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Abstract

Background and Objectives: Kinetic facades represent a dynamic design approach
that integrates movement to adapt to environmental conditions the concept
of motion as a design input. One of the strategies of this facade is to control
the light entering the interior. Fixed or dynamic horizontal shades are the best
choice for south orientation, while vertical shades are usually used in east and
west directions. Studies have shown that horizontal shading is more efficient
than vertical shading. Indoor lighting conditions can affect the occupants’ visual
comfort, satisfaction, thermal comfort, health, mood, motivation, performance,

4Q

Soffeh Journal, Shahid Beheshti University, Vol. 36, Issue 2, No. 113, 2026 P-|SSN: 1683 870X

*.Copyright:©2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative Commons Attribution (CCBY) license (https://creativecommons.org/licenses/by/4.0/).

ORIGINAL RESEARCH ARTICLE

Received: September 23, 2024
Revised: October 09, 2024
Accepted: December 04, 2024
(Pages: 127-148)

* Corresponding Author Email Address:
n_nikghadam@iau.ir

http://doi.org/10.48308/
soffeh.2024.236665.1349

Com—



http://orcid.org/0000-0003-0723-7396
http://doi.org/10.48308/soffeh.2024.236665.1349
http://doi.org/10.48308/soffeh.2024.236665.1349

113
128 | SOFFEH

Research Questions:

1. Which rotational motion
axes of the kinetic facade
(horizontal, vertical, and
diagonal) provide optimal
daylight performance for the
north, south, east, and west
facades of an office building
in Tehran?

2. How do the two geometric
models of the kinetic facade
(rectangular and circular)
affect daylight performance
indicators (ASE, UDI, and
DGP) across the four facade
orientations?

3. Which combination
of geometric model and
rotational motion  axis
provides the most effective
daylight performance for
each facade direction in the
climate of Tehran?
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and productivity. Literature indicates that geometric and
movement models play a role in controlling daylight and glare,
although less attention has been given to movement axes in
four directions. Also, it is unclear what kind of movement axis
is appropriate for each facade direction. This research aims to
utilize natural lighting using geometric models and rotational
motion axes of the kinetic facade in the north, south, west, and
east facades of an office building in Tehran. The novelty of this
article is in examining the motion axes of the kinetic facade in
response to Tehran’s climate. For this purpose, the rotational
motion axes in three horizontal, vertical, and diagonal modes
in four directions have been measured to create optimal light
in the interior space. The selection of samples is based on
constructed examples that have not been used in previous
studies, and the focus of this research is more on rotation
motion axes and two geometric models, circle and rectangle.
Methods:This study utilises an applied, quantitative research
methodology and is quantitative in nature. Using the simulation
tool, the rotational motion axes of the kinetic facade are
analyzed and evaluated in four directions, considering both
circular and rectangular geometric models, and in relation to
daylight in an office building in Tehran. Rhino software version
6.32, Grasshopper plugin and Honeybee Plus plugin version
0.0.06, and Ladybug version 1.5.0 were used for simulation. The
Python programming language has also been used to calculate
averages. The first step is to simulate the movement of the
sun with the Ladybug plugin according to the weather file of
Tehran. In the next step, a sample office room with an open
plan, measuring 4 m in width, 6 m in length, and 3 m in height,
accommodating six employees, was evaluated according to the
dynamic daylight indicators. The room had a window-to-wall
ratio of 90% of the facade without shades. In the next step, the
existing two geometric modes of the kinetic facade, circle and
rectangle, have been measured and compared according to the
rotational movement axes (horizontal, vertical, and diagonal) in
four facade directions. Then, according to the responsiveness
of the facade to natural lighting, the most optimal geometric
model and movement axes based on angle and dimensions
(length, width, and radius) are suggested for all four directions
of an office building in Tehran.
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Results and conclusion :Recent research on kinetic
facades in Iran and around the world indicates
that kinetic facades are more responsive than fixed
types in reducing glare and controlling daylight.
Among them, geometric models, kinematic modes,
movement axes, geometric model dimensions,
room dimensions, the opening and closing angle
of the geometric model of the facade in relation
to the location of the sun, and the climate of the
region play a significant role in optimising natural
lighting in the interior space. According to the
glare index (ASE) findings, the north facade does
not require a shade, as the interior space receives
sufficient daylight without one. Therefore, natural
lighting simulation analysis with a kinetic facade
has been done only for three directions of the
south, east, and west facades. According to the
simulation results, the two indicators, ASE and UDI,
are of special importance. This is because when
the shade opening or angle is half-closed, less light
enters the space. As the percentage of useful light
index decreases below 500 lux, the interior space
may receive less than 500 lux of useful daylight at
its far end.

Additionally, when the aperture or angle of view
is open, more light enters the interior space and
the amount of glare (ASE) shows values above
10%, which means that indoor glare and visual
discomfort may occur. Therefore, optimising
these two indicators is necessary to receive useful
daylight in the interior. In the next step, the values
of the two indices ASE, UDI less and DGP were
averaged using the Python programming language.
The simulation results show that the geometrical
models of rectangle and circle with a rotating
movement model with the horizontal axis at the
top in the south, west, and east walls and with the
diagonal axis at the top, both geometrical models
in the east and west facade of an office building
in Tehran are appropriate for providing optimal
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dynamic daylight indices. After comparing the
geometric models based on the ASE and UDl indices
in three directions, it is evident that the rectangular
geometric model with a rotating movement model
on horizontal and diagonal axes outperforms the
circle geometric model with a rotating movement
model on horizontal and diagonal axes. Also, the
most suitable rotational motion axes of the kinetic
facade for the two western and eastern facades are
the horizontal and diagonal axis at the top and for
the southern facade the horizontal axis at the top.
Among the limitations of this research is the lack of
an office building built with a kinetic facade in the
field, so that a comparison can be made between
the simulated results and field measurements.

Onthe other hand, natural lighting measurement
devices in the indoor environment have limitations
and cannot simultaneously measure the amount
of daylight and glare in the indoor environment. In
future research, it is possible to evaluate the kinetic
facade with a rectangular geometric model and
rotational movement model with horizontal and
diagonal axes in four directions of the facade based
on the amount of energy consumption, visual
comfort, and thermal comfort using simulation or
field observations. Furthermore, this facade can be
studied in different climates and cities to determine
its use with a geometric model and a proportional
movement model in each city, according to the
internal daylight. The results of this research can
be applied to similar climates outside of Iran.

Introduction

Kinetic facade is a research field that consid-
ers movement as an input to designa primary
objective of employing such facades is to con-
trol the amount of light entering the interior
space. A kinetic facade can provide protection
from solar radiation, enhance natural lighting
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efficiency, and create visual and thermal com-
fort conditions®. Optimal passive solar control
dictates that horizontal shading devices are
the most effective solution for minimsing solar
heat gain on southern exposures, while verti-
cal shading is typically employed for control-
ling low-angle sunlight on the east and west?.
The most suitable fixed shading device for the
south, southeast, and southwest facades is the
frame-shaped shade. Studies have also shown
that horizontal shading is more efficient than
vertical shading®. Research indicates that light-
ing conditions in an environment can affect
visual comfort, satisfaction, thermal comfort,
health, mood, motivation, performance, and
productivity of occupants. Poor lighting condi-
tions that do not meet essential regulations fail
to satisfy the lighting requirements of various
activities, and insufficient lighting fixtures lead
to inadequate illumination in workspaces®. Sat-
isfaction with lighting conditions relates to desk
illuminance, the amount of reflected light on
computer screens, illuminance levels for com-
puter work, access to exterior views, and over-
all light quality in the workspace. The European
standard emphasises the minimum lighting re-
quirements for an actual work area rather than
the entire room®. According to this standard®, a
typical office workplace requires an illuminance
level of 500 lux. Similarly, in accordance with
Part 13 of Iran’s National Building Regulations’,
the illuminance level for a typical office is con-
sidered to be 500 lux. Another study suggests
that the optimal illuminance intensity in office
spaces ranges from 600 to 650 lux, and illumi-
nance levels between 550 and 600 lux provide
comfortable conditions. llluminance below 550
lux is not desirable for users®. This study aims to
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optimise daylight harvestingthrough geometric
models and rotational movement axes of the
kinetic facade on the north, south, west, and
east facades of an office building in Tehran. The
innovation of this research lies in investigating
the kinetic facade’s movement axes in response
to Tehran’s climate. For this purpose, rotational
movement axes in three types horizontal, verti-
cal, and diagonal have been evaluated on the
four facade orientations to achieve optimal in-
terior lighting. The selection of samples is based
on those that have not been used in previous
studies, with a focus on rotational movement
axes and two geometric models: circle and rect-
angle.Additionally, in previous research, two
influential natural lighting indicators, ASE and
UDI less, have received less attention. The re-
sults of this study can be applied in similar cli-
mates. Considering the objective, the following
questions are posed: Which of the rotational
movement axes ,diagonal, horizontal, or ver-
tical, in the kinetic facade of each orientation
of an office building responds better to natural
lighting? Which geometric model, either a circle
or a rectangle, combined with the kinetic rota-
tional movement model in the facade, optimal-
ly provides natural lighting in an office space in
Tehran?

Research Background

Research on kinetic fagades, focusing on move-
ment mechanisms and geometric models, has
primarily addressed daylight performance, glare
control, visual comfort, and facade optimisa-
tion. Most of these studies have been conduct-
ed through simulation-based methods and in
hot-arid climates. The present paper, however,
specifically concentrates on visual comfort and
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indoor daylighting performance. Rasouli et al.’
investigated the annual performance of dou-
ble-skin facades for an office space in Tehran,
incorporating horizontal and vertical louvers
in both fixed and movable states. The building
was modeled in Rhinoceros, and the paramet-
ric design of the louvers was developed using
Grasshopper. The findings indicated that mov-
able shading systems outperformed their fixed
counterparts, with movable horizontal louvers
delivering the most effective results. Tabadkani
et al.’? examined an adaptive fagade designed
to improve daylight use and visual comfortin an
office building in Tehran. The facade employed
a hexagonal geometry combined with a folding
(origami-inspired) mechanism. The computa-
tional model utilised an open-plan office space
(the case study zone) defined by the dimen-
sions 7.0 m (length) x 5.5 m (width) x 3.0 m
(height). This space featured a Window-to-Wall
Ratio (WWR) of 81% on its southern facad. Re-
sults showed that the origami-based geometry
enhanced daylight penetration, while its impact
on glare reduction was limited to certain inte-
rior areas.

A prior study examined a modular, respon-
sive facade system specifically designed to op-
timise indoor daylight harvesting and enhance
visual comfort. Hosseini et al.!! explored an in-
teractive fagade system for daylight and glare
control through simulation. The case study
was situated in a hot-arid climate, and the fa-
cade incorporated a square pattern with three-
dimensional movable shading modules, which
operated in response to the sun’s movement
and occupants’ positions. The study revealed
that the system was effective in mitigating both
perceptible and imperceptible glare.

SOFFEH

A study'? has investigated a responsive facade
with a modular model to utilise daylight and vi-
sual comfort. The geometric model consists of
triangles, hexagons, and circles in both regular
and irregular patterns. The geometric dimen-
sions of the office room in lzmir, Tiirkiye are 12
m wide, 15 m long, and 6.5 m high. Results con-
firmed that the implementation of the kinetic
facade led to a substantial mitigation of visual
discomfort and glare when compared against
the static baseline model.. The triangular fold-
ing geometric pattern offers greater flexibility in
controlling daylight and airflow than the square
pattern. In addition, they can adapt to different
daylight needs. in a study by Li et al.3, The in-
fluence of various adaptive facade parameters
on indoor daylight performance within an of-
fice environment was assessed utilising the
environmental analysis plugins, Ladybug and
Honeybee, integrated within the Grasshopper
computational framework. For multi-objective
optimisation, the Wallacei X plugin and the
XGBoost machine learning algorithm were ap-
plied to account for environmental variations in
daylight. The facade was simulated with three
geometric patterns—triangle, rectangle, and
hexagon combined with horizontal and verti-
cal kinetic movements at different sizes and
angles under the climate conditions of Shang-
hai. The results showed that the length, width,
and height of the room, in relation to its orien-
tation and angle, had a greater impact on glare
reduction and dynamic daylight availability. In
a study by Samadi et al.'*, a computational ap-
proach was developed to achieve optimal day-
light in interior spaces with a southern facade
equipped with a shading system. Optimisation
was carried out using the Galapagos plugin.
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The optimisation results indicated that the up-
per window height between 0.08 and 1.65 m,
room geometry with a height of 3 m, length of
9.5 m, and width of 6 m, along with the distance
from the window and the use of a hexagonal
rather than a square pattern, had a more signifi-
cant influence on glare mitigation and dynamic
daylight performance.

In related work, Sangtarash et al."® conduct-
ed a comparative analysis of two kinetic move-
ment patterns—rotational and folding—applied
to a triangular geometric facade to achieve
optimal daylighting on the southern exposure
of an office building in Tehran.The simulations
were conducted using the Honeybee and La-
dybug plugins. The results demonstrated that
the rotational movement model outperformed
the folding movement model in responding to
natural daylight requirements. In a study®, a
biomimicry approach was applied to enhance
daylight performance in an office building in
Egypt, where a geometric pattern inspired by
the behavior and organisation of a snake was
examined. Ultimately, a rhombus-shaped ge-
ometry with folding along both horizontal and
vertical axes was considered for daylight analy-
sis. The geometry of the simulated space was
parameterised with the following internal di-
mensions: 6.0 m (depth) x 4.0 m (width) x 3.0
m (height).. In this analysis, the window was
placed within a frame with depths of 0.5 m and
1 m for comparison. The results indicated that
a frame depth of 1 m performed better than a
0.5 m depth in improving daylight availability.
It was further highlighted that the most influ-
ential parameters in enhancing daylight perfor-
mance were the rotation angle, the distance of
the facade from the window frame, and the de-
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gree of horizontal and vertical folding.

The review of prior research indicates that
the geometric and kinetic patterns of shad-
ing devices play a significant role in controlling
daylight and glare. However, less attention has
been paid to movement axes across the four
facade orientations. Moreover, it remains un-
clear which movement axis is most suitable for
each orientation. The present study therefore,
focuses on two geometric patterns, circular and
rectangular, combined with rotational kinetic
movements along diagonal, horizontal, and ver-
tical axes to investigate daylight performance
across the four facade orientations.

Theoretical Framework

Geometric and Kinematic models of
Kinetic Facades

Geometric and kinematic models represent
two key axes in the design of kinetic facades.
These models play a crucial role in defining
how the facade opens and closes, its control
mechanisms, choice of materials, and structur-
al stability. Movement within the facade (or its
modules) requires geometric adaptability of its
components to maintain structural coherence
while transforming®’. Unlike static facades, the
design of a kinetic facade demands an interac-
tive design process beginning with the selection
of geometry and movement analysis, followed
by the development of both digital and physi-
cal models, and culminating in the selection
and design of joints and materials in relation to
the intended movement mechanism. The clas-
sification of kinetic structures generally follows
three main domains: the typology of move-
ment (kinematics), the material properties, and
the inherent characteristics of the dynamic el-
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ements.. In general, movement is categorised
into sliding, rotation, folding and opening/clos-
ing. Depending on the design of the mechanism,
multiple types of movement may coexist within
the same structure?®. Schumacher et al.*® clas-
sified kinetic movement structures into partial
and overall displacement. Herzog et al.?° further
categorised fagcade and window movements
into vertical flat, angled, horizontal and vertical
planar, horizontal curvature, vertical curvature,
and combined horizontal-vertical types.

From the perspective of movement typolo-
gies, kinetic facades are generally divided into
four categories: folding, sliding, scaling, and ro-
tation?. In another study, kinetic facade move-
ment was classified into translational, rotation-
al, scaling, and material-based deformation?2.
Among these, scaling movements are less com-
mon due to material limitations and high costs.
In contrast, rotational and folding mechanisms
have become increasingly popular in recent
years, although many designs still lack sufficient
performance-based optimisation. Overall, dy-
namic facade design is a complex process that
requires consideration and definition of mul-
tiple factors, including available resources, the
type of dynamic systems employed, aesthetic
qualities, and user preferences and acceptance,
all in relation to the building’s functional per-
formance.

Daylighting

Several indices have been introduced to evalu-
ate daylight performance in indoor spaces.
These indices are generally classified into two
groups: static and dynamic. (a) Static index: Evalu-
ation using static indices is carried out for a
fixed condition, usually under an overcast sky?.

SOFFEH

(b) Dynamic index: Due to the limitations of the
static approach, dynamic indices were devel-
oped. These indices take into account design
parameters, climate conditions, and sky varia-
tions. Based on meteorological data, they al-
low the evaluation of indoor lighting conditions
and users’ visual comfort throughout the year.
The most important indices for assessing visual
comfort are as follows:

Useful Daylight llluminance (UDI): This index
represents the percentage of occupied time
during a year when horizontal illuminance at a
specific point falls within a defined range. Con-
sidering the lower and upper thresholds of il-
luminance, the evaluated time is divided into
three categories: (i) periods when daylight is
too low (UDI less), (ii) periods when daylight
is within the useful range (UDI useful), and (iii)
periods when daylight is too high (UDI more),
which can cause visual discomfort. Although the
exact thresholds may vary in different sources,
the range of 300-3000 lux is commonly recom-
mended as sufficient daylight?*.

Daylight Autonomy (DA): This index indicates
the adequacy of daylight in an indoor space. It
is defined as the percentage of the annual occu-
pied time when the required illuminance level
at a given point is met solely by natural day-
light. According to the Illuminating Engineering
Society (IES) standard, a space is considered
‘acceptable’ if daylight provides at least 300
lux 50%<55% of the occupied hours, and ‘pre-
ferred’ if daylight provides 300 lux 50%< 75%
of the time.

Spatial Daylight Autonomy (sDA): This index
evaluates whether a work plane in a space re-
ceives sufficient daylight during annual working
hours?.
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Annual Sunlight Exposure (ASE): Since Spa-
tial Daylight Autonomy (sDA) does not define
an upper limit for daylight levels, the ASE in-
dex was introduced to identify the portion of a
space exposed to excessive direct sunlight. ASE
evaluates the potential source of visual discom-
fort or glare®®. It is defined as the percentage of
a target area that receives direct sunlight with
an illuminance of 1000 lux or more for over 250
hours per year?.

Daylight Glare Probability (DGP): DGP is one
of the most common indices for assessing glare
in indoor environments. It measures the illu-
minance entering the eye in relation to time.
The values are interpreted as follows: > 0.35
= imperceptible glare, 0.35-0.40 = perceptible
glare, 0.40-0.45 = disturbing glare and < 0.45 =
intolerable glare?®.

Materials and Methods

This study is applied in purpose and quantita-
tive in nature. Using simulation tools, it analyzes
and evaluates rotational movement axes with
circular and rectangular geometric patterns
of kinetic facades on the four orientations of
an office building in Tehran, based on daylight
performance. the simulations were conducted
using Rhinoceros version 6.32, the Grasshop-
per plugin, Honeybee Plus version 0.0.06, and
Ladybug version 1.5.0. In addition, the Python
programming language was employed for aver-
aging the numerical data.

In the first step, as illustrated in Figure 1, the
solar path for Tehran was simulated using the
Ladybug plugin and the corresponding weather
file. In the subsequent step, a reference open-
plan office space with a window-to-wall ratio
(WWR) of 90% was modeled. The base case
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model, without any shading devices, was evalu-
ated using dynamic daylight performance met-
rics. The simulation results® in Figure 2 and Ta-
ble 1, indicated that the north facade does not
require kinetic shading; therefore, the south,
east, and west facades were further investi-
gated. In the next phase, two geometric con-
figurations of kinetic fagades (circular and rect-
angular) were examined with respect to three
rotational movement axes (horizontal, vertical,
and diagonal). The kinetic fagcade modules were
programmed to respond adaptively to the so-
lar path, opening and closing according to the
incident solar angles, such that the degree of
openness gradually decreased as the sun’s al-
titude and azimuth shifted®. Finally, simulation
data for the south, east, and west facades were
compared and analyzed in terms of daylight
availability. Based on facade responsiveness
to natural illumination, the optimal geometric
configuration, movement axis, rotation angle,
and dimensions (length, width, and radius)
were proposed for the three primary facades of
a typical office building in Tehran.

Simulation

As depicted in Figure 3 the geometry of the
simulated office space was defined with a width
of 4 m, a length of 6 m, and a height of 3 m,
resulting in a floor area of 24 m?, designed for
four occupants. The transparent facade was
placed only on one side of the room along its
width, and the model was rotated toward the
cardinal orientations. The reference model was
located in Tehran at a latitude of 35.69° and a
longitude of 51.32°. No surrounding obstruc-
tions were considered to eliminate external
shading effects. The facades were programmed
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Figure 2. Simulation results of
annual dynamic daylight in four
directions.’!

Table 1. Annual dynamic
daylight analysis in four facade
orientations.*'

Note: ASE values exceeding
10% (highlighted in Gray

color & Underline) indicate a
potential risk of glare and visual
discomfort.

DA

UDA

UDImore

UDlless

South

%

100.00
99.36

42 43 44 45 46 47
8 39 40 41

98.71
98.07

97.43
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96.14
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94.85
94.21

93.56
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to open and close adaptively in response to the
sun’s position and the surface normal vector.
The Tehran (Mehrabad) weather file (2004-
2018) was downloaded?®? and imported into
the simulation patch. Daylight simulations were
conducted for three representative days of the
year: March 21 (spring equinox), July 21 (sum-
mer solstice), and December 21 (winter sol-
stice). The autumn equinox was excluded due
to its similarity to the spring equinox. Simula-
tions were performed for every working hour
between 08:00 a.m. and 4:00 p.m.The daylight
performance of the reference model was evalu-
ated based on a sensor grid of 59 points, dis-
tributed at 0.6 x 0.6 m intervals. A reference
workplane3® at 0.76 m above the finished floor
level was selected, representing the average
desk height in office spaces. Public holidays on
Thursdays and Fridays were considered in the
occupancy schedule. Peak occupancy hours
were calculated using the software, and three
representative times (09:00 a.m., 12:00., and
4:00) were chosen for daylight analysis.

Constructed Samples

name Hopital Jean Mermoz

(arch. F-H. Jourda, 2008)

Geometric model rectangle

Kinematic Model Rotational Kinematic

Artificial lighting was not included in the
simulations, and dynamic daylight performance
metrics, including DA, UDI, UDI more, UDI less,
sDA, and ASE, were analyzed. The geometric
and kinetic movement patterns of the facades
are summarised in Table 2, while the character-
istics of the simulated office room are present-
ed in Table 3.
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Figure 3. Plan (right) and mass
(left) of the simulated model,
Source: Authors.

bm _— —Am
/ -

3m

North Mediterranean Health
Center / Ferrer Arquitectos, 2010

Rotational Kinematic Model with

BBC Pavilion- 2019

circle

Rotational Kinematic Model

30. Fataneh Sangtarash, ‘The
Explanation of the Geometric
and Movement Pattern of the
Kinetic Fagade for Optimal
Response to Natural Light
Case Study: Office Building
in“hot and dry” Climate of

and Axis Model with Diagonal Axis HOFIZOHE?|61(IS at fche Top with Horizontal Axis at the Top Tehran, Dr.Arch. diss, Faculty
figure = c =k 15 of Art and Architecture, Azad
—— = University, South Tehran
Branch, (1402).
Table 2. Geometric and Kinematic
Patterns of Kinetic Facades.
SOFFEH A8
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Table 3. Specifications of the
Simulated Room.
Room Dimensions
Ceiling Reflectance
Wall Reflectance
Glass Visible Transmittance
Floor Grid Dimensions

Floor Measurement Points

Window-to-Wall Ratio (WWR)

Table 4. Radiance Parameters for
Daylight Availability Metrics.

Figure 4. Circular and rectangular
geometric models with three
rotational axes of kinematics.

Utilising the Honeybee plugin, the daylight
performance and visual comfort indices were
assessed via the Radiance and DAYSIM simula-
tion engines.The main assumptions for the Ra-
diance parameters are summarised in Table 4.

Width: 4 m, Length: 6 m, Height: 3 m
80%

50%

90%

0.6m

Point 59

90%

Ambient Divisions
512 2

Ambient bounces

Rectangular geometric model

Circular geometric model

[
|
|
|
|

)
O

‘ -
} ‘/ \ Top horizontal axis
|

/ & | A\ . . .
\ Side vertical axis
‘\L"CJ
\ _

Top diagonal axis

Results

Phase | involved the computation of annual dy-
namic daylight metrics for the south, east, and
west facades, utilising a static baseline model
(i.e., without kinetic shading). The resulting
performance values are summarised in Table 4.

Subsequently, Phase Il focused on the sys-
tematic application and performance simula-
tion of two main geometric patterns—circular
and rectangular—each integrated with three
distinct rotational movement axes: horizontal
(top pivot), vertical (side pivot), and diagonal
(top pivot), as illustrated in Figure 4.

As shown in Table 5,circular and rectangular
geometric patterns with three rotational move-
ment axes were simulated and analyzed for the
south, west, and east facades on three repre-
sentative days of the year: July 21, March 21,
and December 21. Based on dynamic daylight
performance metrics, including UDI less and
ASE, each pattern was compared and analyzed
in terms of movement axis, geometric config-
uration, and, for each day, the optimal angle
and dimensions (length, width, and radius) for
the three facades were determined. It should
be noted that the dimensions of the geometric
patterns and their movement axes were kept
constant across the three facades, Conversely,
the rotation angle (or degree of openness) was
treated as the primary independent variable,
which was iteratively adjusted for each fagade
to achieve optimal dynamic daylight perfor-
mance.

Intolerable glare (indicated in Gray color &
Underline in Table 5) was observed in some
cases. The vertical-axis rotation pattern at the
side, combined with both circular and rectan-
gular patterns, was unsuitable for all fagades,
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producing intolerable glare at 4:00 p.m. on the
selected days. For the south fagade, the diago-
nal-axis rotation pattern at the top caused in-
tolerable glare in both circular and rectangular
patterns at the same time,whereas the east
and west facades responded adequately to day-
light. The top-pivoted horizontal-axis rotation
mechanism, implemented for both circular and
rectangular modules, proved highly effective in
maintaining a favorable balance between Useful
Daylight Illuminance (UDI) and Annual Sunlight
Exposure (ASE) criteria across all three cardinal
facades, given the specific design constraints
(90% WWR) and the Tehran (Iran) climate refer-
ence file.The optimal range of facade openness
for the circular pattern is 5° to 90° (south), 5° to
20° (west), and 5° to 10° (east). For the rectan-
gular pattern, optimal openness ranges are 40°
to 60° (south and west) and 80° to 90°(east).
Detailed performance data for the diagonal-
axis rotation pattern with both circular and rect-
angular geometries are provided for reference.

Circular Geometric Model with
Rotational Kinematic Axis at the Top
(Diagonal Axis)

The circular geometric model, integrated with a
top-pivoted diagonal rotation axis (as depicted
in Figure 5, The radius of each circle is 0.18 m.
In the first step, the opening angle of the west-
ern and eastern facades was simulated from
fully open (0°) to fully closed (95°). The opening
angle of the facade ranges from 95° (open) to
0° (closed), while the most suitable angles are
as follows: 95° to 85° in 5° increments for the
western facade and 90° to 95° for the eastern
facade. The facade opens according to the sun’s
position (95°) and gradually closes (0°) during

SOFFEH

the simulation.

After simulating the facade on the 21 day of
March, June, and December at 9:00 a.m., 12:00
p.m. and 4:00 p.m., it was determined, accord-
ing to Table 6, that the circular geometric model
with a rotational kinematic axis at the top (diag-
onal axis) provides adequate daylight response
for both the western and eastern facades.

Rectangular Geometric Model with
Rotational Kinematic Axis at the Top
(Diagonal Axis)
The rectangular geometric module was con-
figured with a top-pivoted diagonal rotation
mechanism, the setup of which is detailed in
Figure 5.Each rectangle measures 0.5 x 1 m. In
the first step, the opening angle of the western
and eastern facades was simulated from fully
closed (0°) to fully open (95°). The opening an-
gle ranges from 95° (open) to 0° (closed), while
the most suitable angles are: 90° to 65° in 5°
increments for the western facade and 90° to
75° for the eastern facade. The facade opens
according to the sun’s position (95°) and gradu-
ally closes (0°) during the simulation. (Figure 6.)
After simulating the facade on the first day of
March, June, and December at 9:00 a.m., 12:00,
and 4:00 p.m, it was determined, according to
Table 7, that the rectangular geometric model
with a rotational kinematic axis at the top (diag-
onal axis) provides adequate daylight response
for both the western and eastern facades.

Discussion

Based on recent research on kinetic facades in
Iran and worldwide, it is observed that kinetic
facades perform better than their fixed coun-
terparts in reducing glare and controlling day-

o

Aéun

A8LAD

113
SOFFEH [ 139
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Optimal Natural Lighting in
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of Architectural Engineering
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https://doi.org/10.1061/
JAEIED.AEENG-1705.

32. climate.onebuilding.org.
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Table 5. Comparison of Circular
and Rectangular Geometric
Models with Three Rotational
Kinematic Axes in the Southern,
Western, and Eastern Facades.

light. The performance of adaptive facades in
achieving optimal interior daylight is critically
determined by the synergistic relationship be-
tween several interdependent factors: module
geometry, kinematic movement typology, room
volume and configuration, and the dynamic
control strategy relative to solar position and lo-
cal climate Evaluating these factors comprehen-
sively, while considering the overlap of daylight

indices such as UDI, UDI less, UDI more, ASE,
and DA, can further highlight their importance.

Comparison of Circular and
Rectangular Geometric Models

As shown in Figure 7, the data for useful day-
light below 500 lux (UDI less) indicate that the
rectangular geometric model with a horizontal
axis provides more optimal dynamic daylight

Models Geometric Motion Daylight Index South East West
models axis
" Dimensions 0.18m 0.18m 0.18m
& | Openangle (°) 5° to30° 5° to 10° 5° to0 20°
2 | AvgUDIless 47.84% 51.46% 59/86%
o
o Avg ASE 1% 1.66% 4%
o
T DGP 0 0 0
o
L
Open angle (°) 50° to 40° 20° to 25° 20° to 25°
2 Avg UDI Less  86.20% 84.81% 45.84%
©
= Avg ASE 30.22% 12% 11.85%
o g DGP 0.62 Intolerable at 12:00 0.68 Intolerable at 1 Intolerable at 4:00
= i p.m. on the 21 day of 09:00 a.m. on day p.m.on 21%July
© g each quarter 21 of each quarter
Open angle (°) 50° to 95° 90° to 95° 95° to 85°
Avg UDI Less  70.81% 49.74% 52.88%
Avg ASE 14% 6.66% 8.33%
= DGP 0.71 Intolerable at 4:00 O 0
= p.m. in 21% December,
§D and a level of 0.56 was
g recorded at 12:00 p.m.
o on day 21 of June and
2 March.
A8 SOFFEH
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performance for the interior of an office build-
ing in Tehran compared to the circular geo-
metric model with a horizontal axis at the top,
with differences of 16% in the southern facade,
9% in the western facade, and 7% in the east-
ern facade. This performance is significant, as
it indicates comprehensive daylight coverage
where the Useful Daylight Illuminance (UDI)
threshold of 500 lux is met across the entire ref-
erence workplane, ensuring no under-lit zones
within the space. However, the values for use-
ful daylight below 500 lux (UDI less) are similar
for both circular and rectangular models with a
rotational diagonal axis at the top in the eastern
and western fagades. Conversely, the Annual

Sunlight Exposure (ASE) values for the southern
facade with the top-pivoted diagonal axis sur-
pass the 10% tolerance level across both geo-
metric models (circular and rectangular). This
breach suggests a significant risk of direct sun
penetration, resulting in visual discomfort and
potential glare for the occupants. In contrast,
for the eastern and western facades, the ASE
values are below 10%. Moreover, for the south-
ern, eastern, and western facades with a hori-
zontal axis at the top, the ASE values are below
10%, indicating that these spaces are free from
glare and the results are acceptable.

The results unequivocally confirm that a
horizontal-axis kinetic shading device offers su-

A8LAD
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Table 5. Comparison of Circular
and Rectangular Geometric
Models with Three Rotational
Kinematic Axes in the Southern,
Western, and Eastern Facades.

Models Geometric Motion Daylight Index South East West
models axis
© Dimensions 1x0.5m 1x0.5m 1x0.5m
—— ey c
——ey 9 Open angle (°) 60° to 90° 80° to 90° 60° to 90°
-y =
::: L Avg UDI Less  31.66% 44.70% 50.71%
L~ 4 o o | AVBASE 2.29% 6% 0
S 2 & | DGP 0 0 0
" Open angle (°) 60° to 30° 65° to 40° 60° to 30°
s E Avg UDI Less  68.22% 86.95% 90.47%
gn g Avg ASE 33% 10% 12%
g & | DGP 0.66 Intolerable at 12:00 0 0
& < and 4:00 p.m. on the
%) 21 of each quarter
» Open angle (°) 80° to 40° 90° to 75° 90° to 65°
,_’é Avg UDI Less  66.78% 49.86% 54.54%
g Avg ASE 24.44% 2.22% 7%
£ Dpep 0.56 Intolerable at 12:00 0 0
o p.m. on the 21 of each
2 quarter
SOFFEH FL
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Figure 5. Fagade Angle of the
Circular Geometric Model

with Diagonal Kinematic Axis
According to the Sun’s Position at
9:00 a.m., 12:00 and 4:00 p.m.. for
the Western Fagade.

perior performance for the southern fagade of
a Tehran office building when compared to its
vertical-axis counterpart, particularly in mitigat-
ing high-angle solar heat gain. The rotational
kinematic model performs better in responding
to natural daylight than the folding kinematic
model, and using a kinetic fagade significantly
reduces glare compared to a model without
movable elements. Kinetic facade factors, in-
cluding room length, width, and height rela-
tive to orientation, the distance of the facade
from the glass, as well as the depth and angle
of the shading device, have a significant impact
on glare, dynamic daylight, and energy savings

in an office building in a hot and arid climate®*.
Moreover, daylighting not only contributes to
energy savings but also enhances occupant pro-
ductivity and comfort®. These facades*® Over-
all, kinetic facades demonstrated improved
energy efficiency and enhanced visual comfort
relative to static shading systems. This improve-
ment is quantified by a significant increase in
Spatial Daylight Autonomy (sDA), which directly
translates to better daylight distribution and a
substantial improvement in Useful Daylight Illu-
minance (UDI) availability.>”. A recurrent meth-
odological limitation in recent literature is the
incomplete evaluation of dynamic daylighting

Perspective

12:00 pm

16:00 pm

South facade

@
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performance, often relying exclusively on met-
rics such as Annual Sunlight Exposure (ASE) and
Spatial Daylight Autonomy (sDA) without incor-
porating a comprehensive set of indices. While
several geometric and kinematic models have
been explored, none have proposed a specific,
unified geometric and kinematic model tailored
to the Tehran climate (hot and arid) that opti-
mises daylighting and visual comfort for all four
facades. The findings of this study are therefore
consistent with previous research, confirming
that kinetic facades effectively improve natu-
ral daylighting and visual comfortThe success-
ful performance is attributable to the adaptive
control strategy, wherein the facade modules
modulate their openness in direct response to
the sun’s position. Furthermore, the rotational
kinematic model utilising a horizontal axis con-

sistently outperformed the vertical-axis rotation
model in optimising internal daylight availabil-
ity. Additionally, the size of the geometric pat-
tern and room dimensions significantly affect
daylight performance.

Among the limitations of this study is the ab-
sence of an actual office building with a kinetic
facade for field measurement, which would al-
low comparison between simulation and real-
world results. Furthermore, measuring devices
for natural daylight in interior spaces have limi-
tations, as it is not possible to simultaneously
measure incoming daylight, useful daylight be-
low 500 lux, and glare. Consequently, quantify-
ing these disparate metrics simultaneously in-
troduces a substantial computational challenge,
even within multi-objective optimisation frame-
works. This inherent conflict contributes to
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Index December 21 March 21 June 21
9 12 16 9 12 16 9 12 16 37.Bahdad, Ali Ahmed,

West Facade Nooriati Taib, Fahad Saud

DA 99.95%  99.95%  99.95% 99.90% 99.95%  99.90%  99.90%  99.90%  99.90% Allahaim, and Ali Mohammed
Ajlan.Parametric Optimisation

uDI 88.59%  88.33% 87.49% 88.70% 88.07% 88.02% 88.64% 87.18%  88.64% Approach to Evaluate

UDILess 50.76%  52.01% 51.57% 51.07% 55.94% 54.63% 53.06% 53.03% 53.69% DYHZ'IT"C Ehadingl W‘Lhin
Double-Skin Insulate:

UDImore 65.15%  65.88% 64.94% 64.21% 65.04% 64.15% 65.36% 64.47% 64% Glazed Units for Multi-Criteria

sDA 100% 100% 100% 100% 100% 100% 100% 100% 100% Daylighting Performance in

ASE 833%  833%  833%  833%  833%  833%  6.66%  10% 8.33% Tropics. Journal of Daylighting,
(2024): 349-371.doi:10.15627/

East Facade jd.2024.24.

DA 100% 99.90%  99.90%  100% 100% 100% 99.90%  99.90%  100%

uDI 88.12% 87.81% 88.80% 87.76% 86.08% 87.13% 87.70% 87.39%  87.34%

UDILess 49.35% 53.22% 51.96%  49.35%  46.05% 50.03% 50.18% 47.93%  49.56%

UDImore 70.02%  70.80%  70.38%  71.32% 70.80% 71.85% 69.18%  68.29%  70.17%
Table 6. Facade with Circul

sDA 100%  100%  100%  100%  100%  100%  100%  100%  100% ol amd Rotational

ASE 6.66% 6.66% 6.66% 6.66% 6.66% 6.66% 6.66% 6.66% 6.66% Kinematic Axis at the Top
(Diagonal Axis).
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the complexity and dimensionality of the final
parametric design space. Future research could
evaluate rectangular kinetic facades with hor-
isontal and diagonal rotational axes on all four
facades, considering energy consumption, vi-
sual comfort, and thermal comfort, using either
simulation or field measurement. Moreover,
these facades could be assessed in different
climates and cities to identify the most appro-
priate geometric and kinematic configurations
for optimal interior daylighting in each location.
The results of this study could also be applied to
similar climates outside Iran.

1111/
s 11111/
N

1177/

Conclusion

This study aimed to optimise natural daylighting
in an office building in Tehran using kinematic
facades with horizontal, diagonal, and verti-
cal rotational axes and two geometric models
(circular and rectangular) on the north, south,
west, and east facades. Initially, the geometry
of a sample office room without a kinetic fa-
cade was simulated to assess natural daylight.
Initially, the geometry of a sample office room
without a kinetic facade was simulated to as-
sess natural daylight. Based on the glare index
(ASE), it was inferred that the northern facade

/1////
/1///

—
~
N
~
y
“y

11////

16:00 pm

Figure 6. Facade Angle of the
Rectangular Geometric Model
According to the Sun’s Position
at 9:00 p.m., 12:00 and 16:00 p.m.
for the Western Fagade.

South facade
Perspective

)
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required no dedicated shading, as the space re-
ceived adequate useful daylight even without a
shading system. Therefore, the kinetic facade
analysis was conducted only for the southern,
eastern, and western facades. The circular and
rectangular geometric models with a rotational
kinematic structure and three axes (horizon-
tal, vertical, and diagonal) were simulated and
compared for the southern, western, and east-
ern facades. The simulation results highlighted
the critical importance of the ASE and UDI less
indices. When the shading device is partially
closed, less light enters the interior, and a high-
er percentage of UDI less than 500 lux may re-
sult in areas of the interior receiving insufficient
daylight. Conversely, when the fagade is fully
open, excessive daylight admission results in
ASE values exceeding 10%, indicating a high risk

of glare and visual discomfort. Therefore, opti-
mising these two indices is essential for achiev-
ing adequate useful daylight in interior spaces.
Next, the values of ASE, UDI less, and DGP for
the rotational kinematic models with horizon-
tal, vertical, and diagonal axes for both circular
and rectangular geometries were averaged for
the 21st day of March, June, and December us-
ing Python. Based on these analyses, the opti-
mal kinematic axes and geometric models were
selected.

The simulation results indicated that:
- Circular and rectangular geometric models
with a horizontal rotational axis at the top re-
spond adequately to dynamic daylight for the
southern, western, and eastern facades.
- Circular and rectangular models with a diago-
nal rotational axis at the top provide sufficient
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Index December 21 Murch 21 June 21
9 12 16 9 12 16 9 12 16

West Facade

DA 100% 100% 100% 100% 100% 100% 100% 100% 100%

uDI 89.95%  90.74%  90.32%  89.43%  89.80% 89.01  89.95%  89.74%  91.89%

UDIless  53.22%  54.42% 53.79% 55.36% 56.04% 55.36% 53.64% 54.63%  54.42%

UDImore 87.60%  87.49% 88.07% 85.30% 85.03% 86.03% 83.31% 82.42%  983.99%

sDA 100% 100% 100% 100% 100% 100% 100% 100% 100%

ASE 6.66%  6.66%  6.66%  6.66%  6.66%  6.66%  10% 1.66%  10%

East Facade

DA 100% 100% 100% 100% 100% 100% 100% 100% 100%

uDI 89.06% 89.38%  90.32% 88.96% 88.54% 88.75%  89.95%  89.80%  91.89%

UDlless  47.10% 52.96% 51.13% 45.63% 48.98%  49.87% 57.56% 50.34%  45.26%

UDImore 88.59% 87.91% 88.12% 89.06% 86.66% 87.96% 83.62% 84.35%  85.24%

SDA 100%  100%  100%  100%  100%  100%  100%  100%  100% Table 7 Facade with Rectangular

ASE 333%  1.66% 5% 1.66%  1.66%  1.66%  1.66%  1.66%  1.66% ?5?53312? :XXi'SS)f“ the Top
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Figure 7. Comparison of Circular
and Rectangular Geometric
Models.

daylight for the western and eastern facades.
The simulation also demonstrated that pa-
rameters such as the facade opening angle, size
(length, width, radius), clockwise or counter-
clockwise rotation, and the reflectance of glass
and wall surfaces are important factors affect-
ing daylight performance in kinetic facades.
Finally, by comparing geometric models based
on ASE and UDI less indices, it was concluded

that the rectangular geometric model with hori-
zontal and diagonal rotational axes at the top
provides more optimal daylighting than the cir-
cular geometric model with the same axes for
the southern, western, and eastern facades of
an office building in Tehran. The most suitable
rotational axes for the kinetic fagades are: hori-
zontal and diagonal for the western and eastern
facades and horizontal for the southern facade.
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