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The Behavior of the Cast-in-place Pile Socketed in Rock Considering 
Soil-Structure Interaction

Jin-O Choi, Oh-Sung Kwon and Myoung-Mo Kim
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K� º�>� .�[ �b�¾ Ë& vï" ?f 7º

��b~ ãÖ ÒÏWj ò��ÊV *~� êê~ �~

&Ò�&j v² >î
. V¢B V.ö &� n;'�

ææ�ÿj jº� ~² >î� �ö ¦w~� z>"«

öÃ~ ÒÏ� *&® Ã&~� ®
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z>ö "«B öÃ~ ~7-æ* �Ff �& ��6

�êöê ææK� ê³ Ã&>º ãËj ��æ�, "�

6º F�ö &� Bê'� ��ææK~ Ö;�
º "

�" F�~ ææK� ÿ�ö B>>�B ¾æ¾º ~7

" æ*f~ &ê¢ ��~º ©� 
Ö 7º~
. �¢

*� öÃ "�~ ~7-*� ßWö &� 2k� F¯>

Ú¢ �
. V¢B � ��öBº b& ��' ��¢

Û~� z>"«öÃ~ �ÿö 'Ëj �~º æ>
j

�V~�, �z æ>ö ��B �þöÃ~ ~7-æ* �

Fj >~�C V»j �Ï~� ��C~�, �¢ Û�

�'~ >~�C bW~¢ Ö;~&
. 
rb� æ>�

Ò(qu, RQD, PMT �)Ö"f >~�C bW~*~ ç&

Wj ªC~� �¢ >�b� Bn~&
. îæïb� �

�C O»~ FÎWj ¦Ã~�¶ æ *Ë z>"«öÃ

ö &� >~�Cj >¯~� áf ~7-æ* &ê 5

1);²ö, BÞ&�v ÆÏ��" ;Ò>ò
2);²ö, BÞ&�v ÆÏ��" ;Ò";
3);²ö, BÞ&�v ÆÏ��" v>
7>¢ : 2000j  8ú 5¢
�Ò jò¢ : 2000j 8ú 28¢

"#453"$5 The design values of rock socketed pile related with properties of rock mass are not clearly established.
However, the drilled shafts socketed in rock are widely used as the foundation of large scaled structure. In this study, the
characteristics of behavior of rock socketed pile is researched, and the properties of interface between pile and rock
considering soil-structure interaction are evaluated for numerical modeling of rock socketed pile based on the previous
researches. Based on the properties of interface and rock mass, the behaviors of rock socketed piles are numerically modeled
and compared with field measurement. To verify the numerical analysis, a micro pile socketed in rock is modeled and the
results of numerical analysis are compared with field measurement. The numerical results show a good agreement with field
measured data, especially in terms of load transfer characteristics.

,FZ XPSET � cast-in-place pile, rock-sockted pile, soil-structure interaction, interface element, load transfer
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~7*� ßWj êG8" jv~&
. 

�� ��' ��

���� z>"«öÃ~ ææ z�î¾

z>"«öÃf ¢>'b� "�" F�~ &�Kb�

çÒ~7j ææ�
. Winterkorn & Fang(1975)º '

¦ªöB B�~º &�Kj ';Wê>Ü�~ï 'b� ê

Ö~º *�� ææz�î¾j Bn~&
. �ö ~~�

z>"�~ ;W, ks, z> F�~ ;W kbö ' ¦ªö

B B�~º æ*¢ �~� &�K~ �V¢ �� > ®


. Carterf Kulhawy(1988)º Ò~�þ" >~�C Ö

"�¦V z>"«öÃ~ ~7-æ* &ê¢ Fig. 1" ?

� v B~ çFb� "Ò~&
. .V ~7�êöB ö

Ã" z>f ç&æ*¢ ¢bÊæ pb� F;'b� �

ÿ~
& ~7 Ã&ö V¢ êW'�j æ¾ "�� �

�~� �ê F�b� ~7� *�B
. 

Fig. 2º »~7j Aº z>"«öÃ~ �ÿj Î�

'b� ¾æÞ ©�
. v¦ ~7� ·Ï~� .V êW

'� VÞV¢ V¢&
& slip� B�� ê ¦OK� ²

�>V �·~�, 
��Z� Î"ö ~� 7/�~ îV

Kf Ã&�
. ò¢ ¦OK~ ²Ö³ê& �¢ ãÖöº

O-ABC~ ;çj V��, �� ²9�¾ ��W� ±f

öÃ~ ãÖ O-AF~ ;çj �¢ ©�
. ��¾ æ*

& Ã&�ö V¢ Ö� j¾ã~ B> îV&�Fö >

Z~² B
.

���� z>"«öÃ~ ææK º;O»

z>"«öÃ~ ææKj Ö;~º O»öº �� &

æ& ®
. "�ææK~ ãÖ ¢»{»;êf �*"�

îVK~ ãþ' ç&&ê¢ �Ï~� ææKj º;~

º ©� ¢>'� O»�
(Williams et al.(1980),

Rowe & Armitage(1987), Horvath & Kenny(1979),

Carter & Kulhawy(1988) �). ��¾ ��� ãþ'�

&ê�
f ¢»{»;ê& � z~ ãÖ ææKj 
B

�
 �² Ö;�
º �6� ®
. 6� z>"«öÃ

~ "�ææKf z>~ ³zê¾ .ÒB�nê � z>

ßWö ~� 'Ëj Abæ� * �
ö zCßW� j

ò z>ßWj �J� 6²ê>¢ 'Ï~Vê �


(Williams et al.(1980)). F�ææK~ ãÖ ¢»{»;

ê(Ladanyi & Roy(1971) �), RQD(Peck, 1974),

RMR 5 Q(Hoek & Brown, 1980)�j �Ï~� º;

� > ®
. öÃ ææKj �ÚÒ~�þb�¦V ��,

zC~ ßW� jò z>~ bW~¢ �Ï~� ç7'b

� º;~º O»ê ®
(Baquelin(1982), Clarke(1995)

�).

���� öÃ~ ~7�æ*�ÿ �CO»

»~7j Aº öÃ~ ~7-æ* �ÿj �C~º O

»öº �² êW�Ú»(Poulos & Davis, 1980), >~

�C' O»(Ottaviani(1975), Desai(1974) �), ~7*

�»(Coyle & Reese(1966), O'Neill & Mahar(1982)

�)� ®
. êW�Ú»öBº öÃj �ª� ~7j A
Fig. 1. Interpretation of a field test in complete rock

socket (Carter & Kulhawy, 1988).

Fig. 2. Schmetic representation of the behavior of
socketed shaft in compression.
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º �� B~ º²� ª�� ê öÃ" æ>~ æ* '

���j �Ï~� �¢ �~² B
.�r æ> æ*º

Mindlin~ �¢ 'ª~� á² B
. � O»j Û� á

f 8f ¢«~ êW���, æ* '���j ò��B¢

~æ� æ>" öÃ~ �j�öj ÎÒ~V Ú[
º �

6j &ê
. ~7*�»f b& *Ë�¾ Î; öÃ �

þj Û� öÃ~ ' p�öB~ ~7-*� �Fj ��

ê öÃ~ ' ª.öB~ æ*¢ z� v¦öB~ æ*

¢ �~² B
. � O»~ �6f öÃ~ ª~~ � 6

öB~ wK� 
� 6öB~ wKö ëã'�æ� æ>

~ �³W� Z�B
º ©�
. Ooif Carter(1989)º

öÃö »~7 ·Ï� >æªOË~ wKæz¢ �J�

ªC' O»j Bn~&
. êW�Ú»" ~7*�»f

'V Ë�6� ®b�, v&æ O» �ç� Ö�~� B

�~ �6� �j>Vê �
. >~�C' O»f FEM,

BEM, FDM �j �Ï~� öÃ~ �ÿj �C~² >

º� ¢>'b� æ>f �³Ú º²�, öÃ" æ>~

ãê�f �V¾�Ê º²¢ �Ï~� �C~² B
. �

O»f ��'b� �~ v O»~ �6j ��� > ®

æò, �C�~ bW~¾ �CÎ� ¶Ú~ FÎWj öÃ

Ò~�þj Û� ¦Ã~º .N& jº~
.

�� öÃ Ò~�þ

b& ÖÒ¾¢~ &�' z>� z;Þîz ¦æ¢ F;

~� çã 40 cm~ *ËæJ ~�ÒÞ öÃ 8�j ���

ê Ò~�þj >¯~&
. öÃ~ V~f æ>�Ò *~

º Fig. 3" ?
. æ>�Ò Ö" ç¦ö ÆÒ& 7~9m

p�� �Ò~� � �êö z>� ª��
(Fig. 4).

&ç z>~ ßWj 2k~V *� NX 5 BX �V~

�çj 
�~&
. *Ë�Ò¢ Û� z>~ RQD, *.

z�V�þ 5 
Ú�þ Ö"¢ Fig. 5ö ¾æÚî
.

�þöÃ 7 8® öÃf ÆÒ¦~ ææ�ÿòj áV

*~� ÆÒ¦öò "«�Ê� F�~ 'Ëj VB~�¶

öÃ F�ö 10 cm vþ~ Êæ��"j J~~&
. 1

® öÃf z> "�ò~ ææ�ÿj �V *~� z>

ö 1D(40 cm) "«�Ê� F�ö Êæ��"j J~~

&
. 2~7® öÃf "«p�& 0.5~2.7D� 
�² �

Fig. 3. Plan view of test piles.

Fig. 4. Soil profile.

Fig. 5. Results of NX boring, pressurmeter test, and uniaxial compression tests.
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�>î
. ASTM D 1143-81ö V¢ öÃÒ~�þj

>¯~&b�, Fig. 6ö Ò~�þ Ö"¢ ê�~&
. 

�� >~�C

���� >~ Î�ç

� ��öBº F�Nª >~�C *��Î� FLAC2D

j �Ï~� z>"«öÃö &� >~�Cj >¯~&
.

�C� öÃf êW Î�j, æ>f Mohr-Coulomb~

2Z�&j V�º ê²W �WÎ�j ÒÏ~&
. &ç

öÃ� ö; öÃ�æ� öÃ~ 7�b� »&�~� Î

�ç~&b�, öÃ" æ>~ ç&æ*¢ îÏ~V *�

ãê�(interface) º²¢ 'Ï~&
. Fig. 7f >~�C

� ÒÏB º²�j ê�� ©�
.

���� ãê� º²

öÃ" æ>~ ãêö �j�ö(slip)j ÎÒ~V *�

Mohr-Coulomb 2Z�&j V�º jF; Ê*ç º²

¢ ÒÏ~&
. � Ê*ç º²~ 7/�ö >çOË~

~7 Fn5 7FOË ~7 Fsº �(1) 5 �(2)f ?�

Ö;B
(Cundall, 1976).

Fn = knun (1)

F = ksus (2)

�VB,

kn, ks : 7/�ö >ç 5 7FOË Ê*ç ;W

un, un : 7/�ö >ç 5 7FOË ç&æ*

7�� º²~ *� &�K Fsº 7��~ *�;êö

~� B�B
. ¢>'b� "�� �� z>"«öÃö

Bº öÃ" z> Ò�ö �j�ö� ¢ÚÂ �êöê


��Z�~ 'Ëö ~� "� &�K� ç�® Ã&~

º ãËj ��æ�(Kulhawyf Goodman, 1987), �¢

ÎÒ~V *~� *�;ê¢ Fig. 8ö ��º :f ?�

�&8" ��8b� ¾*Ú �C~&
. "�~ �&*

�&�K(Fs)maxf ��*�&�K(Fs)ultº � ¢^öB �

(3) 5 �(4)� ;~B
. �(3)f Mohr-Coulomb 2Z

�&ö ~� c-φ Òò~ *�;ê��, �(4)º 
��Z

�¢ �J� ãþ' Bn�(Patton, 1966)�
.

(3)

(4)

�VB, ca peakº "�~ ¦OK, δº "� îV'��, φ

Fs( )max A ca( ) peak σn δtan+{ }⋅=

Fs( )ult A ca( ) residual σn δ ψ+( )tan+{ }⋅=

Fig. 6. Pile load test results.

Fig. 7. Finite difference grid.

Fig. 8. Shear force versus displacement.
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º 
��Z �'�
. 6� (ca)residualf �j�ö B�

ê ¦OK~ ²Öj ÎÒ~V *� º~ ¦OK��, �

¢^öBº (ca)peak~ 1/2� &;~&
. �(2)~�(4)ö

~� *� &�K~ Ãªf,

ÁFsß(Fs)max ¢ ãÖ,

∆Fs = ks1∆us (5)

Á(Fs)maxßFsß(Fs)ult ¢ ãÖ,

∆Fs = Fs - (Fs)max = ks2∆us = ks2(us - (us)max) (6)

ÁFs > (Fs)ult ¢ ãÖ,

∆Fs = 0 (7)

�
. � r, (us)max 5 (us)ultº '' �& 5 �� ;

ê& B*>V *� 7��~ .6* ç&æ*��, ks1

5 ks2º Òã �* 5 �ê~ *� Ê*ç ;W�
.

>~�C «K bW~ Ö;� 7��~ Ê*ç ;Wê

> kn" ks 8f z> "« öÃ~ 
B �ÿö &�ê

� �j�ö �*" �ê~ v B~ 8b� ¾*Ú Ö;

~&
. ¯, *� Ê*ç;W ks~ ãÖ .V êW'�ö

Bº öÃ" z> Ò�ö �j�ö� ¢Ú¾æ p� ö

Ã~ êW{»ï �Fj V¢&ê� (us)max¢ 
Ö ·²

~� .V *� Ê*ç ;Wê>(ks1)& 
æ² ~&b�

�j�ö� ¢ÚÂ �êöº 
��Z�& B*>V *�

(us)final¢ 3 mm� &;~� ks2¢ �~&
. �VB (us)max

f (us)final~ �Vº �¯OJ»b� Ö;~&º�, ¢>

'b� z>"«öÃöB "�ææK� B>>V *� ö

Ã" z>~ ç&æ* 8f > mm ;ê�
(Pells �.,

1980, Horvath & Kenny, 1979, Ooi & Carter, 1987).

6� öÃ "�ö �ç� OË~ Ê*ç ;W knf �j

�ö �*öº *.z�V �þö ~� ÇOË æ>>K

ê>¢ jÏ~&b�, �j�ö �êöº ks~ 10V¢ «

K~&
. Belytschco �(1984)f knj ks~ 2~100V�

Bn� : ®
. 

���� Ò~�þ �F~ >~ÎÒ

ÆÒ¦ "�ææK~ 'Ëj 2k~V *~�, b&

ÆÒ¦öò "«B 8® öÃö &� >~ÎÒ¢ >¯~

&
. >~�C� öÃ~ æ;ê>º öÃ ÞÚö &�


Ú�þj Û~�, æ>~ æ;ê>º *Ë�þ(SPT,

Pressuremeter test) 5 
Ú�þb�¦V º;~&
.

Fig. 9ö 8® öÃö &� Ò~�þ �Fj >~�C �

F" �þ ê�~&
. .V ¦ªf v �F~ N�&

��~æò �~ï� Ã&�ö V¢ � N�& 
æº

©j " > ®
. �º v¦ ~7� Ã&�ö V¢ Êæ

��"~ æ;� �ê~ö ê�~� Ú¶ ;ê~ ~7�

F�b� *�>îV r^b� �'>� Êæ��"ö &

� â»{»�þ" Î;�þb�¦V �¢ {�~&
.

Fig. 9öB 6Ff Êæ��"� öÃ~ ¶7" º&~7

ö ~� æ; �ê~ö ê�®
� 6�>º �6öB

Êæ��"~ bW~¢ z>~ bW~� :â ê �Cj

>¯� Ö"��, �º 
B Ò~�þ~ Ö"f jÝ�

ãËj &ê
. 8® öÃ~ >~�C� «K bW~¢

Table 1ö ;Ò~&b�, �ê 
� z>"«öÃ~ ÆÒ

¦ «K~ Ö;�öê ÆÒ¦~ æ>��~ æz& �æ

pbæ�(Fig. 4) 8® öÃ~ æ> «K~f ÿ¢� 8

j ÒÏ~&
.

¢>'b� z>"«öÃ~ .V êW ¦ª~ VÞV

º öÃ" "�¦ z>~ æ;ê>ö, êW�êº öÃ"

z>~ ¦OK ca 8ö ~�~�, ²W'�b� 
ÚB�

"� ¦OK~ ²Ö" �þ 
��Z�& B*>�, � �

ê � �ÿf "� F�7æ{ö ~��
� rJ^ ®


(Carter & Kulhawy(1988), Kulhawy & Goodman

(1987)). V¢B j* ²9~ ãÖ, .V êW'�f ö

Ã" z>~ ¦OK (ca)peak¢ æz�B &�B, "�~

Fig. 9. Pile No. 8.

Table 1. 
e Òr �~¥

Æîª~
E

(MPa)
ν γt

(t/m
�

)
φ
(o)

ψ
(o)

GW, SW 40 0.3 1.9 34 20

SC, SM 20 0.3 1.8 32 5

CL 10 0.3 1.8 28 0



VXT

�j�ö �êº F�~ æ;ê>¢ :ÞÚ &�B >~

ÎÒ ·ëj >¯~&
. 6� �j�ö �ê "� ¦O

K~ 6²¢ ÎÒ~V *� �j�ö �ê~ ¦OK(ca)

residualf (ca)peak~ 1/2� &;~&
. Ò~�þj >¯�

1~7® öÃ(3® öÃ B�)ö &� >~�Cj >¯~&

b�, � Ö" ~7-æ* �¾*¢ Ò~ �þ Ö"f �

þ Fig. 10~15ö ê�~&
. 
ò �Ë�þj >¯�

3® öÃf >~�CöB B�~&
. >~�C �Fj

Fig. 13. Pile No. 5.

Fig. 11. Pile No. 2.

Fig. 10. Pile No. 1.

Fig. 14. Pile No. 6.

Fig. 15. Pile No. 7.Fig. 12. Pile No. 4.
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Ò~�þ�Fö "Ò�Î ê ÆÒ¦~ ¦�~7j B~�

z>"«¦~ "�" F�j ªÒ� Ö"¢ ?f �âö

ê�~&º�, &Ú� "�� ¦�~º ~7f ¢;� 8

ö >Z~�, F�~7f �~ï� Ã&�ö V¢ ê³�

B Ã&~º ãËj ¾æÞ
.

Table 2ö ~7-æ* �Fj Ò~ �þ �Fö "Ò�

Vj r~ >~�C «K bW~¢ *Ë 5 
Ú�þ b

W~f �þ ¾æÚî
. Table 2~ *Ë�þ Ö" 7

"�öB~ 8f "� p�~ 8��, F�öB~ 8f

öÃ F� j¾ 2 m �Ú~ 8~ ï�~¢ ÒÏ~&�,

F� j¾~ �þ8� ìj ãÖº F�öB~ 8j ÒÏ

~&
. >~�C� Ú¦ îV'" 
��Z�'~ æz

& *Ú Ò~ �þ �Fö �~º 'Ëf ¦OK~ 'Ë

ö j� Z��ò ~æ�(Kulhawyf Goodman, 1987),

'' 40P

f 10P

� &;~� ¢;~² 'Ï~&
. 6�

z "�ö >ç� OË~ z>æ;ê>º *.z�V �

þöB~ E8j �&� «K~&
.

���� *Ë�þ ��Vf >~�C bW~~ ç&

&ê ªC

*Ë�þ ¶ò¢ �Ï~� öÃ~ ~7 -æ* �ÿj

.G~V *~�, *.öB >¯� >~ÎÒ� ÒÏ� «

K bW~f *Ë�þ ��Vf~ &ê¢ ªC~&
.

Fig. 16~Fig. 18f z "�ææKö &Ë 'Ëj ��


� �'>º z>" öÃ"~ ¦OK (ca)peakf *Ë�þ

��Vf~ &ê �¾*�
.

öÃ "�¦~ ¦OK" *Ë�þ ��V*öº £*

~ ·~ ç&Wj ��
. ��¾ �º 5~6B~ �;B

��V ÚöB~ ªC�æ� �Ò'� 6�j ÚÒV *

�Bº ôf >~ ��V »'� jº~
. ¦OK" *

Ë�þ ��V~ ç&�f �(8)~(10)" ?
.

c(kPa) = 10.44Üqu(MPa) + 394.54 (8)

c(kPa) = 70.65ÜEpressuremeter(GPa) + 475.15 (9)

c(kPa) = 62.26ÜRQD(%) + 863.57 (10)

   
Table 2. &ç z>~ bW~ 5 >~ÎÒ «K~

öÃ®^("«p�)

þ 5 >~�CÖ"

1
(1.0D)

2
(0.9D)

4
(0.5D)

5
(1.2D)

6
(2.7D)

7
(1.9D)

*Ë 5

Ú �þ Ö"

�ÚÒ~�þ

æ;ê>, GPa("�/F�)
2.81/2.81 2.81/2.81 6.11/9.94 9.35/18.04 9.35/18.04 2.02/3.17

z>"«¦ zC�ò~
¢»{»;ê, MPa

23.0 23.0 78.0 49.5 49.5 43.5

z>"«¦ RQD("�, F�) 0/42 0/42 37/38 37/38 55/45 49/46

z>"«¦ RMR 28/33 28/33 35/35 40/40 40/40 40/40

>~ÎÒ

«K~

¦OK c(kPa) 150 600 800 1200 1200 1200

F�7æ{(kPa/inch) - 1400 3000 1000 4000 6000

îV' 5 cc'(
P

) ' 40of 10o
� ¢; 

Fig. 16. cpeak vs. qu.

Fig. 17. cpeak vs. Er
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�� ~7�æ* .GO»~ æ *Ë 'Ï

���� *Ë Bº 5 êGÖ" ªC

*.~ >~�Cj �Ï� öÃ~ ~7-æ* �ÿ .

GO»ö &� FÎW ¦Ãj *~� æ *Ëö � O»

j 'Ï~&
. �C &çf ��·&v pier1~ V.�

ÒÏB z>ö "«B ²�ã *ËæJ öÃ�
. �â

19(a)~ *Ë ��êöB �º :f ?� bÚº .�B

zÒ� 7Wö *~� ®b�, z>f �ÛöB ¸r Ò

�~ .Ò B�j ��"º ^ãî Òz�
.

V.~ *~f æî"çêº Fig. 20" ?
. &ç z

>~ æ>��' bWj ï&~V *~� *Ë�þ" 


Ú�þj 
�� Ö"¢ Table 3ö, ß® �ÚÒ~�þ

j Û� z>~ p�ê æ;ê> &êº Fig. 21ö ê�

~&
. p�ê z>~ æ; ê>º footing &�j V&

b� G;� 8�� z>~ æ;ê>º ~7 ÒÒ~-�~

�Fj Û~� Ö;~&
. 
Ú�þö ÒÏ� �òº

footing &� 12.5 m j¾ãöB j�~&
.

²�ã *ËæJöÃ~ �� *�j ÚÚ��, b&

öÃ* *Ï 1.8 m� öÃ~ J~¢ *~� z>j �

� ç�öB æª 20.32 cm, p� 18.5 m� Â�� ê,

3B~ D50 ;/j Ö�~� �Ú �~~� �;ê Î�

æ�¢ æJ�b�� öÃj ��~&
. �ê æ�öB

60 cm òÂB öÃ^Òö Æ"j �ã� ê 3.0 m vþ

� ~�ÒÞ¢ æJ~� footing ��j jò~&
.

Footing *� 14Bú* C 12 �� �êö �ö bÚ

(a) Cross-section of geometry of rock slope piled raft foundation (b) Plan view of instrumented piles and pressure cells
Fig. 19 Cross-section and plan view of piled raft.

Fig. 20. RQD with depth and Elevation of Raft.    

Fig. 18. cpeak vs. RQD (a) Cross-section of geometry
of rock slope piled raft foundation (b) Plan view
of instrumented piles and pressure cells.
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�"� ��>� raft~ ¶7j ��~� V.ö ·Ï~

º C �ç~7f 6080.0 tons�
. *ËöB öÃ~ J

ê~7 163.0 tonsj {�~V *~� ÒÏ öÃö &~

� ML �þj 
�~&
. 6� Fig. 19(b)ö ��B

öÃö &� p�ê� ÊÞ.�²�æ¢ J~~� öÃ~

~7 *�¢ êG~&
. Fig. 22º êG Ë~& J~B

' öÃ
~ ~7*� �Fj �� �êê� ¾æÞ ©

�
.

*ËöB êGB ~7*� �Fb�¦V áÚê öÃ

~ îV&�(f)" �~ï(w)~ &ê¢ Johnston(1994)�

Bn� &ê�(11)" jv~&
. 

(11)f w
2.5D
Emass
------------- w

fmax
----------+

-----------------------------=

Fig. 22. Load transfer curves of instrumented piles.

Table 3. Qò \ 1� )% ýI.

Specific
Gravity

σuniaxial
(t/m2)

Poisson's
Ratio

50% Secant 
Modulus

(t/m
�

)

Strength parameters PMT
RMRc

(t/m
�

)
φ

( o )
E

(t/m
�

)
K0

2.67 20,690 0.27 5.83E6 4000 50 120,000~1,150,000 4.35 51

Fig. 21. Emass with depth (a) No 5 (edge pile at Mt side
slope) (b) No 37 (edge pile at middle of raft) (c)
No 41 (center pile) (d) No 45 (edge pile at
middle of raft) (e) No 81 (corner pile at river side
slope).
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�VB, D :öÃ~ æª, Emass :z>~ æ;ê>

� (11)öB z>~ �& îV &�8(fmax)f ¢»{

»;êf ?f *�� z~ bWj �Ï~� B�>Ú

®b¾ .Ò¾ ³z& B�� �Ç� öÃ-z>*~ îV

&�j ÎÒ~º ãÖöº �ê& ®
(Amir, 1986). V

¢B � ��öBº Williamsf Pells(1981), Horvath

f Kenney(1979), Vogan(1977), Pell �(1980)� Òz

öB >¯� *Ë Ò~�þ Ö"¢ �Ï~&
. � *Ë

z>~ ãÖ .Ò& 
Ö B�~&bæ� �
� B��

�* "� îVK~ ~�8 ï� 37.4 t/m�

j �& îV

&�8b� Ö;~� �(11)ö 'Ï~&
. �(11)j �

Ï~� áf �F" êG ¶ò¢ "�� "« p�

4.0 möB öÃê� �� f-w &ê¢ ê�~� Fig. 23

" ?
.

Fig. 23öB �º :f ?� bÚ jW� êGB öÃ

~ �* îV &�8f �(11)j �Ï~� º;� 8ö

j~� ï� 5V �ç ·² Ö;>î
. V¢B *Ò B

�B ~7 *� �>¢ �Ï~� z>"«öÃ~ "�

îVj Û� ææ�ÿj .G~º ©f '.~æ á~
.

���� >~' .G

*.öB áf �Ú Ò~�þ Ö" z>~ æ;ê>f

öÃ -z>* ¦OK &ê�(9)¢ �Ï~� >~�Cj

>¯~&
. Micro pile~ ï� "«p�~ z>~ æ;

ê> 0.6Ü107 kPaj �(9)ö &«~� Ö;� *Ë~

z>-öÃ* ¦O;êº 900 kPa �
. ��·&v öÃ

~ ãÖ L/d 8� 
Ö � ²�ã öÃ�æ� F�~

ææKf >~�C� Z�� > ®
. ÒÏöÃö &�

Ò~�þ Ö"f >~' .GÖ"¢ Fig. 24ö �þ ê

�~&
. 

Fig. 24ö �º :f ?� .G �F� Ò~�þ �F

" ¾ ¢~�j " > ®
. Ö�'b�, *.~ z>~

æ;ê> E8j �Ï� >~�C' .GO»f ³zB

z;z� jò 
� «~~ �£� z>öB, �Ò� ç

ã 20 cm Ú�� ²�ã öÃ~ ãÖöê 'Ï� &Ë

�j r > ®
. �� 6, 10�ê¢ r >~�C" ê

Gj Û~� á² B 37® öÃ~ ~7*� �Fj Fig.

25ö �þ ê�~&
. FigöB �º :f ?� >~�

Cj Û� áf öÃ~ ~7*� �F �� êGB 8"

¾ ¢~�
. 

�¢ Û� öÃ" æ>*~ ç^·Ïj ¾ �J� >

®º ãê� 5 æ> bW~¢ �Ò'b� Ö;�
�
Fig. 23. Comparison of f-w relation obtained from trans-

fer function and field measurement.

Fig. 24. Comparison of load-settlement curves obtained
by field measurement and numerical analysis.

Fig. 25. Comparison of load transfer curves obtained
from field measurement and numerical analysis.
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öÃ~ ~7*� &êê ;ï'b� ï&� > ®
º

©j r > ®
.

�� Ö �

z>~ bW" &N~� ãê�~ bWj Ö;~� z

>ö "«B öÃö &� >~ÎÒ¢ >¯~� �¢ ê

GÖ"f jv~� áf Ö�f j¾f ?
.

1) Ò~�F~ .V êW'�~ VÞVº z> "�~

æ;ê> E8j, êW'�~ ��~7f ¦OK c 8j,

"� �j�ö �ê ²W'�~ VÞVº F�~ æ>>

Kê> kb¢ æz�B &�B ��Cj >¯� Ö" ³

z� z;Þîzö "«B z>"«öÃ~ ~7-æ* �

ÿj "Ò'b� ÎÒ� > ®î
.

2) >~ÎÒö ÒÏB öÃ" æ>~ ¦OK cº *.

z�V �þb� áf z>~ æ;ê>, ¢»{»;ê,

RQD �" ·~ ç&Wj �&b� �¢ �b� Bn~

&
. 

3) �ÚÒ~�þb� Ö;� æ;ê>¢ 
Bæ>�

� ãþ' ç&�j �Ï~� çã� 20 cm � Òzö

"«B *Ë öÃ~ ~7-æ*&ê¢ .G� Ö", 
B

êG~f FÒ� Ö"¢ áî
.

4) V�~ ~7-*� &ê�j �Ï� ~7-*��Ff


B êG8ö j� ï� 5V � 8j ��
. �¢ Û

� V�~ Bn�� .Ò& 
Ö B�� z>~ ãÖ '

Ï~Vö '.~æ prj r > ®
. 

5) öÃ" æ>*~ ç^·Ïj ¾ �J� > ®º ã

ê� 5 æ> bW~¢ �^öB B�B O» �j �Ï

~� �Ò'b� Ö;�
� öÃ~ ~7*� &êê ;

ï'b� ï&� > ®
.

6) � ��öB Bn� z>~ "«B öÃ~ �* "

�îVKö &� ç&�f B�B ¶òö "�~� áî

bæ� ºê �
 ôf ¶ò~ »'� jº~
.
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