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  

                   .  
                    .   

                  
      .             

  .                     
   .                

  .          

  
   :          

  

1  
         

          
      .   

             
.   

        
         

         .  
            
   .         

            
 .           

         
Botton and Lytton, 2003; Chang et al., 1999 .  

       
        .   

           . 
        .   
          

     .    
            

.   
          

         
      .      

            
    (Hosseini et al., 2009).  

          
          

 .        
       90  180  600 

    .     5/4  
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  3/29     5     .
       30     

 .          
           

     .      
         

   (Seherer and Jaecklin, 1996).  
          

            
          .

           
         

(Saraf et al., 2001).        
       

  .          
       .     

           
         .

         
           

  (Lee and Kim, 2011).  

  
    

          
      .      

            
   .   

         
          

          
       .    

             
           

(Mahrez and Karim, 2010).  
         

       1960   . 
           

    ()   ()    
  .

        
         

  .       1    
 (Rongzong and Harvay, 2003).  

)1(                         
A

A
D D=  

 :            
AD   =    
A  =   

  D        .  
           

           
 1     2    .  

)2(                    
 S

SS
D e−

=  

 Se     S .     
          

          
         

      .    
  3 .   

)3(                      ( ),...,, Tf
d

d

N

D εσ=  

  

   σ  ε   T   .  
       f    

   .   

   
N

D

d

d       

        4     
.   

)4(                       m

o

N

D B
d

d
ε=  

  

        oε   ,B m      
      

(Hosseini et al., 2009).  
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        
         

 .          
      .     

         
           
         

       
  .    

  

2     
         

         
          . 

       
          

        .   
         

            
 4  6  .    
  

21     
          
       1  2   .

    60 70     
      PG 64-22  .

        3 
 .        .  

        
14PGM  PGM 50-50 PGM 100-100   

  .        
    PGM 50-50     

   PGM 100-100      
 .         

      .   
   14 PGM  PGM 50-50   1 

    .      

 288AASSHTO-M      
           

         4  
   .      

          
         

         5   
            .

      .     
  

  
  
  

  
 1.   14PGM  PGM 50-50  
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 1.     
       19 5/12  75/4  36/2  150/0  75/0  

    100 95 59  10 7 
    32  101  100 90100  7444  5828  337  102  

 
 2.      

    
       ASTM D70 015/1  

   25       ASTM D5 63 
      ASTM D92 318 
      ASTM D36 48 
  160       ASTM D2170 111 

 

 

 3.     
   
   2/5  

   2/4  
   1112 
       25/2  

VFA  66 
 

4.          

   
  

)2gr/Cm(  
   
 ) (  

  
)Grab(N)(  

  
)Grab(N)(  

5261ASTM D  276ASTM D  4632ASTM D  4632ASTM D  
14PGM  7±150 160  69±656 78±539 

5050PGM  5±307 151  78±972 59±883 

100 100PGM  5±428 165  81±117 65±993 

  

  
 5.           

  (Gpa)     (Gpa) 
     

(Gpa)  
     
(mm/mm)    

 400 200  55/2  240 15%  
 9065  5/25/1  73 45%3%  

  2510  32/1  15 12%  
 

           5     
         

            .

)         15   
   (         

          
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       .  
  
22       

           
        .  

        
     321  )AASHTO, 

2011(.         
           .

          
          . 

           
         

          
           
   .    

               
          

       .    
)       50   (

  .   321    50   
           

           
           
          

      5  7    
 )AASHTO, 2011(.  
  
)5(                                       σt= (0.357P)/(bh

2
) 

      
σt  :  ()    
P   :   ()    
b ()    :  
h ()    :.  
  
)6(   ε t= (12δh)/(3L

2
-4a

2
)                                   

     
δ   : ()      
a  :      119/0   
L  :        357/0 .  
  
)7(   

       )43(

12

)/()357.0(

22 aL

h

bhP
S

−

=
δ

  
:  
S:   () .  
  

             2 
       .     

1  3   .  
      

  
 2.        
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23       
        

     (  )  
           . 

            
      3    . 

            
     .     
            

        .   
          .  

 

24      
         

    .      
 6         

  .       
          

       .   
      300  400     

 60           
          .  

        4     .
           

 150 250 400 650  1000  
        . -

         
          

 .    
  
3      

         .     
            

           
    .       

           .
          6  9 

.  
 

 

 

 
 3.           

  
 6.       

       
1  150  9900991  
2  250  5917160  
3  400  390670  
4  650  36470  
5  1000  4930  
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 7.        PGM 14 

       
1  150  12048193  
2  250  6531679  
3  400  503840  
4  650  48876  
5  1000  10812  

  
 8 .        PGM 50-50 

       
1  150  129870013  
2  250  7813060  
3  400  612600  
4  650  53470  
5  1000  12710  

  
 9.        PGM 100-100 

       
1  150  14925373  
2  250  8210019  
3  400  629170  
4  650  50292  
5  1000  12097  

  
 

          
.          

         
     :  

  :       
     .10       

   
  :        

  .   90       
         

  :       
   .        

       .  

             
   .        

         
        .    

         .   
          

          
 .           

           
) So(   .       

           .
         8  b 

 .  
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4.         

   

  
)8(                                                      b= ⁄ 

               
   11       

    b        
        .  5  

8  .          
     12 .     

  
 11.        )106(*  
 
  

  PGM 

14 

PGM 

50-50  
PGM 

100-100  
150  101/0  083/0  077/0  067/0  
250  169/0  1531/0  128/0  1218/0  
400  560/2  985/1  632/1  589/1  
650  420/27  46/20  70/18  88/19  
1000  8/202  49/92  68/78  67/82  

  
         

        
           

       .   9 

 10          
           

x   .  
               
         

         
          

        .  
          

           
   )   x  (.  

          
.   

     b   )  (
          

          
          

   .     
            

  .  
 

 12.          4 
   

      
 

)2(R  

   
258/4)e(X17

10X6303/2=b  
964/0  

14PGM  

98/3)e(X16

10X0233/1=b 
980/0  

5050PGM  
956/3)e(X1610X1=b 964/0  

100 
100PGM  

060/4)e(X1710X28/5=b 966/0  
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 5.            

  
 6.            PGM 14 

  
 7.            5050PGM  

 


را

د 
 ر

رخ
 م

ر




رم رش

و ھی ص


را

د 
 ر

رخ
 م

ر




)روارن(رم رش

PGM 14


را

د 
 ر

رخ
 م

ر




)روارن(رم رش

PGM 50-50
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 8 .            100 100PGM  

 
 9.              

 
10.               

 


را

د 
 ر

رخ
 م

ر




)روارن(رم رش

PGM 100-100


را

د 
 ر

رخ


)روارن(رم رش

NoGeo

50-50

100-100

Linear (NoGeo)

Linear (50-50)

Linear (100-100)


را

د 
 ر

رخ


)روارن(رم رش

14

50-50

100-100

Linear (14)

Linear (50-50)

Linear (100-100)
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       9 10    
  11          

1000        
    .      

           
       .    

            
         

    .     
          

          
   .       
           

        .  
           

          .  
          

          
    .       

          .
          

             
       

 14PGM       . 
  9  10       

            
         

           
        

            
         

          
 .   

  

4      
         

         

  .        
           

      .  
          

           
   )   x  (  

         
.   

       
           

         .
         

           
      .   

          
         

.  
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