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Abstract

Wrinkling is a local instability that can greatly reduce the load-carrying capacity of lightweight
sandwich structures. This paper presents an experimental and numerical study of the wrinkling
response of sandwich beams tested under three-point bending, with particular attention to the
difference between compression-driven and shear-driven wrinkling. The specimens were made of
glass fiber-epoxy skins bonded to a PMI ROHACELL® foam core. Two different stacking
configurations were selected so that one specimen was more likely to develop compression
wrinkling, while the other was intended to promote shear wrinkling. The experimental campaign
was carried out to capture both the overall structural response and the local deformation patterns
associated with the onset of instability. Force and displacement were recorded throughout the tests,
and Digital Image Correlation (DIC) was used to monitor the deformation field and follow the
development of wrinkling in detail. Alongside the experiments, finite element analyses were
performed in ABAQUS, and the numerical results were compared with the test observations as well
as with available analytical predictions. The comparison showed a good agreement for the
compression-wrinkling case, where the numerical model was able to reproduce the measured
behaviour with reasonable accuracy. In contrast, for the shear-wrinkling case, the numerical
simulations predicted higher wrinkling loads than those observed experimentally. This difference
suggests that shear wrinkling is more sensitive to modelling choices, especially geometric
imperfections and mesh discretisation. Overall, the results show that combining experiments,
numerical simulations, and analytical estimates is a useful approach for better understanding
wrinkling mechanisms and improving the prediction of instability-related failure in sandwich
structures.

Introduction

Sandwich beams are widely used when high bending stiffness must be achieved with low structural
mass, but their efficiency depends on the stability of thin load-carrying skins supported by a much
more compliant core. Among the local instability modes of these systems, wrinkling is especially
critical because it develops over a short wavelength, rapidly reduces stiffness, and can precipitate
skin failure, core damage, or interface failure before global instability becomes dominant. Classical
wrinkling theory established that the critical state is governed by the coupled stiffness of the face
sheet and the core, and it still provides the basis for preliminary sizing under compressive loading
[1]. In practice, however, sandwich components are rarely subjected to pure compression. Bending,
shear, laminate anisotropy, and unavoidable manufacturing imperfections can modify both the
onset load and the shape of the unstable mode, so predicting compression and shear-driven
wrinkling remains more difficult than the idealized classical case suggests [2] [3].

Against this background, the present paper investigates two independent beam-scale configurations
developed to study compression-driven and shear-driven wrinkling under three-point bending. The
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first configuration is designed to promote local instability of the compressed face sheet, while the
second configuration is designed to favor wrinkling of the thin side faces subjected mainly to shear.
Although the two tests are analyzed separately, they share the same general beam geometry,
material system and loading arrangement, which allows a consistent comparison of the two
instability mechanisms. Full-field experimental measurements are combined with finite-element
buckling simulations to evaluate the predicted onset load, wrinkle shape and location of instability.
Attention is given to the difference between the compression case, where the numerical prediction
is relatively stable and close to the experimental response, and the shear case, where the results are
more sensitive to mesh refinement, geometric imperfections and local modelling assumptions [4].
The objective of this paper is therefore to present a concise experimental-numerical comparison of
these two wrinkling configurations and to identify the current limitations of the numerical approach
for shear-dominated wrinkling.

Methodology

Two sandwich-beam families were manufactured to trigger different local instability modes within
the same three-point-bending configuration as shown in Figure 1(a,b). All specimens had nominal
overall dimensions of 500 mm X 50 mm x 50 mm and consisted of glass/epoxy skins bonded to a
50 mm-thick PMI foam core (ROHACELL 51 WF) as the mechanical properties for the skin and
the foam are depicted on Table 1 and Table 2 respectively. Plywood inserts were embedded at the
loading and support regions to reduce local foam crushing with the dimension of 50x50x15 mm.
For the shear-wrinkling configuration, the upper and lower skins were kept relatively stiff, while
the side faces were reduced to a single £45 fabric ply so that instability would preferentially develop
in the shear-loaded faces. The corresponding layups on the top five 0° UD plies + two 45° fabric
plies [0s/[+45/—45]:], bottom five 0° UD plies + one 45° fabric ply [0s/+45], and side faces one
45° fabric ply [£45]. For the compression-wrinkling configuration, the lower skin was intentionally
thinned so that bending-induced compression controlled the first local buckle; the layup on the top
is one 0° UD ply + two 45° fabric plies [0/[+45/—45]], bottom one 0° UD ply + one 45° fabric ply
[0/+45], and side faces one 45° fabric ply [+45]. Specimens were made by hand lay-up with manual
impregnation and cured in a mould [4]. Tests were performed on a manually operated three-point-
bending rig and are therefore described here as quasi-static. Load was measured with a 10 kN force
cell, and vertical displacement with an LVDT mounted on the loading arm: 25 mm range for the
shear series and 20 mm for the compression series. Two 5 MP DIC cameras (2462 x 2052 px)
monitored the unstable region, viewing the side faces for the shear specimens and the lower face
for the compression specimens; the supports were raised in the latter case to maintain optical access.
Before loading, DIC was used to map the initial out-of-plane shape; during loading, force,
displacement, and full-field images were acquired continuously. Wrinkling onset can be defined
compactly as the first localized short-wavelength out-of-plane mode visible in DIC, confirmed by
the first load drop or a clear departure from the initial linear load—displacement response. Six
specimens were tested in each configuration. Repeatability was good in initial stiffness, but onset
loads showed marked scatter, especially in the shear series, consistent with the measured
imperfection field: about 0.1 mm maximum lower-face deviation in the compression specimens
and up to about 0.8 mm on some shear-test side faces [4].
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Figure 1 Specimen: overall geometry (a), three-point bending test principle and specimen dimension (blue: foam;
brown: plywood) (b)
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Table 1 Mechanical properties of skin materials.

Skin Material El [MPa] E2[MPa] Nul2 [G1\/1112>a] [G1\/1113>a] S\iga] thh[‘I‘l’lk;ll;SS
Unidirectional 38,000 10,000 0.25 4000 4000 4000 0.30
Bidirectional 23,000 23,000 0.098 2900 2900 2900 0.16
[Fibers]

Table 2 Mechanical properties of isotropic core material
Core Material E [MPa] G [MPa] Density [Kg/m3] Shear  Strength  Thickness,

[MPa] tc [mm]

Rohacell 51 WF 75 24 52 0.8 50

Numerical Results

The numerical investigation was carried out using a full-scale finite-element model of the three-
point-bending configuration in ABAQUS/Standard 2022 as illustrated on Figure 2(a,b) [4]. The
loading nose and the two supports were modelled as rigid bodies, while the composite skins were
represented by S4R shell elements. The foam core and the plywood inserts were modelled using
C3D8R reduced-integration solid elements. This modelling strategy allowed the global bending
response and the local wrinkling modes to be captured within the same numerical framework.
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Figure 2 Finite elements models with face lay-up definition: shear wrinkling (a) and(coznpression wrinkling (b)
A linear eigenvalue buckling analysis was first used to estimate the critical wrinkling load and the
associated mode shape. For the compression-wrinkling configuration, the numerical response
showed good mesh convergence. The predicted critical load decreased slightly from 4.20 kN for a
5 mm mesh to 3.94 kN for a refined 0.7 mm mesh, while the corresponding full wavelength changed
from approximately 20 mm to 12.7 mm. The predicted wrinkle appeared on the lower compressed
skin close to the loading region, in agreement with the experimental observations. The load—
displacement comparison shows in Figure 3(a) that the numerical model reproduces the initial
stiffness of the compression specimens well. The predicted buckling load of 3.94 kN is close to the
main experimental failure-load group (3.56-3.91 kN), although two specimens failed earlier
because of manufacturing scatter or local imperfections [4].
The same modelling approach was then applied to the shear-wrinkling. In this case, the numerical
response was much more sensitive to mesh refinement. The first eigenvalue increased from about
8.38 kN for the 0.7 mm mesh to approximately 15.78 kN for the 5 mm mesh, while the predicted
full wavelength increased from 3.97 mm to about 11.2 mm. Unlike the compression case, the
numerical shear wrinkles tended to localize near the support regions, whereas the experimental
wrinkles were mainly observed around the central part of the beam. This discrepancy shows that
shear wrinkling is more difficult to predict using a purely linear buckling approach. For the shear
specimens as shown on Figure 3(b), the numerical model also gives a comparable initial stiffness,
but it clearly overestimates the failure load. The predicted buckling load of 8.38 kN is overestimate
than the experimental shear-wrinkling loads, which ranged from about 1.44 kN to 4.39 kN [4].
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Figure 3 Load—displacement relationship graph for experimental and numerical results compression (a) and shear (b)
Conclusions

This study presented a compact experimental and numerical investigation of compression and shear
wrinkling in glass/epoxy—PMI foam sandwich beams tested under three-point bending. By
modifying the laminate stacking sequence, the same test configuration was used to activate two
different local instability mechanisms: compression wrinkling on the lower face sheet and shear
wrinkling on the thin side faces. The finite-element model reproduced the compression-wrinkling
behaviour with good agreement in terms of initial stiffness, critical load and wrinkle location,
showing that linear eigenvalue buckling analysis can provide a useful prediction for compression-
dominated instability. In contrast, the shear-wrinkling case was less accurately captured, with
numerical predictions overestimating the experimental onset load and showing stronger mesh
sensitivity and differences in wrinkle location. It should be possible to use more advanced models
incorporating initial imperfections, skin-interface delamination, and foam failure under tension or
compression, as described in reference [5].
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