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agR = 0,257g agR =

0,131g
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3.5. 

 

 

d = 2,0 cm) ∆g1 = 0,10 kN m2⁄

2200 kg/m3;  d = 5,0 cm) ∆g2 = 1,10 kN m2⁄

30 kg/m3;  d = 15,0 cm) ∆g3 =  0,05 kN m2⁄

∆g4 =  1,00 kN m2⁄



   

 

∆g5 =  0,50 kN m2⁄

∆g6 = 0,25 kN m2⁄

∆gk,1 = 3,00 kN m2⁄

∆g7 = 0,50 kN m2⁄

2000 kg/m3;  d = 20,0 cm) ∆g8 = 4,00 kN m2⁄

∆gk,2 = 4,50 kN m2⁄

∆g9 = 5,00 kN m′⁄

∆gk,3 = 5,00 kN m′⁄



   

 

 

qk,1 = 2,00 kN m2⁄

qk,2 = 3,00 kN m2⁄



   

 

               qk,3 = 0,6 kN m2⁄

 

s = sk × μi × Ce × Ct

μi

Ce

𝐶𝑒 = 1,00

Ct

𝐶𝑡 = 1,00

sk



   

 

μi

μi = 0,80.

 

 



   

 

≈ 158 m

sk = 1,25 kN/m2

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

 



   

 

 

qp(z) = ce(z) × qb = ce(z) ×
1

2
× ρ × vm

2 (z)

vm(z) = cr(z) × c0(z) × vb

vb = c × c × v

cr(z) = kr × ln
z

z0
zmin ≤ z ≤ zmax

kr = 0,19 × (
z0
z0,II

)

0,07

= 0,19 × (
0,3

0,05
)
0,07

= 0,22



   

 

ce(z)

ρ

vm(z)

qb

cr(z)

c0(z) < 0,05

c0 = 1,0

kr

z0,II z0,II = 0,05

z0 i zmin 

zmax

c c = 1,0

c c = 1,0

v

v = 20 m/s



   

 

ce(z) = [1 + 7 × Iv(z)] × cr(z)
2 × c0(z)

2 = [1 + 7 ×
kl

c0(z) × In(
z
z0
)
] × cr(z)

2 × c0(z)
2

Iv(z)

kI kI = 1,0

cf = cf,0 ×Ψλ

cf,0

Ψλ

𝑟

𝑏
≥ 0,075 (𝑔𝑙𝑎𝑡𝑘𝑎 𝑝𝑜𝑣𝑟š𝑖𝑛𝑎)

0,224 > 0,075

𝑅𝑒 =
𝑏 × 𝑣(𝑧𝑒)

𝑣
=  
29,67 × 66,41

1,5 × 10−6
= 1,31 × 109

𝑣(𝑧𝑒) = √
2 × 𝑞𝑝(𝑧𝑒)

𝜌
= √

2 × 2756,41

1,25
= 66,41 𝑚/𝑠



   

 

b

v 1,5 × 10−6 𝑚2/𝑠)

               v(z𝑒)

ρ

𝑅𝑒 > 2,4 × 105

cf,0 = 1,10

𝐜𝐟,𝟎



   

 

 

φ =
A

Ac

A

Ac

φ = 1,00

𝜆 = 𝑚𝑖𝑛. (1,4;
𝑙

𝑏
= 9,61; 70)

𝜆 = 1,4

Ψλ = 0,62



   

 

cf = 1,1 × 0,62 = 0,68

𝑐𝑠𝑐𝑑

cs × cd =
1 + 2 × kp × Iv(zs) × √B2 + R2

1 + 7 × Iv(zs)

kp

Iv(zs)

zs

B2

R2

zs = 0,6 × h = 0,6 × 307,5 = 184,5 m ≥  zmin = 5,0 m

Iv(zs) =
kl

c0(z) + (
z
z0
)
=

1,00

1,00 + (
184,5
0,3 )

= 0,135

zmin = 5,0 m ≤  zs = 184,5 m ≤  zmax = 200 m

L(zs) = Lt × (
zs
zt
)
α

zs ≥ zmin Lt = 300 m zt = 200 m

α = 0,67 + 0,05 × ln(z0) = 0,67 + 0,05 × ln(0,3) = 0,61

L(zs) = Lt × (
zs
zt
)
α

= 300 × (
184,5

200
)
0,61

= 285,60 m



   

 

B2 =
1

1 + 0,9 × (
b + h
L(zs)

)
0,63 =

1

1 + 0,9 × (
32 + 307,5
285,60

)
0,63 = 0,499

B2 = 0,499

R2 =
π2

2 × δ
× SL(zs, n1,x) × Rh(ηh) × Rb(ηb)

R2 =
π2

2 × 0,10
× 0,132 × 0,142 × 0,668 = 0,618

R2 = 0,618

SL(z, n) =
6,8 × fL(z, n)

(1 + 10,2 × fL(z, n))5/3

SL(zs, n1,x) =
6,8 × 1,314

(1 + 10,2 × 1,314)
5
3

= 0,132

SL(zs, n1,y) = 0,132

fL(zs, n1,x) =
η1,x × L(zs)

vm(zs)

fL(zs, n1,x) =
0,130 × 285,60

28,26
= 1,314

fL(zs, n1,y) = 1,314



   

 

η1,x = 0,130 Hz

η1,y = 0,130 Hz

vm(zs) = cr(zs) × vb = 1,413 × 20 = 28,26 

Rh =
1

ηh
−

1

2 × ηh
2 (1 − e−2ηh)

ηh =
4,6 × h

L(zs)
× fL(zs,n1,x)

Rb =
1

ηb
−

1

2 × ηb
2 (1 − e−2ηb)

ηb =
4,6 × b

L(zs)
× fL(zs,n1,x)

Rh =
1

6,508
−

1

2 × 6,5082
(1 − e−2×6,508) = 0,142

ηh =
4,6 × 307,5

285,60
× 1,314 = 6,508

Rb =
1

0,677
−

1

2 × 0,6772
(1 − e−2×0,677) = 0,668

ηb =
4,6 × 32,0

285,60
× 1,314 = 0,677

Rh =
1

6,508
−

1

2 × 6,5082
(1 − e−2×6,508) = 0,142

ηh =
4,6 × 307,5

285,60
× 1,314 = 6,508

Rb =
1

0,677
−

1

2 × 0,6772
(1 − e−2×0,677) = 0,668

ηb =
4,6 × 32,0

285,60
× 1,314 = 0,677



   

 

δ = δs + δa

δ = 0,10 + 0,00 = 0,10

δ = 0,10 + 0,00 = 0,10

δs = 0,10

δa =
cf × ρ × b × vm(zs)

2 × n1 ×me

me =
∑ mi ×Φi

2i=n
i=1

∑Φi
2

Φi(z) = (
zi
h
)
ζ

ζ = 1,0

kp  = max {
√2 × ln(v ∙ T) +

0,60

√2 × ln(v × T)

3,00

kp  = √2 × ln(0,097 × 600) +
0,60

√2 × ln(0,097 × 600)
= 3,06



   

 

kp  = 3,06

T = 600 s

v = n1,x × √
R2

B2 + R2
v ≥ 0,08 Hz

v = 0,130 × √
0,618

0,499 + 0,618
= 0,097 Hz >  0,08 Hz

v = 0,097 Hz >  0,08 Hz

cs × cd =
1 + 2 × 3,06 × 0,135 × √0,499 + 0,618

1 + 7 × 0,135
= 0,963

cs × cd = 0,963



   

 

cr(z) Iv(z) ce(z)
vm(z)

m/s

qb(z)
kN/m2

q (z)
kN/m2

cf,0 Ψλ cf cscd
q z −    al
kN/m2
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θi θ0

θ0 =
1

200

θi = θ0 ⋅ αh ⋅ αm

θ0

αh αh =
2

√l
;  
2

3
≤ αh ≤ 1

αm αm = √0,5 ⋅ (1 +
1

m
)

𝑙

m

∆Hj = ∑ Vij × θi
n
i=1

(Vij)

Ed =∑γG,j × Gk,j + γQ,1 × Qk,1 +∑γQ,i × ψ0,i × Qk,i

n

i=1

n

j=1

Ed = 1,35 × G + 1,5 ×W + 1,5 × (ψ0,Q × αn × Q + ψ0,S × S)



   

 

(αn)

αn = 0,70 +
0,60

n

αh =
2

√307,5
= 0,114 <

2

3
  → αh = 0,667

αm = √0,5 × (1 +
1

923
) = 0,707

θi =
1

200
× 0,667 × 0,707 = 0,00236

- 

αn = 0,70 +
0,60

75
= 0,71

- 

αn = 1,0

0,60 × ψ0,Q
H = 0,6 × 0,0 = 0 kN/m2

3 × αn × ψ0,Q
B = 3 × 0,71 × 0,70 = 1,49 kN/m2

3 × αn × ψ0,Q
S = 3 × 1,0 × 0,70 = 2,10 kN/m2

1,0 × ψS = 1,0 × 0,50 = 0,50 kN/m2



   

 

 

 



   

 

Vz,Ed
1−74 =

1605098,64 kN

74
= 21690,53 kN

Vz,Ed
krov = 20191,48 kN

∆H1−74 = Vz,Ed
1−75 × θi = 21690,53 × 0,00236 = 51,19 kN

∆Hkrov = Vz,Ed
krov × θi = 20191,48 × 0,00236 = 47,65 kN

 

 



   

 

agR = 0,257 g

agR = 0,131 g

Se(T)

0 ≤ T ≤ TB Se(T) = ag × S × [1 +
T

TB
× (η × 2,5 − 1)]

TB ≤ T ≤ TC Se(T) = ag × S × η × 2,5

TC ≤ T ≤ TD Se(T) = ag × S × η × 2,5 × [
TC
T
]

TD ≤ T ≤ 4 s Se(T) = ag × S × η × 2,5 × [
TC × TD
T2

]

Sd(T)



   

 

0 ≤ T ≤ TB Sd(T) = ag × S × [
2

3
+
T

TB
× (

2,5

q
−
2

3
)]

TB ≤ T ≤ TC Sd(T) = ag × S ×
2,5

q

TC ≤ T ≤ TD Sd(T) = {
ag × S ×

2,5

q
× [

TC
T
]

≥ β × ag

}

TD ≤ T ≤ 4 s Sd(T) = {
ag × S ×

2,5

q
× [

TC × TD
T2

]

≥ β × ag

}

T

TB

TC

TD

ag

η η = 1,0

β

β = 0,20



   

 

q = q0 × kw ≥ 1,5

q0

kw

q0 kw

𝐪𝟎

kw = {

1,00 →  kvirni sus avi i dv jni sus avi is  vije ni  kvirnim

0,50 ≤
(1 + α0)

3
≤ 1,00 → zidni sus avi, sus avi is  vrijedni zidnim i

                        rzijski savi ljivi sus avi.   

αu

α1

αu

α1
=

1,30.

q = 3,0 × 1,3 = 3,9



   

 

kw = 1,0

𝑞 = 𝑞0 ∙ 𝑘𝑤 = 3,90 ∙ 1,0 = 3,90

 

 



   

 

 

 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5

S
p

e
k
tr

a
ln

o
 u

b
rz

a
n

je
 [

m
/s

^
2
]



   

 

 

eai = ±0,05 ∙ Li

eai

 

- γG = 1,35 γQ = 1,5

- γG = 1,0 γQ = 1,0

Ψ



   

 

∑γG,j × Gk,j γ × P" γQ,1 × Qk,1" + "∑γQ,i × ψ0,i × Qk,i
i>1j≥1

∑Gk,j" + "P" + "AEd" + "∑ψ2,i × Qk,i
i>1j≥1

∑Gk,j" + "P" + "Qk,1" + "∑ψ0,i × Qk,i
i>1j≥1

∑Gk,j P" ψ1,1 × Qk,1" + "∑ψ2,i × Qk,i
i>1j≥1

∑Gk,j" + "P" + "∑ψ2,i × Qk,i
i>1j≥1

γG,j

γ 

γQ,1

γQ,i

ψ0,i

ψ2,i

ψ1,1

P

Qk,1

Qk,i

AEd



   

 

 

 



   

 

 



   

 

 

 



   

 

 

 



   

 

 



   

 

 

 

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 

 

 



   

 

 

 

 



   

 

 

 

 

 

 



   

 

 

 

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 

 



   

 

 

 



   

 

 

 

 

 

 

 

 



   

 

 

 

k ≥ 3 × √n = 3 × √75 = 25,98

Tk ≤ 0,20 s

k

n

Tk

T1 = a × √H = 0,3 × √307,5 ~ 0,4 × √307,5 = 5,26 s ~ 7,01 s

50 𝑚 ≤ 𝐻 < 100 𝑚 0,15 − 0,3

100 𝑚 ≤ 𝐻 < 150 𝑚 0,2 − 0,35

150 𝑚 ≤ 𝐻 < 250 𝑚 0,25 − 0,4

𝐻 ≥ 250 𝑚 0,3 − 0,4



   

 

 

T1 =

8,05 s



   

 

Tk = 0,17 s ≤ 0,20 s



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

u <
H

500
=
307,5

500
= 0,615 m

u = 0,161 m < 0,615 m → Zad v ljava.



   

 

 



   

 

 



   

 

                       

ux [mm] dr [mm] ≤ h/300
≤ 13,67 mm

ux [mm] dr [mm] ≤ h/300
≤ 13,67 mm



   

 

dr ∙ ν ≤ 0,005 ∙ h

dr ∙ 1,0 ≤ 0,005 ∙ 4,1

dr ≤ 0,0205 m

dr

h

ν

ν = 1,0



   

 

 



   

 

 



   

 

           

                             

ux [mm] dr [mm] ≤ 0,005 x h
≤ 20,5 mm

ux [mm] dr [mm] ≤ 0,005 x h
≤ 20,5 mm



   

 

BCS =
Fb,i
W

W =∑Gk,j ∑ψE,iQk,i

ψE,i = φ × ψ2,i

Gk,j

ψE,i

Qk,i

φ

ψ2,i

φ = 0,5 φ = 1,0

ψ2,i

ψ2,i = 0,3 ψ2,i = 0,0



   

 

 

 

 

 



   

 

 

 

 

 

 

 



   

 

 

 

 

 

 

 



   

 

RX [kN] RY [kN]

BCS =
Fb,X
W

=
26264,85

1508710,94
= 0,01741 = 1,74 %

BCS =
Fb,Y
W

=
26254,24

1508710,94
= 0,01740 = 1,74 %

αcr

αcr =
Fcr

FEd
≥ 10,0 →

αcr =
Fcr

FEd
≥ 15,0 →

αcr

Fcr

FEd

αcr ≥ 10

αcr



   

 

𝛂𝐜𝐫

αcr > 10



   

 

  𝐏 − ∆

θ =
Ptot ∙ dr
Vtot ∙ h

≤ 0,1

   θ 

Ptot

dr

Vtot

h

dr = de ∙ q

de

q

0,1 < θ ≤ 0,2
1

(1−θ)

θ



   

 

  



   

 

 



   

 

 

θ < 0,1

Ptot [kN] dr,   [cm]Ptot [kN] Vtot [kN] Vtot [kN] dr,   [cm]  h [cm]  X  Y  Y < 0,1 X < 0,1



   

 

 

 

 



   

 

 

          



   

 

       

        



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 



   

 

 

 



   

 

 

 



   

 

 

 

 



   

 

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

 

 



   

 

3.6. 

 

 



   

 

 



   

 

 

cnom = cmin + ∆cdev

cnom

cmin

∆cdev ∆cdev = 10,0 mm

cmin = max{cmin,b; cmin,dur + ∆cdur,γ − cdur,st − cdur,add; 10 mm}

cmin,b cmin,b =

20 mm

cmin,dur

∆cdur,γ ∆cdur,γ = 0 mm

cdur,st cdur,st = 0 mm

cdur,add cdur,add = 0 mm.

cmin,dur

cmin,dur = 15,0 mm



   

 

𝐜𝐦𝐢𝐧,𝐝𝐮𝐫

cmin = max{20,0; 15,0 + 0,0 − 0,0 − 0,0 = 15,0; 10,0 mm}

cnom = 20,0 + 10,0 = 30,0 mm



   

 

 

- fck = 50,0N mm2⁄

- αcc = 1,0

- γc = 1,5

- fcd = αcc ×
fck

γc
=

50

1,5
= 33,33 N/mm2

- fcm = 58,0 N/mm2

- fctm = 4,1 N/mm2

- fyk = 500,0N mm2⁄

- γs = 1,15

- fyd =
fyk

γs
=

500

1,15
= 434,78 N/mm2

- h = 20,0 cm

- c = 3,0 cm

- d1x = 3,0 + 0,5 = 3,5 cm

- dx = 20,0 − 3,5 = 16,5 cm

- d1y = 3,0 + 1,0 + 0,5 = 4,5 cm

- dy = 20,0 − 4,5 = 15,5 cm

- d1x = 3,0 + 1,0 = 4,0 cm

- dx = 20,0 − 4,0 = 16,0 cm

- d1y = 3,0 + 2,0 + 1,0 = 6,0 cm

- dy = 20,0 − 6,0 = 14,0 cm



   

 

 

MEd,x = 28,94 kNm m⁄ = 2894,0 kNcm m⁄

μEd =
MEd,x

b ∙ d2 ∙ fcd
=

2894,0

100,0 ∙ 16,52 ∙ 3,33
= 0,0319 < 𝜇𝑙𝑖𝑚 = 0,296

μRd = 0,034

𝜀𝑐 = −1,4 𝜉 = 0,065

𝜀𝑠1 = 20,0 𝜁 = 0,977

As1,req =
MEd,x

ζ ∙  d ∙  fyd
=

2894,0

0,977 ∙ 16,5 ∙ 43,478
= 4,13 cm2 m⁄

As1,min = 0,0013 ∙ b ∙ d = 0,0013 ∙ 100 ∙ 16,5 = 2,15 cm
2 m⁄  

As1,min = 0,26 ∙ 
fc m
fyk

 ∙ b ∙ d = 0,26 ∙ 
4,1

500,0
 ∙ 100,0 ∙ 16,5 = 3,52 cm2 m⁄  

= 3,52 cm2 m⁄

As1,max = 0,040 ∙ Ac = 0,04 ∙ 100,0 ∙ 20,0 = 80,0 cm
2 m⁄  

As1,max = 0,022 ∙ Ac =0,022 ∙ 100,0 ∙ 20,0 = 44,0 cm2 m⁄  

As1,max = ωlim∙ b ∙ d  ∙ 
fcd 

fyd
 = 0,365 ∙ 100,0 ∙ 16,5 ∙ 

33,33

434,78
= 46,17 cm2 m⁄  



   

 

As1,max = 44,0 cm
2 m⁄  

Q524 (As1,pr v = 5,24 cm2)

As1,min = 3,52 cm2 m⁄ < As1,pr v = 5,24 cm2 m⁄ < As1,max = 44,0 cm2 m⁄

 

MEd,x = 28,94 kNm m⁄ = 2894,0 kNcm m⁄

μEd =
MEd,y

b ∙ d2 ∙ fcd
=

2894,0

100,0 ∙ 15,52 ∙ 3,33
= 0,0362 < 𝜇𝑙𝑖𝑚 = 0,296

μRd = 0,038

𝜀𝑐 = −1,5 𝜉 = 0,070

𝜀𝑠1 = 20,0 𝜁 = 0,975

As1,req =
MEd,y

ζ ∙  d ∙  fyd
=

2894,0

0,975 ∙ 15,5 ∙ 43,478
= 4,41 cm2 m⁄

 

As1,min = 0,0013 ∙ b ∙ d = 0,0013 ∙ 100 ∙ 15,5 = 2,02 cm
2 m⁄  

As1,min = 0,26 ∙ 
fc m
fyk

 ∙ b ∙ d = 0,26 ∙ 
4,1

500,0
 ∙ 100,0 ∙ 15,5 = 3,31 cm2 m⁄  

= 3,31 cm2 m⁄

As1,max = 0,040 ∙ Ac = 0,04 ∙ 100,0 ∙ 20,0 = 80,0 cm
2 m⁄  

As1,max = 0,022 ∙ Ac =0,022 ∙ 100,0 ∙ 20,0 = 44,0 cm2 m⁄  



   

 

As1,max = ωlim∙ b ∙ d  ∙ 
fcd 

fyd
 = 0,365 ∙ 100,0 ∙ 15,5 ∙ 

33,33

434,78
= 43,37 cm2 m⁄  

As1,max = 43,37 cm
2 m⁄  

Q524 (As1,pr v = 5,24 cm2) 

As1,min = 3,31 cm2 m⁄ < As1,pr v = 5,24 cm2 m⁄ < As1,max = 43,37 cm2 m⁄

 

MEd,x = 149,23 kNm m⁄ = 14923 kNcm m⁄

μEd =
MEd,x

b ∙ d2 ∙ fcd
=

14923,0

100,0 ∙ 16,02 ∙ 3,33
= 0,1751 < 𝜇𝑙𝑖𝑚 = 0,296

μRd = 0,176

𝜀𝑐 = −3,5 𝜉 = 0,241

𝜀𝑠1 = 11,0 𝜁 = 0,900



   

 

As1,req =
MEd,x

ζ ∙  d ∙  fyd
=

14923,0

0,900 ∙ 16,0 ∙ 43,478
= 23,84 cm2 m⁄

As1,min = 0,0013 ∙ b ∙ d = 0,0013 ∙ 100 ∙ 16,0 = 2,08 cm
2 m⁄  

As1,min = 0,26 ∙ 
fc m
fyk

 ∙ b ∙ d = 0,26 ∙ 
4,1

500,0
 ∙ 100,0 ∙ 16,0 = 3,41 cm2 m⁄  

As1,min = 3,41 cm2 m⁄  

As1,max = 0,040 ∙ Ac = 0,04 ∙ 100,0 ∙ 20,0 = 80,0 cm
2 m⁄  

As1,max = 0,022 ∙ Ac =0,022 ∙ 100,0 ∙ 20,0 = 44,0 cm2 m⁄  

As1,max = ωlim∙ b ∙ d  ∙ 
fcd 

fyd
 = 0,365 ∙ 100,0 ∙ 16,0 ∙ 

33,33

434,78
= 44,77 cm2 m⁄  

As1,max = 44,0 cm
2 m⁄  

ϕ20/10,0 cm (As1,pr v = 31,4 cm2)

= 3,41 cm2 m⁄ < = 31,4 cm2 m⁄ < = 44,0 cm2 m⁄



   

 

MEd,y = 149,23 kNm m⁄ = 14923,0 kNcm m⁄

μEd =
MEd,y

b ∙ d2 ∙ fcd
=

14923

100,0 ∙ 14,02 ∙ 3,33
= 0,229 < 𝜇𝑙𝑖𝑚 = 0,296

μRd = 0,232

𝜀𝑐 = −3,5 𝜉 = 0,333

𝜀𝑠1 = 7,0 𝜁 = 0,861

As1,req =
MEd,y

ζ ∙  d ∙  fyd
=

14923,0

0,861 ∙ 14,0 ∙ 43,478
= 28,47 cm2 m⁄

As1,min = 0,0013 ∙ b ∙ d = 0,0013 ∙ 100 ∙ 14,0 = 1,82 cm
2 m⁄  

As1,min = 0,26 ∙ 
fc m
fyk

 ∙ b ∙ d = 0,26 ∙ 
4,1

500,0
 ∙ 100,0 ∙ 14,0 = 2,99 cm2 m⁄  

As1,min = 2,99 cm2 m⁄  

As1,max = 0,040 ∙ Ac = 0,04 ∙ 100,0 ∙ 20,0 = 80,0 cm
2 m⁄  

As1,max = 0,022 ∙ Ac =0,022 ∙ 100,0 ∙ 20,0 = 44,0 cm2 m⁄  

As1,max = ωlim∙ b ∙ d  ∙ 
fcd 

fyd
 = 0,365 ∙ 100,0 ∙ 14,0 ∙ 

33,33

434,78
= 39,17 cm2 m⁄  

 

As1,max = 39,17 cm
2 m⁄  

ϕ20/10,0 cm (As1,pr v = 31,4 cm2)



   

 

As1,min = 2,99 cm2 m⁄ < As1,pr v = 31,4 cm2 m⁄ < As1,max = 39,17 cm2 m⁄  

 



   

 

 



   

 

 



   

 

 

4,13 cm2 m⁄ 4,41 cm2 m⁄ 4,52 cm2 m⁄ 4,88 cm2 m⁄

23,84 cm2 m⁄ 28,47 cm2 m⁄ 24,52 cm2 m⁄ 29,61 cm2 m⁄



   

 

4,52 cm2 m⁄ 4,88 cm2 m⁄
 5,24 cm2 m⁄

(Q524) 

 5,24 cm2 m⁄

(Q524) 

24,52 cm2 m⁄ 29,61 cm2 m⁄
31,4 cm2 m⁄

ϕ20/10,0 cm

31,4 cm2 m⁄

ϕ20/10,0 cm



   

 

 

 



   

 

 

νE,d ≤ νRd,max

νEd,0 = β ×
VEd
d × u0

= 1,15 ×
520,59

15,0 × 200,0
= 0,199 kN/cm2 = 1,99 N/mm2

u0 = 4 × a = 4 × 50,0 = 200,0 cm

νE,d

νRd,max

u0

d d =
16,0+14,0

2
= 15,0 cm

β

β = 1,15

VEd

νRd,max = 0,40 × ν × fcd = 0,40 × 0,48 × 33,33 = 6,40 N/mm2

𝜈 = 0,60 × [1 −
fck
250

] = 0,60 × [1 −
50

250
] = 0,48

1,99 N/mm2 < 6,40 N/mm2

νRd,c = CRd,c × k × √(100 × ρl × fck
3

+ k1 × σcp ≥ (νmin + k1 × σcp)

νRd,c = 0,12 × 2,0 × √(100 × 0,01499 × 50)
3

+ 0,1 × 0 ≥ (0,7 + 0,1 × 0)

1,26 N/mm2 > 0,542 N/mm2 



   

 

CRd,c =
0,18

𝛾𝑐
=
0,18

1,50
= 0,12

k = 1 + √
200

d
= 1 + √

200

150
= 2,15 > 2,0 → k = 2,0

ρl = √ρl,1 × ρl,2 = √0,01344 × 0,01674 = 0,01499 ≤ 0,02 → ρl = 0,01499

ρl,1 =
𝐴𝑠1,𝑝𝑟𝑜𝑣
𝑙𝑒ž𝑎𝑗

𝑏 × 𝑑
=

31,4

(𝑎 + 3 × 𝑑 + 3 × 𝑑) × 𝑑
=

31,4

(50 + 6 × 16,0) × 16,0

ρl,1 = 0,01344 = 1,34 %

ρl,2 =
𝐴𝑠1,𝑝𝑟𝑜𝑣
𝑙𝑒ž𝑎𝑗

𝑏 × 𝑑
=

31,4

(𝑎 + 3 × 𝑑 + 3 × 𝑑) × 𝑑
=

31,4

(50 + 6 × 14,0) × 14,0

ρl,1 = 0,01674 = 1,67 %

k1 = 0,1

σcp = 0,0 N/mm2

νmin = 0,035 × 𝑘
3
2 × 𝑓𝑐𝑘

1
2 = 0,035 × 2

3
2 × 50

1
2 = 0,7 N/mm2 

νEd,1 = β ×
VEd
d × u1

= 1,15 ×
520,59

15,0 × 388,50
= 0,10273 kN/cm2 = 1,027 N/mm2

u1 = 2 × (x + y) + 2 × (2 × d) × π = 2 × (50,0 + 50,0) + 2 × (2 × 15,0) × π

= 388,50 cm 

νEd,1 = 1,027
N

mm2
< νRd,c = 1,26

N

mm2



   

 

 

wk = 0,4 mm

 

 

 

 



   

 

0,41

0,42

 

Mcr = fctm ×
b × h2

6
= 0,41 ×

100,0 × 20,02

6
= 2733,33 kNcm = 27,33 kNm

MEd
t=0 = γG × Gk + γQ × Qk = 1,0 × Gk + 1,0 × Qk

MEd
t=∞ = γG × Gk + γQ ×Ψ2 × Qk = 1,0 × Gk + 1,0 × 0,3 × Qk



   

 

 

 



   

 

 

∞

   

∞



   

 

MEd
t=0 = 20,96 kNm < 27,33 kNm

MEd
t=∞ = 18,00 kNm < 27,33 kNm

Mcr

MEd
t=0 = 186,98 kNm > 23,33 kNm

MEd
t=∞ = 160,55 kNm > 23,33 kNm

Mcr

𝐭 = 𝟎

Ecm = 22000 × (
fcm
10
)
0,3

= 22000 × (
58

10
)
0,3

= 37277,87N mm2⁄

αe =
Es
Ecm

=
200000

37277,87 
= 5,37

 = 0

As1,prov = 31,4 cm2 m⁄

As2,prov = 5,24 cm2 m⁄

ρI =
As1,prov

b × h
=

31,4

100 × 20
= 0,0157

ρII =
As1,prov

b × d
=

31,4

100 × 14,0
= 0,0224

 = 0

AI = αe × ρI ×
d

h
× (1 +

As2 × d2
As1,prov × d

) = 5,37 × 15,7 × 10−3 ×
14,0

20
× (1 +

5,24 × 6,0

31,4 × 14,0
)

AI = 0,06

BI = αe × ρI × (1 +
As2

As1,prov
) = 5,37 × 15,7 × 10−3 × (1 +

5,24

31,4
) = 0,10

AII = αe × ρII × (1 +
As2 × d2

As1,prov × d
) = 5,37 × 22,4 × 10−3 × (1 +

5,24 × 6,0

31,4 × 14,0
) = 0,13



   

 

BII = αe × ρII × (1 +
As2

As1,prov
) = 5,37 × 22,4 × 10−3 × (1 +

5,24

31,4
) = 0,14

kxI =
0,5 + AI
1 + BI

=
0,5 + 0,06

1 + 0,10
= 0,51

kxII = −BII +√BII
2 + 2 × AII = −0,14 + √0,142 + 2 × 0,13 = 0,389

 = 0

yIg = kxI × h = 0,51 × 20 = 10,2 cm

yId = h − yIg = 20 − 10,2 = 9,8 cm

yIIg = kxII × d = 0,389 × 14,0 = 5,03 cm

 = 0

I0 =
b × h3

12
=
100 × 203

12
= 66666,67 cm4

II =
b

3
× (yId

3 + yIg
3 ) + (αe − 1) × [As1,prov × (d − yIg)

2
+ As2 × (yIg − d2)

2
]

II =
100

3
× (9,83 + 10,23) + (5,37 − 1) × [31,4 × (14,0 − 10,2)2 +]

= [+5,24 × (10,2 − 6,0)2] = 69132,03 cm4

III =
b

3
× yIIg

3 + αe × As1,prov × (d − yIIg)
2
+ (αe − 1) × As2 × (yIIg − d2)

2

III =
100

3
× 5,033 + 5,37 × 31,4 × (14,0 − 5,03)2 +

= +(5,37 − 1) × 5,24 × (5,03 − 6,0)2 = 17830,82 cm4

𝐭 = ∞

Ac = 100,0 × 20,0 = 2000 cm2

u = 100,0 + 100,0 = 200,0 cm

hc = 2 ×
Ac
u
= 2 ×

2000,0

200,0
= 20,0 cm



   

 

 0 = 28

φt(∞,  0) = 1,9

 = ∞

Ec,eff =
Ecm

1 + φt(∞,  0)
=
37278

1 + 1,9
= 12855N mm2⁄

 = ∞

αe =
Es
Ec,eff

=
200000,0

12855
= 15,6

ρI ρII  = ∞  = 0

 = ∞

AI = αe × ρI ×
d

h
× (1 +

As2 × d2
As1,prov × d

) = 15,6 × 15,7 × 10−3 ×
14,0

20
× (1 +

5,24 × 6,0

31,4 × 14,0
)

AI = 0,18

BI = αe × ρI × (1 +
As2

As1,prov
) = 15,6 × 15,7 × 10−3 × (1 +

5,24

31,4
) = 0,29

AII = αe × ρII × (1 +
As2 × d2

As1,prov × d
) = 15,6 × 22,4 × 10−3 × (1 +

5,24 × 6,0

31,4 × 14,0
) = 0,37

BII = αe × ρII × (1 +
As2

As1,prov
) = 15,6 × 22,4 × 10−3 × (1 +

5,24

31,4
) = 0,41

kxI =
0,5 + AI
1 + BI

=
0,5 + 0,18

1 + 0,29
= 0,53

kxII = −BII +√BII
2 + 2 × AII = −0,41 + √0,412 + 2 × 0,37 = 0,54

 = ∞

yIg = kxI × h = 0,53 × 20,0 = 10,6 cm

yId = h − yIg = 20,0 − 10,6 = 9,4 cm

yIIg = kxII × d = 0,54 × 14,0 = 7,56 cm

 = ∞

II =
b

3
× (yId

3 + yIg
3 ) + (αe − 1) × [As1,prov × (d − yIg)

2
+ As2 × (yIg − d2)

2
]

II =
100

3
× (9,43 + 10,63) + (15,6 − 1) × [31,4 × (14,0 − 10,6)2 +]

= [+5,24 × (10,6 − 6,0)2] = 74305,06 cm4



   

 

III =
b

3
× yIIg

3 + αe × As1,prov × (d − yIIg)
2
+ (αe − 1) × As2 × (yIIg − d2)

2

III =
100

3
× 7,563 + 15,6 × 31,4 × (14,0 − 7,56)2 +

= +(15,6 − 1) × 5,24 × (7,56 − 6,0)2 = 34904,32 cm4

 = ∞

SI = As1,prov × (d − yIg) − As2 × (yIg − d2)

SI = 31,4 × (14,0 − 10,6) − 5,24 × (10,6 − 6,0) = 82,66 cm3

SII = As1,prov × (d − yIIg) − As2 × (yIIg − d2)

SII = 31,4 × (14,0 − 7,56) − 5,24 × (7,56 − 6,0) = 194,04 cm3

As,min = kc × k × fct,eff ×
Act
σs

= 0,40 × 1,0 × 0,41 ×
1000

50
= 3,28 cm2

kc

kc = 0,40

k

k = 1,0

fct,eff fct,eff = fctm = 4,1 N/mm2

Act

Act = b ×
h

2
= 100 ×

20

2
= 1000 cm2

σs

σs = fyk = 50,0 kN cm2⁄ .

ϕ20/10 cm As1,prov = 31,4 cm2 As1,min = 3,28 cm2



   

 

(𝒕 = 𝟎)

wk = sr,max × (εsm − εcm)

sr,max

εsm

εcm

εsm − εcm =

σs − kl ×
fct,eff
ρp,eff

× (1 + αe × ρp,eff)

Es
≥ 0,6 ×

σs
Es

Σs

kl kl = 0,60 

kl = 0,40

fct,eff

ρp,eff

αe

z = d −
yIIg

3
= 14,0 −

5,03

3
= 12,32 cm

σs =
MEd

As1,prov × z
=

18698

31,4 × 12,32
= 48,33 kN cm2⁄

Ac,eff = b × hc,eff

hc,eff

hc,eff = min(2,5 × (h − d);
h − yIIg

3
;
h

2
)



   

 

hc,eff = min (2,5 × (20 − 14,0) = 15,0; 
20 − 5,03

3
= 4,99; 

20

2
= 10,0)

hc,eff = 4,99 cm

Ac,eff = b × hc,eff = 100,0 × 4,99 = 499,0 cm2

ρp,eff =
As
Ac,eff

=
31,4

499,0
= 0,063

εsm − εcm =

σs − kl ×
fct,eff
ρp,eff

× (1 + αe × ρp,eff)

Es
≥ 0,6 ×

σs
Es

εsm − εcm =
48,33 − 0,6 ×

0,41
0,063 ×

(1 + 5,37 × 0,063)

20000,0
= 2,16 × 10−3

εsm − εcm = 2,16 × 10−3 ≥ 0,6 ×
48,33

20000,0
= 1,45 × 10−3

εsm − εcm = 0,216 × 10−4

5 × (c +
ϕ

2
) = 5 × (3,0 +

2,0

2
) = 20,0 cm > 15,0 cm

sr,max = k3 × c + k1 × k2 × k4 ×
ϕ

ρp,eff
= 3,4 × 3,0 + 0,8 × 0,5 × 0,425 ×

2,0

0,06
= 15,9 cm

wk,t=0 = sr,max × (εsm − εcm) = 159 × 2,16 × 10−3 = 0,34 mm < wmax = 0,4 mm

wmax



   

 

(𝒕 = ∞)

z = d −
yIIg

3
= 14,0 −

7,56

3
= 11,48 cm

σs =
MEd

As1,prov × z
=

16055

31,4 × 11,48
= 44,54 kN cm2⁄

εsm − εcm =

σs − kl ×
fct,eff
ρp,eff

× (1 + αe × ρp,eff)

Es
≥ 0,6 ×

σs
Es

Ac,eff = b × hc,eff

hc,eff

hc,eff = min(2,5 × (h − d); 
h − yIIg

3
; 
h

2
)

hc,eff = min (2,5 × (20 − 14,0) = 15,0; 
20 − 7,56

3
= 4,15; 

20

2
= 10,0)

hc,eff = 4,15 cm

Ac,eff = b × hc,eff = 100,0 × 4,15 = 415,0 cm2

ρp,eff =
As
Ac,eff

=
31,4

415,0
= 0,076

εsm − εcm =

σs − kl ×
fct,eff
ρp,eff

× (1 + αe × ρp,eff)

Es
≥ 0,6 ×

σs
Es

εsm − εcm =
44,54 − 0,4 ×

0,41
0,076 ×

(1 + 15,6 × 0,076)

20000,0
= 1,99 × 10−3

εsm − εcm = 1,99 × 10−3 > 0,6 ×
44,54

20000,0
= 1,34 × 10−3



   

 

εsm − εcm = 1,99 × 10−3

5 × (c +
ϕ

2
) = 5 × (3,0 +

2,0

2
) = 20,0 cm > 15,0 cm

sr,max = k3 × c + k1 × k2 × k4 ×
ϕ

ρp,eff
= 3,4 × 3,0 + 0,8 × 0,5 × 0,425 ×

2,0

0,076

sr,max = 14,67 cm

wk,t=∞ = sr,max × (εsm − εcm) = 146,7 × 1,99 × 10−3 = 0,29 mm < wmax = 0,4 mm

wmax

 

Leff

Leff/d

𝐋𝐞𝐟𝐟/𝐝



   

 

ρ =
As1
b × d

=
Q524

(a + 3 × d + 3 × d) × d
=

5,24

(50 + 6 × 16,5) × 16,5
= 0,0021

ρ = 0,15% < 0,50% → slab  napregnu i be  n

Leff
d

=
625,0

16,5
= 37,88 > 24

MEd
t=0 = γG × Gk + γQ × Qk = 1,0 × Gk + 1,0 × Qk

MEd
t=∞ = γG × Gk + γQ ×Ψ2 × Qk = 1,0 × Gk + 1,0 × 0,3 × Qk

(𝒕 = 𝟎)

Ecm = 22000 × (
fcm
10
)
0,3

= 22000 × (
58

10
)
0,3

= 37278N mm2⁄

αe =
Es
Ecm

=
200000

37278 
= 5,37

 = 0

As1,prov = 5,24 cm2 m⁄

ρI =
As1,prov

b × h
=

5,24

100 × 20
= 0,0026



   

 

ρII =
As1,prov

b × d
=

5,24

100 × 16,5
= 0,0032

 = 0

AI = αe × ρI ×
d

h
× (1 +

As2 × d2
As1,prov × d

) = 5,37 × 2,6 × 10−3 ×
16,5

20,0
= 0,012

BI = αe × ρI × (1 +
As2

As1,prov
) = 5,37 × 2,6 ∙ 10−3 = 0,014

AII = αe × ρII × (1 +
As2 × d2

As1,prov × d
) = 5,37 × 3,2 ∙ 10−3 = 0,017

BII = αe × ρII × (1 +
As2

As1,prov
) = 5,37 × 3,2 × 10−3 = 0,017

kxI =
0,5 + AI
1 + BI

=
0,5 + 0,012

1 + 0,014
= 0,505

kxII = −BII +√BII
2 + 2 × AII = −0,017 + √0,0172 + 2 × 0,017 = 0,168

 = 0

yIg = kxI × h = 0,505 × 20 = 10,1 cm

yId = h − yIg = 20 − 10,1 = 9,9 cm

yIIg = kxII × d = 0,168 × 16,5 = 2,77 cm

 = 0

I0 =
b × h3

12
=
100 × 203

12
= 66666,67 cm4

II =
b

3
× (yId

3 + yIg
3 ) + (αe − 1) × [As1,prov × (d − yIg)

2
+ As2 × (yIg − d2)

2
]

II =
100

3
× (9,93 + 10,13) + (5,37 − 1) × [5,24 × (16,5 − 10,1)2] = 67624,60 cm4

III =
b

3
× yIIg

3 + αe × As1,prov × (d − yIIg)
2
+ (αe − 1) × As2 × (yIIg − d2)

2

III =
100

3
× 2,773 + 5,37 × 5,24 × (16,5 − 2,77)2 = 6012,99 cm4



   

 

(𝒕 = ∞)

Ac = 100,0 × 20,0 = 2000 cm2

u = 100,0 + 100,0 = 200,0 cm

hc = 2 ×
Ac
u
= 2 ×

2000,0

200,0
= 20,0 cm

 0 = 28

φt(∞,  0) = 1,9

 = ∞

Ec,eff =
Ecm

1 + φt(∞,  0)
=
37278

1 + 1,9
= 12855N mm2⁄

 = ∞

αe =
Es
Ec,eff

=
200000,0

12855
= 15,6

ρI ρII  = ∞  = 0

 = ∞

AI = αe × ρI ×
d

h
× (1 +

As2 × d2
As1,prov × d

) = 15,6 × 2,6 × 10−3 ×
16,5

20,0
= 0,034

BI = αe × ρI × (1 +
As2

As1,prov
) = 15,6 × 2,6 × 10−3 = 0,041

AII = αe × ρII × (1 +
As2 × d2

As1,prov × d
) = 15,6 × 3,2 ∙ 10−3 = 0,050

BII = αe × ρII × (1 +
As2

As1,prov
) = 15,6 × 3,2 × 10−3 = 0,050

kxI =
0,5 + AI
1 + BI

=
0,5 + 0,034

1 + 0,041
= 0,513

kxII = −BII +√BII
2 + 2 × AII = −0,050 + √0,0502 + 2 × 0,050 = 0,270



   

 

 = ∞

yIg = kxI × h = 0,513 × 20,0 = 10,3 cm

yId = h − yIg = 20,0 − 10,3 = 9,7 cm

yIIg = kxII × d = 0,270 × 16,5 = 4,46 cm

 = ∞

II =
b

3
× (yId

3 + yIg
3 ) + (αe − 1) × [As1,prov × (d − yIg)

2
+ As2 × (yIg − d2)

2
]

II =
100

3
× (9,73 + 10,33) + (15,6 − 1) × [5,24 × (16,5 − 10,3)2] = 69787,48 cm4

III =
b

3
× yIIg

3 + αe × As1,prov × (d − yIIg)
2
+ (αe − 1) × As2 × (yIIg − d2)

2

III =
100

3
× 4,463 + 15,6 × 5,24 × (16,5 − 4,46)2 = 14806,96 cm4

 = ∞

SI = As1,prov × (d − yIg) − As2 × (yIg − d2)

SI = 5,24 × (16,5 − 10,3) = 32,49 cm3

SII = As1,prov × (d − yIIg) − As2 × (yIIg − d2)

SII = 5,24 ∙ (16,5 − 4,46) = 63,09 cm3

(𝒕 = 𝟎)

MEd
t=0 = 20,96 kNm

1

rtot
=

1

rm
= (1 − ζ) ×

1

rI
+ ζ ×

1

rII

1

rI
=

MEd

Ecm × II
=

2096

37278 × 67625
= 8,31 × 10−7

1

cm

z = d −
yIIg

3
= 16,5 −

2,77

3
= 15,58 cm



   

 

σs =
MEd

As1,prov × z
=

2096

5,24 × 15,58
= 25,67 kN cm2⁄

εs1 =
σs
Es
=

25,67

20000,0
= 1,284 × 10−3

1

rII
=

εs1
d − yIIg

=
1,284 × 10−3

16,5 − 2,77
= 9,35 × 10−5

1

cm

σsr =
Mcr

As1,prov × z
=

2733

5,24 × 15,58
= 33,48 kN cm2⁄

MEd < Mcr

ζ = 0,0

ζ = 0,0

1

rtot
=

1

rm
= (1 − ζ) ×

1

rI
+ ζ ×

1

rII
= (1 − 0,0) × 8,31 × 10−7 = 8,31 × 10−7

1

cm

vtot,t=0 = k × L2 ×
1

rm
= 0,104 × 625,02 × 8,31 × 10−7 = 0,039 cm

vtot,t=0 = 0,034 cm < vlim =
Leff
250

=
625,0

250
= 2,50 cm

(𝒕 = ∞)

MEd
t=∞ = 18,00 kNm

1

rtot
=

1

rm
= (1 − ζ) ×

1

rI
+ ζ ×

1

rII

1

rI
=

MEd

Ec,eff × II
=

1800

12855 × 69788
= 2,01 × 10−6

1

cm



   

 

z = d −
yIIg

3
= 16,5 −

4,46 

3
= 15,01 cm

σs =
MEd

As1,prov × z
=

1800

5,24 × 15,01
= 22,89 kN cm2⁄

εs1 =
σs
Es
=

22,89

20000,0
= 1,15 × 10−3

1

rII
=

εs1
d − yIIg

=
1,15 × 10−3

16,5 − 4,46
= 9,55 × 10−5

1

cm

σsr =
Mcr

As1,prov × z
=

2733

5,24 × 15,01
= 34,75 kN cm2⁄

MEd < Mcr

ζ = 0,0

1

rm
= (1 − ζ) ×

1

rI
+ ζ ×

1

rII
= (1 − 0,0) × 2,01 × 10−6 = 2,01 × 10−6

1

cm

εcs,∞ = εcd,∞ + εca,∞

εcd,∞ = kh × εcd,0

kh = 0,85

εcd,0 = 0,00045

εcd,∞ = 0,85 × 0,00042 = 3,83 × 10−4

εca,∞ = 2,5 × (fck − 10) × 10−6 = 2,5 × (50,0 − 10) × 10−6 = 1,0 × 10−4

εcs,∞ = εcd,∞ + εca,∞ = 3,83 × 10−4 + 1,0 × 10−4 = 4,83 × 10−4



   

 

1

rcsI
=
εcs,∞ × αe × SI

II
=
4,83 × 10−4 × 15,6 × 32,49

69787,48
= 3,51 × 10−6

1

rcsII
=
εcs,∞ × αe × SII

III
=
4,83 × 10−4 × 15,6 × 63,09 

14806,96
= 3,21 × 10−5

1

rcsm
= (1 − ζ) ×

1

rcsI
+ ζ ×

1

rcsII
= (1 − 0,0) × 3,51 × 10−6 = 3,51 × 10−6

1

cm

1

rtot
=

1

rm
+

1

rcsm
= 2,01 × 10−6 + 3,51 × 10−6 = 5,52 × 10−6

1

cm

vtot,t=∞ = k × L2 ×
1

rtot
= 0,104 × 625,02 × 5,52 × 10−6 = 0,22 cm

vtot,t=∞ = 0,22 cm < vlim =
Leff
250

=
625,0

250
= 2,5 cm

 



   

 

 

∞

 

 

cnom = cmin + ∆cdev

cnom

cmin

∆cdev ∆cdev = 10,0 mm



   

 

cmin = max{cmin,b; cmin,dur + ∆cdur,γ − cdur,st − cdur,add; 10 mm}

cmin,b cmin,b =

20 mm

cmin,dur

∆cdur,γ ∆cdur,γ = 0 mm

cdur,st cdur,st = 0 mm

cdur,add cdur,add = 0 mm

cmin,dur

cmin,dur = 15,0 mm

cmin = max{20,0; 15,0 + 0,0 − 0,0 − 0,0 = 10,0; 10,0 mm}

cnom = 20,0 + 10,0 = 30,0 mm

 

- fck = 100,0N mm2⁄

- αcc = 1,0

- γc = 1,5



   

 

- fcd = αcc ×
fck

γc
=

100

1,5
= 66,67 N/mm2

- fcm = 108,0 N/mm2

- fctm = 5,2 N/mm2

- fyk = 500,0N mm2⁄

- γs = 1,15

- fyd =
fyk

γs
=

500

1,15
= 434,78 N/mm2

- bw = 75,0 cm (p če n  25,0 cm, pr mijenjen  zb g velikih sila)

- lw = 545,0 cm

- he = 410,0 cm

- hs = 410,0 − 20,0 = 390,0 cm

- hw = 390,0 cm

- c = 3,0 cm

 

λ =
l0
i

l0 = β × hs = 0,661 × 390,0 = 257,79 cm

β =
1

1 + (
hs
lw
)
2 =

1

1 + (
3,9
5,45

)
2 = 0,661

A = lw × bw = 5,45 × 0,75 = 4,09 m2

I =
lw × bw

3

12
=
5,45 × 0,753

12
= 0,19 m4

i2 =
I

A
=
0,19

4,09
= 0,0465 m2 → i = 0,216 m



   

 

λlim =
20 × A × B × C

√|νEd|
=
20 × 0,7 × 1,1 × 0,7

√0,605
= 13,86

A = 0,70

B = 1,10

C = 0,70

νEd

νEd =
NEd

lw × bw × fcd
=

164,99

5,45 ∙ 0,75 ∙ 66,67
= 0,605 kN

λ =
l0
i
=

2,58

0,216
= 11,94 <  λlim = 14,18

 

𝜈𝐸𝑑 ≤ 0,4

νEd =
NEd

bw × lw × fcd
=

164991

75 × 545 × 6,67
= 0,605 > 0,4

νEd =
NEd

bw × lw × fcd
=

164991

120 × 545 × 6,67
= 0,378 < 0,4



   

 

μϕ = 2 × q0 − 1 T1 ≥ TC

μϕ = 1 + 2 × (q0 − 1) ×
TC

T1
T1 < TC

q0 q0 = 3,9

T1 T1 = 8,05 s

TC TC = 0,50

μϕ = (2 × q0 − 1) × 1,5 = (2 × 3,9 − 1) × 1,5 = 10,2

 

VEd = 1,5 × 9894,81 = 14842,22 kN

s = 2 × Ash × fyd ×
z × c  θ

VEd
= 2 × 6,15 × 43,478 ×

0,8 × 545,0 × 1,0

14842,22
= 15,70 cm

Ash,min = 0,002 × Ac = 0,002 × 100,0 × 120,0 = 24,00 cm2 m⁄

Ash,min = 12,00 cm2 m⁄

Ash,min = 0,25 × Asv = 0,25 × 203,47 = 50,86 cm2 m⁄

Ash,min = 2,83 cm2 m⁄

ϕ28 10,0⁄ cm (As,prov = 61,54 cm2 m⁄ )



   

 

 Ash,min = 50,86 cm2 m⁄ < Ash,pr v = 61,54 cm2 m⁄

MEd = 39937,66 kNm

d = h − c − ϕh − ϕv −
10

2
−= 120,0 − 3,0 − 2,8 − 3,6 − 5 = 105,6 cm

ω′ =
Asv × fyd

b × d × fcd
=

203,47 × 43,478

100,0 × 105,6 × 6,67
= 0,126

ω′ = 0,125 μRd = 0,116

MRd = μRd × lw × d
2 × fcd = 0,116 × 545,0 × 106,42 × 6,67 = 47737,92 kNm

MEd = 39937,66 kNm ≤ MRd = 47737,92 kNm

Asv,min = 0,002 × Ac = 0,002 × 100,0 × 120,0 = 24,0 cm2 m⁄

Asv,min = 12,0 cm2 m⁄

Asv,max = 0,04 × Ac = 0,02 × 100,0 × 120,0 = 240 cm2 m⁄

2 × ϕ36 10,0⁄ cm (As,prov = 203,47 cm2 m⁄ )

Asv,min = 12,0 cm2 m⁄ < Asv,pr v = 203,47 cm2 m⁄ < Asv,max = 240 cm2 m⁄



   

 

 

NEd = 128979,68 kN (minimalna)

MEd = 139057,72 kNm

νEd =
NEd

bw × lw × fcd
=

−128979,68

120,0 × 545,0 × 6,67
= −0,296

μEd =
MEd,x

bw ∙ lw2 ∙ fcd
=

13905772 

120,0 ∙ 545,02 ∙ 6,67
= 0,059

ωmin = 0,05

As1 = ωEd ∙
fcd
fyd

∙ bw ∙ lw = 0,005 ∙
6,67

43,478
∙ 120,0 ∙ 545,0 = 50,17 cm2 

12ϕ25 (As,prov = 58,88 cm2)



   

 

hcr = max (lw;
hw
6
)

hcr = max (545,0;
30750

6
= 5125,0)

hcr = 5125,0 cm

hcr ≤ min(2 × lw; 2 × hw) za n ≥ 7 ka  va

hcr ≤ min(2 × 545,0 = 1090,0; 2 × 390,0 = 780,0)

hcr

hcr = 780,0 cm

ϕ25

b0 = bw − 2 × c − ϕw = 120,0 − 2 × 3,0 − 2,5 = 111,5 cm

εcu2 = 2,6 

εsy,d =
43,478

20000
= 2,17 × 10−3

ων = ρv ×
fyd

fcd
= 0,00622 ×

43,478

6,67
= 0,0405

0,20% ≤ ρv ≤ 4,0%

ρv =
Asv

Iw × bw
=

2 × 203,47

545,0 × 120,0
= 0,00622 = 0,622% ≥ 0,20%

α × ωwd ≥ 30 × μϕ × (νd +ων) × εsy,d ×
bw
b0

− 0,035

α × ωwd ≥ 30 × 10,2 × (0,296 + 0,0405) × 2,17 × 10−3 ×
120,0

111,5
− 0,035

α × ωwd ≥ 0,200



   

 

εcu2,c = 0,0026 + 0,1 × α × ωwd = 0,0026 + 0,1 × 0,200 = 0,0226

xu = (νd +ων) ×
lw × bw
b0

= (0,296 + 0,0405) ×
545,0 × 120,0

111,5
= 197,37 cm

h0 = lc = xu × (1 −
εcu2
εcu2,c

) = 197,37 × (1 −
0,0026

0,0226
) = 174,66 cm

lc ≥ max(0,15 × lw; 1,5 × bw)

lc ≥ max(0,15 × 545,0 = 81,75; 1,5 ∙ 120,0 = 180,0)

lc ≥ 180,0 cm

lc = 180,0 cm

ρv =
As,prov

lc × b0
=

 2 × 58,88

180,0 × 111,5
= 0,00587 = 0,59 %

bw = max {15,0 cm; 
hs
20
} = {15,0 cm; 

390

15
= 26,0 cm}

bw = 120,0 cm > 26,0 cm

lc ≤ 2 × bw lc ≤ 0,2 × lw bw
hs

15

lc > 2 × bw lc > 0,2 × lw bw
hs

10

lc = 330,75 cm

lc = 180,0 < 2 × bw = 2 × 120,0 = 240,0 cm → bw = 120,0 cm >
hs
15

=
390,0

15
= 26,0 cm 



   

 

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd

α = αn × αs

αn

αs

12ϕ25 (As,prov = 58,88 cm2)

bi,h =
lc − c − 2 × ϕv − ϕu

br j razmaka
=
180,0 − 3,0 − 2 × 2,5 − 2,5

11
= 15,41 cm

bi,v =
bo − ϕv − ϕu
br j razmaka

=
111,5 − 2,5 − 2,5

1
= 106,5 cm

αn = 1 −∑
bi
2

6 × b0 × h0
= 1 −

2 × 11 × 15,412 + 2 × 106,52

6 × 111,5 × 180,0
n

= 0,77

smax = min (
b0
2
; 17,5 cm; 8 × dbl)

smax = min (
112,2

2
= 56,1; 17,5; 8 × 2,5 = 20,0)

smax = min(56,2; 17,5; 20,0)

smax = 17,5 cm

s = ϕ25/8,0 cm 

αs = (1 −
s

2 × b0
) × (1 −

s

2 × h0
) = (1 −

8,0

2 × 112,4
) × (1 −

8,0

2 × 180,0
) = 0,95



   

 

ϕ2 × π

4
× (10 × b0 + 2 × h0) =

2,52 × π

4
× (10 × 111,5 + 2 × 180,0) = 7240,39 cm3

s × b0 × h0 = 8,0 × 111,5 × 180,0 = 160560,0 cm2

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd
=
7240,39

160560
×
43,478

6,67
= 0,294 > 0,08

α = 0,77 × 0,95 = 0,73

α × ωwd ≥ 0,200

0,73 × 0,294 ≥ 0,200

0,215 ≥ 0,200

s = ϕ 16/10,0 cm 

ϕ 36/10,0 cm

ϕ 28/10,0 cm

12ϕ25 

(12ϕ25/15,0 cm)

ϕ 25/8,0 cm



   

 

 

 

σc ≤ 0,6 × fck

σc ≤ 0,45 × fck

 

σc ≤ 0,6 × fck = 0,6 × 100,0 = 60,0N mm2⁄

σc = 23,9N mm2⁄ ≤ 60,0  N mm2⁄



   

 

 

σc ≤ 0,45 × fck = 0,45 × 100,0 = 45,0  N mm2⁄

σc = 17,3N mm2⁄ ≤ 45,0  N mm2⁄



   

 

 

 

- fck = 100,0N mm2⁄

- αcc = 1,0

- γc = 1,5

- fcd = αcc ×
fck

γc
=

100

1,5
= 66,67 N/mm2

- fcm = 108,0 N/mm2

- fctm = 5,2 N/mm2

- fyk = 500,0N mm2⁄

- γs = 1,15

- fyd =
fyk

γs
=

500

1,15
= 434,78 N/mm2

- bw = 50,0 cm (p če n  25,0 cm, p većan  zb g kri ičn g p dručja)

- lw = 575,0 cm

- he = 410,0 cm

- hs = 410,0 − 20,0 = 390,0 cm

- hw = 390,0 cm

- c = 3,0 cm

 

λ =
l0
i

l0 = β × hs = 0,681 × 390,0 = 267,15 cm



   

 

β =
1

1 + (
hs
lw
)
2 =

1

1 + (
3,9
5,75

)
2 = 0,685

A = lw × bw = 5,75 × 0,50 = 2,88 m2

I =
lw × bw

3

12
=
5,75 × 0,53

12
= 0,060 m4

i2 =
I

A
=
0,060

2,88
= 0,021 m2 → i = 0,145 m

λlim =
20 × A × B × C

√|νEd|
=
20 × 0,7 × 1,1 × 0,7

√0,112
= 32,21

A = 0,70

B = 1,10

C = 0,70

νEd

νEd =
NEd

lw × bw × fcd
=

22,91

5,75 ∙ 0,50 ∙ 66,67
= 0,112 kN

λ =
l0
i
=

2,67

0,145
= 18,41 <  λlim = 27,83



   

 

 

𝜈𝐸𝑑 ≤ 0,4

νEd =
NEd

bw × lw × fcd
=

2290,72

50 × 575 × 6,67
= 0,012 < 0,4

μϕ = 2 × q0 − 1 T1 ≥ TC

μϕ = 1 + 2 × (q0 − 1) ×
TC

T1
T1 < TC

q0 q0 = 3,9

T1 T1 = 8,05 s

TC TC = 0,50

μϕ = (2 × q0 − 1) × 1,5 = (2 × 3,9 − 1) × 1,5 = 10,2



   

 

 

VEd = 1,5 × 3810,70 = 5716,05 kN

s = 2 × Ash × fyd ×
z × c  θ

VEd
= 2 × 2,01 × 43,478 ×

0,8 × 575,0 × 1,0

5716,05
= 14,07 cm

Ash,min = 0,002 × Ac = 0,002 × 100,0 × 50,0 = 10,00 cm2 m⁄

Ash,min = 5,00 cm2 m⁄

Ash,min = 0,25 × Asv = 0,25 × 49,06 = 12,27 cm2 m⁄

Ash,min = 2,83 cm2 m⁄

ϕ16 10,0⁄ cm (As,prov = 20,10 cm2 m⁄ )

 Ash,min = 12,27 cm2 m⁄ < Ash,pr v = 20,10 cm2 m⁄



   

 

MEd = 353,74 kNm

d = h − c − ϕh −
ϕv
2
−= 50,0 − 3,0 − 1,6 −

2,0

2
= 44,40 cm

ω′ =
Asv × fyd

b × d × fcd
=

3,14 × 43,478

100,0 × 44,40 × 6,67
= 0,046

ω′ = 0,046 μRd = 0,042

MRd = μRd × lw × d
2 × fcd = 0,042 × 575,0 × 44,402 × 6,67 = 3175,48 kNm

MEd = 353,74 kNm ≤ MRd = 3175,48 kNm

Asv,min = 0,002 × Ac = 0,002 × 100,0 × 50,0 = 10,0 cm2 m⁄

Asv,min = 5,00 cm2 m⁄

Asv,max = 0,04 × Ac = 0,02 × 100,0 × 50,0 = 100,0 cm2 m⁄

ϕ20 10,0⁄ cm (As,prov = 31,40 cm2 m⁄ )

Asv,min = 5,00 cm2 m⁄ < Asv,pr v = 31,40 cm2 m⁄ < Asv,max = 10,0 cm2 m⁄



   

 

 

NEd = 1424,59 kN (minimalna)

MEd = 645,35 kNm

νEd =
NEd

bw × lw × fcd
=

−1424,59

50,0 × 575,0 × 6,67
= −0,00746

μEd =
MEd,x

bw ∙ lw2 ∙ fcd
=

64535

50,0 ∙ 575,02 ∙ 6,67
= 0,00585

ωmin = 0,05

As1 = ωEd ∙
fcd
fyd

∙ bw ∙ lw = 0,005 ∙
6,67

43,478
∙ 50,0 ∙ 575,0 = 22,05 cm2 

12ϕ16 (As,prov = 24,12 cm2)



   

 

hcr = max (lw;
hw
6
)

hcr = max (575,0;
30750

6
= 5125,0)

hcr = 5125,0 cm

hcr ≤ min(2 × lw; 2 × hw) za n ≥ 7 ka  va

hcr ≤ min(2 × 575,0 = 1150,0; 2 × 390,0 = 780,0)

hcr

hcr = 780,0 cm

ϕ12

b0 = bw − 2 × c − ϕw = 50,0 − 2 × 3,0 − 1,2 = 42,8 cm

εcu2 = 2,6 

εsy,d =
43,478

20000
= 2,17 × 10−3

ων = ρv ×
fyd

fcd
= 0,0022 ×

43,478

6,67
= 0,0143

0,20% ≤ ρv ≤ 4,0%

ρv =
Asv

Iw × bw
=

2 × 31,40

575,0 × 50,0
= 0,0022 = 0,22% ≥ 0,20%

α × ωwd ≥ 30 × μϕ × (νd +ων) × εsy,d ×
bw
b0

− 0,035

α × ωwd ≥ 30 × 10,2 × (0,00746 + 0,0143) × 2,17 × 10−3 ×
50,0

42,8
− 0,035

α × ωwd ≥ 0,018



   

 

εcu2,c = 0,0026 + 0,1 × α × ωwd = 0,0026 + 0,1 × 0,0018 = 0,0028

xu = (νd +ων) ×
lw × bw
b0

= (0,00746 + 0,0143) ×
575,0 × 50,0

42,8
= 14,62 cm

h0 = lc = xu × (1 −
εcu2
εcu2,c

) = 14,62 × (1 −
0,0026

0,0028
) = 1,04 cm

lc ≥ max(0,15 × lw; 1,5 × bw)

lc ≥ max(0,15 × 575,0 = 86,25; 1,5 ∙ 50,0 = 75,0)

lc ≥ 86,25 cm

lc = 86,25 cm

ρv =
As,prov

lc × b0
=

 2 × 24,12

86,25 × 42,8
= 0,013 = 1,30 %

bw = max {15,0 cm; 
hs
20
} = {15,0 cm; 

390

15
= 26,0 cm}

bw = 50,0 cm > 26,0 cm

lc ≤ 2 × bw lc ≤ 0,2 × lw bw
hs

15

lc > 2 × bw lc > 0,2 × lw bw
hs

10

lc = 86,25 cm

lc = 86,25 < 2 × bw = 2 × 50,0 = 100,0 cm → bw = 50,0 cm >
hs
15

=
390,0

15
= 26,0 cm 



   

 

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd

α = αn × αs

αn

αs

12ϕ16 (As,prov = 24,12 cm2)

bi,h =
lc − c − 2 × ϕv − ϕu

br j razmaka
=
86,25 − 3,0 − 2 × 1,2 − 1,6

11
= 7,21 cm

bi,v =
bo − ϕv − ϕu
br j razmaka

=
42,8 − 1,2 − 2,5

1
= 39,1 cm

αn = 1 −∑
bi
2

6 × b0 × h0
= 1 −

2 × 11 × 7,212 + 2 × 39,12

6 × 42,8 × 86,25
n

= 0,81

smax = min (
b0
2
; 17,5 cm; 8 × dbl)

smax = min (
42,8

2
= 21,4; 17,5; 8 × 2,5 = 20,0)

smax = min(21,4; 17,5; 20,0)

smax = 17,5 cm

s = ϕ 12/10,0 cm 

αs = (1 −
s

2 × b0
) × (1 −

s

2 × h0
) = (1 −

10,0

2 × 42,8
) × (1 −

10,0

2 × 86,25
) = 0,83



   

 

ϕ2 × π

4
× (10 × b0 + 2 × h0) =

1,22 × π

4
× (10 × 42,8 + 2 × 86,25) = 679,15 cm3

s × b0 × h0 = 10,0 × 42,8 × 86,25 = 36915,0 cm2

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd
=

679,15

36915,0
×
43,478

6,67
= 0,119 > 0,08

α = 0,81 × 0,83 = 0,672

α × ωwd ≥ 0,018

0,672 × 0,119 ≥ 0,018

0,080 ≥ 0,018

s = ϕ 12/10,0 cm 

ϕ 20/10,0 cm

ϕ 16/10,0 cm

12ϕ16 

(12ϕ16/7,0 cm)

ϕ 12/10,0 cm



   

 

 

 

σc ≤ 0,6 × fck

σc ≤ 0,45 × fck

 

σc ≤ 0,6 × fck = 0,6 × 100,0 = 60,0N mm2⁄

σc = 2,8N mm2⁄ ≤ 60,0  N mm2⁄



   

 

 

σc ≤ 0,45 × fck = 0,45 × 100,0 = 45,0  N mm2⁄

σc = 1,5N mm2⁄ ≤ 45,0  N mm2⁄



   

 

 

 

cnom = cmin + ∆cdev

cnom

cmin

∆cdev ∆cdev = 10,0 mm

cmin = max{cmin,b; cmin,dur + ∆cdur,γ − cdur,st − cdur,add; 10 mm}

cmin,b cmin,b =

20 mm

cmin,dur

∆cdur,γ ∆cdur,γ = 0 mm



   

 

cdur,st cdur,st = 0 mm

cdur,add cdur,add = 0 mm

cmin,dur

cmin,dur = 30,0 mm

cmin = max{20,0; 30,0 + 0,0 − 0,0 − 0,0 = 30,0; 10,0 mm}

cnom = 30,0 + 10,0 = 40,0 mm

 

- fck = 100,0N mm2⁄

- αcc = 1,0

- γc = 1,5

- fcd = αcc ×
fck

γc
=

100

1,5
= 66,67 N/mm2

- fcm = 108,0 N/mm2

- fctm = 5,2 N/mm2

- fyk = 500,0N mm2⁄

- γs = 1,15

- fyd =
fyk

γs
=

500

1,15
= 434,78 N/mm2



   

 

- bw = 100,0 cm  (p če n  80 cm, p većan  zb g  e rije drug g reda)

- lw = 850,0 cm

- he = 410,0 cm

- hs = 410,0 − 20,0 = 390,0 cm

- hw = 390,0 cm

- c = 4,0 cm

 

λ =
l0
i

l0 = β × hs = 0,826 × 390,0 = 322,14 cm

β =
1

1 + (
hs
lw
)
2 =

1

1 + (
3,9
8,50

)
2 = 0,826

A = lw × bw = 8,50 × 0,80 = 6,80 m2

I =
lw × bw

3

12
=
8,50 × 0,803

12
= 0,36 m4

i2 =
I

A
=
0,36

6,80
= 0,0529 m2 → i = 0,230 m

λlim =
20 × A × B × C

√|νEd|
=
20 × 0,7 × 1,1 × 0,7

√1,00
= 10,78



   

 

A = 0,70

B = 1,10

C = 0,70

νEd

νEd =
NEd

lw × bw × fcd
=

455,98

8,50 ∙ 0,80 ∙ 66,67
= 1,00 kN

λ =
l0
i
=

3,22

0,230
= 14,0 >  λlim = 10,78

NRd = bw ∙ d ∙ fcd

e0 =  0,0 cm

Φ =
1

100 ∙ √hs
=

1

100 ∙ √3,90
= 5,06 ∙ 10−3 > vmin = 0,005

es =Φ ∙
l0
2
= 5,06 ∙ 10−3 ∙

322,14

2
= 0,82 cm

eφ =  0,0 cm

etot = e0 + es + eφ =  0,0 + 0,82 + 0,0 = 0,82 cm



   

 

0 ≤ φ = 1,14 ∙ (1 − 2 ∙
etot
 bw

) − 0,02 ∙
l0
 bw

≤ (1 − 2 ∙
etot
 bw

)

φ = 1,14 ∙ (1 − 2 ∙
etot
 bw

) − 0,02 ∙
l0
 bw

= 1,14 ∙ (1 − 2 ∙
0,82

 80,0
) − 0,02 ∙

322,14

 80,0
= 1,04

φ = 1,04 < (1 − 2 ∙
etot
 bw

) = (1 − 2 ∙
0,82

 80,0
) = 0,98

φ = 0,98

NRd = bw ∙ hs ∙ fcd ∙ φ = 80,0 ∙ 390,0 ∙ 6,67 ∙ 0,98 = 203,94 MN = 203,94 ∙ 103 kN

NEd = 455,98 MN > NRd = 203,94 MN 

A = lw × bw = 8,50 × 1,00 = 8,50 m2

I =
lw × bw

3

12
=
8,50 × 1,03

12
= 0,708 m4

i2 =
I

A
=
0,708

8,50
= 0,083 m2 → i = 0,288 m

λlim =
20 × A × B × C

√|νEd|
=
20 × 0,7 × 1,1 × 0,7

√0,805
= 12,01

A = 0,70

B = 1,10

C = 0,70



   

 

νEd

νEd =
NEd

lw × bw × fcd
=

455,97

8,50 ∙ 1,0 ∙ 66,67
= 0,805 kN

λ =
l0
i
=

3,22

0,288
= 11,18 <  λlim = 12,01

 

𝜈𝐸𝑑 ≤ 0,4

νEd =
NEd

bw × lw × fcd
=

45597,75

100 × 850 × 6,67
= 0,08 < 0,4

μϕ = 2 × q0 − 1 T1 ≥ TC

μϕ = 1 + 2 × (q0 − 1) ×
TC

T1
T1 < TC

q0 q0 = 3,9

T1 T1 = 8,05 s

TC TC = 0,50

μϕ = (2 × q0 − 1) × 1,5 = (2 × 3,9 − 1) × 1,5 = 10,2



   

 

 

VEd = 1,5 × 33173,21 = 49759,82 kN

s = 2 × Ash × fyd ×
z × c  θ

VEd
= 2 × 8,46 × 43,478 ×

0,8 × 850,0 × 1,0

49759,82
= 9,89 cm

Ash,min = 0,002 × Ac = 0,002 × 100,0 × 100,0 = 20,00 cm2 m⁄

Ash,min = 10,00 cm2 m⁄

Ash,min = 0,25 × Asv = 0,25 × 101,74 = 25,44 cm2 m⁄

Ash,min = 12,72 cm2 m⁄

ϕ32 9,50⁄ cm (As,prov = 84,61 cm2 m⁄ )

 Ash,min = 12,72 cm2 m⁄ < Ash,pr v = 84,61 cm2 m⁄



   

 

MEd = 4093,36 kNm

d = h − c − ϕh −
ϕv
2
−= 100,0 − 4,0 − 3,2 −

3,6

2
= 91,0 cm

ω′ =
Asv × fyd

b × d × fcd
=

101,74 × 43,478

100,0 × 91,00 × 6,67
= 0,073

ω′ = 0,073 μRd = 0,069

MRd = μRd × lw × d
2 × fcd = 0,069 × 850,0 × 91,02 × 6,67 = 32394,89 kNm

MEd = 4093,36 kNm ≤ MRd = 32394,89 kNm

Asv,min = 0,002 × Ac = 0,002 × 100,0 × 100,0 = 20,0 cm2 m⁄

Asv,min = 10,0 cm2 m⁄

Asv,max = 0,04 × Ac = 0,02 × 100,0 × 100,0 = 200 cm2 m⁄

ϕ36 10,0⁄ cm (As,prov = 101,74 cm2 m⁄ )

Asv,min = 10,0 cm2 m⁄ < Asv,pr v = 101,74 cm2 m⁄ < Asv,max = 200,0 cm2 m⁄



   

 

 

NEd = 42866,44 kN (minimalna)

MEd = 65198,06 kNm

νEd =
NEd

bw × lw × fcd
=

−42866,44

100,0 × 850,0 × 6,67
= −0,075

μEd =
MEd,x

bw ∙ lw2 ∙ fcd
=

13905772 

100,0 ∙ 850,02 ∙ 6,67
= 0,029

ωmin = 0,05

As1 = ωEd ∙
fcd
fyd

∙ bw ∙ lw = 0,005 ∙
6,67

43,478
∙ 100,0 ∙ 850,0 = 65,20 cm2 

14ϕ25 (As,prov = 68,69 cm2)



   

 

hcr = max (lw;
hw
6
)

hcr = max (850,0;
30750

6
= 5125,0)

hcr = 5125,0 cm

hcr ≤ min(2 × lw; 2 × hw) za n ≥ 7 ka  va

hcr ≤ min(2 × 850,0 = 1700,0; 2 × 390,0 = 780,0)

hcr

hcr = 780,0 cm

ϕ16

b0 = bw − 2 × c − ϕw = 100,0 − 2 × 4,0 − 1,6 = 90,4 cm

εcu2 = 2,6 

εsy,d =
43,478

20000
= 2,17 × 10−3

ων = ρv ×
fyd

fcd
= 0,00239 ×

43,478

6,67
= 0,0156

0,20% ≤ ρv ≤ 4,0%

ρv =
Asv

Iw × bw
=

2 × 101,74

850,0 × 100,0
= 0,00239 = 0,23% ≥ 0,20%

α × ωwd ≥ 30 × μϕ × (νd +ων) × εsy,d ×
bw
b0

− 0,035

α × ωwd ≥ 30 × 10,2 × (0,075 + 0,0156) × 2,17 × 10−3 ×
100,0

90,4
− 0,035

α × ωwd ≥ 0,032



   

 

εcu2,c = 0,0026 + 0,1 × α × ωwd = 0,0026 + 0,1 × 0,032 = 0,0058

xu = (νd +ων) ×
lw × bw
b0

= (0,075 + 0,0156) ×
850,0 × 100,0

90,4
= 85,19 cm

h0 = lc = xu × (1 −
εcu2
εcu2,c

) = 85,19 × (1 −
0,0026

0,0058
) = 47,00 cm

lc ≥ max(0,15 × lw; 1,5 × bw)

lc ≥ max(0,15 × 850,0 = 127,5; 1,5 ∙ 100,0 = 150,0)

lc ≥ 150,0 cm

lc = 150,0 cm

ρv =
As,prov

lc × b0
=

 2 × 68,69

150,0 × 90,4
= 0,0101 = 1,01 %

bw = max {15,0 cm; 
hs
20
} = {15,0 cm; 

390

15
= 26,0 cm}

bw = 100,0 cm > 26,0 cm

lc ≤ 2 × bw lc ≤ 0,2 × lw bw
hs

15

lc > 2 × bw lc > 0,2 × lw bw
hs

10

lc = 150,0 cm

lc = 150,0 < 2 × bw = 2 × 100,0 = 200,0 cm → bw = 100,0 cm >
hs
15

=
390,0

15
= 26,0 cm 



   

 

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd

α = αn × αs

αn

αs

14ϕ25 (As,prov = 68,69 cm2)

bi,h =
lc − c − 2 × ϕv − ϕu

br j razmaka
=
150,0 − 3,0 − 2 × 1,6 − 2,5

13
= 10,87 cm

bi,v =
bo − ϕv − ϕu
br j razmaka

=
90,4 − 1,6 − 2,5

1
= 86,3 cm

αn = 1 −∑
bi
2

6 × b0 × h0
= 1 −

2 × 13 × 10,872 + 2 × 86,32

6 × 90,4 × 150,0
n

= 0,80

smax = min (
b0
2
; 17,5 cm; 8 × dbl)

smax = min (
90,4

2
= 45,2; 17,5; 8 × 2,5 = 20,0)

smax = min(45,2; 17,5; 20,0)

smax = 17,5 cm

s = ϕ16/10,0 cm 

αs = (1 −
s

2 × b0
) × (1 −

s

2 × h0
) = (1 −

1,0

2 × 90,4
) × (1 −

1,0

2 × 150,0
) = 0,99



   

 

ϕ2 × π

4
× (10 × b0 + 2 × h0) =

1,62 × π

4
× (10 × 90,4 + 2 × 150,0) = 2420,79 cm3

s × b0 × h0 = 1,0 × 90,4 × 150,0 = 13650,0 cm2

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd
=
2420,79

13650,0
×
43,478

6,67
= 0,177 > 0,08

α = 0,80 × 0,99 = 0,79

α × ωwd ≥ 0,032

0,79 × 0,177 ≥ 0,032

0,140 ≥ 0,032

s = ϕ 16/10,0 cm 

ϕ 36/9,50 cm

ϕ 36/10,0 cm

14ϕ25 

(14ϕ25/10,0 cm)

ϕ 25/8,0 cm



   

 

 

 

σc ≤ 0,6 × fck

σc ≤ 0,45 × fck

 

σc ≤ 0,6 × fck = 0,6 × 100,0 = 60,0N mm2⁄

σc = 15,5N mm2⁄ ≤ 60,0  N mm2⁄



   

 

 

σc ≤ 0,45 × fck = 0,45 × 100,0 = 45,0  N mm2⁄

σc = 11,8N mm2⁄ ≤ 45,0  N mm2⁄



   

 

 

 

cnom = cmin + ∆cdev

cnom

cmin

∆cdev ∆cdev = 10,0 mm

cmin = max{cmin,b; cmin,dur + ∆cdur,γ − cdur,st − cdur,add; 10 mm}

cmin,b cmin,b =

20 mm

cmin,dur

∆cdur,γ ∆cdur,γ = 0 mm

cdur,st cdur,st = 0 mm

cdur,add cdur,add = 0 mm



   

 

cmin,dur

cmin,dur = 20,0 mm

cmin = max{20,0; 20,0 + 0,0 − 0,0 − 0,0 = 20,0; 10,0 mm}

cnom = 20,0 + 10,0 = 30,0 mm

 

- fck = 100,0N mm2⁄

- αcc = 1,0

- γc = 1,5

- fcd = αcc ×
fck

γc
=

100

1,5
= 66,67 N/mm2

- fcm = 108,0 N/mm2

- fctm = 5,2 N/mm2

- fyk = 500,0N mm2⁄

- γs = 1,15

- fyd =
fyk

γs
=

500

1,15
= 434,78 N/mm2



   

 

- he = 410,0 cm

- hs = 410,0 − 20,0 = 390,0 cm

- c = 3,0 cm

- 

 



   

 

 

μϕ = 2 × q0 − 1 T1 ≥ TC

μϕ = 1 + 2 × (q0 − 1) ×
TC

T1
T1 < TC

q0 q0 = 3,9

T1 T1 = 8,05 s

TC TC = 0,50

μϕ = (2 × q0 − 1) × 1,5 = (2 × 3,9 − 1) × 1,5 = 10,2

 

μEd =
MEd

b × h2 × fcd
=

83697

50 × 502 × 6,67
= 0,100

νEd =
NEd

b × h × fcd
=

−7709,55

50 × 50 × 6,67
= −0,462

ω = 0,05

As1 = As2 = 0,05 ×
50 × 50 × 6,67

43,478
= 19,18 cm2



   

 

As,min = 0,01 × Ac = 0,01 × 50 × 50 = 25,0 cm2 

As,max = 0,04 × Ac = 0,04 × 50 × 50 = 100,0 cm2 

As,min ≤ As1 + As2 + As,dod ≤ As,max

As1 = As2 = 525 (As,prov = 24,53 + 24,53 = 49,06 cm2) 

As1 + As2 + As,dod = 525 + 525 + 0 = 49,06 cm2 

 

 

s = 74,8 mm



   

 

smin ≥ max (Φs = 25 mm; dg + 5,0 = 32 + 5 = 37 mm; 20 mm)

s = 74,8 mm > smin = 37 mm

 

lcr = max{hc;  lcl 6⁄ ; 45,0 cm}

lcr = max{hc;  lc 6⁄ ; 45,0 cm} = max{50,0;  65,0;  45,0 cm} = 65,0 cm

smax = min{12 × Φs,min; b; 30,0 cm} = min{12 × 2,5 = 30; b; 70,0 cm} = 30,0 cm

scr,max = min{8 × Φs,min; b0 2⁄ ; 17,5 cm} = min{8 × 2,5 = 20; 42,4 2 = 21,2⁄ ; 17,5 cm}

scr,max = 17,5 cm

b0 = b − 2 × c − ϕw = 50,0 − 6,0 − 1,6 = 42,4 cm     

 

s =
Asw
VEd

× 0,9 × d × fywd × c  θ

ϕ

𝑠 =
4 × 0,502

406,70
× 0,9 × 44,95 × 43,478 × 1,2 = 10,42 𝑐𝑚



   

 



α × ωwd ≥ 30 × μϕ × νd × εsy,d ×
b

b0
− 0,035

νEd =
NEd

b × h × fcd
=

−7709,55

50 × 50 × 6,67
= −0,462

εsy,d =
43,478

20000
= 2,17 × 10−3

α × ωwd ≥ 30 × 10,2 × 0,462 × 2,17 × 10−3 ×
50,0

42,4
− 0,035

α × ωwd ≥ 0,310

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd

α = αn × αs

Vsw = ∑Asw × l =
0,82 × π

4
× [(4 × 42,4 + 4 × 42,4 + 2 × 42,4 + 2 × 22,4)]

Vsw = 255,75 cm3

𝑉𝑐 = 𝑏0 ∙ ℎ0 ∙ 𝑠 = 42,4 ∙ 42,4 ∙ 10,0 = 848,0 𝑐𝑚3

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd
=
255,75

848,0
×
43,478

6,67
= 1,97



   

 

αn = 1 −∑
bi
2

6 × b0 × h0
= 1 −

2 × 4 × 9,982 + 2 × 4 × 9,982

6 × 42,4 × 42,4
n

= 0,85

s = ϕ 16/10,0 cm 

αs = (1 −
s

2 × b0
) × (1 −

s

2 × h0
) = (1 −

10,0

2 × 42,4
) × (1 −

10,0

2 × 42,4
) = 0,78

α = 0,85 × 0,78 = 0,66

α × ωwd ≥ 0,310

0,66 × 1,97 ≥ 0,310

1,30 ≥ 0,310

 



   

 

 

 

As1,req = 19,18  cm2 As1,req = 14,0  cm2

 cm2



   

 

 

 

σc ≤ 0,6 × fck

σc ≤ 0,45 × fck

 

 

σc ≤ 0,6 × fck = 0,6 × 100,0 = 60,0N mm2⁄

σc = 23,9N mm2⁄ ≤ 60,0  N mm2⁄



   

 

 

 

 

 

σc ≤ 0,45 × fck = 0,45 × 100,0 = 45,0  N mm2⁄

σc = 21,2N mm2⁄ ≤ 45,0  N mm2⁄

16∅25 ∅8/10,0 cm



   

 

 

 

cnom = cmin + ∆cdev

cnom

cmin

∆cdev ∆cdev = 10,0 mm

cmin = max{cmin,b; cmin,dur + ∆cdur,γ − cdur,st − cdur,add; 10 mm}

cmin,b cmin,b =

20 mm

cmin,dur

∆cdur,γ ∆cdur,γ = 0 mm



   

 

cdur,st cdur,st = 0 mm

cdur,add cdur,add = 0 mm

cmin,dur

cmin,dur = 30,0 mm

cmin = max{20,0; 30,0 + 0,0 − 0,0 − 0,0 = 30,0; 10,0 mm}

cnom = 30,0 + 10,0 = 40,0 mm

 

- fck = 100,0N mm2⁄

- αcc = 1,0

- γc = 1,5

- fcd = αcc ×
fck

γc
=

100

1,5
= 66,67 N/mm2

- fcm = 108,0 N/mm2

- fctm = 5,2 N/mm2

- fyk = 500,0N mm2⁄

- γs = 1,15

- fyd =
fyk

γs
=

500

1,15
= 434,78 N/mm2

- he = 410,0 cm

- hs = 410,0 cm

- c = 4,0 cm

- 



   

 

 

 

 eff =
A

u
=
400,0 × 400,0

4 × 400,0
= 100,0 cm 

 eff ≥ (c + ϕw +
ϕlong

2
) 

Aeff = (a −  eff) × (b −  eff) = 90000,0 cm2



   

 

 

μϕ = 2 × q0 − 1 T1 ≥ TC

μϕ = 1 + 2 × (q0 − 1) ×
TC

T1
T1 < TC

q0 q0 = 3,9

T1 T1 = 8,05 s

TC TC = 0,50

μϕ = (2 × q0 − 1) × 1,5 = (2 × 3,9 − 1) × 1,5 = 10,2

 

μEd =
MEd

b × h2 × fcd
=

91801,34

300 × 3002 × 6,67
= 0,00051

νEd =
NEd

b × h × fcd
=

−244761,23

300 × 300 × 6,67
= −0,41

ω = 0,05

As1 = As2 = 0,05 ×
300 × 300 × 6,67

43,478
= 690,35 cm2



   

 

As,min = 0,01 × Ac = 0,01 × 300 × 300 = 900,0 cm2 

As,max = 0,04 × Ac = 0,04 × 300 × 300 = 3600,0 cm2 

As,min ≤ As1 + As2 + As,dod ≤ As,max

As1 = As2 = 2x3828 (As,prov = 467,73 + 467,73 = 935,47 cm2) 

As1 + As2 + As,dod = 3828 + 3828 + 0 = 935,47 cm2 



   

 

 

 

s = 76,3 mm

smin ≥ max (Φs = 25 mm; dg + 5,0 = 32 + 5 = 37 mm; 20 mm)

s = 76,3 mm > smin = 37 mm

 

lcr = max{hc;  lcl 6⁄ ; 45,0 cm}



   

 

lcr = max{hc;  lc 6⁄ ; 45,0 cm} = max{50,0;  68,5;  45,0 cm} = 68,5 cm

smax = min{12 × Φs,min; b; 30,0 cm} = min{12 × 2,8 = 33,6; b; 70,0 cm} = 34,0 cm

scr,max = min{8 × Φs,min; b0 2⁄ ; 17,5 cm}

= min{8 × 2,8 = 22,4; 390,4 2 = 195,2⁄ ; 17,5 cm}

scr,max = 17,5 cm

b0 = b − 2 × c − ϕw = 400,0 − 8,0 − 1,6 = 390,4 cm     

 

s =
Asw
VEd

× 0,9 × d × fywd × c  θ

ϕ

𝑠 =
4 × 2,00

11399,64
× 0,9 × 355,0 × 43,478 × 1,2 = 11,70 𝑐𝑚



α × ωwd ≥ 30 × μϕ × νd × εsy,d ×
b

b0
− 0,035

νEd =
NEd

b × h × fcd
=

−244761,23

300 × 300 × 6,67
= −0,401



   

 

εsy,d =
43,478

20000
= 2,17 × 10−3

α × ωwd ≥ 30 × 10,2 × 0,401 × 2,17 × 10−3 ×
400,0

390,4
− 0,035

α × ωwd ≥ 0,238

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd

α = αn × αs

Vsw = ∑Asw × l =
1,62 × π

4
× [(4 × 390,4 + 4 × 229,6 + 30 × 184,0)]

Vsw = 16076,8 cm3

𝑉𝑐 = 𝑏0 ∙ ℎ0 ∙ 𝑠 = (390,4 − 229,6) ∙ (390,4 − 229,6) ∙ 10,0 = 258566,40 𝑐𝑚3

ωwd =
 bujam  vijenih sp na

 bujam be  nske jezgre
×
fyd

fcd
=

16076,8

258566,40
×
43,478

6,67
= 0,405

αn = 1 −∑
bi
2

6 × b0 × h0
= 1 −

2 × 38 × 10,432 + 2 × 38 × 10,432

6 × (390,4 − 229,6) × (390,4 − 229,6)
n

= 0,89

s = ϕ 16/10,0 cm 

αs = (1 −
s

2 × b0
) × (1 −

s

2 × h0
)

= (1 −
10,0

2 × (390,4 − 229,6)
) × (1 −

10,0

2 × (390,4 − 229,6)
) = 0,94

α = 0,89 × 0,94 = 0,66



   

 

α × ωwd ≥ 0,238

0,84 × 0,405 ≥ 0,238

0,340 ≥ 0,310

 

 



   

 

As1,req = 690,4  cm2 As1,req = 523,0  cm2

 cm2

 

 

σc ≤ 0,6 × fck

σc ≤ 0,45 × fck



   

 

 

 

σc ≤ 0,6 × fck = 0,6 × 100,0 = 60,0N mm2⁄

σc = 19,8N mm2⁄ ≤ 60,0  N mm2⁄

 

 

σc ≤ 0,45 × fck = 0,45 × 100,0 = 45,0  N mm2⁄

σc = 16,1N mm2⁄ ≤ 45,0  N mm2⁄



   

 

4 × 2 × 38∅28 ∅16/10,0 cm



   

 

3.7. 

 

lb,rqd =
Φ

4
×
σsd
fbd

fbd = 2,25 × η1 × η2 × fctd

Φ

σsd

σ

fbd

η1

η1 = 1,0

η2 Φ →

η2 = 1,0

fctd = αct ×
fctk,0,05
γc

αct

αct = 1,0

γc γc = 1,5

fctk,0,05

- fctk,0,05 = 2,9 N/mm2

- fctk,0,05 = 3,7 N/mm2

lbd = α1 × α2 × α3 × α4 × α5 × lb,rqd ≥ lb,min

α2 × α3 × α5 ≥ 0,70



   

 

α1

α2

α3

α4

α5

- 

lb,min ≥ max (0,30 × lb,rqd; 10 × Φ; 100 mm)

- 

lb,min ≥ max (0,60 × lb,rqd; 10 × Φ; 100 mm)

 ∅20

∅20

fctd = 1,0 ×
2,9

1,5
= 1,93 N/mm2

fbd = 2,25 × 1,0 × 1,0 × 1,93 = 4,35 N/mm2

lb,rqd =
2,0

4
×
43,478

0,435
= 49,97 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,0 × 49,97 ≥ 20,0 cm

lb,min ≥ max(0,30 × 49,97; 10 × 2,0; 10 cm) = max (15,0; 20; 10)

lb,min ≥ 20,0 cm

lbd = 50,0 cm



   

 

 ∅16

∅16

fctd = 1,0 ×
3,7

1,5
= 2,47 N/mm2

fbd = 2,25 × 1,0 × 1,0 × 2,0 = 5,55 N/mm2

lb,rqd =
1,6

4
×
43,478

0,555
= 31,34 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,0 × 31,34 ≥ 18,80 cm

lb,min ≥ max(0,60 × 31,34; 10 × 1,6; 10 cm) = max (18,80; 16; 10)

lb,min ≥ 18,80 cm

lbd = 35,0 cm

 ∅20

∅20

lb,rqd =
2,0

4
×
43,478

0,555
= 39,17 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,0 × 39,17 ≥ 23,50 cm

lb,min ≥ max(0,60 × 39,17; 10 × 1,6; 10 cm) = max (23,50; 16; 10)

lb,min ≥ 23,50 cm

lbd = 40,0 cm



   

 

 ∅25

∅25

lb,rqd =
2,5

4
×
43,478

0,555
= 48,96 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,0 × 48,96 ≥ 25,0 cm

lb,min ≥ max(0,60 × 48,96; 10 × 2,5; 10 cm) = max (23,38; 25; 10)

lb,min ≥ 25,0 cm

lbd = 50,0 cm

 ∅28

∅28

lb,rqd =
2,8

4
×
43,478

0,555
= 54,84 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,0 × 54,84 ≥ 32,90 cm

lb,min ≥ max(0,60 × 54,84; 10 × 2,5; 10 cm) = max (32,90; 28; 10)

lb,min ≥ 32,90 cm

lbd = 60,0 cm



   

 

 ∅36

∅36

lb,rqd =
3,6

4
×
43,478

0,555
= 70,50 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,0 × 70,50 ≥ 42,30 cm

lb,min ≥ max(0,60 × 70,50; 10 × 2,5; 10 cm) = max (42,30; 36; 10)

lb,min ≥ 42,30 cm

lbd = 75,0 cm

 

𝑙0 = α1 × α2 × α3 × α5 × α6 × lb,rqd ≥ l0,min

l0,min ≥ max (0,30 × α6 × lb,rqd; 15 × Φ; 200 mm)

 ∅20

∅20

fctd = 1,0 ×
2,9

1,5
= 1,93 N/mm2

fbd = 2,25 × 1,0 × 1,0 × 1,93 = 4,35 N/mm2

lb,rqd =
2,0

4
×
43,478

0,435
= 49,97 cm



   

 

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,5 × 49,97 ≥ 33,73 cm

lbd = 74,96 cm ≥ 33,73m

lb,min ≥ max(0,30 × 1,5 × 74,96; 15 × 2,0; 20 cm) = max (33,73; 30; 10)

lb,min ≥ 33,73 cm

lbd = 75,0 cm

 ∅16

∅16

fctd = 1,0 ×
3,7

1,5
= 2,47 N/mm2

fbd = 2,25 × 1,0 × 1,0 × 2,47 = 5,55 N/mm2

lb,rqd =
1,6

4
×
43,478

0,555
= 31,34 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,5 × 31,34 ≥ 24,0 cm

lbd = 47,0 cm ≥ 24,0 cm

lb,min ≥ max(0,30 × 1,5 × 47,0; 15 × 1,6; 20 cm) = max (20,15; 24; 10)

lb,min ≥ 24,0 cm

lbd = 50,0 cm



   

 

 ∅20

∅20

lb,rqd =
2,0

4
×
43,478

0,555
= 39,17 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,5 × 39,17 ≥ 30,0 cm

lbd = 58,75 cm ≥ 30,0 cm

lb,min ≥ max(0,30 × 1,5 × 58,75; 15 × 2,0; 20 cm) = max (26,44; 30; 10)

lb,min ≥ 30,0 cm

lbd = 60,0 cm

 ∅25

∅25

lb,rqd =
2,5

4
×
43,478

0,555
= 48,96 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,5 × 48,96 ≥ 37,5 cm

lbd = 73,44 cm ≥ 37,5 cm

lb,min ≥ max(0,30 × 1,5 × 73,44; 15 × 2,5; 20 cm) = max (33,05; 37,5; 10)

lb,min ≥ 37,5 cm

lbd = 75,0 cm



   

 

 ∅28

∅28

lb,rqd =
2,8

4
×
43,478

0,555
= 54,84 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,5 × 54,84 ≥ 42,0 cm

lbd = 82,26 cm ≥ 42,0 cm

lb,min ≥ max(0,30 × 1,5 × 82,26; 15 × 2,8; 20 cm) = max (37,02; 42,0; 10)

lb,min ≥ 42,0 cm

lbd = 85,0 cm

 ∅36

∅36

lb,rqd =
3,6

4
×
43,478

0,555
= 70,51 cm

lbd = 1,0 × 1,0 × 1,0 × 1,0 × 1,5 × 70,51 ≥ 54,0 cm

lbd = 105,76 cm ≥ 54,0 cm

lb,min ≥ max(0,30 × 1,5 × 105,76; 15 × 3,6; 20 cm) = max (47,60; 54,0; 10)

lb,min ≥ 54,0 cm

lbd = 110,0 cm



 

  

 

4. 



Popis literature 

 

  

 

https://www.scia.net/en/scia-engineer


Popis literature 

 

   

 

https://seizkarta.gfz.hr/hazmap/


Popis literature 

 

   

 

https://www.scia.net/en/scia-engineer
https://apps.engipedia.com/articles/strength-and-deformation-characteristics-for-concrete-according-to-eurocode-2-1992-1-1/
https://apps.engipedia.com/articles/strength-and-deformation-characteristics-for-concrete-according-to-eurocode-2-1992-1-1/


Popis slika 

 

  

 



Popis slika 

 

   

 



Popis slika 

 

   

 



Popis slika 

 

   

 



Popis slika 

 

   

 



Popis tablica 

 

  

 

𝐜𝐟, 𝟎

𝐪𝟎

Ψ

𝛂𝐜𝐫

𝐜𝐦𝐢𝐧, 𝐝𝐮𝐫

𝐋𝐞𝐟𝐟/𝐝



Popis tablica 

 

   

 



Prilozi 
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