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SAMPLE 1 

 

 

 

Anet = A – 2 × d0 × t = b × t – 2 × d0 × t = (b - 2 × d0) × t 

 

NEd / Nt.Rd = 450 / 460,3 = 0.98 < 1.0  satisfies! OK! 
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SAMPLE 2 

 

 

 

 

2.5 × 18 = 45 mm < p1 = 65 mm < 5 × 18 mm = 90 mm 

 = 0.5 + (0.7 - 0.5) / (90 - 45) × (65 – 45) = 0,59 
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width-to-thickness ratio (plate slenderness)  c / t    >=<    (c/t)limit   class of the plate 
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SAMPLE 1 
 

HE 280 B column, Nc,Rd = ? 
Steel grade S235 
fy = 235 N/mm2, fu = 360 N/mm2,  = 1,0 
 
classification: 
 
flange: cf / tf = (bf / 2 – tw/ 2 – r) / tf = (28/2 – 1,05/2 – 2,4) / 1,8 = 6.15 
 
cf / tf = 6.15 < 9 = 9  class 1 
 
compressed flange 9 ; 10 ; 14 , 
 

web: cw / tw = (h – 2 × tf – 2 × r) / tw = (280 – 2 × 18 – 2 × 24) / 10,5 = 196 / 10,5 = 18.7 < 33 = 33  class 1 
 
compressed web: 33 ; 38 ; 42 
 
The HE 280 B column in case pure compression is class 1. 

 

 
 
Nc.Rd = 131.4 × 23.5 / 1.0 
 
Nc.Rd = 3 087.9 kN 
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SAMPLE 2 
 
60 × 40 × 2,5 rectangular hollow section, Nc,Rd = ? 
Steel grade S275 
fy = 275 N/mm2, fu = 430 N/mm2,  = 0,92 
 
folding radius r = t! 
 
classification: 
 
flange: cf / tf = (b – 2 × t – 2 × r) / t = (40 – 2×2,5 – 2×2,5) / 2,5 = 12 
 
cf / tf = 12 < 33 = 33 × 0,92 = 30,36  class 1 
 
compressed flange 33 ; 38 ; 42, 
 
web: cw / tw = (h – 2 × t – 2 × r) / t = (60 – 2 × 2,5 – 2 × 2,5) / 2,5 = 20 < 33 = 33 × 0,92 = 30,36   class 1 
 
compressed web: 33 ; 38 ; 42 
 
 
 
60 × 40 × 2,5 rectangular hollow section in case pure compression is class 1. 
 

 
 
Nc.Rd = 4.7 × 27.5 / 1.0 = 129,25 kN 
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SAMPLE 3 

 

    
Classification: 
 
flange:  
 
cf / tf = (bf / 2 – tw/ 2 – a × 20.5) / tf  
 
web: 
 
cw / tw = (hw – 2 × a × 20.5) / tw 
  

class 1 

class 4 
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SAMPLE 4 
Determine the tension and compression resistances of the welded steel I-section (classification)! 

Steel grade S355: fy = 355 N/mm2 = 35,5 kN/cm2, fu = 510 N/mm2,  = 0,81 
(compressed flange 9 ; 10 ; 14 , compressed web: 33 ; 38 ; 42), k.flange = 0,43, k.web = 4,0 

 
flange 400-14, web 1100-8, a = 4 mm 
 
A = 110 × 0,8 + 2 × 40 × 1,4 = 200 cm2 
Nt.Rd = A × fy / M0 = 200 × 35,5 / 1,0 = 7 100 kN  
 
Classification: 
 
flange: cf / tf = (bf / 2 – tw/ 2 – a × 20.5) / tf = (400/ 2 – 8/ 2 – 4 × 20.5) / 14 = 
= 190,3 / 14 = 13,6 > 14 ×   = 14 × 0,81 = 11,34  class 4 

 
web: cw / tw = (hw – 2× a × 20.5) = (1100 – 2 × 4 × 20.5) / 8 =  1088 / 8 = 136,1 > 42 ×   = 42 × 0,81 = 
= 34,02  class 4 
  welded I-section in case of pure compression with the steel grade S355 class 4 section! 

 
Effective width – effective area: 
 
flange: 

 = 190.3 / 28.4 / 0.81 / 0.430.5 = 12,62 

 = (12,62 – 0.188) / 12.622 = 0.078 
 
beff = 0,078 × 190,3 = 14,8 mm 
 

 

 
 
 
web:  
 

= 136.1 / 28.4 / 0.81 / 40.5 = 2.96 
 

= (2.96 – 0.055×(3+1)) / 2.962 = 0.31 
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beff.w =  × cw = 0.31 × 1088 = 337.3 mm 
be1 = be2 = 0.5 × beff = 0.5 × 337.3 = 168.6 mm 
beff

NON
.w = (1 – ) × cw = (1 – 0.31) × 1088 = 750.7 mm 

    
 
Aeff = A – (beff

NON
.w × tw + 4 × beff

NON
.f × tf = 200 – (75.07 × 0.8 + 4 × 2.3 × 1.4) = 127.06 cm2 

 
 
= 127.06 × 35.5 / 1.0 = 4 510.6 kN 
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Stability theory 
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Calculation steps for flexural buckling resistance: 
 

1) classification of the cross-section: class 1, 2 or 3  class 4 
2) sectional properties: A, Iy, Iz, iy, iz 
3) buckling lengths: Ly = y × L0, Lz = z × L0 
4) slendernesses 1 = 93.9 × ,  y = Ly / iy,  z = Lz / iz, 
5) non-dimensional slendernesses: 𝜆̅௬ and 𝜆̅௭ 
6) selecting buckling curves and calculation of y and z buckling reduction factors 
7) Nb.Rd = min × A × fy / M1 , M1 = 1.0 

 
buckling length 
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Bolted Connections 
 

 
 

 

 



 

28 

 
 

 
 

 
 
 
M14  bolt is a Metric d = 14 mm, d0 = 15 mm 
 
 
 
https://eurocodeapplied.com/design/en1993/bolt-design-properties 
 

d – nominal bolt diameter 

d0 – the hole diameter for a bolt 

M14 



 

29 

 
 

 
 
 

 

 
 

 
 



 

30 

 

 

 

 
  



 

31 

https://eurocodes.jrc.ec.europa.eu/doc/2014_07_WS_Steel/presentations/06_Eurocodes_
Steel_Workshop_WALD.pdf 

 

A = d2 ×  /4,     M2 = 1.25 
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https://eurocodes.jrc.ec.europa.eu/doc/2014_07_WS_Steel/presentations/06

_Eurocodes_Steel_Workshop_WALD.pdf 
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Sample 1: Design a full-strength double sheared splice connection 

 

 

 

Tensile resistance of the plate: Nt,Rd 

 

 

 

Resistance of 1 bolt:  

Shear resistance:  

 

Bearing resistance:  
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k1 in case of edge bolts, perpendicularly to the load transfer direction 

 

k1 in case of inner bolts, perpendicularly to the load transfer direction 

 

b in case of end bolts, parallel with the load transfer direction 

 

b in case of inner bolts, parallel with the load transfer direction  don’t have such a bolt! 
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Tensile resistance of joint plates 

 

Anet
plate <= Anet

joint plates !! 

 

Anet
plate = (32 – 4 × 2.6) × 2.0  <= Anet

joint plates = 2 × (32 – 4 × 2.6) × 1.0  satisfies! 

 

 

Sample 2: Design a full-strength double sheared splice connection 

  

Desing the full-strength double sheared splice connection of HE 400 B tensioned bar! 

 

 

   

 

Af = 30 × 2.4 = 72 cm2 

Aw = A – 2 × Af = 198 – 2 × 72 = 54 cm2 

FEd,f = Af / A × FEd = 72 / 198 × 3615 = 1314,5 kN  

FEd,w = Aw / A × FEd = 54 / 198 × 3615 = 985,9 kN  
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Tensile resistance of HE 400 B bar 

  

 

 

e1.w = 40 mm, p1.w = 70 mm, e2.w = 35 mm, p2.w = 75 mm 

e1.min.w = e2.min.w = 1.2 × d0 = 1.2 × 18 = 21.6 mm 

p1.min.w = 2.2 × d0 = 2.2 × 18 = 39.6 mm 

p2.min.w = 2.4 × d0 = 2.4 × 18 = 43.2 mm 

 

e1.f = 75 mm, p1.f = 120 mm, e2.f = 55 mm, (p2.f = 0 mm) 

e1.min.f = e2.min.f = 1.2 × d0 = 1.2 × 33 = 39.6 mm 

p1.min.f = 2.2 × d0 = 2.2 × 33 = 72.6 mm 

(p2.min.f = 2.4 × d0 = 2.4 × 33 = 79.2 mm) 
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Bolted connection of the flanges: 

Resistance of 1 piece of M30 bolt:  

Shear resistance:  

  

Bearing resistance:  

e1.f = 75 mm, p1.f = 120 mm, e2.f = 55 mm 

 

k1 in case of edge bolts, perpendicularly to the load transfer direction 

 

b in case of end bolts, parallel with the load transfer direction 

 

 
FEd,f = Af / A × FEd = 72 / 198 × 3615 = 1314,5 kN 

 db (darab) = peace 

Tensile resistance of joint plates 

Anet.f <= Anet.f
joint plates !! 

Anet.f = (30 – 2 × 3.3) × 2.4  <= Anet.f
joint plates = (30 – 2 × 3.3) × 1.2 + 2 × (11.5 – 3.3) × 1.8 

Anet.f = 56.16 cm2 <  Anet.f
joint plates = 57.6 cm2   satisfies! 
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Bolted connection of the web plate: 

Resistance of 1 piece of M16 bolt:  

Shear resistance:  

  

Bearing resistance:  

e1.w = 40 mm, p1.w = 70 mm, e2.w = 35 mm, p2.w = 75 mm 

 

k1 in case of edge bolts, perpendicularly to the load transfer direction 

 

k1 in case of inner bolts, perpendicularly to the load transfer direction 

 

b in case of end bolts, parallel with the load transfer direction 

 

b in case of inner bolts, parallel with the load transfer direction 
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FEd,w = Aw / A × FEd = 54 / 198 × 3615 = 985,91 kN 

 db (darab) = peace 

Tensile resistance of joint plates 

Anet.w <= Anet.w
joint plates !! 

Anet.w = 54 – 4 × 1.8 × 1.35 = 44.28 cm2 <= Anet.w
joint plates = 2 × (29,5 – 4 × 1.8) × 1.0 = 44.6 cm2 

  satisfies! 
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Non-preloaded tensioned connection 
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dm = (e + s) / 2 
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Sample – tensioned bolted connection  full-strength connection 
 
 
 
 
 
 

 
 

 
HE 200 B bar, S235  fy = 23.5 kN/cm2, fu = 36 kN/cm2 
AHE200B = 78.1 cm2   Npl.Rd = 78.1 × 23.5 / 1.0 = 1 835.35 kN 
 
4 × M16 5.6  d = 16 mm, d0 = 18 mm, fub = 50 kN/cm2 
 
As = 1,57 cm2 , dm = 1.07735 × s = 1.07735 × 2,4 = 2,59 cm 
 
tp = 15 mm 

 
Tension resistance of 1 bolt: 
 
tension resistance:  

 
= 0.9 × 50 × 1,57 / 1.25 = 56.52 kN 
 
 

punching shear resistance: 
 

 
 
Bp.Rd = 0.6 ×  × 2.59 × 1.5 × 36 / 1.25 = 210.9 kN 
 
 
Tension resistance of the connection: 
 
Ft.Rd.conn = 4 × 56.52 = 226.08 kN < Npl.Rd = 78.1 × 23.5 / 1.0 = 1 835.35 kN  will fail! 
 
4 × M22 8.8  d = 22 mm, d0 = 24 mm, fub = 80 kN/cm2 
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As = 3,03 cm2 , dm = 1.07735 × s = 1.07735 × 3,4 = 3,43 cm 
tp = 15 mm 
 

 
= 0.9 × 80 × 3,43 / 1.25 = 197.6 kN 
 
 

 
 
Bp.Rd = 0.6 ×  × 3,43 × 1,5 × 36 / 1.25 = 297.9 kN 
 
Ft.Rd.conn = 4 × 197.6  = 790.4 kN < Npl.Rd = 78.1 × 23.5 / 1.0 = 1 835.35 kN  will fail! 
 
Necessary number of bolts: 
 
nnec = 1 835.35 / 197.6 = 9.3 bolts  nappl = 10 bolts! 
 
 
alternate sample: 
 

HE 100 A bar, S235  fy = 23.5 kN/cm2, fu = 35 kN/cm2 
 
AHE100A = 21.2 cm2   Npl.Rd = 21.2 × 23.5 / 1.0 = 498.2 kN 
 
4 × M22 8.8  Ft.Rd.conn = 4 × 197.6  = 790.4 kN  satisfies! 
 
 
 

4 × M20 10.9 bolts,  As = 1,92 cm2 , dm = 1.07735 × s = 1.07735 × 3 = 3,02 cm 
 
= 0.9 × 100 × 1,92 / 1.25 = 138.2 kN 
 
 

 
 
Bp.Rd = 0.6 ×  × 3,02 × 1,5 × 36 / 1.25 = 245.9 kN 
 
Ft.Rd.conn = 4 × 138.2  = 552.8 kN > Npl.Rd = 21.2 × 23.5 / 1.0 = 498.2 kN  satisfies! 
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Fw.Ed = R / ltot  
 
where 
 
R – is resultant of the external forces [ kN ] 
ltot – is the total lengths of welds in the investigated connection [ cm ] 

[ kN / cm ] 
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[ kN / cm2 ] 

[ kN / cm ] 
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Sample 1: 
 

 
 

 
Simplified method: 
 

 

 

 

 

 
 
Directional method: 
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Sample 2:    
 

  
 
Simplified method: 

 

 

 
FEd = 260 kN > FRd = 207,8 kN  welded connection FAILS! 
 
Directional method: 

 

 welded connection FAILS! 
 
 
  

FEd / 2 

FEd / 2 
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Sample 3:    
 

 
Simplified method: 

 

 

 
FEd = 260 kN < FRd = 363.65 kN  welded connection is satisfying! 
 
Directional method: 
 
side fillet welds: 

 

 

 
Fside

w,Rd = 207.8 kN 
 
FEd

cross
 = 260 kN – 207.8 kN = 52.2 kN  

 

FEd
cross 
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 cross fillet weld is satisfying! 

 
 
 
 cross fillet weld is satisfying! 
 
 
 

 

Sample 4:    
 
 
 
 
 
 
 
 
 
 
 
 

 
Simplified method: 
 

 

 
 



 

57 

 

 
  welded connection is satisfying! 
 
Directional method: 
 

 
sin 45° = cos 45° = 1/ (2)0.5 = (2)0.5/ 2 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

 
 welded connection is satisfying! 
 
 

Na 

Va 
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Design the resistance of a welded K-joint 
RHS brace bars (truss bars) and hot rolled I-section chord 
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Sample 
 
The welded K joint on the figure is at the bottom chord of a steel truss. The chord bar is an 
HE 120 AA hot-rolled I-section, truss bars are 80×80×4 sections, the directions are 45°. 
 a) Determine the resistance of the K-joint! 
 b) Let’s check the a = 4 mm fillet welds between the truss and chord bars! 
 
Steel grade:  S275, fy = 27,5 kN/cm2, fu = 43,0 kN/cm2, w = 0,85 
 

 
 

 
chord: HE 120 AA compressed truss 80×80×4 tensioned truss 80×80×4 
b0 = 120 mm tf = 5,5 mm 
h0 = 109 mm tw = 4,2 mm 
r = 12 mm 
Avz0 = 6,9 cm2 A0 = 18,6 cm2 

b1 = 80 mm 
h1 = 80 mm 
t1 = 4 mm 

b1 = 80 mm 
h1 = 80 mm 
t1 = 4 mm 

 
gap: g = 20 mm 
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Resistance of the welded K-joint in case of I-sectioned chord bar 

Range verification: 

- chord bar 

class 1 or 2 

The web plate is class 1 

- compressed truss bar 

class 1 or 2 

The bar is class 1 
- tensioned truss bar 
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where: 

where: 

 

where: 

1. criterion of truss bars 
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b) Let’s check the a = 4 mm fillet welds between the truss and chord bars! 
 
We apply full-strength connection, therefore the fillet weld must resist against the tension 

resistance of the truss bar. 
We apply the simplified method. 
 

 
 

 
 

 

2. criterion of chord bar 

where: 
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  the fillet weld is satisfying 
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