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           



 



           

 

           



 



             





 

 

 





Disolvente adecuado para obtener su parte soluble





 



  

  

            

 







 
 













               







             

  



           

            

           





  

 

            









  





   



 

             





           



    





 

         



aguas “F” y cualquier otro tipo de obras civiles, los cuales son obtenidos en base





 







 

 

    





               



            

            





          













 

 



     









 

 

            



 







 



 



 



 

            



 







 

             



 









 

 

           





 

 

 



 

 

 

          





 







 

  







-   

- 

- 

 

 

         



 

             











  



 

 

           





 







 



 

 

         

mantenimiento del sistema de “FLA”

          



 

 

 

 

 

 

 

 

 

 

 

  



 

 

 





 

 – 









 

 

 

 









  

  







 

  – 

            

          







    



 

   

 

  

 







 

          



            









 

  

  









 

  





        

          

          

 





  

               



 

 

 



        

 



   

  











 

             







 

  






 

 ˃ 1µ

˂ 10µ

 

˃ 10µ





     





           



   

 

  

 

            

 

          



 

            







 

 









 





 

              



 

            

           

          

















  

            

 



            

 





 



         

  



 

 

             

             





         



      



–

 

         







 


  

 






 
 
 
 
 
 
 










–








 
 
 
 
 
 
 
 
 
 
 












 – 














 
 




˂ 
˂ 


   


  
 











 
 
 


  ˂ 1
             
 ˃ 4

      
               






 

            

             




     

 







  
 
 





 




   



  



 







   

   

  



   

  



   

   

 

   



  

 

  



 



 





   

  



   

   









              









           















  

 



 

 



 



 

 

          



 



















 





            



 

             



  



 

             

 



 





           



            

          









 






   

 



 


  

 



   

 




   



 

   

 



           





  







 – 


 –  


















 



             

             

           











           



   



 



   







            
















           

  –   –   –   –   –   – 

  –   –   –   –   –   – 

  –   –   –    –    

 







–









          

                


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








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

 



  – 
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

     



 
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 

 





  – 
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



   







 











  

  

  

  

  




 

  





 

 

  

           

 





 











 

    

 



           





              





   







 Componentes principales del “FLA”

















  









 


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

 

 

 



 

 

 

 

 
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 
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



 


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             
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

 



            
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 
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          

           













 



 



             





           

 

  





 

  





            







             







 





  






    

    





 









  

        

        

 





 

  

 


 
 
 


 
 
 


 
 


 
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

 





 









 





           





 



 

  







   



          

 

 

 

 





 







 

  

 







   

 











            





 



              

            



          

   





















      



             

          

“Schmutzdecke” o “piel de filtro”, a través de la cual tiene que pasar el agua antes de



           





          

“colarse” el agua. Las algas muertas, así como las bacterias vivas del agua cruda son



Una vez que el agua pasa a través del “Schmutzdecke”, entra al lecho filtrante y es



         



          

        

  







            





 

           


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





Es necesario que para que el filtro opere como un verdadero “sistema de desinfección”



 

filtro (o el manto) “está maduro”.



           

            







           



            









      



   

        







            



            

          

          

         



   

            






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  







 

           



           

 









 

 

 



 





             

         



           



              



             





 

 

           



 









 



 

 

 

  

 



   



   





 



  



 







 



 





       





        



 





            

           











   

 





          







 









 

 





 

  

 

 





 

   



 

 

 

 

 







 

 

 

 

 

 

 

 







 



            

          







 



  arena, que se efectúa por “rascado” de la porción

 

 



Este periodo entre limpiezas, llamado “carrera”, es variable. A veces puede ser

          



 



         



            



  





 





    



  

         



 



            



            











            



 











Luego, conforme empieza el Schmutzdecke a “colmatarse”, se va abri





            

 







   





 















 





 







 

            





  





           



 

 



             



El método de “trillado” se puede ejecutar manualmente, consta de dos etapas:







 

            

 









            

   

 



            

           







 

















 

 

             

  



 

empleándose para ello el llamado proceso de “encimado”. Véase la figura 10























          

















  en combinación con “FLA”

 

  

  



  

  

 

  

 

  

 



            





  

 









                

        



 







 





       

     



            









 





  

    















 

 

   















             



– 



 







 

           

           







  

















  





             











   

            





 











             

        

 

 

 

 














 





            











 

         





 

              



raíz del asunto cuando expresan que “la filtración lenta de arena es todavía más arte

que ciencia”. Y un arte a diferencia que ciencia, no puede inculcarse por medio de



 





           









           



         



            

           



          



   



         

        



 

     







  

 

 







 







         







           

   







 

 

 

  – 
 – 
 – 

 


     
         
 

 

 
    


 

        
     


  





 

           



 
  

   

 

 

   

 

 

   –
 

   

   

   

    

  

  
 

 

   

 





 

 

   

 

  

 

 
 
  


  

 

 

 

     

   

   

  

  

 

 

 


  
 
   





 





   
 

 


 

 



 











 





















 

 – 





El factor “N” depende de la velocidad de diseño:













 

  – 

  – 

  – 

 



 



      



















  





  

  

  




 


    



 



 







Valores de coeficiente “
 ”

 













 


3 A*0.5n  






  –  – 





 

  

  

 


 π



 

 

 

π 





0.5
T

1n
A*n*2a



n*2
A*1nb T  

















  












   











 

  

   – 







 – 





 

  







          

            



 







  













 







 

                 













 





         



 

             





            



  







         



    

   

  – 











 





            

 

    









 

 









 



         







 

          



 



 








   

σg
μg

   – 

σg 
 – 



 

  



 

             





 

 



 
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    





     

 




   





   





   

 

 



   

           

  



 



    
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 



               



 

 







 

 



          



 

 

           



  

         

 

             



 

 



            







 



              



 



 







 



 

 

 

  

 







    





    

        



 

 





 



 

  

             



 

 

 









  

 







  


  







               









            



         











 



 













“K”. Su determinación se basa en la 



cierta constante “K”, propia y característica de cada suelo y la gradiente hidráulica “i”,

  

 






   































   





  







            
















   









 









  





            

 


 


 
  

  



 









 

             



  



 

 

 

 



 





 

  

 



   



 



 

    



 

             











  

              



 

         



    









 

-          



- 









  

 
 

 

  –   – 

   –   – 

   –  









–

 

 



             







  

            

 















   

 







 



            









  



 

  

  

  

  

 

 

  





   

  





   

  

    



  

 

 







  

    

 

  

     

  

















   







  




 


  





  

  

   




 π


   

 

 











 





 





 




    

 




 


    





   



     
















  



   

    –   

  

 

 










  

 



  



   



  

 







 
   














   



    

 

          



 – 






 





 

  

 

















 







        

 





















 



 

 



 

 

 



 

 

 

 

 

 





 


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
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

 
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 

 

 





           

            



 

 










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







 







   




 

































 – 
  


 – 
 – 
 – 
 – 
  

 – 
 – 
  


  

  


















  – 




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               



            

            

 

   

          



 



             



 

 

           



 

   



   ’ 00” de latitud sur y

los 64º 45’ 00” de longitud oeste.





 

  

            

   

 

  

     





 

 

     

  



   







   

 

 

 

  





  

 

  

  

  

            









           



 

 

 

      

  

               

   

   



Según información obtenida en el Instituto Nacional de Estadística “INE” sobre la













 

  





 

             















  

  

  

  

  

  

  



    

    





 

   

 

 

 

   

 

    

 

  



            





 

    



  







  







              

          



 



  

 

            



  







  

  

  



  







            

    

      





              

  

 

 

 

             

          



               

         



 

 



 

   





la Universidad “” cuyo procedimiento es el siguiente:

 



 



 







 

tamaño máximo que es el número 3/8” hasta el tamiz 



 





 

             







 







 

 Juego de tamices 3/8”, N°4, N°8, N°16, N°30, N°50, N°100, N°200

 

 

 

 

  







 











     

               























































           

  

  

  

 







  

  


















 



 



   

 















 







     

    







  




 




  



   

 

 

  

 

 

 

 

 















 




















  



 











  





 











 













 




















 



 












    

  

 


















 







 




 



 


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


   



   

   





 










   

   

    

    

    

    

 



       



            







 













 







           










 

 

 

 

 

 

  

   

   

   

   

   

   

   

 










  



  

 



  

 

 



 











 



  

               









 

  

 

    









  

   



 

            



 



El ensayo se realizó en el laboratorio de suelos y hormigón de la “U.A.J.M.S.”. El

 



El procedimiento consiste en determinar el área “A” transversal del tambor o

contenedor donde se encuentra la muestra de arena y su longitud “L” confinada en el

tubo, se somete a una carga hidráulica “h”. El agua fluye a    

 que pasa en el tiempo “t”



















 























  























 







 



 

 
















 

 


 


 




 



















 









   








    

    



   





     

    



   





     

    





  






            



 – 







 

 

 






 














 

 





  


  




 

  

  





 

            







  – 

  

    

   

   

   





 
 



  




 
 





 




  





 

 

 



 

 

           



  













          









 

 







  

   

   

   







 



 







 





 











 









 

 

 

 

 











 











 

 

  

  



 

  



 

   

 

 






 

 

 

 

 

  

 

 

 

 















 

 

  



 

 

 

  

 



 

  

  



   

   



 





   



 


 







 



 DISEÑO  de los elementos del “FLA”

 

 

             

            

     








 











 

 

  







 

  



   







 

 



  







 

            

       

             



 










 










   



   





  


3 A*0.5n





  



 

  

 

   

  

 

               



 



  









 

 





 

 







   



  





 – 



 





 

 













         







 



 



  








 
























 

 

 














  

  



   

 





 



 

 





 
  

  

    

    

   3/8” 





 



 




   





    

 







 

 

    

 

 

 

 





  



  





   

 





 



 

  ”

 

 = 4”

 







  



 


















 






 











   

  

 



   

 



 

  







    

  

 



























   

  

  

  




 


   



 

  

 

    

  

  

  

    



 

  






















  

  

   

  



  

  

 



 = 1 ” 

 

  

  

  




 





 











 


































  

  

 



  

            





   = 1 ½ ”

 

  

 

  

 

 





















  



   

 



 

  

   

 

  





   





 




 




 










  



  
 


 
 



  

   



  








 




   

  



























               

 

      

   



  



   

             



   













 








 



       





           














  











   

   







































 





  

 











  












 

             



 

              

 

 







  

      





  

  


















 



  





  “



D = 2 ” 












   



D = 3” = 0.076   





 ” = 0.  

  















 



 

 

 

 



 











  









    

 ≤ L



 

            















 

 

 





 

 



  

     

  



 

 



 





  



  















   “



D = 1”





  



        







D = 2” = 0.050     

D = 3” = 0.076    

D = 4” = 0.10    

” = 0.1   







 































 

 

 

 

 









  





   

  











 





 

  





 






























  






  ”



 ”

 


















 

 

 

 





 







  ”



” 



 

 

              



           







             

 
















 

 

 

 

 

 

 

 

 







   

   

    

  

  

   

   



  

  











 

    

              



 



 

         



 

           

  

 

 



 

          

  

 

     



        



 



 

  

         









         

           





   





 

     







 

 

           

          







 

             


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