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Formal Modulation
for Acoustic Performances of a Bridge

In thalast fifteen yvearsin architecture the frequent use of dedign instrumeant s auch as algoithms,
chnarmical relations, parametic systems, mapping, morphogenesiz, cellular automata and bi-
furcation with brokan synmeatry shows cleady how contermporary thinking in mathemnatics and
physical sciences, dealing with complex dhyramics, norrlinear systerns, chaos, emergent prog-
aries, resilience, etc., has changed the way we think about decign and the life of today's cit-
ies.

' In a complex-structurad city in which the interactions amang parts intengify; in which the
nurnber of dedision-rmakers and cultural scararios overlap, intarconnect, and sometimes
collide; in which the ternporal drmersions of the dtizens are dssimilar; in which local and
global, physical and virual dmensions oo-exist; itis necessary to regpond with new ty-
pologies, new complex urkban crganisms and nenw procuction systems. Architects have to
face differant realities, in which buldng typologies and space-using modalities are continu-
oy put into guection. |t bacomes arudal to define a sat of complex adgptive tools which
are able to suitaldly manage thess complexdtias within the systarn .

In the first phase architects’ interest fooused on the direct trangosition into the architecturs of
digital tools dariving from other sdentific fieds. Tha use of such tods led architects to disoover
forrns that were inconceivalble with tracitiona procedures. Mevertheless, the lack of control of
toolz that were not cpacific 1o architecture engendeared in the mid 1920c a dractic reduction in
thia iritial interast in such an approach.

The mctivation ehind the interdisdplinary ressarch Lab Mon Linegar Solutions Unit at the
Gracuate School of Rarning and Preservation at Columbia Univarsity is to challenge, coredickta
and promote research in the field of complex systermns inarchitectuna.

The pilot modd, Aoplied Fecporoive Devices, iz a methodoogical approach to the mockling
and simuation of architecture and engnesaring scenanos.

Aplied Fegoongive Devices questions how 1o enhance the organisation and transfer of archi-
tactural knowleckhe by activating a strong interaction between analogue and digital modaling.
anaysas the different pocsible applications of a modd (to demonstrate, to analyse, to dscover)
and the proparies that it should embrace (robustnecs, repeatakbility, resamblanos) in ordar tobea
afficient.
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Applied Fesponsive Davices i conceived as an educational and professional decision aid tool
giving assistance to the decidon-rmakear tofix the pricdties related to a foma, functiona, techr
nological o engineerng problem.

The project Applied Fegoondive Devices has been firalizad to achieve tha Bllowing tacks:

- Support architectura reasoning through time-besed simulations.

- Develop and refne research todls through computational methodologies.

- Define a strategy that dlows easy tracking of arors.

- Provice aconceptua and instrumeanta platform and a senvice o the scientific, architectura
and enginesning community.

- Contibute to the science of leaming by providing an innovative methodology.

Frorm amethodological point of view, the project makes usa of devdoprents in other scientific
figlck ffor example, ressarch deneloped by John Holland of the Santa Fe hstitute (Holland, 19S2)).
In fact, zome architectura prollemns can e managed with a dassifier systern, congisting of a
sat of ules, each of which parforms particular actions every time its conditions are catizhed by
a specific infornational attibute. Applied Ragpondive Device innovation dzo indudas the way
in which cuantitative and cuditative pararmeters §.e. socid, physical, sensonal, cutura and
eccnomic) are aggragated in onder o emphasize the concept of formal adaptation.

The airn is o embaed sets of constraints within the modkling process that affect the decigion
rnaking of the cesigrer.

Such an approach leads to architactural students’ and researchers' haightened contrdl of an
increaging level of complexdty in the decign, enginearing and procuction prooacses .

The research Forma Modulation for Acoustic Perfomance starts from the projects 'Caesicsaur
rus', ‘Desalopontés’ and 'Rurminghami’ ; these are works by Pascal Amphoux iContrepaoint
Uttan projects, CRESSOM) and Flipoo Broggin {BueCfice Architectura) and are corlbasad on
an exploration of the prdolern in order to enginear a fomal zdution for Righway bridge acoustic
pands in regoonse toa given sat of recuiremeants.

The researchers developed a mophochnamic design to (1) optimise noize reduction in the area
surrouncing the structure (2) provolee a percapiud expearience for the crivers and for the habitants
and (3) render pocsilble new uses ofthe goaces inimmedate prosdmity.

The criginal proposa consisted of a formal modulation bosaed on acoustic parfomance cbtained
by means of manua inteneolation betweean enginearing data and acoustic talbles.

The profct Formal Modulation for Acoustic Performan ce was devdopedin collaboration bateean
MZ U and Cresson. The recearch carvied out at the CRESZZ0ON laboratory focuses on the isoues
of amircnmental parcaption and on architectural and wben atmospheres. CRESSOM adwocates
a quditative and dynamic approach susoeptible to fadlitating o influendng cecign strategies
and processas.
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The red caze study Formal Modulation for Acoustic Perfomance was conceived to verify the
valicity of the methoddogical hypothesiz amalysed in the Filot Model Apdlied Regponsive De-
vices, The goal was toevauate which tools have the capabiliies to regoond to formal, manage-
rid, structural problemns arizing in the architectura domain.

Precedents of the research Bunninghami
Concept design of acoustic protections for maoresays South-Loire [447, Fhone - Ldre]

Runninghami iz part of the process "Hghway Design'of the DDE of the Lore. Thisis the projact
of a multicizciplinary tearn composad of architacts, enginears, planners, and lighting and acous-
fics anginears placed under the cirection of the architect Pascal Armphoux geograsher.

The concept

Runninghami, a term fed by threea references:

- A gymbadic reference to the wok of Christo, running fence’, which began in the seventies
a 42 krn wall of painted faboric in the Cdifomia landscape aiming to emnphagsizsa the Hlds,

- Arelrence 1o the tachnical and constructive Jasaness art of folding and origarn. Crigami
refers to the local incustry of rbbon manufacture and metal. The landscape fdd meets the
principle of folded sheet metal and deploys aribbon,

- Aparcaptive and chramic reference to the chaecgrapher Merce Cunningham, whooss art
of dance in gpace was ransfomed to the art of the dandng space. To the percaption of
rmovernants of the highwayzin the landecape iz added the parception of movernant through
the landecopa.

The challenge

For the dassic isoue of the fight against noise, the researcher subctituted a proldlern territorial
recudification. The goal was to enzure that a soreen can e usad as ancther tadk beyond itz
prirnary unction. The saeens wara not anly cupeocad to carry he noisa reduction but alzo to
carry a usar aecthetic quality. Screan tadk was to enade the users to provide new uses in the
surraunding areas and make poasible the urkban developrent's on its shores. Two approaches
with an iterative and complernentary process have bean defned to achieve the developrment of
the project in the form of adesign chart.

Tha tarritorial approach

Corziztad of the collection of the ‘storec” of fowr actors' typas throaugh which it iz pocdtible to

read the temritary:

- Poadusars (motoists). Design of 'on board pathe’ and 'menta maps' to andyse the par-
cgation in motion and represantations of the taritory.

- Foad prolessionds isubdvision ‘highway' of the DDE). Camying cut daly monitoring to
capture the technical isoues of implementation of the oojact,

- Regoongble for the territory (poliicions, technica sanices andredidant s’ acoodations of the
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toen affected by the readside path). Viorking with 'talks on map reading or 'guided tours'
touncerstand the issues of planning from the micro tothe dty scale.

- C'Experts'in the territory (professionds who piloted studies o projects on the tarritory). VWiors-
ing on around table to take into account the taritorial and urban projects uncder way.

Actors involved Method of description Chject Scale

Reoad usars 24 ' mental maps ' and The land=capsa The valley
& ' board paths'

Roadl profesdionas ginteniews and of The city The towrs
guicked tours

Subcivigion ‘highway DDE - 1 chy survey on the cite The acuipment Tha chores

Expearts 5 raund tables The context The territory

Some characterisiics of the teritory barn of three arguments undedying the concapt design:
roughness, laterdity and meandering.

Tha typological approach

Censisted of working with three cifferent logics referring to three scales:

- Typdogical continuity and discontinuty develgoed according to a morphogenetic principle
aflecting the lancecaps scale.

- At the locd socale the relationchip between the static percaption of the coastal walker and
the chynamic vigion of the car drivers.

- Decliration of the constructive types according 1o the topdlogica context: the principle of
construction, mede of procuction, assembly, anchor and /o mantenance througheut the
scale of the project.

Thea design chart

The decign chart renclers and synthesizas the two previcus apprcaches. The chart enunciates
the morphoganatic invakants, the fold, and explores al the pocdibiliies of formal variations that
the device can deploy. The fold has to adapt to most contextual situations: diferent acoustic
achptation to the environment, topodogica formns respondng to the shore or the =urroundings
alements, and parception 'symibsols’ of the motodst in motion.

Inits descrption of the various operations allowed by the systern, the chart defines and unfclcs
both the technical studies and practical recommendations to move from concapt to complation.
Materialz and manubctwing procescses, acoustic periormancas, structure and staticizoues, light
design and costs estimates provice the basis from which to develop prelminary drafts in s,

I. HSU comribufion

MS U resaarchers wiorked cn areverse dedign logic: the size and chape of each panel are de-
termined by the necassity to regpact the constraints deriving fom the Lnction insartad in the
2d modd. In the prgect Formal Modulation for Acoustic Perfomances® acoustic and parcaptive
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Figure 1
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Figure 2
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constraints wera integrated in the digital modelling process. At any moment, basic relationships
recuired by the empirica acoustic evickence are satisfied.

The prgject Fomal Moculation for Acoustic Comstaints was devdoped in oollaboration with
Crazzon recaarchars following a chrondogical cacuence of phosas.

wil.

.

Propedeutical preparation: collection of data and survey.

Fesearchersused data (survey of the Site and acoustic recuirements) proviced by Cresson
and Bue Cffice Architectura.

Defirition of the pradominant factarsinfluendng the forma regoonss toacoustic recuiremants
of the sita.

Subdivision of the problem into a systemn of elermentary units: attributes and builcing
blecks.

Fragrmentation of physical and conceptual prollerns into attributes and building Hlocks.
Reduction of the problemn into a =at of damentary units.

All partnars defneda sat of tachnical, accustic, economic and socid fctors influencing the
cifferant elerments’ formal recuirerneants. They establizhed a chaclist that the designear and
students usaed to collact information .

There was analysis of the condifions in which formal and performnative requirerments and
parommances can e represanted through sats of numenic data.

Exprassion of architectural prindples through a sat of dhnamical relations: articulation of the
project in a sat of rdations and trandation of tinput in abetract symbolic language.

. Guicklines relating acoustic parformance and other fictors..

Deafinition of formal agpects and acoustic critera. On the basis of the analysed results of the
task was to define the parameters and the rdes desorikbing the formal responsa of the dif-
farent pands on the badis of sound/acoustic recuirermants.,

Extarcion of data modal and method implermentation.

(The algorithrmz of the modeal were incorporated into a software application). Initial data re-
aulting from the curvey were complementad with additional cata sowrces according to the
simulation modeal recuirernents. The entire databass was defned to identify and develop
cormelations between the acoustic recuiremeants, the influencing factors and the foma at-
tributes of the solution,

Method mplermantation

The algoithrnz of the modeal wera implermentedinto a software application and daiverad to
usars,

. Developrment of ausarfiendy inerfaca.

IL Description of parametric syskems

Tha Projact Runningham
The paramatic devica oparating in the project Bunninghami iz the systamn of equations that
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generates the gecmetry ofthe structure. ltis nadised to satisfy both the atteruation recuirernents.
It respects the neads of the surrcunding halbsitat for acoustic protection as pat o the stuctural
racuirerants. The fddng prindple iz the generator of the antire systam.

I the initial prgect the prindple was defned on the basic of a sot of risngular faces that gener-
ata the overall ecsambly of the componants faces K and M) Inrbetwean thooe faces are lo-
cated two ather tiangular faces (faces L and M), On the top of thosa last faces is diuated the
rocf (faces O and F). Each one of those dements confributes structuraly and acoustically to the
bahaviour of the overd| systarn.

Each tanguar surface isdefined on the basiz of a set of points called 0, 1, 2,3, 4, 5 and&. Tha
surface ganaration is basad on the defnition of the paoints in relation to their rdative coordinates
(=", y", Zandin reation to their relative podition 1o the aboolute referance (¢, v, Z) and to tha road
coorcinates (U, v, w). The points O, 1, 2 are located on the horizontal plan (the groundraative to
the systern ', ', '), and defired on the basis of an 'S' modula. The variable 'S' affects most of
the other varialles.

The height Hiz expressad regponcing toS. The value B (that for reacons of dimplicity has baen
coeidaad as constant) could change in relation to 'S

The vertical pand rotation dso changes in regeonse o 'S

The horizontal rotation B representing the road inclination) could also change in accordanca with
‘8.

Ifa change of reference is aoplied katween the road u, v, waxesand axes x, v, Z of the absolute
referanca, the systern adusts itsdf to the fom of the road. Thiz change is described by the
vactor ¢ (). The vector r (1) describas a curve that oould fit any gpace.

Variation of the “S"vakie

Inthe first phase researchers chosea to generate value by dividing the 5 avds with simple Lnctions.
It wias pocsilkle in this way toachieve connection with the shaps of the folds and, the structural
bahaiour, and tobroadcast sound and mocduation of light and shades.

Ina sacond step, ressarcharsimplarnantad more complex functions to accantuate the motoreay
sacuences by adapting its locd 'goeed'.. By dimple windng curves at vanable paiods, the *S°
value couldmark secuencas of events functions of the highway (Hopes, curves, intermuptions of
the hard shoulder, exits ).

Theoos variations could even e refined oy more complex functions. h this last case the recults

procuced were more random

NSU paramaetric systam

MS U researchers worked on revarse logic: the size and shape of each panel were defined by
the =at of chynarnical rdafions dariving from the intreduction of an empirical acoustic function into
the 2d model. The geometica warables were connacted by a unction confributing to the
dafiniticn of the chape of each pand in the various areas of the Site. The project unfclded sats
of forma solutions through rue-based modealling and programming .

Ina first phase MNSU reszarchers develogoad the basic todl by comnecting the noisa attenuation
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Method Proposed in the Pilot Model: Applied Responsive Device

Imput
1A Goal Definition
18 Enunciaticn of Relevant External Input and Condition Operating in the System
{technical, programmatic, formal)

Abstract Brain

— @ Translation of Relevant External Input into Mumerical Data or Mumerical Attributes

8 Enunciation of the Technical Primary Rules

@ Enunciation of the Designer's Secondary Rules

#0 Translation in Symbaolic Language of the Basic Rules and Constraints Connecting
- the Different Attributes

.Grqanization of the Rules into a Hierarchical System

@ Connection Between the Mumerical Data and Aules ta the Geometric Realization

{geometric variation of the model: scale, thickness, density, orientation, rotation, etc.)

L @ Definition of the Limits and Conditians af the System

Phivsical Resohser
e -ll:lemiﬂr Tectonic Reaction to Specific Conditions (specific materials, etc.)
o Evaluation of Solutions as Applied te the Building System
Definition of the Limits and Conditions of the System

Figure B
Liogical model of the APPLUED Recpon cive Devices : definition imeraclion betyss=n hie andogca and digital
dimemncions of architeclure. Image o courecy of O

Figure O
The mysien of refledive and aboorbing pandc comecing acous ic perormence and relevan views
ot he londompes. IMage o courtemy of HSLL
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desiredata specific pont to the distance and the rotation of the sound source. Al thosa param-
atars wera linked to the pogition of the point to be isclated,.  Through implermnantation of the
process of Applied Regponsive Devicea the input of the project was ransfomed into rumerical
attributes. The formua was thareforalinking the desired attenuation tothe cistance ofthe source
paoint, the haight and rotation of the pangs and their relative podtion.

Cneca the sat of rdations was defined, ressarchers deveogped a tod allowing connection of the
3d modd to the rules of the systarn. This first device was an abetract apparatus in which the
nurber of vaiables (height, rotation, numisar and podition of the panel) allowad the defnition of
rmany possible architectural solutions.

On a sacond cocasion the recearchas engagad with the problemn of differant formal solutions o
physical resclver emnbedding not only the acoustic constraints but also other parameters derving
from the cualitative and perceptive drmension of the design. Researchers devel oped threa fomal
propocals periorrning in difierent ways in acoordance with their design intertionality.

In the first proposal recearchars added to the acoustic constraints a le comecting the vizua
ctitaria. The goa was todlow 1o the chiver to peroaive come gpadiic point of interest (the village,
the lake or the church) fam the road. In this case the systern was incorporating the rue that if
in the visual axes of the divers there was an interesting vew, the pand would be a transparent
reflective panal boundng the scund on to ancther aboorbing panal. The system was growing
and rotating in order 1o regpact the constraints defined by the empiiica formula provided by
Creszon. The movement of the two types of panal reflecting and abcoabing) were linked to tha
rmachanical bakaviour of tha device dadignad by the researchers. The movemeantzin the opace
were not only regpondng to the acoustic constraints but al=o to the parcaptive and techne-
legical ones.

Ancthargroup of researchers devdopad a structura in which the rhiythm of the pond was defined
by the valodty that the drivers were cupposad to maintain on the rcad. Tha numbsr and the
rhythim of the acoustic pands affect the chivar's view. If the car goas above a gpeacific goead the
accustic panals will periorm as aunigue visual barier. h this second case the digital model is
comected to the empirical forrmula in this case mecdating the height of the single panels and
not the rotation), 1o the goeed that the dhiver should recppect in a determined area and to the
nurmber of panas presant e linear metra.

The project invectigated the poctibilies that tat ware openaed wp by the moculation eteeen
the combinatory potentialiies of the cifferent performance oriteria with the designer's intertion-
ality. The project chalenged and enhancad architecure's capacity to regpond o specific acous-
fic and enirormental recuiremeants with its ackhptable physicality,

From an episternclogical pargoective the todd oparates asahewistic devica aiming to chalengea
the bounclary batwean e Measurable and Mon-meacurable dmeancions in architectura.
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Composition of the team
Gareral design ahd coordnation of the team: Pascal Amphoux, Counterpont, Lian Projects
[Lausarne, Swittetdand). Architacture and landscapa.

Zodal Eoonornny and tertitonial policy: Micolas Tider, Jaan- Michel Por:, Bazar Lrbain collactivae
intercdisciplirary [Grenckla).

De=ign formd, stucturd design: Fligeoo Broggin, architectuare and ovil engineeating, BlusCfica
Architecture [ Ballinzona, Switterland).

Aeoetics and hfommatcs: Perne-Ywas Madsauy, Council Engineering fcoustics (Marsailles).

Acoustic dasign, simulation, mapping sound.

Ligghiry cesign, lighting andsecurity: Laurent Fachard, Bcldragistes Associates (Lyon). Ergonom-
ics and visual lighting,

MEL experirmantal group, dgital implementation, develooment of the technicue Myxlied Pespon-
sive Denices, devaloprnent of other fomnd prgocsds responding to the same logic: Caterira
Tiazzcld, Moolss Tixer, Chris Vhitelaw with Pater Allber tson, Aaron Bowen, Sang Hoon Youm
and K. Chan zoh.

Hoks

1 Calerina Tizzzold, Avtormatismy o Stromenty Mon Linear & Progettasions, PhD {hess, Polilecnico o Tor-
no oty 2005,

2  This proeci has be=n made possible by he suppad of b= DIPRAOL o fb= Pdilecnizo d Toino,, Baole Archiles -
furs d= Grenchls, 19 Foundaion, Laboralcirs Cremmon and MEW 21 GEAPF, Columba Unkersly.
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