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Abstract

Selection of appropriate window glasses to ensure improved safety and comfort of humans in buildings depends on the knowledge of
density and optical properties respectively, of the glasses. Unfortunately, there is lack of scientific information on that, thus making this
research a necessity to fill the knowledge gaps with regard to the new kinds of window glasses commonly used in modern buildings. Green,
black tinted, plain (clear), brown tinted, black reflective, and blue reflective glasses were gathered from various buildings construction sites
in each of the geo-political zones in Nigeria. The glasses were sorted based on their names, ensuring that those selected for a particular
name were of uniform thickness. From the results of the tests conducted on the glass samples, it was found that black tinted had the least
density (1698 kgm™) followed by green with density of 1719 kgm. Statistically, one-way analysis of variance performed at p < 0.05
revealed significant differences between the intensity of transmitted sunlight and that of incident sunlight for all the studied glasses. The
black reflective glass had the highest density (1886 kgm™), least transmittance (0.175) and highest light absorption coefficient (0.436 mm-
1) indicating that it could outperform others for improved comfort and safety in modern building design.

Keywords: analysis of variance; Beer-Lambert law; light absorption coefficient; sunlight intensity; transmittance.

Propiedades opticas y densidad de los vidrios para ventanas de uso
comun en Nigeria

Resumen

La seleccion de vidrios adecuados para ventanas con el fin de garantizar una mayor seguridad y comodidad de las personas en los edificios
depende del conocimiento de la densidad y de las propiedades Opticas de dichos materiales. Sin embargo, existe una escasez de informacion
cientifica sobre estos aspectos, lo que hace necesaria esta investigacion para cubrir las lagunas de conocimiento relacionadas con los nuevos
tipos de vidrios para ventanas cominmente utilizados en edificios modernos. Se recolectaron muestras de vidrios verde, polarizado negro,
transparente (claro), polarizado marron, reflectivo negro y reflectivo azul en diversos sitios de construccion ubicados en cada una de las
zonas geopoliticas de Nigeria. Los vidrios fueron clasificados segtin su tipo, asegurando que las muestras seleccionadas para cada categoria
presentaran un espesor uniforme. Los resultados de las pruebas realizadas mostraron que el vidrio polarizado negro presentd la menor
densidad (1698 kg m), seguido por el vidrio verde con una densidad de 1719 kg m™. Estadisticamente, el analisis de varianza de una via
realizado con un nivel de significancia de p < 0,05 revelo diferencias significativas entre la intensidad de la luz solar transmitida y la
intensidad de la luz solar incidente para todos los tipos de vidrio estudiados. El vidrio reflectivo negro presentd la mayor densidad (1886
kg m™), la menor transmitancia (0,175) y el mayor coeficiente de absorcion de luz (0,436 mm™), lo que indica que podria superar a los
demas tipos de vidrio en términos de confort y seguridad en el disefio moderno de edificaciones.

Palabras clave: anlisis de varianza; Ley de Beer-Lambert; coeficiente de absorcion de luz; intensidad de la luz solar; transmitancia.
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1  Introduction

In designing building architecture, window is considered
a vital and highly configurable element owing to its
uniqueness as well as significant contributions to building’s
aesthetics and functionality. Well-designed windows reduce
the need for artificial lighting, control the gain and loss of
solar heat, improve indoor environmental quality (by
facilitating natural light and ventilation), and connect the
occupants to nature. In other words, such windows promote
a building’s energy efficiency [1], reduce carbon footprint
[2], and enhance human health and well-being [3]. Thus,
having windows in a building aligns with and is instrumental
in achieving the United Nations Sustainable Development
Goals (SDGs) [4,5]. Actually, meeting the demands of
modern building architecture in terms of window’s functions
in the light of the global blueprint documented in the SDGs
(particularly, goal numbers 3, 7, and 13) fundamentally
requires the use of glass as pane.

Window glasses are specially designed for aesthetic and
structural qualities, offering thermal and sound insulation, and
helping to regulate indoor temperatures in buildings. Different
types of glass offer specialized features to enhance these
functions, ensuring comfortable, safe, and energy-efficient
indoor environment. Since it was first manufactured about 500
BC, glass has been one of the oldest materials in the building
enterprises. As the world is emphasizing the need for building
design that considers energy performance to deal with climate
problems [6], it is observed that glass is part of every building [7].
Within the last decade, window glasses have been investigated
for their blast resistance [8], composition [9], life cycle [10],
energy saving capability [11-16].

The essence of this research is to assess the density and basic
optical characteristics of glasses commonly used nowadays in
Nigeria as panes of windows in buildings. This study’s
motivation lies in the availability of window glasses with
improved strength, insulation performances, efficiency, and
protection against external elements all of which are occasioned
by technological advancement in the design and manufacturing
of glasses. The new window glasses are made by specific
manufacturing processes, thus contributing to a wide range of
results in terms of durability, visual clarity, energy transfer,
protective capabilities, and so on. While response of glasses to
solar radiation guides in energy efficiency evaluation and
performances optimization, density can be used to gauge their
non-optical capabilities (such as degree of safety, durability,
strength, insulation performances, etc), thereby making the two
parameters (optical properties and density) very crucial in
appropriate selection and application of window glasses. Such
scientific evidence is lacking in the literature, thus underscoring
the importance of this research’s findings to architects, building
engineers, end-users, researchers, materials scientists, building
construction industry, etc.

2 2Experimental considerations

2.1  Materials description and acquisition

The main materials for investigation in this research were
window glasses namely green, black tinted, plain (clear),

41

brown tinted, black reflective, and blue reflective glasses.
These glasses were gathered from various building
construction sites in each of the six geo-political zones in
Nigeria. For a named glass, those with identical thickness
were selected (one from each zone) and used in this research.
2.2 Preparation of the samples

The surfaces of each selected glass were washed with a
sponge and a mixture of equal parts of white vinegar and
warm water. This was necessary to ensure that the glasses
were free from any form of dirt. After that, the glasses were
allowed to surface-dry completely before they were coded for
ease of identification (especially, those with close color
identity). Then, each of them was cut into rectangular shape,
totalling six pieces per named glass sample.

2.3 Measurement protocols

2.3.1  Optical properties of the glasses

Further, the six glass samples were clamped separately
and in such a way that a larger portion of each of them was
exposed to sunlight in an open space within a choice location.
The experimental setups were carefully arranged, ensuring
that the top surfaces of the glasses were at the same horizontal
level from the ground. In this research, a total of seven
identical Lux meters (Model LX-107 HA, Lutron) were
employed for measurements of sunlight intensities. For the
purpose of measuring transmitted sunlight intensities, one of
the Lux meters was assigned to each clamped glass with its
sensor properly attached to the underside of the glass. Also,
the sensor of the remaining Lux meter was placed on a
wooden support and then positioned to be at the same level
with the top surfaces of the glass samples for measurements
of incident sunlight intensities. Fig.l illustrates a typical
setup arrangement used for the said measurements.

Measurements of the incident sunlight intensities were
carried out in three Nigerian time schedules such as morning
(8:30 am — 11:30 am), afternoon (12:00 noon — 3:00 pm), and
evening (3:20 pm — 5:30 pm). Whenever an incident sunlight
intensity was measured, the corresponding transmitted
sunlight intensity was noted simultaneously for each of the
glasses before the glass samples were quickly replace with
identical ones and the measurement process continued until
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Figure 1. Setup for the sunlight intensity measurements.
Source: Authors (2026)
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all of them were tested. For a particular time the readings
were taken, both the mean of the transmitted sunlight
intensities with respect to each glass sample and that of the
incident sunlight intensities and that of the transmitted
sunlight intensities were determined.

Using the mean data obtained, transmitted sunlight
intensity was plotted against incident sunlight intensity. The
transmittance, 7 (ratio of transmitted intensity to incident
intensity) of each glass was deduced accordingly as the slope
of the resulting graph and based on Beer-Lambert law
expressed thus

It = Il‘e_ax

(M

where I; = transmitted sunlight intensity, I[; = incident
sunlight intensity, @ = light absorption coefficient, and x =
thickness of the glass.

The light absorption coefficient, « was computed from
the transmittance in accordance with the relation

()

Further, the incident and transmitted sunlight intensities
of each glass sample were examined statistically using
Pearsom’s  Product-moment  Correlation  Coefficient
(PPMCC) and One-way analysis of variance (ANOVA)
employing Statistical Package for the Social Sciences (SPSS)
Software.

1
a= —In
x

@)

2.3.2  Density of the glasses

The mass of each glass sample was measured using a
digital weighing balance with resolution of 0.1 g. Since the
glass samples were non-porous and also regularly-shaped,
their volume was determined by geometry method [17]. This
method involves multiplication of the three dimensions
(length, breadth, and height/thickness) of the sample under
consideration. In this study, the dimensions of the glasses
were measured using digital vernier calipers (0-15 cm). The
mass and volume obtained for each glass sample were then
applied to compute the required density using the formula
[18-20]

D M
4

3)

where D = density of the glass, M = mass of the glass, and
V' = volume of the glass.
3 Results and discussion
Table 1 shows the thicknesses and common names of the
studied window glasses and code adopted for each of them in
this research. The differences in the names of the various
glasses arise from the variations in their manufacturing
processes, treatment and/or added features. For instance, iron
oxide (Fe,03) in its reduced form (FeO) creates blue hues and
chromium oxide (Cr;O3) which produces green color,
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sometimes in combination with iron. In the case of blue glass,
the main colorant used is cobalt oxide (Co,03) though other
metals like nickel oxide (NiO) and copper oxide (CuO),
sodium oxide (NaOH), and calcium oxide (CaO) could give
rise to certain shades of blue color. Black glass is typically a
soda-lime-silica material colored by adding metal oxide (or
sulphides) such as iron sulphide (pyrite), iron oxide,
manganese, cobalt, or copper oxide which absorbs light to
create the black color.

More so, reflective glass consists of a base sheet of
standard or tinted glass coated with an ultra-thin layer of
metal oxides (like titanium, iron, or silver) during
manufacturing to create a mirror-like, heat-reflective, and
glare-reducing surface. This hard, durable coating is applied
using processes such as chemical vapour deposition. Tinted
glass has the same basic silica-soda-lime composition as
clear float glass but with the addition of small amounts of
metal oxides to the molten mixture, such as iron oxide for
green, cobalt oxide for blue or gray and selenium oxide for
bronze or red colors. These additives are uniformly mixed
into the glass melt, creating body-tinted product with a color
that permeates the entire pane, rather than a surface film or
coating.

Possibly, the optical properties of the window glasses are
dissimilar even under same conditions of application. It is
seen that GRN, BKT, PLN, and BLR are similar in thickness
(5.0 mm) while the BRT and BKR are also alike in their
thickness (4.0 mm). But these thicknesses are within the
range of 2 — 8 mm with which light-transmitting window
glass sheets are produced as noted by Ludanov [21]. It is
noteworthy that thickness and composition control the
resistance to pressure, impact, and bending stress of window
glasses, thereby determining their structural safety. In this
case, thicker window glasses (GRN, BKT, PLN, and BLR)
considered in the present study will be safer because they can
resist bending and withstand higher impact forces. That is to
say, they can handle wind pressures and heavier snow loads.
The reason for this can be attributed to the fact that such
glasses are likely to bend less under pressure, reducing the
risk of snapping since they require significantly more force
to puncture or break.

Sunlight is a form of solar radiation (which is the
electromagnetic radiation emitted by the sun). It can be seen
in Table 2 that the ranking in the transmitting ability of the
glasses is PLN, BKT, GRN, BKT, BLK, and then BKR. This
trend repeats itself irrespective of the measurements
schedule. The peak values of incident sunlight intensities
obtained for the morning, afternoon, and evening schedules
is 42700, 55800, and 12200 (all in Lux) respectively. A
steady increase is observed in the sunlight intensity during

Table 1.
Thickness and name of the window glasses

Name of window glass Code used Thickness (mm)
Green GRN 5.0
Black tinted BKT 5.0
Plain (Clear) PLN 5.0
Brown tinted BRT 4.0
Black reflective BKR 4.0
Blue reflective BLR 5.0

Source: Authors (2026)
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Table 2.
Incident and transmitted light intensities of the window glasses
Incident light Mean transmitted light . . Mean transmitted light
lt\i/lnelis:cl:;;illl; intensity, I; intensity, I; (Lux) lt\i/lne]aes:cl:;gz?: ini:li;(iiteyntl-h(gl_l‘ll:x) intensity, I; (Lux)
(Lux) GRN BKT PLN > BRT BKR BLR
11600 3730 2640 10010 11600 6300 2030 2460
. 27300 8790 6220 23700 . 27300 14820 4780 5790
Moming 32500 10470 7410 28210 Moming 32500 17650 5690 6890
(8:30 - 11:30) 39800 12820 9070  34ss0  (8:30-11:30) 39800 21610 6960 8440
42700 13750 9740 37060 42700 23190 7470 9050
46300 14910 10560 40190 46300 25140 8100 9820
49600 15970 11310 43050 49600 26930 8680 10520
Afternoon 55800 17970 12720 48430 Afternoon 55800 30300 9760 11830
(12:00 - 3:00) 52200 16810 11900 45310  (12:00-3:00) 52200 28340 9140 11070
50600 16290 11540 43920 50600 27480 8860 10730
45300 14590 10330 39320 45300 24600 7930 9600
g P90 N0 MM g, wd s w0 o
(3:20-5:30) 20600 6630 4700 17880 (3:20-5:30) 20600 11180 3600 4370
12200 3930 2780 10590 12200 6620 2130 2590
Source: Author (2026)
the morning hours. The intensity continues to increase in the Table 3.
afternoons but also begin to dimish after reaching 55800 Lux. Statistical comparison of the measured light intensities for each glass
This decline in the intensity persists till 5:30 pm when it Glass Sum of Mean sum ANOVA
.. . s . (Calculated PPMCC
reaches 12200 Lux. By rising, peaking, and diminshing at the code squares of squares F-value)
same time, it can be submitted that the transmitted sunlight 4811813453 4811813453
intensity is in step with the incident sunlight intensity. It GRN 3066679493 109524268 43.934
means therefore that the type of window glass has no 7878492946 '
influence on the time required by the transmitted sunight 6238957230 6238357230
. . . . BKT 2923012440 104393301
intensity to increase or decrease. However, the transmitted 9161969670 59.764
sunlight intensity varies across the glass types, indicating that 182681363 182681363
the glass mateirals/compositions have effect on the degree to PLN 4874225773 174079492 1,049
which light transmission is permitted. ;‘1)3249‘??(1)% 5186411070 ’ 1
. Frgm the' plot in Flg. 2, it is reveqleq that Fhe trqnsmltted BRT 3597924360 178497299 17015
intensity varies accordingly with the incident intensity of the 5784335430
sunlight. Such variation is observed to be direct and positive 7125275853 7125275853
in all the cases. This supports the earlier submission that the BKR ;gggggé;‘g; 102272589 69.669
1n01dent intensity and transmitted intensity of the sunlight are 6499763213 6499763213
in phase. BLR 2903342573 103690806 62.684
9403105787
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g 30000 -
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g 10000 -
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Incidnet light intensity, 7, (Lux)

Figure 2. Variation of the glass’ transmitted light intensity with incident light
intensity
Source: Authors (2026)
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Source: Authors (2026)

Table 3 shows the ANOVA and PPMCC data obtained
from the statistical assessments of the measured light
intensities. From ANOVA table, the critical F-value is 4.196.
Since the calculated F-values are greater, it simply means
that the intensity of the sunlight (solar radiation) transmitted
by each of the glasses differs significantly from the incident
intensity of the sunlight. The PPMCC of 1.0 recorded in this
research is a clear indication that both the incident and
transmitted intensities of the sunlight correlate perfectly and
positively, thus giving credence to the linear representation
illustrated in Fig. 2 above.

The density and optical properties of the window glasses
are shown in Table 4. These are key parameters in achieving
energy efficiency and structural safety balance. It is noticed
that the BKR is the densest, followed by the BLR while the
BKT is the lightest among the glasses. By not being
weightless, it implies that application of any of the glasses in
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Table 4.
Density and optical properties of the window glasses
Glass dell\l/lssgllj D Transmittance, Light. absorption_ )
(10° kgm™) T coefficient, « (mm™)
GRN 1.719 0.332 0.045
BKT 1.698 0.228 0.296
PLN 1.768 0.868 0.028
BRT 1.766 0.543 0.153
BKR 1.886 0.175 0.436
BLR 1.857 0.212 0.310

Source: Authors (2026)

windows of a building will contribute to the weight of the
structure. However, the difference between the highest and
lowest density values in this case is just 9.97 %, indicating
that the effect may not be pronounced as far as addition of
dead load to building envelope is concerned. In as much as
density plays a vital role in ensuring safety, having a higher
density is indicative of the fact that the glass possesses
greater strength for protection against attack by external
factors like wind and rain. Approximately, the BKR and BLR
as well as the PLN and BRT, and BKT and GRN have the
same density as they are paired. So, it can be inferred that the
BKR or BLR is better than the PLN or BRT which in turn is
better that the BKT or GRN in ensuring safety as a building
material.

According to the information in the state regulatory
standards GOST (DSTU), optical properties mainly
determine the quality of window glass [22]. The
transmittances of the studied glasses differ and this is
consistent with the observation of Voft et al. [23] that glass
types differ significantly in measured daylight transmittance.
The highest transmittance value (0.868) is recorded by the
PLN and it indicates in this case that about 86.6% of the
visible light incident on the glass could pass successfully into
the interior space of a building. This will lead to reduction of
the need for artificial lighting. The reason for the highest
transmittance value as obtained for the PLN may be that
while providing a barrier, the glass offers very little
insulation and allows solar heat to transfer easily signifying
that it does not effectively reduce heat transfer. While the
BKR records the least transmittance, the values obtained for
the BKT and BRT (which represent 22.8% and 54.3%
respectively) are not unexpected compared to that of the
PLN. This is because both glasses are tinted. In other words,
the non-whitish tint of the glasses originating from the
applied raw materials influences the light transmission.

It is understood that chemical composition affects
transmittance of window glass. Naturally, colored glasses
mainly owe their color to iron impurities, which were present
in the raw materials. In most silicate glasses, the two
oxidation states of iron (Fe?*" and Fe**) simultaneously occur
and the iron redox ratio (Fe?'/Fe") is influenced by the used
raw materials. Tinting of glazing panes, as noted by Li et al.
[24], helps to retain material transparency from the internal
layer of the window, absorbing a portion of the solar heat
while blocking daylight. Also, thermal transmittance of glass
affects building energy performance [25]. The BKT and BRT
have a high tendency to provide thermal insulation by
reflecting solar heat thereby reducing the amount of heat
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entering a space. Between them, BRT is capable of absorbing
and re-radiating solar energy thus making its transmitting
ability greater than that of the BKT. This may be attributed
to the fact that black glass is designed to absorb all visible
light wavelengths.

That notwithstanding, both of them can help to maintain
cooler indoor temperature thereby improving energy efficiency
in buildings. Comparing the BKT with BKR, it can be averred
that making reflective window glass is a way of boosting energy
efficiency of building enclosures because it has increased
capability to minimize solar heat gain within the available spaces.
Though the BLR is also a reflective window glass, the BKR is
heavier than it and as such, has a higher thermal mass. This makes
the BKR capable of storing more heat and slightly delaying heat
transmission into a building during peak sun hours, thereby
reducing cooling loads. Light-passing coefficients of 0.85 and
0.84 have been reported for window glass sheet with thickness of
3 —4 mm and 5 — 6 mm respectively [21]. Based on the results
obtained in this research, it can be inferred that the window
glasses could outperform such material in maintaining indoor
conditions of a building if allowed exposure to same influence
from day lighting.

Light absorption coefficients, as seen from the results in
this research, relate inversely to transmittance of the light.
That is, a higher light absorption coefficient leads to a lower
light transmittance which means less light passes through the
glass sample and vice versa. This relationship is formally
described by Beer-Lambert Law where the transmittance
decreases exponentially with light absorption coefficient and
path length of the light through the glass indicating that as the
glass absorbs more light, less of it is transmitted. Basically,
higher impurity levels lead to increased light absorption. In
the instant case, BKR has the greatest ability to absorb
photons and convert it to other forms of energy such as heat.
4  Conclusion
The results of the investigations carried out in this research
have revealed that window glasses commonly used for the design
of modern buildings in Nigeria are 4 mm or 5 mm thick. It was
found that their density ranged from 1698 kgm™ to 1886 kgm,
with black tinted glass and black reflective glass having the least
and highest density respectively. Plain (also known as clear) glass
showed the highest transmittance (0.868) while the black
reflective glass recorded the lowest value (0.176). It was as well
found that black tinted glass and blue reflective glass could allow
22.8 % and 21.2 % respectively of incident sunlight to pass into
the interior spaces. For all the glasses, the incident and
transmitted intensities of the sunlight correlate positively with
each other. As far as improved comfort levels and safety for the
occupants are prioritized in the selection of window glasses, it has
been found that the highest density value (1886 kgm™) with the
lowest transmittance (0.175) and the highest light absorption
coefficient (0.436 mm™) of the BKR make it the most suitable
choice for modern building designs.
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