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Frank Murray

Foreword

Frank Murray
Founder & CEO, Audiotek

In the four decades since | founded Audiotek. Acoustic
design and engineering has transformed (for the better). It's
safe to say that modern acoustic systems deliver the kind
of exceptional clarity and coverage we could only dream of
back in 70s.

Sound engineering is both an art and a science, requiring a
deep understanding of acoustics, technology, and human
perception. As concert halls and performance spaces
continue to evolve in their design and function, so too must
our approach to ensuring these environments deliver the

highest quality of sound for both performers and audiences.

This book serves as a practical guide for students and venue
directors who are new to the complexities of audio design

in concert halls. It covers not only the basic principles of
acoustics but also explores the application of modern sound
technologies that have become essential in contemporary
performance spaces. Whether you are taking your first steps
into sound engineering or overseeing the management of a
venue, this resource provides clear explanations of technical

terms, foundational concepts, and real-world considerations.

In an era where the expectations of audiences are
constantly rising, having a sound system that enhances the
performance rather than detracts from it is paramount. This
book offers an approachable, yet comprehensive, framework
to ensure that both the technical and artistic aspects of

sound are realized to their full potential.
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INntroduction

For over 15 years, I've had the privilege of working at the
forefront of audio design, helping to shape soundscapes for
a wide variety of venues, from concert halls to theatres and
live performance spaces. My work has given me firsthand
experience of the challenges and complexities that sound
engineers, venue designers, and managers face when
striving to create the perfect auditory environment. It is this
journey—along with the knowledge and insights gathered

over the years—that has inspired me to compile this eBook.

Sound engineering, especially within concert halls, requires a
blend of technical expertise and creative understanding. The
nuances of acoustics, system design, and the integration of
technology are not always immediately apparent to those
new to the field, and this book aims to serve as a resource
for students and venue directors who may be embarking on

their own path in audio design.

Through this text, | hope to provide clear explanations
and practical insights that can bridge the gap between
theory and real-world application. From understanding
the fundamental principles of acoustics to exploring the
latest advancements in sound technology, this eBook
offers a foundation for anyone looking to enhance their
understanding of audio engineering within performance

spaces.

I've been fortunate to collaborate with many talented
professionals and leading companies in the audio industry,
and | owe much of my learning to these experiences. It is my
hope that this book will serve as a valuable guide, whether
you are just beginning your journey into sound design or

mMmanaging the complex requirements of a concert hall.
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Sound
Engineering for
Concert Halls

INntroduction Cont'd

Concert hall acoustic and sound design is a captivating,

and complex challenge. Comprising physics, precision
engineering, the artistry of architecture, and the subtle
nuances of human physiology and psychology. Most
concert halls cater for a wide variety of performances raging
from full orchestra, to spoken word, acoustic and rock
performances. Creating an effective audio design for such

a wide variety of performance types, depends on having a
solid understanding of how sound behaves in these unigue
spaces, and knowing how to optimise it for each type of

performance.

In this book, we will take a look at the basics of acoustic
engineering, the complexities of concert hall acoustics, and

how technological systems can aid and overcome these.

Whether you are an aspiring sound engineer, a seasoned
musician, a concert hall designer, or simply a passionate
music enthusiast, this eBook will equip you with the
fundamental principles and practical insights to understand

the intricacies of concert hall acoustics.
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Sound wave
generation.

Characteristics of
sound waves.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Sound waves are created when an object vibrates. These
vibrations disturb the molecules in the surrounding medium,
causing them to also vibrate. This sets off a chain reaction
of particle interactions, causing a series of positive and
negative pressure nodes. These series of positive and
negative pressures are represented as a wave signal,

where the signal oscillates between positive and negative

pressures.

Frequency: This is the number of oscillations, or cycles, a
sound wave completes per unit of time and is measured
in Hertz (Hz). It determines the pitch of the sound; higher

frequencies correspond to higher-pitched sounds.

Amplitude: This is the maximum displacement of particles
in the medium from their equilibrium position as the wave
passes through. It determines the loudness of the sound;

larger amplitudes result in louder sounds.

Wavelength: This is the distance between two consecutive
points in a simple sound wave. It is inversely proportional to

frequency.

wavelength

amplitude

frequency

‘8



Propagation
and behaviour
of Sound Waves
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Speed of Sound: The speed of sound in a particular medium
depends on the properties of that medium, such as its
density and elasticity. In general, sound travels faster in
denser and more elastic materials. In air, the speed of sound
is 343m/s.
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speed of sound speed of sound

Reflection: Sound waves can bounce off surfaces, creating

echoes. The angle of incidence equals the angle of reflection.

reflection

Scattering: Most surfaces encountered in everyday life are
not perfectly flat, so unlike in a simple reflection scenario,
when a sound wave reflects onto an uneven surface the
sound wave scatters in a pseudo random pattern creating an

unpredictable response.

scattering ‘9



Propagation
and behaviour
of Sound Waves
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Refraction: Sound waves can change direction as they pass
fromm one medium to another with different properties (e.g.,
air to water). This bending is due to changes in the speed of

sound in different media.

refraction

Diffraction: Sound waves can be influenced to “bend”
around obstacles or spread out when they encounter
openings. The extent of diffraction depends on the

wavelength of the sound.

diffraction



How sound
behaves in
different
environments.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Sound behaves differently in various environments due
to the way it interacts with objects it encounters, and

atmospheric conditions (the medium within it is travelling).

The behaviour of sound can be categorized into the several
key principles discussed previously, including reflection,

absorption, transmission, reverberation, and diffraction.

Let's explore how these conditions may affect how sound
behaves in different environments within our world around

us.
Reflection:

In a closed environment with hard, flat surfaces like walls,
floors, and ceilings, sound waves can bounce off these
surfaces, as noted with the angle of incidence equals the
angle of reflection. IT must be worth noting, at this point,
that scattering will also occur (covered below) within most
real world examples, but let’s stick with reflection for a
moment as this covers a number of key attributes of concert

hall design.

reflection



How sound
behaves in
different
environments
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

The primary attribute we are interested in terms of straight
forward angle-of-incidence-equals-angle-of-reflection
reflections is the “First Reflection.” This is the second sound
which a subject listener will hear past that directly from the
source (our band, or a loudspeaker). The first thing they hear
will be the “Direct Sound,” which has travelled the shortest
path. The second, will be the *first reflection” - the sound
which has taken the 2nd shortest route. This may be sound
which has reflected from a wall to the listener, or from a
balcony ceiling. IF this sound is too loud compared to the

direct sound, it will be heard as an echo.
Absorption:

Energy from sound waves is absorbed by the materials and
space it encounters, this can be leveraged into a deign to
optimise sound guality. For example, soft materials such as
curtains can absorb high frequency sounds, dampening the
sound to create a ‘quieter’ sound or prevent sound travelling.
For lower frequencies, strategies such as resonant absorbers

can be used to reduce the energy of sound waves.

Absorption reduces sound energy and prevents excessive

echoes and reverberation.

Materials with high absorption coefficients are particularly
effective at absorbing sound energy. For example, wadding
used within acoustic baffles, or thick drapery used to reduce

reflections in large arenas.

absorption



How sound
behaves in
different
environments
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Transmission:

When sound waves encounter a barrier like a wall, some

of the energy may be transmitted through the barrier, by
causing sound waves within the medium of the wall itself.
The amount of sound transmitted depends on the barrier's

thickness, density, and composition.

Special soundproofing materials and building design can

be used to minimize sound transmission between different
areas (sound spillage). These materials will have properties
to either absorb sound or be hard to energise and propagate

sound waves within.

transmission



How sound
behaves in
different
environments
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Diffraction:

Sound waves can bend around obstacles in their path, a

phenomenon known as diffraction.

The extent of diffraction depends on the wavelength of the

sound wave relative to the size of the obstacle.

Lower-frequency sounds, which have longer wavelengths,
tend to diffract more effectively than higher-frequency

sounds

small diffraction

Interference

diffraction

large diffraction
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How sound
behaves in
different
environments
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Refraction:

Sound waves can change direction when they pass through
spaces with varying temperatures or air densities, leading to

refraction of the sound waves.

Refraction can result in sound waves bending towards areas
with different acoustic properties, causing sound to travel in

unexpected directions.

Refraction can occur around tight openings within spaces,

such as sound passing through a doorway.
Atmospheric Conditions:

Sound propagation is affected by atmospheric conditions

such as temperature, humidity, and wind.

Humidity can affect sound speed and attenuation, impacting

how far sound travels.

<) D) -~
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How sound
behaves in
different
environments
continued.

Understanding Acoustics

Fundamentals of sound
waves & propagation.

Reverberation:

As discussed within reflection, a series of different
pathways can be taken by a single sound. Whether this is a

straightforward reflection or scattering of sound.

These sound waves will continue to “bounce” around the
room (assuming it is a sealed room, rather than outside
space), until these waves have run out of energy, by either
passing into different mediums such as walls, people, or

specialist acoustic absorbers.

Until these sound waves have run out of energy, beyond

the range of human hearing, we will hear these sounds as

a "Reverberation” in the room. This is very closely aligned
with the principles of first/second reflections but is instead
measured in a much more statistical manner. The most
common measurement to take is the time from when the
first direct sound is heard, to the point at which the reflected
sound is 60dB less than this. This is commonly referred to as
the RT60 time.

reverberation



summary

Understanding Acoustics

Fundamentals of sound
waves & propagation.

In summary, sound behaves differently in various
environments due to interactions with surfaces, materials,
atmospheric conditions, and the characteristics of the
medium through which it travels. Understanding these
behaviours is crucial for various applications, including
acoustical design, noise control, and communication.
Concert halls require design that marry all the various

principles of acoustic design.



Chapter 2:

The science of acoustics
N concert halls.




The Science of Acoustics in Concert Halls

Concert Hall Acoustics

Concert Halls are sometimes built to accommodate the
scope of modern performances, however many concert halls
are within historic buildings which bring a host of additional
issues to consider. While historic concert halls certainly

have many of the acoustic properties needed for sound to
propagate within the space, modern tech means acoustic
design can enhance the audio experience for guests and
overcome obstacles in building design. Many traditional
concert halls have also been adapted to accommodate
flexible space usage (removing chairs, adding additional
layers of seating) which the space was not intended to cope
with.

Concert hall acoustic design is a complex and
interdisciplinary subject that combines principles from
physics, engineering, architecture, and psychology. Let's
explore some of the key considerations of acoustic design

for such demanding performance spaces.




Reflection,
apbsorption &
diffusion.

The Science of Acoustics in Concert Halls

Concert Hall Acoustics

Sound waves travel through the air and interact with the
surfaces they encounter in a concert hall. Reflection occurs
when sound waves bounce off surfaces, absorption happens
when sound energy is absorbed by materials (like curtains
or acoustic panels), and diffusion involves scattering sound
waves in multiple directions to create a more balanced

acoustic environment.

One of the critical aspects of concert hall acoustics is the
control of reverberation. Reverberation is the persistence of
sound in a space after the source has stopped producing
sound. It contributes to the richness and fullness of music
but must be carefully controlled to avoid excessive blurring
of sound. The duration and character of reverberation are

influenced by the hall's size, shape, and materials.
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Early reflections.

Sound Diffusion.

The Science of Acoustics in Concert Halls

Concert Hall Acoustics

Early reflections are the first sound reflections that reach the
listener's ears directly from surfaces like walls, ceiling, and
floor. Proper management of early reflections helps create

a sense of spaciousness and envelopment in the sound,

enhancing the listener’s experience.

]

early reflection

Concert halls often incorporate specially designed diffusers,
which scatter sound in various directions. This helps prevent
the formation of strong echoes and ensures that the sound
reaches all parts of the audience, including those in the rear

seats.

reflective surface

absorbing surface

diffusing surface

acoustic surfaces
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The Science of Acoustics in Concert Halls

Concert Hall Acoustics

SOU ﬂd To control excessive reverberation and improve sound clarity,
. concert halls use materials that absorb sound energy. These
Absorption. | | | -

materials, such as curtains, acoustic panels, and specialized
wall and ceiling treatments, are strategically placed to

achieve the desired acoustic characteristics.
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Sha oe & The shape and geometry of a concert hall play a crucial role

fr in its acoustics. Different shapes, and there are a number

geometry. of common room shapes, such as shoebox, fan-shaped, or
vineyard, have unigue acoustic properties that affect how

sound travels and interacts with the audience.
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arena/amphitheatre horseshoe
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Orchestra & Stage
Placement.

Audience seating.

Computer
modelling &
simulation.

Sound system
design.

The Science of Acoustics in Concert Halls

Concert Hall Acoustics

The placement of the orchestra and stage area within the
hall is vital for achieving balanced sound. The size and layout
of the stage, as well as the position of musicians, impact how

sound reaches the audience.

The arrangement of seating also affects the acoustics.
Proper audience seating design ensures that all listeners
can experience the same sound quality, regardless of their

location in the hall.

Modern technology allows acousticians and architects to
use computer modelling and simulation tools to predict and
fine-tune the acoustic properties of a concert hall before
construction begins. This helps optimize the hall's design for

specific types of music and performances.

It is also possible to modify the acoustic of the concert

hall using electronic technigues. For example, to increase
reverberation within a space different music type will also
require different amounts of electrical sound reinforcement.
In a classical setting this may limited, whereas a rock band
will require a full public address system. Where sound
reinforced music is taking place within a classical setting,
we must be aware of the higher reverberation times that

a classic music hall has and therefore e careful of the

characteristics of design system.

i23



User interface &
system control
design.

The Science of Acoustics in Concert Halls

Concert Hall Acoustics

Given that concert halls accommodate a wide range of
performance types, it makes sense that a wide range of
sound technicians will need to access and use the various
audio systems. Some venues have in-house sound and light
engineers, but many performers have their own team as they
know the running order and audio demands of the show.
With this in mind, it's always important to consider how
accessible the sound systems are is for travelling engineers.
An obscure, difficult to navigate system will create many
issues that could compromise the overall audio design. Using
superior quality, universally understood tech is a critical
component. There's no point designing an audio system

nobody can drive.

In summary, the science of acoustics in concert halls involves
a careful balance of design, materials, and engineering

to create an environment that enhances the musical
experience for both performers and the audience. Concert
hall acousticians aim to achieve a harmonious and immersive
sound environment that complements the music being
performed while considering the unique architectural and

functional aspects of each venue.
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Chapter 3

The impact of
oerformance type on
acoustic design.




Music Type

The Impact of Performance Type on Acoustic Design

Acoustic considerations
for performance types.

The type of music a hall was originally designed to
accommodate will impact the acoustic characteristics
chosen for the hall. For example, a classical concert hall will
have a higher reverberation time than a contemporary space
due to the desired sound of the end result. Multi-use spaces

mMay use adaptable acoustic strategies to fulfil multiple

requirements. The L-Acoustics L-ISA system is an example of
this.




Measuring
acoustic
oroperties.

The Impact of Performance Type on Acoustic Design

Acoustic considerations
for performance types.

Measuring acoustic properties in a room or space is crucial
for understanding and optimizing its sound characteristics.
Acoustic properties primarily include reverb time, reflection,
and absorption. Let's explore each of these properties in

more detail and how they are measured:
Reverberation Time (RT60):

Reverberation time, often measured as RT60 which would be
the measure of the time it takes for a sound to decay by 60
dB (other measurements such as RT30 could be used) after
the sound source has stopped. In simple terms, it quantifies

how long it takes for a sound to fade away in a room.

Measurement: The most common method for measuring
RT6O is the impulse response method. A loud sound, like a
balloon pop, or a starter pistol shot, is produced in the room,

and the decay of sound is recorded using a microphone.

RT6O is then calculated by analysing the decay curve of the
recorded sound. It's often measured at various frequencies
to get a better understanding of a room’s acoustic behaviour

across the frequency spectrum.

o
a
T

sound level

time

RT60
reverberation time (RT60)
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The Impact of Performance Type on Acoustic Design

Acoustic considerations
for performance types.

Measuri Ng Reflection:

acoustic Reflection refers to the way sound waves bounce off
DrQDertieS Cont,d surfaces in a room. It's essential to understand how sound

reflects off walls, ceilings, and floors to design spaces with

desired acoustic characteristics.

Measurement: The measurement of reflection involves
analysing the angle of incidence and the angle of reflection
of sound waves. This is only commonly possible within a
laboratory setting which would allow measurements to be

taken of materials to be used for future simulations.

angle of
incidence/reflection

i28



Acoustic
modelling.

The Impact of Performance Type on Acoustic Design

Acoustic considerations
for performance types.

Acoustic modelling software and specialist tools can
simulate how sound waves interact with surfaces, helping
acoustic engineers and architects design spaces with

specific reflection characteristics.

Absorption: Absorption is the process by which sound
energy is converted into heat when it interacts with various
materials. Absorption is crucial for controlling the level of

reverberation and reducing sound reflections in a space.

Measurement: The absorption coefficient (a) is used to
guantify how much sound energy a material absorbs. It
is a value between O (perfect reflection) and 1 (perfect

absorption).

To measure absorption, a sample of the material is exposed
to sound waves of known intensity and frequency. The
difference in sound energy before and after interaction with

the material is used to calculate the absorption coefficient.

Measurements are often taken at multiple frequencies to
determine how well the material absorbs sound across the

spectrum.

These measurements and properties are critical for various
applications, including architectural design, concert hall
acoustics, home theatre design, and noise control in
industrial settings. By understanding and manipulating
reverb time, reflection, and absorption, one can optimize the
acoustic characteristics of a space to achieve the desired
sound guality and functionality. Generally, sound absorption
is measured within a laboratory setting, and computer

simulations are used in situ to assess the design.
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Volume & Size.

Shape.

Materials.

Reverberation
time.

Architectural Impact on Sound Properties

Architecture and acoustic
design.

The architecture of a concert hall plays a crucial role in
determining the sound guality of performances held within
it. A well-designed hall can enhance the auditory experience,
ensuring that the audience hears the music as the composer
and performers intended. Conversely, a poorly designed

hall can muddy sound or introduce unwanted echoes and
resonances. Here are some of the primary ways in which

concert hall architecture affects sound quality:

The volume and size of the concert hall affect how sound
waves propagate and dissipate. Larger halls require careful
consideration to ensure that sound reaches all parts of the
audience with clarity. A larger hall will always have a longer
first reflection time and possibly (material dependant) a

longer reverberation time.

The shape of a hall affects how sound waves travel and
interact within the space. Some shapes mean that more of
the audience will receive a direct sound, while others without
electronic enhancement conseqguently leaves the audience

listening to more reflective sound.

The materials used in the construction of a concert hall
(walls, ceiling, floor, seats, etc.) have a significant impact on
sound quality. Hard materials (like stone or wood) reflect
more sound, while soft materials (like fabric or acoustic
panels) generally absorb more. A superior design balances
these materials to create a rich sound field without excessive

echo or deadening.

This refers to how long it takes for sound to decay in the
hall. A hall with a longer reverberation time will have a more
resonant sound, which can be desirable for certain types of
music (like orchestral) but not for others (like speech or rock

MUuUSIC).
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Reflective &
diffusive surfaces.

Adjustable
acoustics.

Noise isolation,

Audience size.

Bass response.

Architectural Impact on Sound Properties

Architecture and acoustic
design.

Architectural elements like balconies, sculpted ceilings, or
wall panels can be used to reflect and diffuse sound waves.
These elements can help distribute sound more evenly
throughout the hall and reduce “hot” or “dead” spots, in a

reverberant space.

Some modern concert halls include movable panels, curtains,
or other architectural elements that allow the acoustics to

be adjusted for diverse types of performances. This flexibility
ensures optimal sound guality for a variety of musical genres

and events.

Good concert hall design will always consider external noise
sources, such as traffic, construction, or other urban sounds.
This involves the use of thick walls, specialized doors, and
sometimes even “floating” architectural elements to ensure
that external noises don't disturb the purity of the sound

inside.

It's worth noting that the audience itself plays a role in a hall's
acoustics. A filled hall absorlbbs more sound than an empty
one, so architects and acousticians often design with a full
audience in mind. Many architects choose seating designs

where an unused seat is similar acoustically to a person.

The architecture of the hall affects the clarity and richness
of lower frequencies. Bass sounds can become muddy or

pboomy if not addressed in the design phase.

The interplay between these elements requires careful
consideration and often involves collaboration between
architects, acousticians, and sometimes the performers
themselves. The goal is to create a space where sound

can be heard naturally, without the need for excessive
amplification or electronic enhancement. When done right,
a concert hall becomes an instrument, complementing and

i32
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Architectural Style &

its Impact on Sound

Properties.
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Architectural Style and its Impact on Sound Properties

Architectural Style and
sound properties.

ACOUSUC properties Architectural styles have played a pivotal role in shaping
. the way we experience sound within various spaces, and
O]C arCh |tectu ra' this influence has evolved significantly over the centuries.
Sty|eS. Architectural styles are not merely visual expressions of
culture, society, and technology; they also serve as acoustic
canvases, influencing the way we hear and perceive sound
in different environments. When designing spaces, architects
and acousticians collaborate to ensure that the acoustics
are suited to the intended purpose of the building. Whether
it's a concert hall, a church, an office space, or a home,
the architectural style and acoustic properties need to

harmonize to ensure optimal user experience.
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Ancient Greek/
Roman.

Architectural Style and its Impact on Sound Properties

Architectural Style and
sound properties.

Classical (Greek and Roman) architecture is renowned for
its enduring impact on architectural design and has left an

indelible mark on the world of acoustics.

This architectural style, characterized by features such
as amphitheatres, stone construction, grand pillars, and
expansive open spaces, were not only aesthetically

magnificent but ingeniously designed to enhance acoustics.

One of the most iconic features of classical architecture,
particularly in the case of amphitheatres, was their acute
consideration for sound clarity. The semi-circular design of
amphitheatres, exemplified by structures like the Roman
Colosseum, was ingeniously engineered to prioritize the

projection and amplification of sound towards the audience.

This design had a profound impact on the way sound waves
travelled within these spaces. Sound produced on the

stage or arena would be channelled towards the audience,
creating an immersive auditory experience. This design
innovation ensured that even those seated in the highest
tiers could hear speeches, music, or dramatic performances
with remarkable clarity. The use of stone as a primary
construction material further contributed to the reflective
and resonant properties of these spaces, enhancing their

acoustic qualities.

The grand pillars that adorned classical architectural spaces,
acted as acoustic enhancers. Sound waves interact with the
pillars, creating subtle echoes and reverberations that add

depth and richness to the auditory experience.
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Modernist/brutal
architecture.

Architectural Style and its Impact on Sound Properties

Architectural Style and
sound properties.

With the emphasis on clean lines, minimalistic aesthetics,
large glass surfaces, and open, uncluttered spaces,
represents a departure from traditional architectural styles.
This design movement emerged in the early 20th century
and sought to embrace the possibilities offered by new
materials and construction techniques. While Modernist
architecture has brought innovation and simplicity to the
forefront, its influence on acoustic properties within these

spaces is a subject of both admiration and consideration.

One of the defining features of Modernist buildings is their
extensive use of glass, which allows for an abundance of
natural light to flood the interior. While this transparency
connects occupants with the surrounding environment, it
can also introduce acoustic issues. Glass surfaces, being
highly reflective, have the potential to create ‘bright” acoustic
environments, where sound waves bounce off surfaces,
leading to increased sound reflection and potential issues

with echoes.

In response to this challenge, some architects have
employed innovative solutions to manage acoustics. By
incorporating sound-albsorbing materials into the space
design. These types of materials include acoustic panels,
wall treatments, and even furnishings that help mitigate
sound reflection and echo. The choice of materials, such as
fabric-wrapped panels, or acoustic ceiling tiles, significantly

influence the overall sound scape within a Modernist space.
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Modernist/brutal
architecture
continued.

High-tech
Architecture.

Architectural Style and its Impact on Sound Properties

Architectural Style and
sound properties.

Additionally, the open layouts often associated with
Modernist architecture can affect the dispersion and
diffusion of sound. The absence of traditional room dividers
and partitions can lead to sound traveling freely across
large spaces. While this can foster a sense of openness and
connection, it may require careful acoustic planning to avoid
excessive noise and ensure that distinct functions within the

space remain acoustically separated as needed.

Characterized by striking features such as exposed
structures, prominent technological elements, and extensive
use of metal and glass, High-tech architecture epitomizes

the fusion of advanced engineering and design innovation.

While this architectural style is celebrated for its futuristic
aesthetics and the use of innovative materials, its effects on
acoustic properties within these spaces present a fascinating

confluence of challenges and opportunities.

The defining hallmark of High-tech architecture is its
unapologetic celebration of industrial and technological
elements. Exposed structural components, such as steel
beams, and extensive use of metal and glass surfaces
contribute to its distinctive look. These materials are highly
reflective to sound and can introduce notable acoustic

effects within the spaces they shape.

Sound waves encounter these surfaces and are reflected,
which can result in ‘bright” acoustical environments. This
heightened reflectivity can sometimes lead to sound waves
bouncing chaotically, causing sound clarity issues and echo
challenges. In open, cavernous spaces with vast expanses
of glass and metal, the potential for reverberation and noise

can become more pronounced.
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To address these acoustic challenges, architects and
designers working within the High-tech architectural
framework have explored innovative solutions. This may
include the strategic use of acoustic treatments and
materials designed to dampen sound reflection. The
incorporation of sound-absorbing materials, like fabric-
wrapped panels, perforated metal panels, or acoustic baffles,
helps to mitigate the excessive reflection of sound, thus

promoting better sound clarity and reducing echoes.

Furthermore, High-tech architecture often integrates
advanced technologies, which can be harnessed for acoustic
optimization. Acoustic simulation software and digital
control systems are then employed to tailor the auditory
experience within these spaces. These systems allow for
real-time adjustments in sound gquality, enabling the creation
of acoustically tailored environments that meet the specific

needs of each space.
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Chapter: Making Performances Accessible in Concert Halls

through Audio Engineering and Technology

Accessibility in concert halls is not just about physical
accommodations; it also extends to ensuring that all
audience members, including those with hearing or sight
impairments, can fully experience performances. Modern
audio engineering plays a pivotal role in creating an inclusive
environment. By leveraging technologies like hearing loops,
assistive listening devices, and visual aids, venues can
enhance accessibility and ensure that everyone enjoys a

high-quality experience.
Hearing Loops

Providing access to the hearing impaired for any type of
performance is essential, and one highly effective solution
is the integration of hearing loops. A hearing loop, also
known as an induction loop, is an assistive listening system
designed to help people with hearing aids or cochlear
implants receive clearer sound. The system consists of a loop
of wire that encircles a specific area, typically the seating
area in a concert hall. This wire creates a magnetic field
when an audio signal is fed into it. Hearing aids or cochlear
implants equipped with a telecoil (T-coil) can pick up this
magnetic field, allowing users to hear the sound directly
without the interference of background noise or poor

acoustics.
How Hearing Loops Connect to a Modern Audio System:

Signal Transmission: Audio signals from microphones,
instruments, or other sound sources are routed through the
hall's audio mixer. These signals are then processed and sent

to amplifiers that feed speakers throughout the venue.
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Loop Amplifier: A dedicated loop amplifier is also
connected to the audio system. This amplifier takes the same
audio feed that goes to the speakers and sends it through
the induction loop wiring. The loop amplifier can be adjusted
to optimize the signal for hearing aid users, ensuring clear

sound reproduction.

Magnetic Field: As the audio signal passes through the loop
of wire, it generates a magnetic field in the seating area. The
hearing aids’ telecoil function picks up this magnetic signal

and converts it into sound.

User Experience: Because the audio is transmitted directly
to the hearing aids, the listener receives a highly focused and
clear sound, without the distortion caused by distance, poor
acoustics, or background noise. This allows them to enjoy

the performance just as a person without hearing loss would.
Benefits of Hearing Loops in Concert Halls:

Improved Sound Quality: Hearing loops provide a direct
audio feed, reducing sound degradation caused by echoes

and reverberation in large spaces.

Discreet Assistance: Users don't need any additional
equipment, like headsets, as the telecoil function is built into

mMmany modern hearing aids.

Inclusion and Accessibility: Installing hearing loops
demonstrates a commitment to accessibility, ensuring
that those with hearing impairments can fully engage in

performances.

By incorporating hearing loops into a concert hall's audio
system, venues not only meet important accessibility
requirements but also enhance the overall quality of the

audience'’s experience.
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Assistive Listening Systems (ALS)

While hearing loops are highly effective, not all patrons

may have hearing aids with telecoils. For these individuals,
Assistive Listening Systems (ALS), such as FM, infrared, or
Bluetooth-based systems, can be invaluable. ALS systems
transmit audio wirelessly to personal receivers and can be

used with earphones, neck loops, or personal hearing aids.
System Configuration:

Transmitters: These are connected to the concert hall's
audio output, capturing the same sound being sent to the

speakers.

Personal Receivers: The sound is transmitted via FM or
infrared signals to personal receivers handed out to patrons,
allowing them to adjust the volume to their preference.
Bluetooth-based systems can stream sound directly to

modern hearing aids or smart phones.
Additional Devices:

Earphones or Neck Loops: Patrons who don't use hearing
aids can use earphones plugged into the receiver. Neck
loops can be used by those with hearing aids, transmitting

the sound through induction.

Handheld Devices: Some venues offer handheld devices
with built-in speakers, providing a direct sound source for

those who may not have compatible hearing aids.
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Real-Time Captioning Systems

Another accessible technology for the hearing impaired
is real-time captioning. This system involves transcribing
spoken word into text that appears on a screen or the
patron’s personal device in real-time. In concert halls, this
is especially beneficial for spoken-word performances like

operas, lectures, or musicals.
System Integration:

Microphone Input: The spoken word is captured via
microphones and sent to transcription software, which

converts the speech into text.

Display Options: The text can be displayed on large screens
visible to the audience or sent directly to individual devices,

such as tablets or smart phones.

Concert halls can also employ several audio engineering
strategies and technologies to enhance accessibility for

those with visual impairments.
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Audio Description Systems

For visually impaired patrons, audio description is a service
that provides a narrated description of visual elements of a
performance, such as stage action, costumes, and scenery
changes. These descriptions are transmitted in real-time

during the performance.
System Configuration:

Narration Input: A designated describer provides live
commentary from a booth, describing important visual

aspects of the performance.

Transmission: Like assistive listening systems, the narration
is transmitted wirelessly to individual receivers used by the

patrons.

Individual Control: Patrons can control the volume and
timing of the description, ensuring it does not interfere with

their experience of the live performance.
Additional Devices:

Handheld Receivers and Headphones: Audio description
systems require patrons to use dedicated receivers and
headphones. These devices allow them to listen to the

descriptions without disturbing other audience members.
Tactile and Braille Displays

For highly detailed performances that involve complex visual
storytelling, some venues also offer tactile displays or Braille
programs. While not directly related to audio engineering,
these systems complement the overall accessibility
experience. Tactile models of the stage setup or printed
Braille translations of scripts or musical scores can be

provided to enhance the understanding of the performance.

J44



Technologies
for both
nearing and
sight impaired
oatrons.

Accessibility

Creating accessible sound
design.

Accessible Mobile Apps

With the rise of smart phones, mobile apps are becoming
a popular method of enhancing accessibility in concert
halls. Venue-specific apps can deliver a variety of services,

including:

Audio streams: For both hearing loops and assistive

listening devices.

Captions and subtitles: Streaming real-time captions or

translations to personal devices.

Navigation assistance: Using voice commands to help

visually impaired individuals navigate the venue.
System Design:

Wi-Fi Integration: A robust Wi-Fi network is essential for
supporting mobile apps, ensuring low latency and high-

guality streaming for captions, audio, and descriptions.

Multi-stream Management: The audio system should be
capable of routing different audio streams (e.g., descriptive
audio, music, or speech) to different devices based on user

preferences.
Infrared (IR) and Radio Frequency (RF) Systems

For larger venues, infrared or radio frequency systems are
often used as an alternative to hearing loops or Bluetooth.
These systems can handle multiple channels, allowing for
separate audio feeds for different accessibility needs, such
as descriptions for visually impaired patrons and amplified

sound for those with hearing impairments.
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System Configuration:

Transmitters: An infrared or RF transmitter is installed at the
concert hall, sending the audio signal to handheld receivers.
These receivers can pick up different channels, such as

narration or amplified sound.

Multiple Channel Capability: This enables the venue to

serve various accessibility needs from the same system.

When designing or upgrading a concert hall for accessibility,

there are several key considerations:

System Integration: The main audio system must be flexible
enough to support multiple assistive technologies without

sacrificing audio quality for other audience members.

Low Latency: All assistive devices, whether for hearing
loops, ALS, or audio descriptions, must have minimal delay

to ensure that the sound is in sync with the live performance.

Maintenance and Training: Venue staff must be trained
to manage and maintain these systems, ensuring that they

function flawlessly during performances.

Device Availability: The concert hall should have enough
assistive devices, such as receivers and headphones, to meet

demand.

By incorporating advanced audio engineering solutions,
concert halls can make performances accessible to hearing
and sight-impaired patrons. Whether through hearing loops,
assistive listening systems, audio descriptions, or real-time
captioning, the combination of thoughtful system design
and cutting-edge technology ensures that everyone can
enjoy live performances. Accessibility is not just an add-on
but an essential part of modern concert hall design, ensuring
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Sound Design for Spoken Word Performances

Spoken Word Performance
Acoustic Design.

Tailoring sound systems for spoken word events in concert
halls is crucial for ensuring that speech is clear and

intelligible for the entire audience.

Concert halls are typically designed for music and are often
too reverberant for spoken word performances. This reverb
can muddy the clarity of speech. Therefore, consider using
acoustic treatments like baffles or curtains to dampen excess

reverberation.

Sound Reflections: Be aware of early reflections, as they can
interfere with direct sound and degrade speech clarity. Using

directional speakers can help minimize these reflections.

There is a wide variety of microphones to chose from, each

having distinctive uses, benefits and limitations.

Lavalier microphones: These are clip-on mics that are often

used for spoken word to keep the hands free.

Headset microphones: These provide consistent audio
guality since the microphone capsule is always the same

distance from the mouth.

Handheld microphones: They offer more control and can be

preferable for speakers who move around a lot.

Polar Pattern: Cardioid or super cardioid patterns help to

reject off-axis noise and focus on the speaker’s voice.
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Speaker Placement is crucial, get it wrong and the complete

audio design can fail.

Main Speakers: These are the primary source of amplified
sound and care must be taken when positioning these at the
front of the room, and any delay speakers will be referenced

from this point.

Delay Speakers: In larger halls, to ensure that sound reaches
the back of the room at approximately the same time as the
direct sound from the stage, use delay speakers. This helps

maintain clarity and timing.

Monitoring: Provide onstage monitors for speakers so they
can hear themselves. This helps them modulate their voice

better and avoids the strain of shouting.

Speaker simulation: Computer simulation can be used

to show the coverage and the timing of any speakers
within the room. This ensures that coverage is sufficient for
the audience area and any unwanted sound can also be

predicated.

Ambient Noise: Control ambient noise like HVAC systems,
external sounds, etc. They can distract the audience and
reduce intelligibility. Lower levels of ambient noise may be

distracting for speech than from music applications.

During system tuning, measurement systems can be used to
verify any previous simulations done for the system design.
EQ, delay, and configuration changes are done based on the
measurements taken with measurement mics throughout

the room.
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Have backup microphones and cables on hand. Technical

issues can arise unexpectedly, so being prepared is essential.

Training & Communication: Ensure that the speaker knows
how to use the microphone, especially if they're moving
around. Train your sound engineers or operators to be

attentive to the nuances of spoken word events.

Tailoring the sound system is not just about equipment; it's
about understanding the unique requirements of spoken
word presentations. With the right adjustments, you can
ensure that every word is heard and understood by the

audience.
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Classical Music Performance
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Achieving optimal acoustics for classical music performances

in concert halls:

Classical music may require less electronic intervention if
classical concert hall design is employed, generally this is a
space with a slightly higher RT60 reverberation time, to add
more “body” to the music, and thus also add volume. The
key characteristics such as RT60 at the hall must be decided
at the design phase as could be taken from similar classical
venues. I'T must be noted that historically the electronic
sound reinforcement technologies we rely on today were not
available, so instead the concert designers of the past relied
on multiple performers, along with reverberant spaces with
hard surfaces in order to reach the volumes and sound they

desired.

Today, we can also use electronic strategies to mimic these
effects, either by adding an electronic room simulation (such
as the L-Acoustic L-ISA system), by physical methods such
as retracting reflection panels, or just simply increasing

the volume at the back using simple sound reinforcement
strategies. The style of music in many cases, particularly

historic pieces will require these .

An array of microphone technigues may be used for classical
music - from close micing instruments, through to choir mics,

and far mic technigues.

Close micing of instruments such as we see in spoken word,
and modern performances allows greater control over the
sound in the mix, as individual instruments can be turned
up and down. Whereas, far mic technigues might allow the
room sound, or the natural timbre of multiple instruments of

the same type to come through in the mix.
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A classical performance may require less low-frequency
reinforcement than a more modern music style, and
dependant on the mic technigue used, it may also not be

best presented in a stereo format.

Many systems designed for a mix of music type, often have
subwoofers which are removed for a classical performance,
both because they are not needed, and also because their

inclusion requires space on stage.

Developments in sound system designs, particularly in
Spacial Audio, such as that included in the L-Acoustics L-ISA
system, have also led to new ways of presenting audio from
a classical orchestra. By using multiple loudspeakers across
the front of stage, with a spacial audio processor, this allows
an audio channel to have a space within the mix rather than
just an amplitude. In a classical setting, this results in being
able to present an illusion of sound from the correct place

in the orchestra, as if you were watching the performance

unamplified.

The ambient noise will be more important within a classical
concert hall, than another performance space, such as a
Nightclub or similar, due to the quieter, and more dynamic

nature of the performance.

The ambient noise can be defined as a target value using the

Noise rating (known as NR) Curve defined by the ISO.
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SOU ﬂd Check and When tuning a sound system for classical music, the
. approach shares several similarities with that of spoken word
System Tuning

performances, primarily in ensuring that the sound is clear
and intelligible throughout the venue. However, classical
music typically requires a more complex system setup
due to the broader range of dynamics, frequencies, and

instruments involved.

Unlike spoken word performances, which usually focus on
amplifying a single voice or a few microphones, classical
music requires fine-tuning multiple channels that represent
different sections of the orchestra. Each instrument group—
strings, brass, woodwinds, and percussion—has unigue
acoustic characteristics, and their placement in the concert
hall must be carefully considered to preserve their natural

timbre and balance. The system tuning process will involve:

Additional Channels: Classical music performances often
necessitate multiple microphones and channels to capture
the subtleties of each instrument. The engineer must

mMmanage these channels effectively to avoid overwhelming

the audience with too much sound from any one section.

Frequency Response Tuning: Ensuring an even frequency
response across the venue is vital, as classical music spans
a much wider frequency range than spoken word. Low
frequencies from instruments like the double bass or tuba
need to be balanced with higher-pitched instruments such
as violins and flutes, ensuring no instrument overshadows

another.
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Reverberation Control: Classical music often relies on

the natural acoustics of the hall for reverberation, but in
larger or acoustically complex venues, additional electronic
reverberation might be applied. This differs from spoken
word, where minimal reverberation is preferred to maintain

clarity of speech.

Dynamic Range: Classical music has an expansive dynamic
range, from soft passages (pianissimo) to powerful
crescendos (fortissimo). The sound system needs to handle
this range without distortion or losing the detail of quieter
sections, whereas spoken word has a more consistent

dynamic range.

In short, while the principles of system tuning for spoken
word and classical music overlap, the latter demands more
precision in channel management, frequency balancing,
and dynamic range handling to reproduce the music's full

emotional and sonic depth accurately.
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Contemporary Music
Performance Acoustic Design.

Rock and contemporary music presents unigue challenges
and opportunities for audio engineers due to its high energy,
amplified sound, and reliance on electric instruments.
Achieving optimal acoustics for rock music in a concert

hall setting requires a balance between power, clarity, and
impact, often involving significant electronic intervention to

control the audio environment.
Reverberation Time (RT60) and Concert Hall Design

Rock music generally benefits from a shorter RT60
(reverberation time) compared to classical music. Excessive
reverb can muddy the sound, making it difficult to
distinguish between instruments and vocals. Therefore, the
acoustics of the concert hall must be adjusted accordingly. If
the venue has a longer natural reverberation time, electronic
solutions such as sound-absorbing panels or digital reverb
management tools can be employed to tame reflections and

create a more controlled environment.

Electronic Sound Reinforcement: Unlike classical music,
rock heavily relies on electronic sound reinforcement.
Modern PA systems with robust subwoofers, line arrays, and
amplifiers are critical to delivering the power and energy

of a rock performance. Systems like L-Acoustics or d&b
audiotechnik can help achieve clear, powerful sound that fills

the venue while avoiding distortion.
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|\/| inODhOﬁeS. Close-micing is the most common microphone technique
in rock music. Each instrument, particularly electric guitars,
bass, and drums, is often mic'd close to the source to
capture the raw sound and prevent bleed from other
instruments. For electric instruments, direct injection (DI)
boxes may be used to feed the signal directly into the sound

system, bypassing the need for microphones altogether.

For vocals, dynamic microphones such as the Shure SM58
are commonly used to handle the high sound pressure levels

(SPL) and ensure vocal clarity amidst loud instruments.
Spea kers Low-Frequency Reinforcement

Rock music demands significant low-frequency
reinforcement. Subwoofers are essential for capturing
the power of bass guitars, kick drums, and synthesized
sounds that drive much of rock music's energy. Unlike
classical music, where low-frequency elements are subtle,
rock performances thrive on the deep, punchy bass that

subwoofers deliver.

In rock music, spatial audio systems can create immersive
sound experiences. Systems like L-Acoustics L-ISA use
multiple speaker arrays to give the impression that sound
is emanating from specific points on stage, enhancing the
audience’s engagement. This can be especially useful in

larger venues where the audience is spread over a wide area.

Line arrays, strategically placed to cover the entire audience,
ensure that the sound is distributed evenly across the venue.
Delays may also be used to time-align distant speakers,
ensuring that all sections of the audience experience the

same punchy, high-energy sound.
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Rock music venues often have higher ambient noise

levels than classical concert halls, but it's still important to
minimize background noise and manage feedback. Noise
gates, equalization, and proper speaker placement can help
control unwanted noise and feedback, ensuring that the

performance is clear and powerful without interference.
Dynamic Range and Volume Management

Unlike classical music, which has soft and loud passages,
rock music tends to have a more consistent dynamic range.
The engineer’s role is to ensure that the performance is loud
without being uncomfortable, which can be challenging
when managing high SPLs. Compression and limiting are
often used to prevent peaks that could damage the sound

system or harm the audience’s hearing.

In summary, achieving optimal acoustics for rock music

in concert halls involves focusing on powerful electronic
reinforcement, effective low-frequency management, and
using modern sound systems to deliver an immersive, high-
energy experience. The goal is to provide clarity, punch,
and impact without losing the nuance and detail of the

performance.
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Musical theatre presents a unigue blend of spoken word,
live music, and dynamic stage performances. Audio design
for musical theatre must balance clarity of dialogue with
musical richness, all while ensuring that the sound system
enhances the audience’s immersion without overshadowing

the performers.
Reverberation Time (RT60) and Concert Hall Design

Musical theatre benefits from a moderate RT60, with
enough reverberation to add warmth and fullness to the
sound without overwhelming the clarity of spoken dialogue.
Many musical theatre performances use microphones,

so electronic sound reinforcement plays a crucial role in
delivering consistent sound throughout the venue. If a
venue has a naturally long reverb time, it may need to be

electronically managed to avoid muddied dialogue.
Electronic Sound Reinforcement

Musical theatre typically involves a combination of dialogue
and musical performance, requiring a sound system capable
of handling both spoken word and music with precision.
Wireless lavalier microphones or headset mics are commonly
used for actors to allow for freedom of movement while
mMaintaining vocal clarity. These mics are often paired with

dynamic handheld microphones for singers and performers.

A distributed speaker system may be employed to ensure
even coverage across the venue, and delay speakers can be
used to time-align the sound for audiences sitting further
back. These systems must be finely tuned to ensure that

dialogue is intelligible, even during louder musical numlbers.
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|\/| | Crop h ones. Microphone Techniques and Ensemble Sound

Unlike rock or classical performances, musical theatre
often involves multiple performers speaking, singing, and
interacting with each other on stage. The audio engineer
must carefully balance these sources to ensure that each
performer is heard clearly, especially during ensemble

numbers.

Close-micing is used for both dialogue and singing, with
each performer wearing individual microphones. This allows
for greater control over each voice in the mix and ensures
that performers are heard over the orchestra or backing

tracks.
S 0ea ke rs Low-Frequency Reinforcement and Music

While musical theatre does not typically require the intense
low-frequency reinforcement of rock music, it still benefits
from a solid low-end to support the music. Subwoofers can
be used to reinforce the bass in musical numbers, but they
must be carefully controlled to avoid overpowering the

dialogue.

The orchestra or pit band often requires a mix of close and
ambient microphone technigues. Close micing ensures that
each instrument can be heard clearly, while ambient mics
help capture the overall sound of the orchestra, adding a

natural acoustic feel to the performance.
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Spatial Audio and Sound System Design

Spatial audio can enhance the immersive experience of
musical theatre by creating a more realistic soundscape.
For instance, sound effects like footsteps, doors opening, or
environmental noises can be panned across the sound field

to give the audience a sense of directionality and realism.

In more advanced productions, systems like L-Acoustics
L-ISA or Meyer Sound’s Constellation can create immersive
audio environments that enhance both the music and the
dialogue. These systems allow for precise control over the
sound image, helping to anchor the sound to the performer

on stage even when using amplification.
Ambient Noise and Feedback Management

Managing ambient noise in musical theatre is critical to
maintaining the illusion of the performance. Unwanted noise,
feedback, or background hum can break the audience’s
immersion. Acoustic treatments and careful microphone
placement are essential to avoid feedback, especially when

using wireless mics close to high-powered speakers.
Dynamic Range and Volume Management

Musical theatre performances often feature wide dynamic
ranges, with quiet dialogue scenes interspersed with loud
musical numbers. The sound system must be able to handle
these fluctuations without distortion or loss of clarity.
Compression and limiting are often employed to smooth out
peaks in volume while preserving the emotional impact of

the performance.
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In conclusion, achieving optimal acoustics for musical
theatre requires a focus on clarity, balance, and immersion.
Audio engineers must carefully manage dialogue, music, and
sound effects, ensuring that each element complements

the other without overpowering the performance. With the
right system design, musical theatre can be a fully immersive
experience, drawing the audience into the story through

sound.
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Speaker Systems for Concert Halls

Types of Speakers and
Suitability for Different Genres

Designing a speaker system for concert halls is a complex
task that requires careful consideration of many factors
including acoustics, types of events, performers and the
audience. There are many different types of speaker,

covering every aspect of acoustic requirement.

Line array speaker systems are commonly used in concert
halls. They consist of multiple speakers stacked vertically and
they provide even sound dispersion over a wide area, making

them suitable for large venues.

Array configurations can be chosen based on the hall's size
and shape. Line arrays are based around “line source theory,”
where sound is emitted from a continual line source, this
means that sound should carry further into the venue, due to

this vertical coupling of speakers.

An easy definition of the energy dispersion of this, is to think
of the surface area of a cylindrical column, whereas other
sound sources different as per the surface area of a sphere.
This results in a line array (within certain parameters) of only
losing 3dB per doubling of distance. This, however, does
have disadvantages of different couplings of sources, and
therefore dispersion patterns dependant on frequencies, so
modern line array design must take this into account, and

means that a true line source is never quite possible.
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Types of Speakers and
Suitability for Different Genres

Point source speakers are single speakers, or sets of
speakers, that emit sound in all directions from a single
source point. They are versatile and can be used in smaller
concert halls or for specific applications like monitoring. They

are suitable for a wide range of genres.

A point source “array” is made from a series of loudspeakers,
each with a defined coverage pattern in the vertical

or horizontal. The aim being, that each of these angles
converges back to a single point some way back behind

the array - giving the impression of a single coherent sound
source as you walk across the coverage pattern of the

loudspeakers.

However, the coverage of a single loudspeaker can never
be even over frequency (although some extremely good
attempts have been made), so some interactions can be
detrimental in the interactions between speakers. It must be
noted of course that in the frequencies at which so called
line-sources act as a point source, these have the same

issues.

In general, a point source array, audio will fall off at 6dB

per doubling of distance from the source. An easy way of
thinking of this is to imagine the area of a sphere, were A=
4pi*r"2 . IT can be seen that as you double r, then the sound

energy will be spread out by 4 times the value.
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Types of Speakers and
Suitability for Different Genres

Subwoofers are essential for reproducing low-frequency
sounds (lbass) accurately. They should be strategically
placed to ensure even bass coverage throughout the hall.
The choice of subwoofers depends on the size of the venue

and the desired low-frequency response.

Horn speakers are known for their efficiency and
directionality. They are suitable for outdoor events or
venues with challenging acoustics where sound needs to be

directed to a specific area.
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Types of Speakers and
Suitability for Different Genres

L| ne array spea ker Array Configurations: The choice of speaker arrays, such as
stereo, mono, or multi-channel set-ups, depends on the hall's

olacement &

layout and the desired sound experience. Surround sound
Conﬁg uration. arrays may be suitable for immersive experiences.

Coverage Analysis: Before installing speakers, conduct a
thorough acoustic analysis of the hall to determine areas
with uneven sound distribution or acoustic issues. Use

software modelling tools for precise calculations.

EXTENSION

-
FRONT-FILL

SPATIALIZED ZONE
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Speaker Systems for Concert Halls

Types of Speakers and
Suitability for Different Genres

Main PA System: Install the main PA (Public Address) system
as close as possible to the source to amplify, for example
with a band the PA will be in line with the band at the front
of the stage.

Delay Speakers: In larger venues, delay speakers are placed
at various distances from the stage to ensure that sound
reaches all areas simultaneously. Time alignment and delay

settings are crucial for synchronization.

Cluster vs. Distributed Systems: Decide whether to use a
single main cluster of speakers or distribute them around
the venue. This depends on the hall's size, architecture, and

acoustic properties.
Subwoofers and Low-Frequency Reinforcement:

Subwoofer Placement: Subwoofers should be strategically
located to minimize unwanted resonances and phase
cancellation. Common placements include under the stage,

in front of it, or flown above the stage.

Array Configuration: Subwoofer arrays, such as cardioid
or end-fire arrays, can be used to control low-frequency

dispersion and reduce stage rumble.

Successful speaker system designs often involve a mix

of speaker types, precise placement, and sophisticated
acoustic modelling to cater to the specific needs of the
concert hall and its intended use. Collaboration between
architects, acousticians, and sound engineers is crucial to
achieving optimal results. Additionally, regular maintenance
and adjustments are essential to ensure the system

continues to perform at its best.
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Noise Dampening and Acoustic Treatments

Noise Dampening

Noise control and acoustic treatment play a critical role in
creating a high-guality sound environment in concert halls.
Effectively managing noise and optimizing acoustics can
enhance the listening experience for both performers and

audience members.

Importance of Noise Control and Dampening in Concert
Halls:

Sound Quality: Concert halls are designed to provide
excellent sound gquality and clarity. Unwanted noise can
degrade the quality of the music and negatively impact the

audience’s experience.

Intelligibility: Noise control helps maintain speech
intelligibility during spoken segments of performances, such
as orchestra introductions or artist interactions with the

audience.

Ambience: Concert halls should have a specific acoustic
ambience that enhances the music. Uncontrolled noise can

disrupt this ambience.

Performers’ Comfort: Reducing noise and providing good
acoustics also contributes to the comfort and confidence of

performers on stage.
Strategies for Reducing Unwanted Noise:

Architectural Design: Proper architectural design is
essential. This includes soundproofing materials in the walls,
ceilings, and floors to prevent external noise from entering

and internal noise from escaping.

HVAC Systems: Installing quiet heating, ventilation, and
air conditioning (HVAC) systems is crucial to minimize

mechanical noise in the venue.
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Noise Dampening

Stage Management: Implementing stage management
practices that reduce noise, like quieting moving equipment

and minimizing stage creaks, is essential.

Audience Control: Educating the audience about
maintaining silence during performances and enforcing rules

can help reduce audience noise.
Acoustic Treatments:

Absorbers: These are materials designed to absorb sound
energy rather than reflect it. They reduce echoes and
reverberation in the hall. Commmon materials include acoustic

panels and curtains.

Diffusers: Diffusers scatter sound waves, preventing them
from concentrating in certain areas. This can help create a
balanced sound throughout the hall and reduce acoustic

dead spots.

Bass Traps: Bass traps target low-frequency sounds, which
are often challenging to control. They absorb or diffuse
low-frequency sound waves, preventing bass build-up and

creating a more even acoustic profile.
Balancing Acoustic Treatment with Aesthetics:

Aesthetic Integration: To maintain the visual aesthetics
of the concert hall, acoustic treatments can be designed
to blend seamlessly with the architecture and decor. For
example, acoustic panels can be covered with fabric that

matches the hall's colour scheme.

Hidden Treatments: Concealing acoustic treatments behind
acoustic-friendly surfaces, such as decorative grilles or
perforated panels, can maintain a clean and unobtrusive

appearance.
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Noise Dampening and Acoustic Treatments

Noise Dampening

Custom Design: \Working with architects and acoustic
engineers from the beginning of the design process allows
for the integration of acoustic treatments into the hall’s
overall aesthetic, ensuring they are both functional and

visually pleasing.

In conclusion, noise control and acoustic treatment are
integral to creating an exceptional concert hall experience.
Proper planning, architectural design, and the use of
absorbers, diffusers, and bass traps can optimize acoustics,
while careful consideration of aesthetics ensures that these
treatments do not detract from the hall's visual appeal. The
goal is to strike a balance between aesthetics and acoustic

performance to create a world-class concert venue.
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Sound Engineering Best Practice

Best Practice

Sound engineering in concert halls and live events is a
critical aspect of delivering high-quality audio experiences to
audiences. Here are some best practices for sound engineers

in these settings:
Tips for Sound Engineers Working in Concert Halls.

Understand the Venue: Familiarize yourself with the
acoustic properties of the concert hall you're working in.
Different halls have unigue acoustics, and knowing the
characteristics of the space will help you make informed
decisions about microphone placement and sound

reinforcement.

Microphone Placement: Proper microphone placement
is crucial for capturing the best sound. Experiment with
microphone positioning to achieve the desired balance and
clarity for different instruments and vocalists. Pay attention

to factors like proximity effect and off-axis rejection.

Sound Check: Conduct thorough sound checks before the
event to fine-tune the sound system. Work closely with the
performers to ensure that their instruments and voices are

accurately reproduced through the speakers.

Monitor Feedback: Be vigilant for feedback issues, which
can be more pronounced in concert halls due to their
acoustics. Use graphic equalizers, feedback eliminators, and
proper microphone placement to prevent feedback from

occurring during the performance.

Use High-Quality Equipment: Invest in high-quality
microphones, pre-amps, and signal processing equipment.
Quality gear can make a significant difference in the overall

sound guality.
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Best Practice

Handling Acoustical Challenges During Live Events:

Adapt to the Venue: Recognize that every venue has its
unigue challenges. Adjust the sound system and equipment
settings to compensate for acoustical issues such as

excessive reverb or uneven coverage.

Room Treatment: Consider using acoustic treatment like
baffles, drapes, or diffusers to control reflections and improve

the acoustics of the venue, if possible.

Monitor the Sound: Continuously monitor the sound during
the performance and make real-time adjustments as needed.
Pay attention to audience reactions and performer feedback

to gauge the sound guality.
Collaborating with Performers and Other Professionals:

Effective Communication: Establish clear communication
with the performers, stage crew, and other professionals
involved in the event. Discuss sound regquirements, cues,
and expectations well in advance to ensure a smooth

performance.

Rehearsals: Participate in rehearsals whenever possible. This
allows you to work closely with the performers to fine-tune

the sound and address any issues before the live event.

Teamwork: Collaborate with lighting designers, stage
managers, and other crew members to ensure that all

technical aspects of the event are coordinated effectively.
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Best Practice

Troubleshooting Common Sound Issues:

Feedback: To combat feedback, identify the problematic
frequency and use a graphic equalizer to reduce it. Adjust
the microphone position or use notch filters to eliminate

feedback without affecting the overall sound quality.

Unwanted Noise: Isolate and eliminate sources of unwanted
noise, such as electrical interference or ground loops. Use

high-quality cables and connectors to minimize noise.

Balancing Act: Continuously adjust the mix to maintain
a balanced sound, considering changes in volume and

instrument dynamics during the performance.

Backup Plans: Always have backup equipment and cables
on hand in case of technical failures. A well-prepared sound
engineer can quickly address issues without disrupting the

event.

Training and Education: Stay updated with the latest
sound engineering techniques and technologies through
workshops, courses, and networking with other professionals
in the field.

i78



Chapter 14:
Conclusion




Conclusion

Conclusion

Sound engineering in concert halls and live events requires
a combination of technical expertise, adaptability, and

effective communication. By following these best practices,
sound engineers can deliver exceptional audio experiences

for both performers and audiences.

Whilst assessing a concert hall for sound installation you
need to consider all factors, from the venue size, materials
within it, seating plans, and types of sound which will be
produced in the room. All of these factors will have effects

on the sound’s quality.

With continued learning and exploration, we can discover
new and innovative ways to improve sound installation within

Concert Halls.

Each piece of sound creates a unique experience and impact
for each person, concert halls unite these people in an utterly

unique way.

In conclusion, concert hall acoustics and sound design
encompass a fascinating fusion of physics, engineering,
architecture, and human perception. Throughout this eBook,
we've explored the fundamental principles governing sound
behaviour, the critical elements of concert hall acoustics, and
how cutting-edge technology can enhance and transform
auditory experiences. Whether you're fine-tuning the
acoustics of a historic venue or designing a modern multi-
purpose space, the intricate interplay of sound waves with
architectural features, materials, and audiences is crucial for

achieving the desired auditory impact.

As concert halls serve a wide variety of performances—
ranging from delicate orchestral pieces to high-energy rock

shows and dynamic theatrical productions—understanding
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Conclusion

how to optimize sound for each scenario is essential.
Technological innovations, such as L-Acoustics’ Hyperreal
Sound, assistive listening systems, and electronic sound
reinforcement, enable us to push the boundaries of what is
possible in both accessibility and audio quality. The role of
the sound engineer is not merely technical but also artistic,
ensuring that each performance resonates with clarity,

emotion, and immersion.

Ultimately, the success of concert hall audio design lies

in harmonizing acoustic principles with the ever-evolving
demands of performance and audience expectations. By
combining the best of traditional acoustic design with
modern technology, we can create spaces where every note,
every word, and every sound delivers its full emotional and
sonic potential. Concert halls are more than venues; they are
acoustic landscapes that unite performers and audiences

in shared, unforgettable experiences. Through continued
learning and innovation, the future of concert hall acoustics

promises even more extraordinary auditory journeys.
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Glossary of Terms

Glossary A - C

This glossary serves as an introduction to the essential terms
in sound engineering and acoustics, providing a foundational

understanding for beginners in the field.
A

Absorption: The process by which sound energy is absorbed
by materials, preventing it from being reflected back into the

environment.

Acoustical Design: The practice of designing a space to
optimize its acoustic properties, ensuring the best possible

sound experience.

Acoustics: The science of sound, focusing on its production,

transmission, and effects in a given environment.

Amplitude: The maximum displacement of particles in a
sound wave from their resting position, determining the

volume or loudness of the sound.

Angle of Incidence: The angle at which a sound wave strikes

a surface.

Angle of Reflection: The angle at which a sound wave
bounces off a surface, which is equal to the angle of

incidence.
C:

Chain Reaction: The process by which vibrations cause
particles in a medium to transfer sound energy to

neighbouring particles.

Compression: The phase of a sound wave where air
molecules are pushed together, creating areas of higher

pressure.

Cycles: Refers to one complete oscillation or vibration of a

sound wave. igg
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Glossary D - G

D:

Diffraction: The bending of sound waves around obstacles
or through openings, allowing sound to reach areas not in a

direct line of sight.

Density: The mass of particles in a medium through which

sound travels, influencing how sound propagates.

Direction: The path that a sound wave takes as it travels

through a medium.
E:

Echoes: Sound waves that are reflected back to the listener

after bouncing off a surface, heard as distinct repetitions.

Elasticity: The ability of a material to return to its original

shape after being deformed by sound waves.

Energy: The force transmitted through a medium by sound

waves, responsible for producing audible sound.
F:

Freguency: The number of cycles a sound wave completes
per second, measured in Hertz (Hz). It determines the pitch

of a sound.

Fundamental Principles: The basic rules and laws governing

sound behaviour in different environments.
G:

Generation: The creation or production of sound, typically

through the vibration of an object.
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Glossary H - N

H:

Hertz (HZz): The unit of measurement for frequency, indicating

the number of sound wave cycles per second.

High Frequency: Refers to sounds with high pitch, typically
above 2,000 Hz.

Instruments: Devices that produce sound through vibration,

commonly used in music.

Interactions: The ways in which sound waves interact with

surfaces, objects, and mediums, affecting their behaviour.
L

Law of Reflection: States that the angle of incidence equals
the angle of reflection for sound waves bouncing off a

surface.

Larger Amplitudes: Indicate louder sounds due to greater

displacement of particles in the medium.
M:

Medium: The substance through which sound waves travel,

such as air, water, or solids.
N:

Negative Pressures: The regions in a sound wave where
air molecules are more spread out, creating areas of lower

pressure.

Noise Control: Technigues used to manage unwanted or

harmful sound in a given environment.
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Glossary O - T

O:

Oscillations: The repetitive back-and-forth movement of

particles in a sound wave, responsible for generating sound.
P:

Propagation: The movement of sound waves through a

medium from the source to the receiver.

Pressure: The force exerted by sound waves as they

compress and expand the medium, they travel through.
R:

Reflection: The bouncing of sound waves off surfaces,

creating echoes or reverberations.

Refraction: The bending of sound waves as they pass
through mediums of different densities, such as air and

water.

Reverberation: The persistence of sound in an enclosed
space after the sound source has stopped, caused by

multiple reflections.
S:

Scattering: The dispersion of sound waves in multiple

directions when they encounter uneven or rough surfaces.

Sound Waves: Vibrations that propagate through a medium,
such as air or water, and can be heard when they reach a

listener’s ear.
T

Transmission: The passage of sound through a medium or

across a boundary, such as from one room to another.
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Glossary -U -/

U:

Unigue Spaces: Venues or environments that have distinctive
acoustic properties due to their shape, size, or materials

used.
\V&

Vibration: The back-and-forth motion of particles in a

medium that generates sound.

Volume: The perceived loudness of sound, directly related to

the amplitude of the sound waves.
W:

Wavelength: The distance between two consecutive points

on a sound wave, typically measured from peak to peak.
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