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applied over the four monuments of ecclesiastical architecture: Arilje, Sopoćani and 
Studenica churches, along with the church of St. Mary on the island of Mljet. 

Savvides suggested that the complex incisions on the stone in the Galerius Palace 
could provide the evidence concerning the implication of conceptual designs in late 
Roman architecture.34 The drawing consists of 18 geometric objects: circles, squares 
and intertwined squares, which intensively form sequences of octagons. The com-
plexity of the Octagon model presents a set of algebraic and geometrical sequences 
that describes both the basic geometric elements of the complex drawing and most 
of the architectural elements of the ground plan of the Octagon monument itself.35 
Mutual relations of geometrical objects incised on the stone beam are based on 
geometric concepts such as the ad quadratum, circle squaring and octature.36 The 
algebraical values of the elements of the Octagon model, i.e. the set of geometric 
shapes: circles (I, II, IV and V) and squares (III, VI, VII and VIII) in order of appearance, 
successively from the center (origin of the coordinate system 0,0) of the model.

 

34  �D. Savvides, 2021, op. cit., p. 422.
35  �The building whose shape attested the purpose of the incisions found in Gallerius 

complex in Thessaloniki is named Octagon.
36  �“While a circle circumscribed around a square by quadrature has a diameter 1.414 

times as great as the square’s side length, the octature operation gives a circle with 
diameter 1.082 times the octagon’s width. In R. Bork, “Dynamic unfolding and the con-
ventions of procedure: Geometric proportioning strategies in Gothic architectural de-
sign”, Reprint from Proportional Systems in History of Architecture, Leiden University 
Press, 2018, p.320 

Fig. 2c
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Table 5 Characteristics of the elements of the Octagon model, 
where the constant α=√(2+√2) /2.  

Octagon 
model Ø + Ø I II − IΙΙ + − IV V

values α√2 √2 2 √2π απ π
π
α απ√2 π√2 π√π

Octagon 
model − VI + − VII + VIII                 +

values
απ2√2

2
π2√2

2
π2√2

2α απ2 π2 π2

α π2√2
π2√2

α

The elements of the Octagon model (Table 5) are divided into three groups:37
Group A includes eight geometric objects in which equality between areas of cir-

cles and squares is identified: The ratio between the radiuses of circles and the sides 
of squares III/I and VI/IV is equal to π/2. Hence, the squaring areas of circles I and 
IV are equal to the areas of squares III and VI respectively; the ratio between the 
radiuses of circles II–I and V–IV is equal to √2∕2. This relation means that each one 
of the squares that has an area equal to the area of circles I and IV is inscribed by the 
circles II and V; moreover, the arithmetical ratio between the sides of the squares 
corresponding to IV/III, VII/VI and VIII/VII is equal to √2. Therefore, the area of 
square VI is the half of VII which is the half of VIII.

Group B includes the three squares constructed by rotating of the primary squares 
for 45o, related to positions III, VI and VII.

Group C includes seven squares which are attached to every previously described 
square. The ratio between the sides of these squares and their attached squares is 
calculated either to α (squares III and V and their corresponding rotated squares, 
denoted with the symbol −) or 1/α (squares VII and VIII and the rotated square of 
VII; denoted with the symbol +).

Geometric analysis of the four ground plans based on the Octagon model starts 
with the premise that the ring of the central dome coincides with the basic ele-
ments of the Octagon model-circle or the square (eg. circle I is applied at Sopoćani 
and Arilje, while square III is applied at Studenica and St. Mary). Considering that 
the radius of circle I is equal to the value of 1 (non-dimensional), the scaling of the 
Octagon model is performed in the following scales: for Studenica 1:267, Sopoćani 
1:211, Arilje 1:154.9 and St. Mary 1:178.55. In order to calculate the deviations of the 
model from the ground plans a digitization process is applied. Graphic interpreta-
tion of this process, which is performed in commercial software Digitizer 2.6.8, is 
presented on the example of the St. Achillius church in Arilje (Fig. 3).

The red squares in Fig. 3 represent the digitized points for the church ground plan 
that are close to the Octagon model, while the red dots stand for the points of the 
Octagon model that are suggested to predict the coordinates of the church ground 
plan. The embedded figure, at the top right of Figure 3, exhibits the deviation be-
tween the model and the actual ground plan for each one of the above coordinates. 
When the red dot is in the middle of the red square the error is 0, while when the 
dot is at the corner of the square the error is 3 %.

37  �D. Savvides, 2021, op. cit., 407. 
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The same procedure is repeated for the three other churches. Results show that 
the Octagon model can satisfactorily define most of the elements of the ground 
plans of the examined churches (such as side walls, radius of domes etc.) with an 
overall deviation of less than ±3.0 %. 

The final results, after the validation of the Octagon model for the four chosen 
churches, are presented in Fig. 4 a–d. Architectural elements of the examined 
churches, that are successfully described (deviation of less than ±3 %) by the 
Octagon model, are underlined with red thick lines. The red arrows indicate the 
elements of the Octagon model that present the modeled lines of the ground plans. 

The correlations between the elements of the Octagon model and the real dimen-
sions of the ground plans of the four churches are presented in diagrams in Fig. 
5 a–d. Both data (modeled and measured) are on a very strong linear correlation 
(R2~1), which suggests that the Octagon model can predict the most parts of the 
examined church layouts. 

Fig. 3
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Fig. 5

Fig. 4
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A COMPARISON BETWEEN THE TWO GEOMETRIC CONCEPTS

As presented in Figure 6, and concerning the examination of a possible relation be-
tween Štambuk’s canon with additional triangulation and the Octagon model, the 
two geometric concepts are overlapped by keeping the dispositions over the ground 
plans. Displaying both geometries over the ground plans of the churches enabled 
observing the common elements of the Octagon model and Štambuk’s canon with 
additional triangulation. Namely, 5–7 points – vertexes of characteristic triangles lay 
over the elements of the Octagon model. Detailed elaboration of the correlations 
between the elements of the Octagon model and architectural spaces in the layouts, 
as well as Štambuk’s canon with additional triangulation, is presented in Table 6.

Fig. 6
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CONCLUSION

Geometric analyses of the twelve ground plans of selected medieval churches in 
the Balkans are performed by applying the two diverse geometric methods. Eleven 
churches are from the Raška territory in medieval Serbia and belong to the same 
architectural style. Built contemporaneously with the early Raška churches towards 
the end of the twelfth century, the church of St. Mary on the island of Mljet in the 
southeastern Adriatic is used as an outlier monument.

The geometric method which employed Štambuk’s canon with additional triangu-
lation shows that triangular geometry is efficient in determining the general dimen-
sions of the church layout, i.e. width of the nave, total width/length of the church 
and width of the altar. Simultaneously, the applied geometric shapes – equilateral 
triangles – are related to the characteristic points in the layout: the center and top 
of the apse, as well as the midpoint of the west entrance wall.

The results of this study indicate that most parts of the layouts of the four se-
lected churches (in Studenica, Arilje, Sopoćani and St. Mary on the island of Mljet) 
can be analyzed by using the proposed geometry of the Octagon model. As expect-
ed, some of the key elements and points from Štambuk’s canon appear within the 
Octagon model, such as the center of the apse, the edge of Štambuk’s triangle.

Based on the results of this investigation, as well as the authors’ previous research 
on this subject, it can be stated that these methods can be applied on a greater 
number of diverse churches regardless of their position in the larger Balkans region 
and regardless of their architectural style. This conclusion implies that the layouts 
of the churches could have been designed by applying similar geometric principles 
regardless of their execution and architectural style. It is also noteworthy that most 
of the churches share the same proportions, whether they are monumental in size, 
such as the churches in the monasteries Studenica, Žiča, Gradac and Sopoćani, or 
with modest dimensions, such as St. Achillius in Arilje.

Moreover, technological advances in computer aided design and contemporary 
software solutions aimed for parametric modeling, offer possibilities for advancing 
the process of redesigning the ruined churches based on here presented geometric 
methods. The research results show that only a few parameters, related to the given 
geometric schema, such as the width of the nave, and the total width, besides the 
wall thickness, determine the layout of the church in general terms. Simultaneously, 
the specific positions of geometric shapes: circles, triangles, and squares, within the 
layout are considered.
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ILLUSTRATIONS

1: Geometric schemas – representatives of the diverse architectural layouts for the Raška type of 
churches (according to Nenadović). Drawing: Magdalena Dragović. 
Геометријске шеме – представници различитих основа цркава Рашког типа (према 
Ненадовићу). Цртеж: Магдалена Драговић.
2a: Štambuk’s canon and additional triangulation: layouts of the churches of St. George – 1), St. 
Nicholas – 2), Sopoćani – 3) and St. Achillius – 4) with the corresponding geometry and schematic 
representations of the layouts. Drawings: Magdalena Dragović
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Штамбуков канон са додатном триангулацијом – основе цркава: Св. Георгија – 1), Св. Николе – 
2), Сопоћана – 3) и Св. Ахилија – 4) са одговарајућом геометријом и шемама основа. Цртежи: 
Магдалена Драговић.
2b: Štambuk’s canon and additional triangulation: layouts of the churches of the monasteries 
in Gradac – 5), Studenica – 6), Žiča – 7) and Morača – 8) with the corresponding geometry and 
schematic representations of the layouts. Drawings: Magdalena Dragović.
Штамбуков канон са додатном триангулацијом – основе цркава манастира: Градац –5 ), 
Студеница – 6), Жича – 7) и Морача – 8) са одговарајућом геометријом и шемама основа. 
Цртежи: Магдалена Драговић.
2c: Štambuk’s canon and additional triangulation: layouts of the churches of the monasteries in 
Mileševa – 9), Pridvorica – 10), Banjska – 11) and St. Mary – 12) with the corresponding geometry 
and schematic representations of the layouts. Drawings: Magdalena Dragović
Штамбуков канон са додатном триангулацијом – основе цркава у манастирима: Милешева – 
9), Придворица – 10), Бањска – 11) и Св. Марија – 12) са одговарајућом геометријом и шемама 
основа. Цртежи: Магдалена Драговић.
3: The digitization of the ground plan of St. Achillius Church in Arilje. Drawing: Demetrius Savvides.
Дигитизација основе цркве Св. Ахилија у Ариљу. Цртеж: Деметриус Савидес
4: Octagon model set for the ground plans of: Studenica – a); Arilje – b); St. Mary – c); Sopoćani – d). 
Drawings: Demetrius Savvides.
Октагон модел постављен над основама цркава у Студеници – а), Ариљу – б), Св. Марији – ц) и 
Сопоћанима – д). Цртежи: Деметриус Савидес.
5: Correlation of the elements of Octagon model and the real dimensions of the layouts of: 
Studenica – a); Arilje – b); Sv. Marija – c); Sopoćani – d). Graphs: Demetrius Savvides.
Међузависност елемената Октагон модела и стварних димензија основа цркава: Студеница – 
а); Ариље – б); Св. Марија – ц); Сопоћани – д). Графикони: Деметриус Савидес
6: Mutual elements of the Octagon model and the Štambuk’s canon with additional triangulation; 
Ground plans of: Studenica – a), St. Mary – b), Arilje – c) and Sopoćani – d). Drawings: Demetrius 
Savvides.
Заједнички елементи Октагон модела и Штамбуковог канона са додатном триангулацијом. 
Цртежи: Деметриус Савидес.
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Maгдалена С. ДРАГОВИЋ, Aлександар А. ЧУЧАКОВИЋ, 
Деметриус С. САВИДЕС, Јелена В. БОГДАНОВИЋ
ДВА ГЕОМЕТРИЈСКА КОНЦЕПТА ПРИМЕЊЕНА НА ПРОЈЕКТЕ 
СРЕДЊОВЕКОВНИХ ЦРКАВА НА БАЛКАНУ

Резиме: Овај рад представља комбиновану примену два геометријска концепта за анализу архи-
тектонских основа одабраних средњовековних цркава на Балкану. Један концепт је геометријска 
конструкција, позната као Штамбуков канон, која је овде допуњена триангулацијом. Његова при-
мена је већ потврђена у широком спектру касноантичких и средњовековних цркава на Балкану. 
Други концепт је Октагон модел, који се заснива на реконструисаним геометријским цртежима 
на камену пронађеним на рушевинама Октагона, оригиналном делу касноантичке Галериjeве 
палате у Солуну. Оба ова концепта се ослањају на геометријске облике и специфичне врсте гри-
да, изведене комбиновањем основних облика – кругова са троугловима и квадратима. У првом 
приступу, две врсте низова троуглова, тј. геометријских образаца, примењују се на основе двана-
ест цркава. Анализа показује да ти обрасци одговарају за четири типа основа, које је претходно 
Ненадовић груписао. У другом приступу, заснованом на компјутерском моделовању и уклапању 
сложеног Октагон модела у основе четири цркве, максимално одступање је +/−3%. Иако су ово 
две различите почетне поставке за геометријску анализу, ова студија указује на јаку корелаци-
ју између њих. Наиме, постоји неколико заједничких елемената Штамбукове конструкције и 
Октагон модела, као што су центар апсиде, ивице Штамбуковог светог троугла и др.
Ово истраживање додатно указује на могућност да су споменици из ширег региона Балкана 
били пројектовани уз коришћење сличних основних геометријских принципа.
Кључне речи: геометријски концепт, касноримска архитектура, средњовековне цркве, Штамбу-
ков канон, триангулатура, Октагон модел.


