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SUBJECT OF THE DOCTORAL RESEARCHS 

The aim of the research was to get acquainted with the medieval profile constructing methods and 

proportioning techniques, based on the geometrical analysis of texts and drawing on architecture from the 

Middle Ages, and the structural stone elements of the former Premonstratensian, then Pauline church and 

monastery of Zsámbék.* The state of the art of the history of Hungarian medieval architecture is mostly 

determined by building typology and stylistic relations of remained monuments. The doctoral research 

attempted to regard the question from another perspective by examining the design techniques (geometrical 

construction methods, dimensioning principles) of medieval architecture and their structural aspects as the 

main focus of the research. The methods were based on two main parts: a theoretical study, and the analysis 

of the profiled stone fragments of the ruined church of Zsámbék, as a case study. Although, the doctoral thesis 

provides new information regarding the history of the church of Zsámbék, the reinterpretation of its 

periodisation and significance in Hungarian medieval architecture did not represent an intention of the 

research. 

Both the international and Hungarian historiography of medieval design methods has long traditions, 

however in Hungary, apart from some sporadic examples and the unpublished research of István Möller [14], 

specific research of profiles has been scarce. The geometry of a profile is significantly closer to its originally 

designed form, than in the case of an entire building, where the actual shape may have considerably changed 

during centuries. This can be resulted by, for instance a possible modification of the design concept during 

the long-lasting construction, practical factors during the layout of the plan (for example, a former building, 

terrain and soil conditions, etc.) or subsequent transformations, maybe deformations. In the case of profiles 

of smaller details, these factors can barely influence their actual, remaining form. 

 

QUESTIONS AND INTENTIONS OF THE RESEARCH 

The research consisted of two main parts. The first part meant the analysis of medieval written and 

graphic sources referring to architecture, especially to the design of architectural details. The second part was 

based on the deep geometrical analysis of a case study, represented by the stone collection of the ruined 

church of Zsámbék. Questions of the research were, what geometrical construction methods could be used 

by medieval master masons to design profiles and mouldings, and what aspects influenced the design of their 

dimensions, shape and proportions. Great emphasis was also placed on the possible correlation between the 

geometry of the profiles and the whole building, and the logical and structural considerations behind. 

Additionally, by the case study, trends or discrepancies were to be revealed between the design methods of 

profiles of the 13th-century Premostratensian and the 15th-century Pauline period of the ruins of Zsámbék. 

This paved the way for the question, whether the methods written and drawn mainly in late Gothic sources 

typically from the German-speaking area, were known and applied in other territories and also earlier periods 

in the Middle Ages. In this respect, the examination of the 13th-century Zsámbék profiles played a particularly 

important role, revealing if any roots of 15th-century design methods can be found in a two-century older 

building. 

 

                                                           
* Profile, moulding and source are frequently used terms in the doctoral thesis. The term source is to refer to written and graphic 

sources specifically referring to architecture, and original plans remained from the Middle Ages. The term moulding was applied to 
the smaller shape units, as the components of profiles, while the term profile referred to the whole ensemble of mouldings, the 
entire cross-section of the stone. 
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SOURCES 

According to general supposition, the amount of sources about medieval architecture are restricted. 

However, the number of architectural and even technological sources from the Middle Ages, is in fact 

significant, although their features and genre are very heterogeneous, especially those referring to 

architectural details. The scientific study and interpretation of those was an essential part of the doctoral 

research, as they represented the basis for the case study. 

Two chapters of the doctoral thesis, and Appendix 3 summarize the theoretical knowledge learnt from 

the sources. In the chapter ’A tervezéstől a faragásig’ (From Design to Carving), by a broader overview of 

medieval sources main phases of profile design were outlined. In the chapter ’Elméleti Háttér’ (Theoretical 

Background), the examination of medieval sources specifically referring to the dimensioning and proportioning 

of profiles, was presented. The digitized version of these sources were redrawn with CAD program to 

understand the geometry of the profiles and attempt to educe their construction. Medieval sources of detail 

design are highly diverse in features, however, coherent design principles could be deduced by the 15-16th-

century German sources, for three profile types: vault ribs, window frames and mullions. The analysed 

sources were the following: 

 Villard de HonnecourtS sketchbook, two drawings in folio 21r (13th century) ﮿

 Roriczer: Wimpergbüchlein (1486-1490) ﮿

 Lorenz Lechler: Unterweisung (1516) ﮿

 A drawing from the so called Vienna Model Book (15th century) ﮿

 Hans Hammer’s sketchbook, drawings in folio 22, 23 and 25 (15th century) ﮿

 Master WG’s Frankfurt Model Book, two drawings in folio 9 and 28 (16th century) ﮿

 Drawing of ref. number 3818/3 in the Germanisches Nationalmuseum of Nuremberg (15th century) ﮿

 ,Drawings from the Gothic Plan Collection of Vienna Academy of Fine Arts, with ref. numbers 16.826 ﮿

16.842, 16.842v, 16.847, 16.847v, 16.850v, 16.853v, 16.854, 16.854v, 16.858, 16.858v, 16.862, 

16.862v, 16.893, 16.907, 16.907v, 16.911v, 16.923, 16.924, 16.940, 16.940v, 16.953v, 16.963, 

16.967v, 16.969, 16.969v, 16.973, 16.992, 16.997, 16.995v, 17.027v, 17.037v, 17.064, 17.090, 17.093, 

17.093v (15-16th century). 

In addition, the detailed analysis of István Möller's unpublished drawings on medieval profile 

constructions also represented the part of the research. 

 

RESEARCH METHODOLOGY 

As the main principle of the doctoral research the case study was evaluated strongly in accordance 

with the theoretical background. The theoretical background consisted of, on the one hand, the acquiring and 

critical analysis of Hungarian and international historiography, and on the other hand, the detailed geometric 

analysis of the medieval sources referring to the design of architectural details. The case study involved the 

survey and examination of the profiles of a specific medieval monument, the stone collection of the church of 

Zsámbék. During the selection of the building for the case study, aspects were considered such as the quality 

(fragmentation) and the quantity of the stone fragments, to have a representative amount for the examination. 

The stone collection of Zsámbék were especially suitable, and even more convinient regarding its two 

markedly different medieval building periods: the 13th-century Premonstrantensian, and the 15th-century 

Pauline construction. Thus, the results of the research of profile design could also be compared with the 

periodization of the construction. By spatial data acquisition, series of digital sections could be generated from 

the point clouds, for more accurate survey results and analysis. The aim of the study was to understand the 

proportions, and main dimensions, as well as to reconstruct the geometrical construction, to understand the 

editing of the main dimensions. 
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SCHEMA OF RESEARCH METHODOLOGY 

 

By the so called photo-scan or 3D photogrammetry survey, point clouds of the profiled stone elements 

of Zsámbék were created. This survey method was especially suitable for stone fragments and the generation 

of highly accurate sections. Surface models, vectorized from point clouds, were suitable for taking sections of 

often incomplete, fragmented objects at any location and density. The superposition of these fragmented 

sections resulted the most accurate and complete profile drawings possible. This method can be considered 

as new, in the case of surveying historical stone fragments. 

 

FLOW CHART WITH THE STEPS OF THE 3D SURVEY OF THE STONE FRAGMENTS 

Spatial survey and sectioning mean a significant improvement over the previous techniques, because 

by its application, the recorded sections (profile) can actually be exactly perpendicular to the longitudinal axis 

of the stone. Thus it can be drawn without distortion, which is hardly possible with manual survey technics. 

Since the definition of the longitudinal axis is a key issue in sectioning, stone elements with straight and curved 

longitudinal axis had to be distinguished. The former had to be sectioned at a specified density by parallel 

displacement, while the latter, by rotating the section plane. 

 

 

FLOW CHART WITH THE STEPS OF THE 3D SECTIONING OF THE POINT CLOUDS OF THE STONE FRAGMENTS 
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The question may arise wether this high accuracy of the survey is even necassary, since the carving 

and surface deterioration of the stones, compared to the original profile geometry, mean serious factors of 

inaccuracy. In the case of spatial mapping and sectioning, the maximum accuracy must be achieved, because 

it is important to filter out the inaccuracy of the stones themselves, in a controlled way in the final phase of 

the analysis. 

After that, the sections were generated, the dimensions were analyzed. By the arithmetic mean of the 

parallel dimensions of stones with the same profile type, it was possible to draw the ’ideal’ profiles, that are 

technically closest to the templates bearing the original design concept. The geometric analysis and the 

hypothesis of construction of these ’ideal’ profiles, were performed by the principles and methods learned 

from the medieval sources. During the analysis, relations between the dimensions of the profiles and the wall 

thickness were investigated, and arithmetic proportions of mouldings were investigated. For more reliable 

results, the hypothesis about arithmetic ratios and those about geometric constructions concerning the same 

profile parts, were applied paralelly and compared, in order to check their relevance. 

 

PRIMARY RESULT OF THE RESEARCH 

During the doctoral research, a new catalog of the stone collection of the church of Zsámbék, counting 

more than 300 objects, was worked out. The new catalog contains the numbering system of the previous 

catalogs created by Tamás Guzsik and Ilona Kremnicsán (1987), and Lajos Bozóki (2015). The catalog 

includes a description of the condition of the stone frangments, their photo, and in cases they were created, 

images of the 3D point cloud and sections. In the frames of the doctoral research, 3D photogrammetry point 

clouds were produced of 125 stones. Such aspects of the selection were considered as the architectonic 

feature of the stone elements (elements with exact and invariant profiles along their longitudinal section) and 

their condition (degree of fragmentation). Point clouds were repeatedly sectioned along their length, which 

were projected together, for the most accurate and complete (e.g. elimination of locally chipped parts) profile 

drawings possible. As a result, the identification of some entirely fragmentary, or subsequently cut stones 

became possible, that only could be speculated so far. By the survey, 20 different profiles could be 

distinguished, not counting the unique and totally isolated examples. The detailed geometric analysis based 

on the theoretical background was finally performed on 7 different profiles based on the sections of 54 stone 

elements. For the selecting of the 7 profiles, two main aspects were considered. The first one was the fact 

that by the source analysis, coherent design methods could be summarised for 3 profile types: vault nerves, 

mullions and window frames. The other aspect was to select profiles with a representative number of stones 

in the stone collection for exact profile survey drawings. 
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THESIS POINTS 

1. ISTVÁN MÖLLER’S RESEARCH ABOUT THE GEOMETRICAL CONSTRUCTION OF PROFILES [13] [14] 

Based on István Möller’s remaining drawings on medieval profile construction, it can be deduced, that 

for the reconstruction of the design of medieval profiles, he assumed three main geometrical constructional 

methods, which can be called as methods with ’figure net’, ’projecting lines’ and ’division’. His hypothesis 

regarding these methods is valid, but his highly complex constructional procedures cannot be proved. 

It is a less known part of István Möller's oeuvre, that besides his works in architecture, monument 

protection and building archeology, he also carried out a detailed theoretical research on medieval design 

methods, especially focusing on profiles. In the Plan Collection and Archives of the Department of History of 

Architecture and Monument Preservatoin of BME, approximately 380 documents related to István Möller were 

found. The documents are in connection with a part of Möller’s legacy in the Archives of the Hungarian 

Museum of Architecture and Documentation Center of Monument Preservation. Möller dealt with the theory 

of medieval design, and the detailed analysis of the profiles of St. Michael's Cathedral in Alba Iulia, and the 

Franciscan Monastery in Cluj-Napoca in 1913, 1916 and 1928. The documents include systematically worked 

out manual survey drawings of the profiles, cardboard templates for checking the measurements, permanently 

fitted contours (by reconstructing the center of curves), and the construction hypotheses. The reasearch of 

profile design requires accurate surveys, and Möller achieved the most accurate survey possible, compared 

to the technical conditions of the era. His work was based on the study of medieval sources that were already 

available at his time. According to his drawings, I identified three main geometrical constructional methods in 

his hypotheses: the method with nets of various figures (mainly regular triangle and square), the method with 

projecting lines (45 °, 30 ° or 60 °-projection, circular projections) and the method of section division 

(searching for arithmetic ratios). Möller tried these methods individually or combined to identify the design of 

profiles. His hypothesis regarding these methods is considered logical and still valid today. The current 

doctoral research essentially shares the intentions of Möller’s research, regardless the survey tools and the 

broader amount of medieval sources as theoretical background. Möller's approach is still undoubtedly correct 

in the light of the past 100 years of historiography, however, his hypotheses were extremely complex to accept 

them without reservation, as they assumed consistent construction for all details of the profiles, that cannot 

be justified according to the results of current research. 

1.     2.    3.  

ISTVÁN MÖLLER’S DRAWINGS OF PROFILE CONSTRUCTIONS, 1916. EXAMPLE OF THE CONSTRUCTION METHOD WITH 

1. FIGURE NET, 2. PROJECTING LINES, AND 3. DIVISION. (SOURCE: PLAN COLLECTION AND ARCHIVES OF THE DEPARTMENT 

OF HISTORY OF ARCHITECTURE AND MONUMENT PRESERVATOIN OF BUTE, REF. NO. 102659, 102752, 102680) 
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2. PROFILE SURVEY METHODOLOGY [2] [3] [5] [8] [9] [14] 

In the course of the research, a complex section-generating method was developped, based on 3D 

survey technology, which resulted in more precise profile drawings than with any previously applied survey 

methods, due to the spatial definition of section planes, and the intersection of locally incomplete cross-

sections of fragmented stone elements. 

The spatial object reconstruction techniques spreading in the last decades of the 20th century and the 

2000s, and computer-aided 3D processing mean a significant development in the profile survey of historical 

carved stone fragments. The sections of the surveyed stones of Zsámbék was generated in virtual space by 

softwares, in order to accurately draw their profile. For precise, distortion-free profile drawings, the section 

plane is necessary to be exactly perpendicular to the longitudinal axis of the stone element. Measurements 

revealed, that in most of the cases, especially of elements with curved longitudinal axis, the joints of the stones 

are not exactly perpendicular to the longitudinal axis, and their deviation is so great that the sections cut by 

planes stretched on the joint surfaces became distorted and not overlapping. Thus, the joint surfaces could 

not be reliably applied as section planes. In order to determine the correct section planes, first the longitudinal 

axis of the stones had to be defined. 3D data processing computer softwares are usually suitable for 

generating vectors and planes stretched to the geometry of the surveyed virtual object. In the case of the 

stones, first two planes parallel to the longitudinal axis were to be produced. For this purpose, some intact 

surface could usually be found on the sides of the stones. The planes can be generated by picking multiple 

points on the surface of the surveyed object. A vector can be fitted to the intersection of the two planes, so it 

is parallel to the longitudinal axis of the stone. Finally, a plane perpendicular to this vector has to be defined, 

to exactly generate the sections. The process was equally successful for stone elements that were highly 

fragmented and remained only small original surface. In the case of curved elements (e.g. vault nerves), the 

section plane had to be determined perpendicularly to the curvature. The sections were cut with a density of 

10 mm for stone of straight longitudinal axis, with a density of 0.4 ° for stones with curved longitudinal axis, 

along the entire length of the stones. By the superpositions of the sections, the original lines missing from the 

fragmentary parts could be supplemented. By this method, the original function, or profile of some hitherto 

unidentified stones could be figured out. 

     

SCHEMA OF THE SPATIAL SECTIONING OF A 3D PHOTOGRAMMETRY MESH MODEL 
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3.1. GEOMETRICAL CONSTRUCTION METHODS OF PROFILES – DESIGN OF ENCLOSING 

DIMENSIONS [2] [15] 

According to the analysis of medieval drawn and written sources, for the design of main dimensions, 

the enclosing dimensions of profiles, much more general and consequently applied methods existed, than for 

the design of mouldings. Enclosing dimensions were determined related to the wall thickness (or the thickness 

of the relevant load bearing structure), thus indirectly they depended on the geometry of the whole building. 

This means, that in the desing of enclosing dimensions, structural and technical aspects were considered. 

The design was based on a square with its side-length equal to the wall thickness. The enclosing dimensions 

of the profiles were constructed from this base square, by three different methods or their combination: 

1. trisection of the square side (wall thickness), 

2. rotation of the base square (two base squares of the same size rotated on each other by 45°) and 

3. the halving of the base square (by connecting the midpoints of the base square sides, inscribing a 

diagonal square with half the area of the base square). 

According to the German sources of profile construction from mainly the 15-16th century, the major 
sizes, and enclosing dimensions of profiles were determined from geometrical formulae driven from the wall 
thickness. This is of high significance, because the wall thickness was driven from other, larger dimensions 
of the building, e.g. the span. Lorenz Lechler in his Unterweisung (1516) for instance, suggested the wall 
thickness to be a tenth of the span. The enclosing, or major dimensions of the profiles thus indirectly depended 
on the geometry of the whole building. According to the late Gothic sources, three types of constructional 
systems driven from a base square with sides equal to the wall thickness were used: the first was to trisect 
the base square side, the second was to diagonally rotate the base square, and the third was to insribe a half-
area-sized, rotated sqare in the base square. These systems could be combined as well. It is by all means 
possible, that other systems, not indicated in the sources, also were applied. According to late Gothic German 
sources, the ratio of the enclosing dimensions tend to be 1: 2, which is more often typically the natural 
consequence of the square-based system. Such consequent geometrical systems tend to be much less 
frequent for moulding design. This is in accordance with the different aspects, that had to be considered by 
the design of mouldings and the one of enclosing dimensions. The structural performance of architectonic 
stone elements largely depended on their correctly defined range enclosing dimensions. On the one hand, in 
extreme cases, undersized structures could collapse under loads, or they were too lightweight. On the other 
hand, the weight and pressure of oversized stones could also cause problems in the balance of the building. 
Thus, technical aspects played a crucial role in the design of the enclosing dimensions. 

1.   2.   3.  

THREE MAIN TYPES OF GEOMETRICAL SYSTEMS BASED ON THE SQUARE WITH SIDE LENGTH EQUAL TO THE WALL THICKNESS: 

1. TRICESTION OF THE SQUARE SIDE (WALL THICKNESS), 2. DIAGONAL ROTATION OF A BASE SQUARE, AND 3. HALVING OF THE 

A BASE SQUARE. (SOURCE: LORENZ LECHLER’S UNTERWEISUNG, 1516; VIENNA COLLECTION, REF. NO. 16.963; 17.090, 

15TH CENTURY) 
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3.2. GEOMETRICAL CONSTRUCTION METHODS OF PROFILES – DESIGN OF MOULDINGS [2] [15] 

It was probable by the analysis of the late Gothic sources referring to profile construction, and it became 

more certain, during the case study of the stones of Zsámbék, opposed to the major dimensions of profiles, 

the design of mouldings and minor dimensions consequent geometric systems can not be detected. Often, 

the constructions of mouldings could not be entirely reconstructed by the redrawing of sources, and in the 

cases when the reconstructions was successful, the methods were of considerable diversity. Master masons 

had more freedom in the design of mouldings, when aesthetical aspects, and more intuitive geometrical 

procedures more could be applied. 

As Lorenz Lechler, 15th-century master mason of Esslingen, pointed out in his Unterweisung (1516), 

architects were free to design moulding shapes. Redrawing medieval sources, it was also noticeable that the 

geometrical constructions of mouldings could not be fully reconstructed. The design methods of moudligns 

could not be entirely unfold at the profiles of the stones of Zsámbék with convincing accuracy either. Several 

hypotheses could be set up for their geometrical construction, but all of these were inaccurate in some detail, 

and none of them gave solution for all the mouldings of a profile. For both the analysis of the sources and the 

case study, some hypothesis unfolded some mouldings, but did not work for others. Some mouldings fitted 

into geometrical systems based on the square, with side length equal to the wall thickness. For others, 

different geometrical constructions worked better, such as driftings based on a pentagon or 30-60°-system. 

It also can be imagined, that master masons may have drawn some mouldings by freehand. In moulding 

design procedures, the basic figures are not necessarily related to the wall thickness. In the choice of the 

base figure (triangle, square, pentagon, heptagon, etc.), their symbolic meanings could play a major role. 

According to the geometrical analysis of the 15th-century vault rib, window frame and mullion profiles of the 

church of Zsámbék, it seems that pentagonal and 30-60°-systems were also applied in the Pauline period. 

Pentagonal and 30-60°-procedures can also be found in Hans Hammer’s 15th-century sketchbook. 

 

1.   2.   

1. GEOMETRICAL CONSTRUCTION OF PROFILES AND MOULDINGS IN THE DRAWING OF THE VIENNA COLLECTION WITH REF. 

NO. 16.992 (15TH CENTURY), 2. HYPOTHESIS OF THE GEOMETRICAL CONSTRUCTION OF THE MOULDINGS OF THE PROFILE OF 

THE 13TH-CENTURY NAVE RIB OF THE CHRUCH OF ZSÁMBÉK   
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4.1. DESIGN OF THE PROFILES OF ZSÁMBÉK – DIMENSIONING OF THE 13TH-CENTURY VAULT 

NERVE PROFILES [1] [2] [11] [12] 

The geometric analysis of the profiles of the 13th-century vault nerves in the church of Zsámbék 

revealed that their enclosing dimensions were in close relation with the wall thickness of the space they 

covered. Thus, the application of the 15th-century, mainly German-based design methods, described in tesis 

point 3.1. and 3.2, could be detected in the 13th-century Premonstratensian period of the church of Zsámbék. 

This means that the design principles described or recorded in the 15th century were already applied as early 

as the 13th century. 

The 3D survey-based geometrical analysis of the stone fragments of Zsámbék, revealed that, with 
convincing accuracy, the width of the diagonal rib of the church nave is parallel to the section from the rotation 
of base square with sides equal to the wall thickness. The diagonal rib profile of the aisle also convincingly 
seemed to be given by rotating and trisectioning the square with sides equal to the wall thickness. In addition, 
this system also determined some of the mouldings (center of curves, inclined parts) of the profile. The width 
of the transversal double arch of the aisle, that could be surveyed in its original location in the church ruins, 
is essentially equal to the wall thickness, and a similar system with base square also defined several notable 
points within the profile. Thus, the design methods known the 15-16th-century sources were already applied 
in the 13th-century period of the church of Zsámbék. Furthermore, it can be concluded, that the late Gothic 
design procedures recorded in written and drawn sources tipically in German speaking areas, were most likely 
applied as early as in the 13th century in other parts of Europe as well. The geometrical analysis also revealed, 
that in the tas-de-charge type springers of the aisle vaults, the intersecting ribs and double arch fit into one 
square system, where the side of the base square is equal to the wall thickness. The plan of the aisle bays 
are square-shaped, so the diagonal ribs are rotated with 45°, easily fitting to the rotated base square. 

 

1.  2.  

1. GEOMETRICAL CONSTRUCTION OF THE 13TH-CENTURY ASLE DOUBLE ARCH AND RIB PROFILES OF THE CHURCH OF 

ZSÁMBÉK, WITH THE TRISECTION OF THE SQUARE OF SIDE EQUAL TO THE WALL THICKNESS, 2. SIMILAR GEOMETRICAL 

CONSTRUCTION OF RIB PROFILE FROM LORENZ LECHLER’S UNTERWEISUNG (1516)  
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4.2. DESIGN OF THE PROFILES OF ZSÁMBÉK – DISCREPANCIES BETWEEN THE 13TH-CENTURY NAVE AND 

AISLE VAULT NERVES [2] [11] [12] 

In the Premonstratensian period of the church of Zsámbék, significant dissimilarities of the nave and 

aisle vault nerves (double arc and rib) can be detected by the following two aspects: 

1. different logic of the structure of the nerve courses, 

2. different geometrical construction methods of the profiles of the nerves. 

The examination of the profiles of the four vault nerves (the double arch and rib of the nave, and the 

double arch and rib of the aisle) of the 13th-century Premonstratensian church of Zsámbék revealed, that the 

vault nerves of the nave and those of the aisles were designed by different logic. This was deduced by several 

phenomena. It is the most visible dissimilarity, that while the profile of the double arch and the rib in the aisle 

consist of the same mouldings, except that the double arch is a wider version of the rib with a huge additional 

circular mold, the profile of the double arch and the rib were designed with totally different composition of 

mouldings. Furthermore, the aisle double arch courses consisted of multiple stone elements, while the aisle 

rib courses were carved from single blocs. In the nave, both frame elements, the double arch and the rib 

courses were produced from single stone blocs. Another important difference can be detected in the design. 

While the enclosing dimensions of the aisle nerve profiles have been proved to be designed (see thesis 4.1) 

by the trisection of the wall thickness, the nave nerve profiles were rather designed by the rotation of the 

sqare. Moreover, the mouldings of the aisle nerves, that were designed with visibly simple steps, also fit into 

the same geometrical system, determining the enclosing dimensions. This was not the case for the mouldings 

of the nave nerves. Those construction methods that successfully worked for the aisle, led to no result for the 

nave. This verifies, that the vault nerve profiles of the nave and the aisle were clearly designed with different 

logic. It does not necessarily mean a possible change of the lodge or the master mason, or different 

construction periods. This may also be related to such structural considerations that in the basilica-type 

building the nerves of the nave are in a different structural situation than those of the aisle also bearing for 

instance, the loads of the buttresses. 

 

1.      2.   

1. THE PROFILE OF THE DOUBLE ARCH AND RIB OF THE AISLE, AND 2. THE PROFILE OF THE DOUBLE ARCH AND RIB OF THE 

NAVE OF THE CHURCH OF ZSÁMBÉK  
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5. MEDIEVAL APPROACH OF INACCURACIES OF GEOMETRICAL CONSTRUCTIONS [2] [4] [6] [7] 

According to the analysis of late Gothic sources of profile design, it seems that, especially for irrational 

quotients, regular geometrical constructions and their approximating arithmetic proportions were not only 

dynamically combined during the design, but were considered equivalent. In medieval drawings, 

discrepancies often can be detected, that nowadys would be determined as inaccuracies, but were not 

necessarily regarded as errors in the Middle Ages. 

During the analysis of medieval drawings, it occured, that by the design of major dimensions in a 

square-based geometrical system fitted to the wall thickness, or by the design of mouldings, slight deviations 

(e.g. if a mold or circle center does not fit perfectly on a line) may have not meant inaccuracies for medieval 

master masons. The precise geometric conception may have been overwritten by randomly added circles, or 

lines “drawn aside” with a good sense of proportion, etc. Moreover, during the design, besides the ruler and 

compass constructions, intuitively given shapes could also be applied, thus inaccuracies did not hinder but 

helped the process. In theoretically symmetrical mullion profiles, for instance, the same mold from the two 

sides of the profile, could easily be constructed in different way: the construction of the center of the curve on 

one side could be clearly understandable, but the center of the same curve on the other side could be in a 

different position, as if it had been arbitrarily picked. (E.g. in folio 9 and 28 of Master WG's 16th-century 

Frankfurt Model Book.) Such inaccuracies are especially common in medieval sources. However, the 

precisely constructed parts prove that inaccuracies were not due to technical obstacles. The phenomenon 

can thus be explained by the designer’s intentions or by a different medieval approach to drawing accuracy 

comapred to our age. Medieval masters may have regarded differently the discrepancies, that nowadays we 

consider as errors or failures. For giving the relative proportions of the same pairs of profiles, the old (larger) 

and the young (smaller) mullion, two methods could be given. (See e.g. Lorenz Lechler’s Unterweisung, 

1516.) The first method contained the geometrical construction insribing rotated, half-area squares in each 

other. By the features of this construction, the ratio of the old and young mullion would be √2:1. The master 

mason would not neseccarily be aware of the application of the irrational quotient. The other method provided 

the proportion of the same two profiles by the numerical ratio of 7:5. Thus, for medieval masters the arithmetic 

ratio seems to have been an alternative solution to the geometrical construction. For our present mathematical 

conception, these two procedures are not equal. The quotient from the first method is exactly √2 (1.4142), 

while from the second method, it is 1.4. The idea of irrational numbers was invented by the ancient 

Pythagoreans, but in the Middle Ages the theoretical knowledge of Antiquity, and the “practical” or 

“constructive” geometry of masters, were strongly separated. The approach therefore can be assumed as 

general, that what we consider regular construction and approximation, medieval masters regarded 

equivalent. 

1.          2.  

TWO DESIGN METHODS FOR THE PROPORTIONS OF THE SAME PAIR OF PROFILES FROM LECHLER’S UNTERWEISUNG (1516): 

1. REGULAR GEOMETRICAL CONSTRUCTION, AND 2. APPROACHING ARITHMETICAL RATIO  
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6. TRIANGULATION AND QUADRATIC METHOD [4] [6] [10] [14] [15] 

The overview of Hungarian and international historiography of medieval design methods, and the 

analysis of medieval sources, justified that the generally accepted approach in Hungary could reasonalby be 

reviewed, namely the consideration of only two main constructional methods in medieval architecture, the 

triangulation and quadratic method. The topic can by no means be described by the duality of these two 

concepts. By the doctoral research, the application of a wider range of regular polygons, e.g. pentagons or 

hexagons, was revealed, as well as the fact, that these were not used as abstract geometric nets, but derived 

from structural dimensions and other technical parameters. Various geometrical systems may have been 

applied dynamically even within one building. 

It is generally accepted in Hungary about the design methods of medieval architecture, that two main 

types of geometrical construction methods existed, triangulation and quadratic method. This theory originates 

from the early period of the research of the subject, from the second half of the 19th century, based on two 

terms written in the Annnales of Milan Cathedral (1390s) – ad quadratum and ad triangulum –referring to the 

height of the nave. The international approach of the duality of triangle- and square-based constructions 

significantly changed over one and a half century of research. According to the overview of medieval sources 

and the results of doctoral research, it is reasonable to reconsider the exclusivity of this pair of concepts. 

Several results revealed, that other figures were also applied besides the square and the regular triangle. 

Their symbolic meanings must have played a major role in the choice of polygons (regular triangle, square, 

pentagon, heptagon, etc.). Published researches and medieval sources all assume, that the level of the role 

of the square, triangle, and other shapes played in the whole design, also could be reasonably reviewed. In 

order to understand medieval constructions, the reconstruction of the steps drawn by rule and compass is 

insufficient, as above all the aspects behind the design and their expression in geometric procedures have to 

be understood. The construction methods should hardly be considered as abstract geometric nets covering 

all details of the plans or profiles, but rather different levels and phases of the design process can be 

distinguished, with different design considerations and, consequently, different geometrical constructions.  
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CONCLUSION AND FURTHER CONTINUATION OF RESEARCH 

In the course of the research, medieval written and graphic sources referring to profile design were 

analyzed, and seven profiles of the stone collection of the ruined church of Zámbék were examined as case 

study. One of the most important results of the research is the distinction of the phase of constructiong major, 

enclosing dimensions, and the phase of drawing the mouldings, within the design process. In the former, 

technical and structural aspects had to be considered, so more consequently applied methods existed, 

descending from master to apprentice. However, more subjective, aesthetic aspects played a greater role in 

the design of mouldings. Master masons could design them by his own goals and taste, as their shape played 

less crucial role in the load bearing system, than the main dimensions. The subsequent reconstruction of the 

design of mouldings is therefore more uncertain. Even if we have hypotheses, we cannot be sure which 

hypotheses, or even wether any of them would be authentic. Therefore, in the doctoral research, the 

investigation of design principles of enclosing and major dimensions were better emphasised. It can be rather 

important to understand how medieval architects transferred structural requirements to geometric formulas, 

than to speculate the simpler or more complex geometric steps for the intuitively designed mouldings. The 

latter rather meant unique solutions, which were thus probably the characteristics of certain masters or lodges. 

However, even because of their individiality and less consistent way of thinking in construction, the research 

of these specific methods and lodges based on them is highly uncertain. By researching the technical factors 

influencing the design, more can be learnt about masters’s way of thinking, while seeking the construction of 

mouldings has a higher chance of vagueness. 

The application of the method developed in the doctoral research in the course of other monuments, 

could represent a possible further continuation of the research. High-precision survey of other Hungarian or 

foreign stone collections and the analysis of their profiles could lead to new results and broader conclusions 

about our Gothic architectural heritage. 
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