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2  350  3  - 2  400  53/0  78/0  10 - 5  160 - 140  

3  300  5/3  - 5/2  350  53/0  83/0  10 - 5  150 - 130  

4  250  5  - 2  300  53/0  88/0  5  - 5/2  145 - 130  
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                                                                     1/5/92                                
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C40   fcm = fc + 11  

 

4-4-4-5         

             
                  

             .  



         1/5/92 111  

:              .   
                

.                
        10    30        

           45     .  
                  

     2          .  
:                    

              :  
  1-               .  
  2-                

                
          .  

  3-               
     20±           

     5/0±  .  
  4-                  

            ASTM C192 
    .      28          

       .  
  5-                   

              .  
  6-                  

                



112  1/5/92      

4-4-4-4          4-4-3       
         .  

4-4-4-6        

:                  
         :  

  1-    30             
 4-4-4-4  .  

  2-          4-4 -3  .  
:        30        4-4-4-4  

            .  

 4 -4 -5      

4-4-5-1          

                  
  .                 
 .         .  

:                     
 28                 

        .         
              .  

:                     
  :  

  1-          30     150   .  



         1/5/92 113  

  2-                    
 100  .  

  3-         50  .  
:                      

      .  
:              .  
:   6        .  
:             30        

                 
       .  

4-4-5-2     -        

:                     
  :  

  1-                fc :  
X1,2,3  fc 

  2-         X  5/1    (    ) 
         

minX     4 
  (    ) :  

1/5+≥ cfX  

4−≥ cmin fX  
:                  

           4   ) 
  (  :  

cfX <     4−< cmin fX  



114  1/5/92      

:                     
 –2                  
                    

   4-4-6  .  
:                      

                  
       .  

4-4-5-3          

:                  
              .  

:           ASTM C31 .  
:                     

         .  
:                 

             85/0  
           4    (    ) 

  .            .  

4-4-5-4     

                  
              )    

4-4-5-1  4-4-5-3 (               
 .          .  



         1/5/92 115  

 4 -4 -6        

               4-4-5 
                     

       :  

4-4-6-1  

                  
                    

      .  

4-4-6-2  

     4-4-6-1             
                  

                 .  

4-4-6-3  

     4-4-6-1  4-4-6-2        
                   . 

              ASTM C42    
 .               

     4-4-5-2          .  

4-4-6-4  

               7      
16  27        60          



116  1/5/92      

 .                  
 40               .  

4-4-6-5  

                   
                85/0 

             75/0    . 
          .  

4-4-6-6  

     4-4-6-5            
                 

  .  

 4 -4 -7     

                 
     4-22 . 



         1/5/92 117  

 4-22        

               

1             
        

       
           

          

2       
      

     
        

     
          

   

3        
     

  
      

          
        

      

4         
    

     
  

           

5                     



118  1/5/92      

               

6        
         

       

1 -          
2 -        
3 -         

7           
        

      
       

8  
     

    
            4-4-5    

9  
     

     
               

10                             

11             
        

   
       

12                        



         1/5/92 119  

               

13         
     3 

4  9   10    
      

            

14  
      

        
    

        
  

      
1 -         
2 -          

   

15    

    
     

     
  

        

16                        

17      
       

       
              



120  1/5/92      

 4 -5       

 4 -5 -1    

                  
  .  

 4 -5 -2     

:                 .  
:             .  
:         3±  .  
:            4±     

.  
:                    

           .  
:                

           .  

 4 -5 -3       

:               .  
:          .  
:               .  
:                 .  



         1/5/92 121  

:                       
             ( )   .  

:                     
    .  

 4 -5 -4    

4-5-4-1  

                  
.              .  

4-5-4-2  

         ASTM C94      
          .  

4-5-4-3  

          :  
:             .  
:              .  
:                   .  
:       5/1             

           »   «   
       .  



122  1/5/92      

:                   
              4-5-4-2 

  .  
:                  

      :  
  1-          
  2-       
  3-            
  4-            
  5-          

4-5-4-4  

                    
          .  

 4 -5 -5    

4-5-5-1  

                     
     .  

4-5-5-2  

                  
            .  



         1/5/92 123  

4-5-5-3  

                 
      :  

:  33/0      
:  40/0       

 4 -5 -6    

4-5-6-1  

                     
  .  

4-5-6-2  

                   
    .  

4-5-6-3  

                   
                 

                 
               .  

4-5-6-4  

                     
    .  



124  1/5/92      

4-5-6-5  

                    
    .             

  .  

4-5-6-6  

            .  

4-5-6-7  

           .  

4-5-6-8  

                  
                    

  .  

4-5-6-9  

                   
     .             

 .  

4-5-6-10  

                    
   .  



         1/5/92 125  

 4 -5 -7     

4-5-7–1   

                 
   .              

             .       
             .       

        .  
:                   

                   
 .  

:                   
                  

       .  
:                 .  

4-5-7-2     

                   
   :  

:                    
       .  

:        )             (
              .  



126  1/5/92      

:                    
                  

.  

4-5-7-3     

             4-23  .   
                    

  5    .  

 4-23       

   
  

    
   

     

5  10  
  

  10  
  

   5  
25  

  

 1 2 3 5  
   4   3   

10
60
+T

   

  
6   4   

10
80
+T

      
  1  2  3 

 5   
  
   

   

   

  10   7   
10

140
+T

   

          

            :  
- : )         80          

(    
- :     )     50         

  (  



         1/5/92 127  

- :       .  
        T                

 .  
  

4-5-7-4      

        4 -4-5-3 .  

 4 -6       

 4 -6 -1       

4-6-1-1  

               .    
            .        

                  
   .               

              .  

4-6-1-2  

             5/2    
    3    .  



128  1/5/92      

4-6-1-3  

         32      ( )  15 
    ( )  .           

         .  

4-6-1-4  

                 
       .  

4-6-1-5  

          :  
:               .  
:          .  
:                   

                 
     .  

:          75 ( )    
:                  

   .  
:                     .  
:                  .  
:                      

     .  
:                 .  



         1/5/92 129  

:                      
.  

4-6-1-6  

         50     ( )  
           .  

4-6-1-7  

                 
      :  

:             .  
:             .  
:                    

   .  

4-6-1-8  

     4-5-7            
   .               

 .  

4-6-1-9  

      4-23      7   .  

 4 -6 -2            

                 
 )4-6-1      (:  



130  1/5/92      

4-6-2-1  

                 
          .  

4-6-2-2  

         2    1       
           .      

     .  

4-6-2-3  

       500    .     
   4-5   .            28  

           4-18  .  

4-6-2-5  

                 
 .  

4-6-2-6  

 )              (4/0 .  

4-6-2-7  

                   
   4-1  4-3   .  



         1/5/92 131  

4-6-2-8  

             5/2    
    3    .  

4-6-2-9  

                 
        .  

4-6-2-10  

                 
  4-2 -4   .          .  

4-6-2-11  

                   
 .  

4-6-2-12  

              (   ) 
      .  

4-6-2-13  

                   
         .  

4-6-2-14  

      4-9      .  



132  1/5/92      

4-6-2-15  

        4-6-1 -7  4-6-1-9  .  

 4 -6 -3       

4-6-3-1   

               :  
:          5    )  ( )  

    (           .  
:          10   ( )  .  

4-6-3-2    

:                   
                  

             .  
:                    

        .  
:                     

    .  
:                       

.  

4-6-3-3    

:        )  3          (
    .  



         1/5/92 133  

:                  .  
:              .       

                  
            .  

:          .            
  .         .  

:                5/2    
     3    .  

:                        
       .  

:                     
         .  

4-6-3-4      

:                  .  
   5/0                

 .  
:                    

     .           
      .  

:                  50  
 .  

:             4-14  .  



134  1/5/92      

4-6-3-5     

:                   
24           4-24 .  

:         8      ( )  4-24 
                .  

:         11      ( )   
         .  

4-6-3-6         

:                  .     
         .  

:                    
 .  



         1/5/92 135  

 4-24           ( )      
     

       

( )      

 
300  

300 
900  

900 
1800  

  
1800  

1  
      

  1-  16  13  10  7  

2  18-  1-  18  16  13  10  

3    18 -   21  18  16  13  

4  
     

   
    13  10  7  5  

5  
     

  24     
     

    28  22  17  11  

               20 -   ( )  
    .  

  

4-6-3-7      

:        24        5   .  
:                   :  

  1-        
  2-            
  3-         

:                .    
                   

 .  



136  1/5/92      

4-6-3-8      

             24    
   .               

    .              
 .  

 4 -7      

 4 -7 -1     

4-7-1-1   

                   
          .         

                    
  .  
                

   .           .  
                 
          :  

:      
                    . 

                .     
                  

               .  



         1/5/92 137  

                   
 .  

:      
                   .   

                   
       .             

                .     
                   

               .     
                   

   .              
                 

   .              
          .     

      .  
                    

         1   .  
  - 2     5  7           

 .  
    -  3   7    3  5    .  

                                                                                                           
1. Tendon 
2. Wire 
3. Strand 



138  1/5/92      

    - 1     12  40  .        
 .  

    - 2                    
      .  

4-7-1-2    

:    
                 . 

            .         
       .         

.  
:      

                  
         .         

         )       
ASTM   BS           (   . 

            .  
           T244       

   .           
             .  

                 
    .         :  

                                                                                                           
1. Bar 
2. Cable 



         1/5/92 139  

  1-     
          M204 .       

   10              
  M204    .           

  :  
           04/0      05/0   

.      160         
   4   .     )    

  1       2/0    (85   
  .  

       M204      1      
ASTM E328  .      1000     

  60       2±20      .  
    2   1000    70   

   5/2     80      5/3   

 
 .             90  

   .  
  2-     
          M203 .      20  

           .    
  175        250  190    

                                                                                                           
1. Relaxation 
2. Low Relaxation 



140  1/5/92      

    270 .          5/3 
  .             

 1   .  
  3-      
            M275 .     

  M275   :  
                      

100          .      105 
                

  20      4   .  
     )         7/0      

 2/0    (   I   85        II  
80      .  

           04/0      05/0   
.  

:    
                      

      .            
                   

   .            .  
:     

        BS4447 .  
:     



         1/5/92 141  

         I    .       45/0   
 .   7       10    24  

            170      
.                

               2  3  
    .            

      10   .  
        3     2         4  

.      18          100  
     100   .       24    

 .             
          .  

4-7-1-3           

                  
 .                   

   .               
                    

       .             
     .              

  .                  
               .   

         .        



142  1/5/92      

                .     
           .  

              5    . 
                    

                .  
             .       

                     .  
                    

       200    .      
                   . 

            .  

4-7-1-4      

                 
                .   

        5±            
  .                    

 .           .         
  .              .  

                 
 .                
.                  

           .  



         1/5/92 143  

4-7-1-5     

        :  
:       .          
:                    

           .        
:                    

               
     .             

          .        2 
                 

.       2    2   .  
:                   

       .          
   200       .  

4-7-1-6      

               .    
                   .   

                     
 .  

               . 
                 

                 
                 



144  1/5/92      

 .                 
 .               

               .    
                  

                  
                  

.              5      
  10         15   .  

                    
              .      

                    
  .  
               

   .            .  

4-7-1-7      

                  
  .                    

                 .  
                 .   

             .     
   .             

                  
                  



         1/5/92 145  

                   
       .  

         .           
                 

 .       
                  .  

     .               
 .                   

      100             
     .      30    

  .  
                   .

           .      
 .                   

                 .     
                  

    -                 
                 

           .          
                  . 

                 
    .           .   
        .        24     

      .           



146  1/5/92      

     .             
 .          4-7-1-8  .  

          .       
                 

                  
      .            

           .         
                 . 

         4-7-1-2  .         
    .          2  4      

              .  

4-7-1-8           

:    
             4-7-1-2  .  

               .  
         4-7-1-8      

.         .        
   .             
                   

      .  
                 .  

:        



         1/5/92 147  

                   
   .               

 .            .  
                      

  .  
                   

            .     
   .        5  10    

       .          
           .       2 

 .               
         .  

                   
         .  

:     
                    

 .                 
 .               

       .            
                  

         .         
     .  



148  1/5/92      

      .       24        
              .       

          .  
          48          

  5     .          
   .             

                
        3          

  .  

 4 -7 -2  1  

                    
     .             

                    .
             .       

                      
                   

  .                 
»   « »   «   .       4-25  

  .  

                                                                                                           
1. Shotcrete 



         1/5/92 149  

 4-25       

   
     

1  2  3  

 19 ) 
4
3 (  100      

 5/13 ) 
2
1 (  95 - 80  100    

 5/9 ) 
8
3 (  90 - 70  100  - 90  100  

 75/4   )4(  70 - 50  85 - 70  100  - 95  

 36/2   )8(  55 - 35  70 - 50  100  - 80  

 18/1   )16(  40 - 20  55 - 35  85 - 50  

 6/0   )30(  30 - 10  35 - 20  60 - 25  

 3/0   )50(  17 - 5  20 - 8  30 - 10  

 15/0   )100(  10 - 2  10 - 2  10 - 2  

  

4-7-2-1     

:                  .  
:                 .  
:                   

  ( )    .            
                  
             .  

4-7-2-2     

:     )            ( .  
:          .  



150  1/5/92      

:                     
       .  

:           .  
:                .  
:                .  

4-7-2-3    

               
           .         

   35/0  5/0   .      20   
     4 -25 .          

.               1  ( )
  .                

                  
  ( )                

         .         
      .            

           .       
        .  

            .  

                                                                                                           
1. Rebound 



         1/5/92 151  

 4 -7 -3       

4-7-3-1    

                 ( )     
   .  
:   ( )       

                .      
   350             . 

         45/0  .  
                  .    

        .  
       8       .    

 170  250   .  
:       

                    
      6/0  .   )      350  

400            (      
.                . 

        38        
.                

     .  
                      

.                  
          .  



152  1/5/92      

                     
      .  

4-7-3-2    

:                     
      .  

:                  1  5/1  
            .          

      .  
:                   .  
:                      

                 .     
      .  

:                  .  
:              .  

 4 -7 -4   1  

                  
                    . 

                     
       .          

              5  8     
        .  

                                                                                                           
1. Preplaced Aggregate Concrete 



         1/5/92 153  

      8  10          
 .                  

    .  
                   

    .              .  
                 

             .  
                 

     .                
                    

              .  
              .  

 4 -7 -5  1  

4-7-5-1   

               .    
            .  

4-7-5-2    

:                    
                 

         .          

                                                                                                           
1. Vacuum Dewatering Concrete 



154  1/5/92      

                
         .  

:                 
                     

               .     
             .  

           .          
              .  

             .  

 4 -8        

                 
       4-26 .  



         1/5/92 155  

 4 -9     

                   
            :  

 4 -9 -1   

                    
       .            

                   
        .  

 4 -9 -2     

                   
   :  

:                    
               .  

:                         
                 50   

            .  

 4 -9 -3   

                    
                 

.  
 



156  1/5/92      

 4-26        

               

1                         

2  
      

      
      

       
   

  

3               
1 -     
2 -          

4  
      

  

      
        
          

          

5           
1 -     
2 -        
3 -           



         1/5/92 157  

               

6     
      

       
          1  2      

7  
     

     
      

       
          1  2      

8  

      

             1  2      

9  
      

       
     

       
       

  

10     
     

     
   

         
    

11  
    ) 
 (      

           



158  1/5/92      

 4 -9 -4       

:                   
    4-2-4    .  

:                   
            .  

 4 -9 -5   

     ( )                  
                 

     .       4-3 -3-3   .  
                

          1 2  3   4-7 -1-2       
  .  

 4 -9 -6   

           4-4-5-1        
.  
:               .  
:            -   -             

   30            .  
:                     

 100                200   
    .  



         1/5/92 159  

:                    
             . 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



160  1/5/92      

  



5
  





        1/5/92  163  

 5 -1  

               
            .    

 5 -2  

  5-2-1   

                   
    .              .   
                   

          .          
    .           

          T2         
:           

:     )       T96 (      50 
.     

:            1   T103      
10 .     

:          ASTM C17     .  
   500 .        

                                                                                                           
1. Freezing and Thawing 



164  1/5/92       

                  
             .       

                 
                 .

    .     

 5 -2 -2   

                      
              .     

                  .     
    .               .

                      
.             .    

                      
                .   

  75             19     
                .   

            .       
          T32     :  

-    
-    
-     24       
-     5       
-    



        1/5/92  165  

-      
-     
-   
-     
-      

          5-1 :     

 5-1     

       5   
)   (      155  175  

     5 ( )      25  22  

    9/0  88/0  

  
  
  
 

                   
.     

 5 -2 -3    

                  
           .  a  b      

A  B   :                

∑≥ aA65.0           ∑≥ bB65.0  

 ساعت نگهداري در آب جوش ٥جذب آب پس از
 ساعت نگهداري در آب سرد ٢٤جذب آب پس از

=ضريب اشباع



166  1/5/92       

                   
.  

         19*30*39   19*20*39   

19*10*39      30 20  10         
     30  20     4      10  

  3   .           5/1±   
   3±   .  

         1:4     17/0  
    10          .   

  (      )             .
          5  5/7       

        .              
                .    

                    
.       

                    
                       

              .12   .   
               21    

                   .  
                    

   4  5                 
             21         .



        1/5/92  167  

    21       28            
.  

          70      
   (    )    40         

      60 .       

 5 -2 -4   

                   .
 .                    

              .     
     .     .          

:          5-2 .  

 5-2      

          
75/4  ) 4(  100  

36/2  ) 8(  100  - 95  

15/0  ) 100(   25  

075/0  ) 200(   10  

  
                13     

  5 -3   .      
         5 -3         

        5 -5  5-6 .        
:     



168  1/5/92       

          5-4   .  

 5-3      

   
       

      
75/4  ) 4(  100  100  

36/2  ) 8(  100  - 95  100  - 95  

18/1 )  16(  100  - 70  100  - 70  

6/0  ) 30(  75 - 40  75 - 40  

3/0  ) 50(  35 - 10  40 - 20  

15/0  ) 100(  15 - 2  25 - 10  

075/0  ) 20(   --  10 - 0  

  

 5-4       

        
      T113    1   

    T113    5/0   

   T21        

        T104    10   

   T176    60   

 1  M6   2 - 6/1   

   2  ASTM C91   65/0  

  

                                                                                                           
1. Finess Modulus 
2. Water Retention 



        1/5/92  169  

      T21    5-4          
       7         T71    95 

.   

 5 -2 -5   

                 
               .  

           .  ASTM C91  
.  

                 
           .         

.   

 5 -2 -6   

)      CO3Ca (          .
                    .

           .     CaO(OH)2  
     .               

                   
                  .   

      .             
)     CO2 (       .  

                 
           .           



170  1/5/92       

             .2     
                .   

              .     
           T218       

             T210   .    
         M216 .     

 5 -3        

 5 -3 -1     

                 
    .5-5                

   28            .   
                    

    T106          5       
.     

 5-5         

  
   

   
  
  

  
   

  
  

  
 28   

Kg/cm2  
I 1  3  360  94/0  258  220  

II 1  4  285  99/0  260  135  

III 1  5  225  00/1  262  75  

IV 1  6  200  033/1  265  40  

  



        1/5/92  171  

               .   
              .        

                    
.            

                  
                 .    

 .                   
    .      

 5 -3 -2  1  

                  
      .       300     100 

                  .
               5-6    

  .    

 5 -3 -3    

                  
                 
  .  5-5          .  

                                                                                                           
1. Bastard Mortar 



172  1/5/92       

 5 -4      

 5 -4 -1    

                   
               .     

_ 1  
_ 2  
_     3  
_    
_   
_ 4  

 5 -4 -2   

    5            
                 .     

                    
                 

    .  .             
.                 

                                                                                                           
1. Header 
2. Stretcher 
3. Throught 
4. Quoin 
5. Constraction 



        1/5/92  173  

                    
     .             

            5-2-1      
.     

                   
    5-2-1               

             .      
.        

                 
       .       .       

        .          
.        

                  
 .           .       

          .          
                  .    

           .        
.             .    

                  
 5                   

   .              
                 

                   .     



174  1/5/92       

                   
                 .  

                    
.    

                    
          .        

                   
.           

 5 -4 -3      

                 :  
1- .         
2-     .       
3-     .       
4-       .      
5-       .  

   5-6               
.                 



        1/5/92  175  

5-4-3-1      1  

                   
             .        

                    
.       

      15            .  
        .  40       

               50    .
          15   006/0   .  

                 .
                       

     .            .  
                  

            .          
  .                  

                      
     .          50      

                 15   
        .       .    
                   .

             .        
                   

                                                                                                           
1. Uncoursedl Rubble Masonary 



176  1/5/92       

 5-6           

 
 

    

   
  

   

   
)UR( 

    
)CR( 

   
)MTT (ABF 

   
)M.PI( 

  
)M.AP (FA 

1 
   

2    
 -- 

 -  -    
    

     

2 
   

  2  

  2     -  -  -       

  6     
  1  2 

    

   6      

3 

  
   
 

 *    
 -  -    

 -  -   

    

        

      



        1/5/92  177  

 
 

    

   
  

   

   
)UR( 

    
)CR( 

   
)MTT (ABF 

   
)M.PI( 

  
)M.AP (FA 

4  

- (  )   
-   

 -  -   
 -   

     

- (  )   
-    
-  ** 

     

-   
-   
-    
-  ** 

   
  1  2 

     

5    --     

   120     
      120   



178  1/5/92       

        .           
            .           

                  .
.      

        5/2         .
  4   .        .         

5-4-3-2       1  

                    
          .            

                     
             ( )    .4 

           .        
             5-4 -3-1     .  

              .         
               .      

                      
.    

 20                 .
   2                 .

  40  20           20       
  

                                                                                                           
1. Coursed Rubble Masonry 



        1/5/92  179  

           50     .      
.     

                    
  .        

                       .
50           2       15 

    .               
  .  

        .           
            .    

                 2  .  
          .        

              .    10  
.  

                    
             .          

.              
   .                

.             
  



180  1/5/92       

5-4-3-3         1  

                    
                    .

               2     
      15      8      .  

             15   .   
      15 .     

                 
   5 -4-3-1  .  

                    .
             .    18 

                
.           

                    
  5/1               .  

                  
    15 .    

                  
5-4-3-2 .    

                                                                                                           
1. Ashlar Block in Course Facing (M.TT) 
2. Hammer Dressed 



        1/5/92  181  

5-4-3-4     1  

                  15 
      .  10         .   

2         .   12 .     
                 

 5-4-3-1  .  
                   .

   2       .          
.                 

5-4-3-5       2  

                  
                     

.  
                   .  

  .                
                  .   

   .          .       
         2  3 .       

             10 .     

                                                                                                           
1. Moellon Pique Masonry, M.PI 
2. Fine Ashlar Masonry, (M.AP) 



182  1/5/92       

 5 -5    

 5 -5 -1   

           :  
:           )        

.(  
:             ) 1  2 .(       

     .        ( )     
             5-7  .    

                10 
              .    20 

  .          .  
       1          .   

            .        
     .      .      

      (   )          
         .    (  )      (  )

  .      
     20        .     

20 .     
                   

           .     

                                                                                                           
1. Abutments 



        1/5/92  183  

            .        
 .            .       

.                    
    30           .    

   5                .
  .                

                    .
   1  2          .      

  .  
:        1  2    .     

 5 -5 -2     

                 .
    1  8        1  8      

   4  5      2  7     3  6  
          .  

                   
         .          

           .     
                .  

                      
          .              

.      



184  1/5/92       

      2   3          
              .         

                  
    .            

 5 -5 -3    

   4  5           1  8  
 3-6  2-7         .          

                    .  
                    

         .            
    ( )    .         

      .                
    .        

                 
                   .  

                 .
 5  25             .20  

.    
                     

                      
                     

            .           
                 .  



        1/5/92  185  

          (   )      .  
                     .

          .        
         .     

 5 -6 1  

                     
              .  

       .         .  
  4    .               

                   5/1 
     .              

.        
                   

             .       
           .      

                    
    10  .         .     

           5 .        

                                                                                                           
1. Pointing 



186  1/5/92       

 5 -7      

                    
            .         

   .  
                 
              .     

          .        
.                 

                  
             .      

                     
                 .   

              .       4  5  
                .     
       .              

              .     
 .                    

     .                
     .            

        .           
   .                 

         .          
       .             



        1/5/92  187  

                   
           .        

                   
    5     72        .   

       .           
                  5  

                  
.                      

 5 -8     

            .          .
                  

.                 .    
           60        

.        .              
        .              

           .       .  
 .                    

       .           
.         

                  .
)                    .   (

                   . 
             .      



188  1/5/92       

                   
            .         

         3      .    
         5          

      .             .
          .     

     .             
                     

      .10        12 .     
         .          

.               



        1/5/92  189  

 

  بنايي با سنگ تمام تراش
Fine Ashlar Masonry (FA) 

Moellon Dappareil 

  بنايي با سنگ قواره
Uncoursed Rubble Masonry (UR) 

Moellon Brut 

  



190  1/5/92       

 

Stretcher 
Carreau 

Header 
Boutisse 



        1/5/92  191  

  
 بنايي با سنگ رگه كلنگي يا سرتراش
Ashlar Block in Course  

Moellon  



192  1/5/92       

 
  بنايي با سنگ نيم تراش

Moellon Pique 

 
  



6
    

     
  





                  1/5/92  195  

 6 -1   

                .  
                

.      
                

.        
                

                 
               .    

                   
             .      

 6 -2     

 6 -2 -1  

                    
 :  

:     
:           
:          
:                     
:                        

         



196  1/5/92       

 6 -2 -2  

                   :  
:      H  I  
:                       

      .     

 6 -2 -3  

                 :  
:                     .  
:                    

   .  
                  

  :  

 6 -3    

                 
                 .  

 6 -3 -1    

       ASTM D25       
     :  



                  1/5/92  197  

  
 -      -       -   

 12  30  50  20  
12  5/16  30  50  18  
17  5/22  33  50  18  
23  5/27  33  50  15  

  5/27  33  50  13  
              .    

                   
                  

                  
 .    

                  
1   25/1   .  

     2         1   %.  

 6 -3 -2       

        .         
     18    5     .      

    6 .     
          18    5   

.       
           3     .   

       3         5/7  15  30 



198  1/5/92       

    2      60        . 
      2/3    8/0       . 

    2300    .        
    6    9/0     .   

     75 %   .         
.                  

                
            .        

                 
         . .           

                 
     .           

 6 -3 -3     

        
2
1        .  

      2        5/2 .     
                   

.     
                    

  .          .       

 6 -3 -4     

                     
:    



                  1/5/92  199  

:                    
                    .  

       15             
  10            .       

                    .
 .  

:              60    %40  %
                     

                  .  
                  

          .  
            .  

 6 -4      

                  
          .  

 6 -4 -1    

             .   
        .              

        .             
                     

          5/2   .  



200  1/5/92       

         250     . 
      .            

                
 6-1  :  

 6-1          

         
        

400  350  300  250  
20  25  30  40         

20  30  40  50          

50  60   --   --         

  
                

        .  
                 

          .       60  
                      

    .              
              .    

DIN 4100        .        
.          

               . 
                

 .            



                  1/5/92  201  

                 .    
   .         24 .     

     7       
3
2   28    

       .            
            24 .        

 .            
                    

       .             
         20      .    

                .    
              .    

                .    
                  .  

                     
 .       

                   
     .        28       

.  
                   

                  
      .           

                 42 
    5/1           .    



202  1/5/92       

             5       
 5       .          
           1 .    

          36     8   
  8/1      42    .        

         .          
              .    

 6 -4 -2      

                     
                     

 .                   
.           

        .        
                 

       .      1360 ) 3000   (
       3             .  

     3   .             
                       

          .          
         .          

                   
  .               



                  1/5/92  203  

                    
  .  

              2     
     .    

                  
         .          

   .                 
                 

   .      
                    

           .      
                   

 .      .       
                    

 .              
.                    

                  
  .                

.       
                  

.    
                  

.  



204  1/5/92       

                   
                    

          .  
.                    

                 
                  

.     
                

                  
  .    

                  
     .        .       

 .          
                 

                    
     .             

       3  20   .     

 6 -4 -3    1  

)                 (
         .          

      6/3 ) 12  (          
                  

                                                                                                           
1. Bearing Value and Penetration 



                  1/5/92  205  

      .            
.      

                 
       .              

             45  .  
         :  

1-  .           

1+
=

S
ZWLρ  

2-               . 

1.0+
=

S
ZEρ  

:     
ρ=        .    

W=       
L=        
S=                   .  

      1             
        2     .    

E=          -         .  

                                                                                                           
1. Rebound 
2. Driving Block 



206  1/5/92       

 6 -4 -4     

                   
  .        .         

       .           
    .                 

               .    
  .       

 6 -4 -5    

                  
      :         

:        :  
                50   

              .   
         45            

   .             
                    

    .             
           .       

       .           
        .  28     .     

               .  
                   

  .     



                  1/5/92  207  

:     :  
                        

                 .   
.           

       .             
                    

.                

 6 -4 -6    

              
     .          

 6 -5    

                     
      .  

 6 -5 -1   

             .        
   H                   

    .          H       
.        

    H      366       .  
      H             

                    



208  1/5/92       

    .        ASTM A36    
.         

                 
.         

 6 -5 -2   

                 
       .               

   .                  
.         

                 
        .           

.         

 6 -6       

                   
                     

   .  

 6 -6 -1    

          .  
:  .          
:  .                    



                  1/5/92  209  

 6 -6 -2   

              
                     

:                   
:           .  
:         .  
:                      

.  
:            .  

                 
            .     70  100 

      .          .  
               .    

               .     
 .               

                  
.                 

 .  
                    

                     
      .               

              .     
             .    



210  1/5/92       

                    
                  

              .    
                   

                 
        .         

                 
               .    

  .     .       

 6 -6 -3     

   ( )                
               .       
            2 .      

                  
       .             

                    
.              400      

                   
.      
       150  1  .       

       .            
       .   .  

                                                                                                           
1. Slump 



                  1/5/92  211  

                    
                  

     .              
               .     

          6    .     
                    

                  .    
.      

           .        
         5/1   3           

   5/7   30   .          
.       

                  
         .  

            7      
                .   

        7  .    

 6 -6 -4      

         ASTM A36         
                  .    

         .         



212  1/5/92       

                    
1 .  

     2               
                

 D 1.1  AWS .            

 6 -6 -5       

                    
                  .  

                      
             .        

                 .   
                   

          .          
               .  

                 .  

 6 -6 -6   

                    
                    

   .         .      

                                                                                                           
1. Tapered 
2. Mandrel 



                  1/5/92  213  

 6 -6 -7    

               
.               

 6 -7       

                
   .  

               
.          

                 
  .           

                   
    .            

    .               
  01/0     3    .      
                  

 .            .  
                 

        .        
    15     5         .   

            2 4 8 15   
.                 

                   



214  1/5/92       

           .       
        15   .         

       .           
 5/0 1 2 4 8 15  30         30   .    

24        .  
                 

  .               
               

           .       
                  

           .  .    
       .         

 6 -8     

 6 -8 -1  

                
           .    

 6 -8 -2  

               
        .  



                  1/5/92  215  

 6 -9     

 6 -9 -1   

                  
                    

.         
:        

6-9-1-1  

                  
     (  )           

    .  

6-9-1-2  

                    
        .  

          .     

 6 -9 -2    

                   
  .                

    .             
  25      15  .  

           :    
d = 2L 



216  1/5/92       

   d     L      .  
     10       20=10*2 .     

                    
     .     

            .       
             3   .     

         2      10     
                .    

                     
      .            

                    
       .              

   .       

 6 -9 -3    

                   
                     

 .                 
    )          ( .  

             )      ( .  
                   
           .          

                     
      .               



                  1/5/92  217  

          .           
.    

                 
  .        

 6 -9 -4        

       5/1  5/2           
                   

                .  
              I 14  I 40   . 

      3  .              
       5  10   .       
    .                  

.     
              .   

                    
       .           

                  
 .     

 6 -9 -5     

                   
 450      .  



218  1/5/92       

               
   12   .            
     40 .     
   50     15       20    .  

       :      
:           
:                
:          
:         
:                 

           5/1           
                    

                      .
          10 .         

  5  ).           6-1(  
             .   

     5      15           
  5     .  

                   
  .       



                  1/5/92  219  

 6 -1  

 6 -9 -6         

                    
       5/1              

                     
                    

  .                
               .  

 6 -9 -7        

         :  

6-9-7-1  

           .      5  
 ) 6-2(.                 

  .           
  



220  1/5/92       

  
 6 -2  

6-9-7-2  

  1  3  5   . . .        
4
3       .

        .        2  4    
6  . . .       ).6-3(  

  

  
 6 -3  



                  1/5/92  221  

               .      
                      
           .  

6-9-7-3  

      5/1              
        . )6-4(  

  

  
 6 -4  

 6 -9 -8       

                    5/1  
                15  20  

         1            
           .        
  .                   

                                                                                                           
1. Thixotrope 



222  1/5/92       

           .     5/2  6  
  .          .        

                 .   
         .  

      300         350 
    .  

      .               
                      

          .           
  .                

                   
           .         

              .     
              5    

           10   .  

1  

  
 6 -5  

                                                                                                           
1. Foundation 



                  1/5/92  223  

 6 -9 -9    

                 
                 .     

                .   
                   

   .             

6-9-9-1  

                   
.           

6-9-9-2  

                    
       .  

6-9-9-3  

            .    
 6-6                 A   

            B         B  
                 C   D 

               .       
       .     

  



224  1/5/92       

  
 6 -6  

6-9-9-4  

             .    
                    
          .  



                  1/5/92  225  

                   
         )6 -7(.  

          .  
:                      

                   
) h   ( )    hf          (

hf:h   )  6-7(.    hf            
  h         .  

:                      
              h:hf  .   
      ) 6-8(.  

  A B C D  M            .  
  

  
 6 -7  



226  1/5/92       

  
 6 -8  

  

  
 6 -9  



                  1/5/92  227  

:                         
                   

  30     )6 -9(.  

6-9-9-5  

                  
.           

6-9-9-6  

       .             

 6 -9 -10     

                   
           .       

   .  
                    

    .               
.       

    (     )   5  10      
   .    

      10  20          
        20          

    .  
                   

                     



228  1/5/92       

     .              
.    

 6 -9 -11   

                   
                      

              .        
                    

.     

6-9-11 -1    

    52      )         .  (
       220           10  

.                 2  
.    

6-9-11 -2    

             4/0  6/0    .
                   

     .            
 .  

6-9-11 -3        

             :  
:         .  



                  1/5/92  229  

:                   .  
:                      

    .  
               .     

                    .
                    

                  .   
                .   

      .            

6-9-11 -4    

             .       
                    

         .     
         .          

6-9-11 -5     

    70  140       .      
   .                  

                    .  
                   

        .          
              .        

                     
        .          5  20 



230  1/5/92       

 .          .         
   2/1                   .

   .              

 6 -9 -12    

                  
              .  

            6-4-2    .  

 6 -10     

                
                  

.        

  



7
     

         
   





                         1/5/92  233  

 7 -1   

                  
      .              

                  

                   
.    

              .   
.             

 7 -1 -1    

7 -1 -1-1  

                   
            .      

7-1-1-2  

                   
                   

                    
.              



234  1/5/92      

 7 -1 -2       

                   
                

  7-1-3 7-3  7-4-2 .    

 7-1-3   

                      
.            

               ( )  
                  .

       .          
    7-1   .  

   .             

 7 -2   

                  
              .      

               
.          



                         1/5/92  235  

 7 -3    

 7 -3 -1    

                   
.           

   7 -3-2      

7-3-2-1    

:             
:        
:      
:             
:           
:          
:        
:            

7-3-2-2    

:          
:      
:       
:        



236  1/5/92      

 7-1       

    

1     

           
6    3    

 5/7      

 
           

   

6    6   

 12     

2 
        

  

 
              

 

6    3    

9         

 19     

 
            

    

6    6   

 12     

3 
         

      

   12  

     12  

    25  

4              6±  

5              6  



                    1/5/92  237  

    

        12  

6   

 
   12  

   50  

       

       
       50 

  

  
       5  

         

7   

     
  3±  

  6±  

     
  5/1±  

  3±  



238  1/5/92      

7-3-2-3    

:       
:         
:           
:               
:             
:           
:           
:          

 7 -4   

 7 -4 -1   

7-4-1-1  

         3:2 )2  / 3  (     .  
         1:1 .    

7-4-1-2  

        )         
.     (  



                         1/5/92  239  

7-4-1-3  

        (    )        
.    

7-4-1-4  

                     
          .          

  .         

7-4-1-5  

                  
         .      

7-4-1-6  

                 
.       

7-4-1-7  

           7-4 -1-8     
            .       

7-4-1-8  

                   
                       

  .    .                 



240  1/5/92      

7-4-1-9  

                
.           

 7 -4 -2      

                   
.                

 7 -4 -3    

7-4-3-1   

:                     
  .      

:                       
.         

:                     
                  

 .      
:                   

    .    

7-4-3-2     

:                    
 7-2            .      



                         1/5/92  241  

:                 7-2     
.         

             (    )  
                 

                 
.             

 7-2        

                                              
                                         

(  )      
24    16  8  0  

( )    9  12  18  30  

  
(  )    3  4  6  10  

(  )    7  10  15  25  

  
(  )    7  10  15  25  

(  )    10  14  21  36  

 :           
- .                      

-                       
.        

-                       
.   

-                     
.           

-            )         
           (           

.    

-                      
.    



242  1/5/92      

7-4-3-3       

:                    
                  

      .      
:                     

                    
                   

                  
.    

:                   
            .     

                      
                    

.  
:                  

                   .  
                    

.                  
:                      

 )                   
       .(           

                  
      .      



                         1/5/92  243  

 7 -5          

                 
.   

 7 -6           

                 
            .      

 7 -6 -1      

                    
                    

          .          
                  

          .  

  7-6-2    

                  .   
                

                
                  .    

                
         .          .

            .    



244  1/5/92      

                
.  

  7-6-3    

                 
   .             )    

  (                  
             .      

                   
          .       

                       
     .     

 7 -6 -4       

     .          

 7 -6 -5        

7-6-5-1   

                  .  

7-6-5-2   

                   
       .         



                         1/5/92  245  

                    
.                    

          .       

7-6-5-3   

           7 -1 .    

7-6-5-4     

                   
       .             

       .  
         .           

7-6-5-5          

                  
                    

         .          
       .             

                   
       .  

7-6-5-6    

                   
        .           



246  1/5/92      

                
.      

                  
.           

          .     
                  

    .     
                   
     .         

 7 -6 -6        

                    
                      

   .  
            .         

                    
.             

                    
.           

                     
.     

                   
      .              



                         1/5/92  247  

                    
  .     

 7 -7          

 7 -7 -1  

                     
                   7-7-2   

.    
     .                

      .          

 7 -7 -2  

                  
                  

.     

 7 -7 -3  

                    
.          

 7 -7 -4  

               7-7-1   
       7-7 .    



248  1/5/92      

 7 -7 -5  

                  
                 

.       

 7 -7 -6  

                   
                   

         .           
              .      

 7 -7 -7  

                  
                  .   

             3          
.     

 7 -7 -8  

                   
  3                  

        .             
.    

                .   
.           



                         1/5/92  249  

 7 -7 -9  

                    
.             

7-7-9-1  

     
3
1 .         

7-7-9-2  

             3 .         

 7 -8    

 7 -8 -1  

.               

 7 -8 -2  

       .           
           .           

.                    

 7 -8 -3  

              .      



250  1/5/92      

 7 -8 -4  

                  
              .    

    .       

 7 -8 -5  

                  
.     

 7 -8 -6  

                   
.    

 7 -8 -7  

               
                  .

.      

 7 -8 -8  

.             

 7 -8 -9  

           .        
                    

      .7-8 -4 .    



                         1/5/92  251  

 7 -8 -10  

                   
 .    

 7 -8 -11  

                      
.        

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



252  1/5/92      

  
  
 
  



8
    





         1/5/92  255 

 8 -1  

               
                 

         .          
   .               

 8 -2    

                  
      (  )             

        .               .  
  .  

 8 -3  

  )               
    5/0   (            .

.            
        40             
   .                 

                      
.    



256  1/5/92      

 8 -4   

           025/0     
  .          .        

                  .      
.        

 8 -5   

               
.     

       :  

 8 -5 -1    

                  .
                     

              .        
.                  

              .     

 8 -5 -2    

                
 .  



         1/5/92  257 

 8 -5 -3     

           15      4    
         .     

 8 -5 -4     

             15     
      .     

 8 -5 -5   

                  
      .  

:            
:           .  
:                   

  .  
:                     

  .  

 8 -5 -6     1  

              
                 .

                .    

                                                                                                           
1. Geosynthetic 



258  1/5/92      

                   
   .               

                  ASTM 
              .   

.          

 8 -6         

               
.                    

     20            
.          

 8 -7       ( )   

                  
                    

          .      

 8 -7 -1        

                 
.    



         1/5/92  259 

8-7-1-1      

          BS443        
 .     3          100*80     

120*100 .         .    

8-7-1-2    

                   
  .       .       

 8 -7 -2     

            .  

8-7-2-1      

                 
  .  

8-7-2-2     

                   
             .       

  .  

8-7-2-3      

               .      



260  1/5/92      

 8 -7 -3     

                   
 :  
:          
:              
:         
:         
:         
:          

                 .  
                  

.             . 

 



9
  





       1/5/92  263  

 9 -1   

                    
                   

.        

 9 -2    

                     
        .          

 9 -2 -1    

:                     
                  

.    
:                  

.    
:                      

.      
:                      

    80 .       
:            .       
:                      

                 
.    



264  1/5/92      

:                 
.    

:           .         

 9 -2 -2       

                  10  
        .              10 

     .                
   5/1 .                 

 9 -3    

             (  )    
          .         

                    
                   

.      

 9 -4      

                
    .                

                    .
      .                



       1/5/92  265  

 9 -5         

                   
                  .

.   

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



266  1/5/92      

  
  
  
  



10
    

     
      





       -   -        1/5/92 269  

 10-1   

                 
.          

 10-2    

 10-2-1  1  

           .       
                 

 )   ISO DIN ASTM  AASHTO .     (
       10-1  10-2 .     

          3694    
      )3277 1791 13779 13781 13968-12  

4477-12(       .    
                .   

      .            
         .      

                                                                                                           
1. Steel Structures 



270  1/5/92       

 10-1   -    

)  Fu  (N/mm² 

  ) mm( 

)   Fy  (N/mm² 

  ) mm(  
    

>150
250  

>100
150  

>3
100  <3  >200 

250  
>150

200  
>100

150  
>80
100  

>63
80  

>40
63  

>16 
40  

>0 
16  DIN17100  EN10027-1   3694  

-  -  340-
470  

360-
510  -  -  -  -  -  -  225  235  St 37-2  S235JR 

235-2  3  340-
470  

340-
470  

340-
470  

360-
510  175  185  195  215  215  215  225  235  St 37-3U  S235J0  

320-
470  

340-
470  

340-
510  

360-
510  175  185  195  215  215  215  225  235  St 37-3N  S235G3  

380-
540  

400-
540  

410-
560  

430-
580  205  215  225  235  245  255  265  275  

St 44-2  S275JR  
275-2  3  St 44-3U  S275J0  

St 44-3N  S275J2G3  
450-
630  

470-
630  

490-
630  

510-
680  275  285  295  315  325  335  345  355  St 52-3U  S355J0  355- 2  3  

  
  
  
  
  

                           1/5/92                                                                                  



       -   -        1/5/92 271  
  

 10-2   -       ( )  

    L0=80mm 

  ) mm(  
    

>150 
250  

>100 
150  

>63 
100  

>40 
63  

>3 
40  

   
DIN17100  EN10027-1 

  
3694  

21  22  24  25  26   St 37-2  S235JR 

235-2  3             St 37-3U  S235J0  
21  22  22  23  24   St 37-3N  S235G3  
17  18  20  21  22   St 44-2  S275JR  

275-2  3             St 44-3U  S275J0  
17  18  18  19  20   St 44-3N  S275J2G3  
17  18  20  21  22   St 52-3U  S355J0  

355- 2  3  
17  18  18  19  20   St 52-3N  S355J2G3  

1/5/92                                                                                                            271  



272  1/5/92       

 10-2-2   - 1  

     DIN 1681     .       

 10-2-3         

                  .
       .        

                  
       .           

   .            
         10-3     

    10-4   .  
  
  
  
  
  
  
  
  
  
  

                                                                                                           
1. Hard Steel - Cast Iron 



       -   -        1/5/92 273  

 10-3       

              
Fu(N/mm²) Fy(N/mm²)ASTMDIN

330  205    UST36 

  
370  225    UST38 

  190  A502 , Gr1   

  260  A502 , Gr1   

400  240    6/4  

   500  300    6/5  

420    A307   

800  640    8/8  

   

1000  900    9/10  

825 , (d 25mm) 640+  - 590•  
A325   

725 , (d<25mm) 560+ – 510•  

1000  900+  - 825•  A490   

   +50/0              •    

 10-4     

          
Fu(N/mm²)Fy(N/mm²)

400  320  
DIN 32 500 Part 1,  

 4.8  1  

450  350  DIN 32 500 Part 3,
ST37-3 

2  

360  
240  DIN 17 100  (ST37-2,3)

d<40 3  
215  40<d<80 

510  
360  DIN 17 100  (ST52-3)

d<40 4  
325  40<d<80 



274  1/5/92       

 10-2-4        

10 -2 -4 -1   1  

               
 .                  

                   
               

   .     
                  

              .  
                   

 .               

         .  

10 -2 -4 -2      

              .      
         .         

                  
      .                 

         .         
     .                  

  .    

                                                                                                           
1. Workshop Drawings 



       -   -        1/5/92 275  

10 -2 -4 -3         

                
    .          650    

     .        600    
  .     

10 -2 -4 -4          

                  
.                     

     .               
                   

 .                    -

 .                 .   
       )    10-2-4-5     (

.       

10 -2 -4 -5     

               
    :      
:     20  24  228  264          
:       1    2 :      

  -       AWS B1.11  

                                                                                                           
1. American Welding Society, AWS 
2. Nondestructive Testing 



276  1/5/92       

  -      1  2  3  4   
AWS D1.1         

  -       AWS D1.5  
:      ASTM  03-03  1999         

   
:               

  
           :  

1 -                 

                 

       " "       

    .        

.             
2-                

 (  )            

                   

     .  
3 –          )      (  

. 

4 –              

                

                                                                                                           
1. Liquid Penetrant 
2. Magnetic Particles 
3. Ultrasonic 
4. Radiographic 



       -   -        1/5/92 277  

 10                 

           5    . 

5 –                 .  
6 –                   

        .        

    . 

7 –                    

       . 

8 –                2  

 . 

9 –                   

 )     10-5.   ( 

10-                . -

                 

.  
  
  
  
  
  
  
  
  
  



278  1/5/92       

 10-5         

       

  
    

   

  

  
  

  
  
  
  
  

     
  

  

  
  
  
  
  

    
     

  

  
  
  
  

    
     

  

  
  
  

   
    

  

  
  



       -   -        1/5/92 279  

 10-5      ( )    

       

     
    

    
.    

  

  
  
  
  
  

   
     

      

  
  
  
  
  

   
    

     

  
  
  
  

    

  

  

  
  
  
  

   
  

  

  
  



280  1/5/92       

10 -2 -4 -6             

                  
                .    

.                    
                

) 10-3 (  .  .            
                    .

                  .
                  .

   .  
                  
        .        

 .                  

 .  
                 

                     
      .    (    )     

            .     
   (     ))          10-7   (

                  .   
       .  

  
  



       -   -        1/5/92 281  

 10-6          

  (L)          

L 4D  
3
1  

4D<L 8D 
2

1  

8D<L 12D 
3

2  

D  =  

     (  )           .
          .           

.         

     

               

               . 

                

  .              . 

                  

     . 

      (  )    264    -

.  

10 -2 -4 -7    

                 

    .              

           .       



282  1/5/92       

                   
          . 

      50        .    -

       .          . 

                  

   .  

 10-2-5         

       :          

10 -2 -5 -1      

:        
:               .  
:           1  .  
:     .           
:               .  
:           5/1 .     
:       8/0  .       18000 - 16000 

         .      
:                      

.  
:                    

     .       

                                                                                                           
1. Sand Blast 



       -   -        1/5/92 283  

:                     
.    

:                .     

10 -2 -5 -2      

            .        
       SSPC1         

:     
:                   

               .    
:     .                
:              .     

.        
:  .           
:  .                 
:          .        

                        :
 5 .       

                     :
          .      

                 
  .  

                                                                                                           
1. Structural Steel Painting Council 



284  1/5/92       

    :              
)10-8 ( .  

                    : 
  20 .        

   :                 
.     

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



       -   -        1/5/92 285  

 10-7            

 
  

 
 
 
  

     

      
   

    
      

     
  

  Sa 2 
40    

 (     )  
40        
40     

40        
40      
40     

  Sa 2.5  
40         40        

40      
40     

60        
60      
60       

 
  
  

Sa 3  
40        
40     

60        
60      
60       

         
   

: 

1(             50(   ) % 

2(            80) %(    

3(              80       % 
(   ) 

4(                  
. 

5(     Sa2 :              
                     

      .               
 .    

6(     Sa2.5       :       
                     

               .       
        .        

7(     Sa3        :        
    . 



286  1/5/92       

 10-2-6     

               .  

10 -2 -6 -1    

  10         3  1     
   .  

:              )  10-1 ( 
    )   10-2 (.         

      1014 .     
:       180     2a   St 37    3a  

 St 44 , St 52 ) a         (     
  1016   .           .   

                -

.  
:        (   )          

)  10-8.    (  
:                 

)            10-9)  (10-10 (
.     

  
  
  
  

                                                                                                           
1. Random Sampling 



       -   -        1/5/92 287  

 10-8       

( )   
   

 
  

 
  >100 >63

100 
>16

63 
>10 

16 

  
  

-  -  27  +20 U,N 

St 37- 2,3  

-  -  27  +20 U,N 

-  27  27  +20 U,N 

23  27  27  0 U 

23  27  27  -20 N 

  
  

-  28  27  +20 U,N 

St 44- 2,3  23  27  27  0 U 

23  27  27  -20 N 

  
  

23  27  27  0 U 
St 52-3  

23  27  27  -20N

  :  
U =.                           N= .                   
  
  
  
  
  
  
  
  
  
  
  



288  1/5/92       

 10-9        

 
 
 

)21(  

 
 
 

 
 
 

 
 

 

 
 
 

      
        

>40 (3) >16 
40 16 

0.011 0.0550.055-  1.50 -  0.25 0.21 St 37- 2  
0.011 0.0500.050-  1.50 0.19 0.19 0.19 St 37- 3U  

-  0.0450.045-  1.50 0.19 0.19 0.19 St 37- 3N  
0.011 0.0550.055-  1.60 0.25 0.24 0.24 St 44- 2  
0.011 0.0500.050-  1.60 0.21(4) 0.21 0.21 St 44- 3U  

-  0.0450.045-  1.60 0.21(4) 0.21 0.21 St 44- 3N  
0.011 0.0500.0500.601.700.24 (5)0.230.23 St 52-3U  

-  0.0450.0450.601.700.24(5)0.230.23 St 52-3N  
1 -                001/0     

 005/0         .   012/0 .    

2 -         02/0             
       . 

3 -        100       . 

4 -      150     2/0 .    

5 -      30           22/0  . 

 10-10      

 )   (  
   >150

250 
>40
150 40 

-  -  0.35 St 37- 2  
0.400.380.35  St 37- 3U  
0.400.380.35St 37- 3N  
0.440.420.40St 44- 2  
0.440.420.40St 44- 3U  
0.440.420.40St 44- 3N  
0.490.470.45St 52-3U  
0.490.470.45St 52-3N  



       -   -        1/5/92 289  

10 -2 -6 -2    

          :  
:             100    

  
:         

)          10-11.     (  
                

    . 

 10-11         

          

100         

100           

 
6

1         

    

50             
         

    

20            

 10-3    

            .      
                   

 .                   .  
          .             

  .              



290  1/5/92       

 10-4   

                .
              .        
               .    

     )R 90/15  R 85/25 (      70-60     
   .                 

       .    .          
     .              

                   .
           .      

           .         
          .      10  

.     

 10-5   

                 .   
     .                

          .        
.    

  



11
     





          1/5/92  293  

 11-1   
1                 

                     
            .  

 11-2       

            :  

 11-2-1   2  

                  
                  .

                     
        .         

            .  

 11-2-2   3  

                
         11-1       :  

:  .    
:  .             

                                                                                                           
1. Drainage 
2. Surface Drainage 
3. Subsurface Drainage 



294  1/5/92       

:           1       
.    

 11-3       

 11-3-1   

:                  
                 

.                  
:                    

         .         
                

.          
:                   

              .      
                

                    
.                

:                  
                    

             .    
                 

                                                                                                           
1. Seepage Surface 



          1/5/92  295  

             .  
        .         

:                    
.         

 11-3-2    

:          (   )     
             .      

   .                
            .      

   (   )   35/0     2/0 .    
:                   

      .  3             
       30        .   3   

         3 .      
:                    

                 
                 .  

                    
     .  

                   
             .  

:                  
 .            .      



296  1/5/92       

                    
                  

  50        .          
.            

 11-3-3      1  

       ( )           
                     

                       
        .             

                  
          .         

                    
     .    

 11-3-4        

                  
                   

                     
.            

                                                                                                           
1. Median 



          1/5/92  297  

 11-3-5     

                   
                     

.    

 11-3-6      

                  
    .               

                  
  .               

.     

 11-3-7        

                      
       .     

               M170-86 )    
  ( M86-87 )     .          (

         60           60   
    .  
                5/1  .   

     .                
  .                  

                         
    .                   



298  1/5/92       

         350     .       
                 

         .           
 .                    

  28      28    .     

 11-3-8      

         ( )           .
                    .  

        .          
.         

 11-3-9         

                    
       :         

:          M206-89 

:           M 207M-89  
:        1  M218  

                    
.                

                                                                                                           
1. Corrugated 



          1/5/92  299  

 11-3-10         

:                      
 .                   

 .                      
             .       

                     
  .           

:                   
      .            

   98     T180  D .    
:              15       

 .     (     )           
:                    

                     
       .               

.    

  11 -3-11     

:                        
       .             

    .        1        
     .                

                                                                                                           
1. Open Joint 



300  1/5/92       

                     
.             

:                   
                     

.      
:                   

               .        
                     

        .            .  
.       

 11-3-12         

                     
    .               

        15             
        (  )           

     .                
     .     

       T180  D  95      
.           

                   
        .               

                    
             .       



          1/5/92  301  

 11-3-13      

                 
                       .

 .           .           
             .         

                   
.    

 11-4      

                 
          (     )    1    

                    .  
                

.         

 11-4-1       

:                 
          .           

:                   
            .          

            .         

                                                                                                           
1. Geotextile 



302  1/5/92       

:                    
                     

              
                   .

        .           
        .          

 11-4-2         

:            2/1         
                    

  1              .  
 .       

:                   
                  

.         
:                     

      2             
  .                   

           .        
    .      

 11-4-3       

             :  
                                                                                                           
1. Drain Material 
2. Perch Water  



          1/5/92  303  

:                      
                     

     1               
.                  

:                     
                  

 2/1 .               
:           (      )     

                
                10 

      (      )        
    .      

              11-5    
          2       

              .   
             3      

                   
            2       5/7 

       .         
   11-1 .      

                                                                                                           
1. Interception Drain 
2. Drain Rock 
3. One – Size Grade 



304  1/5/92       

:                     
              .      

               .   
      .     30  40         

.    
:                     

               .    
    .                  

 11 -1           

  
      

 1   2   3   4  

19  - 
4
3   100  100  100   --  

5/12  - 
2
1   45  60  65  100  

5/9   - 
8
3    --   --   --   --  

75/4   4  5  10  15  50  

18/1   16  0  0  0  0  

       2  2  2  2  

 /       2470 - 2000  1250 - 975  1310 - 1100  1070 - 790  

 :            35         
   .  

 11-5     

                
   :            



          1/5/92  305  

:    .              
:     .                
:     .         
:                     

 .      
          :     

-   1 

-   2 

-         3 

.                

 11-5-1     

   :           
:                      
:     (     )          

         
:                

                  
        -         

            .        
                   

.    
                                                                                                           
1. Aggregates 
2. Geotextiles 
3. Underdrain – Pipes and Collectors 



306  1/5/92       

 11-5-2    )(  

                     
                  

                    
         .  

                   
                   

  .    
                 

           .         
                     

                  
                    
     .     

                   
 .                 

                  
        .           

            .       
                  
 .      

                
   22-4 .     



          1/5/92  307  

 11-5-3      

                     
               .  

                   
   .                  

                      
                   .  

                  
 .                   

                    
.       

 :                
        M 36-90  

       M 65-89  
     M 175-89  

     M 176-87  
    M 178-87  
    M 179-84  

     M 196-90  
    M 197-88  

       M 252-90  
  .              



308  1/5/92       

 11-6       

                    
                     

                  .     
       .             

F    B    D10 D15 D50 D60 D85        
      10  85        .  

 11-6-1 

              4
15

15 >
BD
FD    

 .         

 11-6-2 

     :            

5
85

15 ≤
BD
FD  

25
50

50 ≤
BD
FD  

20
15

15 ≤
BD
FD  

 11-6-3 

        5.1
10

60 <=
D
DCU

1  
BD
FD

85

15    

11-6-2      6 .    

                                                                                                           
1. Coefficient of Uniformity 



          1/5/92  309  

 11-6-4 

        4
10

60 >=
D
DCU

  
BD
FD

15

15  11-6-2  

 11-6-3      40  .  

 11-6-5 

             :        

2.1
                                    

4.1 85 ≥≥
FD  

1
                                      

2.1 85 ≥≥
FD  

 11-6-6 

            1      75 
 .  

 11-6-7 

               5     
     200 .    

 11-6-8 

                 
11-6-5 :     

: FD853

1
=      

                                                                                                           
1. Segregation 

  قطر سوراخهاي لوله زهكش

  عرض شكاف لوله زهكش



310  1/5/92       

:   
BD
FD

50

50=Α     )           

   (  11-2 .    

  11 -2   A          

      A  
    5/9  
     5/13  

     5/13  
      5/19  

  

 11-6-9 

      11-6-1  11-6-8       
             .         

    .             
             .     

 11-6-10 

                1  

    ( )
6010

2
30

DD
DCC ×

=   1  3       Cu   

         6  4          
     .      11 -2        

D60               11-61  

11-6-8 .     
                                                                                                           
1. Coefficient of Curvature 



          1/5/92  311  

    D60         06/0  .  
           2   0.05-0.10   

               .    
      .          

 11-6-11 

                  
       10               

       .                
.             

 11-7       

                     
         .          

 11-7-1 

                     
        15 .         

 11-7-2 

                    
        .     2       5  10  

          .    



312  1/5/92       

 11-7-3 

            .        
       .                

              10    
                    
                    

.  

 11-7-4 

                   
       .        98   

       T180  D         
.          

 11-7-5 

           .            
.      

 11-7-6 

                   

       
4
1                  

                
4
1     

      .                  



          1/5/92  313  

                  
.    

 11-7-7 

                    
                    .

.         

 11-7-8 

                     
          .  

 11-7-9 

                    
 .       

 11-8       

 11-8-1  

                   
  .                 

               .          
  10 .                 

       20       .       



314  1/5/92       

                   
.    

 11-8-2  

                      
               .     

                   
        .     

 11-8-3 

                .       

 11-8-4  

                   
             15    .    

 11-9          

                   
                     

  .                 
                  

     .             
                       

  60 .              



          1/5/92  315  

 11-10        

                 
                     

              .     

 11-11     

                    
.           

 11-12          

              11-3   
11-7  .                  

.        



316  1/5/92       

  
 11-1            



          1/5/92  317  

  
 11-2            D60  02/0  1   



318  1/5/92       

  
 11-3        

1- )   (    
2-      
3-       
4-        
5-   
6-    
7-    
8-   -     
  



          1/5/92  319  

 
 11-4           

-         
-        
-     )        (    



320  1/5/92       

  
 11-5               



          1/5/92  321  

  
 11-6             

1-       15  30   
2-      
3-         
4-       
5-      
6-    
7-       
8-      
9-        

10 -    20        



322  1/5/92       

  
 11-7             

1-      10  15   
2-    20        
3-       75 -60      

4-     5/12 ) 
2
1 (  

5-       
6-    
7-       30-25   
8-      

  



12
   





       1/5/92 325  

 12-1   

                    
                   

     .   

 12-2     

                 
  :             

   )  (  
        )  (  
    

                  
             .  

                    
                  

      .                
                   

                .  
                    

         .        
    )    1(     .  

                                                                                                           
1. Lime Treated Soil 



326  1/5/92       

 12-2-1      

12 -2 -1 -1     

              
                 

                  
:  
:          T27         

      12-1 .  

 12-1        

          
   I  II  III  IV  

50  )2 (  100  100  100   --  

5/37  )5/1 (   --  100-90   --  100  

25  )1 (  80-75  90-75  95-75  100-90  

5/9  )
8
3 (  65-30  70-40  75-40  80-55  

75/4  ) 4(  55-25  60-30  60-30  60-40  

2  ) 10(  40-15  50-20  45-20  48-28  

425/0  ) 40(  20-8  30-10  30-15  28-14  

075/0  ) 200(  8 -2  12-3  12-5  12-5  

                    
 200              20    3  %.  

        200    
3
2     40  .  

  
  

  



       1/5/92 327  

:          T89  T90     25   6 
.     

:         T176   25  .    
:        ) T96   ( 50 .    
:    1   T193   ASTM D 1883       

   100      T180  D      30   
.  

  )                 (
       12-1        .  

12 -2 -1 -2    

                   
                 .  

                  
                  

 .                   
              .       

                      
         .          

                  
                 .  

                 T2 
         12 -2-1-1       .  

                                                                                                           
1. CBR 



328  1/5/92       

      .             
  .       

12 -2 -1 -3      

                  
      .          . 

   4               
  25   .  

12 -2 -1 -4      

                   
          .         

 .             12-1        
     .              .  

                    
          .             

   25  30          .  
                 

         .     .    
             .     

      .  
              T180  D  

          .5/1±      
 .  



       1/5/92 329  

12 -2 -1 -5     

       10  12         
         .      -   

          .         
            .     

                    
                 .  

   )              (  
            .  

                
         .    

                  
.     

                  
     .            

       20    .       
   20               .  

12 -2 -1 -6    

       T191        
         T180  D     .  

  20              .  



330  1/5/92       

12 -2 -1 -7      

                    
       .              

20     )  (  .         
  .              .  

    4              
 15  .    

12 -2 -1 -8         

               
                   

                    
.        

12 -2 -1 -9     

                   
                 .    

  :  
:     50                

          100       . 
           .  

:        500            
            .  

:            1000         
         .  



       1/5/92 331  

:                 
   500  1000          .  

 12-2-2    

12 -2 -2 -1   

                    
                   .

    .  
           .       

                 .  
                    .

                     
                   

           .      
                 .   

)    16            (  
                  .  

12 -2 -2 -2         

                  
                  

      . :      



332  1/5/92       

:                  
                 

    .  
:                   .  
:                    

 .  
:                    

                  
        .  

:              -     .
              .   

         .  

12 -2 -2 -3    

                 
                    .  

                 63    
)5/2   (.         T87     

  )     T88   (  )   T90  
T89 ( .  

                   
     T220     5/3         

.  (     )     



       1/5/92 333  

12 -2 -2 -4   

       T218           
  T219             .  

    12 -2 .    

 12-2  )   M216(  

         
    Ca(OH)2   90  85  75  

     CaO  7  8  9  

     H2O  3  3  2  

      6/0 )  30(  2  3  4  

      750 )  200(  12  14  18  

  
  )                 (    

                 .
        .         
            .       

              .  
      10                

.                .  
                  

       .              
   .    



334  1/5/92       

12 -2 -2 -5       

                 
      .            

        .        
   .                 

.           
:   :  T220  

                     
           40        

         12-1   .  
  :  
          40  55     40    

 55    %         40     
A    .  A   V             
4  5  25/4    .  

:         
             .        

         .         
 .                  
    .  

               )   
       (            .

         30   .  



       1/5/92 335  

 )PI(دامنه خميري  

 )PI(دامنه خميري

ره 
شما

ك 
ز ال

ه ا
شد

رد 
صد 

در
40

 

درصد آهك شكفته بر حسب 
  وزن خشك خاك

  
 12-1          

:         
            .         

  T180              T180  
   .  

                  
 .              

      .         



336  1/5/92       

              .    
                   

.           
:        

                    
.                .

   .             
                 

            .  

12 -2 -2 -6     

      .  
:      

                   
     12-2-1-3         

     .          
.  

:      
            12 -2-2 -3      

                 
                 
  .            .     

                    
             .  



       1/5/92 337  

:     
                    .  
  1-     
                  

     .           
.           

                  
                 

 .                 
                

     .            
                  

 .  
                     

         5±         
  .             

                  
   .                

               .  
        T232 .     

                   
                .   

                   
             .  



338  1/5/92       

  2-     
            .         

  .                
                500-300 

                  
2200  )  31  (    .        

    300  350          
                

    .  
                     

.                 
                

.       
    .           

:      
         .  
  1-                     

                
     .          

               
                

.    



       1/5/92 339  

                   
              

            .  
  2-                   

.      
  3-                   

   5    .            
    .  

:       
          .        

      .             
     )       .   (

                 
  .                  

          .    
         .    

  1-       
             .         

                  
                  

              
  .      

  2-       



340  1/5/92       

                 24  48  
    (  ) .           

                  
   .             

    .  
              50  .    

                .    
2  3                    

     .                
                   

      .  
:     

     .               
                  
T180     .             

    .               
                   

    .        50       10 
   100-90     75/4  ) 4 (60 .    

:     
                   

    .            
               . 

           12    .   



       1/5/92 341  

                 
                  

5/0          .      
                

 .                  
              .     

                      
 .    

              20   .  
         20       

  .                
                 

                  
   .          

:     
          T191    100   

     T180  .          
            95    

    T99 .   (  )   
                      

                   
 .    



342  1/5/92       

12 -2 -2 -7      

                  
 .                   

  20±   .           .  
              .   4  

            15 .     
                

                  
   1-5/0          .   
            .  

12 -2 -2 -8      

                  
                   

          .     .      
                    

       .       1-7/0     
            .        

                
             .  

12 -2 -2 -9     

                 
  .  



       1/5/92 343  

:                  
         12-2-2-3          

      .  
:                     

                   1000 
  )              12-2-2-6 

(  .  
:                    

         100           
 1000        .  

:                  
» «     T232    .  

:                250   
.     

:          T191     50       
           100       

 .      
:        T180     500  .    
:              500  1000    

          .  
:                    

.           
  
  



344  1/5/92       

 
  



13
  





      1/5/92 347  

 13-1   

                   
                    

           .  

 13-2     

                       
          :     

-       )(  
-          )(  
-     
- )      (          

            .  
          -       

 :  

 13-2-1      

13 -2 -1 -1   

                 
                  

               



348  1/5/92       

   .                 
  .        :  

:               13 -1    
   .  

:          T89  T90     25   4 
.     

:         T176   40.   %  
:   75      75/4 )  4       (

    )  (  
:          T96   45.   %  
:         T104          12 %

.    
:      (   )   ASTM D1883      

T180       80  %.  
:        BS812   35.   %  
:                15   

 .           5/9   (   ) 
          5 .    

13 -2 -1 -2    

               .   
                   
                 .    

         .             



      1/5/92 349  

        T2   25        
  13-2-1-1    .         

.     

 13-1      

   
   

        
I  II  III  IV  V  

50 ) 2 (  100  100  100   --   --  

5/37  )
2
1
1 (  100  - 95   --   --  100   --  

25 ) 1 (  80-60  85-70  95 - 75  100  - 70  100  

19 ) 
4
3 (  92 - 70  80-60   --  90 - 60   --  

5/9 ) 
8
3 (  70 - 50  65 - 30 75 - 40  75 - 45  85 - 50  

75/4  ) 4(  55 - 35  55 - 25  60 - 30  60 - 30  65 - 35  

2  ) 10(   --  40 - 15  45 - 20  50 - 20  50 - 25  

6/0  ) 30(  25 - 12   --   --   --   --  

425/0  ) 40(   --  20 - 8  30 - 15  30 - 10  30 - 15  

075/0  ) 200(  8 -  2  8 - 2  8 - 2  8 - 2  8 - 2  

                    
 200              20    3.   %  

        200    
3
2     40  .  

13 -2 -1 -3      

                   
    .             

    20±              
.    



350  1/5/92       

13 -2 -1 -4      

            .     
           .        

.          
     15             

        15           
              10     15 

 .                 
          .       

        15 .          
        .         

                    
   .              5/1± 

   .          .    
.           

13 -2 -1 -5   

                  
     .                

           .       
.             

                  
                      
.  



      1/5/92 351  

                    
.       

                    
          .    

13 -2 -1 -6    

       T191        
         T180  D    .  

                 
         .            

          .       

13 -2 -1 -7      

               15±    
      )      (  .     

          .        
               .      

15   .  

13 -2 -1 -8      

                .  

 13-2-1-9     

                   
            :    



352  1/5/92       

:              13 -2-1 -1    
    .         

:            500         
             .  

:         50           
       (   )        75   

      .           
    .          

:        500            
   .    

:                  
   300  500       .    

 13-2-2    

13 -2 -2 -1   

                
                     

              .  

13 -2 -2 -2   

               :  
:      



      1/5/92 353  

           ( )      
                    

         :  
  1-            T27        

   13-2 .    
     .               

 13-2      

 )  M92(         
I  II  

 75 ) 3 (  100   --  

 63 ) 
2
1
2 (  100  - 90  100  

 50 ) 2 (  70 - 35  100  - 90  

 38 ) 
2
1
1 (  15 - 0  70 - 35  

 25 ) 1 (   --  15 - 0  

 19 ) 
4
3 (  5 - 0   --  

 5/12 ) 
2
1 (   --  5 - 0  

  
  2-           ASTM C535  45   

.  
  3-         T104          

 12   .  



354  1/5/92       

  4-                15  

 .            5/9 ) 
8
3  (

           5 .    
  5-              75   

    75/4   ) 4         (
)    (    

  6-            .      
               

.  
:     

                   
                   

:     
  1-          T27         13 -3 

 .  
  2-           T89  T90      30   

6       )    T176  (30  .  

 13-3      

)   M92(         

 5/9 ) 
8
3 (  100  

 75/4  ) 4(  100  - 85  

 150/0  ) 100(  30 - 10  

  



      1/5/92 355  

13 -2 -2 -3      

                
                    

                  .  
                   

                 
 .  

13 -2 -2 -4     

                 
    .                

.  
                    

     .  
        13 -3           

075/0  ) 200   (5   10 .    

13 -2 -2 -5    

                  
       .             

                    
      .    

         3  4        
                    

    .             



356  1/5/92       

  
4
1
1      2 .           

       5/2      .    
                    

                      .  
         .             

       .  
                  

200 .       

13 -2 -2 -6     

                 
:     

:                  
                  

      10   .          
                     

    .  
          .     
                    

  :      
  1–  .           
  2- .          
  3-         .        



      1/5/92 357  

                     
                  

  4    15              
.            

:                   
                     

                     
                  
 .                  

     .           
     .         

13 -2 -2 -7        

                  
 .           13 -3       

  .         .           
     (   )           
:    

:                   
                  

              .        
         .        

                 
      .              



358  1/5/92       

                  
.    

:                50  
                  

             .    
                   

.     50           25    
 .                  

     .            
                 

   .     

13 -2 -2 -8   

                 
        .         

                   
     .              
                  . 

                 .    
.            

13 -2 -2 -9       

                    
    .       



      1/5/92 359  

13 -2 -2 -10    

       E )     T222   (
700    ) 30   ( .  E    2500   

.     

13 -2 -2 -11      

                   
        .     

            15±        
              .    4 

            15±      .  
.       

13 -2 -2 -12      

                 
           .  

13 -2 -2 -13     

                
                    

   :    
:     500               

         .    
:     2000              

13-2-2-10     E .    



360  1/5/92       

:     1000             
    .    

  



14
    





         1/5/92  363  

 14-1   

               
                .     

         .  
                   . 

             .   
1                   

        .            
    .                

    .  

 14-2    

       .        2    
        3     .      

                  
.          

 14-3    

                   
       :  

                                                                                                           
1. Tar 
2. Natural Asphalt 
3. Petroleum Asphalt 



364  1/5/92               

 14-3-1  1  

                  
         .           

 176   .    
                    

     .  
         2  3     

      ) 14-1)  (14-2    .    (
                   

 .       

14 -3 -1 -1        

)       14-1.     (      
  D140      T40   .  

  

  

  

  

  

                                                                                                           
1. Asphalt Cement 
2. Penetration Grade 
3. Performance Grade 



         1/5/92  365  

 14-1         

   
   

   

50-40  70-60  100-85  150-120  300-200  

ASTM  AASHTO                      

)  
10
1 (  D5  T49 40  50  60  70  85  100  120  150  200  300  

 ( )   D92 T48 232    232    232    218    176    

    25   ( )  D113 T51  100    100    100    100    100    

( )       D2042 T44 99    99    99    99    99    

(  )     D36 T53 52  60  49  56  45  52  40  46  35  40  

       163  
    5  )  (  

D1754  T179    8/0    8/0    1    
  

3/1    5/1  

            D5 T49 58    54    50    46    40    

  ( )  D113 T51     50    75    100    100    

       25     100    15     100   .     

                                        1/5/92                                                                                                   365  



366  1/5/92               

14 -3 -1 -2    

:     
         SHRP    .      

                 
                 

                 
                 

                  
      .  

:      
                   

      PG46  PG52  PG58  PG64   PG70  PG76  
PG82                    

                   
                  

            .PG58-34    
            58    
    34- .     

:       
        20          

         .)14-1       (
   20 .      

)14-1(       78.17)9545.0)(2.42Lat2289.0Lat00618.0T(T 2
airmm20 −++−=  



         1/5/92  367  

  :     
  T20mm        =20       
  Tair           =     
  Lat       =  
                  

)  14-2   (  :  
  )14-2 (                               1.7  +Tair 0.859  =T      
  Tair     =     
     1             

2                
Superpave-SP1 .       

:         
                   

     (      ) 80       
                   .  

                    
       .  

  )             KN 80  (107 
                   

     107×3            .  
  PG58       PG64     .  

                                                                                                           
1. Superpave 
2. Reliability Level 



368  1/5/92               

     SHRP              
          .        

                      
.                  

             PG64-22   
                   

PG 70-22       PG 64 -22           .
                  

                 
          .  

:          
              ) 14 -2)   (14-3  (

.      
  



         1/5/92  369  

 14-2 )    320 – M  (  

    PG46  PG52  
34  40  46  10  16  22  28  34  40  46  

 7     1 ) C(  46  <52 <  
   1 ) C(  34->  40->  46->  10->  16->  22->  28->  34->  40->  46->  

   
     T48 ) C(  230  

2   T316   cp)3000Pa.s ( 3   )C(135      
 3     T315 δsin/∗G  kpa00/1   

   rad/s 10) C(  46  52  

      (T240)  
 4(%)    00/1  
 5   T315   δsin/∗G  kpa20/2  

   rad/s 10) C(  46  52  

 )     R28  (  
 6 PAV )C(  90  90  
 5   T315   δsin/∗G  kpa5000  

   rad/s 10) C(  10  7  4  25  22  19  16  13  10  7  

 7   T313    S   MPa 300  
  m  3/0)   C(  24-  30-  36-  0  6 -  12-  18-  24-  30-  36-  

 7    T314     0/1   
  )min /mm 0/1() C(  24-  30-  36-  0  6 -  12-  18-  24-  30-  36-  

                                        1/5/92                                                                                                   369  



370  1/5/92               
  

  14-2 )    320 – M  (  

    
PG58  PG64  

16  22  28  34  40  10  16  22  28  34  40  

 7     1 ) C(  58 <  64 <  

   1 ) C(  16->  22->  28->  34->  40->  10->  16->  22->  28->  34->  40->  

   
     T48 ) C(  230  

2   T316   cp)3000Pa.s ( 3   
)C( 

135       

 3     T315 δsin/∗G  kpa00/1   
   rad/s 10) C(  

58  64  

      (T240)  
 4(%)    00/1  
 5   T315   δsin/∗G  kpa20/2  

   rad/s 10) C(  
58  64  

 )     R28  (  
 6 PAV )C(  100  100  
 5   T315   δsin/∗G  kpa5000  

   rad/s 10) C(  
25  22  19  16  13  31  28  25  22  19  16  

 7   T313    S   MPa 300  
  m  3/0)   C(  

6 -  12-  18-  24-  30-  0  6 -  12-  18-  24-  30-  

 7    T314     0/1   
 ) min /mm 0/1) (C(  

6 -  12-  18-  24-  30-  0  6 -  12-  18-  24-  30-  

                                    1/5/92                                                                           



         1/5/92  371  
  

  14-2  )    320 – M  (  

    
PG70  PG76 

10  16  22  28  34  40  10  16  22  28  34  

 7     1 ) C(    70  <  76  <  

   1  )C(  10->  16->  22->  28->  34->  40->  10->  16->  22->  28->  34->  

   
     T48 ) C(  230  

2   T316   cp)3000Pa.s ( 3  ) C( 135  
 3     T315 δsin/∗G  kpa00/1   
   rad/s 10) C(  

70  76  

      (T240)  
 4(%)    00/1  
 5   T315   δsin/∗G  kpa20/2  

   rad/s 10) C(  
70  76  

 )     R28  (  
 6 PAV )C(      
 5   T315   δsin/∗G  kpa5000  

   rad/s 10) C(  
34  31  28  25  22  19  37  34  31  28  25  

 7   T313    S   MPa 300  
  m  3/0)   C(  

0  6 -  12-  18-  24-  30-  0  6 -  12-  18-  24-  

 7    T314     0/1   
 ) min /mm 0/1) (C(  

0  6 -  12-  18-  24-  30-  0  6 -  12-  18-  24-  

                                        1/5/92                                                                                                   371  



372  1/5/92               
  

  14-2 )    320 – M  (  

    
PG82  

10  16  22  28  34  

 7     1 ) C(  82  <  

   1 ) C(  10->  16->  22->  28->  34->  

   
     T48 ) C(  230  

2   T316   cp)3000Pa.s ( 3  ) C( 135  
 3     T315 δsin/∗G  kpa00/1   

   rad/s 10) C(  
82  

      (T240)  
 4(%)    00/1  
 5   T315   δsin/∗G  kpa20/2  

   rad/s 10) C(  
82  

 )     R28  (  
 6 PAV )C(  )110 (100  
 5   T315   δsin/∗G  kpa5000  

   rad/s 10) C(  
40  37  34  31  28  

 7   T313    S  MPa 300  
  m  3/0)   C(  

0  6 -  12-  18-  24-  

 7    T314     0/1   
  )min /mm 0/1() C(  

0  6 -  12-  18-  24-  

                                        1/5/92                                                                       



         1/5/92  373  

)  14-2:(  
1-                    

        .     
2-                 

                 .  
3-                
    δSin/G∗           

.    
4-       00/1     (  )    

.  (  ) 

5-  δSin/G∗        δSinG*       
 ( ) . 

6-   PAV                
 90  100   110        .PAV   PG58-xx  
 100              PAV  

 PG70-xx       110 .      
7-       300  .         
    300  600             

           .       
 m .     
  
  
  
  



374  1/5/92       

 14-3         

         

  ( )       
(RTFO)1  

       
   

240 – T   AASHTO  

    

(PAV)2  
        

     
28 – R    AASHTO 

     

(DSR)3  

 ( )     
        

    
315 – T    AASHTO 

    

(RV)4  
     -  

  
316 – T    AASHTO 

     

(BBR) 5  
       

      
313 – T    AASHTO 

    

(DTT)6  
       

      
314 – T    AASHTO 

 14-3-2  7  

        200  300        
               

                  
.     

                                                                                                           
1. Rolling Thin Film Oven  
2. Pressure Aging Vessel 
3. Dynamic Shear Rheometer 
4. Rotational Viscosity 
5. Bending Beam Rheometer 
6. Direct Tension Test  
7. Blown Asphalt 



         1/5/92  375  

     1      DIN 52012     
100   .               

    .  
      .         

         .        
                 

                    .
        .      25/85R  15/90R  

    25 15       85  90   .  

 14-3-3  2  

                
    . 

                . 
           .    

     20  50    .      
                .

              .  

14 -3 -3 -1    )RC(3  

               .   
                   .  

                                                                                                           
1. Frass Breaking Test 
2. Liquid Asphalt  
3. Rapid Curing  



376  1/5/92       

        70- RC  250- RC  800- RC  3000- RC 
             .  

           14-4   .  

14 -3 -3 -2    )MC(1  

                   
   .  

             60     30 
  6000     .        14-5 

.     

14 -3 -3 -3    )SC(2  

                 
                   

         .         
    .               

              .  
       14-6 .     

                                                                                                           
1. Medium Curing 
2. Slow Curing  



         1/5/92  377  

 14-4       

  
       

  
   

  
70-RC  250RC- 800RC-  3000-RC  
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 (  ) ˚C                                                   D3143  T79   --   --  27   --  27  -  27   --  

                                                                       %  D95  T55   --  2/0   --  2/0   --  2/0   --  2/0  

        
       ˚C 360  

˚C 190  

D402  T78  

10   --   --   --   --   --   --   --  

225  50   --  35   --  15   --   --   --  

260  70   --  60   --  45   --  25   --  

315  85   --  80   --  75   --  70   --  

     ˚C 360  55   --  65   --  75   --  80   --  

      
   

    ˚C 60  D2171  T202  60  240  60  240  60  240  60  240  

  ( )  ˚C 25†  D113  T51  100   --  100   --  100   --  100   --  

    (%)  D2042  T74  99   --  99   --  99   --  99   --  

     :     D140       T40   .  
                        80   120        .    .    
    †     ˚C25    100       15     100 .       
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   ˚C 360  

˚C 225 

D402  T78  

 -- 25 0 20 0 10  --  --  --  -- 

260 40 70 20 60 15 55 0 35 0 15 

315 75 93 65 90 60 87 45 80 15 75 

      ˚C 360  50  -- 55  -- 67  -- 75  -- 80  -- 

  
  
   

    ˚C 60  D2171  T202  30 120 30 120 30 120 30 120 30 120 

  ( ) †  D113  T51  100  -- 100  -- 100  -- 100  -- 100  -- 

    (%)  D2042  T44  99  -- 99  -- 99  -- 99  -- 99  -- 

     :     D140       T40   .  
                        120   250        .    .    
    †     ˚C25    100       15     100 .       
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                                                                %  D95  T55   --  5/0   --  5/0   --  5/0   --  5/0  

      ˚C 360 D402 T78 10 30 4 20 2 12  -- 5 

       ˚C 60     mm2/s  D2170  T201 400  7000  800  10000  2000  16000  4000  35000  

        100  D243  T56 50   --  60   --  70   --  80   --  

       100  ˚C 25† D113 T51 100  -- 100  -- 100  -- 100  -- 

   (%) D2042 T44 99  -- 99  -- 99  -- 99  -- 

       :     D140       T40   .  
       †     ˚C25    100       15     100 .       



380  1/5/92       

 14-3-4  ) (  1  

          2     .       
   10     .             

  .                 .
               .       55 

 65     35  45      7/0      
 .  

                   
                 

     .           .    
        .           

            .      
                

   :    
:              .  
:                   

             .  
:    )      20  50     (  

          ) 5/0   (   .  
                      

        :  

                                                                                                           
1. Emulsified Asphalt 
2. Emulsifier 



         1/5/92  381  

14 -3 -4 -1   1  

                 . 
                  

     14-7    :  

 14-7      

   
 QS   RS   MS   SS  

h1 - QS  
  

1 - RS  
2 - RS  

2 - HFRS  

1 - MS  
2 - MS  
h2 - MS  
1 - HFMS  
2 - HFMS  
h2 - HFMS  
s2- HFMS  

1SS-  
h1SS-  

  
        :  

:   HF2          .  
:   1  2             .  
:   h         (   ).  
:   s    s2 - HFMS          200 

.     
:   h1 - QS         D3910     .  

           14 -8 .     

                                                                                                           
1. Anionic Emulsions 
2. High Float 



382  1/5/92       

 14 -8       

 

    

h1QS-  1RS-  2RS-  2HFRS-  1MS-  2MS-h2MS- 1HFMS-  2HFMS-  h2HFMS-  s2HFMS-  1SS-  h1SS-  

                          

     ˚C 25 ( )  20  100  20100 -  -  -  - 20100100 - 100 - 20 100 100  - 100  - 50  - 2010020100

     ˚C 50 ( )  -   -   -  - 7540075 400  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 

     24    † % -   -   - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1 

     )%(  -   -  60 - 60 - 60  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 

 
  

  
   

      -   -  -  -                -  - 

        -   -  -  -         -  - 

      -   -  -  -         -  - 

       -   -  -  -         -  - 
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  نكته:
هاي مهاري، قبل از اجراي قطعاتسنگريزي در ترانشه -۱

  آرمور انجام گيرد.
در صورت عدم امكان اجراي كانال با ديواره قايم بدليل -۲

شكل با شيب پايداري و  Vمسايل پايداري خاك، از كانال 
 استفاده شود.متر ۱عمق حداقل 

همپوشاني
m۱حداقل

 ژئوسنتتيك
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m۳/۰ همپوشاني حداقل

m۵/۱ حداقل

  جهت جريان

  طول طاقه

 m۱ حداقل  

 ميخ فولادي

m ۶/۰حداقل 
 تراز طراحي

 تراز حداقل
  اجراي قطعات آرمور از پايين شيب به سمت بالا

 لايه بالايي روي لايه پاييني
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2 .Wide Width Strip Ultimate Tensile Strength 
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اي مطابق مصالح دانه
 با مشخصات طراحي
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 با مشخصات طراحي

هاجهت عمليات اجرايي و همپوشاني
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1. A.C Overlays 
2. Heavy-Duty Membrane  
3. Moisture Barrier   
4. Stress-Relieving Interlayer  
5. Reflection Cracks  
6. Stress Absorbing Membrane Interlayer (SAMI)  
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1. Asphalt Concrete Pavement (AC)  
2. Portland Cement Concrete Pavement (PCC)  
3. AC/PCC Overlay  
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1. Continuously Reinforced Concrete Pavement (CRCP) 
2. Jointed Reinforced Concrete Pavement (JRCP)   
3. Jointed Plane Concrete Pavement (JPCP)   
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1. Sealant Materials 
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1. Uncut Asppalt Cement  
2. Cationic & Anionic Emulsion  
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1. Reinforces Soil Slopes (RSS) 
2. Mechanically Stabilized Earth (MSE) Structures  
3. MSE Walls  

جاده سطح

شيروانی با طرح حفاظت

زهکش

 ژئوسنتتيک فرعی

ژئوسنتتيک اصلی

خاک 
 مسلح
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1. Tensile Strength   
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  . برای اطلاعات بيشتر در اين زمينه به مراجع معتبر طراحی مراجعه گردد. ١

2. Long Term Tensile Strength (LTTS)  
3. Ultimate Tensile Strength   
4. Reduction Factor  
5. Creep Reduction Factor  
6. Installation Damage Reduction Factor  
7. Durability Reduction Factor (For Chemical & Biological Degradation) 
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1. Mechanically Stabilized Earth (MSE) Walls  

  
 قطعات پيش ساخته نما 

خاک منتخب          

مسلح کننده

 

 خاکريز معمولی
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1. Modular Block Wall Units (MBW)   
2. Segmental Precast Concrete Pannels  
3. Full-Height Concrete Panels  
4. Welded Wire Mesh Facing  
5. Timber Facing  
6. Gabion Facing  
7. Wrap-Around Facing  
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1. Wrap-Around Facing Wall  

سانتيمتر مصالح  ۱۰الي  ۵حداقل 
 اي بين دو لايه ژئوسنتتيكدانه

 

 نماي قوسي
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 خاكريزي و تراكم باقيمانده خاكريز-۳

 ژئوتکستايل

 بخشی از خاکريزی

ريزی و تراکم بخشی از خاکريز و برگرداندن ژئوتکستايلخاک -۲
 روی خاکريز

 خاكريز قالب برداري پس از اتمام خاكريز
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1. Shotcrete 
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 25-1  

              
          .  

               
                 

              
  AASHTO  ASTM  ISO  BS  DIN   .      

 25-2        

        25 -1  25-13     
 :  

 25 -1          
 25 -2        
 25 -3      -      
 25 -4      -     
 25 -5      -    
 25 -6      -       
 25 -7      -    
 25 -8     -     
 25 - 9      -      
 25 -10        
 25 -11        
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 25 -12       
 25-13             
  

 25-3        

                
.       

1-  American Society for Testing and Material, ASTM  
2-  American Association for State Highway and Transportation Official, AASHTO  
3-  Federal Highway Administration, FHWA  
4-  International Standard Organisation, ISO  
5-  German Standard Institute, DIN  
6-  British Standard Institute, BSI  
7-  American National Standard Institute, ANSI  
8-  Geosynthetic Institute, GSI  
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 25-1           

AASHTO  ASTM     -     

M57              1  

M145  D3282            "  2  

M147  D1241*     -         "  3  

M155                  "  4  

M216  C977       "  5  

  D2487      »«1  "  6  

T87  D421                 7  

T88  D422   (  )     "  8  

T89  D4318*       "  9  

T90  D4318*          "  10  

T92  D427*       "  11  

T99  D698*         5/2 ) 5/5 (  ) (  "  12  

T100  D854      "  13  

                                                                                                           
1. Unified System 
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AASHTO  ASTM     -     

T134           "  14  

  D559                "  15  

T136  D560*                "  16  

T144  D806           "  17  

T146             "  18  

T176  D2419*      "  19  

T180  D1557*         5/4 ) 10( ) (    "  20  

T190  D2844     R1          "  21  

T191  D1556          "  22  

T193            "  23  

T194             "  24  

T203  D1452        "  25  

T204  D293*            "  26  

T205  D2167            "  27  

T211                  "  28  

                                                                                                           
1. Resistant 
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AASHTO  ASTM     -     

T215  D2434    )  (    "  29  

T218         "  30  

T219          "  31  

T220  D5102*              "  32  

  D3668             "  33  

T221  D1195          "  34  

T222  D1196*           "  35  

T224            "  36  

T232  D3155*                "  37  

T233                 "  38  

T258         "  39  

T265  D2216         "  40  

T267                 "  41  

T273        "  42  

  D1140         200    "  43  

  D1633            "  44  
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AASHTO  ASTM     -     

  D1883          "  45  

  D2901           "  46  

  D4220          "  47  

  D4429         "  48  

  D4718  
              

          
"  49  

  D4829       "  50  

  D4943            "  51  

*     ASTM "  .  
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 25-2       1  

AASHTO  ASTM     -     

  D8          1  

M43  D448           "  2  

  D1139         "  3  

M283  D692         "  4  

  D693         "  5  

M29  D1073         "  6  

  D2940               "  7  

M17  D242       "  8  

T2  D75        9  

T11  C117        200     "  10  

T19  C29           "  11  

T27  C136        "  12  

T30                "  13  

                                                                                                           
1. Aggregate 
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AASHTO  ASTM     -     

T37  D546     "  14  

T87  C128          "  15  

T85  C127          "  16  

T96  C131          500   "  17  

  C535          1000   "  18  

T103          –    "  19  

T104  C88            "  20  

T113  C123     "  21  

T142  C70       "  22  

T176  D2419      "  23  

T210  D3744        "  24  

T248  C702         "  25  

T255  C566           "  26  

T279  D3319         1  "  27  

  D3398         "  28  

                                                                                                           
1. British Wheel 
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AASHTO  ASTM     -     

  D4791         "  29  

  D5821       "  30  
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 25-3       -      

  
  ISO  BSI  AASHTO  ASTM     -     

389    
BS12  

BS1370  
BS4027  

M85  C150       1  

    BS146  
BS4246  M240  C595       "  2  

990    BS146  
BS4246  M240  C595     "  3  

4220               "  4  

        C91     "  5  

      M152  C230         "  6  

1694        C563    SO3       7  

    BS4550  
Part1  T127  C183       "  8  

1692 
1693 
1694 
1695  

  BS4550  
Part2  T105  C114      "  9  
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  ISO  BSI  AASHTO  ASTM     -     

    BS4550  
Part3  T133  C188          "  10  

190    BS4550  
Part3  T153  C204    (  )1  "  11  

    T98  C115  )  (  2  "  12  

      T162  C305        "  13  

      T131  C191          "  14  

      T154  C266          "  15  

    BS4551 
Part1  T137  C185      "  16  

    BS4550 
Part3  T129  C187        "  17  

      T132  C190      "  18  

393        C348      "  19  

    BS4550 
Part3  T106  C109  (   )     "  20  

                                                                                                           
1. Blain Test 
2. Wagner Turbidimeter 
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  ISO  BSI  AASHTO  ASTM     -     

393  R679      C349  )   (     "  21  

        C243         "  22  

394    BS4550 
Part3  

  C186      "  23  

391    BS4550 
Part3  T107  C151  (  )      "  24  

        C157          "  25  

        C452       "  26  

        C806       "  27  

        C596      "  28  
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 25-4       -     

  
  ISO  BSI  AASHTO  ASTM     -     

300 
302  

  BS882 
BS1201  

M-85 
M-6  C33          1  

    BS4619    C637           "  2  

    
BS3797 
BS877 

BS1165  
M195  C330          "  3  

    
BS812 
Part1 

BS3681  
T2  D75          4  

        C295     "  5  

447    BS812 
Part1  T27  C136       "  6  

    BS812 
Part2  T255  C566      "  7  

      T142  C70        "  8  
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  ISO  BSI  AASHTO  ASTM     -     

    BS812 
Part2  T19  C29  (   )  1  "  9  

611 
578  

  BS812 
Part2  T85  C127          "  10  

1086    BS812 
Part2  T84  C128          "  11  

449      T104  C88     "  12  

578        C682  
          

   
"  13  

669    BS812 
Part3  

       2  "  14  

      T21  C40     "  15  

      T71  C87           "  16  

446    BS812 
Part3  T11  C117       200 )75 (  "  17  

      T113  C123      "  18  

                                                                                                           
1. Unit Weight 
2. Impact Crushing 
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  ISO  BSI  AASHTO  ASTM     -     

    BS812 
Part1  

          "  19  

      T112  C142        "  20  

299        C144       "  21  

        C235   1  "  22  

        C227  
    )    

(    
"  23  

        C1260  (  )     "  24  

        C289   (  )    "  25  

        C586        "  26  

        C342          "  27  

    BS1377 
Test9  

               "  28  

    

BS812 
Part4 

BS1881 
Part6  

T260        "  29  

                                                                                                           
1. Soft Particles 
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 25-5       -    

  
  ISO BSI AASHTO ASTM    -     

        D1129            1  

        D511          2  

      T26 D1293 pH   "  3  

        D1067       "  4  

        D1888         "  5  

        D512      "  6  

    BS1377  
Test10 

  D516      "  7  

    BS3148 T26         "  8  
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 25-6       -       

  
  ISO  BSI  AASHTO  ASTM     -     

    BS5075 
Part1  M194  C494    1    1  

      M154  C260      "  2  

      M295  C618   2         "  3  

      M144  D98     "  4  

      M302  C989        3  "  5  

      M307  C1240   4       "  6  

        C1017       5  "  7  

        C1059  
           

   
"  8  

      T143  D345          9  

                                                                                                           
1. Chemical Admixtures 
2. Fly Ash 
3. Ground Granutated Blast Furnace Slag 
4. Silica Fume 
5. Flowing Concrete 
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  ISO  BSI  AASHTO  ASTM     -     

      T157  C233      "  10  

        C311           "  11  

        C441  
        

   
"  12  
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 25-7       -    

  
  DIN AASHTO  ASTM     -     

RC2*  488 
Part3 

          1  

RC3*  488 
Part5  

    
)             

     9 (  
"  2  

RC4*  488 
Part3  

            "  3  

RC5*        (  )       "  4  

RC6*        (    )       "  5  

RC7*  488 
Part7  

           "  6  

RC8*  488 
Part3  

        "  7  

* RILEM – CEB - FIB 
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 25-8       -     

  
  ISO  BSI  AASHTO  ASTM     -     

    BS1920  M157  C94       1  

      M148  C309         "  2  

      M171  C171         "  3  

      M241  C685          1  "  4  

489   BS1881  
Part1  T141  C172       5  

        C1385        "  6  

581   BS1881  
Part3  T126  C192            "  7  

    BS1881 
Part3 

T23  C31             "  8  

    BS1881 
Part2  T119  C143  ( )    "  9  

                                                                                                           
1. Volumetric Batching and Continuous Mixing 
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  ISO  BSI  AASHTO  ASTM     -     

    BS1881 
Part2  

       -   "  10  

511        C360  (  )     1  "  11  

    BS1881 
Part2  

        "  12  

    BS1881 
Part2  T121  C138 )       (    "  13  

      T196  C173  )    (    "  14  

    BS1881 
Part2  

  C231    (  )    "  15  

   BS1881 
Part2  

        "  16  

      T158  C232      "  17  

     T157  C403            "  18  

       C827      "  19  

                                                                                                           
1. Kelly Ball 
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  ISO  BSI  AASHTO  ASTM     -     

        C156           "  20  

        C1064      "  21  

        C1079      "  22  
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 25  - 9       -      

  
  ISO  BSI  AASHTO  ASTM     -     

    BS1881  
Part3  

  C617           1  

    BS1881  
Part4 T22  C39     "  2  

    BS1881  
Part4  

  C116   )    (    "  3  

        D684          "  4  

    BS1881  
Part4  

  C496        "  5  

490   

BS1881  
Part4  

BS340  
BS368  

  C78  
           

      
"  6  

    T177  C293 
           

    
"  7  

   BS1881 
Part5 

 C490          "  8  

525   BS1881 
Part5 

 C469        "  9  
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  ISO  BSI  AASHTO  ASTM     -     

   BS1881 
Part5 

 C215        "  10  

       C801         "  11  

       C512      "  12  

    BS1881  
Part5  

  C341           "  13  

    BS1881  
Part5  

  C642         "  14  

        C457        "  15  

    BS1881  
Part6  

  C1084        "  16  

        C666            "  17  

        C671        "  18  

        C418          "  19  

        C779       "  20  

        C672            "  21  

        C234         "  22  

        C823            "  23  
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  ISO  BSI  AASHTO  ASTM     -     

    BS1881  
Part4  

  C42            "  24  

    BS4408 
Part4  

  C805     "  25  

        C803     "  26  

    BS4409  
Part5  

  C597        "  27  

        C900        "  28  

        C1152             "  29  

        C1218             "  30  

        C1202            "  31  

    BS1881  
Part6  

         "  32  

    BS4408  
Part1  

          "  33  

    BS4408  
Part3  

         "  34  
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  25 -10         

AASHTO  ASTM     -     

M20  D946            1  

M81  D2028      "  2  

M82  D2027      "  3  

  D2026      "  4  

M140  D977     "  5  

M208  D2397     "  6  

M226  D3381          "  7  

M239  D2521     1        "  8  

R5-89  D3628      "  9  

  D2399       "  10  

  D5710       "  11  

  D5976         I       "  12  

  D5840         II       "  13  

                                                                                                           
1. Oxidized Petroleum Asphalt   
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AASHTO  ASTM     -     

  D5841         III       "  14  

  D5892         IV       "  15  

  D6114                  "  16  

  D6154              "  17  

T40  D140         18  

T44  D2042         "  19  

T47  D6           "  20  

T48  D92           "  21  

T49  D5       "  22  

T50  D139      1  "  23  

T51  D113       "  24  

T53  D2398       (    )     "  25  

T55  D95              "  26  

T59  D244     "  27  

                                                                                                           
1. Float Test 
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AASHTO  ASTM     -     

T72  D88      1  "  28  

T73  D93          "  29  

T78  D402      "  30  

T79  D1310          93 ) 200 (  "  31  

T102     2    "  32  

T111    )   (        "  33  

T115  D86      "  34  

T170  D1856         3  "  35  

T179  D1754               "  36  

T240  D2872              4  "  37  

T201  D2170       "  38  

                                                                                                           
1. Saybolt 
2. Spot Test 
3. Abson 
4. Rolling Thin Film of Asphalt 
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AASHTO  ASTM     -     

T202  D2171  (  )   1  "  39  

T228  D70     (  )   "  40  

  D5545        "  41  

  D2995          "  42  

  D6084            "  43  

  D3143       "  44  

  D3297       ( )      "  45  

  D4887            "  46  

  D4124        "  47  

  D5546             1 -1-12  "  48  

  D3142            "  49  

  D3205         – 3  "  50  

                                                                                                           
1. Vacum Capillary Viscometer 
2. 1,1,1- Trichloro Ethane 
3. Cone and Plate Viscometer 
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 25-11        

AASHTO  ASTM     -     

M156  D995            1  

M303  C1097       "  2  

  D3910      1  "  3  

R-14  D4552             "  4  

  D3515       "  5  

  D4215       "  6  

  D5360         "  7  

  D5505         "  8  

T168  D979        9  

  D5361           "  10  

T110  D1461            "  11  

T164  D2172        2  "  12  

T165  D1075         "  13  

                                                                                                           
1. Slurry Seal 
2. Extraction 
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AASHTO  ASTM     -     

T166                   "  14  

T167  D1074       "  15  

T172  D290      "  16  

T195  D2489           "  17  

T209  D2041          1  "  18  

T230         "  19  

T245  D1559           "  20  

T246  D1560   2    "  21  

  D5581           "  22  

T247  D1561           "  23  

T269  D3203           3  4  "  24  

T270  D5148          5  "  25  

T275  D1188                 "  26  

                                                                                                           
1. Rice Method 
2. Hveem 
3. Dense Grade 
4. Open Grade 
5. Centrifuge Keroseen Equiualent 



796  1/5/92       

AASHTO  ASTM     -     

T283  D4867             "  27  

  D2726                 "  28  

  D4469             "  29  

  D3387          1  "  30  

  D3496             "  31  

  D3497            )  25 (  "  32  

  D4123      2  "  33  

  D3637       "  34  

  D5404         3  "  35  

  D3202         "  36  

  D5624               "  37  

  D3625         "  38  

  D4887            "  39  

                                                                                                           
1. Gyratory Testing Machin 
2. Resilient Modulous 
3. Rotary Evaporator 



            1/5/92 797  

 25-12       

ISIRI  GRI  AASHTO  ASTM     -     

  M228          1  

      D4439      "  2  

      D4873             "  3  

     D4759           "  4  

7774     D4354           5  

      D5261       "  6  
      D1505-D792      "  7  
      D5199      "  8  
      D1388     "  9  
      D276      "  10  
      D4533 )    (  "  11  

7221     D4595       (  ) "  12  

      D4632         "  13  

7743     D4884            "  14  



798  1/5/92       

ISIRI  GRI  AASHTO  ASTM     -     

      D5321 
   -    -    

   "  15  

      D3786       "  16  

      D412-D638-
D882 

      "  17  

      D4885         "  18  
      D1004      "  19  
      D4833   ( )       "  20  
      D5494    (  )   "  21  

      D5514          "  22  

      D6241  ( )       mm50  "  23  

  GG1   D6637        )(  "  24  
  GG2   D7737  (   )     "  25  
      D7556           "  26  
      D7748     "  27  
  GS7    D7499     -   "  28  
  GG5-GT6     D6706         "  29  



            1/5/92 799  

ISIRI  GRI  AASHTO  ASTM     -     

  GS1       ( )       CBR "  30  

      D1987         "  31  
      D6213         "  32  
  G21-G22            "  33  
      D4594         "  34  
      D4886        "  35  
      D5262         "  36  
      D5322        "  37  
      D5885       "  38  

      D4355            "  39  

      D5970         "  40  

7778     D4491        "  41  
      D5493        "  42  
      D4716           "  43  

7775     D4751      "  44  

      D5101            "  45  



800  1/5/92       

ISIRI  GRI  AASHTO  ASTM     -     

      D5141 
               

          "  46  

      D5567       -  "  47  
      D6140        "  48  
      D4437           "  49  
      D4545         "  50  

14203                  "  51  

7744-1             "  52  

7744-2             "  53  



            1/5/92 801  

 25-13                

  
  DIN  ANSI  ISO  BSI  ASTM      

1381                   1  

1375                   2  

1374                 3  

1761            
             

     
4  

1764                   5  

1645                      6  

1383                7  

1136                  8  

1377                  9  

        EN)471(           10  

    Z87.1              11  

    Z49.1            12  

    A10.11            13  



802  1/5/92       

  
  DIN  ANSI  ISO  BSI  ASTM      

    A10.14               14  

    Z88.2             15  

    53-34  5349  DD43                16  

  24081                      17  

        6912              18  

    A10.12             19  

    A10.16    6164        20  

    A10.13              21  

    A10.17              22  

    A10.27            23  

    A10.11    5607               24  

    A10.9             25  

        873  D4956             26  
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