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ABSTRACT

This study investigates the use of daylight as a primary source of illumination, given its contribution to reduced energy
consumption and enhanced visual comfort in indoor environments. Daylight is an essential requirement in indoor environments
that are used intensively throughout the day. Thus, its effective admission and distribution are necessary for both visual comfort
and sustainability. This study proposes the Di-ARCieling design, a ceiling system consisting of circular reflective surfaces arranged
in two different orientations (a Two-Way Circular Ceiling System), as a strategy to increase the use of daylight in interior spaces.
This ceiling design aims not only to admit incoming daylight but also to direct it deeper into the interior space, ensuring that its
presence is prolonged. The daylight performance of the Di-ARCieling system was evaluated using VELUX Daylight Visualizer
simulation software. The illumination performance of the system was comparatively analyzed through simulations conducted at
different times of the day and representative periods of the year. The findings revealed that the Di-ARCieling system could function
as an effective daylight redistribution strategy when integrated with the ceiling. It was determined that the illumination levels in
the deeper areas of the interior space increased by approximately 20—35% compared to the illumination levels of the flat ceiling.
Accordingly, the Di-ARCieling system can be considered an innovative and passive daylight utilization strategy aimed at increasing
visual comfort and daylight efficiency in interior spaces.

Keywords: daylighting, two-way circular, indoor ceiling design, illumination

1.INTRODUCTION have significantly positive effects on the health and overall well-
being of building users. The literature states that natural light
regulates the human circadian rhythm, improves sleep quality and
mood, and supports cognitive performance [3-5].

Particularly in environments where user interaction continues
for extended periods, such as educational buildings, indoor quality
and visual comfort directly impact learning processes and student
performance. Integrating daylight into classrooms not only
reduces the need for artificial lighting but also ensures a more even
distribution of light within the space, creating a healthier learning
environment [6]. Previous studies have shown that students who
learn in classrooms that effectively utilize daylight achieve higher
success in core subjects, demonstrating the impact of daylight on
academic performance [7,8].

Current daylight integration strategies are generally
implemented through facade-based components, such as light
shelves, shading elements, or window top details [9,10].

Daylight utilization is a key component of sustainable interior
design and offers multifaceted benefits, such as energy savings,
increased visual comfort, and improved user well-being. In
contemporary architectural design, effectively integrating daylight
into spaces is considered a fundamental strategy for reducing
reliance on artificial lighting systems and improving indoor
environmental quality. In this context, the effective use of daylight,
a fundamental natural resource, in interior spaces is important for
both energy efficiency and user comfort. Reducing reliance on
artificial lighting systems directly lowers energy consumption,
resulting in significant savings in operating costs [1,2]. However,
the benefits of daylight are not limited to energy savings; they also
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NOMENCLATURE
Ix — Lux Illuminance
DF Daylight Factor
Di-ARCieling Dual-Angled Circular Ceiling System
VELUX DV VELUX Daylight Visualizer

While these fagade-oriented systems can increase daylight entry in
areas near windows, their effectiveness decreases in deep-plan
buildings, where it is difficult for daylight to reach interior areas far
from fagade openings. Although these systems are effective in some
cases, they may be limited in ensuring an even distribution of
daylight throughout the interior space, particularly in deep-plan
buildings or north-oriented spaces [11].

Ceiling surfaces play a crucial role in determining the
distribution of daylight in interior environments [12,13]. Reflective
ceiling geometries can direct incoming daylight to deeper areas of
the space, thus improving the distribution of daylight within the
space without the need for additional facade interventions.
However, innovative approaches that use ceiling design as an active
element to direct daylight for maximizing energy efficiency and
visual comfort are limited in the literature.

As shown in Fig. 1, the daylight performance of the Di-ARCieling
system was evaluated using simulations conducted in a design
studio. Using VELUX Daylight Visualizer simulation software, the
effect of ceiling geometry on daylight penetration and distribution
within the space was investigated. The system
methodology, the design studio case study, the simulation
findings, and the results are presented in the following sections.

Rather than directly claiming energy savings, this study focuses
on improving the distribution of daylight in indoor environments,
which can contribute to reducing the need for artificial lighting. In
addition, this study can contribute to the development of
innovative ceiling systems to enhance visual comfort and daylight
efficiency in interior spatial design.

Simulation results showed that two-way circular surfaces
distribute daylight more evenly than flat and one-way circular
ceiling geometries and provide up to a 20% increase in illumination
levels in the rear areas of the interior [12]. In addition, it has been
determined that circular surfaces with an
approximately 45° are effective elements for directing daylight
reflected from the facade elements to deeper areas of the interior
(131

Compared to previous flat and circular ceiling types, the newly
developed Di-ARCieling system not only provides greater natural
light gain but also improves light distribution within a space.
Whereas flat surfaces reflect light only along their angle, curved
surfaces distribute light in multiple directions, providing more
uniform illumination throughout the space. In this context, the Di-
ARCieling system can be considered a ceiling system that increases
daylight integration and visual comfort in interior spaces.

interior

inclination of

In conclusion, the Di-ARCieling ceiling design, which offers an
innovative solution in both aesthetic and functional terms, enables
a more effective use of natural light in interior spaces, enhances
energy savings and visual comfort, and contributes to indoor
quality. Integrating this system
architectural design process could facilitate the creation of
healthier and more productive spaces for students and academic
staff, particularly in educational buildings.

As illustrated in Fig. 2, this dual circular structure increases
daylight integration into deeper areas by varying the reflection
angle of the light and aims to achieve balanced illumination
throughout the space, rather than concentrating light near the
windows [12,13]. This approach allows the curved surfaces to serve
not only an aesthetic function but also a functional role as passive
lighting devices. Simulations have shown that this dual-circular

environmental into the

surface design provides higher illumination levels and a more
uniform lux distribution throughout the interior space than a single
circular ceiling design [12].

2. METHODOLOGY

As previously noted, the daylight performances of different ceiling
geometries analyzed. Three ceiling
configurations were considered in the analysis: a flat ceiling
(reference case), a single circular ceiling system, and the Di-
ARCieling ceiling system consisting of two-way circular surfaces.
This system reflects incoming daylight at various angles,
preventing light from being concentrated solely near windows and
providing balanced illumination throughout the space [12,13].
Daylight performance was evaluated for each ceiling type

were comparatively

through simulation analyses conducted on specific dates and at
different times of the day. The illuminance (Ix) values obtained
from the simulations were used as base indicators to compare the
daylight distribution within the interior space. The simulation
results obtained for different ceiling types were compared to
evaluate daylight integration and distribution in the interior space.
The methodological process followed in this study is summarized
in Fig. 3.

The study addresses the following research questions:

e How does the circular ceiling system enhance daylight
integration in to an interior space?

e How do two-way circular ceiling systems increase the
integration and spatial distribution of daylight?

e How does the Di-ARCieling ceiling system affect the
distribution of daylight and illumination levels in the interior
compared with those of flat and single-directional circular
ceiling systems?

2.1. Research environment

The design studio investigated receives daylight through three
windows on its northern facade. One of these windows measures
270 cm x 325 cm, while the other two measure 330 cm x 325 cm.
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Fig. 1. Design studio where Di-ARCieling is applied to evaluate overall daylight performance.
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Fig. 2. Design studio where Di-ARCieling is applied to evaluate overall daylight performance.

The north orientation minimizes direct sunlight throughout the
day, providing relatively balanced and stable daylight conditions in
the interior space [11]. However, this orientation may limit the
penetration of daylight into deeper areas, resulting in lower
illumination levels in the rear parts of the studio [11-14].

The studio is equipped with movable tables and stools to support
students' hands-on work, such as drawing, sketching, and model
making. The floor surface is covered with light gray microconcrete,
and the walls and ceiling are finished with white plaster to enhance
daylight reflectivity. Surface reflectivity plays an important role in
determining the redistribution of daylight in interior spaces [15].
Access to the space is provided through a standard door measuring
180 cm x 210 cm. These physical and spatial characteristics were
used as input parameters for the simulation model, enabling a

comparative evaluation of the daylight performance of different
ceiling geometries.
and

2.2. Simulation

parameters

The Di-ARCieling ceiling system consists of circular surfaces with
two different inclination angles arranged sequentially within a
single integrated system extending throughout the studio space.
The primary purpose of this versatile circular ceiling configuration
is to redirect incoming daylight to different areas of the space.
Owing to this approach, daylight can be distributed more evenly
within a studio environment, particularly in deeper areas away
from facade openings [12,13].

methodology analysis
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Fig. 3. Research framework illustrating the sequence of study steps.

In the window sizes, surface
reflectance values (values determined for floor, wall, and ceiling
surfaces), space dimensions, and movable furniture placement
were kept constant.

These parameters were defined as constant variables within the
simulation model to isolate the effect of ceiling geometry on
daylight performance. The comparative analysis, conducted under

the same environmental conditions for all scenarios, focused on

simulation environment,

evaluating the impact of different ceiling geometries on interior
daylight distribution. Accordingly, the potential of the proposed
Di-ARCieling system for redistributing daylight was assessed by
comparing its performance with that of an existing flat-ceiling
configuration.

Table 1 shows the illuminance (Ix) values obtained under three
different ceiling configurations for the studio space: the existing
flat ceiling, a one-way circular ceiling, and the proposed two-way
curved ceiling (Di-ARCieling) system.

The analyses, conducted as part of simulations on the 21st of each
month at 09:30, 12:30, and 15:30, revealed seasonal variations in
daylight integration within the interior space. These values provide
a comparative dataset for evaluating the effects of different ceiling
types on the integration and distribution of daylight within the
studio environment.

Figure /4 shows the average illuminance (Ix) values of daylight
measured monthly in the existing studio environment at three

e

I
Simulate the effects of ceiling
system on selected case

I

Evaluating the performance of
ceiling system to improve

daylight inside space

different times: morning (09:30), noon (12:30), and afternoon
(15:30). The graph shows the seasonal and daily variations in
indoor daylight access throughout the year. The illuminance levels
were generally higher in the summer months (June and July) and
lower in the winter months (December and January). Furthermore,
the highest illuminance levels were generally recorded at noon
(12:30), whereas lower values were recorded in the morning and
afternoon. These results revealed the basic daylight conditions of
the existing studio environment and provided a reference dataset
for evaluating the performance of the alternative ceiling
configurations examined in this study.

2.3. Simulation setup

As shown in Figure 5, a controlled simulation environment was
created to systematically analyze the daylight performance of the
proposed Di-ARCieling ceiling system. The simulation process
began with the digital modeling of the physical and spatial
characteristics of the selected case study; this space was the design
studio of the Faculty of Architecture and Design at the TOBB
University of Economics and Technology (TOBB ETU). During the
modeling phase, geometric parameters such as studio floor plan
layout, section dimensions, window sizes, and window locations
were defined to ensure accurate representation of the existing
space.
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Table 1. Objectives and existing daylight level of the design studio, TOBB ETU.

Studio Space Dimensions and Materials

Dimensions 13.5m (W) x 9.0m (D) x 3.6 m (H)

Reflectance Ceiling: 30%, Wall: 30%, Floor: 62%

Window Dimensions and Materials

Dimensions
P1 3.30m (W) x 3.25 m (D) x 2.70 m (H)
P2 3.30m (W) x 3.25 m (D) x 2.70 m (H)
P3 2.70 m (W) x 3.25 m (D) x 2.70 m (H)
Daylight
January 21
Spring 09:30 Flat (1259.4 1x)
12:30 Flat (1260.8 Ix)
15:30 Flat (207.7 Ix)
May 21
Autumn 09:30 Flat (819.4 1x)
12:30 Flat (2496.3 Ix)
15:30 Flat (2395.8 Ix)
September 21
Summer 09:30 Flat (1941.9 Ix)
12:30 Flat (1845.9 Ix)
15:30 Flat (671.5 Ix)

Transmittance

Double Glazing 12 mm

Double Glazing 12 mm

Double Glazing 12 mm

February 21 March 21

Flat (1609.5 Ix) Flat (531.5 Ix)
Flat (1630.7 Ix) Flat (1987.5 Ix)
Flat (531.5 Ix) Flat (1956.11x)
June 21 July 21

Flat (1292.8 Ix) Flat (1376.4 1x)
Flat (2482.0 Ix) Flat (2436.9 Ix)
Flat (2479.8 Ix) Flat (2420.4 1x)
October 21 November 21
Flat (1617.9 Ix) Flat (1280.4 1x)
Flat (1447.11x) Flat (1129.7 Ix)
Flat (270.1 Ix) Flat (1.4 1x)

Monthly Light Distribution by Time of Day (Lux)
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Fig. 4. Monthly daylight distribution at different times of day.

The reflection values of the surface materials used in the
simulation model are critical for obtaining realistic daylight
simulation results [15]. Accordingly, white plaster reflection values
were assigned to the wall and ceiling surfaces, and light gray
microconcrete reflection values were used for the floor surface. As
the ceiling surface geometry constituted the primary variable in
this study, all geometric and optical parameters were kept constant
throughout the simulation process.

Analyses were performed using VELUX Daylight Visualizer
simulation software, which is widely used to evaluate daylight
performance in architectural research [16]. Simulations were
performed for three different time periods to represent seasonal
variations in daylight conditions throughout the year: 09:30, 12:30,
and 15:30. The 21st day of each month was also used as a reference.
In addition, the dates June 21 (summer solstice) and December 21
(winter solstice) were analyzed to represent the most extreme
daylight conditions within the annual cycle [17].

2383-8701/© 2026 The Author(s). Published by solarlits.com. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution 4.0 License.


https://creativecommons.org/licenses/by/4.0/

E. SEREF & M. YALGIN

Journal of Daylighting / Volume 13, Issue 1/18 May 2026

278

Fixed and Variable Parameters

Used in the Simulation

Fixed Parameters

s Window Dimensions

Orientation
(North-facing)

Floor and Wall Finishes

Furniture Layout

Room Dimensions

Simulation Time
Intervals

Fig. 5. Fixed and variable parameters used in the simulation.
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Fig. 7. Daylight inflow with the Di-ARCieling.

The illuminance level (Ix) and daylight factor (DF) values
obtained from the simulations were used as key indicators to
compare the daylight performance of the proposed Di-ARCieling
system with that of the existing ceiling configuration. The overall
simulation process and analysis steps followed in this study are
summarized in the flowchart presented in Fig. 4. This diagram
shows the methodological stages of the study and increases the
transparency and reproducibility of the simulation process.

3. RESULTS AND DISCUSSION

Quantitative data obtained from simulation analyses revealed the
daylight performance of three different ceiling types in the design
studio of the Faculty of Architecture and Design at the TOBB
University of Economics and Technology (TOBB ETU): the existing
flat ceiling, a one-way circular ceiling, and the two-way Di-
ARCieling ceiling system.
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Table 2. Simulated daylight levels in the design studio, TOBB ETU.

Semester Month Hour Light Flux (lux)
Flat Curved Di-ARCieling
Spring January 21 09:30 1259.4 1x 2916.5 Ix 3117.11x
12:30 1260.8 Ix 2929.2 Ix 2078.3 Ix
15:30 207.7 Ix 1509.8 Ix 2098.7 Ix
February 21 09:30 1609.5 Ix 3717.5 Ix 3971.8 Ix
12:30 1630.7 Ix 3.957.11x 4032.51x
15:30 531.5 1x 1522.5 Ix 2961.8 Ix
March 21 09:30 1987.51x 4843.51x £4901.6 1x
12:30 1956.11x 4086.8 Ix 4852.8 Ix
15:30 819.4 Ix 3100.8 Ix 3716.5 Ix
Autumn May 21 09:30 2496.3 1x 6093.8 Ix 6125.4 1x
12:30 2395.8 Ix 5557.8 Ix 5907.8 Ix
15:30 1292.8 Ix 40243 1x 5223.11x
June 21 09:30 2482.0 Ix 5978.11x 6207.2 1x
12:30 2479.8 Ix 5653.6 Ix 6075.2 Ix
15:30 1376.4 1x 4217.2 1x 4998.11x
July 21 09:30 2436.9 Ix 5636.6 Ix 6058.4 1x
12:30 2420.4 1x 5665.8 Ix 5997.0 Ix
15:30 1349.4 1x 4075.0 Ix 4926.11x
Summer September 21 09:30 1941.9 Ix 4659.9 Ix 5021.7 Ix
12:30 1845.9 Ix 4L417.71x 4722.9 Ix
15:30 671.5 1x 1611.8 Ix 3448.5 Ix
October 21 09:30 1617.9 Ix 3972.31x 4150.5 Ix
12:30 144711x 3473.21x 3715.4 1x
15:30 270.11x 943.71x 2442.6 1x
November 21 09:30 1280.4 1x 3049.2 Ix 3279.31x
12:30 1129.7 Ix 2847.8 Ix 2885.11x
15:30 1.4 1x 1313.2 1x 1676.7 Ix

The analysis compared the indoor illuminance (1x) values for
different times of the year and representative months.

The daylight performance of the studio with its current flat
ceiling was used as a basic reference for comparing the ceiling
systems. The simulation results showed that daylight entering
through north-facing windows reaches deeper areas of the space to
a limited extent as illustrated in Figs. 6 and 7. Consequently, the
illumination levels in the areas deeper from the windows decrease
[1-4]). The monthly and daily average light distributions (I1x values)
are presented in detail in Diagram 2 (monthly light distribution by
hour of the day). Additional simulations were conducted to evaluate
the daylight performance of the proposed Di-ARCieling ceiling
system. Table 1 presents a comparison of the illumination level (Ix)
values representative point (or average
measurement point) for three different ceiling configurations: the
current flat ceiling, the single curved ceiling, and the proposed
two-way Di-ARCieling ceiling system.

As presented in Table 2, the simulation results indicate that the
flat ceiling system provided significantly lower light levels,
particularly during the morning

measured at a

and afternoon hours.

Consequently, daylight penetration into deeper areas of the studio
is limited, particularly during the winter months when sun angles
are lower. For example, at 3:30 PM on January 21, the flat ceiling
produced only 207.7 1x, the curved ceiling 1509.8 1x, and the Di-
ARCieling system 2098.7 Ix under the same conditions.

This result shows that a flat ceiling, which reflects light primarily
in a single direction, has a limited capacity to distribute daylight
into deeper interior spaces.

The single circular ceiling system provided significantly higher
illuminance (Ix) values than the flat ceiling in different seasons and
at different times of the day. The curved geometry allows for the
redirection of incoming daylight at wider angles, thereby
increasing daylight integration within the interior space. However,
at certain times, particularly around midday, the Di-ARCieling
system produced slightly higher illuminance values than the single
curved ceiling system (e.g., at 12:30 on January 21—curved: 2929.2
Ix, Di-ARCieling: 2078.3 1x). This difference may be related to the
reflection behavior of the Di-ARCieling
configuration, which distributes daylight reflection throughout the
interior rather than concentrating it in a single direction.

multidirectional
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Table 3. Visualization of the lux values of the flat ceiling system.

Semester Month Ceiling Type / Light Flux (lux)
Flat
h o -
9:30 (1259.4 Ix) 12:30 (1260.8 Ix) 15:30 (207.7 Ix)
o -
9:30 (1609.5 Ix) 12:30 (1630.7 Ix) 15:30 (531.5 Ix)
March 21 1 e
9:30 (531.5 Ix) 12:30 (1987.5 Ix) 15:30 (1956.1 1x)
- . -
15:30 (2395.8 Ix)
June 21

15:30 (2479.8 Ix)

N - L l

9:30 (1376.4 1x) 12:30 (2436.9 Ix) 15:30 (2420.4 1x)
Summer September 21
9:30 (1941.9 Ix) 12:30 (1845.9 Ix) 15:30 (671.5 1x)
o -

9:30 (1617.9 1x) 12:30 (1447.11x) 15:30 (270.11x)
November 21

9:30 (1280.4 1x) 12:30 (1129.7 Ix) 15:30 (1.4 1x)

Overall, considering all simulation time periods, the Di- this: while the flat ceiling produced only 1.4 Ix, the curved ceiling
ARCieling system showed the highest average illumination values. = reached 1313.2 lx, and the Di-ARCieling configuration reached
The system provided stronger daylight integration, particularly 1676.7 1x.
during the morning and afternoon hours when daylight levels are
relatively low. Data from November 21 at 3:30 PM demonstrated
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Table 4. Visualization of lux values for the curved ceiling system.

Semester Month Ceiling Type / Light Flux (lux)
Curved
Spring January 21
15:30 (1509.8 1x)
February 21
9:30 (3717.5 Ix) 12:30 (3.957.11x) 15:30 (1522.5 Ix)
March 21 L
9:30 (4843.51x) 12:30 (4086.8 Ix)
Autumn May 21 R HF o
June 21
15:30 (4217.2 1x)
July 21
12:30 (5665.8 1x) 15:30 (4075.0 1x)
Summer September 21
9:30 (4659.9 Ix)
October 21
9:30 (39723 Ix) 12:30 (34732 1x)
November 21 B By B
9:30 (3049.2 1x) 12:30 (2847.8 Ix) 15:30 (1313.2 Ix)
Similarly, under summer conditions, the Di-ARCieling daylight within the space. This system offers a promising passive

configuration allowed daylight to penetrate deeper areas of the
interior (July 21, 3:30 PM—flat: 1349.4 Ix, curved: 4075.0 Ix, Di-
ARCieling: 4926.1 1x). The Di-ARCieling system provides both
higher illumination levels and a more balanced distribution of

daylight distribution strategy that can reduce reliance on artificial
lighting during daylight hours.
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Table 5. Visualization of lux values for the Di-ARCieling system.
Semester Month Ceiling Type / Light Flux (lux)
Di-ARCieling

¥

Spring January 21

February 21

March 21

Autumn May 21

June 21

July 21

Summer September 21

October 21

12:30 (3715.4 Ix)
November 21

09:30(3279.3 Ix 12:30 (2885.11x) 15:30 (1676.7 1x)

As presented in Table 3, a visual analysis of the current flat months and in the mornings and afternoons, indicate that the
ceiling configuration revealed significant limitations in terms of  daylight entering through the facade openings is largely reflected
daylight access to the interior spaces. The relatively low inasingle direction, thus concentrating near the window areas.
illuminance (Ix) values observed, particularly during the winter
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Consequently, areas farther away from the facade receive
significantly lower daylight levels.

A flat ceiling has limited capacity to distribute daylight into
deeper areas of the interior space. These results suggest that ceiling
geometry can play a critical role in daylight distribution and
improve the balance of interior spatial lighting. Therefore,
alternative ceiling configurations can direct daylight in multiple
directions and improve daylight penetration.

As presented in Table 4, the illuminance (1x) values obtained
from the single circular ceiling system showed a significant
improvement compared with those of the flat ceiling. The curved
surface geometry allows for the redirection of incoming daylight
with wider reflection angles, thereby increasing daylight
penetration within the interior space.

Consequently, higher observed,
particularly during midday hours and in spring and summer, when
daylight access is higher. However, the simulation results showed
that this ceiling configuration directed daylight to specific areas
rather than distributing it evenly throughout the interior space.
Because the circular surface predominantly reflects light in a
unidirectional reflection pattern, some incoming daylight cannot
be effectively redistributed across the entire ceiling surface.
Consequently, although the single circular ceiling system increases
daylight penetration compared to that of a flat ceiling, its capacity
to provide a balanced daylight distribution throughout the space
remains limited.

As presented in Table 5, visual analysis of the Di-ARCieling
system showed that it consistently provided higher illuminance
(Ix) values in both the morning and afternoon throughout the year.
The combination of two circular reflective surfaces positioned at
different angles enables the redirection of incoming daylight in
multiple directions within the interior space. Daylight is not only
drawn into the space but is also redistributed along the ceiling
surface, increasing daylight access, particularly in deep areas.

This multidirectional reflection helps maintain more balanced
indoor lighting options during periods of limited daylight access
(e.g., winter afternoons, at approximately 3:30 PM). The data
presented in the table show that the Di-ARCieling system provides
higher illumination levels while supporting a more balanced spatial
distribution of daylight within the interior space. These findings
suggest that the Di-ARCieling configuration can function as an
effective ceiling-integrated daylight redistribution strategy.

Simulation analyses performed for the Di-ARCieling system
demonstrated that ceiling geometry plays a significant role in the
integration and redistribution of daylight in interior spaces. The
findings confirm that traditional flat ceiling configurations have
limited capacity to optimize daylight performance, particularly in
north-facing and deep-plan interiors. Since such ceilings
predominantly reflect light in a single direction, relatively low
illuminance (Ix) occurs across large sections of the interior, which
can negatively affect visual conditions.

illuminance levels are

The simulation results for the single-directional circular ceiling
system showed a significant improvement in illuminance (Ix)
values compared with those of the flat ceiling. This improvement
stems from the curved geometry of the ceiling surface, which
allows for the redirection of incoming daylight with wider
reflection angles. This enables daylight to reach the central areas of
the interior more effectively. However, the analyses showed that
this configuration has some limitations in providing a balanced
spatial distribution of daylight.

The Di-ARCieling system demonstrated superior overall
daylighting performance compared with that of the other two
ceiling types. Providing high and uniform illumination levels deep
within the space, particularly during the morning and evening
hours when daylight is low, and even during winter months,
highlights the potential of this system for passive daylighting. Its
dual-angled circular surfaces not only admit light, but also reflect
it in multiple directions, producing a balanced light distribution
throughout the space. These findings support Di-ARCieling's
position as a sustainable solution.

However, note that the Di-ARCieling system may produce
slightly lower illuminance values compared to those of the single-
directional circular ceiling during some midday hours. This may be
related to multidirectional reflection behavior, in which direct
sunlight at a high angle during midday can create stronger local
reflections. Meanwhile, the Di-ARCieling system distributes the
incoming daylight over a wider spatial area. Consequently, the local
maximum illuminance values may be lower; however, the overall
daylight distribution becomes more balanced. This behavior can
also contribute to reducing the potential visual discomfort that may
arise from excessive local brightness or glare.

4. CONCLUSION

This study proposes “Di-ARCieling,” an innovative ceiling system
developed for the design studio of the Faculty of Architecture and
Design at TOBB ETU, with the aim of improving the integration and
balanced distribution of daylight within interior spaces. The
performance of this system was evaluated through simulation
analyses and compared with that of traditional flat ceiling and
single-directional circular ceiling systems. The primary findings of
this study can be summarized as follows:

o Theexisting flat ceiling system showed significant limitations,
particularly in terms of daylight reaching deeper areas of the
interior space. During periods of daylight, access was limited.

o The single-directional circular ceiling provided an overall
improvement in illuminance (Ix) compared with that of the flat
ceiling. However, its capacity to redistribute daylight
throughout the interior space remained limited.

o Owing to its two-way circular ceiling with different inclination
angles, the Di-ARCieling system redirects incoming daylight
in multiple directions, thereby providing higher and more
balanced illumination levels in the interior space. This is
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particularly important during the morning, afternoon, and
winter, when daylight is limited.

o The ability of the Di-ARCieling system to direct daylight into
deeper areas of the interior space indicates its potential for
improving daylight accessibility and interior visual conditions.
Although this study did not directly measure energy
consumption quantitatively, the accessibility of daylight to
deeper areas can contribute to reducing the reliance on
artificial lighting during daylight hours.

o The findings highlight the potential role of ceiling geometry as
an active architectural element in daylight redistribution and
demonstrate that ceiling-integrated daylighting strategies
can complement facade-based daylighting approaches in
interior design.

Overall, the results demonstrate that the Di-ARCieling system is a
promising ceiling-integrated daylight redistribution strategy for
improving daylight performance in interior spaces. Such systems
can provide significant advantages, particularly in deep-plan
buildings, educational facilities, and spaces with limited facade
openings.

Future studies should examine the performance of the Di-
ARCieling system in greater detail under different climatic
conditions and building orientations. Furthermore, the integration
of the system with different window-to-wall ratios, its potential
impact on building energy consumption through dynamic
simulations, and cost-benefit analyses can also be investigated. In
addition, future studies should evaluate user perception and visual
comfort through user surveys and observational studies conducted
in real-world settings.
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