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1. Preparation 

•  Aluminium:  
•  8% of earth crust 

•  Bauxite: 
•  50% aluminium oxide 
•  50% other oxides 
 

•  Preparation in three steps: 
•  Extraction of bauxite  
•  Preparation of aluminium oxide from bauxite (Bayer process) 
•  Reduction of aluminium oxide to aluminium (electrolysis)  

•  Electrolysis: 
•  Provides pure aluminium (99,99%) 
•  Requires a lot of energy 
•  Results in high cost price for primary aluminium  
•  What about secondary aluminium? 
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•  Pure aluminium: 
−  Soft 
−  Low strength 

•  Improve properties by: 
−  Alloying (Cu, Mg, Mn, Si, Zn) 
−  Post-treatment (heat treatment or work hardening) 

•  Distinghuish 
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 1) Wrought alloys 
  process :   extrusion (and rolling) 
  applications :  profiles, bars, hollow sections 

 
 2) Cast alloys  
  process  :  casting   
  applications :  castings 
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Codification of aluminium alloys 
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Post-treatment 

•  Hardening of wrought alloys 

•  Alloys which can be hardened thermally 
    Heat treatment 

•  Homogenization 
•  Quenching 
•  Aging / hardening 

•  Alloys which cannot be hardened thermally  
    Work hardening (comparable with steel) 
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Homogenization 
Temperature 

Time 

Quenching Aging/hardening  
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Codification of aluminium alloys 
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2. Production and products 

Billets, ingots, castings 
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Extrusion proces 
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Limited press capacity and dimensions 
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Extrusion products : examples from billets  
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  3. Properties 

Favourable properties 
 
•  Low density (2700 kg/m3) 
•  Good mechanical properties 
•  Favorable strength to weight ratio 
•  Good corrosive resistance (tight oxide layer) 
•  Many design options (extrusion) 
•  Tough material (applicable for low temperatures) 

•  Excellent conductor (electricity, heat) 
•  High reflection (light, heat) 
•  Non-magnetic  
•  Non-poisoning  
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•  Low modulus of elasticity E: 
 Problem  : deformation or instability may govern above strength 
 Solution  : adjust cross-section for enough stiffness EI 
 Involves  : less weight reduction as might be expected 

•  Low melting point + low strength for elevated temperatures  
 Problem  : unfavorable under fire conditions (buckling!) 
 Solution  : proper fire safety design 

 
•  Low fatigue strength 

 Problem  : fatigue failure due to crack growth 
 Solution  : proper fatigue design 
 Involves  : less (number and magnitude) stress fluctuations 

•  Strength reduction due to welding 
 Problem :  strength reduction in HAZ 
 Solution :  proper cross-sectional design 
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Unfavourable properties 
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•  Alloy influences: 

•  Strength 
•  Strain at rupture 
•  Hardness 
•  Corrosion resistance 
•  Deformation capacity 
•  Weldability  
•  Machinability 
•  Suitability for anodic oxidation 
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General alloy properties 
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Stress-strain diagram 
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Mechanical properties of some alloys 
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Part of Eurocode 9 – Table 3.2b 



Mechanical properties vary for 
- Alloy 
- Delivery condition  
- Temperature 
 
Example (T between -30°C and +100°C): 

•  5754 O 

•  5754 H34 

•  6082 T6 
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f0.2  = 80 N/mm2 
ft  = 210 N/mm2 
ε  = 20% 

f0.2  = 190 N/mm2 
ft  = 260 N/mm2 
ε  = 10% 

f0.2  = 260 N/mm2 
ft  = 310 N/mm2 
ε  = 10% 
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Mechanical properties vary for 
- Alloy 
- Delivery condition  
- Temperature 
 

•  Aluminium 
•  Low temperature  favorable 
•  High temperature  unfavorable 

•  Steel 
•  Low temperature  unfavorable 
•  High temperature  less unfavorable 
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•  Example: alloy 5083 
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T (°C) ft (N/mm2) f0.2 (N/mm2) ε (%) 

-195 405 165 36 

-80 295 145 30 

-30 290 145 27 

100 275 145 36 

150 215 130 50 

260 115 75 80 

370 41 29 130 
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4. Design rules 

•  Eurocode 9 Part 1.1  

•  Comparable to Eurocode 3 part 1.1 except for: 
  
 - material factors 
 - material properties 
 - influence of welding (HAZ) 
 - influence of local buckling (class 4 sections) 
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Influence of welding : HAZ 

PAGE 23 IABSE Seminar 25 januari 2017 



Thickness reduction due to HAZ 
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Influence of local buckling 
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Thickness reduction due to local buckling 
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•  Reduction factor is dependant on: 
 Internal/external section part 
 Class A or class B 
 With or without welds 



Thickness reduction due to local buckling 
with or without welding 
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5. Comparison with other materials 
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Stress-strain diagrams 

•  σ-ε diagram of aluminium and other metals 
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Stress-strain diagrams 

•  σ-ε diagram of aluminium and structural steel 
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STRESS 
[N/mm2] 
 

STRAIN % 
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Connection methods 

Traditional connection methods (comparable with steel): 
 
-  Bolting (stainless steel, aluminium) 
-  Welding (MIG, TIG) 

 
Innovative connection methods: 
 
-  Adhesive bonding (epoxy) 
-  Clicking 
-  Friction Stir Welding (FSW) 
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Adhesive bonding 

Special aspects adhesive bonding: 
 
-  Design shear resistance is low 
-  Design tensile resistance is negligible 
-  Large connection dimensions 
-  Limited design rules available in EC9 
-  Large material factor (γM = 3)  
-  Preparation under special conditions (temperature, humidity) 
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FSW 

Special aspects FSW: 
 
-  Neat design 
-  No design rules available in EC9 
-  Applicable for long weld lengths 
-  High investment 
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Resistance of class 4 sections 
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6. Costs, environmental aspects, economy 
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Image:  
‘aluminium is an expensive material’ 
‘aluminium is a low strength material’ 
 
Expensive? 
-  Material costs (euro/kg) are very economy and availability 

dependant 
-  Economy shall be based on LCA, including effects due to: 

-  Recycling (low material costs, high waste product value) 
-  Smart extrusion design (including additional functions) 
-  No or low maintenance costs 

 
 



Recycling 

IABSE Seminar 25 januari 2017 PAGE 36 



Development of recycled aluminium 
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Reuse, remelting and primary production 
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•  Aluminium is competitive when there is a need for: 

•  Light load-bearing structures 
•  Sustainable structures 
•  Freedom in design 
•  Typical metallic appearance 

•  Conditions for economic application: 

•  Sufficient knowledge 
•  Economic design 
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Smart design 
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Economic design 
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- Feasibility 
Manufacturing 
Transport 
Assembly 

 
- Durability 

Maintenance 
Recycling 

 
- Additional functions 

Grids 
Stiffeners  
Joints 
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Smart economic design 

Smart design = economic design 
  

•  Freedom in shapes 
•  Slender cross-sections 
•  Including extra functions 
 
−  Stiffeners 
− Grids 
−  Joints 
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Example 1  
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Example 2 
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7. Availability  

On stock: 
•  simple extrusions (bars, CHS, RHS, SHS, plates)  
•  available in small amounts 
•  available in relatively small dimensions 
•  available in limited amount of alloys 

Practice (for special products): 
•  particular extrusion design suitable for limited/special applications 
•  extruder is owner of the die 
•  relative high die costs have to be compensated by proper design 
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Summary of important developments 
 
Connections  
-  FSW properties 
-  adhesive bonding knowledge 

Material knowledge 
-  weld seams in extruded sections; microstructure and properties 
-  material behaviour under elevated temperatures (fire)  
-  optimal extrusion design/techniques dependant on material flow during extrusion 

Knowledge on structural phenomena 
-  cross-sectional stability 
-  fatigue behaviour of welding details 
-  behaviour under elevated temperatures 
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8. Developments 
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Facades  : 
-  optimization of extrusions due to higher glass weights  
-  improvement of fire resistance 

Renovation of bridges (bridgedecks) 
-  extension of bridges 
-  compensation of increase in traffic loads by decrease of deck weight 

Applications for corrosive circumstances: 
-  helidecks / platforms (oil platforms, ships) 

Floating temporary road (transportable and demountable elements) 
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Typical applications 
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