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Group A, Maximum of group members 

Maximum of load combinations 

 
 

S 355 

E = 210000  N/mm2        

G = 80769  N/mm2      

γM0,ult = 1.00   γM0,acc/seis = 1.00  

γM1,ult = 1.00   γM1,acc/seis = 1.00  

γM2,ult = 1.25   γM2,acc/seis = 1.00  

 

IPE 220 

 

      

P = 848  mm    fy = 355  N/mm2 

A = 3337  mm2  ε = 0.81  

Iy = 2.772e+07  mm4  λ1 = 76.40  

Iz = 2.049e+06  mm4      

I1 = 2.772e+07  mm4      

I2 = 2.049e+06  mm4      

Wpl,1 = 2.854e+05  mm3      

Wpl,2 = 5.814e+04  mm3      

Wel,min,1 = 2.520e+05  mm3      

Wel,min,2 = 3.725e+04  mm3      

i1 = 91  mm      

i2 = 25  mm      

It = 8.982e+04  mm4      

Iw = 2.231e+10  mm6      
 

 

Shear resistance, 1-1 - Part 1-1: 6.2.6, 6.2.8 

Bar: B.204.1, LC: 'ULS elementi',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

V1,pl,Rd =
A1,v·fy

√3·γM0
=

2148·355

√3·1.00
= 440.17 kN               (6.18) 

V1,pl,T,Rd = √1 −
τt,Ed

1.25 (fy/√3)/γM0
· V1,pl,Rd = √1 −

0.00

1.25 (355/√3)/1.00
· 440.17 = 440.17 kN               (6.26) 

V1,Ed

V1,pl,T,Rd
=

0.00

440.17
=0.00≤1.00               (6.25) - OK 

 

Shear resistance, 2-2 - Part 1-1: 6.2.6, 6.2.8 

Bar: B.204.1, LC: 'ULS elementi',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

V2,pl,Rd =
A2,v·fy

√3·γM0
=

1588·355

√3·1.00
= 325.50 kN               (6.18) 

V2,pl,T,Rd = √1 −
τt,Ed

1.25 (fy/√3)/γM0
· V2,pl,Rd = √1 −

0.00

1.25 (355/√3)/1.00
· 325.50 = 325.50 kN               (6.26) 

V2,Ed

V2,pl,T,Rd
=

146.77

325.50
=0.45≤1.00               (6.25) - OK 



Project Details 

 

 

2    

 

Torsional resistance - Part 1-1: 6.2.7 

Bar: B.204.1, LC: '6.10 a Y+ wind down ',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

τmax,unit = 162.80 
N/mm2

kNm
               is calculated by FEM analysis. 

TRd =
fy

√3 · τmax,unit · γM0

=
355

√3 · 162.80 · 1.00
= 1.26 kNm 

TEd

TRd
=

0.00

1.26
=0.00≤1.00               (6.23) - OK 

 

Shear stress - Part 1-1: 6.2.6 

Not relevant 

 

Normal stress - Part 1-1: 6.2.1 

Not relevant 

 

Pure normal resistance  - Part 1-1: 6.2.3, 6.2.4 

Not relevant 

 

Normal capacity - Part 1-1: 6.2 

Bar: B.204.1, LC: 'ULS elementi',   x = 500 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

V1,Ed = 0.00 kN ≤ 0.5 · V1,pl,T,Rd = 0.5 · 440.17 = 220.09 kN       →       ρ1 = 0.00 

V2,Ed = 146.60 kN ≤ 0.5 · V2,pl,T,Rd = 0.5 · 325.50 = 162.75 kN       →       ρ2 = 0.00 

NEd

NRd
+

M1,Ed

M1,Rd
+

M2,Ed

M2,Rd
=

0.00

1184.65
+

73.34

101.32
+

0.00

20.64
=0.72≤1.00               (6.2) - OK 

 

Flexural buckling, 1-1 - Part 1-1: 6.3.1 

Bar: B.204.1, LC: '6.10 a Y+ wind down ',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

λ1 =
Lcr,1

i1·λ1
=

1500

91·76.40
= 0.22               (6.50) 

α1 = 0.21               (Buckling curve: a) 

φ1 = 0.5 [1 + α1 · (λ1 − 0.2) + λ1

2
] = 0.5 [1 + 0.21 · (0.22 − 0.2) + 0.22

2] = 0.52 

χ1 = min (
1

φ1+√φ1
2−λ1

2
, 1.0) = min (

1

0.52+√0.52
2−0.22

2

, 1.0) = 1.00               (6.49) 

Nb,Rd,1 =
χ1·A·fy

γM1
=

1.00·3337·355

1.00
= 1180.64 kN               (6.47) 

NEd

Nb,Rd,1
=

0.00

1180.64
=0.00≤1.00               (6.46) - OK 

 

Flexural buckling, 2-2 - Part 1-1: 6.3.1 

Bar: B.204.1, LC: '6.10 a Y+ wind down ',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

λ2 =
Lcr,2

i2·λ1
=

1500

25·76.40
= 0.79               (6.50) 

α2 = 0.34               (Buckling curve: b) 



& Analysis Results 
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φ2 = 0.5 [1 + α2 · (λ2 − 0.2) + λ2

2
] = 0.5 [1 + 0.34 · (0.79 − 0.2) + 0.79

2] = 0.91 

χ2 = min (
1

φ2+√φ2
2−λ2

2
, 1.0) = min (

1

0.91+√0.91
2−0.79

2

, 1.0) = 0.73               (6.49) 

Nb,Rd,2 =
χ2·A·fy

γM1
=

0.73·3337·355

1.00
= 863.79 kN               (6.47) 

NEd

Nb,Rd,2
=

0.00

863.79
=0.00≤1.00               (6.46) - OK 

 

Torsional-flexural buckling - Part 1-1: 6.3.1 

Bar: B.204.1, LC: '6.10 a Y+ wind down ',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

i0 = √i1
2 + i2

2 + y
0

2 + z0
2 = √91

2 + 25
2 + 0

2 + 0
2 = 94 mm 

Ncr,1 =
π2 · E · I1

Lcr,1
2

=
π2 · 210000 · 27718396

1500
2

= 25533.16 kN 

Ncr,2 =
π2 · E · I2

Lcr,2
2

=
π2 · 210000 · 2048861

1500
2

= 1887.34 kN 

Ncr,T =
1

i0
2

 (G · It +
π2 · E · Iw

Lt
2

) =
1

94
2

 (80769 · 8.982e + 04 +
π2 · 210000 · 2.231e + 10

1500
2

) = 3117.19 kN 

i0
2 (N − Ncr,1) (N − Ncr,2) (N − Ncr,T) − N

2 y
0

2 (N − Ncr,2) − N
2 z0

2 (N − Ncr,1)

= 94
2 (N − 25533.16) (N − 1887.34) (N − 3117.19) − N

2 02 (N − 1887.34)

− N
2 02 (N − 25533.16) = 0 

Smallest root of the above equation related to the torsional-flexural buckling: 

Ncr,TF = 3117.19 kN 

Ncr = min(Ncr,T, Ncr,TF) = min(3117.19, 3117.19) = 3117.19 kN 

λT = √
A·fy

Ncr
= √

3337·355

3117.19
= 0.62               (6.53) 

αT = 0.34               (Buckling curve: b) 

φT = 0.5 [1 + αT · (λT − 0.2) + λT

2
] = 0.5 [1 + 0.34 · (0.62 − 0.2) + 0.62

2] = 0.76 

χT = min (
1

φT+√φT
2−λT

2
, 1.0) = min (

1

0.76+√0.76
2−0.62

2

, 1.0) = 0.83               (6.49) 

Nb,Rd,T =
χT·A·fy

γM1
=

0.83·3337·355

1.00
= 981.73 kN               (6.47) 

NEd

Nb,Rd,T
=

0.00

981.73
=0.00≤1.00 - OK 

 

Lateral torsional buckling, top flange - Part 1-1: 6.3.2.2 

Bar: B.204.1, LC: 'ULS elementi',   x = 500 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

Ncr,LT =
π2 · E · Iz

(kz · Lcr)
2

=
π2 · 2.100e + 05 · 2.049e + 06

(1.00 · 1500)2
= 1887.34 kN 

Loaded on top edge. 

Z = (C2 · zg − C3 · zj) = (0.45 · 110 − 0.52 · 0) = 49.50 mm 



Project Details 
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Mcr = C1 · Ncr,LT · ([(
kz

kw

)

2

·
Iw

Iz
+

G · It

Ncr,LT

+ Z
2]

0.5

− Z)

= 1.13 · 1.887e + 06 · ([(
1.00

1.00
)

2

·
2.231e + 10

2.049e + 06
+

8.077e + 04 · 8.982e + 04

1.887e + 06
+ 49.50

2]

0.5

− 49.50)

= 173.99 kNm 

λLT = √
Wy · fy

Mcr

= √
285406 · 355

1.740e + 08
= 0.76 

αLT = 0.21               (Buckling curve: a) 

φLT = 0.5 [1 + αLT · (λLT − 0.2) + λLT

2
] = 0.5 [1 + 0.21 · (0.76 − 0.2) + 0.76

2] = 0.85 

χLT = min (
1

φLT+√φLT
2−λLT

2
, 1.0) = min (

1

0.85+√0.85
2−0.76

2

, 1.0) = 0.82               (6.56) 

My,b,Rd =
χLT·Wy·fy

γM1
=

0.82·285406·355

1.00
= 82.69 kNm               (6.55) 

M1,Ed

My,b,Rd
=

73.34

82.69
=0.89≤1.00               (6.54) - OK 

 

Lateral torsional buckling, bottom flange - Part 1-1: 6.3.2.2 

Bar: B.204.1, LC: '6.10 a Y+ wind down ',   x = 0 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

Ncr,LT =
π2 · E · Iz

(kz · Lcr)
2

=
π2 · 2.100e + 05 · 2.049e + 06

(1.00 · 1500)2
= 1887.34 kN 

Loaded on top edge. 

Z = (C2 · zg − C3 · zj) = (0.45 · 110 − 0.52 · 0) = 49.50 mm 

Mcr = C1 · Ncr,LT · ([(
kz

kw

)

2

·
Iw

Iz
+

G · It

Ncr,LT

+ Z
2]

0.5

− Z)

= 1.13 · 1.887e + 06 · ([(
1.00

1.00
)

2

·
2.231e + 10

2.049e + 06
+

8.077e + 04 · 8.982e + 04

1.887e + 06
+ 49.50

2]

0.5

− 49.50)

= 173.99 kNm 

λLT = √
Wy · fy

Mcr

= √
285406 · 355

1.740e + 08
= 0.76 

αLT = 0.21               (Buckling curve: a) 

φLT = 0.5 [1 + αLT · (λLT − 0.2) + λLT

2
] = 0.5 [1 + 0.21 · (0.76 − 0.2) + 0.76

2] = 0.85 

χLT = min (
1

φLT+√φLT
2−λLT

2
, 1.0) = min (

1

0.85+√0.85
2

−0.76
2

, 1.0) = 0.82               (6.56) 

My,b,Rd =
χLT·Wy·fy

γM1
=

0.82·285406·355

1.00
= 82.69 kNm               (6.55) 

M1,Ed

My,b,Rd
=

0.00

82.69
=0.00≤1.00               (6.54) - OK 

 

Interaction between normal force and bending 1. - Part 1-1: 6.3.3 

Bar: B.204.1, LC: 'ULS elementi',   x = 500 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

kij factors are calculated according to Method 1 



& Analysis Results 
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Cmy = 1.00     Cyy = 1.00  

Cmz = 1.00   Cyz = 0.64  

CmLT = 1.00   Czy = 1.00  

     Czz = 0.64  

M2,Rk = fy · Wpl,2 = 355 · 58145 = 20.64 kNm 

NEd
comp

Nb,Rd,1
+k11·

M1,Ed

My,b,Rd
+k12·

M2,Ed
M2,Rk

γM1

=
0.00

1180.64
+1.00· 73.34

82.69
+1.08· 0.00

20.64
1.00

=0.89≤1.00               (6.61) - OK 

 

Interaction between normal force and bending 2. - Part 1-1: 6.3.3 

Bar: B.204.1, LC: 'ULS elementi',   x = 500 mm 

ClassN = 2,   ClassM1 = 1,   ClassM2 = 1 

kij factors are calculated according to Method 1 

Cmy = 1.00     Cyy = 1.00  

Cmz = 1.00   Cyz = 0.64  

CmLT = 1.00   Czy = 1.00  

     Czz = 0.64  

M2,Rk = fy · Wpl,2 = 355 · 58145 = 20.64 kNm 

NEd
comp

Nb,Rd,2
+k21·

M1,Ed

My,b,Rd
+k22·

M2,Ed
M2,Rk

γM1

=
0.00

863.79
+0.52· 73.34

82.69
+1.56· 0.00

20.64
1.00

=0.46≤1.00               (6.62) - OK 

 

Interaction between normal force and bending, 2nd order - Part 1-1: 6.3.3 

Not relevant 

 

Shear buckling - Part 1-5: 5 

hw

t
= 202

6
= 34.2 ≤ 72

η
· ε = 72

1.20
· 0.81 = 48.8       →       Not relevant 

 

Summary 
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