Processos de Design: Uso de Animacoes na
Concepcao de Pecas de Mobiliario

RIWKHZRUOG,WSDUWLDOO\GHÀQHVRXUSHUFHSWXDO
HPRWLRQDOVSLULWXDODQGSV\FKRORJLFDOVSDFHVDQG
contributes to our understanding of ourselves, our
environment, and our relationship to each other”.
&DQVRXQGEHXVHGLQDJHQHUDWLYHZD\LQRUGHU
to produce an architectural piece of work? If that
LVSRVVLEOHDUFKLWHFWXUHZLOOQRWRQO\SURYLGHQHZ
possibilities of looking at form, but linking form
WRDSK\VLFDOFRQWH[W&DQIRUPIROORZVRXQG"
One of the main aspects that will be considered
is the relationship between exterior and interior
RIWKHEXLOGLQJ FLW\H[WHULRUDQGDXGLWRULXP
interior), through one of the most important
SURJUDPPDWLFSDUWV´WKHIR\HUµ7KLVVSDFHZLOO
EHLGHDOL]HGDVDÀOWHURUDWKUHVKROGFRQGLWLRQ
between two instances and will create an
articulation in spatial, acoustical terms. Then we
could think of an architectural design as a series
RIGLVFUHHWVWUXFWXUHVWKDWFRQYH\VRPHVRUWRI
QDUUDWLYHZKRVHSORWEDVLFDOO\LQYROYHVWUDQVLWLRQV
from one state of equilibrium to another, when
describing this vision of a future of architecture
LWLVSRVVLEOHWRWKLQNRILWDVWKHPDWHULDOL]DWLRQ
RUDUFKLWHFWXUDOL]DWLRQRIWKHHSKHPHUDODQG
invisible forces around us, such as sound.

2. The Method.
2.1 Generative sound, concepts
of interior and exterior.
The project is dealing with the issue of sound
and space in two different aspects; interior and
exterior conditions.
On the one hand, the interior conditions are
constrained to produce the volume required for a
VSHFLÀFW\SHRIPXVLFDVVHHQLQ)LJXUH.
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Abstract
1. The Research Objective.
)ULHGULFK6FKHOOLQJ·VIDPRXVTXRWH´$UFKLWHFWXUH
LV)UR]HQ0XVLFµDWWHPSWHGWRÀQGDUHODWLRQVKLS
EHWZHHQWKHVROLGLW\RIDUFKLWHFWXUHDQGWKH
LQWDQJLELOLW\RIPXVLFLQKLVHUD:KLOHWKH
%DURTXHDQGVXEVHTXHQW5RFRFRVW\OHVLQ
DUFKLWHFWXUHFRQWDLQDSODVWLFLW\DQGÁRZRI
ornament that seems to validate the statement, it
GRHVQRWJREH\RQGSXUHO\VXUIDFHFKDUDFWHULVWLFV
If we look at the purpose, goal and process
RIERWKPXVLFDQGDUFKLWHFWXUHÀQGLQJFOHDU
UHODWLRQVKLSVLVGLIÀFXOWWKRXJKWKLVGRHVQRW
GHWHUDUFKLWHFWVIURPÀQGLQJLQVSLUDWLRQLQ
music, and vice-versa.
1.1 Problem statements and Research Questions
$V%UDQGRQ/D%HOOHGHVFULEHVLQKLVZRUN´6LWHRI
6RXQGµ´VRXQGH[LVWDVDSKHQRPHQDOSUHVHQFH
involved in and determining the shape

)LJXUH2SWLPXPUHYHUEHUDWLRQWLPHDFFRUGLQJWRW\SHVRIPXVLFWDNHQIURP´$FRXVWLFVLQEXLOGLQJV%HUQDUG*UHKDQWµ
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)LJXUH,PDJHRI(FRWHFW9VRIWZDUHVLPXODWLQJVRXQGEHKDYLRURIWKH(PSLUH6WRUHVDQGLWVVRXQGHQYLURQPHQW

This chart shows the relationship between
YROXPHVSHFLÀFPDWHULDO LWVFRHIÀFLHQWRI
absorption) and time of reverberation.
7  9D :KHUH7 UHYHUEHUDWLRQWLPH
(seconds), V = room volume, cu ft), and a = total
room absorption (sabins).
Different reverberation times are desired for
different effects. A large reverberation time
JLYHVWKHVHQVHRIVRPHWKLQJYHU\ODUJHDQG
JUDQGWKXVFDWKHGUDOVDQGPDQ\V\PSKRQLF
works desire something of a high reverberation
time. (1.6 to 2.0 seconds, or even greater in
cathedral settings).
It is important to consider that there are three
EDVLFXVHVRIWKHUHÁHFWLYLW\RIVRXQGLQDURRP
acoustics environment.
5HÁHFWLRQWKHUHWXUQRIDVRXQGZDYHIURP
a surface.
2- Diffusion: Diffusion occurs when the
wavelength is equal to the surface that
UHÁHFWVLW'LIIXVLRQLVWKHVFDWWHULQJRID
sound wave from a surface.
3- Diffraction: Diffraction is the bending of a
sound around an object.
In addition to the acoustical constrains just
mentioned, there are some other requirements
ZLWKUHJDUGVWRYLVLELOLW\IDFWRUVWKHVH
geometrical manipulations allow the designer
WRREWDLQRSWLPXPVLJKWRIWKHVWDJHIURPDQ\
seating location.
On the other hand the exterior conditions
required on site recordings, in order to obtain the
data that would then be applied in a simulated
FRPSXWHUHQYLURQPHQW%\WKHXWLOL]DWLRQRI

this technique the idea of sound generating
architecture begins to take place. Sound Mapping
LVWKHQDVLWHVSHFLÀFPXVLFHYHQW

$V/$%>DX@ ODERUDWRU\IRUDUFKLWHFWXUHDQG
XUEDQLVP QRWHVLQWKHLUWH[W´7KHVKDSHRI
VRXQGµ´6RQLFVSDFHWKXVFDQEHGHÀQHGDV
WKHVWXG\RIV\VWHPLFUHODWLRQVEHWZHHQKXPDQV
and acoustic environments formed through the
conscious and subliminal perceptions of the
OLVWHQHU,QWKLVPDQQHUWKHDQDO\VLVRIVRQLFVSDFH
is based on the cognitive and perceptual attributes
VXFKDVIURQWUHDUFRQWRXUUK\WKPVLOHQFH
GHQVLW\VSDFHDQGYROXPHZKLFKDUHGHULYHGRI
DQDO\WLFDOFRQFHSWVVXFKDVQRWHVRQLFHYHQW
sonic object, sonic signals… In consequence the
VHWWLQJRIVRQLFVSDFHLVQRWRQO\DQRUJDQL]DWLRQ
of sound in time, but also the constitution of a
matrix of acoustic, visual, behavioural patterns
within their spatial expression”.
2.2 The use of software.
In order to obtain that mentioned simulated
computer environment, the Ecotect V520
software was used.
%DVLFDOO\DIWHUYLUWXDOO\PRGHOLQJWKH(PSLUH
Stores building, sound sources were located in
WKHVDPHSODFHVZHUHWKHVRXQGZDVRULJLQDOO\
UHFRUGHGLQWKLVZD\LWZDVSRVVLEOHWRREWDLQD
VLPXODWLRQRIKRZWKHVRXQGUD\VZRXOGEHKDYH
with the existing structure, as seen on )LJXUH.
After obtaining those results that information
was merged together ()LJXUHQH[WSDJH)
generating the main axis that would then
become the initial state of the project.
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and the Concert Halls, creating a sonic merging
FRQGLWLRQRIWKHFLW\·VHQYLURQPHQW

)LJXUH0HUJHGGDWDRI(FRWHFW9VRIWZDUH
7KHVRXQGVLQWKLVHQFORVHGVSDFHZLOOSURGXFH
PXOWLSOHUHÁHFWLRQVWKDWZLOOEOHQGWRJHWKHUFUHDWLQJ
UHYHUEHUDWLRQ7KLVZLOOEHPRVWQRWLFHDEOHLIWKH
VRXQGVVWRSEXWWKHUHÁHFWLRQFRQWLQXH

)LJXUH)ROORZLQJVWDJHVWXG\PRGHOV

7KHLGHDRIDQDFRXVWLFLGHQWLW\RIDFLW\WKHQ
emerges, were sound is used as a three dimensional
tool to create an architectural proposal.
The design process:
The design process began with a series of
GLDJUDPVUHQGHUVDQGVWXG\PRGHOVWKDW
intended different approaches with regards with
the architectural problem.
$WDQLQLWLDOVWDWH(XFOLG·V6HFWLR&DQRQLVRUWKH
GLYLVLRQRIWKHPXVLFDOVFDOHZDVXVHGWU\LQJWRÀQG
a relationship between numeric proportions and
possible composition for the project. This initial
LGHDLQWHQGHGWRRUJDQL]HWKHPDWHULDORUJDQL]DWLRQ
RIWKHSURMHFWLQDQ´LQFUHVFHQGRµFRQGLWLRQ
between solid and void, exterior and interior,
KDYLQJDWKUHVKROGFRQGLWLRQDÀOWHUWKHIR\HU
As a next step the intention was to test the site
PD[LPXPFDSDFLW\ZLWKUHJDUGVWRSURJUDPPDWLF
requirements, considering the acoustic and
visual constrains described in the beginning of
WKLVFKDSWHU,WZDVQHFHVVDU\WRNQRZKRZPDQ\
FRQFHUWKDOOVZRXOGEHSRVVLEOHWRÀWLQWKHVLWH
considering the idea of having Concert Halls that
ZRXOGEHXVHGIRUVSHFLÀFW\SHVRIPXVLF
Then the idea of how architecture could be
understood as an instrument emerged, could it
be possible to create an architectural proposal
WKDWFRXOGWHOOWKHYLVLWRUKRZWKHFLW\WKH
building it is placed in sounds? How could the
PDWHULDORUJDQL]DWLRQRIWKHVLWHEHFRQVWUDLQHG
E\WKHVRXQGHQYLURQPHQW"
$VDIROORZLQJVWDJHWKLVLGHDZDVIRUPDOL]HG
DVDV\VWHPRIWXEHVWKDWLQWHQGHGWRFDSWXUH
the sonic condition of the site, working also as
circulations for the overall project.
7KHVHV\VWHPVRIWXEHVZRXOGEULQJWKHH[WHULRU
VRXQGWRWKHLQVLGHRIWKHSURMHFWWKHIR\HU

7KHDGGLWLRQRIVRPDQ\VXSSOHPHQWDU\V\VWHPV
began to make the architectural proposal less
robust, because the sense of exterior and
interior was unclear.
,WZDVÀQDOO\GHFLGHGWKDWWKHRQO\PDWHULDO
RUJDQL]DWLRQQHFHVVDU\WRGHYHORSDGHVLJQDQG
architectural process was the Empire Store itself.
%\JRLQJEDFNWRWKH(FRWHFW9GLDJUDP )LJXUH
), it was possible to differentiate areas of sonic
VKDGRZDQGVRQLFÁRZ,QWKLVZD\SURJUDPPDWLF
DQGFLUFXODWLRQDUHDVFRXOGEHGHÀQHG
%\UHXVLQJWKHVWUXFWXUHRIWKH(PSLUH6WRUHV
HVSHFLDOO\WKHEXLOGLQJ·VSRURVLW\FRQIRUPHGE\
its windows openings. The idea of capturing and
PDQLSXODWLQJWKHVLWH·VHQYLURQPHQWDODFRXVWLF
condition re-emerges.
7KHH[WUXVLRQDQGWKHFLUFXODWRU\FRQGLWLRQRI
those opening start to behave as tubes that
ZLOOFDUU\WKHVLWH·VVRXQG3HUIRUPLQJDVVRQLF
DJHQWVWKDWVFXOSWWKHPDWHULDORUJDQL]DWLRQRI
WKHEXLOGLQJLQWKLVZD\DVHULHVRIVRQLFHYHQWV
will travel through these circulations merging as
different acoustic events.
$VDÀQDOVWHSIRUWKLVLGHDWKHIDFDGHVLQVLGH
the mentioned sonic shadow areas were
extruded, giving space to the programmatic
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requirements (Concert Halls, Cafeteria,
Administration and Music Store). Taking the
JHRPHWU\REWDLQHGLQ)LJXUHWKRVHDUHDV
also went through a process of sloping, in order
to follow up with the concept of the Berlin
3KLOKDUPRQLF´0XVLFDVWKHIRFDOSRLQWµZKHUH
there is not a mathematical centre, but a
condition that surrounds the visitor inside this
acoustic landscape.
([WUXGHGIDFDGHVDQGWXEHVZHQWÀQDOO\WKURXJK
a process of subtraction, creating a series
of perforations and porosities that allowed
the visitor to penetrate the solid mass of the
(PSLUH6WRUHVFUHDWLQJDFLUFXODWRU\V\VWHP
for the project that communicated the exterior
FRXUW\DUGWRWKHLQWHULRURIDVHULHVRIKROORZ
spaces that contained the required program
described in the next chapter.
%\WKHVHVHULHVRIRSHUDWLRQVLWLVLQWHQGHGWRDOVR
IROORZWKHFRQFHSWXVHGE\5HP.RROKDVVLQ&DVD
Da Musica, where there is a negotiation between
H[WHULRUDQGLQWHULRUFRQGLWLRQVE\WKHSHQHWUDWLRQ
RIWKHFLW\WRWKHEXLOGLQJDQGYLFHYHUVD

of music, giving the visitor different possibilities
of musical experiences. In addition to those
spaces, the project required support facilities
as Administration, Cafeteria, Music stores and
Retail. The programmatic requirement for that
kind of project is described as it follows:
Brooklyn Bridge Park Concert Halls:
1- Site:
8.284 m2
Main Concert Hall:
713 m2
2.1- Stage:
254 m2
)R\HU

P
2.3Tickets:
18 m2
2.4Storage:
65 m2
2.5Green Room:
117 m2
2.6Rehearsal Room:
203 m2
2.7Store:
68 m2
Subtotal:
1.704 m2

3.1
3.33.4-

3. Site Documentation / Analysis and
Program Development
6LWH,GHQWLÀFDWLRQDQG$UHD,QIUDVWUXFWXUH
$IWHUDQDO\]LQJWKH0HWURSROLWDQDUHDDQG
VWXG\LQJWKHQXPEHURI´0XVLF%XLOGLQJVµ,W
was unexpected to notice that there are no
FRQFHUWKDOOVLQWKH%URRNO\QERURXJKEHVLGHVWKH
%URRNO\Q$FDGHP\RI0XVLF
7KHVLWHWREHDQDO\]HGLVORFDWHGLQWKH
'80%2 'RZQXQGHU0DQKDWWDQ%ULGJH
2YHUSDVV QHLJKERUKRRGVSHFLÀFDOO\LQWKH
Empire Stores building.
7KLVDEDQGRQEXLOGLQJORFDWHGEHWZHHQ:DWHU
DQG0DLQ6WUHHWIDFHVWKH%URRNO\Q3DUNDQG
WKH0DQKDWWDQVN\OLQH$OVRWKHSUHVHQFHRI
ERWKWKH%URRNO\Q%ULGJHDQGWKH0DQKDWWDQ
Bridge creates a special acoustic experience,
considering that through the Manhattan Bridge
WKH%'1DQG4VXEZD\OLQHVSDVVHYHU\ÀYH
minutes in rush hour, and the hundreds of cars
WKDWJRDFURVVWKHWZRERURXJKV7KH'80%2
QHLJKERUKRRGKDVDFXOWXUDOLGHQWLW\HQKDQFHG
E\WKHORFDWLRQRIYDULRXVDUWJDOOHULHV6W$QQH·V
:DUHKRXVH&LQHPDSDUNVDQGUHVWDXUDQWV7KHVH
FKDUDFWHULVWLFVFRQIRUPVDQDUHDRIIDPLO\DQG
tourist destination.
3.2 Development of Program.
2QHRIWKHLGHDVIRUWKH%URRNO\Q3DUN&RQFHUW
Halls project was to have two different kinds of
FRQFHUWKDOOVGHVLJQHGIRUWZRGLIIHUHQWW\SHV

Secondary Concert Hall: 465 m2
Stage:
139 m2
)R\HU 

P
Storage:
80 m2
Rehearsal Room:
52 m2
Subtotal:
1.021 m2
Administration:
Cafeteria
Music Store:
Retail:


3.3-

344 m2
344 m2
159 m2
283 m2

TOTAL (constructed):
2.828 m2
&LUFXODWLRQ0DLQ&RXUW\DUGP
Reverberation Time Calculations:
Reverberation Chart. 2

T=0.05X V/A
T=REVERBERATION TIME
V=VOLUME
A=TOTAL ABSORTION (MEASSURED IN SABINS)
A FOR WALLS =0.6

SHREDDED WOOD FIBERBOARD 2 IN.THICK ON CONCRETE

A FOR CEILING=0.5

SHREDDED WOOD FIBERBOARD 2 IN.THICK ON LAY IN GRID

A FOR FLOOR=0.1

CARPET, HEAVY, ON CONCRETE

OPERA HOUSE
/ SECONDAY HALL
VOLUME FT3

445,602

WALLS LENGTH

318

LENGTH X HIGHT

21,942

AREA X 0.6

13,165

CEILING AREA

6,458

AREA X 0.5

3229

FLOOR AREA

6,458

AREA X 0.1

645.8

SABINS TOTAL (A)

17,040

VOLUME / SABINS

26.15

T=0.05X(V/A)
T=

1.6

SYMPHONY HALL
VOLUME FT3

664,943

/ MAIN HALL
WALLS LENGTH

364

LENGTH X HIGHT

28,756

AREA X 0.6

17,254

CEILING AREA

8,417

AREA X 0.5

4208.5

FLOOR AREA

8,417

AREA X 0.1

841.7

SABINS TOTAL (A)

22,304

VOLUME / SABINS

29.81

T=0.05X(V/A)
T=

1.8
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5. Thesis Proposal.
5.1 Final Renders and Architectural Drawings

)LJXUH%URRNO\Q%ULGJH9LHZ3URMHFW3URSRVDO
)LQDO5HQGHULQJV

)LJXUH0DQKDWWDQ%ULGJH9LHZ3URMHFW3URSRVDO
)LQDO5HQGHULQJV

)LJXUH6HFWLRQ9LHZ3URMHFW3URSRVDO
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