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The complexity of the wall form affects the acoustics of the space. In this study,
the effect of the complex form walls produced by nCloth dynamic simulation on
the acoustics of an office space was investigated. In this research, reverberation
time and Speech Transmission Index (STI) values of the pilot office space with
one wall having complex form and the office space with all of the walls as flat
were measured by acoustic simulation. As a result of the comparison, it has been
found that, within speech intelligibility and reverberation time, the acoustics of
the space with one wall having complex form is better than the acoustics of the
space with all the walls as flat.
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INTRODUCTION
Form production in complex morphologies is a very
contemporary issue in today’s architectural world.
With the widespread use of robotic fabrication, re-
search has accelerated in this regard. In the near
future robotic fabrication will become even more
widespread and it can be assumed that such produc-
tions will be more economical. There is a search for
methods to be followed in forming such morpholo-
gies. Researchesof Kohler et. al (2014) andBraumann
and Brell-Cokcan (2012) on complex wall morphol-
ogy are examples of the work in this area.

As Reinhardt et al (2014) and Reinhardt et al
(2017) said, acoustic can be improved with complex
curved spaces. The hypothesis of this study is that
the acoustics of the space created by using complex
forms are better than the acoustics of the space cre-
ated by flat walls in the context of spaces for speech.
In this study, this hypothesis was intended to be

quantitatively tested in an experimental case study.
In this study, an office space created with flat walls
and an office space with a wall of complex formwere
compared in terms of reverberation values (in differ-
ent frequencybands) andSpeechTransmission Index
(STI) values.

Reverberation time (RT) is an important criterion
for understanding the acoustics of the room (Kuttruff,
2000). Reverberation time depends on the surface
area, material absorption coefficients and volume of
the space (Peters, 2009). As the time of reverberation
increases, the speech in the room becomes less un-
derstandable. So it is not preferred to have a very
long reverberation time in the room for speech. As
seen in thegraphof Barron (2010)’s book, the valueof
general recommended reverberation time for speech
is 1 (Figure 1).

The speech intelligibility of the room is another
criterion for understanding theacoustics of the room.
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The Speech Transmission Index (STI) can be used to
measure speech intelligibility in the room. The value
of the range of STI is between 0 and 1.

Figure 1
General
recommended
reverberation time
for speech and
orchestral music
(Barron, 2010)

The best speech intelligibility is 1, while the worst
speech intelligibility value is 0 (Yavuz et. al. 2018).

Greg Lynn (1999) has introduced a new perspec-
tive on the design process, bringing out the issue of
designing with animation. In this work, designing
with animation / simulation is defined as a method-
ology for creating complex wall morphology. Vari-
ous form productions were performed using nCloth
simulation. In this study, with this complex form pro-
duction method, nCloth simulation, which is a form
morphogenesis process with rules, and acoustic rela-
tionship was examined, unlike the forms in the stud-
ies (Bonwetsch, 2008; Peters, 2009; Peters and Ole-
sen, 2010; Reinhardt et.al 2017; Skov et. al. 2017)
investigating the relationship between acoustic and
the other complex geometries.

nCloth is a dynamic simulation produced for
character clothing in character animation. This simu-
lation is used extensively in filmandanimation indus-
try. In the field of architecture, it is thought that this
simulation can be used for complex form formations,
because this simulation allows various types of forms
to be produced within the specified time period by
adjusting various parameters (Agirbas and Ardaman,
2016; Agirbas and Ardaman, 2017; Agirbas, 2018).

METHODOLOGY
In this study, Autodesk Maya, Rhino and Pachyderm
programswere used. The Pachydermprogramworks
as a plug-in to Rhino [1,2[. And it should be noted
that this program is in the experimental stage [3].
In Maya, form experiments were performed using
nCloth simulation as a dynamic simulation. Simula-
tionswere performed using various presets of nCloth
simulation (such as lava, waterbaloon). In addition,
various objects have been determined as colliders
for differentiating form production. Thus, the nCloth
object can be shaped according to a certain col-
lider. These simulationswere stopped at various time
frames and form formations were observed. Then,
the fabricationof the formswasmadeusingCNC (Fig-
ure 2, Figure 3).

Then, the complex formproducedbynCloth sim-
ulation with using the lava preset was considered as
a wall of a room. To do this, first, the simulation was
stopped at different frames. The forms formed in
these stopped frames were transferred to the Rhino
platform. In Rhino, a roomwith a floor area of 15me-
ters to 10 meters was modeled and the form formed
at 30th frame of the nCloth simulation was placed
on a long wall of the room. Another long wall of
the room was designated as a window. This room
was thought to be an office room and tables were
placed inside the room. Prior to the acoustic analysis
in Pachyderm program, which works as a plug-in for
Rhino, a variety of materials, which were defined in
Pachyderm program together with the material ab-
sorption coefficient values, were assigned for these
tables, floor, ceiling, carpet, cubical, walls and win-
dow (Table 1). Also, a receiver and a source were de-
fined in the room (Figure 4). Then, T30 (reverberation
time in 30 dB), T15 (reverberation time in 15 dB) and
STI values were found as a result of acoustic simula-
tion.

Then, in order to test the hypothesis of this study,
an acoustic simulation was performed for a room of
the same size and material having 4 flat walls. In ad-
dition, acoustic simulations were done for the same
room by using the forms formed in different frames
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Figure 2
Wall formations via
nCloth simulation
with different
presets (These
prototypes was
produced by
students in the
course which was
given by the
author) (60th, 90th, 240th and 390th frames) of the nCloth

simulation.

Figure 3
Complex form
prototypes (These
prototypes was
produced by
students in the
course which was
given by the
author)

RESULTS

• According to the results of the simulation, it
was found that the reverberation values of the
roomhavingonewall formedbynCloth (com-
plex form) were lower than the reverberation
valuesof the roomformedby theflatwalls (Ta-
ble 2). This result confirms the hypothesis of
this study. For example, in the space with one
complex formed wall created by nCloth simu-
lation stopped at frame 30, the reverberation
time (T30) is 0.75 for 250Hz, the reverberation

time (T30) is 0.95 for 500 Hz and the reverber-
ation time (T30) is 0.96 for 1000 Hz, while, in
the space with all flat walls, the reverberation
time (T30) is 1.28 for the 250 Hz, the reverber-
ation time (T30) is 1.79 for the 500 Hz and the
reverberation time (T30) is 1.94 for the 1000
Hz.

• In addition, acoustic simulations were done
for the same room by using the forms formed
in different frames of the nCloth simulation.
According to the results of these simulations,
reverberation values of the room formed by
flat walls were found to be more than the re-
verberation values of the rooms formed with
other forms. In the spacewith all flatwalls, the
reverberation time (T30) is 1.28 for the 250Hz,
while, in the space with one complex formed
wall created by nCloth simulation stopped
at frame 30, the reverberation time (T30) is
0.75 for 250 Hz; in the space with one com-
plex formedwall createdbynCloth simulation
stopped at frame 60, the reverberation time
(T30) is 0.89 for 250 Hz; in the space with one
complex formed wall created by nCloth simu-
lation stopped at frame 90, the reverberation
time (T30) is 0.67 for 250 Hz; in the space with
one complex formed wall created by nCloth
simulation stopped at frame 240, the rever-
beration time (T30) is 1.19 for 250 Hz; in the
space with one complex formed wall created
by nCloth simulation stopped at frame 390,
the reverberation time (T30) is 0.87 for 250
Hz. The other example, in the space with all
flat walls, the reverberation time (T30) is 1.79
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for the 500 Hz, while, in the space with one
complex formed wall created by nCloth simu-
lation stopped at frame 30, the reverberation
time (T30) is 0.95 for 500 Hz; in the space with
one complex formed wall created by nCloth
simulation stopped at frame 60, the rever-
beration time (T30) is 1.26 for 500 Hz; in the
space with one complex formed wall created
by nCloth simulation stopped at frame 90, the
reverberation time (T30) is 0.98 for 500 Hz; in
the space with one complex formed wall cre-
ated by nCloth simulation stopped at frame
240, the reverberation time (T30) is 1.49 for
500Hz; in the spacewith one complex formed
wall created by nCloth simulation stopped at
frame 390, the reverberation time (T30) is 1.34
for 500 Hz. However, it seems from the results

that any correlation was not found between
the reverberation values of the rooms formed
with other forms (Table 2).

Table 1
Material Absorption
Values in
Pachyderm

• The STI value of the room formed by flat walls
was found to be 0.55, while the STI values of
the rooms having onewall with complex form
were found to be higher (These values are cal-
culated with Noise Rating: 40). For exam-
ple, for the space with one complex formed
wall created by nCloth simulation stopped at

Figure 4
nCloth formation
and its replacement
to the sample room
model
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Table 2
Reverberation times
of the spaces with
different wall forms

frame 30, STI value is 0.62; for the space with
one complex formed wall created by nCloth
simulation stopped at frame 60, STI value is
0.63; for the space with one complex formed
wall created by nCloth simulation stopped
at frame 90, STI value is 0.61; for the space
with one complex formed wall created by
nCloth simulation stopped at frame 240, STI
value is 0.62 and for the space with one com-
plex formedwall createdbynCloth simulation
stopped at frame 390, STI value is 0.63 (Table
3). In other words, speech intelligibility of the
rooms having the complex form walls is bet-
ter. This confirms the hypothesis of this study.

• The walls also function as furniture, and in-
tegrated designs can be obtained. Thus, the
walls directly influence the space organiza-
tion. The creation of living spaces is becom-
ing one stage, thus some sort of ergonomics
is achieved.

• Various technical elements can alsobehidden
in such walls. It is possible to obtainmore vol-
ume of the interior space by using the mini-
mum volume in some parts of the walls (be-
cause of the complex form).

• With the production of such walls, the archi-
tect satisfies his aesthetic understanding.

• The production of these types of complex

walls by digital fabrication leads to the search
of new materials. This search also directs the
scientific community to the creation of new
types of compositematerials, and encourages
the production of them.

Table 3
Speech
Transmission Index
of the spaces with
different wall forms

CONCLUSION
It has been seen that complex shaped walls help to
have shorter reverberation time in space and to have
better speech intelligibility. In this study, the ex-
perimental study was done through an office space.
This kind of experiments for spaces with other func-
tions will be important in terms of examining the re-
lationship between complex form - function of space
-acoustics -material. Theseparameters shouldnotbe
considered separately.

Nowadays, because of the changing design pro-
cess with technological facilities, many different pa-
rameters can be thought together at the early stage
of the design. Evenwith optimization algorithms, the
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best solution can be determined in the early design
process. So, the next step in this work can be to opti-
mize the shape of the room or the walls of the room,
depending on the desired acoustic performance in
the space. This optimization can be done with al-
gorithms such as genetic algorithm or swarm intelli-
gence. A variety of material options can be included
in this type of optimization to achieve a better archi-
tectural solution.

Studies on the methodology of creating com-
plex forms can reveal forms in different morpholo-
gies. These different morphological forms may have
different features in relation to various parameters
such as acoustic, structure. Therefore, studies on test-
ing of complex forms at various complexities may
lead to the discovery of more optimized morpholo-
gies.

REFERENCES
Agirbas, A 2018 ’Creating Non-standard Spaces via 3D

Modeling and Simulation: A Case Study’, Proceed-
ings of the 22nd SIGraDi, Universidade de São Paulo,
São Carlos, Brazil, 7-9 November

Agirbas, A and Ardaman, E 2016 ’Simulation as an Avant-
garde Form Exploration Tool: A Case Study with
nCloth’, Inclusiveness in Design - Design Communi-
cation Associations (DCA) European Conference Pro-
ceedings, Ozyegin University, Istanbul, Turkey, 11th-
14th May, pp. 157-160

Agirbas, A and Ardaman, E 2017, ’Macro-scale Designs
through Topological Deformations in the Built Envi-
ronment’, International Journal of Architectural Com-
puting, 15 (2), pp. 134-147

Barron, M 2010, Auditorium Acoustics and Architectural
Design (second edition), Spon Press, London and
New York

Bonwetsch, T, Baertschi, R and Oesterle, S 2008 ’Adding
Performance Criteria to Digital Fabrication: Room-
Acoustical Information of Diffuse Respondent Pan-
els’, Proceedings of ACADIA Conference, Minneapolis,
Minnesota, pp. 364-369

Braumann, J and Brell-Cokcan, S 2012, ’Digital and
Physical Tools for Industrial Robots in Architec-
ture: Robotic Interaction and Interfaces’, Interna-
tional Journal of Architectural Computing, 10 (4), pp.
541-554

Kohler, M, Gramazio, F andWillmann, J 2014, The Robotic

Touch–HowRobots ChangeArchitecture, Park Books,
Zurich

Kuttruff, M 2000, Room Acoustics (Fourth edition), Spon
Press, London

Lynn, G 1999, Animate form, Princeton Architectural
Press, New York

Peters, B 2009 ’Parametric Acoustic Surfaces’, Proceedings
of ACADIA Conference, Chicago, Illinois, pp. 174-181

Peters, B and Olesen, T 2010 ’Integrating Sound Scat-
tering Measurements in the Design of Complex Ar-
chitectural Surfaces: Informing a parametric design
strategy with acoustic measurements from rapid
prototype scalemodels’, Proceedings of 28th eCAADe
Conference, ETH Zurich, Switzerland, 15-18 Septem-
ber, pp. 481-491

Reinhardt, DandCabrera, D2017 ’Randomness inRobot-
ically Fabricated Micro-Acoustic Patterns’, Proceed-
ings of the 22nd International Conference of the As-
sociation for Computer-AidedArchitecturalDesignRe-
search in Asia (CAADRIA), Suzhou, China, 5-8 April ,
pp. 852-862

Reinhardt, D, Cabrera, D and Hunter, M 2017 ’A Mathe-
matical Model Linking Form and Material for Sound
Scattering: Design, Robotic Fabrication and Eval-
uation of Sound Scattering Discs- Relating Surface
Form toAcoustic Performance’, ProceedingsofCAAD-
Futures Conference, Istanbul, Turkey, July 12-14, pp.
150-163

Reinhardt, D, Cabrera, D, Niemela, M, Ulacco, G and Jung,
A 2014, ’TriVoc- Robotic Manufacturing for Affect-
ing Sound through Complex Curved Geometries’, in
McGee, W and Ponce de Leon, M (eds) 2014, Robotic
Fabrication in Architecture, Art and Design, Springer
International Publishing Switzerland, pp. 163-180

Skov, R, Parigi, D and Damkilde, L 2017 ’Multi-objective
room acoustic optimization of timber folded plate
structure’, Proceedings of the IASS Annual Symposium
2017: Interfaces: architecture. engineering. science,
Hamburg, Germany, September 25 - 28th

Yavuz, E, Colakoglu, B and Aktas, B 2018 ’From Pattern
Making to Acoustic Panel Making Utilizing Shape
Grammars’, Proceedings of the 36th eCAADe Confer-
ence, Lodz University of Technology, Lodz, Poland,
19-21 September, pp. 477-486

[1] https://www.food4rhino.com/app/pachyderm-acou
stical-simulation?page=4
[2] https://github.com/PachydermAcoustic
[3] http://www.perspectivesketch.com/pachyderm/

102 | eCAADe 37 / SIGraDi 23 - - Simulation - PREDICTION AND EVALUATION - Volume 2


