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Abstract

Introduction: Tropical climate is characterized by high temperature, the consequence of which induces indoor thermal
discomfort. This is attributed to high solar gains through various elements of the building envelope, including windows,
walls, and roof among others. However, in an attempt to optimize indoor thermal comfort with minimal or no recourse to
mechanical installations, this study explores the roles of the walling fabrics by comparing varying thermo-physical properties
of two identified masonry units in the study area of Ogbomoso, Nigeria (adobe bricks and hollow sandcrete blocks), with a
view to identifying a more thermally comfortable and sustainable material option. The methodology involves virtual models
of two similar residential buildings each composed of either adobe bricks or sandcrete blocks, as masonry units. These
models were subjected to energy performance simulation analyses using DesignBuilder software, over a 12-month cycle
period, to experience year-round differential thermal conditions. Through the observed comparative annual heat loads as
experienced in the models, the results show improved indoor thermal comfort in the brick building (i.e., 7119.54 KWh), with
heat loads being 11% lower than that of the sandcrete building (i.e., 8875.65 KWh) due to the brick walling fabric. This
may be associated with the brick’s lower thermal conductivity (U-Value) of 1.798 W/m?-K, compared with the sandcrete
blocks’ value of 1.999 W/m?2-K. Results: In general, adobe bricks as a walling unit exhibit more thermal resistance against
the harsh outdoor weather conditions than sandcrete blocks. The study is part of an ongoing effort towards reviving this
partially neglected low impact material — adobe brick — with a view to attaining sustainable indoor thermal comfort as well

as protect the environment in the study area.
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Introduction

Over the past decades, architectural practice
has faced a lot of challenges and transformations
as our living conditions changed in different contexts
considering social, technological, economic, political,
and more importantly, environmental impacts. Our
emerging housing typologies, in the tropical region
particularly, as a consequence of our evolving
patterns of living, are largely influenced by the
phenomenal global environmental conditions (Altan
et al., 2015). The tropical region falls between two
lines of latitude, the Tropic of Cancer, 23.5 degrees
north, where the sun is directly overhead at noon on
June 21 (midsummer in the northern hemisphere),
and the Tropic of Capricorn, 23.5 degrees south
where the noon sun is directly overhead on December
21 (midsummer in the southern hemisphere). The
region includes much of Central and South America,
most of Africa, among others, as it is home to around
40% of the world population (Karyono, 2017; JCU,
2014). Its climate is mainly characterized by an
elevated temperature and a high relative air humidity
as these account for some level of indoor thermal
discomfort ordinarily (Prianto and Depecker, 2003).
However, buildings are required to offer sustainable,
healthy and comfortable indoor environment,

irrespective of the outdoor climatic conditions
(Lotfabadi and Hancger, 2019). The consequence
of these is the need for integration of the passive
design approach (Bay and Ong, 2006). Alternatively,
active energy sources such as mechanical cooling
systems involving mechanical ventilation, air
conditioning systems, are introduced for improved
indoor thermal comfort. However, the latter often
consume substantial energy among all building
services (about 20—40% of the total energy needs),
without which significant energy savings would have
been achieved with the attendant reduced electricity
costs (Kenisarin and Mahkamov, 2016; Prianto and
Depecker, 2002; Raja et al., 2001).

It has been established that the building sector
is responsible for around 39% of world CO,-
equivalent emissions. This is indicated in various
submissions, including the Global Status Report
for Buildings and Construction of 2019 (Ascione et
al., 2021; Attoye et al., 2017). Besides, the sector is
liable for about 36% of global energy consumption,
50% of extraction of raw materials, and 1/3 of
drinking water consumption (Ascione et al., 2021;
Lotfabadi et al., 2016; Nejat et al., 2015; World
Energy Council, 2013). In this alarming scenario,
the global building stock is expected to increase
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and double by 2060 because of new constructions,
particularly in developing countries, due to the rapid
growth in population, economic activities and fast
urbanization, with an attendant increase in CO,
emissions (Lotfabadi, 2013). The building sector
is @ major energy consumer in tropical countries,
apart from the industrial and transportation sectors
(Prianto and Depecker, 2002). Thus, without any
initiatives, suitable policies and action plans, energy
demand in the construction sector could increase by
50%, with the consequent impact on global and local
warming (Attoye et al., 2017; Camanzi et al., 2017;
Jiang et al., 2016). This may otherwise affect the
general wellbeing of the occupants. Thus, energy
saving in this sector is important.

Towards such energy saving approach in building
design and construction for indoor thermal comfort
of the occupants in the tropical area, various
attempts have been made by various researchers.
Givoni (1976), Kwong et al. (2014), Longo et al.
(2011), among others, demonstrate significant
potentials of energy savings and improvements
of indoor environmental quality accruable from
adoption of natural ventilation. Attoye et al. (2017),
Koukelli et al. (2022) as well as Quesada et al.
(2012) illustrate integration of passive dynamic
adaptive fagade systems as the threshold between
building and exterior environment to improve indoor
thermal comfort (while reducing the building’s
energy consumption). Ascione et al. (2021) study
the best trade-off among transparent envelope
solutions, thermal mass of the building, and
radiative characteristics of the roof. Thermo-physical
properties of the materials used in the building
envelope have also been studied by Pacheco-Torgal
et al. (2014) as well as Pacheco-Torgal and Jalali
(2011). In general, improvement of the construction
methodology, energy efficiency technologies,
adoption of passive design, use of renewable energy,
and appropriate selection of building materials may
constitute important strategies for the energy saving
approach (Abanda et al., 2015) in this regard.

As a major point of departure, the focus of
this study is on building materials. It examines
the implications of the varying constituents of the
building walling fabrics with emphasis on the locally
available low impact building material, specifically
adobe bricks, in place of the predominantly adopted
sandcrete blocks in the study area. This is with a
view to attaining more sustainable comfortable
indoor thermal environment with minimal impact on
the environment.

Literature Review

Thermal comfort refers to that condition of mind,
which expresses satisfaction with the thermal
environment based on the heat balance of the human
body (Shastry et al., 2016). This may also refer to the
state of mind that expresses mental satisfaction with

the surrounding environment (Prianto and Depecker,
2003). It can be measured by both environmental
and personal parameters. While the former is
defined by such factors as ambient temperature,
mean radiant temperature, water vapor pressure or
relative humidity, and relative air velocity, the latter
is defined by the clothing level or thermal resistance
as well as activity or metabolic rate (Shastry et al.,
2016; Prianto and Depecker, 2003). Attainment of
thermal comfort is essential for the general wellbeing
of occupants as a building does not only confer a
spatial form to accommodate people but also acts as
a device to modify an extreme outdoor environment
to a moderately comfortable to keep their activities at
a normal metabolic rate (Vale and Vale, 2017).

In practical dimensions, Omonijo (2017) outlines
guidelines towards achieving occupants’ thermal
comfort in standard dwellings: adequate availability
of thermal capacity in the building structure and on
the interior envelope surfaces of habitable rooms;
provision of additional levels of thermal insulation
for exposed opaque walls and, when required, for
exposed ground floor elements; proper adjustment
of the window size as a function of orientation, room
size, and occupant requirements, for passive solar
heat gains; provision of internally insulated shutters
on exposed glazing elements, for control of excess
heat losses during evenings and at night; provision of
controllable means for ventilation, such as adjustable
trickle vents, extract fans, and/or individual heat
recovery ventilators; provision of operable shading
devices on the north-, east- and west-facing windows
with adjustable blinds for control of excess solar heat
gains. Other considerations affecting the energy
requirements of buildings as highlighted by Al-ajmi
and Hanby (2008) include: building location (altitude,
latitude, longitude, and orientation); local weather
conditions; heat transfer and storage characteristics
of the building’s elements, which depend on the
various thermo-physical properties of the building
components; windows, doors, and other openings;
shading of the exterior surface; building dimensions;
indoor temperature, number of occupants, lighting
and building usage; primary and secondary air-
conditioning systems; ventilation and infiltration.
Each of these factors influences the cooling load
of the building as the impact of each factor varies
from building to building subject to the architectural
design, building function, and material composition
(Al-ajmi and Hanby, 2008).

Rapid growth in population, economic activities
and general urbanization during the last decades
in the tropical countries have had several
environmental, economic, and social consequences,
with an increase in energy consumption. More
houses, schools, hospitals, roads, railways, bridges,
public libraries, and other public facilities are needed
to be built to accommodate people and meet the
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population growth. These have raised concerns
over depletion of local natural resources and supply
difficulties as the building sector constitutes one of
the major end users of energy (Koukelli et al., 2022;
Kwong et al., 2014). Buildings account for about 15%
of emissions, while transport and industry are 14
and 21%, respectively, and the remainder is emitted
by other activities (Karyono, 2015, 2017; Karyono
and Bachtiar, 2017). Thus, efficient and sustainable
utilization of energy is essential in conserving the
fast-depleting resources.

One of the main aims for sustainable development
is to reduce the use of non-renewable energy
resources. In view of industrialization and the
expansion of modernization, urban areas have
increased in size and so has the global population,
with an expected annual growth of 1.8% (Mahravan
and Vale, 2017). For these reasons, and to achieve
sustainable growth objectives, energy saving in this
sector is important. Thus, the building stock should
be re-developed from the energy viewpoint. In effect,
it is necessary to design comfortable buildings that do
not use, or hardly use, active mechanical installations
(Bastide et al., 2006). Thus, the building envelope shall
be the focus of this study. The envelope constitutes
the primary subsystem through which energy losses
occur between indoor and outdoor environments
of the building (Ascione et al., 2021). The idea is to
reduce the heat transfer through it, while still ensuring
comfort for the occupants. An improvement of the
building envelope and the energy efficiency may
reduce the ambient temperature and building’s impact
on the available natural resources. In this case,
adequate climatic responsiveness and adaptiveness
of the elements of the building envelope to extreme
heat changes in an energy-efficient way can result in
reduced building’s energy consumption (Koukelli et
al., 2022). This, therefore, gives way to comparative
research work on two locally available walling
elements as separate constituents (individually) of the
building envelope in the study area, adobe bricks and
hollow sandcrete blocks.

Brick is one of the oldest, most popular and
environmentally friendly construction materials
because of its durability, ease of handling, aesthetics
and local availability (Abdullah et al., 2015). Adobe
brick is essentially a dried mud brick, combining the
natural elements of earth, water, and sun. It is an
ancient building material usually made with tightly
compacted sand, clay, and straw or grass mixed
with moisture, formed into bricks, and naturally
dried or baked in the sun without an oven or kiln
(Craven, 2019). Bricks are used for exterior and
interior walls, partitions, piers, footings, and other
load-bearing structures (Duggal, 2008). Recipe for
its construction varies according to climate, local
customs, and the historical era. Many building
structures of architectural significance such as the
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Great Wall of China, Colosseum in Rome, pyramids
in Egypt, the San Miguel Mission in Santa Fe, New
Mexico, and the Taj Mahal in India, among others,
were built with bricks (Craven, 2019; Phonphuak
and Chindaprasirt, 2015). Introduction of chopped
straw and grass to the clay mixture of the naturally
sun-baked brick improves its quality and reduces
distortions and cracking. The brick firing is also used
to improve its strength and durability (Pacheco-
Torgal, 2015; Phonphuak and Chindaprasirt,
2015). However, introduction of Portland cement
in the 21% century led to development of masonry
hollow sandcrete block, which is characterized with
faster hardening and higher compressive strength
(Olaniyan, 2021). Hollow sandcrete blocks are
masonry units manufactured from a mixture of
cement, sand, and water, and play a crucial role in
the building construction. Hollow sandcrete blocks
are largely used for load-bearing and non-load-
bearing walls and foundations (Sholanke et al.,
2015; The Constructor, 2022).

Thus, masonry hollow sandcrete blocks
subsequently became an alternative to bricks,
thereby leading to significant reduction in the use of
the latter (Bingel and Bown, 2009; Smith et al., 2016).
This development led to partial abandonment of the
brick, despite its huge potentials in building energy
moderation and conservation. In this context, these
potentials accruable from old but partially abandoned
bricks as opposed to prevailing sandcrete blocks in
the tropical study area of Ogbomoso, Nigeria, are
subjected to thermal performance analysis using a
simulation tool, DesignBuilder. This paper, therefore,
deals with optimization of building energy efficiency
in the tropical city of Ogbomoso through comparative
evaluations of relative thermal performance of
walling fabrics, using two locally available building
materials, adobe bricks and hollow sandcrete blocks.
This approach attempts to reduce residential building
cooling energy needs for attainment of indoor
thermal comfort in the study area, by maximizing
the advantages of the thermo-physical properties of
the constituents of the low impact material, adobe
brick. This is part of an ongoing research work as
life building models will be constructed for direct
validation at a later stage.

Research Methodology

The Study Area: Climate and Design Implications

Ogbomoso lies on 8° 10' north of the equator
and 4° 15' east of the Greenwich Meridian. The city
is situated within the derived savannah region and
it is a gateway to the northern part of Nigeria from
the south. It is characterized by the tropical wet
and dry climates as it falls within the transition zone
lying between the rainforest and the savannah,
with a mean annual rainfall of about 1200 mm. The
variation in the precipitation between the driest
and wettest months is 178 mm. Both the highest
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and lowest relative humidity occur in January
(42.54%) and September (85.18%), respectively.
The highest and lowest number of rainy days are
recorded in July (24.70 days) and December (0.73
days), respectively. There is an average of 76.53
hours of sunshine per month as around 2323.51
hours of sunshine are counted through the year.
This climate is considered to be ‘Aw’ according
to the Koppen—Geiger climate classification.
The wet season falls between April and October
while the dry season is usually experienced
between November and March. The dry season
exhibits a typical harmattan season where high
radiation cooling under clear skies at night causes
temperature to fall as low as 18°C. The average
lowest and highest temperatures of about 28.3 °C
and 23.8 °C are usually experienced in March and
August, respectively. The average temperatures
vary during the year by 4.6°C (en.climate-data.org,
2022; Femi et al., 2015; Olaniyan, 2012). Below is
the summary of the climatic data for Ogbomoso,
the study area (Table).

The climate is characterized by high solar
radiation (i.e., radiation value of over 10 KJ/m?/day
for some months). This usually results in indoor
thermal discomfort of the interior spaces in most
parts of the year. Hence, there is the need for proper
thermal analyses of the materials for the building
envelope, for appropriate design interventions in the
area (Olaniyan, 2012).

Materials and Methods

In this study, impacts of the varying walling
fabrics (i.e., building materials) on attainment of
sustainable indoor thermal comfort for residential
buildings are examined. Virtual models of two similar
residential buildings with bricks and sandcrete
blocks (separately as walling components) are the
objects of assessments for comparison. The two
buildings represent a commonly adopted building
typology (design) in the study area. While the first
building type, tagged ‘Sandcrete Building’ (SB) is
made up of a predominantly adopted masonry unit,
hollow sandcrete block, the second building type,
the ‘Brick Building’ (BB) is constructed of an age-
long local building material, adobe brick (i.e., sun-
baked earth block in this context). Figs. 1 and 2 give
general outlooks of the structures.

The typical floor plan of either of the buildings is
as shown in Fig. 3. It is a four-bedroom apartment
with an approach balcony, occupying a total area of
103.85 square meters.

The wall of the Sandcrete Building is constructed
of 225 mm hollow sandcrete blocks while that of
the Brick Building is made of 230 mm traditional
sun-baked bricks. Both structures are finished with
12 mm thick sand-cement mortar on both internal
and external surfaces. As commonly found in the
study area, both roofs are constructed of 0.45 mm
thick long span aluminum sheets on a timber roof
carcass, finished underneath with 6 mm thick

Summary of the climatic data for Ogbomoso, the study area

Jan Feb | Mar Apr May Jun Jul | Aug Sep Oct Nov Dec
Avg. temperature (°C) 27.3 283 283 275 264 250 241 238 242 250 264 2638
Min. temperature (°C) 215 231 241 241 236 226 219 215 219 223 229 214
Max. temperature (°C) 34.2 35.1 35 333 314 292 280 275 285 298 319 335

Precipitation / Rainfall 5 13 40 78 121 154 175 180 182 105 13 4

mm (in) (0.2) (0.5 (1.6) (3.1) (4.8) (68.1) (6.9) (7.1) (7.2) (4.1) (0.5 (0.2)

Humidity (%) 43% 50% 62% 73% 79% 83% 84% 85% 85% 83% 71% 50%
Rainy days (d) 1 2 5 9 14 16 19 18 18 13 2 1

Avg. sun hours (hours) = 9.2 8.7 8.0 7.0 5.6 4.4 4.2 3.7 4.2 5.2 7.3 9.0

a) (source: en.climate-data.org, 2022)

T

Fig. 1. lllustrations of the components of the adobe brick masonry units for the Brick Building: (a) individual sun-baked brick
unit; (b) typical constructed walls joined with cement-sand mortar (images adopted from: Abanda et al., 2015).
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Fig. 2. lllustrations of the components of the hollow sandcrete masonry units for the Sandcrete Building:
(a) individual hollow sandcrete block unit; (b) typical constructed walls joined with cement-sand mortar
(images adopted from: Abanda et al., 2015)

asbestos ceiling sheets. The windows made of 6 mm
thick clear glass are complemented with 40 mm thick
wooden panel doors.

Virtual Building Modeling and Simulation
Approach

Virtual models of the two buildings were subjected
to energy performance simulation analysis. This is a
powerful tool that architects, engineers, and other
relevant professionals use to analyze how the form,
size, orientation, and type of building systems affect
overall building energy consumption. It is used to
optimize building energy efficiency with respect
to building input parameters (Al-ajmi and Hanby,
2008; Altan et al., 2015). This analysis is useful for
informed design decisions to improve building energy
performance in respect of the buildng envelope,
glazing, lighting, HVAC, etc. As a modern design
tool, it allows us to use the numerical simulation
to analyze the influence of design elements on
indoor thermal comfort for sustainable housing
development (Altan et al., 2015). In many cases,
few building simulations runs in the early phases of
a project assist in attaining the best design solutions
(Energy Design Resources, 2000).

DINING

SITIHNG-ROCM

Fig. 3. Typical floor plan of the building model
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In this study, DesignBuilder software was adopted
for the building simulation work (DesignBuilder, 2021)
as a typical virtual building model as illustrated in
Fig. 4. The software is integrated with EnergyPlus,
the US Department of Energy (DOE) third (3")
generation dynamic building energy simulation engine
for modeling building, heating, cooling, lighting,
ventilation and other energy flows. This integration
within DesignBuilder allows for complete simulations
within the interface, which constitutes an excellent
feature for ease of simulation. DesignBuilder uses
construction components to model the conduction
of heat through walls, windows, roofs, ground and
other opaque parts of the building envelope. In this
case, the physical properties of each element have
been defined for the building (DesignBuilder, 2021).
These simulations are run for the whole year (i.e.,
12 months) as hourly, daily and monthly results are
available. Passive solar gains and indoor comfort
temperature due to the alternative walling fabrics,
adobe bricks and hollow sandcrete blocks (external
walls and partitions) in particular, obtained through

Fig. 4. Typical virtual model of the building as displayed
in DesignBuilder Interface (sandcrete: U-Value (W/m?K) = 2.137;
R-Value (m2-K/W) = 0.468)
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cooling design simulations in the study area, are
the simulation output variables considered relevant
for the analysis. Thus, effects of the varying walling
fabrics on indoor thermal comfort are compared to
establish their individual impacts with a view to making
necessary recommendations for the study area.

Results and Discussion

Arising from the geographical location of the study
area in relation to the simulation output, relevant
climatic data particularly, solar radiation (both direct
and diffuse) is analyzed as presented in Fig. 5. It
could be observed that high solar radiation values
are recorded particularly between October and May,
with each month experiencing almost 100 kwh/m?
area of diffuse radiation. The trend is similar for direct
radiation over the same period. March witnessed the
highest diffuse and direct radiation values of 114.13
kwh/m? and 84.45 kwh/m?, respectively. Details
of this simulation output as captured directly from
DesignBuilder interface are shown in Appendix | for
referencing and verification. Of particular interest
is the impact of this radiation data, which forms the
basis for the indoor solar gains through the walling
fabrics, among others.

The primary focus of this study is to establish
comparative heat gains due to the walling fabrics
of hollow sandcrete blocks and adobe bricks, as
a basis for their respective indoor thermal comfort
analyses. Comparative monthly heat gains due to
the walling fabric received by the east end of indoor
spaces of Bedrooms 1 and 2, by both SB and BB
are as shown in Figs. 6 and 7. Details of these on a
typical dry-season peak day (i.e., March 23) are as
shown in Appendix.

Similarly, Figs. 8 and 9 illustrate comparative
heat gains received by west end bedrooms 3 and 4.

The overall annual heat gains for the entire
building through the walling fabric are illustrated
graphically in Fig. 10.
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From the results above, it could be observed
that for every month, heat gains received by the
building interior both in the east and west ends
are more for the sandcrete building. Consequently,
the annual heat load for the entire building due to
the sandcrete blocks is 8875.65 KWh, with high
values recorded in the months of March, April, and
May (i.e., 791 KW/m, 788 KW/m, and 778 KW/m,
respectively). This is significantly more than that of
the brick building, which has the annual heat load of
7119.54 KWh, with high values also recorded in the
months of March, April, and May (i.e., 726.77 KWh,
726.32 KWh, and 715.80 KWh, respectively). These
are direct reflections of the components of the
walling fabric.

From the foregoing, comparative annual heat
loads as experienced in the building upon which
indoor thermal comfort is based is 11% lower in BS
(7119.54 KWh) due to the brick walling fabric. This
may be associated with the brick’s lower thermal
conductivity (U-Value) of 1.798 W/m?2-K, which may
evenbe aslowas 1.5 W/m?-K (Delgado and Guerrero,
2006), compared with the sandcrete block’s value of
1.999 W/m?2-K. It should be noted that the ability of
adobe brick to conduct heat depends on its moisture
content, which is considered advantageous in
moderate and hot climates because of the phase
transition of the water. As the material dries, the
water evaporates, leading to heat loss in the form of
latent heat, which in turn causes the external surface
temperature to decrease (Quagliarini et al., 2015).

From the thermal analyses above, adobe brick
as a walling unit exhibits more thermal resistance
against the harsh outdoor weather conditions to effect
more thermally comfortable indoor environment.
This position aligns with the findings of Martin et al.
(2010) who analyzed comfort conditions inside earth
buildings in Spain. It also agrees with the results
obtained from several other related studies inclusive
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Fig. 5. Monthly solar radiation (direct and diffuse) for the study area
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Fig. 6. Comparative monthly heat gains through the walling fabric received by east bedroom-1 for both sandcrete
building and brick building
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Fig. 7. Comparative monthly heat gains through the walling fabric received by east bedroom-2 for both sandcrete
building and brick building
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Fig. 8. Comparative monthly heat gains through the walling fabric received by west bedroom-3 for both
sandcrete building and brick building
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Fig. 9. Comparative monthly heat gains through the walling fabric received by west bedroom-4
for both sandcrete building and brick building
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Fig. 10. Comparative annual heat gains through the walling fabrics

of Algifri et al. (1992), Chel and Tiwari (2009), Sale
(1990), etc., as they all show that an adobe brick
house can maintain natural indoor thermal comfort.
It could therefore be demonstrated that compared
with sandcrete blocks, adobe bricks provide a more
comfortable indoor thermal environment in the
tropical study area of Ogbomoso.

This research advances current knowledge
on improving indoor comfort temperature ranges
in naturally conditioned dwellings, at no extra
construction costs. It also expands understanding
of the thermal performance of different building
residential types using conventional and alternative
building materials.

Future Research Project / Research Validation

The simulation research approach was
employed to theoretically predict the thermal roles
of the components of the building fabrics (i.e.,
adobe bricks and hollow sandcrete blocks, in this
case) and their impacts on the thermal conditions of
the interior. However, the results obtained constitute
the preliminary outputs, which require further
validation using more empirical analysis. Thus, the

information gained from the simulation exercise will
inform comparative modeling/simulation of different
building propositions, using comparative building
fabrics as the building envelopes (by applying
combinations of different thermal insulating materials
as components of the building fabrics). Through trial
experimentations, the result will evolve preliminary
design guidelines for the proposed responsive
architectural design solution in the study area. To
achieve this, full scale testing, involving thermal
analysis, will be carried out over a 12-month period
using three prototype models as shown in Fig. 11.
Three prototype life building models will be
constructed. Each model willbe 2 mx2mx 1.8 m.
The first model will be made of the building fabric
prevailing in the study area and will serve as the
control model. Components of the building fabric
will consist of materials for the floor, wall, window,
ceiling, door, and roof. The other two models will be
constructed of different low impact building materials
in the study area and serve as comparative bases
for building performance assessment. Data
collection in respect of these is expected to last one
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year. Subsequently, results of the life models will be
compared with the simulated outcomes for validation
and acceptability of the proposed design guidelines.

Conclusion

Tropical region is characterized by harsh outdoor
weather conditions. However, the primary role of
a building is to shield the interior from the impacts
of such outdoor climatic elements. This is usually
achieved through adoption of any available fabrics
of building envelope. This is usually supported with
additional mechanical installations such as fans,
air-conditioners, etc. for indoor thermal comfort
attainment. However, the rising energy costs, coupled
with undesirable carbon emissions associated with
such active installations have necessitated the need
for more research on possible adoption of more low
impact building materials available in the study area.
Consequently, this study has demonstrated, with
regard to the indoor thermal comfort attainment, that
the partially abandoned locally available building
material, adobe brick, as a walling fabric is more

a)

suitable than the predominantly adopted hollow
sandcrete blocks in the study area. This is with a view
to minimizing building construction impacts on the
environment for overall sustainable utilization of the
available limited resources. Therefore, wherever it is
practically possible, adoption of adobe bricks as an
enclosing material in the tropical city of Ogbomoso
and its environment should be encouraged for
inexpensive residential apartments. This is an
attempt to revive an age-long partially abandoned
locally available material for overall sustainable
construction purposes. It should be emphasized that
this result is part of an ongoing research work as
life building models are to be constructed for direct
validation of the results at a later stage.
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Appendix: Simulation Output for Direct and Diffuse Solar Radiations in the Study Area

Paper I - Brick - Sandcrete House, Building 1

Analysis | Summary | P i Optimisation = UA/SA || Data Visualisation
Site Data - Paper | - Brick - Sandcrete House, Building 1
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AHHOTaUuA

BBeaeHue: Tponuyeckuin KNuMaT XapaKTepu3yeTCs BbICOKOW TemrepaTypou, BCNEACTBME Yero BO3HWKAET TEMOBOWA
anckomdopT B nomelleHun. 1o 06bACHSAETCS BbICOKMM MPUTOKOM COSTHEYHOW 3HEPrMn Yepe3 pasfnyHble 3NeMEeHThI
OrpaxaatoLLUnx KOHCTPYKLUWIA 30aHUsI, BKIOYas, Cpeadu MpoYero, OKHa, CTEHbl U Kpbilwy. TemM He MeHee, B MOorMbiTKe
ONTUMU3MPOBATL TEMNOBOM KOMGOPT B MOMELLEHUN C MUHUMAIbHbLIM MCMONb30BaHNEM MeXaHW4Yeckux npubopos unm
BooOLle 6e3 HMX B 3TOM WCCMNEefoBaHMM aHanM3vMpyeTcst Pofib CTEHOBLIX MaTepuarioB NMyTeM CPaBHEHMUS Pa3NUYHbIX
Tennogm3n4ecKkmx CBOMCTB ABYX MOEHTUMDULMPOBAHHbIX KNago4HbIX 6r10KoB B uccnenyemoi 3oHe Or6omoluo, Hurepmsa —
CaMaHHOro KMpnuya v nyctoTenbix 610KoB M3 neckobeToHa — C Lenblo onpeaenutb 6onee TepMu4eckn KOMOPTHBIN 1
yCTOM4MBbLIV BapuaHT MaTtepuana. Metoguka BknovaeT B cebsi BUpTyanbHble MOAENW ABYX OAMHAKOBbIX >XUIbIX [JOMOB,
KaXkabli N3 KOTOPbIX COCTOUT NGO M3 CaMaHHOro Kuprmya, 6o 13 NeckoGeTOHHbIX BIIOKOB B KAYECTBE KAMEHHOW Kraaku.
911 Mmogenu 6bInv NoABEPrHyThl aHANMU3y SHEPrETUHECKNX XapaKTEPUCTUK C UCMONb30BaHNEM NPOrPaMMHOro obecrneveHums
DesignBuilder B TeyeHve OBeHagLaTMMECSYHOrO LMKNA, 4TOObI paccMOTPEeTb KpyrrmoroauyHble auddepeHumanbHble
TemnepaTypHble ycrnosus. bnarogaps HabnwogaeMbiv CpaBHUTENbHBIM FOLOBbLIM TEMSIOBLIM Harpy3kam, nosny4YeHHbIM B
MOZEnNsiX, pe3ynbraThl NnokasbiBakT yNy4lleHne TEeNNoBOro komdopTta BHYTPW KMpNuYHoro 3aaHus (T.e. 7119,54 kBruy),
npuyemM Tennosble Harpyskn Ha 11 % Hwxe, yem y 3gaHua u3 neckobetoHa (T. e. 8875,65 kBT4) 3a cyeT KMpNUYHOW
06nmLoBKA. OTO MOXET ObITb CBA3aHO C Gonee HWM3KOW TennonpoBoAHOCTbi kupnuya (U-3HadeHune) 1,798 Bt/m?-K no
CpaBHEHUIO CO 3Ha4YeHNEM neckobeToHHbIX 6rokoB B 1,999 BT/M?-K. Pe3ynbrathl: B Lienom, camaH B ka4ecTBe CTEHOBOMO
6noka ieMoHCTpUpyeT 6OMbLLYI0 TEPMUYECKYHO YCTOMYMBOCTb K CYPOBbIM NMOTFOAHBIM YCIOBUSAM, YeM NEeCKOOETOHHbIE Broku.
VccnenoBaHue SBNSETCS YacTbio NpodoKatoLlencst paboTbl MO BO3POXAEHMIO TAKOro YaCTUYHO 3a0bITOr0 3KONOrMYHOro
martepuana, kak CamMmaHHbIN KUPMWY, C Lenbio JOCTUXKEHNS YCTOMYMBOIO TENOBOro KOMG0opTa B MOMELLEHUSIX, @ Takke Ans
3aLLMTbl OKpY>KatoLLEn cpeapbl B UCCreayeMOon 30He.

KnroueBble cnoBa: camaH, NneckobeToHHble 6roku, MOAENMpOBaHNe, 3KONOMMYHOCTb, TEMIOBOM KOMKOPT, TPOMMUKM.
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