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ABSTRACT

Insulating building walls provides a reliable approach to reduce heat losses
in buildings. However, thermal insulation requires an appropriate selection of
materials and understanding of their thermal properties e.g. thermal
conductivity and density. This study presents a 3D model of fiber-concrete
composite for thermal conductivity prediction. Composite materials
properties were characterized by morphology structure that are often
complicated to model, especially on fiber system. In order to understand
thermal interaction of the wall for an insulating system, the model provides
four level range of fibers number (100, 150, 200 and 250 fibers number) to
analyze fiber network existing. The fibers are constructed by points neighbbor
derived from randomly launching order to perform spline. MATLAB software
was reliable to generate a fibers structure algorithm before export to
computer-aided design software. The natural fibers of oil palm, coconut and
sugar cane were simulated using finite element method to study
characteristic and thermal behavior of insulating material. Representative
volume element and grid independence study was done to validate the
model. The simulation demonstrated that improvement in insulating material
about 0.65% can be achieved by using 250 coconut fibers number, which
is much lower compared to plain concrete. A Morphology study was
successful to understand fibers distribution and thermal absorption through
the concrete. This model provides a promising solution in an understanding
of thermal dispersion for concrete composite material application.

1. INTRODUCTION

The building sector accounts for a third or more of worldwide daily energy consumption [1].
The rising population growth and urbanization is a major reason that results in the
development of more buildings and residences. Buildings utilize metabolized matter and
energy, about 25-40% of society’s energy consumption [2], to produce waste and emissions.
These account for about 30% of greenhouse gas emissions [3].
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Previous studies have revealed that the heat losses in building occur through the external wall
and its envelope has a major share in waste of energy. Thus, in order to save energy, it is
considered paramount to use optimum insulation thickness in buildings [4].

There are several approaches proposed to save energy losses through the wall. Some
approaches emphasize insulating the wall to protect heat transfer through the inside of the
building [1, 4]. Yu et al. [5] suggested a technique that involve the construction of layers in
the wall by stacking plasters within the concrete, thus improving thermal insulation [5].
Improving buildings’ thermal insulation strictly involve appropriate material selection. One
of the most modern insulating material available is an insulating board with the core made of
rigid phenolic foam [6]. By using low thermal conductivity coefficient of this material, heat
transfer through the wall can be reduced. Babota et. al [7] suggested another technique by
designing an exterior wall of buildings from 10 cm thick with extruded polystyrene insulation.
By analyzing the results, they showed that thermal performances of the wall improves
comparatively to other studies applying insulating heat transfer.

Some building materials are known to produce a large amount of harmful emissions, where
eighteen percent (18%) of the emissions are caused indirectly by material exploitation and
transportation [8]. These materials have been found unsuitable to serve as insulating materials.
More improved sustainable building technology materials are natural fiber such as sheep wool,
hemp, sugar cane, coconut fiber and oil palm fiber, which have been traditionally used as
renewable resource [1, 9, 10] and some for concrete reinforcement [11]. Florea and friend
applied sheep wool and hemp as insulating material and found a high-energy efficiency of the
building. The materials that were used were easy to supply because they are commonly found
local products and because of their lightweight [1]. Other researchers have also been reported
to use locally found organic insulating materials such as oil palm and coconut oil [9]. These
materials have proven to be strong enough to reduce heat transfer due to their low thermal
conductivity that are typically about 0.05 W/m.K.

Several studies focus on fibers distribution model in predicting mechanical behavior of the
fibers [12, 13]. There is still a significant need of studies investigating thermal behavior of
fibers for building insulation applications. This paper thus introduces a new model on the use
of natural fibers of oil palm, coconut and sugar cane as insulating materials of concrete to
reduce heat losses of buildings. The model presents the natural fibers embedded in concrete
as a composite with new technique morphology structured. The model development is
accomplished in MATLAB environment. In order to understand thermal interaction, the
model provides four level range of fibers number to analyze fiber network existing. The effect
of the amount in thermal conductivity was analyzed by finite element method.

2. METHODOLOGY

2.1. Material

The material for thermal conductivity study is chosen based on availability of local products
for building. Vermiculite/cement of 3:1 ratio grade is selected as plain concrete for input into
ANSY'S Workbench software, while oil palm, coconut and sugar cane fibers are employed as
filled concrete composite [9]. The material properties such as thermal conductivity and density
are derived from previous studies; see Table 1 [14].
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Table 1. Experiment data of fibers [9, 10].

Materials Diameter, Thermal Conductivity, Density,
mm W/m.K kg/m?
Oil Palm 0.137 0.057 774.3
Coconut 0.104 0.05 785.1
Sugar Cane 0.157 0.05314 678.8
Concrete - 0.836 1320

3. MODEL DEVELOPMENT

3.1. Fibers Distribution Technique

Fibers distribution is an essential step in understanding/developing the microstructure
characteristic that affect thermal conductivity. Generally, the microstructure was passed
through three stages to fulfil nature fiber behavior: a) Generate domain size, b) Launch point
c¢) Generate Fiber. All the stages procedures are explained as follows.

a) Generate Domain Size

As presented, the fibers formulation begins from domain size selection. The domain size
selected is a cubical shape defined with respect to the x, y and z-axis (i.e. given same size for
all axes). The cubical domain contains several points from the discretization process, these
allowed to create several small cubes cloud with similar sizes on their axes. Every small cube
cloud contains one coordinate point at the center. In this situation, the cube contains several
numbers of points access that can be used as referring points in randomly selected manner.
The domain size selected should allow minimum size in model design. This is validated
through Representative VVolume Element (RVE) study.

b) Launch Points

Multi points number registered in the cubical domain is selected randomly. Point selection is
done once to avoid the overlapping condition. Furthermore, the program allows constructing
several points in order to perform fiber design of a spline shape. The multi orientation of spline
makes it possible to perform several points’ neighbor position. These neighbor distance are
limited by an allowed distance, (Lajowea), @mong the first point (P;). The first points (P;)
selected are considered as the initial point in coordinate fiber position and fixed, while the
second-order points selected (P;+1) acts as a neighbor which allows to move from the origin
point. Second-order points (P;+1) are attached as a neighbor by following Pythagoras concept
where the angle 9; is used to measure the distance L; from P,;. Points (P;+1) are attached to P
by using the same 0; as a neighbor in Ljowancea @S distance. In addition, re-selecting point
P;+1 will re-process if L; < Lajjowanced- The step is repeatedly until the number point is
satisfied for one fiber design and fulfil the model by several fibers number. In the final stage,
every single point of single fiber come out with x, y and z coordinate information that can be
exported into excel file.
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c) Generate Fiber

In this stage, prior to input in computer-aided design (CAD) software, excel file was used to
generate splines based on points order given from MATLAB. All possible coordinates were
developed by using subroutine to construct the spline. Consequently, the file is easy to export
to any type of CAD software that allows ANSYS to import geometry. Four level range of
fibers number were embedded in 50mmx50mmx50mm of a cubical sample, these are100,
150, 200 and 250 fibers number.

3.2. Validation

In order to study the effect of nature fibers in thermal performance, it is necessary to validate
the method through thermal conductivity setup by using ANSYS Finite Element Analysis.
ANSYS code for composite study were derived from previous studies [15,16]. The material
chosen was plain concrete and modelled by ANSYS Workbench software. The plain concrete
was modelled in 50 mm side size with simple Hexahedron in the meshing. The study focused
on thermal conductivity result define by equation (1).

=7 @

where Q denote thermal energy in Watt, [ is the length of the sample in meter, A is area and
AT is the differentiated temperature in Kelvin. The boundary conditions were 200°C and 22°C
without any resistance on the surface. Table 2 presents thermal conductivity results for both
experimental and finite element method. The figure shows that 0% difference was achieved
between experimental and finite element method. According to transient thermal analyses of
ANSY'S Workbench, thermal transfer requires a certain time to pass through the concrete to
allow Q to be calculated as shown in the Equation (1).

Table 2. Thermal conductivity comparison

Method k, Wim.K
Experimental 0.836
Finite Element Analysis 0.836

3.3. Representative Volume Element (RVE)
Thermal conductivity was studied in material investigating scale with various sizes of 20 mm,
30 mm, 40 mm and 50 mm of side sizes. The geometry model chosen in the RVE study was
250 fibers number with sugar cane as filler as shown in Figure 1. The scale sample prepared
was located at the center of the fibers distribution by applying different temperatures to
generate heat transfer.

The investigated concrete/sugar cane composite thermal conductivity against multi-scale
is shown in Figure 2. The figure presents insignificant difference in results among varied scale,
which means that the multi-scale size of concrete results in almost constant value.
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(d)
Figure 1. Material investigating scale with various sizes of (a) 20 mm, (b) 30 mm,
(c) 40 mm and (d) 50 mm.
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Figure 2. Multi-scale RVE model

3.4. Meshing

Grid Independence study was conducted on plain concrete to determine suitable element
number for thermal analysis; this is similar to previous study in [15]. The meshing employed
was simple Hexahedron for thermal analyzing. Figure 3 shows grid independence study on
plain concrete against thermal conductivity, where the graph produces constant values of
conductivity to element numbers. The mesh number above 1000 was considered in this study
to obtain accurate results on thermal conductivity purpose.
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Figure 3. Grid independence study against thermal conductivity of plain concrete.
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Figure 4. Thermal conductivity against fibers number
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4. RESULTS AND DICUSSIONS

Concrete composite simulation has shown different performance based on fiber material
selection and particularly on thermal conductivity. The characteristic fiber performance in
thermal conductivity is described in Figure 4. This figure illustrates that thermal conductivity
against various fibers number content leads to a decreasing trend. It is observed that coconut
fiber performs slightly lower than other fiber due to its peculiar fiber characteristics. By
comparing thermal conductivity performance to the plain concrete, 250 fibers number showed
good performance as insulator by decreasing temperature loss approximately by 0.65%,
0.58% and 0.26% for coconut, sugar cane and palm oil, respectively. The result demonstrates
the potential usefulness of natural fibers from local product as insulating materials to help
reduce energy loss from the buildings. The graph trend would probably decrease by adding
more fibers embedded inside the concrete. This phenomenon has been supported in previous
studies that demonstrated an increase in thermal resistance of composite because of adding
more insulating fillers [16].
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Figure 5. Temperature distribution on 100 number fibers of sugar cane
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Figure 6. Heat flux through sample of (a) plain concrete and (b) 100 fibers number

of sugar cane.

Figure 7. Schematic illustration of fibers particles distribution in concrete about the
formation of thermally conductive pathways.

Morphology is an important part of influencing thermal conductivity results. This point has
been explained in previous work that observed a decrease in thermal conductivity due to rise
of alveolar structure in fibers distribution [17]. According to morphology observation, we
found that fibers distribution under certain conditions might be increasing thermal insulation
as shown in Figure 5. The figure shows that temperature distributes around fiber and this cause
a small amount of the temperature to be absorbed through the concrete. It is clearly seen that
the homogeneity of fiber distribution produced a good temperature absorption. It causes
reduction in the total heat flux passing through the concrete as shown in Figure 6.
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Comparison of heat flux between plain concrete and 100 fibers number can be easily
distinguished. This shows that fibers successfully decrease heat flux flow through the
concrete, homogenously. It is observed that fiber formation successfully blocked the thermal
conductive pathway. This phenomenon occurred on all amount of fiber content from various
fiber types. However, the pathway of thermal through concrete obviously led to a thermal
transfer. Figure 7 illustrates the schematics of fibers network to counter thermal to transfer
through the wall. This network connected lines contributes to the thermal resistance. The total
resistance among fibers in the concrete is the sum of thermal resistance. Thus, a long fibers
network chain might increase the resistivity of the concrete. The thermal conductivity value
can be decreased by long line of fibers network. It can be determined that the decreasing
amount of thermal energy passes through a specific area per unit of time. It might be possible
to add more fibers to produce higher thermal resistance for increase energy efficiency.

5. CONCLUSIONS

A fiber concrete composite model has been successfully developed in this study. to study
thermal conductivity and the characteristics of composite of fiber concrete. According to the
results, fibers quantity and quality primarily affect thermal changes of composite. The models
showed that the quality of thermal conductivity decreases by increasing the quantity of fibers,
for all types of natural fibers (e.g. oil palm, coconut and sugar cane). Meanwhile, we
conducted a morphology study that shows how the energy efficiency can be enhanced by
insulating the total heat flux. By achieving a decrease in thermal conductivity, this method of
fiber-concrete composite is an innovative step of using local products as insulating materials.
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