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INDOOR THERMAL COMFORT
COMPARISON OF STABILISED
LATSCRETE AND SANDCRETE
BLOCKS AS WALLING
MATERIALS IN BUILDINGS

IN PORT HARCOURT
METROPOLIS, NIGERIA

TECHNICAL ARTICLE!

@ https://doi.org/10.38140/a5.v3211.8604

HIGHLIGHTS

Two habitable buildings, constructed from stabilised
latscrete and sandcrete blocks, were tested for
indoor thermal comfort, with each building featuring
two 900 mm x 1,000 mm windows in a 9 m? room
and maintaining a 10% window-to-room cross ratio.

Compared to sandcrete, the latscrete blocks
exhibited a greater density (2055+16 kg-m™2), mild
heat index of 70-79, higher thermal conductivity
(0.551+£0.015 W m™" K™'), and lower specific heat
capacity (0.057+0.066 kJ kg™ K™").

41.3% of the variability in Latscrete building
temperature can be explained by the temperatures
observed in the sandcrete model, while 82.1% of the
variability in latscrete humidity is attributable to the
humidity levels in sandcrete.

Latscrete is recommended as an alternative local
walling material for construction in the Port-Harcourt
Metropolis, as it has been found to perform better in
thermal comfort than sandcrete.
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ABSTRACT

Stabilised sandcrete (sand-cement) and latscrete (clay/mud-cement) blocks are the most
commonly used materials for masonry building walling material in Port Harcourt metropolis.
Despite the hot, humid tropical climate in this region, the interior thermal comfort benefits of
selecting suitable walling materials for buildings are frequently overlooked. In addition to the
interior thermal comfort in buildings, rising energy usage is also a cause for concern. The choice
of material for wall building is influenced by cost, strength, and durability. However, interest in
employing sustainable green architecture and thermally comfortable building materials has
increased in recent years. Selecting appropriate wall materials that can be energy efficient and
lower cooling load is necessary, since external walls play a significant role in thermal insulation.
Therefore, the study evaluated indoor thermal comfort, comparing commonly used stabilised
latscrete blocks as walling material in two model buildings. To evaluate the characteristics of the
two walling materials, a series of tests were performed to determine the water absorption rate,
compressive strength, splitting tensile strength, and flexural strength, following the standards
set by the American Society for Testing and Materials (ASTM). Readings of relative humidity
and indoor temperature of the two buildings were respectively taken and recorded for a period
of twelve months. The data were collated and analysed using the Temperature-Humidity
Index (THI), Heat Index (HI), and Effective Temperature Index (ETI). To compare the thermal
comfort performance of the building models, the ASHRAE 55-2020 standard scale was used.
Latscrete was found to be a better thermal comfort performer than sandcrete and was, therefore,
recommended as an alternative local walling material for building in the study area.

ABSTRAK

Gestabiliseerde sandbeton (sandsement) en lasbeton (klei/moddersement) blokke is die mees
gebruikte materiale vir messelwerkgeboue se muurmateriaal in Port Harcourt Metropool.
Ten spyte van die warm, vogtige tropiese klimaat in hierdie streek, word die voordele van
binnenshuise termiese gemak wat voortspruit uit die keuse van geskikte muurmateriale vir
geboue dikwels oor die hoof gesien. Benewens die binnenshuise termiese gemak in geboue,
is stygende energieverbruik ook 'n bron van kommer. Die keuse van materiaal vir muurbou
word beinvioed deur koste, sterkte en duursaamheid. Belangstelling in die gebruik van
volhoubare groen argitektuur en termies gemaklike boumateriaal het egter die afgelope paar
jaar toegeneem. Die keuse van geskikte muurmateriale wat energiedoeltreffend kan wees en
die verkoelingslading kan verminder, is noodsaaklik aangesien buitemure 'n beduidende rol
speel in termiese isolasie. Daarom het die studie binnenshuise termiese gemak geévalueer deur
algemeen gebruikte gestabiliseerde lasbetonblokke as muurmateriaal in twee modelgeboue
te vergelyk. Om die eienskappe van die twee muurmateriale te evalueer, is 'n reeks toetse
uitgevoer om die waterabsorpsietempo, druksterkte, splitstreksterkte en buigsterkte te bepaal,
volgens die standaarde wat deur die Amerikaanse Vereniging vir Toetsing en Materiale (ASTM)
gestel is. Lesings van relatiewe humiditeit en binnenshuise temperatuur van die twee geboue is
onderskeidelik geneem en vir 'n tydperk van twaalf maande aangeteken. Die data is versamel
en geanaliseer met behulp van die Temperatuur-Humiditeitsindeks (THI), Hitte-indeks (HI) en
Effektiewe Temperatuurindeks (ETI). Om die termiese gemakprestasie van die geboumodelle te
vergelyk, is die ASHRAE 55-2020 standaardskaal gebruik. Daar is gevind dat lasbeton 'n beter
termiese gemakpresteerder is as sandbeton en is dus aanbeveel as 'n alternatiewe plaaslike
muurmateriaal vir bouwerk in die studiegebied.

1. INTRODUCTION

Energy consumption plays a vital role in the socio-economic development of
cities in developing countries (Dilanchiev, Umair & Haroon, 2024). Heating
and cooling of conventional buildings consume a lot of energy. Indoor
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thermal comfort is the maintenance of thermal balance between the human
body and the environment (Turhan & Gokcen Akkurt, 2019). It has been
noted that, in a number of cities, the energy required to achieve thermal
comfort indoors is half of what is produced (Sathiparan et al., 2022).

In the tropical humid region, temperature and humidity are two of the main
meteorological factors influencing how human beings adapt to thermal
comfort in buildings in relation to the materials used for walls (Liu & Zhang,
2011; Acero et al., 2024; de la Hoz-Torres et al., 2024; Wu et al., 2024). A
building in this context is any structure with walls, roof, floor, and physical
enclosure with some means for creating a comfortable internal environment
for human habitation (Mansour et al., 2022). Buildings provide shelter for
the protection of man from harsh climatic conditions, external aggressions,
privacy, and storage of possessions at an acceptable comfort.

In developed urban centres such as Port Harcourt, the effects of climate
variability and change on buildings, particularly rising temperatures and
humidity, manifest in two primary ways. First, elevated temperatures
influence indoor climate and thermal comfort levels (Wu et al., 2024).
Secondly, the energy needed for cooling per unit area increases, while,
if appropriately outfitted, the energy required for heating per unit area
decreases (Zhan et al., 2024). These elements collectively influence
the overall energy consumption and demand, either directly through an
increased demand for cooled living and working spaces or indirectly for
altered specific energy needs (Harvey, 2010; Chaturvedi et al., 2014;
Santamouris & Vasilakopoulou, 2021).

The thermal masses of building walling materials are primarily influenced
by the raw materials used in their construction, as well as their physical
dimensions, the workability of the cement, the water-to-aggregate ratio,
and the curing parameters (Zhang, 2013; lyer, 2020). Therefore, given the
ongoing infrastructural development in Port Harcourt Metropolis (Echendu,
2021), it is essential to assess the impact of the walling material used in
construction on thermal comfort. In Port Harcourt Metropolis, various
conventional walling materials have been used for an extended period,
including hollow and solid stabilised sandcrete blocks, compressed
hydroform bricks, clay blocks, concrete, glass, plastic, timber, and stone
(Raheem, Bello & Makinde, 2010). Sandcrete blocks are precast composite
masonry units made from cement, sand, and water, along with latscrete,
which is composed of cement and lateritic soil, are among the most
commonly used materials for building wall construction in the region.
Lateritic soils are distinguished by their abundant iron and aluminium
content, often exhibiting a red or rusty brown coloration, due to elevated
levels of iron oxide. These soils typically develop in hot and humid tropical
regions. Although sandcrete blocks are more commonly used for building
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in Port Harcourt, latscrete blocks are not as widely used, likely due to their
lower production levels compared to sandcrete blocks (Anosike & Oyebade,
2012; Wilson, Raiji & Alomaja, 2016; Mensah et al., 2022).

Through ongoing research and development, professionals in the built
environment are increasingly focused on strategies for achieving indoor
thermal comfort in buildings. In tropical regions, design philosophies
generally align with two primary approaches, namely heavyweight and
lightweight construction. The lightweight approach typically incorporates
operable walls, solar shading, and cross-ventilation to mitigate heat gain.
Despite their differences, both strategies rely heavily on effective solar
shading and natural ventilation techniques.

A notable example is the Gando School project in Burkina Faso, where Kéré
(2017) implemented a holistic climatic design to address the challenges of
the tropical environment. The design featured a floating shading structure
composed of corrugated iron sheets and clay tiles, angled to reduce direct
solar gain. The corrugated iron absorbs heat, initiating stack ventilation
by promoting the upward movement of warm air, which, in turn, draws in
cooler air through lower openings and expels it through the porous clay tiles
at higher levels. Kéré’s design system significantly improved indoor thermal
conditions, as highlighted by Genovese and Zoure (2023).

In contrast, the climatic context of Port Harcourt presents unique challenges.
Local construction practices tend to favour heavyweight materials such as
sandcrete and latscrete blocks, due to the availability of raw materials and
entrenched building conventions. However, these practices often overlook
integrated ventilation strategies. This study experimentally evaluates the
thermal comfort performance of commonly used heavy wall materials
— specifically sandcrete and latscrete — in order to reflect prevailing
construction trends in Port Harcourt. The findings aim to provide insights
into their thermal behaviour and guide more climate-responsive material
selection in future building projects.

Shaibu and Utang (2013) conducted a study on human comfort and the
microclimatic variables affecting thermal comfort in Port Harcourt Metropolis
and found that commercial zones experienced the highest average levels
of heat stress, which corresponded to lower human comfort, followed by
densely populated residential areas. Odim (2013) performed comparative
studies on the comfort levels linked to hollow and non-hollow concrete block
walls in warm, humid climates. The findings indicated that window shading
plays a crucial role in influencing the comfort levels within buildings, which,
in turn, affects energy consumption. In a study by Sathiparan et al. (2022),
housing units made with cement-stabilised earth blocks and fired-clay bricks
showed better thermal comfort than those made with cement-sand blocks.
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As energy consumption in buildings continues to rise, addressing the
need for sustainable and thermally efficient building materials has
become increasingly important. Despite the rapid urbanisation of Port
Harcourt, there is a notable lack of research examining the comparative
thermal comfort performance of stabilised sandcrete and latscrete blocks
as walling materials for building construction. Located in the hot, humid
tropical climate of Nigeria, Port Harcourt experiences extreme temperature
variations, making the insulation of building exteriors crucial for maintaining
interior thermal comfort. The choice of appropriate wall materials is critical,
as external walls significantly influence thermal insulation and cooling load
requirements. While there has been growing interest in green architecture
and thermally efficient materials, few studies have specifically compared
the thermal comfort provided by these common local materials — stabilised
sandcrete and latscrete blocks — despite their widespread use in the region.
This study seeks to evaluate the thermal performance of these materials in
Port Harcourt, with a focus on their potential to improve energy efficiency
and enhance occupant comfort in buildings.

2. LITERATURE REVIEW

2.1 Masonry walling material and thermal comfort

The American Society of Heating, Refrigeration, and Air Conditioning
Engineers (ASHRAE) define thermal comfort as that condition of mind that
expresses satisfaction with the thermal environment (Jenkins, 2022: 2-3).
The human body exhibits a high degree of sensitivity to climatic conditions,
which is crucial for regulating body temperature and achieving thermal
equilibrium and overall health (Hardy, 1961; Felix, Eludoyin & Nwokike,
2021). It is imperative to sustain appropriate temperature levels within both
the human body and indoor environments, in order to prevent discomfort
and mitigate risks associated with heat loss or cold exposure. Ensuring
optimal thermal comfort for the human body is crucial for promoting good
health and enhancing productivity, especially considering that human
beings often spend considerable periods indoors participating in a range of
economic activities (lke, Nkemdirim & Innocent, 2024).

The architectural styles that have emerged in different regions are
influenced by cultural diversity and environmental factors, which dictate
the materials that are accessible for use in building construction (Canizaro,
2007; Williams, 2007). The types and characteristics of these walling
materials serve as a critical boundary between the external and internal
environments, thereby influencing energy efficiency, indoor thermal
conditions, and the overall functional performance of buildings (Tripathi &
Shukla, 2024).
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Numerous studies on thermal comfort, including those conducted
by Djongyang, Tchinda and Njomo (2010), Cui et al. (2013), Ali et al.
(2024), and Pivac (2024) identified four environmental factors, namely
air temperature, relative humidity, mean radiant temperature, and air
velocity alongside two personal factors, namely metabolic rate and clothing
insulation, as determinants of thermal comfort. Nonetheless, Frontczak and
Wargocki (2011) and de Dear et al. (2013) highlighted air temperature as
the predominant factor influencing thermal comfort, as it significantly affects
the occupants’ sensations within indoor environments.

Odim (2013), as well as Alozie, Odim and Alozie (2015) pointed out that the
selection and treatment of materials for the building envelope play a crucial
role in its thermal performance and contribute to minimising heat load. A
simulation study by Lawal and Ojo (2011) demonstrated that indigenous
materials exhibit superior thermal properties compared to modern building
materials in Ibadan, Nigeria. Conversely, a study in Kumasi, Ghana, by
Koranteng, Afram and Ayeke (2015) indicated that variations in walling
materials do not substantially impact indoor comfort; rather, the building’s
orientation is more influential.

Odim (2006) argued that the optimisation of human activities and
aspirations is contingent upon achieving comfortable indoor environmental
conditions. In Nigeria, buildings are typically constructed using cement
blocks, but recently, there has been a push to use local materials instead,
and much study is being done to determine how sustainable and effective
these materials may be in creating sustainable thermal comfort (Basher &
Leite, 2022; Jegede & Taki, 2022).

In Nigeria, latscrete and sandcrete walling material has been predominantly
used for wall construction in the development of housing and other
infrastructural projects (Odeyemi et al., 2015; Akinyemi et al., 2020).
Lateritic soils are distinguished by the presence of highly active clay
minerals such as elite and montmorillonites. Their colour and properties
can vary significantly based on their source. In addition to their application
in the production of soil-stabilised bricks and blocks, lateritic soils are
also employed in road construction as sub-base and sub-grade materials
(Ezreig, Ismail & Ehwailat, 2022). Stabilised laterite blocks are a broad
category of construction materials produced from laterite soil combined
with various binding or stabilising agents such as cement, lime, petroleum
products, phosphate, and other compounds (Raheem et al., 2010).
Sandcrete blocks, on the other hand, are masonry components created
from a blend of cement, sand, and water. They are precast composite
masonry units made from a mixture of cement, sand, and water, typically
moulded into various sizes (Adeniji, Ganiyu & Ajagbe, 2013).
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Although there have been widespread international initiatives aimed at
decreasing energy consumption to promote sustainable development,
there is a notable scarcity of research focused on the thermal performance
of walling materials in the humid tropics (UN, 2015). This gap is particularly
significant in the context of enhancing human productivity in both
workplace and residential environments in Nigeria. As an example, Sharma
and Ali (1986), Lawal and Ojo (2011), as well as Nwalusi et al., (2019)
concentrated on the thermal performance of residential buildings and their
occupants’ responses to the thermal environment, without examining the
influence of the walling material composition on the indoor temperature and
relative humidity.

Numerous studies (e.g., Sharma, Kumar & Kulkarni, 2021; Kaushal et
al., 2024) have identified building materials as a primary factor affecting
thermal comfort in developing countries. Other studies have employed
multivariate statistical methods to analyse comfort measures based on the
relative strain index (Lee, 1963), the index of thermal stress (Budd, 2001),
and the predicted mean vote (Fanger, 1973). However, a straightforward
comparison of these results is complicated by variations in methods,
measurement sites, and interpretations of the identified components,
indicating that thermal comfort is contextually specific and influenced by
prevailing environmental and climatic conditions.

2.2 Tropical wall design principles for passive cooling
strategy

Buildings are required to have a high degree of thermal inertia so that the
indoor temperature and relative humidity remain reasonably stable and
unaffected by fluctuations in exterior conditions. The design of the wall
has the potential for passive control of a building’s indoor conditions, by
managing the transference of external outdoor temperature (Homod et
al., 2021). Construction materials such as concrete, brick, cement blocks,
and other solid masonry materials are considered to have high thermal
mass. However, high-thermal-mass materials are considered very effective
against rapid heat transfer, which is mainly due to their properties to absorb
heat from solar radiation at a much slower rate than lightweight materials
with a low thermal mass. Lightweight materials of timber, steel, and the
various building wall materials absorb heat quickly and conversely cool
down quickly (Vijayan et al., 2021).

The differences in wall thickness significantly impact the comfort levels of
buildings, as highlighted by Mallic (1996), who noted that rooms with thicker
walls generally offer a higher degree of comfort. Furthermore, a comparative
analysis of temperature readings in homes with wall thickness ranging
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from 125 mm to 500 mm indicates that those with greater wall thickness,
especially on lower floors, maintain a consistently comfortable environment
throughout the year, in contrast to those located on upper floors.

The massing of the enclosing envelope is primarily influenced by the
thickness and type of construction materials used, as well as their
capacity to impede heat transfer over time, which is crucial for assessing
the building’s thermal performance and consequently affects the energy
required to maintain thermal comfort in occupied areas (Basrawi et al.,
2013). Furthermore, while greater thermal conductivity in insulation
materials corresponds to lower thermal resistance, necessitating thicker
insulation for optimal thermal performance, it is also important to consider
that increased insulation thickness can significantly reduce usable space
within the building (Ulutas, Balo & Topal, 2023).

3. THESTUDY AREA

The study area cuts across two geographic administrative units, namely
Port-Harcourt City and Obio-Akpor, which together forms Port Harcourt
Metropolis. It is located between latitudes of 4° 05'30”N and 5° 14°'25”N and
Longitudes 5° 40'30”E and 7° 11°01”E (Figure 1) on an elevation of 15m,
characterised by dense tropical forest and built-up and covering an area of
1,900 km?. It has an estimated population of 2 344 000 inhabitants.
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Figure 1: The study area
Source: Authors
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The rainfall volume in the area ranges between 2000 mm and 2500 mm,
while relative humidity increases from April to September, peaking in July
before experiencing a sharp decline from January to March. During the
dry season, temperatures commonly reach up to 32°C, with the lowest
being recorded at 26°C in July (Nwaerema & Weli, 2019). Port Harcourt
is characterised by a diverse range of land uses, including residential
(high, medium, and low density), commercial, and industrial. This indicates
that variations in human comfort and the microclimate arise from human
activities across different land uses, which generate varying degrees of
heat and create differing levels of thermal comfort.

4. METHODS AND MATERIALS

4.1 The walling materials-production and mechanical
properties

The primary construction materials used for the two buildings comprised
stabilised sandcrete blocks, made up of 14% cement and 86% river sharp
sand, and stabilised lateritic blocks, which similarly contained 14% cement
and 86% lateritic soil. The production procedures for stabilised sandcrete
and stabilised latscrete blocks both entail a ratio of one part (25 kg) of
cement to six parts (150 kg) of their respective materials — sharp sand
and lateritic soil — resulting in the yield of 15 blocks in each case. In both
instances, water is incorporated into the mixture and manually mixed with
a spade until it reaches a workable consistency, after which the mixture is
placed into a steel mould and compacted. Then the blocks are extracted
from the mould and, after being allowed to set and cure for a minimum of
four days (Figures 2a and b), are watered twice on the second day, once in
the morning and once in the evening. The blocks used in constructing both
buildings had identical dimensions, measuring 450 mm in length, 100 mm
in width, and 225 mm in height.
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Figure 2a: Stabilised sandcrete blocks

Figure 2b: Stabilised latscrete blocks
Source:  Authors

To evaluate the characteristics of two walling materials, a series of tests
were conducted to determine their water absorption rate, compressive
strength, splitting tensile strength, and flexural strength, in accordance with
established standards (ASTMC140, 2017; ASTMC109, 2020; ASTMC10086,
2007; ASTMC1609, 2019). The mechanical properties of the masonry units
in the model buildings are summarised in Table 1. Sandcrete exhibited
superior compressive strength under both wet and dry conditions. However,
latscrete demonstrated a further reduction in compressive strength when
subjected to wet conditions, particularly in terms of flexural and splitting
tensile strengths. Latscrete demonstrated a more significant reduction
in compressive strength when subjected to wet conditions, particularly
in terms of flexural and splitting tensile strengths. When compared to
sandcrete, latscrete exhibited a higher density, an increased coefficient of
thermal conductivity, and a lower specific heat capacity.

Table 1:  Properties of the masonry blocks

Properties Sandcrete Latscrete
Density (kg m™3) 2043+12 2055%16
Water absorption (%) 14.8+0.3 12.0+0.5
Porosity (%) 30.7+0.4 26.5+0.8
Dry compressive strength (MPa) 4.17+0.15 3.84+0.22
Wet compressive strength (MPa) 2.75%0.17 2.59+0.26
Flexural strength (MPa) 1.34+0.05 1.54+0.03
Splitting tensile strength (MPa) 0.62+0.06 0.87+0.04
Thermal conductivity (W m™ K™) 0.513+0.012 0.551+0.015
Specific heat capacity (kJ kg™ K) 1.422+0.027 0.057+0.066
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4.2 Site description and other building materials

The two model structures were erected on an undeveloped parcel of land
within the Apalugbor housing estate, approximately 300 m from lkwerre
Road in Rumuigbo, eastern Port Harcourt Metropolis, Rivers State. The
location is characterised by any significant obstruction from wind or
sunlight. Cement-sand mortar, mixed in a ratio of 1:6, was used for bonding
the blocks during the construction of the walls of the experimental buildings.
Both buildings were constructed with roofs and ceilings made from similar
materials, including 0.45 mm thick flat aluminium roofing sheets affixed to
50x50 mm purlins supported by semi-hardwood trusses, while the ceilings
consisted of 0.35 mm thick cement fibre flat sheets secured to 50x50
mm wooden noggins on wooden trusses. The doors and windows were
fabricated from high-density fibreboard (HDF), which were hinged and
bolted within wooden frames. Each of the buildings had sandcrete self-floor
finish over a concrete floor of the same thickness. The buildings are aligned
along the same solar and wind paths — North-East (NE) and South-East
(SE) — as illustrated in their architectural details in Figures 3 and 4.

SITE LAYOUT PLAN

Figure 3a:Site plan
Figure 3b:Floor plan
Figure 3c: Section/elevations

Source: Authors
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Figure 4a: Sandcrete model

Figure 4b:Latscrete building model
Source: Authors

4.3 Test and analysis

The indoor temperatures and RH with doors and windows closed for the
two different model buildings were measured four times daily, namely at
6:00 a.m., 12:00 p.m., 6:00 p.m., and 12:00 midnight, from August 2021
to July 2022, using a digital Thermohygrometer (model RTB 17E). The
temperature and humidity sensors were positioned on plastic tables at a
height of 0.5 m inside buildings that had indoor room dimensions of 2.4 m
in length, 2.4 m in width, and 2.7 m in height.

Data retrieved from the field were analysed using Temperature-Humidity
Index (THI), Heat Index (HI), and Effective Temperature Index (ETI) scales
(Eludoyin, 2014). These scales are represented as follows:

THI= 0.8*T + RH* (T — 14.4) + 46 4 (1)

T represents the ambient or dry-bulb temperature measured in degrees
Celsius (°C), while RH denotes relative humidity, expressed as a proportion
(for instance, 75% corresponds to 0.75). In the assessment of the THI, the
results were compared according to the ASHRAE 55-2020 standard scale
to determine thermal comfort levels (ASHRAE, n.d.): Mild is classified as a
THI of 72 to 79, moderate ranges from 80 to 89, and severe is defined as
a THI of 90 or higher. ETI standard scales are established as follows: (a)
Lower limit = 22°C, (b) Optimum limit = 25°C, and (c) Upper limit = 27°C.
The Heat Index (HI) indicates the apparent temperature perceived by the
human body, which decreases at higher RH levels, due to a diminished
evaporation rate (Jing et al., 2013).
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Hi=c1+c2T+c3R+c4d+—-——+¢9 (1)

where c¢ values are constants, T represents temperature in degrees
Fahrenheit/Celsius, and R represents RH percentage.

Ordinary Least Squares (OLS) analysis was conducted to assess the
relationship between the two distinct types of walling materials. This
analysis specifically focused on examining the direct correlation that exists
between temperature and RH, allowing for a deeper understanding of how
these climatic elements influence the performance and properties of the
walling materials. In addition, detailed investigation through time series
regression analysis was performed to systematically explore the impact of
various data-collection time points (6:00 a.m., 12:00 p.m., 6:00 p.m., and
12:00 midnight) on the fluctuations and variations observed in RH and
temperature of the model buildings.

5. RESULTS AND DISCUSSION

5.1 Temperature and humidity trends

The daily temperature data revealed that the maximum temperature for
the sandcrete model reached 33.34°C, surpassing the maximum of the
latscrete model, which was recorded at 31.81°C, by a margin of 3.5°C.
The standard deviations for these measurements were 2.08 and 19.67,
respectively (see Figure 5). The temperature patterns observed for both
walling materials were consistent with the seasonal climatic variations
typical of the region. Over time, both materials demonstrated a decline
in temperature, suggesting that factors such as the age of the materials
or seasonal changes may have contributed to the observed temperature
variations in the model structures. Notably, the temperature readings for
sandcrete exhibited a broader range and greater variability compared to
those of latscrete.
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Figure 5: Daily temperature trends
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Figure 6 illustrates the average daily RH, indicating that the RH for
sandcrete, at 92.38%, was higher than that of latscrete, which recorded
84.5%, by 7.88%. The standard deviations for these values were 11.21 and
10.5, respectively. The RH trends for both materials were in accordance
with the seasonal climatic shifts experienced in the Port Harcourt
Metropolis. Throughout the duration of the study, both sandcrete and
latscrete displayed a similar downward trend in RH, with average daily
values of 75.47 and 67.61, respectively.
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Figure 6: Daily humidity trends

In Table 2, data regarding average monthly RH indicates a rise in humidity
levels starting in March, peaking in December for both walling materials.
Although it is well established that the highest rainfall occurs between July
and August in Port Harcourt, it is significant to note that the peak humidity
does not coincide with this rainfall pattern, instead occurring in December
for both types of construction.

Table 2:  Average monthly relative humidity — August 2021-July 2022

Average monthly relative humidity

Months (2021/2022) Sandcrete (%) Latscrete (%) Variance (%)
August 80.91 73.86 6.49
September 81.84 73.04 8.80
October 83.09 73.69 9.4
November 84.74 75.83 8.92
December 86.14 79.36 6.78
January 81.81 70.75 11.06
February 81.02 68.24 12.78
March 74.98 67.94 7.04
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Average monthly relative humidity

Months (2021/2022) Sandcrete (%) Latscrete (%) Variance (%)
April 65.23 58.05 7.18
May 63.85 59.29 4.56
June 60.51 54.05 6.46
July 61.83 57.08 4.75

Furthermore, Table 3 shows that the most considerable temperature
fluctuations were recorded in March, aligning with the region’s peak
temperatures, while December exhibited the least temperature variation,
marking the beginning of the dry season.

Table 3:  Average monthly indoor temperature — August 2021-July 2022

Average monthly indoor temperature

Months (2021/2022) Sandcrete (°C) Latscrete (°C) Variance (°C)
August 29.52 24.69 4.83
September 28.55 23.77 4.78
October 28.11 22.37 5.70
November 30.61 27.86 2.75
December 30.48 28.17 2.32
January 31.51 28.27 3.23
February 31.95 26.76 5.19
March 33.93 27.29 6.63
April 31.80 27.37 4.43
May 30.68 25.68 5.00
June 26.88 23.64 3.24
July 27.54 24.55 2.98

The National Building Code (NBC, 2006) establishes fundamental
standards for building design and construction aimed at achieving optimal
thermal performance in Nigeria. In Port Harcourt, the enforcement of the
NBC and adherence to building regulations is overseen by the Rivers
State government, specifically through the Ministry of Lands and Urban
Development. According to the NBC, indoor temperatures in the Port
Harcourt area should be maintained between 31°C and 18°C, while
acceptable indoor RH levels are defined to be between 40% and 60%.
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The temperature records for the sandcrete model building exceeded the
NBC threshold of 31°C by 51.1%, with no instances of temperatures falling
below the minimum benchmark of 18°C. This deviation, characterised by
temperatures surpassing the NBC limit, was observed from November to
March, aligning with the dry season in the Port Harcourt region. Conversely,
during the months of June, July, August, September, and October — when
rainfall is most prevalent — temperatures were recorded below the NBC
standard. In terms of daily RH for the sandcrete model, only 13.11% of
the readings fell within the NBC guidelines, while all monthly assessments
indicated RH levels exceeding the NBC benchmark.

In contrast, the latscrete walling model demonstrated that none of the
daily temperature readings surpassed the NBC limit of 31°C, nor did any
temperatures drop below the minimum threshold of 18°C. Regarding daily
RH for the latscrete model, 33.33% of the readings were within the NBC
parameters. However, at the monthly level, all recorded months (100%)
exhibited optimal RH levels based on the NBC standard.

The analysis of temperature and RH trends reveals important insights on
the impact of building walling materials and local climatic conditions on
indoor thermal performance in Port Harcourt. In the case of the sandcrete
model, it is concerning that temperature measurements surpassed the
NBC threshold of 31°C by 51.1%. This finding is particularly troubling as it
indicates that, during the dry season, from November to March, the indoor
environment does not achieve the comfort levels prescribed by the NBC
guidelines. This serves as a clear indication that sandcrete structures
may struggle to effectively regulate temperature, particularly in a climate
characterised by significant humidity fluctuations. Conversely, the latscrete
model demonstrated a much more advantageous performance. It recorded
no temperatures exceeding 31°C and consistently maintained conditions
within the NBC standards, making it a preferable option for construction in
this area. In addition, the fact that 33.33% of daily RH measurements fell
within the acceptable range is encouraging, suggesting that latscrete not
only excels in temperature regulation, but also enhances indoor thermal
comfort quality.

5.2 Thermal comfort of the walling materials

The ASHRAE Standard 55-2020 and ISO 7730 delineate the acceptable
range for thermal comfort (ASHRAE, n.d.: online; ISO, n.d.: online).
Furthermore, ISO 7730 elaborates on the limits set by ASHRAE 55,
providing various ranges for indoor environments. Central to both ASHRAE
Standard 55 and ISO 7730 are the Predicted Mean Vote (PMV) and the
Predicted Percentage of Dissatisfied (PPD) models, which are recognised
as key thermal comfort standards. The PMV assesses the average thermal
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sensation that a large group of individuals experiences in a specific
environment, while the PPD estimates the proportion of individuals likely
to express dissatisfaction at a particular PMV level, thereby enhancing the
understanding of comfort performance. According to ASHRAE 55 and ISO
7730, the PPD can vary from 5% to 100%, contingent upon the calculated
PMV, with these comfort values differing based on the occupant’s location
within the building. To adhere to the standards, no occupied area should
exceed a PPD of 20%. The PMV index is evaluated on a 7-point scale,
ranging from +3 (Hot) to -3 (Cold), with 0 indicating a neutral or comfortable
state. The primary objective in building design is to attain a PMV close
to 0, indicating thermal neutrality for the majority of occupants. These
standards utilise the PMV to establish acceptable thermal conditions for
human occupancy. ASHRAE 55-2020 indicates that RH levels below 20%
or above 70% may result in discomfort. This study, which concentrated
on experimental building models, assessed temperature and RH data
according to the ASHRAE 55-2020 standard, in order to evaluate thermal
comfort levels categorised as mild, moderate, and severe. Mild conditions
are defined by a THI of 72 to 79, moderate conditions range from 80 to
89, and severe conditions are characterised by a THI of 90 or higher. The
established ETI standard scales are as follows: (a) Lower limit = 22°C, (b)
Optimum limit = 25°C, and (c) Upper limit = 27°C.

Table 4: Range of average monthly humidity on temperature on ASHRAE
55-2020 standard scale

Month and year Average monthly RH (%) ASHRAE 55-2020
Sandcrete Latscrete Sandcrete Latscrete

August 2021 80.91 73.86 Upper Optimum
September 2021 81.84 73.04 Upper Optimum
October 2021 83.09 73.69 Upper Optimum
November 2021 84.74 75.83 Upper Optimum
December 2021 86.14 79.36 Upper Optimum
January 2022 81.81 70.75 Upper Optimum
February 2022 81.02 68.24 Upper Optimum
March 2022 74.98 67.94 Optimum Optimum
April 2022 65.23 58.05 Optimum Lower
May 2022 63.85 59.29 Optimum Lower
June 2022 60.51 54.05 Optimum Lower
July 2022 61.83 57.08 Optimum Lower
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The findings presented in Table 4 demonstrate that RH had a significant
impact on the indoor thermal comfort of buildings constructed with
sandcrete walls, as evidenced by the parameters defined in the optimal
and upper limits according to ASHRAE 55-2020. Importantly, no lower
limit was identified throughout the study period. In contrast, the analysis of
buildings with stabilised latscrete walls indicated that, from August 2021 to
March 2022, RH played a crucial role in maintaining optimal indoor thermal
comfort. However, during the period from April 2022 to July 2022, RH was
found to establish lower limits for thermal comfort.

Table 5:  Range of average monthly indoor temperature on ASHRAE standard
scale

Month and year Average monthly indoor temperature °C =~ Range on ASHRAE 55-2020

Sandcrete Latscrete Sandcrete Latscrete
August 2021 29.52 24.69 Upper Optimum
September 2021 28.55 23.77 Upper Optimum
October 2021 28.11 22.37 Upper Lower
November 2021 30.61 27.86 Upper Upper
December 2021 30.48 28.17 Upper Upper
January 2022 31.51 28.27 Upper Upper
February 2022 31.95 26.76 Upper Upper
March 2022 33.93 27.29 Upper Upper
April 2022 31.80 27.37 Upper Upper
May 2022 30.68 25.68 Upper Lower
June 2022 26.88 23.64 Opftimum Lower
July 2022 27.54 24.55 Upper Lower

According to the results in Table 5, with the exception of June 2021, when
temperatures fell within the optimal range, all other months recorded
average monthly temperatures at the ‘upper limit’ range for buildings with
sandcrete walls. In the case of buildings with latscrete, the average indoor
temperature showed six months below the ‘upper limit" (comprising four
months at the ‘lower limit’ and two months at the ‘optimum limit’) alongside
six months at the ‘upper limit'.
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Table 6:  Heat index comparison for sandcrete and latscrete

Average monthly indoor temperature and RH/HIT

Months (2021/2022) Sandcrete Latscrete Heat index (HI) THI
Temp. (°C)  RH (%) Temp.(°C) RH (%) Sandcrete Latscrete
August 29.52 80.91 24.69 73.86 82.27 73.76
September 28.55 81.84 23.77 73.04 80.28 72.26
October 28.11 83.09 22.37 73.69 80.27 69.98
November 30.61 84.74 27.86 75.83 88.66 82.91
December 30.48 86.14 28.17 79.36 84.61 79.81
January 31.51 81.81 28.27 70.75 85.64 78.72
February 31.95 81.02 26.76 68.24 86.19 76.22
March 33.93 74.98 27.29 67.94 88.19 77.00
April 31.80 65.23 27.37 58.05 83.15 75.82
May 30.68 63.85 25.68 59.29 81.36 73.60
June 26.88 60.51 23.64 54.05 75.51 70.31
July 27.54 61.83 24.55 57.08 76.58 71.83

The assessment utilising the ASHRAE heat index scale, as shown in Table
6, indicated that sandcrete walls exhibited acceptable mild heat indices
only during June (75.51 THI) and July (76.58 THI). In contrast, the months
from January to May and August to December were classified within the
acceptable moderate range of 80-89 THI. For latscrete, only November
achieved a heat index of 82.59 THI, qualifying it as an acceptable moderate
heat index level (80-89 THI), while the remaining months were categorised
within the acceptable mild heat index range of 72-79 THI.

5.3 Regression analysis

A moderately strong correlation exists between the room temperatures of
sandcrete and latscrete, as indicated by an R-squared value of 0.413. This
finding implies that roughly 41.3% of the variability in latscrete temperatures
can be accounted for by the temperatures of sandcrete (Table 7).
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Table 7:  Regression summary for temperature

Dep. Variable:  Latscrete (Temperature °C) R-squared: 0.413
Model: OLS Adj. R-squared: 0.412
Df Residuals: 366 BIC: 1342.
Df Model: 1
coef std err T P>t [0.025 0.975]
Const 7.6669 1151  6.663 0.000 5404  9.930
Sandcrete (Temperature °C) 0.6054 0.038 15.971 0.000 0.531 0.680
Omnibus: 22.917 Durbin-Watson: 0.542
Prob (Omnibus): 0.000 Jarque-Bera (JB): 37.043
Skew: 0.425 Prob (JB): 9.04e-09
Kurtosis: 4.312 Cond. No. 442,

Positive correlation was identified between the humidity levels of sandcrete
and latscrete, as indicated in Table 8, with an R-squared value of 0.821.
This finding implies that roughly 82.1% of the variability in latscrete humidity
can be accounted for by the humidity of sandcrete.

Table 8:  Regression summary for relative humidity

Dep. Variable: Latscrete_Humidity R-squared: 0.821
Model: OLS Adj. R-squared: 0.820
Df Residuals: 366 BIC: 2136.
Df Model: 1

coef std err 1 P>t [0.025 0.975]
const 3.6031 1.588 2268 0.024  0.480 6.727
Sandcrete_Humidity 0.8481  0.021 40.743 0.000 0.807 0.889
Omnibus: 171.783 Durbin-Watson: 1.020
Prob (Omnibus): 0.000 Jargue-Bera (JB): 934.273
Skew: -1.959 Prob (JB): 1.33e-203
Kurtosis: 9.788 Cond. No. 520.

5.4 Time variability of the walling materials

The analysis presented in this section focuses on the regression of
temperature and RH data collected at specific times (6:00 a.m., 12:00
p.m., 6:00 p.m., and 12:00 midnight) for both sandcrete and latscrete
building models. Figure 7 illustrates the temperature coefficients and
intercepts for sandcrete and latscrete, which are recorded as (0.02653,
-0.0654) and (31.96, 28.71), respectively. The findings indicate that the
sandcrete model exhibits a positive correlation with time, suggesting an
increase in temperature as time advances. Conversely, the latscrete model
demonstrates a negative correlation, indicating a decrease in temperature
over the same period.
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Figure 7: Variations in temperature by time

Figure 8 indicates the coefficients and intercepts for the linear models,
which can be used to predict RH based on the time of day. For sandcrete,
the model has a coefficient of approximately -0.41 and an intercept of about
77.45, which means that RH decreases by ~0.41% per hour from midnight
to noon. For latscrete, the model has a coefficient of approximately -0.49
and an intercept of roughly 76.81, which means that RH decreases by
~0.49% per hour from midnight to noon. These coefficients suggest that,
as time increases (from midnight to noon), the RH decreases for both types
of materials.
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Figure 8: Variations in relative humidity by time
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6. CONCLUSION AND RECOMMENDATION

This research analysis indicated that latscrete maintained a mild heat index
(HI) level of 70-79 THI for eleven months during the study period, with
the exception of November, which recorded a moderate HI level of 80-89
THI. In contrast, sandcrete predominantly exhibited a moderate HI level of
80-89 THI throughout the analysis. When evaluated against the effective
temperature (ET) standards established by ASHRAE for acceptable indoor
thermal comfort, which range from 22°C to 27°C, latscrete demonstrated a
narrower variance in thermal performance, ranging from 2.32°C to 6.63°C,
compared to sandcrete. These findings align with the conclusions drawn by
Sathiparan et al. (2022) who noted that residential units built with cement-
stabilised earth blocks and fired-clay bricks offer significantly enhanced
comfort regarding temperature and humidity fluctuations.

This investigation emphasises the necessity of examining alternative
masonry wall materials that exhibit superior indoor thermal performance
compared to the widely utilised sandcrete blocks. The findings indicate
that stabilised lateritic blocks may serve as a more effective walling option
than stabilised sandcrete blocks for enhancing indoor thermal comfort in
the studied region. Lateritic blocks not only demonstrate improved thermal
efficiency relative to sandcrete blocks, but they can also be manufactured
using simple block-making machines or hand-operated moulds in a
manner similar to that of sandcrete. This research has built upon previous
recommendations by scholars advocating for the development of lateritic
soil as a modern walling material.

This study concludes that stabilised latscrete blocks are a viable alternative
to the traditionally used stabilised sandcrete blocks for masonry wall
construction in the examined region. It is recommended that latscrete
blocks be produced on a large scale, similar to sandcrete blocks, and made
accessible in the marketplace for consumers to acquire as needed. This
initiative is expected not only to promote public health, but also to create job
opportunities for individuals interested in working within the latscrete block
manufacturing sector.

7. LIMITATIONS AND FUTURE STUDY

The primary limitation of this research was the absence of holistic ventilation
in the modelled buildings. For future investigations, it is advisable to also
use actual habitable buildings to gain a comprehensive understanding of
the thermal comfort associated with the walling materials. Future research
should also use both outdoor and indoor measurements in analysing
full-scale models or actual houses and the social aspect regarding the
acceptance of the local population to stay in such accommodation as well
as their capacity to use it.
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