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ABSTRACT The load—deflection curve of sandwich beams with Al foam cores loaded in three—point
bending, the course of deformation and failure modes including face yielding, core yielding, indentation
and delamination were investigated in this paper. The calculated values with peak load formulae
coincide well with the experimental ones. The loading and unloading stiffness corresponded well with
the calculated values. Sandwich beams with Al foam cores are found to have low density (0.42~0.92),
but a very high value of specific bending stiffness, E1/2/p. The failure map were established.

KEY WORDS metallic materials, metallic structure of super light, three-point bending, sandwich
beams, aluminum foams
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Table 1 Sizes and average density of sandwich beams with Al foam cores

No. Average density/g-cm™3 t/mm L/mm ¢/mm
1 0.64 1 100 11
2 0.57 1 100 14
3 0.49 1 100 20
4 0.42 1 100 30
5 0.45 1 140 25
6 0.92 2 100 11
7 0.61 2 100 25
8 0.61 2 110 25
9 0.56 2 110 30
10 0.68 2 140 20
11 0.56 2 140 30
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Fig.1 P — § curve of sandwich beam with
cores of foam Aluminum under three

point bending
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Fig.3 Comparison of P — § curve between
foam Al and foam Al sandwich beam
(No.5 in table 1) under three-point
bending
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Table 2 Specific stiffness and density of sandwich beams with Al foam cores and other materials

Factor Sandwich Foam Al (unloading) Al or Al alloy Iron
EY?)p 23.2x1073 3.70x1073 3.07x1073 1.81x1073
Ratio of EY/2/p 1 0.16 ) 0.13 0.08
p 0.58x 103 0.27x103 2.7% 103 7.8x10%
Ratio of p 1 0.47 4.7 134
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Table 3 Formulae and un—dimensional formulae of peak load of different failure modes

Fig.11 Failure map of sandwich beam with Al

foam cores

No. Failure mode Peak load Un-dimensional peak load
1 Face—yield Py = 45Lf%:(f—+—g Py = H£)(§) + 4(%)?
. 2 - Tye
2 Core~yield A P = %ayf-l—%cryc(] + %) Pea =2(%)2+2—0-;-—f(1+2%)
. 2 . <
3 Core-yield B Picg = i%-o'yg + 2beryc P = 4(%)2 + 2(%)::—";
s . Tyc a %yc
4 Indentation Py = 2bt., /G56yf + aboyc B =2, /;YL(( £+ 4 ;ﬁ
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Table 4 Comparison of peak loads and failure modes between calculated and experiment

No. B Pea Pes P Calculated peak load/kN

/kN /KN  /kN /kN and anticipated failure mode

Experimental peak load/kN  Error

and actual failure mode

1 143 0.54 052 0.85 0.52 Cyb
2 2.27 0.86 0.80 1.08 0.80 In
3 476 179 1.63 1.62 1.62 In
4 10.04 3.76 3.33 2.39 2.39 In
5 5.21 270 237 2.26 2.26 In
6 337 079 096 1.55 0.79 Cya
7 15.16 3.16 3.29 3.35 3.16 Cya
8 13.78 3.11 3.19 3.42 3.11 Cya
9 20.11 447 446 4.21 4.21 In
10 713 2.00 2.05 292 2.00 Cya
11 1531 4.20 4.06 4.31 4.06 Cyb

0.54 Cyb 3.7%
0.78 Cyb -2.5%
1.78 In 9.9%
2.58 In 7.9%
239 In 5.8%
0.86 Cya 8.9%
3.23 Cya 2.2%
3.42 Cya 9.9%
4.52 In 7.4%
2.16 Cya 8%
426 Cyb 4.9%

Notes Fy: face yield failure mode, Cya: core yield A failure mode, Cyb: core yield B failure mode, In:
indentation failure mode, Pjs: peak load of face yield failure mode, Pi.5: peak load of core yield
A failure mode, Pi.g: peak load of Core yield B failure mode, Pjj: peak load of indentation failure

mode
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