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Abstract The objective of this study is to investigate the impact behaviors of sandwich structures. These sandwich
structures are made of cross-plied E-glass fibre reinforced plastic (GFRP) composite faces with polyurethane foam core.
GFRP composites are used to combine the upper face and the lower face through the core in stitched sandwich structures.
Three impact conditions are considered, such as the Izod impact, Charpy impact and weight drop impact. The results show
that weight drop impact energy is higher than the Izod and Charpy impact energy, where as dynamic fracture toughness of
charpy impact energy is more than the izod and weight drop impact energy due to geometry of impactor and specimen.
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1. Introduction

Non-stitched sandwich structures are made of two stiff
and thin faces adhesively bonded to a relatively soft and
thick core. In general, the faces carry the principal loads
while the inner core acts to transmit the shear loads to the
faces and absorbs the strain energy. These sandwich
structures are widely used in many industrial fields due to a
high flexural property to weight ratio, a high resistance to
corrosion, and a good thermal and acoustic insulation. In
particular, fiber reinforced composites have been employed
for the faces and honeycomb structures are preferred as the
core in the design and construction of civil and military
applications. Recently, polymeric foams were also adapted
as the core in certain industrial applications, where cost in
of major concern, such as marine ships, refrigerating
containers, and trains[1].

Non-stitched sandwich structures are apt to be damaged
in the faces and/or the core under low energy impacts. The
major modes of failures are delamination between the face
and the core, the shear and compressive failures in the core,
and the tensile failure in the faces. It has been recognized
that these types of damage may reduce the stiffness and the
residual strength of the sandwich structures during the
service life. In order to overcome the shortcomings of non-
stitched sandwich structures, the through -the-thickness
reinforcement by a stitching process is one of the solutions
for averting delamination between the face and the core,
and minimizing the reduction of the stiffness and the
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residual strength during the impact event. One of the
important concerns in the use of the sandwich structures is
to identify the susceptibility of damage under low energy
impacts[2]. Although much effort has been spent to identify
the impact behaviours on non-stitched sandwich structures,
little literature on the study of stitched sandwich structures
has been available up to now.

Caprino et al[3] carried out the low velocity impact test
on the sandwich panels and suggested the damage
parameter. The experimental results showed that the
damage parameter depends only on the impact energy, and
the residual strength after the impact of the face can be
predicted on the basis of the damage parameter. The major
modes of failure included the local yielding in the core, the
matrix cracking, and delamination in the face[4]. The
dominant failure modes for the sandwich beams involved
the upper face failure in the vicinity of the penetrator. The
impact performance of the sandwich beams showed the rate
dependence effect with the failure energy reducing to a
minimum at a given drop height and then increasing with
the drop height[5-7].

Damage tolerance of such sandwich structures is
substantially more complex than conventional laminated
structures. Besides typical damage concerns such as through
penetration and delamination, additional modes including
core crushing and face sheet debonding must be addressed.
Often damage may not be characterized as uniform through
the thickness. An impact may penetrate or damage only one
face sheet while the other remains intact[8, 9].
Manufacturing flaws or in-service loads will also result in
an unsymmetrical damage state. Cores tend to absorb and
retain water which often reduces mechanical properties as
well as increasing the structural weight. To fully realize the
weight-saving potential of sandwich structures, one must
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first understand the damage tolerance of such structures[10,
11].

The objective of this study is to investigate the impact
behaviours of sandwich structures. Sandwich structures are
made of 0/90° woven fabric E-glass fibre reinforced epoxy
resin faces with a polyurethane foam core. The impact
energy tests are conducted on the sandwich structures using
I1zod impact, Charpy impact and weight drop impact testers.
The impact responses of sandwich structures are compared
and discussed with their energy and fracture toughness.

2. Materials and Experiments

Cross-ply, glass fibre-reinforced epoxy resin composites
were moulded by the hand lay-up technique using
commercially available E-glass fibre woven mats and a
matrix comprising Araldite CY-205 epoxy resin and HY-
951 hardener. Fibre volume fraction of laminates was about
46% with average thickness of 3 mm. These composite
sheets were used to prepare sandwich structures. Composite
sheets were bonded onto the top and bottom faces of
polyurethane foam (thickness 12 mm) with the help of
epoxy resin adhesive.

Figure 1. .Sandwich structure of GFRP - polyurethane foam-GFRP

Figure 2. Notched GFRP-foam-GFRP composite

Fig.1 shows the configuration of stitched sandwich
specimens used for this study. All the sandwich specimens
were 250 mm in length, 200 mm in width and 18 mm in
thickness. Notch and un-notch Izod and charpy impact
specimens were cut from the sandwich structure. The

dimensions of Izod impact test are length 66 mm, width 20
mm, thickness 18 mm. Charpy impact test dimensions are
length 123 mm, width 20 mm and thickness 18 mm
respectively. The specimen size of weight drop test is length
45 mm, width 45 mm, and thickness 20 mm. The depth of
V-notch is introduced 2 mm in Izod and charpy impact test
specimens, as shown in Fig.2.

The impact test was performed with instrumented 1zod
and Charpy equipment (Model; Resil Impactor-50, CEAST,
S. p. A, ltaly). The impact hammer and vice lever with
specimen adapter were used different in l1zod and charpy
impact tests. The impact length and impact velocity were
0.327 m and 3.46 nvs. lzod and charpy impact tests were
performed on notched and un-notched sandwich specimens.
The impacted specimens were shown in Figs. 3 & 4.

Figure 3. Fractured pecimen under charpy impact test

Figure 4. Fractured specimen wnder Izod impact test

The test comprised dropping a mass of 0.932 Kg on the
specimen through specified heights by an impact machine.
The mild steel impactor (striker) was designed with a
spherical shaped end of 31 mm diameter to simulate non-
deforming projectiles. The sandwich specimen was placed
on a flat surface of thick plate to avoid bending, and the
striker was dropped at height of 176 cm.

The surface of the specimen developed scattered cracks
due to the impact from the striker, as shown in Fig. 5 (a &
b). The impact energy was obtained from the height
dropped. The results of each type of test were measured
with the average values of five specimens.
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Figure 5. Fractured under weight dropt test. (a). cracks propagated
through top to inner face and (b) foam core debonded and pull out from
composite

3. Results and Discussion

Low energy impact tests were conducted to investigate
the impact behaviours of sandwich structures. 1zod, charpy
and weight drop impact tests were used and impact energies
were considered. Five specimens were tested in each
category. The average values of impact test results of
sandwich specimen are presented for comparison. The
energy absorption behaviour under low velocity impact
testing is shown in Fig. 6.
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Figure 6. Impact behavior of sandwich GFRP- polyurethane foam-GFRP
structures

The result shows the weight drop impact energy gives
higher values than the 1zod and charpy impact energy with

the variation of the impact tests and sandwich structures.
The notched specimens showed a tendency of decreasing
impact energy under izod and charpy impact tests. When
the sandwich structures are impacted with the izod and
charpy impactor, the impact energy is localized along with
the thickness of the specimen and sandwich structures
fractured from the impactor point, due to the dominant
flexural behaviours[7]. Whereas, sandwich specimen is
impacted with weight drop spherical impactor, the impact
energy is uniformly distributed along the width of the
specimen. The local deformation in the case with the
spherical impactor is damaged only the front face of
composite (Fig.5a) and energy not transferred on the back
side of the composite face because foam absorbed the
impact energy[4,6]. Low energy impacts can incur damage,
which is hard to detect by visual inspection. However, at
certain energy level, when delaminations are formed in the
composite face the impact damage area is visible and can be
estimated using quantitative image analysis[9]. Fig. 5a & b
shows the top face of the composite specimen after impact.
It was found that, core crack was followed by face sheet
debonding, accordingly damage area consists of
delamination in the face sheet and additional debonding at
the upper face/foam interface, as shown in Fig. 5b. The
given level of the impact energy is sufficient to damage the
sandwich specimen.

Dynamic fracture toughness (o) was calcu lated using the
following equation[9],

ax = AE/wh (D)
where AE is the absorbing energy of material during

impact processing, w and h are the width and thickness of
specimen, respectively.
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Figure 7. Dynamic fracture toughness behavior of sandwich GFRP-
polyurethane foam-GFRP sructures

Fig. 7 indicates the variation in dynamic fracture
toughness with the impact tests. The result shows the
dynamic fracture toughness under charpy energy is more
pronounced than the izod and weight drop impact energy.
Weight drop impact energy gives lower dynamic fracture
toughness compare to charpy and izod impact energy,
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which may result from vibrations of the supports and
initiation of damage in the materials[10].

The differences observed in the interfacial region of the
specimens affect impact damage size. Both faces of
sandwich specimens fractured under izod and charpy impact
energy, while weight drop impact energy fractured only top
face of sandwich structure, as can be identified by Figs. 4 &
5. This shows the good mechanical resistance which prevent
formation and transformation of cracks from top face to
back face, because, foam core absorbed the maximum
energy. The change of the impactor’s momentum as it
passes through the specimen relates to the energy consumed
by the fracture process. The velocity of the impactor
becomes zero when the sandwich structure reaches its
maximum deflection[11]. During the izod and charpy
impact tests, top and bottom faces of GFRP composite
became fully penetrated. As a result, the foamcore was also
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Figure 8. SEM images of fractured surfa

Due to its brittle nature, the sandwich specimens were
completely fragmented after being subjected of 7.14 J
(Charpy) and 6.5 J (Izod) incident energies. A noticeable
difference between notched and un-notched sandwich
specimens was found in incident energy. This trend
confirms that the impact energy depends on the geometry of
specimen due to dissipation of impact energy by the
impacted specimens|[5].

4. Conclusions

An investigation has been conducted to study the effect
of impact tests on sandwich GFRP- polyurethane foam-
GFRP specimens. Significant variation in energy absorption
was found under Izod impact, Charpy impact and weight

drop impact conditions. The experimental results suggest
that the charpy impactor reveals high dynamic fracture
toughness compare to 1zod and weight drop impactors.
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