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Abstract

This research explores the optimization of acoustic design in cultural heritage performance centers,
aiming to balance historical preservation with contemporary artistic expression. Cultural heritage
performance centers play a vital role in preserving and promoting cultural traditions, serving as
platforms for artistic development and community engagement. However, the intersection of
preserving historical integrity and accommodating modern performance needs presents unique
challenges in architectural acoustics. This study investigates the acoustic requirements of these
venues, assessing spatial needs and identifying design strategies that cater to both historical and
contemporary considerations. Through a series of case studies, including notable performance
centers, the research examines how acoustic design can enhance the quality of performance while
respecting the intrinsic cultural values of these spaces. The findings underscore the importance of
interdisciplinary collaboration among architects, acousticians, and cultural heritage\ experts to
develop innovative solutions that meet the diverse needs of stakeholders. Ultimate %@ research
contributes to the sustainable development of performance spaces, ensuring chey remain
relevant and functional in a rapidly evolving cultural landscape.

community engagement

Keywords: Acoustic design, cultural heritage, performance centers, a cal preservation,
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Chapter One
Introduction

1.1 Background of Study

Cultural Heritage Performance Centers

Cultural heritage performance centers serve as vital hubs for the preservation and celebration of
cultural traditions within communities. These venues are dedicated to showcasing various forms of
artistic expression, including music, dance, theater, and crafts, that embody the unique identities

and histories of their respective cultures. (Stephenson, L. 2023).

Through exhibitions, workshops, and live performances, they educate both locals and visitors about
traditional practices and values, ensuring that these aspects of heritage are passed down to future
generations (Smith, J. (2021). Additionally, cultural heritage performance centers often serve as
platforms for artistic development, nurturing local talent and providing opportunities for

collaboration and growth within the community (Lao, 2022).

By promoting cultural tourism and fostering community engagement, these centers contribute
significantly to the cultural vitality and identity of their regions, enriching society with diverse
perspectives and experiences. They play a crucial role in preserving and promoting cultural heritage

through various activities and events.

These centers serve as platforms for showcasing intangible cultural heritage, such as traditional
music, dance, storytelling, and other forms of cultural expression (Cerquetti, M., & Romagnoli, S.
2024). They are essential in engaging local communities and visitors in experiencing and
appreciating cultural traditions, thereby contributing to the sustainability and transmission of

cultural practices (Ismail et al., 2022).



These locations are critical in conserving the heritage of various cultures while also offering a
platform for contemporary cultural pursuits. They serve as custodians of a society's collective

memory, preserving both tangible and intangible cultural assets for current and future generations.

Through collaborations with artists, scholars, and community members, cultural institutions
facilitate dialogue and exchange that promote cross-cultural understanding and appreciation (Jones
& Yarrow, 2013; Zhou et al., 2022). This is achieved using various artistic forms like %sic, dance,
theater, and visual arts, these institutions significantly enrich the cultural tapestr@ciety (Jones

& Yarrow, 2013; Zhou et al., 2022). ’\

In addition to tangible heritage, these institutions also play a Vital% safeguarding intangible
cultural heritage, including traditions, rituals, and performi Performance venues such as
theaters and concert halls provide platforms for artists tg"showcase traditional and contemporary
artistic practices. Through performances, worksho educational programs, these institutions
facilitate the transmission of cultural know}\\® and skills across generations, ensuring the

continuity of cultural traditions (Zhou et&o, 2).

The management of cultural h@erformance centers involves a delicate balance between
developing tourism oppol@% and generating revenue while ensuring the authenticity and
integrity of intangi 1%%6{;6 (Carbone et al., 2020). Stakeholder collaboration is key in heritage
management, a@een in projects aiming to integrate heritage conservation with tourism through
active 1 V@ent of various stakeholders (Louis, J., & Rahman, M. 2023). Additionally, the

involvement of local residents in safeguarding cultural heritage sites, as observed in Agaba City,

Jordan, is crucial for the long-term preservation of cultural heritage (Al-Orainat, 2022).
Acoustic Design

Acoustic design stands out as a significant feature in molding the immersive experience for both

artists and audiences among the various elements that contribute to the richness of these venues

2



(Voskresenskaya et al., 2019). The multidimensional science of architectural acoustic design finds
expression in this endeavor through a precise interaction of form and function. The particular issue
provided by numerous performing auditoria, usually of circular space with natural reverberation
and echoes, demanded a departure from traditional methods. The use of movable architectural

acoustic features allows for unparalleled control over changeable acoustics, which is examined and

3\

The delicate balance between preserving historical authenticity and encouraging@c expression

explained in this thesis.

is at the core of the optimization of acoustic design in these venues. &gﬂ& design plays a
significant role in shaping the immersive experience for both artists iences, contributing to
the overall richness of the venue. By focusing on optimizing ac@c esign, these institutions can
enhance the quality of performances and ensure that th@lturaland artistic expressions are

presented in an authentic and engaging manner (O’Co@?oo& Sheng & Tang, 2015).

1.2 Statement of Problem @%

The intersection of preserving cultura @ge and facilitating dynamic artistic performances
presents a complex challenge i.n &@m of architectural acoustics (Olukoya, 2022). Traditional
venues, often imbued V%Q?\ctorical significance, pose distinctive acoustic issues, while
contemporary perfoyg& spaces demand adaptability to cater to a diverse spectrum of artistic
expressions. This \study recognizes the imperative to navigate the intricate balance between
architectural rvation requirements and the evolving demands of modern artistic endeavours.
The cerM issue lies in comprehending and addressing the nuanced acoustic intricacies of both
historical and contemporary performance spaces within cultural heritage and performance centres,
aiming to propose optimal solutions that enhance functionality without compromising the intrinsic

cultural and historical integrity of these venues during performances.



1.3 Aim and Objectives

This study aims to explore architectural acoustic design consideration and strategies for achieving

harmonious balance between adaptability of space for contemporary activities in cultural heritage

performance auditoria.

The objectives of this thesis are threefold:

1.4

to assess the spatial requirement for cultural heritage performance centres. \
to comprehensively examine acoustic needs of contemporary performa@es.

to identify acoustic design solutions that address both histeriéal and contemporary

considerations. %

Research Questions Q

What are the spatial requirements neceséb for accommodating cultural heritage
performances within contemporary p\x@mance centers, considering factors such as
audience capacity, stage size, and@ ctural constraints?
This aligns with Objective 1 %&ocusing on the spatial aspects essential for such venues.

.

What specific acm%@ds arise in contemporary performance spaces, and how do these

needs impact st\e’ design of spaces intended for both cultural heritage preservation and
modern art@xpression?

This directly relates to Objective 2 by identifying the acoustic needs specific to
Mmporary performance spaces.

How do historical architectural features and heritage preservation considerations influence
the acoustic design of performance centers, and how can these be integrated with modern
acoustic requirements?

This connects with Objective 3 by addressing the balance between historical preservation

and contemporary acoustic design.



e What acoustic design strategies can be employed to ensure that cultural heritage
performance centers meet both historical preservation standards and contemporary artistic
demands?

This supports Objective 3 by focusing on strategies that harmonize historical and modern
acoustic needs.

e How do different acoustic design solutions impact the flexibility of performance spaces to
accommodate various types of cultural events, and what trade-offs exist Qee acoustic
performance and architectural preservation? (J
This ties into Objectives 2 and 3 by exploring the adaptability tic solutions and the
compromises involved.

e To what extent do the preferences and expectations @r ormers, audiences, and heritage
preservation authorities influence the accgs&esign process in cultural heritage
performance venues? fb
This is relevant to Objectives 2 and 3 \foctising on stakeholder influence in acoustic design.

.

e How can advanced technolog{&}ud computational tools be used to optimize acoustic

design in cultural heri@@ rformance centers while respecting historical preservation

requirements? QQ

This direc rts Objective 3 by exploring technological solutions for integrating
historic@ modern needs.

o % ssons can be drawn from case studies that successfully integrate acoustic design
principles with cultural heritage preservation in performance centers?
This ties into all three objectives by identifying best practices through case studies.

e How can interdisciplinary collaboration between architects, acousticians, historians,
performers, and cultural heritage experts lead to innovative acoustic design solutions that

respect historical integrity in cultural heritage performance centers?



This supports Objectives 2 and 3 by emphasizing the role of collaboration in achieving

balanced design solutions.
1.5  Significance of the Study

This research holds significant implications for multiple stakeholders involved in the design,
preservation, and utilization of cultural heritage performance centers. At its core, the study
addresses the preservation of cultural heritage. These performance centers ofte ~e&ody rich
historical and architectural significance, and by exploring strategies to bal @oustic design

with preservation goals, this research contributes to safeguarding cultur; itage assets for future

generations. %

Another key area of importance is the enhanced audie@experience. Acoustic design plays a
crucial role in shaping the auditory experience f@xg cultural performances. By optimizing
acoustic performance, this research aims to en\}@ the auditory experience for spectators, thereby
enriching their engagement with cultur%)@e events.

Sustainability and adaptabilitx a&@\, central to the findings of this study. The research can
inform the development of ance spaces that are not only sustainable but also adaptable to a
diverse range of c.ugt& events and artistic expressions. By considering both historical and
contemporary ee{g}chitects and designers can create venues that remain relevant and functional
over time.%’b

Moreovety/this research encourages interdisciplinary collaboration. By fostering collaboration
between architects, acousticians, historians, performers, and cultural heritage experts, the study
brings together diverse perspectives and expertise. This collaborative approach is essential for
developing innovative solutions to the complex challenges inherent in balancing preservation and

artistic expression.



The insights generated by this study also offer valuable guidance for design professionals.
Architects, acousticians, and heritage preservationists can benefit from the practical
recommendations and design guidelines provided, equipping them with the knowledge and tools
necessary to create acoustically optimized cultural heritage performance venues that respect
historical integrity.

Finally, the findings contribute to academic discourse by advancing our understanding of the
intersection between architectural acoustics, heritage preservation, and cultueru ies. This
research adds depth and nuance to ongoing conversations about the ro rchitecture in

preserving and promoting cultural heritage, enriching the broad@lgxdemlc community’s

engagement with these critical issues. %
1.6 Scope of the Study Q
This research investigates the spatial and acoustic considerations essential for harmonizing

cultural heritage preservation with contel?@(y performance needs in cultural heritage

performance centers. The scope is struc ar){&a und three primary objectives:

First, the research will assess t @g{ | requirements necessary for cultural heritage performance
centers, analyzing factors )@audlence capacity, stage size, and architectural constraints. These
spatial elements a @ for accommodating both traditional and contemporary performances,

and the study ai to 1dentify how spatial design can support the dual goals of heritage preservation

and mo@tlonahty (Feng, Y., & Zhang, H. 2024).

Second, the study will comprehensively examine the acoustic needs of contemporary performance
spaces within these heritage contexts. It will explore the specific acoustic challenges encountered
when balancing the preservation of historical architectural features with the demands of modern

artistic expression. This includes an analysis of how contemporary acoustic requirements can be



integrated into historically significant structures without compromising their integrity (Mu et al.,

2022).

Third, the research will identify and evaluate acoustic design solutions that address both historical
and contemporary considerations. This involves exploring innovative strategies for optimizing
acoustic performance while maintaining the architectural integrity and cultural significance of
performance centers. The study seeks to provide practical design recommendation&tt can be
applied in real-world scenarios, ensuring that heritage buildings remain func@and vibrant

performance venues (Mu et al., 2022). ’\QJ

Through this focused exploration, the research aims to contribute \@ insights to the fields of
architectural acoustics and heritage preservation. The findi | offer guidance to architects,
acousticians, historians, and cultural heritage professiona@volved in the design, renovation, and

preservation of cultural heritage performance centibn: suring these venues meet contemporary

performance standards while respecting their I?N\@al significance.
1.7  Definition of Terms \C)\

1. Decibel (dB): A un@neasurement for the intensity of sound, representing the

logarithmic sca sound pressure levels.

le
2. Freque cy%e rate at which a sound wave vibrates, measured in Hertz (Hz), influencing
theiigggsy

3. Reverberation Time (RT): The duration it takes for a sound to decay by 60 decibels after

the sound.

the source has stopped, impacting the perceived acoustics of a space.

4. Clarity (C80): When measuring the perception of musical clarity in acoustic environments,

the clarity index, or C80, is frequently employed. According to Larrosa-Navarro et al. (2023),



10.

11.

12.

13.

14.

15.

this index is the logarithmic ratio of early sound energy, which arrives in the first 80 ms, to

late sound energy, which arrives after 80 ms.

Sound Absorption: The ability of a material or surface to reduce sound reflections and
prevent reverberation within a space.

Sound Diffusion: The scattering of sound waves in different directions, enhancing acoustic
quality and reducing the concentration of sound in specific areas. \

Acoustic Panel: A specially designed structure or material installed in %e to absorb,

diffuse, or control sound, contributing to the overall acoustics. ’\QJ
Noise Control: The application of measures to manage, miniglize,)or eliminate unwanted
sounds and disruptions within a given environment. Q
Sound Masking: The intentional introduction of ba@und sound to mask or reduce the
perception of unwanted sounds, enhancing pri\@%nd comfort.

Absorption Coefficient: A measure o raell a material absorbs sound, expressed as a
value between 0 (no absorption) an i\%omplete absorption).

Soundscape: The acoustic e@(anent as perceived or experienced by individuals, taking
into account both natur&%mman -made sounds.

Room Acoustlcs study and management of sound within an enclosed space,
cons1derln@uch as reflection, absorption, and diffusion to achieve optimal auditory
condlt%é

A{{}zht Noise: The background noise present in a given environment, which may include
sounds from nature, machinery, or human activity.

Echo: A reflection of sound that arrives at the listener's ears after bouncing off a surface,
typically perceived as a distinct repetition of the original sound.

Resonance: The amplification of sound waves due to the natural frequency of a material or

space, leading to increased vibrational response.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Soundproofing: The implementation of measures to prevent the transmission of sound
between different spaces, reducing unwanted noise.

Bass Trap: An acoustic treatment designed to absorb low-frequency sound waves,
addressing issues related to room modes and bass buildup.

Acoustic Modeling: The use of computer simulations and mathematical models to predict
and analyze the behavior of sound within architectural spaces, aiding in the design process.
Intelligibility: The degree to which speech or audio signals are clear and eaQu erstood,
often influenced by factors like background noise, reverberation, and fr@/Qr response.
Acoustic Insulation: The implementation of materials and desn@‘ures to minimize the
transmission of sound between different spaces, preventin t@ape or entry of unwanted
noise. Qé

Noise Reduction Coefficient (NRC): A nu e%@aﬁng representing the average sound
absorption of a material across different fr ies, commonly used to assess the acoustic
performance of surfaces. \

Harmonic Distortion: The alt sbn of addition of frequencies in a sound signal, typically
unwanted, which can affec@gﬁdehty and purity of reproduced audio.

Tonal Balance: Th@% distribution of sound frequencies, contributing to a natural and

pleasing aud ; X@?erlence without excessive emphasis on specific tones.

Auditor ue: The temporary or permanent reduction in sensitivity to sound due to
prol@ exposure, impacting the ability to perceive and distinguish certain frequencies.
Speech Intelligibility Index (SII): A numerical measure indicating the intelligibility of
speech in a specific acoustic environment, taking into account factors such as background
noise and reverberation time.

Speech Transmission Index (STI): Speech transmission index (STI) is the value to give

speech transmission quality. The IEC 60268-16 standard specifies the STI technique, and it

is measured between 0 and 1. STI is a widely recognized metric for measuring speech
10



intelligibility and has emerged as a key indicator in confined spaces with an acoustic

environment (Comezoglu, 2023).

Chapter Two
Literature Review
This chapter delves into the primary aspects of architectural acoustics and cul% heritage
performance centres by examining existing works and research conducted by, scholars in
these areas. The objective is to acquire a comprehensive understanding Q&ﬁlese issues have
been addressed in prior research endeavours. The themes or key com explored in this study
encompass the architectural and acoustic necessities of culh@p formance auditoria, spatial

zoning, building circulation, and the historical evolution of C al Heritage Centres.

>
2.1 Systematic Review 6
N

2.1.1 Historical Development of Stage Per@nces

The historical development of stage p@mces globally is a rich tapestry that has evolved over
thousands of years, reflecting (@ge cultures, traditions, and artistic expressions. Ancient

civilizations like Greece, @gypt, and China laid the foundation for theatrical entertainment,

incorporating elem@torﬁelhng, music, dance, and spectacle (Vindrola-Padros et al., 2020).

During the Mic&

convey bib@tories and moral lessons (Vindrola-Padros et al., 2020). The Renaissance era saw a

es, theater in Europe was intertwined with religious festivals, using plays to

revival of classical dramatic forms, with playwrights like Shakespeare and Moli¢re producing
enduring works that delved into human emotions and societal issues (Vindrola-Padros et al., 2020).
In the modern era, innovations like realism and avant-garde movements revolutionized theatrical
aesthetics and storytelling techniques, exploring existential questions and socio-political realities
(Vindrola-Padros et al., 2020). Stage performances have become increasingly diverse and

globalized in contemporary times, showcasing a blend of traditional and experimental works from
11



various cultures (Vindrola-Padros et al., 2020). Technological advancements have further
transformed stage productions, enabling innovative staging techniques and immersive experiences
(Vindrola-Padros et al., 2020).

Throughout history, stage performances have served as a platform for social commentary, political
activism, and cultural expression, addressing issues such as racism, sexism, and environmental
justice (Vindrola-Padros et al., 2020). Theater has been a powerful medium for challenging norms,
advocating for change, and amplifying marginalized voices (Vindrola-Padros et Q&ZO). The
enduring human impulse to create, communicate, and connect through theatef haspersisted across
cultures and generations, highlighting the timeless power of live @ﬂling and collective
imagination (Vindrola-Padros et al., 2020). %

The historical development of stage theatre performances@ en influenced by a variety of
cultural and ritual practices across different regions. ng%tance, in China, temple festivals have
played a pivotal role in the evolution of Chine%Qatre from ritual to drama (Zhao, 2021).
Similarly, in Africa, the study of theatre m has helped reassess the impact of European
aesthetics on African theatre developxés@gun & Macaulay, 2022). Moreover, in Spain, there

have been exchanges of theatri-ca,]&gﬁs between Spain and England, highlighting the transfer of

performance practices acre@%mnt stages (Rodriguez et al., 2022).

Overall, the histori;a@opment of stage theatre performances is a complex tapestry woven with

cultural, ritual,&

evolution ’batrical practices, from ritualistic origins to contemporary adaptations, researchers

istic influences from various regions and time periods. By examining the

gain insights into how theatre has transformed and adapted to different societal contexts over time.
2.1.2 Development of Stage / Theatre Performances in Nigeria

The development of stage and theatre performances in Nigeria is a multifaceted process that has
been influenced by a variety of factors over time. Indigenous performances, such as masquerades,

storytelling, music, dance, and rituals, have laid the foundation for contemporary stage productions

12



by conveying moral lessons, cultural values, and societal norms (Collins, 2022). These traditional
forms have provided a strong basis for theatrical expression in Nigeria.

The colonial era brought Western theatrical practices to Nigeria, impacting the local theatre scene
significantly. Missionaries and colonial administrators introduced European theatrical traditions,
leading to the emergence of Western-style drama in English and adaptations of European plays
(Ebelebe, 2017). This colonial influence shaped the early development of Nigerian theatre and set
the stage for further evolution. Q

In the mid-20th century, Nigerian playwrights like Wole Soyinka, Chinua Acheb d Ola Rotimi
pioneered modern Nigerian theatre by addressing themes such as coloni@&post-colonial identity,
corruption, and social injustice (Raimi & Yusuf, 2020). Their%s resonated deeply with
Nigerian audiences, reflecting the socio-political contexts of’ <Q

The establishment of theatre companies and institutio, s(@ding the Nigerian National Theatre in
Lagos in 1976, played a crucial role in instituti ng and professionalizing Nigerian theatre
(Viljoen, 2023). These organizations pr &platforms for both local and international
performances, contributing to the grovg{&_ﬁsibiliw of Nigerian theatre.

The rise of Nollywood, the N1®g' film industry, has also influenced stage performances in
Nigeria. Many artists tra% between theatre and film, enriching both mediums with their
skills and experien e@ta et al., 2020). Despite facing challenges such as limited funding and
infrastructure (@iﬂﬂlts, Nigerian theatre practitioners continue to innovate by exploring new
forms, ther%’dnd performance styles to engage contemporary audiences (Ibironke, 2024).

In recent years, there has been a renewed interest in indigenous Nigerian theatre forms as artists
seek to reconnect with their cultural roots and reclaim traditional storytelling techniques (Mark,
2023). Additionally, Nigerian theatre has gained international recognition through participation in
festivals, collaborations with foreign theatre companies, and touring productions, showcasing the

country's rich cultural heritage on a global stage.
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Nigerian theatre's evolution is a dynamic process shaped by indigenous traditions, colonial
influences, modern playwrights, institutional support, Nollywood, challenges, innovations, and a
quest for cultural revival and global recognition. Despite the obstacles, Nigerian theatre continues
to serve as a platform for artistic expression, social commentary, and community engagement,
reflecting the country's diverse cultural tapestry.

2.2 Conceptual Review

2.2.1 Historical Context Q\

O
The historical context of acoustics in performance spaces is crucial gygn&mporary design
practices and the preservation of acoustic heritage. Throughout histo itectural acoustics have
evolved significantly, starting from ancient civilizations like th ek$ and Romans who designed
theatres with a focus on sound propagation and audience ex;@nce (Girédn et al., 2020). Medieval
cathedrals and churches in the medieval period B@uced innovative techniques to create
reverberant soundscapes suitable for choral @nﬂuencing acoustics in Gothic architecture
(Labia et al., 2020). The Renaissance an oque periods saw the development of purpose-built
theatres and opera houses that i%&ad ornate architectural features with acoustic design

principles (Suarez, R., & Alon®2023).

In the 19th and 20th c%’ , advancements in acoustical science led to significant progress in

concert hall desig(,.%%

scientific pri@s to optimize sound reflection and diffusion (Suarez, R., & Alonso, A. 2023).

nues like the Musikverein in Vienna exemplifying the application of

Preserv 'ogﬂfnd restoration efforts have also gained importance in recent years, with projects like
the renovation of Carnegie Hall emphasizing the balance between historical authenticity and
modern performance needs (Barron, 2015).

Understanding the historical context of performance venue acoustics provides valuable insights into
architectural design and acoustic principles. By studying past innovations, traditions, and cultural

influences, designers can better appreciate acoustic heritage and apply this knowledge to
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contemporary practices. The preservation of historic venues ensures that their unique acoustic
characteristics are maintained for future generations to experience and appreciate. (Alvarez Morales,
L., & Diaz-Andreu, M. 2021)

2.2.2 Architectural Acoustics

Architectural acoustics is a multidisciplinary field that plays a crucial role in shaping the auditory
experiences of individuals within built environments. Fundamental principles such as sound
transmission, reflection, absorption, diffusion, and reverberation govern the bel‘Qor f sound
within structures (Milo, 2019). These principles influence factors like soun@@aﬁon between
spaces and the clarity, loudness, and distribution of sound within a roon@&wn et al., 2024).
Architectural features like room dimensions, shape, and surface m@s significantly impact the
acoustics of a space. The size and shape of a room can affe@ istribution of sound waves and

hard or soft finishes, influence sound reflection, tion, and diffusion, thereby shaping the

lead to acoustic anomalies like flutter echoes or reso;anp&%ﬁlo, 2019). Surface materials, whether

N

[ ]
Designers and architects must consider{%ious actors to optimize architectural acoustics, including

overall acoustic environment (Arjunan et al@é;

material selection, incorporatio&ound-absorbing surfaces, sound isolation measures, and

strategic placement of <o %eﬂective elements (Milo, 2019). Additionally, the layout,

configuration of s a@d provision of adequate ventilation and lighting can also impact the
c;e'ﬁ

acoustic perfor@

In the con%rxb of cultural heritage performance centres, architectural acoustics gains added

f a building (Milo, 2019).

significance. Balancing the preservation of historical architectural features with ensuring optimal
acoustic performance presents unique challenges (Alvarez Morales, L., & Diaz-Andreu, M. 2021).
It is essential to consider historical context alongside modern design principles to strike a balance
between preserving acoustic heritage and meeting contemporary functional requirements (Alvarez

Morales, L., & Diaz-Andreu, M. 2021).
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Understanding the principles of architectural acoustics and considering the impact of architectural
features are essential for creating spaces that offer optimal auditory experiences. Designers and
architects must carefully evaluate various factors to optimize acoustics in built environments, with
special attention to preserving cultural heritage while ensuring functional requirements are met.
2.2.3 Building Form and Sound Transmission

The acoustical environment in and around buildings, particularly in performance auditoria, is a
critical aspect that architects need to consider during the planning and design st@ u et al.,
2022). Factors such as room dimensions, shape, and surface materials playf{a stgfificant role in
achieving the desired acoustic outcomes (Gonzalez et al., 2018). For ir@ the cubic volume of
an auditorium, determined by its size, shape, and height, is cr@for shaping the acoustic
experience within the space (Gonzalez et al., 2018). Studie@ own that building forms with

symmetry, such as hexagonal shapes, tend to produ imal sound quality for the audience
()

(Ktosak et al., 2018). Shapes like spheres, cub% d cylindrical rooms are considered less

NS

favorable for acoustics, while pentagonal, re% ular, or cuboid shapes with dimensions based on
et

S

optimal acoustics ratios are preferred ((%s 1., 2015).

Symmetry is also crucial in c&% with symmetrical designs being ideal for better sound
distribution (Barron, 2015®elationship between building form and acoustics is essential for
creating performanoe’\%gfs that offer optimal auditory experiences (Mateus & Pereira, 2023).
Preserving hist '(g‘(rchitectural features while ensuring optimal acoustic performance in cultural
heritage p%%ance centers presents a unique challenge that requires a balance between
preservation goals and modern design considerations (Chen et al., 2023).

The careful consideration of building form in relation to acoustics is fundamental in creating
performance auditoria that provide exceptional auditory experiences. Architects and designers must
pay close attention to factors like room dimensions, shape, and materials to achieve the desired

acoustic outcomes. By understanding the impact of building form on sound transmission and
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quality, professionals can create spaces that not only honor architectural heritage but also meet

contemporary acoustic needs.

2.2.4 Room Acoustics: Reflection, Absorption, and Diffusion of Sound

3\

Room acoustics, encompassing the phenomena of reflection, absorption, and n of sound
within enclosed spaces, plays a critical role in shaping the auditory expeg'(cgol occupants. This
conceptual review provides an in-depth exploration of these key aspe om acoustics, drawing

on relevant literature to elucidate their significance in architectu@em n and acoustic engineering.

1. Reflection of Sound: Sound reflection is a fundamental aspect of room acoustics, where
N7\
sound waves interact with surfaces, influencing sound distribution and intensity (Arjunan et al.,
( v

AN
2024). The angle of incidence and surface prgperties determine the extent of reflection, with

B N
smooth and hard surfaces reflecting sound more efficiently, potentially leading to issues like flutter
OIS

echoes (Arjunan et al., 2024). . Aé

N
N

v

Curved [ Persons
soundboard > b sitting
(acts as sound \ in the
reflector) big hall

N

v

v

Source of sound
(like a speaker
delivering speech)

Figure 2.1: Sound Echo Caused by Reflection of Sound
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Source- ( Tom Hsu, 2014)

Strategic placement of reflective surfaces can be employed to optimize spatial envelopment and
clarity in performance spaces (Arjunan et al., 2024). The phenomenon of sound reflection can be
simulated using techniques like the image method, which efficiently models small-room acoustics
by convolving impulse responses with input signals to replicate room reverberation (Mondet, 2020).
Additionally, the sound field separation technique, based on the equivalent source method, offers a

A\

method for separating sound fields using closely spaced parallel measurement surfaces (Zea et
c\J

al.,2019). This technique aids in removing the effects of reflected sounc’L contributing to a more

accurate analysis of sound distribution within a space (Zea et al.,2019).EQ

2. Absorption of Sound: Research on sound abso ighlights its significance in
managing reverberation and enhancing acoustical clarity fi\various environments. The absorption
coefficient of materials, which measures their eff%@rlgss in absorbing sound, is influenced by
factors such as material composition, thickne?@i surface area (Otaru, 2020). Porous materials,
including acoustic panels and fabric—c&v@urfaces, are widely utilized due to their ability to
absorb sound energy, thereby red&%&xcessive reverberation and improving speech intelligibility
and music clarity (Amran et'al xl).

The acoustic absorp;[ig&havior of materials has been the subject of extensive research aimed at

sition: Different materials exhibit varying absorption coefficients based on their

optimizing sougd @ption performance. Key factors influencing sound absorption include:

- Material &

physical pwbperties, such as density and porosity. Fibrous and porous materials are particularly
effective in sound absorption due to their ability to dissipate sound energy as it passes through them
(Seddeq, 2009).

- Thickness and Surface Area: The thickness of sound-absorbing materials and the total surface
area exposed to sound waves significantly affect their absorption capabilities. Thicker materials

generally provide better absorption, especially at lower frequencies (Shen et al., 2019).
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- Optimal Combinations: Research has explored combinations of materials to enhance sound
absorption. For instance, a combination of porous metal and microperforated panels has been
developed to create low-frequency sound absorbers with improved performance (Shen et al., 2019).
Ongoing research continues to advance the understanding of how different compositions,
configurations, and combinations of materials can be optimized for effective sound absorption. This
includes studies on the placement of sound-absorbing materials within a room, which can
significantly influence the overall acoustical parameters and reverberation charactchs Kuttruff,

2019). QJO

The absorption coefficient of some building finishing materials at diffe@quencies in shown in

Table 2.1 below. %

Material Frequency, Hz

125 250 500 1000 2000 4000
Air, per cu. m. nil nil nil 0,003 0,007 0,02
Acoustic paneling 0,15 0,3 0,75 0,85 0,75 0,4
Plaster 0,03 0,03 0,02 0,03 0,04 0,05
Floor, concrete 0,02 0,02 0,02 0,04 0,05 0,05
Floor, wood 0,15 0,2 0.1 0,1 0,1 0,1
Floor, carpeted 0,1 0,15 0,25 0,3 0,3 D3
Brickwall 0,05 0,04 0,02 0,04 0,05 0,05
Curtains 0,05 0,12 0,15 0,27 0,37 0,50
Total absorption of
one seated person 0,18 0,4 0,46 0,46 0,51 0,46

FEOT20

v
@2.1: Typical absorption coefficients of 1 m? of different materials

N

The table presents the absorption coefficients of various materials at different sound frequencies

Source- (Secchi et al., 2022)

(Hz), which are essential for understanding how much sound energy is absorbed by a material
versus how much is reflected. These values are derived from well-established sources in the field of

architectural acoustics.
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In the realm of architectural acoustics, different materials exhibit varying levels of sound
absorption across a range of frequencies. For example, air has minimal absorption, particularly at
lower frequencies, though it shows slightly increased absorption at higher frequencies (Beranek &
Mellow, 2012). Acoustic paneling, specifically designed to absorb sound, demonstrates high
absorption coefficients at mid to high frequencies. This makes it particularly effective in reducing

reflections in environments such as studios and theaters (Davis & Patronis, 2006).

On the other hand, plaster surfaces have low absorption coefficients acros@frequencies,
reflecting most of the sound that hits them (Davis & Patronis, 2006). Si igsh/, concrete floors
exhibit low absorption across the frequency spectrum, further confi their role as reflective
surfaces (Davis & Patronis, 2006). However, wood floors shov@ter sound absorption compared

to concrete or plaster, especially at lower frequencies, th(@ they remain relatively reflective

overall (Davis & Patronis, 2006). b’b

Carpeted floors significantly enhance sound eb\@tion, particularly in the mid-range frequencies.
This characteristic helps to reduce echo &) oise within a space (Egan, 2007). Brick walls offer
moderate absorption, espec1a11y Q@Xr frequencies, which makes them somewhat effective for
sound control (Beranek & 2012) Curtains are also effective sound absorbers, particularly

in mid to high frequgrsc'&which is crucial for minimizing reverberation in a room (Egan, 2007).

Finally, a seate@erson contributes to sound absorption, particularly in the mid-range frequencies,
though @ alues can vary based on individual factors (Davis & Patronis, 2006). Each of these
materials plays a distinct role in shaping the acoustic characteristics of a space, influencing how

sound is absorbed, reflected, and ultimately experienced.

Practical Application: These absorption coefficients are vital in architectural acoustics for

designing spaces with desired acoustic properties. For instance, materials with high absorption
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coefficients are used in theaters and studios to minimize echoes and improve sound clarity, lower

absorption materials might be used in spaces where sound liveliness is preferred.

3. Diffusion of Sound: Sound diffusion is a fundamental process in creating a balanced
acoustic environment by scattering sound waves in various directions, reducing direct reflections,
and enhancing spatial perception. This can be achieved through the use of specialized diffusers or

irregular surfaces (Autio et al., 2023). \

Studies emphasize the significance of diffusers in acoustical design, espec@ performance

venues, where irregular wall surfaces can help address acoustic issues d to early reflections
(Xiangdong et al.,2020). Combining absorbers and diffusers wsigiificantly influences room
acoustical parameters, highlighting the directional charac of sound scattering objects
(Arvidsson et al., 2020). Q

In practical applications, simulations have been 00}8@ to explore the optimal configurations of
sound-absorptive and sound-diffusive panels %b\\@ance room acoustics quality, underscoring the
importance of balancing absorption and.&’\%ﬁ.}s n treatments (Labia et al., 2020). Additionally, the
impact of different types of .diﬂ@ such as pyramidal and convex diffusers, on acoustic
parameters varies based on @}hke existing diffusion levels, surface positions, and the presence
of absorptive and ref}g&elements (Azad et al., 2019).

Sound diffusio i@ntial for achieving a diffuse sound field, reducing echoes, and enhancing
spatial per@ i0fl in diverse environments. Understanding diffusion principles and utilizing
approprhv diffusive surfaces or treatments can significantly improve the overall acoustic
experience.

Interplay of Reflection, Absorption, and Diffusion

To achieve effective room acoustics, a delicate balance between reflection, absorption, and
diffusion is crucial. While reflection contributes to creating a sense of spaciousness, excessive

reverberation can hinder speech intelligibility and music clarity. Strategic placement of absorbent
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materials and diffusive surfaces is essential for controlling reverberation and ensuring a well-
balanced acoustic environment (G6tz G., 2024; Yoshida et al., 2021).

Diffusion models play a significant role in predicting and controlling sound energy distribution
within rooms. These models have been shown to match experimental data accurately in terms of
sound-pressure levels, reverberation times, and sound field propagation (Gotz G., 2024). The
diffusion equation, which describes the propagation of sound particles in a scattering medium, is
fundamental in understanding how sound diffuses in room acoustics (Go6tz G., 2024

Moreover, the placement of absorbent materials and diffusive surfaces difectly*impacts room
acoustical parameters. Studies have demonstrated that the combinatim@’%sorbers and diffusers
can significantly affect room acoustic quality and subjective ex err%s, particularly in terms of
speech clarity and sound quality (Arvidsson et al., 2021). 6

Furthermore, the use of diffusers, such as the crosse r%&&ser (CRD), has been identified as an
effective tool for room acoustic control, e the importance of diffusive surfaces in
optimizing room acoustics (Yoshida et al Addltlonally, the influence of scattering and
absorption coefficients on room mmu{(%k using diffusion equation models highlights the critical
role of these coefficients in shapm@ acoustic environment of a room (Mou et al., 2023).

The careful consideration@%sion models, the strategic placement of absorbent materials and
diffusive surfaces, ii\&ﬂ%tilization of diffusers are essential elements in achieving optimal room

acoustics. The%

quality, an%@ating a balanced acoustic environment conducive to various activities such as

ors collectively contribute to controlling reverberation, enhancing sound

speech, music, and other auditory experiences.

Room acoustics, encompassing reflection, absorption, and diffusion of sound, profoundly
influences the auditory experience within enclosed spaces. By understanding the principles and
interplay of these key aspects, architects and acoustic engineers can design environments that

optimize sound quality for various applications, from performance venues to office spaces.
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Achieving a harmonious balance between reflection, absorption, and diffusion is crucial for

creating acoustically pleasing and functional spaces that meet the diverse needs of occupants.

2.2.5 Room Acoustics: Sound Isolation: Sound isolation is a fundamental aspect of building
design that focuses on preventing sound transmission between adjacent spaces to maintain privacy
and minimize disturbances. It addresses both airborne and impact sound transfer, and its
effectiveness is influenced by factors such as the mass, stiffness, and airtightnes% building
elements like walls, floors, and ceilings (Nowotny et al., 2020). Enhancing soun@on typically

involves strategies such as sealing gaps effectively, using resilient &&Mg systems, and

incorporating sound-absorbing materials (Neri, M. et al., 2021). @
~\

Sound isolation is a crucial element of architectural desi% essential for maintaining acoustic
privacy and comfort in various settings such as residential, commercial, institutional, and
\'

performance venues like theatres and concert halls.@performance venues, such as theatres and
v

concert halls, sound isolation prevents extemise from infiltrating the space, preserving the

integrity of performances and enhancin%@ening experience. (Stefringsdal, B 2018).

Achieving effective sound iso\&n architectural design requires applying principles from
physics and materials scie@ss is a critical factor, with heavier building components providing
superior sound at % (Tadeu & Mateus, 2019). One common technique is double-wall
construction, w&h involves two walls separated by an air gap to create a barrier that reduces
sound t%@fgon (Tadeu & Mateus, 2019). Additionally, decoupling techniques, such as resilient
channels or floating floors, effectively isolate vibrations and prevent sound transfer through
structural elements (Hongisto et al., 2015). Integrating sound-absorbing materials into wall and
ceiling assemblies further reduces airborne sound transmission by absorbing sound energy

(Hongisto et al., 2015).
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Achieving optimal sound isolation in architectural design, especially in retrofitting existing
structures or designing complex layouts, requires a comprehensive understanding of various factors.
These factors include addressing flanking paths, structural vibrations, and equipment noise to
ensure effective sound isolation (Becker et al., 2015). Compliance with building codes and
standards that establish minimum requirements for sound isolation in different types of buildings is
crucial during the design and construction phases (Becker et al., 2015).

Challenges persist in achieving low-frequency noise isolation in lightweight strucQ%ue to the
mass law, which typically results in poor sound absorption performance irQJgQreight designs
(Huang et al., 2021). However, advancements in materials science @d to the creation of
multifunctional bioinspired microlattices that excel in sound absc@’\, damage tolerance, and
specific strength, presenting a promising avenue for addressi@gd isolation challenges (Li et al.,

2023). fé*Q

Architects and acoustic engineers play a critical in designing environments that prioritize

\

privacy, concentration, and acoustic integr@t;ugh sound isolation techniques. By integrating
[ ]
principles and methods of sound iso@m into architectural design, spaces can be created that

enhance quality of life and user@ience by ensuring acoustically comfortable and functional

environments (Oniku & B@ 2).

2.2.6 Room Moées\\(&m modes, also known as standing waves, play a critical role in room

acoustics by in@n fhg sound energy distribution and frequency response within enclosed spaces.
These reso%’vbfrequencies are a consequence of sound waves reflecting off room boundaries,
leading to constructive and destructive interference patterns (Fazenda et al., 2015). The modal
frequencies of room modes are primarily determined by the dimensions of the room and the speed

of sound, which significantly impact the spatial distribution of sound energy (Meissner, 2019).

The distribution of sound energy within a room is greatly affected by room modes, with sound

energy being concentrated at modal frequencies, resulting in louder volumes and increased
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resonance, while at null frequencies, sound energy may be attenuated, leading to quieter areas

(Fazenda et al., 2015). This spatial variation in sound intensity across modal frequencies influences

the tonal balance and timbre of sound sources within the room.

Furthermore, room modes influence the frequency response of a room, causing peaks and nulls in

the response curve that correspond to modal frequencies (Escudero-Villa et al., 2023). In rooms

with pronounced modal resonances, certain frequencies may be emphasized or attenuated,

impacting the overall fidelity of audio reproduction. Mitigation strategies such as (Qm ing room

geometry, using acoustic treatments like bass traps, and employing eldctr equalization

techniques can help address these frequency response irregularities caus@y&oom modes.

A thorough understanding and effective management of room mo%re essential for designing

spaces with optimal acoustics. By implementing appropria@ ation strategies, designers can

minimize the adverse effects of room modes, creatin e@ments that offer accurate and faithful

sound reproduction for various applications. fé

2.2.7 Occupant Comfort: Occupant acoustic¢omfort is a crucial consideration in architectural
.

and interior design to ensure indivi@a engage in activities without being disturbed by

unwanted noise or experiencin&' mfort due to poor sound quality. Key factors influencing

occupant acoustic comfor&@%e noise levels, reverberation, speech intelligibility, and subjective

perception of sounds *
S

Excessive no}s@vels from sources like traffic, HVAC systems, and human activities can lead to
annoyaﬁc@/@ess, and reduced productivity (Okoyeh at al., 2024).

Design strategies such as sound insulation and acoustic treatment are essential for mitigating noise
disturbances and enhancing occupant comfort. Reverberation, the persistence of sound reflections
within a space, can impact occupant comfort by affecting speech intelligibility and overall sound

quality (Injarch, 2023). Design interventions like the strategic placement of sound-absorbing
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materials are crucial for controlling reverberation and creating acoustically comfortable
environments.

Speech intelligibility is vital in spaces where communication is essential, with factors like
background noise levels and reverberation time influencing it (Blasio et al., 2019). Designing
spaces with appropriate acoustical treatments can improve speech intelligibility and enhance
occupant comfort. Subjective perception of sound also plays a role, with factors like room
aesthetics and personal preferences shaping occupants' perception of sound qualify)and comfort
(Schweiker et al., 2020). QJ

Understanding the impact of noise levels, reverberation, speech in@ility, and subjective
perception of sound is crucial in designing spaces that prioritize occ@acoustic comfort.

2.2.8 Adaptability: Adaptability, particularly in performa ﬂﬁo aces, is a critical aspect that

architects and designers need to consider to ensure optir@md quality while accommodating

diverse activities and user preferences. To achieve thisyseveral strategies can be employed.

Spatial flexibility plays a key role Jl&pting performance spaces to different types of
performances and audience sizes. De@&\ﬁ?\eatures such as flexible seating systems, retractable stage
platforms, and adjustable acm@%ﬂains enhance spatial adaptability (Ayuba P., and Agah F. A,
2018). By allowing for @e spatial layouts, architects can ensure that performance venues can

[ ]
meet the requirem ntg\%‘v

ious productions and events.

Variable a&@ystems are another essential consideration for adaptability in building acoustics.
These S}i@fns enable performance spaces to adjust their acoustic characteristics to suit different
performances and musical genres. By utilizing movable panels, adjustable reverberation chambers,
and variable absorptive surfaces, venues can modify room acoustics in real-time to optimize sound

quality for different artistic requirements and audience preferences (Arvidsson et al. 2020).

Modular acoustic treatments provide a flexible approach to adapting to changing acoustic

conditions in performance spaces. By using removable or interchangeable panels, diffusers, and
26



absorbers, venues can tailor their acoustic properties for specific performances or events. This
adaptability allows for adjustments in reverberation time or clarity to enhance sound quality while

maintaining flexibility in acoustic design (Illuminated Integration, 2020).

Technological integration further enhances adaptability in building acoustics by leveraging digital
tools and audio processing technologies. Advanced sound reinforcement systems, digital signal
processing, and immersive audio technologies enable performance venues to create ir%rsive and

dynamic sound experiences for audiences. By integrating technology int@@stic design,

architects can enhance adaptability and user experience in performance sp sgladc et al., 2020).

By incorporating spatial flexibility, variable acoustic systems, m@'\ﬁcoustic treatments, and
technological integration, architects can create adaptable p @we venues that offer versatile
and immersive sound experiences for audiences. These Q{egles ensure that performance spaces

can accommodate a wide range of activities and usl%égrences while maintaining optimal sound
quality. @
R
2.3  Acoustic Design Considerati@Performance Centres
. %Q’

Acoustic design consideration@p rformance centres are essential in the planning and design of a
variety of architectural spacés? While aesthetic quality is important in architectural design, acoustic
performance obje@ st be integrated to ensure occupant comfort, privacy, and operational
efficiency (O et al., 2020). However, acoustic factors are frequently overlooked during the
project }l&ng and design stages (Chen et al., 2015). Because the two disciplines use different
design approaches and criteria, ignoring acoustical design considerations can lead to difficulties in
reconciling acoustic requirements with architectural quality (Badino et al., 2020). As a result, it is
critical to recognize the importance of acoustical design considerations in various building types in

order to achieve good acoustic performance (Oniku & Bello, 2012).
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The incorporation of computational tools has had a significant impact on architectural and
acoustical practices, allowing for acoustic performance-based design and optimization (Jablonska
& Czajka, 2021). Furthermore, the use of Building Information Modeling (BIM) in conjunction
with acoustic simulation tools has been proposed to assess and improve the acoustic performance of
spaces such as concert halls (Tan et al., 2017). This integration can provide valuable insights into

improving indoor acoustics performance and, as a result, occupant comfort and satisfaction.

Furthermore, the impact of acoustics on occupant comfort is highlighted,é&\asizing the

importance of addressing acoustical considerations during the design pha Qwid challenges in
correcting acoustically poorly designed spaces during the building's e (Blas1o et al., 2019).
The significance of considering human factors and their interac with designed physical settings
is also emphasized, emphasizing the need for a comprehe@ approach to evaluating building

acoustics performance (Secchi et al., 2022). 6’6

Acoustic design considerations are crucial in\\&atectural design, encompassing various aspects
that contribute to the overall acoustic E’G;Kﬁance of a built environment. These considerations
include the integration of acous.ti@ﬁation in architectural design workflows, the assessment of
reverberation time, the im echanical ventilation systems on acoustic quality, and the use of

sustainable material§ g&sorption and diffusion panels (Peters, 2015; Dessi-Olive & Hsu, 2021;

Serpilli et al., Zg@sio etal., 2019).

The study @ effects of architectural forms on sound quality in specific spaces, such as church
buildings, highlights the need for effective acoustic design to ensure privacy and optimal sound
quality (Ediae et al., 2017). The importance of considering human factors and their interaction with
the designed physical settings is emphasized, underlining the holistic approach required for
evaluating building acoustics performance (Secchi et al., 2022). Moreover, the consideration of

acoustical materials meeting sustainable building standards, such as the Leadership in Energy and
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Environmental Design (LEED) rating system, reflects the growing emphasis on sustainable and

environmentally friendly acoustic design solutions (Dessi-Olive & Hsu, 2021).

The efficient performance of acoustical analysis at the early design phases is also highlighted,
emphasizing the importance of addressing acoustical considerations from the initial stages of

architectural design (Schweiker et al., 2020).

When designing for acoustics, it is essential to consider various factors to cre *kaces with
optimal sound environments. Architectural design plays a crucial role in achi @fhis, as sound

quality significantly influences the audience's experience. The follog\are key architectural

requirements for ensuring optimal acoustics within performance aud@

1. Shape and Layout: The geometry and dimensions of uditorium critically influence its

acoustic performance. Optimal configurations, such SS p@ox, fan, or vineyard shapes, facilitate

even sound distribution and enhance clarity by min g distortion. For instance, rectangular plan
halls typically feature side walls that facilit é‘hort first reflection times; however, their parallel
surfaces can lead to acoustic issues s&ﬁ%& flutter echoes and standing waves (Comezoglu, 2023).
To address these challenges, d@%s often employ sound-diffusing or absorbing materials on

these surfaces to minimize\@%ed reflections and improve overall sound quality.

In contrast, fan-s@ halls are designed to prevent flutter echoes through their angled side
walls, althou%éﬂnd reflections from the rear wall may reach the front of the auditorium with a
notable delay’ (Comezoglu, 2023). This delay can be mitigated by integrating sound-diffusing or
absorbing structures on the rear wall. Horseshoe-shaped halls, on the other hand, are advantageous
due to their numerous boxes and elaborate interior design, which improves sound dispersion and
helps conceal any acoustic flaws, giving the audience the best possible balance between direct and
reverberated sound (Chougule 2023). Ultimately, evaluating the size and shape of the room is

essential for understanding their effects on sound wave propagation (Arvidsson et al. 2020).
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2. Materials: Multi-purpose halls, designed to accommodate a wide range of events including
conferences, exhibitions, and performances, face the challenge of striking a balance between
attractive interior design and optimal acoustic comfort (Mdller, 2023). Contemporary architectural
trends often prioritize aesthetically pleasing yet acoustically reflective surfaces, inadvertently

creating a reverberant atmosphere in unconditioned spaces (Amatowicz, 2019).

To address these challenges, innovative acoustic materials are crucial, requiring % flexible,
versatile, and cost-effective solutions with adequate absorption and re@ properties
(Vehvildinen et al., 2018). Tailoring acoustic features to the hall's purpos&se(wtial, considering
varying reverberation times for different types of events, such as ass@alls, conference rooms,

and music performances (Acoustima, 2021). Q

Effective absorbers, such as the Compound Panel A er (CPA) and Broadband Compact
Absorber (BCA), offer flexibility in mounting %&rarious surfaces, allowing for aesthetic
homogeneity (Vehvildinen et al., 2018). Thes\\\gorbers can be customized to blend seamlessly

with the hall's interior design while pro &)%g. timal acoustic performance.

Furthermore, Microperforated \&gél Absorbers, Microperforated Foil Absorbers, and

Microperforated Suspend %gs offer tuneable absorption features, enabling designers to fine-

tune the acoustic p@@of the space to suit specific event requirements (Acoustima, 2021).
N
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Figure 2.2: An illustration of a traditional microperforated panel (MPP) absorber's sketch

(on the left) and its diffuse-field sound absorption properties (on the right) are provided.
Source- (Sakagami et al, 2020)

The theoretically calculated value and the measured value are compared. Hole diameter and

thickness of the MPP are 0.5 mm, and the perforation ratio is 0.64%. The air-cavity depth between

the MPP and the rigid back-wall is 0.05 m. Q\

These innovative solutions allow for a more precise control of the reverberati@ ensuring that
the hall's acoustics are tailored to the needs of its users. High Noise Re@io Coefficients (NRC)
materials are particularly effective for controlling sound reﬂe@ and reverberation on walls,

ceilings, and floors (Labia et al., 2020). Q

2. Ceiling Design: The design of the ceiling signiﬁc@mpacts sound reflection and absorption.
Features like curved or angled ceilings can h rse sound evenly and prevent wave buildup.
Installing acoustic clouds or bafflese @urther improve sound diffusion and absorption,

particularly in large auditoria (Chi e@%ﬂ)

Regarding spaces located @%erformance areas, while resilient flooring can help reduce impact
noise transmission, 1t,&@t universally necessary. The need for resilient flooring depends on the

specific design&gggmtruction of the building (Kim et al., 2017).

Implem%% uspended ceilings within performance spaces can enhance sound insulation, further
reducing noise from above and maintaining the acoustic integrity of the environment. These

ceilings can incorporate sound-absorbing materials to improve overall acoustics (Shin et al., 2020).

4. Wall Construction: Effective wall construction is crucial for reducing sound transmission.
Techniques such as double walls, proper insulation, and sufficient wall thickness are essential for

controlling sound transfer between spaces. (Schweiker et al., 2020).
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5. Flooring Materials: Choosing flooring materials that absorb or diffuse sound is important for
managing overall sound levels and footstep noise. Carpets, cork, and certain types of wood are

effective options for this purpose. (Li et al., 2023).

6. Furniture and Interior Elements: The inclusion of acoustic-friendly furniture and interior
elements, such as soft furnishings, curtains, and upholstery, can positively affect sound absorption

and echo reduction. (Secchi et al., 2022). \

7. Seating Arrangement: The arrangement of seating influences sound dj @on within an
auditorium. Raked seating, with inclined rows, enhances sightlines coustics by allowing
unobstructed sound wave travel. Consistent spacing and avoiding% aps between rows help

maintain uniform sound levels throughout the space (Injarch.

8. Stage Design: The design and placement of t e@ affect how sound is projected and

perceived. Using sound-reflective materials on th e's rear wall can direct sound toward the

audience, while sound-absorbing materials\ or* the stage floor and wings reduce unwanted
.

reflections and reverberation (Ibironke’&ﬁéoj

Q

9. Sound Reinforcement Sy& : In addition to architectural design, modern auditoria often

integrate sound reinforc@ystems, including speakers, amplifiers, and digital signal processing

(DSP) technology,(t0§ﬂ1

enhance audio quality and control. (Ibironke, S. 2024).

10. Doors indows: The design of doors and windows impacts sound transmission. Proper
sealing&the use of double-glazed windows are effective measures to mitigate sound transfer.

(Tadeu & Mateus, 2019).

11. HVAC System Considerations: Designing HVAC systems to minimize noise involves proper
insulation and duct design, which are crucial for reducing noise generated by these systems.

(Escudero-Villa et al., 2023). Noise generating mechanical and electrical equipment like HVAC
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systems can be located as far away as possible from the performance spaces. In order to
significantly isolate sound from these noise-generating equipment, the enclosure into which it is

placed must also be airtight (Cavanaugh, 2009).
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12. Noise Control in Open S?@ In open areas, implementing sound barriers, landscaping, or

architectural features can @educe the impact of external noise. (Zhang et al. 2024)

13. Acoustic i@s: Integrating acoustic diffusers helps scatter sound waves, thereby

mitigating th cts of reflections and echoes. (Quiles et al., 2024)

14. Room Functionality: Acoustic design should be tailored to the specific use of the room.
Different environments, such as theaters, concert halls, offices, and classrooms, have distinct

acoustic requirements. (Badino et al., 2020)

15. Control of Reverberation Time: Managing reverberation time involves balancing sound

absorption and reflection to achieve the desired acoustic quality. (Zhang et al., 2020).
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16. Early Reflection: Ceilings and sidewalls in performance spaces can be strategically shaped or
fitted with objects to create early reflections that enhance the auditory experience in the seating area.
Early reflections are defined as sounds that arrive at the listener after bouncing off surfaces, and

they play a crucial role in the perception of sound quality (Dunn & Protheroe, 2014).

Balcony facings and ceilings play a significant role in shaping the acoustic environment by
providing substantial early reflections. The design of balconies can effectively direct wd toward
the audience, thereby enhancing clarity and presence (Kinetics Noise Control, n@%dditionally,
strategically placed pillars, particularly large hollow ones, can create earl)Qgepﬁons and capture
sound reflections from upper rear walls, scattering them to enrich t all sound field (Doyle,
n.d.). Furthermore, incorporating softly rounded soffits high on@s%alls adds another layer of
early reflections. The open space above these soffits can be@zed for uplighting, which not only
enhances the visual aesthetics of the space but a% tributes to the acoustic dynamics by

allowing sound to reflect in various directions Kébs Noise Control, n.d.).

The timing of early reflections is critica '@hould arrive at the listener within approximately 50
milliseconds after the direct soun@ance clarity and spatial perception (Kinetics Noise Control,

n.d.). Research indicates th%@oustical character of a room is significantly influenced by these

S
D

\/QJ

early reflections, as thg&ltribute to the perceived intimacy and clarity of the sound (Toole, 2006).
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Source- (Acoustic Sciences Co th, 2021)

16. Isolation of Noise Sources: Identifying an atlng noise sources, such as mechanical
equipment, is crucial to prevent their impac@c;upied spaces. (Escudero-Villa et al., 2023).
17. Accessibility Considerations: égatic design should also accommodate individuals with

hearing impairments and adhe@levant accessibility standards. (Anastasios et al., 2022).

18. Testing and Ev%l@m' Acoustic design should be validated through rigorous testing and
evaluation. Te nr(g}such as computer simulations, scale models, and real-world measurements
are used by ic consultants to assess performance and identify areas for improvement (Chen &

Cabrera, 2)

By thoughtfully addressing these factors, architects can create spaces that are not only visually
appealing but also acoustically optimized for their intended purposes. The relationship between
architecture and acoustics is well-demonstrated by ancient Greek and Roman theaters, which

underscore the enduring importance of sound in architectural design (Milo, 2019). Furthermore, the
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acoustic refinement of curved structures showcases the effective integration of acoustics into

contemporary architectural practice (Jurkiewicz et al., 2020).

Incorporating key acoustic considerations—such as room geometry, material selection, ceiling and
seating design, stage configuration, and sound reinforcement systems—along with thorough testing
and evaluation, allows performance venues to cultivate immersive environments. These efforts
ensure that the architectural design harmonizes with acoustic principles, delivering %ceptional

auditory experience that enhances the enjoyment of live performances for b@diences and

C
&
O

performers alike.

Chapter Three
Methodology
In this chapter, we explore case studies of aco%&formance in a selection of prominent
buildings, both locally and internationally. Thi@oach provides a practical understanding of how
architectural and acoustic principles aré?gh d in real-world contexts. By examining these case

studies, we aim to draw insigh@effective acoustic design strategies and their impact on
[ ]

performance environments.gQ\
3.0 Research ts/@%

The researc%@gn for this chapter involves a detailed case study methodology, which is
particulﬁ%zﬁitable for exploring complex and context-specific acoustic scenarios. Case studies
allow for an in-depth examination of individual buildings, offering valuable insights into the
practical implementation of acoustic principles. This method enables us to understand how
different design strategies contribute to the overall acoustic performance and to identify best

practices and challenges faced in various contexts.

Selection of Case Studies
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The selection of case studies was guided by several parameters to ensure a diverse and

representative sample. Key criteria included:

- Diverse Geographical Locations: Case studies were chosen from different regions to capture a

range of acoustic design approaches influenced by varying environmental and cultural factors.

- Architectural Significance: Buildings with notable architectural and acoustic features were

selected to illustrate innovative and effective design solutions. Q\

- Performance Context: The focus was on buildings used for performanc@ vents, such as

theaters, concert halls, and performance centers, where acoustic perforn’@ critical.

The analysis of each case study involves a comprehensive revi the building's acoustic design,
including its shape, materials, ceiling design, seating &@ement, and sound reinforcement
systems. This evaluation will assess how these @ﬁs contribute to the overall acoustic
performance and user experience. We will a ider the impact of these designs on both the

audience and performers, highlighting thei&sses and limitations observed in each case.

o

By examining these case studie.s@n to provide practical insights and lessons that can inform

future acoustic design pr@e use of case studies is appropriate for this work as it bridges

theoretical knowledgg&h real-world application, offering a nuanced understanding of how

N

acoustic principéesgwealized in practice.

3.1 a&dy One (1): Guangzhou Opera House.

Location: Guangzhou, China
Architect: Zaha Hadid Architects
Year Completed: 2011

Area: 70000 sqm

Size/capacity: 1,800 seats

3.1.1 Background
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Architectural Features

The Guangzhou Opera House is designed as two large, pebble-shaped structures resembling
twin boulders that appear to have been smoothed by erosion along the banks of the Pearl River.
This design concept draws inspiration from natural landscapes, emphasizing the dynamic
interplay between architecture and nature, and engaging with principles of erosion, geology, and
topography. The interior of the auditorium features custom-molded glass-fiber reinforced
gypsum (GFRC) units, enhancing the architectural language of fluidity and sQlle sness.
Tessellated, triangular glass sections not only provide internal lighting but also@/ p to public

areas, emphasizing the crystalline nature of the structure. O

The Opera House comprises a pair of asymmetric structures wi ﬁated dome and curtain
walls. The irregular structural joints exhibit a complex@geometric design. The taller
structure stands approximately 43 meters high, with ab@al shell extending up to 120 meters
in length. The facade features three-direction %réided steel plates, creating 64 faces and 47
corners. The precise founding, positionip&& joining of each steel sub-section were critical to
the construction of the latticed cla@. The exterior is composed of granite and glass,
supported by a steel frame. Th.Q;er building is clad in charcoal-colored granite with a rough
texture, while the smaller@ture features a lighter, white-colored granite. The main theatre’s
interior surfaces a(ﬁ:{&h with molded panels of glass fiber reinforced gypsum (GRG). The
walls and ceili@ of the auditorium are constructed from approximately 50mm GRG molds
afﬁxed&%teel frame, with the folded and flowing surfaces treated for a golden, glossy

appearance.

The split-level terraced seating inside the auditorium is copper-toned, complemented by ceiling
designed with 4,000 white LEDs, enhancing the overall aesthetic and functional experience for
visitors.

Facilities
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Some of the spaces and facilities present in the Guangzhou opera house are listed below.

1. 1,800-seat auditorium.

il. 400-seat multi-function hall.
iii.  Wave-shaped foyer.

iv. Stage

V. Stage storage

vi.  VIP lounge

vii.  Ticket office Q\
viii. Offices CO

ix.  Performer’s lounge

X. Ballet rehearsal room 6\
X1. Rehearsal room %

xii.  Recording studio

xiii.  Orchestra rehearsal room Q
xiv.  Changing/ dressing rooms bbe
xv.  Sky restaurant Ib

xvi. Refreshments area ®
xvil. Kitchen ° 5&

xviil. Dining area

xix. Plaza ° A%
S
xx.  Cloak room Q

xxi.  Underground pa% etc.
Pictures 6

\/QJ
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Tenrreng!

Plate 3.1: Guangzhou Opera House EQ

Source- (www.Archdaily.com, 2011). 0

%’b Plate 3.2: Ariel view showing landscape

Source- (Pinterest.com, 2019)
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Plate 3.3: Aerial Site Plan of Guangzhou O@ ouse

Source- (www.archdaily.com’@

asN

Plate 3.4: Site Plan of Guangzhou Opera House

Source- (www.archdaily.com, 2011.)
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e
Plate 3.5: Floor Plan at level 0 meter of Guan@ pera House

Source — (Www.archdaily.% 1).

Plate 3.6: Floor Plan at level 5 meter of Guangzhou Opera House

Source- ( www.archdaily.com, 2011).
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Plate 3.7: Floor Plan at level 11 meter of G u Opera House

Source- (www.archdaily;8@,\201 1).
R

GUANGTHDU DPERA HOUSE
I PLAN LIV 150

Plate 3.8: Floor Plan at level 16 meter of Guangzhou Opera House

Source- (www.archdaily.com, 2011).
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Plate 3.9: Floor Plan at level 16 meter of Guangzhou O

Source- (www.archdaily.com, 201 10
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Plate 3.%&
A(‘>ource- (www.archdaily.com, 2011)
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Plate 3.11: East view of Guangzhou Opera House
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Source- ( www.archdaily.com, 2011)

GLUARGIHOU DPENA BOUSE sty sl 3he

Plate 3.12: South view of Guangzhou Opera House ’\QJ

Source- (www.archdaily.com, 2011) S
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Plate 3.13: s@w of Guangzhou Opera House

ce- (www.archdaily.com, 2011)
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Plate 3.14: View showing cross section of opera house
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Source- (www.archdaily.com, 2011)
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\/Q/ Plate 3.16: Views of lobby and circulation space

Source- (www.archdaily.com, 2011)
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Plate 3.17 : Interior views of Guangzhou Opera House ’\

Source- (www.archdaily.com, 2011) %
~

~

Plate 3.18: Sct’@ distributing first order reflections in the Opera
6 House

% = (Peter Exton - Proceedings of the Institute of Acoustics)

3.1.2 Appraisal
Merits

L The auditorium is equipped with the latest acoustic technology for superior sound

clarity.
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II. Effective use of living landscape concept.

II.  Use of materials with good acoustic properties for the rehearsal rooms, auditoriums

and other performance spaces.
Demerits

L. Over reliance on artificial lighting in the auditorium. \

Checklist QO

Table 3.1 showing some acoustic properties of th%t@%e and their ratings.

II.  Cost of construction is high.

PARAMETERS REMARK %0 FAIR EXCELLENT
Size 1,800 seat-

according to *
Beranek’s 1996 \
study, 1850 is th

average seati Q
capacity f(@

acoustic

Shape Asy
amic

a
Material used Glass fiber
for ceiling andb forced gypsum

walls (GRG)
%’b moulds fixed to a
\ ) steel frame.
Material used Black granite floors

for floor

Reverberation 1.6 second
time

Source: Researcher’s field work, 2024.
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3.2 Case Study Two (2): Sydney Opera House. QQ
Location: Sydney, Australia brb
Architect: Jon Utzon @

Year Completed: 1973 . &
N\

Area: 18,000m? \

Size/capacity: 1547 seats .Q\A
Height: 65m Q
3.2.1 Ba 'g\%w%

In designin@a ydney Opera House, architect Jorn Utzon drew inspiration from nature.
The %%esign Principles highlight influences from the harbour setting and various
organic forms, colors, and textures found in nature. Elements such as headlands, palm leaves,
snow and ice, shells, clouds, waves, and ribs can be identified in this exceptional example of

organic architecture, which Utzon referred to as additive architecture.

Architectural features
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The facade was built with precast concrete shell panels. Other materials used in the building

includes wood, granite, glass and plywood.

i.  Facilities

ii. Concert hall.

iii. Dressing rooms.
iv. Foyer.

v. Drama theatre. {

vi. Drama theatre stage.
vii. Recording hall. ( O

viii. Rehearsal room.

N
ix. Library. $Q

X. Box office. 0

xi. Opera theatre. Q
xii. Opera theatre lounge. be

xiii. Restaurant. b
xiv. Stage. @

Pictures &C)\

Plate 3.19: Front view of opera house
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Source — (Andres Carrera www.pexels.com, 2024)

Plate 3.20: Side view of opera I:
Source- (Marek Piwnicki www. p om, 2024)
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Plate 3.21: Section 1

Source- (Jens Pohl, 2011)
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Plate 3.22: Acoustic Panels in the Main A@torium

Source- (Ken Leanfore https://secretsydney.cou@%n—house—tour/ ,2024)
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Plate 3.23: Site Plan.

Source- (Archeyes)
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Plate 3.24: Floor plans. QQ

Source- (Archeyes) &
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Plate 3.25: Roof plan.
fbb Source- (Archeyes)
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Plate 3.26: Section. 0

Source- (Archeye%Q
NG
NS

Plate 3.27: Views of the opera house

Source — (www.archdaily.com, 2011)




Plate 3.28: Interior view of the hall ( 0
Source -(www.archdaily.com, 2011) 6\

Plate 3.29: Interior view of the hall
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Source- ( www.archdaily.com, 2011).

3.3.2 Appraisal
Merits

I.  Good and pleasing landscape using organic architecture.
III. The shape of the auditorium is designed to enable effective sound p@s{ion.

Q

Demerits 0

2
II.  Cost of construction is high. @fb
Checklist : @

9

Table 3.2: Showing some acas{& properties of the theatre and their ratings.

II. Aesthetically pleasing facade.

L. Inadequate car parks.

<\
PARAMETERS REMARK POOR FAIR EXCELLENT

Size of opera . ﬂseats
house ( 9\\'

Shape N\ “Shell shape

Material usw&;} Plywood
wall and c%

Materialugsed for ~ Plywood
floor

Reverberation 2 seconds
time

Source: Researcher’s field work, 2024.
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&

3.3 Case Study Three (3): Harbin O House.
Location: Harbin, Hellonglan@'ﬂ

Architect Q
Year Completed: 20130
Area: 78967.5@\.

Size/capaci%l@ﬂ seats

3.3.\9’Qackground

The Harbin Cultural Island project. is an opera house and cultural center located amidst the

wetlands along the Songhua River in Harbin, China.

Ma Yansong, the principal architect, envisioned the structure with a soothing, snow-white

aesthetic, contrasting with the towering and imposing modern landmark buildings
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ii.

iii.

1v.

Vi.

commonly found in Chinese cities. He emphasized the building’s integration with nature,

seeing it as an extension of the surrounding wetlands, waterways, and snowy terrain.
Architectural features

The opera house, clad entirely in white aluminum panels, swoops and curls against the stark
landscape, at times resembling a thundering snow-drift and at others, a hyper-stylized tented
yurt. When it snows, the aluminum panels blend seamlessly with the background. A §triking
feature of the lobby is the crystalline glass curtain wall composed of C ramids,

reflecting the snowy and icy environment that surrounds the building.

The exterior architecture echoes the sinuous landscape of th@ounding area, with a
curvilinear facade of smooth white aluminum panels t ically juxtapose edge and
surface, softness and sharpness. The grand theater intr@ces a warm and inviting element,
clad in rich Manchurian Ash, emulating a woo@ock gently eroded away. The wooden
walls elegantly wrap around the main sta}\\Qd theater seating, creating a sculpted and

cohesive interior. é—;\\'
X

The theater's simple materia'l@ggpatial configuration ensure world-class acoustics, from

the proscenium to the ‘mezzanine balcony. Additionally, a subtle skylight illuminates the

grand theater, c{@ the audience to the exterior environment and the passage of time.

Facilities ’bb
160}Vms Grand theater
400 seats Small theatre
Rehearsal room
Dressing rooms
Plaza

parking
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Pictures

Source- (Google maps,
\

Plate 3.30: Ariel view showing lar@e
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Plate 3.31: First floor plan

Source- (www.archdaily.com, 2011)

59



Plate 3.32: Second floor pla 0
1;

Source -(www.archdaily.com
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Plate 3.33: Roof plan

Source- (www.archdaily.com, 2011)
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Plate 3.34: Longitudinal seE;:'G )
Source- (www.archdaily.c 11)

\ O\@

Plate 3.35: Transverse section

Source- (www.archdaily.com, 2011)
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Plate 3.36: Side Vier
Source — (www.archdgb ,2011)
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Plate 3.37: Interior view

Source- (www.archdaily.com, 2011)

Plate 3.38: Interior views sh&tg@aterials used for good acoustics

Souxc@w.archdaily.com, 2011)
3.3.2 Appraisal QQ

Merits (@

L T %\red shape of the auditorium allows sound waves to reverberate.

\&

esthetically pleasing facade

II.  Nice landscape

Demerits

I.  Inadequate car park
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ChecKklist

Table 3.3: Showing some acoustic properties of the theatre and their ratings.

PARAMETERS POOR FAIR EXCELLENT

Size 1600 seats

Shape Curvilinear

Material used Rich wood

for wall

Material used Rich wood \
for floor Q

Reverberation ( 0

time
Source: Researcher’s field work, 2024. 6\

X
N
N
R\
3.4 Case Study Four %@@aﬁonal Theatre Orile,
Location: Iganmu, Liagos.
Architect: Tec@@rstroy
Year Cod: 1976

AreN@

Size/capacity: 3000 (auditorium) and 800 (conference hall)

34.1 Background

The National Theatre, designed by Techno Exporstroy under the direction of Alhaji Sule
Katagum, serves as the primary center for the performing arts in Nigeria. Completed in 1976

in anticipation of the Festival of Arts and Culture in 1977, the theatre is located

64



Facilities QQ

ii.

iil.

1v.

V.

Vi.

approximately a half-hour drive from Lagos Island. It stands as one of Nigeria's architectural
masterpieces and a major attraction in Lagos. The auditorium can accommodate around
3,000 people, while the conference hall has a capacity of approximately 800 and is equipped
with facilities for simultaneous translation into eight languages. The building also features

two cinema halls, a restaurant, and a bar.

Constructed during the military regime of Olusegun Obasanjo, the National &atre's
exterior is uniquely shaped like a military hat. Designed and built by Bulgariz@;truction
companies, it bears a resemblance to the Palace of Culture and Sportsin Q@ma, Bulgaria,
which was completed in 1968. However, the National Theatre igis the larger of the

two.

Architectural features Q :

The National Theatre exterior was designed, sha@&ﬁd built to look like a military hat. The

main materials used are concrete and glass \D

)

N\
\‘9
. \Qb

The National Thea iginally featured a main hall with a seating capacity of 5,000 and a

collapsible st%g&ly\ng with two cinema halls.
Main 1&%0 tum - Theatre (approximately 3,000 seats)

Cor%énce/Banquet Hall (approximately 1,000 seats)
Two Cinema Halls (approximately 350 seats each)
Exhibition Hall (approximately 1,500 seats)

Lobby

Lawns

vii. Restaurants and Bars
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viii. Large Car Parks
ix. Police Post
X. Gate House

xi. Generator House (equipped with a 1500kV A and two 400kVA power generators)

Pictures

O
é[ate 3.39: Floor plan of National Theatre

\%’b Source- (Researcher’s field work, 2024)
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Plate 3.40: Front view %Q

Source- (nairametrics.com, 20

Plate 3.41: Side view

Source- (nairametrics.com, 2011)
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Plate 3.42: Aerial view of the theatre. E
Source- (www. mfoaboutcompames c 02

\/ Plate 3.43: Interior view of the theatre
Source- (Researcher’s field work, 2024)

34.2 Appraisal
Merits

L. There is proper layout of the site
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http://www.infoaboutcompanies.com/

II. Adequate ventilation and lighting at the Gallery

III.  The approach of the building is architecturally celebrated

Demerits

I. No natural lighting and ventilation in the Auditorium II.

Poor maintenance of the building. Q\
Checklist Q :

Table 3.4: Showing some acoustic properties of @atre and their ratings.

L

PARAMETERS REMARK POOR “FAIR EXCELLENT
Size 3000 seats ° \
S
Shape Curve O\
s \

Material wused Concrete

for wall (\\

Material used Rug \)‘

for floor . A
Reverberation 5\& )
time N

Source- Resepé@’s field work, 2024.
3.5 Case Study Five (5): OAU Performing Arts Theatre, Ile-Ife, Osun.

3.5.1 Background

The theatre, designed by the renowned Israeli architect Arieh Sharon in 1961, is a prominent

structure located at the center of the university, alongside Oduduwa Hall. Constructed
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ii.

iii.

1v.

V.

between 1972 and 1976, it stands as the Core's most flamboyant building, featuring a
dramatic shallow-steps approach from the plaza. Originally built as an open amphitheater,

the theatre now boasts a roof and can accommodate an audience of 3,500.
Architectural features

The exterior of the theatre features organic forms in white set against darker concrete. While
this pattern is not explicitly Yoruba, it evokes a pseudo-African abstraction, reﬂkﬁng a
limited intent to make the architecture site-specific. Other elements incorp; Sharon,

such as the concrete columns and striated surface treatments, are intended 10 reference the

ancient city that the university now occupies. %Q

Facilities &Q
Some of the facilities available in the theatr@%s:
3500 seat theatre. * ’\%

Stage.

Storage spaces. QQ

Electronics room. *
O

Dressing roo

Pictures 6

\/‘?J
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Plate 3.44: Entrance view of the theatre ’\QJ
Source- (Reseearcher’s field work, 2024) ;Q

fbélate 3.45: Front view of the theatre

Source- (Researcher’s field work, 2024)
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Plate 3.46: Side view of the theatre %0
Source- (Researcher’s field work, 2024) QQ

Plate 3.47: Back view of the theatre

Source- (Researcher’s field work, 2024)
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3.5.2 Appraisal

Merits

1. The seats are arranged in a manner that enabled good sound production and receiving. ii.

Appropriate zoning of the spaces in the theatre.

Demerits Q\

i. Poor maintenance of the building. ii. The interior of the hall uses < 0

O
Q
QO

ChecKklist b

Table 3.5 showing some acoustic propeg@f the theatre and their ratings.

materials with poor acoustic properties.

PARAMETERS REMARK FAIR EXCELLENT
Size 3500 seat . @\

AN
Shape Curve\\ A

Material used Concretés’

for wall o A
Material for @ refe

floor b‘

Reverberati

time \ %

Source (Researcher’s field work, 2024)

3.6 Deductions from Case studies

Local case studies: The methods used in achieving good acoustics came as an afterthought
and were not originally put in place during the design stage. This is evident in the use of rug

for good acoustics and the poor shape of the buildings.
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International case studies: Acoustic engineers and consultants were part of the building

team and therefore acoustics and sound production were effectively designed and built.
The following are lessons gained from the cases studied:

1. The auditorium should welcome great number of people without obstructing their
conducive range of vision. \
2. Circulation spaces should be smooth and free without any obst@) . Cross

circulation should be avoided in galleries and exhibition room. /\QJ

3. Artificial lighting is best in the theatres. EQ

4. The interior of the theatre should have a curved s ood acoustics.

Chapter FB’:bQ

This chapter deals with the final design prob@that have evolved as a result of the analysis,
synthesis and appraisal of data that was s&Ll,e ted. Various design considerations and guidelines
which were all discussed in thqp&@g chapters are guidelines used to arrive at proposal, which
could solve the design pro @sociated with past and present designs. Design considerations

includes effective circulation utilization and control, all of which must be death with to form a total

environment. 0

4.0 Sitezl@sis and Design Synthesis

4.1 S Area

Every building structure requires a site to be realized or developed on. The site is thus a crucial
aspect of a design proposal, serving as the starting point where the tangible aspects of a
development begin to emerge and make an impact. The chosen site significantly influences the
final composition of the structure. It and its environment determine the structure’s contextual

appropriateness, which is measured by geography, geology, and geometry. Specific site aspects,
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such as its microclimate, result from a complex interaction of many factors: orientation, slope,
elevation, topography, temperature patterns, humidity, precipitation, vegetation, presence or
absence of water, seasonal availability of sunlight, and the influence of other buildings, particularly

in urban areas.
Site Location — Ibadan, Oyo State

Oyo State is located in the southwestern region of Nigeria. It lies approximately bet atitude 7°
30"and 9° 15' North of the Equator, and longitude 2° 45' and 4° 15' East of thec@vlch Meridian.
With an average elevation of about 300 meters above sea level, Oy@{: is characterized by

diverse geographical features, including plains, hills, and valleys. %

The capital city of Oyo State is Ibadan, which is also on the largest cities in Nigeria. It is
situated about 145 kilometers north-east of Lagos, e% ry's commercial capital. Historically,
Ibadan was a major center of trade and warfarg in % d Oyo Empire and has grown to become a

vibrant cultural and economic hub in moderniday*Nigeria.
[ ]

The state is known for its rich culturééaage and traditions, with various festivals and ceremonies
[ ]

celebrated throughout the yearQ\

Overall, Oyo State rpxs&an integral part of Nigeria's cultural tapestry and continues to evolve as

a dynamic centé (gcm1merce, culture, and governance in the southwestern region.

&
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Figure 4.1: Map showing Ibad@

Source- (Google Maps, 2

The presence of the University of Ibadan and man;@’b? institutions in Ibadan, has triggered a

significant population increase as people, p@y civil servants and their families, relocate

from various parts of Oyo State and%\k nd. This influx has resulted in several notable
1. Increase in Comm@tivities: The heightened population has spurred economic growth,

leading to expa,n@ommercial activities across Ibadan. Local businesses have flourished,

catering to&(&deased demand for goods and services.

developments:

2. F'{I%’gompetition for Space: The surge in population has intensified competition for

residential and commercial spaces within the city. This has led to rising property values and a
dynamic real estate market.

3. High demand of Recreation and Social Life: With the growing population, there has been a

corresponding increase in recreational facilities, social amenities, and cultural activities.
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Ibadan's social scene has become more vibrant, offering diverse entertainment options and

fostering community engagement.

These developments underscore Ibadan's suitability as a location for various educational and
institutional initiatives, including the proposed Broadcasting Training Centre. The city's expanding

infrastructure and vibrant community make it an ideal hub for such specialized institutions,

A
S

The site for the proposed Cultural Heritage and Performance Centre i @ted opposite , along

facilitating both academic excellence and socio-economic growth.

4.1.1 Description and Location of the Proposed Site

Apete Road within Ibadan Township. The site is adjacent to the Ni ustoms Service Office.

See Plate 13 below. QO

The site selected is locationed in a rapidly developin a% he town. The terrain of the site is flat
and characterized as wetland, offering unique o nities for designing and constructing the
proposed centre to harmonize with the surrou }mg environment.

R
Covering an area of 50 hectares, the s{%}strategically positioned behind the Polytechnic, Ibadan
and in close proximity to th.’$versity of Ibadan. This location enhances accessibility and
integration with educatio}ﬁnd cultural activities in the city. Additionally, the site enjoys

convenient conne@ he main town of Ibadan and can be easily accessed from all parts of the

city, as well as hboring towns and communities.

\/QJ
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Figure 4.2: Illustrates the precise location of the project, highlig@ts strategic positioning
within the urban fabric of Ibadan and its accessibility from irections, thereby making it an
ideal location for the proposed Cultural Heg'g%\and Performance Centre.

Source- (Go S, 2024)

ogl
Site Selection Criteria for @ral Heritage and Performance Centre, Ibadan

1. Location Proximity)&
C

o Educa@l Institutions: The site is located behind the Polytechnic, Ibadan and close to the

4.1.2. Site Selection Criteria

\Q/&rsity of Ibadan, facilitating easy access for students and academic collaborations.

® Accessibility: The site is well-connected to the main town of Ibadan and can be easily
accessed from various parts of the city as well as neighboring towns, ensuring high visitor

turnout and convenience.

2. Terrain and Environmental Suitability
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® Flat Wetland Terrain: The site’s flat wetland terrain offers unique design and construction
opportunities, allowing for innovative architectural solutions that can harmonize with the

natural environment.

® Environmental Impact: Consideration of the environmental impact and the potential for

sustainable development in a wetland area influenced the choice of the site.

3. Development Potential Q\

® Urban Growth: The site is situated in a rapidly developing area of Ib athich promises
future growth and increased urbanization. This strategic posn supports long-term

development plans and increases the potential for comn@ia nd cultural activities.

® Integration with Surrounding Infrastructure: The iteQroximity to existing infrastructure

and amenities supports its development int%bltural hub that is seamlessly integrated

into the city's fabric. @
4. Cultural and Social Factors ; @

® (ultural Accessibility:'@%ation supports cultural engagement by being accessible to a

diverse populatio\b%ancing community involvement and participation in cultural
activities. (' @

o Histp&éSigniﬁcance: The site's location in Ibadan, a city with rich historical and cultural

icance, aligns with the center’s goal of preserving and promoting cultural heritage.
5. Economic Feasibility

® (ost of Development: The flat terrain and proximity to existing infrastructure reduce

construction and development costs, making the project economically feasible.
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® Economic Benefits: The potential for increased tourism, job creation, and local business

growth influenced the choice of the site, promising economic benefits for the community.
Factors Influencing the Site Choice

1. Proximity to Major Educational Institutions: The site's location near significant educational

institutions like the Polytechnic, Ibadan and the University of Ibadan influenced its selection to
foster educational and cultural synergies. Q\

2. Ease of Access: The site's accessibility from various parts of Ibadan and n@ng towns was

crucial in ensuring that the center would be easily reachable for a wide @n e.

AN

3. Flat Wetland Terrain: The flat terrain provided a practical a(@age for construction, while the

wetland characteristics offered opportunities for unique environmental and architectural integration.

N

4. Future Urban Development: Being in a rapidly dﬁ@nng area, the site promises alignment with

future urban growth and increased cultural am&@nercial activities.

5. Cultural Significance: The rich cult@d historical background of Ibadan played a vital role in

selecting a site that could enhan’c@é city's cultural landscape.

6. Economic Impact: T@tial for economic growth through tourism, job creation, and support

for local businesseQn}de the site a strategically beneficial choice.

These crite@(&d factors collectively ensured that the selected site for the Cultural Heritage and
Performance Centre in Ibadan would support its mission, provide practical benefits, and contribute

positively to the community.
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4.2 Project Analysis and Synthesis

4.2.1 Site Climatic and Vegetative Analysis

Ibadan, Oyo State, is situated within the tropical rainforest climatic region, characterized by a warm
and humid climate throughout the year. The climate in Ibadan is influenced primarily by two major
wind currents: the southwest trade wind, which is warm and moisture-laden, and the northeast trade

wind, which is cold and dry. These wind currents create two distinct seasons: \

1. Wet Season (April to October): During this period, the southwest trai % dominates,
bringing substantial rainfall and high humidity to the region. The wet seas&s arked by frequent

and heavy rain showers,. Average temperatures during this season r% 24°C to 30°C.

2. Dry Season (November to March): The dry season is i d by the northeast trade wind,
also known as the Harmattan, a cold and dry wind, ori ing from the Sahara Desert. The dry
season is characterized by cooler temperatures, esp% in the early mornings and late evenings, a
significant reduction in humidity and a dust %sphere due to the dust-laden Harmattan wind.

Average temperatures during this seasotﬁ;wx'e rom 18°C to 35°C.

N\

Vegetative Analysis: Ibadan's \@Qaﬁon is predominantly tropical rainforest, featuring a diverse
array of plant species, in&@-\?tall trees, shrubs, and grasses. The high rainfall during the wet
season supports t 'g@) of dense vegetation, with trees such as mahogany, iroko, and African
walnut commo%found in the region. The undergrowth consists of various shrubs and climbers,

contribl@%e rich biodiversity of the area.

During the dry season, the vegetation undergoes some changes due to reduced moisture availability.
While the larger trees remain green, some smaller plants and grasses may wilt or become dormant.
However, the overall impact on vegetation is less severe than in more arid regions, thanks to the

relatively short duration of the dry season and the residual moisture in the soil.

81



Ibadan's climate and vegetation create a conducive environment for agriculture, with crops such as
cocoa, cassava, maize, and yams thriving in the region. The lush greenery also provides a scenic
backdrop for urban development and contributes to the city's aesthetic appeal.

Though, the site selected for the Cultural Heritage and Performance Centre has been previously
cleared and cultivated, resulting in secondary forest growth, it still features some large trees and
dense bushes. Agricultural activities and laterite excavation are currently carried out on the site,

X

Rainfall: Ibadan, Oyo State, experiences significant rainfall and varied w rns typical of its

reflecting its fertile nature and the presence of valuable natural resources.

tropical rainforest climate. The city falls within a zone in ngerla§®ecelves an average of
200mm of rainfall per day during the peak of the wet season. T erage annual rainfall in Ibadan
ranges from 120cm to 200cm, with rainfall occurring over a;@lmately 8 to 9 months of the year.

The region is influenced by both the tropical contine@nd tropical maritime air masses, as well

as the equatorial easterlies. @

Electric thunderstorms are common at th ning and end of the rainy season, often marking the
transition between wet and dry.pe&@ hese storms contribute to the high annual rainfall and are
a characteristic feature of th: @'s climate.

Temperature: The Ee ature conditions in Ibadan, Oyo State is relatively consistent throughout
the year, chara ter@f its tropical rainforest climate.

In January, t atures typically range between 21°C and 28°C, influenced by the dry Harmattan
winds. Ny, temperatures are slightly cooler, averaging below 26°C due to the heavy rainfall and

increased cloud cover during the wet season.

Monthly daily temperatures range from 27°C to 34°C (), while the minimum daily temperatures
range from 20°C to 23°C). The difference between maximum and minimum temperatures is not

substantial, resulting in a relatively even annual temperature profile.
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Humidity: Humidity is between 9% in the harmattan season and 1% in the wet season.
Evaporation rate is higher during the harmattan and very low in the humid periods.

Vegetation: Ibadan, Oyo State, is situated within the tropical rainforest zone, characterized by
temperatures ranging from 21°C to 29°C throughout the year, which are conducive to rapid plant
growth. Annual rainfall in Ibadan varies between 120cm and 200cm, further supporting lush

vegetation.

4.2.2 Design Criteria/ Consideration Q\

The following factors are considered towards an efficient design of the Cu}%(ﬁdritage and
Performance Centre: EQ

Circulation and Space Organisation Q

Special consideration is given to the flow of traffi il@around the site. The design employs
diverse site elements to manage the flow, eesifﬁ@ inimal contact between pedestrians and
vehicles. The internal flow of people is cagefully planned to enhance overall productivity and

[ ]
experience. Spaces are propoﬂionatel@rated based on case studies of similar cultural heritage

and performance centres, both lt)@%nd internationally.

\
Lighting

)
Lighting plays (g.x;} role in the creation of the built environment and is a key focus of this
proposal. Went quantity and high-quality lighting are both priorities. The design utilizes a
combina\‘uM of natural and artificial lighting. Courtyards and perimeter windows provide natural
light, creating a pleasant ambiance and reducing the need for artificial lighting during daylight

hours in circulation spaces. However, performance rooms require exclusively artificial light.

Acoustics
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To ensure comfort in performance and administrative areas, noise control is a priority. Gypsum
boards with wool inserts absorb noise, with an additional layer of noise-absorbing material

enhancing this effect. Both airborne and impact noise are addressed:
® Airborne Noise:
1. External vehicular movement
2. Fans, air-conditioning vents, cisterns, motors Q\
O
3. Office equipment such as copiers, shredders, typewriters /\(/
O
4. Live and transmitted noise from public areas %

O

5. Telecommunication noise Q
® [mpact Noise: gb

1. Water pipes and machinery vibrations @
N
S
‘N
3. Slamming doors, rattli%@

Measures such as sus@fl ceilings, partitioning boards, carpets, and noise-absorbing office

2. Footsteps

furniture are en@ to mitigate these noises.

Access&@&sibility for both pedestrians and vehicles is crucial. A well-designed access network

ensures the centre is easily navigable and prevents under-utilization or abandonment.

Ventilation: Adequate ventilation is indispensable for the centre's functionality. Large windows are
incorporated to facilitate natural airflow in circulation spaces while performance spaces are fully

artificially ventilated, ensuring a comfortable indoor environment.
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Fire Protection: Fire protection measures are integrated into the design to prevent the initiation
and spread of fire and smoke, as well as to facilitate the safe evacuation or rescue of individuals.

These measures comply with building regulations.

Parking: Ample parking is an essential aspect of the centre's landscape. The design includes

sufficient parking lots to accommodate the estimated number of vehicles, ensuring the site

functions properly and safely. \
4.3 Conceptual Development ( QQ

4.3.1 Functional Relationship ’\
Bubble diagram is used to reveal to relationship between spaces rep ; using bubbles and

arrows. The bubble diagram of the proposed Cultural Herita rformance Centre is shown in

Plate xx below Q
4.3.2 Space Allocation / Schedule of Accon@%

Space Relationship and Analysis
Space analysis involves managing @ﬂocation of building areas to individuals or specific
activities. Space analysis stah&' were developed to ensure users receive their rightful

entitlements, leading to dﬁ@?able and functional environments. This design proposal's space

analysis is based O@Wing parameters:
Human Spac’hb

Human%ga/g'is calculated by multiplying the individual space standard by the number of people
and adding a 15% allowance for immediate auxiliary needs and primary circulation.

Other Usable Space

Other usable space is determined by multiplying the number of items by the sizes of equipment or
furniture.

Ground Floor
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Due to its easy accessibility, the ground floor will feature a large entrance lobby space partitioned
into outer lobby and inner lobby both separated by the ticketing booths. With adjoining toilets and
offices for productivity. The spaces on the ground floor will include the following:

i. Lobby

ii. Ramp/ Stairway.

iii. Reception

iv. Ticketing Office Q\

v. Administrative Office (JO

vi. Restaurant 6\

vii. Exhibition Spaces %
viii. Storage QO

ix. Toilets

2
x. Security Control Room fb
O

xi. Recital Halls *
xii. VIP Parking \C;\\'

N
First Floor QQ

This accommodate(-t/@n performance auditorium as well as auxiliary office spaces viz:
1. Lo@
ii\/%fhg(shops
iii.  Main Auditorium
iv.  Media Room
v.  Rehearsal Rooms
vi.  Backstage Room

vii.  Changing Rooms
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viii.  Conference Room
Second Floor

It contains various functional spaces that include:

i.  Lounge

1i.  Outdoor Terrace

iii.  Gallery Sitting Space \
Supporting spaces OQ

These are the auxiliary facilities that enhance the environment in and arour% in Building:
1. Vehicular and Pedestrian traffic areas %Q

1i.  Gate House, O
iii.  Recreation Village, :

iv.  River side Jetty. brb
(&)

Thus, the floor area of the spaces in the ¢ lht\qgneritage and performance centre are shown in

Table 1 below: \é’;\\'

Table 4.1: Schedule of Accomm\ %m for the Project

QO

N\J
SP‘:“CE AREA(m?)
N\

1) Ground Floé \J‘
O

) Lobl{y;b 400m?

® Ramp/ Stairway. 150m?
® Reception 50.0m?
® Ticketing Office 16.0m?
® Administrative Office 22.0m?
® Restaurant 450.0m?
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® Exhibition Spaces 300m?

® Storage 360.0m?
® Toilets 250.0m?
® Security Control Room 80.25m?
® Recital Halls 1400.0m?
® VIP Parking 600.0m?

2) First Floor

® Lounge 200m?
® Workshops 600.0m?
® Main Auditorium 2600m?

® Media Room 80.0m?
>

® Rehearsal Rooms 80.0

¢
® Backstage Room 2
. ’\%40.0m2

N
® Conference Room %(9 150.0m?
. $
3) Second Floor QQ

® Lounge (’@ 200.0m?
® Outdoor 'I%ace 100.0m?

o Ga@%ng Space 1200.0m?

® Changing Rooms

Source- (Researcher’s Field Work)

4.4 Construction Materials and Methods

4.4.1 Schedule of Materials
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Floors: In the buildings, in-situ mass concrete floor slab as well as reinforced concrete floor slab
are used. While in-situ mass concrete floor slab is used for ground floor in ground floor of the

building, reinforced spaced rafter concrete floor slab is used for the suspended floors.

Foundation System: The foundation method will be specified by the engineer in order to withstand

the total loads of the structure.

Expansion Joint: Owing to the natural law of expansion and contraction which also rs in
buildings, two leafs of sandcrete hollow blocks with cavity of S0mm will be us@ ance

interval of twenty meter as expansion joints. /\

Roofs: Climatic characteristics of Ibadan, Oyo State determine the r@ method used while

degree of the pitch is being determined relatively to maximi nergy collection. For the main

auditorium, Glass fibre Reinforced Concrete will be used Qﬁanufacture the shell roof.

Doors: Aluminum doors with well-treated mo %anel doors will mainly be used. Wired glass

panel would also be inserted to flush doorg@all be used in the building.

Walls: Reinforced concrete column%g?eans and sandcretes hollow blocks will be used.

Windows: Tinted glass in @nm aluminum portables shall be employed in the project.

4.4.2 Finishes _° %
%\&
o

External wall: eding, Sandtex Paints, towel mosaic, fair faced concrete stone facing as
speciﬁekjbrb
Internal walls: Plaster, Sandtex Paints, acoustic panel, texcoat paints etc.

Ceilings: Asbestos, plastics and acoustic ceiling tiles

Floors: Terrazzo, engineered wood, carpet, cement screed and ceramic tiles.
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4.5  Building Services

Water Supply: Water supply to the site would also be forming the forming the existing water
supply mains along the major road for distribution of water to the site/borehole supported with a
reservoir is also required.

Sewage Disposal: There is no public sewage system along Apete road which borders the site.
Private sewage treatment installations will therefore be built at various locations on site. They will
consist of soil pipes, inspector chambers, septic tanks and soak-away pits. Q

Drainag: Both underground and surface drainage pattern will be used since th@sed site plan
is of different level. The drainage method used will be channeled to the @drainage.
Electricity: The supply of electricity power shall be from the Natior@wer Grid and supported

by solar energy. And each building will generate its own ele er. This is going to be
4.6  Design Concept @

The design of the Cultural Heritage an%%@mance Centre is profoundly inspired by the cowrie

achieved by using hybrid power supply technology.

shell, a symbol rich in cultural @torical significance. This thesis presents the philosophical

underpinnings and justiﬁc@br the chosen design form, highlighting the integration of cultural

symbolism with archi@l functionality.

4.6.1 Symbo@ of the Cowrie Shell

Historié{%gniﬁcance: The cowrie shell has historically been a symbol of wealth, utilized as
currency, jewelry, and religious accessories across various cultures worldwide. In the realms of

sympathetic magic and sorcery, the cowrie is perceived as a powerful force, representing the eye of

the gods and the womb of the goddess.

Cultural Connections: In Yoruba culture, cowrie shells are closely associated with several orisha

(deities), including Aje, Orisa Oko, Obatala, and Eshu. These shells symbolize fertility,
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productivity, creativity, and dynamism. Additionally, cowries are integral to Yoruba symbolic
message assemblages known as aroko. In both Africa and the Americas, cowrie shells are

emblematic of prosperity, wealth, destiny, and fertility.

Design Philosophy - Form and Structure: The architectural form of the centre adopts the shape
of a cowrie shell, reflecting its historical and cultural symbolism. This circular design is chosen for
its organic and harmonious qualities, which resonate with the concept of unity and cc&uity. The
circular form promotes a sense of inclusiveness and interconnectedness, ess@Qfor a space

dedicated to cultural heritage and performance. ’\QJ

4.6.2 Justification for Circular Form: The design of the Cult ritage and Performance
Centre, inspired by the shape of a cowrie shell, embodi ®1armonious blend of cultural
symbolism and architectural functionality. This circular@n is deeply symbolic, reflecting the
cowrie shell's associations with the cyclical nature @erﬁliw, and creativity. Such symbolism
enriches the building’s identity, connecting @ultural narratives and enhancing its role as a

beacon of heritage and artistic expressioé.;\\,

N\

From a spatial perspective, the‘i\@&‘{ layout promotes efficiency in circulation and organization
within the building. Its fh@?d continuous lines not only contribute to a visually striking and
aesthetically pleasi ’S@sture but also reinforce the centre's status as a landmark dedicated to

cultural heritag performance.

O

The fungtioral flexibility of the circular design is another key advantage. It seamlessly
accommodates a variety of needs, including performance spaces, exhibition areas, and
administrative offices. This adaptability supports dynamic interactions and smooth transitions

between different areas of the centre, enhancing its usability and engagement with the community.

Overall, the design of the Cultural Heritage and Performance Centre is a thoughtful integration of

symbolic meaning and practical innovation. By drawing on the rich symbolism of the cowrie shell
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and employing a layout that balances aesthetic appeal with functional efficiency, the centre fulfills
its mission to celebrate and preserve cultural heritage while fostering creativity and community

engagement.
4.7 Circulation

Vertical Circulation: Vertical circulation in the Cultural Heritage and Performance Centre is
facilitated by stairs, serving as the primary mode of movement between floors. stairs are

designed with a minimum width of 2.4 meters to ensure ease of use and access@

Horizontal Circulation: Horizontal circulation encompasses lobbiesé&a, and entrances/exits.
The lobbies situated in front of the vertical circulation points arg.designed to be at least 2.4 meters
wide, providing sufficient space for waiting and smoo Qitions between floors. These
expansive lobbies connect various sections of the bl&d@nabling free and efficient movement

Q%

Vehicular Access: The main Vehicular.?ﬁQ'b%to the site is from Apete Road. Internal roads are

for guests, staff, and visitors.

designed according to speciﬁcation%ﬁ%r the architect and structural engineer, with the primary
access road being 12 meters @eaturing appropriate bends and turning radii. The design also

includes dedicated areas gﬂcular drop-off and pick-up, ensuring convenient access for users.

Pedestrian Ac esg.Bedestrian walkways facilitate movement from the exterior to the interior of
the site am@various spaces within the site. These walkways, designed to meet architectural and
structurNeciﬁcations, average 1.2 meters in width. The surfaces are non-slip and easy to

maintain, ensuring safety and durability.

Parking: Parking within the Cultural Heritage and Performance Centre is provided at ground level,
with designated areas for visitors, commuters, and staff. This arrangement ensures efficient use of

space and convenience for all users.
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4.8 Site Appraisal

Site Interaction: The proposed building interacts with the site in several ways, reflecting the

degree to which it influences and is influenced by its surroundings.

Source of Pollution: The primary source of pollution is noise from nearby vehicular traffic. This

issue is mitigated by the building's setback from the road and the use of green areas, which serve as

natural sound barriers. Q\

Building Positioning: Positioning the Cultural Heritage and Performance Centr ;t the center of
the site maximizes visibility from all angles, creating an iconic anc@ inent presence. This

central location ensures easy accessibility and considers climat faetors such as wind direction,

solar insulation, and functional relationships between differe (See Plate X below)

Access and Parking: Adequate parking and walkwa%%‘provided, with driveways connecting to

the car parks. The car parks are generousl@nd designed with ample spacing, ensuring

convenience and efficiency. . *
)

Landscaping: The landscaping 0& ultural Heritage and Performance Centre is designed to be
extensive and varied, enh@e site's appeal and providing diverse visual and environmental

experiences. Landsqa& elements include reflecting pools, paved plazas with hedges, flowers,

N

shrubs, trees, ag tural works, contributing to the site's aesthetic and functional value.

A
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Chapter Five

Conclusion and Recommendation
This research explores the concept of space-function resolution through effective zoning, material
use, and the clustering of key functional spaces to minimize noise generation and transmission.
Various strategies for achieving desired acoustics in a performance center are examined,
demonstrating their practical application. The architectural requirements for cultural heritage and

performance centers are highlighted, providing a general guide for architects and de@s.

Spatial components such as stairs, ramps, lobbies, and receptions are sig%(gmlsources of noise

generation. Therefore, proper zoning is crucial in designing bui where minimal noise

transmission is a primary concern. Literature and case studies fn@ﬁdeveloped and developing

countries, including Nigeria, show awareness of these conce@—lowever, the actual application of

these ideas in building designs varies. The case %Qoffer insights into applying zoning

strategies to enhance acoustics in cultural heri % performance centers. These strategies were
N

applied to the design of the Cultural .}l@e and Performance Centre in Ibadan, Oyo State.

Despite this progress, further resea@ needed to refine these methods and promote their
5.1 Recommeﬁ@

Based on the ﬁ@lgs and conclusions of this study, the following recommendations are proposed

widespread adoption.

for the @d development of Cultural Heritage and Performance Centres:

1. Enhanced Acoustic Zoning: Implement effective zoning strategies to minimize noise
transmission within the building. This includes isolating noise-generating spaces from quiet areas

and utilizing soundproofing materials.
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2. Use of High-Quality Materials: Select materials with excellent acoustic properties to enhance
sound quality and reduce noise. This includes the use of gypsum boards with wool inserts, acoustic

panels, and noise-absorbing furniture.

3. Optimized Circulation Design: Ensure vertical and horizontal circulation spaces are adequately
sized to facilitate smooth movement and prevent congestion. Stairs and lobbies should be designed

with ample width to accommodate high traffic volumes. \
q

4. Integration of Natural Elements: Incorporate natural elements such as coutt,tgreen areas,

and reflecting pools to enhance aesthetics and provide natural noise bar«s. ese features also

improve ventilation and lighting within the building. %Q

5. Comprehensive Accessibility Planning: Design pedestria ys and vehicular access routes
to be safe, convenient, and easily navigable. Ensure co@liance with accessibility standards to

accommodate all users, including those with disabi@

6. Strategic Building Positioning: Position }building to maximize visibility and accessibility
[ ]
while considering climatic factors su@wind direction and solar insulation. This enhances the

building's iconic presence and m&gﬁmctional efficiency.

7. Sustainable Design Pr; &s Adopt sustainable design practices, including the use of energy-
efficient systems, <eng«(xt) energy sources, and environmentally friendly materials. This approach

promotes env;z' @lemal stewardship and reduces operational costs.

8. Comp\kensive Landscaping: Develop extensive and varied landscaping to create a visually
appealing environment. Include features such as paved plazas, hedges, flowers, shrubs, trees, and

sculptural works to enhance the user experience and the building's aesthetic value.

9. Adequate Parking Provision: Ensure sufficient parking spaces are provided for visitors,
commuters, and staff. Design these spaces to be easily accessible and well-organized to facilitate

efficient use.
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10. Ongoing Research and Development: Encourage ongoing research into acoustic design,
material innovations, and sustainable building practices. This continuous improvement will ensure

that future cultural heritage and performance centres meet evolving standards and user needs.

By implementing these recommendations, future Cultural Heritage and Performance Centres can

achieve a harmonious balance between functionality, aesthetics, and cultural significance,

providing an enriching environment for all users. \

(O
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