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7-2- '��+��&�� W�M� XD��(!SPT   

 67&�H�I2& �F YF�$� E)��4@ 3)&ASTM  D1586Y  9&�F �67
L 	26 �H
0H� �6
0H �F�)47& &7 �H�0] �� W�L 	�����

:��0,4& K@ �&�

+!� W�L ��
?
�L �F K&
! �� &7 q
;H 	����� .64�2 �� D'&�* W�L �)�2��.  

3.� �2�� �XQH D�&�! 3
0�!  

W�L �I����� 9�'�I�&7�� 3
0�!  

�2��76 Y
01� ��$2 9�' �� 4�i� 9�F7�F 	
*�S 3
0�!  

� 3
0�!�2��76 �� 	Q�H7&��  

.6&6 ^�X!7&.���H �� '4 -)&�.76 V�X.& ���XQy�
f 9�' W�L �)&�BH&�7 �
QH�I� �F�)47&  

7-3- S��3� ���'	) *��%�  

� � )\
* ` � 
H� � ��
?
�L 3

�! � W�L 9��F ��XN 9&�F h4: 9�Z�)��4@ h�iH& ` 97&6�F �H
0H 4& ��?& %�'  
 ��. 97�;< �H�0] 76 K@ �)�
0
. K
�4@ h�iH& 	Z, ` h4: 97&�ZBH -)&�. 	)�17 �F ��. kL& 9�' �H
0H.�.�F ��

 �F �' �H
0H h�0! ` 3
�4 9�' �): b�, �F �,
! �F 	2& ��q �F h4:.	2& ��)6�] n�27& ��B�)��4@ �F ��I�� 9�'

& 9�' �H
0H .	2& ��)6�] h�iH& ��. 94�24�F �H
0H 9�7 �F �Z�)��4@ � �67
L 	26 �7
? �6 �): �' 76 ��. kL

 �IQF10  � 	F
N7 �?76 3

�! 9&�F �y
� �H
0H �) � �'�B�)��4@ 9�' E)��4@ h�iH& 9&�F �IQF 76 ���]
�
�

.6
. �� ��I�� ��B�)��4@ �F ��� �I
QH&6 
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8- ":�T5D��(! ��5D��(! 

�H
0H Y01 � V
H �F �,
! �F `��� W�L � 
H� � `� )\
* �&
L 3

�! 	Z, �
v�! �6���� \
H � ��. kL& 9�'

E�!E
� �'�B�)��4@ ��I�� ���)��4@ `�4�2 7�F 4& �.�H 9�' 9�'67&�H�I2& YF�$� ��. ��
FASTM  �AASHTO  

)�IH .	2& ��. h�iH& W�L �
H� � xF�i! �F K�2��.7�� �gH �)4 � 76 ����� 3)& 76 ��. h�iH& �'�B�)��4@ ���)��4@ [

	2

� 	2& ��. �67�@ =7&\] 

8-1- XD��(! "�D�
� ��:  

�): � )\
* ��
?
�L �)�2��. 	Z,E)��4@ `�� �)4 � ����� ��� 76 W�L 9�'�H&6 n&��I� 9�' 6��< `9��F

��
XN 	F
N7 �?76 � �
��� K4� 3

�! `(9�
0L � �H&�7 �<) ~�F�!& �H
0H 9�7 �F W�L 4& ��. kL& 9�'

�H�0]�H&6 ���)��4@ [)�IH �F �,
! �F .	2& �I*�] h�iH& `�'��. �67�@ 	2

� 76 ��) ~�F�!& 6��< � 9��FH& V
H `(�

�):��XN a�2& �F W�L 9�') �)�;
H
) 9��FUNIFIED���. ��� 	#�< 76 ( SM .��.�F ��  

  

  

  

  

  

  

� .2 -  kL& 9�' �H
0H b 1�H�0]4& ��.  
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8-2- "�
���� ��5D��(!  

�X�, 4& �6�;I2& �F D
�IQ� =�F E)��4@ `W�L �.�F 	����� 9�'�I�&7�� � � 
H� � ��
?
�L 3

�! 	Z,10*10 

�H
0H 9�7 �F 9�I� �IH�2	26 9�'  YF�$� 7
�k� ���)��4@ .	2& ��)6�] h�iH& ��� =�7 �F V�X.& 	F
N7�F �67
L

 67&�H�I2&ASTM  n��,)2��. h�iH& `(��. �67�@ =7&\] 	2

� 76 K@ [)�IH � �H&.�H& 

 Z�+F2 ":�T5D��(! ��5D��(!:  

[D'�  XD��(!  ���  

1  D
�IQ� =�F E)��4@  ASTM:D3080 

 

 9- �: *DL "�
���� ��:	&����0) X4) ��	)\2�	�55+V�'($�%&��� 

 76 �� m#��� V
H � �'�B�)��4@ ���)��4@ [)�IH �F �,
! �FE�! �
v�! �6����I�&7�� ̀ �H7&6 7&�� �� 4& �.�H 9�' 9�'�

� .�

+! � �.�F 	������): 9�)k��� 30)& 	����� 3

�! 76 �� ����� ��� W�L 9�'  7&�� �6�;I2& 67
�

�I*�]��. �64 3
0�! �)q ��. �F �H&.�H&  

n��,3�): �.�F 	����� 9�'�I�&7�� :W�L 9�'  

]	H    +N��  ��+,�  

��� "�+�^#K  C 2m/ckg  01/0  

��� "1��' ����V� _D��(  Ø  ° 33  

��� "�
^` a�34� $(�  γ 3m/cg  0/2  

��� _&
#
&�L� Z�+�  sE 2m/ckg  400  

��� $����0 �D	c  ν  - 30/0  
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10-  "N�	` d%H X4) ��	))\2�	�55+V�'($�%&��� 

1-10- e	
�� 	)��)� d%H 

�� �� �!7
?  76 9
BF&
, ��$2  9�'O0.  4& �6�;I2 & �'7� '&7 4& � ) `�. �XH �67&� 9�'7�F�� �,76 ��IF 9�'

.�. �F �"&7& �)q ��.  �F K@ -F&�7 �� 	2 & ��.  �6�;I2 & �Q )� =�7 4& �' O0.  W
H 9�F7�F 	
*�S ��X2 ��� 76

:66�B
�  

  

  

  

  

  

  

�� ��� (� d%H ��+F �	)��) �
�	e ��^��7� ��	)f :��� /+H /'�M&�� 6DW ]	H *)  
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.6
F �'&
L O0. 7&�, W� $?& � O0. W
H 9�' 9�F7�F 	
*�S �6 O0, O0. 9�F7�F 	
*�S z
* -F&�7 76 ��  

  �F&�F  �' O0. 9�F7�F 	
*�S 9&�F K��
0N& T)�U �� 	2& ��q �F h4:4 .	2& ��. �I*�] �gH 76 

n��, 4- O0. 9�F7�F 	
*�S 3

�! 9&�F 4�
H 67
� 9�'�I�&7�� 

3g/cm 2.0= γ 

2Kg/cm 0.01 = C Ø = 33 

= 1.00 m pD  m 301.= Pb D 

  

 n��,5-  �H�F �$� �F O0. 	����� [)�IH1  O0. 9�� �$� � �I�/301 �I�  

 n
N �F O0. 9&�F6 �I� Pu = 236.2 ton 

 n
N �F O0. 9&�F7 �I� Pu = 278.3 ton 

 n
N �F O0. 9&�F8 �I� Pu = 321.4 ton 

2-10- d%H � ��� J
) ����V� �D	c � 	&#) 6%��� g�I �D	c  

:	2& �X2��� �F�� �)q �$F&7 4& �' O0. 9&�F �6�;I2& 67
� 	)��* T)�U   
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 �X2��� �F�� �)q n��, YF�$� �' O0. 9&�F �6�;I2& 67
� 	)��* T)�U �)6��� z
* �$F&7 �F 	)��1 �F ��&:	2 

 n��,6-  	)��* T)�U  �H�F �$� �F O0. W
H 9&�F1  O0. 9�� �$� � �I�/301 �I�  

O0. n
N  O0. ��*& 	)��* T)�U O0. D"�� 	)��* T)�U 

 n
N �F O0. 9&�F6 �I� 3kg/cm 1271. =h sK  3kg/cm 5084. =v sK  

 n
N �F O0. 9&�F7 �I� 3kg/cm 1271. =h sK  3kg/cm 5084. =v sK  

 n
N �F O0. 9&�F8 �I� 3kg/cm 1271. =h sK  3kg/cm 5084. =v sK  

  

11- �: *DL "�
���� ��:	&����0)��	) �%#  J
�(	D( 	)'�(��\2�	�55+V�'($�%&��� 

E�! �
v�! �6���� 76 �� m#��� V
H � �'�B�)��4@ ���)��4@ [)�IH �F �,
! �FI�&7�� ̀ �H7&6 7&�� �� 4& �.�H 9�' 9�'�

 	������ .�

+! � �.�F�): 9�)k��� 30)& 	����� 3

�! 76 �� ����� ��� W�L 9�'  7&�� �6�;I2& 67
�

�I*�]��. �64 3
0�! �)q ��. �F �H&.�H&  

n��,7 �): �.�F 	����� 9�'�I�&7�� :W�L 9�'  

]	H    +N��  ��+,�  

��� "�+�^#K  C 2m/ckg  01/0  

��� "1��' ����V� _D��(  Ø  ° 32  

 $(���� "�
^` a�34�  γ 3m/cg  95/1  

��� _&
#
&�L� Z�+�  sE 2m/ckg  160  

��� $����0 �D	c  ν  - 30/0  
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12- : �: "0 �#5� J
%4� � �	)��) �
�	e J

��   

12-1-  �
�	e/'���H �	)��) : "T&4
#� ��
�� h��� 	)  

 7&��I2& Y01 �F �.�F �BI�
Q] �F��� 76 �6
#�. 4�i� 9�F7�F 	
*�S) fD (  ��1 �B T)�U n�01& �F �  

 4& �6�;I2& �F �6
#�. �)4 W�L � 
H� � ������ ��* �F � K��
0N&�F�� 3Q�' 9�F7�F 	
*�S �#6��� ���� �X2� �.�F  
  

  

 bgidSBNbgidSqNbgidScNq qqqqqqccccCcu 5.0  

3

q
q ult
s
  

Safty Factor = 3 
�6
#�. 9&�F �6
#�. 30)& 	����� �)6��� 97&
H �F 7&��I2& Y01 40/4 �� �"&7& �)4 7&�� �F �I� .66�]  

) n��, YF�$� �N
F�� ��X2��� 76 W�L 9&�F �6�;I2& 67
� 9�'�I�&7��4�� ( K��
0N& 
�H �F ������ 3)& ) ��.�F

.(	2& ��. �I*�] �gH 76 9�F7�F 	
*�S 3

�! 	Z,  

 

 n��,8 :  	�����30)& �� 9&�F  ��$297&
H ) 9&4& �FD"�� 9�'7�F � 
!�I2&(  

 

 

 

 

:�F -F&�776uq `�)�ZH 9�F7�F 	
*�Ssq 	����� `OF���I� �IH�2�F h�]
�
� TQ<�F �BI�
Q]�F&�F 76 W�L 30)&B 

� `�� ��1D .�.�F ���I� TQ<�F �� K
*�� Y01 

 �6
#�. ����� 30)&�Z�! z
* n��,76 ��. �"&7&�)6��� 	
*�S 3

�!76 �� 	.&6 �,
! �)�F.��IQ' �67&� 9�'7�F�gH4&

.�H7&6 �7��U\
H 4�i� 	Q�H �F ^
F�� 9�' n�I���' �6
#�.4�i�  

qs (kg/cm2) D (m) B (m) 

71/2  40/4  0/1  
89/2  40/4  1/1  
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12-2 – "7�� ��: "0 �#5� $��
� J
%4�  

) �H@ 	Q�H 4& �.�H &7 �� �� 	Q�H r:
0��Immediate�� (�0
 �!) ��� 4&76 	Q�H � �
I2:& �) ( .��H&6

 �H@ 	Q�H�� �7 �6
#�. l&�<& 4& ��F ��?�*_F �6
#�. 9&7&6 �� ��N��� 9&�F � �6
F K��4 OF�! �0
 �! 	Q�H `�'6

�):�� 6�i)& 9k;�� o@ ���L �v& 76 � [)7�! �F �6
F V�X.& �H&6 \)7 9�'.66�]  

12-2-1- "%
�7� �#5� 

 �I*�) D
 �! 96�1 �) �I*�) D
 �! E
F �F �,
! �F W�L �0
 �! 	Q�Hn
��* 4& �6�;I2& �F `W�L K6
F �F�� �)4 9�'

�� �X2���:�.�F 
 

 

 
 

�): �� �!7
? 76E�! �
v�! �6���� 76 �H&6\)7 V�X.& 9�'	Q�H 	2& h4: 6�
] 7&�� �� 4& �.�H 9�'�! 9�' �0
 

�): �X2��� K@ a�2& �F 9�F7�F 	
*�S  � ��. �X2��� �'`(�H�0] 7&6
0H � ������) �F �,
! �F ����� 3)& 76 .66�] 

�): D� 	F
N7 \
H � o@ m$2 �F 67
L�F h�1�): �H@ 	Q�H 4& �.�H �� 	Q�H` �H&6\)7 W�L 9�'�� W�L 9�'

.�.�F  

12-2-2- "�! �#5�  

 � �]�.6�L `(����! 	XQH �

+! ��&
1) =\+# `EI�f �H��4 O0i! �F W�L 76 �*�U& 7�F 4& �.�H E�! �&�

+!

 ��$�� 76 �&7q �
I2:& 9�Z� . �

+! 76 ����< 3)& 97��@ O0i! .66�B
� �i�� 97&k]7�F m$2 �)4 76 E�! q
;H

: 67&6 6
,� DZ� ��}Q� �6 W�L �
I2:& 	Q�H 9�Z�
��! 76 .67&6 h�H 	Q�H �gH 67
� 	Z,  

 �
I2:& 9�'�I�&7�� 9&�F 9�XI�� �)6��� K67�@ 	2�F  

 ��. n�01& 7�F 4& �.�H E�! �XI�� �
*��� K67�@ 	2�F 

�F �,
!�F .�.�F �� �H@ 	Q�H4& �.�H �� 	Q�H(�H�0]7&6
0H� ������)��$2�)4 9�' �): b�, 

cc

c

c
c

s

c
s

PPPPif
P

P
C

P

P
C

e

H
H

PPif
P

P

e

HC
H











01
1

00

0

1

0

1

0

0

,)loglog(
1

log.
1
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E�! �
v�! �6���� 76 ����� ��� 76 ��. ��'��� W�L 9�' �): � �)& �F �,
! �F ���)��4@ [)�IH �F �,
! �F� �'

 ���)476 W�L 9�' �): �I
Q
I2:& n��� `�'�B�)��4@ � �)&��?160�IH�2 �F h�]
�
�  K
2&
� T)�U� OF�� �I�

	Q�H ��X2��� 76 \
H  0 0/3 .	2& ��. ��*  

) q
;H Y01 `(E�! �
*���) h�6 �I�&7�� 3I*�] �gH 76 9&�FH �� 97&k]7�F m$2 �)4 76 (97&
H `B5  ��)6�] ��*

.	2& �v
� �
v�! T)&�U �X2��� 76 �I�&7�� 3)& .	2&  

 4& �� �
I2:& 	Q�H �X2��� � �F�)47& 	Z,�� �6�;I2& �)q �$F&7:6
.  

:�$F&7 3)& 76 ��                                                                               
F
I
s
Im

s
E

B
o
qH ..

21'..   

HΔ : �� �
I2:& 	Q�H  

 0q  : �2�0! 7��* ��.  

B (	Q�H76 D
Z2 �6
#�. m$2 �XH�,��F ��&�<)�� �vr
� ��1 :  

m �H@ 	Q�H76 D
Z2 9�' �.
]6&��! :  

SI:  � � . �
v�! T)&�UFI Y01 T)�U  

SE:   �I
Q
I2:& n���  

υ  K
2@
� T)�U :  

��. �&��I2& �� \��� 9&�F �� 	Q�H 76 �v
� ��
y Y01 � �� 6��F& �F �,
! �F �
v�! T)&�U �)6���H&.� 

 z
*76 ��.��q ���
U
! �F �,
!�F	
*�S  9�F7�F9&�F 4�i� ��  ��$297&
H 7&��I2& Y01� 6��F& �F8/4 TQ<�F`�I�

 4�i� 	Q�H5/2  YF�$� �I0
IH�2n��, �� �)4.�.�F   

 

 n��,9-  	�����4�i� �� 97&
H 4�i� 	Q�H K&\
� o�QI<& �F  

 

 

  

  

qa (kg/cm2) D (m) B (m) 

87/1  8/4  0/1  
71/1  8/4  1/1  
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13- �D	c  X�2��)&#:	  

 b 1 T)�U Y
�6 3

�! �7
?76 �.�F �� �)k� K� �& ��� 76 9& ��;? 97&k]7�F E)��4@ Y)�N 4& �IQF �0�#&

 967&
� �F �,
! �F T)&�U 3)& 7&��� ��� 7
N �F.6
0H �6�;I2& �X)��! -F&�74& K&
! �� 7
�k� E)��4@ h�iH& K� �& h�1


�! �� 7&��I2& Y01�6��F&`W�L 9��F ��XN`67&�H�I2&q
;H E)��4@ [)�IH �
gH.66�] �� 3
  

 ��$�� W�L V
H� 4�i� 	Q�H �F �,
!�F4&�#6��� vesic F�)4 �7
? ��IQF E��&� T)�U 3

�! 	Z, �� �6�;I2&

:6
.  

  

  

 97&
H �� 9&�F �� 66�] ��6�Z��
� ��$�� W�L V
H� 4�i� 	Q�H �F �,
!�F 3
�w0'� aq1.2=S K o��IH& 

 Y01� 6��F& �F ��$2 9�' �� 9&�F z
* -F&�7�F YF�$� �IQF �0�#& b 1 T)�U ����� 3)&76.66�]7&��I2&40/4  �I�

 n��,76 K@ [)�IH ��`��)6�] �X2��� �X)��!� z
* -F&�7 3
BH�
�7
N �F7 .	2& ��)6�] �"&7&  

 

 n��,11 ��$2 �� 9&�F�IQF D"�� �0�#& b 1 T)�U [)�IH :97&
H  

  

  

  

  

  

  14"0 �	)��) �
�	e � /'�M&�� '��� "0 i�� j  

�4�2 �6
#�. ��� 7
$F:�H4�2 �67�@�F &7 �)4 �2�2& 4�
H �2 �IQ)�F �'  

- �7&
0' �F�� 67&� W�L �F �6
#�. Y)�N 4& �� �4�2 4& �.�H 7��* �IQ) �
.�< �F 66�]�
0N& T)�U � ��0)& K�

.�.�F �I0� W�L �)�ZH 9�F7�F 	
*�S 4& `T2��� 

- 	Q�H�' �F&�L T,
� � �)�0�H 4��i! 4�i� �< 4& �6
#�. �)4 W�L �F �#�01& 7�F�2 4& �.�H �XQH � ��� 9

.66�BH �4�2 �)&7�� h�1 �) 

Ks (kg/cm3) D (m) B (m) 

001/2  4/4  0/1  
825/1  4/4  1/1  

)1( 2

B

Esks
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- &�,&K�0IL�2 9�7 �F ���� 9&�,& 4& b� � 	L�2 �<&�� �
�� 76 �6
#�. 9 �' �
v�! K@ 7��i� ��Q
2�! �

.�.�F �I.&�H o
�$��H 

-  D�&�! �F 	0Q� 9&�F55�?76 6��F& �F �,
! �F  �4�2 �� 76 ��7 �4�2 ��XN �� `�.�X
� 9& �6�IQ] Y
01 �� + 

(O0.)  ��&�< n
N �F6 �I� � 6
�
� �
?
! 6&4�� 	0Q� 9&�F  D�&�! �F55  3
�4�)4 E�F76 �?76 97&
H ��

 ��1 �F��&�<100�I� �IH�2  	2& �I*�] h�iH& 9��X#
��* ��* 3)& �F. 

 

15 :��� "^��F ��5� �D�	c *����  j  

 K&\
� �F W�L ��L&6 W� $?& �)�&4 3I*�] �gH 76 �F ��I�� �:�< 76 W�L �XH�, 7��* T)&�U25 �X2��� �,76

) n��, 76 ��X2 ��� 3)& 4& �?�< [)�IH .	2 & ��.8.	2 & ��.  �"&7& ( 	2 & ��q K�)�.`  9��
H ���� [
Q F 	Z,

 �

+! `W�L h���� EH&7� . �g<_� �F��'6 9�7 K@ 76 �)�F 9& `� �� �
? 
! &k#�]7� F 76 66]� * T)&�U  9�
 7�

h����` 4& K��
0N& T)�U 2  �6�;I2&.66�]  

sin1
0

K                                                                         K
 2 	#�<76 �XH�, 7��* T)�U 

                                                                          n��* 	#�<76 �XH�, 7��* T)�U




sin1

sin1






a
K         

� 	#�<76 �XH�, 7��* T)�U                                                                         h���




sin1

sin1






p
K                                                                                                             

 n��,12 W�L �XH�, 7��* T)&�U �)6��� :  

pK  aK oK Ø  

46/2  41/0  58/0  25° 
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 �64 O0, �
!�I2&�7�
'7��*�F4&�!�'76 �IQ)�F o@ 6
,� �7
?76� ` �6
F�v
� 9�' E�! a�2&�F ��. �"&7& -F&�7

 � n��* 	#�< 9&�F W�L �XH�, 7��* �)6��� 3
 H&7 97
}! a�2& �F .�)@ 	2�F W�L�F 67&� �� �XH�, 7��*�! 6
.

 �X2��� �)4 -F&�7 4& h������.66�]  

Z��� ���N                                                                                
a
kc

va
k

h
2  

k��,� ���N                                                                              
p
kc

vp
k

h
2  

 

16-  6
#��&0 ")�D(��: ��� "D�	T����  

�
+I� x)�� �F �� 	2 & �1
U
� �)&�BH&�7 ��)���2 �� 76 �� 	2 & 7&
I2 & `97�0.  �� �*6�� ! 9�'. & � �.  9�' V�X

�� V
�� �F �. �F �I. &�H 6
,� 9k;�� o@ W_ZI2 & 9&�F �*�� 	? �* �� �$)&�.  76 � ��. ��!7& �v& 	�!  .6�H

�

 �  m#��� V
H �F �,
! �F ����� ��� 76 6
,� ��BIL�2 ��� 76  �)&�BH&�7 ��)�� V
�� n�0I<& `��
�4�)4 o@ m$2

.67&�H 

  

17- *,^`J
�( i�� �+�)  

 ��F a�2&�F4-267&�H�I2&)  �#\#4�F&�F76 �' K�0IL�2 �<&�N ���H 3
"@ 2800  94�2�Z.� 3 Q�`�&7 ���
��! \���

 E)&�)�`4 ��?�*�! ��$2�)4 9�' �): �.�F �
� 	1�2 -2
I� 3

�!` 3
�4 V
H 9��F ��XN 3

�! 	Z,( 30 9�I�

��$2�)4 9�' �): b�, a�2&�F, ��#�$� 67
� ���76 7
�k� E)��4@ h�iH& h�1 �F �,
!�F &k#.�.�F �� 4�
H �)��4&�!4& 

�B�)��4@� �)&��? ���)��4@ 4& �?�< [)�IH� ��. 97�;< z�01&76n��, �F YF�$�` �' 3-2 3
�4 ���H 3
"@ ���

 ��XN 3
�4�F �����II )�6 �F ��$��76 ����� ��� �� 3)& �F �,
! �F ��N 9��X� o�I. 3
�w0'.67&6 9�I�
F 	�F�$� (
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6�
] �� 7&�� 6�)4 7�
QF �XQH �$L`35/0 9& �4�# 9�'�I�&7�� �)6��� a�2& 3)&�F.66�] �� �
?
!0T`Ts`S�0S  YF�$�

n��,�F8 .66�] �� �"&7&  

 n��,13 3
�4 V
H �F �,
! �F 9& �4�# 9�'�I�&7�� �)6��� :  

3
�4 V
H  0T  Ts  S 0S  

II  10/0  5/0  50/1 0/1 

  

18- : "�	3� $�%
� i�� J

��  

E)��4@ [)�IH �
��! � �)\i! �F �*��� K�0
2 V
H Y
�6 3

�!�H
0H 9�7 �F �"�
0
. 9�'��I�� 9�'  �F � W�L

K
) �)6��� a�2&�� h�iH& W�L ��;#
2 � ��� 9�' 3
�4 �)4 o@ m$2 �F � �)& �F �,
! �F �U�< ����� 76 .6�)k�

�F �#� 	2& ���H h�iH& �)�
0
. E)��4@ 	2& ���H 67
L�F 3
�4 3I*�] �gH 76 K�0
2 4& `����� ��� �2��.

  V
H ���!�� II 7�
1�F350K�0
2 �F o@ 	XQH� T� ��I��F h�]
�
� 5/0�� �
?
!66�].  

  

19- : $�+�^4D Q%I  

 76 &7 �� �� �)�F �01 76 �� 67&6 n�XH6 �F &7 3
�4 m$2 K��@ :�F � h7
! ` W�L 76 K&��X�) � �]64 c) V
��

 ��$�� 3)& 76 K&��X�) Y01 :
0�� K�i)�F7q@ 76 &
' 9��6 �F �,
! �F . 67&6 7&�� K&��X�) Y01 �)47/0  m$2 4& �I�

4&�! K@ 76 ��&�< �� �� �)�F �� �.�F ��
XN 3
�4 .66�] O�&�  
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20- V��
* �:� ��" �
&D'�+7� �  

  =7&\] 3)&76 ���.�F h�I�� ���*7�� �gH��(7&��I2& Y01� 6��F& ��0,4&)9�B)6 �������F �� � 
!7
?76

 YF�$� Y
�6 ��1_N& �"&7& �F 	XPPQH�! h_1& ��BPP�)��4@ �F �XI� ���� ��
"\,�F&7 67&
�`	PP2& ��)6�BH �"&7&

 �gH 67
� -)&�.�F.66�] h&��& 

 �4�PP2 l&�<& ��� � )6\H 76 �&
�� � �&�;< `�Z'�y 6
,��� �' �
PP?
! &k# .�PP.�F W�H�$L 7�
PPQF �H&
!

����;< � �&
�� `�Z'�y �)�2��. 30U 66�]��;< `�Z'�y K6
0H �� �F 	XQH `�#�0I<& 9�' �)�F 9�Z!��� � �'

.6
0H h&��& �)&6 9�Z!��� 	)
�! � �
<& �  

 & �F �,
! �F)� �  �&7)F�� 4 76 
�H �' �F o@)� �� �� �1 �_ PP�� 4��F T,
� �H&
!)�� &9 6
PP.PPQ)�F �I

. 6�
] h�iH& �� �)4 �F o_U�* � ��$2 9�ZF@ q
;H 4& 9�
]
�, � �� '4 	Z, h4: �&�
Z0! 

  97&6�X��L �
X� 4& ) �&�

+! �7
? 76 � �. �F �� �XI�� =7&\]76 6
,
� -)&�.  9&�F ��X2 ��� [)�IH) �

.	.&6 �'&
L n�I��� 9�BH4�F �F 4�
H ��. h�iH& ��X2��� (9\)���L   

 76 &�,&9 � �' �6
#�.� �F)	Q ��
� �* n
?&� 4& &�,& ��0,9 �?
m �'4769 n��!& �4�2 &`9  K6
F m$Q�

� 4&�!� 7 3IF h�B�' 76)\9` 17�)	 �IF h4: E.
� � ��2�) 7&
�6 �17)	  .6
. 

 ): 9&�F ��X2 ��� [)�IH��): �F�� � W�L 9�' 76 � �. �X
� �XI�� ��.  97�;< �H�0] 76 ��.  ��'�� � 9�'

�): �

+! ��'��� �7
? 9�BH4�F 67
� ��X2��� 	2& h4: 	2& ��. �67�@ =7&\] 3I� 76 �wH@ 4& �
f �'

.�H�
] 7&�� 

 	XPPQH h�I�� �S�H a��Z� � �#�� �IPPQ)�F ` �B� 3IF 3I�)7 4& �X� � 97&6�X��L 4& b� ��Z� V_N& �F a

.67�@ �0�F &7 h4: ���&��& ��� 4& �)64�F 9&�F  �
� !
"� 
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  ��H�2 7 3 0� ��&�< �F 9\)7 �� � ��� �� K�
� ��? �* � �I*�] �7
?  �X2 ��� �� * 76 ��� �� ��
�01

.66�BH �� �)4 W�L K�. 	Q2 TX2 �]�H7�F �) � �]64&
' �t� ���&
1 �! 6
. 

  h���� � W��� 7�� * T)&�U m$2  �(W� $? & K��F) ���
? ` D"�� 7&
)6 �� �I
�U � 9&�F =7&\] 3)& 76

.	2& ��. �"&7& `�.�F ��*& 7&
)6 	�� W�L 

 �F �,
!�F �IPPP26 W�L 6
,� 4&�! %_IL&�� �)4 76  D�&�! �F6&4�� 	0PPPQ�55 (3
�4�)4 E�F76)�PPP?76  

 ��&�<110 �F �� K�0
2 � �2 �� �_��F ��
y �. : �7
� F �I� �IH�2 ����� 9�i�� �S�H 3
2 ��Z� �
"�!

66�] &�,& �2�F. 
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 ��� �
���� XD��(! mD�&� *Vn�  

[��- : /��	0 ��345�  

\)�X! :����� a76@- K&7��L-  ��$�1124-W_�1  W_� ��?& :�IXv920-  �1�*5      :	)�2 ���I��38,0112533 46,4097712 

 :���XN 6&��!7 ��XN)1 + � 0' + 3
�4�)4 ��XN5  � 0' 9:�F ��XN(   :3
�4 	<�Q�48/291OF���I�  

R - : �
������ XD��(! mD�&�  
�H�0] 6&��! ���< �)  ��
.�� �H�0] BH-1�I26 �H�0] �)�TP-1  

�H�0] Y01 ��
.��20�I�  �I26 �0/2�
�  

7&6 ��}Q� �) �I26 W�L Y01 5/5 �I�  

V
H ��#�$� 67
� 3
�4   )�6( II   

o@ m$2  �)6�BH 67
L�F ��
�4�)4 o@ m$2  

D�&�!  9&�F 96�Z��
� �� V
H55�?76  ��  �6�IQ] n
N �F O0. +6 �I�  

:�� 7&��I2& Y01 40/4�I�  

	Q�H 	�! W�L E�! qa = 0. 5 (kg/cm2) 

�BI�
Q] 	�! W�L E�! qa =0.5 (kg/cm2) 

W�L 	)��* T)�U��) �)6&7(  Ks = 0. 3 (kg/cm3) 

n
N �F � ��
*�� �7
? �F O0. 9�F7�F 	
*�S 6   ���)4 4&�! 4& �I�  D1=1.0 m –D2=1.30m        Pa =   236.2 (ton)                                   

Y01 76 ��
*�� �7
? �F O0. ��*& 	)��* T)�U6   ���)4 4&�! 4& �I�  D1=1.0 m –D2=1.30m   KSh   =  1.127  (kg/cm3) 

Y01 76 ��
*�� �7
? �F O0. D"�� 	)��* T)�U 6 � ���)4 4&�! 4& �I  D1=1.0 m –D2=1.30m    KSv  =  4.508 (kg/cm3) 

96�Z��
� �� V
H 9&�F 3
�4�)4 	0Q� 6&4���FD�&�!55�?76  �� ��&�< ��1 �F  97&
H0/1�I� 

�BI�
Q] 4& �.�H W�L E�!  qa = 2.71  (kg/cm2)  

4�i� 	Q�H 4& �.�H W�L -2
I� E�!  qa = 1.87 (kg/cm2)  

W�L 	)��* T)�U  Ks = 2.001 (kg/cm3)   

 �) 4�
H 67
� �&�
Z0! �)�2��* 9�' �
?
!  

1-  kL& �H�0IL�2 ��
�01 �H
]�' 4& �X� � 97&6�X��L ��F

.	Q
�&\#& �
� !
"� 7���� 4& 97&6�X��L �
"�! �]�F 

2- �)4 ��  ��&�<110�I� �IH�2 6)6&4�� 	0Q�7 F� !�&�D 

55 �?76  (3
�4�)4 E�F76 �_��F ��
y �.: �7
�F

9�i�� �S�H 3
2��Z� �
"�! �F �� K�0
2� �2�� F ����� �2�

.66�] &�,&  

   * �HD$� � ���	2WDJ �	) �' ����� *Vn�
/+�	 ��%�" �)� /'�^� *K	&�'�' /+H *���� �����D&#" ��%�" '	� *����� ����� ��7MV.'  

  �2                                                                                                             �
������ ���5��
������ Z	&  
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ASTM D2216   :������	
�  ��
�� ���� ������

#9#8#7#6#5#4#3#2#1

2220181614121086

221192,5206195,2200,8173,4225197,1210,3

207181194184190165214,6188202,7

42,341,139,240,641,139,543,440,738,2

164,70139,90154,80143,40148,90125,50171,20147,30164,50

14,0011,5012,0011,2010,808,4010,409,107,60

8,5 %8,2 %7,8 %7,8 %7,3 %6,7 %6,1 %6,2 %4,6 %

ISRM      ������	
�  :�
��� ��� ����� ������

#9#8#7#6#5#4#3#2#1

2220181614121086

---------

---------

---------

---------

---------

---------

---------

8,58,27,87,87,36,76,16,24,6

---------

Wet Density

% Moisture:

Weight of Moisture:

% Moisture:

 Soils + coating in water:

��������	
�: ��	����

BH-1 :����� ���

Depth of sample : 

Weight of  Soils:

Weight of  Soils + coating:

���� ���� ���� 
!�"#��$% ���&�

 :'�(��� 	
�

 ���#)� ����*��: +%�	,

ISRM  -   D2216  ���-����� .��� 	�  /��0� -1��� 2�34� ��� 5���� 6�����

Weight of Wet Soils + Pan:

Weight of Dry Soils + Pan:

Weight of Pan:

Weight of Dry Soils:

Weight of coating:

Volume of m

Dry Density

Number of sample: 

Depth of sample : 

Number of sample: 

Volume of soil



QuickSlowSM*

*Rec.
*

NP

31010Cir.

321

4,64,64,6

1,951,951,95



undisturbed

Peak Parameters

Saturated

Winitial (%)

Test No.

ɣt , Initial(gr/cm
2
)

Deformation Rate 

(mm/min)

1 1,5

0,01

32

C ' (kg/cm
2

)

S
h

e
a

r
 B

o
x

 

Unconsolidate

Consolidated

WFinal (%) 10,3

��������	
� : ��	����

Sample PI (%)

USCS Class.

	��22 : ����� ���

Remolded Test Method

YES

Shape

������ ������� : � �	!

	��  6: ����� ���

 :#�$�%� 	
�

������ �	
 ��
���

ASTM D3080 ��%&����% '��% 	�

0,10

Dim 
(cm)

9,6 8,1

Max . Shear

 Stress (kg/cm
2
)

0,32 0,63 0,95

Normal Stress (kg/cm
2
) 0,5

BH:1:����� (��

y = 0,63x + 0,01

0

0,5

1

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6

S
h
ea

r 
S

tr
es

s 
(K

g
/c

m
2
)

Normal Stress(Kg/cm2)



QuickSlowSM*

*Rec.
*

NP

31010Cir.

321

6,16,16,1

2,002,002,00

������ �	
��	
 : �����
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