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1. Steel shape and material specification [4] 
 

- 

- 

1.1 Designation of steel grade 
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1.2 Delivery conditions 

- 

- 

- 

- 

1.3 Material properties 

 

S  355  J2  +Z15  +M 

Group of steel 

S = Structural Steel 

Mech. Properties 

355 = Min. yield strength in Mpa 

 
Mech. Properties 

J = Min. Toughness 27 J 2 = -20°C 

Special Requirements 

Z 15 = min. 15% reduction of area 

 

Delivery Conditions 

M = Thermomechanical rolling 
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1.4 ArcelorMittal HISTAR® steel  

1.5 Ductility 
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 ε ε ε

ε ε ε

 

1.6 Through-thickness properties 

𝑍𝐸𝑑 ≤ 𝑍𝑅𝑑

𝑍𝐸𝑑 = 𝑍𝑎 + 𝑍𝑏 + 𝑍𝑐 + 𝑍𝑑 + 𝑍𝑒

- 

- 
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1.7 Fracture toughness – Introduction  
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- 

- 
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- δ

δ

1.8 Fracture toughness – Methodology in EN 1993-1-10:2005 

𝐾𝑎𝑝𝑝𝑙,𝑑
∗ ≤ 𝐾𝑚𝑎𝑡,𝑑
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𝐾𝑎𝑝𝑝𝑙,𝑑
∗ =

𝐾𝑎𝑝𝑝𝑙,𝑑

𝑘𝑅6−𝜌
=

𝜎𝐸𝑑∙√𝜋∙𝑎𝑑∙𝑌∙𝑀𝐾

𝑘𝑅6−𝜌

σ

ρ

𝑇𝐸𝑑 ≥ 𝑇𝑅𝑑

𝑇𝐸𝑑 = 𝑇𝑚𝑑 + ∆𝑇𝑟 + ∆𝑇𝜎 + ∆𝑇𝑅 + ∆𝑇𝜀̇ + ∆𝑇𝜀𝑐𝑓
≥ 𝑇𝑅𝑑 = 𝑇𝐾100 + ∆𝑇27𝐽

σ

ε

ε

∆𝑎

∆𝑁
= 𝐶 ∙ ∆𝐾𝑚

σ

σ
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Φ

1.9 Specifying the correct steel for elements subjected to quasi-static compression loads 
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2 Welded connections  

Best practices 
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Challenges 
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2.1 Joint preparation and fit-up

σ σ σ
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2.2 Lamellar tearing 
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2.3 Establishing welding parameters.  

2.3.1 Specifying a suitable welding process 

 

2.3.2 Specifying a suitable electrode. 
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2.3.3 Setting the heat input. 

𝑄 = k
𝑈𝐼

𝑣
10−3  

𝑄 = k
𝑈𝐼

𝑣
10−3

𝑣

- 

- 

2.3.4 Post weld heat treatment. 
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2.4 Welding suggestions for rolled Jumbo shapes.  
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3 Connection classifications  

3.1 Connection types and recommendations  
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- 

- 

- 

- 
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3.2 Splice connections  

3.2.1 Beam-to-beam splices. 
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3.2.2 Column-to-column splices. 
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3.2.3 Case studies by load type 

 Connections submitted to tension loads. 
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 Connections submitted to compression loads.

 



Practical guide – Connections made of jumbo and super-jumbo steel shapes May 2021 

 

40 

 
 

 



Practical guide – Connections made of jumbo and super-jumbo steel shapes May 2021 

 

41 

 
 

 

3.3 Simple connections 
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3.4 Joints in lattice structures  

- 
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4 Connections – best practices.
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G2 
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D3 
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𝐸𝑑 =   𝐸 {𝐴[𝑇𝐸𝑑]  " + "  ∑ 𝐺𝑘  𝜓1𝑄𝑘1" + " ∑ 𝜓2,𝑖𝑄𝑘𝑖}

ψ

𝜎𝐸𝑑 =  
𝑁𝐸𝑑

𝐴
+ 

𝑀𝐸𝑑

𝐼𝑦

𝑧 =  −
(8616 + 0.5 ∙ 4320) ∙ 103

114920
+ 

(8616 ∙ 0.3 + 0.5 ∙ 4320 ∙ 0.3) ∙ 106 ∙ 265.5

4502000000
=  96.88 𝑁/𝑚𝑚2
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NEd,G = 2500kN

NEd = 4500kN

My,Ed = 150kNm

VEd = 80kN
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 𝑀𝐸𝑑 ≤
𝑁𝐸𝑑,𝐺ℎ

2

 𝑀𝐸𝑑 >
𝑁𝐸𝑑,𝐺ℎ

2

𝑁𝐸𝑑 =
𝑀𝐸𝑑

ℎ
−

𝑁𝐸𝑑,𝐺

2

𝑀𝐸𝑑 ≤
𝑁𝐸𝑑,𝐺ℎ

2
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𝑁𝐸𝑑,𝐺ℎ𝑢𝑐

2
=

2500 498

2
= 623

𝑀𝐸𝑑 = 150 ≤ 623

0.25𝑁𝐸𝑑 ≤ 𝑁𝑅𝑑

0.25𝑁𝐸𝑑 ≤ 𝑁𝑅𝑑

0

2


=

,fp y fp

Rd

M

A f
N

0.25𝑁𝐸𝑑 ≤ 2𝐹𝑅𝑑,𝑓𝑝

𝐴𝑓𝑝

𝐹𝑅𝑑,𝑓𝑝

0.25𝑁𝐸𝑑 ≤ 𝑁𝑅𝑑

0.25𝑁𝐸𝑑 = 0.25 ⋅ 4500 = 1125

0

2 2 50
15336

1
= = =

,   mm  432MPa 355 MPa
kNfp y fp

Rd

M

A f
N

0.25𝑁𝐸𝑑 ≤ 2𝐹𝑅𝑑,𝑓𝑝

𝐹𝑣.𝑅𝑑 = 𝛽𝑝
𝛼𝑣𝑓𝑢𝑏𝐴

𝛾𝑀2
= 0.547

0.6⋅800 ⋅457 2

1.25
= 96

𝐹𝑏.𝑅𝑑 =
𝑘1𝛼𝑏𝑑𝑡𝑝𝑎𝑓𝑢

𝛾𝑀2
=

2.5⋅0.44⋅27 ⋅75.9 ⋅490

1.25
= 1339

𝐹𝑅𝑑.𝑓𝑝 = 𝑛𝐹𝑏.𝑅𝑑 = 6 ⋅ 96 𝐹𝑅𝑑.𝑓𝑝 = 𝑛𝐹𝑏.𝑅𝑑 = 6 ⋅ 96

𝛼𝑣 = 0.6
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𝛽𝑝 = {
1 𝑖𝑓 𝑡𝑝𝑎 <

𝑑

3
9𝑑

8𝑑+3𝑡𝑝𝑎
 𝑖𝑓 𝑡𝑝𝑎 ≥

𝑑

3

𝑡𝑝𝑎 ≥
𝑑

3
𝛽𝑝 =

9𝑑

8𝑑+3𝑡𝑝𝑎
=

9⋅27

8⋅27+3⋅75.9
= 0.547

𝑡𝑝𝑎 = 50 + 25.9 = 75.9

𝛼𝑏 = 𝑚𝑖𝑛 (
𝑒1

3𝑑0

;
𝑝1

3𝑑0

−
1

4
;
𝑓𝑢𝑏

𝑓𝑢

; 1 . 0) = 0.44

𝑘1 = 𝑚𝑖𝑛 (2.8
𝑒2

𝑑0

− 1.7 ; 1 . 4
𝑝2

𝑑0

− 1.7 ; 2 . 5) = 2.5

𝛾𝑀2 = 1.25

𝐿𝑗 = (𝑛1 − 1)𝑝1𝐿𝑗 = (𝑛1 − 1)𝑝1

𝛽𝐿𝐹 = 1 −
𝐿𝑗−15𝑑

200𝑑

𝐿𝑗 = (𝑛1 − 1)𝑝1 = 2 ⋅ 66 = 132 ≤ 15𝑑 = 405
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