
     

     

    





           
              

               

              
               

           

              
           
 



         



                  

            

              

                 

     

                  

                   

              

                

                 

                

        

                

        

        

                   
                   
                 
              
                  

                  
                
                
             

                  
                 
                  
  

                 
              
       

                 
             
        



         

           

                     

                    
                  
                   
                   
       

           

                    
                     
                  
                    
                     
                
 

                   
                    
                
                 
        

                    
               



         

             

        

                   
                
                      



         

   

                
                     
                

                 
                  
                   

                  
                 

                  

                   
                    
              
              

               

                 
               

                  

                      



         

             

                
                  



         

        

            

 

                
                 



         

Daily Services on International Corridors
Paris
11,5 Lyon 1,7 Marseille 1,5

Munich 2,3Hamburg 3,7

Hannover 1,1 Nuremberg 1,1

Kassel 0,3

Madrid 6,5
Seville 1,5

Cordoba 0,3

Himeji 0,4

Tokyo 8,0
Osaka 2,5

Shizuoka 0,4

Yokohama 3,4
Hamamatsu 0,5

Nagoya 2,1
Gifu 0,4

Xuzhou
1,6

Mount
Tishan
1,5

Cangzhou
0,4

Beijing 10,6
Tianjin 7,5

Jinan 3,2 Nanjing 4,8

Kioto 1,3 Kobe 1,4

Hakata 1,3

Kokura 0,9

Hiroshima
1,1

Okayama
0,6

Bengbu
0,7

Shanghai 12,7 
Suzhou 2,1 

Wuxi 2,1 

Changzhou 
2,1 

Zhenjiang 
1,0 

Madrid 6,5 Barcelone 5,0

Zaragoza 0,7

424242

535353

484848

78 Hannover 1,17878

323323

151151

    

                 
                  

                 
       

                 

    

                    
        

             



         

Daily High Speed Services (in each direction)

Seville

Puertollano

Cordoba

Málaga

Toledo

Madrid

Valladolid

Zaragoza Lleida

Tarragona

Barcelona
Calatayud

39,039,0
33,834,3

31,4

54,1

44,0

33,9

46,7

20,9

26,7

21,2

77,1 23,0

Valencia

Albacete

5,0

16,0
16,0

10,2

AVE Services
AVANT Services

(Alvia, Altaria, Tren Hotel)

Caption

      

                  
 

                
                
 

               

                 

           

              
                
                
                   
                  
             

                 
                
                     



        

                   
                
          

                  

                

                   
                 
                
              

                 

              
  

       

                  
                 

                  

    

               
  

                 
                   
        

  

                  
                  
                     

               
                  
                    
                       
                  
                      

              
                  



        

Stage 1:
Obtaining the needed information

Phase 1.1:
Obtaining demand levels

Phase 1.2:
Obtaining Preferred timetable

Stage 2:
Selecting and analizing the set of infrastructure options

Phase 2.1:
Ob i i I f iObtaining new Infrastructure option

Phase 2.2:
Applying the model

Phase 2.3:
Analyzing the model results

Stage 3:
Comparison of infrastructure options and decision making

Phase 3 1:Phase 3.1:
Comparing aspects of infrastructure options

      

                  
             
                   
              
      

           

                 
                
               

                
          

                    

               
                  



        

                  
    

                
               

         

                  
                  

             

               
                          
                   
       

                 

                
            

                 

             

                 
                 
       

              
        



        

         

    

                     



        

            

     

         

           

          

         

       

         

         

       

       

       

         

         

                   
   

           

       

                 
                    
               
                      



                    
             
                   
       

                
                  
                 
                 
                  

                   

         

                

                 



        

0.1

0.12

0.1

0.12

1

2

0.1

0.12

0 04

0.06

0.08

0 04

0.06

0.08

4

6

8

0 04

0.06

0.08

0 5 10 15 20

0

0.02

04

0 5 10 15 20

0

0.02

0.04

0 5 10 15 20

0

2

4

0 5 10 15 20

0

0.02

0.04

Departure time 
(Madrid-Santander)

Departure time 
(Santander-Madrid)

                  


          

                  
                     
                      
                     
                     
                  
                 

                     

                  
                   
                    
                 
                  

                    
   

                          
                             

             



        

All sections in double track for the pesimistic assumption demand (9 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

100

44

55

66

25

50
33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

15

17.5
18

Trains each way 9
Mean Relative Time 1.
Max Relative Time 1.

10

12.5

5

7.5

1 1 05 1 1 1 15 1 2 1 25 1 3 1 35 1 4 1 45 1 5 1 55 1 6

2.5

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

All sections in double track for the normal assumption demand (15 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

100

44

55

66

25

50
33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

30

35

30

20

25 Trains each way 15

Mean Relative Time 1.

Max Relative Time 1.

10

15

5

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

All sections in double track for the optimistic assumption demand (20 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

100

44

55

66

25

50
33

11

22

7.5 10 12.5 15 17.5 20 22.5

0

11
Palencia

Relative times distribution

40 40

30

Trains each way 20

Mean Relative Time 1.

Max Relative Time 1.

0

20

10

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6



              

              
                  



        

All sections in double track for the optimistic assumption demand (20 trains each way)
Section Crosses

150

175

1010

1111

1212

00

33

33
Santander

100

125

77

88

99

22

88

66

75

100

44

55

66

22

44

44

25

50

33

11

22

88

44

22

7.5 10 12.5 15 17.5 20 22.5

0

11 44
Palencia

          

                
               

 

                     
                        
                  
                     

                 
                    
                 
                       
    

         

               

            

                 
               



        

Sections 2,3,8 and 9 double tracked. Rest single tracked (9 trains each way)
Section

150

175

1010

1111

1212
Modification in
the preferred
departure time

Santander

100

125

77

88

99

75

44

55

66

25

50

33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

15

17.5
18

Trains each way 9
Mean Relative Time 1.
Max Relative Time 1.

10

12.5

5

7.5

1 1 05 1 1 1 15 1 2 1 25 1 3 1 35 1 4 1 45 1 5 1 55 1 6

2.5

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

Sections 2,3,8 and 9 double tracked. Rest single tracked (15 trains each way)
Section

150

175

1010

1111

1212
Modification in
the preferred
departure time

Santander

100

125

77

88

99

Double
composed trains

75

44

55

66
composed trains

25

50

33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

30

35

30

20

25 Trains each way 15

Mean Relative Time 1.

Max Relative Time 1.

10

15

5

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

Sections 2,3,8 and 9 double tracked. Rest single tracked (20 trains each way)
Section

150

175

1010

1111

1212
Modification in
the preferred
departure time

Santander

100

125

77

88

99

Double
composed trains

75

44

55

66
composed trains

25

50

33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

40 40

30

Trains each way 20

Mean Relative Time 1.

Max Relative Time 1.

0

20

10

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

                

                 
          



        

Sections 1,2,3,4,7 and 12 double tracked. Rest single tracked (9 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

00

44

55

66

25

50

33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

15

17.5
18

Trains each way 9
Mean Relative Time 1.
Max Relative Time 1.

10

12.5

5

7.5

1 1 05 1 1 1 15 1 2 1 25 1 3 1 35 1 4 1 45 1 5 1 55 1 6

2.5

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

Sections 1,2,3,4,7 and 12 double tracked. Rest single tracked (15 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

100

44

55

66

25

50

33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

30

35

30

20

25 Trains each way 15

Mean Relative Time 1.015

Max Relative Time 1.026

10

15

5

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

Sections 1,2,3,4,7 and 12 double tracked. Rest single tracked (20 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

00

44

55

66

25

50

33

11

22

7.5 10 12.5 15 17.5 20 22.5

0

11
Palencia

Relative times distribution

40

30
28

T i h 20

10

20

12

Trains each way 20

Mean Relative Time 1.029

Max Relative Time 1.079

1 1 05 1 1 1 15 1 2 1 25 1 3 1 35 1 4 1 45 1 5 1 55 1 6

10

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

                

                 
                    

                     
                    



        

        

Singled tracked Line (9 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

00

44

55

66

25

50

33

11

22

8 10 12 14 16 18 20 22

0

11
Palencia

Relative times distribution

20

15
16

Trains each way 9

5

10 Mean Relative Time 1.07

Max Relative Time 1.098

5

2

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

Singled tracked Line (15 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

100

44

55

66

25

50

33

11

22

7.5 10 12.5 15 17.5 20 22.5

0

11
Palencia

Relative times distribution

30

35

20

25

21

10

15 Trains each way 15

Mean Relative Time 1.107

Max Relative Time 1.142

1 1 0 1 1 1 1 1 2 1 2 1 3 1 3 1 1 1 1 1 6

5
6

3

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

Singled tracked Line (20 trains each way)
Section

150

175

1010

1111

1212
Santander

100

125

77

88

99

75

100

44

55

66

25

50

33

11

22

7.5 10 12.5 15 17.5 20 22.5

0

11
Palencia

Relative times distribution

40

30

10

20

9

20

Trains each way 20

Mean Relative Time 1 165

1 1 05 1 1 1 15 1 2 1 25 1 3 1 35 1 4 1 45 1 5 1 55 1 6

10

4
2

5

9 Mean Relative Time 1.165

Max Relative Time 1.211

1. 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6

               

                     



        

        

                     

                   

                    
   

                
                  
                    
                       
               

 

                        
                      

        

                   
                     
                  
                   
                    
                    

     

                

               
                 
         

                 
                     

                   
                  
                
       

                 

                 



  

    

   

                


 

           

                
           

             

                  

           

             

                  

             

             
                 

           

           

                

           

                
           

                   
                 
                   
   

                 
                
                   
         

                  
                    
                 
                  
                        
                   

                  
                     
                   
                

                 
                
                 
                   
                 

     

 

                   



  

                
                 


               

    
                    

                 
     

                      
                    

                
 

                 
                  
                  
              

  

      

         

           

           

          

    

          


