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0,6 𝑘𝑁
𝑚2⁄

0,3 𝑘𝑁
𝑚2⁄





 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

  

  

  

  

  

  



  

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

  

  



 

 

 

 

 

 

 

  

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 







50,00 𝑥 35,00 𝑚



𝑓𝑐𝑘 = 30 𝑁
𝑚𝑚2⁄  –  karakteristična tlačna čvrstoća betona nakon 28 dana

𝑓𝑐𝑡𝑚 = 2,90 𝑁
𝑚𝑚2⁄  –  srednja vlačna čvrstoća betona

𝐸𝑐𝑚 = 33 000 𝑁
𝑚𝑚2⁄  –  sekantni modul elastičnosti

𝑓𝑐𝑑 = 2,0 𝑘𝑁
𝑐𝑚2⁄  –  proračunska čvrstoća betona

𝑓𝑐𝑑 = 𝛼𝑐𝑐 ∗
𝑓𝑐𝑘

𝛾𝑐
= 1,0 ∗

30

1,5
= 20,0 𝑁

𝑚𝑚2⁄ = 2,0 𝑘𝑁
𝑐𝑚2⁄

𝛼𝑐𝑐 − koeficijent dugotrajnih učinaka na čvrstoću 

μ





2,50 𝑘𝑁 𝑚2⁄

2,50 𝑘𝑁 𝑚2⁄



0,30 𝑘𝑁 𝑚2⁄

0,30 𝑘𝑁 𝑚2⁄

 

3,00 𝑘𝑁
𝑚2⁄ 2,00 𝑘𝑁

𝑚2⁄

0,60 𝑘𝑁
𝑚2⁄





 

𝑠 =  𝜇𝑖  ∙  𝐶𝑒  ∙  𝐶𝑡 ∙  𝑠𝑘

𝑠𝑘

𝜇𝑖

𝐶𝑒

𝐶𝑡

𝑠𝑘 = 1,25 𝑘𝑁/𝑚2

𝛼 = 4𝑜 𝜇𝑖 = 0,80

𝐶𝑒 = 1,0

𝐶𝑡 = 1,0

𝑠 =  0,80 ∙  1,0 ∙  1,0 ∙  1,25 = 1,00 𝑘𝑁/𝑚2



 



𝑣𝑏

𝜌

𝑞𝑏 =  
1

2
 ∙  𝜌 ∙  𝑣𝑏

2 =
1

2
 ∙  1,25 ∙  202 ∙ 10−3 =  0,25 𝑘𝑁/𝑚2

𝑤𝑒 =  𝑞𝑏  ∙  𝑐𝑒(𝑧𝑒)  ∙  𝑐𝑝𝑒

𝑤𝑖 =  𝑞𝑏  ∙  𝑐𝑒(𝑧𝑖)  ∙  𝑐𝑝𝑖

𝑞𝑏

𝑐𝑒(𝑧)

𝑧𝑒 𝑖 𝑧𝑖

𝑐𝑝𝑒 𝑖 𝑐𝑝𝑖





𝑧𝑒 = ℎ = 16 𝑚

𝑐𝑒(𝑧) = 2,05

𝑒 = min{𝑏; 2ℎ} = min{35;  32} = 32,00 𝑚

𝑏

𝑑 = 50,0 𝑚

𝑑 > 𝑒     50 > 32

ℎ

𝑑
=  

16

50,0
=  0,32

𝑒

5
∙ ℎ 102,4 𝑚2

4𝑒

5
∙ ℎ  409,6 𝑚2

𝑏 ∙ ℎ  800 𝑚2

𝑏 ∙ ℎ 800 𝑚2

𝑐𝑝𝑒,𝐴 −1,20

𝑐𝑝𝑒,𝐵 −0,80

𝑐𝑝𝑒,𝐷 +0,8

𝑐𝑝𝑒,𝐸 −0,50

𝑤𝑒 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒



𝑤𝑒,𝐴 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐴 −0,615 𝑘𝑁/𝑚2

𝑤𝑒,𝐵 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐵 −0,410 𝑘𝑁/𝑚2

𝑤𝑒,𝐷 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐷 +0,410 𝑘𝑁/𝑚2

𝑤𝑒,𝐸 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐸 −0,256 𝑘𝑁/𝑚2

𝑒

10
∙

𝑒

4
25,6 𝑚2

𝑒

10
∙ (𝑏 −

𝑒

2
)  108,8 𝑚2

𝑏 ∙ (
𝑒

2
−

𝑒

10
)  640 𝑚2

𝑏 ∙ (𝑑 −
𝑒

2
)  950 𝑚2



𝑐𝑝𝑒,𝐹 −1,80

𝑐𝑝𝑒,𝐺 −1,20

𝑐𝑝𝑒,𝐻 −0,70

𝑐𝑝𝑒,𝐼 +0,2

𝑐𝑝𝑒,𝐼 −0,60

𝑤𝑒,𝐹 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐹 − 0,923 𝑘𝑁/𝑚2

𝑤𝑒,𝐺 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐺 − 0,615 𝑘𝑁/𝑚2

𝑤𝑒,𝐻 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐻 −0,359 𝑘𝑁/𝑚2

𝑤𝑒,𝐼 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐼 + 0,103 𝑘𝑁/𝑚2

𝑤𝑒,𝐼 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐼 − 0,308 𝑘𝑁/𝑚2

𝑤𝑖,𝐴 = 𝑤𝑒,𝐴 − 𝑤𝑖 − 0,615 𝑘𝑁/𝑚2

𝑤𝑖,𝐵 = 𝑤𝑒,𝐵 − 𝑤𝑖 − 0,410 𝑘𝑁/𝑚2

𝑤𝑖,𝐶 = 𝑤𝑒,𝐶 − 𝑤𝑖 − 0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐷 = 𝑤𝑒,𝐷 − 𝑤𝑖 + 0,410 𝑘𝑁/𝑚2

𝑤𝑖,𝐸 = 𝑤𝑒,𝐸 − 𝑤𝑖 − 0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐹 = 𝑤𝑒,𝐹 − 𝑤𝑖 − 0,923 𝑘𝑁/𝑚2

𝑤𝑖,𝐺 = 𝑤𝑒,𝐺 − 𝑤𝑖 − 0,615 𝑘𝑁/𝑚2

𝑤𝑖,𝐻 = 𝑤𝑒,𝐻 − 𝑤𝑖 − 0,359 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 + 0,103 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 − 0,308 𝑘𝑁/𝑚2





𝑤𝑖 =  𝑞𝑏  ∙  𝑐𝑒(𝑧𝑖)  ∙  𝑐𝑝𝑖 =  0,53 ∙  1,20 ∙  0,20 = +0,103 𝑘𝑁/𝑚2

𝑤𝑖,𝐴 = 𝑤𝑒,𝐴 − 𝑤𝑖 −0,718 𝑘𝑁/𝑚2

𝑤𝑖,𝐵 = 𝑤𝑒,𝐵 − 𝑤𝑖 −0,513 𝑘𝑁/𝑚2

𝑤𝑖,𝐶 = 𝑤𝑒,𝐶 − 𝑤𝑖 −0,359 𝑘𝑁/𝑚2

𝑤𝑖,𝐷 = 𝑤𝑒,𝐷 − 𝑤𝑖 +0,308 𝑘𝑁/𝑚2

𝑤𝑖,𝐸 = 𝑤𝑒,𝐸 − 𝑤𝑖 −0,359 𝑘𝑁/𝑚2

𝑤𝑖,𝐹 = 𝑤𝑒,𝐹 − 𝑤𝑖 −1,025 𝑘𝑁/𝑚2

𝑤𝑖,𝐺 = 𝑤𝑒,𝐺 − 𝑤𝑖 −0,718 𝑘𝑁/𝑚2

𝑤𝑖,𝐻 = 𝑤𝑒,𝐻 − 𝑤𝑖 −0,461 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 0 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 −0,410 𝑘𝑁/𝑚2





𝑤𝑖,𝐴 = 𝑤𝑒,𝐴 − 𝑤𝑖 −0,416 𝑘𝑁/𝑚2

𝑤𝑖,𝐵 = 𝑤𝑒,𝐵 − 𝑤𝑖 −0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐶 = 𝑤𝑒,𝐶 − 𝑤𝑖 −0,103 𝑘𝑁/𝑚2

𝑤𝑖,𝐷 = 𝑤𝑒,𝐷 − 𝑤𝑖 +0,564 𝑘𝑁/𝑚2

𝑤𝑖,𝐸 = 𝑤𝑒,𝐸 − 𝑤𝑖 −0,103 𝑘𝑁/𝑚2

𝑤𝑖,𝐹 = 𝑤𝑒,𝐹 − 𝑤𝑖 −0,769 𝑘𝑁/𝑚2

𝑤𝑖,𝐺 = 𝑤𝑒,𝐺 − 𝑤𝑖 −0,461 𝑘𝑁/𝑚2

𝑤𝑖,𝐻 = 𝑤𝑒,𝐻 − 𝑤𝑖 −0,205 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 + 0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 −0,154 𝑘𝑁/𝑚2





𝑒 = min{𝑏; 2ℎ} = min{50;  32} = 32 𝑚

𝑏

𝑑 = 35,0 𝑚                →        𝑑 > 𝑒          35 > 32

ℎ

𝑑
=  

16

50,00
=  0,320



𝑒

5
∙ ℎ 102,4 𝑚2

4𝑒

5
∙ ℎ 409,6 𝑚2

(𝑑 − 𝑒) ∙ ℎ 288 𝑚2

𝑏 ∙ ℎ 560 𝑚2

𝑏 ∙ ℎ 560 𝑚2

𝑐𝑝𝑒,𝐴 −1,20

𝑐𝑝𝑒,𝐵 −0,80

𝑐𝑝𝑒,𝐶 −0,50

𝑐𝑝𝑒,𝐷 +0,7

𝑐𝑝𝑒,𝐸 −0,3

𝑤𝑒,𝐴 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐴 −0,615 𝑘𝑁/𝑚2

𝑤𝑒,𝐵 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐵 −0,410 𝑘𝑁/𝑚2

𝑤𝑒,𝐶 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐶 −0,256 𝑘𝑁/𝑚2

𝑤𝑒,𝐷 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐷 +0,410 𝑘𝑁/𝑚2

𝑤𝑒,𝐸 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐸 −0,154 𝑘𝑁/𝑚2



𝑒

10
∙

𝑒

4
25,60 𝑚2

𝑒

10
∙ (𝑏 −

𝑒

2
) 60,80 𝑚2

𝑏 ∙ (
𝑒

2
−

𝑒

10
) 448,00 𝑚2

𝑏 ∙ (𝑑 −
𝑒

2
) 1190,00 𝑚2

𝑐𝑝𝑒,𝐹 −1,80

𝑐𝑝𝑒,𝐺 −1,20

𝑐𝑝𝑒,𝐻 −0,70

𝑐𝑝𝑒,𝐼 +0,2

𝑐𝑝𝑒,𝐼 −0,60

𝑤𝑒,𝐹 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐹 −0,923 𝑘𝑁/𝑚2

𝑤𝑒,𝐺 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐺 −0,615 𝑘𝑁/𝑚2

𝑤𝑒,𝐻 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐻 −0,359 𝑘𝑁/𝑚2

𝑤𝑒,𝐼 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐼 +0,103 𝑘𝑁/𝑚2

𝑤𝑒,𝐼 = 𝑞𝑏 ∙ 𝑐𝑒(𝑧) ∙ 𝑐𝑝𝑒,𝐼 −0,308 𝑘𝑁/𝑚2



𝑤𝑖 =  𝑞𝑏  ∙  𝑐𝑒(𝑧𝑖)  ∙  𝑐𝑝𝑖 =  0,53 ∙  1,20 ∙  0,20 = +0,103 𝑘𝑁/𝑚2



𝑤𝑖,𝐴 = 𝑤𝑒,𝐴 − 𝑤𝑖 −0,718 𝑘𝑁/𝑚2

𝑤𝑖,𝐵 = 𝑤𝑒,𝐵 − 𝑤𝑖 −0,513 𝑘𝑁/𝑚2

𝑤𝑖,𝐶 = 𝑤𝑒,𝐶 − 𝑤𝑖 −0,359 𝑘𝑁/𝑚2

𝑤𝑖,𝐷 = 𝑤𝑒,𝐷 − 𝑤𝑖 +0,308 𝑘𝑁/𝑚2

𝑤𝑖,𝐸 = 𝑤𝑒,𝐸 − 𝑤𝑖 −0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐹 = 𝑤𝑒,𝐹 − 𝑤𝑖 −1,025 𝑘𝑁/𝑚2

𝑤𝑖,𝐺 = 𝑤𝑒,𝐺 − 𝑤𝑖 −0,718 𝑘𝑁/𝑚2

𝑤𝑖,𝐻 = 𝑤𝑒,𝐻 − 𝑤𝑖 −0,461 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 0 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 −0,410 𝑘𝑁/𝑚2



𝑤𝑖,𝐴 = 𝑤𝑒,𝐴 − 𝑤𝑖 −0,461 𝑘𝑁/𝑚2

𝑤𝑖,𝐵 = 𝑤𝑒,𝐵 − 𝑤𝑖 −0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐶 = 𝑤𝑒,𝐶 − 𝑤𝑖 −0,103 𝑘𝑁/𝑚2

𝑤𝑖,𝐷 = 𝑤𝑒,𝐷 − 𝑤𝑖 +0,564 𝑘𝑁/𝑚2

𝑤𝑖,𝐸 = 𝑤𝑒,𝐸 − 𝑤𝑖 −0,000 𝑘𝑁/𝑚2

𝑤𝑖,𝐹 = 𝑤𝑒,𝐹 − 𝑤𝑖 −0,769 𝑘𝑁/𝑚2

𝑤𝑖,𝐺 = 𝑤𝑒,𝐺 − 𝑤𝑖 −0,461 𝑘𝑁/𝑚2

𝑤𝑖,𝐻 = 𝑤𝑒,𝐻 − 𝑤𝑖 −0,205 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 + 0,256 𝑘𝑁/𝑚2

𝑤𝑖,𝐼 = 𝑤𝑒,𝐼 − 𝑤𝑖 −0,154 𝑘𝑁/𝑚2





 

𝑎𝑔 𝑔

𝑁𝐶𝑅

 



 

  0.0   1.0   2.0   3.0  0.3

  0.4

  0.5

  0.6

  0.7

  0.8

  0.9

  1.0

  1.1

  1.2

  1.3

Period (s)

Acceleration(m/s^2)

  0.0   1.0   2.0   3.0  0.0

  1.0

  2.0

  3.0

Period (s)

Acceleration(m/s^2)



 

∑(𝛾𝐺,𝑗 ∗ 𝐺𝑘,𝑗)

𝑗

+ 𝛾𝑃 ∗ 𝑃𝑘 + 𝛾𝑄,1 ∗ 𝑄𝑘,1 + ∑(𝛾𝑄,𝑖 ∗ 𝜓0,𝑖 ∗ 𝑄𝑘,𝑖)

𝑖>1

∑ 𝐺𝑘,𝑗

𝑗

+ 𝛾1 ∗ 𝐴𝐸𝑘 + 𝑃𝑘 + ∑ 𝜓2,𝑖 ∗ 𝑄𝑘,𝑖

𝑖>1

∑ 𝐺𝑘,𝑗

𝑗

+ 𝑃𝑘 + 𝑄𝑘,1 + ∑ 𝜓0,𝑖 ∗ 𝑄𝑘,𝑖

𝑖>1

∑ 𝐺𝑘,𝑗

𝑗

+ 𝑃𝑘 + 𝜓1,1 ∗ 𝑄𝑘,1 + ∑ 𝜓2,𝑖 ∗ 𝑄𝑘,𝑖

𝑖>1

∑ 𝐺𝑘,𝑗

𝑗

+ 𝑃𝑘 + ∑ 𝜓2,𝑖 ∗ 𝑄𝑘,𝑖

𝑖>1

𝛾𝑔 𝛾𝑞 𝛾𝑝



𝜓0 𝜓1 𝜓2

 





 

 

 

 

 

250 
𝑘𝑔

𝑚2⁄

 

0,6 𝑘𝑁
𝑚2⁄ =

60 
𝑘𝑔

𝑚2⁄  

 

𝑠 = 1,104 𝑘𝑁
𝑚2⁄ = 110,00 

𝑘𝑔
𝑚2⁄



250 + 60 + 110 = 420,00 
𝑘𝑔

𝑚2⁄

 

𝑓𝑦𝑑 = 35 𝑘𝑁
𝑐𝑚2⁄

𝑓𝑐𝑑 = 2,0 𝑘𝑁
𝑐𝑚2⁄

𝐴𝑝𝑒 = 10,88 𝑐𝑚2

𝑑𝑝 = 4,5 + 10 − 1,5 = 13,00 𝑐𝑚

𝑞𝐸𝑑,𝐼𝐼 = 1,35 ∗ 𝑔𝑣𝑙 + 1,5 ∗ 𝑠 + 1,5𝑞 = 1,35 ∗ 5,13 + 1,5 ∗ 1,104 + 1,5 ∗ 0,6 = 9,48 𝑘𝑁
𝑚2⁄

𝑔𝑣𝑙 = 𝑔𝑑𝑜𝑑𝑎𝑡𝑛𝑜 𝑠𝑡𝑎𝑙𝑛𝑜 + 𝑔𝑙𝑖𝑚 + 𝑔𝑏𝑒𝑡𝑜𝑛 = 2,5 + 0,13 + 2,5 = 5,13 𝑘𝑁
𝑚2⁄

𝑥𝑝𝑙 =
𝐴𝑝𝑒 ∗ 𝑓𝑦𝑑

𝑏 ∗ 0,85 ∗ 𝑓𝑐𝑑
=

10,88 ∗ 35

100 ∗ 0,85 ∗ 2
= 2,24 𝑐𝑚 < 10 𝑐𝑚

→ 𝑁. 𝑂. 𝑗𝑒 𝑢 𝑏𝑒𝑡𝑜𝑛𝑢 𝑖𝑧𝑛𝑎𝑑 𝑙𝑖𝑚𝑎

𝑀𝑅𝑑 = 𝐴𝑝𝑒 ∗ 𝑓𝑦𝑑 ∗ (𝑑𝑝 −
𝐴𝑝𝑒 ∗ 𝑓𝑦𝑑

1,7 ∗ 𝑏 ∗ 𝑓𝑐𝑑
) = 10,88 ∗ 35 ∗ (13 −

10,88 ∗ 35

1,7 ∗ 100 ∗ 2
)

= 45,23  𝑘𝑁𝑚

𝑀𝑆𝑑 =
𝑞𝐸𝑑 ∗ 𝐿2

8
=

9,48 ∗ 2,52

8
= 7,41 𝑘𝑁𝑚

𝑀𝑆𝑑

𝑀𝑅𝑑
=

7,40

45,23
= 0,164 → 𝑖𝑠𝑘𝑜𝑟𝑖š𝑡𝑒𝑛𝑜𝑠𝑡 𝑝𝑟𝑜𝑓𝑖𝑙𝑎 𝑗𝑒 16,4%



 

𝛿 =
250

180
= 1,4 𝑐𝑚

0,1 ∗ ℎ𝑐 = 0,1 ∗ 10 = 1 < 1,4 → 𝑛𝑒𝑚𝑎 𝑛𝑎𝑔𝑜𝑚𝑖𝑙𝑎𝑣𝑎𝑛𝑗𝑎 𝑏𝑒𝑡𝑜𝑛𝑎

1,4 < 2,0 → 𝑢𝑣𝑖𝑗𝑒𝑡 𝑗𝑒 𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑒𝑛!

 

 

 

 

250 
𝑘𝑔

𝑚2⁄

 

𝑞 = 2,0 𝑘𝑁
𝑚2⁄ = 200,00 

𝑘𝑔
𝑚2⁄



250 + 200,00 = 450,00 
𝑘𝑔

𝑚2⁄

 

𝑓𝑦𝑑 = 35,5 𝑘𝑁
𝑐𝑚2⁄

𝑓𝑐𝑑 = 2,0 𝑘𝑁
𝑐𝑚2⁄

𝐴𝑝𝑒 = 10,88 𝑐𝑚2

𝑑𝑝 = 4,5 + 11 − 1,5 = 14,00 𝑐𝑚

𝑞𝐸𝑑 = 1,35 ∗ 𝑔𝑣𝑙 + 1,5𝑞 = 1,35 ∗ 2,5 + 1,5 ∗ 2 = 6,38 𝑘𝑁
𝑚2⁄

𝑔𝑣𝑙 = 𝑔𝑑𝑜𝑑𝑎𝑡𝑛𝑜 𝑠𝑡𝑎𝑙𝑛𝑜 = 255 
𝑘𝑔

𝑚2⁄ = 2,5 𝑘𝑁
𝑚2⁄

𝑥𝑝𝑙 =
𝐴𝑝𝑒 ∗ 𝑓𝑦𝑑

𝑏 ∗ 0,85 ∗ 𝑓𝑐𝑑
=

10,88 ∗ 35

100 ∗ 0,85 ∗ 2
= 2,24 𝑐𝑚 < 11 𝑐𝑚

→ 𝑁. 𝑂. 𝑗𝑒 𝑢 𝑏𝑒𝑡𝑜𝑛𝑢 𝑖𝑧𝑛𝑎𝑑 𝑙𝑖𝑚𝑎

𝑀𝑅𝑑 = 𝐴𝑝𝑒 ∗ 𝑓𝑦𝑑 ∗ (𝑑𝑝 −
𝐴𝑝𝑒 ∗ 𝑓𝑦𝑑

1,7 ∗ 𝑏 ∗ 𝑓𝑐𝑑
) = 10,88 ∗ 35 ∗ (14 −

10,88 ∗ 35

1,7 ∗ 100 ∗ 2
) = 49,04 𝑘𝑁𝑚

𝑀𝑆𝑑 =
𝑞𝐸𝑑 ∗ 𝐿2

8
=

6,39 ∗ 2,52

8
= 4,99 𝑘𝑁𝑚

𝑀𝑆𝑑

𝑀𝑅𝑑
=

4,99 

49,04
= 0,102 → 𝑖𝑠𝑘𝑜𝑟𝑖š𝑡𝑒𝑛𝑜𝑠𝑡 𝑝𝑟𝑜𝑓𝑖𝑙𝑎 𝑗𝑒 10%



 

𝛿 =
250

180
= 1,4 𝑐𝑚

0,1 ∗ ℎ𝑐 = 0,1 ∗ 11 = 1,1 < 1,4 → 𝑛𝑒𝑚𝑎 𝑛𝑎𝑔𝑜𝑚𝑖𝑙𝑎𝑣𝑎𝑛𝑗𝑎 𝑏𝑒𝑡𝑜𝑛𝑎

1,4 < 2,0 → 𝑢𝑣𝑖𝑗𝑒𝑡 𝑗𝑒 𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑒𝑛!



 

 

 

𝐴 = 53,8 𝑐𝑚2

ℎ = 300 𝑚𝑚

𝑡𝑤 = 7,1 𝑚𝑚

𝑏 = 150 𝑚𝑚

𝑡𝑓 = 10,7 𝑚𝑚

𝑟 = 15,0 𝑚

 

𝑔𝑐 = ℎ𝑐 ∗ 𝑒 ∗ 𝛾𝑐 = 0,1 ∗ 2,5 ∗ 25 = 6,25 𝑘𝑁
𝑚’⁄ → 𝑏𝑒𝑡𝑜𝑛

𝑔𝐴 = 𝐴 ∗ 10−2 = 53,8 ∗ 10−2 = 0,538 𝑘𝑁
𝑚’⁄ → 𝑛𝑜𝑠𝑎č 

𝑔𝑘 = 0,3 ∗ 2,5 = 0,75 𝑘𝑁
𝑚’⁄ → 𝑖𝑛𝑠𝑡𝑎𝑙𝑎𝑐𝑖𝑗𝑒

𝑔𝑙𝑖𝑚 = 0,13 ∗ 2,5 = 0,325 𝑘𝑁
𝑚’⁄ → 𝑙𝑖𝑚 

𝑔𝑠 = 1,104 ∗ 2,5 = 2,76 𝑘𝑁
𝑚’⁄  → 𝑠𝑛𝑖𝑗𝑒𝑔

𝑞 = 0,6 ∗ 2,5 = 1,5 𝑘𝑁
𝑚’⁄ → 𝑢𝑝𝑜𝑟𝑎𝑏𝑛𝑜 

𝑔𝑑𝑜𝑑𝑎𝑡𝑛𝑜 = 2,2 ∗ 2,5 = 5,5 𝑘𝑁
𝑚’⁄ → 𝑑𝑜𝑑𝑎𝑡𝑛𝑜 𝑠𝑡𝑎𝑙𝑛𝑜 

𝑔𝑠𝑒𝑟 = 0,75 ∗ 2,5 = 1,875 𝑘𝑁
𝑚’⁄  → 𝑠𝑒𝑟𝑣𝑖𝑠𝑛𝑜 𝑜𝑝𝑡𝑒𝑟𝑒ć𝑒𝑛𝑗𝑒



𝑞𝑒𝑑,𝐼 = 1,35 ∗ (𝑔𝑐 + 𝑔𝐴 + 𝑔𝑙𝑖𝑚) + 1,5 ∗ 𝑔𝑠𝑒𝑟

= 1,35 ∗ (6,25 + 0,538 + 0,325) + 1,5 ∗ 1,875 =  12,41 𝑘𝑁
𝑚’⁄

→ 𝑝𝑟𝑜𝑟𝑎č𝑢𝑛𝑠𝑘𝑜 𝑜𝑝𝑡𝑒𝑟𝑒ć𝑒𝑛𝑗𝑒 𝑧𝑎 𝑝𝑟𝑣𝑢 𝑓𝑎𝑧𝑢

𝑞𝑒𝑑,𝐼𝐼 = 1,35 ∗ (𝑔𝑐 + 𝑔𝐴 + 𝑔𝑘 + 𝑔𝑙𝑖𝑚 + 𝑔𝑑𝑜𝑑𝑎𝑡𝑛𝑜) + 1,5 ∗ 𝑔𝑠

= 1,35 ∗ (6,25 + 0,538 + 0,75 + 0,325 + 5,5) + 1,5 ∗ 2,76 = 22,18 𝑘𝑁
𝑚’⁄

→ 𝑝𝑟𝑜𝑟𝑎č𝑢𝑛𝑠𝑘𝑜 𝑜𝑝𝑡𝑒𝑟𝑒ć𝑒𝑛𝑗𝑒 𝑧𝑎 𝑑𝑟𝑢𝑔𝑢 𝑓𝑎𝑧𝑢

𝑀𝑒𝑑,𝐼 =
𝑞𝑒𝑑,𝐼 ∗ 𝐿2

8
=

12,41 ∗ 11,682

8
= 211,63 𝑘𝑁𝑚

𝑀𝑒𝑑,𝐼𝐼 =
𝑞𝑒𝑑,𝐼𝐼 ∗ 𝐿2

8
=

22,18 ∗ 11,682

8
= 378,28 𝑘𝑁𝑚

𝑉𝑒𝑑,𝐼 =
𝑞𝑒𝑑,𝐼 ∗ 𝑙

2
=

12,41 ∗ 11,68

2
= 72,47 𝑘𝑁

𝑉𝑒𝑑,𝐼𝐼 =
𝑞𝑒𝑑,𝐼 ∗ 𝑙

2
=

22,18 ∗ 11,68

2
= 129,53 𝑘𝑁

𝑏𝑒1 = 𝑏𝑒2 =
𝐿

8
=

11,68

8
= 1,46

𝑏𝑒𝑓𝑓 = 2 ∗ 𝑏𝑒1 = 2 ∗ 1,46 = 2,92𝑚 > 2,5𝑚

𝑏𝑒𝑓𝑓 = 2,5 𝑚

 

 

𝑊𝑃𝐿,𝑦 =  628 𝑐𝑚2

𝑀𝑝𝑙,𝑦 = 𝑊𝑃𝐿,𝑦 ∗ 𝑓𝑦𝑑 = 21420,7 𝑘𝑁𝑐𝑚 = 222,94 𝑘𝑁𝑚

222,94 𝑘𝑁𝑚 > 211,63 𝑘𝑁𝑚

211,63

222,94
= 0,95 → 𝑖𝑠𝑘𝑜𝑟𝑖š𝑡𝑒𝑛𝑜𝑠𝑡 𝑝𝑟𝑜𝑓𝑖𝑙𝑎 𝑢 𝑝𝑟𝑣𝑜𝑗 𝑓𝑎𝑧𝑖 𝑗𝑒 95%



𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
+ (𝐶2 ∙ 𝑧𝑔)

2
− 𝐶2 ∙ 𝑧𝑔]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2

𝐼𝑤 = 7,058 ∙ 1010 𝑚𝑚6

𝐼𝑧 = 4200000 𝑚𝑚4

𝐼𝑡 = 160000 𝑚𝑚4

𝐿 = 3750 𝑚𝑚

𝑀𝑐𝑟 = 125,15 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

484,0 ∙ 23,5

12515
= 0,953

ℎ

𝑏
=

270

135
= 2,00 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒂 → 𝛼𝐿𝑇 = 0,21

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
] = 0,5 · [1 + 0,21 · (0,952 − 0,2) + 0,9522]

𝛷𝐿𝑇 = 1,032

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇+√𝛷𝐿𝑇
2−𝜆𝐿𝑇

2
=

1

1,032+√1,0322−0,9522
= 0,699 < 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇 ∙
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,699 ∙

484,0 ∙ 23,5

1,0
= 79,50 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 34,83 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 79,50 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

34,83

79,50
= 0,440 < 1,0 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 43,8 %



 

 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

300,0 − 2 ∙  10,7 − 2 ∙ 15,0

7,1
= 35,01  

𝜀 =  √
235

𝑓𝑦
= √

235

355
= 0,81

33 ∙  𝜀 = 33 ∙ 0,81 = 26,73  

35,01 > 26,73

72 ∙  𝜀 = 72 ∙ 0,81 = 58,32  

35,01 < 58,32

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

150,00 − 7,1 − 2 ∙ 15,0
2

10,7
= 5,28 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29  

5,28 < 7,29

 

𝑁𝐶𝐹 = 𝑏𝑒𝑓𝑓 ∗ ℎ𝑐 ∗ 0,85 ∗ 𝑓𝑐𝑑 = 250 ∗ 10 ∗ 0,85 ∗ 2 = 4 250 𝑘𝑁

𝑁𝐴 = 𝐴 ∗ 𝑓𝑦𝑑 = 53,8 ∗ 35,5 = 1909,9 𝑘𝑁

𝑁𝐶𝐹 > 𝑁𝐴  → 𝑁. 𝑂. 𝑗𝑒 𝑢 𝑏𝑒𝑡𝑜𝑛𝑠𝑘𝑜𝑗 𝑝𝑙𝑜č𝑖 − 𝐶𝐽𝐸𝐿𝐼 𝑁𝑂𝑆𝐴Č 𝐽𝐸 𝑈 𝑉𝐿𝐴𝐾𝑈

𝑥𝑝𝑙 =
𝐴𝑎 ∗ 𝑓𝑦𝑑

0,85 ∗ 𝑓𝑐𝑑 ∗ 𝑏𝑒𝑓𝑓
=

53,8 ∗ 35,5

0,85 ∗ 2 ∗ 250
= 4,49 𝑐𝑚



𝑀𝑝𝑙,𝑅𝑑 = 𝐴𝑎 ∗ 𝑓𝑦𝑑 ∗ (𝑧 + ℎ𝑐 − 0,5 ∗ 𝑥𝑝𝑙) = 53,8 ∗ 35,5 ∗ (15 + 10 − 0,5 ∗ 4,49)

= 434,59 𝑘𝑁𝑚

𝑀𝑒𝑑

𝑀𝑝𝑙,𝑅𝑑
=

378,28

434,59
= 0,87 → 𝑖𝑠𝑘𝑜𝑟𝑖š𝑡𝑒𝑛𝑜𝑠𝑡 𝑝𝑟𝑜𝑓𝑖𝑙𝑎 𝑢 𝑑𝑟𝑢𝑔𝑜𝑗 𝑓𝑎𝑧𝑖 𝑗𝑒 87% 

ℎ𝑤 = ℎ − 2 ∙  𝑡𝑓 =  300,0 − 2 ∙  10,7 = 278,60 𝑚𝑚

ℎ𝑤

𝑡𝑤
<  

72 ∙  𝜀

𝜂

278,60

7,1
<  

72 ∙  0,81

1,2

39,24 < 48,6   →

𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑉,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙  𝑡𝑓 + (𝑡𝑤 + 2 ∙ 𝑟) ∙  𝑡𝑓 ≥   𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑉,𝑧 = 53,81 − 2 ∙ 15,00 ∙ 1,07 + (0,71 + 2 ∙ 1,05) ∙ 1,07 = 24,064 𝑐𝑚2 

𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤 = 1,20 ∙ 27,9 ∗ 0,71 = 23,77 𝑐𝑚2

𝐴𝑉,𝑧 = 24,064 𝑐𝑚2 ≥   23,77 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
24,064 ∙ (35,50/√3)

1,00
= 493,21 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑅𝑑
 ≤ 1,00                

129,53

493,21
 < 1,00                0,262 < 1,00



 

ℎ𝑛 =
𝐴𝑎 ∙ (0,5 ∙ 𝑓𝑎 + ℎ𝑐) +

𝑏𝐸𝐹𝐹

𝑛 ∙ ℎ𝑐 ∙
ℎ𝑐

2

𝐴𝑎 +
𝑏𝐸𝐹𝐹

𝑛 ∙ ℎ𝑐

=
53,8 ∙ (0,5 ∙ 30 + 10) +

250
13,5

∙ 10 ∙ 5

53,8 +
250
13,5

∙ 10
= 9,50 cm 

𝐼𝑛 = 𝐼𝑎 + 𝐴𝑎 ∙ 𝑧𝑎
2 + 𝐼𝑐 +

𝐴𝑐

𝑛
∙ 𝑧𝑐

2

= 8356 + 53,8 ∙ (
30

2
+ 10 − 9,5)

2

+
250

13,5
∙

102

12
+

250 ∙ 12

13,5
∙ (9,5 − 5)2

= 25935,77 𝑐𝑚4

 

𝛿𝑔 =
5

384
∙

𝑔𝑘𝑙 ∙ 𝐿4

𝐸𝑎 ∙ 𝐼𝑎
+

5

384
∙

𝑔𝑘𝑙 ∙ 𝐿4

𝐸𝑎 ∙ 𝐼
=

5

384
∙

0,0679 ∙ 2504

21000 ∙ 8356
+

5

384
∙

0,055 ∙ 2504

21000 ∙ 25935,77

= 2,4 𝑐𝑚

 

𝛿𝑝 =
5

384
∙

𝑃𝑘𝑙 ∙ 𝐿4

𝐸𝑎 ∙ 𝐼
=

5

384
∙

0,015 ∙ 2504

21000 ∙ 25935,77
= 0,14 𝑐𝑚

𝛿𝑘𝑜𝑛 ≤
𝐿

300
=

1168

300
= 3,89 𝑐𝑚 > 2,4 𝑐𝑚

𝛿𝑘𝑜𝑛 ≤
𝐿

250
=

1168

250
= 4,67 𝑐𝑚 > 2,54 𝑐𝑚



 

 

𝐴 = 62,6 𝑐𝑚2

ℎ = 330 𝑚𝑚

𝑡𝑤 = 7,5 𝑚𝑚

𝑏 = 160 𝑚𝑚

𝑡𝑓 = 11,5 𝑚𝑚

𝑟 = 18,0 𝑚𝑚

 

𝑔𝑐 = ℎ𝑐 ∗ 𝑒 ∗ 𝛾𝑐 = 0,11 ∗ 2,5 ∗ 25 = 6,88 𝑘𝑁
𝑚’⁄ → 𝑏𝑒𝑡𝑜𝑛

𝑔𝐴 = 𝐴 ∗ 10−2 = 62,6 ∗ 10−2 = 0,626 𝑘𝑁
𝑚’⁄ → 𝑛𝑜𝑠𝑎č 

𝑔𝑘 = 0,3 ∗ 2,5 = 0,75 𝑘𝑁
𝑚’⁄ → 𝑖𝑛𝑠𝑡𝑎𝑙𝑎𝑐𝑖𝑗𝑒

𝑔𝑙𝑖𝑚 = 0,13 ∗ 2,5 = 0,325 𝑘𝑁
𝑚’⁄ → 𝑙𝑖𝑚 

𝑞 = 2,0 ∗ 2,5 = 5,0 𝑘𝑁
𝑚’⁄ → 𝑢𝑝𝑜𝑟𝑎𝑏𝑛𝑜 

𝑔𝑑𝑜𝑑𝑎𝑡𝑛𝑜 = 2,5 ∗ 2,5 = 6,25 𝑘𝑁
𝑚’⁄ → 𝑑𝑜𝑑𝑎𝑡𝑛𝑜 𝑠𝑡𝑎𝑙𝑛𝑜 

𝑔𝑠𝑒𝑟 = 0,75 ∗ 2,5 = 1,875 𝑘𝑁
𝑚’⁄  → 𝑠𝑒𝑟𝑣𝑖𝑠𝑛𝑜 𝑜𝑝𝑡𝑒𝑟𝑒ć𝑒𝑛𝑗𝑒

𝑞𝑒𝑑,𝐼 = 1,35 ∗ (𝑔𝑐 + 𝑔𝐴 + 𝑔𝑙𝑖𝑚) + 1,5 ∗ 𝑔𝑠𝑒𝑟

= 1,35 ∗ (6,88 + 0,626 + 0,325) + 1,5 ∗ 1,875 =  13,38 𝑘𝑁
𝑚’⁄

→ 𝑝𝑟𝑜𝑟𝑎č𝑢𝑛𝑠𝑘𝑜 𝑜𝑝𝑡𝑒𝑟𝑒ć𝑒𝑛𝑗𝑒 𝑧𝑎 𝑝𝑟𝑣𝑢 𝑓𝑎𝑧𝑢



𝑞𝑒𝑑,𝐼𝐼 = 1,35 ∗ (𝑔𝑐 + 𝑔𝐴 + 𝑔𝑘 + 𝑔𝑙𝑖𝑚 + 𝑔𝑑𝑜𝑑𝑎𝑡𝑛𝑜) + 1,5 ∗ 𝑞

= 1,35 ∗ (6,88 + 0,626 + 0,75 + 0,325 + 6,25) + 1,5 ∗ 5,0 = 27,52 𝑘𝑁
𝑚’⁄

→ 𝑝𝑟𝑜𝑟𝑎č𝑢𝑛𝑠𝑘𝑜 𝑜𝑝𝑡𝑒𝑟𝑒ć𝑒𝑛𝑗𝑒 𝑧𝑎 𝑑𝑟𝑢𝑔𝑢 𝑓𝑎𝑧𝑢

𝑀𝑒𝑑,𝐼 =
𝑞𝑒𝑑,𝐼 ∗ 𝐿2

8
=

13,38 ∗ 11,682

8
= 228,17 𝑘𝑁𝑚

𝑀𝑒𝑑,𝐼𝐼 =
𝑞𝑒𝑑,𝐼𝐼 ∗ 𝐿2

8
=

27,52 ∗ 11,682

8
= 469,29  𝑘𝑁𝑚

𝑉𝑒𝑑,𝐼 =
𝑞𝑒𝑑,𝐼 ∗ 𝑙

2
=

13,38 ∗ 11,68

2
= 78,14 𝑘𝑁

𝑉𝑒𝑑,𝐼𝐼 =
𝑞𝑒𝑑,𝐼 ∗ 𝑙

2
=

27,52 ∗ 11,68

2
= 160,72 𝑘𝑁

𝑏𝑒1 = 𝑏𝑒2 =
𝐿

8
=

11,68

8
= 1,46

𝑏𝑒𝑓𝑓 = 2 ∗ 𝑏𝑒1 = 2 ∗ 1,46 = 2,92𝑚 > 2,5𝑚

𝑏𝑒𝑓𝑓 = 2,5 𝑚

 

 

𝑊𝑃𝐿,𝑦 = 804 𝑐𝑚3 

𝑀𝑝𝑙,𝑦 = 𝑊𝑃𝐿,𝑦 ∗ 𝑓𝑦𝑑 = 28542 𝑘𝑁𝑐𝑚 = 285,42 𝑘𝑁𝑚

285,42 𝑘𝑁𝑚 > 228,17 𝑘𝑁𝑚

228,17

285,42
= 0,799 → 𝑖𝑠𝑘𝑜𝑟𝑖š𝑡𝑒𝑛𝑜𝑠𝑡 𝑝𝑟𝑜𝑓𝑖𝑙𝑎 𝑢 𝑝𝑟𝑣𝑜𝑗 𝑓𝑎𝑧𝑖 𝑗𝑒 80%

 

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
+ (𝐶2 ∙ 𝑧𝑔)

2
− 𝐶2 ∙ 𝑧𝑔]



𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2

𝐼𝑤 = 7,058 ∙ 1010 𝑚𝑚6

𝐼𝑧 = 4200000 𝑚𝑚4

𝐼𝑡 = 160000 𝑚𝑚4

𝐿 = 3750 𝑚𝑚

𝑀𝑐𝑟 = 125,15 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

484,0 ∙ 23,5

12515
= 0,953

ℎ

𝑏
=

270

135
= 2,00 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒂 → 𝛼𝐿𝑇 = 0,21

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
] = 0,5 · [1 + 0,21 · (0,952 − 0,2) + 0,9522]

𝛷𝐿𝑇 = 1,032

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

1,032 + √1,0322 − 0,9522
= 0,699 < 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇 ∙
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,699 ∙

484,0 ∙ 23,5

1,0
= 79,50 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 34,83 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 79,50 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

34,83

79,50
= 0,440 < 1,0 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 43,8 % 



 

 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

330,0 − 2 ∙  11,5 − 2 ∙ 18,0

7,5
= 36,13  

𝜀 =  √
235

𝑓𝑦
= √

235

355
= 0,81

33 ∙  𝜀 = 33 ∙ 0,81 = 26,73  

36,13 > 26,73

72 ∙  𝜀 = 72 ∙ 0,81 = 58,32  

36,13 < 58,32

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

160,00 − 7,5 − 2 ∙ 18,0
2

11,5
= 5,07 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29  

5,07 < 7,29

 

𝑁𝐶𝐹 = 𝑏𝑒𝑓𝑓 ∗ ℎ𝑐 ∗ 0,85 ∗ 𝑓𝑐𝑑 = 250 ∗ 11 ∗ 0,85 ∗ 2 = 4 675 𝑘𝑁

𝑁𝐴 = 𝐴 ∗ 𝑓𝑦𝑑 = 62,6 ∗ 35,5 = 2 222,3 𝑘𝑁

𝑁𝐶𝐹 > 𝑁𝐴  → 𝑁. 𝑂. 𝑗𝑒 𝑢 𝑏𝑒𝑡𝑜𝑛𝑠𝑘𝑜𝑗 𝑝𝑙𝑜č𝑖 − 𝐶𝐽𝐸𝐿𝐼 𝑁𝑂𝑆𝐴Č 𝐽𝐸 𝑈 𝑉𝐿𝐴𝐾𝑈

𝑥𝑝𝑙 =
𝐴𝑎 ∗ 𝑓𝑦𝑑

0,85 ∗ 𝑓𝑐𝑑 ∗ 𝑏𝑒𝑓𝑓
=

62,6 ∗ 35,5

0,85 ∗ 2 ∗ 250
= 5,23 𝑐𝑚



𝑀𝑝𝑙,𝑅𝑑 = 𝐴𝑎 ∗ 𝑓𝑦𝑑 ∗ (ℎ𝑐 + ℎ − 0,5 ∗ 𝑥𝑝𝑙) = 62,6 ∗ 35,5 ∗ (11 + 16,5 − 0,5 ∗ 5,23)

= 553,01 𝑘𝑁𝑚

𝑀𝑒𝑑

𝑀𝑝𝑙,𝑅𝑑
=

469,29

553,01
= 0,8486 → 𝑖𝑠𝑘𝑜𝑟𝑖š𝑡𝑒𝑛𝑜𝑠𝑡 𝑝𝑟𝑜𝑓𝑖𝑙𝑎 𝑢 𝑑𝑟𝑢𝑔𝑜𝑗 𝑓𝑎𝑧𝑖  𝑗𝑒 85% 

ℎ𝑤 = ℎ − 2 ∙  𝑡𝑓 =  330,0 − 2 ∙  11,5 = 307 𝑚𝑚

ℎ𝑤

𝑡𝑤
<  

72 ∙  𝜀

𝜂

307

7,5
<  

72 ∙  0,81

1,2

40,93 < 48,6   →

𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑉,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙  𝑡𝑓 + (𝑡𝑤 + 2 ∙ 𝑟) ∙  𝑡𝑓 ≥   𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑉,𝑧 = 62,61 − 2 ∙ 16,00 ∙ 1,15 + (0,72 + 2 ∙ 1,8) ∙ 1,15 = 30,778 𝑐𝑚2 

𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤 = 1,20 ∙ 30,7 ∙ 0,75 = 27,63 𝑐𝑚2

𝐴𝑉,𝑧 = 30,778 𝑐𝑚2 ≥   27,63 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
30,778 ∙ (35,50/√3)

1,00
= 630,82 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑅𝑑
 ≤ 1,00                

160,72

630,82
 < 1,00                0,2548 < 1,00



 

ℎ𝑛 =
𝐴𝑎 ∙ (0,5 ∙ 𝑓𝑎 + ℎ𝑐) +

𝑏𝐸𝐹𝐹

𝑛 ∙ ℎ𝑐 ∙
ℎ𝑐

2

𝐴𝑎 +
𝑏𝐸𝐹𝐹

𝑛 ∙ ℎ𝑐

=
62,61 ∙ (0,5 ∙ 33 + 11) +

250
13,5

∙ 11 ∙ 5,5

62,61 +
250
13,5

∙ 11

= 10,67 cm 

𝐼𝑛 = 𝐼𝑎 + 𝐴𝑎 ∙ 𝑧𝑎
2 + 𝐼𝑐 +

𝐴𝑐

𝑛
∙ 𝑧𝑐

2

= 11770 + 62,61 ∙ (
33

2
+ 11 − 10,67)

2

+
250

13,5
∙

112

12
+

250 ∙ 12

13,5
∙ (10,67 − 5,5)2 = 35 630,70 𝑐𝑚4

 

𝛿𝑔 =
5

384
∙

𝑔𝑘𝑙 ∙ 𝐿4

𝐸𝑎 ∙ 𝐼𝑎
+

5

384
∙

𝑔𝑘𝑙 ∙ 𝐿4

𝐸𝑎 ∙ 𝐼
=

5

384
∙

0,0751 ∙ 2504

21000 ∙ 11770
+

5

384
∙

0,0625 ∙ 2504

21000 ∙ 35 630,70
= 1,97 𝑐𝑚

 

𝛿𝑝 =
5

384
∙

𝑃𝑘𝑙 ∙ 𝐿4

𝐸𝑎 ∙ 𝐼
=

5

384
∙

0,05 ∙ 2504

21000 ∙ 35 630,70
= 0,34 𝑐𝑚

𝛿𝑘𝑜𝑛 ≤
𝐿

300
=

1168

300
= 3,89 𝑐𝑚 > 1,97 𝑐𝑚

𝛿𝑘𝑜𝑛 ≤
𝐿

250
=

1168

250
= 4,67 𝑐𝑚 > 2,31 𝑐𝑚



 

 



𝑢𝑥 ≤
𝐻𝑖

300

17,8 − 17,3 ≤
3500

300

0,5 𝑚𝑚 ≤ 11,67 𝑚𝑚

𝑢𝑥 ≤
𝐻𝑖

300

17,3 − 16,0 ≤
3500

300

1,3 𝑚𝑚 ≤ 11,67 𝑚𝑚



𝑢𝑥 ≤
𝐻𝑖

300
=

16 − 13,1 ≤
5500

300

2,9 𝑚𝑚 ≤ 18,3 𝑚𝑚

𝑢𝑥 ≤
𝐻𝑖

300
=

5500

300

13,1 𝑚𝑚 ≤ 18,33 𝑚𝑚



𝑢𝑥 ≤
𝐻

500
=

18000

500

17,8 𝑚𝑚 ≤ 36 𝑚𝑚

 

 

𝑢𝑥 ≤
𝐻𝑖

300

21,6 − 20,8 ≤
3500

300

0,8 𝑚𝑚 ≤ 11,67 𝑚𝑚

 



𝑢𝑥 ≤
𝐻𝑖

300

20,8 − 19 ≤
3500

300

1,8 𝑚𝑚 ≤ 11,67 𝑚𝑚

 

𝑢𝑥 ≤
𝐻𝑖

300

19 − 15,2 ≤
5500

300

3,8 𝑚𝑚 ≤ 18,33 𝑚𝑚



 

𝑢𝑥 ≤
𝐻𝑖

300
=

5500

300

15,2 𝑚𝑚 ≤ 18,3 𝑚𝑚

𝑢𝑥 ≤
𝐻

500
=

18000

500

21,6 𝑚𝑚 ≤ 36 𝑚𝑚



 

 

𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

352

2983
∙

3500

17,8
= 23 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎

𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

613

6200
∙

3500

17,3
= 20 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎



𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

9481

949
∙

5500

16
= 34 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎

𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

1100

12787
∙

5500

13,1
= 36 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎

 



𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

583

5892
∙

3500

21,6
= 16 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎

𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

1124

12369
∙

3500

20,8
= 15 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎

𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

1755

18862
∙

5500

19
= 27 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎

𝛼𝑐𝑟 =
𝐻𝐸𝑑

𝑉𝐸𝑑
∙

ℎ

𝛿ℎ,𝐸𝑑
=

1818

25422
∙

5500

15,2
= 26 > 10 → 𝑑𝑜𝑝𝑢š𝑡𝑒𝑛𝑎 𝑗𝑒 𝑎𝑛𝑎𝑙𝑖𝑧𝑎 𝐼. 𝑟𝑒𝑑𝑎







𝐺 = 112,0 𝑘𝑔/𝑚

𝐴 = 142,8 𝑐𝑚2

ℎ = 350,0 𝑚𝑚

𝑏 = 300,0 𝑚𝑚

𝑡𝑤 = 10 𝑚𝑚

𝑡𝑓 = 17,5 𝑚𝑚

𝑟 = 27 𝑚𝑚

𝐼𝑦 = 33090 𝑐𝑚4

𝐼𝑧 = 7887 𝑐𝑚4

𝑊𝑦 = 1891 𝑐𝑚3

𝑊𝑧 = 525,8 𝑐𝑚3

𝑊𝑝𝑙,𝑦 = 2088 𝑐𝑚4

𝑊𝑝𝑙,𝑧 = 802,3 𝑐𝑚4

 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

350,00 − 2 ∙  17,5 − 2 ∙ 27,0

10,0
= 26,1   

𝜀 =  √
235

𝑓𝑦
= √

235

355
= 0,81 

72 ∙  𝜀 = 72 ∙ 0,81 = 58,32   

26,1 < 58,32 

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

300,00 − 10,0 − 2 ∙ 27,0
2

17,5
= 6,74 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29 



6,74 < 7,29

𝑀𝑝𝑙,𝑦 =
𝑊𝑝𝑙,𝑅𝑑 ∙ 𝑓𝑦

𝛾𝑀0
=

2088 ∙ 35,5

1,0
= 741,24 𝑘𝑁𝑚 

𝑀𝑦,𝐸𝑑 = 568,83 𝑘𝑁𝑚 < 𝑀𝑝𝑙,𝑦 = 741 𝑘𝑁𝑚 

𝑀𝑦,𝐸𝑑

𝑀𝑝𝑙,𝑦
=

568,83

741
= 0,767 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 77 %

ℎ𝑤

𝑡𝑤
> 72 ∙

𝜀

𝜂

ℎ𝑤 = ℎ − 2 ∙ 𝑡𝑓 = 350 − 2 ∙ 17,5 = 315 𝑚𝑚

𝜂 = 1,20

ℎ𝑤

𝑡𝑤
=

315

10,0
= 31,5 < 72 ∙

𝜀

𝜂
= 72 ∙

0,81

1,20
= 48,6

→

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
𝐴𝑣,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0



𝐴𝑣,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙ 𝑡𝑓 + 𝑡𝑓 ∙ (𝑡𝑤 + 2 ∙ 𝑟) ≥ 𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑣,𝑧 = 142,8 − 2 ∙ 30,0 ∙ 1,75 + 1,75 ∙ (1,0 + 2 ∙ 2,7) = 49 𝑐𝑚2

49 𝑐𝑚2 ≥ 1,20 ∙ 31,5 ∙ 1,0 = 37,8 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
49 ∙ (35,5/√3)

1,00
= 1004 𝑘𝑁

𝑉𝑧,𝐸𝑑 = 258 𝑘𝑁 < 𝑉𝑝𝑙,𝑧,𝑅𝑑 = 1004 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑧,𝑅𝑑
=

258

1004
= 0,26 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 26 %

𝑉𝑧,𝐸𝑑 ≤ 0,50 ∙ 𝑉𝑝𝑙,𝑧,𝑅𝑑

258𝑘𝑁 ≤ 0,50 ∙ 1004 = 502 𝑘𝑁 →



𝜓 = −
102,86

568,83
= −0,181

𝐶1 = 1,97

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2

𝐼𝑤 = 33090 𝑚𝑚6

𝐼𝑧 = 7887 𝑐𝑚4

𝐼𝑡 = 148,8 𝑐𝑚4

𝐿 = 2500 𝑚𝑚

𝑀𝑐𝑟 = 1,97 ∙
𝜋2 ∙ 21000 ∙ 7887

2502
∙ [√

33090

7887
+

2502 ∙ 8076,923 ∙ 148,8

𝜋2 ∙ 21000 ∙ 7887
]

𝑀𝑐𝑟 = 36487 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

2088 ∙ 35,5

364807
= 0,45

ℎ

𝑏
=

350

300
= 1,16 < 2 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒃 → 𝛼𝐿𝑇 = 0,34

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
]

𝛷𝐿𝑇 = 0,5 · [1 + 0,34 · (0,45 − 0,2) + 0,452] = 0,64

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

0,64 + √0,642 − 0,452
= 0,91 ≤ 1



𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇

𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,91 ∙

2088 ∙ 35,5

1,10
∙ 10−2 = 613  𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 569 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 613 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

569

613
= 0,93 < 1,0 

 

0,9 𝑐𝑚 ≤
𝐿

300
=

1156

300
= 3,85 𝑐𝑚



4,1 𝑐𝑚 ≤
𝐿

250
=

1156

250
= 4,62 𝑐𝑚





𝐺 = 42,3 𝑘𝑔/𝑚

𝐴 = 53,83 𝑐𝑚2

ℎ = 190,0 𝑚𝑚

𝑏 = 200,0 𝑚𝑚

𝑡𝑤 = 6,5 𝑚𝑚

𝑡𝑓 = 10,0 𝑚𝑚

𝑟 = 18 𝑚𝑚

𝐼𝑦 = 3692 𝑐𝑚4

𝐼𝑧 = 1336 𝑐𝑚4

𝑊𝑦 = 388,6 𝑐𝑚3

𝑊𝑧 = 133,6 𝑐𝑚3

𝑊𝑝𝑙,𝑦 = 429,5 𝑐𝑚4

𝑊𝑝𝑙,𝑧 = 203,8 𝑐𝑚4

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

190,00 − 2 ∙  10 − 2 ∙ 18,0

6,5
= 20,62   

𝜀 =  √
235

𝑓𝑦
= √

235

355
= 0,81 

72 ∙  𝜀 = 72 ∙ 0,81 = 58,32   

20,62 < 58,32 

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

200,00 − 6,5 − 2 ∙ 18,0
2

10
= 7,88 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29 

7,88 > 7,29



𝑀𝑝𝑙,𝑦 =
𝑊𝑝𝑙,𝑅𝑑 ∙ 𝑓𝑦

𝛾𝑀0
=

429,5 ∙ 35,5

1,0
= 153 𝑘𝑁𝑚 

𝑀𝑦,𝐸𝑑 = 56,2 𝑘𝑁𝑚 < 𝑀𝑝𝑙,𝑦 = 153 𝑘𝑁𝑚 

𝑀𝑦,𝐸𝑑

𝑀𝑝𝑙,𝑦
=

56,2 

153
= 0,37 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 37 %

ℎ𝑤

𝑡𝑤
> 72 ∙

𝜀

𝜂

ℎ𝑤 = ℎ − 2 ∙ 𝑡𝑓 = 190 − 2 ∙ 10 = 170 𝑚𝑚

𝜂 = 1,20

ℎ𝑤

𝑡𝑤
=

170

6,5
= 26,2 < 72 ∙

𝜀

𝜂
= 72 ∙

0,81

1,20
= 48,6

→

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
𝐴𝑣,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑣,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙ 𝑡𝑓 + 𝑡𝑓 ∙ (𝑡𝑤 + 2 ∙ 𝑟) ≥ 𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑣,𝑧 = 53,83 − 2 ∙ 20,0 ∙ 1,0 + 1,0 ∙ (0,65 + 2 ∙ 1,8) = 18,08 𝑐𝑚2



18,08 𝑐𝑚2 ≥ 1,20 ∙ 17 ∙ 0,65 = 13,26 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
18,08 ∙ (35,5/√3)

1,00
= 370 𝑘𝑁

𝑉𝑧,𝐸𝑑 = 48 𝑘𝑁 < 𝑉𝑝𝑙,𝑧,𝑅𝑑 = 370 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑧,𝑅𝑑
=

48

370
= 0,13 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 13 %

𝑉𝑧,𝐸𝑑 ≤ 0,50 ∙ 𝑉𝑝𝑙,𝑧,𝑅𝑑

48 𝑘𝑁 ≤ 0,50 ∙ 370 = 185 𝑘𝑁 →

𝑐1 = 1,13 𝑐2 = 0,46

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
+ (𝐶2𝑧𝑔)2 − 𝐶2𝑧𝑔]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 8076,923 𝑁/𝑚𝑚2

𝐼𝑤 = 3692 𝑚𝑚6

𝐼𝑧 = 1336 𝑐𝑚4



𝐼𝑡 = 20,98 𝑐𝑚4

𝐿 = 5790 𝑚𝑚

𝑀𝑐𝑟 = 1,13 ∙
𝜋2 ∙ 21000 ∙ 1336

5792

∙ [√
3692

1336
+

5792 ∙ 8076,923 ∙ 20,98

𝜋2 ∙ 21000 ∙ 1336
(0,46 ∙ 10)2 − 0,46 ∙ 10]

𝑀𝑐𝑟 = 846 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

429,5 ∙ 35,5

84618
= 0,42

ℎ

𝑏
=

190

200
= 0,95 < 2 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒃 → 𝛼𝐿𝑇 = 0,34

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
]

𝛷𝐿𝑇 = 0,5 · [1 + 0,34 · (0,42 − 0,2) + 0,422] = 0,63

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

0,63 + √0,632 − 0,422
= 0,91 ≤ 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇

𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,91 ∙

429,5 ∙ 35,5

1,10
∙ 10−2 = 126 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 56,20 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 126 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

56,2

126
= 0,45 < 1,0 



0,9 𝑐𝑚 ≤
𝐿

300
=

1156

300
= 3,85 𝑐𝑚

2,7 𝑐𝑚 ≤
𝐿

250
=

1156

250
= 4,62 𝑐𝑚



 



 

𝐺 = 166 𝑘𝑔/𝑚

𝐴 = 211,8 𝑐𝑚2

ℎ = 540,0 𝑚𝑚

𝑏 = 300,0 𝑚𝑚

𝑡𝑤 = 12,5 𝑚𝑚

𝑡𝑓 = 24,0 𝑚𝑚

𝑟 = 27 𝑚𝑚

𝐼𝑦 = 111900 𝑐𝑚4

𝐼𝑧 = 10820 𝑐𝑚4

𝑊𝑦 = 4146 𝑐𝑚3



𝑊𝑧 = 721,3 𝑐𝑚3

𝑊𝑝𝑙,𝑦 = 4622 𝑐𝑚4

𝑊𝑝𝑙,𝑧 = 1107 𝑐𝑚4

 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

540,00 − 2 ∙  24 − 2 ∙ 27,0

12,5
= 35,04   

𝜀 =  √
235

𝑓𝑦
= √

235

355
= 0,81 

72 ∙  𝜀 = 72 ∙ 0,81 = 58,32   

35,04 < 58,32 

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

300,00 − 12,5 − 2 ∙ 27,0
2

24
= 4,86 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29 

4,86 < 7,29

 

𝑀𝑝𝑙,𝑦 =
𝑊𝑝𝑙,𝑅𝑑 ∙ 𝑓𝑦

𝛾𝑀0
=

4622 ∙ 35,5

1,0
= 164081 𝑘𝑁𝑚 

𝑀𝑦,𝐸𝑑 = 1083 𝑘𝑁𝑚 < 𝑀𝑝𝑙,𝑦 = 1640 𝑘𝑁𝑚 

𝑀𝑦,𝐸𝑑

𝑀𝑝𝑙,𝑦
=

1177 

1640
= 0,72 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 72 %



 

ℎ𝑤

𝑡𝑤
> 72 ∙

𝜀

𝜂

ℎ𝑤 = ℎ − 2 ∙ 𝑡𝑓 = 540 − 2 ∙ 24 = 492 𝑚𝑚

𝜂 = 1,20

ℎ𝑤

𝑡𝑤
=

492

12,5
= 39,36 < 72 ∙

𝜀

𝜂
= 72 ∙

0,81

1,20
= 48,6

→

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
𝐴𝑣,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑣,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙ 𝑡𝑓 + 𝑡𝑓 ∙ (𝑡𝑤 + 2 ∙ 𝑟) ≥ 𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑣,𝑧 = 211,8 − 2 ∙ 30,0 ∙ 2,4 + 2,4 ∙ (1,25 + 2 ∙ 2,8) = 84,24 𝑐𝑚2

84,24 𝑐𝑚2 ≥ 1,20 ∙ 49,2 ∙ 1,25 = 73,8 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
84,24 ∙ (35,5/√3)

1,00
= 1727 𝑘𝑁

𝑉𝑧,𝐸𝑑 = 521 𝑘𝑁 < 𝑉𝑝𝑙,𝑧,𝑅𝑑 = 1727 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑧,𝑅𝑑
=

521

1727
= 0,30 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑗𝑒 30 %

 

𝑉𝑧,𝐸𝑑 ≤ 0,50 ∙ 𝑉𝑝𝑙,𝑧,𝑅𝑑



521 𝑘𝑁 ≤ 0,50 ∙ 1727 = 864 𝑘𝑁 →

 

𝜓 = −
205,44

1176,61
= −0,175

𝐶1 = 1,97

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2

𝐼𝑤 = 111900 𝑚𝑚6

𝐼𝑧 = 10820 𝑐𝑚4

𝐼𝑡 = 351,5 𝑐𝑚4

𝐿 = 2500 𝑚𝑚

𝑀𝑐𝑟 = 1,97 ∙
𝜋2 ∙ 21000 ∙ 10820

2502
∙ [√

111900

10820
+

2502 ∙ 8076,923 ∙ 351,5

𝜋2 ∙ 21000 ∙ 10820
]

𝑀𝑐𝑟 = 67742 𝑘𝑁𝑚



𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

3949 ∙ 35,5

6774200
= 0,14

ℎ

𝑏
=

490

300
= 1,63 < 2 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒃 → 𝛼𝐿𝑇 = 0,34

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
]

𝛷𝐿𝑇 = 0,5 · [1 + 0,34 · (0,14 − 0,2) + 0,142] = 0,5

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

0,5 + √0,52 − 0,142
= 1,02 ≥ 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇

𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 1 ∙

3949 ∙ 35,5

1,10
∙ 10−2 = 1274 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 1083 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 1274 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

1083

1274
= 0,85 < 1,0 

 



0,4 𝑐𝑚 ≤
𝐿

300
=

1000

300
= 3,33 𝑐𝑚

2,9 𝑐𝑚 ≤
𝐿

250
=

1000

250
= 4,00 𝑐𝑚



 

 



 

 





 

𝐴 = 133,5 𝑐𝑚2

ℎ = 330 𝑚𝑚

𝑡𝑤 = 9,5 𝑚𝑚

𝑏 = 300 𝑚𝑚

𝑡𝑓 = 16,5 𝑚𝑚

𝑟 = 27 𝑚𝑚

𝑆355 ;  𝑡 ≤ 40𝑚𝑚

𝑓𝑦 = 355 𝑁 𝑚𝑚2⁄

𝐸 = 210 000 𝑁/𝑚𝑚2

𝛾𝑀0 = 1,00

𝛾𝑀1 = 1,10

 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

330 − 2 ∙  16,5 − 2 ∙ 27,0

9,5
= 25,6  

𝜀 = 0,81

33 ∙  𝜀 = 33 ∙ 0,81 = 26,73  

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

300 − 9,5 − 2 ∙ 27,0
2

16,5
= 7,2 



9 ∙  𝜀 = 9 ∙ 0,81 = 7,29  

 

𝑁𝑐,𝑅𝑑 =  
𝐴 ∙  𝑓𝑦

𝛾𝑀0
=  

133,5 ∙ 35,5

1,00
= 4739 𝑘𝑁 > 1651 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑐,𝑅𝑑
 < 1,00

1651

4739
= 0,35 < 1,00

 

𝑀𝑝𝑙,𝑦,𝑅𝑑 =
𝑊𝑒𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀0
=

1850 ∙ 35,5

1,0
∙ 10−2 = 657 𝑘𝑁𝑚

𝑀𝑦,𝐸𝑑

𝑀𝑐,𝑅𝑑
 ≤ 1,00

399

657 
= 0,61 ≤ 1,0

 

ℎ𝑤 = ℎ − 2 ∙  𝑡𝑓 =  330,0 − 2 ∙  16,5 = 297 𝑚𝑚

ℎ𝑤

𝑡𝑤
<  

72 ∙  𝜀

𝜂

297

9,5
<  

72 ∙  0,81

1,2

31,26 <  48,6   →



𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑉,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙  𝑡𝑓 + (𝑡𝑤 + 2 ∙ 𝑟) ∙  𝑡𝑓 ≥   𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑉,𝑧 = 133,5 − 2 ∙ 30,00  ∙  1,65 + (0,95 + 2 ∙ 2,7) ∙ 1,65 = 44,98 𝑐𝑚2 

𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤 = 1,20 ∙ 29,7 ∙ 0,95 = 33,9 𝑐𝑚2

𝐴𝑉,𝑧 = 45 𝑐𝑚2 ≥  34 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
45 ∙ (35,50/√3)

1,00
= 922 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑅𝑑
 ≤ 1,00                

218

922
 < 1,00                0,24 < 1,00

 

𝑉𝑧,𝐸𝑑 < 0,5 ∙ 𝑉𝑧,𝑅𝑑

218 𝑘𝑁 <  0,5 ∙ 922 = 461 𝑘𝑁

218

461
= 0,47 < 1,0

𝑁𝐸𝑑 < 0,25 ∙ 𝑁𝑐,𝑅𝑑

1 651 𝑘𝑁 < 0,25 ∙ 4739 = 1184,75 𝑘𝑁

1 651

1184
= 1,39 > 1,0

𝑀𝑁,𝑉,𝑦,𝑅𝑑 = 𝑀𝑝𝑙,𝑦,𝑅𝑑 ∙
1 − 𝑛

1 − 0,5 ∙ 𝑎
= 657 ∙

1 − 0,35

1 − 0,5 ∙ 0,26
= 491 𝑘𝑁𝑚

𝑛 =
𝑁𝐸𝑑

𝑁𝑝𝑙,𝑅𝑑
=

1651

4739
= 0,35

𝑎 =
𝐴 − 2 ∙ 𝑏 ∙ 𝑡𝑓

𝐴
≤ 0,5

𝑎 =
133,5 − 2 ∙ 30 ∙ 1,65

133,5
= 0,26



𝑀𝑁,𝑉,𝑦,𝑅𝑑 = 𝑀𝑒𝑙,𝑦,𝑅𝑑 = 491 𝑘𝑁𝑚 

𝑀𝑁,𝑉,𝑦,𝑅𝑑 >  𝑀𝑦,𝐸𝑑

 491 𝑘𝑁𝑚 >  399 𝑘𝑁𝑚

𝑁𝐸𝑑 < 0,50 ∙ ℎ𝑤 ∙ 𝑡𝑤 ∙ 𝑓𝑦

1651 𝑘𝑁 < 0,50 ∙ 29,70 ∙ 0,95 ∙ 35,5 = 501 𝑘𝑁

1651

501
= 3,3 > 1,0

 

𝐼𝑝𝑟𝑒č𝑘𝑒 = 33090 𝑐𝑚4

𝐼𝑠𝑡𝑢𝑝𝑎 = 27690 𝑐𝑚4

𝐾𝑝𝑟𝑒č𝑘𝑒 = 𝐾11 =
𝐼𝑝𝑟𝑒č𝑘𝑒

𝐿
=

33090

1156
= 28,62 𝑐𝑚3

𝐾𝑠𝑡𝑢𝑝𝑎 = 𝐾𝑐 =
𝐼𝑠𝑡𝑢𝑝𝑎

ℎ
=

86970

550
= 158,13 𝑐𝑚3

η

𝜂1 =
𝐾𝑐

𝐾𝑐 + 𝐾11
=

158,13

158,13 + 28,62
= 0,85

𝜂2 = 1,0  (𝑠𝑡𝑢𝑝 𝑗𝑒 𝑧𝑔𝑙𝑜𝑏𝑛𝑜 𝑜𝑠𝑙𝑜𝑛𝑗𝑒𝑛)

𝑘 = 0,5 + 0,14 ∙ (𝜂1 + 𝜂2) + 0,055 ∙ (𝜂1 + 𝜂2)2

𝑘 = 0,5 + 0,14 ∙ (0,85 + 1,0) + 0,055 ∙ (0,85 + 1,0)2 = 0,95

𝐿𝑖,𝑦 = 𝑘 ∙ 𝐿 = 0,95 ∙ 550 = 522,5 𝑐𝑚



𝐿𝑐𝑟,𝑦 =  3,5 𝑚 𝐿𝑐𝑟,𝑧 =  3,5 𝑚 

𝑁𝑐𝑟,𝑦 =  
𝜋2 ∙ 𝐸 ∙ 𝐼𝑦

𝐿𝑐𝑟,𝑦
2

=  
𝜋2 ∙ 21000 ∙ 27690

3502
= 46850 𝑘𝑁

𝑁𝑐𝑟,𝑧 =  
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿𝑐𝑟,𝑧
2

=  
𝜋2 ∙ 21000 ∙ 7436

3502
= 12581 𝑘𝑁

𝜆𝑦 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟,𝑦
= √

133,5 ∙ 35,50

46850
= 0,32 𝜆𝑧 = √

𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟,𝑧
= √

133,5 ∙ 35,50

12581
= 0,61

𝛷 =  0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2]

𝛼 = 0,21

𝛷𝑦  =  0,5 ∙ [1 + 0,21 ∙ (0,32 − 0,2) + 0,322]  = 0,56

𝜒𝑦 =
1

𝛷𝑦 + √𝛷𝑦
2 − 𝜆𝑦

2

=
1

0,56 + √0,562 − 0,322
= 0,98

𝛼 = 0,34

𝛷𝑧  =  0,5 ∙ [1 + 0,34 ∙ (0,61 − 0,2) + 0,612]  = 0,76

𝜒𝑧 =
1

𝛷𝑧 + √𝛷𝑧
2 − 𝜆𝑧

2

=
1

0,76 + √0,762 − 0,612
= 0,82

𝑁𝑏,𝑅𝑑 =  𝜒𝑚𝑖𝑛 ∙  
𝐴 ∙ 𝑓𝑦

𝛾𝑀1
= 0,82 ∙

133,5 ∙ 35,50

1,10
= 3 533 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑏,𝑅𝑑
 < 1,00

1651

3533
 < 1,00 0,47 < 1,00



 

−1 ≤ ψ ≤ 1

ψ = −
100,16

101,54
≅ −1

𝐶1 = 2,55

𝐶2 = 0,00

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2

𝐼𝑤 = 2177 𝑚𝑚6

𝐼𝑧 = 7436 𝑐𝑚4

𝐼𝑡 = 127,2 𝑐𝑚4

𝐿 = 3500 𝑚𝑚

𝑀𝑐𝑟 = 2,55 ∙
𝜋2 ∙ 21000 ∙ 7436

3502
∙ [√

2177000

7436
+

3502 ∙ 8076,923 ∙ 127,5

𝜋2 ∙ 21000 ∙ 7436
] ∙ 10−2

𝑀𝑐𝑟 =  6209,50 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

1850 ∙ 35,5

620950
= 0,33



ℎ

𝑏
=

330

300
= 1,1 < 2 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒃 → 𝛼𝐿𝑇 = 0,34

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
]

𝛷𝐿𝑇 = 0,5 · [1 + 0,34 · (0,33 − 0,2) + 0,332] = 0,58

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

0,58 + √0,582 − 0,332
= 0,95 ≤ 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇

𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,95 ∙

1850 ∙ 35,5

1,10
∙ 10−2 = 567 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 399 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 567 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

399

567
= 0,71 < 1,0 

 

NEd

χy ∙
Nrk
γM1

+
k𝑦𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

NEd

χz ∙
Nrk
γM1

+
k𝑧𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

kij

Cmy = 0,6 + 0,4 ∙ ψ ≥ 0,40

Cmy = 0,6 + 0,4 ∙ (−1) = 0,2 ≥ 0,40 → Cmy = 0,4

k𝑦𝑦 = 𝐶𝑚𝑦 [1 + 0,6 ∙ λy ∙
NEd

χy ∙
Nrk

γM1
⁄

] ≤ 𝐶𝑚𝑦 [1 + 0,6 ∙
NEd

χy ∙
Nrk

γM1
⁄

]

k𝑦𝑦 = 0,4 ∙ [1 + 0,6 ∙ 0,32 ∙
1651

0,98 ∙ 3533
] ≤ 0,4 ∙ [1 + 0,6 ∙

1651

0,98 ∙ 3533
]



k𝑦𝑦 = 0,44 < 0,52

k𝑧𝑦 = 0,8 ∙  k𝑦𝑦 = 0,8 ∙  0,52 =  0,35 

1651

0,98 ∙ 3533
+

0,44 ∙ 399

0,95 ∙ 567 
= 0,81 < 1

1651

0,82 ∙ 3533
+

0,35 ∙ 399

0,95 ∙ 567 
= 0,83 < 1 → 𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑖𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑠𝑡𝑢𝑝𝑎

 

𝛿𝑚𝑎𝑥 = 25,0 𝑚𝑚

𝛿𝑑𝑜𝑝 =
𝐿

250
=

3500

150
= 24 𝑚𝑚

𝛿𝑚𝑎𝑥

𝛿𝑑𝑜𝑝
=

25

42
= 0,60 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 60 %



 

 



 

𝐴 = 197,5 𝑐𝑚2

ℎ = 490 𝑚𝑚

𝑡𝑤 = 12,0 𝑚𝑚

𝑏 = 300 𝑚𝑚

𝑡𝑓 = 24 𝑚𝑚

𝑟 = 27 𝑚𝑚



𝑆355 ;  𝑡 ≤ 40𝑚𝑚

𝑓𝑦 = 355 𝑁 𝑚𝑚2⁄

𝐸 = 210 000 𝑁/𝑚𝑚2

𝛾𝑀0 = 1,00

𝛾𝑀1 = 1,10

 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

490 − 2 ∙  24 − 2 ∙ 27,0

12,5
= 31,04  

𝜀 = 0,81

33 ∙  𝜀 = 33 ∙ 0,81 = 26,73  

38 ∙  𝜀 = 38 ∙ 0,81 = 30,78  

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

490 − 12 − 2 ∙ 27,0
2

23
= 9,21 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29  

10 ∙  𝜀 = 10 ∙ 0,81 = 8,1  

 

𝑁𝑐,𝑅𝑑 =  
𝐴 ∙  𝑓𝑦

𝛾𝑀0
=  

197,5 ∙ 35,5

1,00
= 7011 𝑘𝑁 > 2317 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑐,𝑅𝑑
 < 1,00



2317

7011
= 0,33 < 1,00

 

𝑀𝑝𝑙,𝑦,𝑅𝑑 =
𝑊𝑒𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀0
=

3949 ∙ 35,5

1,0
∙ 10−2 = 1260 𝑘𝑁𝑚

𝑀𝑦,𝐸𝑑

𝑀𝑐,𝑅𝑑
 ≤ 1,00

523

1260 
= 0,42 ≤ 1,0

 

ℎ𝑤 = ℎ − 2 ∙  𝑡𝑓 =  490,0 − 2 ∙  23 = 444 𝑚𝑚

ℎ𝑤

𝑡𝑤
<  

72 ∙  𝜀

𝜂

444

12,0
<  

72 ∙  0,81

1,2

37 <  48,6   →

𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑉,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙  𝑡𝑓 + (𝑡𝑤 + 2 ∙ 𝑟) ∙  𝑡𝑓 ≥   𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑉,𝑧 = 197,5 − 2 ∙ 30,00  ∙  2,3 + (1,2 + 2 ∙ 2,7) ∙ 2,3 = 74,68 𝑐𝑚2 

𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤 = 1,20 ∙ 44,4 ∙ 1,2 = 63,94 𝑐𝑚2

𝐴𝑉,𝑧 = 74,68 𝑐𝑚2 ≥  63,94 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
74,68 ∙ (35,50/√3)

1,00
= 1531 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑅𝑑
 ≤ 1,00                

95,7

1531
 < 1,00                0,06 < 1,00



 

𝑉𝑧,𝐸𝑑 < 0,5 ∙ 𝑉𝑧,𝑅𝑑

95,7 𝑘𝑁 <  0,5 ∙ 1531 = 766 𝑘𝑁

95,7

766
= 0,12 < 1,0

𝑁𝐸𝑑 < 0,25 ∙ 𝑁𝑐,𝑅𝑑

2317 𝑘𝑁 < 0,25 ∙ 7011 = 1753 𝑘𝑁

2317

1753
= 1,32 > 1,0

𝑀𝑁,𝑉,𝑦,𝑅𝑑 = 𝑀𝑝𝑙,𝑦,𝑅𝑑 ∙
1 − 𝑛

1 − 0,5 ∙ 𝑎
= 1260 ∙

1 − 0,33

1 − 0,5 ∙ 0,30
= 933 𝑘𝑁𝑚

𝑛 =
𝑁𝐸𝑑

𝑁𝑝𝑙,𝑅𝑑
=

2317

7011
= 0,33

𝑎 =
𝐴 − 2 ∙ 𝑏 ∙ 𝑡𝑓

𝐴
≤ 0,5

𝑎 =
197,5 − 2 ∙ 30 ∙ 2,3

197,5
= 0,30

𝑀𝑁,𝑉,𝑦,𝑅𝑑 = 𝑀𝑒𝑙,𝑦,𝑅𝑑 = 933 𝑘𝑁𝑚 

𝑀𝑁,𝑉,𝑦,𝑅𝑑 >  𝑀𝑦,𝐸𝑑

 933 𝑘𝑁𝑚 >  523 𝑘𝑁𝑚

𝑁𝐸𝑑 < 0,50 ∙ ℎ𝑤 ∙ 𝑡𝑤 ∙ 𝑓𝑦

2317 𝑘𝑁 < 0,50 ∙ 44,4 ∙ 1,2 ∙ 35,5 = 946 𝑘𝑁

2317

946
= 2,5 > 1,0



 

𝐼𝑝𝑟𝑒č𝑘𝑒 = 33090 𝑐𝑚4

𝐼𝑠𝑡𝑢𝑝𝑎 = 86970 𝑐𝑚4

𝐾𝑝𝑟𝑒č𝑘𝑒 = 𝐾11 =
𝐼𝑝𝑟𝑒č𝑘𝑒

𝐿
=

33090

1156
= 28,62 𝑐𝑚3

𝐾𝑠𝑡𝑢𝑝𝑎 = 𝐾𝑐 =
𝐼𝑠𝑡𝑢𝑝𝑎

ℎ
=

86970

550
= 158,13 𝑐𝑚3

η

𝜂1 =
𝐾𝑐

𝐾𝑐 + 𝐾11
=

158,13

158,13 + 28,62
= 0,85

𝜂2 = 1,0  (𝑠𝑡𝑢𝑝 𝑗𝑒 𝑧𝑔𝑙𝑜𝑏𝑛𝑜 𝑜𝑠𝑙𝑜𝑛𝑗𝑒𝑛)

𝑘 = 0,5 + 0,14 ∙ (𝜂1 + 𝜂2) + 0,055 ∙ (𝜂1 + 𝜂2)2

𝑘 = 0,5 + 0,14 ∙ (0,85 + 1,0) + 0,055 ∙ (0,85 + 1,0)2 = 0,95

𝐿𝑖,𝑦 = 𝑘 ∙ 𝐿 = 0,95 ∙ 550 = 522,5 𝑐𝑚

𝐿𝑐𝑟,𝑦 =  5,5 𝑚 𝐿𝑐𝑟,𝑧 =  5,5 𝑚 

𝑁𝑐𝑟,𝑦 =  
𝜋2 ∙ 𝐸 ∙ 𝐼𝑦

𝐿𝑐𝑟,𝑦
2

=  
𝜋2 ∙ 21000 ∙ 86970

5502
= 59589 𝑘𝑁

𝑁𝑐𝑟,𝑧 =  
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿𝑐𝑟,𝑧
2

=  
𝜋2 ∙ 21000 ∙ 10370

5502
= 7105 𝑘𝑁

𝜆𝑦 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟,𝑦
= √

197,5 ∙ 35,50

59589
= 0,34 𝜆𝑧 = √

𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟,𝑧
= √

197,5 ∙ 35,50

7105
= 0,99



𝛷 =  0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2]

𝛼 = 0,21

𝛷𝑦  =  0,5 ∙ [1 + 0,21 ∙ (0,34 − 0,2) + 0,342]  = 0,58

𝜒𝑦 =
1

𝛷𝑦 + √𝛷𝑦
2 − 𝜆𝑦

2

=
1

0,58 + √0,582 − 0,342
= 0,95

𝛼 = 0,34

𝛷𝑧  =  0,5 ∙ [1 + 0,34 ∙ (0,99 − 0,2) + 0,992]  = 1,12

𝜒𝑧 =
1

𝛷𝑧 + √𝛷𝑧
2 − 𝜆𝑧

2

=
1

1,12 + √1,122 − 0,992
= 0,61

𝑁𝑏,𝑅𝑑 =  𝜒𝑚𝑖𝑛 ∙  
𝐴 ∙ 𝑓𝑦

𝛾𝑀1
= 0,61 ∙

197,5 ∙ 35,50

1,10
= 3888 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑏,𝑅𝑑
 < 1,00

2317

3888
 < 1,00 0,60 < 1,00



 

−1 ≤ ψ ≤ 1

ψ = −
0,61

100,72
≅ 0

𝐶1 = 1,77

𝐶2 = 0,00

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2

𝐼𝑤 = 5643 𝑚𝑚6

𝐼𝑧 = 10370 𝑐𝑚4

𝐼𝑡 = 309,3 𝑐𝑚4

𝐿 = 5500 𝑚𝑚

𝑀𝑐𝑟 = 1,77 ∙
𝜋2 ∙ 21000 ∙ 10370

5502
∙ [√

5643000

10370
+

5502 ∙ 8076,923 ∙ 309,3

𝜋2 ∙ 21000 ∙ 10370
] ∙ 10−2

𝑀𝑐𝑟 =  3763,95 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

3949 ∙ 35,5

376395
= 0,61



ℎ

𝑏
=

490

300
= 1,63 < 2 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒃 → 𝛼𝐿𝑇 = 0,34

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
]

𝛷𝐿𝑇 = 0,5 · [1 + 0,34 · (0,61 − 0,2) + 0,612] = 0,76

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

0,76 + √0,762 − 0,612
= 0,82 ≤ 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇

𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,82 ∙

3949 ∙ 35,5

1,10
∙ 10−2 = 1045 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 523 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 1045 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

523

1045
= 0,50 < 1,0 

 

NEd

χy ∙
Nrk
γM1

+
k𝑦𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

NEd

χz ∙
Nrk
γM1

+
k𝑧𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

kij

Cmy = 0,6 + 0,4 ∙ ψ ≥ 0,40

Cmy = 0,6 + 0,4 ∙ (0) = 0,6 ≥ 0,40

k𝑦𝑦 = 𝐶𝑚𝑦 [1 + 0,6 ∙ λy ∙
NEd

χy ∙
Nrk

γM1
⁄

] ≤ 𝐶𝑚𝑦 [1 + 0,6 ∙
NEd

χy ∙
Nrk

γM1
⁄

]

k𝑦𝑦 = 0,6 ∙ [1 + 0,6 ∙ 0,34 ∙
2317

0,95 ∙ 7011
] ≤ 0,6 ∙ [1 + 0,6 ∙

2317

0,98 ∙ 7011
]

k𝑦𝑦 = 0,64 < 0,73



k𝑧𝑦 = 0,8 ∙  k𝑦𝑦 = 0,8 ∙  0,73 =  0,58 

2317

0,95 ∙ 7011
+

0,73 ∙ 523

0,82 ∙ 1045 
= 0,79 < 1

2317

0,61 ∙ 7011
+

0,58 ∙ 523

0,82 ∙ 1045 
= 0,90 < 1 → 𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑖𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 𝑠𝑡𝑢𝑝𝑎

 

𝛿𝑚𝑎𝑥 = 23,0 𝑚𝑚

𝛿𝑑𝑜𝑝 =
𝐿

150
=

3500

150
= 24 𝑚𝑚

𝛿𝑚𝑎𝑥

𝛿𝑑𝑜𝑝
=

23

24
= 0,99 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 99 %



 

 



 

𝐴 = 344,3 𝑐𝑚2

ℎ = 524 𝑚𝑚

𝑡𝑤 = 21 𝑚𝑚

𝑏 = 306 𝑚𝑚

𝑡𝑓 = 40 𝑚𝑚

𝑟 = 27 𝑚𝑚

𝑆355 ;  𝑡 ≤ 40𝑚𝑚

𝑓𝑦 = 355 𝑁 𝑚𝑚2⁄

𝐸 = 210 000 𝑁/𝑚𝑚2

𝛾𝑀0 = 1,00

𝛾𝑀1 = 1,10



 

𝑐

𝑡
=  

ℎ − 2 ∙  𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=

524 − 2 ∙  40 − 2 ∙ 27,0

21
= 20,5  

𝜀 = 0,81

33 ∙  𝜀 = 33 ∙ 0,81 = 26,73  

𝑐

𝑡
=  

𝑏 − 𝑡𝑤 − 2 ∙ 𝑟
2
𝑡𝑓

=

306 − 21 − 2 ∙ 27,0
2

40
= 2,9 

9 ∙  𝜀 = 9 ∙ 0,81 = 7,29  

 

𝑁𝑐,𝑅𝑑 =  
𝐴 ∙  𝑓𝑦

𝛾𝑀0
=  

344,3 ∙ 35,5

1,00
= 12222 𝑘𝑁 > 5214 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑐,𝑅𝑑
 < 1,00

5214

12222
= 0,43 < 1,00

 

𝑀𝑝𝑙,𝑦,𝑅𝑑 =
𝑊𝑒𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀0
=

6280 ∙ 35,5

1,0
∙ 10−2 = 2194 𝑘𝑁𝑚



𝑀𝑦,𝐸𝑑

𝑀𝑐,𝑅𝑑
 ≤ 1,00

314

2194 
= 0,14 ≤ 1,0

 

ℎ𝑤 = ℎ − 2 ∙  𝑡𝑓 =  524,0 − 2 ∙  40 = 444 𝑚𝑚

ℎ𝑤

𝑡𝑤
<  

72 ∙  𝜀

𝜂

444

21
<  

72 ∙  0,81

1,2

21,14 <  48,6   →

𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ∙ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑉,𝑧 = 𝐴 − 2 ∙ 𝑏 ∙  𝑡𝑓 + (𝑡𝑤 + 2 ∙ 𝑟) ∙  𝑡𝑓 ≥   𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤

𝐴𝑉,𝑧 = 344,3 − 2 ∙ 30,60  ∙  4 + (2,1 + 2 ∙ 2,7) ∙ 4 = 129,5 𝑐𝑚2 

𝜂 ∙ ℎ𝑤 ∙ 𝑡𝑤 = 1,20 ∙ 44,4 ∙ 2,1 = 110,88 𝑐𝑚2

𝐴𝑉,𝑧 = 129,5 𝑐𝑚2 ≥  110,88 𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
129,5 ∙ (35,50/√3)

1,00
= 2654 𝑘𝑁

𝑉𝑧,𝐸𝑑

𝑉𝑝𝑙,𝑅𝑑
 ≤ 1,00                

57,03

2654
 < 1,00                0,02 < 1,00

 

𝑉𝑧,𝐸𝑑 < 0,5 ∙ 𝑉𝑧,𝑅𝑑



57,03 𝑘𝑁 <  0,5 ∙ 2654 = 1327 𝑘𝑁

57,03

1327
= 0,04 < 1,0

𝑁𝐸𝑑 < 0,25 ∙ 𝑁𝑐,𝑅𝑑

5214 𝑘𝑁 < 0,25 ∙ 12222 = 3056 𝑘𝑁

5214

3056
= 1,7 > 1,0

𝑀𝑁,𝑉,𝑦,𝑅𝑑 = 𝑀𝑝𝑙,𝑦,𝑅𝑑 ∙
1 − 𝑛

1 − 0,5 ∙ 𝑎
= 2194 ∙

1 − 0,43

1 − 0,5 ∙ 0,29
= 1463 𝑘𝑁𝑚

𝑛 =
𝑁𝐸𝑑

𝑁𝑝𝑙,𝑅𝑑
=

5214

12222
= 0,43

𝑎 =
𝐴 − 2 ∙ 𝑏 ∙ 𝑡𝑓

𝐴
≤ 0,5

𝑎 =
344,3 − 2 ∙ 30,6 ∙ 4

344,3
= 0,29

𝑀𝑁,𝑉,𝑦,𝑅𝑑 = 𝑀𝑒𝑙,𝑦,𝑅𝑑 = 1463 𝑘𝑁𝑚 

𝑀𝑁,𝑉,𝑦,𝑅𝑑 >  𝑀𝑦,𝐸𝑑

 1463 𝑘𝑁𝑚 >  314 𝑘𝑁𝑚

𝑁𝐸𝑑 < 0,50 ∙ ℎ𝑤 ∙ 𝑡𝑤 ∙ 𝑓𝑦

5214 𝑘𝑁 < 0,50 ∙ 52,4 ∙ 2,1 ∙ 35,5 = 1953 𝑘𝑁

5214

1953
= 2,7 > 1,0

 

𝐼𝑝𝑟𝑒č𝑘𝑒 = 33090 𝑐𝑚4

𝐼𝑠𝑡𝑢𝑝𝑎 = 161900 𝑐𝑚4



𝐾𝑝𝑟𝑒č𝑘𝑒 = 𝐾11 =
𝐼𝑝𝑟𝑒č𝑘𝑒

𝐿
=

33090

1156
= 28,62 𝑐𝑚3

𝐾𝑠𝑡𝑢𝑝𝑎 = 𝐾𝑐 =
𝐼𝑠𝑡𝑢𝑝𝑎

ℎ
=

161900

550
= 294 𝑐𝑚3

η

𝜂1 =
𝐾𝑐

𝐾𝑐 + 𝐾11
=

294

294 + 28,62
= 0,91

𝜂2 = 1,0  (𝑠𝑡𝑢𝑝 𝑗𝑒 𝑧𝑔𝑙𝑜𝑏𝑛𝑜 𝑜𝑠𝑙𝑜𝑛𝑗𝑒𝑛)

𝑘 = 0,5 + 0,14 ∙ (𝜂1 + 𝜂2) + 0,055 ∙ (𝜂1 + 𝜂2)2

𝑘 = 0,5 + 0,14 ∙ (0,91 + 1,0) + 0,055 ∙ (0,91 + 1,0)2 = 0,97

𝐿𝑖,𝑦 = 𝑘 ∙ 𝐿 = 0,97 ∙ 550 = 533,5 𝑐𝑚

𝐿𝑐𝑟,𝑦 =  5,5 𝑚 𝐿𝑐𝑟,𝑧 =  5,5 𝑚 

𝑁𝑐𝑟,𝑦 =  
𝜋2 ∙ 𝐸 ∙ 𝐼𝑦

𝐿𝑐𝑟,𝑦
2

=  
𝜋2 ∙ 21000 ∙ 161900

5502
= 110927 𝑘𝑁

𝑁𝑐𝑟,𝑧 =  
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿𝑐𝑟,𝑧
2

=  
𝜋2 ∙ 21000 ∙ 19150

5502
= 13120 𝑘𝑁

𝜆𝑦 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟,𝑦
= √

344,3 ∙ 35,50

110927
= 0,33 𝜆𝑧 = √

𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟,𝑧
= √

344,3 ∙ 35,50

13120
= 0,97

𝛷 =  0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2]

𝛼 = 0,21

𝛷𝑦  =  0,5 ∙ [1 + 0,21 ∙ (0,33 − 0,2) + 0,332]  = 0,57

𝜒𝑦 =
1

𝛷𝑦 + √𝛷𝑦
2 − 𝜆𝑦

2

=
1

0,57 + √0,572 − 0,332
= 0,97



𝛼 = 0,34

𝛷𝑧  =  0,5 ∙ [1 + 0,34 ∙ (0,97 − 0,2) + 0,972]  = 1,1

𝜒𝑧 =
1

𝛷𝑧 + √𝛷𝑧
2 − 𝜆𝑧

2

=
1

1,1 + √1,12 − 0,972
= 0,62

𝑁𝑏,𝑅𝑑 =  𝜒𝑚𝑖𝑛 ∙  
𝐴 ∙ 𝑓𝑦

𝛾𝑀1
= 0,62 ∙

344,3 ∙ 35,50

1,10
= 6889 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑏,𝑅𝑑
 < 1,00

5214

6889
 < 1,00 0,76 < 1,00

 

−1 ≤ ψ ≤ 1

ψ = −
0

313
≅ 0

𝐶1 = 1,77

𝐶2 = 0,00

𝑀𝑐𝑟 = 𝐶1 ∙
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧

𝐿2
∙ [√

𝐼𝑤

𝐼𝑧
+

𝐿2 ∙ 𝐺 ∙ 𝐼𝑡

𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
]

𝐸 = 210000 𝑁/𝑚𝑚2

𝐺 = 80769,23 𝑁/𝑚𝑚2



𝐼𝑤 = 11190 𝑚𝑚6

𝐼𝑧 = 19150 𝑐𝑚4

𝐼𝑡 = 1539 𝑐𝑚4

𝐿 = 35500 𝑚𝑚

𝑀𝑐𝑟 = 1,77 ∙
𝜋2 ∙ 21000 ∙ 19150

5502
∙ [√

11190000

19150
+

5502 ∙ 8076,923 ∙ 1539

𝜋2 ∙ 21000 ∙ 19150
] ∙ 10−2

𝑀𝑐𝑟 =  9089,19 𝑘𝑁𝑚

𝜆𝐿𝑇 = √
𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝑀𝑐𝑟
= √

7094 ∙ 35,5

908919
= 0,53

ℎ

𝑏
=

330

300
= 1,1 < 2 →  𝑚𝑗𝑒𝑟𝑜𝑑𝑎𝑣𝑛𝑎 𝑘𝑟𝑖𝑣𝑢𝑙𝑗𝑎 𝑖𝑧𝑣𝑖𝑗𝑎𝑛𝑗𝑎 𝒃 → 𝛼𝐿𝑇 = 0,34

𝛷𝐿𝑇 = 0,5 [1 + 𝛼𝐿𝑇(𝜆𝐿𝑇 − 0,2) + 𝜆𝐿𝑇

2
]

𝛷𝐿𝑇 = 0,5 · [1 + 0,34 · (0,53 − 0,2) + 0,532] = 0,70

𝜒𝐿𝑇 =
1

𝛷𝐿𝑇 + √𝛷𝐿𝑇
2 − 𝜆𝐿𝑇

2
=

1

0,70 + √0,702 − 0,532
= 0,86 ≤ 1

𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇

𝑊𝑝𝑙,𝑦 ∙ 𝑓𝑦

𝛾𝑀1
= 0,86 ∙

7094 ∙ 35,5

1,10
∙ 10−2 = 1969 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦 = 314 𝑘𝑁𝑚 < 𝑀𝑏,𝑅𝑑 = 1969 𝑘𝑁𝑚

𝑀𝐸𝑑,𝑦

𝑀𝑏,𝑅𝑑
=

314

1969
= 0,16 < 1,0 



 

NEd

χy ∙
Nrk
γM1

+
k𝑦𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

NEd

χz ∙
Nrk
γM1

+
k𝑧𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

kij

Cmy = 0,6 + 0,4 ∙ ψ ≥ 0,40

Cmy = 0,6 + 0,4 ∙ (0) = 0,6 ≥ 0,40

k𝑦𝑦 = 𝐶𝑚𝑦 [1 + 0,6 ∙ λy ∙
NEd

χy ∙
Nrk

γM1
⁄

] ≤ 𝐶𝑚𝑦 [1 + 0,6 ∙
NEd

χy ∙
Nrk

γM1
⁄

]

k𝑦𝑦 = 0,6 ∙ [1 + 0,6 ∙ 0,33 ∙
5214

0,97 ∙ 12222
] ≤ 0,6 ∙ [1 + 0,6 ∙

5214

0,98 ∙ 12222
]

k𝑦𝑦 = 0,65 < 0,76

k𝑧𝑦 = 0,8 ∙  k𝑦𝑦 = 0,8 ∙  0,76 =  0,61 

5214

0,97 ∙ 12222
+

0,76 ∙ 314

0,86 ∙ 1969 
= 0,58 < 1

5214

0,82 ∙ 12222
+

0,35 ∙ 314

0,86 ∙ 1969 
= 0,59 < 1



 

𝛿𝑚𝑎𝑥 = 15,0 𝑚𝑚

𝛿𝑑𝑜𝑝 =
𝐿

150
=

5500

150
= 36 𝑚𝑚

𝛿𝑚𝑎𝑥

𝛿𝑑𝑜𝑝
=

15

22
= 0,68 → 𝐼𝑠𝑘𝑜𝑟𝑖𝑠𝑡𝑖𝑣𝑜𝑠𝑡 68 %



 

 

 



 

57 𝑥 4,0

𝐴 = 6,66 𝑐𝑚2

𝐷 = 57 𝑚𝑚

𝑡 = 4,0 𝑚𝑚

𝑆235 ;  𝑡 ≤ 40𝑚𝑚

𝑓𝑦 = 235 𝑁 𝑚𝑚2⁄

𝐸 = 210 000 𝑁/𝑚𝑚2

𝛾𝑀0 = 1,00

𝛾𝑀1 = 1,10

 

𝑐

𝑡
=  

𝐷 − 2 ∙  𝑡

𝑡
=

57 − 2 ∙  4

4
= 12,25  

33 ∙  𝜀 = 33 ∙ 0,81 = 26,73  

12,25 < 26,73

 

𝑁𝑡,𝑅𝑑 =  
𝐴 ∙  𝑓𝑦

𝛾𝑀0
=  

6,66 ∙ 35,50

1,00
= 236,43 𝑘𝑁 > 186 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑡,𝑅𝑑
 < 1,00



186

236
 < 1,00

0,79 < 1,00

 

𝐿𝑐𝑟,𝑦 = 𝐿𝑐𝑟,𝑧 = 𝐿𝑐𝑟 =  7,98 𝑚

𝑁𝑐𝑟 =  
𝜋2 ∙ 𝐸 ∙ 𝐼

𝐿𝑐𝑟
2

=  
𝜋2 ∙ 21000 ∙ 23,52

7982
= 7,7 𝑘𝑁

𝜆 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟
= √

6,66 ∙ 35,50

765
= 0,56

𝛷 =  0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2]

𝛼 = 0,21

𝛷  =  0,5 ∙ [1 + 0,21 ∙ (0,56 − 0,2) + 0,562]  =  0,69

𝜒 =
1

𝛷 + √𝛷2 − 𝜆2
=

1

0,69 + √0,692 − 0,562
= 0,91

𝑁𝑏,𝑅𝑑 =  𝜒 ∙  
𝐴 ∙ 𝑓𝑦

𝛾𝑀1
= 0,91 ∙

6,66 ∙ 35,50

1,10
= 196 𝑘𝑁

𝑁𝐸𝑑

𝑁𝑏,𝑅𝑑
 < 1,00

186

196
 < 1,00

0,95 < 1,00



 

𝑑𝑟 ∙ 𝑣 ≤ 0,01 ∙ ℎ

41,7 ≤ 0,01 ∙ 5500

41,7 𝑚𝑚 ≤ 55 𝑚𝑚

(64,9 − 41,7) ∙ 1 ≤ 0,01 ∙ 5500

23,2 𝑚𝑚 ≤ 55 𝑚𝑚



(73 − 64,9) ∙ 1 ≤ 0,01 ∙ 3500

5,1 𝑚𝑚 ≤ 35 𝑚𝑚

(77,9 − 73) ∙ 1 ≤ 0,01 ∙ 3500

4,9 𝑚𝑚 ≤ 35 𝑚𝑚

9,2 ≤ 0,01 ∙ 5500

9,2 𝑚𝑚 ≤ 55 𝑚𝑚

(16,7 − 9,2) ∙ 1 ≤ 0,01 ∙ 5500

7,5 𝑚𝑚 ≤ 55 𝑚𝑚

(21,6 − 16,7) ∙ 1 ≤ 0,01 ∙ 3500

4,9 𝑚𝑚 ≤ 35 𝑚𝑚



(25,7 − 21,6) ∙ 1 ≤ 0,01 ∙ 3500

4,1 𝑚𝑚 ≤ 35 𝑚𝑚

41,4 ∙ 1 ≤ 0,01 ∙ 5500

41,4 𝑚𝑚 ≤ 55 𝑚𝑚

(64,3 − 41,4) ∙ 1 ≤ 0,01 ∙ 5500

22,9 𝑚𝑚 ≤ 55 𝑚𝑚

(72,2 − 64,3) ∙ 1 ≤ 0,01 ∙ 3500

7,9 𝑚𝑚 ≤ 35 𝑚𝑚

(76,9 − 72,2) ∙ 1 ≤ 0,01 ∙ 3500

4,7 𝑚𝑚 ≤ 35 𝑚𝑚



7,9 ∙ 1 ≤ 0,01 ∙ 5500

7,9 𝑚𝑚 ≤ 55 𝑚𝑚

(14,4 − 7,9) ∙ 1 ≤ 0,01 ∙ 5500

6,5 𝑚𝑚 ≤ 55 𝑚𝑚

(18,7 − 14,4) ∙ 1 ≤ 0,01 ∙ 3500

4,3 𝑚𝑚 ≤ 35 𝑚𝑚

(22,3 − 18,7) ∙ 1 ≤ 0,01 ∙ 3500

3,6 𝑚𝑚 ≤ 35 𝑚𝑚

𝜃 =
𝑃𝑡𝑜𝑡∙𝑑𝑟

𝑉𝑡𝑜𝑡∙ℎ
< 0,1 𝑃 −

∆



𝜃 =
10601 ∙ 6,2

378 ∙ 3500
= 0,049 < 0,1

𝜃 =
22574 ∙ 9,6

606 ∙ 3500
= 0,102 < 0,1

𝜃 =
34357 ∙ 20,7

798 ∙ 5500
= 0,162 < 0,1

𝜃 =
46418 ∙ 14

919 ∙ 5500
= 0,129 < 0,1

𝑃 − ∆

1

1−𝜃
=

1

1−0,162
= 1,19



𝜃 =
10601 ∙ 3,6

1516 ∙ 3500
= 0,007 < 0,1

𝜃 =
22575 ∙ 4,3

2807 ∙ 3500
= 0,010 < 0,1

𝜃 =
34357 ∙ 6,5

3799 ∙ 5500
= 0,011 < 0,1

𝜃 =
46418 ∙ 7,3

46418 ∙ 5500
= 0,001 < 0,1

𝑵𝑷𝒍,𝑹𝒅 𝑵𝑬𝒅 𝛀 =
𝑵𝑷𝒍,𝑹𝒅

𝑵𝑬𝒅

Ω



𝑁𝑐𝑟 =
𝜋2 ∙ 𝐸 ∙ 𝐼

𝐿𝑐𝑟
2

=
𝜋2 ∙ 21000 ∙ 2591

7982
= 843 𝑘𝑁

𝜆 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟
= √

53,4 ∙ 35,5

843
= 1,50

𝜙 = 0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2] = 0,5 ∙ [1 + 21 ∙ (1,50 − 0,2) + 1,502] = 1,76

𝜒 =
1

𝜙 + √𝜙2 − 𝜆2
=

1

1,76 + √1,762 − 1,502
= 0,373

𝑁𝐵,𝑅𝑑 = 𝜒 ∙
𝐴𝑎 ∙ 𝑓𝑦

𝑦𝑀1
= 0,373 ∙

53,4 ∙ 35,5

1,1
= 643 𝑘𝑁 > 495 𝑘𝑁

𝑁𝑡,𝑅𝑑 =
𝐴 ∙ 𝑓𝑦

𝛾𝑚0
=

53,4 ∙ 35,5

1,0
= 1896 𝑘𝑁 > 495 𝑘𝑁



𝑁𝑐𝑟 =
𝜋2 ∙ 𝐸 ∙ 𝐼

𝐿𝑐𝑟
2

=
𝜋2 ∙ 21000 ∙ 2103

7982
= 685 𝑘𝑁

𝜆 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟
= √

57,4 ∙ 35,5

685
= 1,72

𝜙 = 0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2] = 0,5 ∙ [1 + 0,21 ∙ (1,72 − 0,2) + 1,722] = 2,14

𝜒 =
1

𝜙 + √𝜙2 − 𝜆2
=

1

2,14 + √2,142 − 1,722
= 0,293

𝑁𝐵,𝑅𝑑 = 𝜒 ∙
𝐴𝑎 ∙ 𝑓𝑦

𝑦𝑀1
= 0,293 ∙

57,4 ∙ 35,5

1,1
= 543 𝑘𝑁 > 461 𝑘𝑁

𝑁𝑡,𝑅𝑑 =
𝐴 ∙ 𝑓𝑦

𝛾𝑚0
=

57,4 ∙ 35,5

1,0
= 2038 𝑘𝑁 > 461 𝑘𝑁



𝑁𝑐𝑟 =
𝜋2 ∙ 𝐸 ∙ 𝐼

𝐿𝑐𝑟
2

=
𝜋2 ∙ 21000 ∙ 1185

6762
= 537 𝑘𝑁

𝜆 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟
= √

41,3 ∙ 35,5

537
= 1,65

𝜙 = 0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2] = 0,5 ∙ [1 + 0,21 ∙ (1,65 − 0,2) + 1,652] = 2,01

𝜒 =
1

𝜙 + √𝜙2 − 𝜆2
=

1

2,01 + √2,012 − 1,652
= 0,317

𝑁𝐵,𝑅𝑑 = 𝜒 ∙
𝐴𝑎 ∙ 𝑓𝑦

𝑦𝑀1
= 0,317 ∙

41,3 ∙ 35,5

1,1
= 423 𝑘𝑁 > 344 𝑘𝑁

𝑁𝑡,𝑅𝑑 =
𝐴 ∙ 𝑓𝑦

𝛾𝑚0
=

41,3 ∙ 35,5

1,0
= 1466 𝑘𝑁 > 344 𝑘𝑁



𝑁𝑐𝑟 =
𝜋2 ∙ 𝐸 ∙ 𝐼

𝐿𝑐𝑟
2

=
𝜋2 ∙ 21000 ∙ 780

6762
= 354 𝑘𝑁

𝜆 = √
𝐴 ∙ 𝑓𝑦

𝑁𝑐𝑟
= √

26,1 ∙ 35,5

354
= 1,62

𝜙 = 0,5 ∙ [1 + 𝛼 ∙ (𝜆 − 0,2) + 𝜆2] = 0,5 ∙ [1 + 0,21 ∙ (1,62 − 0,2) + 1,622] = 1,96

𝜒 =
1

𝜙 + √𝜙2 − 𝜆2
=

1

1,96 + √1,962 − 1,622
= 0,326

𝑁𝐵,𝑅𝑑 = 𝜒 ∙
𝐴𝑎 ∙ 𝑓𝑦

𝑦𝑀1
= 0,326 ∙

26,1 ∙ 35,5

1,1
= 275 𝑘𝑁 > 222 𝑘𝑁

𝑁𝑡,𝑅𝑑 =
𝐴 ∙ 𝑓𝑦

𝛾𝑚0
=

26,1 ∙ 35,5

1,0
= 927 𝑘𝑁 > 222 𝑘𝑁



𝑀𝐸𝑑 = (𝑁𝑝𝑙,𝑅𝑑.𝑖 − 0,3 ∙ 𝑁𝑝𝑙,𝑅𝑑.𝑖) ∙ sin(𝜃1) ∙ 𝐿
4⁄ = (1896 − 0,3 ∙ 1896) ∙ sin(43°32) ∙

11,58

4
= 2646 𝑘𝑁𝑚 < 3089 𝑘𝑁𝑚

𝑉𝐸𝑑 = (𝑁𝑝𝑙,𝑅𝑑.𝑖 − 0,3 ∙ 𝑁𝑝𝑙,𝑅𝑑.𝑖) ∙ sin(𝜃1) ∙ 1
2⁄ = (1896 − 0,3 ∙ 1896) ∙ sin(43°32) ∙

1

2
= 457 𝑘𝑁 < 2845 𝑘𝑁

𝑀𝐸𝑑 = (𝑁𝑝𝑙,𝑅𝑑.𝑖 − 0,3 ∙ 𝑁𝑝𝑙,𝑅𝑑.𝑖) ∙ sin(𝜃1) ∙ 𝐿
4⁄ = (1466 − 0,3 ∙ 1466) ∙ sin(31°9) ∙

11,58

4
= 1537 𝑘𝑁𝑚 < 1641 𝑘𝑁𝑚

𝑉𝐸𝑑 = (𝑁𝑝𝑙,𝑅𝑑.𝑖 − 0,3 ∙ 𝑁𝑝𝑙,𝑅𝑑.𝑖) ∙ sin(𝜃1) ∙ 1
2⁄ = (1466 − 0,3 ∙ 1466) ∙ sin(31°9) ∙

1

2
=    265 𝑘𝑁 < 1716 𝑘𝑁

𝑀𝐸𝑑 = (𝑁𝑝𝑙,𝑅𝑑.𝑖 − 0,3 ∙ 𝑁𝑝𝑙,𝑅𝑑.𝑖) ∙ sin(𝜃1) ∙ 𝐿
4⁄ = (927 − 0,3 ∙ 927) ∙ sin(31°9) ∙

11,58

4
= 972 𝑘𝑁𝑚 <  1142 𝑘𝑁𝑚

𝑉𝐸𝑑 = (𝑁𝑝𝑙,𝑅𝑑.𝑖 − 0,3 ∙ 𝑁𝑝𝑙,𝑅𝑑.𝑖) ∙ sin(𝜃1) ∙ 1
2⁄ = (275 − 0,3 ∙ 275) ∙ sin(31°9) ∙

1

2
=

= 167 𝑘𝑁 < 2838  𝑘𝑁



𝑀𝑝𝑙,𝑅𝑑

𝑴𝑬𝒅

𝜴

=
𝑴𝑷𝒍,𝑹𝒅

𝑴𝑬𝒅







1,1 ∗ 𝛾𝑜𝑣 ∗ 𝛺 = 1,1 ∗ 1,25 ∗ 2,11 = 2,9

0,3 ∗ 1,1 ∗ 𝛾𝑜𝑣 ∗ 𝛺 = 0,3 ∗ 1,1 ∗ 1,25 ∗ 2,11 = 0,87





𝑁𝐸𝑑 = 2714 ∙ 1,19 = 3230 𝑘𝑁 < 10146 𝑘𝑁

𝑉𝐸𝑑 = 133 ∙ 1,19 = 158  𝑘𝑁 < 3786 𝑘𝑁

𝑀𝐸𝑑 = 555 ∙ 1,19 = 660 𝑘𝑁𝑚 < 2727 𝑘𝑁𝑚

𝑁pl,Rd(𝑀𝐸𝑑) ≥ 𝑁𝐸𝑑,𝐺 + 1,1 ∙ 𝛾𝑜𝑣 ∙ Ω ∙ 𝑁𝐸𝑑,𝐸

 11880966 𝑘𝑁 ≥ 2440 𝑘𝑁



𝑁𝐸𝑑 = 879 ∙ 1,19 = 1046 𝑘𝑁 < 6320 𝑘𝑁

𝑉𝐸𝑑 = 134 ∙ 1,19 = 160  𝑘𝑁 < 2838 𝑘𝑁

𝑀𝐸𝑑 = 274 ∙ 1,19 = 326  𝑘𝑁𝑚 < 1142 𝑘𝑁𝑚

𝑁pl,Rd(𝑀𝐸𝑑) ≥ 𝑁𝐸𝑑,𝐺 + 1,1 ∙ 𝛾𝑜𝑣 ∙ Ω ∙ 𝑁𝐸𝑑,𝐸

1984480 𝑘𝑁 ≥ 816 𝑘𝑁





𝑁𝐸𝑑 = 4097 ∙ 1,19 = 4875 𝑘𝑁 < 12222 𝑘𝑁

𝑉𝐸𝑑 = 267 ∙ 1,19 = 318 𝑘𝑁 < 5378 𝑘𝑁

𝑀𝐸𝑑 = 578 ∙ 1,19 = 688 𝑘𝑁𝑚 < 2518 𝑘𝑁𝑚

𝑁pl,Rd(𝑀𝐸𝑑) ≥ 𝑁𝐸𝑑,𝐺 + 1,1 ∙ 𝛾𝑜𝑣 ∙ Ω ∙ 𝑁𝐸𝑑,𝐸

 18320778 𝑘𝑁 ≥ 3731 𝑘𝑁



𝑀𝐸𝑑

𝑀𝑒𝑙,𝑅𝑑
≤ 1,0

356 ∙ 1,19

821
≤ 1,0

0,52 ≤ 1,0



𝑁𝐸𝑑

𝑁𝑒𝑙,𝑅𝑑
≤ 0,15

23 ∙ 1,19

5645
≤ 0,15

0,005 ≤ 0,15

𝑉𝑒𝑑 = 𝑉𝑒𝑑,𝐺 + 𝑉𝑒𝑑,𝑀 = 146 ∙ 1,19 + 182 = 356

𝑉𝑒𝑑.𝑀 =
𝑀𝑃𝑙,𝑅𝑑,𝐴 + 𝑀𝑃𝑙,𝑅𝑑,𝐵

𝐿
=

910 + 910

10
= 182 𝑘𝑁

𝑉𝐸𝑑

𝑉𝑒𝑙,𝑅𝑑
≤ 0,5

356

1175
≤ 0,5

0,30 ≤ 0,5



𝑀𝐸𝑑

𝑀𝑒𝑙,𝑅𝑑
≤ 1,0

327 ∙ 1,19

671
≤ 1,0

0,58 ≤ 1,0



𝑁𝐸𝑑

𝑁𝑒𝑙,𝑅𝑑
≤ 0,15

120 ∙ 1,19

5068
≤ 0,15

0,03 ≤ 0,15

𝑉𝑒𝑑 = 𝑉𝑒𝑑,𝐺 + 𝑉𝑒𝑑,𝑀 = 145 ∙ 1,19 + 148 = 329

𝑉𝑒𝑑.𝑀 =
𝑀𝑃𝑙,𝑅𝑑,𝐴 + 𝑀𝑃𝑙,𝑅𝑑,𝐵

𝐿
=

742 + 742

10
= 148 𝑘𝑁

𝑉𝐸𝑑

𝑉𝑒𝑙,𝑅𝑑
≤ 0,5

329

1003
≤ 0,5

0,33 ≤ 0,5



𝑀𝐸𝑑

𝑀𝑒𝑙,𝑅𝑑
≤ 1,0

664 ∙ 1,19

1260
≤ 1,0

0,63 ≤ 1,0



𝑁𝐸𝑑

𝑁𝑒𝑙,𝑅𝑑
≤ 0,15

237 ∙ 1,19

7013
≤ 0,15

0,04 ≤ 0,15

𝑉𝑒𝑑 = 𝑉𝑒𝑑,𝐺 + 𝑉𝑒𝑑,𝑀 = 288 ∙ 1,19 + 380 = 723

𝑉𝑒𝑑.𝑀 =
𝑀𝑃𝑙,𝑅𝑑,𝐴 + 𝑀𝑃𝑙,𝑅𝑑,𝐵

𝐿
=

1900 + 1900

10
= 380 𝑘𝑁

𝑉𝐸𝑑

𝑉𝑒𝑙,𝑅𝑑
≤ 0,5

723

1910
≤ 0,5

0,38 ≤ 0,5



𝑀𝐸𝑑

𝑀𝑒𝑙,𝑅𝑑
≤ 1,0

732 ∙ 1,19

1699
≤ 1,0

0,51 ≤ 1,0



𝑁𝐸𝑑

𝑁𝑒𝑙,𝑅𝑑
≤ 0,15

56 ∙ 1,19

8039
≤ 0,15

0,01 ≤ 0,15

𝑉𝑒𝑑 = 𝑉𝑒𝑑,𝐺 + 𝑉𝑒𝑑,𝑀 = 294 ∙ 1,19 + 280 = 630 𝑘𝑁

𝑉𝑒𝑑.𝑀 =
𝑀𝑃𝑙,𝑅𝑑,𝐴 + 𝑀𝑃𝑙,𝑅𝑑,𝐵

𝐿
=

1402 + 1402

10
= 280 𝑘𝑁

𝑉𝐸𝑑

𝑉𝑒𝑙,𝑅𝑑
≤ 0,5

630

1531
≤ 0,5

0,41 ≤ 0,5



























 

Robot Structural Analysis Professional 2024  

Fixed column base design  

Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design Guide: 

Design of fastenings in concrete 

 

Ratio  

0,91 

 



General  

Connection no.: 2 
 

Connection name: Fixed column base 

Section: HEA 700 

Lc = 5,00 [m] Column length  

 = 0,0 [Deg] Inclination angle  

hc = 690 [mm] Height of column section  

bfc = 300 [mm] Width of column section  

twc = 14 [mm] Thickness of the web of column section  

tfc = 27 [mm] Thickness of the flange of column section  

rc = 27 [mm] Radius of column section fillet  

Ac = 260,48 [cm2] Cross-sectional area of a column  

Iyc = 215301,00 [cm4] Moment of inertia of the column section  

Material: S 355 

fyc = 355,00 [MPa] Resistance  

fuc = 470,00 [MPa] Yield strength of a material  

lpd = 800 [mm] Length  

bpd = 350 [mm] Width  

tpd = 30 [mm] Thickness  

Material: S 355 

fypd = 355,00 [MPa] Resistance  

fupd = 470,00 [MPa] Yield strength of a material  

The shear plane passes through the UNTHREADED portion of the bolt.  

Class = 10.9  Anchor class  

fyb = 900,00 [MPa] Yield strength of the anchor material  

fub = 1000,00 [MPa] Tensile strength of the anchor material  

d = 24 [mm] Bolt diameter  

As = 3,53 [cm2] Effective section area of a bolt  

Av = 4,52 [cm2] Area of bolt section  

nH = 2  Number of bolt columns  

nV = 2  Number of bolt rows  



Horizontal spacing eHi = 380 [mm] 

Vertical spacing eVi = 200 [mm] 

Anchor dimensions 

L1 = 60 [mm]  

L2 = 300 [mm]  

L3 = 0 [mm]  

Anchor plate 

lp = 100 [mm] Length  

bp = 100 [mm] Width  

tp = 10 [mm] Thickness  

Material: S 355 

fy = 355,00 [MPa] Resistance  

Washer 

lwd = 120 [mm] Length  

bwd = 120 [mm] Width  

twd = 15 [mm] Thickness  

Wedge 

Section: HEA 200 

lw = 100 [mm] Length  

Material: S 355 

fyw = 355,00 [MPa] Resistance  

Material factors 

M0 = 1,00  Partial safety factor  

M2 = 1,25  Partial safety factor  

C = 1,50  Partial safety factor  

Spread footing 

L = 900 [mm] Spread footing length  

B = 500 [mm] Spread footing width  

H = 500 [mm] Spread footing height  

Concrete 

Class C30/37 

fck = 30,00 [MPa] Characteristic resistance for compression  

Grout layer 

tg = 30 [mm] Thickness of leveling layer (grout)  

fck,g = 12,00 [MPa] Characteristic resistance for compression  

Cf,d = 0,30  Coeff. of friction between the base plate and concrete  



Welds 

ap = 6 [mm] Footing plate of the column base  

aw = 6 [mm] Wedge  

Loads 

Case: Manual calculations. 

Nj,Ed = -1535,00 [kN] Axial force  

Vj,Ed,y = -1,00 [kN] Shear force  

Vj,Ed,z = -39,00 [kN] Shear force  

Mj,Ed,y = -174,00 [kN*m] Bending moment  

Results 

Compression zone 

COMPRESSION OF CONCRETE 

fcd = 20,00 [MPa] Design compressive resistance EN 1992-1:[3.1.6.(1)] 

fj = 16,90 [MPa] Design bearing resistance under the base plate [6.2.5.(7)] 

c = tp (fyp/(3*fj*M0))  

c = 79 [mm] Additional width of the bearing pressure zone [6.2.5.(4)] 

beff = 161 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)] 

leff = 350 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)] 

Ac0 = 564,82 [cm2] Area of the joint between the base plate and the foundation  EN 1992-1:[6.7.(3)] 

Ac1 = 1306,88 [cm2] Maximum design area of load distribution EN 1992-1:[6.7.(3)] 

Frdu = Ac0*fcd*(Ac1/Ac0) ≤ 3*Ac0*fcd  

Frdu = 1718,31 [kN] Bearing resistance of concrete EN 1992-1:[6.7.(3)] 

j = 0,67  Reduction factor for compression [6.2.5.(7)] 

fjd = j*Frdu/(beff*leff)  

fjd = 20,28 [MPa] Design bearing resistance [6.2.5.(7)] 

Ac,n = 1956,48 [cm2] Bearing area for compression [6.2.8.2.(1)] 

Ac,y = 564,82 [cm2] Bearing area for bending My [6.2.8.3.(1)] 

Fc,Rd,i = AC,i*fjd  

Fc,Rd,n = 3968,06 [kN] Bearing resistance of concrete for compression [6.2.8.2.(1)] 

Fc,Rd,y = 1145,54 [kN] Bearing resistance of concrete for bending My [6.2.8.3.(1)] 

COLUMN FLANGE AND WEB IN COMPRESSION 

CL = 4,00  Section class EN 1993-1-1:[5.5.2] 

Wel,y = 6240,61 [cm3] Elastic section modulus EN1993-1-1:[6.2.5.(2)] 

Mc,Rd,y = 2215,42 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 

hf,y = 663 [mm] Distance between the centroids of flanges [6.2.6.7.(1)] 



CL = 4,00  Section class EN 1993-1-1:[5.5.2] 

Fc,fc,Rd,y = Mc,Rd,y / hf,y  

Fc,fc,Rd,y = 3341,50 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)] 

RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE 

Nj,Rd = Fc,Rd,n  

Nj,Rd = 3968,06 [kN] Resistance of a spread footing for axial compression [6.2.8.2.(1)] 

FC,Rd,y = min(Fc,Rd,y,Fc,fc,Rd,y)  

FC,Rd,y = 1145,54 [kN] Resistance of spread footing in the compression zone [6.2.8.3] 

Connection capacity check 

Nj,Ed / Nj,Rd ≤ 1,0 (6.24) 0,39 < 1,00 verified (0,39) 

ey = 113 [mm] Axial force eccentricity [6.2.8.3] 

zc,y = 319 [mm] Lever arm FC,Rd,y [6.2.8.1.(2)] 

zt,y = 190 [mm] Lever arm FT,Rd,y [6.2.8.1.(3)] 

Mj,Rd,y = 191,67 [kN*m] Connection resistance for bending [6.2.8.3] 

Mj,Ed,y / Mj,Rd,y ≤ 1,0 (6.23) 0,91 < 1,00 verified (0,91) 

Shear 

BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE 

Shear force Vj,Ed,y 

d,y = 0,96  Coeff. taking account of the bolt position - in the direction of shear  [Table 3.4] 

b,y = 0,96  Coeff. for resistance calculation F1,vb,Rd [Table 3.4] 

k1,y = 2,50  Coeff. taking account of the bolt position - perpendicularly to the direction of shear  [Table 3.4] 

F1,vb,Rd,y = k1,y*b,y*fup*d*tp / M2  

F1,vb,Rd,y = 650,77 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)] 

Shear force Vj,Ed,z 

d,z = 2,69  Coeff. taking account of the bolt position - in the direction of shear  [Table 3.4] 

b,z = 1,00  Coeff. for resistance calculation F1,vb,Rd [Table 3.4] 

k1,z = 2,50  Coeff. taking account of the bolt position - perpendicularly to the direction of shear  [Table 3.4] 

F1,vb,Rd,z = k1,z*b,z*fup*d*tp / M2  

F1,vb,Rd,z = 676,80 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)] 

SHEAR OF AN ANCHOR BOLT 

b = 0,25  Coeff. for resistance calculation F2,vb,Rd [6.2.2.(7)] 

Avb = 4,52 [cm2] Area of bolt section [6.2.2.(7)] 

fub = 1000,00 [MPa] Tensile strength of the anchor material [6.2.2.(7)] 

M2 = 1,25  Partial safety factor [6.2.2.(7)] 

F2,vb,Rd = b*fub*Avb/M2  



F2,vb,Rd = 89,75 [kN] Shear resistance of a bolt - without lever arm [6.2.2.(7)] 

M = 2,00  Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2] 

MRk,s = 1,83 [kN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2] 

lsm = 57 [mm] Lever arm length CEB [9.3.2.2] 

Ms = 1,20  Partial safety factor CEB [3.2.3.2] 

Fv,Rd,sm = M*MRk,s/(lsm*Ms)  

Fv,Rd,sm = 53,57 [kN] Shear resistance of a bolt - with lever arm CEB [9.3.1] 

CONCRETE PRY-OUT FAILURE 

NRk,c = 66,11 [kN] Design uplift capacity CEB [9.2.4] 

k3 = 2,00  Factor related to the anchor length CEB [9.3.3] 

Mc = 2,16  Partial safety factor CEB [3.2.3.1] 

Fv,Rd,cp = k3*NRk,c/Mc  

Fv,Rd,cp = 61,21 [kN] Concrete resistance for pry-out failure CEB [9.3.1] 

CONCRETE EDGE FAILURE 

Shear force Vj,Ed,y 

VRk,c,y
0 

= 

49,

82 

[k

N] 
Characteristic resistance of an anchor 

CEB 

[9.3.4.(a)] 

A,V,y 

= 

1,0

0 
 Factor related to anchor spacing and edge distance CEB [9.3.4] 

h,V,y 

= 

1,0

0 
 Factor related to the foundation thickness 

CEB 

[9.3.4.(c)] 

s,V,y 

= 

1,0

0 
 Factor related to the influence of edges parallel to the shear load direction 

CEB 

[9.3.4.(d)] 

ec,V,y 

= 

1,0

0 
 
Factor taking account a group effect when different shear loads are acting on the 

individual anchors in a group 

CEB 

[9.3.4.(e)] 

,V,y 

= 

1,0

0 
 Factor related to the angle at which the shear load is applied 

CEB 

[9.3.4.(f)] 

ucr,V,y 

= 

1,0

0 
 Factor related to the type of edge reinforcement used 

CEB 

[9.3.4.(g)] 

Mc = 
2,1

6 
 Partial safety factor 

CEB 

[3.2.3.1] 

Fv,Rd,c,y = VRk,c,y
0*A,V,y*h,V,y*s,V,y*ec,V,y*,V,y*ucr,V,y/Mc  

Fv,Rd,c,y = 23,07 [kN] Concrete resistance for edge failure CEB [9.3.1] 

Shear force Vj,Ed,z 

VRk,c,z

0 = 

113,

70 

[k

N] 
Characteristic resistance of an anchor 

CEB 

[9.3.4.(a)] 

A,V,z 

= 
0,38  Factor related to anchor spacing and edge distance CEB [9.3.4] 

h,V,z 

= 
1,00  Factor related to the foundation thickness 

CEB 

[9.3.4.(c)] 



VRk,c,z

0 = 

113,

70 

[k

N] 
Characteristic resistance of an anchor 

CEB 

[9.3.4.(a)] 

s,V,z 

= 
0,82  Factor related to the influence of edges parallel to the shear load direction 

CEB 

[9.3.4.(d)] 

ec,V,z 

= 
1,00  

Factor taking account a group effect when different shear loads are acting on the 

individual anchors in a group 

CEB 

[9.3.4.(e)] 

,V,z 

= 
1,00  Factor related to the angle at which the shear load is applied 

CEB 

[9.3.4.(f)] 

ucr,V,z 

= 
1,00  Factor related to the type of edge reinforcement used 

CEB 

[9.3.4.(g)] 

Mc = 2,16  Partial safety factor 
CEB 

[3.2.3.1] 

Fv,Rd,c,z = VRk,c,z
0*A,V,z*h,V,z*s,V,z*ec,V,z*,V,z*ucr,V,z/Mc  

Fv,Rd,c,z = 16,51 [kN] Concrete resistance for edge failure CEB [9.3.1] 

SPLITTING RESISTANCE 

Cf,d = 0,30  Coeff. of friction between the base plate and concrete [6.2.2.(6)] 

Nc,Ed = 1535,00 [kN] Compressive force [6.2.2.(6)] 

Ff,Rd = Cf,d*Nc,Ed  

Ff,Rd = 460,50 [kN] Slip resistance [6.2.2.(6)] 

BEARING PRESSURE OF THE WEDGE ONTO CONCRETE 

Fv,Rd,wg,y = 1.4*lw*bwy*fck/c  

Fv,Rd,wg,y = 532,00 [kN] Resistance for bearing pressure of the wedge onto concrete  

Fv,Rd,wg,z = 1.4*lw*bwz*fck/c  

Fv,Rd,wg,z = 560,00 [kN] Resistance for bearing pressure of the wedge onto concrete  

SHEAR CHECK 

Vj,Rd,y = nb*min(F1,vb,Rd,y, F2,vb,Rd, Fv,Rd,sm, Fv,Rd,cp, Fv,Rd,c,y) + Fv,Rd,wg,y + Ff,Rd  

Vj,Rd,y = 1084,76 [kN] Connection resistance for shear CEB [9.3.1] 

Vj,Ed,y / Vj,Rd,y ≤ 1,0 0,00 < 1,00 verified (0,00) 

Vj,Rd,z = nb*min(F1,vb,Rd,z, F2,vb,Rd, Fv,Rd,sm, Fv,Rd,cp, Fv,Rd,c,z) + Fv,Rd,wg,z + Ff,Rd  

Vj,Rd,z = 1086,53 [kN] Connection resistance for shear CEB [9.3.1] 

Vj,Ed,z / Vj,Rd,z ≤ 1,0 0,04 < 1,00 verified (0,04) 

Vj,Ed,y / Vj,Rd,y + Vj,Ed,z / Vj,Rd,z ≤ 1,0 0,04 < 1,00 verified (0,04) 

Welds between the column and the base plate 

 = 97,33 [MPa] Normal stress in a weld [4.5.3.(7)] 

 = 97,33 [MPa] Perpendicular tangent stress [4.5.3.(7)] 

yII = -0,14 [MPa] Tangent stress parallel to Vj,Ed,y [4.5.3.(7)] 

zII = -5,11 [MPa] Tangent stress parallel to Vj,Ed,z [4.5.3.(7)] 

W = 0,90  Resistance-dependent coefficient [4.5.3.(7)] 



 / (0.9*fu/M2)) ≤ 1.0 (4.1) 0,29 < 1,00 verified (0,29) 

(2 + 3.0 (yII
2 + 2)) / (fu/(W*M2))) ≤ 1.0 (4.1) 0,47 < 1,00 verified (0,47) 

(2 + 3.0 (zII
2 + 2)) / (fu/(W*M2))) ≤ 1.0 (4.1) 0,45 < 1,00 verified (0,45) 

Connection stiffness 

Bending moment Mj,Ed,y 

beff = 161 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)] 

leff = 350 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)] 

k13,y = Ec*(beff*leff)/(1.275*E)  

k13,y = 29 [mm] Stiffness coeff. of compressed concrete [Table 6.11] 

leff = 406 [mm] Effective length for a single bolt row for mode 2 [6.2.6.5] 

m = 86 [mm] Distance of a bolt from the stiffening edge [6.2.6.5] 

k15,y = 0.425*leff*tp3/(m3)  

k15,y = 7 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11] 

Lb = 279 [mm] Effective anchorage depth [Table 6.11] 

k16,y = 1.6*Ab/Lb  

k16,y = 2 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11] 

0,y = 0,23  Column slenderness [5.2.2.5.(2)] 

Sj,ini,y = 544948,32 [kN*m] Initial rotational stiffness [Table 6.12] 

0,y ≤ 0.5 RIGID [5.2.2.5.(2)] 

Weakest component: 

FOUNDATION - BEARING PRESSURE ONTO CONCRETE  

   

   

Connection conforms to the code Ratio 0,91 
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