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DECAGONAL APSE CONSTRUCTION IN GOTHIC ARCHITECTURE: 
THE GEOMETRY OF THE CATHEDRAL OF KOŠICE AND THE CHURCH 
OF MISKOLC AVAS

FANNI BUDAHÁZI – BALÁZS HALMOS

Abstract: Geometric construction has long been a subject of interest in the study of Gothic architecture. 
Decagonal apse design in this period is hypothesized to have used Pythagorean triangles, while structu-
res in general are also commonly thought to have been designed using grids. In our study we present 
a possible approximative method for decagon construction based on both, that might have been used as 
a design principle for church apses. Our aim is to approach the geometric aspects of the genesis of these 
structures. We analyse possible construction methods in two Gothic churches with decagonal apses, Saint 
Elizabeth’s Cathedral in Košice and the Protestant Church of Avas in Miskolc. The most reliable sources for 
geometric analysis are the buildings themselves; contemporary survey methods allow the exact geometry of 
a building to be recorded accurately, allowing in-depth analysis. Our goal is to demonstrate a probable logic 
upon which decagons might have been used in Medieval architectural design.

Keywords: Gothic architecture – Gothic construction methods – laser scanning – geometry – geometric 
construction – Pythagorean triangles.

Desetiboký chór v gotické architektuře: geometrie katedrály v Košicích a kostela v Miškovci

Abstrakt: Geometrická konstrukce je již dlouho předmětem zájmu při studiu gotické architektury. 
Předpokládá se, že při navrhování desetibokých chórů v tomto období byly využívány pythagorejské troj
úhelníky, zatímco u staveb obecně se běžně má za to, že byly navrhovány s využitím mřížkových systémů. 
V naší studii představujeme možnou aproximativní metodu pro desetibokou konstrukci založenou na obou 
těchto principech, která mohla být použita jako konstrukční princip pro kostelní závěry. Naším cílem je 
přiblížit se ke geometrickým aspektům vzniku těchto staveb. Analyzujeme možné konstrukční metody ve dvou 
gotických kostelech s desetiúhelníkovými katedrálními chóry, v katedrále sv. Alžběty v Košicích a v protes
tantském kostele v Miškovci. Nejspolehlivějšími zdroji pro geometrickou analýzu jsou samotné budovy; 
současné geodetické metody dovolují přesné zaznamenání geometrie budovy, což umožňuje hloubkovou 
analýzu. Naším cílem je demonstrovat pravděpodobnou logiku, na jejímž základě mohly být desetiúhelníky 
použity ve středověkém architektonickém návrhu.

Klíčová slova: gotická architektura – gotické stavební postupy – laserové skenování – geometrie – geomet-
rická konstrukce – pythagorejské trojúhelníky. 

1 Introduction

The role of geometry in Gothic architecture has been a long-researched topic. To study a building, 
understanding its geometry is highly relevant, as it may give insight into the thinking of master 
builders, their understanding of the geometric theory and its application of the era. In the past 
decades and centuries several hypotheses were based on inaccurate survey drawings, thus re-
sulting in misleading conclusions. In our study we aim to propose feasible construction methods 
of the studied spaces, focusing on their apse geometry using terrestrial laser scanning (TLS) as 
a surveying technique. This allows us to base our methods on the exact geometry of buildings 
with all their unique features and irregularities – which in this context are highly important as 
they are likely to point to particular methods possibly used by the builders.

As clarification, in this paper “geometric construction” or occasionally “construction” will 
refer to the process of drawing or otherwise creating a geometric design for shapes, while “setting 
out” means drawing the layout of the structures about to be built on site. The term “building con-
struction” will refer to the physical making of structures. Thus, we emphasize that these phases of 
creating the actual building shape could have followed distinct geometric principles.
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In this study our goal is to identify potential geometric construction methods for apses 
shaped as half-decagons in Gothic architecture based on two case studies. Among structures 
with this feature are great cathedrals such as the Notre Dame of Paris or the Cathedrals of Reims 
and Laon, and this apse shape also appears in Villard de Honnecourt’s portfolio (Barnes 2009). 
Research suggests the possibility of right-angle triangles of varying ratios may have been used as 
the basis of construction for similar buildings (Bork 2011; Wirth 2015). This approach serves as 
the starting point for our geometric analysis.

Decagonal apse geometry is rather rare in the Central-European region. With regard to their 
similar planimetry, their geographic and temporal proximity we chose two example churches with 
this apse shape for our analysis: Saint Elizabeth’s Cathedral in Košice (SK) and the Protestant 
Church of Avas in Miskolc (HU). Our goal is to uncover the logic behind their geometry, both 
their possible design principle and the methods used for setting them out. We believe that learning 
about the geometric logic of these structures may lead us to better understand the design princi-
ples used in this historical period and in further research possibly discover connections between 
the activities of different workshops.

1.1 Building history and description

Saint Elizabeth’s Cathedral in Košice (Fig. 1) is among the most significant examples of High Go-
thic style in the Medieval Kingdom of Hungary. Regarding its floor plan, the building combines 
longitudinal and central characteristics, its spatial structure is often considered as the reduction 
of French cathedrals (Juckes 2011, 1). The nave is flanked by two aisles on each side, crossed in 
the middle by the transepts. On the East, in the choir the aisles end in polygonal apses, in the 
main axis is an elongated sanctuary with a decagonal apse. On the West, each outer aisle ends in 
a tower.

Fig. 1. The interior (Lerner 2018) and exterior of the choir in Košice.
Obr. 1. Interiér (Lerner 2018) a exteriér chóru katedrály sv. Alžběty v Košicích.
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A former church existed on the site of the cathedral with a single nave and a choir with 
an octagonal apse. This structure was already standing in the latter half of the 13th century 
(Slezáková–Nádaská 2010, 205) and was destroyed in a fire in the 14th century. The building 
construction of the cathedral likely started around 1387 (Wick 1936, 20–22). The works continued 
into the later decades of the next century, during the long process the original concept likely 
changed – the reason for this is unknown. The main sanctuary of the choir might have been 
built with this new concept, as its style slightly differs from the rest of the structure, and it is not 
mentioned before 1477 (Marosi 1967, 575).

After its completion the building suffered numerous blows to its structure during various 
events, by the 17th century, it was already in severe condition (Juckes 2011, 6). Following multiple 
phases of deterioration and restoration of varying scope, the first large-scale restoration led by 
Imre Steindl started in 1877. The sanctuary and sacristy – apart from sculptural details – re-
mained in their Medieval shape (Juckes 2011, 8). While working on the rest of the church, howe-
ver, structural problems soon appeared. Considering the conditions, the renovation took a firmer 
approach dismantling and rebuilding the parts in danger of collapse. This remodelling also 
brought some stylistic changes, the longitudinal characteristics were strengthened, following the 
ideals of western cathedrals (Bereczki 2014, 130; Marosi 1967, 572). The works were completed 
in 1894 (Wick 1936, 167).

The Protestant Church of Avas in Miskolc (Fig. 2) is a hall church, the choir does not differ in 
height and width from the nave and aisles. Originally dedicated to Saint Stephen, the first known 
church already existed in the first half of the 14th century and was built with a rectangular apse 
and a single nave (Bereczki 2023, 21). As the church needed significant expansion, it was comple-
tely rebuilt in the latter half of the following century (Czeglédy 2000, 1). This process is believed 
to have lasted about 30–40 years and started from the East (Csemegi 1937, 259). The nave was 
built to be approximately the same width as the nave of the first church (Megay 1970, 164), using 
the existing structure as partial foundation to support most of its octagonal pillars (Bereczki 2023, 
21). At the apse the pillars were originally placed along a polygon (Megay 1970, 164), following 

Fig. 2. The exterior and interior of the choir in Miskolc.
Obr. 2. Exteriér a interiér chóru protestantského kostela v Miškovci.
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the shape of the walls. A large tower stood on the West, attached to the northern side were the 
sacristy and Saint Michael’s Chapel. In this period the church had a ribbed vault, the imprints of 
which are still visible on the walls. 

During the Ottoman invasion in the 16th century the church suffered major damage: in 
a fire in 1544 the tower and vault were destroyed (Czeglédy 2000, 1). The partial rebuilding and 
repairs presumably occurred between 1563 and 1569 (Bereczki 2023, 22), the current rectangular 
pillars and semi-circular arches belong to this period, as does the separately built bell tower and 
the roof structure still standing today. The following centuries only saw a handful of changes, 
a small space – now used as a mortuary – was added to the southern side in the 18th century, 
then a northern entrance hall was built in 1816 (Czeglédy 2000, 1). The demolition of the Gothic 
sacristy and chapel likely happened around this time. The latest addition was the gallery built in 
the West in 1895 (Bereczki 2023, 22).

2 Methodology

In our study we explore possible geometric construction methods of decagonal apses used in the 
Gothic era. A relatively small number of architectural drawings from this period have survived 
to this day (Böker 2005; Barnes 2009), as well as a handful of on-site carvings have been found, 
such as the tracing floor in York Minster and Wells Cathedral (Harvey 1977), or on the tower 
wall of Liebfrauenkirche in Trier (Helten 2011). All these examples demonstrate the various ways 
of geometric thinking of the time. Some construction techniques of floor plans are also known, 
mainly those made by Lorenz Lechler (Coenen 1989; Müller 1990), which give some insight into 
the Medieval design process, but naturally do not explain the theory behind all existing shapes 
of the period.

When looking for feasible construction techniques we consider known Medieval methods 
and simple construction grids, which are thought to have been used in the Gothic period. These 
are based on the principles of ad triangulum and ad quadratum which are referred to in the debate 
over the construction of the Cathedral of Milan in the 14th century (Ceriani–Schofield 2016) and 
rely on equilateral triangles and squares, respectively. These principles were also used by Villard 
de Honnecourt, for example (Barnes 2009). It has been hypothesized that grids made of simple 
shapes may have been used as design principles for floor plans and façades in Gothic architecture 
by numerous studies (Murray 1978; 2014; Hoppe 1986; Czagány 1985; Csemegi 1954; Müller 
1990). Gabriele Stornaloco’s scheme for the aforementioned Milan Cathedral (Ceriani–Schofield 
2016, Fig. 3) and Villard de Honnecourt’s drawing of a schematic Cistercian abbey (Barnes 2009, 
Fol. 14v) are examples of Medieval drawings that also show grids as design principles. 

We also seek possible approximation methods that might have been used instead of creating 
regular polygons. In an approach similar to ours Norbert Nussbaum analysed the geometry of 
the apse in the choir of the Cistercian Abbey of Altenberg (Nussbaum 2003). In theory regular 
accurate geometry could have been used in drawing to plan the apse shapes, however, if a dif-
ferent system was used to determine the rest of the structure, it is possible that the apse shape 
could have been integrated into the system – likely by using some type of approximation. To 
check the validity of our proposed geometric construction methods we strive to find an internal 
logic in the geometry of a building, an idea extensively explored by Robert Bork (2011). We look 
for geometric connections between the floor plans of different parts of the building, and in the 
vertical measurements, searching for unifying systems.

Geometric construction of Gothic buildings in some cases possibly started as drawings, 
design principles could be created this way in small scale with relative ease. This step could be 
a point where some approximation methods were utilized to create a uniform construction system 
for a part or the entirety of the building, possibly in the form of a grid. This design principle 
then could have been adapted for setting out the walls, during which phase some aspects of the 
design might have been simplified or performed in a way that better complied with the scale and 
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the available tools. Thus, the exact method used for setting out could result in a unique type of 
irregularities. For instance, in the case of apses of different geometry, namely hexagonal ones 
a triangular grid might have been the base of the design, but irregularities point to circles having 
been likely used for setting out these structures (Budaházi–Halmos 2024). In our study we look 
for geometric construction methods possibly used as design principles of the analysed parts of 
buildings and feasible construction methods that could have been used to set their apses out. 
The proposed geometric constructions rely on our contemporary understanding of geometry and 
Medieval architecture and indirect clues. The exact construction methods used by the builders in 
absence of solid evidence cannot be ascertained of course.

For our geometric analysis we used a TLS to create our own surveys to eliminate as much 
human error as possible and thus prevent inaccurate depictions of analysed buildings. We used 
a Leica BLK360 with a nominal accuracy of 6 mm at 10 m distance, surpassing the precision of 
Medieval masters and thus documenting the inaccuracies created during building construction. 
The data of the scans was processed through Leica 360 Cyclone Register to create point clouds 
with the exact geometry of the analysed churches. Thin sections of these point clouds were studied 
in Graphisoft Archicad, the floor plans were examined as close to the floor level as possible, where 
the walls most likely were laid out the most precisely and in order to avoid inaccuracies caused by 
the vertical declination of walls.

3 Approximative decagon construction method 

Even though the construction method of a regular pentagon and thus a regular decagon as well 
was likely known in the Middle Ages (Scriba–Schreiber 2015, 62–63), it is a rather compli-
cated process, thus in architectural practice multiple approximative methods were possibly 

Fig. 3. Proposed approximative decagon construction using a square grid; full (a) and reduced grid (b) versions.
Obr. 3. Návrh přibližné konstrukce desetiúhelníku s využitím čtvercové mřížky; verze s plnou mřížkou (a) a zredukovanou 
mřížkou (b).
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used instead (Fehér et al. 2019; Kidson 2008, 10). We would like to propose an approximative 
construction method for decagons that uses a square grid as its base (Fig. 3). Even though exact 
layout schemes like these are not known from the Medieval era – as the masters most likely 
wished to keep the exact geometric construction methods undisclosed to their peers (Pacey 
2007, 59) – a square grid is a likely construction method to design buildings with rectangular 
floor plans. Grids have been used from Antiquity, presumably through the Middle Ages. They 
were originally implemented probably in part to streamline the process of setting out, since in 
this way most parts of the building could measure multiples of a constant – the base unit. This 
approach is supported by the assumption that approximative methods based on square grids were 
likely used for the construction of octagons, too, a polygon that can be constructed with relative 
ease (Müller 1990; Budaházi–Halmos 2025). Presumably this approximation might have been 
used so that the apse shape and a grid for the rest of the structure could be integrated into one 
unified design principle. 

In Fig. 3a aligned to a 10-by-10-unit grid a full regular decagon is shown with a red line, 
and on the right half an approximated decagon is drawn over this with a continuous blue line. To 
construct the latter a circle with a 5-unit radius was used, as well as four marked nodes of the 
grid. Corners A and F are in the same position on the grid as in the case of the regular decagon. 
B and E are on the marked nodes of the grid and also on the circumscribed circle, while to get 
the positions of C and D their radii need to pass through the middle-marked nodes. The resulting 
shape closely resembles a regular decagon. 

It is worth noting that B and E in Fig. 3 due to their positions on the grid are both related 
to Pythagorean triangles with sides of (3, 4, 5) ratio. This shape is widely known and has been 
in use since antiquity, some scholars suggest that as early as the Neolithic even (Rogers–Pope 
2017, 2). Triangles of this ratio also appear in relation to decagonal apse construction. In Villard 
de Honnecourt’s sketchbook the apse shapes of the cathedrals of Cambrai and Meaux (Barnes 
2009, Fol. 14v–15r) appear not to be based on a precise regular decagon construction. These dra-
wings were analysed, Cambrai by Robert Bork (2011, 33) and Meaux by Jean Wirth (2015, 128), 
with a similar conclusion (Fig. 4). Bork suggested that the distortion of the apse was possibly due 
to a right-angle triangle with legs of (1, 3) ratio having been used to determine the side of the apse 
polygon. Wirth proposed the aforementioned Pythagorean triangle might have been used as the 
central angle of the polygon. Both these shapes are part of our suggested construction method, 

Fig. 4. Construction methods shown on Villard de Honnecourt’s drawings (Barnes 2009, Fol. 14v–15r). a, b – Robert 
Bork’s proposal (Bork 2011, 33) for the apse shape of Cambrai Cathedral, drawn by Krisztina Fehér (Fehér et al. 2019, Fig. 9, 
694); c – Jean Wirth’s proposal for the apse shape of Meaux Cathedral (Wirth 2015, Fig. 39, 128).
Obr. 4. Stavební postupy znázorněné na kresbách Villarda de Honnecourta (Barnes 2009, Fol. 14v–15r). a, b – návrh Roberta 
Borka (Bork 2011, 33) tvaru apsidy katedrály v Cambrai, nakreslený Krisztinou Fehér (Fehér et al. 2019, obr. 9, 694); c – ná-
vrh Jeana Wirtha na tvar apsidy katedrály v Meaux (Wirth 2015, obr. 39, 128).
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vertices B and E could also be determined 
either way, while (1, 3) triangles might be used 
for C and D.

For further analysis we compared our 
suggested approximated decagon to a regu-
lar one. We calculated the deviation of the 
coordinates of the approximative from the 
regular method, the results are compiled into 
Table 1. The deviation is rather small at each 
corner, the relative standard deviation of the 
approximative method is drel = 0.73 %. All the 
individual errors shown in the right column 
of Table 1 are rather small as well, especially 
considering the general accuracy of Medieval 
building construction. These percentages show 
the distance of the corresponding corners of the two construction methods relative to the radius 
of the circumscribed circle. If used for setting out the level of irregularity of this method might 
have been acceptable as with a radius of 5 m for example, the deviation of the corners would be 
7.8 cm at B and E and 3.2 cm at C and D corners. As a design principle, however, applied on a dra-
wing – as perhaps visible in Fig. 3 – the lines of the regular and approximative decagons are barely 
distinguishable from each other. Thus, we suggest that this shape could have been acceptable as an 
approximation for decagons in the Gothic era.

In theory this construction method could also be used with other grid layouts as well. To 
get the proper angles of the decagon radii only the marked nodes of a reduced grid are necessary 
(Fig. 3b) with a base unit of any size. A circle with the diameter of the appropriate choir width 
could then be used to intersect the lines of the radii, marking out the corners of the apse.

4 Possible design principles

4.1 Design principle of the Cathedral of Košice

We analysed several possible construction methods in the case of the sanctuary, as the rest 
of the church was mostly heavily altered in the 19th century, we only examined this part. We 
found that an extended version of the previously suggested approximative construction method 
aligned to the real structure by far the best as a design principle in the case of the Cathedral of 
Košice. The apse shape here can be considered close to a regular half-decagon. In our analysis we 
compared a regular decagon, the approximative decagons proposed by Fehér et al (2019) and the 
approximative decagon proposed by us. The latter and the regular ones fit rather well, however, 
the reason we propose the approximative method over the regular one is that it can be integrated 
into a system or scheme describing other parts of the structure as well. We propose that during 
the design phase a base unit of 98.7 cm was likely chosen to determine the wall thickness, and 
was multiplied by 10 to create the width of the space. This base unit likely corresponding to 
about 3 feet in terms of Medieval measurement units, which would make 1 foot 32.9 cm here. 
The exact length of 1 foot in this period varied in time and between regions as well (Bogdán 
1978) and could vary in a wide range between 23 and 41 cm. It is also possible that measurement 
units used in other areas of life were not used accurately for building construction. We are not 
attempting to identify the exact measuring unit used in this particular case, we want to highlight 
however, that the base units used should have been corresponding with commonly used units 
such as feet multiplied by small integers.

As our proposed design principle in Fig. 5 the grid uses this base unit. Here the 10 × 10 unit 
grid used for the approximative construction of Fig. 3 was lengthened by two units to reach the 

Tab. 1. Relative deviation at each corner of the approxima-
tive decagon.
Tab. 1. Relativní odchylka v každém rohu přibližného 
desetiúhelníku.

Polygon vertices di,rel × 100 [%]

A 0

B 1.56

C 0.63

D 0.63

E 1.56

F 0
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western corners of the space and widened by one to demonstrate the relation between grid and 
wall thickness. This system aligns well to the apse corners as well as the western corners of the 
choir. However, it is important to note that the placement of the demi-columns dividing the two 
rectangular bays was likely determined simply by halving the southern and northern walls, not 
by the grid directly.

The base unit of the design principle grid – likely not as a full-scale method – seems to 
have been possibly used to also determine the placement of some of the vertical elements. We 
applied the same sized grid used for the floor plan to the sections, inner and outer elevations of the 
sanctuary (Fig. 6). We cannot be certain about the Medieval floor level; therefore, we adjusted the 
grid to the position of other details such as the windows, bases and cornices. The measurements 
of multiple elements relate to each other, their connection to the base unit looks to be probable. 
Based on the correlations, if the system pictured was used as a design principle, the original floor 
level might have been closer to the one in the choir today.

The maximum height of the sanctuary vault is 23 grid units from the floor level of the choir. 
Some cornices both on the inside – in the western bay on both walls – and outside seem to align 
with the base unit of the grid system. The lower section of the wall base on the outside is also 
1 unit high, and the overall height of the windows is 15 units.

Fig. 5. Floor plan of the sanctuary in Košice with the possible design principle.
Obr. 5. Půdorys katedrály v Košicích s návrhem možného architektonického řešení.
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4.2 Possible design principle and construction method of the Protestant Church of Avas in Miskolc

The geometry of the Protestant Church in Avas has been studied by Zoltán Bereczki (Bereczki 
2023, 24–29) from a different angle, he examined the proportions of the building based on Lorenz 
Lechler’s Unterweisung (Coenen 1989). Although his approach is very different from the one we 
present, the base unit in his analysis is rather similar to the one we propose below.

In contrast to the previous example, the choir in Miskolc is rather irregular (Fig. 7). The 
shape of the apse seems distorted even at first glance on the floor plan. To get a possible grid 
system as a design principle for the entire plan of the church we analysed two main approaches 
looking for a base unit, all of them starting with a circumscribed circle around the apse corners. 
It was obvious however, that the deviation of the corners is too large to assume that a circle 
intended to cross all the corners was used for the construction. Therefore, we needed to find the 
corner that was most likely the anomaly. The interior angles of a regular decagon are 144°. The 
angles vary from corner to corner in Miskolc, from M2 to M5 in order the interior angles of the 
apse are 158°, 139°, 147° and 141°. This indicates that the irregularity of the structure comes from 
the position of either M1 or M2. Thus, in our search for a possible design principle in the first 
approach we excluded M2 and in the second we excluded M1. Only the latter approach yielded 
a result that would explain the placement of multiple parts of the structure: the apse corners and 
the demi-columns of the former vault, the length of the church as well as the wall thickness. 

The circle fitted on corners M2–M6 does not fit on M1 and thus does not have a diameter 
equal to the width of the church – 17.5 m at the apse, gradually decreasing to 16.7 m on the West. 
However, grids based on the radius of the smaller circle do fit other aspects of the building. 

Fig. 6. Longitudinal section and inner elevation of the northern wall (a), cross section (b) and southern elevation (c) in Košice 
with the units of the design principle.
Obr. 6. Katedrála v Košicích. Podélný řez a vnitřní pohled na severní stěnu (a), příčný řez (b) a jižní pohled (c) s jednotkami 
projektového systému.
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Dividing the diameter by 6 results in a base unit of 2.72 m, with which the placement of the 
aforementioned elements can be explained (Fig. 7). Further dividing this base unit by 3 resulted 
in a smaller grid with a base unit of 90.7 cm – which can again be interpreted as 3 Medieval feet –, 
which is remarkably close to the wall thickness around the apse which varies from about 86 cm 
to 97 cm. If this grid had been indeed part of the design principle, it was also not impossible 
that it was used to create an approximated decagon at least in the design phase, similarly to the 
construction method described in the case of Košice.

Hypothetically, if this construction system had been used it is imaginable that the reason for 
the distortion of the apse was that while setting out and building the new one, the previous church 
was still standing as it was customary. The former church had a sacristy around here, the western 
wall of which was identified by archaeological excavations (Fig. 7). It is possible that while setting 
out, M1 had to be moved slightly either to avoid the northern wall of the sacristy still standing, or 
rather to reuse its foundations for the new wall. Another, albeit less likely explanation is that either 
the base unit was drawn one too many times – as M1 is about 1 small unit from where it should be 
according to the proposed design principle – or that the mark indicating the outer side of the wall 
was mistaken as belonging to the inside.

The grid unit of the design principle suggested for the plan also seems to correlate to the 
height of some elements (Fig. 8), though in this case it is worth noting that the placement of 
some parts vary considerably. We could not ascertain the Medieval floor level, thus aside from 
the current floor level, the elements themselves are used as reference. A cornice runs below the 
windows in the two easternmost bays, which is about 4 units higher from the current floor level – 
most visible in Fig. 8c. The formerets of the destroyed vault are not entirely even in height on the 
northern and southern walls – the ones on the northern side are roughly 13 units high, the southern 
ones are considerably taller. There are two sizes of lancet windows, the larger ones – about 4 units 

Fig. 7. Floor plan of the church in Miskolc with the possible design principle. The rough outline of the previous church with 
light gray is based on archeological findings. After Megay 1970, 164.
Obr. 7. Půdorys kostela v Miškovci s návrhem možného architektonického řešení. Hrubý obrys původního kostela vyznačený 
světle šedou barvou vychází z archeologických nálezů. Podle Megay 1970, 164.
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high from the floor and including the framing 9 units tall – are on the eastern side, the smaller 
ones – 5 units from the floor and 8 units tall – near the western. The system also seems to roughly 
align to the exposed formerets of the destroyed Gothic chapels on the exterior of the northern wall 
(Fig. 8b).

5 Possible methods of setting out the apses of the Cathedral of Košice and the Protestant 
Church of Avas in Miskolc

To better understand the possible geometric construction methods used on site in the process of 
setting out the apses we focused our further analysis on the shape of their polygons. While the 
suggested design principles described above could have been used to plan these churches, they 
were not necessarily made or used for setting them out. 

For each analysed building we compared three main on-site construction methods. First, 
we evaluated the method of the design principle, second a regular decagon fitted to the examples 
and finally a possible mixed approach involving Pythagorean triangles. In the latter we aimed 
for a technique that could have been feasibly done with relatively simple tools and also matched 
the shape of the actual layouts. Regarding the accuracy in the following descriptions, we view 
some deviation as acceptable even for construction methods we consider likely. A fixed margin of 
error is hard to pinpoint, but generally a few centimetres of inaccuracy can occur without highly 
precise tools. In our analysis we primarily compare the differences between possible construction 
methods and their inaccuracies to the overall irregularities of the given building. A logical method 
could also be to use a circle in which the decagon could be inscribed, then set out the corners along 
it, marking equal lengths. We investigated this possibility, however the differences between side 
lengths were too great – in some cases 10+ centimetres – to seriously consider this probable in 
these cases.

Fig. 8. Inner elevation of the northern wall (a), partial elevation of the northern wall by the destroyed chapels (b) and inner 
elevation of the southern wall (c) in Miskolc with the units of the design principle.
Obr. 8. Kostel v Miškovci. Vnitřní pohled na severní stěnu (a), částečný pohled na severní stěnu v oblasti zbořených kaplí (b) 
a vnitřní pohled na jižní stěnu (c) s vyznačením prvků konstrukčního principu.
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The construction methods mentioned above in relation to Košice Cathedral are illustrated in 
Fig. 9. In Fig. 9a is method 1, the system of the suggested design principle was fitted on the entire 
choir, and thus is not expected to align to the apse corners perfectly. In Fig. 9b is method 2, where 
two opposite vertices of a regular decagon are fitted on K1 and K6. In Fig. 9c is method 3, a mixed 
construction using a circumscribed circle. The sides between K1–K2 and K5–K6 are slightly 
shorter – 2.99 m each – than the rest – 3.03 m, 3.09 m and 3.08 m in order. In this construction 
the shorter sides are set out first by marking out a length of about 3 units – the same used for the 
grid – to create K2 and K5. Then connecting K5 to the centre of the circle a Pythagorean triangle 
with side lengths of (3, 4, 5) ratio pictured with light green was used to determine the angle of 
the radius of K4. This was repeated for K3. The side between K2–K3, which, as shown, is also 
slightly shorter than the previous two, is determined by all the above. 

To see the numeric differences, we 
compared the deviation of the vertices of the 
described techniques from the apse corners, 
then calculated the standard deviation of each 
construction method (Table 2). All three resul-
ted in errors in the same order of magnitude, 
all are rather small. Although the standard 
deviation of method 3 is the smallest out of 
the three analysed, the difference is not sig-
nificant enough to claim it as clearly superior 
to the others. However, it is notable that the 
deviations of method 3 at each corner are all 
under 5 cm, which counts as quite accurate in 
Medieval architecture. 

In the case of the apse in Miskolc, we 
repeated our analysis. As the corner M1 is 
strikingly misfitting from any possible geomet-
ric concept for reasons already discussed in 
relation to the design principle, we excluded this 
corner from the calculation. Similarly to Košice, 

Fig. 9. Visual comparison of analysed construction methods of the apse in Košice.
Obr. 9. Vizuální srovnání analyzovaných způsobů projekce chóru katedrály v Košicích.

Tab. 2. Standard deviation of the corners of each method 
from the apse corners in Košice. The methods were aligned 
to corners with values marked with “*” which were not in-
cluded in these calculations.
Tab. 2. Směrodatná odchylka rohů jednotlivých metod od 
rohů chóru katedrály v Košicích. Metody byly srovnány 
s rohy, jejichž hodnoty jsou označeny symbolem * a které 
nebyly do těchto výpočtů zahrnuty.

Deviation of explained methods 
from apse corners [cm]

Corners Method 1 Method 2 Method 3

K1 3.8 0.0* 0.0*

K2 9.9 5.8 3.2

K3 0.8 7.2 0.5

K4 5.0 6.4 4.5

K5 13.5 6.2 2.5

K6 0.4 0.0* 0.1

Standard deviation 5.6 6.4 2.2
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method 1 (Fig. 10a) is the proposed design prin-
ciple for this church, and method 2 (Fig. 10b) is 
a regular decagon aligned to the apse corners 
excluding M1 and to the axis of M1–M6. For 
method  3 (Fig.  10c) we present a construction 
method based on Pythagorean triangles with 
side lengths of (3, 4, 5) ratio. In our version the 
geometric construction started at M6 and the 
centre of a circle circumscribed around M2–M6. 
On radius m6 the aforementioned triangle possi-
bly derived from the grid of the proposed design 
principle was used as the central angle of the 
polygon. M5 was set out at the intersection of 
the circle and m5. The process to get the central 
angles was repeated twice, up to M3. To get the 
layout, the angle between the side M6–M5 and 
m5 was copied on m5 to get M5–M4, which 
process was repeated twice. Halving the angle 
between m3 and m1 determined m2, which 
resulted in smaller sides. M2 is at the intersection of m2 and the side mirrored on m3. Following 
the logic of methods 1 and 3, the theoretical placements of M1 are quite similar, with only a 7 cm 
difference. The circle used in method 3 is also similar to the one in method 1, its radius is marginally 
larger – 3.1 cm – its centre is slightly to the East – by 8.4 cm.

The numeric comparison in this case was more conclusive (Table 3). Both construction 
methods 1 and 2 show significant deviations that could hardly be explained by just the general 
inaccuracy expected. Method 3, however, is more promising, it is reasonably accurate, especially 
considering the overall irregularity of this building. During the analysis we found that several 
iterations of construction based on the same ideas yielded good results, but the one presented 
proved to be the best fit. Thus, we propose that here method 3, which uses Pythagorean triangles, 
or a similar approach was likely used for setting out.

Fig. 10. Visual comparison of analysed construction methods of the apse in Miskolc.
Obr. 10. Vizuální srovnání analyzovaných způsobů projekce chóru kostela v Miškovci.

Tab. 3. Standard deviation of the corners of each method 
from the apse corners in Miskolc. The methods were aligned 
to corners with values marked with “*” which were not in-
cluded in these calculations.
Tab. 3. Směrodatná odchylka rohů jednotlivých metod od 
rohů chóru kostela v Miškovci. Metody byly srovnány s rohy 
označenými symbolem *, které nebyly do těchto výpočtů 
zahrnuty.

Deviation of explained methods 
from apse corners [cm]

Corners Method 1 Method 2 Method 3

M2 45.6 32.6 8.5

M3 29.9 26.3 7.8

M4 27.4 11.6 9.5

M5 9.1 13.1 1.2

M6 15.1 0.0* 0.0*

Standard deviation 25.4 20.9 6.7
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6 Conclusion

Geometric construction of decagonal apses built in the Gothic period has in some cases been 
linked to Pythagorean and other right-angle triangles of simple ratios in previous research refe-
renced. We proposed a possible approximative decagon construction that relied on a rectangular 
grid incorporating the logic of these triangles and the idea of Gothic floor plans being based on 
grid systems. The application of Pythagorean triangles and grids both rely on historical drawings 
and existing research. Our suggested construction method could have been used to determine the 
shape of an apse as well as, if extended, the placement of other parts of a structure. This way the 
system could have been used as a design principle. 

We chose two churches to study, one with a rather precise geometry and one shaped in 
a fairly irregular way. Both Saint Elizabeth’s Cathedral in Košice and the Protestant Church of 
Avas in Miskolc are important examples for churches with decagonal apses, their unique features 
and differences gave us good insight into their possible geometric design. We looked for geo-
metric construction methods that could have been used as design principles for the parts of these 
buildings we analysed. We also searched for methods that might have been used to set their apses 
out, which even if connected to the design principle, was likely a different process.

Analysing multiple approaches, we found that variations of our proposed design principle 
might have been used for the studied buildings. In Košice among other possibilities our method 
of decagon construction relying on a grid could have been implemented in a straightforward way, 
while in Miskolc due to the overall irregularity it is harder to assume the same. In the case of the 
latter a grid was likely also part of the design process as the one suggested by us aligned well to 
most of the structure. 

We also examined possible methods of setting the apses out in both cases. Since the layout 
in Košice is rather regular, our proposed methods did not differ significantly, though our last 
method involving Pythagorean triangles fit the best on the apse corners. In Miskolc the precision 
of the examined methods varied more dramatically, here our analysis shows that the method using 
Pythagorean triangles, aligned to the apse, provides the best fit. These triangles thus seem to have 
been associated in logic with decagon construction. 

All in all, our results indicate that approximation might have been part of architectural logic, 
perhaps both in design and while setting out before building construction. We believe that the re-
sults of these case studies open the possibility to examine further buildings of similar layout from 
other regions. Another possible extension of this research could be the analysis of the different 
medieval units as well as tools used to set out the planimetry on site.
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Shrnutí

Cílem této studie je přinést nový pohled na dlouho zkoumané a populární téma geometrie v go-
tické architektuře. Možné způsoby geometrického uvažování jsou zkoumány prostřednictvím 
dvou případových studií: katedrály sv. Alžběty v Košicích a protestantského kostela na vrchu 
Avasu v Miškovci. Tyto dva kostely byly postaveny v těsné geografické i časové blízkosti. Liší se 
v mnoha ohledech, ale jejich společným rysem je polodesetiboký katedrální chór.

Analýza je založena na laserovém skenování, vysoce přesné měřicí metodě, pomocí níž lze 
vytvořit mračno bodů s přesnou geometrií budovy. Mračna bodů vybraných budov byla použita 
k získání přesných půdorysů, řezů a vnitřních pohledů vhodných pro analýzu. Cílem výzkumu 
bylo ověřit proveditelné architektonické postupy pro návrh desetibokých katedrálních chórů, 
který mohl být použit buď jako konstrukční princip, nebo sloužit pro jejich vytyčení na staveništi.

Studie navrhuje obecnou aproximativní konstrukci desetiúhelníku pomocí čtvercové 
mřížky, která umožňuje integrovat mnohoúhelník do mřížkového principu návrhu. Tímto způso-
bem mohla být použita konzistentní logika k návrhu celého půdorysu chóru nebo dokonce celého 
kostela. Navrhovaná metoda nebo její variace mohly být použity jako princip návrhu pro obě 
příkladové budovy. V Košicích byla stavba postavena poměrně přesně, metoda dobře odpovídala 
půdorysu a základní jednotka mřížky mohla být použita i k určení vertikálního umístění prvků. 
Pro kostel v Miškovci jsou výsledky méně jednoznačné, protože tvar stavby vykazuje mnoho 
nepřesností. Přesto byl odvozen možný projektový princip.

Ukázalo se, že geometrické konstrukční metody pro vytyčení presbytářů byly pravděpo-
dobně samostatným logickým procesem. Postup v obou případech pravděpodobně využil opsa-
nou kružnici mnohoúhelníku a Pythagorovy trojúhelníky k vytyčení rohů stavby. Studie tedy 
naznačuje způsoby, jakými mohla být geometrická aproximace použita jak ve fázi návrhu stavby, 
tak na místě před samotnou výstavbou.
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