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Figure 2.54 Various procedures of using radial brick wall between 107 

the external and internal h 11: a) Int nu l tiffeners and wooden struts of 

Khvaja Abu Na r Par a mau l um ur : Th Ministry of culture & 
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CHAPTER I INTRODUCTION 
1.1 Domes 

The dome is one of the most effi i nt hap in th world such that it covers the 

maximum span with the minimum urfa ar a for maintaining larger volumes with no 

interrupting column in the middle. Terminologically, it is defined according to the 

Oxford keys (1980 p. 12) "as a round roof with a circular base". 

Architecturally the dome generally is a aulted roof having a circular, polygonal or 

elliptical ba ed and a common hemispherical or semi-spherical shape. From the 

structural point of view it is a structural element of an architectural configuration that 

resembles the hollow upper half of a sphere. In fact, it can also be thought of as. n , r .h 

which ha been r tated around it vertical axi ·. uch domes can mbra .c the high k\ cl 

of tructural re i tance (Wikipedia n. d.). 

In We tern architcctur , 80\ man (2003) elaborated that: "1 he domes arc • t gc ri1 d 

according t th ir hap f b th the ba ·c and the sccti n thr ugh the ccntr L f the 

dome'. Then h c ntinued that: "Their ba ·es may have circular .. .quare or l oly~on 11 

(many-sid d) features, depending on th' plan of the drum (tht: wall 011 whi h the dom 

rests).' 

Jn the c n nruct ion pr cc .s, d me structures rnudc l r vari )\I I ' il m uerial ha\ \ IL n , 

architc .tural linen ic ext .ndinu int pr ·hi t )r ; they 'l ntinue ill ilk 

mutcriuls such a . tone, mu I brick, ind l iked l 1 i ik I om · )7 , l h k Ill \\,IS 

cmplo 11.:d .1s ,1 n ofinu method wh r the 1 en c l uit ibl timl 

it imj { ·sibk It con tru ·1 1 11,1( timl er ro l{ Pit ni • r m Itri l > • 
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CHAPTER 1 

Historically, there were various domical tradition in b th the We tern and the astern 1 

architectures. B. B. Smith (1971) in hi b k titl d 'TIP Dome: A study in the History of 

Ideas' highlighted that the origin of th prirnar , d m almost are uncertain: "These 

domical shapes, as an ancient and r f rm, were preserved in many cultures 

and gradually translated into more perman nt materials as a family or royal tomb, a cult 

house and abode of the Great One or as a utilitarian granary, sweat house and kiln." 

Then again, Grabar ( 1963) restated, there is no historical justification for the 

assumption that the domical vault was solely employed for the pure structural and 

environmental rea ons in either brick or stone". Instead, all the evidence sh w that the 

early ma onry vault forms including dome and tunnel vault were trnditionnll- re f 

hape were preceded for b th I gical and idc logical reasons (Wanda, _Q(L .• mirh 

(1971 ), h we er differently concluded hi idea in transfcrrin , th dornical id as . in 

their appearance a foll w : 

Hence, in tracing th luti n of the d m in an ' parti .ular rcgi n, a parti .ular 

di tinction mu t be made b tween th cultural l v I, which the dornicr I id a l k hapc 

rganizati n \ ith the in ntivc tc hnical equipment, and raftsm .n. fir ti .. t tran bk 

an an e tral dv lling int Ill int 

dornical audi .nc e hall f bric . and finally t ere t m num ntal hcmi l her . r · m iid 

d mes, up n t 'tnpk (fig. Ii i. I. I , Inn h . l \( Ii uc ri 

and mosqu s fiu, 1.11. 
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CHAPTER I JNTRODUCTION 

(a) (b) (c) (d) 

Figure 1.1: 11lu tration on the Smith elaboration regarding dome evolutions since beginning 
over historic times: a) The corbel dome of the Trea W') of Atreus, Mycenae (Wanda, 2002; 
Smith, 1971); b) Four-Taqi (four vault) in Dareh har, Iran (photo by Maryam Ashkan, 2003); 
c) Domes of Sarve tan palace, Iran (photo: 
www.trekearth.com/gallery/Middle Ea t Iran/Ea t Fars San est an/); d) Mausoleum of Moshtaq Ali 
shah, Iran (Photo by Maryam Ashkan, 2002). 

Historically, the earliest domes v ere found in the ancient Middle East2, Central Asia3 

(fig. 1. 2, 3) and India in the modest buildings and tombs (Dome, 2007; Pope, 1965). 

www.preventconflic f. org f ortal/n •1ml/11epal _111op' \Cl\ia.php 
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CHAPTER 1 INTRODUCTION 

Saud la 

Figure 1.3: Middle East and ia countries (Source: the! Midtll» F tst Atlas 
online Resource) 

Profe sor A. U. P p 1971 who ha d n many in cstigati ns regarding fiddle 

astern cultur b lieved that e ential cau f th continued d vcl prncnt rd 1111.: 

in thi r gi n r lied on th ir p if l gical th ught. and . -mb li · meanings: "It \ a 

the mortuary, di in . ro al and c le tial meaning f th' 'C d mi al traditic n: with their 

ymb lie id' I gies which 1 d t th' p pularit and me nurncntal u 1.: of the d mi · l 

·mpirc. then in the .hri tian and 

and lat r r I .lamic p ri d .. " 

1.2 Middle [:t ·tern Dome IJ •fore the Coming of I lam 

'I h curticst d nnc in th I ' ith 1 un buil lin rn I '' re 

pro lu ·I out ot mu I I ri .k pl re ·I in 'hi l tilt Ii ihtl in 
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CHAPTER 1 INTRODUCTION 

"corbelled domes". Evidence for the simpler pitched-brick dome remained from as early 

as the 3rd millennium B.C. in Mesopotamia" (P pe, 1 71; Wanda, 2002). 

Historically, apart from the uncertain origin f Eastern domes, the primary surviving 

samples of dome constructions in the Middle East and Central Asia are the most 

enormous domes of asanids which were built o er chahartaqs5or the central chambers 

of Zoroastrian fire temples (0 Kane 1998) (fig.1. 4). 

w ~ 
Figure I . ./.: Two examples of remains of Zoroastrian fire t 'mp/ 'Si a) liasar 7.oro istri 111 
temple in Kashan, Iran, (c. third A.D.); b) Four Taqi in I arehshahr, lltnn. Iran 
(uncertain date) (Plan: after Memarian, 1988 ;(Photos: a) ed. 1 Qas nni, 006; b) 
Maryam Ashkan, 2003). 

oon after, Per ian ma ter build r had intr duccd an architectural inn vati n wh. .h 

had an imp ri habl ff t n th d me ar hite ture in the 1id le East · nd cntrul 

A ia: 'surmounting a dom n squinches" ( hkan and Yaha a, _o . In thi · r •gard. 

the primar ' ell-kn \ n ample • v, hich hav ftcn been presented in hi. t iric literature 

P pe, 1 7 · M marian, ). ire l )111 ' ivc l the 

, arvestan palace. 

Bi r 1986 bcli rv I that the I imc · l f ,'•1n slan p 11 H: 

\\\ rl l whi .h 

It 11 cd th nu st s1 I 
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CHAPTER 1 INTRODUCTION 
dome, with a semi-elliptical 12.80m span, and h ight [ 20m, however, are not as 

enormous as the one surmounting the Arde hir p lac in Firuzabad (fig. 1.5). 

Figure 1.5: Domes of arvistan palace with primary samples of squinches, Sassanid 
era. (Sources, photos: www.trekearth.com/gallery/Middle East/Iran/East/Fars/Sarvestanl; 
after Pirniya and Bozorgmehri, 1992; Memarian, 1988). 

In fact, decorative elements emphasizing the zone of transition at the pala 1.: r t 

four windows b tween th .quinche 6 ( 'Kane, 1 98). According! , with the L larni 

conque t, veral as anid acred chahar-taqis (f ur vault ) w r a. ii cm rte i int 

the mosque main hall by inclu i n of a mihrab. 

Then regarding d me thr ugh A ia Min r, hi t ricall , mith ( 1 71) stated that: ···1 he 

econd m th d of d me c n tructi n app ared in th n rthcrn ' ria • nd 1 hmm in 

Turk y (fig. 1.6) kn ' n a the me in v hi h the mud bri ks < r I la' d 

h riz ntally in ir ul f dirnini hing ir umfercn .' 

) 

villas; 
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CHAPTER I INTRODUCTION 
Then after, the construction of wooden dome wa \: id 1 increased through Asia Minor 

which combined the space of dome building v ith th fle: ibility and lightness of wood. 

On the other hand, wooden domes wer u uall c red with sheets of metals such as 

copper and lead, for protection against th w ather. By the seventh century, wooden 

domes were normal methods of roofing churches such as Sion church ( 456-460 A.D.) 

in Jerusalem in the Near East (Smith 1971). 

When the Arabs came to build the wooden Dome of the Rock, this method was thus the 

common appropriate approach for major religious buildings. The Dome of the Ro k, 

which has likely been known as one of the world's architectural ma tcrpiec in the earl) 

Islamic era, is an ample ample of transferring pre-Islamic culture. into th I lamic 

architectural style of dome . 

The es ence of non-I lami influence on dome constru tion methods in the early 

I Jamie architecture are boldly illu trated by gan uban 1974, p. 1 6 in hi. h k 

titled: "Muslim Religious Architecture' : 

Art hi torian have k pt up an un e ing fl \: f tudies f the l m C the I .k. ln the 

c ntext of I I mic ar hit ture, it r main· unique, but in that or l ornun ar hire .turc it 

form i dir ctly in line with the lat traditi n in na. II r it. irnpc rtant 1 .aturc fr m 

th int ri r d ublc c I nnadcs t th den dome. hr \1.. l en h wn t 

faithful r 'l roductir ns ( r features r the athc Irul ) BO\!' I in the ~ uthcrn ) ri l. lt 

\ ll-knov n mosaic dccoruti in is 'l n idcrcd a it ml' I I uuic en 

n rctism and does n t inclu i r I r c lll ltit 11 l t 1 1 .n ~'' • nit 111 l h mire buil iin • 

mi iht l 1: vi '\H d us Ilic lust l lo nnin 1 ' th 11 II ni i t 1 iitjl n l 

· ·nth sis t'l .tll'd it 1 \\ n f 1 rnrnl 1 • 
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CHAPTER I INTRODUCTION 

1.3 Middle Eastern Domes After the Coming of Islam 

After the construction of the Dome of the R k and introduction of using dome in 

Islamic architecture, thousands of masonry domes were built throughout the Eastern 

Islamic lands. Nevertheless it has generall been recognized that domes (either as 

single domica1 buildings or in large complexes of building) have played a considerable 

part in Islamic architecture. 

Grabar (1963) al o strongly emphasized that: "Islamic domes vary considcrabl in izc 

and in sumptuousness but their number shows clearly the importan in th new 

Muslim culture of an architectural form." 

But, the lack of adequate text indicati n or even of mean: to c aluatc the c istinu 

evidence ha con tantl hamp r d the po sibility of an wcring qucsti n ab ut th 

zastern dome ' tyle and the architectural configurati ns, up rt from their pre-I lamic 

origins. 

A great deal i kn wn ab ut th 

the Middl 

Iran, f B. B. 'mith ( 197 l in the near I a l 

7 ind iodat d (I 9 111 

n i ir ll , r 

19 . '20 iddle I a ·t and .cntrul 1 sin ma) l 1.: hi ihli iluc \ t illu tn le th 

tcnerul fcatur sand histori -.11 c nsi k1 uion alx ut I., cl 1111 ·nt ' the l ,1 1 l 1 Ion l' 

nnd their rucuuin is in I lumi · irchitc .turc, 
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CHAPTER 1 INTRODUCTION 
Nevertheless, much is still uncertain and agu , e pecial!y with respect to the crucial 

problem of interplaying typologies with th exact a 'Om ttry in the dome architectural 

compositions, the morphological a p t , otnmon hope-patterns of architectural 

components of these Eastern dome sine th arl 1 lamic until the late Islamic epochs 

which are the main concern of Part One of this Re earch. 

In the Second Part, Research focused on the precise analysis of the pointed 

discontinuous double-shell domes as the greatest type of Islamic domes. Pointed dome , 

whether erected on single domical buildings or involved in huge complexe , are 

considered as significant and important items of Islamic architecture which wcr wi ly 

practiced for both architectural and symbolical purposes. This type r stern i me 

includes the majority of monuments in Iran, Afghani tan, Kaza) hstan, 'I urkrncni: tan 

and Uzbeki tan. Th y are well-known due to th ir graceful dcsi in, pr portion ( t 

constitutions, variou typologies and p cific c nfiguration . 

An 1 lamic or a t rn doubl - hell d me 1 dcfin d a th d m wh s tw .hell: have 

noticeable di tance . Architectural! , th 

bulbou , and p int d whi h i the m tter 

d m hav pl d , ignificant r I in th d 

archite ture v r I larni era . 

f three sub-t pc a' l ll \ 

part of this Re: c 

pment of th 1 , t rn d nui I 

ni al. 

Iii t ricall ', p int d d m rapidl • underwent ' ntinu u 

cntur v hen. d s1 it initial I lumi ho tilit t 

I m11.: Iuncrur • buildin • had probabl: l c n built I y th 

llen, 198 . I) in I t ml h 1 I al 

nt me th' tenth 

I them •I\ 

nu n , hi'it 

) 
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CHAPTER 1 INTRODUCTION 
martyrs (Blair, 1983, pp. 83-84), and the re p ct paid t them by pilgrims may well 

have hastened the spread of the form. 

Later on, in the Ilkhanid era, the primar id a of th discontinuous double-shell dome 

was introduced for re olving the conflict b tween the external appearance of the dome 

and the aesthetics of its interior chamber. The results were the appearance of imposing 

domes with shallower interior designs. Accordingly, such domes were widely developed 

into the variance types during the medieval Islamic era which have clearly reflected 

dynastic, religious and social distinctions as much as different construction technique . 

Eventually, more regular forms had extensively appeared aft r collab rati n ith th 

Islamic mathematicians who had introduced the USC or certain proportions an i 

geometric appr ach in dome de ign. ecause o thi more ornpl . and regular 

shapes of the pointed dome were regularly c nstruct d through ut th' Middl East and 

entral A ia. It i int re ting to highlight that th p inted t po log f th di, ontinu us 

double-shell dome are them t ynon mou form f d rn in thi territ r •. 

Despite the exi fence of everal hi torical 011 id trations the studies regarding their 

formal architectural Ian uage 11 It a appropriate terminologies, morpliological 

onstitutiou , typolo i al or anization ·, and g tometrical d isign are insufficient and 

the dip tr. ed docum 111/J suffer from th' lack of profound and prin ipal analytical 

analy iis. 'I his f esear h, there for , is aimed ut fill in l th hi ihli iht int two 

pr> id .d I art h u s .ssin 1 the s I etc l· 1 ll:t n l m in th ti I ii l n t , n i cntn I 

Asia. 
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'::HAPTER 1 INTRODUCTION 
i. Evolution of Islamic Domes over Historic Eras 

Domes were popular embellishments in th 1 dit nan an area for many centuries 

oefore the advent of Islam. Islam b gan a a r ligiou movement in early 7th century 

Arabia and quickly spread throughout th Middle East (Smith, 1971 ). Before the next 

century Muslims had conquered and con erted Byzantium and Persia, as well as parts of 

Asia, Africa and Europe. In fact the technical and architectural developments of the 

Iomes in Islamic architecture embarked with the proceeding of Mediterranean and 

Middle Eastern architecture in the pre-Islamic era. 

fhen these meanings and architectural items were similarly tran lated in the new 1 . 

.. ncountered languages and grammars by th sc new Islamic civilization. (' mith, l 71 . 

The domes ar con id rably varied in size and in sumptuousn ss, but their numl 'r 

how clearly the imp rtancc in the new Mu lim culture f an ar hill: rural form 

(Grabar, 1963). 

Neverthele th dom in I lamic architecture i m r than a hi tor of devel ping fc rm 

and style: it had r ult d fr m c mbinati n 

al o exprc i n of th kill f traditi nal ma t r ). F r und r. tandinc the 

ar hitectur f th I lamic d me in th liddlc Fa t and cntral A iu it i n ··1r~ t 

idcntif th ar hit' tural nt ', ·t f the l .lami d na ti' wh. \ .rc rulin 1 durinu 

ariou · p ri ds in this rcalm : nd thcii nu il uti in t the h me Ic 101 m nt . 

an nusti · 7had 1111 1n.:d ,dtct th· Cl minu '' I lam in 7th 1.:11tu1 

iddlc East an I 'cntral in. I h mo t i1 lJ l tl n m 'hi h ir ·ti h l1 I ind )!11t: 

1111• n r 

I l 
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CHAPTER 1 INTRODUCTION 
development, may be followed chronologically a follow : amanid (81911005 A.D.), 

Seljuks (1038/1194 A.D.), Ilkhanids (1256/1353 A. .), Timurids (137111506 A.D.), 

Saffavids in Iran (1501/1732 A.D.), and ha banid in Central Asia (ca. 1506/ 1800 

A.D.). 

S flVltlS 
SIJayba etc!• 

819-1005 A.O. 1000-1215 A.O. 
. .. 

1206-1555 A.O. 1526-1858 A.O. 

Figure 1. 7: Illustration of the selected dynasties to be considered. 

The Samanid Empire was the first native dynasty to arise in Iran after the Muslim Arab 

onquest (and also after the Umayyads). It was renowned for the impulse that it ga e t 

[ranian national sentiment and learning. According to Askarov (2007) th w ell-known 

process of Iranian renaissance began in entral Asia rather then in [ran in this pcri d, 

nd he saw the reason for that in the difference f the ocial gr ups in these t\ p ms 

f the Muslim world. The amanid contribution to I lamic archit tun; indcc i i. '1.:r) 

ignificant. pecial attention wa given to th formati n and f10\ cring f literature, 

ciences, and the arts. The primary ign of collaboration bctv en mathcm ti , nd 

irchitectur brought to light in thi dyna ty ar c id n ed b the on tru tion of the 

smail Samanid mau ol um in Bukhara a the earl I slarnic ma tcrpicce (P 11.:, 1971 . 

he culminating xpre 1 n f the I larni d me rent 1 'an c 111 ' mctry nd 

n tru ti n had begun in the 'C nd h lf f the ninth cnturv b ' ( ntributi n of the 

eljuk rul r. I 0011157 .D. culturally and traditi nally, ·1 ht: mau ileum 

nonumcntal buil iin is 1 .. nc f the '' rl I' 11 • nest innovative nr hire tu 11 l. le " 

us re iului I 1..: nstru ·t • I under their d im lin whi .h l 1t ·1 l c · m ,\ t mmon pt icticc in 

Ic .lupin I of the d mi .nl l uil lin 1S, Su h l uil lin 1 t Pl I \ ith the • iri u l) pc ( f 

j 11ll'. S·1u L ( 0 sul'h ,1 ·nni ·al md I int· I. ln 1 I lit inn t th it · )11 tiluti ma! 

j •si 111s. on shell ,111 I two hl'll I Hll s h.i It · n l uilt iurin 1 lhi 1;1 . 
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CHAPTER 1 INTRODUCTION 

After architecture had suffered severe degen rati n au d by the Mongol invasions and 

their successor's Timur (producing a gap in th d mi al construction evolution), the 

material culture of the Middle East and ntral Asia flourished again under the 

llkhanids (in Iran) and Timurids (in Uzb ki tan later on (Grabar, 2006). Michell (1978) 

in 'Architecture of the Islamic world: its History and Social Meaning' stated that: 

Architects and artists from all the lands, from Asia Minor, Azerbaijan, the 

Caucasus, India Iran, and elsewhere were forced to contribute to th 

construction of often colossal state buildings of both a sacred and secular nature. 

ln this sense enormous monuments topped with elegant di continuou: I ublc-: h -ll 

Jomes were extensively erected in the r aim. Additi nally, the p intcd d 

laced over funerary buildings in th Ilkhanid epoch in contra t t th 'I imurid d mes 

which were built f r the purpo e of attaching t "madrasa' (rcligi u sch 1) and Iten 

n pairs (Hillenbrand 1994). 

he international characteri tic style f the imuri<l d me , which ha c been knox n t r 

heir high drum im ing c ·t rnal f eature .tabiliz d b · pr jc tin bri k ribs, the u 

f m ridian and \\ en, trut wa · gr duall Iadcd and altered i tniticantl: lll l nth 

tpp aranc f three sp cific I al d 'na .tics I lillcnbrund, l < f ,\\ i i in lt in 

1501-1732 A.I., 

ndia 15 ... c; 18 8 

cntral - ca. l ~ 

f k mes arc l -ond th 

I irnurids In fact it wa th minruc l \ • .1 kil ul u ll 1 Ii 1 it l uildin 1 rn uerinl 

Univ
ers

ity
 of

 M
ala

ya



INTRODUCTION 
fER 1 
cular architecture) and well-developed con tructi n t ichnique exi ting in each 

(Stierlin, 2002). 

rid architecture was actuall the lirnax f kill and experience of Iranian 

ects where traditional forms were easil u ed in awesome scales. Emphasis on the 

iess of buildings, which had been started under Timurid rulers, continued by using 

arious types of the bulbous domes which effectively influenced Mughal dome 

tecture in India (Wilber 1955). Bosworth (2002) in his book "The New Islamic 

isties" explained: In the Shaybanids' style, the thin double-shelled dome 

forced by arches between the shell were continued to be built so that it can not t c 

t any particular developments after the Timurid samples." 

the oth r hand the innovative approaches in the construction styles of lslnrni k 1111.: 

re obscured and the numb r of dome were considerably d .rca cd ith the en \ of 

affavid and ha banid in th Middle La t and cntral Asia, , \th ugh this 

dition urvived long r in India up to the late I lamic era ( tierlin 2 

general, the -a tern d me ary ace rding t their m )fl bo! gical fcutut 

haract ri tic f their archit ctural mp ncnt ) and t 'P lo iicul rganizati n l tween 

arly 1 lamic until the late I larnic era . 

Definition of lorphoiogy: '1 he m )1'! ho\ iical Icntur I the dl m rd~ in th' l \ i 

mdcrstun lin 1 of l )th its unm iu int ru I , n I e: tern \\ 

'\'O a/J11/uries oj dome . Emin nt\ the h ru ham\ 

forv urd mu ht pp 1 tunitie ~ t \ r nn tin 1 vuri t \)! 'tti,\\ 

nu I . tcruul] •. 

rim nt 

\)OH \ ut 

th int nu\\) 
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CHAPTER 1 INTRODUCTION 

(vernacular architecture) and well-developed construction techniques existing in each 

region (Stierlin, 2002). 

Saffavid architecture was actually the climax of skill and experience of Iranian 

architects where traditional forms were easily used in awesome scales. Emphasis on the 

greatness of buildings, which had been started under Timurid rulers, continued by using 

the various types of the bulbous domes which effectively influenced Mughal dome 

architecture in India (Wilber, 1955). Bosworth (2002) in his book "The New Islamic 

Dynasties" explained: "In the Shaybanids' style, the thin double-shelled dome 

reinforced by arches between the shell were continued to be built so that it can not be 

seen any particular developments after the Timurid samples." 

On the other hand, the innovative approaches in the construction styles of Islamic dom 

were obscured and the numbers of domes were considerably decreas d with th nd of 

the Saffavids and Shaybanids in the Middle East and cntral A ia, although thi 

tradition survived longer in India up to the late Islamic era (Stierlin 2002). 

In general, the Eastern domes vary according to their morphological featur 

(characteristics of their architectural component ) and typological organization b tw en 

the early Islamic until the late Islamic era . 

-Definition of Morphology: The m rph logical feature of th d me rd) on th' bas ic 

understanding f b th it· common internal and external patial f rm , called, 

"vocabulari 'S of dome". Eminently, the d me chaml er and it relat zd s~ atial form· put 

forward much opp rtunitics f r pr m ting arict I spatial experiment both internal] 1 

and ' t imally. 
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CHAPTER 1 INTRODUCTION 

-Definition of Typology: It is stylistic organization of a domical edifice which basically 

deals with distinct arrangements of whether the whole components (vocabularies) as a 

system or constitution for creating diversities in a domical structure. 

Morphologically, the construction of the Eastern domes, according to the numbers of 

shell(s) can be can be ranked as (fig 1.7): one shell (the earliest type of the Eastern 

domes: (OS-Type 1 and OS-Type 2), two shells and triple shells. Later may be called as 

an evolved form of the double-shell domes in such a way that a shell almost always 

plays whether a decorative role (Grangler, 2003) or considered structural component. 

The emergence of only a few examples of this kind of dome in comparison with th 

large numbers of the other sorts can also verify this statement. 

Regarding the double-shell types, based on how these two shells arc compo cd together, 

two subdivision groups had been defined (Ashkan and Yahaya, 2009; Ilejazi, 1997): 

continuous and discontinuous, respectively. In continuous double-shell dome , 

sometimes, there exists no considerable distance between the shell (CD-Type 1 ), or 

they are connected by brick connectors (CD-Type 2), but very often the di tanc 

between shells is small (see fig 1.7; CD-Type 3). 

It is necc sary to say that the continuous two- hell dome can b called "an e olving 

stage" from the on hell d mes to the tw hell d m in the 1 l mi dornical 

architecture devcl pm nt whil t th con tructi n f th ne , hell dome had r curr ntl 

been c ntinucd up t the late I slamic era Ashkan and aha -a, 2009). 

15 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER 1 INTRODUCTION 

I 
I ,---·--·-----·---- 

Tilplo sholts One shell Two shells 

One Shell: OS 
Coounuous Double-shell 
D1soont1nuSBi Double-shell. 

DD 
Tnplo Sholls TS 

TS Typo~ 

Cor.unuous Di$continuous 
·------ Pointed Discontinuous double-shell 

Figure 1.8: Typologies of Islamic domes according to their shell compositions. (A hkan 
and Yahaya, 2009; Hejazi, 1997) 

ii. The Pointed Discontinuous Double Shell Domes 

Jn discontinuous double-shell domes, there is a considerable distance b tween th ir t\ 

shells. The discontinuity may start either from the ba e (see fig. 1.8; DD-Typ ) r 

from the top of the drum (DD-Type 1 and 2) which is consid red higher than the th r 

types of the Islamic domical typologies (DD-Type 2; T -Typ 1). According to th 

form of their external shell, there are three sub-typ s \ hich ar c nical, p intcd. and 

bulbous, accordingly'. 

Di continuou d uble- sh 11 d me ffered e ral ad antagc . Fir 'tl , the chief 

advantage wa in div rcing th weathering urfa fr m the inner shell and ther b) 

sub tantially gi ing impr ed -..: cathcr pr tcction ( 1ainst n . 0 l , tru turally, the 

weight for u given v rail breadth f c mstru ti n is 1c luccd b 'usin' th li 'ht sh II:. lt 

a Rel\:! to<. h iptcr 2. uh he 111111 • 1 2, < 111111011 t polo ue ol th 1h nunu u 
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CHAPTER 1 INTRODUCTION 

construction method also was extremely successful despite the seismic conditions in the 

Middle East and Central Asia (Hejazi, 2003). 

Architecturally, it permitted an increase in the external size and height of the dome to 

make it more imposing without necessarily increasing the height internally. This method 

of design strongly improved and emphasized the aesthetical meanings and splendor in a 

dome building (Hillenbrand, 1994). Mechanically, the internal shell is a power enhancer 

than the other types of the Eastern domes. A whisper on one side of a sound-reflected 

dome building is easily heard because of its specific shapes. On the other hand, thi 

principle is applied to all forms of energy under its internal shell (Ir fan, 2002). 

Historically, the discontinuous double-shell domes are, in retro pc t, re ult d in fairl) 

continuous development of the practice of proportions in the dome cdi lice to r , ch the 

meaning of 'Centrality' in the Islamic architecture (Michell, 1978). 

Primary existing samples of the pointed discontinuous two hell d m were 

discovered in the mausoleum buildings in the eljuk poch I Iillenbrand, 199 aud, 

2003) without predetermined structural stability. In fact, th ir de ign were an attempt at 

re olving a conflict between the ext rnal app arance o the d me and the c stheti 

interior through the d velopment of con truction technique . ventuall , m re r gular 

forms had exten iv ly appeared foll ' ing c lk b rati n between the I lamic 

mathematician wh int rvcned t a quir th' ertain pr p rtir us and ic rnctri · 

appr ach is in the dom dcsi in Ashkan and aha 'a, _QO . 

As a re ·ult o geom .trical kuov led ic developments, I iintc i dome eminently ppcare i 

within sp .cial 1 metric c mtc: ts in the Ilkhani i and ·1 imuri I cm . In Ia .t. the pointed 
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CHAPTER 1 INTRODUCTION 

typology of discontinuous double-shell domes includes the majority of the Islamic 

domes from the Seljuks until the Timurids eras when they reached to their high level of 

development. Despite the international and characteristics of the pointed domes, the 

conical and bulbous types have contained the regional styles inclusively which were 

developed based on vernacular architecture in certain territories such as Turkey 

(conical) and Iran (bulbous). The investigation of the pointed typology of discontinuous 

double-shell domes is the subject of the second part of this Research. In addition, the 

pointed double-shell domes may be regarded as the oldest and supreme shape of Eastern 

dome whereby the other styles (e.g., conical and bulbous) in fact, have relied on their 

architectural properties. Compositionally, they had appeared in advance of both 

elements and organizations. 

1.4 Research Aims and Objectives 

This Research was carried out with clear aims of as cssing the formal ar hitc tural 

language of Eastern domes including their morphology, typologie , and their 

geometrical design in general point of view in the Middle a t and entral A ia. Th n, 

the second part of the Research assesses particularly the formal languag f th pointed 

discontinuous double-shell domes which are their pr per terrninolog , pe ific 

morphological features typological re-definition , brief tructural pr pertie , ge metric 

de ign, and general c nstruction technique . 

In thi regard, th Research th r f re, fir ti r \ icv, · the hist )ri al ba kgr und f the 

Ea ·t em d m \ for the purp se of un lcrstnndin 1 gene: .. il a.'\ c 'ts f 1 ostern d me '. their 

symbolic meanings, histori 'al d na ti'. achicv .mcnts ver hist ri time incc pre- 

Islamic until th· lat lslarni era· East .m ar .hitccturc. In udditi n t bjectivc , 
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CHAPTER 1 INTRODUCTION 

firstly, fifty three samples were selected from eight Middle Eastern countries and were 

deeply examined based on the proposed approache (Chapter Three). In this part of 

Research, those samples have been chosen whether their textual documents were 

available to consider the specific features of dome style in those eight studied realms. 

Secondly, following the study of literature and samples in the part one of Research, it 

was demonstrated that the pointed discontinuous double-shell domes were recognized as 

the most dominant and international features of the Islamic domes since the medieval 

Islamic era in the Middle East and Central Asia. Other sorts of discontinuous double­ 

shell domes, namely, conical and bulbous, however, were built regionally based on th 

vernacular architectural properties and do not reflect the whole characteristic of I larni 

domes. Because of this, the Research studies in greater detail their origin, dcv l pm "nt , 

geometric significances, and common architectonic charact ristic tructur , and th ir 

typological features (Chapter Two). 

Regarding the second part of this Research common geometrical approa he , 

al-Kashi were surveyed for developing a unique systematic geom trical approa h f r 

the analysis of twelve case studies. 

By using geometrical e ence of the al-Ka 'hi appr a h , th d \ eloped four-center d 

profile based on n w gc metrical paramet r ha b en pre cnt d c rding t a cifi 

parametric ystem. In thi regard, th ir g m etrica! indi at rs ha\ ' be in f nnulat .d 

UC rding to the 11 '\ pr p scd pararn tric ' . tern ( hap: 't' 'l hrcc . ln terms of 

estimating th stru .tural stabilit < f SU h d nncs. iur I pulur . um: ks f the p intcd 

disc ntinu us de ul I• shell d mes hav been m dclcd by usin 

sc fl ur ( 'hapt 'r Thr 't: . 
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CHAPTER I INTRODUCTION 

To sum up, the Research concluded with the derivation of commonalities of 

vocabularies of the fifty three samples, presented as shape-patterns and their 

distributions in those studied zones in Chapter Five. The overall typological 

considerations have also been carried out to identify their grammar'l' characteristics as 

well as their diffuseness throughout those selected countries. Both of these qualitative 

examinations, however, have been accomplished by using a qualitative proposed table. 

In addition, a graphical map is set up to show regionally the common shapes of domes 

in the Middle East and Central Asia. 

Owing to the second part of Research and analysis of those twelve case studie , the 

formal architectural language of the pointed discontinuous double- hell dome hr \'C 

been deduced which embrace their morphological a pccts, compo iti nal 

characteristics, and finally structural traits. In this sense, the cro s-scctions of d me , 

which were collected from secondary documents, were re-drawn and th ir drav in 1 

mistakes thoroughly were revised (Chapter Five). 

The developed four-centered general profile is geometrically utilized ba ed n n w 

geometrical indication for analyzing the geom trical de ign f u h dome . Then. by 

using this method, the common ge metrical protot p , which i g nerall hared 

by those studied ca e are generat d and fi rmulat d ac rding t the pr p ed 

parametric y tern ( hapt r ·iv ). In urnrnar , thi R arri d ut bu ed n 

the f Ilowing obj cti c : 

I. ·10 it general l\11 lcrstunding f hi l ricui ( ri iins 1 \ a km i )111\.:S, 

1 l m ·nt pr cc. s, ' luti ns, mcanin 1 • ~ r I r tcrmin logics, 

'Rcfc1 to pn ic I Im the c kn I\ c cl 1ho1 111011 o1 H eubul.uie 
111 Rcll:r tu Jl 1 • 1 I 1111 the e ten I\ c cl 1001 tt1t111 ~I tr 1111m.11 
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CHAPTER 1 INTRODUCTION 

their architectural vocabularies, and compositional grammars (achieved in 

Chapters Two and Five); 

II. To understand formal language of Eastern domes, architecturally 

including their morphology and arious typologies of Eastern domes in 

the Middle East and Central Asia (achieved in Chapters Two and Five); 

III. To identify distributions of different shapes of Eastern domes in the 

Middle East and Central Asia (achieved in Chapters Three and Five) 

IV. To understand formal architectural language of the pointed discontinuous 

double-shell domes including their origin, development process, proper 

terminologies, distinct typologies, morphological aspects (achieved in 

Chapters Two and Five) ; 

V. To understand the relation between the geometrical de ign and dom 

Islamic eras in order to generate a speci fie geometrical approa h D r 

analyzing the majority of domes. Such a method can be mplo ed. n t 

only to estimate other sorts of Islamic domes, but it may also tabli h 

roles for estimation of any Eastern temporary domes (achiev din hapt r 

Three and Five); 

VI. To derive common geometrical prototype of the pointed di c ntinu u 

double-shell domes according 

Chapter Five): and finally 

Vil. To under tand tructural characteri tic ~ nd general on structi n m thod 

d approach (achi ed in 

f the p int d di ntinu u d ubl i-shell d mes achicx ed in hapicr 

h ). 
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CHAPTER 1 INTRODUCTION 

1.5 Research Methods 

In order to achieve those objectives, two steps of thi Research are organized as follows: 

Part I: Review of Primary and Secondary Sources 

To establish main Research gaps, aims and objectives, a general literature study was 

comprehensively conduced through the following contents: both primary and secondary 

sources related to the Islamic architecture contexts and their historical development 

the particular architectural characteristics of both pre-Islamic and Islamic dyna ti 

throughout the Middle East and Central Asia, the dome characteristics, related m aning 

in different religions, main differences between the Eastern and Western dome , a w ll 

as the vernacular properties of domes in each region of the Middle .ast and ntral 

Asian countries. 

In this regard, special attention was given lo recognizing the con r ation proj t f 

domical heritage buildings and those problems faced since 2001 in Iran, Afghani tan, 

Kazakhstan, and Turkmenistan. It is necessary to highlight that uch inf rmation i 

scarce and scattered data uffers from lack of intense comparati e anal i of their 

architectonic conceptualism in every r gion of the Middl ·a t and entral ia 

archive in compari on to th number f hi l ri dome a maj rit h~\\ c 

extensively been carri d ut with the lone durati n m re than fi c ear . R lated 

delays arc results f structural pr perti or th d me ' c llab rut ion f intcrnati nal 

experts and rganizati ns and financial pr blcms. 
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Nevertheless, two PhD theses from the Michigan State University (2002), and the 

Shahid Beheshti University (National University of Iran, 2007); two Master theses from 

the University of York (2005) and University of Carleton (Ontario, 2000) were entirely 

reviewed. 

In order to get secondary information of case studies, photos, partial restorations, 

thirteen national and international projects (whether completed or on-going) in the four 

countries of Iran, Afghanistan, Kazakhstan, and Uzbekistan were completely 

considered. In addition, materials on the projects were mainly collected (for both Parts 

of Research) from the Ministry of Culture & Youth Affairs in Afghanistan, the Iranian 

Cultural Heritage Organization documentation centre (ICHO), the Iranian Mini tr f 

Cultural Heritage, the Iranian Cultural Heritage, Handicraft & Touri m Organiz: ti n 

(ICHHTO), the Institute for Scientific Research and Planning on Monument of 

Material Culture of Kazakhstan, and the National Department for the Pr tcction f 

Turkmenistan Historical and Cultural Monuments. 

Three most important projects, which were recently carried out, can be numbered a 

follows: 

1. Nomination and inscription of th mau oleum of th Khaja Ahm d 

Yasawi (Timurid , 1389/1405 A.D., Kazakh tan) in the '' rld 

heritage sites' list, in cribed 2002, R publi f Kazakh tan: archit ct, urgal 

Kimazhanov, the pr ject manager at the it f r nine 

2. on crvation f th Timur hah ·1 mb (. bduli. 17 

pr [c t duruti n: 2 0 -_oos. ar hitc ·t l r. rs tucllcr de] ut mini ·t r or 
cullur : Ihulam Rusoul Yos ufzni, director )r re 't iruti n and pre .ervation of 

hist ric monuments: engine ·r At dul . .\ha l bas: •: 
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3. Conservation of the Uljatu mausoleum (Ilkhanids 1307/1313 A.D., Zanjan,lran; 

UNESCO cultural heritage site), project duration: 1990-2007, architect and 

project manager: Professor Hadi Nadimi. 

In 2005 and 2006, during my transfer from Universiti Kebangsaan Malaysia to the 

Universiti Malaya (UM), two trips to Iran were also made with the objectives of 

acquiring second hand information on the current states of related dome architecture and 

conservations by meeting and consulting with the senior officers in the Iranian Cultural 

Heritage Ministry, who were involved in so many national and international 

conservation projects for the two purposes; 

-Firstly, to understand the issues surrounding the domocal buildings, informati n 

documents drawings, photo albums, and methods; 

-Secondly, to get contact persons and be introduced to architect , site dir tor and 

engineers in Kazakhstan, Afghanistan, and Uzbekistan for obtaining information about 

all recent projects of their countries' domical buildings. 

In order to get copies of all the late t domical information drav ing , ph t , r earch 

and conservation project , the archive of the f llowing univer iti had be n 

considered completely: Univer ity of T hran, Tehran ( ldc t niversit · in Iran: 

Department f Architecture, Facult f Architc tur and rban Planning), niver it) of 

hahid Behc shti, Tehran Nati nal niv .rsit of Iran, Fa ult )f Ar hitc .turc and 

Urban Planning), International ni en it of Imam Kh mcini. a1 in I cpartmcnt of 

Architc turc, l· a ulty f Ar ihitccturc on. 1.:n ati n and Urban 1 1.:\ ck pmcnt). 
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Several contacts were made with site directors, architects, engineers, ministers of 

cultural heritage, organizations, collaboration officers and whoever had been 

involved in any projects on domical buildings in Iran, Afghanistan, Kazakhstan, and 

Uzbekistan in order to get their latest formal drawings, background information, photos 

and formal documents. 

PART II: Samples and Case studies 

The Research adopts a qualitative method as the main strategy for secondary data 

collection as the main source. The Research was basically divided into the two different 

parts: firstly, general aspects of the Eastern dome were studied through the sel cti n f 

fifty three samples of domes since the early Islamic era until the late Islamic in Iran ( 11 

samples), Iraq (5 samples), Afghanistan (6 samples), Pakistan (7 samples), Uzbcki tan 

(7 samples), Turkmenistan (5 samples), Kazakhstan (one sample) and Turk (11 

samples). 

The famous and dominant examples, which have exposed the specific dom tyle , were 

especially selected. In meanwhile, issues regarding to building located in Turk , 

Pakistan, Turkmenistan and Iraq have deduced from everal tudi d b ok , 

international museum WebPages tourism catalogu , Iranian l cal librarie , the 

archives oflranian univer ities and everal W bPage ofl lami archit ctur . 

In the part nc f Re carch, the f rcmcntioncd untric were atcg rizcd int four 

pccific z n s (Iron & Iraq, Afghanistan r Pakistan, 'l urkc lzbcki tan e 

'I urkm cni stan Kazakhstan) uc rdinu to their gc gra1 hical irnilarities and d m 

cbaract ristic . Th" f ur pro idcd tabl . ' ere set up to t..:' iluatc 1 defined 
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characteristics of domes. In fact, those tables were utterly constructed based on the 

derived common architectural characteristics of domes which are vocabularies and 

grammar: 

I. Definition of Vocabularies of dome: One of the tenets of morphological 

survey is essentially to find out the programmatic approach for clarifying 

typological commonality of Eastern domes. Considering again at the 

configuration of traditional Eastern dome as a sentence clearly indicate its 

identical elements as vocabularies. Because of structural requirements, 

though, the sequence of the identical elements of an Eastern dome is 

constant as follows: load bearing system, transition tier, drum and finall 

shell(s); 

II. Definition of Grammar of dome composition: Considering again at th 

configuration of traditional Eastern dome as a sentence clearly indicat that 

its grammar for setting words, vocabularies of a dome herein, into a entcn 

may call as its grammar which are: simple or compound. 

Secondly, results from the part one of Research demonstrated that the point d 

discontinuous double shell domes are the most important feature of I lamic 

domes. They also involved the majority of the astern I lamic dom in compari on 

with the other typologies of the di continuous double hell-dome uch a : conical and 

bulbous. 

In thi regard, tw lvc cas studie f the p intcd di continuou d ubl -- hell d me s. 

whi h wer built during the Ilkhanid 1200-1 70 .l .), 'l imurid l 7 -1 7 .D.). 

and 'haybani<l (1 ca. 1 00 A.O.) dyna ·ti s sin c the medieval 1 lami era until the 

arly late lslami Tl, \ ere s le tcd fr m the Iii t three , ample f r th n xt tag of 
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this Research. Geographically, these domes are located in Iran, Afghanistan, 

Kazakhstan, and Uzbekistan. The required information in this part of Research collected 

from secondary data and documents. 

The studied periods and selected dynasties are particular causes for developing the 

pointed discontinuous double-shell configurations and their designs throughout 

the Middle East and Central Asia that were never surpassed in other periods. Thus, 

the morphological features, typological stylistics, geometric design, structural 

vulnerability and associated construction techniques of those twelve case studies are 

precisely considered and addressed. 

By using the al-Kashi geometric essences, the developed geometrical approach h d 

been generated and formulated based on the new developed geometrical param tcr , f r 

the purposes of analyzing the geometric design of those selected sample ; but it al o ha 

potential to deduce the common profile prototype of the bulbous type of Islamic dome 

in the Middle East and Central Asia. 

Total information regarding those six case studies (mosques) located in Iran ere 

gathered during my trip in 2006. The data of those three sample f brine and 

mausoleums are deduced from their restoration document and tudying r arche 

which have been availabl in the Iranian ultural Heritage rganizati n d cumentation 

centre. 
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1.6 Structure of Research 

INTRODUCTION 

Table 1.1 provides an overall representation of this Research structure. 

aper 
Introduction 

Historical backgrounds and literature regarding difference 
aspects of both Eastern Islamic and non-Islamic domes 

Part 1: Pr ssotatton of the methodology for analysis 57 sample 
Part 2· Development of a four-centered geomatncal profile for analysis 
12 samples: elaboration of tho prcoosed approach for esl1matmg 
structural vulnerability 

Part 1 The elaborahon of the frtly throe selected case studies and their 
analysis, 
part 2 The etaoorauon of t vetve pointed drscontmuous double-sl1ell 
domes and their analysis 

Results and Discussions 

Chapter 6: 
Conclu ion, Sugg suons, urnuauon , Conlnbut1on to Knowl dg 

<Tlntroduction and review 
11 )bj ct v (1 , Ii VlO ) 

er i. 1 o explou general rnuh!r'it1mtfo1g of lusioncal 
rigins ol' Lnstern domev, their development process. 

evuluuou-. mtttl11t\g'i. f'l'llpCr tc1mil1('1i(l~~t"~. \\1eiJ 
archuccurrnl vocubulnries, nnd co111posnin1\al ~r:1111mu1' 
~ ii. To under ... tund formal lllnl:!,mlgc (If E.•sh:m domes, 

archuecturally, 1•1d11di11g their morplwl<)i(Y and 1 t11 iuus 
rypologres of l.astern domes 111 the Middle l:nst "nd 
C. entral A sin; (11\d fi1ially 
C7'h. To understand formal architectural lnngm\~1.· of the 
prurued divconunuous double-shell domes 1nclmiinr their 
nng1nl.\, de' etopmeru proee«, f)rt)(lcr 1ennmologit~'-. 
di-unct typolo~1e>. und u1orpltulogical aspects. 

r' "'" Oh, cnv 111 , "'1 
iii. To identi fy distributions of' d1ften:nt 

shapes of Eastern domes in the Middle l'a~t and 
Central Asia; and 
r7 v. 'I u understand the relation betw cen the 
geometrical design and dome over lslamtc eras 
in 01dcr to gcm:r;ilt: a ~pc1:1l'ic g~t11n.:111 ·;11 
appH>ach fOI <!Stillla(tll!,! maionty Of \J\ln1..:' 

Claboration of samples Md their 
invest1q. lion st p~ 

hapter n intr due s the f R 'ar h tru tur aim, and bj~ ti\·1.: R . 1.:arch 

steps, mcth <ls, and finally the a s f datu gathering. 
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Chapter Two includes Research backgrounds and historical literature such as main 

definition of Eastern domes, the main differences between Eastern and Western domes, 

the historical background of their developments since ancient times through the late 

Islamic period, the dynasties in the Middle East and Central Asia during these periods, 

and also their influence in the development of Islamic domes, various terminologies, 

various typologies of the Islamic domes, the symbolic meaning of the domes in different 

religions and in Islam, general morphological aspects of the Eastern domes, 

development of the double shells domes, their typologies, and their architectonic 

conceptualism. 

Chapter Three is divided into two main parts, firstly, the approach was used to anal z 

fifty three samples in four defined zones; secondly, concentration on th di tin t 

approaches was required to analyze precisely twelve case studic of th p int ed 

discontinuous double-shell domes depending on two methods: 

1. To develop a geometrical approach based on the four-centered initial 

profile within new geometrical parameters for analyzing the g om trical 

profiles of the case studies as well as to propose a parametric system for 

presenting those new geometric parameters; 

2. To examine the structural stability and ulnerability f th c deriv d 

common shapes of the pointed di continuous double h 11 d me b u ing the 

ABAQU I A .. finit el ment modeling of engineering ft\\ ar . 

hapt r l· ur con cntrates on th ricf cxplanati ns of ti ft · three sam] lcs b u ing 

the pr vid d tab! s. 'I h detail d illu trati ns of selected t\\eh c a · .tudie of the 
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CHAPTER 1 INTRODUCTION 

pointed discontinuous double-shell domes included their historical background, date of 

building, building usages, building types, location, client (if available), and so on. 

Chapter Five provides the whole results obtained from analysis of data into two 

parts. Part One includes the derived results from the analysis of fifty three samples of 

the Islamic domes, their general architectonic aspects, components, geometry, their 

frequency in the Middle East and Central Asia, and also their derived analogical 

patterns. 

Part Two contains the derived results from the analysis of twelve case studies of the 

pointed discontinuous double-shell domes; these are their architectonic compon nt , 

general features, geometry, typologies, construction techniques, structural vulnerability, 

and common profile prototype of such domes. 

Chapter Six provides a summary of contributions to knowledge, conclu ion, limitati n , 

and suggestions for future work. To sum up, the Research presents primarily the g neral 

and comprehensive overviews of developments of the non-Islamic and Islamic ca tern 

domes, their origins, typologies, morphological and architectural patterns fr m th 

ancient era through the late Islamic era in the Middle · ast and ntral A ia. In thi 

regard, the specific qualitative multi-fold method for con id ring fift three ampl 

was developed for the purposes of under landing th ca tern domical general 

configuration , architectural vocabularie and c nc ptuali m . 

Then, apart fr m the vari tic f th gic f th I slamic d m the 

p intcd di continu u d ublc- sh 11 d mes, <, th mo t d min. nt feature of I lamic 

d m . , were c cumin d compr .hcn i cl , such u · their )rigin. hi. t rical background, 
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CHAPTER 1 INTRODUCTION 

morphological aspects, sub-typologies, construction techniques and structural 

vulnerability. By using the essences of al-Kashi geometric approaches, the four­ 

centered initial profile was developed based on the new geometrical parameters to 

estimate the geometrical design of twelve cases studies. The specific parametric system 

was proposed for presenting geometrical indications of this generated initial profile. The 

developed geometrical method has the potential for use as the basic approach for 

considering other sorts of the Eastern domes whether historic or modern styles. 

This work fills a gap in the existing literature on Islamic domes. The results of this 

study are also expected to contribute in conservation and restoration of domical 

structures especially in Central Asia and the studied regions. 
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CHAPTER2 LITERATURE REVIEW 

2.1 Introduction 

Domes have been called "the kings of all roofs", and they cover some of the most 

important buildings existing in every religion in the world. Domes are curved structures 

(they have no angles and no comers) and they enclose an enormous amount of space 

without the help of a single column. Despite their thinness, domes are some of the 

strongest and stiffest structures in existence today. 

Two distinct trends of dome developments exist in both the Western and Ea.stem 

architectures, before and after the appearance of Islam. In fact, the influence of I lami 

domes in Western architecture cannot be disregarded. The Eastern domes had had th 

long and still uncertain pre-Islamic origins that basically proceeded into th arl 

Islamic architecture as a major aesthetic theme of their architectonic conceptuali m. 

Then, they appeared and developed rapidly in variety of shapes and ize a th 

fundamental part of the religious building. Nevertheless, there seems to be regional 

districts and characteristics for their morphological aspects and geometrical paramet rs 

which may uniquely call as their visual vernacular language of Islamic architectur . 

Thus, through a systematic review of these historical upheavals since the pr -I lamic 

until the late Islamic era, knowledge of their con titution evolution, e p ciall in I lami 

contexts and morphological concepts, can generally b gained. l o, b c mparing 

dome developments in both Eastern and W t rn traditi n , di tinct feature of their 

architectural c mp ncnt can b clarifi d. 

What can be learn d from th' c crall bi storic literatures arc , proje tion of u eful 

"road map" t the m r r le < nt vcrvie s r the , pc .ts and hara tcri tic of the 
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CHAPTER 2 LITERATURE REVIEW 

Eastern domes. This chapter establishes firstly the proper dome terminologies, 

symbolism meanings, their general concerns, and finally establishment of main 

differences between the Eastern and Western domes. The development of Western 

domes is also briefly elaborated. Then, the chapter focuses specially on the origin and 

evolution process of both Islamic domes and pointed discontinuous double-shell domes. 

Consequently, this chapter provides overview on the general morphological aspects and 

typologies of domes, their adopted features from the non-Islamic architecture to the 

early Islamic architecture, and also related grammars. In this sense, the genenc 

components and/or general vocabularies of both Eastern domes and the point d 

discontinuous double-shell domes have additionally presented. These results w r u d 

as tools to find multi-fold analytical method to analyze such domes and th ir a ociat d 

architectural concepts. 

2. 2 Dome General Definitions 

There were substantially two construction techniques for covering a building in th 

historic era (Pirniya and Bozorgmehri, 1990): 

• Flat roof with use of the wooden beam and pole system in the earl ancient tim ; 

and 

• Different kinds of the curved roofs uch a arche , au It and d me . 

Ncvcrtheles , th ma onry corb lied ar h i f th' ldcst t p u .d in c n truction 

f bridges. The fir t kn wn n w r pr babl built in th Middle Ea t ar und 5500 

y ars ag . 1 here is no doubt thr t the d me arc the de cl pcd shape of the arche lat r 
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CHAPTER2 LITERATURE REVIEW 

on through developing construction techniques and structural knowledge. It seems 

likely that the dome originated as a roofing method where it was impossible to make a 

flat timber roof in the absence of suitable timber (Pirniya and Bozorgmehri, 1992). 

Historically, the dome is one of the earliest types of buildings which was built on 

circular bases and is one of the few structural forms which have had a continuous 

history and evolution extending to the present time. 

Poole and Giambo (2007) provided a detail elaboration of the basic definition of term of 

dome: "The Term Dome (Latin domus meaning a house) is generally an architectural 

term often used synonymously with cupola. It is one of the multi-conceptual form ' ith 

its great quality in harmony which were exceedingly used for symbolism (formali t 

aspect), purposed as curve roofing (structural aspect), and finally providing a contra t of 

special space-design for the architectural purpose. It is interesting to highlight that 

majority of primary domes had been erected either for presetting symbolism meaning 

(e.g. Sanchi Stupa) or for covering as roofs (e.g. corbel vaults). As results of 

development construction knowledge, theses goals, later on, were combined togeth r. 

The dome's form can probably be gained by rotating a cross- ection of arch around it 

vertical axis (fig. 2 .1)." 

4 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER2 LITERATURE REVIEW 

o ..... ,, • o It •• o ..... 

Figure 2.1: Dome is formed by rotating a cross-section of arch around its vertical axis 
(Altin, 2001). 

Strictly speaking, it signifies the external part of a spherical or polygonal covering of a 

building, named, "the cupola" which is the inner structure, but by u age <lorn gen rally 

means the entire covering. Terminologically, it is also loosely used, as in the German 

Dom and the Italian Duomo, to designate a cathedral, or at times, to signify som other 

building of importance. A dome was constructed of any material such as wood, stone, 

mud brick, and baked brick (Poole and Giambo, 2007). 

On the other hand, the dome is a roof; its base can be a circle, an ellip e, or a pol gon, 

and its vertical section a curved line, concave toward the interior. Hence dome can be 

called circular, elliptical or polygonal, according to the shape of their ba . The mo t 

common form is the spherical, in which case its plan is wh ther a a circle or a gment 

of a circle. The cross-sections or external hap of dom , particular! th 

ones, are, sometime , emi- lliptical, p inted, and bulb u and 

We tern dom 

on; ' herea , the 

ft n appear d in wheth r cur f ntrar fle ur r b 11- hapcd 

(P le and iamb , 20 7). 
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Domes were first prevailed in Europe and the Middle East by their frequent use in 

Roman (and especially Byzantine) religious and secular architecture. In the Western 

architecture, domes became popular in the Renaissance Christian architecture since the 

15th century onwards when they reached a zenith in popularity during the early 18th 

century Baroque period. Evocative of the Roman senate, during the 19th century, they 

became as a feature of grand civic architecture. As a domestic feature, the dome is less 

common, tending only to be a feature of the grandest houses and palaces during the 

Baroque period (Ward-Perkins, 1981). 

Today, domes are seen as a common feature in ecclesiastical architecture of man· 

varying creeds. On the other hand, the dome symbolic meanings are as a fundam ntal 

cause for rapid development of their architectonic items through both the ast m and 

Western architecture (Smith, 1971 ). 

2.2.1 Dome Symbolism 

Human beings' ability to manipulate symbols allows them to explor the relation hip 

between ideas, things, concepts, and qualities (Kentish, 1997). ometimes the ymbolic 

aims may be met by the structural abilities. The dome had had distinct meaning befor 

and after the appearance of religions between variou ancient countri . Generall 

speaking, one can associate distinct aspects in the d elopment of d me . Th mb lie 

idea derives from its hape rather than being th 

without inner upp rt (Yafai and Far h d, 1976). 

luti n to r fing I larg pace 

nc fth Ide t pc ific yrnb l · f th d me i th ault ofh • vcn: that i 'i h d me 

in nnci nt I er ia were ah ~ , paint d blue or black. 1'111.: dome gcnerall 1 i a mbolic 
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form of standing heaven in architectonic language. Long before masonry domes could 

be built, the hemisphere was associated with the heavens as a "cosmic canopy," and 

throughout history domes have been decorated with stars (Homan, 2006). 

Domes imply the meanings of the circle and more, since a dome is a covering. In this 

connection, it is important to note that, in the geometrical symbolism of the cosmos, all 

circular forms related to the sky or heaven (fig. 2.2a). Logically, every external image is 

complemented by an inner reality that is its hidden internal essence. The dome's 

outward form underlines the quantitative or physical aspect that is obvious, and ea il 

and readily intelligible. It is represented in the shape of a building with dome the sh 11 

of a vessel, the body of man, or the outward form of religious rites. Meanwhile, th 

essential qualitative aspect is the hidden (i.e., presented in all beings and thing ) 

(Kentish, 1997). 

Figure 2. 2: Emphasis on the centrality and unity in di tine/ thought : a) Ellora & 
Ajanta cave , India (Kentish, 1997),· b) t. Paul's athedral, London (Source: 
www.explore-slpauls.net/oct03/textMM/Dome onstructionbl.htm); c) Ti/la Kari mo que, 
Uzbekistan (. ource: www.panoramio.com/photo/11533 l 3 ; hv Prof Richard T. for) 

After the app ar nee of r ligi n , the m aning of th d me was e curial! a ociat J 

with od. "I h d me thu b m a ymb l of th f d ' hich in turn 

ha a dual mean in, in s me r ligi n , a' th I Ions c that 1 d inhabit (H a en, and the 

h use that inc mpass s Man) The nivcrse. 1 he d me a L thcref re as a tran ition 
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between the infinite unity of its central point, through the duality of its symbolism into 

the concretization of the four-sided chamber, which supports it, and which symbolizes 

the fourfold nature of mankind: fire, water earth, and wind. 

The sanctuary or chamber is the place where God and Mankind meet and can converse. 

The natural symbol for this is the Universe which expresses the infinite creativity of 

God while enclosing mankind in a protective space. Because of this, domes also play a 

very important part in the religion architecture where they almost always represent and 

symbolize different aspects of every religious building such as church (fig. 2.2b). The 

dome's purpose is to remind people that to gain God's blessing, it is necessary to accept 

salvation through Christ. In an orthodox church the domes have picture of Je u 

whereas in Islam figures are forbidden during worship (Kentish, 1997). 

Domes can also be found in Islamic places of worship, called 'mosque '. Th are 

associated with three of the principles of reversibility recurring throughout religiou 

thought, in particular Islam, namely 'paradise', 'earth' and 'co mos' (Irfan, 2007). 

Logically, dome architecture in Islam represents also the spiritual and physical a pect 

in the lives of Muslims and revolves around the Concept of Unity (tawhid). The idea of 

a center or axis is a main key in understanding Islamic meaning (Mich 11, 1978). 

On the other hand, Islamic architecture originate e entiall fr m the Quranic 

message, who value are aimed at tran lating th c meanin l int the plain pc ial 

shape physically. The centralization f d in the Uni er e and th spiritual world is 

cch cd in the c ntral f cu f th Ka'ba n , rth . t with c mer to cardinal 

dire ti n ), and n th d me f the m qu in th l slamic it Kacar and urukal, 

200 ). 
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The dome of a mosque is circular and its center point is where in fact, all Islamic 

patterns begin. It is an apt symbol of a religion that emphasizes one God, symbolizing 

also the role of Mecca, the center of Islam, toward which all Muslims face in prayer. 

The circle has always been regarded as a symbol of eternity, without beginning and 

without end, and is not only the perfect expression of justice (equality in all directions in 

a finite domain) but also the most beautiful parent of all polygons, both containing and 

underlying them. 

Although, the symbolic meanings are somehow used synonymously betw en 

Christianity and Islam, but there exists one mam difference in the architectural 

conceptualism of both Eastern and Western domes. 

2.2.2 The Different Characteristics between Eastern and W cs tern Domes 

Primary domes, firstly, appeared on the smallest buildings such a , round hut , tomb in 

the ancient Middle East, India, and the Mediterranean in solid forms. The Roman 

introduced the large-scale masonry hemisphere. In this regard, a dome exerts thru t all 

around its perimeter, and those earliest monumental examples required hea y 

supporting walls. Byzantine architects invented a technique for rai ing dom on pier , 

making the transition from a cubic base to the hemisphere by r cting four pendentive ·; 

On the other hand, quinches were widely u ed for the ame purpo in I lami domical 

architecture (Dome, 2007). 

Arch it cturally, nc f th main problems f dome ns tructi m was the tr nsition from 

a quar pace or area int a ir ular domed ba sc. Usuall there w: an int rmediar 

eta> nal area fr m which fa ilit tcd n erring t this ircular di c:, lthough thcr \: a 
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still the problem of converting from square to octagon (Dome, 2007). Two main 

methods were adopted; these were the squinch and the pendentive. These approaches, in 

fact, may reflect the essential difference between the Eastern and Western domes. The 

squinch is a mini-arch which is used to bridge a diagonal corner area whilst a 

pendentive is an inverted cone with its point set low down into the corner and its base at 

the top providing a platform for the dome. Squinches are the main method of transition 

in pre-Ottoman architecture; whereas, pendentives appeared rather after the sixteenth 

century in Western architecture (Dome, 2007). 

Figure 2.3: Difference between the Western and Ea tern style of transition tiers 
(Compiled by Maryam Ashkan); a) Pendentive , primary sample: Hagia Sophia church, 
Turkey; b) quinches, primary ample: Arde hir palace, Iran. 

• Pendentive: i a constructive device p rmitting th pla ing f a ircular d m Over 

a quare r om or an elliptical d m o r a r ctangular 100111. The pcndentive , which 

arc triangular cgrn nt f a sphere, tap 'r to points at the b tt m and pread at the top 

to 'Stablish th' ntinuou s circular r elliptical ba e needed f r th dome. In ma onr 
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the pendentives thus receive the weight of the dome, concentrating it at the four 

corners where it can be received by the piers beneath (see fig. 2. 3). 

Primary attempts for construction of pendentives were made by the Romans and full 

achievement of this form was reached in Hagia Sophia at Constantinople (6th cent.) 

by the Eastern Roman Byzantine Empire. Pendentives were commonly used in 

Renaissance and baroque churches, with a drum often inserted between the dome and 

pendentives. In addition, the pendentive is comprised of the geometric shape of a 

triangle; this further makes a strong base to withstand the dome. 

• Squinch is architecturally a pier for filling in the upper angles of a square ro m o 

as to form a proper base for transforming the octagonal area to the spherical ba of 

dome. Such a solution was primarily proposed in the palace of Ardeshir, at Firouz 

Abad in Iran (before the appearance of the pendentive). Squinches were formed b 

four prominent corbelled courses in such a way that have filled four corners with 

whether a vise placed diagonally, or by building an arch or a number of corbelled 

arches diagonally across those corners. Soon later in Islamic architecture, e peciall 

in Persia, where it was invented, the squincn was often disguised by a succession of 

corbelled stalactite-like structures known as muqarnas (see fig. 2.3) (Pirniya and 

Bozorgmehri, 1990). 

2.3 A Brief Hi torical Outline of the Origin and Development of the We tern 

Dome 

The dom seem to have dcvcl p ·d a ro ting f r ircular mud-brick hut in the 14th 

century B. . 'I he M ccnacan re k built tombs r fed with steep rb lled dome in 
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the shape of pointed beehives (tholos tombs) (fig. 2.4). Otherwise, the dome was not 

important in ancient Greek architecture (Huerta, 2007). 

(a) (b) 

Figure 2.4: Primary samples of the corbelled vaults; a) Ugrit Gorbel palace, France; b) 
Culvert of the Arkadiko bridge, Mycenae. 

The Romans developed the masonry dome m its purest form, culminating in th 

Pantheon which is a temple built (118-28 A.D.) by the emperor Hadrian. t n 

massive circular drum 6 m (20 ft) thick that covers eight interlocked ma onry pi r , th 

coffered dome rises 43 m (142 ft) to form a perfect hemisphere on th interior, \J ith a 

large oculus (eye) in its center to admit light (see fig. 2.5) (Ward-Perkins, 1981). 

Corbe11ed 
•nlranc of Pai on,~ .. 

P1i.tt, ft.111\.e Ronw. 
• n .. 1\ ,. • 

8 "°" .., 

1113A.0 ll1..S.S1AO UJl·ll A 0 

Cofb9li.d II 4 
POl!ll ~,,,.. " . ._, .. 

Figure 2.5: Evolution of the We tern domes according to th hi. toric chronology 
(Compiled by Maryam A hkan). 
The u e of d me wa continued in th arl hristian p rid fir relative! mall 

circular structure uch as mau I um' and b, ptist ric . A t l ical example i · the 

hurch of, anta n stanza (ca. 5 A.D.) at R m ori inall · the t mb f 

dt ught r f th 'mp .ror onstantine th rr at. B ·zantin ar hit ect were far m re 

inventive in their u · f ck me. (Ward-P rkins, l 81 ). 
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In the Byzantine capital of Constantinople, a succession of large domed churches 

reached its zenith in Hagia Sophia (Church of the Holy Wisdom) which was built 

around (532-37 A.D.) for the emperor Justinian I. Its shallow dome, 31 m (100 ft) wide 

and ringed with windows at its base, is supported on four pendentives (spherical 

triangles) backed by enormous exterior piers and by a series of semi-circular domes 

(Ward-Perkins, 1981). 

After the fall of Constantinople (1453 A.D.) to the Ottoman Turks, Hagia Sophia was 

converted to the mosque and later on, became the model for various types of domed 

mosques built throughout the Ottoman Empire in subsequent centuries. 

i. Renaissance, Baroque, and Neoclassical Domes 

The first great Italian Renaissance dome was the majestic octagonal dome built (1420- 

36 A.D.) by the architect Filippo Brunelleschi for Florence Cathedral. The immense 

structure, 39 m (130 ft) in diameter and 91 m (300 ft) tall, is topped with a lantern 16 m 

(52 ft) high, and consists of an outer roof shielding an inner masonry shell. The 8 

primary ribs and 16 secondary ribs form a tightly interlocked masonry cag (Ward­ 

Perkins, 1981). 

In Rome the rebuilding of Saint Peter's Basilica occupied everal generation of 

Renaissance architects. A plan for a Greek-cro (equal-armed) hurch, ' ith a 

monumental d me over the cros ing, wa finally begun (1546) und r the up r i i n of 

Michelangel. The chur h' awe me multi-ribbed d m,' hi hi 41.7 m (137 ft) in 

diameter, became th prot type for dome throughout the V\ rld (Martin, 1977). 
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The most notable baroque domes in northern Europe were built in Paris and London. 

Jules Hardouin-Mansart built (1676-1706 A.D.) the resplendent Church of Saint Louis 

des Invalides in Paris. Its dome (28 m/92 ft wide) is set on two unusually tall drums 

pierced with large windows that flood the interior with light. Sir Christopher Wren's 

noble dome for Saint Paul's Cathedral (167 5-1711 A.D. ), London, incorporates a 

shallow inner dome, a conical masonry shell supporting the high lantern, and an outer 

lead-sheathed dome of timber (Huerta, 2006). 

The 1792 competition for the design of the U.S. Capitol in Washington, D.C., was won 

by an amateur architect, Dr. William Thornton (1759-1828 A.D.), whose scheme call d 

for a central block topped with a hemispherical dome (like that of the Roman Pa.nth on) 

flanked by two legislative wings. After this structure was burned by the British in 1814. 

the architect Benjamin Latrobe planned its reconstruction, which was finally fini h d 

under Charles Bulfinch's direction in 1830. 

Thomas U. Walter (1804-87 A.D.) was commissioned to enlarge it in 1850 A.D. 

Dominating the sprawling white marble building and the city's skyline is Walter's 

soaring cast-iron dome, 27.4 m (92 ft) in diameter (completed in 1863 A.O.), which has 

served as the model for many state capitol buildings. Another neoclassical exampl i 

the domed Rotunda created between 181 7 and 1825 by the Am rican tatesman and 

architect Thomas Jefferson for the University of Virginia in Charlott ville (Martin, 

1977). 
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2.4 Historical Outline of the Origin and Developments of Eastern Domes 

It has generally been recognized that domes (either as single domical buildings or as 

cupolas in larger complexes of buildings) have played a significant role in development 

of Eastern architecture both before and after the appearance of Islam. As was mentioned 

in the sub- heading 2.1. l (dome symbolism), their symbolism ideologies such as, divine, 

royal and celestial meanings of these domical traditions led to the popularity and 

monumental use of the domical shape in India and the late Roman Empire (Pope, 1971) 

then in the Christian and Sassanian East, and later in the Islamic Eastern lands. 

The developments of the Eastern domes according to the historic chronology ba ically 

consist of two specific parts: before and after the appearance of lslam (see fig. 2.6) 

(Memarian, 1988). The origin and historical developments of the Eastern dom would 

be elaborated based on the following provided chronological time line. 
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Before comit . 
------- After coming of the Islam 

Ancient Era 

Asur 

Mesopotamia 

1600 B.E 

Oval dome 

I 
1 I 
1 I 
I I 
I Medieval Islamic era 

I 
I 
I 

Predominant pc 
pointed discontn 

I 
I 
I 
I 
I 
I 

Various types of I 
pointed discontinue 

double-shells I 
domes 

Triple-shells I Various types of I domes Mongolian forms 
....... -----:' - - - - - - - - -- -.-16ooA.o: 

I -- -969-145~.D.- - - t - ~453:1750 A.O. 

I 1. Pointed shape I Mongolian shape (s) 
2. Pointed shape with I Bu bous shape (s) I fluted surface. 
onstruction techniques I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 
I 

Late Islamlc era 

Various types of pointed 
discontinue double­ 

shells domes 

Various types of 
bulbous forms 
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2.4.1 Historical Background of the Eastern Domes Before the Coming of Islam 

Dome vaults made possible construction beyond whether the orthogonal or rectilinear 

roof plan which creating high and clear spaces with open floor plans. The first known 

dome constructions, dating back to fourteenth and twelfth centuries B.C., are located in 

disparate regions around the world in what is today Egypt, China, and Mesopotamia 

(Huerta, 2007; Wanda, 2002). 

Often integrated with the natural terrain, these ancient structures were constructed from 

cutout rock, stone or sun-dried mud, and had funerary or utilitarian purpose such as 

defense, shelter, storage and kilns. It seems likely that true arches, vaults and dome 

developed from the use of corbels (Smith, 1971; fig. 2. 7). 

Corbel: A corbel arch is an arch-like construction method which uses the architectural 

technique of corbelling to span a space or void in a structure, such as an entranceway in 

a wall or as the span of a bridge. A corbel vault uses this technique to support the 

superstructure of a building's roof. A corbel arch is constructed by offsetting successive 

courses of stone at the spring line of the walls so that they project towards the archway's 

center from each supporting side, until the courses meet at the apex of the archway 

(often capped with flat stones) (Michael, 1987). For a corbelled vault covering the 

technique is extended in three dimensions along the lengths of two opposing walls (fig. 

2.7a). 

Although an improvement in load bearing efficiency o r the po t and lint I d sign, a 

corbelled arch is not entir ly a self-supporting tructure, and it is metimes term d a 

"false arch" for thi rea on. Unlike "true" arches, not all of th structure's tensile 

strc c cau ed by the weight of the superstructure are tran formed into compressive 
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stresses. Corbel arches and vaults require significantly thickened walls and an abutment 

of other stone or fill to be neutralized the effects of gravity, which otherwise would tend 

to collapse each side of the archway inwards (Michael, 1987). 

I l~~~~~~~___J 
(a) (b) 

Figure 2. 7:a) Basic principle of corbelled arch design; b) Comparison of (right) a 
corbel arch and (left) a generic "true" stone arch (Michael, 1987). 

The projecting stones are cantilevers of short span, so that tho c corbels above th 

opening are subject to tension. This form of construction is the best known from the 

subterranean domed tombs which were constructed during the pre-Hellenic Minoan 

civilization of Mycenae, 1200 B.C. (Cowan, 1977). However, their method origin is 

more ancient; a small corbelled dome has been found inside the Bent Pyramid which 

was built during the Fourth Egyptian Dynasty, about 2900 B.C., and in more recent 

tombs in both Egypt and Mesopotamia (Wanda, 2002). 

In this regard, another sample of the first known dome is the Trea ur of Atreus, 

Mycenae (1325 B. .) with its corbel con truction featur and th o al hap . It 

masonry cour e are dry laid in c nc ntric ring, from the ba L'. to rox n with h riz ntal 

b d-joints and v rtical bed j int with ut centering (Wanda, 200_~ fig. -· 8). 
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Figure 2.8: The corbel dome of the Treasury of Atreus in Mycenae is one of the oldest 
remaining domes; left: figure from Walling (2006), right: figure from Wanda (2002). 

In addition, what the ancient builders were looking for was the most pure and 

economical way to enclose a space. As these enclosures were first covered in about 

4000 B.C., by cantilevering the stones and forming successive rings, until the space i 

closed at the top. They could create what we now call a "false dome" (Cowan, 1977). 

Figure 2.9 shows the most ancient remains discovered so far in Asia Minor. 
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Figure 2.9: The first domes covering a closed oval plan in Asia Minor ca. 4,000 B. 
(Huerta, 2007). 

Nevertheless, oval arches and domes involve as parts of the tradition of masonry 

buildings from the very beginning of the invention of the arch. The approximately egg- 

shaped forms were made regularly through the use of practical geometry, about 2000 

B.C., when the dimensions and the importance of their constructions were required 

(Huerta, 2007; fig. 2. 10). 
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_.., - ... - . - .... - ... . 
0 

(a) (b) 

Figure 2.10: Oval arches in Asur, Mesopotamia; a) With radial centers; b) Arche built 
without centering, by constructing successive slices (Huerta, 2007). 

In addition, domes were used to form "stone huts" and the technique was developed no 

doubt, in the context of permanent settlements associated with agriculture (fig. 2.11 ). 

(a) (b) 

I I\, ..f-"•• 

Figure 2.11: a) Syrian qubab village; b) Rock-out house forms near Utch Hi ar, 
Cappadocia; c) , hrine of Nyakang, Fenikang in ilotic, , udan. (. mith, 1971) 
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Nevertheless, the evolution of dome formation is as result from the long development of 

ideology by the various civilizations and cultures. In fact, because the conception and 

meanings of the domical shape were primarily derived from primitive habitations and 

also many cultures had ideologies regarding the domical shapes. 

Even after some cultural developments regarding erections of masonry monumental 

architecture such as, temples, palaces and churches, they religiously preserved their 

prior shapes, following by their ancestral and ritualistic shelters for their inner 

sanctuaries, tabernacles, aediculae, ciboria and baldachins (Smith, 1971 ). Other types of 

dome shapes such as, flatter and unpointed, were specially derived from the forms of 

tent and preserved as tabernacles, ciboria and baldachins (Smith, 1971; fig. 2. 12). 

(a) (h) 

Figure 2.12: a) Throne of David; b) Jewish arch in temple-coin of second revolt. 
(Smith, 1971) 

Smith (1971) stated that "Owing to the light fram work ofth r I, fl rm fth e tent, 

however, could be puffed-up and bulbous, a arc sho n in b th th c le tial baldachin 

above the great altar of Z u at P rgamum (fi . 2.1 a) and the Parthian dome among 

the relief: f th arch of eptimiu veru in Rom (fig. 2. I b ". 

52 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER2 LITERATURE REVIEW 

(a) (h) 

Figure 2.13: a) Altar of Zeus, Pergamum, coin of Septimius Serverus; b) Parthian 
Cosmic house, throne room of fire temple, relief on arch of Septimius Serverus, Rome 
(Smith, 1971). 

In Syria and other parts of the Roman Empire, there were sacred plain shelters whos 

ritualistic and domical coverings ,sometimes, had an outward curving flange at the 

bottom of the dome as the thatch was bent out to form an overhang (fig. 2.14a, b) 

(Smith, 1971 ). In another example the curve of their light domical roof was broken by 

the horizontal bindings which held the thatch in place (Smith, 1971; fig. 2. 15) . 

. '· 
' .... ·~. 

(u) (b) 
Figure 2.14: a) Domical shrine of Tye he, Dama cus, coin of Domna; b) Woman at 
tomb, ivory Pyxis. (Smith, 1971) 
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Figure 2.15: Woman at tomb, Ivory Pyxis. (Smith, 1971) 

Wooden domes were the common domical techniques in the Near East, especially, in 

Syria. Grabar (1963) demonstrated from literary sources that the octagonal churche of 

Antioch, Nazlanzus and Nyssa had wooden roofs. 

Although, both Smith (1971) and Grabar (1963) repeatedly pointed out the possible 

influences of wooden prototypes upon the stone architecture of Armenia and suggested 

certain wooden derivations for the Asiatic adjustment of the dome to a square plan. 

They always came back to their undemonstrated conviction that the dome itself 

originated in the brick architecture of Mesopotamia and Iran. Smith ( 1971) insisted that 

the Early Christian churches of Syria had wooden domes, any how and they were taken 

over by the Arabs for their mosques. 

In 1940, Creswell, in his study of the celestial symbolism of the d me, cited much of 

the vidcnce f r the importune of th wo den d me in Etru can and Roman 

architecture and uggc tcd that it might al o u cd in ancient reec . early a 1996, 
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Petersen wrote: "In Syria wood was throughout antiquity the specific material for 

ceilings" 

Additionally, it is said that the great Syrian domes of Bosra, Jerusalem and Damascus, 

all of wood, were constructed as double cupolas with an elaborate system of girders and 

ribs which were results from acquired experience in shipbuilding (Smith, 1971 ). 

Unsuccessful Early archaeologists' efforts minimized the importance of the dome in 

Syria and Palestine because they found so few remains of masonry vaults on churches 

of the central type. In fact, they disregarded the possibilities of wooden dome 

constructions because majority of Syria and Palestine was thought to have been barren 

and timberless (Smith, 1971). Even the acknowledged use of great timbered roof: on 

both the pagan and Christian temples may definitely demonstrate that acquaintanc with 

existing of abundant timbers were plentiful in the Lebanese mountains; wher as for sts 

,which are known to have existed North of Hebron and in the region of Lake Tiberius, 

did not precedence the emerging testimony of stone roofs in the Hauran and the 

unquestioned conviction that domes were primarily form of vaulting (Pope, 1971). 

Apart from the variety of historical texts, there emerge certain domical sample in 

which their considerations increasingly manifest the steps of the evolution of Ea t rn 

domes over decades. In this manner, four dominant examples may be list d a follows: 

Sanchi stupa, Nyssa domical hall, Basilica of Ilagia ophia, and th a anid ' famou 

palace of Ardeshir. 

In addition to the appearance f Buddhi rn, apt ampl f the relation hip b tween 

logical th ught and dom yrnb Ji m were manife ted thr ugh on tructions of 
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Buddhism temples such as, the Sanchi Stupa, in the third century B.C.E. It is considered 

as the primary emerged sample of domes in Asia (and also is comparable with the 

Pantheon in Italy). 

i. The 'Great Stupa' at Sane/ii: was originally commissioned by the Emperor 

Ashoka the Great in the third century B.C.E. Its nucleus was a simple hemispherical 

brick structure built over the relics of the Buddha. It was crowned by the chhatra', a 

parasol-like structure symbolizing high rank, which was intended to honor and shelter 

the relics. 

This domical form was flattened near the top and crowned by the chhatra (fig. 2.16a). 

Its curvature shape was set on a high circular drum meant for circumambulation, which 

could be accessed via a double staircase (Dehejia, 1992). In fact, Stupas are large-scale 

memorials constructed in particularly holy places. Generally, they enshrine relics of 

some sort. As a building type the Stupa is the forerunner of the pagoda. However, the 

Stupa has also come to be known, on a smaller scale, as the reliquary itself and can be 

made of crystal, gold, silver or other precious metals (Dehejia, 1992). 

d 

(a) (b) 
Figure 2.16: a) Ext irior view of • anchi • tupa, India (Source: 
www.flickr.com/photos/3} 49./60@N00/3 2603570; b) The derived geometrical design of 
Stu pa. 

1 
Chhatra is the precious paras I umbrella, wluch 1. used as nn 1usp1Cl(lll' s mbo! in lndi m rcli •11111 (Dchcjia, 1992) 
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The Great Stupa of Sanchi underwent a complete reconstruction after wanton damage 

inflicted upon it in the middle of the second century B.C.E. The reconstruction consisted 

of a stone casing, a terrace with a double flight of steps, balustrades, a paved 

processional path and an umbrella and railing which all were built of sandstone. Four 

elaborately carved gateways were added in the first century B.C.E (Dehejia, 1992). The 

last addition took place during the rule of the Guptas, sometime before 450 AD. By now 

effigies of the Buddha were permitted and four stone Buddhas were placed against the 

walls of the stupa facing the gates. Their haloes are elaborately carved. 

In a larger sense, the stupa embraces also as cosmic symbolism. Its hemispherical shape 

symbolized as the world egg. This is a recurrence of the symbolism whereby Earth 

supports Heaven and Heaven covers Earth. The axis of the world is always represented 

in the stupa, rising above its summit (Kentish, 1997). The so-called "parasols", set one 

above the other along the shaft emerging from its uppermost region, show a heavenly 

hierarchy. The cosmic symbolism is completed by a ritual circumambulatory path 

around the monument (Dehejia, 1992). 

Despite its simplified shape, complex geometrical calculations used to be established for 

this kind of dome analysis. While it looks like a semi-spherical form according to its 

conceptual form (as can be seen above), its geometrical form is appropriate to be called 

"saucer". It is governed by intersecting two circular arcs which are cut on the top by 

crossing a horizontal line regarding to the rest of chhatra (fig. 2.16b ). Domical form of 

this Stupa, however, does not mainly possess integrant objects of the pr sent dome , but 

it has been characterized by the several distinct elements of dome architecture such as, 

drum, rotunda base form, and imitation of hemispherical hap for the religion 
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architecture. Later on, such certain philosophic shape and form were employed to 

represent the meaning of universe in the architectural form. 

ii. Nyssa domical hall: The second and most important sample is a large (17 

meters in diameter) domical construction, probably of the first century A.D. excavated 

in the Parthian capital at Nyssa. 

Nyssa, the capital of the Parthian empire is now one of the 5 World Heritage sites in 

Turkmenistan. According to anthropological point of view, the Parthians were nomadic 

tribes from the North West of Iran. The Parthians were under the influence of Greek 

culture in their architectural style and school of sculpturing (Grabar, 1963). Ny a 

domical hall was built within two concentric city walls surrounded by a moat· N aa 

had a water system that fed by nearby mountain. The administrative building were 

multi-functional. There was a treasury, a circular building which could have been a 

Zoroastrian temple. Its spatial space consists of a hall with 4 columns in the center and 

niches for statues on the wall (Ayatollahi, 2003; fig. 2. l 7a). 

(a) (c) 

Figure 2.17: a) apital of the Parthian empire, Nys: a, 3rd c '111 A.D. ~ ource: 
www.{lickr.com/photosljohnstam/22../0 572271); b) Plan of th' circl hall, Ny. .sa 
(Grabar, 1963); c) Reconstruction of circular hall (Grabar, 1963). 

Its plan is a square with remarkably heavy wall and a cir ular central hall (fig. 2. l 7b); 

a ort of ambulat ry ar a surr unded m t of thi hall. The mall entrance corrid )· 
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mggests that this type of building was still fairly unfamiliar to the architects of that time 

'Grabar, 2006). However, the massive brick walls remained a characteristic of much of 

ater Iranian architecture and also the reconstructed elevation (fig. 2.17c) shows an 

impressive conception of its interior space. 

The main purpose of the building is uncertain; it may have been a temple or a tropain 

celebrating the victory of the Parthians over Rome. Regardless of its construction 

purpose and of the validity of details of reconstruction, the interest of this dome is that it 

exposes the existence of a monumental domical tradition in Central Asia (Grabar, 

1963). 

iii. Hagia Sophia Basilica or Ayasofya Museum: is a former patriarchal 

basilica, later a mosque, now a museum in Istanbul, Turkey. Famous in particular for its 

massive dome, it is considered the epitome of Byzantine architecture. It was the large t 

cathedral in the world for nearly a thousand years, until the completion of the Seville 

Cathedral in 1520 (Al tin, 2001 ). The current building was originally constructed as a 

church between A.D. 532 and 537 on the orders of the Byzantine Emperor Justinian, 

and was in fact the third Church of the Holy Wisdom to occupy the site (the previous 

two had both been destroyed by riots). The Church contained a large collection of holy 

relics and featured, among other things, a 50 foot (15 m) silver iconostasis (Altin, 2001). 

It was the patriarchal church of the Patriarch of Constantinople and the religiou focal 

point of the Eastern Orthodox Church for nearly 1000 year (Al tin, 200 l ). 
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(a) (b) 
Figure 2. I 8: The Hagia Sophia museum, Turkey a) Exterior View (Source: 
www.ancienthouse.net/?s=hagia+sophia); b) General interior view of the Hagia Sophia 
(Source:www. sacred-destinations. comlturkey/hagia-sophia-photosls lides/nave-general- 
view. htm). 

In 1453, Constantinople was conquered by the Ottoman Turks and Sultan Mehmed II 

ordered the building to be converted into a mosque. The bells, altar, iconostasis, and 

sacrificial vessels were removed, and many of the mosaics were eventually plastered 

over. The Islamic features (such as the mihrab, the mimbar, and the four minarets 

outside) were added over the course of its history under the Ottomans (Altin, 2001). It 

remained as a mosque until 1935, when it was converted into a museum by the Republic 

of Turkey (fig. 2.18). 

It is unquestionably one of the finest buildings of all time. In fact, it is deemed as a 

primary example of saucer dome typologies (fig. 2.19a). Between the years 537 and 

1453, the building was used as a church. From 1453 to 1935, it wa used as a mo que. 

In 1935, it was turned into a museum by Atatilrk and has been used as a mu eum ince 

then (Altin, 2001 ). 
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b' 

w ~ 
Figure 2.19: a) The cross-section of Hagia Sophia museum, Turkey (Source; 
www.grandtradition.net/hagia-sophia); b) Derived geometrical design of its cross-section. 

The architects Anthemios and Isidoros wanted to cover the basilica's roof with an 

unusual way of covering without using wood beams. Hagia Sophia is therefore 

important as the first example of this kind in the world. This large dome in the middle of 

the building is not circular. Its base shape likely was circular and this shape had been 

changed after several damages and the repairs. Its one diameter is 30.876 meters and the 

other is 31.877 meters, which gives an average of 31.37 meters and its rises 55.60 

meters above the ground (Altin, 2001). This building has commonly been inve tigated 

by Western scholars because of its influence on the Western domical structures. 

The enormous dome of Hagia Sophia rests on the four pendentives forming a square as 

transition items. This magnificent dome is supported by four great arches resting upon 

the four massive piers in the middle of the building, which are primary e, ampl s of 

pendentive method constructed for the transformation purpo e in th dome con truction. 

The frame of it skin i con tructed of 40 brick rib and 1.10 meter in width (Al tin, 

2001). It is considered a the last example of pendentive , which had b n built in A ia 

and never would b replicated again later on. cmi-circular de ign of this dome not only 

pos c a complc formula, but it may al o con idcr a the nl ample in the Ea t i 
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which its geometric shape was purely constructed on one circle in comparison to 

whether circulars or elliptical domes, (fig. 2. l 9b ). 

iv. Sassanids' famous palace of Ardeshir: Several historical monuments has 

remained from the early Sassanid era in the city of Gur (Firuzabad). Ardeshir Babakan 

Palace or Sassanians' big fire-temple is located in the North of Firuzabad. It is generally 

considered as one of the magnificent monuments of this period (Creswell, 1958) and 

also as the most famous fire temple of Zoroastrian in Iran. 

Ibn Istakhri, an Iranian Muslim historian, mentions this site as a fire temple of great 

importance built during the Sassanid dynasty 9Memarian, 1988). Other scholars, 

historians, and archeologists believed that this site should be Ardeshir palace, the 

founder of the Sassanid Empire, which was erected during the late Parthian or the early 

Sassanid times (Pope, 1971). 

The palace of Ardeshir overlooks a small lake fed by a rich spring water. The main 

entrance iwan of the palace enjoys the view of the lake and its vicinity. It is believed 

that a Persian style garden enclosed both palace and related lake (Ayatollahi, 2003). The 

iwan or arched entry was a building innovation of the later Parthian era which is 

found predominantly in Sassanian palaces and important buildings. One can still see 

older homes in Firuzabad and nearby towns using the iwan as a main entrance 

overlooking the garden. The Sassanid style iwan is usually constructed between two 

halls as supporting elements of the iwan hall. In addition, such a style becam more 

popular in the other Sassanid palaces built in Kazerun, Qasr Shirin, Sarvestan and 

Damghan (O'Kanc, 1998). 
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a (b) (c) 
Figure 2.20: a) Ardeshir palace and big fire temple, Iran (Source: Maryam Ashkan); b) 
Interior view of squinches (The Iranian Ministry of the Cultural Heritage (!CHO)); c) 
Typical derived geometrical design of domes (Pirniya and Bozorgmehri, 1990). 

Architecturally, this monument is composed of several roofed platforms and a number 

of rooms and numerous halls. This structure contains three domes, which have been 

made a bit larger and more magnificent than other samples of this era (fig. 2. 20a). What 

is particularly interesting in this palace is that its architectural design does not exactly 

categorized whether into the Parthian or even Sassanian styles; In fact, its design is a 

unique design of architects of Fars. The structure measure is 104 m (340 ft) by 55 m 

(180 ft) and was built of local rocks and mortar with plasterwork on the insides 

(O'Kane, 1998). Its huge semi-ellipse domes and squinch technique of transition tier 

distinguish its construction style from other samples of this era (fig. 2. 20b). 

The throne room is a majestic room almost as high as a three stories building. 

Remaining plaster works on the walls depict the use of Acha menian patterns. This 

rather large monument is made of stone and has three domes with many room . The 

ornaments and carvings on top of the interior doorway arc imilar to tho in Takht-e- 

Jamshid (Per cpolis). This palace ha been r gistered n the li t of Iran' National 

Ili torical ites. After the c ming [ I lam, d m ar hit ture und rwent rapid 

evolution in terms of the need of building many m que and tomb difice and also, 

increa ing the spiritual meaning of the d m in ar hit ctur . 
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This new methodology of dome construction was introduced for the erection of huge 

monuments topped with various domes throughout the Eastern regions. The complex 

geometrical framework of this particular dome rests on the three basic circles which are 

geometrically supported by a triangle placed at the center of this geometric composition. 

The height or rise of domes in this category had reached to the uppermost value than 

others in the East due to its exclusive proportion and geometrical formula (Grabar, 

1963; Memarian and Pirniya, 2003; fig. 2.20c). 

A specifically recognizable Islamic architectural style emerged soon after the time of 

Muhammad, developing from localized adaptations of Egyptian, Byzantine, and 

Persian/Sassanid architectural contexts. The Dome of the Rock (Qubbat al-Sakhrah) i 

the earliest sample of such a dome constructed at the early 691 A.D. in Jerusalem which 

composes of interior vaulted spaces, a circular dome, and the use of stylized repeating 

decorative patterns (Hillenbrand, 1999b ). 

2.4.2 Historical Background of the Eastern Domes After the Coming of Islam 

By beginning of Islam, early Muslim architects often relied on involving symboli m in 

the conception of their own buildings; this symbolism is taken from their deep 

understanding for the Holy Quran, and their great belief in 'Al/alt' (Blair, 1994). 

As is so often the case in Islamic architectur , th regional termin logi s w r u d to 

name the building functions; term of' qubbat' (in Arabic c untric ), · gunbad' (in Iran 

and Afghani tan), 'gumbaz' (in Uzbeki tan), and ' Kumb 'ft' (in Turkey) are 

substantially referred to the m t distinguishing forms of th dome in the Middl East 

and ntral A ia (A hkan and Yahaya, 2009). 
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Even before that, however, there was a long tradition of buildings topped with domes 

(e.g. palaces, mosques, tombs, and baths); the Dome of the Rock (completed in 691) in 

Jerusalem being one of the earliest examples. Set on a pillared arcade, its double dome 

is of timber construction. It is an Islamic shrine and a major landmark located on the 

Haram al-Sharif (Temple Mount) in Jerusalem (Creswell, 1940). 

Its construction ordered by Caliph Abd al-Malik, half a century after the death of 

Prophet Muhammad (s). The rock marks the site from where Prophet Muhammad (s) 

made his Miraaj or Night Journey into the heavens and back to Makkah (Qur'an 17:1). 

The Dome of the Rock presents the first example of the Islamic world-view and 

illustrates the symbol of the oneness and continuity of the Abrahamic (i.e., Jewi h, 

Christian and Muslim) faith (Creswell, 1940). 

The extraordinary visual impact of the Dome of the Rock is in part because of the 

mathematical rhythm of its proportions. All the critical dimensions are related to the 

center circle that surrounds the sacred stone. For example, each outer wall is 67 feet 

long, which is exactly the dome's diameter and exactly its height from the base of the 

drum. The same principles were used in Byzantine churches of Italy, Syria, and 

Palestine, but none compare with the integration of plan and elevation seen in the Dome 

of the Rock, especially, its wooden dome which preceded those common prior traditions 

of wooden domes in both Syria and Palestine (Blair, 1994; Creswell, 1940). 
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Its dome span is approximately 60 feet (20 m) in diameter. Structurally, it is mounted on 

an elevated drum consisting of a circle of 16 piers and columns. Surrounding this circl 

is an octagonal arcade of 24 piers and columns (Allen, 1993; fig. 2. 21 ). 

After the introduction of using of wooden domes in Islamic architecture, the appearance 

of the domed mausoleum became greater important for the rapid development of such 

an architectural item in the early Islamic Persia. In this regard, despite initial Islamic 

hostility to tomb structures, by the 10th century several had probably been built by the 

Abbasid caliphs for themselves (Allen, 1993). Domed tombs had also been erected over 

the graves of many Shi'ite martyrs (Blair, 1983), and came to pay attention by pilgrims 

that expedited the spread of this architectural form. 

On the other hand, the overall appearance of domes during Islamic architecture reflect 

the wealth and power of its ruler patron. In fact, th pecific e elution of d me 

compo ition and organization arc a matter of ocio-political c nc rn that w re often 

occurred under powerful Islamic dyna ties. Apart from pon r limitation development 

of con truction knowledge as a re ult of intcra ti n f regional ienc , however, can 

n t be verlo kcd. 
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Of course, there is much more to Islamic history than these texts are able to convey; as a 

result, a series of most important Islamic dynasties according to the chronological list 

can be addressed and listed as follows: Umayyads (661-750 A.D.), Abbasids (759-1258 

A.D.), Samanids (819-1005A.D.), Ghaznavids (977-1186 A.D.), Almoravids (1056- 

1147 A.D.), Almohads (1130-1269 A.D.), Ayyubids (1169-1260 A.D.), Seljuks (1038- 

1194 A.D.), Ilkhanids (1256-1353 A.D.), Mamluks (1250-1517 A.D.), Timurids (1370- 

1506 A.D.) , Mughals (1526-1858 A.D.), Saffavids (1501-1732 A.D.), Qajar (1779- 

1924 A.D.), and Ottomans (1281-1924 A.D.). However, these Islamic dynasties had 

spread in the distinct territories surrounding the Islamic lands from Spain to India and 

some of them had ruled in the Middle East and Central Asia (Bosworth, 1996). A 

statements below indicate, several Islamic dynasties have appeared through distinct 

Islamic periods (Hillenbrand, 1994; fig. 2. 22). 
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Accordingly, only some of those dynasties played a significant role in the dome 

evolution over historic era. In fact, there exist four specific movements regarding the 

main concept of Islamic which were mainly introduced and achieved by six dynasties; 

These are Samanids (819-1005A.D.), Seljuks (1038-1194 A.D.), Ilkhanids (1256-1353 

A.D.), Timurids (1370-1506 A.D.), Saffavids (1501-1732 A.D.), and Shaybanids (1503- 

1800 A.D.; fig. 2. 23). 

Abbaslds Aghlobtds Ghaznavld• 

Stiluks 

Ghurlds 
Deihl Sunnnnte 

Mughals QajM 
Urnayyadv & 

Spanleh Umoyyads 

661-750 A.O. 759·1258 A.O. 800·909 A.O. 819·1005 A..O. 977·1186 A 0. 1000·1215 A.O. 1200·Hi5'5 A.O. 1526·1658 A.O. 1779-n12" A.O. 
. . . . . .. 

Tutunlds Fot1m1d.a .a.yy\lbid' 
Almorovid?I 

llkhanldt. 
1m1Lmt.hi1 
Mamlukit 

Figure 2.23: Some of the special Islamic dynasties and specific studied periods on the 
time line (Compiled by Maryam Ashkan). 

-Samanids (819-JOOSA.D.): The Samanid Empire was the first native dynasty to 

arise in Iran after the Muslim Arab conquest. It was well-known for reviving Iranian 

national sentiment and learning (Memarian and Pirniya, 2003; fig. 2. 24) . 

.. 
Figure 2.24: Map of the Samanid Empire at its I've! of power. 

According to Peter en (1996), in fact, the well-kn wn pr ce of Iranian renaissance 

began in the cntral Asia rath r than in Iran, and h th reason for that in the 
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difference of the social groups in these two parts of Muslim world. In fact, the 

mercantile, trading society of Central Asia was much more suitable for developing an 

egalitarian Islamic society than the hierarchical caste society of Iran (Shahmiri, 2007). 

Therefore the Samanids, who were the real rulers of Transoxiana2 could be seen as a 

pioneers of Iranian renaissance (Shahmiri, 2007). 

Indeed the changes occurred under Samanid influences are: cultural, linguistic, social, 

art, economy, politics, and scientific (Bukhara History-part 7, 2007). Monumentally, 

there are also some other historico-architectural memorials remaining from that time 

such as the mausoleum of the Samanids in Bukhara, the mausoleum of Arabato in Tim, 

the No Gum bad mosque in Balkh, and so on. 

The Ismail Samanid mausoleum is the oldest Muslim structure in Central Asia and the 

oldest building made of fired bricks from the basement to top (fig. 2.25). It was built 

from about 907 to before 942 at Bukhara. Square in plan, with a domed roof, it was 

derived from the Iranian chartaq, namely the tetra style structure that was the 

Zoroastrian3 fire temple in Sassanian times (Askarov, 2003). The arcaded galleries 

concealing the transition between the central dome and the four small comer domes are 

also a Sassanian tradition and were to become very popular in Indian architecture later 

(O' Kane, 1998). 

2 Is the ancient name u ed for the portion of entral Asia corresponding approxirnatcl with modern-d y Uzbeki ton, Tajiki tan and 
southwe. t Kazakhstan (Pope, 1971 ). 
1 Is the religion and philosoph bn cd on the teaching. cribed to the prophet Zoroaster, nfkr whom the religion i named. The term 
Zoroastriantsm is, in encrul 11 a e, essentially synonymou: with l\lnzdnism, i.e, the worship of hura Mazda, exalted by Zoroaster 
as the supreme divine authority (, mith, 1971 ). 
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(a) (b) 
Figure 2. 25: a) Exterior view of Ismail Samanid mausoleum, Bukhara (fhoto from 
www.sacred-destinations.com/uzbekistanlbukhara-ismail-samani-mausoleum.htm); b) Interior 
view of its squinches (Source: www.archnet.com). 

The mausoleum can be described as a pearl in Central Asian architecture; it exposes the 

unity of an architectural form, construction, and abundant decorations visually. 

Furthermore, this unique monument considered as the main achievements of centuries 

of experimentation, unsurpassed craftsmanship, composition, attention to detail, and 

ornamentation (Shahmiri, 2007). 

Its composition is strictly pivotal, that is, all four facades are identical (10.8 m x 10.8 

m). The cubic building of the mausoleum is completed with a high refined arcade and 

cupola. The high-powered round columns, at the coins, and the light bordering of the 

walls, give the monument an imposing view. Its cube symbolized an ancient symbol of 

the earth, the personified Ka'ba in Mecca along with a symbol of the sky (a dome 

symbolized the Universe). Forms of mausoleum designed by the geometry of al- 

Khorezmi, al-Fargani and Ibn-Sina (Askarov, 2003). 

The Mazar Arab Ata, or the "Shrine of the Arab Father", is a cubical, domed brick 

mausoleum built in 977-78 in the town of Tim in Uzbekistan's Samarkand province. 

The Arab Ata mausoleum was probably built in the reign of the Samanid ruler Nuh 
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Mansur (976 - 997) and is noted for its seminal architectural form and decoration 

experiments that shaped much of Central Asia's early domed square mausoleum 

typology (O'kane, 1998) were replicated from its configuration. 

The Arab Ata mausoleum is as one of the earliest examples of the pishtaq, or 

exaggerated, projecting arched portal. Unlike latter-day pishtaqs, the Arab Ata 

mausoleum's portal does not merely project beyond a horizontal roofline; it occupies 

the entire front elevation and screens the dome. The inscription motifs and embroiders 

of rectangular frame of its portal is another innovation that became a customary motif in 

subsequent mausoleums, regionally. The remaining elevations were left stark, possibly 

to concentrate on this elaborate portal facade (Knobloch, 2001). 

The mausoleum is also noted for useing of the earliest form of muqarnas ornament, 

seen as a two-stage transition from a squincli base to a round dome. A decorative 

squinch flanked by half squinches on either side cover the structural corner squinch. 

This trilobed squinch and trilobed arch motif was to become a standard in later Seljuk 

and Timurid architectural styles (Hillenbrand, 1999b ). 

However, not all of the architectural experiments of Arab Ata mausoleum were readily 

duplicated. For example, the tympanum features of pishtaq and a group of three 

rectangular windows are rarely seen in new structures. The mausoleum's elevations 

were embellished with complicated star-and-polygon patterns in brick tiles, and double­ 

stretcher brick courses as een in pre-Mongol brickwork of th region (Memarian and 

Pirniya, 2003). 
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By the early nine century, the No Gumbad mosque was built at the South-West of Balkh 

which is one of the oldest known monuments of Islam. Its modern name, No Gum bad, 

refers to the nine vaults or domes that topped the original structure (Hillenbrand, 1994). 

These domes have since fallen, and the walls and columns of the mosque are buried in 

more than one meter of mud-brick fragments. Because of its two remaining archways in 

danger of collapse, the structure is in urgent need of stabilization and restoration 

(Hillenbrand, 1994; fig. 2. 26). 

Figure 2. 26: Different views of remains of the No Gumbad mosque, Balkh, Afghanistan 
(Sources: The Ministry of culture & Youth Affair in Afghanistan). 

The mosque is aligned with qibla on the northeast-southwest axis and mea ures twenty- 

meters per side on the exterior. Inside, the prayer hall i <livid d into nin bays (three 

rows and three aisle ) with triple archways. The arches re t on four thick columns at the 

center and pairs of columns (single at the corner ) that ar embedd d into the Southeast, 

Southwest and Northwe t wall (Golombek, and Wilb r, 1988). Th northeast wall 

opp site qibla op ns to the exterior with a triple arcade carried on two additional 
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columns. Three arched openings were pierced into each side wall, while the southwest 

wall (which contains the semi-domed mihrab niche) was left blind (Knobloch, 2002). 

-Seljuks: By the 11th century, the first Turkish Islamic dynasty appeared as the 

Seljuks. In fact, they were Herdsmen descending from a Turkish tribe called Ghuz, who 

converted from old Shamanism (the Central Asian religion) to Islam. Since then they 

became devout Muslims striving and try to defeat unbelievers and declare it in all 

circumstances (Saud, 2003). Their rule quickly expanded to Persia, Azerbaijan and 

Mesopotamia entering Abbasid Baghdad in 1055 A.D., then Fatimid Syria, and 

Palestine. They defeated the Byzantines in the battles of Manzikert in 1071 A. D. and 

managed to hold and pacify Eastern and Central Asia Minor (Saud, 2003; fig. 2. 27). 

Figure 2.27: Map of the Seljuk Empire at it power before divorcing Ea tern and 
Western territories. 

The Seljuks rapidly adapted the general character f I lamic archit ctur in all th ir 

edifices due to the partly employment of Arab and Iranian ar hitect and masons. In 

additi n, the rcligi u dev tion of eljuk leader wer identifi d more with the Islam 

rather than their geographical origin (Hill nbrand, 1976). Meanwhile, owing to the 
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contact of the Seljuks with Persians and Central Asians, their cultural amalgamation 

likely enriched with a number of new features, techniques and building types 

(Hillenbrand, 1976). 

Architecturally, another building typology, which saw considerable development under 

Seljuk patronage, was funerary buildings or the mausoleum. This type of building 

evolved from early funerary monuments which were first erected to honor the Umayyad 

rulers in the 8th century (Saud, 2003). However, hosting the remains of important of 

both rulers and religion scholars took a new dimension under this dynasty. Their spread 

was particularly due to the diffusion of Sufism which trained widely practiced in Iran 

Anatolia and Asia Minor (Saud, 2003). 

Seljuk mausoleums display great diversity of forms involving the octagonal, cylindrical 

(also called tower) and square shapes topped with a dome (mainly Persia) or conical 

roof (especially in Anatolia) (Ayatollahi, 2003). These monuments can be found 

freestanding in cemeteries, or attached to particular buildings connected with the 

deceased such as mosques or Madrassas. Here, architecture reached its highest 

refinement and beauty. 

The architecture of the Seljuks of Anatolia inherited many aspects from the numerous 

empires that preceded it or with which it came in contact: the Persians (Assyrians, 

Sassanians), the Greeks and Romans, the Armenians and the Byzantines. Although 

inspired by many design and construction elem nts eljuk architecture dev loped into 

its own distinct entity (Michell, 1978). 
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How the dome was involved in the Seljuk architecture is another distinctive feature. In 

this sense, The Suljuk's dome was supported by squinches in a peculiar triangular 

shape, known as "Turkish triangles". The inside of dome was often decorated with tiles 

or glazed bricks. They also developed the specific building form of the tomb tower, 

known as a "kumbat ", or "turbe ", Turbes were of two types: whether as a cylindrical 

tower with a low internal shell which sometimes covered on the outside with turquoise 

tiles; or polygonal (or octagonal) tower fitted onto a square base by using Turkish 

triangles which roofed with a conical turret (Saud, 2003). These comprised two stories 

lower floor often embraces a stone coffin and the upper floor serves as a main chamber 

with a mihrab. The entrance to the upper chamber was set fairly high on one side (Saud 

2003; fig 2.28 a, b). 

In addition, Turbes are the translation of the former shamanistic tent of the Turkomans 

into stone tombs. An important number of them can be found in the city of Kayseri. No 

one ,who has seen the forest of gravestones and the eleven Seljuk turbes in the cemetery 

of Ahlat above Lake Van, can forget their poetry and mystical evocation (fig.2.28 c). 

(a) (b) (c) 

Figure 2.28: Various types of eljuk mausoleums; a) Melik azi tomb, 1200 A.D., 
Turkey; b) Vertical ection of Melik azi tomb r ross-section reporoducted by Maryam 
Ashkan from (llillenbrand, 1994) ,· c) Ulu Turbesi-Hasan Padish, Ah/at, Turkey. 
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Apart from the funerary function of conical domes, various forms of pointed domes 

were also utilized for both mausoleum and congregational mosques which increasingly 

presented plain external appearances (fig.2. 29). 

(a) (b) c) 
Figure 2.29: a) Exterior view of Jamek mosque of Bersian, Iran (The Iranian Ministry 
of the Cultural Heritage (!CHO)); b) Interior view of under the internal shell and 
squinches (www.archnet.com); c) A hand sketch of cross-section of the dome chamber. 

One of the most important achievements of Seljuks is construction of the primary type 

of discontinuous double-shell domes in which the shells are completely disconnected. A 

couple of Persian tomb towers in Kharqan are considered as the earliest known 

discontinuous double-shell domes (6.45m span, 12.85m height) in the world (fig 2. 30; 

Mainstone, 2001). Both their internal and external shells have similar thicknesses and 

profiles. They were also composed without internal connections and interconnecting 

wooden struts (Mainstone, 2001; fig. 2. 30). 
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Figure 2.30: Twin towers of Kharagan, Iran. 

Some of the valuable innovations in domical architectonic design that were undertaken 

during the Seljuk era are briefly listed as follows: 

•To introduce the new concept of transition, 'Tromp-Patkana' (fig. 2.29b); 

•To expand continuous double-shell domes which were widely used in Iran; 

•To create the conical discontinuous double-shell domes as an introduction to the 

development of double-shell domes. 

-Ilkhanids and Timurids: The Ilkhanids were ancestors of the Genghis Khan 

(fig.2.31 ), who eventually converted to Islam and adopted Iranian culture. Since then 

the material culture of Iran flourished again after the severe degeneration caused by 

several Mongol invasions. The main concept of Ilkhanid architecture is predominantly 

religious, charitable, and lesser extent to commercial functions (Wilber, 1955). 

In this regard, majority of the remained monuments from this era have the religious 

nature and less are burial places. Perhaps, outstanding feature of the Ilkhanid 

architecture relied on its readine s which proce ded common prior examples of the 

Seljuk era. The Iranian architecture under the Ilkhanids U\ the widespread u e of 
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mosaic works with new bright-colored tiles and luster tiles for covering dadoes (Wilber, 

1955). 

In fact, architecture styles of the Ilkhanid period can be characterized as follows: huge 

monumental scale, sophisticated brick construction and portals which emphasized by 

using lavish ornaments, possibilities of decorative colorful glazed tile and the use of 

muqarnas-hoods. Also, they revived the function of the four-iwan plan, construction 

techniques, and funerary building types (e.g. tomb towers) topped with high pointed 

domes which the whole used by the former Seljuks masters (Hillenbrand, 1999a). 

Ilkhanate 
• 1256-1353 

(AD) 

Figure 2. 31: Map of the Ilkhanid Empire at its power. 

Dome examples usually consist of continuous double-shells rested on huge tructur s. 

The use of muqarnas in the transition tier is one of the achiev ment of this period. The 

thin double-shelled dome was reinforced by arches between the h 11 (0 Kane, 1998). 

The dome over ultan Bakht Aqa tomb (1351-52 A.D.) indicates major advance in the 

design of Persian dome configurati n. It is the carlie t known example of a double 
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dome (7.Sm span, 18m height) with developed composition of radial stiffeners and 

wooden struts in which the inner and outer shells have substantially different profiles 

(fig 2.32; O' Kane, 1998). This innovation for differentiating between the internal 

spaces and the external appearances of domes rapidly spread throughout various regions 

of the Middle East and Central Asia, and contributed to the creation of the united styles 

of the Timurid dome architecture later on. 

Figure 2.32: Discontinuous double-shell dome topped the Sultan Bakht Aqa 
mausoleum, Ilkhanid era, Isfahan, Cross-section reproduced by Maryam Ashkan from 
(Memarian 1988). 

After severe degeneration of architecture, which was caused by the Mongol invasions 

and their successor Timur produced a gap in the domical construction evolution the 

material culture of the Middle East and Central Asia flourished again, spurred by the 

Ilkhanids (in Iran) and Timurids (in Uzbekistan) later on (Grabar, 2006). Architects and 

artists from all the lands, from Asia Minor, Azerbaijan, the Caucasus India, Iran, and 

elsewhere were forced to contribute to the construction of often colo sal state buildings 

of both a sacred and secular nature (Michell, 1978; fig. 2.33). 
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Figure 2.33: The Timurid Empire at its power. 

The imposing composition of the monument enclosing domes now became the number 

one priority. Their structural items significantly evolved such as using "Gadrooned 

domes" (Yaghan, 2003) with developed setting of internal struts, enormous portals and 

elegance proportions that now became more slender (Pirniya, 1996). 

In this regard, the most enduring sample of this primary trend is the triple-shell dome of 

Gawhar Shad mausoleum (1417- 38 A.D.) at Herat in Afghanistan which exposes the 

advanced level of structural knowledge, proportional developments, and the prevailing 

of local architecture by using fan-shaped squinches (Knobloch, 2002; Memarian, 1988; 

fig. 2. 34). 
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(a) (b) c 
Figure2.34: a) Exterior view of the Gawhar Shad mausoleum complex, Afghanistan 
(J'he Ministry of culture & Youth Affair in Afghanistan),· b) Interior view of domical 
chamber and its internal shell (Source: www.archnet.com); c) Mausoleum cross-section, 
after (Memarian, 1988). 

Regarding structural innovation, the main achievement of the 15th century was to place 

the dome on pairs of overlapping arches rather than on the traditional octagonal 

squinches. In this approach, two brick arches were firstly built over a square chamber at 

an equal distance from the walls, and another two at right angles to them. In fact, they 

are overlapping at the top and formed a square base for the dome (Blunt, 1973; fig. 2. 

35). 

Figure2.35: Close views of the transition tier of the Tilla Kari mosque, Uzbekistan 
(Source: www.tlickr.com/photos/83398740@N00/2458529403, upload by Simon White, 2008). 

Then, the spaces between those vertices of the arches were filled in by shield-shaped 

spandrels and rhombus-like concave which were arranged geometrically between the 

main overlapping ribs of those standing arches. This typ of pandr ls was also used 

between the squinches of the octagonal parts of a dome. 
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This construction method not only was extremely successful despite the seismic 

conditions prevailing in the Central Asia, but it also changed the character of their 

interior space designs fundamentally (Blunt, 1973). Architecturally, in comparison to 

the previous static characteristics of the vertical progression of square hall and 

octagonal squinch area, it was now given a dynamic plasticity. Nevertheless, this 

technique had originated in the Middle East, probably in Armenia, where it had been 

known since the 12th century (Blunt, 1973). 

Another important aspect of Timurid architecture made by collaboration of several 

celebrated mathematicians, that is, a variety of geometrical approaches which had 

widely used for designing domes (Hogendijk and Sabra, 2003). 

-In the 15th-17th centuries and after: Consequently, the dome architectures were 

rapidly incorporated and altered into local styles after the Timurids epoch by appearing 

three specific local dynasties (Hillenbrand 1999b) including: the Safavids in Iran (1501- 

1732 A.D.), the Shaybanids in the Central Asia (1503- ca. 1800 A.D.), and the Mongols 

in India (1525-1858 A.D. out of scope of this research) 

The emphasis on the greatness of buildings, which reached its high level of evelopment 

in the Timurid era (Gangler, 2004), continued to be a principle in the Saffavid Empire 

(16th -17th Century) including Persia and nearby areas. The most significant 

accomplishment of this era embraced distinct bulbous domes (2. 36a) which are 

considered as the la t generation of Persian domes. They exert d great influence on 

architectural styles of Islamic domes, especially in the late Mughal period in India 

(Ashkan and Yahaya, 2009; 2. 36b). 
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On the other hand, the dominant features of the Saffavid domes are general use of 

lighter structures (by reducing the thicknesses of shells and walls), lots of colored 

glazed tiles (e.g., yellow, green, blue, and gold), and complex nets of vegetation 

(Ashkan and Y ahaya, 2009). 

Chlnl·kn·Rlluai, Cross Section 
(from West To East) (e. 1628·39) 

Figure2.36: Illustration of two last generations of Islamic domes: a) Mongolian, Chini 
Ka-Rauza mausoleum, India (Sources: www.archnet.com); b) Bulbous, Isfahan Friday 
mosque, Iran (Sources: www.flickr.com/photos/cjb22222222/31776014471. Cross-section after 
Stier/in, 2002). 

In fact, these major changes probably originated in 15th century experiments with the 

concept of using intersecting arches to support a dome with a diameter smaller than the 

width of the square below. The chamber was also modified, with a deep recess added to 

each side to produce a cruciform plan. The result was a much more fluid space than had 

been possible with the rigid tripartite division of lower square, zone of transition, and 

dome (O'Kane, 1998). 
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i: . Indian Domes During Delhi Sultanate and Mughal Rulers 

The domes of India are a unique synthesis of Islamic and Hindu influences. Many of the 

key buildings in the evolution and development of domes are in Delhi along with the 

monuments in Agra and Bijapur (fig. 2. 37). 

Figure 2. 3 7: The Illustration of transformation of dome styles from the Middle East to 
India (J'appin, 2003). 

The role of traditional domes can be recognized by having the Taj Mahal, Humayun's 

tomb on the list of World Heritage Sites. Historically, the early buildings were built by 

Hindu masons using their traditional trabeated methods of construction (fig. 2.38). 

Then, it was in 1206 that Islamic political power was established in India for the first 

time by rulers who were originally from the Central Asia. 

(a) (b) 

Figure 2. 38: Illustration of two primary types of Indian domes: a) Ajmer mosque, 
I 20011206 A.D., Ajmer; b) Qutb Complex, Iltutmish Tomb 122011236 A.D., Delhi. 
(Source:www.Archnet.org) 
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After several constructions of one shell corbelled domes, eventually, double-shell 

domes had significant after in Indian Islamic architecture and the regions under its 

influence. Though, the gap of reduction in masonry skills occurred due to a loss of 

understanding of how to structure buildings by stone. It is interesting to highlight that 

the knowledge of how to build true arches and domes, and techniques of transition from 

a square or octagonal chambers to the circular base of the dome basically linked with 

technical experiments of the Middle East and Central Asia (fig. 2.39). 

Nevertheless, this influence can be observed by rapid increasing of numbers of domes in 

the late Islamic era when constructions of Islamic domes were inclined in the Middle 

East and Central Asia. 

(a) (b) 
Figure 2.39: a) Mughal Emperor Humayun's tomb, 1562 A.D., Delhi,· b) Taj Mahal 
mausoleum, 1632153 A.D., Agra. 
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2.5 The Eastern Domes: Morphology and Typologies" 

The dome can be considered as a structural consonance and a hierarchy of ordered parts, 

that is, the relationship between internal space and structural mass or positive-negative 

spaces. The previous historical studies of the Eastern domes make the task easier to 

deduce a basic list of recurring generic forms for understanding principles of their 

architectural configurations (Ashkan and Y ahaya, 2006). 

Additionally, it is noted that the visual language to be presented is only a "set of tools" 

may also call "vocabulary" (Ardalan, 1980) related to a mode of architectural 

expression. The dome, whether the Eastern or the Western one, chiefly consists of the 

four common components: Supporting system, Transition tier, Drum and Shell(s) 

(Ashkan and Y ahaya, 2006; fig. 2. 40). 

Refer to the haptcr one- pa cs 14 and 15 for the cxten ivc claborauons of both morpholog and t pologies, 
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Top 

Drum 

Transition 
Tier ••• 

Bottom 

Load Bearing 
Items 

Figure2.40: Illustration of the four common components of Eastern domes (cross­ 
section after Memarian, 1988). 

Architecturally, the dome can conceptually be divided into two main parts: top and 

bottom, where each part involves its own elements and sub-types forms. The top of 

dome consists of internal shell, external shell, and drum. The bottom of dome includes 

transition tier and supporting system which often embraces two common compositions: 

load bearing walls and barrel vaults. The dome elements, sometimes, are composed 

together proportionally and mathematically such as, Taj-al-Mulk dome of Jamek 

mosque which is the most beautiful structure and ultimate sample of the Seljuk 

architecture in Persia. 

2.5.1. Bottom of Dome: Supporting System 

A definite concern for load-bearing items arrangement in space is that the structural 

sy tern mu t fulfill the requirements of the building' ta tics by transferring the vertical 
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load to the ground with thick walls (1-2 meters) (Memarian, 1988). It embraces the 

square, rectangular, cylinder, and taper forms according to their central plans. On the 

structural point of view, forces transfer to the foundations by either barrel vaults as 

buttress at the comers or bearing walls (Ashkan and Y ahaya, 2006; fig. 2. 41 ). 

(a) (b) (c) 
Figure 2.4l:Three samples of mausoleums floor plans: a) Olugh Beg; b) Khaja Abu 
Nasr Parsa; c) Gur-1 Amir Timur (Sources of drawings: www.archnet.com). 

2.5.2. Bottom of Dome: Transition Tier 

The transition tier is the structural feature designed to take the horizontal thrust of the 

top of the dome; hence it must be able to transfer this thrust to the load supporting items 

at the lower course of the building (Blair, 1983). 

But, one of the main problems of traditional dome construction was the transition from 

a square space or area into a circular base of dome. This led to various construction 

techniques. In the primary step, the square shape of plan converted to octagonal area 

from, which facilitated its converting to a circular disc, though there is still the problem 

f converting from octagon to square (Dome, 2007). In this s nse two main methods 

ere traditionally adopted: these are pendentives (fig. 2. 42a) and the squinches (fig. 

2.42b ). Essences of both, however, derive from Eastern countries: Turkey and Persia. 

hen, when the Romans conquered the Middle East, the dom was incorporated into 
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Roman architecture and under the Byzantines. Soon later, it became the main method of 

roofing Western monumental buildings (Grabar, 2006). 

The squinch is a mini-arch which is used to bridge a diagonal comer area whilst a dome 

needs the four mini-arches or arching for primary conversion from the square to the 

circular. The pendentive is an inverted cone with its point set low down into the comer 

and its base at the top providing a platform for the dome. Squinches are the main 

method of transition in Eastern architecture originated from Iran whilst pendentives 

became more common after the sixteenth century in Western architecture developed 

after Turkey (Peyersen, 1996). In the squinch method, the builders had exchanged the 

square to the octagonal area gradually by using projected mini-arches. 

(a) 
(b) 

. 1ui 1 ·I M H j enc en u 
Figure 2.42: Illustration of two methods of transition tier construction; a) Pendentives 
in Western style; b) Squinches in Eastern style. 

[n fact, in every domical form, the treatment of shell as crowning element is more or 

less the same; the most original feature of these structures lies in the levels of transition 

elements and their connections (Turan, 1993). 
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Overall speaking, this component often consists of two stories of interesting trilobed 

arches which protrude over the lower row. According to the main meanings of 

squinches, these mini-arches were used to bridge diagonally the four transition corners 

for easily converting from square to the circular base of the shell. Here, distinct 

geometrical procedures allowed an infinite numbers of compositional variations on 

those mini arches to be developed and also amalgamated the small fragments of these 

components. Architecturally, these crossing mini-arches yielded a visual link between 

the body of dome and crowning shell. Structurally, the role of these elements is to 

partially transfer the localized forces in such a way that both vertical and horizontal 

forces are concentrated on small regions of transition tier. 

i. Evolution of the Squinch Transition Tier 

The earliest squinch samples had been constructed by bamboo beams mainly in some 

parts of Iran and Armenia. This type of dome construction technique was abolished due 

to existing termite infestations in some parts of those territories (Pirniya and 

Bozorgmehri, 1992; fig. 2. 43). 
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Figure 2.43: Earliest samples of using bamboo in dome construction, Iran (Pirniya and 
Bozorgmehri, 1992). 

Historically, it is an example of a transformation center of pre-Islamic building forms 

belonging to the Sassanian period which is exemplified by the great temple of the 

Ardeshir palace (Ayatollahi, 2003; fig. 2. 44a). 

(d) (g) (h) 
Figure 2.44: Illustration of the evolution of transition tier concepts since the pre­ 
Islamic until the late-Islamic era. (Sources: a) The Iranian Ministry of the Cultural 
Heritage (!CHO); b, c) Necipoglu et al., 2005; d, g) www.archnet.com; Ii) 
www.tlickr.com/photos/83398740@N00/2458529403, upload by Simon White. 2008). 
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As a major building material, mud-brick and backed-brick were the major materials for 

constructions traditional domes. The floor plan of a dome chamber is seldom as a 

simple square. In majority of cases, space of transition tier was expanded by vaulted­ 

niches on the cross-axis. Some times, Stepped console spandrels were also known, 

consisting ofrows of superimposed brick brackets (fig.2. 44b, c). 

But the round base of dome where it met the top of a square room was determined by its 

squinch plan which was achieved by erecting mini-arches spanning the comers of the 

square, forming the octagonal lower part of the dome (Necipoglu et al., 2005; fig. 2. 

44d, g). 

By the 11th century, these mini-arches were converted to the basis of the stalactite 

structures (muqarnas) and later on became very widespread in the late Islamic era. The 

whole arches as well as the cross-section of domes were generally pointed. Here, a 

geometrical procedure allowed an infinite number of variations on the pointed arch to 

be developed (Necipoglu et al., 2005; fig. 2.44h). 

2.5.3 Dome's Top: Drum 

An essential part in the dome construction and connection between the top and bottom 

of the dome is its drum, that is, the cylindrical part of the dome on which the shell(s) 

rests. Many of these drums are many-sided instead of being circular in plan, externally 

(Poole and Giarnbo, 2007). The carrying-up of the walls vertically is a good 

constructional expedient as it should bear weights of the haunches of the dome and 

helps to neutralize their thrusts. 
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2.5.4 Dome's Top: Shell(s) 

Shell of the dome evidences principles of centrality and symmetry; these are seen as the 

main causes for distinguishing between varieties of geometric shapes. In fact, it is only 

the dome's architectural form which was used synonymously in several climes. 

In the double-shell domes shells may identify as the internal and external shells. Both 

thicknesses of shells proportionally reduced from their bases to the top at either 25' or 

30' angles, for the purpose of reducing the overall weight of shells structurally. The 

internal shell has the simple forms such as pointed, semi-circular, semi-elliptical, and 

saucer (Figure 15), though the external shell is the final crowning element which is 

likely to appear alike amongst the studied samples. 

Alongside these, the key in understanding of diversities in the external shell forms 

mainly dealt with studying of their geometrical concepts, namely, "profile". This profile 

can be obtained by diminishing the thickness of cross-section of external shell. It 

consists of numbers of whether two or four small arcs. Depending on the position of the 

center points, the shapes of these profiles are considerably different. Structurally, proper 

geometrical forms utterly reduced tensions throughout the external shell (Prashad, 1977; 

Hejazi, 1997). 

The number of shell(s) can be varied from the one shell to the three shells based on the 

style and period (Memarian, 1988; Hejazi, 1997; fig. 2. 45). In this sens , 

morphologically, in the construction of the Eastern domes, these shells can be put 

together in three different ways (fig 2.45). These include one hell (the earliest type of 

the eastern domes: (0 -Type 1 and OS-Type 2), two shells and three shells (Hejazi, 

1997). However, few samples of these triple shells that emerged in comparison to large 
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numbers of the other sorts can thus verify its origin from the double-shell domes 

(Grangler, 2004). 

Regarding the double-shell types, two subdivision groups have been defined based on 

how these two shells are composed together. They are the continuous and the 

discontinuous groups. 

In this type of domes, external shell is subject to the exterior appearance and stylistic 

matter of dome and may consider as the only common component amongst variety of 

domes; whereas, its internal shell mainly encompasses for both structural characteristics 

and architectural design purposes in such a way that have often exhibited in different 

shape and geometry. 

In the continuous double-shell domes, sometimes, there exists no considerable distance 

between the shells (CD-Type 1 ), or they are connected by brick connectors (CD-Type 

2), but very often the distance between these shells are small (CD-Type 3) (Hejazi, 

1997). It could thus be said that the continuous two shells domes are called 'evolving' 

from the one shell domes to the two shells domes in the Islamic dome architecture 

development. The constructions of the one shell dome were continued up to the late 

Islamic era (Stierlin, 2002). 

In the discontinuous double-shell domes, there are considerable di tances between the 

two shells. The discontinuity may start either from the base (DD-Type 3) or from the 

top of the drum (DD-Type l and 2) (Hejazi 1997). Thi is considered higher than the 

other types of the Islamic domical typologies (DD-Type 2; TS-Type 1 ). 
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One shell 

One Shell: OS 
Continuous Double-shell: 

Discontlnu~&li Double-shell: 
DD 

Triple Shells: TS 

00 
Two shells Triple sholls 

TS-Type 2 

·------ Pointed Discontinuous double-shell 
Continuous Discontinuous 

Figure 2.45: Illustration of the Islamic dome typologies according to their shell(s) 
compositions. Reproduced by authors from (Hejazi, 1997). 

Nevertheless, the assemblies of those generic forms are fully conformed with the 

specific geometric scheme that control their organization as a whole. Although, several 

studies have been chiefly carried out in the recognition of the generic vocabularies, but 

the frequency of each component in the different parts of Middle East have not been 

fully identified. The works of Gh. Memarian (1987), Gh. Memarian and M. K. Pimiya 

(2003), M. K. Pimiya and Z. Bozorgmehri (1992), T. H. Poole and G. Giambo (2007) 

may be highlighted to illustrate the general features and historical considerations about 

general features and typologies of the Eastern domes. 

In addition, Memarian (1988) also highlighted the specific hierarchy of domes 

according to their shell compositions, as follows, however, he do not clearly explain the 

typical morphological features of these domes in Eastern lands: 

1. One shell domes 

2. Continuous double-shell domes 
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3. Conical one or double-shell domes 

4. Ribbed one shell domes and ribbed double-shell domes 

5. Discontinuous double-shell domes 

1. Single-shell domes: they are the earliest types of dome with diversities of forms 

such as, semi-circular, oval and pointed (fig. 2. 46a). The single-shell is the main load 

bearing part. The ratio of height to span of this type of dome cannot be too large in 

comparison with double-shell samples. 

(a) 

~ ~ ~ 
Figure2.46: Categories of dome typologies according to their shell compositions: a) 
Single-shell dome; b) Continuous double-shell domes; c) Conical one shell and double­ 
shell domes,· d) Ribbed one shell domes and ribbed double-shell domes; e) 
Discontinuous double-shell domes (Sources: Memarian, 1988,· Pirniya and 
Bozorgmehri, 1992,· Hejazi, 1997). 

2. Continuous double-shell domes: in this sort of dome, the distance between the 

two shells is small and shells are connected at an angle of 22.5' by brick connectors (fig. 

2. 46b ). Then, the discontinuity is started. These kinds of domes are considered as the 
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middle step of the Eastern domical evolution from the one skin to the discontinuous 

double-shell domes. Internal and external shell forms basically are different. 

3. Conical one or double- shell domes: The external shell shape is commonly a 

conic shape whilst the internal shell is almost always a reverse parabolic shape (fig. 2. 

46c). This type of dome was a popular style in the Seljuk era and which has never been 

traced again. Sometimes, there is a considerable distance between the two shells. 

4. Ribbed one shell domes and ribbed double-shell domes: This group is more or 

less different due to the specific construction technique, that is, the use of ribbed and 

groin (fig. 2. 46d). The interior was built with a system of intersecting ribs and the 

lower shell was plainly formed, but the exterior zone of transition received the greatest 

emphasis. 

5. Discontinuous double-shell domes: they are the last generation of the Eastern 

domes which appeared (fig. 2. 46e). They are considered as the most developed shape 

and last generation of the composition of Eastern domes that appeared in these special 

size, height and proportions. 

This kind of domes substantially expose in four general forms (fig. 2. 47): conical, 

bulbous, Mongolian, and pointed. The continuous double-shell domes are considered as 

primary samples of evolution from one shell to two shells domes. 
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w ~ ~ ~ 
Figure2.47: Four main sub-types of discontinuous double-shell domes: a) Conical, 
Jahangir mausoleum, Uzbekistan (Memarian, 1988); b) Bulbous, Shah mosque (Masjid­ 
e Imam), Iran, (Stier/in, 2002); c) Pointed, Kalyan mosque, Uzbekistan, (Memarian, 
1988); d)Mongolian, Taj Mahal mausoleum, India, (www. 
archnet. orglcourses/Mughallndia/Historiclndia. html). 

2.6 Historical Outline of the Origin and Development of the Pointed 

Discontinuous Double-shell Domes in Historical Architecture 

As mentioned before, spiritual meanings were an important cause of the dome 

development in the late Islamic architecture. Because of this, the pointed discontinuous 

double-shell domes, as the primary result of this idea, rise up more vertically for the 

purposes of emphasizing on the request symbolic meanings. 

Their specific configuration had the chief advantages of divorcing the weathering 

surface from the inner shell and thereby substantially giving improved weather 

protection (Mainstone, 2001). Structurally, the weight for a given overall breath of 

construction is reduced by using the light shells. Its construction method also was 

extremely successful despite the seismic conditions in the Middle Ea t and Central Asia 

(Hejazi, 2003). 

Architecturally, it permitted an increase in the external size and height of the dome to 

make it more imposing without necessarily increasing the h ight internally, which 
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improves the aesthetical meanings and splendor (Hillenbrand, 1994). Mechanically, the 

internal shell is a power enhancer than the other types of the Eastern domes. Whisper on 

one side of a sound-reflected dome building is easily heard because of its specific 

shapes. On the other hand, this principle is applied to all forms of energy under the 

internal shell (Irfan, 2002). 

Generally speaking, the pointed discontinuous double-shell domes are, in retrospect, 

resulted from fairly continuous development of the practice of the dome generous 

proportions to reach the meaning of 'centrality' in Islamic architecture (Michell, 1978). 

Historically, in the cases of the primary pointed shells, the earliest known discontinuous 

double-shell domes crown a pair of the eleventh century Iranian tomb towers (fig. 2. 

48). Both appear to have had the internal and external brick shells of similar thickness 

and profiles. These shells were completely independent of one another, apart from a few 

interconnecting timber struts. They may demonstrate primary attempts in designing a 

solution to make the conflict between the external appearance of the domes and its 

aesthetic interior space (Mainstone, 2001). 

Figure 2. 48: Tomb towers with discontinuous double-shell dome , Kharraqan, Iran. 
Cross-section reproduced by Maryam Ashkan from (The Iranian Ministry of the 
ultural Heritage (!CHO)). 
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Another typical typology of monuments, which underwent considerable development 

under the Seljuk patronage and was exceedingly used by Mughals later on, is those 

mausoleums with their developed architectonic configurations, regionally located in the 

greater Khorasan5 ( figure2. 49). They consist of the two stories cube shape topped with 

the huge unlike double-shell domes (Saud, 2003). Study of the damaged external shells 

of these pointed samples may demonstrate the lack of determining the structural 

stability and knowledge of proportional design. In fact, there remained no a completed 

standing of the pointed discontinuous double-shell before involving the Islamic 

mathematic and geometric scientists in architectural, structural and geometrical designs 

of these kind of domes (Memarian, 1988). 

w ~ ~ 
Figure 2. 49: Two stories Seljuks mausoleums; a) Anonymous mausoleum, Khorasan, 
Iran, (f hoto from www.artandarchitecture.org. uk/imageslconway/ac0587 a5. html. 
Photographer: Robert Byron); b) Mausoleum of Sultan Sanjar (before conservation), 
Merv, Turkmenistan; c) Mausoleum of Sultan Sanjar (after conservation). Cross-section 
reproduced by Maryam Ashkan from (National Department for the Protection of 
Turkmenistan Historical and Cultural monuments). 

In this regard, the dome over the Sultan Bakht Aqa mausoleum in Isfahan (1351-52 

A.D.) is the earliest known example of the completed discontinuous double-shell dome 

in which the inner and outer shells have substantially appeared in the different profile 

with radial stiffeners, as shown in figure 2.46 (O'Kane, 1998; fig. 2.50). It has been 

claimed that the dome of the Sultaniya complex in Cairo (probably built by Sultan 

5 
is a modern term for a geographic rcgi n spanning (in clockwi ·corder) north-eastern lrun, Turkmeni tan, Uzbeki tan, Tajiki tan 

and north-western Af ihanistan (O'kanc, 1987). 
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Hasan, ca. 1356-60) was the origin of this form, which soon after spread in Iran 

(Meinecke, 1985). 

Figure 2.50: Sultan Bakht Aqa mausoleum with its internal stiffeners, Esfahan, Iran 
(Photo fromwww.tlickr.com/photos/53047624@N00/2168410780! uploaded byHamzeh 
Karbasi; Cross-section after Memarian 1988). 

International characteristic style of the Timurid domes, what is known with high drums 

and imposing the external features stabilized by projecting brick ribs, the use of 

meridians and the wooden struts (fig.2.51 ), was faded and altered significantly with the 

appearance of three specific local dynasties (Hillenbrand, 1999b): Saffavids in Iran 

(1501-1732 A.D.), Shaybanids in Central Asia (1503- ca. 1800 A.D.), and Mughals in 

India (1525-1858 A.D.; out of scope of this research). 
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(a) (b) 

Figure 2.51: Uniform Timurids domical styles: a) Bibi Khanum mosque, 139811405, 
Samarkand, Uzbekistan (Photo from www.archnet.org); b) Khawaja Abu Nasr Parsa 
mausoleum, 146011598, Balkh, Afghanistan (Source: The Ministry of culture & Youth 
Affair in Afghanistan). 

Soon later, the domical architecture were quickly blended with local styles after 

Timurids that were dominated by a skilful use of a diversity of building materials 

(vernacular architecture) and well-developed construction techniques existed in each 

region (fig. 2.52). The innovative approaches in the Islamic domical construction styles 

was obstacle and number of domes were considerably decreased by ending up the 

Saffavids (introduction of bulbous domes) and Shaybanids in the Middle East and 

Central Asia when it was longer survived in India up to the end of late Islamic era 

(Stierlin, 2002). 
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(a) (b) 

Figure 2.52: a) Tilla Kari madrasa, 174611660 (Shaybanids), Samarkand, Uzbekistan 
(!'hoto from www.archnet.org); b) Khawaja Rabi mausoleum, 1617-22 (Saffavids), 
Mashhad, Iran (Source: 
www.trekearth.com/gallery/Middle East/Iran/East/Khorasan Razavi/photo] 009543. htm, photo 
by Mehrdad Tadjdini). 

Morphologically, a pointed discontinuous double-shell dome consists of two shells; 

these are internal and external shells. There is a considerable distance between those 

shells. Total separation of the external and internal shells was achieved; higher drums 

usually rose directly from the roof. In this way, the thrust of the outer shell, which is 

rested on the drum, could be transformed into an impressive structure whose shape was 

independent of the building's interior. 

According to the vertical sections of samples, their internal shells usually have pointed, 

saucer, and semi-circular and parabolic. Whilst form of their external shell, which is 

observed from outside, was designed in the pointed style. 

All of such domes commonly were built over prominent mausoleums, mosques or 

madrasa. Their exterior surfaces are often embellished with the use of turquoise 

decorative tiles. In fact, considerable thought and effort were eminently given by the 

designers to make the building as high as possible by using the tall drum and changing 
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the external shell geometry. The drum's body must be sufficiently massive to support 

~ vertical thrust of the external shell, but its thickness diminishes from the top of the 

Lim to the apex. This type of dome is considered as the highest samples of the Eastern 

mpound domes with an average of height of 30 meters from the ground. 

ich a dome consists of the distinct generic forms (fig.2. 53a): 

- The external shell 

-The drum 

- Meridian stiffeners or radial walls 

- The internal shell 

-Metal protection (seldom) 

l addition, geometrically, the visual geometrical principles of this sort of domes are 

osely associated with the morphological aspects of the whole building as listed here: 

/mmetry (in scale and aligned with axiality axe), proportion (hierarchy and levels, 

art-to-part), geometry (vocabulary's shapes), and axiality (scaling and orientation; see 

g. 2.53b) (Hillenbrand, 1994; Holod, 1988). 

o sum up, the pointed discontinuous double-shell domes were built based on specific 

eometric formula and special structural items which are introduced as the main 

haracteristics of this type of the discontinuous double-shell domes. These also embrace 

ie particular geometrical proportion, certain organization and specific internal 

tiffeners component. However, a research has been done on the pointed discontinuous 

ouble-shell domes by M. M. Hejazi (1997); so far, there exists not an exact research 

vhich highlights their various morphological properties and typical configurations. 
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of the external shell geometry. The drum's body must be sufficiently massive to support 

the vertical thrust of the external shell, but its thickness diminishes from the top of the 

drum to the apex. This type of dome is considered as the highest samples of the Eastern 

compound domes with an average of height of 30 meters from the ground. 

Such a dome consists of the distinct generic forms (fig.2. 53a): 

- The external shell 

-The drum 

- Meridian stiffeners or radial walls 

- The internal shell 

<Metal protection (seldom) 

In addition, geometrically, the visual geometrical principles of this sort of domes are 

closely associated with the morphological aspects of the whole building as listed here: 

symmetry (in scale and aligned with axiality axe), proportion (hierarchy and levels, 

part-to-part), geometry (vocabulary's shapes), and axiality (scaling and orientation; see 

fig. 2.53b) (Hillenbrand, 1994; Holed, 1988). 

To sum up, the pointed discontinuous double-shell domes were built based on specific 

geometric formula and special structural items which are introduced as the main 

characteristics of this type of the discontinuous double-shell domes. These also embrace 

the particular geometrical proportion, certain organization and specific internal 

stiffeners compon nt. llowever, a research has been done on the pointed di continuou 

double-shell domes by M. M. Ilcjazi (1997); so far, there exists not an exact research 

which highlight their variou morphological properties and typical configurations. 
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(a) (b) 
Figure 2. 5 3: Generic forms and visual geometrical principles of the pointed 
discontinuous double-shell dome( Reproduced by Maryam Ashkanfrom Memarian, 
1988). 

2.6.1 Meridian walls or Internal Stiffeners 

The fill between the two shells was a fundamental problem for the integrity of the whole 

system. For structural stability of the external shell, meridian walls or stiffeners are built 

in the space between the two shells. The height of the walls may vary from 2 to 20 

meters and their thicknesses are not less than 50 cm, depending on the size of the dome. 

There can be appearing in as both main and secondary stiffeners with different sizes in a 

dome composition (fig. 2.54). 
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a) (b) (c) 

Figure 2.54: Various procedures of using radial brick walls between the external and 
internal shell: a) Internal stiffeners and wooden struts of Khvaja Abu Nasr Parsa 
mausoleum (Source: The Ministry of culture & Youth Affair in Afghanistan); b, c) Two 
Samples of internal radial walls of madrasas in Esfahan (Memarian, 1988). 

Wood was employed in the form of round and long pieces embedded with the meridian 

stiffeners horizontally and in some cases vertically. In fact, this net of wood elements 

increased the coherence and elasticity of the brick structure, which would fail and 

disintegrate due to tensile stresses. Also, the effectiveness of the system was reflected in 

the fact that the building was not split by cracks in the long-term. There exist various 

types of such wooden systems in that their diversities fully conform to regional bonds 

and vernacular architecture (fig. 2.54-55). 

The radial stiffeners play a crucial role in the stability of the double-shell dome; but, 

unfortunately their architectural configuration and structural concepts are fully obscure. 
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I 
Figure 2.55: Different methods of settings of wooden struts and their locations in 
devised holes. (Memarian, 1988) 
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2.6.2 Metal Protection 

The master builders faced difficulties in building the kick point of the dome the same as 

other parts of building. In fact, such oculus almost always remained on the crest of 

dome after finishing the construction shell. In order to fill this part, the master builders 

laid the horizontal brick layers instead of in radial direction. 

Then, a vertical metal protection has been inserted after filling oculi (Oculus) by bricks 

in order to protect the top point of the dome against snow and rain. Likewise, there 

exists a clasp at its bottom which is used for stiffing in mortar and brick (fig. 2.56a). 

This metal protection structure consists of pieces of metal balls, a long metal stake, 

metal pipes, and metal drop-shape balls. The whole items encompass two holes as a 

result of assembling on the long vertical stake (fig. 2.56b). 

(b) 
Figure2.56: a) lasp of metal protection for setting on the top of dome; b) Two common 
elements of metal protections ( Pirniya and Bozorgmehri, J 992). 
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2. 7 Conclusions and Summary 

The dome is one of the most efficient shapes in the world since it covers the maximum 

volume with the minimum surface area. It was preserved in many cultures and gradually 

translated into more permanent materials as family or royal tomb, a cult house, and so 

on. Therefore, there is no historical justification for the exact assumption of the dome's 

ongms. 

Logically, domes had been used to represent the different aspects of symbolism 

meanings based on the dominant thoughts of the specific period. On the other hand, the 

symbolic expression of domes was the main cause for their rapid development during 

the historic eras. Before the appearance of religion, it visually was a symbolic form of 

heaven and cosmic canopy. In Christian ideology, the domes were the natural symbol 

for the Universe and Creativity of God. The dome in Islamic architecture represents the 

Concept of Unity (tawhid). This echoed the central focus of attending to "Allah". 

The main difference between the Eastern and Western domes may be highlight 

according to their construction techniques of transferring from the square to circular. 

Two main methods were adopted: the pendentives and the squinches. The essence of 

both, however, drives from Eastern countries: Persia and Turkey. On the other hand, 

when the Romans conquered the Middle East, the dome was incorporated into Roman 

architecture and under the Byzantines it became the main method of roofing Western 

monumental buildings. 

The squinch is a mini-arch which is used to bridge a diagonal corner area whilst a dome 

needs the four mini-arches or arching for primary conversion from the square to the 
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circular. Squinches are the main method of transition in Eastern architecture whilst 

pendentives became more common after the sixteenth century in Western architecture. 

Because of this there were various domical traditions in both the Western and Eastern 

architectures. 

Historically, the dome seems to have developed as roofing for circular mud-brick huts 

in ancient Mesopotamia and Asur about 6000 years ago. In the 14th century, the 

Mycenaean Greeks built early tombs roofed with steep corbelled domes in the shape of 

pointed beehives (tholos tombs). Otherwise, the dome was not important in ancient 

Greek architecture. Nevertheless, the wooden domes were the common domical 

techniques in the Near East, especially in Syria and Palestine. There were various dome 

traditions in both the Western and Eastern architectures. 

In the Western tradition, the domes seem to have developed as circular roofing in the 

14th Century B.C. such as those of the Mycenaen Greeks with the steep corbelled 

domes. Then, the Romans developed the masonry domes by constructing the Temple of 

Pantheon (118-28 A.D.). The use of wooden domes, in parallel, was continued in the 

Early Christian periods for relatively small circular structure such as mausoleums, until 

the construction of the Hagia Sophia (532-37 A.D.) in the Byzantine (capital of 

Constantinople in Turkey). 

The development of the Western domes reached its high level in the renaissance in Italy 

with the construction of the great Florence cathedral (1420-36 A.D.) which was built by 

the great architecture Filippo Brunelleschi. The notable baroque domes in northern 

Europe were built in London and Paris, respectively: Saint Paul's cathedral (1675-- 

17llA.D.), and church of Saint Louis des Invalides (1676-1706 A.D.). Development of 
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the Western domes was almost faded by the time of building the U.S. Capitol in 

Washington D.C. (1792 A.D.) and also the appearance of the modernism architecture 

movement. 

In the Eastern tradition, the earliest known dome constructions, dating back to 

fourteenth and twelfth centuries B.C., are located in disparate regions such as China, 

Egypt, and Mesopotamia. Nevertheless, the development of dome buildings in the 

Eastern architecture can be studied according to the two particular parts: before the 

coming of Islam, and after the coming of Islam. 

Before coming of the Islam, the oval arches and domes formed part of the tradition of 

masonry buildings, for instance, the invention of the arch in Asur and in Mesopotamia. 

The approximately egg-shaped forms were made regular through the use of practical 

geometry, perhaps about 2000 B.C., when the dimensions and the importance of the 

construction required it. Then, wooden domes were the common domical techniques in 

the Near East, specially, in Syria and Palestine. 

Beyond the historical texts, the dominant features of the primary samples of Eastern 

domes are predominantly exposed in the configuration of these samples: Sanchi stupa 

(third B.C.E.) in India, Nyssa domical hall (first century AD.) in Turkmenistan, 

Basilica of Hagia Sophia in Turkey, and Sassanian palace of Ardeshir in Iran (240 

A.D.). In fact, the Middle East and Central Asia can be considered as a homeland of the 

appeaing and evolving of the Eastern domes. 

After the coming of Islam and introduction of the wooden Dome of the Rock (621 

A.D.), thousands of masonry domes were built throughout the Middle East and Central 
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Asia. Furthermore, the influence of the Islamic domes made itself felt in Western 

architecture as late as the nineteenth century. 

The most dominant Islamic dynasties that had ruled during various periods in the 

Middle East and Central Asia are respectively addressed: Samanids (819-1005A.D.), 

Seljuks (1038-1194 A.D.), Ilkhanids (1256-1353 A.D.), Timurids (1370-1506 A.D.), 

Saffavids (1501-1732 A.D.), and Shaybanids (1503- 1800 A.D.). 

In the Samanid dynasty, although no specific domical buildings had been built or even 

remained, but the Samanid mausoleum, as the primary sign of collaboration of the 

mathematicians, is the most important architectural achievement of this dynasty. Soon 

after appearing of Seljuks, , the invariable practice of the dome constructions in are seen 

in these distinct two types: a cylindrical tower topped either with one or two shells. 

Also, the various samples of one shell domes are other aspects of the Seljuk 

architecture. Others worth monuments of this period are the various types of conical 

discontinuous double-shell domes in both Turkey and Persia. 

After architecture went into deep decline following by several Mongol invasions and 

their successor, Timur (hence a gap in the domical construction), the material culture of 

the Middle East and Central Asia flourished again, led by the Ilkhanids (in Iran) and 

Timurids (in Uzbekistan), later on. The various types of pointed discontinuous double­ 

shell domes are appeared a result of these periods. The construction of conical domes, 

however, had still continued as well. 

International characteristic style of the Timurid domes, which is well-known due to its 

high drums, imposing their external features, projecting brick ribs, the use of meridian 
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walls and wooden struts, was faded and altered significantly by appearing three specific 

local dynasties: Saffavids in Iran (1501-1732 A.D.), Shaybanids in Central Asia (1503- 

ca. 1800 A.D.), and Mughals in India (1525-1858 A.D.). Meanwhile, during the rule of 

the Shaybanids in Uzbekistan, the construction of the pointed discontinuous double­ 

shell domes reached its high level of development so that it was never surpassed in any 

other periods. 

As results, the domical architecture was quickly blended with local styles after the 

Timurid era that was dominated by a skilful use of a diversity of building materials 

(vernacular architecture) and also well-developed construction techniques existing in 

each region. The innovative approaches in the Islamic domical construction styles were 

obscured and the number of domes considerably decreased after the end of Saffavid and 

Shaybanid rule in the Middle East and Central Asia; although the Eastern dome 

tradition survived much longer in India up to the late Islamic era. 

Structurally, the dome can be considered as a structural consonance and a hierarchy of 

ordered parts, that is, the relationship between the internal space and structural mass 

and/or positive and negative spatial spaces. Morphologically, the Eastern dome consists 

of the four general features, namely, vocabularies; these are supporting system, 

transition tier, drum, and shell (s). 

• Supporting system: there is a defined concern for the load bearing items, that is, 

the essential structural system which must fulfill the static requirements of the 

building by transferring the load to the ground; 

• Transition tier: the structural feature designed to take the horizontal thrust of the 

dome and then transfer it to the lower load bearing system. This architectural device 
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can be constructed based on the two main forms: pendentives from the Byzantine 

architecture and squinches from the Sassanid Empire onwards; 

• Drum: is a cylinder form on which the shell is rested; and 

• Shell(s): this architectural item was often used synonymously in several climes. 

Except for the earlier samples, the interior and exterior shells often were unlike 

following the appearance of the double-shell domes. In fact, the shell is a total reflection 

of the dome dynamism throughout historic eras. 

Of course, the role of proceeding the pre-Islamic monuments and characteristics cannot 

be overlooked in the final definition of dome vocabularies in the Islamic dome 

architecture such as, those monuments of the Hindus, Zoroastrians, and Christians. In 

fact, a brief review of these domes revealed their multiplicity and the unity of the 

earliest samples. 

Typologically, based on how two shells (internal and external) are arranged together, 

the Eastern domes can be categorized into: one shell (the earliest type of the Eastern 

domes), two shells, and three shells. The latter one may involve as a developed 

constitution of the double-shell dome in such a way that one shell almost always plays 

either a decorative or structural roles. Regarding the double-shell types, based on how 

these two shells are composed together, two subdivisions have been defined: continuous 

and discontinuous, respectively. 

Jn continuous double-shell domes, sometimes, there exist no considerable distance 

between the shells, or they are connected by brick connectors, but so often the distance 

between shells is small. The continuous two shell domes can be called "an evolving 
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stage" from the one shell domes to the two shells domes in development of Islamic 

dome architecture; the construction of the one shell domes had recurrently been 

continued up to the late Islamic era. 

In discontinuous double-shell domes, there is a considerable distance between the two 

shells. The discontinuity may start either from the base or from the top of the drum 

which is considered higher than the other types of the Islamic domical typologies. The 

discontinuous double-shell domes are specified according to their external shell shapes 

into the four specific typologies: conical, pointed, bulbous and finally Mongolian. 

In contrast to complex geometric characteristics of both pointed and bulbous domes, the 

conical typology of the discontinuous double-shell domes exhibited a simple 

configuration concept. Despite the confined number of the bulbous type, the pointed 

typology historically contains the majority of the discontinuous double-shell domes 

throughout the Middle East and Central Asia. The exhaustive configuration of the 

pointed typology showed its superior compositional development of the architectural 

conceptualism. The bulbous domes (also, named "onion" in some textual literature) are 

the most prominent shape of the discontinuous double-shell domes and the last 

generation of the Islamic domes which appeared since the Saffavid dynasty (the 16th 

century) in the Middle East. 

The most common prototype of the discontinuous double-shell domes compositionally 

consist of external shell (the most important component and most visible part of the 

dome), high drum, internal shell, and radial stiffeners within the wooden struts. Internal 

stiffeners with the wooden struts are structurally built in the space between the two 

shells for filling the empty space mainly to support the external shell. In fact, radial 
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(meridian) stiffeners are the only distinct components of the bulbous and pointed 

typologies in comparison to the one shell samples and conical discontinuous double­ 

shell domes. 

There is an architecturally specific factor, called, "the composition of the radial brick 

walls with the wooden strut" that had been recognized in both the bulbous and pointed 

samples. The pointed typology of the discontinuous double-shell dome has been 

selected for detail consideration due to its critical role and extension beyond the Middle 

and Central Asian countries. 

It is demonstrated that architectural configurations of Eastern domes consist of the 

specific arrangements of elements. Morphologically, in terms of analysis of Islamic 

dome characteristics, proposed methods have to rely certainly on estimations of their 

components. From the geometrical point of view, in terms of analysis of the pointed 

discontinuous double-shell domes, it seems necessary to develop a specific approach 

with enough shape flexibility to cover the majority of samples of such domes. In 

Chapter Three, these methods and selected samples would extensively be elaborated and 

presented. 
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CHAPTER3 RESEARCH METHODOLOGY 
3.1 Introduction 

According to the investigations of history of traditional domes in the Chapter Two, it 

was demonstrated that there have existed a wide variety of domes throughout historic 

epochs in the Middle East and Central Asia. In this regard, the combination of methods 

seems necessary for analyzing both their morphological and typological characteristics. 

Because of this, the Research process totally consists the two parts including multifold 

approaches qualitatively. 

Various studies have highlighted the different aspects of Islamic domes such as their 

historical grounds and/or their general configurations (Grabar, 1963; Hejazi, 1997; 

Michell, 1978; O'Kane, 1998; Pope, 1971; Smith, 1971; Stierlin, 2002). Nevertheless, 

much is still uncertain and vague, especially, with respect to the crucial problem of 

their common morphological aspects, typical patterns of their architectural 

components since the early Islamic era until the late Islamic epoch which would be 

considered in the Part One of this Research. 

In respect to the second part of Research, the pointed discontinuous double-shell domes 

found out as the common domical forms synonymously amongst the Middle East and 

Central Asian countries. Despite several existing studies on Islamic domes and specific 

relative meanings, the pointed discontinuous double-shell domes have still had 

incompletely well-known regarding their morphology, sub-typologies, geometrical 

contexts, and even associated terminologies. Ways of redressing these existing gaps in 

knowledge of dome structures are considered in the Part Two of this Research. 
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Also, it specially focuses on the ground of approaches for achieving those Research 

objectives that have been employed for gathering data and analyzing issues. The aims 

and advantages of each method partly have been elaborated. 

The first part of this chapter specifies estimations of several commonalities of Eastern 

Domes such as, their morphological survey, typological survey, and estimation of 

distributions of these general vocabularies 1 in different zones of the Middle East and 

Central Asia. In this sense, a specific table has been provided to estimate fifty three 

selected samples based on the comparative survey. 

Also, specific terms were used in tables for calling the morphological and typological 

surveys of the Eastern Domes, that is, the "Visual Language " of the Eastern Domes 

which is included synonymously as their associated vocabularies (morphological 

aspects) and grammars of their configurations (typologies). Nevertheless, results from 

the Part One are usable and necessary for considering the pointed discontinuous double­ 

shell domes in the second Part. 

In the Second Part, the chapter mainly concentrates on detailed estimation of the pointed 

discontinuous double-shell domes with focus on their geometrical considerations. 

Because of this, multifold approaches have been used including morphological survey, 

typological survey, geometrical survey, construction survey and structural survey. 

Regarding geometry survey, using the al-Kashi geometrical essences provided a ground 

for generating a four-centered general profile based on new geometric parameters. In 

fact, it is also used to deduce the geometric commonalities of the typical formal 

1 Refer to the Chapter one- page 26 for the extensive elaborations of both "vocabularies and typologies" of dome. 
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languages of typologies of such domes. Common geometric prototype for samples' 

profiles are then generated and formulated according to the proposed parametric system. 

In addition, the shape-patterns of the derived morphology of such domes are finally 

derived and presented. 

To understand structural vulnerability of such domes, the four common prototypes are 

selected and modeled into the ABAQUS software. Their structural safeties are 

considered by looking for admissible equilibrium states for only dead loads for 

understanding approximate boundaries of the shells where primary cracks probably may 

occur. Figure 3.1 shows Research approaches, steps and processes that are extensively 
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Figure 3.1: Illustration of the methodology structure and Research process. 
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3.2 Part One: Comparative Survey, Vocabulary survey, Grammar survey 

In order to recognize the various appearances of the Eastern Domes qualitatively, 

comparative, morphological and typological surveys of fifty three samples have been 

organized, respectively. The distributions of both vocabularies and grammars of these 

samples' (Ardalan, 1973, 1980) through the studied countries (zones) had been 

compared. 

This comparative survey of these examples made it possible to catalogue the relative 

occurrence of the commonality of their forms and developments which were found in 

the fragments of the architectural design of Eastern Domes over historical investigations 

in the Middle East and Central Asia. 

For this purpose, a specific table is organized to evaluate the four morphological aspects 

and two typological grammars, named 'Visual Language' (Ardalan, 1980) of the 

Eastern Domes (table. 3.1). In fact, visual language consists of vocabularies and 

grammars, whether in developed compositional features or in simple appearances. The 

vocabulary basically deals with the models of four parts of the dome, namely the 

supporting system, transition tier, drum, and shell(s). In the qualitative survey, the 

grammar, on the other view, relates to various systems of organizing these parts into a 

coherent whole 2• 

Typologically, these classifications can be developed for the consideration of the 

Eastern dome styles in contrast with previous approaches (Hejazi, 1997; Memarian, 

2 Refer to the haptcr one- page 26 for the extensive elaborations of both vocabularies and grammars. 
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1988) by introducing two new meanings: simple and compound'. These visual 

languages are arranged in the four tables based on their various identified shapes. 

1 These meanings are comprehensively elaborated in Sections 3.2.2. 

12~ 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER3 RESEARCH METHODOLOGY 

Tq_ble 3.1: Illustration of the organized table for comparative survey. 
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These provided tables were respectively filled by evaluating samples, qualitatively­ 

comparatively, in each defined zone. In terms of incomplete information about samples, 

the sign of question mark (?) was used beside those circular signs, whenever the 

information of samples was incomplete. In order to underline the conical domes, the 

sign of (A) was used beside the circular sign of shell vocabulary. Note that the visual 

language including vocabularies and grammars, which would be presented in the 

following sections, is only 'architectural expressions' whereby the Eastern domes can 

be analyzed. 

3.2.1 Morphological Survey of the Eastern Domes 

Based on the historical background considerations, the common configuration (generic 

forms) of the Eastern Dome consists of supporting system, transition tier, drum and 

shell. They are set out in Table 3.1 based on their various recognized shapes as follows: 

• Supporting System: cylinder, square with lateral vaults, square with bearing walls, 

and others dedicated to any special shapes of the load bearing system; 

• Transition Tier: pendentives and squinches which are the basic formations of this 

element of dome; 

• Drum: circular and many-sided; and finally 

• Shell: one shell, double shells, and triple shells. 

The relation of these generic forms, their sequences in the dome configuration, and 

compositional possibilities are classified in Figure 3.2. 
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Dome Top: 
Shcllts) and Drun 

Drum: Cylinder and Many-sided 

Dome l:lottnm: 
supporting system and 
Transition tier 

Various Features of Supporting system: load 
bearing, barrel vaults, cylinder and buttresses, etc. 

Figure 3.2: Illustration of the generic vocabularies or morphological aspects of the 
Eastern Domes and their settings in the dome composition (Ashkan and Yahaya, 2006). 
Cross-section reproduced by Maryam Ashkan from (the Iranian Cultural Heritage 
Organization documentation centre (!CHO)) 

Using Table 3.1, distributions of these vocabularies are qualitatively estimated through 

different regions of the Middle East and Central Asia. The essence of these estimations 

relied on the comparative analysis of the domical examples. As a result, their common 

analogical patterns and architectonic aspects also are qualitatively listed and addressed 

in Chapter Five. 

3.2.2 Typological Survey of the Eastern Domes 

The domical grammars (or typological features), however, can be elaborated as distinct 

ways of components' structuralism in the dome configuration. Nevertheless, the Eastern 

Domes are commonly classified based on their shell organization (e.g., double shells, 

discontinuous double-shell etc.) (Hejazi, 1997; Memarian, 1988). This classification can 
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specifically be developed for the consideration of the Eastern domical styles in contrast 

with previous ones through introducing two new meanings: simple and compound, 

which included more configurations in architectonic concepts. The essence of this 

estimation relied on the comparative analysis of the domical examples. These meanings 

are based on how the domical shells had been composed together. 

The simple style basically deals with domes which do not represent special organization 

priorities and developments, such as one shell domes, continuous double-shell domes, 

and conical types of the discontinuous double-shell domes (fig. 3.3a). The compound 

style essentially is defined as a complex structural arrangement and architectonic design 

(fig. 3 .3b) such as bulbous and pointed types of the discontinuous double-shell domes4 

which have been the major styles of domes between the middle of the 14th century till 

the end of 18th century. 

~) (~ 
Figure 3.3: Illustration of the developed meanings of typological features: simple and 
compound. Cross-section reproduced by Maryam Ashkan from (Memarian, I 988; 
Hillenbrand, I 994) 

4 The discontinuous double-shell domes arc basically classified based on forms of their external shells to bulbous (onion) types, 
pointed types, and conical types (Ashkan and Yahaya, 2009). 
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Using table 3.1, distributions of these grammars are qualitatively estimated through 

different regions of the Middle East and Central Asia. 

3.3 Part Two: Geometrical Survey, Vocabulary Survey, Grammar Survey, 

Structural Survey 

In order to analyze the pointed discontinuous double-shell domes, multifold approaches 

have been structured, including morphological survey, typological survey, geometrical 

survey, and structural survey. The approach for morphological survey, mainly, 

proceeded as same as the part of Research; While the typological survey is completely 

structured based on the geometrical survey. 

The concept of geometrical approach, nevertheless, relies on the importance of the 

geometric organization and structural compatibility within the dome design. In this 

regard, two approaches have been used to determine geometrical structuralism of the 

pointed discontinuous double-shell domes : 

• To develop the traditional geometrical approaches of the Islamic mathematicians 

for creating the new method for the geometrical analysis of such domes. 

In respect to structural survey, the ABQUS engineering software has been utilized for 

understanding the general structural properties of the pointed discontinuous double-shell 

domes. 

In terms of architectural survey, twelve case studies of the pointed discontinuous 

double-shell domes have been selected for more detailed analysis. Accordingly, the 
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morphological aspects of these samples have been examined and considered based on 

their plans, photographs, and, whenever possible, site visits to determine and list the 

following aspects: traits of shells, drum, transition tier concept, load bearing system, and 

characteristics of internal radial stiffeners. 

The derived shape-patterns are classified into the specific documents belonging to the 

studied samples. Also, some of the wrong drawings were revised and redrawn based on 

the correct information, especially regarding the setting of internal stiffeners and their 

arrangements between two shells. Each document consists of the related sections, plan, 

geometrical design analysis based on the new initial shape, and 3D modeling. 

3.3.1 Dome and Geometry 

It seems necessary primarily to highlight the relation between dome and geometry 

before studying the historical background of using geometry in Islamic dome design 

(Reynolds, 2001). The author believes that geometry in architecture is an implement for 

correlation and consistency, not only limited to the architectural design exclusively, but 

also used for establishing virtual absorb complexity, subtlety, and so forth, in aesthetics 

and art. The use of circular shape and its geometric parameters for creating "great 

formula" in dome design is essentially related to the idea of the builder when he had 

decided to construct a dome. It is strongly similar to the ideology of the human existing 

in the world (some of these philosophical discussions are beyond the scope of this 

thesis). 
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3.3.2 Historical Background of Roles of Mathematicians in the Dome Design 

In the development treatise of the Islamic discontinuous double-shell domes, the role of 

the mathematicians cannot be overlooked. In general, Islamic mathematics, in contrast 

with the Greek mathematics, can also be called "the mathematics of practitioners" 

because of the close relationship between theory and practice (Ozdural, 2000). Its 

proper demonstration can be derived from the works of al-Buzjani's student who 

recorded contexts of his meetings with master builders and architects to discuss 

solutions to construction problems (Ozdural, 1995). 

The locations of Islamic mathematic scientific centers were in the present-day Iran and 

Iraq. The main languages used by mathematicians for writing mathematical treatises 

were Persian and Arabic (principal languages like Latin in Medieval Europe), and 

Turkish (more translation versions). Because of this, the mathematics used is often 

called "Arabic mathematics". 

It is interesting to observe how the mathematicians had to take into consideration the 

master builders' objectives for using geometry in design as well as how the artisans had 

to realize the differences between precise and approximate approaches (Katz, 2007). In 

fact, the main efforts aimed to define and formulate "an exact geometric method" rather 

than to determine certain proportions, the dome designs, and even for the arch and vault 

compositions. 

The pnmary textual signs of their assistance can be seen in the Ismail Samanid 

mausoleum in Bukhara which was built in the early Islamic era (fig. 3.4); its formation 

was entirely designed by the geometrical principles of three celebrated mathematicians: 

al-Khorezmi, al-Fargani, and Ibn-Sina (Askarov, 2007; Pope, 1971). 
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Figure 3. 4: Geometric design of composition of the Ismail Samanid mausoleum, 
Bukhara, Uzbekistan. Geometric composition reproduced by authors from Pope (I 971). 
Photo from (www.sacred-destinations.com/uzbekistan/bukhara-ismail-samani- 
mausoleum. htm.} 

A descriptive geometry method was used by Abu Sahl al-Quhi (circa. 1000) for 

projecting circles on the sphere into the equatorial plane. Then, he rendered them back 

onto the sphere in an outstanding visual manner. However, it would seem that he was 

not interested in the practical mathematics (O'Connor and Robertson, 1999). Another 

known text is "Kitab fl ma yahtaj ilayh al-kuttab wa'l-ummal min 'ilm al-hisab" (a book 

on the geometric constructions necessary for craftsmen), written by Abu'l- Wafa 

Buzjani (circa. 1000) for practical use. 

Although neither the specific domical geometry nor the related information was 

mentioned in this book, his particular geometric methods have helped solve problems 

by simply using a ruler and a fixed compass (Jazbi, 1997). The long absence of 

developments ca. 1000 until ca. 1400 was the result of the genocide of scientists by the 

troops of the Mughals and Timur (Stierlin, 2002). 

130 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER3 RESEARCH METHODOLOGY 

The Buzjani method was developed by the celebrated mathematician al-Kashi (1390- 

1450 A.D.) to create the practical geometry for a variety of dome constitutions. Ghiyath 

al-Din Jamshid Mas'ud Kashani (al-Kashi) ranks among the greatest mathematicians 

and astronomers in the Islamic world. By far his most extensive book is Key of 

Arithmetic (Book IV), on "Measurements" where the last chapter, "measuring structures 

and buildings'", was written for practical purposes by using geometry as tools for his 

calculations (Dold-Samplonius, 1992, see fig. 3.5b ). 
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• I 
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,....,.ll,\~_;...L1 ... ~~u.~ ...... ;,\Jl.:.­ 
~11£.8~~~l.1 JLYc,,t~_,el..,~k.ib..lt. 
..... J.'&i;:....;. .... \l".;w\.l.w~~""'. w ... ~. ,.11 .J.i.t~L. -0·~ .• ,,. "' 11: ~,u.&.,..,;¥" ~~· 'e"'t\.;d..;.k1.~1 
..;,illl>i: Ali!ll>ilf4Jr.i~ ~_,....,,\,\~~ 
:;;'1.~J:""<.>*i\,~b~U~~{,)~11.'•~Js. 
~'t'_b~.,t. l.:iiJe~_, ... ,.,,.c"\f1"J\. li .. 1.j "'\'!i!.~.l. 

~_@.,.ii.l.!;ib..J:\!)~ ;~ ... ~,l~ 

JU\.J.l4L:.tt'~~\r.lt...J~ ... 

(a) 

Figure 3. 5. Traditional approaches for designin{f a dome's external shell: a) some 
geometrical shapes from Suhayl al-Quhi 's book Ff istihraci mesaha al-muhassama al­ 
maqafi or Risala-i abu Sahl" (Suleymaniya library, Ayasofya- 4832); b) a page of al­ 
Kashi's book, IV Manuscripts (Memarian, 1988; Memarian and Pirniya, 2003); c) 
Dold-Samplonius re-drawing of the al-Kashi method (Dold-Samplonius, 2000). 

131 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER3 RESEARCH METHODOLOGY 

As al-Kashi remarks in the Key of Arithmetic (Dold-Samplonius, 2000): "The 

specialists merely spoke about this measuring for the arch and the vault and besides that 

it was not thought necessary, but I present it among the necessities together with the 

rest, because it is more often required in measuring buildings than in the rest." 

There are several translations of his book in both Persian and English languages such as, 

Dold-Samplonius (2000, 1992) and Memarian (1988; 2003) who have discussed several 

aspects of the al-Kashi calculation principles'. They include his good methods in 

approximating the surface area and the volume of the shell forming the dome of the 

qubba. She elaborated on five methods for drawing the "profile" of an arch from al­ 

Kashi's Key of Arithmetic (fig. 3.6) (Dold-Samplonius 1992; Hogendijk and Sabra 

2003). 

The first and second approaches addressed the designing of a three-centered 

profile (centre points o, p, and q) according to the divisions of the circle into six 

parts (method 1) and eight parts (method, 2) (fig.3.6); 

The third approach illustrated a four-centered arch which was drawn based on 

the construction of a rectangle Dabpq under the span line and division of the 

span line into eight parts (fig.3.6, approach 3); and finally 

The fourth and fifth methods depicted the geometry of two-centered arches 

based on either the division of the span line or the formation of rectangle Dabpq 

under the span line (fig.3.6, approaches 4 and 5). 

s Refer to Appendix A for more discussion. 
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Approach 1 Approach 2 Approach 3 Approach 4 Approach 5 

Figure 3. 6: Five methods for designing and drawing different types of pointed arches 
from Kdshani's Key of Arithmetic. (Reproduced by author from Hogendijk and Sabra, 
2003; Dold-Samplonius, 1992, 2000, Taheri, 2009). 

The essence of al-Kashi 's drawings, which were frequently employed for designing 

different types of arches, vaults, and domes (Dold-Samplonius, 1996), can be listed and 

concluded as follows: 

0 Using the variety of procedures of the division systems (divisions of circles in the 

approaches 1 and 2, the specific constructions of rectangles under the span line in 

the approaches 3 and 5, division of the span line into particular parts in the 

approach 4) for getting the centre points to draw the appropriate shapes of arcs (fig. 

3.7). The upper part of the profile (third and forth arcs) clearly showed a longer 

radius compared to the lower part of the profile (first and second arcs). Centre 

points of these arcs are located far from the profile than the lower part; 

D 

111 

Figure 3. 7: The use of various division systems in the al-Kashi geometric methods. 

0 The specific constructions of rectangles under span lines (Approaches 3 and 5) (fig. 

3.8); 

13: 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER 3 RESEARCH METHODOLOGY 

Figure 3. 8: The construction of rectangles under the span lines to get the centre points 
of the upper parts arcs. 

O Employing the different types of profiles (two-centered, three-centered and four- 

centered) for designating the distinct types of the arch profiles for various building 

usages;and 

O Using certain angles 45' and 60' (approaches 1 and 2) (fig. 3.9). 

Figure 3. 9: The use of certain angles 60' and 45' in al-Kashi approaches. 

Accordingly, generating the general geometric profile is accomplished based on these 

identified essences. Nevertheless, the lack of comprehensive and unique geometric 

approach for analyzing and drawing geometrical designs of pointed discontinuous 

double-shell domes can not be overlooked. 

The al-Kashi geometric approaches were used for designing common shapes of profiles 

of arches, vaults, and domes at that time, and hardly covered the majority of geometrical 

designs of the Islamic dome compositions with their different attributes in various 
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periods such as bulbous samples. Any how, the al-Kashi four-centered profile (fig. 3. 

10) has the potential to be enhanced extensively through the expansion of the three 

geometrical parameters, including the locations of the first and second arcs, the 

locations of the third and fourth arcs, and the positions of the breaking points. 

Approach 2 Appro•ch 3 Approo.c:ti 4 Appro11<:h 5 

./Approaches 1 & 2: Three-centered Profiles 

vi Approach l: Four-cent red Profile; 
./Approaches 4 & 5: Two-centered Profiles 

Figure 3. 10: Illustration of the five geometric approaches of al-Kashi and the selected 
four-centered approach for analyzing twelve case studies. 

To sum up, the approach for developing the geometrical method for analyzing the 

pointed discontinuous double-shell domes compose of two steps: 

• Firstly, to expand a general geometrical method for examining both pointed and 

bulbous domes; then 

• Secondly, to re-construct and re-formulate this generated profile for deriving the 

common geometrical prototype of the pointed domes, according to twelve case 

studies. 
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3.3.3 The Developed Geometrical Method for General Analyzing the 

Discontinuous Double-shell Domes 

A comprehensive geometric method with new parameters is required to be utilized as a 

tool, not only for analyzing the configuration patterns of the various types of 

discontinuous double-shell domes, but also for proposing a framework in defining a 

formal geometrical language for their different typologies according to both initial 

profiles and geometric parameters. Subsequently, the external shell as the dominant 

feature of such domes, which embraced the employed practice geometry and presented 

typological features of such domes, is the object of this stage of investigation. In the 

primary stage of analysis, it is also necessary to generate the internal shell profile for 

deriving its geometric variations and indications. 

The key in understanding the geometric composition of the external shell is in studying 

the dome cross-section when its thickness diminished (Huerta, 2006). This so-called 

'profile' forms the basis of the dome geometric design. It consists of four small arcs, 

namely, the lower part (first and second arcs) and the upper part (third and fourth arcs) 

(fig. 3.lla, b). Its fundamental properties consist of the 'span' and the 'rise'. The 

horizontal distance between the two supporting members is called the span whilst the 

rise is the vertical distance from the middle center of the span line to the tip of the 

profile (fig 3.1 lb). The span is the origin and fundamental to all the rules for obtaining 

the proportion values. 
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(a) (b) 

Figure 3.11: Illustrations of the profile generation and its geometrical properties 
(Ashkan and Yahaya, 2009). 

The framework of the four-centered profile can be developed as "a general initial 

shape" of the dome context. It is defined to provide the flexibility in its shape (or small 

arcs' curvatures) through application of the following essential definitions (fig 3. 12): 

1. The lower arcs: are the loci of the points whose centers are located on the two 

vertices of the rectangle ii' gg' constructed above the span line. Values of its 

lengths and widths are gained based on the exact proportions of the span: m; s, (fig 
n; 

3. 12a); 

2. The upper arcs: are the loci of the points whose centers are always set on the two 

vertices of the rectangle pp' qq' constructed under the span line. Values of its 

' 
lengths and widths are obtained based on the fractions of the span m; s (fig 3.12b); n' I 

and finally 

3. The Breaking Points: are the couple of points a' and b' used for changing the 

profile curvatures through two considered options; firstly, it can occur by crossing 

the perpendicular lines a" a' and b" b' from the points a" and b" which are marked 
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ti 

from the end points of the span line based on the fraction of span !!!:__s. Secondly, 
n" 

the points a' and b' are gained from the certain values of the springing 

angles: a= 25' ,30' ,60and45'. 
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In fact, the general initial profile (fig 3. 12c) contains the whole essential geometric 

properties which are necessary; firstly, in definition of the geometric prototypes of both 

types of discontinuous double-shell domes and secondly in derivation of their exact 

typologies. To facilitate presenting and setting of its geometrical indications, a 

parametric system is newly developed {[R, 1 (B), [R2]} = {Rectangular I, Breaking point, 

Rectangular2}. While all values are calculated from the middle point of the span, 0 (0, 

0), where ab=Span, and i=l, 2 ... 5, then: 

D R1: includes, respectively, values of a length and a width of the rectangle ii'gg' 

constructed above the span line. Two vertices of this rectangle are center points of 

the lower part arcs with the variable values as 
ig = i' g' = m, ab 

n, 
ii'= gg'= m2 ab 

n2 

ii'= gg' = 0 , then the centre points are located on the span line. 

D (B): shows two possible options of the breaking points either as the exact angular 

values LO= 25' ,30' ,60and45', or the coordinates values of points which are 

symmetrically positioned form the end points of span line as 

(aa''= bb"= m3 I n3ab,O); and finally 

D R2: describes, respectively, the values of a length and a width of rectangle 

pqp' q' constructed under the span line. Two vertices of this rectangle are the centre 

points of the upper arcs as follows: 

m p'q'= pq =-4 ab 
n4 

m 
qq'= pp'= -5 ab 

ns 

Note that the string "var", which means 'variance' in the drawings, is a specific 

dimension or distance for having varied parameter on the specific direction. This 
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function helps in the flexibility of the analysis and in defining the rules for generating 

common prototypes for the given typologies' profiles. The given lengths in this system 

should be divided by two for obtaining the vertices i, g, p, and q of the proposed 

rectangles. In fact, the obtained vertices are symmetrically calculated and positioned on 

both sides of the vertical axis. This parameter system is essentially developed according 

to the Author contribution and dose not relies on the al-Kashi geometry. 

i: The developed geometrical method for analyzing the pointed discontinuous double- 

shell domes 

According to the historical literature", the discontinuous double-shell domes 

typologically are divided into three main subdivision types: conical, pointed, and 

bulbous. Except for the conical type, both pointed and bulbous types have the curvature 

profiles' characteristic. 

Because of this, in the first step, a comprehensive geometrical method was primarily 

developed based on the new geometrical indications in such a way that they entirely 

covered both the bulbous and pointed typologies as elaborated in the previous sections. 

Then, this developed four-centered initial profile has the potential of flexibility to 

remodel based on the pointed profile geometric properties in the second step that would 

be extensively elaborated in the approach section, in the next chapter'. In fact, this 

developed profile has been reconfigured again for examining the pointed discontinuous 

double-shell domes as follows (fig. 3. 13): 

6 Refer to sub-chapter 2.5.4 on Dome's Top: shell(s) for more information. 
7 Refer to page 175 on approach for geometrical survey. 
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• The lower arcs are the loci of the points whose centers are located on the span 

line. When the width of the rectangle ii'gg' constructed above the span line 

equals 0, ii'= gg'= 0. On the other hand, two vertices of this rectangle are 

center points of the lower part arcs with the possible variable values 

[

ig = i' g'= m1 abj 
as n1 • 

0 

H Width)=O 

b 

. 111 1g = i' g'= -1 ab (Length) 
R1 = nl 

111 
ii'::: ss= -2 ab (Wirlrh) 

11z 

Figure 3. 13: Illustration of derivation of the pointed geometric prototype and its 
.formulation. 

• The upper arcs are the loci of the points whose centers are always set on the two 

vertices of the rectangle constructed under the span line; and 

• Breaking points: are the couple of points a' and b' used for changing the profile 

curvatures that are obtained from the values of the springing 

angles: a= 25' ,30' ,60and45'. 

3.3.4 An Introduction to Equilibrium Approach 

The structural form of domes can simply be defined as the geometrical configuration of 

the space involved by the structure. However, within a similar external visible 

geometry, different structural actions could be responded by structure under the same 
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kind of loads. Various capacities of different materials, internal detailing of cross- 

sections, the manner and sequence of construction and the dimensions of the dome can 

cause different structural actions in domes with similar overall geometry of the domical 

structures. Therefore, the geometrical configuration is only one aspect of the structural 

form of a dome (Unay, 2001). 

Dome structures must provide strength, stiffness, and stability (Heyman, 1995). They 

must be capable of supporting applied loads and self weight without excessive 

deflection and unstable displacements. Similar to an arch, a dome develops internal 

meridional forces that transfer loads to a support structure at its base. These forces are 

compressive and increase in magnitude from the crown to the base for any dome loaded 

axis symmetrically by self weight (Wanda, 2002; fig. 3. 14). 

Men ionat 
fores 

~-___...... 
-..,~-- ....... ---~ 

Figure 3. 14: Illustration of developing internal meridional forces and hoop forces 
throughout the semi-circular shell (Wanda, 2002). 

Unlike an arch, a dome can resist out-of-plane bending of the meridians by developing 

internal hoop forces that act in the latitudinal direction as parallel rings. Hoop forces 

allow ring-by-ring construction of a dome without centering, an unfeasible task for an 

arch (Wanda, 2002). As a result, though an arch is unstable without its keystone, a dome 
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with an oculus is perfectly stable, as evidenced by the "incomplete" domes around the 

world, such as the Pantheon in Rome or Oljeitu mausoleum in Iran (Wanda, 2002). 

In fact, the problem was only to design domical structures supporting mainly their own 

weight when the governing criterion is strength. This is, indeed, one of the three 

fundamental structural criteria: strength, deformation and stability (Huera, 2001). A 

dome should resist its loads without the breaking of any of its members. It also should 

not present unduly large deformations. 

Finally, the domical elements and the structure as a whole should be stable. In fact, it is 

a pile of bricks with mortar, disposed in such a way that they are in equilibrium under 

the force of gravity. Besides, it is a fact that the building maintains its form throughout 

the years (Huerta, 2001 ). Because of this, for traditional masonry domes, the 

predominant applied load is self weight; thus this estimation primarily considers domes 

loaded only by gravity loads. 

At the base of a dome, the support structure must resist the inclined loads from the top 

element of the dome with equal and opposite reactions (fig. 3 .15). The support structure 

typically resists the vertical component of the inclined force with ease (Wanda, 2002). 

However, the dome and support structure must also resist the horizontal component, the 

outward thrust, particularly near the base of the dome where total thrust is greatest. 

External means of resistance may be employed, such as massive support structure walls, 

as used in the Roman Pantheon, or a metal tension ring around the dome's base (Wanda, 

2002). 
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Incl Md 
aatti 

Figure 3.15: The support structure must resist applied and gravity loads with equal and 
opposite reactions (Wanda, 2002). 

Local or comprehensive failure of domes may result from the masonry's inability to 

resist tensile or bending forces that develop due to unanticipated loads on the dome. A 

typical failure or collapse mechanism consists of: first, the formation of radial cracks 

along its meridians that divide the dome into lunes, or pie-shaped arches (fig. 3.16) 

(Wanda, 2002). 

-- 
- ..... 

' 
\ 
\ \ 

' ..J 

Figure 3.16: The dome may be considered as a radial series of lunes that comprise the 
dome (from Huerta, 2006). 

Then, two hinge circles form in the dome mid-section, with a third hinge circle forming 

at or near the base. The cap of the dome will fall straight down, while the base of the 

lunes, as defined by the radial cracks, will rotate outward (Wanda, 2002; fig. 3. 17). 
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Figure 3.17: Typical collapse mechanism/or a dome (Wanda, 2002). 

For the analysis of masonry structures whose failure is more due to cracks opening than 

to material crushing, the Heyman approach is a simple and satisfactory method. In this 

approach, plastic analysis is used, in which the geometry of the way an arch might 

collapse is studied (Huerta, 2001; fig. 3. 18). 

(a) 

'rt---~,...,, 
' ' \ 
I I 

l' 
(b) 

I 
'• _ J 

Figure 3.18: a) Semi-circular arch under its own weight: 1) minimum thrust; 2) 
Maximum thrust; a), b) collapse of a semi-circular masonry arch under both point 
loads (Sources: Huerta, 2006) 
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These concepts of "hinges" are crucial to the understanding of masonry structures. In 

particular, deformations are the result of division of structure in a certain number of 

parts which, connected through the hinges, allow certain movements. Therefore, an 

increase of the load which will lead to the deformation of four hinges will lead to 

collapse without crushing of the material. This can occur in a stable arch or dome with 

addition of load, which deforms sufficiently the line of thrust (Huerta, 2001 ). There are 

three assumptions in the method (Wanda, 2002): 

1- Masonry has no tensile strength 

2- Masonry has an infinite compressive strength, as resultant stresses are low 

3- Sliding failure cannot occur 

Since the material used in construction has no tensile strength, small displacements of 

the abutments cause hinging cracks along and near to the crest of the dome. For a 

symmetric dome structure, which is symmetrically loaded, a symmetric mechanism 

occurs. This symmetrical failure mechanism is formed in four hinges in the case of a 

pointed arch (Hejazi, 1997). If the geometry of the arch or dome loading is 

nonsymmetrical, a nonsymmetrical mechanism occurs at the different points of hinges 

(Hejazi, 1997; fig. 3.19). 

A 
dO~L ID 

O.IL 0.05L 
>-I 

0.9L I 
0.9L L 

(a) (b) (c) (d) 

Figu.re3. J 9: Crack patterns resulting in increased spans (Hejazi, 1997): a) circular 
arch of dome, vertical load; b) pointed arch of dome, vertical load; c) circular arch of 
dome, horizontal load; d) pointed arch of dome, horizontal load. 

147 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER3 RESEARCH METHODOLOGY 

From the engineering viewpoint, the theoretical results present a fairly good 

approximation of the internal force field in the middle part, that is, the major part of the 

dome. The membrane field of internal forces in the shell is disturbed and is modified by 

the bending field, the latter being a mechanism needed for equilibrium of the shell and 

its proper deformation (Farshad, 1977). 

In fact, the bending field diminishes in magnitude as we move away from the kinked 

region whilst the internal stress and certain fields increase in regions of the lower 

boundary. The tensile force field which may develop in the shell is partly due to the 

membrane, and partly due to the bending action of the shell (Farshad, 1977). 

In the cases of double-shell domes, when the upper edge of the dome is connected to 

another shell; the latter shell obviously has no tensile region either. In fact, the 

discontinuity in the slope at the top of the domical shell which is the characteristic 

feature of the pointed discontinuous double-shell dome entails certain structural 

implications (Farshad, 1977). The abutment of shell with lower part must supply/resist a 

certain value of forces and transfer it to the main load bearing items. As a result, the 

thicker part of the shell, which certainly is its lower part, was probably built as a non­ 

flexible strap for receiving the magnitude value of forces. Technically, the tension had 

to be suppressed either by the choice of shell height and size, or the shape and thickness 

of the shell (Farshad, 1977). 

Based on derived statics notes and complex reaction of the domical structure, the only 

symmetrical failure mechanisms of the selected samples have been examined by using 

the Finite Element Analysis (PEA) as a common tool to analyze failure mechanism of 

any kind of structures. In terms of developing discussion about the relation between 
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architectural and structural concepts, the models' results have been compared with their 

relevant geometrical design and configuration of the internal stiffeners in Chapter Five. 

i. Application of the Finite Element Analysis (FEA) 

Monumental architectures and the design conceptions on which they are based 

inevitably have structure at their very core. As a result, the form and the structure of 

many great monumental works of architecture are closely interwoven. They are so 

integrated that any attempt to study form or style in such buildings must be based on an 

intermediate understanding of the structural principles at work (Morris et al., 1995). 

Almost in all engineering fields, Finite Element Analysis (FEA) plays an important role 

in researches and design. The graphical outputs of FEA contribute to the ability of 

interpretation of result and also provide great intuition even for non-technically 

educated colleagues. Therefore, architects, architectural historians, restoration 

specialists and archaeologists can also be involved in analysis of structural problems of 

historical buildings (Unay, 2001; fig. 3.20). 

. .. 
lt ... ,I IJ·~ ... .. , •.If .... 

4 ~· 2 .. , 3 5 .... .... .. .. ..... ,,•' t1•' 
(a) (b) 

Figure 3. 20: Two samples of historic domes modeling analysis for the safety degree of 
dome (Croci, 2001): a) Tilla Kari mosque-Uzbekistan b) Basilica of S. Maria of 
Carignano, Italy. 
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The basis of the Finite Method is the representation of a structure as a finite number of 

lines and two-dimensional subdivisions. These subdivisions are called finite elements. 

These elements are interconnected at joints called nodes. The external loading is 

transformed into equivalent forces applied to nodes and the behavior of the elements is 

prescribed by relating their response to that of the nodes (Morris et al.,1995). 

Structural analysis of historical structures is mostly performed using Finite Element 

Analysis. The analysis begins by generating a finite element model of the entire 

structure or structural element. This is called the discretization of the structure (Morris 

et al., 1995). During the discretization, the structure is divided into elements that are 

critical in establishing the accuracy of the solution (fig. 3.21). The choice of the number, 

size and type of elements is a matter of judgment. All these modeling procedures, 

considering the geometry of the structure, joint restraints and the loading are called the 

analytical model of the structural analysis at all (Morris et al., 1995). 

1 

0.5 

0 
1 

Figure 3. 21: A solution to a discretized partial differential equation, obtained with 
finite element method. 

The purpose of analytical modeling is to try to represent the actual behavior of a 

structural component or entire structure in mathematical terms. The actual behavior of 
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the structure is usually highly complex and many simplifications have to be made in 

order to model it. To achieve a refined model, material behavior has to be simulated 

properly, supports and connection of elements have to be modeled and the loading has 

to be defined (Croci, 1998; Morris et al., 1995). 

3.3.5 Methods of Analysis and Assumptions 

The approximate structural behavior of the common prototypes, which are deduced 

from the analysis of cases studies are analyzed under symmetrical loading condition. By 

using a finite element method for the structural analysis, problems of fracture or crack 

boundaries of each generic sample are examined. 

The finite elements programs including engineering software such as ANSYS, ADINA 

and ABAQUS, are widely used for structural analysis. Briefly, ABAQUS (Version 6-1) 

is a suite of modules that can easily respond to stress and deformation of various 

materials and other characteristics besides being easy to learn and apply than the other 

software. The structural safety of the deduction samples is aimed at by looking for 

admissible equilibrium states for the dead loads under the simplifying hypothesis of 

vanishing hoop stresses. Figure 3.22 illustrates the general process of the FEM 

modeling. 
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Choosing the type of 
FE analysis 

Shape generation in 
20 and 30 mesh 

modeling 

GenGratlng model 
attribuliits: Material model 

Constraints, etc. 
YO$ 

Subsequent 
pre-processing 

Solution 

finding the 
errors 

Figure 3.22: Illustration of flow chart of FEM modeling steps (Morris et al., 1995). 

In the finite element analysis of these domes, the following assumptions have been 

made (Hejazi, 2006): 

1. Because of symmetrical form of dome, half section is modeled; 

2. The material properties are as shown in Table 3.2; 

Table 3.2: Illustration of material properties of masonry brick domes (Hejazi, 2003). 
Modulus of Poisson ratio Weight density Allowable Allowable tensile Allowable shear Allowable bearing 

elasticity compressive stress stress stress stress 

E u fc .f, J, J, 

N!mm' >:Nim' Ntmm' N!mm' Nlmm' Nlmm' 

7.358xJ03 0.1 18.541 0.7 0.2 0.1 0.7 

3. The masonry materials have linear elastic behavior; 

4. Materials are isotropic; 

5. Since the lower part (drum) of the structure (composed of dome and drum) is 

very stiff, the connection of the base of the drum to its substructures is such that 

all displacements and rotations of the base are vanished, except the rotation 

around the circumference of the base parallel circle; and finally 
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6. The domical structure (dome and drum) is analyzed independent of the 

substructure, as if the domical structure is placed on a stiff support. 

i. Validation of Finite Element Model 

After several executions of the models, errors of mesh material model, and boundary 

conditions were revised and the general finite element model was validated. The 

validation process consisted of a convergence of the results. During the validation 

process, when errors were found, a secondary literature survey was conducted to find 

out new ideas from other research samples. 

In order to verify the mesh generated by the ABAQUS programs and make convergence 

analysis, the 3D models have been transferred from the Auto CAD to this software. 

Four general shapes, which are derived from the twelve case studies, have been selected 

for final modeling by the Finite Element under gravity. Figure 3.23 illustrates the 

selected domical forms in AutoCAD: 2D and 3D drawings as well as the transferred 

CAD model into ABAQUS software. 

, ,_ -u,.. 
""" .,....., ·iim.1~1 ~ twM ,.., 

. 'tun 1J .. 1"\' ._,... ,__ ,._., 1'11 l•t- ...,. .. +J -t 
j n.. JAi -~ .... ~1· H• '- wtN 

PO.UOl'lntilO W.ighlci•~•1Y -~ -·- -·- Now&bltl*tl\">I) 
oomp1'U1N"'•ir.1 fl1 ... , f f I I ,,,.. NI .. Nf•• Nb1t.• Nf•• 

0\ 18~1 ' ' 

Figure 3.23: Illustration of transferring a domical 3D-CAD model from AutoCAD into 
ABAQUS software. 
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3.4 Summary and Conclusion 

Despite the several existing studies on the Islamic domes and relative meanings, much 

is still uncertain and vague, especially with the respect to understanding typologies, 

morphological aspects, and the common patterns of "formal architectural language" of 

the Eastern Domes. 

For filling these gaps, the approaches were structured based on the comparative survey, 

morphological survey, and typological survey using the specific tables. These tables' 

contexts were organized based on the qualitative view of concern called, "visual 

language" of the Eastern Domes. The visual language is dedicated to the common 

vocabularies (or morphological features) and grammars (typological configurations) of 

Islamic domes. From the morphological point of view, these generic vocabularies can 

be listed as follow: 

• Supporting system as load bearing system or barrel vaults 

• Transition tier 

• Drum 

• Shell(s) 

In the typological survey, the previous typological meanings (grammars) of the Eastern 

Domes basically relied on the methods of compositional of shells. In this sense, two 

new broader definitions of "simple" and "compound" grammars Were developed 

architecturally and terminologically. They indicated how those vocabularies have been 

composed together in a dome configuration. In the comparative survey, the distributions 

of the various shapes of vocabularies and grammars through the studied zones (eight 

countries) had been compared qualitatively. 
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Despite several existing studies about the Islamic domes and their relative meanings, 

the pointed discontinuous double-shell domes still do not have completely well-known 

morphological features, typological characteristics, geometrical contexts, and even 

associated terminologies. 

In terms of filling these gaps, multifold approaches have been organized including, 

morphological survey, typological survey, geometrical survey, and structural survey in 

order to estimate constitutions of the pointed discontinuous double-shell domes and to 

specify their common architectural prototypes. 

Historically, the Islamic mathematicians played a significant role in development of 

Eastern Domes especially in the early medieval Islamic era. In fact, a striking feature of 

the Islamic mathematics, in contrast to Greek mathematics, is the close relationship 

between theory and practice which is called 'the mathematics of practitioners'. The 

main efforts aimed to define and formulate 'an exact geometric approach' than 

determining the certain proportions, rather than plain analyzing the domes. 

The primary textual signs of the assistance of mathematicians may see in the Ismail 

Samanid Mausoleum. Forms of this mausoleum were entirely turned by the devised 

geometry of al-Khorezmi, al-Fargani, and Ibn-Sina. The long absence of developments 

from ca. 1200 until ca. 1400 was the result of the genocide of scientists by several 

invasions of the Mughals and their successor, Timur. Soon after, the contribution of 

mathematicians continued until Ghiyath al-Din Jamshid Mas'ud Kashani (al-Kashi) 

who ranks among the greatest mathematicians and astronomers in the Islamic world in 

the medieval era. 
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By far his extensive book is Key of Arithmetic (Book IV), on "Measurements" where 

the last chapter, "measuring structures and buildings", was written for practical 

purposes by using geometry as the tool for his calculations. 

His five methods for drawing the "profile" of an arch and dome from the al-Kashi Key 

of Arithmetic are listed as follows: 

The first and second approaches addressed the designing of a three-centered 

profile according to the divisions of the circle respectively into six parts and 

eight parts (approaches 1 and 2); 

The third approach illustrated a four-centered arch which was drawn based on 

the construction of a rectangle under the span line and division of the span line 

into eight parts (approach 3); and 

The fourth and fifth methods depicted the geometry of two-centered arches 

based on either the division of the span line or the formation of rectangle under 

the span line (approaches 4 and 5). 

In the geometrical survey, in order to propose a framework in defining a formal 

geometrical language, the external shell, which is considered as the typical feature of 

such a dome and embracing the employed practice geometry, is the object of this 

investigation. The key in understanding the external geometric composition is mainly 

dealt with by studying a cross-section of the external shell when its thickness is 

diminished. This so called, 'profile', forms the basis of the domical geometric design. 

Its fundamental properties consist of the 'Span' and the 'Rise'. 

The al-Kashi geometric approaches were used for designing common shapes of profiles 

of arches, vaults, and domes at that time, and hardly covered the majority of geometrical 
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compositions of the Islamic domes with their different attributes at various periods. 

However, the al-Kashi four-centered profile has the potential to be enhanced 

extensively through the expansion of the three geometrical parameters, including the 

locations of the first and second arcs, the locations of the third and forth arcs, and the 

positions of the breaking points. 

The framework of the four-centered profile as the initial shape of the domical context 

can be developed in order to provide the flexibility in the profile shape for analyzing 

both pointed and bulbous discontinuous double-shell domes through the application of 

the new three essential definitions: 

o The lower arcs are the loci of the points whose centers are located in the rectangle 

ii' gg' constructed above the span line in which its lengths and widths are based on 

the exact proportions of the span: m; s; 
n; 

o The upper arcs are the loci of the points whose centers are always set on the two 

vertices of the rectangle pp' qq' constructed under the span line and its lengths and 

widths of which are based on the fractions of the span m'; s; and n' I 

o Breaking points: are the couple of points a' and b' used for changing the profile 

curvatures through two options; firstly, it can occur by crossing the perpendicular 

lines a" a' and b" b' from the points a" and b" which are marked based on the 

m" fraction of span -s. Secondly, the points a' and b' are obtained from the values 
n" 

of the springing angles: a= 25' ,30' ,60and45'. 
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Note that the discontinuous double-shell domes typologically are divided into three 

main subdivision types: conical, pointed, and bulbous. Except for the conical type, both 

pointed and bulbous types have the curvature profile characteristics. 

In the first step, usmg al-Kashi geometrical essences, the above comprehensive 

geometrical method was primarily developed based on the new geometrical indications 

in such a way that they entirely covered both the bulbous and pointed typologies. 

Then, this developed four-centered initial profile has the potential of flexibility to 

remodel based on the pointed profile geometric properties in the second step which 

would be extensively elaborated in the approach section, in the next chapter. In fact, this 

developed profile has been reconfigured again for examining the pointed discontinuous 

double-shell domes as major type of discontinuous double-shell domes as follows: 

• The lower arcs are the loci of the points whose centers are located on the span 

line; 

• The upper arcs are the loci of the points whose centers are always set on the two 

vertices of the rectangle constructed under the span line; and finally 

• Breaking points: are the couple of points a' and b' used for changing the profile 

curvatures that are obtained from the values of the springing 

angles: a = 25' ,30' ,60and 45' . 

On the other view, the developed comprehensive initial profile was reorganized 

explicitly for derivation process of the geometrical concepts of the pointed 

discontinuous double-shell domes. Based on the al-Kashi geometrical approach, this 

theoretical framework was geometrically developed to exhibit the essences of geometric 
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prototype of the pointed discontinuous double-shell domes. By using the developed 

initial profile with the new geometrical parameters, architectural and geometrical 

languages for the pointed discontinuous double-shell domes are specified. 

To facilitate the presentation of the geometric variables of this initial profile depending 

on the new parameters, a parametric system, which consists of all parameters of the 

initial profile with base from 0 (0, 0) as middle point of the span, is proposed and 

developed as follows: {[RJ(B),[R2]}= {Rectangularl, Breaking point, Rectangular2}, 

ab=Span, and i=l, 2 ... 5, where: 

D R1: includes values of length and width of the rectangle ii'gg' constructed above 

the span line. Two vertices of this rectangle are centre points of the lower part arcs 

with the possible variable values as 

ig = i'g'= m1 ab 
n1 

ii'= gg'= m2 ab 
n2 

D When ii'=gg'=O, then the center points are located on the span line which used 

for analyzing the pointed discontinuous double-shell case studies(These would be 

elaborated in the next chapter). 

D (B): shows two various options of the breaking points either as the exact angular 

values L.0 = 25',30',and45', or the coordinates values of points which are 

symmetrically positioned on the span line as (aa''= bb"= m3 I n3ab,O); and 

D R2 : describes the values of length and width of rectangle pqp' q' constructed under 

the span line. Two vertices of this rectangle are the centre points of the upper arcs 

as follows 

m p'q'= pq =-4 ab 
n4 

m qq'= pp'= -5 ab 
ns 
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In the structural survey, local or comprehensive failure of domes may typically result 

from the masonry's inability to resist tensile or bending forces that develop due to 

unanticipated loads on the dome. A typical failure or collapse mechanism consists of, 

firstly, the formation of radial cracks along its meridians that divide the dome into lunes, 

or pie-shaped arches. Secondly, two hinge circles form in the dome mid-section, with a 

third hinge circle formation at or near the base. The cap of the dome will fall straight 

down, while the base of the lunes, as defined by the radial cracks, will rotate outward. 

In this regard, in order to understand the approximate boundaries of typical failures of 

the pointed discontinuous double-shell domes, a structural survey is needed by using the 

ABAQUS engineering software. On the other hand, by using this approach, the 

vulnerability of the pointed discontinuous double-shell domes has approximately been 

determined. These results can be utilized in any conservation interventions of such 

domes. 

This chapter concluded with the presented methods which would in sequence be applied 

to the selected samples in the next Chapter (organized into two parts) to examine the 

common architectural and conceptual properties of both Eastern domes and the pointed 

discontinuous double-shell domes. 
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4.1. Introduction 

In Chapter Three, the methods for analyzing samples were extensively introduced and 

elaborated. This chapter includes samples and their analysis based on those presented 

methods. By selecting these examples, Research aimed to answer three essential 

questions about the Islamic domes from the early Islamic era through the late Islamic 

era: 

=What are the typical morphological features (the four generic vocabularies or 

forms) of the Islamic domes in the various boundaries of the Middle East and 

Central Asia? 

=What are the typological aspects or compositional grammars of the Islamic 

domes in the different regions of the Middle East and Central Asia? 

=How important are the distributions and emphases of these aspects of the 

Islamic domes throughout the Middle East and Central Asia? 

Regarding the part one of Research, this chapter firstly traces methods of selections of 

domes located in Iran, Iraq, Turkey, Afghanistan, Pakistan, Turkmenistan, and 

Uzbekistan. In the step one, samples are respectively arranged in the provided Tables 

4.1 and 4.2 according to their regional similarities. Each sample has comparatively been 

examined according to diversity of its general features which are supporting systems, 

transition tier, drum, and shell(s) and finally its organization traits. The examinations of 

fifty three samples contain their various names (if possible), location, client (if 

possible), style or period, date, building usage, and building type, according to 

morphological and typological surveys which are shown in Tables A. 1, A.2, A. 3, and 

A.4. 
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Then, common prototypes of these studied domes were listed as analogical shape­ 

patterns and would extensively be discussed in Chapter Five. As a result of Part One of 

this research, the pointed discontinuous double-shell domes were highly discovered as a 

major aspect of Islamic domes in the Middle East and Central Asia. 

Secondly, the Chapter establishes a list of twelve selected pointed discontinuous double­ 

shell domes, chosen from fifty three samples located in four countries including Iran, 

Afghanistan, Uzbekistan, and Kazakhstan for greater detailed considerations. By 

selecting these examples of the pointed discontinuous double-shell domes, Research 

aimed to answer four essential questions about the pointed discontinuous double-shell 

domes from the medieval Islamic era through the late Islamic era: 

=What are the morphological features of the pointed discontinuous double-shell 

domes in the Middle East and Central Asia as a main feature of the Islamic 

domes in the Middle East and Central Asia? 

=What are the distinct typological aspects of the pointed discontinuous double­ 

shell domes in the Middle East and Central Asia? 

= What are the common geometrical prototypes of this type of the Eastern domes 

in the Middle East and Central Asia? 

= Where are the vulnerable parts of such Eastern domes, structurally? 

In addition, this chapter presents a brief historical background of these cases, their 

architectural characteristics, and explanation of their analysis steps. In meanwhile, by 

using the developed four-centered initial profile, the geometrical compositions of such 

domes have been analyzed and deduced. 
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In both parts, each dome was analyzed according to its plans, photographs, and, 

whenever possible, site visits to determine the relative levels of architectonic conceptual 

organizations 1• The studied periods and selected cases are particular causes for the 

development of those domes that were never surpassed in other periods later on. 

4.2 Part One: Selections of Zones and Samples 

i. Selection of Zones 

To determine the prevalence of the aforementioned generic forms and grammars 

according to regional orders, fifty three dome samples have been selected from the 

Middle East and Central Asian countries. In fact, based on the historical investigations 

in Chapter Two, countries have been selected in the first part of research which played 

the significant role in development of Eastern domes, since the early Islamic era ( 1000 

A.D.) until the late Islamic era (1800 A.D.) (fig. 4.1); These countries are as follows: 

Turkey, Iran, Iraq, Afghanistan, Pakistan, Turkmenistan, Kazakhstan, and Uzbekistan. 

(fig 4.2). 

1 The whole documents and analysis have been carried out according lo the Secondary data. 
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Pre Islamic era 
Upto 640 

Early Islamic era 
640-970 A.O. 
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One shell • I 
I 
I 
I 
I 

~-----------------------------------------------· 

Medieval Islamic era Late Islamic era 
970-1200 A.O. 1600-1800 A.O. 
1200-1600 A.O. 

Seijuks: Iran, Iraq, Turkey, Azerbaijan, Turkmenistan, Afghanistan 

llkhanids: Iran, Iraq, Turkey, Afghanistan, Turkmenistan 

Timurids: Iran, Iraq, Afghanistan, Pakistan, Uzbekistan, Turkmenistan, Kazakhstan, Armenia, Azerbaijan 

Shaybanids: Uzbekistan 

Safavids: Iran, Afghanistan, Iraq, Armenia, Azerbaijan 

Qajars; Iran 

llkhanids Timurids Safavids 

- ••••• - • • Specific studies dynasties and periods which are involved the first part samples 

Figure 4.1: Illustrations of Eastern dome chronology, specific periods, and associated 
countries of the Middle East and Central Asia. 

Kazakhstan 

l o~ 
Figure 4.2: Illustration of the definitions of zones and considering countries in the 
Middle East and Central Asia. 
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Those countries are classified as regional zones according to the fact that their dome 

samples shared some similarities regionally (Table 4.1 ). Although the typologies of 

Turkish domes basically are different compared to the other countries of this region, 

they play a significant role in developing the pendentive style in the Western 

architecture later on. 

Table 4.1: Illustration of the proposed zones and their associated countries. 
Countries Zone Number of 

samples 

I Turkey I 11 

2 Iran 12 
II 

3 I Iraq 5 
I 

4 Af'ghanistan 6 
Ill 

5 Pakistan 7 

6 Uzbekistan 8 

7 Turkmenistan rv 3 

8 Kazakhstan 1 

Total 53 

ii. Selection of Samples: 

Overall speaking, Islamic architecture encompasses a wide range of both secular and 

religious stylistic buildings which had been erected according to the Islamic thoughts 

and basics. The principal Islamic architectural types are: the mosques, the tombs, the 

palace, and the forts. In this sense, their distinct styles and appearances stem from those 

variations in local cultures, vernacular construction techniques, and climate changes of 

Islamic lands. Both tombs and mosques are subjects of case studies of this Research. 
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-Tombs: despite the extreme prohibition against building of tomb structures, the 

earliest samples were erected by Abbasid Sunni rulers at Samarra in Iraq, after 

construction of the Dome of Rock. Soon after appearing the two Islamic branches of 

Sunni and Shiite, constructions of funerary buildings, topped with primary samples of 

domes, became a specific trend which was rather dogged by Shiite governors in Islamic 

architecture 

-Mosques: represent the heart of Muslim religion and embrace two common types: 

with domes and without domes (earliest edifices). The dome, popular in Iran and 

majority of the Middle Eastern countries, mainly employed for the symbolic 

interpretations purposes. Nevertheless, it was adopted from pre-Islamic architecture in 

the mosque architecture since the Seljuk Empire. 

In the selection of samples, main effort concentrated to choose those samples which 

have revealed the dome styles of those countries. Table 4.2 presents an overall view of 

fifty three samples whilst tables A-1, A-2, A-3, and A-4 in Appendix One contain their 

detailed analysis information as follows: brief historical and architectural backgrounds, 

evaluating the four generic vocabularies and finally their typological considerations. 

Each dome was comparatively analyzed according to its plans, photographs, and, 

whenever possible, site visits to determine the relative levels of architectonic conceptual 

organizations. 

The comparative survey, as an essence of this part of Research, was carried out, not 

only to identify the dominant aspects of the Islamic domes in every region of the Middle 

East and Central Asia, but it specifies also the distributions of their vocabularies and 

grammars. 
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The results of this study indicate the existence of the definite visual languages, either as 

development compositional features or as simple appearance, possessing both 

vocabularies and grammars (morphology and typologies)". The vocabulary basically 

deals with the distinct models of the four generic parts of the dome. In fact, it concerns 

about their architectural constitutions. The grammar, on the other hand, relates to 

various systems of organizing these parts into a coherent whole whether as a simple 

organization or a compound configuration. 

Some points have to be underlined. It seems that diversity of these visual languages 

mainly related to various ecological and cultural regions of the Middle East and Central 

Asia. Secondly, some parts of the vocabulary and grammar may still be general societal 

agreements, whereas other parts of the defined language are very regionally bound. An 

example of the regional grammar is the double-shell typology which is the dominant 

feature of domes in Uzbekistan despite the typical one shell composition of domes in 

Turkey. Another example of regional vocabulary is the use of the drum which received 

much emphasis in the Uzbekistan region, but it was rather undeveloped in the Iraq 

region. 

Thirdly, the presented visual language is modes of architectural expressions as tools for 

analyzing the selected samples. Just as a dictionary and a handbook of the Islamic dome 

constitution do not guarantee a masterpiece of literature. 

2 Refer to Chapter One- Pages I 4 , 15 and 26 for extensive elaborations. 
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The organized Table 4.3 included all evaluation information derived from the analysis 

of samples based on the comparative survey in every zone. The deduced issues are 

quantitatively organized and modeled in relative tables in the next Chapter. 

Overall speaking, the domes in zone I (Turkey) show different architectonic concepts. 

The typical shape of their shell is one shell with saucer formation. While their 

supporting systems are huge and imposing in size, their compositional system and 

organization did not show any particular development. The square and/or hexagonal 

shapes with lateral vaults are the typical forms of the supporting systems in this realm. 

The typical recognized transition tier composed of pendentives as the main symbol of 

Byzantine architecture. Drums embrace many-sided shapes with medium scale of height 

(Table 4.3). 

There likely seems neither sample of the double shells domes nor the pointed 

formations exist in this realm. On the other hand, these dome conceptualisms are 

completely in contrast with the other studied regions. The identified shell shape in this 

zone is either shallow saucer form or semi-circular shape. 

In zone II including Iran and Iraq, the square shape of supporting system with bearing 

walls is the dominant feature of bodies of domes. The shells rested on squinches 

transition tier with the developed shape, especially in Iran. The double shell domes 

erected on the high circular drums are typical features of both territories. The only triple 

shells had also been recognized in Iran. The typical derived formations of shells are 

seen as follows: conical, pointed, and bulbous. The main grammars of dome assembled 

system were double-shell with compound and complex systems erected on high drums 

(Table 4. 3). 
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In zone III including Afghanistan and Pakistan, the domes showed various geometrical 

patterns and aspects. On the other hand, the typical shapes of domes in Afghanistan 

were the pointed discontinuous double-shell domes with the huge drum as well as 

compound grammar of organization whilst the typical shapes of Pakistani domes were 

the Mongol style (shallow semi-circular form) with both simple and compound 

configurations (Table 4.3). The supporting systems embrace into two different aspects: 

square with bearing walls and square with lateral vaults. Also, double and triple shells 

are dominant features of the domes in Afghanistan more than Pakistan. The identified 

external shell forms in this zone can be listed as follows: pointed and bulbous (mainly in 

Pakistan). 

In zone IV including Uzbekistan and Turkmenistan, the majority of the domes are the 

pointed discontinuous double-shell domes with complexity in their squinches transition 

tier. The main organization grammar of these samples was compound with the high 

cylinder formation. The typical characteristic style of the zone IV domes are known 

with the high drums and imposing external shells stabilized by projecting brick ribs 

called by Jalal Yaghan (2003) as "gadrooned domes". Nevertheless, their external shells 

were appeared in both pointed and conical forms (Table 4.3). 
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4.3 Part Two: Selection of Samples and Countries 

The analysis of the Islamic Eastern samples indicates that the pointed discontinuous 

double-shell domes are typical configuration of Islamic domes between those studied 

countries, despite the regional arrangements of the other type of Islamic domes such as 

conical and bulbous' .Countries selected for the second part of Research are: Iran, 

Afghanistan, Uzbekistan, and Kazakhstan which include the majority of such domes. 

The formal prototypes and theories were created using a corpus of twelve case studies 

which were built in those regions, from 1067 A.D. (appearing primary sample of the 

pointed discontinuous double-shell domes) through 1600 A.D (the end of medieval 

Islamic era) (see fig. 4.3). The main building usages of those monuments are as tombs 

(most of primary samples) mausoleums, mosques, and madrassa'. 

Pre Islamic era 
Up to 640 

r···-·-·····-················--··-·*········, 
: llkhanids ! 

One s~ell Timurids : 
, Shaybanids • 

4' Early Islamic era • Medieval Islamic era • 

Safavids Onn shf'll 
Qajars Two shells 

: 640·970 A.D. 970·1200 A.D. 
: 1200-1600 A.D. , 
~--·-·····-··············--------------·---~ Discontinuous double-shell domes 

Late Islamic era 
1600-1800 A.O. 

• • • • • • • • • Specific studios dynastlos and periods which aro Involved the second part samples 

Figure 4. 3: Illustrations of development of Islamic dome chronology with the specific 
selected periods for the second part of Research. 

The studied periods and selected dynasties and examples are particular causes for 

developing the pointed discontinuous double-shell dome configuration design that were 

never surpassed in other periods later on. In fact, these domes reveal the final 

compositional development of the pointed discontinuous double-shell domes. Figure 4.4 

3 Bulbous domes arc typical features of domes in the Saffavid era in Persia and nearby regions. 
4 Refer to the page 181 for extensive elaborations of functions of these building. 
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exhibits twelve assorted case studies of domes according to the studied periods. Each 

sample has been evaluated based on its historical and architectural point of views. 
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In the historical view, all relevant events relating to those samples were briefly 

elaborated such as, commission of the dome building and its client (if possible), 

. material, architects (if possible), creation and development, and so on. In the 

architectural point of view, the architectonic conceptualism of samples were considered 

and explained such as variations of the decorative Islamic themes, forms of buildings 

and their configuration components, design and internal spaces. 

In the analysis section, morphological and typological features of domes qualitatively 

examined such as, external shell, drum, internal stiffeners, and internal shell. In 

addition, typological variations of internal stiffeners and wooden struts had been 

analyzed. Regarding geometrical design of pointed domes, firstly, profiles of their 

external shells were necessary to be generated and then examined based on the 

developed initial profile. In following, the geometrical parameters of the examples were 

derived and represented according to the new parametric system. 

i. Approach for Geometrical Survey 

Despite wide variety of sizes and types of pointed domes, some geometric properties 

were commonly used in their configuration designs. Likewise, no two samples are 

exactly the same. Alongside, using such a geometrical approach, distinct typologies of 

such domes also can be distinguished. In order to geometrical estimating of those twelve 

samples, the stages below might have been followed (fig. 4.5): 
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Dome cross-section 

Stage 1 

Generation of profiles of both 
shells (see fig. 3.7) 

Consideration of exact properties 
of external shell profile 

Pointed 

Stage 2 
To deduce properties, angles. 

breaking points, and 
geometrical perameters 

General initial profile 

Stage 3 
To define common geometric 

prototype of pointed domes based 
on the initial profile 

Figure 4.5: A flow chart illustrating the different stages of analyzing and developing 
a typical generative profile for the pointed discontinuous double-shell domes. 

176 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER4 DATA ANALYSIS AND DISCUSSION OF FINDINGS 

• Stage J: The computation process of analysis of domes started with the 

generations of both their external and internal shells profiles' from their cross- 

sections. 

Geometrically lower arcs of the pointed pattern (the first and second arcs) are 

tangent to the two vertical lines passing from the end points of the span line. For 

embracing such a property, the centre points of these lower arcs should be located 

on somewhere on the span line (otherwise the profile is 'bulbous') that means, 

ii'=gg'; (width of rectangle 1) = 0 (fig.4.6) for all the case studies; 

---"'!'~, IJ/t----• 

111 
ig = i'g'= -1 ab (Length) 

R - 1'11 1- 
111 

ii'= gg'= -2 ab (Widt/1,1 
11z 

Figure 4. 6: Illustration of the essences of geometrical characteristics of the pointed 
profile. 

• .Stage 2: Estimating of the values of generated profile and Deriving its 

geometric parameters based on essences of the developed general profile. In this 

regard, the span of each sample is divided to the different parts, according to the 

certain proportions such as, %, 1/6, 1/8, and so on. These derived proportions 

are calculated as the fractions of the span (e.g. l/8ab, 1/6 ab, ... ) and then 

setting them up into the pointed parametric system (see, fig. 4.6 ). The locations 

of breaking points have been calculated based on the certain angles because of 

unclear amounts of their vertical lines coordinates (fig. 4. 7). 

5 Refer to Chapter 3 under sub-heading 3.3.3 for more detail about the method of profile generation. 
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~~- 
.. / I 

b .~'.. ~c 
Siep Two [ 

~ 

Ge-11erntim1 of Snmp le Prottle Span= 9.30m 

Scale: 11320 

'[21Sab],_30,[618ab Jl 
\ II 7/16ab r 

Case 6 
Figure 4. 7: Illustration of sample of steps of geometrical analysis of the case 6. 

• Stage 3: Re-modeling the initial profile and obtaining the common prototype of 

the pointed profile (fig. 4. 5, stage 3): The generated model profile not only 

presents the typical configuration of the specific pointed typology, but also has 

the potential to evolve into variations of the subsets through using the variable 

values of parameters (fig. 4.8). 

H 

p;­ 

/1nitial Profile 
~i----vor--- 

Re-configuration of initial Profile 

l 11, l {[RJ_B,[R2]},-B = 25'30',-+5'.60', 1111 ~ ». 
R.1 = tg = i' s= ~ab 111 = 3, 4, 6, 8, 16. and i= 1, 2, 3 

ii'= ga' == !!.!l. ab 

~~ 111 J \ j~ 
(: ~ =, ol:. .: ~ :~· ;;]'",.,' or (ml'= bb '="''I'~' o I 

1 
l;:: . ob 1 B, l:!:~ : :: 

' 71/j l qr/= pp=-rt > 
115 

Figure 4. 8: The re-arrangement of initial profile for generating the common 
geometrical prototype of the pointed discontinuous double-shell domes. 
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Subsequently, the formal language of the pointed dome typology was derived and 

drawn by means of the synthesized configurations of the geometric parameters. Using 

this method, any complex compositions of the dome conceptualism can be generated by 

employing additional values. In addition, they can be drawn based on the elaboration of 

an analogous drawn profile of the pointed discontinuous double-shell domes in the 

modem language". 

The abundance of the Islamic dome architecture and their diversity in sizes and 

formations present a problem in generalizing the typologies of the designs. Variations in 

the shell formations due to conservational interventions or other reasons are ignored, 

even if the developed initial profile parameters allow analysis of their configurations. 

Errors and slight inconsistencies in axes, proportions and angles are ignored to facilitate 

more wholesome discussions of the classifications of the common typological designs. 

Note that to prevent repetition of examples names during the analyzing process, the 

association numbers, which are marked boldly on their down side (see fig. 4. 4), are 

used. 

Table 4.4 gives an overall view of selected twelve pointed discontinuous double-shell 

domes including reasons for their importance, date of building, and primary information 

of their domes and edifices. 

-Sources of Drawings of Case Studies: 

Case J: The Iranian Ministry of the Cultural Heritage (ICHO) 

Case 2: Memarian, 1988; Memarian and Pimiya, 2003; Golombek and Wilber, 1988, 

Gangler et al., 2004 

Case 3: Memarian, 1988; Memarian and Pimiya, 2003; Golombek and Wilber, 1988, 

Gangler et al., 2004 

6 Refer to Chapter 5 under sub-heading 5.4.2 for more detail about the method of geometric drawing. 
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Case 4: The architectural office of V akif Insaat, Turkey; UNESCO restoration 

document of the Ahmad Y asawi Mausoleum 

Case 5: Hillenbrand, 1994; Golombek and Wilber, 1988; Hillenbrand, 1944 

Case 6: Memarian, 1988; Memarian and Pirniya, 2003; Golombek and Wilber, 1988, 

Gangler et al., 2004 

Case 7: Pirniya and Bozorgmehri, 1992 

Case 8: The Iranian Ministry of the Cultural Heritage (ICHO) 

Case 9: The Ministry of Culture & Youth Affairs in Afghanistan 

Case 10: Memarian, 1988; Memarian and Pirniya, 2003; Golombek and Wilber, 1988, 

Gangler et al., 2004 

Case 11: The Ministry of Culture & Youth Affairs in Afghanistan 

Case 12: Gangler et al., 2004 

All cross-sections are entirely redrawn again by Author after transferring their scan JPG 

to the AutoCAD. 
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Table 4.4: Brief illustrations of twelve selected case studies. 
The earliesr known of discontinuous double-shell domes are a T11c dome oi"nl-vlrn~nli tomb Is one of the typical domes built in 
couple l'er iau tomb cowers in Klwrqrm. Hoth the internal and the Kborasan the grea; after the Seljuk cm. 
external masonry shells have similar thicknesses and profiles as well J-----------------------1 
as were composed without iniernnl connectiOll~ and mterconnecring 
wooden struts (Mninstni1e 2001). 

Imam al-Ghazalt 
mausoleum 

1' e ome overt te .'utan Hn • 1t qa tom aqo111111g me porta 
marks s major advance in dome design. It is the enrliest known 
example of.A do11ble dome with composiuou ofrndia] tiffeners and 
wooden struts in which the inner and outer shctls have ~11b~umtinlly 
differeru rofllcs, 

The dome of tomb chamber of Khawaja Ahmad Ynsawi is a typical 
form of the l'inlllrid style with the smaller scale. 

Dorne span. 11.33 m 
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Table 4.4: Brief illustrations of twelve selected case studies (continued). 

iuqmuq mosque 1~ ui lo mm ric], 11111~ ice wit 
'l he dome over tho l Ioly shrine of Ali al·Rida is a; results of while washed with pla tcr. along 111~ tr.rditicnal lrnniau Icur-iwun 
continued developments nnd consm1ction~ since 993 A.D. through in structure around a squnrc -ourtyard with no minarets. The shallow 
the modern ume. IL• dome confinurntinn, however, is typical feature J e pointcd c ornc rested 011 large mim-archcs squmches in a two-tiered 
1-o-f n_o_n_1e_s_o_f_K_· 1_1n_r_ns_a_n_r_he_g1_-e_a_t _re_g_io_n_. -----------! circular drum. adorned w iU1 buu<ls of glazed in .eription tile· in 

Kufic script, 

The dome of Timur mausoleum is one ofthe greatest samples of 
Islamic domes which was built in the lnte medieval era. Dcnscrne s 
ornament> and its ribbed tluti11g dome is expressiveness 
characteristic of this monument. 

Dome height: 38m 

The external shell of dome of Gnwhar Shud mausoleum is also n 
typ1~al sample or tile Timund ar lutecture; but its imcmn! shell 
and composition showed prcvailiug of the local archhcctural 
ornnmcntnnom such a> using fan-slrnped squincbes. 
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Table 4.4: Brief illustrations of twelve selected case studies (continued). 
The dome ofKhaweja Abu 'asr Parsa mausolenrn is considered 11' 

only remained fluted sample of the international dome characteristic 
of the Tunutid architecture outside of Uzbek istan, Its domes was 
underwent major conservation intervention$ in un crtain date. 

Dome height: 27 

Its dome is one ofthe valuable relics ro11111incd from the Timurid 
time. The existing evidences, however, an· not enough for 
considering whole it• details. Ncverthckss, the origin of building 
belonged the before. Timurid era. 

Kahsan mausoleum 

The Jome of Knlyun mosque resulted mainly date back in the 
Shaybunid dynasty. 1 he ongmnl dome wus destroyed by fire as o 
result nf Mongnlian invasion. 

Kalyen mosque 
0<1te: 1542 A.D Dome he/gm: 30m 

Oome span.- 9.30 m 

The dQmCH O\'Cr \!fir J\rnh madrasu nre con. idcrcd ns rhe common 
aspects of Slrnyhanid architecture which domes were often huilt in 
pair. 

Mlr-1 Arab msaress« 
Dome span: 10 m 

183 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER4 DATA ANALYSIS AND DISCUSSION OF FINDINGS 

4.3.1 Case Study 1: The Twin Towers of Kharaqan, Iran 

Location: Kharraqan, Iran 

Date: 1067 and 1093 A.D. 

Style/Period: Seljuk/ 11th Century 

Building Type: Funerary 

Building Usage: Mausoleum 

i. History: The date of construction for the two towers at Kharraqan which 

commonly referred to as the East and the West towers, are respectively 1067-8 and 

1093. The towers located on the plains in northern Iran, near Qazvin city (fig. 4.9). The 

inscriptions on the towers identify the architects as Muhammad ibn Makki al-Zanjani 

and Abu'l-Ma'ali ibn Makki al-Zanjani in the later tower, who is probably the former's 

son or brother. The brick structures stand 15 meters tall and 4 meters wide, and make 

the extensive use of geometry. These are remnant examples of Seljuk architecture 

remained in Persia (Mainstone, 2001 ). 

Both towers were significantly damaged in an earthquake in 2001. This is one of the 

earliest applications of a pointed dome over the tomb tower. The tradition of a double 

dome had existed before in the early Islamic architecture by constructions of various 

conical domes 7 (Hillenbrand, 197 6). 

7 For more information regarding conical domes in the early Islamic architecture refer to (Ashkan and y ahaya, 2009) 
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Conservation process of tombs after Earth quake 2001 

Exterior view of tomb towers 
Figure 4.9: Illustrations of the exterior views of the tomb towers (The Iranian Ministry 
of the Cultural Heritage) . 

ii. Architecture: Both towers have octagonal chambers with engaged pilasters at 

every corner. Each of the eight facades of the two towers is adorned with a decorative 

panel. Each tower is made of thick brick walls whose decorative brick panels have been 

attached (Memarian and Pirniya, 2003). The east tower has a north-east facing entrance 

while the West tower entrance is to the north. Two of the buttresses at the Eastern tower 
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contain spiral staircases within them. This is different at the Western tower where only 

one of the buttresses contains a staircase. Both tombs were built with the pointed 

discontinuous double shells; the exterior shells, however, have not survived (fig. 4.10) 

(Memarian and Pimiya, 2003). 

.r> 
//' 

I ' r ---=- 
Transversal Section A·A 

·Nurttrelevation-· 

Figure 4.1 O: Various architectural drawings of case 1 (Source: The Iranian Ministry of 

the Cultural Heritage). 

Central Plan 

Hand Sketch of tomb and 
its overall dimension 

The common feature of the panels in both towers is a decorative niche flanked by a pair 

of slender columns. Framed by the corner buttresses, these panels are minor variations 

of the same decorative theme. In the west tower, the panel within the niche has been 

divided into two parts, slightly protruding, arched niches. The top and the bottom parts 

of the panel have been decorated differently with varying weave patterns. In the east 
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tower, built first, these panels have been left uninterrupted and only include one pattern 

per panel (Source: Conservation document in The Iranian Ministry of the Cultural 

Heritage (ICHO)). 

All panels are distinguished by a different decorative pattern but are unified in their use 

of a brick unit as the primary constructive element. The brickwork, recalling the earlier 

tomb of Ismail the Samanid built in the 10th century in Bukhara, is a complex and 

varied series of patterns. It is identified by deeply recessed mortar joints and includes a 

wide variety of patterns including star and polygonal shapes. Also, common in both 

towers, is a line of Kufic inscriptions in Arabic that run the entire perimeter of the 

buildings above the arches, interrupted only by the corner pilasters. On the eastern 

tower the writing has been identified as the last three verses of the Quranic Sura 59 

(Source: Conservation document in The Iranian Ministry of the Cultural Heritage 

(ICHO)). 

The interior, also octagonal, is covered with plaster. Inside the chamber of the eastern 

tower can be found illustrations that are among some of the most well preserved 

examples of early Seljuk mural painting. One of the illustrations, framed by a keel 

shaped arch on the lower side of the interior walls, is a depiction of a mosque lamp 

hanging with three chains and is inscribed in Kufic: "Blessing to its owner". The other 

illustration is a stylized design of birds sitting in the branches of a pomegranate tree. 

The bases of the towers have suffered great damage due to the rising water level and 

have only informally been repaired by the local people. The western tower, having had 

the structural advantage given to it by the elimination of a second stair inside its 
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buttress, has survived more intact (Source: Conservation Document in the Iranian 

Ministry of the Cultural Heritage (ICHO)). 

iii. Analysis: Both tomb towers had been constructed according to similar 

concepts and components (fig. 4.1 la). Both shells were built without the drum with 

similar thicknesses (fig. 4.11 d) and rested on the hexagonal load bearing shape (fig. 4.8 

c). Morphologically, the considerations of four vocabularies of dome did not show any 

specific development in the architectural concept (fig. 4.1 la). Their transition tiers also 

showed neither specific developments in configuration nor in design (fig. 4.11 b ). It 

consists of a row of high vaulted niches with rectangular frames. Considerations of the 

remains of their damaged external clearly demonstrated the lack of design and 

construction knowledge that caused their damaging. As for the grammar of dome or its 

typology, it is considered as simple without drum. 

Resulting from geometrical analysis based on the general profile characteristics, its 

generated profile is considered as the four-centered profile for both the internal and 

external shells which can be formulated according to the following geometrical 

parameters (fig. 4.11 e ): 

{[211 Oab] L30 [411 Oab]} External and Internal shells: 0 ' ' 4/lOab 
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(a)Transversal section 

(d)Verlical section 

e' 

&hhilnl1~ 
(b)Translllon tier type 

(c) Load bearing system type 

Composition of shells 
( e) External ancl internal shells 

Figure 4.11: Illustrations of the different aspects of dome analysis of case 1: 
Morphological survey, typological survey, geometrical survey. 

4.3.2 Case Study 2: Imam Mohammad al-Ghazali Tomb, Iran 

Variant Names: Imam Mohammad al-Ghazali Tomb 

Location: Tus, Iran 

Date: early 1400 A.D. 

Style/Period: Ilkhanid/ 14th century 

Building Type: Funerary 

Building Usage: Tomb 
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i. History: This building, according to the popular belief, is called Haruniyah, 

the jail built by the Abbasid caliph Harun al-Rashid (rule 170-193 A.HI 786-809 A.D.), 

but it is named in the ancient travelogues as Masjid-i Tus. The author of "Mihman 

Namah-i Bukhara" compiled in 915 A.H., has described it as the grave of Imam al­ 

Ghazali in detail. He has mentioned that the grave of Imam al-Ghazali was very small 

located near the western rampart ofTus city (Memarian, 1988; fig. 4. 12). 

In 1995 the Archaeological Survey of Khorasan province carried out excavations in this 

area and discovered the remains of the grave of Imam al-Ghazali which corresponded 

exactly with his description. Haruniyah was renovated recently and a grave with epitaph 

ascribed to Imam al-Ghazali is located at the entrance of the monument. The grave of 

Husayn Khedive Jam, the renowned scholar on the life and works oflmam al-Ghazali is 

also located near this grave. 

190 

Univ
ers

ity
 of

 M
ala

ya



DATA ANALYSIS AND DISCUSSION OF FINDINGS CHAPTER4 

Main view of mausoleum from its sntrance 

Back view of mausoleum 
Figure 4.12: Illustrations of the exterior views of the mausoleum; Photo by Maryam 

Ashkan, 2003. 
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ii. Architecture: the monument is made of bricks. Its height is 25 meters and it 

covers an area of 144 square meters and consists of three chambers. The middle 

chamber consists of a mihrab decorated with intricate stucco work. Typical valuable 

decorative brick works run surrounding every part of the building including the external 

elevation prominent arches, blind niches, transition tier with its unique muqarnas rings 

and arched recess (Memarian, 1988). 

It is interesting to note the utilization of several wind towers in different directions for 

providing natural interior ventilation. The internal spaces include entrance iwan, four 

chamber halls, dome hall and three ancillary rooms. A huge rectangular garden, which 

was re-built based on the first plan, is located in front of the Haruniyah iwan (fig.4.13). 

Transversal Section 
Figure 4.13: Architectural section of case 2 (Memarian, 1988). 
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iii. Analysis: the massive scale and composition of building is very similar to 

Sultan Sanjar mausoleum (in Merv). The load bearing system is composed of the 

symmetrical empty and blind arch with solid walls (fig. 4.15, c). Although, the external 

shell was damaged, yet signs of brick connections between the two shells have 

remained. The height of shells had been increased over time as well as they were built 

with similar thicknesses on the many-sided drum which showed a developed formation 

than the previous ones (fig. 4. 14, a). 

It consists of high vaulted niches with rectangular frames and openings placed in 

regular positions. Section consideration of the external shell clearly demonstrated the 

lack of design and construction knowledge that caused its damaging (fig. 4.14, d). In 

terms of the grammar of dome organization or dome typology it is considered as simple 

with drum. 

As a result of geometrical analysis, two types of two-centered profiles with the different 

geometrical traits were derived for both the internal and external shells which these can 

be arranged as follows (fig. 4.14, e, f): 

• 

• { [6/8ab]} Internal shell: 0,0, 21 sab · 
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Transition tier 

Load bearin 
system 

(a)Transversal section 

(d)Vertical section 

H' 

p" 1/8 ab 
8L-.-~~.i---1----rr---p.:-i 

r. f 6/8 ab----1' 

I m w I 0 
(b)Transition lier type 

(c} Load bearing system type 

H 

a --1 
i 

~/4 ~b t _ ___,b 
g 

(e) External shell 

Composition of shells 
(f) Internal shell 

Figure 4.14: Illustrations of the different aspects of dome analysis of case 2: 
Morphological survey, typological survey, geometrical survey. 
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4.3.3 Case Study 3: Sultan Bak.ht Agha Mausoleum, Iran 

Variant Names: Sultan Bakht Agha Mausoleum 

Location: Isfahan, Iran 

Date: ca. 1391 A.D. 

Style/Period: Muzaffarids/ 14thcentury 

Building Type: Funerary 

Building Usage: Tomb 

i. History: Tomb of Soltan Bakht Agha and the Mausoleum of Shahshahan is 

situated to the Western side of a street which used to be called Shahid Zamani close to 

an area ,namely, "Park-e-Pirestan". It was started during the closing years of the reign 

of Shah Abbas I and finished under his successor in 1629/30 C.E. (1039 A.H.). The 

Mosque's patron was Nur Al Din Muhammad Isfahani. All this information is contained 

in the Thuluth inscription above the main entrance (Ayatollahi, 2003; fig. 4. 15). 

Soltan Bakht Agha was the niece of Sheikh Abu Ishaq Inju, who had ruled Isfahan prior 

to the coming of the Muzaffarids. The death in 1335 C.E. of Sultan Abu Seyed Bahadur 

Khan, the son of Oljeitu, precipitated a collapse in central government in Iran. Isfahan 

came under the sway of Amir Chogan who was followed by Abu Ishaq Inju. The Inju 

family contested Western Iran with the Muzaffarids and eventually the Muzaffarids 

captured Abu lshaq Inju and executed him in Shiraz (Memarian, 1988). 

Following the death of her uncle, Soltan Bakht Agha was married to the son of the 

incoming Muzaffarid ruler, Qutb Al-Din. She apparently stirred up trouble between him 

and his brother Jalal Al-Din, following their father's death. This may have been partly 

to avenge the death of her uncle. She also appears to have attempted to betray Isfahan, 
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which had been given to her husband, to her brother-in-law. Her husband heard of the 

plot and had her executed, but he still lost Isfahan to his brother in 1375 A.D. The 

construction of this building may be by orders of Jalal Al-Din that this splendid 

monument was erected to honor the woman who had tried to help him and at the same 

time avenge her uncle's death (Ayatollahi, 2003). 
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South view of tomb 

North view of tomb 
Figure 4.15: Illustrations of the exterior views of the mausoleum (Photos by Maryam 

Ashkan, 2003). 

197 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER4 DATA ANALYSIS AND DISCUSSION OF FINDINGS 

ii. Architecture: In the middle of a small covered bazaar, there is the impressive 

14th century portal with its pair of flanking minarets attached beside the tomb of Soltan 

Bakht Agha. Inside there is a tomb on which are two inscriptions at the head and foot of 

the tomb (i.e., explanation of date of death and other information about the patron of 

this tomb) (Memarian, 1988; Memarian and Pirniya, 2003). 

The dome over the chamber adjoining the portal marks a major advance in dome design. 

It is the earliest known example of a developed double-shell dome in which its internal 

and external shells have substantially different profiles. Blue glazed tiles partly adorn all 

building surfaces. The dome chamber is almost square in shape with the grave located 

in the center of the hall (Memarian, 1988; fig. 4.16). 
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-South evalua ion o Transversal Section A·A 

Central Plan 

Figure 4. J 6: Various architectural drawings of case 3 (Memarian and Pirniya, 2003). 

iii. Analysis: This is the primary completed example of the compositional concept 

of pointed discontinuous double-shell dome in the Middle East and Central Asia. From 

the morphological point of view, there exists no similarity between the shapes of 

external and internal shells ( 4.17a). Thicknesses of both shells gradually reduced from 

the base to the top of the dome. Its load bearing system is solid walls composed with 

blind arches ( 4.17c). 

199 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER4 DATA ANALYSIS AND DISCUSSION OF FINDINGS 

The transition tier consists of the stepped console spandrels which also consisted of 

rows of superimposed brick brackets ( 4.17b ). The cylindered drum formed a simple 

structure with four windows as openings. The special property of this dome is the 

arrangement of its internal stiffeners between two shells. They consisted of of four brick 

radial walls composed with the wooden struts (fig. 4.17 d, e; fig 4.18). 

Grammatically, this dome was ranked in compound typology with drum because of 

presetting specific development in the compositions of shells, geometrical concept, and 

using of internal stiffeners (fig. 4. l 7a). 

As a result of geometrical analysis, two types of profiles including two-centered and 

four-centered with the different geometrical characteristics were derived for both the 

internal and external shells which can be formulated according to proposed parametric 

system (fig. 4.17, f, k): 

• {[
2/8ab] [6/8ab ]} External shell: 
0 

,L30, 7116ab ; and 

• { [1/2ab]} Internal shell: 0,0, 112ab · 
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External shell 

Internal sl1ell 
(b)Transition tier type 

Drum 

(c) Load bearing system type 

(a)Transversal section 

Wooden struts-T 

b a 

(f) External Shell 

Wooden struts 

/ 
I 
( 

/2 ab 

p~ 1/2ab -,IJ 
(k)I Internal Shell I 

Figure 4. I 7: Illustrations of the different aspects of dome analysis of case 3: 
Morphological survey, typological survey, geometrical survey. 

, 

(e) Plan of the internal buttresses between Typological form 
two shells Internal stiffeners 
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Wooden struts 

Internal stiffeners composition and arrangement between two shells 

Figure 4.18: Jllustrations of the different aspects of dome analysis of case 3: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.4 Case Study 4: Mausoleum of Khodja Ahmad Yasawi, Turkmenistan 

Variant Names: Mausoleum of Khodja Ahmad Yasawi, Mazar of Khwaja Ahmad 

Yasavi, Mausoleum of Sheikh Hodja Ahmed Y esivi 

Location: Kazakhstan 

Date: 1389 -1405 A.D. 

Style/Period: Timurid/ 14th Century 

Building Type: Funerary 
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Building Usage: Mausoleum 

i. History: The mausoleum of .Khwaja Ahmad Yasawi, the founder of the 

Y asawiyya Sufi order is located in the southern Kazakh city of Turkestan. It was built 

according to the Timur orders (Timur-i Lang; 1370-1405). The construction of 

mausoleum spanned almost the sixteen years of his rule from 1389 A.D. to 1405 A.D., 

with unfinished portions remaining until the present day. Y asawi was a Sufi poet and 

teacher who are credited with the conversion of the Turkish speaking people of 

Kazakhstan to Islam, and also he is commonly known as "Father of the Turks". His 

shrine is a national symbol and one of the most important historical monuments in 

Kazakhstan, with its image appearing on every Kazakh currency note (UNESCO 

restoration document). 

The mausoleum stands within the former citadel, in the North Eastern part of the ancient 

town of Yasi (Turkestan), presently an open archaeological site. On the north side, the 

complex is separated from the new town by a section of the ancient citadel wall, which 

was reconstructed in the 1970. The south side of the complex is occupied by a 

protected natural area; the modern city of Turkestan surrounds it on the remaining other 

sides ((UNESCO restoration document; fig.4.19). 
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Main view of mausoleum from its entrance 

Interior view of main domical chamfer 
Figure 4.19: Illustrations of views of exterior of dome and its interior chamber 
(UNESCO restoration document). .. 

ii. Architecture: The mausoleum was originally built at the 12th century; but its 

older materials and smaller size of mausoleum were replaced. The portal of the shrine 

was later completed by the Shaybanid ruler Abdullah Khan (1583-1598) in 1591. In the 

early nineteenth century, Khudayar Khan of Kokand (1845-1875) had turned the 
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mausoleum into a fortress by building a wall around it ((UNESCO restoration 

document; fig. 4.20). 

The 1864 bombardment of the city by Tsarist troops severely damaged the external 

walls of this complex. The shrine was subsequently used as a military depot by the 

Soviets after which it was under continuous restoration since 1907. A recent restoration 

and publicity effort, financed by the government of Turkey, was carried out between 

1992 and 2000, until the monument was finally added to the World Heritage list in 2003 

(UNESCO restoration document). 

On the architectural point of view, This mausoleum is rectangular in plan (forty-six 

meters. by sixty-three meters), comprising eight main chambers, twenty-seven small 
r. 

rooms and twelve passages, all enclosed within a single building and spread over two 

floors (fig. 4. 20, central plan). The complex is aligned along the Southeast-Northwest 

axis consisting, in order of visit, a magnified portal, a large assembly hall (kazandyk), 

the Khwaja's tomb chamber (gur khana) and several ancillary structures flanking the 

axis, such as a refectory (ash khana), library (kitab khana), small palace (aq saray), a 

mosque and a sacred well. 

Its skyline reaches thirty-eight meters at its highest, defined by the arrangement of the 

colossal portal and the dome of the assembly hall. The lack of surface treatment on the 

portal and the incomplete minarets flanking its sides give evidence to the unfinished 

state of the monument (UNESCO restoration document). 
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The main entrance to the complex is from the southeast through the deep portal niche 

into the large square assembly hall (eighteen square meters), which is covered with a 

pointed dome, the largest ever built in the Central Asia. The dome is clad with a mosaic 

of light blue tiles on the exterior and is raised on a square and octagonal drum to the 

height of the portal. The center of the assembly hall is occupied by a bronze cauldron 

(kazan, dated 1399) used for rituals (UNESCO restoration document). 

To the Northeast and Southwest sides of the hall are two dark pairs of small rooms that 

probably served as rooms for confinement and reflection (chilleh khanas). Beside these, 

but entered only from the northern corridors are rectangular rooms with arched recesses. 

The larger room to the southwest serves as a library. The one to the northeast is known 

as the "small palace" (aq saray). In the southern corner of the building is a narrow, 

rectangular kitchen (khalim khana), which has three two-story units. In the eastern 

corner is a large square room with a well and only one two-story unit (kuduk khana) 

(UNESCO restoration document). 

The tomb chamber of K.hawaja Ahmad Yasawi is located on the northwest axial 

terminus. Its center is occupied by the sarcophagus of the Sufi saint. The chamber has a 

double dome with green and golden decorated tiles that cover the outer ribbed dome 

(fig.4.20, see transversal section). The drum of the dome is tiled with hexagonal green 

glazed tiles adorned with geometric patterns in gold. To the southwest of the tomb is a 

small mosque of rectangular form with very deep arched recesses. Cut into these four 

corners outside these alcoves are four sets of staircases. The mosque is covered by a 

dome resting on arches. The mosque has a mosaic faience mihrab. The mausoleum and 

the mosque are also entered directly from the portals on the northwest facade (UNESCO 

restoration document). 
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The decoration of the shrine complex is concentrated on the exterior. The interior 

decoration is limited to plaster muqarnas, carvings in the dome surface and squinches of 

the assembly hall, the mausoleum and the mosque. The dados of the assembly hall and 

mosque are formed of hexagonal green tiles. Almost all of the exterior ornamentation is 

in glazed tile. The large surfaces of the north, east and west facades are covered in brick 

mosaic (hazarba!), forming great expanses of geometric patterns with some Kufic 

inscriptions. Though each facade has a different overall pattern, they are tied together 

through a continuous stone mosaic band at the base made of geometric patterns on haft 

rangi tiles. The three facades are also consolidated by a continuous Nakshi inscription 

that runs below the crenellated parapet of the roof, executed in brick mosaic (UNESCO 

restoration document). 

,.,.. 
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iii. Analysis: In general, complexity in design and composition of both domes are 

regarded as one of uniform characteristics the Timurid architecture (fig. 4. 2la). 

Morphologically, its load bearing system consisted of various types of projected and 
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blind arches which were configured symmetrically (fig. 4.21c). Its transition tier chiefly 

was shaped by complicated muqarnas rows (fig. 4.21b). 

The internal shell shape is semi-elliptical (fig.4.21k) while the externals shell has 

pointed formation with fluted surface that showed specific development in the 

construction techniques (fig. 4.21); the thickrresses of both shells gradually reduced 

from the base to the top of the dome. The height of drum compared to the overall 

proportion of building is also very high and vast. 

The internal stiffeners presented the specific development in composition and 

arrangements (fig. 4.22). They consisted of eight radial brick walls (fig. 4.2le) which 

their thicknesses are gradually reduced in the upper parts (fig. 4.2ld). There exist two 

types of wooden struts with different arrangements which articulated those radial walls 

in regular distances (fig. 4.21). On the typological point of view, this sample dome 

composition presented the specific development in the design and using diverse 

components and vocabularies that ranked it into the compound typology with drum. 

Results of geometrical analysis suggest a four-centered profile with the following 

geometrical characteristics which can be arranged according to the proposed parametric 

system (fig. 4.21 f): 

{[
2/6ab] [ab Jl • Externalshell: 0 ,L45, 216ab f 
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Figure 4. 21: Illustrations of the different aspects of dome analysis of case 4: 
Morphological survey, typological survey, geometrical survey. 
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Metal protection 

Internal stiffeners composition and arrangement between two shells 

Figure 4. 22: Illustrations of the different aspects of dome analysis of case 4: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.5 Case Study 5: Amir Timur mausoleum, Uzbekistan 

Variant Names: Gur Amir Complex, Gur Emir Mausoleum, Madrasa and Khanqah, Gur 

Amir, Tomb of Timur 

Location: Samarkand, Uzbekistan 

Date/Period: 1403-1404 A.D./ 15th Century 

Building Types: educational, funerary 

Building Usage: madrasa, mausoleum 
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i. History: Gur-e Amir is the Persian name for "Tomb of the King". Timur built this 

celebrated monument as the resting place of his grandson and heir-presumptive 

Muhammad Sultan, who died in battle in 1403 at the age of 29. In 1405 Timur himself 

was interred here, and later so too were his sons Miranshah and Shah Rukh and 

grandson, Pir Muhammad. Timur's spiritual advisor, Sayyid Barakah, also lies within. 

Ulugh Beg, who had established the tomb as the Timurid dynastic mausoleum and 

commissioned additions, was the last of the family to be placed within the crypt (fig. 

4.23). 

The earliest part of the complex was built at the end of the 14th century by the orders of 

Muhammad Sultan. Now only the foundations of the madrasah and khanaka, the 

entrance portal and a part of one of four minarets remain. The construction of the 

mausoleum itself began in 1403 after the sudden death of Muhammad Sultan, 

Tamerlane's heir apparent and his beloved grandson, for whom it was intended. Timur 

had built himself a smaller tomb in Shahrisabz near his Ak-Saray palace. However, 

when Timur died in 1405 on his campaign to conquer China, the passes to Shahrisabz 

were snowed in, so he was buried here instead. Ulugh Beg, another grandson of 

Tamerlane, completed the work. During his reign the mausoleum became the family 

crypt of the Timurid Dynasty (Blair and Bloom, 1994). 

In 1740, the Persian warlord Nadir Shah stole the stone, but it broke in two and he 

started to have a run of extremely bad luck. His advisors urged that he return the stone 

to its rightful place immediately. The second time the stone was disturbed was on June 

19, 1941 when Soviet archaeologists opened the crypt. The anthropologist Mikhail 

Gerasimov was able to reconstruct Tamerlane's facial features from his skull, and it was 
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also confirmed that he was a giant for his day, was 172 cm tall, and would have walked 

with a pronounced limp (Golombek and Wilber, 1988). 

Further historical information about the assassination of Ulugh Beg and the authenticity 

of the other graves was also confirmed. However, the archaeologists involved also 

invoked the curse, as the Nazis invaded Russia three days later. The tomb inscription 

reads: "Anyone who violates my stillness in this life or in the next one, will be subjected 

to inevitable punishment and misery". Timur's skeleton and that of Ulugh Beg, his 

grandson, were reinterred with full Islamic burial rites in 1942, on the same day as the 

victory in Stalingrad (Golombek and Wilber, 1988). 
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Main view of mausoleum from its entrance 

Interior view of tombstones of Timur, spiritual advisor, 
and his sons. 

Interior view of domical chamfer and Interior 
shell 

Figure 4. 23: Illustration of exterior and interior views of the dome and its chamber 
(Sources: www.picasaweb.google.com/lhlphoto/UUW2e8k-M6G OQBW2P6eNA: 
www. advantour. comluzbekistanlsamarkand/gur-emir. htm) . 

ii. Architecture: The mausoleum was constructed on the Southern side of a walled 

square courtyard already defined on two sides by a madrasa and khanaqah, no longer 

extant. Outwardly the Gur-e Amir Mausoleum is a one-cupola building. It is famous for 

its simplicity of construction and for its solemn monumentality of appearance. It is an 

octahedral building crowned by cerulean fluted dome (see fig.4.23, exterior view) 

(Michell, 1995; Hillenbrand, 1994). 
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Minarets marked each corner of the courtyard, two of which remain in part. The plan of 

the mausoleum forms a modified octagon on the exterior: a projecting entrance portal 

extends the northern side of the octagon, decreasing in length the two flanking sides. 

The entrance portal to the Muhammad Sultan ensemble (see fig. 4 .21) is richly 

decorated with carved bricks and various mosaics. The decoration of the portal was 

accomplished by the skilled craftsman (ustad in Persian) Muhammad bin Mahmud 

Isfahani. 

A fluted ribbed dome on a tight high drum presents a monumental profile visible across 

the city. The dome (diameter - 15 m (49.21 ft), height - 12.5 m (41.01 ft) is of a bright 

blue color with deep rosettes and white spots. Heavy ribbed fluting imparts an amazing 

expressiveness to the cupola (Golombek and Wilber, 1988; Hillenbrand, 1994). 

The interior comprises a square chamber, a bay on each wall, a stairway in the southeast 

corner leading to the cruciform crypt, an octagonal zone of transition and an unusually 

steep hemispheric dome (fig. 4.24 central plan). Vertical flanges linked with timber are 

concealed between the two shells of the dome, supported by the internal shell and 

providing structure for its external shell; an invisible "column" built on top of the center 

point of the internal shell terminates in angled timber prongs that also support the outer 

dome (Golombek and Wilber, 1988; Hillenbrand, 1994). 

In 1424 Ulugh Beg added a corridor known as his "gallery", entered through the eastern 

bay of the mausoleum. Four vaulted bays form the corridor lead to a small vestibule 

accessed from the courtyard. In the seventeenth century construction of an iwan on the 

western side of the mausoleum commenced, but remained unfinished. 
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The exceptional interior decorative scheme employs luxurious materials and a wealth of 

techniques. Onyx hexagons form a dado, capped by a shallow cornice of marble 

muqarnas. Above this, a gold inscription band painted onto jasper encircles the 

mausoleum. Constituting one of the earliest examples of this technique, papier-mache 

was employed extensively; the internal shell, the zone of transition and the muqarnas 

vaults of the four bays of its internal shell were all decorated with painted molded 

papeir-mache. Other areas were plastered and painted, or covered with a revetment of 

various materials. 

The exterior decoration employs extensive hazarbaf brickwork. The exterior 

decorations of the walls consist of blue, light-blue and white tiles organized into 

geometrical and epigraphic ornaments against a background of terracotta bricks. The 

dome is tiled in two tones of blue. Bands of tile inscriptions encircle the drum; a 

monumental kufic inscription of white and black tiles repeats "Allah is eternal" 

(Michell, 1995). 
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lransversal Section A•A 

Figure 4. 24: Various architectural drawings of case 5 (Golombek and Wilber, 1988,· 
Hillenbrand, 1994). 
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iii. Analysis: the Amir Timur mausoleum is one of the masterpieces of the Islamic 

dome architecture in the medieval period that was never surpassed in other periods later 

on. Morphologically, the complexity in its load bearing system was recognized (fig.4. 

25c). It consists of the configuration of the supporting blinded arches and walls. The 

zone of transition tier is composed of the squinch's niches for transferring from the 

rectangle into the circular base of its internal pointed shell (fig.4.25b ); the thicknesses of 

both shells gradually reduced from the base to the top of the dome. The height and scale 

of the drum is huge and four opening windows placed regularly in the drum body (fig. 

4.25a). 

The internal stiffeners showed different arrangement composition compared to the 

previous studied samples (fig.4.25 d, e). This demonstrates developing structural and 

construction knowledge. The internal stiffener composition consisted of 12 brick radial 

walls that are articulated by horizontal wooden struts together; also they were connected 

entirely to the central cylinder wall which rested on the internal shell apse (fig.4.26). A 

series of wooden struts also connected the brick cylinder drum to the top of the dome 

by angled timber prongs. 

Grammatically, this dome configuration presented special developments of geometrical 

concepts in both internal and external shells, its internal stiffener arrangement and 

finally the proportional aspects of the dome vocabularies which ranked this sample as 

the compound with drum (fig. 4.25a). 
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From the geometrical point of view, using general profile analysis, two types of two- 

centered and four-centered profiles with the different geometrical characteristics were 

recognized for both the internal and external shells which can be formulated according 

to proposed parametric system (fig. 4.25, f, k): 

{[2/lOab] [8/lOab]} 
• Internal shell: 

0 
, L30, 311 Oab . 
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External shell 

Load bearing 
system 

Drum 

Internal shell 

Transition tier 

Wooden struts 
Type3 

I 
Typological form of 
internal stiffeners 

lb@CJ] 
(b)Transition lier type 

0 
(c) Load bearing system type 

H 

/J· 
a( .~ • 
1/8 ab-~! ~ 

(f) External Shell 

1/10 ab 

(k)I Internal Shell 

arrangement 
Figure 4. 25: Illustrations of the different aspects of dome analysis of case 5: 
Morphological survey, typological survey, geometrical survey. 
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Wooden struts 

Internal stiffeners composition and arrangement between two shells 

Figure 4. 26: Illustrations of the different aspects of dome analysis of case 5: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.6 Case Study 6: Madrasa and Mausoleum of Gawhar Shad, Afghanistan 

Variant Names: Madrasa and Mausoleum of Gawhar Shad (Gawharshad, Gauhar Shad, 

Gowhar Shad) 

Location: Herat, Afghanistan 

Architect/Planner: Qavam al-Din Shirazi 

Client: Gawhar Shad 

Date: 1417-1438 A.D. 

Style/Period: Timurid/ 15th Century 
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Building Types: Educational, funerary 

Building Usage: Madrasa, Mausoleum 

i: History: The site of the musalla complex (as it currently exists) contains six 

minarets and two domed chambers that are visible from afar. The Mausoleum of 

Gawhar Shad, with its ribbed shell, stands in a garden to the south of an irrigation canal 

that bisects the site. To its east is a single minaret with two balconies; it once flanked 

the portal of Gawhar Shad's Madrasa. To the south of the mausoleum was a place of 

worship, a congregational mosque (masjid-i Jami or musalla) built by Gawhar Shad, of 

which only the stump of a minaret remains (Wilber, 1969; Golombek and Wilber, 1988; 

fig. 2.27). 

Smaller dome of the mausoleum of Mir Ali Shir Navai (1441-1501), who was a 

prominent poet and companion of Timurid Sultan Husain Baiqara (1469-1506), is 

located to the North of Gawhar Shad's Mausoleum, before the canal. In the plain North 

of the canal, four minarets are clustered together; these once marked the four corners of 

a madrasa built by Husain Baiqara between 1469/1470 AD. and 1506 AD. 

The musalla complex, which designed and built (1417 AD.) under Queen Gawhar 

Shad's artistic direction, has been described as "the most beautiful example in color in 

architecture ever devised by man to the glory of his God and himself'. 

Only three examples remained and most of the buildings in this complex were 

purposely demolished under the direction of British troops in 1885 when a Russian 

attack on Herat was feared. The attack never materialized but these great works of art 

were irretrievably lost (Wilber, 1969; Golombek and Wilber, 1988). 
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Only the minarets and the Mausoleum of Gawhar Shad were allowed to remain. Two of 

the mosque's four minarets were destroyed in an earthquake in 1932, and only one 

survives today. The Society for the Preservation of Afghanistan's Cultural Heritage 

(SPACH) completed emergency conservation works on the site in 2001, including 

building protective walls around the Gawhar Shad Mausoleum and Sultan Husain 

Madrasa, repairing the remaining minaret of Gawhar Shad's Madrasa, and replanting 

this mausoleum garden (Memarian, 1988). 

Gawhar Shad's son Baysunghur was buried in this mausoleum a year after its 

completion. Seven additional Timurid princes, as well as Gawhar Shad, are believed to 

have been buried here; Russian agent Nicholas de Khanikoff reported seeing Gawhar 

Shad's tombstone when he visited the site sometime before 1860; her tombstone is 

currently missing. Gawhar Shad was murdered in 1457 (Wilber, 1969; Golombek, 

1988). 
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' ,, ' 

,)~' ..... r 
1r ' ~ I 

"".i•-;{: ": ii ,,L 

Main view of mausoleum from its entrance View of typical connection domical ribs 
by nwqamas combs 

Interior views of domical chamfer and interior shell 

showing section of squinch·net vaulting with painted squlnch-net vaulting with painted decoration and 
decoration muqarnas 
Figure 4. 27: Illustration of exterior and interior views of the dome and its chamber 
(Sources: The Afghanistan Ministry of Culture & Youth Affairs; www.archnet.org: 
Website of Society for the Preservation of Afghanistan's Cultural Heritage (SPACH). 
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ii. Architecture: It was completed in 1432 A.D. The mausoleum of Gawhar 

Shad was located in the westernmost comer of the Gawhar Shad Madrasa and now 

stands alone. The chamber has a cruciform plan (nine and a half meters on each side) 

with a five-sided qibla bay projecting Southwest (fig.4.28). Four arched niches occupy 

the recesses and are inscribed in four grand arches intersecting at the corners of the 

dome chamber (fig.4.27, views from dome chamber). 

Squinches provide the transition from the four comers to an eight-pointed star, followed 

by an octagon and a sixteen-pointed star that circle in towards the thirty-two sided star 

at the vault's apex. This intricate squinches vault is richly decorated with painted floral 

motifs and inscriptions highlighted with gold (Golombek and Wilber, 1988). 

Gawhar Shad's mausoleum is topped by "gadrooned" dome (Yaghan, 2003) of Persian­ 

blue, set above a high drum encircled with a dazzling white Quranic inscription against 

a royal-blue background. Tall panes bejeweled with floral decorations enriched its 

richness of decorations. The interior is equally rich with painted and architectural 

ornamentation: a profusion of interfacing arches, fan-shaped squinches, stalactite 

niches, small and large domes, are delicately adorned with bands of calligraphy and all 

manner of decorations represented the privilege of vernacular architecture. The blue 

pigment used in this painting was made from crushed lapis lazuli from badkhshan. In 

the center are tombstones of the Queen, her son Baisunghur and various grandsons and 

great-grandsons (Petersen, 1996). 
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. . 
Transversal Section_A,...~-.A_..._..._...._,. • 

Central Plan 
Figure 4. 28: Various architectural drawings of case 6 (Golombek and Wilber, 1988; 
Memarian, 1988). 
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iii. Analysis: This dome structurally-architecturally may rank as the ample remained 

sample of the Timurid architecture. It is one of the few samples of the three shells 

domes which is still stand till today. Note that one shell almost always plays a 

decorative role in the configuration of such a dome. 

The specific construction techniques were used in construction of the transition tier and 

load bearing (fig 4.29 b, c). In fact, both components were constructed together as a 

whole and the transition tier is a part of the load bearing system. Squinches provide the 

transition from the four comers to an eight-pointed star, followed by an octagon and a 

sixteen-pointed star that circle in towards the thirty-two sided star at the vault's apex 

(fig.4.29b ). The drum is not as high as the one in the Amir Timur mausoleum, The 

fluted surfaces of the external shell are a typical feature of the Timurid dome buildings. 

The internal shell form is saucer shape (fig 4.29k); the thicknesses of both shells 

gradually reduced from the base to the top of the dome.). 

The 12 radial walls were utilized for compositing the internal stiffeners. They are 

connected by using two types of wooden struts (fig.4.29 d, e). One group was used for 

connecting the radial walls to the internal surface of the drum. The second group 

provided the integrity of the whole system by articulating all components together (fig. 

4.30). Typologically, this dome ranked in the compound grammar with drum because of 

its special composition of load bearing system and transition tier as well as the use of 

three shells (fig. 2.30a). 

Geometrical analysis showed a four-centered profile with the following geometrical 

parameters of its external shell; it can be formulated according to the proposed 

parametric system as follows (fig. 4.29, f): 
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• External shell: {[2/Sab],L30,[618ab ]} 
0 7/16ab 

External shell 

Load bearln 
system 

(a) Transversal section 

(d) Vertical section 

!~I 
(b)Transition tier type 

(c) Load bearing system type 
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(f) External Shell 

H' 
/ 
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-b' ------ a' ...... ._.. ........... 

(k) \ Internal Shell 
/ 

(e) Plan of internal stiffeners Typological form of 
arrangement internal stiffeners 

Figure 4. 29: Illustrations of the different aspects of dome analysis of case 6: 
Morphological survey, typological survey, geometrical survey. 
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Wooden struts 

Figure 4. 30: Illustrations of the different aspects of dome analysis of case 6: 
Morphological survey, typological survey, geometrical survey (Continued). 

Internal stiffeners composition and arrangement between two shells 

4.3.7 Case Study 7: Holy Shrine of Ali Riza, Iran 

Variant Names: Holy Shrine of Ali Riza, 'Ali al-Rida Shrine, Astan Qods Razavi, Astan 

Quds Razavi, Astan-e Qods-e Razawi 

Location: Mashhad, Iran 

Architect/Planner: Qavam al-Din Shirazi 

Date: 1400-2000 A.D. 

Style/Period: Timurid/ 14th Century 

Building Types: Funerary, religious 

Building Usage: Tomb, shrine 
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i. History: The capital of Khorasan province in northeast Iran and the second largest 

city in the country, Mashhad is best known for its beautiful pilgrimage shrine of Imam 

Reza. The shrine was built on the site of the village of Sanabad, where Imam Reza died 

in 818 AD (some sources say 817 AD). Imam Reza, the eighth Shi'ite Imam, was born 

in Medina in 765 AD and was widely known to be a person of both extraordinary 

scholarship and saintly qualities (O'kane, 1987). 

He was surprisingly appointed by the Abbasid Caliph Ma'mun (a Sunni Muslim) to 

become his successor as the next caliph at the age of 51. Ma'mun summoned Imam 

Reza to Sanabad, publicly proclaimed him as his successor, and gave him his daughter 

in marriage. Ma'mun's actions, while welcomed by members of the Shi'ite sect, deeply 

disturbed the rival Sunnis, with the result that several violent uprisings ensued. 

After staying for a while in Sanabad, Caliph Ma'mun and Imam Reza departed for 

Baghdad (to retake the city from political rivals) but during the journey Reza fell ill and 

rapidly died. The suddenness of the Imam's death aroused suspicions among Shi'ite 

believers who believed Ma'mun had poisoned him in order to quell the political unrest 

resulting from a Shi'ite Imam being proclaimed caliph-to-be of the vastly more 

numerous Sunni believers. 

The Caliph, however, showed sings of deep mourning and built a mausoleum over the 

Imam's grave in 818 AD, adjacent to his own father's tomb. Because of the widespread 

Shi'ite belief that Ma'mun had murdered Reza, the tomb and the village of Sanabad 

were given the name of Mashhad ar-Rizawi, meaning "the place of the martyrdom of 

Riza" (fig. 4. 31 ). 
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Bird view of mausoleum site 
Figure 4. 31: Illustration of exterior, interior views and bird's eye view of the dome and 
its chamber (Sources: www. beautiesofiran.com!RazaviKhorasan.html; www.archnet.org). 
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ii. Architecture: The original mausoleum over Imam Reza's tomb was destroyed by 

Sabuktagin, the Ghaznevid sultan in 993AD but was rebuilt and extensively enlarged by 

his son Mahmud of Ghazni in 1009AD. During this time the shrine was ornamented 

with tiles, some of which are still visible in the innermost dome chamber. In 1220AD, 

the Mongols plundered the city and shrine. A century later the Mongol ruler of Iran, 

Sultan Muhammad Khudabandeh converted to Shi'ism, and during his reign (1304- 

1316AD) again renovated the shrine on a grand scale (Pope, 1971 ). 

The celebrated Moorish traveler Ibn Battuta visited Mashhad in 1333 A.D. and reported 

that it was "a large town with abundant fruit trees, streams and mills (O'kane, 1987). A 

great dome of elegant construction surmounts on this noble mausoleum with the rich 

colored tiles decorated its walls" (fig. 4.32). Opposite the tomb of the Imam is the tomb 

of Caliph Harun al-Rashid, which is topped by a platform bearing chandeliers (O'kane, 

1987). 

The most glorious phase of Mashhad began during the reign of Shahrukh Mirza, the son 

of Tamerlane, and reached its zenith during the reign of the Safavid kings who ruled 

Iran from 1501 to 1786. The Safavid kings beautified the religious complex with golden 

domes, tiled minarets and spacious courtyards as well as extensive academic buildings 

(Blair and Bloom, 1994). 

Having established Shi'ism as the state religion, the brilliant early Safavid rulers, Shah 

Ismail I, Shah Tahmasp and particularly Shah Abbas I strongly encouraged pilgrimage 

to the shrine of Imam Reza, as well as to the shrine of his sister Fatima in the holy city 

of Qum. Nadir Shah Afshar and the Qajar kings who ruled Iran from 1779-1923 further 

enlarged and ornamented the shrine complex, though this period also saw the occasional 
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raids of warlike Turks, U zbeks and Afghans. The shrine was shelled by Russian artillery 

in 1912 and further damaged by troops of Reza Khan in 1935 and Reza Shah in 1978. 

Since that time the shrine has undergone near continuous renovation and enlargement, 

and currently over 20 million (Golombek, 1988) pilgrims visit the tomb of Imam Reza 

(Stevens, 1979). 

Central Plan 

Longitudinal Section A·A . . . 
Figure 4.32: Various architectural drawings of case 7 (Pirniya and Bozorgmehri, 
1992). 
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iii. Analysis: The dome, conceptually, is a second populist style of dome in the 

greater Khorasan8 during the Timurid dynasty. This dome had, however, been 

conserved over various eras. From the morphological point of view, the load bearing 

system is composed of the huge arched systems (fig. 4.30c ). The transition tier is a 

typical row of high blinded niches with rectangular frames surrounding them (fig. 

4.30b ). Its internal shell shape is the shallow pointed in such a way that their thicknesses 

of both shells gradually reduced from the base to the top of dome (fig. 4.33a). 

Regarding the internal stiffeners, the secondary internal stiffeners had been added 

during several conservation interventions (fig. 4.33 d, e). It is the first studied sample in 

which the use of vertical wooden beam is recognized. The wooden struts are arranged 

into two types. Firstly, radial struts connected the radial walls to the vertical wooden 

beam. Secondly, perpendicular wooden struts are set out between 8 main stiffeners 

articulated them to the vertical wooden beam (fig. 4.34). 

Typologically, this dome ranked in the compound grammar with drum because of its 

special composition of internal and external shells, internal stiffeners and the specific 

composition of its load bearing system. 

From the geometrical point of view, two types of four-centered profiles with the 

different geometrical indications were identified for both the internal and external shells 

which can be formulated as follows (fig. 4.33, f, k): 

• {[
2/8ab] [6/8ab ]} 

External shell: 0 ,L30, 7 /16ab ; and 

R Greater Khornsan (Persian: S.J.}I ut..1~) (also written Khorasaa~, Khurasan and Kh_urnsaan) is a modern term for a geographic 
region spanning (in clockwise order) nort!Hate;n Iran, Turkmenistan, Uzbekistan, TaJ ikistan and north-western Afghanistan. The 
name "Khorasan" is said to derive from Midd e ersian. 
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• Internal shell: {[2/10ab],L30,[4110ab]} 
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Primary stiffeners 

Vertical wooden beam 

iY'liN-4-l..~~Prill'"'U,1 
,......,_.J3.i..---'-' _;W:..:..::o=od=en:...::;sl""-rut=s _.. 

Secondary stiffeners 

Internal stiffeners composition and arrangement between two shells 

Figure 4. 34: Illustrations of the different aspects of dome analysis of case 7: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.8 Case Study 8: Masjid-i Mir Chaqmaq 

Variant Names: Masjid-i Mir Chaqmaq, Mir Chaqmaq Mosque Complex 

Location: Y azd, Iran 

Date: 1437 A.D. 

Style/Period: Timurid/ 15th Century 

Building Type: Religious 

Building Usage: Mosque 
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i .History: The mosque of Mir Chaqmaq, also referred to as the Masjid-e Nau, was 

one of the first constructions in a larger institutional complex consisting of a madrasa 

(theological school), khanqah (a hostel for sufis or dervishes), caravanserai (traveler's 

inn), qanat and abanbars (subterranean canal and water cistern), public baths, maidan 

or public square and bazaar sharing the name (fig. 4. 35). It was built outside Yazd's 

fourteenth century city walls in the Dehkok quarter, which has since transformed from a 

suburban garden to a dense residential and commercial district. 

Today only the mosque, maidan and a few hydraulic structures exist from the original 

complex. The mosque is noted for the excellence of decorative craftsmanship on its 

marble mihrab (niche marking the direction of prayer) and its portal's tile mosaic 

calligraphic panels (Y azd, 2009). 

In fact, construction of this mosque was begun by Jalal Al-din Chaqmaq Shami, the 

governor of Yazd under Timurid ruler Shah Rukh in 1436-7 A. D., and was completed 

some years later, aligned with a number of subsidiary structures through the active 

patronage of Bibi Fatima Khatun, wife of Mir Chaqmaq. In addition to the Masjid-i 

Jami or congregational mosque of Yazd by the same patrons, the Masjid-i Mir Chaqmaq 

was erected in the period of great economic prosperity. 

Large urban design projects were ordered after the Timur's conquest in 1393 A.D., 

funded by revenues made possible by the Timurid policy of retaining the Muzaffarid 

provincial capital of Kerman, Fars and Shiraz in Y azd. The masjid represents for Yazd, 

a larger phenomenon of the Timurid patronage of madrasa-khanqah complexes as a 

unifying and propagandistic strategy to control a large and diverse empire (Blair and 

Bloom, 1994). 
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Parallels can also be seen in the Timurid nobleman-noblewoman character of this 

patronage as reflected in Timur and his wife, Saray Mulk Khanum's commission of the 

Bibi Khanum mosque in Samarkand or Shah Rukh as well as his wife Gawharshad's 

patronage of complexes in Mashhad and Herat (Hillenbrand, 1999b ). 

Main view of mosque from its iwan 

Main view of mousque from its entrance 
Figure 4. 35: Illustration of exterior, interior views.of the dome and its chamber 
(Sources: The Iranian Ministry of the Cultural Heritage; www.archnet.org). 
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ii. Architecture: The mosque is built of mud brick finished with white washed 

plaster, along the traditional Iranian four-iwan structure around a square courtyard with 

no minarets. The stepped screens of the qibla (direction towards Mecca, and hence 

Muslim prayers) and the vaulted bays of the internal facades of the court appear to be 

dominate over the court's modest proportions. The great central dome, the primary 

iwan, and the qibla screen, together form the major architectural feature of the complex 

(Memarian, 1988; fig. 4.36). Aesthetic traditions from the Masjid-i Jami and the Masjid 

of Pir Husayn Damghani of Yazd are continued in this masjid, with the use of niches, 

windows and galleries to relieve the visually dominant supporting members of the dome 

and iwan (fig. 3.37). 

The central mihrab consists of marble with decorative mosaic tile borders and Quranic 

inscriptions. The celebrated portal is ornamented with both Naskh and Thuluth scripts, 

which reveals details of the institution's Waqf or endowment. Panels of faience mosaic 

or glazed tile mosaic in blue, yellow, white and black colors are interspersed within 

patterned brickwork facades, as is the typical of early Timurid decorative art 

(Hillenbrand, 1999b ). 

The slightly dome springs from its large squinches in a two-tiered circular drum, 

embellished with bands of mosaic tile inscriptions in the Kufic script. Unlike other 

Timurid works, the mosque does not feature complex decorative vaults. However, the 

brilliance of its outer dome's lotus petal gores in turquoise blue tile work defines y azd • s 

skyline with the similar dome of the Masjid-i-Jami (Hillenbrand, 1999b). 

The mosque influenced subsequent Islamic architecture of the central Iran with its 

introduction of a shorter iwan covered with a cloister vault. The mosque also features a 
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novel innovation in incorporating a wind tower within the mihrab, a feature later seen in 

the Masjid-i Sar-i Rik of Yazd. The mosque today is identified with a later nineteenth 

century additions to its complex, that is, the Takieh-ye Mir Chaqmaq. The site has in 

recent times been the focus of intense conservation efforts and public concerns to revive 

this valuable historic complex and the adjacent Haji Qanbar bazaar (Pope, 1971; 

Golombek and Wilber, 1988). 
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Longitudinal Section A-A 

Central Plan ~ -ct 
Figure 4. 36: Various architectural drawings of case 8 (Source: The Iranian Ministry of 
the Cultural Heritage). 
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Isometric perspective of mosqu 
4. 3 7: Illustrations of various architectural drawings of case 8 (Continued) (Source: 
The Iranian Ministry of the Cultural Heritage). 
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iii. Analysis: the dome is shallower compared to the pervious studied samples. 

Morphologically, its load bearing system is composed of positive and negative tunnel- 

vaulted which were arranged in the middle of the walls, symmetrically (fig. 4.38c). Its 

transition tier consisted of two rows of stepped console spandrels framed in bigger 

squinches (fig. 4.38b). For structural stability of this dome, a projected disc was built on 

the top of the drum that exposed the newly innovation in the dome construction in this 

era (fig. 4.38a). The internal shell presented a saucer shape (fig. 4.38k); the thicknesses 

of both shells gradually reduced from their base to the top of dome. 

Some 16 brick walls were radially set out and are connected intricately by using the 

wooden struts which finally articulated on the vertical wooden beam on the top of the 

internal shell (fig. 4.38 d, f). A series of wooden struts were also used for connecting the 

whole system to the drum's body. The horizontal wooden struts were used to fix 8 radial 

walls on the top of the internal shell (fig.4.39). 

Typologically, this dome ranked in the compound grammar with drum because of the 

special composition of its internal and external shells, internal stiffeners and also the 

specific composition of its load bearing system (fig. 4.38a). 

Following geometrical analysis of this sample, a four-centered profile with the 

geometrical characteristics derived for its external shell which may set according to the 

proposed parametric system (fig. 4.38, f): 

{[
4/8ab] [2/8ab ]} 

• External shell: 0 'L25• 5/16ab 
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Vertical wooden beam 

Internal stiffeners composition and arrangement between two shells 

Figure 4. 39: Illustrations of the different aspects of dome analysis of case 8: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.9 Case Study 9: Khvaja Abu Nasr Parsa Mausoleum, Afghanistan 

Variant Names: Khvaja Abou Nasr Parsa Mosque, Ziarat-i Khoja Abu Nasr Parsa ' 

Khodja Abu Nasr Parsa Ziarat, Khvajeh Abu Nasr Parsa Ziyarat, Green Mosque 

Location: Balkh, Afghanistan 

Date: Between 1460 and 1598 A.D. 

Style/Period: Timurid/ 15th and 16th Centuries 

Building Types: Funerary 

Building Usage: Tomb, Sl1fine 
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i: History: Khawaja Abu Nasr Parsa was a spiritual leader of the Naqshbandi order 

and a theological lecturer in Herat. While there is no epigraphically evidence identifying 

his shrine as the site of his tomb, though art historians Golombek and Wilber (1988) 

have identified an unmarked tombstone in front of the portal as the khwaja's grave 

marker. Another unmarked tomb found in the crypt is thought to belong to the patron of 

this shrine. 

The tiled kufic inscription around the dome's drum, with the date 1598, was probably 

placed after a restoration. The shrine was restored most recently in 1974-75. The 

mausoleum was built in the late Timurid style (fig. 4.40; 4.41) (Source: The Ministry of 

Culture and Youth Affairs in Afghansitan). 

246 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER4 DATA ANALYSIS AND DISCUSSION OF FINDINGS 

...... \ . 
I t 

· · f d · t chamfer and internal shell Internal stiffeners 
n enor views o ormca 

Figure 4. 40: Illustration of exterior, in.terior views of the dome (Sources: The Ministry 
of Culture and Youth Affairs in Afghanistan; www. archnet.org). 

View from top of dome 

South view of mausoleum 
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South view of dome and drum North view of dome and drum 
Figure 4. 41: Illustration of exterior views of the dome before major conservation 
(Source: www. archnet.org). 

ii. Architecture: The plan of the shrine is a chambered square enveloping a cross- 

shaped dome chamber aligned with qibla along the southwest-northeast axis (fig. 4.42). 

Its elevation is dominated by the monumental portal screen and dome. The long sides of 

the exterior were carved with eight-meter-deep rectangular iwans, while the chambered 

comers had bi-level, five-sided porches; the roofs of the iwans and the upper porches 

have largely collapsed, exposing the octagonal substructure of the circular drum 

(Source: Website of Society for the Preservation of Afghanistan's Cultural Heritage 

(SPACH). 

The towering portal screen frames the northeast iwan and is bound on both sides by 

engaged cabled columns with bulbous bases. Its top section, now collapsed, had an 

arched gallery that rose taller than the dome. The bi-level porches flanking the portal are 

topped with minarets, of which the shafts remain. Stairs entered from the comer porches 

give access to the upper porches, the minarets and the roof. 
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Only fragments have survived of the blue and white mosaic faience and the inscriptive 

tile bands that once adorned the portal screen and its flanking porches. A small wooden 

door leads from the northeast iwan into the dome chamber, crowned by a tall umbrella 

vault. The four arched niches that animate the walls of the chamber at the ground level 

are doubled in number at the gallery level with the addition of corner arches supporting 

the dome's squinches. Sixteen windows placed at the rim of the vault illuminate the 

interior. The dome chamber has a small mihrab niche on the southwest wall, facilitating 

its use as a prayer hall (Source: Website of Society for the Preservation of Afghanistan's 

Cultural Heritage (SPACH). 

The crypt directly below the dome chamber has a low vault supported by intersecting 

arches and squinches. A column was added later to support the crown of the crypt vault. 

The platform with tombstones before the main portal was also added at a later date. The 

dome, its muqarnas base and its drum are also covered with plain, floral and inscriptive 

tiles dominated by shades of blue (Byron, 1939). 

The dome is basically called, 'fluted' and resting on stalactite corbels; above the 

ground, sits above a colorfully tiled octagonal base (see fig. 4.40). The portal is flanked 

by magnificent corkscrew pillars. A small section of tiles on the dome displayed 

damage resulting from a rocket hit during the civil war at 1974; however, restoration 

suffered from the lack of maintenance; an authorized construction of a new mosque 

attached to such facade destroyed its original design. 

A crack in the South Eastern part of the dome may have been caused by an earthquake 

during factional fighting in 2003. The department of historical monuments of Balkh has 

undertaken repair work on the rocket hit in the southern facade and the retiling of a 
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section of the dome (see fig. 4.40) (Source: The Ministry of Culture and Youth Affairs 

in Afghanistan). 

A-A 

Central plan 
Figure 4. 42: Illustrations o.f various architectural drawings of case 9 (Source: The 
Ministry of Culture & Youth Affairs in Afghanistan). 
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iii. Analysis: it may consider as ample remaining sample of uniform style of the 

Timurid architecture in Afghanistan. As, it is mentioned before, this dome was 

collapsed and then conserved ages before when there existed not clear documentation 

regarding its original composition; as a result, it is unclear whether its originality was 

changed or not. From the morphological point of view, its load bearing system 

presented a simple cube form, despite its octagonal shape of plan (fig. 4.43c). The zone 

of transition tier consisted of squinches and rows of superimposed brick brackets (fig. 

4.43b). The semi-elliptical internal shell was also built in the fluted techniques (fig. 

4.43k) and the thicknesses of both shells gradually reduced from the base to the top of 

the dome. Its drum is composed of complex arrangement of openings and windows in 

regular distances. 

The composition of the internal stiffeners is identified as complex and intricate 

compared to the previous studied samples. During several conservation interventions, 

their setting and number had been altered. It consisted of 12 radial walls with their 

thicknesses reduced on the upper part (fig. 4.43 d, e). Two types of wooden struts were 

utilized for connecting the radial walls: on both upper and middle parts of its radial 

walls. In the second type, by using mesh nets of horizontal wooden beams, the radial 

walls were connected together and to the internal surface of the drum (fig. 4.44). 

Typologically, this dome belonged to the compound grammar with drum because of its 

special composition of internal and external shells and internal stiffeners as well as the 

specific composition of the load bearing system (fig. 4.43a). 
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Results of geometrical analysis suggest a four-centered profile with the following 

geometrical characteristics which can be formulated according to the proposed 

parametric system (fig. 4.43f): 

• External shell: {[ ~ 
1 "l 0, [ ~ ]} 
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External shell 

(e) Plan of internal stiffeners Typological form of 
arrangement internal stiffeners 

Figure 4. 43: Illustrations of the different aspects of dome analysis of case 9: 
Morphological survey, typological survey, geometrical survey. 

(a) Transversal section 

Wooden struts 
Type 2 

~:z<J1 
(b)Transitlon tier type 
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(c) Load bearing system type 
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1/8ab~ ~-~ 
(f) External Shell 

b' 
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(k) Internal Shell 
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Internal stiffeners composition and arrangement between two shells 

Figure 4. 44: Illustrations of the different aspects of dome analysis of case 9: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.10 Case Study 10: Kalyan Mosque, Uzbekistan 

Variant Names: Kalyan Masjid, Masjid-i Jami, Congregational Mosque, Friday 

Mosque, Poi Kalyan Mosque, Poi Kalan Mosque 

Location: Bukhara, Uzbekistan 

Date: early 1400, 1514 A.D. 

Style/Period: Shaybanid, Timurid /15th and 16th Centuries 

Building Type: Religious 
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Building Usage: Mosque 

i: History: After the death of Shaibani-khan in 1510, majority of the local rulers 

(emirs and sultans) recognized central government only partially. The capital of the 

Shaibanid state was in Samarkand. In 1512 the nephew of Shaibani-khan, young prince 

Muizz ad-Din Abu-I Gazi Ubaidullah, became sultan of Bukhara. He inherited the 

power from his father Mahmud-sultan, who was the cadet brother of Shaibani-khan and 

his faithful companion-in-arms. Till 1533 Ubaidullah-sultan was a successful governor 

of Bukhara, when he was enthroned as a khan of the whole Shaibanid state - khan of 

Maverannahr (Ma wara'u'n-nahr). 

Despite this, he refused to move his residence to Samarkand - the capital of the State. 

Moreover, he later made Bukhara as the capital of the Shaibanid state. After that, the 

state governed by Ubaidullah (Ubaidulla) received a new name - Bukhara khanate. Thus 

Ubaidullah-khan (gov. 1533-1539) became the first khan of Bukhara khanate. While 

Ubaidullah-khan was the khan of Maverannahr, his son Abdul-Aziz-khan was the khan 

of Bukhara. They considered Bukhara as their family responsibility. They were patriots 

of Bukhara, and therefore they constantly were anxious for the success of the city 

(Blunt, 1973). 

The fact that the governor of Bukhara (1514 AD.) construct such a grand mosque, 

which could rival the symbol of royal Samakand - the Bibi-khonim Mosque, shows a 

tendency to eventually make Bukhara the capital of the Shaibanid state. By the 

construction of Kalyan Mosque Ubaidullah-sultan started formation of the new capital, 

rather than to fight for domination over Samarkand, which by the way forever had 

hostile feelings toward the Shaibanids (fig. 4.45). 
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On the other view, the Kalyan mosque is one of the outstanding monuments of Bukhara ' 

dating back to the fifteenth century. According to data from archaeological excavations, 

the original Karakhanid Djuma Mosque was destroyed by fire and dismantled , 

apparently at the time of the Mongolian invasion. Soon later, it was rebuilt, but this 

reconstructed mosque did not remain long. A new mosque was erected in the fifteenth 

century, at the time of the Shaibanids, according to written sources of the time (Michell, 

1978; fig. 4.45). 

View of dome from iwan 
Viow of dome from roof 

Figure 4. 45: Illustration of exterior views of the dome and mosque (Source: 
www.panoramio. comlphoto/265 687 2). 

ii. Architecture: Kalyan Mosque (Maedjid-i kalyan), arguably completed in 1514, is 

equal with the magnitude of Bibi Khanum mosque in Samarkand. Although they are of 

the same type of building, but their decorations and ornaments are absolutely different. 

The roofing (of 288 domes) of the galleries encircling the courtyard of Kalyan Mosque 

rests on 208 pillars (fig. 4.46). 

On the other hand, 288 monumental pylons serve as a support for the multi domed 

roofing of the galleries encircling the courtyard of Kalyan Mosque. The longitudinal 

axis of the courtyard ends up with a portal to the main chamber (maksura) with a 

cruciform hall, topped with a massive blue cupola on a mosaic drum (fig. 4.47). The 
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edifice keeps many architectural curiosities, for example, a hole in one of domes. 

Through this hole one can see the foundation of Kalyan Minaret. Then moving back 

step by step, one can count all belts of brickwork of the minaret to the rotunda 

(Golombek and Wilber, 1988). Squinches support a vaulted inner of dome and are 

capped by a spherical blue pointed dome upon a drum. This structure still dominates the 

skyline of Bukhara (Golombek and Wilber, 1988). 
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Central plan of mosque complex 
Figure 4. 46: Various architectural drawings of case 10 (Gangler et al. 2004). 

258 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER4 DATA ANALYSIS AND DISCUSSION OF FINDINGS 
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Transversal Section A·A ~ 

A-A 
A-A 

Oomical chamfer plan 
Figure 4. 47: Various architectural drawings of case 10 (Continued) (Memarian, 1988). 

iii. Analysis: this dome conceptualism is the typical style of 16th century 

Shaybanid architecture. Morphologically, its load bearing system did not present any 

specific development in design and configuration. It consisted of the typical use of the 

positive and negative vaulted systems (fig. 4. 48c ). But its transition tier showed a 
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dominant development in design and configuration (fig. 4.48b ). It consisted of two 

stories including rows of squinches in the first story and superimposed brick brackets in 

the second level. Its internal shell is semi-circular (fig. 4.48k) and the thicknesses of 

both shells gradually are reduced from the base to the top of the dome. The thickness of 

drum was also gradually reduced through using the toothed shape steps (fig. 4.48a). 

The internal stiffeners did not present any specific development whether in composition 

or in conceptual features (fig. 4.48 d, e). Eight radial walls are simply connected 

through two types of wooden struts. They include one series for connecting to the drum 

body and another series for articulating the top of them together (fig. 4.49). 

Typologically, this dome ranked in the compound grammar with drum because of its 

special composition of internal and external shells, specific geometrical design, and the 

developed configuration of its transition tier (fig. 4.48 a). 

As a result of geometrical analysis based on the developed profile, a four-centered 

profile with the following geometrical parameters was derived which can be expressed 

as follows (fig. 4.48f): 

• {[
2/8ab] [6/8ab ]} 

External shell: 0 'L30, 7/16ab 
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External shell 

Internal shell 
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Internal stiffeners composition and arrangement between two shells 

Figure 4. 49: Illustrations of the different aspects of dome analysis of case JO: 
Morphological survey, typological survey, geometrical survey (Continued). 

4.3.11. Case Study 11: Tuman Aqa Complex, Afghanistan 

Variant Names: Tuman Agha Mausoleum and Madrasa, Funerary Complex of Tuman 

Agha 

Location: Kuhsan, Afghanistan 

Date: 1440-41 A.D. 

Style/Period: Timurid/ 15th century 
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Building Type: educational, funerary, religious 

Building Usage: Madrasa, Mausoleum, Mosque 

i. History: This mausoleum is located to the north of the old Herat. The Jack of 

adequate text indications or even of means to evaluate the existing evidence has 

constantly hampered the possibility of the detailed historical and architectural 

explanations. It has been named as such because of its adornments and epigraphs. It is 

one of the valuable relics of the Timurid period. This structure is a treasure in the aspect 

of art; its tile and plasterwork are spectacular. The origin of building dates back to the 

before Timurid era (fig. 4.50) (Source: The Afghanistan Ministry of Culture & Youth 

Affairs). 

This ruined funerary complex is located in the village of Kuhsan, ten kilometers east of 

the Iranian border on the Herat-Mashad road. Its early identification by Nicolai 

Khanykov as the funerary madrasa of Tuman Aqa (sixth wife of Timur, 1366-144?) was 

rejected in 1968 by G.A. Pugachenkova, based partially on the monument's local 

attribution to Gawhar Shad (first wife of Shah Rukh bin Timur), otherwise thought to be 

buried in her madrasa in Herat. 

Recent work by Bernard O'Kane confirms that the complex was commissioned by 

Tuman Aqa during her retirement years in Kuhsan. The domed burial chamber and 

prayer hall remaining today are thought to be part of a two or four-iwan madrasa, whose 

date of completion 1440-41 (840 A.H.) is inscribed in small Kufic script on the cuerda 

seca tiles of the dome's drum. It is not certain whether the queen was buried here or in 

her eponymous khanqah at the Shah-i Zinda Complex (Samarkand) after her death. 
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Remains of a caravanserai or ribat, also built by Tuman Aqa, are located northwest of 

Kuhsan. 

Exterior view from south Exterior view from south 
showing dome chamber 

Interior view of dome chamber 
looking south ' 

Figure 4. 5 O. Illustration of exterior and interior views of the dome and mausoleum 
(Sources: The Afghanistan Ministry of Culture & Youth Affairs). 

Interior view of dome chamber looking southwest 

ii. Architecture: This mausoleum comprises a courtyard, brick dome, three porticos 

and a few porches and two archaic altars with inscriptions in Kufic script. It has a 

beautiful and valuable altar adorned with plasterwork and vaulted inscriptions. Two 

altars dating to the Timurid era are adorned with inscriptions in 'Thuluth' script. There 

are also other inscriptions with sacred verses, in 'Kufic' and 'Thuluth' script. 
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There is an elevated porch between two nocturnal areas in the western front that have 

chambers in its either sides. One of the 'Kufic' inscriptions is white and the other is 

maroon in color (Source: The Afghanistan Ministry of Culture & Youth Affairs). 

The complex, as it stands today, consists of an octagonal dome chamber and a 

rectangular hall to its southwest, joined by a small domed vestibule in between. A deep 

iwan with a collapsed vault and portal screen precedes the dome chamber; this was the 

southern iwan of the madrasa courtyard. Fragments of the chamfered corner of the 

courtyard stand immediately to the left of the iwan, housing two doorways leading into 

the domed vestibule. Now known as the ziaratkhana, the vestibule measures about six 

meters per side and has survived in poor condition with a partially collapsed dome. 

A doorway on the west wall of the ziaratkhana leads into the rectangular hall. The hall 

measures is about six and a half meters wide and thirteen meters long (north-south) on 

the interior and is also entered from the North and South. Its vaulted roof and central 

dome are supported on five transverse archways, two of which are embedded into the 

north and south walls. A mihrab carved into its western hall shows that it was used as a 

prayer hall (masjid) (Golombek and Wilber, 1988). 

The octagonal dome chamber measures about 14 meters wide on the exterior and 8 

meters on the interior. It is covered with a pointed double- shell dome resting on eight 

heavy piers located at the corners of the octagon; these piers are connected with vaults 

and relatively thin walls, creating deep arched niches on the inside and shallower niches 

on the outside. Surfaces of the dome and the drum were originally covered with tile 

mosaic and cuerda seca tiles featuring inscriptions and floral and geometric motifs. 

Remaining segments of the large nakshi script on the drum and 
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smaller kujic inscriptions fitted in between were read by O'Kane, and contain the date of 

completion. 

The three southern niches have doors leading into the chamber from the ziaratkhana , 

the southern iwan, and a small room accessed from the madrasa courtyard. A fourth 

doorway is located inside the northern niche, while the east and west niches are pierced 

only with arched windows (Golombek and Wilber, 1988). 

The interior of the dome chamber is adorned with squinch-net compositions on the 

niche vaults and the dome, which are filled in with muqarnas carvings and highlighted 

with painted arabesques. The squinch-net vaulting of the dome begins with a circular 

belt above the niche arches, transitioning from sixteen crossed archways to a thirty-two 

pointed star; the star is ringed with rows of plaster muqarnas raising the center of the 

dome for depth effect. Only a single inscription, verses from 

'Imran sura in thuluth script, can be seen inside the niche leading out to the iwan. The 

neighboring ziaratkhana is also adorned with squinch-net vaulting and painted 

arabesques (Sources: Golombek and Wilber, 1988; The Afghanistan Ministry of Culture 

& Youth Affairs). 
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Transversaf Section 

Longitudinal Section 
Figure 4. 51: Various architectural drawings of case 11 (Sources: The Afghanistan 
Ministry of Culture & Youth Affairs; Memarian, 1988). 

iii. Analysis: there exists special proportion of 1: 1 in composition of both top and 

bottom of the dome. In addition, after introduction of "Gadrooned domes",it rank as 

second type of pointed domes in the Timurid era. From the morphological aspect, its 
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4.3.12 Case Study 12: Mir-i-Arab Madrasah, Uzbekistan 

'Va . riant Name : Mir Arab Madrasa, 

Loca1· ion: Bukhara, zbcki tan 

Date: 1535-15 A. 

Style!/> . l erioa: 'haybanid/ I th 
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View of main entrance of Mir- Arab madresa 
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CHAPTER 4 
ii. Architecture: The portal of Miri Arab Madrasah is situated on one axis with the 

DATA ANALYSIS AND DISCUSSION OF FINDINGS 

portal of the Kalyan Mosque (see fig. 4.46). However, because of some lowering of the 

square to the east it was necessary to raise a little an edifice of the madrasa on a 

platform (Borodina, 1987; fig. 4. 56). 

The architect, whose name was simply Bako, entwined his name (as well as the date of 

construction and the name of Arslan~Khan) with epigraphic ornaments of the Minaret 

(Borodina, 1987). Local inhabitants believe that the architect was buried somewhere 

among houses of the neighboring residential quarter. Bako made a minaret in the form 

of a circular-pillar brick tower, narrowing upwards, of 9 meters (29.53 feet) diameter at 

the bottom, 6 meters (19.69 feet) overhead and 45.6 meters (149.61 feet) high (fig. 4. 

55). There is a brick spiral staircase that twists up inside around the pillar, leading to the 

landing in a sixteen-arched rotunda_ skylight, which is based on a magnificent stalactite 

cornice (sharafa). The madrasa became closely resembled the four-iwan mosque in plan 

(Gangler et. al, 2004). 

It is not open to tourists who can admire from a distance the calligraphy and mosaic 
' 

around the drums supporting its two blue domes, but are said to be missing some of the 

finest ceramic decoration in Bukhara. Apart from its great size, its most notable feature 

IS the great pishtaq (gateway), which is beautifully decorated with mosaic, plaster relief 

Work and . . paintmg. 
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Transversal Section 8-B 

. . 
Transversal Section A-A 

Fig11,., ..{. S 11th I v t.1011 . (< hm , 

1 

, . 
6 
· lll 11111· 1 t w111 of 1·m·111111· ore II itect11r11l drow 111gs of ca ·e 12 ( ont i 1111 ut) 

>?. Cl et. al, _()()I}. 

iii • llll/y1·j I of I /I e do Ill , /,: th • • It 11\c> .hic fl ' ra nk ed as the la t g nernti n 0 f the 

Point1.:t1 d. . 
tsconunuous d u\\ .,\ic\\ d me · in the Ii id\· l·a>t and entral sin. Both 

their 
c: t run 1 ·h1•\1 · "er · \ uilt ·iinilarl • t 1 •<thct whi 1>1 th ir internal hell and 
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stiffeners arrangements are more or less different. The load bearing of dome Z was 

constructed by four arched niches which occupy recesses (fig. 4. 57c). 

They provide the transition tier from four corners to eight-pointed star, followed by an 

octagon and a sixteen- pointed star that is circled in towards the thirty-two sided star. Its 

tr .. · . ansition tier consisted of row of stepped console spandrels (fig. 4. 57b ). Its mternal 

shell is of shallow semi-circular form (fig. 4.57k) with the thicknesses of both shells 

gradually reduced from the base to the top of the dome. Thickness of its high drum was 

also gradually reduced through using the toothed shape steps in its construction system 

(fig. 4. 57a). Its internal stiffeners are composed of eight radial walls which are fixed to 

the drum body using wooden struts and also articulated their upper parts by second 

typology of the wooden struts (fig. 4.57d. e.; fig, 4. 58). 

Grammatically, the typology of the dome is considered as compound with drum because 

of its specific proportion, developed shapes of the load bearing system and transition 

tier. 

Geometrically, by using the initial profile characteristics, its external shell is considered 

as a three-centered profile with the following geometrical characteristics (fig. 4.571): 

xternal shell: {[ ~ l L30, [ ~; ::: 1} • 
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z 
(b)Transition tier type 

Trans1tt0n tier ~-~- ----- 
(cl Load bearing system type 

M tal pro! cuon 

(f) External Shell 

H 

b 

(k) Int mat SI ell 

277 

Univ
ers

ity
 of

 M
ala

ya



!;_HAPTER 4 
DATA ANALYSIS AND DISCUSSION OF FINDINGS 

Fi [ '"' •M""'• rs """"'"""" nd "'"''m'"' "'"'"" ':" '"'"' J 
gure 4. 5 . . - . Morphol . : Ill 

11 
t ration oft he different aspect af dome ana/ys is of case I 2: 

ogicat sur: ey. typological 11rvey, geometrical s11n1ey (Con1in11ed). 

wooden strut 

Point d di, 
ntinu u · d iublc hell d 111 s in th Middle -a t and entral Asia. Both 

1111(1si1· 
of dome Y: the ·c d 111e chieCT ranked a the la t generation of the 

iv. 

tcrnal shells " r · built sirnilnr whil ·t th ir internal shell and tiffeners' 
th ir 

arrang, 111 .nts 'H' mt re )r ks: di ffcn:nt. 

'l he l 
ond l curinu r loruc y wus ·rnislrll ·ted si111ilarl ' a th dome z by four arched 

nich s . 
· which r ccup re -c · s rig. . 59c). 'I h pro id the transiti n tier from four 278 
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corners to · h · eig t-pointed star, followed by an octagon and a sixteen- pointed star thar is 

circled in towards the thirty-two sided star. Its transition tier consisted of rows of 

stepped console spandrels (fig. 4. 59b). 

Its inter 1 h na s ell has a saucer shape (fig. 4.59k); the thicknesses of both shells are 

gradually reduced from the base to the top of dome. Thickness of its high drum is also 

gradually d . . re uced through using the toothed shape steps in regular dtstances for the 

structu 1 ra purposes (fig. 4. 59a). 

Comp d . are to the simple composition of internal stiffeners of dome Z, tlte mternal 

stiffener r . · · · fi so dome Y presented complexity m design and arrangement (fig. 4.59d, e., ig, 

4. 60) E' . · ight radial walls were connected through three approaches: 

1. To attach the upper part of radial walls using a type of wooden struts; 

2. To connect each radial wall to the drum body by using second type of 

wo den struts; and 
3. To articulate the whole system (for providing more stability) to the lower 

component b utilizing mall vaults between each radial wall. 

From th e typ l gical 

comp und with drum 

p int 
f ie , th t pology of the dome i considered as 

fit specific proportion, d velop d hapes of the load 

, ternal sh 11 po e s a thr e- e .au c 

bearing syst nu and transit i n tier. 1 mctricall , it 

cent red . (Ii .+ 591'· pie file v. ith th, follo- ing gt.! metrical pnram 'tt.:r. ig. · 1· 

• 1~:tcrnalshcll: JI[ J·· o.[-'40'JL l 0 1 I ah J 
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Translllon tier type 

Load bearing 
system 

'fransition tier 

- 
(c) Load beanng system type 

ctal prolcc11on 

1/4 ab-\ q conn ctions 

( f) E torn al Shell 
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lnt•m,t 
Figure 4 60. Ill . . if d 11aly i of ca e I 2: M . · · ustration of the differ mt a peel o ome" . Otpholog · . 

1 
. · r · / <·•11·ve;1 1, 011r11111ed). ic a survey. I •1 oloK1cal survey, geom, nca .n 1 
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In the pri 
mary part of r search, in t rm of in stigating the typical morphological and 

typolo · gical aspects of the Islamic domes namely, "Visual language", fifty three 

selected d 
orne sample had precisely been considered since the early Islamic era 

through into the late I 1 . . h 1 d . l 
s arruc era amongst eig t se ecte countries; t rese are 

Af ghanist p · 
an, aki tan, Iran Iraq, Uzbekistan, Turkmenistan, Kazakhstan, and finally 

Turkey. The 
dom s also have played more or less a significant role in developing 

dome cont . . ruction in this region. 

Bad 
on the hi l rical lit rature considerations, the selected countries were basi all 

co . nsidercd as h meland of the ·astern dome evolutions that had direct effects on th 

devcl prnent f I lamic d rn thr ughout the elected Islamic eras. 

The c omparati e ur 
a e ence of this part was carried out not only to identify the 

th I lami d me , but it al o specifies the distributions of these 

rtcd in the p ific pr idcd table in order to deduce their visual 

tudied z n in thi realm. In thi regard, the selected 
vocabular· res and grammar 

case tudi 

in th 

la nguag' l f l I l · d iaractcri sties qualitath· •l . Th i ual languag o t 1 anuc orne ma 

gcncrall , e: pr "as l\\ g ·n ral archit ·tural c:prc i n a ful101 

0 I•( I• • .11 zcncn 
uru us f rm \ f Ul l rtin , . ) stctn. tn1n:itic n iicr. drum. and h ll( . ln fact. 

lh v 1 "Ii ular I ,1 i all , k'•I "ith th m Ids < f the f ur g ncric part of 

v ·, \ ul:irie. in rn irphcl gical a ·1 -cts wcr includ ·d a the 

their · inst itucnt ~inn: and ·hape · in ith r the 

l m:q I 11 
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0 
Two developed grammar in t pologi al Ji atur s were proposed as simple and 

compound. Th se grammars, on th oth r hand, relate to various systems of 

organizing their sh \l into a coherent ' hole within the frameworks of simple 

and/or compound. 

Those aforementioned vocabularies and grammars were assorted in the provided tables, 

respectively. The pro ided tables were respectively filled by evaluating samples, 

comp . . . . eratively in each defined zone. In terms of incomplete mformat10n of samples, the 

sign of que ti 1 · I d d 1· th n mark (?) was used beside those circu ar 51gns. nor er to un er me 

conical d 
me the sign f (A) was used beside the circular sign of shell vocabulary. 

Each d me wa c mparati ly analyzed according to its plans, photographs, and, 

Whenever po iblc itc isit to determine the relative levels of architectonic cone ptual 

configuration . 

The re ult f thi tud indicat th xi tence of definite visual languages, either as 

devel l opmcnt c m iti nal Ji ature r a irnpl appearance, posse sing both vocabu ary 

and grammar. 

regi n . in th 

po sibilitic tr 

primary re ult f anal i • th d minant derived feature of tudied 

iddl ~a t and 
ntral A ia can be addre d as [ollov s when 

· el k d: 
r c: ·c >pti 11 t 111plc in ach reg1 n \ er ov r 

• lrun: bull 

• lruq: iui II 111I1 int 1: 

• f ihuni tun: I linted· 

• l ), k' 1· •1 istnn: , mi .ir .ul ir. l ull us und h n 'l 1tm: 

• Uzl ki t m: oni ·,11 111I1 t int1.:d: 

'l t11 km ni t 111: · ini ·al and 1 1ink I: 111 I • 
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• Turkey· · · · semi-circular arid saucer. 

Secondly, com 1· . . . . mona mes of the dommarit morphological (vocabularies) arid typological 

(gramm ) ars aspects of the Islamic domes in the studied zones can be illustrated as 

follows9: 

• Domes in the Turkey region consisted of whether a semi-circular or 

saucer shells which were rested on the pendentives type of the transition tier 

including nets of huge lateral vaults as supporting systems. Drums were not 

found out significantly very high and their most typical shapes recognized 

many-sided. Grammatically, the common identified configuration typology 

of the Turkish domes were simple with drum and presented neither 

complexity in design nor arrangements, despite their huge size and scale; 

• Dome in the Iran and Iraq regions showed diversity in shapes and 

configurations. They consisted of two stories cube shape of load bearing 

systems topped with two different shapes of shells. Their external shells 

often appeared in three uniform features: conical, pointed. and bulbous 

whil t ther d 
f rmati n . B th t pe of drum (many-sided and cylinder) were identified 

with variance in height . Grammatically, the dominant compo ition of 

not exist any limitation in the diversity of internal shell 

domes in the e regi ns 
1 
a c 111p und with complexit in g om trical 

dcsi m and diver .iiv in their arrangement ; 

• I mies in p ak i:tnn and f ghan i tan pr -scnt cd ornp I t el di ft: rence in 

th ' 1111 t sition'i and 
-abularics. 

me in the Paki tan zone were 

mer .asin il , follow<d th t 1; ·al asp t of the M ng lian domes in India ; 

-- 9 Rct ., 1 
" "h c h <'1 •' I 1 <>ml« "11< <d"' d' U '"" """ <>fi"'" """ I' h<>i<> • ",,1 '"""' md "'"' 5 I foe "'°~ dctai I 284 
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whereas Afghani domes posse main languages' aspects of the Middle 

Eastern domes. Domes in Afghani tan region consisted of the pointed 

discontinuous doubl shells which were placed on the load bearing system in 

the square or hexagonal formations. The transition tier forms were composed 

of a high vaulted niche within opening frames in regular positions as welJ as 

using stepped console spandrels which were also consisting of rows of 

superimposed brick brackets. Use of the high cylinder drums was identified. 

Domes in the Pakistan region, increasingly constituted of a massive semi- 

circular shell which rested on vaulted niches framed with brackets as typical 

forms of transition tier in this region. The typical Mongolian forms were also 

roughly identified. The various forms of hexagonal shapes of the load 

bearing ysiems which were flanked by massive tapper towers, are the 

d minant features of domes in this region. Grammatically, domes in Pakistan 

did not repre ent specific developments either in compositional grammars or 

vocabulary formations (except for their huge scale) whilst the domes in 

Afghanistan v er consid red as having complexity in their designs and 

arrang m nt ~and finall 
• 

111 

zb kistan, Kazakh tan and Turkmenistan were more similar 

mpar d t th pr viou thr e zone . They were either pointed or conical 

d ublc- ·hell fonnation. , hicb " er [ten con truct don the rov s of tepp d 

c '" le si undr .ls and th huge c lindcrcd drum. The d rn 1 re ·t d on the 

square shu] . I l curin , walls in· lu ling s 111m tri al arch . From th 

l 'I lo , icul I oint [ \'iC' th -.·c dorn s pr scntcd rnpl exit ' in their 

11 •· uizuti. n. , rnictri ·al <k ign. scale of I m · and d vcl p d shap s of 
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In general, from typological point of ast rn domes consisted of the four 

gen · enc components including sh ll tran ition tier drum, and load bearing system 

which had commonly been seen in the studied regions of the Middle East and Central 

Asian countries. These components ma have different compositions over historic eras 

depending on th d · 1 f · d · E · · l 11 · · · d e orninant sty es o cert.am ynast1es. x1stmg s 1e , transition tier, an 

supp · ortmg system were found obligatory whilst the drum is an optional component. 

Overall speak· · h h h · d d" · mg, results of this primary analysis s ow t at t e pomte 1scontmuous 

double-shell domes were the t pica! configuration and include majority of domes in the 

Middle .. ast and Central Asia. 

ln the second Part of Re earch in order to define morphological, typological and 

geomet · l d d · nca prototypes of th pointed discontinuous double-shell domes an to enve 

their a . ociat d geometric profile , samples of twelve cases located in Iran, 

Afghanistan Uzbeki tan and Kazakhstan since 1067 A.D. (appearing primary sample 

of the P inted d m s) until l600 A.D. (the end of medieval Islamic era). The studied 

Period , dynastic and countric are particular cau es for d veloping of consifurations 

of the point d di c ntinu u d ubl - h ll dome that wer never urpa sed in the other 

Period later n. 

ln gc ncral, the p intcd disc ntinu u d ul le-sh ll dom c:po 
logical de ign , ' ith 

vigoro · us aru .ulati in 
anal y . . . f 1 r t1 sis of these · ,1 c st u lie , the c nun n idcnt i al c mp nents t '"· 

1 

'P' 
0 10 

lsln1ni(: 
1 

I l Jl the m t importance 
uomcs arc ll\l rph lo •i ,illy sp tilicd as the' t1.;rna .nc 

com1 nnent and th , m st visil I I art ' I d me , hi •h c •Jin er drnin. intern• I hell, and 

· I l". · ·t l' tt 111 fa t a a result of th 
I cl .ur I r l ortH na 01 tin e met · ' 

rndinl st1'f I · en r \\1thint\K'\\:( id nstrut. f)rlillinithcctnlt .pa 

lot ii\( ' I • 
0 

t .ii \I\ 1 th1.: \ h ii , lt'\ll. 

bct\\'e n two hells 
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The developed 
initial profil xplicitl repr nt d a derivation process of the 

geometrical concepts of the di continuou double-sh ll domes. Based on the al-Kashi 

geometrical essenc , a theor tical fram ' ork ' a geometrically developed in order to 

derive the essences of th geometric s -ntax of the discontinuous double-shell domes 

designs . with focused on the pointed type 

For specif . ymg the typological and geometrical aspects of the generated profiles of 

twelve case studie the stages below might have been followed: 

•The computation process of the samples analysis started with the generation of 

th . eir both external and internal shells profiles; 

•Di cerning th pr file geometric properties based on the defined analogical 

pattern : an anal gical pattern of the pointed discontinuous double-shell don1 

1 
schematically de ignated to understand the different existent properties of 

such profile con tituti 
11 

i .. , mainly the locations of the centre points of the 

lower arc ba d n certain definition ; 
•Deriving th g ometrie param ter ba ed on developed essences of the general 

pr file and cuing up the g metrical parameter according to th ir specific 

y ·tern ; the e 're the ge rn ·trical pr p rti ns f the ur e cd profile including 

Iract; - ns l th .ir spun and the l cation 
f th ir breaking p int were deduced; 

and 
•t c 11 I 1· I l · · the 111111 nprotot)'P~ fth 

. 1) c 111 I or lh\: 11.:m.:ral Ir lik ant tntn1mng 

p intcd I H file. In f I t. the icn ·ntctl Ir file nc t 'nl present the t •pica\ 

er n Ii iurn: i m I the 1 nink I t pr I • '. t ut it uts hos the l itcntial t evol c into 

vurini i H1S l !'th, \) u int the v 1ri•\l le vnlu . of paramd •r .. 
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As results of th 1 . f . e ana ysis o examples by usmg the developed four-centered profile, 

three sub-set f h . . s o t e pointed profiles according to the number of their centre points have 

been reco . d gnize and the configured based on the proposed parametric system (which 

would com h . pre ensively be elaborated and discussed in the next chapter): 

• Two-centered profile (cases 2, 5 and 9) 

•Three-centered profile (case l and 12) 

•Four-centered profile (cases 3, 4, 6, 7, 8, 10, and 11) 

Th · e mternal shell forms are recognized as semi-circular (cases 8, 6, and 10), semi- 

-m ipse (cases 11, 12y, 9, and 4 ), pointed (cases J, 2, 3, 5, and 7), and saucer form (case 

12Z). On the other perspective, the presented analysis approach with its systematical 

presentation system not only can utilize as the syntax elaboration of the geometric 

arrangements of the external shell of the pointed discontinuous double-shell domes, but 

it also h h · d ~ as t e potential to generate and compose any sort of the pomte ,eatures. 

Additionally, the three sub-sets of typologies of the pointed discontinuous double-shell 

domes are classified according to the variance in heights of the external shell rises; these 

are shallow, medium, and sharp. Usage of the initial profile based on the developed 

geomet · ff · · tational nc system put forward more opportunities for o ,enng a unique compu 

classification method for the design analysis and geometric definitions of the Eastern 

omes I · sue 1 a' the Mong \ian , one hell domes, etc. 

Finally, this chapter c ncluded v ith succc sful application of the proposed methods 

(from l . . . . iaptcr I hrcc) 111 analys1 
answering the I cscarch qucsti n . The con1prehcn ivc derived r suit , which were 

f th ·c\cctc<l xamplcs generally and sp cifically for 
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briefly explained in this Chapter, would exten ively be clarified in detail in the next 

Chapter. 
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S. 1 Introduction 

RESULTS AND DISCUSSIONS 

This research was c . d 'th th . bi . f . fi arne out wi e main o Jectives o assessmg irstly the formal 

architect 1 
ura language of th Islamic domes including their vocabularies and secondly 

grammars i th . 
n e Middle East and Central Asia. Then, it focused on the detail analogical 

exami ti 
na ton of the pointed discontinuous double-shell domes, that is, their morphology, 

typologi . es, geometrical design and finally structural characteristics. 

This cha · 
pter includes the whole results derived from both Parts of Research; firstly, fifty 

three 
sampl s sel cted from eight countries had been investigated typologically and 

tnorphologically. A a re ult, the common prototype of Islamic domes generally 

revealed h 
w ether as one or two shells which are placed on a high cylinder drum. 

namely 't 
' op f the d me'. They are rested on the bottom components including the 

sq . uinches d . f . . [ an a load bearing system. The supporting system consists o compos1t1ons o 

the po .. siuve and negativ vaulted-tunnels which are arranged symmetrically surrounding 

on a central plan. 

In the 
c nd part f Re .carch- we! e ca e tudics had been !ccted from the four 

COuntri · ; thcs • arc Iran. fghani .tan. Kaiakh tan, and zb ki tan. These reg10ns are 

tnclud I I 
c the ma j ri t r r 

1 
h 

1 
i nt<:d d me t p 1 gi e from the arl y I lam ic era throug1 

the ht < c lslami peri d. 

'l he present rescnr .h inv; Iv· I ·1 nc', limnc"ork that not onl . \dined s stcmati all the 

tnorpl l \oo,·1···1! f' · I I I . ti '" inuuu »is an t ic cnV<\ n n 
dis·~ . a· fth . n1tn11011s I iu] It -she II d1 rn .. 1 ut ·11 . ' it oflcrcd ibc anal •tic al under tan mg o 

l)J110'\l n t p )l gic 
f the p inted 
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CHAPTER 5 
new! RESULTS AND DISCUSSIONS_ 

Y geometrical l th · h · 
anguage at m1g t have appeared in the designs of other types of 

dome o hi ver istoric period. 

5.2 
Historical Outlines of Developments of the Eastern Domes in Historical 

Architecture 

The d · 
ome is a roof the base of which is a circle, an ellipse, or a polygon, and its vertical 

section a . 
curved line, concave towards the interior. Hence domes can be called circular, 

elliptical 
or polygonal, according to the figure of its base. The most usual form is the 

spherical . . 
' m which case its plan is a circle and/or the section a segment of a circle. The 

cross-sect' 
ions or external shapes of domes, especially, the Eastern ones arc sometimes 

semi-ell' . 
iptical pointed, and bulbous and so on; whereas the Western domes often 

appeared· · in either curves of contrary flexure or bell-shapes. 

Generally f . h . . f , one o the main problems of dome construction was t e trans1t1on rom a 

square pl . . di l an into a cir ular base of dome. Usually, there was an mterme iary octagon• 

area fr m 

Prob le 
m of c n crting fr m quare to 

0 
tagon base of shell. Two main methods were 

adopt d . . . . . .,,., , squinchcs and pendentives. v h1ch are conSld red as the essential dwerence 

between ti I' 1 -ast rn and\ st irn d me'. 

hich it i 
asicr to c nvcrl to a circular area although there is still the 

The . . 
·"111111ch is a mini-arch which is u cd 1 > brid ze a diag nal mer area; whereas a 

f)c>11c/e11r· . a· b t 
11'<' 

is an invcrlc 1 ·()nC with its 1 int . t I ' d ' n int the rn r an 11 asc a 

lhc l 
1, 

. , • • • · l d ft · t' I 'm idin , " I \al I onn I< r the dnn1c. '1111i11 lie' arc the !1l011l !1lCl1 o ransi wn 

t. tcr const . · f · d ft r • 

1 

ucu in le ·!mi 1u · in th< F istcril <tr hilc mrc "hi\'! pe11ie11tne · sprea a e 

lh ' 51· 
le ·nth cntur , i 

11 

th ( 
11 

ntnn mtd the ~ c uc rn ar ·hitccturc. cverthele s. the 

291 

Univ
ers

ity
 of

 M
ala

ya
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RESULTS AND DISCUSSIONS 

symbolic mea . . . . nmgs associated with dam s are considered as fundamental causes for the 

rapid devel opment of this architectonic item entirely between both Eastern and Western 

architectures. 

On the hi . 
storical point of viev , the Eastern dome seems to be have developed as roofing 

for circul . 
ar mud-brick huts in the ancient Mesopotamia and Asur about 6000 years ago. 

In the 1 4th 
century BC the Mycenaean Greeks erected tombs topped with steep 

corbelled d . 
omes in the shape of pointed beehives (tholos tombs). Otherwise, the dome 

Was n t . 0 
important in ancient Greek architecture. The wooden domes were another 

common dome techniques in the Near East, specially, in Syria and Palestine. 

Beyond th hi · · · f E · e istorical texts, the dominant features of the pnmary samples o astern 

domes a 
re predominantly exp ed in the configuration of the primary samples such a 

Sanchi stupa (third •. B.C) in India, Nyssa dome hall (first century A.D.) in 

Turkme . 
m tan, the Basilica of Hagia ophia in Turkey, and the Sassanian palace of 

Ardesh· . 
ir m Iran (240 . .). In fact, the Middle East and Central Asia can be considered 

as a horn l e and of the apper ring and ol ing a tern domes. 

After th c ming 

A. .), th usand 

f I lam and intr due ti n f u ing th ' ooden Dom of th Rock ( 621 

l ma nr . d mes w re built in th Middle a ·t and cntral Asia. 

h1rtl 1cnn 
re. the infiucn .c if the l:lmni d 01 • • mad• it elf felt in the We tern 

an:l · Ht .tu · 1 ·a· lute a th· nind1.:1.;nth ~1.:ntur '· 

Dmi n ' \ . . . 11llt\l 

d~ I . c op111 , d m . 

lumi . c• us, the nu st 1mnin·1nt l ·n·istic- that had critical role in 

in .11 ·h ,1 , 
1 

th it vcr • d. nust • hn<l impr 1 d upon the previous 

kchnk·1\ t l . . 1·1· '' i'tl1t)t1t cl tr ing the older 
' u ·t ml an I J llHll\ re I new ,1rl1 ll · qua 1 re 
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RESULTS AND DISCUSSIONS 
CHAPTER 5 

aspects Th 
· ey can be named, respectively as follows: (fig.5.1): the Samanids (819- 

1005A D) S . . · , eljuks (1038-1194 A.D.), llkhanids (1256-1353 A.D.), Timurids (1370- 

1506 AD · .), Saffavids (1501-1732 A.D.), and Shaybanids (1503-1800 A.D.). 

Otlhl Sulton alt QoJ~r 

... Abb Sidi Aghl bods 

Urn yyAd & 
SpMl•h Umanau1 

6(11.750 A.O 759·12!18AD 

IQO.aotAO 119·HIOSA0 971.111&A.O 1000·12\0A.0 1WG·1555A.0. 1526·18~8A.0. 117i-102H.0. 

Tulunodl FaL1n>dl Ayyubidt tl~hallld• o•t••ldJ 
Almor.>..d• T101ur1d> Shaybnnld• 

Figure 5 J · . _,.., the lat J: · Ill us tration of the dist incl dynasties from the early Islamic era through into 
e slamic era. The highlighted dynasties are studied in this Research. 

Compos·c 1 
ionally, the dome can be considered as a structural consonance and a hierarchy 

of ordered 
parts, that is, the relationship between the internal space and structural mass 

and/or .. 
positive-negative spaces. M.orphologica!ly, the Eastern domes consist of the four 

gen · enc features, called "vocabularies": load bearing system, transition tier, drum, and 

shell(s) (fig. 5.2). 

•supporting system: thes are the essential structural system which must fulfill the 

requirements of the building's statics by transferring the load to the ground; 

•Transition tier: the structural feature designed to take the horizontal thrust of the 

dome and al 
hould be abl to transfer it to the lower bearing system. This 

an be constructed based on the two main methods: 

pendentiv 'S fr rn th 
Bytantine arcl1itecture and quinches from the Sassanids 

arch' itcctural device 

•Drum: is oOcn a •lindcr f rm on , hich the ext rnal hell is re l d on; and 

finally 
• Sll'/f(>): the sp ciul sa ·red ,1 11 ic "'US pro idcd b the h ll( ). In fact, the 

architectural item , hich was [ten use I s .11011 mou 1 in different r gion . In fact, it is 

a lot a I r 1 . · I l · · d I • · lJ on rt h . d 
1111c 

d muni sni, in part i cu In r, al an us am1c pen o s. 

Empir · 
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Figure 5.2· J . Middle E · 
1111 

tration ofihefour generic components of the Easlern dome in the 

ast and "entral Asia. 

B y the end of 1 
th c ntur , the inn ati e approaches in the constructions of Islamic 

dom e style 

fall of th 

numb r of domes considerably decreased with the 

affa id and ha ,banid in the Middle Ea t and Central Asia, although the 

dome . 
urvi d l nger in ln Jia the lat Mughal archit ctur ) up to the end of late 

lslan · 11C era. 

·1 he \: rks or 
I o1 or'"' hri I 1)< 

mari·111 ( t 9 7) 1cmirian and Pirni a _QO ) Pirni a and 

I' tc 1nd ,i,unl o (2007 , an<l 1 kjazi (19 7 ma t highlighted 

to · indict1t1.: th 

do111~s 

cncrul katurc an I hist 1ric·1\ n idcrati n regarding the a tern 

l > ic ·: h ' c\'cr the ·c Itcn main! f u ed on the 

sp ·in. l tl11.: 
1i I II· !·:1st ind 

\;nt ral 
ia su h a Iran, Azerbaijan, 

U:tl k. 1 tau in I 
in, n on cnll 1tc l onl ' n rl ain \\;·1t111d d mes. 
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RESULTS AND DISCUSSIONS 
~HAPTER 5 
Amongst the aforementioned previous re earches, ' orks of Hejazi (1997) increasingly 

involved . . .. more discussions about the di tinct a p cts of the Eastern domes; however, his 

arguments regarding compositional features of the Eastern domes in detail is still 

incomplete· h did · · · b h' · d d 1 ' e 1 not underhne the relat1onshlp etween 1Storic eras an eve opment 

of certai in styles of domes. 

Accord' . 
mg to Hej azi ( 1997), in the constrUction of the Eastern domes, the shell( s) can be 

put together in three different ways (fig. 5.3). These include one shell (the earliest type 

of the E 
astern domes: (OS-Type 1 and OS-Type 2), two shells and three shells. 

However the few samples of these triple shells that emerged in comparison to the large 

number f l \ 11 d o the others rt can thus verify its origin from the doub c-s re omes. 

Tnplo shells 

TS TVl'>tl 1 

sut li\'i ·i 
111 

grolll : ha\'< been defined ba ed on 
l cg·lr I' ' l 1!11 th' ti iul k· hcl! l '\ cs, l\\'l 

h )\ I t 1 sc t' ' ht! Is ar ·1nn1 scd tog thcr (1 kjazi. I" 7). fh 

anti th1: 1· ( ISl'l ntiuu, \1 •t llj . 

ar the continuous 
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CHAPTER 5 
RESULTS AND DISCUSSIONS 

In the cont' . . . inuous double-shell domes, sometimes there exists no considerable distance 

between tl h 10 
s ells (CD-Type \),or they are connected by brick connectors (CD-Type 

2), 
but very often the distance between these shells is small (CD-Type 3). It could thus 

be said th 
at the continuous two shell domes are called 'evolving' from the one shell 

dome to th 
e two shells domes in the development of Islamic dome architecture. 

Construct' 
ions of the one shell domes, however, were continued up to the late Islamic 

era. 

In the di . 
iscontmuous double-shell domes, there are considerable distances between the 

two shells. The discontinuity may start either from the base (DD-Type 3) or from the 

top of the drum (DD-Type l and 2). It is considered higher than the other types of the 

Islamic d ome typologies (DD-Type 2; TS-Type 1). 

Neverth l 
e ess, more architectural concepts of Eastern domes are still uncertain; 

especiall · · · [ h · h 1 · l Y with respect to the crucial problem of charactenst1cs o t err morp o og1ca 

aspects · · d · th M' ddl , common patterns of typological charactenst1cs of these omes in e 1 e 

ast and ntral Asia ( incc the early Islamic until the late Islamic epochs), and also 

interpl · . 
aying pecial typologies ith the compositions of dome components. 

In th f . , l d f · ht It l part 
0 

f Re ca rcb. ri It thr zc amp 1 e of domes had been se ecte rom et g 

countri s U b ki t ·' Iran, lruq, Afghanistan, Paki tan, z e ' an, 

l urkn · l rcrustun f r :mnining their morphological aspect so ' a ' 

Kazakhstan and 

upporting ystem, 

tra · f l · <ns1tio1111·,.1., 
1 

11 1·. the b·o·1d .. 1· de .. 111iti n o mcir common 
• nnn. and shell ns we a 1 10 t • " • 

lypo\o >i .al '"l .cts. ll ' sdccting thcs, e:mnplcs. Research aimed al answering three 

csscnfo\ 'I" sti ms Ohjc ·ti ·cs i. ii. un l iii) al out lshnii dome fr m th early Islamic 

era until u 1\,; lute tslami · crn: 
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CHAPTER 5 
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• What are the l l . c. 
common morp 10 og1cal 11 atures (or vocabularies) of the Eastern 

dome · h · s mt e different regions of the fiddle East and Central Asia? 

' What are the typical typological commonalities (or compositional grammars) of 

the Islamic domes in the different regions of the Middle East and Central Asia? 

• How important are the distributions and emphases of these aspects throughout 

those certain regions? 

The 
second part of research concentrated on the detailed estimations of the pointed 

domes 
as a sub-type of the discontinuous double-shell domes. Historical! y, a pair of the 

eleventh 
century Iranian tomb towers found out as the earliest sample of such domes in 

such a way that its internal and external shells embrace similar thickness and also w re 

completel · Y independent of one another. 

Later on f . . a t r severe deg neration of architecture caused by several Mongol mvasrnns 

and rava . . . ges of their succes or Timur (that produced a gap in the dome construction 

evol . ution), the material culture of the Middle East and Central Asia flourished again by 

app . 
anng the Ilkhanid in Iran and Timurid (in Uzbekistan) (Grabar, 2006). In this 

regard, the d m 

the ca -r 1 1 

t c mp!ct example of the pointed discontinuou double-shell dome in which 

er the u I tan Bakht Aqa mauso I eurn in ls f al1an (I 3 S 1-52 A.D.) is 

its · int rnal and ·t rnal h 'II ha 

With ra li: . '1 l stil f ners. 

ub tantially con tructed in the different profiles 

Overall sp ki l · · \\ t·11·11 the 111aJ rit f the 
· a mu, the I intc I t p leg 11stort a con ' ' 

disc mti . , nu nrs d iul k-shcll d -mcs surr und the Mt idle I a t and cntral ia, The 

Poinh:d 
1 

l ct doublc-shcl! dome '"·re c n>l\ll\l>l • placed '""' mau urns, mo que . an 

lllC1c/ . I U,\(I\', l 11 . !~ t' invcsti 1,1tit us )r c:lltn1sl1\'' cl n 1gura 1 ns 
f the pointed dome 
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RESULTS AND DISCUSSIONS 

typology d 
emonstrated the superior developments of their architectural conceptualism. 

ln fact th · . . ' e pointed discontinuous double-shell domes can be described as the result of 

the conti . . . nuous evolution of the Islanuc domes smce the early Islamic era (ca. I067 

A.D) till th 
· e early late Islamic era (ca. 1600 A.D.) when the bulbous domes became the 

CHAPTER 5 

dominant t ypology in Iran and nearby areas. 

De · spite several existing studies about Islamic domes and their relative meanings, the 

pointed di . 
iscontmuous double-shell domes have still had unknown architectural 

morphology, typology geometrical contexts and structural characteristics. 

By selecting those twelve pointed discontinuous double-shell domes from four countries 

includ· I 
mg ran, Afghanistan, Kazakhstan, and Uzbekistan, Research aimed to answer the 

followin c · · · ') g tour essential questions (Objectives iv, v, vi, vu : 

' What are the common morphological features of the pointed discontinuous 

double-shell domes in the Middle East and Central Asia as major style of 

Islamic domes in the Middle East and Central Asia? 

What arc th common typological aspects of such domes in this region? 

What ar the c mmon geometrical prototypes and geometrical traits of this type 

of astern d me in the Middle ast and Central Asia? 

Wher arc the ulncrablc part of such domes, structurally? 

• 

• 

• 

In general, th 
1 
ointcd discontinu 

11 
double- bell d me ' er built ba ed on specific 

'con1 tri • r rmula and sp ·cial stru tural c mt o iti n . In order to analyze their 

gc .>metrical d sign. it seem ·d nc ·essar to c nsider bri fl the relation hip between 

histori, ic nnctr 
and dmne rksign for generating a prop r goometrical method 

) . Fr in ·"" t her 
1 

• rsJ c ·ti 'c. c: ami nut ion f th historic geometric 
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formulatio . 
ns and their impact, especially in th Islamic dome conceptualism entails a 

procedure hi h . 
w ic can demonstrate a close collaborat1on between the mathematicians and 

arc] · 11tect-artisans. 

Common Morphological Features of Eastern Domes in the Middle East and 

Central A . Sia 

5.3 

The ear 
r rest dome samples utterly revealed the lack of their non-developed form Also, 

they have t . 1 d . ( . . ) no pre ented whether specific geometnca es1gn certam proport10ns or 

advance r. . . . conligurauon before the commg of Islam. Nevertheless, the dommant growth 

in the d . . . om archit cture occurred with the appearances of both squmches in Iran and 

Pendentives in Turkey in the Middle East and Central Asia before the coming of Islam 

(fig. 5.4). 

Shell 

Shell 

, . lorn on p nd nti d m on quinch - :/R11n· I· lllustr ttion o/'tii<' 
111., 11win method< 41ra11 ·itio11 tier: co11cept11afism in 

on1e c · OllS/1'11( (iOI/\, 

A 
11 
'r the c mill , , f 

1 1,11!1, 
t \\'< c , nti.il , c ·isions . i '"i ficont 1 • in!1uenccd the dome 

ll\t)\ mcnts in thi · l min tar ·: 
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1 
· The contributions of mathematicians who involved for formulating special 

proportional approaches, not only in the dome design, but also in vault and arch 

constructions'. Jn fact, the Islamic mathematicians such as al-Khorezmi, al­ 

Fargani, Ibn-Sino, Abu Sahl a!-Quhi Abu'l- Wafa Buzjani, and Ghiyath al-Din 

Jamshid Kashani played the significant role in presenting geometrical 

approaches and understanding the differences between exact and approximate 

calculation methods. Nevertheless, the a/-Kashi geometrical principles had 

widely been used for practical purposes in the medieval Islamic era than the 

other ' 
2· 

Appearing of various dynasties triggered technical innovations and 

developments of the specific architectonic concepts and styles; 

On the other hand, the architectural movements during the following highlighted 

dynasties had a direct affect on enhancing of the dome structuralism in the Middle East 

and C 
entral Asia, typologically and morphologically. The common architectonic 

characteristic of domes in each dynasty can be underlined as follows (fig. 5.5): 

• amanid : the primary signs of collaboration of the mathematicians in the 

d me de ign a well as th construction of the semi-circular domes; 
• eljuk ·: the di tine! types of the conical discontinuous double-shell 

d me cylinder tomb tower topped ither by the conical or the pointed 

f rrnati ns and appearance f the primary ample of the pointed 

dis ontinuous d )ublc-shcll de me in Middlt.: Fa t; 
• 111 I 1· I :11·1• ti t)'J)'' · of p intL:d di continuou and 

umid: : sprcal ing l 1 • "' 
· ntinuous dt ubk- ·hell d 111 ·s and al· ntinuing th con truction of the 

.ouical d m · ·; • Timurids: dcvcl ,1 ing the geom ·t1ical and c n tru tion prop rties of the 
· I \\ i ti d minant collaborations of the 

P mt · I discontimH us doubl - · 11.: c omcs, 11,; 

1.ith~ni.111 i.111~ in the dome design for more 111formation. 
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celebrated math maticians in th d med sign, and appearances of the distinct 

trip! -sh I\ dom s (a a re ult of d loping structural and architectural 

knowledge); 
' Saffavids: appearing of th diverse types of bulbous domes (named in 

ome literature as 'onion shapes"), continuing construction of the pointed 
formations, ending the construction of conical domes, finally, ending up 

evolution of the lslamic domes in the Middle East and Central Asia; and 
' Shaybanids: continuing the construction of the pointed discontinuous 

double- h 11 domes and ending the evolution of domes in the Central Asia . 

. . D;~ . . . . 
. 

~ 

. 

~ 

[Al \8 ~I 
. . 

llkhanldS T1murid1 Snf~vlds ; $11 yl)nnldS 
1256-1353 Ao. 1370-1506 A.O. 1501-1732 A.O. : 1503· 1600 A.D 

1~ 

Figure 5 5. . : t l h h int 

0 1 

h · · lll 11. t rat 1011 
0 
J t }I' dome dev e /opment ince the eorly ts am! c era t roug 

e late Islamic ira. 

!;_HAPTER 5 

Som nlds 
819·1005 AD 

Soljukl 
1038·1194 AO. 

RESULTS AND DISCUSSIONS 

d na tic. had maj r inOu nc on their architectonic conceptuali ms and 
f ma ular ar hitccture and their regional Alth ugh th 

config . urau ns, 

agree mcm ' cannot l ' vcrl kcd. 

'l 
o sum lit). us r I 1· I . l 1· 1·t . t\11··· ·1n1pks in th, four tudicd z n , the 

· SU ls ) Utln \S 0 I " • < • 
comm 

11 

( \ ll( ) dru 11 tran iti n tier, and 
Ill rpl11 I , ; -.11 k at urc · r v cabul:tric · ic • ' 

11 

· 

· tern 
111 

I th ·ir Ii ·tril utiull' "er '''" iou< lstamic era in the !iddlc · ast 
S\lj)\) . )t l lll ' 

"'"' . cut: :rl ' i r ru c ·u1111 t ·It ·n i' cl d.rri linl ill 1 uc fdil \\'ing. cctt n . 
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RESULTS AND DISCUSSIONS 
CHAPTER 5 

5.3.1 Sup t' por mg System 

The · main body of dome consists of the spatial formation of its central plan which may 

have one t 
' wo or three opened sides. In fact, its architectonic concept is composition of 

positive a d . 
n negative arches which are set out symmetrically surrounding a central plan. 

Ar hi 
c itecturally, it is a configuration of the solid walls with whether blind arches or 

vaults hi 
w ich their arrangements have likely been developed from the early Islamic 

samples t h 
o t e late Islamic samples. The common derived shapes of central plan, with 

the load b . 
eanng wa!ls arranged surrounding it, are either square or octagonal shapes. 

Its thickne · d · · 1 l d 1 ss vaned from 80 cm to \ 80 cm an sometimes its va ue reac ne more t ran 2 

meters in h' i., f . some samples. Comparison between the t 1c.,1esses o supporllng systems 

and thei · d · · 1 · r construction periods demonstrated a thickness re uction over time; t 11s was 

probabl · l d d 1 Y attributed to the developments of structural know e ge an 11e use of 

geometrical designs with the help of mathematicians in later epochs. 

Figure 5.6 illu trates the various shape- patterns deduced from analysis of fifty three 

samples. Conceptually, a supporting system of Eastern domes consists of two spatial 

types: P sitive and ncgati e shape patterns due to the structural requirements of the 

dom " f · d c ystcm. P sitivc shape patterns are dedicated to the compos1t1on o proiecte 

blind d arches and solid , a!ls; wher a negati e hape patterns (which associated with 

the S'' f I . id di · amc shat c r positiv shap ') expo cd ctting o t 1e opcmng 1 e surroun mg a 

central plan. Ne crthc\cs .. archc and solid , a!ls wcr considered a initial shape of 

th k '\I l . 'C. ') 'tll'lll 1 '\ 1sh;J11S. 
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RESULTS AND DISCUSSIONS 
CHAPTER 5 
Geometric proportion of the majority of sampl was generally 10/11 which indicated 

the proporti 
ion of width to length of surrounding walls, except for: (pp-5, np-5) and (pp- 

9' np-9). The common deri ed shape patt ms of those studied regions can be addressed 

as follows: 
' Iran: (pp- 1, np-l ) (pp-2 np-2), (pp- 3 np- 3), (pp-4, np-4 ), (pp- 5, np-5), (pp-11, 

np-11); 

• Iraq: (pp-I np-l ), (pp-5, np-5), (pp-6, np-6); 

' Pakistan: (pp-1, np-1), (pp-5, p-S), (pp-6, np-6), (pp-9, np-9); 

' Afghanistan: (pp- I , np-1 ), (pp-5, np-5), (pp-8, np-S), (pp-9, np-9), (pp-11, np- 

11 ); 

' U zbcki stan: (pp-I. np-l). (pp-8, n p-8), (pp-10, np- I O); and 

• Turkemanistan: (pp-6, np-6), (pp-7, np- 7), (pp-8, np-8). 

The s · · h 1 d di etting of the po itivc and negative shape patterns, wh1c are ocate surroun mg 

the l I 1 . central plan, chiefly varied from the early Islamic through into the ate s am1c era, 

because of whether d eloping tructural knowledge or involving specific patrons. 
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RESULTS AND DISCUSSIONS 

Compositionally the mihrab often place in blind v all and the main entrance arranged 

exactly in front of it. Another two 

!;_HAPTER 5 

id 
of the dome chamber can embrace 

symmetrically wh ther op ning or blind walls or composition of both (fig. 5.7). 

Nevertheless, th dome halls of the earl Islamic samples often have only an entrance. 

Positive 
h P P ttorn 

Positive 
sh po pattern 

t 

Lo db ring ayat m- eompo 111011· 1 

t 

~ • ,.,m., ,,.,,.,,..•~ ~ 

{G Negative @ Negative 

6hape 
pallet n , .. 

1~ 
s11ape panern 

I, ~ 

Nogotlvo sh~po pattern 

t 
entr nc• 

LO d ti ring systnm· c0tnposlt1on· 2 

t 

1 0 
d h 

1111g y t m- composllt n- 4 

-+ in nit n • 10 (101111 I ch mt tr 

h ~, ,,.,. . 7: //111.1tratim1 '.'~' // "' ' """""" cotttfl"·' it"""'' pall e rns of I oad bearing y t em 

·'llrro1 1· 111( Ill I ('('/I/I' ti I Ian». 
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erms of Turk . . .. 
ey reg10n, the initial shapes consisted of either a gothic pointed or a 

semi-circul 
ar arch composed with solid walls. The negative shape patterns 1 and 2 w . ere 

identified onl . . 
Y on the m1hrab wall side and three sides almost always have positive 

shape -patterns (fig. 5.S). 

n -n Initial shapes 

n n 
Po itivc h pc 1Wttcrn·1 

Positive sMPC pntt rn·2 

Fi Neg uve sh p p u .,,.1 N•9"'"" sh po"""""·' 
gure 5 8· Ill . . . Turk · ·. 11stratwn of the deriVed shape-patterns of toad bearing system in the 

ey region. 

5.32 T · ran ition Tier 

The I . 
nam f uncti n r the tran ition tier i tran [erring from square to circular base of 

d me b .: . 
Y using .ithcr 

11r 
he (squinches) or mi-circular shapes (pendentives) which 

radhll ' 
' Y span the c rncr of th. ·quar · and form th octag nal ba e of th shell . Figure 

5.9 pr 
csents th <listin ., eaturc f transition tier dcri ed from the study of fifty three 

sampks ·11 , , . · ~ d d 
· ic < nunt n idc n t if" <l t p . oft his component a re ad res e a fo [lows: 

llct~1 l --------- 11 uh di.1plc1 ~ 2 1111 d11111c' ti.1 c \1 u1s1lil\ll t1c1 li1t llll'IC 1111\ltlllllllllll 
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' Net-vaulting quinch: cornpo ed of row( ) of arches which are almost always 

framed by superimpo ed brick brackets. They are the simplest type of transition 

tier such as shap patt rns 3-1, 2, 3 . 

• Console mini-arches or squinch: These are arranged gradually together as 

stepped consoles based on the essence meaning of squinch3 such as, shape 

patterns 2-1, 3 5. Sometimes spaces between arches, which are located at the 

corner of the square, are filled by muqarnas rows instead of the small scale 

arches. In fact, this is the only type form of the transition tier which has a 

potential to be embellished by the rows of the muqarnas combs . 

em i-ci rcu l ar pendent ii il' each adj a cent pair of the triangular arches, which 
• 

were provided by four emi-circular forms, are arranged to support the ba e of 

domes such a shape pattern 1-1 . 
Pendentives with 

11111qarnas 
ro~: in this type, the rows of muqarnas combs are 

rested n the top f the triangular arches to provide a smoother base for the 
• 

dom u h a in hape pattern 1-2. 

In gen rat 
' 

hap p tl rn l , TT 1- l and Tf 1 - 2 a re the common prototypes of the 

transit' . 1 11 tier in the 1 urk 

ident' Ii 
t icd in the Iran. Ira l· Paki:tan, Turkmeni tan. and Uzbekistan regions. 

hape 

Pattern .1 , ' I --, 'I r 2-1. _ _ , 4, and S arc the c mm n protot)'P 

lran, A.f iJrnnistan, 1 akistan, Jzl ·kistan. and '1 urkmcnistan. 

ofthi component in 

'om pnri 
11 

, I tt -a\ed that the 
the date ol their 1 nstr11rti<11' with the : mp' pa ern rcvc 

lra11si1· · · 1 ht\ e late ion II , .ou Ii ,111 
11 
ion , hicil: cv \W \ sin c the early lslam1c era t iroug 1 ' 
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RESULTS AND DISCUSSIONS 
CHAPTER 5 
Islamic periods. The shape pattern Tf-3 is the common feature of the early and 

medieval Islamic periods whilst the shape pattern Tf-2 is the common figure of this 

component from the \ate medieval Islamic until the late Islamic era. -No specific 

difference, however, has been recognized in developing the shape pattern Tf-1 during 

the var· . ious epochs in Turkey. 

1n11lal shapes -- 
I 

' Shape pallom· TT· 3 

Sh•P• pal tern· TT· 2 

T1;maltlon Tler -Sh pl pottom-1 

- - 

Shop• P.''t rn- Tl 2.J 

ti11uqarna1 
~ ·i/'°W1l 

~ 

Sl»P" pattern-TT· 2·2 

Sti•P" poll•"" TT 3.3 

Shape p1uorn· TT ·3·2 

Shape pnttotn· TT 2-4 

"'UQDlfl., 
,ow• 

I II 1 1 l\0111 1111 II Vfl'·'Uulll· IT !·2 ft Q•f'trQ/1 1't1'on tier. 
Fi · . ferived s/lapc pa ern ' 
• igure 5. CJ: /1111stratio11s £~(the Hmo11s l · 
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5.3,3 Drum 

Considerabl l 
e thought and effort wer oft n gi en by designers to make the building as 

high as possible through using the three kinds of drum including many-sided, cylinder, 

and com · · 
position of both. Jn fact, it is the only component of the dome to have opening 

windows . 
in order to provide lighting for internal space. Nevertheless, the common 

morphol . 
ogical aspect of this component in the different regions of the Middle East and 

Central A · Sta can be listed as follows: 

• Turkey: many-sided; 
• Iran, Turkmenistan, Uzbekistan, Afghanistan: cylinder; 

• Iraq: many- ided, cylinder,; 

• Pakistan: cylinder and many-sided, and com position of both· 

5·3.4 Shell( ) 

The sh ll · f h d · I l · e rs the mo t t !ling f the eclectic and integrative nature o t e ome in s amic 

arehit cturc. Except f r th one hell samples, the interior and exterior shells of most of 

the ample w r often alike uch a double-shell and triple-sh 11 cases. From the 

morph l gical p int of re' . the mo t common hapes of the external shell were 

rcgi nail · f 5 10) Y idcntifi id in each rcgi n as D llo\ ( 1g. · : 

• Semi circular: Turk . Iraq. Iran. and Paki tan· 

• 'onicul: Iran. Iraq, l urkmcnistan. nnd U1b 'ki tan~ 

r •lumi. tan. Uzt ckistan. and Turk1ncnistan: and 
• I) . 0111/cd: I ran 

Bull ous oni 
111 

in " inc tc:tual 1 itcraturc ): [ran and Pa!..i tan. 
• 
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Note that th 
int rnal h II, "hi h "a c n idcr d the dominant f ature of double- hell 

dom e , rar l 

external r. 11 rm 

configuration wa trongly affiliated with the form 

t th need for pr viding tructural stability of the whole 

Y tern. 
m t mm n pr tot pc f the internal shell formations were 

au er hap ), point d and ribbed p inted. Figur 5. l I 
r cogniz d a. semi- ir .ular 

CXhibit u 1 m mm n p ·ibilitie 
f th t) pi al 

mpositi ns of external and 

inter nal sh II in th J ul I ·-:hell ··1111ph: . 
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CHAPTER 5 
1- - - - - - r Ex-te-rnaf shef 

/ 

pointed 

RESULTS AND DISCUSSIONS 
- - - .. 1- - - - - - - 1 

1_____ 
tnternat-siielt - - - - - - - , ________________ ..! 

1 

I 

/ 

( 
Bulbous 

Conical 

\ 

1) 

Pointed 

Ribbed· pointed 

Semi-circular 

/ 

. :, c( ' Fi - polntod , 

ex~ure ~· 11: JI/ us tra ti an . aft he ae rived cam Pas iii On GI pO!:s i b;/; tie~ a/ the inf e;;ar and 
rna sh ills in the di continuou double-shell domes. 

gic have been recognized based on the how these 
mp ,·. ositionally, two major t 

shells w . ct composed together: one shell and d 

sh 11 

ublc-shcll. The few numbers of trip! - 

rify th ir rigin as a sul di i'i n f the double hell in uch a way that one sh 11 

al111ost . I 
' •1 ' a s p\11 cd either a de wotive or structural r \c .. Th common shape patterns 

orth \ ' . 
vnnous shell .c nliguratinn in the Middle Ea. t and C ntral A ia can regionally be 

I' ist d ·is r 11 l 0\ s lig ... I.): 311 
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• One shell: Iran (OS-1, 2, 3), Iraq (OS-4 ,2), Pakistan (OS-3), Turkey (OS-3), 

Afghanistan( OS-1, 2), Uzbeksitan (OS-3) Turkemenistan (OS- 4, 1 ); 

• Two shells: Iran (TS-1, 2, 3), Iraq (TS-3) Afghanistan (TS-1), Pakistan (TS-1, 

2), Turkmenistan (TS-1, 3), and Uzbekistan (TS-1, 3);and 

• Three shells: Iran (THS-1, 2), Afghanistan (THS-1), and Turkmenistan (THS-2). 

Historically, one shell domes are the typical shape of domes in the early Islamic and the 

early medieval eras whereas the double shells are the general configuration of the 
' 

domes from the medieval until the late Islamic eras in all studied regions. The triple 

shells were rarely seen in the Timurid era when construction of domes reached its 

highest level and was never surpassed in any period later. 
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One shell= OS 

II I 
Pointed 

Shape pattern: OS- 1 - Jt.111 \1)11 1111\1 Ill J 111~llll' 11 ~ 

Pointed 
Shape pattern: OS· 2 

Semi-circular Conical 
Shape pattern: OS· 3 Shape pattern: OS·· 4 

Inn. 11 "' \f~h m 1.10 
Iran. P l1,1 - Tu: <~. l Ll>el•""' Iraq, Turlrrm1111slan 

pointed 
Shapo pattern: TS· 1 

Two shells= TS 

Bulbous 
Shape pattern: TS· 2 

Iran I' l1 rn 

Conical 
Shape pattern: TS· 3 - - I in, Ir I· I url-.11\t,;IH'\t.Hl, li1hc"1· t.U\ 

Three shells= THS 

pointed Conical 
- Shope pattern: THS-1 Shapo p ttorn: THS· 2 

~--------------~- -- 1 • · I " 1 1 1 Ir 1 I ,lr 

1 
R lire 5. I 2: 1/1 ust rat; 

0111 
oft lie deri ved .1Jiape po tier II! of format ion of ext e rna I lie II. 

I. 
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CHAPTER 5 
5.3.5 Distributions of the four morphological features throughout the Middle East 

and Central Asia 

The final organizations of Eastern domes basically resulted from the long continuous 

evolutions of their generic elements. These four general features had frequently been 

utilized and constructed with the different emphases in the various regions of the 

Middle East and Central A ia. 

Regionally speaking, these aspects are often identified throughout the studied zones as 

follow (table 5.1 ): 

• The 
mm n a peel of a tern domes in the Turkey region are the lateral vaults 

surrounding a quare shape of central plan with the enormous size and scale. 

nc mi-circular hell on the other hand, is rested on the pendentives type of 

tran iti n tier and a man - ided drum hich is considered remarkable in thi 

rcgi n. Tw ample f the load bearing walls and qulnche samples had been 

recognized; 
• h c mm 

11 
a ct f d me in the Iran and Iraq region arc double- h 11 

c nfigurati n 
hich tand on th high cylinder drum and quinch t p of 

tran iti n ti r. 'I h sanu I s f I ad b aring mo ti c n i ted of the ari u 

c mp siti ins r the ar he· and s lid wall . Th frcquenc f ne and thr 

sh •lls urc less than th loul lc-shdl donH.:s· s me cxarnpl is I the oth ir setting' 

< r load l -.1rin I s 'sklll hu I uls l c 't\ re .o inizc I su -h .lS ·tag nal shapes· 

• 'I he .omm n a I c ·ts of d unc in the A f •lrnnistan and l'akiston r ·gions arc also 

., Ill! sit it ns ' I ·' I I "" i II • \\,ti Is with \':tUltS on I WJllillc/l(' . t pc r tran ·it i n 

t icrs wh i h tu c tt 
11 

• I "it h dtlw r one r tw shcl Is tome . en rthclcs .• 1 

1 II I 1 l I l .. en k11• '' 11. 'I 11·· 111' ih •\1' 1vlcr ·ln1 l 
.11npk ll tit· thtl''-' \1..' st' 111 • Hll 1 .... • , .... , 
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of drum is the common aspect of this component in both regions. Note that the 

other forms of setting of the load bearing system had also been discovered such 

as octagonal shapes; and finally 

• The common features of domes in the Uzbekistan and Turkmenistan regions are 

also bearing walls with the developed compositions of the squinches and a high 

cylinder drum which is almost always topped with two shells more than one 

shell domes. 

Table 5. I: ommon morphological and typological appearances of domes in the Middle 
East and Central Asia. ~-----~~~- 

Common morphological and typological features of Islamic domes in tile Middle East and Central Asia 
Zone II: Iran & Iraq regions 

Zone I: Turkey region - Voe. bulun 
h_cfuh.1 -s: Pointed, conical and bulbous Voe but 

Shell sha 
Drum: very high with cylinder shape 

lli.illu;. not very high with rnany-sid d shape 
11~1n 11i,11111~r· Squmc/1es 

I ia11'111 11 1tc• Pendentives 
1 o.ul win• ·~~square and octagonal Load 
bearing systems 

Gr mm r 
Simple with drum wh1cl1 neither presented complexity 
tn de ign nor do arrang m nts. except for huge size 
and scale 

Gr min r 
Dominant compos1trons of domes is compound w1tll 
drum and complexity in designs and arrangements 

zone IV: Uzbekistan & Turlcrnenistan 

Zon III: Afghanistan & Pakistan regions •------- regions 

mt· crrcular, pointed.< rid bulbOu nnm1· very high with huge cylinder shz pe 
I ape 

huge quare load bearing 

qu r or oct gon..11 tyr s o 

~1th drum and complexity 1n II 1r 
te , g omen lcal d 1 n 

·1 l f the inc rph )I) ii ·al and t 'I ilogicul '\SI ccts ·I f the 
abk .2 c: 1 ist.s th listiil ution 

1 I 
1 

l•uni. l'nl 1hr iu ih int) the late: lslami · era in the liddlc 
s am i . d< Ill L'S I nitll I he -.11 I ' 

I I( I I I I t 11 11111• 1nl11rnl ll11•n. 
c 'I hi I llfl nth I II 1 11111 1111 fl\ I l ~ 15 
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East and Central Asia. In general, during the various Islamic periods, upporting system 

with load bearing walls and arches are the prominent aspects of domes (70.4%) in the 

Middle ast and Central Asia. The main features of transition tier are the various types 

of squinches. 

The main configuration of domes is the double-shell (54.3%) with the cylinder drum 

(72. 2%) during di tin t Islamic era . Nevertheless, the distribution of one shell samples 

is al o magnific nt (40.3%) in this region compared to the three shells. The majority of 

domes have compound typology (56.8%) in comparison to the lower number of simple 

typology (43.2%). 
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CHAPTER 5 RESULTS AND DIS USSIONS 

Table 5. 2: The distributions of the morphological and typological asp t. of the 
Islamic domes since the early Islamic era until the late Islamic era in the Middle East 
and Central Asia. 

'iJ" n;~diuvul fsfem11; tires· "'1r ···--·- -- 
.. -·-; - l.aie 1Sl8m1(:"&;a ··----· 

101h -12\h 131"-14111 15 -18 Total 

rt> en Cylinder -- --- -- 0 

c 

I 11) 5 Bearing walls 9 10 19 38 

z~ 
'O ~ Lateral vaults 2 8 10 1 
3 Ill -·- 
..J 

Other 1 3 2 6 1 

I 54 

ii Pendentives 2 1 8 11 2 

~ ~ 11 21 43 0 
!'? Soutnches 11 ... 

~1 
54 

Circular 5 8 20 33 7 

E 

I '::) 

0 Mc ny- 1ded 3 3 8 14 2 

47 

I One shell 7 6 10 23 4 

i Two shells 8 5 18 31 5 

I C> 

sn 
Three shells - 3 3 5 .. 

57 

rt >- 
7 5 10 22 ~ 

Simple ~~I Compound I 3 4 22 29 5 

. 't> 51 

fa11ly ISIHnVC. Early Lal~ medl"v"I IS'dnltc era l It! medieval Islamic era- 

70.4% 

8.5% 

1.1% 

0.3% 

9.6% 

03% 

97% 

0.3% 

4.3% 

.26% 

~ 3.2o/o 
·~ l 6.~ 

;· 

5.4 n ra] T pological Feature of the Ea tern Dome in the Middle Ea t and 

ntral A ria 

l l
. . r the l larni dome in th liddle sa l and cntral 

characl ni 

l\sia !din .d <111 i :1 kln:s:l' I ba .cd n their shell c nfigurat i ns and 
ha ' b .cn 

~ 'I he l m1m n dcriv cd 'lSj 'Cl 'I c f d un t pc logics can 
n1 r ten -c ( the drum . 

. • ' II . . v '(' tab!\ . l an I .2 : Turke : mnj rit I r i me' 
r · 1irnwll , l · s1 r1l1l'd us lo l)\\S · t 

. . • . . 
1 

·111 trull1 in c uu] nris in tc the .ornp und with lrum: 
ha · b ·n 1d ·11td1ul ~11111 k 111 ''1 

I ll' ' I ,,, 1111•1 111111111.1111111 
{\Ill I I 
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• Afghanistan, Pakistan, Iran, and Iraq: majority of domes have been recognized 

compound with drum compared to the simple with drum. Some samples, 

however, did not derive any sign of drum. The simple typolog without drum 

has been identified in the Iran and Iraq regions more than the Afghanistan and 

Pakistan regions; and 

• Uzbekistan and Turkmenistan: the compound typology is considerably found 

more than in the other studied regions. The frequencies of simple typology 

whether with drum or without drum are utterly less than the compound 

typology. 

It is interesting to highlight that a few samples of the compound typology without drum 

have been een in the whole studied zones. However, in the dome consideration, the 

role of cultural effect and regional agreements cannot be overlooked. 

xcept for the Turkey region the compound typology and the double-shell domes are 

remarkable in mo t of the studied countries including Iran, Iraq Uzbeki tan, 

Turkrncni tan, Paki tan, and Afghani tan. The sirnpl typology without and with drum 

are al, identified in the all ight region . Howe er, the irnple typolog without drum 

wa n t rec gnized in the Turke regi n. 

11 
th. oth ·r hand, th, ·1 urke r ·gion incl mks the ma· rit f the simple I mes ( 4% • 

mt re limn th~ oth1.:r r ·pi rns. 'I h · distril utions of l th compound and ·impk are equal 

()
o · ti 

1 1 11 
.. 

1,1 1. 
·gt.()tlS' whereas the c mp und t I olo i form th 1110•1 ori; , 

-o 1n 1 • rnn nn • 

( I
. I ' 111 the Af ihuni .tan and Pakistan re ii ns. ·1 he zbckistun and 

) l omcs 6. 11 II " 

'I 1. 1'11 .ludc tll hi 1hl'St listril uti 11. r c H11p und typ )I g\' ( . ..<Vo) 
urkn: ·nist1111 1\' •ion " ; 
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CHAPTER 5 
5.5 Common Features of the Pointed Discontinuous Double-shell Domes in the 

Middle East and Central Asia 

The pointed discontinuous double-shell domes have so far played a significant role in 

the development of dome architecture as well as these include the majority of the 

Islamic domes from the early Islamic era through to the late Islamic period in the 

Middle East and Central Asia. 

They conceptually appeared in certain shell configurations and geometrical 

structuralism that may exhibit the specific development of this sort of discontinuous 

double- hell dome the oth r dom type such as conical and bulbous domes. 

5.5.1 ommon Morphological Features 

In general the pointed di continuou double-shell domes expose logical de ign , with 

vigorou articulation of clear proportionality of their distinct !em nt . A a re ult of the 

analysi f the ca studic , the ornrn n comp nent (or ocabularie ) of thi t p of 

the I .lamic d ublc-sh II d me ar m rphologically Ii ted a f llov s: 

CJ Load b soring .\:)'Sll'/11: main b dy f tudi d example embraced the t pi al fe tures 

{ r th. Islamic de m 'S, thnt is, th l 1111 isiti ns >f. li I \\ ulls with whether blind ar hes 

or aults v hi ·11 in: s ·t as 1 nsitivi.: und nc mtivc ·01111 siti ms, s -mmctri ally. \oj zurc 

5.1 de] i ·ts th. Minus shai · patterns d ri ed Ir m the .tud · of tw .lvc case tu ii ~ 

that can b · mld1L·ss · I as foll )\\ s: 

-Cuses I :iml 1 I: PP 1-10 

• Cases 2 H < and I ( : PP I P ~ ' . "' 
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- Case 4: PP 1-6 (NP 2-5); 

- Case 6 and 12: PP 1-7 (NP 2-12) 

-Case 7: PP 1-8 (NP 2-10; NP 2-11) 

J]Il 00 
PP1·7 PPI°" PP16 NP2·5 NP2·10 NP2·11 NP212 

Figure 5.13: Illustrations of the derived shape pattern of load bearing system of th, 
pointed dtsconunucu double-shell dome . 

0 Transition tier: thi c mp n nt 

NP 2 8 

ed a high le cl f de cl pment in the p intcd 

di c ntinu u d ubl . hell d me . ·igure 5.14 pre nt the c mm n 

th transiti n tier, dcri cd fr m th tud f the twcl\ ca ' tudi . B th net-x aulting 

squincli 'IT and the c ns le mini-arch (IT 2 sq11i11ch t 'I e ha' been idcntific i 

as th, mmo» 
1 
r tot 

1 
, r this mp incnt in th p inte i disc ntinu us d ul le-shell 

de Ill .s. 'I he ·omnH 11 slw11.: I all ·rns cf transition tier f the studied c: umples .un \ l: 

·l;1ssi fi d as I lll )\ ..,: 

'use 1 : 'I I' 

'ns · : ·1 I -- 

' Isl' s ·I , ' 7 . 1 ( ; 'I l 3-. ; 
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-Case 8: TT 2-1 ·and ' 
-Cases 9, 11, 12: TT 2-5. 

lnillol hopes c~ 3---- 

+ 

Shape pattern· n. 3 
Shnpe panern· Tf· 2 

Sh P poll ru- Tl .2.1 - 

Sh pep ti m- TT-3·2 

Sh p p nem· n 2·3 

Sh. p p 111111 TT 2 5 Figur • 5. / 4.· ittustnu ioni of 1/Je deri: ed /Jape pa//el'll · of 1ransilion I ier of the pointed 

discontinuous doubl •-sh 1/1 domes. 

0 Ii I irnal sh •II: thi . is "hat 0ppc r • fr m the out id ' f the <lorn bui lding . It i th 

nl urchit .cturul it1.:m , hich' as cc nee! tuull 
und . non mou ·\ 

Islam i · pt . hs. 
11 

. thi k ncss is J ' J rti 11·1\I • r • Ju· • I fr Ill thi · l us t the ti\ 
rm: 

lll ci th 1 2 • r • an , Jo · 1111 \ it has the I 1int< l shap · pall rn ( cc lig 5. 12 'l -1 · 

1 lntcrnnl slwl! 
1 
his nl\'ctd th int ·r111tl I inc .ham I er and has ·1 sim: te gc mctri 

li>nrntl ion in c lll\J ru i. Ill Ill the c:tu n:il sh< II. \11 r ict, it is II cessar ' th[lt its get mctri . 

"'1 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER 5 
RESULTS AND DJ, 

shape fully conformed with the external shell for the purposes of transf rring fi rce of 

the upper components to the lower elements; 

D Drum: Considerable thought and effort were often given by the designers to make 

the building as high as possible using the tall drum. Its thickness must be 

sufficiently massive in order to transfer and neutralize the vertical thrust of the 

external shell to the lower items, especially the internal shell. In fact, the 

di continuous double-shell domes are considered as one of the highest samples of 

the astern domes, with an average height of 30-35 meters from the ground; and 

0 Internal stiffeners with the wooden strut ·: these are architecturally specific factors 

of such a dome called, 'the cornpo ition of the radial brick walls with the wooden 

struts'. 

enerally peaking, they were built in the space b tween the two shells for the main 

purpose of filling th empty space and to support the external hell. The radial wall 

are div id d into two type of primar and secondary ( mailer than primary ones . ee fig. 

5.15 a 1-2). Th, number of th radial \ alls aricd fr m 4 ultan Bakht Aqa fir t 

ample) , 8, 14, t 18 within th height aria.nee of to 15 meter). The arc affiliated 

ith the size th, span. ·1 hc x all thi knc al· changed, but n t le · th, n 40 cm ha 

e n s en fig. 5. 15, ·- . 

It is n .c ssnr tc 1 tint ut that the urnn 1c1m:nls thl: internal stiffeners and thci1 

numb ·rs ha c n tl l . ·n alt .rc I li 1• S. l 
· \-2 is \ result cf conserv 1ti n.11 

inter cntions, su ·h us rq l11c1.:mcnt if the w kn struts 

rcuu val il thc w mh..·11 bi.:ams Ii 1 •• l 1-1 .An ith r e: m11 le is melt d imc 1 tht: 

Mi1 rnl 111 «trasa with the S\ · ·iri · ir .hc I · umc 'lion whi .h '' ·r u · l t l r vi h: 

Ill 11 • ..,tll\ il1t !'11 th·' hole tcm \ ccuu 
r il~ )b\illll. int .mal I o 1· \ k I I,, , • ·- . 
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They are arranged compositionally based on the vernacular architectur agr m nts. For 

example, the vertical wooden posts were often seen in the Iranian sampl s (fig. 5.18, d 1, 

2). However, the pairs of the small wooden pieces, which connected the radial walls to 

the drum's body, are the predominant features in Uzbekistan Turkmenistan, and 

Afghanistan (fig. 5.18, el 2). Sometimes, the specific design had been used in the 

important buildings such as Gur-i Amir in Uzbekistan which has a unique composition 

of wooden struts inserted on a vertical brick cylinder wall. 

(d·1l 

ClliO' 

/~ 
1 ....... • _1 

/ 
/ 

..... 

Figure 5. J : Various ;11remol con ig11rurion of suffcners and wooden struts of the 
pointo! tu ·011ti1111011.\ chm! le sh •II dome· 

'I h .sc \: <. c kn hcums 1 r )l ul I ap1 .nrc Ins th· ll ng l ic cs embedded with the 1111.:ri lian 

slif fen irs horiz >nl:tll nnd vcrti ·all·. 'l he r 'Ill \.ll le w ()I ·n trut have la i all, l • .'t 

into the ti -viscd ht lcs It -.1tL· l n th· thi .kuc ·s l the brick walls stiffen •r . l he 

W< 
0 
kn sli ut iltcn iucr \I in 1l inlhu..:11 ·1.· l the 11\ ilit u h d uue in n I 1 t 

diffusl' bcu ·r the illious lo:i Is I 1th pr .,·cnti< n l I th s1 lit b Tad: . 
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5.5.2 Common typological and geometrical compositions 

Historically, the pointed typology contained the majority of th di continuous double- 

shell domes in the Middle East and Central Asia. Using the primary definition of the 

pointed-pattern, the generated profiles of samples are categorized in this typology, 

provided that their lower arcs (primary and secondary) are tangent to the two vertical 

lines. 

To have such a property, the centre points of the lower arcs (primary and secondary) 

. gg' .. , m1 .. 
have to be set on the span line meaning that =11 =- s=O. In addition, since the 

n1 

proportions of the breaking points ( m3 s) on the span line do not show clear values, the 
n3 

angles (25', 30', 45' and 60 ) have thus been proposed for determining the breaking 

points. 

As a re ult of th analy is of the example , three sub et of th pointed pr file 

ace rding t th number [their entrc p int ha e b n reccgniz d and c nfigurcd (fig. 

5.1 ): 

J Tw -c nt r c.l pr tile: Th· cu. · 2, 5 and ' er anal zed a. d n the al-Kashi mcth d 

. {[2/ 4ah] } {(-18a/ J } und : r '<111i:1.l'd usin, th. I antint.!t .rs )I the new s -sicm: 0 ,0,0 , 0 ,0. . 

J 'I Im; »c ·nt .rc I 11 file: It is Htl • itkntilicd in the case 12 n (ruin I to the folk" in l 

{[o] [21 ~01 ]} 
icom ·tril:nl I tttillllt:lt'rs: 0 .L 0, 11 ii · 

Four .unt .rc I J 1 lliks: 'l h · m.~j( rit ' c [' the as •s I, ~ • l. , 7, 8. 

·ut '< iii .d in this •rnup t nstd in till: lillnt:nt 1\.: mctricu] panunctc: : 

tnd 11 \I • 
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CHAPTER 5 

{[
2/lOab] [4/lOab]} Case 1: , L'.30, ; Cases 8 and 
0 4/1 Oab 

11: {[4/8ab] L- ~ [_/8ab ]} . 
0 ' 5/16ab ' 

{[
2/8ab] [6/8ab ]} {[2/6ab] [ab ]} cases 1, 3, 6, 7, and 10: 
0 

,L'.30, 7116ab ; Case 4: 0 ,L45 216ab . 
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CHAPTER 5 

Ex: rr I and lf'letrQI shell 

E ·em.l she 

2 .. 
erl'al she 

1 

3 

1/1 

5 

7 

( 

4 

6 

f 
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CHAPTER 5 

1/8 ab 
Extem I stiel 

H 

9 
111' I 1 hUll 10 

r.:• rn I .t I 

11 12 

Figure 5.16:. .tematic geometric onaly i of the urve ed samples of the pointed 
typology. 

Th mm n pr t t pe f th p int d pr GI i g zn rail rganiz id ba cd n th 

g mctri al indi ati n a {[RJ LB [R ]} , h r (fig. 5.17 : 

' 111, an inte icr di iit 
111 

x ah 

(
171 J 1 x ah 
n1 ,LI, 

' 0'.4Y. 11 ab span .. B 

nd ix 1n:akrlha11'/ ro, 111, 11, 11,-= .4 .8.1 .und i 1.- .. 

7 
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CHAPTER 5 

H 

R -con ur Ion of I ti Pr I 

../oenved Common 

11n·t· I ial Profile 

RI:: l'S. ,. •'• !!i '"'1 ''1 
,,. ,.,.,. Ill l 

"'"'. 11/i 

(B) • -(>\ ·. '' '' '' '.'.' ·•' · ""'' 1<• or tM'• W'•"' " b \l"'' 1 t!!!.l ab]' R _ ,, ,J'. ,,,, '"• 

1 
- nl' ,,1 !- =-alt \ 111 .-B. \ 

"• /II 
, • __!. ab 

'{<f • />1>' 111, I p· ' ~oh 'I 

'.gurc 5. 17 . ") disconr . 7 he R<' ner . • r . . muou.\ 
1 1 

atum '~ -annnon g<'om trt I rototsl c o'the po111ted 
c o11 le I 1/J I r 'J -.\ H < om '''from th, I •re'iopcd gen •rol profile. 

11, • 3. • . I • and t= l, ~. 3 

lhercr iorc h· as d on tuc 
""' re 'l in 

1 
princi1 le c re m tri "lfiublcs an kind of the 

t'Vlntcd typ logy f tl ~ le lis c ntinu u I ubk· hell d me an b rganized b u iog 

ese g comctri indicati ns. 

On the Otl 
11.:1 hand l ·1 

~ . ' 
0 be rank ·u . lilt hr 

(ca e 
) 7 ( 

con~ ' orrn . I ( lo lh 

m th vane v th c ·t<fll hell ri '·the intcd d me· an 
, 

rt)' full.' 

10 \1 ml 

th 
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CHAPTER 5 
RESULTS AND DIS USSIONS 

snerp -~ 

' 
'ar 

var 

Figure 5.18: Typological clas i.fications of the pointed domes according to the variety 
0! their external shells' rise . 

The internal hell f rrns arc recognized as semi-circular (cases 6, 8, and 10), semi­ 

ellips (ca s l 2y 11, and 4) pointed (ca cs 1 2, 3, 5 and 7), and saucer form (ca c 

l 2z). Ncverthele , the pre ented analysis approach with its sy tematical presentation 

not only can b utilized as the yst matic elaboration of the geometric arrangements of 

the ext rnal hell of the pointed di continuous double-shell domes, but it also ha the 

P t ntial t c mp e an 
rt f th pointed formati n , uch a the internal h ll in a 

giv n ty] l gy such a · ca ·c l and 7: {[
211 Oab], L O [411 Oab]} 
0 '4/lOab 

ca e 2: 

{o [ 
/8ah]} { [I/ _ah]} , , . {[2/l ah] / 0 [8/lOab]} ,0 .. ,., , . o o and c,1 c . 0 , £ , . 

' 2 I 8ah ' • . ' ' II ... (I/ II Oah 

Bus1.:d on s nth .sis )f prolilcs of th ·:11.:rnal nnd intl!rnal shells, thr 'I! c mm n t I icul 

s11I 1· · · 
1 

· I 1 • 11f"11ttr ·I in ·ludin' shall w. 1m:di•1111. :111d 11,.11.11 
< 1 1s1c ns can also I · c 1:1·1' ct ,m \ · • 

l nii latcs , hi .h w re • llUi sc I "ith th di rfcrcnt shn: .s f the internal shall . u h 
1 

suu · 1, s ·111i-l:in.:ulm. scmi-cllipti .ul. in I J lint .d Iiu. S. 19). 
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F'' ig1we 5 T .!9: 11/11\·tr u · a ions o th' rn111111011 I •ri\'ed f.1picalform ·of the pointed domes. 

ur-ct.:ntcr d pr file with it 

n idcrt.:d a popular 

[ 
/ qah ]} . which are 

7/1 11 
&'<>metric p, rum t rs: {[ 2 / 8ol} L 

geotnct . ric ·itt .: b • 11 ul S 

Not c that th 

I ct d f r detailed dr:n ing. 
b ~n 

th 
dr l'' , n l n f u .h a pr ii le. ·1 h 

l c a ht tc i sam meth d an I 
construct· ton t tl . us amp] 'is thu 

·qual part. . 
\'fl!p I: 

'lhc 
Point< 

and 

. 
Ill I 1 h I n clinc 11 n ) th ti r t 
int 'l in he l / \ l . 

It '" n. 

\'t1•11 1 · · I Ii 
) 

Ot 1 • 
i1111in , 

flht . in tl I 
I' I 1 7 

Iii 

fiJ~ I 11 I 
11 I 11 I 'I 7' 7/1 

• 
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CHAPTER 5 

Step 4: The compass is positioned on the point q and with the radiu qa', the 

final circle is drawn. The procedure is repeated with the compa s plac d at the point p 

with the radius pb'. 

Base point 

df 

• 

I 
~ 1/rJ ab 
'j 

~~ 

Stop 2 

' 

1/811b-0 -. 1/8ab 

' Step 1 

fir tArc 

\a 
' ... 

+ 

7/16 ) 

~I 

' 
Step 3 

hp4 

"1glll't' . o. I rowius: ,\/t'/J.\ o the profile o "point cl typo!« 'V. 
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CHAPTER 5 

The exhaustive geometrical formulation of the pointed typolog demon trat d its 

superior development and architectural conceptualism. This mainl o urr d du to the 

collaboration of mathematicians and the architect's artisan . 

5.5.3 Construction Method 

Most domes were built from less flexible materials such as stone, mud brick and baked 

brick. Brittle ceramics were used to cover the exterior faces of the external shell and the 

drum. The construction technique for arranging the brick layers varied depending on 

the zastem dome types. In this sense, in the construction of a dome, bricks can be put 

together in three differ nt way . In the first method (corbelled), bricks arc placed with 

horizontal courses and the upp r row of bricks protrudes over the lower row at the 

centre. In the second method the direction of bricks is always normal to the generating 

curve of the d me urfacc. In th third method, a few ribs are fir t ere ted, after which 

bricks arc put betwe n them to complete the dome. 

The common method for erecting the pointed discontinuou double- hell d m involve: 

the building f half f the internal , hell within the main r f. 'I he drum and the 

tiffcncrs were then built t gcthcr and the re. t d nth I wer comp n nt . 

The last task i t lose th c: tcrnnl hell and t 'ct the w d n struts i 11 the dcvi cd 

h iles bctv L'Cn th radial ' alls f '· . 2 I. c).'] he cul us of the internal shell j fin lily 

compl •t. I. In the extern ti shell c< nstruction. the dire .tion of the l ri •k n ws i , lw, 

normal t th· icncrut .d .urvc f the Imm: surfa .e (Ii 1, .21. u . 

imp issiblc t) continu · usin ' the sam • mcth >I near the ip · )I I oth the . hell ,, h 1 th. 

cm] t orulu l' , .re I> ·at xl, 'I hcrctorc the n ws >f l ri k wcr 11., 
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CHAPTER 5 
(fig.5. 21, b). Finally, the metal protection was set on the kick point of th xternal hell 

in order to protect the top of the dome against rain and sno . 

Brick rows 

----------- (a) 

Figure 5. 2 J: Bricks row or rang anent of the external and internal ihells 
discontinuous doubt '-shell dom ts. 

5.5.4 tructural lrnracteristics 

'I h r ss-s, ·ti in fa I < int I I r file s ·cntiall ' i a ten i ml s shape. l he ., · um; ti n 

or n t ·nsik. str n uh fo1 mu nr material lea 1 to u 11: m .tri ·\I ·rit .ri n that r JUit 

.crtain minimum lim .nsi: ns 1'01 nil clement if the d me that the line I tluu t ,u 

a· .omn: l:ttc I \\ ithin the thickn ss nl the l me. 
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CHAPTER 5 
RESULTS AND DJ. 

Professor Heyman has incorporated this "old" theory of masonry structur s \: ithin the 

broader frame of modern limit analysis. This scientific theory wa pr c ded b another: 

the traditional "geometrical" theory and designs of the old ma t r build rs. Both 

theories tried to solve the fundamental problem of structural design: to design safe 

structures, that is, to understand what makes a structure safe (or unsafe). Both theories 

arrive at the same conclusion: "the safety of a masonry dome structure is a matter of 

geometry". 

On the other hand equilibrium is achieved through a proportional geometry and, in this 

way it i pos ible to construct safe masonry domes. Indeed, the old traditional rules for 

the design of ma onry d me were geometrical in such a way that they defined certain 

prop rtions b tween the tructural elements (for example, the thickness of the wall- 

ection is a certain fraction of span of the dome). 

In thi regard, th four deri ed t pological templates of the point d disc ntinu u 

double- hell dom s have been mod led by u ing the ABA oftwar in rdcr t 

under tand generally the v cakne p ints of uch d mes in their ge m trical c 11 ept: . 

Bccau 
f I c ·imilaritics c i ting b l\\ cen char teri ·ti · f the . hall \\ and 

medium t pcs, nl the shall \ template have ccn m dclcd. ·1 he internal ra Iial 

stiffeners ar ign red so a t id ·ntif th' limited hell behavior onl · und r the ir: vuv 

load. 

i. FF I motfrlit1N of ~/w/low f(1mp/ate with the two [arms c>f internal stiou 

( utci di:11111..:t ·1 ol lhl: d nnc 11:1111 lute is 11 m .1t the ha ·. lts h ·i 'ht fr m the b I c i 1 m. 

I he Ihi ikn iss ll lh sin ik· hl'll vari · Ir un th· 0.7( Ill nt the ba · to l. m .il \ \ t 11 
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CHAPTER 5 
vertex. The shapes of the vertical cross-section of these dome template are mpri ed 

of firstly, two intersected of the pointed and semi-circular (paraboli ) £ rmation (fig. 

5.22a) and secondly the pointed and saucer formations (fig. 5.22b). Th arious results 

were obtained for both shapes of dome templates subjected to v eight load, with 

bending and tension suppressed throughout their shell. 

In terms of composition of the pointed and semi-circular shells formations, the hoop 

stress (blue color) showed a high level at the external face of the internal shell. Also, 

considerable amount of ten ile trength (red color) existed at the springing points of the 

external shell. A compressive tensile force with the highest level appeared at 

conjunctions of th drum and the internal shell (fig. 5.22a). In terms of comp sition f 

the pointed and auccr h lls formations, the hoop stress (blue color) arc ignificantly 

reduced; wher a t n il tr ngth (red color) still showed c n idcrablc amount (as 

compre iv ~ re ) al the conjuncti n of drum and external face f the internal shell 

(fig. 5.22b). 
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CHAPTER 5 

(a) 

ii. FEM modeling of harp ample with two forms of internal hell 

T h ut r diamet ir f th' dom, t mplat i l 2m at th b c. Its h ight fr m th 

1 Sm. 'I h thi kncs f the single- h 11 arie fr m th .97m at th ba t 0. m • t th 

t p ert . 'I h . hapl'. f th erti al er 
m i mpri cd f Iir ti ,_ 

!ig. 5.2 nd 

pc i nl l an l s "'i· ·lli 1 ti al le nnat ions. 'l h vari u · re ult v re btaincd r l ch 

shnp s ii the. . h me t ·1111 latex, ·uhjc .tc I I > we! •hi loa I. ' ith l cndin and ten i 11 
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CHAPTER 5 
In terms of the composition of the two pointed shells formation , th h p (blu 

stress showed a high level at the internal face of the xternal h 11 and al at th 

external face of the internal shell. A high level of the t nsil trength as compressive 

force (red color) xi ted at the conjunction of the drum and int rnal hell fig. S.23a). 

In term of the composition of the two pointed and semi-elliptical formations, the hoop 

stresses wer considerably increased at the three parts of this template: kick point of 

dome, at pringing part of the ext mal hell and at the external face of the internal shell. 

The ten ile str ngth a compressiv force had also appeared at the conjunction of the 

drum and the internal hell (fig. S.23b). 

wit]! I oi11ted form o 
intern d sh. II. 

7 
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CHAPTER 5 
Achieved results from structural analysis of the selected dome templat ignifi antly 

proved the profound knowledge of master builders in the u of int mal tiff ner and 

wooden struts for protecting vulnerable parts. It also demonstrated th rol of geometry 

and certain proportions in the dome profile design which can al o guarantee the stability 

of the masonry domes. 

The analysis of four nominated samples without internal stiffeners generally represented 

four typical vulnerable parts (hinging points) of the pointed discontinuous double-shell 

domes which are clarified as follows (fig. 5.24): 

1. Junction of the drum and internal shell; 

2. The springing points of the internal shell ; 

3. The pringing point of the external shell ; and 

4. Kick point f dome. 
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Cu 12 

\ 

r ------'-------------~--- 

' Case 8 : Cas 11 ' , , _ 

Figun: 5.2./: l/lusrrntion of the typical' uhzerable parts of th' pointc I discontinuous 

double shell lom -s. 

In fa .t, lh 'SC I ints nrc criti 'al I ints r '\I ·h I me . 1 hcu l '( mitir n .\IC u tu! in 

l .uus ol ti iin 1 prinHlr a tions in an xin crvalic n inlet vcuu in I in 1 r 

us s. But plannin, nu I nH r lcsire I intcrv nti n ti. r impro •in, th1.:ii till tu il 

ta\ ilit · Jrnvt to I l < r 1aniz1.: I Incl t n vurl u 

·rn\s1 I ·1.1th n ab nil ·,n1 · of th i1 lnm.1•in1. lh 

rndial , all h1,:l\ ·1.:11 \\ l lwlls h ul I I · tt I\ ii le \ \ iu < I th i1 Ult 111 
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CHAPTER 5 
role in supporting both drum and external shell. In general, the k.nowl dg f th tudi d 

vulnerability parts in the pointed discontinuous doubl - hell d me help to give 

conservators a brief overview of approximate locations of the criti al points before 

doing major interventions. 

5.6 Summary and Conclusion 

The dome i one of the most efficient shapes in the world since it covers the maximum 

volume with the minimum surface area. It was preserved in many cultures and gradually 

translated into more permanent a family or royal tombs, a cult house, and so on. 

Ther fore, there i no hi t rical ju tification for the exact a umption of the d me 

origin . Logically, d me had be nu ed to rcpre ent the different a p cts of yrnbolism 

meanings ba ed on the dominant thoughts of the specific period. 

nth ther hand, the main differ nc b tw en the ·a t rn and We tern d mes ma be 

highlighted according to their con truction te hniques of tran fcrring fr m the qu re 

plan t the circular ba e of dom . T\ traditi nal method \ er' adopted: the 

pendentives and th ... squinch« ·. The e scnce f b th, h wever, d rive fr m I astern 

c iuntrics r .spccti el : Persia and Turke . 

Esscntinlt hi tern d )111 'S on l seen as the re ults c f I nu c ntinu u c.k:\ cl )J mcnt 

in th· ·111 icnt M .sop tamia anti ur ab ut 00 

cm ttl cut the 18th .utur · in th· 

·rn1 'L'l ts ·spt .inll • 11< uri hcd tit -r th· c min 1 ol l l,1111 ind 11 o , ith 

\ ·l\ 1..· •11 th. ·d1..·h1 11 • l 11h1lh -uuui ·i in "ho t nit 1u1 ·d th m h 1 • i t n th. ill 
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CHAPTER 5 
geometrical compositions. In this regard, the role of the dynasti s ' hi h d el ped 

specific architectonic structuralism in the Islamic dome cannot b ov rl ked. 

The prominent Islamic dynasties that had ruled during arious p riods in these 

territories are respectively highlighted: Samanids (819-1005A.D.), Seljuks (1038-1194 

A.D.), Ilkhanids (1256-1353 A.D.), Timurids (1370-1506 A.D.) Saffavids (1501-1732 

A.D.), and Shaybanids (1503- 1800 A.D.). 

The common compositional a pects of Islamic domes in each dynasty can be addressed 

based on their shell organization as follows: 

• amanid : the primary signs of collaboration of the mathematicians in the 

I Jamie d rn de ign a well as the con truction of the semi-circular d mes; 

• eljuk : the di tinct type of the conical di continuous double shell d mes, 

cylind r t mb tower topp d whether ith the c nical or p int d f rmati 11 

wh ther n r two hell ) and fir t appcaranc of th p int d di ntinu u 

d uble-shell d me in the Middle ca t: 

• Ukhanid : prcading th vari u t pc the p int d di ntinu u nd c ntinu u 

d ublc- shell d me and ntinuing th c n structi n f th nical d me : 

• Timurid ·: d cl ping th g rnetri al and c nstru ti n pr petties the p iintcd 

di c ntinuous d ubl '-·hell d mes th minant c llaborati us f the c .lebrutcd 

mathcmali .ians in dom dcsi 111, and • J pcurancc o! the distin ·t tripl 

dom ·s (as a r .sult l f lcvclt J lll, stru tural an I ur .hit .cturul kn 

• Saff:" id : HJ I ·ari111 o th 
om 

lit ratur • as oni in shd\K's , ·1. n tru ·tion (I the I oint t n n Hi n . 

th· co11stni ·tion )! th~ ni -.ii dl Ill ·s ind ·n lin 1 lll thl: · ·oluti n 1. 

clo1111..· in th· li 111 • I· 1 t: .ind lina\1 ' 
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• Shaybanids: continuing the construction of the pointed di ontinu u 

shell domes and ending up the evolution of the Islamic dom in th entral 

Asia. 

CHAPTER 5 

In fact, in the Timurid Saffavid, and Shaybanid dynasties the Islamic dome 

conceptualism reached the zenith of its development that was never surpassed in other 

periods. The various types of discontinuous double and triple shells are the results of 

these eras. Although these dynasties had directly influenced movements of the 

architectonic conccptualisms and configurations of the Islamic domes, the role of 

vernacular architectures' themes and the language of regional agreements, which 

peci fied th d m formation , cannot be verlooked. 

The a tern dome included four main comp nent including upp rting syst cm, 

transition ti r drum, and hell( ) which their d elopmcnt during variou p ri ds 

manif stcd the final configuration of ·a tern d me . As a re ult of the anal 11 fift 

three ample , the following finding can b addre cd and pr scntcd: 

• upporting y nem: it is th main b d f d m with ne t\\ , and thrc 

p ncd- side s. It architc t ni ncept c mp siti n f the p itive and 

negative t rchc and ault · v hich r s t ut s -mmctri all • urr unding a cntral 

plun. M st the dome · in the 'I urkcy region in ludcd the c mp sui 11 

wulls , ith ht .ral vaults whilst th' l ad t curin 1 s • tcm ha I •·ui iu 

.om 
1 
osi tionnl un ·111 1cmcnts o I t he s il i I wul I ' i th bl ind d-ar .hc iu 1 , iult i 1 

the oth ·1 si: r · iiou in ludin 1 Ir m, 1t q. /\f ihunisuu. Paki t Ill. Uzl ki t n 

Kazakhstan and I nrku: .nlst m . ( n th t tht.:1 h 111 I. th Ii ti ibuti n , 

I i:m·in' · ·stl.!lll 1 n lllJ iti H\ it th 

m · si •nili -.inti ·in 1r · tlhtll the l .i 11 · 11in • m ' ith I 11 1 11 • ult 

... 
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CHAPTERS 
• Transition tier: the common compositional aspects of tran ition tier ar f und a 

net-vaulting squinch and console mini-arches quinch, whi h ar th dominant 

features of this component in Iran, Iraq Afghani tan Paki tan, Uzb kistan, and 

Turkmenistan regions, as well as semi-circular pendenti: e and pendentives with 

muqarnas rows which are only the main features of domes in the Turkey region. 

On the other hand, the transition tier with squinches formations are the dominant 

feature of the Islamic dome (79.6%) in the Middle East and Central Asia 

compared to the pendentive (20.3%). 

• Drum: three pccific formations had been recognized: many-sided, cylinder, and 

comp ition of both. The cylinder shap of drum is the dominant feature of 

d me in th Iran, Iraq Afghanistan, Paki tan Turkmenistan, and Uzbekistan 

r gi ns whil t the many- idcd had frequently been seen in the Turkey regi n. 11 

th other hand, the drum with cylinder forms i the d minant feature f the dorn 

buildings (70.2%) in the Middle Ea t and cntral A ia. 

• Shell: The bell i the mo t t Hing of th eclectic and intcgrati nature f th 

dome building into I lamic architecture. cept for the n hell ample th 

interi r and e tcri r hell f m t f th amples w re Iicn alike in ludin 1 

d ublc-shcll and tri] le-shell. 

fr 
111 

the me rphol )gi al view I int. th m ·t c mmon hap's the · acrnal h I\ 

w ·r re 1ionally id ntificd in each r 1i n as fc 11 \\:: 

Semi circular: 'I urk · ', lrnq, lrnn, ant P.\ki t \11: 

•0111ca/: lrun Ira l· 'I urk1m:nist.m un I lJ l ki t m; 

l'mnte<I: Iran, I 1lwnisl 111, \ zl ckistan an I '1 urkni ni t m: in \ 

lltdhotl\ ( ni in in me tc tuul liter 1lt111.:s : Ir in ml P tki t m. 
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CHAPTER 5 
Note that the internal shell, which is considered as the dominant fl atur 

domes, were rarely shared similarity. Its configuration strongly affiliat d with th form 

of external shell and also structural stability of the whole sy t m. e rth I the most 

common prototypes of the internal shell fom1ations w re r cognized a semi-circular 

(saucer shape), pointed, and ribbed pointed. Ne rtheless, the double-shell domes 

involved the majority of domes (54.3%) in the Middle East and Central Asia compared 

to the di tributions of the one shell (40.3%) and the three shell (S.26%). 

from the typological point of view, majority of Islamic domes in these studied countries 

had the compound typology (56.8%) in comparison to the simple typology (40.3%). he 

Turkmenistan and Uzbeki tan r gions included the majority of the c mp und samples 

(82%) compared t the other tudied r gion . In fact the distributi n f compound 

typ logy thr ugh th f ur tudied zones can r pectively be ranked a f l\ ws: 

1. Uzbeki tan and Turkmeni tan regi n (82%)· 

2. Afghani tan and Paki tan r gi ns 62%) 

3. Iran and Iraq region 50%)· and 

4. Turke region ( 4%). 

n the h I· indm tplgi',th' result were hicvcd asicall for rcgi nal 

b unds, but th re is als a spread f cultural t -pc b 'ond the re ii nul b rdcr . A 

results t I anal sis on fin three I unc ample , it wr s d .nu n. trat I that the d ul le­ 

sh ·II ti( 
111 

·spin cd tht: si 1ni!icanl n le in the chm I '\1ck11 m ·nt in the \i l 11 · I·\ t in I 

Central sin. 'l'hc dis·< ntinu. \IS lou' k- hcl! I 11\\L' in .lu 1 I ihrc m iin ul th i i n 

su .h us onicul I )illll'd and hull n1 . 
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CHAPTER 5 

on id erable The pointed discontinuous double-shell domes, 

distance and presented complexity in design, involve th majorit of d me from the 

early Islamic era through the late Islamic period. As re ult of anal i on the twelve 

case studies in the four countries including Iran, Afghani tan Uzbekistan and 

Kazakhstan, the six generic forms had morphologically been recognized and listed; 

these are load bearing system, transition tier, drum internal shell, external shell, and 

internal tiffeners. 

According to the d veloped initial profile with its new geometrical parameters, 

typological and geometrical languages for the pointed discontinuous double-shell domes 

had been sp cifi d and th ir a s ciated geometrical parameter had been arranged. By 

using d v loped drawings' steps, the geometrical design for the external shell of pointed 

di continuou double-shell dome were drawn and elaborated. ·1 he tw typi al 

formation , including the sharp and hallow t mplate and th ir four identified ub­ 

divi ion had been organiz d and configur d ba cd on the four identified internal shell 

hapes (including mi-circular, erni-elliptical pointed, and auc r). 

T sum up, the c mm n method for erecting u h an Ea .tern dome involves the 

building f half of the internal shell ' ithin it· main ro f. 'I h drum and th1: stilf~n~r. 

were then built together and the ' rested on the lower imp ncnts. 'I he la t ta k i t 

.lose th c: tcrnal shell and to set the wo xlcn struts in the I ·vi I hole · bct« en the 

radial v nils. 'I h · o .ulus ol the internal shell is finull • l'( mplctc I. 
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CHAPTER 5 

Structurally, the FEM modeling of the four nominated samples demon trated th riti al 

role of the radial walls in stability of such domes; four vuln rabl part had al been 

recognized in terms of primary conservation interventions. everth l irnpro ments 

of dome structural stability need more detailed structural inv tigation . 
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Research conclusion and Future Works 
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CHAPTER 6 
CONCLUSION 

6.1 Research Conclusion 

Eastern domes hi h · 1 d th · 1 , w ic me u e e various typo ogical and morphological 

conceptualisms, are widely employed to represent the different aspects of symbolic 

meanings, especially, after the coming of Islam. This research involved new 

frameworks that defined systematically their general vocabularies and grammar . In 

addition, the pointed discontinuous double-shell domes have been considered 

theoretically and practically. 

Chapter Two concluded with the general proper terminologies and symbolic definitions 

of the Eastern dome. In general, it found out as one of the most efficient shapes in the 

world since it covers the maximum volume with the minimum surface area. The dome 

was preserved in many cultures and gradually translated into more permanent materials 

as family or royal tomb, a cult house, and so on. Logically, one of the oldest specific 

symbols of dome was the vault of heaven; that is why domes in the ancient Persia were 

always painted with blue or black colors. 

In following, the main differences between the Eastern and Western domes were 

highlighted according to constrUction techniques of their transition tier; this element 

was used for transferring from the square plan to the circular base of shell(s). Two 

traditional methods were adopted: the pendentives and the squinches. The essences of 

both h h r derive [rom the Eastern countries of Persia and Turkey 
approac es, oweve , · 

The 
. di . t d separate steps of development regarding both Western and 

re exists a 1st111c an 

E t d 
hi t ovei· historic eras. Furthermore, the influence of Islamic 

as em orne arc 1tec ures 

d 
hi t e cannot be disregarded. 

omes in the Western arc itec ur 
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H' CONCLUSION 

istorically, before the coming of Islam, the oval arches and corbelled domes formed 

various part f 1 . . . . . s o t re tradition masonry bmlding from the early beginning of the invention 

of the arch · in the Asur and Mesopotamia. The approximately egg-shaped forms were 

made regul l hr ar Y t ough the use of practical geometry, perhaps about 2000 B.C., when 

the dime . nsions and the importance of their construction required. 

Apart from the· · · · · 1 hi h · ·1 ir ancient ongms, the prominent samp es, w ic pnman y appeared 

remains f 0 
a large dome building excavated in the Parthian capital at Nyssa 

(Turkm · enistan) and the oldest signs of Persian Zoroastrian temples or 'chahar-taqi' 

(four va lt ) . u s as innumerable samples of oval-shaped domes. Then, wooden domes were 

the common dome techniques in the Near East, especially in Syria and Palestine. 

Soon ft . a er, mtroduction of using dome in Islarnic architecture, every dynasty had 

unproved technical methods and prompted new artistic qualities, without destroying the 

older fo · · · d rms. The most dominant Islamic dynasties that had ruled dunng various peno s 

in the M. · · · S id (819 tddle . ast and Central Asia are respectively h1ghl1ghted: the amam s - 

I 005A.D.), Scljuks (I 038-1194 A.D.), Ilkhanids (1256-1353 A.D.), Timurids (1370- 

1506 A D) · .), afavid (1501-1732 A.D.) and haybanids (1503- 1800 A · · 

On th . id d t t al e architectural point of view, the dome can be consi ere as a s rue ur 

consonanc and a hierarchy f ordered parts, that is, the relationship between the 

Internal pace and tru turn! mo.sand/or p itivc-n gative spaces. Morphologically, the 

Fa , stern dome consists of the " ur general c mp ncnl ' called vocabularies: supporting 

sy lern tra · . d 
1 1 11 

Typ 1 gically ba cd on how the shells are 
' ~ nsiuon tier rutn, anl 1c s . ' 

arrang d tog th r. th Eastern d me can be col goriz d a : one hell (the earliest type 

or I h , Enst crn do 111 cs , I wo sh · lls. n n<l th rec shells. Trip I c- h , II d mes a re con i dered a 
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CONCLUSION 

a eveloped h f s ape o the double-shell domes in such a way that one shell almost always 

plays a decorative role. 

Regard· mg the double-shell types based on how these two shells are composed together, 

two subdi · · ivisions have been defined: continuous arid discontinuous, respectively. In 

discontin uous double-shell domes, there is a considerable distance between the two 

shells Th . · e discontinuous double-shell domes are specified according to their external 

shell sha . . P into the three sp cific typologies: conical, pointed, and bulbous. The pomted 

1Ypolog h. . Y istorically contain th majority of the discontinuous double-shell domes in 

the M. tddle ast and entral Asia. The exhaustive configuration of such domes showed 

the SU . penor advantag f their architectural conceptualism that never observed in any 

other type f dam . 

Accardi . . ng to historical inve ligations a outlined in Chapter Two, the research was 

basical! Y organized into two p cific parts for answering main basic objectives of this 

Research· 

•To xpl it the gen ral archile rural language of Ea tern domes including their 

c mm n m rph l g typ logi and th ir di tributions in the Middle East and 

cntr l /\. ia; and 
• T idcnt i f th • f rm al Jangua re f the p intc<l di c ntinuou double h 11 

d >m ·s su h as th •ir m rpht I •i .ul a. p .cts, ul -t pc· geom trical de ign and 

stru turul .luun ·tnisli .s, 

In th'. IS t • 1:ml . 
, 

1 
·r I l ·tht j • whi ·h were de dopt:d 

hap: 1 I hrcc in ·lu le I the mu t11t me 
. I . rhc \ ·11·1°()llS nn<il 'S r l th I·astcrn 

ns1t 1:nng ... ' · o tll:cord · 1111 10 [uautitutiv · urvc •: I'll 

.-o 
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CHAPTER 6 CONCLUSION 

domes and the pointed discontinuous double-shell domes, in the Middle East and 

Central Asia, since the early Islamic era until the late Islamic era. 

In the part one of Chapter Three, the specific table (table 3 .1) was quantitatively 

developed in order to examine, the distributions of the four morphological aspects such 

as supporting system, transition tier, drum, and shell(s) and two common typological 

aspects: compound and simple. Fifty three domes as Research samples were selected 

from the eight countries; these are Iran, Iraq, Afghanistan, Pakistan, Uzbekistan, 

Kazakh tan, and Turkm nistan. 

In the ccond part f hapt r Three, the general geometric profile was developed, 

according to th al-Kashi approaches for the purpose of derivation process of the 

geometrical concept of the pointed discontinuous double-shell domes. The biggest 

challenge wa in creating th flexibility of the initial profile, especially in the breaking 

Point 1 cati n that allowed th po sibilitie of covering various dome designs. The 

result includ d two optional chara ter for the breaking point reorganization. 

Additionally, their ar hitect nic 111 rph logical a pects and characteri tic had also been 

cvaJuat d. Th n 
11 
'W param tric t rn x a proposed f r formulating the geometrical 

chara teristics f thi · dcvcl ped g ncra] pr file. 

haptcr Four r 'prcsentl:d the hist ricnl and architc tural cxplanati n f ca c tudie 

anti their uss: iutcd anal ·1.: 1 as ,0 11th, 1 rep scd meth ti' from haptcr 'hr zc. 

Acccrding to the I r .scn: d 
1 
.sults in 'hni tcr Five. icncrel rcncric features of d me: in 

this r ·a1111 •• 
11 1 11 1 11 ,,, c- ll .1 I l L' 1rin' s ·st rn ' ith c 1111 osiuon · f th1.: 

• I )L' I ( res 'l' 1IS l ·'• ' ' 

soli I all .11,,111. 
1 1 1 

?( 1010 \C/llillchc.\ tmnsiti n tier 79.4% -lindcr drum 
' . ' I fl l; ( .Ill' l c S , I • 

(7() 01 
•· 10 • ·111d twc sh .lls I 

o' 'I Ill' I Hninanl listribution 1f thci: l 'P I iic: l 
• 10 • 

Univ
ers

ity
 of

 M
ala

ya



CHAPTER 6 
CONCLUSION 

appearance in the Middle East and Central Asia encompasses the compound typology 

(56.8%) which included respectively the majority of domes in Uzbekistan and 

Turkmenistan (82%), Afghanistan and Pakistan (62%), Iran and Iraq (50%), and finally 

Turkey (34%). 

The derived morphological features are listed including five shape-patterns of load 

bearing system, five shape-patterns of transition tier, the external shell characteristics 

and its associated geometry, the internal shell properties, both shells' formulations, the 

drum charactcri tics and composition aspects of the radial stiffeners. 

Regarding the second part of Research, by using the general geometric profile with its new 

geometrical parameters, typological and geometrical languages of the pointed domes 

were put forward. Tw lve ca e studies of such domes were selected from four countrie : 

Iran, Afghani tan, Uzbekistan, and Kazakh tan. The morphological traits the e 

examples, however hared some similarities with the previous studied cases in the part 

one of Re earch. 

Th n, th c mm 
11 
geom tri 1 r file of th p int d di c ntinu u double- hell d me 

wa g ncrat d and their gc m tri al languag pr entcd ba ed n the prop ed 

parametric s stern. In this sense, thrc ub-t pes f th p int d d m are rank -d ba cd 

n the gc 
111 

.trical patterns or their external ·h ill · the arc the shall ' , medium and 

the shar: 
1 
cs. Finull .. a snrni le )f gc 111 ·tri drawing steps wa al, cxtcn: ivcl 

~lnborah.:d. 
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CHAPTER 6 
To sum up, despite the variation in the construction techniques for arranging brick 

layers of shells, the direction of the bricks' rows is always normal to the gen rated curve 

of the dome surface. In the last step, the structural analysis of four nominated samples 

approximately showed that there exists four typical vulnerable parts (hinging points) 

such as junctions of the drum and internal shell, the spring points of the external shell ' 

the spring points of the internal shell, and subsequently, kick points of the dome. 

Recognizing the approximate locations of these points is necessary when planning 

primary actions in any conservation interventions. 

6.2 Contributions to Knowledge 

The Research conclud with primary and secondary findings that can contribute to the 

body of knowledge; the primary contributions of this Research can be listed as follows: 

1. Developed pecific general profile based on the al-Kashi geometric principle , 

not only for analyzing both the pointed and bulbous domes, but it also off r a 

unique computational classification method for design analysis of the majority 

f --a tern d me . Jn fact, it is a theor tical framew rk which wa ge m tricall 

devcl pcd f r hibiting the s nc of the ge m tri al c mp ition of b th 

th but u and p int d d m s· Univ
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CHAPTER 6 CON LUSION 

f' - - var ---¥ 

Initial prohle 

Figure 6. I: The generated initial profile for geometrical analysis of both the 
bulbous and pointed domes (Ashkan and Yahaya, 2009). 

2. Developed newly parametric system to formulate the derived geometrical 

param ters of any proliles of both pointed and bulbous domes including their 

breaking p ints and locations of centre points; 

{[R 
1 
l ( B ) . [R ~ ]} == ( Rectangle i. Breaking Points. Rectangle 2 l 

[

I"=,.,,. Ill_ ob] (8) - o ,"' '.\I)' 6"0 I aud -15' or [µ' 
1/= 

P1/"" 

1114 

ob] 
R 

(f. "' - -· •• • • • D- II = 111 L\) 
4 

l - , , "'s 
' "" "'1 I ( " bb" I I 11 1b ()) 'i'l µµ - ali 

11 8ff. ti I (/(/ = = 1 ) 3£ • II 
1'1 I 

Figure 6.2: The propo ed parametric y tem to formulate geometrical indication 
of the generated initialprofile,for both the bulbous and pointed dome. 

3. 
c mrnon geom tri al pr totyp for the typical pointed 

dis ntinuou d ubl ,_ hell d me that h lp not only to d mon trat their 

ystcmati al arnrngcmcnts and de ign .. but ther are p ibiliti f r gen crating 

n w de ·ign criteria in the temp rar d esigu; 
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H 

/(I uf- r..- r-;l. / ~.I' 't ~RJLB,[R!]},LB = r',30'A-',60' I 

{__ ~- ~( lJ 17, = 3. -+. 6. 8. 16. and 1= I. '2. 3 

, ·1, · ;,.;'.- [I l[!!i. ., 
l _ I "' rR 
Jt- ~,--~i 0 

Figure 6.3: The Derived common geometrical prototype of the pointed 
discontinuous double-shell domes and its associated parameters. 

111' 
ab I 11, 

111.l 
ab l 

113 

4. Developed certain geometrical approaches by using the compass to draw the 

profile of the pointed discontinuous double-shell domes; it is possible that this 

approach is employed for drawing the initial profiles of the other sorts of Eastern 

domes such as bulbous samples; 

- 
b 

"'"' 
' St p I 

!_~I • 

.. ..a..._,._t . .1 \ '. 

p'I tr- - ,. 
I .. 

Stop 2 
St p3 

H 
/ 

,_.,,., ;- 
r 

i , •• 

Figiu·e (i 1· it•of11<'fl'iwl drc1wi11 ',\I 'f'·' <!flht' l ointcd / ro ile f.l/ olo '\I. 
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CHAPTER 6 CO LU. JON 

5. Derived three sub-types for the pointed domes; there are shallow, medium, and 

sharp, according to the variety of their external shell rises· 

$"8>p ·- H 

1 

~ •lllJ, , 'I 

Figure 6.5: The common derived sub-types of the pointed discontinuous double- 
shetl domes. 

The secondary contributions of this Research can be addressed as follows: 

6. Developed two certain meanings of typologies in contrast with the previ u 

ones; the e are the simple and the compound based on their final composition 

in order to categorize more clearly dome configurations in certain group ; 
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CHAPTER 6 
7. Developed specific approach by organizing a table based on th four 

morphological and two typological features of the Ea tern dom in order to 

analyze their formal language and also to estimate their distributions throughout 

the Middle ast and Central Asian countries; 

Qualitaliv Surv y 

·------ 

Generic forms (Vocabularies) 

No Locnlt N•rn• 

------- - - - -- -•~ -+---t-- - --1- -1--'-· 

~'-~- 
·- ·~ 

- - - - --to--- 
Keya \ 1 I ttwll '! lntutt M1t nu in t 

- 
----L ---- 

1, I"'' I y 

Figure 6. 7: The provided table for qualitative consideration of samples. 
y 

8. iscovered and highlighted common morphological and typ logical a pcct f 

domes and their ernpha is in the eight regions of the Middle ca t and rural 

Asia by means of the distinct drawn shape-patt ms and tab I ; 

7 
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.. . . . . 
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' 11 11il ..... 

=- ill - . . . . . 
I - . . . • 1 
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• • • 

and We tern domes as seen in the preferential u age of squinches and 

pendentives respectively· 

Figure 6. 9. Tlu: main diffc•n•nn• b •rn·een Eastern and Wc.\t irn / omcs, 

I 0. Manifest c.l rclutic nshi] s bdw~t:n the some, if lslamic d 'nasties, \\hich .au cd 

ck: clopmcuts of' the .crtuin dom • st -lcs such U ' • \:ljuks 'Ill 1 ·1 imurids sin I.: th 

'tu I lslnmi. throu •hc ut the Int· Isl unic I cried in th ti 111 I· 1 1 un 1 nu 11 
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~•11-----------:c·~- ------------:::":""."'"":'.':-~'"--::"--:----~------..._------• Snninnlds Soljuk• llkhomda Tlmunds : Safav1ds 
819·1005 A.O. 1038-1194 A 0. 1256·1353 A.O. 1370·1506 A 0 : 1501· 1732 A.O. 

: Shaybarnds 
: 1503· 1800 A.O . . 

Figure 6.1 O: ·The evolution of Islamic domes and the associated dynasties. 

11. Manife ted and highlighted historically-morphologically the main proces in 

evolution of the astern domes over hi toric eras historically and 

morph logically by organizing the pecific time line; and finally 

I 
-.,,.,.u.~9'Ctw•~ .. ..,. .. ,.,.....,.._._ ~ 

I 
I 
I 

._. ... 1 .. A ...,..,-, ... 
I I - I - I 

,.,._ I .. 
u t -..AO , .... o IUAD. 

, ..... 1Mrlllt. 
,., .... 0 - . __ , 

I 
I I I 
I I I . 
I I I 
I I I 
I I I 
I I I 
I 

Fi gun• '· J l : '!11t' •1•0/11ri in of I'ustern louie m •r historic 11111, line 

r th. lslami math lll'lli .ian in ludin al- 

I\ hon· 1111 tf.J•or}!.lllii, /111·. ·;11 i. 11 u Sahl al- uhi, ll 11 'I- II 'a 1111-. mi 
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CHAPTER 6 
Ghiyath al-Din Jamshid Kashani in the Islamic dome design and their 

traditional approaches for designing any sorts of arches vaults, and dom s. 

Figure 6. J 2: Two textual iign of co!!aborations of Islamic mathematicians in dome 
design. 

6.3 Limitations and Future Works 

It is not claimed that the categoriz d ' visual formal language' in thi re earch co er 

entirely samples f .. a tern dome existing in the Middle a t and entral A ia. 

Regarding each studied region they guarantee n a ma tcrpicc of th lit ratur and 

different I els f th d me c n em . In addition. it i intere ting to highlight that th 

re ult f r th, Paki tan r ·gi n deriv d appr imatel b cau c f diff ulti 

ac .ess d t m re lit raturcs. 

t be 

Jn addition, th nrntcrinl of this Research stemmed fr m the sec ndar latu u h as, 

bo ks, journals, ands 1 11 nm! not spc .ific field \\ rk has l ccn .arric I out. 

'I h dcvcl )IH.'d i11iti11I profik• and its p·1r·11rn:t1i. s -stcm arc ublc to l c used Ii. r an 1 II\' 

only th pointed ;111 I I ull ous I mes Ill 1 rk not .over th· c nic: I and ~ton, Ii tu 
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CHAPTER 6 
typologies of the Eastern domes. In terms of analysis of the Mong lian d me , it i 

necessary to propose additional geometrical indicators with the new param tric sy tern. 

On the structural point of view, the modeled samples only anal zed under the gravity 

load in the ABAQUS software. The other tensile forces such earthquake wind, snow, 

etc. have not been considered. The limitations of this research can briefly be listed as 

follows: 

o To not cover all samples in each studied country; 

o The secondary sources of the Research material; 

0 To u e the generated initial profile for analyzing Mughal domes; 

0 To propose and generate more geometrical approaches for analyzing 

other component of astern domes; 

0 To tructurally analyze the amples only under the gravity load in the 

ABA U software. 

In fact, this re earch i only a tarting point for ngincers, archit ct architcctur I 

hi torians to utilize the more geometrical approaches for consid ring architectur 11 _ 

structurally the van us s rt of a tern dome in any part f A ia. Regarding 

engin r , th re ult f thi r earch highlighted that ther are n t pc ifi tru tural 

con idcrati 11• of [ ·J mic mas nr dome in the Middle Fa t and cntral 1,. 

Jn additi in, th, pr p scd tat I· table . I ' ith it m q hol gical and typ It i al 

'c nt ·. ts has th potcntiul t I c dcv ·I 1 cd ~ r anal ·zin, m re qtnntit·ttivd u h ,1 • 

·abulmics cm1 hu .is. n I oul ' I >r estim uin 1 hi toric d m l uil lin 1 

in 011 re 'il ns if sin, l ut als it un be us d for main ur .hitc ·l( nic 

both hist uic in 1 h:1111 ornrv ·dili · ·· H't 1\1 i u1 Ii. l. 

m n nt 
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CHAPTER 6 
Furthermore, usage of the general profile based on the developed g ometric param t r , 

and presented by the parametric system, has the potential for offering a unique 

computational classification method for the design analysis and geom tric d finitions of 

the Eastern domes, such as the Mongolian samples, one shell dome, and so forth. 

Simultaneously, the results of this systematic geometric analysis could be recognized by 

using computational approaches including shape grammar and genetic algorithm in 

order to generate any kind of Islamic dome configuration and to develop a more 

advanced archive and retrieval system for similar data. To sum up, some significant 

proposals for future works can be underlined as follows: 

0 To develop geometrical parameters of the generated initial profile for analyzing 

M ughal domes; 

0 To prop e and generate more geometrical approaches for analyzing other 

comp nents of ·astern domes; 

0 To develop the qualitative provided table into the quantitative table; 

0 To u e computational approaches: shape grammars and genetic algorithm to 

create new design · 

0 T evaluat structurally mor a pect of tability of a t rn dome . 
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APPENDIX A 
-Translation of some pages of Al-Kashi manuscript, 'key of Arithmetic (Book IV) 

from Memarian (1988): 

Ghiaseddin Jamshid son of Masoud-Ibn-Mahmoud-Ibn- Mohammad Tabib x as a native 

of Kashan. Syllogistically, his date of birth is assumed to be in late 8th century about the 

year 790 and his death is assumed to be about 832 hegira. The history of his family 

shows that his family members were educated in medicine. However he preferred to 

learn mathematics and astrology and he progressed in the said fields in way that he 

surpa ed all other contemporary scientists. He continued his studies in astrology and 

mathematics under the tutorship of one of the students of Khajeh Nasireddin 

Tousi(decea ed in 672 hegira) the founder of Maragheh observatory and the great 

Islamic cientist. 

om beli vc that hi traveling to amarghand was due to his acquaintanc with 

hazizadch Roumi , one of th scienti ts of A ia Min rand ome bcli v th impr per 

conditi 11 f Kashan city and the unkindne s tov ard scienti t to b the rca n. An 

way, he d cided to trav I to amarghand where great cienti t fr m diff r nt iti 

re ided. uc to hi c urt y and intelligenc he urpa cd thcr icnti ·t of 

'amargband ity and became ut landing in man icntifi att ndc y 

m . t of the· scicnti t. 

Knshani's books lkashi ar v rittcn in Per. inn and Arabic such a. liftah al-Iii ah 

v hich is written in ral ic). 'I h hnndwritt .n '(pi s )r kftaholkcl'lb an l . i un I in 

differ .nt libraries of the world. S nnc if the • lil r irk are: 

• 'altikof Librar r l enin 11 id o. I I 

• l .. ic n I ii rar · 

• lkrli11 librnrv 

• l'ul Ii· lil 1,11 ' (I lkrlin 
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• Paris Library 

• British Library in London 

1. 'Miftah al-Hisab' and the scientific studies on the structure existed before 18th 

century 

The significance of Miftah al-Hisab book can be evaluated in three eras. Before 

Ghias ddin, contemporary to Ghiaseddin and after him. This research aims at studying 

the fourth article of his book on geometry and the ninth chapter of his book on "arch 
' 

vault, and dome" and we compare th m with other studies conducted. Miftah al-! Iisab 

include a prologue on definition of calculus and numbers and their type , and five 

articles a f 11 w: 

1. • ir t articl : on integer numb r 

2. ccond article: on fractions 

3. Third article: on astrological calculu 

4. ·ourth articl : on area: thi articl include 9 part . Part n the ar 

of curve hallow dome and muqarnas. 

5. Article 5: , tra ti n f th unknown f algc ra 

I· r m the Ii c articl th fourth ani le and it ninth part de I with 

l ing archit tural pr blcms. It ' as th' fir. t time that a nrnth1.:rnati i \11 dedicated a 

part of his b )< k t an ar hit .cturnl ubj ·t her , the area f buildin . •1 ht. , •a 

uni r · · •d .nt I until mid 17th mtur · 0 l 11' wrt te '1 l 00 n tht:< rics an I l ·finitil 11 

of ur .hc I .. ·tnictun.·s l d'tm .. : ihinsnl lin ushani. In th si: th l ok tr m the kn l 

Vitru io, ck Ii cal .d to ar hit. .ture, h notific th it th. ar h s u an ·1 a kin I thru t 

lorn· t > its b11 es, 

7 

Univ
ers

ity
 of

 M
ala

ya



2. A theory from Miftalt al-Hisab book, on arch, vault and dome 

As it was stated above before Mid-17th century, no book had been writt n in Europe to 

provide perfect definitions on vaulted structures. Al-Ka hi fir t pro ides some 

definitions on arches vaults and domes and the way they are drawn and ne t provides a 

practical method for applying them. He himself divides this chapter into three parts: 

area of vault, arch and dome and muqarnas. At the beginning of his discussion, he 

notifie that no one has ever studied on the area of buildings. Before starting his 

di cussion on the drawing of different arches, he provides readers with some definitions 

in this regard. He believes that in the past semicircle arches were not used often and he 

declare that he hav not en such thins before. 

The arche di cu ed by him mo tly have a middle edge. rom his p int f view an 

arch i divided into five parts laid on two bases on one sheet and between two parallel 

line . II state the name of the five part and mention the differcnc between arch and 

vault. Ac rding t him, arch i a shape with a span bigger than it depth, whil a ault 

i just the oppo it with its depth bigger than it span. Next h initiat five meth d f r 

the drawing of arche : 

In the first meth d, he draw a circl and di id it int part . e t he · lcct: 1,, 

c ntcrs f r the arch and draw it. I le b lie c thi ar ht b . uitablc f r p1..:nings l l up 

Zars. ht .h Zar equals I m. In the sec nd mcth d. th main cmi cir le i 

di id id int( 4 I nrts nn l it, tail makes t\\ arch centers m the line rr in' the arch la c 

v rticull an I th. othc: .cntcr ofthe arch is the cmi ·ir le enter. 'I hi ar ·h h•t ' hi ih 

raise tlt1 I is suital le ft r SI an or . 10 and t 7. In'. In the third mctho l, h 1lf { t the I h 

s1 an is divi IL· I into I I art' 111d < n I urt i as. umc 1 1 the 11 h .eut 't. 'l he thcr ir h 

c ·11t ·1 is a point I urul kl t the \I" .h l ,1st.:. I k l 1..•lin•c this trdl to h. uit l 1 , 

lur •c1 thdll I 0 Zm·.,. 'I ht Ith t 'I!..: nl th1..· :tr h ·s i f( lllll I b, di i !in' tl n int tln 
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parts. This arch has a high raise; however, the author has not mentioned th ize of th 

span. 

In the fifth method, the arch is drawn by making a squar und r its span and by 

selecting two vertices as the arch centers. This type of arch has a lower raise and the 

author has not mentioned the size of span covered by the arch. 

It is noteworthy that in practice some of these methods had been used to design arches. 

After providing some definitions and explaining the methods mentioned above, Kashani 

(al-Kashi) pre ents some table . The tables include Indian and Arabic numbers. In these 

tables he introduces concave length methods of the arches. Actually to calculate the 

concave length, we can multiply the span by a number suggested by him and we have t 

c nsider that h gives u a number for each of the five drawing method . 

In the econd part of the ninth chapter of fourth article Kashani pr vides reader \ ith 

om m thod to calculate the area of dome . Ile mention orne type f vaults 

including emi-circular dom s and conical d me and d me re ultcd fr m cir ular 

rotation f one of th above said arches around a ertical axi . 

Th area f the fit .. t and cc nd ault i pre cnt d in the pr i us chapter f the b k 

11 gc merry, ph 're and c nc. Thu her h nl di u the area f the third type. 

'I he imp irtant point is that there i. a imilarit bctv ccn the dcfiniti n of d me prov idc 1 

b ashani and the d .finiti n Ir idc I bv the French re .carcher Pierre B u mer in 

17 I. .cordinu tc Kn .hani. lom ctn ist if s me curv I line r uuinu on the 

I .rim ·t r f u cir ·I. and Bou rucr's lcfiniti, n is ilm, st th· same. A tu.ti! illu tt uin 

Kushani's words in mntht•niatkal Inn iuu ic we will 1.: th t the lcfinitl n f rovi I 

th ·s. tv > arc the . umc, Alter lis .us: in 1 th doiu rr t, h 110 •i le m tlH 

t' ti •tilat ·d thL. volu1m: ol tile lolll tht filled I .11 t l f I m . ln J Ill ·t.:h lj l r nin th 
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fourth article, Kashani discusses muqarnas and provides some d tail on al ulating the 

area of various types of muqarnas. 

~ .. 
~ ~·· 
• '; t . . 

........ . . . · 
'r s . . ..... ·~ .... , .. 

. . ~· - . . . , ~.;.:,,. 
... ~. 

Figur« A. J: End JWP.<' of al-Km/ii ho tk "k 'J <~ tritluncti; " vtetnar! 111 J 
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(l 9c ). 

7 

Univ
ers

ity
 of

 M
ala

ya



, 
I 

;) \ H/lil'r\ 

11 ·,'U./ll/' 
: 

1 l/\/o;,. 
- Ll /t 
• "I 

r J'i )/o/oo ' y /\\ r)I 
c .. ; )/)Voo 
"-l- /0 -. 

(f-JJ.U:-) 

Figure A. 4: Tab! 3 about the distinct lenients of arch, transloted from Italian. 
Russian, and Arabic from oft he al-Ka .hi I ook ·key o] Arithmetic· by .J\fenwrilm 
(19c c}. 

7 

Univ
ers

ity
 of

 M
ala

ya



I 
' I 
I 

Figlll'<' A .. : Part o] Al- Kasb! 111m1tt\ ·1ipf111 'kc: of 
au Im· ·Ii \'t't 1io11 

>.1-~;t, l./(t..:J~y.=.;, 1j 1,l.>i1Jv1 
!!J?-'-'~Ylf /J l.:)-1t1~I~) ~ 
1>(,.iVJ1JJJ1,:fP.rJ.!J vJv<J' ... ~' 
'lli1J/7 tr &J' /;..,J(!.l 'u'l·t~ 
t..rJiwjJl?J>~, !.-v;~1~.i+"l!. 
..r11J1.Jv'l!J t.Jc.d l~v41>-J tJC;JY,"' 
.... ~t!~t.r,,i,_,.;~o..r,;J, 
~I,., J l>f sJ ~ 1'0) 1'.7.S.I _.(J..l:!,rt)t 
,,,,.,,, t/V.>-~!t,,_.11 ~Lc.J-',..r'.:,v,) >-irr? i:/, ij I 
~;Jv;.7» ~ 
ll 'L"''}>~JI 
'} 11Cr'•1.t.l~ 
·.,'Yu')l.i-11,., 
•r'hv~.!...il h 
':111,1, ·?,~ ~~· 
..r1L...-..:>~·~-'""-''"' '".r v~ 'l .,; ~ cY i:: U I_, JI v VU;, I ...J IJ..i' I I 
:.,J 1.-/ 1, J 11l)i(.. _;,)~r:i_:i..;-tt_;, 
1 • u111~t'•;I•~ ·,,1. 1Ju Y(.! ( 
.,.,,!...:. '_;,,, ,, 'II 1 l>lll•1.J't~1',;>• . - """ 

. 
•' I 

'..:JI 
"' 

77 

Univ
ers

ity
 of

 M
ala

ya



18 

__...,,J~I -15• \,./'Jr lv\611,:...-; ~)I 
L~I :::-~~ :,r>~;)'V1 

Figur« A. 1: l'art of. II- K /\Iii 111c11111.\c'l"i/ I i11 'k 1J cJj trithnuitl: • l cwk J"l' llw din t \ 11111 

r111 I arch st•ctio11 

7' 

Univ
ers

ity
 of

 M
ala

ya



II• Km/ii 111m111\ ·rit 1111 'k<'y o trithmct« 'I ook r iar lin • , wit Vi iuru A. I Pur! o 
and arc ft .\'('Cf ion. 

7 

Univ
ers

ity
 of

 M
ala

ya



~·11 ...... - 

; «», 1 -::1. 

Figure' ,/.8 Par! <fill- Kash! 111m1t1H'ri/ I in 'k 'l' o Arithn« tic' hm k r •gotdin,, ult 
and (Ir ·'1 sect ion 

Univ
ers

ity
 of

 M
ala

ya



~b) >:; !v v Vt~~ <...>,,.J'J~ IJ 
~~ t(1l1 ~~yl{fJ~( L .. ?·J_...)I 

:>bf c-·1J'V~,ft~,t.llvJ'V' i1>'11 
JJ)l)Ji~v"_,.) j 1,J\ lif. ~ C::(J: ~I ;ft~ 
''~y,.~~,r'~u1r,,1Jl-;J-;J! 

!j UJ.f·JJ, L1Jl1l,:-~ 

~L~ ~ ~IJ y..J 1CJ.l lr··<f" 
.·,!~J;>}'1>-)~v12, ·lnh:,tv>Ji· 

~~1>',e-·,t,j' c·r·u1, I b".1,;._.JL; vv 
1v,.~,,.,c1~~lf'1 ,~tf',Qli' 
J1~·cf ~' t "' Jv hllrl,., cfd}JV 
·¢,J'l~~v/,',L.--ly'~l);f,,'} 

IJ (r V-:.-1 ,1;>,!_,',JL;fV' 
·-. 
·- > .. , 

~l1JL1J UllJ'{J,Y,.!/,Jl(l;.,tl019 
~l},.;1b'(uvJ,@;.cr'·t...-' 
)J 1){r;J11J1JPJ/"1r1./1.>IC', \.-'' 
JWJJ'J>·y/-Vle~~,v,, 

...,,, 
~Y~'''~!J-,(..:v,.J~J~ 
~~.~-~·1.{»t,1j U' LJIJLifJ<fJv~ "~ 

;~,J¥~0J'bJ~,/<1rd.' 
LI; tP/c.1~~1--/41 •;lJ&-~v~ -- \ 

~lfJ(vlJJz)lf'J) tp1J.0)4 UIJL1J1 
lCrr',.,d) U~l>V'cfi ~U>/vrY1' • 

'"V~ u )'; 'v",,; 9. ....v ,..J' I}' v lr L> u I ,, ,/ 
V' L> U~~,J·;')lt-L> Olr-'"'(V'~?, 
c'~'1lf l"(f'r~l-J1,~t11.,v1 •• 

• ~j)ll~J ~l> OI·~ -"'/'!.- .',.u • 

~\JL/,~lni11c..r:-'~ 1 1Y, ... 
11 

1,...~I )' W-{; I ,;J(JIJJ ))1.J&- 
•i' '~~1_.;t11u-~'>·'=Jv'' 

l'igur(' 1 < . l'ur! <?I Al- J\.mhi 111a111/\ai1 I in 'key of trithmeti · book re, 11 dine v wit 
111d 11· ·/i .wctio11 

Univ
ers

ity
 of

 M
ala

ya



Figure A.JO: Part of Al- Ka ·hi manuscript in 'key of Arithmetic' book regarding vault 
and arch section 
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APPENDIXB 

Tables A-1, A-2, A-3, and A-4 contained detail analysis proc s of fift thr samples. 

They expose brief historical and architectural back grounds with e aluating the four 

generic vocabularies and two general grammars' aspects of those studied domes. Each 

dome was comparatively analyzed according to its plans, photographs, and, whenever 

possible, site visits to determine the relative levels of architectonic conceptual 

organizations. 

i. Approach: Evaluation and Analysis of the Domical Samples for filling tables 

The provided tables were respectively filled by evaluating samples, comparatively, in 

each d fin d zon . In comparing process the samples of each region were compared 

tog ther regarding th kind of vocabularies exited in their compositions. In addition, in 

terms of expre sing the qualitative assessments specific sign was used C•). 

In term of inc mplctc information ab ut amples, the sign of question mark (?) wa 

u cd b ·idc th e circular ign , \ henever the information of amplcs was incomplct '. 

In rdcr t underline th, c nical d m s the ign f (A) wa used b side the ircular 

ing r h 11 cabular . 1 he c urnati n had be n ranked in th pc ific table f r 

quantitati • cstimati n ·. 

l·c llov in, tat I .s in ·!ud. I bti >('hi. toriC'll nnd nrchitcctural backgr unds < f lift, three 

sampl ·s and ul: , i 
11 
r innat ion nflhci1 ,., cut ul:uics ,111d irnmmnr unul is i nformati n. 

·1 his ti ·1ivc:d issued hove necn c llc ·t ·I in tht' I rovidc Ital le ·~ in order tt estimate 

thci: dist: ii utio11s. 

Univ
ers

ity
 of

 M
ala

ya



Table B.1: Illustrations on case studies in zone I: Turkey region. 
Turkey Region 

Tranaiuon e nor• 

lo•d AearlnO 
• 1yt1•0'I • 

So~iunlio Ho1110 Sopl ,i(1 

~ l!IOnbvl Turwy 

\[1'111!H1M; b1cJ01•' of Milntus 011d Anlll 

Troll 1 

I ,,,/um '««"''i So11clo Sop1,10 Sonc..lo 

Strlc f<dv1(; 6111 8yio11hn 

Uull•/lt1J.: Tin·: Reltqiou5 

me ypo U 
Simple with drum 

I yrl1mt \111111'\i ' f( rn P• 1 h l ~0$'1 

R~ ,fr rn Po ho r:om1 

Lond b••n~g_. - e •'f•l•m 

tuaa. 15~5 1 G20 AD 

.)11/r,/'rcl"dt tm1k 1•nt1;111 1Wl 1611 

/t111/1/111r / 111c; Rr I 10UI 

lltciltllrlt ( \Ui!t',' MO (lV 

Oome ypofo11y; 
Imp! with drum 

C11Ah I '! 
Turkey Region 

\1>l1· l'rrw1lj omo'1 .C: n•ur y I 6tn 
Load Bea'lng 
• •Y•ttm 

1 tfrlq"' ,,,,,,,; v11unrJrn I rnosqvt (Con J 

~l<l111l111!Tu11,y 

tohll!'fll•J;S J fll(ll Mf')hmO A()O 

llu!!· 1609 1616 AO 

U11!1Jitfr lier. R 
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MO~QUf' of M(·l1m• d I 

~Bur-au Tulj.t.!Y errnnalllonlltr• - 
LOAd 8et111ng 

Ire ltltc·ct r11111m·r: Huci lvuz Po:.o e•v•t•nf - 
C /11•111: M hmod I 

/2!l!!i. 1~19 1421 A.O. 

Table B.1: Illustrations on case studies in zone I :Turkey region (i 

1 "'"'"' \gmc\,' c ,rocn 1nos u Ycsll C. om1. 

S11/,• ,.,.,,.,.,, Ollon1on. Ccnt1.ry 1511' 

llw'ltllm: l wr; Rf'! J(1V~ 

J.a:htl.ci1l;, ~10<"! Al e C1rllr1. Cmer t 1n It ·onlm • ..-- 
Tran11t1on 
• Tlor 
..... 11• 

!..lk!U;..f mir Sul vmon. M nm (11 

lvr OY 

lliUi:;. 140. l~AD. 
l.O d bHIH'IQ 
••v•l•m • ~11/cPalml; Ot•on on 15 

lluihlim,: ( \u.J.:s'l MO~QU 

I 11c/m11 \11m1 ,; 5 l\70 /.IOSQ ~ 7ne1 

Load BHrtng 
o•t•m• 

Cornii 

~II 'lllUI Tur y 
• •h•ll• 

/.!JUJ;;. I BAO 
nturv t6 ' 

11•/Wnr l 11•c. ~ lous •Orum• 

LC).ci tlf'";:U _ 
• 1y1tom 
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Table B. J: Illustrations on case studies in zone I: Turkey region (i ontinued). 
Turkey Region 

eorum. 

~ ome ypo oey; 
Sln1plo with drum 

Cnm1i 

/.J!uLC.IJ!.u.. lslrmbul. Turi: v 
J.Wuicr.L;. M1mor ~1non 

1.!J11i:..l:iJf1AO 

T11na11ion 
.Tier•-- 

.\'11k<'J'rrim/; Ottomnn Ccntu1y 16 

t111ild1"'' t111ri Rc'io1ou~ 

1 ,,,;,,,,, \amn. M1h11moh Sulton Carr 11 

mo.qu 

JLL.1uLr.:U;. Mrmrn S111(ln 

l.JiJJUlJuJ.;. I lur tiul I ""V 

L!.u1Ci. I ~6 A 0. 

""tr f'rri111l rlf ')m(ln 16 

tlr1Udftrg I wrj I ioos 

\ I 11 I 
Turkey Region 

l •rdu11 \um,1· Gr ol MOSQVO of 

1r 15(1 Mnnr;(l Ulu Cnml MOMO ISh It 

Mo riun l1lm cc1"tJI u ,mi 

~Mo Tur< 

~ S rut> '10\l v ~Ml C bl 

L!.u1Ci. I '.166-6/ A 0 
.>11(rl'r11!'11; so Inn (M1ro10 <.; r. urv 

Tt•nt~hun 
T1 ,• 

' , • 
a I ... .. • .__ - 

r .. )l • ;..:.~ ' L••.f 
,, 
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Table B.2: Illustrations on case studies in zone II: Iran and Iraq region 

lfil.J.uiJJ.JJ.',l·)zv1n ucn 
flillc;..11061115A.D. 

}fl'lr f'!'dt11/; S l1u~ C •ntur y 12111 

011jbl/tu• D ''"i Reli HOU~ 

Bull"ltrr: l \U4'Cj M uo 

1 mlrwr ,\1w1r\; A.rriin n ..:t,oh,.n Sr111n 

Horw1· tloh Mt I 1wft Torn 

~ J, 1340 A.O. 

SJUr ,,,.,,,.11; tt• t ' 1d 14 

ll11f1Jlrrt1 l11trj FVflOfOry 

lluiWiw: L ,,,1.:,•;, lornb 

\ ( 

Iran Region 

Iran Region 

I'""'" ,,,,,,,,,. T,,. (\IOI-' IS of UKJHO tin 

11111;o 1Cl6/ ond I 093 A O 

111/r l"rt/ud, s r' c nt y 1211l 
llui/Jltrr /tt'•tf\.lr• rt 

011ibli"" l '""" o oteum 

• 

'7 
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Iran Region 
ontinued). 

(] Dome Typology: 
Com und with drum 

I urlcwr \umn; Sh< 11) mosqvu 

J 11rlw1c '!!UIC\i chohrn B· 1 1lt11lf1 :11 J 0 

~l·l'll<lr\lron 

J1illi:;. 1611 co. 1638 A.D. 

Strk l'cr/"1/; Solovid Curllvry l / 

JJ111/di11L• ru,r; Rr liglous 

lluildim• l "'i:r;, MOLS(1e 

!lJU.t( 1706 1714 A.D 

ln/r /'rrr"''i Sofo,·ld 18 

llmf1lr111: fret'; ke l{liOUS 

/lulh/1111• ! wrr: M 101<1 SctlOOl 

\ < 
Iran Region 

R•IO tin Ali I K10 SIVlf 

Ro: 

ASIOfl 

~M tlO:llr n 

11.,,,. 1.1 en 21Y" 
~uw1•..,;,.tf;lu11v1 t C. ntvr; 15 

1rrhlu1rt'laaam On ll'll o o;n Sh•OZ• 

11111/Jmg l 1f1(; runcrory 
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Table B.2: Illustrations on ca e studies in zone II: Iran and Iraq Pgion ( ontin11ed). 
Iran Region 

Dome Typology: ra Compound wllh drum 

lhlrd shell • 

Tr•n11t1on 
.TIO<' 

/1JJ.b:.;, I 1:'0-13QOA.ll 

\11'/cl'cd111I: IJV• 11'"/ l11nv11(J 1~ 

/lulhl/111• /111,•; fu1iort11y 

J111/Ml11L' l \Ul'l'i M Jvsolevm 

Lo d Btanng e sy1n•m • 

f.•\trnll • ••h•ll 

10 

~Art blkon 
lnt•rnal ttlltentrs • 

llulii. 11 ol700AD 
• TrAntlltOn tl•r• 

Sol vtCI 17 Load btarln 

e ay11 '" 
11111Ww1• /111r;Funcrn 

11111M;11vt •u1.:,·:To11l 

Iran Region 

l!uj/J!nt l um•; TOMI> Slllln 
Load Oe1r1og 
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I l• I un St•ttll o'Sho hN• Olvll 

l ud11n1 \1mw>: NtJI dj1n N 01 Alot1 

L!.u..:.i. 1437 (Sol·" 
\(rk l'rrt11d• otor 
IS 17 19 

Hmhluw /11•(: OIV 
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Table B. 2: Illustrations on case studies in zone II: Iran and Iraq region (' ontinued). 
Iraq Region 

lJwu11r ,\w11c1; Sitt ZLhoynoh lomt> Tornll of 

Sitt Zut>JldO Turbo Mouso1,•um of umvnud 

• \•hell• 

f hotun 
L!wlJh!JJi. Bo Jl•<frld Ir ·1q 

llJlu:. co I 19 3 A.D 

\11/r ('rr{nd: AU 1 Id C< J)ILJIY 12!11 

Jlltild/111: I n•ri. Fur 1c._ ro1y 
11i11Jdi111: ' u1i.:f.i. TomlJ 

lo d 11rnlQ 
• ty>llM o 

\ t I• " 
Iraq Region 

1 "'"'"' \111111·, St'\O :ti A 1 IS 
h Ad•) 

It ... . , '. 

ICUm o"d ,1.1 n 

U.U.. 12111 o 14 h AD 

\(!'fr t•awtl: Su' C 11urv I? " 
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Table B. 2: Illustrations on case studies in zone II: Iran and Iraq region ( ontinued). 
Iraq Region 

~~~~~~~~- -;;;;;;;;;;;;;;;;;;;;;;;;:;:;;::::;:::::::::=====-=-I 
'"'"'"' \um{'\i. ot Hcirll)O M1nnr t of tll Gr ot 
MO~(llA' of N• ,, ol·()j'' Gtt (JI 1"101Ctl•f'I of NI" o~Oin 

fJii:JJ.1.; l'l.J1.>'I Qaw11 ot Mui .. ul A<.111 N•J! al Om 

Mul)tnvcJ 1l.in lur)Y• (known O> Nut ul D111J 

~Mewl uoo 

/2JJ!J:;.ll7C' 11nAD . 

• •h•ll 

eorum. 

Load Bearing 
'! e•y1l1m 

.\olr l't ltfl"j /nnq1t1 c~ntt..ry 12m 

[l111/t!i11g llN; ReUg1ou~ 

B11lhli111• l Hfl~C;, MOsQue 

l>ome Typology· srmple 
with drum 

., 
\ c ,,. 11.tcu 
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Table B.3: Illustrations on case studies in zone Ill: Afghani tan and Paki tan regions. 
Afghanistan Region 

(1] 

111ti1w1 \uwc\:. ~nvo10 AM\J Nn\l' Pono Mriu\OI urn 

/IOIOI~ Kl1< 10 AL u Nmr Po1~0 ·110<.ljo A v iosr 

Porso lio1ol. l'.two1uh Abu I lu>r Pooo l1yo101 

~ 1k1IU1 Al l1on11lon 

L.!JlU.:;. t>rlw on I 460 nnc1 I !o?B C< n11;11 s l s•11 l 61n 

:Jo1r /'rr/11t. h!Tlund Cen1UtV l !>tli 

/1'1ildlng /11'!.!.F1Jr.~·1011 

!1.J!Jltlitrt• 1 '"':t•;. fomb Shrine 

eme ypo oC)': 
Com unu with drum 

1.JLc.l«nt \umn.:t-'.:oh~oon JU }I u1n 

~H<·r<1l. Af 11oni (i<I 

1.!uU:41436ACl. 

~11/r f'cdi•di. l1mv1id Cor1hJ1y l !oth 

IJ.Wl1/111e /1ri:Jur r <f 

J!u1fdi11g ( 't1.1.:!i. Tomb SMno 

c '""'' Gowt\Qr ~' 1 
&ll.:i. 1417 1438 AD . 

. \n/cl'road·lu iuild C• n!Uli' 15111 

/1111/1/rnr , ... ; [Cj c-0110n(J1 f1)11 rorv 
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Table B. 3: Jllu tration on ca e tudies in zone Ill: Afghani tan and Paki tan regions 
(Continued). 

t~a 11 nl Din S•·lluU11J1n 

~GllOU'!IAI 

1>11t•'' 41 l I ·138 A.0 

Afghanistan Region 

1 or!qm \umC',,' Mu1JSolt.u111 of Al>u Mon~u1 

.fo 111 l'rrifl!I; GhOZJl<Jvld 

JJ111/11/11r Ji rr; Fun rurv 

L/,,ildwr 1 '""': Mousolovrn Load BHrrng 
• ay1ttm • 

jC>om ypo ogy: 
L Slmpl• without druni 

I udt1'1f •'""''.U. Mo io All Shr1no ln~:~;~-+'111~,,c .. .:_....,,,.,., 
11.> •J11tJ Stw1ne of C ph ~bin A.bo Tor 

C/11'11/' Sult 11 Hu 1•1 e or ' 

L£uJi.JuJ;. MUl<J( •iord Algo~lon 

1.b1J.r.;, 14 1481 A.O. 

:io /1:/'rrl<•rl: T rmu• 15 

/111 Mn · • .. Fur 1 11y R 

H111/d11t ' t '" 1r• M UW 111. St111n 

111mu1S II 

Moqboro~ Tlmul'lllOt' r1mur Snoh Tom 

l.Jwa.w.u.i. 0 1 Al ghOnl ton 

8JW. 1193 A 0 

n•ury 18 

lluiJWn1• l 1r:c; F 

Uu1Nwr l 3"MM -Aouiotcum 
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Table B. 3: Illu trations on case studies in zone Ill: Afghani tan and Paki tan r igions 
(Continued). 

Pakistan Region 

(IJ 

L!ul!< 1 1641 ·5 C nrvry ""' 
.llllr l'ffilld; MV{l'~1I Cenh,r y 17"' 

uncr ry 

Tomb 

Bod ,. , JI 1 l.\osQuO Sod,huhl ·.~osquo 

:l!J../JJ.J.uJ. MuhOr 1rr10d Wu U loll hon 

~ l'10f P nt n 
L!Juc.. l 67 A I IOI CJ 1983 A Cl 

s 111n 20! ' Decode 

'! 

Pakistan Region 

int mh 

hO ol Din 

1htU • • 

• toad ••lrino •r 1•1• 
• 
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Table B. 3: Il!u trations on ca e tudie in zone III: Afghani tan and Pak? tan regions 
(Continued). 
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Table B.4: Jllu trations on case studies in zone IV: Uzbeki tan, Kazakh tan, and 
Turkmenistan region 
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Table B. 4: Illustration on case studie in zone IV: Uzbeki tan, Kazakhstan, and 
Turkmenistan region (i ontinued). 
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Table B. 4: Illustration on case studie in zone IV: Uzbeki tan, Kazakh tan, and 
Turkmenistan region 

(Continued). 
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APPENDIXC 

Tables including initial data derived from the four tab] 
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ZonelV: Iran & Iraq With drum Without drum 
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Zonelll: Afghanistan & Pakistan With drum Without drum 
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ZonelV: Uzbekistan & Turkmenistan With drum Without drum 
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APPENDIXD 

vurluus t~ pcs of the dcrh cd metal protection of the vtudied amptc 
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APPENDIXE 
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