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Abstract

Iranian architectures have always tried to hide unbeautiful structural elements behind ceiling
(covering) elements. Such a complexity and ambiguity makes understanding of karbandies more
difficult. The karbandies of Tabriz Bazaar timches’ roofs are different from karbandies of other
places, structurally. Hence, they are called specific. In other words, main ribs used in the timches do
not follow the simple geometry of Karbandi, which can be seen under the roof. Moreover, there are
various karbandies, which have the same theoretical geometry, but they find different forms in
implementation. Identifying and analyzing Tabriz bazaar specific karbandies, enables us to find out
their form structure and implementation manner. Considering lack of professional writings in the
field of specific karbandies, contradiction of most of such writings about structural function of ribs
in this structure and lack of identified definition, make it necessary to do research about them. In this
research, relying on the library resources, field studies and interpretation and analysis of the findings,
a study was conducted on the geometry and construction technology of specific karbandis of Tabriz
Historical Bazaar covers and their latent concept were scrutinized. Hence, investigating the limited
documents obtained from the conducted restorations and implementation stages of specific
karbandies, the geometry of these hidden ribs at roof top were compared to its internal space.
Nowadays many Tabriz bazaar vaults collapse and are in an irregular situation that has brought the
marketers at serious risk. This erosion situation has been growing and the unconscious disregard for
the restoration of karbandis, regardless of their initial structure. By recognizing and analyzing the
special karbandis of the Tabriz bazaar, we can understand the form and geometry of the form and its
implementation. In this paper, based on library resources, field studies, and the analysis and
interpretation of the findings, a study on the geometry and technology of constructing special
karbandis for the cover of the historical bazaar of Tabriz has been completed and the implied
concepts have been refereed. For this purpose, by examining the small documentation of the repairs
and the implementation steps of the special applications, the geometry of the hidden ribs of this type
of karbandis was compared from the roof and its image from inside the space. Findings of the study
indicated that to analyze Tabriz bazaar specific karbandies, it is necessaty to consider their form and
structural features, application and building role, ribs materials and their structural role.
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Introduction

Covering the roofs of the bazaars due to the diversity of spatial and small and large openings with
simple and complex structures. These coatings are available in various bazaar spaces, each with special
geometry, both in the final design and in space structures. To cover large openings such as timche,

they used domes and karbandis.

Bazaars’ ceiling has simple and complex structures due to spatial diversity and small and large spans.
These ceilings in different spaces of the bazaars (Rastel, Chahar-su2, Timche3), which have their
own specific geometrical form can be seen both in final motifs and spatial structures. Dome and
karbandies were used to cover large spans such as Chahar-su and timches .Considering world
registration of Tabriz traditional bazaar and also various attempts of Tabriz bazaar architects in
creating the most beautiful and complex types of karbandi in its timches, it seems necessary to study
Tabriz bazaar karbandies as the study case. Considering wideness of the ceilings spans in the bazaar’s
timches such as Amire Jonubi timche (14-15 m) it needed to use more ribs with more width and
height for ceiling skeleton. Hence, in addition to base limiting ribs (side ribs) other ribs (middle ribs)
are also formed, which are observed at the dome. This, consequently, results in isolation of features

of such karbandies from simple karbandies .

Materials and Methods

Geometrical system and the sample structures were implemented by 3D software to achieve an
appropriate concept of specific Karbandi in the Tabriz Bazaar ceiling. Master builders and those, who
have worked in the field of karbandi practically, dominant to traditional planning methods were
interviewed. The needed data were collected in the library method, studying written documents and
deeds along with photography and more accurate observations in the site. Moreover, for analyzing
sample karbandies, the authors’ plans were improved by the local master builders and represented
again. When selecting the samples, we were careful to use the most valid available resources. The
statistical population involved timches with specific karbandies in Tabriz historic bazaar. Some of
them were excluded from the statistical population because of repetition (in terms of geometry and
structure), lack of sufficient documents and their unauthentic architectural structure and then the

sampling continued with remaining karbandies .

Results
Bazaars’ ceiling has simple and complex structures due to spatial diversity and small and large spans.
These ceilings in different spaces of the bazaars (Rastel, Chahar-su2, Timche3), which have their

own specific geometrical form can be seen both in final motifs and spatial structures.

Considering world registration of Tabriz traditional bazaar and various attempts of Tabriz bazaar
architects in creating the most beautiful and complex types of karbandi in its timches, it seems
necessary to study Tabriz bazaar karbandies as the study case. Considering wideness of the ceilings
spans in the bazaar’s timches such as Amire Jonubi timche (14-15 m) it needed to use more ribs with
more width and height for ceiling skeleton. Hence, in addition to base limiting ribs (side ribs) other
ribs (middle ribs) are also formed, which are observed at the dome. This, consequently, results in

isolation of features of such karbandies from simple karbandies.

Considering the global registration of the traditional bazaar of Tabriz, as well as the great efforts of
the architects of the Tabriz bazaar in creating the most beautiful, diversified and most sophisticated
types of karbandis in bazaar timches, reveals the importance of studying the Tabriz bazaar karbandis
as a sample of this study. Considering the wide openings of the covers in Tabriz bazaar, such as
Timche Amir Jonubi (South) (14-15 m), the need to use more tiles with high width and height for
roof skeletons is created. Therefore, in addition to the boundaries of the field (sideways), other
tensions (middle tensions) are formed that appear on the roof. As a result, it separates the features of

this karbandi from the usual karbandis.

17



Ainechi, Sh et al. / Journal of Research on Archaeometry 2 (2021) 73-89

Karbandi is implemented in the geometrical regular and irregular bases. Some of the implemented
karbandies have axial symmetry in geometrical irregular bases and some others do not have such axial

symmetry.

One of the most important differences between simple and specific karbandi is compliance and non-
compliance of the internal visible lines with the middle masonry ribs. In the simple karbandj, internal
visible lines are always representation of upper ribs, this is while in the specific karbandi , middle
masonty ribs are separate from lower visible lines, being implemented as hidden masonry rib .Hidden
masonry ribs are implemented when the underlying surface for cover is so wide that vault between
the masonry ribs cannot stand alone. Due to the lack of specialized writing in the field of special
karbandis, the contradiction of many of these writings about the performance of ribs in this structure

requires research.

In the study of the karbandis that have been used, the structure of the plan shape affects the form of
the design. This means that in a specific context with a certain length-to-width ratio, it is possible to
apply certain implementations that affect a variety of factors. These variables are available to the host

architect to make decisions about the details of these features.

The result of the study indicates that for the analysis of the special karbandis of the Tabriz bazaar,
the characteristics of the structure, structural characteristics, the role of construction and use, the
material of the ribs and the structural role should be considered. The geometric form of the karbandis

directly affects its size, dimensions, plan, and shape.

Discussion

One of the most important differences between simple and specific karbandi is compliance and non-
compliance of the internal visible lines with the middle masonry ribs. In the simple karbandj, internal
visible lines are always a representation of upper ribs, this is while in the specific karbandi, middle
masonry ribs are separate from lower visible lines, being implemented as hidden masonry ribs.
Hidden masonry ribs are implemented when the underlying surface for cover is so wide that the vault
between the masonry ribs cannot stand alone. Hence, the hidden masonry ribs as 4, 6, 8 cross
masonry ribs (depending on the span area) divide the extensive area of the vault into smaller parts,

transferring the load into the legs, as what happens in the chahar-su of bazaars.

Such masonry ribs are, usually, too thick. They usually are not seen from the interior view of the
monument. Hidden masonry ribs are usually visible in the top roof. In some cases, the main span of
the bazaar, if it is too wide, is implemented with hidden masonry ribs. If the masonry ribs and
karbandi ribs have the same load bearing power and value, they have different degrees of load bearing
in specific karbandi. So, in specific karbandi different ribs are used with different load bearing
capabilities. The ribs are graded due to different load transferring amounts. Lower degrees are for
transferring stronger and more authentic loads. Moreover, specific karbandies, like simple karbandies,
might have other elements such as supporting ribs. The supporting ribs neutralize additional load of
the monument structure through receiving and transferring their current load, finally providing the

structure’s sustainability.

Conclusion

In specific karbandi, in addition to side masonry ribs, some masonry ribs are implemented in hidden
form at the back of the vault (middle masonry ribs). Specific karbandi is one type of karbandi, which
is different because of the difference in the karbandi ribs dimensions in terms of thickness, height,
location, symmetry and their load transfer power. Specific karbandi has higher load bearing power
compared to simple karbandi and hence, they are widely used in covering wide spans. Width and
thickness of the ribs are variable, longer karbandi ribs are wider and thicker. In this case, the reverse
plan of karbandi in internal space is not necessarily complied with the middle masonry ribs
implementation. External diagonal ribs support masonry ribs apex in the form of support ribs. Middle
masontry ribs apexes are usually above the side masonry ribs apex. This is while in the simple karbandi
the thickness and height of the karbandi ribs is fixed and also the line of the masonry load bearing
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ribs can be seen from beneath the roof. Unlike simple karbandji, specific karbandi is implementable
in specific bases. Filler and non-load bearing surfaces are made by middle hidden masonry ribs and
this provides the conditions for making whole, establishing a complete relationship among the plan,

body and karbandi.

For making specific karbandi, firstly the vault skeleton is established by making side masonry ribs,
having a complete arc. Then two or four completed masonry ribs are implemented as the middle
masonty rib with construction materials in hidden form and the remaining ribs are connected to
them. These karbandi ribs have less thickness than the masonry ribs and they mostly play the role of
load distributor. Since these ribs are placed among hidden masonry ribs, their weak point of collapse
is decreased. The brick materials alignment in the karbandi masonty ribs are principally in filling
method using gypsum mortar. Then the gaps among the ribs are filled and in some cases these gaps
are divided into smaller parts with the aid of brick dividers with less thickness. Finally, the decorations
are implemented with plaster cover on the lower section of the ribs. Moreover, a few auxiliary

masonry ribs, which have supporting nature, are implemented at the rooftop .

Acknowledgments

Therefore, in the typical karbandis of the Tabriz bazaar, due to the factors mentioned, their structure
and shape are not necessarily consistent. The restoration of some of the Tabriz bazaar karbandis has
been done without considering this issue and has changed its form. Therefore, in view of the loss of
traditional and empirical doctrines on these types of karbandis, disclosure of the desired relationships
is necessary. In addition, it can be effective in providing their repair solutions and building new ones
afterwards.
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Table 1: List of a number of Timchehs in Tabriz Bazaar (Analyzed in this article)
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This Timcheh and its affiliated palace were built by Mirza Mohammad Khan Amir Amir North Timche
Nezam.
Sl 0 Jladds 319015 oly LS 4 Cgin Cuow jl g Cunl i #8lg (69000 Ll Cyglre o 5 ol domass
ol ]oL.J)I » )ﬁ,.,] )l)'le L O ye Caoms )~| 9 ol JM ):r"l Amir South Timche

It is located next to Jomhouri Street and leads to the street from the south and is

connected to Sarai Amir from the north and is connected to Amir Bazaar from the west.
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This Timcheh with its house is located in the southeast side of the bazaar. Haj

Mohammad Qoli was a contemporary of Abbas Mirza, the viceroy.

)whnafbublf))b)lé.c)mcbwlaMés‘BL;kBchbéme)awdl J;)Mcbw
sl 3¢5 pbL (gldomass g Aot (b 45 Cal 0399 1 o wlie adalidl b Haj Safar Ali Timche

This Timcheh is located in the north of Timcheh Haj Mohammad Gholi. Haj Safar Ali
was one of the famous and contemporary merchants of the viceroy Abbas Mirza, who is

the founder of the mosque and Timcheh by his name.
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Fig. 1: Location of modeled timches (with simple and special karbandi) in Tabriz Bazaar (Source: Authors)
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Table 2: Theoretical geometry of some of karbandies in Tabriz bazaar in geometric regular and irregular base
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Table3: Classification of karbandi masonry ribs
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Fig 2 Side masonry ribs(R1): the masonry ribs, legs of which are placed on the two adjacent sosgs
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Table4: Classification of karbandi ribs based on their location
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Table 5: Introducing timches with simple karbandi in Tabriz historic bazaar
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Fig. 6: Degrees of structural value of masonry and karbandi ribs
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Table 6: Combining hidden masonry ribs (middle masonry ribs) with karbandi ribs and forming specific karbandi in
southern Amir Timche

GbS laopg cole Y dbs o

step 2: making side masonry ribs

Step 1: making the load bearer pillars.

Se9 ol o b Sy L s b slaasd calo ¥ als e

Sl

Step 4: making two-leg karbandi ribs, one leg on the rib
skewback and one leg on the karbandi ribs
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Step 3: making middle masonry ribs and their
appearnace on the top roof
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Step 6: Making Supporting ribs

step 5: makin g two —leg karbandi ribs on the other
karbandi ribs
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Table 7: Combining hidden masonry ribs with karbandi ribs and making specific karbandi in Mohammad Gholi
Timche of Tabriz bazaar
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Step 2: making the side masonry ribs Step 1 :making the load bearer pillars.

(\ dq).)) 019 (£9) lg‘ 90 dh&.‘ céle ¥ 41>/»o PL’C«.&; » LQ)T OO ul)LoJ 9 ‘S’L.O L;Lbb).:}, cale Y 41>)A
Step 4: making two-leg karbandi rib on the masonry rib (first Step 3: making the middle masonty ribs and their
grade) apearance on the top roof
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Step 6: making supporting ribs Step 5: making one leg karbandi 1ib on the masonry rib

and one leg on the masonry rib, two leg on the masonry
rib (second grade), two-leg on the masonry rib
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Table 8: Width and height of ribs making specific karbandi in Kolahdoozan intersection of Tabriz bazaar
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Haj Safar Ali Timche
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Type of the karbandi making masonty ribs
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a= 33 cm

b=42 cm

a= 40 cm b= 52 cm
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Table 9: formation of specific Karbandi (non-compliance of geometry of internal visible works with hidden masonr ribs)
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Interior view of vault

Glojls oM
Structural plan

-
c

|

ypwI,

ol
ooy <2

1K

LN &

5
s = & kS
B{'DCL —
nw*g. g
T A ot O
= na £,
g
L1 Q =z 4
%%g
=g
22 .
1 r.?‘?’hg
T
2.
%
=
=

) EE)

)

L) DR B R

(9> oo it Juw | AR




Ry Lliwl o g o soliliad g

\ch)b.wlfm

039 (shin)l5 L oolw (a8 cglay sV + Jod

Table 10: differences between simple and specific karbandi

059 gA)lS
Specific Karbandies

o3l d.\u)lg
Simple Karbandies
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1-In specific karbandi, in addition to side masonry tibs some other masonry
ribs are implemented in hidden form behind vault (i.e. middle masonry ribs).
2-in the specific karbandi rib apex of the hidden masonry rib (middle ribs) is
above the rib apex of side masonry ribs and they are not seen, in the most
cases, from indoor view of the roof. They are implemented in hidden manner
behind the vault.
3-The karbandi ribs’ legs are placed on the middle masonry ribs, rib
skewback, side masonry ribs or on the other karbandi ribs.
4-Height, width and length of the masonty ribs and karbandi ribs are different
5-they are implemented at specific bases
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1-simple karbandi is one type of space filler
system, which involves four main parts
including masonry rib, intersecting karbandi
ribs, fillers and araghchin7. A number of ribs are
not necessarily vertical to each other
2-thickness,  height, location and
transferring  capability of  karbandi
(structural value degree of ribs) are fixed.

3-it can be implemented at different bases with
different sides.
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Table 11: Theoretical geometry (plan and facade geometry) and practical geometry (implementation method) of Kolahdoozan

Chahar-su karbandi of bazaar
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( >3 axe) Fig. 8: the implemented

Fig .9: theoretical geometry (12 side karbandi structure

extension in semi-octagon base)
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Fig. 7: indoor view of chahar-su, what can be
seen is only four Kite shapes (pabariks ).
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Fig. 11: making middle masonry rib and karbandi
ribs (Ref. the authors)
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Fig. 10: Kolahdoozan Chahar-su while being restored in 1971 (Ref. the

authors)
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Table 12: Introducing Timches with specific karbandi in Tabriz historic bazaar
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