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Conditions: 

1. Finishing layers of the roof: Insulated 

2. Steel grade: S235

3. Span of the truss: L 29.4m

4. Length: n x l, where : n 10 l 6.0m

5. Height (max) at the ridge: H 7.2m

6. Roof slope: α 3deg

7. Snow load: I zone

8. Wind load: I zone
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9. COLUMN

9.1.  Characteris c geometrical cross-sec on:

 HEB 160

h 160 mm b 160 mm tf 13 mm
G 0.043

kg

mm


hw 104 mm r 15 mm tw 8 mm

hi 134 mm A 5430 mm
2



Wel.y 311500 mm
3

 Wel.z 111200 mm
3

 iy 67.8 mm Jy 24920000 mm
4



Wpl.y 354000 mm
3

 Wpl.z 170000 mm
3

 iz 40.5 mm Jz 8892000 mm
4



IT 312400 mm
4


Iω 47940000000 mm

6


9.2.  Class of cross-sec on:

ε
235MPa

fy

235 MPa

275 MPa
 →  ε 0.924

Web: 

c h 2 tf r  160 mm 2 13 mm 15 mm( ) →  c 104.0 mm

tw 8 mm

c

tw
13 < 33 ε 30.506 →  web has class 1

flange: 

c 0.5 b tw 2 r  0.5 160 mm 8 mm 2 15 mm( ) →  c 61 mm

tf 13.0 mm

c

tf
4.692 < 9 ε 8.32 →  flanges have class 1

whole cross-sec on:

 whole cross-sec on is first class
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9.3. Determina on of buckling resistance due to force

NEd

Nb.Rd
1.0 - required condi on

E 210GPa

NEd 260.36kN

Nb.Rd

χ A fy

γM1


Ly 5560mm μy 2.0

Lz 5560mm μz 1.0

Lcr.y μy Ly 11120 mm Lcr.z μz Lz 5560 mm

λ1 π
E

fy
 86.815

iy 67.8 mm iz 40.5 mm

λy

Lcr.y

iy

1

λ1
 1.889 λz

Lcr.z

iz

1

λ1
 1.581

 h

b
1.0 →

h

b
1.2 →  from tab. 6.2: buckling due to y-y axis → curve b →  αy 0.34

z-z axis → curve c → αz 0.49

ϕy 0.5 1 αy λy 0.2  λy
2





 0.5 1 0.34 1.889 0.2( ) 1.889

2
  →  ϕy 2.571

ϕz 0.5 1 αz λz 0.2  λz
2





 0.5 1 0.49 1.581 0.2( ) 1.581

2
  →  ϕz 2.088

χy
1

ϕy ϕy
2

λy
2



1

2.571 2.571
2

1.889
2



 →  χy 0.232

χz
1

ϕz ϕz
2

λz
2



1

2.088 2.088
2

1.581
2



 →  χz 0.290

χ min χy χz  0.232

Nb.Rd

χ A fy

γM1

0.232 54.3 10
2

 mm
2

 275 MPa

1.0
 →  Nb.Rd 346.434 kN

NEd

Nb.Rd
0.752 < 1.0 - condi on sa sfied

0.8
NEd

Nb.Rd
 1 perfect

situa on
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9.4. Determina on of buckling resistance due to moment

MEd

Mb.Rd
1.0 - required condi on

Cri cal spring moment in buckling:

k μz 1.0 E 210 GPa kw 1.0 Iω 47940000000 mm
6



G 81000
N

mm
2

 L 5560 mm IT 312400 mm
4

 Iz Jz 8892000 mm
4



ψ
0

171.961
0 → C1 1.88 Mcr C1

π
2

E Iz

k L( )
2


k

kw









2 Iω

Iz


k L( )
2

G IT

π
2

E Iz


Mcr 1.88
π

2
210 GPa 8892000 mm

4


5560 mm( )
2


1

1.0






2
47.94 10

9
 mm

6


8892000 mm
4




5560 mm( )
2

81000
N

mm
2

 31.24 10
4

 mm
4



π
2

210 GPa 8892000 mm
4




Mcr 245.135 kN m

Rela ve slenderness:

Wy Wpl.y 354000 mm
3

 fy 275 MPa λLT

Wy fy

Mcr
0.63

Buckling coefficient:

h

b
1.0 →

h

b
2 →  from tab. 6.5: buckling curve b →  αLT 0.34 

λLT.0 0.4

β 0.85

ϕLT 0.5 1 αLT λLT λLT.0  β λLT
2





 0.5 1 0.34 0.63 0.4( ) 0.85 0.63

2
 

ϕLT 0.708

χLT
1

ϕLT ϕLT
2

β λLT
2



1

0.708 0.708
2

0.85 0.63
2



 →  χLT 0.899

χLT 0.899 ≤  1.0 oraz χLT 0.899 ≤
1

λLT
2

2.52 (condi ons sa sfied)

Element resistance on  buckling:

Mb.Rd

χLT Wy fy

γM1

0.899 354000 mm
3

 275 MPa

1.0
 → Mb.Rd 87.518 kN m

MEd 52.23kN m

MEd

Mb.Rd
0.597 <  1.0 - condi on sa sfied
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9.5. Checking the cross-sec on resistance due to compressing and bending considering buckling and lateral torsional buckling

Condi ons:

NEd

χy NRk

γM1

kyy

My.Ed ΔMy.Ed

χLT

My.Rk

γM1


 kyz

Mz.Ed ΔMz.Ed

Mz.Rk

γM1

 1.0

NEd

χz NRk

γM1

kzy

My.Ed ΔMy.Ed

χLT

My.Rk

γM1


 kzz

Mz.Ed ΔMz.Ed

Mz.Rk

γM1

 1.0

In cases of compressing and unidirec onal bending My.Ed we can adopt kzy=0.

A er simplifica on the condi ons are:

NEd

χy NRk

γM1

kyy

My.Ed

χLT

My.Rk

γM1


 1.0
NEd

χz NRk

γM1

1.0

NRk A fy 54.3 10
2

 mm
2

 275 MPa 1493.25 kN → NRk 1493.25 kN

My.Rk Wpl.y fy 354 10
3

 mm
3

 275 MPa → My.Rk 97.35 kN m

λy 1.889 χy 0.232 χz 0.29 χLT 0.899
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y y

For max values of bending (combina on G+S1+W4) :

NEd 62.68kN My.Ed 52.23kN m Mh 52.23kN m Ms 0 ψ 0

αs

Ms

Mh
0

for
requirements

1 αs 0 and 0 ψ 1 and for concentrated load:

Cmy 0.8 αs 0 and Cmy 0.4

Cmy 0.4

kyy Cmy 1 λy 0.2 
NEd

χy NRk

γM1














 and kyy≤  Cmy 1 0.8
NEd

χy NRk

γM1
















kyy 0.4 1 1.889 0.2( )
62.68 kN

0.232 1493.25 kN

1.0











 → kyy 0.522

Cmy 1 0.8
NEd

χy NRk

γM1














 0.4 1 0.8
62.68 kN

0.232 1493.25 kN

1.0











 0.458

kyy 0.458 kyy 0.458

NEd

χy NRk

γM1

kyy

My.Ed

χLT

My.Rk

γM1



62.68 kN

0.232 1493.25 kN

1.0

0.458
52.23 kN m

0.899
354 10

3
 mm

3
 275 MPa

1.0


 0.454 <  1.0

- condi on sa sfied

NEd

χz NRk

γM1

62.68 kN

0.290 1493.25 kN

1.0

 0.145 <  1.0 - condi on sa sfied
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For max values of compressive force:

NEd 260.36kN My.Ed 4.28kN m ψ 0

Cmy 0.6 0.4 ψ 0.6 and  Cmy 0.4

Cmy 0.6

kyy Cmy 1 λy 0.2 
NEd

χy NRk

γM1














 and kyy≤  Cmy 1 0.8
NEd

χy NRk

γM1
















kyy 0.6 1 1.889 0.2( )
260.36 kN

0.232 1493.25 kN

1.0











 kyy 1.362
→

Cmy 1 0.8
NEd

χy NRk

γM1














 0.6 1 0.8
260.36 kN

0.232 1493.25 kN

1.0











 0.961

kyy 0.961 kyy 0.961

NEd

χy NRk

γM1

kyy

My.Ed

χLT

My.Rk

γM1



260.36 kN

0.232 1493.25 kN

1.0

0.961
4.28 kN m

0.899
354 10

3
 mm

3
 275 MPa

1.0


 0.799 <  1.0

- condi on sa sfied

NEd

χz NRk

γM1

260.36 kN

0.290 1493.25 kN

1.0

 0.601 <  1.0 - condi on sa sfied

Page 8 of 24



Metal Structures II Warsaw 2011

9.6. Checking the column at the rigid end

MEd MN.Rd - required condi on

In case of  bi-symmetric I beams we can omit the influence of longitudinal force on plas cs capacity in bending due to y-y axis,
when below condi on is sa sfied:

NEd 0.25 Npl.Rd and  NEd

0.5 hw tw fy

γM0


Npl.Rd

A fy

γM0

54.3 10
2

 mm
2

 275 MPa

1.0
 → Npl.Rd 1493.25 kN

0.25 Npl.Rd 373.313 kN

0.5hw tw fy

γM0

0.5 104 mm 8 mm 275 MPa

1.0
 →

0.5hw tw fy

γM0
114.4 kN

NEd 260.360 kN

→ condi ons not sa sfied influence of longitudinal force cannot be
omi ed

n
NEd

Npl.Rd

260.36 kN

1493.25 kN
 → n 0.174

a
A 2 b tf

A

54.3 10
2

 mm
2

 2 160 mm 13 mm

54.3 10
2

 mm
2


 but a 0.5 a 0.234 <  0.5

Mpl.y.Rd

Wpl.y fy

γM0

354 10
3

 mm
3

 275 MPa

1.0
 → Mpl.y.Rd 97.35 kN m

MN.y.Rd Mpl.y.Rd
1 n( )

1 0.5 a
 but MN.y.Rd Mpl.y.Rd

MN.y.Rd 97.35 kN m

1
260.36 kN

1493.25 kN


1 0.5 0.234


MN.y.Rd 91.026 kN m < Mpl.y.Rd 97.35 kN m

My.Ed 52.53kN m

My.Ed

MN.y.Rd

52.53 kN m

91.026 kN m
 0.577

- condi on sa sfied
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9.7. Checking of horizontal displacements

umax
H

150
 - in  one storage schemas  (without gantries)

H - height of chosen dead bolt to upper part of
founda on
     (adopted distance from floor to chosen part of
grinder)H 5.56m

Max horizontal displacement :

umax 14mm <
H

150
37.067 mm -condi on sa sfied
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10. COLUMNS CAP

 Dimension of closing plate:

bg b 2 15 mm 160 mm 2 15 mm → bg 190 mm

hg h 2 15 mm 160 mm 2 15 mm → hg 190 mm

tg 12mm

 Dimension of concentric plate:

bpc 30mm

tpc 20mm

lpc hg 2 15 mm 160 mm 2 15 mm 2 15 mm → lpc 160 mm

10.1. Compressive strength of concentric plate

σd =
NEd

Ad
fd -  condi on

Area of compressive stresses considering concentric plate:

l'pc lpc 2 5 mm 150 mm

b'pc bpc 2 5 mm 20 mm

Ad l'pc b'pc 3000 mm
2



NEd 260.36 kN
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σd

NEd

Ad

260.36 kN

3000 mm
2


 → σd 86.787 MPa

fd 1.25
fy

γM0
 1.25

275 MPa

1.0
 → fd 343.750 MPa

σd 86.787 MPa < fd 343.750 MPa -condi on sa sfied

10.2. Weld connec ng the centric plate with closing plate:

σpr
2

3 τpr
2

τ||
2







fu

βw γM2
 σpr

0.9 fu

γM2


Where:
     σ - σpr

       τ - τpr  

For steal S275

fu 430 MPa

βw 0.9

γM2 1.25

According to construc on condi ons:

0.2 tmax a 0.7 tmin and  a 3mm

a(tpc;tg) = a(20;12)    → 4 a 8.4

adopted welds a = 4mm.

Weld area: Aw a 2 lpc 2 bpc  4 mm 2 160 mm 2 30 mm( ) → Aw 1520 mm
2



Stresses in welds: σ
NEd

Aw

260.36 kN

1520 mm
2


 → σ 171.289 MPa

τ|| 0

σpr
σ

2
121.12 MPa τpr

σ

2
121.12 MPa

σpr
2

3 τpr
2

 = 2 σpr 242.24 MPa <
fu

βw γM2
382.222 MPa - condi on  sa sfied

σpr 121.12 MPa < 0.9
fu

γM2
 309.600 MPa -condi on sa sfied
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10.3. Weld connec ng the closing plate with ribs/s ffeners:

thickness of
plate

tg 12 mm

thickness of
rib

tz 1.6 a 6.4 mm → assumed  tz 8.0mm

width of rib bz 0.5 b tw  0.5 160 mm 8 mm( ) → bz 76 mm

→ adopted bz 80mm

Adopted Weld connec ng the closing plate with ribs/s ffeners: a = 5mm.

Aw a 4bz 2tz  5 mm 4 80 mm 2 8.0 mm( ) → Aw.z Aw 1680 mm
2



Aw.pc 1520 mm
2


condi o
n

Aw.z Aw.pc sa sfied,

Aw.z 1680 mm
2

 > Aw.pc 1520 mm
2


so condi on of weld will be also
sa sfied

10.4. Weld connec ng ribs/s ffeners with web of the column

3 τ||
2


fu

βw γM2
 - condi on of weld (cause σ= 0 and  τ= 0)

thickness of web tw 8 mm

 Dimensions of
 rib/s ffener:

thickness  tz 8 mm

with bz 80 mm

height  hz

NEd

4 a1
0.58 fu

βw γM2




0.2 tmax a1 0.7 tmin and  a1 3mm

a1(tz;tw) = a1(8;8)    → 1.6 a1 5.6 Adopted weld  a1 = 3mm.

hz ≥
NEd

4 a1
0.58 fu

βw γM2


260.36 kN

4 3 mm
0.58 430 MPa

0.9 1.25


 → hz.min 97.87 mm Adopted hz 100mm

τ||

NEd

4 a1 hz

260.36 kN

4 3 mm 100 mm
 → τ|| 216.967 MPa

3 τ|| 375.797 MPa <
fu

βw γM2
382.222 MPa -condi on sa sfied

10.5. Weld connec ng the closing plate with the profile

According to construc on condi ons:

0.2 tmax a 0.7 tmin oraz a 3mm

a(tg;tw) = a(12;8)    → 2.4 a 5.6

Adopted weld  a = 3mm.
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11. COLUMNS BASE

MEd 53.65kN m

NEd 260.36kN

VEd 25.47kN

11.1. Choosing and pacing of anchors

 Adopted plate anchors  Ø16 mm from steel S275

As 201mm
2

 d 16 mm

fub 420MPa

Tensional forces resistance of bolts

FT.Rd

0.9 As fub

γM2

0.9 201 mm
2

 420 MPa

1.25
 → FT.Rd 60.782 kN

Placing of the
bolts

dp

MEd

0.5 NEd n FT.Rd

53.65 kN m

0.5 260.36 kN 2 60.782 kN
 → dp 213.113 mm

Przyjęto dp 250mm

n 2 - nr of anchors in tension zone

Diameter of hole in base plate and
anchor
Do = (5/3 ÷ 2)·d = (5/3 ÷ 2)·24 = 40÷48 mm

Adopted  Do 45mm

Dimensions of plate under the
anchor
thickness  t1 10mm

with b1 Do 30mm 75 mm

Distance e1 - from anchor to edge of base

plate
for bolt with diameter 14 ≤ d ≤ 24  → Δ 2mm

do d Δ 18 mm

1.2do e1 4t 40mm 21.6 mm e1 80 mm

Adopted distance e1 70mm

Spacing p2 of anchors along y-y

axis
2.4do p2 min 14t 200mm( ) 43.2 mm p2 min 140 mm 200 mm( )

Adopted spacing p2 100mm

(dimensions e1 and p2 where calculated assuming that t = 10mm)
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11.2. Finding base plate

For calcula ons we adopted thickness of trapezoidal metal sheet  tg 10mm
Dimensions of base
platelength Dp dp 2 e1 250 mm 2 70 mm → Dp 390 mm
with Bp b 2 tg 2 c1 160 mm 2 10 mm 2 80 mm → Bp 340 mm → Bp 340mm

Thickness of base
plate

tp c
3 fjd γM0

fy


Overhang of subs tu onal
support
c 0.5 b 80 mm

Class of
founda on

C20/25  → fck 20MPa

fcd

αcc fck

γc

1.0 20 MPa

1.5
 → fcd 13.33 MPa

Designed strength on compression

fjd α β fcd 1.5
2

3


1.0 20 MPa

1.5
 →

fjd 13.33 MPa

Base plate is from steel S275

fy.p 275MPa

tp.min c
3 fjd γM0

fy.p
 80 mm

3 13.33 MPa 1.0

275 MPa
 tp.min 30.507 mm→

tp 35mm
Adopted thickness of base plate

11.3. Length of compressive zone

Step 1.

xp

MEd

dp

NEd

2


Bp fjd

53.65 kN m

250 mm

260.36 kN

2


340 mm 13.33 MPa
 → xp 76.073 mm

la Dp e1 0.5 xp 390 mm 70 mm 0.5 76.073 mm → la 281.964 mm

Step 2.

xp

MEd

la

NEd

2


Bp fjd

53.65 kN m

281.964 mm

260.36 kN

2


340 mm 13.33 MPa
 → xp 70.706 mm

la Dp e1 0.5 xp 390 mm 70 mm 0.5 70.706 mm → la 284.647 mm
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Because new la differs from last one less then 1%, we can calculate new values of xp and la. 

xp

MEd

la

NEd

2


Bp fjd

53.65 kN m

284.647 mm

260.36 kN

2


340 mm 13.33 MPa
 → xp 70.31 mm

la Dp e1 0.5 xp 390 mm 70 mm 0.5 70.31 mm → la 284.845 mm

11.4. Checking the anchors

Finding the tensional force applied on fundamental
anchor

Fbt

MEd NEd 0.5Dp 0.5xp 

n la

53.65 kN m 260.36 kN 0.5 390 mm 0.5 70.31 mm( )

2 284.845 mm


Fbt 21.122 kN

Fbt 21.122 kN < FT.Rd 60.782 kN -  condi on sa sfied

11.5. Finding trapezoidal metal sheet 

Distance between net force of ground pressure and 1 node steel plate

Fg fjd

Bp

2
 xp 13.33 MPa

340 mm

2
 70.31 mm → Fg 159.329 kN

Length of node steel plate

Lg

Dp 2 x h

2

390 mm 2 10 mm 160 mm

2
 → Lg 105 mm

Finding weld between trapezoidal metal sheet and I beam (according to construction
measures)
a(tg;tf) = a(10;13) 

0.2 tf a 0.7 tg 2.6 mm a 7.0 mm

Adopted  a 7mm
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Height of trapezoidal metal sheet 

weld stresses

fvw.d

fu

3 βw γM2

430 MPa

3 0.9 1.25
 → fvw.d 220.676 MPa

Max compressive force on the edge of I-beam

Fc.Ed

MEd

h

NEd

2


53.65 kN m

160 mm

260.36 kN

2


Fc.Ed 465.493 kN

Hg ≥
Fc.Ed

fvw.d n a

465.493 kN

220.676 MPa 2 7 mm
 → Hg.min 150.671 mm

Adopted height of trapezoidal metal sheet Hg 200mm

Width of trapezoidal metal sheet 

Bg ≥
Lg

1
Lg

Hg









2



105 mm

1
105 mm

200 mm






2



 → Bg.min 92.967 mm

Adopted width of trapezoidal metal
sheet 

Bg 200mm

Thickness of trapezoidal metal
sheet 

Distance between net force of ground pressure and  I beam

Sg

Dp h

2

xp

2


390 mm 160 mm

2

70.31 mm

2
 → Sg 79.845 mm

tg

2 Fg Sg

fy

γM1
Bg

2


Bg

80


2 159.329 kN 79.845 mm

275 MPa

1.0
200 mm( )

2


200 mm

80
 → tg 4.813 mm

Adopted thickness of trapezoidal metal sheet tg 10mm

Slenderness of trapezoidal metal
sheet
Lg

ig
=

2 3 Bg

tg
69.282 <  185 - condi on sa sfied
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11.6. Welds connec ng node steel plate with base plate

Finding the thickness of
weld:
a1(tg;tp) = a1(10;35) 

0.2 tp a1 0.7 tg 7.0 mm a1 7.0 mm oraz a1 3mm

assump on: a1 7mm

Cross-section area of
welds
Assump on: In calcula on we do not consider welds
connec ng node steel plate with base plate placed
between profile shelves due to hardships of welding.

Aw 2 a1 Dp 2 x  4 a1 Lg 2 7 mm 390 mm 2 10 mm( ) 4 7 mm 105 mm → Aw 8120 mm
2



Moment of inertia of
welds

Jwy 2
a1 Dp 2 x 3

12
 4

a1 Lg
3



12
 a1 Lg

Lg

2

h

2










2



Jwy 2
7 mm 390 mm 2 10 mm( )

3


12
 4

7 mm 105 mm( )
3



12
 7 mm 105 mm

105 mm

2

160 mm

2






2



Jwy 74700135.417 mm
4



Stresse
s:

σ
NEd

Aw

MEd 0.5 Dp x 

Jwy


260.36 kN

8120 mm
2



53.65 kN m 0.5 390 mm 10 mm( )

74700135.417 mm
4


 → σ 168.523 MPa

σpr = τpr
σ

2
119.164 MPa

τpar

VEd

Aw

25.47 kN

8120 mm
2


 → τpar 3.137 MPa
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Condi ons: 

σpr
2

3 τpr
2

τrówn
2







fu

βw γM2
 and σpr

0.9 fu

γM2


fu - nominal tensional resistance of weaker part of connected

partsfu 430 MPa βw 0.9 γM2 1.25

σpr
2

3 τpr
2

τpar
2





 238.389 MPa <

fu

βw γM2
382.222 MPa

σpr 119.164 MPa <
0.9 fu

γM2
309.600 MPa

→ condi ons sa sfied

11.7. Addi onal checking of welds connec ng node steel plate with column

Thickness of welds  a = 7mm adopted earlier.
In calcula ons we consider 4 welds connec ng the column with node steel plate placed 'outside' the column (welds 'inside' where
omi ed due to eventual difficul es in welding). Center of gravity is placed in the middle of height of node steel plate and in the
middle of height of column.

Geometrical characteris cs:  

Area of cross-sec on of weld

Aw 4 a Hg 4 7 mm 200 mm → Aw 5600 mm
2



Moment of iner a due to x-x
axis

Jwx 4
a Hg

3


12
 4

7 mm 200 mm( )
3



12
 → Jwx 18.667 10

6
 mm

4


Moment of iner a due to y-y
axis

Jwy 4
a Hg

3


12
Hg a 0.5 h( )

2








 4
7 mm 200 mm( )

3


12
200 mm 7 mm 0.5 160 mm( )

2










 → Jwy 5.451 10
7

 mm
4



Moment of
iner a
Jwo Jwx Jwy 73173333.33 mm

4


Finding distance from the max stresses
point

r 0.5 h( )
2

0.5 Hg 2 0.5 160 mm( )
2

0.5 200 mm( )
2

 → r 128.062 mm
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Stresses in
welds:

Normal stresses

τN

NEd

Aw

260.36 kN

5600 mm
2


 → τN 46.493 MPa

Ver cal stresses

τV

VEd

Aw

25.47 kN

5600 mm
2


 → τV 4.55 MPa

Bending moment stresses

τM

MEd VEd 0.5 Hg   r

Jwo

53.65 kN m 25.47 kN 0.5 200 mm( ) 0.5 160 mm( )
2

0.5 200 mm( )
2



73173333.33 mm
4




τM 89.437 MPa

α atan
h

2r






atan
160 mm

2 15 mm






 α 79.38 deg

τMx τM cos α( ) 16.482 MPa

τMy τM sin α( ) 87.905 MPa

Net stresses

τw τN τMy 2 τV τMx 2 136.033 MPa

Condition

τw fv.wd

fv.wd

fu

3 βw γM2

430 MPa

3 0.9 1.25
 → fv.wd 220.676 MPa

τw 136.033 MPa < fv.wd 220.676 MPa - condi on sa sfied
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