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Vdijafragme = 2,700 ∙ 2,000 ∙ 0,016 = 0,0864 m3

Vukruta otvora = 0,15 ∙ [(0.312π) − (0.302π)] = 0,0029 m3

Votvor u dijafragmi = 0,302 ∙ 0,016 = 0,0048 m3



Vdodatna vlastita težina = Vdijafragme + Vukruta otvora − Votvor u dijafragmi

= 0,0864 + 0,0029 − 0,0048 = 0,085 m3

Gdodatna vlastita težina = Vdodatna vlastita težina ∙ γS = 0,085 ∙ 80 = 6,80 kN

Vdijafragme = 2,700 ∙ 2,000 ∙ 0,016 = 0,0864 m3

Vpojasevi dijafragme = 1,800 ∙ 0,400 ∙ 0,020 = 0,014 m3

Vukruta otvora = 0,15 ∙ [(0.312π) − (0.302π)] = 0,0029 m3

Votvor dijafragme = 0,302 ∙ 0,020 = 0,006 m3

Vukrućenja = 2 ∙ 0,400 ∙ 0,020 + 2 ∙ 0,600 ∙ 0,020 = 0,040 m3

Vdodatna vlastita  težina

= Vdijafragme + Vpojasevi dijafragme + 2

∙ (𝑉𝑢𝑘𝑟𝑢𝑡𝑎 𝑜𝑡𝑣𝑜𝑟𝑎 − 𝑉𝑜𝑡𝑣𝑜𝑟 𝑑𝑖𝑗𝑎𝑓𝑟𝑎𝑔𝑚𝑒 + 𝑉𝑢𝑘𝑟𝑢ć𝑒𝑛𝑗𝑎)

= 0,11 + 0,014 + 2 ∙ (0,0029 − 0,006 + 0,040) = 0,20 𝑚3

Gdodatna vlastita težina = Vdodatna vlastita težina ∙ γS = 0,20 ∙ 80 = 16,00 kN





Apolovina ploče = 1,42 m2

𝐺𝑝𝑙𝑜č𝑒 𝑧𝑎 1 𝑛𝑜𝑠𝑎č = 𝐴𝑝𝑜𝑙𝑜𝑣𝑖𝑛𝑎 𝑝𝑙𝑜č𝑒 ∙ 𝛾𝑐 = 1,42 ∙ 25 = 35,50 𝑘𝑁/𝑚
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𝑄1𝑘 = 0,6 ∙ 𝛼𝑄1 ∙ 2 ∙ 𝑄1𝑘 + 0,1 ∙ 𝛼𝑄1 ∙ q1𝑘 ∙ 𝑤𝐼 ∙ L 

𝑄1𝑘 = 0,6 ∙ 1 ∙ 2 ∙ 300 + 0,1 ∙ 1 ∙ 9 ∙ 3 ∙ 214 = 937,8 kN 

→
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𝐹𝑤(𝑥) = 𝑞𝑏 ∙ 𝑐𝑒(𝑍) ∙ 𝑐𝑓𝑥,0 ∙ ℎ𝑟𝑒𝑓

𝑣𝑏,0 = 25 𝑚/𝑠

𝑣𝑏 = 𝑣𝑏,0 ∙ 𝑐𝑑𝑖𝑟 ∙ 𝑐𝑠𝑒𝑎𝑠𝑜𝑛 = 25 ∙ 1,0 ∙ 1,0 = 25 𝑚/𝑠

𝑞𝑏 =
𝛿

2000
∙ 𝑣𝑏

2 =
1,25

2000
∙ 252 = 0,39 𝑚/𝑠2

𝑏

𝑑𝑡𝑜𝑡
=

11,50

3,45
= 3,33 → 𝐶𝑓𝑥,0 = 1,50  (očitano iz dijagrama)

ℎ𝑟𝑒𝑓 = 𝑑𝑡𝑜𝑡 + 1,2 = 3,45 + 1,2 = 4,65 𝑚

𝐹𝑤(𝑥) = 0,39 ∙ 2,75 ∙ 1,5 ∙ 4,65 = 7,48 𝑘𝑁/𝑚 



𝐹𝑤(𝑥) = 𝑞𝑝 ∙ 𝑐𝑓𝑥,0 ∙ ℎ𝑟𝑒𝑓 

𝑞𝑝 = min{0,64 ; qb ∙ Ce(z)} = {0,64 ; (0,39 ∙ 2,75 = 1,07} = 0,64 kN/m²

b

dtot
=

11,50

5,23
= 2,20 → Cfx,0 = 1,83  (očitano iz dijagrama)

ℎ𝑟𝑒𝑓 = 𝑑𝑡𝑜𝑡 = 5,23 𝑚

𝐹𝑤(𝑥) = 0,64 ∙ 1,83 ∙ 5,23 = 6,13 𝑘𝑁/𝑚





 

𝐹𝑤(𝑦),𝑛𝑒𝑜𝑝𝑡 = 0,25 ∙ 𝐹𝑤(𝑥),𝑛𝑒𝑜𝑝𝑡 = 0,25 ∙ 7,48 = 1,87 𝑘𝑁/𝑚

𝐹𝑤(𝑦),𝑜𝑝𝑡 = 0,25 ∙ 𝐹𝑤(𝑥),𝑜𝑝𝑡 + 0,5 ∙ 𝑞𝑝 ∙ 𝑐𝑓𝑥,0 ∙ ℎ𝑟𝑒𝑓,𝑣𝑜𝑧𝑖𝑙𝑜

𝐹𝑤(𝑦),𝑜𝑝𝑡 = 0,25 ∙ 6,13 + 0,5 ∙ 0,64 ∙ 1,83 ∙ 2,0 = 2,70 𝑘𝑁/𝑚



 

𝐹𝑤(𝑧),𝑛𝑒𝑜𝑝𝑡 = 𝑞𝑏 ∙ 𝑐𝑒(𝑍) ∙ 𝑐𝑓,𝑧 ∙ 𝑏 = 0,39 ∙ 2,75 ∙ 0,9 ∙ 11,50 = 11,10 𝑘𝑁/𝑚



𝐹𝑤(𝑧),𝑜𝑝𝑡 = 𝑞𝑏 ∙ 𝑐𝑓,𝑧 ∙ 𝑏 = 0,64 ∙ 0,9 ∙ 11,50 = 6,62 𝑘𝑁/𝑚 



 

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b

Cf = Cf,0 ∙ ψλ = 0,75 ∙ 1,0 = 0,75

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b = 1,0 ∙ 1,0 ∙ 0,75 ∙ 0,64 ∙ 1,5 = 0,72 kN/m

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b

Cf = Cf,0 ∙ ψλ = 0,77 ∙ 1,0 = 0,77

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b = 1,0 ∙ 1,0 ∙ 0,77 ∙ 0,39 ∙ 1,5 = 0,45 kN/m

 

𝑇𝑝 𝑎𝑔 𝑔 [10]



• 

base shearx  =  
sum of forcesx

sum of massesx
 =  

2388.4

3454,09 ∙ 10
 = 0,069 =  6,9 %

• 

base sheary  =  
sum of forcesy

sum of massesy
 =  

4156,9

3454,09 ∙ 10
 = 0,120 =  12,00 %

• 

base shearz  =  
sum of forcesz

sum of massesz
 =  

2545,90

3454,09 ∙ 10
 = 0,074 =  7,40 %



 

 

 











 







 





 









 

 



 



 



 

 



 







 

 



 





 





 

 





 

𝛾𝑖,𝑠𝑢𝑝 𝛾𝑖,𝑖𝑛𝑓 𝜓0 𝜓1
𝜓2

𝜓1
́

• 

Ed = Ed [∑ (γG,j ⋅ Gk,j)j + γQ ⋅ Qk,1 + ∑ (γQ ⋅ ψ0,i ⋅ Qk,i) + γp ⋅ Pki>1 ]



• 

Ed = Ed[∑ (Gk,j)j + γIAEd + ∑ (ψ2i ⋅ Qk,i) + Pki>1 ]

 





 

σrd,max = 355 MPa

≤

σrd,max =
−355

1,1
= −322 MPa

>

σrd,min =
−335

1,1
= −304 MPa

τrd =
322

√3
= 185 MPa



≤

𝜀 = √
235

𝑓𝑦
= √

235

335
= 0,838

𝑐

𝑡
=

1265,8

40
= 31,65

38 ∙ 𝜀 = 31,83 → 31,65 ≤  31,83 →

≤

𝜀 = √
235

𝑓𝑦
= √

235

335
= 0,838

𝑐

𝑡
=

1265,8

80
= 15,82

38 ∙ 𝜀 = 31,83 → 15,82 ≤  31,83 →



 

 





 

σ1x,Ed  =  182 N mm2⁄    

σ2x,Ed  =  −245 N mm2⁄

τEd  =  59 N mm2⁄

σ1x,Ed  =  171 N mm2⁄   

σ2x,Ed  =  −230 N mm2⁄

τEd  =  60 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
182

355
)

2

+ 3 ⋅ (
59

355
)

2

= 0,35

𝛼𝑢𝑙𝑡,𝑘  =  1,70



𝜓𝑥 =
𝜎2

𝜎1
=

−245

182
= −1,35 < −1

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,35))
2

=  32,92 

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
20

2590
)

2

= 11,32 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 32,92 ⋅ 11,32 = 372,54 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

372,54

182
= 2,05

𝛼 =
𝑎

ℎ𝑤
=

5000

2590
= 1,93 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4 (
2590

5000
)

2

=  6,41 𝑁 𝑚𝑚2⁄



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,41 ⋅ 11,32 =   72,58 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

72,58

59
= 1,23

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,35)

4 ⋅ 2,05
+ [(

1 + (−1,35)

4 ⋅ 2,05
)

2

+
1 − (−1,35)

2 ⋅ 2,052
+

1

1,232
]

1
2

𝛼𝑐𝑟  =  1,077

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,70

1,077
= 1,257 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,257 − 0,055 ⋅ (3 + (−1,35))

1,2572
= 0,738 <  1,00 

 𝜌𝑥 = 0,738



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,257
= 0,700 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
182

0,738 ⋅ 355/1,1
)

2

+ 3 ⋅ (
59

0,700 ⋅ 355/1,1
)

2

≤ 1,00

0,584 + 0,205 = 0,789 <  1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
171

355
)

2

+ 3 ⋅ (
60

355
)

2

= 0,318

𝛼𝑢𝑙𝑡,𝑘  =  1,77

𝜓𝑥 =
𝜎2

𝜎1
=

−230

171
= −1,35 < −1

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,35))
2

=  32,88

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
20

2590
)

2

= 11,32 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 32,88 ⋅ 11,32 = 372,18 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

372,18

171
= 2,176

𝛼 =
𝑎

ℎ𝑤
=

5000

2590
= 1,93 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2590/5000)2 = 6,41

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,41 ⋅ 11,32 =  72,58 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

72,58

60
= 1,21

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,35)

4 ⋅ 2,176
+ [(

1 + (−1,35)

4 ⋅ (2,176)
)

2

+
1 − (−1,35)

2 ⋅ 2,1762
+

1

1,212
]

1
2

𝛼𝑐𝑟  =  1,08



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,77

1,08
= 1,282 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,74 − 0,055 ⋅ (3 + (−1,35))

1,2822
= 0, 725 <  1,00

 𝜌𝑥 = 0,725

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,282
= 0,691

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
171

0,725 ⋅ 355/1,1
)

2

+ 3 ⋅ (
60

0,691 ⋅ 355/1,1
)

2

≤ 1,00

0,534 + 0,217 = 0,751 <  1,00



 

σ1x,Ed  =  145 N mm2⁄    

σ2x,Ed  =  −171 N mm2⁄

τEd  =  37 N mm2⁄

σ1x,Ed  =  115 N mm2⁄   

σ2x,Ed  =  −117 N mm2⁄

τEd  =  56 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
145

355
)

2

+ 3 ⋅ (
37

355
)

2

= 0,20

𝛼𝑢𝑙𝑡,𝑘  =  2,24



𝜓𝑥 =
𝜎2

𝜎1
=

−171

145
= −1,18 < −3

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,18))
2

=  28,40

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 28,40 ⋅ 6,82 = 193,58 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

193,58

145
= 1,36

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 =  6,48



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =   44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

37
= 1,19

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,18)

4 ⋅ 1,36
+ [(

1 + (−1,18)

4 ⋅ 1,36
)

2

+
1 − (−1,18)

2 ⋅ 1,362
+

1

1,192
]

1
2

𝛼𝑐𝑟  =  0,899

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,24

0,899
= 1,579 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,579 − 0,055 ⋅ (3 + (−1,18))

1,5792
= 0,593 <  1,00 

 𝜌𝑥 = 0,593



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,579
= 0,601 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
145

0,593 ⋅ 355/1,1
)

2

+ 3 ⋅ (
37

0,601 ⋅ 355/1,1
)

2

≤ 1,00

0,573 + 0,110 = 0,683 <  1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
115

355
)

2

+ 3 ⋅ (
56

355
)

2

= 0,180

𝛼𝑢𝑙𝑡,𝑘  =  2,36

𝜓𝑥 =
𝜎2

𝜎1
=

−117

115
= −1,02 < −3

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,02))
2

=  24,34

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 24,34 ⋅ 6,82 = 165,88 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

165,88

115
= 1,44

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 = 6,48

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =  44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

56
= 0,79

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,02)

4 ⋅ 1,44
+ [(

1 + (−1,02)

4 ⋅ (1,44)
)

2

+
1 − (−1,02)

2 ⋅ 1,442
+

1

0,792
]

1
2

𝛼𝑐𝑟  =  0,69



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,36

0,69
= 1,846 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,846 − 0,055 ⋅ (3 + (−1,02))

1,8462
= 0, 510 <  1,00

 𝜌𝑥 = 0,510

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,846
= 0,538

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
115

0,510 ⋅ 355/1,1
)

2

+ 3 ⋅ (
56

0,538 ⋅ 355/1,1
)

2

≤ 1,00

0,489 + 0,321 = 0,810 <  1,00



 

σ1x,Ed  =  160 N mm2⁄    

σ2x,Ed  =  −168 N mm2⁄

τEd  =  10 N mm2⁄

σ1x,Ed  =  120 N mm2⁄   

σ2x,Ed  =  −122 N mm2⁄

τEd  =  7 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
160

355
)

2

+ 3 ⋅ (
10

355
)

2

= 0,21

𝛼𝑢𝑙𝑡,𝑘  =  2,21



𝜓𝑥 =
𝜎2

𝜎1
=

−168

160
= −1,05 < −3

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,05))
2

=  25,13

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 25,13 ⋅ 6,82 = 171,29 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

171,29

160
= 1,07

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 =  6,48



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =   44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

10
= 4,42

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,05)

4 ⋅ 1,07
+ [(

1 + (−1,05)

4 ⋅ 1,07
)

2

+
1 − (−1,05)

2 ⋅ 1,072
+

1

4,422
]

1
2

𝛼𝑐𝑟  =  1,041

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,21

1,041
= 1,456 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,456 − 0,055 ⋅ (3 + (−1,05))

1,4562
= 0,636 <  1,00 

 𝜌𝑥 = 0,636



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,456
= 0,635 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
160

0,636 ⋅ 355/1,1
)

2

+ 3 ⋅ (
10

0,635 ⋅ 355/1,1
)

2

≤ 1,00

0,607 + 0,010 = 0,617 <  1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
120

355
)

2

+ 3 ⋅ (
7

355
)

2

= 0,180

𝛼𝑢𝑙𝑡,𝑘  =  2,94

𝜓𝑥 =
𝜎2

𝜎1
=

−122

120
= −1,02 < −3

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,02))
2

=  24,32

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 24,32 ⋅ 6,82 = 165,76 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

165,76

120
= 1,38

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 = 6,48

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =  44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

7
= 6,31

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,02)

4 ⋅ 1,38
+ [(

1 + (−1,02)

4 ⋅ (1,38)
)

2

+
1 − (−1,02)

2 ⋅ 1,382
+

1

6,312
]

1
2

𝛼𝑐𝑟  =  1,35



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,94

1,35
= 1,477 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,477 − 0,055 ⋅ (3 + (−1,02))

1,4772
= 0, 627 <  1,00

 𝜌𝑥 = 0,627

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,477
= 0,629

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
120

0,627 ⋅ 355/1,1
)

2

+ 3 ⋅ (
7

0,629 ⋅ 355/1,1
)

2

≤ 1,00

0,352 + 0,004 = 0,356 <  1,00



 

 

O = 2 ∙ r ∙ π = 2 ∙ 75 ∙ π = 471 cm

453 𝑐𝑚2

7 m
= 64,71 𝑐𝑚2/𝑚



As,min = 8∅12 = 9,05 cm2

As,min = 0,010 ⋅ 𝐴1 = ∙ 752 ∙ π 

𝐴 = ⋅ 𝐴1 = ∙ 752 ∙ π

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑢𝑘𝑢𝑝𝑛𝑜 = 60∅32 = 482,55 cm2    >    453 cm2       

30∅32 + 30∅32



 

O = 4a = 4 ∙ 100 = 400 cm

59 𝑐𝑚2

5,0 m
= 11,80 𝑐𝑚2/𝑚

As,min = 8∅12 = 9,04 cm2

As,min = 0,010 ⋅ 𝐴1 = ⋅



𝐴 = ⋅ 𝐴1 = ⋅

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑠𝑡𝑖𝑗𝑒𝑛𝑘𝑎 𝑑𝑜𝑙𝑗𝑒 = 10∅28 = 61,58 cm2

 



O = 4a = 4 ∙ 100 = 400 cm

68 𝑐𝑚2

5,0 m
= 13,60 𝑐𝑚2/𝑚

As,min = 8∅12 = 9,04 cm2

As,min = 0,010 ⋅ 𝐴1 = ⋅

𝐴 = ⋅ 𝐴1 = ⋅

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑠𝑡𝑖𝑗𝑒𝑛𝑘𝑎 𝑔𝑜𝑟𝑒 = 12∅28 = 73,88 cm2



 

O = 4a = 4 ∙ 100 = 400 cm

24 𝑐𝑚2

5,0 m
= 4,80 𝑐𝑚2/𝑚

As,min = 8∅12 = 9,04 cm2

As,min = 0,010 ⋅ 𝐴1 = ⋅



𝐴 = ⋅ 𝐴1 = ⋅

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑠𝑡𝑖𝑗𝑒𝑛𝑘𝑎 𝑏𝑜č𝑛𝑜 = 4∅28 = 24,63 cm2

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑢𝑘𝑢𝑝𝑛𝑜 = 2 ∙ 3∅32 + 10∅28 + 12∅28 = 184,73 cm2   

184,73 cm2 >    59 + 68 + 2 ∙ 24 = 175 cm2       



 

𝜎𝑟𝑎𝑠𝑝. = 2 ⋅ 𝑓𝑐𝑡𝑚 = 2 ⋅ 3,2 = 6,4𝑀𝑃𝑎



• 

𝑆𝑑 = 𝑆𝑑 [∑(𝐺 )

𝑗

+ 𝜓11 ⋅ 𝑄 + ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖>1

]           𝑤 < 0,2𝑚𝑚

 

𝐴𝑠 = 𝑘𝑠 ∙ 𝑘𝑐 ∙ 𝑘 ∙ 𝑓 ∙ 𝐴 /𝜎𝑠



𝑘𝑐 =
1

1 + ℎ𝑐/(2𝑧𝑜)
+ 0,3 ≤ 1,0

𝜎𝑠  

𝜎𝑠







∅ = ∅∗ ∙ 𝑓𝑐𝑡,𝑒𝑓𝑓/𝑓𝑐𝑡,0

∅∗



 

𝜎𝑠



𝜎𝑠

𝜎𝑠 = 𝜎 + 𝛥𝜎𝑠



𝛥𝜎𝑠 =
0,4𝑓

𝛼 ∙ 𝜌𝑠

𝛼 =
𝐴𝐼

𝐴𝑎 ∙ 𝐼𝑎

𝜎𝑠,𝑜

𝜌𝑠 𝜌𝑠



 

𝜎𝑠 = 𝜎𝑠,𝑜 + ∆𝜎𝑠 = 161,4 𝑀𝑃𝑎

𝜎𝑠,𝑜 = 89 𝑀𝑃𝑎

∆𝜎𝑠 =
0,4𝑓𝑐𝑡𝑚

𝛼𝑠𝑡 ∙ 𝜌𝑠
= 72,4 𝑀𝑃𝑎

𝑓𝑐𝑡𝑚 = 3,2 𝑀𝑃𝑎

𝛼𝑠𝑡 =
𝐴 ∙ 𝐼

𝐴𝑎 ∙ 𝐼𝑎
= 1,1001

𝐴 = 0,2935 𝑚2

𝐼 = 0,371 𝑚4

𝐴𝑎 = 0,2812 𝑚2

𝐼𝑎 = 0,352 𝑚4

𝜌𝑠 = 𝐴𝑠/𝐴𝑐𝑡 = 0,0161

𝐴𝑠 = 215,2 𝑐𝑚2

𝐴𝑐𝑡 = 13387,5 𝑐𝑚2

𝑏𝑒𝑓𝑓 = 535,5 𝑐𝑚

𝐴𝑠 = 𝑘𝑠 ∙ 𝑘𝑐 ∙ 𝑘 ∙ 𝑓𝑐𝑡,𝑒𝑓𝑓 ∙
𝐴𝑐𝑡

𝜎𝑠

𝐴𝑠 = 191,1 𝑐𝑚2



𝑘𝑠 = 0,9

𝑘𝑐 =
1

1 + ℎ𝑐/(2𝑧0)
+ 0,3 ≤ 1

𝑘𝑐 = 1,18  →   𝑘𝑐 = 1

ℎ𝑐 = 25 𝑐𝑚

𝑧0 = 91,03 𝑐𝑚

𝑘 = 0,8

𝑓𝑐𝑡,𝑒𝑓𝑓 ≈ 𝑓𝑐𝑡𝑚 = 3,2 𝑀𝑃𝑎

∅ = ∅∗ ∙
𝑓𝑐𝑡,𝑒𝑓𝑓

𝑓𝑐𝑡,0
= 27 𝑚𝑚

∅
24,7 𝑚𝑚

198,2 𝑚𝑚

∅  

 



 

• 

𝐸𝑑 = 𝐸𝑑 [∑ 𝐺

𝑗

+ 𝑄 + ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖>1

]          𝜎𝑐 < 0,6𝑓𝑐𝑘 = 21 𝑁/𝑚𝑚2

• 

𝐸𝑑 = 𝐸𝑑 [∑(𝐺 )

𝑗

+ ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖

]          𝜎𝑐 < 0,45𝑓𝑐𝑘 = 15,8 𝑁/𝑚𝑚2

• 

𝐸𝑑 = 𝐸𝑑 [∑ 𝐺

𝑗

+ 𝑄 + ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖>1

]          𝜎𝑐 < 0,6𝑓𝑐𝑘 = 24 𝑁/𝑚𝑚2

• 

𝐸𝑑 = 𝐸𝑑 [∑(𝐺 )

𝑗

+ ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖

]          𝜎𝑐 < 0,45𝑓𝑐𝑘 = 18 𝑁/𝑚𝑚2





8 𝑁/𝑚𝑚2 < 21 𝑁/𝑚𝑚2

26 𝑁/𝑚𝑚2 > 24 𝑁/𝑚𝑚2



2 𝑁/𝑚𝑚2 < 15,8 𝑁/𝑚𝑚2

11 𝑁/𝑚𝑚2 < 18 𝑁/𝑚𝑚2



 

 

U1 S1 S2 S3 U2

TGa3, TGe3 TGa7, TGe7 TGe7, TF7 TGe7, TF7 TGa3, TGe3

Stalno TLAK 4503 Spring force in global z 1330 4734 4759 4734 1330

Promet TLAK 3013+3113+3213 Spring force in global z 719 1746 1853 1746 718

Promet VLAK 3014+3114+3214 Spring force in global z 105 104 137 104 105

Vjetar opterećen (TLAK/VLAK) 463 Spring force in global z 59 195 202 194 59

Vjetar neopterećen (TLAK/VLAK) 473 Spring force in global z 99 326 338 326 99

Temperatura TLAK 9846 Spring force in global z 115 173 53 170 118

Temperatura VLAK 9845 Spring force in global z 138 143 66 144 139

Potres svi smjerovi (TLAK/VLAK) 10038, 10138, 10238 Spring force in global z 268 580 794 579 270

Vjetar opterećen (+/-) 461 Spring force in global y 121 344 381 344 121

Vjetar neopterećen (+/-) 471 Spring force in global y 148 420 465 420 148

Potres y smjer(+/-) 10138* Spring force in global y 431 1032 1612 1031 431

Vjetar opterećen (+/-) 462 Spring force in global x 0 0 145 144 0

Vjetar neopterećen (+/-) 472 Spring force in global x 0 0 100 100 0

Kočenje (+/-) 9345, 9346 Spring force in global x 0 0 228 228 0

Temperatura pozitivna 495 Spring force in global x 0 0 587 587 0

Temperatura negativna 496 Spring force in global x 0 0 229 229 0

Potres x smjer (+/-) 10038* Spring force in global x 0 0 589 599 0

2223 6848 6867 6844 2225

1544 5233 5150 5230 1547

1655,5 5400,5 5579,5 5398 1659

1028 4292 4354 4292 1027

1093 4265 4355 4264 1092

993 4082,5 3932 4083 990,5

0 0 960 959 0

0 0 687 687 0

0 0 882,5 892,5 0

Temperatura pozitivna 495 Node displacement in global x 105 69 23 23 59

Temperatura negativna 496 Node displacement in global x 41 27 9 9 23

Potres x smjer (+/-) 10001 Node displacement in global x 24 34 34 34 34

Vjetar neopterećen / opterećen 461, 471 Node displacement in global y 1 9 14 9 1

Potres y smjer (+/-) 10102 Node displacement in global y 3 25 38 25 3

62,1 48,1 25,1 25,1 43,1

D160 D160

0,4xPotres x smjer + 0,5xTemperatura

ODABRANA PRIJELAZNA NAPRAVA

U
ZD

U
ŽN

E 

K
O

M
B

. 

R
EA

K
C

IJ
A 1. Kočenje + Vjetar opterećen + Temperatura

2. Temperatura + Vjetar neopterećen

3. Potres x smjer + 0,5x Temperatura
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UZDUŽNA KOMBINACIJA POMAKA

Dispozicija ležaja:

SMJER DJELOVANJE LC U MODELU
Tražena vrijednost iz 

Wingrafa

V
ER

TI
K

A
LN

E 
R

EA
K

C
IJ

E

5. MIN: Stalno + Temperatura + Vjetar neopterećen

6. MIN: Stalno + Potres + 0,5xTemperatura
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E
V
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K
A

LN
E 

K
O

M
B

IN
A

C
IJ

E 
R

EA
K

C
IJ

A 1. MAX: Stalno + Promet + Temperatura + Vjetar opt.

2. MAX: Stalno + Temperatura + Vjetar neopterećen

3. MAX: Stalno + Potres + 0,5xTemperatura

4. MIN: Stalno + Promet + Temperatura + Vjetar opt.





 



 

 

Vukrućenja = 0,300 ∙ (0,970 + 1,000) ∙ 0,020 = 0,012 m3

Vvertikalna  ukrućenja = (0,433 ∙ 0,358) ∙ 0,016 = 0,013 m3

Vdodatna vlastita težina = Vukrućenja + Vvertikalna ukrućenja = 0,012 + 0,013 = 0,025 m3

Gdodatna vlastita težina = Vdodatna vlastita težina ∙ γS = 0,025 ∙ 80 = 2,00 kN



Vukrućenja = 0,500 ∙ (1,240 + 1,520) ∙ 0,040 = 0,055 m3

Vvertikalna ukrućenja = 2,566 ∙ 0,350 ∙ 0,035 + 0,600 ∙ 0,035 = 0,052 m3

Vukurćenja za prešu = 2 ∙ (0,0695 + 0,139) ∙ 0,025 ∙ 0,22 + 0,139 ∙ 0,01 ∙  0,22 = 0,0026 m3

Vdodatna vlastita  težina = Vukrućenja + Vvertikalna ukrućenja + Vukrućenja za prešu

= 0,055 + 0,052 + 0,0026 = 0,110 𝑚3

Gdodatna vlastita težina = Vdodatna vlastita težina ∙ γS = 0,110 ∙ 80 = 8,77 kN





Apolovina ploče = 1,743 m2

𝐺𝑝𝑙𝑜č𝑒 𝑧𝑎 1 𝑛𝑜𝑠𝑎č = 𝐴𝑝𝑜𝑙𝑜𝑣𝑖𝑛𝑎 𝑝𝑙𝑜č𝑒 ∙ 𝛾𝑐 = 1,743 ∙ 25 = 43,57 𝑘𝑁/𝑚
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α α

α α

𝑄1𝑘 = 0,6 ∙ 𝛼𝑄1 ∙ 2 ∙ 𝑄1𝑘 + 0,1 ∙ 𝛼𝑄1 ∙ q1𝑘 ∙ 𝑤𝐼 ∙ L 

𝑄1𝑘 = 0,6 ∙ 1 ∙ 2 ∙ 300 + 0,1 ∙ 1 ∙ 9 ∙ 3 ∙ 214 = 937,8 kN 

→
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𝐹𝑤(𝑥) = 𝑞𝑏 ∙ 𝑐𝑒(𝑍) ∙ 𝑐𝑓𝑥,0 ∙ ℎ𝑟𝑒𝑓

𝑣𝑏,0 = 25 𝑚/𝑠

𝑣𝑏 = 𝑣𝑏,0 ∙ 𝑐𝑑𝑖𝑟 ∙ 𝑐𝑠𝑒𝑎𝑠𝑜𝑛 = 25 ∙ 1,0 ∙ 1,0 = 25 𝑚/𝑠

𝑞𝑏 =
𝛿

2000
∙ 𝑣𝑏

2 =
1,25

2000
∙ 252 = 0,39 𝑚/𝑠2

𝑏

𝑑𝑡𝑜𝑡
=

11,50

3,45
= 3,33 → 𝐶𝑓𝑥,0 = 1,50  (očitano iz dijagrama)

ℎ𝑟𝑒𝑓 = 𝑑𝑡𝑜𝑡 + 1,2 = 3,45 + 1,2 = 4,65 𝑚

𝐹𝑤(𝑥) = 0,39 ∙ 2,75 ∙ 1,5 ∙ 4,65 = 7,48 𝑘𝑁/𝑚 



𝐹𝑤(𝑥) = 𝑞𝑝 ∙ 𝑐𝑓𝑥,0 ∙ ℎ𝑟𝑒𝑓 

𝑞𝑝 = min{0,64 ; qb ∙ Ce(z)} = {0,64 ; (0,39 ∙ 2,75 = 1,07} = 0,64 kN/m²

b

dtot
=

11,50

5,23
= 2,20 → Cfx,0 = 1,83  (očitano iz dijagrama)

ℎ𝑟𝑒𝑓 = 𝑑𝑡𝑜𝑡 = 5,23 𝑚

𝐹𝑤(𝑥) = 0,64 ∙ 1,83 ∙ 5,23 = 6,13 𝑘𝑁/𝑚





 

𝐹𝑤(𝑦),𝑛𝑒𝑜𝑝𝑡 = 0,25 ∙ 𝐹𝑤(𝑥),𝑛𝑒𝑜𝑝𝑡 = 0,25 ∙ 7,48 = 1,87 𝑘𝑁/𝑚

𝐹𝑤(𝑦),𝑜𝑝𝑡 = 0,25 ∙ 𝐹𝑤(𝑥),𝑜𝑝𝑡 + 0,5 ∙ 𝑞𝑝 ∙ 𝑐𝑓𝑥,0 ∙ ℎ𝑟𝑒𝑓,𝑣𝑜𝑧𝑖𝑙𝑜

𝐹𝑤(𝑦),𝑜𝑝𝑡 = 0,25 ∙ 6,13 + 0,5 ∙ 0,64 ∙ 1,83 ∙ 2,0 = 2,70 𝑘𝑁/𝑚



 

𝐹𝑤(𝑧),𝑛𝑒𝑜𝑝𝑡 = 𝑞𝑏 ∙ 𝑐𝑒(𝑍) ∙ 𝑐𝑓,𝑧 ∙ 𝑏 = 0,39 ∙ 2,75 ∙ 0,9 ∙ 11,50 = 11,10 𝑘𝑁/𝑚



𝐹𝑤(𝑧),𝑜𝑝𝑡 = 𝑞𝑏 ∙ 𝑐𝑓,𝑧 ∙ 𝑏 = 0,64 ∙ 0,9 ∙ 11,50 = 6,62 𝑘𝑁/𝑚 



 

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b

Cf = Cf,0 ∙ ψλ = 0,75 ∙ 1,0 = 0,75

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b = 1,0 ∙ 1,0 ∙ 0,75 ∙ 0,64 ∙ 1,5 = 0,72 kN/m

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b

Cf = Cf,0 ∙ ψλ = 0,77 ∙ 1,0 = 0,77

Fw = CS ∙ Cd ∙ Cf ∙ qp(ze) ∙ b = 1,0 ∙ 1,0 ∙ 0,77 ∙ 0,39 ∙ 1,5 = 0,45 kN/m

 

𝑇𝑝 𝑎𝑔 𝑔 [10]



• 

base shearx  =  
sum of forcesx

sum of massesx
 =  

2453.4

3739,98 ∙ 10
 = 0,090 = 9,0 %

• 

base sheary  =  
sum of forcesy

sum of massesy
 =  

4148,7

3739,98 ∙ 10
 = 0,151 =  15,10 %

• 

base shearz  =  
sum of forcesz

sum of massesz
 =  

2549,3

3739,98 ∙ 10
 = 0,093 =  9,30 %



 

 

 











 







 





 









 

 



 



 



 

 



 







 

 



 





 





 

 





 



 

𝛾𝑖,𝑠𝑢𝑝 𝛾𝑖,𝑖𝑛𝑓 𝜓0 𝜓1
𝜓2

𝜓1
́

• 

Ed = Ed [∑ (γG,j ⋅ Gk,j)j + γQ ⋅ Qk,1 + ∑ (γQ ⋅ ψ0,i ⋅ Qk,i) + γp ⋅ Pki>1 ]



• 

Ed = Ed[∑ (Gk,j)j + γIAEd + ∑ (ψ2i ⋅ Qk,i) + Pki>1 ]

 





 

σrd,max = 355 MPa

≤

σrd,max =
−355

1,1
= −322 MPa

>

σrd,min =
−335

1,1
= −304 MPa

τrd =
322

√3
= 185 MPa



≤

𝜀 = √
235

𝑓𝑦
= √

235

355
= 0,814

𝑐

𝑡
=

494,0

40
= 12,35

14 ∙ 𝜀 = 11,39 → 12,35 >  11,39 →

≤

𝜀 = √
235

𝑓𝑦
= √

235

335
= 0,838

𝑐

𝑡
=

494,0

60
= 8,23

14 ∙ 𝜀 = 11,73 → 8,23 ≤  11,72 →



≤

𝜀 = √
235

𝑓𝑦
= √

235

335
= 0,838

𝑐

𝑡
=

494,0

110
= 4,49

14 ∙ 𝜀 = 11,73 → 4,49 ≤  11,73 →



𝜎𝑥,𝐸𝑑 =  110,0 𝑁 𝑚𝑚2⁄ ; 𝛾𝑀1 = 1,10; 𝜓 = 1,00; 𝑘𝜎,𝑥 = 0,43; 𝑏 =  𝑐 = 494 𝑚𝑚

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
40

494
)

2

= 1244,41 𝑁 𝑚𝑚2⁄  

𝜆𝑝 = √
𝑓𝑦

𝑘𝜎,𝑥 ∙ 𝜎𝐸
= √

355

0,43 ∙ 1244,41
= 0,815

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
0,815 − 0,055 ⋅ (3 + 1)

0,8152
= 0,896

𝜎𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
=

110,0

0,896 ⋅ 355/1,1
= 0,38 ≤ 1



 

 





 

σ1x,Ed  =  209 N mm2⁄    

σ2x,Ed  =  −254 N mm2⁄

τEd  =  88 N mm2⁄

σ1x,Ed  =  192 N mm2⁄   

σ2x,Ed  =  −234 N mm2⁄

τEd  =  94 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
209

355
)

2

+ 3 ⋅ (
88

355
)

2

= 0,59

𝛼𝑢𝑙𝑡,𝑘  =  1,37



𝜓𝑥 =
𝜎2

𝜎1
=

−254

209
= −1,22 < −1

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,22))
2

=  29,35

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
25

2560
)

2

= 18,10 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 29,35 ⋅ 18,10 = 531,21 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

531,21

209
= 2,54

𝛼 =
𝑎

ℎ𝑤
=

5000

2560
= 1,95 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2560/5000)2 =  6,39



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,39 ⋅ 18,10 =   115,64 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

115,64

88
= 1,31

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,22)

4 ⋅ 2,54
+ [(

1 + (−1,22)

4 ⋅ 2,54
)

2

+
1 − (−1,22)

2 ⋅ 2,542
+

1

1,312
]

1
2

𝛼𝑐𝑟  =  1,183

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,37

1,183
= 1,077 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,077 − 0,055 ⋅ (3 + (−1,22))

1,0772
= 0,844 <  1,00 

 𝜌𝑥 = 0,844



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,077
= 0,771 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
209

0,844 ⋅ 355/1,1
)

2

+ 3 ⋅ (
88

0,771 ⋅ 355/1,1
)

2

≤ 1,00

0,589 + 0,376 = 0,965 < 1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
192

355
)

2

+ 3 ⋅ (
94

355
)

2

= 0,503

𝛼𝑢𝑙𝑡,𝑘  =  1,41

𝜓𝑥 =
𝜎2

𝜎1
=

−234

192
= −1,22 < −1

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,22))
2

=  29,44

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
25

2560
)

2

= 18,10 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 29,44 ⋅ 18,10 = 532,86 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

532,86

192
= 2,775

𝛼 =
𝑎

ℎ𝑤
=

5000

2560
= 1,95 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4 (
2560

5000
)

2

= 6,39 𝑁 𝑚𝑚2⁄

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,39 ⋅ 18,10 =  115,64 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

115,64

94
= 1,23

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,22)

4 ⋅ 2,775
+ [(

1 + (−1,22)

4 ⋅ (2,775)
)

2

+
1 − (−1,22)

2 ⋅ 2,7752
+

1

1,232
]

1
2

𝛼𝑐𝑟  =  1,14



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,41

1,14
= 1,11 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,11 − 0,055 ⋅ (3 + (−1,22))

1,112
= 0, 820 <  1,00

 𝜌𝑥 = 0,820

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,11
= 0,756

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
192

0,820 ⋅ 355/1,1
)

2

+ 3 ⋅ (
94

0,756 ⋅ 355/1,1
)

2

≤ 1,00

0,527 + 0,445 = 0,972 < 1,00



 

σ1x,Ed  =  126 N mm2⁄    

σ2x,Ed  =  −21 N mm2⁄

τEd  =  40 N mm2⁄

σ1x,Ed  =  45 N mm2⁄   

σ2x,Ed  =  −10 N mm2⁄

τEd  =  74 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
126

355
)

2

+ 3 ⋅ (
40

355
)

2

= 0,16

𝛼𝑢𝑙𝑡,𝑘  =  2,47



𝜓𝑥 =
𝜎2

𝜎1
=

−21

126
= −0,17 < 0

𝑘𝜎,𝑥 = 7,81 − 6,29 ∙ 𝜓𝑥 + 9,78 ∙ 𝜓𝑥
2 = 7,81 − 6,29 ∙ (−0,17) + 9,78 ∙ (−0,17)2 =  9,13

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
20

2650
)

2

= 10,81 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 9,13 ⋅ 10,81 = 98,70 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

98,70

126
= 0,78

𝛼 =
𝑎

ℎ𝑤
=

5000

2650
= 1,89 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2650/5000)2 =  6,46



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,46 ⋅ 10,81 =   69,88 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

69,88

40
= 1,75

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−0,17)

4 ⋅ 0,78
+ [(

1 + (−0,17)

4 ⋅ 0,78
)

2

+
1 − (−0,17)

2 ⋅ 0,782
+

1

1,752
]

1
2

𝛼𝑐𝑟  =  0,701

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,47

0,701
= 1,877 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,877 − 0,055 ⋅ (3 + (−0,17))

1,8772
= 0,488 <  1,00 

 𝜌𝑥 = 0,488



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,877
= 0,532 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
126

0,488 ⋅ 355/1,1
)

2

+ 3 ⋅ (
40

0,532 ⋅ 355/1,1
)

2

≤ 1,00

0,639 + 0,160 = 0,802 <  1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
45

355
)

2

+ 3 ⋅ (
74

355
)

2

= 0,146

𝛼𝑢𝑙𝑡,𝑘  =  2,61

𝜓𝑥 =
𝜎2

𝜎1
=

−10

45
= −0,22 < 0

𝑘𝜎,𝑥 = 7,81 − 6,29 ∙ 𝜓𝑥 + 9,78 ∙ 𝜓𝑥
2 = 7,81 − 6,29 ∙ (−0,22) + 9,78 ∙ (−0,22)2 =  9,69

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
20

2650
)

2

= 10,81 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 9,69 ⋅ 10,81 = 104,77 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

104,77

45
= 2,33

𝛼 =
𝑎

ℎ𝑤
=

5000

2650
= 1,89 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2650/5000)2 = 6,46

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,46 ⋅ 10,81 =  69,88 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

69,88

74
= 0,94

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−0,22)

4 ⋅ 2,33
+ [(

1 + (−0,22)

4 ⋅ (2,33)
)

2

+
1 − (−0,22)

2 ⋅ 2,332
+

1

0,942
]

1
2

𝛼𝑐𝑟  =  0,84



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,61

0,84
= 1,769 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,769 − 0,055 ⋅ (3 + (−0,22))

1,7692
= 0, 516 <  1,00

 𝜌𝑥 = 0,516

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,769
= 0,555

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
45

0,516 ⋅ 355/1,1
)

2

+ 3 ⋅ (
74

0,555 ⋅ 355/1,1
)

2

≤ 1,00

0,073 + 0,512 = 0,585 <  1,00



 

σ1x,Ed  =  84 N mm2⁄    

σ2x,Ed  =  66 N mm2⁄

τEd  =  19 N mm2⁄

σ1x,Ed  =  99 N mm2⁄   

σ2x,Ed  =  −130 N mm2⁄

τEd  =  59 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
84

355
)

2

+ 3 ⋅ (
19

355
)

2

= 0,06

𝛼𝑢𝑙𝑡,𝑘  =  3,94



𝜓𝑥 =
𝜎2

𝜎1
=

66

84
= 0,79 < 1

𝑘𝜎,𝑥 =
8,2

1,05 + 𝜓𝑥
=

8,2

1,05 + 0,79
= 4,47

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 4,47 ⋅ 6,82 = 30,45 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

30,45

84
= 0,36

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 =  6,48



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =   44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

19
= 2,33

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (0,79)

4 ⋅ 0,36
+ [(

1 + (0,79)

4 ⋅ 0,36
)

2

+
1 − (0,79)

2 ⋅ 0,362
+

1

2,332
]

1
2

𝛼𝑐𝑟  =  0,355

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

3,94

0,355
= 3,330 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
3,330 − 0,055 ⋅ (3 + (0,79))

3,3302
= 0,282 <  1,00 

 𝜌𝑥 = 0,282



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 3,330
= 0,340 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
84

0,282 ⋅ 355/1,1
)

2

+ 3 ⋅ (
19

0,340 ⋅ 355/1,1
)

2

≤ 1,00

0,855 + 0,090 = 0,945 <  1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
99

355
)

2

+ 3 ⋅ (
59

355
)

2

= 0,161

𝛼𝑢𝑙𝑡,𝑘  =  2,50

𝜓𝑥 =
𝜎2

𝜎1
=

−130

99
= −1,31 < −1

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,31))
2

=  32,00

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 32,00 ⋅ 6,82 = 218,08 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

218,08

99
= 2,20

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 = 6,48

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =  44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

59
= 0,75

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,31)

4 ⋅ 2,20
+ [(

1 + (−1,31)

4 ⋅ (2,20)
)

2

+
1 − (−1,31)

2 ⋅ 2,202
+

1

0,752
]

1
2

𝛼𝑐𝑟  =  0,72



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,50

0,72
= 1,860 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,860 − 0,055 ⋅ (3 + (−1,31))

1,8602
= 0, 511 <  1,00

 𝜌𝑥 = 0,511

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,860
= 0,535

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
99

0,511 ⋅ 355/1,1
)

2

+ 3 ⋅ (
59

0,535 ⋅ 355/1,1
)

2

≤ 1,00

0,361 + 0,350 = 0,711 <  1,00



 

σ1x,Ed  =  140 N mm2⁄    

σ2x,Ed  =  −241 N mm2⁄

τEd  =  2 N mm2⁄

σ1x,Ed  =  139 N mm2⁄   

σ2x,Ed  =  −167 N mm2⁄

τEd  =  20 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
140

355
)

2

+ 3 ⋅ (
2

355
)

2

= 0,16

𝛼𝑢𝑙𝑡,𝑘  =  2,54



𝜓𝑥 =
𝜎2

𝜎1
=

−241

140
= −1,72 < −3

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,72))
2

=  44,29

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 44,29 ⋅ 6,82 = 301,86 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

301,86

140
= 2,16

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 =  6,48



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =   44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

2
= 22,09

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,72)

4 ⋅ 2,16
+ [(

1 + (−1,72)

4 ⋅ 2,16
)

2

+
1 − (−1,72)

2 ⋅ 2,162
+

1

22,092
]

1
2

𝛼𝑐𝑟  =  2,148

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,54

2,148
= 1,086 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,086 − 0,055 ⋅ (3 + (−1,72))

1,0862
= 0,861 <  1,00 

 𝜌𝑥 = 0,861



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,086
= 0,767 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
140

0,861 ⋅ 355/1,1
)

2

+ 3 ⋅ (
2

0,767 ⋅ 355/1,1
)

2

≤ 1,00

0,254 + 0,001 = 0,255 <  1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
139

355
)

2

+ 3 ⋅ (
20

355
)

2

= 0,163

𝛼𝑢𝑙𝑡,𝑘  =  2,48

𝜓𝑥 =
𝜎2

𝜎1
=

−167

139
= −1,20 < −3

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,20))
2

=  28,98

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
16

2670
)

2

= 6,82 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 28,98 ⋅ 6,82 = 197,53 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

197,53

139
= 1,42

𝛼 =
𝑎

ℎ𝑤
=

5000

2670
= 1,87 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2670/5000)2 = 6,48

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,48 ⋅ 6,82 =  44,17 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

44,17

20
= 2,21

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,20)

4 ⋅ 1,42
+ [(

1 + (−1,20)

4 ⋅ (1,42)
)

2

+
1 − (−1,20)

2 ⋅ 1,422
+

1

2,212
]

1
2

𝛼𝑐𝑟  =  1,20



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

2,48

1,20
= 1,435 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,435 − 0,055 ⋅ (3 + (−1,20))

1,4352
= 0, 649 <  1,00

 𝜌𝑥 = 0,649

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,435
= 0,642

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
139

0,649 ⋅ 355/1,1
)

2

+ 3 ⋅ (
20

0,642 ⋅ 355/1,1
)

2

≤ 1,00

0,441 + 0,028 = 0,469 <  1,00



 

σ1x,Ed  =  257 N mm2⁄    

σ2x,Ed  =  −220 N mm2⁄

τEd  =  74 N mm2⁄

σ1x,Ed  =  151 N mm2⁄   

σ2x,Ed  =  −185 N mm2⁄

τEd  =  79 N mm2⁄

fy  =  355,00 N mm2⁄  

γM1 = 1,10

fyd  =  322,73 N mm2⁄

1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
257

355
)

2

+ 3 ⋅ (
74

355
)

2

= 0,65

𝛼𝑢𝑙𝑡,𝑘  =  1,24



𝜓𝑥 =
𝜎2

𝜎1
=

−220

257
= −0,86 < 0

𝑘𝜎,𝑥 = 7,81 − 6,29 ∙ 𝜓𝑥 + 9,87 ∙ 𝜓𝑥
2 = 7,81 − 6,29 ∙ (−0,86) + 9,87 ∙ (−0,86)2 =  20,36

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

= 189 800 ∙ (
25

2560
)

2

= 18,10 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 20,36 ⋅ 18,10 = 368,55 𝑁 𝑚𝑚2⁄  

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

368,55

257
= 1,95

𝛼 =
𝑎

ℎ𝑤
=

5000

2560
= 1,95 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4(2560/5000)2 =  6,39



𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,39 ⋅ 18,10 =   115,64 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

115,64

74
= 1,56

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−0,86)

4 ⋅ 1,95
+ [(

1 + (−0,86)

4 ⋅ 1,95
)

2

+
1 − (−0,86)

2 ⋅ 1,952
+

1

1,562
]

1
2

𝛼𝑐𝑟  =  1,049

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,24

1,049
= 1,085 ≥ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,085 − 0,055 ⋅ (3 + (−0,86))

1,0852
= 0,821 <  1,00 

 𝜌𝑥 = 0,821



 

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,085
= 0,767 

 

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
257

0,821 ⋅ 355/1,1
)

2

+ 3 ⋅ (
74

0,767 ⋅ 355/1,1
)

2

≤ 1,00

0,940 + 0,270 = 1,208 > 1,00



1

𝛼𝑢𝑙𝑡,𝑘
2 = (

𝜎1𝑥,𝐸𝑑

𝑓𝑦
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝑓𝑦
)

2

= (
151

355
)

2

+ 3 ⋅ (
79

355
)

2

= 0,33

𝛼𝑢𝑙𝑡,𝑘  =  1,74

𝜓𝑥 =
𝜎2

𝜎1
=

−185

151
= −1,23 < −1

𝑘𝜎,𝑥 = 5,98 ∙ (1 − 𝜓𝑥)2 = 5,98 ∙ (1 − (−1,23))
2

=  30,20

𝜎𝐸 =  189 800 ∙ (
𝑡

𝑏
)

2

=  189 800 ∙ (
25

2560
)

2

= 18,10 𝑁 𝑚𝑚2⁄

𝜎𝑐𝑟,𝑥 = 𝑘𝜎,𝑥 ⋅ 𝜎𝐸 = 30,20 ⋅ 18,10 = 546,58 𝑁 𝑚𝑚2⁄  



𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

546,58

151
= 3,62

𝛼 =
𝑎

ℎ𝑤
=

5000

2560
= 1,95 ≥ 1

𝑘𝜏 = 5,34 + 4(ℎ𝑤/𝑎)2  = 5,34 + 4 (
2560

5000
)

2

= 6,39 𝑁 𝑚𝑚2⁄

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 6,39 ⋅ 18,10 =  115,64 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

115,64

79
= 1,46

1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−1,23)

4 ⋅ 3,62
+ [(

1 + (−1,23)

4 ⋅ (3,62)
)

2

+
1 − (−1,23)

2 ⋅ 3,622
+

1

1,462
]

1
2

𝛼𝑐𝑟  =  1,36



𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,74

1,36
= 1,13 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
1,13 − 0,055 ⋅ (3 + (−1,23))

1,132
= 0, 811 <  1,00

 𝜌𝑥 = 0,811

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 1,13
= 0,750

(
𝜎1𝑥,𝐸𝑑

𝜌𝑥 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
151

0,811 ⋅ 355/1,1
)

2

+ 3 ⋅ (
74

0,750 ⋅ 355/1,1
)

2

≤ 1,00

0,333 + 0,319 = 0,652 < 1,00



𝑏𝑐 =
𝜎1 ∙ ℎ𝑤

|𝜎1| ∙ |𝜎2|
=

257 ∙ 2560

|257| + |−220|
= 1379,29 𝑚𝑚

𝑏11 = 450 𝑚𝑚

𝜎11 =
𝜎1 ∙ (𝑏𝑐 − 𝑏11)

𝑏𝑐
=

257 ∙ (1379,29 − 450)

1379,29
= 173,15 𝑁/𝑚𝑚2

𝜓11 =
𝜎11

𝜎1
=

173,15

257
= 0,674



𝐴𝑠𝑙,0 = 6115 𝑚𝑚2

𝐼𝑠𝑙,0 = 41100000 𝑚𝑚4

𝑧𝑠𝑙,0 = 163,2 𝑚𝑚

𝑎 = 𝑏𝑙 = 400 𝑚𝑚

𝑏 = 250 𝑚𝑚

𝑡 = 8 𝑚𝑚

ℎ = 250 𝑚𝑚

𝑏𝑐1 = 𝑏𝑐 − 𝑏11 = 1379,29 − 450 = 929,29 𝑚𝑚

𝑏𝑝 =
3 − 𝜓11

5 − 𝜓11
∙ 𝑏1 + 0,4 ∙ 𝑏𝑐1 + 𝑎 =

3 − 0,674

5 − 0,674
∙ 450 + 0,4 ∙ 929,29 + 400 = 1013,68 𝑚𝑚

𝐴𝑝 = 𝑏𝑝 ∙ 𝑡 = 1013,68 ∙ 25 = 25342,07 𝑚𝑚2

𝐴𝑠𝑙,1 = 𝐴𝑠𝑙,0 + 𝐴𝑝 = 6115 + 25342,07 = 31457,07 𝑚𝑚2



𝑧𝑠𝑙,1 =
𝐴𝑝 ∙ (−

𝑡
2) + 𝐴𝑠𝑙,0 ∙ 𝑧𝑠𝑙,0

𝐴𝑠𝑙,1
=

25342,07  ∙ (−
8
2) + 6115 ∙ 163,2

31457,07
= 21,65 𝑚𝑚

𝐼𝑠𝑙,1 = 𝐼𝑠𝑙,0 +
𝑏𝑝 ∙ 𝑡3

12
+ 𝐴𝑠𝑙,0 ∙ 𝑒1

2 + 𝐴𝑝 ∙ 𝑒2
2 = 194496992 𝑚𝑚4

𝑏1 = 𝑏 − 𝑏1,1 = 2110 𝑚𝑚

𝑏2 = 𝑏1,1 = 450 𝑚𝑚

𝑎𝑐 = 4,33√
𝐼𝑠𝑙,1 ∙ 𝑏1

2 ∙ 𝑏2
2

𝑡3 ∙ 𝑏

4

= 6265,40 𝑚𝑚

𝑎 < 𝑎𝑐 → 𝜎𝑐𝑟,𝑠𝑙 =
𝜋2 ∙ 𝐸 ∙ 𝐼𝑠𝑙,1

𝐴𝑠𝑙,1 ∙ 𝑎2
+

𝐸 ∙ 𝑡3 ∙ 𝑏 ∙ 𝑎2

4 ∙ 𝜋2 ∙ (1 − 𝜐2) ∙ 𝐴𝑠𝑙,1 ∙ 𝑏1
2 ∙ 𝑏2

2 = 718,71 𝑁/𝑚𝑚2

𝜎𝑐𝑟,𝑝 = 𝜎𝑐𝑟,𝑠𝑙 ∙
𝑏𝑐

(𝑏𝑐 − 𝑏1)
= 1066,74 𝑁/𝑚𝑚2



𝜎𝑐𝑟,𝑥 = 𝜎𝑐𝑟,𝑥 = 1066,67 𝑁/𝑚𝑚2

𝛼 =
𝑎

ℎ𝑤
=

5000

2560
= 1,95

𝛼 < 3 → 𝑘𝜏 = 4,1 +
6,3 + 0,18 ∙ 𝐼𝑠𝑙/(𝑡3 ∙ ℎ𝑤)

𝛼2
+ 2,2 ∙ √

𝐼𝑠𝑙

𝑡3 ∙ ℎ𝑤
= 9,708

𝜏𝑐𝑟,𝜏 = 𝑘𝜏 ⋅ 𝜎𝐸  = 9,708 ⋅ 18,10 =  175,72 𝑁 𝑚𝑚2⁄

𝛼𝑐𝑟,𝜏 =
𝜏𝑐𝑟,𝜏

𝜏𝜏,𝐸𝑑
=

175,72

74
= 2,38

𝛼𝑐𝑟,𝑥 =
𝜎𝑐𝑟,𝑥

𝜎𝑥,𝐸𝑑
=

1066,67

257
= 4,51

𝜓𝑥 =
𝜎2

𝜎1
=

−220

257
= −0,86 < 0



1

𝛼𝑐𝑟
=

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
+ [(

1 + 𝜓𝑥

4𝛼𝑐𝑟,𝑥
)

2

+
1 − 𝜓𝑥

2𝛼𝑐𝑟,𝑥
2

+
1

𝛼𝑐𝑟,𝜏
2

]

1
2

=
1 + (−0,86)

4 ⋅ 5,21
+ [(

1 + (−0,86)

4 ⋅ (4,51)
)

2

+
1 − (−0,86)

2 ⋅ 4,512
+

1

2,382
]

1
2

𝛼𝑐𝑟  =  2,04

𝜆𝑝 = √
𝛼𝑢𝑙𝑡,𝑘

𝛼𝑐𝑟
= √

1,236

2,04
= 0,78 ˃ 0,673

𝜌𝑥 =
𝜆𝑝 − 0,055 ⋅ (3 + 𝜓)

𝜆𝑝

2 =
0,78 − 0,055 ⋅ (3 + (−0,86))

0,782
= 1, 091 <  1,00

 𝜌𝑥 = 1,000

𝜒𝑤 =
1,37

0,7 + 𝜆𝑤
̅̅̅̅

=
1,37

0,7 + 0,78
= 1,067



𝜎𝑐𝑟,𝑠𝑙 =
𝜋2 ∙ 𝐸 ∙ 𝐼𝑠𝑙,1

𝐴𝑠𝑙,𝑎 ∙ 𝑎2
= 512,59 𝑁/𝑚𝑚2

𝜎𝑐𝑟,𝑝 = 𝜎𝑐𝑟,𝑠𝑙 ∙
𝑏𝑐

(𝑏𝑐 − 𝑏1)
= 760,81 𝑁/𝑚𝑚2

𝜆𝑐̅ = 𝜆𝑝
̅̅ ̅ = 0,78

𝛼 = 0,34

𝑖 = √
𝐼𝑠𝑙,1

𝐴𝑠𝑙,1
= 78,63

𝛼𝑒 = 𝛼 +
0,09

𝑖/𝑒
= 0,50

𝑒 = max(𝑒1, 𝑒2) = 141,55 𝑚𝑚

𝜙 = 0,5 [1 + 𝛼𝑒 ∙ (𝜆𝑐̅ − 0,2) + 𝜆𝑐̅
2

] = 0,948



𝜒𝑐 =
1

𝜙 + √𝜙2 − 𝜆𝑐̅
2

= 0,672

𝜉 =
𝜎𝑐𝑟,𝑝

𝜎𝑐𝑟,𝑝
− 1 = 0,402

𝜌𝑐 = (𝜌𝑥 − 𝜒𝑐) ∙ 𝜉 ∙ (2 − 𝜉) + 𝜒𝑐 = 0,883

(
𝜎1𝑥,𝐸𝑑

𝜌𝑐 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

+ 3 ⋅ (
𝜏𝐸𝑑

𝜒𝑤 ⋅ 𝑓𝑦/𝛾𝑀1
)

2

≤ 1,00

(
257

0,883 ⋅ 355/1,1
)

2

+ 3 ⋅ (
74

1,067 ⋅ 355/1,1
)

2

≤ 1,00

0,814 + 0,139 = 0,953 < 1,00



 

 

O = 2 ∙ r ∙ π = 2 ∙ 75 ∙ π = 471 cm

473 𝑐𝑚2

7 m
= 67,57 𝑐𝑚2/𝑚



As,min = 8∅12 = 9,05 cm2

As,min = 0,010 ⋅ 𝐴1 = ∙ 752 ∙ π 

𝐴 = ⋅ 𝐴1 = ∙ 752 ∙ π

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑢𝑘𝑢𝑝𝑛𝑜 = 60∅32 = 482,55 cm2    >    473 cm2       

30∅32 + 30∅32



 

O = 4a = 4 ∙ 100 = 400 cm

33 𝑐𝑚2

5,0 m
= 6,60 𝑐𝑚2/𝑚

As,min = 8∅12 = 9,04 cm2

As,min = 0,010 ⋅ 𝐴1 = ⋅



𝐴 = ⋅ 𝐴1 = ⋅

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑠𝑡𝑖𝑗𝑒𝑛𝑘𝑎 𝑑𝑜𝑙𝑗𝑒 = 10∅28 = 61,58 cm2

 

 



O = 4a = 4 ∙ 100 = 400 cm

39 𝑐𝑚2

5,0 m
= 7,80 𝑐𝑚2/𝑚

As,min = 8∅12 = 9,04 cm2

As,min = 0,010 ⋅ 𝐴1 = ⋅

𝐴 = ⋅ 𝐴1 = ⋅

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑠𝑡𝑖𝑗𝑒𝑛𝑘𝑎 𝑔𝑜𝑟𝑒 = 12∅28 = 73,89 cm2



 

O = 4a = 4 ∙ 100 = 400 cm

24 𝑐𝑚2

5,0 m
= 4,80 𝑐𝑚2/𝑚

As,min = 8∅12 = 9,04 cm2

As,min = 0,010 ⋅ 𝐴1 = ⋅



𝐴 = ⋅ 𝐴1 = ⋅

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑠𝑡𝑖𝑗𝑒𝑛𝑘𝑎 𝑏𝑜č𝑛𝑜 = 4∅28 = 24,63 cm2

𝐴𝑠,𝑝𝑟𝑜𝑣,𝑢𝑘𝑢𝑝𝑛𝑜 = 2 ∙ 3∅32 + 10∅28 + 12∅28 = 184,73 cm2   

184,73 cm2 >    33 + 39 + 2 ∙ 24 = 120 cm2       



 

𝜎𝑟𝑎𝑠𝑝. = 2 ⋅ 𝑓𝑐𝑡𝑚 = 2 ⋅ 3,2 = 6,4𝑀𝑃𝑎



• 

𝑆𝑑 = 𝑆𝑑 [∑(𝐺 )

𝑗

+ 𝜓11 ⋅ 𝑄 + ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖>1

]           𝑤 < 0,2𝑚𝑚

 

 



 

𝜎𝑠 = 𝜎𝑠,𝑜 + ∆𝜎𝑠 = 157,6 𝑀𝑃𝑎

𝜎𝑠,𝑜 = 96 𝑀𝑃𝑎

∆𝜎𝑠 =
0,4𝑓𝑐𝑡𝑚

𝛼𝑠𝑡 ∙ 𝜌𝑠
= 61,6 𝑀𝑃𝑎

𝑓𝑐𝑡𝑚 = 3,2 𝑀𝑃𝑎

𝛼𝑠𝑡 =
𝐴 ∙ 𝐼

𝐴𝑎 ∙ 𝐼𝑎
= 1,2930

𝐴 = 0,2577 𝑚2

𝐼 = 0,396 𝑚4

𝐴𝑎 = 0,2363 𝑚2

𝐼𝑎 = 0,334 𝑚4

𝜌𝑠 = 𝐴𝑠/𝐴𝑐𝑡 = 0,0161

𝐴𝑠 = 226,1 𝑐𝑚2

𝐴𝑐𝑡 = 14062,5 𝑐𝑚2

𝑏𝑒𝑓𝑓 = 562,5 𝑐𝑚

𝐴𝑠 = 𝑘𝑠 ∙ 𝑘𝑐 ∙ 𝑘 ∙ 𝑓𝑐𝑡,𝑒𝑓𝑓 ∙
𝐴𝑐𝑡

𝜎𝑠

𝐴𝑠 = 205,6 𝑐𝑚2



𝑘𝑠 = 0,9

𝑘𝑐 =
1

1 + ℎ𝑐/(2𝑧0)
+ 0,3 ≤ 1

𝑘𝑐 = 1,16  →   𝑘𝑐 = 1

ℎ𝑐 = 25 𝑐𝑚

𝑧0 = 79,57 𝑐𝑚

𝑘 = 0,8

𝑓𝑐𝑡,𝑒𝑓𝑓 ≈ 𝑓𝑐𝑡𝑚 = 3,2 𝑀𝑃𝑎

∅ = ∅∗ ∙
𝑓𝑐𝑡,𝑒𝑓𝑓

𝑓𝑐𝑡,0
= 27 𝑚𝑚

∅
25,0 𝑚𝑚

200,0 𝑚𝑚

∅  

 



 

• 

𝐸𝑑 = 𝐸𝑑 [∑ 𝐺

𝑗

+ 𝑄 + ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖>1

]          𝜎𝑐 < 0,6𝑓𝑐𝑘 = 21 𝑁/𝑚𝑚2

• 

𝐸𝑑 = 𝐸𝑑 [∑(𝐺 )

𝑗

+ ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖

]          𝜎𝑐 < 0,45𝑓𝑐𝑘 = 15,8 𝑁/𝑚𝑚2

• 

𝐸𝑑 = 𝐸𝑑 [∑ 𝐺

𝑗

+ 𝑄 + ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖>1

]          𝜎𝑐 < 0,6𝑓𝑐𝑘 = 24 𝑁/𝑚𝑚2

• 

𝐸𝑑 = 𝐸𝑑 [∑(𝐺 )

𝑗

+ ∑(𝜓 ⋅ 𝑄 ) + 𝑃𝑘

𝑖

]          𝜎𝑐 < 0,45𝑓𝑐𝑘 = 18 𝑁/𝑚𝑚2





6 𝑁/𝑚𝑚2 < 21 𝑁/𝑚𝑚2

26 𝑁/𝑚𝑚2 > 24 𝑁/𝑚𝑚2



1 𝑁/𝑚𝑚2 < 15,8 𝑁/𝑚𝑚2

12 𝑁/𝑚𝑚2 < 18 𝑁/𝑚𝑚2



 

 

U1 S1 S2 S3 U2

TGa3, TGe3 TGa6, TGe6 TGe7, TF7 TGe6, TF6 TGa3, TGe3

Stalno TLAK 4503 Spring force in global z 1345 5060 5080 5059 1345

Promet TLAK 3013+3113+3213 Spring force in global z 726 125 179 129 725

Promet VLAK 3014+3114+3214 Spring force in global z 117 1814 1920 1815 110

Vjetar opterećen (TLAK/VLAK) 463 Spring force in global z 58 196 201 195 58

Vjetar neopterećen (TLAK/VLAK) 473 Spring force in global z 97 328 338 328 97

Temperatura TLAK 9846 Spring force in global z 132 163 81 174 143

Temperatura VLAK 9845 Spring force in global z 161 207 61 197 160

Potres svi smjerovi (TLAK/VLAK) 10038, 10138, 10238 Spring force in global z 301 720 1018 729 303

Vjetar opterećen (+/-) 461 Spring force in global y 127 340 377 340 128

Vjetar neopterećen (+/-) 471 Spring force in global y 156 415 460 415 156

Potres y smjer(+/-) 10138* Spring force in global y 488 1219 1887 1217 486

Vjetar opterećen (+/-) 462 Spring force in global x 0 0 146 143 0

Vjetar neopterećen (+/-) 472 Spring force in global x 0 0 101 99 0

Kočenje (+/-) 9345, 9346 Spring force in global x 0 0 230 230 0

Temperatura pozitivna 495 Spring force in global x 0 0 1407 1406 0

Temperatura negativna 496 Spring force in global x 0 0 550 549 0

Potres x smjer (+/-) 10038* Spring force in global x 0 0 944 959 0

2261 5544 5541 5557 2271

1574 5551 5499 5561 1585

1712 5861,5 6138,5 5875 1719,5

1009 2843 2898 2852 1017

1087 4525 4681 4534 1088

963,5 4236,5 4031,5 4231,5 962

0 0 1783 1779 0

0 0 1508 1505 0

0 0 1647,5 1662 0

Temperatura pozitivna 495 Node displacement in global x 105 69 23 23 59

Temperatura negativna 496 Node displacement in global x 41 27 9 9 23

Potres x smjer (+/-) 10001 Node displacement in global x 16 16 15 15 16

Vjetar neopterećen / opterećen 461, 471 Node displacement in global y 1 3 3 3 1

Potres y smjer (+/-) 10102 Node displacement in global y 2 8 13 8 2

58,9 40,9 17,5 17,5 35,9
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RASPORED MATERIJALA MOSTA S OTVORENIM POPREČNIM PRESJEKOM
MJ 1:400
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