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Abstract
Since the 19th century, the church of Zsámbék was continuously a focus of scholars' interest. The present paper intends to research
the church ruins with a new aspect. Using an accurate terrestrial laser scan survey, the geometry of the plan is analysed in order to find
proportions among the dimensions. The main goal of the study is to gather information about the design logic of the first masters of
the 13th-century Premonstratensian abbey. In addition, our goal was to detect contributions to the 13th-century construction history
of the church, that cannot be found in archives of graphic sources. The latest archaeological excavation achieved excellent results
concerning several crucial historical points; however, the periodization of the church is still not entirely clarified. From the 19th century,
different scholars have proposed various hypotheses about this topic, without consensus.
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1 Introduction
The Premonstratensian Church of Zsámbék is one of the
most precious monuments of Hungary. Besides its historical value, it is also an emblematic object of Hungarian
monument preservation (Tombor, 1955, Guzsik, 1977;
Marosi, 1996; Lővei, 1996; Fejérdy, 1998; Daragó, 2010;
Dercsényi et al., 2007; Bardoly, 2010). Several scholars
have researched the construction history of the church
ruins since the 19th century (Möller, 1925; Lux, 1939;
Guzsik, 1974a; 1974b; 1979; Bozóki, 2002; Dercsényi et
al., 2007). According to the latest archaeological excavations of Ilona Valter, several details were clarified
about the circumstances of the foundation and the history of the construction (Valter and Tamási, 1987; Valter,
1991a; 1991b; 1992; 1993; 1996; Dercsényi et al., 2007).
While the early period of the land (e.g. the origins of the
Aynard family, the period of the preceding church of one
nave, possible foundation dates of the Premonstratensian
abbey) has already been carefully assessed (Valter, 1991a;
1991b; 1992; 1993; 1996; Dercsényi et al., 2007), and the
modern history of the monument is more or less clear,
(Bozóki, 2002) the medieval period is still full of questions. Regarding the phases of the 13th-century construction, several hypotheses were published by Möller (1925),

Lux (1939) and Guzsik (1974; 1979). However, whether the
whole Premonstratensian abbey was built in one or more
phases is not yet clarified, and the versions of Möller, Lux
and Guzsik are not entirely convincing.
The present paper intends to provide additional data
regarding this open question.
As the archives and written sources about the history of the construction are rather limited, new scientific
research methods can provide additional information.
For instance, the calculation model of the seismic behavior of the church has recently revealed that the Komárom
earthquake of 1763 did not destroy the whole construction (Belgya, 2014; Morais et al., 2017). Building archaeology and ‘Bauforschung’ (Fiorani, 1996; de Jonge and
Balen; 2002; Schuller, 2002; Feilden, 2003; Adams, 2016;
Diaz and Holzer, 2019) also provides direct and valuable
data about the history. The research approach of the current paper is based on the terrestrial laser scanning of the
church, representing an accurate 3D survey, and its geometrical analysis. During the research, numerical proportions of the 13th-century abbey were revealed on which the
medieval conception of the plans could have been based.
These results were compared with the current theory on
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medieval design methods of master masons, according to
the international bibliography of the topic.
The use of 3D data recording is widely accepted and
applied in heritage protection (Warden, 2009; Bryan,
2010; Watenpaugh, 2014; Xu et al., 2014; Quintero et al.,
2017; Schmidt et al., 2019). For fast and accurate documentation, the application of various kinds of spatial object
reconstruction methods, such as terrestrial laser scanning,
structure for motion, 3D photogrammetry, videogrammetry and their combination with UAV technology (Bryan,
2010; Somogyi et al., 2017; Pan et al., 2019) is quite obvious. In recent years, the technology has developed rapidly,
and its application has widened. The latest development
of 3D data acquisition (Rodríguez-Gonzálvez et al., 2017;
Masini et al., 2018) and improved possibilities of point
cloud/mesh processing (e.g. cropping, compare) enable the
efficient monitoring of monuments, and it is appropriate
for detecting changes over time; for instance, the different
phases of an archaeological excavation site (Macheridis,
2015) or changes (e. g. weathering, movement, sinking,)
of historical monuments (Fregonese et al., 2013; SánchezAparicio et al., 2016; Chen et al., 2018; Antón et al., 2019;
Grilli and Remondino, 2019). The research method of the
current paper also takes advantage of 3D surveying, which
provided data for geometric analysis, and is also appropriate for any further analysis.
2 Questions regarding the construction history
The church has been a focus of interest since the beginning
of institutional monument preservation in Hungary in the
second half of the 19th century. Despite this, some important questions regarding the period covering the 13th-century construction are still open. The important archaeological excavations of Ilona Valter between 1986 and 1991,
and the analysis of historical data about the early history
of the village, the circumstances of the foundation of the
monastery, the population of the church hill and the family who were the benefactors became clear (Valter, 1991a;
1991b; 1992; 1993; 1996; Dercsényi et al., 2007). According
to Ilona Valter, the foundation of the Premonstratensian
priory can be dated between 1210 and 1222, and certainly
before the edition of Catalogus Ninivensis in 1234, which
registered all the Premonstratensian monasteries of the
region, including Zsámbék (Valter, 1991a; 1991b; 1996).
Guzsik (1974a, 1974b) assumed that perhaps the church
was never finished. The whole construction must have
taken at least several decades of the 13th century. It is
not sure, however, how the Mongol invasion of 1241-1242

influenced the construction, or if this period caused any
changes in the design concept. The church clearly bears
the characteristics of both Romanesque and Gothic architecture. While both the monastic order and the benefacting Aynard family were of French origins, and it is
presumed by some scholars that initially French monks
joined the new monastery of Zsámbék (Zsoldos, 2001),
no close stylistic connection with French Romanesque or
Gothic architecture is discussed in the literature. Still, in
Subsection 2.1 on the calculation of units we will consider
the possibility of using medieval French length units.
2.1 Möller’s periodization
According to this, the first construction of the
Premonstratensian abbey, several scholars proposed different hypotheses. István Möller (1925) distinguished
three constructional periods with significant differences,
worked out by French lodges before and after the Mongol
invasion (Fig. 1). He supposed that, primarily, the whole
late Romanesque basilica of three apses and two western
towers was built during the first period. The nave was covered by a wooden ceiling, and the main apse was semi-circular (Fig. 1 (a)). In the second period, still before the
Mongol invasion, the sacristy was built, and the ground
floor spaces under and between the towers were vaulted
(Fig. 1 (b)); the third period covered the restorations in
early Gothic style after the Mongol destruction, while
the wooden ceiling was destroyed by fire. The nave, the
gallery and the first floor of the towers were vaulted. To
support these vaults, buttresses were attached to the towers. The roof of the nave was rebuilt with a higher pitch,
and the nave was rebuilt in a polygonal form. The great
western portal and the rose-window were also built in this
period (Fig. 1 (c)). In several areas, this periodization is
far from realistic, but it must be emphasized that Möller
lacked several pieces of information from archives, which
were revealed decades after his examination of the site.
His hypothesis is still interesting, as it was based on the
direct observations of the ruins themselves (Möller, 1925),
and since then, the ruins have faced further ruination as
well as modifications (e.g. the loss of mural paintings,
Fehér, 2008; Bóna, 2008; Bóna, 2009).
2.2 Lux's periodization
Opposed to Möller, his student, Géza Lux, believed that
the 13th-century construction was not interrupted and the
whole abbey was developed according to a single concept
(Lux, 1939). He believed that the reason for the stylistic
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Fig. 1 István Möller’s periodization regarding the 13th-century
constructions (authors’ drawing after Möller (1925))

heterogeneity (a mixture of Romanesque and Gothic elements) was the long-lasting construction that began with
Romanesque characteristics and ended with new Gothic
solutions. The present observations of the nave seem to
strengthen Lux’s hypothesis. However, based on the different types of wall textures (practically Fig. 1 (c)), the
western part of two towers and the noble gallery were not
built in one phase.
2.3 Guzsik’s periodization
In 1974, Tamás Guzsik outlined a new periodization
(Guzsik, 1974a; 1974b). According to his on-site observations, he claimed that the first church of a single nave
that existed before the Premonstratensian basilica played a
major role in the building’s history (Fig. 2). He supposed that
this church was still used during the Premonstratensians’
construction that started with the building of the two western towers. (Fig. 2 (a)) In his hypothesis, the first plan of the
basilica contained five bays and no chapels in the towers.
(Fig. 2 (a)) In the next phase, the old church was connected
to the new construction and two chapels were added to
the towers. This resulted in the elongating of the towers;
subsequently, in the new version of the plan, the nave contained only four bays (Fig. 2 (b)). After the Mongol invasion that destroyed the little church, the basilica was completed by a new group of masters from different lodges
(Guzsik, 1974a; 1974b; 1979) (Fig. 2 (c)). He also revealed
that some in situ stones were not properly carved (namely,
the capitals above the Triumphal Arch). He deduced that
perhaps the abbey was never entirely completed because
the increasing building activity in Buda just absorbed the

Fig. 2 Tamás Guzsik’s periodization regarding the 13th-century
constructions (figure after Guzsik (1974a; 1974b))

masters (Guzsik, 1974a; 1974b). His hypothesis is correct
concerning the Western part which was undoubtedly built
in several phases, and from the current geometrical analysis, its connection to the nave is rather incoherent. Guzsik
assumed some ideas about the proportions and geometrical construction of the church plan. He found it interesting
that Bogyay (1943) and Csemegi (1939) supposed a similar change of concept (from five to four bays of the nave)
in the case of the Benedictine Abbey of Ják. In this case,
Csemegi (1939) added that the plan with five bays seemed
to be drawn by a quadratic system, while the plan of four
bays was drawn by a triangular system. It is important to
mention that Entz (1959) suggested that the same triangulation system was adequate for the plan of Zsámbék.
The theoretical background of these design methods is
described in Section 4.1 .
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The further late Gothic constructions of the abbey of
Zsámbék are well described by Ilona Valter, based on her
excavations. After the disgrace of the Aynald dynasty, the
domain became royal property. In the 15th century, King
Matthias Corvinus donated the monastery to the Order of
Saint Paul the First Hermit. According to Valter (1991b),
it is probable that until that time, several fires (one around
1453) destroyed some parts. The new monks had to restore
the monastery and renovate it for their needs from 1484
(Zsoldos, 2001). The roof of the nave was raised the cloister and the southern porch of the church were modified
with late Gothic characteristics. As these constructions
only concerned minor parts without significantly modifying the church plan, the current geometrical analysis only
covers the 13th-century structures.
3 Research methods
3.1 Data capture
The research approach of the study is based on the terrestrial laser scanning of the ruins and the geometric analysis. The results were compared with the information
deduced from the onsite observations of the building (wall
textures, carved details, appearance of different mortars).
For the TLS data acquisition, a Leica BLK 360 instrument was used (Fig. 3). This device has been successfully
utilised at several research and reconstruction projects
at cultural heritage sites (Achille et al., 2018; de Lima et
al., 2018; Chias and Abad, 2018; Diaz and Holzer, 2019;
Luhmann et al., 2019). It can reach a nominal range accuracy of 4 mm at 10 m distance from the scanned surface
(Leica Geosystems). This accuracy can be improved by
the superposition of several scanned data and by reducing the scanning distance. The church was scanned from
30 positions (Fig. 4). The registration of the point clouds
of the different positions was operated by shape matching
method automatically on the spot by Autodesk Recap Pro
software (Ogawa and Hori, 2019). The automatic alignment was supervised and if required, manually repeated
later, during the data converting phase, also in Recap Pro
(Fig. 5). The further point cloud processing was worked
out manually using Autocad software (cropping). In order
to collect accurate data for further geometric analysis,
sections of the point cloud were needed. Autocad was also
appropriate for vector polyline section generation (Fig. 6).
3.2 Proportion analysis method
For the geometrical analysis, a database of measured
dimensions was created. As the church has been damaged

Fig. 3 Data acquisition by TLS (authors’ photo)

Fig. 4 TLS scan positions of the site work

with major (by an earthquake) and minor (by material abrasion of the stone, brick and mortar) deviations,
it was crucial to define the places where the dimensions
were recorded. The data was measured by both the x and
y scale of a defined coordinate system, with scales aligned
to the two main directions of the walls (Fig. 6). Uniform

|101

Fehér and Halmos
Period. Polytech. Arch., 50(2), pp. 97–114, 2019

Fig. 5 TLS point cloud captured by Leica BLK 360

Fig. 6 Data processing of point cloud: a) crop, b) sections
(authors’ drawing)

dimensions were measured systematically in each bay:
size of pillars, wall thickness, width and length of the
spaces. In the case of width and length data, dimensions
were measured both between axes and structures (Table 1
and see Fig. 7). As the wall surfaces of the ruins could
have moved or deteriorated over the centuries, the original
geometry of the building had to be carefully considered.
In order to maximize the accuracy of the collected data,

the dimensions were measured several times in different
positions, with careful revision. Then, in order to deduce
the quasi original (‘ideal’) dimensions of the church, the
weighted arithmetic mean of each data sets were calculated. (Part I in Table 1) The current study is limited to the
proportion examination of horizontal dimensions, due to
the considerable uncertainty of vertical dimensions. The
majority of vault keys are missing, and later movement
of the construction could significantly modify heights, so
original, vertical dimensions can be properly measured
only in a very few positions.
4 Theoretical background
4.1 Medieval design methods
The question of medieval architectural design methods
has a long tradition in Hungarian historiography. Since
Imre Henszlmann’s theory about proportioning methods (Henszlmann, 1860; Gergelyffy, 1958; Zádor, 1966;
Levárdy, 1969), several research papers were published by
various scholars (Fehér and Halmos, 2015). During this
period, in accordance with the international historiography
(Branner, 1957; 1963; Bucher, 1968; 1972; Conant, 1968;
Shelby, 1971; Barnes, 1972; Murray, 1978; Bony, 1990), the
most important medieval architectural sources were translated or initiated into the Hungarian bibliography (Villard
de Honnecourt, Matthias Roriczer, Hans Schmuttermayer,
Hans Hammer, Lorenz Lechler and other plans, archives,
etc.) (Csemegi, 1936; Gerevich, 1971; Sódor, 1978a; 1978b;
1981; 1982; Sztanekné Apai, 1980; Entz, 1992; Hoppe,
1993; 1995). This theoretical knowledge was often turned
into practical research, namely experiments were carried
out to reconstruct the design methods of various Hungarian
medieval monuments. In most of the cases, certain nets of
geometrical figures were speculated under the drawings of
buildings (Csemegi, 1939; 1953; Entz, 1959; Guzsik, 1974a;
1974b; Czagány, 1985; Fehér and Halmos, 2016). The two
leading types of nets were based on the triangle and the
square, i.e. ‘triangulations’ and ‘quadrature’. In most of the
cases, the main problem as to why these nets were highly
doubtful was the inaccuracy of the drawing of the building,
that served as the basis of the whole speculative geometric
system. Besides this, the other question is whether triangulation and quadrature methods were really used by medieval master masons in such manner. There is some evidence
proving that triangles, squares or pentagrams were used
for architectural or figurative drawings, for instance, in
the Portfolio of Villard de Honnecourt (Bechmann, 1991;
Barnes, 2009). Also, the terms ‘ad triangulum’ and ‘ad
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Fig. 7 Actual ratios calculated by measured data in SI and speculated ratios by the calculation of quasi-foot unit.
Proportions of spaces, Part I in Table 2 (authors’ drawing)

quadratum’ appeared in the Annals of the building of Milan
Cathedral in the context of serious constructional decisions
(Ackerman, 1949). However, no direct medieval evidence
can be found for using complex triangulation or quadratic
net systems serving as a basis for the floor plan design.
The idea originated from the 19th century when several
speculative theories were developed concerning medieval

design methods (Csemegi, 1953; Fehér and Halmos, 2015;
2016). Medieval sources indicate that triangle, square and
also pentagon formats (Fehér et al., 2019) were used for
plan and detail design, but the logic for these approaches
varies widely (Shortell, 2002; Wu, 2002). Without the original plans, any reconstruction of the design cannot exceed
hypothesis. The question of medieval design methods is
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Table 1 Database of measures. Part I: arithmetic mean of measured dimensions. Part II: converting dimensions to known historical units.
Integers (+/- 1mm) and halves are indicated in red. Part III: inverse foot unit calculation

Hungarian Royal
Foot 0.3126 m

Master Mason
Fathom 2.3 m

Buda Ell 0.584 m

Hungarian Fathom
1.896 m

Hungarian Foot (a)
0.316 m

Hungarian Foot (b)
0.297 m

Toise 1.959 m

French Fathom
1.624 m

French Foot 0.324 m

Number of quasi feet

Quasi feet

PART III
INVERSE UNIT
CALCULATION

Dimension [m]

PART II
CONVERTING TO KNOWN HISTORICAL UNITS

Direction of
dimension

PART I
DIMENSIONS

Nave: width (between
pillars)

y

5.44

17.4

2.4

9.3

2.9

17.2

18.3

2.8

3.3

16.8

18

0.302

Clear measurement.
similar data in each bay

Nave: width (between
axes)

y

6.5

20.8

2.8

11.1

3.4

20.6

21.8

3.3

4.0

20.0

21

0.309

7 cm difference
between measurements

Nave: spin of arcades
/ length of a bay
(between pillars)

x

3.25

10.4

1.4

5.6

1.7

10.3

10.9

1.7

2.0

10.0

10

0.325

30 cm difference
between measurements

Nave: length of a bay
(gallery level) (between
wall-pillars)

x

4.27

13.7

1.9

7.3

2.3

13.5

14.3

2.2

2.6

13.2

14

0.305

Data with 20 cm
standard deviation

Nave: spin of arcades
(between axes) and
spin length of wall in
one bay (gallery level)
(between axes)

x

5.0

16.0

2.2

8.6

2.6

15.8

16.8

2.6

3.1

15.4

16

0.312

Clear measurement.
similar data in each bay

Data type: description of
dimension

NOTES ON DATA
AND RESULTS

Southern aisle: width
(between pillars)

y

3.39

10.8

1.5

5.8

1.8

10.7

11.4

1.7

2.1

10.5

10

0.339

Clear measurement.
similar data in each
bay, except bay no.
4 (rebuilt by János
Sedlmayr)

Southern aisle: width
(between walls and
pillar cores)

y

4.54

14.5

1.9

7.7

2.4

14.4

15.3

2.3

2.8

14.0

15

0.302

Clear measurement.
similar data in each bay

0.296

Clear measurement.
similar data in each
bay, except bay no.
4 (rebuilt by János
Sedlmayr)

0.307

Clear measurement.
similar data in each
bay, except bay no.
4 (rebuilt by János
Sedlmayr)

Southern aisle: width
(between axes)

Southern aisle: length
of a bay (between wallpillars)

y

x

5.33

3.69

17.1

11.8

2.3

1.6

9.1

6.3

2.8

1.9

16.9

11.7

17.9

12.4

2.7

1.9

3.3

2.3

16.4

11.4

18

12

Southern aisle: length
of a bay (between wallpillar cores)

x

3.70

11.8

1.6

6.3

1.9

11.7

12.5

1.9

2.3

11.4

12

0.309

Clear measurement.
similar data in each
bay, except bay no.
4 (rebuilt by János
Sedlmayr)

Southern aisle: length
of a bay (between axes)

x

5.0

16.0

2.2

8.6

2.6

15.8

16.8

2.6

3.1

15.4

16

0.312

Clear measurement.
similar data in each bay

Northern aisle: width
(between wall-pillars)

y

4.57

14.6

1.9

7.8

2.4

14.4

15.4

2.3

2.8

14.1

15

0.304

uncertain data, because
the wall of the sacristy
is oblique

Northern aisle: width
(between axes)

y

5.4

17.3

2.3

9.2

2.8

17.1

18.1

2.8

3.3

16.7

18

0.300

Discrepancy of
measured data because
of new surfaces of
Sedlmayr’s restoration
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Apse: width (between
walls)

y

5.69

18.2

2.5

9.7

3.0

18.0

19.1

2.9

3.5

17.6

18

0.316

Few places to measure
this data

Southern apsidiol:
width (between walls)

y

2.86

9.1

1.2

4.9

1.5

9.0

9.6

1.5

1.8

8.8

9

0.318

Apse reconstructed
by Möller with high
accuracy

Southern apsidiol: inner
diameter

-

2.85

9.1

1.2

4.9

1.5

9.0

9.6

1.5

1.8

8.8

9

0.317

Apse reconstructed
by Möller with high
accuracy

Northern apsidiol:
width (between walls)

y

2.92

9.3

1.3

5.0

1.5

9.2

9.8

1.5

1.8

9.0

9

0.324

6 cm difference
between measurements
because of surface
decay

Northern apsidiol: inner
diameter

-

2.84

9.1

1.2

4.9

1.5

9.0

9.5

1.4

1.7

8.8

9

0.316

Semi-circle with a
slight distortion

Nave: wall thickness
(gallery level)

y

0.85

2.7

0.4

1.5

0.4

2.7

2.9

0.4

0.5

2.6

2.5

0.340

Data with 10 cm
standard deviation

Nave pillar thickness

y

1.62

5.2

0.7

2.8

0.9

5.1

5.4

0.8

1.0

5.0

5

0.324

Measurements only in
relevant places

0.322

20 cm difference
between measurements.
but the majority of
data approaches the
arithmetic mean

Nave pillar thickness

x

1.77

5.7

0.8

3.0

0.9

5.6

5.9

0.9

1.1

5.5

5.5

Nave: wall-pillar width
(gallery level)

x

0.7

2.2

0.3

1.2

0.4

2.2

2.3

0.4

0.4

2.2

2

0.350

15 cm difference
between measurements.
but the majority of
data approaches the
arithmetic mean

Southern aisle: wall
thickness

y

0.94

3.0

0.4

1.6

0.5

3.0

3.2

0.5

0.6

2.9

3

0.313

Clear measurement.
similar data in each bay

Southern aisle: wallpillar thickness

x

1.29

4.1

0.6

2.2

0.7

4.1

4.3

0.7

0.8

4.0

4

0.323

Clear measurement.
similar data in each bay

Apse: wall thickness

y

1.03

3.3

0.4

1.8

0.5

3.3

3.5

0.5

0.6

3.2

3

0.343

Tapering wall.
Thickness is 0.85 –
1.22 m

Southern apsidiol: wall
thickness

-

0.85

2.7

0.4

1.5

0.4

2.7

2.9

0.4

0.5

2.6

2.5

0.340

Apse reconstructed
by Möller with high
accuracy. 4 cm
difference between
measurements

Northern apsidiol: wall
thickness

-

0.84

2.7

0.4

1.4

0.4

2.7

2.8

0.4

0.5

2.6

2.5

0.336

Clear measurement

Nave: window width in
bay no. 1. inside

x

1.03

3.3

0.4

1.8

0.5

3.3

3.5

0.5

0.6

3.2

3

0.343

Window perfectly in
the middle of the bay
wall

Nave: window width in
bay no. 1. outside

x

1.77

5.7

0.8

3.0

0.9

5.6

5.9

0.9

1.1

5.5

5.5

0.322

Window in the middle
of the bay wall (with 6
cm difference)

Nave: window width in
bay no. 2. inside

x

0.99

3.2

0.4

1.7

0.5

3.1

3.3

0.5

0.6

3.1

3

0.330

Window in the middle
of the bay wall (with 5
cm difference)

Nave: window width in
bay no. 2. outside

x

1.52

4.9

0.7

2.6

0.8

4.8

5.1

0.8

0.9

4.7

4.5

0.338

Window in the middle
of the bay wall (with 6
cm difference)

Nave: window width in
bay no. 3. inside

x

1.36

4.4

0.6

2.3

0.7

4.3

4.6

0.7

0.8

4.2

4.5

0.302

Window in the middle
of the bay wall (with
2.5 cm difference)
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Nave: window width in
bay no. 3. outside

x

1.46

4.7

0.6

2.5

0.8

4.6

4.9

0.7

0.9

4.5

4.5

0.324

Window in the middle
of the bay wall (with 1.5
cm difference)

Nave: window width in
bay no. 4. inside

x

1.39

4.4

0.6

2.4

0.7

4.4

4.7

0.7

0.9

4.3

4.5

0.308

Window in the middle
of the bay wall (with 4
cm difference)

Nave: window width in
bay no. 4. outside

x

1.41

4.5

0.6

2.4

0.7

4.5

4.7

0.7

0.9

4.3

4.5

0.313

Window in the middle
of the bay wall (with 8
cm difference)

Southern aisle: window
width in bay no. 1.
inside

x

1.04

3.3

0.5

1.8

0.5

3.3

3.5

0.5

0.6

3.2

3

0.347

Window in the middle
of the bay wall (with
2.5 cm difference). The
only window remaining
from the aisles.

Southern aisle: window
width in bay no. 1.
outside

x

1.04

3.3

0.5

1.8

0.5

3.3

3.5

0.5

0.6

3.2

3

0.347

The only window
remaining from the
aisles

still widely researched (Kidson, 2008; Bork, 2011; GilLópez, 2012; Ginovart et al., 2013; Murray, 2014; Bork,
2014a; 2014b; Wirth, 2015; Dragović et al., 2019).
The present paper is based on the detection of simple numerical proportions of dimensions of the church
of Zsámbék. The analysis is not directly intending to
deduce the original medieval design methods but to collect data for detecting proportions in the plan. There are
also research projects with similar approaches or perspectives from recent decades (Fernie, 1990; Hiscock, 2000;
Zenner, 2002; Addiss, 2002; den Hartog, 2014; Ginovart et
al., 2018). The proportions were identified by calculating
data with SI units (measured in meters), and experiments
were carried out for converting the dimensions into adequate foot units.
4.2 Calculation of units
The question of medieval unit systems was also taken into
consideration during the study. In various other cases of
geometrical analysis, scholars also found it important to
detect medieval units (Fernie, 1990; Murray, 2002; Masini
et al., 2004). In Hungary, some etalons remained from the
18th century built in the walls of town halls, such as the
fathom etalon in the old town hall of Bratislava. In Hans
Hammer’s sketchbook from the 15th century, there are
some drawings of unit systems (Hoppe, 1994).
The most probable unit used by medieval builders was
the foot, which correspondents to 12 inches and 1/12 of
a fathom. It is not known which kind (or kinds) of foot
unit was used at the construction of the Premonstratensian
abbey of Zsámbék in the 13th century. Experiments were
carried out to assess if the measured dimensions of the
church fitted to some well-known fathom, or foot and inch

units. These were the Master Mason Fathom (2.3 m), Buda
Ell (0.584 m), Hungarian Fathom (1.896 m), and two types
of Hungarian Foot (0.316 m and 0.297 m), that could have
been used in Hungarian constructions since the Middle
Ages (Bogdán, 1978; 1987) (Part II in Table 1). While
both the noble family who donated the domain and the
Premonstratensian order had French origins, French medieval units such as Toise (1.959 m), French Fathom (1.624
m), French Foot (0.324 m) also seemed worth considering.
In Part II of Table 1, the numbers of units (dimension/historical unit) were calculated. The integers (+/- 1 mm) and
halves were indicated in red. The results of these calculations were not satisfactory, as none of these units convincingly fitted the dimensions of the church. The percentage
of adequate (red) numbers did not exceed 50 %.
The calculation was repeated with an inverse logic: the
measured dimensions were divided with integers, which
resulted in quotients approaching foot units we called
quasi feet (Part III in Table 1).
These values, just like historical foot units, measure a
rather wide range between 29 and 35 centimeters. There
is no clear evidence of any particular foot unit used by
13th-century master masons in Hungary; however, two
medieval Hungarian foot units are known, measuring
0.297 and 0.3126 centimeters (Royal foot). Still, it is possible that different local foot units were in use in different parts of the country; also, foreign masters could have
used units of their home countries. Moreover, in Hans
Hammer’s sketchbook on page 1 recto we can find clear
evidence, that several foot and inch units were used simultaneously in the practice of the very same workshop on the
same building site (Hoppe, 1994). Hammer used the terms
‘Alte’ (old or big), ‘Rechte’ (right), ‘Junge’ (young or small),
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‘noch junger’ (younger or smaller) to describe them. It is
also worth considering that some non-standardised units
were applied for tracing on site. Some architectural elements such as the size of joint pieces of pillars or vaulting ribs obviously required high accuracy, so standardised
units must have been used for their design. In other cases,
however, like the tracing of wall thicknesses or even the
full length and width of a building or room, proportion
could be more important. In such cases it is possible, that
the masters did not use any particular measuring rod, but
simply used their own foot instead for example. Hans
Hammer, while explaining the previous rather complicated unit system to be used for architectural planning,
explicitly suggests using the size of the actual human foot
as a starting point (Hoppe, 1994).
5 Results
Based on the measurements, a series of numerical ratios can
be calculated concerning the geometry of the whole church
as well as its details. In each case, we used two different
approaches to estimate the proportions the masters may
have intended to use. Primarily, we calculated the ratios of
the actual dimensions measured on-site in meters (Part I
in Table 1). In the second, we first deduced a speculative
length for the object in question rounded to full or half feet
and recalculated the ratio. This second approach supposes
a notable, but still not significant inaccuracy of the tracing
and building process, which is usually within the margin of
5 %. This explains the two different ratios calculated for the
very same feature presented in Figs. 7-9 and Table 2.
5.1 General observations of proportions
Often, the actual proportions measured in SI units did not
fit those speculated in feet. For example, in the case of the
width-length proportion of the nave bays between pillars
(Fig. 7 (a)), the actual sizes are 5.44 m and 3.25 meters.
The ratio is 1:0.5974, remarkably close to 5:3, which would
suggest a rather plausible proportion to be used by medieval architects. Still, while trying to divide the measured
data by 5 and 3, or their multiples (10, 15 or 20 and 6, 9 or
12) we do not get results that would be close to any known
fathom or foot units. If we try to express the measured
lengths in full feet, 5.44 m would be closest 18 feet, while
3.25 m would be closest to 10 feet. (It is important to note,
that the foot units in both calculations are slightly different, 0.302 and 0.325). It is again plausible that the builder
intended to draw up a bay 18 feet wide and 10 feet long,
the ratio of these measures, however, would be 9:5, not 5:3.

This means that the calculated proportions can be significantly influenced by the units. In some of the cases, calculations rounded to full feet, while considering smaller
alterations as the results of inaccuracy, seemed to result
in more sophisticated ratios. 1:1 ratio is the most representative example. In other cases, however, such as the
dimensions of the nave pillars, these alterations have to be
considered deliberate. The side parallel to the main axis is
somewhat larger than the one measured perpendicularly,
as the profile of the pillar follows the structural logic of
the vaulting ribs. In this case, a 10:11 ratio also correspondents to a sizing of 5’ and 5.5’ (Fig. 8 (h)). These pillars
were so precisely carved, and our laser scan survey was
also sufficiently accurate, that the minor proportions of
the section of these pillars were also calculated in inches.
Thus, although the original units are highly uncertain (as
was described previously), efforts for seeking them are
entirely adequate in similar researches.
Another result of the calculation shows that some ratios
appeared more frequently than others. These were 1:1,
1:2, 2:3 and 3:4, and 3:5 (Table 2). We have no clear evidence that all of these were applied deliberately, but due
to their simplicity and in some cases, their coherence with
Pythagorean triples, suggests that they could represent
one of the basic geometrical concepts of planning.
During the calculations, it appeared that the ratios of
spaces (Part I in Table 2) seemed more reasonable, but the
ratios between spins and structure thicknesses (Part II in
Table 2) were too complicated and seemed further from
reality. This may indicate that wall and pillar thicknesses
were not calculated according to numerical ratios, but that
other logic was applied by medieval master masons in their
design. In Lorenz Lechler’s Unterweisung from 1615, the
master suggested several numerical ratios, as rules to build
a decent chancel (Shelby and Mark, 1979; Sztanekné Apai,
1980). For the ratio of the wall thickness and the width of
the chancel, he suggested 1:10. In Zsámbék, such numerical ratios were not found. However, Lechler also suggests
that when defining the wall thickness, the strength of the
building material used has to be taken into account, so an
alteration of ±3 inches can be applied (Shelby and Mark,
1979; Hoppe 1984). This suggests that structural considerations may play a role in defining wall thicknesses, which
explains why the measures in case of Zsámbék are not unified, even though mostly close to 3 feet. Still, the design
methods of structural thicknesses could change from the
13th to the 15th century, and the design methods could
vary by lodges or masters.
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Fig. 8 Actual ratios calculated by measured data in SI and speculated ratios by the calculation of quasi-foot unit.
Proportions of structure thicknesses and spaces, Part II in Table 2 (authors’ drawing)
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Table 2 Actual ratios calculated by measured data in SI and speculated ratios by the calculation of quasi-foot unit
TYPE OF DIMENSIONS
Width - length of nave bays (Fig. 7 a)
Width - length of nave bays (axes) (Fig. 7 b)
Width - length of Southern aisle bays (between walls and
pillar cores) (Fig. 7 c)
Width - length of Southern aisle bays (axes) (Fig. 7 d)
PART I
PROPORTIONS
OF SPACES

Width of nave and Southern aisle (Fig. 7 e)
Width of nave and Southern aisle (axes)
Width of apse and Southern apsidiol (axes) (Fig. 7 f)
Width of nave and Northern aisle (Fig.7/e)
Width of nave and Northern aisle (axes)
Width of apse and Northern apsidiol (axes) (Fig. 7 f)
Width of apse and Southern apsidiol (Fig. 7 e)
Width of apse and Northern apsidiol (Fig. 7 e)
TYPE OF DIMENSIONS
Nave: pillar thickness and width (Fig. 8 a)
Nave: wall thickness and width (gallery level) (Fig. 8 b)
Nave: pillar thickness and arch spins (Fig.8 c)
Nave: pillar thickness and spins (gallery level) (Fig. 8 d)

PART II
PROPORTIONS
OF
STRUCTURE
THICKNESSES
AND SPACES

Southern aisle: wall thickness and width (Fig. 8 e)
Southern aisle: pillar thickness and width (Fig. 8 e)
Southern aisle: pillar thickness and length of a bay (Fig. 8 f)
Apse: wall thickness and width (Fig. 8 g)
Southern apsidiol: wall thickness and diameter (Fig. 8 g)
Northern apsidiol: wall thickness and diameter (Fig. 8 g)
Width - length of nave pillars (Fig. 8 h)

UNIT

DIMENSIONS

RATIO

meter

5.44 m : 3.25 m

1 : 0.5974

foot

18’ : 10’

9:5 (~ 3:5)

meter

6.5 m : 5.0 m

1 : 0.7692

foot

21’ : 16’

21:16 (~ 4:3)

meter

4.54 m : 3.7 m

1 : 0.8149

foot

15’ : 12’

5:4

meter

5.33 m : 5.0 m

1 : 0.9380

foot

18’ : 16’

9:8 (~ 11:10)

meter

5.44 m : 4.54 m

1 : 0.8345

foot

18’ : 15’

6:5

meter

6.5 m : 5.33 m

1 : 0.82

foot

21’ : 18’

7:6

meter

5.44 m : 4.57 m

1 : 0.8400

foot

18’ : 15’

6:5

meter

6.5 m : 5.4 m

1 : 0.8307

foot

21’ : 18’

7:6

meter

5.69 m : 2.86 m

1 : 0.5026

foot

18’ : 9’

2:1

meter

5.69 m : 2.92 m

1 : 0.5131

foot

18’ : 9’

2:1

UNIT

DIMENSIONS

RATIO

meter

1.62 m : 5.44 m

1 : 3.3580

foot

5’ : 18’

5:18

meter

0.85 m : 5.44 m

1 : 6.4

foot

2.5’ : 18’

5:36 (~ 1:7 ?)

meter

1.77 m : 3.25 m

1 : 1.8361

foot

5.5’ : 10’

11:20 (~ 1:2 ?)

meter

0.7 m : 4.27 m

1 : 6.1

foot

2’ : 14’

1:7

meter

0.94 m : 4.54 m

1 : 4.8297

foot

3’ : 15’

1:5

meter

1.62 m : 3.39 m

1 : 2.0925

foot

5’ : 10’

1:2

meter

1.29 m : 3.69 m

1 : 2.8604

foot

4’ : 12’

1:3

meter

1.03 m : 5.69 m

1 : 5.5242

foot

3’ : 18’

1:6

meter

0.85 m : 2.85 m

1 : 3.3529

foot

2.5’ : 9’

5:18

meter

0.84 m : 2.84 m

1 : 3.3809

foot

2.5’ : 9’

5:18

meter

1.62 m : 1.77m

1 : 1.0925

foot

5’ : 5.5’

10:11
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PART III
PROPORTIONS
OF THE NAVE
WINDOWS

TYPE OF DIMENSIONS

UNIT

DIMENSIONS

RATIO

Nave window of bay no. 1. inside:
width of window and side walls (Fig. 9)

meter

1.62m : 1.03m : 1.62m

1 : 0.6358 : 1

foot

5’ : 3’ : 5’

5:3:5

Nave window of bay no. 1. outside:
width of window and side walls (Fig. 9)

meter

1.19m : 1.77m : 1.19m

1 : 1.4873 : 1

foot

3.5’ : 5.5’ : 3.5’

7:11:7 (~ 3:5:3 ?)

Nave window of bay no. 2. inside:
width of window and side walls (Fig. 9)

meter

1.64m : 0.99m : 1.64m

1 : 0.6036 : 1

foot

5’ : 3’ : 5’

5:3:5

Nave window of bay no. 2. outside:
width of window and side walls (Fig. 9)

meter

1.32m : 1.52m : 1.32m

1 : 1.1515 : 1

foot

4.5’ : 4.5’ : 4.5’

1:1:1

Nave window of bay no. 3. inside:
width of window and side walls (Fig. 9)

meter

1.45m : 1.36m : 1.45m

1 : 0.9379 : 1

foot

4.5’ : 4.5’ : 4.5’

1:1:1

Nave window of bay no. 3. outside:
width of window and side walls (Fig. 9)

meter

1.35m : 1.46m : 1.35m

1 : 1.0814 : 1

foot

4.5’ : 4.5’ : 4.5’

1:1:1

Nave window of bay no. 4. inside:
width of window and side walls (Fig. 9)

meter

1.44m : 1.39m : 1.44m

1 : 0.9652 : 1

foot

4.5’ : 4.5’ : 4.5’

1:1:1

Nave window of bay no. 4. outside:
width of window and side walls (Fig. 9)

meter

1.37m : 1.41m : 1.37m

1 : 1.0291 : 1

foot

4.5’ : 4.5’ : 4.5’

1:1:1

Southern aisle window in the Eastern bay. inside: width of
window and side walls (Fig. 9)

meter

1.33m:1.04m:1.33m

1 : 0.7819 : 1

foot

4’ : 3’ : 4’

4:3:4

Southern aisle window in the Eastern bay. outside: width of
window and side walls (Fig. 9)

meter

1.33m:1.04m:1.33m

1 : 0.7819 : 1

foot

4’ : 3’ : 4’

4:3:4

5.2 Proportions of the nave windows
Lorenz Lechler also noted some rules concerning other
proportions (Shelby and Mark, 1979). One of these is
comparable with the present study, namely the ratio of
the width of windows compared to the width of the side
walls. Lechler suggested 1:2:1 or 1:3:1 ratios (Sztanekné
Apai, 1980). As the Unterweisung represents, this type of
ratio surely represented an important part of the medieval design process in the 15th century, and according to
our results, they were also adequate in the 13th century
as well. Late Gothic architecture, of course, is characterised by much thinner structures and larger openings than
the late Romanesque or early Gothic ones in Zsámbék. It
is still worth examining the relationship of sidewalls and
windows as it could have been a notable design aspect a
few centuries earlier already.
In Zsámbék, one window of the Southern aisle and the
four windows of the Southern nave wall have remained.
The windows of the central nave are quite heterogeneous
in masonry techniques, geometry and mouldings. Möller
supposed that two of these windows were originally built
in the first construction period, but then they were later

placed in their current position during the third period after
the Mongol invasion (Möller, 1925). The study of the proportions of these windows can provide new contributions
to this questioned aspect of 13th-century construction.
The widths of the bays and windows are presented in
Fig. 9 and Part III in Table 2.
In bay no. 3 and no. 4, the ratio is considered as 1:1:1
from both outside and inside. In bay no. 2 the outside ratio
is also speculated as 1:1:1, but the inside one approaches
5:3:5. In bay no. 1, the proportion was approximately 3.5 :
5.5 : 3.5 from outside and 5:3:5 from inside (Fig. 9).
Summarising these results, the medieval concept of
the nave window design of bay no. 1 was likely to follow
the rule that the outside proportions of the window width
were the inverse of those inside. In bays 3 and 4, the ratio
is approximately the same both outside and inside: 1:1:1.
Between them, bay 2 has the 1:1:1 outside ratio matching with bays 3 and 4, but the inside ratio of 5:3:5 rather
matches bay no. 1. Whether the direction of the construction is presumed from East to West or vice versa, it seems
that the concept of window proportioning was changed
during the building of bay no. 2. The ratios and the width
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Fig. 9 Proportions of the nave windows (authors’ drawing)

of the window were reconsidered, and bay no. 2 became
a hybrid of the old and the new concept. It is important to
note that the two western windows of the nave (in bays
1 and 2) were built with different masonry techniques.
While the two Eastern ones (in bay 3 and 4) were built
from carved ashlars fitting to the masonry texture of the
walls by lines and levels; the other two (nos. 1 and 2) were
worked out of larger jambs that joined less regularly to
the wall masonry. Nevertheless, despite all the heterogeneous features of the windows, and according to the proportions, the whole nave wall is much more likely to represent a homogenous construction period with only minor
reconsiderations in the detail design, but no major changing of overall concepts.
6 Conclusion
In addition to the high standard results of the research of
Zsámbék church from recent decades, the 13th-century history of the construction was further reviewed in the paper.
Our research method represented a rather new approach
in order to reveal new information about the history of
the construction and the possible design techniques of the
medieval builders. The method was based on the terrestrial
laser scanning of the ruins. The point cloud was appropriate for the measurements of dimensions of the plan in

order to detect numerical ratios and proportioning systems. Several ratios were found, including the sequence of
the nave windows. The proportions of the nave windows
showed that the detail design concept was changed during
the progress of the basilica’s construction, but this did not
suggest any significant borders of construction periods. It
is more likely that the same masters or lodge continued
with the same plan, but they seemed to improve the proportioning logic according to their experiences from the
ongoing construction.
It is also rather obvious, that in accordance with the information from written sources from the late Gothic period,
several units were used concurrently while building this
13th-century construction; some of them perhaps not standardized. Hence the attempt to find a characteristic unit on
which the design was based was unsuccessful. This underlines that however significant or important the proportions
of a building are, the question of particular units used in the
design process has to be dealt with rather carefully.
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