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1  Introduction 
Sandwich structures offer significant weight savings 
in many structural applications due to their high 
stiffness and bending strength to weight ratios. 
However, one Achilles heal of sandwich structures 
is their poor capability to carry localized loads. 
 

2  Background 

In this paper we investigate the fatigue behavior of 
sandwich beams subjected to localised loads. Under 
a localized load, a sandwich structure will deform 
through bending of the face sheet, which is resting 
on an elastic/plastic support, the core. At sufficiently 
high loads, the core will crush (deform plastically). 
One important basis for the hypothesis of this work 
is that foams crush in a progressive manner. In a 
simple compression test, the stress-strain curve has 
three distinct regimes, as illustrated in Fig.1. 
 
In a compression test of foam core block, up to a 
certain strain (εe) the deformation is linear elastic, 
regime 1. The limit for linear elastic strains is 
usually in the order of 2-3%. The core then crushes 
at almost constant stress, the plateau stress (σp), 
regime 2. At very high strains, usually around 50-
75%, the crushed core cells start to come in contact 
and are being compacted, regime 3. At this strain 
level, denoted the densification strain εd, the 
modulus start to increase rapidly. 
 
In a quasi-static indentation test the same thing 
happens, but not as homogeneous as in a simple 
compression test. The compressive stresses peak 
under the point load and at some load the core will 
start to crush. The load level depends on the yield 
strength of the core, the bending stiffness of the face 
sheet and the shape of the indentor. In some sense 
one now have a compressive test on a cellular scale. 

As one layer of cells start to crush, they will 
continue to crush until the strain reaches the 
densification strain, then the next adjacent layer will 
do the same. This resembles the compression test 
depicted in Fig.1, although with a distinctly different 
shape. There will thus be two distinct strain levels 
present; either the core is fully crushed with a strain 
in the order of 50% or so, and in the core which is 
not crushed, the strain is below the yield point. The 
second important aspect of this is that the zone of 
crushed core will grow in a self-similar way. The 
stress along the crushed/non-crushed core interface 
must be constant and at, or just below, the plateau 
stress. 
 
The second important issue is that since the stress 
along the crushed/non-crushed core interface is 
constant, it means that increasing load leads to a 
larger crushed core zone, or rather, and increasing 
length of the interface, as schematically illustrated in 
Fig.2. A model for quasi-static indentation response 
for this problem was developed in [1]. 
 

3  Aims and scope 

The scope of this investigation is to study the same 
problem but for fatigue loading. Foams fatigue also 
under compressive loads. In [2] it was shown that 
foam cores crush in a similar manner under 
compressive fatigue loads. However, the difference 
being that layers of cells crush at lower loads but it 
requires a certain amount of load cycles before the 
layer crushes. The hypothesis is this; if one applies a 
localised load as shown in Fig.2 which is of such 
magnitude that is does not crush any core, all strains 
in the system are elastic and no damage will occur. 
However, if the same load is applied several times, it 
may lead to permanent damage in terms of a crushed 
core zone after a certain number of load applications 
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(load cycles). The damage will consist of one or a 
few layers of crushed cells in a geometry resembling 
that in Fig.2. Since the crushed core zone will attain 
a certain size and the interface will have a certain 
length, the stress at the interface will be lower than 
initial peak stress at the first load application. The 
progressive crushing of the core will thus stop. If 
one now increases the load, the stress at the interface 
increases and the crushing process will start again. 
How many cycles that will take depends on the load 
increase. But, as before, once the crushed zone has 
increased in size, the stress at the interface decreases 
and the crushing will stop again, but at an increased 
crushed zone. 
 

4  Materials 

Sandwich beams are manufactured from Divinycell 
and Rohacell foam cores with face sheets made from 
vacuum infused glass fibre composites based on 
quadriaxial non-crimp fabrics (NCF). 
 

5  Testing procedure 

Sandwich beams are tested in fatigue with different 
diameter indentors (c.f. Fig. 2). The fatigue testing is 
performed under constant amplitude at a small 
positive load ratio (R = 0.1). After a given number of 
cycles, the test will stopped and a quasi-static 
indentation test is performed and the size and 
geometry of the crushed core zone is measured using 
Digital Image Correlation (DIC). The fatigue test is 
then continued but at a higher load. 
 

6  Numerical modeling 

The indentation test will be modeled using 
ABAQUS and analyzed using large displacements 
and a crushable foam model for the core behavior. 
The results from this will be used together with 
previous compression fatigue results from the used 
core materials [2] in order to predict the crushing 
behavior under localized loading in fatigue. 
 
There are presently no results available from either 
the modeling or the testing. 
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Fig.1. (a) Schematic compressive stress-strain 
behaviour of foams and (b) progressive layer-by-

layer crushing during increased compressive strain. 
 

 
Fig.2. Model of progressive crushing during 

indentation load application 
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