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Summary
The aim of this paper is to examine architectural diaphragms, the semi-transparent architectural
elements which, though visually transparent, have the ability to create acoustical thresholds. The
analysis will not focus on their noise-isolating capacity (which is small) but on their ability to create
the necessary first and early reflections and diffractions in order to naturally amplify the human
voice. Along with questions such as the level of transparency different diaphragms can sustain
without losing their abilities to envelop the human voice, the paper will discuss their application in
architectural design and their effect on the use of space. The notions of simultaneity and privacy
will be the key factors to examine and reveal the quality of those elements and their social
implications.

Introduction
“The wall is mute. But the door speaks”
This phrase, appearing in the essay “Bridge And Door” by sociologist and philosopher Georg
Simmel [1] is not entirely correct when it comes to acoustics. But the general notions of his thinking
are closely related to the issue.
This paper focuses on Diaphragms, semi-transparent architectural elements which, though visually
and kinetically transparent, create immaterial limits and consequently distinct areas on each of
their sides. The notion of diaphragm encompasses a plethora of architectural elements used in the
outdoor spaces of buildings or urban complexes, such as semi-transparent walls, stoas or
claustras. Such elements are very common in architectural design. Sometimes they are used for
shading or just as part of the load-bearing construction. In many cases, though, they do not have
an obvious bioclimatic or load-bearing function. The reason for their existence is ambiguous. It is
not so obvious why an outdoor area should be enclosed while it is still accessible and visible or
why a solid wall should be penetrated by openings when the area it encloses is not roofed and
therefore no lighting is necessary.
The 'semi-' clause in the title of this paper does not only refer to the material properties of
architectural diaphragms (e.g. visual transparency and density). More importantly, it emphasises
the existence of an immaterial, and indeed often neglected dimension: the distinction between the
architectural notions of public and private, as well as the various increments in between, i.e.
semi-public or semi-private. Despite the seemingly abstract nature of this distinction, the paper
argues that architectural design creates definite perceptible gradations between those states. The
character of an architectural space may seem homogeneous from the point of view of its
accessibility, geometrical dimensions, visual transparency etc. However, when it comes to other
senses such as hearing, then obvious differentiations in the acoustic properties of neighbouring
spaces reveal the existence of noticeable thresholds between them.

In contemporary architectural design the application of such elements, both material and
immaterial, is mainly intuitive. Many architects employ them based on their experience of 'what
works', but without being able to offer a definite explanation for their impact. The paper will
demonstrate that this intuitive thinking is not as abstract as it sounds and that it could be deeply
related to acoustics. It argues that communication between two or more people is an important but
neglected aspect of what we consider as 'function' in architectural design, therefore highlighting its
social dimension.

Figure 1: A compilation of diaphragms 1st row, from left: Teaching model by Tassos Biris, Stoa in Messini, Sketch of
Refugee Housing by Aris Konstantinidis, Rooftop of Appartment building by Kyriakos Krokos, Aqueduct in Chalkida,
Claustras in Appartment building in Kifisias Avenue by Nikos Valsamakis, Claustra in Neo Psyhiko, Claustra in
Appartment Building in Ipeiroy street by Kyriakos Krokos, Enclosed Veranda in Neo Psyhiko, 2nd row: Rooftop of a
middlewar building in Parashou street in Athens, House by Michael Graves, House in Ilioupoli by Giannis Tsiomis,
Rooftop of house by Nikos Ktenas, Diaphragm in House in Voula by Issaias and Papaioannou, Office Building in
Messogeion avenue by Nikos Valsamakis, House in Santorini by Agni Kouvela, 3d row: Hostel in Wrocklaw by Hans
Scharoun, House in Lac Leman by Le Corbusier, House in Chalandri by MOB architects, House in Ekali by Tassos Biris,
School in Ilioupoli by Tassos Biris, House in Keratea by Andreas Kourkoulas, House in Neo Psyhiko by Theano Photiou,
4th row: Rooftop of Law School in Thessaloniki by Fines and Papaioannou, Office building in Kifissias Avenue by ISV
architects, Office building in Kiffisias avenue by K. Kyriakidis, House in Anavyssos by Aris Konstantinidis, Museum in
Stymphalia Lake by Issaias and Papaioannou, Fence of Traditional House in Vytina.

Methodology
This paper focuses on architectural space and design. It applies elementary acoustics principles to
architectural design. It is a transliteration for architects of fundamental principles well-known to
acousticians. Basic-level mathematical equations are used in order to clarify a number of important
points. The aim is to apply this elementary scientific knowledge into practical architectural design in
order to explain some of its aspects.
The main point of research is to delineate obvious and rough differences- thresholds- in acoustical
properties of neighbouring areas. Such thresholds, if they are pointed out, are clearly perceptible
by the human ear. Diagrams generated by acoustic software (Olive Tree Lab Terrain) create visual
images of these sound thresholds. Audiovisual experiments offer indicative evidence of the above
observations.

Usually diaphragms constitute parts of larger complexes and therefore acoustic effects are
generally more pronounced. The existence of a paved floor is sufficient for such an increase.
However, in the beginning of this paper diaphragms will be treated as isolated elements. Further
on, more complex examples will be examined.

Human Aural Finiteness
The ability of the human voice to be heard is very limited in open space. Even in rather silent
conditions, for instance where environmental noise is less than 40 dB(A), the human voice can
hardly be intelligible at a distance greater than 7-10 meters. This has been established empirically
[2] The empirical observation can be affirmed by the basic logarithmic equation for sound
propagation in a free field (L2 = L1 – 20log D2/D1 dB(A), when D2 and D1 are the distances of two
points from the source) [3]. It is a decreasing function with an increasing derivative and therefore
with an increasing rhythm of change. Practically this means that a big part of the total Sound
Pressure Level is lost in the first meters away from the source. When the source is strong this is
not obvious because the source continues to be heard at a distance. But when it comes to the
human voice or any other weak sound, this drastic decrease is obvious. If a normal voice has an
SPL of 60dB(A) in one meter, after a distance of 2, 4, and 8 meters (according to the empirical rule
of the inverse square) the SPL decreases to 54, 48 and 42 dB(A), respectively. Beyond a small
distance the human voice is masked by the environmental noise which can vary, but in most urban
settings is still high enough to mask weak sounds such as our voice. If, when speaking, we want to
be heard, our voice has to be really loud, a scream or a shout in order to be heard any further, but
then what occurs between two people is not a conversation and cannot go on for long.

The wall speaks (Reflection)
When it comes to acoustics, a simple wall can expand the propagation limits of the human voice. In
contrast to the introductory quotation, a wall speaks. Its presence provides those first and

early reflections which are totally necessary for the enhancement of our voice. It is as if a
second person is speaking simultaneously with us. If the two sources are added (the real
and the mirrored) the total SPL can be calculated. An indicative equation for this
summation, Ltot = L1 + 10log10(1+10(L2-L1)/10) dB(A) [4], shows that when the difference in SPL
between the source and the reflection is big, the increase is small. But when the source is close to
the wall, the SPL of the reflection is almost as strong as the initial source and therefore the
increase is big. If the sound absorption of the wall is small, the addition of just this single reflection
can add to the initial source up to 3 dB(A) [4] which is an important increase. The existence of the
wall creates an obvious threshold not only because it isolates the area behind it but also because it
increases the SPL on the side towards the source, due to this reflection.
We could say that, although the area behind the wall is “mute”, the wall itself “speaks” towards the
source.

Figure 2: The existence of a mirrored source behind the wall [3]

The question is what dimensions the surfaces should have in order to maintain their function as
reflectors and at the same time maintain their transparency? The wave length is the basic factor for
such a question. The human voice is not covering all frequencies in the acoustic range. Its main
frequencies range between 250 and 1000 Hz. Wavelength is related to the frequency through the
equation λ=c/f (where λ is the wavelength, c is the sound speed and f the frequency). For f =250
Hz the wavelength, λ is 1.36 m and for f = 1000 Hz, λ = 0.34 m. An empirical module could be
derived from such a relation. In order to be able to reflect waves of such frequencies, the width and
height of a surface should both be between 34 and 136 cm, or more approximately between 40
and 140 cm. I note here that the precision is rough but adequate to give us an order of magnitude
appropriate for architectural design. Especially high frequencies with small wavelengths, which
correspond to the consonants of our speech, should be enhanced through such reflections in order
to improve the intelligibility of speech. Therefore the lower limit (40 cm) of this range of dimensions
is important and actually it should never be reached. The same does not stand for the upper limit,
although small problems such as the reflections of the low frequencies of annoying noises (which
can be reflected only by larger surfaces) could be avoided.

Figure 3 : Differences in Sound Pressure Level due to the existence of two different barriers with dimensions 50x50 cm
and 150x150 cm. In both cases a slight increase is observable, but in the second (150cm) the increase is more obvious.
In all diagrams created with the use of Olive Tree Lab Terrain the Source is set to a Normal Human Voice with an SPL of
58 dB(A) at 1 meter distance.

This means that claustras, freestanding beams or other semi-transparent elements whose surfaces
are below these dimensions, although beautiful and functional for other purposes such as shading,
are inadequate for this acoustical function. This does not mean of course that they are useless, but
that for this particular use, they ought to be larger. An aim of this paper is to show why this use is
indeed important and we should take it under consideration.

Figure 4: Architectural elements smaller than 40 cm: a. Michael Graves, Snyderman House. The thin beams and
columns in front of the house create only a conceptual limit but do not create an empirically realized threshold, neither
visual nor acoustic. In the description of the building it is stated that they exist for metaphorical reasons. They are “a
representation for 'man-made', which becomes synonymous for ideal organization, geometry, stasis.” [5 ] b. Claustras,
such as the ones in front of Nikos Valsamakis' Appartment building in Kiffisias Avenue, may protect from the western sun,
but create no obvious acoustic threshold.

Figure 5: Architectural elements which are wide enough to reflect the sound: House in Psyhiko by Pantelis
Nikolakopoulos. The oudoor spaces of the upper flours are enclosed within semi-transparent concrete walls.

The door whispers (Diffraction)
The existence of diffractions weakens the isolating effect of the solid wall. When a sound wave
goes through or around an opening or an object whose dimensions are much smaller compared to
its wavelength, the opening or the object become new virtual sources of sound. This phenomenon
is the reason why even behind a wall the SPL is not as low as one would expect. The same
phenomenon is responsible for the existence of thresholds in cases where the wall is transparent,
when the source and the receiver can “see” each other. Even in these cases slight differences in
Sound Pressure Level can be observed in the two sides of the diaphragm. Although the sound is
not reflected, it does return to the receiver enhanced through those diffractions by the scattering
effect of sound by the wall edges. Rough wall surfaces further reinforce the phenomenon of sound
scattering. [6]
We could rephrase Simmel's quote by saying that the door (the window in our case) doesn't
necessarily speak, but at least it whispers.

Figure 6: Diffractions in barriers and openings [3] and calculation of paths inside and outside a transparent diaphragm
showing the scattering effect of sound by the wall edges.

Thresholds
The isolating capacity of a diaphragm is small. Even when not so transparent a diaphragm is
incapable of stopping the sound, especially when its source is strong. The wave moves through,
over and around the diaphragm through the effect of sound transmission and diffractions. However,
two persons standing on each of its sides get a very different sense. But the difference is only
realized when something occurs, e.g. when someone speaks, sings or produces any kind of
sound. Then the difference becomes obvious. Depending on whether they are on the same side or
on either side of the diaphragm they experience different sensations. They hear (or not hear) each
other differently, as if the distance between them is enlarged through the diaphragm.

The basic function of a diaphragm is to create acoustical thresholds. By enhancing a source on
one side it intensifies the SPL on the same side and therefore it increases the difference in SPL on
its two sides. The following example show these differences.

Figure 7: The diagram shows the differences in SPL on the two sides of in an isolated semi transparent wall in the ruins
of an old warehouse outside Chalkida. The opening's dimensions are 200 x 110 cm. They are placed 120cm above the
ground. The solid parts are 160cm wide.
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Table 1 : SPL measurements of the previous diaphragm

Enclosure
Diaphragms are usually parts of larger architectural compositions. When they are combined
together with other elements, forming corners and niches or when they are parts of curves or other
architectural formations, then the reflections return to the receiver from a far greater number of
directions, adding to the total SPL. Consequently, the degree of enclosure is increased and the
sound thresholds become more obvious. The need for more or less enclosed spaces in outdoor
urban complexes is something that has been well described by urbanists and architects such as
Camilo Sitte and Aldo van Eyck. [7, 8 ] One of the reasons for this enclosure is the need to
enhance the human voice. To give it a place where it can be heard, but also to be protected. In
buildings or urban spaces, through the appropriate articulation, the degree of enclosure of
neighbouring areas creates distinct areas adding variety to urban spaces. Architectural and urban
space can be, and should be, heterogeneous, allowing a plethora of different qualities in our
streets, squares and cityscapes. Then we could be talking about “talk-scapes” as Jahn Gehl or
Ralph Erskine [9 ] have suggested. By understanding the qualities such enclosures or
semi-enclosures might have, we could understand how people can coexist in close proximity to
each other.
Through notions introduced in this paper such as Diaphragm, Threshold and Enclosure, we might
be able to interpret some of the strange or at least incomprehensible forms of many architectural
examples as efforts to create such enclosures without losing the freedom of transparency. The
paper draws on the case of Hans Scharoun's Hostel in Wroclaw, Poland (Werkbund exhibition
“Dwelling and Workroom”, 1928-29).

The Hostel has a form of an S creating two open yards. The south side is enclosed by a diaphragm
separating it from the area in front of the bedrooms. The diaphragm consists of a round wall
penetrated by a horizontal window and covered partly by a roof. The architect’s intention was to
create “a cosy yard” [10] while at the same time he wished “to overcome the fussiness and
narrowness of today's housing” [10] The existence of the diaphragm, together with its unique round
shape indeed creates a distinct enclosed area but in complete openness and transparency. The
yard is intimate while open to the landscape.

Figure 8 : Hostel in Wrocklaw by Hans Scharoun. Photos: Close view of the diaphragm, overview of the court and plan.

Figure 9 : Hostel in Wrocklaw by Hans Scharoun. Diagrams: Mapping of SPL with Olive Tree Lab Terrain, showing the
6.8 dB(A) difference between inside and outside (Scale 60-10 dB(A)), 3-D model of mapping and Calculation of paths
inside and outside the diaphragm.

Practical applications in architectural design
Diaphragms can have many applications for architectural design and an important influence into
the potential use of spaces. Although the noise can pass through such diaphragms, they can
function as amplifiers for the human voice on their “quieter” side and therefore be able to create a
small refuge for the human voice in noisy environments. For example the big open window on the
top floor in Glaxo Building (architect: Kyriakidis) is not able to isolate completely the noise coming
from Kifissias avenue, but it is able to enhance the voices of those sitting on the inside.

Figure 10: Office building in Kifissias Avenue, Athens, by Kyriakidis K.

Even in not so extreme situations the existence of diaphragms, or thresholds in general, can
contribute to the creation of the appropriate conditions for the coexistence of people, standing in
neighbouring areas:
a. Simultaneity
Two neighbouring areas can coexist acoustically and function separately although they are visually
linked. Two groups of people can talk without disturbing each other. The in between spaces of
classrooms where outdoor lessons can take place is a good example. Herman Hertzberger has
given us many examples of how and why this simultaneity is important for the good functioning of
schools [11]. Any multifunctional space, where many things happen simultaneously, can be
articulated through such elements. It is worthy to note that many multifunctional “Community
Centers” built in the1960s (such as Van Clingeren's Social Center in Eindhoven) failed to work
exactly because of this reason: Because “the noise of the activities going on in adjoining spaces
was felt to be disturbing and soon people started to erect walls and other kinds of partitions” [11]
b. Privacy
The most important function of a diaphragm is the articulation and enhancement of the immaterial
limit between public and private. By creating thresholds it formulates distinct areas of privacy, even
in places that are in close proximity and with visual transparency to public spaces or with each
other, such as the front yards of houses. Two people sitting on the private side of a diaphragm
have the chance to converse in a low voice and nevertheless be heard at a distance. Although their
voice can be heard between them, it is hardly heard outside the diaphragm. Of course the
conditions of public spaces already provide privacy through the fact that the usually higher
background noise levels in streets mask intelligibility. But as expressed earlier in the paper, the
quality of such 'public' conversations is weak.
If diaphragms and thresholds in general were applied more thoroughly in our dense urban
environments, we could create more private outdoor places, in close proximity between them and
therefore better conditions for coexistence between their inhabitants. By understanding the need
for privacy not as complete isolation but as part of sociability, we might understand the need for
such ambiguous diaphragms which, despite not being completely closed, allow us to be private
while still being in close contact with the others, as Herman Hertzberger is stating in his lessons.
[11]

Figure 11: The need for privatization can result in extreme examples. The first picture presents a house in Neo Psyhiko,
completely fenced, while its protection extends illegally to the sidewalk with densely planted trees. The second picture
shows us a more gentle response to the same need. A fence of a house penetrated with windows, in the traditional
settlement of Vytina. Although the inhabitants are in close contact with the street, the threshold between the private yard
and the street is obvious.

Figure 12: Diagrams of the Vytina house: The 3-D model of the SPL mapping and the calculation of paths inside and
outside the diaphragm show the threshold of 6,7 dB(A) in the transparent area in front of the windows.

How is society possible? [12]
Simmel' s introducing quote continues as follows:
“It is deeply substantial for man to impose a limitation on oneself, but in freedom – namely in such
a way so as for one to be able to withdraw that limitation again, to be able to stand outside it..” [1]
Simmel had grasped in his work the dual nature of our human condition. He made us understand
that secrecy and sociability, openness and enclosure, public and private are not irreconcilable
enemies but interacting parts of the same uninterrupted duality. He made us realize that those
notions can coexist simultaneously. [12]
According to Simmel, “the simplest sociological formation, methodologically speaking, remains that
which operates between two elements”. [13 ] All the sketches and diagrams of this paper acquire
their validity because of this simple observation. It is not the existence of one person standing
alone somewhere, that is the measure of qualities such as privacy. Of course one single person
needs the chance to be alone, to be able not to be seen and reached when needed, and Simmel
knew the importance of individuality. Privacy, though, is something that can also exist between two
or more people. A private conversation is the most obvious example. This basic sociological
formation, the “dyad”, as Simmel calls it, is fundamental to the existence of society. When viewed
through the prism of acoustics, it could help us realize aspects of architectural design which are not
so obvious, such as the ones pointed out in this paper.
The need for privacy is one of the basic constitutional elements of our societies. As Simmel would
say, it is one of the aprioris of the existence of society: “The apriori of empirical social life consists
of the fact that life is not entirely social”... “A society is, therefore, a structure which consists of
beings who stand inside and outside it at the same time”. [12]
Diaphragms can help us create and manipulate those limits that are so important for humans and
their coexistence. Architecture, exactly because it creates such material and immaterial limits, can
have, and should have, a social role.

Acknowledgments
This paper is a part of a broader research project on the immaterial limits of architectural space
and their social implications, conducted at the Architecture School of National Technical University
of Athens, under the supervision of Professors Vassilis Ganiatsas, Tassos Biris and Padelis
Lekkas. The focused investigation into the acoustic properties of architectural space would not
have been able without the assistance of certain people who helped me widen my limited and
incomplete knowledge of acoustics. Dr Gottfried Schubert, whose seminars I attended at IEMA
(Institut for Research in Music and Acoustics), was a valuable help by teaching me some of the
fundamentals of acoustics and introducing me into some more complicated issues. I also thank him
for letting me use his equipment. Panos Economou and Panagiotis Charalampous from
Mediterranean Acoustics have also been an invaluable help by offering guidance on the use of
Olive Tree Lab Terrain software and by answering sometimes naïve questions on the topic. Of
course the author bears sole responsibility for any potential inaccuracies and inadequacies.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Simmel, G (1909) Bridge and Door, In : Gangas S. Kalfopoylos K. (eds) (2004) Wandering in
Modernity (In Greek: Περιπλάνηση στη Νεωτερικότητα) Alexandria, Athens ISBN :
960-221-256-X
Hall E. (1990) The Hidden Dimension. Anchor Books, New York ISBN 0-385-08476-5
Everest A. (2003) The master handbook of acoustics (In Greek: Εγχειρίδιο Ακουστικής) Tziola,
Thessaloniki, ISBN 960-7219-67-8
Eythymiatos D. (2007) Acoustics and building applications (In Greek: Ακουστική και κτιριακές
εφαρμογές) Papasotiriou, Athens ISBN : 978-960-7530-94-3
Graves M. (1985) Buildings and Projects 1966-1981. The Architectural Press, New York, ISBN
085-139-8456
Kuttruff H.(2007) Acoustics. An introduction. Taylor and Francis, London ISBN:0-203-97089-6
Sitte C.(1993) Urbanism according to it's artistic principles. (In greek: Η πολεοδομία σύμφωνα
με τις καλλιτεχνικές της αρχές) NTUA, Department of Urban and Regional Planning, Athens
ISBN 960-254-002-8
Van Eyck A. (2008) Writings. Collected Articles and Other Writings 1947-1998. Sun,
Amsterdam
Gehl J.(2010) Cities for People. Island Press, Washington ISBN 978-1-59726-573-7
Syring E. Kirschenmann J. (eds) (2004) Scharoun. Taschen, Koln, ISBN 3-8228-2778-9
Hertzberger H. (1993) Lessons for students in architecture. 010 Publishers, Rotterdam, ISBN
90-6450-100-9
Simmel G. (1908) How is society possible?. In : Levine D. (Ed) (1971) Georg Simmel, On
individuality and social forms. University of Chicago press, Chicago and London ISBN-10:
0-226-75776-5
Wolf K. (ed) (1965) The sociology of Georg Simmel. Free Press, New York

