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μ
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∙ ∙ ∙ ∙

cprob = (
1−K∙ln(− ln(1−p))

1−K∙ln(− ln(0,98))
)
n

= (
1−K∙ln(T)

1−K∙ln(50)
)
n

cprob = (
1 + K ∙ ln(T)

1 + K ∙ ln(50)
)
n

= (
1 − 0,2 ∙ ln(50)

1 − 0,2 ∙ ln(50)
)
0,5

= 1



∙ ∙ ∙ ∙

∙ ∙

𝑞𝑏 =
1

2
∙ 𝜑 ∙ 𝑣𝑏

2[𝑁/𝑚𝑚2]

ρ ρ

∙ ∙



 

𝑧𝑒 = ℎ
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→



∙ φ ∙

∙

∙ ∙

∙ ∙

cr(z) = kr ∙ ln (
z

z0
)

kr = 0,19 ∙ (
z0
z0,II

)

0,07

Iu(z) =
kI

co(z)∙ln(
z

z0
)

Iu(z) =
kI

co(z)∙ln(
z

z0
)
=

1

1∙ln(
12

0,3
)
= 0,271

qp(ze) =
1

2
∙ φ ∙ vp

2 =
1

2
∙ 1,25 ∙ 27,792 = 483

N

m2
= 0,483kN/m2

∙ ∙ ∙ ∙



∙ ∙ ∙ ∙

cr(z) = kr ∙ ln (
z

z0
) = 0,215 ∙ ln (

12

0,3
) = 0,79

kr = 0,19 ∙ (
z0
z0,II

)

0,07

= 0,19 ∙ (
0,3

0,05
)
0,07

= 0,215
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→

→

𝑞𝑝(𝑧𝑒) =
1

2
∙ 𝜑 ∙ 𝑣𝑝

2 =
1

2
∙ 1,25 ∙ 27,792 = 483

𝑁

𝑚2
= 0,483𝑘𝑁/𝑚2
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kI

co(z)∙ln(
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φ ∙ ∙

φ ∙ ∙

ΣQr,min =
1

2
∙ qc ∙ φ1 ∙ L + φ1 ∙ Gc ∙

emax

L
=
1

2
∙ 4,04 ∙ 23,4 + 37,49 ∙

22,050

23,4
= 82,60kN



ΣQr,(min) =
1

2
∙ qc ∙ φ1 ∙ L + φ1 ∙ Gc ∙

emin

L
=
1

2
∙ 4,04 ∙ 23,4 + 37,49 ∙

1,350

23,4
= 49,43kN



 

Σ𝑄𝑟,𝑚𝑖𝑛 =
1

2
∙ 𝑞𝑐 ∙ 𝜑1 ∙ 𝐿 + 𝜑1 ∙ 𝐺𝑐 ∙

𝑒𝑚𝑎𝑥

𝐿
=
1

2
∙ 3,67 ∙ 23,4 + 34,08 ∙

22,050

23,4
= 75,05𝑘𝑁

Σ𝑄𝑟,𝑚𝑖𝑛 =
1

2
∙ 𝑞𝑐 ∙ 𝜑1 ∙ 𝐿 + 𝜑1 ∙ 𝐺𝑐 ∙

𝑒𝑚𝑎𝑥

𝐿
=

1

2
∙ 3,67 ∙ 23,4 + 34,08 ∙

1,350

23,4
= 44,91𝑘𝑁



 

φ ∙ ∙

φ ∙ ∙

φ ∙ ∙



ΣQr,max =
1

2
∙ qc ∙ φ1 ∙ L + (φ1 ∙ Gc + Qh) ∙

emax

L
=
1

2
∙ 4,04 ∙ 23,4 + (37,49 + 441) ∙

22,050

23,4
= 498,15kN

ΣQr,(max) =
1

2
∙ qc ∙ φ1 ∙ L + (φ1 ∙ Gc + Qh) ∙

emin

L
=
1

2
∙ 4,04 ∙ 23,4 + (37,49 + 441) ∙

1,350

23,4

= 74,87𝑘𝑁

 

φ ∙ ∙

φ ∙ ∙



φ ∙ ∙

ΣQr,max =
1

2
∙ qc ∙ φ1 ∙ L + (φ1 ∙ Gc + Qh) ∙

emax

L
=
1

2
∙ 4,04 ∙ 23,4 + (37,49 + 350) ∙

22,050

23,4

= 412,40kN

ΣQr,(max) =
1

2
∙ qc ∙ φ1 ∙ L + (φ1 ∙ Gc + Qh) ∙

emin

L
=
1

2
∙ 4,04 ∙ 23,4 + (37,49 + 350) ∙

1,350

23,4

= 69,62kN

 

=

φ ∙ ∙



φ ∙ ∙ 

φ ∙ ∙

ΣQr,max =
1

2
∙ qc ∙ φ1 ∙ L + (φ1 ∙ Gc + Qh) ∙

emax

L
=
1

2
∙ 3,67 ∙ 23,4 + (34,08 + 350) ∙

22,050

23,4
= 404,86kN

ΣQr,(max) =
1

2
∙ qc ∙ φ1 ∙ L + (φ1 ∙ Gc + Qh) ∙

emin

L
=
1

2
∙ 3,67 ∙ 23,4 + (34,08 + 350) ∙

1,350

23,4
= 65,10𝑘𝑁

 



μ ∙ ∙

μ

∙ ∙

HL,1 = φ5 ∙ 1 ∙
1

nr

HL,1 = HL,2 = 1,5 ∙ 8,98 ∙
1

2



ξ1 =
ΣQr,max

ΣQr
=

249,08

249,08 + 37,44
= 0,87

ξ2 = 1 − ξ1 = 1 − 0,87 = 0,13

ξ ∙ ∙

∙ ∙



HT,1 = φ5 ∙ ξ2 ∙
M

a
= 1,5 ∙ 0,13 ∙

77,77

3,8
= 4,00kN

HT,2 = φ5 ∙ ξ1 ∙
M

a
= 1,5 ∙ 0,87 ∙

77,77

3,8
= 26,71kN

α

∙ ∙α

∙ ∙

h =
m ∙ ξ1 ∙ ξ2 ∙ 1

2 + Σej
2

Σej
=
Σej

2

Σej
=
3,62

3,6
= 3,6m



λ

𝜆𝑆 = 1 −
Σ𝑒𝑗

𝑛 ∙ ℎ
= 1 −

3,6

2 ∙ 3,6
= 0,5

𝜆𝑆,1𝐿 = 𝜆𝑆,2𝐿 = 0

𝜆𝑆,1,1𝑇 =
𝜉2
𝑛
∙ (1 −

𝑒1
ℎ
) =

0,13

2
∙ (1 −

0

3,8
) = 0,065

𝜆𝑆,2,1𝑇 =
𝜉1
𝑛
∙ (1 −

𝑒1
ℎ
) =

0,87

2
∙ (1 −

0

3,8
) = 0,44

𝜆𝑆,1,2𝑇 =
𝜉2
𝑛
∙ (1 −

𝑒2
ℎ
) =

0,13

2
∙ (1 −

3,8

3,8
) = 0



𝜆𝑆,2,2𝑇 =
𝜉1
𝑛
∙ (1 −

𝑒2
ℎ
) =

0,87

2
∙ (1 −

3,8

3,8
) = 0

∙ λ ∙ ∙ ∙

∙ λ ∙ ∙ ∙

∙λ ∙ ∙ ∙

 



γ

γ

γ



 

∙

ν



γ

γ

γ

γ

𝑐

𝑡𝑤
=
ℎ − 2 ∙ 𝑡𝑓 − 2 ∙ 𝑟

𝑡𝑤
=
440 − 2 ∙ 21 − 2 ∙ 27

11,5
= 29,91

29,91 < 72 ⋅ 𝜀 = 72 ⋅ 0,81 = 58,32 →

𝑐

𝑡
=

𝑏 − 𝑡𝑤
2
𝑡𝑓

=

300 − 11,5
2
21

= 6,87

6,87 < 9 ⋅ 𝜀 = 9 ⋅ 0,81 = 7,29→



 

- 

 

 

 



 

- 



 

- 

 



 



 

 



 

∙ ∙

∙ ∙
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∙ ∙

∙

∙

∙

∙

∙ ∙

∙



∙

∙

∙

∙

∙

 

f =
𝐿

250
=

714,3

250
= 2,86𝑐𝑚



 

fy = 355N/mm2

N/mm2

γM0 = 1.00

γM1 = 1.00

γM2 = 1.25

c

t
=
h − 2 ∙ tf − 2 ∙ r

tw
=
440 − 2 ∙ 21 − 2 ∙ 27

11,5
= 29,91

29,91 < 72 ⋅ ε = 72 ⋅ 0,81 = 58,32

c

t
=

b − tw − 2 ∙ r
2
tf

=

300 − 11,5 − 2 ∙ 27
2
21

= 5,58

5,58 < 9 ⋅ 𝜀 = 9 ⋅ 0,81 = 7,29



NEd

Nc,Rd
=

NEd

A ∙ fy
γM0

=
9,1

178 ∙ 35,5
1

= 0,0014 ≤ 1,0

Mc,Rd,y−y =
Wpl,y−y ⋅ fy

γM0
=
3216 ⋅ 35,5

1,0
= 114168kNcm

 

Mc,Rd,y−y = 114168kNcm = 1141,68kNm

My,Ed

Mc,Rd,y−y
≤ 1,0

501,46

1141,68
= 0,44 ≤ 1

Mc,Rd,z−z =
Wpl,z−z ⋅ fy

γM0
=
965,5 ⋅ 35,5

1,0
= 34275,25kNcm

 

Mc,Rd,z−z = 34275,25kNcm = 342,75kNm



Mz,Ed

Mc,Rd,z−z
≤ 1,0

56,38

342,75
= 0,16 ≤ 1

hw
tw

< 72 ·
ε

η

 

hw = h − 2 ⋅ tf = 440 − 2 ⋅ 21 = 398mm

η = 1.20

hw
tw

=
398

11,5
= 34,61 < 72 ·

0,81

1,20
= 48,6

Vpl,z,Rd =
AV,z ⋅ (fy/√3)

γM0

Av,z

Av,z = 130,4cm2



Vpl,z,Rd =
130,44 ∙ (35,5/√3)

1,0
= 2673,49kN

Vz,Ed
Vpl,z,Ed

≤ 1,0

24,56

2673,49
= 0,009 < 1,0

Vz,Ed ≤ 0,5 ∙ Vpl,z,Rd

417,56kN < 0,5 ∙ 1347,71 = 673,86kN

Vy,Ed ≤ 0,5 ∙ Vpl,y,Rd

24,56kN < 0,5 ∙ 2673,49 = 1336,75kN



NEd ≤ 0,25 ∙ Npl,Rd

9,1kN < 0,25 ∙ 6319 = 1579,75kN

NEd ≤
hw ∙ tw ∙ fy

γM0

9,1kN < 0,25 ∙ 6390 = 1597,5kN

(
My,Ed

MN,y,Rd
)

αy

+ (
Mz,Ed

MN,z,Rd
)

αz

≤ 1,0

αy = 2

αz = 5 ∙ n = 5 ∙
NEd

Npl,Rd
= 0, aliαz ≥ 1,0 α β

MN,y,Rd = Mpl,y,Rd ∙
1−n

1−0,5∙a
aliMN,y,Rd ≤ Mpl,y,Rd

MN,z,Rd = Mpl,z,Rdzan ≤ a

∙ ∙

∙ ∙ ∙ ∙

MN,y,Rd = Mpl,y,Rd ∙
1−n

1−0,5∙a
= 1141,68 ∙

1−0,0014

1−0,5∙0,29
= 1333,43kNm ≥ Mpl,y,Rd =



1141,68𝑘𝑁𝑚

𝑀𝑐,𝑅𝑑,𝑦−𝑦 = 1141,68𝑘𝑁𝑚

(
501,46

1141,68
)
2

+ (
56,38

342,75
)
1

= 0,36 < 1,0

VEd
Vpl,T,Rd

≤ 1

Vpl,T,Rd =
√
1 −

τt,Ed

1,25 ∙ (
fy

√3
) /γM0

∙ Vpl,Rd

τt,Ed =
Mt,Ed

It
∙ bf =

715

243,8
∙ 30 = 87,98kN/cm2

Vpl,T,Rd =
√
1 −

τt,Ed

1,25 ∙ (
fy

√3
) /γM0

∙ Vpl,Rd =
√
1 −

87,98

1,25 ∙
(
35,5

√3
)

1

∙ 2673,49 = 4171,03kN

VEd

Vpl,T,Rd
=

24,56

4171,03
= 0,006 ≤ 1

τt,Ed =
Mt,Ed

It
∙ bf =

715

243,8
∙ 30 = 87,98kN/cm2



Vpl,T,Rd =
√
1 −

τt,Ed

1,25 ∙ (
fy

√3
) /γM0

∙ Vpl,Rd =
√
1 −

87,98

1,25 ∙
(
35,5

√3
)

1

∙ 1347,71 = 2102,62kN

VEd

Vpl,T,Rd
=

417,56

2102,62
= 0,20 ≤ 1

 

∙ ∙



hw
tw

=
398

11,5
= 34,6 ≤ 200

r

tw
=

27

11,5
= 2,35 ≤ 6

Φ

Φ

∙ ∙

Rw,Rd =

k7 ∙ [8,8 + 1,1 ∙ √
ss
tw
] ∙ tw

2 ∙ fy,b

γM1

ss
tw

=
50

11,5
= 4,35 < 150 → k7 = 1 +

hw
tw ∙ 750

= 1 +
398

11,5 ∙ 750
= 1,05

Rw,Rd =

1,05 ∙ [8,8 + 1,1 ∙ √
5

1,15
] ∙ 1,152 ∙ 35,5

1
= 546,86kN



∙

 

∙ ∙

beff = √h2 + s2 = √442 + 52 = 44,28cm



∙ ∙

I =
beff ∙ tw

3

12
=
44,28 ∙ 1,153

12
= 5,61cm4

Ncr =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 5,61

39,82
= 734,03kN

λ̅ = √
fy ∙ A

Ncr
= √

35,5 ∙ 50,92

734,03
= 1,57

α

ϕ = 0,5[1+∝ (λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(1,57 − 0,2) + 1,572] = 1,88

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

1,88 + √1,882 − 1,572
= 0,34

Nb,Rd = χ ∙
A ∙ fy

γM1
= 0,34 ∙

50,92 ∙ 35,5

1,0
= 614,60kN

Nb,Rd = 614,60kN > NEd = 1,35 ∙ Qr,max = 1,35 ∙ 249,08 = 336,26kNZadovoljava!



NEd

Nb,Rd
=
336,26

614,60
= 0,55 < 1

 

Sy
g
= Sy

d = 30 ∙ 2,1 ∙ 21,35 + 19,9 ∙ 1,15 ∙ 9,95 = 1572,76cm3

τEd
g

= τEd
d =

VEd ∙ Sy

Iy ∙ tw
=
417,56 ∙ 1572,76

63720 ∙ 1,15
= 8,96cm3

 

Δ ∙

Δ



𝑦𝑡 =
9,375 ∙ 2,1 ∙ 1,55 + 5 ∙ 1,875 ∙ 3,038

9,375 ∙ 2,1 + 1,875 ∙ 5
= 2,03𝑐𝑚

Irf =
9,375 ∙ 2,13

12
+ 9,375 ∙ 2,1 ∙ 0,72 +

5 ∙ 1,8753

12
+ 5 ∙ 1,875 ∙ 2,642 = 84,97cm4

leff = 3,25 ∙ [
Irf
tw
]

1
3
= 3,25 ∙ [

84,97

1,15
]

1
3
= 13,64cm

σoz,Ed =
Fz,Ed
tw ∙ leff

=
249,08

1,15 ∙ 13,64
= 15,88kN/cm2

𝛔𝐰 =
𝐐𝐫,𝐦𝐚𝐱

𝐭𝐰∙𝐥𝐞𝐟𝐟



 

- 

∙ ∙

cT = [
0,75 ∙ a ∙ tw

3

It
∙

sinh (
π ∙ hw
a )

2

sinh (
2π ∙ hw

a ) −
2π ∙ hw

a

]

0.5

= [
0,75 ∙ 714,3 ∙ 1,153

271,4
∙
0,227

0,144
]

0.5

= 2,18

𝛈

η = [
0,75 ∙ a ∙ tw

3

It
∙

sinh (
π ∙ hw
a )

2

sinh (
2π ∙ hw

a ) −
2π ∙ hw

a

]

0.5





sinh (
π∙hw

a
)
2

= sinh (
π∙39,8

714,3
)
2

= 0,227

sinh (
2π ∙ hw

a
) −

2π ∙ hw
a

= sinh (
2π ∙ 39,8

714,3
) −

2π ∙ 39,8

714,3
= 1,1475 − 1,0034 = 0,144

It =
1

3
(50 ∙ 2,53 + 5 ∙ 1,8753) = 271,4cm4

σT,Ed =
6 ∙ Mt,Ed

a ∙ tw2
∙ cT ∙ tanh(cT) =

6 ∙ 434,2

714,3 ∙ 1,152
∙ 2,18 ∙ tanh(0,424) = 4,41kN/cm2

σw,Ed =
6 ∙ Mt,Ed

a ∙ tw
2

∙ η ∙ tanh(η)

ΔσEd = |√σw2 + σw,Ed
2 + τw

2 |
0.5

= |√15,582 + 4,412 + 8,962|
0.5

= 9,82kN/cm2

fv,wd =
fu

√3 ∙ βw ∙ γM2

=
49

√3 ∙ 0,9 ∙ 1,25
= 25,15kN/cm2

ΔσEd ≤ fv,wd

ΔσEd = 9,82kN/cm2 ≤ fv,wd = 25,15kN/cm2 → uvjetzadovoljen



 

δ

δ

δ δ →

 

∙

Q𝑒,𝑖 = 𝜑𝑓𝑎𝑡 ∙ 𝜆𝑖 ∙ 𝑄𝑚𝑎𝑥,𝑖

λ →

λ →

φ𝑓𝑎𝑡 =
1 + 𝜑2

2
=
1 + 1,25

2
= 1,125

Q𝑒,𝑖 = 1,125 ∙ 0,397 ∙ 249,08 = 111,25𝑘𝑁

Q𝑒,𝑖 = 1,125 ∙ 0,575 ∙ 249,08 = 161,13𝑘𝑁



Δ ∙

Δ

𝑦𝑡 =
9,687 ∙ 2,1 ∙ 1,05 + 5 ∙ 2,187 ∙ 3,19

9,687 ∙ 2,1 + 2,187 ∙ 5
= 1,798𝑐𝑚

𝐼𝑟𝑓 =
9,687 ∙ 2,13

12
+ 9,687 ∙ 2,1 ∙ 0,7482 +

5 ∙ 2,1873

12
+ 5 ∙ 2,187 ∙ 2,4892 = 90,96𝑐𝑚4



𝑙𝑒𝑓𝑓 = 3,25 ∙ [
𝐼𝑟𝑓

𝑡𝑤
]

1
3
= 3,25 ∙ [

90,96

1,15
]

1
3
= 13,95𝑐𝑚

𝜎1 =
𝑄𝑒,𝑖

𝑡𝑤 ∙ 𝑙𝑒𝑓𝑓
=

161,13

1,15 ∙ 13,95
= 6,93𝑘𝑁/𝑐𝑚2

- 

- 

∙ ∙

∙



𝜂 = [
0,75 ∙ 𝑎 ∙ 𝑡𝑤

3

𝐼𝑡
∙

sinh (
𝜋 ∙ ℎ𝑤
𝑎 )

2

sinh (
2𝜋 ∙ ℎ𝑤

𝑎 ) −
2𝜋 ∙ ℎ𝑤

𝑎

]

0.5

= [
0,75 ∙ 714,3 ∙ 1,153

277,85
∙
0,227

0,144
]

0.5

= 2,15

sinh (
𝜋∙ℎ𝑤

𝑎
)
2

= sinh (
𝜋∙39,8

714,3
)
2

= 0,227

sinh (
2𝜋 ∙ ℎ𝑤

𝑎
) −

2𝜋 ∙ ℎ𝑤
𝑎

= sinh (
2𝜋 ∙ 39,8

714,3
) −

2𝜋 ∙ 39,8

714,3
= 1,1475 − 1,0034 = 0,144

𝐼𝑡 =
1

3
(50 ∙ 2,53 + 5 ∙ 2,1873) = 277,85𝑐𝑚4

𝜎2 =
6 ∙ 𝑀𝑡,𝐸𝑑

𝑎 ∙ 𝑡𝑤2
∙ 𝜂 ∙ tanh(𝜂) =

6 ∙ 201,41

714,3 ∙ 1,152
∙ 2,15 ∙ tanh(2,15) = 0,78𝑘𝑁/𝑐𝑚2

∆𝜎𝐸2 = 𝜎1 + 𝜎2 = 6,93 + 0,78 = 7,71𝑘𝑁/𝑐𝑚2

∆𝜎𝑐 = 100𝑁/𝑚𝑚2 = 10𝑘𝑁/𝑐𝑚2

𝛾𝐹𝑓 ∙ Δ𝜎𝐸2 ≤
∆𝜎𝑐
𝛾𝑀𝑓



1 ∙ 7,71 = 7,71𝑘𝑁/𝑐𝑚2 ≤
10

1,25
= 8𝑘𝑁/𝑐𝑚2 → 𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑎𝑣𝑎

𝑚𝑎𝑥𝑉𝑧,𝐸𝑑 = 1,125 ∙ 0,575 ∙ 203,19 = 131,44𝑘𝑁

𝑚𝑖𝑛𝑉𝑧,𝐸𝑑 = 1,125 ∙ 0,575 ∙ (−141,35) = −91,44𝑘𝑁

∆𝜏1 =
(𝑚𝑎𝑥𝑉𝑧,𝐸𝑑 −𝑚𝑖𝑛𝑉𝑧,𝐸𝑑) ∙ 𝑆𝑦

𝑡𝑤 ∙ 𝐼𝑦
=
(131,44 + 91,44) ∙ (30 ∙ 2,1 ∙ 20,95)

1,15 ∙ 63720
= 3,51𝑘𝑁/𝑐𝑚2

∆𝜏2 = 0,2 ∙ 𝜎1 = 0,2 ∙ 6,93 = 1,386𝑘𝑁/𝑐𝑚2

∆𝜏𝐸,2 = |𝜏𝑝,𝑚𝑎𝑥 − 𝜏𝑝,𝑚𝑖𝑛| = |(𝜏1 + 𝜏2) − 0| = |3,51 + 1,386| = 4,896𝑘𝑁/𝑐𝑚2

∆𝜏𝑐 = 100𝑁/𝑚𝑚2 = 10𝑘𝑁/𝑐𝑚2



𝛾𝐹𝑓 ∙ Δ𝜏𝐸,2 ≤
∆𝜏𝑐
𝛾𝑀𝑓

1 ∙ 4,896 = 4,896𝑘𝑁/𝑐𝑚2 ≤
10

1,25
= 8𝑘𝑁/𝑐𝑚2 → 𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑎𝑣𝑎

(
𝛾𝐹𝑓 ∙ Δ𝜎𝐸2

∆𝜎𝑐
𝛾𝑀𝑓

)

3

+ (
𝛾𝐹𝑓 ∙ Δ𝜏𝐸,2

∆𝜏𝑐
𝛾𝑀𝑓

)

5

≤ 1

(
7,71

8
)
3

+ (
4,896

8
)
5

= 0,981 ≤ 1 → zadovoljava



 

 

∙ ∙

∙

∙ ∙ ∙

∙

∙

∙





 



𝑓𝑦 = 355𝑁/𝑚𝑚2

𝑁/𝑚𝑚2

𝛾𝑀0 = 1.00 

𝛾𝑀1 = 1.00



𝑐

𝑡
=
ℎ − 2 ⋅ 𝑡𝑓 − 2 ⋅ 𝑟

𝑡𝑤
=
230 − 2 ⋅ 12 − 2 ⋅ 21

7,5
= 21,87

21,87 < 72 ⋅ 𝜀 = 72 ⋅ 0,81 = 58,32

𝑐

𝑡
=

𝑏 − 𝑡𝑤 − 2 ⋅ 𝑟
2
𝑡𝑓

=

240 − 7,5 − 2 ⋅ 21
2
12

= 7,94

7,94 < 10 ⋅ 𝜀 = 10 ⋅ 0,81 = 8,1

𝑁𝑐,𝑅𝑑 =
𝐴 ⋅ 𝑓𝑦

𝛾𝑀0
=
76,84 ⋅ 35,5

1,0
= 2727,82𝑘𝑁

𝑁𝐸𝑑

𝑁𝑐,𝑅𝑑
=

22,22

2727,82
= 0,008 ≤ 1,0



𝑀𝑐,𝑅𝑑,𝑦−𝑦 = 𝑀𝑝𝑙,𝑅𝑑,𝑦−𝑦 =
𝑊𝑝𝑙,𝑦−𝑦 ⋅ 𝑓𝑦

𝛾𝑀0
=
744,6 ⋅ 35,5

1,0
= 26433,3𝑘𝑁𝑐𝑚

 

𝑀𝑐,𝑅𝑑,𝑦−𝑦 = 26433,3𝑘𝑁𝑐𝑚 = 264,33𝑘𝑁𝑚

𝑀𝑦,𝐸𝑑

𝑀𝑐,𝑅𝑑,𝑦−𝑦
≤ 1,0

210,49

264,33
= 0,80 ≤ 1

ℎ𝑤
𝑡𝑤

< 72 ·
𝜀

𝜂

 

ℎ𝑤 = ℎ − 2 ⋅ 𝑡𝑓 = 230 − 2 ⋅ 12 = 206𝑚𝑚

𝜂 = 1.20

ℎ𝑤
𝑡𝑤

=
206

7,5
= 27,47 < 72 ·

0,81

1.20
= 48,6



𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ⋅ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑣,𝑧

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

𝐴𝑣,𝑧 = 76,84 − 2 ∙ 24 ∙ 1,2 + (0,75 + 2 ∙ 2,10) ∙ 1,2 = 25,18𝑐𝑚2

25,18𝑐𝑚2 > 1,2 ∙ 20,6 ∙ 0,75 = 18,54𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
25,18 ∙ (35,5/√3)

1,0
= 516,09𝑘𝑁

𝑉𝑧,𝐸𝑑
𝑉𝑝𝑙,𝑧,𝐸𝑑

≤ 1,0

350,94

516,09
= 0,68 < 1,0

𝑉𝑧,𝐸𝑑 ≤ 0,5 ∙ 𝑉𝑝𝑙,𝑧,𝑅𝑑

350,94𝑘𝑁 < 0,5 ∙ 516,09 = 258,05𝑘𝑁



𝑓𝑦,𝑟𝑒𝑑 = (1 − 𝜌) ∙ 𝑓𝑦 = (1 − 0,13) ∙ 35,5 = 30,885𝑘𝑁/𝑐𝑚2

𝜌 = (
2 ∙ 𝑉𝐸𝑑
𝑉𝑝𝑙,𝑅𝑑

− 1)

2

= (
2 ∙ 350,94

516,09
− 1)

2

= 0,13

𝑁𝐸𝑑 ≤ 0,25 ∙ 𝑁𝑝𝑙,𝑅𝑑

22,22𝑘𝑁 < 0,25 ∙ 2727,82 = 681,96𝑘𝑁

𝑁𝐸𝑑 ≤
0,5 ∙ ℎ𝑤 ∙ 𝑡𝑤 ∙ 𝑓𝑦

𝛾𝑀0

22,22𝑘𝑁 ≤
0,5 ∙ 20,6 ∙ 0,75 ∙ 35,5

1
= 274,24𝑘𝑁 → 𝑁𝑒𝑚𝑎𝑟𝑒𝑑𝑢𝑘𝑐𝑖𝑗𝑒!

𝑀𝑦,𝐸𝑑

𝑀𝑉,𝑁,𝑦,𝑅𝑑
≤
210,49

264,33
= 0,8 ≤ 1 → 𝑍𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑎𝑣𝑎!

𝑓𝑦,𝑟𝑒𝑑 = 30,885𝑘𝑁/𝑐𝑚2

𝑁𝑐,𝑅𝑑 =
𝐴 ⋅ 𝑓𝑦

𝛾𝑀0
=
76,84 ⋅ 30,885

1,0
= 2373,20𝑘𝑁

𝑁𝐸𝑑

𝑁𝑐,𝑅𝑑
=

22,22

2373,20
= 0,009 ≤ 1,0



𝑀𝑐,𝑅𝑑,𝑦−𝑦 = 𝑀𝑝𝑙,𝑅𝑑,𝑦−𝑦 =
𝑊𝑝𝑙,𝑦−𝑦 ⋅ 𝑓𝑦

𝛾𝑀0
=
744,6 ⋅ 30,885

1,0
= 22996,97𝑘𝑁𝑐𝑚

𝑀𝑐,𝑅𝑑,𝑦−𝑦 = 22996,97𝑘𝑁𝑐𝑚 = 229,97𝑘𝑁𝑚

𝑀𝑦,𝐸𝑑

𝑀𝑐,𝑅𝑑,𝑦−𝑦
≤ 1,0

210,49

229,97
= 0,92 ≤ 1

ℎ𝑤
𝑡𝑤

< 72 ·
𝜀

𝜂

 

ℎ𝑤 = ℎ − 2 ⋅ 𝑡𝑓 = 230 − 2 ⋅ 12 = 206𝑚𝑚

𝜂 = 1.20



ℎ𝑤
𝑡𝑤

=
206

7,5
= 27,47 < 72 ·

0,81

1.20
= 48,6

𝑉𝑝𝑙,𝑅𝑑 =
𝐴𝑉,𝑧 ⋅ (𝑓𝑦/√3)

𝛾𝑀0

𝐴𝑣,𝑧

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

𝐴𝑣,𝑧 = 76,84 − 2 ∙ 24 ∙ 1,2 + (0,75 + 2 ∙ 2,10) ∙ 1,2 = 25,18𝑐𝑚2

25,18𝑐𝑚2 > 1,2 ∙ 20,6 ∙ 0,75 = 18,54𝑐𝑚2

𝑉𝑝𝑙,𝑧,𝑅𝑑 =
25,18 ∙ (30,885/√3)

1,0
= 449𝑘𝑁

𝑉𝑧,𝐸𝑑
𝑉𝑝𝑙,𝑧,𝐸𝑑

≤ 1,0

350,94

449
= 0,78 < 1,0



𝑁𝑐𝑟,𝑦 =
𝜋2 ∙ 𝐸 ∙ 𝐼𝑦

𝐿𝑐𝑟,𝑦
2

=
𝜋2 ∙ 21000 ∙ 7763

902
= 198638,58𝑘𝑁

𝑁𝑐𝑟,𝑧 =
𝜋2 ∙ 𝐸 ∙ 𝐼𝑧
𝐿𝑐𝑟,𝑧2

=
𝜋2 ∙ 21000 ∙ 2769

902
= 70852,79𝑘𝑁

�̅�𝑦 =
𝐿𝑐𝑟,𝑦

𝑖𝑦
∙
1

𝜆1
=

90

10,05
∙

1

81,92
= 0,109

�̅�𝑧 =
𝐿𝑐𝑟,𝑧
𝑖𝑧

∙
1

𝜆1
=

90

6,00
∙

1

81,92
= 0,183

𝜆1 = 𝜋√
𝐸

𝑓𝑦
= 𝜋√

21000

30,885
= 81,92

ℎ

𝑏
=
230

240
= 0,96 ≤ 1,2

𝑡𝑓 < 100𝑚𝑚

→ → 𝛼 = 0,34

𝜙𝑦 = 0,5 ∙ [1 + 𝛼 ∙ (𝜆𝑦 − 0,2) + 𝜆𝑦
2
] = 0,5 ∙ [1 + 0,34 ∙ (0,109 − 0,2) + 0,1092]

𝜙𝑦 = 0,49

𝜙𝑧 = 0,5 ∙ [1 + 𝛼 ∙ (𝜆𝑧 − 0,2) + 𝜆𝑧
2
] = 0,5 ∙ [1 + 0,34 ∙ (0,183 − 0,2) + 0,1832]

𝜙𝑧 = 0,51



𝜒𝑦 =
1

𝜙𝑦 +√𝜙𝑦2 − 𝜆𝑦
2
=

1

0, 49 + √0, 492 − 0,1092
= 1,03 > 1

𝜒𝑧 =
1

𝜙𝑧 +√𝜙𝑧2 − 𝜆𝑧
2
=

1

0, 51 + √0, 512 − 0,1832
= 1,01 > 1

𝑁𝑏,𝑅𝑑 = 𝜒 ∙
𝐴 ∙ 𝑓𝑦

𝛾𝑀1
= 1,0 ∙

76,84 ∙ 30,885

1,0
= 2373,20𝑘𝑁

𝑁𝐸𝑑

𝑁𝑐,𝑅𝑑
=

22,22

2373,20
= 0,009 ≤ 1,0



 

 

 

- 

- ∙

- ∙

- 

- 

∙ ∙

∙ ∙

 

- ∙

∙ ∙

∙ ∙



 

- ∙

∙

- ∙

∙ →

- ∙ →

∙

∙

- ∙

∙

∙



 

KGS1

qEd = 1,35 ∙ (STALNO) + 1,5 ∙ (SNIJEG) + 1,5 ∙ 0,6 ∙ (VJETARPRITISKAJUĆI)

KGS2



qEd = 1,35 ∙ (STALNO) + 1,5 ∙ 0,5 ∙ (SNIJEG) + 1,5 ∙ (VJETARPRITISKAJUĆI)

KGS3

qEd = 1,00 ∙ (STALNO) + 1,5 ∙ (VJETARODIŽUĆI)

GSU1

qEd = 1,0 ∙ (STALNO) + 1,0 ∙ (SNIJEG) + 0,6 ∙ (VJETARPRITISKAJUĆI)

GSU2

qEd = 1,0 ∙ (STALNO) + 1,0 ∙ 0,5 ∙ (SNIJEG) + 1,0 ∙ (VJETARPRITISKAJUĆI)

GSU3

qEd = 1,00 ∙ (STALNO) + 1,00 ∙ (VJETARODIŽUĆI)

 

- 





 

f =
𝐿

250
=
714,3

250
= 2,86𝑐𝑚

- 



 

 



𝑓𝑦 = 355𝑁/𝑚𝑚2

𝑁/𝑚𝑚2

𝛾𝑀0 = 1.00 

𝛾𝑀1 = 1.00



𝑐

𝑡
=
ℎ − 2 ⋅ 𝑡𝑓 − 2 ⋅ 𝑟

𝑡𝑤
=
200 − 2 ⋅ 8,5 − 2 ⋅ 12

5,6
= 28,39

28,39 < 72 ⋅ 𝜀 = 72 ⋅ 0,81 = 58,32

𝑐

𝑡
=

𝑏 − 𝑡𝑤 − 2 ⋅ 𝑟
2
𝑡𝑓

=

100 − 5,6 − 2 ⋅ 12
2
8,5

= 4,14

4,14 < 9 ⋅ 𝜀 = 9 ⋅ 0,81 = 7,29

Nc,Rd =
A ⋅ fy

γM0
=
76,84 ⋅ 30,885

1,0
= 2373,20kN

NEd

Nc,Rd
=

96,11

2373,20
= 0,04 ≤ 1,0



Mc,Rd,y−y = Mpl,Rd,y−y =
Wpl,y−y ⋅ fy

γM0
=
220,6 ⋅ 35,5

1,0
= 7831,3kNcm

 

Mc,Rd,y−y = 7831,3kNcm = 78,31kNm

My,Ed

Mc,Rd,y−y
≤ 1,0

27,77

78,31
= 0,355 ≤ 1

hw
tw

< 72 ·
ε

η

 

hw = h − 2 ⋅ tf = 200 − 2 ⋅ 8,5 = 183mm

η = 1.20

hw
tw

=
183

5,6
= 32,68 < 72 ·

0,81

1,20
= 48,6



Vpl,Rd =
AV,z ⋅ (fy/√3)

γM0

Av,z

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

Av,z = 28,48 − 2 ∙ 10,0 ∙ 0,85 + (0,56 + 2 ∙ 1,2) ∙ 0,85 = 14,00cm2

14cm2 > 1,2 ∙ 18,3 ∙ 0,62 = 16,40cm2

Vpl,z,Rd =
16,4 ∙ (35,5/√3)

1,0
= 336,13kN

Vz,Ed
Vpl,z,Ed

≤ 1,0

22,28

336,13
= 0,07 < 1,0

Mc,z,Rd = Mpl,z,Rd =
Wpl,z ∙ fy

γM0

Mc,z,Rd = Mpl,z,Rd =
44,61 ∙ 35,5

1,0
= 1583,66kNcm = 15,84kNm



Mz,Ed

Mc,z,Rd
≤ 1,0

4,17

15,84
= 0,26 < 1,0

Vpl,y,Rd =
Av,y ∙ (fy/√3)

γM0

Av,y

Av,y = A −∑hw ∙ tw

Av,y = 28,48 − 18,3 ∙ 0,56 = 18,23cm2

Vpl,y,Rd =
18,23 ∙ (35,5/√3)

1,0
= 373,64kN

Vy,Ed

Vpl,y,Ed
≤ 1,0

3,35

373,64
= 0,0090 < 1,0



Ncr,y =
π2 ∙ E ∙ Iy

Lcr,y2
=
π2 ∙ 21000 ∙ 1943

714,32
= 789,28kN

Ncr,z =
π2 ∙ E ∙ Iz
Lcr,z2

=
π2 ∙ 21000 ∙ 142,4

357,12
= 231,45kN

λ̅y =
Lcr,y

iy
∙
1

λ1
=
714,3

8,26
∙

1

76,41
= 1,13

λ̅z =
Lcr,z
iz

∙
1

λ1
=
357,1

2,24
∙

1

76,41
= 1,87

λ1 = π√
E

fy
= π√

21000

35,5
= 76,41

h

b
=
200

100
= 2 ≥ 1,2

tf ≤ 40mm

→ → 𝛼 = 0,21

→ → 𝛼 = 0,34



ϕy = 0,5 ∙ [1 + α ∙ (λy − 0,2) + λy
2
] = 0,5 ∙ [1 + 0,21 ∙ (1,13 − 0,2) + 1,132]

ϕy = 1,24

ϕz = 0,5 ∙ [1 + α ∙ (λz − 0,2) + λz
2
] = 0,5 ∙ [1 + 0,34 ∙ (1,87 − 0,2) + 1,872]

ϕz = 2,51

χy =
1

ϕy +√ϕy
2 − λy

2
=

1

1,24 + √1,242 − 1,132
= 0,57 < 1

χz =
1

ϕz +√ϕz
2 − λz

2
=

1

2,51 + √2,512 − 1,872
= 0,25 < 1

Nb,Rd = χ ∙
A ∙ fy

γM1
= 0,25 ∙

28,48 ∙ 35,5

1,0
= 252,76kN

NEd

Nc,Rd
=

96,11

252,76
= 0,38 ≤ 1,0

Vz,Ed ≤ 0,5 ∙ Vpl,z,Rd

22,28kN < 0,5 ∙ 392,50 = 196,25kN

Vy,Ed ≤ 0,5 ∙ Vpl,y,Rd

3,35kN < 0,5 ∙ 336,13 = 168,07kN



(
My,Ed

MN,y,Rd
)

αy

+ (
Mz,Ed

MN,z,Rd
)

αz

≤ 1,0

αy = 2

αz = 5 ∙ n = 5 ∙
NEd

Npl,Rd
= 0,2, aliαz ≥ 1,0 α β

MN,y,Rd = Mpl,y,Rd ∙
1−n

1−0,5∙a
aliMN,y,Rd ≤ Mpl,y,Rd

MN,z,Rd = Mpl,z,Rdzan ≤ a

∙ ∙

∙ ∙ ∙ ∙

MN,y,Rd = Mpl,y,Rd ∙
1−n

1−0,5∙a
= 78,31 ∙

1−0,04

1−0,5∙0,4
= 93,972kNm ≥ Mpl,y,Rd = 78,31kNm

Mc,Rd,y−y = 78,31kNm

(
27,77

78,31
)
2

+ (
4,17

15,84
)
1

= 0,39 < 1,0



ψ

μ
∙

∙

λ λ

λ √
∙

√
∙

λ



 

ψ

μ
∙

∙

∙

∙
 

∙ ∙
∙ [√

∙ ∙

∙ ∙
( ∙ ) ∙ ]



∙ ∙
∙ [√

∙ ∙

∙ ∙
( ∙ ) ∙ ]

 

→ → α = 0,32

𝑡𝑓 ≤ 40𝑚𝑚

𝛼𝐿𝑇 √
𝑊𝑒𝑙,𝑦

𝑊𝑒𝑙,𝑧
= √

194,3

28,47
 = 0,32; 𝛼𝐿𝑇 ≤ 0,34

Φ [ 𝑓𝑀 ((
λ

λ
)

2

∙ 𝛼𝐿𝑇 ∙ (λ ) λ )] [ ( ) ]

Φ [ (𝜶𝑳𝑻 ∙ (λ ) λ )]

𝑓𝑀 = 1,25 + 0,5 ∙ (
𝑀0

𝑀ℎ
)
2

− 0,275 ∙ (
𝑀0

𝑀ℎ
)
4

𝑧𝑎0 ≤
𝑀0

𝑀ℎ
=
11,25

18,75
= 0,6 < 1,47

𝑓𝑀 = 1,25 + 0,5 ∙ (
11,25

18,75
)
2

− 0,275 ∙ (
11,25

18,75
)
4

= 1,19

χ
1

Φ √Φ λ
√ −



χ
∙

γ
∙

∙

 



ψ

μ
∙

∙

∙

∙
 

∙ ∙
∙ [√

∙ ∙

∙ ∙
( ∙ ) ∙ ]  



∙
∙ ∙

∙ [√
∙ ∙

∙ ∙
( ∙ ) ∙ ]

 

λ √
∙

√
∙

 

→ → α = 0,32

αLT √
Wel,y

Wel,z
= √

277,7

40,02
 = 0,32;αLT ≤ 0,34

Φ [ fM ((
λ

λ
)

2

∙ αLT ∙ (λ ) λ )] [ ( ) ]

Φ [ (𝛂𝐋𝐓 ∙ (λ ) λ )]



fM = 1,25 + 0,5 ∙ (
M0

Mh
)
2

− 0,275 ∙ (
M0

Mh
)
4

za0 ≤
M0

Mh
=

−4,51

−27,77
= 0,16 < 1,47

fM = 1,25 + 0,5 ∙ (
−4,51

−27,77
)
2

− 0,275 ∙ (
−4,51

−27,77
)
4

= 1,26

kc = 0,75za
M0

Mh
=

−4,51

−27,77
= 0,16 < 0,5

χ
1

Φ √Φ λ
√ −

χ
∙

γ
∙

∙





χ ∙
γ

∙

χ ∙
γ

∙

γ

 

χ ∙
γ

∙

χ ∙
γ

∙

γ

∙(1 + 0,8 ∙ 𝑛𝑦)

ny =
χ ∙

γ

∙ (𝟏 + (�̅�𝒚 − 𝟎, 𝟐) ∙
χ ∙

γ

) ≤ ∙ (𝟏 + 𝟎, 𝟖 ∙
χ ∙

γ

)

∙  

 

∙ ∙

∙ ∙



λ̅ √
∙

√
∙

λ̅

λ̅ √
∙

√
∙

λ̅

∙nz

nz =
χ ∙

γ

(𝟏 −

𝟎,𝟏∙�̅�𝐳∙
χ ∙

γ

(𝐂𝐦𝐋𝐓−𝟎,𝟐𝟓)
) ≥ (𝟏 −

𝟎,𝟏∙
χ ∙

γ

(𝐂𝐦𝐋𝐓−𝟎,𝟐𝟓)
)

∙(1 + 1,4 ∙ nz)

nz =
χ ∙

γ

∙ (𝟏 + (𝟐�̅�𝐳 − 𝟎, 𝟔) ∙
χ ∙

γ

) ≤ ∙ (𝟏 + 𝟏, 𝟒 ∙
χ ∙

γ

)



 

α 0

 

ψ = 0,00 

∙

∙

∙

∙

∙

∙

0,57 ⋅
96,11

252,76
∙
27,77

78,31
∙

 

 

∙ ∙ ∙

 

 



α  

ψ =
18,75

−27,77
= −0,68

 ∙α  

 → = 0,58 

 ∙α

 → = 0,58 

 ∙α  

 → = 0,41 

∙

∙

∙  

 

0,57 ⋅
96,11

252,76
∙ ∙

 

∙ ∙ ∙

 



 

 

 

- ∙ ∙

- ∙  ∙

- 

- ∙

- ∙ ∙ ∙

∙



∙ ∙ ∙

∙

∙

∙



- ∙ ∙

- ∙



- ∙

- ∙

𝑊42
𝐻 0,313 ∙ (0,5 ∙ 12) ∙ 7,143 13,41

𝑊42
𝑉 −0,938 ∙ 2,48 − 0,75 ∙ 4,83 −5,95



𝑊64,76 −0,938 ∙ 3,35 − 0,75 ∙ 6,5 − 0,406 ∙ 5,0 −10,05

𝑊65−68,78−84 −0,406 ∙ 14,86 −6,03

𝑊48,50 −0,406 ∙ 7,29 − 0,375 ∙ 7,6 −5,81

𝑊96,108 −0,375 ∙ 9,54 − 0,438 ∙ 5,34 −5,92

𝑊94−98,100−106 −0,438 ∙ 14,88 −7,19

𝑊44 −0,438 ∙ 7,59 − 0,938 ∙ 2,48 − 0,75 ∙ 4,8 −9,25

𝑊98
𝑉  −0,438 ∙ 7,59 −3,67

𝑊98
𝑉  −0,438 ∙ 7,59 −3,67

0,313 ∙ 7,143 2,24

−0,313 ∙ 7,143 −2,24

𝑊42
𝐻 0,626 ∙ (0,5 ∙ 12) ∙ 7,143 26,83

𝑊42
𝑉 −0,625 ∙ 2,48 − 0,437 ∙ 4,83 −3,66

𝑊64,76 −0,625 ∙ 3,35 − 0,437 ∙ 6,5 + 0,188 ∙ 5,0 −3,99



𝑊65−68,78−84 +0,188 ∙ 14,86 +2,79

𝑊48,50 +0,188 ∙ 7,29 + 0,376 ∙ 7,6 +4,23

𝑊96,108 +0,376 ∙ 9,54 − 0,125 ∙ 5,34 −2,92

𝑊94−98,100−106 −0,125 ∙ 14,88 −1,86

𝑊44 −0,125 ∙ 7,59 − 0,625 ∙ 2,48 − 0,437 ∙ 4,8 −4,60

𝑊98
𝑉  −0,125 ∙ 7,59 −0,95

𝑊98
𝐻  −0,000 ∙ (0,5 ∙ 12) ∙ 7,143 −0,00

0,626 ∙ 7,143 4,47

−0,000 ∙ 7,143 −0,00

𝑊42
𝐻 −0,875 ∙ (0,5 ∙ 12) ∙ 3,571 −18,74

𝑊42
𝑉 −0,938 ∙ 2,45 − 0,406 ∙ 1,19 −2,78

𝑊64−65,90−78,44,100−102 −0,406 ∙ 2,32 − 0,938 ∙ 5,0 −5,63

𝑊66,80 −0,938 ∙ 1,95 − 3,05 ∙ 0,75 − 2,32 ∙ 0,406 −5,06

𝑊50−108 −0,75 ∙ 5,0 + 0,406 ∙ 2,32 −4,69

𝑊92,104 −0,75 ∙ 3,15 − 0,938 ∙ 1,85 − 0,406 ∙ 2,32 −5,04



𝑊46
𝑉  −0,938 ∙ 2,55 − 0,406 ∙ 1,19 −2,88

𝑊46
𝐻  −0,875 ∙ (0,5 ∙ 12) ∙ 3,571 −18,74

−0,875 ∙ 3,571 −3,12

−0,875 ∙ 3,571 −3,12

𝑊42
𝐻 −0,562 ∙ (0,5 ∙ 12) ∙ 3,571 −12,04

𝑊42
𝑉 −0,625 ∙ 2,45 − 0,093 ∙ 1,19 −1,64

𝑊64−65,90−78,44,100−102 −0,093 ∙ 2,32 − 0,625 ∙ 5,0 −3,34

𝑊66,80 −0,625 ∙ 1,95 − 3,05 ∙ 0,437 − 2,32

∙ 0,093

−2,77

𝑊50−108 −0,437 ∙ 5,0 − 0,093 ∙ 2,32 −2,40

𝑊92,104 −0,437 ∙ 3,15 − 0,625 ∙ 1,85 − 0,093

∙ 2,32

−2,75

𝑊46
𝑉  −0,625 ∙ 2,55 − 0,093 ∙ 1,19 −1,70

𝑊46
𝐻  −0,562 ∙ (0,5 ∙ 12) ∙ 3,571 −12,04



−0,562 ∙ 3,571 −2,01

−0,562 ∙ 3,571 −2,01

 

∅ = ∅0 ∙ 𝛼ℎ ∙ 𝛼𝑚

∅0 = 1/200

𝛼ℎ =
2

√ℎ
𝛼ℎ ≤ 1,0 → ℎ = 12,0𝑚

𝟐

𝟑
≤ 𝜶𝒉 ≤ 𝟏, 𝟎

𝛼𝑚 = √0,5 ∙ (1 + 1/𝑚) → 𝑚 = 3

∅ =
1

200
∙
2

√12
∙ √0,5 ∙ (1 +

1

3
) = 0,00236



∆𝐻1 = ∅ ∙ 𝑉1 = 0,00236 ∙ 235,17 = 0,56𝑘𝑁

∆𝐻2 = ∅ ∙ 𝑉2 = 0,00236 ∙ 104,81 = 0,25𝑘𝑁

∆𝐻3 = ∅ ∙ 𝑉3 = 0,00236 ∙ 194,31 = 0,46𝑘𝑁

∆𝐻4 = ∅ ∙ 𝑉4 = 0,00236 ∙ 1670,24 = 3,94𝑘𝑁

∆𝐻5 = ∅ ∙ 𝑉5 = 0,00236 ∙ 835,12 = 1,97𝑘𝑁



 



 











 



 

αcr,ns =
Fcr,ns
Fd

≥ kozabočnonepomičnimodizvijanja, ko = 25

αcr,sw =
Fcr,sw
Fd

≥ 10zabočnopomičnimodizvijanja

αcr,sw =
Kst ∙ Hst

∑NEd,i

Kst =
Hf

Δf

Δ

∑NEd,i sumauzdužnihsilaustupovimakojisepromatraju

(𝐍𝐀𝐏𝐎𝐌𝐄𝐍𝐀: 𝐩𝐫𝐞𝐦𝐚𝐬𝐭𝐚𝐫𝐢𝐦𝐧𝐨𝐫𝐦𝐚𝐦𝐚𝛂𝐜𝐫 =
𝐅𝐜𝐫
𝐅𝐄𝐝

≥ 𝟏𝟎𝐳𝐚𝐞𝐥𝐚𝐬𝐭𝐢č𝐧𝐢𝐩𝐫𝐨𝐫𝐚č𝐮𝐧𝐢𝛂𝐜𝐫

=
𝐅𝐜𝐫
𝐅𝐄𝐝

≥ 𝟏𝟓𝐳𝐚𝐩𝐥𝐚𝐬𝐭𝐢č𝐧𝐢𝐩𝐫𝐨𝐫𝐚č𝐮𝐧



∑NEd,i = 377,14 + 766,85 + 406,13 = 1550,12kN

Hf = −6,67 − 23,60 − 50,30 = −80,57kN

Δf =
Δ1 + Δ2

2
=
30,0 + 32,0

2
= 31,0mm

αcr,sw =
Hf

Δf
∙

Hst

∑NEd,i
=

80,57

1550,12
∙
12,0

0,031
= 20,12 > 10,0

α

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 12180

6002
= 7012,35kN

αcr,ns =
Fcr,ns
Fd

=
7012,35

1029,17
= 6,81 < 25



Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

αcr,ns =
Fcr,ns
Fd

=
4284,03

178,44
= 24,01 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

αcr,ns =
Fcr,ns
Fd

=
4284,03

202,52
= 21,15 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 45,9

2002
= 237,83kN

αcr,ns =
Fcr,ns
Fd

=
237,83

40,13
= 5,93 < 25

∑NEd,i = 539,71 + 1113,78 + 573,44 = 1726,93kN



Hf = −21,54 − 35,37 − 63,79 = −120,7kN

Δf =
Δ1 + Δ2

2
=
45,0 + 50,0

2
= 47,5mm

αcr,sw =
Hf

Δf
∙

Hst

∑NEd,i
=

120,7

1726,93
∙
12,0

0,0475
= 17,66 > 10,0

α

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 12180

6002
= 7012,35kN

αcr,ns =
Fcr,ns
Fd

=
7012,35

1113,78
= 6,29 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

αcr,ns =
Fcr,ns
Fd

=
4284,03

239,86
= 17,86 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

αcr,ns =
Fcr,ns
Fd

=
4284,03

172,49
= 24,84 < 25



Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 45,9

2002
= 237,83kN

αcr,ns =
Fcr,ns
Fd

=
237,83

73,05
= 3,26 < 25

∑NEd,i = 163,96 + 353,12 + 180,94 = 698,02kN

Hf = −1,4 − 17,68 − 41,26 = −60,34kN

Δf =
Δ1 + Δ2

2
=
18 + 30

2
= 24mm

αcr,sw =
Hf

Δf
∙

Hst

∑NEd,i
=
60,34

0,024
∙
12,0

698,02
= 43,22 > 10,0

α



Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 12180

6002
= 7012,35kN

αcr,ns =
Fcr,ns
Fd

=
7012,35

353,12
= 19,86 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

αcr,ns =
Fcr,ns
Fd

=
4284,03

358,53
= 11,95 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

αcr,ns =
Fcr,ns
Fd

=
4284,03

205,67
= 20,83 < 25

Fcr,ns =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 45,9

2002
= 237,83kN

αcr,ns =
Fcr,ns
Fd

=
237,83

129,51
= 1,84 < 25

α α



 

 𝛿𝑉 <
𝐿

250

 𝛿𝐻 <
𝐻

150

 

δV,max = 28mm <
L

250
=
25000

250
= 100mm



 

δH,max = 52mm <
H

150
=
12000

150
= 80,0mm



 





 

 

 
 

Nc,Rd =
A ∙ fy

γM0
=
8,82 ∙ 35,5

1,0
= 313,11kN

Nc,Rd = 313,11kN > NEd = 196,34kNZadovoljava!



Ncr =
π2EI

Lcr2
=
π2 ∙ 21000 ∙ 45,9

2002
= 237,83kN

λ̅ = √
fy ∙ A

Ncr
= √

35,5 ∙ 8,82

237,83
= 1,15

ϕ = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(1,15 − 0,2) + 1,152] = 1,261

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

1,261 + √1,2612 − 1,152
= 0,66

Nb,Rd = χ ∙
A ∙ fy

γM1
= 0,66 ∙

8,82 ∙ 35,5

1,0
= 206,65kN

Nb,Rd = 206,65kN > NEd = 196,34kNZadovoljava!



 

 
 

Nt,Rd =
A ∙ fy

γM0
=
8,82 ∙ 35,5

1,0
= 313,11kN

Nt,Rd = 313,11kN > NEd = 202,99kNZadovoljava!



 

 

Nt,Rd =
A ∙ fy

γM0
=
45,25 ∙ 35,5

1,0
= 1606,38kN

Nt,Rd = 1606,38kN > NEd = 273,31kNZadovoljava!



Nc,Rd =
A ∙ fy

γM0
=
45,25 ∙ 35,5

1,0
= 1606,38kN

Nc,Rd = 1606,38kN > NEd = 249,92kNZadovoljava!

Ncr,y =
π2EIy

Lcr2
=
π2 ∙ 21000 ∙ 2510

211,52
= 11629,79kN



λ̅y = √
fy ∙ A

Ncr
= √

35,5 ∙ 45,25

11629,79
= 0,371

ϕy = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(0,371 − 0,2) + 0,3712] = 0,587

χy =
1

ϕy +√ϕy
2 − λy2

=
1

0,587 + √0,5872 − 0,3712
= 0,96

Ncr,z =
π2EIz
Lcr2

=
π2 ∙ 21000 ∙ 924,6

211,52
= 4284,03kN

λ̅z = √
fy ∙ A

Ncr
= √

35,5 ∙ 45,25

4284,03
= 0,61

ϕz = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(0,61 − 0,2) + 0,612] = 0,73

χz =
1

ϕz +√ϕz
2 − λz2

=
1

0,73 + √0,732 − 0,612
= 0,88

χmin = 0,88

Nb,Rd = χ ∙
A ∙ fy

γM1
= 0,88 ∙

45,25 ∙ 35,5

1,0
= 1413,61kN

Nb,Rd = 1413,61kN > NEd = 249,92kNZadovoljava!



 

 



Nt,Rd =
A ∙ fy

γM0
=
45,25 ∙ 35,5

1,0
= 1606,38kN

Nt,Rd = 1606,38kN > NEd = 182,22kNZadovoljava!

Nc,Rd =
A ∙ fy

γM0
=
45,25 ∙ 35,5

1,0
= 1606,38kN

Nc,Rd = 1606,38kN > NEd = 394,26kNZadovoljava!



Ncr,y =
π2EIy

Lcr2
=
π2 ∙ 21000 ∙ 2510

211,52
= 11629,79kN

λ̅y = √
fy ∙ A

Ncr
= √

35,5 ∙ 45,25

11629,79
= 0,371

ϕy = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(0,371 − 0,2) + 0,3712] = 0,587

χy =
1

ϕy +√ϕy
2 − λy2

=
1

0,587 + √0,5872 − 0,3712
= 0,96

Ncr,z =
π2EIz
Lcr2

=
π2 ∙ 21000 ∙ 924,6

4232
= 1071,01kN

λ̅z = √
fy ∙ A

Ncr
= √

35,5 ∙ 45,25

1071,01
= 1,42

ϕz = 0,5[1 + α(λ̅ − 0,2) + λ̅2] = 0,5[1 + 0,21(1,42 − 0,2) + 1,422] = 1,64

χz =
1

ϕz +√ϕz
2 − λz2

=
1

1,64 + √1,642 − 1,422
= 0,40

χmin = 0,40



Nb,Rd = χ ∙
A ∙ fy

γM1
= 0,40 ∙

45,25 ∙ 35,5

1,0
= 642,55kN

Nb,Rd = 642,55kN > NEd = 394,26kNZadovoljava!

 

 



Nc,Rd =
A ∙ fy

γM0
=
260,5 ∙ 35,5

1,0
= 9247,75kN

Nc,Rd = 9247,75kN > NEd = 599,54kNZadovoljava!

Mc,Rd,y−y = Mpl,Rd,y−y =
Wpl,y−y ⋅ fy

γM0
=
7032 ⋅ 35,5

1,0
= 249636kNcm

 

Mc,Rd,y−y = 249636kNcm = 2496,36kNm

My,Ed

Mc,Rd,y−y
≤ 1,0

565,42

2496,36
= 0,23 ≤ 1

hw
tw

< 72 ·
ε

η

 

hw = h − 2 ⋅ tf = 690 − 2 ⋅ 27 = 636mm



η = 1.20

hw
tw

=
636

14,5
= 43,86 < 72 ·

0,81

1,20
= 48,6

Vpl,Rd =
AV,z ⋅ (fy/√3)

γM0

Av,z

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

Av,z = 260,5 − 2 ∙ 30 ∙ 2,7 + (1,45 + 2 ∙ 2,7) ∙ 2,7 = 117cm2

117cm2 > 1,2 ∙ 63,6 ∙ 1,45 = 110,66cm2

Vpl,z,Rd =
117 ∙ (35,5/√3)

1,0
= 2398,02kN

Vz,Ed
Vpl,z,Ed

≤ 1,0

66,08

2398,02
= 0,03 < 1,0



Vz,Ed = 66,08kN < 0,5 ∙ Vz,Rd = 0,5 ∙ 2398,02 = 1199,01kN

NEd = 599,54kN < 0,25 ∙ Nc,Rd = 2311,94kN

NEd = 599,54kN < 0,50 ∙ hw ∙ tw ∙ fy = 0,5 ∙ 63,6 ∙ 1,45 ∙ 35,5 = 1636,91kN

MN,V,y,Rd = Mpl,y,Rd = 2496,36kNm > My,Ed = 565,42kNm



Iprečke = (Iy,gornjegpojasa + A ∙ z2) + (Iy,donjegpojasa + A ∙ z2)

Iprečke = (7763 + 76,8 ∙ 76,22) + (7763 + 76,8 ∙ 76,22) = 907395,18cm4

Istupa = 215300cm4

Kprečke = K11 =
Iprečke

L
=
907395,18

2500
= 362,96cm3

Kstupa = Kc =
Istupa

h
=
215300

1200
= 179,42cm3



η

η1 =
Kc

Kc + K11
=

179,42

179,42 + 362,96
= 0,33

η2 = 1,0(stupjezglobnooslonjen)

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

k = 0,5 + 0,14 ∙ (0,33 + 1,0) + 0,055 ∙ (0,33 + 1,0)2 = 0,78

Li,y = k ∙ L = 0,78 ∙ 1200 = 936cm

Li,z = k ∙ L = 0,50 ∙ 1200 = 600cm

Ncr,y =
π2EIy

Lcr,y2
=
π2 ∙ 21000 ∙ 215300

9362
= 50934,42kN

λy̅ = √
fy ∙ A

Ncr,y
= √

35,5 ∙ 260,5

50934,42
= 0, 43

h

b
=
690

300
= 2,3 > 1,2



tf < 40mm

→ → α = 0,21

ϕy = 0,5 ∙ [1 + α ∙ (λy − 0,2) + λy
2
] = 0,5 ∙ [1 + 0,21 ∙ (0,43 − 0,2) + 0,432]

ϕy = 0,62

χy =
1

ϕy +√ϕy
2 − λy

2
=

1

0, 62 + √0, 622 − 0,432
= 0,94

Ny,b,Rd = χy ∙
A ∙ fy

γM1
= 0,94 ∙

260,5 ∙ 35,5

1,0
= 8692,89kN

Ny,b,Rd = 8692,89kN > NEd = 599,54kN

Ncr,z =
π2EIz
Lcr,z2

=
π2 ∙ 21000 ∙ 12180

6002
= 7012,35kN

λ̅z = √
fy ∙ A

Ncr,z
= √

35,5 ∙ 260,5

7012,35
= 1,15

h

b
=
690

300
= 2,3 > 1,2

tf < 40mm



→ → α = 0,21

ϕz = 0,5 ∙ [1 + α ∙ (λz − 0,2) + λz
2
] = 0,5 ∙ [1 + 0, 21 ∙ (1,15 − 0,2) + 1,152]

ϕz = 1,26

χz =
1

ϕz +√ϕz
2 − λz

2
=

1

1,26 + √1,262 − 1,152
= 0, 56

Nz,b,Rd = χz ∙
A ∙ fy

γM1
= 0,56 ∙

260,5 ∙ 35,5

1,0
= 5178,74kN

Nz,b,Rd = 5178,74kN > NEd = 599,54kN



−1 ≤ Ψ ≤ 1,0

Ψ =
401,48

565,42
= 0,7

μ =
q ∙ L2

8 ∙ M
≈ 0

→ očitano: C1 = 1,48, C2 = 0



Mcr = C1
π2 ∙ E ∙ Iz

L2
∙ [√

Iw
Iz
+
L2 ∙ G ∙ It
π2 ∙ E ∙ Iz

]

Mcr = 1,48 ∙
π2 ∙ 21000 ∙ 12180

6002
∙ [√

13350000

12180
+
6002 ∙ 8100 ∙ 513,9

π2 ∙ 21000 ∙ 12180
]

Mcr = 426605,2kNcm = 4266,052kNm

λLT = √
Wpl,y ∙ fy

Mcr
= √

7032 ∙ 35,5

426605,2
= 0,76

h

b
=
690

300
= 2,3 > 1,2

→ → αLT = 0,21



ΦLT = 0,5 [1 + fm ((
λLT

λz
)

2

∙ αLT(λz − 0,2) + λLT
2
)]

ΦLT = 0,5 [1 + 1((
0,76

1,15
)
2

∙ 0,21(1,15 − 0,2) + 0,762)]

ΦLT = 0,83

Φ [ (𝛂𝐋𝐓 ∙ (λ ) λ )]

fM = 1,25 − 0,1 ∙ ψ − 0,15 ∙ ψ2

fM = 1,25 − 0,1 ∙ 0,7 − 0,15 ∙ 0,72 = 1,11

χ
1

Φ √Φ λ

=
1

0,83 + √0,832 − 0,762
= 0,86 > 1

Mb,Rd = χLT
Wpl,y ∙ fy

γM1
= 0,86 ·

7032 ∙ 35,5

1,0
= 214687kNcm = 2146,87kNm

Mb,Rd = 2146,87kNm > My,Ed = 565,42kNm



NEd

χy ∙
Nrk

γM1

+
k𝑦𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

NEd

χz ∙
Nrk

γM1

+
k𝑧𝑦 ∙ M𝑦.𝐸𝑑

χLT ∙
My,Rky

γM1

≤ 1

Cmy = 0,6 + 0,4 ∙ ψ = 0,6 + 0,4 ∙ 0,7 = 0,88

∙(1 + 0,8 ∙ ny)

ny =
χ ∙

γ

 

𝐤𝐲𝐲 = 𝐂𝐦𝐲 [𝟏 + (𝛌𝐋𝐓 − 𝟎, 𝟐) ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

] ≤ 𝐂𝐦𝐲 [𝟏 + 𝟎, 𝟖 ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

]

kyy = 0,88 [1 + 0,8 ∙
599,54

0,94 ∙
9247,75
1,0

]

kyy = 0,93



Ψ =
401,48

565,42
= 0,7(aproksimiranavrijednostdijagrama)

CmLT = 0.6 + 0.4 ∙ ψ = 0.6 + 0.4 ∙ 0.7 = 0.88

∙nz

nz =
χ ∙

γ

𝐤𝐳𝐲 = [𝟏 −
(𝟎.𝟏∙𝛌𝐳)

(𝐂𝐦𝐋𝐓−𝟎.𝟐𝟓)
∙

𝐍𝐄𝐝

𝛘𝐳∙
𝐍𝐑𝐤
𝛄𝐌𝟏

] ≤ [𝟏 −
𝟎.𝟏

(𝐂𝐦𝐋𝐓−𝟎.𝟐𝟓)
∙

𝐍𝐄𝐝

𝛘𝐳∙
𝐍𝐑𝐤
𝛄𝐌𝟏

]

kzy = [1 −
0,1

(0,88 − 0,25)
∙

599,54

0,56 ∙
9247,75
1.0

]

kzy = 0,98

599,54

0,94 ∙
9247,75
1,0

+
0,93 ∙ 565,42

0,86 ∙
2496,36
1,0

= 0,31 < 1

599,54

0,56 ∙
9247,75
1,0

+
0,98 ∙ 565,42

0,86 ∙
2496,36
1,0

= 0,37 < 1



 

 

Nc,Rd =
A ∙ fy

γM0
=
260,5 ∙ 35,5

1,0
= 9247,75kN

Nc,Rd = 9247,75kN > NEd = 1157,97kNZadovoljava!

Mc,Rd,y−y = Mpl,Rd,y−y =
Wpl,y−y ⋅ fy

γM0
=
7032 ⋅ 35,5

1,0
= 249636kNcm



 

Mc,Rd,y−y = 249636kNcm = 2496,36kNm

My,Ed

Mc,Rd,y−y
≤ 1,0

565,42

2496,36
= 0,23 ≤ 1

hw
tw

< 72 ·
ε

η

 

hw = h − 2 ⋅ tf = 690 − 2 ⋅ 27 = 636mm

η = 1.20

hw
tw

=
636

14,5
= 43,86 < 72 ·

0,81

1.20
= 48,6

Vpl,Rd =
AV,z ⋅ (fy/√3)

γM0



Av,z

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

Av,z = 260,5 − 2 ∙ 30 ∙ 2,7 + (1,45 + 2 ∙ 2,7) ∙ 2,7 = 117cm2

117cm2 > 1,2 ∙ 63,6 ∙ 1,45 = 110,66cm2

Vpl,z,Rd =
117 ∙ (35,5/√3)

1,0
= 2398,02kN

Vz,Ed
Vpl,z,Ed

≤ 1,0

66,08

2398,02
= 0,03 < 1,0

Vz,Ed = 66,08kN < 0,5 ∙ Vz,Rd = 0,5 ∙ 2398,02 = 1199,01kN

NEd = 1157,97kN < 0,25 ∙ Nc,Rd = 2311,94kN

NEd = 1157,97kN < 0,50 ∙ hw ∙ tw ∙ fy = 0,5 ∙ 63,6 ∙ 1,45 ∙ 35,5 = 1636,91kN

MN,V,y,Rd = Mpl,y,Rd = 2496,36kNm > My,Ed = 565,42kNm





Iprečke = (Iy,gornjegpojasa + A ∙ z2) + (Iy,donjegpojasa + A ∙ z2)

Iprečke = (7763 + 76,8 ∙ 76,22) + (7763 + 76,8 ∙ 76,22) = 907395,18cm4

Istupa = 215300cm4

Kprečke = K11 =
Iprečke

L
=
907395,18

2500
= 362,96cm3

Kprečke = K12 =
Iprečke

L
=
907395,18

2500
= 362,96cm3

Kstupa = Kc =
Istupa

h
=
215300

1200
= 179,42cm3

η

η1 =
Kc

Kc + K11 + K12
=

179,42

179,42 + 362,96 + 362,96
= 0,20

η2 = 1,0(stupjezglobnooslonjen)

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



k = 0,5 + 0,14 ∙ (0,20 + 1,0) + 0,055 ∙ (0,20 + 1,0)2 = 0,75

Li,y = k ∙ L = 0,75 ∙ 1200 = 900cm

Li,z = k ∙ L = 0,50 ∙ 1200 = 600cm

Ncr,y =
π2EIy

Lcr,y2
=
π2 ∙ 21000 ∙ 215300

9002
= 55090,67kN

λy̅ = √
fy ∙ A

Ncr,y
= √

35,5 ∙ 260,5

55090,67
= 0, 41

h

b
=
690

300
= 2,3 > 1,2

tf < 40mm

→ → α = 0,21

ϕy = 0,5 ∙ [1 + α ∙ (λy − 0,2) + λy
2
] = 0,5 ∙ [1 + 0,21 ∙ (0,41 − 0,2) + 0,412]

ϕy = 0,61

χy =
1

ϕy +√ϕy
2 − λy

2
=

1

0, 61 + √0, 612 − 0,412
= 0,94



Ny,b,Rd = χy ∙
A ∙ fy

γM1
= 0,94 ∙

260,5 ∙ 35,5

1,0
= 8692,89kN

Ny,b,Rd = 8692,89kN > NEd = 2719,25kN

Ncr,z =
π2EIz
Lcr,z2

=
π2 ∙ 21000 ∙ 12180

6002
= 7012,35kN

λ̅z = √
fy ∙ A

Ncr,z
= √

35,5 ∙ 260,5

7012,35
= 1,15

h

b
=
690

300
= 2,3 > 1,2

tf < 40mm

→ → α = 0,21

ϕz = 0,5 ∙ [1 + α ∙ (λz − 0,2) + λz
2
] = 0,5 ∙ [1 + 0, 21 ∙ (1,15 − 0,2) + 1,152]

ϕz = 1,26

χz =
1

ϕz +√ϕz
2 − λz

2
=

1

1,26 + √1,262 − 1,152
= 0, 56



Nz,b,Rd = χz ∙
A ∙ fy

γM1
= 0,56 ∙

260,5 ∙ 35,5

1,0
= 5178,74kN

Nz,b,Rd = 5178,74kN > NEd = 1157,97kN

−1 ≤ Ψ ≤ 1,0

Ψ =
212,29

370,70
= 0,57



μ =
q ∙ L2

8 ∙ M
≈ 0

→ očitano: C1 = 1,38, C2 = 0

Mcr = C1
π2 ∙ E ∙ Iz

L2
∙ [√

Iw
Iz
+
L2 ∙ G ∙ It
π2 ∙ E ∙ Iz

]

Mcr = 1,38 ∙
π2 ∙ 21000 ∙ 12180

6002
∙ [√

13350000

12180
+
6002 ∙ 8100 ∙ 513,9

π2 ∙ 21000 ∙ 12180
]

Mcr = 256842,34kNcm = 2568,42kNm



λLT = √
Wpl,y ∙ fy

Mcr
= √

7032 ∙ 35,5

256842,34
= 0,99

h

b
=
690

300
= 2,3 > 1,2

→ → αLT = 0,21

ΦLT = 0,5 [1 + fm ((
λLT

λz
)

2

∙ αLT(λz − 0,2) + λLT
2
)]

ΦLT = 0,5 [1 + 1((
0,99

1,15
)
2

∙ 0,21(1,15 − 0,2) + 0,992)]

ΦLT = 1,06

Φ [ (𝛂𝐋𝐓 ∙ (λ ) λ )]

fM = 1,25 − 0,1 ∙ ψ − 0,15 ∙ ψ2

fM = 1,25 − 0,1 ∙ 0,57 − 0,15 ∙ 0,572 = 1,14

χ
1

Φ √Φ λ

=
1

1,06 + √1,062 − 0,992
= 0,70



Mb,Rd = χLT ∙
Wpl,y ∙ fy

γM1
= 0,70 ·

7032 ∙ 35,5

1,0
= 174745,2kNcm = 1747,45kNm

Mb,Rd = 1747,45kNm > My,Ed = 370,70kNm

χ ∙
γ

∙

χ ∙
γ

∙

γ

 

χ ∙
γ

∙

χ ∙
γ

∙

γ

Cmy = 0,6 + 0,4 ∙ ψ = 0,6 + 0,4 ∙ 0,57 = 0,83

∙(1 + 0,8 ∙ ny)

ny =
χ ∙

γ



 

𝐤𝒚𝒚 = 𝑪𝒎𝒚 [𝟏 + (𝛌𝐋𝐓 − 𝟎, 𝟐) ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

] ≤ 𝑪𝒎𝒚 [𝟏 + 𝟎, 𝟖 ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

]

k𝑦𝑦 = 0,83 [1 + 0,8 ∙
1157,97

0,94 ∙
9247,75
1,0

]

k𝑦𝑦 = 0,92 ≤ 0,92

Ψ =
212,29

370,70
= 0,57(aproksimiranavrijednostdijagrama)

cmLT = 0,6 + 0,4 ∙ ψ = 0,6 + 0,4 ∙ 0,57 = 0,83

Ncr,y =
π2EIy

Lcr,y2
=
π2 ∙ 21000 ∙ 215300

9362
= 50934,42kN

Ncr,z =
π2EIz
Lcr,z2

=
π2 ∙ 21000 ∙ 12180

6002
= 7012,35kN

λy̅ = √
fy ∙ A

Ncr,y
= √

35,5 ∙ 260,5

50934,42
= 0, 43

λ̅

λ̅z = √
fy ∙ A

Ncr,z
= √

35,5 ∙ 260,5

7012,35
= 1,15

λ̅



∙nz

nz =
χ ∙

γ

𝐤𝒛𝒚 = [𝟏 −
(𝟎.𝟏∙𝛌𝐳)

(𝑪𝒎𝑳𝑻−𝟎.𝟐𝟓)
∙

𝑵𝑬𝒅

𝛘𝐳∙
𝑵𝑹𝒌
𝛄𝐌𝟏

] ≤ [𝟏 −
𝟎.𝟏

(𝑪𝒎𝑳𝑻−𝟎.𝟐𝟓)
∙

𝑵𝑬𝒅

𝛘𝐳∙
𝑵𝑹𝒌
𝛄𝐌𝟏

]

k𝑧𝑦 = [1 −
0,1

(0,83 − 0,25)
∙

1157,97

0,56 ∙
9247,75
1,0

]

kzy = 0,96 ≤ 0,96

kzy = 0,96

1157,97

0,94 ∙
9247,75
1,0

+
0,92 ∙ 370,70

0,99 ∙
2496,36
1,0

= 0,27 < 1

1157,97

0,56 ∙
9247,75
1,0

+
0,96 ∙ 370,70

0,99 ∙
2496,36
1,0

= 0,37 < 1



 

 

w = 0,483 + 0,435 = 0,918kN/m2

Fd = 1,5 ∙ [(
12 + 14,585

2
∙
4,167

2
) ∙

0,918

3
] ∙
1

2
= 6,36kN

Wd = 6,36kN



L = 25m

m = 12

αm = √0,5 ∙ (1 +
1

m
) = √0,5 ∙ (1 +

1

12
) = 0,74

e0 =
αm ∙ L

500
=
0,74 ∙ 25

500
= 0,037m = 3,7cm

NEd = 249,92kN

δq =
L

1500
=

25

1500
= 0,0167m = 1,67cm

qd =
ΣNEd

L2
∙ 8 ∙ (e0 + δq) =

12 ∙ 249,92

252
∙ 8 ∙ (0,037 + 0,0167) = 2,06kN/m

Pd = 2,06 ∙
4,167

2
= 2,08kN

Qd = Wd + Pd = 6,36 + 2,08 = 8,44kN



𝛿 = 0,2𝑐𝑚 < δq =
L

1500
=

25

1500
= 0,0167m = 1,67cm

 



 

 

Nc,Rd =
A ∙ fy

γM0
=
7,33 ∙ 35,5

1,0
= 260,22kN



Nc,Rd = 260,22kN > NEd = 45,03kNZadovoljava!

Ncr,y =
π2EIy

Lcr,y2
=
π2 ∙ 21000 ∙ 48,8

4132
= 59,30kN

λ̅ = √
fy ∙ A

Ncr,y
= √

35,5 ∙ 8,2

59,3
= 2,22

→ α

ϕ𝑦 = 0,5 ∙ [1 + α ∙ (λ̅ − 0,2) + λ̅2] = 0,5 ∙ [1 + 0,21 ∙ (2,22 − 0,2) + 2,222] = 3,17

χ =
1

ϕ + √ϕ2 − λ̅2
=

1

3,17 + √3,172 − 2,222
= 0,18

Nb,y,Rd = χ ∙
A ∙ fy

γM1
= 0,18 ∙

8,2 ∙ 35,5

1,0
= 52,40kN

Nb,y,Rd = 52,40kN > NEd = 45,03kNZadovoljava!



 

w = −0,677kN/m2

Fd = −1,5 ∙ (7,143 ∙ 0,677) ∙ 12 ∙
1

2
= −43,52kN

Wd = −43,52kN



w = 0,531kN/m2

Fd = 1,5 ∙ 7,143 ∙ 0,531 ∙
12

2
= 34,14kN

Wd = 34,14kN



 



 

 



Nc,Rd =
A ⋅ fy

γM0

=
8,29 ⋅ 35,5

1,00
= 294,3kN > NEd = 21,82kN

Nt,Rd =
A ⋅ fy

γM0

=
8,29 ⋅ 35,5

1,00
= 294,3kN > NEd = 20,79kN

Lcr = 4,135m

Ncr =
π2EIy

Li,y
2 =

π2 ⋅ 21000 ∙ 45,3

413,52
= 54,91

λ̅y = √
A ⋅ fy

Ncr
= √

8,29 ⋅ 35,5

54,91
= 2,32

→ → α = 0,21

Φy = 0,5 ⋅ [1 + α ⋅ (λ̄y − 0,2) + λ̄y
2]

Φy = 0,5 ⋅ [1 + 0,21 ⋅ (2,32 − 0,2) + 2,322] = 3,41



χy =
1

Φy,z +√Φy,z
2 − λ̄y,z2

=
1

3,41 + √3,412 − 2,322
= 0,17

Nb,y,Rd = χy ⋅
A ⋅ fy

γM1
= 0,17 ⋅

8,29 ⋅ 35,5

1,0
= 50,03kN

Nb,y,Rd = 50,03kN > NEd = 21,82kN

 

 

NEd = 31,92kN

Nc,Rd =
A ⋅ fy

γM0

=
8,29 ⋅ 35,5

1,00
= 294,3kN > NEd = 31,92kN



NEd = 42,66kN

Nt,Rd =
A ⋅ fy

γM0

=
8,29 ⋅ 35,5

1,00
= 294,3kN > NEd = 42,66kN

Lcr = 2,083m

Ncr =
π2EIy

Li,y
2 =

π2 ⋅ 21000 ∙ 45,3

208,32
= 216,39

λ̅y = √
A ⋅ fy

Ncr,y,z
= √

8,29 ⋅ 35,5

216,39
= 1,17

→ → α = 0,21

Φy = 0,5 ⋅ [1 + α ⋅ (λ̄y − 0,2) + λ̄y
2]

Φy = 0,5 ⋅ [1 + 0,21 ⋅ (1,17 − 0,2) + 1,172] = 1,29

χy =
1

Φy,z +√Φy,z
2 − λ̄y,z2

=
1

1,29 + √1,292 − 1,172
= 0,55



Nb,y,Rd = χy ⋅
A ⋅ fy

γM1
= 0,55 ⋅

8,29 ⋅ 35,5

1,0
= 161,86kN

Nb,y,Rd = 161,86kN > NEd = 31,92kN

 



Hd = 3 ∙ 134,49 = 403,47kN

∅ = ∅0 ∙ αh ∙ αm

∅0 =
1

200

αh = 1zaspojenetlačneelemente(𝐍𝐀𝐏𝐎𝐌𝐄𝐍𝐀:𝐝𝐨𝐝𝐚𝐧𝐨𝐮𝐧𝐨𝐯𝐨𝐣𝐧𝐨𝐫𝐦𝐢)

αm = √0,5 ∙ (1 +
1

m
) = √0,5 ∙ (1 +

1

7
) = 0,756

∅ = ∅0 ∙ αh ∙ αm =
1

200
∙ 1 ∙ 0,756 = 0,00378



ΔHd = ∅ ∙ 7 ∙ NEd = 0,00378 ∙ 7 ∙ 1157,97 = 17,75kN

ΣHd = Hd + ΔHd +𝐻𝐿,1 = 403,47 + 20,19 + 6,74 = 430,4kN

 





 

 



Nc,Rd =
A ∙ fy

γM0
=
37,1 ∙ 35,5

1,0
= 1317,05kN > NEd = 327,45kN

NEd

Nc,Rd
=

327,45

1317,05
= 0,25 < 1,0

Nt,Rd =
A ∙ fy

γM0
=
37,1 ∙ 35,5

1,0
= 1317,05kN > NEd = 299,37kN

NEd

Nt,Rd
=

299,37

1317,05
= 0,227 < 1,0

→ α = 0,21

Ncr =
π2 ∙ E ∙ I

Lcr2
=
π2 ∙ 21000 ∙ 1630

9332
= 388,1kN

λ̅y = √
A ∙ fy

Ncr
= √

37,1 ∙ 35,5

388,1
= 1,84

Φy = 0,5 ∙ [1 + α ∙ (λ̅y − 0,2) + λ̅y
2
] = 0,5 ∙ [1 + 0,21 ∙ (1,84 − 0,2) + 1,842] = 2,36



χy =
1

Φy +√Φy
2 − λ̅y

2
=

1

2,36 + √2,362 − 1,842
= 0,26

Nb,y,Rd = χy ∙
A ∙ fy

γM1
= 0,26 ∙

37,1 ∙ 35,5

1,0
= 342,43kN

NEd

Nb,y,Rd
=
327,45

342,43
= 0,93 < 1,0



 

 

 

- 0,56 ∙ 13,47 = 7,54kN

- 0,079 ∙ 4,167 = 0,33kN

- 0,3 ∙ 4,167 ∙ 13,47 = 16,84kN

Gk = 24,71kN



- 0,626 ∙ 4,167 = wk = 2,61kN/m

∙

∙



NEd = 40,90

MEd = 88,91

VEd = 26,40



 

 

→



Nc,Rd =
A ⋅ fy

γM0
=
72,73 ⋅ 35,5

1,0
= 2581,92 > NEd = 40,96

Mc,Rd =
Wpl ⋅ fy

γM0
=
1019 ⋅ 35,5

1,0
= 36174,5 > MEd = 88,91

hw
tw

< 72 ·
ε

η

 

hw = h − 2 ⋅ tf = 360 − 2 ⋅ 12,7 = 334,6mm

η = 1.20

hw
tw

=
334,6

12,7
= 26,35 < 72 ·

0,81

1,20
= 48,6



Vpl,Rd =
AV,z ⋅ (fy/√3)

γM0

Av,z

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

Av,z = 72,73 − 2 ∙ 17 ∙ 1,27 + (0,8 + 2 ∙ 1,8) ∙ 1,27 = 35,14cm2

35,14cm2 > 1,2 ∙ 33,46 ∙ 0,8 = 32,12cm2

Vpl,z,Rd =
35,14 ∙ (35,5/√3)

1,0
= 720,23kN

Vz,Ed
Vpl,z,Ed

≤ 1,0

26,40

720,23
= 0,037 < 1,0

Li,y = k ⋅ L = 1 ⋅ 1347 = 1347



Li,z = 747

Ncr,y =
π2EIy

Li,y
2 =

π2 ⋅ 21000 ⋅ 16270

13472
= 1858,54

Ncr,z =
π2EIz

Li,z
2 =

π2 ⋅ 21000 ⋅ 1043

7472
= 387,40

λ̄y = √
A ⋅ fy

Ncr,y
= √

72,73 ⋅ 35,5

1858,54
= 1,18

λ̄z = √
A ⋅ fy

Ncr,z
= √

72,73 ⋅ 35,5

387,40
= 2,58

→ α = 0,21

→ α = 0,34

Φy = 0,5 ⋅ [1 + α ⋅ (λ̄y − 0,2) + λ̄y
2] = 0,5 ⋅ [1 + 0,21 ⋅ (1,18 − 0,2) + 1,182] = 1,30

Φz = 0,5 ⋅ [1 + α ⋅ (λ̄z − 0,2) + λ̄z
2] = 0,5 ⋅ [1 + 0,34 ⋅ (2,58 − 0,2) + 2,582] = 4,23

χy =
1

Φy +√Φy
2 − λ̄y2

=
1

1,30 + √1,302 − 1,182
= 0,54



χz =
1

Φz +√Φz
2 − λ̄z2

=
1

4,23 + √4,232 − 2,582
= 0,13 

Nb,z,Rd = χz ⋅
Nc,Rd

γM1
= 0,13 ⋅

2581,92

1,0
= 335,65 > 40,96

ψ = 0;

μ =
q ⋅ l2

8 ⋅ M
= 0,99

Mcr = C1
π2 ⋅ E ⋅ Iz

L2
⋅ [√

Iw
Iz
+
L2 ⋅ G ⋅ It
π2 ⋅ E ⋅ Iz

+ (C2 ⋅ zg)
2
− C2 ⋅ zg]



Mcr = 1,127 ⋅
π2 ⋅ 21000 ⋅ 1043

7472

⋅ [√
313,6 ⋅ 103

1043
+
7472 ⋅ 8100 ⋅ 37,32

π2 ⋅ 21000 ⋅ 1043
+ (0,454 ⋅ 18)2 − 0,454 ⋅ 18] 

= 112,23

λ̄LT = √
Wpl,y ⋅ fy

Mcr
= √

1019 ⋅ 35,5

11223
= 1,80

χLT =
1

ΦLT +√ΦLT
2 − λ̄LT

2

≤ 1

ΦLT = 0,5 [1 + fM(((
λ̄LT

λ̄z
)

2

αLT(λ̄z − 0,2)) + λ̄2LT)]

h

b
=
360

170
= 2,12 > 1,2

tf ≤ 40mm



αLT = 0,12 ∙ √
Wel,y

Wel,z
= 0,28aliαLT ≤ 0,34

→ α

ΦLT = 0,5 [1 + 1,05(((
1,8

2,58
)
2

0,28 ∙ (2,58 − 0,2)) + 1,82)] = 2,28

Φ [ (𝛂𝐋𝐓 ∙ (λ ) λ )]

fM = 1,05

χLT =
1

2,28 + √2,282 − 1,802
= 0,272

Mb,Rd = χLT ⋅
Wpl,y ⋅ fy

γM1
= 0,272 ⋅

1019 ⋅ 35,5

1,0
= 10490,61

Mb,Rd = 104,91 MEd = 88,91



NEd

χy ∙
Nrk

γM1

+
kyy ∙ My.Ed

χLT ∙
My,Rky

γM1

≤ 1

NEd

χz ∙
Nrk

γM1

+
kzy ∙ My.Ed

χLT ∙
My,Rky

γM1

≤ 1

Cmy = 0,95 + 0,05 ∙ αh = 0,95 + 0,05 ∙ 0 = 0,95

∙(1 + 0,8 ∙ ny)

ny =
χ ∙

γ

𝐤𝐲𝐲 = 𝐂𝐦𝐲 [𝟏 + 𝟎, 𝟖 ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

] ≤ 𝐂𝐦𝐲 [𝟏 + 𝟎, 𝟖 ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

]

kyy = 0,95 [1 + 0,8 ∙
40,96

0,54 ∙
2581,92
1,0

]

kyy = 0,97



Ψ = 0

CmLT = 0,95 + 0,05 ∙ αh = 0,95 + 0,05 ∙ 0 = 0,95

∙nz

nz =
χ ∙

γ

𝐤𝐳𝐲 = [𝟏 −
𝟎,𝟏∙�̅�𝐳

(𝐂𝐦𝐋𝐓−𝟎.𝟐𝟓)
∙

𝐍𝐄𝐝

𝛘𝐳∙
𝐍𝐑𝐤
𝛄𝐌𝟏

] ≤ [𝟏 −
𝟎,𝟏

(𝐂𝐦𝐋𝐓−𝟎.𝟐𝟓)
∙

𝐍𝐄𝐝

𝛘𝐳∙
𝐍𝐑𝐤
𝛄𝐌𝟏

]

kzy = [1 −
0,1

(0,95 − 0,25)
∙

40,96

0,13 ∙
2581,92
1,0

]

kzy = 0,98

40,96

0,54 ∙
2581,92
1,0

+
0,97 ∙ 88,91

0,272 ∙
361,75
1,0

= 0,91 < 1

40,96

0,13 ∙
2581,92
1,0

+
0,98 ∙ 88,91

0,272 ∙
361,75
1,0

= 0,99 < 1



 

𝛿ℎ,𝑚𝑎𝑥 <
𝐿

300

𝑚𝑚 <
12000

300
= 40𝑚𝑚 → 𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑎𝑣𝑎



 

 

- 0,56 ∙ 12 = 6,72𝑘𝑁

- 0,079 ∙ 3,571 = 0,28𝑘𝑁

- 0,3 ∙ 3,571 ∙ 12 = 12,86𝑘𝑁

𝐺𝑘 = 19,86𝑘𝑁



- 0,875 ∙ 3,571 = 𝑤𝑘 = 3,12𝑘𝑁/𝑚

∙

∙



NEd = 38,18

MEd = 83,16

VEd = 27,72



 

 

→



Nc,Rd =
A ⋅ fy

γM0
=
72,73 ⋅ 35,5

1,0
= 2581,92 > NEd = 38,18

Mc,Rd =
Wpl ⋅ fy

γM0
=
1019 ⋅ 35,5

1,0
= 36174,5 > MEd = 83,16

hw
tw

< 72 ·
ε

η

 

hw = h − 2 ⋅ tf = 360 − 2 ⋅ 12,7 = 334,6mm

η = 1.20

hw
tw

=
334,6

12,7
= 26,35 < 72 ·

0,81

1,20
= 48,6



Vpl,Rd =
AV,z ⋅ (fy/√3)

γM0

Av,z

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

Av,z = 72,73 − 2 ∙ 17 ∙ 1,27 + (0,8 + 2 ∙ 1,8) ∙ 1,27 = 35,14cm2

35,14cm2 > 1,2 ∙ 33,46 ∙ 0,8 = 32,12cm2

Vpl,z,Rd =
35,14 ∙ (35,5/√3)

1,0
= 720,23kN

Vz,Ed
Vpl,z,Ed

≤ 1,0

27,72

720,23
= 0,038 < 1,0

Li,y = k ⋅ L = 1 ⋅ 1200 = 1200

Li,z = 600



Ncr,y =
π2EIy

Li,y
2 =

π2 ⋅ 21000 ⋅ 16270

12002
= 2341,77

Ncr,z =
π2EIz

Li,z
2 =

π2 ⋅ 21000 ⋅ 1043

6002
= 600,48

λ̄y = √
A ⋅ fy

Ncr,y
= √

72,73 ⋅ 35,5

2341,77
= 1,05

λ̄z = √
A ⋅ fy

Ncr,z
= √

72,73 ⋅ 35,5

600,48
= 2,07

→ α = 0,21

→ α = 0,34

Φy = 0,5 ⋅ [1 + α ⋅ (λ̄y − 0,2) + λ̄y
2] = 0,5 ⋅ [1 + 0,21 ⋅ (1,05 − 0,2) + 1,052] = 1,14

Φz = 0,5 ⋅ [1 + α ⋅ (λ̄z − 0,2) + λ̄z
2] = 0,5 ⋅ [1 + 0,34 ⋅ (2,07 − 0,2) + 2,072] = 2,84

χy =
1

Φy +√Φy
2 − λ̄y2

=
1

1,14 + √1,142 − 1,052
= 0,63

χz =
1

Φz +√Φz
2 − λ̄z2

=
1

2,84 + √2,842 − 2,072
= 0,21 



Nb,z,Rd = χz ⋅
Nc,Rd

γM1
= 0,21 ⋅

2581,92

1,0
= 542,20 > 38,18

ψ = 0;

μ =
q ⋅ l2

8 ⋅ M
= 1,00

Mcr = C1
π2 ⋅ E ⋅ Iz

L2
⋅ [√

Iw
Iz
+
L2 ⋅ G ⋅ It
π2 ⋅ E ⋅ Iz

+ (C2 ⋅ zg)
2
− C2 ⋅ zg]



Mcr = 1,127 ⋅
π2 ⋅ 21000 ⋅ 1043

6002

⋅ [√
313,6 ⋅ 103

1043
+
6002 ⋅ 8100 ⋅ 37,32

π2 ⋅ 21000 ⋅ 1043
+ (0,454 ⋅ 18)2 − 0,454 ⋅ 18] 

= 144,41

λ̄LT = √
Wpl,y ⋅ fy

Mcr
= √

1019 ⋅ 35,5

14441
= 1,58

χLT =
1

ΦLT +√ΦLT
2 − λ̄LT

2

≤ 1

ΦLT = 0,5 [1 + fM(((
λ̄LT

λ̄z
)

2

αLT(λ̄z − 0,2)) + λ̄2LT)]

Φ [ (𝛂𝐋𝐓 ∙ (λ ) λ )]

h

b
=
360

170
= 2,12 > 1,2

tf ≤ 40mm



αLT = 0,12 ∙ √
Wel,y

Wel,z
= 0,28aliαLT ≤ 0,34

fM = 1,05

→ α

ΦLT = 0,5 [1 + 1,05(((
1,58

2,07
)
2

0,28 ∙ (2,07 − 0,2)) + 1,582)] = 1,90

χLT =
1

1,90 + √1,902 − 1,582
= 0,36

Mb,Rd = χLT ⋅
Wpl,y ⋅ fy

γM1
= 0,36 ⋅

1019 ⋅ 35,5

1,0
= 13022,82

Mb,Rd = 130,23 MEd = 83,16



NEd

χy ∙
Nrk

γM1

+
kyy ∙ My.Ed

χLT ∙
My,Rky

γM1

≤ 1

NEd

χz ∙
Nrk

γM1

+
kzy ∙ My.Ed

χLT ∙
My,Rky

γM1

≤ 1

Cmy = 0,95 + 0,05 ∙ αh = 0,95 + 0,05 ∙ 0 = 0,95

∙(1 + 0,8 ∙ ny)

ny =
χ ∙

γ

 

𝐤𝐲𝐲 = 𝐂𝐦𝐲 [𝟏 + 𝟎, 𝟖 ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

] ≤ 𝐂𝐦𝐲 [𝟏 + 𝟎, 𝟖 ∙
𝐍𝐄𝐝

𝛘𝐲∙
𝐍𝐫𝐤
𝛄𝐌𝟏

]

kyy = 0,95 [1 + 0,8 ∙
38,18

0,63 ∙
2581,92
1,0

]

kyy = 0,97

Ψ = 0

CmLT = 0,95 + 0,05 ∙ αh = 0,95 + 0,05 ∙ 0 = 0,95



∙nz

nz =
χ ∙

γ

𝐤𝐳𝐲 = [𝟏 −
𝟎,𝟏∙�̅�𝐳

(𝐂𝐦𝐋𝐓−𝟎.𝟐𝟓)
∙

𝐍𝐄𝐝

𝛘𝐳∙
𝐍𝐑𝐤
𝛄𝐌𝟏

] ≤ [𝟏 −
𝟎,𝟏

(𝐂𝐦𝐋𝐓−𝟎.𝟐𝟓)
∙

𝐍𝐄𝐝

𝛘𝐳∙
𝐍𝐑𝐤
𝛄𝐌𝟏

]

kzy = [1 −
0,1

(0,95 − 0,25)
∙

38,18

0,21 ∙
2581,92
1,0

]

kzy = 0,99

38,18

0,63 ∙
2581,92
1,0

+
0,97 ∙ 83,16

0,36 ∙
361,75
1,0

= 0,64 < 1

38,18

0,21 ∙
2581,92
1,0

+
0,99 ∙ 83,16

0,36 ∙
361,75
1,0

= 0,70 < 1



 

δh,max <
L

300

mm <
12000

300
= 40mm → zadovoljava



 

 

 

γ

 







 







 

fy = 355N/mm2

fu = 490N/mm2

𝛽𝑤 = 1,0

fub = 800N/mm2

fyb = 640N/mm2

γM2 = 1,25

γM0 = 1,0

 



NEd = 20,79kN

e1 = 50mm;e2 = 50mm;p1 = 30mm;p2 = 40mm

Anetto = (100 − 2x18) × 6 = 384mm2

Nu,Rd =
0,9 × Anetto × fu

γM2
=
0,9 × 384 × 490

1,25
= 135,475kN

NEd

Nu,Rd
=

20,79

135,475
= 0,15 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!



Abrutto = 100 × 6 = 600mm2

Npl,Rd =
Abrutto × fy

γM0
=
600 × 355

1,0
= 213kN

NEd

Npl,Rd
=
20,79

213
= 0,10 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Fv,Rd =
𝛼𝑉 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠

γM2
=
0,6 ∙ 800 × 157

1,25
= 60,29kN

𝛼𝑉 = 0,6zavijkeklase8.8

NEd

ΣFv,Rd
=

20,79

2 × 60,29
= 0,17 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

αb = min (
e1
d0

; 
p1
d0

−
1

2
; 3

fub
fu

; 3,0) = min (
50

18
;
50

18
−
1

2
; 3

800

490
; 3,0)

αb = 2,28



𝛂𝐛 = 𝐦𝐢𝐧 (
𝐞𝟏

𝟑𝐝𝟎
; 

𝐩𝟏

𝟑𝐝𝟎
−

𝟏

𝟒
; 
𝐟𝐮𝐛

𝐟𝐮
; 𝟏, 𝟎)

𝐤𝟏 = 𝐦𝐢𝐧(𝟐, 𝟖
𝐞𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
; 𝟐, 𝟓)

Fb,Rd =
km × αb × fu × d × t

γM2
=
1 × 2,28 × 490 × 16 × 6

1,25
= 85,8kN

∑Fb,Rd = 2 × 85,8 = 171,6kN

NEd

∑Fb,Rd
=
20,79

171,6
= 0,121,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Fw,Rd =
fu

√3 × βw
× a × L/γM2 =

490

√3 × 0,9
× 3 × 400/1,25 = 301,762kN

NEd

Fw,Rd
=

20,79

301,762
= 0,07 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!



 

NEd = 79,93kN

e1 = 50mm;e2 = 30mm;p1 = 50mm;p2 = 40mm

Anetto = (100 − 2x18) × 8 = 512mm2



Nu,Rd =
0,9 × Anetto × fu

γM2
=
0,9 × 512 × 490

1,25
= 180,63kN

NEd

Nu,Rd
=

45,03

180,63
= 0,25 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Abrutto = 100 × 8 = 800mm2

Npl,Rd =
Abrutto × fy

γM0
=
800 × 355

1,0
= 284kN

NEd

Npl,Rd
=
45,03

284
= 0,16 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Fv,Rd =
𝛼𝑉 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠

γM2
=
0,6 ∙ 800 × 157

1,25
= 60,29kN

𝛼𝑉 = 0,6zavijkeklase8.8

NEd

ΣFv,Rd
=

45,03

2 × 60,29
= 0,37 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!



αb = min (
e1
d0

; 
p1
d0

−
1

2
; 3

fub
fu

; 3,0) = min (
50

18
;
50

18
−
1

2
; 3

800

490
; 3,0)

αb = 2,28

𝛂𝐛 = 𝐦𝐢𝐧 (
𝐞𝟏

𝟑𝐝𝟎
; 

𝐩𝟏

𝟑𝐝𝟎
−

𝟏

𝟒
; 
𝐟𝐮𝐛

𝐟𝐮
; 𝟏, 𝟎)

𝐤𝟏 = 𝐦𝐢𝐧(𝟐, 𝟖
𝐞𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
; 𝟐, 𝟓)

Fb,Rd =
km × αb × fu × d × t

γM2
=
1 × 2,27 × 490 × 16 × 8

1,25
= 113,9kN

∑Fb,Rd = 2 × 113,9 = 227,8kN

NEd

∑Fb,Rd
=
45,03

227,8
= 0,201,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Fw,Rd =
fu

√3 × βw
× a × L/γM2 =

490

√3 × 0,9
× 3 × 600/1,25 = 452,643kN



NEd

Fw,Rd
=

79,93

452,643
= 0,18 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

 

NEd = 327,45kN

e1 = 50mm;e2 = 60mm;p1 = 50mm;p2 = 100mm



Anetto = (220 − 2x22) × 12 = 2112mm2

Nu,Rd =
0,9 × Anetto × fu

γM2
=
0,9 × 2112 × 490

1,25
= 745,114kN

NEd

Nu,Rd
=

327,45

745,114
= 0,44 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Abrutto = 220 × 12 = 2640mm2

Npl,Rd =
Abrutto × fy

γM0
=
2640 × 355

1,0
= 937,2kN

NEd

Npl,Rd
=
327,45

937,2
= 0,35 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!



Fv,Rd =
𝛼𝑉 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠

γM2
=
0,6 ∙ 800 × 245

1,25
= 94,08kN

𝛼𝑉 = 0,6zavijkeklase8.8

NEd

ΣFv,Rd
=

327,45

6 × 94,08
= 0,58 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

αb = min (
e1
d0

; 
p1
d0

−
1

2
; 3

fub
fu

; 3,0) = min (
50

20
;
50

20
−
1

2
; 3

800

490
; 3,0)

αb = 2,0

𝛂𝐛 = 𝐦𝐢𝐧 (
𝐞𝟏

𝟑𝐝𝟎
; 

𝐩𝟏

𝟑𝐝𝟎
−

𝟏

𝟒
; 
𝐟𝐮𝐛

𝐟𝐮
; 𝟏, 𝟎)

𝐤𝟏 = 𝐦𝐢𝐧(𝟐, 𝟖
𝐞𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
; 𝟐, 𝟓)

Fb,Rd =
km × αb × fu × d × t

γM2
=
1 × 2,0 × 490 × 20 × 12

1,25
= 188,16kN



∑Fb,Rd = 6 × 188,16 = 1128,96kN

NEd

∑Fb,Rd
=

327,45

1128,96
= 0,291,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Fw,Rd =
fu

√3 × βw
× a × L/γM2 =

490

√3 × 0,9
× 5 × 800/1,25 = 1005,87kN

NEd

Fw,Rd
=

327,45

1005,87
= 0,33 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

 



 

e1 = 45,5mm;e2 = 45mm;p1 = 40mm, p2 = 90mm



a = 5mm

L = 122 ∙ 2 + 144 ∙ 2 + 15 ∙ 4 = 592mm

Fw,Rk =
fu

√3 ∙ βw
∙ a ∙ L =

490

√3 ∙ 0,9
∙ 5 ∙ 592 = 930,43kN



Fw,Rd =
Fw,Rk

γM2
=
930,43

1,25
= 744,34kN

NEd ≤ Fw,Rd

273,31 < 744,34𝑘𝑁 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Ft,Rk = 0,9 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠 = 0,9 ∙ 800 ∙ 157 = 113,04kN

Ft,Rk = 6 ∙ 113,04 = 678,24kN

Ft,Rd =
Ft,Rk
γM2

=
678,24

1,25
= 542,592kN

NEd ≤ Ft,Rd

273,31𝑘𝑁 < 542,592𝑘𝑁 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!















 

 

 



e1 = 45,5mm;e2 = 45mm;p1 = 40mm, p2 = 90mm

a = 10mm

L = 122 ∙ 2 + 144 ∙ 2 + 15 ∙ 4 = 592mm



Fw,Rk =
fu

√3 ∙ βw
∙ a ∙ L =

490

√3 ∙ 0,9
∙ 10 ∙ 592 = 1860,86kN

Fw,Rd =
Fw,Rk

γM2
=
1860,86

1,25
= 1488,69kN

NEd ≤ Fw,Rd

182,22 < 1488,69𝑘𝑁 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Ft,Rk = 0,9 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠 = 0,9 ∙ 800 ∙ 157 = 113,04kN

Ft,Rk = 6 ∙ 113,04 = 678,24kN



Ft,Rd =
Ft,Rk
γM2

=
678,24

1,25
= 542,592kN

NEd ≤ Ft,Rd

182,22𝑘𝑁 < 542,592𝑘𝑁 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!













 

 



 

e1 = 25mm;e2 = 25mm;p1 = 65mm, p2 = 65mm

a = 6mm



L = 4 ∙ 80 = 320mm

Fw,Rk =
fu

√3 ∙ βw
∙ a ∙ L =

490

√3 ∙ 0,9
∙ 6 ∙ 320 = 603,523kN

Fw,Rd =
Fw,Rk

γM2
=
603,523

1,25
= 482,82kN

NEd ≤ Fw,Rd

202,99 < 482,82𝑘𝑁 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Ft,Rk = 0,9 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠 = 0,9 ∙ 800 ∙ 157 = 113,04kN



Ft,Rk = 4 ∙ 113,04 = 452,16kN

Ft,Rd =
Ft,Rk
γM2

=
452,16

1,25
= 361,73kN

NEd ≤ Ft,Rd

202,99𝑘𝑁 < 361,73𝑘𝑁 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

tp ≥ √

4b′

0,9 ∙
fyp ∙ p2
γM0

∙
NEd

n

b′ = e1 −
d

2
+ t1 = 25 −

18

2
+ 4 = 20mm

tp ≥ √
4 ∙ 20

0,9 ∙
355 ∙ 65
1,0

∙
202,99 ∙ 103

4
= 13,98mm

 



VEd = √66,082 + 244,372 = 253,15kN

e1 = 250mm;e2 = 80mm;p1 = 220mm;𝑝2 = 180𝑚𝑚



Fv,Rd =
𝛼𝑉 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠

γM2
=
0,6 ∙ 800 × 353

1,25
= 135,552kN

𝛼𝑉 = 0,6zavijkeklase8.8

VEd
ΣFv,Rd

=
253,15

4 × 135,552
= 0,47 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

αb = min (
e1
d0

; 
p1
d0

−
1

2
; 3

fub
fu

; 3,0) = min (
250

26
;
220

26
−
1

2
; 3

800

490
; 3,0)

αb = 3,0

𝛂𝐛 = 𝐦𝐢𝐧 (
𝐞𝟏

𝟑𝐝𝟎
; 

𝐩𝟏

𝟑𝐝𝟎
−

𝟏

𝟒
; 
𝐟𝐮𝐛

𝐟𝐮
; 𝟏, 𝟎)

𝐤𝟏 = 𝐦𝐢𝐧(𝟐, 𝟖
𝐞𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
; 𝟐, 𝟓)

Fb,Rd =
km × αb × fu × d × t

γM2
=
1 × 3,0 × 490 × 24 × 20

1,25
= 564,48kN

∑Fb,Rd = 4 × 564,48 = 2257,92kN



VEd
∑Fb,Rd

=
253,15

2257,92
= 0,111,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Fw,Rd =
fu

√3 × βw
× a × L/γM2 =

490

√3 × 0,9
× 5 × 2551/1,25 = 3207,48kN

VEd
Fw,Rd

=
253,15

3207,48
= 0,08 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Anetto = (340 − 2 ∙ 26) × 20 = 5760mm2

Nu,Rd =
0,9 × Anetto × fu

γM2
=
0,9 × 5760 × 490

1,25
= 2032,13kN



VEd
Nu,Rd

=
253,15

2032,13
= 0,12 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!
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Design of fastenings in concrete
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VEd = 26,40kN

NEd = 40,90kN

e1 = 65mm;e2 = 195mm;𝑝1 = 80mm



Fv,Rd =
𝛼𝑉 ∙ 𝑓𝑢𝑏 ∙ 𝐴𝑠

γM2
=
0,6 ∙ 800 × 115

1,25
= 44,160kN

𝛼𝑉 = 0,6zavijkeklase8.8

VEd
ΣFv,Rd

=
26,4

2 × 44,16
= 0,30 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!



αb = min (
e1
d0

; 
p1
d0

−
1

2
; 3

fub
fu

; 3,0) = min (
65

13
;
80

13
−
1

2
; 3

800

490
; 3,0)

αb = 3,0

𝛂𝐛 = 𝐦𝐢𝐧 (
𝐞𝟏

𝟑𝐝𝟎
; 

𝐩𝟏

𝟑𝐝𝟎
−

𝟏

𝟒
; 
𝐟𝐮𝐛

𝐟𝐮
; 𝟏, 𝟎)

𝐤𝟏 = 𝐦𝐢𝐧(𝟐, 𝟖
𝐞𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
− 𝟏, 𝟕; 𝟏, 𝟒

𝐩𝟐

𝐝𝟎
; 𝟐, 𝟓)

Fb,Rd =
km × αb × fu × d × t

γM2
=
1 × 3,0 × 490 × 14 × 10

1,25
= 164,64kN

∑Fb,Rd = 2 × 164,64 = 329,28kN

VEd
∑Fb,Rd

=
26,4

329,28
= 0,081,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!



Fw,Rd =
fu

√3 × βw
× a × L/γM2 =

490

√3 × 0,9
× 5 × 1384/1,25 = 1740,2kN

VEd
Fw,Rd

=
26,4

1740,2
= 0,015 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!

Anetto = (210 − 2 ∙ 13) × 10 = 1840mm2

Nu,Rd =
0,9 × Anetto × fu

γM2
=
0,9 × 1840 × 490

1,25
= 649,15kN

VEd
Nu,Rd

=
26,4

649,15
= 0,04 < 1,0 → 𝑍𝐴𝐷𝑂𝑉𝑂𝐿𝐽𝐴𝑉𝐴!
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