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Abstract

The purpose of this work is to evaluate the most generally used techniques for measuring the thermal conductivity of
concrete, as well as to consider the variables influencing the thermal conductivity of cement-based materials. Based
on previous research indicating that the pattern of heat flow can be modeled in a numerical analysis program and
provide a hue of coverage and differences in indoor temperature conditions, as well as the impact that occurs on
several elements in the room, a heat simulation analysis was performed in this study due to a fire. The researchers in
this study simulated the flow pattern from the temperature that occurred due to fire in a room measuring 4000x4000
mm with a wall thickness of 200 mm with Hebel/light brick material, floor plate thickness was 120 mm, and the size
of the building column structural elements was 400x400 mm with the material reinforced concrete. According to the
simulation results of a fire that occurred in the middle of the room with two conditions for installing hebel walls,
namely covering the building structure columns and those behind the building structure columns, there is an increase
in the temperature of the column with a ratio of 1.062 in the two conditions where the temperature of the wall lining
the column is 6.28% lower than the temperature of the wall behind the column, while the heat flux magnitude that
occurs is lower.
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Introduction

In both industrial and residential heating applications, heat transmission from the flame of a hollow plate burner
impinging on a flat plate is significant. This research takes into account inline, star, and staggered hole layouts with three
different lengths between holes. Over the whole mix flow range evaluated in this study, the intermediate pitch of 7 mm is
the best pitch.(Hindasageri et al., 2015). The heat transfer calculation in a torch furnace is presented as an example, and it is
noticeably non-uniform in nature. Calculations show that a new furnace is needed to reduce ingot heating non-uniformity,
improve fuel rate, and enhance furnace capacity.(Makarov, 2016).

The temperature at the joints on the open side of the sandwich panel is initially lower than that of the panel, according
to the fire test findings. Because of the significant radiation in the gap, the joint temperature rises much faster than the panel
temperature. A joint gap of 10 mm or larger will result in a substantially higher joint temperature than the panel temperature,
resulting in a sandwich panel system insulation performance of less than 60 minutes, even though the panels may be able to
meet a far longer standard fire resistance level.(Wang & Foster, 2017).

When assessing the quantity of heat transmission by conduction, the thermal conductivity of cement-based materials
such as concrete is an essential aspect. Thermal conductivity is affected by moisture content, temperature, aggregate type,
cementitious material type, and concrete density. The purpose
of this work is to evaluate the most generally used techniques
for measuring the thermal conductivity of concrete, as well as
to consider the variables influencing the thermal conductivity
of cement-based materials. In addition, based on data supplied
by academics, this study proposes a generic equation for
Aco Wahyudi Efendi forecasting the heat conductivity of concrete.(E. Asadi, 2018).
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performed in this study due to a fire. It is envisaged that by utilizing a wall material in the form of light brick concrete and a
distinct wall layout pattern indoors, it would be possible to convey information about the color of heat flow that influences
the column structure in the room.

Method

Heat Transfer

Heat transfer is a vector quantity that takes place via conduction, convection, and radiation. Conductive heat
transmission in solids is a combination of molecular vibrations and free electron energy transport. Thermal conductivity (k-
value) is a characteristic of a substance that displays its capacity to conduct heat. Building energy consumption is determined
by the thermal conductivity characteristics of the building materials. Mineral wool (0.03-0.04 W/m.°K), cellulose insulation
(0.04-0.05 W/m.°K), cork (0.04-0.05 W/m.°K), expanded polystyrene (EPS) (0.03-0.04 W/m.°K), polyurethane (0.02-0.03
W/m.°K), wood (0.14 W/m.°K), and ceramic tiles (1.10 W/m.°K) can minimize energy consumption in buildings. (I. Asadi et
al., 2018).

It is important to use an accurate method for measuring the thermal conductivity of concrete in order to calculate the
energy consumption of buildings. Furthermore, it should be mentioned that the k-value of concrete is affected by a number
of elements. The impact of each component on the thermal conductivity of concrete is discussed in this review. Considering
these elements during concrete casting and using concrete in buildings can result in more energy-efficient and sustainable
structures.

Figure 1. Heat transfer modeling (LISA)

Concrete Thermal Conductivity Measurement Methods

Thermal conductivity is a material attribute that pertains to heat conduction. The thermal conductivity of a porous
material is determined by the thermal conductivity of the fluid phase and the thermal conductivity of the solid phase. Some
techniques for measuring the thermal conductivity of porous materials include two linear parallel probes, a plane heat
source, and a heated guarded plate.

Hebel Brick Mechanical Properties

Hebel brick is a material that mimics concrete and has the attributes of strength, lightweight, economy, size uniformity,
soundproof, durability, heat resistance, fire resistance, and environmental friendliness. Hebel bricks are available in a variety
of sizes, with lengths of 600 mm and heights of 200 mm, as well as thicknesses of 75, 100, 125, 150, 175 and 200 mm. Hebel
brick mechanical characteristics include strength and compressive strength, with EBH = elastic modulus of Hebel bricks
(MPa), f'BH = compressive strength of Hebel bricks (MPa), fvH = shear strength horizontal hebel masonry (MPa), P =
maximum load (N), and A = compression area (mm?), Pu = maximum shear load (N), W = tool mass (N), wb = width of Hebel
bricks, hb = length of compression area/Hebel bricks (mm), h = length of shear plane (mm), Wc = unit weight of Hebel Bricks
by volume (kg/m?3).

The destructive test method was used to determine the mechanical characteristics of hebel bricks. Hebel brick size in
crushing strength test (fBH) has dimensions of 100 mm x 100 mm x 100 mm and is tested using a Compression Testing
Machine, whereas Hebel brick size in shear strength test (f'vH) has dimensions of 300 mm x 200 mm and is tested using a
Compression Testing Machine (CTM). (Ahmad Zarkasi, 2021).

Finite element method (FEM)

The finite element method uses an utilizes a component discretization way to deal with tackle the issue of tracking down
relocations of vertices/associations/grids and primary powers. Discrete component conditions are connected with the lattice
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technique for primary examination and the outcomes got are indistinguishable from those of traditional investigation for
structures. The discretization should be possible with one-layered components, two-layered or three-layered . This approach
utilizes a continuum component to decide an answer that is nearer to reality. (Albahkali et al., 2021; Chen et al., 2021;
D’Aniello, 2017; A. W. Efendi, 2022c, 2022a, 2022b, 2022d; Elsanadedy et al., 2021; Gullett et al., 2020; Okafor et al., 2020;
Song et al., 2017).

LISA FEA

LISA, a well known limited component examination application, was utilized to gauge the temperature climb for three
distinct models of intensity exchangers. For line component models just, the convection coefficient of the baseplate surface
not set in stone as a portion of the worth utilized somewhere else since we can't bar convection from gathering the baseplate
surface with the face determination device. For the other two models, it's not difficult to prohibit the mounting surface from
convection - we simply don't choose that surface. (Akcay et al., 2021; A. W. Efendi, 2022c, 2022b, 2022e; A. W. Efendi et al.,
2022, 2022; EFENDI, 2022; 1. A. W. Efendi, 2022; Fumagalli et al., 2022; Qian, 2022).

Results and Discussion

The researchers in this study simulated the flow pattern from the temperature that occurred due to fire in a room
measuring 4000x4000 mm with a wall thickness of 200 mm with Hebel/light brick material, floor plate thickness was 120
mm, and the size of the building column structural elements was 400x400 mm with the material reinforced concrete, as
shown in Figure 2.

4000 mm

A
v

4000 mm |

Figure 2. Room modeling (LISA, 2023)

Based on the experimental study that has been conducted, for the material characteristics mentioned in table 1 and 2.

Table 1. Material Data

No. Type materials Parameter Symbol Value
1 PK concrete concrete compressive strength fic 21,21 MPa
(a) Elasticity Modulus Ec 20.336,91 MPa
Poisson’ s rasio Vc 0,18
2 Reinforcing steel Yield Stress fy 421,57 MPa
P.10 Elasticity Modulus Es 166.785,44 MPa
Poisson’ s rasio Vs 0,30
3 Reinforcing steel Yield Stress fy 340,56 MPa
P.8 Elasticity Modulus Es 163.132,88 MPa
Poisson’ s rasio Vs 0,30
concrete compressive strength B 2,23 MPa
4 Hebel Wall Elasticity Modulus EB 1.11947 MPa
Poisson’ s rasio VB 0,15 (Chen, 2003 in
concrete compressive strength B Dewi, 2012)

Source: (Ahmad Zarkasi, 2021)
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Table 2. Thermal Conductivity Material

Material Young Modulus (N/mm?) Density (N/mm?) Poison Rasio Thermal Conductivity W/mm °C
Steel 210000 0.0000785 0.3 0.043
Concrete 210000 0.0000229 0.2 0.00092
Wood 210000 0.0000098 0.3 0.00017
Hebel 1.119,47 0.0000119 0.15 0.00042
Source: (I. Asadi et al., 2018)
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Figure 5. Thermal conductivity of concrete in floor (LISA, 2023)

The observed behavior can be utilized as a reference if a concrete building structure is burning at temperatures of up to
900°C or higher and for a period of up to 7 hours or longer shown in figure 6. Concrete is a type of construction material, it
is more resistant to fire and heat than other materials such as wood or steel. This is due to the fact that concrete is a poor
heat conductor. When unfired concrete is fired at 300 degrees Celsius, no noticeable changes occur, but as the temperature
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rises, the reduction becomes apparent. (A. W. Efendi, 2022b; Trisni Bayuasri et al., 2006). Figure 7 shows the characteristics
with an ambient room temperature of 22 degrees Celsius and a heat transfer coefficient of 400.
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Figure 6. Thermal conductivity of concrete in floor (LISA, 2023)
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Figure 7. Convection paramater (LISA, 2023)

Fire simulation with linked walls covering the columnar structural components in the room.

°
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Figure 8. Walls covering the columnar structural (LISA, 2023)

In the first model, a simulation is carried out if the wall is installed to cover the column of the building structure as
shown in Figure 8 with the fire point in the middle of the room.
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Figure 9. Simulation results and temperature induced hue due to fire (LISA, 2023)

Figure 9 shows the results of an indoor fire simulation with the effect hue, showing that the temperature value in the
middle of the room reaches 900 degrees Celsius, while the temperature drops to only around 22.29 degrees Celsius (a) in the
inner column and only 22 degrees Celsius (b) in the outer column near the entrance.
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Figure 10. Simulation results and heat flux magnitude induced hue due to fire (LISA, 2023)

Figure 10 shows the interior column's heat flux magnitude of 0.00000278 W/mm2(a), whereas the column at the open
room door receives a heat flux magnitude of 0.000114 W/mm?2(b).

Fire simulation with walls linked to the back side of the room's column structural parts.

| «

L.
Figure 11. Walls the back side of column structural (LISA, 2023)

In the second model, a simulation is carried out if the wall is installed to back side the column of the building structure
as shown in Figure 11 with the fire point in the middle of the room.
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Figure 12. Simulation results and temperature induced hue due to fire (LISA, 2023)

Figure 12 shows the results of an indoor fire simulation with the effect hue, showing that the temperature value in the
middle of the room reaches 900 degrees Celsius, while the temperature drops to only around 23.69 degrees Celsius (a) in the
inner column and only 22 degrees Celsius (b) in the outer column near the entrance.
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Figure 13. Simulation results and heat flux magnitude induced hue due to fire (LISA, 2023)

Figure 13 shows the interior column's heat flux magnitude of 0.0001598 W/mm?(a), whereas the column at the open
room door receives a heat flux magnitude of 0.000271 W/mm?(b).

Conclusions and Recommendations

According to the simulation results of a fire that occurred in the middle of the room with two conditions for installing
hebel walls, namely covering the building structure columns and those behind the building structure columns, there is an
increase in the temperature of the column with a ratio of 1.062 in the two conditions where the temperature of the wall
lining the column is 6.28% lower than the temperature of the wall behind the column, while the heat flux magnitude that
occurs is lower.
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