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�� �: 
 �� � �� �� �� ���
 � � ���� �� �
 ��� �� ����� � �� ��
  �! " # �� $  
� %
 ��
 
 �� ��
 ���%& �� � ��
' ������� � � �( � St a n d a r d  P r o c t o r  t es t  	 �� �� �%" # ' �%� �� �� �� ���! " ��� � "  1/30  

& *' ., -�  .����' ����

 .� /�� & ��  
 �� ��
 ��%
� %%" # ' �%� �� �� �� �� & �� 
 �� 0 ! � ���0 ��
� 
 �% 4.13 ! �
 �� 
 �� .1 2 ��
 0 ! � � ! " ��� $ �� � �� ��
  0 ������*& ���
 �� 

 
 .��
 .! 3� %+%" # ! 5�� =  165.3 %" ��  


 
 .��
 � � ��+%" # ! 5�� =  148 .6 %" �� 


 
 .%" # ! 5��=  40 .5 %" �� 


�� � ��� �� � �� 
 � � 
 �
 � � �������
   

 

���� 

 γd  =  γwet/(1+w)        ****** 
       
  γwet   =  4.13/(1/30) 
    =  123.9  lb/ft3 
 w = (165.3 – 148.6)/(148.6 – 40.5) 
    = 0.15 
 γd = 123.9/(1+0.15) 
    = 107.74 lb/ft3 

  

��� � �'  1:   7.55 ! �
 ��/& ' ., -�  

��� � �'  2:   8 7.6 ! �
 ��/& ' ., -�  

� ��� � �  3 :   10 7.4 ! �
 ��/& ' ., -�  

��� � �'  4:   123.9 ! �
 ��/& ' ., -�  
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������: 2 

	 
�� �: 
�' �%! " # .9 ������
  A � � �" # ' '  U SCS ( U n i f i ed  So i l Cla s s i f i c a t i o n  

Sy s t em ) 	 �� ������*& ���
 �� %; �� 
 � # � %" �# 4 10 0 %  % ; �� 
 � # � %" �# 10  98 %  %

; �� 
 � # � %" �# 40  70 %  % ; �� 
 � # � %" � # 10 0  20 %  % ; �� 
 � # � %" �# 20 0  8 %  

�
 � ����.�/���
 ���60 % f i n er  0 .33 m m . �
 � ����.�/���
 ���30 % f i n er  0 .18  m m . 

�
 � ����.�/���
 ���10 % f i n er  0 .0 9 m m .  

  

���� 

No.4  No.10 No.40 No.100  No.200 
100% 98%  70% 20%   8% 

 

 

 

��� � �'  1:   SW  

��� � �'  2:   SP  

��� � �'  3:   SW -SM � " �� SW -SC 

� ��� � �  4 :   SP -SM � " �� SP -SC 

 

 Group symbols for sandy soil ( R
200

> 5 0 ; R
4
/ R

200
< 0 . 5 or =  0 . 5 )  
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������: 3 

	 
�� �: .����� �.�" � # � ��
 � ����� �� �� �� ���
 � 
 ��� 
 =�� 	 �� %� " " ��
 ; �� 
 � # � %" �" ��

�� � " > � 
  ( St a n d a r d  Si ev e An a ly s i s  ) 
� % G r a i n  Si z e � ���
 � �.� �
 ; �� 

1 *
 � �%& � ����.�/���
 ����� P er c en t  F i n er  10 %  ,  P er c en t  F i n er  30 %  � & #  
P er c en t  F i n er  60 %  0 ��.��� %�'  0 .8  m m . ,  3 m m . � & #  5 m m . � � �& �� ��'  

� �� �� �� ���
 
 ��.! @
 ��
 � 
 ����  

���� 

 D10  = 0.8 mm. 
 D30  = 3 mm. 

 D60  = 5 mm.  

 

 Cu  = 5/0.8  
     = 6.25 
 Cc  = 32/(0.8x5) 
     = 2.25 

 

� ��� � �  1 :   W ell G r a d ed  So i l 

��� � �'  2:   P o o r ly  G r a d ed  So i l 

��� � �'  3:   G a p  G r a d ed  So i l 

��� � �'  4:   0 ��� � �� " A 
�� � 
 %0 �� 
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�� �: 
 �� ��
 .� 
 �� � � 
 ��� 
 =���� ��� %� " ��& �� Si ev e An a ly s i s  � & �� .��� 
  G r a i n  Si z e 

D i s t r i b u t i o n  . ���� � ! " ��� $  P er c en t  F i n er  ���.�/���
 ���& ��; �� 
 � " # � %" � " ��

.' �" �� �� �C  � & # 
� %%� " ��& ��� �  At t er b er g 3 s  Li m i t s  0 �����  LL .���  %�'  52 � & #
���  P la s t i c i t y  I n d ex  P I  = 37 	 �� %� " �� � AASHTO  So i lCla s s i f i c a t i o n  s y s t em


�� � 
 %0 ��� �� ��
 
 ���� *��
  G r o u p  A-7 
�� � ���  P L � & # � 
 �������
   

" *! 9 �  ! " # %�' ��� A � �: 
  

 

 

 

 

 

 

 

 

 

 

 

���� 

 PL = 15 
 PI = 37 
 LL-30 = 52-30 
    = 22 
  So,  PI>LL-30 

 

��� � �'  1:   25,  A-7-5 

��� � �'  2:   25,  A-7-6 

��� � �'  3:   15 ,  A-7-5 

� ��� � �  4 :   15 ,  A-7-6 
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�� �: �
 %� " ��& ��� � ���  CBR  ��� � " �%��� � " > � 
  ( St a n d a r d  U n i t  Lo a d  ) �
 %� "
%��� � P i s t o n  ����� ��
 ���� 
 �� � �� 3 � " .
 ���  
�& ��
 .
 �����
 & =% 0 .1 i n  ����� .��� %�'  
10 0 0  p s i  � �� � " �' ��
 � 
 ��� 
 =��.����' ������� � � �( � Mo d i f i ed  P r o c t o r  � & �� .����%��� � 
P i s t o n  
�& �0 ! & =% 0 .1 i n  .��� %�
  � ����� � " �0 �� 750  lb  ��
 
 �������  CBR  .��� %�'
.��� 0 "   

 

���� 

 A  = 3 in2 
 σ  = 750/3 
     = 250 psi 
 CBR  = 250/1000 
     = 0.25 
  
� ��� � �  1 :   25 

��� � �'  2:   55 

��� � �'  3:   75 

��� � �'  4:   8 5 
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�� �: �
 %� " � �%.� � .�/���
 %" �� " *! � 
 �� � ��� ��.� & ��� ��
 � � 0 .2x 0 .2 m . �� � �� � �  0 .5 

m . & �0 ! �
 � ��
 ��
 .� 
 �� � ���
  F =�������  c  = 1.2 T/m ^ 2 � & #  An g le o f  I n t er n a l 

F r i c t i o n  = 0  ��� � ��! " # � ��( �G� " �� =�.%� #  ( Ad h es i o n  F a c t o r  ) " # � � �� �; ��
��
 %" �� %�' ��
 .� 
 �� � ���
 .��� %�'  1 A ��  �
� " $ � 
� %��� � " �� �� 
 ���.%���=�
 ���
.� � .�/� .� � .�/�
 ��
��� �� .! @
 � 
 ����  

  

��� � �'  1:   Co m p a c t i o n  P i le  

��� � �'  2:   Ten s i o n  P i le 

� ��� � �  3 :   F r i c t i o n  P i le 

��� � �'  4:   E n d  Bea r i n g  P i le 
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�� �: 
� % Mo h r 3 s  Ci r c le ���� � ���
 " *!  
�� � ��� ��� No r m a l St r es s  � & #  Sh ea r  

St r es s  ' 
 " # 
 � ' F =����� �-� An g le o f  I n t er n a l F r i c t i o n  = 30  %�' � 
 � " # ��'  	 �� �� 
Ha j o r  P r i n c i p a l St r es s ( 1) = 15 k s c  � & #  Ha j o r  P r i n c i p a l St r es s ( 3) = 65 k s c   

" *! 9 �  ! " # %�' ��� A � �:  
 

 

 

 

 

 

 

 

 

 

 

 

���� 

 (σ1-σ3)/2 = (65 -15)/2 
      = 25 ksc 
    AB  = 25sin60 
      = 21.65 
    CB  = 25cos60 
      = 12.5    
    σ  = 15 + 25 +12.5 
      = 52.5 ksc 
    ζ  = 21.65 ksc 
     
 

 

A 

C B 
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����������	
��
 three separate phases � ����

� ��� �� � � � V s =  1  

��� � �'  1:   50 .0  k s c , 25.5 k s c  

��� � �'  2:   50 .0  k s c ,  27.5 k s c  

� ��� � �  3 :   52.5 k s c  ,  21.7 k s c   

��� � �'  4:   52.5 k s c  ,  25.5 k s c  

 

 

������: 8 

	 
�� �: ��
 � 
 ��� 
 =���� �� � �� 
 � � 
 �
 ����� �� (Bu lk  d en s i t y ) 1760  k g /m 3 �� � �
A �� �
�� . � #  2.7 � & #  ��! " ��� $ �� � �� ��
  10 %  
�� � ��� " � � �� 
 � ���� �� � (V o i d  

r a t i o ) � & #  �� � �� 
 � � 
 �
 ��
 ����� ��  (s a t u r a t ed  d en s i t y )  

 

���� 
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 γwet = 1760 kg/m3 
 Gs = 2.7 
 w = 0.10 
                 
 γd = γwet/(1+w) 
    = 1760/(1+0.10) 
    = 1600   kg/m3 
 γd = Gs. γw/(1+e) 
    = 2.7x1000/(1+e) 
   e = 0.69 ***  
             γsat = (Gs + S.e). γw /(1+e) 
    = (2.7 + 1x 0.69)x1000/(1+0.69) 
    = 2.01 kg/m3***  

 

��� � �'  1:   0 .59 � & #  1.91 k g /m 3 

��� � �'  2:   0 .59 � & #  2.0 1 k g /m 3 

��� � �'  3:   0 .69 � & #  1.91 k g /m 3 

� ��� � �  4 :   0 .69 � & #  2.0 1 k g /m 3 
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�� �: � �� �� �� ���
 � ��
 � 
 �% 20  %�	 & %" �� 
 �� �� �' � � ��.! @
 .� & �  24 � ��� 	 �� 
 ��� � 
 �%��

.� & �� 15 %�	 & %" �� 
�� � � �� � �� �� �� ���
 � ��
 ���� � �� ��
  (W a t er  Co n t en t ) %��
.! �" �.F 
 � �  

 

���� 

 W          = (20 – 15)/15 
               = 0.33 
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��� � �'  1:   15.0 %  

��� � �'  2:   25.0 %  

� ��� � �  3 :   33.3%  

��� � �'  4:   66.7%  
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�� �: � �� �� �� ���
 � 
 ��� 
 =�� .����
 �� 0 ! " ��
 ; �� 
 � # � %" � ' � �� ; �� 
 � # � %" �.' �" � 4 90 %  

� & # ; �� 
 � # � %" �.' �" � 20 0  20 %  �� � %�" � ' � �� ��
 � 
 ��
 ��.! @
 ��
 ! " # .9 ��� A ��
." � �� �" # ' ' %� " 
�� � 
 %��
 ��� U n i f i ed  So i l Cla s s i f i c a t i o n  Sy s t em   

  

��� � �'  1:   G r a v el 

� ��� � �  2 :   Sa n d  

��� � �'  3:   Si lt  

��� � �'  4:   Cla y  

 

 

������: 11 

	 
�� �: 	 �" �� " �� ���
 � ' ' ���������� " � � �� 
 � ���� �� �� *�� & # ��%� " �" -�� �� ��
 �������
 ��� � 
 �%
%" # ���   

  

��� � �'  1:   Si n g le g r a i n ed  

��� � �'  2:   D o u b le g r a i n ed  

� ��� � �  3 :   Ho n ey c o m b   

��� � �'  4:   D i s p er s e 
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�� �: A �� �  Ca s a g r a n d e �� ��
 %� " ��� �' ��  

  

� ��� � �  1 :   Li q u i d  Li m i t   

��� � �'  2:   P la s t i c  Li m i t  

��� � �'  3:   Sh r i n k a g e Li m i t   

��� � �'  4:   P la s t i c  I n d ex  

 

������: 13 

	 
�� �: ��
 � 
 ��� 
 =�� .����
 �� 0 ! " ��
 ; �� 
 � # � %" ��� � " � > � 
 .' �" �� �� � C  0 ������*& ���
 ��  
�� % ; �� 
 � # � %" ��� � " � > � 
 .' �" � 4 = 8 0  %   

�� % ; �� 
 � # � %" ��� � " � > � 
 .' �" � 20 0  = 55 %   

��
 � 
 ��
 ���� " ��� �J & �%2 $ �� �� � " %� � �" # ' ' 
�� � 
 %��
  U n i f i ed  .! @
   

  

��� � �'  1:   S 

��� � �'  2:   M 

��� � �'  3:   C 

� ��� � �  4 :   ����*& 0 ��. �� � ����
# � ��� �
  

 

 

������: 14 

	 
�� �: ��
 � 
 �������� � �.! @
  & � � � �%� *�  

  

��� � �'  1:   G L 

��� � �'  2:   G H 

��� � �'  3:   CL 

� ��� � �  4 :   CH 
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�� �: ��
 � 
 ����" # ' � � 
 ��� 0 �������� -�  

  

� ��� � �  1 :   G W  

��� � �'  2:   G M 

��� � �'  3:   SC 

��� � �'  4:   SM 

 

 

������: 16 

	 
�� �: � �� �� �� ���
 ��� 9 �  ��! " ��� � "  0 .4 & *%' � 1 %�.�� "  � ���0 ��� 
 �% 6.6 %�	 & 
 �� � �
  A ��
� �� �� �� ���
 ��� 9 �  
 ����! " ��� $ �� � �� ��
  20 .0  %  
# ���� � �� 
 � � 
 �
 � � ��.��� %�'
� " ���%& �.��� �%�' ��� ��  

 

���� 

 γd = (6.6/0.4)/(1+0.20) 

   = 13.75   kg/m
3 

  

��� � �'  1:   0 .31 %�	 & 
 �� � �
 � ��& *%' � 1 %�.�� "  

��� � �'  2:   5.50  %�	 & 
 �� � �
 � ��& *%' � 1 %�.�� "  

� ��� � �  3 :   13.75 %�	 & 
 �� � �
 � ��& *%' � 1 %�.�� "  

��� � �'  4:   16.50  %�	 & 
 �� � �
 � ��& *%' � 1 %�.�� "  
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������: 17 

	 
�� �: %� " 
�� � 
 %��
 ��� � " # ' ' .�%9 �   (U n i f i ed  s o i l c la s s i f i c a t i o n  s y s t em ) 
# � ���
�" � ' �-$ � �' �� � ��
 > � 
 �����
  ���  

  

� ��� � �  1 :   Si ev e a n a ly s i s  ,  LL,  P L  

��� � �'  2:   Si ev e a n a ly s i s  ,  G r o u p  I n d ex . 

��� � �'  3:   Co n s i s t en c y  li m i t  ,  %  P a s s i n g  s i ev e n o . 20 0  

��� � �'  4:   Co n s i s t en c y  li m i t  ,  G r o u p  I n d ex . ,  Cu  ,  Cc  

 

 

������: 18  

	 
�� �: %� " 
�� � 
 %��
 ��� � " # ' ' .�%9 �   0 ��� 
 �������
 ��� SM � �� � A =�  

 

���� 

 

 

 

 

 

 

 

 

 

 

 

  

��� � �'  1:   Cla y ey  s i lt  

��� � �'  2:   I n o r g a n i c  s i lt  

��� � �'  3:   Cla y ey  s a n d ,  Sa n d  - c la y  m i x t u r e 

� ��� � �  4 :   Si lt y  s a n d ,  Sa n d  - s i lt  m i x t u r e  
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�� �: %� " 
�� � 
 %��
 ��� � " # ' '  AASHTO  G r a n u la r  m a t er i a ls  � �� � A =�  

  

��� � �'  1:   ��
  A-4 ,  A-5 ,  A-6 � & #  A-7 

��� � �'  2:   ��
 ��������  G r o u p  I n d ex . >  16 

� ��� � �  3 :   ��
 ����� % P a s s i n g  s i ev e n o . 20 0  <  35%   

��� � �'  4:   ��
 ����� % P a s s i n g  s i ev e n o . 20 0  <  50 %  

 

������: 20  

	 
�� �: ��
 � 
 ��� 
 =��0 ������*& 
� %%� " ��� �'  ��� % P a s s i n g  s i ev e n o . 20 0  45%  A ��

�� � 
 %��
 ��� � " # ' '  AASHTO  
�.& ��%������A *%� ������� -�  

  

��� � �'  1:   A-1 ,  A-2 � " �� A-3 

� ��� � �  2 :   A-4 ,  A-5 ,  A-6 � " �� A-7  

��� � �'  3:   Cla y ey  s a n d  

��� � �'  4:   Si lt y  g r a v el 

 

������: 21 

	 
�� �: Li q u i d  li m i t  ���  

  

��� � �'  1:   ! " ��� $ �� � �� ��
 �����
 � � �( " " �� � � � 
��� � �'  2:   .����& �! " ��� $ 
 ��� �
 ��
 & � ! " ��� � " " � ������
 
# ����� 
��� � �'  3:   ! " ��� $ �� � �� ��
 �����
  .������
 .! & ��� 
 � 9 �  
� %���� �/�.! @
 ���.� & �  

� ��� � �  4 :   ! " ��� $ �� � �� ��
 �����
  .������
 .! & ��� 
 � 9 �  
� %! & � � � �%.! @
 ���.� & �   

������: 22 

	 
�� �: P la s t i c i t y  i n d ex  ���  

  

��� � �'  1:   LL - SL 

� ��� � �  2 :   ; & � �� ����! " ��� $ �� � �� ��
 " # � � �� ����� � & � � & # ���! & � � � �% 

��� � �'  3:   .! @
 ��� ���� ��� �� ��
 ����� *�� � �( " " �� � � ��� *��
 � 9 �  ! & � � � �% 

��� � �'  4:   .! @
 ��� ���� ��� 9 �  �����
 � � �( " " �� � � �� �� �� *��
 � 9 �   ���� �/� %=������ �/� ! & �
� � �% � " �����.� & �  
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������: 23 

	 
�� �: �
 %� " .
� # � �� " � 
� ��
 ��
  � �� �� �� ���
 ��� 9 �   ( U n d i s t u r b ed  s a m p le)  

  

��� � �'  1:   .%/' 	 �� %" # ' �%; �� �� � " > � 
  

��� � �'  2:   �� �.%/' � �� �� �� �%" $ �� � � � & ��� �� �-�
 �� 
 %��� " �� �A 
 
  

� ��� � �  3 :   .%/' 	 �� %" # ' �%.! & ��%' � � .� �
 ; �� 
 1 *
 � �%& � � 3 
 ��� �=�
 0 !   

��� � �'  4:   �� ���� %� " ��� �' � � �-$ � �' �� ������
 0 ��.K  � # ' � �%� " ��& ��.��� 
 ��
  

 

P e r m e a b i l i t y ,  s t r e s s e s  i n  a  s o i l  m a s s ,  s t r e s s -s t r a i n  a n d  s h e a r  s t r e n g t h  p r o p e r t i e s  o f  c o h e s i v e  

a n d  c o h e s i o n l e s s  s o i l s  
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�� �:  

 

 

 

 

���� 

 σ 3 = 200  kg/m2 
 σ1 = 320+200 kg/m2 
    = 520  kg/m2 
  sinø = 160/((200+520)/2) 
   ø = 26.39� 
 angle = (90+26.39)/2 
    = 58.2�

 

 

��� � �'  1:   26.4 ��1 �  

��� � �'  2:   32.8  ��1 �  

��� � �'  3:   45 ��1 �  

� ��� � �  4 :   58 .2 ��1 �  
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�� �: 
��� �%L ����� " �F �� � ��� �� � �." /� ���
 ��� ; �� 
 ���������" � � �� *�.� /� ���� � ���
 " *!  
%�� � 
 ��� ��" � � �
 ����� *���� ��! " # � ��( �G%� " F ��; �� 
 ���
 ��� .��� %�'  10  0 �	 �" .�� "
� ��� �
 � ��  

" *! 9 �  ! " # %�' ��� A � �:  
 

 

 

 

 

 

 

 

 

 

���� 

 I  = ∆h/L 
    = 10x1000/(10xsqr(2)x10) 
    = 70.71  
 v = ki 
    = 1 x 70.71 mm/s 

 

 ��� � �'  1:   35.4 m m /s  

� ��� � �  2 :   70 .7 m m /s  

��� � �'  3:   141.4 m m /s  

��� � �'  4:   20 0  m m /s  
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�� �: 
� % F lo w  n et  ���" *!  ��� P r es s u r e h ea d  ���
-� A 
# ����� .��� %�' � " ���%& �.��� �%�'
��� �� A �� " # � # 
� %
-� A A =� D a t u m  .��� %�'  7 .�� "   

" *! 9 �  ! " # %�' ��� A � �:  
 

 

 

 

 

 

 

 

 

 

 

 

���� 

 Nd = 6.5/8 
    = 0.8125 
    Pressure head at point A  =  10.5+6.5 – 

(5x0.8125+7) 
       = 5.94  m.  
 

 

� ��� � �  1 :   5.95 .�� "  

��� � �'  2:   10 .5 .�� "  

��� � �'  3:   12.95 .�� "  

��� � �'  4:   15.0 2 .�� "  
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�� �: 
� % F lo w  n et  ���" *!  ��� P r es s u r e h ea d  ���
-� A 
# ����� .��� %�' � " ���%& �.��� �%�'
��� �� A �� " # � # 
� %
-� A A =� D a t u m  .��� %�'  3 .�� "   

" *! 9 �  ! " # %�' ��� A � �:  
 

 

 

 

 

 

 

 

 

 

 

 

 

���� 

 Nd = 6.5/8 
    = 0.8125 
    Pressure head at point A  =  10.5+6.5 – 

(4.5x0.8125+3) 
       = 10.34 m.  
 

� ��� � �  1 :   10 .4 .�� "  

��� � �'  2:   11.8  .�� "  

��� � �'  3:   12.5 .�� "  

��� � �'  4:   13.4 .�� "  
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�� �: �
 %� " ��& �� D i r ec t  Sh ea r  Tes t  �����
 � 
 ��� 
 =�� .������ � No r m a l St r es s  

.��� %�'  20  k s c  ��
 .%��%� "  �' �� �.���� Sh ea r  St r es s  .��� %�'  13.8 8 8  k s c  A �� �� � 
No r m a l St r es s  .��� %�'  40  k s c  ��
 
# .%��%� "  �' �� �.���� Sh ea r  St r es s  .��� %�'  
24.444 k s c  
�� �  Mo h r -Co u m b  E q u a t i o n  �����
 
 ��  

 

���� 

 ζ  = c + σtanø 
 13.888   =  c  + 20 tanø……(1) 
 24.444   =  c  + 40tanø……(2) 
         From (1) and (2) 
    ø =   27.83 
    c = 3.33   

 

  

��� � �'  1:    

 

��� � �'  2:    

 

��� � �'  3:    

 

� ��� � �  4 :    
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������: 29 

	 
�� �: �" � � �
 � A � 
 ���� � ��� 
 =��A *%��� �� �� 
 �
 	 �� ���� � � " -
  ( P o r o s i t y  ) .��� %�'  

38 .5%  � & # ����� �� � �A �� �
�� . � # .��� %�'  2.62 
�� � ��� " # ��' � �%N �  ( Cr i t i c a l 

Hy d r a u li c  G r a d i en t  )���
# ��� �� ��" � � .%��� 9 � � # �" � � �*�  

 

���� 

 n = Vv/V = 0.385 
 e  = n/(1-n) 
    = 0.385/(1-0.385) 
    = 0.626 
 γ’ = {(Gs+Se)/(1+e)} - γw     
    = 0.996 

  

��� � �'  1:   0 .8 75 

��� � �'  2:   0 .925 

� ��� � �  3 :   0 .996  

��� � �'  4:   1.0 25 
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�� �: 
 ��� 0 � & �� �� �� ���� " # �
 %� " 0 � & � ' '  La m i n a r  St ea d y  St a t e F lo w  ��� �  
Ap p r o a c h  V elo c i t y  .��� %�'  2 c m /m i n  .����0 � & ; �� 
 .��� 0 ! �
 �� & ��
 �������� �� � �
 " -
  .��� %�'  33%  �� � �." /� ���
 ��� 0 � & ; �� 
 �� & ��
 
# ����� .��� ��  

 

���� 

 n  = 0.33 
 vsxA1xL = VoxAoxL 
 vs = Vo.Ao.L/A1.L 
    = Vo.V/Vv 
    = 2 x 1/n 
    = 6.06 cm/min  
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��� � �'  1:   1 c m /m i n  

��� � �'  2:   3 c m /m i n  

� ��� � �  3 :   6 c m /m i n  

��� � �'  4:   9 c m /m i n   

 

������: 31 

	 
�� �: .����� �%.�/� ��& ��
 ��
 F =�������  k  = 10 ^ -3 c m /s ec  � � �� " A .%/' %�%
 ��� 0 � �9 � � �

	 �� ��" # ��' 
 ��� 9 � � �
 � & # 9 � � 
 �%� � %� �� �%�
  10  m . .����.��� 
  F lo w  Net  � � ��
��1 �� �%� " 0 � & F =����
 ��� ; �� 
 ��
 
� %9 � � �
 ��%� *�9 � � 
 �%� & ��  
 �' 
�� 
 � 
 � ���
���%� " 0 � & 0 ��.��� %�'  4 � & # 
�� 
 � 
 � �������� � ���
 ���& �& �.��� %�'  10  
�� �
! " ��� $ 
 ��� ���0 � & F =���%0 !  � ��� 
 �� %� �� � 1 m .���.�/� ��  

 

���� 

 Q = k.Nf.∆H/Nd 
    = 10-3 x 4 x 1000/10 
    = 0.4 cm/sec 
    = 4 x 10-5 m3/sec **** 
  

��� � �'  1:   2 x  10  ̂ -6 ( m ^ 3/ s ec ) 

��� � �'  2:   2 x  10  ̂ -5 ( m ^ 3/ s ec ) 

��� � �'  3:   4 x  10  ̂ -4 ( m ^ 3/ s ec ) 

� ��� � �  4 :   4 x  10  ̂ -5 ( m ^ 3/ s ec ) 
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�� �: 
� %� ��
 ��
 ���%�� � 
 ��� � �� ���� 
 � $ ��� �� � ���
 ! " # � ��( �; &  ( E f f ec t i v e s t r es s ) ���
" # ��' %=��%& � ������
  La y er  ��� 3 .����%�� � 
 ��� ��� � �� 
 � � 
 �
 ���
 ��� ! " # �� $  
10  k N/m

3 

 

" *! 9 �  ! " # %�' ��� A � �:  
 

 

 

 

 

 

 

 

 

���� 

σ'      = 18 x 2 + (19-10)x2 +(20  - 10)x3 +(21-10) 
x 2.5 

         = 36 + 18 + 30 +27.5 
         = 111.5 kN/m2**** 

 

��� � �'  1:   18 6.5 k N/m
2

 

��� � �'  2:   179.0  k N/m
2

 

� ��� � �  3 :   111.5 k N/m
2

 

��� � �'  4:   91.5 k N/m
2
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�� �: 
� %" *! A �� " # ��' 
 ��� ." ���� �
 �� *������ � �& =%
� %; �� ��
  2 .�� "  � ���� " # ��' 
 ��� �=�
 � *�
�� �� *����" # ��'  ��
 ��
 ��� �� ���
 ��� 9 �  .! @
  O v er  Co n s o li d a t ed  Co n d i t i o n  
�� �
���  O CR  ���" # ��' %=��%& � ������
  La y er  ��� 3 � �� ����� .! @
 .��� �� .����%�� � 
 ��� �
�� � �� 
 � � 
 �
 ���
 ��� ! " # �� $  10  k N/m

3 

 

" *! 9 �  ! " # %�' ��� A � �:  
 

 

 

 

 

 

 

 

 

���� 

�� �	
 � �
� 
 ���� �	� � � ��  -2 m. 
σ'      = 19 x 2 + (19-10)x2 +(20  - 10)x3 +(21-10) 

x 2.5 
         = 38 + 18 + 30 +27.5 
         = 113.5 kN/m2

 

 

�� �	
 � �
� 
 ���� �	� � � �� � �� � ��  

σ'      = (19-10) x 4 + (20  - 10)x3 +(21-10) x 2.5 
         = 36 + 30 +27.5 
         = 93.5 kN/m2

 

 

OCR        = 113.5/93.5 
                = 1.21 
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��� � �'  1:   0 .8  

��� � �'  2:   1.0  

� ��� � �  3 :   1.21 

��� � �'  4:   1.71 
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�� �: �����%& �� � 0 ��A *%� ���  

  

� ��� � �  1 :   %� " ��� �' � " ����� � �� %
  (Tr i a x i a l Tes t ) � & # %� " ��� �' � ' ' .K ��
 � " � 
( D i r ec t  Sh ea r  Tes t ) .! @
 %� " ��� �' � � ��� %�� & �������
 ����� �; & ��� �'
.� ���
 %�
  

��� � �'  2:   %� " ��� �' � " ����� � �� %
 ��� 0 ������%�' ��
 .� 
 �� � � & # ��
 �" � �  

��� � �'  3:   %� " ��� �'  V a n e Sh ea r  t es t  . ���� � ��� %�� & �������
 �
 � 
 � �
# 0 ��
 �� ��
��� �' %�' � ��
 ��
 �" � �  

��� � �'  4:   %� " ��� �'  D i r ec t  Sh ea r  t es t  � � �� " A ��� �' 0 ��%�' ��
 .� 
 �� � � & # ��
 �" � �  
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�� �: �����%& �� � 0 ��A *%� ���  

  

��� � �'  1:   ��
 .� 
 �� � 
# �����  Co h es i o n ,  c  � *�� & # �-�.� �� ��� 
 �����
  (F r i c t i o n  a n g le) � ���
�
 �$ # �����
 �" � � 
# ����� �-�.� �� ��� 
 �����
 � *�%� ��  

��� � �'  2:   .������� �'  D i r ec t  Sh ea r  Tes t  %�' � �� �� �� ��" � � 
# 0 ����� �-�.� �� ��� 
 �� %%� ��
%� " ��� �' ��
 .� 
 �� �  

� ��� � �  3 :   ��� �-�.� �� ��� 
 �����
 .����� �.�" � # � �� ' '  To t a l s t r es s  a n a ly s i s  
# ����� � *�%� ��
��� �-�.� �� ��� 
 ���� �.�" � # � �� ' '  E f f ec t i v e s t r es s  a n a ly s i s  

��� � �'  4:   %� " ��� �' � " ����� � �� %
 � ' '  Co n s o li d a t ed  D r a i n ed  Tes t ,  CD  t es t  
��� ��
.! @
 %� " ��� �' . ���� �.�" � # � �����*& � ' '  E f f ec t i v e St r es s  a n a ly s i s  
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������: 36 

	 
�� �: .����
 �� � �� �� �� ���
 .� 
 �� � � ' '  U n d i s t u r b ed  Sa m p le 0 ! ��� %� " ��& �� D i r ec t  

Sh ea r  Tes t  0 �� Mo h r - Co u lo m b  E q u a t i o n  ���
 �� A �� 
 �� � �� �� �� ���
 � 
 ��.��� � %�


 ��0 ! ��� %� " ��& �� U n c o n f i n ed  Co m p r es s i o n  Tes t  .����.%��%� " � �' �� � F a i lu r e 

P la n e 
# ��� �-�.��� �%�' � 
 � " # ��' .��� ��  

  

 

���� 

 2ө = 90 + 20 
  ө = 55 

 

��� � �'  1:   45 ��1 �  

��� � �'  2:   50  ��1 �  

� ��� � �  3 :   55 ��1 �  

��� � �'  4:   60  ��1 �  

 

 

 

������: 37 

	 
�� �: �����%& �� � 0 ��0 ��A *%� ���.%��� � %�'  ��� � ��! " # � ��( �G%� " 0 � & F =�
 ��� �
 ��
  (Co ef f i c i en t  

o f  P er m ea b i li t y ,  k )  

  

��� � �'  1:   �
 � ��& #  �-$ � 9 *��� & # � 
 �������
  ��; & � ����� � ��! " # � ��( �G%� " 0 � & F =����
 ��� �

��
  

��� � �'  2:   ��� " � %� " 0 � & ���
 ��� �
 ��
 � ! " ; �
 � " �%�' ��� � ��! " # � ��( �G%� " 0 � & F =����
 ���  

� ��� � �  3 :   �-$ � 9 *�����
 ��� � ���� *���� � ��! " # � ��( �G%� " 0 � & ���
 ��� � ���� ���  

��� � �'  4:   %� " ' ������
 ��; & ��� �� ���� � ��! " # � ��( �G%� " 0 � & F =����
 ��� �
 �� & ��
 � ��� & � 
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�� �: 
� %" *! �� ���� 
 � $ � � ���  To t a l Hea d  Lo s s   

  

 

���� 

 ∆H = 15 – 8.5 
   = 6.5  

 

��� � �'  1:   4.0  .�� "  

� ��� � �  2 :   6.5 .�� "  

��� � �'  3:   8 .0  .�� "  

��� � �'  4:   15 .�� "  
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�� �: �������� N � �%" " ��
 %� " " �' � " ���� D en s e s a n d  � " �� St i f f  c la y   

  

 

 

 

 

 

 

��� � �'  1:   .� �
  A  
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� ��� � �  2 :   .� �
  B  

��� � �'  3:   .� �
  C  

��� � �'  4:   .� �
  A � & #  .� �
  C 
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�� �: �������� N � �%" " ��
 %� " " �' � " ���� Lo o s e s a n d  � " �� So f t  c la y   

  

 

 

 

 

 

��� � �'  1:   .� �
  A  

��� � �'  2:   .� �
  B 

� ��� � �  3 :   .� �
  C 

��� � �'  4:   .� �
  A � & #  .� �
  B 
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�� �: �������� N � �%" " �%� " " �' � " �� ' '  I d ea l P la s t i c   

 

 

 

 

  

 

 

� ��� � �  1 :   .� �
  A  

��� � �'  2:   .� �
  B  

��� � �'  3:   .� �
  C  

��� � �'  4:   .� �
  B � & #  .� �
  C  
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�� �: �-$ � �' �� ��
 �������; & %" # �' 
 ��� ���� -�� ���� � �� � �� " A �
 %� " " �' � " ������

.�/�� � � ' .� �
  �" � � � " ��%" � �  

  

��� � �'  1:   R ela t i v e d en s i t y   

��� � �'  2:   " *! " �� ����.�/���
  (Sh a p e o f  s o i l p a r t i c le)  

� ��� � �  3 :   W a t er  c o n t en t   

��� � �'  4:   �� � ���
 " �' ��� � (Co n f i n i n g  p r es s u r e) 
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�� �: A �� � ���%� " � � �� � �� � �� " A �
 %� " " �' � " ���������
 �� " � " � 
� �' 	 �� �� �%� "
��& ����  

  

� ��� � �  1 :   Tr i -a x i a l Tes t   

��� � �'  2:   At t er b er g 3 s  Li m i t  Tes t   

��� � �'  3:   %� " ��� �' %� " �" -�� ��  (Co n s o li d a t i o n  Tes t ) 

��� � �'  4:   %� " ��� �' � � �� � �� � �� " A �
 %� " F =�
 ���  (P er m ea b i li t y  Tes t ) 
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�� �: �� � �� � �� " A �
 %� " " �' � " �! " # .9 ��������
 ���0 ��� ���� " � 
� �'   

  

��� � �'  1:   %. �� � �� � �� " A �
 %� " " �' � " ���� 

� ��� � �  2 :   �. �� � �� � �� " A �
 %� " " �' � " ��=� 

��� � �'  3:   �. �� � �� � �� " A �
 %� " " �' � " �.K ��
  

��� � �'  4:   �. �� � �� � �� " A �
 %� " " �' � " ����� & # �� � �� � �� " A �
 %� " " �' � " �.K ��
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�� �: 
� %; & %� " ��� �' 
�� � 
 %��
 ��� � " # ' '  U n i f i ed  s o i l c la s s i f i c a t i o n  ��
 � 
 ����
.� �� # � ����
# 
 �� 0 ! ��� � %
 .����
 �=' 
 ��� ���� -�  

  

��� � �'  1:   G W  

��� � �'  2:   SP  

� ��� � �  3 :   CL 

��� � �'  4:   SW  

 

 

������: 46 

	 
�� �: 
� %" *! ���%�� � 
 ��� � ��� " � %� " 0 � & ���
 ��� ; �� 
 %�� �  �%�
 ��
  � ���� � �%� �� � 1 

.�� " .! @
 .��� ��  

  

 

���� 

 Q  = k.Nf.∆H/Nd 
    = 5x10-9 x 4 x 7.5/8 
    = 1.875 x 10-8  m3/s 
    = 0.00162 m3/day**** 

 

��� � �'  1:   0 .0 0 0 5 & *%' � 1 %�.�� " � ��� �
  

��� � �'  2:   0 .0 2 & *%' � 1 %�.�� " � ��� �
  

��� � �'  3:   1.8 8 e-8  & *%' � 1 %�.�� " � ��� �
  

� ��� � �  4 :   0 .0 0 162 & *%' � 1 %�.�� " � ��� �
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������: 47 

	 
�� �: 
� %" *! � ��� ��
 ��
 ���%�� � 
 ��� � � 
 �� � � " �%���' ! " # � ��( �; & �
 � 
 � ���� (v er t i c a l 

ef f ec t i v e s r r es s ) ����� � �& =% 10  .�� " 
� %; �� ��
  (
-� A) .! @
 .��� ��  

 

  

 

 

 

 

 

 

���� 

σ'      = 18 x 5 + (20-10)x5  
         = 90 + 50 
         = 140 kN/m2

 

 

��� � �'  1:   8 0  k P a  ( k N/m 2) 

� ��� � �  2 :   140  k P a  ( k N/m 2) 

��� � �'  3:   160  k P a  ( k N/m 2) 

��� � �'  4:   20 0  k P a  ( k N/m 2) 
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�� �: 
� %" *! � ��� ��
 ��
 ���%�� � 
 ��� � � " ���
 ��
 ��� 
 ��� �! " # � ��( �; & �
 � 9 �  
 ��� 
(Ho r i z o n t a l ef f ec t i v e s t r es s  H a t  r es t ) ����� � �& =% 10  .�� " 
� %; �� ��
  .! @

.��� ��  
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���� 

σ'      = (18-10) x 10  
         = 80 kN/m2

 

K              =  σ
h
/σv 

σh           = 0.6 x 80 
                = 48   kN/m2 
 

� ��� � �  1 :   48  k P a  ( k N/m 2) 

��� � �'  2:   8 0  k P a  ( k N/m 2) 

��� � �'  3:   52 k P a  ( k N/m 2) 

��� � �'  4:   64 k P a  ( k N/m 2) 
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�� �: %� " ��� �' %� " ' �����
 � ���! L �' �� �%� " 0 ��; & ���
 ��  
�� � �� 
 � � 
 �
 .! 3� % =  18  k N/m ^ 3,  ! " ��� $ 
 ��� �
 ��
  =  20  %   

�� � �� 
 � � 
 �
 � � �������
 
 ��.! @
 .��� ��  

 

���� 

 γd = γwet/(1+w) 
   = 18/(1+0.20) 
   = 15 kN/m3 

  

��� � �'  1:   17 k N/m ^ 3 

��� � �'  2:   16 k N/m ^ 3 

� ��� � �  3 :   15 k N/m ^ 3 

��� � �'  4:   14 k N/m ^ 3 
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S o i l  s e t t l e m e n t ,  c o n s o l i d a t i o n  t h e o r y  

 

������: 50  

	 
�� �:  

 

 

 

 

 

���� 

 

 

σv   = 50 kN/m2 
OCR   =  1.5 
σc  =  1.5 x 50  
      =   75 kN/m2 
Sc   ={0.1 x 2 x log (75/50)} /(1+1.2)  + {0.5 x 2 x 

log(100/75)}/(1+1.2)   
  
        =     0.016  + 0.057 
        =     0.073  m.**** 

��������	
 overconsolidated clays 

������

�� �� 	 
 � �  e-l o g  p  � � �� ��� � � �� �  h j  � � 
 �� � �� 6 . 1 1  � ��� � � � �� �� � � �� �� 	 �� � �� �  
r eb o u n d  c u r v e �  � �
 �� 	 � � � �� �� � �!� ��  s w el l  i n d ex ( C s )  " �� � �!� �

������
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��� � �'  1:   160  m m  

��� � �'  2:   8 0  m m  

� ��� � �  3 :   73 m m  

��� � �'  4:   36 m m  
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�� �: � ��
 ��
 .� 
 �� � ����� �� ��� � 
 ��� � 
 �  5 .�� "  �� *�" # � � �� �� ��
 �" � �  " -
 
 ���  .����.%/'
� �� �� �� ���
 .� 
 �� � 0 ! ��� �' %� " ���� �� �� � 
 ��� � 
 =����� � 	 �� �� �� �� �� �� �� 
 �  1 
 ���  
(2.5 c m ) � & # ��%� " " # ' � � 
 ��� ������� 
 ' 
 � & # ��� 
 & �� � %� " � �.�" � # � �; & ����*& 	 ��
�� �� �( ����.�� �.& �" � (Ta y lo r 3 s  m et h o d ) F =����� 
 ��� .� & � %� " ���� �� �� � 
 ��� ��� 50 %  

.��� %�'  12.5 
 � �� A �� � ���%� " %��� " �� ��� �� " .� 
 ��� ��
 ��
 .� 
 �� � 
 �� 
��� ��# .


.� & � %� " �" -�� �� ��� 90 %   

 

 

���� 

� � � �
 �  ! �� �" �# � �  

 Tv  = Cv t/H
2 

 0.196  = Cv x  12.5/(1.25)2 
 Cv  = 0.0245  cm2/min 
� � $ � � �  

 Tv  = Cv t/H
2 

 T  = 0.848 x (2.5 x 100)2/0.0245  
    = 4.12  % 
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��� � �'  1:   1 ! 3 
��� � �'  2:   2 ! 3 
��� � �'  3:   3 ! 3 
� ��� � �  4 :   4 ! 3 
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�� �:  

 

 

 

 

 

 

����         Ssec    =   {0.01 x 2 x log(10/1)}/(1+0.8) 
                         =   0.011  m 
             Spri     =     {0.5 x 2 x log (100/50)}/(1+0.8) 
                         =   0.167   m   
            Spri + Ssec   =  0.178  m ****** 
 

 

� ��� � �  1 :   178  m m  

��� � �'  2:   8 9 m m  

��� � �'  3:   16 c m  

��� � �'  4:   32 c m  
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������: 53 

	 
�� �: �����0 ��A *%� ��� .%��� � %�' ! " � %L %� " $ � � " �� ; & ��
 .%��
� %�' � 
 %� " � -' ���� ��
�����
  (c o n s o li d a t i o n ) ?   

  

��� � �'  1:   �' � 
 %� " � -' ���� �� �����
  (c o n s o li d a t i o n ) 
# ��� �� ��� & ��
 ��� ���� �� ��
 ��
 & �& � 

� ��� � �  2 :   �' � 
 %� " � -' ���� �� �����
  (c o n s o li d a t i o n ) 
# ��� �� �%�� & ��" �' � " �.K ��
 �����
 & �& � 

��� � �'  3:   �' � 
 %� " � -' ���� �� �����
  (c o n s o li d a t i o n ) 
# ��� �� ��� & ��
 ��� ��! " # � ��( �G%� "
" # ' � � 
 ��� & �& � 

��� � �'  4:   �' � 
 %� " � -' ���� �� �����
  (c o n s o li d a t i o n ) � � �� " A 
�� & ��� ' ' 
� % & �%2 $ #  
P i s t o n -s p r i n g  a n a lo g y .  
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�� �: �-$ � �' �� ��
 ��������0 ����; & %" # �' � " ��%" # �' 
 ��� ���� -�� ���
 � �� & # ��� " � %� "
�" -�� �� �����
 .� 
 �� �   

  

��� � �'  1:   St r es s  h i s t o r y   

��� � �'  2:   W a t er  c o n t en t  � & #  At t er b er g 3 s  li m i t   

��� � �'  3:   � " �! " # %�' �
 ��
 .� 
 �� �  

� ��� � �  4 :   �� � �� 
 � � 
 �
 � � ��� *�� -� (Ma x i m u m  d r y  d en s i t y ) 
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������: 55 

	 
�� �: ��� 
 0 ��; & %� " ��� �'  Co n s o li d a t i o n  t es t  �����
 � 
 ��� 
 =�� $  " # ��' �� � �& =%
� 
 =�� ! " � %L � �� ��� 
  ' .� �
 	 ����� � �� �� �
 ( �" # � � �� � v o i d  r a t i o  � & #  Lo g  ( P 3 ) ��
����� �� 3 .� �
 ���� � ���
 9 �   ����������� 
 �� " � " -! 
� %.� �
 	 ������ �& �� �
 ��  

  

 

��� � �'  1:   .� �
 	 ��� C �� " 
# .! @
 .� �
 �� � �� �� �
 ( ����.%���=�
 �
 � 
 � �	 �� ��%� " � " � 
� ���

� 9 �  
" ��  

��� � �'  2:   .� �
 	 ��� A �� " 
# .! @
 .� �
 �� � �� �� �
 ( ��
 � ���! L �' �� �%� " � & # � �� �� �� �.! @

� �� �� �� �������-$ 9 �  ( U n d i s t u r b ed  Sa m p le) . " � # � � �� " A � �  Ma x i m u m  P a s t  

P r es s u r e 0 ��  
��� � �'  3:   .� �
 	 ��� B �� " .! @
 .� �
 �� � �� �� �
 ( ����0 ���� 
� %� �� �� �� �� ' '  D i s t u r b ed  0 ��

� � �� " A � �  Ma x i m u m  P a s t  P r es s u r e 0 �� 
� ��� � �  4 :   A *%�-%���  
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�� �: ��� %& �� � �
 ��������0 ��A *%� ����
 �N 2 L �%� " �" -�� �� � ' '  O n e d i m en s i o n  ��� 

Ter z a g h i   

  

��� � �'  1:   ���  O v er -Co n s o li d a t i o n  r a t i o  ( O CR ) ������ " � � �� 
 ����� � �.��
 ����� %���� -��

����  ' � ��" ���." �� %� ��  K P r e-c o n s o li d a t i o n  p r es s u r eL  � " �� K Ma x i m u m  P a s t  

P r es s u r eL  � �� �� � �.��
 �
 ! P

-' �
   

��� � �'  2:   A �� ��
 �� O CR  = 1 A *%." �� %� ��  K No r m a l-c o n s o li d a t ed  So i lL  ,  A �� ��
 �� O CR  >  1 

A *%." �� %� ��  K O v er -c o n s o li d a t ed  So i lL  � & #  A �� ��
 �� O CR  <  1 A *%." �� %� ��  
K U n d er -c o n s o li d a t ed  So i lL  F =��0 ������  '   
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��� � �'  3:   �N 2 Q �%� " �" -�� �� � ' '  O n e-d i m en s i o n  .! @
 %� " ! " # �� $ �
 � �� & # ��� " � %� "
�" -�� �� �����
 ������� � �F =�
 ��� 
 ��� C  .� �
  ��
 .� 
 �� � 	 ��  �
� " $ � A =�! " # � �� �%� " " �'
� " ������
 (St r es s  h i s t o r y ) ��� � F =��%� " 
 �� ��
 �� ��� �' �
 � ���! L �' �� �%� " � ���
.%/' � �� �� �� ���
 � ' '  U n d i s t u r b ed  � & # � ���0 ����� & � � 	 �" �� " �� ����
 C  �
 " # � � �� �
� �� � � ����
  

� ��� � �  4 :   0 �������A *% 
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�� �: 
� %" *! � ��� ��
 ��
  A �� ��� " ���
  50  k P a  %" # ��� ���; �� ��
 .! @
 ' " �.� $ %� �� ��� %

 0 ��

�� %�� 
# ��%� " �" -�� �� .
 ����
� % P r i m a r y  Co n s o li d a t i o n  .! @
 .��� ��  

 

 

��� � �'  1:   24 c m  

��� � �'  2:   34 c m  

��� � �'  3:   44 c m  

� ��� � �  4 :   65 c m  
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�� �: ���  c o n s o li d a t i o n  t es t  	 �� �� �� �� �� �� ���
 .� 
 �� � ����� �� ��� � 
 ��� � 
 �  20  ��. 
 ' � �� ���� 
 �� � � " �%���' ��� � 
 =��� ����� �.� & �  10 .4 
 � ��
=�
# �� d eg r ee o f  

c o n s o li d a t i o n  = 90 %  A �� ��
 .� 
 �� � � 
 ��.��� � %�
 
 ��� 
 �  4 .�� " ��� 9 �  %� "
" # ' � � 
 ��� .� ���
 %�' �
  la b  � & # � 
 �� � � " �%���' .��� %�
  
# �� �.� & � 
 � 
 .��� ��
=�

# �� d eg r ee o f  c o n s o li d a t i o n  = 90 %   
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���� 

 (Cv t/H
2)Lab

   =  (Cv t/H
2)field 

 10.4/102    =   t/(2000)2 
   T    =   288.9 days***   
 

��� � �'  1:   1.44 � �
  

� ��� � �  2 :   72.2 � �
  

��� � �'  3:   28 8 .9 � �
  

��� � �'  4:            354.3 � �
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�� �: A �� %� " A ���
 ��� �� �.%���� � �.��
 �
 � 
 � ����	 �� .K & ��� . ����=�
  10 0  k P a  � %�� ��
 ��

.� 
 �� � ������� � �� 
 �  12 �. � & # ��%� " " # ' � � 
 ��� � ' '  D o u b ly  d r a i n a g ed , Cv  

=8 .0 * 10 -8  m 2/s  
�! " # �� $ �� � ���
 
 ��� ���� ������ *��
 � ��
 ��
 .� 
 �� � $ . �� � �& =% 
9 �.� & ��%� " %��� " �� �	 �" �� " �� � 5 ! 3 	 �� %�� � 
 �� �� 	 �" �� " �� ����%& �� � %���� �
.K  � # �� � �.��
 �
 � 
 � ����.��� 
 ��
   

  

���� 

 H = 12   m . 

 z /Hd  = 9/6 

  = 1.5 

 T
v
 = C

v
 x  t /H

d

2
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  = 8 .0 x  10 -8  x  5 x  365 x  24 x  60  x  60 /6
2

 

  = 0 .35 

 
� %%" � ,     U z   =  0 .61 

 �� � ���
 ����� �  = 1-0 .61  

             =  0 .39 

 

��� � �'  1:   30  k P a .  

��� � �'  2:   35 k P a . 

� ��� � �  3 :   39 k P a .  

��� � �'  4:   45 k P a .  
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�� �: A �� %� " A ���
 ��� �� �.%���� � �.��
 �
 � 
 � ����	 �� .K & ��� . ����=�
  10 0  k P a  � %�� ��
 ��

.� 
 �� � ������� � �� 
 �  12 �. � & # ��%� " " # ' � � 
 ��� � ' '  D o u b ly  d r a i n a g ed , Cv  

=8 .0 * 10 -8  m 2/s  
�! " # �� $ �� � ���
 
 ��� ���� ������ *��
 � ��
 ��
 .� 
 �� � $ . �� � �& =% 
12 �.� & ��%� " %��� " �� �	 �" �� " �� � 5 ! 3 	 �� %�� � 
 �� �� 	 �" �� " �� ����%& �� � %���� �
.K  � # �� � �.��
 �
 � 
 � ����.��� 
 ��
   

  

��� � �'  1:   15 k P a . 

��� � �'  2:   10  k P a . 

��� � �'  3:   2 k P a .  

� ��� � �  4 :   0  k P a . 
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������: 61 

	 
�� �: .������
 .� 
 �� � ����� �� ��� � 
 ��� " �' � " �%�	 �� � � ��� *��
 
 ��� � & # ����0 � �� �� �.� & � � 
 =�� 

! " ��� $ 
 ��� �
 � ���� �� ������
 
# & �& �� & # ��
 �" -�� ��  ." � ." �� %%" # ' � 
 %� " 
 ��� ��
�# 0 "   

  

��� � �'  1:   Sh r i n k a g e 

��� � �'  2:   E x p a n s i o n  

� ��� � �  3 :   Co n s o li d a t i o n  

��� � �'  4:   P o ly m er i z a t i o n  
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�� �: 
� %" *! � ��� ��
 ��
  � & # " *! ; & %� " ��� �'  Co n s o li d a t i o n  ��
 
# �����  O CR  .��� ��  

  

 

���� 

 σ' = (18-10)x 5 
  = 40 kN/m2 
 OCR = 60/40 
  = 1.5  
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��� � �'  1:   1.0  

��� � �'  2:   1.2 

� ��� � �  3 :   1.5 

��� � �'  4:   2.4 
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�� �: %� " ��� �' %� " ���� �� �� � 
 ��� �����
 .� 
 �� � � �� �� �� �� 
 �  2 F �. 	 �� � ���� �
 ���
0 � & ��%������� 
 ' 
 � & # & �� ����� �� �� �� �  ' � �� �
 .� & �  20  
 � �� .%��%� " �" -�� ��  
50  %  
�� � ��� � ��! " # � ��( �G%� " ���� �� �� � 
 ��� �����
  (Co ef f i c i en t  o f  

c o n s o li d a t i o n ) ( Tv  = 0 .197)  

  

���� 

 Cv = Tv.Hd
2/t 

  = 0.197 x 1/20 
  = 9.85 x 10-3  cm2/min 
  = 1.64 x 10-4 cm2/sec *** 

 

��� � �'  1:   1.8 5x 10 -3 c m 2 / s ec  

��� � �'  2:   9.8 5 x 10 -3 c m 2 / s ec  

� ��� � �  3 :   1.64 x 10 -4 c m 2 / s ec  

��� � �'  4:   9.8 5 x 10 -4 c m 2 / s ec  
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�� �: %�� � 
 � P r e-c o n s o li d a t i o n  p r es s u r e = 20 0  k N/s q .m  E f f ec t i v e o v er b u r d en  

p r es s u r e = 10 0  k N/s q .m  
�� � ��� ��� O CR  ( O v er  Co n s o li d a t i o n  R a t i o )  

  

��� � �'  1:   0 .5 

��� � �'  2:   1.0  

��� � �'  3:   1.5 

� ��� � �  4 :   2.0  
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�� �: ��� ��0 ��.%��� � ����%�' %� " ��� 
 � $ " # � # �" -�� �� ��������
   

  

� ��� � �  1 :   O p t i m u m  w a t er  c o n t en t  

��� � �'  2:   Co m p r es s i o n  I n d ex  

��� � �'  3:   E f f ec t i v e s t r es s  

��� � �'  4:   V o i d  r a t i o  

   

������: 66 

	 
�� �: �����0 ���� �� ��-� �> � 
 ��� Co n s o li d a t i o n  s et t lem en t  ��� Ter z a g h i   

  

��� � �'  1:   O n e d i m en s i o n a l c o m p r es s i o n  

��� � �'  2:   Sa t u r a t ed  s o i l 

��� � �'  3:   Ho m o g en eo u s  s o i l 

� ��� � �  4 :   O n e-w a y  d r a i n a g e 
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 �%��
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��� � �'  1:   30  � �
  

� ��� � �  2 :   49 � �
  

��� � �'  3:   141 � �
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��� � �'  2:   49 � �
  

� ��� � �  3 :   141 � �
  

��� � �'  4:   340  � �
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��� � �'  4:   ! " ��� $ 
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��� � �'  1:   A *%.K  � # ��� a ) 

� ��� � �  2 :   A *%.K  � # ��� b ) 
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 �� � � ��%�' � ��
 ��
 �" � �  

��� � �'  2:   ���" # � #  1/4 ����� � �� 
 � ���� ��
 ��
 .� 
 �� � A ���� 
� %��' ��� 
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 ���� ��
 ��
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 �� �  

��� � �'  3:   ���" # � #  1/3 ����� � �� 
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 ��
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� ��� � �  4 :   ���%=��%& � �� ��
 ��
 .� 
 �� �  
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 � �� �.� & � �
 ���� 0 ��" �' � " ���
 �� %%� �� ���" �' �
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  � & # ��; & � ��%� " �" -�
� �� �� � 
 ���  �����
 � � ��� � �� �� � ��  

" *! 9 �  ! " # %�' ��� A � �:  

��� � �'  1:   No r m a lly  c o n s o li d a t ed  Cla y   

��� � �'  2:   O v er c o n s o li d a t ed  s a n d  

� ��� � �  3 :   O v er c o n s o li d a t ed  Cla y  

��� � �'  4:   No r m a lly  c o n s o li d a t ed  Sa n d  

 

B e a r i n g  c a p a c i t y  t h e o r y  
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��� � �'  1:   A *%�-%��� 

��� � �'  2:   A *%� � ���� 

� ��� � �  3 :   A *%� ����� 

��� � �'  4:   A *%� 
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�� �: " # � # .� ����1 *
 � ����
# 0 ����� �� �.%��� 
 �� � � " ��=� (Ten s i le s t r es s ) �����' ���> � 

" � %
# � ���0 ���� %%� ��   

  

� ��� � �  1 :   B/6 ( B = �� � �%� �� ����> � 
 " � %) 
��� � �'  2:   B/3 

��� � �'  3:   D /6 ( D  = �� � �& =%���" # ��' ���� � �> � 
 " � %) 
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��� � �'  4:   D /3 
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�� �: Bea r i n g  c a p a c i t y  f a c t o r  ,  Nc  ,  Nq   
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��� � �'  1:   7.4 t  

� ��� � �  2 :   29.6 t  

��� � �'  3:   37.2 t  

��� � �'  4:   50 .1 t  
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� ��� � �  2 :   B3 =B-2e 

��� � �'  3:    SB3 =B-3e 

��� � �'  4:   B3 =B-4e 
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��� � �'  1:   Sk em p t o n  E q u a t i o n  

��� � �'  2:   Ter z a g h i  E q u a t i o n  
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��� � �'  4:   P ec k  E q u a t i o n  
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  18  k N/m 3,  c = 5 k P a ,  i n t er n a l f r i c t i o n  a n g le=0  
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���� 

 qu = CNc + qNq + 0.5γBNγ 
    = 5 x 5.14 + (1x18)x1 + 0 
    = 43.7 kN/m2*** 

 

��� � �'  1:   25.7 k P a  

��� � �'  2:   35.7 k P a  

� ��� � �  3 :   43.7 k P a  

��� � �'  4:   53.7 k P a  
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�� �: 
�� � ��� 
 ��� � 
 �%' " " �-%� ���� ����> � 
 " � %���0 ��� � ��0 � � 	 �� �� �� �� 
 ! & ��9 ��
.��� %�'  3  

 

 

 

���� 

 qu = 0.25x44 + 0 + 0.5x1.7x2x28 
    = 11 + 47.6 
    = 58.6   t/m2 
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 Q  = 58.6 x 4 
    = 234.4 tons 
 Qall = 234.4/3 
    = 78.13  tons 
 

 

��� � �'  1:   58  � �
  

��� � �'  2:   68  � �
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��� � �'  4:   8 8  � �
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���� 

 q u  = 5x 5.7 + 0  +  0  

  = 28 .5  t /m
2

 

 Q u  = 28 .5 x  4 

  = 114  t o n s  

 F .S. = 114/30  

  = 3.8  

 

��� � �'  1:   3.2 

��� � �'  2:   3.5 

� ��� � �  3 :   3.8  

��� � �'  4:   4.1 
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������: 8 8  
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���� 

 γd =  (2.73x1)/(1+0.1495x2.73) 
  =  1.939 g/cm3

 

 

��� � �'  1:   0 .732 g /c u .m  

��� � �'  2:   1.8 68  g /c u .m  

� ��� � �  3 :   1.939 g /c u .m   

��� � �'  4:   2.730  g /c u .m  
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� �	� �� � ��  

 qu =  5.7 x 2.25 
� �	� � � ��  1 �� " � & � # � �� � ��  
 qu =  5.7 x 2.25 + 1 x 1.95  
' � � � ( " # " �� �  =  1.95  t/m2 
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��� � �'  1:   0 .95 T/m ^ 2  

��� � �'  2:   1.45 T/m ^ 2  

� ��� � �  3 :   1.95 T/m ^ 2  

��� � �'  4:   2.45 T/m ^ 2 
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���� 

 Qf = 23x(4x0.4)x15 
    = 552  kN 
 Qb = 450x0.4x0.4 
    = 72  kN 
       Total = 624  kN**** 
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��� � �'  1:   10 9 k N 

��� � �'  2:   417 k N 

��� � �'  3:   620  k N 

� ��� � �  4 :   624 k N 
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���� 

 qu = 0.5x18x1x15.1 
   = 135.9    kN/m2 
 

��� � �'  1:   125.6 k P a  ( k N/m 2) 

� ��� � �  2 :   135.9 k P a  ( k N/m 2) 

��� � �'  3:   140 .5 k P a  ( k N/m 2) 

��� � �'  4:   154.2 k P a  ( k N/m 2) 
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���� 

 qu = 30x5.14 
    = 154.2    kN/m2 
 
 

� ��� � �  1 :   154.2 k P a  

��� � �'  2:   135.9 k P a  

��� � �'  3:   125.8  k P a  

��� � �'  4:   110 .6 k P a  
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� ��� � �  3 :   1.939 g /c u .m . 

��� � �'  4:   0 .732 g /c u .m . 
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