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a b s t r a c t

A model and experimental validation of shear buckling and local bearing failure of web core sandwich
panels are presented. Of particular interest are steel-faced panels with stiffening metal webs and a poly-
mer core. The metal webs provide the required panel stiffness and the foam core serves the dual purposes
of preventing local buckling and providing thermal insulation. In applications, such as the building sector,
in which thermal performance is crucial, the webs are thin and widely spaced to reduce conduction
between the face sheets. The models of shear buckling and bearing failure account for the influence of
the core material on web strength and provide closed-form solutions. The models are validated by sym-
metric four-point bending tests to evaluate shear buckling and asymmetric three-point bending for bear-
ing failure. The shear buckling model predicted buckling strength to within 4% of the test results. The
bearing failure model overpredicted the observed strength by 11% on average, similar to test results
reported in the literature for the bearing strength of webs with no foam support.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Web core sandwich panels, Fig. 1, are foam-filled sandwich pan-
els with stiffening webs between the face sheets. They were re-
cently studied as a structural option for the design of residential
roofs [1,2]. Roof panels must provide structural performance under
long-term loading in addition to thermal insulating performance.
In web core panels, the webs provide stiffness and strength and
are needed to prevent excessive deformations over time due to
creep of the core material. The webs also provide a thermal con-
duction path between the face sheets, and this effect is minimized
by using thin, widely spaced webs [1]. The use of thin webs leads to
the possibility for several failure modes, including local buckling
and stress failure in the webs and core [2,3].

For web core roof panels, the two failure modes of particular
importance for panel design are shear buckling and bearing failure.
Shear buckling, illustrated in Fig. 2, is an elastic instability phe-
nomenon resulting from the role of the webs in resisting the trans-
verse shearing stresses in panels under transverse load. If the
loading is uniformly distributed, buckling will be localized to re-
gions near the supports, where the shearing stresses are greatest.

At the supports, stress failure is possible due to the resulting
concentrated load. This failure mode, referred to as bearing failure
in the present work, is illustrated in Fig. 3. It is a combination of

plastic failure in the webs (web crippling) and crushing of the core
material. Web failure occurs via the formation of yield lines which
meet at a plastic hinge in the face sheet.

Detailed models for shear buckling and bearing failure strength
are developed in Refs. [2,3] and summarized here. The models are
unique in that they account for the influence of the core material
on web strength and provide closed-form solutions that can be
used for panel design. The models were validated using a combina-
tion of finite element analysis and prototype testing. This work
summarizes the models and presents the results of the testing. It
is shown that the core can provide significant strength to the webs
and should be considered an important part of the structural panel
design.

2. Failure mode models

The strength of the webs in foam-filled panels may be increased
significantly by the core material. For elastic buckling failure
modes (e.g. shear buckling), the core acts as an elastic foundation
to increase buckling strength. For inelastic failure modes (bearing
failure), the core contributes directly via its crushing strength.
These impacts must be considered in modeling the panel behavior.
The appropriate modeling approaches are illustrated in this section
using the models for shear buckling and bearing strength.

The web core panel geometry considered in this work is shown
in Fig. 1. The face sheet and web thicknesses are tf and tw, respec-
tively. The core depth and web spacing are hc and p, and the panel
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length is a. The panels are supported on rectangular bearings of
width c (Fig. 3). The panels are loaded by a uniformly distributed
load q on the exterior surface.

2.1. Shear buckling

A detailed model for shear buckling strength developed in Ref.
[3] accounts for the influence of the core material as an elastic
foundation and is applicable for web core panels with widely-
spaced webs. The model is summarized here, and validation
through prototype testing is provided.

The web shear buckling is modeled by treating the webs as
plates on an elastic foundation. Each web is modeled as a sim-
ply-supported plate of length a and width hc, subjected to the uni-
form shear stress s on all four edges, per Fig. 4. The maximum
shearing force qpa/2 occurs at the panel supports (x = 0 and
x = a). The average shear stress at the supports is given by

s ¼ qpa
2twhc

: ð1Þ

The critical buckling stress s is [4]

s ¼ v p2D

h2
c tw

; ð2Þ

where D is the plate stiffness of the web,

D ¼ Ewt3
w

12 1� m2
w

� � ; ð3Þ

and Ew and mw are the elastic modulus and Poisson’s ratio of the
plate material. Following an energy method approach as detailed
in Ref. [3], the buckling coefficient v is approximated by
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and the non-dimensional foundation parameters fW and fP are
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In Eqs. (5) and (6), Ec and Gc are the compressive and shear modulus,
respectively, of the core material.

The foundation model is applicable for deep foundations or
foundations with high shear stiffness. In particular, for a founda-
tion depth H, the model is applicable for [3]
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In web core panels with web spacing p, this requirement is restated
as:
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Eq. (8) is satisfied for most web core panel designs. For example, in
panels with a rigid polyurethane core and webs approximately
1 mm thick, the requirement is satisfied if the web spacing is great-
er than 250 mm. Due to the thermal insulating requirement for roof
panels, web spacing is typically greater than 600 mm in practice [2].

2.2. Bearing failure

Roberts and Newark [5] developed a mechanism solution for
the bearing strength of webs with no foam support based on the
plastic hinge failure mechanism observed in web crippling tests

Fig. 1. Web core sandwich panel geometry and coordinate system.

Fig. 2. Web shear buckling mode: view of a buckled web in a panel under uniformly
distributed loading.

Fig. 3. End bearing failure mechanism in the webs.

Fig. 4. Model used for the shear buckling analysis: (a) simply supported plate
loaded by uniform in-plane shear, and (b) Pasternak foundation model character-
ized by foundation parameters fW and fP.
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