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2       

2 -1      
                         

                      
     .         2-1       

    :  
  

 2 -1          

       
AASHTO  ASTM  

     -    40    T  96  C  131  
    -    12  T  104  C  88  
    -    18    T  104  C  88  

 -   35    T  176  C  2419  
 -   4    T  90  C  4318  

        4   75/4 
-    

65     ---  D  5821  

    )1  (-    15     ---  D  4791  
       

  -    
1120  

Kg/m3 
T  19  C  29  

)1 (         5/9 ) 
8
3

   (               5 

.  
  
2 -1-2      

                            
   2-2  2-3  .          -    

   .         8           
 .  
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2-2         
    

)(  
      )  (  

5/37  25  19  5/12  5/9  75/4  

   
1  
   

2  
   

3  
   

4  
  

5  
  

6  
  

     
50  100         

5/37   100-90 100        
25   - 100-90 100       
19   70-40 - 100-90  100      

5/12   - 70-40 -  100-85  100    
5/9   48-18 - 70- 40  90  -60  100  - 85    
75/4   29-6 34-10 39- 15  50  -20  70  - 40   100  
36/2   14-0 17-1 18 - 2  25-5  35  - 10  100  - 75  
18/1   - - -  19 -3  25  - 5   75  - 50  
6/0   8-0 10-0 10 - 0   - -  53  - 28  
3/0   - - -  10 -0   12  - 0   30  - 8  
15/0   - - -  - -  12- 0  
075/0   - - -  - -  5  - 0   

  
 2 -3         

   
 )(  

      )  (  
5/37  25  19  5/12  5/9  75/4  75/4  

   
1  
   

2  
     

3  
     

4  
    

5  
  

6  
  

7  
  

      
50 100 - - -  -  -  -  

5/37  100-90 100 - -  -  -  -  
25  - 100-90 100 -  -  -  -  
19  80-56 - 100-90 100  -  -  -  

5/12  - 80-56 - 100- 90  100  -  -  
5/9  - - 80-56 -  100  - 90  100  -  
75/4  53-23 59-29 65-35 74  - 44  85  - 55   100  - 80  100  
36/2  41-15 45-19 49-23 58- 28  67 - 32  100  - 65  100  - 95  
18/1  - - - -  -  80  - 40  100  - 85  
5/0  - - - -  -  65 - 25  95  - 70  
3/0  16-4 17-5 19-5 21  - 5   23  - 7   40  - 7  75  - 45  
15/0  - - - -  -  20- 3  40  - 20   
075/0  6 -0 7-1 8-2 10  - 2  10  - 2  10  - 2   20  - 9  
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 2 -4-      
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5/37 25 25 19 19 19 19 5/12 5/9 

                
  

1 2 3 4 5 6 7 8 9 

50  100 - - - - - - - - 

5/37   100-90 100 100 - - - - - - 

25  55-20 100-90 100-90 100 100 100 - - - 

19 15-0 55-20 - 100-90 100-90 100-90 100 100 - 

5/12 - 10-0 60 -20 55-20 - - 100-90 100-90 100 

5/9 5-0 5-0 - 15-0 55-20 65 -30 70-40 75-40 100-85 

75/4) 4( - - 10-0 5-0 10-0 25-5 15-0 25-5 30-10 

36/2)8( - - 5-0 - 5-0 10-0 5-0 10-0 10-0 

18/1)16( - - - - - 5-0 - 5-0 5-0 

3/0)50( - - - - - - - - - 
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1 2 3 4 

5/9 100 - - 100 

75/4) 4( 100-95 100 100 100-80 

36/2)8( 100-70 100-75 100-95 100-65 

18/1)16( 80-40 74-50 100-85 80-40 

6/0 )30( 65 -20 52-28 90-65 65 -20 

3/0)50( 40-70 30-80 60 -30 40-70 

15/0)100( 20-2 12-0 25-5 20-2 

075/0)200( 10-0 5-0 5-0 10-0 

  
2 -1-3    

               2-6   
.          )     200 (    

              .  
                   . 

          :  
-       2-6    .  
-                  .  
-      )21- T    (  
-     )   002/0  (      .  

 2 -6-    
      

6/0)30( 100 

3/0)50( 100-95 

075/0)200( 100-70 
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         .         

303- M    .   
  2 -7 2-8           M 303    . 

 2 -7     

 )(  
     )   +Ca(OH)2   Ca(O) (  90  

       Ca O  7  
     3  

  
        T219       2 -7  .  

 2 -8      

  )(  
      30 )600  (  3  

      200 )75  (  20  

  
         .              

        .          
        .            

.          

2 -1-4         
               2-2  2-3   

          .        
         :  

               .  
     :           

           .      
    2-9 .  
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  .                

     .             
   .          2-10  .  

     :         
)  5  (     .           

          .        
    2-11 .  

        )SS  (   )MS (     
.  

2 -1-5       

                       
    2-12 .  

 2 -9-           
   

   
       

1  2  3  4  5  
50  100  -  -  -  -  

5/37  100-90  100  -  -  -  
25  -  100-90  100  -  -  
19 80-60  -  100-90  100  -  

5/12 -  80-60  -  100-90  100  
5/9 -  -  80-60  -  100-90  

  4 55-20  60 -25  65 -35  70-45  80-60  
 8 40-10  45-15  50-20  55-25  65 -35  
 50  16 -2  18-3  20-3  20-5  25-6  
 200  5-0  7-1  8-2  9-2  10-2  
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 2 -10-            
       

  
   

   
  

        
5/37  100        

25  100-95  100      
19 -  100-90      

5/12 60 -25  -  100    
5/9 -  55-20  100-85  100  

  4 10-0  10-0  -  50-30  
 8 5-0  5-0  10-0  15-5  
 16 -  -  5-0  -  
 200  2-0  2-0  2-0  2-0  

  
  

 2 -11         
      

  
   

    
    

   
  

19 -  -  
5/12 100  100  
5/9 -  -  

  4 100- 75  100- 75   
 100  -  65 - 15  
 200  12- 5  20-12  
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1  2  3  4  
25 19 5/12 5/9  

5/37   
25   
19   

5/12   
5/9   
75/4   
36/2   
18/1   
3/0   

075/0   

100  
100-90  
 -  
80-60  

 -  
60-25  
45-15  

 -  
18-3  
7-1  

 -  
100  

100-90  
 -  
80-60  
65-35  
50-20  

 -  
20-3  
8-2  

 -  
 -  

100  
100-90  
 -  
70-45  
55-25  

 -  
20-5  
9-2  

 -  
 -  
 -  

100  
100-90  
80-60  
65-35  

 -  
25-6  
10-2  

  

2 -2     
         :  

2 -1-1     

                     -

.                 .   -

            .             
           .  

              234    -

        .  
              :  

2 -2 -1 -1    

                        
             .         

  RC-70  RC-250  RC-800  RC-3000               
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2 -2 -1 -2    

                    -

 .  
            60      30     

6000     .  

2 -2 -1 -3    

                     
                     

    .                   
          .  

2 -2-2    

         1  )(    .        
    10      .           .  

             .      
         .  

      55  65     35  45         5/0 
     .  

         D 244 ASTM   AASHTO T59  
  .              234  

        .  
                     

                  .  
                        

                                                                                                           
1 - Emulsifier  
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1 - Anionic Emulsions 

2  - Cationic Emulsions 
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2-13       
  

 QS RS  MS  SS 

QS-1h  
  
 

1-RS 

2-RS  
2 - HFRS 

1-MS 

2-MS 

h2-MS  
1-HFMS 

2-HFMS 

h2-HFMS 

s2-HFMS 

SS-1 
SS-1h 

  
       :  

 :HF1         .  
 : 12            .  
 : h     )   (  .  
 : s    s2-HFMS         2      .  

 2 -14      
  

  CQS CRS CMS CSS 

CQS-1h  
 

1-CRS 

2-CRS 

1-CMS 

h2-CMS 

1-CSS 

h1-CSS 

       .  
 :C   .  
 : 12  h            .  

2 -3     

            ) (         
)    (                

                    
        )      (   .  

                                                                                                           
1- High Float 
2-Soft bitumen 
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            200              
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  (               .  
       )SS (  )MS (         

       .  MS         
            200            .

   SS              )  
     200  (          .  

                       
    HFMS     HF              .

  HFMS                    
  .  

2 -3-4       

                            
      .               

                    
      1                

             .            
                     .  

2                      .  
                    -
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1- Ravelling  
2- Balling  
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  CMS-2   CMS-2h             
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2 -3-5   

                     . 
         :

2 -3 -5 -1  

       )        (     
                   

  .        )   (    
        .           

         .

2 -3 -5 -2  

                    
           )   (  .  

                .     
                .    

       .
                 .  

         .
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 2 -15      

     

  
 RC  SC  MC

H
F

M
S

-1
 

M
S

-1

H
F

M
S

-2
 

M
S

-2

M
S

-2
h

 H
F

M
S

-2
h

H
F

M
S

-2
 s

S
S

-1

S
S

-1
 h

C
M

S
-2

C
M

S
-2

 h

C
S

S
-1

C
S

S
-1

 h

70  250  800  300
0  250  800  3000  70  250  800  3000  

1(    
      :

 ×  ×  ×  ×  ×  
  ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  

  (*)×  ×  ×  ×  ×  
2 (   

      :
 ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  

  ×  ×  ×  ×  ×  ×  ×  ×  ×  
×  ×  ×  ×  ×  ×  ×  ×  ×  ×  

   (**) ×  ×  ×  ×  ×  ×  ×  ×  
3(     -

 ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  ×  
 ×  ×  ×  ×  ×  

 :
  (*    5    5        200 

  (**     2  )  10  (   20     200     .
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70- 10 )1(  70-20  
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70  -- )4(+20  
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