧĶųĹŘļşŘƢŧļŌŪŹűşŧűķŸŖŘŢļŘŦŏŢŗŮơ ŲŚťŲŘļŌŪŹűĶũŉĽŧĶ

ųĹŘļşŘƢŧļŎŦźŎĽťŊƢŢļŵŖơűĶũŎĶŜơŧĶžŧŚŦļŊƢŧŎŌŧŎķŢļűşŧűķŸŖŌŪŹŗŢŖŴŠƢ 

ŊŧŘŧļŌŪŹ 2-7 ŊŧŘŧļşŘŭŐőŚĶŧŘĹžŧŎŜňşžŧŠŘŦŏŊŦŜŢŗơŧļŌŪŹ 2,3   

 ĿŎũŉŉũŎ LD  
m 

N  
bls/f 

N¡ 
bls/f 

us  

t/m2 
a 
 

( )
midvs¡

t/m2 
j 
deg 

sf  

t/m2 
sQ  

tons 
bq  

t/m2 

/ Soft clay (CH) 12 - - 1.8 1.

0 

- - 1.8 34.6  

0 Stiff clay (CL) 4 15 - 7.8 0.

4 

- - 3.1 19.8 

1 Dense sand 

(SW) 

6 25 21 - - 14.3 33 5.63 54.0 

End bearing     17.0 33 - - 316.2 

       =S isQ )(  108.4 tons 

       =bQ  50.6 tons 

       =ultQ  159 tons 

       =allowQ  63 tons 
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ŘŮŐŌŪŹ 2-33 ŵŉŢťŲĶŘŖķŢļŲŘļŢŦŉŌŪŹűĶũŉķūźŎŴŎűşŧűķŸŖ 

ŊŦŜŢŗơŧļŌŪŹ 4,4 ĶŧŘŐŘťŖŧňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűşŧűķŸŖűĽŧť 

ĽŧĶķƢŢŖŮŚĿŦźŎŉũŎŉŦļŘŮŐ ĽļĹžŧŎŜňŠŧĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶŏŘŘŌŭĶŐŚŢŉŕŦŗķŢļűşŧűķŸŖűĽŧťŲŏŏűĽŧť

űŐƙŗĶŊƢŎŎŪź &ŴŠƢŴĿƢ Factor of Safety ; 2.5' 

159, 0

124.4, 12

104.6, 16

50.6, 22

0

5

10

15

20

25

0 50 100 150 200

ҿҥ҉ҙҷӆҾ҃ҶҖ҄ ҸӮқӁқҾҬҴҾ҄Ӆң (җҳқ)

ҩ̓
Ҵ
ң
ҧ
Ҹ҃
 (
Ҿң
җ
ҥ
)

soft clay

 (CH)

stiff clay

 (CL)

dense 

sand (SW)

0.00

12.00

16.00
Я
Д
ϸІ
ϥУЊ
Ј
УЊ
Ϲ
Уϲ
Ѕ
ХЊ

Я
Д
ϸϲ
Д
СЈ
лУ

Ϲ
Уϲ
аϵ
Д
ϸЛ
Д
ϥУϸ

 ton6.34=sQ

 ton8.19=sQ

 ton54=sQ

 ton6.50=bQ

 ton159)( =loadultQ
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ŘŮŐŌŪŹ  2-34 ŘŮŐŊŦŉĿŦźŎŉũŎşžŧŠŘŦŏŊŦŜŢŗơŧļĶŧŘŢŢĶŲŏŏűşŧűķŸŖűĽŧťŲŏŏűĽŧťűŐƙŗĶ 

1. űķŪŗŎŘŮŐŊŦŉĿŦźŎŉũŎ ŲŚƢŜŘťŏŭœŧŘŧŖũűŊŢŘƥŌŪŹűĶŪŹŗŜķƢŢļŚļŴŎŘŮŐŊŦŉĿŦźŎŉũŎ  

2. ĽŧĶųĽŌŗƥĶžŧŠŎŉŴŠƢĹžŧŎŜňĶžŧŚŦļŘŦŏŎźžŧŠŎŦĶķŢļűķŸŖűĽŧť ŀūŹļŖŪŐŚŧŗŌŪŹ -32 űŖŊŘĽŧĶŘťŉŦŏőũŜ

ŉũŎ  

3. ĹžŧŎŜňŠŎơŜŗŲŘļűşŪŗŉŌŧŎŌŪŹőũŜŌŪŹűĶũŉķūźŎŘŢŏűşŧűķŸŖķŢļŉũŎŲŊơŚťĿŦźŎ ŴŎĶŘňŪŎŪźŖŪĿŦźŎŉũŎŌŪŹ

ĶơŢŴŠƢűĶũŉŲŘļűşŪŗŉŌŧŎĽŧĶĿŦźŎŉũŎ 5 ĿŦźŎ 

3.1 ĿŦźŎŉũŎŌŪŹ 1- Soft clay  

ŠŧĹơŧ a ĽŧĶĹơŧ us  Ĺơŧ 2 t/m8.1=us  Ĺơŧ 82.0=a  - ŘŮŐŌŪŹ 2-25 

 () ( )( ) 2

1
 t/m5.18.182.0 ==sf  

3.2 ĿŦźŎŉũŎŌŪŹ 2- Stiff clay  

ŠŧĹơŧ us  ĽŧĶĹơŧ SPT şžŧŠŘŦŏ low plasticity clay - ŘŮŐŌŪŹ 2-3. 

 ( )() 2 t/m7.81552.052.0 ==³= Nsu
 

ŠŧĹơŧ a ĽŧĶĹơŧ us  ŴĿƢĶŘŧŔķŢļ Bored pile ŵŉƢĹơŧ 49.0=a  - ŘŮŐŌŪŹ 2-25 

 () ( )( ) 2

2
 t/m8.38.749.0 ==sf  

3.3 ĿŦźŎŉũŎŌŪŹ 3- Dense sand  

ĹžŧŎŜň Effective stress ŌŪŹĽŭŉĶūŹļĶŚŧļĿŦźŎŉũŎ &ĹŜŧŖŚūĶ = 20.5m) 

 ( )( )( )( )( ) 2 t/m65.515.200.15.49.141.8127.1 =³-³+³+³=¡vs  

soft clay 

(CH)

stiff clay (CL)

dense sand 

(SW)

hard clay 

(CL)

dense sand 

(SW)

0.00

12.00

16.00

25.00

30.00

34.00

su = 1.8 t/m
2

gt = 1.7 t/m
3

SPT = 15 blows/ft

gt = 1.8 t/m
3

SPT = 25 blows/ft

gt = 1.9 t/m
3

SPT = 35 blows/ft

gt = 2.0 t/m
3

SPT = 45 blows/ft

gt = 2.1 t/m
3

1.0 m

1

2

3

4

5
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ŐŘŦŏŲĶƢĹơŧ SPT ųŉŗĹơŧ ( ) 79.065.15/76.9 ==NC   

 ( )() blows/ft 20250.79 ==¡N  

ŠŧĹơŧŖŭŖ j ĽŧĶ N¡ĽŧĶŵŉƢĹơŧŖŭŖ a33=j - ŘŮŐŌŪŹ 2-26 
ĹžŧŎŜňĹơŧ 

0K  ųŉŗŴĿƢşŖĶŧŘķŢļ Jaky 

 46.0)33sin(1sin10 =-=-= ajK  

ŠŧĹơŧ 
sK  ĽŧĶĹơŧ 

0/ KKs
şžŧŠŘŦŏűşŧűķŸŖűĽŧťŲŚťŠŚơŢĹŢŎĶŘŪŊŴŎŌŪŹ = 0.7 ŋūļ 1 űŚŬŢĶŴĿƢ 0.85 

(ŊŧŘŧļŌŪŹ 2-4' 

 ( )( ) 39.046.085.0 ==sK  

ŠŧĹơŧ d şžŧŠŘŦŏűşŧűķŸŖŠŚơŢŴŎŌŪŹĶŦŏŌŘŧŗĹơŧ a33==jd  (ŊŧŘŧļŌŪŹ 2-5' 

 () ( )( ) 2

3
t/m68.4)33tan(46.065.15tan ==¡= ads svs Kf  

3.4 ĿŦźŎŉũŎŌŪŹ 4- Hard clay (CL)   

ŠŧĹơŧ us  ĽŧĶĹơŧ SPT şžŧŠŘŦŏ low plasticity clay (ŘŮŐŌŪŹ 2-3.) 

 ( )() 2 t/m2.183552.052.0 ==³= Nsu
 

ŠŧĹơŧ a ĽŧĶĹơŧ us  ŵŉƢĹơŧ 35.0=a  - ŘŮŐŌŪŹ 2-25 

  

3.5 ĿŦźŎŉũŎŌŪŹ 5 - Dense sand (SW) ĹžŧŎŜňŌŪŹĶūŹļĶŚŧļĿŦźŎŉũŎ 

ĹžŧŎŜň Effective stress ŌŪŹĽŭŉĶūŹļĶŚŧļĿŦźŎŉũŎ &ĹŜŧŖŚūĶ = 32 m) 

  

ŐŘŦŏŲĶƢĹơŧ SPT ųŉŗĹơŧ  

  

ŠŧĹơŧŖŭŖ  ĽŧĶ  ŵŉƢĹơŧŖŭŖ - ŘŮŐŌŪŹ 2-26 
ĹžŧŎŜňĹơŧ  

  

Ĺơŧ  şžŧŠŘŦŏűşŧűķŸŖűĽŧťŲŚťŠŚơŢĹŢŎĶŘŪŊŴŎŌŪŹ - ĽŧĶŊŧŘŧļŌŪŹ 2-4 

  

ŠŧĹơŧ  şžŧŠŘŦŏűşŧűķŸŖŠŚơŢŴŎŌŪŹĶŦŏŌŘŧŗĹơŧ  - ŊŧŘŧļŌŪŹ 2-5 

  

4. ĹžŧŎŜňŠŎơŜŗŲŘļŊƢŧŎŌŪŹŐŚŧŗűķŸŖ 

ĹžŧŎŜň Effective stress ŌŪŹŐŚŧŗķŢļűşŧűķŸŖ 


























































































































































































































































































































































































































