SHUTTER

Realising an acousftic concept
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the machinery itself will also stand on elastic foundations
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A college with a very sfrong music and vocal program in-
fends fo construct a new 1,200-seat perfarmance hall pri-
marily for opera. Their wish is fo build an opera fhat Is
able to change Ifs acoustic properfies to allow for a wide

Nolse crteria inthe rehearsal and in the auditorium is NC-15. Laminated
double glass windows with a sufficient air gap, result in a high reduction

Multi-purpose acoustical shutters

index, enough to reduce the noise from passing traffic. The outer wall
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Concept Weimagine the operaina bustling area of a big city, S = . W
e’ 080 for open fft) and closed (ight) shuters.  Rev el d cosed shute
Our design concept is shutters. With a simple rotation they can either hide or integrated into a university campus. The facade FJ‘J,“;:::ﬂild:l,;;z“‘;i e e sdionun e ——

is made up of pillars resembling the acoustical
shutters. These may at first appear static, but if

reveal the secrets behind. Using this we have created multipurpose acoustical
~

elements. Simply rotating the shutters will turn a hall suitable for speech into
Loudspeakers are 10 be used for speech

an opera. The shutters allow students to experiment with the acoustics in the youare lucky you will catch them in movement. The

room, enabling them to expand their intuitive understanding of how these

Our design concept is shutfters With a simple rofafion fhey s e et
can either hide or reveal fhe secrefs behind Using this P

Intfro / Conscept

that require supporting

shutters create a separation between the interior

spaces and the busy street. The building opens up
towards the street and invites the students in to
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study or buy tickets for the evening show.

lllustration of direct sound

and first reflections.

\/\/ e h a \/ e [ r e a T e d U { T ‘ u F O S e a C O u S T ‘ [ a { e { e e D T S S | { The facade is painted with a white gloss paint 10 brighten up the sireets and  The rotation of the facade-elements allows for different amounts of light to The facade closes and the lights change colar when there is an ongoing
) reflect light into the building enter or leave the building performance the front row in the m
R the values tend to e
o e this problem a reflector i ove the

proscenium.

e

rotafing the shutfers will turn a hall suitable for speech
Info an opera. [he shuffers allow sfudenfs fo experiment
with the acoustics in the room, enabling fhem fo expand _——
fheir infuitive undersftanding of how these changes affect -
fheir performance

Rehearsal room

Detail / Isomefric plan

The absorption in the orchestra pit can

panels. The floor The shutters are applied in the rehearsal as well. They are supported by Helmholtz
e scene when the

be controlled

can be lifted to e

. ; absorbers and absorbing panels along the innermost wall and in the ceiling to lower the
orchestra pit is not use
reverberation time to 1.0 second. This prevents strength from getting too high (~8.5 dB).
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Lonftext

We imagine the opera in a busftling area of a big citfy,
Infegrafed info a university campus. The facade Is
made up of pillars resembling the acoustical shuf-
fers. Thesemay af first appear stafic, but if you are
lucky you will catch them in movement. The shuffers
creafe a separation befween the inferior spaces and
fhe busy sftreef. The bullding opens up fowards fhe
streeft and invites the studenfs in fo study or buy
fickefs for the evening show.
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Rofafing facade

Morning Dayfime Evening, during performance
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The facade Is painted with a white gloss paint fo brighten up The rofafion of the facade-elements allows for different The facade closes and fhe lights change color when there Is
fhe streefs and reflect light into the building. amounts of light to enter or leave the building. an ongoing performance.
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Multi-purpose acoustical shuffers

The walls of the audiforium are co-
vered with rows of rofating shufters
When in posifion 1 they act as absor-
benf surfaces Inposifion 2 fhey expo-
se the harder reflecting material be-
hind and add volume fo the opera hall,
exfending the reverberafion time. The
back of the shuffers have reflective
and scattering surfaces which confri-
butes fo decreased clarify and increa-
sed reverberafion

When 1n position T or 3 the shuffers
have s small gap befween fthemenabling
fhem to function as slit absorbers for
low frequencies. As fthe shuffers are
placed in smaller modules, fhey can be
rofated separately from each ofher
and combined in order fo achieve fhe
surface praperfies needed. In addifion,
due fo fthe module sysfem, scaftfering
can be achieved in different scales

e s s

I

Shit
absorber

Increased volume

Scattering
surface
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Working with acoustics

This project was a group effort
composed of 2 archifecture and en-
gineering students as well as one
student from fhe sound and vibra-
flons masters program. This rela-
flonship was essenfial o our suc-
cess which made It very imporfant
fo make everyone feel involved and
invested To achieve this we met up
almost every day, and even If we
worked on different aspects, with
different backgrounds we discus-
sed all of fthe choices, problems
and compromises as fhey revealed
fhemselves. By doing this, everyo-
ne was onboard, and we could fack-
le dif ficulties quickly and efficient -
ly. This mefthodology also made us
learn from each other, and | per-
sonally learnt a few things about
acoustics.

Loudspeakers are fo be used for
speech and in musicals that requi-
re supporfing amplification. These
are placed af the fop of the pro-
scenium, ensuring that the signal
from the loudspeaker is slightly
delayed in relafion fo the sound
from the singers or the speaker.

The ITDG in fhe audiforium varies
befween 8 ms and 47 ms. The po-
sifions close fo the wall fypically
have a somewhatf low [TDG while in
fhe fronf row in fhe cenfre of fhe
aguditorium the values Tend fo be
foo high To tackle this problem a
reflector 1s added above the pro-
Scenium,

Speakers

Illustration of direct sound
and first reflections.

Absorbing wall -~ Moving panels

J -
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The absorpfion in fhe orchestra
pif can be controlled by moving
panels. The floor can be liffed
fo extend the scene when fhe
orchestra pif 1s not used.
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Kehearsal room

IThe shufters are applied in the rehearsal as well They are supporfted by Helmholtz absorbers and absorbing
panels along the innermost wall and in the ceiling fo lower the reverberation fime fo 1.0 second. This prevents
strength from getting foo high (785 dB)
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Strength

Strength for the open (left) and closed (right)
postitions.

Clarity

C80 values for the open (left) and
closed (right) postitions.
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Reverberation time for open and closed panel

configurations in the auditorium.

ITDG

Initial time delay gap (ITDG) for the auditorium

including the balconies.
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View from lobby
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Model exploring the volume of the opera, Steel on MDF

L b s o

First seaquence walkfhrough based on fhe chosen concept

Ihe process

Duringthecourseweweregivenassignments
fohelpkeepusonfrack,andtolay anatural
designpafthforusfofollow tachassignment
had a different theme buf fhe main focus
of Them was fto explore and expand our
knowledge of spatial acoustics and further
developourproject Early assignments made
us come up with 3 different concepfs and
had us choose befween them. This allowed
us o feel bofh included and mofivared and

faught us fo make hard decisions early on
In the process. The next assignmenf was
fo creafte 3 different physical acousftics
elements from our chosen concept. This
challenged our creafivity and made us work
with our hands, allowing us to approach our
concept from a fofally different angle The
final 2 assignmenfts had us making a full
draft of our final posters and refine them.
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Underground concept

First drawing of fhe shuffer

Personal thoughts

This way of working feels very refined, and
s definitely something [ will be using in fhe
future If the opporfunity arises. The as-
signments made sure we felf on frack and
fhe manny smaller presentations held with
each of fhese really helped us fo be In-
spired by ofher groups, and to see what
we need fo make clearer or cuf down on
[T 1 had to pick a favorite, | would defini-
fely say the Lth one (poster draft) Cre-
afing the mock-ups really helped us focus
on what we wanfed to refine.

amphitheafre concept
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~eflection

It felt really gratifying to apply
what [ have learnt from fhese 3
years of study. Feeling confident
30 modelling, building physical
models, skefching new 1deas and
in myself presenfing these made
fhe whale process feel productive
and fun. | am very pleased wifth
fhe outcome of aur project. We all
fook It seriously and supportfed

each ofther fhrough highs and
lows. Our sfructured way of
working combined wifh passion
for our work enabled us fo really
refine our product fo a high level
of detall Even If one I1s never
enfirely done with a project,
fhis 1s the one | feel 1s the most
finished of fthe projects | have
previously been working on.

Early pegboard model for experimenfing with facade configuration, Plywood / MDF

Throughout fthis project | found
myself 1n a coordinafing role
Most of my fime | spenf producing,
expanding and developing our
ideas. Buf I also enjoyed planning
what to priorifise, making sure
we all worked on stuff we wanted
fo work on, discussing what
maferial each of us needed from
each ofher fo make sure no one
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Secfion being drawn form 3D model viewcapture

gof stuck walfing on decisions we
needed fo make fogefther or for
someone o produce somefthing
This made me see clearer what
role | would enjoy and want fo
develop and employ in my fufure
career.
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