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 _2�200 

LL  
(%) 

PL 
(%) 

1 

1 CL 92 8/22 10 

2 CL 9/97 5/31 8 

3 ML 1/96  2/32  

4 ML 2/89 1/24  

2 

5 CL 4/94 4/25 7 

6 CL 98 4/30 9 

7 ML 1/57 -  

8 CL - ML 87 24 6 

9 CL 4/94 03/28 7 

3 

10 ML 3/89 9/20  

11 ML 1/98 1/24  

12 ML 5/90 2/23  

13 ML 4/90 2/23  

14 ML 6/94 2/25 - 

4 

15 ML 4/87 2/21  

16 CL-ML 8/83 2/24 6 

17 CL 9/91 1/24 7 

18 ML 2/94 9/23 3 

��-�� 4�-N� �B�6 ��� 
�5  
!26  ��D"
 �B�6

 ��� 
��> ����� �P � (6-�20  
!31  �> ,���< �P � �B�6

4�� �B�6.   
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(g/cm3) 

8�� C�
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C (kg/cm2) 
� 

(deg)  
C 

(kg/cm2) 
� 

(deg) 

10 7/15 52/1 - - - - 

8 2/23 6/1 31/0 24 - - 

- 8/16 53/1 31/0 27 - - 

- 9/15 58/1 - - - - 

4/7 8/3 54/1 - - - - 

5/9 4/19 52/1 54/0 7 - - 

- 5/17 48/1 - - - - 

6 8/13 53/1 25/0 28 - - 

7/7 9/25 50/1 - - 58/0 14 

- 2/5 46/1 07/0 20 15/0 20 

- 9/18 52/1 - - - - 

- 6/23 55/1 - - - - 

- 3/18 55/1 05/0  22 3/0 19 

- 2/23 54/1 - - - - 

- 9/12 49/1 - - 18/0 24 

7/6 8/11 56/1 - - 12/0 14 

1/7 8/14 51/1 25/0 28 26/0 13 

3 9/14 49/1 38/0 22 12/0 23 
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 _!
 ,�-1
)kg/cm2( (deg)

Cc Cs 

22/0 015/0 65/0 

1/0 016/0 37/0 

12/0 022/0 62/0 

13/0 018/0 
 

24/0 015/0 76/1 

11/0 015/0 46/0 

18/0 015/0 97/0 

19/0 019/0 85/0 

09/0 01/0 59/0 

23/0 032/0 58/1 

13/0 017/0 62/0 

11/0 013/0 
 

21/0 016/0 89/0 

23/0 019/0 
 

- - 17/1 

3/0 011/0 
 

- - 81/0 

08/0 007/0 03/1 
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��
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 VZ�Z! 4@#�
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e#��6 
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 ���>����� �

� 

)L( 

+"2-�  e��� �

)Wsat( 

ASTM  
)�<
� �F��@
� 'Ie( 

1 8/0 04/1  013/0- 5/23  11/2 

2 76/0 32/1 125/0- 33 18/1 

3 81/0 87/0 054/0 7/24 83/0 

4 88/0 98/0 009/0 2/25 68/0 

5 82/0 14/1 051/0- 2/26 53/6 

6 73/0 14/1 058/0- 6/31 14/1 

7 82/0 
  

8/27 39/2 

8 96/0 86/0 06/0 25 02/1 

9 77/0 03/1 015/0- 1/29 75/1 

10  9/0 92/0 03/0 6/21 36/7 

11 72/0 06/1 023/0- 4/25 10/4 

12 78/0 9/0 042/0 8/24 54/2 

13 74/0 9/0 042/0 5/24 80/1 

14 76/0 
   

51/1 

15  75/0 109/0 22  85/3 

16 76/0 85/0 064/0 6/25 26/7 

17 75/0 86/0 059/0 2/25 3/5 

18 86/0 94/0 024/0 7/24 27/1 
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ASTM   
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zz� )
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 �TPW
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� 4#�"5
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� C�
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� ��� �E 45
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�F��@
� �<
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 ��� ^
�� �� )Ie(  ��� V1
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<1/0 
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z�� gz�!�! �� �E (6-�

 6
�� � t�-"
 ')E �F��@
�4�� . V=�7    �F�z�@
� �<
z�

(�
�� ^
�� �� ���
 �
�� ��-�� ,��6.  

 
 =	!5 .6
����  ^
�� �� �F��@
� V�#�
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and Hilf 
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 =	!8 . �F��@
� �<
� A����D! �Ie ;
< ��2�� 4�-N� 
�  

 ]�
"�C�

�> 
�  4@#� C��+5� 
� �E 4�� �"=� ��� �I�
��

 �F��@
� V�#�
"  '_�< n-YZ
 ��� C�
E � VZ�Z!

�
 C��+5���
� . �F��@
� (���  +�� ;
< ��2�� 4�-N� �B�6

 41! ����Hv!  �
 ���G��-F �� '��6 �B�6 C��+5� 
� �E ,�

 4�-N�) (6��1
 �6 (��� ��5  
!7 �B�6 ( �F��@
� V�#�
" 

�
 C�
E��
� )Soliman, 2010.(  �6 �E M�31! ��� ]�
"�

 V=�8 ! �� ?-O-
 ��� +�� 4�� (�� (6�6 �
��v�
 �����E .

 �F��@
� �<
� '��2�� 4�-N� �B�6 C��+5�  
� �!�
@� ��

)Ie( �
 C�
E��
� .;
< 4�-N� �B�6 C��+5� (��@
� ,
�

 )#��
=
 �6 
� � (�� A��d ��� ��-�  ��� e�/O ~�
�

 �"Z����5 
� ,��9F�
� ��P �6 ,6-�� V=� ���D! C��+5�

�
 �> �
"5� ���D! g&-
 ;
<�
"<
�6-�(Francisca, 2007). 

 
3-4.  �F��@
� ,
��
�/
 �#�
3
  

 A
/2
K
 ^
�� ��Santaga  �-T�
 �� 6-&-
 ,
��
�/


;
< �
"5� ��
���� �� �6
G V

E �-N �� V�#�
"  ��
���� ,
�

;
< ��� n�-< �� ��Z� S��E �� � (6-@� (��@
� �� 
�

�
 �Z�
��
�� . _� e�
o
 )�=1! C�

�> Q
P ��� 
�

 8���Hi
  �F��@
� ��
���� �-T�
 �� 4��(Santaga, 2011) .

�
�/
 'e��� � +"2-� �
�/
 �O
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/2
K
 ^
�� ��  e#��6

���> � �

� �
�� �� �F��@
� ��+�
 �.�E A�-B �� ����� ,

(����� �� �6
G � (6�E  �F��@
� �H� �6 4#�� ��+�
 ,��F

��"#�� . ,
��
�/
Jenning and Knight  �ASTM �-! 
 �� �&

��
���� �� (�W� 
��
�/
 ��� ��� �6 )�=1! C�

�> S
	�� 

 �H� �6 �> 4#�� ���Z! �� �6
G ';
< �F��@
� �
"5�

�
 +�� �F��@
����
� . 
��
�/
 ��� �6 ��
� Q
P ��� 
���Hv! 

6��F ���G �T� �
 +�� �F��@
� ��+�
 �6 ;
< ��2�� 4�-N�.  

   

4 .	�A�B C��.DEF �# �4��5�" �G� �	���	� � �  


�> S
	�� 4�&�-,
� ���6  '����!> 6��P ',�"
����� ',���

 
���.�2
E ,���
� 4@#� � )E��!)CBR( ��-��  A�-B �� ,��6��

4�6  (6�-<45�F S
	�� .C�

�> ��
� ,
�  V

� (�� S
	��

 ,�� �� ,�-1
 _!� ,�-1
 �� ')�3"#
 8�� ')�=1!

��-��4�6 ,
� 45�F S
	�� (6�-Z� . � �
� �
"<
� 4�� ��

��� �6-� ��+��;
< ��-F��-�� 
� 4�6 ,��F  �
�#� (6�-Z�

�
 V=�
��
� .�
�6� �6'  ]�
"�C�

�> ,
�  � ��
I��

�>

4�� (��6�F �}��� ����1B.  

  

4-1 ._! 4
�
3
 ,�-1
 

6����
"�� ^
�� �� C�

�> ���ASTM D2166  ���-�� ,� ,
�

���-"�� 4�6 ,�  �� (6�-Z�KG �72 ��
�  ?
.!�� � �"
120 

��
� �"
 4�� (�� S
	�� .� ]�
"� � �E C�

�> ��� �� (�
> 4�6
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� �6-� e�/O �I�
�� 4�� (�� (6�6 �
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 ;
<4�� ._! 4
�
3
 ��6
3
  �B�6 C��+5� 
� ,�-1


�
 C�
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�. 4�-N� C��+5� �H� �6 4
�
3
 C�
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< A
YZ�
 �� �=� c
� ,
 (��@
� ,
�

4��.  
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4-2. ���� 4
�
3
  

C�

�> '�"
�
3
 ,
��"
��
  ���/! �-T�
 �� ,
�  )�3"#
 8��

)ASTM D3080 (��-�� ,�� 6
/�� �� (�� ,�
��
� ,
�30 

mm×100×100  ��� C�

�>  ,�-1
CU ���-�� ,� ,
�

4�6  4�� (�� S
	�� (6�-Z�)ASTM D2850 .(  

 'A��d ��� ��-�  ��T� �> A
�B-Y< ;
< �F��@
� �����5 �N

 �2
Iu � ,��9 d-.� '���� 4
�
3
 A�� �� ���-< C�
E

45
� . ;
< ���� 4
�
3
 (�� S
	�� A
/2
K
 ^
����

 6��P ?
@�� 42
P�616  �> _�< 42
P �B�64��. 

(Nishimura et al., 2008).  �� ;
< ���� ,
��"
��
  C�
E

 �F��@#u (��� �>�H� �6  C=
 C�
E �� ��
� 4�-N� C��+5�

 C=
 [��!

 �� ���� �I"#��� �I�
�� � (6-� ;
< �6

�
 ��
� )Huat et al., 2008.(  

V=� ���D! ����� 4�& C�! 41! ��-�� )�=1! �� ��
� ,
�

 �6 �
#=� ,6-�� �6 �6 ��-�� ����u ')�3"#
 8�� C�

�>

��"5�F ���G �-
�> 6�-
 ?
@�� 42
P � �/�@N 4�-N� 42
P .

4�6 ��-�� �6�6 ���G �� [  �-T�
 ��� ��  (
I"�6 �6 (6�-<

 V=� ���D! � (�� ?
@�� ��-�� ',6-�� C�! Q
��� � 8��

(����� (�� Q
��� ,6-�� C�! �H� 41! �> )}
G �� ,��F.  ��

 ��� ,6-�� C�! �6 �F��@
� �<
� ^
��100 kPa  �� C��

20  �� �"�E ?
@�� 42
P �6 ���� 4
�
3
 � (6-� �B�620 

�/�@N 4�-N� 42
P �6 ���� 4
�
3
 �B�6 4�� .  

  

 =	!10.  4�-N� � ?
@�� 4�-N� 
� ;
< ��-�� �6 �
"5�

)�3"#
 8�� C�

�> �6 �/�@N  

V=�10 ��-�� C�! A����D! ����� �6 �� )}
G V=� ���D! �� ,�

 ���� ,6-�� C�! 41!1 kg/cm2 �
 �
����6.   

  

4-3 .C�
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;
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 �6 6-&-
 ���6+�� ,
�  
� ^� ?-� ��

�
 )E ����� �P 
� ,c � ���
  �"�#�"�W  �� �E ��
�

4�6 �
 �
T"�� � (6-� ^
#P �F6�-< 6��C�

�> ]�
"� 
�  ��

 �> ��
I��

�> ��-�� ,�� A�
."
C�

�> ]�
"� 
� ,
�   
&��

��
� .C�

�> ]�
"� ,
�  ���6+�� ;
< 4�/O� ��
I��

�>

(U��  V1
 �6 6-&-
 � �6 ,����
  � ,���
� ��-! �T� �� �

� '4�-N� A����D! V�
3
� �
 �5�/
 g�
�

� ��E�-N�E� . 
�

 y�5 6-&�t���� ���' �
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�+2 ��-/! n-Y< �6 4#�
�

�  ,��&� '6
�� 4

ZO �� ;
< 
� � ��+� 6
/�� 
� ,
�

8��  V�
G ���+� �E 6-�� S��G� �I�6 ,
�! (U��  ,��� ��&-

4��6 ���-<�� �6 .M�G6 ��
����  �-T�
 �� ^
�� ��� ��   �!
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YZ�
�=��
=
 ;
< V1
' C�

�>  ,
�
&��  V

�

B ,��9F�
� C�

�>1. '�SPT  �CBR ����1B �6   M�� 
�

4�-N� � ��-"� 
! �"5�F S
	�� ?
@�� 42
P �6 � A�
."
 ,
�

6�E ��
���� +�� �� ;
< �� 4�-N� A��H� .C�

�> ��� ���  
�

4�� (�
> ��� �6.  

4-3 -1 6����
"�� d-.� C�

�> )SPT( 

 6����
"�� d-.� �-
�> �� (6
."�� 
�)SPT( �
�F��� ��-!
�� �

V=� � 4
�
3
 '�
"<
� ��T�  ,��9  ;
<6� ���Z! ��� (  +��

�[2 �F��@
 ��
���� �� 
�6-�� (Francisca, 2007) . �� ��
 

C��+5� 
� A
/2
K
 ��� d-.� 6�� N '�F��@
� �<
�r)δ( 

 C�
E �E �"5
��
 ��-!�>  ���� �K���6� ���Z! ��� ,:  

)6( 0×e -0.13N
δδr =   

 '�K��� ��� �60δ  ,��� � (6-� �"#��� C�! xK� ��+�
 ��

�
���σv =100 kPa  �����=12%0δ �
 ��
�. M�31! �6 �O
P '
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�>SPT ���> ^
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� �ASTM D1586 6 �5  � ��
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< ���6+�� ,
�� � (���;
< �6 d-.� 6�� �� (��@
� ,
�

 6����
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�
 C�
E 6����
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�> �92;
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��� �
T"�� C�
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�6-� ���-< �!��.
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=	!11.  6�� A����D!SPT 4�-N� �B�6 A����D! ����� �6  

4-3 -2  C�

�>CBR V1
 �6 

 C�

�>CBR  6����
"�� M@N ����1BASTM D4429  S
	��

4�� (�� .4�-N� �6 C�

�> ��� 42
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."
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@��(����� �� (�W� ��-"� 
! �"5�F  ,���
� 4@#� ,��F
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E' �� 4�-N� A��H� 6�E ��
���� +�� �� ;
< .

]�
"�  �������1B C�

�> �6 V=�12 4�� (�� �}��� .

�
�� ��-F �E �
 (��
�
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�6  �� 4@#�
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I��

�> ]�
"�E��� �"5
� C��+5� �

���� 
� u
� Q
P�
 +� ��
�.  

  
 =	!12.  ��6
3
CBR 4�-N� �6 ����1B e�"Z
 ,
� 

 ���h���-N� �B�6 C��+5� 
�4'  ���3
CBR  V1
 �6 ��

��A  C�
E�"5
�  �E 4�� 4�/G�� ��� �I�
�� �
� ��� �E

 4�-N� C��+5� 
� � (6-� ^
#P 4�-N� C��+5� �� V1
 ;
<

�
 C�
E �> ,���
� 4@#���
�.  

 

4-3 -3.  �1.B ,��9F�
� C�

�>)PLT( 

  (6��� ,
z��
� Vz�
3
�6 ;
< �
"5� M�G6 ��
���� ,���  �  ��z�/!

g��O      4z#�� ���z3
 6��>�z� � ;
z< V=z� ���D!'   C�
z
�>

   z1
 �6 �1.zB ,��9zF�
� V(Plate Load Test)   4z2
P �6 �6

 � �/�@N 4�-N� +�� 4z�� (�� S
	�� ?
@�� 4�-N� .  �6 �z� �6

H� 09P �-T�
 �� 42
P4�6 A�� ,6-�� C�! ��"�� '�F6�-<

  
z!0.6 kg/cm2       C�z! 
z! [\z� � �z"5
� C��+z5�0.1 kg/cm2 

4�� (�� ,��6���
� .    C�z! 
z! ,��9zF�
� ?
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� �
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4�� (�� .C�

�> �6 ,
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! C�! '��-�
H ,��9F�
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g��O   ',��6���
z� ,��� V=� ���D!EV2    4z�� (�z� �@z�
1
 .
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@z�� �zH� �6 �z�-�� V=z� �z��D! 'C�z! �z�� �6 [\�

(�����  4�� (�� ,��F) V=z�12 .(  ]�
z"�  C�
z
�> �z��  
z�   +z��


< �6-� (��@
�! �� ;v �z
 ��� �z�
�� . V=z�13   C�z! ��6-z��- 

��-�� �� �=� ,��� �� 4#���
 �
�� 
� �z�6 . 
z���  �z�-F  �zE
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 C�! �6 ;
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� �� ��
� 4#��11   �zB�6
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! ?
@�� ;
< 4#��1.6 kg/cm2 4�� .  
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 � (6-� �"#��� ��� ?
@�� S
I�� �6 �> 6
/�� � ,��9F�
� �1.B

 '�1.B 6
/�� � �
�5 C��+5� 
��
 C��+5� ��
� (Day, 1996) . �6

�/2
K
��P �6 ;
< ,���
� 4�5�f �"5�F �T� �6 
� �O
P , 6

 C�!0.8 kg/cm2   Vz1
      � (�z� ?
@z�� C�z! �z�� �6 C�
z
�>

 C�! 
! ,��9F�
�2  �> �z���� )1.6 kg/cm2(    4z�� �z"5
� �z
�6� .

 V=�14   �� 4z�-N� �B�6 ����� �6 V=� ���D! Q��
 A����D!

�
 �
����6 .C�

�> ��� ]�
"� �BW< ���h�� 
�  Q��& �66 

4�� (�� �}��� .  

  
 =	!14. 4�-N� �B�6 ����� �6 V=� ���D! g��O A����D! 

 8��)6. V1
 �6 �1.B ,��9F�
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�> ]�
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��
�F 

M�� 

)m( 

V=����D! Q��
 'E 

)kg/cm2( 
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