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s = μi ∙ Ce ∙ Ct ∙ sk [kN m2⁄ ] = 0,8 ∙ 0,8 ∙ 1,0 ∙ 0,5 = 0,32 [kN/m2]



μ

 

vb = vb,0 ⋅ cdir ⋅ cseason

vb

vb,0

cdir

cseason



vb = 30 ⋅ 1,0 ⋅ 1,0 = 30 m s⁄

νm(z) = cr(z)co(z)νb

cr(z)

co(z)



cr(z) = krln (
z

z0
) zmin ≤ z ≤ zmax

cr(z) = cr(zmin) z ≤ zmin

z0

kr

kr = 0,19 (
z0

zo.II
)

0,07

zo.II

zmin

zmax

kr = 0,19 (
z0

zo.II
)

0,07

= 0,19 (
1,0

0,05
)

0,07

= 0,2343

cr(z) = kr ln (
z

zo
) =  0,2343 ∙ ln (

105,6

1
) = 1,0919

νm(zs) = 1,0919 ∙ 1,0 ∙ 30 = 32,76 m s⁄



I𝐯(z) =
σv

ν𝐦(z)
=

k𝐈

c𝐨(z)ln (z/z𝐨)
zmin ≤ z ≤ zmax

I𝐯(z) = I𝐯(zmin) z ≤ zmin

k𝐈

σv

σv = krνbkI = 0,2343 ∙ 30 ∙ 1,0 = 7,029 m s⁄

Iv(z) =
σv

νm(z)
=

7,029

32,76
= 0,2146

qp(z) = [1 + 7 ∙ Iv(z)] ∙
1

2
ρvm

2 (z) = ce(z)qb

qp(z) = [1 + 7 ∙ 0,2146]
1

2
1,25 ∙ 32,762 = 1678 N m2⁄ = 1.678 kN m2⁄

ρ 1,25 kg m3⁄

ce(z)

qb

qb =
1

2
ρνb

2 =
1

2
∙ 1,25 ∙ 302 = 562.5 N m2⁄ = 0.562 kN m2⁄

ce(z) =
qp(z)

qb



 

we = qp(ze) × cpe

cpe





→



Fw = cscdcfqp(ze) × Aref

cscd

cf

Aref

n1 =
46

h
[ ] =

46

176
= 0,26 Hz

δ = δs + δa + δd = 0,05 + 0,02 ≈ 0,07

δs

 

δa

δd

δ𝐚 =
cf ⋅ ρ ⋅ b ⋅ vm(zs)

2 ⋅ n1 ⋅ me
=

1,4175 ⋅ 1,25 ⋅ 36 ⋅ 32,76

2 ⋅ 0,26 ⋅ 198000
= 0,02

me



me =
∫  

l

0
m(s)Φ1

2(s)ds

∫  
l

0
Φ1

2(s)ds

me =
∫  

176

0
198000 ∙

z
176

2
dz

∫  
176

0

z
176

2
dz

= 198000 kg m⁄

cscd =
1 + 2kpIv(zs)√B2 + R2

1 + 7Iv(zs)
=

1 + 2 ∙ 3,27 ∙ 0,21 ∙ √0,51 + 0,44

1 + 7 ∙ 0,21
= 0,99 ≈ 1,0

kp

B

k𝔭 = √2 ln(νT) +
0,6

√2 ln(νT)
        k𝔭 = 3, 

ν

T

k𝔭 = √2 ln(0,19 ∙ 600) +
0,6

√2 ln(0,19 ∙ 600)
=3,27    

B2 =
1

1 + 0,9 (
b + h
L(zs)

)
0.63

L(zs)



L(z) = Lt (
z

zt
)

α

za  z ≥ zmin

L(z) = L(zmin)  za  z < zmin

Lt

zt

α =  0,67 + 0,05 ln(zo) =  0,67 + 0,05 ln(1,0) =  0,67

L(zs) = Lt (
z

zt
)

α

= 300 ∙ (
105,6

200
)

0,67

= 195,5 m

B2 =
1

1 + 0,9 (
36 + 176

195.5
)

0.63 = 0,51

ν = n1,x√
R2

B2 + R2
; ν ≥ 0,08

ν = 0,26√
0,61

0,51 + 0,44
= 0,18

R2 =
π2

2δ
SL(zs, n1.x)Rh(ηh)Rb(ηb) =

π2

2 ∙ 0,07
∙ 0,09 ∙ 0,14 ∙ 0,49 = 0,44

SL

Rh, Rb

Rh =
1

ηh
−

1

2ηh
2

(1 − e−2ηh) =
1

6,54
−

1

2 ∙ 6,542
(1 − e−2∙6,54) = 0,14



Rb =
1

ηb
−

1

2ηb
2

(1 − e−2ηb) =
1

1,34
−

1

2 ∙ 1,342
(1 − e−2∙1,34) = 0,49

ηh =
4,6h

L(zs)
fL(zs, n1,𝐱) =

4,6 ∙ 176

195,5
∙ 1,58 = 6,54

ηb =
4,6b

L(zs)
fL(zs, n1,x) =

4,6 ∙ 36

195,5
∙ 1,58 = 1,34

cf = cf,oψrψλ = 2,1 ∙ 1,0 ∙ 0,675 = 1,4175

cf,o

ψr

ψλ

→



λ =
2 ∙ h

b
∙

2

cf,0
=

2 ∙ 176

36
∙

2

2,1
= 9,31

φ 

ψλ





 

Re =
b ⋅ v(ze)

ν

ν ν = 15 ⋅ 10−6m2/s

v(Ze)

v = √
2qp

ρ

cpe = cp,oψλa

ψλa

ψλa = 1 0∘ ≤ α ≤ αmin

ψλa = ψλ + (1 − ψλ)cos (
π

2
(

α−αmin

αA−αmin
)) αmin ≤ α ≤ αA

ψλα = ψA αA ≤ α ≤ 180∘

α



α α



A

B

C

D E
F

G

H

A

B

C

D E
F

G

H

Smjer
puhanja
vjetra



α α α

Ψλ Ψλ Ψλ



α α α

Ψλ Ψλ Ψλ



 

α α Ukupna sila

Ψλ Ψλ



cf = cf,oψλ

Fw = cscdcfqp(ze) × Aref



 



 

 

→

 

gploča
međukatna = γG ⋅ gk + γQ ⋅ qk

gploča
međukatna = 1,35 ⋅ 5,65 + 1,5 ⋅ 3,0

gploča
međukatna = 12,13 kN m2⁄ < gdop = 18,46 kN m2⁄

 

 

gploča
krov = γG ⋅ gk + γQ ⋅ qk + Ψi ⋅ γQ ⋅ sk

gploča
krov = 1,35 ⋅ 5,45 + 1,5 ⋅ 0,6 + 0,5 ⋅ 1,5 ⋅ 0,32

gploča
krov = 8,49 kN m2⁄ < gdop = 18,75 kN m2⁄



 

gEd = γG ⋅ gk + γQ ⋅ qk

gEd = γG ⋅ [
e ⋅ l ⋅ gk,kat

l.
+ gk,sek.] + γQ ⋅

e ⋅ l ⋅ qk

lsek.

gEd = 1,35 ⋅ [
3 ⋅ 12 ⋅ 5,65

12
+ 1,84] + 1,5 ⋅

3 ⋅ 12 ⋅ 3

12

gEd = 38,87 kN m⁄

MEd
sredina =

q ⋅ l2

8
=

38,87 ⋅ 122

8
= 700 kNm

Mpl,y,Rd =
Wpl,y ⋅ fy

γMo
=

4815 ⋅ 35,5

1,1
= 1554 kNm > 700 kNm



 

gEd = γG ⋅ gk + γQ ⋅ qk

gEd = γG ⋅ [
e ⋅ l ⋅ gk,kat

lgl.
+

n ⋅ lsek. ⋅ gk,sek.

lgl.
+ gk,gl.] + γQ ⋅

e ⋅ l ⋅ qk

lgl.

gEd = 1,35 ⋅ [
12 ⋅ 12 ⋅ 4,91

12
+

3 ⋅ 12 ⋅ 0,78

12
+ 2,12] + 1,5 ⋅

12 ⋅ 12 ⋅ 3

12

gEd = 152 kN m⁄

MEd
oslonac =

q ⋅ l2

12
=

152 ⋅ 122

12
= 1500 kNm

MEd
sredina =

q ⋅ l2

24
=

152 ⋅ 122

24
= 912 kNm

Mpl,y,Rd =
Wpl,y ⋅ fy

γMo
=

6425 ⋅ 35,5

1,1
= 207352 kNcm = 2073 kNm > 1500 kNm



 

∙ ∙ ∙

∙ ∙ ∙

∙ ∙ ∙

∙ ∙ ∙

∙ ∙ ∙

∙ ∙ ∙

∙ ∙

∙ ∙

∙ ∙

∙ ∙

NG,k = n ⋅ (Gsek ⋅ +Ggl.) + (n + 3) ⋅ (Gstup + Gfasada) + (n − 1) ⋅ (Gmed.kon. + Gpreg.)

+ Gkrov

NG,k = 38 ⋅ (9,36 + 12,72) + 40 ⋅ (20,37 + 13,2) + 37 ⋅ (203,4 + 25,2) + 196,2

= 10836 kN

NQ,k = (n − 1) ⋅ Qetaža + Qkrov + ψiSk = 37 ⋅ 108 + 21,6 + 0,5 ⋅ 11,52 = 4023 kN

NEd = γg ⋅ NG,k + γq ⋅ NQ,k = 1,35 ⋅ 10836 + 1,5 ⋅ 4023 = 14859 kN

λ

Φ

χ



 

∙ ∙

∙ ∙

∙ ∙

∙ ∙

∙ ∙

∙ ∙

∙ ∙

∙ ∙

∙ ∙

NG,k = n ⋅ (Gsek ⋅ +Ggl.) + (n + 3) ⋅ (Gstup) + (n − 1) ⋅ (Gmed.kon. + Gpreg.) + Gkrov

NG,k = 38 ⋅ (66,24 + 50,88) + 40 ⋅ (89,06) + 37 ⋅ (610,2 + 75,6) + 784,8 = 34172 kN

NQ,k = (n − 1) ⋅ Qetaža + Qkrov + ψiSk = 37 ⋅ 324 + 86,4 + 0,5 ⋅ 46,08 = 12097 kN

NEd = γg ⋅ NG,k + γq ⋅ NQ,k = 1,35 ⋅ 34172 + 1,5 ⋅ 12097 = 64278 kN

λ

Φ

χ



 

 









 



α

α



αcr,sw =
Fcr,sw

Fd
≥ 10

α

α

α





 



 







ω

φ φ φ

Σ

Σ  

 





ω

φ φ φ

Σ

Σ  

 



θ

θ

θ =
Ptot ⋅ dr

Vtot ⋅ h

Θ



Δ Φ Φ

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Δ Φ Φ

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Θ



dr ⋅ v ≤ 0,010h

0,010h = 0,010 ⋅ 880 = 8,8 cm

0,010h = 0,010 ⋅ 440 = 4,4 cm

Δ Φ Φ

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

Δ Φ Φ

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  



 

 

 

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r − tw,HD

2
tw

=

1193 − 2 ⋅ 115,1 − 2 ⋅ 19 − 100
2

76,7
= 5,96

5,96 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

ω



c

t
=

b − tw − 2 ⋅ r
2
tf

=

473 − 76,7 − 2 ⋅ 19
2

115,1
= 3,11

3,11 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

600 − 2 ⋅ 140 − 2 ⋅ 15

100
= 2,9

1,06 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

476 − 100 − 2 ⋅ 15
2

140
= 1,24

1,24 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

Nc,Rd =
A ⋅ fy

γM0
=

3408,4 ⋅ 42,0

1,0
= 143153 kN < NEd = 84274 kN

Mc,y,Rd = Mpl,y,Rd =
Wpl,y ⋅ fy

γM0

Mc,y,Rd = Mpl,y,Rd =
47402.66 ⋅ 42,0

1,0
= 19909 kNm

Mc,y,Ed

Mc,y,Rd
=

2216

19909
= 0,11 < 1,0



Mc,z,Rd = Mpl,z,Rd =
Wpl,z ⋅ fy

γM0

Mc,z,Rd = Mpl,z,Rd =
93085.93 ⋅ 42,0

1,0
= 39096 kNm

Mc,z,Ed

Mc,z,Rd
=

3565

39096
= 0,09 < 1,0

hw

tw
> 72 ⋅

ε

η

η

hw =
h − 2 ⋅ tf − tw,HL

2
=

1193 − 2 ⋅ 115,1 − 100

2
= 431,4 mm

hw

tw
=  

431,4

76,7
= 5,62 <  72 ⋅

0,75

1,20
= 45

Vpl,y,Rd =

Av,y ⋅ (
fy

√3
)

γM0

Vpl,y,Rd =

912,86 ⋅ (
42,0

√3
)

1,0
= 22136 kN

Vy,Ed

Vc,y,Rd
=

764

22136
= 0,03 < 1,0

hw

tw
> 72 ⋅

ε

η



η

hw =
h − 2 ⋅ tf − tw,HD

2
=

600 − 2 ⋅ 140 − 76,7

2
= 121,65 mm

hw

tw
=  

121,65

100
= 1,22 <  72 ⋅

0,75

1,20
= 45

Vpl,z,Rd =

Az,y ⋅ (
fy

√3
)

γM0

Vpl,z,Rd =

700,74 ⋅ (
42,0

√3
)

1,0
= 16992 kN

Vz,Ed

Vc,z,Rd
=

711

16992
= 0,04 < 1,0

VEd ≤ 0,5 ⋅ Vz,Rd

Vz,Ed = 60,29 kN < 0,5 ⋅ 22136 = 11068 kN

Vy,Ed = 132,29 kN < 0,5 ⋅ 16992 = 8496 kN

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 73914 > 0,25 ∙ 143154 = 35789 kN



NEd = 73914 >
0,50 ⋅ 982 ⋅ 42,0

1,0
= 20622

<                Mz,v,N,Rd = Mpl,z,Rd

               Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

]

n =
NEd

Nc,Rd
=

73914

143154
= 0,52

a =
A − Σb ⋅ tf

A
=

3408,4 − 2 ⋅ (47,6 ⋅ 14,0 + 47,3 ⋅ 11,51)

3408,4
= 0,29 < 0,5

MEd

Mz,V,N,Rd
≤ 1,0

Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

] = 39096 ⋅ [1 − (
0,52 − 0,29

1 − 0,29
)

2

] = 34993

34,64

34993
= 0,001 < 1,0

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 84254 > 0,25 ∙ 143154 = 35789 kN

NEd = 84254 >
0,50 ⋅ 982 ⋅ 42,0

1,0
= 20622

MN,V,y,Rd = MPl,y,Rd ⋅
1 − n

1 − 0,5 ⋅ a
≤ Mpl,y,Rd

n =
NEd

Nc,Rd
=

84254

143154
= 0,59



a =
A − Σb ⋅ tf

A
=

3408,4 − 2 ⋅ (47,6 ⋅ 14,0 + 47,3 ⋅ 11,51)

3408,4
= 0,29 < 0,5

MN,V,y,Rd = 39096 ⋅
1 − 0.59

1 − 0,5 ⋅ 0,29
= 18748 kNm ≤ Mpl,y,Rd

MEd

Mz,V,N,Rd
≤ 1,0

33,8

18748
= 0,002 < 1,0

[
My,Ed

My,N,Rd
]

α

+ [
Mz,Ed

Mz,N,Rd
]

β

≤ 1,0

n =
NEd

Nc,Rd
=

83281

143154
= 0,58

a =
A − Σb ⋅ tf

A
=

3408,4 − 2 ⋅ (47,6 ⋅ 14,0 + 47,3 ⋅ 11,51)

3408,4
= 0,29 < 0,5

Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

] = 39096 ⋅ [1 − (
0,58 − 0,29

1 − 0,29
)

2

] = 32574 kNm

MN,V,y,Rd = MPl,y,Rd ⋅
1 − n

1 − 0,5 ⋅ a
= 39096 ⋅

1 − 0.58

1 − 0,5 ⋅ 0,29
= 19205 kNm

α = 2,0; β = 5 ⋅ n = 5 ⋅ 0,58 = 2,9

[
498,51

19205
]

2,0

+ [
124,25

32574
]

2,9

= 0,0006 < 1,0

Nb,Rd = χ ⋅
A ⋅ fy

γM1



Ncr =
π2EIy

Lcr
2

=
π2 ⋅ 21000 ⋅ 960900

5012
= 793454 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 3408,4

793454
= 0,42

ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,76(0,42 − 0,2) + 0, 372] = 0,65

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,65 + √0, 652 − 0, 422
= 0,87

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,87 ⋅

3408,4 ⋅ 42,0

1,1
= 113221 kN

NEd

Nb,Rd
=

84274

113221
= 0,74 ≤ 1,0

Ncr =
π2EIz

Lcr
2

=
π2 ⋅ 21000 ⋅ 4006047

10232
= 793384 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 3408,4

793384
= 0,47

ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,76(0,47 − 0,2) + 0, 472] = 0,71

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,71 + √0, 712 − 0, 472
= 0,81



Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0.81 ⋅

3408,4 ⋅ 42,0

1,1
= 105413 kN

NEd

Nb,Rd
=

84274

105413
= 0,80 ≤ 1,0

Mcr = C1 ⋅
π2 ⋅ E ⋅ Iy

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iy
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iy
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]

Mcr = 1,77 ⋅
π2 ⋅ 21000 ⋅ 960900

4402
⋅ [√(

1

1
)

2

⋅
7,23 ∙ 108

960900
+

4402 ⋅ 8077 ⋅ 143393

π2 ⋅ 21000 ⋅ 960900
]

= 16 758 621 kNm

λLT

_

= √
Wpl,y ⋅ fy

Mcr
= √

47403 ⋅ 42,0

16758621
= 0,34 < 0,4

Mb,Rd = λLT
̅̅ ̅̅ ⋅

Wpl,y ⋅ fy

γM1
= 1,0 ⋅

47403 ⋅ 42,0

1,1
= 18099 kNm

MEd

Mb,Rd
=

2216

18099
= 0,12 ≤ 1,0



ψ = 0

αs = 0,5

Cmz = 0,6 + 0,4 ⋅ ψ = 0,6 > 0,4

ψ = 0

αs = 0,5

Cmy = 0,6 + 0,4 ⋅ ψ = 0,6 > 0,4

kyy = Cmy [1 + (λy̅ − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmy [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kyy = 0,6 [1 + (0,37 − 0,2) ⋅
83281

113221
] = 0,67 ≤ 0,6 [1 + 0,8 ⋅

83281

113221
] = 0,95

kzz = Cmz [1 + (λz̅ − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmz [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kzz = 0,6 [1 + (0,06 − 0,2) ⋅
83281

143153
] = 0,55 ≤ 0,6 [1 + 0,8 ⋅

83281

143153
] = 0,88

kzy = 0,6 ⋅ kyy = 0,402

kyz = 0,6 ⋅ kzz = 0,33

NEd

χy ⋅
NRk

γM1

+ kyy ⋅
Mz.Ed

Mz,Rk

γM1

+ kyz ⋅
My.Ed

My,Rk

γM1

≤ 1

83281

113221
+ 0,67 ⋅

124

35542
+ 0,33 ⋅

499

18099
= 0,75 ≤ 1



 

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r − tw,HD

2
tw

=

1027 − 2 ⋅ 32 − 2 ⋅ 19 − 100
2

19,3
= 21,37

21,37 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

418 − 19,3 − 2 ⋅ 19
2

32
= 5,64

5,64 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

ω



c

t
=

h − 2 ⋅ tf − 2 ⋅ r − tw,HD

2
tw

=

600 − 2 ⋅ 140 − 2 ⋅ 15 − 19,3
2

100
= 1,35

1,35 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

476 − 100 − 2 ⋅ 15
2

140
= 1,24

1,24 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

Nc,Rd =
A ⋅ fy

γM0
=

2091,9 ⋅ 42,0

1,0
= 84836 kN < NEd = 46696 kN

Mc,y,Rd = Mpl,y,Rd =
Wpl,y ⋅ fy

γM0

Mc,y,Rd = Mpl,y,Rd =
26453,67 ⋅ 42,0

1,0
= 11111 kNm

Mc,y,Ed

Mc,y,Rd
=

2466

11111
= 0,22 < 1,0

Mc,z,Rd = Mpl,z,Rd =
Wpl,z ⋅ fy

γM0

Mc,z,Rd = Mpl,z,Rd =
20784,84 ⋅ 42,0

1,0
= 8729 kNm



Mc,z,Ed

Mc,z,Rd
=

1991

8729
= 0,23 < 1,0

hw

tw
> 72 ⋅

ε

η

η

hw =
h − 2 ⋅ tf − tw,HL

2
=

1027 − 2 ⋅ 32 − 100

2
= 431,5 mm

hw

tw
=  

431,5

19,3
= 22,36 <  72 ⋅

0,75

1,20
= 45

Vpl,y,Rd =

Av,y ⋅ (
fy

√3
)

γM0

Vpl,y,Rd =

315,16 ⋅ (
42,0

√3
)

1,0
= 7642 kN

Vy,Ed

Vc,y,Rd
=

665

7642
= 0,09 < 1,0

hw

tw
> 72 ⋅

ε

η

η

hw =
h − 2 ⋅ tf − tw,HD

2
=

600 − 2 ⋅ 140 − 19,3

2
= 150,35 mm

hw

tw
=  

150,35

100
= 1,50 <  72 ⋅

0,75

1,20
= 45



Vpl,z,Rd =

Az,y ⋅ (
fy

√3
)

γM0

Vpl,z,Rd =

492,28 ⋅ (
42,0

√3
)

1,0
= 11937 kN

Vz,Ed

Vc,z,Rd
=

825

11937
= 0,07 < 1,0

VEd ≤ 0,5 ⋅ Vz,Rd

Vz,Ed = 825 kN < 0,5 ⋅ 11937 = 5969 kN

Vy,Ed = 665 kN < 0,5 ⋅ 7642 = 3821 kN

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 41992 > 0,25 ∙ 84836 = 21209 kN

NEd = 41992 >
0,50 ⋅ 1183 ⋅ 42,0

1,0
= 24843

<                Mz,v,N,Rd = Mpl,z,Rd

               Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

]



n =
NEd

Nc,Rd
=

41992

84836
= 0,49

a =
A − Σb ⋅ tf

A
=

2091,9 − 2 ⋅ (47,6 ⋅ 14,0 + 41,8 ⋅ 3,2)

2091,9
= 0,20 < 0,5

MEd

Mz,V,N,Rd
≤ 1,0

Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

] = 9729 ⋅ [1 − (
0,49 − 0,20

1 − 0,20
)

2

] = 8451 kNm

18,09

8451
= 0,002 < 1,0

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 43406 > 0,25 ∙ 84836 = 21209 kN

NEd = 43406 >
0,50 ⋅ 1183 ⋅ 42,0

1,0
= 24843

MN,V,y,Rd = MPl,y,Rd ⋅
1 − n

1 − 0,5 ⋅ a
≤ Mpl,y,Rd

n =
NEd

Nc,Rd
=

434062

84836
= 0,51

a =
A − Σb ⋅ tf

A
=

2091,9 − 2 ⋅ (47,6 ⋅ 14,0 + 41,8 ⋅ 3,2)

2091,9
= 0,20 < 0,5

MN,V,y,Rd = 11111 ⋅
1 − 0,51

1 − 0,5 ⋅ 0,20
= 6296 kNm ≤ Mpl,y,Rd

MEd

Mz,V,N,Rd
≤ 1,0



32,73

6296
= 0,005 < 1,0

[
My,Ed

My,N,Rd
]

α

+ [
Mz,Ed

Mz,N,Rd
]

β

≤ 1,0

n =
NEd

Nc,Rd
=

46592

84836
= 0,55

a =
A − Σb ⋅ tf

A
=

2091,9 − 2 ⋅ (47,6 ⋅ 14,0 + 41,8 ⋅ 3,2)

3408,4
= 0,20 < 0,5

Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

] = 9729 ⋅ [1 − (
0,55 − 0,20

1 − 0,20
)

2

] = 7867 kNm

MN,V,y,Rd = MPl,y,Rd ⋅
1 − n

1 − 0,5 ⋅ a
= 11111 ⋅

1 − 0.55

1 − 0,5 ⋅ 0,20
= 5556 kNm

α = 2,0; β = 5 ⋅ n = 5 ⋅ 0,55 = 2,75

[
647

5556
]

2,0

+ [
525

7867
]

2,75

= 0,01 < 1,0

Nb,Rd = χ ⋅
A ⋅ fy

γM1

Ncr =
π2EIy

Lcr
2

=
π2 ⋅ 21000 ⋅ 793610

4402
= 849612 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 2091,9

849612
= 0,32



ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,76(0,32 − 0,2) + 0, 322] = 0,597

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,597 + √0, 5972 − 0, 322
= 0,91

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,91 ⋅

2091,9 ⋅ 42,0

1,1
= 72684 kN

NEd

Nb,Rd
=

46696

72684
= 0,64 ≤ 1,0

Ncr =
π2EIz

Lcr
2

=
π2 ⋅ 21000 ⋅ 1067302

4402
= 1142617 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 2091,9

1142617
= 0,28

ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,76(0,28 − 0,2) + 0, 282] = 0,57

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,57 + √0, 572 − 0, 282
= 0,94

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,94 ⋅

2091,9 ⋅ 42,0

1,1
= 75080 kN

NEd

Nb,Rd
=

46696

75080
= 0,62 ≤ 1,0



Mcr = C1 ⋅
π2 ⋅ E ⋅ Iy

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iy
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iy
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]

Mcr = 1,77 ⋅
π2 ⋅ 21000 ⋅ 793610

4402
⋅ [√(

1

1
)

2

⋅
2,30 ∙ 108

793610
+

4402 ⋅ 8077 ⋅ 87542

π2 ⋅ 21000 ⋅ 793610
]

= 50 373 262 kNm

λ̅LT = √
Wpl,y ⋅ fy

Mcr
= √

26454 ⋅ 42,0

50373262
= 0,07 < 0,4

Mb,Rd = λ̅LT ⋅
Wpl,y ⋅ fy

γM1
= 1,0 ⋅

47403 ⋅ 42,0

1,1
= 18099 kNm

MEd

Mb,Rd
=

2216

18099
= 0,12 ≤ 1,0

ψ = 0

αs = 0,5

Cmz = 0,6 + 0,4 ⋅ ψ = 0,6 > 0,4



ψ = 0

αs = 0,5

Cmy = 0,6 + 0,4 ⋅ ψ = 0,6 > 0,4

kyy = Cmy [1 + (λ̅y − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmy [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kyy = 0,6 [1 + (0,32 − 0,2) ⋅
46592

72684
] = 0,65 ≤ 0,6 [1 + 0,8 ⋅

46592

72684
] = 0,91

kzz = Cmz [1 + (λ̅z − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmz [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kzz = 0,6 [1 + (0,28 − 0,2) ⋅
46592

75080
] = 0,63 ≤ 0,6 [1 + 0,8 ⋅

46592

75080
] = 0,90

kzy = 0,6 ⋅ kyy = 0,39

kyz = 0,6 ⋅ kzz = 0,38

NEd

χy ⋅
NRk

γM1

+ kyy ⋅
Mz.Ed

Mz,Rk

γM1

+ kyz ⋅
My.Ed

My,Rk

γM1

≤ 1

46592

72684
+ 0,65 ⋅

525

8729
+ 0,38 ⋅

647

11111
= 0,70 ≤ 1



 

ω

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

399,2 − 2 ∙ 39,6 − 2 ∙ 15

24,9
= 11,65

11,65 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r

tf
=

401 − 24,9 − 2 ∙ 15

2 ∙ 39,6
= 4,37

4,37 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →



Nc,Rd =
A ⋅ fy

γM0
=

399,2 ⋅ 42,0

1,0
= 16766 kN > NEd = 3252 kN

Nc,Rd =
A ⋅ fy

γM0
=

399,2 ⋅ 42,0

1,0
= 16766 kN < NEd = 3310 kN

Mc,y,Rd = Mpl,y,Rd =
Wpl,y ⋅ fy

γM0

Mc,y,Rd = Mel,y,Rd =
6374,18 ⋅ 42,0

1,0
= 2677 kNm

Mc,y,Ed

Mc,y,Rd
=

2144

2677
= 0,80 < 1,0

Mc,z,Rd = Mpl,z,Rd =
Wpl,z ⋅ fy

γM0

Mc,z,Rd = Mpl,z,Rd =
3236,48 ⋅ 42,0

1,0
= 1359 kNm

Mc,z,Ed

Mc,z,Rd
=

106

1359
= 0,08 < 1,0



hw

tw
> 72 ⋅

ε

η

η

hw = 319,8 mm

hw

tw
=  

319,8

24,9
= 12,84 <  72 ⋅

0,75

1,20
= 45

Vpl,z,Rd =

Av,z ⋅ (
fy

√3
)

γM0

Vpl,z,Rd =

89,49 ⋅ (
42,0

√3
)

1,0
= 2170 kN

Vz,Ed

Vc,z,Rd
=

631

2170
= 0,29 < 1,0

VEd ≤ 0,5 ⋅ Vz,Rd

Vz,Ed = 577 kN < 0,5 ⋅ 2170 = 1085 kN

σx,Ed ≤
fy

γMo



σ𝐱,𝐍,𝐄𝐝 =
N

A
=

16820

399200
= 0,04 Mpa

σ𝐱,𝐌𝐲,𝐄𝐝 =
My,Ed

Wpl,y
=

2127000000

6374000
= 335 Mpa

σx,N,Ed + σx,My,Ed ≤
fy

γM0

0,04 + 335 = 335,04 ≤
420

1,0

Nb,Rd = χ ⋅
A ⋅ fy

γM1

Ncr =
π2EIy

Lcr
2

=
π2 ⋅ 21000 ⋅ 110230

12002
= 15866 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 399,2

15886
= 1,03

ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,34(0,32 − 0,2) + 0, 342] = 1,17

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

1,17 + √1,172 − 1,032
= 0,58

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,58 ⋅

399,2 ⋅ 42,0

1,1
= 8840 kN

NEd

Nb,Rd
=

3252

8840
= 0,37 ≤ 1,0



Ncr =
π2EIz

Lcr
2

=
π2 ⋅ 21000 ⋅ 42604

12002
= 6132 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 399,2

6132
= 1,65

ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,49(1,65 − 0,2) + 1,652] = 2,22

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

2,22 + √2,222 − 2,652
= 0,27

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,27 ⋅

399,2 ⋅ 42,0

1,1
= 4115 kN

NEd

Nb,Rd
=

3252

4115
= 0,79 ≤ 1,0

Mb,Rd = λLT ⋅
Wpl,y ⋅ fy

γM1
= 1,0 ⋅

6374 ⋅ 42,0

1,1
= 2433 kNm

MEd

Mb,Rd
=

2216

2433
= 0,91 ≤ 1,0



Mb,Rd = λLT ⋅
Wpl,z ⋅ fy

γM1
= 1,0 ⋅

3236 ⋅ 42,0

1,1
= 1236 kNm

MEd

Mb,Rd
=

106

1236
= 0,09 ≤ 1,0

ψ = 0

αs = 0,5

Cmz = 0,6 + 0,4 ⋅ (−0,11) = 0,56 > 0,4

ψ = −0,11

αs = 0,5

Cmy = 0,6 + 0,4 ⋅ (−0,02) = 0,59 > 0,4

kyy = Cmy [1 + (λ̅y − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmy [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kyy = 0,59 [1 + (1,03 − 0,2) ⋅
16,82

8840
] = 0,59 ≤ 0,59 [1 + 0,8 ⋅

16,82

8840
] = 0,59

kzz = Cmz [1 + (λ̅z − 0,2) ⋅
NEd

χz ⋅
NRk

γM1

] ≤ Cmz [1 + 0,8 ⋅
NEd

χz ⋅
NRk

γM1

]

kzz = 0,56 [1 + (1,65 − 0,2) ⋅
16,82

4115
] = 0,56 ≤ 0,56 [1 + 0,8 ⋅

16,82

4115
] = 0,56

kzy = 0,6 ⋅ kyy = 0,35



kyz = 0,6 ⋅ kzz = 0,34

NEd

χy ⋅
NRk

γM1

+ kyy ⋅
Mz.Ed

Mz,Rk

γM1

+ kyz ⋅
My.Ed

My,Rk

γM1

≤ 1

16,82

8840
+ 0,59 ⋅

6,54

1236
+ 0,35 ⋅

2128

2433
= 0,31 ≤ 1

NEd

χz ⋅
NRk

γM1

+ kzz ⋅
Mz.Ed

Mz,Rk

γM1

+ kzy ⋅
My.Ed

My,Rk

γM1

≤ 1

16,82

4115
+ 0,34 ⋅

6,54

1236
+ 0,56 ⋅

2128

2433
= 0,50 ≤ 1

δ = 26,8 mm < δdop =
L

250
= 48 mm

 

A 307 cm2 

D 508 mm 

d 468 mm 

t 20 mm 

I 91428 cm4 



ε = √
235

fy
= √

235

420
= 0,75

d

t
=

468

16
= 29,25

29,25 < 50 ⋅ ε = 33 ⋅ 0,75 = 37,5 →

Nc,Rd =
A ⋅ fy

γM0
=

307 ⋅ 42,0

1,0
= 12894 kN > NEd = 6334 kN

Nc,Rd =
A ⋅ fy

γM0
=

307 ⋅ 42,0

1,0
= 12894 kN < NEd = 7355 kN

Nb,Rd = χ ⋅
A ⋅ fy

γM1

Ncr =
π2EI

Lcr
2

=
π2 ⋅ 21000 ⋅ 91428

10652
= 16707 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 307

16707
= 0,88

ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(0,88 − 0,2) + 0,882] = 0,96



χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,96 + √0,962 − 0,882
= 0,74

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,74 ⋅

307 ⋅ 42,0

1,1
= 8674 kN

NEd

Nb,Rd
=

6334

8674
= 0,73 ≤ 1,0

 

fck = 30 N mm2⁄

fcd = αcc

fck

γc
= 1,0 ⋅

25

1,5
= 16,67 N mm2⁄

Ecm = 31000 N mm2⁄

A 238,6 cm2 

h 500 mm 

b 300 mm 

tw 14,5 mm 

tf 28 mm 

r 27 mm 

Iy 107200 cm4 

Wpl,y 4815,0 cm3 

Iz 12620 cm4 

Wpl,z 1292,0 cm3 

It 538,40 cm4 

Iw 7018000 cm6 



fsk = 500 N mm2⁄

fsd =
fsk

γs
=

500

1,15
= 435 N mm2⁄

fyk = 420 N mm2⁄

fyd =
fyk

γM
=

420

1,0
= 420 N mm2⁄

Ea = 210000 N mm2⁄

fu = 450 N mm2⁄

d = 22 mm

hsc = 80 mm

gc,1 = 2,09 kN m2⁄

gp = 0,19 kN m2⁄

gn = 0,31 kN m2⁄

Σgk,1 = 2,59 kN m2⁄

qk,1 = 0,75 kN m2⁄

gc,2 = 2,01 kN/m2 

gp = 0,19 kN m2⁄

gn = 0,31 kN/m2 



Σgk,2 = 2,51 kN m2⁄

Δg = 1,5 kN m2⁄

gpreg = 0,70kN m2⁄

ginst = 0,50kN m2⁄

Σgk,3 = 2,7 kN m2⁄

qk,2 = 3,0 kN m2⁄

ed = b ⋅ (γG ⋅ gk + γQ ⋅ qk) = 3,0 ⋅ (1,35 ⋅ 2,59 + 1,5 ⋅ 0,75) = 13,86 kN m⁄

MEd =
q ⋅ l2

8
=

13,86 ⋅ 122

8
= 249,48 kNm

VEd =
ed ⋅ l

2
=

13,86 ⋅ 12

2
= 83,16 kN

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

500 − 2 ⋅ 28 − 2 ⋅ 27

14,5
= 26,9

13,45 < 72 ⋅ ε = 72 ⋅ 0,75 = 54,0 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

300 − 14,5 − 2 ⋅ 27
2

28
= 4,13

4,13 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75



Mc,y,Rd = Mpl,y,Rd =
Wpl,y ⋅ fy

γM0
=

4815 ⋅ 42,0

1,0
= 2022,3 kNm

MEd = 249,48 kNm <  Mc,y,Rd = 2022,3 kNm

hw

tw
> 72 ⋅

ε

η

hw =
h − 2 ⋅ tf

2
=

500 − 2 ⋅ 28,0

2
= 222,0mm

hw

tw
=

222,0

14,5
= 15,31 < 72 ⋅

0,75

1,20
= 45

Vpl,z,Rd =

Av,z ⋅ (
fy

√3
)

γM0

Vpl,z,Rd =

65,72 ⋅ (
42,0

√3
)

1,0
= 1594 kN

VEd = 83,16 kN < Vpl,z,Rd = 1594 kN

VEd ≤ 0,5 ⋅ Vz,Rd

VEd = 83,16 kN < 0,5 Vpl,z,Rd = 797 kN



Mcr = C1 ⋅
π2 ⋅ E ⋅ Iz

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iz
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iz
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]

Mcr = 1,127 ⋅
π2 ⋅ 21000 ⋅ 12620

12002
⋅

[√(
1

1
)

2

⋅
7018000

12620
+

12002 ⋅ 8077 ⋅ 538,40

π2 ⋅ 21000 ⋅ 12620
+ (0,454 ⋅ 25,0)2 − 0,454 ⋅ 25,0] = 903,57 kNm

λLT
̅̅ ̅̅ = √

Wpl,y ⋅ fy

Mcr
= √

4815,0 ⋅ 42,0

90356,70
= 1,49 > 0,4

ϕLT = 0,5 [1 + αLT(λLT
̅̅ ̅̅ − 0,2) + λLT

̅̅ ̅̅ 2
] = 0,5[1 + 0,34(1,49 − 0,2) + 1, 492] = 1,83

χLT =
1

ϕ + √ϕ2 − λ̅2
=

1

1,83 + √1, 832 − 1, 492
= 0,35 < 1,0

Mb,Rd = λLT ⋅
Wpl,y ⋅ fy

γM1
= 0,35 ⋅

4815,0 ⋅ 42,0

1,1
= 643,46 kNm

MEd = 249,48 kNm <  Mc,y,Rd = 643,36 kNm

ed = b ⋅ (γG ⋅ gk + γQ ⋅ qk) = 3,0 ⋅ (1,35 ⋅ 2,51 + 1,5 ⋅ 3,0) = 23,67 kN m⁄

MEd =
q ⋅ l2

8
=

23,67 ⋅ 122

8
= 426,06 kNm



VEd =
ed ⋅ l

2
=

23,67 ⋅ 12

2
= 142,02 kN

beff = b0 + be1 + be2

b0 = 0

be1 = be2 =
Le

8
=

L

8
=

12,0

8
= 1,50 m

beff = 0 + 1,5 + 1,5 = 3,0 = b

beff ⋅ hc ⋅ 0,85 ⋅ fcd > Aa ⋅ fyd

300 ⋅ 5,4 ⋅ 0,85 ⋅ 1,67 = 2300 kN < 238,60 ⋅ 42,0 = 10021 kN

xpl = hc + hp + tf +
Aa − 2 ⋅ b ⋅ tf

2 ⋅ tw
−

beff ⋅ hc ⋅ 0,85 ⋅ fcd

2 ⋅ tw ⋅ fyd

xpl = 5,4 + 5,6 + 2,8 +
238,6 − 2 ⋅ 30,0 ⋅ 2,8

2 ⋅ 1,45
−

300 ⋅ 5,4 ⋅ 0,85 ⋅ 1,67

2 ⋅ 1,45 ⋅ 42,0
= 19,26 cm

c = h − 2 ⋅ tf − 2 ⋅ r = 814 − 2 ⋅ 40 − 2 ⋅ 30 = 674 mm

t = tw = 21 mm

α =
zc

c
=

192,6

674
= 0,29

c

tw
= 32,1 ≤

36 ⋅ ε

α
=

36 ⋅ 0,75

0,29
= 93,1



Mpl,Rd = Aa ⋅ fyd ⋅ (z + hp ⋅
hc

2
) − tw ⋅ fyd ⋅ (xpl − hc − hp − tf)(xpl + hp + tf) − b ⋅ tf

⋅ fyd ∙ (hc + 2hp + tf)

Mpl,Rd = 238,6 ⋅ 42,0 ⋅ (40,7 + 5,6 ⋅
5,4

2
) − 1,45 ⋅ 42,0

⋅ (19,26 − 5,4 − 5,6 − 2,8)(19,26 + 5,6 + 2,8) − 30,0 ⋅ 2,8 ⋅ 42

⋅ (5,4 + 2 ⋅ 5,6 + 2,8)

Mpl,Rd = 4817 kNm

MEd = 426,06 kNm <  Mpl,Rd = 4817 kNm

hw

tw
> 72 ⋅

ε

η

hw =
h − 2 ⋅ tf

2
=

500 − 2 ⋅ 28,0

2
= 222,0 mm

hw

tw
=

222,0

14,5
= 15,31 < 72 ⋅

0,75

1,20
= 45

VEd = 142 kN < Vpl,z,Rd = 1594 kN

PRd
s =

0,8 ⋅ fu ⋅ π ⋅
d2

4
γVc

=
0,8 ⋅ 45 ⋅ π ⋅

2,22

4
1,25

= 110 kN

PRd
c =

0,29 ⋅ α ⋅ d2√fck ⋅ Ecm

γVc

α



hsc

d
=

80

22
= 3,64 < 4 → α = 0,2 ⋅ (

hsc

d
+ 1) = 0,2 ⋅ (

80

22
+ 1) = 0,927

PRd
c =

0,29 ⋅ 0,927 ⋅ 2, 22√2,5 ⋅ 3100

1,5
= 76,36 kN

ns =
Ncf

Pt,Rd
=

beff ⋅ hc ⋅ 0,85 ⋅ fcd

Pt,Rd
=

300 ⋅ 5,4 ⋅ 0,85 ⋅ 1,67

76,36
= 30,11 ∼ 32 moždanika

nr =
L

bs
=

12000

150
= 80

ed,ukupno = b ⋅ (gk + qk) = 3,0 ⋅ (2,59 + 0,75) = 8,52 kN m⁄

δukupno =
5

384
∙

ed,ukupno ∙ L4

 EIa
=

5 ∙ 0,0852 ∙ 12004

384 ∙ 21000 ∙ 107200
= 1,02 cm

ed,promjenjivo = b ⋅ qk = 3,0 ⋅ 0,75 = 2,25 kN m⁄

δpromjenjivo =
5

384
∙

ed ∙ L4

 EIa
=

5 ∙ 0,0225 ∙ 12004

384 ∙ 21000 ∙ 107200
= 0,27 cm



δukupno ≤
L

250
=

1200

250
= 4,8 cm

δpromjenjivo ≤
L

360
=

1200

360
= 3,33 cm

Ec,eff =
Ecm

2
=

31000

2
= 1550 kN/cm2

EIL = Ea ∙ Ia + Ec,eff ∙ Ic +
Ea ∙ Aa ∙ Ec,eff ∙ Ac

Ea ∙ Aa + Ec,eff ∙ Ac
∙ a2

a =
ha

2
+ hp +

hc

2
=

50

2
+ 5,6 +

5,4

2
= 33,3 cm

EIL = 21000 ∙ 107200 + 1550 ∙ 3937 +
21000 ∙ 238,6 ∙ 1550 ∙ 1620

21000 ∙ 238,6 + 1550 ∙ 1620
∙ 33,32

EIP = EIL = 4112177487 kNcm2 = 411217 kNm2

ed,ukupno = b ⋅ (gk + qk) = 3,0 ⋅ (2,51 + 2,7 + 3,0) = 24,63 kN m⁄

δukupno =
5

384
∙

ed,ukupno ∙ L4

 EIa
=

5 ∙ 0,2463 ∙ 12004

384 ∙ 4112177487
= 1,52 cm

ed,promjenjivo = b ⋅ qk = 3,0 ⋅ 3,0 = 9 kN m⁄

δpromjenjivo =
5

384
∙

ed ∙ L4

 EIa
=

5 ∙ 0,09 ∙ 12004

384 ∙ 4112177487
= 0,59 cm

δukupno ≤
L

250
=

1200

250
= 4,8 cm

δpromjenjivo ≤
L

360
=

1200

360
= 3,33 cm

 



 

 

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r − tw,HD

2
tw

=

1087 − 2 ⋅ 62 − 2 ⋅ 19 − 100
2

34,5
= 11,96

11,96 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

431 − 34,5 − 2 ⋅ 19
2

62
= 2,89

2,89 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

ω



c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

600 − 2 ⋅ 140 − 2 ⋅ 15

100
= 2,9

1,06 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

476 − 100 − 2 ⋅ 15
2

140
= 1,24

1,24 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

Nc,Rd =
A ⋅ fy

γM0
=

2490,0 ⋅ 42,0

1,0
= 104580 kN > NEd = 61653 kN



VEd ≤ 0,5 ⋅ Vz,Rd

Vpl,z,Rd =

Av,z ⋅ (
fy

√3
)

γM0
=

544,79 ⋅ (
42,0

√3
)

1,0
= 13210 kN

Vpl,y,Rd =

Av,y ⋅ (
fy

√3
)

γM0
=

452,90 ⋅ (
42,0

√3
)

1,0
= 10982 kN

Vz,Ed = 481 kN < 0,5 ⋅ 13210 = 6605 kN

Vy,Ed = 352 kN < 0,5 ⋅ 10982 = 5491 kN

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 62380 > 0,25 ∙ 104580 = 26145 kN

NEd = 62380 >
0,50 ⋅ 469 ⋅ 42,0

1,0
= 9849 kN

<                Mz,v,N,Rd = Mpl,z,Rd

               Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

]

n =
NEd

Nc,Rd
=

61653

104580
= 0,59

a =
A − Σb ⋅ tf

A
=

2490 − 2 ⋅ (47,6 ⋅ 14,0 + 4,31 ⋅ 6,2)

2490
= 0,44 < 0,5



MEd

Mz,V,N,Rd
≤ 1,0

Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

] = 17721 ⋅ [1 − (
0,59 − 0,44

1 − 0,44
)

2

] = 16274

1282

16274
= 0,08 < 1,0

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 62380 > 0,25 ∙ 104580 = 26145 kN

NEd = 62380 >
0,50 ⋅ 469 ⋅ 42,0

1,0
= 9849 kN

MN,V,y,Rd = MPl,y,Rd ⋅
1 − n

1 − 0,5 ⋅ a
≤ Mpl,y,Rd

n =
NEd

Nc,Rd
=

61653

104580
= 0,59

a =
A − Σb ⋅ tf

A
=

2490 − 2 ⋅ (47,6 ⋅ 14,0 + 4,31 ⋅ 6,2)

2490
= 0,44 < 0,5

MN,V,y,Rd = 13351 ⋅
1 − 0.60

1 − 0,5 ⋅ 0,44
= 6847 kNm ≤ Mpl,y,Rd

MEd

My,V,N,Rd
≤ 1,0

1469

6847
= 0,21 < 1,0



Nb,Rd = χ ⋅
A ⋅ fy

γM1

Ncr =
π2EIy

Lcr
2

=
π2 ⋅ 21000 ⋅ 837640

8802
= 224187 kN

λ̅y = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 2490

224187
= 0,68

ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,76(0,68 − 0,2) + 0, 682] = 0,91

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,91 + √0, 912 − 0, 682
= 0,66

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,66 ⋅

2490 ⋅ 42,0

1,1
= 62748 kN

NEd

Nb,Rd
=

61653

62748
= 0,98 ≤ 1,0

Ncr =
π2EIz

Lcr
2

=
π2 ⋅ 21000 ⋅ 1923391

8802
= 514780 kN

λ̅z = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 2490

514780
= 0,45



ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,76(0,45 − 0,2) + 0, 452] = 0,7

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,7 + √0, 72 − 0, 452
= 0.81

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0.81 ⋅

2490 ⋅ 42,0

1,1
= 77009 kN

NEd

Nb,Rd
=

61653

77009
= 0,80 ≤ 1,0

Mcr = C1 ⋅
π2 ⋅ E ⋅ Iy

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iy
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iy
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]

Mcr = 2,26 ⋅
π2 ⋅ 21000 ⋅ 837640

8802
⋅ [√(

1

1
)

2

⋅
3,5 ∙ 108

837640
+

8802 ⋅ 8077 ⋅ 94065

π2 ⋅ 21000 ⋅ 1923391
]

= 21463177 kNcm

λ̅LT = √
Wpl,y ⋅ fy

Mcr
= √

39267 ⋅ 42,0

21463177
= 0,27 < 0,4



ψ = 0

αs = 0,5

Cmz = 0,6 > 0,4

ψ = 0

αs = 0,5

Cmy = 0,6 + 0,4 ⋅ ψ = 0,6 > 0,4

kyy = Cmy [1 + (λy̅ − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmy [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kyy = 0,6 [1 + (0,68 − 0,2) ⋅
61537

62748
] = 0,88 ≤ 0,6 [1 + 0,8 ⋅

61537

62748
] = 1,07

kzz = Cmz [1 + (λz̅ − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmz [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kzz = 0,6 [1 + (0,45 − 0,2) ⋅
61537

77009
] = 0,72 ≤ 0,6 [1 + 0,8 ⋅

61537

77009
] = 0,98

kzy = 0,6 ⋅ kyy = 0,53

kyz = 0,6 ⋅ kzz = 0,43

NEd

χy ⋅
NRk

γM1

+ kyy ⋅
Mz.Ed

Mz,Rk

γM1

+ kyz ⋅
My.Ed

My,Rk

γM1

≤ 1

61537

62748
+ 0,88 ⋅

24

16110
+ 0,43 ⋅

498

12137
= 1,0 ≤ 1



 

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r − tw,HD

2
tw

=

1022 − 2 ⋅ 32 − 2 ⋅ 19 − 95
2

19,3
= 21,37

21,37 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

418 − 19,3 − 2 ⋅ 19
2

32
= 5,64

5,64 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

580 − 2 ⋅ 130 − 2 ⋅ 15

95
= 3,05

3,05 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

ω



c

t
=

b − tw − 2 ⋅ r
2
tf

=

471 − 95 − 2 ⋅ 15
2

130
= 1,33

1,33 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

Nc,Rd =
A ⋅ fy

γM0
=

1968 ⋅ 42,0

1,0
= 82656 kN > NEd = 43264 kN

VEd ≤ 0,5 ⋅ Vz,Rd

Vpl,z,Rd =

Av,z ⋅ (
fy

√3
)

γM0
=

458,02 ⋅ (
42,0

√3
)

1,0
= 11106 kN



Vpl,y,Rd =

Av,y ⋅ (
fy

√3
)

γM0
=

300,58 ⋅ (
42,0

√3
)

1,0
= 7289 kN

Vz,Ed = 564 kN < 0,5 ⋅ 11106 = 5553 kN

Vy,Ed = 465 kN < 0,5 ⋅ 7289 = 3915 kN

NEd ≤ 0,25 ⋅ Nc,Rd

NEd ≤
0,50 ⋅ Σ(hw ⋅ tw) ⋅ fy

γM0

NEd = 43264 > 0,25 ∙ 82656 = 41328 kN

NEd = 43264 >
0,50 ⋅ 489 ⋅ 42,0

1,0
= 10269 kN

<                Mz,v,N,Rd = Mpl,z,Rd

               Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

]

n =
NEd

Nc,Rd
=

43264

82656
= 0,52

a =
A − Σb ⋅ tf

A
=

1968 − 2 ⋅ (41.8 ⋅ 3,2 + 47,1 ⋅ 13.0)

1968
= 0,24 < 0,5

MEd

Mz,V,N,Rd
≤ 1,0

Mz,V,N,Rd = Mpl,z,Rd ⋅ [1 − (
n − a

1 − a
)

2

] = 11195 ⋅ [1 − (
0,52 − 0,24

1 − 0,24
)

2

] = 9675

1277

9675
= 0,13 < 1,0



MN,V,y,Rd = MPl,y,Rd ⋅
1 − n

1 − 0,5 ⋅ a
≤ Mpl,y,Rd

MN,V,y,Rd = 11188 ⋅
1 − 0.52

1 − 0,5 ⋅ 0,24
= 6102 kNm ≤ Mpl,y,Rd

MEd

My,V,N,Rd
≤ 1,0

1475

6102
= 0,24 < 1,0

Nb,Rd = χ ⋅
A ⋅ fy

γM1

Ncr =
π2EIy

Lcr
2

=
π2 ⋅ 21000 ⋅ 702610

8802
= 188048 kN

λ̅y = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 1968

188048
= 0,66

ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,76(0,66 − 0,2) + 0, 532] = 0,82

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,82 + √0, 822 − 0, 662
= 0,77

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,77 ⋅

1968 ⋅ 42,0

1,1
= 57859 kN

NEd

Nb,Rd
=

43264

57859
= 0,75 ≤ 1,0



Ncr =
π2EIz

Lcr
2

=
π2 ⋅ 21000 ⋅ 1032740

8802
= 276404 kN

λ̅z = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 1968

276404
= 0,55

ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,76(0,55 − 0,2) + 0, 452] = 0,73

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,73 + √0, 732 − 0, 552
= 0,83

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0.83 ⋅

1968 ⋅ 42,0

1,1
= 62368 kN

NEd

Nb,Rd
=

43264

62368
= 0,69 ≤ 1,0

Mcr = C1 ⋅
π2 ⋅ E ⋅ Iy

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iy
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iy
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]



Mcr = 2,4 ⋅
π2 ⋅ 21000 ⋅ 702610

8802
⋅ [√(

1

1
)

2

⋅
2,1 ∙ 108

702610
+

8802 ⋅ 8077 ⋅ 71049

π2 ⋅ 21000 ⋅ 1032740
]

= 21994614 kNcm

λLT

_

= √
Wpl,y ⋅ fy

Mcr
= √

32896 ⋅ 42,0

21994614
= 0,25 < 0,4

ψ = −0,64

αs = 0,5

Cmz = 0,6 + 0,4 ⋅ ψ = 0,34 > 0,4

ψ = −0,23

αs = 0,5

Cmy = 0,6 + 0,4 ⋅ ψ = 0,51 > 0,4

kyy = Cmy [1 + (λy̅ − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmy [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kyy = 0,34 [1 + (0,66 − 0,2) ⋅
41176

57859
] = 0,45 ≤ 0,6 [1 + 0,8 ⋅

41176

57859
] = 0,94

kzz = Cmz [1 + (λz̅ − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmz [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]



kzz = 0,51 [1 + (0,65 − 0,2) ⋅
41176

62368
] = 0,65 ≤ 0,6 [1 + 0,8 ⋅

41176

62368
] = 0,92

kzy = 0,6 ⋅ kyy = 0,27

kyz = 0,6 ⋅ kzz = 0,39

NEd

χy ⋅
NRk

γM1

+ kyy ⋅
Mz.Ed

Mz,Rk

γM1

+ kyz ⋅
My.Ed

My,Rk

γM1

≤ 1

41176

57859
+ 0,45 ⋅

126

10177
+ 0,43 ⋅

942

10167
= 0,76 ≤ 1

 

ω



ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

620 − 2 ∙ 40 − 2 ∙ 27

21
= 23,14

23,14 < 33 ⋅ ε = 33 ⋅ 0,75 = 24,75 →

c

t
=

b − tw − 2 ⋅ r

tf
=

305 − 21 − 2 ∙ 27

2 ∙ 40
= 2,88

2,88 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75 →

Mc,y,Rd = Mpl,y,Rd =
Wpl,y ⋅ fy

γM0

Mc,y,Rd = Mel,y,Rd =
8780 ⋅ 42,0

1,0
= 3688 kNm

Mc,y,Ed

Mc,y,Rd
=

2104

3688
= 0,57 < 1,0

VEd ≤ 0,5 ⋅ Vz,Rd

Vz,Ed = 895 kN < 0,5 ⋅ 3457 = 1729 kN



σx,Ed ≤
fy

γMo

σ𝐱,𝐍,𝐄𝐝 =
N

A
=

2101000

36400
= 57,72 Mpa

σ𝐱,𝐌𝐲,𝐄𝐝 =
My,Ed

Wpl,y
=

2104000000

8780000
= 240 Mpa

σx,N,Ed + σx,My,Ed ≤
fy

γM0

57,72 + 240 = 297,72 ≤
420

1,0

Ncr =
π2EIz

Lcr
2

=
π2 ⋅ 21000 ⋅ 18980

12002
= 2731 kN

λ̅z = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 364

18980
= 2,37

ϕ = 0,5 [1 + α(λ
_

− 0,2) + λ
_

2] = 0,5[1 + 0,34(2,37 − 0,2) + 2,372] = 3,67

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

3,67 + √3,672 − 2,372
= 0.16

Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0.16 ⋅

364 ⋅ 42,0

1,1
= 2223 kN



NEd

Nb,Rd
=

2102

2223
= 0,95 ≤ 1,0

Mcr = C1 ⋅
π2 ⋅ E ⋅ Iy

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iy
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iy
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]

Mcr = 2,061 ⋅
π2 ⋅ 21000 ⋅ 18980

12002
⋅ [√(

1

1
)

2

⋅
1,57 ∙ 107

18980
+

12002 ⋅ 8077 ⋅ 1574

π2 ⋅ 21000 ⋅ 18980
]

= 416800 kNm

λ̅LT = √
Wpl,y ⋅ fy

Mcr
= √

8772 ⋅ 42,0

416800
= 0,94 > 0,4

ΦLT = 0,5 ⋅ [1 + αLT(λ̅LT − λ̅LT,0) + β ⋅ λ̅LT
2

= 0,5 ⋅ [1 + 0,49 ⋅ (0,940 − 0,400) + 0,750 ⋅ 0,9402] = 0,964

χLT = min[1,0,
1

λ̅LT
2

, 1/(ΦLT + [ΦLT
2 − βλ̅LT

2 ]0.5]]

= min[1,0,
1

0,9402
, 1/(0,964 + [0,9642 − 0,750 ⋅ 0,9402]0.5)] = 0,676

f = min(1,0,1 − 0,5 ⋅ (1 − kc) ⋅ [1 − 2,0 ⋅ (λ̅LT − 0.8)2])

= min(1,0, 1 − 0,5 ⋅ (1 − 0,706) ⋅ [1 − 2,0 ⋅ (0,940 − 0,8)2]) = 0,859

χLT,mod = min(1,
1

λ̅LT
2

,
χLT

f
) = min(1,

1

0,9402
,
0,676

0,859
) = 0.787

Mb,Rd = χLT,mod ⋅
Wy ⋅ fy

γM1
= 0.787 ⋅

8780 ⋅ 42,0

1,10
= 2638 kNm



MEd

Mb,Rd
=

2104

2638
= 0,80 ≤ 1,0

ψ = 0,5

αs = 0,5

Cmz = 0,6 + 0,4 ⋅ (0,5) = 0,8 > 0,4

ψ = 0,5

αs = 0,5

Cmy = 0,6 + 0,4 ⋅ (0,5) = 0,8 > 0,4

kyy = Cmy [1 + (λ̅y − 0,2) ⋅
NEd

χy ⋅
NRk

γM1

] ≤ Cmy [1 + 0,8 ⋅
NEd

χy ⋅
NRk

γM1

]

kyy = 0,8 [1 + (0,669 − 0,2) ⋅
41

13166
] = 0,8 ≤ 0,80 [1 + 0,8 ⋅

41

13166
] = 0,80

kzz = Cmz [1 + (λ̅z − 0,2) ⋅
NEd

χz ⋅
NRk

γM1

] ≤ Cmz [1 + 0,8 ⋅
NEd

χz ⋅
NRk

γM1

]

kzz = 0,8 [1 + (2,37 − 0,2) ⋅
41

2444
] = 0,83 > 0,8 [1 + 0,8 ⋅

41

2444
] = 0,81

kzy = 1 −
0,1λ̅znz

CmLT − 0,25
kyz = 0.992



NEd

χy ⋅
NRk

γM1

+ kyy ⋅
Mz.Ed

Mz,Rk

γM1

+ kyz ⋅
My.Ed

My,Rk

γM1

≤ 1

16,82

8840
+ 0,59 ⋅

6,54

1236
+ 0,35 ⋅

2128

2433
= 0,31 ≤ 1

NEd

χz ⋅
NRk

γM1

+ kzz ⋅
Mz.Ed

Mz,Rk

γM1

+ kzy ⋅
My.Ed

χLT

My,Rk

γM1

≤ 1

41

2444
+ 0,83 ⋅

1,22

736
+ 0,992 ⋅

2128

2638
= 0,82 ≤ 1

δ = 7,3 mm < δdop =
L

250
= 48 mm

 

A 171 cm2 

D 355,6 mm 

d 323,6 mm 

t 16 mm 

I 24660 cm4 



ε = √
235

fy
= √

235

420
= 0,75

d

t
=

323,6

16
= 20,23

14,56 < 50 ⋅ ε = 33 ⋅ 0,75 = 37,5 →

Nc,Rd =
A ⋅ fy

γM0
=

171 ⋅ 42,0

1,0
= 7182 kN > NEd = 3401 kN

Nc,Rd =
A ⋅ fy

γM0
=

171 ⋅ 42,0

1,0
= 7182 kN < NEd = 2793 kN

Nb,Rd = χ ⋅
A ⋅ fy

γM1

Ncr =
π2EI

Lcr
2

=
π2 ⋅ 21000 ⋅ 24660

10382
= 4745 kN

λ̅ = √
fy ⋅ A

Ncr
= √

42,0 ⋅ 171

24660
= 0,54

ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(0,54 − 0,2) + 0,542] = 0,68

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

0,68 + √0,682 − 0,542
= 0,91



Nb,Rd = χ ⋅
A ⋅ fy

γM1
= 0,91 ⋅

171 ⋅ 42,0

1,1
= 5942 kN

NEd

Nb,Rd
=

3401

5941
= 0,57 ≤ 1,0

 

fck = 30 N mm2⁄

fcd = αcc

fck

γc
= 1,0 ⋅

25

1,5
= 16,67 N mm2⁄

Ecm = 31000 N mm2⁄

A 238,6 cm2 

h 500 mm 

b 300 mm 

tw 14,5 mm 

tf 28 mm 

r 27 mm 

Iy 107200 cm4 

Wpl,y 4815,0 cm3 

Iz 12620 cm4 

Wpl,z 1292,0 cm3 

It 538,40 cm4 

Iw 7018000 cm6 



fsk = 500 N mm2⁄

fsd =
fsk

γs
=

500

1,15
= 435 N mm2⁄

fyk = 420 N mm2⁄

fyd =
fyk

γM
=

420

1,0
= 420 N mm2⁄

Ea = 210000 N mm2⁄

fu = 450 N mm2⁄

d = 22 mm

hsc = 80 mm

gc,1 = 2,09 kN m2⁄

gp = 0,19 kN m2⁄

gn = 0,31 kN m2⁄

Σgk,1 = 2,59 kN m2⁄

qk,1 = 0,75kN m2⁄

gc,2 = 2,01 kN/m2 

gp = 0,19 kN m2⁄

gn = 0,31 kN/m2 



Σgk,2 = 2,51 kN m2⁄

Δg = 1,5 kN m2⁄

gpreg = 0,70kN m2⁄

ginst = 0,50kN m2⁄

Σgk,3 = 2,7 kN m2⁄

qk,2 = 3,0 kN m2⁄

ed = b ⋅ (γG ⋅ gk + γQ ⋅ qk) = 3,11 ⋅ (1,35 ⋅ 2,59 + 1,5 ⋅ 0,75) = 14,37 kN m⁄

MEd =
ed ⋅ l2

8
=

14,37 ⋅ 15,542

8
= 433,78 kNm

VEd =
ed ⋅ l

2
=

14,37 ⋅ 15,54

2
= 111,65 kN

ε = √
235

fy
= √

235

420
= 0,75

c

t
=

h − 2 ⋅ tf − 2 ⋅ r

tw
=

500 − 2 ⋅ 28 − 2 ⋅ 27

14,5
= 26,9

13,45 < 72 ⋅ ε = 72 ⋅ 0,75 = 54,0 →

c

t
=

b − tw − 2 ⋅ r
2
tf

=

300 − 14,5 − 2 ⋅ 27
2

28
= 4,13

4,13 < 9 ⋅ ε = 9 ⋅ 0,75 = 6,75



Mc,y,Rd = Mpl,y,Rd =
Wpl,y ⋅ fy

γM0
=

4815 ⋅ 42,0

1,0
= 2022,3 kNm

MEd = 433,78 kNm <  Mc,y,Rd = 2022,3 kNm

hw

tw
> 72 ⋅

ε

η

hw =
h − 2 ⋅ tf

2
=

500 − 2 ⋅ 28,0

2
= 222,0mm

hw

tw
=

222,0

14,5
= 15,31 < 72 ⋅

0,75

1,20
= 45

Vpl,z,Rd =

Av,z ⋅ (
fy

√3
)

γM0

Vpl,z,Rd =

65,72 ⋅ (
42,0

√3
)

1,0
= 1594 kN

VEd = 111,65 kN < Vpl,z,Rd = 1594 kN

VEd ≤ 0,5 ⋅ Vz,Rd

VEd = 111,65 kN < 0,5 Vpl,z,Rd = 797 kN

 



Mcr = C1 ⋅
π2 ⋅ E ⋅ Iz

(k ⋅ Lcr)2
⋅ [√(

k

kw
)

2

⋅
Iw

Iz
+

(k ⋅ Lcr)2 ⋅ G ⋅ It

π2 ⋅ E ⋅ Iz
+ (C2 ⋅ zg)

2
− C2 ⋅ zg]

Mcr = 1,127 ⋅
π2 ⋅ 21000 ⋅ 12620

15542
⋅

[√(
1

1
)

2

⋅
7018000

12620
+

15542 ⋅ 8077 ⋅ 538,40

π2 ⋅ 21000 ⋅ 12620
+ (0,454 ⋅ 25,0)2 − 0,454 ⋅ 25,0] = 836,72 kNm

λLT
̅̅ ̅̅ = √

Wpl,y ⋅ fy

Mcr
= √

4815,0 ⋅ 42,0

83672,72
= 1,55 > 0,4

ϕLT = 0,5 [1 + αLT(λLT
̅̅ ̅̅ − 0,2) + λLT

̅̅ ̅̅ 2
] = 0,5[1 + 0,34(1,55 − 0,2) + 1, 552] = 1,93

χLT =
1

ϕ + √ϕ2 − λ̅2
=

1

1,93 + √1, 932 − 1, 552
= 0,32 < 1,0

Mb,Rd = λLT ⋅
Wpl,y ⋅ fy

γM1
= 0,32 ⋅

4815,0 ⋅ 42,0

1,1
= 588,30 kNm

MEd = 433,78 kNm <  Mc,y,Rd = 588,30 kNm

ed = b ⋅ (γG ⋅ gk + γQ ⋅ qk) = 3,11 ⋅ (1,35 ⋅ 2,51 + 1,5 ⋅ 3,0) = 24,53 kN m⁄

MEd =
q ⋅ l2

8
=

24,53 ⋅ 15,542

8
= 740,47 kNm



VEd =
ed ⋅ l

2
=

24,53 ⋅ 15,54

2
= 190,60 kN

beff = b0 + be1 + be2

b0 = 0

be1 = be2 =
Le

8
=

L

8
=

15,54

8
= 1,94 m

beff = 0 + 1,94 + 1,94 = 3,88 m > b = 3,00 m

beff ⋅ hc ⋅ 0,85 ⋅ fcd > Aa ⋅ fyd

300 ⋅ 5,4 ⋅ 0,85 ⋅ 1,67 = 2300 kN < 238,60 ⋅ 42,0 = 10021 kN

xpl = hc + hp + tf +
Aa − 2 ⋅ b ⋅ tf

2 ⋅ tw
−

beff ⋅ hc ⋅ 0,85 ⋅ fcd

2 ⋅ tw ⋅ fyd

xpl = 5,4 + 5,6 + 2,8 +
238,6 − 2 ⋅ 30,0 ⋅ 2,8

2 ⋅ 1,45
−

300 ⋅ 5,4 ⋅ 0,85 ⋅ 1,67

2 ⋅ 1,45 ⋅ 42,0
= 19,26 cm

c = h − 2 ⋅ tf − 2 ⋅ r = 814 − 2 ⋅ 40 − 2 ⋅ 30 = 674 mm

t = tw = 21 mm

α =
zc

c
=

192,6

674
= 0,29

c

tw
= 32,1 ≤

36 ⋅ ε

α
=

36 ⋅ 0,75

0,29
= 93,1



Mpl,Rd = Aa ⋅ fyd ⋅ (z + hp ⋅
hc

2
) − tw ⋅ fyd ⋅ (xpl − hc − hp − tf)(xpl + hp + tf) − b ⋅ tf

⋅ fyd ∙ (hc + 2hp + tf)

Mpl,Rd = 238,6 ⋅ 42,0 ⋅ (40,7 + 5,6 ⋅
5,4

2
) − 1,45 ⋅ 42,0

⋅ (19,26 − 5,4 − 5,6 − 2,8)(19,26 + 5,6 + 2,8) − 30,0 ⋅ 2,8 ⋅ 42

⋅ (5,4 + 2 ⋅ 5,6 + 2,8)

Mpl,Rd = 4817 kNm

MEd = 740,47 kNm <  Mpl,Rd = 4817 kNm

hw

tw
> 72 ⋅

ε

η

hw =
h − 2 ⋅ tf

2
=

500 − 2 ⋅ 28,0

2
= 222,0 mm

hw

tw
=

222,0

14,5
= 15,31 < 72 ⋅

0,75

1,20
= 45

VEd = 190,60 kN < Vpl,z,Rd = 1594 kN

PRd
s =

0,8 ⋅ fu ⋅ π ⋅
d2

4
γVc

=
0,8 ⋅ 45 ⋅ π ⋅

2, 22

4
1,25

= 110 kN

PRd
c =

0,29 ⋅ α ⋅ d2√fck ⋅ Ecm

γVc

α



hsc

d
=

80

22
= 3,64 < 4 → α = 0,2 ⋅ (

hsc

d
+ 1) = 0,2 ⋅ (

80

22
+ 1) = 0,927

PRd
c =

0,29 ⋅ 0,927 ⋅ 2, 22√2,5 ⋅ 3100

1,5
= 76,36 kN

ns =
Ncf

Pt,Rd
=

beff ⋅ hc ⋅ 0,85 ⋅ fcd

Pt,Rd
=

300 ⋅ 5,4 ⋅ 0,85 ⋅ 1,67

76,36
= 30,12 ∼ 31 moždanika

nr =
L

bs
=

15540

150
= 103,6

ed,ukupno = b ⋅ (gk + qk) = 3,11 ⋅ (2,59 + 0,75) = 10,38 kN m⁄

δukupno =
5

384
∙

ed,ukupno ∙ L4

 EIa
=

5 ∙ 0,1038 ∙ 15544

384 ∙ 21000 ∙ 107200
= 3,50 cm

ed,promjenjivo = b ⋅ qk = 3,11 ⋅ 0,75 = 2,33 kN m⁄

δpromjenjivo =
5

384
∙

ed ∙ L4

 EIa
=

5 ∙ 0,0233 ∙ 15544

384 ∙ 21000 ∙ 107200
= 0,79 cm



δukupno ≤
L

250
=

1554

250
= 6,21 cm

δpromjenjivo ≤
L

360
=

1554

360
= 4,32 cm

Ec,eff =
Ecm

2
=

31000

2
= 1550 kN/cm2

EIL = Ea ∙ Ia + Ec,eff ∙ Ic +
Ea ∙ Aa ∙ Ec,eff ∙ Ac

Ea ∙ Aa + Ec,eff ∙ Ac
∙ a2

a =
ha

2
+ hp +

hc

2
=

50

2
+ 5,6 +

5,4

2
= 33,3 cm

EIL = 21000 ∙ 107200 + 1550 ∙ 3937 +
21000 ∙ 238,6 ∙ 1550 ∙ 1620

21000 ∙ 238,6 + 1550 ∙ 1620
∙ 33,32

EIP = EIL = 4112177487 kNcm2 = 411217 kNm2

ed,ukupno = b ⋅ (gk + qk) = 3,11 ⋅ (2,51 + 2,7 + 3,0) = 25,53 kN m⁄

ed,promjenjivo = b ⋅ qk = 3,11 ⋅ 3,0 = 9,33 kN m⁄

δukupno =
5

384
∙

ed,ukupno ∙ L4

 EIa
=

5 ∙ 0,2553 ∙ 15544

384 ∙ 4112177487
= 4,71 cm

δpromjenjivo =
5

384
∙

ed ∙ L4

 EIa
=

5 ∙ 0,0933 ∙ 15544

384 ∙ 4112177487
= 1,72 cm

δukupno ≤
L

250
=

1554

250
= 6,21 cm

δpromjenjivo ≤
L

360
=

1554

360
= 4,32 cm

 



 

 







 











 











 





























 

















 







40,62 ∙ π ∙ 176 = 22460 

4 ∙ 36 ∙ 176 = 25344
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