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ABSTRACT

The re-functioning of historical buildings frequently necessitates new additions. This is particularly relevant for
historical buildings with open courtyards, where interventions often involve the installation of upper covers using
contemporary materials and techniques This issue can become especially apparent in historical buildings that are
completely enclosed with transparent materials, raising concerns about the greenhouse effect and its potential to
compromise indoor comfort. In this context, the objective of this study is to develop a methodology and model to
assessing and optimizing roof covering designs. The model consists of two phases. The first phase involves
conducting a visual harmony analysis within the developed algorithm, using parametric model pattern alternatives
created in Rhinoceros3D/Grasshopper3D. The second phase focuses on optimizing visual comfort parameters,
including sDA, UDluseful, UDIlupper and DGP. The optimal pattern is determined by evaluating a variety property of
transparent surfaces such as solar heat gain, light transmittance, and area using the Ladybug, Honeybee plugins.
The options constitute via Colibri plugin. The case study chosen for this investigation is one of Mimar Sinan’s building
in Istanbul. This choice is motivated by the increasing intervention of enclosed to open courtyards in madrasah
buildings from this era. The construction system is proposed to use steel, with ETFE for the transparent surfaces.
Consequently, the outcomes demonstrate the model is feasible for interventions.

Keywords: building physics, computer aided design, contemporary addition, courtyard covering, natural lighting,

visual comfort

1. INTRODUCTION

Contemporary additions to historic buildings should be designed
in harmony with the original structure, considering environmental
and social factors to preserve integrity. Clear legal regulations are
needed to ensure appropriate interventions, as inappropriate ones
can damage the building and reduce its value. Evaluations should
include energy, comfort, and daylight parameters alongside
structural suitability.

Energy and daylight assessment metrics have generally been
examined for new buildings in the literature [1-4]. However,
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limited studies have been conducted on building reuse applications
[5], and only in recent years studies [6-8] have begun to explore
the effects of cultural heritage reuse. Although there are a few
studies [1-5, 9-20] on the impacts of contemporary additions on
temperature, humidity, and thermal comfort in the context of
microclimates in historical buildings, there is a notable lack of
research on the effects of natural light and visual comfort. Most
studies investigating the reuse of cultural heritage have focused on
artificial light or energy consumption without considering daylight
[7]. Furthermore, while studies have been conducted in the field
of parametric design and daylight/visual comfort, there are few
that address parametric design in historical buildings [21].
Therefore, it is crucial to study natural lighting and visual comfort
in historical buildings, which is often neglected, within the context
of parametric design.
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Optimization has become central in architecture, with a growing
emphasis on high-performance buildings where space and form
configuration are crucial for energy efficiency and sustainability
[22]. Optimization processes are generally used in new building
design, with limited application in reuse and cultural heritage
buildings. The analysis and decision-making processes in the
reuse of cultural heritage are sensitive issues and have a wide
range of limitations and considerations [23]. Additionally,
optimization processes allow for the evaluation of numerous
alternatives and the determination of the most optimal option in a
short time for production processes that depend on multiple
parameters. For this reason, the optimization process will be
carried out within the scope of the study.

1.1. Research Aim

Aim of Research is to develop a methodology model for assessing
and optimizing roof covering designs in historical buildings
together with open courtyards, integrating aesthetic, visual
comfort, and natural lighting considerations for sustainability and
usage value of historical buildings with contemporary additions.

The methodological framework and building modeling
approach applied in this research are based on the system
developed within the dissertation titled “A Parametric Model
Proposal Focused on Energy and Thermal Comfort for Courtyard
Roof Design Scenarios in Historic Buildings”, completed by
Mihrimah SENALP in 2025 at Konya Technical University.

While this study benefits from the modeling logic and
parametric workflow established in that research, it does not
derive from the dissertation itself. Instead, the adopted methods
were reinterpreted and expanded to address a different dimension
of environmental performance namely, visual comfort and natural
daylighting.

Through this adaptation, the current study aims to demonstrate
the flexibility of the original parametric framework and its
potential applicability in other performance-based design analyses
related to historical buildings.

By exploring daylight distribution and visual comfort
conditions in various courtyard roof design scenarios, the research
contributes to the broader understanding of how parametric design
tools can support holistic environmental assessments beyond
energy and thermal performance considerations.

1.2. Research background
1.2.1. Contemporary additions to historical buildings

During the re-functionalization and/or repair of historic buildings,
new additions and interventions may be necessary. A common
method involves enclosing open courtyards, integrating them into
the building’s enclosed space. Additionally, contemporary
additions often aim to enhance the building’s functionality while
respecting its historical value.

This issue has been on the agenda since the conservation of
historic buildings became a focus. section 8 of the Carta Del
Restauro [24], the first legal declaration on conservation,

stipulates that new additions must be clear and precise, without
decoration, and use materials different from the original. The
Venice Charter (1964) [25], outlined in sections 10 and 12, permits
the use of modern techniques when traditional methods prove
inadequate or for completing missing parts. It emphasizes
maintaining aesthetic and historical integrity while ensuring a
distinction from the original. Section 6d of the Charter for the
Preservation of Quebec Heritage [26] states that contemporary
additions should be integrated and harmonized with the
surrounding context in terms of texture, full/void balance, and
proportion. The conservation principles of the ICOMOS
Traditional Architectural Heritage Charter [27] and Article 22 of
the Burra Charter [28], another important declaration, assert that
contemporary interventions should respect the cultural value and
overall character of the existing building.

Conserving and reusing historical buildings is essential for
sustaining cultural heritage and reducing construction costs.
Although legal regulations focus on the aesthetic and structural
integrity of additions, the impact on the indoor microclimate is
often neglected. This is particularly problematic in fully enclosed
historical buildings with transparent materials, where the
greenhouse effect can undermine indoor comfort.

1.2.2. Parametric design, daylighting and visual comfort

Parametric design is a design method in which the relationships
between design elements are represented by parameters, allowing
for the creation of complex geometries that are influenced by these
parameters and can be reformulated or modified afterwards [29,30].
This modification process can be executed quickly and
simultaneously by linking the model elements through an
algorithmic relationship. Otherwise, the process becomes iterative
and time-consuming when dealing with a complex model
[29,31,32].

Parametric design generally involves four main steps: defining
initial data and parameters, converting these into an algorithm,
generating variations based on this algorithm, and selecting the
most appropriate option [33]. This method enables parametric
design to integrate data, facilitate design decisions, modeling, and
problem-solving, and provide optimal solutions for building
design by analyzing the effects of daylight [30,34]. For example,
optimizing interior lighting conditions by adjusting shading
patterns during the design stages enhances daylight quality [35]
and helps to prevent time loss. Recently, methodologies
incorporating parametric modeling tools and optimization
algorithms have become popular techniques in building
performance [36,37].

In sustainable architectural design, common strategies for
passive energy conservation include building massing techniques
such as atriums and courtyards [38]. Two crucial design
parameters that directly influence the daylighting performance of
buildings are windows and skylights. Skylights, which are
horizontal transparent elements, are preferred for illuminating
larger interior spaces, such as commercial buildings and enclosed
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courtyards. Determining the optimal shape or material for a
skylight is challenging, as it is highly dependent on the
environmental and contextual conditions of the site [34].
Optimizing the daylight performance of flat roof windows while
preserving their authenticity is important for maintaining cultural
heritage value [23]. Therefore, flat roof applications will be
included in the scope of this study.

Comfort is a complex perception shaped by objective and
subjective stimuli. Visual comfort is assessed through human
senses and is influenced by factors such as visual acuity,
perception, spatial configuration, and the adaptability of the space
to occupant activities [39]. Daylight and direct solar access
positively impact occupant comfort, health, and productivity
[40,41].

To provide visual comfort in terms of daylight, the building
envelope serving as the interface between the interior space and
the external environment plays a crucial role. Design measures
must be implemented to prevent negative outcomes such as
excessive radiation and glare, and to ensure appropriate
illumination levels based on the function of the space [31].
Achieving design feasibility and occupant visual comfort requires
balancing variables such as the sun's height and intensity. This
balance aims to minimize glare effects at the table level while
ensuring adequate and evenly distributed daylight access [42]. In
the past two decades, research on establishing reliable metrics for
assessing visual comfort has predominantly focused on glare and
light intensity. The European standard EN 12665 defines visual
comfort as ‘subjective visual well-being induced by the visual
environment’ [43].

Glare is a phenomenon that causes visual discomfort due to
excessive brightness from artificial or natural light [44]. In lighting
design, glare is a primary source of visual discomfort. It can occur
when the light intensity reaching the observer's eyes is excessively
high or when there is a significant variation in luminance within
the observer’s visual field. Glare resulting from excessive contrast
in a specific area can cause symptoms such as itching or stinging
in the eyes [39]. As many factors influence daylight and visual
comfort, it is preferable to analyze glare and daylight metrics
together rather than focusing on a single metric.

2. MATERIALS AND METHODS

In the context of this research, a model has been developed to
address the main issue of designing new additions to historic
buildings and optimizing their effects (Fig. 1). Considering the
historical and cultural significance of these structures, constraints
related to the additions have been previously outlined. Since the
model involves cultural heritage, it is crucial to examine the
relationship with the existing structure within the framework of
conservation principles. Therefore, the model is designed to be
executed in two phases: one focusing on architectural
compatibility and the other on daylight and visual comfort. The
study has been conducted through simulations, and, as it is based
on parametric  design  research, the widely used

Rhinoceros/Grasshopper software was selected and utilized in
conjunction with various plugins, including Firefly, Bitmap,
Colibri, TT Toolbox, and Ladybug/Honeybee.

Many studies [45-57] explore translating aesthetic harmony into
multi-parametric, complex mathematical data, including human
perception. This study uses a numerical method to measure
linearity and balance, aiming to achieve linear harmony with the
existing structure. For this purpose, perceptual linear analysis
software from photographs, developed by Tekin et al. [58] for
Rhinoceros3D Grasshopper, is adapted to analyze the 3D model
of the structure and used in the first stage of the model (Fig. 2).
This algorithm converts the photograph into a linear format, then
classifies these lines as horizontal, vertical, and diagonal to
mathematically express human perception. The main purpose is to
search for linear harmony between the new addition and the
architectural components of the existing historic building. Thus,
the method is followed for the visual harmony of the new cover to
be developed with the historical building.

Subsequently, within the scope of the second stage, attractive
points are constructed in the best alternatives concerning linear
harmony. Based on these points and the curve parameters created
with them, alternatives for natural lighting and visual comfort is
extracted according to changes in surface light transmittance and
solar heat gain coefficient values in the material determined for
the study. Thus, by evaluating linear harmony, natural lighting,
and visual comfort values, the optimal roof cover is selected.

2.1. Limitations and assumptions

To better understand and conduct the study, several limitations and
assumptions have been established. Firstly, the case study building
where the model is tested is located in Istanbul, a city within Csa
climate zone according to Képpen Map.

The climate data used for the simulation is obtained from [59].
Additionally, the study ignored the topography and ground
roughness in the immediate vicinity of the building, and analyses
is conducted based on a traditional pattern. The proposed top cover
is determined to be flat, with the material specified as a two layers
ETFE and steel carrier system.

For lighting analyses and visual comfort, visual comfort and
natural lighting is evaluated using the sDA, UDIuseful, UDIupper,
and DGP indices mentioned above. In this context, the following
thresholds are accepted: DGP should be less than 0.35 for
acceptable glare comfort, UDIuseful should be between 100 and
2000 Ix with a minimum of %35, UDIupper should be %50 or
below, and sDA should be at least 75%.

2.2. Daylighting and visual comfort metrics

Visual comfort is influenced by numerous factors, and existing
metrics typically assess only one factor at a time. Consequently,
no single index can fully represent the complexity of a visual
environment. Therefore, building designers should approach
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visual comfort factors as a multi-objective optimization problem
to effectively optimize the visual comfort of users [44].

In the comparative analysis of DA and DF conducted within the
study, it was determined that DA is a more applicable daylight
performance index than DF [60,61]. The DA index, initially
proposed by the Swiss Electrical Union in 1989, has been further
developed to measure the percentage of hours exposed to daylight.
The sDA, an enhanced version of DA, assesses whether the
selected and analyzed area receives an adequate amount of
daylight according to standards established throughout the year
[62]. Both DA and sDA are metrics used to evaluate daylight
sufficiency. However, while DA assesses whether a workspace
meets daylight requirements for 50% of the year [63], sDA
performs a spatial measurement to provide this assessment [64].
Consequently, sDA has been chosen as one of the metrics for this
study. Another metric, UDI, indicates daylight sufficiency and
visual comfort by eliminating values above the upper limit that
may cause visual discomfort. Thus, UDI is deemed a suitable
indicator of daylight performance compared to other daylight
metrics [65,66] and has been included as one of the evaluation
metrics for the study. Additionally, glare indices will be
considered. Among these, the DGP metric, an enhanced version of
the DGI developed and refined by Hopkinson [67], will be utilized
to assess the various activities of its occupants.

2.2.1.sDA

Spatial Daylight Autonomy (sDA) measures the percentage of an
area that meets minimum daylight levels during a specific portion
of the year’s operating hours, evaluating the adequacy of annual
average daylight in indoor environments [44]. sDA is assessed
annually and indicates the percentage of a space’s surface area that
receives sufficient daylight during working hours. This value is
calculated virtually through simulations rather than through
physical measurements. In this process, the floor area of the space
is considered and divided into grids. If at least 50% of the floor
area meets the specified lux level during working hours, it is
considered adequate, with sDA values between 55% and 74%
classified as ‘normal’, and values of 75% and above categorized
as ‘preferred’ [62,67]. According to the EN12464 [68] standard,
this value is set at 500 lux for educational facilities, classrooms,
and auditoriums. The calculation model for sDA is provided below
[44]:

_ Li(wfipa)

SDAx —
;/% YiPi

e[01] with wf; = (1 if DA > DAlimit) (l)

0if DA < DAlimit

2.2.2. UDI

Useful Daylight [lluminance (UDI) is defined as the proportion of
time within a year during which the horizontal daylight
illumination at a specific point in an indoor environment falls
within a certain range [44]. UDI not only provides information
about useful daylight illumination levels but also offers insight
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into the frequency of excessively high daylight levels that can
cause discomfort (e.g., glare) and unwanted solar gains for
occupants [65].

UDI represents the ratio of the number of hours in a year during
which daylight falls within the useful range to the total number of
occupied hours in the year. The goal of UDI is to identify daylight
levels that are neither too dark nor too bright. UDI is typically
evaluated using three metrics: The useful illumination range is
between 100 lux and 2000 lux. Illumination below 100 lux is
considered too dark, while illumination above 2000 lux is regarded
as too bright [69-71]. The UDI calculation formula is provided in
Eq. (2) [44].

2.2.3. DGP

The concept of Daylight Glare Probability (DGP) was introduced
in 2006 by Jan Wienold from the Fraunhofer Institute for Solar
Energy Systems and Jens Christoffersen from the Danish Building
Research Institute. DGP assesses the overall brightness of the field
of view and the effects of glare and contrast. It indicates not only
the proportion of individuals experiencing visual discomfort but

1 lf ELower limit < EDaylight = EUpperlimit
Olf EDaylight < ELower limitVEDaylight > EUpper limit

<

@

1 lf EDaylight < ELower limit
Oif EDaylight = ELower limit

also requires an additional measurement based on the observer's
field of view to accurately determine glare risk.

This measurement is categorized into levels such as
imperceptible glare (0.35 > DGP) , perceptible glare (0.4 =
DGP = 0.35) , disturbing glare (0.45 > DGP =0.4) , and
intolerable glare (DGP = 0.45) [72]. DGP demonstrates a strong
correlation with the user’s perception of glare [73]. Among
various metrics, DGP is considered the most suitable method for
addressing absolute glare issues [74]. The general form of the
DGP equation is logical and adequate, and it can be adjusted to
accommodate different conditions [75]. The calculation for DGP
used in the analysis is provided below [44]:

2
Lsiws,i

DGP = 587.1075E, + 0.0918 log,, [1 + X5, (ﬁ)] +016 (3)

2.3. Material of ETFE

The case study building discussed in this research employs ETFE
(ethylene tetrafluoroethylene) as the material for the roof covering
of the open courtyard. ETFE, which is partially crystalline, is used
in various applications, including transparent roof coverings and
curtain wall systems [76,77]. It is a fully recyclable material and
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Table 1. Material properties used.
Number Pattern Material G Value (SHGC) Light
Transmission
1 2 layer clear etfe [83] 0.82 %80
D) e
|
'............ 2 layer fritted_1 etfe [83] 0.46 %43
Rl
3 'OV .
2 layer fritted_2 etfe [83] 0.33 %28
4
2 layer fritted_3 etfe [83] 0.25 %20

Madrasah
drawings

LITITIX

Courtyard view

Fig. 3. Sehzade mehmet madrasah.

is lighter than glass [77]. Transparent and translucent ETFE foils
have been used in architecture since the early 1980s and
significantly impact energy demand and indoor comfort [76].
Compared to polyethylene films, ETFE are characterized by
superior thermal stability, high permeability [78,79], colorability,
good corrosion resistance, durability, and light weight [79]. ETFE
foil systems act as pneumatic structures, where air pressure
maintains the foil’s tension, ensures its structural stability and
endure external forces, such as wind and snow loads [80].
Additionally, ETFE provides thermal insulation at a lower cost
and with less structural support compared to glass [81]. When

compared to glass for courtyard roof covering, the ETFE model
performs better in terms of microclimatic conditions [2].
Compared to other polymer materials, ETFE is more resistant to
external factors such as acids, bases, and solvents [82]. As
mentioned, the properties of ETFE can vary depending on its use
in different layers and fritted structures (Table 1).

The preference for ETFE over glass in historic buildings is due
to its lighter weight, superior light transmission, better thermal
insulation, and greater tear resistance due to its flexibility [83].
This study has utilized ETFE for analysis, as it is considered a
more advantageous and efficient material.
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2.4. Case study

The case building was selected from Ottoman-period madrasahs
of the 16" and 17" centuries, where courtyard closures are more
prevalent today. In making this selection, the buildings were
categorized based on their climatic region, materials used, and
stylistic features. The Sehzade Mehmet Madrasah in Istanbul (Fig.
3) was chosen for detailed examination due to its representative
characteristics. This madrasah is part of the complex that includes
the mosque of the same name, which was designed by Mimar
Sinan and is regarded as his apprenticeship work. It holds
significant value in classical Ottoman architecture, as it fully
embodies the architectural approaches of that period.

The Sehzade Mehmet Madrasah, located in Istanbul, Turkey,
features a U-plan layout with a mosque section, an iwan, cell
rooms with a portico, and an open courtyard. Currently used as an
association institution, the building incorporates kufeki cut stone,
rubble stone, brick, and horasan mortar. During the last restoration
in 2012, the building elements were removed, and necessary
repairs and maintenance were carried out.

As aforementioned, since this study involves a historic building
of cultural significance, the simulation model is divided into two
phases: the first phase involves determining the form of the
pattern, and the second phase involves analyzing natural lighting
and visual comfort. After defining the new pattern and the
parameters for daylight and visual comfort, the simulation model
was developed and analyzed using Rhinoceros/Grasshopper,
along with the various plugins mentioned earlier.

2.4.1. The first phase

The first phase of the study model focuses on establishing linear
harmony between the existing design language and the new
addition. Initially, a Rhinoceros3D model of the historic building
is created. To determine the linear values of architectural
components categorized as horizontal, vertical, and diagonal from
photographs, a previously developed linear harmony algorithm
[58] is adapted for this study. This algorithm is used to perform
mathematical calculations on the 3D model of the existing
building (Fig. 4).

This algorithm transforms the photograph into a linear format,
subsequently classifying these lines as horizontal, vertical, and
diagonal to mathematically represent human perception. The
primary objective is to achieve linear harmony between the new
addition and the existing historic building. Thus, this stage
addresses the significant issue of integrating the new addition with
the historic structure. During the adaptation process, the software
was reconfigured to perform analyses from the model and conduct
linear analysis from two perspective points. Additionally, the
Rhinoceros3D model used for capturing the image was set to pen
mode to ensure accurate line analysis. and all alternatives were
analyzed linearly using Colibri from the same perspective points.
Since an Ottoman-period structure was selected for this study, a
traditional pattern was examined.

All alternative patterns were analyzed using Colibri from the
selected perspective points and exported in CSV format. The
linear analysis results were used to determine the compatibility of
the new addition with the existing structure in terms of horizontal,
vertical, and diagonal lines. Subsequently, the desired pattern was
parametrized, and a parametric model was created. The building
model and the new addition were integrated. Thus, the first phase
for the linear harmony between the historic building and the new
cover has been completed. In the second phase, daylight and visual
comfort optimization was performed.

2.4.2. The second phase

Within the scope of the study, an optimization study was
conducted according to the indices specified in the context of
illumination. In the second stage, alternatives were generated
using the Colibri plugin, and the best variation was determined.
The analyses were performed with the Ladybug/Honeybee plugin.
Therefore, the structure was first modeled as a Honeybee model,
and its thermophysical properties were added to the model. Sensor
points for the analyses were placed at 1-meter intervals and
positioned at a height of 85 cm (Fig. 5).

The values of the materials used in the study are given in Table
1. Within the scope of daylight and visual comfort analyses, sDA,
UDluseful, UDIupper, and DGP values were examined and a
comparative analysis was conducted. The sDA and UDI metrics
were calculated for each day of the week between 9:00 and 18:00,
representing typical annual working hours, while the DGP values
were specifically examined at 12:00 on March 21, corresponding
to the spring equinox. This specific time was selected to provide a
standardized reference point for assessing glare under balanced
solar altitude and daylight conditions, ensuring consistency with
widely accepted simulation practices in daylighting studies.

In the second stage, it was planned to change the properties of
the ETFE surfaces used according to a curve formed by three
points with fixed x-coordinates. One of these points is fixed at the
center point on the pattern alternative from the first stage. The
domain parameters (Table 2) formed by this curve would be used
to carry out an optimization process accordingly.

The study involved optimization using three different ETFE
materials. As stated by Wang et al. [84] the optimization results
can show remarkable improvements by determining the optimal
shape of the courtyards. After completing the analysis and
algorithm creation phase, the analysis and optimization process
was initiated. According to the variable parameters used in the
analysis, all alternative options were obtained in CSV format using
Colibri, and subsequent analyses were conducted. The points,
excluding the center point, are moving at intervals of 1 meter.

3. NUMERICAL ANALYSIS

In the first phase, a total of 529 pattern alternatives were
parametrically generated, and the most compatible pattern
alternative in the linear context was selected for the second stage
based on the values obtained. The generation of these alternatives
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Fig. 4. First phase algorithm.

was achieved through the parametric model developed in
Grasshopper, which systematically produced variations according
to predefined design rules. As a result of three different analyses
performed according to the parameters determined in the second
stage, a total of 960 different alternatives were formed. the
analyzed values for the original building in question were obtained
as %43 for horizontal lines, %42.5 for vertical lines, and 14.5%
for diagonal lines.

Specifically, the alternative selected for the second phase
exhibited a distribution of 54% horizontal lines, %31 vertical
lines, and 15% diagonal lines (Fig. 6). This distribution indicates
that the majority of lines in the new addition are compatible with
the dominant horizontal elements of the historic building.
Therefore, this pattern alternative was identified as the most
suitable based on the linear harmony criteria.
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Modeling the building

Modelling of the building and
addition of thermophysical
values of the material

Defining the analysis process

Parameters used in analysis optimization
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Fig. 6. Selected pattern alternatives and linear values.
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Table 2. Consequences of covering the entire top cover with the same material.
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Fig. 7. Results of 2 Layer Fritted_1 and 2 Layer Fritted_2 analyses with appropriate values.

Within the scope of the second phase, in the optimization
processes of ETFE materials, pairings of 2 Layer Fritted 1 and 2
Layer Fritted 2,2 Layer Clear and 2 Layer Fritted 2, and 2 Layer
Clear and 2 Layer Fritted 3 were made. Analysis studies were
conducted with the principle that the material with high light
transmission and SHGC value would cover a larger area. In
addition to this optimization, daylight and visual comfort analyses
of these materials were also performed, revealing that fritted
materials produced better results even when used alone (Table 2).

4. RESULTS AND DISCUSSION

According to the applied methodology, as a result, it was
recommended to use fritted materials in combination with clear
materials to avoid obstructing the view of the sky. Furthermore,
the evaluation of using two types of fritted materials together
indicated that combining clear materials with fritted materials
having lower permeability would yield better results.

In the analysis of 2 Layer Fritted 1 and 2 Layer Fritted 2
materials combined, the sDA value was 75% or higher across all
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Fig. 9. Results of 2 Layer clear and 2 Layer Fritted_3 analyses with appropriate values.

options. It was observed that no UDIuseful value exceeded 32%,
and no UDlupper value was below 47%. Additionally, there were
41 different UDIuseful options above 35% and 77 options with
UDlupper values below 50%. When analyzing the DGP metric, it
was found that 299 alternatives had a DGP value of 35% or below.
Based on these analyses, a total of 41 alternatives were identified
as conforming to the constraints and deemed feasible (Fig. 7). The
analysis of UDIluseful, UDIupper, and DGP values for these
feasible alternatives revealed similar results, indicating that
UDluseful is the primary metric for alternative identification.
When examining the results of the 2 Layer clear and 2 Layer
Fritted 2 materials used together, it is observed that the sDA value
is 75% or higher across all options. The UDIuseful values are
36.5% or higher, while UDIupper values are below 45%. There
are 40 options with a UDIuseful value of 35% or above and 48

options with a UDIupper value below 50%. For the DGP metric,
199 options were found to have values below 35%. Based on these
analyses, it can be concluded that a total of 40 alternatives meet
the constraints and are feasible (Fig. 8). Analysis of the UDIuseful,
UDIupper, and DGP values for these feasible alternatives shows
similar results, indicating that UDIuseful is the primary metric for
identifying viable alternatives.

When examining the results for the combination of 2 Layer clear
and 2 Layer Fritted 3 materials, it is observed that the sDA value
is 75% or higher in all options. However, there are no UDIuseful
values of 48% or above, and no UDIupper values of 33% or above.
There are 118 options with a UDIuseful value of 35% or above,
and 129 options with a UDIupper value below 50%. For the DGP
metric, 105 options were found to be below 35%. Analysis of the
UDluseful, UDIupper, and DGP values for the feasible
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alternatives shows varying results. As a result of these analyses, a
total of 109 alternatives were deemed feasible (Fig. 9).

As a result, in the three separate analyses, the sDA value was
75% or higher for each alternative. Thus, the UDIuseful,
UDIupper, and DGP metrics were used as the basis for
optimization. Considering these values, the combinations of 2
Layer clear with 2 Layer Fritted 3 and 2 Layer clear with 2 Layer
Fritted 2 demonstrated similar results for suitable alternatives. In
contrast, no similarity was found between the values in the 2 Layer
Fritted 1 and 2 Layer Fritted 2 analysis. Additionally, while the
UDIupper value was very high across all analyses, it was a
restrictive factor in two of the analyses other than 2 Layer clear
and 2 Layer Fritted 3. In the latter, the UDIuseful value was
restrictive. The DGP value showed greater variability in the 2
Layer clear and 2 Layer Fritted 3 analyses compared to the other
two analyses.

5. CONCLUSION

This study focuses on daylight and visual comfort issues that may
arise in restoration projects, considering both visual qualities and
the load-bearing system. For practitioners, it is crucial to take into
account behaviors related to daylight and visual comfort
parameters and to facilitate their designs accordingly.

In this analysis, In the analyses, the sDA value was generally
found to be ideal, UDIupper was identified as a limiting metric and
finally, no correlation was found between DGP and UDI. DGP
values consistently showed parallel results within each analysis
and were key determining indices. The UDIluseful value was
generally low, while the UDIupper value was high. It was
concluded that the UDI value was the primary determinant metric
for selecting a suitable alternative. This is likely because the top
of the area is considered to be entirely transparent except for the
flat and load-bearing sections. The graphs of the suitable
alternatives based on the obtained results are provided above.
Ultimately, the best results were achieved using a combination of
2 Layer clear and 2 Layer Fritted 3 materials in the context of the
examined metrics.

The method developed in this study enables designers and
restoration practitioners to efficiently generate a wide range of
alternatives, to identify both predictable and unpredictable
outcomes with greater clarity, and to minimize potential financial
losses in the design process. By employing a parametric approach,
architectural compatibility, daylight performance, and visual
comfort could be assessed in an integrated framework, thereby
addressing the initial objective of the research.

The findings demonstrated that the sDA values were
consistently within the acceptable range, while the DGP metric
was a key determinant in evaluating visual comfort. Although
UDluseful values tended to be relatively low and UDIupper values
relatively high, the optimization of material combinations
particularly the use of two-layer clear ETFE combined with two-
layer fritted ETFE provided the most favorable balance among the
evaluated metrics. These results confirm that the proposed

methodology support decision-making processes for
courtyard enclosures in historic buildings. The metrics examined
in this study were sufficient to obtain reliable results without
leading to excessive analysis times. Nevertheless, it should be
acknowledged that further analyses and the inclusion of additional
parameters may enhance the precision of the outcomes, albeit at
the cost of increased computational effort.

Future research will extend the current work in several
directions. First, it is planned to investigate scenarios where
certain parts of the roof are made completely opaque, in order to
evaluate the implications for daylighting and harmony with
historic structures. Second, studies will be undertaken to assess not
only daylight and visual comfort but also energy efficiency and
thermal comfort, thereby providing a more holistic evaluation of
performance. Finally, the applicability of the proposed
methodology in different climatic regions and with alternative
material systems will be explored, which may broaden its
relevance for conservation-oriented architectural design.
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