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Fig. 2. Mechanically made cardboard material
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Fig. 3. Manually made cardboard material
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Fig. 1. Impurities in cardboard material
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Fig. 4. Core specimens; a) single, b) two boxes inside each other, c) two boxes over each other
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Fig. 5. Sandwich panel specimens; a) the single core, b) the two boxes inside each other core, c) the two boxes
over each other core
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1 Polylactic Acid (PLA)
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Fig. 6. Tensile test of cardboard

ol losl -
oloe digad iuiS =) =¥

o oo YOXAYO ol 4 ASTM DY« ¥4 5,li5kiwl b olade diged 43
HOUNSFIELD HYSKS o505 Lausgs 42,55 5 yio oo ¥ (S 7 53
@ e N pbul Glie U peguiins] 855 (iiS cod
Site 5905 51 SIS 5V edgimo 33 o 5 35 St aaad
1 JS3) w38

Ero 055 laaild (gjlwod puid =Y =¥

VeoxVeo laojlil o s dw 0 dg350 (lsie (sladiges
baid Cwlbus )5 ans (YXY) Ee o050 b d2e ¥ L g0 Lo
Faghe Verg B0 D+ L ply ilge 5 s (S E9 Gln S &
VISl £ b oy S5 (019)0 65518 b ladiges (ole g Bl o
JLis o HOUNSFIELD HY0KS 6825 Lausgs aids 5 yio oo
5 5,15 tulefl 5,00 ASTM CYF¥ 5 bl | Slil 4

39 (g5lwanns -0
Sleamwaid Jao dbul (sl §po 050 Al odizmn dwdid 4 a5 b
s3] 3V 5 Juos a5 o3lizal S 131 5,3 s 5o ae i

1 Generative shape design
2 CATIA




i 2903 0 S g (] iy 45 ¥ JSS

Fig. 7. Mesh visualization of FEM model for a) cardboard and b) core

5 Single (EXP)

S — Series (EXP)
Parallel (EXP)

400 — - = 8ingle (FEM)

— - - -Series (FEM)
- - - - Parallel (FEM)

300 ~

Force (N)

200

100

T T T T T

0 2 4 6
Displacement (mm)

S (595 COU (ilghe (Sddimd (lmila—g 0 53905 (348 g (2920 Tl Al A JS

Fig. 8. Comparison of experimental and numerical results of force-displacement for core specimens under
compression
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Fig. 9. Force-displacement diagram of Ca4 cardboard under tensile test (failure at clamps)
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Fig. 10. Comparison of experimental and numerical results of force-displacement for Ca, under tensile test
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Fig. 12. The single egg box specimen before loading

Fig. 11. Failure site of cardboard specimen under
tension
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Table 1. Tensile mechanical properties of the cardboard specimens
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Fig. 13. The single egg box specimen during loading
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Fig. 14. Force-displacement diagram for egg box cores under compression
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Fig. 15. The single egg box specimen after unloading; a) top side, b) bottom side
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Fig. 16. The FE simulation of single egg box specimen
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Fig. 18. The two boxes inside each other specimen dur-
ing loading
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Fig. 17. The two boxes inside each other specimen
before loading
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Fig. 19. The two boxes inside each other specimen after unloading, a) compression of the upper box, b) compression
of the lower box
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Fig. 20. Numerical simulation of the two boxes inside each other specimen under compression
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Fig. 22. The two boxes over each other specimen dur-
ing loading
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Fig. 21. The two boxes over each other specimen before
loading
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Fig. 23. The two boxes over each other specimen at the end of loading
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Fig. 24. The two boxes over each other specimen after unloading, a) compression of the upper box, b) compression
of the lower box
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Fig. 25. Numerical simulation of the two boxes over each other specimen under compression
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Table 2. Stiffness, strength and energy absorption of egg box cores under compression
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Fig. 26. Force-displacement diagram for egg box cores with doubled thicknesses under compression
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