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4-3-4                                                                   
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Test Pit ; 15TP-5                   

greyey black top soil

yellowish blown silt low a little
(SM)

black coarse/volcanic
sand

sand-and-gravel dry

yellowish blown silty sand low almost non

Moisture
content

Cohesion
Depth
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Color
Classification

etc.
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 )              

1)                                   0.5 -   1.0   ,                          : 
                       -    ,                                : 

2)               ,                                                    
                                  SM                ,              
«                    »                     :   

3)                              0.5 -   1.0                                    
                                          ,                          
                          : 

4)                    /          ,                                  
                            «            »,                           
            ,                         :  

5)                                                               :          
                                              ,                        
                        :                                       ,     
                                           ,                              : 

6)                               ,                                          
                                                  ,                   
                         4          :   

7) 15TP-10                      100                                   0.5  
                                       :                  
                                  ,                               :          , 
                                                              
     : 

8)                                                     10－3   /      , 2-5 
                                     10－4   /        : 

9)                                                                  
                                             : 

(2)                                   

 )                                       

                                        /                        /      , 
                                                                  , 
                               ,                                    
        /       :                                                  ,         
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                           ,               ,                     
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                                       /                      :           
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     4-3-4.5                             
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                  30-   50               
                 ,                       
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                             ,        
                                         
                      : (  ´       4-3-4.4): 

 

 )             

1)                                  
                            
                          
                              
                        :        
                               , 
                    :          
                             
                                      
            (  ´       4-3-4.5): 
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2)        ,                                                ,                
            (  ´          4-3-4.6   4-3-4.7): 

  

 

 

 

 

 

 

 

3)           (             40  )           ,                       
                                  ,        :   

4)       /                                     ,                      
                    ,                           :                         
                                   : 

(3)                                             

 )                                      

                                                                    , 
                                                                          
             ,                                                          
   ,                                                            :            
                                                            3               ,   
                                      :                                    
     4-3-4.8-   : 
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     4-3-4.9                 

                 

   4-3-4.11 
                          

 )                         

1)                                        

                       TP-11                 

                                                   
                                 :         , 
                       :        ,          
                                              
                             ,                     
        :                                       
           ,                                  
          :  

                                                            «           
                  »     ,                         4-3-4.9-     4-3-4.10-  : 

 

  

 

 

 

 

 

 

 

 

2) TP-11`                                  

TP-11                        ,                     
                       ,               
                                             : 
                                            
                     ,                 
                ,                      
4-3-4.11-   : 

 

3) TP-12, TP-13`                                        

                           :                               15      ,        
              4-3-4.12-  :  

 

 

                
                   

     4-3.4.10                                                  
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(4)                                                         

                                               H6        ,           
                        -                                  ,         
                                                                          
     ,                                                                      
                  :                                                       
                                      20                 :                  
                                                                     
                                     :                                
                                                                4-3-4.13 - 
4-3-4.15-   : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mining site of scoria 
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(5)                                         

 )                       

2015 .                                                            
                          ,                                        
                 :             ,                                             
                          ,                                       
                                                                     
                  ,                                                  
                                                                         
            ( ´            ,  ´                  ):               
                                                                
                   ,                                                   
                         :                                                 
                                                                         
                                                                         
                     :                                                 
                                                              : 
                                          :  

    -1. TP.21-   TP.47                                                         
                                                                  
                                      :  

    -2. TP.48-   TP.55                                             
                                                                          
                :                              ,                    
                                               ,                      
                                       ,                                
                                                              :          
                              ,                                             
                         :                                     ,            
                                        :                                   
               ,                    ,                                    , 
                                                                       
                                  :   

    -3. TP.56-   TP.71                                                          
                                                                        
                   ,                                                 
                 ,                                                          
                                                             :  

 )             

[     1-                    ] 

1)        N1-                                                        
                                                                  
                            :                                 ,          
                        (TP.21～TP.23): 
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2)                                                                       
                                                      (TP.24, TP.26, 
TP.29, TP.30): 

3)                                                                           
           ,                (TP.25, TP.28),                                  , 
                      (TP.27),                                             
                                    ,                                 
                  (TP.30, TP.31): 

4)                 -                                                   
                    2-3                (TP.32～TP.38): 

5)        N2-                                            «               
       »,                                        ,                          
                (TP.39): 

6)                                                                  
«                      »,                                         (      
              2-3 ),                           (                     ): 
                                                  (TP.40～TP.47): 

7)                     ,                                              
                                                                
                  : 

[     2-                    ] 

1)                                                                      
      0.5 – 3               :   

2)                                                                         , 
                                                                        
                  ,                                        : 

3) 0.3                                                      : «               
      »                            ,                                  
(                        22/2/2016): 

[     3-                    ] 

1)                 -                                                       
                         2-3                (TP.56～TP.61): 

2)                                                               
                                                                      
                  ,                                          ,           
             ,                                                            
(TP.62～TP.68):   

3) TP.67                                                                    
        ,                                                 :       
                              ,                                       
                                  :                          
                                               : 
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4)                                                                  ,      
                                 :                                     
                                : 

5)                     ,                                                
                                                ,                          
                         ,                  ,                     
                                    : 
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              (TP.24) 
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          (TP.33) 

                               

     -               (TP.40) 
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4-3-5                        

(1)                    

                                                                
                        (2)     :                                         
                        ,                                            
                            ,                                  4-3.4.1-      
4-3.4.8-                                                                    
                                                                               
                                                  :                    
                                                                           
                                                                        
                     :                                         «          
         -1»,               «                   -2»: 

(2)                    -1 

 )                             (        ) 

1)                                                

                                    4-3-5.1-   : 

         4-3-5.1                                                                        
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 (

%
) 

15TP-1u 2.64 13.11 22.5 17.1 5.4 0.9 34.9 31.2 33.0 1.60 21.2

15TP-1d 2.59 19.50 28.5 24.5 4.0 0.0 17.4 40.5 42.1 1.53 26.0

15TP-2u 2.58 16.48 33.9 23.9 10.0 0.2 7.7 32.8 59.3 1.56 23.0

15TP-2d 2.55 17.83 28.6 25.3 3.3 0.1 34.0 46.1 19.8 1.45 26.3

15TP-3u 2.57 15.15 30.0 20.2 9.8 0.6 44.3 19.5 35.6 1.60 22.2

15TP-3d 2.66 8.97 - - - 1.0 47.8 38.8 12.4 1.70 16.5

15TP-4u 2.57 22.56 - - - 6.2 29.8 39.0 25.0 1.60 20.8

15TP-4d 2.55 28.73 - - - 0.6 30.2 45.6 23.6 1.41 24.8

15TP-5u 2.63 12.30 21.9 17.5 4.4 4.5 31.5 41.9 22.1 1.71 17.6

15TP-5d 2.67 8.01 - - - 6.6 44.9 35.8 12.7 1.66 19.2

15TP-6u 2.64 8.51 20.1 16.8 3.3 2.2 28.4 47.7 21.8 1.73 16.4

15TP-6d 2.60 14.63 - - - 7.0 43.9 31.5 17.5 1.81 13.0

15TP-7u 2.58 25.20 30.2 27.6 2.6 0.3 21.9 45.1 32.7 1.42 22.7

15TP-7d 2.49 25.56 34.1 29.5 4.6 1.3 9.5 45.3 43.9 1.45 25.5

15TP-8u 2.59 19.12 38.5 22.2 16.3 0.0 3.4 39.2 57.4 1.49 24.0

15TP-8d 2.64 13.38 24.5 20.5 4.0 0.5 13.1 44.6 41.8 1.65 18.7

15TP-9u 2.60 10.28 25.0 20.0 5.0 0.5 13.6 53.5 32.4 1.64 20.5

15TP-10u 2.53 8.08 23.8 20.0 3.8 17.4 36.1 21.9 24.5 1.66 18.2

15TP-10d 2.52 12.37 - - - 1.6 39.8 42.7 15.9 1.44 23.6
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       [u]                                                            1.5  
             :        [d]                                                  
       3               :   

 [                     ] 

                       8.01 %-   28.73%             :                     
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                                        d      :  
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[                        ] 

                                                      :                    
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[                      ] 
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          ,                                                                   
     : 

         4-3-5.3                                                             

                         
          

               

            . 

    

G-1 

      . .  

 0.005                   –      

          

1u, 2d, 5u, 6u, 10u 15TP -10u 

G-2 
      . . 

0.005                     
1d, 7u, 7d, 8d, 9u 15TP -1d 

G-3 

       . . 

0.005                   –       

          

2u, 3u, 8u 15TP -2u 

G-4 
           

0.005                     
3d, 5d, 6d 15TP -5d 

G-5 
           

0.005                       
4u, 4d, 10d 15TP-4d 

[                                               ] 

                                                                        (3) 
         ,                                                                / 
                                                                 
                         :   

   -A                               =                                    , 
                            =                                

   -B                               =                                     ×0.97 
(=                        D-97%),                             = 
D-97%-                                                         
            

   -C                               =                                    ×0.97 
(=                        D-97%),                             = 
                     ,                       D-97%       85% 
                                : 

 

 

 

 

 

 

 

[                ] 

                                         (2)                     (   -A   
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           ,                             (φ) 21.0°- 25.5°            ,              
(          ) (C)` 7.0   / 2 - 15.0   / 2      B             :                  , 
         (C) A                                                B         , 
                     4-3-5.8-   : 

     

     

     

     

     

 

 

 

 

 

[                              (UU)                                    
(CU-bar)             ] 

                                    (1)                    B        
                                                                          
                                                                     
                                ,                                         
         :          UU                                                
                         ,                                                 
                                                                          
                   ,                                                   : 
         CU-bar                                                        
               ,                                                 
                                                                          
                                   ,                                
                     :      4-3-5.9-                       UU         CU-bar 
                  ,       CU-bar                                       
                            ,     UU                   :    

     4-3-5.8                              
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                                                 :                  ,    
                                                                    ,       
                                           100                        
                   (Cc)            ,                      4-3-5.11-   : 
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[                      ] 

                                                                       (3) 
                   :                             4-3-5-12-   :                 
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            , C                                                         
  :                                                             
                                                                    
          :  
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( )                    

TP-11-         ,                               ,                         
(  ´       4-3-4.11): TP-12   TP-13        , 10%-                              
                                          ,                        ,         
                                       ,                                   
(  ´       4-3-4.12):                      ,                            
                                                              ,           
      ,                                                                    :   
                                                      ,               
        ,                                                            : 
        ,                           ,                                 
                                        10%`                         
                                        ,         10%              : 
                                       10%                              
30%                              ,                      4-3-5.13-   : 

 

( )                                                         

                         4-3-5.4-  ,            ,              
                                                                          
       :   

         4-3-5.4         /                                                                         

 

 

 

(3)                    -2 

( )                    

                                                         
                                                              (    
         4-3-5-4),                                                          
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TP.11
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TP.13

   4-3-5.13                         

Sample name k (cm/sec) Sample name k (cm/sec)

Soil + 3.4% cement 1.9×10
-7

Soil + 5.0% bentonite 3.9×10
-7

Soil + 6.8% cement 4.3×10
-8

Soil + 15.0% bentonite 8.3×10
-7

Soil + 10.0% cement 2.4×10
-8

Soil + 15.0% bentonite 4.3×10
-7
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%

) 



                                                                      

 4-59                                   

                ,                                                  , 
                                                                
                  :                                                         
                         ,              /           ,                
                                                                     : 
        ,                                          (  ´  4-3-4 (5)), 
                                                                       : 
                                                                     
          4-3-5.5-   ,                                                    
         4-3-5.6-   : 

( )                                                 

                                  4-3-5.7-   :                     , 
         ,                                                       
                                                                  :     
                            ,                                           
                                                                        
                               ,             ,                             
                       ,                                                 
                ,                                                    :   
                                                                     
                   ,                                    :   

( )                                  

                                  4-3-5.8-   : 

[                                                                ] 

                                                          .           
k=3.3×10-5   / ,                          k=5.3×10-4   / ,                      
       k=3.4×10-5   /  (  ´           4-3.5.6):                                     
                  k=7.7×10-7   /  ~ 3.9×10-8   /  (  ´           4-3.5.8)           6% - 
10%                          ,                                     
                   :   

[                            ] 

                                                                         , 
«                        »                                      (  ´       
4-3.5.14):                                        , «                   
      »                                        (  ´       4-3.5.15): 

[                                 ] 

                8%   10%                                          
                                                                     
                              «       », «        »   «      -      » 
          (  ´       4-3.5.14),                                              
                               (  ´       4-3.5.15):                          
                        10%                  ,                          
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                           :   

[                                 ] 

                                                                            , 
                                  10-8   /         10-6   /       (  ´       
4-3.5.14):          ,              ,                                              
                                                                        
                                                                         
       :     

[                                ] 

                                                                   (Slaking 
test)                                                  (Sodium Sulfate Soundness 
Test)             , «                       »   «                        » 
                                                                       
                     ,                                            ,    
                     8%     10%                           (  ´       
4-3.5.16,      4-3.5.17):             ,              ,                             
                                  ,                                       
                             ,                                       
     ,                                          ,                           8% 
  10%                                                                  
              : 
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    4-3.5.15                

                             

            

          . 

      –       

     4-3.5.16                 slaking                   

1212 
Aggregate 

     4-3.5.17                                              

                               

     4-3.5.14                    
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4-3-6                                                                  

(1)                                                      

( )                                      

                                                                  
                                                                      : 
                                                                     ,       
                                                        :                    
                    ,                                       /         
                                                  ,               
                               :                                        
                                                                      
                              :                                       
                                                                  
                                                                 
                             :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( )             

1)        -                ,                                                
                                                    ,         
                                                     
                                        :  

     4-3-6.1                         (                    )                   
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2)                                                                           
                                            : 

3)        -               ,                                                
       ,                                           ,                    
                                        ,                                  
                                : 

4)                                                                        
                                       : 

5).      -                                                        
                      ,                                             
            : 

6)                                                           :                
                                                                     
                          :                                        
                                   :                                 
                              ,                                           : 

7)      -                                                                
                          ,                                        
                 :                                                  
         :          ,             ,                                    
                       :   

8)                                                                  
                                                   .  
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(2)                                                                (piping 
phenomenon)           

( )                                      

           ,                              ,                           
          ,                                                             , 
                                                        :                        
«piping» (                     ):                                        
                                                  ,                     
      ,                                           /                        
       :                                                                  
                                            :                          
                                              :  

( )             

1)                                                                            
   : 

                                                                            : 
                                                          :                
                          :   

              ,                                                   ,       
                          (    Ph-1, 2):         ,               ,           
                            : 

              ,                              ,                        
                                          :          ,                    
          (Ph-3),                                           :  
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2)                                                                     
                  : 

                                                                         
                                             ,                          
(Ph-4),                                                            (Ph-5): 
                                                                  :      
4-3-6.4-                                                                   : 
                                         ,                                    
                                :  

 

 

Ph-1 Ph-2 Ph-3
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(3)                                                                         

( )         

     /                                                                   
         ,                                /          ,                       
               ,                                    -              :     
                                          ,                                
          ,                                                         
       :                                                      
                                           ,                        
                                       ,                       
                                 :   

 

( )              

1)                               N1-                       ,              : 
                                                               ,            
                                                                     :        
    ,                                                   N1-              
                            N1-                                       
                     :   

 

                  

Ph-4 Ph-5 
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     4-3-6.7                                 

                

 

 

 

 

 

2)                                                                      :      
                -                      /                                
                                                                 
                                                       ,               
                                 (  ´       4-3-6.6):                      ,    
                                                                         
                           ,                                                 
                                                                  (       
                                                ),                       
                                     ,                           
            -                     ,                                         
                                                :                   
                                                                       
                :    

 

 

 

 

 

 

 

 

3)             ,                    

                          

                                

                                

                                

N1-                           

                       

                        ,        

              4-3-6.7-  :    

                                 

                                

     4-3-6.5                                  N 1-                  

                               

     4-3-6.6               `                                



      4,     

     4-72  

                                         ,                          

                       :            ,                             

                                                            

                                 `                          

                    :  

(4)                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( ) 2016 .          16-                    ,             , 2016, 5 	 ±           
         4-3-6.1-           4-3-6.9-   : 

         4-3-6.1  2016 .          16-                     

       . 

    

        

(  2) 

     

           

(  )

                   (           ) 

	   10   
                                                

     (Ph-1),                 (Ph-2)

	  2.1 10           :                           (Ph-3) 

	  1.0 20   

                            : 

                                 (Ph-4),      

                                                    

(Ph-5)

	   15                                                  (Ph-6) 

	  0.5 10                                (Ph-7) 

	   10                                (Ph-8) 

	  18.1 15                     ,            ,          (Ph-9,10) 

	  7.2 10                     (Ph-11) 
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( ) 2016 .                            ,        , 7 	 ± ,          4-3-6.2 

         4-3-6.2  2016 .          24-                     

       . 

    

        

(  2) 

     

           

(  )

                   (           ) 

	   0    

            ,                                         

(Ph-12),                                                 

(Ph-13)

	  2.1 0            :                    (Ph-14) 

	  1.0 0    

                                  ,                 

                                         (Ph-15) 

                    (Ph-16) 

	   0                                                   (Ph-17)

	  0.5 0         ,               (Ph-18) 

	   0                                 (Ph-19) 

	  18.1 0~5    

         ,                                      20 ~ 

30  /  (Ph-20)  

                            (Ph-21, 22)              

             (Ph-23):                                 

                                     (Ph-24):

	  7.2 10   
                                       (Ph-25) 

             :

     4-3-6.9  2016 .          16-                         
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( ) 2016 .       18-                ,     ,－3 	 ± (  ´       4-3-6.11) 

                                                                   ,          
             (Ph-27): 	                                   : 	                
                          (Ph-26),                                        : 
                                     :   

 

 

 

 

 

 

 

 

 

( ) L           /                        -                 

TP.67-                 30-                                                  : 
                      ,                          ,                             
                                3               :             ,        
                             	                      :                          
                   ,     W5                      ,                                
     ,                                                                
                                                       :  

 

 

 

 

 

 

 

 

 

 

 

 

 

Ph-26 Ph-27 
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     4-3-6.11  2016 .       18-                         
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(5)                                     

( )         

2015 .                                                               
                              :                                        
                                                                       
             ,                                        :                       
                                                         ,             
                     :                                               ,    
                                 :                                          
                                                ,                              
                /                                                      
                     ,                                                      
                : 

( )                                

                                                                       (10) 
               ,        8      , 3         :                                  
                10                                        8            10       
                                                    8         : 2014 . 
                                          4-3-6.13-   : 
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( )                 

1)                                         ,                                 
                            3  /                          :  

2)                                                                         , 
                          :  
3)                                                  ,              

                                                   5-6  /              : 
4)                                                                

                            ,                           : 
5)                                                           

                                   13:00-              10:00          16:00 
                              :  

6)                                                     :  

4-3-7                                      

(1)                                                         

                                                                    :     
                                                                        
       -                                            (  ´          4-3-7.1   
4-3-7.2): 

 

 

 

 

 

 

 

 

 

                                                                          
         4-3-7.1-   :   

         4-3-7.1                                                     
                

      
           
           

                  2.0~2.1 / 3            
(      )         

          

       

          
        
                

                  

          

       

           
            
            

                      

                   

                           

                          45  

                                  

   4-3-7.1       N1-         

     4-3-7.2                                     
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(2)                                    

( )                           

1)                 

                                                               TP-1-    
TP-16-         N1-     ,   TP-4- , TP-14-    TP-15-         N2-             
                             :                                1.5                 
                                           :                      
                             4-3-7.3-      4-3-7.4-   : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14-TP-1

15-TP-14 

15-TP-15 

15-TP-16 

14-TP-4 
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TP-1 

TP-16TP-15TP-14 

TP-4
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[              ] 

a.                                         40    :  
b.                                              :  
c.                                           ,                      

                                      : 
d.                                           `                         , 

                                                                    
         :  

2)                        

                                                 (water replacement method) 

                                        :                           60     , 

               40    (  ´           4-3-7.2): 

 
3)                                 

 

 

 

 

 

 

 

 

 

 

      4-3-7.5                                    

Dry weight of extracted soil Weight of replaced water Dry density
(kg) (kg) (g/cm3)

TP-1 141.85 66.7 2.13
TP-4 164.45 79.7 2.06
TP-14 156.2 80.1 1.95
TP-15 203.6 108.3 1.88
TP-16 237.2 114.6 2.07

Average 2.02

Pit No.

        4-3-7.2                         

     4-3-7.6                                   

Poured Q Unit Q h r0 k k-mean

(cm3) minute second (cm3/sec) (cm) (cm) (cm/sec) (cm/sec)
1 31000 3 2 170.33 40 56 5.8×10-3
2 31000 3 5 167.57 40 56 5.7×10-3
3 31000 3 1 171.27 40 56 5.9×10-3

TP-15 1 12600 34 34 6.08 42 57.5 1.9×10-4 1.9×10-4
1 35750 63 0 9.46 55 60 2.2×10-4
2 3575 5 0 11.92 55 60 2.7×10-4

TP-16

Time passed

5.8×10-3

2.5×10-4

Pit No. Trial No.

TP-14
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4)                                                

                                                    ,                        
                                           : 

 

 

                                               ,                           

                                                              :           

                                                                            

                       :  

 

'tan
1

km

km
Fs  

 

Fs                         
m                      
m=tanα  α                               
k                   (                                                 ×1/100) 
φ’                       

    Fs=1.0   k=0.0                                                             

                                       , m=tanφ’，tanα=tanφ’        α=φ   

        :                                                               :     

        ,                                                                

       ,                           :  

α 
m 

1

Pit No. TP-1 TP-4 TP-14 TP-15 TP-16
Repose angle (°） 33, 35, 38 35, 41 36.8 40.1 41.2

         4-3-7.4                                          
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( )                  

 

[              ]  

a.                      .                                         
                                   5-7%-  :   

b.            .                             ,                              
               ,                                        : 

c.                    .                                        ,         
                                                    : 

d.                 .                       ,                          
5-10%                              ,            ,                  
                          n×10-3   / -   n×10-4   /              ,      
                            ,                                        
                   :  

e.                             91.6% - 93.7%                   
                                               «             ,         
          »: 

 

 

 

 

 

 

Field moisture Spe. gravity
Wf (%) (-37mm) Bulk density absorption (%) fine (%) sand (%) gravel (%) Dmax(t/m3) Wopt(%)

TP-1 5.97 2.69 2.34 1.87 5.00 23.26 71.74 1.95 11.0
TP-4 7.04 2.57 2.34 1.67 7.88 22.78 69.34 1.73 14.6
TP-14 9.50 2.59 2.25 2.52 10.20 24.98 64.82 1.77 16.0
TP-15 11.48 2.53 2.17 1.91 11.50 23.38 65.13 1.65 17.2
TP-16 7.81 2.64 2.35 1.68 6.87 23.99 69.14 1.95 12.7

pit No.
Spe. Gravity/absorption praticle size distribution Compaction test

         4-3-7.5                                                           
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         4-3-7.6                           

Value unit Value unit Value unit
①Total volume of the excavated material 80,100 cm3 108300 cm3 114600 cm3
②Total weight of the excavated material 156.2 kg 203.6 kg 237.2 kg

②×(100-65.25)/100 54.3 kg
②×(100-59.50)/100 82.5 kg
②×(100-61.48)/100 91.4 kg

④Weight of the fine portion (-37mm) ②－③ 101.9 kg 121.1 kg 145.8 kg
2.25

2.17
2.35

⑥Volume of the coarse portion ③／⑤×1000 24124 cm3 37999 cm3 38881 cm3
⑦Volume of the fine portion ①－⑥ 55976 cm3 70301 cm3 75719 cm3
⑧Wet density of the fine portion ④×1000／⑦ 1.82 g/cm3 1.72 g/cm3 1.93 g/cm3

9.5 %
11.48 %

7.81 %
⑩Dry density of the fine portion ⑧／（1+⑨/100) 1.66 g/cm3 1.55 g/cm3 1.79 g/cm3

1.77 g/cm3
1.65 g/cm3

1.95 g/cm3
⑫Compaction degree (relative density D) ⑩／⑪×100 93.9 % 93.7 % 91.6 %

⑪Max. dry density in the compaction test from laboratory test

TP-16

⑤Bulk density of the coarse portion

③Weight of the coarse portion (+37mm)

⑨Moisture content of the fine portion

from laboratory test

from laboratory test

Item Calculation formula
TP-14 TP-15
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