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Introducing novel sandwich panels based on of cork/polyurethane foam
hybrid core and composite grid structure for marine applications
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Low-density polyurethane foams as the low-cost and lightweight materials are used to produce some
structural parts of marine vessels. However, these foams have low mechanical properties and they are
susceptible to water and moisture penetration. The presence of initial defects or impact-induced damages
on the external surface of the marine vessels can lead to the water penetration into the foam core, which

Composite grid structure generally results in core decay and, subsequently, delamination in core/skin interfacial bonding. Thus, the
main objective of this research is to reduce the weaknesses of low-density polyurethane foam-based
structures by introducing a novel material in this field. For this purpose, a sandwich panel with a hybrid
core consisting of agglomerated cork and low-density polyurethane foam reinforced by a composite grid
from epoxy/glass fibers structure is successfully designed, fabricated, and tested. Results of 100-days
aging indicated that the water absorption of novel specimens was less than half of the conventional
polyurethane-based specimens. In addition, replacing the stiffened cork/polyurethane hybrid core instead
of the polyurethane core resulted in 506, 814 and 144.94 % increase in maximum flexural load, initial
flexural stiffness and flexural toughness, respectively. In the following, the structural behavior of both the
novel and conventional structures was investigated by numerical simulation of bending test. The results
of numerical analysis showed that the flexural stiffness of novel panel was enhanced about 884%,

comparing to the conventional structure.
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Fig. 1 An example of destruction in bottom panel of a composite vessel
due to debonding of longitudinal and transverse stiffeners from bottom
plate [9]
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Fig. 4 Schematic of manufacturing process of sandwich panel based on
of cork/polyurethane foam hybrid core and composite grid structure.
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Fig. 8 Load-displacement curves for Type 1 and 2 sandwich specimens
under three-point bending test
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Fig. 9 Sequence of three-point bending test conducted on type 1
sandwich specimen at displacement of, (a) 0 mm, (b) 5 mm, (c) 10 mm,
(d) 15 mm, (e) 20 mm, (f) 25 mm
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Fig. 10 Failure mechanisms in type 1 sandwich specimen under three-
point bending test
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Fig. 12 Failure mechanisms in type 2 sandwich specimen under three-
point bending test
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Fig. 11 Sequence of three-point bending test conducted on type 2
sandwich specimen at displacement of, (a) 0 mm, (b) 5 mm, (c) 10 mm,
(d) 15 mm, (e) 20 mm, (f) 25 mm
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Fig. 14 Deflection distribution of the sandwich specimens under the
load 500 N, (a) type 1, (b) type 2
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Fig. 13 Comparison of experimental and numerical results in, () type 1,
(b) type 2 sandwich specimens

2 65 (0) L £55 @) (gl ladiged ;o 308 5 (0,25 s awlie 13 Y&

2251 g sladigas )0 adgl (hod (230 13 SO 4 425 b iznen
5 11.84% o5 ol jio o 5 g 2023.27 520548 L s o
aib oo 2y28 Glacyge;] 58 odd s polie jl 1ieS 20.10%

3 4yl (e (e & bgype polie 358 o0 oualin oS S len
O 85 3 (o @l b el Jle Bl olnlr b anlie
Gl e o il o ksl lipl as ks, 4 o s
Silodae po a8, IS ol slp (> U8, Gy 4 az g bl Las e
BB (225 g v Jo @l b RIBIL 5 e dadigel 200
adsl e i 3,900 50 Sl liws OS] L(13 USE) Wl (5 i
L yo badigas el anl b 4 im0 gl 4 Camed g0 > o
@ szl Site ol ele Jlail woae giluaned o sz sl
ol oas 438 )5 )L 50 adgl Csee (g 5 Jlesy] Ojpoa Soasy

D93> (S9y Llade ;0 (g0 § 2,58 ml el Billai 4 4z L
a5 ond Jlasl Sl £33 55 50 (55, Jael (53,5 Sliee 0! 3 500



J 93018 5)9Ud 9 pglc s yuis

(/' ¥

u.'vl.w)lé u.oll.uﬂ Lé))uiv_b'[aluw

o OISR OIS 5T SJpud Al i Ghise (295 TR L 58 )%e

0.1261
0112149
0.098286
0.024279
0.070473
0.056566
0.042659
0.028743
0.014846
0.00033935

0.012444
0.011072
0.0096994
0.008327
0.0069546
0.00552822
0.0042097
0.0028373
0.0014649
9.254p-5

(b)

Fig. 16 Maximum shear stress distribution under the load 500 N, (a) PU
core of type 1 specimen, (b) PU core of type 2 specimen
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Fig. 15 Normal stress distribution under the load 500 N, (a) composite
skin of type 1 specimen, (b) composite skin of type 2 specimen, (c)
composite grid structure of type 2 specimen
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