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ML MS MBMLMSMBML MS MB 

ISC   0/4 1982 ISC 7/4 1973AMB  8/6 - 1052 
ISC  6/41982ISC5/41973AMB  8/5 - 1085 
ISC  7/41983IS-A5/54/51973AMB  2/6  1316 
ISC  1/41983ISC0/51973AMB  7/5  1344 
ISC  9/41983ISC3/41974AMB  6/6  1459 
ISC  5/41983ISC3/41974AMB  5/6  1666 
ISC  2/41984ISC9/41974AMB  9/5  1755 
ISC  0/51984ISC4/41974AMB  2/6  1778 
ISC  9/41984ISC6/41974AMB  4/6  1844 
ISC  6/41984ISC8/41974AMB  5/5  1853 
ISC  4/41984ISC0/51974AMB  5/5  1853 
ISC  1/41984ISC2/51975AMB  7/5  1875 
ISC  5/41985ISC2/51975AMB  8/5  1876 
ISC  7/41985ISC2/41975AMB  0/6 3/6 1929 
ISC  2/51985ISC0/41975AMB  3/6  1934 
ISC  4/41985ISC7/41976NAB  0/5  1936 
ISC  4/41985ISC2/41976NAB  5/4  1936 
ISC  2/41985ISC2/41976NOW  6/5 1939 
ISC  2/51985ISC1/41976NAB  3/5  1939 
ISC  5/41986ISC2/41976AMB  5/5  1944 
ISC  6/41986ISC1/51976NAB  7/5 2/6 1951 
ISC  9/41986ISC8/41977NAB  5/5  1952 
ISC  3/41986ISC1/41977NAB   8/4 1956 
ISC  3/41986IS-A1/64/51977NAB   3/4 1957 
ISC  3/41986ISC0/51977NAB   1/4 1957 
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ISC  2/41988ISC1/41979ISC   9/4 1965 
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ISC  1/41989ISC6/41979NEIC   6/4 1967 
ISC  8/41989ISC5/41980ISC   6/4 1967 
ISC  5/41989ISC7/41980NEIC   6/4 1968 
ISC  1/41989ISC4/41981ISC   9/4 1969 
ISC  7/41989ISC3/41981ISC   8/4 1969 
ISC  4/41989ISC9/41981ISC   0/5 1969 
ISC  1/41989ISC8/41981ISC   8/4 1970 
ISC  2/51989ISC6/41982ISC   0/4 1970 
ISC  1/41989ISC6/41982ISC   0/5 1972 
ISC  3/41989ISC2/41982ISC   7/4 1973 
ISC  8/41990ISC7/41982ISC   0/5 1973 
ISC  2/41990ISC6/41982ISC   3/4 1973 
ISC1/42000ISC4/41995ISC4/41990
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ISC  5/3 2/42000ISC2/41995 ISC   6/4 1991 
ISC  4/3 1/42000ISC0/41995 ISC   6/4 1991 
ISC   0/42000ISC5/41995 ISC   3/4 1991 
ISC  3/4 5/42000ISC7/41996 ISC  1/5 1/5 1991 
ISC   1/42000ISC3/41996 ISC  5/5 3/5 1991 
ISC   4/42001ISC3/41996 ISC   5/4 1991 
ISC   0/42001ISC3/41996 ISC   4/4 1991 
ISC   3/42001ISC2/41996 ISC   0/5 1992 

NEIC   7/42001ISC8/41996 ISC   3/4 1992 
NEIC   3/42001ISC4/41996 ISC   1/4 1992 
NEIC   5/42002ISC2/41996 ISC   4/4 1992 
NEIC   3/42002ISC0/41996 ISC   4/4 1992 
NEIC   5/42002ISC1/41996 ISC   2/4 1993 
NEIC   7/42002ISC3/41996 ISC   7/4 1993 
IDC   1/42002ISC1/41996 ISC   1/4 1993 
IDC   0/42002ISC7/41996 ISC   0/5 1993 
IDC   0/42002ISC4/41997 ISC   4/4 1993 
IDC   2/42002ISC1/41997 ISC   0/4 1993 
IDC   0/42002ISC6/41998 ISC   8/4 1993 
IDC   1/42002ISC2/41998 ISC   4/4 1993 
IDC   1/42002ISC6/33/41998 ISC   7/4 1993 

NEIC   6/42002ISC3/41998 ISC 8/4 7/4 1993 
IDC   0/42003ISC9/49/41998 ISC   1/4 1994 

IIEES3/4  2003ISC5/32/41998 ISC   9/4 1994 
IIEES 4  2003ISC8/33/41998 ISC   5/4 1994 
IIEES5/4  2003ISC6/41/51998 ISC   2/4 1994 
IIEES 7/4  2003ISC3/33/41998 ISC   4/4 1994 
IIEES 2/4 2004ISC9/33/41998 ISC   6/4 1994 
IIEES 4  2004ISC8/35/41998 ISC   7/4 1994 
IIEES2/4  2004ISC1/41999 ISC   8/4 1994 
IDC   1/42004NEIC3/41999 ISC   7/4 1995 

IIEES 4  2004ISC0/30/41999 ISC   4/4 1995 
IIEES6/4  2004ISC3/46/41999 ISC   1/5 1995 
IIEES 4  2004ISC3/48/41999 ISC   5/4 1995 
IIEES2/4  2005ISC0/41999 ISC   3/4 1995 
IIEES 3/4  2005ISC2/41999 ISC   3/4 1995 
IIEES4  2005ISC3/42000 ISC   1/4 1995 
: 

AMB: Ambrasys, N.N.Melville,C.P.,̸̹̀̿
IIEES: International Instiute of Earthquake Engineering and Seismology
ISC: International Seismological Centre,UK
NAB: Nabavi, Institute of Geophysics-Tehran University
NOW: Nowroozi
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10-9-        )(]216[ 

̸̺͂ ×(   +  ) + ̸̺͂ × (   +  )    
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̸̹͂ ͉×(  )+ ̸͉͂ ×(     +   +   )+ 
̸͉͂ ×(  )   +    +    

 1 

 
 

 
)

 
 

( 

̸̹͂ ͉×(  )+ ̸͉͂ ×(     +   +   )+ 
̸͉͂ ×(  )   +    +     

 2 

̸̹͂ ͉×(  )+ ̸͉͂ ×(     +   +   )+ 
̸͉͂ ×(  )   +   +    + 

̸͉͂ ×(      )+ ̸͉͂ ×(        ) 

 3 

̸̹͂ ͉×(  )+ ̸͉͂ ×(     +    +   )+ 
̸͉͂ ×(  )   +    +      

̸͉͂ ×(      )+ .̸͉×(        ) 

 4 

̸×(  )+ ̸̹͂ ×(     +   +   )+ 
̸̹͂ ×(  )   +    +    + 

̸̹͂ ×( )  

 5 

̸×(  )+ ̸̹͂ ×(   +  +  )+ 
̸̹͂ ×(  )   +    +    + 

̸̹͂ ×(  )  

 6 

̸×(  )+ ̸̹͂ ×(     +   +   )+ 
̸̹͂ ×(  )   +    +    + 
̸̹͂ ×(       )+ ̸̹͂ ×(     ) 

̸̹͂ ×(   ) 

 7 

̸×(  )+ ̸̹͂ ×(     +    +   )+ 
̸̹͂ ×(  )   +    +     + 
̸̹͂ ×(       )+ ̸̹͂ ×(     ) 

̸̹͂ ×(   ) 

 8 

̸×(  )+̸×(     +   +   )+ 
̸×(  )   +    +    + 

̸×(    ) 

 9 

̸×(  )+̸×(     +    +   )+ 
̸×(  )   +    +     + 

̸×(    ) 

 10 

                         
      ACI     ) (    AASHTO     

                       
     )    TBM        (...  . 

 )10-11 (         AASHTO ACI   . 
 

10-10-     AASHTO ]206[ 

TG 
TU 
CR 
SH 

WA

LL
IM 
LS 
CT 
PL

ES EH* 
EV# DW DC    
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- 

  

- - 

        

 

0 5./  2/1  1 75/1  75./  5/1  9./  35/1  65./  5/1  9./  25/1      )1(  

0 5./  2/1  1 35/1  75./  5/1  9./  35/1  65./  5/1  9./  25/1      )2(  

0 5./  2/1  1 0 75./  5/1  9./  35/1  65./  5/1  9./  25/1      )3(  

5./  1 2/1  1 1 1 1 1 1    )1(  

1 1 2/1  1 0 1 1 1 1    )4(  

N/AN/A N/A 1 
 

75./  5/1  9./  35/1  65./  5/1  9./  25/1     )1(  

DC :           DW :       EV :   EH :  
 ES :  LL :    IM :    LS :   CT :    PL :    

WA :     TU :     CR : SH : TG :   EQ :  iɔ :  

*          .           -   . 
#         .       -  . 
+            . 

 
10-11-       , AASHTO   ACI]206[ 

    )(  ACI   AASHTO 

  
 

 
  

  
 

  
  

 

  
 

6/0 

 9/0  9./ 

    
   

9/0 
 9./ 

   85/0    7./ 

   85/0 

    
  : 

    
   

 
75/0 
70/0 

  75./ 

     7/0 

     
    

 

9./ 

     65/0 - - 

 
  

       )10-12 (     )10-13 (  . 
 )10-9 (            )10-13 (  . 

 

10-12-         
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   ɔ ̹    

    ű ̷̺  

  C ̷    

     K̷ ̷͉͂ - 

  b ͉͂̿  

  m ͂̾̀  

  H ̸̷  

  - Pvl ̹͈͂     

       Phs ͉     

      W ̸    

 
 )10-14 (        4       )10-10 (   

         ACI    .        
           . 

 
10-13-     

     

      
      

    . 

 )10-2( B= ̸ ͂̾͊  ̹m 1 

 )10-3( 
Pv= = ̸ ͈͂͊  ̾Ton/m̹ 2 

      Pvd = PV + W = ̸ ͈͂͊  ̾+  ̸= ̸ ͉͂͊  ̾Ton/ m̹ 3 

          hp̸=PV / ɔ=  ̸ ͈͂͊  ̾/ ̹= ̺͂̾  m 4 

         hp̹=(PV / ɔ) + m =  ̸ ͈͂͊  ̾/  ̹+ ͂̾̀  ≠ ͉̹͂  m 5 

 )10-6(    K̷= ̷͉͂  6 

        Ph̸= k̷  × ɔ   ×  hp  ̸= .͉×̹× ̺͂̾ = ̺͂̾     ton/ m̹ 7 

        Ph̹= k̷  × ɔ × hp̹ = .͉×̹×̸ ͉̹͂ ≠ ͉̹͂     ton/ m̹ 8 

        - Phl = k  ̷× ( ̹͈͂ )= ̸̹͂ ton/m 9 

    Phs = k̷ × ( )͉ = ̹͉͂ ton/m 10 
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10-9-      

 

 10-10-             

10-6-      

                 
      .                

         .             
     .           .  

                   
  ̸

̷̹
            .        

                 .   
        .           

                 
]217[. 

 



296 14/07/1394 

 

     

 10-14-        4    

  )(  )(  ) ( 
                         
 
 

                 

         

 
 4 3 2 1 4 3 2 1 4 3 2 1 

0/11 0/56 0/10 0/10 0/0 0/35 0/50 0/0 0/65- 0/67 0/4 

0/
44 

DL 1 

0/2 0/7 0/2 0/2 0/0 0/5 0/8 0/0 0/10- 0/11 0/1 0/6 LL 2 

0/60 0/38 0/50 0/53 0/0 0/30- 

0/10
- 0/4 0/60 

0/52
- 0/20- 

0/
14- 

HL 3 

0/7 0/7 0/8 0/8 0/7 0/5 0/17 0/8 0/0 0/14 0/17 0/0 EQL 4 

4/15 4/78 0/14 0/14 0/0 0/49 0/70 0/0 0/91- 

8/
93 6/5 

6/
61 

C̸= ̸͈͂ DL 5 

8/18 3/9 4/17 4/17 0/0 5/57 

6/
83 0/0 108- 

5/
112 3/7 

8/
71 

C̹= ̸͈͂ DL+ ̸͂̾ LL 6 

9/23 5/77 3/24 3/24 8/9 1/50 

5/
86 2/11 0/81- 0/104 3/29 

9/
53 

C̺= ̸̷͂ ͉DL+ ̸̹͂ ͉̾LL+ ̸͈͂ ̷̹
͉EQL 

7 

4/3  9/57 8/1 8/1 

8/9
- 1/36 

9/
38 2/11- 0/81- 7/64 4/18- 

9/
53 

C͈= ̸̷͂ ͉DL+ ̸̹͂ ͉̾LL-
̸͈͂ ̷̹͉EQL 

8 

4/21 6/68 7/21 7/21 8/9 8/43 

3/
76 2/11 3/68- 0/90 0/28 

2/
46 

C͉= ̸̷͂ ͉DL+ ̸͈͂ ̷̹͉EQL 9 

7/1 0/49 7/0- 7/0- 

8/9
- 7/29 

7/
28 2/11- 3/68- 7/50 6/19- 

2/
46 

C͊= ̸̷͂ ͉DL- ̸͈͂ ̷̹͉EQL 10 

9/19 4/60 4/20 4/20 0/10 7/38 

3/
69 4/11 5/58- 3/80 9/27 

6/
39 

C̾=.̀DL+ ̸͈͂ ̺EQL 11 

1/0- 4/40 4/2- 4/2- 10- 4/24 

7/
20 4/11- 5/58- 3/40 7/20- 

6/
39 

C̿=.̀DL- ̸͈͂ ̺EQL 12 

8/
120 9/154 

4/
102 

5/
107 0/0 5/6 

6/
66 8/6 0/6- 1/24 7/26- 

0/
48 

C̀= ̸͈͂ DL+ ̸͂̾ LL+ ̸͂̾ HL 13 

9/111 0/115 0/94 1/99 0/0 5/19- 

0/
28 8/6 5/43 

1/28
- 4/30- 

8/
15 

C̸̷= ̷͂̀ DL+ ̸͂̾ HL 14 

 *         

 

                     
   .                 .

              . 
 )10-11 (         . 

                      
                    . 
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 10-11-       ]217[ 

 

                  
               .       

  . 

10-7-             

                   
         .          
              .         

         ]203[ . 

10-8-    - 

                    
  .                     

       .            -  
 . 
                   ]205[ . 
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 )10-12 (    -         . 
                      

   .  -                
                   . 

10-9-            

                        
  .                  . 

             .         
        .     -          

       -    .           
       ]218], [219[: 

-                     
 . 

-         -      . 
-        . 

 

10-12-    -   ]207[ 

 
 )10-13 (                  

 . 
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 10-13-           ]219[ 

 

10-9-1-   165 

                .    
            166      

                 ]203[. 

                                                      
 

̸͉͊ Bedded Ring Model 
̸͊  ͊Elasto-plastic supported bending and strain stiff ring 

         

    
 

       
 

                

   
 

 
  

   
 

 -
 

   
 

 
  

 

 
 

   
 

 

 
 

  
 

 

 
 

 
w

in
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le
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Szechy ̸̀̾  ̷
Bouma ̸̀̿̀ 

Schulze/ 
Duddeck 
̸͈̀͊ 

Orlov ̸̀͊  ̸
  Rosza 
̸̺̀͊

Schmidt ̸̹̀  ͊
Kaestner ̸̸̀͊ Atkinson/ 

Potts ̸͉̀̾ 

Bagajeva ̸̸̀͊ Metrostroi ̸̺̀͊ Savin ̸̀͊  ̸
Wood ̸͉̀̾

Lombardi ̸͈̀͊
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10-9-1-1-  167  

           ) (        
   .                    

       .             
    .              

                     
     .                 

        .              
                      
      .             

     .          .      
     . 

           168           
             .         

    .                 
         ]207[. 

                  .     
               .       

          .               
   .                  

 . 
                  

       .                
      .        .      

         .           
         . 

                   
           .            

            . 
                     

    .          .        

                                                      
 

̸͊̾ Beam-Spring Model 
̸͊̿ Modulus of subgrade reaction 
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 ]207[. 

                ABAQUS 
                        

 .                     .
                  .   

              ) 10-14 .( ) (
              ]220[: 

)10-8( ̹ ̹
n̷ v̷ h̷ů =ů cos ɗ+ů sin ɗ 

n̷ů  v̷ů   h̷ů     ɗ         
 ]220[. 

                   
      .           .    

         ) 10-15 .( 
              : 

)10-9( 
̸

e r

r

A E
K

R 

 rE   R   r     eA         
   : 

)10-10( bRAe 

 b         .         
   )10-16(   )10-15 (   . 

 

10-14-     ]220[ 
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10-15-         ]220[ 
 

 )10-17 (         ABAQUS    . 
 )10-18 ( )10-26 (            . 

 

 

10-16-        ]220[ 
 

 

 
 
 

 10-15-       
   

  20/3  

  45/3  
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 25/0  

 00/1  

   1+6  

   24  

   7  

   36 Gpa 

   17/0 - 

   26 KN/m̺ 

  
 

51000 KN.m/rad 

   
 

235000 kN/m 

   
 

160800 kN/m 

 

 

-          -         

10-17-        ABAQUS 
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 10-18-  )(  10-19-   )( 

  

 10- 20-     )(  10- 21-     )( 

 

 10-22-     ) ( 10-23-     ) ( 
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 10-24-    X)(  10-25-     Y)( 

 

 

10-26-   )( 

10-9-1-2-    

                    . 
            .         

                      
                .       

               .        
                   .

              .    
                   .      

             .        
         . 

              ABAQUS 
 )10-27 ( )10-37 (             

   )10-15 (  . 
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10-27-  

 

 
 10-29-  S̸̸ 10-28-     )10× ( 

 

10-31-        10-30-       
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 10-33-       10-32-        

 

10-35-   Von-mises      10-34-        

 

10-37-         10-36-        

 
-               SAP ̷̷̷̹  

                )10-12 (  
. 

     1+8          8     
   4            .     8   

      .        11      
35  . 
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            .     
        link    SAP̷̷̷̹   .     

                       
       .        )10-9 ( )10-10 ( 

 .  
            Shell      

    FRAME   .        25    
          . 

 )10-38 ( )10-50(              
   .  

 

10-38-      10-39-        1+8   

 
  

10-40-       10-41-        
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10-44-        link 

10-45-        
  

10-46-        
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10-47-        
 

 10-48-         

 
Key ̸           t≠̸ Cm

ѢΜѝ ѝѡ- E+

ѝΜѝ ѝѝE+

ѢΜѝ ѝѡE+

ўΜѝ ѝѢE+

ўΜѢ ѝѢE+

џΜѝ ѝѢE+

џΜѢ ѝѢE+

ѠΜѝ ѝѢE+

ѝ Ѣѝѝ ўѝѝѝ ўѢѝѝ џѝѝѝ џѢѝѝ Ѡѝѝѝ ѠѢѝѝ ѡѝѝѝ ѡѢѝѝ

Mz (Kgf.m)

N
z 

(K
g

f)

ўўt=  ,Existing

ўўt=  ,Designed

M+

M-

 

Key ̸              t=̺͉ Cm

ѝΜѝ ѝѝE+

ўΜѝ ѝѢE+

џΜѝ ѝѢE+

ѠΜѝ ѝѢE+

ѡΜѝ ѝѢE+

ѢΜѝ ѝѢE+

ѣΜѝ ѝѢE+

ѤΜѝ ѝѢE+

ѥΜѝ ѝѢE+

ѦΜѝ ѝѢE+

ѝ ўѝѝѝѝ џѝѝѝѝ Ѡѝѝѝѝ ѡѝѝѝѝ Ѣѝѝѝѝ

Mt (Kgf.m)

N
t 
(K

g
f)

ѠѢt=  ,+ reinf

ѠѢt=  ,- reinf

M+

M-

10-50-    –     
     

10-49-   –   
   

 

10-9-2-   
              169   ]218[ .  

                     .  
           170    .      

 171                . 

                                                      
 

169 linear-elastic continuum 
170 homogeneous linear medium 
171 Closed state of stress 
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-               PLAXIS   

       5     H≠͉m 
       15          )10-12(    

     5        PLAXIS     .     
                   
ETABS   .                2   

   . 
 )10-51 ( )10-60(               

   .  

 
 10-51-  10-52-   

 
 10-53-  10-54-     
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10-57-          10-58-       

 
 

 10-59-      10-60-      
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            .          

            2    . 
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      )10-12(  . 
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         )10-81 (       
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1-        
                 . 

          . 
2-    

                .    
    . 
1-1-           
1-2-        

1-3-        

        Unwedge  . 
1-4-        

                       
 . 

1-4-1-       
        FLAC     FLAC̺D      . 

1-4-2-      
        UDEC      ̺DEC      . 

3-     
                . 
4-     
                . 
5-       

                    
        . 

6-        
6-1-    
6-2-   
6-3-   
6-4-           
6-5-        
6-6-             ... 
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  1694:   -      
  1695:   -         
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            ISO ASTM DIN BS    
 . 

11-1-2-   
        )70 (%            

         .              
      . 

           :         
             ]222[. 

                 .    0  75/4 
         75/4              

 5/9 7/12 05/19 1/38 8/50    . 
                      

        .           
  ] 223[: 

  300 :        
  302:       
  446 :          75   . 
  447:           )  ( 
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  449 :         
  578:              
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11-7-     -     

 -
  ASTM AASHTO BSI ISO  

 

1    C̸̷͉ M͉̿ 
BS̸  ̹

BS̸̺̾  ̷
BS̷͈̹̾ 

 ̺̿̀ 

2      C͉͉̀ M̷̹͈ BS̸͈  ͊
BS͈̹͈͊   

3    C͉͉̀ M̷̹͈ BS̸͈  ͊
BS͈̹͈͊  ̷̀̀ 

4      ̷͈̹̹ 
5  C̸̀   

6      
 C̷̹̺ M̸͉̹    

7   SO̺ 
 C͉̺̀    ̸͈͊̀ 

8      C̸̺̿ T̸̹̾ BS͈͉͉  ̷
Part̸   

9     C̸̸͈ T̸̷͉ BS͈͉͉  ̷
Part̹  

̸͊̀  ̹
̸͊̀  ̺
̸͊̀  ͈
̸͉͊̀ 

10      
  C̸̿̿ T̸̺̺ BS͈͉͉  ̷

Part̺ 
  

11   ) ( C̷̹͈ T̸͉̺ BS͈͉͉  ̷
Part̺ 

 ̸̷̀ 

12  )  (C̸̸͉ T̀̿    

13    
   C̷̺͉ T̸̹͊    

14      
  C̸̸̀ T̸̸̺    

15      
  C̹͊͊ T̸͉͈    

16     C̸͉̿ T̸̺̾ BS͈͉͉  ̷
Part̸ 

  

17       C̸̿̾ T̸̹̀ BS͈͉͉  ̷
Part̺ 

  

18   C̸̷̀ T̸̺̹    

19   C̺͈̿    ̺̺̀ 

20        
)  ( C̸̷̀ T̸̷͊ BS͈͉͉  ̷

Part̺ 
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 11-8-      -    

 - 
  ASTM AASHTO BSI ISO 

 
 

1       C̺  ̺
M-̿  ͉
M-  ͊

BS̿̿  ̹
BS̸̷̹  ̸ ̷̺  ̷

̷̺  ̹
2        

 C̺͊  ̾ BS̸͈͊  ̀  

3         C̺̺  ̷M̸̀  ͉
BS̺̾̀  ̾
BS̿̿  ̾

BS̸̸͊  ͉
  

4       D̾  ͉T  ̹BS̸̿ ,̹ Part  ̸
BS̺͊̿  ̸  

5   C̹͉̀    
6    C̸̺͊T̹  ̾BS̸̿ ,̹ Part  ̸ ͈͈  ̾
7   C͉͊͊T̹͉  ͉BS̸̿ ,̹ Part  ̹  
8    C̷̾T̸͈  ̹   
9  )  (C̹̀T̸  ̀BS̸̿ ,̹ Part  ̹  
10         C̸̹  ̾T̿  ͉BS̸̿ ,̹ Part  ̹ ̸͊  ̸

͉̾  ̿
11     C̸̹̿T̿  ͈BS̸̿ ,̹ Part  ̹ ̸̷̿  ͊
12  C̿̿T̸̷  ͈  ͈͈  ̀

13       
      C͊̿  ̹   ͉̾  ̿

14     BS̸̿ ,̹ Part  ̺ ͊͊  ̀
15  C̷͈T̹  ̸   

16        
 C̿  ̾T̾  ̸   

17     200)75(C̸̸̾T̸  ̸BS̸̿ ,̹ Part  ̺ ͈͈  ͊
18   C̸̹̺T̸̸  ̺BS̸̿ ,̹ Part  ̸  
19         
20     C̸͈  ̹T̸̸  ̹   
21    C̸͈  ͈   ̹̀  ̀
22  C̹̺  ͉    

23       
)  ( C̹̹  ̾    

24   ) (C̸̹͊  ̷    
25    ) (C̹̿  ̀    
26     C͉̿  ͊    

27       
  C̺͈  ̹    

28            BS̸̺̾ ,̾ Test  ̀  
29      T̹͊  ̷

BS̸̿ ,̹ Part  ͈
BS̸̿̿ ,̸ Part  ͊  
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11-9-      -   

 -
  ASTM AASHTO BSI ISO 

 
 

1       
  D̸̸̹  ̀    

2       
 D̸͉  ̸    

3 PHD̸̹̺̀   
4     D̸̷͊̾   
5       D̸̿̿̿   
6    D̸͉̹   
7      D̸͉  ͊ BS̸̺̾  ̾

Test̸  ̷  
8     BS̸̺͈  ̿  

 
 11-10-      -      

 -
  ASTM AASHTO BSI ISO  

 
1     C͈̀  ͈M̸̀  ͈BS̷͉̾  ͉

Part  ̸  
2    C̷̹͊M̸͉͈   

3      
    C̸͊  ̿M̹̀  ͉   

4  D̀̿M̸͈͈   

5       
 C̀̿  ̀M̷̺  ̹   

6       
 C̸̹͈  ̷M̷̺  ̾   

7      
 C̸̷̸  ̾    

8     
       C̸̷͉  ̀    

9      D̺͈͉T̸͈̺   
10    C̹̺̺T̸͉̾   

11      
    C̸̺  ̸    

12  
   

      
  

C͈͈  ̸    
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 11-11-      -   

  -
  ASTM AASHTO DIN 

* 
 

1    ͈̿ ,̿ Part  ̺RC̹+ 

2  
        

)        9 
( 

  ͈̿ ,̿ Part  ͉RC̺+ 

3         ͈̿ ,̿ Part  ̺RC͈+ 

4      )
(    RC͉+ 

5      )
  (    RC͊+ 

6      ͈̿ ,̿ Part  ̾RC̾+ 
7     ͈̿ ,̿ Part  ̺RC̿+ 

*RILEM – CEB - FIB 

 11-12-      -    

 -
  ASTM AASHTO BSI  

 
1  C̀  ͈M̸͉  ̾BS̸̹̀  ̷ 
2        C̷̺̀M̸͈  ̿  
3        C̸̸̾M̸̾  ̸  
4           C͉͊̿M̹͈  ̸  
5    C̸̹̾T̸͈  ̸BS̸̿̿ ,̸ Part  ̸͈̿̀ 
6       C̸̺͉̿   

7           
 C̸̀  ̹T̸̹  ͊BS̸̿̿ ,̸ Part  ̸̺͉̿ 

8         
 C̺  ̸T̹  ̺BS̸̿̿ ,̸ Part  ̺ 

9   )( C̸͈̺T̸̸  ̀BS̸̿̿ ,̸ Part  ̹ 
10    -    BS̸̿̿ ,̸ Part  ̹ 
11      ) ( C̷̺͊  ̸̸͉ 
12       BS̸̿̿ ,̸ Part  ̹ 
13       )  ( C̸̺̿T̸̹  ̸BS̸̿̿ ,̸ Part  ̹ 
14     )  ( C̸̺̾T̸̀  ͊  
15    ) (C̸̹̺ BS̸̿̿ ,̸Part  ̹ 
16       BS̸̿̿ ,̸ Part  ̹ 
17     C̹̺̹T̸͉  ̿  
18           C̷͈̺T̸͉  ̾  
19     C̹̿̾   
20           C̸͉͊   
21     C̸̷͈͊   
22      C̸̷̾̀   
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 11-13-      -     

 -
  ASTM AASHTO BSI 

 
 

1        C̸͊  ̾ BS̸̿̿ ,̸Part  ̺ 
2    C̺̀T̹  ̹BS̸̿̿ ,̸ Part  ͈ 
3    )  ( C̸̸͊ BS̸̿̿ ,̸ Part  ͈ 
4         D͈͊̿   
5       C͈̀͊ BS̸̿̿ ,̸ Part  ͈ 

6           
       C̾  ̿ 

BS̸̿̿ ,̸ Part  ͈
BS̺͈  ̷
BS̺͊  ̿

̷͈̀ 

7          
     C̹̀  ̺T̸̾  ̾  

8          C̷͈̀ BS̸̿̿ ,̸ Part  ͉ 
9        C͈͊̀ BS̸̿̿ ,̸ Part  ͉͉̹͉ 
10        C̸̹͉ BS̸̿̿ ,̸ Part  ͉ 
11         C̷̸̿   
12    C̸͉̹   
13          C̸̺͈ BS̸̿̿ ,̸ Part  ͉ 
14        C͈̹͊ BS̸̿̿ ,̸ Part  ͉ 
15       C͈͉̾   
16       C̸̷͈̿ BS̸̿̿ ,̸ Part  ͊ 
17           C͊͊͊   
18        C̸͊̾   
19          C̸͈̿   
20      C̾̾̀   

21          
 C͊̾  ̹   

22        C̹̺͈   

23           
 C̹̿  ̺   

24           C͈  ̹ BS̸̿̿ ,̸ Part  ͈ 
25    C̷͉̿ BS̷͈͈ ,̿ Part  ͈ 
26  C̷̺̿   
27       C͉̀̾ BS̷͈͈ ,̀ Part  ͉ 
28     C̷̷̀   
29             C̸̸͉̹   
30             C̸̸̹̿   
31            C̸̷̹̹   
32        BS̸̿̿ ,̸ Part  ͊ 
33          BS̷͈͈ ,̿ Part  ̸ 
34        BS̷͈͈ ,̿ Part  ̺ 
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̸̾  ̹Tail 
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̸̾  ͉Longitudinal  joint 
176 gasket 
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-       
-         
-      
-    
-         

12-2-1-      177 
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                 . )12-3 (   
        ]5[. 
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̸̾̾ Hexagonal Segment 
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              ]228[. 

 )12-4 (              . 
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               .     

           .              
           .            

                                                      
 

̸̾  ̿Rectangular Segment 
̸̾  ̀Universal Ring 
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̸̿  ̷Left and Right Ring 
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̸̹̿ Trepezoidal Segment 
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)12-4 (                   
 . 

12-3-             
      

1    1 10  2 

2   1 11   1 

3  2 12    2 

4   1 3 13    2 

5   2 3 14   2 

6   1 2 15  2 

7   2 2 16   4 

8   2 17   2 

9    3 18   2 

12-3-4-         

                 ... . 
                   

                    
                   

  .           )  (   .   
        : 

-    
-      
-    
-            
-      
-         
-         
-        
-    
-    
-        
-         

      A     A/C   )    C  
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 12-4-                 
       

1    72 13    90 

2    10   4 14 
    

     
 4 

3    4 15    1 

4 
  30 )

 ( 
 2 16 

    
   

 4 

5       1 17   10   2 

6      4 18   2 

7 
     

  
 2 19    3 

8     1 20    1 

9  PLC  1 21   250   9 

10    1 22 
   

 
 1 

11   1 23   2 

12   1 24   3 

 
   A/C     ̹×A)/C (           

 12         )       8        (
                    . 

       B    ̹×A×B)/C (     .    
 a×b) (                       

       (a+̸) × (b+̸)     . 
                  

 (a+̸) × (b+̸) (̹×A×B) / C) × (    . 
-              1000     
 .  

-                )  (  .
              (x×y)   .  

        7    . : 
-      :A×B)/C ( 
-        :7  

             As= (A×B)/C×̾ m̹   
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-      42                
   : 

                   Ad = (A×B)/C×͈̹ m̹ 
-             400       : 

              Ast = ̷̷͈  m̹                                                    
-      : 
-         v             

  : 
                                  =     (A/C)×v               

-     8        (A×v)/(C×̿×̷͊)     
   . 

-           80       400     
    . 

   :        Ab = ̷̷͈ m̹ 

             600     .    
                 : 

A = [(a+̸) × (b+̸) × ((̹×A×B) / C)]+[ (A×B)/C×̾]+[ (A×B)/C×͈̹]+[̷̷̷̹]   m̹     )1(  

    : 
A  :    )( 
B  :      
C  :  )( 

a×b  :    ) ( 

12-3-5-      
                    

                 .    
                 

                     
     .                   

        . 
 )12-7 (              . 
 )12-8 (               . 
 )12-9 (          . 
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