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This study aims to address the environmental issues arising from traditional building materials such as
concrete and steel by introducing a building unit that combines rammed earth with recycled glass. The use
of glass alongside earth aims to enhance illumination levels and light permeability in interiors without using
conventional building components like doors or windows. The scope includes fabricating blocks with varying
hollow and glass material ratios to measure their light transmittance capacities. A setup involving a light
source, an earthen block, and a lux meter is developed to calculate light transmittance for both non-filled
and glass-filled blocks. Results indicate that when the developed unit is used to produce a wall, it can provide
illumination levels from 750 to 34,500 lux in interior spaces.
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In the context of climate change, where the Architecture, Engineering, and Construction (AEC) sec-
tor's dominant use of concrete and steel contributes to nearly 40 percent of the world’s CO2 emis-
sions, there is an urgent need for sustainable and low-carbon footprint materials. Consequently,
materials offering low environmental impact and energy-efficient solutions have gained impor-
tance. Earth, a locally available and traditional material, stands out for its compression resistance,
high thermal inertia, direct use of excavated soil, non-waste production, and reusability (Agusti-
Juan & Habert, 2017; Krezlik et al., 2021; Porter et al., 2018; Sousa et al. 2022).

The utilization of stabilized rammed earth as a construction material, one of the earthen mate-
rials, holds considerable potential for environmentally friendly and affordable solutions. Due to
their technical specifications and notably thick walls (Ben-Alon et al., 2020), earthen structures
typically feature low illuminance levels in their interior spaces. While numerous studies in this
domain have examined the structural behavior, material properties, thermal comfort perfor-
mance, and user satisfaction related to rammed earth building blocks (Avila et al., 2021), a gap
concerning light transmittance remains in the literature.

The primary goal of this study is to design and fabricate a building block (unit) that increases
illuminance within the interior spaces of rammed earth structures. Another objective is to de-
termine the capabilities of an envelope system, consisting of these developed blocks, in terms
of daylight transmittance. In this context, the study seeks to answer the following research
questions:

Can a solid material (rammed earth) effectively work with a translucent material (glass) in
the fabrication of a building block?

Is there a noticeable quantitative relationship between the amount of glass in the fabricated
building blocks and the amount of light transmitted?
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Within the scope of this study, rammed earth blocks are created with varying numbers of cavities:
none, one, two, three, and four. Subsequently, these cavities are filled with recycled glass. Since
there are no prior studies or examples, establishing the successful fabrication of a building block
combining rammed earth and glass is set as a criterion for success. Additionally, determining the
light transmission levels of the blocks through measurements is essential for evaluations.

This section provides background on rammed earth, light-transmitting concrete, and cobogo.
Within the scope of this study, rammed earth is utilized as the main material, with a focus on
enhancing its light transmission capabilities. Cobogo, known for its openings that allow light to
pass through, is introduced as an architectural element serving as an inspiration for this research.

Rammed earth

Rammed earth is a building technique with numerous advantages in terms of sustainability, en-
ergy efficiency, durability, and health. Considering these advantages, renowned architects such as
Foster + Partners (2018), Renzo Piano Building Workshop (2020), and Francis Kéré (Fernandez-
Galiano, 2018) have focused on earthen materials to construct architectural components or entire
buildings.

Rammed earth is a sustainable building material due to its low embodied energy, low carbon foot-
print, natural origin, and low transportation costs (Shaikh, 2014). Moreover, its high thermal mass
helps maintain warm interiors in summer and protects against cold in winter. These features en-
able rammed earth to provide energy-efficient architectural solutions (Preciado & Santos, 2020).

As a natural material not subjected to various chemical processes, rammed earth supports the
creation of healthy indoor environments (da Rocha et al,, 2014). In terms of durability, rammed
earth is highly durable when used with appropriate stabilization techniques and binding materials
such as cement (Porter et al.,, 2018). Another important feature of rammed earth is its natural fire
resistance (Giuffrida et al., 2021).

Light transmitting concrete

Research is being conducted in fields such as materials science and architecture to make solid
materials transparent. In particular, various approaches are being pursued to provide light-trans-
mitting capabilities to concrete, which is known for its durability and opacity. This structural build-
ing material, enhanced with new features, is referred to as light-transmitting concrete, translucent
concrete, or transparent concrete (Luhar et al., 2021). Light-transmitting concrete, widely used
in applications such as walls, allows sunlight to penetrate interior spaces, thereby increasing il-
lumination levels (Roye, 2013). Furthermore, such walls aim to minimize the energy required to
achieve intended illumination levels in interiors (Zielinska & Ciesielski 2017).

To add transparency to concrete, optical fibers (Bhushan et al., 2013) or polyester resin (Juan &
Zhi, 2019) are generally used as light-guiding elements. In their study, Henriques et al. (2020)
observed that when the optical fiber ratio in transparent concrete increased from 3.5 percent to 5
percent, the light transmittance of the concrete increased by 100 percent.

Concrete is expected to exhibit high durability levels. Luhar and Khandelwal (2015) noted that
the compressive strength of transparent concrete (36.70 MPa) nearly matched that of ordinary
concrete (39.50 MPa). In addition to its advantages in structural and energy efficiency, transparent
concrete is also used for aesthetic purposes.

Cobogo

Cobogo bricks originated in Brazil in the early 20th century. Cobogo is a hollow architectural ele-
ment designed for partitions or screens, providing controlled light and ventilation. Initially, cobo-
go designs aimed to ensure light and air permeability with bricks featuring regular and uniform
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openings. Available in various shapes and patterns, cobogo bricks are made from materials such
as concrete and ceramics (Rytel, 2013). The use of cobogo bricks enhances structures both en-
vironmentally and aesthetically (Araujo, 2019). The main reason why cobogo originated in Brazil
is to prevent overheating and excessive sun exposure in interiors, caused by the variable climate
(Rytel, 2013).

Current studies on cobogo generally proceed through computational design processes and digital
fabrication. Teixeira et al. (2015) presented a parametric modeling system for cobogo alternatives
aimed at providing privacy and visual permeability. Fagundes et al. (2018) analyzed a physical co-
bogo unit and a digitally modeled version of the same cobogo in terms of visuality and light trans-
mittance. Another study aimed to increase the energy efficiency of cobogo and improve thermal
performance through material computation (Santana Neto & Silva, 2016). Natividade (2018) pre-
sented the methods and results of a workshop investigating the design and manufacturing of fa-
cade elements through computer-aided design and manufacturing techniques. At the workshop,
cobogo was chosen as the element to create, taking into account both environmental factors and
budget. Concrete was selected as the material due to its plasticity. Caetano et al. (2020) focused
on a facade design using cobogo bricks. They not only explored geometries but also worked to
develop, rationalize, and produce design solutions. Instead of a single type, Caetano et al. (2020)
worked with different bricks to create various facade alternatives that would meet the intended
design. In summary, cobogo offers insights through its light transmission capabilities and related
energy efficiency efforts.

This section presents the experimental setup and outcomes of experiments aimed at producing
blocks composed of multiple materials. Additionally, it provides numerical results concerning the
light transmittance properties and an analysis of the findings.

Experimental setup

Earth and recycled glass were chosen as the primary materials for the blocks, with cement serv-
ing as the binding material and metal used to fabricate the mold. The outer formwork for ram-
ming the earth was constructed using four metal plates, each measuring 10x10 cm and 2 mm
thick. These plates were assembled into a cube-shaped mold, with the top and bottom faces left
open. The inner formwork was created by cutting a metal pipe with a diameter of 2 cm into 10 cm
lengths to accommodate the glass. The earth to be rammed inside the mold was sourced from
a depth of 60 cm below ground level, and pourable-quality glass was selected. A darkroom, an
opaque tunnel, a light source, and a device to measure illuminance levels were required to con-
duct the light transmission test on the fabricated blocks.

Experiments and results

In the context of rammed earth construction, various studies have investigated the strength and
characteristics of the material in relation to the mixtures used. For instance, Easton (1982) report-
ed beneficial results using a 10% cement mixture. Jayasingh and Kamaladasa (2007) introduced
the term “cement stabilized rammed earth” and demonstrated that incorporating 6% or more
cement in the mixture significantly enhances the compressive strength and overall structural in-
tegrity of rammed earth. Kariyawasam and Jayasinghe (2016) mixed different soil types with 6%,
8%, and 10% cement to evaluate the material's compressive strength and durability, finding that
the 10% cement mixture produced the best results.

Building on these findings, the earth was sourced from at least 60 cm below the ground, sifted to
remove gravel (Fig. 1a), and a dry mixture was prepared with 10 parts of cement for every 100 parts
of soil (Fig. 1b). Water was poured into the dry mixture using the drip method and mixed (Fig. 1c,
Fig. 1d). After oiling both parts, the cylindrical inner mold was placed inside the cubic outer mold
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(Fig. e, Fig. 1f, Fig. 1g). The mixture was placed in the remaining volumes, leaving the inner mold
empty, and rammed using a tamper. The ramming process was carried out gradually and repeat-
edly to ensure the earth was fully stabilized (Fig. 1h, Fig. 1i). After 30 minutes, both the cubic and
cylindrical molds were dismantled, and the earth block was obtained (Fig. 1j, Fig. 1k). In the next
stage, recycled borosilicate glass was melted at 1400 degrees Celsius and poured into the volume
where the cylindrical mold had been removed. Before obtaining the final blocks, the cooled glass
material was kept in the cooling oven at 600 degrees Celsius for 1 hour to prevent cracks from
forming (Fig. 1L, Fig. Tm). This process was repeated by adding two, three, and four inner molds
into the outer mold, respectively. As a result, four rammed-earth blocks with light-transmittance
properties were produced (Fig. 1n, Fig. 10, Fig. 1p). However, the blocks containing two and four
holes cracked during the glass pouring process due to extreme temperatures.

Material Difference

Soil Preparation Soil

Material Preparation

Ramming Step I1

Stge o]

Light Effect

Before initiating the light permeability test, the physical and mechanical properties of the blocks
were evaluated. This assessment included calculating the density of both samples. For the hollow
block (first sample), which contained a cylindrical void (diameter: 2 cm, height: 10 cm), the soil
density was calculated as 1.781 g/cm?® (Fig. 2a). For the glass-filled block (second sample), which
used borosilicate glass with a density of 2.5 g/cm?® to fill the same cylindrical void, the soil density
was found to be 1.946 g/cm? after accounting for the mass of the glass filling (Fig. 2b). Additionally,
a compression test was conducted on a solid block, which demonstrated a load-bearing capacity
of 1.8 MPa (Fig. 2c; Fig. 2d). To mitigate water permeability, a resin-based coating was applied to
the block surfaces.

Block fabrication process
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Following the production of the units, a light-impermeable tunnel was constructed using 5mm-
thick foam board, with two openings on opposite faces of the tunnel. One opening was for the
light source, to direct light onto the earthen block, and the other was for the placement of the
lux meter. In this setup, a halogen lamp with a capacity of 1300 lux was used as the light source
(Fig. 3a). In a completely dark environment, a measurement was first conducted with the tunnel
empty (Fig. 3b, Fig. 3e). Subsequently, the fabricated blocks—both non-filled and glass-filled,
each with a single hole—were placed in the tunnel to measure the illuminance levels (Fig. 3c,
Fig. 3d, Fig. 3f, Fig. 3g, Fig. 3h).
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The durability evaluation of the produced blocks revealed that the spaces left in a grid pattern
weakened the material's strength, resulting in cracks due to the heat from the poured glass
(Fig. 4b, Fig. &4f, Fig. 4d, Fig. 4h). Furthermore, the block containing three holes and filled with
glass was damaged during the light transmission tests, due to multiple transports between lab-
oratories (Fig. 4c, Fig. 4g).

Since there are no established guidelines or standards for examining the light-transmission prop-
erty of these blocks, evaluating their success against such standards was not possible. However,
reliable numerical results were obtained; the block with a single hole transmitted an illuminance
of 23 lux (Fig. 4a), while the block filled with glass in the same configuration transmitted only 0.5
lux (Fig. 4e).
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For a wall measuring five meters in length and three meters in height, approximately 1,500 blocks
would be required. In this scenario, if every block with an empty hole transmits 23 lux and every
glass-filled block transmits 0.5 lux, the interior could achieve illuminance levels ranging from 750

lux to 34,500 lux.

10 cm 5 cm S cm 5 cm

10 cm é:zcm Q O O O

a b c d

23 lux measured

O

.g A h

0.5 lux measured cracked cracked cracked

This study introduces a methodology aimed at contributing to the development of materials in
the realm of sustainable fabrication. The results of this study offer valuable insights into the po-
tential of integrating recycled glass into rammed earth blocks to enhance light permeability while
maintaining structural integrity. The experiments conducted reveal both the possibilities and the
challenges associated with this innovative approach.

However, the study has two critical limitations. The primary limitation is that blocks with multiple
hollows cracked during both the glass pouring and transportation phases. As a result, the rela-
tionship between the increase in the number of hollows or glass-filled hollows within the earthen
block and light transmissibility could not be examined. Future research aims to address this issue
by fabricating larger-sized blocks, which will allow for experiments on hollow geometry, pattern,
and the number of hollows.

Another limitation is the requirement for a well-equipped workshop environment to conduct the
glass pouring process. Pouring glass into the hollows within the blocks is quite challenging in
areas lacking the necessary infrastructure and those far from urban centers. Future studies will
focus on procuring and applying materials that facilitate light transmission. Specifically, these
studies will explore the use of resin materials, assessing their sustainability.

Furthermore, the study did not consider factors such as the angle of sunlight incidence in the
design of block openings. Therefore, upcoming studies aim to use computational models to sim-
ulate and optimize the light transmissibility of the units.

Fabricated blocks and
measurement results

Conclusions
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