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   .               .    5 

                       .   
              . 

                  .     
            .  

                 .     
    )       (    .  

           .             .  
                      

               .         
                  .        

                      
  . 

-        

     )(                    
       .                

                       
       .  
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-       )  (    

                    
     .                  

              :  
-             
-          
-              

          .  
       :  
-        .  
-           .  
-       .  

                          
         .  

                    . 
   30  50         3  5   .      

        . 

-           

                     .     
                     .   

         .                 
             .  

            .          ...     
  .                    .  

                           
         .  

            .             
     .     5  .  

                      
              .  
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            1    3     .     
                    

              7 14  28     .  
               30       . 

                          
                .         

                     .   
          50  .  

 -    

         .             
          .            .   

               .  
                      .     

    )       (          .  
                      

        .                 
  .   

 -      

              .          
        :  
                   .    

                 .  
                     

                         
   )               .(  

                       .      
          .  
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 -           

                         .  
                 .     

                        
     .  

                       
                         .  

                   .  
         )   (          

      .  
                      

   .            .  
                         

         ...                
 .  

-      

                      
            1   .   

                 .       
                 .       
                          

   .  
                       

                      .  

                                                       
1- Pressure Cell 
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7 -1-4 -     

7 -1 -4-1-   

                  .           
6K 10−<      .                  
      )                   ( 

  .                        
     .  

                        .
                  .  

7 -1 -4-2-   

                       .  
       1   ...            

      .          .  

-    

                      ) 
                 (    .  

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

               .         
 )7-2(  .  
  
  
  

                                                       
1- Slurry 
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 7 -2 -   1  
   

  (S)  
 

3(gr / cm ) 
    3(cm )  

    10  
3(mg / cm )  

  
(mm)  PH  

32  50  04/1  10/1  30< 60  75  3<  7 10  
  

              40 )PI 40>(       )  
d 0.005<(    50  )50< %(  .              

    API-13A       .           
         .   ) (   ) (  3  4 .  

          :  
-                    

  )(      )  (    PH       
 .  

-  ) (                      
        .  

-                   . 
                        

 .  
-                       

        .               
    .             .      

              .  
-                   .      

          .  
-           .         2     

   . 

  

                                                       
1-         :  

"Recommended Practice Standard Procedure for Field testing Water based Drilling Fluids. 
"America Petroleum Institute Recommended Practice 13B-1, June 1, 1990". 
2- Revolver 
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-    

                       
      .            .  

                 .      1    
   .  

           ) (             
    2   18  22              2   .  

                  .      
  .  

                   
      :  

: 150–250  
  ) 4/3:( 1500-1800  

: 20-60  
   : 7/1-2/3 

  
                       

                  .  
                         

          .       .  
                         .  

       …    ASTM  .     ASTM 

C150            .  

-   

     : 
 : 45-55    

  25 : 100   
 : 5/99% 
)25 :( 100.)100 1/0  (  

                                                       
1- Tremie 
2- Slump 
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7 -1 -4-3-       

              )         (
                     .  

          ...            
       .            

            .  
                 

                   ) 2    (
    ) 25    (           .  

                      
  .                   .    

            .  
      )             (      

 .                        
 .            .  

-    

                           .  
               :  
-              
-               
-               
-                      )    

         .(  
            1           . 

                        .     
                        . 

                                                       
1- Clamshell 
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             .           
      .  

                       .  
                     

  .         .            
  .              .        

          .  
                      . 

                    .     
     .  

                      
      .                   

          .             
      .  

           .           
                         

        .               
          .                 

          .              
         .          .  

                           
   .  

                        .  
                           

      .  
        .               

    .                   
 .  
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      »  «1            .  
                         . 

                       .   
          .  

-    

        2   .   3      15  25   .  
                        :  

-        
-             
-          
-           5/4  .  
-           1  5/1    2       .  
-        25              .  
-   :             .  
-                        

      )30  50   (.  
-        )      (     .  
-           .  
-           .  
-                            

        . 

-                  .         
       .  

        8      .        
 :  

                                                       
1- Clamshell 
2- Lifting Filling Tube 
3- Tremie 
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-                 5/0   .        
  .  

-                         .    
            .  

-       .                
   .  

-                      .  
           . 

-                  .  
                  .      

         .                  
                  .  

-              70          )  
       .(  

-                           
 .  

-                            
                .  

-                          
 .  

-       

           )       (     
            1        :  

-                         
        2  .  

-              .         
             .  

                                                       
1- Reinforcing Cage 
2- Taper 
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7 -1 -4-4-      

                           .  
                           

   .              .        
   .  

      1          :  
 1-               .  
 2-                    .  
 3-                   .  

            .         
 :  

-               
-          
-           

          .            :  
-        
-     
-      

                .  
              :  

-               
-                 
-                        

               …  
-          

                 .     
            .          

 .  
                                                       

1-                            .  
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                  .        
     .            .  

                        
 :  

-             ) (.  
-                           

   .  
-       )   (          .  
-                        .

     )      (...     . 

7-2-    

7 -2-1 -     
                         

 1   2  .  

7 -2 -1-1-   

                  .       
      .               5/0    

 .  
                       

                  .     
                .          

                          3.  

                                                       
1- Contact Grouting 
2- Consolidation Grouting 

3-                                    
                               

    . 
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7 -2 -1-2-    

                     10     
   .                     

        .           .        
 1C : 0.2 B: 0.8W                     

1C : 2 S: 0.2 B: 2.4 W   .          )      
 (    5/1     50     .         
               .  

                      
       .        5/0          

    5/1  3      .            
    .  

      )       ASTM A120(        
  .                  .           

                    .  
                         

   .  

-      

     28       .           
     .                      

      .  
                        .   

                 .     
                  .    2  7 
      .               

   .  
                          .  

                          
    .  
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-     

                           
 .                     .   

            .  

-        

                 .    
                  .  

                  .      
        .              .  

7 -2 -1-3-    

                          
        .              .  

                            
           .  

          .              
  .                        
  .                      

    .  

-      

                       . 
                       .  

            .             
                     .  

           .              
                   .     

                         .  
                   .  
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-        

           .          
     )                 ( .   

                      .  

-     

                    
      7-3  7-4                  

  :  

 7 -3 -          
)      (    

1/0-5/0 3: 1  
5/0 – 1  2 :1  

1-2 1:1  

   2     /  / 
  1:1:1  

 7 -4 -         

        
)  (     

3  60 1:2 ): (  
3  80 1:1 ): (  
1  100 8/0 :1 ):(  
8  125 1:1:1 ): : (  

  
                         1  .  

-    

                       
           .          .  

                          
        .        1  20    . )7-5(   

                                                       
1- Tope Hole Packer 
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    )        (           
          :  

 7 -5 -      

     )   (  
   

        P 2 0.3D= +  10  
               P 6 0.3D= + 15-20  

         D =      .  
           .          .  

 -    

                     
         .            .

                  .  

-    

                       
               .  

                     ... .  

 -    

                      
              .  

7 -2-2 -  1  

7 -2 -2-1-   

            .           
           .               

 .                        
               .           

                                                       
1- Drains 
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                 ...   .       
                        .  

                   .     
                .  

                           .  

7 -2 -2-2-         

                  .       
             )  /       

(  .  
                   P.V.C.        
        .                  .  

7 -2 -2-3-       

                    .          
.                              . 

                       .  
                       

      .  

7 -2 -2-4-         

        ASTM-A120               
    .  

       10              50      
        .         .  

   P.V.C.        )7-6(    :  

 7 -6 -     P.V.C.     
   

  90 
  4 

   3/0 
        5 

        50    
    25/2 
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           ASTM D-2729   .      
                     .  





 

  
  
  
  
  
  
  
  
  
  
  
  

8 8  
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  –    

8-1-  

                     
                     

              .       
               .  

                       
   »   «   . 

8 -1-1 -  

         )          (    
                .  

                       
 .  

                               
 ASTM                ACI  

 .  

8 -1-2 -     
                     

                       
                   .  

                        
         .  8-1-2-1  8-1-2-6       .  

8 -1 -2-1-   

                     
            :  

-    
-    
-    
-    



106      

 

-              
-                 

8 -1 -2-2-    

                           
      . )     .(  

8 -1 -2-3-    

              )         
  (      .              

      .                 
          . )  8-9-1  8-9-2  .(  

8 -1 -2-4-     

                      :  
-                   

                      
-         
-      
-                   
-                      
-                      
-                        

    
-                  
-              
-              

                  .  
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8 -1 -2-5-        

            :  
-   » «        )              

        (  
-           )   (    
-        
-               
-           
-                       )   

                         
    (  

-      
-     
-                     
-                   
-    1                       

            
-             .  

8 -1 -2-6-     

                      
          .   

  
  
  
  
  
  

                                                       
1- Slump 



108      

 

 »«  -        
  :                                    :     

  
  

   
   

       
      

      
     

 ) (    
    

    
     

      
     

      
     

      
     

  )(    
  )(    

         
      

                                                  .  

8-2-    

                            
 ..:   »  «  .  
   w:c  w/c:      

 :                       
        .  

  : )   (              
                       .   
           .  

  :                       
        .        .  
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   :                      
         .        .  

   :                   .  
  :                .  

:                   
              .  

  ) :(                  )  
 (        .  

 :             
 :                       

            .  
 : .  .     

 1: . .      
  :                  .  

 :           .  
 :                     
        .  

 : .   
 :                .       

                    .  
 :                  .  

 )       :(             .
                       

                            
       .      .  

     )        :(          
       .  

  :                  .  

                                                       
1- Batching Plant 
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 ) :(                   
           .  

    ) :(                 ) ( 
  .  

 :            .  
   :                   
 .  

 :                   
 .  

  :                      
                  .  

:                .  
:                          

    .  
   :             .  
  :                  

  .  

8-3-    

8 -3-1 -   

8 -3 -1-1-    

             389  ) 101 (   .  
        )8-1(  .  
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 8 -1 -       )(1  
  I2 II III  IV  V  

2SiO  -  20  -  -  -  
2 3Al O  -  6  -  -  -  
2 3Fe O  -  6  -  5/6  -  

MgO  5  5  5  5  5  

3SO  3C A 8≤ %  3  3  5/3  3/2  3/2  
3C A 8> %  5/3  -  5/4  -  -  

3C S -  -  -  35  -  
2C S  -  -  -  40  -  

3C A -  8  15  7  23  
4 3C AF 2C A+  -  -  -  -  20  

  
          75/0            IV 5/2 

      3   .  
        )8-2(  .  

 8 -2 -      

   I  II  III  IV  V  
325-1 425-1 525-1     

    12  12  12  12  12  12  12  
    

2(cm / gr)  

 1600  1600  1600  1600  1600  1600  1600  
     2800  2800  2800  2800  2800  2800  2800  

)         ( 8/0  8/0  8/0  8/0  8/0  8/0  8/0  

    
2(kgf / cm ) 

1 - - - - 125 - - 
2 -  100  200  -  -  -  -  
3 120  -  -  100  240  -  85  
7 200  -  -  175  -  70  150  

28   
 325  425 525 315  -  180  270  

 525 625 - - - - - 
      

   
) ( 45  45  45  45  45  45  45  

) ( 6  6  6  6  6  6  6  

                                                       
1-        325-1 425-1  525-1   .  
2-              325-1 425-1 525-1  .  
3-       )8-2(       . 
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8 -3 -1-2-    

   I         II  V            
    .   II  V            )8-3(   

 .  III             IV         
  .                   . ) 8 -12(  

 8 -3 -        

  )(     
II  V  

  %1/0%2/0  %2/0  
  1501500ppm   1500 ppm  

                              .  

8 -3 -1-3-    

                       
             .           
    .            .     

       ) (              .  
                       

                        .  
             .       

              .  
         )107 109 113 118 119 120 122 123   (... 

  ASTM                   .  

8 -3 -1-4-    

          .           
     .                  

       .  
                       

     .                  
  )    (           .  

                      .  
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8 -3 -1-5-    

                      
 .               10     
 .  

                        
   .               .  

             .        
   10  15        .         65     .

      3          :  
-                
-             .              

  .  
-        )  ( .            65   

    .             .  
                         

                        .
        1       .  

                   .  
             .          

     .  
                 .      

 )     (  20                  
       12     .        30     

         3    .           
           .  

    2                    
              8-3 -1-1   .  

                                                       
1- Degreasers 
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                     )  
 8-3-1-1 (                 .  

                       
               .  

8 -3 -1-6-      

        65                
    .            10     .  

                     
      .              10  

   .  

8 -3 -1-7-    

                      
                       .

          8 -3 -1 -1  8 -3 -1 -3    .     
                 .     
                       .  
         .             

           .  

8 -3 -1-8-     

                        
                .  

8 -3 -1-9-    

       )  (       3432    
      )  103 ( .         102 .  

8 -3-2 -    
                       

         .  
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             :  
-  :     0         76/4     
-  A : 76/4      5 /9      
-  B :  5/9       19       
-  C:  19         38       
-  D : 38         63       
-  E :  63      150        

                      
                        .     

    .  
                      .

            .         1   
                 .  

8 -3 -2-1-      

                       
        .                

       .              
  :  

-                 2 205      ASTM C295   
       

-                         
                         

      ...           .  
-           ) (          

                           
         ...           .  

-        617   B.S.812          
                                                       

1- Hydration 
2-  ) (  
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-             210  211   ASTM C127  ASTM 

C128  
-  )      (        212  ASTM C88  
-               213   ASTM C666 ASTM C682 

 AASHTO T103  
-          200    218   ASTM C117      
-                  205  226   ASTM C227 ASTM C586 

ASTM C1293  ASTM C1260  
-             617   ASTM D2938   
-        216  ASTM C40  ASTM C87  
-                220   CRD-C-119  CRD-C-

120  
-               221  ASTM C142  
-      206  ASTM C136  
-            219  ASTM C123  
-      ASTM C29  
-             215  ASTM C535 ASTM C131  
-     
        204  ASTM D75   .  

8 -3 -2-2-      

                         
   :  

 -        )           (        .  
      )       (      .  

-                 
-              8-3-2  .  
-       
-            
                    .  
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8 -3 -2-3-        

               :  
-            
-         
-          
-                
-         
-      

           :  
- 3                    .  

        .   24   .  
-         .  
-                .           

         50      .              
   .  

-          38                  
  .  

-                3           
   .  

                       
          .  

8 -3 -2-4-      

              . 

8 -3 -2-4-1-   

                    )   
   (              .      

               .      
     .               
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.                     
                        .

                    .   
                       

         .          )8-4(   :  

 8 -4 -     

     
)    (     

      :    
 )   :(    
   ASTM C136      

  ASTM C117      
    CRD-C119       

            
 )   (    

   ASTM C136     
  ASTM C117     
    ASTM D2419       

    ASTM C40     
    CRD-C120       

      ):(    
 )   :( 

   ASTM C566      

 )   :( 
   ASTM C566      

8 -3 -2-4-2-     

                         
       .               
                         

    .        )8-5(   .  
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 8 -5 -     

     
)    (     

 )   :(    
   ASTM C136      

  ASTM C117      
   CRD-C119     
   ASTM C131  

ASTM C535   6     
   ASTM C123     

  ASTM C88      
    ASTM C682       

      ASTM C142      

     
ASTM C295 
ASTM C586  

ASTM C1293  
ASTM C1260 
ASTM C1293  

     

    ASTM C127      
 )   (    

   ASTM C136    
  ASTM C117    
    ASTM D2419     

   ASTM C40    
  ASTM C125    

    ASTM C128     
     CRD-C120     

  ASTM C88 6     
      CRD-C141     

   
ASTM C295  
ASTM C586 

ASTM C1293 
ASTM C1260 
ASTM C1293 

     

   ASTM C123      

8 -3 -2-4-3-     

    )               (    
 204  ASTM D75    .               

             .  

8 -3 -2-4-4-      

              2  ACI- 311   .  
          .  
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8 -3 -2-4-5-       

                     
                      

   .                  
    .          :  

-              
-       
-            
-        
-         
-           
-    1            
-           
-           
-        
-       
-      
-    
-        
-             
-              
-        
-      
-        
-      
-                
-    

                                                       
1- Feed 
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-      
-         
-                

                      
 .           .  

8 -3 -2-4-6-       ) (  

                       
     .  

                     .  

8 -3 -2-4-7-   ) 206  ASTM C136(  

            . ASTM C33      
)8-6(    .  

 8 -6 -      ASTM C33  
    

)mm(  
200# 

)75 0/0(  
100# 

)15/0(  
50# 

)3/0(  
30# 

)6/0(  
16 #  

)2/1(  
8#  

)4/2(  
8 #  

)76/4(  
8/3   

)5/9(  
     3-0  10 -0  30 -5  60 -25  85 -50  100-80  100-95  100  

  
                     100 

   20        200  7    .         
         100  200           .  

         )8-6(       3/2  1/3  .   
          2/0±         .  

           )8-7 ( .  

 8 -7 -            
   )mm( )150( )5/63( )38( )25(  )19(  )5/9(  )76/4(  )4/2(  

     

A 100 100 100 100  100  100-85  30 -10  10 -0  
B 100 100 100 100  100-90  15 -0  10 -0  5-0  
C 100 100 100-90 55 -20  10 -0  5-0  -  -  
D 100 100-90 15-0 -  5-0  -  -  -  
E  8-12-      

  
                       )8 -8( .  
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 8 -8 -        
  )mm( )150( )5/63( )38( )25( )19(  )5/9(  )76/4(  )4/2(  

 
 

 
  

 150  76/4    8-12    
 5/63  76/4   100  100-95  85 -60  70 -40  30 -10  10 -0  5-0  -  

 38  76/4   100  100  100-95  85 -60  70 -35  30 -10  5-0  -  
 19  76/4   100  100  100  100  100-90  55 -20  10 -0  5-0  
 5/9  76/4   100  100  100  100  100  100-85  20 -0  5-0  

  
                )8-8(      

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

                          
    )8-9(                    

          )8-9(              
     .  

 8 -9 -       
   )mm( )75( )5/63( )38( )19(  )76/4(  )6/0(  )15/0(  

 
 

  

   19    100  100  100  100-95  50 -30  35 -10  6-0  
   38    100  100  100-95  75 -45  45 -25  30 -8  6-0  
   5/63    100  100-95  85 -60  70 -40  40 -20  25 -5  6-0  

8 -3 -2-4-8-      ) 220  CRD- C-120 , CRD-C-119(  

            15       .      
        3                3 .  

8 -3 -2-4-9-        ) 221  ASTM C142(  

                  .       
    .  

8 -3 -2-4-10-    ) 219  ASTM C123(  

                5/0   .  
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8 -3 -2-4-11-  ) 218  ASTM C117(  
      200    3          .    

              200   7   .  

8 -3 -2-4-12-  ) 212  ASTM C88(  
                         

 .          50          8  .  

8 -3 -2-4-13-     
   )                  (   

    2     .  
      3       5     .  

8 -3 -2-4-14-     )210  211  ASTM C128, ASTM C127 (  
      )SSD (       6/2  .    4   

   2    .  

8 -3 -2-4-15-   ) 215  ASTM C131, ASTM C 535(  
                       

100        500       .  

8 -3 -2-4-16-    ) 216  ASTM C40(  
                  ASTM C40   
       .  

8 -3 -2-4-17-   ) 226   205  ASTM C227 , ASTM C586 , ASTM C1293  ASTM C1293(  
                     

     .   

8 -3 -2-5-      
                      .  

        .              .
   »     «     .           ACI 

311- 1R  .             .  
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8 -3-3 -    
                     

 :  
-                         

       .  
-        306  ASTM D512     500    .  
-          307  ASTM D516     3000    .  
-    305    1000         1000      

  .  
-                  :      

      119   %90             
     113  ASTM C191               

   )8-1 (   .           123       
           .  

-         304  ASTM D 516   600    .  
-       .  
         6           .  

8 -3-4 -     
                     

  .                    
 :  

8 -3 -4-1-      

 N:                        
                      
    .  

 F:            .  
 C  :                     

             .  
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  :                  
   .                409 .  

8 -3 -4-2-        
                        

  .                   .  
            .  

8 -3 -4-3-     
                    

                       
           .  

8 -3 -4-4-     

8 -3 -4-4-1-    
    )    (      )8-10( .  

 8 -10-     )(  
   

 N F  C 
    2(SiO ) 

 2 3(Al O )   2 3(Fe O )  70  70  50  
     3(SO )  4  5  5  
     3  3  3  
        10  6  6  
    2(Na O)   5/1  5/1  5/1  

                           304  ASTM C618  .  

8 -3 -4-4-2-    

    )   (     )8-11( .  
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 8 -11-     )(  
   

 N  F  C 

 :     325)μm45(        %34  %34  %34  
  :       7   75  75  75  

        28   75  75  75  
        115  105  105  

 :     8/0  8/0  8/0  
  :                    

     )                 ( 
       :  

       
      325 )μm45(    

  
  

%5  
%5  

  
  

%5  
%5  

  
  

%5  
%5  

                304  ASTM C618  .  

          )   (      
           )8-12(  .  

 8 -12-     
   

 N  F  C 
» «             

      .       325 )μm45(  -  255  -  
               
     28   -  255  -  

» « :   18            
   20    .  

      :  
      14   
    14   
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%2 0/0  
                             304  ASTM C618  .  
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             ASTM C311 .  
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        ASTM C494 .  
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         ASTM C494  .  
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 8 - 13 -     
  A B  C  D  

  )( 95 -  -  95  
    

    
): (  

 
  

 - 1:00   1:00   1:00   
 1:00 1:30 3:30   3:30   3:30   

 
 

 - -  1:00   -  
 1:00 1:30 3:30     3:30   

    
)    (  

1 - -  -  -  
3 110 90  125  110  
7 110 90  100  110  
28 110 90  100  110  
6 100 90  90  100  
1 100 90  90  100  

    
)    (  

3 100 90  110  100  
7 100 90  100  100  
28 100 90  90  100  

         135 135  135  135  
    010/0 010/0  010/0  010/0  

    80 80  80  80  
  E F G 

    
)   (     95  88  88  

     
   

) :(  

 
 

 1:00     1:00   
 3:30   1:00    1:30  3:30   

 
 

 1:00   -  -  
   1:00    1:30  3:30   

   ) 
    (  

1 -  140  125  
3 125  125  125  
7 110  115  115  
28 110  110  110  
6 100  100  100  
1 100  100  100  

   ) 
    (  

3 110  110  110  
7 100  100  100  
28 100  100  100  

         135  135  135  
    010/0  010/0  010/0  

    80  80  80  
          ASTM C494  .  

8 -3 -5-9-       

                         
           .               

    .  
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8 -3 -6-1-    

8 -3 -6-1-1-      

                       
                       :  

- pH         0/1      .  
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              ) C233 ASTM.(  
-                        

   2     )  ASTM C173.(  

8 -3 -6-1-2-   

         :  
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             )  (   2     
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-                 90      
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-          )  14 (    120         

     )  14  ( .               14  
   30 0/0                  006/0   .

                          
 ) . ASTM C233.(  

8 -3 -6-2-    

     ASTM C260  .  

8 -3 -6-3-    

          ASTM C233   .      
         3.4             .  

8 -3 -6-4-    

-          8-3-6-1        .  
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 .  
-         5                .
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          .  
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8 -4 -1-1-     
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           .  
-              ASTM  .  

8 -4 -1-3-       

                       
                 :  

-          
-        
-               



  –    133 

 

       300                  38 
  .  

                       
     .                    

                 .  

8 -4 -1-4-      

                      
     )8-14( )8-15(   )8-16(   .  

 8 -14-        
   C7.5 C10 C12.5 C15 C25 C30  C35  C40  C45  C50 C55  C60  

  28  (MPa)  5/7  10  5/12  15  25  30  35  40  45  50  55  60  

 8 -15-         
  F.3 F.4 F.5 

  28(MPa) 3  4  5  

 8 -16-         
  IT2  IT2.5  IT3  

   28(MPa) 2  5/2  3  
  

  )8-14(       )8-15(  )8-16(           .  
                        

                    .  
                        I 

    42     . 7        28  ) 42 
 ( 90          28  ) 42  ( 90        

     .     7             
      )        (            

  28  ) 42  ( 90        8-10-11   .  
                     .  
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)   .(  

 8 -17-           )     (  

      
     

3kg / m  
         300  

        240  

          

C20 220  
C15 180  
C10 150  
C7.5 120  

8 -4-2 -     
                       

  .             .       .
              :  

8 -4 -2-1-   

                     
           .          )8 -18(  .  

 8 -18-        
     )mm(  

  -  
  20 ±20  
  20 ±60  
  20 ±100  

8 -4 -2-2-        

                     
    .    )   (         )8 -19( 

  .                   
   .  
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     1  

       
     

           
        25   .  45/0  4/02  

   50/0  45/0  

8 -4 -2-4-     

          .          
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8 -4 -2-5-      
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8 -4 -2-6-     
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     .  

8 -4 -2-7-    

                    .  

                                                       
1-              .  
2-         05/0       . 
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             .  

           .            
         .  
     )    (   )8-20(  .  

 8 -20-      )(  

   
    30 

    
     30   

   
            

     %1±    %3±

              %4        

 )  (  %1 ±    %1 ±      

   %2 ±  %1±  %2±  
%3±    %3±   

       
   )  ( %3 ±    %3±    .  

  
         %1     .          

   3/0 % ±    )        (  .   
  4/0 % ±           3%          .  

           .          
    .                      

   .   
                        

                     2/0  %± .  
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      5/0   5/1  5/0  64  72  
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        )           (     
 .            .            
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         .          /     

  .  
                        

      .                
       .                  

            .    )     ( 
    :  

-     1    CRD-C 546 (ASTM B 152)  ASTM B 370  .  
-       2    ASTM A 167 .  
-     3    ASTM A 109  ASTM A 570 .  
-     4    ASTM B 749 .  
-     5                ASTM B 

150 ASTM B 169 ASTM B 103  ASTM B 138 .  
-      6    CRD-C 513 .  
-        7      CRD-C 572  .  
-      )    (     :  
-          ASTM D2628 (CRD-C 531)  .  
-           ASTM D3542  .  
-                        

        8    ASTM C509 (CRD-C 549) .  

                                                       
1- Copper 
2- Stainless Steel 
3- Steel 
4- Lead 
5- Bronze 
6- Rubber 
7- Poly Vinyl Chloride 
8- Gasket 
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-     ASTM D2835 (CRD-C 532) .  
                       

       .                
                    .  

                   
      .  

         CRD-C 513  CRD-C 572 )     ( 
 .  

    CRD-C 531   .  
                    .  L 

  T          .  
                         
         3   .               

                    .       
         .  

                   .      
                         

     .                       
     .                 
  .              .      

         .          75  
       .  

8-9-        

8 -9-1 -    
          1               

        .  

                                                       
1-  Rood Note No.4, DOE, ACI      
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   (        .           
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     )  8-4 (   .  

8 -9-2 -      
                       

   )   (   7   2    28    2   
 90         .   )    (    

        )1  (  .  
                        
   .                .      

     ASTM  .  
      )     (          

 .      ASTM C192       ASTM C31       
    ASTM C39    .             

       38   )   (    ASTM C31, ASTM C173  ASTM 

C143   .             B.S.1881  .  
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          .  

                          
                  .  

        8-10-1  8 -10-8 .  
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  :  
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                  .  

8 -10-1 -1 -2-     

         MPa 4       .  

8 -10-1 -2 -      

                      
 :  

8 -10-1 -2 -1-    

                   .  
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8 -10-1 -2 -2-    

          N/mm2 3/0      .  

8 -10-2-          
        5       ASTM C31    .    

       B.S.1881(Part 101)       )B.S.1881 (Part 108    
    .        )B.S.1881 (Part 115      ASTM 

C39   B.S.1881 (Part 116)    .       ASTM C470      
  B.S.1881 (Part 108)   .          ASTM C496 .  

           4    ) 20  (  60    
 .         8-10-1-1-2   8-10-1-2-2       

            .  

8 -10-3-         

8 -10-3 -1 -        

                      
           95             

105           .  

8 -10-3 -2 -      

                    
B.S.1881 (Part 2)        90         

     110           .  

8 -10-4-         

8 -10-4 -1 -     ) (  

                       
               .         

          .               105 
         .  



  –    153 

 

8 -10-4 -2 -      

            (B.S.1881 Part 2)         
  110         .  

8 -10-5-      
          )8-18(     .  

8 -10-6-          
                      ASTM C231 

       5/1 %±           .     
     1%±        .  

8 -10-7-        
            2±       .  

8 -10-8-         
       95 %        105 %     .  

8 -10-9-    

8 -10-9 -1 -     

                        
                         
  .                        

  .  

8 -10-9 -2 -     

                       
  :  

   3                    
                 .      

        .  
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        » «              
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-                      7   
                       

      .   
-     7  )     (   »«       

                          
» «                  . 

           7 1          28  ) 42 
          I(   .  

-     7  )    (               
                       

    28    .           .     
      )       (     .        

         )     6-6      (      
                  :  

-                        8-10-1-1-1   
 8-10-1-1-2 ) 8-10-1-2-1  8-10-1-2-2 (    8-10-1-1-2 ) 8-10-1-2-2 (   

                       
                      

  .  
-         8-10-1-1-1 ) 8-10-1-2-1 (          

 20            .  
-                       

  .                . 
                . 

                                                       
1-     10        



  –    155 

 

8 -10-10-     
                   .     

                .        
                  5       

       .   64/1               
            .           

           Mpa7         .  

8-11-        

                          
       

8 -11-1-        
                          
     .                    
                   .      

       .  
             :  

-  ±160 40     .            .  
-              350       .  
-                     ) 45   50 

    .(    10      30  2        100 
 .  

-        .  
-              .  
-                        A B 

  A B  C        )8-9 (  .  
                           

                    .   
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8 -11-1 -1 -    )1(   

                           
    .                       

.                     .   
       ACI 304 .  

8 -11-1 -2 -         

              .           
     .                .  

8 -11-1 -3 -       

                     .    
   .  

8 -11-1 -4 -        

                        .
        ACI 304 .  

                       
  .  

8 -11-1 -5 -     

           . ACI 304              
  8-6-5                .  

                                                       
1- Tremie 
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8 -11-1 -6 -        

          ACI 305        :  

8 -11-1 -7 -    

                      
                   .    

                         
                         

 .             .        
                          

  .                 .  

8 -11-1 -8 -    

          .             
          .               

        .    )  (       .    
             .             

                    .      
     .  

8 -11-1 -9 -     

                      .  
                        

                         
         8 -12    .           .  

8 -11-1 -10-    

       8  -12                  
    .                        

     .                    . 
 )          (         .  
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8 -11-1 -11-       

                  .      
            .             

            .  

8 -11-1 -12-       

    )    (                 
                    .  

                  .    
             )  (        

           .             
             .            

       .  

8 -11-1 -13-      

            .             
 .               .        

       8-7-2  .            :   
        .  

                        
          .                  

                .            
      .                     

                      .  
               )  (    8-12  

  .                         
            10    .         

            .              
               .  



  –    159 

 

8 -11-2-       
        :  

»    3        :        5      
  24         12   10     .«  

                        
  .              .  

         ACI 306      7  21        
                        .  

                     .   
                         .

                   .  2CO    
           .             .  

            100     .        
                     .  

           .            
             .  

    28      )       (     
                       .  

            :  
-               
-         
-       
-      
-                    .  
-                         

    
-     
-                  
-            
-      

                      ACI 306 .  
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8-12-     

                       
        .   

                         
                .  

8 -12-1-        

8 -12-1 -1 -    
         :  
-  I            
-  II    
-  VI     
-  IS          25 65       .3C A  

  8            II  .  
-  IP           15  40   .  
-       60           .  

        »  «    6/0    .  

8 -12-1 -2 -    
             8-3-4  .  

                      
               .  

8 -12-1 -3 -      
           8 -3 -5  8 -3 -6 .        

                    .     
                           .  

8 -12-1 -4 -    
             8-3-2  .       

           :  
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 -    

            )8-22(  .  

 8 -22-            
       

       200 3  
    2  

    1  
    )           (  2  

  
          )8-23( .  

 8 -23-         
           

3
8′′  -  -  

# 4 8–0 8 –0  
# 8 20–5 25 –10  

# 16 25-10 50 -30  
# 30 30-10 65 -50  
# 50 30-15 83 -70  
# 100 20-12 97 -90  
# 200 10-3 100-97  

  
                        

                  .  

 -    

     ) 150   (     .         
              25/0       .  

         3        5/2  .      
  3SO      5/0      .           

   )8-24( .  

 8 -24-            
     

    200  5/0  
    2  

    5/0  
     2  
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     )              (     
              .       150    

      MPa 35   .  
                     . 

          25         .  
         8-3-2  .  

              )8-25(  :  

 8 -25-        ) (  
       

  
   

 mm76 
mm150 

mm38 
mm76 

mm19 
mm38 

 mm 5/9  
 mm 19  

 mm 76/4  
 mm 5/9  

150    35 – 20  32 - 20  30 – 20  20 - 12  15 - 8  
76    -  40 - 20  40 – 20  25 - 15  15 - 10  
38    -  -  55 – 40  35 - 30  25 - 15  
19    -  -  -  70 - 30  45 - 20  

  
                      

      4       :  
-  4    150     
-  3    76     38     
-  1    19    

8 -12-1 -5 -        

               150  76      )8-26( 
 .  

 8 -26-          ) (  
  "6  "3 "5/1 19mm 5/9mm 4# 8#  16# 30 #  50#  100#  

   
 150    100-95  83 - 70  65 -52  52 -38  40 -25  30 -20  24 -14  19 -10  14 -7  10 -5  6-2  

 
 76    100  100-95 80 -65  62 -44  45 -30  35 -22  28 -16  22 -11  17 -8  12 -4  7-2  

  
        63                

 )8-10( .  
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8 -12-1 -6 -    

         8-3-3 .  

8 -12-1 -7 -    

                ) ACI 211.1 (     
                 .  

8 -12-1 -8 -    

              20     .       
           .             

     )8-12-3  8-12-4(    .  

8 -12-2-               

8 -12-2 -1 -       

            8-4         .  

8 -12-2 -2 -      

               ) 8 -5 -2(       
               ACI 207       .  

                .       
    .                  

       5/1          30       
        1   ASTM C 94          

  .          )      (...      
                 .     

 ASTM C 94    .                  
      .  

                         
                        .    

                         
            .            .  
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  ) (       .  
         50          150        4 
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            76   ) 100   (      5    

             40    .       
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  8-7-2               .      
                       .  
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  –    165 

 

8 -12-3-     
                     

      .                    
    .  

                 .        
 10                 .     

                        . 
     ACI 207   .            .    

      )   (     .          .   
                    .          

                        
                           

    .           .  
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        .        65       21 
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           10      .        
           .               . 
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8 -12-3 -2 -    

                         
   .  

                        . 
                             . 

          4  7     .   
                 .        

               .  
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         .              
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                     .  
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-              8-12-4-2 .  
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-              .  
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       2  4   .              
        40  60                   

      .              .  
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   .  
-                        

       .  
 -           40                

  .  
-                       

      . 

10-7-2-    

         .       )    (   
  )    (   .             

          . 
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     .       .     .  

             .      
           . 

10-8-   

                   .  
                     -      

                         .  
       -              .     -   

                    .        
                   .   -     

    -                   . 

                .      
                           

                 . 

                    
  .  

                       . 

10-9-   

                    
                         

               .  
           )10-4(    . 

 10-4-    )mm(  

      
           

     35 45 50 65  75  
       20 30 35 50  60  

        15 25 30 45  55  
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     )10-4(    55            :  
-                        

     .                    
                    

             .  
-                         

     .                 PH 4.0< 
         .  

-                         
            .  

-                         
          .                

                        
             .  

 -                          
       PH 4.0≤     .          

                    .  
                   :  

 -            .        
                        .  

-             .      32    
       5       .  

-                    
       .  

-         36       )10 -4(    10     .  
 -                         

 75     .  
-                    .  
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10-10-      

10-10 -1-   

                :  
-         
-         
-            
-                  

                   . 

10-10 -2-   

           55           :  
-             .             

            :  
-       25 ±    
-      12 ±    
-        25 ±    

      8               
    .              .  

                        .  
200 ≤ h ) (   8 ±    
200 > h > 600 ) ( 12 ±    
600 ≥ h ) (  20 ±    

          30 ±    
        50 ±    
           20 ±   

10-11-   

                  13 -4-5-1  
       .                 

        13-4-5-1     . 
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10-12-   

                      
          .  

  





 

  
  
  
  
  
  
  
  
  
  
  
  

11 11  
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  –   

11-1-   

                      
                     

       .                . 

11-1-1-  

        )           (    
              . 

11-1-2-    

                     1    
     .                      

            . 

                    .  
             .  

               .  
                            
     .  

                  .  
               .  

                      
  .  

          .  
           .  

        .  
                .  

                                                       
1- Steel lining 
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          .              

          .  
              .  

                          
       .  

                  .  
    90        20 ×20                50  ×50 

  .  
        2   3       .         

      .            . 

11-2-  

:                         
         .  

 :            .  
:                         

       .  
 :                      

         .  
:                            

             .  
 :                        
             .  

 :           » «     .       
                      )  

   (  .                   
         . 
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  :                 . 
           .      5/1         

2    .              .  
  :                      

                       .    
    .  

11-3-        

11-3-1-      

         F3, F2, F1  F4     .         
                       

        .              
               .       

  .                . 

11-3-1 -1 -  F1 

                      
                  .       

              .           
       .  

                         .
                        
  .  

                  .     
                            

 .       10          15      
 . 
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11-3-1 -2 -  F2 

    F2            .       
               .          

                          
 .           . 

      5          8       .  

11-3-1 -3 -  F3 

                        
   .                     

 .                  .     
     .          5     .  

         3    »  «   6    »  
«   .  

            1      20      .
           1   10    .      

    3    5/1               . 

11-3-1 -4 -  F4 

                          
               .        

 F3    .                 1 
    50     .  

     3                  F3  . 

11-3-1 -5 -      

             .        
                       .  

                      .  
                        

  .                .      
        .  
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           U1 U2  U3    .       
                    . 

11-3-1 -6 -  U1 ) (  

                  .    
     U2  U3  U1   .              

                   .  )      
   U2  U3    (                . 

           1        .     
                         

             . 

11-3-1 -7 -  U2 )  ( 

                      U3   
 .                U3        
                       

  .  
            3U     .       

 2    .          )     (  .
    )  (                   

                          .
        U3                

                .            
                .  

11-3-1 -8 -  U3 ) (  

                        
          .  

                                                       
1- Finishing 
2- Floating 
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    .           U3             

U2                           
   .                        

             .  

11-4-    

                       
          .           )11-1( 

   .    »«  » «               
   )    ( . 

 11- 1 -       

        
         

U1  15±  6  15 ±  -  
U2  6 ±  3  6 ±  -  
U3  6 ±  0  3 ±  -  
F1  15 ±  10  15 ±  6- 12+  
F2  8 ±  5  8 ±  6- 12+  
F3  6 ±  31  6 ±  6 ±  
F4  3 ±  0 2  5 ±  6 ±  

11-5-       

11-5-1-     
                        

          .              
                         

         .  

                                                       
1-               6   .  
2-           11-3-1   . 
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11-5-2-    
         .               

                   .     
       .                 

                         
              .         

          .       :  
-              
-         
-                    
-            
-          
-          
-      
-           
-             
-                  

                .      :  
-       
-             
-           
-           
-          
-    
-              
                      :  
-               
-       
-               
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-      
-         
-       
-         
-       
-      
-                  
-          
-         
-              
-               
-   
-             
-                 
-     
-            
-              

11-5-3-   

11-5-3 -1 -     

          .              . 
             .        

                        .  
           4/2           6/3    

  .  
         8/4           6    

  .  
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11-5-3 -2 -     

                         
         :  

P WH=  
  :  

P  =      
W =           
H =        .  

                     H        
              .  

-         ) 24     (        
100           2/1                  

R =          
T =             :  

  :  

  785RP 7.2
T 17.8

= +
+

    

 P   144       7/28        H 5/23        .  
  )        2    ( 

  785RP 7.2
T 17.8

= +
+

  
  P      144     96       30    

   H 24       .  
  )     2  3   ( 

  1156 244RP 7.2
T 17.8 T 17.8

= + +
+ +

   
  P   96       30       H24       .  

-                          
        .  

-                        
 . 

  524RP 4.8
T 17.8

= +
+
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  :  
R =         
T =         .  

11-5-3 -3 -    

                        
            .             

   .  
-                           

     5/1          2            
      )    (      .  

 -                   .      
           7/0         .  

       5/1                 .  
-                . 

11-5-3 -4 -   

                       
                    
 . 

11-5-4-   

                        
                       

   .                    
             .  

                     . 

11-5-5-      

  )11-2(                  . 
                      

    .  
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11-5-6-     
                 5       

 5/2         3           5/1   .  
                       3   .  

 11-2-        
      

   2    

   
2             
3               

   2    

11-6-      

11-6-1-    
                    .  

          :  
 -                                  

          .              
                   .  

-         
-        
-                  .  
-              .  
-      
-            
-                
-                .  
-                  
-          
-            5/1                 

   .  
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-                              
   F1.  

11-6-2-          
                      

   .                    
           .              

(l/r)     .  
l      r     .  

                     .  

11-6-3-        
                      .  

                          
        .       .  

11-6-4-   
                      .  

11-6-5-    
                 .       

                   .     
                  .     :  

-                     .  
-                     

                    
  .  

-        .  
 -                         .  
 -                .  

-            .  
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             .  

11-7-      

                          .  
                   .   

                        
  .                      

      .  
                        

         .  

11-8-   

                          
      .                 

        .          .  
     1                 

             .           
  .          .            
         .  

11-9-      

                       
                        

    .                    
  .                    .  

                          
   .              .  

                                                       
1- Check list 
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11-10-    

11-10 -1-    
                     

              .          
                           

    .  
                       

  .                       
  .  
                        

   .                        
                  .  

                       
                  .  

                      
 .  

11-10 -2-    

-                         
    )11-3(           .  

             :  
-                    .  
-                        

          .  
-                 .  
-              .  
-             )             

       (                  
 .  
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-                       
                  .  

-                   )11-3(        .
                   

            .         
               .  

 11-3-        

        ) (  
24 16  8  0  

 - 9  12  18  30  

   
 ) ( 3  4  6  10  

 ) ( 7  10  15  25  

  
 ) ( 7  10  15  25  
 ) ( 10  14  21  36  

11-10 -3-       
                       

          9-4-3-3       )  120 ( 
 .  

11-11-             

11-11 -1-    
                :  

11-11-1-1-         

          )  ( 5/1  3    .       
                         

        .  
                    .   

         .  
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11-11-1-2-        

                  .  

11-11 -2-     
                   .    

       .                  
  .                    .  

11-11 -3-    
                    .    

         .              
                      

 .          50  ×50    .  
                        

    .                      
     .          .  

                      . 
         .  

                       . 
                      

                .  

11-12-    )       (  

11-12 -1-    
               .      

             .          
          .               .

                       .   
          .             

  .      »  «  »    «   .  
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     3  5/7       5/1    .  

             7              
                  .  

          8                3  8  
 .                              .  

                         
                        

   .  
             .             

          .       8/1        
   .      8/1          .      

 )     .(                
     .                  .    
   5/2    .    90×45              . 

          .  

11-12 -2-    

11-12-2-1-    

                       
                          .

          150   .        .  
                50    .     

                    .  

11-12-2-2-    

                   .   
                        

   .  
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11-13-     )    (  

                      
               .          

                     .  
                .     1 

          .  
                        

        .          F3  F4      
                .      

      .  

11-14-           

    .  

                                                       
1- Interpolation 



 

  
  
  
  
  
  
  
  
  
  
  
  

12 12  

      
  –      
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12-1-  

                    
                        

             . 

12-1-1-  

                      
     .  

                  . 
                    

               . 

12-2-   

:                .  
:              .        .  

   :                 . 
                      

                      .  
 :              .        

                .  
    :                    

       .  
   :           »B«        

    .       »B«       .     
                .  

  ) (1:                       
   .                     
  .         )  (      )  (  .  

                                                       
1- Extensometer 
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     :                       
     .  

   :                   
            .  

 :                     .   
    1             .  

 :                         
                         

             .  
 :                      

             .  
 :                         
          .  
:               .  
 :                         

   .  
:                          

      .  
  2:              .       

                 .  
  3:                .    

     .  
  :                          

      .  
  »A«:              )         

    (          .         »A«  
             .  

                                                       
1- Shotcrete 
2- Top Heading 
3- Benching 
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  »B«:                    .
  »B«                     

   .                   
     .  

   :                .  
  :                             

        .  
  :                   .  

 :                       
  ) .      15  .(  

:          
:             .  
:          .  

    :                    . 

12-3-     

12-3-1-   

                     
                       

               .          
   :  
-        
-       
-       
-      
-     
-      
-     
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   30            )        
             (       . 

                     .    
          .           

   .                .  
             .  

          12-7-2   . 

12-3-2-    

        .  
                     
                     .  

                          
          .  

                         
                     .  

                     
       .  

           dBA85    .       :  
-         
-                 
-             

                         
    .             ).   

     .(  
                     

    )          ( .    12 -7 -3    .  
                     .  

                      
                        

                    .  



  –       253 

 

 

                        
  .  

                        
     .  

                      .  
                     

       .               
               .  

                         
     .                     

                         .  
                        

    .  
                        

                      
     .                     

               .  
                      .  

                    
                          

                   .    
                  .      

           .              
          .  

                   .  
                      

   .                 . 

12-3-3-     

                  .   
              .  
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          :  
-    

-        
                         

  .  
                      
        .  

                         
   . 

12-3-3 -1 -     

                   
       .                 
            .  

               .  
                     

         .  
                      

       .  
                       

      .           .  
                   .  
                      

              .  
                       .  

            .  
             .  

                     
       .  

                         
 .          .  
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     . 

12-3-3 -2 -       

                         
   .                .  

                     
                      .  

                      
                 .  

                         
 50                       

    . 

                    .  
   24                    

                        .  
                     

              .  
                  

          .  
                        

 .  
         :  
-           7   .  
-               .  
-             .  

12-3-3 -2 -1-      

       .             
       .                

      .  
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                       .
             .  

                       
                    . 

12-3-3 -2 -2-         

          :  
-       60                   

      mm/s  60   .               
                       mm/s 80 

   .  
 -       60               mm/s 10 . 

                         . 

                      
              . 

12-3-4-           »A« 

                        .  
           .          

      .                   
   .           .  

        »A«        .       
    .  

                        
 . 

12-3-5-    

                    .    
   .  

                   
  .                  .   
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  .  

                   .      
                    

  .  
                    .  

               5/3   5      
       .  

                            
        .                

           .  
                     

 . 

12-3-6-       

              12       .  
            :  

-      
-            
-  )          (  
-        
-          
-       
-                     
-     

               . 
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12-4-     

12-4-1-   

                     
                         

      .            :   
-      
-       
-        
-                

12-4-2-     

       12-3 -2              :  
-                  .  
-                      

 .  
-                       

      .  
-                           

 .  

12-4-3-    

                   .  
              .  

          :  
-    
-       

                        
       . 
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12-4-3 -1 -   

                      .    
   .  

         12-3-3-1      :  
-            
-     
-          )     (  

12-4-3 -2 -      

         12-3-3-2 12 -3-3-2-1  12-3-3 -2-2 . 

12-4-3 -3 -         

      12-3-4 12-3-5  12-3-6 . 

12-5-         

                      
       .        .  

              .  
                   .  

              .  
                   .  

                  .  
                       

   .  
                       

         .  
             . 
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12-6- 1 

12-6-1-   

            2           
                . 

12-6-2-   3 

                      
                      .  

                  .  
               .  

                   .  
                  .   

                      
        .               

      .                 
       .  

                   .  
                   .  

         .  
                   

 .           8       )12-1( . 

 12-1-         
            

   500   1500       
   50   100        

  25   35        
   3   5        

  10   15        
   1/0     -  

                                                       
1- Ventilation 
2- Fan 

3-                     .  
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              .  

                        
     .  

                    20   
    .                 .  

                  .      
        .           

     .  
                   .  

                     .  
               :  

- 6                .  
- 6                      

  .  
-             m/s  3/0 .  
-      7        .  

                .     30  .  
                         

                      .  
                      .  

    ) (                 
 .  

                      
  .  
                .     

                     
                .            .  

                     
                  .  

          .  
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                    .  
                        .  

                       
 .  

                     .  
           .  

                 .  
          .  

                       
        . 

12-7-         

12-7-1-   

                          
                   . 

12-7-2-  

                    
                . 

                      
            .            

          .  
                      .   

          .  
                        

          .  
                          

        .  
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                    .   
        .  

                      .  
             .  

12-7-3-  

                      .  
           5  )     76/10  ( .   

    10     .            .  
            . )         .(  

          .  
                       .  

           .  
                    . 

12-7-4-  

                   .  

12-8-       

12-8-1-    
                      

                 1   2       
                 :  

-           
-       
-         
-      

                                                       
1-Anchor Bolt 
2- Rock Bolt 
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-      
-     
-         
-     

12-8-2-   
                       

                      
          .            

                        .   
                       .  

                        
      .  

          :  
                         
   .                        

        .  
                         

                     
 .  

                       
                .  

                         
                .  

                        
          .  

       30            .  
                      

 .  
                      

               .  
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                   .   
                   .  

                          
    .            .  

                       
        .  

                 5/0       
    )      ( .         

 .                   
 .  

                        
               .       .  
                      .  

                      
  .  

            80       .  
                       

 .            .               
                     .  

12-8-2 -1 -      

                       
    .  

                       
  .  

              .  
                         .     

                 .  
                .        

               .  
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            .          
                      .  

                   .    
                 .  

12-8-2 -2 -    

                        .  
                       .  

      )               (    
       .                 .  

                   .    
                     2     

              .  
           .  

                        
          .  

            80        .  

12-8-3-          
                    .  

                         
                .  

       1             .
         .  

                  .      
 80        .  

                         
 .  

                                                       
1- Crackmeter 
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   .  

                     .  

12-8-3 -1 -             

                           
                       

 .  
                .        

             .           
          .                

     .                 .  
                         

        .  
        5 %               

                  .  
                          .  

                        
         .  

12-8-3 -2 -            

                       
    .  

             .        
         .               

        .  
                        

                 .  
                        

                      .  
               .  
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            .            . 
                     .  

      48                  .  

12-8-3 -3 -     

                      
        .  

                          
         .  

                         
           .  

                  .  
                      

    .           .      
                   12    

.                         
                .  

                  .       
       .  

 48                     
       .  

                       
   .  

       20                   
       80      .         

  .             .            
                     .      

                 .      
                   .   
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    .     » - «              
 .              :  

-      80                         
   .  

-  »-  «                 10          
    .  

                        .  
                        

  .                   .      
                    .  

12-8-3 -4 -     

                        
  .                   

  .                    .  

12-8-3 -5 -          

      10        4        
                  .       

                      
          .  

                      
   .  

                        
 80       .               .  

                      
         .  

12-8-3 -6 -     

                       
     .  
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       .             ASTM A82 

   .           .  
                  .       

                        .  
      30                   .  

                      
            .  
                   .  

                   .  

12-8-4-    

12-8-4 -1 -    

                     
        )       (          

             :  
-             
-                 
-            

12-8-4 -2 -     

                       
   .                  

   .  
          .              

                   .  

12-8-4 -3 -    

       )          (    
      .  
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12-8-4 -4 -       

                .  
                   .    

    24       .           .  
                    .  

12-8-4 -5 -   

                      
        .  

12-8-4 -6 -    

        .  

12-8-4 -7 -     

                         . 
               )(1  .      

                           
           .           .  

                           
                         

                 .  
                             

                        .  
                 .  

                       
  .  

12-8-4 -8 -     

        .  

                                                       
1- Rebound 
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12-8-4 -9 -   

                .  
                          

       .                
      .  

12-9-        

12-9-1-    
                      

                        
   .  

12-9-2-     
                    :  

-      
-      ) (  
-      
-     
-   
-      

                     
                   .  

                       
   .  

                    .  
                     

                .  
                       

      .  
                 .  
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12-9-3-       
             .        . 

                           
    .  

                    .  
                   .  
            .         24    

        .  
                    .  

                  .  
                   .  

         .  
                    .  

12-9-3 -1 -    

         12  20            
   .  

              .         
        .  

             38           .  
                        

  .        .  
                .  

                .  
    1        .  

          :  
-       
-                   .  

                                                       
1- Pin 
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-                 .  
-          

12-9-3 -2 -    )  (  

     )  (      .  
                .  
   )   (          .   1      .  
          .  

         )  (      .  
         .  

    )   (      .  
          )   (             .  

               .  
      )  (          .  
            )   (       

   )   (       .  
            )   (        .  
     )   (              

    .  
           )   (      .  

12-9-3 -3 -      

                         . 
                          .  

                        .  
       .  

           .  

12-9-3 -4 -          

              .  
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            .  

        .  
                     .  
            .  

12-9-4-        
                  24      

   .                     .  
                      .  

                       
           .  

         .  
               )   (       

  .  
         ) (       .  

           .  

12-9-5-    
             .  

       :  
-                         

)   (     
-        
-      )  3  5         (  
-        
-    
-    
-     
-           
-         ) (  



276      

 

-     
-               .  
-        

        :  
-       
-      
-     
-       
-           
-       
-     
-      )(  
-       
-      
-        
-   

        :  
-    –   
-     –   
-    -       
-    -      )  (  
-    –     )  (  
-                )   (      

    
-   -      
-   -      
-   -         
-   -         
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       )                
  (           .  

12-10-         1  

                        .
        .  

             .           
                 .  

                       
                     .     

             .  
                   .  

                   .  
         )  (            .  

           .  

12-11-             

12-11 -1-    
                     

                       
      .    :  

-                   
-          
-      2  
-         
-           
-        

                                                       
1- As Built 
2- Packer 
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12-11 -2-    
               .  

                    .   
                .  

                      
                   

     .  
       :  

-        
-     
-            
-         
-      

                      
          .  

                     
   .  
                 .  

                       
                .  

                        
     .  

                      
 .  

                  .  
              .        

             .  
                      300  .  

                     .  
               .  
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              .  
             .  

                    
      .  

                       
                    .  

                          
   .  

             .  
         .  
                          

      .  
       .  

                  .  
                    .  

                      .  
                      .  

                         
                   .  

                        
             .  

                            
         .  

               .        
                    .  

                     
             P.V.C.   .  

  





 

  
  
  
  
  
  
  
  
  
  
  
  

13 13  
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  –      

13-1-   

                     
         .            

           . 

13-1-1-  

                     . 
                   .

                    
        ISO ASTM  ACI  . 

13-1-2-    

                     
                      

            . 

                      
            .  

                       
       . 

13-2-    

                       .  
:              .  

 :                     
             .  

  :          ) (   ) (      
    .  

  :               .   
                 .  
  :              .  
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 :             .  
 :        ) (           

                 .  
 :                  .  

    :          .  
 : )  (                 .  

 :                  .  
 :                     

 .  
   :                 .   

 :                    
            .  

   : ) (                
      .          . 

13-3-     

            .           
       ) (                 

               .          
                         .   

      ) (         .        
  .  

                         
                        .   

           .     )      (     
     .  
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13-4-   

13-4-1-   

                 .   
          8-3-1     .  

1                  ASTM C1141 
             .      .  

13-4-2-   

        8 -3 -2   .            
5/9  -76/4   ) A    8 -3 -2        (  .    

          .  
      8-3-2       :  

-         1990:B.S.812 part3      KN 100    .  
-             )13-1( . 

 13-1-         
    ″4/3 ″8/3 4#8# 16#  30# 50#  100#  200#  

        100  100-95  100-78  84 -60  78 -47  58 -28  24 -16  18 -6  3-0  
  

            )13 -2(        )13 -1( .  

 13-2-        

           
 1   2     3  

″4/3  - -  100  
″2/1  - 100  95 -80  
″8/3  100 100-90  90 -70  
4 #  100-95 85 -70  70 -50  
8 #  100-80 70 -50  55 -35  

16#  85-50 55 -35  40 -20  
30 #  60-25 35 -20  30 -10  
50 #  30-10 20 -8  17 -5  
100 #  10-2 10 -2  10 -2  

                                                       
1- Compatibility 



286      

 

                        
  )             (       

                          
   .  

      200   3 % .  
            6 % . 

13-4-3-   

            8-3-3 .  

13-4-4-  ) ( 

         .            
   ASTM A615   .        ASTM A185  .  

13-4-5-    

13-4-5 -1 -   

             1 2 3  ASTM A820  ASTM A1116 
        1         .         

       .  
                       
                    .  

    1  30  150     7/12  5/63    .    ASTM 

A820  .  
                  

              .           
          .  

            .  
              ASTM A185  .  

                                                       
1- Aspect Ratio 
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13-4-5 -2 -       

        ASTM A1116 .  

13-4-6-    

        8-3-4  8-3-5    .        
                   .  

        1/0      .   
         .  

                       
         .            

  .  
                   .      

             .            
       .    8  10      .   
                  ASTM 

C1141 .          ASTM C1240  .     
      ASTM C618  .  

13-5-   

      )13-3(    .            :  
-  » «                » «   

     » « » «     .  
-  » «                   .  
-  » «                  .  
-  » «                      

     .  
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 13-3-        
 »«  »«     

      (MPa) 
1   -  -    
7   - 20  1140 ASTM C 
28 30 35   

      (MPa)  
1 - -   
7   -  20  1140 ASTM C  
28   23  25   

        
        

28 - -  78 ASTM C  28 - -  
) ((mm)  - 30  -  

 3(Kg / m )  28   2275  2275  95-642 ASTM C  
    7 -  8%  95-642 ASTM C  

  7 -  17%  95-642 ASTM C  

 :  
   ) (  -  -  

1117 ASTM C     -  -  
 »«  »«     

      (Mpa) 
1   
7   
28   

- 
20  
37 

10  
28  
45  

1140ASTM C   

      (Mpa)  
1   
7   
28   

- 
20  
28 

8  
21  
35  

1140ASTM C   

       28  
       28   

6/4 
2/4 

*6/4 
*2/4 78ASTM C   

  
       28   

  
       28   

mm3/mm1 
Mpa5/1/ Mpa2  

  
Mpa5/1/Mpa2  

mm3/mm1  
Mpa3/ Mpa5/3  

  
Mpa3/ Mpa5/3  

ASTM C 1996  

    (Mpa)  5/0 5/0  -  
/) (  mm30 -  -  

 28 3(Kg / m )  2275 2275 95-642ASTM C   
   7   8%  9% 95-642ASTM C   

        7   17%  19%  95-642ASTM C   

 :  
   -   9  

1117ASTM C   
   -   60  

*     »«       . 

             )13-4(       
  .           .  
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 13-4-           
 »«  »«  »«   »«  

    3(Kg / m )  400  400  400  400  
     5/0  5/0  45/0  45/0  

   
   (Mpa)   

  (mm)  

  (mm)  

  3(Kg / m )  

  
-  
-  
-  
-  

  
-  
-  
-  
-  

  
800>  
25  
40  
40  

  
*800>  

* 25  
*40  
*40  

              *     »«       .  
                    

          )13-5(  .  

 13-5-         1  
)(2     ) (3  

19  7  
   19  6  

  
             100  150            

              .  
                              

  .  
                        05/0    .

                          
100      .  

        )   13-9-2 (        .  
                .  

             30         
 .  

                                                       
1-        
2-        8-3-2    . 
3-      5/1 %±   . 
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       .  

                    .
            .  

                   ..  
           .  

                :  
-        
-   
-     )  (  
-           
-     
-    
-     
-     

13-6-      

13-6-1-   

   »«  »«           »«  »«         
      .  

                         
                     .  

      4               . 
          .               

         .               
                 .  

                          
                       

    .  
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            .              
             .               

         .                      
                       .  

               .          
       .                

           .              
         .                

      .            . 

13-6-2-     

                           
           .                

                 . 

13-6-3-    

                       .    
                        

      .             .  
                        

           . 

13-6-4-    

       .  
           :  

-                     ) 
     (  .              

            .         
         .  

-                      .    
      5/0%±     .           
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    .                    
      1%±         .     
         . 

13-6-5-        

                            
                          

                       
 .                     . 

13-7-       

                            
           .              8-3 

  13-4       .                 
     :  

-     ASTM C42 
-   )        (  ASTM C78 

-     )         (   EFNARC  1996 
-      13-7-1        
-  ) (   13-7-2        
-      ASTM C642:90 
-      ASTM C642:90 
-     ASTM C642:90 
-     ASTM C1117

-   )        (   13-7-3      
-  )        (   13-7-4       
-  )        (   B.S.1881:part 102 
          ASTM C1140    .        

              .  
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         100                 
    100                       100   

 .                        
      .  

               : 

13-7-1-    

                           
       .  

         .                 60    
    100    .             .  

    1 Mpa      3 Mpa     .  
           :  

-              
-      
-            
-        
-         
-       

      1.5 MPa                     
 .        . 

13-7-2-    )( 

           DIN 1048 Part 5      .  
     150                 .        

          .      28  )  (         
     .  

                 .  
         ASTM C1140     .             

               .              
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      .        )1  7   28  (       
      .         .  

             3     28     .  
            150     120        .  

     )    3  28     3         
         (  500      »«  »«   . 

13-7-3-      

             5           
              .          

       .             .  
             )   3 5  
 (  200             .  

             .        . 

13-7-4-    

          ASTM A820         
                       :  

-                  .  
-                       

                     
g0001/0 )  7850    (      .  

-                       
           7850        .  

              . 

13-8-   

           13 -3 13-4   13-5.  
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13-9-   

13-9-1-     

                          .
   8-3                     

       .  
             ASTM C1141  .  

         13-4-2  .  
               ASTM A820      

  .    13-4-5   .  
                     

                   . 

13-9-2-     

               .  
                     

                          
                        .

                   .  
                           

                 .  
              :  

      
          

        130 %       .  
                         

                .      
     ASTM C1140   .             

         .  
            .  
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       )mm 1000  ×1000(   200     .       
     )             (   .       

                     45         
         .                

     .  
            .  
     18                5  20       

           .  
         1 7   28             .

         7  28     ASTM C1140      .  
                 13 -7- 2  .  
              .  

-      1 7  28            4     .  
    100     100     .  
-    1 7  28                   .  
             100     100     .  

                     
      ASTM C1018     .       

                  .     
      .  

                       .  
                    

             .  
        13-10                    

  .  
                       

     .  

13-9-3-     

                          .
         3 %±  .               
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   .                    . 
      )(     ) (      .  

    ASTM C94      ASTM C685          
       .  

                    .   
           .  

                       .  
                    .  

                          
  .            .          

          .  
                           .  
                         

     .  
                     

     1   .           .   
                         

         .              .  
                        .  

                        
    .                )     

 ( .  
                    .    

       . 

13-9-4-   

         )      (           
    .                    .

          .        )    ( 
                      .  
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           .             
    .                      

    .  
                   .

        28         .      
                         

         .                  
  .  

      )   (         13-12    
  .              5/1           2 
  .                      

                   .  
                        

  50             .  
                      .   

                    .     
                 .  

                            
                 .         

        .                 
      .  )  (        .           

           .              
     .  

   )    (            .    
      .               45    . 

    )   (         .  
                   .         

mm 300  ×300 .  
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             .         
     . 

13-9-5-     

                       
        .  

      )    (        »«   30   
   .  

                        
     25      .  

                        
      .               .  

                       
     .                 

         ) .         .(   
          . 

13-9-6-    

                        
                       

          .             
 .  

                       
                         

              .            
    .           ASTM C309   .  

                  ASTM C171  .  
      20           .      

  7    . 
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13-9-7-     

    ASTM C615               ASTM A185 .  
                          

              )  ( .  
                         

 .                .      
             .  

          .  
            .  

         ACI- 301  .         
          . 

13-10-   

               )       (
           . 

13-10 -1-   

            : 

13-10-1-1-   

               )  )13-3(   (
  :  

Mpa 0/2   1   
Mpa 0/3   28  

13-10-1-2-   

                 )  )13-3(   (
  .  

Mpa 0/2   1    
Mpa 0/3   28   
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         3   .  7       
     28     . 

13-10 -2-    

              Mpa 6/4     
 Mpa 2/4       

13-10 -3-     

              1    3      
                   Mpa 5/1  Mpa2  

     »«   Mpa 3  Mpa5/3       »«. 

13-10 -4-     

      13-7-1      »«  »«       Mpa 
5/0       . 

13-10 -5-  )( 

     13-7-2     »«  »«           
      30   .  

13-10 -6-   

         2275       . 

13-10 -7-   

          »«  »«  8 %   »«  9 % . 

13-10 -8-   

              »«  »«  17 %     »« 
 19 % . 

13-10 -9-   

       »«  9          60   . 
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13-10 -10-   

                     
)   (    400   . 

13-10 -11-   

               :  
-     Mpa 800 .  
-     25      40   .  
-         40  . 

13-10 -12-     

         »«  »« 5/0     »«  »« 45/0  . 

13-10 -13-  

               8-3-2  13-4-2     
. 

13-10 -14-         
                  .  

          3    .    5/2    
                    .   

             3     .       
      320    )50   ( .            

      .  

13-10-14 -1-      

                             .  
     3      6      .         

      .                    
  .  
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13-10-14 -2-      

                        3    25    
          5/9      .           

          . 

13-10-14 -3-      

                     5    31          
                 16     31     . 

                   2   . 

13-10-14 -4-      

          3              
 3          25           38    
.                     3   . 

13-10-14 -5-       

              1  4    .       
   3       .     5/2          

                  .     
   3   .  

          314                  
              .  

13-10 -15-    

                       
     .                   

               .        
                         

            .  
                   . 

            . 
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13-11-   

                          
                         

              .           
       ACI-506              . 

13-12-  

                         
  .                    

 ACI-506    .           .        
             .  

  



 

  
  
  
  
  
  
  
  
  
  
  
  

14 14  
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  -  

14-1-   

                      
       .               

              . 

14-2-   

          . 

14-3-   

       8-3        . 

14-4-     

                     . 

14-5-     )( 

         )  (          
    . 

14-6-   

                   
  )  55       (  . 

14-7-   

                       
                .  
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14-7-1-   

14-7-1 -1 -      

                         
    .  

               55      
   .                     

            . 

14-7-1 -2 -      

                       
                  .        

                 .  

14-7-2-  

              . 

14-7-3-      

        )  55       (   
  .  

14-7-4-    

                     
                     .  

                      
   .             .        

                      
                        

              . 
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14-7-4 -1 -       

                     
                       .

                        
   .                     

   .                .  
                    

             .            
                         

           .                
        .                  

                   .  
                  . 

14-7-4 -2 -        

        . . .             
                   . 

14-7-4 -3 -      

                      
    .               . 

14-7-4 -4 -         

                      .
                       

       .  
                         

    .                   
                .  

                   .  
             .   
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14-7-5-    

                    ) 
 101      (              

   .           .  
                :  
-   124 : )   (  
-   125 :    
-  126 :    
-  211 :        
-   602 :        
-   2950 :    
-   2951:           2-7          

      )  55       .( 

14-7-5 -1 -      

           .          .  
                         .

                  .       
               .  

  



 

  
  
  
  
  
  
  
  
  
  
  
  

15 15  
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  –    

15-1-  

15-1-1-   

                      . 
                     

              . 

                     
             .  

         .           
         .  

                  . 

15-1-2-        

15-1-2 -1 -     

                :  
-                          

 .               )    (  
               .  

-                            
   .  

-                      .  
-                        

         .  
-                        .  

                        
)       (  .  

-                  ) (   
  .                     

     .  



314      

 

15-1-2 -2 -      

                          
       :  

-                       .  
-             ) (  .  
-                          

           .  
-                   .   
-               .         

          .  
-      1      .             

          .  
-                 .     

             .           
     .  

-                         
    .  

-                     .  
 -                         . 

15-1-3-    
                      .  

          )   (        
       )       (             

                 )  (  .  
          .             

 .  

                                                       
1- Readout Device 
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         ) (          
    ) (          .  

15-1-4-    
                      .  

15-1-5-      
                       

      .  
                    .  

                         
      . 

15-2-   

                         .  
1:  »«             ) (      

      .  
 2:  »   »                     

                  .  
 3:  »  «                   .  
 4:  »   )( »                  .  
5:  »«                    
               .  

                                                       
1- Test 
2- Instrument 
3- Zero Reading 
4- Base (Initial) Reading 
5- Installation 
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15-3-        

15-3-1-    1  

15-3-1 -1 -         

                          
        .             . 

                       
      . 

15-3-1 -1 -1-    2 )     ( 

                         :  
-  :    
-  :  .  

15-3-1 -1 -2-   3 

               4     
         .            :  

-  :5/0   
-  :1/0   
-   :              
-    5 :200   
-       6.  

15-3-1 -1 -3-   7 

        8    :  

                                                       
1- Measurement systems 
2- Teleliminimetric System 
3- Electrical Piezometer 
4- Transducer 
5- Over Pressurized 
6- Over Voltage Surge Arrestor 
7- Earth Pressure Cell 
8- Vibrating Wire 
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-   :5/0   
-  :1/0   
-   :      
-   :        
-     :200   
-        .  

15-3-1 -1 -4-    )  ( 

      )  (      1   2       
   cm 40                .  

                  .      
 5           .  

-  :       »«   )5     (  
-  :2/0   
-  :001/0 . 

15-3-1 -1 -5-              

                         
                        .   

                    .  
               :  

-    

                             :  
-         ASTM B3-89  
-      
-                
-            7    
-         

                                                       
1- Flange 
2- Anchor 
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-         
-          8                   

    
-          15   
-            
-          
-       3    
-      .  

-       )(  

                          
        .       :  

-              
-                 
-           
-    »  «     
-          .  

15-3-1 -1 -6-  1  

                           
     .             mm1 ±  .  

15-3-1 -2 -     

                       
                 2  3 

            .  
          :  

-         

                                                       
1- Measuring Weir 
2- Transducer 
3- Sensor 
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-         
-    
-     
-   .  

                        
   .  

              .          
               .      

    .  

15-3-1 -3 -          

                         
             .    ) (     

                       .  

-   1  

               :  
-          
-       
-       .  
-        :  
-            
-             
-                   
-            8       .  
-       .  

-     

        :  

                                                       
1- Readout Device 
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-            
-                 
-              
-              
-               
-          )  (  
-     1     
-         
-            
-          
-          .  

15-3-1 -4 -          

                   :  
-       
-      2  
-       
-    .  

15-3-1 -5 -   

                     
         3             . 

        .  
        :  

-   :±30  
-     :5/0%  
-     :mm 25  
-     : 15 .  

                                                       
1- Limit Values 
2- Inclinometer 
3- Probe 
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15-4-       

15-4-1-   

 »«                       
        .            

             .  
                          

           .  
                       

   .                      
       .  

                     
       :  

15-4-2- 1  
                          

              .      
 :  

-   :        
-    :            50   
-          
-                           

     
-      :2±     1%±     
-  :1/0  .  

                                                       
1- Pendulum 
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15-4-3-  1 

                 .      
             .       :  

-   :        
-    :30±  
-    :2   
-  :2   
-                 
-         2       .  

15-4-4-  3 

       )  (             
          )     (          

          .       :  

-    

-   :        
-    :50±   
-    :1/0    
-              .  

-   ) (  

-   :        
-    :30±   
-    :1/0   
-  :25/0      
-               . 

                                                       
1- Inclinometer (Clinometer) 
2- Stud 
3- Joint Meter 



  –     323 

 

15-4-5- 1 

  )   (                    
          .        :  

-       :C 10 -  C 60  
-       :C 10 -  C 30  
-       :C 30 -  C 50 .  
-    :C 5/0±  

15-4-6-  2 

                          .
                  .   

      :  
-   :        
-    :      
-    :01/0      
-           
-        .  

15-4-7-  3  
                         
                 .    

    :  
-   :        

-    :3300  )L
L
Δ

μ(  

-    :2/0   )L
L
Δ

μ(  

-  :15/0   )L
L
Δ

μ(  

                                                       
1- Thermometer 
2- Stress Meter 
3- Strain Meter 
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-          
-        . 

15-4-8-  1 

  )   (                      
                .     

   :  
-   :        
-    :50±   

-    :1/0    
-    . 

15-4-9- 2  
       )  (              

           3              
         .        :  

-   :        
-    :      
-  :5/0       
-  :1/0       
-     :200   
-       . 

15-4-10-   ) (4  

                        
           .        :  

-   :        

                                                       
1- Crackmeter 
2- Piezometer 
3- Uplift 
4- Extensometer 
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-    :100±    
-    :5/0    
-  :02/0  .  

 
  





 

  
  
  
  
  
  
  
  
  
  
  
  

16 16  
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  –     

16-1-  

                    .    
                     

                         
                ...     

           . 

16-2-  

               )  (  .   
               ...    

             . 

16-3-      

                         
        .                  .  

                        
            : 

16-3-1-    

          :  
-                .  
-                  .  
-                          

    
-                
-                      

16-3-2-      

          :  
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-                             
         

 -                           
      ...                  

        .           .  
-                          

         
-                        

              
-                      
-                           

   .  

16-3-3-       

                  :  
-                     

                       
      .                  

     ...              
            .  

-                          
     .            .  

-              .  

16-3-4-            

          :  
-                 .  
-                    

  .  
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-                       
   

-                       
-           
-                           

        

16-3-5-            
                      

              5       
          :  

-                       
    

-                    
     

-                        
  

-                         
           

16-3-6-                  

       :  
 -                         
-                  
-                   
-                     
-                 ...        

          
-                          
-                         
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-                     .  
-                       

 .                  .  
-                         

                  

16-3-7-     

             :  
-                      

           .  
-               
-                    
-                  

                 
-                          

          

16-3-8-        

            .  



 

  
  
  
  
  
  
  
  
  
  
  
  

17 17  
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  –       

17-1-   

                   
       .           

         .               
                    

                     .     
                    .  

                    
      . 

17-1-1-        ... 

                    
                       

  :  
ANSI:     (American National Standards Institute)  

ASME:     (American Society of Mechanical Engineers)  
ASTM:        (American Society for Testing and Materials)  

ISO:      (International Organization of Standardization)   
DIN :   (Deuteche Industrie Normen) 

BS:   (British Standards)  
AWS:    (American Welding Society)  

USBR:       (United States Bureau of Reclamation)   
AISI:      (American Iron and Steel Institute)  

AISC:    (American Institute of Steel Construction)  
ACI:    (American Concrete Institute)  

CMAA:     (Crane Manufacturers Association of America)  
AGMA:      (American Gear Manufacturers Association)  

AFBMA:     (Anti-Friction Bearing Manufacturers Association)  
SSPC:       (Steel Structures Painting Council)  

IEC :     (International Electrotechnical Commission)  



336       

  

IEEE:      (Institute of Electrical and Electronics Engineers)  
NEMA:      (National Electrical Manufacturers Association)  
NFPA:        (National Fire Protection Association)  

                        
            .  

                   
 .                     
               .  

                    
.  

17-1-2-      
      »    « )SI   ( .       

          .          
                     .  

                 [ ]   .    
             )17-1(     .  

17-1-3-    
                         

           .              
       .                 .  

                         
 .  

                       
                   .  

                         
    .                   

                    .  
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 17-1-         
    
   –   Kg - t 

- - N- KN 
   oC 

 - mm-m 
   m2 

  
 L 

 m3  
    )(  N/m2 (pa) 

      Kg/m3  
    J 

 - N-m 
 - W-Kw 

   Ω 
   V 

  A 
  Hz 

  - Kg - m2 

  

 S 
 min 
 h 
 d 

    L/Sec 

17-1-4-         

17-1-4 -1 -   

                        
     .          :  

-                          
                         

      .  
-                       .    
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    .                       
       .  

-                )   6 .(  
-                           

        )    (      .  
-                     ISO 780 

 .  
-                  . 

17-1-4 -2 -       

                      
                 .  

               .  
                        

  .                  .  
                .   

                      
                           

 1   .  
                .          

                    :  
                    

         .  
                         

                 .         
      .  

                  .  

                                                       
1- Jics & Fixtures 
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   .  

                        
           1            . 

17-1-5-      

                     .    
                 .  

              .             
           .  
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ACI :   (American Concrete Institute)  
AGMA :     (American Gear Manufacturers Association)  

ANSI :    (American National Standards Institute)  
ASTM :       (American Society for Testing and Materials)  
ASME :    (American Society of Mechanical Engineers)  
AISC :   (American Institute of Steel Construction)  
AISI :     (American Iron and Steel Institute)  

AWS :   (American Welding Society)  
AFBMA:     (Anti-Friction Bearing Manufacturers Association)  

BS :  (British Standards)  
CMAA:     (Crane Manufacturers Association of America)  

DIN :   (Deuteche Industrie Normen) 

: EFNARC     (European Sprayed Concrete Specification)   
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USBR :      (United States Bureau of Reclamation)   
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