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Abstract As an eco-friendly alternate to wood the present study investigates the feasibility of panels made of composite
sandwich comprising closed-cell polyurethane (PU) foam core and acrylic sheet skins to be used as door in houses. Sandwich
samples were fabricated and tested for their maximum compressive strength using universal testing machine. The thickness
of the skin and core was 5 mm and 25 mm, respectively. The tensile strength of the acrylic skin and the compressive
strain-rate sensitivity of the PU foam were determined experimentally. Finite element analysis was conducted on the samples
to study the effect of reinforcement of the sandwich plate with silicon pins under different load conditions. Results show that
the compressive strength of the sandwich is increased by more than 50% when the pins are used. Such an arrangement is
particularly useful for increasing the impact strength of the sandwich door panels.
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1. Introduction

Sandwich composites are a class of composite material
structure where two thin, high strength skin sheets are
separated by a thick, low strength core. The skin material
can be a simple metal alloy or polymer sheet, or it can be
advanced composite material like carbon-fibre reinforced
plastic and glass-fibre reinforced plastic. Similarly, the core
material can be a simple wood or a cellular solid material
like honeycomb and foam. The skins support normal tensile
and compressive loads, whereas, the core supports mainly
the shear load. These composites are especially suited to

support out-of-plane compressive load and bending load [1].

Sandwich composites have many advantages over
conventional materials such as lightweight, very high
strength-to-weight ratio, high energy absorption and impact
resistance and high thermal insulation characteristics [1-5].
Accordingly, sandwich materials are extensively used in
applications like automobiles, aircraft, acrospace vehicles,
ship structure, medical implants and safety equipments.
Sandwich structures consisting PU foam core and thin
layers of acrylic sheets are currently used in many
engineering applications such as in refrigerated vehicles,
cold stores, boat building, within and outside of aerospace
engineering and can be used in the construction of
composite panels, shells, and tubes with high structural
efficiency. PU foam is a thermosetting plastic expanded to

* Corresponding author:

zahid@iiitdmj.ac.in (Mohd. Zahid Ansari)

Published online at http://journal.sapub.org/materials

Copyright © 2015 Scientific & Academic Publishing. All Rights Reserved

form predominately low-density cellular structure [1, 6]. It
is used as core to form a sandwich composite mainly due to
its light weight, high impact energy absorption and high
thermal insulation features. Similarly, acrylic sheets are
light weight and have higher impact-resistant than glass and
have better weather resistance than other types of
transparent polymers. Thus, sandwich structure made of PU
foam and acrylic sheet can be used in several engineering
applications with low manufacturing cost and good
properties. Present study focuses on application of PU foam
core with acrylic sheet skin sandwich composite as door
panel and characterises its compressive strength using
experimental and finite element analysis techniques.

2. Experiments and Simulation

Figure 1 shows the experimental arrangement to
determine the tensile strength of the acrylic sheets and the
compressive strength of the foams. Acrylic sheet of
thickness 5 mm and closed-cell PU foam block of density
about 40 kg/m® were procured from local supplier. The tests
were performed using high sensitive universal testing
machine, Tinius Olsen H250K (USA), of maximum capacity
25 kN. The acrylic sheet was elongated at a strain rate of
0.75 mm/min, whereas, the foams were compressed under
different strain rates of 0.75 mm/min, 2.5 mm/min and
5 mm/min. Typical size of the acrylic skin samples were
100%x25x5 mm and that of PU foams were about 30x30x30
mm. The tests were conducted at room temperature.

After characterizing the skin and core materials, sandwich
composite samples were prepared. These samples were
tested for maximum compressive strength. The acrylic skins
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were adhesively bonded to the PU core using a epoxy
adhesive resin. The core thickness was 25 mm. In order to
improve the compressive strength of the sandwich, four hard
cylindrical silicone rubber pins were placed vertically
between the skin sheets. Typical size of the sandwich sample
was 50x50x35 mm. Figure 1 shows the experimental
arrangement and the sandwich samples with and without the
pins. To better understand and visualize the deformation and
stress distributions in the sandwich composites, a
commercial finite element analysis software ANSYS
Workbench was used to study the compressive behaviour of
the sandwich sample with and without the pins under loads
conditions of 2 kN and 4 kN.

Figure 1. (Top row) Experimental setup for determining the tensile
properties of acrylic sheet (left) and compressive properties of PU foams
(right). (Inset: deformed sample of foam). (Bottom row) Sandwich samples
with pin (left) and without pin (right)

3. Results and Discussion

Figure 2 presents the typical stress-strain characteristics of
the acrylic sheet sample tested under tensile load. It can be
seen in the figure that the stress is increasing linearly with
strain and the sample is fractured at a failure strain of about
2.3%. The absence of nonlinearity, i.e. plastic zone, in the
behaviour clearly shows the brittle fracture of the acrylic
sheet. This behaviour can also be observed in Figure 1 above
where the fractured surfaces are flat. The average elastic
modulus of the samples was calculated as 1 GPa and the
ultimate strength was found to be about 22 MPa. The
behaviour shown in Figure 2 is typical of a hard and brittle
polymer material like acrylic.

Figure 3 presents the typical stress-strain characteristics of
PU foam samples tested under compressive load with
different strain rates of 0.75 mm/min, 2.5 mm/min and 5
mm/min. The curves show behaviour typical of a closed-cell
cellular solid material. In addition, the dependency of the
stress-strain curve on the rate of deformation can also be
observed in the figure. This behaviour clearly attests to the
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viscoelastic and strain-rate dependent behaviour of the PU
foams. The curves have the three distinct deformations zones
of a cellular solid like foam and honeycomb, i.e. linear,
plateau and densification zones.
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Figure 2. Tensile stress-strain curve for acrylic polymer sheet
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Figure 3. Compressive stress-strain behaviour of PU foam samples under
different strain rates

The linear elastic zone extends up to the strains of about
7% strain. This zone presents the deformation wherein the
struts and plates of the closed-cell PU foam cell deform
elastically by bending and stretching. In addition, the air
trapped inside the closed cells in compressed. The plateau
zone is the zone where the curve becomes parallel and
indicates the start of the material yielding. This zone is very
short between 7% and about 20% strain. Hereafter, the
densification zone starts where the stress and strain both
increase. This zone indicates the plastic deformation of the
cell where the cells collapse and the cell walls start to touch
each other. The elastic moduli of the foam samples for strain
rates 0.75 mm/min, 2.5 mm/min and 5 mm/min can be
approximated as about 1.5 MPa, 1.8 MPa and 2 MPa. The
deformed foam samples showed a high degree of elasticity in
the sense that the deformed samples were able to recover
slowly more than 70% of their original height after
unloading.

Figure 4 shows the deformed samples of the sandwich
with and without pin reinforcement. In contrast to the
samples with pin that showed less than 40% recovery,
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without pin samples showed more than 70% recovery. Pin
samples, however, show a fracture in form of vertical
fracture lines on the outer surfaces just above, parallel to the
silicone rubber pins. This fracture is tensile fracture of the
foam and occurred due to the volumetric expansion of the
silicone pins when compressed. We found that by
introducing the pins, the compressive load supported by the
sandwich samples is increased from about 2 kN to 4.3 kN for
the same amount of strain. Thus, sandwich composites with
pin are more suitable to support compressive loads.

Figure 4. Deformed samples with pin (left) and without pin (right)

The compressive strength can be further increased by
using pins made of a high strength polymer like acrylic and
nylon. However, such a pin has a drawback in form of
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absorbing impact energy by the sandwich. In fact, a high
strength can amplify the localized stress in the opposite skin
of the sandwich and can cause localised rupture and fracture.
Thus, use of a relatively soft material like silicone rubber is
helpful in absorbing the impact energy by undergoing large
elastic deformation and hence increasing the impact strength
of the sandwich panel [3, 7]. The sandwich samples shown in
Figure 1 were subject to compressive loads of 2 kN and 4 kN,
respectively.

It can be observed in Figure 5 that the amount of
deformation in sandwich samples increased from 8.5 mm to
12.6 mm when pins are not used. However, the use of pins
had increased the maximum stress in the sandwich sample
from 2.8 MPa in without pin to 4.7 MPa in with pin.
However, since the maximum stress is below the 22 MPa
failure strength of acrylic sheet skin, the sandwich structure
is safe from compressive failure. The deformation results for
4 kN are shown in Figure 6. The maximum deformation and
stress values are about 17 mm and 9.5 MPa and 25 mm and
5.7 MPa in with and without pin samples, respectively. Thus,
based on the compressive and impact load safety
requirements, we can conclude that soft pin-reinforced
sandwich composite are more suitable as door panels.
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Figure 5. FEA results for deformation (top row) and maximum stress (bottom row) for 2 kN compressive load in sandwich samples with pin (left column)

and without pin (right column)
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Figure 6. FEA results for deformation (top row) and maximum stress (bottom row) for 4 kN compressive load in sandwich samples with pin (left column)

and without pin (right column)

The sandwich door panels presented here would have
numerous advantages over wooden ones in terms of
termite-proof, fire-proof, water-proof and high thermal
insulation features. In addition, the door panels can be made
of coloured acrylic sheets and foams making use of paints
redundant and decorative patterns can be etched onto the
panels. Such a sandwich panel can also be used in
pre-fabricated structure form and can be transported easily to
offer aid and relief and help disaster management in affected
areas. In addition, the excellent thermal insulation
characteristics of PU foam and acrylic sheet based sandwich
composite can help save energy bill and make a comfortable
living environment in extremely hot and cold climate
conditions.

4. Conclusions

This study investigated the application of polymer
sandwich composite structure comprising thick PU foam
core and thin acrylic sheet skins as door panel in house.
Sandwich samples were fabricated with and without pin

reinforcement and were subjected to static compression tests.
The pin was made of hard silicone rubber. The elastic
modulus and the ultimate strength of the acrylic sheet under
tensile load was found to be about 1 GPa and 22 MPa,
respectively. The compressive tests on PU foam showed
strain-rate sensitivity and their elastic modulus for the three
strain rates of 0.75 mm/min, 2.5 mm/min and 5 mm/min was
found to be about 1.5 MPa, 1.8 MPa and 2 MPa. The foam
samples showed a high degree of recovery of more than 70%.
Tests also showed that by using pins to reinforce the
sandwich, the compressive strength was increased from 2 kN
to 4.3 kN. Finally, the finite element analysis results showed
that pins were highly stressed during the compression and
the sandwich structures are safe up to a load of 4 kN.
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