
ALUMINIUM VS STEEL – ASSOCIATED WITH THE 
CURRENT SOLUTION IN IDEA STATICA CONNECTION
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CODE-FACTORS JUSTIFICATION

333│

• Partial factors for ULS check of materials, bolts, and welds are identical between codes – compatibility 

guaranteed  
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MATERIAL SPECIFICATION

555│

• Eurocode 9 allows only specific aluminium alloys for structural use. These follow strict requirements for 

mechanical properties, tempers, availability in structural product forms, and weldability. The most 

commonly used alloys fall into the 5xxx and 6xxx series, plus selected cast alloys.

• Top 3 for general structural design

1.EN AW-6082 T6 (primary extrusion alloy for load-bearing members)

2.EN AW-6061 (alternative high-strength extrusion alloy)

3.EN AW-5083 (primary plate alloy for welded structures)

• Additional widely used

•EN AW-6060 / 6063 for complex, non-primary structural extrusion shapes
•EN AW-5754 / 5454 for plates and shell structures
•EN AC-43000 / 44200 for cast connectors
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MATERIAL PROPERTIES

666│

• Material properties for user-defined material in 

IDEA StatiCa. Prime setup for valid structural 

simulation and outputs.
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MATERIALS

777│

• The temper and thickness are altering the yield 

strength and ultimate strength f0,fu

• Another property is observed for the HAZ 

(heat-affected zone) area due to welding. The 

material strength is softened/reduced due to 

material degradation.

• Steel’s microstructure is thermally reversible; aluminium’s is not
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IF THE TEMPERATURE RAISING UP

888│

• The material stiffness is degrading under the 

increased temperature. 

• But if the temperature comes back to standard 

temperature, the modulus of elasticity has some 

recovery memory and comes back to 69 – 

71000 MPa

• Strength in HAZ will drop about 40-60 % and 

will not recover due to precipitates dissolve

• Tabs – are coming from EN 1999-1-2
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MATERIAL MODEL

999│

• Material model for material nonlinear 

simulation is supported as the bilinear with 

hardening in the plasticity region

• It respects the diagram that is in IDEA StatiCa 

for steel design.

• The design depends on the class of the section 

and ductility

• Depending on the alloy, temper, and welding 

procedure, the ultimate strain is altering.

• Eps_max = 0.5*epsu

• The values are not explicitly exposed in the 

code



To return a slide to its 

original form, select

Home > Slides > 

Reset

To change the 

layout, select

Home > Slides > 

Layout

To change the text level, 

choose Home > Paragraph > 

Increase/Decrease List Level

(text sizes: 24/20/16)

Increase list 

level

Decrease list 

level

To show guides, 

check Guides 

under View

Edit the footer/date 

using the menu:

Insert > Header 

and Footer

Do not use the standard 

Bullets and Numbering >

Only List Level feature

IDEA orange

Red: 243

Green: 110

Blue: 34

Hex: #F36E22

MATERIAL MODEL

101010│

• According to E.3 chapter, the approximate 

ultimate strain can be in the range (8-30) % 

based on the strength and alloy

• Eps_max = 0.5*epsu

• Plastic strain = Eps_max – elastic_strain

• Hardening modulus is dependent on:
• E1(fu,fo,eps,eps_max)

• This is different than for steel in IDEA !!! 
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HAZ – HEAT AFFECTED ZONE

121212│

• Aluminum loses strength when welded — unlike steel.
•Heat destroys strengthening precipitates in heat-treatable alloys (6xxx)
•HAZ strength may drop 40–60%
•HAZ controls resistance in: 

• tension
• compression
• buckling
• bending
• fatigue
• welded joints

• This is why EN 1999:
• explicitly defines HAZ values
•   provides formulas using HAZ modulus/thickness
•   requires designers to check HAZ every time a weld affects a cross-section

• Steel designers often underestimate this — one of the biggest mistakes when switching to 

aluminium design.

• HAZ material properties have to be used in this regions
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HAZ – HEAT-AFFECTED ZONE

131313│

• Maybe the best options for users to define the HAZ properties for whole connection to avoid local 

model changes and complicated geometrical solutions. 
• It will be conservative but most of the failure modes are happening in the HAZ where will be 

critical stress state 
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DETAILING

151515│

• The detailing rules and criteria that are 

enabled to activate in IDEA StatiCa are 

consistent between EN 1993-1-8 and EN 

1999-1-1.
• Left tab - Aluminium



To return a slide to its 

original form, select

Home > Slides > 

Reset

To change the 

layout, select

Home > Slides > 

Layout

To change the text level, 

choose Home > Paragraph > 

Increase/Decrease List Level

(text sizes: 24/20/16)

Increase list 

level

Decrease list 

level

To show guides, 

check Guides 

under View

Edit the footer/date 

using the menu:

Insert > Header 

and Footer

Do not use the standard 

Bullets and Numbering >

Only List Level feature

IDEA orange

Red: 243

Green: 110

Blue: 34

Hex: #F36E22

CATEGORIES OF BOLTED CONNECTION IN EN 1999-1-1

161616│

• Category A : Bearing type

• Steel, stainless steel, aluminium bolts (mostly in 

IDEA StatiCa)

• Category B: Slip-resistant at serviceability limit state

• Preloaded bolts, the slip cannot be violated

• Category C: Slip-resistant at ultimate limit state

•  Category D: Connections with non-preloaded bolts

• Frequently subjected to variation of tensile loads 

(cyclic, wind)

• Category E: Connections with preloaded high strength 

bolts
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SHEAR RESISTANCE CHECK 

171717│

• The shear resistance check has the same parameters and equation, and guarantees the consistency 

between the EN 1999-1-1 and EN 1993-1-8
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BEARING RESISTANCE CHECK

181818│

• The bearing resistance check has the same parameters and equation, and guarantees the consistency 

between the EN 1999-1-1 and EN 1993-1-8
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TENSION RESISTANCE CHECK

191919│

• The tension resistance check has the same parameters and equation for steel bolts, and guarantees the 

consistency between the EN 1999-1-1 and EN 1993-1-8
• The countersunk and aluminium bolts are not supported
• IDEA StatiCa does not support rivets from the code-check pespective
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PUNCHING RESISTANCE CHECK

202020│

• The punching resistance check has the same parameters and equation for steel bolts, and guarantees the 

consistency between the EN 1999-1-1 and EN 1993-1-8

. 
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COMBINED SHEAR AND TENSION CHECK

212121│

• The combined shear and tension resistance check has the same parameters and equation for steel bolts, 

and guarantees the consistency between the EN 1999-1-1 and EN 1993-1-8

. 
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FRICTION BOLTS

232323│

• Prestressed force is 70 % of the 

maximal bearing capacity of the bolts
• Friction coefficient for EN 1993-1-8 

based on the friction 

surfaces/treatment
• Friction coefficient for EN 1999-1-1 

based on the thickness of friction 

surfaces
• The friction parameter can be set in 

IDEA StatiCa (it‘s consistent between 

the codes)  
• Partial factors are consistent
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CONNECTION 
DESIGN - WELD
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WELDS – CHARACTERISTIC STRENGHT

252525│

• MIG and TIG welding processes
• Structures mostly static loads
• Heat-treatable alloys in temper T4 and above (6xxx and 7xxx 

series)
• The characteristic strengths fu,haz for the material in the HAZ
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WELDS – COMPARISON

262626│

• The welded zone is almost half as strong

• This is why welded aluminium structures require more 

conservative geometry or require using 6082-T6 only in 

extrusions and avoiding welds where strength is critical
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WELD – TYPES

272727│

• Butt welds

•  Strength as the HAZ

• Partial Penetration Butt welds

• Secondary non-bearing members

• Effective throat thickness

• Fillet welds

• Effective throat thickness

• a=1.2a, a=a+apen

• In IDEA StatiCa use conservatively „a“

• The Von-Mises condition of plasticity is used as the 

failure criterion. It aligns with the assumption in EN 

1993-1-8. The ultimate strength is the HAZ strength.
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CONCLUSION
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CONCLUSION

292929│

• Partial factors are harmonized between the codes – compatibility guaranteed

• The in-built material database in IDEA is missing

• E1 – hardening is different between Al and Steel 

• The user-defined material with elasto-plastic material properties can be used. EN 

1999-1-1 supports the bilinear diagram with hardening and plastic limit up to user 

definition.

• The vicinity of welding area is undergoing the softening – the HAZ material 

properties need to be used – feasible in IDEA StatiCa with user-defined properties on 

material side.

• Code-checks for standard and prestressed steel bolts are compatible with the current 

setup in IDEA StatiCa == no problem to do the code-check.

• Weld code-checks are also compatible based on the Von-Mises failure criterion
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