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New materials Structural design
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•Improvement of the energy absorption (+20%)
•Reduction of head injuries (HIC, Peak linear 

acceleration)
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Testing of potentially 
interesting materials
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Hybrids

Finite Element modelling and validation

Proceedings of the 15th International 
Conference on Composite Structures. 
Porto, Portugal, 15-17 June 2009

Proceedings of the 7th European Ls-
Dyna Conference. Salzburg, Austria, 
13-15 May,  2009

Finite Element modelling and validation
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CASERTA G, GALVANETTO U., 
IANNUCCI L. Static and dynamic energy 
absorption of aluminium honeycombs and 
polymeric foams composites 

Special Issue of Mechanics of Advanced 
Materials and Composites
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Cell wall 
thickness 
[microns]

Crush 
strength 
[MPa]

Strong 50 1.1

Medium 40 0.9 

Weak 30 0.7

Simulated honeycombs
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HICmax =  2400
PLAmax =  275g
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Honeycomb equivalent densities

Weak             33   kg/m³
Medium        42.3 kg/m³
Strong           51.7 kg/m³
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The simulated Gp-Tech prototype 
is slightly lighter than its 

commercial version
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B at 7.5 
m/sec

Foam 50 
kg/m3

Foam 65 
kg/m3

Weak 
honeycomb (0.7 
MPa)

Medium 
honeycomb (0.9 
MPa)

Strong 
honeycomb (1.1 
MPa)

HIC 1680 1967 (+ 17%) 1475 (-13.3%) 1516 (-10.8%) 1587 (-5.8%)
PLA 209 224 (+ 7%) 191 (-9.4%) 189 (-10.5%) 192(-8.8%)
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B at 9 
m/sec

Foam 50 
kg/m3

Foam 65 kg/m3 Weak 
honeycomb (0.7 
MPa)

Medium 
honeycomb (0.9 
MPa)

Strong 
honeycomb (1.1 
MPa)

HIC 2602 3069 (+17.9%) 2403 (-8.2%) 2379 (-9.3%) 2429 (-7.1%)
PLA 255 276 (+8.2%) 258 (-1.1 %) 250 (-2%) 236 (-8%)



Honeycomb 0.7 MPa Honeycomb 0.9 MPa
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Foam 50 
kg/m3

Foam 65 kg/m3 Weak 
honeycomb (0.7 
MPa)

Medium 
honeycomb (0.9 
MPa)

Strong 
honeycomb (1.1 
MPa)

HIC 2197 3069 (+39.7%) 1870 (-15%) 1967 (-11.7%) 2068 (-6.2%)
PLA 251 276 (+9.9%) 237.2 (-5.6%) 237.8 (-5.5%) 241 (-4.1%)
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Foam 50 
kg/m3

Foam 65 
kg/m3

Weak 
honeycomb (0.7 
MPa)

Medium 
honeycomb (0.9 
MPa)

Strong 
honeycomb (1.1 
MPa)

HIC 3507 3900 (+11.2) 3150 (-11.3%) 3356 (-4.5%) 3520 (+0.3%)
PLA 295 316 (+7.1%) 269 (-9.6%) 287 (-2.8%) 288 (-2.4%)
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Point R at 
7.5 m/sec

Foam 50 
kg/m3

Foam 65 kg/m3 Weak honeycomb 
(0.7 MPa)

Medium 
honeycomb (0.9 
MPa)

Strong 
honeycomb (1.1 
MPa)

HIC 1590 1741 (+9.4%) 1243 (-27.9%) 1299 (-22.4%) 1331 (-19.4%)
PLA 195 209 (+7.1%) 180 (-8.3%) 181 (-7.7%) 187 (-4.2%)
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Point R at 
9 m/sec

Foam 50 
kg/m3

Foam 65 kg/m3 Weak 
honeycomb (0.7 
MPa)

Medium 
honeycomb (0.9 
MPa)

Strong 
honeycomb (1.1 
MPa)

HIC 2715 3189 (+17.4%) 2200 (-23.4%) 2331 (-16.4%) 2406 (-12.8)
PLA 258 281 (+8.9%) 232 (-11.2%) 253 (-1.9%) 260 (+0.7%)



��
��	%��&	�
�	!�
!��"��
"



��������	��������� ��!�

New material card to model
the visco-elastic behaviour of the 
foam

Shell ultimate strength
Foam crush strength 

Shell elastic moduli

Current research - Validation Gp-Tech model
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Revision of 
shell material 
properties

Revision of 
honeycomb mesh 
size
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Tests on prototype
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G. Caserta, L.Iannucci, U. Galvanetto. The use G. Caserta, L.Iannucci, U. Galvanetto. The use 
of aluminium honeycombs for the improvement 
of motorbyke helmets. 

9th International Conference 
on Sandwich Structures, 
Pasadena, California, 14th-16th

June 2010.

Journal of Composite 
Structures
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