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ABSTRACT

HISTORICAL AND GEOMETRICAL ANALYSIS OF MUQARNAS AND
PROSPECT OF I TS REFLECTI ON ON TODA"

ARCHITECTURE

Imani, Elena
M.Sc. Bilding Science in Architecture.
Supervisor: Prof. DMu al | a Er kel é -

July 2017, 21 pages

Mugarnas, onef the key elements in Islamic architecture, is a taiesnsional
element that is mostly used in religious buildings for decorating vaults, niches, porches
and domes. Mugarnas initially was used as a functional element to provide a gradual
and smooth ansition between two levels, two sizes or two shapes in buildings, but
over time, variousMugarnas patternshave developed and acquired ornamental

features.

After the developments achieved in digital art and architecture, Mugarnas
compositions became tlseurce of inspiration for many designers who try to generate
alternative two and thredimensional patterns in their works. Today in architecture,
there is a developing tendency tegenerate Mugarnas compositions through digital
technologies in order toenefit from historical patterns of Mugarnas either in facades

or interior decorations of modern buildings.

Following a historical research on the types, forms, and elements of Mugarnas in

architectural works in Islamic countries this thesis aims, yirgtlanalyze and explore



the geometrical characteristics of Mugarnas focusing on two dimengiotiibased
and layer-basedproperties. The selected modern examples of Mugarnas forms are
analyzed, similarly, in geometrical terms, as some cases, in wdard out the

similarities /dissimilarities between modern and historical Mugaeramples

It is the claim of this thesis that the patterns of historical Mugarnas compositions have

their own geometrical characteristics that can be considered as gpiigiedéines of

Mugarnas patterns that are used intentionall
It is claimed, also, in this thesis that apart from some similarities of appearances the
geometrical and constructional realization of the historMabarnas patterns are

completely different from the modern ones duegémerative desigformation in

digital medium.

Keywords: Mugarngsggeometrical analysis, mugaspatterns, mugarnas guidelines.
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MUQARNAS' I N TWRKEBBEMETRKK KWENBALGS 2K!
MKMARSE L Kk KMK | ZYARHMABIE

Imani, Elena
Y¢ksek Lisans, Yapé Bilimleri, Mi
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Temmuz2017, 21 sayfa

Ksl am mi marisindeki ren ofmemlMukamsaarsl, a r-do:

yapélarda tonoz, ni K, revak ve kubbe det
bir el emandeéer . Mukarnas yapélarda ©°ncel
kademeli ve s¢grekl birr wresurkiolsarf dka mkawkl! i
zamanl a -exitl: Mukarnas °re¢gnt el eri gel i

ol ukturul muktur .

Di jital sanat ve mimaride el de edilen gel
ki ve ¢ - boyutl-tal mxaal |barr - pike tt nmesyaer € mc é
ol muktur . Buge¢n mi mar i de moder n binal ar
Mukarnas' én tari hi °rnekl erinden yarar |
kompozisyonl aré g°rebil mekteyi z.

Ksl am ¢1 kne Imamii ndyeakpie | ar daki Mukarnas t¢r
czerine tarihsel bir araktérmanén ardeéendeze
temel | i ©zelli klere odakl anan Mukarnas' e
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CHAPTER 1

INTRODUCTION

1.1 Mugarnas in Islamic architecture

Traditional architecture an 6t be consi dered as an archi
reveals the ways in which buildings in a specific area are built according to the local
needs of that area. On the other haradjitional architeaire is a reflectiof human

beliefs and cultures therefore, using the elements of traditional architecture in modern
architecture is important becausekéepslocal settlersconnectedo thepast and
providesthem with asense ostability and sense oelonging.

Architectstry to vitalize their own traditional art as an expression of each countries
ancestral origin anslymbolize their culture either in exterior or interior decorations of
buildings.The r ol e of tradi ti on adturalgrogrdss aneé ct ur ¢
modern architecture is an undeniable fattmodernarchitecturewe can see some

architects who try to refdorms of traditional architecture with different expressions.

With an emphasis on the effect of tradition on modern arc¢brec Vellinga and

Asquith (2006 state that:

Awhat i's needed at the beginning o
architectural perspective in which valuable vertacknowledge is
integrated with equally valuable modéem o wl edge é 0


http://www.sciencedirect.com/science/article/pii/S2095263514000715#bib32
http://www.sciencedirect.com/science/article/pii/S2095263514000715#bib32

Islamic art and architecture have always been associated with Islamic countries from
the advent of Islam and were manifested by Muslims who lived in Islamic countries.
Historical and varacular forms otslamic architecturere considered as traditional
architecturewhich encompasses a wide range of architectural stylekslamic
countries Nature and the environment were the factors tinfluencelslamic
architecturaldevelopmentlslamic architecture mostly useas ornamental form's
which display geometricaforms, floral pattern$ and calligraphic inscriptions to
decorate buildingsGeometryis always consideredonstitutiveof Islamic art and
architectureThe importance dhe relation between geometry and Islamic architecture
is described differently in various sources amdearchegUlu & Sener 2009;
Abdullahi& Embi, 2013;Dabbour 2012) These researchers underlineithportance

of geometry in Islamic architectui@nd by referring to the strict idea which lays

! Complexity and variation of Islamic ornaments caubedlievelopment ofitraditional multiplelevel

design. These ornaments have been formed by incorporating secoedagtsiwith smaller scale into

the background areas.

In Islamic ornamenisa basic shape or a background area mostly can be observed, but sometimes

deformed so that it is hardly recognizable.

2 In this multilevel design techniqueshere is a primary sollwork background with curvilinear
elements symbolizing leafed and floral forms incorporates secondary floral elements with the similar
style. Floral oraments mostly used iBafavids architecture includes a diversity of stylistic variations.
Yazdi bandiis one of the most significant style among the floral techniques that in this style the
background of the primary floral scroll includes a thinner parallel secondary scroll with proportionally
decreased flower form3he dflorescence of multipldevel floral design was ithefourteenth century

in Timurid architectural style and the most eminent example of this techniques can bénftiumd

fifteenth century

3 The first examples of this type of muléivel techniques were belonging to Kufic patternat th
essentially they formed inside the rectangular frame so that a smaller secondary calligraphy aes merg
into the background of primary text and mostly in this technique there is a Strip with the angular Kufi
calligraphy on the top of the rising lettexgch as the alif in cursive scripts. Carved stucco ornament of
the Masjidi Jami in Varamin is on of the prominent examples of the calligraphic ornament that was

produced in Persia.


https://en.wikipedia.org/wiki/Islamic_calligraphy

emphasis on thexpressionthere is noother deity but Allah! According to this
expressiorusing the figures and depiat) the deity were forbidden in Islamiart and
architectural principles. Therefore, Islamic ornamentation and decorative elements
came to intude geometric forms instead lofing creaturesMaster builders or artist

in that time started to use siegr combine& motifs andGeometricPatterns in their
architectural decoration such as adogrihe surfaces or using complex arrangements.
Islamicartists and rchitects mostly tried ttay emphasi®n unity, logic, and order in
architectural decoration. Geometricaldmic decorationbave beerdevelopedwith

the help of Islamic mathematicians, astronomers, and other scientists, whose ideas are
indirectly reflected imanartistic way. IslamidseometricalPatterns(IGPs)have been
widely used to adorn not onbrtworks like books, carpets ett but alsq became one

of the main features iformation of Islamic architecture overalls, ceilings, doors,
openings, don® minarets, etcThe importance of geometry Ialamic architecture

has been shown by thdifferent desigrers in their structural and ornamental
architecturaivorks.

Among variousIGPs that are used to decoratechitecturalbuildings, Mugarnas
played a crucial rolen architectural decorati@due to its strong aesthetic appeal as a
decorative motif and flexibty as a structural element. Also, Mugarries beemised

as a transitional methdd be appliedo various surface$acades, et&Garofalo(2010)
andVan and van den (201,0dlescribe Mugarnas and say thet wordMugarnas is
the Arabic word forfistalectite vaulb. Mugarnas $ a threedimensional decorative
element whickconsiss of both concave and flat parts organized in tiers to create the
integrated structure as a whole in order to providgaalual and smooth transition
between two levels, two sigeor two shapegFigurel, @. The chronology and
geographical origins of Mugarnase unknown.Thereis a generabeliefamong the
scientists and historians thimom the late eleventh century onwanfdsigarnas had
been a common feature of decoratwes n all Muslim lands



Different kinds of Mugarnas had been used in the decorative traditions of many
different regions with different cultures. The construction of Mugawitts its rich
geometry and symmetric desigonsists offtierso (Figure 1, b). Tiersthemselves
consist of elements/hich can be categorized intells and intermediate elemehts
Cells look like small pieces of a vault and provide the bodyadarnas thus, they are

the most important parts of tiMugarnagFigurel, ¢. Cells themselveBave been

combined byintermediateslements howevecellscan beomitted(Figurel, d).

@ (b)

© (d)

Figurel. A sample of Mugarnas (a), tiers of Mugarnas (b), a cell (c), an intermediate element (d). (Eric Broug,
2015)

(These photos are remoded by authammfa practical introduction to Mugarnas)

4intermediate elementae located in the form of either a triangle ootiiangles as a curved surface

between the roofs of two adjacent cells.



A Mugarnas composition is mostly designed by drawing the plane projection of that
Mugarnas pattern. According &-K U s(h9@7) the plare projection of a Mugarnas
pattern consists of particular geometrical fermepeated in every Mugarnas
compositions withvarious ways of interlacingrhese geometrical forms asquare,
half-square, rhombus, halhombus, almond, jug, large biped, and small biped.

Furtherexplanation about these geometrical elements will bengiv€hapter2.

Mugarnas and its complex compositiwhich derives fromits various combinations

of threedimensional motifs in different ways could be snpressivesource of
inspiration for current artists and archite¢i®wever singMugarnas as a sirtural
element in contemporary buildings is not comnbai) there are many architects and
designers whtry to refer Mugarnas and interpidtu g a r n a s.dley disete tot y
benefitfrom the patterns of mugarnasmodern period differentln their degyns.
Hamekasi, Samavati and Nasri (2011) in accordance with the usage of Mugarnas in
contemporary architecture, natetMugarnas was initially used to fill the corners and
theyact asa transitionelementetweerrectangular and the vaulted sectioraidome
structure Over time Mugarnas compositishe@me wide and variable amad addition
toits functional role, iecquiredaesthetiqualities and started to lnsed for covering
porches, arches and domes. Mugarnas also creates a mesmerizing sphadovia

and lightingalong with the symmetric patterns.

Moreover through the evolution of available technologies and computer aided
software new forms ofMuqgarnas are employed in modern buildings with new means
of expression. Computers haaprofound inpact onthedesignof complex Mugarnas
compositions and facilitate the process of desigyalization reconstructionThey
caneven rapidly modify th#ugarnas forms and virtual modelsthevery first stages

of a designing process. Thereforeich tetinologies were adaptedto the field of
architecture in order to make the procesdefeloping the construct of the past



1.2 Problemdefinition

There are some limitations related to the efficient and accurate documentation of
Mugarnas compositiondduqgarnas in different time periods dispsayarious styles

due to the variety of materials and culture it is located in. Hence, most of the
documentation of designed Mugarnas compositions were specific to a single style or
specific area. According to arsey of available documents about Mugarnas, it seems
that there is a very large but scattered analytical literature about Mugarnas which are
not organized systematically enough and they mostly are repeated each other. The
unknown history behind Mugarnasmpositions represents the main obstacle in the

documentation process. According to Garofalo (2010):

ARnThe chronology and geographical origin
yet certain. Some scholars date the Mugarnas to the end of the eighth
century in Syria, dters to the ninth century in Iran, still others to the

el eventh century in North Africa or Bag

The present studylike others conducted previously is not expected to provéde
definitive historical background for the Mugarnddowever, inspite of all its

limitations, this study tries to gathering available documi@rdsmore systematic way

The second problens related to the restrictednalytical study focusing othe

designing methods dflugarnas patterns. Designers or craftsmen who construct
historicalMugar nas composi ti onhivelaf theirddtawingeep a pr «
method, and mostly the available ones are informal in the sense that they were

conducted due to earlier timebs presentation

Following the developments achieveddigital art and architecture, two and three

dimensional IGPs have become the source of inspiration for many designers who try



to generate alternative patterns. Today, there is a developing tendenaeteerate

IGPs in digital technologies, and Mugaricasild have a direct impact on the formation
and development of architectural forms. In these architectural works, Muqgarnas is built
from orderly geometric elements with a certain degree of complexity that varies from
one Mugarnas form to another. Mugarna@mpositions are determined by the
representations of their plaprojections. These twdimensional regulations govern

the formation of Mugarnas structure. However today there are some analytical
researches about the basic thd@aensional principles dflugarnas compositions and
how they are generated buattern regulations seem to be underestimated by

researchers. There is a restricted number of analytical studies -@fimeasional

reguldaions of Mugarnas compositions. These regulatiwviisprovidea n fianal y si

through which Mugarnas patterns should be analyzed and evaluated to enrich the

understanding of the twdimensional regulations.

1.3 Aim of the study

This thesis triesto disclosethe meaning of Mugarnas in traditional Islamic
architectwe. It is intended first, to compilthe available documents in order to form a
meaningful summary to better understand of the Muqarnasthselftries tevaluate
the widely scattered literature related to Mugarnas.

This thesisbs noesign anglysis, Ibasad ©n historicas Mugarnas
compositions in order to identify the potentials of Mugarnas in the development of
architectural forms. This research tries to demonstrate the geometric evolution of the
Mugarnas over the years in order toateea descriptive analysis that represent the
geometrical and tectonic characteristics of Mugarnas as a potential in the regeneration
and formulation of new modern architectural forms. This study aims to answer the

guestions such as; the differences amdilarities between modern forms which are



inspired by historical and traditional Mugarnas compositions and the aspects of

modern forms that make them perceived as the new generatiblugarnas.

To discuss these questions, this thesis provides a gecahahalysis and context for

the concept of Mugarnas. The forms selected for this study are both the examples of
historic and contemporary architecture. Historic examples are based on the plan
projection of Mugarnas types which are selected among frioen Mugarnas
classification presented by Shiro Takahashi in his website (http://www.tamabi.ac.jp).
The contemporary forms are selected based on the forms perceived have some
similarities with historic and traditional Mugarnas designing methods. Finallly,asuc
study about the relatiobetween historical and contemporary analysis will make us

achieved the study goals.

One of the main characteristics of the Mugarnas is its form as adimeasional unit
that can be presented in a tdionensional outline. Tdérefore this research focuses on

twor dimensional plane projection of Mugarnas examples.

1.4 Methodology of the study

This study followswo analytical structures to fulfil research goatscritical analysis

and evaluatn. Themethodology will be coducted on Mugarnas definition and the
historical background behind it to summaries the available docunidmsswill help

to explore the origins and traditional development of Mugarnas during Islamic eras in
order to evolve the potentials bistoricalMugarnas compositions. In the following
chapters, architectural approachekisforical and traditiond@/lugarnas compositions

and the latest technological development through CAD system will be discussed.

The analytical methodology will be applied on tgr@ups of Mugarnas compositions
in order to compare their pattern characteristics. First group is contained of six



historicalMugarnas examples, where they built duriofj 116" centuryand the other
group is the modern compositions front'2enturyderived from the forms that seem
to have same characteristics witie historicalMugarnagatterns

1.5 Boundaries of the study

Since this thesis aims to concentrate analytically on the alteration process of the
characteristics of Mugarnas patterrmost of the historical examples of Mugarnas
patterns and architectural modern buildings or graphical art forms have been analyzed
in this thesis. Thus, analysis of mentioned patterns are the boundaries of this study.
Today, digital technologies have aegt impact on contemporary architecture and
designing process. CAD systems open up new opportunities in architecture by
developing an architectural design by producing more complex geometric shapes.
However, today there is a developing desire to reprotil@aic forms and patterns

with the aid of computer more complex and fast, but this study wants to look at these
patterns anal ytically. The approach of
Mugarnas forms through CAD systems or in the algorithmic ways.

Two-dimensional Mugarnas patterns will be analyzed to disclose the geometrical

characteristics of Muqarnas patterns which will be called the guidelines of Mugarnas

patterns in this study. These guidelines can be considered as the guidelines of
Mugarnas ptterns to help designers and architects to be more precise on their

designing in the first stages of their conceptual desi§tsn, architects can benefit

from muqgarnagyuidelines to achieve a new generation of Mugarnas patterns much

easier and faster.

It should be noted that this study has been primarily concerned wititmensional

Mugarnas patterns instead of thwdimensional compositions. The most important



features of Mugarnas is its complex tdimnensional patterns and their mathematical
relations thereforepne of the common methods of decoding a Mugarnas composition
to its basic elements is projection method which is a-@lim@ensional representation
The complexity of the most intricate thrdamensional Mugarnas examples depends
ontheir 2DPR that are created upon them. This study provided analytical information
regarding the geometrical characteristics of Mugarnas patterns, however, more
research is required in analyzing of thmensional compositions in order to
validate and expand onehliscoveries of this studyhe study can be elaborated in a
further analytical survey related to thréenensional Mugarnas compositions
including parametric desigiof these patterns with specified materials and techniques,
which goes beyond the thesis.

It is betterto point out thathis studynot included the symbolical theory of Mugarnas.
However, Mugarnas can be considered agmabolism geometry holds for Islaut,

this study will focus on the geometrical properties of these decorative elemdnts an
the impact of them in contemporary designs as a source of inspiration. The findings
of this research are restricted to the historical background of Mugarnas and their

geometrical features.

To date, there is limited research examining differences elk a8 geometrical
similarities between the historical Mugarnas patterns and modern forms. This thesis
tries to find contemporary buildings or graphical art forms that are inspired by
Mugarnas in their both exterior and interior designs to explore thentfadtef
Mugarnas as a source of inspiration for contemporary architects or designers. While
many researars have studied new generations of Islamic patterns and Muggsnas
digital works, this study tries to fintie examples that are constructed andtexithe

21st century. The modern forms that are selected in this study are selected between the
forms those their designers intentionally or unintentionally seem to be inspired by
Mugarnas patterns. In some cases, designers clearly acclaim that tiggircoesept

was Mugarnas patterns, but the other designers did not mention anything about

10



Mugarnas and maybe they even did not have any idea about Muqgarnas patterns while

they were designing the forms.

1.6 Structure of the study

In order to achieve thmain goals of ik thesis, it is very important to understand
Mugarnas composition and the history behind it to find out basic concepts about them.
Chapter 2will explore the origins, the historical evaluation of Mugarnas and different
uses of that in lamic architecture. At this step, the research is attempting to catch, the
early examples of Mugarnas, and goes through the main sources in order to discover

the culture and traditiai concepts of Mugarnas.

In the third chapter, examples of Mugasmaranvestigated through twdimensional

or threedimensionajeometricatirawings and photographs that are survived from the

past. Further, the structural propestief Mugarnasare going to be analyzed, to

introduce the basic elements of Muqgarnas and the that they are combined to

construct a Mugarnas composition. Afterward, certain key concepts are determined to

use during the evaluation of Mugarnas modeling in architecture through software. For
achieving this goal, the Mugarnas transition from craftmen desi gn t o cont
forms that are generated by computer aided design softwasagxplained in

chapter3.

In chapter4, in order to form recognition approaches of Mugarnas, doisterical
Mugarnas examples have besglectedrom the classifiation of Shiro Takahashi.
Takahashi classified Mugarnas into three different types: 1) square lattice Mugarnas,
2) pole table Mugarnas, and 3) other style of Mugarfasrepresentation purposes,

two examples of each style are decomposed sectos to achieving their twe

dimensional composition rules. Analyzing these compostoan reveal valuable

11



information for architects and designers to provide a better understanding of these

mathematical patterns.

. The types of Mugarna: -

-------------------------

Figure2. Types of Mugarnas flovehart

This chart is drawn by author

Finally, the geometrical analysis of the existing exampleoofemporary buildings

and graphical art forms that are inspired by Mugarnas in their both exterior and interior
designswill be formed in order to explore the potential of Mugarnas as a source of

inspiration for contemporary architects or designers. The buildings display the

influences of Mugarnas not only in Islamic architecture but also, in all over the world.
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CHAPTER 2

LITERATURE REVIEW : HISTORICAL BACKGRO UND OF MUQARNAS

2.1 Definition of Mugarnas

I n order to wunder stitinlkettet th @mke & glande odeMits g ar n
etymology in different languageblecipoglu and Alasad(1995) state thathe word
iMgarnaso is an Arabic word f®r, gngalnacti
decorated ceiling with thregimensional element§. 350). Mathematician Dolé
Samplonius (1992) refers RehrensAbouseif®and claimethatthe term of Mugarnas

derives fromt he Gr e e k Lafina(@arowig, F=nch Cornichg, Italian

(Cornicg, German(Karnieg , and it refers to a masonbo
architecture that does not have any relation with its meanir@gynof the Arabic
dictionarieg(p. 197).Additionally, Samplonius emphasizése Greek wordq 6 r w3 9 s )

and says that it comes from the wdrd 8 In),wvRich can be used as an adjective,

meaninggcur vedo6é or as a noun, meanpt9%. 6every

According to the definitionsf Mugarnas presented by mathematicians, architects and
researchers in various architectural dictionaries, the term Mugarnas has a unique
description with different expressiodse pendi ng on each authoro
up,according to (Petersoh996,p.206;Esposito, 2003\ecipoglu and AAsad, 1995,

p. 199, Mugarnas is @ghreedimensional architectural compositicarranged in tiers

5> TheArabic word qurnas is defined as something like a nose projectingautain therefore the
relationship between qurnas and Mugarnas will become more obvious if we adithiethatnas

woul d mean O6to furnish a structure with projecti:

6DorisBehrensAbousei f, n®e Abouseif
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and consisting of superimposed layers of tiny niches, often interposed with pendant
elements. Mugarnais mostly usecon domes, vaults, nichesr squinchesunder
domes in Islamic architecture® provide awidespread method of transition to
overwhelmthe distinction between vertical, curved and horizontal domesnakeé a
smooth transition from the rectangular planta building to the vaulted ceilingf is

also used on a flat surface as a decorative elefalmer(2008) &serts:

AMugarnas 1 s a gohasthat give ohé effechroad | ni che
cave ceiling covered with stalactites, yte¢ ceiling appears to float

up above the square rom, weightIl ess

In accordance with this definition, Mugarnasits synonyms, honeycomb work or
stalactitework isan original Islamic design element, involviagrious combinations

of threedimensional shapesprbeling, etc.(Harris 2006, p. 51p

There is another definition for the term Mugarnas that is presented in

(http://www.virtualani.org:

Mugarnas isin Arabic word @Arabic /bx J RessiankE x DTurkish: Mukarnasjhat

is not only used in Islamic architecture but alsas adopted into Armenian
architecturefor a form of vaultingalso known as a honeycomb vault. Mugarnas vault
is used for decorative purposes and has not any structucéibfurit is mostly used in

domes, entrance portals, niches, capital, and decorative surfaces. Mugarnas can be

" Niche isa shallow recess, especially one in a wall to display a statue or other ornament.
8 A squinchin architecture has a atiture like a small arch, that is built across the interior angle of a
square room, to carry a superstructure such as a dome, also provide a proper base t@ectigpitreh

or sphericadome

% In architecturea corbel(also calledbracketor weightcarrying member) is a solid piece of stone,

wood or metal that built deeply into the wall to carry and overtwuperlativeveight.
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defined as a subdivision of a squinch, or cuf¥plar corbel, into a set of many tiny
squinches, producing a layering structure. The individdaments are called
Alveoles!. Sometimes Mugarnas is usedsaperimposed element, as it heisle-

like? structures, it is called a stalactite vault. In order to emphasize the importance of

Mugarnas in traditional architecture, Carrillo (2Dt&ims that:

AAmong the various motifs that I s |
buildings, Mugarnas decoration (a system of projecting niches used

for zones of transition and for architectural decoration) is most

notable. It came to play a major role in architectural decoraue

to its strong aesthetic appeal and flexibility, readily adaptable to

various surfaces. This intricate thréenensional decorative scheme

was a device forged and developed in Islamic contexts and thereafter

employedinnorMu s | i m spe203.i ngs o (

Hamekasi, Samavati and Nasri (2011) note that the earliest and main motivation
behind Mugarnas was to create domes over square buildings because domes were more
stable and they could cover a large area in comparison with straight roofs. Therefore,
Mugarnas were discovered to be a smooth transition method between two shapes that
are different in size, form or their position. They usually fit into domes in more than

one step to transform a rectangular part to a vaultedpris). Mugarnas with its

threedi mensi onal form consists of -sruead ulcaers oh
(Yaghan,2003 p. 30.

10The wordcupoladerives from Latitwor d 6cupul ad it means: "small cu
cupola, used foa small domdike structureon top of a building, to provide a lookout or to admit light

and air, inside the building.

11 Alveolesor Alveolusis a general definition term for a concave cavity.

2]cicle is a hanging mass of if@med by the freezing of dripping water.
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As a conclusion, according dMoussavi (2009) Mugarnascan be briefly defined as a
threedimensional decorative motifsf Ivang® and domes in Ishaic traditional
architecturethat is constructed of the blocks of stone, brick masonry, stucco or wood

which repeat themselves at various rhythmic scales in aseifar way 0. 326.

13 An Ivan or lwan Persiang F @ y ¥ Arabic: g F kvanjois a vaulted rectangular space, walled on
three sides and usually used as an entrance in Islamic architaadftteee sidesf the.
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Figure3. The examples of Mugarnas that are used in Jameh mosque of Isfahan in Iran. Plan of Jame
of Isfahan (a), the location of Mugarnas (b). (Web 1)

@) (b)
Figure4. South lwan of Jmeh mosque (a), Western Iwan of Jmel\Wiab 2)

@ (b)

Figure5. Mugarnas on South lwan (a), Mugarnas on western lwaiiViigb 3)
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2.2 History of Mugarnas

According toGarofalo(2010),Chronology and geographical origins of Mugaraas

still unknown. Some othe scientists have claied that Mugarnadirstly has been
createdn Eighthcentury in Syria, but others believe that it has been inventdétin
Ninth century in Iran, howevethethird group of scientists belies¢hat its exstence
maybe comgback totheeleventh century in northeAfrica and in Bagdad. However,
there is a niversal beli€that Mugarnasiad been a common feature of decorative arts
in all Islamic countries othe world in Twelve century and different kinds ibfhad

been used in the decorative traditions of many different regions with different cultures
(p. 359.

According to the researches of Necipoglu anehgdd (1995), the oldest example of
Mugarnas has emerged around the middle of the 10th centurytasiemkly and
independently in noremast of Iran and Africa, then it was developed from the 11th
century throughout the entire Islamic countries from India to Spain, according to each
countrydifferent materials and cultur@.(349. The earliest exampleg a Mugarnas
drawingis a50-cm stucco plate found in 1968 by German archeologist in amid the
Takhti Sulaymatf ruins in Iran that wa engraved with a design of egaarter of a
MugarnagNecipogly 2006, p. 88)Figure6, 3.

Necipoglu and AlAsad (1996note that, this plate has been found in the location of
Mughal Palace built by Abaga Khan, one of the rulers of lIlkh@miari720s. One can

“Takhte So | grsimdmf r y Jsfan &rdhagological site West AzarbaijarfTakal), Iran. It
had been destroyed by a fire that ocedrinZoroastriartempleand rebuilt during th&assanigheriod

and patrtially during thélkhanid period.

15 The llkhananor llkhanatedynasty(Persiang F X F PEmM8nUn) was founded in the
Hulagu Khan a grandson of Genghis Khan in Iran to form the southwestern sector Mbtigel
Empire
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seesquarestriangles,and rhomboids on thiglate,which are,respectively, relatet®
45,90, and 135degrees oMugarnas unitgp. 5 (Figure6, b).

@ (b)

Figure6. Stucco platedund in Takhti Sulayman (Web 4) (a), Harb's plan of plate
(Necipoglu and Alasad 1996, p.5) (b)

Since the chronological order of the Muqgarnas is a controversialcsa®ng the
researchers, therefithere are some other theories abouethergence of Mugarnas

in Islamic architecture. For instance, the first examples of Mugarnas in vaults can be
seen in AlQarawiyyan Mosqué (Tabba, 1985, p. 64F{gure7). Garofab (2010)has
referredto his study to one of the most correct theories of Mugarnas functions,
according to this theory, the first function of Mugarnas had been in the corner tripartite
squinch. SoMugarnashad been used ffahe first time in reshapintie square based

walls to a circular dome. Moreoveére refers to Ecochard and claims that, according

to the states of these early structures of corner squinches which date back to 10th

16 The Al Quaraouiyindvlosque was founded iatimaAl-Fihri in 859. It is located ifres Morocco
also containsan associated school wadrasathat is the oldest existing, continually operating
educational institution in the world.
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century in Iran, can show the future functions of Mugarnas.,Alsamenibned to
Hautecoeur and says that cells which were constituting parts of Mugarnas, for the first
time had been extracted from the walls in Maghtelm some areas, ceilings which
weremadea mixture of elements such as, squinches and other portions tf waué
replaced athealternative to the squinchegs. (358.

Figure7. Mugarnas vault of Jami'-§arawiyyin in Fez

Source: Tabba, 1985, p. 65

Table 1shows a classification of buildings with Mugarnas by Car(&i@l6). Carrillo
mentioned to someesearcherand declared that Mugarnas first has been created in
Eastern Islamic countries, suchN@rthi east of Iran, Irag and Egypt. Some examples

of Mugarnas which have been discovered in these areas are as below:

f SUmUOnid 1| smUA (-B31/814943) at Bukhanm ( 3 0 1
f The domes Aid Great Nosqueohlsfghdn (4@¥B0/10721088)
f The ShrineUnarl il 7d11085) at Samarr a

17 The Maghreb which was previously calleé8larbary Coasbr "Barbary States" amoriguropeansis
usually defined most of thegionof Northwest Africa, including thAtlas Mountainsand the coastal
plains ofMorocca Algeria, Tunisig andLibya.
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T Some Mugarnas elements foundlia mmU m o 4S u Ak id 6Ui(Cairof: u s

Besde this classification, other researchageve that maybe the Mugarnas has been
created, at the same time and independently in North Africa and Near East. These

diverse beliés have caused too many complex questipn2@3.

Dold-Samploniug1992) aso refers to Tabbaa and states that the first example of a
full-fledged Mugarnas has been found in the shrine of Imebaadr, which is located

in the north of Samarra in a village of Blawr (will be discussed later). But perhaps,
this first example oMugarnas dome is not the first kind or model for all other
examples of Mugarnap(20Q. According to another theory, the earliesapleof
Mugarnab el ongs t o ,ihwhichthepaietysand differénces in polygons
and star polygons haveeén increased significant{yNecipoglu & Al Asad, 1995,.

30).
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Tablel. Historical classification of buildings with Mugarnas

FIGURES OF BUILDINGS

BUILDINGS with
MUQARNAS

PERIOD/DINASTY

Mausoleum of Isma‘ll at
Bukhara

(943-914/331-301)
943-914 was built in

Samanids

(1005-819/395-204)

» 4
BA™S ~.a

Great Mosque of Isfahan
South-east and
North-east domes

(1088-1072/480-464)
1088-1072 was built in

Saljukids or Seljuq

(1194-1040/590-431)

Shrine of Imam al-Dawar
at Samarra

(1085/477)

Abu’l-Makarim Sharaf
al-Dawla Muslin ibn
Quraysh

(1085-1061/478-453)

Hammam of Abi’l-Su‘ud,
Fustat
Tentatively attributed to
the

Third/Ninth or
Fourth/Tenth centuries

Abbasids’

(1258-750/656-132)

Minaret’s Mosque Badr
al-Jamali Cairo

(1085/477)

Fatimids

(1171-909/567-297)

Qal‘'at Bani Hammad at
Algeria

(1152-1015/547-405)
1015 Founded
1152 partly destroyed in

Hammadids
(1152-1015/547-405)

al-Nasir b. ‘Alannas

(1088-1062/481-454)

(Figures ofthebuildings are added by author)

In order to investigate the real geographical origin of Mugarnas, we should review
recent gidenceonthis subject andlso,we should concentrate only on theories which
have been documented in the best way. In this reshexstudyclassifesthe earliest

examples of Mugarnas, chronologically, in three groups of Mugarriag Persian,
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Middle Easternand Arab world, Mugarnas iAl-Andalusand Mugarnas innon

Islamiccountries.

2.2.1 Mugarnas in Persiaf® Middle Eastern and Arab world

According to Dadkhah, Safaeipour and Memarian (20a3)istorical study of the
evolution of Mugarnas shws that the first examples of Muqgarnas can be found in
various countries of Islamic regions such as Iran, Africa and Iraq from 10th century
and | ranian architects could achieve a
l i keo @ll8lpnent s

According to Tabbg1985) the earliest emergence of Mugarnas in Iran is skeen
fragments that were found neasishaput® in late 10th century. Then, it developed in
the eleventh century with the tripartite squinches of Arab Ata mausoleum at Tim and
continual with the various Seljiff domes and ends with Ilkhanid and Timuffd

Mugarnasdiomes and portal vaulp. 61).

¥Both phrasesi @3 rlamtdoh aammrde 6lPeed i nterchangeably
6Persiad derives from the word 6parsd which is
and Persia was a kingdom of Iran.

5Nishapuror Nishabur(Persian: p H 3 js b giykin theKhorasan Provingen northeasteriran. It is

the capital of thélishapur Countyand former capital of Province Khorasan. After Mashhad Nishabur
is the largest cityin Khorasan province. In 1037 nishabur was selected as the cap8ialjud
dynastyby Tughril.

20 The Seljuk Empire (also spelle8eljug) was &unni Muslimempirethat was founded bjughril
Begin 1037 and lasted until 1063, also from 1174 until 119dljuk Empire governed a vast area
stretching from thélindu Kushto easterrinatoliaand fromCentral Asiato thePersian Gulf

2! TheTimurid dynasty Persiang r T )por Guykéni Persiang F y % was aSunni Muslimdynasty
that was established by Amir Timur and had two signifieampiresin history, theTimurid

Empire(1370-1507) based iRersiaandCentral Asiaand theMughal Empirg(15261857) based in
thelndian subcontinent
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According toVermeulen and De Smet (2000)h e /i M4 q & re  a?&hltevase n t

found inNishapur andlates back to the 10th centuryfesmedof ninesmall niche

shaped panel¥ermeulen and De Smet,e f er t o t he Morris Dimand a
niches are part of a series of multiple or stalactite squinches which supported a dome

over a square roomo. It S e ejoiged ftomdheir t he cur v

back to other plaster surfacésgure8).

Figure8. Carved and painted stucco panel, 10th Century, Nishapur, Iran

SourceNVermeulen, U., & De Smet, 2001, p. 33

The other example ofearlyMag nas | i ke el ement is found in
Ata Mausoleum in Tim, Uzbekistdhwhich also dates back to the late 10th century
(Figure9).

22 Mugarnas arrangements are assembled from the forms of small niches. Mugarnas aremmade f
different materials such as bricks, stone, stucco, plaster, wood. They are also decorated in many ways
like painting them. Th&lugarnasdike element that was found Mishapur also was decorated by paint.

2|n that time Uzbekistan was a part of Irelzbekistan has separated from Greater Iran in 1881. Greater
Iran Persiarx p 9 3 ), 5 B tBrm Fhat used to refer to the regions ofXthecasusWest Asia Central
Asia, and parts oSouth Asiavhich were ruled by thBersian Empires
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Figure9. Mausoleum of Arab Ata, 99998, Tim, Uzbekistan
SourceNVermeden, U., & De Smet, D2001, p. 33

Vermeulen and De Smet (2004)so mentioned that the earliest example of entire
Mugarnas is related to the dome of ImarDawr mausoleum which is located in
Samarra. It was about 12 methigh and built between 1075&a090(p. 27)(Figure

10). As Raby 2004 stated in his study, the minaret of the Great Mosque in Aleppo
was built in 1089 and it was also one of the earliest examptbslodiilding that used
Mugarnagqp. 291)(Figure 10).

Figure10. Shrine of Imam aDawr, 10751090, Iraq Figurell Great Mosque in Aleppo
SourceVermeulen, U., & De Smet, 2001, p. 34 SourceRaby; 2004, p292
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According toBloom (1988) Mugarnas first appeared in Egyptian architecture as
decorative elements in the cornice on the minaret of Badlraama | i 6 £*inMa s h had
Cairo, in 478(1085)Kigure P2). The other early examples of Mugarnas in Cairo have
belonged to the Agmar mosque locatedNorth Muizz Streetof Ciro in about 1125.
Mugarnashas been used as filfj for a niche hoodHigure13) and corner chamfer on

the fa-ade of?®Figueldagmar mosque

R

Figure13. Niche hoof Agmar mosque (Web 6)

24 Badr atJamali orJuyushi Mosquevas built byBadr atJamaliwho was thevizier of theFatimid
Caliphate The mosque was built to ensure a view of Cairo and completed in 478 H/1085 CE.

25 The Mosque ofAl-Agmar was builby aFMa'mun aiBata'ihi the vizier of Fatimid khalifeh in that
time. The mosque was constructed in Cairo in 1125.
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Figure14. Corner chamfer of Agmar mosq(&eb 7)

In contrary with bloom,Vermeulen and De Smet (200%)ates that the earliest
evidence for the use of Mugarnas in Egypt is the cornice abgheftthe minaret of
Al-Guyusi which is dated back to 108idure15). It is a linear Mugarnas form that

was used as a cornice.

Figure15. Al-GuyusimosqugWeb 8)
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From the 12th centy, Mugarnass widespread as detative elements in all over the
Muslim countriesAs Deniz (2004) declared, until the 13th centukptique motifs
like the acanthif§ leaves of the capitafiSor the shelishaped hemispheres are usually
used in the formation of Islamic ornaments in archites; but after the 13th century

even these motifs have been replaced by Mugarnas and its comp(@sifpn

Karabork, Karasaka and Yildiz (201&psert thaKaratay madresseh amdaadin
mosquehavethe samples of Mugarnas used in their constructiorbatidare located
in Konya city of Turkey Karatay madresseh, wasnstructed by Emir Celaleddin
during Sultan Izzedin Keykavus period in 1251(Figure 16). The Alaadin Mosque
belongs to the Anatolian Seljuk perf8dFigure 17) (Karabork, Karasaka& Yildi,
2015) (p. 135)

Figurel6. Karatay medressefiveb 9) Figut&. Alaadin mosque

Source: Karabork, Karasaka& Yildiz, 2015, p. 134

26 The Acarthus or Acanthus ornament is one of the most common plans foranchitecture to

resemble a foliage ornament or decoration, by carving into stone or wood.

27 Capital inarchitectureorms the topmost part of a column and broadening the area of the &olumn

supporting surface.
28 Between 11th and 13tBenturies when most of thdiddle EastandAnatoliawas ruled bySeljuks

Seljuk architectural style haddurished and developetieir own architecture aftehe 11th century.

This style was inspired bfrmenians ByzantinesandPersiansrchitecture

28


https://en.wikipedia.org/wiki/Middle_East
https://en.wikipedia.org/wiki/Anatolia
https://en.wikipedia.org/wiki/Seljuks
https://en.wikipedia.org/wiki/Armenian_architecture
https://en.wikipedia.org/wiki/Byzantine_architecture
https://en.wikipedia.org/wiki/Persian_architecture

As Vermeulen and De Smet (2001hote, Ernest Herzfeld was one of the first
researchers of Muqgarnas that classified Mugarnas vaults into two groups:
AMedi terraneanoantoy ptypand Aftlcoamii ng t o
Mediterranean Mugarnas has a vault type structure, that is constructed on a
pendentivé like the vault which is found in the portal of MashaDiltka in Aleppo
(Figure18). On the other hand, Iranian Mugarnagetys formed above the cornice

like what is found in the portal of Bimarist&MNur atDin Zengi(p. 28)(Figure19).

Figure18. Mashhad aDikka Figure19. Bimaristan of Nur aDin

1189, Aleppo, Syria 1154, Damascus, Syria

Source of Figure 187ermeulen and De Sme2001, p. 35

Source of Figure 197ermeulen and De Sme2001, p. 34

2% pendetive in architecture is a curved triangular structure, that has supporting arches to achieving a
circulardomeover a square room or afliptical domeover a rectangular room.

30 Bimaristanis aPersiarword (Persian i F 3 Jorpegning “Bospital”.
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Table2. The first examples classification of historical Mugarnas compositions in

Islamic countries derives from the literature

BUILDINGS
FIGURES OF BUILDINGS LOCATION DATE
NAME PERIODS
Mugqganas-like _
element that Nishapur 10th century
was found in
Nishapur
Arab Ata . .
Tim, Uzbekistan
Mausoleum 998-997
Imam al-Dawr Samarra
mausoleum iraq 1090-1075
Juyushi Cairo
Mosque Egypt 1085
Al-Guyusi Mokattam
Mosque Egypt 1087
Great Aleppo
Mosque Syria 1089

(The table is created by author)
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Table3. (Continued)The first examples classification of historical Mugarnas
compodgions in Islamic countries derives from the literature

BUILDINGS
FIGURES OF BUILDINGS LQLATION DATE
NAME PERIODS
Agmar Mosque Cairo 1089
Egypt
Bimaristan of | pamascus, Syria 1154
Nur al-Din
Mashhad Aleppo
al-Dikka Syria 1189
Alaadin Konya 1235
mosque Turkey
Karatay Konya
medresseh Turkey 1251

(The table is created tauthor)
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2.2.2 Mugarnas in AFAndalus 3*

So far as we have seen, the researchers attempt to discover the Mbnjtrratying

on historical facts. As mentioned before, the earliest examples of Mugarnas and
Mugarnas like elements came into existenmaiad the eleventh century in Iran and
North Africa. From the eleventh century onward, Mugarnas were common all over the
Islamic world. According t&aoud 2002),Africa was one of the prominent propagator

of Islam in Europe, therefore Islam arrived in BgArough Africa in 726 by Abel-
Rahman . After the arrival of Islam in Spain, the architecture of Spain been

influenced by Islamic architecture and Mugarnas as (peb)

Mugarnas in Spain mostly appeared as a construction that was madeofShadiq

(2014) refers to Tabba and mentioned that dome in Mugarnas whether made of wood,
stucco, brick, or stone belongs to Islamic architecfprel6) Mugarnas vaults were
known as prominent features of medieval Islamic architecture from Iran to ®pai
catch and reflect the light entering from the windows around the ({baddaa, 1985,

p. 61)

Tariq (2014) declared that tihdoorish* was well known wittribbed dome stylé*
that was introduced perfectly in the Great Mosque of Cordoba in the 10th

31 Al-Andalus(Arabic: E 1OG Sparfishal-C n d g Pouugueseal-A n d g, lalsoknown aMuslim
Spainor Islamic Iberia. It was the name ioierian Peninsulahe part thagjoverned byMuslimsin the
period betwee@11 and 1492. And what are todaalledSpainandPortugal Al-Andaluswas a
province of thdJmayyad Caliphate

82 Abd alRahman |, ful name:Abd aFRahman ibn Mu'awiya ibn Hisham ibn Abd-Mahlik ibn
Marwan(731 788), also, it was known by the Aralkass al-Andalus was the founder of
aMuslim dynasty that ruled huge part ofberiafor nearly three centuries.

33 Spain architecture

34 The Ribbed dome is a kind of vauthat is invented in Spain and Iran, the first known examples are

found in great mosque of cordobatlre 10th century. Ribed dome shaped frotherotation of Many
arches which are semted with each other and meet at the same point. By rotating af @athes,
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certury (Figure 20). However the famous example of Mugarnas style of dome
construction is seen in the interior of QubbaBahdiyyin in Marrakesh, it is combined
with Cordobaf? tradition of ribbed vaults with Mugarnas in the corner (p. E®)ure

21).

Figure21l Qubbat aBaadiyyin in Marrakesh (Web 11)

dome surface has beeivided into stalike shapes composed of regular polygon cells. At the center of
dome spacen empty regular convex polygon has been formed.

% C. r d(8darish{ " &t o B,é]a city inAndalusia Spain and the capital of thgrovince of

C - r d. bhwas conquered by Muslims in the 8th century, and then became the capitaCaliphate
of C-.rdoba
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There is another type of Mugarnagth pendentives, or stalactites, called mugarbas,
that is not take into account as a Mugarnas compositiSamplonius and Harmsen,
1992, p. 85)Thereforethis study just focused on Mugarnas in Spain.

Tarig (2014) notes th&ranadavas one of the main cities of Spain that was the host
of particular architectural oamentation includingMugarnas, whichwas used on
arches, in cupolas and as a fridzein Spain.The most famous example of Mugarnas
dome belonging to Spain is in the AlhamBia Granada (p. 29(Figure22). In the
Alhambra,Mugarnasare used on differeéscales. According to the theory that is found
on Alhambra lgttps://prezi.com), the ceiling of this dome is covered with 5000 carved
and ornamenteMugarnaswith a star irthe center Figure23). Samplonius refers to
theanalysis of théMlugarnasn the Alnambra made by Goury and says:

They indicated that only seven different prisms are involved in most
constructions (i.e. of the Alhambra), and some five tand®of them

were used in the dome of the Hall of the two SigteThere are only
three sections to the prisms: rightangled triangle, rectangle, and
isosceles triangle. What makes variety of composition possible is
that there are several facets on eacbnprand that these facets are

at different angles from each other and have different curvatures. But
at least one of the surfaces is common to more than one unit, so that
a large number of different arrangements can be made with a small

number of units.

%6 The Alhambras a palace and fortress that is locateGmanada, Spain. It is one of the prominent

buildings of not only Spain but Islamic world because of its artificial planfésginating gardens and

complex decorating. Theame Alhambra, is the synonym ft he red, 6 i n Arabic, and
becauseof he Al hambrads reddi sh wall s

87 The Hall of the Two Sistenwas located in the center of chambers in Alhambra where the king and
his family lived.
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Figure22. Hall of Two Sisters Alhambr@Neb 12)

Besides the ceiling of the dome, also the smaller arches of intimate chambers are
covered by mind blowing Mugarnas. The Mugarnas Chamber is used from the western
side of the cortyard to a long rectangular space that was used for feasting. It circulated
into the courtyard via a roofed Iwan with three large Mugarnas arches ¢nat w

adorned this space. However, this place has disappeared oveFiguome24).

Figure24. Arch Detail in the Mugarnas Chamber, Granada, Spain (Web 13)
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2.2.3 Mugarnas in Nonlslamic countries

According to (Kaprielia, 2005) after the usage of Mugarnas in all over the Muslim
world, it spread westwards as well. There are three early examples of using Mugarnas
as decorative elements in Christian architecture. The Cappella Palatina in the central
royal space of King Rogdl's palace is one of the earliest examples of Sicilian Norman
architecture that used Mugarnas in its structkirgure 25). Mouchroutas palace hall

in Constantinople was also built with a Muqgarnas ceiling. Finally, during the thirteenth
century numerog stone Mugarnas vaults were formed in Georgian Armenian
monastic constructions (p. I)82Another example of Mugarnas as a decorative motif

is the Mugarnas in the central niche of the iwan found at the Zisa of Palermo. This
place was builtin 1164 by Guglmo | d'Altavilla (r. 115466) (Garofalo, 2010,p. 357)
(Figure27).

Figure26. Detail of Palatine chapel Mugarnas (web 15)
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Figure27. The Mugarnas of the central niche of the iwan in the Zisa, Palermo

SourceGarofalo 2010, p.358.

2.3 Placement of Mugarnas irhistorical buildings

As mentioned before, the first function of Mugarnas tasise it as a decorative
element on smaller cupolas, niches, arches, and frieze to create domes over square
buildings. Then architects tried to use Mugarnas as a structural element for
strengthening a part of dome, or constituting a part of a buildirgp, AGarofalo,

2010) notes that the curvature form of the Muqgarnas playad asoustical element

to diffuse the sound itheprayer hall of the mosque to spread the Quran recitation and
reduced the echo. Now we can find Mugarnas on vaults, domes, peeslerdrnices,

corbels, capitals to connect two vertical, remplanar surfaces (p. 357).

Despite the main purpose of the Mugarnas that is transition between a square base and
a dome, Mugarnas also has been used to create a niche on the entrancaildfrige b

or used as a decorative element on cornice or beneath a balcony (Yakar, Yilmaz,
Armagan and Korkmaz, 2009, p. 203). This chapter will discuss the locations in the

building that Mugarnas can be fit iRigure28).
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Figure28. Placemenbf Mugarnas in Islamic architecture

(This chart is drawn by author)

2.3.1 Mugarnas on Niche

The most welknown use of Mugarnas in Islamic architecture is a kind of decoration
element which has been used on the niches or semi vauftistarical buildings

especially in mosques and the examples of shallow Mugarnas hoods are seen at the top
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of niches on the facets of the buildifigcclary, 2014). According t&akar, Yilmaz,
Armaganand Korkmaz (2009}his style of Mugarnas belongshwrth Africa and

Anatolia®®. They carved triangular elements from wood or plaster into the downward
curve elements on the building with different anglesA(300 r 60A) . Thi s

Mugarnas has been ajgu on the surface facing forward or facing backward.

Using this type of Mugarnas as a smooth transition method on the tripartite squinch
was used in the 10th century in Iran for decorating the vaults of niches in the way that
they are located symmetritain relevance to the lateral axis of the building (Garofalo,
2010). The blocks of the Mugarnas merge on to the concave surface as a layer of
Mugarnas composition to make threedimensional decorative structu(®es &
Sakkal, 20168) Somet i mes, Mugarnasods purpose i s
vertical surface to more impressive one as a concavevaeitiabove the entrance of

a building (Dadkhah, Safaeipour and Memarian, 2012). To createdimeasional
decorative motifs of lvans and domes in Iranian traditional architecture, Mugarnas
blocks repeats themselves at various rhythmic scales insirsdire® way (Moussavi,

2009)

Thebestknownexamples of Mugarnas on niche, are locatetieneintrance niches of
the Ivan of the Jame Mosque of Esfalla(frigure 29) and Bimaristan aQaymari
(Figure30).

38 Anatolia(Turkish Anadolu), which is also known @sian Turkey Anatolian peninsula o&natolian
plateau, is the westernmost partisfia, which generates the majority ®irkey. Anatoliais bounded
by theBlack Sedo the north, thélediterranean Sea the south, and theegean Se#o the west.

%% In mathematics An object is said to be sedimilar if the whole form of that objectis
approximatelysimilarto a part itelf and it looks the same on any scale. Seffilarity is aparticular
property offractals

03 U0Umeh Mo s qukersiadg flnsyfHsEh Uvagjitked Otmlesr | sf ahUn), is | oc
Province of Iran. It is the largest mosque of Isfahan and one gidnginent traditional buildings of

Iran. The construction of the mosque was started around 771 and completed around the 20th century.

The site of Jame mosque of Isfahan has baéNEBSCOWorld Heritage Sitsince 2012.
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(d)
Source: Dadkhah, Safaeipour and Memarian. 2012, p.133.

Figure29. Mugarnas on niche, Jameh mosque in Isfahan, Iran

Construction period: fromi71 to the end of the 20th century
Mugarnas on niche (Web 16) (a), Plan of Jameh mosque and the location of Mugarnas @Meticti#) (b), front

view of Mugarnas (Web 17) (c), details of the Mugarnas in west iwan of jameh mosque (d), section of Mugarnas
in west iwan of Jameh mosque (e).
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Figure30. Mugarnas on Niche, Bimigtan aiQaymari in Damascus, Syria

Construction period: 1248 and 1258

The location of Mugarnas on plan of BimaristarQalymari (a) (Web 18), Mugarnas on niche in Bimaristan al
Qaymari (b) (Web 18), Mugarnas on niche in the entrance (c), Mugarnas erohiBmaristan aRQaymari (d),
underneath view of Mugarnas on niche (e), details of Mugarnas of Bimaris@ayadari from underneath view
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2.3.2 Mugarnas on Dome

Mugarnas compositions can also be located in a building, as a vaulting over achall, an

usually are used as part of a dousiell adjustment. Therefore, they are only visible

from the inside of a buildind\ecipoglu, and ahsad, 199%. Since Mugarnas has been

applied to the underneath of domes, they present a downfeaidg shape thaowld
construct a |line between the floor and any
(Akram, Ismail, and Franco, 2016). For examplatiransition from a circle to a single

point, before reaching dome shape, there are many other steps with diffienges.s

These steps are called layers of Mugarnas. The initial and finalssbiapach layer

are called layer linegHamekasi, Samavati and Nasri, 2011)

Mugarnas can be used as a decorative element, instead of playing a structural role, by
hanging on the roof. The shrine of Lady Zumurrud Kh&twvhich is located in
Baghdad City is one of the significant arelgifural landmarks with Mugarnas domes
(Figure32) (Akram, Ismail and Franco, 2016). Also, the dome of Madtdgduriyya
Al-Kub*2, which is located in Damascus, Syria is another example of buildings that
has mindblowing Mugarnas examplé&igure33).

As Tabbaa declared in his article all of Mugarnas domes have some common features:

1 They all consists of small cells that are different from each other.

1 They all have obscure structures.

41 The shrine of Lady Zumurrud Khatun is one of the most significant and lsfomaning Mugarnas
domes, that is one of the famous landksasf Seljuk architecturen Baghdad City. Lady Zumurrud
Khatun was married to Caliph Allustadhi BtAmrillah. This shrine constructed in around 1202 AD,
by an impressive technique and style.

42 The madrasa of Nur-@in is located along the Khayattin @q inside the walled city of Damascus.
It was built in 1167 by Zangid ruler Nur-Blin (114%1174) as the first royal madrasa complex in
Damascus. The complex is composed of a madrasa, a mosque and the fomaseisum.
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1 Layers of stucco, paint, or glazed tiles are usually used at theftthsedouble
shell dome (Tabbaa, 1985).

As Kiani and Amiriparyan (2016) declared, using Mugarnas in domes is an integrated
system to cover wide openings that are built on a squared shaped phaitipte

layers withthe diverse scale of elements. Thenef, the first layer that is called layer

line has the most intensity which is reduced in subsequentical layersand is

overlapped by different scale degrees to achieve unity in the whole pattern.

According to Samplonius (1992), although, Mugarnased as a transitional zone of
domes with a square based pl an, its mai
concerned with finding decorative roles for the squinch areas, favored a decoration by

the multiplication of parts, a treatment which gave edéeto the otherwise blank and

shaded inner surface of the squincho.

Figure31 Mausoleum of sitt Zumurrud Khatun (Web 19)
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Figure32. Mugarnas on Dome, Bimatan alQaymari in Baghdad, Iraq

Construction periodl8791948
Mugarnas on dome of Bimaristan@bymari(Web 20) (a), The lod¢®n of Mugarnas on plan of Bimaristan al

Qaymari(web 21) (b), inside vew of Mugarnas on dome (web 22) (c), details of Mugarnas on dome (web 23) (d),
Section of Mugarnas on dome (web 23) (e).
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Figure33. Mugarnas on Dome, MadrasaNiriyya atKub in Damascus, Syria

Construction yearl 167

The location of Mugarnas on plaf Madrasa aNuriyya atKub (Web 29 (a), Mugarnas on dome of Madrasa al
Nuriyya atKub (Web 29 (b), The view of Mugarnas on domeMadrasa aNuriyya atKub from outsidgWeb
24) (c), the details of Mugarnas on dome of Madrasidualyya atKub from outsidgWeb 24 (d), the view of

Mugarnas on dome of MadrasaNuiriyya atKub from inside(Web 24 (e), the details of Mugarnas on derof
Madrasa aNuriyya atKub from inside(Web 24 (f).
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2.3.3 Mugarnas on Minaret

Mugarnas has been used on minarets or the eaves of a building as a smooth transition
method between two shapes that are different in size (Hoeven, & Veen, 2010). Also

it can be wused on minar e tNedpoglusandpA\sad,t a mi nar
1996. It is located between the shaft and balcony on the minaret of the mosque, a fish
scale Mugarnas creates a transition zone (Bloom, 2000). Accordvartary (2014),
Mugarnas usually was used at the top of the shaft with a number of variations and
inconsistencies. These irregularities in both, width and alignment of the cells from
each layer to the next one, have caused deviations from constant form along the
curvatureof the shaft, thus the problem of accessibility occurs, and makes accurate
measurement difficult. Mugarnas elements on minaret were used in the earlier
Byzantine brick buildings and the first example was in the western border regions of
the R m Saljug Empire. Later Iranian teams of craftsmen were trained in the native
western Anatolian tradition of brick construction that did noteha history of
Mugarnas use in that region. The Minaret of Arghun Shah Mosque (RB§uend

Quwwat atislam Figure36) are two prominent examples of Mugarnasteminaret.

Figure34. The Minaret of Arghun Shah Mosque (web 25)
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Figure35. Mugarnas on minaret exgle, Arghun Shah Mosque in Tripoli, Lebanon

Construction yeart475

Southeast elevation of Arghun Shah Mosque (web 26)(a), the location of Mugarnas on plan of Arghun Shah Mosque

(web 26)(b), Minaret plan, section, elevation of Arghun Shah Mosque (wet).26)(
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Figure36. Mugarnas on minaret example, Quwwatstém in Delhi, India

Construction year1192
The location of Mugarnas on plan of Quwwaishm Web 27 (a), the view of Quwwat dklam from outside

(Web 28)(b), the minaret of Quwwat dslam (Web 29) (c), the details of Mugarnas on minaret of Quwwat al
Islam (Web 29) (d) and (e)
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2.3.4 Mugarnas on Cornice

According to Carrillo (2016), During Turkish Ottoman Dynasty Mugarnas bettzane

more popular decoriaig element in Islamic architecture. Architects have generalized
Mugarnas as a technique for decorating not only squinches but also other architectural
elements such as cornices. Kaprielian (2005) asserts that from the eleventh century
onwards Mugarnas hgdayed a decorative role irhistorical buildings beside its
transitional method. In order that Mugarnas cornice was used as a part of the ceiling
instead of using as an appendant element, it was used as a separating part from the wall
and presented a trsition between the horizontal and vertical planes of ceiling and
wall. Moreover, Mugarnas cornice was used to enlarge the surface area above the
building in order to achieva larger platform for the upper part astructure. Bekar

sultan tomlwhich is lacated in Aksaray, Turkey{gure38), And Gunbasi 'Ali which

is located inAbarquh Iran (Figure 39) are historical buildings that have Mugarnas

cornice in their pper sectionés (Mcclary, 2014) says:

The functional role of cornice in that building is to increase the size
of the roof in order to shed water runoff away from the walls of the
tomb and thus reduce erosion of the brick Kufic band of epigraphy

below.

Figure37. Details of Mugarnas on cornice (web 30)
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Figure38. Mugarnas on cornice example, Bekar sultan tomb in Aksaray, Turkey
Constructed in 13century

The view of Bekar sultan tomb from outside (web 31) (a), Mugarnas on cornice of sultan tomb (web 31) (b),
details of Mugarnas on cornice of sultan tomb (web 32) (c).
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Figure39. Mugarnas on cornice example 2, Gunbatli in Abarquh, Iran

Construction yar: 1055

The view of Gunbad 'Ali from outside (web 33) (a), Mugarnas on cornice of GuabaAdl (web 34) (b), details
of Mugarnas on cornice of sultan tomb (web 35) (c).
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2.4 Materials of Mugarnas

Garofalo (2010) states that according to the regfaifferent Islamic countries, the
materials used ihe construction of the Mugarnas can beiedr For example; In
Syria, Egypt, and Turkey, Mugarnasstly is made of stone, the predominant material
for buildingin theseareas andreat care should bevgn when applying such material

In North Africa the plasteand woodmostly areused in constructing thdugarnas.

In Iran and Iraq, bricks are the constituent parts of them, which sometimes can be
coveral with plaster or ceramic. Therthogonal geomegrin them make it necessary

to use bicks in producingthe Mugarnasbut plaster camgive greater freedom in
selecting thecomposition because it allove®ping with angles that amot exactly
45A or 90A.

In contrary toGarofalo, Mcclary (2014) believe that the materials of Mugarnas
compositions were varied depending on their construction time periogay$ethat

Brick has been often used in constructing Mugarnas in Seljuk architecture, but in the
architecture of HKhanid, plaster is more common. #ling on the materials used

in constructing the Mugarnas elements, there can be seen a broad ofatietge
elements. When the Mugarnas is not produced from prefabricated elements, it is only
necessary to fit the two joining elements together, butlédraents in other parts of

the Mugarnas may have other measuscording toNecipoglu 2005) When a
Mugarnas structure has to be inserted into an existing vault, there is need to modify
the height of the facets of the elements. These height measuredeagftense in the
upper tiers with decreasing the curvature of th&wn,the part which is above the last

tier can be completed in several ways. For example, in some vaults, the original brick
is left visible, however in otherghe ceiling is covered wht plaster and can be
ornamented by painting, or the upper parthaf vault is filled. Table 3 illustrates

material variations of Mugarnas compositions according to their logation
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Table4. Material variations of Mugarnas comjtamns according to their locations

Properties of

Material Location Figures of Muqarnas
Mugqarnas

Madrasa
) al-'Adiliyya
Syria Damascus,
1219 ,Syria

Al-Azhar
mosque

Egypt -
stone ,Calrg;ggypt

Hunad Hatun
mosque

Turkey Kayseri,

1238 ,Turkey

(The table is created by author)
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Tableb. (ContinuedMaterial variations of Mugarnas compositions according to
their locations

Properties of .
Material Location Figures of Muqarnas
Mugqarnas

Nasrid Palace
Plaster , of the Alham-
or North Africa bra
Granda,
Wood 889 ,Spain

Shaykh 'Abd
al-Samad
Iran ,Natanz, Iran

1299

Brick

Abdullah al-Qa-
dir al-Jaylani
Mosque
,Baghdad, Iraq
1534

Iraq

(The table is rated by author)
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2.5 Functiaccn of Mugarnas

Mugarnas is used as a mdfitinctional element for interlocking, loadbearing or
nicheshaped vaulting units. Gradually, it became increasingly ornamental and appear
as an intricately faceted surface (On4710). Also, it is often used to vault mihrabs
and, on a larger scale, to support and to form domes (K&fia8,

According to Bloom (2000), when placing a circular dome on a square plan, a
triangular shape can remaiapen, and this can creata prdolem. In order to solve

this problem, a transitional layer can h@pked. This layer can convettte circular

base to a square one. Symmetric and aesthetically ple¢asggdimensional forms
have been used for such transition. Mugarnas, at first, cadyapplied to domes, but
then it was used on other different architectural elements inclgtnadjer cupolas,
niches, arches, and alsoadecorative frieze.

Irwin (2011) states thasome Mugarnas structures are only used for decorative
purposes and tlygehave not structural raten the building. But some of them, besides
decorative objectives, can play structural sahethe building. Such as fortifying a part

of a building (a dome, or a vault) or constituting a part lofiéding. Some structures

of Mugarnas have been used faroustic purposes, espalty those employed in
mosques, where Quran is read afiaker religious retals are aken place becausde
curvature of pieces in the Muqarrzn spread theound andhlso carbe effectiven
reducingthe echo.

Some examples of Mugarnas variations are shovigumes on next page
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Figure40.The variation of Muqgarnas designigiamic architecture

Madrasa Chahar Baglsfahan, Iran(a), Chehel sutun, Isfahan, Iran (badrasa Chahar Bagh (¢3fahan, Iran
Shaykh Abd alSamad (d), Natanz, IraNasir atMulk mosque, Shiraz (e) , IraNaghshi JahanIsfahan Iran(f),
Ceiling at KL Tower, Kuala Lumpur, Malaysia (Alhambra Palace, Granadapain (h).
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CHAPTER 3

PROPERTIES OF MUQARNAS

Understanding the mystery of Mugarnas geometry and its complesetysrto have
knowledge about the designing thought and designing methods of these geometrical
decorative elements. After discussing the historical background of Mugarnas in
chapter 2, this chapter tries to reveal the architectural and geometrical psopertie
Mugarnas and survey about the new met hod

make the Muqgarnas designing process much faster and easier.

In order to understand the structure of Mugarnas, this chapter tries to study Mugarnas
structure in both te-dimensional plae projection which is a substitute for the
Mugarnas design and thrd@mensional Mugarnas compositions and the way that are
constructed as a volume. In this regard, firstly-limensional Mugarnas patterns that
define a finite set of Muairnas elements will be discussed. Then the ttieensional
elements of Mugarnas compositions and the way that they are combined to form a

Mugarnas structure will be the subject of this chapter.

According to the new developments that are achieved emndrearchitecture through

CAD systems, Mugarnas also is designed and constructed within new digital methods.
Therefore, after disclosing the architectural and structural properties of both two
dimensional Mugarnas patterns and thideaensional Mugarnas cguusition, this
chapter aims to concentrate on the development of Mugarnas patterns designing
methods through CAD systems which are used today instead of paper based designing

methods. This chapter will discuss these methods that are helped the desitpaks to
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more rapidly and may access to more alternatives of their initial ideas in the first stages

of their designing process.

3.1 Geometrical and tectonic properties of Mugarnas

As mentioned before, because of Islamic beliefs, traditional masterigtdged to

use singly or combined motifs and geometric patterns instead of living creature figures
in their architectural decoration such as adorn the surfaces or using complex
arrangements. According to the survey that is presentétidivetropolitarMuseum

of Art (2000) the first samples of geometric ornamentation already existed in late
antiquity in the Byzantirfé and Sasanian empifésislamic architectmostly tried to

lay emphasis on unity, logic, and order in architectural decoration. Then tgieaime
Islamic decorations developed by the help of mathematicians, astronomers, and other
scientists, whose ideas are indirectly reflectedniartistic way. Compass ariRuler

were the first tools to drawing these geometries and circle was the firstiggdonms

of Islamic patterns.

~

oneds mind right. AIl its proofs ar
possible for enter into geometrical reasoning, because it is well
arranged andrderly. Thus, the mind that constantly applies itself to

geometry is not Mikely to fall into

43 The Byzantine Empire or tHéastern Roman Empire was the continuation ofRhman Empirén
the East. Its capital city w&ongantinople Byzantine Empirean be traced to 330 A.D and fell in
1453 A.D.

44The Sasanian Empir@lso spelledassaniarSasanigdSassanidr Neo-Persian Empirg wasthe last
pre-llslamic Persiafempire, established in 224 CE by Ardeshiand lasted until 651 CE when it was
overthrown by the Arab Caliphate.

4 Thefamousagewmetrhtoz mhdeiz eisitw, which appears in Elias' commentary @atbgoriesand
was well known to the Arabs. It entered Arabic literature in connection with the introductions to
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According to Necipoglu and Alasad (1995), the most interesting fact about Mugarnas
is its geometry and the mystery behind it. Most of the scientistsrahdegts, from
Jones and Goury in the nineteenth to contemporasgarcherslike Notkin and
Michel Ecochard, have tried to analyze it. Understanding the mystery of Mugarnas
geometryand its complexity because of their mathematical relations is too much

complicatedso that researchers must have mathematical knowledge to analyzing them

Dadkhah, Safaeipour and Memari@012) state thatne of the common methods of
decoding a Mugarnas composition to its basic elements is projection method which is
a Twodimensional representation of the complex thileeensional Mugarnas. This
method present us two fixed rules that are valid for all Mugarnas compositions:

1. Using simple and uncompounded geometric elements in every Mugarnas
projection.

2. Determining a geometr system for connecting mugarnas elements.

(Dadkhah, Safaeipour and Memarian, 2012) also refer to the definition that is
expressed by the fifteenth century mathemati@dni y Gioghn aJlams hgdd Mas A
K U s*tand note that the first category consistsx@ main geometry groups: its basic

building blocks thaarecalled cells and the primary elements or intermediate elements

that are used between the cells to complete the geometric network (p. 134).

Dold-Samplonius(1992) refers toal-k Us h §  a hatla Mugatnas ista roofed

(musagqafy vault, that consists of cells which themselves consist of elements. Cells

Aristotelian phiosophy. Cf alFarabi,Fi-ma yanbaghi an yugaddagabl 'ilm al falsafahed. and tr. F.
Dieterici: Alfarabi's Philosophische Abhandlunggreiden, 1890, 1892), pp. 52, 87.

%Ghi yGoohn allamsh kiU a0 sih @ergape xf | Ft  CyGhritudest CIOF 2
don Jamshgd PErslsdsttdommeandmatiemadician

47" Musaqgaf is an Arabic word and it means roofed.
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can be divided into a roofed vault with facets that they are the straight planes
perpendicul ar to the hor inzabarighhamgle,orhalf er sect
a right angle, or their sum, or another combination of them, in a way that they stand

on a plane parallel to the horizon or two surfaces. These two facets with their roof

which is the upper part of them are made one cell (b@gg word bayt is an Arabic

word and could be translated witie house Figure41). These cells also consist of
intermediate elements that areslmgy located in the form of either a triangle or two

triangles as a curved surface between the roofs of djazent cells. These elements

consist of facets and a roof themselvegire42) (p. 226).

| Fj

Figure4l A cell Figure42. An intermediate element

Figures are redrawn by author

According to Hoeven and Veen (2010) for filling some spaces beside the cells, another
kind of building blockss used. Asal-K U snheftioned, to describing the other type of
building blocks called an intermediate element. The largest facet of the Mugarnas is
considered aa module of the Mugarnas, that they are constructed with the same unit
of measure to fit all the elementsgether to connect the roofs of two adjacent
elements. As illustrate iRigure43, there are three ways to connect two cells. With
one intermediate element, two intermediate elesemd without the connection of an
intermediate element. It is not necassto fill the space between two elements with

intermediate elements. (p. 3)

Figure43. Three ways of joining intermediate element/elements and cells
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3.1.1 Twaedimensional Mugarnas structure

Every Mugarnas pattern can be prasdnas a noiperiodic tiling with a lot of

variations based on an isometric netwdBagtera, 2003)These patterns contatine

intermediateelements of Mugarnas which haspecific shapes with limited variety

and number and include specific elements sach

Thakht ,

Pabar.i

Shaparak,S h a m$iguge.44, shows the twalimensional plae projection of a

mugarnas composition with the location of each intermediate elemeatsding to
Navai and Haji ghasemi (2014), Tass, Shaparak, and Takhthereniost important

intermediateelements of the Mugarnas that are shown in FigGre

Sha'ms_se

First tier

Y Third tier

Second tier

First tier

Radius

Third tier Second tier

Figure44. Two-dimensional plaaeprojection of a Mugarnas composition (Web 36)

Figure is redrawn by author
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Shaparak

Tass

Figure45. A part of Mugarnas composition

Source:NavaiandHaji ghasemi2014, p.97.

Figure is redrawn by author

According to the definitions th@adkhah, Safaeipour & Memarian(2012) avalvai
andHaji ghasemi (2014present about thatermediateeslements of the Mugarnas

S h Up a Pendetive or shaparak is the most importdmeesided element of
Mugarnas composition that determines the position of the other elemectsaedts
one point of the lower tier to the two line of upper.tThe angles between the sides
of Shaparak are flexible and determine by the needs of compositgur€46).

Figure46. Pendetive or shaparak

Figure is redrawn by author
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Takht: takht mostly appears in Mugarnas compositvith one of the forms of regular
polygon (triangl e, squar e, p entlagtedn , h e x
shape(triangle and other repeated elements in Islamic pattefigire47). It is the

only flat element that is used in Mugarnas comjpmsiand the designer defines the

location of that in order to be projected in specific spots to facilsatehronization

of the Muqgarnas on a hypothetical circle.

|

& O
v ¢ 8 ¥

Figure47. Takht

Figure is redrawn by author

TUss (TUss® an be found in all tTassiss but
| ocated between t woan®dorhected tadkor more lirte wfdhe P Ub U
lower tier to one point at the uper ofidney are curved triangular pieces or niche shape
elements, that form the concaved part of Mugarnas composkigare43).

Figured8 TUs s

Figure is redrawn by author

Squinche The squinches are located between the pendetives and provide a transition

between subsequentrise Squinches, are used to provide a transition zone for complex
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tracks and the complexity of the Mugarnas composition, determines the number of flat

elements.

Pabarik: pabarik is located around takht or shamsse. It is a parallelogram in which

two sides ee equal and the long axisiis axial symmetry.

S h a ms Shamsse is always located in the last tier of Mugarnas and has a multi
sided star shape or half of it. The number of sides and axis in shamsse must be more
than those in Takht (p. 135).

Figure49, shows tle location of elements on thre@nensional Mugarnas composition
that is used on mihrab of Hakim mosque in Isfahan, Iran. Figures on the next page
illustrate the location of elements in each tiegpectively.

Figure49. Mugarnaghat is used on mihrab of Hakim mosque in Isfahan, Iran
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Also, Moussavi(2009) by decomposing a Mugarnas to its constructor modules,
presented another definition and asserts that Mugarnas coimpaesust include at

least two tiers and these tiers must be at the same height and they consist of changeable
but repeatable plan forms which are also cafiett r ac k s 0 . | neaor der
Mugarnas composition, these tracks stachexkt to and on top ofach otherEach

track itself also is composed of four major elements: the pendentive (shaparak), flat
surface (takht), squinches (Tas), and extruded vertical plaigrs€50) (p. 326).

. Takht

—  Trackline

~+— Squinch

Pendentive

Extruded
vertical plane

Figure50. Track elenents of Mugarnas

Source:Moussavi 2009, p.327.

Figures are redrawn by author

When we look at a twdimensional plaeprojection of a Mugarnas compositions, it
seems that the intermediate elements themselves, armtepthieconstitutive forms.
Samplaius (1992) presented threenensional view of the south octagervault at

the Takhti Suleiman and its plane projectidfigure51). As you can see in Figug,

it is obvious that the theedimensional Mugarnas design corresponding to the plate
c a nandist of only squares and rhomboids but they combined with the split forms of
some elements. Like a square can be splitinto a large biped anihaeégsame way

a rhombus can be split into a small biped and an almond (p. 203).
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Figure51. A corner of Takhi Suleiman Projection

Source:Samplonius1992, p.203.

Both figures areedrawn by author

Hoeven and Veen (2010) refer &-K U s ané mentioned thathe top views of
Mugarnaslementsonsist of a small set of simple geometrical forms such as squares,
half-squares, rhomlses, hakirhombuses, almond anbiped. The top viewsfdhese

elements are based on the square and the rhorRigueg 53). This thesis firstly

Figure52. A vault of Takhti Suleiman
Sougamplonius1992, p.204.

discusssthe elements that have the square base.

L |

| |
square rhombus
=
1 |
jug almond
| |
large biped small biped
— |
1
' half Square half rhombus

L1 L1

Figure53. Overview of the basic Mugarnas elements

The figure is redrawn by #uwor

66




Square: all sides of a square is equal to the module. This element can appear as a cell

or as an intermediate element.

Jug: the jug element is a plane projection of a cell and has two longer sides that
correspondo the curved sides of the elementldhave the module as their length, the

other smaller sides are equals to the module.

Large Biped: this element mostly combines wilug and it is used as an intermediate
element in HKhanid Mugarnas. It is what remains after the subtraction of &gug

the square.

Half square: the last squarbased figure is the half square, where the square split over

its diagonal. That is mostly appear as a cell or as an intermediate element.

All rhombus based elements can appear as an intermediate elementcalla®nd

all of them have at least one angle with 45 degrees.

Almond: almond is appeadas a cell and has two sides withhdegreeangle and one

135 degrees angle and the other two angles are right angles of 90 degrees.

Small biped: It is what remais after the subtraction of an almond from the rhombus.
This element appesas an intermediate element and curved siddgsrelemenhave
45 degrees angle, the opposite angle is 225 degrees and the other two angles are 45

degrees again.

Half rhombus: it is what the rhombus split over its short diagonal. This element

appears as a cell or as an intermediate element (p. 4).
The structure of the different types of Mugarnas are the same but they can have vast

variation in the elements and the angles sec8eajuk Mugarnas or the Mugarnas of
Topkapée Scrol |l AsadNEe5i R 3bt)l u and Al
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3.1.2 Threé& Dimensional Mugarnas Structure

Accordingto AlKUs hd, Mugarnas is |like a staircase.

stair and have to be arrangem form a Mugarnas structure. The structure of the
Mugarnas is built from elements arranged in different levels, each level called tier as
a translation of Arabic word Tabaga and consists of adjacent cells. In Bue
observe how the elements join &blger on one tier. It shows, elements can join directly
like A and B, or they join just at the back with an angle between them like C and D.
Cells can only join other elements in the same tier at their curved sides. The
intermediate elements also mostlinjother elements at their curved sides on the same

tier, but they can also meet other intermediate elements at the front parts.

Figure54. Part of a tier of the mugarnas, Natanz, Iran

The first tier of the Muqgarnas thidttere is not any other tier stand under it is called the
base of Muqgarnas. The top tier of Mugarnas that there is not any other tier stands on
top of that is called center of the Mugarnas. For joining the different tiers of the
Mugarnas there are differemays, but in all of them the tiers place on top of each

other so that their projections do not overlap:

Curve to curve: aswe discussed this way before in the same tier the curved sides of
the elements join each othé&igure55, a).
Front to front: in this way, the front of intermediate elememtsetseach other on the

same tiertigure55, b).
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Back to curve side:the backside of a cedtandson the curved side of an element in
lower tier Figure55,c).

Back to front: the backside of a cedtandsn the front side of an intermediate element

in a lower tier orinverse an intermediate element stands on the front of the cell in a

lower tier(Figure55, d.

]

[7

;

(a) On curved side (b) On front (c) On front (d) On front

Figure55. Combination of Mugarnas elements

3.2 Process of Mugarnas castruction

According to Akram, Ismail and Franco (2016), Mugarnas is usually used in
undersides of domes, cornices, pendentives, arches, vaults and squinches. As they can
show a downwardiacing shape, so, one can trace a line between the floor and any
point on the Mugarnas surface. One can design Mugarnas geometrically so that a

unique visual form can be obtained (p. 135).

Sakkal (1988) declares thaBlocks of Mugarnashave been arranged imany
compositions in the way that thegn enclos@artially orcompletelyspace, in doing
so, there must be a connectibetween tem in the horizontal direction, and also
connection btween on top of each Mugarniashe vertical direction. Itvoth cases,
thefirst state fiorizontal layeringc a |l | e d f ¢ eandthe secrid istat@vhich
iscal | ed Ajouxttapeo gii tniadallediircrl adpg2®me nt i s
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A short descriptiof the construction process of plaster Mugarnas has been presented
by Dadkhah, Safaeipour & Memarian (2012), which can be surnedhais below:

Firstly, atwo-dimensional pattern plan of working sketch with fsthle should be
scratched on a plaster or on a wooden slab, according to the Mugarnas vault design.
This projection is called Takhnift Then, tiers rows should be identifibgl ceramic

bars or clay lumps on these plans. And after that, for,edchiers of the vault,
alternative plates of plaster or woodZinches) should be cast and prepared. Then,
the plates must be connected to the vault and wall by Sazdiplatesare loaded on

the domeabove the Mugarnas. A Plumb Iitfdés used as correspondence to the- full

scale sketch on the flodFiQure56, a, b, c)

In the next step, Molding and installation of each tier should be done from the base
row to t he angd madlds af plasterislzooidbe @nstructed main elements

of each tier. These molds sometimes are developed in a way that can be used in the
number of elements that architestisan (mimar) has intended to produce. Then, an
overlaying plaster, tile work {er tile or mirror), or bricks 26 should be constructed

with these molds. And after that, a plaster which can be dried quickly is used between
the cells, as a liquid grout on the back of the tile work. Finally, these cells should be
connected to the vauhnd also, they should be fittedagpatial grid of the horizontal

and vertical openings, in order to form a whole wdtig@re56, d, €) (p. 136).

48 Takhmir is a geometrical fuicale sketchf a twodimensional pattern on plaster or wooden slab

on ancient Islamic architecture.
4% In order to construct Bugarnas vault, for standing each tiertloé vault ontwo-dimensional plane
projection, designers used a suspended column called Sazoo, on the back of Mugarnas, which itself was

made ofanimal fur like horsehair arlthed with plaster.

0 A plumb line(Persian{b H ) i$ an instrument that has been used in ancient Islamic architeture to

ensure that constructions aumb', or vertical.
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Figure56. Formation stages of Mugarnas in contehalf an octagon

Source:Dadkhah, Safaeipour & Memaria2012, p.135.

Yaghan (2001) has stated that Mugarnas consists of orderly horizontal layers with
small o6éunit surfacesd, these | ayers have
connected by thelayer lines in base and top. These layeres (top and base) are
integrated or haveeen separated by joints. Albrizontal gaps between lines with

same height (like st-pasthebayvewbeeh &r el
faces and lagrs, constructed according to 2DPP and their boundaries have been
defined clearly. Mugarnas, depending on their 2DPPs that are created upon them have
certain degrees of complexity. Sometimes it needs a great deal of skill and experience

to decode Mugarnadrawings into threelimensional forms (we will discuss later)
(Figure57).
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Figure57. The basic parts of the Mugarnas (Web 37)

For better understanding the construction process of Mugarnas compositiorr anothe

example has been presentedrig(ire58) by Moussavi. The gate of Sheikh Loft Allah

mosque is developed by vertical tessell ation
series of different units. But these units are repeated and are arranged along a

horizontal contour and are in conjunction with a pointed arch. The base unit has been

repeated in order to form six different tracks, as shoviagare59. (Moussavi,2009).
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