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Abstract: The subject of this study is contemporary odeons in Poland, where 11 covered amphithe-
aters (odeons) have been built since 2005. The odeons were selected from a wider collection of
57 functioning amphitheaters. The study collected data on location, form, function, and construction.
The data sources included the literature, archival research, design documentation, and competition
entries. Descriptive and graphical comparative analyses of the phenomena, based on the statistics for
completed structures and on design experiments in the case of unbuilt structures, were the two main
research methods used in this study. The emergence and development directions of the typology of
open cultural spaces from amphitheaters to odeons are presented in a global and regional context.
Their interrelationships, affecting form and function, were also analyzed. The influence of high-end
materials that were used to create these complex, large-scale spatial structures, and their impact on
the environment, has been presented. The contemporary roofs covering the entertainment and stage
complex were analyzed in relation to environmental factors, determining the location of the odeons.
The functional aspects of these buildings and their cultural significance on a local, regional and global
scale were discussed. The odeon in Biata Podlaska, built in 2019, was chosen as a case study to show,
in detail, the complexity of the formation of contemporary odeons. In the discussion on the direction
of the further evolution of open spaces for culture, an example of an unrealized competition design
proposal of mobile roofing forms for the eighteenth-century amphitheater in the Royal Baths Park in
Warsaw, Poland, was presented. The conclusions emphasize the environmental, spatial, functional,
social and economic values of the establishment and functioning of contemporary odeons as open
spaces of culture that are compliant with the principles of sustainable development.

Keywords: odeons; buildings; membranes; canopies; sustainable environment; open culture; spaces;
evolution; adaptation; acoustics

1. Introduction

Odeons appeared as public buildings in ancient times, as a part of an evolution in
the typology of amphitheaters. This evolution consisted of covering the audience and
the stage of the amphitheater with a roof. Their creation was closely related to Greek,
and, later, Hellenistic and Roman culture. Most researchers define the original function of
odeons as that of a musical theater. Some also believed that they could have served as a
place for meetings of city councils in those cities that had no bouleuterions [1]. Thus, they
were buildings that were associated with culture and democratic power. In the historical
process from antiquity to modern times, the disappearance of political and administration
functions in favor of those related to culture can be observed. However, contrary to the
democratic genesis in antiquity, in the 1930s in Germany, amphitheaters were used for
totalitarian Nazi propaganda. As part of the Thingplatz program, 1200 such venues were
planned, of which 45 were built; the first was built in Halle in 1934 [2].

The siting of amphitheaters and odeons was most often connected with spatial pretexts,
resulting from natural landscape features. One example of this is the ruins of Pericles’
odeons from 442 BC and those of Herod from 115 AD on the slopes of the Athenian Capitol,
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and Agrippa’s odeon from 15 BC on the Athenian Agora. The forms of odeons were
based on the assumptions of open amphitheaters, and they differed from amphitheaters by
covering the stage and the audience with a roof. In the conditions of the Mediterranean
culture, with a mild climate, the reason for covering amphitheaters with roofs was mainly
the acoustics [3].

As the typology of public buildings, such as amphitheaters, spread to other regions of
the world, with less favorable climates, roofs became a necessity. Roofs made it possible
to disregard rainfall and to use the space offered by the amphitheaters for longer. To be
independent of temperature, walls also appeared, and the process of making buildings
independent of the external conditions was completed. In this way, new typologies of
cultural buildings were created, such as theaters, opera houses, concert halls, multifunc-
tional halls, conference centers, and cinemas (in some countries of Western Europe and
in the USA, nowadays called ODEONSs). All of these public buildings that are dedicated
to culture are among the most specialized structures that people create. The costs of their
production and functioning are exceedingly high, hence they appear in the most developed
and rich societies. The functional offering of these closed spaces of culture is varied and
addressed, both to a narrow group of recipients and to the mass audience. In the latter
case, the function of the events of culture and sport interpenetrates, hence the creation of,
for example, multifunctional halls that are not infrequently intended for 20,000 visitors [4].
At the same time, however, one of the important values of odeons, which is contact with
the natural environment, has been lost.

Today, amphitheaters and odeons, as open landscape spaces of culture, coexist with
these highly specialized public buildings that are dedicated to culture.

The next stage in the development of open cultural spaces in the twentieth century
was music festivals and religious events on a massive scale. During these events, the
relationship between the audience and the stage, or multiple stages, benefited from the
spatial experience of historic amphitheater systems supported by sound systems. Only
temporarily built portable stages are covered with roofs. Events of this type generate the
creation of ephemeral forms that exist for only for a few days. Due to the scale of these
events, no odeons are built, because it is not possible to cover the audience dedicated
to such a large number of people (mass cultural events in recent decades are as follows:
400 thousand people attended the rock festival at Woodstock in the 1960s, and in recent
years in Poland (Kostrzyn and Odra) 650 thousand spectators [5]. Six million pilgrims
were in Manila, Philippines in 2015 [6], during the papal visit, and 2.5 million in Poland in
Krakow in 2002).

The number of participants at such events many times exceeds the number of seats
that were provided in all 57 of the amphitheaters analyzed in this study, which totals
114,816 spectators. These data indicate a significant relationship between the scope of the
functional program and the sustainability of the form over time. Therefore, this paper
omits large outdoor concerts and religious meetings, the spatial analysis of which requires
a separate study because it does not correspond both functionally and spatially to the
analyzed structures of cultural spaces, such as amphitheaters, and their final form of
evolution—odeons.

Over the last 15 years, 11 odeons in the classical sense of this typology—i.e., in the form
a stage and an auditorium covered by a roof or several roofs—have been built in Poland.
The importance of odeons as open cultural spaces for sustainable cultural development
in Poland is the subject of this paper. This work is holistic in nature, and deals with the
environment in cultural, technical, and landscape aspects.

2. Materials and Research Methods

The main research material consisted of 57 amphitheaters built in Poland, from which
a group of 11 odeons was selected. This selection was based on the definition of an odeon
as an amphitheater in which the stage and auditorium are covered with a roof. Therefore,
buildings with a covered stage, but no covered auditorium, or with an auditorium only
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partially covered were rejected. This was based on a review of the literature, in situ studies
of completed buildings and projects. To show the delayed genesis of this spatial form, the
historical development of open cultural spaces in Poland, starting from democratic political
meetings to elect the king, was discussed. Relevant geographical conditions specific to the
study area in relation to the creation of odeons have also been presented. A descriptive and
graphical comparative analysis of phenomena for completed buildings based on statistics
and an analysis based on design experiments in the case of unbuilt buildings are the two
main research methods used in this study.

On the basis of the case study of the completed odeon in Biata Podlaska Figure 1,
the paper presents the characteristic elements related to the complex approach to the
construction of this type of object. A discussion based on unbuilt competition designs
was also undertaken about contemporary trends on the example of transforming the
oldest eighteenth century amphitheater in Poland into an odeon. On the basis of the
materials gathered in this way and the research methods applied in their preparation,
final conclusions were formulated in the aspect of the odeon as a contemporary example
of a cultural open space created in conditions of sustainable development. This study
focuses on the period after 1989 because it was a turning point in modern Polish history,
which gave input for the creation of many open cultural spaces, such as amphitheaters
and odeons.

. ’
Re i

Figure 1. Cultural environment of the odeon in Biata Podlaska, aerial view. Photo: Stanistaw
Butelski 2019.

2.1. Historical Analysis of the Development of Amphitheaters and Odeons on the Territory
of Poland

Cultural diversity in a globalized world is a value, worth of preservation. The culture,
geography, and history of Poland are fundamentally different from those of Greece, where
the odeons originally arose. The contemporary forms of odeons in Poland are therefore
the result of a long evolution and a process of architectural enculturation. Odeons were
popularized by Roman culture, especially in the Western Empire. This phenomenon
is well illustrated by Figure 2, which shows the distribution of amphitheaters in the
Roman Empire [7]. Poland was never part of the Roman Empire, and the appearance of
amphitheaters and odeons on its territory was significantly delayed relative to their time
of origin. We can look for the first odeon-like buildings in connection with the political
system. The origins of the Polish state date to the tenth century AD and are associated with
the adoption of Christianity from the west. From the sixteenth to the end of the eighteenth
century, Poland, through a personal union with Lithuania, was a European power. The
state system was democratic, and the monarch was elected.
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Figure 2. Distribution of amphitheaters in the Roman Empire. Adapted from ref. [8].

The election of regional representatives in individual provinces took place in churches
(as public places were likely to gather the largest number of people), while the king was
chosen in the electoral field. The electoral field, together with its associated temporary
buildings, can be considered as one of the prototypes of modern odeons corresponding
to the function of ancient buleuterions. The number of voters taking part in the election
ranged from 12,000 to 50,000, so spatial organization was crucial in those times to hold a
smooth presentation of issues, debate, and vote, as shown in Figure 3.

If we are talking about buildings for cultural purposes, then the Operalnia is consid-
ered to be the first permanent theater facility built specifically for this purpose in Poland. It
was built in 1725 (the Operalnia building existed from 1725 to 1772 in Warsaw on Krolewska
Street) in Warsaw [9] on the initiative of King Augustus II the Strong of the House of Wettin.
The author of the Operalnia building remains anonymous.

The first and most famous amphitheater in Poland, as presented in Figure 4, was
opened in 1791 and is located in Warsaw in the park called the Royal Baths. The Royal
Baths Park was created in 1764 on the initiative of King Stanislaus August Poniatowski as
the surroundings of the royal summer residence, the so-called Palace on the Isle, and was
an exemplification of the modernizing and modern concepts advocated by the last Polish
king. The author of the amphitheater design was Jan Chrystian Kamsetzer, who had been
born in Dresden. This building, which was a part of the park layout, in its architecture,
referred to the ruins of Herculaneum and the Roman Forum [10]. One characteristic feature
of this Romantic and Classicist complex was the location of the stage on an island, thanks
to which the water separated it from the audience and constituted a background for the
stage. Poland lost its independence at the end of the eighteenth century and remained
partitioned throughout the nineteenth century. As a result of the First World War, Poland
regained its independence. After the Second World War, it fell under Soviet occupation and
lost its independence and territory in the east and reclaimed territories in the west. Several
amphitheaters from the German Thingplatz program have been preserved in this western
part, e.g., one of the largest for 20,000 spectators on St. Anne’s Mountain. The totalitarian
system came to an end in 1989 and since 2004, Poland has been a member of the European
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Union. The year 2005 can be considered the cut-off date for the increase in the number
of amphitheaters and odeons in Poland. There are currently 954 cities in Poland, 60% of
the country’s population lives in cities, and the population density is 125 people/km?2. As
many as 556 cities are under 10,000 population. The largest city is Warsaw (population:
1,790,658) and the smallest is Opatowiec (population: 338) [11].
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Figure 3. The author’s graphics—the electoral field with a temporary building for senators called “The Shed”, based on
the painting The electoral field of 1764 Author Jean-Pierre Norblin de La Gourdaine. Adapted from ref. [12]. Adapted from
ref. [13].

ad .\tr M“‘. '\ P“‘L_‘*’“’“‘uﬁ
e e - \'\ ”'

Figure 4. Amphitheatre in the Royal Baths Park. Jan Piotr Norblin, watercolor, 1789-1791. Reprinted from ref. [10].
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2.2. Directions of Typological Evolution, from the Amphitheater to the Odeon

The group of open cultural spaces such as amphitheaters and odeons can be divided
into the following:

a. The simplest buildings, with an uncovered auditorium and stage;
b.  Of medium complexity, where only the stage was covered;
c. Highly complex, i.e., odeons, in which both the audience and the stage are roofed.

Originally, 57 amphitheaters were listed in Table 1. The amphitheaters and odeons
were selected and compared with respect to certain features for the analysis of form, func-
tion, and construction and the mutual relationship between these elements to determine the
relationship with the sustainable development of open cultural spaces in Poland. Moreover,
in the urban and cultural scope, the size of the towns in which these objects were built,
the date of construction or reconstruction, and the authors of the objects were determined.
From a group of 57 objects of open cultural spaces in Poland, 11 odeons were distinguished,
in which both the auditorium and stage are covered with a roof, supplementing the fol-
lowing tabular research data: the number of inhabitants of the locality where the object is
located, the surface of the roof, the type of roofing, the typology of the construction of the
form, the symmetry and asymmetry of the form, the graphic illustration of the location, the
construction system used.

Table 1. Fifty-seven amphitheaters in Poland ordered by number of spectators. Number 1 in the cell means that the
described factor exists. Author’s research. Amphitheaters are shown on the map in Figure 5 following the numbers in

column one.
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1. Shell Jelenia J ‘*Glgrr‘;a 100 | 2008 1 Park Amphitheatre
Gora
Amphitheatre | S
2. Opera Nova Bydgoszcz| 200 | 2006 RIS 1 Opera Amphitheatre
Bydgoszcz ﬁ)
3. | Awphitheatre | ypichatw | 210 | 2008 1 Lake Amphitheatre
Forest
amphitheater Bielsko i
4. in Lipnik near Biala 216 | 2021 1 Forest Ampbhitheatre
Bielsko Biata
Amphitheatre City center, .
5. Walbrzych Watbrzych| 216 2010 1 Thontor Amphitheatre
Summer
6. Amphitheatre Tarnow 275 2018 1 City center Amphitheatre
Tarnow
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Table 1. Cont.
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Amphitheatre :
7. Konstancin Ifg;;(s)t;r;ar 306 | 2009 1 Park Amphitheatre
Jeziorna
8. Coloseo Zator Zator 360 | 2014 1 Amlﬁzt;{(nent Ampbhitheatre
9. Arr]laphlthgatre Bochnia 380 1 Park Amphitheatre
ochnia
Amphitheatre
10. Wilkasy Gizycko 400 1 Lake Amphitheatre
Gizycko
Amphitheatre i
11. Cekeyn Cekcyn 400 2012 1 Lake Amphitheatre
12. | Amphitheatre Bolestawier 400 | 2017 1 Park Amphitheatre
Bolestawiec
Amphitheatre Star .
18| 4 Stary Dwor Dw g; 432 | 2010 1 Lake Amphitheatre
14. Amphlthgatre Garedja 450 2012 1 Lake Amphitheatre
Gardeja
15. AmTPhlt},‘eatre Tuchéw | 480 | 2013 1 Park Amphitheatre
uchow
Amphitheatre i
Zubrzyca Open-Air :
16. Zlé%rr?;ca Gorna 500 1 Museum Amphitheatre
Amphitheatre
in Wygiezlow L .
17. Ethnographic Wygieziéw 500 2011 1 Park Amphitheatre
Park
Amphitheatre
Podlasie Opera
18. and Biatystok | 550 2012 1 Opera Amphitheatre
Philharmonic
Biatystok
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Amphitheatre
19. Park Zadole Katowice | 800 2005 Park Amphitheatre
Katowice
Amphitheatre | Piotrkéw
20. Piotrkow Try- 800 | 2014 Park Amphitheatre
Trybunalski bunalski
21, | Amphitheatre | yopeing 840 | 2018 Lake Amphitheatre
abrzezno
Amphitheatre P -
22. | Siemianowice Slétirr:kairelowmegoo Park Amphitheatre
Slaskie a
23, | Amphitheatre |0 g, | 900 | 2019 Park Amphitheatre
Czeladz
Amphitheatre ;
24. stronie [I\J/Isct)l:s)lr:il: 900 Park Amphitheatre
Morskie
A?“ Iihlt.hei[.re Park, Pond,
25. 1 Lazienxl Warszawa| 950 | 1791 Island, Amphitheatre
Krolewskie-
Palace
Warsaw
Michel‘]ackson
26. | Amphitheatre | v, sawa| 960 | 2008 60 Park Odeon
Warsaw
27, | Amphitheatre | DS yo00 | g 45 b o Odeon
" | Biata Podlaska Fortress
laska
28. | Am hith/e/atre Zamo$¢ 1000 | 2012 Fortress Amphitheatre
amos¢
29, | Amphitheatie | proinswkal 1000 | 2015 Park Semi Odeon
ajnéwka
Amphitheatre -, .
30. Sgczyrk Szczyrk | 1000 | 2012 Ski jump Amphitheatre
Amphitheatre
Wiadysta- Amusement :
31 Wiadysta- w 0“}; o 1100 Park Amphitheatre
WOWO
The concert
shell in the : .
32. Saxon Garden Lublin 1155 | 2019 Park Amphitheatre

Lublin
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33.

Proszowice
Town
Amphitheatre

Proszo-
wice

1200

2020

City Centre

Amphitheatre

34.

Czestaw
Niemen
Amphitheatre
Olsztyn

Olsztyn

1250

City, Castle

Amphitheatre

35.

Amphitheatre
shell
Sosnowiec

Sosnowiec

1700

2020

Park

Amphitheatre

36.

Amphitheatre
Augustow

Augustow

1714

2013

Lake

Amphitheatre

37.

Amphitheatre
Wejherowo

Wejherowq 1800

Park

Amphitheatre

38.

Amphitheatre
of the Wolski
Cultural
Centre in
Sowiriskiego
Park in
Warsaw

Warszawa

2000

2019

70

Park

Odeon

39.

Amphitheatre
of the Virgin
Mary, Star of

the New

Evangelization

and Saint John

Paul IT in
Torun

Torun

2000

2016

Church,
river

Amphitheatre

40.

Amphitheatre
Swiecie

Swiecie

2000

City Centre

Amphitheatre

41.

Amphitheatre
Ostréda

Ostroda

2500

2012

78

Lake

Odeon

42.

Stanistaw
Hadyna
Amphitheatre
Wista

Wista

2500

2009

58

Park

Odeon

43.

Amphitheatre
in Ustroniu

Ustron

2500

2008

55

Park

Odeon

Marek
Grechuta
Amphitheatre

Swinoujécie

Swinoujéci

e 2700

2010

58

Park

Odeon

45.

Open Air

Auditorium
Malbork

Malbork

2880

2010

Castle

Amphitheatre
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46.

Amphitheatre
in Boyen
Fortress
Gizycko

Gizycko

3200

2018

Fortress

Amphitheatre

47.

Amphitheatre
Plock

Ptock

3500

2008

63

River

Odeon

48.

Millennium
Amphitheatre
Opole

Opole

3800

2011

River, Island,
castle

Semi Odeon

49.

Ignacy Jan
Paderewski
Amphitheatre
Koszalin

Koszalin

4500

1976

106

Valley, Park

Odeon

50.

Helena
Majdaniec
Summer
Theatre
Szczecin

Szczecin

4500

2021

Park, pond

Semi Odeon /
Odeon

51.

Amphitheatre
Kotobrzeg

Kotobrzeg

4500

1968

Fortress

Odeon

52.

Anna German
Amphitheatre
Zielona Gora

Zielona
Gora

5000

1970

City centre

Ampbhitheatre
out of service

53.

Forest Opera
Sopot

Sopot

5047

2012

107

Valley, Forest

Odeon

54.

Amphitheatre
on Lake Czos
Mragowo

Mragowo

5280

2012

Lake

Ampbhitheatre

55.

Amphitheatre
Kadzielnia
Kielce

Kielce

5500

2010

90

Quarry,
Forest

Odeon

56.

Amphitheatre
in Dolina

Charlotty

Stupsk

10,000

2007

Valley, lake

Amphitheatre

57.

Monument
and
amphitheater
on Mount
Saint Anne

 Gora
Swietej
Anny

20,000

1934

Quarry,
Forest

Ruin

Odeons are the most typologically advanced among amphitheaters and are charac-
terized by covering both the stage and the audience. In addition, an intermediate group
can be distinguished, in which the entire stage and part of the audience is covered. One of
their noticeable and characteristic features is the lack of buildings with only the auditorium
covered. The evolution from simple open structures through medium complexity to the
final form of odeons, where the auditorium and the stage are covered with a roof, is a
clearly observable evolution trajectory. There have been many iterations of this process,
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during which, as spatial complexity increased, the existing elements of the auditorium and
stage were adjusted and sometimes completely remodeled when the roof was built. In the
case of the two largest Polish odeons in Koszalin and Sopot, the existing roof covering was
also remodeled. The reconstruction of a previously functioning large amphitheater into a
completely enclosed building, an example of which is the intention to build a concert and
conference hall for about 1800 people in Zielona Gora, is an extreme case.
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Figure 5. (Left): location of 57 amphitheaters and odeons in Poland (number following Table 1, odeons marked red).

(Right): location of 11 odeons (numbers follow Table 2). Original research.

All the odeons analyzed are characterized by being outside city centers in relation to
the landscape. We can compare their functioning with concert halls located within the city
structure. In concert halls, we can often notice a strong relation between the space of the
concert hall foyer and its foreground, which extends the influence of such buildings beyond
their physical boundaries. In the case of odeons, there is no foyer, whose function is taken
over by the open landscape, leading to a strong integration of these structures with the
surrounding nature. Just as concert halls and their forecourts are often part of city space, in
the case of odeons they are part of the surrounding landscape. In this arrangement, the
canopies of the odeons are merely the culmination of the performance space. Transport
service in odeons is connected with this issue. The access to odeon facilities has therefore
a different landscape character than in the case of concert halls, and parking spaces for
odeons are a part of parking spaces dedicated to a larger area, e.g., a park, and not for a
single facility, similarly to public transport services. As a consequence, we have to deal
with the dispersion of traffic streams over a considerable area, helping to discharge them
without culmination, in short intervals of time.

2.3. Aspects of Odeon Siting

Poland is located in the moderate climate zone, with influences of air masses from
the Baltic Sea stabilizing the temperature. Terrain is flat except for the mountains in the
south, on the border with the Czech Republic and Slovakia. In the western part, the
climate is slightly warmer, with Atlantic influences, and in the east, it is colder and more
continental. The climatic differences between Greece, where odeons originated, and Poland
are important from the point of view of the subject under discussion. In a preliminary
study, the possible length of use of amphitheaters was determined considering average
monthly temperature. Assuming a minimum temperature of 18 °C, the season for outdoor
performances in Greece lasts for 8 months from April to November, and in Poland for
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5 months from May to September. This data should be contrasted with rainfall data. The
amount of rainfall in Greece is high at the beginning and the end of the outdoor season,
but in the middle of the season it almost disappears. In Poland, on the other hand, the
amount of rainfall at the beginning and the end of the shorter 5-month season is high, but
in contrast to Greece it increases and reaches its absolute maximum in the middle of the
outdoor season. Therefore, roofing outdoor stages and auditoriums in Poland is a necessity
if they are to function during the season without getting wet.

Even the territorial distribution of amphitheaters is shown on the map of Poland
in Figure 5; even the territorial distribution of amphitheaters indicates that there are no
regional differences in the occurrence of this function. Among the localization factors,
there are various spatial pretexts, both natural and cultural. Natural pretexts include, e.g.,
the geomorphology of the terrain in the form of valleys, mountains, lakes, forests, rivers,
islands, and lagoons. The cultural pretexts for locating amphitheaters and odeons include
city centers, fortifications, quarries, churches, opera houses, palaces, parks, castles, but also
such structures as ski jumping platforms—see Table 1.

The location is always accompanied by at least one of the indicated factors, often there
are several of them, which increases the attractiveness of the objects. An example of such
a location with multiple pretexts is the oldest known Polish amphitheater in the Royal
Baths Park in Warsaw, located in the park near the palace on the island and the lagoon. The
most common pretext for siting amphitheaters is in parks, which was the case in 24 of the
surveyed cases, and by lakes or rivers in 15 cases. Contact with nature and making use of
its values is therefore one of the basic values when making a siting decision about building
an amphitheater or odeon.

In terms of detailed analysis in relation to odeon locations, their orientation in relation
to the direction of the world was also studied Figure 6. As a result of this research, it was
found that there is no uniform rule in this regard. In the case of the Forest Opera in Sopot,
the stage is on the north side of the odeon, in Koszalin, on the southeast side, in Ostréda
on the west side, in Plock on the south side. The direction the stage faces in relation to the
cardinal direction is determined by the shape and attractiveness of the surroundings and
not by its location in relation to the cardinal directions. Additionally, it should be noted
that the roofing function can be used to correct lighting conditions, especially regarding
the glare resulting from the unfavorable position of the audience in relation to the sun.
Moreover, some of the activities hosted by odeons occur after dark, so this issue does
not arise.

The distribution of odeons in Poland concerns cities of different size—as demonstrated
in Table 2—such as Kielce with a population of almost 200,000, Ptock with about 100,000,
and Koszalin with about 60,000, and 30,000 in Biata Podlaska, Ostréda, Sopot, éwinoujécie,
or small ones with populations between 16,000 to 11,000 such as Ustrori and Wista. The
exceptions are those located in Warsaw’s districts of Bemowo and Wola. However, if we
compare the number of inhabitants of districts such as Bemowo and Wola, it turns out
that they are similar to the number of inhabitants of Pfock or Koszalin, oscillating around
100,000. In this context, the largest city in which an odeon is located is Kielce with its nearly
200,000 inhabitants, and the smallest is Wista with its 11,000 inhabitants. There is no direct
relation between the number of spectators in an odeon and the size of the city, although the
biggest odeon for 5500 spectators is in the biggest city, at the same time in the smallest city
we have an odeon for 2500 spectators. Thus, other factors determine the size of the odeon.
Apart from Warsaw, there are no odeons in cities where there are a number of facilities
intended for participation in culture, such as concert halls, congress halls, theaters, or
multifunctional rooms. This indicates an important role to be played by odeons in smaller
peripheral centers, where there are no cultural facilities in the form of professional concert
halls. On the other hand, on the scale of a large city or agglomeration, these facilities help
in providing equal access to cultural events to the inhabitants of peripheral districts or
parts of the agglomeration, as exemplified by Sopot and Warsaw. Summary of findings: a
roof is a necessity in Polish odeons due to the weather; there are no regional differences
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IX.

in the distribution of amphitheaters and odeons; odeons are sited in the landscape taking
advantage of its quality; the orientation of odeons is not related to the directions of the
world; contact with nature is the greatest value; odeons played an important cultural role
in peripheral centers and districts of large agglomerations.

VIIL

,/T\) 0 10 25 50m

Figure 6. Form of odeons in Poland. Author’s collection based on Google Earth. All pictures are presented to the same

scale, with the north direction being the top of the page. Numbers follow Table 2.

2.4. Odeon Roof, Form, Construction, and Materials

Due to the geometric construction of the form, it is possible to distinguish categories
of canopies with respect to the preservation of the axis of symmetry. Out of the 11 ana-
lyzed odeons, 2 are symmetric (Koszalin, Swinoujscie), 8 are semisymmetric (assuming
a difference of approximately 10 m in the length of the main structural arches of the roof
is negligible for this qualification), because they keep symmetry along only one axis, and
only 1 odeon does not keep symmetry with respect to any axis (Biata Podlaska).

In terms of surface typology, we can divide the roof forms into the following two
groups: anticlastic and synclastic—see Table 2—nine of the eleven amphitheaters analyzed
use the former typology, and only two in Swinoujécie and Gizycko are synclastic. One
important formal issue related to the functioning of canopies is the size of the division of
the surface folds (foliation).
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Table 2. Contemporary odeons in Poland, ordered by number of spectators. Original research. The odeons are shown on

the map in Figure 5, following the Roman numbers in column one.

No. Table 1 | No.

Name, Place, and Author

City Inhabitants

Spectators

Year

Maximum Roof Span

Roof Surface

Roof over Stage or Mezzanine|

Total Roof Surface

Material of Roof Covering

Location

Picture Presentation

Anticlastic or Synclastic Form|

Cone, Arch, Hiperbolic, Logic|

1. 26.

Michel
Jackson
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Architekt
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2019

45

1790

1790

Membrane
Precontrain
1002 Serge
Ferrari Fr,
Mehler
Texnologies
Valmex
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38.
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2012
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1880
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Wood
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1890

Membrane

Park
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43.
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Related to this is the important issue of drainage of water from large surfaces at the
lowest points of the canopy. In the case of homogeneous surfaces with a low degree of
folding, there is a minimum number of drainage points. As a result, the highest accumu-
lation of water per time unit occurs here, which requires an appropriate solution for its
drainage without detriment to the structure and operation of the superstructure. In the
analyzed examples, the smallest number of such points ranges from 2 in Szczecin to 38 in
Biata Podlaska, where the roof surface is the most fragmented.
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One important part of the membrane roof construction is the tendons and cables,
which must meet the highest standards for strength, corrosion resistance, and fire protection.
Foundations are an invisible part of membrane roof construction. Many times, they carry
heavy loads with only a few points of support for the entire structure. For example, in the
odeon in Koszalin, the main support is located at two points called abutments on the roof
with an area of almost 4000 m?. Two load-bearing arches of the roof are supported at their
ends through spherical joints, by reinforced concrete abutments, which are monolithically
connected to a reinforced concrete slab resting on 44 Franki piles [14]. In the Forest Opera in
Sopot Figure 7, the main structure consists of two steel arches with a circular cross-section
and a diameter of 1.3 m with lengths of 102.96 m and 93.20 m, respectively, founded on
12 m deep foundation blocks; additionally, 230 piles with lengths ranging from 12 to 12.5 m
were made for the perimeter tension of the membrane. Membranes are the main material
used for modern odeon roofs in Poland. Out of the 11 analyzed odeons, only two are not
covered with membranes. Among the membranes used in the projects, there are French,
Japanese, German, Swiss and Italian products (Canobbio IT, HP Gasser A.G. SUI, Mehler
Texnologies DE, Serge Ferrari FR, Tayio JP). Each time an individual membrane assembly
design is prepared together with a structural analysis of the stresses that occur during
construction work. Membranes are not only a covering element, but also a structural
element of roofs.
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Figure 7. The scale of the main foundations of the load-bearing arch structure Forest Opera House in Sopot cross-section.
https:/ /inzynierbudownictwa.pl/stalowa-konstrukcja-z-motylim-dachem/10.05.2021 (accessed on 16 July 2021).

To shape the form of membrane roofs, the following two basic methods are used:

e The application and tensioning of the membrane on internal structural members in
the form of arches, frames, or columns;

e  Suspension and tensioning of the membrane on the overhanging structural elements
of columns and pylons by means of cables and lashings.

The third method is a hybrid solution that combines those above. The use of mem-
branes makes it possible to form geometrically complicated roof shapes on multicurve
surfaces. In these systems, the steel structure is integrated with the membrane to form a
complex structure.

In Europe, the development of tensile membrane structures is most often associated
with the name of German architect Frei Otto and his most popular work, the 1972 Munich
Olympic Stadium. This stadium, as well as the Millennium Dome built in London in
the twenty-first century, has influenced many solutions in membrane roofing. Krzysztof
Gerlic wrote [15] about the perception of these technologies on Polish territory, pointing
to the freedom of shaping the architectural form inherent in this material. As a result,
each of the 11 completed Odeon projects, 10 of which use membranes, have their own
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original architectural and engineering solutions. The oldest odeon in Koszalin was built
when membrane technologies were not yet common in Poland. This structure refers to the
famous sports hall in Raleigh, in the USA, from 1952, designed by Maciej Nowicki [16]. It
was one of the first projects in which the structural and formal logic of modern architecture
was materialized by showing the possibilities of membrane tensile structures. Currently
in Koszalin the existing steel sheeting is being replaced with membrane roofing. The
original construction was created by a special patent of prestressing the structure, and the
covering created an anticlastic surface similar to a parabolic hyperboloid. In addition to
the strength and durability, the ability of light to penetrate without creating additional
illuminating elements is an important feature of the membranes. This property ensures
good uniform daylighting over the entire auditorium. This property can also be used at
night for multimedia projections, integrating the events taking place inside the Odeon with
the surrounding environment. The membranes make it possible to regulate the inflow of
light to individual Odeon elements. In the case of stage roofing, it is possible, for example,
to use membranes with reduced light penetration or those that are completely opaque. A
temporary folding roof occurs only in the case of one odeon in Kielce and applies to the
part above the audience. The membrane over the stage is fixed permanently, and over the
audience it is mechanically stretched during summer thanks to a special construction, and
it is retracted over the stage portal for winter.

Summary of findings: the forms of most odeons are semi-symmetrical; from a typo-
logical point of view anticlassical solutions prevail; the size of the division of the fold of the
roof surface is an important issue from the point of view of water drainage; membranes
are the most commonly used roofing and construction material of odeons; two basic meth-
ods are used to shape the membrane roof; permanent membrane solutions prevail, but
temporary projects are also possible.

2.5. Audience Form, Design, and Materials

The form of the auditorium in each of the analyzed cases relates to historical solutions
and is a section of a circle approximated by a regular polygon—as displayed in Figure 8.
The auditoriums in most of the analyzed cases were within the angle of 180 degrees that is
characteristic for classical Greek amphitheaters, only in one odeon in Biata Podlaska is this
angle greater. As a result, the visibility curves intersect in the center of the figures forming
the audience at the place where the stage is located. Consequently, one-way shows are
most often realized in odeons. Comparing the auditoriums for about 5000 spectators of
the two largest Polish odeons in Sopot and Kielce, the audience plan curve is significantly
higher in the former. The same is true for the two smallest odeons for 1000 spectators in
Biata Podlaska, where the curve of the audience plan is greater than in Warsaw-Bemowo.
As a consequence of the greater curvature, the stage is closer to the audience and partially
surrounded by it. Solutions in which the curvature of the auditorium is greater, result
in an increase in the size of the roofed area for a comparable number of spectators. A
pairwise comparison of the roofing areas of the odeons in Sopot and Kielce, and Biata
Podlaska and Warsaw-Bemowo illustrates this principle, and amounts to 4560 m? /4000 m?
and 1790 m? /1700 m?, respectively. Increasing the curvature of the audience angle allows
for greater integration of the stage and audience, and consequently for building stronger
relationships of audience participation in the performance.

The odeon stands are most often made of reinforced concrete and are used as an
auxiliary element for the foundation of the structure. Often there are also mixed cold-
reinforced concrete structures, which create a more harmonious relationship between
the object and the environment in which it is located. In the case of an odeon, e.g., in
Pock, the construction of the audience was the element of a wider project concerning the
strengthening of Vistula escarpment [17].

The primary difference in audience typology relates to the terrain on which the odeon
is located. In flat terrain, grandstands are self-contained structures, as, for example, in
Ostréda. In areas with varied terrain, grandstands are often a component of the terrain,
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taking advantage of the natural lay of the land, such as in Plock or Kielce. In these examples,
the filling of the auditorium occurs at two levels, i.e., at the crown of the auditorium and the
level of the stage, regardless of whether the terrain is naturally formed, or the auditorium is
a purpose-built facility. Audience seating is fixed, unlike indoor concerts and multipurpose
halls and is made of wood or plastic in the form of individual or continuous elements
on which the audience sits. There are also many cases where the stage is below terrain
level and consequently so is the auditorium. In such cases, the filling of the auditorium
is also done from the middle of the level. Differences in audience height affect acoustics,
visibility, and communication and evacuation issues. Auditoriums in amphitheaters at
the stage or upper bypass level usually have special seats for the disabled. In one of the
unusual amphitheaters in Malbork, intended for staging knightly tournaments, there is a
possibility of doubling the capacity of the audience by means of moving tribunes. This idea
of temporarily setting up a second mobile auditorium on a street parallel to the permanent
one was not realized.
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Figure 8. Plans of auditorium and stage in odeons: (1) Warsaw—-Bemowo, (2) Kielce, (3) Ptock. Original illustrations.

Summary of findings: the form of the auditorium refers to historical solutions in
odeons; most often one-way shows are realized solutions in which the curvature of the
auditorium is greater, causing an increase in the roofed area; increasing the curvature of
the angle of the auditorium allows greater integration of the stage and the auditorium; the
auditoriums are most often made of reinforced concrete; the basic difference in the typology
of the auditorium is related to the shape of the land on which the odeon is located.

2.6. Stage form Construction and Materials

The scenes can be divided into two main groups with respect to the environment in
which the odeon is located. The first group includes open landscape scenes, for which
the background is an open landscape. The second group includes closed scenes, which
create their own artificial in relation to the natural landscape background for the realization
of the event. Examples of open scenes are odeons in Kielce and Ostroda. In the first
Xcase, the background is the remains of a quarry, and in the second it is the surface of a
lake. In both examples, such background is the only a possibility because many times
during the performance’s decorations are introduced to the stage, blocking the view. In
the other 9 cases, the odeons of the scene are closed, blocking views of the landscape
despite its attractive nature. In the case of these formations, they are used for better
propagation of sound by means of properly directing it to the walls and ceiling. Therefore,
the materials used for stage construction are related to this requirement. Concrete and
ceramic materials, traditional or thin-layer plaster, are the most commonly used materials
for scenes enclosed by the landscape. Odeon stages, as opposed to canopies, are built using
traditional (excluding the floor, which is most often wooden. This floor can be permanent
or temporary variable depending on the type of show being performed) materials. During
their operation, the acoustic conditions can change dynamically both due to the introduced
scenery and decorations, but also depending on the number of performing artists and
their placement.
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One frequent reason for the construction of indoor stages is the functional need to
create backstage facilities for artists. Therefore, in the functional program here, you can
find dressing rooms and restrooms. In addition, the program can be complemented by
storage spaces and workshops for the preparation of decorations. The size of the stage
does not deviate from the standards in closed buildings of contemporary opera houses,
theaters, and concert halls and is close to about 200 m2. This size allows the placement
of a large symphonic orchestra on the stage, and thanks to the dexorations, adjust the
stage to a chamber orchestra, if necessary. A typical stage box in the case of opera is a
module of 15 m x 15 m x 15 m, which gives an idea of the minimum size of the stage
needed for the arrangement of a dynamic show such as a group dance. In the case of
concert halls today, we usually speak of the following two typologies of halls: the box
hall and the vineyard layout hall [18,19]. In the first case, the stage and the audience are
on opposite sides of the premise, and in the second case the stage is surrounded by the
audience. In the vineyard layout, the stage within the projection of an elliptical or near
polygonal auditorium is located asymmetrically close to one of the foci of the ellipse. One
example of this solution is the Philharmonic Hall in Berlin, which is still a model of this
type of concert hall. These halls are characterized by the omnidirectionality of sound
propagation and multidirectionality of the show because the viewer looks not only at the
artists, but also at other spectators.

In the case of odeons, vineyard layouts are absent, and a box-like layout predominates.
In this system, both sound and visibility propagation are unidirectional. This situation
occurs in the case of stages, where the curvature of the audience projection is small and
the distance between the stage and the audience is insignificant. In a few cases (Sopot,
Biata Podlaska), when the audience has a larger curvature, an evolution towards a partially
omnidirectional show can be observed. When the stage is partially surrounded by the
auditorium, greater visual attractiveness of the show is achieved, analogous to concert
halls in a vineyard layout.

Summary of findings: the stages can be divided into two main groups, open landscape
stages and closed stages with artificial backdrops; the size of the stage does not deviate
from the standards and is 200 m?; in the case of odeons there are no vineyard layouts and a
box layout predominates; the stage is partially surrounded by the audience, has a greater
visual appeal of the show; the materials used for the construction of the stage are related to
sound propagation.

2.7. Relationship of Roof Form to the Stage and Odeon Audience

The key issue concerning the architectural quality of odeons related to their roofing, is
acoustics. Forms of roofs with predominantly asymmetrical solutions are mainly linked to
their relation to the audience and the stage. The forms of the canopies follow the forms of
the auditorium and the stage in asymmetric solutions, while in the case of symmetric roofs
there is a discrepancy in the relation between the symmetry of the roof and the asymmetry
of the stage and auditorium complex. Because of this contradiction, symmetrical solutions
of odeon canopies deteriorate the architectural quality in terms of acoustics. Although it
is possible to correct the acoustics with specialized designs, the relationship between the
form of the roof and its material is decisive for this issue.

Because of the uniqueness and individuality of the solutions in the analyzed examples
of odeon facilities, these issues should be analyzed separately on a case-by-case basis. Roofs,
auditorium, and stage are the only elements that shape the space and at the same time
serve to control the acoustic quality inside the odeon. Hence, excessively large openings
between the auditorium and the canopy, and between the auditorium and the stage result
in uncontrolled zones through which sound “escapes”, which can cause unfavorable vocal
phenomena. At the same time, however, these openings help in the spatial integration
of the structure and the landscape. Therefore, a balance between these two contradictory
aspects should be maintained in the design of odeons.
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When discussing the size of odeons, we have to refer to two interdependent parame-
ters, i.e., the size of the audience and the maximum size of the canopy. In the two largest
odeons in terms of structural span, it is about 107 m; however, the size of the audience is
different. The largest Polish odeon in terms of spectators is the one in Kielce, which has
an audience of about 5500 with a maximum structure span of about 90 m. The smallest
of the analyzed odeons are located in Biata Podlaska and in Warsaw in Bemowo, and are
designed for about 1000 spectators. In Biata Podlaska the maximum structure span is 45
m and in Warsaw-Bemowo it is 60 m. The average size of the audience in the analyzed
odeons is about 2500 spectators with an average span of about 70 m.

Finding’s summary results: the architectural quality of odeons is related to their
roofing and acoustics; the preferred form of roofing referring to the form of audience and
stage offers asymmetric solutions; symmetric solutions of odeons roofing deteriorate the
architectural quality in terms of acoustics; roofs, audience and stage are the only elements
controlling acoustic quality inside odeons; audience size and maximum size of roofing are
interdependent parameters.

2.8. Contemporary Functions of Odeons

On the basis of the analysis of the 11 existing odeons, including the odeon in Koszalin,
which is being remodeled, it is possible to indicate the most frequently held events, which
include the following: popular music concerts, cabaret performances, and classical music
concerts. This type of activity is hosted in all mentioned odeons. These events are listed in
order of occurrence. In some odeons there are also such events as the following: annual
music festivals, theater performances, conferences, workshops for children and young
people, meetings with artists, and special events. Annual music festivals of international
scope are held today in the Odeon in Sopot. They have a long tradition of organization
dating to the 1970s, during the communist period in Poland. At that time, apart from Sopot,
there were also 3 such festivals held in Kotobrzeg, Opole and Zielona Gora (a competition
for a concert hall at the site of Zielona Gora’s amphitheater was decided in 2020). The
festival in Opole is still taking place. It occurs in a facility that typologically is not an odeon,
because apart from the stage it has only a roofed part over the audience. The other two
festivals no longer occur; the amphitheaters have become decapitalized and have not been
transformed into odeons. This shows a tendency for large artistic events to function only
in amphitheaters converted into odeons or the disappearance of this function. In Sopot,
where the variety of performances is the greatest, theatrical performances are also held,
which distinguishes it from other odeons.

One interesting functional pretext for special events is the annual agricultural harvest
festivals. They occur in many of the analyzed 57 amphitheaters, but they were also the
reason for creating an odeon in Koszalin in the 1970s, and for its innovative roofing. Other
special events that take place in odeons include fashion shows, and national and regional
beauty pageants.

As the analysis of the event calendar indicates, concerts and cabarets as the most
popular events occur in odeons between May and September, i.e., 5 months a year. The
odeons’ functioning outside the schedule of organized events creates a possibility of their
use as a roofed place of year-round recreation and activities of inhabitants, i.e., organizing
ad hoc events and nonprofessional performances. This is due to the fact that they are part of
larger complexes, usually parks, and provide good conditions for both artistic presentation
and expression as well as for viewing. Interesting data on the functions of odeons expected
by the users are provided by a survey in Figure 9, conducted among the inhabitants of
Koszalin in 2020 in connection with the odeon remodeling project currently being carried
out [20].

It confirms the consistency of the data resulting from the aforementioned comparison
of the activities of the currently operating odeons with the expectations of the audience. It
also shows the proportion of expectations between great events of supra-local character
and the opportunity to show the achievements of the local community of children, youth,
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and seniors. The size of the audience of odeons is related to the scale of influence of a given
structure. The impact of the smallest odeons is mainly on a local scale and concerns the
city and region, e.g., Biata Podlaska, or a district in the case of large cities, e.g., the odeon
in Warsaw’s Bemowo. The impact of the largest odeons goes beyond the local scale and
is often associated with cyclical thematic festival events, such as the Sopot International
Song Festival.

Concerts of well-known artists from the mainstream
of popular music, well-known bands, pop rock singers 78
Cabarets & stand-ups [LoiLw/)

Big music and theater shows [Lasiele/)

Summer cinema [asitak L)

Concerts of less common music, G
alternative music, blues, jazz, stage song 32.7%

Performances by residents, kindergarten children 28.1 %

241 %

Dance festivals and ballet performances

Classical, opera and philharmonic music concerts, opera shows 19.6 %

0
Disco polo concerts 16.8 %

I

Sport performance 14.9 %

Figure 9. Survey on the expected functions of the new Odeon in Koszalin. Original chart based
on [20].

Summary of findings: in odeons the most frequent events are pop music concerts,
cabaret performances and classical music concerts; events occur between May and Septem-
ber; the functioning of odeons outside the schedule of organized events creates an opportu-
nity to use them as a roofed place of year-round recreation and activity of the inhabitants;
small odeons up to 2000 spectators have a local impact; the biggest odeons for 5000 specta-
tors go beyond the local scale and are often connected with cyclic thematic festivals.

3. Case Study: Odeon in Biala Podlaska

To show, in detail, the complexity of the above-mentioned conditions, let us follow
the case study of the odeon in Biata Podlaska.

3.1. Odeon and the Environment

The Park and palace complex of the Radziwill family is located close to the city center.
It is a part of the estate of the famous Radziwilt magnate family. The surviving earthen,
fortifications and moat are dated to the seventeenth century, and were used to defend
the palace, which has not survived, and the only remains of it are ancillary buildings.
The surviving elements of the historical complex include the entrance gate, the entrance
tower, three outbuildings, an eastern turret, the castle chapel of St. Josaphat, and earthen
fortifications, which encircle the amphitheater. The entire complex features tall greenery
that has the character of a park, yet has become overgrown over the past 400 years. The
complex, after being adapted and remodeled, is now used as a cultural and community
center by the city, which is located near the eastern border of contemporary Poland and
inhabited by around 60,000 people. The complex features a city park, a Southern Podlachia
Museum, a Public Library, a Musical School, the Biata Podlaska Culture Center, a Deux-
Serves French Facility, the Biata Podlaska Chamber of Commerce, as well as an office
of the National Health Fund, and a Psychological and Pedagogical Facility. The odeon
was commissioned by the municipal authorities of Biala Podlaska. The historical Park
Radziwiltowski, which has been revitalized in recent years, has been enriched by it to
include the odeon’s contemporary form, and thus enhanced its functional offering.
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The adaptation of the amphitheater into the odeon will allow the extension of the
cultural season in Biata Podlaska, which is of fundamental significance to the city, as it is
the largest building of its type in the surrounding region.

3.2. Development of Amphitheater Concept from 1950

The amphitheater is in the western section of the seventeenth-century earthen for-
tifications, on a site previously occupied by the first amphitheater, for an audience of
several hundred that was built in the 1950s and gradually became completely decapitalized.
It had been designed by Professor Gerard Ciotek, the founder of the Krakow school of
landscape architecture.

The conceptual proposal of the extant amphitheater was selected through an archi-
tectural competition in 1993 (the author of the winning design was architect Kazimierz
Butelski). In the years 1996-1997, a technical design was prepared, and in 2003, the am-
phitheater was opened. The key element of the conceptual proposal from the 1990s was the
highly defined geometry of the earthen fortifications and the conservation requirements
concerning the preservation of their geometry. To meet these requirements, the main focus
was placed on solutions within the interior area of the fortification’s sections, leaving their
outline undisturbed. This solution allowed the construction of a theatre with a properly
scaled stage covered with a triangular roof, with an ancillary building. The essence of the
design proposal was changes to the geometry inside the bastion, together with lowering the
terrain to build the audience and stage, enclosing the bastion with a stage building located
at the border between the elevation differences and covering the stage with a triangular
roof. The building was retained within the geometry of the fortifications, which was around
146 m above sea level, on the top of the embankment. It abutted the stage on one side, at
an elevation of 141 m above sea level, and the entrance square from the side of the park, at
an elevation of 143 m above sea level. The only element that protruded above the ordinate
of the top of the embankment was the stage roof and its associated lighting bridge, whose
ordinates did not exceed 150.5 m above sea level. The maximum height of the internal space
was thus around 9.5 m, counting from the level of the stage to that of the roof, while the
maximum span of the lighting bridge was around 52 m. The stage was placed on one of the
axes of symmetry of the bastion, and the ancillary building was oriented perpendicularly
to it. The entirety of the composition was contrasted with the east-west axis, which was
accentuated by the form of the lighting bridge—as presented in Figure 10. The lighting
bridge defined two curvatures of the audience, with 1000 seats inside the bastion, which
was the diameter of one of them. This spatial concept was supported by material solutions
that contrasted the soft plant materials of the external fortifications, and with the hard
materials of the interior. The official opening occurred in 2003.

3.3. Design Idea Behind the Odeon

The design of the odeon from 2017 was a development of one of three conceptual
proposals of roofing that had been presented to the developer. The conservation principles
that were defined in the original design of the extant amphitheater, remained unchanged.
As a result Figure 11, the conceptual proposal of a cable and membrane structure was de-
veloped, while respecting the principle of protecting the geometry, assuming the following
three actions:

e  The construction of a delicate steel open-work support structure at the top of the
embankment, with the smallest possible height that would allow circulation in every
direction and the drainage of stormwater from the roof;

e  The construction of a cable structure between this support structure and the existing
structure of the amphitheater, after its reinforcement;

e  Construction of the membrane and tensing the entire structure.
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Figure 11. Stages of the conversion of the amphitheater into the odeon in Biata Podlaska. (1) Existing amphitheater with
roof over the stage. (2) New steel space truss on the crown of the fortification ramparts. (3) New membrane roof with

tensioned surface forming cables. Author graphics based on source BP Projekt.

3.4. Roof Design

Work on the form of the roof was conducted following the parametric design approach—
as presented in Figure 12A. To find the optimal tensile distribution for the roof, the density
of the structure, associated with the number of cables, its height, the cross-sections of
structural elements, and the joints, were analyzed. The analysis also covered parameters
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such as the distancing of supports relative to the existing entrances to the audience, the
height of the upper ring, and the distancing between the triangle bases that conditioned
the possibility of freely passing between the spatial structure and the elevation of the wind
cable fastening point that affected the roof pitch, and the stormwater drainage affected
the ergonomics of the use of the solutions that were adopted. The main element of the
design, which was the roof, was designed to feature cable and membrane technology—as
seen in Figure 12B. The form of the roof is multi-ridged and has a delicate layout, which
allows the drainage of stormwater along the external outline of the audience stands at
the top of the embankment. The form of the roof reflects the geometric layout of the
existing audience stands of the amphitheater. It is comprised of two parts that form a
coherent whole, a part based on a semicircle and a side section in a layout similar to a
rectangle—as depicted in Figure 12C. The roof has a peripheral structure, comprised of
steel pipes that run along the top of the embankment and follow its shape. The spatial
structure, to limit interference with the historical embankment top, has a pile foundation
in the form of reinforced concrete piles. A section of the roofing, based on a semicircular
shape, has a central layout that focuses on a steel ring that is fastened to the reinforced
structure of the existing reinforced lighting bridge, to which the cables that tense the PVC
membrane surface are anchored. The side part of the roofing is anchored perpendicularly
to the bracing beam located at the southern side of the triangular-reinforced structure of the
existing roof, to which PVC membrane tensing cables of this part of the roof are anchored.
The steel peripheral space frame is made from pipes with a diameter of fi 159.0 mm and a
thickness of 17.5 mm, from S355]2 steel, with horizontal braces with a diameter of 16 mm in
the form of rods. In the semicircle, the first row of the structure’s space supports is located
flush with the last row of the concrete audience stand of the amphitheater, and its elements
are spaced every 250 cm. There are 28 of such elements. The second row of space supports
is located at a distance of 328 cm from the first row, in a running pattern relative to the
first row, and features 28 elements that are spaced 287 cm apart. In the side section, the
first row of space supports of the structure is placed flush, relative to the last row of the
concrete amphitheater audience stand, and features 7 elements that are spaced 263.5 cm
apart. The second row of space supports is located at a distance of 328 cm from the first
row, in a running pattern relative to the first row, and features 6 elements that are spaced
284.5 cm apart.

The upper ring that tenses the structure is located at a distance of 150 cm horizontally,
relative to the first row of supports, at a height of 401 cm relative to the floor of the upper
walkway of the audience stands.

The spatial structure allows free circulation at the level of the upper peripheral walk-
way. All the structure’s elements, except for the upper ring, are connected using mechanical
joints. The upper ring is linked to the peripheral structure via on-site welding.

The cables that tense the membrane, both snow and wind cables, were designed as
open steel cables, with a GALFAN coating, with a 1 x 61 weave (fi 31.3). The cables are
linked to the structure using joint panels. The edge cables were designed as open steel
cables with a GALFAN coating, 1 x 19 weave (fi 12.2).

The snow cables are fastened to the upper tensing ring. The wind cables are anchored
to the central support in the first support row, at a height of 230 cm from the floor level of
the upper walkway. The edge cables and tensors have a diameter of 12.2 mm. The cables
on the semicircular section are anchored centrally to the steel ring (2 x HEM300), anchored
to the newly designed reinforcement of the lighting bridge, while the cables in the side
section are anchored perpendicularly to a C300 bracing beam at the southern side of the
triangular roof. The combined length of the steel cables is 1743.8 m, while the total weight
of the steel is 79,038 kg. The PVC membrane Precontraint 1002 Serge Ferrari roofing, with
a total area of 1789 m?, colored white, has the following parameters:

e  Sunlight permeability: 19%;
e  Protective coating: S2 PVDF/PVDF;
e Weight: 1050 g/m?;
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Total thickness: 0.78 mm;

Minimum tensile strength: 86/86 kN/m;
Minimum tearing resistance: 0.55/0.50 kIN;
Minimum adhesion: 2.4 kN /m.

A. A parametric script,
made to find a form
in existing historical
environment.
Controls, roof
surfaces density,
geometry of external
structure, heights
cables mounts on
building.

B. New final form
shown as red.

— | C.  Structural analysis of
gl 0. S~ design proposal.

A8 A e
L

N

Figure 12. Parametric design of the shape (A,B) combined with structural analyze of the membrane
and reaction of the foundations (C). Source: BP Projekt.

The second type of membrane, Valmex Mehatop, produced by Mehler Texnologies,
with similar parameters, was used to cover “light bridges” inside the structure.
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3.5. Acoustic Design

As a cable and membrane roof affects the building’s acoustics, the following three
types of acoustic correction elements were built after an acoustics analysis, as displayed
in Figure 13, and built by Professor Tadeusz Kamisiniski: the acoustic system behind the
stage, the acoustic system underneath the triangular roof above the stage, and acoustic
systems on the lower audience rows. The reflective systems behind the stage are wall
fragments outside of the reach of the stage, shaped to direct the reflected sound towards
the audience. They are formed from extruded polystyrene panels, finished with smooth
silicon plaster. The system at the northern side of the stage, with a width of 592 cm, is
comprised of 4 vertical strips with a width of 148 cm each. The system at the south side of
the stage, with a width of 633 cm, is comprised of vertical strips with a width of around
158 cm each. The systems were designed along the entire height of the existing wall. The
second type are reflective systems above the stage, in the form of membrane screens that
are suspended from a peripheral steel structure, which are fastened between the existing
triangular roof structure, between the bracing in three rows, to eliminate the parallelism of
the stage and the ceiling.
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Figure 13. Audience acoustics analysis of sound distribution. Reprinted from ref. [19].

There are eight screens in the first row, six in the second, and four in the third. Each
screen is 200 by 122 cm. The pitch of the screen along the longer axis does not change,
and is 15°, while the pitch of the screen along the shorter axis varies between 4° and 16°.
The height at which the screens are fastened varies, and is around 6 cm. The third type of
sound-absorbing system was used on the vertical walls of the concrete audience stand in
the first four rows.

The sound-absorbing material used here is mineral wool, with a glass veil that is 3 cm
thick. Wooden profiles that reference the existing seating profiles were applied as masking
elements. The profiles in the first row have a height of 55 cm, while in the remaining rows
it is 46 cm. The profiles have the same width as the existing seating profiles—4 cm—and a
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thickness of 6 cm, with a narrow section with a thickness of up to 3 cm for mineral wool.
Every profile is fastened at two points with masking joints.

3.6. Details

A range of renovation work on each of the amphitheater’s elements was also per-
formed, such as on its roof and its steel structure, along with painting of the audience
(seating) and passages, approaches from the park, the stage, and the water drainage.
New site development elements were also made, such as a new concrete path atop of
the embankment.

The design also features a range of details, particularly the connection between the
structure of the membrane and the peripheral support structure. An example of this
includes the structure of the drainage valley. The water from the PVC membrane is
collected in a steel valley near every node, with a snow cable. The water from the valley is
transported outside the steel structure and introduced via an opening to the level of the
pitched concrete floor on the top of the embankment. The water from the floor directly
enters a linear drain that runs at the center of the peripheral pathway of the audience stands.

3.7. Result

This case study confirms all the previous odeon findings, in relation to location,
orientation in relation to the world, typology and material of the roof form, typology and
material of the audience and stage, the relationship between the roof and the audience and
stage complex, and the functional program.

The application of modern materials and structural technologies enabled the con-
struction of the odeon, by adapting the existing amphitheater building to the changing
user needs. The contemporary formal solutions harmonize with the extant cultural and
landscape heritage without mimicking or copying it. This contributes to the enhancement
and development of culture, which leaves a material trace of its time at every stage of
history, serving society and allowing it to read extant values anew.

The odeon, which protects against excessive sunlight in the summer and from rain
in the autumn, forms a new type of multifunctional public space in Park Radziwilowski
in Biata Podlaska, which corresponds to the scale of the city. The dialogue between the
odeon’s modern form, and the historical seventeenth-century park and palace complex
in Biala Podlaska, was the main idea behind the project. Just as fortifications were an
expression of contemporary ideas and technology in the seventeenth century, so is the
odeon, built in the twenty-first century, an example of the ideas and technologies of its
time, and, in this sense, it is a continuation of the site’s past.

4. Discussion

As part of a discussion about possible directions of further development, we can
discuss the results of the competition to transform Poland’s oldest eighteenth-century
amphitheater in the Royal Bath Park in Warsaw into an odeon. The topic was to convert the
historic amphitheater at the Royal Bath Park in Warsaw into an odeon with a movable roof.

4.1. Environment and Conditions

At the moment, the site features an amphitheater with an auditorium and a stage,
and a decoration in the form of ancient ruins. The area of the historic garden where the
amphitheater is located is under legal conservation protection through an individual entry
in the Register of Monuments. The auditorium and stage of the amphitheater are listed in
the register of historical monuments. Due to the conservation status of the structures, it
was imperative to protect the existing one historic landmark substance in and around the
amphitheater area.

The idea of this two-stage competition was to create a temporary seasonal roof,
covering the auditorium and the stage separately (used from April to October). After
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this period, it could then be completely dismantled, in such a way that no elements of its
construction would remain visible.

It was necessary to design two independent canopies for the stage and the audience,
separated by water, in a lightweight and demountable structure. Consideration had to be
given to the staging phase, with the auditorium being covered at stage I, and the auditorium
at stage II. The two main criteria for concept evaluation were as follows:

e  Ability to fit into the historical context and conservation considerations;
e  Quality and economy of design solutions [21].

The project has stirred considerable controversy, especially in the conservation commu-
nity. “If this happens, we will be dealing with a real conservation scandal. The amphitheater
is one of the most recognizable monuments of the Stanislaw August period”—Capital
Conservator of Monuments Michat Krasucki argued this in August [22]. In the first stage,
two works were selected and awarded participation in the second stage. In the second
stage, no first prize was awarded, but one of the works received a second prize and the
other received a distinction. In both concepts, membranes were used as the covering
material. The works differed in the concepts of constructing the support structure.

4.2. Proposition One Using Eight Extendable Poles

The work of DiM’84 Czestaw Bielecki’s team, awarded with the second prize, was
based on building a roof that was supported by eight telescopic columns. Four larger
columns supported the roof structure over the auditorium, and four smaller columns
supported the roof structure over the stage. These columns had different dimensions and
were completely invisible during the period when the roof was to be dismantled. When the
roof was installed, they served as support elements for the auxiliary perimeter structure, in
the form of a semicircle in the case of the auditorium and a circle in the case of the stage.
The membrane was attached circumferentially to these elements, and at four points inside
each roof. Additionally, ropes were used as ties to stabilize the columns. The architects
foresaw that the amphitheater roofing ring, after being assembled and fixed to the columns,
would not be dismantled, but only lowered together with the telescopic columns into an
appropriate, covered channel. The stage roofing ring, on the other hand, has been designed
as a two-part system, with one half mounted permanently on the columns and the other
half folded. The elements to be dismantled after the summer would be only the membranes
and ropes with fittings [23].

4.3. Proposal Two Using Two Rotating Columns

The award-winning work by the BP Projekt team involved basing the roof structure
on two spatial columns, with a fan-shaped expandable roof structure supported by spatial
beams. This allows the roof to be spread over all the existing elements of the amphitheater
and trees, without any collision. The membrane fastens the entire structure together.
Both poles were placed outside the existing amphitheater, without interfering with its
structure, which is an important structural element. The first pole was located on the axis
of the composition on the empty square behind the audience, and the second was located
asymmetrically on the island behind the stage. The main supporting elements, in the form
of rotating spatial trusses, were placed on the pillars. There are five trusses above the
audience, and four above the stage. The trusses are of composite construction, consisting of
two parts that are separated by the axis of pole rotation. The structural thickness of the roof
over the stage is 3 m, and over the audience it is 5 m. Under the columns and under the
development area, there are reinforced concrete rims of circular cross-section, the radius
of which is 4 m and the height is 2 m, supported, respectively, on piles drilled at an angle
corresponding to the reaction of the spatial truss forces at the moment of the roof unfolding.
When the roof was disassembled, only the foundation connection pieces remained on the
surface. Storage of the assembled membrane and structure was to occur in boats on the
water body surrounding the stage. The result was an asymmetrical composition of the
free covering of the audience and the stage, with the possibility of various transformations
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of the elements forming the covering. Figure 14 shows the total membrane dimensions
of 1547 m?, consisting of a membrane over the auditorium of 1028 m? and over the stage:
of 519 m?.

Figure 14. Competition entry team DiM’84 second prize. A first prize was not awarded. Reprinted
from ref. [22]. Competition entry BP Projekt mention. Reprinted from ref. [24].

Neither of the two competition proposals could be realized, and, as such, they re-
mained as voices in the discussion on the technical possibilities of transforming historic
amphitheaters into odeons, by roofing them. Although both concepts are technically feasi-
ble, the decisive factor here is not the question of technical feasibility, but of conservation
principles, which doctrinally assume the rejection of even temporary interference in favor
of the purist preservation of the existing substance. This is understandable in a city that
was completely destroyed during the Second World War. On the other hand, however,
such an approach limits the possibility of creating new spatial and cultural values.

In the technical field, however, this poses the following interesting spatial problem
that has so far been given little recognition: how to build an existing temporarily repeatable
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form without visual interference with the existing environment. Therefore, so far, in
Poland, only the Kielce amphitheater has a roof that is partially folded in the part above the
audience. This roof rolls up and develops into a stage portal that is connected to the fixed
roof over the stage. When the roof is retracted, the buttresses of the supporting structure
remain on the crown of the rampart. As a result, such a structure would not meet the
requirements for this competition. The change and reconfiguration of space in various
types of buildings is an interesting task; besides the mentioned technological and cultural
aspects, it is also conditioned by economic aspects. An example of this is the Stade de
France, whose reconfiguration from a football stadium to an athletics stadium costs about
€40,000, and therefore occurs very rarely.

There are no financial data for a comparative analysis of the costs of the transformation
of small venues, such as odeons. The costs of the construction and operation of odeons
in the European model are covered by public funds from taxes. Therefore, their rational
use, consistent with social needs, is an important issue. In the cost analysis, apart from the
manufacturing costs, the maintenance costs of this type of facility also play an important
role. The conversion of amphitheaters into odeons allows reduction in these costs and
increase in income, by contributing to better use of resources.

5. Conclusions

Odeons, similarly to open cultural spaces, are interesting examples of architectural
structures that follow sustainable development.

The formation of odeons is a process of evolution and adaptation of the existing built
environment, involving the transformation of previously existing amphitheaters into more
specialized forms. This transformation occurs gradually, and the resources previously
possessed are thus used more fully. The result of covering the amphitheaters is their fuller
utilization, by extending the artistic season. In Polish conditions, this extension is from two
to five months.

In odeons, the quality of the space is better than in amphitheaters, thanks to the
protection from rainfall, glare, and the improved acoustic conditions. Due to the open
nature of odeons, and the lack of exterior walls, the quality of space is also improved over
closed concert halls by the uniformity of natural lighting, natural ventilation, and ease of
evacuation. The traditional foyer of a concert hall is replaced by the landscape, causing a
strong integration of the surroundings and the interior of the performance space that is
characteristic of odeons. In odeons, the disappearance of barriers between the inside and
the outside results in an integration of space.

The construction cost of odeons, in comparison to the most similar concert halls, is
significantly lower. This is due to the fact that less materials are used; some functional
elements, such as, for example, foyers, are missing; there are no external walls; and there
are no installations, such as heating, ventilation, and air conditioning. The lack of heating
systems and natural ventilation results in a lack of pollution emission. Placement within
a park means that large volumes of water that are collected from the roof surfaces are
managed locally within the park, without overloading the neighboring areas, and therefore
contribute to sustainable water management. The majority of odeons are built using
membrane covers. Their use enables roof components to be completely recycled, and the
short assembly and dismantling process contributes to reducing their carbon footprint.

Utility costs are significantly reduced because the building elements of the stage
audience are not exposed to direct weathering, which increases their service life and
reduces repair costs. This factor is the reason for the decapitalization of many unroofed
amphitheaters, so covering them with a roof increases their durability.

Landscaped accesses to the odeons from various directions, from mass transit stops
and parking lots through green areas, make these areas act as a de facto natural foyer. This
contributes to the decongestion of traffic, and the natural contact between spectators and
nature. This fits with the concept of biophilia.
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Original characteristic forms of odeons have a social meaning that aids in promoting
the place where they were created. They contribute to identification with the space, and
open up new organizational possibilities for hitherto non-existent cultural functions, espe-
cially in small- and medium-sized towns. The permanent character of this spatial form in
time favors the organization of cyclic events constituting a permanent cultural offer for the
odeon’s area. Depending on the events, this area can have a local, regional, or national char-
acter. Odeon’s offer the social development of nonmetropolitan areas, where the odeons
are mainly located. As a result, they are able to counteract the depopulation tendencies of
small centers in favor of large agglomerations, by increasing their attractiveness. Further
research in relation to open cultural spaces can relate to the phenomenon of large-scale
events for tens of thousands of people in a short period of time, which is only hinted at in
this paper. This may include both architectural and urban planning issues.

The various environmental, spatial, technical and social factors that were indicated
above, jointly serve to build a sustainable cultural environment in Poland, responding
to social needs at the current level of the country’s development. The values in question
are, however, universal and do not have to be limited territorially to the territory under
analysis. In particular, open spaces of culture can be created in areas with similar climatic
conditions, providing an alternative to classic closed objects with a similar function, which
isolate humans from the natural environment.

Open cultural spaces significantly complement the variety of building forms for
cultural development, by bringing people closer to the natural environment, and thus
opening them up to new possibilities.
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