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Abstract. In this article, we investigated on the interdsbven by architecture in a regular
polygon: the octagon, which represents a medidietween the square and the circle. In order
to investigate the image and the spatial meaninthefregular octagon in architecture, we
compared monuments from different historical pesiag Ancient Roman buildings, Christian
baptisteries, Islamic architectures and decoratidtenaissance central plans and Baroque
fountains.
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1 Introduction

The interest shown by architecture for the regolgagon is probably linked to its multiple

geometric and symbolic meanings. A recent studyneots the Byzantine octagon domes
of the 11" century with the Roman construction tradition [Ahother study deal with projects

for 19" century houses in America [2], with insights rethtto the constructive and

distributive significance of the adoption of theagonal plan.

This study highlights some episodes throughoutHhiséory of architecture that are
linked by the use of the octagonal shape in twkekht ways: one which assimilates it to the
circular shape, with its properties related to k@ity, and the other that generates it through
the rotation of two squares, which constitutes aetigpment of the form of the so-called
Greek cross. To examine the subject, we compareduments from different historical
periods and sites, and they were redrawn in oadgnestigate the subtended geometric rules.

The regular octagon is the geometrical and symbolkcliation between the circle
(sky) and the square (earth). In fact, it could defined as an approximation to
a circumference, interpreted as a regular polygath an infinite number of sides, and it
could be generated by the 45° rotation of two segiakGeometrical characteristics are
matched by numeric properties: eight is the firstgu cube after one, and takes on important
symbolic meanings for many cultures. The groupigiiteprimigenial gods of Ancient Egypt,
as we shall see, is echoed by the numerology ofotherstic religions, which finds physical
manifestation in the architecture dedicated to them

2 The centrality of the octagon

The octagon is the sum of the four cardinal diceiplus four intermediate ones: this is why
it was adopted in the plan of the Tower of Windsh@ks, Greece, around 300 years before
Christ), designed as an instrument for evaluationwaids and positions of the Sun.
The building, transformed over the centuries arnidl rtially existing, was an articulated
instrument for measuring the wind (with a statu@wfon with a rotating rod) and time (with
sundials and a water clock that made it indepenffembt weather conditions). Surveying
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these two elements of nature was its first functon recent studies [2] relate it to some
residential structures built in America by Orson iBgj&owler (1809-1887) in the T'aentury
and the more recent Pego Guesthouse (Sintra, RYrtmigknamedMickey Mouse House
built by Alvaro Siza and Antonio Madureira (200Reference can also be made to Jeremy
Bentham'sPanoptikon conceived in the #Bcentury as a central building useful for effective
control. The basic form was circular, but there avalso polygonal variants, which retained
the preeminent centrality of the structure.

Among the many examples of octagonal layouts, driteeomost important in ancient
Roman architecture is the octagonal room in the D»Awrea of Nero (65-68 AD), built after
the great fire and then covered by the Trajan’©i84104-109 AD). The great residence was
spread out over several buildings located on thatiRa, Caelian and Oppian hills. The last of
these hosts the pavilion, designed by the arckit®eterus and Celer, with about one hundred
and fifty rooms, including the round roorased adtriclinium. In the secondary wing of
the building, the same function was provided by dletagonal hall [3, p. 253], covered by
a cement cloister vault (diameter about 14 metewich approximated a semi-spherical
dome near the central eye (Fig. 1a). The hall, gyestdesigned by Leonidas of Alexandria,
presented a mechanism which made the ceiling reyotepresenting the mutability
of the Universe (Svetonius, Nero, XXXI, 2) [3, p6@. The building was inspired by the
myth of Apollo and the Sun, evidenced by the cabssatue ofNero Sol(about 35 meters
high) and by a profusion of gold and the use ofanadFigures [3, p. 246] like the octagon.
The layout and materials of the vault of Nero’sagecinal hall also reminds us of the Pantheon
(120-125 AD), which represents the mature expressfahe use of cement to build circular
domes.

From then on, we find an increasing presence ofraleplans of Oriental inspiration,
and of octagonal structures as well, for examplehtileand fountain of the peristyle of the
Domus Flavia (81-98 AD), built for Emperor Domitiaan the Palatine by the architect
Rabirius.

The octagonal shape often recurs in the plans oftdn baptisteries, the prototype
of which was probably the Lateran Baptistery in Ro(early 4th century), which became
the model for similar coeval buildings in the WdSan Giovanni alle Fonti in Milan,
Baptistery of Neon in Ravenna) and in the EastHphesus and Constantinople). In the
following centuries, the octagonal plan spreadhiemt as can be seen from many Italian
and French examples, including the Baptistery af &@ovanni in Florence (Fig. 1b). Its
shape, however, probably harks back to a churcthef7th century, built over Roman
structures and which became a baptistery in thie d&utury [4] with reference on established
cases of baptisteries built on Roman thermal sirast The floor also reflects the geometry
of the octagon and the sacred cut [5].

While not all baptisteries are octagonal, it ittbat they usually have a central plan,
which can also be circular, often being confusadjescriptions, with an octagonal plan [4,
pp. 92-93]. We also find some octagonal religiougdmgs with non-baptismal functions,
which confirm the great importance taken on byrbenber eight in Christianity, associated
not only with the purifying rite of Baptism, butsal as a symbol of the New Testament
and hence of Christ's redeeming function. This ingooee is shared by Judaism, where
the eighth day marks a new beginning after thetioreaand by Islam.

There are Byzantine examples of octagonal churches) as San Vitale (Ravenna,
530-547) with an octagonal core surrounded by amagomal ambulatory (Fig. 1c). The
diffusion of octagonal domes relates to the traditof places of worship with a central plan
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[6] and to Roman imperial architecture, in partculvith the Nero's octagonal hall and
the tradition of the mausoleums between the 3rdséim@enturies [1, p. 279].

The Byzantine tradition finds an echo in Orthodéwrches and in Islamic religious
buildings, as in the Dome of the Rock (Jerusaleny-@®8L), a shrine built by Byzantine
masters which has an octagonal perimeter with aedarthe center (Fig. 1d). The same shape
was used for mosques and mausoleums, for examgledtagonal mausoleum of Shah-i-
Zinda (Samarkand, 15th century).

Other octagonal forms associated with water — dpamt baptisteries — are provided
by many examples of basins and fountains. The tioadistarted in antiquity (e.g. the
aforementioned fountain of Domus Flavia or thgidarium in the Baths of Villa del Casale,
in Villa Armerina, Sicily, 4th century), but it waalso frequent in the Middle Ages and in
modern times, showing a continuous relationship regnwvater, the origin of life and the
meaning of purification [4, p. 20]. Among countlessamples, we may remember Giacomo
Della Porta’s fountain, formerly in Piazza del Plap(1572), later moved to within the ellipse
of Saint Peter's Colonnade designed by Gian Loré&eraini (started in 1656).

Another renowned architectural octagon stands amtfrof the Baptistery of San
Giovanni in Florence: the dome of the Church oft&advaria del Fiore, designed by Filippo
Brunelleschi in 1418. Brunelleschi himself chose Baptistery of San Giovanni to illustrate
his method of perspective [7], probably precisedgduse of its octagonal shape, that provides
symmetry features which can easily be matched wthrigors of the geometrical linear
perspective.

Brunelleschi also designed an octagonal plan fer uhfinished Rotonda di Santa
Maria degli Angeli, work on which began in 1436 s cut off in 1437 (Fig. 1le), to be
recommenced in later years. Brunelleschi’'s planyregsoduced by Giuliano da Sangallo
(Vatican Library, Cod. Lat. Barb. 4424, c. 15v9,also found in drawings by Filarete, Leon
Battista Alberti, Donato Bramante [8] and LeonadioVinci (Institut de France, Ms. B, c.
95r). In Leonardo’s work, the model of the octadgnmian with chapels radiating out finds
a vast echo (Fig. 1f), as can be seen from vamawings of churches with a central plan,
which also feature an original technique of repmésgon [9]. The significant presence
of octagon plans is also inspired by the cited éitine examples, in which Leonardo found
“a geometric expression of grandeur and practicaiit spatial organization, design,
and development.” [10].

°
e

Figure 1: Octagonal plans (schemes by the authpipomus Aurea, Rome; b) San Giovanni, Florenc&as)
Vitale, Ravenna; d) Dome of the Rock, Jerusalen8ajta Maria degli Angeli, Florence; f) Centralmptzhurch
by Leonardo da Vinci
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Circle and octagon, sometimes confused with onghanoare often used for the same
typologies and they are able to generate spacesaatbazed by the indistinctness of
the different parts that compose them, in ordgyetieerate continuity and fluidity.

3 Octagonal star and combination of squares

Islamic architecture is inseparable from the histarits decoration, with its frequent recourse
to ceramic tiles with geometrical motifs, the thenod which were developed through the
centuries with the use of circles and regular pohgy repeated and superimposed
(for example in the interior of theaheh Mosque, Isfam, Iran, began in the 8th century)
(Fig. 2a). A connection has been found betweemmislalecorators and issues dealt with in
practical geometry; this has led to the acknowledg® that the octagon was probably
obtained by rotating two equal squares by 45° wheather, an operation which does not
require a compass and which can easily be perfobyedaster decorators [11, p. 181].

The octagon and the eight points star — kihatam obtained through reciprocal
rotation of two squares — recur frequently, andtgtadominate during the late 9th century
[12, p. 250]. Variations on geometrical themes [[13]] are also documented by illustrated
scrolls such as those of Topkapi, made betweetatbel5th and early 16th century (Topkap!
Palace Library, Istanbul, Ms. H. 1956). The sc(@®.5 meters long and 33-34 centimeters
high, containing 114 drawings) comes from the ingberollection and was made putting
together two scrolls which probably representecopmaved drawings submitted to the sultan
for the city of Tabriz [15, p. 29]. It contemplatas/ast repertoire of geometrical decorations
including architectural designs and projectionsadilts which sometimes take on the shape
of mugarnas(a vault obtained combining round and square géwesg [15] (Fig. 2b) or in
the form of the dome, as the one of the aforemeetidimeh Mosque in Isfam (Fig. 2c).

We can find a eastern influence in the Castel dehte in Andria (Italy, around 1240)
with an eight-sided plan echoed in the octagorhefitiner yard and in the eight octagonal
often occur, as the ratio between the side andidgonal of a square characteristic in Islamic
architecture. The Cistercian mason who built th&tleavas probably aware of that tradition,
or there may have been a suggestion by the empenself, interested in mathematics and
architecture, or by some of Arab mathematiciansigtourt, such as Theodorus of Antioch
[16].

c

Figure 2: Islamic octagons: ajindeh Mosque (Isfaim, Iran): decoration. Photo by -, CC BY-SA 3.0;
b) Mugarnas vault for a square bay with a centrahr soctagon. Topkapi scroll, tav. 23,
wiki/File:Topkapi_Scroll_P297.JPG; c) ardeh Mosque (Isfam, Iran): dome. Photo by Diego
Delso, delso.photo, License CC-BY-SA

Decorative geometrical taste applied to architectlso appears in the West, as can be
seen in the cloister of Saint John in Lateran (T&htury), evidence of the architectural and
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mathematical culture of its creators, tmaestri cosmatesciwho were also influenced by
Byzantine culture of which they adopted a striairgetrical manner of expression.

The 16th century saw the spread of the central plareligious buildings, also in
relation to the designs for the church of SainePetin Rome, and in residential buildings,
as well clearly appeared in the work of Andreadthdl. As for the Michelangelo Buonarroti’s
plan for Saint Peter’s in Rome (around 1546, butvdd from the plan by Donato Bramante
and other architects involved in San Pietro degjgi) [18] we can recognize a resemblance
with the described scheme generated by rotatingreguFig. 3b).

Palladio's work was probably one of the reasonstergreat spread of the central
plan, also thanks to the repertoire of his projeptsblished in hisQuattro libri
dell'architettura (Venice 1570). The plan of Villa Almerico Caprads@known as la Rotonda,
near Vicenza), which Andrea Palladio began buildm@566, is based on a square with four
monumental stairways [19] preceded by as many gtioge porticos which extend along each
axis (Fig. 3c). It is a Greek cross plan; the sgquaken up by the villa with its four porticos
rotated by 45° has its vertices coinciding with tb&l area that also includes the stairways
[20]. The octagonal geometrical layout generatedrdtated squares governs the whole
design, as in the aforementioned examples describdtgre it adds articulation
in the architectural spaces.

:
!
|
’ / \
I |
|
J

\¥
|

Figure 3:The matrix of rotated squares and octagonal s)a€Castel del Monte in Andria; b) Michelangelo’s
project for Saint Peter; c) Palladio’s project Yola Almerico Capra (La Rotonda)

4 Conclusion

In this paper, we have studied the interest shoyvarbhitecture in projects generated by one
regular polygon, the octagon, with its multiple gesiric and symbolic meanings. To examine
the subject, we have compared architectural pladsspaces from different historical periods
and sites. We have found recurrence of some meaiiriged with life and its main element -

the water of fountains and baptisteries - and weehabserved that the octagonal-based
prisms are often conceived as a variant of thendyiltal spaces, as shown, for example,
by the simultaneous presence of circular and octg®oman hall and baptisteries. A

different spatial articulation is obtained with tloeeation of the octagon by two rotated

squares and the consequent generation of octagteral able to introduce a hierarchical
system of spaces, as was observed in Islamic acthie and in some Renaissance plants.
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OSMIOK AT W ARCHITEKTURZE NA PRZESTRZENI WIEKOW

W artykule analizowano znaczenie w architekturamiokata foremnego jako wielajta
posredniego mgdzy kwadratem a okgiem. W tym celu poréwnano zabytki zzngch
okresow historycznych, takie jak staytne rzymskie budowle, chrégjanskie chrzcielnice,
islamskie architektury i dekoracje, renesansowdrakre plany i barokowe fontanny.



