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Abstract: Karbandi, crossed-arch domes or ribbed domes are strategies used to cover large span
spaces that depart from a set of arches that are secant to the tracing base circumference, and are
rotated several times along the vertical central axis. The number of divisions, rotations, juxtaposi-
tion, and the relations with the space layout establish symmetrical relations or define symmetrical
modules. In this paper, a comparison between East and West traditions is made, highlighting the
similarity of early examples and the increasing complexity, sophistication, and levels of systemati-
zation of the Eastern tradition.

Keywords: Karbandi; Ribbed Dome; Tracing; Iran; Iberian Peninsula.

INTRODUCTION

Karbandi, crossed-arch domes, or ribbed domes (according to different denominations and geo-
graphical locations) are strategies used to cover architectonic spaces that don’t depart from the
spherical shape of the dome, but from arches, whose vertical planes usually are secant to the base
circumference, intersecting each other several times. Sometimes a lattice structure is produced. In
other cases, the ribs and the dome are parallel to the same surface of revolution. These structures are
used as early as the 10% century in Cordoba, Spain (Fuentes Gonzalez, 2009; Torres Balbas, 1955)
and Shiraz, Iran (Naeeni et al., 2017) but the roots of the probable earliest examples are still not
clear. The nine different small domes in Cristo de La Luz, in Toledo, seem to invoke previous, but
unknown, examples. A similar tradition is also encountered in Arménia, and the relation between

the three, or a common ancestor, is also still unknown (Sakkal, 1995-97).
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in a certain way, they could be seen as integrated into the strategies used to bridge the difference
between the square shape of a room and the circular base of a dome that rises above it, like (the also
used) squinches or pendentives, but can also cover other geometric shapes like rectangles, octagons,
and triangles (Mohamadianmansoor et al., 2012; Mohammadi et al., 2018). However, the decora-
tive and symbolic aspects would be as important as the constructive one, as these structures were
used to cover spaces as small as 1,80 m wide. That is the opinion of Sakkal (1995-97) relating these

star-shaped domes with the representation/invocation of the celestial dome.

THE RESEARCH

This research was triggered by the participation on a Vernadoc camp survey in Tabriz bazaar (Ma-
lekabbasi & Oloumi, 2020, pp. 57-76) where a karbandi had to be represented in section and in plan
(Figure 1). The need to first understand the geometrical alignments underlying the structure and its
construction rules determined the initial contact with the work of Bozorgmehri (1992 [1982]). In
Iran, Karbandies are used to cover many types of spaces, from mosques and bazaars to the domestic
interiors of traditional houses or palaces, and the underlying geometric and constructive knowledge
reached our days, by live tradition, but also by the register of old master experiences in some books

and articles (mostly in Farsi).

La I - ,
Figure I Geometric survey of Tabriz Bazaar corridor with a karbandi dome
in the centre [left], and a photo of the karbandi dome [right] (author, 2018).

A karbandi is a very recognizable dome in Persian tradition. From the point of view of its geometric
construction, a regular/simple karbandi is obtained by discrete rotation of an arch (Figure 2-1)
whose vertical plan is located over a chord of the base circumference. As shown in Figure 2, 1 to 4,
the 1) number of times the circumference is divided, the ii) chord angle, the iii) number of times the
arch is rotated, and also the iv) ‘omitted’ parts, will determine the v) number of times the arches in-
tersect, and will define the different traces of karbandi. The chord makes the connection between 2
points of the circumference division, and the number of divisions that are between the chord end

points is called the karbandi pass ‘n+x’ (Pour Ahmadi, 2014). The pass n+1 draws the inscribed
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regular polygon (hexagon, octagon, etc); n+2 and higher passes will give more crossings between
the arches, and a smaller ‘void’ in the middle, usually covered with another structure — the Sham-
seh. More elaborated combinations are also found, with the use of ‘bended’ arches (called out of
plomb karbandi) or like in Figure 3, the combination of several karbandies in the same space (Pour
Ahmadi, 2014). The ‘bended’ arches also produce a smaller Shamseh and a more decorated karban-

di. Omitting (or cutting) part of arches will ‘lower’ the karbandi pass (Figure 2-4).

1 {ii) number of arch rotations 2 = == arch rotated 16 times
’ }7,, ’ /\ _\I .
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Figure 2 Tracing of a 16 side karbandi, with a pass of n+5 [left], like the surveyed in Tabriz Bazaar [right],
in section [bottom-right] and in plan [top-right] comparing proportion and angles (author, 2021-22).

In Spanish Muslim tradition, crossed-arch domes or ribbed domes use the same mains principles of
Persian tradition, but with less systematization, with, usually, simpler solutions and without juxta-

posing domes, and without ‘bended’ arches.

REGULATING TRACING AND SYMMETRICAL RELATIONS

The regulating tracing of this type of structure starts from the division of a circumference in (sensi-
bly) equal parts, in even number, usually above 6. Examples with divisions lower than § are rare
due to their simplicity in decoration, and less structural benefits. The tracings can also start from
rectangles with certain proportions (Bozorgmehri, 1992 [1982]). Although the rectangle rule does
not guarantee the same rigorous division of the circumference, it facilitates the relationship between

the space plan development and the dome structure, or the dome layout (Vale, 2022).

In these structures usually there is a search for regularity and symmetry, often stressed by decora-

tive elements that can even mask some irregularity in the execution. In fact, the symmetrical rela-
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tions in the karbandies, with several axis of symmetry (mirroring or rotating axis), will emphasise

regularity even when there is a lack of rigor in the karbandi layout.

Figure 3 Examples from the Tabriz Bazaar. Combination of one karbandi with 2-half karbandies in
each side [left] and a combination of 2 sectioned karbandies [right] (Author, 2018).

The symmetry, when only the dome is analysed, often corresponds to the repetition of modules in a
number related to the number of divisions of the circumference (half, the same or twice the number

of divisions), which ‘fill the space’ by angle rotation and by mirroring.

However, when analysing the relation between the dome and the space it covers, the situation usual-
ly changes. First, because of the way the bridging between the circumference of the dome, and the
polygonal shape of the space (square, rectangle, octagon) is made, using different strategies. Sec-
ond, because of the directionality of the spaces it covers, that usually will determine that there is
only a single axis of symmetry, longitudinal and perpendicular to the organising element of the
space, whether it is a mihrab, an altar, or a corridor in a bazaar, or, in domestic interiors, the loca-
tion of windows and doors. And third, by the combination of several karbandi structures to cover

the same space, which occurs mainly in Iran, that will emphasize one orientation.

Being, as we have seen, the geometric construction of these structures based on the rotation of cer-
tain elements around the vertical axis that passes through the apex of the dome, the modules of
symmetry are determined by characteristics proper of each of the structures, that are: 1) the relation
between the form of the space and the form of the dome; ii) the base circumference number of divi-
sions; iii) the chosen decorative elements; iv) the omitted elements; v) the axiality of the spaces; vi)
the conjugation of several structures. All these characteristics will promote different perceptions of
the spaces, and even when not strictly symmetrically placed, they will give us a sense of order and
regularity, hiding the imperfections of execution as the example of the Tabriz dome shows by the

great misalignment of one side of the “inside square” (Figure 2 — top right and Figure 4).

Over the last couple of decades there has been an effort to study and fully inventory these existing

structures in the western world, as their number is not very high (Fuentes Gonzalez, 2013; Fuentes
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& Huerta, 2010; Galdieri, 1983; Sakkal, 1995-97; Veldzquez Bosco, 1894). In Iran, where the quan-
tity of karbandies is difficult to calculate, the study has followed the path of discovery/definition of
systematization rules of geometric design (Mohamadianmansoor et al., 2012; Mohammadi et al.,
2018; Mohammadi et al., 2019), denomination (Naeeni ef al., 2017; Pour Ahmadi, 2014), and con-
struction (Ainechi et al., 2019; Nazari, 2021). The variations are so many, dependent on masters
and regions, that even the systematization is a difficult task. For this reason, our ongoing work is
based on different principles in both universes. In the Spanish-Muslim tradition, the aim is to ana-
lyse the totality of the documented structures, as in the Persian tradition, the choice results from
personal knowledge of the structures, or from bibliographical sources, and is used mainly in com-

parative terms.

15, W) 15. 2

107 7 10 s
9 8 9 8

Figure 4 Photogrammetric survey of the karbandi versus tracings, making evi-
dent the omitted parts of the arches and misalignments (author, 2022).

SYMMETRICAL RELATIONS IN SPANISH-MUSLIM TRADITION

Table 1 shows 12 of the inventoried and analysed structures of the Spanish-Muslim tradition. The
parameters of analysis are of two types: 1) [marked in grey] a set that follows the same systematiza-
tion rules of karbandies, that is, a) number of divisions of the circumference, b) angle of the arc
chord, and c) angle of rotation/repetition of the arc; ii) and [marked in light red] a second set that
analyses the relations of symmetry within the structure, and in relation to the space in which they

are located, that is the a) the module angle, b) the module layout and c) the symmetrical type.

The study cases range from examples with fewer divisions (8), such as the early ones from Mosque
of Cordoba in Spain to those with larger divisions, such as the one of Mosque of Tlemcen, in Alge-
ria (12) or the Abbey of Santa Maria la Real de Las Huelgas, inBurgos, Spain (16). In all the 12
chosen examples, the minimum module of symmetry related to the dome, ranges from 22.5° to 45°,
and the symmetrical type is mainly obtained by mirroring and rotation. In one of the examples, the

very interesting Talavera Chapel in Salamanca, a sought misalignment between the location of the
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ribs and the shape of the space, determines that only rotation is used in geometrical definition, and

despite the existence of a repetition module, at first sight no symmetrical arrangement is perceived.

Table 1. Crossed-arch domes of Spanish-Muslim tradition. Parameter’s

definition and analytical systematization. (Author, 2022).
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SYMMETRICAL RELATIONS IN PERSIAN TRADITION

In Iran, as above-mentioned, there was a continuous use of karbandies until the present, with a large
dissemination, both territorial and functional. This results on a hight level of sophistication and sys-
tematization, and on the investment in strategies that increase the decorative impact of the structure,
such as the aggregation of several karbandies, according to one or more axes of symmetry, or the
interpenetration of structures (Figure 3). In many of these cases of karbandi aggregation, the inte-
gration is fundamentally aesthetic and not constructive, with an underlayer coating of decorative
ribs. The almost exclusive use of bricks or adobes for these structures in certain parts of Iran, with
their contrasting joints, amplifies the decorative effects of these structures. Fundamentally when
compared with the Spanish-Muslim tradition, where the joints are absent or not easily visible, a
secondary symmetrical texture became very present. The omission of parts of the arches also stress-
es the chosen axial orientations and modules of symmetry in the karbandi layout, as shown in Fig-
ure 2, 3 and 4. The taste for the decorative aspect of the crossed arches, in today’s Iran, is one rea-
son for finding many perfectly regular and symmetrical examples, and more elaborated, contrasting
with the examples from the Iberian Peninsula, with less rigorous traces. However, if we observe the
older examples, like those of the old mosque of Isfahan (Figure 5), the similarities between the two
traditions are more evident. Those are ‘simpler’ karbandies, with fewer circumference divisions (8)
and lower passes and fewer intersections of arches (N+3). An example of a system of intersecting
arches, like those of the mosque of Cordoba, that don’t follow the strict rules of karbandi in the lo-
cation of the ribs, is also found (Figure 5, left). In Iran, the geometrical and symmetrical relations in

the design of this kind of domes was something sought after, in design and in terms or perception.

Figure 5 Crossed-ribed domes of the old Mosque (Masjed-e Jamé) of Isfahan. (Author, 2019).

CONCLUSION

The use of elements that visually reinforce an idea of regularity and symmetry is a mechanism used
both in the Spanish-Muslim tradition and in the Persian tradition. In the latter, in some cases, these

elements are already stripped of any structural function and act only as spatial and decorative refer-
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ences. From all the analysis made so far, the fundamental reason for the use of this type of structure
is not constructive but symbolic and decorative - as an order that is brought to the spaces through
rhythms, repetitions, symmetries but also of an enhancement of the function of the spaces by its
decoration. This last question is more decisive in the Persian tradition, since for religious reasons
only is permitted the representation of geometrical elements and of the word of the Koran, and other

decorative strategies had to be invoked.
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