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 PU foam 
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Introduction 

 Rigid polyurethane foam 

ρ = 0.1 g/cm3 ρ = 0.3 g/cm3 ρ = 0.5 g/cm3 ρ = 0.75 g/cm3 

 Goals: 

 

• Compaction behavior  with dynamic loads study 

• Strain rate effect study 

• Test on large samples 

• Numerical models improvement 

• Energy absorption capacity analysis for dynamic loads 
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Laboratory 

 

R&D, numerical simulations, 
Engineering dep.  
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Laboratory 

Strain gauges 

Force sensors 

High speed cameras 

Interferometers 

Ultra fast cameras 

Flash Xrays 

Displacement sensors 
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Laboratory 

Hermes 

Vulcain 
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Laboratory 

Titan 

Hopkinson bars 



8 

Samples dimensions 

Ø20 mm – L 30 mm 

250 mm 

250 mm 

Ø80 mm – L 50 mm 

150 mm 
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Jupiter Dynamic Press 
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Jupiter Dynamic Press 
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Jupiter Dynamic Press 



12 

Jupiter Dynamic Press 

Concrete compression 
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Jupiter Dynamic Press 

Concrete compression 
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Jupiter Dynamic Press 

Concrete compression 
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Jupiter Dynamic Press 

Granit Compression Crashbox compression 
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Jupiter Dynamic Press 

Granit Compression Crashbox compression 
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Jupiter Dynamic Press 

Granit Compression Crashbox compression 
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Jupiter Dynamic Press 

Tensile/shear tests 
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Jupiter Dynamic Press 

Tensile/shear tests 
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Simple compaction configuration on Jupiter 

Sample 

Piston 

Load sensor 

500T 

Displacement 

sensor 



21 

Simple compaction configuration on Jupiter 

Sample 

Piston 

Load sensor 

500T 

Displacement 

sensor 
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Studied PU foam : ρ = 0.1 g/cm3 

Before 

After 

300x300x100 mm 
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Studied PU foam : ρ = 0.1 g/cm3 
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300x300x100 mm 



24 

Studied PU foam : ρ = 0.1 g/cm3 

Before 

After 

300x300x100 mm 
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Studied PU foam : ρ = 0.3 g/cm3 

Before 

After 

300x300x100 mm 
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Studied PU foam : ρ = 0.3 g/cm3 

Before 

After 

300x300x100 mm 
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Studied PU foam : ρ = 0.3 g/cm3 

Before 

After 

300x300x100 mm 
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Studied PU foam : ρ = 0.5 g/cm3 

Before 

After 

150x150x100 mm 
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Studied PU foam : ρ = 0.5 g/cm3 

Before 

After 

150x150x100 mm 



30 

Studied PU foam : ρ = 0.5 g/cm3 

Before 

After 

150x150x100 mm 
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Studied PU foam : ρ = 0.75 g/cm3 

Before 

After 

150x150x100 mm 
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Studied PU foam : ρ = 0.75 g/cm3 

Before 

After 

150x150x100 mm 



33 

Studied PU foam : ρ = 0.75 g/cm3 

Before 

After 

150x150x100 mm 
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Results : PU foam : ρ = 0.3 g/cm3 
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Results : PU foam : ρ = 0.3 g/cm3 
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Results : PU foam : ρ = 0.3 g/cm3 
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Results : PU foam : ρ = 0.3 g/cm3: static/dynamic analysis 

échantillon

20mm
h30mm
f

piston
h80mm

cellule oedométrique

80mm
h80mm
f

Ø20 mm 

300 mm 

Static Dynamic 
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Results : PU foam : ρ = 0.3 g/cm3: static/dynamic analysis 

échantillon

20mm
h30mm
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piston
h80mm
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h80mm
f
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Static oedo test 
 

Numeric oedo Jupiter 
 

Strain rate 

39 

Results : PU foam : ρ = 0.3 g/cm3 

Stress increase : 

 

 Purely geometric effect? 

 Dynamic effect due to strain rate ? 

 Dynamic effect due to compaction level value? 

 Scale effect? 
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Results : PU foam : ρ = 0.3 g/cm3 static/dynamic analysis 

Oedometric compression with Gas gun at 40 m/s 



Summary and outlook 
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ρ = 0.3 g/cm3 

Simple 

Simple/Oedo 

Oedo Oedo 



Summary and outlook 
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Simple/Oedo 

Simple/Oedo Simple/Oedo Simple/Oedo Simple/Oedo 

Simple/Oedo 

10-3 s-1 10 s-1 200 s-1 1000 s-1 4000 s-1 

Simple/Oedo 



Summary and outlook 
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Experimental: 

• Compaction tests at lower strain rates between 1 and 10 s-1 

• Compaction tests at higher strain rates between 200 and 4000 s-1 (Titan gas gun and Hopkinson bar) 

• Design of an œdometric setup on Jupiter 

 

 

Numeric: 

• Development of a numerical  model reliable on full range of load  

• Strain rate/compaction level dependency  

Industrial  challenge: 

• Energy absorption control against dynamic loads 

• Shock absorber design 

• Anti-blast structure design 

… 
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Thanks for your attention ! 


