The seashell, a beautiful product of nature whose only task is to protect against
the outside world. It's very calm and quiet at first glance, but when you're get-
ting closer to it and putting it next to your ear; the acoustical qualities of the
inside offer you a remarkable musical experience. Just like the new opera house
The Seashell - Nature’s amplifier of sound.
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- Nature’s amplifier of sound

Concept

The embracing quality of the seashell appears in the multiple layers of timber panels that protect

the core of the building, the concert hall. This embracing quality is also shown in the soft and organic
shapes of the exterior, that invite you in while the building gradually proceeds to become a part of the
landscape. The enclosing shells are raised in some parts to enable daylight openings in the facade

Asmaller building, with a restaurant/café in combination with a library/study-area attracts students to
this part of campus. The park-like area around the opera house helps to create pleasant acoustical en-
vironments around the building where students can meet up and hang out. Smaller pavilions with lots
of greenery serve as social places somewhat protected from the noise

Noise control - On the site

The noise from the highway and the passing airplanes is reduced before reaching the opera house

by positioning the campus facilities close to the highway. The sound pressure levels decrease due to
distance and due to the buildings acting as noise barriers. The huge and astonishing glass entrance is
facing away from the highway, to ensure that the vulnerable part of the building isn't directly exposed
to the source of the noise. By avoiding parallel surfaces and working with convex shapes in the whole
campus area we avoid unpleasant acoustical environments caused by flutter echo.

Entrance floor, scale 1:400

r Entrance floor:

1. Visitor entrance

2. Lobby NC35
3 Ticket manager's office

4 Wardrobe

5. Public restrooms

6. 0ff-stage quick toilet

7.Orchestra pit

8 Storage NC-40
9. Mechanical equipment room  NC-40
10. Restaurant/Café

First floor:

11. Staff entrance

22. Costume shop NC30
13.Wigand make up NC30
14 Chorus dressing rooms NC30
15 Conductorsdressing room  NC-30
36. Green room NC-25

17.Prop pentry

18, Off-stage quick toilet
19. Restrooms

20. Truck loading dock

21.Scene shop NC30
22, Library/Study-area

23. Performance hall NCB-15
Second floor:

24, Solo dressing rooms NC30
25. Rehearsal room NC-25

26. Restrooms.
27.In-house audio mix position  NCB-15
28. Lighting and stage manager control

room NC-25
29. Storage NC-40
30. Library/Study-area

Third floor:

3. Office and administration

32. Restrooms

3 Storage NC-40
4 ProjectionTitle booth and follow spot

Third floor, scale 1:1000

Second floor, scale 11000

The soft and organic shapes of the building control your movement and lead
you to the entrance, which is well integrated in the exterior design. When you
enter the lobby you're mesmerized by the light and open space, with its high
ceilings and beautiful light fixtures. The modern wooden interior in combina-
tion with the huge glass facade and elements of greenery, brings your thoughts
to Scandinavian interior design. Visitors are moving and enjoying each other’s
company on the many balconies above you, waiting for the next performance
to start.

Lobby

The lobby is designed to be a welcoming and open space with many inte-
grated spatialities to make it possible to host dinners, meetings and small-
er gatherings in the different parts of the room. When visitors arrive, they
buy their ticket, enter the space underneath the concert hall and then begin
their journey towards their seat

Noise control - Construction

In order to achieve the levels defined by the Noise Criterion inside the Op-
era House, the construction of the outer walls and ceiling consist of several
layers of concrete and absorbing material as well as three-layer glass. To
achieve the more restrictive levels given by the NCB-15 curve inside the per-
formance hall, this is designed as a box in a box, decoupled from the outer
construction, providing a better sound insulation

Three-layered glass facade: Wall

Glass Wavy timber panels

Air gap Timber panels

Polyvinyl butyral Absorbent material

Glass Concrete

Airgap Vibration damping keel/Glass wool
Glass Mass loaded vinyl

Absorbent material

Sound environment - Lobby

Three-layered timber panels in combination with acoustic chandeliers create a good sound environ-
ment in the lobby by reducing the general sound pressure level and the reverberation time

Acoustic chandelier

The acoustic chandelier consists of two different
kinds of lamps. The bigger lamps in the chande-
lier are covered with one layer of mineral wool,
providing high absorption at high frequencies.
The smaller lamps work as Helmholtz resonators,
designed to reduce undesirable low frequency
sound, typically from people talking (125-200 Hz).

Additionally, the chandeliers relate to the theme
of seashells by their organic shapes and they help
to create smaller spatialities within the big and
open space of the lobby.
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High frequencie lamp
Mineral wool (50 mm)

Helmholtz resonator lamp
125/200 Hz

Volure: 0.6 /03]

Height of pipe: 0.08/0.06 m
Width of pipe: 0.02m

Section, scale 1:250

Timber panels

3-layered timber panels relate to the concept of
protecting shells. The inner layer consists of an
absorbent material and the middle and outer lay-
er consist of timber panels that act diffusive. The
outer layer also prevents echoes due to the curved
shapes of the panels.

These same panels are used on the exterior of the
building as well to enhance the recurring theme of
protecting shells and to some extent create a good
sound environment outside as well. Additionally,
on the exterior, the outer layer acts as solar shad-

ing panels

Inner layer - Absorbent material
Middle layer - Timber panels
Outerlayer - Wavy timber panels
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After buying your ticket you walk up the stairs to get to the right floor. Even
the view from above the lobby is astonishing with a beautiful outlook on the
university campus. You enter the concert hall, the protected core, and the first
thing that you notice is the beautiful shell, with the many stripes that are em-
bracing the hall. The sheen in between the stripes gives the hall a particular
glow, to amplify the experience even more. You know it's just going to be a
magical night!

General design

The audience is divided into multiple sections, on different levels, with
walls in between them in order to achieve a uniform clarity (C80). The
ITDG has been calculated in representative positions of the different ar-
eas in order to ensure low values in all cases.

The ceiling of the performance hall is designed to work as multiple reflec-
tors/diffusers. The different inclinations make the reflected waves reach
the rear parts of the audience and the convex shapes diffuse the reflected
energy and they also help to avoid echoes in the hall

Furthermore, the width of the aisles is adjusted based on the flow of peo-
ple, enabling smaller groups of people to gather closer to the entrances
when waiting for their company.

Technical Details Performance Hall

Opera  Orchestra

V(m) 7365 7050
Nseats 1047 1202
Sabsorbers (m) 308 s —
AS (m?) 8195 6152
RTra(5) 25 298
BR (5) 119 103
Grua(dB) 137 201 _d
ITDG (ms) <1y

Variable acoustics - Concert hall

As the auditorium will be used for different types of performances, it's
important to be able to vary the acoustics. This is done by adjusting the
seashell panels, by changing the pit and by adding/removing the orchestra
shell

Seashell panels
The back of the hallis completely cov-
ered in seashell panels, that gradually de-
crease in amount closer to the stage. The
seashell panels can be adjusted to change
the acoustics of the hall by sliding the re-
flective seashell panel to the side, to ex-
pose the absorbent material behind it

Opera and Orchestra

For the two most common performances, such as opera and symphony orchestra, the acoustics need to
be able to change. The quantity of open panels is increased when changing from orchestra to opera in
order to reduce the reverberation time and this results in the values showed in the figure

The pit s lifted to stage level for performances such as symphony or-
chestra or chamber music, allowing 155 more people to be accommodat-
ed.In addition, an orchestra shell is stored in the upper part of the stage
tower for opera, and this is lowered for concerts to create a diffuse envi-
ronment for the musicians and reflect sound to the audience.

The strength decays especially in the 10 first meters from the stage and
also varies when adding absorbent material, being lower for the opera
use Opera performance
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Orchestra performance
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Orchestra pit

The pitis located three meters down when the performance hall is being used for opera, making space
for 70 members. The front wall and the overhang above the musicians are diffusive, allowing the musi-
cians to listen to themselves and each other.

The back wall is tilted upwards in order to reflect
the sound back to the stage, so that the singer
can hear the musicians as well. Both side walls of
the pit are covered with seashell panels to provide
acoustic variability.

Reflective wall
Seashell panels

Diffusive wall

Variable acoustics - Rehearsal room

The rehearsal room is designed with a similar
shape and with the same materials as the pit in
order to recreate the conditions in the perfor-
mance hall as much as possible. The room con-
sists of a tilted reflective wall at the back, a dif-
fusive wall in the front, absorbent material that
resembles the stage opening and seashell panels
on the side walls and in the ceiling for variable
acoustics. There is a mirror behind the diffusive
wall, which can be exposed when the room is ST
used for other practices than orchestra, such as 3 open panels
theatre or dance. Seashell panels are allowinga  * \v*‘, — g’\;g#swewa\\, 50%
great acoustic variability with a RTmid range be- | 11 Diffusive wall, 100%
tween 0.35 and 1.5 seconds, depending on the T R open panels
ki e Dt 1

Reflective wall
Seashell panels
Absorbent material

Diffusive wall

—o Mirrorwall, o%
open

—— Diffusive wall, o%
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THE SEASHELL

Kurs: Kandidatarbete, ACEX15
Termin: Var 2021

Larare: Morten Lund, Peter Christensson och Wolfgang Kropp

Producerat av: Felicia Bergenram, Wilma Elm Dahlman och

Lucia Gonzalez

Kandidatarbetet visar hur arkitektonisk design och ingenjérsmassiga
l6sningar kan samverka for att skapa resultat betydligt utdver det vanli-
ga. Kursen erbjuder ocksa mojligheter till projektarbete for att trana oss
i dessa samverkansformer. Projektarbetet utfors i samarbete med mas-
ter-programmet 'Sound and Vibration'" och syftar till att kombinera
kunskaperinom arkitektur och akustik for att genom en iterativ design-
process, ta fram en slutgiltig konceptuell design for ett operahus.

Kandidatarbetet baseras pa en tavling, ‘ASA Student Design Competition
2021, utlyst av ‘Acoustical Society of America’. Tavlingen gar ut pa att
designa ett konserthus, framst for opera men ocksa fér andra musikev-
enemang och framtradanden sdsom kor, dans och symfoniorkestrar.
Konserthuset ska vara en del av ett godtyckligt campus med ett fram-

stdende musikprogram.



The seashell, a beautiful product of nature whose only task is to protect
against the outside world. It's very calm and quiet at first glance, but when
you're getting closer to it and putting it next to your ear, the acoustical quali-
ties of the inside offer you a remarkable musical experience. Just like the new
opera house The Seashell - Nature’s amplifier of sound
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CONCEPT

The embracing quality of the seashell appears in the
multiple layers of timber panels that protect the core of
the building, the concert hall. This embracing quality is
also shown in the soft and organic shapes of the exterior,
that invite you in while the building gradually proceeds to
become a part of the landscape. The enclosing shells are

raised in some parts to enable daylight openings in the
facade.

A smaller building, with a restaurant/café in combina-
tion with a library/study-area attracts students to this
part of campus. The park-like area around the opera
house helps to create pleasant acoustical environ-
ments around the building where students can meet
up and hang out. Smaller pavilions with lots of green-

ery serve as social places somewhat protected from
the noise.



NOISE CONTROL - ON THE SITE

The noise from the highway and the passing airplanes is reduced before reaching the opera house
by positioning the campus facilities close to the highway. The sound pressure levels decrease due to
distance and due to the buildings acting as noise barriers. The huge and astonishing glass entrance is
facing away from the highway, to ensure that the vulnerable part of the building isnt directly ex-
posed to the source of the noise. By avoiding parallel surfaces and working with convex shapes in the
whole campus area we avoid unpleasant acoustical environments caused by flutter echo.

NOISE CONTROL - CONSTRUCTION

In order to achieve the levels defined by the Noise Criterion inside the
Opera House, the construction of the outer walls and ceiling con-

sist of several layers of concrete and absorbing material as well as
three-layer glass. To achieve the more restrictive levels given by the
NCB-15 curve inside the performance hall, this is designed as a box

in a box, decoupled from the outer construction, providing a better

sound insulation.

Wall:

Wavy timber panels

Timber panels

Absorbent material
Concrete

Vibration damping keel/Glass
WO0Ol

Mass loaded vinyl

Absorbent material

Three-layered glass facade:
Glass

Air gap

Polyvinyl butyral

Glass

Air gap

Glass
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PLANER

Entréplan, skala 1:600

Van 1, skala 1:600

Van 2, skala 1:1200

Van 2, skala 1:1200

Entrance floor:

1. Visitor entrance

2. Lobby NC-35
3. Ticket manager’s office

4. Wardrobe

5. Public restrooms

6. Off-stage quick toilet

7. Orchestra pit

8. Storage NC-40
9. Mechanical equipment room  NC-40
10. Restaurant/Cafe

First floor:

11. Staff entrance

12. Costume shop NC-30
13. Wig and make up NC-30
14. Chorus dressing rooms NC-30
15. Conductors dressing room NC-30
16. Green room NC-25

17. Prop pentry

18. Off-stage quick toilet
19. Restrooms

20. Truck loading dock

21. Scene shop NC-30
22. Library/Study-area

23. Performance hall NCB-15
Second floor:

24. Solo dressing rooms NC-30
25. Rehearsal room NC-25

26. Restrooms

27. In-house audio mix position ~ NCB-15
28. Lighting and stage manager control
room NC-25
29. Storage NC-40
30. Library/Study-area

Third floor:

31. Office and administration

32. Restrooms

33. Storage NC-40
34. Projection/Title booth and follow spot
booth



The soft and organic shapes of the building control your movement and lead
you to the entrance, which is well integrated in the exterior design. When
you enter the lobby you're mesmerized by the light and open space, with its
high ceilings and beautiful light fixtures. The modern wooden interior in com-
bination with the huge glass facade and elements of greenery, brings your
thoughts to Scandinavian interior design. Visitors are moving and enjoying
each other’s company on the many balconies above you, waiting for the
next performance to start.

GENERAL DESIGN

The lobby is designed to be a welcoming and open space with
many integrated spatialities to make it possible to host din-
ners, meetings and smaller gatherings in the different parts of
the room. When visitors arrive, they buy their ticket, enter the
space underneath the concert hall and then begin their jour-
ney towards their seat.



NOISE CONTROL - LOBBY

3-layered timber panels in combination with acoustic chandeliers create a good sound environment in the lobby by reducing the general sound pressure level and the
reverberation time.
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ACOUSTIC CANDELIER

The acoustic chandelier consists of two different kinds of lamps. The bigger lamps
are covered with one layer of mineral wool (50 mm), providing high absorption at
high frequencies. The smaller lamps work as Helmholtz resonators, designed to
reduce undesirable low frequency sound, typically from people talking (125-200
Hz).

Additionally, the chandeliers relate to the theme of seashells by their organic
shapes and they will also help to create smaller spatialities within the big and open

space of the lobby.
|11
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Helmholtz resonator lamp 125/200 Hz
Volume: 0.6 /0.3

Height of pipe: 0.08/0.06 m

Width of pipe: 0.02m

High frequencie lamp
Mineral wool (50 mm)

TIMBER PANELS

3-layered timber panels relate to the concept of protecting shells. The inner layer
consists of an absorbent material and the middle and outer layer consist of timber
panels that act diffusive. The outer layer also prevents echoes due to the curved
shapes of the panels.

These same panels are used on the exterior of the building as well to enhance the
recurring theme of protecting shells and to some extent create a good sound envi-
ronment outside as well. Additionally, on the exterior, the outer layer acts as solar
shading panels.
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Inner layer - Absorbent material
Middle layer - Timber panels
Outer layer - Wavy timber panels




CONSER

After buying your ticket you walk up the stairs to get to the right floor. Even
the view from above the lobby is astonishing with a beautiful outlook on the
university campus. You enter the concert hall, the protected core, and the
first thing that you notice is the beautiful shell, with the many stripes that
are embracing tha hall. The sheen in between the stripes gives the hall a par-
ticular glow, to amplify the experience even more. You know it’s just going to
be a magical night!

GENERAL DESIGN

The audience is divided into multiple sections, on differ-
ent levels, with walls in between them in order to achieve
a uniform clarity (C80). The ITDG has been calculated in
representative positions of the different areas in order to
ensure low values in all cases.

The ceiling of the performance hall is designed to work as
multiple reflectors/diffusers.

The different inclinations make the reflected waves
reach the rear parts of the audience and the convex
shapes diffuse the reflected energy and they also help
to avoid echoes in the hall.

Furthermore, the width of the aisles is adjusted based
on the flow of people, enabling smaller groups of peo-
ple to gather closer to the entrances when waiting for
their company.




Technical Details Performance Hall

V (m3)
N seats
S absorbers (m2)
AS (m2)
RTmid (s)
BR (s)
Gmid (dB)
ITDG (ms)

Opera Orchestra
7365 7050
1047 1202
308 55
819.5 615.2
1.55 1.98
1.19 1.03
1.37 2.01

<17

VARIABLE ACOUSTICS - CONCERT HALL

Reflectors/diffusers of the ceiling

As the auditorium will be used for different types of performances, it's
important to be able to vary the acoustics. This is done by adjusting the
seashell panels, by changing the pit and by adding/removing the orches-

tra shell.

SEASHELL PANELS

The back of the hall is completely covered in seashell panels, that grad-
ually decrease in amount closer to the stage. The seashell panels can
be adjusted to change the acoustics of the hall by sliding the reflective
seashell panel to the side, to expose the absorbent material behind it.

OPERA AND ORCHESTRA

For the two most common performances, such as opera and symphony or- .
chestra, the acoustics need to be able to change. The quantity of open pan- ot . e ——
elsisincreased when changing from orchestra to opera in order to reduce o 20 M.__,
the reverberation time and this results in the values showed in the figure. 3 \Nﬁ;%\ﬁ
The pit is lifted to stage level for performances such as symphony orches- Tasy Lo orpreated
tra or chamber music, allowing 155 more people to be accommodated.In o Opera
addition, an orchestra shell is stored in the upper part of the stage tower for ' 1;5 25"0 500 1000 2000 4000
opera, and this is lowered for concerts to create a diffuse environment for Frequency (Hz)
the musicians and reflect sound to the audience. 6t g o ey

—~ 4 Orchestra
The strength decays especially in the 10 first meters from the stage and var- %ﬁ _
ies also when adding absorbent material, being lower for the opera use. o ’
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ORCHESTRA PIT

The pitis located three meters down when the performance hall is being ’ ;ist:nczzfr:rit;i silrié'(rZ 0
used for opera, making space for 70 members. The front wall and the
overhang above the musicians are diffusive, allowing the musicians to
listen to themselves and each other. The back wall is tilted upwards in
order to reflect the sound back to the stage, so that the singer can hear
the musicians as well. Both side walls of the pit are covered with seashell

panels to provide acoustic variability.

Orchestra performance  Opera performance

Reflective wall
Seashell wall

Diffusive wall

REHEARSAL ROOM

The rehearsal room is designed with similar shape and materials than the pit
in order to recreate as much as possible the actual conditions in the perfor-
mance hall. Behind the diffusive wall at the front there is a mirror, which can
be uncovered when needed for other uses than orchestra, such as theatre or
dance. Seashell panels are located also in this room through most of the sur-
face of the room, allowing a great acoustic variability with a RTmid range be-
tween 0.35and 1.5 seconds, depending on the quantity of uncovered panels.

Reflective wall

— — Mirror wall, 0% open panels
—e— Diffusive wall, 0% open panels
—o— Diffusive wall, 50% open panels
~—o— Diffusive wall, 200% open panels

Seashell wall

Absorbent material

Diffusive wall
125 250 500 1000 2000 4000
Frequency (Hz)




DESIGNPROCESS

Designprocessen har bestatt av en iterativ process i nagra olika steg.
Ett av de forsta stegen var att utveckla tre konceptuella idéer for att
sedan ga vidare med ett av dem. Vidare borjade vi utveckla koncep-
tet med akustiken i konsertsalen och arbeta fram olika multifunktio-
nella akustiska prototyper.

| borjan av projektet arbetade vi mycket for hand med saval fysiska
modeller som skissade. Med de enkla konceptuella modellerna ut-
forskade vi hur vi kunde formedla var konceptuella ide pa ett tydligt
arkitektoniskt vis. Nar vi beslutat vad vi ville formedla och hur, bor-
jade vi arbeta mer digitalt for att utveckla vara idéer dnnu mer. Detta
gjorde vi med hjdlp av autocad och Rhino tillsammans med Grass-
hopper.

Efter diskussion med masterstudenten fran Sound and Vibration var
" The Seashell”” det konceptet vi valde att fortsatta utveckla. Detta
var ett relativt enkelt beslut da bade jag och Felicia ville utmana oss
sjdlva med de organiska formerna.

DE TRE KONCEPTEN

Beneath the surface

Scenario:

Acoustical design concept:

ent buildi
the ground, while letting building,
ground, "y

“Ljuset frén ovan
Upplevelser under mark
Sen verkligheten”

Stone vs Wood

Process: Acoustical concept:
. Owsecond -

Scenario:
Afteralong day at work, you're going to bring your faily d one of th pera house at the universi-
metown. t the highway next to P geta glimpse of the h i
ou walk it framed by

y-campt u
protecting the opera house.

P he outer
warm timbre structure in softer shapes that invites you in. The contrast amazes you. It's not really what you expected, wow!

The Seashell

Process: Acoustical concept:
d expl Ourthird

“The seashell”
You can the building, that’s being p  multiple acoustical shells. Numerous layers of acousti-
the noise on th d
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Prototype 1 - Acoustic chandelier

Functions:
Acoustic: Absorbent
- Light: Light source

- Architectual: aesthetic and social

NG AV PROTOTYPER

The chandelier is designed to take care of the noises in the lobby to create a good acous-
tical environment in these areas. The labby is a sacial place where the audience will spend
their time until the performance starts, but willalso occasionally be used for smaller events,
dinners and gatherings of different kinds. The chandelier contains a combination of multiple
kinds of lamps, that individually take care of different problematic frequencies in the lobby.
The biggest lamps in the chandelier are covered with a porous material on the inside to ab-
sorb higher frequencies, that can occur when handling porcelain during dinners in the lobby
for example. The smaller lamps in the chandelier are lamps combined with Helmholtz-res-
onators. They are varying in size, to take care of different low frequencies created in the
lobby, for example from people talking.

Other uses;

Other than the acoustical properties of the chandeliers they will also create smaller spati-

alities within the big and open space of the lobby. Smaller tables can be placed underneath
them where the audience can enjoy each other's company in smaller groups before the lam
performance starts. Regarding the design of the chandeliers, they will relate to the concept p
of seashells by their organic shapes reminding you of actual seashells. The many multi-func
tional chandeliers will make nice statement pieces in the lobby, creating a wow-factor when
you enter the opera house.

High frequency

Porous material

Pioldvees Helmholtz
[T — resonance lamp,
s e e 125 Hz 0
| [REpUp—
Y J Bk can Volume: 0.6
L e Hight of pipe: 0.08 m
0 ok Width of pipe: 0.02m
V) (Y é\
Helmholtz
( : bt weded
resonance lamp,
> 200 Hz
N Volume: 031
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ol T \T.'.‘...:: exel [SRE ¢ Hight of pipe: 0.06 m
o Width of pipe: 0.02 m
First sketch

Prototype 3-Tim

Functions
- Acoustic: Absorbent and diffusion
-Climate: Provent heating in the lbby

Architectual: aesthetic and social
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First sketch

ber panels in different layers

The timber panels are a multifunctional facade element that ~ Other uses:

is bultin several layers. The layers can be combined indif-  Theidea is to use this element a5 a recurring theme both around the building but also inside. The flex-
ferent ways to get out several functions of the same design.  ibility of the wood panels creates the conditions for reproducing good acoustic environments but also
The element consists of three layers where the first layeracts  creating beautiful rooms that are connected to our concept

as an absorbent, which is then covered with two additional  The buiding will be covered in these wood panels in different layers to protect from traffic and aircraft

layers with timber panels. The panels work as a diffuser with  noise. The wood panels will be extended to the landscape where they willserve as a protective umbrella
awavy pattern but also for aesthetic and social reasons. The  around the building where students can have various activities. The outer layer will act as a solar panelto
third layer can also be used as a type of solar panel to prevent  prevent the daylight from entering the lobby. In the lobby, the opera hallwil be covered by these wood

the sunlight from entering through a glass facade

paneling to create a better sound environment.
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Drawings 1:10 3D - model

Sketch

Prototype 2 - The seashell wall

Functions:
- Acoustic: Absorbents, reflective and diffusive
- Climate: Passive ventialtion

- Light: Light source

Towards the back of the concert hall the walls and the roof are covered in a three-dimen-
sional pattern inspired from seashells. The seashell wall consists of reflective surfaces that
will diffuse the sound to get an even sound pressure level and to avoid echoes. Different
parts of the wall can be opened, to add absorbent materials to the hall to be able to adjust
the reverberation time for different kinds of performances.

The ventilation inlets will be placed close to the floor to be able to reach the criteria re-
garding indoor climate in the residence zone, for TQ1. The ventilation outlets are incorpo-
rated in the seashell wall where the surfaces closest to the roof are perforated, so that the
air can leave the room through natural convection.

Furthermore, lights will be placed behind a few perforated surfaces distributed evenly on

B the wall to create a shimmering light effect at the back of the hall
Inspiration

T

Pattern The pattern in close up Closed seashell: Reflective and

Open seashell: Absorbent
diffusive material

Some more prototypes

4. Glass facade:
- Acoustic: Diffusing and partly sound insulation
- Climate: Prevents heating

~Light
ik Ve
Sound.
The lobby is a bright and open room with a larger glass f by

facade, where people can gather for upcoming events.
Overheating and acoustical problems may occur in such
aroom due to the big and reflective glass facade. To
solve these problems, we intend to have a glass facade
consisting of three-layered glass. By tilting the elements
slightly in different directions echo is avoided and they
create a diffusion of sound in the lobby. The glass facade
contains a sound isolating material and the layers are
filled with argon gas to shut out noise and to prevent
heating in the lobby.

5. Adjustable roof:

- Acoustic: Reflective surfaces

- Light: Light pattern

Perforated seashell: Ventilation
and light



UTVECKLING AV KONSERTSAL OCH EXTERIOR DESIGN

Concert hall

The concert hall shape is inspired in a seashell
and so the walls and ceiling do. The primary use
of the concert hall is opera, focusing its design in
obtaining optimal reverberation times (1.2 - 1.5
s), strength and clarity for this use, but being able
to adapt it for other uses as symphony orchestra
or chamber music. This can be done by elevating
the pit, reducing the amount of sound-absorptive
material and adjusting the height of the ceiling to
change the volume and the reverberation time
(18- 2.0 5) when needed. The number of seats
would be approximately 1000 for the first case
and 1200 for the second one.

The ceiling is designed with several areas of dif-
ferent slopes, which work as reflectors in order to
achieve the same sound pressure level and clarity
also in the furthest seats. In addition, these areas.
have convex shapes to contribute to the diffusion
inthe hall and thereby, to avoid echoes and the
sensation that the sound is coming from above
The walls follow the same concept and have also
irregular shapes to help diffuse the reflected en-
ergy and make the reflected waves reach the rear
part of the audience.

The audience is inclined with an approximate
slope of 79, helping the reflected energy to reach
the furthest seats of the hall, and contributing
atthe same time to a better visibility of all the
audience. There is also a balcony in the rear part,
which is also inclined with a slightly different slope
to optimize the reflection from the ceiling. Absor-
bent materials are placed below that to improve
the sound quality in the seats beneath it.

First sketch

Physical model

We decided to experiment with the layout of the opera house and the surroundings by building a quick physical model. We used our first conceptual sketch
as a starting point and by extracting the different lines in the sketch into surfaces, we created a volume. The idea is to design a building with a gradual tran-
sition from being on the inside to the outside, a journey through the shells that are embracing the building.
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Efter en handledning
fick vi kritik att vi
hade tappat koncep-
tet i utvecklingen.
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DIGITAL UTVECKLING

| utvecklingen av
planen forsokte vi
dra konceptet till sin
spets med ett mjukt
rorelsemonster. Sy-
ftet var att gangarna
skulle vara anpassat
efter flodet av man-
niskor.
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REFLEKTION

ARKITEKTUR OCH AKUSTISK DESIGN

Som helhet arjag valdigt n6jd med projektet saval arkitektoniskt som
akustiskt och sarskilt hur vi lyckades forena dessa tva till en slutgiltig kon-
ceptuell design. Vi fick mycket positiva omdomen rérande hur vi férmed-
lade projektet bade i from av bild och text. P& kritiken upplevde dhorare
att projektet var val genomarbetat i alla detaljer pa ett professionellt vis.
Riktigt kul att varat projekt blev ett av de tre projekten som valdes ut att
skickas vidare till tavlingen.

Ur en akustisk synvinkel lyckades vi skapa miljoer, saval inne som ute,
med goda akustiska kvaliteter. Exteriort skapade vien miljé som var
avskarmad fran den stora motortrafikleden och dess buller. Vi undvek
parallella ytor mellan byggnader for att det inte skulle uppsta fladdere-
ko. Ojamn mark med flera tréad och mindre trépaviljonger bidrog ocksa
till ett battre ljudklimat. Nar det kommer till byggnaden sa placeras den
langa glasfasaden vand fran vagen och skyddades pa sd satt dven aven
mindre byggnad sa glasfasaden inte blev sarskilt exponerad. En styrka
med detta projekt, dr att vi arbetat med akustiken i hela byggnaden, ex-
empelvis i lobbyn, dar det kan uppsta ett ljudklimat med hog efterklangs-
tid, som kan upplevas besvarande av besokare. I konserthallen uppnadde
vivara dnskade varden nar det kommer till en justerbar efterklangstid for
att kunna passa saval opera som symfoniorkester. Nar det galler klarhet
har viinga utrdknade varden men med hjalp av ett logiskt resonemang
och varden pa ITDG é&r det sannolikt att vi lyckats komma mycket néra
den niva pa klarhet vi 6nskar.

Arkitektoniskt tycker jag vi lyckades skapa en samlingsplats pd campus
ddr elever och andra besdkare kan njuta av den organiska och dynamiska
miljon. Exteriort har vi lyckats kombinera ett arkitektoniskt uttryck med
funktioner som ljusavskarmning vilket férhindrar uppvarmning av innek-
limatet. Jag tycker ocksa vilyckades formedla konceptet bra genom de
omslutande formerna och lagren som gar utifrdn och in. Dessa organiska
former, vilka speglar sjalva kdrnan i vart koncept, kan upplevas saval nar
man fran vagen narmar sig byggnaden, som nar man ror sig inne i kon-
sertsalen. Interiort tycker jag vi lyckats riktigt bra med lobbyn dar vi, med
hjdlp av vara prototyper, kombinerar det arkitektoniska uttrycket med
funktioner som akustik, ljus, klimat, samt olika sociala aspekter. Utdver
detta tycker jag vi hittat ett bra samspel mellan det arkitektoniska uttry-
cket och de akustiska kvaliteterna i konsertsalen. Tyvarr har vi inte med
en rendering av taket i konsertsalen vilket skulle visat kdnslan i konsert-
salen annu mer. Detta hade vi velat ha med i presentationen, men blev
tvungna att valja bort pa grund av platsbrist.

METODEN

Ett av de forsta stegen var att utforska de fyra fenomenen ljud, ljus,
mikroklimat och geologi i naromradet i Géteborg. Nar vi utforskade
fenomenet ljus genom att observera hur ljuset tréffade en vattenyta
ledde det fram till en diskussion om hur det ar att leva under vattnet, det
vill sdga att vara omfamnad av vatten och leva i ett eget mikroklimat.
Det var just denna egenskap som vi ville utforska vidare och illustrerade
dennaindgra enkla konceptuella modeller, som forde vara tankar till en
snacka och dess egenskaper. Att ta en sddan utgangspunkt i ett design-
projekt har jag upplevt som mycket givande da man kan trana sig i att bli
mer medveten om vad vi har runt omkring oss i var narmiljé, samt hur
man kan anvanda sig av det for att hitta inspiration.

| nasta steg fokuserade vi pa platsen och vilka mojligheter den gav for
att skapa en bra miljo utifran bade ett arkitektoniskt och ett akustiskt
perspektiv. Vidare borjade vi utveckla multifunktionella prototyper som
bidragit med manga viktiga detaljer och pa flera olika satt forbattrat
projektets helhet. Dessa prototyper hade en sarskilt stor betydelse for
vart projekt eftersom de genomsyrade projektets alla delar och ddrmed
skapade en stor bredd av funktioner och uttryck.

Den iterativa arbetsprocessen har fungerat valdigt bra fér oss. Vara
larare har genom den ocksa fatt bra mojligheter att granska och végleda
oss i de olika stegen. Jag har speciellt uppskattat den ldnga konceptuella
fasen dar vi fick mojlighet att tanka genom alla olika delar av projektet.
Det har ocksd underlattat for oss att halla en tydlig rod trad och forank-

ring i var ursprungsidé allteftersom projektets alla delar tar form.

SAMARBETET

Generellt har samarbetet i gruppen fungerat bra. Jag och Felicia kom-
pletterar varandra valdigt bra och har haft en god kommunikation gen-
om hela projektets gang. Detta tror jag bidrog till att projektet blev sa val
genomarbetat i alla sina delar. Samarbetet med akustik studenten har
ocksa fungerat bra och det harvarit valdigt givande och roligt att samar-
beta med en student fran ett annat program. Vi har haft en regelbunden
kommunikation med zoom-moten flera ganger i veckan. Personligen
hade jag 6nskat att akustikstudenten skulle varit mer involverad i borjan
av projektet. Jag upplevde att mastersstudenterna kom igang ordent-
ligt forst i slutet av projektet dd manga delar i bade design och teknis-
ka l6sningar var satta och dven sma justeringar ledde till mycket extra
arbete. Kanske beror detta pa brist pa erfarenhet av den arbetsprocess
som kravs for den arkitektoniska delen av designprojektet.



