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Figure 3: left: Vineyard Style, Middle: Fan-shaped Style, Right: Shoebox Style

line in the figure below, see figure
1). There is only one line connecting
the source with the receiver directly,
therefore there is only one direct
sound.

If we assume that we have an
omnidirectional source, sound is
radiated equally to all other directions
which eventually hit the walls of the
room and get reflected. Many of
the reflections will eventually arrive
at the receiver at various times
after the direct sound, composing a
Reflectogram. Figure 1
< The first reflections arriving at the
receiver, after the direct sound, are
the most important, because they
carry information about the actual
location of walls around the receiver.
Reflections that arrive much later
have hit so many walls in between so
that they cannot provide information
about actual location but mostly about
the volume of the room, see figure 2.

< For this reason, the
reflectogram is typically split into Early
and Late reflections, as shown in the
figure below. Usually, the 1 and 2
order reflections are considered Early
and the rest are considered Late, but
the splitting point is actually arbitrary.
Figure 2

At every reflection, part of the
sound is absorbed from the wall and
loses energy. This repeating loss of
energy makes reflections weaker over
time, until the initial sound from the
source is fully absorbed at the walls.

< An ideal wall that does not
absorb any energy, would be called
a rigid wall, while an ideal wall that
absorbs all of the energy would be
called a soft wall.

< In real life these extremes do

not exist, so no reflections can be
maintained forever, nor completely
absorbed at the first wall.

3. Geometry: There are only a
few shapes that serve as a starting
point for the design of a concert
call, and of these, the most typical
tend to be shoebox (rectangular),
fan-shaped, and vineyard, see
figure 32.

< Shoebox style: The shoebox
shape is simply a rectangular room,
typically with some balconies. Thus,
the basic design is simple, but if not
careful enough, this type of room can
have problems with flutter echoes.

< Fan-shaped style: Fan-
shaped rooms are perhaps the
more common, as they are able to
accommodate a large number of
attendants while keeping a frontal
view of the performers. At the same
time they are not prone to flutter
echoes, simply because of the non-
parallel walls. Additionally, the width of
the room at the rear seats allows for
good spaciousness of sound.

< Vineyard style: Vineyard
concert halls are named this way
because the seating sections
resemble slopes in a vineyard.

This type of room has several
advantages: 1) It is visually
interesting. 2) The irregular pattern
helps to avoid acoustic issues, such
as flutter echoes and focusing. The
disadvantage, however, is that the
design is very complicated and
expensive.Figure 3

4. Materials: As mentioned before,
walls have the ability to absorb part
of the sound energy that hits them.
This ability comes from the actual
material that the wall is built from,

and is quantified by the absorption
coefficient, a real number from 0
to1.

Each material in room acoustics
is associated with an absorption
coefficient that varies throughout
the frequency range. In Room
Acoustics, we are mainly interested
in frequencies from 125 Hz to 4000
Hz, divided in 6 full octave bands,
centered at 125, 250, 500, 1000, 2000
and 4000 Hz. Therefore, a material is
described by a series of 6 absorption
coefficients.

< Similar to the absorption
coefficient, the scattering coefficient is
a number from 0 to 1, and it is defined
as the fraction of the reflected sound
energy that is scattered to random
directions.

< If all reflected sound had an
angle of reflection equal to the angle
of incidence on a smooth wall, the
scattering coefficient would be 0.

On the other hand, if all energy was
reflected randomly, the scattering
coefficient would be 1.

< If the surface of the wall was
ideally smooth, the angle of reflection
would be exactly the same as the
angle of incidence. On the other
end, if the surface was ideally rough,
the reflected sound energy would
be scattered (distributed) to random
directions.

Finally, acoustics affects
everyone on a daily basis® — from
homeowners, office workers, students
and hospital patients, to professionals
working in the design and construction
industries. Therefore, knowing the
basics of architectural acoustics and
the meaning of acoustical design and
construction is essential.m

2- Home (https://odeon.dk/) » Learn (https://odeon.dk/learn/) » Articles on Acoustics(https://odeon.dk/learn/articles/) » Concert Hall Acoustics.
3- https://www.rockwool.com/north-america/advice-and-inspiration/blog/fundamentals-of-architectural-acoustics/
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Acoustic
Design in
Architecture

What is «<Room Acoustics»?
“Room Acoustics” is the field
of acoustics that describes how
sound propagates in a closed or
semi-closed space’ .

 Each space has its own sound
fingerprint’ which affects the quality
of a sound, whether this is speech,
music or any kind of noise.

* A classroom should be
well designed for clean speech
transmission from the lecturer to
the students, while a concert hall
should prolong and enrich the sound
from an orchestra to make it sound
impressive.

* Key elements in Room Acoustics

are the sources and receivers of
sound, the geometry of the closed
space (room) and the materials
(acoustic properties) of the walls.

1. Sources: Sound is generated
by sources, modified by its
propagation in space and then
picked up by the receivers. The
simplest type of source is the point
source, where sound is assumed
to be generated at an ideal point in
space.

< Point Sources: A point source
that radiates sound equally to all
directions is called omnidirectional. If
radiation is not equal (e.g. stronger
in front of the source) a directivity

pattern is

needed to
describe it. Point
sources and

Figure 1: Sound reflections in the room

their directivities
can be used

to represent

the majority of
sources in real
life, but only
when the listener
is away from the
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source at least
at a distance
comparable to
the source

< Line
Sources: If
we extend the
idea of a ‘non-
dimensional’
point source
to the first
dimension, we
will get a line
source. This is
simply a line

—
Lanly Reflactioni

Figure 2: Reflectogram by time

in space that
radiates sound
constantly

Dr. Bashar Swaid

PhD in Architectural Design
Department of Architectural Engineering
University of Kalamoon

throughout its length. This type of
source could be used to describe

< Surface Sources: Extending a
line source to two dimensions, we get
a surface source. In this case sound
is radiated from a whole surface, and
this type of source can be used to
describe

< Array Sources: The last type
of source used in room acoustics is
the Array Source. This is composed
of two or more point sources next to
each other, which form a multipole.
The overall directivity pattern of
the array source is different than
the directivities of each of the point
sources, due to phase interferences
between them.

2. Receivers: All humans,
animals and live organisms with
a hearing system are considered
receivers. Similar to sources, the
simplest type of receiver is a point
and omnidirectional one, meaning
that sound is picked equally from all
directions.

The most elementary room shape
in practice has at least 6 surfaces. All
surfaces contribute with reflections
to the overall sound from the source
to the receiver creating a compound
effect, which differs significantly
from room to room. A small part of
the sound radiated from any source
arrives at the receiver directly (red

1- Home (https://odeon.dk/) » Learn (https://odeon.dk/learn/) » Articles on Acoustics (https://odeon.dk/learn /articles/) » Room Acoustics




B) Al-Bahr Tower in Abu Dhabi
(Attia, Favoino, Loonen,, & Petrovski, 2014)

Introduction

Currently the world is facing
unprecedented speeds in climate-
change leading to an increase
in global average temperatures,
commonly referred to as global
warming. Therefore, the design of
a solar protection system that can
minimize solar gain while maximizing
daylight and view to the outside is
particularly challenging, an urgent
need for effective shading devices is
existing to avoid the solar heat gain,
and consequently enhancing thermal
comfort inside the building (Karamata,
Giovannini, & Verso, 2014). In this
regard, envelope components play a
crucial role in controlling the energy
performance of the building. Where,
reducing the artificial energy demand
in the residential buildings is based
on minimizing heating, cooling
and lighting loads (Demery, 2010).
Determination of the quantities of
energy loads is related to the amount
of exchanged heat within the building
during its working hours and the

external environment (Looman, 2007).

For managing these problems and

A) The Dome of Montreal
(Bacha & Bourbia, 2011)

challenges, adaptive kinetic faced had
been emerged for raising the efficiency
of the building.

The conceptual design of the new
shading screen systems originally is
inspired from the natural and biological
systems, like Chameleon that adapts
to its surrounding environment through
changing the colour of its skin in
order to maintain its continuity. The
adaptation of the living organisms
with their surrounding environment is
the basic essence of their continuity,
therefore nature considers as an
inexhaustible source of environmental,
structural, functional solutions that
possess many inspiring properties,

which motivates the research to find
some useful clues to generate new
biological solutions characterized by
powerful capacity for maximizing the
thermal comfort of human beings.

This article Highlights a
computational procedure for evaluating
and measuring the solar heat gain
within the internal space, in order
to select an appropriate shading
threshold, and then transforms the
vernacular wooden structure of
the Mashrabia into a light adaptive
structure facilitates the responsive to
the sun path, due to the importance
of the vertical and horizontal shadow
angles for designing the shading
device. In this regard, this article
outlines a parametric design and
simulation-based process conceived
and tested, for the automation of
climatic building element (shading
device) responsive to the sun position
at different times through the year.

Responsive and Kinetic Building
Facades

The increasing of carbon
emissions that issued by different
human activities lead to many
climatic changes, which have a
profound impact on the buildings and
neighbourhoods design. In this regard,
the main challenge is how architects
could reduce the dependence on
the imported sources of energy,
and achieves sustainable buildings
that interact with the natural climatic
conditions adaptively? During recent
decades, two different trends had
been emerged for developing high-
performance dwellings. On one hand,
the first trend has shown a large
interest in the possibility to reconfigure
the internal and external spaces
for adapting with the environmental
changes and user’s needs. While
the second trend has focused on the
increase of materials efficiency and
the optimization of building envelopes
for reducing energy consumption in
construction. The building envelope
is the primary subsystem through
which external conditions and
environmental changes can be
regulated, thus it acquires great
relevance in the development of new
approaches to sustainable building
solutions. It involved about 80% of an
environmental solution, helps to create
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C) Institute of Arab World (Schielke, 2014)

highly efficient building interacts with
its surrounding environment (Etman,
Tolba, & Elddin, 2013). Therefore,
special attention has been taken for
developing of dynamic and adaptive
shading systems, which have a high
ability to reconfigure themselves
to adapt to the climatic conditions
changing for improving the indoor
environmental quality (Attia, Favoino,
Loonen,, & Petrovski, 2014).
Virtually, vernacular courtyard
houses have been extended over
wide geographical areas with
different climatic conditions through
a long period, and they have been
always able to respond to their
natural environment effectively
(Edwards, Sibley, Hakmi, & Land,
2006). Moreover, vernacular Islamic
architecture have various elements
and characteristics neatly organized
for enhancing indoor thermal comfort,
where each vernacular element
represents a solution or an answer
to a different problem that appeared
according to a specific condition, such
as traditional shading device (Al-
Mashrabia) which has been applied
on the external openings as a climate
regulator tool, to satisfy a variety of
conditions or functions such as (1)
controlling the passage of light, (2)
controlling the air flow, (3) reducing the
temperature of the air, (4) increasing

the humidity of the air, and (5) ensuring
privacy (Fathy, 1986).

Accordingly, many attempts
have been done for developing this
vernacular window element with its
latticework characteristics. Several
designers with the aid of craftsmen
have transformed the vernacular
wooden structure into high technical
responsive systems, such as the
Institute of Arab World building
designed by Jean Nouvel in 1987,
the architect has realized a dynamic
redesign of the vernacular Arabic
screen and maintained the local
identity through utilizing of metallic
solar blocker, which has fine and
precise details similar to those of
the traditional Mashrabia in order to
optimize the thermal comfort inside
the space dynamically, Figure 1.C
shows that the construction consists
from 27000 light sensitive diaphragms
regulate the amount of the daylight
entering the building (EI-Sheikh &
Gerber, 2014).While other architects
utilized the conceptual design of the
vernacular Arabic screen combined
with light structure and modern
technologies to generate attractive
mechanical complex systems, such as
the dome of Montreal which designed
by Richard Buckminster Fuller in
1967, as shown in Figure 1.Athe
dome has constructed from a lattice

steel structure with transparent acrylic
sheets as facade material. To keep the
comfort within reasonable levels, the
faced sheets have fully controlled by a
mechanical system (Modin, 2014).

Figure 1: A) The Dome of Montreal
(Bacha & Bourbia, 2011). B) Al-Bahr
Tower in Abu Dhabi (Attia, Favoino,
Loonen,, & Petrovski, 2014). C)
Institute of Arab World (Schielke, 2014)

Another example is Al-Bahr
Tower in Abu Dhabi, the designers
inspired their design concept from
natural systems to invent one of
complex mechanical systems for
external shading. The original design
concept inspired from the traditional
shading screen Al-Mashrabia, and
from natural systems (like flowers that
adapt to sun movement), as shown in
Figure 1.B the combination between
these two concepts generated a
contemporary attractive shading
element, has a high capacity for
maximizing the thermal comfort and
minimizing the energy consumption
(India & Spiegelhater, 2015). The
main feature of the adaptive kinetic
shading screen that comprises
triangular units of translucent PTFE
(polytetrafluoroethylene) fabric that
fold/unfold like umbrellas at various
angles and connected with linear
actuators, regulated by a pre-
programmed sequence that sends
different inputs during the day,
activates the elements allowing five
different operative configurations.
According to the design estimates, this
system has reduced the cooling loads
by as much as 25%.

During the historical development
of Al-Mashrabia, the role of the
vernacular Islamic element has been
changed from a layer to protect the
privacy against outside views to
a decorative element attracts the
outside viewers.

As a result, the modern shading
systems cannot adapt to the courtyard
houses, where privacy considered as
an essential requirement as well as
thermal comfort. Therefore, an urgent
need has been emerged to reviving
the environmental responsive element
in the vernacular architecture with a
kinetic structure that can cope with

identity and environmental conditions.m
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