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CONCEPT

The Triangular Cave is a music pavilion sifuated in Denver,
Colorado. It is designed fo accommodate 7000 seated audience
members under a spectacular roof, perfect for opera, ballet
and theatre. Performances fthat infterest a larger group of
peaple, such as rock and jazz, are possible as well by reason of
the open lawn area, accommodating anofher 18 000 people. The
main concept of the project is an abstract cave. This concept is
enhanced by fhe use of friangles in both aesthefic and acoustic
confexts. Furthermore, the cracks creafed in both the buildings
and the roof, are important for the plans as well as the
acousfics
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ACOUSTICS

The characteristic roof is naturally the centre of aftfenfionin
the project. It is not only profection from the elements, but
also an acoustical profif. The roof consists of adjustable wood
triangles that can be angled depending on the performance
When the roof is angled, cracks will appear between fhe
triangles These cracks will consist of absorbent material that
changes fthe acoustical condition. In that way the amount of
absorbent and reflective material can be variable and adjusted
to the current performance. Moreover, there will be holes in
some of fhe wood friangles fo facilifate hidden loudspeakers

MOVEMENT

One big aspect of the project has been movement. On your
way to your seaf you move in and out of cavelike buildings
This creates inferesting movement throughout fthe enfire site
The way we experience the friangles can differ depending on
the environment, and so, we incorporafed the friangles and
the movements in different ways depending on the building
and its use. We incorparated the friangles to the facades, the
corridors, the interior paneling, the sharp landscape and of
course fhe main roof over the stage

SECTION 1:1000

THE ROOF

Different genres of music prefer different listening
experiences, which are connecfed fo how fhe room
responds to the sound. Our adjustable roof makes it
possible to change the reverberation character of the
room. Nofice, since we are dealing with such a huge room,
the air attenuation cannot be neglected. High frequency
components will be affected more To compensafe

that and further reach a more blended sound effect,
resonafars fargefed af low frequency are considered in
the absorbent material

THE FLEXIBILITY

Using simulafion, the corresponding reverberation fime
can be reached by different opening settings of the roof
friangles

Orchestra: 75% wood boards and 25% fiberglass
Opera: 50% wood boards and 50% fiberglass
Reinforced music: 30% wood boards and 70% fiberglass

THE ELECTRO ACOUSTICS

Due fo the large volume of the room, the sound strength
is below target. Therefore, amplification is required. No
large main loudspeaker will be used, instead, mulfiple
loudspeakers will be hidden behind the friangles. The
delay fime and volume are adjusted fo mafch and supporf
the acoustic sound in the room and also keep the aural

localization at the stage. This concept will continue to the

open lawn area. Here multfiple loudspeakers are hidden in
the ground in 3 pewback seffing. These loudspeakers will
also deliver delayed sound according fo the direct sound
from the stage
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THE CORRIDORS

To create a more cave like experience, the rehearsal
rooms are doorless, and so the sound is attenuated
through a corridor. The corridor will be covered with
porous absorbers with gradually increasing thickness
With this configuration, the impedance, especially for
low frequency components, will change gradually. In this
way, fhe velocity change would be less infensive. As a
result, we could expect a much softer sound at the end
of the corridor. To help with this acoustic challenge, the
corridors are designed fo be extensive and are slighfly
angled
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FACADE BACKSTAGE
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View from enfrance

View from rehearsal room

1 Left foyer

2 Restaurant
3. Central foyer
4 Right foyer
5. Wardrobe

6. Restrooms

8. Green ro
9. Foyer
10. Dressing rooms
1. Office

12. Mechanical room
13. Storage

14 Loading platform
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There are two buildings on the site, one enfrance building and one backstage building. The
entrance building is situated on fop of the parking while the backstage building is placed
behind the stage. The stage, seafing area and open lawn area are locafed in fhe slope
befween these two buildings

PLAN 1:1500

Cracks were created to form rooms in the buildings. The cracks, starting at the facade
and reaching info the buildings in different directions, maintain the sense of an absfract
cave. Moreover, the overlapping cracks facilitate long, slightly angled passages that in
combinaftion with a very absorbent maferial eliminates the need for an ordinary door
further confribufing to the cave experience. The windows are likewise createdin a crac
shape, reaching from the ground to the ceiling
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CONCEP T

The Triangular Cave Is a music pavilion sifuafed in Denver,
Colorado It Is designed fo accommodafte 7000 seafted audience
members under a specfacular roof, perfect far opera, ballef
and fheafre Performances fhat inferest a larger group of
people, such as rock and jazz, are possible as well by reasan of
fhe open lawn area, accommodafing anofher 18 000 people. The
main concept of fhe project is an absfract cave. This concepf is
enhanced by fhe use of friangles in both aesfthefic and acoustic
contexfts Furthermore, fhe cracks created in both the buildings
and the roof, are important for the plans as well as the
acoustics

ALOUSTICS

The characferistic roof is nafurally the centre af affenfion in
fhe project If is not only profecfion from fhe elemenfs, buf
also an acoustical profif. The roof consists of adjustable wood
friangles that can be angled depending on the performance.
When the roof Is angled, cracks will appear befween fhe
friangles. These cracks will consist of absorbenft maferial that
changes the acoustical condifion. In fhat way fhe amount of
absorbent and reflecfive mafterial can be variable and adjusfed
fo the current performance. Moreover, there will be holes in
same of fhe wood friangles fo facilifate hidden loudspeakers.

MOVEMENT

One big aspect of the project has been movement. On your
way fo your seaf you mave In and ouf of cavelike buildings.
This creates inferesfing movement fhroughout the enfire sife
The way we experience the friangles can differ depending on
fhe environment, and so, we incorporafted the friangles and
fhe movements in different ways depending on fhe building
and Ifs use. We incarporafed the friangles fo the facades, fhe
corridors, the interior paneling, the sharp landscape and of
course fhe main roof over fhe sfage
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THE ROOF

Different genres of music prefer different listening
experiences, which are connecfed fo how the room
responds fo fhe sound. Our adjustable roof makes if
possible fo change the reverberafion characfer of fhe
room. Nofice, since we are dealing with such a huge room,
fhe air affenuation cannot be neglected. High frequency
components will be affected more To compensate

that and further reach a more blended sound effect,
resonafors fargeted at low frequency are considered In
fhe absarbent material.

THE FLEXIBILITY

Using simulation, the corresponding reverberation fime
can be reached by different opening seffings of fhe roof
friangles.

Orchestra: 75% wood boards and 25% fiberglass.
Opera: 50% wood boards and 509 fiberglass.
Reinforced music: 30% wood boards and 70% fiberglass.

THE ELECTRO ACOUSTICS

Due to fhe large volume of tThe room, fhe sound strengfh
s below Targef. Therefore, amplification is required. No
large main loudspeaker will be used, instead, mulfiple
loudspeakers will be hidden behind the friangles. The
delay fime and volume are adjusted fo mafch and supporf
fhe acoustic sound in fhe room and also keep fhe aural
localization at the stage. This concept will confinue fo the
open lawn area. Here mulfiple loudspeakers are hidden in
fhe ground in a pewback seffing. These loudspeakers will
also deliver delayed sound according to fhe direct sound
from fhe stage.
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ITHE CORRIDORS

To creafte a more cave like experience, fhe rehearsal
rooms are doorless and so the sound Is affenuated
fhrough a corridor. The corridor will be covered with
porous absorbers with gradually increasing thickness.
With this configurafion, the impedance, especially for
low frequency components, will change gradually. In this
way, the velocity change would be less infensive. As 3
resulf, we could expect a much soffer sound af fhe end
of the carridor. To help with this acousfic challenge, the
corridors are designed fo be exftensive and are slightly
angled.
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1. Leff foyer

2. Restaurant

3. Cenfral foyer
L. Right foyer

5 Wardrobe

6 Resfrooms
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There are fwo buildings on the site, one enfrance building and one backsftage building. The
enfrance building is sifuated on fop of the parking while the backsfage building I1s placed
behind fhe stage. The sfade, seafing area and open lawn area are located in fhe slope

befween fhese fwo buildings.
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7. Rehearsal Cracks were creafed fo form rooms in fhe buildings. The cracks, starfing af the facade
8. Green room and reaching info fhe buildings in different directions, maintain fhe sense of an absfract
9. Foyer cave. Moreover, the overlapping cracks facilitate long, slightly angled passages that in
10. Dressing rooms combinafion with a very absorbent maferial eliminaftes the need far an ordinary door,

11 Office further confribufing fo fhe cave experience. The windows are likewise creafed in a crack
12 Mechanical room shape, reaching from fhe ground fo fhe ceiling.

13. Storage

1L Loading plafform

REFLECTION

Firstly, I am very pleased with the final result of our project. We had a clear concepf from fhe beginning with our
friangular adjustable roof and throughout the enfire process we worked with these friangles and cracks in one
way or anofher. Since this was such a big concepf in our project, | really appreciated when we gof the feedback
fhat the friangles and cracks were very convincing and connected fhe entire area. We used the cracks in different
ways In for example the roof and the buildings but still people felt that they belonged fo the same family

Unfortunately, our boards and drawings were considered hard fo read. Since archifecture is all about
communication through drawings, we should have presenfed our maferial in a slightly different way. Our fhree-
dimensional model could have been shown fo facilitate further understanding on how fthe area is connected
Moreover, we could have developed our drawings and pictures fo clarify them. The big rendering over fhe roof and
seafing area could have shown the connection with the open lawn area by choosing another view. The section could
have shown more defails such as fhe elevators from the parking fo the enfrancebuilding

The acoustics was nafurally a very cenfral part of the project. We decided fhat we wanted fo work with fhe
adjustable friangular panels in an early stafe and saw a lof pofential in that kind of roof strucfure Nof only was
It visually beaufiful but also acoustically interesting. What if we could change the acoustical condition depending
on performance and what If we could combine the panels with loudspeakers. The acousfician helped us with

fhese questions and we saw thaf our ideas were possible. This kind of inferdisciplinary collaboration was very
insfructive and | understood the imporftance of communicafion and understanding between the different disciplines

It was enlightening fo work with someone who had anofther aim with the project and pleasant that we could work
fogefher

However, | wished fhat we had developed the acousfical ideas further by investigafting angles and condifions
fo really understand the pofential from calculated values. Instead our calculaftions were very simplified
Neverftheless, we received good crifique on aur figures of the acoustics. They highlighted the possibilities and
showed the pofential of blending electro acoustics with room acoustics In a good way



METHOD AND PROCESS

1. The model on our first idea of roof structure and acousfical concept
The model was very helpful in ferms of understanding the flexibility of the
structure

/. We experimented different applications on the friangular paffern and

fhe model. This picfure shows a pofenfial stage appearance. | personally
appreciated when the roof sfrucfure starfed from fhe floor and confinued fo
fhe ceiling, an idea that we decided fo keep throughout the enfire project

3. The pattern was inifially used to form the open lawn area. It creafted clear
zones buf also problematic corners.

- - L The same friangular paffern from the model was used fo creafe a
N - : backstage plan. However, the problemafic corners resulfed in new proposals

" > on plans

5 The idea on an absfract cave created by friangles was born. We made 3
quick skefch on how we iImagined a facade and an enfrance.

STAGE

6 When we developed our acousftical roof, we established fhaf the cracks
befween fhe friangles would be of major importance. By changing fhe angle of
fhe friangles, we could increase or decrease the area of fhe space befween
fhem. By using an absorbent maferial in that space we could change fhe
acousfical condifions. Since fhe cracks was very importfanft far fhe acousfics,
we started fo experiment with cracks in ofher ways foo, resulfing in using
cracks fo form rooms in our buildings. This was a very imporfant decision as
fhe cracks came to be a vital connection for our project in large
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important decision was fo overlap fhe cracks, forming long corridors that /j

fogefher with a very absorbent material eliminated the need for an ordinary . QY

door. More detailed calculations must be done fo establish the possibility of }/y
//

fhis solution. Neverftheless, | am very fond of the idea

8. Affer finishing fhe plans we creafed 3D models fo visualize the exterior
expression.

9 The open lawn landscape was desianed fo callaborafte with the cave like
buildings Instead of using friangles as we inifially did.

10. From the beginning we planned fo use parking houses as acousfical S \
barriers around fhe area In the end however, we used the parking fto creafe ) =
difference in alfitude since the locaftion ifself was rafher flaf. We considered
fhat the staff, using fhe backstage building, required daylight and therefare
we chose not fo builld underground. Instead we creafed a small mounfain on
fhe sife which connects fo the abstract cave concept




