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Abstrac:. New building materials and technologies that provide thermal comfort are expected to gain popularity in the recent past.
Hence, efforts to incorporate new building materials are needed to protect populations from the threats of thermal stress that
cause an increase in temperatures due to climate change. The earth is identified as the most effective building material to improve
the thermal comfortability inside the building. Among several building construction materials, the flooring material provides a
more effective role with respect to thermal comfort in a building. This paper presents the evaluation and comparison work carried
out to investigate the thermal performance and user perception of newly invented soil based flooring material with other common
floorings in Sri Lanka. Temperature measurements were taken on the top surface of flooring materials and were compared the
surface temperature of each other and indoor air temperature. User perception was taken through a questionnaire survey by
involving hundred and twenty numbers of responses. The results reveal that the soil floor shows a lesser surface temperature at
a significant level than the other floorings. Hence, it can be proved that the building construction materials play an important role
and earth is one of the most sustainable materials with respect to the indoor thermal comfortability thus, end-user.
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1. Introduction

Primary energy demand in the world has increased drastically in recent decades. Therefore, to the directive for
energy efficiency in the built environment, the building sector must decrease its use of energy. In order to meet these
targets, many different activities must strive towards the same goal. Buildings are major energy consumers,
particularly in counties with extreme climatic conditions consuming a significant amount of energy to heat and cool.
For recent decades requirement of air conditioning units have increased, to offset the demands and offer a
comfortable interior thermal environment (Latha et al.,, 2015). Although there are many ways to minimise the heat
and air conditioning load in buildings, one of the most critical is to carefully plan and choose the building envelope
and its components.

Thermal discomfort can be caused by buildings on their own. If this is not addressed during the design phase, the
problem of thermal comfort may become expensive to address afterward. A positive approach to energy efficiency
and thermal comfort, which can be observed in the materials chosen to build the structures, is still controversial and
not generally adopted. During the development phase, the use of environmentally friendly and low thermally
conductive building materials for living spaces/workplaces will give a long-term solution to the issue of heat stress
caused by environmental change. However, for a variety of reasons, many workplaces have been unable to embrace
such methods as a solution to the problem of thermal comfort (Djongyang et al., 2010).

The thought of green buildings has arisen in recent years, with the primary goal of using environmentally
sustainable materials and reducing resource consumption, reducing electricity demand, and is gaining traction in the
western world. Traditional expertise in the use of environmentally friendly and thermally tolerant construction
materials have been passed down through generations in developed countries and tropical regions (Kumar and Singh,
2013).
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The use of construction materials as a passive mechanism for enhancing thermal comfort within the buildings in
hot and humid climates is vital, with an emphasis on the factors that make these building materials more suitable to
delivering thermal comfort to the indoor environment. However, in low-income environments, the use of locally
abundant materials, with due regard for reliability, ease of maintenance, and expense, will be the most required
consideration other than the properties of building materials.

New building material technologies that provide energy efficiency and thermal comfort are expected to gain
popularity, and efforts to incorporate new building material solutions are needed to shield potential populations from
the threats of thermal stress presented by the projected increase in temperatures due to climate change. Among many
sustainable materials used to improve the thermal comfortability inside the building, the earth is identified as the
most effective material (Bruno et al, 2017; Zami and Lee, 2010). Therefore, a considerable amount of research has
been carried out to improve the earth as a construction material, which has been utilised from the ancient stage
(Niroumand et al,, 2013; McHenry, 1989; Revuelta-Acosta et al,, 2010; Minke, 2013). Among them, the flooring
material developed using soil is one of the most relevant findings to the current building construction. Proposed
flooring was constructed with soil as the main raw material and in several steps. The extracted soil comprises
different compositions (gravel, sand, fine particles) in different percentages. However, to produce soil floor, the
extracted soil needs to be developed into required composition percentages. Then this developed soil is to be mixed
with the required amount of cement and water to produce the soil concrete. Soil concrete laid on the floor and its top
surface is smoothed and waxed for proper appearance (Galabada and Halwatura, 2019; Galabada et al., 2020c). The
main aim of this study is to compare the user perception and thermal performance of newly invented soil floor with
the available conventional floors. This paper presents the experimental work carried out to evaluate the thermal
performance and user perception of newly invented soil based flooring material.

2. Literature Review

Many factors such as air temperature, radiant temperature, humidity, air circulation, metabolic rate or human
activity, clothes, etc. affect thermal comfort (Epstein and Moran, 2006). In addition, human health may also be
influenced by the hot indoor thermal environment at residences or workplaces (Park and Nagy, 2018). Heat stress is
a greater challenge in tropical and warmer climates in terms of thermal comfort and heat-related deaths and illnesses.
Therefore, the effects of hot working conditions on the working community have been recorded in various research
around the world (Latha et al., 2015). The ability of occupants to adjust to thermal equilibrium, physical, mental, and
behavioural patterns are referred to as their well-being in a certain environment for a certain climate (Nasrollahi et
al,, 2008).

However, many workplaces have mounted mechanical equipment such as air conditioners, fans, and different
types of cooling devices to counterbalance the hot working atmosphere and give thermal relief to staff. These devices
are energy-consuming, expensive to repair, and operate solely on electricity (Nasrollahi et al., 2008).

Minimising the cooling demand of the living spaces is one way to gain thermal comfort while reducing energy
consumption. The use of construction materials as a passive strategy in tropical countries with limited resources and
energy supply would be inexpensive while increasing thermal comfort. To achieve thermal comfort, several materials
with passive cooling properties may be used. This may be an adaptation technique that provides a long-term
approach to the problem of rising temperatures and their effect on the living spaces' thermal comfort. Natural
materials with inherent thermal insulation capabilities from the outside environment, modern materials with high
insulation capabilities, reflective paints, and green roofs are all examples of building envelope materials that are used
to provide thermal comfort. Researchers investigated specific factors that could provide thermal comfort to residents,
including materials that have been in use for decades, eco-friendly materials, and modern emerging technology
materials, with the belief that adequate insulation is required to reduce the thermal impact of radiation from the sun
(Feriadi and Wong, 2004; Karmann et al., 2017).

Various researchers have suggested that the thermal output of advanced materials plays a key role in energy
conservation and thermal comfort (Latha et al.,, 2015). Therefore, to achieve the required thermal comfort without
losing structural stability, a mixture of natural and synthetic construction materials is frequently used. However,
when changing the composition and using a combination of natural and synthetic materials, keep in mind that the
features of the materials used must be based on the building's intended application as well as the weather conditions
in order to ensure optimum thermal comfort (Shooshtarian et al., 2020). The interior temperature, and hence the
thermal comfort of the building's occupants, is also affected by mutual radiation between the wall and the ceiling
(Latha, Darshana and Venugopal, 2015). Natural construction materials have been used since the dawn of time, and
building materials manufactured with natural ingredients have their range of benefits and drawbacks in today's built
world, including problems with load-bearing capability and longevity. In fact, the thermal conductivities of a wide
variety of traditional and natural materials are ideal for use in buildings to provide optimum thermal comfort (Kumar
and Singh, 2013).
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The thermophysical properties of construction materials, building alignment, airflow, building room use, and the
combination of modern and passive energy conservation technology all affect a building's thermal comfort ( Alfano
et al,, 2014; Feriadi and Wong, 2004). The building shell acts as a barrier not only to the outside but also to climatic
elements that specifically influence the system. Internal thermal comfort is determined by the characteristics of the
construction materials used, which are influenced by temperature and humidity outside (Lucas et al., 2002).

Traditional materials have greater thermal conductivities and diffusivities than modern materials, resulting in
inefficient and unpleasant heat transport (Kumar and Singh, 2013). Bamboo, timber, grass, linoleum, crushed earth
block, rammed earth, cement, vermiculite, flax linen, sisal, seagrass, cork, extended clay grains, coconut, wood fibre
plates, and other eco-friendly construction materials are all renewable materials and reduce energy consumption
inside buildings (De Luca et al., 2017; Farhat et al., 2014). Marble, concrete, and asphalt are excellent heat conductors
that can be avoided in exterior buildings, while materials that carry the least amount of heat from outside to inside,
such as some types of glass, and wood, should be used for walls, floors, and windows to provide a comfortable interior
(Denisselle and Doubrovsky, 1992). Wood and timber are considered to be strong thermal insulators and are ideal
for a number of applications such as windows, doors, roofing, and flooring. Wood's thermal properties are a result of
moisture content and wood type since it is a hygroscopic fibre. The way wood is handled and how it is used is
primarily determined by its intended use in construction and the environment of the region. Wood products such as
fibreboard and hardboard panels built from fibres have lower thermal conductivity values than real hardwood due
to a large number of air gaps in the fibre-based panel (Latha et al,, 2015).

Straw has been used as a building material for many years because it is biodegradable and has no environmental
impact. The use of straw has been a common technology in Mexico, France, Finland, and Australia. A well-constructed
straw-bale building has excellent thermal efficiency. In fact, straw is a thermally tolerant fibre with a thermal
resistance rating of 6.51 to 7.82 W/m2 K for a 55 cm thick straw-bale which can be the most effective insulator (Garas
and Allam, 2011). Interestingly, plastered straw-bale construction is used in load-bearing and in-fill straw-bale
construction to produce long lasting, super insulated buildings that have thermal comfort. In tropical climates, straw-
bale buildings perform better thermally than other materials used for walls, but they have inherent drawbacks such
as less bulk to retain heat in the building fabric and poor load-bearing properties, rendering them unsuitable for taller
structures(Park and Nagy, 2018).

Bricks are one of the most significant heat-resistant construction components (Gualtieri et al., 2010). Despite
exterior diurnal changes, inside temperatures in red brick structures remained relatively stable, making it an
excellent alternative for building material, especially in hot areas. According to studies (Binici et al,, 2007) mudbrick
reinforced with fibre (FRB), retains the indoor temperature lower throughout the summer. Buildings constructed
with FRB work better thermally and have a cooler indoor atmosphere than those constructed with clay bricks
(Makaka andMeyer, 2006). In a simulation conducted by Alahabad et al,, it was discovered that native materials have
greater thermal properties than typical building materials(Alhaddad and Jun, 2013). Mud concrete (Udawattha et al,,
2017; Galabada, 2016; Galabada et al.,, 2020a) and mud concrete reinforced with coir (Galabada et al., 2020b) also
have been identified as thermally comfortable construction material in outdoor construction and indoor construction
as well.

3. Research Methodology

The flooring material which is newly innovated made out of soil was the main material in this study. To compare the
thermal performance and user perception with the soil floor, two other conventional flooring materials were selected.
The flooring materials usually used in Sri Lanka are ceramic tile, cement rendered floor, timber, and terrazzo. The
flooring materials which were used for the measurements in this study are the ceramic tile and cement rendered floor
in addition to mud concrete floor. Because these materials are widely used in Sri Lanka as flooring material. Generally,
the typical floor of a house consists of three layers: the finishing layer, the plastering layer (cement mortar) and the
structure layer (concrete floor base) in conventional flooring. Ceramic tile and cement rendered floor was constructed
accordingly. However, the soil flooring construction is differing from conventional flooring. Therefore, this was
performed according to the technique described in related published data (Galabada and Halwatura, 2019;
Galabadaet al.,, 2020c).

6ft x 6ft floor area was laid with selected floorings for each other at the place where indoor environment
conditions are the same. All three floors were constructed in the same colour to avoid the colour effect on the surface
temperature.

3.1. MATERIAL SELECTIONS

CERAMIC TILE FLOOR
Ceramic tiles in size 2ft x 2ft were purchased from the market. The colour of the tile was selected to match the
colour of soil floor. The tiles were laid on the levelled concrete floor by applying the cement mortar bedding.
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CEMENT RENDERING FLOOR

First, the concrete floor was laid, and then cement mortar bedding was made. The cement was mixed with colour
pigment to match the colour of the final finish with the soil flooring colour. Then mixed with water to make a cement
slurry. The cement slurry was applied on the top of the mortar bed to have a cement rendered floor.

MUD CONCRETE FLOOR

The soil floor was constructed in a 75mm thick soil cement mix. Since, this soil floor is a new technique, the method
of construction and material used to this floor was carried out according to the construction technique described in
related published data (Galabada and Halwatura, 2019;Galabada et al.,, 2020c). Figure 1 shows a few steps of soil floor
construction.

Figurel: Steps of soil floor construction
3.2 SURFACE TEMPERATURE VARIATION MEASUREMENT

All the floor samples were left for a week to become uniform condition by removing construction moisture etc., before
fixing the data logger for temperature measurements. Then the temperature variation was measured on the floor
surface continuously for two weeks period. A data logger as shown in Figure 2 was used to measure the temperature.
The temperature on the floor surface and indoor temperature were measured. Then the temperature variation on the
surface was compared.

(a) Datalogger (b) Soil floor (c) Ceramic tile (d) Cement rendered
Figure 2: Temperature measurements on floor surfaces
3.3 USER PECEPTION

Next, the personal opinion on the mud concrete floor was evaluated. For this, it was planned to give appropriate
numbers of questions to a selected group of peoples and collect their opinion on the new product. sufficient numbers
were involved in the survey. One hundred and twenty (120) questionnaire were distributed and out of which thirty
six (36) numbers from different categories were responded. They were given the questionnaire to obtain their
opinion as visual inspection and physical inspection. This questionnaire was done in the site having floor sample
areas with three different selected flooring materials. The target group is the general audience, architects, interior
designers, engineers, mason, and contractors. For the physical opinion, they were asked to walk through and answer
the given questions. The survey was done in two steps, first to evaluate the user perception of Mud concrete and the
second step to compare the mud concrete floor with the other conventional floorings.
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4. Results and Discussion
4.1 SURFACE TEMPERATURE VARIATION

The temperature variation was measured throughout a week. Out of all observations, three days’ observations have
to be discarded due to inconveniences. The other four days were taken for the evaluation process. This selected four
days’ temperature measurements were averaged and set of temperatures of for 24 hrs were averaged, to plot against
time. The average 24 hrs temperature variation is shown in Figure 3 below. First, compared the temperature variation
pattern for conventional floor surface and indoor air temperature. According to the resultant temperature
measurements, the ceramic tile floor and cement rendered floor showed the same variation pattern throughout the
day. When comparing the indoor air temperature, during the morning hours (1.00 am-11.00 am) the indoor air
temperature kept higher than the floor surface. During midday time till 3.00 pm the floor surface and indoor air
temperature became same. Hereafter, during night time ceramic tile floor surface and indoor air temperature kept as
same while the cement rendered floor surface became lesser than these two. Though the surface temperature shows
differences, these differences are less than 1°C.

Then temperature variation on soil floor was compared with the other floors. It shows that this variation is lesser
than the other floor surfaces and also indoor air at a significant level. The maximum indoor air temperature was
observed at 15-16 hr and it was 28°C and at that time the temperatures were 279C, 27.8°C, 27.8°C on soil floor, cement
rendered floor, and ceramic tile floor respectively. The results showed that the temperature on the soil floor was 1°C
lesser than that of other floor surfaces as well as indoor air temperature. Further, it could be seen that throughout
the day the soil floor surface temperature showed a lower value than other surface and indoor air temperatures as
well in a significant amount.
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Figure 3: Temperature variation pattern on floor surfaces

4.2 USER PERCEPTION
An important aspect of this survey is to obtain responses to understand the preferences for Mud concrete floor which
is innovated in this research. Therefore, first the participants were asked to rank their first impression on newly

invented mud concrete floor. According to their answers it was noted that 64% of them felt good first impression on
the floor. Figure 4 shows the participant responses.

B@Very good
O Good
O Satisfctory

Bbad

Figure 4: Participants’ first impression on the mud concrete
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The mental satisfaction related to material comfortability was analysed on physical feeling and visual observation.
According to the answers given by the contributors, 80% said the mud concrete was more comfortable while 2%
saying discomfort. Rest 3% were dispassionate in feeling on their visual observation. Based on the response after
walking on the floor, it was happy to be noticed that 100% of respondents felt comfortable and among them 58% felt
more comfortable touch as illustrated in Figure 5.

Physical feeling Visual inspection

More comfortable
@ Comfortable

O Nutral

@ Discomfort

Figure 5: Comfort level by visual inspection and after walking through the floor
Next, the participants were asked to rate their likeliness on the visual appearance of the aggregate placement

pattern as most like, like, no idea, dislike, most disliked. The results were graphically presented in Figure 6, where 6.
84 % were interested in the aggregate placement pattern while 9% rejected the aggregate placement patten.

= Extreemly
likely

= Like
Normal

= dislikely

= Extreemly
dislikely

Figure 6: Likeliness on aggregate placement pattern of the mud concrete floor

In the second step, the participants were ranked their opinion on the selected three types of floorings and results
were analysed. 83% of the observer's first preference goes to mud concrete floor among selected three flooring types
in visual observation and once they touch the floor according to their physical observation 92% of them selected mud
concrete floor as their first preference. Figure 7 illustrated their visual and physical preference ranked results
separately. All the respondents strongly agreed that the coolest feeling material is mud concrete floor.

100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% mm = 0% — =
Mud Tile Cement Mud Tile Cement
concrete Renderd concrete Renderd
Visual observation physical observation

Figure 7: Comparison of preference on flooring material
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5. Conclusions

In this study, the thermal performance and the user perception of the newly invented soil floor was compared with
the other two flooring materials which are commonly used in Sri Lanka. Thermal performance comparison results
show that the temperature of the soil floor was lesser than the temperature of other floor surfaces which were
selected and the temperature of the indoor air in a considerable amount. User perception results reveal that the mud
concrete floor feels much cool touch and hence their mental satisfaction is high. All the participants strongly agreed
to have mud concrete floor rather than conventional floors. Therefore, it can be concluded that soil flooring is one of
the good innovations for the building construction industry, especially in countries with a tropical climates. Further,
with these results, it is proved that the building construction materials play an important role in indoor thermal
comfortability. Therefore, it is obvious that newly innovated soil floor can be used to keep indoor thermal
comfortability and save energy use for air condition too.
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