ACOUSTIC FACADE MITIGATION
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Noise Pollution ¥
Noise pollution within the urban environment is inescapable and directly correlates to the interrelated issues of the 3
need for proximily, speed, and mechanical advancement. Cars, trains, and airplanes cause a majority of the noise E
in an urban environment in a range of different scenarios: vehicles on freeways and streets, trains on railways and kS =
in stations, plane flight paths, and in airpors. The ubiguity of noise in our quotidian envirenment has been shown to Z
have serous side effects over the course of an individual's life. Studies (cltation) have shown thal environmental noise
can increase daily tension causing stress, and increases the risk of heart disease. Other effects of noise pollution  Highway noise and property values Jom P Melson
can lead to auditory fatigue and deafness, physical disorder, affect activities requiring ion, and even affect
the value of property.
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Sound Theory i ; i -z
Sound Is a complex physical phenomena that iscan be far more difficult to contrel and predict, than light, ¢ I | i [£7F
with when working with architectural strategies. Sound is a force that uses pressure to act upon molecules, such as =10
air, creating waves. WThe waves that compose audible sounds exist along a specific range of frequency of, 20 Hz colali] ]
10— 20,000 Hz. FWhat frequency measures s the size of a wavelength; the shorter the wavelength the higher pitched ° gzl 3
the sound .
¥ I
Sound also can also be measured in terms of Decibels (dB). Decibels measure the Intensity of pressure propelling % T #
the sound waves. Essentially #This intensity determines how loud something is and w. With proper instrumentation 5 _m
ane can measure the dB levels in the envirenment
The final metric of sound Is a perceplual measurement rather than a physical propery of sound. Human hearing is -
most sensitive at the frequency ranges of 2000 Hz - to 5000 Hz, Several systems of 'weighting’ match actual Sound
Pressure Levels with human hearing sensitivity o give a rubric that would describe how sound is percelved. The most - 40
ghting is A weighting. The unit is dB(A). = !
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Scenario | Scenario [T Scenario 111 Scenario IV

Urban street thre sidential zone Urban park Elevated rail in an urban canyon Highway through mixed use zone
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Wall barriers may reflect sound from one side of The amount of sound that a barrier wall can stop is a

the highway to the other funcion of the material and thickness of the wall. For
example a 7-5/8 inch solid concrete block wall can
only stop 50 dB of noise, the remaining sounds passes
through.
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Steel and glass noise barrier along a highway in Vienna, fustria,
Geornetry used to break the nolse path fram the source to the
reciever is critical. Optimal effects are cbtained if the screen is
placed as close as possible to the highway or next to the receiver,
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SOUND MITIGATION STRATEGIES

1. Absorption

There are several types of sound absorbers: Porous
absorbers, panel or absorbers, and volume
absorbers. OF particul. I o our h are
porous absorbers because this can be the by-product
of material properties used in the fabrication of archi-
tectural surfaces, Specifically, our research will focus
on the application of exterior surfaces and it is pos-
sibie o create porous surfaces through certain lech-
nigues of concrete mixture and curing. In the case of
porosity the principle at work is that sound enters the
woids and bounces against the surfaces of the calls,
cause friction, and eventually slow down. With the
right mixture, it will be possible to hamess the aggre-
gate structure in concrete o mitigate sound.
. —— _

sound

2. Diffusion TEMPORAL SHIFT

Scund Diffusion is a type of reflection. Howewver, rather than sim-
ply proveding a mirrered imitation, in the case of sound diffusion the
reflaction breaks up one original sound wawve into many different
waves. Generally diffusion cccurs on several types of surfaces, but
generally they have a rough or geometrically configured surface
Primitive roct diffusers have surfaces thal are placed at different
distances from the sound source so that the reflections coour with
a lime delay. Therefore, the reflections are divided and dispersed.
Pyramid diffusers have angled surfaces so that when the original
wave strikes the surface, the reflections are directed by their an-
gles. Due to the variety of angles, an original wave can be sent in
muttiple directions.
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Absorbent Porous Concrete

Previous experiments using porous concrete have focused on the variation of mixtures and void ratic in order to deter-
mine the effect on acoustical absorption. Some of the lests a fi in sound ab was
possible aiming at certain target void ratios. This could be modified with water content in the mixture, as well as using
certain aggregate sizes.

The range of frequency which the concrete was able to best absorb was within the range of fraffic. The fests also in-
dicated that it might be possible to develop mixiures that dealt with very specific frequency ranges. In these particluar
tests it was found that the concrete was able to absorb the lower spectrum of frequencies, which incidently is the range
within noise from a freeway, train, or subway might create.

Precedents B ekt parilion 21 el apers space!
Cur research exist within a context of solutions already undertaken in other arenas of architectural research. Each of
these projects investigated the design of gemaetry to alter a soundscape, The first project was a pavilion for small con-
certs placed in a plaza in Munich. The principles behind the acoustical design are very simple. The geometry is simply
dasigned to scatter sound upwards, while the panels have acoustical absorplion built info them.

The second and third projects were explorations by Brady Peters to determine geometricl effects on sound within interior
environments. That each project was placed in an interior contexd # allowed measuring to be relatively precise. What
the Pavilion shows us is that it is possible to make an affect with coenstruction in an urban environment; while the re-
search Pelers conducted gives us a framework about how o begin testing and planning acoustical surfaces.
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3. Combining Strategies

Moise pollution is a problem in the experience and configuration of every urban context today. Regardless of
size, location, economic status or political structure — noise poliution is a by-product of technological advance-
ment. population density, and the speed at which our present lives move. Attempis to mitigate and address
sound control has dealt with either two independent strategies of sound absarption — which is typically an in-
terior application, or sound diffusion, which can be either an interior or exterior use. Qur research agenda will
focus on the exploration of the material properties of concrete fo produce sound absorplion properties cou-
pled with highly calibrated geornetnes that will be produced through a precast mold process to produce sound
diffusion panels. It is the unlque ien of both the P and diffusion into a precast panel that will
provide new data and opy to i the ial for precast facades and MSE wall panels to
provide sound mitigating pmpenies.
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ABSORPTION DIFFUSION

Phase 1: Senario Analysis

Phase 2: Determining the 4y
appropriate mixiure for
frequency ranges.

: Design geometric configuration to deal with frequency ranges
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Phase 4: Test digitally Phase 5: Prepare design for fabrication of precast panels,



CONCRETE MIX DESIGN

iltis.

Nullam placeral hendrerit enim, sed viverra diam venenatis nec. Integer et turpis adipiscing nulla mattis
Munc venenalis ac negue a varius, Nam venenatis faucibus diam ac tincidunt. Pellentesque habitant morbi tristique
senectus ef netus of malesuada fames ac turpis egestas. Phasellus vel risus eral, Maecenas iaculis interdum mauris,

id facilisis mauris cursus id.

Aliguam non augue valputate, facilisis felis scelersque, sollicitudin tortor. Pellentesque @

libero suscipit, aliquam dui. Vivamus non urna sapien. Vivamus pellentesque tortor id metus malesuada egestas
sstibulum non congue ligula. Maecenas sed semper sem. Curabitur et neque varius enim eleifend blandit. Phasel-

lus ultrices libero a massa rutrum, nec consequat justo mattis. Nam id dolor et nibh convallis luctus sit amet vitae

sapien lempus, sodal
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Testing and Digital Simulation

There are several methods of testing the results of our res
We will be working in parallel mediums, one through an
testing of specimens we pour ourselves; 1) i

to determin what mixiuse i
data on what absorption we can imput int
The analogue testing was conducied in the
consultant frm in Morth Dallas. The single bounce testing method
was used 1o caloulated the difference in sound level betwen cach
conerets panel and a “perfect” reflecting panel, Utilizing the data we
collected from the TEF software we were then able to caloulate the
Absorption ceefficents for each speciment. In parallel to the analog
testing methad v d threshold imagry data analysis to determin
the surface poro 5

the digital sin
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FREQUENCY (Hz)

DIGITAL SIMULATION

AFMG Reflex is a two-dimensional acoustics FEEE The ion is based [ The reflective properties
simulation software to model the reflaction, i on the Boundary Ele- = £ are displayed 2= a polar
diffusion, and ecattering of a sound wave = ment Method (BEM) o s § response graph for any
incident upon a defined geometrical struc- W == calculate the reflection, angle of incidence and
ture. The surface defined by this geometry is diffusion, and scattering T frequency of a sound

aleo assumed to be perfectly rigid. This properties of the sur- wave. The scattering
means the surface is 100% refleactive and face. Ourinitial simula- and diffusion coefficients

does not in any way absorb sound or allow i ticn into testing takes are dsplayed a5
sound to be fransmitted through it 4 geometry units of equal frequency response
AP 5 wickhs and vanous arapha.

deptha configured into
10 ft wall assemblies.
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GEOMETRY PROFILE AND ARTICULATION

Planar Reflectors

The angle of incidence (i) is equal 1o the angle of
:| ar reflection 1o oceur, the surface

Locating the first reflector

cond reflector Locating the third reflector
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19} and U (approximale height of budding)
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Surface Articulation

by dividing the velocity of sound in air (c) by
the frequency of scund (f}

A=cif
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GEOMETRIC APPLICATION

Sinuous
Rectangular grid and python companem e
giers por e o

01 generated

a = math.sin(y)

01

Passing x through the python script compo-

(02 rentand inta the z input of the construct pt
compaonent constructs a set of points on the
grid in a sinuous configuration, although still
only an extrusion in ene dimension

02

The ¥ and Z inputs on the Pythan Compo-
(03 rent are re-labeied amp (amplitude) and per
(period), and the python component script is
edited to
a=amp * math.sin{x/per)

Adding one to the amount of the initial grid

04 input, and using the sum for the u and v
input of the mesh from pts component ren-
ders a faceted sinus surface

03

The X pt deconstructed position used as the

(5  rython script driver is replaced with an
ingerted reference pt used as an atiractor,
These measurements aganst all the surface
points and attractor pt along with the ampli-
tude and period parameters are now used 1o
manipulate the geometry,

Copying over a second pt { distance | and

06 python compenent set and multiplying both
with each other increases manipulation
conirel to the surface further,

Set multiphe curves with a left companent,
(7  and then evaluate the reparameterized

lofted surface using the grid points output as

uv coordinates. \

A division component is added 1o get a cell
08 size betwean 0 and 1 for the repararmeter-
ized surface

04

The evaluated surface points are then

09 moved in the direction of the normal by a
factor of the python script cutput. The result
of this is then added 1o the evaluated sur-
face points output, and a fluid surface with
gradual transitions of varying geometrical
depth sizes is generated

Combining this scripl with earlier digital

1 0 simulation in AMFG Reflex produced a panel
type refined lo mitigate the frequency range
categenes from the previous study

Faceted

Triangulated grid generated

Point attractors inserted 10 manipulate vari-
ous areas of grid acting as sound points of
origin

Grouping determines geometry type and
porosity amaount within the defined grid

HEXAGONAL GEOMETRY
VARIATION

Two types of porosity were examined, An
aperiure type where a fxed geometry's
extenor face would vary in diameter, and a
porosity application where a geomelry type's
surface would increase of decrease ina
fractal manner

APERTURE TYPE

PYRAMID GEOMETRY
VARIATION

FRACTAL TYPE
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ARCHITECTURAL APPLICATIONS
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ARCHITECTURAL APPLICATION

Building Facade

The most important areas to regulate noise are at the street level. The building's facade adapts
itself to mitigating sound at the pedestnan level and as its elevation moves upwards sound
mitigation becomes less critical. Our prototype suggests that at higher floors more porosity can
be incorporated to allow views and let light into the building. Furthermare, the porosity of the
concrete is determined by the amount of noise that needs to be absorbed and the height of the
building. Based on the analysis we have determined that for cur protelype the ideal concrete =17
porosity on the first flocr of the building facade would be 25%, while at the top floor conventional _
concrete with a porosity of 3% would not effect the noise pollution at the street level, = g




