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Fig.1 Images of empty and foam-filled corrugated sandwich beam

samples: (a) empty, transverse bending; (b) filled, transverse
bending; (c) empty, longitudinal bending; (d) filled,

longitudinal bending
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Fig.2 Schematic diagram of geometric parameters of empty and
foam-filled corrugated sandwich beam: (a) transverse bending

and (b) longitudinal bending
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Table 1 Parameters of empty and aluminum foam-filled corrugated

sandwich beams for three-point bending test

. Loading Facesheet
Specimen direction Span, L/imm thickness, tfmm
al/Al 0.82
a2/A2 242 0.41
a3/A3 Transverse 2.0
ad/A4 112 0.82
ab/A5 0.41
b1/B1 0.82
b2/B2 242 0.41
b3/B3 Longitudinal 2.0
b4/B4 112 0.82
b5/B5 0.41

Note: lowercase letters and capital letters indicate empty and related

foam-filled specimens, respectively
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Fig.3 Responses of sandwich beams under transverse three point bending load®”: (a) force versus displacement curves and deformation

evolution of sandwich beams; (b) empty, specimen a2; (c) filled, specimen A2
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Fig.4 Responses of sandwich beams under longitudinal three point bending load: (a) force versus displacement curves and deformation evolution

of sandwich beams; (b) empty, specimen b2; (c) filled, specimen B2
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Fig.5 Observed typical failure modes of empty sandwich beam

under transverse three point bending: (a) face depression,
specimen a2; (b) face wrinkling, specimen a5; (c) face

yielding and core crushing, specimen a3
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Fig.6 Observed typical failure modes of foam-filled sandwich beam

under transverse three point bending: (a) face wrinkling and
core crushing, specimen A5; (b) face yielding and debonding,

specimen A3
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Fig.7 Observed typical failure modes of empty sandwich beam
under longitudinal three point bending: (a) face yielding,
specimen b4; (b) indentation, specimen b5; (c) core crushing,

specimen b3
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Fig.8 Observed typical failure modes of foam-filled sandwich beam

under longitudinal three point bending: (a) face bulging,
specimen B1; (b) core crushing, specimen B5; (c) indentation,

specimen B4; (d) face yielding and debonding, specimen B3
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Table 2 Summary of stiffness, peak load and failure mode of specimens subjected to three point bending loads
Specimen Stiffness/N mm’™* Peak load/N Failure mode
Empty Filled Empty Filled Empty Filled Empty Filled

al Al 2473.2 3487.5 747.9 4300.3 FY+CC FW

a2 A2 908.2 2067.5 325.2 1920.7 FD FW

a3 A3 3220.2 11 969.3 11835.0 212719 FY+CC FY+DB
a4 A4 2835.4 120334 10 119.2 20 360.5 FY+CC FW

ad A5 894.1 6232.2 2043.7 13 155.6 FW FW+CC
b1l Bl 4205.9 6457.0 5059.7 9741.8 FY+CC FB

b2 B2 2036.5 3148.0 2499.0 5642.4 ID+CC FB+CC
b3 B3 14 514.2 31 349.8 7797.4 25337.3 FY+CC FY+CC+DB
b4 B4 10 196.1 30 040.7 5088.8 19 858.8 FY+CC ID+CC
b5 B5 9065.0 13723.1 4386.9 134474 ID+CC FB+CC

Note: FY-face yielding; FB-face bulging; FW-face wrinkling; FD-face depression; CC-core crushing; DB-debonding; ID-indentation
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Failure Mode of Aluminum Foam-Filled Corrugated Sandwich Beam Under
Three-Point Bending Load

Yan Leilei'?, Zhang Qiancheng?, Han Bin?
(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)
(2. State Key Laboratory for Strength and Vibration of Mechanical Structures, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Aluminum foam-filled corrugated sandwich beam was designed using aluminum foam as filling material to improve the load bearing
efficiency of metallic sandwich beam with corrugated cores. Considering the anisotropy of the corrugated structure, both transverse and
longitudinal bending response and failure modes were studied by three-point bending test. The result shows that aluminum foam filling can
effectively change the bending failure mode of corrugated sandwich beam, leading to a significant increase of bending stiffness and peak bending
load. Compared with transverse bending, the enhancement effect of aluminum foam filling on longitudinal bending is more significant, and
corrugated sandwich beam has stronger bearing capacity in longitudinal bending. The bending loads presents a long plateau region after its peak
without notable decline, showing a stronger post-buckling Load-bearing capacity.

Key words: metal foam; corrugated sandwich beam; three-point bending; mechanical properties; failure modes
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