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10.1 Introduction

In this modern era, a composite plays an important role to produce a good product
with the best mechanical properties. In the engineering applications fields, it is widely
used especially in civil construction, marine structure, and offshore use as their char-
acteristics suit for this usage (Bari and Bajaj 2014). Sandwich panels are already
applied in design and construction of lightweight transportation systems such as
satellites, high speed trains, aircrafts and etc. Sandwich structures were applied in
the aerospace industry in 1937 where balsa wood core and cedar plywood face sheets
was used in the construction of De Havilland albatross airplane. The first theoret-
ical analysis of the sandwich theory was published during World War II. Theoretical
works on sandwich constructions were documented the late 1940s (Reis and Rizkalla
2008). The structure of a sandwich panel is a combination of different materials that
are placed together to create the best mechanical properties for the benefit of the
sandwich panel structure (Zaid et al. 2015). Further improvement and development
can be carried out through the production and engineering process as it plays a
dominant role with design, construction, structure and mechanical properties of the
product. The faces and core are bonded together by adding an adhesive substance. It
is to ensure that the product can achieve a load transfer between the components. It
makes use of the properties of each separate component for the structural advantages
of the whole assembly, resulting in a very high stiffness-to-weight ratio and a low
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Fig. 10.1 Sandwich panel components

bending strength-to-weight ratio. Generally, aluminum plates, high-pressure lami-
nates, and glass fiber reinforced plastics are used to create the face mask (Arbaoui
et al. 2014). The skins are thin, rigid and very solid. Figure 10.1 shows the basic
sandwich panels components.

Thus, a development of the sandwich panel itself has been discussed by doing
a further research by using multiple layers of a carbon bio-composite made from
mangrove carbon powder as their core. The face of the sandwich panel must
have characteristics such as being stiff. By adding another materials which is acti-
vated carbon from softwood pine, it will improve its mechanical properties and
performance so that it can be utilized in marine application.

In this study, carbon powder has been produced from mangrove tree barks. The
numerous mangrove-generated products and services have both conventional and
commercial uses. A mangrove tree’s most direct product is its wood, which is either
used as fuel or as building material. Certain sections of the tree are also harvested
to manufacture corks and floats, colorants, soap substitutes, synthetic fibers and
cosmetics, and even fruit, honey, vinegar, salt, or cooking oil meat. In addition,
several species of mangroves have important medicinal properties (Zulkarnain et al.
1993). Activated carbon prepared from mangrove wood showed a fairly high iodine
number value compared to the coconut shell value. This value, however, is determined
primarily by heating time and temperature, as different temperature or time can result
in different iodine number value. A certain temperature and time must be chosen to
match the specifications for a particular application which requires a certain amount
of iodine quantity from activated carbon prepared from mangrove wood, by heating
at 500 °C of 3 h, a total value of iodine can be obtained.

This study highlights the improvement and the development of the material use
for construction of sandwich panels. It will refer on knowledge and collected data
to analyze the performance and the mechanical properties of the panel. For the
model it will follow the American Society of Testing and Material (ASTM) and is
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then analyzed using the finite elements method (FEM) to predict its properties. This
study will focus on the mechanical behavior and progressive data using the PTC Creo
software to analyze the best characteristic of the panel based on the experiment.

10.2 Methodology

In this study, flexural testing has been performed in order to confirm their mechanical
testing performance. It is also known as three-point bending based on ASTM C393-
00 standard (Scarldtescu et al. 2019). The simulation has been done by using finite
element analysis (FEA) using a software for two different types of thickness core
sandwich panels (ASTM 2016; Biggs 2000). The details for the specimen can be
seen in Fig. 10.2. The dimensions for the specimen are: Face thickness (t = 2 mm),
3 types of core thickness = 8 mm, 9 mm, 10 mm, specimen length (L = 90 mm) and
intermediate layer = 2 mm.

The materials used in this study has been mangrove carbon powder and this is
compatible with the softwood pine data which is extracted from the CREO data
base. The details for this data are shown in Table 10.1. To run the FEA simulation,
one needs to do several processes which are suitable to identify any abnormalities
before finalizing the actual parameters. The general process flow can be obtained
from Fig. 10.3.

Fig. 10.2 Overview of specimen with a two-layer core
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Table 10.1 Softwood pine
materials properties data

Fig. 10.3 Process flow FEA
simulation
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Mechanical characteristic Value

Tensile strength (MPa) 104
Bending strength (MPa) 87
Shear strength (MPa) 10
Impact strength (kJ/m?) 70
Hardness (Brinell) 4
Modulus of elasticity (MPa) 12,000

Design the specimen

¥

Set up the load to the specimen

s 2

Set up fixed constraint

. 2

Material assignment

¥

Meshing the model

R 2

Run the simulation

8 2

Analysis the data
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10.3 Results and Discussion

For the double layer with 8 mm core, the critical stress that the specimen can withstand
has a value of the value 61.38 MPa, the maximum strain is 8.38 x 10~*. From the
graph, the specimen received the load of 10 kN at the top surface with constant
constrain at the bottom surface. While for the sandwich structure with the double
layer of the 9 mm carbon content, a higher stress compared to the 8 mm of carbon
content was obtained as 61.62 MPa. For the strain, the sandwich structure with the
9 mm carbon content achieved 1.03 x 1073, The data for displacement is 3.43 x
107> mm when the specimen received the load and the deformation occurred. Based
on the simulation data, the pattern shows the value of stress and strain increase when
the carbon content increase. For the 10 mm double layer the maximum value of
the stress is 64.04 MPa and strain value is 8.87 x 10™*. This stress is the highest
compared to 8 and 9 mm. The overview of the simulation for two layers’ and triple
layer’s sandwich panels with skin thickness of 9 mm can see in Fig. 10.4. While
Fig. 10.5 shows the details for auto meshing.

Based on the data gained from the simulation, both with highest carbon content
(10 mm) recorded the highest stress and strain. For the double layer with the 10 mm
carbon content, the maximum stress is 64.04 MPa while for the triple layer it is
66.22 MPa. For the strain, the triple layer with 10 mm carbon content also recorded
the highest value which is 9.04 x 10~* while for the double layer 8.87 x 10~*. This
data can be simply used for better understanding, the more layer and higher carbon
content of the core, the highest maximum point of stress and strain can withstand
before the specimen yield of fails. A comparison between two layers and three layers
can be referred to Table 10.2.

From Figs. 10.6, 10.7 and 10.8, there are differences of value of stress, strain,
and displacement between all two types of the specimens respectively. The stress
simulation results for all types of sandwich panels show that their mechanical stress
values are increasing. When the content of the mangrove wood carbon powder layer’s
are increased or the sandwich layer’s also increased, all the values of maximum
stress, maximum strain and maximum displacement also increased as well. The result
obtained also shows the behavior of isotropic materials such as softwood reveal a
similar behavior when compressive testing has been performing (Salleh and Kee
2021).

10.4 Conclusion

In the experimental study, the sandwich structure with double layer (10 mm) was able
to withstand about 64.04 MPa of stress while for the triple layer (10 mm) sandwich
structure the limit of the stress is 66.22 MPa. For the displacement, the structure
with triple layer (10 mm) recorded 5.29 x 107> mm the highest while for double
layer (10 mm) 3.74 x 10~> mm. However, it still experiences the limitation and
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(b)

Fig. 10.4 a Two layers’ sandwich panel b three layers’ sandwich panel

Fig. 10.5 Auto meshing result
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Table 10.2 Comparison data

between two layers and three Maximum value Double layer Triple layer
layers Stress (MPa) 64.04 66.22
Strain 8.87 x 107*  9.04 x 10~*
Displacement (mm/mm) 3.74 x 1077 529 x 1077
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Fig. 10.6 Maximum stress value
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Fig. 10.7 Maximum strain value

deficiencies such as low of impact strength, low tensile strength, brittleness and low
conductivity and others. The results show that the simulation for isotropic powder
also has similar finding for the mechanical properties such as tensile and flexural
testing (Salleh and Kee 2021).
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