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The Bachelor's Program in Architecture and
Engineering is a collaborative study between
architecture and acoustics. Each year, students
participate in the International student com-
petition organized by the Acoustical Society of
America.

In this year’'s challenge, the object was to
design a campus theater with good acoustical
and conceptual properties. The project aims to
prepare us for professional life through col-
laboration and an artistic approach to iterative
design. Including several stages and a project
that gradually develops.

Our project explores the potential of using
textiles in acoustic applications. By being both
reflective and adaptable. Making the acous-
tic experience adjusted to the specific needs,
while also changing the visual impression with
a foldable, reflective and textile roof. The de-
sign is inspired by musical instruments such
as the drum. Symbolising the collaboration
between sound and structure.
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Chalmers University of Technology
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EXTREME FABRICS
Meking use of the technological advance-
ments In fabrics, this theater utilizes it not

ROOF TERRACES.
The space between the fabric membrane
2nd the flat rooftaps becomes an interesting

only in its membrane construction, but alsa in  2rea for visitors to explore. It is a roof garden

its room acoustics.

Shislded under a Teflan-coated fiberglass
fabric, the theater is protected from Go-
thenburgs harsh weather, while stil letting

with a graal view eastward, lowards the riv-
er. Since it is covered under the membrane, it
can be accessible even during the rainy days.

through diffused light during its sunnier days.

Tensile structures make very efficient long-
span structures. I is cheaper, lighter and
easier to construct, Because of the Teflon
coating, the fabric Is protected against the
rain and the sun.

B

LOCATION
Located at Pumpgatan i the old Gothenburg

REFLECTIVE FABRIC

Using textile roof as a acoustic reflective
surface is difficul: to achieve. Textiles are
usually lightweight and do not reflect saund
in a good way, Our concept contains 2 ma-
terial that is both heavy and flexibte. We
aim to achieve this by combining fioerglass
and copper fiber. These materials are fairly
cheap and accessible. By combining this in
an interwoven pattern we suggest that we
can achieve a weight of m-=14 kg/m"2, Us=
ing the equation R0=20l0g(m)+20l0g(f)-42.
with frequencies atf-[125 250 500
000 7000 40001 Hz we receive an
reduction factor of

RO-[22.8608 28,8814 349020 409226
469632 529638 0B

From these, we calculate the absorption co-
efficients using the relation

R=10 logTResulting in an absorption coeffi-
cientof -[00052 0.0013 0.0003 00001
00000 0.0000] which s a highly reflec-
tive material. It should be taken into con-
sideration the actual achievability of creat-
ing such a material. We have s mplified the.
calculation by viewing the fibers as a com-
pact material. 2 mm of fiberglass and 1 mm
of copper fiber. Copper have a density of 9
gom3 and fiberglass a density of 2.5 gem3.
The actual fexibility and consruction of the
material needs to be designed and tested.
Another potential error is the porosity of the
material. Porosity may affect the reflectivity
negatively. We have calculated the material
s entirely compact which is not true in re-
aliy.

PERFORMANCE

For reverberation time we receive a value at
1000 Hz 075 s for 2 closed and lowered oo,
This is favorable for speech where distincis
sounds are wanted. For the open roof wilh

a higher volume we receive a value of 115 s.
More favorable for music.

For strength G we measeured Gmid at 1000
Hz. For closed and lowered roofs w receive
2 value between 8.54 B at the front to 315
dB at the back, For open we receive a value
7,79 at the front and 1.92 at the back.

For clarity C50 we receive values at the
front from 5.34 0B al 125 Hz la .44 db at
4000 Hz. At the back we receive values at
2.25 db al 125 Hz 10 3.28 al 4000 Hz.

Hartor, the ane of Gathen-
burg's many landmarks along the river. It also
helps bind the city toghether, following Go-
thenburg municipality’s plan to build anther
bridge across the river, The theater would be.
in a strategic location, easily accessible and
& public meeting pce for people lving in ei-
ther side of the city. What is currently an in-
dustrial area, would finally becorme accessi-
ble for the public to experienca Gothanburg's
rich history as an important harbor city by
being around those conic crangs.
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‘THE THEATER HALL

‘The shape of the theater hall is modelled after
the roof structure. An octagon with the scene
tangent to the outside. For variable acoustic
we have the bilty 1o close and open the roof.
Resemoling a flower in bloom, this changes
the acoustic properties in the roof and affects
the reverberalion time, making it suitable for
other types of performance. It 1 also possible.
to raise and lower the textle roof, meking the
acoustics variable for ezch performance.

The actual difference the roof makes is great-
Uy simplified and actual performance may dif-
fer to calculated values, The shape of the ac-
tagon may ot be optimal for sarly reflection
from the scene, Therafore interior walls have
been canstructed al the side entrance and light
boaths on the side of the hall, making the early
reflection more prominent. The early reflection
from the textile ceiling are more problematic.
‘The shape of the raof may not be optimal for
early reflections for the current place of the
scane. Although the roof is always of concave
shape and should spread sound. f the source
was instead placed in the center, right below.
the textile ceiling. The early reflection would
work better, with a more clear and straight
ahead reflection. This may be problematic for
sound at the center being hearable al differ-

ent places of the hall. But then the theater hall
would have different problems with the direct-
d spread of sound.

WALL CONSTRUCTION
The construction of the wall elements consist
of double walled wood construction. With Wood
panels followed by two (eyers of plasters.

Then wooden joisL.The first wall is separaied
at least 40 centimeters from the second well.
Lightly packed insulation i placed between
them too prevent sound from coming through.
The second wall is mirrored in comparison to
the first,

The windows are also doubled, Double sided
windows are placed with a space of 40 centi-
meters between them. Connected to the con-
struction by springs.

EXTERIOR NOISE
Afairly busy and noisy harbor area makes the
tactic of handling outside noise important. We
have an outer tensile structure aimed to de-
flect outside noise. The structure is otherwise.
constructed of wood. With concrete to the min-
imum, using smart wall designs.
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REFLECIVE FABRIC

Using textile roof as a acoustic reflective
surface is difficult to achieve. Textiles are
usually lightweight and do not reflect sound

in a good way. Our concept contains a ma-
terial that is both heavy and flexible. We aim

to achieve this by combining fiberglass and
copper fiber. These materials are fairly cheap
and accessible. By combining this in an inter-
woven pattern we suggest that we can achieve
a weight of m=14 kg/m*2. Using the equation
R0=20log(m)+20log(f)-42. with frequencies
atf=[ 125 250 500 1000 2000
4000] Hz we receive an reduction factor of
R0=[22.8608 28.8814 34.9020 40.9226
46.9432 52.9638] dB

From these, we calculate the absorption coeffi-
cients using the relation

R=10 logIResulting in an absorption coefficient
of =[0.0052 0.0013 0.0003 0.0001 0.0000
0.0000] which is a highly reflective material. It
should be taken into consideration the actual
achievability of creating such a material. We
have simplified the calculation by viewing the
fibers as a compact material. 2 mm of fiber-
glass and 1 mm of copper fiber. Copper have a
density of 9 gcm3 and fiberglass a density of
2.5 gcm3. The actual flexibility and construction
of the material needs to be designed and test-
ed. Another potential error is the porosity of
the material. Porosity may affect the reflectivity
negatively. We have calculated the material as
entirely compact which is not true in reality.

LOCATION

Located at Pumpgatan in the old Gothenburg
Harbor, our theater aims to connect the city
over the river. The municipality of Gothenburg
has decided to construct a pedestrian bridge
next to our location. Connecting the island
Hisingen to the mainland. The theater would be
strategically located beside busy walking traf-
fic. At the connection from central Gothenburg
to the education Hub Lindholmen. Making the
theater a natural stop for commuting, eligible
for survival and thriving. Also be a part of the
city’'s landmarks bringing attention to Gothen-
burg'’s rich tradition of theater.







THE THEATER HALL

The shape of the theater hall is modelled after
the roof structure. An octagon with the scene
tangent to the outside. For variable acoustic
we have the ability to close and open the roof.
Resembling a flower in bloom This changes the
acoustic properties in the roof and affects the
reverberation time. Making it suitable for other
types of performance. We also have the ability
to heighten and lower the textile roof. Making
the acoustics variable for each performance.
The actual difference the roof makes is greatly
simplified and actual performance may differ
to calculated values. The shape of the octagon
may not be optimal for early reflection from the
scene. Therefore we have constructed the side
entrance and light booths on the side of the
hall. Making the early reflection more promi-
nent. The early reflection from the textile roof
are more problematic. The shape of the roof
may not be optimal for early reflections for

the current place of the scene. Although the
roof is always of concave shape and should
spread sound. If the source was instead placed
in the center, right below the textile roof. The
early reflection would work better, with a more
clear and straight ahead reflection. This may be
problematic for sound at the center being hear-
able at different places of the hall. But then the
theater hall would have different problems with
the directed spread of sound.

WALL CONSTRUCTION

The construction of the wall elements consist
of double walled wood construction. With Wood
panels followed by two layers of plasters. Then
wooden joist.The first wall is separated at least
40 centimeters from the second wall. Lightly
packed insulation is placed between them too
prevent sound from coming through. The sec-
ond wall is mirrored in comparison to the first.
The windows are also doubled. Double sided
windows are placed with a space of 40 centi-
meters between them. Connected to the con-
struction by springs.

EXTERIOR NOISE

A fairly busy and noisy harbor area makes the
tactic of handling outside noise important. We
have an outer tensile structure aimed to deflect
outside noise. The structure is otherwise con-
structed of wood. With concrete to the mini-
mum, using smart wall designs.
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PERFORMANCE

For reverberation time we receive a value at
1000 Hz 0.75 s for a closed and lowered roof.
This is favorable for speech where distincts

sounds are wanted. For the open roof with

a higher volume we receive a value of 1.15 s.
More favorable for music.

For strength G we measeured Gmid at 1000

Hz. For closed and lowered roofs we receive a

value between 8.54 dB at the front to 3.15 dB at
the back. For open we receive a value of 7.79 at
the front and 1.92 at the back.

For clarity C50 we receive values at the front
from 5.34 dB at 125 Hz to 6.44 db at 4000 Hz. At
the back we receive values at 2.25 db at 125 Hz
to 3.28 at 4000 Hz.
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The Helmholtz resonator reduces the rever-
beration time at 125 Hz by x amount.

Reverbation time RT60 [s]

Strenght G [dB]

C50 [dB]
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REFLECTION

Design Process

The process was a bumpy road with many con-
ceptual and structural challenges. We took a
bold approach in the competition by using tex-
tile. A material not typically suited for acoustics
and attempted to modify its properties to meet
specific needs. A clear example of this was our
early idea of using textile under tension to both
absorb and reflect sound. It was a concept with
pure intentions, but not feasible in reality. We
used drumskin leather as a metaphor for the
roof structure. After discussions with acoustic
professionals, the idea was discarded. How-
ever, the structure and design inspired us to
develop our foldable roof, “the flower."

Architectural Qualities

The theater is both a functional and expressive
building. Connecting Gothenburg and highlight-
ing the importance of theater. Which in itself

Is an architectural quality. The most notable
feature is the foldable roof, which combines
structural innovation with strong visual quali-
ties. Aimed to enhance the overall experience.

Sustainable Strategies

We initially struggled with our similarity to the
circus. Looking back, this was not a bad com-
parison. A circus represents a humble and so-
cially sustainable model. Able to reach remote
areas and bring entertainment to everyday
people. Our concept included the idea of being
able to disassemble and move the entire the-
ater. With lightweight materials like textile and
wood this seemed achievable. But the lack of
time made it impossible. Textile is a lightweight
material that minimizes environmental effect
and has many possibilities in architecture.

Integration of Technical Disciplines

The collaboration between sound and structure
was the most obvious integration. The project
involved input from many fields. Indoor climate
was discussed in this course. We thought about
noise pollution from ventilation systems and
how we would construct walls for soundproof-
ing. Light and color were also part of the proj-
ect. Taking inspiration from our field trip to the
art museum. Using colors from the Gothenburg
Colorist collective in our project.
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Interdisciplinary Collaboration

Collaboration was a major challenge during
the course. It tested our abilities as team
members. Being humble and open is essential
for creating a good environment. The stress of
deadlines and ambitions made collaboration
difficult. Making clear intentions from the start
and maintaining a respectful relation is essen-
tial for future projects.

Issues of Leadership

Leadership earlier in the process would have
been helpful. In a real world scenario, with
more people involved the project would feel
less personal. Clearly defined roles and re-
sponsibilities would have led to a more bal-
anced workload and an overall better project.

Artistic Methodologies, Iterations

Parametric design played a significant role

in the project. Bringing conceptual sketches
with complex geometries into reality. Although
we shouldn't overemphasize its importance.
The true strength of the project lies in its core
ideas and the conceptual foundation. Sketching
and the iterative process was the most import-
ant part. Developing concepts and filtering out
the good from the bad. Iteration gave us time to
explore various solutions. Resulting in a more
creative project.

Afterthoughts on Three Years of Study, Future
Practice

During three years of Architecture and Engi-
neering studies | have learned many things.
Among others hard work, dedication, and the
competitive environment of architecture. | have
developed a deeper understanding of archi-
tecture and gained confidence in my abilities.
Working through difficult challenges with my
classmates has brought us closer together and
emphasized the importance of collaboration.
Laying a solid foundation for future studies in
structural engineering and a work-life with
many friendly AT-colleagues.




