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2  
 



 

3  
 



 

4  
 

– 



 

5  
 



 

6  
 

𝑓𝑢𝑘 = 400 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 240 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 400 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 320 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 300 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 400 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 640 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 400 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 800 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 640 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 210 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 700 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 450 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 800 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 600 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 210 𝑁/𝑚𝑚² 𝐴5 > 8%

𝑓𝑢𝑘 = 700 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 450 𝑁/𝑚𝑚² 𝐴5 > 8%



 

7  
 

 𝑓𝑅,𝑚𝑖𝑛

 0,05𝑑 ≤  ℎ ≤  0,07𝑑
𝑑 ℎ

𝑓𝑦𝑘

𝑓𝑢𝑘 = 𝑓𝑡𝑘 = 𝑘 ∙ 𝑓𝑦𝑘



 

8  
 

 

 

 

 

 



 

9  
 

𝑑𝑛𝑜𝑚

𝑑0

ℎ𝑒𝑓,𝑚𝑖𝑛

ℎ𝑒𝑓,𝑚𝑎𝑥

𝑑𝑓

𝑑𝑏

𝑇𝑖𝑛𝑠𝑡,𝑚𝑎𝑥

ℎ𝑚𝑖𝑛 ℎ𝑒𝑓 + 30𝑚𝑚 ≥ 100 𝑚𝑚 ℎ𝑒𝑓 + 2𝑑0

𝑠𝑚𝑖𝑛

𝑐𝑚𝑖𝑛

𝑑𝑛𝑜𝑚

𝑑0

ℎ𝑒𝑓,𝑚𝑖𝑛

ℎ𝑒𝑓,𝑚𝑎𝑥

𝑑𝑏

ℎ𝑚𝑖𝑛
ℎ𝑒𝑓 + 30𝑚𝑚

≥ 100 𝑚𝑚
ℎ𝑒𝑓 + 2𝑑0

𝑠𝑚𝑖𝑛

𝑐𝑚𝑖𝑛

𝑑2

𝑑𝑛𝑜𝑚

𝑑0

ℎ𝑒𝑓,𝑚𝑖𝑛

ℎ𝑒𝑓,𝑚𝑎𝑥

𝑑𝑓

𝑇𝑖𝑛𝑠𝑡,𝑚𝑎𝑥

𝑙𝑙𝐺

ℎ𝑚𝑖𝑛 ℎ𝑒𝑓 + 30𝑚𝑚 ≥ 100 𝑚𝑚 ℎ𝑒𝑓 + 2𝑑0

𝑠𝑚𝑖𝑛

𝑐𝑚𝑖𝑛



 

10  
 

𝒅𝟎 𝒅𝒃 𝒅𝒃,𝒎𝒊𝒏

ℎ𝑒𝑓 < ℎ𝑒𝑓 <

(𝑑0): 
(ℎ0): < 𝑑𝑛𝑜𝑚

(𝑑0)

(𝑑0) (𝑑0)

v 

v v 



 

11  
 

 

𝒅𝟎 𝒉𝟎 𝒅𝒏𝒐𝒎

 

 > 𝑑𝑏,𝑚𝑖𝑛

 

 

𝑑𝑛𝑜𝑚

 

 > 𝑑𝑏,𝑚𝑖𝑛

 



 

12  
 

 

 

 

 

 

 𝑑0

ℎ𝑒𝑓

 𝑑0

 

 

 

 



 

13  
 



 

14  
 

𝐴𝑠

𝑁𝑅𝑘,𝑠

𝑁𝑅𝑘,𝑠

𝑁𝑅𝑘,𝑠

𝑁𝑅𝑘,𝑠

𝑁𝑅𝑘,𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑁

𝛾𝑀𝑠,𝑁

𝛾𝑀𝑠,𝑁

𝛾𝑀𝑠,𝑁

𝛾𝑀𝑠,𝑁

𝑉0
𝑅𝑘,𝑠

𝑉0
𝑅𝑘,𝑠

𝑉0
𝑅𝑘,𝑠

𝑉0
𝑅𝑘,𝑠

𝑉0
𝑅𝑘,𝑠

𝑉0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑉

𝛾𝑀𝑠,𝑉

𝛾𝑀𝑠,𝑉

𝛾𝑀𝑠,𝑉

𝛾𝑀𝑠,𝑉



 

15  
 

𝑘𝑢𝑐𝑟,𝑁

𝑘𝑢𝑐𝑟,𝑁

𝑐𝑐𝑟,𝑁 ℎ𝑒𝑓

𝑠𝑐𝑟,𝑁 𝑐𝑐𝑟,𝑁

ℎ/ℎ𝑒𝑓 ≥ 2,0

𝑐𝑐𝑟,𝑠𝑝

ℎ𝑒𝑓

2,0 > ℎ/ℎ𝑒𝑓 > 1,3 2 ⋅ ℎ𝑒𝑓 {2,5 −
ℎ

ℎ𝑒𝑓
}

ℎ/ℎ𝑒𝑓 ≤ 1,3 ℎ𝑒𝑓

𝑠𝑐𝑟,𝑠𝑝 𝑐𝑐𝑟,𝑠𝑝



 

16  
 

𝑁𝑅𝑘,𝑠 𝐴𝑠 ∙ 𝑓𝑢𝑘

𝛾𝑀𝑠,𝑁

𝜏𝑅𝑘,𝑢𝑐𝑟

𝜏𝑅𝑘,𝑢𝑐𝑟

𝛹0
𝑠𝑢𝑠

𝛹0
𝑠𝑢𝑠

𝛹𝑐

𝛾𝑖𝑛𝑠𝑡



 

17  
 

𝑉0
𝑅𝑘,𝑠 0,6 ∙ 𝐴𝑠 ∙ 𝑓𝑢𝑘

𝑉0
𝑅𝑘,𝑠 0,5 ∙ 𝐴𝑠 ∙ 𝑓𝑢𝑘

𝛾𝑀𝑠,𝑉

𝑘7

𝑀0
𝑅𝑘,𝑠 1,2 ∙ 𝑊𝑒𝑙 ∙ 𝑓𝑢𝑘

𝑊𝑒𝑙

𝛾𝑀𝑠,𝑉

𝑘8

𝛾𝑖𝑛𝑠𝑡

𝑙𝑓 𝑚𝑖𝑛(ℎ𝑒𝑓; 12𝑑𝑛𝑜𝑚) 𝑚𝑖𝑛(ℎ𝑒𝑓; 300𝑚𝑚)

𝑑𝑛𝑜𝑚

𝛾𝑖𝑛𝑠𝑡



 

18  
 

𝑁𝑅𝑘,𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑁

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑁

𝜏𝑅𝑘,𝑢𝑐𝑟

𝜏𝑅𝑘,𝑢𝑐𝑟

𝛹0
𝑠𝑢𝑠

𝛹0
𝑠𝑢𝑠

𝛹𝑐

𝛾𝑖𝑛𝑠𝑡



 

19  
 

𝑉0
𝑅𝑘,𝑠

𝑉0
𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑉

𝑉0
𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑉

𝑀0
𝑅𝑘,𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑉

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑉

𝑘8

𝛾𝑖𝑛𝑠𝑡

𝑙𝑓 𝑚𝑖𝑛(ℎ𝑒𝑓; 12 ∙ 𝑑𝑛𝑜𝑚) 𝑚𝑖𝑛(ℎ𝑒𝑓; 300𝑚𝑚)

𝑑𝑛𝑜𝑚

𝛾𝑖𝑛𝑠𝑡



 

20  
 

𝑁𝑅𝑘,𝑠 𝐴𝑠 ∙ 𝑓𝑢𝑘

𝐴𝑠

𝛾𝑀𝑠,𝑁

𝜏𝑅𝑘,𝑢𝑐𝑟

𝜏𝑅𝑘,𝑢𝑐𝑟

𝛹0
𝑠𝑢𝑠

𝛹0
𝑠𝑢𝑠

𝛹𝑐

𝛾𝑖𝑛𝑠𝑡

𝑓𝑢𝑘



 

21  
 

𝑉0
𝑅𝑘,𝑠 0,50 ∙ 𝐴𝑠 ∙  𝑓𝑢𝑘

𝐴𝑠

𝛾𝑀𝑠,𝑉

𝑘7

𝑀0
𝑅𝑘,𝑠 1,2 ∙ 𝑊𝑒𝑙𝑓𝑢𝑘

𝑊𝑒𝑙

𝛾𝑀𝑠,𝑉

𝑘8

𝛾𝑖𝑛𝑠𝑡

𝑙𝑓 𝑚𝑖𝑛(ℎ𝑒𝑓; 12 ∙ 𝑑𝑛𝑜𝑚) 𝑚𝑖𝑛(ℎ𝑒𝑓; 300𝑚𝑚)

𝑑𝑛𝑜𝑚

𝛾𝑖𝑛𝑠𝑡

𝑓𝑢𝑘



 

22  
 

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0 = 𝛿𝑁0 · 𝜏; 𝜏
𝛿𝑁∞ = 𝛿𝑁∞ · 𝜏;

𝛿𝑉0

𝛿𝑉∞

𝛿𝑉0

𝛿𝑉∞

𝛿𝑉0 = 𝛿𝑉0 · 𝑉 𝑉
𝛿𝑉∞ = 𝛿𝑉∞ · 𝑉;



 

23  
 

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0 = 𝛿𝑁0 · 𝜏; 𝜏
𝛿𝑁∞ = 𝛿𝑁∞ · 𝜏;

𝛿𝑉0

𝛿𝑉∞

𝛿𝑉0 = 𝛿𝑉0 · 𝑉 𝑉
𝛿𝑉∞ = 𝛿𝑉∞ · 𝑉;



 

24  
 

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0

𝛿𝑁∞

𝛿𝑁0 = 𝛿𝑁0 · 𝜏; 𝜏
𝛿𝑁∞ = 𝛿𝑁∞ · 𝜏;

𝛿𝑉0

𝛿𝑉∞

𝛿𝑉0

𝛿𝑉∞

𝛿𝑉0 = 𝛿𝑉0 · 𝑉 𝑉
𝛿𝑉∞ = 𝛿𝑉∞ · 𝑉;



 

25  
 

𝑁𝑅𝑘,𝑠,𝑒𝑞,𝐶1 1,0 ∙ 𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑁

𝜏𝑅𝑘,𝑒𝑞,𝐶1

𝛹𝑐

𝛾𝑖𝑛𝑠𝑡

𝑉𝑅𝑘,𝑠,𝑒𝑞,𝐶1 0,70 ∙ 𝑉0
𝑅𝑘,𝑠

𝛾𝑀𝑠,𝑁

𝛼𝑔𝑎𝑝



 

26  
 

𝑁𝑅𝑘,𝑠,𝑒𝑞,𝐶1 1,0 ∙ 𝐴𝑠 ∙ 𝑓𝑢𝑘

𝐴𝑠

𝛾𝑀𝑠,𝑁

𝜏𝑅𝑘,𝑒𝑞,𝐶1

𝛹𝑐

𝛾𝑖𝑛𝑠𝑡

𝑓𝑢𝑘

𝑉𝑅𝑘,𝑠,𝑒𝑞,𝐶1 0,35 ∙ 𝐴𝑠 ∙ 𝑓𝑢𝑘

𝐴𝑠

𝛾𝑀𝑠,𝑁

𝛼𝑔𝑎𝑝

𝑓𝑢𝑘



 

1  
 

 

 

 

 

 

 

 



 

2  
 



 

3  
 

ℎ𝑒𝑓 = ℎ𝑛𝑜𝑚

ℎ0

𝑡𝑓𝑖𝑥

ℎ𝑚𝑖𝑛

𝑑0

𝑇𝑖𝑛𝑠𝑡,𝑚𝑎𝑥



 

4  
 

– 



 

5  
 



 

6  
 

𝑓𝑢𝑘 = 400 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 240 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 400 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 320 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 300 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 400 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 800 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 640 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 400 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 800 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 640 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 210 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 700 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 450 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 800 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 600 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 500 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 210 𝑁/𝑚𝑚²

𝑓𝑢𝑘 = 700 𝑁/𝑚𝑚² 𝑓𝑦𝑘 = 450 𝑁/𝑚𝑚²



 

7  
 

𝒅𝒔 𝑳𝒔 𝒉𝒆𝒇 = 𝒉𝒏𝒐𝒎

𝒅𝟏 = 𝒅𝒏𝒐𝒎 𝒅𝟐 𝒍𝒈𝒆𝒔

ℎ𝑒𝑓

ℎ𝑒𝑓

ℎ𝑒𝑓 + 𝑡𝑓𝑖𝑥 +

ℎ𝑒𝑓 + 𝑡𝑓𝑖𝑥 +

ℎ𝑒𝑓 + 𝑡𝑓𝑖𝑥 +

ℎ𝑒𝑓 + 𝑡𝑓𝑖𝑥 +



 

8  
 

𝛽

 

 

 

 

𝑁𝑅𝑘,𝑝 = 𝑁𝑅𝑘,𝑏 𝑁𝑅𝑘,𝑠 𝑁𝑅𝑘,𝑝𝑏

𝑉𝑅𝑘,𝑏 𝑉𝑅𝑘,𝑠 𝑉𝑅𝑘,𝑐 𝑉𝑅𝑘,𝑝𝑏

𝑁𝑅𝑘,𝑝,𝑗 = 0,18 ∗ 𝑁𝑅𝑘,𝑝  𝑁𝑅𝑘,𝑏,𝑗 = 0,18 ∗ 𝑁𝑅𝑘,𝑏 𝑁𝑅𝑘,𝑝 = 𝑁𝑅𝑘,𝑏

𝑉𝑅𝑘,𝑐,𝑗 = 0,15 ∗ 𝑉𝑅𝑘,𝑐 𝑉𝑅𝑘,𝑏,𝑗 = 0,15 ∗ 𝑉𝑅𝑘,𝑏 𝑉𝑅𝑘,𝑏 𝑉𝑅𝑘,𝑐



 

9  
 



 

10  
 



 

11  
 

𝑑0

ℎ0

ℎ𝑒𝑓

ℎ𝑚𝑖𝑛 ℎ𝑒𝑓

𝑑𝑓 ≤

𝑑𝑏 ≥

𝑑0

ℎ0

ℎ𝑒𝑓

ℎ𝑚𝑖𝑛

𝑑𝑓 ≤

𝑑𝑏 ≥



 

12  
 



 

13  
 

 

 

 

 

 

 𝑑𝑏,𝑚𝑖𝑛

 



 

14  
 

 

 

 

 

 



 

15  
 

 

 

 𝑑𝑏,𝑚𝑖𝑛

 

 

 

 

 

 



 

16  
 

𝑑0

𝑑0

𝑑0

𝑑0



 

17  
 

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑁𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑉𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠

𝑀0
𝑅𝑘,𝑠

𝛾𝑀𝑠



 

18  
 

𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟 II; (𝑠𝑚𝑖𝑛 II)

𝑠𝑐𝑟┴; (𝑠𝑚𝑖𝑛┴)

𝑠𝑐𝑟 II; (𝑠𝑚𝑖𝑛 II)
𝛼𝑔 𝐼𝐼,𝑉 𝐼𝐼 𝛼𝑔 𝐼𝐼,𝑉 ┴

𝑠𝑐𝑟┴; (𝑠𝑚𝑖𝑛┴)
𝛼𝑔 ┴,𝑉 𝐼𝐼 𝛼𝑔 ┴,𝑉 ┴

𝛼𝑒𝑑𝑔𝑒,𝑁

𝛼𝑒𝑑𝑔𝑒,𝑉 ┴

𝛼𝑒𝑑𝑔𝑒,𝑉 𝐼𝐼

𝛼𝑔 𝐼𝐼,𝑁

𝛼𝑔 ┴,𝑁

𝛼𝑔 𝐼𝐼,𝑉 𝐼𝐼

𝛼𝑔 ┴,𝑉 𝐼𝐼

𝛼𝑔 𝐼𝐼,𝑉 ┴

𝛼𝑔 ┴,𝑉 ┴

𝑁𝑅𝑘,𝑏 𝛼𝑒𝑑𝑔𝑒,𝑁 ∗ 𝑁𝑅𝑘,𝑏

𝑉𝑅𝑘,𝑐 𝐼𝐼 𝛼𝑒𝑑𝑔𝑒,𝑉 𝐼𝐼 ∗ 𝑉𝑅𝑘,𝑏

𝑉𝑅𝑘,𝑐 ┴ 𝛼𝑒𝑑𝑔𝑒,𝑉 ┴ ∗ 𝑉𝑅𝑘,𝑏

𝑁𝑔
𝑅𝑘 𝛼𝑔,𝑁 ∗ 𝑁𝑅𝑘,𝑏

𝑉𝑔
𝑅𝑘 𝛼𝑔,𝑉 ∗ 𝑉𝑅𝑘,𝑏 𝑐 ≥ 𝑐𝑐𝑟

𝑉𝑔
𝑅𝑘,𝑐 𝛼𝑔,𝑉 ∗ 𝑉𝑅𝑘,𝑏 𝑐 ≥ 𝑐𝑚𝑖𝑛

𝑁𝑔
𝑅𝑘 𝛼𝑔 𝐼𝐼,𝑁 ∗ 𝛼𝑔 ┴,𝑁 ∗ 𝑁𝑅𝑘,𝑏

𝑉𝑔
𝑅𝑘 𝛼𝑔 𝐼𝐼,𝑉 ∗ 𝛼𝑔 ┴,𝑉 ∗ 𝑉𝑅𝑘,𝑏 𝑐 ≥ 𝑐𝑐𝑟

𝑉𝑔
𝑅𝑘,𝑐 𝛼𝑔 𝐼𝐼,𝑉 ∗ 𝛼𝑔 ┴,𝑉 ∗ 𝑉𝑅𝑘,𝑏 𝑐 ≥ 𝑐𝑚𝑖𝑛



 

19  
 

𝜌 

𝑓𝑏

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰



 

20  
 

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝒇𝒃

𝑉𝑅𝑘,𝑐



 

21  
 

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,1 ∗ 𝑁𝑅𝑘/2,8 2 ∗ 𝛿𝑁0

0,3 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,1 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

22  
 

𝜌 

𝑓𝑏

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰



 

23  
 

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,1 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,3 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,1 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

24  
 

𝜌 

𝑓𝑏

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰

 



 

25  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

26  
 

𝜌 

𝑓𝑏

(𝑓𝑏/12)0,75 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

27  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

28  
 

𝜌 

𝑓𝑏

(𝑓𝑏/12)0,75 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

29  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

30  
 

𝜌 

𝑓𝑏

(𝑓𝑏/20)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰



 

31  
 

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,1 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,3 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,1 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

32  
 

𝜌 

𝑓𝑏

(𝑓𝑏/28)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰



 

33  
 

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,1 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,3 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,1 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

34  
 

𝜌 

𝑓𝑏

(𝑓𝑏/20)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

35  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

36  
 

𝜌 

𝑓𝑏

(𝑓𝑏/10)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

37  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

38  
 

𝜌 

𝑓𝑏

(𝑓𝑏/10)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

39  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

40  
 

𝜌 

𝑓𝑏

(𝑓𝑏/12)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

41  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

42  
 

𝜌 

𝑓𝑏

(𝑓𝑏/12)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

43  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

44  
 

𝜌 

𝑓𝑏

(𝑓𝑏/12)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

45  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

46  
 

𝜌 

𝑓𝑏

(𝑓𝑏/12)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

47  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

48  
 

𝜌 

𝑓𝑏

(𝑓𝑏/28)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

49  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴
𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

50  
 

𝜌 

𝑓𝑏

(𝑓𝑏/3,1)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

51  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

52  
 

𝜌 

𝑓𝑏

(𝑓𝑏/5,2)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟 𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰



 

53  
 

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,13 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,55 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0

0,31 ∗ 𝑉𝑅𝑘/2,8 1,5 ∗ 𝛿𝑉0



 

54  
 

𝜌 

𝑓𝑏

(𝑓𝑏/2)0,5 ≤ 1,0

𝑇𝑖𝑛𝑠𝑡

𝑐𝑐𝑟

𝑐𝑚𝑖𝑛

𝑠𝑐𝑟,𝐼𝐼

𝑠𝑐𝑟,┴

𝑠𝑚𝑖𝑛

𝜶𝒆𝒅𝒈𝒆,𝑵 𝜶𝒆𝒅𝒈𝒆,𝑽┴ 𝜶𝒆𝒅𝒈𝒆,𝑽 𝑰𝑰

𝜶𝒈 𝑰𝑰,𝑵 𝜶𝒈┴,𝑵

𝜶𝒈 𝑰𝑰,𝑽┴ 𝜶𝒈┴,𝑽┴

𝜶𝒈 𝑰𝑰,𝑽 𝑰𝑰 𝜶𝒈┴,𝑽 𝑰𝑰



 

55  
 

𝒄 ≥ 𝒄𝒄𝒓 𝒔 ≥ 𝒔𝒄𝒓

ℎ𝑒𝑓 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑁𝑅𝑘,𝑏 = 𝑁𝑅𝑘,𝑝 𝑉𝑅𝑘,𝑏

𝒇𝒃

𝑉𝑅𝑘,𝑐

𝒉𝒆𝒇 𝜹𝑵/𝑵 𝜹𝑵𝟎 𝜹𝑵∞ 𝜹𝑽/𝑽 𝜹𝑽𝟎 𝜹𝑽∞

0,1 ∗ 𝑁𝑅𝑘/3,5 2 ∗ 𝛿𝑁0

0,3 ∗ 𝑉𝑅𝑘/3,5 1,5 ∗ 𝛿𝑉0

0,1 ∗ 𝑉𝑅𝑘/3,5 1,5 ∗ 𝛿𝑉0



 

1  
 

 

 

 

 

 

 

 



 

2  
 



 

3  
 



 

4  
 



 

5  
 



 

6  
 

𝑓𝑅,𝑚𝑖𝑛

0,050Ø ≤ ℎ𝑟𝑖𝑏 ≤ 0,07Ø 

ℎ𝑟𝑖𝑏

𝑓𝑦𝑘

𝑓𝑢𝑘 = 𝑓𝑡𝑘 = 𝑘 ∙ 𝑓𝑦𝑘



 

7  
 

𝑓𝑢𝑘 = 𝑓𝑡𝑘 = 𝑘 ∙ 𝑓𝑦𝑘

𝐴𝑠

ℓ𝑣

𝑐2

𝑡𝑓𝑖𝑥,𝑚𝑖𝑛

𝑡𝑓𝑖𝑥,𝑚𝑎𝑥

𝑇𝑚𝑎𝑥



 

8  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

9  
 

 

 

 

 

𝑐

𝑐1

𝑐𝑚𝑖𝑛

ℓ0

ℓ𝑣 ≥ ℓ𝑣 + 𝑐1

𝑑0

Normas generales de construcción para barras de refuerzo instaladas posteriormente



 

10  
 

 

 

 

 

 

 

𝑐

𝑐1

𝑐2

𝑐𝑚𝑖𝑛

ℓ0

ℓ𝑣 ≥ ℓ0 + 𝑐1

ℓ𝑔𝑒𝑠 ≥ ℓ0 + 𝑐2

𝑑0

Normas generales de construcción para anclajes de tensión



 

11  
 

∙ ℓ𝑣 ≥ ∙ ℓ𝑣 ≥

∙ ℓ𝑣 ≥ ∙ ℓ𝑣 ≥

∙ ℓ𝑣 ∙ ℓ𝑣

∙ ℓ𝑣 ∙ ℓ𝑣

𝓵𝒗,𝒎𝒂𝒙

𝓵𝒗,𝒎𝒂𝒙

𝑡𝑔𝑒𝑙

Cubierta de hormigón mínima 



 

12  
 

Herramientas de dosificación



 

13  
 

 

 

 

𝒅𝟎 ≤ 𝒉𝟎 ≤ 𝟏𝟎𝒅𝒔

 

 > 𝑑𝑏,𝑚𝑖𝑛

 

 

 

> 𝑑0,𝑚𝑖𝑛 

 



 

14  
 

𝒅𝟎 𝒅𝒃 𝒅𝒃,𝒎𝒊𝒏

 

 

 

ℓ𝑣

 



 

15  
 

 

 

 

𝓵𝒗,𝒎𝒂𝒙 𝓵𝒗,𝒎𝒂𝒙 𝓵𝒗,𝒎𝒂𝒙

ℓ𝑚 ℓ𝑣

ℓ𝑚 = 1
3⁄ ∙ ℓ𝑣

ℓ𝑚 

ℓ𝑚 = ℓ𝑣 respecto ℓ𝑒,𝑔𝑒𝑠 ∙ {1,2 ⋅
∅2

𝑑0
2 − 0,2}



 

16  
 

 

 

 

 𝑡𝑔𝑒𝑙

𝑡𝑐𝑢𝑟𝑒



 

17  
 

ℓ𝑏,𝑚𝑖𝑛 ℓ0,𝑚𝑖𝑛 ℓ𝑏,𝑚𝑖𝑛 ℓ0,𝑚𝑖𝑛

𝛼𝑙𝑏

𝜶𝒍𝒃

𝜶𝒍𝒃

𝒌𝒃

𝒇𝒅𝒃,𝑷𝑰𝑹

𝒇𝒅𝒃,𝑷𝑰𝑹 = 𝒌𝒃 ∙ 𝒇𝒅𝒃

𝑓𝑑𝑏

𝑘𝑏

𝛼𝑙𝑏 𝑘𝑏

𝑓𝑑𝑏,𝑃𝐼𝑅



 

18  
 

𝑓𝑏𝑑,𝑓𝑖

𝒇𝒃𝒅,𝒇𝒊 = 𝒌𝒇𝒊(𝜽) ⋅ 𝒇𝒃𝒅,𝑷𝑰𝑹 ⋅ 𝜸𝒄 ∕ 𝜸𝑴,𝒇𝒊

𝜃 ≤ 2430𝐶: 𝑘𝑓𝑖(𝜃) = 18,88 ∙ 𝑒(𝜃∙−0,016)/(𝑓𝑏𝑑,𝑃𝐼𝑅 ∙ 4,3) ≤ 1,0

𝜃 > 2430𝐶: 𝑘𝑓𝑖(𝜃) = 0

𝑓𝑏𝑑,𝑓𝑖

𝜃

𝑘𝑓𝑖(𝜃)

𝑓𝑏𝑑,𝑃𝐼𝑅

𝛾𝑐

𝛾𝑀,𝑓𝑖

𝑓𝑏𝑑,𝑓𝑖

𝒌𝒇𝒊(𝜽)

𝑓𝑑𝑏,𝑃𝐼𝑅



 

19  
 

𝜎𝑅𝑘,𝑠,𝑓𝑖

𝜎𝑅𝑘,𝑠,𝑓𝑖

𝝈𝑹𝒅,𝒔,𝒇𝒊

𝜎𝑅𝑑,𝑠,𝑓𝑖

𝜎𝑅𝑑,𝑠,𝑓𝑖 = 𝜎𝑅𝑘,𝑠,𝑓𝑖/𝛾𝑀,𝑓𝑖

𝜎𝑅𝑘,𝑠,𝑓𝑖

𝛾𝑀,𝑓𝑖

𝜎𝑅𝑑,𝑠,𝑓𝑖
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