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Abstract

Gothic architecture can be viewed from several perspectives, including stylistic aspects, architectural theory, and structural analysis.
As Gothic architecture is a skeletal construction, it is essential to achieve an equilibrium with the multiple loads and forces. Medieval
master masons' architectural knowledge was firmly based on empirical learning, which stimulated the dynamic development of
structural innovations.

This paper emphasises and describes a particular type of vault springer, one of the most complicated and sensitive parts of Gothic
construction. Known as tas-de-charge, it became especially characteristic of high Gothic architecture. According to its principle,
the springer's lower courses contain the merged vault nerves and are carved from one single stone block in each course. The beds of
these courses are not radial as those of the average voussoirs, but horizontal. Without the concept of tas-de-charge, the development of
late Gothic vaults could not be imaginable. This particular solution made possible the creation of elegantly narrow imposts supporting

the vaultribs, the double arch and the formerets. So far, tas-de-charge has not been a focus of interest in the historiography of Hungarian

medieval architecture; however, it appears that it was commonly applied in our late Romanesque and early Gothic monuments.
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1 Introduction
Gothic architecture is usually interpreted as a series of
structural and constructional innovations. Rib vaults with
pointed arches, the system of flying buttresses, and bar
traceries are the most well-known of these innovations, that
spread quickly from Ile-de-France to other parts of Europe
by the transfer of architectural and artistic knowledge.
In Hungary, early and high Gothic architecture was chiefly
based on the influence and import of foreign masters, but
besides them, the activity of local lodges was also consid-
erable. Hence, the main question in the study of Hungarian
medieval monuments is usually the relationship and influ-
ence of different lodges and masters. Admitting this ques-
tion’s importance, it is equally worth examining and under-
standing how the buildings, especially the details, were
designed. From the latter, a series of interesting inquiries
can be set up, such as how experienced the master mason
was in stereotomy and design, or whether he was aware of
the latest structural innovations, and if so, how he adapted
them to the local architectural situation.

These skills and creativity can be more efficiently com-
prehended by paying attention to specific architectural

details with rather challenging designs. Gothic structure
contains a series of such details, like vaults, flying but-
tresses, clerestory windows with traceries, and especially
the integration of all these elements, which demanded a high
standard of skills. Due to their complexity, these are the
structures that most commonly appeared in medieval archi-
tectural sources, from Villard de Honnecourt's sketchbook
(13" Century) to Lorenz Lechler's Unterweisung (1516)
(see, e.g. Branner, 1963; Holton, 2006).

The vault springer is one of these aspects with challeng-
ing design characteristics (Pérez de los Rios and Rabasa
Diaz, 2016; Fehér, 2017). Its geometry, stereotomy and
connection to the supports tend to be individual with each
Gothic construction. The way the springer was designed
and executed resulted from a series of important design
decisions, according to the master's level of expertise and
sense of creativity (Maira Vidal, 2017).

The current paper focuses on a special type of vault
springer, called fas-de-charge. Tas-de-charge can be con-
sidered one of the Gothic innovations that revolutionised the
construction of ribbed vaults (see Branner, 1963). In Gothic
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skeletal construction, where the charges are born not by
thick walls but narrow frames, the resultant thrusts' equi-
librium is a question of highly intelligent structural design.
Tas-de-charge made it possible to balance and reinforce one
of the most vulnerable and complicated parts of Gothic con-
struction: the vault springer. Despite its importance, it has
scarcely been a focus of interest in the Hungarian bibliogra-
phy of architectural history. This paper aims to emphasise
its significance by describing its indispensable role in the
development of Gothic construction. Another of the paper's
intentions is to highlight the earliest Hungarian examples of
the particular solution of tas-de-charge.

2 What is the tas-de-charge?

According to the principal of the tas-de-charge type vault
springer, or so-called vault springer en tas-de-charge,
the joints of its lower courses are horizontal instead of
radial (Fig. 1). It shares this principle with the corbel arches,
which is why Henri Deneux (1943) considered the ancient
Near Eastern corbel arches as early forms of tas-de-charge.
Besides the horizontal joints, the other feature of the tas-
de-charge in Gothic quadripartite vaults is that the trans-
versal double-arch, the diagonal ribs and the formerets are
merged at the lower part, where the courses are carved
from single stone blocks (A, B and C in Fig. 1). In the upper
courses, the nerves spring wider and wider, till they are
separated and carved typically from independent blocks
with radial joints, called voussoirs (D in Fig. 1).

Separately carved voussoirs
with radial joints. (D)

Highest course of the tas de
charge. The nerves are almost
separated, but the course is
still carved from a single stone
block. The top beds are
inclined. (C)

e g
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Lower course carved from one
single stone block. The nerves
are merged and the top bed is
horizontal. (B)

TAS DE CHARGE

Lowest course carved from
one single stone block. The
nerves are merged and the top
bed is horizontal. (A)

Abacus of the capital of the
impost

Fig. 1 Principles of the tas-de-charge (original drawing from Viollet-le-
Duc, 1854-1868 entry Construction / Voiites).

According to the international bibliography of medieval
architecture, there is a terminological confusion about the
definition of tas-de-charge. In one terminological system,
only the top course of the one-block elements (just below
the course of the separated voussoirs, where the lower bed
is horizontal, but the top beds are already inclined) is called
tas-de-charge (C in Fig. 1). In this terminological system,
the lower one-block courses (A and B in Fig. 1) are called
springers (e.g. see Shelby and Mark, 1979). In the other
nomenclature, fas-de-charge stands for the particular type
of vault shoulders with horizontal beds and merged nerves.
Thus, in other words, the whole shoulder section (A, B
and C in Fig. 1) is produced with tas-de-charge, or after
the original French terminology en tas-de-charge (e.g. see
Deneux, 1943; Melchior de Vogii¢é and Neufville, 1971).
The terminology becomes more confused with the term
springer because it can stand for the lower courses of the
tas-de-charge type shoulder, but more frequently the whole
vault shoulder is called springer in general, regardless of its
type. In this paper, the term tas-de-charge stands for the
specific type of shoulder with horizontal beds and merged
nerves, while the term springer is used for shoulders in gen-
eral. The inscriptions of Fig. 1 follow this nomenclature.

2.1 The development of tas-de-charge

The first appearance of the tas-de-charge in a medie-
val building is an inquiry still to investigate. According
to Robert Branner (1962; 1963), tas-de-charge was likely
first applied in the Cathedral of Chartres's nave vaults as
early as around 1205 (Branner, 1962). It shows the vague-
ness of this hypothesis that Branner himself cited Francis
Bond's earlier statement claiming that tas-de-charges had
already been employed in Glastonbury in about 1185-1190
(Bond, 1906; Branner, 1962; about early applications see
also Jansen, 1982). Branner also expressed the necessity of
the mason’s high standard stereotomic knowledge for the
execution of the tas-de-charge, where all the major geome-
try of the vaulting to the minor details, including the profile
templates, had to be designed beforehand. This was only
achievable with carefully measured plans and drawings
(Branner, 1963; Pérez de los Rios and Rabasa Diaz, 2016).
Tas-de-charge was a crucial structure in high Gothic rib
vaults that readily spread through Europe. Without tas-
de-charge, the evolution of lierne, tierceron, fan or multi-
curve vaults could not be imagined. In late Gothic vaults,
the development of the tas-de-charge tended to the total
intersection or crossing of nerves in the springer, which
resulted in such spectacular examples, like Benedict Ried's



Vladislav Hall in Prague, the Sacristy of the Cathedral of
Perpignan (Senent Dominguez et al., 2012), or the Church
of Saint Séverin in Paris (Rabasa-Diaz, 2018).

2.2 The structural role of the tas-de-charge in the
construction
The tas-de-charge was first described in detail by Eugeéne
Emmanuel Viollet-le-Duc (1854-1868) in his 'Rationale dic-
tionary of French architecture from XI™ to XVI" century'
at the entry 'Construction' and 'Tas de charge'. Besides its
proper definition, he interpreted the origins, genealogy and
structural advantages of this remarkable solution. He con-
sidered it especially useful when several arches arrived on
one pillar or column, with a significant vertical force from
above (Fig. 2 (a) and (c)). If the lowest springers of the sep-
arate arches had oblique beds, the upper vertical charge
could crush them sideways (Fig. 2 (a)). The individual forces
on the abacus cause lateral tension and cracks in the col-
umn capital. For this problem, two solutions can be imag-
ined. One is to increase the distance between the separate
arches so that the upper load does not load them signifi-
cantly. However, in this case, the imposts would require a
large surface for all the separate nerves needed to be placed
next to each other (Fig. 2 (b)). Viollet-le-Duc considered this
an early solution, mainly used in the 12 Century (Viollet-le-
Duc, 1854-1868 entry Construction / Voiites). The other way
to solve the problem is to approach the arches so that they are
merged in the lower unified stone layers (Fig. 2 (c)). In this
case, the lower and upper beds are better horizontal instead
of radial to resist the upper weights. Tas-de-charge follows
the principle of the latter solution (Viollet-le-Duc, 1854—
1868 entry Construction / Voiites and Tas de charge).
Tas-de-charge is structurally complicated because it is
a junction of multiple forces with various directions:
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Fig. 2 Positioning of multiple arches on an impost, vertically pushed

by the upper wall: a) schema with separated arches, b) vault springer

with separated ribs and double arch, ¢) schema with merged arches in

the tas-de-charge type springer (after drawings from Viollet-le-Duc,
1854-1868 entry Construction / Voiites).
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1. the outward thrust of the vault,
2. the counteracting thrust of the buttressing system and
3. the vertical weight of the wall from above (Fig. 3).

Tas-de-charge is a crucial point of the structure where
the equilibrium of all these forces must be achieved.
The position of the flying buttress is to balance vault
thrust and also redirect the upper wall weight resultant in
order to get the resultant inside the wall under the tas-de-
charge. For increasing the stability, the blocks of horizon-
tal joints are bound to the wall. The mass of the tas-de-
charge, formed by the merged transverse arch, diagonal
ribs, and formerets also can be reinforced by masonry fill
between the blocks and the wall. The solidity of the tas-
de-charge serve to stiffen the most vulnerable part of the
vault: it withstands and balances the counteracting thrust
from outside against the outward thrust of the vaults
(Stanley, 2006; see also Fitchen, 1955; Heyman, 1966).

Additionally, due to the tas-de-charge, where the
voussoirs start springing from a higher level, the arches
become lighter. (Viollet-le-Duc, 1854-1868, entry Tas de
charge). The voussoirs' weight could be further reduced
by using lighter stones, than the more load-bearing stone
of the tas-de-charge. By raising the springing point of
the voussoirs, the arches' span is also reduced. As Rocio
Maira Vidal (2017) found in Lincoln Cathedral and the
Monasteries of Santa Maria de Huerta and Las Huelgas de
Burgos, the top of the tas-de-charges is sometimes raised
over the mid-point of the intrados, which could result in an
up to one-meter reduction of the span.

3) Vertical weight of the
upper wall

1) Vault thrust

2) Counteraction of the
~ buttressing system

—

‘ Counteraction of the impost

Fig. 3 Schema of the forces at the tas-de-charge.
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Tas-de-charge made vaulting execution easier and
more economical. Rodrigo Gil de Hontafion (1500-1577),
the master mason of such important Cathedrals like the
one of Segovia or Salamanca described the steps of the
construction of lierne vaults in his treatise from between
1544-1554 (Kubler, 1944; Huerta, 2002; Huerta, 2012;
Pérez de los Rios and Rabasa Diaz, 2014). Despite that
this is a post-Gothic or so-called Early Modern Gothic
treatise (see Tain-Guzman et al., 2012), Hontafion's
description of the vault erection process is highly relevant
regarding early and high Gothic cross vaults as well. In
his illustrated (Fig. 4) text, Hontafién indicated that the
pillars and the tas-de-charge were the first to be built.
Then a platform was to be constructed, at the level of
the voussoirs' springing, at the top of the tas-de-charge.
On this platform, the plan of the lierne vault had to be
drawn to determine the position of the bosses of the lierne
vault. At the next phase, the stone bosses were lifted to
their proper height with wooden struts, and then the ribs
could be built on the centring (Huerta and Ruiz, 2006).
The process could be similar in early and high Gothic
cross vaults, where there were no bosses, but only one
keystone whose positioning was simpler.

As the voussoirs started to erect from a higher level,
above the tas-de-charge, a lesser surface of the arches
needed centring, resulting in more economical wood
consumption. This meant a significant reduction in the

Fig. 4 Rodrigo Gil de Hontafnon's drawing of vault construction with
tas-de-charge. The level of the tas-de-charge type springers is indicated
with a red dashed line (Huerta, 2012).

construction costs, especially when the tas-de-charge
was raised to the mid-height of the vault (Stanley, 2006).
The building of the tas-de-charge represented the first
phase of vault erection, separated from the stage of the
construction of the voussoirs. Not only the construction,
but even the design was better started with the tas-de-
charge. The geometry, positioning and method for joint-
ing the structural elements had to be decided before the
dimension and profile of the column shafts (for example,
the of the case at the choir of the Cathedral of Narbonne,
Freigang, 1989). Tas-de-charge could also act as a tempo-
rary support during the construction. In a basilica type
building, the nave and the aisles were rarely vaulted in
the same phase. As one of the experts invited to revise
the construction of Segovia Cathedral in the 16™ century,
Enrique Egas suggested to the builders, the aisle vaults
were to be built first (Huerta and Ruiz, 2006). After that
and before the finishing of the nave vaults with the flying
buttresses, temporary supports were needed to balance
the thrusts of the aisle vaults. At this point, the nave walls
were to be erected till the clerestory windows together
with the tas-de-charges, which provided enough down-
ward vertical weight to temporarily buttress the aisle
vaults (Huerta and Ruiz, 2006). The folio 31v of Villard
de Honnecourt's sketchbook from the 13th Century likely
shows the same stage of construction in the Cathedral
of Reims (Fig. 5). Villard's drawing represents the nave
wall's inner elevation under construction, with unfinished
vaults (Barnes, 2009). The drawing showed the stage
when the voussoirs were not yet built, but the tas-de-
charges were already placed.

2.3 The height of the tas-de-charge

The proper determination of the height of the tas-de-charge
was a crucial design decision. The right height influenced
the junction of the thrusts and loads. On the one hand, if the
tas-de-charge was lower than the ideal, the buttresses would
have born greater thrusts from the voussoirs, that were also
more likely to slide sideward, after Viollet-le-Duc's argu-
ment (Fig. 2 (a)). On the other hand, the higher the tas-de-
charge was, the heavier and larger the upper course blocks
became, significantly complicating their carving and lifting.
The correct height also depended on the geometry of the
pointed arches of the nerves. The higher tas-de-charge top
being ideal with the narrower proportioned pointed arches. It
also must be stated, that even if the arches were lighter, their
lateral force may have increased, since the higher the spring-
ing level was, and the smaller the slope of the supporting
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Fig. 5 Villard de Honnecourt's drawing of the inner elevation of the
nave in Reims Cathedral under construction. The parts with the already
built tas-de-charge type springers are indicated with red dashed lines
(Barnes, 2009).

force of the arch. In Villard de Honnecourt's and Rodrigo Gil
de Hontafiéon's drawing (Figs. 4 and 5), the tas-de-charge rise
approximately one-third of the vault. According to David J.
Stanley (2006), tas-de-charge could rise to half the height of
the intrados. Rocio Maira Vidal found similar results from
a survey of 59 sexpartite vaults in France, England, Spain,
Germany, Switzerland and Italy. In Lincoln Cathedral and
the Monasteries of Santa Maria de Huerta and Las Huelgas
de Burgos, she found from 0.8 to 3 meter-high tas-de-charges
of ca. seven to thirteen courses, rising even higher than the
mid-height of the total intrados (Maira Vidal, 2017). Pablo
Moreno Dopazo (2016) found similarly high tas-de-charges
in the crossing of the chapel of Archbishop Fonseca College
in Salamanca, produced by Rodrigo Gil de Hontafidon
between 1547-1549. These examples show that Gothic mas-
ter masons tended to raise the tas-de-charge to the middle of
the arches' total height.

2.4 Connection of the buttressing system and the tas-de-
charge

As mentioned above, the massive of the tas-de-charge
where the blocks were bound to the wall represented a junc-
tion area of multiple thrusts and weights to be balanced by
the counteraction of the buttressing system (Fig. 3). This
means that, in theory, the tas-de-charge and the buttressing
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system should be in direct connection. This was the case
in several Gothic cathedrals, but in some other cases, mas-
ters failed to realise this structural coincidence. Medieval
master masons' constructional knowledge was strongly
practical and experimental. They learnt from their own
or other masters' failures (see Mark and Clark, 1984).
Flying buttresses answered an important architectural
demand, namely the vault's support while unblocking
the lighting through the clerestory windows. However,
it was soon experienced that, in high Gothic cathedrals,
support was needed at more than one point, to support
the wall and roof above the vault against the significant
wind load (Borg and Mark, 1973). The buttressing system
became more complicated by an additional flyer, where
the lower flyer provided support against the vault thrust,
and the upper one resisted the wind effect (Fitchen, 1955;
Heyman, 1967). In this system, the exact position of the
lower flyer was not irrelevant at all. According to Jacques
Heyman (1966), for the most efficient support, 'ideally, the
head of the [lower; the author]| flying buttress should lie
about halfway between the springing and the crown of
the vault'. As was mentioned in Subsection 2.3, the height
of the tas-de-charge tended to rise up to the mid-point of
the vault intrados, just as in Heyman's statement about the
ideal height of the lower buttress flyer. In other words, in a
correctly designed Gothic skeletal system, the level of the
lower flyer head from outside should be right at the level
of the top course of the tas-de-charge from inside (Fig. 6).
Their direct connection is adequate from the aspect of the
balance of the forces: the arch of the flyer supports the
upper tas-de-charge stone, which is pushed laterally by the
maximum thrust from the voussoirs (Fig. 3). For the struc-
ture's equilibrium, the wall’s downward vertical weight
also played an indispensable role (Deneux, 1943).

Henri Deneux (1943) found this system of direct con-
nection between the lower flyer head and the top stone of

% Upper nave wall

Masonry or
pebble fill

Tas de charge

Fig. 6 Schema of the proper connection of the tas-de-charge and the
flying buttress (after Fitchen, 1955).
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the tas-de-charge in the choir (c. 1220) and nave (c. 1240)
of the Cathedral of Reims, in the choir of the Cathedral
of Amiens (c. 1260), in the Cathedral of Beauvais
(after 1225) (Fig. 7), and later examples, like the Church
of Moret (early 13" Century), the choir of the Church of
Conty and Saint-Riquier (15th Century), and the nave of
Saint Ouen in Rouen (15th Century) (Deneux, 1943; for
Beauvais see also Heyman, 1967). Deneux (1943) also
identified, that the same logic was used in the lower chapel
of Sainte-Chapelle in Paris, where the central vaults were
supported exactly at the top of the tas-de-charge by struts
in the aisles (Fig. 7 (e)). However, he found that the system
was not applied in the nave of the Cathedral of Amiens and
Chartres, where the flyer heads correspond to the level right
above the capitals (Dencux, 1943). Quite a large variety of
positions of the lower flyer head can be observed in early
and high Gothic cathedrals compared to the top of the tas-
de-charge (Borg and Mark, 1973). The Cathedral of Reims
was one of the earliest examples where the direct con-
nection of the tas-de-charge and the lower flyer head was
knowingly realised both in the nave and the choir (Fig. 7 (a)
and (b); Deneux, 1943; Mark and Clark, 1984). In this
sense, it is worth mentioning the drawing of the cross-sec-
tion of the choir of Reims Cathedral on the folio 32v of
Villard de Honnecourt's sketchbook (Fig. 8; Barnes, 2009),
that contains some differences compared to the actual
building. Among these, the lower flyer was drawn as high
as the capital of the impost, or even a bit lower, while in
the actual building it corresponds to the top course of
the tas-de-charge (Clark, 2004). The mistake was real-
ised and commented by Robert Branner (1963) and later
by Carl F. Barnes (1989). Barnes (1989) considered this

Fig. 8 Cross sections showing the flying buttresses and the tas-de-
charge of the choir of Reims Cathedral: a) Villard de Honnecourt's
drawing (Barnes, 2009), b) drawing from Deneux, 1943.

mistake as proof of Villard de Honnecourt not being an
architect, claiming that a master mason would have under-
stood the system of levels of the flyers and the clerestory
window. Indeed, the drawing reveals that Villard really
missed the importance of the direct relation of the tas-de-
charge and the flying buttress. Sharing Barnes's argument,
an architect would have understood, or at least noticed and
correctly drawn this crucial relation of structural elements.

The link between the upper course of the tas-de-
charge can also be direct with buttress piers, as was
convincingly indicated in the Unterweisung (1516) of

Fig. 7 Cross section of a) the choir of the Cathedral of Reims, b) the nave of the Cathedral of Reims, c) the choir of the Cathedral of Amiens,
d) the choir of the Cathedral of Beauvais, e) and the lower chapel of Saint Chapelle (drawings from Deneux, 1943).



Lorenz Lechler, the late Gothic master mason from Baden-
Wiirttemberg (Fig. 9; Shelby and Mark, 1979). Lechler's
text is sometimes challenging to understand, but the
interpretation of Lon R. Shelby and Robert Mark (1979)
seems to be reliable. According to them, Lechler cor-
rectly understood that the buttress's most load-bearing
point had to be as high as the top tas-de-charge course.
Lechler suggested the design as the following: 'Make
ein Richtung and set it behind the tas-de-charge which
stands on the springer [in this text the term tas-de-charge
stands for the top course, and the term springer means the
lower courses; the author]. You should let the Richtung go
out as far as the length of the buttress so that the buttress
becomes a square' (translated by Shelby and Mark, 1979).
Shelby and Mark (1979) interpreted the term Richtung as
the stone course, that extended through the buttress thick-
ness, from the top tas-de-charge course to the outer ele-
vation (Fig. 9). Thus, thanks to its form, with its horizon-
tal lower bed and its inclined upper beds, the top course
transformed the vault thrust to the stones of the Richtung.
The Richtung could resist the thrust with its thickness
and by the weight of the buttress from above.

2.5 Design and execution of the tas-de-charge

The tas-de-charge geometry is rather complicated, as the
transversal arch, ribs and formerets with different radii
and sometimes profiles have to be spatially merged or
intersected while they are continually springing in each
course. Additionally, the horizontal joints distort the pro-
files. The carving of the average voussoirs was simple
by using one single template for their cross-section. This
standard template was used naturally for the voussoirs'
radial joints, at a right angle to their curvature. The carv-
ing and design of the tas-de-charge courses demanded
more advanced stereotomic knowledge because, in theory,
the profiles become distorted in the horizontal joints.

Upper nave wall

Top course of the

S :|J Richtung
Fig. 9 Schema of the proper connection of the tas-de-charge and the
buttress (after Shelby and Mark, 1979).

tas de charge

Tas de charge
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Many scholars have been interested in the design and
execution of tas-de-charge courses. According to Robert
Willis (1842), who investigated several tas-de-charge ele-
ments in the ruined crossing tower of Canterbury Cathedral,
the blocks' geometrical construction was worked out on
the stone surface itself. Willis stated that first all the axes
of the merging nerves were traced on the upper and lower
beds of each stone course. The standard templates without
any distortion were then traced on the stone, one after the
other, successively hiding some mouldings from the former.
Willis argued that the master mason only had to measure
the displacement of the intrados on each bed, and then he
could use the standard templates without any elongation.
He claimed that the difference of the length of the profiles
cut horizontally and radially was so small, and the vault
springers were far enough from the observer, that it could
not be noticed (Willis, 1842). Opposed to Willis, Viollet-
le-Duc (1854—1868 entry Construction) declared, that the
templates were stretched in the horizontal joints. The ques-
tion was later investigated by Nicholas Webb, Alexandrina
Buchanan and John Robert Peterson (2016) at the tas-de-
charges of the Chapter House at Chester Cathedral, the south
nave arcade in Exeter Cathedral, and the choir aisle of Wells
Cathedral. The scholars intended to verify the correctness
of Willis's statement about the non-distorted profiles. Their
measurements based on laser scanning found no significant
adjustment in the horizontal sections (Webb et al., 2016;
Webb and Buchanan, 2017). However, Rocio Maira Vidal's
study of 59 examples with sexpartite vaults ended with
the opposite result. She deduced that individually elon-
gated templates were created for each bed in the tas-de-
charge (Maira Vidal, 2017). Luc Mojon (1986) identified a
slightly different process in the midway. He found that the
standard templates were used without adjustment until a
certain height, till the difference of the regular and elon-
gated profiles was impossible to notice. Above that level,
where the difference became visible, profiles were stretched.
Carmen Pérez de los Rios and Enrique Rabasa Diaz (2016)
deduced similar results by the detailed investigation of the
tas-de-charges of the Theology Room in The Palace of the
Popes of Avignon. Essentially, they shared Maira Vidal's
opinion that each bed had its own individually stretched tem-
plate. However, they found that profiles were not elongated
in the lower beds, but above a certain level, they could mea-
sure up to six cm of difference between the regular and the
distorted profiles (Pérez de los Rios and Rabasa Diaz, 2016).

It seems that in the Middle Ages, all the solutions
existed. Certain master masons used the average templates
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without distortion, others created stretched templates for
each bed, or they applied these design methods dynami-
cally according to the size and height of the tas-de-charge.
This problematic of profile adjustment was a focus of
interest of the authors of Early Modern treatises. In the
17" Century, Joseph Gelabert described and illustrated
the cutting of stretched templates for each course of the
tas-de-charge (Pérez de los Rios and Rabasa Diaz, 2014).
Rodrigo Gil de Hontafion and Alonso de Vandelvira also
wrote about the proper geometrical transformation of
rib profiles (Pérez de los Rios and Rabasa Diaz, 2014).
Amadée-Francois Frézier, in the 18" Century, explained
the tracing of the profiles in the horizontal courses, where
some of the mouldings are hidden by the others, as the
arches are merged. Thus, the transformation of stretched
profiles was a commonly referred and illustrated geomet-
rical operation in Early Modern treatises in the 16-18"
Century (Pérez de los Rios and Rabasa Diaz, 2014); how-
ever, there is no evidence that any of these operations
would have been applied during the Middle Ages. Indeed,
the operation of medieval masters somewhat lacked these
theory-based geometrical methods, which were clearly
popular in the Early Modern treatises.

On the contrary, the medieval masters' geometry
was much more practical. As Willis (1842) suggested,
and Webb et al. (2016) confirmed, medieval architects could
basically use standard templates, and if corrections were
needed, they could easily play with carving, according to
the particular situation. This is why we can find interest-
ingly various and individual solutions for the same design
problem (e.g. the vault springer) even within the same
building (see Webb et al., 2016). Opposed to this approach,
the authors of Early Modern or post-Gothic treatises regarded
Gothic design problems as theoretical questions. For writ-
ers such as Frézier, Hontafién, Gelabert or Vandelvira,
the stretching of the templates for the tas-de-charge joints
meant proper, theory-based geometrical transformations.
As Willis (1842) summarised, this abstract, theory-based
approach was the idea, that essentially distinguished Gothic
architectural design from Modern and neo-Gothic.

3 Early Hungarian examples

In the Hungarian historiography, the topic of tas-de-charge,
or the early and high Gothic vault springers has not yet been
researched. However, it seems that early forms of tas-de-
charge had already been applied in Hungary as early as our
first Gothic monuments. The Palatine Chapel of Esztergom
is considered the first appearance of Gothic architecture

in Hungary (Marosi, 1984). In the last decades of the 12
Century, by order of Béla III, the construction of the Palatine
Chapel of Esztergom was indeed carried out by a workshop
coming directly from Northern France (Marosi, 1984).
In the nave, the vault springers were not created with tas-
de-charge, but in the apse, the idea of tas-de-charge was
visibly applied (Fig. 10). Here, the springers are in a partic-
ular situation, as the vault ribs of the polygonal apse rest on
double columns drawn in front of the wall. The nerves of
the rib and the formerets are intersected in the first couple
of courses, enabling the columns to be very elegantly nar-
row. The formerets of the polygonal apse are formed by so
tall and narrow pointed arches, that their curvature at the
springing point begins not immediately above the impost,
but from the top of a vertical section of two stone courses.
Above the springing point, in the third course, the arches
start to spring, but the nerves are still merged, and the top
joint is horizontal (Fig. 11).

Two decades after the Palatine Chapel of Esztergom, the
rebuilding of the Benedictine Archabbey of Pannonhalma
also resulted in an important Gothic construction in
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Fig. 10 Detail of Dezs6 Varnai's drawing of the Palatine Chapel of
Esztergom (Varnai, 1974).

Fig. 11 Detail of the apse vault of the Palatine Chapel of Esztergom

after Kalman Lux's reconstruction (Nagy, 2018).



Hungary. The works began around 1210 and finished by
the consecration in 1224 (Takacs, 1996). According to
Imre Takéacs’s latest periodisation, several groups of mas-
ters were hired and fired one after the other, during the
construction (Takacs, 1996). According to Takacs (1996),
the first lodge finished the crypt, the main sanctuary, and
the southern aisle's first eastern bay. They indeed had a
plan for the nave vaults, as they started to construct its first
stones. For unknown reasons, they could not continue their
work, and later another lodge finished the nave vaults by
a different concept. The first lodge knew and applied tas-
de-charge type vault springers. They applied it in the rib
vaults of the crypt, where the lower course joints are not
consequently horizontal at each springer, but the nerves
are all merged. This solution is perfectly adequate in the
crypt-hall, where four double arches and four transversal
ribs spring from the top of the central columns. Placing
all these eight arches side by side would have required an
unreasonably large surface on the top of the capitals. This
lodge would also have applied tas-de-charge in the nave
vaulting if they could have finalised it according to their
concept. This is clear from two springer stones in the nave's
eastern corners on both sides, right in front of the trium-
phal arch. The stones were built in by the first lodge but
modified by a later lodge, who were also responsible for the
nave vaults. According to Marton Sarkadi's survey draw-
ing in Fig. 12, on the northern side of the nave wall, these
stone courses had a horizontal bed, and the rib was merged

Fig. 12 Detail of Marton Sarkadi's drawing of the northern nave wall
of the Archabbey of Pannonhalma showing the springer elements built
by the first lodge, and modified by the later lodge finishing the nave
vaults (Takécs, 1996).
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with the western layer of the transversal arch in one single
block (Fig. 12). The lodge, who finished the nave vaults
followed another concept. In their sexpartite vaults, all the
nerves sprang from different levels (Takacs, 1996).

The third, rather early example of tas-de-charge in
Hungary can be found in the Premonstratensian Church of
Zsambék. It was built in the first half of the 13* Century
and shared late Romanesque and early Gothic characteris-
tics. The Church of Zsambék can be considered as the earli-
est known and still (partially) standing example, where tas-
de-charge with its all principles were constructed, both the
nave and the aisles (Fig. 13). In the ruined church, it is not by
accident that the vaults usually remained till the top of the
tas-de-charges (not counting the reconstructed elements), as
they were one of the most massive parts of the construction.

As the number of the original remaining early Gothic
monuments in Hungary is quite limited, it is difficult to
determine the first application and early development of
tas-de-charge in Hungary. As it was highly effective in
halls, like the crypt of Pannonhalma, where several large
nerves had to be placed on one central impost, tas-de-
charge was a possibly used solution even in this early
period. The knight hall of the Castle of Léka is a repre-
sentative example for early tas-de-charge, merging simple
arches without mouldings (Fig. 14).

4 Conclusion

The tas-de-charge was a particular type of springer in
early and high Gothic ribbed vaults. It played an indis-
pensable role in balancing the vault thrusts, while allowing

Fig. 13 Tas-de-charge type vault springer in the nave of the Church of
Zsambék.
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Fig. 14 Tas-de-charge type vault springers in the knight hall of the
Castle of Léka (Plan Collection and Archives of BME Department of
History of Architecture and Monument Preservation, ref. no. 800828).

the design of narrow, but still strongly load-bearing struc-
tures. The application of tas-de-charge manifests a high
standard of stereotomic knowledge and the Gothic build-
ers' structural sense. It testifies, that master masons were
aware of the overall behaviour of the whole structural sys-
tem and designed the smallest of details, even individual
stone elements in regard to the equilibrium and propor-
tions of the building. This was especially the case when
the direct connection of the buttressing system and the
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