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Failure modes of foam core sandwich beams under impact loads
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ABSTRACT

Recently, sandwich structures have been widely employed in Joad bearing structures due to their high
specific stiffness and high specific strength. Some sandwich structures are subjected to not only static loads
but also impact loads which might induce failure of structures at far less load than expected. Since sandwich
structures can fail in various modes, estimation of the impact energy absorption is difficult. In this work, the
impact failure modes and the impact energy absorption characteristics of the sandwich beams were predicted
by the FE analysis and confirmed by the impact test. From the analytic and experimental results, the impact
failure mode map was constructed with respect to non-dimensional parameters.
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Table 1| Mechanical properties of face and core materials

. Comp.  Shear  Comp.  Shear
Dg(";/l’%’) modulus, modulus, strength, strength,
d E(MPa) G (MPa) X(MPa) §(MPa)

Material

_Face GEP21S 2050 _172x10° 3.7x10° 480 . 60__.
HT70 70 45 26 I 0.90
Core HT90 97 67 35 1.8 14
HT 110 117 84 42 2.3 1.7

Table 2 Failure strains of the face and core materials

Material Comp. failure strain__Shear failure strain
__Face _GEP215 | S
HT 50 - 0.14
Core HT 70 0.17
HT 90 - 0.22
HT 110 - 0.26

Tup (rigid surface, 0.43 kg)

Quarter model
of

Initial Speed

Jig (rigid surface)

Fig. 1 FE mesh, boundary, and initial condition of foam core
composite sandwich beam for ABAQUS explicit.
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Fig. 2 Strain distribution calculated by FE analysis (initial
velocity = 10 m/sec, foam density = 97 kg/ms, face
thickness=1.0 mm): (a) compressive strain, (b) shear stain.
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Fig. 3 Failure indices of the face and the core materials with
respect to the impact duration.
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Fig. 4 Impact durations of each failure mode with resgect
to the face thickness when the core density is 97 kg/m’.
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Fig. 5 Impact duration of each failure mode with respect to the
care density.
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(a) (b)
Fig. 6 Photograph captured sequentially by the high speed
camera for observing failure modes of sandwich beams: (a)
face failure, (b) core shear failure.
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Fig. 7 Experimental result of impact failure modes with respect
to: (a) face thickness, (b) core density.
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Fig. 8 Measured load-time history and energy data with respect
to the core density: (a) core density of 54 kg/m®, (b) core
density of 70 kg/m®, (c) core density of 97 kg/m®, (d) core
density of 117 kg/m®.
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Fig. 9 Average impact energy absorption of sandwich
specimens with respect to core density.
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Fig, 10 Impact failure mode map of sandwich beams with
respect to £* (= 17/ 1) and p (core density) when L*=L/¢=9.
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